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STATEMENT OF RELATED CASES

No other appeals in or from the same civil actions or proceedings were
previously before this or any other appellate court. The present appeal arises out of
a claim construction ruling issued in the following five Northern District of
California cases:

Civil Action No. 3:12-cv-03865-VC, Technology Properties Limited LLC, et
al. v. Huawei Technologies Co., Ltd., et al.;

Civil Action No. 3:12-cv-03876-VC, Technology Properties Limited LLC, et
al. v. ZTE Corporation, et al.;

Civil Action No. 3:12-cv-03877-VC, Technology Properties Limited LLC, et
al. v. Samsung Electronics, Co., Ltd., et al.;

Civil Action No. 3:12-cv-03880-VC, Technology Properties Limited LLC, et
al. v. LG Electronics, Inc., et al.; and

Civil Action No. 3:12-cv-03881-VC, Technology Properties Limited LLC, et
al. v. Nintendo Co., Ltd., et al.

Notices of Appeal were filed in the district court cases on December 7, 2015. The
appeals were docketed on December 11, 2015:

No. 16-1306, Technology Properties Limited LLC, et al. v. Huawei
Technologies Co., Ltd., et al.;

No. 16-1307, Technology Properties Limited LLC, et al. v. ZTE
Corporation, et al.;

No. 16-1309, Technology Properties Limited LLC, et al. v. Samsung
Electronics, Co., Ltd., et al.;

No. 16-1310, Technology Properties Limited LLC, et al. v. LG Electronics,
Inc., etal.; and
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No. 16-1311, Technology Properties Limited LLC, et al. v. Nintendo Co.,
Ltd., et al.

The cases were consolidated by this Court on December 16, 2015 (Dkt. No. 2).

The Huawei case (No. 16-1306) was designated as the lead appeal.

APPELLATE JURISDICTIONAL STATEMENT

The United States District Court for the Northern District of California had
subject matter jurisdiction pursuant to 28 U.S.C. 88 1331 and 1338(a). On
September 22, 2015, the district court entered a Claim Construction Report and
Recommendation regarding the entire oscillator term found in certain claims of
U.S. Pat. No. 5,809,336 (the “’336 Patent”).  Appx7-17 (Report and
Recommendation, 3:12-cv-03865-VC' (No. 98) (N.D. Cal., September 22, 2015)
(the “Grewal R&R”)), subsequently entered by the District Court without
modification, Appx4-5 (Order Adopting Magistrate Judge’s Report and
Recommendations (No. 108) (November 9, 2015) (the “Order Adopting Magistrate
Judge’s Report and Recommendation”)). As a result of this ruling, Plaintiffs and
four of the five Defendants (excepting Huawei) agreed to move to stay the
underlying actions, with the exception of claim construction objections, and agreed

that under the construction of the entire oscillator term recommended by Judge

1 Unless otherwise indicated, docket numbers refer to the documents from
Technology Properties Ltd., et al. v. Huawei Technologies Co., Ltd., et al., Case
No. 3:12-cv-03865-VC.
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Grewal in his R&R, “all accused products of all [Defendants] do not infringe the
asserted claims.” Appx3374-80 (Joint Motion to Stay AIll Proceedings and
Deadlines Pending Resolution of Objections to Claim Construction Report and
Recommendation (No. 105) (September 25, 2015)).2 Plaintiffs filed their
objections to the Grewal R&R on October 6, 2015 in the district court. Appx3237-
520 (Plaintiffs’ Motion for De Novo Determination of Dispositive Matter Referred
to Magistrate Judge, or, in the Alternative, Motion for Relief from Nondispositive
Pretrial Order of Magistrate Judge (No. 105) (October 6, 2015)). Defendants filed
their response on October 20, 2015. Appx3521-4337 (Defendants’ Response to
Plaintiffs’ Motion for De Novo Determination of Dispositive Matter Referred to
Magistrate Judge, or, in the Alternative, Motion for Relief from Nondispositive
Pretrial Order of Magistrate Judge (No. 106) (October 20, 2015)). Without a
hearing, on November 9, 2015, the district court adopted Judge Grewal’s R&R.
Appx4-5 (Order Adopting Magistrate Judge’s Report and Recommendation). On
November 12, 2015, all Parties (including Huawei) filed a stipulation that none of
Appellees’ products accused of infringing the *336 Patent under the now adopted
claim construction of the entire oscillator term infringed any of the asserted claims

of the 336 Patent. Appx4469-79 (Stipulation for Entry of Final Judgment Based

2 Plaintiffs later filed a contested motion to stay the Huawei case. On October 5,
2015, the motion to stay was granted. Appx91-2 (Nos. 100 and 104).

3
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on the Court’s Claim Construction (No. 109) (October 12, 2015)). On November
13, 2015, the district court entered final judgment in these matters pursuant to the
Parties’ stipulations. Appx1-3 (Final Judgment (No. 110) (November 13, 2015)).
On December 7, 2015, notices of appeal regarding these rulings were timely
filed. Appx4480-3 (Notice of Appeal (No. 112) (December 7, 2015)). The orders
appealed from are final. This Court has appellate jurisdiction under 28 U.S.C. 8§

1259(a)(1).

STATEMENT OF THE ISSUES

Whether the district court erred in finding certain disclaimers associated
with the claim limitation “an entire oscillator disposed upon said integrated circuit
substrate” based on statements made by Applicants during the prosecution of the

patent?

STATEMENT OF THE CASE

This appeal relates to five actions for patent infringement brought by
Plaintiffs-Appellants Technology Properties Limited LLC, Phoenix Digital
Solutions LLC, and Patriot Scientific Corporation against Defendants-Appellees
Huawei Technologies Co., Ltd., Futurewei Technologies, Inc., Huawei Device Co.,
Ltd., Huawei Device USA Inc., Huawei Technologies USA Inc., (collectively,
“Huawei), ZTE Corporation, ZTE USA, Inc., (collectively, “ZTE”), Samsung

Electronics Co., Ltd.,, Samsung Electronics America, Inc., (collectively,

4
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“Samsung”), LG Electronics, Inc., LG Electronics U.S.A., Inc., (collectively,
“LG”), Nintendo Co., Ltd., and Nintendo of America Inc., (collectively,
“Nintendo), in Civil Action Nos. 3:12-cv-03865-VC (“Huawei™), 3:12-cv-03876-
VC (*ZTE”), 3:12-cv-03877-VC (“Samsung”), 3:12-cv-03880-VC (“LG”) and
3:12-cv-03881-VC (“Nintendo”) in the United States District Court for the

Northern District of California.

A. Introduction

The sole claim term at issue in this appeal, “an entire oscillator disposed
upon [an] integrated circuit substrate”, has been construed by the International
Trade Commission (“ITC”) and various district courts four times. All of the
judges substantively agree as to the affirmative meaning of this term, as do the
parties to the present appeal. * The disagreement among everyone, however,
concerns what the entire oscillator term does not mean (i.e., what subject matter

was disclaimed during prosecution). Each time a tribunal has construed this

* The parties in the present case agree that the term “an entire oscillator disposed
upon said integrated circuit substrate” should be affirmatively construed as “an
[oscillator] that is located entirely on the same semiconductor substrate as the
[central processing unit]” (the terms in brackets denote terms that are subject to
further agreed constructions). As discussed below, however, Appellees believe
that disclaimers should be added to this base construction. Appx1469 (Patent
Local Rule 4-3 Joint Claim Construction and Prehearing Statement, Exhibit B at 6
(Item No. 16) (listing the parties’ competing constructions for the entire oscillator
term)).
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phrase, different disclaimers have been found, in light of the same portions of the
prosecution history. In the present case, Magistrate Judge Grewal (whose
construction was adopted by the district court) found a manifestly different
construction for the entire oscillator term than he had in a prior case, despite
reviewing the same prosecution history, the same prior art references, and the same
statements by Applicants. The fact that each judge that has construed the entire
oscillator term has come to materially different conclusions as to the disclaimers
associated with the term is prima facie evidence that there is no “clear and
unambiguous” disavowal of claim scope associated with the term.

Assuming, however, some sort of disclaimer exists because each court found
some (albeit different) disclaimer associated with the entire oscillator term, such
disclaimer should be narrowly drawn to the core subject matter that was
unambiguously disclaimed, not beyond where reasonable minds differ. When a
proper disclaimer is drawn to what was unambiguously disclaimed, the resulting
disclaimer is materially narrower than that found by Judge Grewal in the present
case and as proposed by Appellees. Accordingly, if a disclaimer is to be found,
this Court should adopt the construction (which includes a disclaimer) as set forth
by Appellants, vacate the order of non-infringement, and remand the case to the

district court.
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B. Overview of the 336 Patent

U.S. Patent No. 5,809,336, filed in 1989, describes the architecture of a
general purpose microprocessor and touches on many aspects of microprocessor
design and implementation. Topics such as the arrangement of registers,
instruction format, 1/O ports, signal timing, and clocking are discussed in detail.
The disclosure itself is lengthy, spanning 21 figures and 30 columns of text. Six
patents have issued from the same specification found in the 336 Patent. See
generally Appx18-70 (the *336 Patent).

The *336 Patent has a long licensing history. Starting in 2004, over 100
companies have taken a license to the *336 Patent (and patents in the same family),
with many licenses occurring outside of litigation. The 336 Patent family has
generated more than $300,000,000 in licensing revenue due to the fundamental
nature of the patents. Alongside these licensing efforts there have been multiple
post grant proceedings associated with the 336 Patent. Starting in 2006, six
reexamination requests have been filed challenging the 336 Patent. As a result of
these reexamination proceedings, two reexamination certificates have been issued,
the last dated November 23, 2010. Appx56-70 (’336 Patent’s Reexamination

Certificates).
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C.  Microprocessor Clocking Technology and Terminology

1. Clock Signals Used in Microprocessors

Digital microprocessors (e.g., the central processors found in personal
computers, cell phones, routers, etc.) all require a clock signal to operate. A clock
signal is a signal that oscillates between a low voltage value (typically 0 Volts) and
a higher value (5 Volts was common at the time the 336 Patent was filed, but this
value has decreased over the years to approximately 1.5 Volts in today’s
processors). Appx4358-9 (Claim Construction Transcript, 21:19-22:10,
Technology Properties Ltd., et al. v. Huawei Technologies Co., Ltd., et al., 3:12-
cv-03865-VC (N.D. Cal., September 18, 2015) (the “Markman Hearing
Transcript”)). These high and low voltages represent logical 1’s and 0’s in the
processor’s digital logic. Id. A clock signal is typically a square wave in the form

shown below:

TIME  —-
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A clock signal is used by a microprocessor to synchronize the processor’s
internal operations. In this regard, clock signals are often analogized to an
orchestra conductor or a metronome. Almost all of the digital logic circuits of a
microprocessor receive some form of the clock signal and use it to know when to
move on to their next operation. In the presence of a clock signal, digital circuits
can be constructed and interconnected such that they all operate no faster or slower
than the common clock signal supplied to all of them. This, in turn, prevents any
one circuit from operating ahead of the others and introducing errors into the
system. See generally Appx4347 and 4357-9 (Id. at 9:1-9 and 19:21-21:7
(presenting both Appellees’ and Appellants’ views from the technology tutorial
portion of the Markman hearing)).

When electronic device manufacturers refer to “how fast” their device
“runs”, they are typically referring to the maximum frequency of the clock signal
that controls the operation of the primary microprocessor in the device. The
number of times a clock oscillates in one second is measured in Hertz (e.g., a clock
signal that oscillates from low to high then back to low ten times in one second
would be operating at 10 Hertz (Hz)). Appx4360 (Id. at 22:11-16). In a real world
scenario, if a laptop computer manufacturer said its laptop runs at “2.4 GHz”, that
means the clock signal that controls the central microprocessor oscillates from low

to high (and back again) 2.4 billion times each second.
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2. Clock Signals Used in Data Communications

Clock signals are also used in transmitting data from one point to another.
In one example, a data bus will run between two devices that need to exchange
data. This bus may be comprised of two or more wires over which data is sent and
received. Along with the wires on which the data is transmitted is another wire
that carries a clock signal. Much like the clock signal discussed above that
synchronizes the operations of a microprocessor, a clock signal is used in the
transmission of data to let the sending device know when to write data on to a bus
and to let the receiving device know when it can read the data. On some busses,
the values on the data lines can (and do) change values millions of times a second.
Typically, these values are logical 0’s and 1’s (i.e., low voltage and high voltage
values). Given that the signals on the bus are constantly transitioning from one
value to another, the receiving device has to know when to “sample” the data (i.e.,
read the current voltage values off the bus and interpret it as valid data). This is
where the clock signal is used. The receiving circuit monitors the clock signal to
know when it should read the bus and expect valid data.

For example, transceiver circuits (circuits that both transmit and receive
data) can be designed such that, when reading data on a bus, the data will be read

only when the clock signal is high (a logical 1 value). In such a system, the
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transmitting device has to be designed so that the data it transmits on the bus is

valid (i.e., not in some indeterminate state) when the clock is high.

3. Oscillators and Clock Generators

At their origin, clock signals are generated by oscillators. For the purposes
of this discussion, two types of oscillators are important: quartz crystals and ring
oscillators. Quartz crystals are very small pieces of quartz that naturally generate
an oscillating electrical signal when another electrical signal is applied to them.
This oscillating signal can be used as a clock signal. The frequency at which the
crystal oscillates is a function of the size of the actual crystal. Quartz crystals are
inexpensive and commonly used in watches to keep time, for example. Appx4362
(Id. at 24:4-14). They are also used in a variety of computing systems either as the
source of a clock signal itself or as a reference signal for other clocks. Quartz
crystals are particularly useful as reference signals because clock signals that
originate from a quartz crystal oscillate at a near constant frequency, regardless of
the crystal’s environment (e.g., the temperature of the surrounding air). Appx4364
(Id. at 26:7-13). In the case of a wristwatch based on a quartz crystal, it would not
be desirable for the watch to run fast or slow based on whether the wearer of the
watch was surfing or snow skiing, for example.

Ring oscillators are another device that can organically generate a clock
signal. Figure 18 of the *336 Patent illustrates a ring oscillator:

11
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PHASE O PHASE 1 PHASE 2 PHASE 3
J

430 —/ L—«aar ,// L-431 ~//

FIG._18

Appx33 (°336 Patent, Fig. 18). A ring oscillator is an odd number of inverters
connected in a loop.* An inverter is a simple digital circuit that takes as input a
high or low voltage level (i.e., a binary 0 or 1 value) and outputs the opposite
value. Typically, an inverter is comprised of one to three transistors. When there
are an odd number of inverters connected in a loop, as shown in Fig. 18, an
unstable situation is created, as the outputs and inputs to the inverters in the loop
keep changing state from 0 to 1 then back to 0, due to the odd number of inverters
in the loop. This natural cycling of any one inverter from 0-1-0-1- . . . creates an
oscillating signal that can be used as a clock signal. See generally Appx4378-9

(Markman Hearing Transcript at 40:8-41:1).

* The parties have agreed to a construction of the term “ring oscillator”, as used in
the claims of the *336 Patent, as “an [oscillator] having multiple, odd number of
inversions arranged in a loop, wherein the [oscillator] is variable based on the
temperature, voltage and process parameters in the environment.” Appx1463
(Patent Local Rule 4-3 Joint Claim Construction and Prehearing Statement, Exhibit
A at 5 (No. 75) (Exhibit A (Appx1459-63) of No. 75 lists the claim terms on which
the parties reached an agreed construction and the construction)).

12
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The maximum speed at which an oscillator can oscillate is a function of the
switching speed of the individual transistors that make up the oscillator. The
switching speed of a transistor is the time it takes for the output of a transistor to
change from a logical high/low state to a low/high state. The amount of time for
any transistor to change state is very short, but it is finite, and serves as a limit on
how fast the ring oscillator can oscillate. Id.

The switching time of any transistor is affected by several variables. First,
the structure of the transistor itself comes into play. Transistors can be constructed
to minimize switching time, power consumption, or for reliability and longevity.
Often, these goals are at odds with one another. “Fast” switching transistors
typically draw more power than “slow” switching transistors, for instance.

Beyond the intentional variations in a transistor’s structure, there are the
unintentional variations introduced in the manufacturing process. Semiconductor
chips start life as part of a semiconductor wafer. A wafer is a round disk of silicon
on which many chips are constructed at the same time. It is a curious fact of the
semiconductor manufacturing process that different wafers, built to identical
specifications, using the same equipment, will demonstrate significant variations in
electrical properties. See generally Appx4345-6 (Id. at 7:8-8:23).

These variations are caused by the slightest changes in the manufacturing

process from one wafer to the next. These variations can arise from different
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levels in the impurities in the chemicals used to make the wafers, different
environmental conditions (e.g., dust levels in the air, humidity, temperature, air
pressure, etc.), variations in the atomic makeup of the wafer itself, and so on.
While manufacturers go to great lengths to minimize these variations, they have
always existed in the industry. Id.

As a result of these variations, otherwise identical chips can exhibit
significant performance differences. For example, the maximum operational
frequency at which two identical chips manufactured on the same day at the same
location can vary, as can the power drawn by a chip while running at a particular
frequency. Id.

In addition to the conditions discussed above that occur when a chip is
manufactured, environmental conditions at the time a chip operates will affect the
switching time of transistors, and hence the frequency at which a ring oscillator
operates. Appx4348 (Id. at 10:8-16) and Appx45-6 (*336 Patent at 16:59-17:10).
Variables such as the temperature of the transistor and the voltage level of the
power supply will cause transistors to switch at different speeds. So, for instance,
as disclosed in the 336 Patent, a ring oscillator will oscillate at a lower frequency

at a higher temperature than when it is at a lower temperature. Id.
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D.  Technical Description of the Inventions Claimed in the 336
Patent

While the *336 Patent’s disclosure describes many different and innovative
aspects of microprocessor architecture, the claims of the *336 Patent are centered
on the interaction of a central processing unit with two clock generators.” For
example, Claim 6 (a representative claim) requires:

A microprocessor system comprising:

a central processing unit disposed upon an integrated circuit substrate,
said central processing unit operating at a processing frequency and being
constructed of a first plurality of electronic devices;

an entire oscillator disposed upon said integrated circuit substrate and
connected to said central processing unit, said oscillator clocking said central
processing unit at a clock rate and being constructed of a second plurality of
electronic devices, thus varying the processing frequency of said first
plurality of electronic devices and the clock rate of said second plurality of
electronic devices in the same way as a function of parameter variation in
one or more fabrication or operational parameters associated with said
integrated circuit substrate, thereby enabling said processing frequency to
track said clock rate in response to said parameter variation;

an on-chip input/output interface, connected between said central
processing unit and an off-chip external memory bus, for facilitating
exchanging coupling control signals, addresses and data with said central
processing unit; and

an off-chip external clock, independent of said oscillator, connected to
said input/output interface wherein said off-chip external clock is operative
at a frequency independent of a clock frequency of said oscillator and

> The only oscillator that is at issue in this appeal is the “entire oscillator” element.
The other oscillator mentioned in the claims, the “off-chip external clock™ is not at
Issue.
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wherein a clock signal from said off-chip external clock originates from a
source other than said oscillator.

Appx67 (’336 Patent, Claim 6). Fig. 17 of the *336 Patent illustrates this

arrangement:

RING OSCILLATOR |— 430
VARIABLE SPEED CRYSTAL CLOCK

CLOCK [I 434
y  ~70 ,~436 |_‘ ﬁ 4%

i REQUEST .
READY  '! "
CPU - L

|, DATA/ADDRESS INTERFACE

— s:'a.rs&—fI I l

EXTERNAL MEMORY BUS

FIG._17

Appx34 (336 Patent, Fig. 17). In sum, the claims of the *336 Patent require four
primary elements: (1) a CPU, (2) a first clock used for the CPU (i.e., the entire
oscillator), (3) an 1/O interface, and (4) a second clock used for the 1/O interface
(i.e., the off-chip clock). The CPU and CPU clock are on the same substrate
(physical piece of silicon) and the I/O clock is located apart from the chip that
contains the CPU and CPU clock. The *336 Patent discusses the purpose for this
particular arrangement:

Most microprocessors derive all system timing from a

single clock. The disadvantage is that different parts of

the system can slow all operations. The microprocessor
50 provides a dual-clock scheme as shown in FIG. 17,
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with the CPU 70 operating asynchronously to 1/0O
interface 432 forming part of memory controller 118
(FIG. 2) and the 1/O interface 432 operating
synchronously with the external world of memory and
I/0 devices. The CPU 70 executes at the fastest speed
possible using the adaptive ring counter clock 430.
Speed may vary by a factor of four depending upon
temperature, voltage, and process. The external world
must be synchronized to the microprocessor 50 for
operations such as video display updating and disc drive
reading and writing. This synchronization is performed
by the /O interface 432, speed of which is controlled by
a conventional crystal clock 434. The interface 432
processes requests for memory accesses from the
microprocessor 50 and acknowledges the presence of 1/0
data.  The microprocessor 50 fetches up to four
instructions in a single memory cycle and can perform
much useful work before requiring another memory
access. By decoupling the variable speed of the CPU 70
from the fixed speed of the 1/O interface 432, optimum
performance can be achieved by each. Recoupling
between the CPU 70 and the interface 432 s
accomplished 35 with handshake signals on lines 436,
with data/addresses passing on bus 90, 136.

Appx46 (’336 Patent, 17:12-37).

To summarize the preceding paragraph, the *336 Patent recognizes that, at
the time of filing (1989), most computing systems were driven by a single clock
source. This was a workable solution based on the technology of the day, where
the clock frequency at which the processor ran and frequency at which the 1/0 port
was clocked were comparable, and tended not to vary. What the *336 Patent
disclosed, however, departed from this traditional arrangement. First, two clock

sources were provided: one a variable speed on-chip ring oscillator to clock the
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CPU, and one quartz crystal based off-chip to clock the bus running between an
I/0 port on the chip and another device. This provided several benefits. First,
since the CPU clock is located on the same semiconductor substrate as the CPU,
and is constructed of the same types of transistors as the CPU, the CPU and CPU
clock will experience the same environmental conditions and be subject to the
same manufacturing deviations. This allows the performance of the transistors that
make up the CPU clock to track the transistors that make up the CPU. In addition,
in the claimed system, the CPU and 1/O clock do not have to run at the same speed.
Thus, the CPU clock that drives the CPU could run at a faster rate than the 1/0
clock associated with the 1/O interface. Lastly, the CPU and 1/O clocks can vary in
frequency without affecting one another. The CPU clock associated with the CPU
can speed up and slow down while the 1/O clock stays constant (due to it being
based on a quartz crystal). This architecture, while novel in 1989, has become
standard in almost all microprocessor systems today.

In the particular embodiment described in the *336 Patent, the ring oscillator
will run at its natural, maximum speed, at all times. Although ring oscillators often
utilize feedback (such as voltage or current control) to restrict the speed of
oscillation, in the embodiment described in the *336 Patent, the ring oscillator is
unrestricted by any external references that might act like a governor. This speed

will thus depend on the structure of the transistors that make up the oscillator, as
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well as the environment in which the chip finds itself (e.g., the temperature of the
ambient air, voltage levels of the power supply to the chip, etc.). Since most of
these variables will be the same for the CPU and the transistors that make up the
oscillator of the CPU clock, the switching speed of those two sets of transistors
will vary together. This means that the frequency of the CPU clock will tend to
Increase or decrease in the same manner as the switching speed of the transistors
that make up the CPU. Thus, the clock will run at (or near) the maximum possible
speed of the CPU.

Another real-world benefit associated with having two clocks running at
independent frequencies is that the speed of the microprocessor is no longer tied to
that of the 1/O interface. 1/O interfaces tend to be defined by industry standards
and can evolve rather slowly. CPUs, on the other hand, are not so constrained, and
microprocessor manufacturing companies go to great lengths to have their
processors run as fast as possible. Providing two clocks, as described in the 336
Patent, allows CPUs to run at the fastest speed possible, while at the same time
allowing 1/0O interfaces to run at slower speeds to maintain compatibility with
industry standards.

A final benefit is that the clock speed of a CPU can vary without impacting
the rate at which data moves over the memory bus connecting the CPU with other

peripheral devices. The clock speed of modern CPUs can be intentionally altered
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several times a second. This is done to provide high computing power when
needed (high clock speed) and to conserve power when the CPU is idling (low
clock speed). On the other hand, a clock associated with an 1/O port and memory
bus typically has to run at a constant speed in order for the transfer of data to/from

the CPU over the memory bus to another component to function properly.

