
MOTOROLA
_ SEMICONDUCTOR

TECHNICAL DATA—

—

Application Note

Order this document
by At41217/D

AN1217

Interfacing to the MC88110

Introduction
The MC88110 symmetric superscalarm microprocessor is Motorola’s secc@&generation RISC

@

microprocessor. It has separate on-chip instruction and data caches capable of s@$$J#Reouslyissuing two

instructions and providing load/store data every clock. The internal architecJ@$i,&’designed to provide
sufficiently wide data paths to enable the processor to sustain these issue ra~u~{$~ese paths include 80-bit
internal data paths to the register files and separate 64-bit data paths frot~,bd~ caches to the bus interface
unit (61U). The caches interface to the BIU in a Harvard architecture a@#@. BIU continues this 64-bit data
path out to the system. ,,*i>:~,tt,-’~::,,:-,, ... ,.

~$, $
.s’ V$:+<tJ

The latest generation of microprocessors are exhibiting @@&r’ degrees of integration than their
predecessors. The processor itself must, however, interfa~&o ~??system at some level. The degree of
difficulty and efficiency of this interface are of prime inter~s&Y$he hardware system designer.

‘t,.>
The MC88110 bus interface is designed to provi~,$$~~~h that can sustain the data and instruction
bandwidth requirements of a processor running at 50%@2. The MC8811Obus interface has many degrees

—
of sophistication. This document presents applicq$ons information derived from designing an application
development system (ADS) around the MCQ%~10.—

,$:*W .-“~:t\~~‘
. 64-bit split-transq@& $xternal data bus with burst transfers~’ <~NW*
c Critical-word-@$&@st cache line fills with instruction and data streaming

. Pipelinecfflo~%~hd store operations

. Deco~$&?,#ata cache accesses
$it,,,.:,:,,,:+.

. D@tf@&t_iewrite-through and write-back operation.. ~+, \

“,,c,$:.~~~$mereordering of loads and stores

~~” ~~ernal Harvard architecture-,~&*.*f$:J,,..$.
..$? .}”,.,‘& $J**$: 8-Kbyte, two-way set associative physically addressed instruction cache,;..t%., \..t,:~.,:.,$,.,,●

8-Kbyte, two-way set associative physically addressed data cache with dual tags for coherency‘~~~:

—

—

. Hardware enforced data cache coherency (bus snooping) for multiprocessor applications

For a complete list of the MC88110 microprocessor’s features, refer to the MC88 710 Second Generation
RISC Microprocessor User’s Manual.

Symmetric superscalar is a trademark of Motorola, Inc.
This document contains information on a new product under development, Specifications and information herein are subject to change without notice.
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Application Development System (ADS) Overview
The ADS is a single master design that implements an interface to theMC88110 using discrete devices (for –
example, PALs and transceivers) rather than ASICS. Since this is a single master design many of the _
multimaster capabilities of the microprocessor are not utilized. See Appendix A, “Signal Usage on the
MC8811O’ for signal usage of the MC88110 on the ADS.

The following discussion describes the speed of devices and the setup and hold characteristics that are
required to interface to the MC88110. This information can be applied to a design that uses ASICS. ‘%..$J,$<,.,,.,’~,’$:.‘!,.~1+ts.,
On the ADS the MC88110 interfaces to two primary buses—the peripheral bus and the DRAM subsy~~~pt
bus. The peripheral bus interface of the ADS has the following peripherals:

.?.s:.
\y,. ,, ., , \<,.#’

,<O+:. l.~.

‘ ‘k.:
.’*” ,.,+> ,.,,

● EPROM—512 Kbyte
‘+&t\,&,& \,,.+. ,>$,,,,$>

— Contains debug monitor
‘~;+, s,,~.:J,“G*$#.,~~..<j:,.,t.l:~+

y~~ }.$

“ MC68681—DUART
W ,,$*,>,,,J...,?~., ,.~,,~q:b&, ...\..~,

— Provides serial port connections
.%\...,$:,,si,\.,’$:..*+?.~.~...../../;$.$,<,,t..,,*.

— Counter ,,,:$>:ih,,$
“?3,1,y.,,+.!>W$-..,/J$,,

— Interrupt controller ?,$.Qa:,,,e.$:i~
● Two 40-pin logic analyzer connections ~.?.,.,,,~-wi........$,!

,t,%Y8tb&
— Provides logic analyzer connections for hardware eva~u&[,o~:“.~.::.$$,W
— Programmable processor status (PSTAT(2–0)) si~~a~b$uts

>*,\!,,
● Application development interface (ADI) *:.$Rt:<

\@ ~’?:.%
— Provides 8-bit parallel port interface to MAG&$$

The DRAM subsystem can be configured to support tw~ilowing DRAM sizes:
‘)!;

“ DRAM—2/8/32 Mbytes >,** ,$:,
,:\$t+~<>,

— 7:3:3:3 reads at 50,MHz with,7~~~~~~~AM

— 5:3:3:3 writes at 50 MHz w~<~@ws DRAM
,\4&x.$,$?:$

— Configurable size and ,~,&WV,$ ,(;3;+,‘
— Software/manual r~~~~llows DRAM to be mapped into EPROM

The memory system also s~p~san MC8811O/MC8841O/MCM6211OHigh Performance Module (HPM)
for 1/4 Mbytes of seconc@@@Mhethat can plug into the same footprint as the MC88110. The DRAM and$,,
EPROM subsystems.:w~t~signed to support both the short (four beat) burst of the MC8841Oas well as
the long (eight beat)’’~~$t capability of the MC8841Oonto the system bus..s.

Additionally, th@$&~@nuses the junction temperature test capability that is provided by the on-chip thermal
resistor an~:~asthe PSTAT signal to be configured at reset.

.,, ‘i+!,,
y ,“.,&

i i,,,

Spf@$Fations.d
~~$$f.wkngM ProvidesthevariousSpecificationsfor theMC88110:

Clock&33 MHz to 50 MHz crystal oscillator or pulse generator connection to BNC (optional SMA)
connector

RAM size—2/8/32 Mbyte configurations based on DRAM module installed

EPROM size—512 Kbyte of EPROM

Terminal and host ports-RS-232 compatible

ADI—MAC II interface

Power requirements-+5V + -5% at 8A (maximum)

—

—

—

—
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● Temperature

— — Operation: 25°C

— Storage: -25 to +85 “C
—

● Relative humidity—90% (non-condensing)

● Dimensions

— Length: 9 inches

— Width: 9 inches

● Layers-8 signal and 4 power/ground

ADS Functional Description

*,\
*’%

&f,!:<*.,,, :,’$<,
.,, \ -..J,.”.~*4\

.i,,,,?.w“’~.}*.
\./ .,}.,%,.
,.; .s$*M
‘. ,, ,J,i

‘~!t> *l!J:&+,.:
,o:$~~>i,‘ !:?.$
>:, .“,:$,,$>;>”+~:::;$~~.:> . <1,~,>*$

# “ ~i. :...’.
w,, \.:,,, ,$ty~

..,t.~M,*J,: ,, *\ ::,,, ,.,,
,,$,,:, ,

.,‘%*, ,\

One of the primary design considerations for the ADS was to design a flexible sy~~,~ i%&face that can
interface to both an MC88110 and MC8841Obus with minimal modifications. Fr~@Wfactory, the ADS is
designed to support four beat bursting into both the EPROM and DRAM. In ~~~r;W switch to the “long”
burst option (eight beats) of the MC8841O,the three PALs that control acces!&@@o the DRAM must use
different JEDEC files. if the “short” burst mode is used, then no changes ar$$$$ikssary beyond adding the
MC8841O to the design (i.e., by installing an HPM into the MC88&&ocket instead of installing the
MC88110). The minor difference in requirements between the MC@~~Q~andMC8841Obus intertace has
been met simultaneously in this design; for’ more information, s@@$h@’BusInterface Controller” section.
See Figure 1 for an overview of the ADS system. #‘,.~:...t,ei$ ‘ ‘

—

:~,
,:.;...,,,.;

Figure 1. ADS System Ovetview

—

—
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Physical Description
The physical location of all main components of the ADS is shown in Figure 2. The board is approximately —
9 inches x 9 inches with the MC881’IOsocket in the center. The layout shown here is particularly well suited
for keeping the routing lengths short. Routing considerations are discussed in the “ADS Hardware Design” —
section.
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J840HP
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EPROM Remap
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Figure 2. ADS Physicai Representation

—

—

—

—

—

4 interfacing to theMC88110 MOTOROLA



Hardware Configuration
Table 1 shows the different configurations of the ADS. A discussion of the configurations follows.

Table 1. ADS Configurations/Defaults

Configuration Initial Setting

2/8/32-Mbyte DRAM
,*!.

8 Mbyte ‘%3,
&<.\.&&

~,..>>“*+it. ~
32/64- byte burst access 32-byte burst

~,- .:.,,=+
~:?$,,‘..,*.~:.....’.’,)*.+~~,~,1,:..,.>,.,

External/on-board clock source On-board clock source ,,,:%; ’’”\
.,**,?
d?%,*/.:,.,i>,,,.. ....

>J?P, @
PSTAT(2–0) (000) *,t\i).,..:“ ,,.$

.$~~..?.~:,:i,.+>ii~*’*‘*\\:> ~
Junction temperature/HPM

~,,y
HPM mode “i~<;<bj;.

,$$ :,*:.
..\ .%s+~{*!*t.i.,.,.....<:!:..$

2/8/32-Mbyte DRAM ,**->-,.:<~1,.“.)},Y:,.”:”~,,<:>>.%),,-\,:,,,,
The size of the DRAM is determined by the size of DRAM SIMM placed in,~&~@5] SIMM Module Sockets
at location MI–M8. Seethe “DRAM” section for a complete descriptio,n~~f~fi~.%RAM.

