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f Pioneéring Technology

@ Co-inventors Charles Moore and Russell Fish

© In 1988 and 1989, Moore and Fish designed a 32-
bit microprocessor called “ShBoom”

e The IEEE identified ShBoom as one of “The 25
Microchips that Shook the World”

e Moore was inducted into the Computer Design Hall
of Fame and received a Presidential
Commendation, among other awards
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Pioneering Technology

e OnAugust 3, 1989, the inventors filed a
comprehensive patent application, from which
seven patents issued

@ The '336 patent has been subjected to six ex parte
reexamination requests since 2006

e Over 600 separate prior art references have been
cited against the '336 patent in the reexaminations
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_Pioneering Technology

e Over 100 global electronics firms have licensed the
Moore patents, including:

e Sony

e Intel

e Hewlett Packard
 Motorola
 General Electric

e Panasonic
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I The 336 Patent

e The '336 patent teaches the use of two independent
clocks in a microprocessor system:

e an on-chip first clock to time the CPU, and

 a second, independent, clock to time the input/output
(I/O) interface.

e Decoupling the system clock from the 1/O clock allows
the clocks to run independently (or “asynchronously”),
and thus allows the CPU to run faster when needed
(or more slowly to conserve power).
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ir_ The 336 Patent

e The on-chip osclillator that is used to clock the CPU is
constructed on the same integrated circuit as the CPU

e The invention takes advantage of the laws of physics

e Because the clock is on the same silicon die as the
CPU, the capability of both will vary similarly with
respect to variations in temperature, voltage, and
manufacturing
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The '336 Patent

Old Way of Clocking CPU

“Traditional CPU designs are done so
that with the worse case of the three
parameters [temperature, voltage and
variations in semiconductor processing],
the circuit will function at the rated clock
speed.”

“The result are designs that must be
clocked a factor of two slower than their
maximum theoretical performance, so
they will operate properly in worse case
conditions.”

JXM-0001 (336 patent) col. 16:48-53 7
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The '336 Patent

Old Way of Clocking CPU
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| The 336 Patent

The Moore Solution: On-Chip System Clock
On-Chip Devices of the CPU and System Clock Vary Together

The patent discloses a microprocessor
embodiment where “[t]he clock is
fabricated on the same silicon chip as
the rest of the microprocessor 50.”

/

The “[c]lock circuit 430 is the familiar

‘ring oscillator’ ....” “The ring oscillator
430 is useful as a system clock ...
because its performance tracks the
parameters which similarly affect all other
transistors on the same silicon die.”

JXM-0001 (336 patent) col. 16:57-58; 16:63-67 9
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The 336 Patent

@ A‘ring oscillator” — An oscillator having a multiple, odd number of
Inversions arranged in a loop.

« Specifically, a Ring Oscillator must have:
+ Atleast 3 inversion stages that invert the inputted value.

e The multiple odd number of inversions ensure a change of state (Hi to
Low, or Low to Hi) at each inversion stage.

 Even numbers become stuck at logic high or low state.

e While other types of oscillators exist they should not be confused with
the “continual inversion” phenomenon that causes the oscillation in a
ring oscillator.
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The 336 Patent: Ring Oscillator
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The '336 Patent

e On-Chip oscillators vary due to one or more of “PVT":
* The semiconductor manufacturing or fabrication Process
 The Voltage supplied

e The Temperature of the circuit

e Since the CPU and the on-chip oscillator are on the
same integrated circuit, they will be similarly affected by
Process, Voltage, Temperature variations.
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The '336 Patent
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The 336 Patent

/O Interface Timed by Independent Off-Chip Clock I
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Thank you




