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i nput to enable the mcroprocessor to be initia

MICROCOMPUTER SYSTEM INCLUDING A MICROPROCESSOR RESET CIRCUIT

The present invention relates to a microprocessog_based computer
systems and, more particularly, to reset circuitry for such computer

systems.

Microprocessors such as the Intel 386 (TM) and i486 (TM) include a
reset input to enable the microprocessor to be initialized in a known
or defined state when power to the microprocessor is turned on. (386

and .1486 are trademarks of Intel Corporation.)

To provide the computer user with a processor upgrade path in a
386-based computer system, a daughter card is provided which includes a

mlcroprocessor, a coprocessor, a cache controller, a cache and

assoc1at/%§;e§ i . This daughter card is alternatlvely
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referred/, 5/// \ *¢sgor complex. The daughter card plugs into a
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A can be plugged 1nto the planar board to
improve comsste. erformance. An example of one computer_employlng
such a daughtor card arrangement is the IBM Personal System/2 Model 70
A21 computer. {Personal System/2 1s a registered trademark of the

International Business Machines Corporation.)

Microprocessor technology has advanced beyond the level of.the 386
based computer system mentioned above. More specifically, Intel
€Corporation has recently introduced the 1486 microprocéssor which
offers significant processor performance benefits by incorporating a
microprocessor, coprocessor, cache memory and caché controller on a

single chip.

Unfortunately, a number of difficulties are encountered when
attempting to outfit an existing computer such as a 386-baséd computer

system with a 1486 microprocessor. The 386-based computer system
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'O*Lsgefi ned séate \((\,hen power to the mcroprocessor-isturned on. (386 and
f are trademarks of Intel Corporation.) I latele conputer
user with a processor upgrade path in a 386- ba’srhls -hI&H&EWA tem gp
daught er cardgcg-gy-gypded whi ch includes aoam cra ““ opr ocessor,
cache controller, a cache and associated reset ci i s daughter
card is -alternatively referred to as a processor conplex. The daughter
card plugs into a planar board or notherboard contai ning other conponents
and devi ces oLm]E;P@&oa@Lerér@stedmt:ines t{PK)s chesihaeperptdnuhkal, cagdthe 386
containing a different mcroprocess u [ t o Oliadhl Y
provi ded W t h PECRESTRERET © te eny %Ee%%%(fe% éﬁélulgﬁ?oahfé E]éj Blﬂg\;]‘grtbg‘gard to
i Mprove conputide memﬂoekmﬂqml An moaiiede o‘lfheo & @éapRreree eyl BYHET such a
daughter card ar, EQ{Q% [ﬁtnn}agnalhgﬁi%w )E)Frt§9rlﬁlrcn%’t55‘3§mg%nﬁ@é*§bg7& Addernal

conput er. (Persona
Busi ness Nachlmst@ﬁSpbl}dt cterk) signal in WF&E%’;SPO‘EPe%%re"F@E’I‘ﬁ}o%
advanced beyor&g&r@f ll‘ﬁé!GJBGOi;xlérQSrwsor also includes a phase correctlon CerUJ.t

responsive to a reset signal on the reset input for synchronising the

internal 1X clock signal to an external 1X clock signal generated from
the 2X clock signal to drive other devices in the computer system. In
contrast, the 1486 microprocessor does not use the same.internal clock
phase setting approach via the microprocessor reset input as does the
386 microprocessor, but rather the 1486 microprocessor employs a simple
1% clock input. This means that a 25 MHz 1486 operates from a 25 MHz
clock input. In further contrast to the 386 microprocessor, the 1486
microprocessor useé-gn internal frequency doubling circuit to generaté

an internal 2X clock.

Due to this arrangement, the 1486 microprocessor assumes that the
proper CLK phasing is implicit in the 1X clock input to the i486.
Thus, the 1486 microprocessor does not sample its reset input to
achieve clock phase correction. This difference in reset/clock phasing
between the 386 microprocessor and the 1486 microprocessor causes 1X
clock synchronization difficulties in an application where a processor
upgrade from a 386 microprocessor to an 1486 microprocessor is
attempted, when minimal change to the remaining circuitry of the

386-based computer system or other computer system is desired.

An aim of the present invention is to prquide reset circuitry for

an advanced microprocessor based computer system.

In accordance with the present invention, there is now provided a
computer system comprising: a microprocessor having a reset input and
further exhibiting a clock input to which a clock signal is provided;
means for geng;ating a microprocessor reset signal; characterised in

that the system further includes a reset circuit external to the

I's a registered trademark of the ternatlonal



based conputer system nmenti oned above. Mire specifically, Intel Corporation
has recently introduced the i486 nicroprocessor which offers siqnificant
processor perfornmance benefits by incorporating a m croprocessor,
coprocessor, BeEl#8-2hory and cache controBler on a single chip
Unfortunately, a nunmber of difficulties are encountered when attenpting to
outfit an existing conputer such as a 386-based conputer systemwth a i486

m croprocessor. The 386-based conputer system
2 iricroprocessor comprising: phase error detecting means for detecting a

- phase error between the clock signal and the reset signal; phase error
correcting means, coupled to the phase error detecting means, for
adjusting the phase of the clock signal if a phase error is detected so
as to substantially minimise the phase error, and
regenerating means for providing a new reset signal to the reset input
of the microprocessor whenever the phase of the clock signal is
adjusted. Preferably, the clock input of the microprocessor is
responsive to a first clock signal, and wherein the system comprises
means for generating a second clock signal which is a freguency
multiple of the first clock signal, and wherein the microprocessor
reset circuit further comprises dividing means external to the
microprocessor for dividing the second clock signal by the frequency
multiple to produce the first clock signal. In a prefered embodiment,
the phase error detecting means is responsive £o-the_first clock
signal, for detecting z phase error between the first clock:signal and
the reset signal; and wherein the phase error correcting means is
operable for adjusting the phase of the first clock signal. In a
prefered arrangement of the present invention, the second clock signal

is twice the frequency of the first clock signal.

Viewing the present invention from a second aspect, there is now
provided a computer system including a microprocessor, such
microprocessor exhibiting a reset input and further exhibiting a clock
input to which a clock signal is provided. The computer sysiem
includes a microprocessor reset circuit which is capable of generating
a microprocessor reset signal. .The microprocessor reset circuit
includes a phase error detector for detecting a phase error between the
clock signal and the reset signal. The reset circuit further includes
a phase error corrector, coupled to the phase error detecting means,
for adjusting the phase of the clock signal if a phase error is
detected so as to substantially minimize such phase error. The reset
circuit also includes a reset signal regenerator for providing a new
reset signal to the reset input of the microprocessor when the phase of

the clock signal is adjusted.
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includes an external two-times (2X) clock generator. (CLK2), and the 386
m'croprocessor of the conputer systemincludes a CLK2 input to which the
2X clock signal is provided. The 386 m croprocessor further includes an
i nternal dividgedgotugn circuit for generatigg an internal one-tinmes (iX)
clock signal in response to the external 2X clock signal. The 386

m cr oprocessor al so includes a phase correction circuit responsive to a
reset signal on the reset input for synchronising the internal |X clock
signal to an extervakwing theoekesingnivegeirer dted a firigh ddrec X theoe kisshgnal

to drive other dewisc§s N (G UIPY] HenSYR08Mnd B £RIEFARE ssdd 86
microprocessor exhibiting a reset input and further exhibiting a clock
input to which a clock signal is provided, a microprocessor reset
ciréuit comprising: reset signal generating means for generating an
initial reset signal; phase error detecting means for detecting a phase
error between the clock signal and the initial reset signal; phase
error correcting means, coupled to the phase error detectind means, for
adjusting the phase of the clock signal if a phase error is detected so
as to substantially minimize the phase error, and reset signal
regenerating means, coupled to clock input of the microprocessor, for
providing a new reset signal to the reset input of the microprocessor

whenever the phase of the clock signal is adjusted.

_ Viewiﬁg-the_present invention from a fourth aspect, there is now
préviaed, in a computer system inclﬁding a microprocessor, the
microprocessor exhibiting a reset input and further exhibiting a clock
input responsive to a 1X clock signal, the system being capable of
generating a microprocessor reset signal, the system further being
capable of generating a 2X clock signal, a microprocessor reset circuit
_comprisingi dividing means for dividing the 2X clock signal by 2
external to the microprocessor to produce the 1X clock signal; means
for supplying the 1X clock signal to the clock input of the
microprocessor; phase error detecting means, responsive to the 1X clock
signal, for detecting a phase error between the 1X clock signal and the
reset signal; phase error correcting means, coupled to the phase error
detecting means, for adjusting the phase of the 1X clock signal if a
phase error is detected so as to substantially minimize the phase
error, and regenerating means, responsive to the phase error correcting
means, for providing a new reset signal to the reset input of the

microprocessor whenever the phase of the 1X clock signal is adjusted.

Viewing the present invention from a fifth aspect, there is now
provided & computer system comprising: a microprocessor including a

reset input and further exhibiting a clock input responsive to a 1X

i
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mcroprocessor does, not use the sanme internal cloeck phase setting approach
vi‘a thé microprocessor reset input as does the 386 m croprocessor, but
rather the i486 m croprocessor enploys a sinple I X clock input. This nmeans
that a 25 Mz Boy88o-aperdtes froma 25 Miz =l ock input. In further contrast
to the 386 - mrcroprocessor, the i486 m croprocessor uses an internal
frequency doubling circuit to generate an internal 2X cl ock. Due to
this arrangenent, the i486 m croprocessor assunes that the proper CLK
phasing is inglockigignalt memdsy oback Feypledtte thre mid8®roTermr, t fre E1@GNg

m cropr OCessorlr{}%gﬁ?\?g%e%%gBhﬁ al biss E63ALind r@gt mi&o@ﬁéﬂe@gé‘r GoOfie Rxgﬂéﬁy

correction. This I n reset/clock™ phasing et ween the
m cr opr ocessormeand; tieset 48gnM GrPDPRATARS SBANT 405 cIeneratEingcRn Spatkrlonksstt i on

difficulties ighggm ambbﬁ%tlbﬁa Wbt AP MESRS $6F JeREF A48y T4 OB B13R6signal;

m Crc”)rocessc"di;gdig; %eggs for dividing the 2X clock signal by 2 external to the
microprocessor to produce the 1X clock signal; means for supplying the
1X clock signal to the clock input of the microprocessor; phase error
detecting means, responsive to the 1X clock signal, for detecting a
phase error between the 1X clock signal and the reset signal; phase
error correcting means, coupled to the phase error detecting means, for
adjusting the phase of the 1X clock signal if a phase error is detected
so as to substaptially minimize the phase error, and regenerating
means, responsive to the phase error correcting means, for providing a

new reset signal to the reset input of the microprocessor whenever the

phase of the 1X clock signal is adjusted.

Viewing the present invention from a sixth aspect, there is now
provided, in a computer system including a microprocessor, the
microprocessor exhibiting a reset input and further exhibiting a clock
irput to which a.clock signal is provided, the system being capable cf
generating a microprocessor reset signal, a method for resetting the
microprocessor comprising the steps of: detecting a phase error between
the clock signal and the reset signal; adjusting the phase of the clock
signal if a phase error is detected so as to substantially minimize the
phase error, and providing a new reset signal to the reset input of the

microprocessor whenever the phase of the clock signal is adjusted.

Viewing the present invention from an seventh aspect there is now
provided, in a computer system including a microprocessor, the
microprocessor exhibiting a reset input and further exhibiting a clock
input responsive to a 1X clock signal, the system being capable of
generating a microprocessor reset signal, a method for resetting the
microprocessor comprising the steps of: generating a 2X% clock signal;
dividing the 2X clock signal by 2 external to the microprocessor to

produce the 1X clock signal; providing the 1X clock signal to the clock
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m croprocessor is attenpted, when mniml change to the remaining circuitry
of the 386-based conputer systemor other conputer systemis desired.
3 SUVMMARY OF THE | NVENTI ON
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input of the microprocessor; detecting a phase error between the 1X

clock signal and the reset signal; adjusting the phase of the 1X clock
signal if a phase error is detected so as to substantially minimize the
phase error, and providing a new reset signal to the reset input of the

microprocessor whenever the phase of the 1X clock signal is adjusted.

In a prefered embodiment of the present invention, there is
provided reset circuitry which requires minimal change to the circuitry
of a 386 microprocessor computer when such computer is upgraded or

redesigned to accommodate an 1486 microprocessor.

In a particularly prefered embodiment of the present invention to
be described later, there is provided reset circuitry which permits an
i486 microprocessor to operate in a computer which originally employed

a 386 microprocessor.

It will be apprec}ated that the present invention is also
applicable to devices that are similar to the i486 and the 386

microprocessors.

An example of the present invention will now be described with

reference to the accompanying drawings in which:

FIG. 1 is a high level block diagram of a conventional dual bus

computer.

FIG. 2 is a timing diagram which showé the relationship between

the internal 1¥ clock signal and the external 2X {CLK2) clock signal.

FIG. 3 is a high level block diagram of the computer system of the

present invention.

FIG. 4 is a low level, more detailed block diagram of the reset

circuitry portion of the computer system of FIG. 3.
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I't. is an object of the present invention to aneliorate one or nore
di'sadvant ages of the prior art. According to one aspect of the
present invention there is provided in a conputer system including a

m Cr opr ocessorgcssga-d2ai cr opr ocessor exhibiting a reset input and further
exhibiting a clock input to which a clock signal is provided, a

m croprocessor reset circuit conprising: reset signal generating neans for
generating an initial reset signal; phase error detecting neans for
detecting a phase ®iG-07 isetvigering alidardmehkowingnidie aprradddm ofnthd akseeset
si gnal ; phase ryCOf ti S u id phase error
detectlng neaﬁg&E?ﬁ: a§f5§§|ﬁgg? eq%hggggd%hggf%9m§$bck signal if a phase
error is detected so as to substantially m nimze said phase error, and
reset signal regengfaté ng Heﬁﬁlﬁng couplad shéwihoadte bpaei®f o%abith reset

nlcroprocessor for providing a
circuitry of FIG. 4 when a phase error occurs.

FIG 7 is a timing diagram employing a time compressed time axis to

show the operation of the reset circuitry of FIG. 4.
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new reset signal to the reset input of said m croprocessor whenever the
phase o6f said clock signal is adjusted. Accordi ng to anot her aspect
of the present invention there is provided in a conputer systemincluding
a m croprocessos-89saea m croprocessor exhilBiting a reset input and further
exhibiting a clock input responsive to a 1X clock signal, said system being
capabl e of generating a 2X clock signal, a m croprocessor reset circuit
conprising: reset signal generating neans for generating an initial reset
signal ; dividing rfigwse floshalisva diomgutai d0 2X thd eekoxsiaghampbyyidgean dmtel to

sai d m croprogggsarl. rgélrop:@g Fnéaa' go&)étgé %%Ke? J%QQ% ;c:ngg\?ﬂ§gf cHom x§%q-gh¥i 9

said | X clock signha ock I nput sald m croprocessor; e error
detecting mea&ndual; ey eeBPWiert Whied éF‘c_I}Xdeﬁ’r bR #Pgﬁéﬁntawdsm@qpﬁ?%sém reset

signal, for debgCddsignaxeBNASGicroprocessor 100. Microprocessor 100 includes a
- reset input shown in FIG. 1 as RESET.

