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I. INTRODUCTION

Advanced Micro Devices, Inc. (“Petitioner”) requests inter partes review of
claims 1-14 of U.S. 8,373,455 (“the *455 Patent”) (Ex-1001).

The *455 Patent is directed to a buffer circuit with variable current supplies
for controlling the rise and fall times of signal output. An output buffer is
positioned at the output of an integrated circuit to selectively control the transfer of
signals to signal lines connected to other circuits. Ex-1007, 1:11-35; Ex-1001,
1:15-21. When switched on, the buffer transfers information by generating an
“output [signal] ... that follows the input signal.” Ex-1007, 1:36-44.

The *455 Patent purports to improve known buffer designs. Ex-1001, 1:22-
47, Fig. 5. It discloses a buffer that allegedly “can meet performance requirements
over a range of operating voltages” and provide an output signal that meets “a
desired signal profile.” Id., 2:11-20. During prosecution, claim 1 was allowed
because it was amended to require a “variable current supply ... configured to
control the rise time.” Ex-1004, 110. Independent claims 7 and 11 were allowed
because they each recite a “selectable current source.” Id., 111-13.

Prior art presented herein, which was not considered during prosecution,
discloses a buffer having selectable, variable current supplies for controlling the
output’s rise and fall times. For the reasons stated below, all 14 claims are

unpatentable.
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II. MANDATORY NOTICES UNDER 37 C.F.R. §42.8

Real Parties-in-Interest: Advanced Micro Devices, Inc. and ATI

Technologies ULC (AMD’s indirect, wholly-owned subsidiary).

Related Matters:

e Patent Owner has asserted the ’455 Patent against Petitioner in
Monterey Research, LLC v. Advanced Micro Devices, Inc., No. 1:19-
cv-02149-CFC (D. Del.).

Lead and Back-Up Counsel:

e Lead Counsel: Ryan K. Yagura (Reg. No. 47,191), O’Melveny &
Myers LLP, 400 S. Hope Street, Los Angeles, CA 90071.
(Telephone: 213-430-6000; Fax: 213-430-6407; Email:
ryagura(@omm.com)

e Backup Counsel: Nicholas J. Whilt (Reg. No. 72,081), Xin-Yi Zhou
(Reg. No. 63,366), Sina Aria (Reg. No. 69,490), O’Melveny & Myers
LLP, 400 S. Hope Street, Los Angeles, CA 90071.

(Telephone: 213-430-6000; Fax: 213-430-6407; Emails:
nwhilt@omm.com, vzhou@omm.com, saria@omm.com)

Service Information: Petitioner consents to electronic service by email to

OMMAMDMONTEREY @omm.com. Please address all correspondence to lead
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counsel at O’Melveny & Myers LLP, 400 S. Hope Street, Los Angeles, CA 90071,
with courtesy copies to OMMAMDMONTEREY @omm.com.

III. FEE AUTHORIZATION
Under 37 C.F.R. §42.15(a), §42.103(a), the PTO is authorized to charge

$30,500 (or other required fees) to Deposit Account 50-0639.

IV. STANDING
Under 37 C.F.R. §42.102(a)(2), §42.104(a), Petitioner certifies that the *455

Patent is available for IPR, this Petition is timely filed, and Petitioner is not barred
or estopped from requesting IPR review on the grounds presented.

V. RELIEF REQUESTED

Petitioner requests review and cancellation of all 14 claims of the *455
Patent under 35 U.S.C. §102 and/or §103 based on the following grounds.
e Grounds 1-2: Claims 7, 8, 10, and 13 are anticipated by or obvious over US
6,037,811 (“Ozguc™)';
¢ Ground 3: Claims 7, 8, and 10-13 are obvious over Ozguc and US
7,170,324 (“Huber”);

e Ground 4: Claim 9 is obvious over Ozguc and US 5,994,945 (“Wu”);

! The grounds for claims 7 and 11 and their dependents involve fewer references

and are addressed before the grounds for claim 1 and its dependents.
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e Ground 5: Claim 9 is obvious over Ozguc, Huber, and Wu;
e Grounds 6-7: Claims 11 and 12 are anticipated by or obvious over Huber;
e Ground 8: Claims 1-6 and 14 are obvious over Ozguc, Huber, and Wu;
None of the references relied upon in this Petition was cited during
prosecution. Ex-1001, 1.

V. TECHNOLOGY BACKGROUND
A. Impedance

Impedance measures the opposition a circuit presents to a current. Ex-1011,
381. A buffer can change its output signal by drawing an appropriate amount of
current, as explained below. Ex-1006, 1:15-35. Impedance is relevant to buffer
design because the designed impedance of a buffer’s circuit affects the current
flow through the circuit. /d.; Ex-1002, q19; Ex-1007, 2:13-22, 2:59-3:28.

B. Field-effect transistors (FETS)

An FET acts as an on/off switch by using an electric field to control current
flow. Ex-1011, 83-103, 192-95, 719. The FET can be switched on/off by
changing the voltage applied to its gate terminal, which controls the impedance
exhibited by the path between its source and drain terminals. /d.

A p-type FET (PMOS) allows current flow by providing a low-impedance
source-to-drain path when the gate voltage is low and prohibits flow when the

voltage is high. Id., 226, 381.
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Source Source
Gate—q Gate—qu l Current
High Low
Drain Drain

Ex-1002, 9920-21 (citing Ex-1011, 83 (Fig. 5.1))
An n-type FET (NMOS) allows current flow when the gate voltage is high

and prohibits flow when the voltage is low. Id.; Ex-1011, 83-103; Ex-1012,

3:24-26.
Drain Drain
Current
Gate—l Gate—"
Low High
Source Source

Ex-1002, 922 (citing Ex-1011, 83 (Fig. 5.1))
For both FET types, the source-drain impedance depends on the voltage
difference between gate and source (Vgs) and the FET’s physical dimensions. /d.,
923; Ex-1011, 83-103; Ex-1012, 3:24-26.

C. Buffer circuits

A buffer drives its output to follow its input, by pulling up the output (e.g.,

increasing the output voltage) when the input rises and pulling down the output
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(e.g., decreasing the output voltage) when the input falls. Ex-1002, 9924-25; Ex-
1007, 1:35-45, 2:23-32; Ex-1006, Abstract, 1:16-35.

Figure 5 of the 455 Patent shows a prior art buffer (500). Ex-1001, 2:7.
During pull-up (blue), the “IN[PUT]” rises and the pull-up driver (512) draws a
current from the gate of a “p-channel output transistor 515 to enable it to “drive[]”
“the output” “high” after a rise time. Ex-1001, 1:22-47; Ex-1002, 4927-30. During
pull-down (red), the “IN[PUT]” falls and the pull-down transistor (517) is enabled

to “drive[]” “the output” “low.” Id.

Pull-up (PU) mode Pull-down (PD) mode
500 500
J w5
Low High

N \Ci s PU transistor
s L

512

N \%’U transistor
502
I/E;HE
PU driver
(drawing current)

o—| CTRL 506 o— CTRL 508
High | LOGIC Low | Logic 1

High Low
503 503

Low High

o [l/? M PD transistor = L\( \I }i7 PD transistor
514 514
v

Second driver
(providing current)

VSS VSS
FIG. 5 (BACKGROUND ART) FIG. 5 (BACKGROUND ART)

Ex-1001, Fig. 52

2 All color annotations are added.
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In both cases, the output (506) changes to follow the state of the input
(“IN). Id. The time it takes for the output to change between high/low states after
a change in the input—i.e., the rise and fall times—affect the buffer’s performance
attributes. E.g., Ex-1007, 1:17-2:32; Ex-1002, 430. For example, while a low
rise/fall time improves the buffer’s speed of data/signal transfer, it may distort the
output signal. Id.

D. Current mirrors

A current mirror is a circuit that produces one or more output currents that
are each proportional to the input current. Ex-1002, §931-33. A “basic current
mirror” is shown below. Ex-1011, 427-29. The output transistor’s (M2’s) output
current (“Ip>=I0") is proportional to the input current (“In:”) at the reference
transistor (M1) because M1 and M2 have the same gate-source voltage (Vgs). 1d.
The output-to-input current ratio depends on the relative sizes of M1 and M2. Ex-

1011, 427-42.
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VDD
E':mgr-;_mff‘rﬁ"ﬂf‘_lnll R Ou [JLI[LL.II ent
l 1 D2 =
Wy =, Y2 Vﬂ
L/ B Lz
Reference 1/_63 -
transistor ot
/ T \ :IJBI?SIE[UF
Current mirror VSS Both transistors

have the same VGS

Ex-1011, 428 (Fig. 20.1)
As shown below, a mirror may have multiple output transistors to output

multiple currents that are each proportional to the input current. /d., 431-37.

Output currents

+2.5

10uAl 20 pA 30uA 50pA. 70 pA
380k

/
Input/reference current l \

15/5 |
/ 1%

Reference transistor

Output transistors

Id., Fig. Ex20.2
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VII. THE ’455 PATENT

The *455 Patent discloses a buffer circuit having a variable current supply
for controlling the rise and fall times. Ex-1001, 6:27-31. Figure 1 illustrates a
buffer (100) having a “first variable current source 114-0" for controlling “the rise
time.” Id., 2:32-36. When the input rises, “a potential at the gate of PFET P10
fall[s] according to the current drawn by first variable current source 114-0.” Id.,
2:62-3:5, 3:31-37, 6:32-36. The pull-up driver transistor (108) pulls up the output

after a “rise time” that depends on the variable current. /d.

Pull-up mode

VD

First variable current source 114-0 N
1047\ 177"

\ PU_DIS : /

\ - 112—0f |

1121

108
PU transistor

PRE

CTRL DRIVE
LOGIC CTRL

& VDD
SEL. v AL
10 110 !
[

1

1

1

1

1

1

:

1

PREPD .
S !
1

1

1

1

]

1

High

112-3

! PD transistor
112:2~|

PD_DIS M
f _____

106
VSS VSS

Ex-1001, Fig. 1
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When the input falls, the output is pulled down after a “fall time” that
depends on the current provided by the “second variable current source” (114-1).

1d., 2:49-61, 3:14-37; Ex-1002, 9934-35.