,$..;~:;,.<:,?,:,.,b,
32/64-Byte Burst Access ,,*,,.$$~&~’~J~‘v,::.):;.:$\,>.\:$.,
The EPROM interface supports burst transactions of any durat@&~T~e ADS comes equipped to support a
32-byte burst access to DRAM. In order to support the 64-b@et&st transaction of the HPM, the PALs that
control the DRAM accesses at locations U45, U46, and ,x$$~~eed to be switched. All of the PALs on the
ADS are socketed to facilitate switching them out. ,,,?$ h*{$$~i,.’,..:....,:$

‘?,i.i,,-\.\\*lA.
s!,:,:~(:,>*>&*:$:

External/On-Board Clock Source *..s4{6,
The clock signals on the ADS are generated,,$mm’$ MC88915 clock driver. This device is particularly well
suited for MC88110-based systems and@&,additional functionality that is used on the ADS. This
functionality includes multiple Q clock$~-b that are tightly coupled, two clock source inputs as well as
2xQ and Q/2 outputs. .>+,,,,~.::>.,$~ ...

..”,~pi,$~s.?}tltx,.~1,
The clock source for the ADS c~~}w either from the BNC/SMA (BNC is generally installed) connector at
location BNCI or from the os@$@@d location Y2. These locations are shown in Figure 3. The dip switch\ )..>:,~,
at location SW(4-5) (switc$$~),$dects the source that is used.

.:$,\h)~.~~t,:,,,,~.!,,~i$::$‘ ‘$!:,.)>t, y
~.,+,Y$.+,’-:13,*..0,SI**y ~,<~\,,
‘~>}:;$,::. :$t~,

@ ,,,.
*)1,,,,?...C.‘..-,,......!*$;..%:.,,.,,:1,,. \,>.

,;$f$,:*,.:~~>%,**%:,. ,<<&\ ..,,,
1:.?.w..\.,~,$.&s~,..$.$

*.,:?%,,,~.$-. 8*.
‘*b,b!$*,$$,:.$.*<:T>:::*

:$,~;,:>.,+\~..,.,.>.~..,,..‘$~$,,.~
@l%e crystal oscillator may beI$:J:?I:,’,7.>$

Y oscillator from location Y2.

PSTAT(2-0) Signals
The MC88110 displays additional internal state information through the use of the PSTAT output signals.
These signals can be configured to display different types of information based on settings that are sampled
during reset. The settingthat is used to configure the MC88110 for a particular session is determined by
the settings of the dip switch at location SW(I-3); see Figure 4. Detailed information pertaining to the
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o 0

Figure 3. Clock Sources

replaced by disconnecting power from the ADS and removing the crystal



different modes of the PSTAT signals can be found in the MC88110 Second Generation RISC
Microprocessor User’s Manual.

PSTAT

—

—

Note that the example shown is PSTAT(2-0) = ‘bOOOduring reset.
,2,, ;~<j.?1.,%%\k\l:\i+.

,,.~,,..$i

i>> ,.i~,.,$t<$

Junction Temperature and HPM Support
,..,!.\,,.,,%:,:\v.,,;,?rt:

,~+,$>\+.‘“-,‘
The ADS can be used to evaluate the MC8841O secondary cache controller k~’~~ding an HPM into the
MC8811Omicroprocessor’s socket. There are five signal timing differences 6%@en the MC8841Osystem
bus and the MC88110 processor bus. These timing differences, shown&Wab~& 2, must be accounted for
in designing a memory system that can be used with either one.

,.,. ..,
....$<....}\., %’.,,,;, ,~al\.,~.

:;/,,\ ?$
.,.hai’ *..,.)), :=..

Table 2.MC88110/MC88410 Timin@@ff@Yences

Since this is a sin~~%~er design in which the MC88110 is permanently parked on the bus, the
requirements for ~pelM@?mentation of the two shaded rows have already been satisfied. Part of the design
criteria for an *,P using an MC8841O is that if the system bus is running in full-speed mode, then the
transfer ack&w@#e?@e(~) signal indication for a normal data transfer acknowledge must arrive one clock
before th@~~&Alternatively, if the MC8841Osystem bus is run in half-speed mode, then the HPM should
be pro,~~wlth a signal in order for it to synchronize itself, namely the half-speed clock (HCLK) signal.

,. ,,,.
T@+;~,# supports these design requirements to enable an HPM to be used. It does this by utilizing two
~M~% (RESI and RES2) on the MC88110 for multiple purposes. The RES1 and RES2 signals that allow

‘*?@Gss to the internal resistor (used to determine junction temperature) can be used onanHPM’sMC88110
%ootprint to bring up extra signals. The RESI signal on the ADS footprint has an HCLK routed to it. The

RES2 signal has an early!i% signal routed to it. The HCLK routed length from MC88915 to the RESI signal
on the MC88110 is 7.01 inches. Appendix B, “Layout and Routing ADS” includes layout summaries of the
ADS MC88915 layout/routing solution.

In order for the RESI and RES2 signals to be used for their primary function of junction temperature
characterization, these signals must be isolated from the devices that are providing the alternative functions.

—

—
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—

—

—

—

—

—

This is accomplished by cutting the traces that have deliberately been routed on the top layer in the location
designated by the silkscreen. These locations are shown in Figure 5.

I I I I

❑ Designates location on board whera,$kq~een has labeled “cut” locations
.*.})~..*.,.

~.~:F’*$?,.r9>.\J..
‘.:i$.t,,

Figure 5. Dual F&nction Cut Locations\\<}>*
,~siw,,

The differences in the data timing specific,~ig$~are discussed in the “ADS Hardware Design” section. For
a complete discussion of the system @@~&ipatibility, refer to the A4C884fOSecondary Cache Controller
Uset%Manual.

;.:;..‘ ,.~+-,,..
,\*t..,..*,~.s:,i~:.t~‘w\+$.\\..,.,,.,[y.>..>..,~,{.,\~.%**i.i<l~

ADS l-lardwarg&&.!sign;(>
The MC88110 bus is fu~$whronous. This means that inputs and outputs of the MC88110 are specified
with respect to the ir#&&@k. While asynchronous interrupt and reset signals are allowed, they must meet
the specified setu@@i hold times to guarantee that they are seen on a particular clock.

.. ‘.:.*.+.>*:’,’~,1

McfJ81J&~tp@
~:)‘‘ ,1,t#,t<..,4.

lnternally~t$p ~C8811 Ogenerates four quadrature clocks that are phase locked to the input clock signal.
All ~’w~?+rom theMC88110 are specified with respect to these quadrature clocks. The resulting AC timing
is @ont in Table 3. For the latest AC timing specifications, refer to the MC88 110 R/SC Microprocessor

@&@ical data sheet.
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Table 3. MC88110 Output AC Timing Specifications

Notes
Num. ,5

9

1

1914
1

2014
1

2112
1

22 I
1

2514
1

26 I
1

27A I
I

29 I
1

30 I
I

3113
t

33 I
r

33A I

GND=O vd~
—

40 MHz
.

50 MHz

Characteristic Unit
Min Max Min Max

CLK to address valid 5 17 4 15

CLK to address invalid 5 - 4 -

CLK to ~, ~, ~ asserted, negated o 11 0

CLK to data, byte parity, BPE out valid 5 17 4 fk$’~ .: “ nsT,*,,,.!& *B*w. ‘ ;.
CLK to data, byte parity, BPE out invalid

,J,,
5 – 4 ,,, ‘“4,,$ ns... .,,.

CLK to data, byte parity, BPE out hi-impedance 5 15
d.

CLK to address hi-impedance 5

CLK to ~, ~, ~ hi-impedance 11

CLK to output lo-impedance

CLK to ~, ~, R lo-impedance

CLK to ~ asserted
.,L.

.,y:‘
,*....>>, 8 11 0 10 ns

%

CLK to ~ negated
+,&>..<:~t$,+*. \.], :: 0 11 0 10.. >.,,,, ns.>.!

,Jh.,..,
CLK to ~ and~ assertet$&%% o 11 0 10 ns!+$:.

CLK to ~ and l%T$fT n~atek$

—

17 –,,J 15 ns
—

17 27 14 22 ns

5 17 4 15 ns

CLK to PSTAT2 5 - 4 - ns
i~r,~:t.,~~$,~;.

NOTES:
,..+,??“*~~~,,~~:

;$ ~
1. All outputs except ~W--~ are specified with an output load of 50 pF and a line length

of 6 inches. R anc$--~ are specified with a load of 60 pF and a line length of 6 inches. All
output timing s#k%&tons assume a board impedance in the range of 50–90 ohms and a dielectric

constant in t~e r$w% of 2–6. All output specifications are measured from the 1.4 V of the input CLK to the
lTL level @@bf 2.0 V) of the signal in question. Outputs are measured both at the pin and at the end of
the 6-i~&${~W@

! --\..\,:’i~*
2–5. A@#jot%hown here. For more complete information, refer to the MC88110 RLSC Microprocessor

Wmal data sheet.
,Yw **${+.

+ ,. ‘~

i3&Afbitration Signals.S!.?y<,$i‘>,,::*.
~$~~e are two sets of AC electrical specifications on the MC88110 microprocessor’s output signals. These
@wQ/l Ons for arbitration signals (for example, transfer start (=), address bus busy (ABB), data bus busy
(DBB), and bus request (~)) and 4/15 ns for transfer attribute signals (for example, address bus (A31
through AO), read/write (R/~), and transfer burst (~)). Since this design is a single master design, it is
not necessary to arbitrate for mastership of the bus. The MC88110 always has the bus (i.e., if it is parked
permanently). The following discussion, which relates to ~, ~ and DBB, can be applied to systems that
are required to arbitrate for the bus since these signals have the same output transition specifications.

