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(57) Abstract

A system (60) for predicting CPU addresses includes a CPU (34) connected by bus (62) to page mode address predicting
circuit (64). The page mode address predicting circuit (64) is connected to memory arbitration circuits (66) by bus (68). The memo-
1y arbitration circuits (66) are connected to RAM (42) by address, data and control busses (44, 46 and 48). The CPU (34), page
mode address predicting circuit (64) and the memory arbitration circuits (66) are contained in a microprocessor integrated circuit
(32). The page mode predicting circuit (64) examines signals from the CPU (34) to be supplied to the data bus (46) at the time of a
SYNC puise. This operation results in examination of the first byte of a CPU instruction to determine how many of the following
memory accesses will be able to be carried out in high speed mode. If it is determined that the next memory access will be able to
be carried out in the high speed mode, then the next memory cycle is performed using a high speed access mode of the RAM 42),
e.g., page mode access.

* See back of page
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SYSTEM AND METHOD FOR PREDICTING CPU ADDRESSES

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates generally to a system
and method that allows page mode addressing to be retrofit
to existing microprocessors that were designed without
page mode addressing. More particularly, it relates to
such a system and method that will predict central
processing unit (CPU) memory accesses to addresses that
can be accessed in a high speed mode. Most especially, it
relates to such a system and method which does not require
the use of higher speed hardware than other parts of the
CPU and memory system. The invention further relates to a
graphics display system incorporating a system and method
for predicting CPU addresses.

2. Description of the Prior Art:

Most data processing CPUs access memory in a
sequential fashion. A sequential memory access in which
the address of memory used for the access is either
immediately above or immediately below the address of
memory used in the preceding access.

Memory systems typically operate in both normal modes
and high speed modes. Common high speed modes are page
mode access and nybble mode access for ordinary dynamic
random access memory (DRAM) and serial port access for
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dual port (Video RAM) memory systems. Since the high
speed modes are typically twice as fast as the normal
access mode, significant system performance improvements
can be obtained if the high speed modes can be used for
most accesses.

State of the art microprocessors typically
incorporate CPUs with a type of sequential operation
detector built into them. The fetching of instructions
may require more than one memory access per instruction.
These accesses are almost always sequential in nature.
Previous sequential operation detectors used comparators
of the current address and the previous address to detect
sequentiality, or in some cases, inclusion in the same
memory page. Such implementations require high speed
hardware, usually higher speed than any other part of the
CPU-memory system and can only be used on a CPU that
provides the next address early enough in a cycle to allow
for a decision soon enough for any actual system
performance improvement. However, earlier microprocessor
designs do not incorporate this sequential operation
detection capability. If a way could be provided to
retrofit this capability to existing microprocessor
designs, the result would be a significant performance
improvement with such microprocessors, while allowing use
of the massive volumes of software and trained designers
that are available for popular existing microprocessor
designs.

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to
provide a system and method for predicting CPU memory
accesses able to be carried out in high speed mode that
can be retrofit to existing microprocessor designs.

It is another object of the invention to provide such
a system and method that does not require the use of
hardware that is higher speed than other parts of a CPU-
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memory system.

It is a further object of the invention to provide a
system and method that predicts whether the next memory
access can be carried out in high speed mode in advance of
knowledge by the CPU of the next address for a memory
access.

It is still another object of the invention to
provide a graphics display system that provides real time,
perspective, color graphics with realistic motion
incorporating such a system and method for predicting CPU
accesses.

It is a still further object of the invention to
provide such a graphics display system in the form of a
hand held unit.

The attainment of these and related objects may be
achieved through use of the novel system and method for
predicting CPU addresses herein disclosed. A system for
predicting CPU addresses in accordance with this
invention has a processing unit and a random access memory
connected to supply data and instructions to the
processing unit. The random access memory is accessible
by the processing unit in a high speed mode and in a
lower speed mode. A means is connected between the
processing unit and the random access memory for
predicting if a subsequent memory access by the CPU is to
an address that is able to be accessed in a high speed
mode. Often such accesses are to a sequential address to
an address of a current memory access, but they can also
be to the same address, to a previous adjacent address, or
to a non-sequential address on the same memory page. The
processing unit is responsive to the means for predicting
an address to carry out the subsequent memory access in
the high speed mode if the address of the subsequent
memory access is able to be carried out in high speed
mode.