Pull-down mode
VDD VoD If il

i, e,
N

I
1
PU_DIS gl : | 108
"2'01‘:/ {—FPUB_, 10: PU transistor
112-1 : ' i
1160

|
|
PREPY 51 . :
M ' ‘
: \ High i
' | | :
" CTRL DRIVE = | :
118
O VSS 0 :
Low | Logic CTRL 1140 : _—HzS ouT Low
& VDD 141 i
SEL. e = : :
I
i® 110 ' i ‘
: :
| E
I
I
I

I
I
PREPD/ - | 1161
| 1 i
N237, g N1o ~—PD transistor
112-?\ ' PD ]
/| 1

PD_DIS f:"i‘" High
: 106 -
18164(}-01I’ld variable current source Vss :_ESS_ I

Ex-1001, Fig. 1
Figure 2A illustrates details of the “pull-up path.” Ex-1001, 3:40-41.
Changes in the operating conditions (e.g., temperature) can affect the supply
voltage and therefore the current in the path. /d., 1:55-62. The *455 Patent
purports to address this problem by generating the current using a reference current

(I_IN) having a component (I OUT) that “varies inversely with power supply

10
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voltage” (i.e., decreases when the “supply voltage increases™). Id., 3:44-59; see
also 1:55-62, 4:45-48. The circuit includes a “current mirror” (highlighted) that
uses the reference current (I_IN) to generate output currents (Iout1, loue, and lous)
for controlling the pull-up transistor (P20). Id., 3:44-63. The sum of these output
currents at the “drive control node 230 is a “drive current” because it drives the
pull-up transistor (P20) to turn it on and thus drive the output high. /d., 3:64-4:21,

5:11-16; Ex-1002, §36.

Voltage compensation Drive current = lout1+lout2+lout3
circuit 220

Compensation current

200 L Drive control node yDD
component (IOUT) T

: /r" 216-04[ PU driver

P20 transistor

2121 18
P ‘
/| 230 _é

i 1

: !

\ 1

1 [}

: 220 1 vour. i . !

: COMP. ! DRVO:[_--- _______ —__:l !"\——2140
= | oAVI | '.

: OUTJ/ IBASE N :[-I_ [1—-__—"'\__!_._/228
e AT B |

i VDD-VSS) N 224 | e R 7 N L3 ]

: y Y T Y L )T
: Mirror's : === 6 ------------------ [N

: input/reference {

! current VSS . VsS VSS VSs

Current mirror
FIG. 2A

Static leg

Ex-1001, Fig. 2A
The amount of drive current controls how fast the output switches—a higher

current leads to a “relatively fast switching speed.” Ex-1001, 6:32-43. To change

11
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99 ¢¢

the “rise time,” “the first variable current source” (214-0) can vary the total drive
current by using different combinations of the current mirror’s components (Iouti,
Iouwe, and lows). 1d., 1:55-62, 3:31-37, 5:11-16; Ex-1002, §37. The source (114-0)
includes one “‘static” current leg (226) that remains on and two “programmable”
current legs (228) that can be selectively turned on/off by drive “signals DRVO0 and
DRV1.” Ex-1001, 3:31-41, 3:64-4:21. The total drive current can therefore be
“var[ied],” to change “the rise time,” by turning on or off the currents in the

selectable legs. 1d.; see also 3:13-30, 6:27-43.

VIII. PATENT PROSECUTION HISTORY

The *455 Patent issued from Application 13/013,725, a continuation of
Application 11/904,901 (issued as U.S. 7,876,133 (Ex-1009)). The two patents
have similar claim 1’s. Compare Ex-1001, claim 1 with Ex-1009, claim 1.

During prosecution of the 901 application, the Examiner rejected all claims
as being anticipated by U.S. 6,414,516 (“Labram”) (Ex-1010). Ex-1005, 154-56;
Ex-1010, 3:66-67. The Examiner found that Labram discloses, in Figures 2-3, a
buffer circuit having a compensation circuit (22) that serves as a “variable current
supply” because its current “is inversely proportional to a power supply voltage.”
Ex-1005, 156; Ex-1010, 3:35-4:39. Claim 1 was allowed after it was amended to
require a first variable current supply “configured to control a rise time and a fall

time of the output driver circuit.” Ex-1005, 90, 139-45.

12
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I P ist
PU current is inversely U transistor

proportional to environmental vV
parameter (e.g., supply voltage) 16
E 10
I i ——— e ._-’/

| IN I:HH PU Compensation
device
| I e O —
I : T
I L
| I\ ,f—az: 1 our 2
| | |' | ’,,' Y_L 0
I EP l 2 o T
I | N ]
I i | our |~
o L
FIG. 3 2 =12
PD Compensation
device
“l | FG.2
PD transistor

Ex-1010, Figs. 2-3
During prosecution of the *725 application, the applicant overcame a similar
rejection of claim 1 by amending it to require a “variable current supply ...
configured to control a rise a time of the output driver circuit.” Ex-1004, 100, 110,
122-27. Claims 7 and 11 were allowed because each recites a “selectable current
source.” Id., 19, 100, 110-16.

IX. LEVEL OF ORDINARY SKILL IN THE ART
When the ’455 patent was filed, a POSITA would have had a bachelor’s

degree in electrical or computer engineering, applied physics, or a related field, and

at least two years of experience in design, development, and/or testing of circuits,

13
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related hardware design, or the equivalent, with additional education substituting
for experience and vice versa. Ex-1002, q52.

X. CLAIM CONSTRUCTION

Petitioner interprets the 455 Patent’s claims according to Phillips v. AWH
Corp., 415 F.3d 1303 (Fed. Cir. 2005). To resolve the grounds presented in this
Petition, Petitioner does not believe any term requires explicit construction.?

XI. EXPLANATION OF GROUNDS

A. Claims 7, 8, 10, and 13 are anticipated by (Ground 1) or obvious
over (Ground 2) Ozguc

1. Ozguc
Ozguc issued on March 14, 2000 and qualifies as §102(b) art. Ozguc

discloses “an output driver or buffer circuit with current-controlled output rise
and fall times.”* Ex-1006, 1:17-19.

Figure 1 is annotated below to show a pull-up state. Ozguc discloses an
“output buffer” having a “charging circuit” 120 (blue) for pulling up the output.
Ex-1006, 2:8-32; Ex-1002, 456. “When the input signal 101 is high,” the “first

adjustable source 122” draws an adjustable current (I;) from MP1’s gate and turns

3 Petitioner reserves its rights to assert in litigation claim constructions not asserted
here and assert that certain terms are indefinite.

* All emphases are added.

14
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on MP1. Id. A current mirror (green) uses the adjustable current (I1) as a reference
current to “supply a charging current I.4; to the OUT[PUT] terminal” to pull up the
output after a “rise time.” Ex-1006, 2:8-44; Section VI.D. The “rise time [is]
proportional to the amount of current Icx, which is, in turn determined by” the
amount of adjustable current (I1). /d.; Ex-1006, 4:5-16.

Pull-up mode
Mirror’'s reference transistor

Current mirror
First adjustable currentsource 122 _ _N\__ _ _ _ _ _
______ - -

|_ Vee |
|
e ! | 128 / | I PU transist
| | ransistor
/ 106 | ! K / E:MP‘I I (mirror's output transistor)
124
: . = " ! 120
| ehg | 100
: 122 | [
CONTROL 1 | High
CONTROL | L 4= - — 1 oUuT
| ——1
sz CIRCUIT

High

L

<101

FIG. 1

Ex-1006, Fig. 1
Figure 1 is annotated below to show the pull-down state: when the input

falls, the current supplied by the second adjustable source 152 (I>) controls the “fall

time.” Ex-1006, 2:15-20, 2:33-44, 3:30-42; Ex-1002, 957.

15
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Pull-down mode

I Vee |
110 I A B 128 I
: j o ] P1 —— PU transistor
106~ ! d ‘\ I
I' 124 R NPRES
i High : O
| o ||ene 100
: 122 I
CONTROL - : I Low
CONTROL | ! Mirror’s reference transistor] _ _ | ouT
sz CIRCUIT
Low
SIGNAL \[\

C101 %econd S Current mirror

current source 152
FIG. 1
Ex-1006, Fig. 1

Ozguc discloses that “FIG. 3 illustrates one embodiment of the adjustable
current source,” in which the source may include four current paths (Master,
Center, Up, Down). Ex-1006, 4:10-39. A POSITA would have understood that
one or both of the “adjustable current sources” (122 and 152 in Figure 1) may
include the current paths shown in Figure 3. Ex-1006, 1:60-61, 4:10-14, 4:42-46.
In Figure 3, Ozguc discloses that the upper transistors form a current “mirror”
having a reference transistor (Master leg’s upper transistor) and three output
transistors (the upper transistors of Center, Up, and Down legs) that output three

currents (Icenter, lup, IDown) €ach mirroring the input/reference current (I1'). Ex-1006,

16
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4:10-46; Section VI.D; Ex-1002, 458. The three output currents are added to

produce the adjustable current I;. Id.

Adjustable
current
: P9 |1 = Icenter+lUp+Down
P8 l‘ Iy -
$n
VDD - :

Reference cument I1° l ll:entar

U Bl r T 1 1 __I___';

| — . — —

Mirror reference | Hx% \ |,H_
transistor 1 — .. I ™
1 — - g \\, _.. 1 -
re--=-"-"-"=-"=-"71r1-"=-"=-- ""':_“‘T\_— - Current mirror
FIG. 3 Master= |11 1 1 1 Hx‘ T~
L _ | ] I (Y
00 o2 _‘ T
. Ll Mirror's output
vss r AN '.:1 / ] ’#__,f" | transistors
'_ 5 ! / _._-"'/
ONB A -
MASTER CENTER DEWN uP
E::"—" '\ I'. / (__,.-""-'
\ -
i "
2 V
Switches

Ex-1006, Fig. 3

Each leg’s lower (NMOS) transistor serves as a switch for turning on/off the

current in the same leg. Ex-1006, 4:17-36; Ex-1002, 4959-60. Master and Center

legs’ lower transistors “remain on” because their gates are connected to the supply

voltage. Ex-1006, 4:17-22. Up and Down legs’ lower transistors are connected to

“DNB” and “UP” to selectively turn on/off the current flow in those legs.

Ex-1006, 4:24-44. Ozguc teaches an embodiment in which the transistors all have

“similar size[s],” resulting in the current in each leg being equal to the reference

current (I;'), and the total adjustable current (I1) being once, twice, or three times

the reference current (I;') depending on whether one or both of “Up and “Down”

17
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are selected. Ex-1006, 4:10-46; Ex-1002, 4959-60; see Section VI.D. “Thus ...
the current I;, and accordingly, the rise time can be adjusted” using drive select
values “DNB” and “UP.” Ex-1006, 4:42-46, 5:10-11.

Ozguc calls the above-described structure of parallel current legs as
“cascode pairs of NMOS FETs.” Ex-1006, 4:10-17.

2. Independent Claim 7
a. 7[pre]: An output driver circuit, comprising:

To the extent limiting, Ozguc discloses “an output driver or buffer circuit.”

Ex-1006, 1:17-51, Figs. 1-3°; Section XI.A.1; Ex-1002, q61.