E. Accused Devices

In order to put some of the following discussion in context, a brief
discussion of the Appellees’ devices accused of infringement is warranted. In a
nutshell, the accused devices all make use of what is known as a phase locked loop
clocking system (commonly referred to as a PLL). The PLLs found in Appellees’
products are alleged to contain a ring oscillator made up of an odd number of
inverters, as described in the ’336 Patent. This oscillator is not a free running
oscillator, as described in column 17 of the *336 Patent, however. PLL control
circuitry is attached to the oscillator. This control circuitry serves two purposes.
First, when desired, it maintains the clock signal at a relatively fixed frequency. It
also can be programmed to cause the ring oscillator to generate a faster or slower
clock signal (e.g., a program executing on the CPU can cause the frequency of the
clock signal to increase or decrease, as needed).

This PLL control circuitry receives a reference signal from an off-chip

quartz crystal. The control circuitry uses this reference signal to set the output of
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the oscillator to a specific frequency. For example, if a 50 MHz signal is generated
by the quartz crystal, the PLL control circuitry and ring oscillator can be
programmed to generate a clock signal that is 20 times that of the reference signal
—a 1 GHz signal. The same control circuitry can be programmed to cause the ring
oscillator to generate clock signals that are other multiples of this reference signal.
A simple diagram of this arrangement is shown below, using portions of

figures from the *336 Patent:

Semiconductor
CPU Substrate

Variable Speed
Clock Signal from
- Ring Oscillator

P

PHASE 1 PHASE 2 PHASE 3

Fixed Reference
Signal from
Quartz Crystal

I l 1 PLL Control CFWSTTL CL::;:
430 /" t\...:;r —-—--‘/ %xﬁ, ____r‘/ + C Ircu It |” F

~

The disclaimers that are at issue in this case affect what weight to give the
control circuitry and the reference signal supplied by the quartz crystal. Appellees
believe that Applicants disclaimed being able to control the frequency of the CPU

clock by sending program instructions into the silicon substrate as well as using an
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external signal as a reference signal. Appellants, on the other hand, believe that
whatever disclaimers were made, they do not exclude all control signals or the use

of a reference signal.

F. Claim Construction History

The claims of the 336 Patent have been construed several times as part of
the lawsuits in which the *336 Patent was asserted. While other phrases may have
also been at issue, the phrase “an entire oscillator disposed upon said integrated
circuit substrate” (or some variant thereof found in other claims of the 336 Patent)
was always front and center in the various claim construction disputes.” Thus, for
the better part of a decade, parties have been arguing in various forums whether the
term entire oscillator allows for the use of an external crystal or clock generator as
a reference signal and what type of control can be exerted over the oscillator.

Questions about the use of an external crystal arise from statements made by
the Applicants during the prosecution of the 336 Patent in distinguishing the then
pending claims over U.S. Patent No. 4,503,500 (“Magar”). Appx2042-74.
Questions regarding what control of the oscillator is permitted arise from

statements made concerning U.S. Patent No. 4,670,837 (“Sheets”). Appx3496-

® The specific phrase “an entire oscillator disposed upon said integrated circuit
substrate” is found in Claims 6 and 13 of the *336 Patent. These claims have both
been asserted in the underlying district court litigation.
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503. The statements that constitute the alleged disclaimers are found in four
responses to various office actions from the patent office. See Appx2090-7
(Response to Office Action (mailed July 3, 1997)), Appx2099-108 (Response to
Office Action (February 6, 1998)), Appx2110-22 (Response to Office Action
(mailed April 11, 1996)), and Appx2124-38 (Response to Office Action (mailed
January 8, 1997)).

Below is a summary of how various courts have construed the entire

oscillator term:

DATE | COURT TERM CONSTRUCTION
(disclaimer underlined)

June 2007 | EDTX an entire ring oscillator a ring oscillator variable

variable speed system speed system clock that is
clock in said integrated located entirely on the same
circuit semiconductor substrate as

the CPU and does not
directly rely on a command
input control signal or an
external crystal/clock
generator to generate a clock

signal
April ITC an entire ring oscillator a ring oscillator variable
2013 variable speed system speed system clock that is
clock in said single located entirely on the same
integrated circuit semiconductor substrate as

the central processing unit
and does not rely on a
control signal or an external
crystal/clock generator to
generate a clock signal
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August NDCA | ring oscillator an oscillator having a

2013 multiple, odd number of
inversions arranged in a
loop, wherein the oscillator
Is variable based on the
temperature, voltage and
process parameters in the
environment

September | NDCA | an entire oscillator an oscillator located entirely
2015 (the disposed upon said on the same semiconductor
decision integrated circuit substrate | substrate as the central
under processing unit that does not
appeal require a control signal and
here) whose frequency is not fixed

by any external crystal’

Note that only the present claim construction under appeal broadens the disclaimer
beyond crystals that “generate” a clock signal.

In June 2007, a related phrase, “an entire ring oscillator variable speed
system clock in said integrated circuit,” was construed by the United States District
Court for the Eastern District of Texas. Appx2233-60 (Memorandum and Order,
Technology Properties Ltd. et al. v. Matsushita Elec. Indus. Co., Ltd., et al., Case
No. 2:05-cv-494 (No. 259) (E.D. Tex., June 15, 2007) (the “Texas Markman
Order”)). In the Texas proceeding, the court analyzed the intrinsic record presently
cited by Appellees in this case and found that the term meant “a ring oscillator

variable speed system clock that is located entirely on the same semiconductor

" The terms “oscillator” and “central processing unit” terms, standing alone, were
the subject of constructions that were not disputed by the parties.
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substrate as the CPU and does not directly rely on a command input control signal
or an external crystal/clock generator to generate a clock signal.” Appx2244 (Id.
at 12 (emphasis added)). The court in Texas specifically considered (i) whether
the prosecution history prohibited the use of a crystal or external clock, or whether
the external clock could be used as a reference, and (ii) whether the prosecution
history prohibited the use of control signals such as voltage and current control
signals, or the more narrow “command input control signals.” Id. The Texas court
found that an external crystal/clock generator could not be used for generating a
clock signal, but left open the possible use of an external crystal/clock generator
for a reference signal. The Texas Markman Order specifically rejected the prior
defendant’s proposed construction that the “ring oscillator” could not “rely on a
control signal or an external crystal/clock generator.” Appx2243-4 (ld. at 11-12).
Instead, the court adopted a narrower limitation which excluded “direct” reliance
on “command input control signals” from the scope of the claim term. Id. Lastly,
the Texas court construed the term “ring oscillator” to mean “an oscillator having a
multiple, odd number of inversions arranged in a loop.” 1d.

In 2012, Judge Ware of the Northern District of California considered the
phrase “entire ring oscillator variable speed system clock.” Appx1563-6 (First

Claim Construction Order, HTC Corp. v. Technology Properties Ltd., et al., 3:08-
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cv-882 (No. 364 at 13-16) (N.D. Cal., June 12, 2012))° (the “Ware Markman
Order”). In this proceeding, HTC, like the prior defendants in Texas, took the
position that the “ring oscillator” could not “rely on a control signal or an external
crystal/clock generator to generate a clock signal” and that the speed of the
“oscillator” was “non-controllable.” See, e.g., id. and Appx1588 (Defendants’
[TPL’s] Opening Claim Construction Brief for the “Top Ten” Terms, HTC, No.
339 at 8 (N.D. Cal., December 23, 2011)).

Judge Ware evaluated the parties’ respective positions and discussed the
plain and ordinary meaning of a ring oscillator. Appx1563 (Ware Markman Order
at 13). Other than to state that “a person of ordinary skill in the art reading the
patent would understand that Claim 1 claims a ‘single integrated circuit,’
fabricated so as to include a ‘ring oscillator’”, Judge Ware declined to further
construe the entire ring oscillator variable speed clock term without receiving
additional briefing regarding statements made during prosecution. Appx1566
(Ware Markman Order at 16). In other words, the exacting standard for showing
disavowal had not been met and the court asked to hear more. Judge Ware ordered
the supplemental briefing, subsequently retired, and the HTC Case was transferred

to Judge Grewal.

® Subsequent citations to HTC Corp. v. Technology Properties Ltd., et al. will be
made as “HTC Case.”
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In the supplemental briefing, the parties continued to debate the meaning of
the ring oscillator. The supplemental briefing generally covered the disputed
elements of ring oscillator rather than the meaning of the word entire. After
evaluating the parties’ positions and the prosecution history, Judge Grewal
construed the ring oscillator term. Appx1606-23 (Claim Construction Order, HTC
(No. 509) (N.D. Cal., August 21, 2013) (the “HTC Grewal Markman Order”)). He
held that while the frequency of the ring oscillator is determined by the
temperature, voltage, and process, the prosecution history of the Patent did not
“impose a prohibition on all types of control.” Appx1615 (Id. at 10). Thus, in
2013, Judge Grewal declined to include “non-controllable” in the construction or
to prohibit reliance on an external crystal oscillator in the construction of the term.

Meanwhile, at the ITC, an administrative law judge (ALJ) considered the
meaning of ring oscillator and entire oscillator in a proceeding involving all of the
Appellees to the present case. See generally, Appx1661-743 (Order No. 31,
Construing the Terms of the Asserted Claims of the Patent at Issue, ITC
Investigation No. 337-TA-853 (April 18, 2013) (the “ITC Markman Order”)). In
the ITC, the Appellees advocated that the term ring oscillator could “not rely on a
control signal or an external crystal/clock generator to generate a clock signal.”
Appx1683 (Id. at 20) (emphasis added). As in the HTC Grewal Markman Order,

the ITC ultimately held that the ring oscillator need not be “non-controllable”
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because there was no clear and unmistakable disavowal in the prosecution history.
Appx1704 (1d. at 40). The ITC Markman Order further declined to add the
temperature, voltage and process limitation because such limitations were already
found in the claims. Id. The ITC did continue to address the meaning of entire by
construing the term an entire ring oscillator variable speed system clock in said
single integrated circuit. Here, the ALJ disagreed with Judge Ward’s construction.
The ITC held that the term meant “a ring oscillator variable speed system clock
that is located entirely on the same semiconductor substrate as the central
processing unit and does not rely on a control signal or an external crystal/clock
generator to generate a clock signal.” Id. (emphasis added). This construction
differed from Judge Ward’s prior construction in that it modified the previous
prohibition against relying on a “command input control signal” to be a prohibition
against relying on a “control signal.” The construction also removed the word
directly before rely.

After the ITC ruling, HTC (in the Northern District of California HTC Case)
moved for summary judgement. Appx1745-70 (Plaintiffs’ Motion for Summary
Judgment of Non-Infringement, HTC (No. 457) (July 16, 2013)). HTC argued that
the entire portion of the entire oscillator term meant that there could be no
involvement whatsoever of an external crystal in the function of the oscillator. The

court denied HTC’s motion. Appx1772-94 (Summary Judgment Order, HTC (No.

28



Case: 16-1306  Document: 60 Page: 40 Filed: 03/10/2016

585) (September 17, 2013)). While the court did agree that, as a result of
prosecution history, the claims exclude “any external clock used to generate a
signal” the court recognized that there was some factual dispute as to whether the
clock is generated on the chip and relies on the PLL (and, thus, the external crystal)
to merely “buffer or fix” the frequency. Appx1782 (Id. at 11). Judge Grewal
called this a “classic factual question that requires a trial to answer.” Id.

After Judge Grewal entered the HTC Summary Judgment Order, HTC
moved on an emergency basis to attempt to again capture additional claim
limitations in the jury instructions. Appx1796-8 (HTC Emergency Motion, HTC
(No. 590) (September 18, 2013)). Appellants opposed.  Appx1800-06
(Defendants’ Opposition to Emergency Motion for Addendum to Jury Instructions,
HTC (No. 596) (September 18, 2013)). Specifically, HTC asked the court to
modify the jury instructions to indicate that (1) the entire oscillator term (and its
kin) “are not satisfied by an accused system that uses any external clock to
generate a signal” and (2) “an accused product can only infringe the *336 Patent if
that product contains an on-chip oscillator or clock that is (a) self-generating and
(b) does not rely on an input control to determine its frequency.” Appx1797 (HTC
Emergency Motion at 2). Judge Grewal held that the jury would be instructed that
the term entire oscillator and its kin are properly understood to “exclude any

external clock used to generate a signal,” but once again declined to add a
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restriction with respect to control of the oscillator. Appx1808-09 (Emergency
Motion Order, HTC (No. 607) (September 20, 2013)) (emphasis added).

After trial (where there was a finding of infringement of the *336 Patent),
Judge Grewal considered a JMOL by HTC which once again touched on the issue
of the entire oscillator. Appx1811-25 (Order Denying Plaintiffs’ Renewed Motion
for Entry of Judgment as a Matter of Law, HTC (No. 707) (January 21, 2014)). In
its order denying HTC’s JMOL, the court explained that in considering HTC’s
emergency motion regarding jury instructions, the court specifically considered
HTC’s request for additional claim construction and explained that the Emergency
Motion Order modified the “external clock to generate a signal” language, while
denying the self-generating/input control language. Appx1818-19 (Id. at 8-9). The
court’s JMOL Order demonstrated the court’s acute understanding of how the
PLLs involved in the accused HTC products are used to regulate, not generate the
ring oscillator’s frequency. Appx1821 (Id. at 11).

Finally, in the case from which this appeal is taken, Judge Grewal was again
presented with the same issues regarding the entire oscillator term — does an entire
oscillator allow for the use of an externally-generated reference signal and can it
be controlled. Like HTC, Appellees brought forward the Sheets and Magar
references (discussed in detail below), and presented substantively the same

arguments. In a stark reversal from his position on the same issues from 2013,
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Judge Grewal found that the entire oscillator term is properly construed as “an
oscillator located entirely on the same semiconductor substrate as the central
processing unit that does not require a control signal and whose frequency is not
fixed by any external crystal.” Appx7 (Grewal R&R at 2). This construction was
not advanced by any of the parties, but is much closer to what Appellees proposed
than Appellants. Appx1469 (Patent Local Rule 4-3 Joint Claim Construction and
Prehearing Statement, Exhibit B at 6 (Item No. 16) (listing the parties’ competing
constructions for the entire oscillator term)). Judge Grewal’s construction
Incorporates two important, separate alleged disclaimers. First, the language “does
not require a control signal” prohibits any type of control of the oscillator, while
the “not fixed by any external crystal” language prohibits the use of an external
reference signal. These two disclaimers arise from separate references (Magar and

Sheets) and are discussed below.

SUMMARY OF THE ARGUMENT

The extensive claim construction history of the entire oscillator term
exposes the central truth of this case — if there is some disavowal, such disavowal
Is not clear and unambiguous. To the extent that disclaimer must be included in
the construction of the entire oscillator term, then, it must be narrowly crafted to

exclude only what the Applicants actually argued to exclude at the patent office.
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Neither of the disclaimers included in the district court’s construction follows the
contours of the Applicants arguments.

The Applicants argued around two primary references — Magar and Sheets.
With the Magar reference, the Applicants’ arguments were drawn narrowly to
arguing that external crystals or clocks are not used to generate a clock signal. The
Applicants did not set forth an argument to disclaim using an external crystal or
external clock as a reference.

With respect to Sheets, Applicants’ arguments were again narrow. The
Applicants there distinguished the claimed oscillator as one that does not require
“command, manual, and programmed inputs” sent off-chip to change the
oscillator’s frequency. The Applicants did not disclaim all uses of a control signal

as the district court’s construction would require.

ARGUMENT
A. Standard of Review

In the present case, the district court based its construction of the entire
oscillator term solely on the intrinsic evidence. Appx14 (Grewal R&R at 9 (“No
extrinsic evidence is necessary to resolve the dispute here, however, because the
intrinsic record is dispositive that the applicant disclaimed certain claim scope to
convince the examiner to issue the patent.”)). As such, the Court applies a

standard of de novo review. See Avid Tech., Inc. v. Harmonic, Inc., 2016 U.S.
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App. LEXIS 1439 (Fed. Cir. Jan. 29, 2016). Further, because the Parties do not
dispute that the finding of non-infringement is the result of the district court’s
construction of the entire oscillator term, this Court need only consider the review
of the entire oscillator term. Appx4470 (Stipulation for Entry of Final Judgement

Based on the Court’s Claim Construction Ruling at 3).

B.  The District Court Erred by Finding Disclaimer Where No Clear
and Unambiguous Disclaimer Was Present

The district court erred in finding that the Applicants made certain
disclaimers while distinguishing their invention from two prior art references:
Magar and Sheets.® Appx9 (Grewal R&R at 4). Appellants dispute that any
disclaimer actually occurred during Applicants’ correspondence with the patent
office. Indeed, several courts (as well as Judge Grewal himself) have previously
construed the entire oscillator term, and none of them found the sweeping
disclaimer advocated by Judge Grewal in his R&R. This record begs the obvious
question — how can there be “clear and unmistakable” disavowal of the broad
scope advocated by the district court if several, experienced patent judges have
reviewed the same record and reached a different conclusion? The answer is

readily apparent — no clear and unmistakable disavowal exists in the patent

® Appellants refer to those who prosecuted the *336 Patent in the patent office as
“Applicants”, as the entities that owned the application that became the *336 Patent
were different entities than Plaintiffs.
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prosecution, and Judge Grewal’s finding of clear and unmistakable disclaimer is
erroneous.  Further, any disavowal is more readily explained as something
narrower than the construction provided by the district court. And when the scope
of the disclaimer is not clear, if a more narrow disavowal can be found, Federal
Circuit precedent requires that the more narrow disavowal be applied. Avid Tech.,
2016 U.S. App. LEXIS 1439, at *10-11.

In actuality, the Applicants distinguished Magar and Sheets on the basis of
existing claim limitations. If Applicants did disclaim “something” during the
prosecution of the *336 Patent, the subject matter actually disclaimed is far less
than that described in the Grewal R&R. At most, the proper scope of disclaimer
should be an oscillator “that does not require command, manual, or programmed
inputs sent off-chip to change frequency and excluding external crystals/clocks to

generate a clock signal.”

I. Magar
The district court’s construction includes the limitation that the oscillator of
the "336 Patent cannot have a frequency that is “fixed by any external crystal.”
The Grewal R&R purports to justify this limitation by examining the arguments
made to distinguish the present invention from Magar. The statements made by
the Applicants, however, do not support the construction provided, particularly if

examined in light of the Magar disclosure.
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Magar was drawn to a specialized processor that would be optimized for
performing certain arithmetic tasks. Appx3470 (Magar at 6:34, et seq.) In
explaining the specialized processor, Magar describes a particular clocking scheme
that involves an external crystal and a component called “CLOCK GEN,” seen in
the bottom right of Fig. 2a. Appx3452 and Appx3475 (Magar at Fig 2a and 15:23-
41.) Figures 2 and 3 of Magar, along with column 15 of Magar, demonstrate how
Magar utilizes the external crystal to generate a 20MHz clock signal. That clock
signal drives the on-chip “CLOCK GEN?” circuitry shown in Fig. 2 and diagramed
in Fig. 3. Appx3452-4 and Appx3475 (Magar at Figs. 2a, 3, and 15:23-41). After
receiving the 20MHz signal via pins X1 and X2, the “CLOCK GEN?” circuitry in
Magar creates four quarter-cycle clocks seen in Q1-Q4, having a period of 200
nanoseconds (a 5MHz clock signal). Appx3475 (Id. at 15:23-35).

Importantly, there is no on-chip oscillator in Magar — a limitation which is
already included in the claims on appeal (but not part of the entire oscillator term).
Rather, the clock signal for the CPU in Magar is generated by the off-chip crystal.
Stated differently, Magar is a one-oscillator system.  This is critical to
understanding the statements made to the patent office, because the disclaimer
found by the district court explicitly finds that Applicants disclaimed a system that

has two oscillators with respect to Magar.
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Specifically, the portion of the appealed construction relating to the
disclaimer associated with Magar states - “an oscillator . . . whose frequency is not
controlled by any external crystal [another oscillator].” In other words, the claim
element “an entire oscillator” cannot be controlled by an “external crystal”, which,
as explained above, is also an oscillator. Since Magar only has one oscillator,
however, it would be very unusual that Applicants disclaimed a system with two
oscillators. Instead, Applicants were able to distinguish Magar based on the
limitations already present in the asserted claims.

The confusion associated with Magar’s “second” oscillator probably arises
from the “CLOCK GEN?” circuitry shown in Figs. 2 and 3 of Magar, in that the
name “CLOCK GEN” implies an oscillator. Nowhere in Magar, however, is this
circuitry characterized as an oscillator. Furthermore, Applicants explained this fact
to the patent office in the one of the same office actions that gave rise to the

alleged disclaimer:

While an oscillator may be a clock, a clock is not usually an
oscillator. An oscillator must exist someplace in the circuit
from which a periodic clock is derived. In both cases, the
crystal (or the entire oscillator in the second case) is external to
the CPU, and the output of the oscillator circuitry is a “clock.”
This clock is typically modified to produce additional required
clock signals for the system. The many clock signals are
sometimes created by circuitry called a “clock generator.” For
example, see Magar, Fig. 2a. The “clock gen” connects to a
crystal at external pins X1 and X2 and generates clock signals
for the system QI, Q2, Q3, Q4 and CLKOUT.
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Appx2093 (July 3, 1997, Response to Office Action at 4) (emphasis added). The
CLOCK GEN circuitry in Magar simply takes the output of the off-chip crystal
oscillator and modifies it to produce the four derivative clock signals shown in Fig.
3 of Magar. But, the CLOCK GEN circuitry does not itself oscillate — that is done
by the off-chip crystal.

As explained in Appellants’ responsive brief to Judge Grewal (see
Appx2908-15, (Plaintiffs-Appellants’ Responsive Claim Construction Brief at 2-
9)), the statements relied upon by Appellees in their briefing and Judge Grewal in
the Grewal R&R do not support a finding of disclaimer. In fact, Applicants’
statements during prosecution distinguish Magar based on existing claim
limitations, and clarify that (unlike Magar) the claimed invention does not rely on
an external oscillator to generate a clock signal. The oscillator in the claimed
invention is on-chip — and, thus, the clock signal is generated on-chip, while
Magar’s oscillator is off-chip, a difference specifically captured by the explicit
language of the claims at issue in this appeal.

The district court, however, cites four sections of Applicants’ responses to
Magar to support its construction, alleging that the statements made to the patent
office require a finding of disclaimer. Yet, when examined closely, the statements

do not create disclaimer individually, nor do they create disclaimer when taken as a
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whole. And even if they did support a disclaimer, any disclaimer can easily be
explained as something narrower than the construction given by the district court.
The Grewal R&R first cites the Applicants’ argument to the patent office as

found in their July 3, 1997, Office Action Response:

[O]ne of ordinary skill in the art should readily recognize

that the speed of the CPU and clock do not vary together

due to manufacturing variation, operating voltage, and

temperature of the IC in the Magar processor . .. This is

simply because the Magar microprocessor clock is

frequency controlled by a crystal which is also external to

the microprocessor.  Crystals are by design fixed

frequency devices whose oscillation speed is designed to

be tightly controlled and to vary minimally due to

variations in manufacturing, operating voltage and

temperature. The Magar microprocessor in no way
contemplates a variable speed clock as claimed.

See Appx9, (Grewal R&R at 4, Ins. 14-18, see also Appx2092-3 (July 3, 1997,
Response to Office Action at 3-4). The district court alleges that this paragraph is
an attempt to “distinguish Magar by emphasizing that the clock disclosed in
Magar was fixed by a crystal that was external to the microprocessor, unlike their
on-chip variable speed clock.” Appx9 (Grewal R&R at 4). The district court is
correct that the Applicants argued that Magar used an external crystal, and that
those crystals are fixed frequency.  Further, Applicants state that the
microprocessor clock is frequency controlled by a crystal. But, as discussed above,
a “clock” is not the same thing as an oscillator. The statement above, made in

reference to Magar, makes sense because Magar did not have an on-chip oscillator
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(a fully operative claim limitation), rather it only contained the on-chip CLOCK
GEN circuitry (which is not an oscillator). Thus, the portion of the file history
discussed above does not support the district court’s construction that the “entire
oscillator” is not “fixed by any off-chip oscillator” simply because the Applicants
did not confront or discuss an item of prior art that disclosed any interaction
between an off-chip oscillator and an on-chip oscillator. Magar had only one
oscillator, and it was off-chip. “CLOCK GEN” was not an oscillator.