A method for predicting CPU memory addressing in
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accordance with the invention includes supplying data and
instructions to a processing unit. A random access memory
is accessed in a high speed mode and in a lower speed
mode. A subsequent memory access is predicted if it is
to an address that can be accessed in high speed mode.
The subséquent memory access is carried out in the high
speed mode if the address of the subsequent memory access
is able to be carried out in that mode, for example,
sequential to the address of the current memory access.
The attainment of the foregoing and related objects,
advantages and features of the invention should be more
readily apparent to those skilled in the art, after review
of the following more detailed description of the
invention, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a system in which
the present invention is useful.

Figure 2 is a block diagram of the system shown in
Figure 1.

Figure 3 is a block diagram of a system for
predicting CPU addresses in accordance with the invention.

Figure 4 is a circuit schematic of a portion of the
system of Figure 3.

Figure 5 is an operation code table useful for
understanding operation of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Turning now to the drawings, more particularly to
Figure 1, there is shown a hand held electronic game
system 10 which utilizes the present invention to provide
a sufficient enhancement of microprocessor operation so
that a conventional 6502 type microprocessor can be used
to provide real time apparent three-dimensional, i.e.,
apparent perspective, graphics for a color liquid crystal
display 12 used in the system 10. The system 10 includes
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conventional controls 14 and redundant sets 16 of buttons
for firing weapons and similar functions. In use, the
game system is grasped by handles 18 and 20 in the left
and right hands, respectively, in the orientation shown.
The redundant sets 16 of buttons allow the system 10 to be
inverted for 1left hand operation of the buttons. When
this is done, the orientation of the images on the display
is flipped, so that it appears right side up when the sets
16 of buttons are on the left side of the system 10.

Those skilled in the art of graphics processing will
appreciate the demanding processing requirements for
presenting real time, apparent perspective, color graphics
with realistic motion on the display 12. 1In fact, most
personal computers are unable to present such realistic,
perspective graphics with rapid enough motion to make
games interesting. Usually, only arcade games presently
have such capability. This is why the displays for most
personal computer based video games are crude and are only

two-dimensional, i.e., they 1lack perspective.
Conventional hand held electronic games have even cruder,
monochrome graphics. The system 10 is even more

remarkable in that the real time, apparent perspective,
color graphics with realistic motion are achieved by using
a conventional 6502 type microprocessor, an early
microprocessor design that has been available since the
late 1970s. The system and method for predicting CPU
addresses of this invention is one of the techniques used
in the system 10 to enhance the performance of the 6502
microprocessor so that it is able to handle the graphics
processing for the system 10.

Figure 2 is a block diagram of electronics 30 for the
system 10. A custom microprocessor integrated circuit 32
includes a standard 65C02 microprocessor CPU cell 34 and
on chip interface and support circuits. The integrated
circuit 32 is connected by a control bus 36 to a custom
sprite engine integrated circuit 38, which also includes
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switch reader circuits for the switches 14 and 16 and read
only memory (ROM) reader circuits for the ROM reader 40,
included in the sprite engine integrated circuit 38 due to
pin limitations on the microprocessor integrated circuit
32.

The integrated circuit 32 is connected to a 64K x 8
random access memory (RAM) 42 by 8-bit address and data
busses 44 and 46 and by a 3-bit RAM control bus 48. The
RAM 42 houses the video buffer(s) and collision buffer
in addition to the game software. The RAM 42 has a 120
nanosecond row address strobe (RAS) access time and 60
nanosecond page mode column address strobe (CAS) access
time. This allows a 250 ns (4 MegaHertz) page mode
memory access rate and a 312 ns (3.2 MHz) normal memory
access rate. Thus, the ability to use page mode memory
accesses provided by the present invention substantially
increases the speed of memory accesses. With a higher
speed processor, more impressive memory access speed
increasesAmay be achieved.