—

—
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The memory interface on the ADS is governed by state machines resident in 7 ns registered PALs that are
required to meet the setup and hold requirements for the PALs when the ADS is running at 50 MHz. At 50—
MHz (a 20-ns period) the 1% signal has 10 ns of setup to the next rising clock edge. A 7 ns PAL requires
7 ns setup to its rising clock edge. This allows 3 ns of margin with which to account for clock skew and board—
layout considerations. The next slower speed PAL, 10 ns, requires 10 ns of setup, which would not allow
any margin and is therefore unacceptable. The hold requirement of a 7-ns registered PAL is Ons. The AC
electflcal specifications show that ~ can negate as early as Ons. While this meets the hold requirements
for the PAL, little margin is provided for clock skew between the PAL and the MC88110. Note 1 of Tat#$$
states that ~ is specified with a load of up to 60 pF and a line length of 6 inches. The Ons hold specif@t}~~’
for the MC88110 is representative of an unloaded signal. By loading this signal, as we have do.~:$~~$$he
ADS, we provide additional margin to allow for clock skew which may be present as a resulb~+:~qjcess,
board layout, etc. When designing a system at 50 MHz, care must be taken during desi~n~~@ess (for
example, layout, signal loading, and clock routing) to account for signal skews that may$,~~q~ed to the
design. ,.~~i~‘ %‘~@”i!$,i~,~!

It is also worth noting that all of the transfer attribute signals from the MC8811Oha@@tput timings of 4/15
:>:’~’~:~,~,

ns from clock rising. These signals do not meet the setup times to the 7 ns P}~~&t~] two clocks into the
transaction (rising edge of T2); see Figure 6. The ~ signal is used to qu~[~i+$ymbinatorial signals that
use transfer attribute signals from the MC8811O as inputs (for example, ~@j.#elects). The ~ signal
asserts one clock into the transaction (i.e., data bus is always granted),,w a~a result, the transfer attribute
signals are valid. The = signal cannot be used to qualify these s@@i!F%inceit does not meet the setup
time for the transfer attribute signals.

>,,~,ti,,:)~~:& *,\,:!,$.+ ,~ ,+,~,<?. -sr~t:s’

—

—

—

—
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512-Mbyte address space allocated to them. This results in these peripherals being
higher address space (for example, EPROM(OXOOOOOOOO)= EPROM(OXOXXOOOOO)).

Table 4. ADS Memory Map

‘mirrored’ into the

—

—

Section Memory Map Decode Comments
*

0/1 Oxoooooooo- OXOO07FFFF EPROM
*,,.

512-Kbyte EPROM ?,:.,Q::,J ,}&~&x,
.,.,. ,s +

0/1 OXOO080000– Oxl FFFFFFF
,$:4,,~,,.$y

EPROM EPROM space mirrored ~j?... ‘.::\,.\,\ “~,?~..:<, ,.,.,.~...:

2/5 OX20000000– OX5FFFFFFF
@r

Reserved (see note)
~!.3:<..,

,?.,.,$?~,-6:;..&,*$.‘“,~ ,

6/7 OX60000000– 0x7FFFFFFF DUART DUART channel A base register ~Hb#~p~sat
location OX60000007. Channelt$(~$r~mal) base
register is at 0x60000047 .~N~$ @

.~,

819 OX80000000- OX9FFFFFFF ADI pOrt ADI port is memory rn<@’:N~&location
0x80000004 ,.$‘*?*+ \ji../:. ..$,.,#\..<..,,,>

A/D OXAOOOOOOO– OXDFFFFFFF Reserved (see note)
?>’:il$\.R<.’.a$a$...,<,,~..s+.,,>

‘.~’$~,>
.:’:jj

EIF OXEOOOOOOO– OXEO1FFFFF DRAM 2 Mbytet~&@.pe SIMM’S)
... ~,. ,

EIF 0xE0200000 - OXE07FFFFF DRAM
.,.

8 MQ~*~~:~b~e SIMM’S)

E/F

!:}

OXE0800000- OXE1FFFFFF DRAM $~ M@e (4 Mbyte SIMM’S)

EIF OXE2000000– OXFFFFFFFF DRAM f c‘$Q#AM space mirrored
.,,. w,. ,.*;
‘?.. W,w,,*.,m.J :,>*,

NOTE:Transactions to reserved space are terminated’$$$~ resulting in an instruction or data access —
exception being taken. ,>#\,, &

\}\.:.::,.,\ s;\t\ —

Data
.~ir,i,‘Wak~

,j:$y:t;$:~>,
Data from the MC88110 is available ~~$”~s ‘into the data bus tenure. Since ~ is asserted to the
MC88110 for all of its transactions, th$~~bus tenure begins in the clock after ~ (i.e., TI ). The MC88110
meets the speed requirements fo&#?!.&Jhe peripheral devices on the ADS. A similar problem of qualifying
these data signals, as shown,k@~address signals, would exist in systems that require that data be
latched as early as possible. !~or$~~ately, buffers require less setup time than 7 ns PALs; typically 2.5 ns for
FAST family logic mmpq~:~~~+? ns for 7 ns PALs.

~:, $.&*:*R,!.~.,;i,.4.-,!$,,,

MC88110 Inpik$?*,\z*
All inputs to th~~~@8110 are specified with respect to the quadrature clocks. The resultin9 AC timin9
requirement%q shown in Table 5. For the latest AC timing specifications, refer to the MC88110 RISC

Mlcropt’Qc@@Hechnical data sheet.*’\..i>%.,,....:..tt~-?.i.,ft$~,?‘s-. ;,, Table 5.MC88110 Input AC Timing Specifications.‘.,%..~~.,l**,:,.,~;:...,,,.-~.!.:,,.

,. ~&=$.O Vdc + 5%, GND=OVdc‘X~f~,.~:\,*?,,:\,.~,
., ~’..-
*$

Notes
40 MHz 50 MHz

Num. ,3 Characteristics Unit
9 Min Max Min Max

5 Data, byte parity in valid to CLK (setup) 12 – 9 ns

6 Clk to data, byte parity in invalid (hold) -4 – -3
—

ns

10 Interfacing to theMC88110 MOTOROLA



Table 5. MC&18110Inpw AC Timing Specifications [Continued)

Vdd=5.O Vdc k 5%, GND=O Vdc

IINotesNum. , ~ Characteristics
9

7 ~, ~, ~, ~$~ valid to
CLK (setup)

7A m, ~ valid to CLK (setup)

8 CLK to ~, ~, ~, ~, ~,
m, ~ in invalid (hold)

9 ~ and ~ valid to CLK (setup)

10 CLK tom and ~ invalid (hold)

11 4 Address valid to CLK (setup]

12 4 CLK to address invalid (hold)

13 I I = in valid to CLK (setup)

14 I I CLKto W in invalid (hold)

15

16 CLK tom and ~ in invalid (h

17 2 ~, ~, ~ and = valid to
(setup) $!’,,,#

\,.+\..<,i

NOTES:

1. All input specifications are meas,x~~~rn the ll_L level (0.8 or 2.o V) of the signal in question to the 1.4 V
of the input CLK. Input timingt#N,r#asured at the pin.

W% ‘t’
2. These signals will pass thr~w,~tie clock of debounce circuitry internal to the processor before being

functionally recognized.kTtik#Reed to be held asserted for at least the full span of one clock cycle.

3-4. Are not shown her@?>F@+l$orecomplete information, refer to the MC88I1O RISC Microprocessor
technical data sh{@,~~~.~~~

i,,, *W

To support th@&?M~at plugs into the MC8811Osocket, the memory system must meet the data setup and
hold times fQ@@dCM6211 O. The data requirements for the MC8811Oare 9 ns setup to the rising edge
and -3 n$wto the rising edge. The negative hold time is representative of the MC88110 actually latching
data o~~~~,third quadrature clock (i.e., half way through clock low). The MCM62110 latches data on the
ris~&$Xck edge, one quadrature clock later than the MC88110. The resulting data setup and hold times

,j@19,,@sand 2 ns, respectively. In systems that are supporting a zero wait state design, the data from the
$$WOV system must be capable of switching to the next “beat” of data in 9 ns (20-9-2=9) minus the clock

~~$$kew between theMC88110 and the MCM62110. The fastest transaction on the ADS is a three-clock burst,
$~,which alleviates the problem on this design.

~ and ~ Signals
The ~ signal is generated from the pre-pretransfer acknowledge (~) signals that are driven by the logic
sections’ controlling their respective accesses, The PPTA signal is generated two clocks before the ~
needs to be generated back to the MC88110. This is possible because the ADS is an entirely deterministic—
design (i.e., all transactions are serviced at known rates).

—
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The PPTA signal is used to generate the PTA signal back to the MC88110. That signal prevents further
decoupled cache accesses from occurring. The ~ signal is also used to satisfy the Early_~ signal _
generation for the HPM since it is guaranteed to occur one clock before the ~ (this same method is also
used for burst transactions). Then the m signal is clocked to generate the ~ back to the MC88110. _
Figure 7 presents a conceptual view of this description. The PTA signal is generated correctly for all
transactions, even if no data is transferred (for example, invalidation).

~~eripheral_l
~fleripheral_O

lT171_DRAM

CLK

TEA Signal
The address decode PAL generates the transfer error acknowled~#,J,w signal. The ~ signal is used
to generate transfer error replies to the MC8811O if a reserve$ a~ess space is accessed or an invalid
transaction is attempted (for example, write to EPROM or bu~fi~om ADI port) or the watchdog timer times
out (see Appendix C “PAL Equations” for a complete li~?~~~o~the ~ equation). The ~ signal is
synchronized to theMC88110 bus using a 74F5074 D-t@#Y@ flop.p+,;,W,,+..... ~‘..,

J$.:t,.,

PSTAT(2-0) Signals ~f!$
. , .,,;:::

The three PSTATsignals provide limited vrs.lb[~t-~,CPU internal status. The PSTAT(2–0) signals are useful
for functions such as debugging system ,,~@,~re and/or software, monitoring all write (store) traffic to
cache memory (even in copyback mode+$fl~i$evaluating performance.

4::~;~+*fY
These bidirectional signals normall$~w~lon as outputs that are updated every clock cycle; see Table 3,
number 33 (4/15 ns). During re$@p~,pever, the output buffers are in a hi-impedance state and the signals
function as inputs. There are$ig~s~s of internal signals that can be selected for these outputs. The three-
bit value loaded through ~~,~~~@-0) at reset determines which set of internal signals is selected. The
selection can only be ma~ $Wing reset (i.e., this function is not dynamically programmable during normal
operation). For a coq~?x’fisting of the modes in which PSTAT can be configured, refer to the L4C88110
Second Generati~& ,,R&#Microprocessor User’s Manual.

f?’,i.a,,,$i .