> Ozguc discloses four embodiments: (1) Figure 1’s output driver circuit; (2)
Figure 2’s output driver circuit; (3) Figure 1’s circuit with one or both of the
adjustable current sources 128/158 include the current mirror structure in Figure 3,
as described in Section XI.A.1; (4) Figure 2’s circuit with one or both of the
adjustable current sources 222/252 include the current mirror structure in Figure 3.
Ex-1006, 1:60-62, 4:10-16; Ex-1002, 961. Unless stated otherwise, each

embodiment independently discloses all claim limitations.
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b. 7]a]: a first driver transistor that provides a low
impedance path to an output node in response to a
voltage at a first driver control node;

Ozguc discloses a first driver transistor (“charging transistor MP1”)
providing a low-impedance path to an “OUT[PUT]” node in response to a voltage
applied at MP1’s gate terminal. Ex-1006, Figs. 1-2.

MP1 is a “driver transistor” because it “suppl[ies] a charging current I.s”
that “drive[s]” “the OUT[PUT] terminal” to a high voltage—Vcc in Fig. 1 or Vs in
Fig. 2—*“when the input signal 101 is high.” Ex-1006, 2:8-32, Figs. 1-2; see also
1:55-60, 2:45-3:13; Ex-1002, 9962-63; Section XI.A.1; compare with Ex-1001,
Fig. 1 (P10). Ozguc describes “MP1” as a PMOS. Id.; Ex-1006, 2:55-58. Based
on the operation of a PMOS, a POSITA would have understood that as the “current
I” pulls down MP1°’s gate voltage, MP1 “conduct[s]” (turns on) and provides a
low-impedance path from its source power supply node (Vcc/Vas) to its drain
(“OUT”) node, as annotated in Figure 1. Ex-1006, 2:8-65, 3:62-4:9; see also 1:66-

2:8, Fig. 2; Sections VI.B, XI.A.1; Ex-1002, 9963-64.
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Ex-1006, Fig. 1
The 455 Patent describes a “driver control node” as a node at which a driver
of the output can be controlled (e.g., switched on/off). Ex-1001, 2:62-3:13. MP1’s
gate is a “first driver control node” because MP1 can be switched on/off by
changing its gate voltage. Ex-10006, 2:8-32; 2:22-32, 2:45-65, 3:62-4:9; Ex-1002,
964. Thus, Ozguc discloses Element 7[a].

c. 7]b]: a first switch element coupled between the first
driver control node and a first power supply node;

Ozguc discloses a first switch element (128 in Fig. 1, 228 in Fig. 2) coupled
between the first driver control node (MP1°’s gate) and a first power supply node

(Vcc/Vas). Ex-1006, 1:66-2-65, 3:7-10, Figs. 1-2; Ex-1002, 965. “When the input
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signal 101 is high, switch 128 is turned off, allowing the charging transistor MP1

to conduct.” Id., 2:24-28.
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Ex-1006, Fig. 2
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d. 7]c]: a selectable current source coupled between the
first driver control node and a second power supply
node, the selectable current source generating a drive
current that varies in response to a drive select value,

Ozguc also discloses a “first adjustable current source” (122 in Fig. 1, 222 in
Fig. 2) coupled between the first driver control node (MP1’s gate) and a second

power supply node (Ground/Vss). Ex-1006, 2:1-7, 2:45-3:13, Figs. 1-2.

First adjustable current source 122 First switch element

generating current |1 : \ _vEc _______ 5
10 I

|
I
| Charging/pull-up transistor
|
|

| T 128
|
/ 106 I \ /IEMP1— (first driver transistor)
[
| 124 \120

T First driver

I I
control l chg | \100

; 122 node |

CONTROL I Qutput node

|
CONTROL | = 4= IS oooooo--g==toou
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sz eRedT e lldis : ?P iy SN

12 node (Ground)
152

|
: /154 ; : \150
! i —{[C MN1
: «—158 ﬁ :
SIGNAL | { . |
C101
FIG. 1

Ex-1006, Fig. 1
Ozguc discloses that the first adjustable current source 222 (Figure 2) may

include the Figure 3 structure. Ex-1006, 3:44-52, 4:10-12. Thus, Ozguc discloses
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or renders obvious that the “first adjustable current source 122 (or 222) may
include the parallel current legs shown in Figure 3, to adjust the source’s generated
current (I1) by selectively turning on or off current paths that contribute to I. See
Section X.A.1; Ex-1006, 1:55-62, 4:10-12, 4:37-46; Ex-1002, 4967-68. Therefore,
Ozguc discloses a “selectable current source” (122/222) because the current (I1)
generated by the source (122/222) can be selectively adjusted. Id.

The 455 Patent describes a “drive current” as a current generated by its
selectable current source for controlling the first driver transistor to drive the
output to a desired value. Ex-1001, 5:11-16, 5:54-6:3. Current [; shown in
Ozguc’s Figures 1-3 is a “drive current” because it is generated by the “first
adjustable current source” 122/222 and directed to the drive control node (MP1’s
gate) for controlling the first driver transistor (MP1). Ex-1006, 2:10-14, 4:14-15;
see also 1:66-2:21, 2:45-3:43, 3:62-4:9, 4:10-58; Ex-1002, 4969-70; Section
XI.A.1. Therefore, Ozguc discloses a selectable current source (122/222) that
generates a drive current (I1) that varies in response to a drive select value (“DNB”

or “UP”).

23



U.S. Patent No. 8,373,455
Petition for Inter Partes Review

Adjustable
current
I, P8 |1 = ICenter+IUp+IDown
P8 1‘ 1
"
@ 1 I1 B
VoD 1
Reference current 11 l l|:emar
U i T 1 1 __l___-;
1 = [ —
Mirror reference | H-«H “\ Lh
transistor 1 ) — S ™
| - — . ™ Ly | -
r——=--1---=-71-"=-""=-"- i Sl _\‘Q\_ =\ Current mirror
FIG. 3 master= I11 1 ] 1 Hx T~
L | | " NN
300 o2 —‘ T
= - -+ _— Mirror's output
™~ \ 4 <7 | transistors °
VvSS |- !
- \ / | -
MASTER CENTER DOWN up
-\ II' / __-""f
\ -~
D \ -
uP N
Switches

Ex-1006, Fig. 3

e. 7|d]: wherein the selectable current source includes a
plurality of selectable current legs, each connected to
a current control node and enabled to provide a
current to the current control node in response to a

corresponding drive control signal.

As explained in Section XI.A.1 and for Element 7[c], Ozguc discloses that

the selectable current source (e.g., 122/222 in Figs. 1-2) includes selectable current

legs (Figure 3, Down and Up legs). Ex-1006, 4:10-36; Ex-1002, q71.
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Element 7[d] further requires that each selectable current leg be connected to
“a current control node.” The ’455 Patent discloses that “a current control node”
may be a node (e.g., 230 in Figure 2A) from which the selectable current source
(e.g., 114-0) “draw[s]” a variable amount of current to change the “rise time.” Ex-
1001, 3:40-4:13; Section VII. Ozguc discloses in Figure 3 (above) that the
selectable Down and Up current legs merge at a node at the first adjustable current
source’s output to provide a total current (drive current) that is the sum of the
currents flowing through the legs. Ex-1006, 4:10-36, Fig. 3; Ex-1002, 72-73.

This node is a “current control node” because the current (I1) controlled by the
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adjustable source is output from this node to the first driver control node (MP1’s
gate) to turn on MP1 and control it to drive the output to a high voltage value. Id.

Accordingly, Ozguc discloses that the first adjustable current source
(selectable current source) includes selectable current legs (Up and Down)
connected to a current control node (annotated blue dot) and enabled to provide a
current (Iup and Ipown) to the current control node in response to a corresponding
drive control signal (“DNB”/“UP” select values). Ex-1006, 4:10-36, Fig. 1 (122),
Fig. 2 (222); Ex-1002, 9974-75.

Thus, Ozguc anticipates or renders obvious claim 7.

3. Claim 8

a. 8[a]: The output driver circuit of claim 7, wherein:
the selectable current source includes a drive current
source circuit,

To the extent this limitation meets Section 112, it is disclosed by or obvious
over Ozguc.® The upper transistors in Ozguc’s Center, Upper, and Down legs form
a “drive current source circuit” because each leg provides a current (Icenter, Iup, and
Ipown) that serves as a source current contributing to the total drive current (Ir)

generated by the first adjustable current source 122/222 (selectable current source)

6 Because certain terms of claim 8 do not appear in the specification, Petitioner

reserves the argument that claim 8 fails to meet Section 112.
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for driving the “charging transistor MP1” (first driver transistor). Ex-1006, Fig. 3,

4:10-36; Ex-1002, q976; Section XI.A.1.
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Thus, Ozguc discloses or renders obvious Element 8[a].
a. 8[b]: a first drive current switch element coupled in
series with the current source circuit between the first

driver control node and the second power supply
node.

As shown below, the 455 Patent describes a switch in each selectable
current leg (228) for controlling a component of the drive current (Ioui/Ioue) in

response to drive select values (DRV0O/DRV1). Ex-1001, 3:64-4:13.
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Ex-1001, Fig. 2A
Similarly, each lower transistor of Ozguc’s Down, Up, and Center legs is “a
first drive current switch element” because each can control at least a component
(e.g., Ibown, Tup, Icenter) Of the drive current. Ex-1006, Fig. 3, 4:10-36; Ex-1002,
1977-78; Section XI.A.1. Each lower transistor is coupled in series with the
current source circuit (the three upper transistors) and positioned between the first
driver control node (MP1’s gate) and the second power supply node (Vss). Id.

Therefore, claim 8 is anticipated by or obvious over Ozguc.
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4. Claim 10

a. 10[a]: The output driver circuit of claim 7, wherein:
the plurality of selectable current legs includes a drive
current leg that provides a pre-drive current to a
drive node,

To the extent this limitation satisfies Section 112, “a drive current leg” can
refer to the middle selectable leg shown in the 455 Patent’s Figure 2A, “a pre-

drive current” can refer to the current in that leg (Iou2) which contributes to the
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total drive current (Iasive) output, and “a drive node” can refer to the output node

(230) of the source.” Ex-1001, 3:44-5:12.

Drive current
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vDD-VSS) LIN

Pre-drive current

Drive current leg

Ex-1001, Fig. 2A
Ozguc discloses a current-leg structure similar to the 455 Patent’s Figure
2A structure. Ex-1002, 979-80. As explained in Section XI.A.1, Ozguc discloses
in Figure 3 an adjustable current source that provides an adjustable drive current

(Ih) that is the sum of the currents in three legs, at least two of which (Down and

" Because certain terms of claim 10 do not appear in the specification, Petitioner

reserves the argument that claim 10 fails to meet Section 112.
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Up) being selectable. At least the Up leg is “a drive current leg” because it
provides a current (Iup) that is selectable and “contributes to ... [the drive] current
[1.” Ex-1006, 4:17-46; Figs. 2-3; Ex-1002, 4479-80. Iy is a “pre-drive current”
because it is generated before generation of the drive current (I1) and
“contribute[s]” to the drive current. Id.