The microprocessor integrated circuit 32 is connected
to the liquid crystal display (LCD) 12 by a 4-bit video
data bus 50 and an 11-bit video control bus 52. The LCD
has a resolution of 160 horizontal color pixels by 102

vertical color pixels. The column drivers for the
display 12 can generate 16 levels of intensity for each
pixel, resulting in a palette of 4,096 colors. For

purposes of this application, the remaining elements shown
in Figure 2 are conventional in nature, and they therefore
will not be described further.

Figure 3 shows a system 60 for predicting CPU address
which is contained in the electronics 30 of Figure 2. The
CPU 34 is connected by bus 62 to page mode address
predicting circuit 64. The page mode address predicting
circuit 64 is connected to memory arbitration circuits 66
by bus 68. The memory arbitration circuits 66 are
connected to RAM 42 by address, data and control busses
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44, 46 and 48. The CPU 34, page mode address predicting
circuit 64 and the memory arbitration circuits 66 are
contained in the microprocessor integrated circuit 32.
For the 65C02 CPU 34, the page-mode predicting circuit 64
examines signals from the CPU 34 to be supplied to the
data bus 46 at the time of a SYNC pulse for 1line 70
(Figure 2). For other microprocessors, similar signals
would be examined. For example, in the case of an 8080
type microprocessor, signals on three status lines and the
data bus are examined. This operation results in
examination of the first byte of a CPU instruction to
determine how many of the following memory accesses will
be able to be accessed in high speed mode. Two
predictions are made: high speed access within this
instruction, and high speed access through the first
access of the next instruction. Either or both may be

" implemented. If it is predicted that the next memory

access will be able to be in the high speed mode, then the
next memory cycle is performed using one of the high speed
access modes of the RAM 42, i.e., page mode access or
nybble mode access. Since the high speed modes are
substantially faster than the normal access mode, and
since sequential operation can typically be used for 75
percent of the CPU cycles, significant system performance
improvements can be realized.

Figure 4 shows details of the page mode predicting
circuit 64. A NOR gate 80 receives data line DO and D1
inputs and supplies its output on lines 82 and 84 to NAND
gates 86 and 88. The other inputs to NAND gate 86 are the
D2, D4 and D7 data lines. The output of NAND gate 86 is
supplied on line 90 to NAND gate 92. The other inputs to
NAND gate 88 are the D7, D5, D3, and D2 data lines. The
output of NAND gate 88 is supplied on line 94 as an input
to NAND gate 92. Data lines D6, D4, D2, and D1 supply
inputs to NAND gate 96. The output of NAND gate 96 is
supplied to NAND gate 92 on line 98. Data lines DO and D1
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supply inputs to NAND gate 100. The output of NAND gate
100 is supplied to NAND gate 92 on line 102. The data
lines DO and bl also supply inputs to OR gate 104, the
output of which is supplied oh line 106 as one input to
NAND gate 108. The other inputs to NAND gate 108 are
supplied by the D4, D3 and D2 data lines. The output of
NAND gate 108 is supplied to NAND gate 92 on line 110.
Data lines D4, D3 and D2 supply inputs to NAND gate 112,
the output of which is supplied on line 114 to NAND gate
92. The output of NAND gate 92 on line 116 establishes
whether the next two or three memory accesses will be
able to be carried out in high speed mode. A high output
on line 116 means that the next memory access is able to
be carried out in high speed mode, and a low output on
line 116 means that the next two memory accesses are able
to be carried out in high speed mode. The circuit 64
gives one output line that predicts whether the following
one or two cycles can be page mode. By reading the data
lines when the status line (providing the SYNC pulse) is
high, the circuit obtains the needed inputs to make the
prediction.