During reset ti~$w~ls are sampled on every clock cycle in which reset is asserted (see Table 5, number
5 (9/-3 ns)~~&@& is a minimum three clock cycle delay from the negated edge of reset until the PSTAT
output b@t~~~~reenabled. This provides a window during which the off-chip driving logic can be put into a
state .ti~ !@rrrpedance, thus avoiding possible bus contention when the MC88110 output buffers are‘J:
eW@~.*

$.’:$1,,,,,..,*~.~
$~~#~ADSdrives the PSTAT signals using a 74F244 buffer. The reset signal used as output to enable the
@tier is 2reset && 5reset. These signals are three clocks apart and 2reset also resets the MC88110. This
assures that the buffers are not overdriven when entering or exiting the reset state. This is illustrated in
Figure 8.

—

—
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11111 I
2reset

I I I I I $,,,
5reset ,/:,,4Rj~}

—

—

.

—

~i~.
The clocking requirements of the MC8811Oare shown in Table 6. Th~~~&~8915 clock driver is well suited
to the needs of the MC88110 and the ADS system. This solution p~~~~ five clock outputs tightly coupled
at 50 MHz and 1 (each) CLK, 2xCLK and l/2xCLK outputs. Rou\@~~@~thsof all clock signals are constant
(approximately 7 inches). Separate discrete terminations arp w&ided for each of the clock signals. The
layout of the MC88915 is critical to the overall clock soiutiQ#&Ref6r to LoW Skew CMOS PLL C/ock Driver
(a document in Timing So/ufiom data book, order nun#X3r~E?R1333/D)for a more detailed discussion of
layout considerations. $~-** ,$,:~..+.:.,:,,,.‘ti.>~“’~.!l.!.....*,,,.~~:,,.$.>.,,,~,>‘..+.,

Table 6. MC88110 Clock A43Timing Specifications.:.?,>+i

*,.,.“~$$NOTE:Whilethe rise and fall times for the CLK input will be measured from 0.8 to 2.0 V, the CLK signal is,l~!,’~..+~,i,,,’:,.,4+>*.,q~ expected to swing from 0.5 to 2.4 V..,.
The MC88915 has two selectable clock reference inputs SYNC(1) and SYNC(0). The SYNC(1) input is
connected to the crystal oscillator output. The SYNC(0) input is connected to the BNC/SMA connector
(BNC1), The reference select signal is connected to SW4, which is the top position of the SW(4-5) dip
switch. This allows an external clock to be connected to the ADS board to generate all of the clocking
requirements of the board (through the MC88915 clock driver). See Figure 9 for a graphic illustration.

MOTOROLA Interfacing to theMC88110 13



Q
BNC

H “~
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SYNCO
SYNC1

MC88915
Clock Driver

Figure 9. MC88915 Ciock SourceSeiection

t~\,\.\::>,,~.,\, ..,,*l

$.V.2,,.1-$!*V

Tabie 7. ADS Ciock Summary ~~..-..... w+$~\y.,:>,.{:\;:
,~wl:,.k

MC88915 Frequency
ClockOutput (MHz)

sys_clk(0) 50

sys_clk(l) 50

sys_clk(2) 50 ,$,~iw,y 6.9364
.,., . ,

sys_clk(3)
so .!i&;$i$,\:

6.93573.,,,

sys_clk(7) ,f:# 28* 11.75965

sys_clk~@(:*:$b*-6.25 1.58764
-.,>’s,,> +

—

.

—

—

,>~i, ,.. ,*=.

NOTE: Sys_clk(7) is a split route ,~;$~$~w to RES1designedto be cut if RES1/RES2 thermal junction
temperature function is \~s&#*”

,. “~i
The 25 MHz clock signai (s~t~+~~,~) serves a duai purpose. It is used by the refresh circuitry, to divide
down to a 6.25 MHz signal,(~~s+$lk(8)), and is aiso used to provide a haif-speed ciock (HCLK) signal which
is used on the HPM in h@Y@?ed mode...‘‘>:~$i:+.../.s->s;?$,

..V; *
Memory ,$,,,“*)ZJ
The ADS piatf#@&6mes with 2/8/32 Mbytes of DRAM memory and512 Kbytes of EPROM. The DRAM
array is co~~@d of eight SIMM packages to minimize the area required for the DRAM array and to allow
for diff~~e~~e configurations. Both the DRAM array and EPROM array respond to accesses by dfiving
data:m ~ entire 64-bit wide data path, Software determines which size SiMM DRAM module is ioaded
int~.~~+,$iMMsockets by determining when its data space overlaps into previously mapped space. Tabie 8
S&#=hhich Motoroia DRAM SiMMs are supported on the ADS.

—

—
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Table 8. DRAM Memory Modules
1

~ DRAMSIMM I Size I
I 1 I

DRAM

supported.

~&;$ ,,.
,(,i\*p>,, - *,,.. .,:<P

~‘.<<,, =hh

This design uses 70 ns DRAMs. The DRAM controller is implemented in PALs and iqtm&!arized to allow
,i<;,\

using lower frequencies of operation and slower speed DRAM SIMMS. This is ~$wlished by changing

the JEDEC files of the PALs; see Appendix C “PAL Equations”, Note thaQ~ Wer to support slower
frequency SIMMS, the JEDEC files must be changed. Slower board freque@@@re inherently supported
since this is a synchronous design (i.e., slower frequency only Iengthens%\,&@kperiods). However, it is
possible that using a slower frequency will allow for the DRAM contr~,~~jgn?ltsto be driven earlier in their
state machines. This would optimize the bus transactions at the ex~,~~~af processor frequency. Table 9
summarizes the different DRAM configurations and the resultl~ “~t?ess speeds available using this
discrete solution. There is no benefit in using 60 ns DRAMs oy$~$/k70 ns DRAMs.

Y,*,.

}., w
Table 9. Burst Read Me,rnmf~&erformance

,,... .
DRAMSpeed Burst +~ Size

*

100 ns , ti4:4:4R 2W32 Mbyte!;\

80 ns
(

\ ‘“:$ 8:3:3:3R 2/8/32 Mbyte,.,t,,>$.,.~$:.)
!’ *::

70 ns,~{~$ ‘>% 7:3:3:3R 218132 Mbyte
., ,*.*.”

t
6Q4~+:? 7:3:3:3R 8’/32 Mbyte.,, ...,’$..> ,.~

*% ‘%..,, ..,,
@t ●?#byte x 8-bit was made available 4Q91 and 256Kti
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—

i i~yyl: : $i’”! j ~ : : jt ,,,$;<i.$i . ‘*($ ,! ~,i,,. ,,{,- -

Figure 10. D~#~~~nals
~\\:.<:\.....$.1.

‘$,Y*:,
This is the case for the ADS DRAM interface aRd is.highlighted in Figure 11. The access time from tCAC, —
shown as 20.3 ns, has only .3 ns before it b,@&es the limiting parameter (tCAC equals 20 ns for 60/70/ —
80 ns DRAMs). Thus, it is apparent that 60~@Ql%AMscannot improve the initial access time because tCAC
remains identical to the 70 ns specifica$fl$ivs memory intetface has a resolution of 10 ns with which to
assert/negate signals (for example, ~,,’R&@20 ns period, using CLK as an input). As a result, ~(7–0)
assertion cannot be improved w~~~@’1 meeting the column address setup and hold requirements to
-(7-O). This results in tCAQ.t$&@%ingthe limiting access parameter with 60 ns DRAMs.

$?~.,.,,.?:>.,,,;:F
The 80 ns ~ specificatior%fon;he 80 ns DRAM results in an initial access one clock slower than the 70 ns...’.*.:..‘{@
DRAM. The burst acces$ M& femains a three-clock access for all speed DRAMs except the 100 ns DRAM
which requires anot~,~~~~lock on each burst transaction. The burst access speed is determined by four
specifications on ~he%@AM-t PC, ‘CAC, ‘AA and ‘CPA. Figure 11 highlights that this design has 6.5 ns
setup to the 74~@Js, which require Ons setup and 2 ns hold. As a result, the 5 ns difference between tAA
on the 70 nsa~~vhns merely cuts into the 6.5 ns of the available margin (maintaining a three-clock burst
rate). In @~~the 100-ns speed DRAM, the additional 15 ns (50 ns vs. 35 ns) in this specification results
in an a~,j~~~~l clock on the burst transactions.,X*....... ,,\,,..>..,$i, ..$.~~~,*,. .$..:%,>~,}!t.*r>.# ,$\,.>,,.,....~.c.~”.
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Tabf&&$mmarizes the values of tPC, tCAC, tAA and tCPA for the 4-Mbyte DRAMs.,>j:>.;),
.,’ ,<’,:’

—
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Table 10. Fast Page Mode Read Cycles Specifications

Spec/DRAM Speed (ns) 60 70 80 100
I

‘PC-fast page mode cycle time 45 45 50 60

t(jAc-access time from ~ 20 20 20 25

1‘AA—access time from column address 30 I 35 I 40 I 50 I

‘CPA- precharge time 40 40 45 55

tRP—W precharge 40 50 60 70

NOTE: ~ (access time from ~) is the speed of the DRAM

The initiai access of a DRAM write transaction occurs two clocks faster than the corr@~&tirig read
transaction because the data from the MC8811Ois avaiiabie earlier on writes (i.e., the MC~~l ?Q$knowswhat
the write data is and drives it immediately) and DRAM timing is the oniy deiay. N~~t&t back-to-back
transactions incur another two-clock penaity due to the ~ precharge requiremq@#W@RAMs.

‘+,$:,‘~~ ,<L..

Table 11 shows the ciock deiays between transactions inherent to the MC8Q~~,~3bUs.This is shown to
.’.:$.\$\*>b.

emphasize the types of transactions that wiii occur on the bus and th$&p&’knum frequency of those
transactions. The tabie is organized showing the first transaction acr~.$~$f$wtop row which can then be
indexed to any type of second transaction to determine how many ‘~r$e’’~$j%lesthere wiii be between the——
TA/TE~/~ of the first transaction and the ~ of 4f&’!$FMcmdtransaction (assuming the
MC8811O is parked). The iast coiumn represents the numbe~~f discks between any transaction that is
retried and the transaction being restarted. This paramQ$3~, not applicable to this design (i.e., no
transactions are retried on this singie master design) but:i$p~lpded for completion.