The source’s output node (blue dot in Figure 3)—at which the currents in the
Center, Up, and Down legs are added—is a “drive node” because a total “drive
current” is formed at this node for driving the first driver transistor (MP1). Ex-
1002, q981-82; Ex-1006, 4:10-36, Figs. 1-2.

Therefore, Ozguc discloses Element 10[a].

FIG. 3 1 |

a0 | 202!

— . 1
vss : A\

DNB MASTER CENTER — [~ — T DOWN™ —
> ]
>
UP |

Pre-drive current

Selectable current legs

Ex-1006, Fig. 3
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b. 10[b]: a drive strength modulator that selectively
shunts current from the drive node in response to a
drive strength control signal, and

The *455 Patent discloses an example of “a drive strength modulator” (408)
in Figure 4. Ex-1001, 5:17-6:3. Modulator 408 is shown as a selectable current leg
that selectively changes (modulates) the drive current (“Ia/larive”) used for driving
the output (422) to a desired value.® Ex-1001, 5:54-6:3, 6:24-26. The drive current
(Ia) output from drive node 420 is the net sum of the current provided to the node
(input current I2) and the current (Ipsm) drawn by modulator 408 from the node. Id.
Modulator 408 includes “NFETs N49 and N50 arranged in series with one another
between node 420 and a low power supply node [VSS].” Id., 5:61-6:3. N49’s gate
is connected to a drive mode select value (“DRIVEMODE”), which selectively
enables the modulator to shunt (draw) a current (Ipsm) from the drive node (420),
which in turn changes the total drive current (“lo/lLarive”). Id.; Ex-1002, §83. For
example, “when drive strength modulator [408] is disabled (NFET N49 off),” 14 is

equal to the input current (I2), and therefore “Iasive can essentially mirror [input]

8 A current mirror formed by transistors N47 and N48 uses Iq as a reference current
to output a proportional current (Iarive) that is directed to the “output driver section
416.” Ex-1001, 5:54-6:3, 6:24-26; Ex-1002, 483. Iaive 1s equal to 14 if the

transistors (N47 and N48) have the same size. Id.; see also Section VI.D.

32



U.S. Patent No. 8,373,455
Petition for Inter Partes Review

current [,.” Ex-1001, 5:62-6:3. “In contrast, when drive strength modulator is

enabled (NFET N49 on), ... laive can be reduced” (Larive = 12 - Ipsm). 1d.
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Ozguc discloses that at least its Down leg has the same structure and
functions as the drive strength modulator disclosed in the 455 Patent. Ex-1006,
Fig. 3, 4:10-36; Ex-1002, 984. Similar to the structure shown above, Ozguc’s
Down leg includes two NMOS transistors in series between the drive node
(annotated blue dot) and a low power supply node (VSS). Ex-1006, 4:23-46, Fig.
3. The bottom NMOS’s gate is connected to a drive mode select value (“DNB”) to

selectively enable the Down leg to draw a current (Ipown) from the drive node. Id.
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The current in the Down leg (Ipown) is selectively turned on or off using the “DNB”
value, which in turn modifies the drive current I. /d. Thus, the Down leg and
DNB drive select circuit collectively constitute a “drive strength modulator”
because they selectively modulate (change) the drive strength (e.g., the current for

driving the output to a desired value). Id., 4:10-36, Figs. 1-3; Ex-1002, 484.
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Ex-1006, Fig. 3
Because the Down current is drawn from the drive node and can be
selectively adjusted, Ozguc discloses that its drive strength modulator selectively

shunts current (Ipown) from the drive node in response to a drive strength control
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signal (DNB select value). Ex-1002, 985. Therefore, Ozguc discloses Element
10[b].

c. 10[c]: the drive current is proportional to the current
at the drive node.

To the extent this limitation satisfies Section 112, it is disclosed by or
obvious over Ozguc. “[T]he current at the drive node” lacks antecedent basis.” It
can refer to the “pre-drive current [provided] to a drive node” of Element 10[a], or
to the selectable currents, e.g., lout or louwe, in Figure 2A below. Ex-1001, 3:44-
4:13. Ozguc discloses Element 10[c] under any interpretation because it discloses
a selectable circuit that performs the same function as the one shown in ’455

Patent’s Figure 2A. Ex-1002, 486.

? Petitioner reserves the argument that this limitation fails to meet Section 112.
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Ozguc discloses that the drive current (I1) is the sum of currents in Down,
Up, and Center legs, and each leg may mirror the reference current I;'. Ex-1006,
4:10-44. If “the current at the drive node” refers to the “pre-drive current” of
Element 10[a], Iup meets this limitation, as described above. Because Iy, mirrors
reference current [1', and because the drive current (I1) is proportional to I;', I is
also proportional to Iy, (“the pre-drive current”). Ex-1002, 87.

If “the current at the drive node” refers to the selectable currents at the drive
node, each selectable current (Iup and Ipown) drawn from the drive node is a

“current at the drive node.” Because each of Iy, and Ipown 1s proportional to I;', and

36



U.S. Patent No. 8,373,455
Petition for Inter Partes Review

because the drive current (I1) is proportional to I1', I; is also proportional to each of
Tup and Ipown. Ex-1002, 4488-89.
Therefore, claim 10 is anticipated by or obvious over Ozguc.

5. Claim 13

a. 13: The output driver circuit of claim 7, further
including: a control logic circuit that selectively
enables the first switch element and selectable current
source in response to at least one input signal.

Ozguc discloses a control circuit (e.g., 110/210 in Figs. 1-2) that selectively
enables the first switch element (128/228) and first adjustable current source
(122/222) in response to at least one input signal generated by the control
circuit. Ex-1006, 2:9-14, 2:45-3:29, 4:10-36, Figs. 1-3; Ex-1002, 990.

First, as shown below, the control circuit 210 selectively enables (switches
on/off) PMOS switch 228 (first switch element) in response to the input
“SIGNAL.” Ex-1006, 3:7-13; Ex-1002, 991. In the pull-up example below, the
control circuit (210) shuts off switch 228 by pulling up its gate voltage as the input

rises. Id.; Ex-1006, 3:64-4:12.
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Ozguc also discloses that “the control circuit 110 [Figure 1] receives a

control [current] signal 102, and in response, produces a charging signal 106”

“supplied to the first adjustable current source 122 to selectively enable it to

“produce[] a first reference current I1.” Ex-1006, 2:8-14; Ex-1002, 9492-94. The

control circuit 220 in Figure 2 similarly enables the first adjustable current source

222 in response to a received “CONTROL” current signal. /d., 2:66-3:13, 3:20-

3:29; 3:44-4:9.

Thus, claim 13 is anticipated by or obvious over Ozguc.
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B. Ground 3: Claims 7, 8, and 10-13 are obvious over Ozguc and
Huber

1. Huber
Huber was filed July 15, 2004, qualifying as §102(e) art.

Huber discloses a “buffer” that adjusts the slew rate or transition time of the
output. Ex-1007, Abstract. Figure 4 below is annotated to show the pull-up
operation when the buffer is enabled (EN=high) and selected to operate with a
slower slew rate (“OSL”=low). Id., 2:56-58. Because both inputs of the AND gate
(X1) are high, M4 turns on to allow the pull-up “slew rate control circuit” (402) to
draw current. Id., 1:55-2:12, 2:44-3:6. Because the gate of a large NMOS
transistor (M5) is connected to OSL that is set to low, M5 turns off. Ex-1007,
2:51-3:28. A small “transistor M6 draws a small current from the gate of the pull-
up transistor (M1). Id., 3:1-6. Thus, M1 slowly turns on and pulls up the output

(PAD) after a relatively long rise time. Id., 3:17-28; Ex-1002, 995.
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As shown below, when OSL is set to high, a larger transistor M5 turns on to

draw a greater current, resulting in a shorter rise time. Ex-1007, 2:5-3:28; Ex-

1002, 996.
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As shown below, during pull-down, switch (M4) quickly turns off and shuts

off the current generated by the pull-up slew rate control circuit (402) to prevent

interference with the pull-down operation. Ex-1007, Fig. 4, 3:7-28; 1:53-2:22; Ex-

1002, 997.
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The M9 switch in the pull-down circuit is similarly configured to quickly
shut off the pull-down current during the pull-up operation. Ex-1007, 1:55-2:10,

2:13-22, 2:47-50, 3:50-57, Figure 4; Ex-1002, 998.

2. Obviousness Combination of Ozguc and Huber

Ozguc and Huber are in a common field of endeavor (“design of integrated
circuits”) and are directed to the same type of circuit (“buffer circuit”). Compare

Ex-1006, Abstract, 1:17-19 with Ex-1007, Abstract, 1:7. Both use similar circuit
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components (e.g., selectable current legs) and techniques (e.g., current adjustment)
to achieve similar objectives (e.g., adjusting the output transition rate). Compare
Ex-1006, Fig. 3, 4:28-36 with Ex-1007, Fig. 4; 2:44-3:57; Ex-1002, 999. Given
these similarities, a POSITA would have found it obvious to combine Ozguc and
Huber because such a combination represents the application of a known technique
to a similar device that yields predictable results. /d.

A POSITA would have also been motivated to modify Ozguc’s buffer circuit
in view of Huber to improve performance, including (1) the buffer’s ability to
control the rise and fall times of the output without unintended delays, and
(2) power efficiency. Ex-1002, 4100.