The district court continues that “applicants also argued that the Magar
clock could not practice the claimed invention because of its reliance on a crystal,
which by its nature cannot vary its oscillation frequency.” Appx9 (Grewal R&R at
4). In support of this argument, the district court cites to Applicants’ argument
found in the Grewal R&R at 4-5:

[C]rystal oscillators have never, to Applicants’
knowledge, been fabricated on a single silicon substrate
with a CPU, for instance. Even if they were, as
previously mentioned, crystals are by design fixed-
frequency devices whose oscillation frequency is
designed to be tightly controlled and to vary minimally
due to variations in manufacturing, operating voltage and
temperature. The oscillation frequency of a crystal on the
same substrate with the microprocessor would inherently
not vary due to variations in manufacturing, operating
voltage and temperature in the same way as the

frequency capability of the microprocessor on the same
underlying substrate, as claimed.
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See Appx2093 (July 3, 1997, Response to Office Action at 4). But once again, the
statement by the Applicants does not support the district court’s construction.
Specifically, there is no mention of an off-chip oscillator having any involvement
with an on-chip oscillator. This makes sense because Magar is a single-oscillator
system. Applicants could not have disclaimed that the *336 Patent’s oscillator’s
frequency “is not fixed by any external crystal” because there was no opportunity
to do so, and they did not make such a clear, unambiguous statement to the patent
office. Applicants made the separate point, that the crystal could not meet the on-
chip limitation, or if it somehow could, it could not meet the vary-with-CPU-speed
limitation. At worst, this disclaims on-chip crystals, which are a technological
impossibility anyway. When such a narrower explanation is more plausible, a
broader disclaimer is inappropriate. Avid Tech., 2016 U.S. App. LEXIS 1439, at
*10-11.

The district court notes that the patent office “issued a second rejection
based on Magar, and the Applicants responded by emphasizing again that the
claimed invention did not rely on an external crystal’s fixed frequency to set the
clock’s frequency rate.” Appx10 (Grewal R&R at 5). The district court cites the
statement from the prosecution history found in the Grewal R&R at 5, Ins. 8-10 for

support:
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The essential difference is that the frequency or rate of

the . . . signals is determined by the processing and/or
operating parameters of the integrated circuit containing
the . . . circuit, while the frequency or rate of the . . .

signals depicted in Magar . . . are determined by the fixed
frequency of the external crystal.

See Appx2102 (February 6, 1998, Response to Office Action at 4). But, the cited
passage does not support the construction promoted by district court. Although
Applicants state that the frequency of Magar’s clock is solely determined by an
external crystal, they do not say anything about (much less distinguish) using a
crystal to fix a frequency of an additional on-chip oscillator. Again, where a
narrower explanation may apply, and the disclaimer is ambiguous or unclear, the
narrower explanation must be applied.

Lastly, the district court states that “[t]he applicants also disclaimed the use
of an external crystal to cause clock signal oscillation,” citing a final passage from
the prosecution history for support:

Magar’s clock generator relies on an external crystal
connected to terminals X1 and X2 to oscillate . . . . It is
not an entire oscillator in itself. And with the crystal, the
clock rate generated is also conventional in that it is a
fixed, not a variable, frequency. The Magar clock is
comparable in operation to the conventional crystal clock
434 depicted in Fig. 17 of the present application for

controlling the 1/O interface at a fixed rate frequency, and
not at all like the clock on which the claims are based.

See Appx10 (Grewal R&R at 5, citing Appx2101 (February 6, 1998, Response to
Office Action at 3)). Here, as before, there is no oscillator on the Magar chip that
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can be controlled by the off-chip oscillator. Applicants clarify that the “clock
generator” is not an entire oscillator in itself. They argue that Magar shows a
crystal which is used to generate a clock, but say nothing of an off-chip oscillator
fixing the frequency of an on-chip oscillator. Holding otherwise would be contrary
to the holding in Avid Tech. where, in the case of ambiguous statements, the
narrower explanation applies.

In the aggregate, the four statements relied upon by the district court do not
and cannot support the disclaimer featured in the district court’s construction.
Indeed, Applicants’ statements clearly distinguish the present invention from
Magar on the basis of limitations already present in the claims at issue (e.g.,
varying frequency as a “function of parameter variation in one or more fabrication
or operational parameters,” such as voltage or temperature). Applicants’
statements could support a construction that states that the clock signal provided to
the CPU does not originate from or is not generated by an external oscillator. As
discussed above, there is only a single oscillator in Magar that supplies a clock
signal to the CPU, but, the construction found in the Grewal R&R contemplates the
interaction of an on-chip oscillator with an off-chip one. The interaction of two
oscillators was never discussed with respect to Magar, because the reference does

not contemplate such an arrangement, just as the 336 Patent does not contemplate
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this arrangement.’® Yet, the district court found that, based on Applicants’ words,
such subject matter was disclaimed. This is clear error: the interaction of two
oscillators cannot be disclaimed if Applicants’ never mentioned this subject,
especially when the broad construction is in dispute and a narrower explanation is
possible.

Finally, if any disclaimer with respect to Magar is appropriate, it is one that
prohibits a clock signal being generated from an off-chip oscillator. Not only
would a limitation of “not generated by an off-chip oscillator” be more consistent
with the arguments presented to the patent office, it would also be consistent with
prior constructions provided by the ITC, Judge Ward in the Eastern District of
Texas, and Judge Grewal himself in the prior HTC Case. See supra at pp. 23-24
(chart listing prior claim constructions). This disclaimer (if adopted) is not just an
expression of how Applicants could have differentiated their invention from the
prior art. It is the maximum extent of how they did, even assuming for argument’s
sake that the Court finds that Applicants’ words went beyond explaining why

explicit claim limitations were absent.

9 While it is true that Claim 6 of the *336 Patent does recite two oscillators - “an
entire oscillator” and an “off-chip clock”, these two oscillators do not interact and
no litigant has ever compared the “off-chip clock” to the off-chip quartz oscillator
in Magar.
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ii. Sheets

The second disclaimer found in the district court’s “entire oscillator”
construction concerns statements made by Applicants in securing allowance of the
"336 Patent over Sheets. Based on these statements, the district court found that
the entire oscillator term cannot “require a control signal.” Again, a close review
of the statements made by Applicants, however, reveals no such disavowal.
Further, even if Applicants did disclaim subject matter, the scope of the disclaimer
is materially narrower than what was found by Judge Grewal.

Sheets describes a system in which a “microprocessor controls the clock
frequency [of the microprocessor] based on the present rate of required
microprocessor activity.” Appx3496 (Sheets at Abstract). Thus, the goal of the
invention described in Sheets is to save energy by running the microprocessor at a
lower clock speed when high performance is not needed (and hence use less
power). Id. Due to this variable speed processor, Sheets is unlike Magar, whose
clock is generated by a fixed frequency crystal.

Sheets accomplishes this goal by having the microprocessor periodically
determine its processing load. If the load is low, the microprocessor will reduce
the clock frequency at which it is driven. Appx3500 (Id. at 1:45-57). Sheets

achieves this reduction in clock frequency by operating with an external digital
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voltage controlled oscillator (“VCO”). Appx3500 (Id. at 2:54-57). This oscillator
generates the clock signal used by the microprocessor in Sheets. Id.

In simpler terms, the computer system in Sheets can speed up or slow down
based on how much work it has to do. When the system runs faster, it consumes
more power, but can process more data. When it runs slower, it consumes less
power, but processes less data. The processor in Sheets makes the determination of
how much work is queued up, then sets the off-chip VCO (which directly
determines how fast/slow the system runs) accordingly.

The processor in Sheets causes the off-chip VCO to generate a clock at a
particular frequency by writing a “digital word” to the external VCO. Appx3500
(Id. at 1:60-68). As used in Sheets, a “digital word” is simply a digital value (e.g.,
234). Sheets makes clear that the processor writes the digital word to the VCO in
the same manner as the word would be written to RAM. So, just as the processor
can write/store data to memory, it can write digital data to the VCO. This digital
word is stored by the VCO and then used to compute the clock rate output by the
VCO.

The Grewal R&R focuses on three paragraphs from the *336 Patent’s file
history regarding Sheets:

The present invention does not similarly rely upon
provision of frequency control information to an external

clock, but instead contemplates providing a ring
oscillator clock and the microprocessor within the same
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integrated circuit. The placement of these elements
within the same integrated circuit obviates the need for
provision of the type of frequency control information
described by Sheets, since the microprocessor and clock
will naturally tend to vary commensurately in speed as a
function of various parameters (e.g., temperature)
affecting circuit performance.  Sheets’ system for
providing clock control signals to an external clock is
thus seen to be unrelated to the integral
microprocessor/clock system of the present invention.

Even if the examiner is correct that the variable clock in
Sheets is in the same circuit as the microprocessor of
system 100, that still does not give the claimed subject
matter. In Sheets, a command input is required to change
the clock speed. In the present invention, the clock speed
varies correspondingly to variations in operating
parameters . . . . No command input is necessary to
change the clock frequency.

Crucial to the present invention is that . . . when
fabrication and environmental parameters vary, the
oscillation or clock frequency and the frequency
capability of the driven device will automatically vary
together. This differs from all cited references in that . . .
the oscillator or variable speed clock varies in frequency
but does not require manual or programmed inputs or
external or extra components to do so.

See Appx10-11. (Grewal R&R at 5-6, citing Appx2117 (April 11, 1996, Response
to Office Action at 8), Appx2127 (January 8, 1997, Response to Office Action at
4), and Appx2094 (July 3, 1997, Response to Office Action at 5)). These
paragraphs are the (apparent) basis for the district court’s finding of disclaimer and
are the same passages cited by Appellees in their briefs. Relying on these

paragraphs, Judge Grewal crafted a construction that excludes oscillators that
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“require a control signal” from the scope of the asserted claims, finding that
Applicants disclaimed such material.

Appellants disagree that these three paragraphs evidence any disclaimer, let
alone a disclaimer of the scope found by the district court. As discussed in
Appellant’s responsive claim construction brief at the district court (Appx2915-20
(Plaintiff-Appellants’ Responsive Claim Construction Brief at 9-14)), Applicants’
statements to the patent office regarding Sheets evidence no more than the fact that
Sheets does not meet the literal language of what became the claims of the *336
Patent. The doctrine of prosecution disclaimer is meant to exclude subject matter
that would otherwise be within the scope of the claims, but for the disclaimers. In
Sheets, there is no disclosure of how Sheets’ oscillator can vary other than by
having a digital word written to it. Thus, the Sheets processor does not vary as a
function of environmental or fabrication parameters, which is explicitly required
by the asserted claims. For this reason, Applicants’ comments should not be read
to disclaim subject matter that would otherwise be within the scope of the claims.

This disclaimer found by the district court is defective in two important
aspects. First, it applies to “control signals” generally. The universe of what can
be considered a “control signal” is large when compared to the specific inputs at
issue in Sheets. Appellants believe it is improper to saddle Appellants with the

difference in scope between Sheet’s signals/inputs and general “control signals”
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because Applicants never discussed “control signals” in the abstract, instead
specifically referring to “Sheet’s system for providing control signals.”** That fact
alone demonstrates that the district court’s finding of disclaimer with respect to all
“control signals” is not proper.

Second, the district court’s construction prohibits the “entire oscillator” from
“requiring” a “control signal” for ostensibly any purpose. Again, as the cited
arguments make clear, whatever input/signals that were being disclaimed were

only being used for the purposes of changing the frequency/clock speed of the

“external clock” at issue. A control signal could be used in conjunction with an

oscillator for a number of reasons other than to set the speed of the oscillator. If
Applicants’ words are to form the basis of the alleged disclaimers, the scope of the
disclaimers must be commensurate with what was actually said. In this case, the
scope of Applicants’ comments is limited to using specific inputs for changing the
frequency of an oscillator. Thus, finding disclaimer for the use of “control signals”
for purposes other than changing the frequency of the oscillator goes well beyond

Applicants’ words and is improper.

' Applicants did refer to “Sheets’ system for providing clock control signals to an
external clock . . . .” in the paragraph cited in the Grewal R&R on pp. 5-6
(Appx10-11). This reference to control signals was clearly limited to the ones
discussed in Sheets and not to “control signals” generally.
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A proper disclaimer should not be based on some judicially-created
abstraction of Applicants’ comments. Applicants’ specific statements refer to
command, programmed, or manual control inputs to change the frequency of an
external off-chip oscillator. To the extent any clear and unmistakable disclaimer
was made, which Appellees strongly dispute, it would necessarily relate to only
this subject matter.

Turning now to the particular words used by Applicants in discussing
Sheets, the first citation relied upon by the district court distinguishes Sheets from
the asserted claims based on the “control information” found in Sheets. The
discussion in this paragraph is not a generalized discussion of “control
information.” Rather, it is specific to the “control information” disclosed in Sheets
(i.e., the digital word written by the processor to the VCO).

In the second citation relied upon by the district court, Applicants
characterize the digital word of Sheets as a “command input.” If a disclaimer is to
be found in this citation, it must be limited to an oscillator that requires “command
inputs” to change the frequency. Again, these “command inputs” refer to the
disclosure in Sheets of the microprocessor writing a digital value to the off-chip
VCO. In this paragraph, Applicants did not mention “control signals.”

Finally, in the third and last paragraph cited by the district court with respect

to Sheets, Applicants state that the oscillator described in the asserted claims “does
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not require manual or programmed inputs . . . to [vary in frequency].” Again, there

IS no discussion of “control signals” in this portion of Applicants’ response.
Rather, on the topic of “inputs”, the discussion is limited to “manual or
programmed inputs.” Thus, like the preceding citations, the statements made by
Applicants are far more limited than the disclaimer found by the district court.

In summary, construction of entire oscillator term found by the district court
does not include oscillators that require a “control signal.” This finding is based on
Applicants statements in distinguishing over Sheets. But, Applicants never made
such a sweeping disclaimer in the prosecution history. At most, Applicants’
statements distinguished the claimed oscillator as one that does not require
“command, manual, and programmed inputs” sent off-chip to change its frequency.
But even these statements are not clear and unmistakable disclaimers. Ultimately,
given the ambiguous nature of any potential disclaimer, as evidenced by the
varying interpretations by the claim constructions offered in the past, any
disclaimer must be drawn to the narrow conclusions required by the Applicants’
actual statements.

CONCLUSION AND RELIEF SOUGHT

Appellants respectfully submit that the statements identified in the

prosecution history do not warrant the broad disclaimers found by the district

court. In general, these statements distinguish the systems disclosed in Magar and
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Sheets over express limitations in the claims. To the extent they do not, however,
any disclaimers associated with such statements are far narrower than those found
in the construction under appeal. At most, such statements would warrant a
finding that Applicants disclaimed an entire oscillator that requires command,
manual, or programmed inputs sent off-chip to change frequency and external
crystals/clocks to generate a clock signal.
For the foregoing reasons, Appellants respectfully request that this Court:
1. Vacate the district court’s final judgment;
2. Reverse the district court’s construction of the term, “an entire oscillator
disposed upon said integrated circuit substrate”; and
3. Remand this case back to the United States District Court for the
Northern District of California for trial.

Respectfully submitted,

William L. Bretschneider /s/_Barry J. Bumgardner
SILICON VALLEY LAW GROUP Barry J. Bumgardner

50 W. San Fernando Street, Suite 750 NELSON BUMGARDNER, P.C.
San Jose, California 95113 3131 West 7th Street, Suite 300
(408) 573-5700 Fort Worth, Texas 76107

Counsel for Technology Properties (817) 377-9111

Limited LLC Counsel for Phoenix Digital
Solutions LLC

Charles T. Hoge

KIRBY NOONAN LANCE & HOGE LLP

350 Tenth Avenue, Suite 1300

San Diego, California 92101

(619) 231-8666

Counsel for Patriot Scientific Corporation
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UNITED STATES DISTRICT COURT

NORTHERN DISTRICT OF CALIFORNIA

SAN FRANCISCO DIVISION

TECHNOLOGY PROPERTIES LIMITED
LLC, etal.,

Plaintiffs
V.
HUAWEI TECHNOLOGIES CO., LTD,, et al.,

Defendants.

TECHNOLOGY PROPERTIES LIMITED
LLC, et al.,

Plaintiffs
V.
ZTE CORPORATION, et al.,

Defendants.
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TECHNOLOGY PROPERTIES LIMITED
LLC, et al.,

Plaintiffs
V.

SAMSUNG ELECTRONICS CO., LTD., et al.,
Defendants.

TECHNOLOGY PROPERTIES LIMITED
LLC, etal.,

Plaintiffs
V.
LG ELECTRONICS, INC., etal.,

Defendants.

TECHNOLOGY PROPERTIES LIMITED
LLC, etal.,

Plaintiffs
V.
NINTENDO CO., LTD, et al.

Defendants.

Case No. 3:12-cv-03877-VC (PSG)

Case No. 3:12-cv-03880-VC (PSG)

Case No. 3:12-cv-03881-VC (PSG)

Based upon this Court’s construction of the term “an entire oscillator disposed upon said

integrated circuit substrate” as “an [oscillator] located entirely on the same semiconductor

substrate as the [central processing unit] that does not require a control signal and whose

frequency is not fixed by any external crystal” in U.S. Patent No. 5,809,336 (the “’336 patent”)

pursuant to the Claim Construction Report and Recommendation, dated September 22, 2015, and

this Court’s Order Adopting Magistrate Judge’s Report and Recommendation, dated November 9,

2015, Plaintiffs Technology Properties Limited LLC, Phoenix Digital Solutions LLC, and Patriot

Scientific Corporation (collectively, “Plaintiffs”) and Defendants Huawei Technologies Co., Ltd.,

Appx2
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Huawei Device Co., Ltd., Huawei Device USA, Inc., Futurewei Technologies, Inc., Huawei
Technologies USA, Inc., ZTE Corporation, ZTE (USA) Inc., Samsung Electronics Co., Ltd.,
Samsung Electronics America, Inc., LG Electronics, Inc., LG Electronics U.S.A., Inc., Nintendo
Co., Ltd., and Nintendo of America, Inc. (collectively, “Defendants”) (together, the “Parties”)
have stipulated that all Defendants are entitled to a judgment of non-infringement as a matter of
law as to all of Plaintiffs’ asserted claims of the ‘336 patent in the above-titled and numbered civil
cases (collectively, “this Action”).

Accordingly, the Court enters Judgment as follows:

Judgment is entered against Plaintiffs and for Defendants as to Plaintiffs’ claims for
patent infringement with respect to the 336 patent, subject to the parties’ right to appeal.

Subject to the parties’ right to appeal, the Court further enters judgment for Defendants
and against Plaintiffs on Defendants’ respective counterclaims seeking declaratory judgment of
non-infringement and Defendants’ respective affirmative defenses of non-infringement, and
declares the *336 patent not infringed by Defendants. Plaintiffs shall take nothing from
Defendants with respect to the asserted claims of the *336 patent.

All other claims, counterclaims, defenses, or other matters which have been asserted,
including Defendants’ counterclaims of patent invalidity, are dismissed without prejudice.

Each party shall bear its own costs and attorneys’ fees.

IT IS SO ORDERED

Dated: November 132015 %

VINCE CHHABRIA
United States District Judge

Appx3
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UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF CALIFORNIA

TECHNOLOGY PROPERTIES LIMITED

LLC, etal., Case No. 12-cv-03865-VC
Plaintiffs,
ORDER ADOPTING
V. MAGISTRATE JUDGE'S
REPORT AND

HUAWEI TECHNOLOGIES CO., LTD., et RECOMMENDATION

al.,
Re: Dkt. Nos. 98, 105
Defendants.

TECHNOLOGY PROPERTIES LIMITED,
LLC, et al., Case No. 12-cv-03876-VC

Plaintiffs, Re: Dkt. Nos. 109, 112
V.

ZTE CORPORATION, etal.,

Defendants.

TECHNOLOGY PROPERTIES LIMITED
LLC, etal., Case No. 12-cv-03877-VC

Plaintiffs, Re: Dkt. Nos. 104, 107
V.

SAMSUNG ELECTRONIC CO., LTD, et
al.,

Defendants.
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TECHNOLOGY PROPERTIES LIMITED
LLC, etal.,, Case No. 12-cv-03880-VC

Plaintiffs, Re: Dkt. Nos. 117, 120
V.

LG ELECTRONICS, INC., etal.,

Defendants.

TECHNOLOGY PROPERTIES LIMITED
LLC, etal., Case No. 12-cv-03881-VC

Plaintiffs, Re: Dkt. Nos. 106, 109
V.

NINTENDO CO., LTD, et al.,

Defendants.

The Court agrees with the plaintiffs that de novo review of the Magistrate Judge's Report
and Recommendation is warranted. Having reviewed the Report and Recommendation de novo,

the Court adopts it without modification.

IT ISSO ORDERED.

Dated: November 9, 2015 /
e ail” R

VINCE CHHABRIA
United States District Judge

Appx5
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UNITED STATES DISTRICT COURT

NORTHERN DISTRICT OF CALIFORNIA

SAN JOSE DIVISION

TECHNOLOGY PROPERTIES LIMITED LLC,
et al.,

Plaintiffs,
V.
HUAWEI TECHNOLOGIES CO., LTD,, et al.,

Defendants.

TECHNOLOGY PROPERTIES LIMITED LLC,
ET AL,

PLAINTIFFS,
V.

DEFENDANTS.

TECHNOLOGY PROPERTIES LIMITED LLC,
ET AL,

PLAINTIFFS,
V.
SAMSUNG ELECTRONICS CO., LTD., et al.,
DEFENDANTS.

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
g
ZTE CORPORATION, etal., )
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
1

Case No. 3:12-cv-03865-VC

CLAIM CONSTRUCTION REPORT
AND RECOMMENDATION

Case No. 3:12-cv-03876-VC

Case No. 3:12-cv-03877-VC

Case Nos. 3:12-cv-03865-VC, 3:12-cv-03876-VC, 3:12-cv-03877-VC, 3:12-cv-03880-VC, 3:12-

cv-03881-VC

CLAIM CONSTRUCTION REPORT AND RECOMMENDATION
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TECHNOLOGY PROPERTIES LIMITED LLC,
ET AL,

Case No. 3:12-cv-03880-VC

PLAINTIFFS,
V.
LG ELECTRONICS, INC., et al.,
DEFENDANTS.

ET AL,
PLAINTIFFS,
V.
NINTENDO CO., LTD., etal.,

)
)
)
)
)
)
)
)
)
)
%
TECHNOLOGY PROPERTIES LIMITED LLC,)  Case No. 3:12-cv-03881-VC

)
)
)
)
)
)
)
DEFENDANTS. )
)

)

The parties to this patent infringement suit dispute the construction of just one claim term in
U.S. Patent No. 5,809,336: “an entire oscillator disposed upon said integrated circuit substrate.”
At issue is the impact of various statements made by the patent applicant to the examiner during
the patent’s prosecution. Because these statements would be understood by one of ordinary skill in
the art as disclaiming certain scope of the disputed “entire oscillator” term, the court
RECOMMENDS construction of the term to reflect this disclaimer, as follows: “an [oscillator]
located entirely on the same semiconductor substrate as the [central processing unit] that does not
require a control signal and whose frequency is not fixed by any external crystal.”

l.
Consistent with the Supreme Court’s admonition in 1886 that a patent claim not be “a nose

992

of wax, which may be turned and twisted in any direction,” the Federal Circuit has long held that a

claim term must be understood as limited if the applicant argued as much during prosecution in

! See Docket No. 89 at 6-7.

% White v. Dunbar, 119 U.S. 47, 51 (1886).

2
Case Nos. 3:12-cv-03865-VC, 3:12-cv-03876-VC, 3:12-cv-03877-VC, 3:12-cv-03880-VC, 3:12-
cv-03881-VC
CLAIM CONSTRUCTION REPORT AND RECOMMENDATION
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order to overcome prior art.> ““[T]he prosecution history can often inform the meaning of the claim
language by demonstrating . . . whether the inventor limited the invention in the course of
prosecution, making the claim scope narrower than it would otherwise be.””*

Plaintiff Technology Property Limited and Patriot Scientific brought these patent
infringement suits for infringement of three patents: U.S Patent Nos. 5,440,749, 5,530,890 and
5,809,336. Only the 336 patents remains at issue; the others were dismissed by stipulation.® The
’336 patent, titled “High Performance Microprocessor Having Variable Speed System Clock,” was
derived along with the others from a single patent application that was subject to nothing less than
a ten-way restriction requirement. The result is that the *336 specification includes much discussion
that is irrelevant to that which the *336 patent specifically claims.