Microprocessor 100 is'coupled via a CPU local bus 105 to a buffer
110 which couples CPU local bus 105 to a system local bus 115. System
local bus 115 is coupled via a latch/buffer/decoder 120 to a plamar I/0
(input/output) bus 125 to which peripheral devices such as device 130
are connected. System local bus 115 is further coupled to a memory
controller and memory 135. System local bus 115 is also coupled via a
buffer 140 and a Micro Channel (TM) bus 145 to Micro Channel (TM)
sockets or slots 150 into which various adapter cards may be inserted.
(Micro Channel is a trademark of the Internatlonal Business Machinpes
Corporatlon.) A direct memory access (DHA) controller 155 is coupled
to system local bus 115 to facilitate dl;ect access to memory 135
without the intervention of microprocessor 100. Computer 10 further
includes a bus control and timing circuit 160 which is -coupled to
system local bus 115 to permit control and timing of bus 115. A
central arbitration point 165 is coupled to both bus control and timing
circuit 160 and Microc Channel sockets 150. Central arbitration point
165 determines which functional entity gets access to the Micro Channel
bus 145, be it microprocessor 100, a bus master plugged into one of

Micro Channel sockets 145 or DMA controller 155, for example.

A cache memory 170 is coupled to CPU local bus 105 and
microprocessor 100 as shown. To control the operation of cache memory
170, an Intel 82385 cache controller 175 is coupled to CPU local bus
105 and system local bus 115 as shown. When computer 10 is being
referred to as a dual bus computer, it is the CPU local bus 105 and the
system local bus 115 which are the two busses being referenced. ERach
of busses 105 and 115 includes respective address, data and control
busses. To facilitate the processing of floating pcint operations, a

math coprocessor 180 is coupled to CPU local bus 105.
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error betweenh said | X clock signal and

4 : said initial reset signal; phase error correcting neans, coupled
to said phase error detecting
BC9-83-020 g

As mentioned earlier, microprocessor 100 includes a reset input
designated RESET. Microprocessor 100 further includes a clock input
designated CLK2 to which a clock frequency of double (2X) the
migroprocessor internal clock frequency is provided. The internal

clock frequency of microprocessor 100 is defined to be equal to 1X.

A divide by two and phase correction circuit 100A is included
within microprocessor 100 such that the CLX2 or 2X clock signal (for
example, at 50 MHz) provided to the microprocessor CLK2 input is
divided down to 1X (or 25 MHz, for example)} for use internal to
microprocessor 100. A CLX2 generation circuit or clock oscillator 185
is provided to generate the CLK2 signal. CIK2 generation circuit 190
includes a CLK2 output which is coupled to RESET LOGIC 190, a divide by
2 circuit 195, bus control and timing circuit 160, cache controller
175, microprocessor 100 and coprocessor 180 to provide.clock |
-informatioﬁ thereto. Reset logic 180 includes a RESET output which is
coupled to the microprocessor RESET imput, math coprocessor 180, cache
controller 175 and bus control and timing circuit 160 to provide an
appropriate reset pulse to such devices when system reset is desired.
From FIG. 1 it is seen that divider circuit 195 divides the CLK2 clock
signal by 2 to produce an extermal clock signal designated CLK which is
provided to RESET LOGIC 190 and to bus control and timing circuitry
160. It is poted that the external clock CLK signal generated at the
CLK output of divider circuit 195 exhibits a frequency substantially
the same as the 1X internal clock frequency of microprocessor 100. For
this reason, the CLK signal is referred to alternatively as the 1X

external clock signal.

An overview of the operation of the 386 microprocessor with
respect to clocking operations is now presented. As mentioned above,
the 386 microprocessor operates from a two-times external clock or 2X
clock external input. Thus, a 20 MHz 386 microprocessor requires a 40
MHz external clock signal at its CLK2 ipput and a 25 MHz 386
microprocessor requires a 50 MHz external clock signal at its CLK2

input.
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nmeans, . for adjusting the phase of said 1X clock sirgnal if a phase error is
detect'ed so as to substantially mninize said phase error, and
regenerating neans, responsive to said phase error correcting neans, for
providing a MEW %8P signal to the reset ¥nput of said microprocessor
whenever the phase of said I X clock signal is adjusted. ~ According to
still another aspect of the present invention there is provided a conputer
system conprising: a mcroprocessor including a reset input and further
exhibiting a clock input responsive to a 1X clock signal, menmory neans,
coupl ed to said nimespQgeser 386 Aicrdprocdsagr i dtherdmsi Ofs bRS et imsbus .

' signal . generating

coupling sai \ CI,Q cessor..t o sal nory neans;, reset ;
neans for geﬂér tcilr?gﬂgbﬁ ?ﬁ‘f’ﬁlﬁ? ﬁ’@sglf sigal P iy §?"_§mafm_’b%r?ér%ﬁ eng2heans
for generati mgock BXgualodk wiegniisiddi thiedBsE) mieapaotarsodi 86 detegmsne dhdX cl ock

signal by 2 timing of the various internal logic operations including operations

which appear as microprocessor outputs. This 1X clock signal is also
used internal to the 386 microprocessor to determine the appropriate
sample time for external inputs. The timing relationship of this 1X
internal clock signal to the CLK2 clock signal is shown in FIG. 2 in
which the 1X internal clock signal is shown in the lowermost portion
thereof .and the CLK2 clock signal is shown in the uppermost portion
thereof. The timing relationships relative to this 1X clock are
documented by Intel in the B0386 Hardware Manual. The 1X internal
clock signal is used to determine the appropriate phase of the CLK2
signal since multiple CLX2 phasés.are_required to complete a 386

microprocessor bus cycle.

The typical 386 microprdcessor based computer system ;ill
generate, external to the 386 microprocessor, its own 1X external clock
signal since there is no 1X external clock output from the 386
microprocessor. As seen in FIG. 1, this external.lx clock signal is
generated in computer 10 at the CLK output of divider circuit 195 as
the CLK signal is. This 1X external clock signal or CLK signal is used
by external logic to monitor or sample the 386 micrbprocessor and to

control the necessary 386 microprocessor inputs.

The two sepaiately generated 1X clocks, namely the internal 1X
clock and the external 1X clock (CLK at divider 195) -may undesirably
differ in their phasing unless some means is provided to achieve
synchronization of the internal 1X clock and the external 1X clock
during the power up of microprocessor 100. This required
synchronization action is typically provided by generation of the
signal RESET which is provided to the RESET input of microprocessor
180. External logic, namely reset logic 190, triggers the active edge

of the RESET signal relative to the externally generated 1X clock.
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external to said mcroprocessor to produce said | X clock signal; neans for
supplying said I X clock signal to the clock input of said m croprocessor;
phase error detecting neans, responsive to said 1X clock signal, for
detecting a pR&8eE%POROr bet ween said 1X cl ddk signal and said reset
signal; phase error correcting nmeans, coupled to said phase error detecting
nmeans, for adjusting the phase of said | X clock signal if a phase error is
detected so as to substantiallz m nimze said phase error, and

B

regenerating freahsis.r Bgrenis weknaynsandi fhrres selatiopshipr peiwepRgthenagtive for
providing a newgé @Fetns iREBRY signdinand apelextapil19fgerakatdd &k AILER 65igALL .
whenever the 1ghase of said 1X cl qck S|gnal I s adj usted.

e RESET signal is sampled by the 386 microprocessor on each CLK2
rising edge. The resulting RESET sample information is used by
internal divide by 2 and phase correction circuitry 100A to change the
phasing of the internal 1X clock if required to bring the internal 1X

clock into sync with the external 1X clock.

" To provide the computer user with a processor upgrade path in one
type of computer 10, a daughter card (not shown) is provided which
includes microprocessor 100, coprocessor 180, cache controller 175,
cache 170 and the associated reset circuitry. This daughter card is
alternatively referred to as a processor complex. The daughter card
plugs into a planar board or motherboard containing the remaining
components and devices of computer 10 shown in FIG.-1. In this manner,
a éaughter card containing a different microprocessor configuration
than that originally provided with computer 10 can be plugged into the
planar board to improve computer performance. An example of one
computer employing such a daughter card arrangement is the IBM Personal
System/2 Model 70 A21 computer. (Personal éystem/z is a registered

trademark of the International Business Machines Corporation.)

FIG. 3 is a high level block diagram which depicts the computer
system of the present invention as computer 5ystem.200. Computer
system 200 has elements in common with computer system 10 of FIG. 1
with the exception of the modifications shown in FIG. 3 and now
discussed. Like numerals are used to indicate like elements in FIG. 3

and FIG. 1.

In the preferred embodiment of the invention, computer system 200
includes an 1486 microprocessor designated microprocessor 205 having a
1X clock input designated CPUCLK and a reset input designated MPRESET
input as shown in FIG. 3. The internal clock freguency of
microprocessor 205 is defined to be egual to 1X and the frequency of he

clock signal provided to the CPUCLK input is also 1X. Microprocessor
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5 . : According to still another aspect of the present invention
there is provided in a conputer systemincluding a mcroprocessor, said

m croprocessor_exhibiting a reset input and further exhibiting a clock

i nput to whi cA°%r%k signal is provided, 1& method for resetting said

m croprocessor conprising the steps of: generating an initial reset signal;
detecting a phase

205 is coupled to CPU local bus 105 as shown. The CLK2 output of CLXK2
clock signal generation circuit 185 is coupled to the CPUCLK cleck
input of microprocessor 205 via a divide by two with phase correction
circuit 210. The CLK2 output of CLK2 generation circuit 185 is also
coupled to a time base input or clock input {DCLK2, CLK2C) of the input
of a phase checker circuit 215 via a time delay circuit 212. In this
manner, a time delayed version of the CLK2 clock signal, namely the
DCLK2 signal, which is produced at the DCLK2 output of time delay
circuit 212, is provided as the time base for phase checker 215. The
DCLK2 output of time delay circuit 212 is also coupled to a time base
input of reset logic circuit 190 such that the same delayed clocking
information or time base signal DCIX2 is provided to phase checker 215

and reset logic 190.

Phase checker circuit 215 includes phase inputs 215A and 215B and
a phase érror output désignated PHERR at which a phase error signal
PHERR is, generated which represents the phase error between signals
(later described) which are provided to phase inputs 215A and 215B.
The CPUCLK output of divide by 2 with phase correction circuit 210 is
couypled via a time delay circuit 217 to phase input 2154 of phase
checker 215 such that a delayed version of the CPUCLK signal {DCLK)
produced at the output of delay circuit 217 is provided to phase input
215A.

The RESET output of RESET logic circuit 190 is coupled to the
rémaining phase input 215B of phase checker 215 to provide reset pulse
phase information thereto. Providing the DCLK and RESET signals'to
bhase inputs 215A and 215B in this manner permits phase checker 215 to

. compare the phase of the delayed CPUCIK signal (DCLK) with the implicit
phase of the RESET signal. If phase checker 215 detects a phase error
between the DCIK signal and the RESET signal, then phase checker 215
generates a phase error signal PHERR at the PHERR output of phase
checker 215. This phase error indicates that an undesirable phasing
relationship exists between the CPUCLK signal (as represented by DCLX)
and the CLK signal provided by divider 195. fThe PHERR output of phase
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error between said clock signal and said initial reset signal; adjusting
t he phase of said clock signal if a phase error is detected so as to
substantially mnimze said phase error, and providing a new reset signal
to said reset BE##H9-089 said nicroprocessor WMhenever the phase of said

cl ock signal is adjusted. According to still yet another aspect of
the present invention there is provided in a conputer systemincluding a
m croprocessor, said mcroprocessor exhibiting a reset input and further

exhibiting a EheRXeri ABUES: eupded i tve the PHERRC 1BPWC RE Jigaded AY ndr+ol Fase

resetting sai dorfictiopIQEOSIOL1E HIPHF1AE thaepiHRAPSiPbL 19RPSEAL | Mgk PRERR
nerating.a 2X clock nal ; dividing said 2X clock

initial reset ségnai; %F . _Si !
signal by 2 eft@HalStH58apPVAfed 5Br e ST f’é‘-"%rﬁ%t?céesestai‘ﬂgﬁ”krept?ek
signal ; .provi dengrazabsl ciXc€it0eko singbrlist @idchesed ogterd.nput of said

M Cr opr ocessor;

Although phase checker 215 is checking the phase of the CPUCLK
signal (as represented by DCLK) with respect to the RESET signal, it
effectively checks the phase of the CPUCLK signal (internal
microprocessor clock) with respect to the phase of the external clock
signal CLK generated at the output of divider 125. This is so because
the falling edge of the RESET signal generated by reset logic 190
contains clocking information with respect to the CIK external clock
signal, since reset logic 190 follows the earlier timing convention

compatible with the 386 microprocessor.

If phase checker 215 determines that a phase error exists betweeh
the delayed CPUCLK signal (DCLX) and the RESET signal such as during
power up of microprocessor 205, then a PHERR signal is generated which
drives divide by 2 with phase correction circuit 210 to bring the
delayed CPUCLK signal (DCLK) into phase with the RESET signal. In this
manner the phase of the CPUCLK signal is adjﬁsted and corrected.
However, when such a phase adjustment occurs, the t1a clock stability
specification of the 1486 microprocessor is viclated as discussed later
in more detail. When such a specification violation occurs, then reset
regeneration circuit 220 regenerates or produces a new reset signal
pulse (NEWRESET) which is provided to the MPRESET input of
microprocessor 205-to reset microprocessor 205. BAs seen in FIG. 3, the
RESET output of RESET logic 190 is coupled to the RESET input of RESET
regeneration circuit 220 to provide the RESET signal thereto. Reset
regeneration circuit 220 includes a RCLX output which is coupled to an
input of a timing element 225, such timing element 225 including an
RCNT6 output which is coupled back to reset regeneration circuit 220 as
will be explained later. The PHERR output of phase checker 215 is
coupled to a PHERR input of reset regeneration circuit 220 to inform

reset regeneration circuit 220 as to when regeneration of the reset
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detecting a phase error between said I X clock signal and said initial reset
signal’; adjusting the phase of said 1X clock signal if a phase error is
detected so as to substantially mnimze said phase error, and providing a
new reset signdf3189-820d reset input of sai d4m croprocessor whenever the
phase of said 1X clock signal is adjusted. '

6

signal is required. 1In this manner, reset regeneration circuit 220 is
informed as to when the generation of the NEWRESET pulse”is needed. It
is noted that supplying this NEWRESET pulse to the RESET input of
.mic;oprocessor 205 results in microprocessor 205 desirably being

returned to an known state.

FIG. 4 is a lower level, more detailed block diagram showing the
reset circuitry éortion of microprocessor based computer system 200.
In comparing the diagrams of FIG. 4 and FIG. 3, it will be noted that
some signals, inputs and outputs have been renamed or are given
alternative names as explained subsequéntly or as shown by the
labelling in FIG. 4. This has been done to facilitate the
implementation of the reset circuitry portion in programmable array
logic or PAL form as will be explained in more detail later. (PAL ;s a
rggisteréd~trademark of Monolithi; Memories, Inc.) Signals which are )
génerated_and used internally within the various blocks of FIG. 4 are

shown in parenthesis.

The signals employed in the reset circuitry portion of FIG. 4 are
the same as the signals in the reset circuitry portion of FIG. 3 except
for the differences subsequently discussed. The CLK2 signal generated
at the output of CLK2 clock signal generator 185 is also referred to as
CLK2RLSG. The DCLK2 signal produced at the output of delay element 212
is alternatively designated CLK2A, CLK2B and CLX2C. The CPUCLK signal
produced at the output of divide by 2 with phase correction circuit 210
is also referred to as CLX and CLKX. The RESET signal generated by
reset logic 190 is shown in more detail in the reset circuitry of FIG.
4 as including a CPURESET signal which is supplied to reset
regeneration logic 220 and further including a CACHERESET signal which

is provided to reset regeneration logic 220 -and phase checker 215.