These performance benefits depend on how fast a buffer can alternate
between the pull-up and pull-down operations. Id., §101. Because the pull-down
and pull-up circuits pull the output in opposite directions, it is desirable to alternate
between pull-down and pull-up operations with minimal overlap. /d. For example,
if after the input falls, the pull-up circuit is not completely shut off until after an
unintended delay (“shut-off delay”), the pull-up circuit may interfere with the pull-
down operation causing an unintended delay to the transition of the input to a low
value. Id. This delay also generates an unnecessary pull-up current and wastes

power. Id.
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A POSITA would have understood that Ozguc’s switching mechanism shuts
off the pull-up and pull-down currents after a delay following transition of the
input to low and high values, respectively, as explained below. Ex-1002,
99102-103. Thus, a POSITA would have been motivated to apply Huber’s
efficient shut-off design to Ozguc’s buffer to reduce its shut-off delay. /d.

a. Ozguc’s Shut-off Delay

An example of the shut-off delay of Ozguc’s switching mechanism is
explained using annotated Figure 2 below. When the input (“SIGNAL”) falls, the
switching mechanism shuts off the pull-up drive current (I) by performing the
steps annotated below. Ex-1002, 4103; Ex-1006, 1:66-2:43; 2:44-3:61; 4:10-4:46.
First, PMOS transistor (209b) turns on. Ex-1006, 3:14-4:9; Figs. 1-3. Second,
PMOS transistor (209b) pulls up the gates of both transistors of the “first current
mirror” (222a) to turn both off. /d. Third, as the “first current mirror” (222a)
switches off, its output current (reference current I1') is shut off. /d. Lastly, I
shuts off as it mirrors Ii'. 1d.; see also 4:10-46; Ex-1002, 103. Because Ozguc’s
switching mechanism involves a chain of circuit elements, the pull-up drive current
(I) does not shut off immediately. /d. This shut-off delay leads to potential power

waste and unintended delays in output transition. /d.
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b.  Adding Huber’s M4 Switch to Ozguc to Minimize
Shut-off Delay

Huber discloses a switch (M4) that “quickly” shuts off the pull-up current
(I1) when the input falls, which (1) minimizes interference with the pull-down
circuit, allowing it to “pullf] the output signal PAD LOW quickly”; and (2)
reduces the pull-up circuit’s power waste by avoiding a pull-up current during pull-
down. Ex-1007, 6:6-12, Fig. 4; see also 1:53-2:22, 3:17-3:57, Figs. 1-3; Ex-1002,
9104. Accordingly, a POSITA would have been motivated to add Huber’s switch
to Ozguc’s pull-up circuit to reduce power consumption and minimize shut-off

delay. Id.
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Examples of the Ozguc-Huber modification are annotated in Ozguc’s
Figures 1-3 below. Because Huber discloses positioning the M4 switch at the
output of the pull-up slew rate control circuit to “quickly” shut off the pull-up
current, a POSITA would have been motivated to similarly place the M4 switch at
the output of Ozguc’s first adjustable current supply (122/222) to shut off the pull-
up current (I;) with minimal delay. Ex-1007, 6:6-12, Fig. 4; 1:52-2:32, 3:17-28,
Figs. 1-3; Ex-1002, 9105.1° In view of Huber, a POSITA would have also been
motivated to connect the M4 switch’s gate directly (or via a logic gate) to the input

(“SIGNAL”) of Ozguc’s buffer to minimize delay in controlling the switch. /d.

10°0zguc’s existing switching mechanism is not removed because it is used for
other purposes during the pull-up operation (e.g., for adjusting the pull-up drive

current (I1)), as described in Section XI.A.1. Ex-1002, q105.
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A POSITA would have been motivated to modify Ozguc’s buffer circuit in
view of Huber to add a switch at the adjustable current supply’s output to improve
(1) the buffer’s ability to control the fall time without unintended delays and (2)
the pull-up circuit’s power efficiency. Ex-1002, q106.

c. Adding Huber’s M9 Switch to Ozguc to Minimize
Shut-off Delay

For the same reasons, a POSITA would have been motivated to add Huber’s
pull-down switch (M9) at the output of Ozguc’s second/pull-down adjustable
current source (152) to allow the buffer to quickly shut off pull-down current (1)
when the input (“SIGNAL”) rises, as shown in Ozguc’s modified Figure 1-2

below. Ex-1007, 1:55-2:10, 2:13-22, 2:47-50, 3:50-57, Figs. 3-4; Ex-1002, 4107.
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3. Claim 7

Ozguc discloses Elements 7[pre]-[d] as explained above in Section XI.A.2.

In the event Patent Owner argues that Element 7[d]’s “current control node”
must be separated from the “first driver control node” by a circuit element (e.g.,
switch 212-1 in Figure 2A below), Element 7[d] is obvious over Ozguc and Huber.
As explained in Section XI.B.2, a POSITA would have found it obvious to add
Huber’s M4 switch above the current control node. Ex-1002, 9109; Ex-1006, Fig.
3. Under this modification, Ozguc’s “current control node” is separated from the
“first driver control node” by Huber’s M4 switch. Thus, under Patent Owner’s

potential interpretation, Element 7[d] is obvious over Ozguc and Huber.
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4. Claims 8, 10, and 13
Ozguc discloses the limitations recited by dependent claims 8, 10, and 13,
for the reasons stated for Grounds 1 and 2 in Sections XI.A.3-5. Thus, these

claims are obvious over Ozguc and Huber.

S. Claim 11
a. 11[pre]: An output driver circuit, comprising:

To the extent limiting, Ozguc discloses an output driver circuit as explained

in Section XI.A.2.a for Element 7[pre].
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b. 11[a]: a first driver transistor that provides a low
impedance path to an output node in response to a
voltage at a first driver control node;

Ozguc discloses a first driver transistor (MP1) that provides a low-
impedance path from Vcc/Vas to an output node (OUT) in response to a voltage at
a first driver control node (MP1’s gate) as explained in Section XI.A.2.b for
Element 7[a]. E.g., Ex-1006, Figs. 1-2; Ex-1002, q112.

c. 11[b]: a second driver transistor that provides a low

impedance path to the output node in response to a
voltage at a second driver control node; and

Ozguc discloses a “discharging transistor MN1”” having a source-drain path
coupled between a second power supply node (Ground) and an output node
(“OUT”) as shown in Figures 1-2. Ex-1006, 2:14-65, 3:5-42, 3:62-4:9. MNI1 is a
“driver transistor” because when the input “SIGNAL” is low, MN1 “sink[s] a
discharging current lus from the load 160 coupled to OUT terminal” to drive the
output voltage to a low value. Ex-1002, 113; Ex-1006, 2:15-20, 2:21-44, 2:45-65,
3:5-19, 3:30-42, 3:62-4:9; compare with Ex-1001 (Fig. 1, N10). MNI1’s gate is a
“second driver control node” because MN1 can be controlled by changing its gate
voltage. Ex-1006, 2:8-65; see also 3:62-4:9. Because MN1 is an NMOS, it
provides a low-impedance between from its source (Ground) to its drain

(“OUT[PUT]” node) in response to a high voltage at its gate (the second driver
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control node). Ex-1002, 44/114-15; Section VI.B. Therefore, Ozguc discloses

Element 11[b].
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Ex-1006, Fig. 1
d. 11]c]: a first switch element coupled between the first
driver control node and a first power supply node,

and between the second driver control node and the
first power supply node,

The *455 Patent specification discloses a “first switch element 112-0”
coupled between the first driver control node (P10’s gate) and the first power

supply node (Vpp), but does not disclose that the switch is coupled between the
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second driver control node (N10’s gate) and the first power supply node (Vpp).!!

Ex-1001, 2:33-48; 2:62-3:13; Fig. 1.
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To the extent Patent Owner argues that two switches (e.g., 112-0 and 112-3
in Fig. 1 of the *455 Patent) collectively constitute a “first switch element,” the

combination of Ozguc and Huber discloses Element 11[c]. As explained in

1 Petitioner reserves the argument that Claim 11 fails to meet Section 112.
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Section XI1.B.2, a POSITA would have found it obvious to add Huber’s switch
(M9) at the output of Ozguc’s second adjustable current source (152/252), e.g., as
shown below. Ex-1002, §4117-18. Accordingly, Ozguc in view of Huber
discloses that 128 and M9 collectively constitute “a first switch element” coupled
between the first driver control node (MP1°’s gate) and a first power supply node
(Vce), and between the second driver control node (MN1’s gate) and the first
power supply node (Vcc). Thus, the combination of Ozguc and Huber discloses

Element 11[c].
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Ex-1006, Fig. 1 (modified)
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e. 11[d]: the selectable current source generating a drive
current that varies in response to a drive select value.

Ozguc discloses that the first adjustable current source (122/222 in Figs. 1-2)
generates a drive current (I1) that varies in response to a drive select value (e.g.,
“UP”/”DNB” values), as explained in Section XI.A.2.d for Element 7[c]; Ex-1002,
q1109.

Thus, Ozguc and Huber render obvious claim 11.

6. Claim 12

a. 12: The output driver circuit of claim 11, further
including: a second switch element coupled between
the second driver control node and the second power

supply node.

Ozguc discloses a second switch element (158/258 in Figs. 1-2) coupled
between the second driver control node (MN1’s gate) and the second power supply
node (Ground). Ex-1006, Figs. 1-2, 2:22-65; Section XI.A.1; Ex-1002, 9120.

Thus, the combination of Ozguc and Huber renders claim 12 obvious.
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C. Ground 4: Claim 9 is obvious over Ozguc and Wu
1. Wu
Wu issued on November 30, 1999, qualifying as §102(b) art.

Wu discloses that currents used to drive a circuit can “undesirably” change
due to variations in “the temperature and Vcc supply voltage.” Ex-1008, 1:32-46,
2:34-40. Wu discloses “a current compensation circuit” for maintaining the
currents at a desired level, “regardless of the temperature or the supply voltage.”

Id., Abstract, 2:15-39.
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In Figure 2 below, Wu discloses a compensation circuit 230 that provides a
compensated current (Itowl) as input to a circuit that needs to be driven by a current

(e.g., a “buffer circuit” or “an inverter circuit”). Ex-1008, 2:27-40, 3:24-4:15.
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In Figures 3 and 4C below, Wu discloses that the total current at the driver
control node of an inverter circuit is provided by a “summing circuit 310 that adds
compensation current components (Ia, Is, Ic, Ip), one of which (“Ic”) “is inversely

»

proportional to the Vcc supply voltage,” (e.g., “increases” “when Vcc ...

decreases” and “is relatively insensitive to variations in temperature.” Ex-1008,

6:28-57; Ex-1002, §9121-23.
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2. Obviousness Combination of Ozguc, Huber and Wu

Ozguc, Huber, and Wu are in a common field of endeavor (IC design) and

directed to adjusting the drive current of the same types of circuits (a buffer

circuit). Ex-1006, Abstract, 1:17-18, 4:5-9; Ex-1007, Abstract, 1:7, 2:44-3:57; Ex-

59



U.S. Patent No. 8,373,455
Petition for Inter Partes Review

1008, Abstract, 2:28-40, 4:9-15. Given these similarities, a POSITA would have
looked to Wu to further improve Ozguc’s buffer circuit modified in view of Huber
as described above in Section XI.A.3. Id.; Ex-1002, 9124.