In the 6502 microprocessor, the second step of each
instruction is to increment the program counter (PC) by 1,
which means that the next access for each new instruction
is always sequential. Many of the instructions also have
a second high speed access. Figure 5 is a table showing
hexadecimal codes for each instruction. All instructions
except those enclosed in dotted 1lines have a second
sequential access. The page mode address predictor 64
examines the hex codes for each instruction (in binary
coded form) on the data bus and produces its output to
indicate the category of each instruction, thus predicting
high speed accesses for the next or the next two cycles.

Depending on the relative performance speed of the
microprocessor used and memory access times, the
predictions can either be used to actually fetch the data

-y
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from the sequential addresses in advance of the cycle in
which it is required, or to tell the microprocessor to use
a high speed access mode from'the RAM, such as page mode.
In the case of the 6502 microprocessor and the memory
access times given above, the latter approach is
sufficient to gain the above performance advantage. Given
a higher microprocessor performance relative to memory
access time, advance fetching would be appropriate.

There are three exceptions to the above operation
that must be handled. If sequential addresses have a page
boundary between them, a page fault will be generated when
a page mode access is attempted. In that case, the
microprocessor 34 ignores the output of the page mode
address predictor 64 and carries out a normal memory
access. Similarly, normal memory accesses are carried out
in the case of an interrupt request (IRQ) instruction or a
non-maskable interrupt (NMI) instruction. The latter
instruction only occurs during debugging.

It should now be readily apparent to those skilled
in the art that a novel system and method for predicting
CPU addresses capable of achieving the stated objects of
the invention has been provided. The system and method
predicts high speed mode CPU memory accesses and can be
retrofit to existing microprocessor designs. The system
and method does not require the use of hardware that is
higher speed than other parts of a CPU-memory system. The
system and method predicts the high speed mode access
capability of the next memory access in advance of
knowledge by the CPU of the next address for a memory
access. The system and method can be used to give a
graphics display system that provides real time, pseudo-
perspective, color graphics with realistic motion. The
graphics display system can be provided in the form of a
hand held unit.

It should further be apparent to those skilled in the
art that various changes in form and details of the
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invention as shown and described may be made. It is
intended that such changes be included within the spirit
and scope of the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A system for predicting processing unit memory
addressing, which comprises a processing unit, a random
access memory connected to supply data and instructions to
said processing unit, said random access memory being
accessible by said processing unit in a high speed mode
and in a lower speed mode, means connected between said
processing unit and said random access memory for
predicting if a subsequent memory access by said
processing unit is to an address that can be accessed in
the high speed mode, said processing unit being responsive
to said means for predicting the high speed mode access to
carry out the subsequent memory access in the high speed
mode if the address of the subsequent memory access is to
an address able to be accessed in the high speed mode.

2. The system for predicting processing unit memory
addressing of Claim 1 in which the high speed mode is page
mode accessing.

3. The system for predicting processing unit memory
addressing of Claim 1 in which said means for predicting
the high speed mode access receives at least one status
signal and data signals from said processing unit, the
data signals being coincident with the status signal, for
predicting the high speed mode access address.

4. The system for predicting processing unit memory
addressing of Claim 3 in which the status signal is a
synchronizing signal.

5. The system for predicting processing unit memory
addressing of Claim 1 in which said processing unit is
connected to supply graphics signals to a display, said
processing unit being under control of a program to
provide real time, apparent perspective, moving, color




WO 90/15383 PCT/US90/02998

10

15

20

25

30

35

- 12 -

images on said display.

6. A hénd held system for providing real time,
apparent perspective, moving, color images, which
comprises a housing dimensioned and configured to be held
by a user, a display on a surface of said housing visible
to the user when holding said housing, controls on said
housing for operating said system, said system including a
processing unit, a random access memory connected to
supply data and instructions to said processing unit, said
random access memory being accessible by said processing
unit in a high speed mode and in a lower speed mode, means
connected between said processing unit and said random
access memory for predicting if a subsequent memory
access by said processing unit is to an address able to be
accessed in the high speed mode, said processing unit
being responsive to said means for predicting the high
speed mode access to carry out the subsequent memory
access in the high speed mode if the address of the
subsequent memory access is able to be accessed in the
high speed mode.