A delayed version DPHERR of the phase error signal PHERR is
generated internal to the divide by 2 with phase correction circuit 210
as shown in FIG. 4 and indicated in parenthesis. A CRESETSYNC signal

is generated internal to phase checker 215 and is supplied to Liming
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S) An exanpl e of the present
bnvention will now be described with reference to the acconpanying

drawi ngs i n whi ch: FIG 1 is a high Ievel block diagramof a

conventi onal Qé‘fllsg-b(hﬁ% conput er. FIG .2 is a timng diagram which
shows the relationship between the internal” I X clock si gnal and the
external 2X (CLK2) clock signal. FIG 3 is a high level block diagram
of the computer system of the present invention. FIG 4 is a low

level, nore dé‘IéHeh@dz?@' O%Egt'?@&%@&fa bGyLEsRl Glvertid wrﬁ%tamh@f the

corrputer system of FIG
CACHERESET 81gnal generated by reset logic 190.

In one embodiment of the invention, timing element 225 is a
7418590 counter manufactured by Texas Instruments, Inc. This timing
element is used to determine the required pulse width of the NEWRESET
pulse, such pulse width being approximately 1 millisecond.

aAn input signal BHOLD is provided to reset regeneration circuit
220 as seen in FIG. 4. .
BHOLD is employed as an accessible timing signal which pulses once
every approximately 15.6 microseconds and is used to generate the clock
rulse for counter of timing element 225. RCIK is derived from BHOLD

and is provided to timing element 225 as will be discussed later.

Divide by 2 with phase correction circuit 210, delay circuit 217
and delay circuit 212 dre conveniently fabricated in a first PAL device
as specified by'the following PAL inputs, outputs and logic equations.
In the subsequent logic egquations, the following symbols have the

meaning designated below:

SYMBOL DEFINITION
/ Negation

1= A registered term, equal to

A combinatorial term, equal to
Logical AND

Logical OR

it

+ R

The first PAL device is defined to exhibit the following input

pins:

INPUT PIN COMMENT
CLKZ2 - 50 MHz TTL oscillator
CLKALSO - 50 MHz TTL oscillator
PHERR - phase error

|
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7 FIG 5 is a timng diagramshow ng the operation of the reset

circuitry of FIG 4 when no phase error occurs. FIG 6 is a timng
di agram showi ng the operation of the reset circuitry of FIG 4 when a phase
error occurs.BC3-83-020 16

The first PAL is defined to exhibit the foliowing output pins:

OUTPUT PIN COMMENT
CLK2A - 50 MHz buffered CLK2
DCLK - delayed 25 MHz clock )
CILX - 25 MHz clock to 1486 and PALS
DPHERR - phase error pulse
CLKX - 25 MHz clock to 1486 and PALS
CLX2C - 50 MHz buffered CLK2
CLK2B - 50 MHz buffered CLXK2

The following logic equations describe the logic implementation
within the first PAL device:

CLK2A = CLK2ALSO
CLX2B = CLK2ALSO
g CLX2C = CLK2ALSO
1CLK := (CLK & PHERR)
4 (CLK & !PHERR & !DPHERR)
{CLKX := (CLK & PHERR)

# (CLK & !PHERR & !DPHERR)
!DPHERR:= (!PHERR & CLK)

4 (!DPHERR & !CLK)
DCLK = CLK

Phase checker 215 and reset -regeneration logic 220 are
conveniently fabricated in a second PAL device as specified by the
following PAL inputs, outputs and logic eguations. ‘Accordingly, the

second PAL device is defined to exhibit the following input pins:

INPUT PIN COMMENT
CLK2C - 50 MHz TTL CLK2
DCLK - 25 MHz delay CPU clock
CACHERESET - cache reset pulse
CPURESET -~ CPU reset pulse
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FIG7 is a timng diagramenploying a tinme conpressed tine axis to show the
operation of the reset circuitry of FIG 4.
" 8 Figure 1 shows a conmputer 10 of the prior art enploying an Intel
386 m croprogessgs-p029d associ ated power reget circuitry. Conputer 10 is a
dual bus conputer which includes the aforenentioned m croprocessor now
desi gnated as m croprocessor 100. M croprocessor 100 includes a reset input
shown in FIG 1 as RESET.

HOLD ~ CPU hold request
RCNTG - reset counter bit ©

The second PAL is defined to exhibit the following output pins:

O-UTPUT PIN COMMENT
NEWRESET - new CPURESET including phasing
RCLK - reset counter clock
PHERR - phase error pulse
CRESETSYNC - delayed and inverted CACHERESET
RCNTSYNC - sampled version of input RCNT6

The following logic egquations describe the logic implementation

within the second PAL device.

ICRESETSYNC := CACHERESET
NEWRESET :=  CPURESET
# IPBERR & !CACHERESET
4 NEWRESET & !RCNTSYNC & CRESETSYNC
& !PHERR
'PHERR  := DCLK & !CRESETSYNC & !CACHERESET
#1PHERR & !RCNTSYNC & !CACHERESET
4 !PHERR & !DCLK
IDCLK & !PHERR & CRESETSYNC & HOLD
#RCIX & (DCLK & CACHERESET
# !RCLK & DCLK
RCNTSYNC := RCNT6 & !DCLK
# RCNTSYNC & DCLK

1§

{RCLK

FIG. 5 is a timing diagram which shows the operation of the reset
circuitry of FIG. 4 by illustrating the CLK2/CLK2ALSO, CACHERESET,
RCNT6, CLK2C, CRESETSYNC, PHERR, DPHERR, CLK/CLKX/, CPUCLKX, DCLX,
NEWRESET, RCLK, CLK2A, BHOLD and CPURESET signals of such reset

circuitry on a common time axis. FIG. 5 illustrates the case where no
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M crop¥ ocessor 100 is coupled via a CPU | ocal bus- 105 to a buffer 110 which
couples CPU | ocal bus 105 to a systemlocal bus 115. System | ocal bus 115
is coupled via a | atch/buffer/decoder 120 to a planar 1/0 (input/output)
bus 125 to WAfZ8Sp@2q pheral devi ces such as device 130 are connect ed.
System | ocal bus 115 is further coupled to a nenory controller and nenory
135. Systemlocal bus 115 is also coupled via a buffer 140 and a Mcro
Channel (TM bus 145 to M cro Channel (TM sockets or slots 150 into which
vari ous adapPBISecaryy aesurSeas meep thydobgaving tihaeneistiegtly higll@HBRK of t he
| nt er nat i onakid3lagi. ness Machi nes Corporation.) A direct nmenory access (DVA)
controller 155 is coupled to systemlocal bus 115 to facilitate direct
access to nenory 135 without the intervention of mcroprocessor 100.

Conmput er 10 furt lFee. iengs lﬂj(ﬂimﬁgbaﬁagci@ﬂtvﬂﬁbhade&iﬂ?ﬁar%&Eﬁﬁﬂ br 18Q@ whigh is
nd timng of bus 115. A

coupled to systemlocal_bus 115.to permit control, a

central arbi fy'?’raﬁuglbﬁ 80i i 185y éh:‘b"’&ﬁ?té’d‘gt B GEFP/SHE2RESA FBCHBRESER} ni ng
circuit 160 BENF6eM CUKaCCHZRESETSYSOC KEBHERR | DOHEKGENCLIACLEX A tP@ILKODAR®), Nt 165
145, Dot moeRseb SELETCrRl! BhRhE OBRED & RnalT oSte B M cro
Channel sockeizsuiify op Divampentind laxis158IGf 6r iEahpdtes the case where a

phase error occurs as observed at the falling edge of the PBERR signal
at 300. The reset circuitry corrects this phase error as seen at the
lengthened CLK pulse at 305.

FIG. 7 is a timing diagram which shows the operation of the reset
circuitry of FIG. 4 by illustrating the CLK2/CLK2ALSO, CACHERESET,
RCNT6, CLX2C, CRESETSYNC, PHERR, DPHERR, CLK/CLKX/, CPUCLK, DCLK,
NEWRESET, RCLX, CLK2A, BHOLD and CPURESET signals of such reset
circuitry on a common time axis over a longer duration of time than in
the timing diagrams of FIG. 5 and FIG. 6 by compressing the time axis.
The timing diagram of FIG. 7 illustrates how the RCLK and BHOLD signals
operate to time out the counter within timing element 225. RCNT6
provides the return signal from this counter. As illustrated in FIG.
7, for convenience of presentation, BHOLD pulses at less than the
previously stated 15.6 microsecond rate, and RCLX is counted for only
two counts here instead of 27 counts as it does in actual practice in

one embodiment of the invention.

The following is a summary of the operation of the reset circuitry
portion of computer system 200 of FIG. 3 and FIG. 4. - When computer 200
is initially powered uwp or when reset logic 190 is otherwise instructed
to generate a reset pulse, reset logic 190 generates an initial reset
pulse designated RESET. The initial reset pulse RESET is supplied to
reset regeneration circuit 220 which passes this initial RESET pulse on
to microprocessor 205 via the NEWRESET line which is later used to
transmit the NEWRESET pulse to microprocessor 205. Thus, the initial

RESET pulse causes microprocessor 205 to execute an internal
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A cache menory 170 is coupled to CPU | ocal -bus 105 and m croprocessor 100
as shown. To control the operation of cache nenory 170, an Intel 82385
cache controller 175 is coupled to CPU | ocal bus 105 and system | ocal bus
115 as shown. WREP%cBADuter 10 is being refdPred to as a dual bus conputer,
it is the CPU |local bus 105 and the System | ocal bus 115 which are the two
busses being referenced. Each OF busses 105 and 115 incl udes respective
address, data and control busses. To facilitate the processing of floating

poi nt oper at i oM$CTRFRBTIFOT OFRSEE REFRLIB0 | Digotfiftdet RESEPBULEEAE PFS 105.

9 provided to phase checker 215 which uses this RESET pulse in the manner

described below in the discussion of phase checker 215.

The logic provided in the reset circuitry performs a divide by two
operation at divider/phase corrector 210 on the CLK2 clock signal of
the CLK2 generator which exhibits a 2X clock frequency to provide
microprocessor 205 with an appropriate clock signal exhibiting a 1X
clock frequency at the CPUCLK input thereof. Phase checker 215 then
determines if a phase error occurs between the CPUCLK signal and the
RESET signal generated by reset logic 190. (The RESET signal carries
indicia of the phase of the CLK 1X external clock signal.) Such a
phase error is typical at microprocessor power up. If such a phase
error is detected, then the phase of the CPUCLK signal is corrected by
divider/phase corrector 210. However, when the phase of the CPUCLK
signal is so corrected and shifted, the Intel timing specification for
the 1486 clock stability is violated (tla specification is .1% maximum

change between adjacent CPUCLK clock pulses).

If a corrective CPUCLK phase.shift is required, then reset
regeneration circuit 220 generates a new reset pulse NEWRESET which is
supplied to the MPRESET input of microprocessor 205 to reset
microprocessor 205 to a known state. 1In other.words, if a CPUCIK phase
shift is required due a detected phase error, the MPRESET input of
microprocessor 205 is redriven to its active state and held there for a
full reset interval (approximately 1 millisecond), thus clearing any

errors internal to microprocessor 205 caused by the CPUCLK phase error.

ndditional operational details of the reset circuit of FIG. 3 and
FIG. 4 are now discussed together with a summary of the various signals
or terms employed in the reset circuit of FIG. 4. The cutput terms
CPUCLKA, CPUCLXB and CPUCLXC shown in FIG. 4 are delayed versions of
the CLK2 clock signal from CLK2 generator 185. The terms are employed
to compensate for time delays resulting from divider/phase corrector

210. The time delay element 212 used to generate these terms assures
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As mentioned earlier, mcroprocessor 100 includes a reset input designated
RESET: M croprocessor 100 further includes a clock input designated CLK2 to
whi ch a cl ock ﬁtj_@(auency of double (2X) the_m croprocessor internal clock
frequency/is ovradedP  The internal clock ?Pequency_of m croprocessor 100
is defined to be equal .to 1X A divide by two and phase correction
circuit 100A is included within mcroprocessor 100 such that the CLK2 or 2X

cl ock si gnal ]é r exanmple, .at. 5 Nﬁz% rQvi deg to e n croproc or CLK2
i nput is divi ie’g‘"‘%m%‘etggn%ff(%?e gé‘“ i i %% rsTerne;tg?orremﬁ%% % érs%‘%l to
M Cr opr ocessosysit@®. cix@likPy.generation circuit or clock oscillator 185 is
provided to generate the CLX2 signal. CLK2 generation circuit 190 incl udes
a CLK2 output which is coupled to RESET LOGd C 190, a divide by 2 circuit

195, bus control &RB anSnfHg &nrklGi-t4 PEO, Mpaerrtecrrnsions of Uies divided by 2
M cr opr 0cessobr 150 cARE.XCORATEASRE ISUsLd tBr Qe emich@F¥ocessor 205, DCIX is

a time delayed version of the CPUCLK, such DCLK signal being one input
to phase checker 215 as already described. DPHERR is a logic term used
internally to divider/phase corrector 210 in setting the proper phase
of CPUCLK, CLX and CLKX. It is noted that the output PHEﬁR will go
active (low) if a phase error is detected between the CPUCLK signal (as
represented by DCLK) and the RESET (CACHERESET) signal provided to
phase checker 215. As discussed above, the phase error signal PHERR is
employed in reset regeneration circuit 220 to drive the NEWRESET signal
active (high) into the MPRESET input of microprocessor 205 thus

returning microprocessor 205 to a known state.

As seen in FIG. 3, the central arbitration point ;ncludes a bus
hold request output BHOLD. When the aforementioned phase error is
detected, depending on the timing of the BHOLD signal, output RCLK will
pulse low, following the state of the BHOLD signal {inverted). The
BHOLD signal, shown ip_FIQ. 4_as being provided to reéet_regeneration
logic 220, is employed as a timer signal. In this particular
embodiment of the invention wherein CPUCIK exhibits a frequency of 25
MHz, the BHOLD signal pulses once every approximatély 15.6
microsecoﬁds‘ These BHOLD pulses pulse the RCLX ocutput of reset
regeneration logic 220. This action in turn increments the 74LS5%0

counter in timing element 225 once every approximately 15.6
microseconds. This counter increments for 27 counts, yielding a total
of approximately 1 millisecond, before the 27 counter bit connected to
RCNT6 goes active. When this timer bit RCNT6 goes active, it is
employed to deactivate ithe NEWRESET signal, the generation of which was
described earlier. In this manner, the duration of the NEWRESET pulse
is controlled and set. After NEWRESET goes inactive, both the
microprocessor 205 and the remainder of computer system 200 are

synchronized and operation of computer system 200 can begin.
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information thereto. Reset logic 180 includes a RESET output which is
coupled to the m croprocessor RESET input, math coprocessor 180, cache
controller 175 and bus control and timng circuit 160 to provide an
appropri ate r858t3%@QR&e to such devices whéhd systemreset is desired. From
FIG 1 it is seen that divider circuit 195 divides the CLK2 cl ock signal by
2 to produce an external clock signal designated CLK which is provided to
RESET LOG C 190 and to bus control and tim ng circuitry 160, It |s not ed
that the external WEOENS RESERHAC gosh BFNESINC Aret predoiReSaRhtr Vo il Fhdler

circuit 195 E)PIALbldg&calnfp&&ﬁ}éiﬂaﬁibrﬁ&bS&}ﬁnfés%Ucyirbhﬁt SANBIASsthand X J nt er nal
cl ock frequen processor_ 100. th| reaso

referred to a%gg{fﬁgﬁ‘%oyc%ﬁ:?ﬁ@cl XS &%e r"ﬁéﬁr’lﬁ &gkt S‘Fﬁaﬁ e %Iésgéé;nal 'S

overvi ew of theunper abiias dfitile 2886 dvustoprocessor with respect to

cl ocki'ng operations is now presented. As nentioned above, the 386

m cr oprocessor operates froma two-tinmes external clock or 2X cl ock
external input. ThHidle a 20mter 386ten crogt oéessdr appegatyse dan be@nNMéscribed

external cl-ockpstgnat 3h1i e offde: hPH ndNd fefiaMdt 38Qtting a
microprocessor has also been disclosed. Such method is employed in a
computer system including a microprocessor, such microprocessor
exhibiting a reset input and further exhibiting a clock input to which
a clock signal is provided. The computer system in which the method is
practiced is capable of generating'a microprocessor reset signal. More
specifically, a method for resetting the microprocessor in such system
is disclosed and includes the step of detecting a phase error between
“the clock signal and the reset signal. The method fuither includes the
step of adjusting the pnase of the clock signal if a phase error is
detected so as to substantially minimize the phase error. The method
also includes the ctep of providing a new reset signal to the reset
input of the microprocessor in the event that the phase of the clock

signal is adjusted.