The 336 patent claims an invention that allows the frequency of a central processing unit,
the brains of any computing device, to fluctuate based on local conditions. Traditional
microprocessors use off-chip, fixed frequency clocks to regulate the CPU’s frequency.’ One result
is that the clock needs to be set lower than the CPU’s maximum possible frequency to ensure
proper operation under worst-case conditions. The 336 patent solves this problem by placing a
ring oscillator on the same silicon substrate as the CPU to act as the CPU’s clock. Because the ring

oscillator is on the same silicon substrate and is made of the same components as the CPU, it is

subject to the same environmental conditions and thus will allow the CPU to operate at higher rates

¥ See, e.g., Southwall Techs., Inc. v. Cardinal IG Co., 54 F.3d 1570, 1576 (Fed. Cir. 1995); see also
Rheox, Inc. v. Entact, Inc., 276 F.3d 1319, 1325 (Fed. Cir. 2002) (“Explicit arguments made during
prosecution to overcome prior art can lead to a narrow claim interpretation because ‘[t]he public
has a right to rely on such definitive statements made during prosecution.’”’) (quoting Digital
Biometrics, Inc. v. Identix, Inc., 149 F.3d 1335, 1347 (Fed. Cir. 1998)).

* Abbott Labs. v. Sandoz, Inc., 566 F.3d 1282, 1289 (Fed. Cir. 2009) (quoting Phillips v. AWH
Corp., 415 F.3d 1303, 1317 (Fed. Cir. 2005) (en banc)).

> See Docket No. 86; all docket references are to Case No. 3:12-cv-03865-VC.
6 See, e.g., Docket No. 28-3, Ex. C at 3:27-35, 16:43-17:37.
” See Docket No. 28-3, Ex. C at 16:48-50, 17:12-13.
3
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during good conditions and lower rates during bad. As the specification explains, the
microprocessor may “operate over wide temperature ranges, wide voltage swings, and wide
variations in semiconductor processing” that “all affect transistor gate propagation delays.”®
Because other devices with which the microprocessor communicates, both on-chip and off-

chip, cannot tolerate a variable speed clock, a second, conventional “crystal clock” is separately
connected to the input/output interface.’

During the *336 patent’s prosecution, the applicants made a variety of arguments to the
examiner to overcome two key prior art references: U.S. Patent No. 4,503,500 (“Magar”) and U.S.
Patent No. 4,670,837 (“Sheets”). With respect to Magar, the examiner initially rejected the claims
after noting that certain circuitry in Magar was fabricated on the same microprocessor substrate as
the CPU, as required by the claims. The applicants then attempted to distinguish Magar by

emphasizing that the clock disclosed in Magar was fixed by a crystal that was external to the

microprocessor, unlike their on-chip variable speed clock:

[O]ne of ordinary skill in the art should readily recognize that the speed of the CPU
and clock do not vary together due to manufacturing variation, operating voltage,
and temperature of the IC in the Magar processor . . . This is simply because the
Magar microprocessor clock is frequency controlled by a crystal which is also
external to the microprocessor. Crystals are by design fixed frequency devices whose
oscillation speed is designed to be tightly controlled and to vary minimally due to
variations in manufacturing, operating voltage and temperature. The Magar
microprocessor in no way contemplates a variable speed clock as claimed.™

In the same amendment, the applicants also argued that the Magar clock could not practice the
claimed invention because of its reliance on a crystal, which by its nature cannot vary its oscillation

frequency:

[C]rystal oscillators have never, to Applicants’ knowledge, been fabricated on a
single silicon substrate with a CPU, for instance. Even if they were, as previously
mentioned, crystals are by design fixed-frequency devices whose oscillation

8 Docket No. 28-3, Ex. C at 16:44-48.
° See Docket No. 28-3, Ex. C at 17:14-34, Fig. 17.
19 Docket No. 90-7, Ex. D at 3-4.
4
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frequency is designed to be tightly controlled and to vary minimally due to
variations in manufacturing, operating voltage and temperature. The oscillation
frequency of a crystal on the same substrate with the microprocessor would
inherently not vary due to variations in manufacturing, operating voltage and
temperature in the same way as the frequency capability of the microprocessor on
the same underlying substrate, as claimed.™

The PTO nonetheless issued a second rejection based on Magar, and the applicants
responded by emphasizing again that the claimed invention did not rely on an external crystal’s

fixed frequency to set the clock’s frequency rate:

The essential difference is that the frequency or rate of the . . . signals is determined
by the processing and/or operating parameters of the integrated circuit containing the
.. . circuit, while the frequency or rate of the . . . signals depicted in Magar . . . are
determined by the fixed frequency of the external crystal.*

The applicants also disclaimed the use of an external crystal to cause clock signal

oscillation:

Magar’s clock generator relies on an external crystal connected to terminals X1 and
X2 to oscillate . . . . It is not an entire oscillator in itself. And with the crystal, the
clock rate generated is also conventional in that it is a fixed, not a variable,
frequency. The Magar clock is comparable in operation to the conventional crystal
clock 434 depicted in Fig. 17 of the present application for controlling the 1/0
interface at a fixed rate frequency, and not at all like the clock on which the claims
are based."®

The examiner similarly issued an initial rejection in view of Sheets. In response, the
applicants distinguished their “present invention” from microprocessors that rely on frequency

control information from an external source:

The present invention does not similarly rely upon provision of frequency control
information to an external clock, but instead contemplates providing a ring oscillator
clock and the microprocessor within the same integrated circuit. The placement of
these elements within the same integrated circuit obviates the need for provision of
the type of frequency control information described by Sheets, since the
microprocessor and clock will naturally tend to vary commensurately in speed as a
function of various parameters (e.g., temperature) affecting circuit performance.

1d. at 4.
21d. at 4.
B 1d. at 3.
5
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Sheets’ system for providing clock control signals to an external clock is thus seen to
be unrelated to the integral microprocessor/clock system of the present invention.™

Because the applicants referred to the “present invention” in this statement, their disclaimer applies
to all claims.”

But that disclaimer, like the prior disclaimers, could not secure allowance. In response to
a subsequent rejection, the applicants went even further and disclaimed the use of controlled

inputs altogether, regardless whether the control is on-chip or not:

Even if the examiner is correct that the variable clock in Sheets is in the same
circuit as the microprocessor of system 100, that still does not give the claimed
subject matter. In Sheets, a command input is required to change the clock speed. In
the present invention, the clock speed varies correspondingly to variations in
operating parameters . . .. No command input is necessary to change the clock
frequency.®

Thus, according to applicants, controlling the on-chip oscillator’s speed using a command signal
“does not give the claimed subject matter.”'” Indeed, in a later amendment, the applicants left no
doubt that, unlike “all cited references,” the claimed oscillator is completely free of inputs and

extra components:

Crucial to the present invention is that . . . when fabrication and environmental
parameters vary, the oscillation or clock frequency and the frequency capability of
the driven device will automatically vary together. This differs from all cited
references in that . . . the oscillator or variable speed clock varies in frequency but
does nlgt require manual or programmed inputs or external or extra components to
do so.

After overcoming these and other objections by the examiner, the *336 patent issued on

September 15, 1998. The patent has been construed in three previous litigations, including

4 Docket No. 90-9, Ex. F at 8.

1> See, e.g., Ballard Med. Prods. v. Allegiance Healthcare Corp., 268 F.3d 1352, 1360-62 (Fed.
Cir. 2001).

1® Docket No. 90-10, Ex. G at 4.
4.
'8 Docket No. 90-7, Ex. D at 5.
6
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one before the undersigned that resulted in a nine-day trial. In the Eastern District of Texas, Judge
Ward construed the “entire ring oscillator” claim term in claim 1 to preclude reliance on either a
control signal or an external crystal/clock generator to generate a clock signal.*® In reaching this
conclusion, Judge Ward explained: “The Court agrees with the defendants that the applicant
disclaimed the use of an input control signal and an external crystal/clock generator to generate a
clock signal.”®

Similarly, in a United States International Trade Commission investigation, Judge Gildea
construed “entire oscillator” as precluding reliance on either a control signal or an external
crystal/clock generator to generate a clock signal.?! Judge Gildea found that Plaintiffs clearly and
unambiguously disclaimed any oscillator that relies on a control signal or an external crystal or
frequency generator.?? The Commission affirmed Judge Gildea’s construction.?

Likewise, this court construed “ring oscillator” as “an oscillator having a multiple, odd
number of inversions arranged in a loop, wherein the oscillator is variable based on the

t 2924
l

temperature, voltage and process parameters in the environmen and instructed the jury that the

term “entire oscillator” excludes any external clock used to generate the CPU clock signal.?

19 See Docket No. 90-15, Ex. L at 12.
24,
21 see Docket No. 90-16, Ex. M at 40-41; Docket No. 90-17, Ex. N at 16-25.

22 see Docket No. 90-20, Ex. Q at 39-40 (finding that “the essential point made by the applicants in
seeking to gain acceptance” of their claims, and their “unqualified statements in distinguishing” the
prior art, constituted a “clear disavowal” of claim scope).

23 See Docket No. 90-17, Ex. N at 16-25.

% See Acer, Inc. v. Tech. Properties Ltd., No. 5:08-CV-00877 PSG, 2013 WL 4515545, at *5 (N.D.
Cal. Aug. 21, 2013).

25 See Docket No. 90-13, Ex. J at 26; Docket No. 90-14, Ex. K at 2: see also Docket No. 90-18, Ex.
O at 11, and n.24.

7
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The parties to this litigation agree that the disputed term must be limited as “an [oscillator]
that is located entirely on the same semiconductor substrate as the [central processing unit].”?®
Where they disagree is whether the term should further be limited to read as “an [oscillator] that is
located entirely on the same semiconductor substrate as the [central processing unit] and does not
rely on a control signal or an external crystal/clock generator to cause clock signal oscillation or
control clock signal frequency.”*

1.

This court has jurisdiction under 28 U.S.C. 88 1331 and 1338. The presiding judge referred
all pretrial matters to the undersigned pursuant to Fed. R. Civ. P. 72(a).?

“To construe a claim term, the trial court must determine the meaning of any disputed
words from the perspective of one of ordinary skill in the pertinent art at the time of filing.”?° This
requires a careful review of the intrinsic record comprised of the claim terms, written description
and prosecution history of the patent.*

While claim terms “are generally given their ordinary and customary meaning,”** the

claims themselves and the context in which the terms appear “provide substantial guidance as to

the meaning of particular claim terms.”*? Indeed, a patent’s specification “is always highly relevant

%6 Docket No. 89 at 7.

7 d.

%8 See Docket No. 17.

29 Chamberlain Group, Inc. v. Lear Corp., 516 F.3d 1331, 1335 (Fed. Cir. 2008).

%0 See id. (“To construe a claim term, the trial court must determine the meaning of any disputed
words from the perspective of one of ordinary skill in the pertinent art at the time of filing. Intrinsic
evidence, that is the claims, written description, and the prosecution history of the patent, is a more
reliable guide to the meaning of a claim term than are extrinsic sources like technical dictionaries,
treatises, and expert testimony.”) (citing Phillips, 415 F.3d at 1312).

%L phillips, 415 F.3d at 1312 (quoting Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1582
(Fed. Cir. 1996)).

%2 phillips, 415 F.3d at 1314
8
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to the claim construction analysis.”** Claims “must be read in view of the specification, of which
they are part.”**

Although the patent’s prosecution history “lacks the clarity of the specification and thus is
less useful for claim construction purposes,” it “can often inform the meaning of the claim
language by demonstrating how the inventor understood the invention and whether the inventor
limited the invention in the course of prosecution, making the claim scope narrower than it would
otherwise be.”*® The court also has the discretion to consider extrinsic evidence, including
dictionaries, learned treatises and testimony from experts and inventors.*® Such evidence, however,
is “less significant than the intrinsic record in determining the legally operative meaning of claim
language.”®’ No extrinsic evidence is necessary to resolve the dispute here, however, because the
intrinsic record is dispositive that the applicant disclaimed certain claim scope to convince the
examiner to issue the patent.

1.

“[T]here is no principle of patent law that the scope of surrender of subject matter made
during prosecution is limited to what is absolutely necessary to avoid a prior art reference that was
the basis for an examiner’s rejection.”*® Whether necessary or not to get the examiner to avoid

Magar and Sheets, the applicant here surrendered subject matter that the definition of the “entire

oscillator” term must account, albeit in language different than that proposed by either side.

% Phillips, 415 F.3d at 1312-15.

% Markman v. Westview Instruments, Inc., 52 F.3d 967, 979 (Fed. Cir. 1995); see also Ultimax
Cement Mfg. Corp v. CTS Cement Mfg. Corp., 587 F. 3d 1339, 1347 (Fed. Cir. 2009).

% phillips, 415 F.3d at 1317 (internal quotations omitted).

% See id. (“Although we have emphasized the importance of intrinsic evidence in claim
construction, we have also authorized district courts to rely on extrinsic evidence, which ‘consists
of all evidence external to the patent and prosecution history, including expert and inventor
testimony, dictionaries, and learned treatises.””’) (quoting Markman, 52 F.3d at 980).

37 Phillips, 415 F.3d at 1317 (citing C.R. Bard, Inc. v. U.S. Surgical Corp., 388 F.3d 858, 862 (Fed.
Cir. 2004)) (internal quotations and additional citations omitted).

%8 Norian Corp. v. Stryker Corp., 432 F.3d 1356, 1361 (Fed. Cir. 2005).
9
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To avoid Magar, the applicants surrendered any oscillator that like Magar’s is fixed by an
off-chip crystal. Over and over again, the applicants insisted that its claims did not read on Magar
because of this distinction. Whether styled by the applicants as an “essential difference” or “not at
all like the clock on which the claims are based,”*° Magar is distinct from the invention because it
fixes the frequency of the CPU with a crystal oscillator that is not on the same silicon substrate.
Having sold the Patent Office on this distinction, and told the world the same in the prosecution
history, the applicants understood that they could not later claim anything else. The Federal Circuit

has taught this lesson over and over again.*

3 Docket No. 90-8, Ex. E at 3, 4.

0 See, e.g., Southwall, 54 F.3d at 1576 (“Claims may not be construed one way in order to obtain
their allowance and in a different way against accused infringers.”); Rheox, 276 F.3d at 1325
(“Explicit arguments made during prosecution to overcome prior art can lead to a narrow claim
interpretation because ‘[t]he public has a right to rely on such definitive statements made during
prosecution.’”); Gillespie v. Dywidag Sys. Int’l, USA, 501 F.3d 1285, 1291 (Fed. Cir. 2007) (“The
patentee is held to what he declares during the prosecution of his patent.””); Computer Docking
Station Corp. v. Dell, Inc., 519 F.3d 1366, 1379 (Fed. Cir. 2008) (holding that “the sum of the
patentees’ statements during prosecution would lead a competitor to believe that the patentee had
disavowed coverage of laptops” and, thus, affirming. the trial court’s construction of the portable
computer limitation); Seachange Int’l, Inc. v. C-COR, Inc., 413 F.3d 1361, 1372-75 (Fed. Cir.
2005) (“Where an applicant argues that a claim possesses a feature that the prior art does not
possess in order to overcome a prior art rejection, the argument may serve to narrow the scope of
otherwise broad claim language.”); see also Am. Piledriving Equip. v. Geoquip, Inc., 637 F. 3d
1324, 1336 (Fed. Cir. 2011) (“[A]n applicant’s argument that a prior art reference is
distinguishable on a particular ground can serve as a disclaimer of claim scope even if the applicant
distinguishes the reference on other grounds as well.”); Chimie v. PPG Indus., Inc., 402 F.3d 1371,
1384 (Fed. Cir. 2005) (“The purpose of consulting the prosecution history in construing a claim is
to ‘exclude any interpretation that was disclaimed during prosecution.””’; “Accordingly, ‘where the
patentee has unequivocally disavowed a certain meaning to obtain his patent, the doctrine of
prosecution disclaimer attaches and narrows the ordinary meaning of the claim congruent with the
scope of the surrender.””) (citations omitted); Microsoft Corp. v. Multi-Tech. Sys., Inc., 357 F.3d
1340, 1349 (Fed. Cir. 2004) (a court “cannot construe the claims to cover subject matter broader
than that which the patentee itself regarded as comprising its invention and represented to the
PTO); Springs Window Fashions LP v. Novo Indus., L.P., 323 F.3d 989, 993-96 (Fed. Cir. 2003)
(rejecting patentee’s attempt to narrow the scope of disclaimer, even though the examiner did not
rely on the disclaimer to issue the claims); N. Am. Container Inc. v. Plastipak Packaging Inc., 415
F.3d 1335, 1345-46 (Fed. Cir. 2005) (holding that “the applicant, through argument [that the prior-
art inner walls are ‘slightly concave’] during the prosecution, disclaimed inner walls of the base
portion having any concavity. . . . [a]lthough the inner walls disclosed in the [prior art] may be
viewed as entirely concave”).

10
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The song remains much the same regarding Sheets. The applicants distinguished Sheets
repeatedly on the ground that Sheets requires control signals, frequency control information or
command inputs. In contrast, they characterize the invention upon relying upon or requiring any
such signals, information or inputs.** Because applicants described this distinction as no less than
“crucial,” and applicable to the “present invention,” their disclaimer applies to all claims.*?

Plaintiffs principally argue that the distinctions drawn from Magar and Sheets are already
expressly included in the patent claims themselves. It is true that the “on-chip/off-chip” distinction
and the invention’s variability depending on PVT are reflected in other limitations. But those other
limitations do not get at the full range of distinctions drawn, especially the claimed invention’s
oscillator frequency not being fixed by any crystal off-chip and the oscillator not needing any
control inputs. The Federal Circuit has been clear that claim construction must reflect all
disclaimers, not merely a subset.*?

The undersigned appreciates that the construction recommended differs from the
constructions adopted in the Eastern District of Texas, the International Trade Commission and by
the undersigned as presiding judge in HTC. It also must be noted that neither party urged this
particular language. But putting aside any notion that this court is bound in this case by any prior
construction, the recommended construction is consistent with the fundamental meaning of those
earlier constructions. After multiple rounds of briefing by the parties and a lengthy hearing, the
undersigned is convinced that the particular language urged recommended here best captures what
actually happened at the patent office. In the universe of claim construction, that directive is

ultimate prime.

*1 See Docket No. 90-9, Ex. F at 8; see also Docket No. 90-10, Ex. G at 4.

42 See, e.g., Ballard Med. Prods. v. Allegiance Healthcare Corp., 268 F.3d 1352, 1360-62 (Fed.
Cir. 2001).

“3 See Krippelz v. Ford Motor Co., 667 F.3d 1261, 1267 (Fed. Cir. 2012); Am. Piledriving Equip. v.
Geoquip, Inc., 637 F.3d 1324, 1336 (Fed. Cir. 2011); Elkay v. Mgf. Co. v. Ebco Mfg. Co., 192 F.3d
973, 979 (Fed. Cir. 1999).
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SO ORDERED.

Dated: September 22, 2015

P£UL,-S. GR'EWgL 2

United States Magistrate Judge
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HIGH PERFORMANCE MICROPROCESSOR
HAVING VARIABLE SPEED SYSTEM
CLOCK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a division of U.S. application Ser. No.
07/389,334, filed Aug. 3, 1989, now U.S. Pat. No. 5,440,
749.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a simplified,
reduced instruction set computer (RISC) microprocessor.
More particularly, it relates to such a microprocessor which
is capable of performance levels of, for example, 20 million
instructions per second (MIPS) at a price of, for example, 20
dollars.

2. Description of the Prior Art

Since the invention of the microprocessor, improvements
in its design have taken two different approaches. In the first
approach, a brute force gain in performance has been
achieved through the provision of greater numbers of faster
transistors in the microprocessor integrated circuit and an
instruction set of increased complexity. This approach is
exemplified by the Motorola 68000 and Intel 80X86 micro-
processor families. The trend in this approach is to larger die
sizes and packages, with hundreds of pinouts.

More recently, it has been perceived that performance
gains can be achieved through comparative simplicity, both
in the microprocessor integrated circuit itself and in its
instruction set. This second approach provides RISC
microprocessors, and is exemplified by the Sun SPARC and
the Intel 8960 microprocessors. However, even with this
approach as conventionally practiced, the packages for the
microprocessor are large, in order to accommodate the large
number of pinouts that continue to be employed. A need
therefore remains for further simplification of high perfor-
mance microprocessors.

With conventional high performance microprocessors,
fast static memories are required for direct connection to the
microprocessors in order to allow memory accesses that are
fast enough to keep up with the microprocessors. Slower
dynamic random access memories (DRAMS) are used with
such microprocessors only in a hierarchical memory
arrangement, with the static memories acting as a buffer
between the microprocessors and the DRAMSs. The neces-
sity to use static memories increases cost of the resulting
systems.

Conventional microprocessors provide direct memory
accesses (DMA) for system peripheral units through DMA
controllers, which may be located on the microprocessor
integrated circuit, or provided separately. Such DMA con-
trollers can provide routine handling of DMA requests and
responses, but some processing by the main central process-
ing unit (CPU) of the microprocessor is required.

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to provide a
microprocessor with a reduced pin count and cost compared
to conventional microprocessors.

It is another object of the invention to provide a high
performance microprocessor that can be directly connected
to DRAMSs without sacrificing microprocessor speed.
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It is a further object of the invention to provide a high
performance microprocessor in which DMA does not
require use of the main CPU during DMA requests and
responses and which provides very rapid DMA response
with predictable response times.

The attainment of these and related objects may be
achieved through use of the novel high performance, low
cost microprocessor herein disclosed. In accordance with
one aspect of the invention, a microprocessor system in
accordance with this invention has a central processing unit,
a dynamic random access memory and a bus connecting the
central processing unit to the dynamic random access
memory. There is a multiplexing means on the bus between
the central processing unit and the dynamic random access
memory. The multiplexing means is connected and config-
ured to provide row addresses, column addresses and data on
the bus.

In accordance with another aspect of the invention, the
microprocessor system has a means connected to the bus for
fetching instructions for the central processing unit on the
bus. The means for fetching instructions is configured to
fetch multiple sequential instructions in a single memory
cycle. In a variation of this aspect of the invention, a
programmable read only memory containing instructions for
the central processing unit is connected to the bus. The
means for fetching instructions includes means for assem-
bling a plurality of instructions from the programmable read
only memory and storing the plurality of instructions in the
dynamic random access memory.

In another aspect of the invention, the microprocessor
system includes a central processing unit, a direct memory
access processing unit and a memory connected by a bus.
The direct memory access processing unit includes means
for fetching instructions for the central processing unit and
for fetching instructions for the direct memory access pro-
cessing unit on the bus.

In a further aspect of the invention, the microprocessor
system, including the memory, is contained in an integrated
circuit. The memory is a dynamic random access memory,
and the means for fetching multiple instructions includes a
column latch for receiving the multiple instructions.

In still another aspect of the invention, the microprocessor
system additionally includes an instruction register for the
multiple instructions connected to the means for fetching
instructions. A means is connected to the instruction register
for supplying the multiple instructions in succession from
the instruction register. A counter is connected to control the
means for supplying the multiple instructions to supply the
multiple instructions in succession. A means for decoding
the multiple instructions is connected to receive the multiple
instructions in succession from the means for supplying the
multiple instructions. The counter is connected to said
means for decoding to receive incrementing and reset con-
trol signals from the means for decoding. The means for
decoding is configured to supply the reset control signal to
the counter and to supply a control signal to the means for
fetching instructions in response to a SKIP instruction in the
multiple instructions. In a modification of this aspect of the
invention, the microprocessor system additionally has a loop
counter connected to receive a decrement control signal
from the means for decoding. The means for decoding is
configured to supply the reset control signal to the counter
and the decrement control signal to the loop counter in
response to a MICROLOOP instruction in the multiple
instructions. In a further modification to this aspect of the
invention, the means for decoding is configured to control
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the counter in response to an instruction utilizing a variable
width operand. A means is connected to the counter to select
the variable width operand in response to the counter.

In a still further aspect of the invention, the microproces-
sor system includes an arithmetic logic unit. A first push
down stack is connected to the arithmetic logic unit. The first
push down stack includes means for storing a top item
connected to a first input of the arithmetic logic unit and
means for storing a next item connected to a second input of
the arithmetic logic unit. The arithmetic logic unit has an
output connected to the means for storing a top item. The
means for storing a top item is connected to provide an input
to a register file. The register file desirably is a second push
down stack, and the means for storing a top item and the
register file are bidirectionally connected.

In another aspect of the invention, a data processing
system has a microprocessor including a sensing circuit and
a driver circuit, a memory, and an output enable line
connected between the memory, the sensing circuit and the
driver circuit. The sensing circuit is configured to provide a
ready signal when the output enable line reaches a prede-
termined electrical level, such as a voltage. The micropro-
cessor is configured so that the driver circuit provides an
enabling signal on the output enable line responsive to the
ready signal.

In a further aspect of the invention, the microprocessor
system has a ring counter variable speed system clock
connected to the central processing unit. The central pro-
cessing unit and the ring counter variable speed system
clock are provided in a single integrated circuit. An input/
output interface is connected to exchange coupling control
signals, addresses and data with the input/output interface. A
second clock independent of the ring counter variable speed
system clock is connected to the input/output interface.