Wu discloses that, without compensation, a buffer’s performance can
undesirably vary when the operating conditions (e.g., temperature) and/or the
supply voltage change. Ex-1008, 1:32-46, 2:28-40. An input to Ozguc’s circuit is
a reference/“CONTROL” current. Ex-1006, Figs. 1-2. Ozguc does not disclose
how this current is generated, leaving a POSITA to select a suitable circuit. Ex-
1002, q125. A POSITA would have been motivated to select Wu’s circuit which is
designed to supply stable currents for I/O buffers, such as Ozguc’s. Id.; Ex-1008,
2:28-59, 6:42-57.

As described in Section XI.C.1, Wu discloses a “compensation circuit” that
“control[s] the charging and discharging currents of the inverter” or “input/output
buffer circuits” so that the performance (e.g., “the speed of signal propagation”)
can be “maintained at a desired, pre-determined level, regardless of the
temperature or the supply voltage.” Ex-1008, 2:15-40, 6:42-57.

In view of these benefits, a POSITA would have been motivated to add
Wu’s compensation circuit to the Ozguc-Huber buffer to improve the consistency

of its performance (e.g., the rise/fall times) under a variety of operating conditions
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(e.g., temperature or supply voltage variation). Ex-1002, §4126-27; Ex-1008,
2:28-40.

For example, Wu’s compensation circuit can be used to feed a compensated
control current (Itow) to Ozguc’s buffer, as shown in modified Ozguc Figures 1-2
below. As described in Section XI.A.4, the compensated control current has a
component “Ic [that] is inversely proportional to the Vcc supply voltage, and ...
is relatively insensitive to variations in temperature.” Ex-1008, 6:28-57. As
shown in Figures 1-3 below, because Ozguc’s adjustable current (I1) is a multiple
of the reference current (I1'), which mirrors the compensated control current (Itotl),
I1 also has a component that is inversely proportional to the Vcc supply voltage.

Ex-1002, 9128.
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Although Ozguc describes an example of using “four cascode pairs of FETs”
for adjusting the drive current for the pull-up circuit, it also discloses that “the
second adjustable current source” (152/252) can similarly have multiple “cascode
pairs of FETs” in order to adjust the fall time. Ex-1006, 4:10-46; Ex-1002, 9129.
As explained in Section XI.A.4, Wu discloses that its compensation current is fed
to both upper and lower circuits (equivalents of Ozguc’s pull-up and pull-down
circuits). Ex-1008, Fig. 3. Therefore, for similar reasons discussed above, it
would have been obvious to use Wu’s compensated current (Itowl) as a source for

Ozguc’s pull-down current I».
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3. 9[a]: The output driver circuit of claim 7, wherein: the
selectable current source further includes a reference
current source that provides a reference current having at
least one component that is inversely proportional to a
power supply voltage, and

As described above and in Section XI.A.1, Ozguc discloses that the drive

current (I1) generated by the first adjustable current source (selectable current

source) mirrors the reference current (I1') that passes through the Master current

leg, as shown below. The first adjustable current source’s Master current leg

circuit serves as a “reference current source” circuit because its current (I;") is used

as a reference current that is input to the mirror to generate the drive current (Iy).

Ex-1002, 49130-31; Ex-1006, Fig. 3; 4:10-36.
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Ozguc in view of Wu discloses that the reference current (I;') has a
component (Ic) that is inversely proportional to the power supply voltage, as

explained in Section XI.C.2. Id.

[210 11" mirrors |Total

Dty
V25
Hﬁ%

210

—228
l Ith

Mp1 11 is a multiple of 11’

ITotal = IA + IB + IC + ID alinica e !
Wu's | CONTROE‘?\LZZZa A : ouT
- L — ~ I Ho
compensation T Sy L
circuit 230 |

—

g L 20 R
Lo [T e UJWL s

H|
¥ 1
206b

Ex-1006, Fig. 2 (modified)

Therefore, Ozguc in view of Wu discloses a first adjustable current source
122/222 (selectable current source) including a reference current source (Master
leg) that provides a reference current (I1') having a component (Ic) that is inversely
proportional to a power supply voltage. Ex-1002, §4130-32.

4. 9[b]: each of the selectable current legs provides a current
proportional to the reference current.

Because each of the selectable current legs disclosed by Ozguc (e.g., Up and

Down legs) mirrors the reference current (Imaser), the current in each selectable
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current leg is a “multipl[e]” of the reference current (Imasier=11'), as explained in
Section XI.A.1. Ex-1006, 4:10-36, Fig. 3. Therefore, Ozguc discloses that each
selectable current leg (Up/Down) provides a current (Ipown/Iup) that is proportional
to the reference current (Imaster=I1"). 1d.; Ex-1002, q133-34.

Thus, the combination of Ozguc and Wu renders claim 9 obvious.

D. Ground 5: Claim 9 is obvious over Ozguc, Huber, and Wu

Ozguc in view of Wu discloses each limitation added by dependent claim 9
as explained for Ground 4 in Sections XI1.C.3-4. In the event the Board adopts the
potential interpretation of Element 7[d] described above in Ground 3, that element
is disclosed by Ozguc in view of Huber, as explained in Section XI.B.3, and thus,
claim 9 is obvious over Ozguc in view of Huber and Wu.

E. Claims 11 and 12 are anticipated by (Ground 6) or obvious over
(Ground 7) Huber

1. Independent Claim 11
a. 11[pre]: An output driver circuit, comprising:

To the extent limiting, Huber discloses an output driver circuit because
Huber’s “output buffer” “drives an external output,” for example, as shown in
Figure 4. Ex-1007, 1:53-54, 4:3-30; Ex-1002, q9136-37; see also Ex-1001, Title,

1:10-11, 2:11-32.
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Qutput buffer circuit (output driver circuit)

02—

o2 o

TRI-STATABLE OUTPUT BUFFER
WITH SELECTABLE SLEW RATE

Ex-1007, Fig. 4
b. 11[a]: a first driver transistor that provides a low

impedance path to an output node in response to a
voltage at a first driver control node;

As shown in Figure 4, Huber discloses a first/pull-up “drive[r] transistor”
(“p-channel transistor M1” (PMOS)) that “drives an output” (PAD) to a high
voltage value (Vpp). Ex-1007, 1:55-62, 4:4-14; 1:63-2:58, 6:22-25, 7:48-50, claim
1; Ex-1002, 99138-39. Based on the operation of a PMOS, a POSITA would have
understood that when the upper slew rate control circuit (402) draws a current (1)
to pull down the voltage at the “drive transistor[‘s]” gate (first driver control node),

the transistor provides a low-impedance source-drain path from Vpp to the output
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node (PAD). Id.; Sections VI.B, XI.A2.b, XI.B.1. Therefore, Huber discloses

Element 11[a].

First dniver
FIG. 4 control node =
(PRIOR ART) low O
=
i S
High A > i M1 PU drive transistor
High
Low-impedance
source-drain path
|
— PAD Output node
0SL >

TRI-STATABLE QUTPUT BUFFER

&£
WITH SELECTABLE SLEW RATE i

Ex-1007, Fig. 4
c. 11[b]: a second driver transistor that provides a low

impedance path to the output node in response to a
voltage at a second driver control node; and

As shown in Figure 4 below, Huber discloses a second/pull-down “drive[r]

transistor” (“n-channel transistor [NMOS] M2” that “drives an output” (PAD) to a
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low voltage value (Vss). Ex-1007, 1:55-62, 4:4-14; see also id., 1:63-2:22, 2:51-
58, 3:30-57, 6:6-31, 7:13-22; Ex-1002, q140. Based on the operation of an NMOS,
a POSITA would have understood that as the lower slew rate control circuit (402)
supplies a current (I2) to pull up the voltage at M2’s gate/node N (second driver
control node), M2 provides a low-impedance source-drain path from Vss to the
output node (PAD), as shown below. See id.; Sections VI.B, XI.A2.b, XI.B.1.
M2’s gate terminal is a “second driver control node” because M2 can be switched
on/off by changing its gate voltage. Id.; Ex-1007, 1:55-2:22, 2:51-58. Therefore,

Huber discloses Element 11[b].

FIG. 4
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=
X1
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A B | A0 ) i
i —= PAD Output node
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Low-impedance

X4 H ] _
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404 —1
X2 I
B N1 | , _ .
N b. ENB » MZ PD drive transistor
TRI-STATABLE OUTPUT BUFFER = First driver £
WITH SELECTABLE SLEW RATE <~ control node —-
= low

Ex-1007, Fig. 4
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d. 11]c]: a first switch element coupled between the first
driver control node and a first power supply node,
and between the second driver control node and the
first power supply node,

To the extent Element 11[c] meets Section 112, it is disclosed by Huber
under any interpretation because the arrangements of switches in Huber’s buffer
circuit and ’455 Patent embodiments are identical. Compare Ex-1007, Fig. 4 with
Ex-1001, Fig. 1; see Section XI.B5. To the extent Patent Owner argues that two
switches (e.g., 112-0 and 112-3) collectively constitute a “first switch element,”
Huber discloses Element 11[c] under that interpretation. Huber discloses two
switches (e.g., M1 and M9 in Fig. 4) coupled between the first driver control node
(P) and a first power supply node (Vpp) and between the second driver control
node (N) and the first power supply node (Vpp). Ex-1007, 1:55-62, 1:63-2:58,

3:50-56; see also id., 2:4-22, 5:49-54, 6:6-31, 7:13-22; Ex-1002, q141.
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Ex-1001, Fig. 1 Ex-1007, Fig. 4

e. 11[d]: the selectable current source generating a drive
current that varies in response to a drive select value.

As annotated in Figure 4 below, Huber discloses that the slew rate control
circuit (402) varies the drive current (for driving the “drive transistor” M1) by
selectively adjusting the slew rate control signal (OSL), which turns on or off
transistor M5. See Section XI.B.1. Accordingly, Huber discloses or renders
obvious a selectable current source generating a drive current (I; at the output of
the upper slew rate circuit 402) that varies in response to a drive select value
(OSL). Ex-1002, 99142-44.

Therefore, Huber discloses Element 11[d].
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Thus, claim 11 is anticipated by or obvious over Huber.

2. Claim 12

a. 12: The output driver circuit of claim 11, further
including: a second switch element coupled between
the second driver control node and the second power

supply node.

Huber discloses a second switch element (M10) coupled between the second
driver control node (N=M2’s gate) and the second power supply node (Vss), as
shown below. Ex-1007, 1:55-62, 3:50-57; Ex-1002, q145.

Thus, claim 12 is anticipated by or obvious over Huber.