\,.\~,’t.?>~

—

.

~~...>.,.~.~.,-
Tabie 11. MC8811O Tra%k#on Frequency —

.,:,.

Ist Transaction->/
Tabie Singie Sing4 Any

Search Beat
~%t ‘i+ :alr Burst Snoop

2nd Transaction Write1j3 Copyback In;:::n
Retry

Read Read , * :&$y@
,,~ ,.,<..,,,,

Table Search Read 2 3 3 2 0 2

Single Beat Read 4 .2 o’ 2 0 3

Single Beat Write 2 0 2 0 3

Burst Read ,.*4Q$ 2 2 2 0 2 0 3. ~~=,,.,

Burst Write’ %+$ 2 2 2.~,+:. 2 2 0 3

Snoop Copy bacl&$ $’” 1 1 1 1 1,,,,.,~ 2 0 1
, ..,,.,,,.,,,-

Any lnstruct~~~ ‘“$ o 0 0 0 0 0 2 3
Access2 ++,Y .,.$

!.’*5.‘*W.

—

,,,,‘:$}>,, x

,f~Q~’s:
.~~%+~~vburst writes include replace and flush copyback transactions.
&Z Code fetch transactions are suppressed after the retry of a data transaction.

‘ 3. Data replacement copyback and the transaction that caused it occur back-to-back.

The DRAM controller consists of five PALs. They controi the types of accesses being run into the DRAM
and most of the controi signais required by the DRAM. An additional PAL multiplexes the coiumn address
for burst transactions. The last PAL drives ~ into the eight separate SiMMs. Tabie 12 summarizes the

—

—
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PALs used to control the DRAMs and their outputs. The hl_dram_access_O PAL also generates some
signals that are not specific to controlling the DRAM (i.e., ~, r=).—

Table 12. DRAM PAL Summary—

JEDECfile Device: Speed outputs

hl_dram_access_l .jed 20R8:7 ns ~_refresh_en ,,,

refresh_state(2-O) *..,~

CX5_en
?:*:.’+.;:.,

,,,,*+*f,:$,
R ‘,. “a

refresh_req ,?-$~k:)*t !,*,, ‘St$:,,IJ,,.’,a:,\ ‘~q$..,

hl_dram_access_O.jed 20R4:7 ns l%_latched
iy$h.,.”)-,,,.x

\,\ :$i~yi:w,x

TX
,...~>:~’~ ;.:(,.,$

~’?!,~:>\-,.!.$,. .+.-
rl% ,,:.?-.:..,~+,,+’~b,,. ,F,.,+,

~_dram y~’:$t
-~,:~,y},>,,+”

row_column %, ~./&t,‘{
. 1?

hl_dram_sequence.jed 20R6:7 ns dram_state(@{~?.$

~_dram&%#~i $
,.,,, .,

hl_col_multiplex.jed 16R6:7 ns drarn3rna~~~

hl_byte_select.jed 20L8:7 ns m$kv
~}?.. 4,! ,,::*J:>*$&,**;,

NOTE:See Appendix D, “Schematics”, for &@hic illustrations of the
JEDEC file

..,,2
,~.,:$;. ix

There are additional signals related to controlling a@~~~&and data paths for DRAM accesses. The
generation of these and other control signals is discq@@jln greater detail in the “Bus Interface Controller”
section.

,+,,,,>.+*S
%,,+,/,,i\,~---..........,
“i$;!$,..?$—

EPROM
,4>~!

\\.:il::”*.,~‘~:$;:*~—
The EPROM is comprised of four TMSaZ@l @200 parts. This provides a 64-bit data path and512 Kbytes.,.$p.l.:.<l:(,,
of meinory. The EPROM resides on $@$@?pheralbus with the ADI port and DUART. Burst accesses into. .&,.,1:
the EPROM are supported. This .~:W\@rnined by checking to see if ~ is asserted on the transaction
following ~. After the initial aa~~s made into the EPROM, ~ is checked after ~ is asserted to
determine whether an adtiti~fi~~~a~ will follow. If this is a single beat transaction or the last beat of a
burst transaction then Wr’&#!xanteed to negate for one clock. During that clock the state machines
controlling the access $g~$$Q,~@output disable stage where they remain until the EPROM output buffers have
three-stated. During t!jis~er’iod, accesses onto the peripheral bus are ‘Waited”; however, transactions into
the DRAM are all@Wx-proceed.,*,L

-,\:,:,$::\@#

Bus lrfihce Controller.*@:*&,,.:];%.+.”
The ~@,@&wfacecontroller sequences all transactions on the ADS board. It responds to all transactions

,“.,/>.@.*+\
ini}@ts$$bythe processor node and also controls the periodic refresh cycles for the DRAMs.

:%!v:,

‘{$&AM Controlti,:..;<;~,\ 1:1,..!.,
“~’”:~he dram_state(4-O) state machine resides in hl,_dram_sequence PAL. This is a 5-bit state machine which

“runs” during DRAM accesses. All accesses by the MC88110 assert ~ when they begin. ~_latched is
set when ~ asserts. Since ~ only stays asserted for the first access of the transaction, ~_latched is

—

—

also used to signal that a transaction has-started. The state machine starts when it sees that a ~ansaction
has started from the MC88110 and it does not have a refresh request currently pending. On the next clock,
an address decode check is made to determine if it should continue (i.e., a valid DRAM access has begun)
or whether it should hold in S1count.
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This state machine is used by both hl_dram_access PALsto generate the remaining control signals for the
DRAM controller. Table 13 shows the values for the ~(7–0), ~(7-0) and row_column control signals _
for each of the states generated by the dram_state(4-O) state machine. Figure 12 shows the multiplexing
technique of the address signals into the DRAM array. The ~(7-0) control signals are driven by the –
outputs of two 74AS08 AND gates.

The inputs to these gates are ~_refresh_en and ~=dram_en. The ~_dram_en signal is an output
signal from hl_dram_sequence.jed PAL based on state reformation of the dram_state(+O) state machine.
The ~_refresh_en signal is an output from the hl_dram_access_l PALwhich runs the refresh_state(2-$&
O)state machine during refresh cycles. The refresh_state(2-O) state machine “runs” when a refresh reqg~~$~~,~’”
has been registered and the dram_siate(4-0) has reached the SOcount state. ‘X “$,.’{<.,,..<.T.,.?,..,......t:.,.’$ ‘\S:&
The multiplexed address to the DRAM array is provided by using three 74AS258S to multiplex t~~;~~ess
and then using eleven 74AS244S to buffer the address to the DRAMs. This keeps the loat~%,,~n each
address line down to 70 pF (maximum), which is the maximum capacitance rating on the S~~~~”Wote that
the typical capacitive load presented by the DRAMSIMMSis 47 PF. A 1-ns deratingfa$kw’r%~~dedto the
timingof the 74AS244S (determined by usingtypicalderatingcurvesprovidedby TI t~~]~~S family).

..:$ -’:.’>.:.?
In order to conserve power, the 74AS244S are output disabled until a memory cy@~@gun (ABB asserts).
These address buffers drive regardless of which memory access is being mW%~q@.,there is not enough
time to decode just the DRAM address space). The row_column signa~,~lects whether row or column
addresses are being driven to the DRAMs (S input on the 74AS258s),Jt#?Wted length of the address
lines used to,,access the DRAM sys_addr(24-3) vary from 2.10611 ~~!@g37 inches. The lowest three
address lines sys_addr(2-0), used by the byte select logic, vary i~$~@”?8&length from 6.66563 to 7.63959
inches. Since this is greater than the specified 6 inches, cons:@era~ltmmust be given to the effects of the
additional trace length with respect to transmission lines. .,~~%,,,,l,:..(J..,.:,,

,+i ‘+.?,

S14count
I 1

0/0/0 0/0/0

—

—

—

—
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Table 13. ~, ~ and row_column Control States (Continued)

~ Before Single Single 110/41o 110/41o 41OL 41OL
Counter Value

~ Refresh Beat Beat Burst Burst Burst
Read

Burst
Write Read Write Read Write

S15count ##gf* 0/110
—

S16count 0/0/0 Bl$iv ““””””’”””:,+;:..

S17count O,.,O ,,,le

S18count
I ~m.-.:**.~,.

S19count

S20count ,.:,

S21 count
...............

S22count
::::::::.:.:.,.,.:.,.,.,.,.,.,.:.:.,.,.,.,.

S23count ,,>,“
.,*,,.~~?w~, 0/0/0 0/0/0

S24count
..... ).F..,s//$>.$!.

,,>hw:$~.. &gf:~~,.!. ..,.:.,.,...,.,.,.,.,.................................... ............

S25count
~l~.$‘.m;s~.,,1,’,Y.,.}\>,.,<\\?

k,+,b,;$+ 0/0/0

S26count 0/1/0 0/1 10

S27count
:::::,:::,:,:,~:: ::::::::::::,,,:,,,:,:~
wg~y~ :.:.:.:.:.:................................,:,,,.:.:.;.;.:.;.:.;,:.:.:.=,:,:,:.,,,,:,:..,. ::::::::::,:,:,.,.,.,.,,:,:,:.:.:.:.,,,,,,,

S28count 010/0

S29count
.......................................................... ..................

S30count

S31count

NOTES:

1. Therefresh cycle is$@:qJt$SOcount maintained and guaranteed. ~and~are generated bythe
hl_dram_access_~~P~ kiycounting through ROcount-R7count.
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sys_addr(24-3)

I I II ‘-–hl_col_multiplex -i

I I

“..:.$<..

Figure 12. MC88110 DRJ&l~{~@ress Paths
,.~.,>.:’

...y ..t

DRAM ~ precharge,,$i~$~~~e met by having the dram_state(4-O) state machine count another clock at
the conclusion of the ~6$s before coming back to SOcount. Then, if another DRAM access has started
(=_latched asse,@@),lt~an immediately begin that access. If an access to any other resource has begun,
the state machi~’~$~ not wait for the ~ precharge time (i.e., begins immediately).