In yet another aspect of the invention, a push down stack
is connected to the arithmetic logic unit. The push down
stack includes means for storing a top item connected to a
first input of the arithmetic logic unit and means for storing
a next item connected to a second input of the arithmetic
logic unit. The arithmetic logic unit has an output connected
to the means for storing a top item. The push down stack has
a first plurality of stack elements configured as latches and
a second plurality of stack elements configured as a random
access memory. The first and second plurality of stack
elements and the central processing unit are provided in a
single integrated circuit. A third plurality of stack elements
is configured as a random access memory external to the
single integrated circuit. In this aspect of the invention,
desirably a first pointer is connected to the first plurality of
stack elements, a second pointer connected to the second
plurality of stack elements, and a third pointer is connected
to the third plurality of stack elements. The central process-
ing unit is connected to pop items from the first plurality of
stack elements. The first stack pointer is connected to the
second stack pointer to pop a first plurality of items from the
second plurality of stack elements when the first plurality of
stack elements are empty from successive pop operations by
the central processing unit. The second stack pointer is
connected to the third stack pointer to pop a second plurality
of items from the third plurality of stack elements when the
second plurality of stack elements are empty from succes-
sive pop operations by the central processing unit.

In another aspect of the invention, a first register is
connected to supply a first input to the arithmetic logic unit.
A first shifter is connected between an output of the arith-
metic logic unit and the first register. A second register is
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connected to receive a starting polynomial value. An output
of the second register is connected to a second shifter. A least
significant bit of the second register is connected to The
arithmetic logic unit. A third register is connected to supply
feedback terms of a polynomial to the arithmetic logic unit.
A down counter, for counting down a number corresponding
to digits of a polynomial to be generated, is connected to the
arithmetic logic unit. The arithmetic logic unit is responsive
to a polynomial instruction to carry out an exclusive OR of
the contents of the first register with the contents of the third
register if the least significant bit of the second register is a
“ONE” and to pass the contents of the first register unaltered
if the least significant bit of the second register is a “ZERO”,
until the down counter completes a count. The polynomial to
be generated results in said first register.

In still another aspect of the invention, a result register is
connected to supply a first input to the arithmetic logic unit.
A first, left shifting shifter is connected between an output of
the arithmetic logic unit and the result register. A multiplier
register is connected to receive a multiplier in bit reversed
form. An output of the multiplier register is connected to a
second, right shifting shifter. A least significant bit of the
multiplier register is connected to the arithmetic logic unit.
A third register is connected to supply a multiplicand to said
arithmetic logic unit. A down counter, for counting down a
number corresponding to one less than the number of digits
of the multiplier, is connected to the arithmetic logic unit.
The arithmetic logic unit is responsive to a multiply instruc-
tion to add the contents of the result register with the
contents of the third register, when the least significant bit of
the multiplier register is a “ONE” and to pass the contents
of the result register unaltered, until the down counter
completes a count. The product results in the result register.

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

FIG. 1 is an external, plan view of an integrated circuit
package incorporating a microprocessor in accordance with
the invention.

FIG. 2 is a block diagram of a microprocessor in accor-
dance with the invention.

FIG. 3 is a block diagram of a portion of a data processing
system incorporating the microprocessor of FIGS. 1 and 2.

FIG. 4 is a more detailed block diagram of a portion of the
microprocessor shown in FIG. 2.

FIG. 5 is a more detailed block diagram of another portion
of the microprocessor shown in FIG. 2.

FIG. 6 is a block diagram of another portion of the data
processing system shown in part in FIG. 3 and incorporating
the microprocessor of FIGS. 1-2 and 4-5.

FIGS. 7 and 8 are layout diagrams for the data processing
system shown in part in FIGS. 3 and 6.

FIG. 9 is a layout diagram of a second embodiment of a
microprocessor in accordance with the invention in a data
processing system on a single integrated circuit.

FIG. 10 is a more detailed block diagram of a portion of
the data processing system of FIGS. 7 and 8.

FIG. 11 is a timing diagram useful for understanding
operation of the system portion shown in FIG. 12.

FIG. 12 is another more detailed block diagram of a
further portion of the data processing system of FIGS. 7 and
8.
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FIG. 13 is a more detailed block diagram of a portion of
the microprocessor shown in FIG. 2.

FIG. 14 is a more detailed block and schematic diagram
of a portion of the system shown in FIGS. 3 and 7-8.

FIG. 15 is a graph useful for understanding operation of
the system portion shown in FIG. 14.

FIG. 16 is a more detailed block diagram showing part of
the system portion shown in FIG. 4.

FIG. 17 is a more detailed block diagram of a portion of
the microprocessor shown in FIG. 2.

FIG. 18 is a more detailed block diagram of part of the
microprocessor portion shown in FIG. 17.

FIG. 19 is a set of waveform diagrams useful for under-
standing operation of the part of the microprocessor portion
shown in FIG. 18.

FIG. 20 is a more detailed block diagram showing another
part of the system portion shown in FIG. 4.

FIG. 21 is a more detailed block diagram showing another
part of the system portion shown in FIG. 4.

FIGS. 22 and 23 are more detailed block diagrams show-
ing another part of the system portion shown in FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION
Overveiw

The microprocessor of this invention is desirably imple-
mented as a 32-bit microprocessor optimized for:

HIGH EXECUTION SPEED, and

LOW SYSTEM COST.

In this embodiment, the microprocessor can be thought of
as 20 MIPS for 20 dollars. Important distinguishing features
of the microprocessor are:

Uses low-cost commodity DYNAMIC RAMS to run 20

MIPS

4 instruction fetch per memory cycle

On-chip fast page-mode memory management

Runs fast without external cache

Requires few interfacing chips

Crams 32-bit CPU in 44 pin SOJ package

The instruction set is organized so that most operations
can be specified with 8-bit instructions. Two positive prod-
ucts of this philosophy are:

Programs are smaller,

Programs can execute much faster.

The bottleneck in most computer systems is the memory
bus. The bus is used to fetch instructions and fetch and store
data. The ability to fetch four instructions in a single
memory bus cycle significantly increases the bus availability
to handle data.

Turning now to the drawings, more particularly to FIG. 1,
there is shown a packaged 32-bit microprocessor 50 in a
44-pin plastic leadless chip carrier, shown approximately
100 times its actual size of about 0.8 inch on a side. The fact
that the microprocessor 50 is provided as a 44-pin package
represents a substantial departure from typical microproces-
sor packages, which usually have about 200 input/output
(I/0) pins. The microprocessor 50 is rated at 20 million
instructions per second (MIPS). Address and data lines 52,
also labelled D0-D31, are shared for addresses and data
without speed penalty as a result of the manner in which the
microprocessor 50 operates, as will be explained below.
DYNAMIC RAM

In addition to the low cost 44-pin package, another
unusual aspect of the high performance microprocessor 50 is
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6
that it operates directly with dynamic random access memo-
ries (DRAMSs), as shown by row address strobe (RAS) and
column address strobe (CAS) I/O pins 54. The other I/O pins
for the microprocessor 50 include V,, pins 56, V¢ pins 58,
output enable pin 60, write pin 62, clock pin 64 and reset pin
66.

All high speed computers require high speed and expen-
sive memory to keep up. The highest speed static RAM
memories cost as much as ten times as much as slower
dynamic RAMs. This microprocessor has been optimized to
use low-cost dynamic RAM in high-speed page-mode.
Page-mode dynamic RAMs offer static RAM performance
without the cost penalty. For example, low-cost 85 nsec.
dynamic RAMs access at 25 nsec when operated in fast
page-mode. Integrated fast page-mode control on the micro-
processor chip simplifies system interfacing and results in a
faster system.

Details of the microprocessor 50 are shown in FIG. 2. The
microprocessor 50 includes a main central processing unit
(CPU) 70 and a separate direct memory access (DMA) CPU
72 in a single integrated circuit making up the micropro-
cessor 50. The main CPU 70 has a first 16 deep push down
stack 74, which has a top item register 76 and a next item
register 78, respectively connected to provide inputs to an
arithmetic logic unit (ALU) 80 by lines 82 and 84. An output
of the ALU 80 is connected to the top item register 76 by line
86. The output of the top item register at 82 is also connected
by line 88 to an internal data bus 90.

A loop counter 92 is connected to a decrementer 94 by
lines 96 and 98. The loop counter 92 is bidirectionally
connected to the internal data bus 90 by line 100. Stack
pointer 102, return stack pointer 104, mode register 106 and
instruction register 108 are also connected to the internal
data bus 90 by lines 110, 112, 114 and 116, respectively. The
internal data bus 90 is connected to memory controller 118
and to gate 120. The gate 120 provides inputs on lines 122,
124, and 126 to X register 128, program counter 130 and Y
register 132 of return push down stack 134. The X register
128, program counter 130 and Y register 132 provide
outputs to internal address bus 136 on lines 138, 140 and
142. The internal address bus provides inputs to the memory
controller 118 and to an incrementer 144. The incrementer
144 provides inputs to the X register, program counter and
Y register via lines 146, 122, 124 and 126. The DMA CPU
72 provides inputs to the memory controller 118 on line 148.
The memory controller 118 is connected to a RAM (not
shown) by address/data bus 150 and control lines 152.

FIG. 2 shows that the microprocessor 50 has a simple
architecture. Prior art RISC microprocessors are substan-
tially more complex in design. For example, the SPARC
RISC microprocessor has three times the gates of the
microprocessor 50, and the Intel 8960 RISC microprocessor
has 20 times the gates of the microprocessor 50. The speed
of this microprocessor is in substantial part due to this
simplicity. The architecture incorporates push down stacks
and register write to achieve this simplicity.

The microprocessor 50 incorporates an I/O that has been
tuned to make heavy use of resources provided on the
integrated circuit chip. On chip latches allow use of the same
I/O circuits to handle three different things: column
addressing, row addressing and data, with a slight to non-
existent speed penalty. This triple bus multiplexing results in
fewer buffers to expand, fewer interconnection lines, fewer
I/O pins and fewer internal buffers.

The provision of on-chip DRAM control gives a perfor-
mance equal to that obtained with the use of static RAMs.
As aresult, memory is provided at ¥ the system cost of static
RAM used in most RISC systems.
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The microprocessor 50 fetches 4 instructions per memory
cycle; the instructions are in an 8-bit format, and this is a
32-bit microprocessor. System speed is therefore 4 times the
memory bus bandwidth. This ability enables the micropro-
cessor to break the Von Neumann bottleneck of the speed of
getting the next instruction. This mode of operation is
possible because of the use of a push down stack and register
array. The push down stack allows the use of implied
addresses, rather than the prior art technique of explicit
addresses for two sources and a destination.

Most instructions execute in 20 nanoseconds in the micro-
processor 50. The microprocessor can therefore execute
instructions at 50 peak MIPS without pipeline delays. This
is a function of the small number of gates in the micropro-
cessor 50 and the high degree of parallelism in the archi-
tecture of the microprocessor.

FIG. 3 shows how column and row addresses are multi-
plexed on lines D8-D14 of the microprocessor 50 for
addressing DRAM 150 from I/O pins 52. The DRAM 150 is
one of eight, but only one DRAM 150 has been shown for
clarity. As shown, the lines D11-D18 are respectively con-
nected to row address inputs AO—A8 of the DRAM 150.
Additionally, lines D12-D15 are connected to the data
inputs DQ1-DQ4 of the DRAM 150. The output enable,
write and column address strobe pins 54 are respectively
connected to the output enable, write and column address
strobe inputs of the DRAM 150 by lines 152. The row
address strobe pin 54 is connected through row address
strobe decode logic 154 to the row address strobe input of
the DRAM 150 by lines 156 and 158.

DO0-D7 pins 52 (FIG. 1) are idle when the microprocessor
50 is outputting multiplexed row and column addresses on
D11-D18 pins 52. The D0-D7 pins 52 can therefore simul-
taneously be used for I/O when right justified I/O is desired.
Simultaneous addressing and I/O can therefore be carried
out.

FIG. 4 shows how the microprocessor 50 is able to
achieve performance equal to the use of static RAMS with
DRAMSs through multiple instruction fetch in a single clock
cycle and instruction fetch-ahead. Instruction register 108
receives four 8-bit byte instruction words 1-4 on 32-bit
internal data bus 90. The four instruction byte 1—4 locations
of the instruction register 108 are connected to multiplexer
170 by busses 172, 174, 176 and 178, respectively. A
microprogram counter 180 is connected to the multiplexer
170 by lines 182. The multiplexer 170 is connected to
decoder 184 by bus 186. The decoder 184 provides internal
signals to the rest of the microprocessor S0 on lines 188.

Most significant bits 190 of each instruction byte 1-4
location are connected to a 4-input decoder 192 by lines 194.
The output of decoder 192 is connected to memory control-
ler 118 by line 196. Program counter 130 is connected to
memory controller 118 by internal address bus 136, and the
instruction register 108 is connected to the memory control-
ler 118 by the internal data bus 90. Address/data bus 198 and
control bus 200 are connected to the DRAMS 150 (FIG. 3).

In operation, when the most significant bits 190 of
remaining instructions 1-4 are “1” in a clock cycle of the
microprocessor 50, there are no memory reference instruc-
tions in the queue. The output of decoder 192 on line 196
requests an instruction fetch ahead by memory controller
118 without interference with other accesses. While the
current instructions in instruction register 108 are executing,
the memory controller 118 obtains the address of the next set
of four instructions from program counter 130 and obtains
that set of instructions. By the time the current set of
instructions has completed execution, the next set of instruc-
tions is ready for loading into the instruction register.
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Details of the DMA CPU 72 are provided in FIG. 5.
Internal data bus 90 is connected to memory controller 118
and to DMA instruction register 210. The DMA instruction
register 210 is connected to DMA program counter 212 by
bus 214, to transfer size counter 216 by bus 218 and to timed
transfer interval counter 220 by bus 222. The DMA instruc-
tion register 210 is also connected to DMA I/O and RAM
address register 224 by line 226. The DMA I/O and RAM
address register 224 is connected to the memory controller
118 by memory cycle request line 228 and bus 230. The
DMA program counter 212 is connected to the internal
address bus 136 by bus 232. The transfer size counter 216 is
connected to a DMA instruction done decrementer 234 by
lines 236 and 238. The decrementer 234 receives a control
input on memory cycle acknowledge line 240. When trans-
fer size counter 216 has completed its count, it provides a
control signal to DMA program counter 212 on line 242.
Timed transfer interval counter 220 is connected to decre-
menter 244 by lines 246 and 248. The decrementer 244
receives a control input from a microprocessor system clock
on line 250.

The DMA CPU 72 controls itself and has the ability to
fetch and execute instructions. It operates as a co-processor
to the main CPU 70 (FIG. 2) for time specific processing.

FIG. 6 shows how the microprocessor 50 is connected to
an electrically programmable read only memory (EPROM)
260 by reconfiguring the data lines 52 so that some of the
data lines 52 are input lines and some of them are output
lines. Data lines 52 DO0-D7 provide data to and from
corresponding data terminals 262 of the EPROM 260. Data
lines 52 D9-D18 provide addresses to address terminals 264
of the EPROM 260. Data lines 52 D19-D31 provide inputs
from the microprocessor 50 to memory and I/O decode logic
266. RAS 0/1 control line 268 provides a control signal for
determining whether the memory and I/O decode logic
provides a DRAM RAS output on line 270 or a column
enable output for the EPROM 260 on line 272. Column
address strobe terminal 60 of the microprocessor 50 pro-
vides an output enable signal on line 274 to the correspond-
ing terminal 276 of the EPROM 260.

FIGS. 7 and 8 show the front and back of a one card data
processing system 280 incorporating the microprocessor 50,
MSM514258-10 type DRAMs 150 totalling 2 megabytes, a
Motorola 50 MegaHertz crystal oscillator clock 282, I/O
circuits 284 and a 27256 type EPROM 260. The I/O circuits
284 include a 74HCO04 type high speed hex inverter circuit
286, an IDT39C828 type 10-bit inverting buffer circuit 288,
an IDT39C822 type 10-bit inverting register circuit 290, and
two IDT39C823 type 9-bit non-inverting register circuits
292. The card 280 is completed with a MAXI12V type
DC-DC converter circuit 294, 34-pin dual AMP type headers
296, a coaxial female power connector 298, and a 3-pin
AMP right angle header 300. The card 280 is a low cost,
imbeddable product that can be incorporated in larger sys-
tems or used as an internal development tool.

The microprocessor 50 is a very high performance (50
MHz) RISC influenced 32-bit CPU designed to work closely
with dynamic RAM. Clock for clock, the microprocessor 50
approaches the theoretical performance limits possible with
a single CPU configuration. Eventually, the microprocessor
50 and any other processor is limited by the bus bandwidth
and the number of bus paths. The critical conduit is between
the CPU and memory.

One solution to the bus bandwidth/bus path problem is to
integrate a CPU directly onto the memory chips, giving
every memory a direct bus the CPU. FIG. 9 shows another
microprocessor 310 that is provided integrally with 1 mega-
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bit of DRAM 311 in a single integrated circuit 312. Until the
present invention, this solution has not been practical,
because most high performance CPUs require from 500,000
to 1,000,000 transistors and enormous die sizes just by
themselves. The microprocessor 310 is equivalent to the
microprocessor 50 in FIGS. 1-8. The microprocessors 50
and 310 are the most transistor efficient high performance
CPUs in existence, requiring fewer than 50,000 transistors
for dual processors 70 and 72 (FIG. 2) or 314 and 316 (less
memory). The very high speed of the microprocessors 50
and 310 is to a certain extent a function of the small number
of active devices. In essence, the less silicon gets in the way,
the faster the electrons can get where they are going.

The microprocessor 310 is therefore the only CPU suit-
able for integration on the memory chip die 312. Some
simple modifications to the basic microprocessor 50 to take
advantage of the proximity to the DRAM array 311 can also
increase the microprocessor 50 clock speed by 50 percent,
and probably more.

The microprocessor 310 core on board the DRAM die 312
provides most of the speed and functionality required for a
large group of applications from automotive to peripheral
control. However, the integrated CPU 310/DRAM 311 con-
cept has the potential to redefine significantly the way
multiprocessor solutions can solve a spectrum of very com-
pute intensive problems. The CPU 310/DRAM 311 combi-
nation eliminates the Von Neumann bottleneck by distrib-
uting it across numerous CPU/DRAM chips 312. The
microprocessor 310 is a particularly good core for
multiprocessing, since it was designed with the SDI target-
ing array in mind, and provisions were made for efficient
interprocessor communications.

Traditional multiprocessor implementations have been
very expensive in addition to being unable to exploit fully
the available CPU horsepower. Multiprocessor systems have
typically been built up from numerous board level or box
level computers. The result is usually an immense amount of
hardware with corresponding wiring, power consumption
and communications problems. By the time the systems are
interconnected, as much as 50 percent of the bus speed has
been utilized just getting through the interfaces.

In addition, multiprocessor system software has been
scarce. A multiprocessor system can easily be crippled by an
inadequate load-sharing algorithm in the system software,
which allows one CPU to do a great deal of work and the
others to be idle. Great strides have been made recently in
systems software, and even UNIX V.4 may be enhanced to
support multiprocessing. Several commercial products from
such manufacturers as DUAL Systems and UNISOFT do a
credible job on 68030 type microprocessor systems now.

The microprocessor 310 architecture eliminates most of
the interface friction, since up to 64 CPU 310/RAM 311
processors should be able to intercommunicate without
buffers or latches. Each chip 312 has about 40 MIPS raw
speed, because placing the DRAM 311 next to the CPU 310
allows the microprocessor 310 instruction cycle to be cut in
half, compared to the microprocessor 50. A 64 chip array of
these chips 312 is more powerful than any other existing
computer. Such an array fits on a 3x5 card, cost less than a
FAX machine, and draw about the same power as a small
television.

Dramatic changes in price/performance always reshape
existing applications and almost always create new ones.
The introduction of microprocessors in the mid 1970s cre-
ated video games, personal computers, automotive
computers, electronically controlled appliances, and low
cost computer peripherals.
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The integrated circuit 312 will find applications in all of
the above areas, plus create some new ones. A common
generic parallel processing algorithm handles convolution/
Fast Fourier Transform (FFT)/pattern recognition. Interest-
ing product possibilities using the integrated circuit 312
include high speed reading machines, real-time speech
recognition, spoken language translation, real-time robot
vision, a product to identify people by their faces, and an
automotive or aviation collision avoidance system.

A real time processor for enhancing high density televi-
sion (HDTV) images, or compressing the HDTV informa-
tion into a smaller bandwidth, would be very. feasible. The
load sharing in HDTV could be very straightforward. Split-
ting up the task according to color and frame would require
6, 9 or 12 processors. Practical implementation might
require 4 meg RAMs integrated with the microprocessor
310.

The microprocessor 310 has the following specifications:
CONTROL LINES
4—POWER/GROUND
1—CLOCK
32—DATA 1/O
4—SYSTEM CONTROL

EXTERNAL MEMORY FETCH

EXTERNAL MEMORY FETCH AUTOINCREMENT X

EXTERNAL MEMORY FETCH AUTOINCREMENT Y

EXTERNAL MEMORY WRITE

EXTERNAL MEMORY WRITE AUTOINCREMENT X

EXTERNAL MEMORY WRITE AUTOINCREMENT Y

EXTERNAL PROM FETCH

LOAD ALL X REGISTERS

LOAD ALLY REGISTERS

LOAD ALL PC REGISTERS

EXCHANGE X AND Y

INSTRUCTION FETCH

ADD TO PC

ADD TO X

WRITE MAPPING REGISTER

READ MAPPING REGISTER
REGISTER CONFIGURATION
MICROPROCESSOR 310 CPU 316 CORE
COLUMN LATCH1 (1024 BITS) 32x32 MUX
STACK POINTER (16 BITS)

COLUMN LATCH2 (1024 BITS) 32x32 MUX

RSTACK POINTER (16 BITS)

PROGRAM COUNTER 32 BITS

X0 REGISTER 32 BITS (ACTIVATED ONLY FOR

ON-CHIP ACCESSES)

YO REGISTER 32 BITS (ACTIVATED ONLY FOR

ON-CHIP ACCESSES)

LOOP COUNTER 32 BITS

DMA CPU 314 CORE

DMA PROGRAM COUNTER 24 BITS
INSTRUCTION REGISTER 32 BITS

I/O0 & RAM ADDRESS REGISTER 32 BITS
TRANSFER SIZE COUNTER 12 BITS
INTERVAL COUNTER 12 BITS

To offer memory expansion for the basic chip 312, an
intelligent DRAM can be produced. This chip will be
optimized for high speed operation with the integrated
circuit 312 by having three on-chip address registers: Pro-
gram Counter, X Register and Y register. As a result, to
access the intelligent DRAM, no address is required, and a
total access cycle could be as short as 10 nsec. Each
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expansion DRAM would maintain its own copy of the three
registers and would be identified by a code specifying its
memory address. Incrementing and adding to the three
registers will actually take place on the memory chips. A
maximum of 64 intelligent DRAM peripherals would allow
a large system to be created without sacrificing speed by
introducing multiplexers or buffers.

There are certain differences between the microprocessor
310 and the microprocessor 50 that arise from providing the
microprocessor 310 on the same die 312 with the DRAM
311. Integrating the DRAM 311 allows architectural changes
in the microprocessor 310 logic to take advantage of existing
on-chip DRAM 311 circuitry. Row and column design is
inherent in memory architecture. The DRAMs 311 access
random bits in a memory array by first selecting a row of
1024 bits, storing them into a column latch, and then
selecting one of the bits as the data to be read or written.

The time required to access the data is split between the
row access and the column access. Selecting data already
stored in a column latch is faster than selecting a random bit
by at least a factor of six. The microprocessor 310 takes
advantage of this high speed by creating a number of column
latches and using them as caches and shift registers. Select-
ing a new row of information may be thought of as per-
forming a 1024-bit read or write with the resulting immense
bus bandwidth.

1. The microprocessor 50 treats its 32-bit instruction
register 108 (see FIGS. 2 and 4) as a cache for four 8-bit
instructions. Since the DRAM 311 maintains a 1024-bit
latch for the column bits, the microprocessor 310 treats the
column latch as a cache for 128 8-bit instructions. Therefore,
the next instruction will almost always be already present in
the cache. Long loops within the cache are also possible and
more useful than the 4 instruction loops in the micropro-
cessor 50.