FIG. 4
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o8 >— W00 ) #D "
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WITH SELECTABLE SLEW RATE L | Second power
supply node

Ex-1007, Fig. 4

73



U.S. Patent No. 8,373,455
Petition for Inter Partes Review

F.  Ground 8: Claims 1-6 and 14 are obvious over Ozguc, Huber, and
Wu

1. Independent Claim 1
a. 1[pre]: An output driver circuit, comprising:
Ozguc discloses an “output driver circuit.” See Sections XI.A.1, XI.A.2.a
(Element 7[pre]).
b. 1[a]: at least a first driver transistor having a source-

drain path coupled between a first power supply node
and an output node;

As explained in Grounds 1-2 for Element 7[a] in Section X.A.2.b and shown
below, Ozguc discloses a “charging transistor MP1” (first driver transistor) having
a current path between its source (a first power supply node (Vcc)) and its drain
(“OUT[PUT]” node). Ex-1006, 2:8-32; 2:45-3:13, Fig. 2 (MP1); Ex-1002, 9148.

Therefore, Ozguc discloses Element 1[a].

First power supply node

/ 106 E MP1 :— PUffirst driver transistor
: : 120
l chg | ‘\100
| Source-drain path
CONTROL |
CONTROL | W 4 - — - - - - - _ - - _ _ ] — — 1oyt OQutput node
e |
sz il lldis : 160
|
1
150
MN1 |
1
SIGNAL | !
r My J
<101

Ex-1006, Fig. 1
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c. 1[b]: a first variable current supply that generates a
current having at least one component that is
inversely proportional to a power supply voltage;

Ozguc discloses that each of the “output driver circuits” includes “a first
adjustable current source” (122/222 in Figs. 1-2) generating a current (I1) that
changes in response to drive select values (e.g., “UP”/“DNB” select values in Fig.
3), as explained above in Section XI.A.1. Ex-1006, 1:65-2:14, 2:45-65, 2:66-3:43,
3:44-61, 3:62-4:9, 4:10-58; Ex-1002, §149. Therefore, Ozguc discloses a “first
variable current supply” (122/222) generating a variable current (I).

First adjustable current source 122 First adjustable current

|_ ________ W Ec _______ .:
110 : JL_—@"\QB I:l !
I
| | I
/ 108 'J ‘\ L MP1
! 124
] . ! 120
|eng 100
l' 122 I
CONTROL I
CONTROL | L f_ = ] L — — 1 ouT
- . |
(102 CIRCUIT lIdis : I# \160
i
I
i \150
MN1 |
I
SIGNAL | :
' = _ _ _ . _ _ __ ___ ____ 1
<1n1

FIG. 1

Ex-1006, Fig. 1
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In view of Wu, a POSITA would have found it obvious to modify Ozguc’s
first adjustable current source (122/222) such that it supplies a variable current (I;)
having a component (Ic) that is inversely proportional to a power supply voltage
(Vcc/Vas) as explained for Ground 4, claim 9 in Sections XI.C.1-2; Ex-1002, 4150.
Therefore, Ozguc in view of Wu discloses Element 1[b].

d. 1[c]: first driver switch element coupled in series with
the first variable current supply between a gate of the
at least first driver transistor and a second power
supply node, wherein the first driver switch and the

first variable current supply are configured to control
a rise time of the output driver circuit.

As shown in modified Figure 1 of Ozguc below, a POSITA would have
found it obvious to add Huber’s M4 switch at the output of Ozguc’s pull-up/first
adjustable current supply (122/222 in Figs. 1-2), as explained in Section XI.B.2.b.
Huber’s M4 switch is coupled in series with the first variable current supply
(122/222) and is positioned between a gate of the first driver transistor (MP1) and
a second power supply node (Ground/Vss). See Section XI1.B.1-2; Ex-1002,

19151-52. Therefore, Ozguc in view of Huber discloses Element 1[c].
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Thus, the combination of Ozguc, Huber, and Wu renders claim 1 obvious.

2. Claim 2

a. 2: The output driver circuit of claim 1, wherein: the at
least first driver transistor includes a p-channel
insulated gate field effect transistor, the first power
supply node is a high power supply node and the
second power supply node is a low power supply
node.

Ozguc’s “charging transistor MP1” (first driver transistor) is a PMOS, as
explained in Section XI.A.2.b in Ground 1 for Element 7[a]. A POSITA would
have understood that a PMOS is a p-channel insulated gate field effect transistor.
Ex-1006, 1:66-2:65; 3:62-4:9, Figs 1-2; Ex-1002, 4153-54.

Ozguc also discloses that the first power supply node (Vcc/Vas) is a “high
[power] supply” node, and the second power supply node (Ground/Vss) is a “low
[power] supply” (e.g., “0 V). Ex-1006, 2:12-15; see also 1:66-2:65; 3:62-4:9,
Figs. 1-2; Ex-1002, 99154-55; Section XI.A.1.

Thus, the combination of Ozguc, Huber, and Wu renders claim 2 obvious.

3. Claim 3

a. 3[a]: The output driver circuit of claim 1, further
including: at least a second driver transistor having a
source-drain path coupled between the second power
supply node and the output node.

Ozguc discloses a second driver transistor (MN1) having a source-drain path

coupled between the second power supply node (Ground/Vss) and the output node
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(“Out”) as shown in Figs. 1-2. Ex-1006, 2:15-44; see also 2:45-3:42, 4:10-36; Ex-

1002, q156.
G Voo ————— ~— First power supply node
|
110 | ) 128
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| " 120
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- i— Second power supply node

= ,
b VO T

FIG. 1
Ex-1006, Fig. 1
b. 3[b]: a second variable current supply that generates
a current having at least one component that is

inversely proportional to the power supply voltage;
and.

Ozguc discloses a second variable current supply (152/252 in Figs. 1-2)
generating an adjustable current “I,.” Ex-1006, 1:65-2:14; 2:45-4:9, 4:10-36, Fig.
3. In view of Wu, a POSITA would have found it obvious to use Wu’s
compensated current (Itowl) as a source for I such that I» would have a component

(Ic) that is inversely proportional to the power supply voltage (Vcc/Vas), as
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explained in Section XI.C.2. Ex-1002, 4157. Therefore, Ozguc in view of Wu

discloses Element 3[b].
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C 102 CIRCUIT

SIGNAL [\
o |

Ex-1006, Fig. 1

a. 3[c]: a second driver switch element coupled in series
with the second variable current supply between a
gate of the at least second driver transistor and the
first power supply node, wherein the second driver
switch and the second variable current supply are
configured to control a fall time of the output driver
circuit.

As explained in Section XI.B.2, it would have been obvious to add Huber’s
pull-down switch (M9) at the output of Ozguc’s second/pull-down adjustable

current source (152). Ex-1002, §158. Under the modification described in Section
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XI.B.2.c, M9 is coupled in series with the second variable current supply (152/252)
and positioned between a gate of the second driver transistor (MN1) and the first
power supply node (Vcc/Vas). MO is a “driver switch element” because it switches

on/off the pull-down drive current (I2). Ex-1002, §158; Ex-1007, 2:47-50, Figure

4.
_________________ .
110 I
I:J : Second adjusisble current
1!]5 MP1"__..-.-I-"" source
{ | 120
l th i ‘l‘\\.‘_-‘m
I
CONTROL CONTROL l
C == : L, OUT
102 CIRCUT |Tais ! E] 160
Huber's '
M@ zwitch — [ |
|
NP
MNT
|
SIGNAL | :
_— e W 3
C Pull-down current (12)
101

FIG. 1

Ex-1006, Fig. 1 (modified)
The combination of Ozguc and Huber discloses that the second driver switch
(M9) and the second variable current supply (152/252) are configured to control
the fall time of the output (OUT) of the output driver circuit, as explained below.

Ex-1007, 2:47-50, Figure 4; Ex-1002, 9159. As shown below, when the input
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(“SIGNAL”) rises, M9 switches off and shuts off the pull-down drive current (I»).

1d.

I Veo |
1 | JI:___( E :I"““-
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I
NPT
MN1— PO fransistor
High :
SIGNAL [\ _ |
e Y |
(j V M8 shuts off pull-down curmrent (12)
101

FIG. 1
Ex-1006, Fig. 1 (modified)

As shown in Figure 1 below, when the input (“SIGNAL”) falls, M9 turns on
and directs the variable pull-down drive current (I2) to the gate of the pull-
down/second driver transistor (MN1) to turn on MN1. Ex-1007, Figure 4; Ex-
1002, 9160. The output falls with a fall time depending on the magnitude of I».

Therefore, Ozguc in view of Huber discloses that the second driver switch (M9)
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and the second variable current supply (152/252) collectively control the pull-

down operation, including the fall time. /d.
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. + [
________ 1
C V 12 passes through
101 M@ to the gate of PD transistor

FIG. 1
Ex-1006, Fig. 1 (modified)

Thus, the combination of Ozguc, Huber, and Wu renders claim 3 obvious.
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4. Claim 4

a. 4[a]: The output driver circuit of claim 1, wherein:
the first variable current supply comprises a supply
current source that provides source current to a
reference current node,

To the extent this limitation meets Section 112, it is obvious over Ozguc and
Wu.!?

First, the Ozguc-Wu combination discloses a first variable current supply
comprising a compensation current circuit (230) for providing a compensated
source current. See Section XI.C.2. This combination would have Wu’s
compensation current circuit (230) provide a compensated control current (Itotar) to
Ozguc’s buffer. Id. Accordingly, the current (I1) generated by Ozguc’s “first
adjustable current source” (122/222 in Figs. 1-2) mirrors a total reference current
provided by Wu’s compensation circuit 230 (I1'=Icontror=ITota1), as explained in
Section XI.C.2. Ex-1006, Fig. 3, 4:10-36; 1:66-2:21, 2:45-65, 2:66-3:43, 3:62-4:9;
Ex-1002, 99162-63. Because Wu’s compensation circuit (230) modifies the
adjustable current generated to drive Ozguc’s pull-up transistor (MP1) by

supplying Wu’s Irtowl as Ozguc’s reference (“CONTROL”) current, Wu’s

12 Because “a reference current node” does not appear in the specification,

Petitioner reserves the argument that Claim 4 fails to meet Section 112.
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compensation circuit (230) would be part of “a first variable current supply” for
pull-up, as required by Element 4[a]. /d.