F,)..%.,,.~>,,.+l-!!, -,,...,,.,.
Table 14, MC88110 DRAM Address Breakout (1 of 2)

I Row/Column Assignments I

I Column Address I ROWAddress I

I A23 I A24 I

I A21
I

A22 I
Al 9 A20 I
A17 Al 8

A15 Al 6

—

—

—
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Table 14. MC88110 DRAM Address Breakout (1 of 2) (Continued)

Row/Column Assignments

Column Address Row Address

Al 3 A14

Al 1 Al 2

A9 Al O

A5 A8

A4 A7

A3 A6

Byte Lane Assignments f,v% :%~,>..
24 23----20 19_-13 15-----12 11--%+d~:;; * 7.__4 3-------o,. \
R RCRC RCRC RCRC ~g~~.$ RCRR RCCC

.\ s.i,.,-~$?:!i,

The data path for the next access does not ‘align’ until:@@sserts. This is accomplished by latching the
control signals for the previous transaction using ~~$~~$ next transfer attribute signals are not seen until
~ asserts (forcing the latch driving those six,~d go transparent). in this fashion, the transfer
attributes for the previous transaction are latched am that transaction is allowed to complete. Delaying the
next transaction’s” transfer attributes does$not fficur a penalty since all devices in this system have a
minimum of two clock access latency. Th~*&~Qemdata lines vary in routed lengths from 5.05484 to 9.3204

‘.,:,
inches. Due to the specific layout us~p~~ longer data routes are matched up with the shorter address
path routes. In this fashion, trace d@$y&e to board effects is equalized across the bus.

,,.:$!,,,,:’,\ ,,:$.:?”;,:y~.+
The ~(7–0) signals are genw,@ by the hl_byte_select PAL. The timing of these UTS signals is
controlled by the ~_en $i@%@%’’assertionfrom the hl_dram_access_l PAL. This signal is asserted
based on information fror@%&,#bm_state(4-0) state machine. Which specific SIMMS ~ signal should
be asserted is determir@M@bmthe transfer attribute signals for the current transaction (that is, ~,<.;I;(*+,.+;,
TSIZ(l-0) and A(2-O$J ‘$

,e$t*:l?,i.:$J:\r$i.+$.,.\ ..ly~

Thermalx$gekgurements
The MC$~$~~~ermal specification is a maxim’um junction temperature of 11O“C. Traditionally, thermal
specifi~~~~ti~ of ambient or case temperature required calculations based on several variables that
intrcwl~m,~ror. To compensate for these errors, package and heatsink “manufacturers added margin to their
s&$ti~htions (variables). These traditional methods can lead to needless oversizing of fans, heatsinks, and

,,$&_d system performance.
:$,,,lls{.:P

—

—

&~~$~O improve upon these traditional methods of calculating thermal characteristics and establishing heat sinks
“: accordingly, a thermal resistor that allows the customer to directly measure junction temperature has been.,.*.

incorporated on each MC88110 die. This allows the customer to accurately size fans and heatsinks while
maintaining the highest frequency of operation. Each die’s resistor has its own thermal coefficients and must
be calibrated for accurate thermal measurements.

To determine the unique thermal characteristics for the thermal resistor, measure the voltage drop across
RESI and RES2 at a minimum of two controlled temperatures (requires a high precision variable voltage
supply, amperage meter and oven), while driving a known current (for example, 1mA) into the RES1 input
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and out of the RES2 output; see Figure 14. Note that ideally, these measurements are made on the actual
board in the actual (or worst case) environmental conditions.

The construction of a graph showing the linear relationship between voltag~~m across the thermal resistor
?::

and the known thermal temperature can now be formed. This graph .@*,wn in Figure 15. Then, while
running the device under actual operating conditions and measuring$~$:~h$age drop across the resistor for
the same current being driven into the resistor, a value can be de&@ined for the junction temperature of
the die by cross referencing on the graph generated for know@@ue#. Note these values are preliminary
and are subject to change. ..{.’...‘‘.:\>,#‘,%+i.~!, W-;*).~Jt,f:J!&~.,.,~,,,l..f.

..,fb..... <%$...,j:{;:~~sf,]..>:,.~’,\:\

—

—

—

—

~....}.f:~~.’% :,;,$l,,,

ft&Xcferto use the ADS board for thermal analysis, the RESI and RES2 signals must be isolated from their
alternative functions (HCLK and ~). This is accomplished by cutting these traces as shown on the PC
boards silkscreen. This allows these signals to be driven by the variable voltage supply in order for
characterization data to be gathered. Note that this data is only applicable for the ADS board and the
environment in which the data is gathered. Care must be taken when applying the findings of these
measurements to other system solutions.

—

—
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The MC88110 RISC microprocessor will initially be released in a 299-pin PGApackage. The signal breakout
on the MC88110 is summarized in Figure A-1. The signals specific to ADS design are summarized in Figure
A-2. Note that 38 of the signals used in the MC88110 design are not used in the ADS design. This is due to –
the fact that this is a single processor design that does not need to concern itself with arbitration or snooping. _
Refer to Appendix D, “Schematics” for the actual circuit depiction of theMC88110 implementation.
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IVKX8915Clock Solution

Clock Oscillator -50 MHz
Test Point for HCLtVRESl

H
❑

BNC clock and MC88915 clock
are on logic analysis connectors

—

\
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module
title

o
lb

“inputs

hl_address_de code; flag ‘–r3’;
‘ADs_llo’

hl_addr_decode device ‘P2018’;

!watchdog_timeout pin 1;
!TBST pin 2;
!TA pin 3;
A31,A30,A29 pin 4,5,6;
!MC pin 7;
RW_ pin 8;
!DBB pin 9;
!Om pin 10;
remap pin 23;

“outputs

“Combinatorial
!adi~ort_C S pin 16;
!drarr_c s pin 18;
!eprom_CE pin 19;
!peripheral_CS O pin 20;
!decode_led pin 21;

!TEA

L,H,x,p,c,k,z
e_decode

c_eprom
c_adi@ort
c_counter
c_duart
c_off_board
c_control
c_reserved
c_dram

equations

adi~ort_CS & DBB;

“Begin on adi~ort decode when all other peripherals
“ have completed on the peripheral bus and DBB has
“ asserted qualifying the address signals
“ and a memory cycle

“Hold for duration of data tenure



eprom_CE = c_eprom & !ODT &
DBB & MC & RW_ #
eprom_CE & DBB;

“ a PPTA

an access to the



module hl_byte; “ 7-May-90
title ‘88k_graphics’ “ 96K-VDRAM Interface

pin 15;
pin 22;
pin 16;
pin 17;
pin 18;
pin 19;
pin 20;
pin 21;

[TS17J,TSIZO];

(TBST == Am);
(size == ‘bOO);
(size == ‘bOl);
(size == ‘blO);



CAS1 =
#
#
#
#

CAS2 =
#
#
#
#

CAS3 =
#
#
#
#

CAS4 =
#
#
#
#

CAS5 =
#
#
#
#

CAS6 =
#

c) #
(h

#
#

CASO & CASen #
CASen & refresh_req;

((burst
double
word & !A2
half & !A2 & !Al
byte & !A2 & !Al &AO) &ABB & CASen) #
CAS1 & CASen #
CASen & refresh_req;

((burst
double
word & !A2
half & !A2 & Al
byte & !A2 &Al & !AO) &ABB & CASen) #
CAS2 & CASen #
CASen & refresh_req;

((burst
double
word & !A2
half & !A2 & Al ,,,1.



CAS7 = ((burst
# double
.#word & A2
#half &A2&Al
# byte &A2 &Al &AO) & ABB & CASen) #
CAS7_f & CASen #
CASen & refresh_req;

end hl_byte;



(1 (1

module hl_colurrm_multiplex; flag ‘-r3’;
title ‘ADs_llo’

hl_col_multiplex device ‘p16r6’;

CLK,OE pin 1,11;
“inputs

A3 pin 3;
A4 pin 4;
AS pin 5;

s9count ‘y =
o (s–count == ‘b1001

4 Slocount = (s_count == ‘blOIO
Sllcount = (s_count == ‘blOll
s12count = (s_count == ‘b1100
s13count = (s_count == ‘bllll
s14count = (s_count == ‘bll10

; s7count
;s8count
;s9count
;Slocount
;Sllcount
;s12count
;s13count
;s14count

——
=
—
——
——
——
—
=

‘bOOOO;
‘bOOOl;
‘bOOlO ;
‘bOOll;
“bOIOO;
‘bOIOl;
‘bOl10 ;
‘bOlll;
‘b1000;
“b1001
‘blOIO
‘blOll
‘b1100
‘bllll
‘bll10



(1



equations

short_node . O;

l_CASen := CASen;

“statemachines

state_diagram s_count
State sOcount:

if(!DBB) then
else if(s_col
else if(s_col
else if(s_col
else if(s_col
else if(s_col
else if(s_col
else if(s_col
else if(s_col

State slcount:
goto Socount;

State s2count:
goto Socount;

State s3count:
goto Socount;

State s4count:
goto Socount;

State s5count:
goto Socount;

State s6count:
goto Socount;

State s7count:
goto Socount;

State s8count:
if(!DBB) then ,

!RAS_refresh_en)then s9count

!F.AS_refresh_en)then slOcount

if(!DBB) then soco~t
else if(CASen & l_CASen &
else slOcount;

!RAS_refresh_en)then sllcount



module
title

c1
L
o

“inputs

hl_drarr_accessO; flag ‘–r3’; ,:>,
‘ADs_llo’

hl_dram_access_O

CLK,OE

RW.
!TBST
!TEA
!TS
!PTA

! co
! cl
!C2
!C3
!C4
Clock

“outputs
“Registered

!TS_latched pin 17;
!TA pin 18;
!rTS , pin 19;
!CAS_drarr_en pin 20;

“Combinatorial
!PPTA_dram pin 15;
row_colunm pin 16;