2. The microprocessor 50 uses two 16x32-bit deep reg-
ister arrays 74 and 134 (FIG. 2) for the parameter stack and
the return stack. The microprocessor 310 creates two other
1024-bit column latches to provide the equivalent of two
32x32-bit arrays, which can be accessed twice as fast as a
register array.

3. The microprocessor 50 has a DMA capability which
can be used for I/O to a video shift register. The micropro-
cessor 310 uses yet another 1024-bit column latch as a long
video shift register to drive a CRT display directly. For color
displays, three on-chip shift registers could also be used.
These shift registers can transfer pixels at a maximum of 100
MHz.

4. The microprocessor 50 accesses memory via an exter-
nal 32-bit bus. Most of the memory 311 for the micropro-
cessor 310 is on the same die 312. External access to more
memory is made using an 8-bit bus. The result is a smaller
die, smaller package and lower power consumption than the
microprocessor 50.

5. The microprocessor 50 consumes about a third of its
operating power charging and discharging the I/O pins and
associated capacitances. The DRAMs 150 (FIG. 8) con-
nected to the microprocessor 50 dissipate most of their
power in the 1/O drivers. A microprocessor 310 system will
consume about one-tenth the power of a microprocessor 50
system, since having the DRAM 311 next to the processor
310 eliminates most of the external capacitances to be
charged and discharged.

6. Multiprocessing means splitting a computing task
between numerous processors in order to speed up the
solution. The popularity of multiprocessing is limited by the
expense of current individual processors as well as the
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limited interprocessor communications ability. The micro-
processor 310 is an excellent multiprocessor candidate,
since the chip 312 is a monolithic computer complete with
memory, rendering it low-cost and physically compact.

The shift registers implemented with the microprocessor
310 to perform video output can also be configured as
interprocessor communication links. The INMOS transputer
attempted a similar strategy, but at much lower speed and
without the performance benefits inherent in the micropro-
cessor 310 column latch architecture. Serial I/O is a prereq-
uisite for many multiprocessor topologies because of the
many neighbor processors which communicate. A cube has
6 neighbors. Each neighbor communicates using these lines:

DATA IN

CLOCK IN

READY FOR DATA

DATA OUT

DATA READY?

CLOCK OoUuT
A special start up sequence is used to initialize the on-chip
DRAM 311 in each of the processors.

The microprocessor 310 column latch architecture allows
neighbor processors to deliver information directly to inter-
nal registers or even instruction caches of other chips 312.
This technique is not used with existing processors, because
it only improves performance in a tightly coupled DRAM
system.

7. The microprocessor 50 architecture offers two types of
looping structures: LOOP-IF-DONE and MICRO-LOOP.
The former takes an 8-bit to 24-bit operand to describe the
entry point to the loop address. The latter performs a loop
entirely within the 4 instruction queue and the loop entry
point is implied as the first instruction in the queue. Loops
entirely within the queue run without external instruction
fetches and execute up to three times as fast as the long loop
construct. The microprocessor 310 retains both constructs
with a few differences. The microprocessor 310 microloop
functions in the same fashion as the microprocessor 50
operation, except the queue is 1024-bits or 128 8-bit instruc-
tions long. The microprocessor 310 microloop can therefore
contain jumps, branches, calls and immediate operations not
possible in the 4 8-bit instruction microprocessor 50 queue.

Microloops in the microprocessor 50 can only perform
simple block move and compare functions. The larger
microprocessor 310 queue allows entire digital signal pro-
cessing or floating point algorithms to loop at high speed in
the queue.

The microprocessor 50 offers four instructions to redirect
execution:

CALL

BRANCH

BRANCH-IF-ZERO

LOOP-IF-NOT-DONE
These instructions take a variable length address operand 8,
16 or 24 bits long. The microprocessor 50 next address logic
treats the three operands similarly by adding or subtracting
them to the current program counter. For the microprocessor
310, the 16 and 24-bit operands function in the same manner
as the 16 and 24-bit operands in the microprocessor 50. The
8-bit class operands are reserved to operate entirely within
the instruction queue. Next address decisions can therefore
be made quickly, because only 10 bits of addresses are
affected, rather than 32. There is no carry or borrow gener-
ated past the 10 bits.

8. The microprocessor 310 CPU 316 resides on an already
crowded DRAM die 312. To keep chip size as small as
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possible, the DMA processor 72 of the microprocessor 50
has been replaced with a more traditional DMA controller
314. DMA is used with the microprocessor 310 to perform
the following functions:

Video output to a CRT

Multiprocessor serial communications

8-bit parallel I/O
The DMA controller 314 can maintain both serial and
parallel transfers simultaneously. The following DMA
sources and destinations are supported by the microproces-
sor 310:

DESCRIPTION /O LINES

1. Video shift register OUTPUT 1to3

2. Multiprocessor serial BOTH 6 lines/channel
3. 8-bit parallel BOTH 8 data, 4 control

The three sources use separate 1024-bit buffers and separate
1/O pins. Therefore, all three may be active simultaneously
without interference.

The microprocessor 310 can be implemented with either
a single multiprocessor serial buffer or separate receive and
sending buffers for each channel, allowing simultaneous
bidirectional communications with six neighbors simulta-
neously.

FIGS. 10 and 11 provide details of the PROM DMA used
in the microprocessor 50. The microprocessor 50 executes
faster than all but the fastest PROMs. PROMS are used in
a microprocessor 50 system to store program segments and
perhaps entire programs. The microprocessor 50 provides a
feature on power-up to allow programs to be loaded from
low-cost, slow speed PROMs into high speed DRAM for
execution. The logic which performs this function is part of
the DM A memory controller 118. The operation is similar to
DMA, but not identical, since four 8-bit bytes must be
assembled on the microprocessor 50 chip, then written to the
DRAM 150.

The microprocessor 50 directly interfaces to DRAM 150
over a triple multiplexed data and address bus 350, which
carries RAS addresses, CAS addresses and data. The
EPROM 260, on the other hand, is read with non-
multiplexed busses. The microprocessor 50 therefore has a
special mode which unmultiplexes the data and address lines
to read 8 bits of EPROM data. Four 8-bit bytes are read in
this fashion. The multiplexed bus 350 is turned back on, and
the data is written to the DRAM 150.

When the microprocessor 50 detects a RESET condition,
the processor stops the main CPU 70 and forces a mode 0
(PROM LOAD) instruction into the DMA CPU 72 instruc-
tion register. The DMA instruction directs the memory
controller to read the EPROM 260 data at 8 times the normal
access time for memory. Assuming a 50 MHz microproces-
sor 50, this means an access time of 320 nsec. The instruc-
tion also indicates:

The selection address of the EPROM 260 to be loaded,

The number of 32-bit words to transfer,

The DRAM 150 address to transfer into.

The sequence of activities to transfer one 32-bit word
from EPROM 260 to DRAM 150 are:

1. RAS goes low at 352, latching the EPROM 260 select
information from the high order address bits. The
EPROM 260 is selected.

2. Twelve address bits (consisting of what is normally
DRAM CAS addresses plus two byte select bits are
placed on the bus 350 going to the EPROM 260 address
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pins. These signals will remain on the lines until the
data from the EPROM 260 has been read into the
microprocessor 50. For the first byte, the byte select
bits will be binary 00.

3. CAS goes low at 354, enabling the EPROM 260 data
onto the lower 8 bits of the external address/data bus
350. NOTE: It is important to recognize that, during
this part of the cycle, the lower 8 bits of the external
data/address bus are functioning as inputs, but the rest
of the bus is still acting as outputs.

4. The microprocessor 50 latches these eight least signifi-
cant bits internally and shifts them 8 bits left to shift
them to the next significant byte position.

5. Steps 2, 3 and 4 are repeated with byte address O1.

6. Steps 2, 3 and 4 are repeated with byte address 10.

7. Steps 2, 3 and 4 are repeated with byte address 11.

8. CAS goes high at 356, taking the EPROM 260 off the
data bus.

9. RAS goes high at 358, indicating the end of the
EPROM 260 access.

10. RAS goes low at 360, latching the DRAM select
information from the high order address bits. At the
same time, the RAS address bits are latched into the
DRAM 150. The DRAM 150 is selected.

11. CAS goes low at 362, latching the DRAM 150 CAS
addresses.

12. The microprocessor 50 places the previously latched
EPROM 260 32-bit data onto the external address/data
bus 350. W goes low at 364, writing the 32 bits into the
DRAM 150.

13. W goes high at 366. CAS goes high at 368. The
process continues with the next word.

FIG. 12 shows details of the microprocessor 50 memory
controller 118. In operation, bus requests stay present until
they are serviced. CPU 70 requests are prioritized at 370 in
the order of: 1, Parameter Stack; 2, Return Stack; 3, Data
Fetch; 4, Instruction Fetch. The resulting CPU request signal
and a DMA request signal are supplied as bus requests to bus
control 372, which provides a bus grant signal at 374.
Internal address bus 136 and a DMA counter 376 provide
inputs to a multiplexer 378. Either a row address or a column
address are provided as an output to multiplexed address bus
380 as an output from the multiplexer 378. The multiplexed
address bus 380 and the internal data bus 90 provide address
and data inputs, respectively, to multiplexer 382. Shift
register 384 supplies row address strobe (RAS) 1 and 2
control signals to multiplexer 386 and column address strobe
(CAS) 1 and 2 control signals to multiplexer 388 on lines
390 and 392. The shift register 384 also supplies output
enable (OE) and write (W) signals on lines 394 and 396 and
a control signal on line 398 to multiplexer 382. The shift
register 384 receives a RUN signal on line 400 to generate
a memory cycle and supplies a MEMORY READY signal
on line 402 when an access is complete.
STACK/REGISTER ARCHITECTURE

Most microprocessors use on-chip registers for temporary
storage of variables. The on-chip registers access data faster
than off-chip RAM. A few microprocessors use an on-chip
push down stack for temporary storage.

A stack has the advantage of faster operation compared to
on-chip registers by avoiding the necessity to select source
and destination registers. (A math or logic operation always
uses the top two stack items as source and the top of stack
as destination.) The stack’s disadvantage is that it makes
some operations clumsy. Some compiler activities in par-
ticular require on-chip registers for efficiency.
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As shown in FIG. 13, the microprocessor 50 provides
both on-chip registers 134 and a stack 74 and reaps the
benefits of both.
BENEFITS:

1. Stack math and logic is twice as fast as those available
on an equivalent register only machine. Most program-
mers and optimizing compilers can take advantage of
this feature.

2. Sixteen registers are available for on-chip storage of
local variables which can transfer to the stack for
computation. The accessing of variables is three to four
times as fast as available on a strictly stack machine.

The combined stack 74/register 134 architecture has not
been used previously due to inadequate understanding by
computer designers of optimizing compilers and the mix of
transfer versus math/logic instructions.

ADAPTIVE MEMORY CONTROLLER

A microprocessor must be designed to work with small or
large memory configurations. As more memory loads are
added to the data, address, and control lines, the switching
speed of the signals slows down. The microprocessor 50
multiplexes the address/data bus three ways, so timing
between the phases is critical. A traditional approach to the
problem allocates a wide margin of time between bus phases
so that systems will work with small or large numbers of
memory chips connected. A speed compromise of as much
as 50% is required.

As shown in FIG. 14, the microprocessor 50 uses a
feedback technique to allow the processor to adjust memory
bus timing to be fast with small loads and slower with large
ones. The OUTPUT ENABLE (OE) line 152 from the
microprocessor 50 is connected to all memories 150 on the
circuit board. The loading on the output enable line 152 to
the microprocessor 50 is directly related to the number of
memories 150 connected. By monitoring how rapidly OE
152 goes high after a read, the microprocessor 50 is able to
determine when the data hold time has been satisfied and
place the next address on the bus.

The level of the OE line 152 is monitored by CMOS input
buffer 410 which generates an internal READY signal on
line 412 to the microprocessor’s memory controller. Curves
414 and 416 of the FIG. 15 graph show the difference in rise
time likely to be encountered from a lightly to heavily
loaded memory system. When the OE line 152 has reached
a predetermined level to generate the READY signal, driver
418 generates an OUTPUT ENABLE signal on OE line 152.
SKIP WITHIN THE INSTRUCTION CACHE

The microprocessor 50 fetches four 8-bit instructions each
memory cycle and stores them in a 32-bit instruction register
108, as shown in FIG. 16. A class of “test and skip”
instructions can very rapidly execute a very fast jump
operation within the four instruction cache.

SKIP CONDITIONS:

Always

ACC non-zero

ACC negative

Carry flag equal logic one

Never

ACC equal zero

ACC positive

Carry flag equal logic zero

The SKIP instruction can be located in any of the four
byte positions 420 in the 32-bit instruction register 108. If

the test is successful, SKIP will jump over the remaining
one, two, or three 8-bit instructions in the instruction register
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108 and cause the next four-instruction group to be loaded
into the register 108. As shown, the SKIP operation is
implemented by resetting the 2-bit microinstruction counter
180 to zero on line 422 and simultaneously latching the next
instruction group into the register 108. Any instructions
following the SKIP in the instruction register are overwritten
by the new instructions and not executed.

The advantage of SKIP is that optimizing compilers and
smart programmers can often use it in place of the longer
conditional JUMP instruction. SKIP also makes possible
microloops which exit when the loop counts down or when
the SKIP jumps to the next instruction group. The result in
very fast code.

Other machines (such as the PDP-8 and Data General
NOVA) provide the ability to skip a single instruction. The
microprocessor 50 provides the ability to skip up to three
instructions.

MICROLOOP IN THE INSTRUCTION CACHE

The microprocessor 50 provides the MICROLOOP
instruction to execute repetitively from one to three instruc-
tions residing in the instruction register 108. The microloop
instruction works in conjunction with the LOOP COUNTER
92 (FIG. 2) connected to the internal data bus 90. To execute
a microloop, the program stores a count in LOOP
COUNTER 92. MICROLOOP may be placed in the first,
second, third, or last byte 420 of the instruction register 108.
If placed in the first position, execution will just create a
delay equal to the number stored in LOOP COUNTER 92
times the machine cycle. If placed in the second, third, or last
byte 420, when the microloop instruction is executed, it will
test the LOOP COUNT for zero. If zero, execution will
continue with the next instruction. If not zero, the LOOP
COUNTER 92 is decremented and the 2-bit microinstruc-
tion counter is cleared, causing the preceding instructions in
the instruction register to be executed again.

Microloop is useful for block move and search operations.
By executing a block move completely out of the instruction
register 108, the speed of the move is doubled, since all
memory cycles are used by the move rather than being
shared with instruction fetching. Such a hardware imple-
mentation of microloops is much faster than conventional
software implementation of a comparable function.
OPTIMAL CPU CLOCK SCHEME

The designer of a high speed microprocessor must pro-
duce a product which operate over wide temperature ranges,
wide voltage swings, and wide variations in semiconductor
processing. Temperature, voltage, and process all affect
transistor propagation delays. Traditional CPU designs are
done so that with the worse case of the three parameters, 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.

The microprocessor 50 uses the technique shown in FIGS.
17-19 to generate the system clock and its required phases.
Clock circuit 430 is the familiar “ring oscillator” used to test
process performance. The clock is fabricated on the same
silicon chip as the rest of the microprocessor 50.

The ring oscillator frequency is determined by the param-
eters of temperature, voltage, and process. At room
temperature, the frequency will be in the neighborhood of
100 MHZ. At 70 degrees Centigrade, the speed will be 50
MHZ. The ring oscillator 430 is useful as a system clock,
with its stages 431 producing phase O-phase 3 outputs 433
shown in FIG. 19, because its performance tracks the
parameters which similarly affect all other transistors on the
same silicon die. By deriving system timing from the ring
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oscillator 430, CPU 70 will always execute at the maximum
frequency possible, but never too fast. For example, if the
processing of a particular die is not good resulting in slow
transistors, the latches and gates on the microprocessor 50
will operate slower than normal. Since the microprocessor
50 ring oscillator clock 430 is made from the same transis-
tors on the same die as the latches and gates, it too will
operate slower (oscillating at a lower frequency), providing
compensation which allows the rest of the chip’s logic to
operate properly.
ASYNCHRONOUS/SYNCHRONOUS CPU

Most microprocessors derive all system timing from a
single clock. The disadvantage is that different parts of the
system can slow all operations. The microprocessor 50
provides a dual-clock scheme as shown in FIG. 17, with the
CPU 70 operating a synchronously to I/O interface 432
forming part of memory controller 118 (FIG. 2) and the I/O
interface 432 operating synchronously with the external
world of memory and I/O devices. The CPU 70 executes at
the fastest speed possible using the adaptive ring counter
clock 430. Speed may vary by a factor of four depending
upon temperature, voltage, and process. The external world
must be synchronized to the microprocessor 50 for opera-
tions such as video display updating and disc drive reading
and writing. This synchronization is performed by the I/O
interface 432, speed of which is controlled by a conventional
crystal clock 434. The interface 432 processes requests for
memory accesses from the microprocessor 50 and acknowl-
edges the presence of 1/0O data. The microprocessor 50
fetches up to four instructions in a single memory cycle and
can perform much useful work before requiring another
memory access. By decoupling the variable speed of the
CPU 70 from the fixed speed of the I/O interface 432,
optimum performance can be achieved by each. Recoupling
between the CPU 70 and the interface 432 is accomplished
with handshake signals on lines 436, with data/addresses
passing on bus 90, 136.
ASYNCHRONOUS/SYNCHRONOUS CPU IMBEDDED
ON A DRAM CHIP

System performance is enhanced even more when the
DRAM 311 and CPU 314 (FIG. 9) are located on the same
die. The proximity of the transistors means that DRAM 311
and CPU 314 parameters will closely follow each other. At
room temperature, not only would the CPU 314 execute at
100 MHZ, but the DRAM 311 would access fast enough to
keep up. The synchronization performed by the I/O interface
432 would be for DMA and reading and writing I/O ports.
In some systems (such as calculators) no 1/O synchroniza-
tion at all would be required, and the I/O clock would be tied
to the ring counter clock.
VARIABLE WIDTH OPERANDS

Many microprocessors provide variable width operands.
The microprocessor 50 handles operands of 8, 16, or 24 bits
using the same op-code. FIG. 20 shows the 32-bit instruction
register 108 and the 2-bit microinstruction register 180
which selects the 8-bit instruction. Two classes of micro-
processor 50 instructions can be greater than 8-bits, JUMP
class and IMMEDIATE. A JUMP or IMMEDIATE op-code
is 8-bits, but the operand can be 8, 16, or 24 bits long. This
magic is possible because operands must be right justified in
the instruction register. This means that the least significant
bit of the operand is always located in the least significant bit
of the instruction register. The microinstruction counter 180
selects which 8-bit instruction to execute. If a JUMP or
IMMEDIATE instruction is decoded, the state of the 2-bit
microinstruction counter selects the required 8, 16, or 24 bit
operand onto the address or data bus. The unselected 8-bit
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bytes are loaded with zeros by operation of decoder 440 and
gates 442. The advantage of this technique is the saving of
a number of op-codes required to specify the different
operand sizes in other microprocessors.

TRIPLE STACK CACHE

Computer performance is directly related to the system
memory bandwidth. The faster the memories, the faster the
computer. Fast memories are expensive, so techniques have
been developed to move a small amount of high-speed
memory around to the memory addresses where it is needed.
A large amount of slow memory is constantly updated by the
fast memory, giving the appearance of a large fast memory
array. A common implementation of the technique is known
as a high-speed memory cache. The cache may be thought
of as fast acting shock absorber smoothing out the bumps in
memory access. When more memory is required than the
shock can absorb, it bottoms out and slow speed memory is
accessed. Most memory operations can be handled by the
shock absorber itself.

The microprocessor 50 architecture has the ALU 80 (FIG.
2) directly coupled to the top two stack locations 76 and 78.
The access time of the stack 74 therefore directly affects the
execution speed of the processor. The microprocessor 50
stack architecture is particularly suitable to a triple cache
technique, shown in FIG. 21 which offers the appearance of
a large stack memory operating at the speed of on-chip
latches 450. Latches 450 are the fastest form of memory
device built on the chip, delivering data in as little as 3 nsec.
However latches 450 require large numbers of transistors to
construct. On-chip RAM 452 requires fewer transistors than
latches, but is slower by a factor of five (15 nsec access).
Off-chip RAM 150 is the slowest storage of all. The micro-
processor 50 organizes the stack memory hierarchy as three
interconnected stacks 450, 452 and 454. The latch stack 450
is the fastest and most frequently used. The on-chip RAM
stack 452 is next. The off-chip RAM stack 454 is slowest.
The stack modulation determines the effective access time of
the stack. If a group of stack operations never push or pull
more than four consecutive items on the stack, operations
will be entirely performed in the 3 nsec latch stack. When
the four latches 456 are filled, the data in the bottom of the
latch stack 450 is written to the top of the on-chip RAM
stack 452. When the sixteen locations 458 in the on-chip
RAM stack 452 are filled, the data in the bottom of the
on-chip RAM stack 452 is written to the top of the off-chip
RAM stack 454. When popping data off a full stack 450, four
pops will be performed before stack empty line 460 from the
latch stack pointer 462 transfers data from the on-chip RAM
stack 452. By waiting for the latch stack 450 to empty before
performing the slower on-chip RAM access, the high effec-
tive speed of the latches 456 are made available to the
processor. The same approach is employed with the on-chip
RAM stack 452 and the off-chip RAM stack 454.
POLYNOMIAL GENERATION INSTRUCTION

Polynomials are useful for error correction, encryption,
data compression, and fractal generation. A polynomial is
generated by a sequence of shift and exclusive OR opera-
tions. Special chips are provided for this purpose in the prior
art.

The microprocessor 50 is able to generate polynomials at
high speed without external hardware by slightly modifying
how the ALLU 80 works. As shown in FIG. 21, a polynomial
is generated by loading the “order” (also known as the
feedback terms) into C Register 470. The value thirty one
(resulting in 32 iterations) is loaded into DOWN COUNTER
472. A register 474 is loaded with zero. B register 476 is
loaded with the starting polynomial value. When the POLY
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instruction executes, C register 470 is exclusively ORed
with A register 474 if the least significant bit of B register
476 is a one. Otherwise, the contents of the A register 474
passes through the ALLU 80 unaltered. The combination of A
and B is then shifted right (divided by 2) with shifters 478
and 480. The operation automatically repeats the specified
number of iterations, and the resulting polynomial is left in
A register 474.
FAST MULTIPLY

Most microprocessors offer a 16x16 or 32x32 bit multiply
instruction. Multiply when performed sequentially takes one
shift/add per bit, or 32 cycles for 32 bit data. The micro-
processor 50 provides a high speed multiply which allows
multiplication by small numbers using only a small number
of cycles. FIG. 23 shows the logic used to implement the
high speed algorithm. To perform a multiply, the size of the
multiplier less one is placed in the DOWN COUNTER 472.
For a four bit multiplier, the number three would be stored
in the DOWN COUNTER 472. Zero is loaded into the A
register 474. The multiplier is written bit reversed into the B
Register 476. For example, a bit reversed five (binary 0101)
would be written into B as 1010. The multiplicand is written
into the C register 470. Executing the FAST MULT instruc-
tion will leave the result in the A Register 474, when the
count has been completed. The fast multiply instruction is
important because many applications scale one number by a
much smaller number. The difference in speed between
multiplying a 32x32 bit and a 32x4 bit is a factor of 8. If the
least significant bit of the multiplier is a “ONE?”, the contents
of the A register 474 and the C register 470 are added. If the
least significant bit of the multiplier is a “ZERO”, the
contents of the A register are passed through the ALU 80
unaltered. The output of the ALLU 80 is shifted left by shifter
482 in each iteration. The contents of the B register 476 are
shifted right by the shifter 480 in each iteration.
INSTRUCTION EXECUTION PHILOSOPHY

The microprocessor 50 uses high speed D latches in most
of the speed critical areas. Slower on-chip RAM is used as
secondary storage.

The microprocessor 50 philosophy of instruction execu-
tion is to create a hierarchy of speed as follows:

Logic and D latch transfers 1 cycle 20 nsec
Math 2 cycles 40 nsec
Fetch/store on-chip RAM 2 cycles 40 nsec
Fetch/store in current RAS page 4 cycles 80 nsec
Fetch/store with RAS cycle 11 cycles 220 nsec

With a 50 MHZ clock, many operations can be performed in
20 nsec. and almost everything else in 40 nsec.

To maximize speed, certain techniques in processor
design have been used. They include:

Eliminating arithmetic operations on addresses,

Fetching up to four instructions per memory cycle,

Pipelineless instruction decoding

Generating results before they are needed,

Use of three level stack caching.
PIPELINE PHILOSOPHY

Computer instructions are usually broken down into
sequential pieces, for example: fetch, decode, register read,
execute, and store. Each piece will require a single machine
cycle. In most Reduced Instruction Set Computer (RISC)
chips, instruction require from three to six cycles.