The foregoing has described an apparatus and method for resetting
.the reset input in a microprocessor based computer system. The
apparatus and method disclosed provides reset circuitry which, in one
embodiment of the invention, permits an 1486 microprocessor to operate
in a computer which originally employed a 386 microprocessor. The
apparatus and method provides reset circuitry which requires minimal
change to the circuitry of a 386 microprocessor computer when such
computer is upgraded with an 1486 microprocessor. 1In one embodiment of
the invention, the apparatus and method desirably overcomes reset
timing difficulties experienced in a computer system in which a
processor upgrade from a 386 microprocessor to an 1486 microprocessor

1ls attempted.
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m croprocessor requires a 50 MHz external clock signal at its CLK2 input.
10 ' Internally, the 386 m croprocessor generates its own one-tines
(I'X) clock by dividing the CLK2 input signal by two. This 1X internal clock
signal is usedEBCAs3H®2Phe 386 microprocessor22 o determine the timng of the
various internal |ogic operations including operations

While only certain preferred features of the invention have been
shownby way of illustration, many modifications and changes will occur
to those skilled in the art. It is, therefore, to be understood that
the present claims are intended to cover all such modifications and

- c¢hanges which fall within the true spirit of the invention.
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whi ch appear as m croprocessor outputs. This 1X clock signal is also used
infernal to the 386 m croprocessor to determine the appropriate sanple tinmne
for external inputs. The timng relationship of this IX internal clock
signal to the BEKB3cPRk signal is shown in2BIG 2 |nrnMBh&lﬂHisz%edB)éplhdaﬂer nal

clock signal is showm in the | owernost portion thereof cl ock
signal is shown in the uppernost portion thereof. The nshlps
relative to this 1X clock are docunented by Intel int

Manual . The I X internal clock signal is used to determ ne the approprlate
phase of the Ciek®ngd gnal since multiple CLK2 phases are required to
conplete a 386 “m croprocessor bus cycle. The typical 386 -

m croprocessor based conputer systemw ||l generate, external to the 386
m Croprocessor 1.its amiﬁpui:Xr@qtseénﬂazlompi'iM.kgSiaglﬁﬂdro;si'ditﬁz@sbi‘lQIZBSj Saldngl ¥

external clock out t fro t roces n.i.n Fl , this
Py Al tgial 9" &K 4 ‘3’ r'{’é‘lﬁr%l‘_lé gb‘f t

external |X cl 6&k*® S|B |s genera npu & of
di vi der circui tig®8 as rt:itveldzl_d{ meagxsallﬁos. fﬁngsndrxtm er mzdropi:cmelsssir geatt or

CLK signal is ‘éﬁﬁxgal?gcﬁ&&taﬁw‘_&@seé O End AR UykPhn Hor SRIPLS1LAES 38Ceset

mcr oprocessor
circuit external to the microprocessor (100,205) comprising:

phase error detecting means (215) for detecting a phase error

between the clock signal and the reset signal;

phase error correcting means {210), coupled to the phase error
detecting means (215), for adjusting the phase of the clock signal if a
phase.error is detected so as to substantially minimise the phase
error, aﬁd : -
reéenerating means for providing a new reset signal to the reset
input of the microprocessor (205) whenever the phase of the clock

signal is adjusted.
2. A computer system as claimed in claim 1 wherein:

the clock input of the microprocessor (205) is responsive to a

first clock signal;

the sfstem comprises means (185) for generating a second clock

signal which is a freguency multiple of the first clock signal;

and the microprocessor reset circuit further comprises dividing
means (210) external to the microprocessor (205) for dividing the
" second clock signal by the frequency multiple to produce the first

clock signal.

3. A computer system as claimed in claim 2 wherein:

A



control the necessary 386 nicroprocessér inputs. -—"""The Two separately
generated 1X clocks, nanely the internal 1X clock %Fd tQ e&%gﬁ%ﬂ&ﬁlxrclock
ikt '

(CLK at divider 195).may undesirably differ in theif) _ gps sone
means i s proviked88-d28chi eve synchroni zati o2g of the Hﬂuﬂﬂ Eock and
the external |X clock during the power up of mcropr HREThi s
requi red synchroni zation action is typically provided by generation of the
signal RESET which is Rrovided to the RESET input of mcroprocessor 100.
External |ogic, naia® phpeserrondptectdny meaps)dér sePRBS e £ dhedlieshfclark
RESET signal re&igbhiye&dkOadtast figt 8rgtakk Yer@8hictv@sh kie &liR6K clock signal and

the reset signal;

and, the phase error correcting means is operable for adjusting

the phase of the first clock signal.

4. A computer system as claimed in claim 3 wherein the second clock

signal is twice the frequency of the first clock signal.

5. A computer system as claimed in any preceding claim further

comprising:

memory means, coupled to the microprocessor, for storing

information therein;
a bus coupling the microprocessor to the memory means.

6. A computing system as claimed in any preceding claim wherein the

microprocessor is an 1486 microprocessor.

7. A computer system as claimed in any preceding claim wherein the

reset circuit comprises a programmable array logic circuit.

8. In a computer system including a microprocessor, the
microprocessor exhibiting a reset and further exhibiting a clock input
to which a clock signal is provided; the system being capable of
generating a microprocessor reset signal, a microprocessor reset

circuit comprising:

phase error detecting means for detecting a phase error between

the clock signal and the reset signal;
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That is, there is a known and fixed relationship between the active edge of
the RESET signal and the externally generated | X ¢l;0e 0834 Replhd RESET
signal is sanpled by the 386 m croprocessor on eac edge. The
resul ting RESETBSarA®-620 nformation is used bgsinter MWHWW' mLZ and
phase correction circuitry 100A to change t he phasi rnal 1X
clock if required to bring the internal 1X clock into sync with the
external 1X cl ock. To provide the conputer user with a processor
upgrade path in one H'§pe sgFor sepracding (reaps d aoHedrta 2be RbAse armetufetpating

provi ded whi ch ipaghdides, ré‘a%é'-ﬁ%ﬁcﬁx%sﬁﬂas@@f tﬁ@%l@@ﬁssi%allﬂ@ a%ﬁgé error is
controller 175, cache 170 and the asSociated reset_circuitry

T
daughter card i Seb8FeAnsh BF el shesteptinlly grigdmize) e £5E6F eEB‘FﬁyI apd The
daughter card plugs into a planar board or notherboard containing the

remai ni ng co onents and devi.ces of computer 10 sho n FIG- 1. Int
manner , g al eset sggnal regeneratigg means é%r prggldlng new reset SQQHB

to the reset input of the microprocessor whenever the phase of the

clock signal is adjusted.
9. A computer system comprising:

a microprocessor including a reset input and further exhibiting a

clock input responsive to a first clock signal,

memory means, coupled to the microprocessor, for storing

informatioen therein;

a bus coupling the microprocessor to the memory means;
i
reset signal generating means for generating an initial reset

signal;

clock signal generating means for generating a second clock

signal;

dividing means for dividing the second clock signal by two

external to the microprocessor to produce the first clock signal;

means for supplying the first clock signal to the clock input of

the microprocessor;

phase error detecting means, responsive to the first clock signal,
for detecting a phase error between the first clock signal and the

reset signal;.
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a daughter card containing a different m croprocessor conf i gur ation than

t hat* 'originally provided with computer 10 can be ﬁhimﬁasimhm fa@d pl anar

board to inproyggoceymyper performance. An exgnple
such a daughter card arrangenent is the IBM%erson

Br enpl oyi ng

| del 70 A21

conputer. (Personal Systemi2 is a registered trademark of the I'nternational
Busi ness Machi nes Cor poration.) FIG 3 is a high level block diagram

whi ch depicts the GHIREtEH S YS! r ' i S er ..
system 200. Conputer systljgm 200 asnge eﬁghfcggg%edcg%% l\?’\nnats% %%%pqﬁgéei%ecnng
system 10 of FMEa"S, {PF iRdIHEt WecErr iPbasoPitie fibutf flaski slupashifig Phasel G 3

and now di scussedor likkgettlehBd AoSadt® B0l Iinialwidi ki BhEIPRLSI NFLG
3 and FIG 1. In the preferred enbodi mrent of the invention, conputer

system 200 i ncludes an i486 m croprocessor designated m croprocessor 205

having a | X cl ock impuberdeshqgnabes, CRLKIK iandoaticepRisel Btdr H6SicahatLd

MPRESET i nput as shoy_yn in Fl 3. The_ internal. clock frequency of
means, ror providing a new reset signal to the reset input of the
nmicroprocessor whenever the phase of the first clock signal is

adjusted.

10. _In a computer system including a microprocessor, the
microprocessor exhibiting a reset input and further exhibitiné a clock
input responsive to a first clock signal, the system being capable of
generating a microprocessor reset signal, a method for resetting the

microprocessor comprising the steps of:
- generating a second clock signal;

dividing the second clock signal by two external to the

microprocessor to produce the first clock signal;

providing the first clock signal to the clock input of the

microprocessor;

detecting a phase error between the first clock signal and the

reset signal;

adjusting the phase of the first clock signal if a phase error is
detected so as to substantially minimize the phase error, and

providing a new reset signal to the reset input of the
nmicroprocessor whenever the phase of the first clock signal is

adjusted.

LA



m croprocessor 205 is-defined to be equal to I X and the frequency of he
clock® signal provided to the CPUCLK input is also I X. M croprocessor

12 205 is coupled to CPU | ocal bus 105 as shown. The CLK2 out put of CLK2
clock signal g&¥9ePHtd28n circuit 185 is couplt’ed to the CPUCLK cl ock input of
m croprocessor 205 via a divide by two with phase correction circuit 210.
The CLK2 out put of CLK2 generation circuit 185 is also coupled to a tine

base i nput or clock ingut DCLK2, CLK2C) of the input of a phase checker
circuit 215 via a TR (SYSEEM {INOHUDING  MEGROPROCESSOR RESET CIRCUIT

ABSTRACT

A microprocessor based computer system is provided which inclﬁdes
a reset circuit having a phase error detector for detecting a phase
error betwegn an ipitial reset signal and a clock signal provided to
the microprocessor clock input. The reset circuit further includes
a phase error corrector for adjusting the phase of the clock signal if
a phase error is detected so as to substantially minimize the phase
error. The reset circuit includes a reset signal regenerator for
providing a new reset signal to the reset input of the microprocessor

when the phase of the clock signal is adjusted.
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manner,” a tinme del ayed version of the CLK2 clock signal, nanely the DCLK2
signal, which is produced at the DCLK2 output-of tine delay circuit 212, is
provided as the time base for phase checker 215. The DCLK2 output of tine
delay circuit 212 is also coupled to a tine base input of reset logit
circuit 190 such that the sane del ayed clocﬁlng |nfornat|on or time base
signal DCLK2 is provided to_phase checker g andwresetmloglc 190.
Phase checker circuit 215 |E§Iudes phase |nput aﬁa 216B and a phase
error output designated at which a phase e€f s:gnalﬁbHERR S
generated which represe %ye phase error between [si hal ls H-ater
descri bed) which are prqyid to phase inputs 21p \ﬁ' a153 The CPUCLK
out put of divide by 2 w ase correction C|rcu ti 2 i{s couEIed vila a
tinme delay circuit 217 to phase input 215A of phege 'Qﬁg e %% smch|that a
del ayed version of the CPUCLKgsignal QpCLK)mprgdU(ed thé augpug off- del ay
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The REéET out put of RESET logic circuit 190 is coupled to the renaining
phase input 215B of phase checker 215 to provi de reset pul se phase
information thereto. Providing the DCLK and RESET signals to phase inputs
215A and 215B in this manner permts phase checker 215 to conpare the phase
of the del ayed CPUCLK signal (DCLK) with the inplicit phase of the RESET .
signal. If phase checker 215 detects a phase error between the DCLK si gnal
and the RESET signal, then phase checker 291 generates a phase error signal
PHERR at the PHERR output of phase checker 215. This phase error indicates
that an undesirabl e phasing relationship exists between the CPUCLK si gnal
(as represented by DCLK) and the CLK signal provi-ded by divider 195. The
PHERR out put of phase ' 13

2X EXTERNAL CLOCK (CLK2)

PROCESSOR CLOCK ' PROCESSOR CLOCK
PERIOD _ ' PERIOD

CLK2 Period|CLK2 Period CLK2 Period |CLK2 Period
&1 32 o1 &2

2X INTERNAL CLOCK

-——f-—\\\ ' ..‘ fg\ - | l

| g —P
' 50 ns MIN 80386-20
- {20 MHz MAX)

heet Has Been Reilaced
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correction circuit 210 to provide the PHERR signal thereto.

signal is also provided to the PHERR i nput of a reset
generation circuit 220 which is discussed | ater.

checker 215 i $“coupled to the PHERR i nput of divided by 2 with phase
The PHERR
regeneration

Al t hough phase

checker 215 is checking the phase of the CPUB/K signal (as represented by

DCLK) with respect to the RESET signgl,

t he CPUCLK signal (internal m croprogest
of the external clock signal CLK genghat

This is so because the falling edge af
| ogi ¢ 190 contains clocking i nf§tmat LiGh