L,H,x,p,c,k,z =
s_count ——

device ‘p20r4’;

pin 1,13;

pin 2;
pin 3;
pin 4;
pin 5;
pin 6;

pin 8; “Counter
pin 9; “
pin 10; “
pin 11; “
pin 14; “
pin 23;

0,1,
[C4,

:-,
Socount %$J...$(s_count == ~bOOOOO);sOcount = ‘bOOOOO; “00 lF

...*.;..’,:$,,,
Slcount >>.::~.’e..(s_count == ‘bOOIOO);slcount = ‘bOOlOO; “04 lB
Qcow@#. (s_count == ‘bOOl10);s2count = ‘bOOllO; “06 19

s3count “:$’~ = (s_count == ‘bOOlll);s3count = ‘bOOlll; “07 18



s4count = (s–count == ‘bOOIOl)
s5count’ = (s_count == ‘bOOOOl)
S6count = (s_count == “bOOOll)
s7count
S8count
s9count
Slocount
Sllcount
s12count
s13count
s14count
s15count
S16count
s17count

——
——
——

s4count =
s5count =
s6count =

(s_count == “bOOO10);s7count =
(s–count == ‘bO1010);s8count =
(s_count == ‘bO1000);s9count =

—— (s–count == ‘bOIOOl);slOcount = ‘bOIOOl; “09 .*,,‘%$$
—— (s_count == ‘bOIOll);sllcount = ‘bOIOll; I!OB:Q$: 14
— (s_count == ‘bOllll);s12count = ‘bOllll; ,,@p;$~ lo
= (s_count == ‘bOll10);s13count = ‘bOlllO; *d;QA,+,‘- 11
—— (s_count == ‘bOl100);s14count = ‘bO1100; .,,jg@@ 13
= (s_count == ’AbO1101);s15count = ‘bO1101~2$+}‘%$F~D 12
= (s_count == “bll101);s16count = ‘blllO@~~:,~“lD 02
= (s_count == ‘bll100);s17count = ‘bll@Q% “lC 03

S18count = (s–count == ‘bl1000);s18count = ‘bl@Q$’ “18 07
;s19count = “E&&on: “1A 05s19count = (s_count == ‘bllOIO

s20count = (s–count == ‘blll10
s21count = (s–count == ‘blllll
s22count = (s–count == ‘bllOll
s23count = (s–count == “b11001
s24count = (s_count == “b10001
s25count = (s–count == ‘b10101);s25coun~
S26count = (s–count == ‘b10111);s2@@\~t
s27count = (s_count == ‘b10011);s2~cd@nt
S28count = (s–count == ‘b100I0)~S$@&@unt
s29count = (s_count == ‘b10110@$3count
s30count = (s–count == ‘b10@lYW50count
s31count = (s_count == ‘bl,Q,*~$$’}s31comt“.<~>,,~.

k.:%,.+..,%.’~~. ,’:<l:;,.,?’.$“’”
equations

—— “blOlll; “17 08
— ‘b10011; “13 Oc
—— ‘b100I0; “12 OD
= ‘blOllO; “16 09
= “blOIOO; “14 OB
—— ‘b10000; “lo OF

CAS_dram_en ;= (S2co@+s$3co~t # S26count)

(Saxu-&dl s3count # s5count #
& !TBST # “single beat
S6count #

sa#@lnt# s9count # Sllcount #

.C$$?%@~t # S26count) & TBST; “burst
‘,,:,i..i:j,$., . “ Note: CAS_dran’!_enmust come out two(2) clocks early,.,\S*>L~?~.,,,c, 11

~,<.<,~.$.~*’Y\.),~ in order for CASen to assert at correct time
.~!::).j,~~’1:

PPTA_dram ><.,,,,,,,.,t,.?,++”*S4count& !TBST & RW_ # “single beat read.:(.,>;:~,.$...+,Y.Y
+’$’s.,..,.(S2count & !TBST & !RW_) #K?:!,>,,’..,.,, “single beat write

,>..,~>:>c,{~.‘..:$&k ((s4count +1s7count # Slocount # s13count) &‘,1,..,,:;’~$$..,:,$. TBST & RW_) # “burst read.,<..,.. ((S2count # S5count # S8count # Sllcount) &
TBST & !RW_);

“Note: TA is a registered PTA signal and therefore
11 PPTA is generated 1 clock in front of PTA

“burst write

does NOT have to be generated



TS_latched ‘– TS #
“- TS_latched & !(PTA # TEA);

“latch on TS
“hold until PTA or TEA is signalled

TS

end hl_dram_accessO;



(1 1

module
title

“inputs

11

CLK,OE pin 1,13;

!TS pin 5;

II

11

11

Socount”q = (s–count == ‘bOOOOO);sOcount = ‘bOOOOO; “00
Slcount = (s–count == ‘bOOIOO);slcount = ‘bOOIOO; “04
s2count = (s_count == ‘bOOl10);s2count = ‘bOOllO; “06
s3count = (s–count == ‘bOOlll);s3count = ‘bOOlll; “07
s4count = (s_count == ‘bOO101);s4count = ‘bOOIOl; “05
s5count = (s–count == ‘bOOOOl);s5count = ‘bOOOOl; “01



S6count
s7count
S8count
s9count
Slocount
Sllcount
s12count
s13count
s14count
s15count
S16count
s17count
S18count
s19count
s20count
s21count
S22count
S23count
s24count
s25count
S26count
s27count
S28count
s29count
s30count
s31count

ROcount
Rlcount
R2count
R3count
R4count
R5count
R6count
R7count

equations

refresh_req

CAS_en

—.
——
——
——
——
—
——
——
——
—
——
——
n

——

——

——

——

——

——

——

——

——

——

—

=

——

=

=

=

——

=

=

——

——

.—

.—

(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_cmlnt ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==
(s_count ==

(r_count ==
(r_count ==
(r_count ==
(r_count ==
(r_count ==
(r_count ==

‘bOOOll);s6count
“bOOO10);s7count
‘bO1010);s8count
‘bO1000);s9count
“bOIOOl);slOcount
‘bOIOll);sllcount
“bOllll);s12count
‘bOll10);s13count
“bOl100);s14count
“bOl101);s15count
“bll101);s16count
“bll100);s17count
‘bl1000);s18count
“bl1010);s19count
‘blll10);s20count
‘blllll);s21count
“bl1011);s22count
‘bl1001);s23count
“b10001);s24count
‘b10101);s25count
‘b10111);s26count
“b10011);s27count
‘b10010);s28comt

——
——
——
——
——
——
——
——
——
=
——
—
——
—
——
=
——
——
=
——

& SOcount & !TS # “Refresh request
& s29count #
& !R7co~t;

#
refresh_req &
R2count );

#

“CAS for all
Socount) # ~

“CAS before

R3count # R4count);

“19
“11
“15
“17
“13
“12
“16
“14
“lo

signal

non-refresh cycles

RAS refresh cycle

“CAS before RAS refresh cycle



“Refresh state machines
11____._-————__———_._——_____— —_____

state_diagram r_count
.———————__———_________________

State rOcount:
if(refresh_req & SOcount) then rlcount
else rOcount;

State rlcount:
goto r2count;

State r2count:

end hl_drarr_accessl;

goto r3count;
State r3count:

goto r4count;
State r4count:

goto r5count;
State r5count:

goto r6count;
State r6count:

goto r7count;
State r7count:

goto rOcount;



module hl_sequence;
title ‘ADs_llo ‘

flag ‘-r3’;

f) u45_20R6_7

CLK,OE
“inputs

remap
!ABB
!TBST
RW_
!TS
!TS_latched
!refresh_req

Clock
A31,A30,A29

“outputs
“Registered
!co-
! cl
!C2
!C3
!C4

“Combinatorial
!RAS_drart_en
!&am_access

L,H,x,p,c,k,z
s_count
e_decode
C lk

device ‘p20r6’;

pin 1,13;

pin 2;
pin 3;
pin 4;
pin 5;
pin 6;
pin 7;
pin 8;

pin 10;
pin 11,14,23;

pin 16;
pin 17;
pin 18;
pin 19;
pin 20;

c_eprom —

c_adi_port ——

c_counter ——
== “b100);
== ‘bllO);
== “bOll);
== ‘bOOl);
== ‘blOl);
== ‘bOIO);
== ‘bill);

lo__________——————-____--——— —————- ____________——-___———-_—-———-----
1, Counter states for DRAM accesses

I ) (1



(1 (1 (1..+,
“:*,

“:%iww?.:~ I
,,”<.$ ,,,,, *J,

,.,::,,,4&
/:

,,

~,,.,,
i :. y

‘ $:!,,*Jf$ ,St!

,,
~,:)”, a .:$:~~.
,$:’ Vcs> ... . ~ t

,,
,,::. ,. “,<~~

,,*:... ~. ,.>, ~

Socount = (s–count == ‘booboo);sOcount =
;..~,,>$r,.,

‘bOOOOO; “00 -~+\:\*&,.w.*yy,\,,>~
Slcount = (s_count == “booboo);slcomt =

.:$/:,‘%
‘bOOlOO; “04

s2count =
*i@

(s_count == ‘bOOllO);s2count =
~.:t..,,~.,:.!’$

‘bOOllO; “06
~.,,;,i,..

s3count =
‘$:.

(s_count == ‘bOOlll);s3count = ‘bOOlll; “07
4.,.?..*..,$i:{>,,<~,.,,,..T.

s4count = (s_count == ‘bOO101);s4comt =
% -;,,,

‘ibOOIOl; ‘+%.“05
,t~. +*

s5count =
,.$)

(s_count == “bOOOOl);s5cowt = ‘bOOOOl; “01
.,,,,S,!*F.*\ ,,......,.* #tl

S6count = (s_count == ‘bOOOll);s6comt = ‘bOOOll;
?>>t>$p

“03 ?g~;,g *
s7count = (s_count == “bOOO10);s7count = ‘bOOOIO; “0.2,
s8count = (s_count == ‘bO1010);s8comt = ‘bOIOIO”
s9count = (s_count == ‘bO1000);s9count =

‘bolool’ ;:~:y’ “b

,..,:.,,>L>*,):.
‘bOIOOO;

Slocount =
.~y‘.~!l,,~$...