RISC instructions are very parallel. For example, each of
70 different instructions in the SPARC (SUN Computer’s
RISC chip) has five cycles. Using a technique called
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“pipelining”, the different phases of consecutive instructions
can be overlapped.

To understand pipelining, think of building five residen-
tial homes. Each home will require in sequence, a
foundation, framing, plumbing and wiring, roofing, and
interior finish. Assume that each activity takes one week. To
build one house will take five weeks.

But what if you want to build an entire subdivision? You
have only one of each work crew, but when the foundation
men finish on the first house, you immediately start them on
the second one, and so on. At the end of five weeks, the first
home is complete, but you also have five foundations. If you
have kept the framing, plumbing, roofing, and interior guys
all busy, from five weeks on, a new house will be completed
each week.

This is the way a RISC chip like SPARC appears to
execute an instruction in a single machine cycle. In reality,
a RISC chip is executing one fifth of five instructions each
machine cycle. And if five instructions stay in sequence, an
instruction will be completed each machine cycle.

The problems with a pipeline are keeping the pipe full
with instructions. Each time an out of sequence instruction
such as a BRANCH or CALL occurs, the pipe must be
refilled with the next sequence. The resulting dead time to
refill the pipeline can become substantial when many
IF/THEN/ELSE statements or subroutines are encountered.
THE PIPELINE APPROACH

The microprocessor 50 has no pipeline as such. The
approach of this microprocessor to speed is to overlap
instruction fetching with execution of the previously fetched
instruction(s). Beyond that, over half the instructions (the
most common ones) execute entirely in a single machine
cycle of 20 nsec. This is possible because:

1. Instruction decoding resolves in 2.5 nsec.

2. Incremented/decremented and some math values are
calculated before they are needed, requiring only a
latching signal to execute.

3. Slower memory is hidden from high speed operations
by high-speed D latches which access in 4 nsec.

The disadvantage for this microprocessor is a more complex
chip design process. The advantage for the chip user is faster
ultimate throughput since pipeline stalls cannot exist. Pipe-
line synchronization with availability flag bits and other
such pipeline handling is not required by this microproces-
SOr.

For example, in some RISC machines an instruction
which tests a status flag may have to wait for up to four
cycles for the flag set by the previous instruction to be
available to be tested. Hardware and software debugging is
also somewhat easier because the user doesn’t have to
visualize five instructions simultaneously in the pipe.
OVERLAPPING INSTRUCTION FETCH/EXECUTE

The slowest procedure the microprocessor 50 performs is
to access memory. Memory is accessed when data is read or
written. Memory is also read when instructions are fetched.
The microprocessor 50 is able to hide fetch of the next
instruction behind the execution of the previously fetched
instruction(s). The microprocessor 50 fetches instructions in
4-byte instruction groups. An instruction group may contain
from one to four instructions. The amount of time required
to execute the instruction group ranges from 4 cycles for
simple instructions to 64 cycles for a multiply.

‘When a new instruction group is fetched, the micropro-
cessor instruction decoder looks at the most significant bit of
all four of the bytes. The most significant bit of an instruc-
tion determines if a memory access is required. For example,
CALL, FETCH, and STORE all require a memory access to
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execute. If all four bytes have nonzero most significant bits,
the microprocessor initiates the memory fetch of the next
sequential 4-byte instruction group. When the last instruc-
tion in the group finishes executing, the next 4-byte instruc-
tion group is ready and waiting on the data bus needing only
to be latched into the instruction register. If the 4-byte
instruction group required four or more cycles to execute
and the next sequential access was a column address strobe
(CAS) cycle, the instruction fetch was completely over-
lapped with execution.
INTERNAL ARCHITECTURE

The microprocessor 50 architecture consists of the fol-
lowing:

PARAMETER STACK = <———> Y REGISTER
ALU* RETURN STACK
<———>

<=—=32 BITS————>
16 DEEP
Used for math and logic.

<——-32 BITS——->
16 DEEP
Used for subroutine
and interrupt return
addresses as well as
local variables.
Push down stack.
Can overflow into
off-chip RAM.
Can also be accessed
relative to top of
stack.
(32-bits, can decrement by 1)
Used by class of test and loop
instructions.
(32-bits, can increment or decrement by
4). Used to point to RAM locations.
(32-bits, increments by 4). Points to
4-byte instruction groups in RAM.
(32-Bits). Holds 4-byte instruction
groups while they are being decoded
and executed.
MODE - A register with mode and status bits.
MODE-BITS:
- Slow down memory accesses by 8 if “1”. Run full
speed if “0”. (Provided for access to slow EPROM.)
- Divide the system clock by 1023 if “1” to reduce
power consumption. Run full speed if “0”. (On-chip
counters slow down if this bit is set.)
- Enable external interrupt 1.
- Enable external interrupt 2.
- Enable external interrupt 3.
- Enable external interrupt 4.
- Enable external interrupt S.
- Enable external interrupt 6.
- Enable external interrupt 7.
ON-CHIP MEMORY LOCATIONS:
MODE-BITS
DMA-POINTER
DMA-COUNTER
STACK-POINTER
STACK-DEPTH
RSTACK-POINTER
RSTACK-DEPTH

Push down stack.
Can overflow into
off-chip RAM.

LOOP COUNTER

X REGISTER
PROGRAM COUNTER

INSTRUCTION REG

- Pointer into Parameter Stack.

- Depth of on-chip Parameter Stack
- Pointer into Return Stack

- Depth of on-chip Return Stack

*Math and logic operations use the TOP item and NEXT to top Parameter
Stack items as the operands. The result is pushed onto the Parameter Stack.
*Return addresses from subroutines are placed on the Return Stack. The Y
REGISTER is used as a pointer to RAM locations. Since the Y REGISTER
is the top item of the Return Stack, nesting of indices is straightforward.

ADDRESSING MODE HIGH POINTS

The data bus is 32-bits wide. All memory fetches and
stores are 32-bits. Memory bus addresses are 30 bits. The
least significant 2 bits are used to select one-of-four bytes in
some addressing modes. The Program Counter, X Register,
and Y Register are implemented as D latches with their
outputs going to the memory address bus and the bus
incrementer/decrementer. Incrementing one of these regis-
ters can happen quickly, because the incremented value has
already rippled through the inc/dec logic and need only be
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clocked into the latch. Branches and Calls are made to 32-bit
word boundaries.

INSTRUCTION SET

32-BIT INSTRUCTION FORMAT

The thirty two bit instructions are CALL, BRANCH,
BRANCH-IF-ZERO, and LOOP-IF-NOT-DONE. These
instructions require the calculation of an effective address. In
many computers, the effective address is calculated by
adding or subtracting an operand with the current Program
Counter. This math operation requires from four to seven
machine cycles to perform and can definitely bog down
machine execution. The microprocessor’s strategy is to
perform the required math operation at assembly or linking
time and do a much simpler “Increment to next page” or
“Decrement to previous page” operation at run time. As a
result, the microprocessor branches execute in a single
cycle.
24-BIT OPERAND FORM:

Byte 1 Byte 2 Byte 3 Byte 4
WWWWWW XX - YYYYYYYY-YYYYYYYY-YYYYYYYY

‘With a 24-bit operand, the current page is considered to be
defined by the most significant 6 bits of the Program
Counter.

16-BIT OPERAND FORM: QQQQQQQQ-WWWWWW

XX-YYYYYYYY-YYYYYYYY With a 16-bit operand,

the current page is considered to be defined by the most

significant 14 bits of the Program Counter.
8-BIT OPERAND FORM: QQQQQQQQ-QQQQQQQQ-

WWWWWW XX-YYYYYYYY With an 8-bit operand,

the current page is considered to be defined by the most

significant 22 bits of the Program Counter.
QQQQOQQOQ—Any 8-bit instruction.
WWWWWW-—Instruction op-code.
XX—Select how the address bits will be used:

00—Make all high-order bits zero. (Page zero addressing)

0l—Increment the high-order bits. (Use next page)

10—Decrement the high-order bits. (Use previous page)

11—ILeave the high-order bits unchanged. (Use current

page)

YYYYYYYY—The address operand field. This field is
always shifted left two bits (to generate a word rather than
byte address) and loaded into the Program Counter. The
microprocessor instruction decoder figures out the width of
the operand field by the location of the instruction op-code
in the four bytes.

The compiler or assembler will normally use the shortest
operand required to reach the desired address so that the
leading bytes can be used to hold other instructions. The
effective address is calculated by combining:

The current Program Counter,

The 8, 16, or 24 bit address operand in the instruction,

Using one of the four allowed addressing modes.

EXAMPLES OF EFFECTIVE ADDRESS
CALCULATION

Example 1
Byte 1 Byte 2 Byte 3 Byte 4

QQQQQQQQ QQQQQQQQ 00000011 10011000

The “QQQQQQNQNQs” in Byte 1 and 2 indicate space in
the 4-byte memory fetch which could be hold two other
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instructions to be executed prior to the CALL instruction.
Byte 3 indicates a CALL instruction (six zeros) in the
current page (indicated by the 11 bits). Byte 4 indicates that
the hexadecimal number 98 will be forced into the Program
Counter bits 2 through 10. (Remember, a CALL or
BRANCH always goes to a word boundary so the two least
significant bits are always set to zero). The effect of this
instruction would be to CALL a subroutine at WORD
location HEX 98 in the current page. The most significant 22
bits of the Program Counter define the current page and will
be unchanged.

Example 2

Byte 1 Byte 2 Byte 3 Byte 4
000001 01 00000001 00000000 00000000

If we assume that the Program Counter was HEX 0000
0156 which is binary:

00000000 00000000 00000001 01010110=0OLD PRO-

GRAM COUNTER.
Byte 1 indicates a BRANCH instruction op code (000001)
and “01” indicates select the next page. Byte 2,3, and 4 are
the address operand. These 24-bits will be shifted to the left
two places to define a WORD address. HEX 0156 shifted
left two places is HEX 0558. Since this is a 24-bit operand
instruction, the most significant 6 bits of the Program
Counter define the current page. These six bits will be
incremented to select the next page. Executing this instruc-
tion will cause the Program Counter to be loaded with HEX
0400 0558 which is binary:

00000100 00000000 00000101 01011000=NEW PRO-

GRAM COUNTER.
INSTRUCTIONS
CALL-LONG

0000 00X X-YYYYYYYY-YYYYYYYY-YYYYYYYY

Load the Program Counter with the effective WORD
address specified. Push the current PC contents onto the
RETURN STACK.

OTHER EFFECTS: CARRY or modes, no effect. May
cause Return Stack to force an external memory cycle if
on-chip Return Stack is full.

BRANCH

0000 01X X-YYYYYYYY-YYYYYYYY-YYYYYYYY

Load the Program Counter with the effective WORD
address specified.

OTHER EFFECTS: NONE
BRANCH-IF-ZERO

0000 10X X-YYYYYYYY-YYYYYYYY-YYYYYYYY

Test the TOP value on the Parameter Stack. If the value is
equal to zero, load the Program Counter with the effective
‘WORD address specified. If the TOP value is not equal to
zero, increment the Program Counter and fetch and execute
the next instruction.

OTHER EFFECTS: NONE
LOOP-IF-NOT-DONE

0000 11YY-(XXXX XXXX)-(XXXX XXXX)-(XXXX

XXXX)

If the LOOP COUNTER is not zero, load the Program
Counter with the effective WORD address specified. If the
LOOP COUNTER is zero, decrement the LOOP
COUNTER, increment the Program Counter and fetch and
execute the next instruction.

OTHER EFFECTS: NONE
8-BIT INSTRUCTIONS PHILOSOPHY

Most of the work in the microprocessor 50 is done by the
8-bit instructions. Eight bit instructions are possible with the
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microprocessor because of the extensive use of implied

stack addressing. Many 32-bit architectures use 8-bits to

specify the operation to perform but use an additional
24-bits to specify two sources and a destination.

For math and logic operations, the microprocessor 50
exploits the inherent advantage of a stack by designating the
source operand(s) as the top stack item and the next stack
item. The math or logic operation is performed, the operands
are popped from the stack, and the result is pushed back on
the stack. The result is a very efficient utilization of instruc-
tion bits as well as registers. A comparable situation exists
between Hewlett Packard calculators (which use a stack)
and Texas Instrument calculators which don’t. The identical
operation on an HP will require one half to one third the
keystrokes of the TI.

The availability of 8-bit instructions also allows another
architectural innovation, the fetching of four instructions in
a single 32-bit memory cycle. The advantages of fetching
multiple instructions are:

Increased execution speed even with slow memories,

Similar performance to the Harvard (separate data and

instruction busses) without the expense,

Opportunities to optimize groups of instructions,

The capability to perform loops within this mini-cache.
The microloops inside the four instruction group are effec-
tive for searches and block moves.

SKIP INSTRUCTIONS
The microprocessor 50 fetches instructions in 32-bit

chunks called 4-byte instruction groups. These four bytes

may contain four 8-bit instructions or some mix of 8-bit and

16 or 24-bit instructions. SKIP instructions in the micropro-

cessor skip any remaining instructions in a 4-byte instruction

group and cause a memory fetch to get the next 4-byte
instruction group. Conditional SKIPs when combined with
3-byte BRANCHES will create conditional BRANCHES.

SKIPs may also be used in situations when no use can be

made of the remaining bytes in a 4-instruction group. A

SKIP executes in a single cycle, whereas a group of three

NOPs would take three cycles.

SKIP-ALWAYS—Skip any remaining instructions in this
4-byte instruction group. Increment the most significant
30-bits of the Program Counter and proceed to fetch the
next 4-byte instruction group.

SKIP-IF-ZERO—If the TOP item of the Parameter Stack is
zero, skip any remaining instructions in the 4-byte
instruction group. Increment the most significant 30-bits
of the Program Counter and proceed to fetch the next
4-byte instruction group. If the TOP item is not zero,
execute the next sequential instruction.

SKIP-IF-POSITIVE—If the TOP item of the Parameter
Stack has a the most significant bit (the sign bit) equal to
“07, skip any remaining instructions in the 4-byte instruc-
tion group. Increment the most significant 30-bits of the
Program Counter and proceed to fetch the next 4-byte
instruction group. If the TOP item is not “0”, execute the
next sequential instruction.

SKIP-IF-NO-CARRY—If the CARRY flag from a SHIFT
or arithmetic operation is not equal to “1”, skip any
remaining instructions in the 4-byte instruction group.
Increment the most significant 30-bits of the Program
Counter and proceed to fetch the next 4-byte instruction
group. If the CARRY is equal to “1”, execute the next
sequential instruction.

SKIP-NEVER (NOP) execute the next sequential instruc-
tion. (Delay one machine cycle).

SKIP-IF-NOT-ZERO—If the TOP item on the Parameter
Stack is not equal to “0”, skip any remaining instructions
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in the 4-byte instruction group. Increment the most sig-
nificant 30-bits of the Program Counter and proceed to
fetch the next 4-byte instruction group. If the TOP item is
equal “0”, execute the next sequential instruction.
SKIP-IF-NEGATIVE—If the TOP item on the Parameter
Stack has its most significant bit (sign bit) set to “1”, skip
any remaining instructions in the 4-byte instruction group.
Increment the most significant 30-bits of the Program
Counter and proceed to fetch the next 4-byte instruction
group. If the TOP item has its most significant bit set to
“0”, execute the next sequential instruction.
SKIP-IF-CARRY—If the CARRY flag is set to “1” as a
result of SHIFT or arithmetic operation, skip any remain-
ing instructions in the 4-byte instruction group. Increment
the most significant 30-bits of the Program Counter and
proceed to fetch the next 4-byte instruction group. If the
CARRY flag is “0”, execute the next sequential instruc-
tion.
MICROLOOPS
Microloops are a unique feature of the microprocessor
architecture which allows controlled looping within a 4-byte
instruction group. A microloop instruction tests the LOOP
COUNTER for “0” and may perform an additional test. If
the LOOP COUNTER is not “0” and the test is met,
instruction execution continues with the first instruction in
the 4-byte instruction group, and the LOOP COUNTER is
decremented. A microloop instruction will usually be the last
byte in a 4-byte instruction group, but it can be any byte. If
the LOOP COUNTER is “0” or the test is not met, instruc-
tion execution continues with the next instruction. If the
microloop is the last byte in the 4-byte instruction group, the
most significant 30-bits of the Program Counter are incre-
mented and the next 4-byte instruction group is fetched from
memory. On a termination of the loop on LOOP COUNTER
equal to “0”, the LOOP COUNTER will remain at “0”.
Microloops allow short iterative work such as moves and
searches to be performed without slowing down to fetch
instructions from memory.

EXAMPLE
Byte 1 Byte 2
FETCH-VIA-X-AUTO- STORE-VIA-Y-AUTOINCREMENT
INCREMENT
Byte 3 Byte 4
ULOOP-UNTIL-DONE QQQQQQQQ

This example will perform a block move. To initiate the
transfer, X will be loaded with the starting address of the
source. Y will be loaded with the starting address of the
destination. The LOOP COUNTER will be loaded with the
number of 32-bit words to move. The microloop will
FETCH and STORE and count down the LOOP COUNTER
until it reaches zero. QQQQQQQQ indicates any instruction
can follow.

MICROLOOP INSTRUCTIONS
ULOOP-UNTIL-DONE—If the LOOP COUNTER is not

“0”, continue execution with the first instruction in the

4-byte instruction group. Decrement the LOOP

COUNTER. If the LOOP COUNTER is “0”, continue

execution with the next instruction.
ULOOP-IF-ZERO—If the LOOP COUNTER is not “0” and

the TOP item on the Parameter Stack is “0”, continue
execution with the first instruction in the 4-byte instruc-
tion group. Decrement the LOOP COUNTER. If the

LOOP COUNTER is “0” or the TOP item is “1”, continue

execution with the next instruction.
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ULOOP-IF-POSITIVE—If the LOOP COUNTER is not
“0” and the most significant bit (sign bit) is “0”, continue
execution with the first instruction in the 4-byte instruc-
tion group. Decrement the LOOP COUNTER. If the
LOOP COUNTER is “0” or the TOP item is “1”, continue
execution with the next instruction.

ULOOP-IF-NOT-CARRY-CLEAR—If the LOOP
COUNTER is not “0” and the floating point exponents
found in TOP and NEXT are not aligned, continue execu-
tion with the first instruction in the 4-byte instruction
group. Decrement the LOOP COUNTER. If the LOOP
COUNTER is “0” or the exponents are aligned, continue
execution with the next instruction. This instruction is
specifically designed for combination with special SHIFT
instructions to align two floating point numbers.

ULOOP-NEVER—(DECREMENT-LOOP-COUNTER)
Decrement the LOOP COUNTER. Continue execution
with the next instruction.

ULOOP-IF-NOT-ZERO—If the LOOP COUNTER is not
“0” and the TOP item of the Parameter Stack is “07,
continue execution with the first instruction in the 4-byte
instruction group. Decrement the LOOP COUNTER. If
the LOOP COUNTER is “0” or the TOP item is “17,
continue execution with the next instruction.

ULOOP-IF-NEGATIVE—If the LOOP COUNTER is not
“0” and the most significant bit (sign bit) of the TOP item
of the Parameter Stack is “1”, continue execution with the
first instruction in the 4-byte instruction group. Decre-
ment the LOOP COUNTER. If the LOOP COUNTER is
“0” or the most significant bit of the Parameter Stack is
“0”, continue execution with the next instruction.

ULOOP-IF-CARRY-SET—If the LOOP COUNTER is not
“0” and the exponents of the floating point numbers found
in TOP and NEXT are not aligned, continue execution
with the first instruction in the 4-byte instruction group.
Decrement the LOOP COUNTER. If the LOOP
COUNTER is “0” or the exponents are aligned, continue
execution with the next instruction.

RETURN FROM SUBROUTINE OR INTERRUPT
Subroutine calls and interrupt acknowledgements cause a

redirection of normal program execution. In both cases, the

current Program Counter is pushed onto the Return Stack, so
the microprocessor can return to its place in the program
after executing the subroutine or interrupt service routine.

NOTE: When a CALL to subroutine or interrupt is
acknowledged the Program Counter has already been incre-
mented and is pointing to the 4-byte instruction group
following the 4-byte group currently being executed. The
instruction decoding logic allows the microprocessor to
perform a test and execute a return conditional on the
outcome of the test in a single cycle. A RETURN pops an
address from the Return Stack and stores it to the Program

Counter.

RETURN INSTRUCTIONS

RETURN-ALWAYS—Pop the top item from the Return
Stack and transfer it to the Program Counter.

RETURN-IF-ZERO—If the TOP item on the Parameter
Stack is “0”, pop the top item from the Return Stack and
transfer it to the Program Counter. Otherwise execute the
next instruction.

RETURN-IF-POSITIVE—If the most significant bit (sign
bit) of the TOP item on the Parameter Stack is a “0”, pop
the top item from the Return Stack and transfer it to the
Program Counter. Otherwise execute the next instruction.

RETURN-IF-CARRY-CLEAR—If the exponents of the
floating point numbers found in TOP and NEXT are not
aligned, pop the top item from the Return Stack and
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transfer it to the Program Counter. Otherwise execute the

next instruction.

RETURN-NEVER (NOP)—Execute the next instruction.

RETURN-IF-NOT-ZERO—If the TOP item on the Param-
eter Stack is not “0”, pop the top item from the Return
Stack and transfer it to the Program Counter. Otherwise
execute the next instruction.

RETURN-IF-NEGATIVE—I{f the most significant bit (sign
bit) of the TOP item on the Parameter Stack is a “1”, pop
the top item from the Return Stack and transfer it to the
Program Counter. Otherwise execute the next instruction.

RETURN-IF-CARRY-SET—If the exponents of the floating
point numbers found in TOP and NEXT are aligned, pop
the top item from the Return Stack and transfer it to the
Program Counter. Otherwise execute the next instruction.

HANDLING MEMORY FROM DYNAMIC RAM
The microprocessor 50, like any RISC type architecture,

is optimized to handle as many operations as possible
on-chip for maximum speed. External memory operations
take from 80 nsec. to 220 nsec. compared with on-chip
memory speeds of from 4 nsec. to 30 nsec. There are times
when external memory must be accessed.

External memory is accessed using three registers:

X-REGISTER—A 30-bit memory pointer which can be
used for memory access and simultaneously incre-
mented or decremented.

Y-REGISTER—A 30-bit memory pointer which can be
used for memory access and simultaneously incre-
mented or decremented.

PROGRAM-COUNTER—A 30-bit memory pointer nor-
mally used to point to 4-byte instruction groups. Exter-
nal memory may be accessed at addresses relative to
the PC. The operands are sometimes called “Immedi-
ate” or “Literal” in other computers. When used as
memory pointer, the PC is also incremented after each
operation.

MEMORY LOAD & STORE INSTRUCTIONS

FETCH-VIA-X—Fetch the 32-bit memory content pointed
to by X and push it onto the Parameter Stack. X is
unchanged.

FETCH-VIA-Y—Fetch the 32-bit memory content pointed
to by X and push it onto the Parameter Stack. Y is
unchanged.

FETCH-VIA-X-AUTOINCREMENT—Fetch the 32-bit
memory content pointed to by X and push it onto the
Parameter Stack. After fetching, increment the most sig-
nificant 30 bits of X to point to the next 32-bit word
address.

FETCH-VIA-Y-AUTOINCREMENT—Fetch the 32-bit
memory content pointed to by Y and push it onto the
Parameter Stack. After fetching, increment the most sig-
nificant 30 bits of Y to point to the next 32-bit word
address.

FETCH-VIA-X-AUTODECREMENT—Fetch the 32-bit
memory content pointed to by X and push it onto the
Parameter Stack. After fetching, decrement the most
significant 30 bits of X to point to the previous 32-bit
word address.

FETCH-VIA-Y-AUTODECREMENT—Fetch the 32-bit
memory content pointed to by Y and push it onto the
Parameter Stack. After fetching, decrement the most
significant 30 bits of Y to point to the previous 32-bit
word address.

STORE-VIA-X—Pop the top item of the Parameter Stack
and store it in the memory location pointed to by X. X is
unchanged.

STORE-VIA-Y—Pop the top item of the Parameter Stack
and store it in the memory location pointed to by Y. Y is
unchanged.
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STORE-VIA-X-AUTOINCREMENT—Pop the top item of
the Parameter Stack and store it in the memory location
pointed to by X. After storing, increment the most sig-
nificant 30 bits of X to point to the next 32-bit word
address.