7. The system for providing real time, apparent
perspective, moving, color images of Claim 6 in which the
high speed mode is page mode accessing.

8. The system for providing real time, apparent
perspective, moving, color images of Claim 6 in which said
means for predicting the high speed mode accesses receives
at least one status signal and data signals from said
processing unit, the data signals being coincident with
the status signal, for predicting the high speed mode
access.

9. The system for providing real time, apparent
perspective, moving, color images of Claim 8 in which the

R
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status signal is a synchronizing signal.

10. A method for predicting processing unit memory
addressing, which conmprises supplying data and
instructions to a processing unit, accessing a random
access memory in a high speed mode and in a lower speed
mode, predicting if a subsequent memory access is to a an
address which can be accessed in the high speed mode, and
carrying out the subsequent memory access in the high
speed mode if the address of the subsequent memory access
is able to be carried out in the high speed mode.

11. The method for predicting processing unit memory

addressing of Claim 10 in which the high speed mode is
page mode accessing.

12. The method for predicting processing unit memory
addressing of Claim 10 in which the high speed mode access
is predicted by receiving at least one status signal and
data signals from the processing unit, the data signals
being coincident with the status signal, and analyzing the
data signals.

13. The method for predicting processing unit memory
addressing of Claim 12 in which the status signal is a
synchronizing signal.

14. The method for predicting processing unit memory
addressing of Claim 10 in which the processing unit is
connected to supply graphics signals to a display, the
memory accesses being used to provide real time, apparent
perspective, moving, color images on the display.



FIG — |



WO 90/15383 PCT/US90/02998

2/4
JOYSTICK l'4_ STANDARD 18 46
CELL SUZIE - Dot
SWITCH LF i . Addr | RAM
SVITCH DF—¢-L| ~ rom ot N 64%(8
SWITCH 1 ) 248 42
PAUSE [ VCC : 44
S HTsveon o
SWITCH
FLABLODE Llcart/ Data]-8
Addr | 8
14
o) 1—5\30
1 Ctt
Rese+t
68 pins 36
RESET 1
CIRCUIT Reset C‘tlg
Addr -
c Data
XTAL C | 3
ram ctl
RTEAAPDEER 3] cotorspul! Bkl BACK LIGHT
1 52
ROM/TAPE| | 1 " 5‘  CONTRAST
READER | 10 Vdate |4 DRIVER j%
3 LINMT sync LT S
40 L 1 SIS
Y I e [SWITCH
2
HARDVARE pwr ct | OFF I
5
%’ VCC POWER | [SWITCH
votume | 383l l SUPPLY ON
3 | SER GND
SPEAKER LINK
JACK | |CELL MIKEY
POWER
CONNECTIOR

SERIAL EXPANSION PORT

FIG.-2

SUBSTITUTE SHEEY




PCT/US90/02998

WO 90/15383
i
D4 |
D7
80 |
DO P?Epm
D1 7 ] A
D5
D3
D2 — 94_|
96 /\64
D6 o8
D4 e
D2
DI ——
100
DO § 116
D ——o
104 ' 102
no:j:/{ _(los 108
D1 D \ 110
D3
2
/(\112
57 114
D3
D2 ,
= FIG-4
~
e — (46
| /\64 |
. | 62| PAGE cg
} 65C07 5 MODE 2 MEM ' RAM
1 cPU ADDRESS ARB 45
{ \_4,|PROMPTER ~
| IS |
L8 _
447 48