It ef
r@l bek) Vi th nespect

ely checks the phase of
to the phase

at] Ehd dut put ~pf di vi der 195.
e[ REP&Tasijgnal generated by resgt
\I;Lith | t to the CLKSexternal
qw

clock signal, since reset logic 190 5 thelearlier timng epnvwentiof- -
conpatible with the 386 m croprocessor \|_ 0 & ggg
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Pt phase checker 215 deternmines that a phase error .exi-sts betveen the
del ayed CPUCLK signal- (DCLK) and the RESET signal. such as during power up
of m croprocessor 205, then a PHERR signal is generated which drives divide
by 2 with phase correction circuit 210 to bring the del ayed CPUCLK si gnal
(DCLK) into phase with the RESET signal. Ingfis manner the phase of the
CPUCLK signal is adjusted and corrected. However, when such a phase

adj ust mrent occurs, the t clock stability specification of the i486

m croprocessor is violated as discussed later in nore detail. \Wen such a
specification violation-occurs, then reset regeneration circuit 220 '
regenerates or produces a new reset signal pul se (NEWRESET) which is gg
provi ded to the MPRESET i npatycef. M croprogggsor 205 to reset nicrodracessor
205. As seen in Fl 3, the RESEJ out put Yf RESET l-ogic 190 ils cooprzed to

t he RESET i nput of I/pten—etrettty 220 to-provi de |t CENRESEDN
(R pn tlrcuit 22D i ngFltfes a RCLKoutput—whi ch

signal thereto. Re e§°4raége
is coupled to an imput of trym 1%}§§§%nt 22p, such timng elenen}. 225
i ncl udi ng an RCNTG6 {out put jwhi dh coRptedoRark to reset regeneratjon
circuit 220 as w | |} kessxxpl ai rjed Ia(DeHERR)The PHERR out put of phasejchecker
215 is : o ' — : ' "
. ! S ' : CLK2
217 DELAY | -PHERR
N
E 215\ ~CLK2
W DCLK : . ~DCLK?2
R |- ~_}  PHASE ((cmczc _~CRESETSYNC ~CLK2ALSC
E | CACHERESET- " | CHECKER < —
.8 - CRESET -
i’r\ zeo\\ }_PHERR RCLK |, /225 y 212
TIMING .| |DELAY
RESET ELEMENT ELEMENT
_ REGENERATION [74LS8590]
CACHERESET LOGIC 1 . |~ DCLK2
— 1 (RCNTSYNC) < z 1 MSEC.
Y 1 RCNT6 CLK2A~]
: ' CLK2B
- CLK2C
'CPURESET\ : '
19
1 { : 195\
RESET [~ + 2
LOGIC
Y _ Y Y
BHOLD CLK CLK2
- (DELAYED)
TO SYSTEM
FI1G. 4
heet Has Be‘en\lieflli‘ced



regeneration circuit 220 is

reset

In this manner,

S

It
he RESET i nput of
205 desirably being returned
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coupl ed t&7a PHERR i-nput of reset regenerati-on circuit. 220 to:inform reset

regeneration circuit 220 as to when regeneration. of the reset

i-s required.

si gnal

14

205 results

informed as to when the generation of the NEWRESET pul sei s needed.
to an known state.

noted that supplying this NEWRESET pul se t

m cr opr ocessor
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FIG 4is"a lower 1evel, nore detailed bl ock di agram showi ng the reset
circuitry portion of m croprocessor based conmputer system 200. |In conparing
the diagrams of FIG 4 and FIG 3, it will be noted that sone signals,

i nputs and outputs have been renamed or are given alternative nanmes as

expl ai ned subsequently or as shown by the Iggigelling in FIG 4. This has
been done to facilitate the inplenentation of the reset circuitry portion
in programmable arrgy logic or PAL formas will be explained in nore detail
later. (PAL is a rggistered trademark of Monol i t hi ¢ Menori es,> I nc. ) Signals
whi dh are generateﬁ and used internally within the various bi'ocks of FIG 4

are shown in parent €si s.

The signals enployed in the reset

circuitry portio®-of FIG. 4.are the sane as the signals in the reset
circuitry portiod of F 3 ek it for] therdiffferences s equent l|y
di scussed. The CLKZ signall gerleyated |at |t tiput| of K2 cl ock |si gnal
generator 185 i s2alo fenred as (QLKZAL Theg DCL i gnal groduced
at the output of3ded aylel efren 2 E 1
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S alternatlvely desi-ghat'ed CLK2A, CLK2B and CLK2E€. - ‘The CPUCLK si gnal
produced at the output of divide by 2 with phase correction ci.rcuit 210 is
also referred to as CLK and CLKX. The RESET signal generated by reset |ogic
190 is shown in nore detail in the reset circuitry of FIG 4 as including a
CPURESET signal which is supplied to reset 7/ggeneration | ogic 220 and
further including a CACHERESET signal which is provided to reset
regeneration | ogic 220 and phase checker 215. A del ayed version
DPHERR of the phase error signal PHERR is generated internal to. the divide
by 2 with phase correction circuit 210 as shown in FIG 4 and indicated in
parent hesis. A CRESETSYNC signal is generated internal to phase checker 215

and is supplied te 4+m ng
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15 el erent-; %25~—§E$E'FS¥NC4S a~de11ayed and hver:t od VEmSIeh sof the <.
CACHERESEL,,si éﬁaﬁ‘ b Sby réSet lopgic 190. ; & Doscdmicangsgmbodianengeiof.
the i nven!t“ﬁoff‘“—"’f“l U9 i geetlerentc 228 i's. -2 74L8590 cp u’?{t erirmgnuf: papAdr. Edabys.iu“% 2.
Texas | ns*t“ﬁuﬁféﬁ?ﬁss |'megcdTH. sidagicnd..el 'lenment i s used T-9wHelerwhagl Lhe vaged ...
required pudlew e h vegedt.he. NEPARESET.. pul se,! such; pl. ggc.-wdt h @@ NG o paged .o,
appr oxi nafz.éllyasi raqti | |:ipsgecio. (o paged ... Arg I nput sigphal BHOLD is pI’OVI ded”t'o
reset regeneratdoRRITeH L 2 20asseeﬂ in FIG 4 BHOD.is.employeggas an
accessi bl &Ny & 2

accessi bl & TTm i SRaffg; 8\ cko G e

C UITC T CT UUN

The present invention relates to a microprocessor based computer
systems and, more particularly, to reset circuitry for such computer

systems.

Microprocessors such as the Intel 386 (TM) and i486 (TM) include a
reset input to enable the microprocessor to be initialized in a known
or defined state when power to the microprocessor is turned on. (386

and.i486 are trademarks of Intel Corporation.) '

To provide the computer user with a processor upgrade path in a
386-based computer system, a daughter card is provided which includes a
mlcroprocessor, a coprocessor, a cache controller, a cache and
associated reset 01rcu1try7 This daughter card is alternatlvely
referred to as a processor complex. The daughter card plugs into a
planar board or moiherbcard containing other components and devices of
:the coﬁputer system. In this manner, a daughter card containing a
'different microprocessor confiquration than that originally provided
;with the computer system can be plugge@ inté the planar.boérd to
improve computer performance. An example Of one computér_employing
such a daughtér card arrangement is the IBM Personal System/2 Model 70
A21 coﬁpﬁter. (Personal System/2 is a registered trademark of the

International Business Machines Corporation.)

.Miéroproceséor technology has advanced beyond the level of the 386
based computer -system mentioned above. More épecifically, Intel
Corporation has recently introduced the i486“microprocéssor which

- offers significant processor performance benefits-by incorporating a
microprocessor, coprocessor, cache memory and cache controller on a

single chip.

Unfortunately, a number of difficulties are encountered when
attempting to outfit an existing computer such as a 386-based ccmputer

system with a 1486 microprocessor. The 386-based computer system

This is the replacement shes}
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pul se for counter of timng elenment 225. RCLK is derived-frem BHOLD and is

provided to timng elenent 225 as wll be discussed’l| ater Di vi de by
2 With phase correction circuit 210, delay circuit 2171

212 are conveniently fabricated in a first PAL device a the
foll owi ng PAL inputs, outputs and logic equations. Int og| C

equations, the follow ng synbols have the neaning desi gnat ed bel ow
SYMBOL DEFI NI Tl C]\l / Negat i on

[ggl ster gd ter mnc?@é’es afoedﬁt@é’?al ﬂ‘ff -times _‘_ZX) clock genera%t Or<(%§12 md t CL“@E(,

The first PAL dedcroerdcesstef ofiethet oor@)aheaﬂalsysitelnelrﬁai]uldewmgmmpmput to which
the 2X clock signal is provided. The 386 microprocessor further
includes an internal divide by two circuit for generating an internal
one-times (1X) clock signal in response to the extermnal 2X clock
signal. The 386 microprocessor also includes a phase correction circuit
responsive to a reset signal on the reset input for synchronising the
internal 1X clock signal to an external 1X clock signal generated from
the 2X clock signal to drive other devices in the computer system. In
contrast, the 1486 microprocessor does not use the same.internal clock
phase setting approach via the microprocessor reset input as does the
386 microprocessor, but rather the 1486 microprocessor employs a simple
1X clock input. This means that a 25 MHz 1486 operates from a 25 MHz
clock input. In further contrast to the 386 microprocessor, the i486
microprocessor uses-gn internal frequency doubling circuit to generaté
an internal 2X clock. '

i

Due to this arrangement, the 1486 microprocessor assumes that the
proper CLK phasing is implicit in the 1X clock input to the i486.
Thus, the 1486 microprocessor does not sample its reset input to
achieve clock phase correction. This difference in reset/clock rhasing
between the 386 microprocessor and the 1486 microprocessor causes 1X
clock synchronization difficulties in an application whefe a processor
upgrade from a 386 microprocessor to an i486 microprocessor is
attempted, when minimal change to the remaining circuitry of the

386-based computer system or other computer system is desired.

An aim of the present invention is to provide reset circuitry for

an advanced microprocessor based compuier system.

In accordance with the present invention, there is now provided a
computer system comprising: a microprocessor having a reset input and
further exhibiting a clock input to which a clock signal is provided;
means for gqurating a microproéessor reset signal; characterised in

that the syst;m further includes a reset circuit external to the

This is the replacernant shest
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pins:  INPUT PIN COMVENT CLK2 750 Mz TTL
oscil | at or CLKALSO - 50 MHz TTL oscill at @, sheet HadHdENRplaced  ~ -

S

frrst PAL is defined to exhibit the follomngg out puf]
microprocessor comprising: phase error detecting means for detecting a

- phase error between the clock signal and the reset signal; phase error
correcting means, coupled to the phase error detecting means, for
'a&justing the pﬁase of the clock signal if a phase error is detected so
as to substantially minimise the phase error, and
regenerating means for providing a new reset signal to the reset input
of the microprocessor whenever the phase of the clock signal is
adjusted. Preferably, the clock input of the microprocessor is
responsive to a first clock signal, and wherein the system comprises
means for generating a second clock signal which is a frequency
multiple of the first clock signal, and wherein the microprocessor
reset circuit further comprises dividing means external to the
microprocessor for dividing the second clock signal by the frequency
multiple to produce the first clock signal. In a prefered embodiment,
thie phase error detecting means is résponsive fe-the.first clock
signal, for detecting a phase error between the first clock signal and '
the reset signal; and wherein the phase error correcting means is
operable for adjusting the phase of the first clock signal. In a
prefered arrangemeﬂt of the present invention, the second clock signal
is.twice-the frequency of the first clock signal.

Viewing the present invention from a second aspect, there is now
provided a computer system including a microprocessor, such
microprocessor exhibiting a reset input and further exhibiting a clock
input to which a clock signal is provided. The computer system
includes a microprocessor reset ciréuit which is capable of generating
a microprdcessor reset signal. -The microprocessor reset circuit
includes a phase error detector for detecting a phase error between the

- clock signal and the reset signal. The reset circuit further includes
a phase error corrector, coupled to the phase error detecting means,
for adjusting the phase of the clock signal if a phase error is
detected so as to substantially minimize such phase error. The reset
circuit also includes a reset signal regenerator for providing a new
reset signal to the reset input of the microprocessor when the phase of

the clock signal is adjusted.



OJTPUT Pl N COMVENT CLK2A ] 50 Mz buffered

CLK2 2777 “del ayed 25 MHz cl ock “CLK - 25 MHz
clock to '48 Al Ren ReplacddPHERR - phase error pul se CLXX
- 25 M—Iz c d PALS CLK2C - 50 MHz buffered
CLK2 M“ mﬁ [ 50 MHz buffered CLK2 The foll ow ng

| ogi c equatlo | ogic inplenmentation within the first PAL
device; - CLK2A = CLK2ALSO CLK2B = CLK2ALSO CLK2C
= CLK2ALSO I CLK (CLK & PHERR)

Viewing the present invention from a third aspect, there is now
‘provided, in a computer system including a microprocessor, the
microprocessor exhibiting a reset input and further exhibiting a clock
input to which a clock signal is provided, a microprocessor reset
ciréuit comprising: reset signal generating means for generating an
initial reset signal; phase error detecting means for detecting a phase
error between the clock signal and the initial reset signal; phase
error correcting means, coupled to the phase error detecting means, for
adjusting the phase of the clock signal if a phase error is detected so
as to substantially minimize the phase error, and reset signal
regenerating means, coupled to clock input of the microprocessor, for
providing a new reset signal to the reset input of the microprocessor

whenever the phase of the clock signal is adjusted.

Viewiﬁg-the_present invention from a fourth aspect, there is-now
provided, in a computer system inclﬁding a microprocessor, the
microprocessor exhibiting a reset input and further exhibiting a clock
input résponsive to a 1X clock signal, the system being capable of
generating a microprocessor reset signal, the system further being
capable of generating a 2X clock signal, a microprocessor reset circuit

__gqmp:isingi dividing means for dividing the 2X clock signal by 2
external to the microprocessor to produce the 1X clock signal; means
for supplying the 1X clock signal to the clock input of the
mlcroprocessor, phase error detecting means, respons1ve to the 1X clock
signal, for detecting a phase error between the 1X clock signal and the
reset signal; phase error correctlng means, coupled to the phase error
detecting means, for adjusting the phase of the 1X clock signal if a
phase error is detected so as to substantially minimize the phase
error, and regenerating means, responsive to the phase error correcting
means, for providing a new reset signal to the reset input of the

‘microprocessor whenever the phase of the 1X clock signal is adjusted.

Viewing the present invention from a fifth aspect, there is now
pProvided a computer system comprising: a microprocessor including a

reéset input and further exhibiting a clock input responsive to a 1X

This is the replacement sheet
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# (CLK & ! PHERR & ! DPHERR) 1CLKX (CLK &-PHERR%——
# (CLK & PHERR & ! DPHERR) | DPHERR: = (IPHERR

# (1 DPHERR & ! CLK) DCLK = CLK Phase cheré
regeneration |ogic 220 are conveniently fabricated i H@ deV| ce
as specified by the followi ng PAL inputs, dutputs an ons.
"Accordingly, the .second PAL device is defined to exhibit the follow ng

i nput pins: I NPUT PI'N COVMENT CLK2C - 50 MHz

TTL CLK2 25 Mz del ay. CPU cl ock CACHERESET -
cache reset pLFllé’%k Slg”al'CPFJPESE’?ea“S' couptf (faskhe pafeprocessor, for storing

information therein; a bus coupling the microprocessor to the memory
means; reset signal generating means for generating an initial reset
signal; clock signal generating means for generating a 2X clock signal;
dividing means for dividing the 2X clock signal by 2 external to the
microprocessor to produce the 1X clock signal; means for supplying the
1X clock signal to the clock input of the microprocessor; phase error
detecting means, responsive to the 1X clock signal, for detecting a
phase error between the 1X clock signal and the reset signal; phase
error correcting means, coupled to the -phase error detecting means, for
adjusting the phase of the 1X clock signal if a phase error is detected
s6 as to substantially minimize the phase error, and regenerating
means, responsive to the phase error correcting means, for providing a
new reset signal to the reset input of the microprocessor whenever the

phase of the 1X clock signal 'is adjusted.

i Viewing the present invention from a sixth aspect, there is now
provided, in a computer system includ%ng a microprocessor, the
microprocessor exhibiting a reset inpﬁt and further exhibiting a clock
input to which a.clock signal is provided, the system being capable of
generating a microprocessor reset signal, a method for resetting the
microprocessor comprising the steps of: detecting a phase error between
the clock signal and the reset signal; adjusting the phase of the clock
signal if a phase error is detected so as to substaﬁtially minimize the
phase error, and providing a new reset signal to the reset input of the

microprocessor whenever the phase of the clock signal is adjusted.