STORE-VIA-Y-AUTOINCREMENT—Pop the top item of
the Parameter Stack and store it in the memory location
pointed to by Y. After storing, increment the most sig-
nificant 30 bits of Y to point to the next 32-bit word
address.

STORE-VIA-X-AUTODECREMENT—Pop the top item of
the Parameter Stack and store it in the memory location
pointed to by X. After storing, decrement the most sig-
nificant 30 bits of X to point to the previous 32-bit word
address.

STORE-VIA-Y-AUTODECREMENT—Pop the top item of
the Parameter Stack and store it in the memory location
pointed to by Y. After storing, decrement the most sig-
nificant 30 bits of Y to point to the previous 32-bit word
address.

FETCH-VIA-PC—Fetch the 32-bit memory content pointed
to by the Program Counter and push it onto the Parameter
Stack. After fetching, increment the most significant 30
bits of the Program Counter to point to the next 32-bit
word address.

*NOTE When this instruction executes, the PC is pointing
to the memory location following the instruction. The
effect is of loading a 32-bit immediate operand. This is an
8-bit instruction and therefore will be combined with
other 8-bit instructions in a 4-byte instruction fetch. It is
possible to have from one to four FETCH-VIA-PC
instructions in a 4-byte instruction fetch. The PC incre-
ments after each execution of FETCH-VIA-PC, so it is
possible to push four immediate operands on the stack.
The four operands would be the found in the four memory
locations following the instruction.

BYTE-FETCH-VIA-X—Fetch the 32-bit memory content
pointed to by the most significant 30 bits of X. Using the
two least significant bits of X, select one of four bytes
from the 32-bit memory fetch, right justify the byte in a
32-bit field and push the selected byte preceded by
leading zeros onto the Parameter Stack.

BYTE-STORE-VIA-X—Fetch the 32-bit memory content
pointed to by the most significant 30 bits of X. Pop the
TOP item from the Parameter Stack. Using the two least
significant bits of X place the least significant byte into the
32-bit memory data and write the 32-bit entity back to the
location pointed to by the most significant 30 bits of X.

OTHER EFFECTS OF MEMORY ACCESS INSTRUC-

TIONS:

Any FETCH instruction will push a value on the Param-
eter Stack 74. If the on-chip stack is full, the stack will
overflow into off-chip memory stack resulting in an addi-
tional memory cycle. Any STORE instruction will pop a
value from the Parameter Stack 74. If the on-chip stack is
empty, a memory cycle will be generated to fetch a value
from off-chip memory stack.

HANDLING ON-CHIP VARIABLES
High-level languages often allow the creation of LOCAL

VARIABLES. These variables are used by a particular
procedure and discarded. In cases of nested procedures,
layers of these variables must be maintained. On-chip stor-
age is up to five times faster than off-chip RAM, so a means
of keeping local variables on-chip can make operations run
faster. The microprocessor 50 provides the capability for
both on-chip storage of local variables and nesting of
multiple levels of variables through the Return Stack.
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The Return Stack 134 is implemented as 16 on-chip RAM
locations. The most common use for the Return Stack 134 is
storage of return addresses from subroutines and interrupt
calls. The microprocessor allows these 16 locations to also
be used as addressable registers. The 16 locations may be
read and written by two instructions which indicate a Return

Stack relative address from 0-15. When high-level proce-

dures are nested, the current procedure variables push the

previous procedure variables further down the Return Stack

134. Eventually, the Return Stack will automatically over-

flow into off-chip RAM.

ON-CHIP VARIABLE INSTRUCTIONS

READ-LOCAL-VARIABLE XXXX—Recad the XXXXth
location relative to the top of the Return Stack. (XXXX is
a binary number from 0000-1111). Push the item read
onto the Parameter Stack.

OTHER EFFECTS: If the Parameter Stack is full, the
push operation will cause a memory cycle to be generated
as one item of the stack is automatically stored to external
RAM. The logic which selects the location performs a
modulo 16 subtraction. If four local variables have been
pushed onto the Return Stack, and an instruction attempts
to READ the fifth item, unknown data will be returned.

WRITE-LOCAL-VARIABLE XXXX—Pop the TOP item

of the Parameter Stack and write it into the XXXXth
location relative to the top of the Return Stack. (XXXX is
a binary number from 0000-1111.)
OTHER EFFECTS: If the Parameter Stack is empty, the
pop operation will cause a memory cycle to be generated
to fetch the Parameter Stack item from external RAM.
The logic which selects the location performs a modulo
16 subtraction. If four local variables have been pushed
onto the Return Stack, and an instruction attempts to
WRITE to the fifth item, it is possible to clobber return
addresses or wreak other havoc.

REGISTER AND FLIP-FLOP TRANSFER AND PUSH

INSTRUCTIONS

DROP—DPop the TOP item from the Parameter Stack and
discard it.

SWAP—Exchange the data in the TOP Parameter Stack
location with the data in the NEXT Parameter Stack
location.

DUP—Duplicate the TOP item on the Parameter Stack and
push it onto the Parameter Stack.

PUSH-LOOP-COUNTER—Push the value in LOOP
COUNTER onto the Parameter Stack.

POP-RSTACK-PUSH-TO-STACK—Pop the top item from
the Return Stack and push it onto the Parameter Stack.

PUSH-X-REG—Push the value in the X Register onto the
Parameter Stack.

PUSH-STACK-POINTER—Push the value of the Param-
eter Stack pointer onto the Parameter Stack.

PUSH-RSTACK-POINTER—Push the value of the Return
Stack pointer onto the Return Stack.

PUSH-MODE-BITS—Push the value of the MODE REG-
ISTER onto the Parameter Stack.

PUSH-INPUT—Read the 10 dedicated input bits and push
the value (right justified and padded with leading zeros)
onto the Parameter Stack.

SET-LOOP-COUNTER—Pop the TOP value from the
Parameter Stack and store it into LOOP COUNTER.

POP-STACK-PUSH-TO-RSTACK—Pop the TOP item
from the Parameter Stack and push it onto the Return
Stack.

SET-X-REG—Pop the TOP item from the Parameter Stack
and store it into the X Register.

SET-STACK-POINTER—Pop the TOP item from the
Parameter Stack and store it into the Stack Pointer.
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SET-RSTACK-POINTER—Pop the TOP item from the
Parameter
Stack and store it into the Return Stack Pointer.
SET-MODE-BITS—Pop the TOP value from the Parameter
Stack and store it into the MODE BITS.
SET-OUTPUT—Pop the TOP item from the Parameter
Stack and output it to the 10 dedicated output bits.
OTHER EFFECTS: Instructions which push or pop the
Parameter Stack or Return Stack may cause a memory
cycle as the stacks overflow back and forth between
on-chip and off-chip memory.
LOADING A SHORT LITERAL
A special case of register transfer instruction is used to
push an 8-bit literal onto the Parameter Stack. This instruc-
tion requires that the 8-bits to be pushed reside in the last
byte of a 4-byte instruction group. The instruction op-code
loading the literal may reside in ANY of the other three bytes
in the instruction group.

EXAMPLE
BYTE 1 BYTE 2 BYTE 3
LOAD-SHORT-LITERAL QQQQQQQQ QQQQQQQQ
BYTE 4
00001111

In this example, QQQQQQQQ indicates any other 8-bit
instruction. When Byte 1 is executed, binary 00001111(HEX
0f) from Byte 4 will be pushed (right justified and padded by
leading zeros) onto the Parameter Stack. Then the instruc-
tions in Byte 2 and Byte 3 will execute. The microprocessor
instruction decoder knows not to execute Byte 4. It is
possible to push three identical 8-bit values as follows:

BYTE 1 BYTE 2
LOAD-SHORT-LITERAL LOAD-SHORT-LITERAL
BYTE 3 BYTE 4
LOAD-SHORT-LITERAL 00001111

SHORT-LITERAL-INSTRUCTION

LOAD-SHORT-LITERAL—Push the 8-bit value found in
Byte 4 of the current 4-byte instruction group onto the
Parameter Stack.

LOGIC INSTRUCTIONS
Logical and math operations used the stack for the source

of one or two operands and as the destination for results. The

stack organization is a particularly convenient arrangement
for evaluating expressions. TOP indicates the top value on
the Parameter Stack 74. NEXT indicates the next to top

value on the Parameter Stack 74.

AND—Pop TOP and NEXT from the Parameter Stack,
perform the logical AND operation on these two
operands, and push the result onto the Parameter Stack.

OR—Pop TOP and NEXT from the Parameter Stack, per-
form the logical OR operation on these two operands, and
push the result onto the Parameter Stack.

XOR—Pop TOP and NEXT from the Parameter Stack,
perform the logical exclusive OR on these two operands,
and push the result onto the Parameter Stack.

BIT-CLEAR—Pop TOP and NEXT from the Parameter
Stack, toggle all bits in NEXT, perform the logical AND
operation on TOP, and push the result onto the Parameter
Stack. (Another way of understanding this instruction is
thinking of it as clearing all bits in TOP that are set in
NEXT.)

Appx52




Case: 16-1306 Document: 60

Page: 117 Filed: 03/10/2016

5,809,336

31

MATH INSTRUCTIONS
Math instruction pop the TOP item and NEXT to top item

of the Parameter Stack 74 to use as the operands. The results

are pushed back on the Parameter Stack. The CARRY flag
is used to latch the “33rd bit” of the ALU result.

ADD—Pop the TOP item and NEXT to top item from the
Parameter Stack, add the values together and push the
result back on the Parameter Stack. The CARRY flag may
be changed.

ADD-WITH-CARRY—Pop the TOP item and the NEXT to
top item from the Parameter Stack, add the values
together. If the CARRY flag is “1” increment the result.
Push the ultimate result back on the Parameter Stack. The
CARRY flag may be changed.

ADD-X—Pop the TOP item from the Parameter Stack and
read the third item from the top of the Parameter Stack.
Add the values together and push the result back on the
Parameter Stack. The CARRY flag may be changed.

SUB—Pop the TOP item and NEXT to top item from the
Parameter Stack, Subtract NEXT from TOP and push the
result back on the Parameter Stack. The CARRY flag may
be changed.

SUB-WITH-CARRY—Pop the TOP item and NEXT to top
item from the Parameter Stack. Subtract NEXT from TOP.
If the CARRY flag is “1” increment the result. Push the
ultimate result back on the Parameter Stack. The CARRY
flag may be changed.

SUB-X—

SIGNED-MULT-STEP—

UNSIGNED-MULT-STEP—

SIGNED-FAST-MULT—

FAST-MULT-STEP—

UNSIGNED-DIV-STEP—

GENERATE-POLYNOMIAL—

ROUND—

COMPARE—Pop the TOP item and NEXT to top item from
the Parameter Stack. Subtract NEXT from TOP. If the
result has the most significant bit equal to “0” (the result
is positive), push the result onto the Parameter Stack. If
the result has the most significant bit equal to “1” (the
result is negative), push the old value of TOP onto the
Parameter Stack. The CARRY flag may be affected.

SHIFT/ROTATE

SHIFT-LEFT—Shift the TOP Parameter Stack item left one
bit. The CARRY flag is shifted into the least significant bit
of TOP.

SHIFT-RIGHT—Shift the TOP Parameter Stack item right
one bit. The least significant bit of TOP is shifted into the
CARRY flag. Zero is shifted into the most significant bit
of TOP.

DOUBLE-SHIFT-LEFT—Treating the TOP item of the
Parameter Stack as the most significant word of a 64-bit
number and the NEXT stack item as the least significant
word, shift the combined 64-bit entity left one bit. The
CARRY flag is shifted into the least significant bit of
NEXT.

DOUBLE-SHIFT-RIGHT—Treating the TOP item of the
Parameter Stack as the most significant word of a 64-bit
number and the NEXT stack item as the least significant
word, shift the combined 64-bit entity right one bit. The
least significant bit of NEXT is shifted into the CARRY
flag. Zero is shifted into the most significant bit of TOP.

OTHER INSTRUCTIONS

FLUSH-STACK—Empty all on-chip Parameter Stack loca-
tions into off-chip RAM. (This instruction is useful for
multitasking applications). This instruction accesses a
counter which holds the depth of the on-chip stack and
can require from none to 16 external memory cycles.
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FLUSH-RSTACK—Empty all on-chip Return Stack loca-
tions into off-chip RAM. (This instruction is useful for

multitasking applications). This instruction accesses a

counter which holds the depth of the on-chip Return Stack

and can require from none to 16 external memory cycles.
It should further be apparent to those skilled in the art that
various changes in form and details of the 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.
What is claimed is:
1. A microprocessor system, comprising a single inte-
grated circuit including a central processing unit and an
entire ring oscillator variable speed system clock in said
single integrated circuit and connected to said central pro-
cessing unit for clocking said central processing unit, said
central processing unit and said ring oscillator variable
speed system clock each including a plurality of electronic
devices correspondingly constructed of the same process
technology with corresponding manufacturing variations, a
processing frequency capability of said central processing
unit and a speed of said ring oscillator variable speed system
clock varying together due to said manufacturing variations
and due to at least operating voltage and temperature of said
single integrated circuit; an on-chip input/output interface
connected to exchange coupling control signals, addresses
and data with said central processing unit; and a second
clock independent of said ring oscillator variable speed
system clock connected to said input/output interface.
2. The microprocessor system of claim 1 in which said
second clock is a fixed frequency clock.
3. In a microprocessor integrated circuit, a method for
clocking the microprocessor within the integrated circuit,
comprising the steps of:
providing an entire ring oscillator system clock con-
structed of electronic devices within the integrated
circuit, said electronic devices having operating char-
acteristics which will, because said entire ring oscilla-
tor system clock and said microprocessor are located
within the same integrated circuit, vary together with
operating characteristics of electronic devices included
within the microprocessor;
using the ring oscillator system clock for clocking the
microprocessor, said microprocessor operating at a
variable processing frequency dependent upon a vari-
able speed of said ring oscillator system clock;

providing an on chip input/output interface for the micro-
processor integrated circuit; and

clocking the input/output interface with a second clock

independent of the ring oscillator system clock.

4. The method of claim 3 in which the second clock is a
fixed frequency clock.

5. The method of claim 3 further including the step of:

transferring information to and from said microprocessor

in synchrony with said ring oscillator system clock.

6. A microprocessor system comprising:

a central processing unit disposed upon an integrated

circuit substrate, said central processing unit operating
at a processing frequency and being constructed of a
first plurality of electronic devices;

an entire oscillator disposed upon said integrated circuit

substrate and connected to said central processing unit,
said oscillator clocking said central processing unit at a
clock rate and being constructed of a second plurality
of electronic devices, thus varying the processing fre-
quency of said first plurality of electronic devices and
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the clock rate of said second plurality of electronic
devices in the same way as a function of parameter
variation in one or more fabrication or operational
parameters associated with said integrated circuit
substrate, thereby enabling said processing frequency
to track said clock rate in response to said parameter
variation;

an on-chip input/output interface, connected between said

said central processing unit and an external memory
bus, for facilitating exchanging coupling control
signals, addresses and data with said central processing
unit; and

an external clock, independent of said oscillator, con-

nected to said input/output interface wherein said exter-
nal clock is operative at a frequency independent of a
clock frequency of said oscillator.

7. The microprocessor system of claim 6 wherein said one
or more operational parameters include operating tempera-
ture of said substrate or operating voltage of said substrate.

8. The microprocessor system of claim 6 wherein said
external clock comprises a fixed-frequency clock which
operates synchronously relative to said oscillator.

9. The microprocessor system of claim 6 wherein said
oscillator comprises a ring oscillator.

10. In a microprocessor system including a central pro-
cessing unit, a method for clocking said central processing
unit comprising the steps of:

providing said central processing unit upon an integrated
circuit substrate, said central processing unit being
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constructed of a first plurality of transistors and being
operative at a processing frequency;

providing an entire variable speed clock disposed upon
said integrated circuit substrate, said variable speed
clock being constructed of a second plurality of tran-
sistors;

clocking said central processing unit at a clock rate using
said variable speed clock with said central processing
unit being clocked by said variable speed clock at a
variable frequency dependent upon variation in one or
more fabrication or operational parameters associated
with said integrated circuit substrate, said processing
frequency and said clock rate varying in the same way
relative to said variation in said one or more fabrication
or operational parameters associated with said inte-
grated circuit substrate;

connecting an on chip input/output interface between said
central processing unit and an external memory bus,
and exchanging coupling control signals, addresses and
data between said input/output interface and said cen-
tral processing unit; and

clocking said input/output interface using an external
clock wherein said external clock is operative at a
frequency independent of a clock frequency of said
oscillator.
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EX PARTE
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

ONLY THOSE PARAGRAPHS OF THE
SPECIFICATION AFFECTED BY AMENDMENT
ARE PRINTED HEREIN.

Column 17, lines 12-37:

Most microprocessors derive all system timing from a
single clock. The disadvantage is that different parts of the
system can slow all operations. The microprocessor 50 pro-
vides a dual-clock scheme as shown in FIG. 17, with the
CPU 70 operating [a synchronously] asyrnchronously to 1/0
interface 432 forming part of memory controller 118 (FIG.
2) and the 1/O interface 432 operating synchronously with
the external world of memory and 1/O devices. The CPU 70
executes at the fastest speed possible using the adaptive ring
counter clock 430. Speed may vary by a factor of four
depending upon temperature, voltage, and process. The
external world must be synchronized to the microprocessor
50 for operations such as video display updating and disc
drive reading and writing. This synchronization is performed
by the I/O interface 432, speed of which is controlled by a
conventional crystal clock 434. The interface 432 processes
requests for memory accesses from the microprocessor 50
and acknowledges the presence of 1/0 data. The micropro-
cessor 50 fetches up to four instructions in a single memory
cycle and can perform much useful work before requiring
another memory access. By decoupling the variable speed of
the CPU 70 from the fixed speed of the 1/O interface 432,
optimum performance can be achieved by each. Recoupling
between the CPU 70 and the interface 432 is accomplished
with handshake signals on lines 436, with data/addresses
passing on bus 90, 136.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claims 3-5 and 8 are cancelled.

Claims 1, 6 and 10 are determined to be patentable as
amended.

Claims 2, 7 and 9, dependent on an amended claim, are
determined to be patentable.

New claims 11-16 are added and determined to be patent-
able.

1. A microprocessor system, comprising a single inte-
grated circuit including a central processing unit and an
entire ring oscillator variable speed system clock in said
single integrated circuit and connected to said central pro-
cessing unit for clocking said central processing unit, said
central processing unit and said ring oscillator variable
speed system clock each including a plurality of electronic
devices correspondingly constructed of the same process
technology with corresponding manufacturing variations, a

15

20

25

35

45

55

60

65

2

processing frequency capability of said central processing
unit and a speed of said ring oscillator variable speed system
clock varying together due to said manufacturing variations
and due to at least operating voltage and temperature of said
single integrated circuit; an on-chip input/output interface
connected to exchange coupling control signals, addresses
and data with said central processing unit; and a second
clock independent of said ring oscillator variable speed sys-
tem clock connected to said input/output interface, wherein
a clock signal of said second clock originates from a source
other than said ring oscillator variable speed system clock.

6. A microprocessor system comprising:

a central processing unit disposed upon an integrated cir-
cuit substrate, said central processing unit operating at
a processing frequency and being constructed of a first
plurality of electronic devices;

an entire oscillator disposed upon said integrated circuit

substrate and connected to said central processing unit,
said oscillator clocking said central processing unit at a
clock rate and being constructed of a second plurality
of electronic devices, thus varying the processing fre-
quency of said first plurality of electronic devices and
the clock rate of said second plurality of electronic
devices in the same way as a function of parameter
variation in one or more fabrication or operational
parameters associated with said integrated circuit
substrate, thereby enabling said processing frequency
to track said clock rate in response to said parameter
variation; an on-chip input/output interface, connected
between said central processing unit and an off-chip
external memory bus, for facilitating exchanging cou-
pling control signals, addresses and data with said cen-
tral processing unit; and

an off-chip external clock, independent of said oscillator,

connected to said input/output interface wherein said
off-chip external clock is operative at a frequency inde-
pendent of a clock frequency of said oscillator and
wherein a clock signal from said off-chip external clock
originates from a source other than said oscillator.

10. In a microprocessor system including a central pro-
cessing unit, a method for clocking said central processing
unit comprising the steps of:

providing said central processing unit upon an integrated

circuit substrate, said central processing unit being con-
structed of a first plurality of transistors and being
operative at a processing frequency;

providing an entire variable speed clock disposed upon

said integrated circuit substrate, said variable speed
clock being constructed of a second plurality of transis-
tors;

clocking said central processing unit at a clock rate using

said variable speed clock with said central processing
unit being clocked by said variable speed clock at a
variable frequency dependent upon variation in one or
more fabrication or operational parameters associated
with said integrated circuit substrate, said processing
frequency and said clock rate varying in the same way
relative to said variation in said one or more fabrication
or operational parameters associated with said inte-
grated circuit substrate;

connecting an [on chip] on-chip input/output interface

between said central processing unit and an of-chip
external memory bus, and exchanging coupling control
signals, addresses and data between said input/output
interface and said central processing unit; and
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clocking said input/output interface using an off-chip
external clock wherein said off-chip external clock is
operative at a frequency independent of a clock fre-
quency of said variable speed clock and wherein a
clock signal from said off-chip external clock originates
from a source other than said variable speed clock.

11. A microprocessor system, comprising a single inte-
grated circuit including a central processing unit and an
entive rving oscillator variable speed system clock in said
single integrated circuit and connected to said central pro-
cessing unit for clocking said central processing unit, said
central processing unit and said ring oscillator variable
speed system clock each including a plurality of electronic
devices correspondingly constructed of the same process
technology with corresponding manufacturing variations, a
processing frequency capability of said central processing
unit and a speed of said ring oscillator variable speed sys-
tem clock varying together due to said manufacturing varia-
tions and due to at least operating voltage and temperature
of said single integrated circuit; an on-chip input/output
interface connected to exchange coupling control signals,
addresses and data with said central processing unit; and a
second clock independent of said ring oscillator variable
speed system clock connected to said input/output interface,
wherein said central processing unit operates asynchro-
nously to said input/output interface.

12. The microprocessor system of claim 11, in which said
second clock is a fixed frequency clock.

13. A microprocessor system comprising: a central pro-
cessing unit disposed upon an integrated circuit substrate,
said central processing unit operating at a processing fre-
quency and being constructed of a first plurality of electronic
devices;

an entire oscillator disposed upon said integrated circuit
substrate and connected to said central processing unit,
said oscillator clocking said central processing unit at
a clock rate and being constructed of a second plurality
of electronic devices, thus varying the processing fre-
quency of said first plurality of electronic devices and
the clock rate of said second plurality of electronic
devices in the same way as a function of parameter
variation in one or more fabrication orv operational
parameters associated with said integrated circuit
substrate, thereby enabling said processing frequency
to track said clock rate in response to said parameter
variation;

an on-chip input/output interface, connected between said
central processing unit and an off-chip external

10
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memory bus, for facilitating exchanging coupling con-
trol signals, addresses and data with said central pro-
cessing unit; and

an off-chip external clock, independent of said oscillator,

connected to said input/output interface wherein said
off-chip external clock is operative at a frequency inde-
pendent of a clock frequency of said oscillator and fur-
ther wherein said central processing unit operates
asynchronously to said input/output interface.

14. The microprocessor system of claim 13 wherein said
one or more operational parameters include operating tem-
perature of said substrate or operating voltage of said sub-
strate.

15. The microprocessor system of claim 13 wherein said
oscillator comprises a ring oscillator.

16. In a microprocessor system including a central pro-
cessing unit, a method for clocking said central processing
unit comprising the steps of:

providing said central processing unit upon an integrated

circuit substrate, said central processing unit being
constructed of a first plurality of transistors and being
operative at a processing frequency;

providing an entire variable speed clock disposed upon

said integrated circuit substrate, said variable speed
clock being constructed of a second plurality of transis-
tors;

clocking said central processing unit at a clock rate using

said variable speed clock with said central processing
unit being clocked by said variable speed clock at a
variable frequency dependent upon variation in one or
more fabrication or operational parameters associated
with said integrated civcuit substrate, said processing
frequency and said clock rate varying in the same way
relative to said variation in said one or more fabrica-
tion or operational parameters associated with said
integrated circuit substrate;

connecting an on-chip input/output interface between

said central processing unit and an off-chip external
memory bus, and exchanging coupling control signals,
addresses and data between said input/output interface
and said central processing unit; and

clocking said input/output interface using an off-chip

external clock wherein said off-chip external clock is
operative at a frequency independent of a clock fre-
quency of said variable speed clock, wherein said cen-
tral processing unit operates asychronously to said
input/output interface.
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