(s_count == ‘bOIOOl);slOcount = ‘y..!
Sllcount = (s_count == ‘bOIOll);sllcount = ‘ %B‘bOIOll&
s12count = (s_count == ‘bOllll);s12comt = ‘bOll~i; “$,“OF
s13count = (s_count == ‘bOll10);s13comt = “bOl@?!Q; “OE
s14count = (s_count == “bOl100);s14comt = “k$?Y%+1% “Oc
s15count = (s_count == ‘bOl101);s15comt = g$lJ.#l; “OD
S16count = (s_count == ‘bll101);s16comt = $,$$J$$JIO1; “lD
s17count = (s_count == “bll100);s17comt - “’”~$llloo; “lC
S18count = (s_count == ‘bl1000);s18comt . :$ ‘b11000; “18
s19count = (s_count == ‘bllO1O);s19comt&= ‘bllOIO; “1A
s20count = (s_count == ‘bll110);s20co@<< $% ‘bllllO; “lE
s21count = (s_count == “blllll);s21c@@& = ‘blllll; “lF
s22count = (s_count == ‘bl1011);s22f$pf~ = AbllOll; “lB
s23count = (s_count == ‘b11001);s~~&&@ht = ‘b11001; “19

I

s24count = (s_count == ‘blOOO1)$<;@f@$@kt = ‘b10001; “11
s25coLult =’ (s_count == ‘blOIOJ)’@$$comt = ‘blOIOl; “15
S26count = (s–count == “b10@$li,#26count = “blOlll; “17
s27count = (s–count == “bl@l~J’;s27count = ‘b10011; “13
S28count = (s–count == *,~%~~k&);s28cowt = ‘b100I0; “12
s29count = (s–count ==&#$Ilo);s29count = ‘blOllO; “16
s30count = (S–cowt s$py$m3100 );s30count . ‘blOIOO; “14
s31count = (s_count&.=@Moooo);s31count = *b10000; “lo..

equations

drarf_access

o
L
--l RAS_dran_en



RAS_dram_en & (TBST &
(Slcount # s2count # s3count # s4count # s5count #

“For the short 410 or 110 burst read

(1



,8
goto s12count

State s12count:
goto s13count;

State s13count:
goto s28count;

,,

,,

,1

,,

II

,,

I,

,,
II

,1

II

State s28count’?
goto s29count;

State s29count:

For the 410 long burst Read it returns here regardless



goto Socount;
State s30count:

goto Socount;
State s31count:

goto Socount;

end hl_sequence;



== ‘booo); ‘lmmo~ map decoding
== ‘b100) ;
== ‘bOIO);
== ‘bOll);
== ‘bOOl);
== ‘blOl);
== ‘bllO) ;
== ‘bill);

ll______________________________________________________________

Ii Counter states for DRAM accesses
ll______-_-—___-_-—_-———____—___——_____________ _________________



Pocount
Plcount
P2colJnt
P3count
P4count
P5count
P6count
P7count
P8count
P9courlt
Plocount
Pllcount
P12count
P13count
P14count
P15count
P16count
P17count
P18count
P19count
P20count
P2lcount
P22count
P23count
P24count
P25count
P26count
P27count
P28count
P29count
P30count
P31count

equations

(p_count == ‘bOOOOO);pOcount
(p_count == ‘booboo);plcount
(p_count == “bOO1O1);p2count
(p_count == ‘bOOlll);p3count
(p_count == ‘bOOl10);p4count
(p_count == “bOOO10);p5count
(p_count == ‘bOOOll);p6count
(p_count == “bOOOOl);p7count
(p_cou.nt== ‘b10001);p8count
(p_count == ‘b10011);p9count
(p_count == ‘b100I0);plOcount
(p–count == ‘b10000);pllcount
(p_cowt == ‘b10100);p12count
(p–count == “b10101);p13count
(p–count == ‘b10111);p14count
(p–count == “b10110);p15count
(p–comt == ‘blll10);p16co~t
(p–count == “blllll);p17count
(p–count == ‘bll101);p18count
(p–count == ‘bll100);p19count

—
——
=
——
=
——
——
—
——
—
——
=
—
=
=
=
=
——
=

‘bOOllO;
‘bOOOIO;
~bOOOll;
‘bOOOOl;
‘b10001;
‘b10011;
~b100I0;
‘b10000;
‘blOIOO;
‘blOIOl;

- “y%pllloo;
(P–mmt == ‘bl1000);p20comt ~~&AbllOOO;
(p–count == ‘b11001);p21comt,::~~’>~’‘b11001;
(p_count == “bllO1l);p22count*~~’J* ‘bllOll;
(p_count == “bl1010);p23coun~
(p_count == ‘b01010);p24,i@mt
(p_count == ‘bO1011);p2~3$nt
(p_count== ‘bOIOOl)#%@kmnt
(p–cowt == “boloo~~{~~~%o~t
(p–count == ‘bOl$O%$~;@8count
(p–count == ‘b0$#$@K;p29co~t
(p–count =’ :JQla#Y);P30count
(p_count == $%@’3?lo);p31count

“$,.
— ‘bllOIO;

~bOIOIO;
‘bOIOll;
‘bOIOOl;
‘bOIOOO;
~bO1100;
‘bOllOl;
AbOllll;
‘bOlllO;

—— P9count; “PPTA is generated 1 clock before PTA which
“ is latched to generate TA* to the system bus

!TCOD1 & TCODO; “The LED decodes for Instruction Fetches both U/S”

‘ .,

state_diagram p_count
State pOcount:

() (1



if (TS) then plcount
else if(TS_latched) then p2count
else pOcount;

State plcount:
goto p2count;

State p2count:
if(c_eprom & DBB & R’W_& !dram_access) then p3count
else if(TS_latched) then p2count
else pOcount;

State p3count:
goto p4colJnt;

State p4count:
goto p5count;

State p5count:
goto p6count;

State p6count:
goto p7count;

State p7count:
goto p8count;

State D8count:

I

is being
access



State p23C0unt:
goto pocount;

State p24C0UIlt:
goto pocount;

State p25c01iT2t:
goto pocount;

state p26count:
goto pocount;

State p27C0UIlt:
goto pocount;

state p28co~t:
goto pocount;

State p29count:
goto pocount;

State p30count:
goto pocount;

State p31count:
goto pocou?-lt;

end hl~eripheral—-eprom;

“end OIYI’



c1
lb
(n

== “bOOO); “memo~ map decoding
== ‘b100);
== ‘bOIO);
== ‘bOll);
== ‘bOOl);
== ‘blOl);
== ‘bllO);
== ‘bill);

~

ll______________________________________________________________

11 Counter states for DRAM accesses



u

,,

0 Pocount
Ibm Plcount

P2count
P3count
P4count
P5count
P6count
P7count
P8count
P9count
Plocount
Pllcount
P12count
P13count
P14count
P15count
P16count
P17count
P18count
P19count
P2ocount
P2lcount
P22count
P23count
P24count
P25count
P26count
P27count
P28count
P29count
P3Ocount
P3lcount

——
—
—.
——
——
——
=
——
——
——
——
——
——
——
——
——
——
——
——
——
——
=
——
——
—
——
——
——
—
——
—
——

(p_count == ‘booboo);pOcount
(p–count == “booboo);plcomt
(p–count == “bOOl10);p2co~t
(p_count == ‘bOOO1O);p3count
(p_count == ‘bOOOll);p4count
(p_count == ‘bOOOOl);p5count
(p_count == ‘bOO101);p6count
(p–count == “bOOlll);p7comt
(p_count == ‘b10111);p8count
(p_count == ‘b10110);p9count
(p_comt .. ‘blOIOO);plOcount
(p_comt .. “blOIOl);pllcount
(p_count == ‘b10001);p12couW
(p_count == ‘b10011);p13count
(p_cmnt .= “b10010);p14count
(p_count == “blOOOO);p15count
(p–count == ‘bl1000);p16comt
(p_count == ‘bl1001);p17count
(p_count == ‘bl1011);p18co~t
(p_count == ‘bl1010);p19~ount
(p_count == ‘blll10);p20co~t
(p_count == ‘bll100);p21count ,,

=
——
——
=
——
——
——
——
——
——
—
——
——
=
——
—
=
=
=
——
=
=$. ‘wlloo;

(p–count == “blllO1);p22com@:,, =’ ‘blllOl;
(p_count == ‘blllll);p23com& ‘-$F ‘blllll;
(p_count == ‘bOllll);p24c.@&$$,
(p–count == ‘bOll10);p2%&#+k
(p–count == “bO1lOO);p$@q:@t
(p_count == “bOllOl)fi$@%,W~t
(p–count == ‘bOlU@@~5comt
(p–count == ‘bOUW&@29comt
(P–count == “bo$QlfmP30count
(P–count == @m@wti);P3ko~t

. ‘bOllll;

. “bOlllO;
—— ‘bO1100;
— ‘bOllOl;
= ‘bOIOOl;
= ‘bOIOll;
= ‘bOIOIO;
—— ‘bOIOOO;

equations

ODT



P5count # P6count # P7count # P8count #
P9count # Plocount # Pllcount # P12count) ;

“state machines
lt_______________________________________________________________

state_diagram p_count
State pOcount:

if(TS # TS_latched) then plcount
else pOcount;

State plcount:
if( (c_duart # c_adi_port) & TS_latched) then p2count
else if(TS_latched) then plcount
else pOcount;

State p2count:
goto p3count;

State p3count:
goto p4count;

State p4count:
goto p5count;

State p5count:
if(!c_duart) then poco~t
else p6count;

State p6count:
goto p7count;

State p7count:
goto p8count;

State p8count:
goto p9count;

State p9count:
goio plocount;

State plOcount:

“TA* for ADJ#Cowter/Control here,.

State p15count:
goto p16count;

State p16count:

OIYJ?for read cycles only



goto p17count;
State p17count: “end ODT for read cyles
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—
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