Viewing the present invention from an seventh aspect there is now
provided, in a computer system including a microprocessor, the
microprocessor exhibiting a reset input and-further exhibiting a clock
input responsive to a 1X clock signal, the system being capable of
generating a microprocessor reset signal, a method for resetting the
microprocessor comprising the steps of: generating a 2X clock signal;
dividing the 2X clock signal by 2 external to the microprocessor to

produce the 1X clock signal; providing the 1X clock signal to the clock
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input of the microprocessor; detecting a phase error between the 1X

clock signal and the reset signal; adjusting the phase of the 1X clock
signal if a phase error is detected so as to substantially minimize the
phase error, and providing a new reset signal to the reset input of the

microprocessor whenever the phase of the 1X clock signal is adjusted.

In a prefered embodiment of the present invention, there is
provided reset circuitry which requires minimal change to the circuitry
of a 386 microprocessor computer when such computer is upgraded or

redesigned to accommodate an 1486 microprocessor.

In a particularly prefered embodiment of the present invention to
be described later, there is provided reset circuitry which permits an
i486 microprocessor to operate in a computer which originally employed

a 386 microprocessor.

It will be appreciated that the present invention is also
applicable to devices that are similar to the 1486 and the 386

microprocessors.

An example of the present invention will now be desciibed with

reference to the accompanying drawings in which:

FIG. 1 is a high level block diagram of a convéntional dual bus

computer,

FIG. 2 is a timing diagram which shows the relationship between

the internal 1% clock signal and the extermal 2X (CLK2) clock signal.

FIG. 3 is a high level block diagram of the computer system of the

present invention.

FIG. 4 is a low level, more detailed block diagram of the reset

circuitry portion of the computer system of FIG. 3.
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OUTPUT PIN - COMMVENT NEWRESET - new CPURESET i ncl udi ng

phasi ng " RCLK - reset counter clock - PHERR -
phase error pul se CRESETSYNC - del ayed and i nverted CACHERESET
RCNTSYNC -  sanpl ed version of input RCNT6 - The follow ng | ogic
equations describe the logic inplenentation7within the second PAL devi ce.

I CRESETSYNC CACHERESET NEWRESET CPURESET

# PHERR & ! CACHEESET # NEWRESET & ! RCNTSYNC &
CRESETSYNC & ! PHERR lPHERR : DCLK & ! CRESETSYC

& ! CACHERESET FIG. 5 is a timing djagrppERORING RONPSYNGign! ofCABRERESET
' PHERR & ! DCLKcircuitry of FIG. 4 when no phase error occurs.

FIG. 6 is a timing diagram showing the operation of the reset

circuitry of FIG. 4 when a phase erroxr occurs.

FIG 7 is a timing diagram employing a time compressed time axis to

show the operation of the reset circuitry of FIG. 4.
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I RCLK :DCLK & ' PHERR & CRESETSYNC & HOLD #RCLK &

I DCLK & CACHERESET # ! RCLK & DCLK RCNTSYNC : =
RCNT6 & ! DCLK # RCNTSYNC & DCLK FIG 5isa
ti'm ng di agram whi ch shows-the operation of the reset circuitry of FIG 4
by illustrating the CLK2/ CLK2ALSO, CACHERESET, RCNT6, CLK2C, .CRESETSYNC,
PHERR, DPHERR, CLK/CLKX/, CPUCLK, DClZ, NEWRESET, RCLK, CLK2A, BHOLD and
CPURESET signals of such reset circuitry on a coomon tine axis. FIG 5

illustrates the case wher e _no . X
igure 1 shows a computer 10 of the prior art employing an Intel

386 microprocessor and associated power reset circuitry. Computer 10 is
a dual bus computer which includes the aforementioned microprocessor
now designated as microprocessor 100. Microprocessor 100 includes a

- regset input shown in FIG. 1 as RESET.

Microprocessor 100 is coupled via a CPU local bus 105 to a buffer
110 which couples CPU local bus 105 to a system local bus 115. System
local bus 115 is coupled via a latch/buffer/decoder 120 to a planar I/0O
(input/output) bus 125 to which peripheral devices such as device 130
are connected. System local bus 115 is further coupled to a memory
controller and memory 135. System local bus 115 is also coupled via a
buffer 140 and a Micro Channel (TM) bus 145 to Micro Channel (TM)
sockets or slots 150 into which various adapter cards may be inserted.
{Micro Channel is a trademark of the International Business Machines
Corporatioh.) A direct memory access {DMA) coﬁtroller 155 is coupled
to system local bus 115 to facilitate direct access to memory 135
without the intervention of microprocessor 100. Computer 10 further
includes a bus control and timing circuit 160 which is.coupled to
system local bus 115 to permit control and timing of bus 115. A
central arbitration point 165 is coupled to both bus control and timing
circuit 160 and Micro Channel sockets 150. Central arbitration point
165 determines which functional entity gets access to the Micro Channel
bus 145, be it microprocessor 100, a bus master plugged into one of

Micro Channel sockets 145 or DMA controller 155, for example.

A cache memory 170 is coupled to CPU local bus 105 and
microprocessor 100 as shown. To control the operation of cache memory
170, an Intel 82385 cache controller 175 is coupled to CPU local bus
105 and system local bus 115 as shown. Whern computer 10 is being
referred to as a dual bus computer, it is the CPU local bus 105 and the
system local bus 115 which are the two busses being referenced. Each
of busses 105 and 115 includes respective address, data and control
busses. To facilitate the processing of floating point operations, a
math coprocessor 180 is coupled to CPU local bus 105.

This is the replacermant shest



phase error occurs as seen by observing the consistently high PHERR signal.
FIG 6 is a timng diagramwhich shows the operation of the reset circuitry
of FIG 4 by illustrating the CLK2/ CLK2ALSO, CACHERESET, RCNT6, CL2C,
GRESETSYNC, PHERR, DPHERR, CLK/CLKX/, CPUCLK, DCLK, NEWRESET, RCLK, CLK2A,
BHOLD and CPURESET signals of such reset cirzuitry on a comon tinme axis.

FIG 6 illustrates the case where a phase error occurs as observed at the
falling edge of the PHERR signal at 300. The reset circuitry corrects this
phase error as seen at the | engthened CLK pul se at 305. FIG 7 is a

timng di agram whi chs IRBWECPCASBPEem Mbrroprotdssor bt ingludes 3 yeostt FARRT 4

by illustrati ngdééignﬂéﬁzﬁﬁd'ﬁZAbﬁ@ro&%%@SE% further includes a clock input
designated CLK2 to which a clock frequency of double (2X) the
miqroprocessor internal clock frequency is provided. The internal

clock frequency of microprocessor 100 is defined to be equal to 1X.

A divide by two and phase correction circuit 100A is included
within microprocessor 100 such that the CLXK2 or 2X clock signal (for
example, at 50 MHz) provided to the microprocessor CLK2 input is
divided down to 1X (or 25 MHz, for example) for use internal to
microprocessor 100. A CLK2 generation circuit or clock oscillator 185
is provided to generate the CLX2 signal. CLK2 generation circuit 190
includes a CLK2 output which is coupled to RESET LOGIC 190, a divide by
2 circuit 195, bus control and timing circuit 160, cache controller
175, microprocessor 100 and coprocessor 180 to provide.clock .
.informatioﬁ thereto. Reset logic 180 includes a RESET oﬁtput which is
coupled to the microprocessor RESET input, math coprocessor 180, cache
controller 175 and bus control and timing circuit 160 to provide-an
appropriate reset pulse to such devices when system reset is desired.
From FIG. 1 it is seen that divider circuit 195 divides the CLK2 clock
signal by 2 to produce an external clock signal designated CIX which is
provided to RESET LOGIC 190 and to bus control and timing circuitry
160. It is noted that the externmal clock CLK signal generated at the
CLX output of divider circuit 195 exhibits a frequéncy substantially
the same as the 1X interral clock frequency of microprocessor 100. For
this reason, the CLX signal is_réferred to alternatively as the 1X

external clock signal.

An overview of the operation of the 386 microprocessor with
respect to clocking operations is now presented. As mentioned above,
the 386 microprocessor operates from a two-times external clock or 2X
clock external input. Thus, a 20 MHz 386 microprocessor requires a 40
HHz‘external clock signal at its CLK2 input and a 25 MRz 386
microprocessor requireé a 50 MHz external clock signal at its CLK2

inhput.
. . - +
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RENT6, CLK2C, CRESETSYNC, PHERR, DPHERR, CLK/ CLRX/, CPUCLK, DCLK, NEWRESET,
RCLK, CLK2A, BHOLD and CPURESET signals of such reset circuitry on a common
time axis over a |longer duration of tine than in the timng diagrans of
FFG 5 and FIG 6 by conpressing the tine a The tim ng diagram of FIG
7 illustrates how the RCLK and BHOLD si gnal operate to time out the
counter within timng el enent 225. RCNT6 provides the return signal from
this counter. As illustrated in FIG 7, for conveni ence of presentation,
BHOLD pul ses at |less than the previously stated 15.6 m crosecond rate, and
RCLK is counted for only two counts here instead of 27 counts as it does in
actual practice inIptrenakbbdipedB6 gfickprrocpsamat pefierates its ofgeoRresitiBed ng i s

a summary of t(ﬁ(éoafdcﬁt b@@;@idin@etﬁ@%ﬁkz %ﬁ&&“sﬁgﬁ/ a1PBY e OfhicOfPULeErnal
system 200 of FlI 3 and FIG 4. Wen coggut er 200 is initially povvered up

or when. reset $9§kcsigagliss Bf’%rlws%‘% thRs SRR AISTRTPCERIRIT &P cdeteFBE: thyl se,
reset |ogic 190irgegesfatns v&&zdnﬂd i hdrnb €S0k iP WpsLatienk Oitrl 06k ddESFdrat 166s

initial reset ‘ﬁ}ul se RI;}SETa | i edoto releet Cél opn G gcw ts 2%5%

whi chpasses. WIS, HNERG| 23BLEFHPRAFEEh LR o1 PO b aRgEY 20875F 45 1

NEWRESET | i ne wdddchntesnbhtter thes @86 tmicroprocessor to determine the appropriate
sample time for external inputs. The timing relationship of this 1X
internal clock signal to the CLK2 clock signal is shown in FIG. 2 in
which the 1X internal clock signal is shown in the lowermost portion
thereof and the CLK2 clock signal is shown in the uppermost portion
thereof. The timing relationships relative to this 1X clock are
documented by Intel in the B0386 Hardware Manual. The 1X internal
clock signal is used to determine the appropriate phase of the CLK2
signal since multlple CLK2 phases are requlred to complete a 386

microprocessor bus cycle.

The typical 386 microprdcessor based computer system will
generate, e;ternal to the 386 microprocessor, its own 1X external clock
signal since there is no 1X external clock output from the 386
‘microprocessor. As seen in FIG. 1, this extexnal.lx clock signal is
generated in computer 10 at the CLK output of divider circuit 195 as
the CiK:Signal is. This 1X external clock signal or CILK sigmal is used
by external logic to monitor or sample the 386 micreprocessor and to

control the necessary 386 microprocessor inputs.

The two sepefately generated 1X clocks, nameiy the internal 1X
clock and the external 1X clock {(CLK at divider 195)-may undesirably
differ in their phasing unless some means is provided to achieve
synchronization of the intermnal 1X clock and the external 1X clock
during the power up of microprocessor 100. This required
synchronization action is typically provided by generation of the:
signal RESET which is provided to the RESET input of microprocessor
100. External logic, namely reset logic 180, triggers the active edge
of the RESET signal relative to the externally generated 1X clock.

This is ihe replacernent sheet
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transmt the NEWRESET pul se to m croprocessor 205. Thus, the initial RESET
pul se causes m croprocessor 205 to execute an internal

19 m croprocessor reset operation. This initial RESET pulse is al so
provi ded to phase checker. 215 which uses this: RESET pul se in the manner
described below in the discussion of phase ¢hecker 215. The | ogic

provided in the reset circuitry perforns a divide by two

That is, there is a known and fixed relationship between the active

- edge of the RESET signal and the externally generated 1X clock signal.
The RESET signal is sampled by the 386 microprocessor on each CLK2
rising édge. The resulting RESET samplg information is used by
internal divide by 2 and phase cofrection circuitry 100A to change the
phasing of the internal 1X clock if required to bring the internal 1X
clock into sync with the external 1X clock.

" To provide the computer user with a processor upgrade path in one
type of computer 10, a daughter card (not shown) is provided which
includes microprocessor 100, coprocessor 180, cache controller 175,
cache 170 and the associated reset circuitry. This daughter card is
alternatively referred to as a processor complex. The daughter card
plugs into a planar board or motherboard containing the remaining
components and devices of computer 10 shown in FIG.-1. In this manner,
a éaughter card containing a different microprocessor configuration
than that originally provided with computer 10 can be plugged into the
planar board to improve computer performance. An example of one
computer employing such a daughter card arrangement is the IBM Personal
System/2 Model 70 A21 computer. (Personal éystém/2 is a registered

trademark of the International Business Machines Corporation.)

FIG. 3 is a high level block diagram which depicts the computer
system of the present invention as computer system.zoo. Computer
system 200 has eiements in common with computer system 10 of FIG. 1
with the exception of the modifications shown in FIG. 3 and now
discussed. Like numerals are used to indicate like elements in FIG. 3
and FIG. 1.

In the preferred embodiment of the invention, computer system 200
includes an 1486 microprocessor designated microprocessor 205 having a
1X clock input designated CPUCIK and a reset input designated MPRESET
input as shown in FIG. 3. The internal clock freguency of
microprocessor 205 is defined to be equal to 1X and the frequency of he

clock signal provided to the CPUCLK input is also 1X. Microprocessor

This i$ the raplacement shast
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operation at divider/phase corrector 210 on the CLK2 clock signal of the
CLK2 generator which exhibits a 2X clock frequency to provide

m _croprocessor 205 with an appropriate clock signal exhibiting a 1X clock
frequency at the CPUCLK input thereof. Phase checker 215 then determnes if
a phase error occurs between the CPUCLK sidﬁal and the RESET signal
generated by reset logic 190. (The RESET signal carries indicia of- the
phase of the CLK 1X external clock signal.) Such a phase error is typical

at m croproce rs p, |f such h error is det ed, then_.t
prace of e SR oAb ol AT SR Tl
wever, en i isj soupde cdpfX t ed,
the Intel -tim i f ' r - J 486 G bt ' 4
(tlerr] speci f%’%‘sfﬁ"%fﬁ%@%%&%%sé? s i AR Al S8 Jith phos8 SGRRRAR
pul ses).. N ‘flrF’Fl_';a %Z) r@bm%zmv( Bhele iﬁ‘?efrltati%“ Feqmw%amlﬁgﬁlﬁ%set
regenerati on Cidupléd t R Hadk Conpd t W [ SKEY scidzV\RESE €He | Siput
supplied to the RPRESET %ggut of mgﬁro rSdesso?ﬂgbg to reset %icrop?oqg:sor
205 to a knowPisfaRhEse| fPeskre cinghids 213 71 bRt KepphSATehY £17s Bgthifed

due a det ect edrgphese act i deldyed MERESET off M{He COE2 clock signal, namely the
DCLK2 signal, which is produced at the DCLK2 output of time delay
circuit 212, is provided as the time base for phase checker 215. The
DCLK2 output of time delay circuit 212 is also coupled to a time base
input of reset logic circuit 190 such that the same delayed clocking
information or time base signal DCLK2Z is provided to phase checker 215

and reset logic 190.