SUBSTITUTE SHEET




PCT/US90/02998

WO 90/15383

4/4

G-"DI

3 a @) q_ v 6 8 L “ S 5 2 3 2 1 0
X'Sd0|X'Sq0 1 xsqo 6dz]l xBdz| xBdz FBaD [ APU || 124
NI | 2ds F exa )| 5890 | a3s (%8S “aNT | “oas 1 %as’ | ARS ) %% |-
sgo de sgo m m Wi | 6dz|[[Tbdz | 6dZz | ©Bdz | _ m X'pul wwi | 5
ONI| Jd8S | Xd3 |! !| doN | ass XNI | %98WS)| _INI j_3ds | xd3|! | Jgs Xd3
x.de x.m.u._ud T Atsqo | 6dz| x6dz| x'6dz P rEET XUl a4 | ¢
230 | dW I 1ixXHd §| “awd 073 | »SEWS] 330 | “dWI I 1L dWa’ | “dwa )| 3ng
mmd mm.o sqgo |} wwj mQN_ —obdz |- bdz | oazll | X'pul wup | 4
33T [ dW3 | AdD |l 1| x3a | dW3 ANI Putv8WS] 330 | dwd | Ad2 |l | dWd |. AdD |
x'sqo|x'sao| xscgo [ | A'SOD Bdz | A6dz | x6dz | x'6dz || | ®d= T ipuil] 124 q
XA va1] Aad ) g xsi | vad | A0 [leeawsl a1 | “vai | a@a || gfvaT | _va1y sog
sqo de sqo (| | wuwj Bdz[7Badz~ |~ Bdz | Badzl|| || ww X'pul wwi v
| Xaalval | Adl |y | XYL | wad AVL lixeawsl_xa7 | _vad | Agigl; | xad val | Agi
X:sqo(X'sqo[ soo || _ A'sco 6dzll A'6dz | x6dz | x'6dz | ff®anT Apuil] a4 | ¢
ZiS| viS|xz1s |; | sxL VIS | YAL ||=18WS|| XiS| "wis| TAls|, ,fLvis' | _wis | ao4
sgo | sqo | sqo [ W “ Bdz | 6dz 1|} X'pul 134
8 lwosaal| xis | 938 | Xis ! 1] wxy | 1 | asa _ais g ! vis | vag | ©
¢ || Bdz Jix:'sao]x:sqo|Xpuysaoli T — — | ,sqo x8dz [ MCBA2T Apuill 184 |,
w L3898 30Y [Toay | dWC |1 f.and | Toav xz1s |l |l 2av’ | Jav || sng
9|l Bdz || sgo | sqo | A2 [T ] "4 wwy - 6dz 1|! | pu [T 71
xmmmm“ oy | 3dw | dnr[1f| a 2ay % Z1S_ ||l | X4y |L_swayf °
S ||, 89z j|x’Saofx'sqo FoAr==" Arsqo FodfrgazsT Lpurl] 184 | g
% SAEE] ysT | ¥03 I lwaHd 3| “803 | (L an3’ | ¥303 | ondg
6dz 4 W, oul I 1
v sqo | sqo | sdo || I 6dz | xX'pul
._x...mmm_ §S7 | ¥03 | dWr | “ ST | u03 || vHd |IwvEWa| 8ST | 303 | | “ 303 Loy v
6dz [x'soo[x'sqo| x'sqo N v A'sgo x'6dz | x'6dz | x6dz (AT Apuil] 24
€ _*mmmm__ 0 |aNv |y LIg “ _ *v3a anNy 0¥ | aNy | xlId _ __u any’ | Ny )| Iha | €
dz [ sqo I B w “B6dz | _Bdz T 8ozl ‘oul I 5501
2 go [ sgo | sqo wj 6d 6d 6d X'pul q
2388 oy | any | 11 || ] 0¥ | gy x2aWy] 08 | ang | I .___ | anvy || asr gl ©
1| 89z lIx'sqo[x'sqo| sqo [V ! v A'SOO | 6d= __ 6dz x6dz [("6dz I, !®d=T Lpuill 194 1
w THEE) ISY | a0 | «SAL (I 1), uNI | “waD | 979 [ktane| asv vio 1831 gl vy’ | wao | -da
| 8dz | sgo | sqo | sqo [ | v wwi [T 6dz [Bdz | 6dz | 6dz |l | Xpu [F~— 7
0 fodaa !l ISV [ vun | wast || | 2 | v LdHd | x08Wa| 5§85 | 9S8 |.85% L:IL vao | g | ©
4| 3| af 3 |« v 6 8 L 9 S v | e 2 T 0 m
J718YL 3000 d0 d¥O0SS330A4dOdIIN