Phase checker circuit 215 includes phase inputs 215A and 2158 and
a phase érror output désignated PHERR at which a phase error signal .
PHERR isigenerated.which represents the phase error between signals
(later described) which are provided to phase inputs 215A and 215B.
The CPUCLK output of divide!by 2 with phase correction circuit 210 is
coupled via a time delay circuit 217 to phase input 215A of phase
checker 215 such that a delayed version of the CPUCLK signal (DCLK)_
produced at the output of delay circuit 217 is provided to phase input
215A. '

The RESET output of RESET logic circuit 190 is coupled to the
remaining phase input 215B of phase.checker 215 to provide reset pulse
phase information thereto. Providing the bCLK and RESET signals'to
§hase inputs 2154 and 215B in this manner permits phase checker 215 to

~ compare the phase of the delayed CPUCLK signal (DCLK) with the implicit
phase of the RESET signal. If phase checker 215 detects a phase error
between the DCLK signal and the RESET signal, then phase checker 215
generates a phase error signal PHERR at the PHERR output of phase
checker 215. This phase error indicates that an undesirable phasing
relationship exists between the CPUCLK signal (as represented by DCLK)
and the CLK signal provided by divider 195. The PHERR output of phase

e tha rRGISCETRAN ghwast
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m-croprocessor 205 is redriven to its active state and held there for a
full reset interval (approximately 1 mllisecond), thus clearing any errors
internal to mcroprocessor 205 caused by the CPUCLk phase error.

Addi tional operational details of the reset circuit of FIG 3 and FIG 4
are now di scussed together with a summary ofl3 he various signals or terns
enployed in the reset circuit of FIG 4. The output ternms CPUCLKA, CPUCLKB
and CPUCLKC shown in FIG 4 are delayed versions of the CLK2 cl ock signal
from CLK2 gener 185. The terns are oyed to cqQnpensate _for tlrre

del ays resul ti n‘g’ eFkm2dP Vit EPIRIsas ke éa?rg%%rmf’iﬁ °fTﬁ\rET‘P’;%F33’Yd§IW e PRATENt
212 used to gensiraberiohesicher IR0ass Wirédide the PHERR signal thereto. The PHERR

signal is also provided to the PHERR input of a reset regeneration

generation circuit 220 which is discussed later.

Alth§ugh phase checker 215 is checking the phase of the CPUCLK
signal {as represented by DCIK)} with respect to the RESET signal, it
effectively checks the phase of the CPUCIX signal {(internal
microprocessor clock) with respect to the phase of the external clock
signal CLK generated at the output of divider 195. This is so because
the falling edge of the RESET signal generated by reset logic 190
contains clocking information with respect to the CLK external clock
signal, since reset logic 190 follows the earlier.timing convention

compatible with the 386 microprocessor.

- If phase checker 215 determines that a phase error exists betweeh |
the delayed CPUCLK signal (DCLK) and the RESET signal such as during
power up of microprocessor 205, then a PHERR signél is generated which
drives divide by 2 with phase correction circuit 210 to bring the
delayed CPUCLK signal (DCILK) into phase with the RESET signal. In this
manner the phése of the CPUCLKnsignal_is_adjﬁsted and corrected.

However, when such a phase adjustment occurs, the t._ clock stability

specification of the i486 microprocessor is violateéaas discussed later
in more detail. When such a specification violation occurs, then reset
regeneration circuit 220 regenerates or produces a new reset signal
pulse ($EWRESET) which is provided to the-MPRESET input of
microprocessor 205 to reset microprocessor 205. As seen in FIG. 3, the
RESET output of RESET logic 190 is coupled to the RESET input of RESET
regeneration circuit 220 to provide the RESET signal thereto. Reset
regepneration circuit 220 includes a RCLK output which is coupled to an
input of a timing element 225, such timing element 225 including an
RCNT6 output which is coupled back to reset regeneration circuit 220 as
will ke explained later. The PHERR output of phase checker 215 is
coupled to a PHERR input of reset regeneration circuit 220 éo inform
réset regeneration circuit 220 as to when regeneration of the reset

This is the replacerent shest
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20 m ni mal skewi ng of the timng requirenents in the remainder of the
systemcircuitry. CLK and CLKX in-FIG 4 are duplicate versions of
the divided by 2 or 1X CPUCLK signal which is used to clock m croprocessor
205. DCLX is a tine delayed version of the CPUCLK, such DCLK signal being
one input to phase checker 215 as al ready déscribed. DPHERR i s a l ogic term
used internally to divider/phase corrector 210 in setting the proper phase
of CPUCLK, CLK and CLXX. It is noted that the output PHERR will go active

(low) if a phase error is detected bet ween the CPUCLK signal (as
represent ed bySHERK) IS8T HEIRESETE }(JGA@@RESE‘SS‘E&W&PQ&?%&% FIH pRASE
checker 215. Asnfitirmedisseto alhen ehet fehcpheies 6f toe mwgnaﬂ:'r BuERR issnea@ploy ad

in reset regeneratlo [ CUIt 220 ESET si |, _actiye

(R ghy 1 nt 0 1 hee HORBSEToFriee ot B skE G150 hn M8 PRy ot

m cr opr ocessor n2O®procemskn @A stsales in microprocessor 205 desirably bemg
returned to an known state.

FIG. 4 is a lower level, more detailed block diagram showing the
reset circuitry éortion of microprocessor based computer system 200.
In comparing the diagrams of FIG. 4 and FIG. 3, it will be noted that
some signals, inputs and outputs have been renamed or are given
alternative names as explained subsequently or as shown by the
labelling in FIG. 4. This hes been done to facilitate the
implementation of the reset circuitry portion in programmable array
logic or PAIL form as will be explained in more detail later. (PAL is a
registeréd-traéemark of Monolithie Memories, Inc.) Signals which are )
génerated_and used internally within the various blocks of FIG. 4 are
shown in parenthesis. |
The signals employed in the reset cireuitry portion of FIG. 4 are
the same as the signals in the reset circuitry portion of FIG. 3 except
"quqmﬁhg_differences subsequently discussed. The CLK2 signal generated
at the output of CLK2 clock signal generator 185 is also referred to as
CLK2ALSO. The DCIK2 signal produced at the output of delay element 212
is alternatively designated CLK2A, CLK2B and CLK2C. The CPUCLK signal
produced at the output of divide by 2 with phase correction circuit 210
is aléo'referred to as CIK and CLKX. The RESET signal generated by
reset logic 190 is shown in more detail in the reset cirecuitry of FIG.
4 as including a CPURESET signal which is supplied to reset
regeneration logic 220 and further including a CACHERESET signal which

is provided to reset regeneration logic 220 -and phase checker 215.

A delayed version DPHERR of the phase error signal PHERR is
generated internal to the divide by 2 with phase correction circuit 210
as shown in FIG. 4 and indicated in parenthesis. A CRESETSYNC signal

is generated internal to phase checker 215 and is supplied tc timing

This is the replacement shest
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As seen in FIG 3, the-central arbitration point includes a bus hold

request output BHOLD. Wen the aforenentioned phase error is detected,
depending on the timng of the BHOLD signal, output RCLK will pulse |ow,
following the state of the BHOLD signal (inverted). The BHOLD signal, shown
in FIG 4 as being provided to reset regenggation |ogic 220, is enployed as.
a timer signal. In this particular enbodi nent of the invention wherein.
CPUCLK exhibits a frequency of 25 MHz, the BHOLD signal pul ses once every
approximately 15.6 m croseconds. These BHOLD pul ses pul se the RCLK out put

of reset regertatdnton23.00CRESZRBYNCTRE S2 @614yR8 4B ¥ drteB ¥ HIBOY Sft fre 74LS590
counter in tim nt 5 onc very approximately 15.6 m croseconds.
Thi's counter ﬁ’g’?ﬁé‘%ﬁfﬁ“%? v ’b%ﬁ?sb,y %?%q@dﬁ?%mal?%t al of approximtely 1
mllisecond, before the 2 counter bit connected to RCNT6 goes active. Wen
this timer bit RCN[6_ 0o Lve, Jdt.1s enployed.to deacti t.he. NEWRESET
signal, the generati 8% %Fb%#gﬁgv%lsgh esCri é‘%X’eg:rli"%neqr .eil?’?'ne \éﬁ%{s tBnher, the
duration of tHELSOARESEEephanafacturedtbyoldsed IndremdntsAfIngr. NEBARESEEngoes

izggcg 'r ve, bot R kit € "ABE OGS S8 male (R0 GLAS-dL PR AIG ] of ATRUAEHRERKSL €M
pulse, such pulse width being approximately 1 millisecond.

aAn input signal BHOLD is provided to reset regeneration circuit
220 as seen in FIG. 4. .
BHOLD is employed as an accessible timing signal which pulses once
every approximately 15.6 microseconds and is used to generate the clock
pulse for counter of timing element 225. RCILK is derived from BHOLD

and is provided to timing element 225 as will be discussed later.

Divide by 2 with phase correction circuit 210, delay circuit 217
and delay circuit 212 dre conveﬂiently fabricated in a first PAL device
as specified by-the following PAL inputs, outputs and logic equations.
In'the subsequent 1ogié equations, the following symbols have the

meaning designated below:

SYMBOL DEFINITION
/ Negation -
= A registered term, equal to

]

A combinatorial term, equal to
Logical AND
Logical OR

+ R

The first PAL device is defined to exhibit the following input

pins:

INPUT PIN COMMENT
CLX2 - 50 MBz T1IL oscillator
CLKALSO - 50 MHz TTL oscillator
PHERR - phase error

Thig is the ranlzopment s et
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synchroni zed and operation of conputer system 200 can begi n.

21 The ternms CRESETSYNC and RCNTSYNC ‘are used internally within the
PAL | ogic inplenmentation of the reset circuit of FIG s 3 and 4.
Additionally, CRESETSYNC is used externally to clear the 74LS590 counter to
its initial zero count. Wil e a conpeter systemreset circuit

appar at us has been descri bed

The first PAL is defined to exhibit the foliowing output pins:

OUTPUT PIN COMMENT .
CLK2A - 50 MHz buffered CLK2
DCLK - delayed 25 MHz clock )
CLK - 25 MHz clock to i486 and PALS
DPHERR - phase error pulse
CLKX - 25 MHz clock to 1486 and PALS
CLK2C - 50 MHz buffered CLK2
CLK2B - 50 MHz buffered CLK2

The following logic equations describe the logic implementation
within the first PAL device:

CLX2A = CLK2ALSO
CLX2B = CLK2ALSO .
f CLK2C = CLK2ALSO
' 1CLK := (CLK & PHERR) !
# (CLK & !PHERR & !DPHERR)
1 CLKX := (CLK & PHERR)

# (CIX & !PHERR & !DPHERR)
IDPHERR:= (!PHERR & CLK)

# (!DPHERR & !CLK)
DCIK = CIK

Phase checker 215 and reset -regeneration logic 220 are
conveniently fabricated in a second PAL device as specified by the
following PAL inputs, outputs and logic equations. ‘Accordingly, the

- second PAL device is defined to exhibit the following input pins:

INPUT PIN COMMENT
CLK2C . - 50 MHz TTL CLK2
DCLK - 25 MHz delay CPU clock
CACHERESET - cache reset pulse
CPURESET - CPU reset pulse

This is the replacernent sheet
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.above, it will be appreciated that a nethod for resetting a m croprocessor
has al so been disclosed. = Such nethod is enployed in a conputer system
including a. mcroprocessor, such mcroprocessor exhibiting a reset input
and further exhibiting a clock input to whieh a clock signal is provided.
The conputer systemin which the nmethod is practiced is capabl e of
generating a mcroprocessor reset signal. Mre specifically, a nethod for
resetting the mcroprocessor in such systemis disclosed and includes the
step of detecting a phase error between the clock signal and the reset
signal. The net hodBéLr t her -i nclardeldhsegmeep of adj usting the phase of the
clock signal if a e error is d substantially mnimze
t he phase error. T éﬁﬁ’et hod al so |ﬁ%%%%gc§uﬁg % of providing a new reset
signal to the reset input of the mcroprocessor |n the event that the phase
of the clock signalnd $e8thd'$hfts defined tol BEhibRE OGRI RGNS BREHID B AN
apparatus and nethod for resetting the reset input in a m croprocessor
based conputer system The apparatus and net hod di scl osed provi des reset
circuitry whi cbyrpup orwe enbodi nent @bugdre | nvention, permts an i 486

m croprocessor to opera
P > NE&%ES%% new CPURESET including phasing

RCLK - reset counter clock

PHERR - phase error pulse

CRESETSYNC - delayed and inverted CACHERESET
RCNTSYRC - sampled version of input RCNT6

The following logic equations describe the logic implementation

within the second PAL device.

!CRESETSYNC := CACHERESET

NEWRESET :=  CPURESET
# 'PBERR & !CACHERESET
# NEWRESET & !RCNTSYNC & CRESETSYNC
& IPHERR .

IPHERR __:= DCLK & !CRESETSYNC & !CACHERESET
#1PHERR & !RCNTSYNC & !CACHERESET

_ # !PHERR & !DCLK

'RCLK  := !DCIK & !PHERR & CRESETSYNC & HOLD
#RCLK & !DCLK & CACHERESET
' # VRCIK & DCIK

RCNTSYNC := RCNT6 & IDCLK
# RCNTSYNC & DCLK

FIG. 5 is a timing diagram which shows-the operation of the reset
circuitry of FIG. 4 by illustrating the CLK2/CLK2ALSO, CACHERESET,
RCNT6, CLK2C, CRESETSYNC, PHERR, DPHERR, CLK/CLKX/, CPUCLK, DCLX,
NEWRESET, RCLK, CLX2A, BHOLD and CPURESET signals of such reset

circuitry on a common time axis. FIG. 5 illustrates the case where no
This is the replac cemem sheet
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in a conputer which originally enployed a 386 microprocessor. The
appar atus and met hod provides reset circuitry which requires nminimal change
to the circuitry of a 386 m croprocessor conputer when such conputer is
upgraded with an 1486 m croprocessor. In one enbodi nent of the invention,

t he apparatus and nmet hod desirably overcones reset timng difficulties
experienced in a conputer systemin which a processor upgrade froma 386

m croprocessor to an i 486 m croprocessor is attenpted.

22
phase error occurs as seen by observing the consistently high PHERR

signal.

- FIG. 6 is a timing diagram which shows the operation of the reset
circuitry of FIG. 4 by illustrating the CLK2/CLK2ALSO, CACHERESET,
RCNTG, CLK2C, CRESETSYNC, PHERR, DPHERR, CLK/CLKX/, CPUCLK, DCIK,
NEWRESET, RCLX, CLK2A, BHOLD and CPURESET signals of such resei
circuitry on a common time axis. FIG. 6 illustrates the case where a
phase error occurs as observed at the falling edge of the PHERR signal
at 300. The reset circuitry corrects this phase error as seen at the

lengthened CLK pulse at 305.

FIG. 7 is a timing diagram which shows the operation of the reset
circuitry of FIG. 4 by illustrating the CLK2/CLK2ALSO, CACHERESET,
RENT6, CLK2C, CRESETSYNC, PHERR, DPHERR, CLK/CLKX/, CPUCLK, DCLX,
NEWRESET, RCLK; CLK2A, BROLD and CPURESET signals of such reset'
circuitry on a common time axis over a'longef duration of time than in
the timing diagrams of FIG. 5 and FIG. 6 by compressing the time axis.
The timing diagram of FIG. 7 illustrates how the RCLK and BBOLD signals
operate to time out the counter within timing element 225. RCNT6
_provides the return signal from this counter. 'As illustrated in FIG.
7, for convenience of presentation, BHOLD pulses at less than the
previously stated 15.6 microsecond rate, and RCLX is counted for only
two counts here instead of 27 counts as it does in actual bractice in

one embodiment of the invention.