SUBSTITUTE SHEET



INTERNATIONAL SEARCH REPORT
International Application No PCT/USQO/OZQQS

I. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) 3

According to International Patent Classification (IPC) or to both National Classification and IPC

IPC (5) : GO6F 9/00 1/00, 12/00, 13/00
U.S. C1 : 364/200

Il. FIELDS SEARCHED

Minimum Documentation Searched 4

Classification System l Classification Symbols

|
U.s. . 364/200,900; 273/313

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched 5

lll. DOCUMENTS CONSIDERED TO BE RELEVANT 1+

Category * ] Citation of Document, 16 with indication, where appropriate, of the relevant passages 17 | Relevant to Claim No. 18

Y US,A 4,727,491  (CULLEY) 23 February 1988 1-4,6~13
Note entire patent; Figures 1,6B,9 and 10;
Elements 2,13,14,16,18 36

Col. 1 Lines 9-14,26-27,54-58;

Col. 3 Lines 1-9,20-22,26-45;

Col. 4 Lines 64-65;

Col. 5 Lines 11-14,27-38,41;

Col. 6 Lines 58-62;

Col. 7 Lines 6,14~15,61-68;

Col. 8 Lines 1-15; -

Col. 9 Lines 3-5,41,57;

Col. 11 Line 29;

Col. 14 Lines 23-51;

Col. 23 Lines 48-61;

Col. 24 Lines 46-61.

Y US,A 4,249,744  (BROMLEY) 10 February 1981 5-6,14
Note Figure 1, Col. 2 Lines 1-3,25-30
Elements 16,18,20,40,42,46 and 47.

1
(con't)
* Special categories of cited documents: 15 “T" later documde;lt published afterﬂthtte intﬁrnﬁtionalnﬂli?g dztc:
: which i iority date and not in conflict with the application bu
“A! document defining the general state of the art which is not or priori con i
considered to be of particuiar relevance ;:rl‘:idmtignunderstand the principle or theory underlying the
“E" ??'rlier d?cument but published on or after the international “X" document of particular relevance; the claimed invention
iling date cannot be considered novel or-cannot be considered to
“L" document which may lg?row t:.mubttfl on prioc:ity cl?im(s)hor involve an inventive step
which is cited to establish the publication date of another  wyn gocument of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to invoive an inventive step when the
“0" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
“P" document published prior to the international filing date but in the art. )
later than the priority date claimed "&" document member of the same patent family
IV. CERTIFICATION
Date of the Actual Completion of the International Search 2 Date of Mailing of this International Search Report 2
26 JULY 1990 ( SEP 1990
international Searching Authority t Si wt Authorized Officer 20
ISA/US KRISNA LIM

Form PCT/ISA/210 (second sheet) (May 1986)




International Application No.

PCT/US90/02998

iil. DOCUMENTS CONSIDERED TO BE RELEVANT

(CONTINUED FROM THE SECOND SHEET)

27 September 1988

Category * Citation of Document, !% with indication, where appropriate, of the relevant passages 17 | Relevant to Claim No 18
A | US,A 4,613,953 (BUSH ET AL) 23 September 1986 2,7,11
Note Abstract page
T US,A 4,862,348 (NAKAMURA) 29 August 1989 1,6,10
A US,A . 4,821,229 (JAUREGUT) 11 April 1989 1,6,10
A | US,A 4,774,654 (POMERENE ET AL) 1,6,10

Form PCT/ISA/210 (extra sheet) (May 1986)

.

Uy

hd



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