Thé following is a summary of the operation of the reset circuitry.
portion of computer system 200 of FIG. 3 and FIG. 4.- When computer 200
"is initially powered up or when reset logic 190 is otherwise instructed
to generate a reset pulse, reset logic 190 generates an initial reset
pulse designated RESET. The initial reset pulse RESET is supplied to
reset regeneration circuit 220 which passes this ipitial RESET pulse on
to microprocessor 205 via the NEWRESET line which is later used to
transmit the NEWRESET puiée to microprocessor 205. Thus, the initial

RESET pulse causes microprocessor 205 to execute an internal

Thia is the replacernent sheet
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"While only certain preferred features of the invention have been shownby
way of illustration, many nodifications and changes - will occur to those
skilled in the art. It is, therefore, to be understood that the present
clainms are intended to cover all such nodifications and changes which fal
wWithin the true spirit of the invention. 13

23 ] ' CLAIMS 1. In a conputer
systemincl.uding a m croprocessor, said mcroprocessor exhibiting a reset

Ip::]g\l'll;[ dggd faur t Qférogiggcl:e@sglr 2! se %lpgxc:;a ilog p UtTh:[lsO i\ﬁ@l‘_faq gESCEl.TOg\KlsSeI 92 faallsloS
provided to phase checker 215 which uses this RESET pulse in the manner

described below in the discussion of phase checker 215.

The logic prévided in the reset circuitry performs a divide by two
operation at divider/phase corrector 210 on the CLK2 clock signal of
the CLK2 generator which exhibits a 2X clock frequency to provide
microprocéssor 205 with an appropriate clock signal exhibiting a 1X
clock frequency at the CPUCLK input thereof. Phase checker 215 then
determines if a phase error occurs between the CPUCLK signal and the
RESET signal generated by reset logic 190. (The RESET signal carries
indicia of the phase of the CLK 1X external clock signal.) Such a
phase error is typical at microprocessor power up. If such a phase
error is detected, then the phase of the CPUCLK sigpal is corrected by
divider/phase corrector 210. However, when the phase of the CPUCTX
signal is so corrected and shifted, the Intel timing specification for
the 1486 clock stability is violated (tla specification is .1% maximum
change bet?een adjacent CPUCLK clock pulses).

If a corrective CPUCLK phase'shift is required, then reset
regeneration circuit 220 generates a new reset pulse NEWR§§§?;Ypi;h is
supplied to the MPRESET input of microprocessor 205 to reset
microprocessor 205 to a known state. In other‘words, if a CPUCLK phase
shift is required due a detected phase error, the MPRESET input of
microprocessor 205 is redriven to its active state and.heid there for a
full reset interval (approximately 1 millisecond), thus clearing any .

errors internal to microprocessor 205 caused by the CPUCLK phase error.

Additional operational details of the reset circuit of FIG. 3 and
FIG. 4 are now discussed together with a summary of the various signals
or terms employed in the reset circuit of FIG. 4. The output terms
CPUCLKA, CPUCLKB and CPUCLKC shown in FIG. 4 are delayed versions of
the CLK2 clock signal from CLK2 generator 185. The terms are employed
to compensate for time delays resulting from divider/phase corrector

210. The time delay element 212 used to generate these terms assures
This is the replacement shaet
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M croprocessor reset circuit conprising: reset signal generating

nmeans for generating an initial reset signal; " phase error detecting
neans for detecting a phase error between said clock signal and said
ihitial reset signal; phase error correcting neans, coupled to said

phase error detecting neans, for adjustingzothe phase of said clock signal
if a phase error is detected so as to substantially mnimze said phase
error, and reset signal regenerating neans, coupled to clock input of

sai d m croproGasagh of SfincPLOYLIG: & WL ERENSLONAL {GdiliSed GE0nd NPU!
of said m croprocessor vﬁgnever tthe pqnas OTe sal Cl OCK Ssighal 1S
adj ust ed. system circuitry.

CIK and CLKX in FIG. 4 are duplicate versions of the divided by 2
or 1X CPUCLK signal which is used to clock microprocessor 205. DCLK is
a time delayed version of the CPUCLK, such DCLK signal being one input
to phase checker 215 as already described. DPHERR is a logic term used
internally to divider/phase corrector 210 in setting the proper phase
of CPUCLK, CLX and CLXX. It is noted that the output PHEﬁR will go
active (low) if a phase error is detected between the CPUCLK signal (as
represented by DCLK) and the RESET (CACHERESET) signal provided to
phase checker 215. As discussed above, the phase error signal PHERR is
employed in reset regeneration circuit 220 to drive the NEWRESET signal
active (high) into the MPRESET input of microprocessor 205 thus

returning microprocessor 205 to a known state.

As seen in FIG. 3, the central érbitration point ;ncludes a bus
hold request output BHOLD. When the aforementioned phase error is
detected, depending on the timing of the BHOLD signal, output RCLK will
pulse low, following the state of the BHOLD signal (invertéd). The
BHOLD signal, shown igmglg._g'as_be;pg.prgvided to reéet_regeneration
logic 220, is employed as a timer signal. 1In this particular
embodiment of the invention wherein CPUCIK exhibits a frequency of 25
MHz, the BHOLD signal pulses once every approximatély 15.6
microsecoﬁds. These BHOLD pulses pulse the RCIK output of reset
regeneration logic 220. This action in turn increments the 74LS590

" counter in timing element 225 once every approximately 15.6
microseconds. This counter increments for 27 counts, yielding a total

. of approximately 1 millisecond, before the 27 counter bit connected to
RCNT6 goes active. When this timer bit RCNT& goes active, it is
employed to deactivate the NEWRESET signal, the generation of which was
described earlier. In this manner, the duration of the NEWRESET pulse
is controlled and set. After NEWRESET goes inactive, both the
microprocessor 205 and the remainder of computer system 200 are

synchronized and operation of computer system 200 can begin.
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2. In a conputer systemincluding a m croprocessor, said mcroprocessor
exhibiting a reset input and further exhibiting a clock input responsive
to a 1X clock signal, said system being capable of generating a 2X cl ock

signal, a microprocessor reset circuit conpr i sing: reset signal
generating means for generating an initial fkset signal; _ di vi di ng
means for dividing said 2X clock signal by 2 external to said .

m croprocessor to produce said 1X clock signal; means for supplying

crror detecting modhs, oras SRR SR p e ot e e A Yo A P Al
reset signal, PAl dpgiietimplemegtatiphasfe the resethetiveeit sRiKicL X d ask 4si gnal
A St L) Bhaitesfhag) (iBbenemc s RHAP ExELIQNLP ' ERLL NG TS0 OUP! o

to said phase error detéecting neans, for adjus
counter to its initial zero count.

While a computer system reset circuit apparatus has been described
above, it will be appreciated that a method for resetting a
microprocessor has also been disclosed. Such method is employed in a
computer system including a microprocessor, such microprocessor
exhibiting a reset input and further exhibiting a clock input to which
a clock signal is provided. The computer system in which the method is
practiced is capable of generating.a microprocessor reset signal. More
specifically, a method for resetting the microprocessor in such system
is disclosed and includes the step of detecting a phase error between
"the clock signal and the reset signal. The method fuither includes the
step éf adjusting the phése of the clock signal if a phase erfor is
detected so as to substanfially minimize the phase error. The method
also includes the-étep of pr?viding a new reset signal to the reset
input of the microprocessor in the event that the phase of the clock

signal is adjusted.

The foregoing has describéd an apparatus and method for resetting
.the reset inmput in a microprocessor based computer gyétem. The
apparatus and method disclosed provides reset circuitry which, in one
embodiment of the invention, permits an i486 microprocessor to operate
‘in a computer which originally employed a 386 microprocessor. The
apparatus and metﬁod provides reset circuitry which requires minimal
change to the circuitry of a 386 microprocessor computer when such
computer is upgraded with-an i486 microprocessor. 1In one embodiment of
the invention, the apparatus and method desirably overcomes reset
timing difficulties experienced in a computer éystem in which a
processor upgrade from a 386 microprocessor to an i486 microprocessor

is attempted.

ok gl
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t'he phase of said 1X clock signal if a phase error is detected so as to
substantially nminimze said phase error, and - regenerating neans,
responsive to said phase error correcting neans, for providing a new reset
signal to the reset input of said mcroprocessor whenever the phase of said

1X clock signal is adjusted. 3. A conpéer system conpri sing:
24

While only certain preferred features of the invention have been

shownby way of illustration, many modifications and changes will occur

to those skilled in the art. It is, therefore, to be understood that

the present claims are intended to cover all such modifications and

changes which fall within the true spirit of the invention.
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a Jnicroprocessor including a reset input and further exhibiting a clock ~

| mput responsive to a 1X clock signal, menory neans, coupled to ' -
said mcroprocessor, for storing infornmation therein; a bus coupling
said mcroprocessor to said nenory neans; - __- reset—signat- generating

means for generating an initial reset S|gnak cl ock si

generating neans for generating a 2X cl ock signal; Imsﬁwa “Heans

for dividing said 2X clock signal by 2 external to s sor to
produce said 1X cl ock signal; means for supply

signal to the clock input of said m croprocessor; phase error

detecti ng neangdA®Ssponsi ve to said 1X clock signal, for detecting a phase

1. A computer system comprising: a microprocessor (205) having a
reset input.and Further exhibiting a clock input to which a clock
signal is provided; means (130) for generating a microprocessor reset
signal; characterised in that the system further includes a reset

circuit external to the microprocessor (100,205) comprising:

phase error detecting means (215) for detecting a phase error

between the clock signal and the reset signal;

phase error correcting means {210), coupled to the phase error
detecting means (215), for adjusting the phase of the clock signal if a
phase'error is detected so as to substantially minimise the phase
error,.and : .

! .

regenerating means for providing a new reset signal to the reset
ipput of the microprocessor (205) whenever éhe phase of the clock
signal is adjusted.

2. A compufer system as claimed in claim 1 wherein:

the clock input of the microprocessor (205) is responsive to a

first clock signal;

the sfstem comprises means (185) for generating a second clock

signal which is a frequency multiple of the first cleck signal;

and the microprocessor reset circuit further comprises dividing
means {210) external to the microprocessor (205) for dividing the
“ second clock signal by the frequency multiple to produce the first

clock Signal.

3: A rnomputer system as claimed in claim 2 wherein:

This s the repiacement shoat
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error between said 1X clfek_SLgnal——and said reset signal; phase error
correcting nmeans, coupl ed to said phase error detecting neans, for
adjusting the phﬁisgheaﬁ{asaeenlmm@@l ock signal if a phase error is detected

80 as to substanti sai d phase_error, and regenerating
reans, respon5|ve error corr@étlng means, for providing a
new reset signal reset |nput of said m croprocessor whenever the

phase of said 1X cI ock si gnal is adjusted. 4. In a corrputer system
i ncluding a m croprocessor, yoprocessor_exhihit |§°g§g set

and further exhibit enﬁhaa?ec?’éfé’if ?"T’fﬁﬁfl’tgom'\a/ﬁﬁscﬁs & “ePFEVSi JTHF ocx}l
met hod for redebdli,nfosdetledBiag P pbass sprorc baprdesi tige Ehfststceq»& efgnal and

the reset signal;

and, the phase error correcting means is operable for adjusting

the phase of the first clock signal.

4. A computer system as claimed in claim 3 wherein the second clock

signal is twice the frequency of the first clock signal.

S. A computer system as claimed in any preceding claim further

comprising:

memory means, coupled to the microprocessor, for storing

information therein;
a bus coupling the microprocessor to the memory means.

6. A computing system as claimed in any precedlng claim whereln the

microprocessor is an 1486 mlcroprocessor.

7. A computer system as claimed in any preceding claim wherein the

reset circuit comprises a programmable array logic circuit.

. 8. In e computer system including a microprocessor, the
microprocessor exhibiting a reset and further exhibiting a clock input
to which a clock signal is provided; the system being capable of
generating a microprocessor reset signal, a microprocessor reset

. ¢ircuit comprising:

phase error detecting means for detecting a phase error between

the clock signal and the reset signal;

““l"l mln "l" "l!l " l“' This is tha replaceTent shwet
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denerating an initial_reset signal; detecting a phase error between
said clock signal and said initial reset signal; ’ adj usti ng the phase
of said clock signal IlhfsSEeeuhaBehnaeplmd i < detected so as to substantiall y

m ni ni ze said phase eer “Fm ! providing a new reset signal to said

reset input of said m enever e phase of said clock signal
is adjusted. 5. In a’conputer systemincluding a mcroprocessor, said
m croprocessor exhibiting a reset input and further exhibiting a clock

I nput responsive to_a 1X cl ock signal a _nethg resetii ' 5
ni Cr opr ocessor ¢ On‘pllr’)]? narrtoHecgsrlrg m@f means, cogzp{é)c{ to B E:Léél»g e§1adrddetect1ng
means, for adjusting the phase of the clock sigmnal if a phase error is

detected so as to substantially minimize the phase error, and

reset signal regenerating means for providing a new reset signal
to the reset input of the microprocessor whenever the phase of the

clock signél is adjusted.
9. A computer system comprising:

a microprocessor including a reset input and further exhibiting a

clock input responsive to a first clock signal,

memory means, coupled to the microprocessor, for storing

informatién therein;

a bus coupling thg microprocessor to the memory means;
reset signal generating means for generating an initial reset
H

signal;

clock signal generating means for generating a second clock

signal;

dividing means for dividing the second clock signal by two

external to the microprocessor to produce the first clock signal;

means for supplying the first clock signal to the clock input of

the microprocessor;

phase error detecting means, responsive to the first clock signal,
for detecting a phase error between the first clock signal and the

reset signal;.
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25 , generating an initial reset signal; i pXscl ock
signal ; di viding said 2X clock signal by 2 ex{@?ﬁ&ﬁ&é}{é&,@e

m_croprocessor to produce said 1X clock signal; ]ll“‘“ ﬂnm l‘ai d I X
clock signal to the clock input of said mcrgprocessaom cting a
phase error between said | X clock signal and said initial reset signal;

phase error correcting means, coupled to the phase error detecting
. means, for adjusting the phase of the first clock sigmal if a phase

error is detected so as to substantially minimize the phase error, and

regenerating means, responsive to the phase error correcting
means, for providing a new reset signal to the reset input of the
microprocessor whenever the phase of the first clock signal is

adjusted.

10. In a computer system including a microprocessor, the
micréprocessor exhibiting a reset input and further exhibitiné a clock
input responsive to a first clock signal, the system being capable of
generating a microprocessor reset signal, a method for resetting the

microprocessor comprising the steps of:
© generating a second clock signal;

dividing the second clock signal by two external to the

! microprocessor to produce the first clock signal;

providing the first clock signal to the clock input of the

microprocessor;

deteptihg a phase error between the first cloék signal and the

reset signal;

adjusting the phase of the first clock signal if a phase error is
detected so as to substantially minimize the phase error, and

providing a new reset signal to the reset input of the
microprocessor whenever the phase of the first clock signal is

adjusted.

A
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adj usting the phase of said I X clock signal if a phase error is detected so

as to substantially mnimze said phase error, and . ____ providing a new
reset signal to said reset input of said mcroprocessor whenever the phase
of said 1X clock signal is adjusted. : This Sheet Has Been Repl
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MICROCOMPUTER SYSTEM INCLUDING A MICROPROCESSOR RESET CIRCUIT

ABSTRACT

A microprocessor based computer system (200) is provided which includes a reset
circuit having a phase error detector for detecting a phase error between an initial reset signal
and a clock signal provided to the microprocessor clock input. The reset circuit (190) further
includes a phase error corrector for adjusting the phase of the clock signal if a phase error is
detected so as to substantially minimize the phase error. The reset circuit (190) includes a
reset signal regenerator (220) for providing a new reset signal to the reset input of the
microprocessor (205) when the phase of the clock signal is adjusted.

Fig. 3
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