Second, the Ozguc-Wu combination discloses that Wu’s compensation
circuit (230) includes a supply current source (each of “compensation current
sources” 301/303/304), as shown in green in Wu’s Figure 3 below. Each source
(301/303/304) is a “supply current source” because each supplies a source current
(Ia/Ic/Ip) that “are added within summing circuit ... thereby creating a total
compensation [source] current” (Itowi) that serves as a reference for the first
variable drive current (e.g., I in Ozguc’s Figures 1-3). Ex-1008, 5:23-37, 8:20-44,

10:8-11:3; Ex-1002, 9164; Section XI.C.2.
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Third, the Ozguc-Wu combination discloses that each supply circuit’s
compensated current (Ia/Ic/Ip) 1s provided to a reference current node (annotated
dot), shown in Figure 9 of Wu below, which is modified in view of Figure 3. Ex-
1002, 9165. Figure 3 (above) shows that sources 301, 303, and 304 provide the
currents (Ia, Ic, and Ip) to nodes 520, 720, and 820, respectively. Figure 9 below is

modified to show the connections of sources 301, 303, and 304 to nodes 520, 720,

and 820, respectively.
C e
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301 || 303 | Reference _~906 N
current node —iE ‘ [0
|
. 2/21 s Pl
|
901 903 204
——E —= | +—our
‘ ! 2
Ig
[ I L [ 212
{Ttotal J | r
otd total i
6 8 : Vee Vee . N
202
302 || 304 | | T L% ‘ L] e
r = = , 1202
! | V206
\ ] GND
\% v

[Total=IA-IB+IC+ID

Ex-1008, Fig. 9 (modified)
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In this combination, the current provided by Wu’s compensation circuit
(Itotal) would serve as a reference current for Ozguc’s adjustable current source
(122/152). Ex-1002, q166; Section XI.C.2. Accordingly, the node that outputs the
total current (Itowi) 1s a “reference node.” Id. Thus, as shown in modified Figure 9
above, the Ozguc-Wu combination discloses that the first variable current supply
comprises a supply current source (each of 301, 303, and 304) that provides a
source current (14, Ic, and Ip, respectively) to a reference current node (annotated
above). 1d.; see also Ex-1008, 5:23-33, 8:20-44, 10:8-11:3.

b. 4[b]: a current mirror that shunts current away from
the reference current node

First, the Ozguc-Wu combination discloses shunting current away from a
reference current node. Wu’s Figure 9, below, illustrates that compensation
current (Ig) is drawn away from the reference current node (annotated dot) by an
arrow labeled “Ig.” See also 5:66-6:16. Thus, a POSITA would have understood
that I is shunt from the reference node. Ex-1002, §167; Section XI.A.4.b
(Element 10(b)).

Second, the Ozguc-Wu combination discloses that the current is shunt away
by a current mirror. Wu’s Figure 9 shows that the compensation current (Ig) is
drawn (shunt) away from node 620. Ex-1008, 13:11-58. A POSITA would have
understood that I is also shunt from the reference current node because the

reference current node is connected to node 620. Ex-1002, 168. Figure 6 further
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discloses that the component of compensation circuit (302) that shunts current (Ig)
from node 620 is a “current mirror circuit” “form[ed]” by “N-channel FETs 603
and 604.” Ex-1008, 10:8-11:8; Section VI.D. To illustrate in one drawing how the
circuits in Wu’s Figures 6 and 9 are connected, Figure 9 below is modified to show
the connection between the output mirror transistor (604) and the summing circuit
(310) at node 620. Id. As shown in modified Figure 9 below, Ozguc in view of
Wu discloses a current mirror (603-604) that shunts current (Ig) away from the
reference current node, as required by Element 4[b]. Thus, the combination of

Ozguc, Huber, and Wu renders claim 4 obvious.
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5. Claim 5

FIG. 6

Ex-1008, Fig. 6

a. 5[a]: The output driver circuit of claim 4, wherein:
the current mirror includes an output mirror
transistor having a source-drain path in series with
the supply current source and in parallel with the
reference current output node,

To the extent this limitation meets Section 112, it is disclosed by Ozguc in

view of Wu.!3

As shown in Wu’s modified Figure 9 and explained below, the output mirror

transistor (604) is connected in series with the supply current source 301 and in

13 Because Element 5[a] recites terms not appearing in the specification, Petitioner

reserves the argument that Claim 5 fails to meet Section 112.
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parallel with the reference current output node (annotated dot). Ex-1002,

1169-70.
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Ex-1008, Fig. 9 (modified)

Wu’s Figure 9 above is modified to show the connections to the circuit
components shown in Figure 3 and 6, as explained below. Ex-1002, §171. Wu’s
Figure 9 (annotated below) shows that the summing circuit (310) receives a source
current (Ia) at node 520. Ex-1008, 13:11-57. As explained for Element 4[a] and
shown in Figure 3 below, the Ozguc-Wu combination discloses that a supply
current source (e.g., compensation current source 301) is connected via a wire to

node 520 to supply Ia. Ex-1008, 5:23-53. Figure 9 above is modified to show that
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connection. Ex-1002, §171. Wu’s Figure 9 (annotated below) also shows that
current I is drawn from node 620 of the summing circuit (310). Ex-1008, 13:11-
57. As explained for Element 4[b] and shown in Figure 6 below, the Ozguc-Wu
combination discloses that the component of the compensation circuit 302 that
draws Ig from node 620 is an output mirror transistor (“FET 604”). See Ex-1008,

10:8-65; Section XI.F.4. Figure 9 above is also modified to show that connection.
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Ex-1008, Fig. 9 (not modified; only annotated)
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First, the Ozguc-Wu combination discloses that the source-drain path of the
output mirror transistor (Wu’s FET 604) is connected in series with a supply
current source (Wu’s current source 301), as explained below. Ex-1002, q172.

A POSITA would have understood that two circuit elements are connected in
series when they are connected along the same conductive path (blue), as shown
below. Id. As shown in modified Figure 9 above, because the source-drain path of
the output mirror transistor (FET 604) and the supply current source 301 are

connected along the same path (blue), they are connected in series. /d.

Series connection
Circuit l Circuit
Element #1 Element #2

ld.

Second, the Ozguc-Wu combination discloses that that output mirror
transistor (FET 604)’s source-drain path is in parallel with the reference current
output node (as annotated in modified Figure 9 above), as explained below.

The term “reference current output node” lacks antecedent basis. If it refers
to “a reference current node” in Element 4[a], Wu discloses this limitation. Wu
discloses a reference current output node as annotated in modified Figure 9 above.

As shown in modified Figure 9 above, Wu discloses a node that adds the source
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currents (Ia, Ic, and Ip) and outputs the total reference current (Itow). Ex-1008,
5:23-33, 13:11-20; Ex-1002, 99173-74. As explained above, the Ozguc-Wu
combination would use Wu’s Itowl as a reference current (e.g., “CONTROL”
current in Ozguc’s Figure 2) for Ozguc’s adjustable current source (122/152). 1d.;
Section XI.C.2. Thus, the node that outputs Itowi is a “reference current output
node.” Id.

As shown below, a POSITA would have understood that Circuit Element #1
is connected in parallel with a node (V1) that is connected through one or more
Circuit Element(s) #2 to Ground because Element #1 provides an alternative path

between Vi and Ground without going through Element(s) #2. Ex-1002, q175.

Node (V1)
/(:rcut Circuit
Parallel cormEW‘\Eemem #1 Element(s) #2
[ ©
\4

1d.
As shown in Wu’s modified Figure 9 above, FET 604’s source-drain path
has a parallel connection (in red) with the reference current output node because

the FET’s drain (the first circuit element’s first port) is connected to the node, and
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the FET’s source (the first circuit element’s second port) is connected to Ground,
thus the source-drain path providing an alternative path between the node and
Ground as compared to the path from the node through other circuit elements (e.g.,
FETs 901 and 902) to Ground. Id., §176; Ex-1008, 10:8-65, 13:11-58. Therefore,
Ozguc in view of Wu discloses Element 5[a].

b. 5[b]: a reference mirror transistor having a gate

coupled to a gate of the output mirror transistor and
to its drain,

As shown in Figure 6 above, Wu discloses that “[t]he drain of n-channel
[reference mirror] FET 603 is coupled to the gates of n-channel FET[] 603 and [n-
channel output mirror FET] 604.” Ex-1008, 10:23-27; Ex-1002, 4177. Therefore,
Wau discloses that the current mirror (603-604) includes a reference mirror
transistor (FET 603) having a gate coupled to a gate of the output mirror transistor
(FET 604) and to its (FET 603’s) drain. Thus, Ozguc in view of Wu discloses
Element 5[b].

c. 5[c]: an impedance element coupled to the drain of
the reference mirror transistor.

Wu’s Figure 6, below, discloses a transistor (602) coupled to the drain of the
reference mirror transistor (603). Ex-1008, 10:9-65. Transistor (602) serves as an
“impedance element” because its impedance can be adjusted based on the
transistor’s gate voltage. /d.; Ex-1002, q178; Section VI.A-B. Therefore, Wu

discloses Element 5[c]. Ex-1001, 2:35-38; 1:45-57, claims 7 and 11.
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Transistor with adjustable impedance
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Ex-1008, Fig. 6
If Patent Owner argues that the “impedance element” is limited to a resistor,
that interpretation conflicts with the *455 patent’s disclosure that a transistor can
provide an “impedance path.” Id. But even under this interpretation, this
limitation is obvious over Ozguc and Wu. Wu discloses two resistors 606 and 607
coupled to the drain of the reference mirror transistor 603. Wu’s Figure 6, below,

shows resistors 606 and 607 coupled to transistor 602’s gate, which is capacitively
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coupled to its drain,' which in turn is coupled to the reference mirror transistor

(603)’s drain. Ex-1002, 4179.

Capacitively coupled gate and drain terminals

302
Ve Vee Ve
"'\,
\
501"\«_:8_“DG G gl602
f I
D | D llz Drain of reference 620

<605 | mirror
| /

transistor 603

_l\\ /
I1l || /,/ i . i I8
/; 606 | fs’ga b’ [ Dl_-60
[ /0%~ I5.6 G 004
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- 607 Vv
/ Coupling of 603's
drain to resistors 606 v Yf?

and 607

// -~ FIG. 6

Resistors 606 and 607
(Impedance elements)

Ex-1008, Fig. 6
As explained in Section XI.C.2, a POSITA would have been motivated to
use the total compensated current (Itowa1) from Wu’s compensation circuit 230 as
the input (“CONTROL”) signal to Ozguc’s buffer circuit such that Ozguc’s
adjustable drive current is stabilized under various operating conditions. Wu

discloses that resistors 606/607 are included in the compensation current source

4 An FET’s gate is “capacitively couple[d]” to the source-drain channel. Ex-1011,

207; Ex-1002, 9179.
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circuit (302) of the compensation circuit (230) to allow the designer to adjust a
component (Ig) of the total compensated current (Itowa1). Ex-1008, 10:46-52, Figs.
3, 6. Accordingly, a POSITA would have been further motivated to include
resistors 606/607 in the compensation circuit (230) added to Ozguc’s buffer to
provide the designer additional flexibility to adjust the reference for the drive
current, as taught by Wu. Ex-1002, q9180-81.

Therefore, Ozguc in view of Wu discloses an impedance element (transistor
602, or resistors 606/607) coupled to the drain of the reference mirror transistor
(603). Thus, the combination of Ozguc, Huber, and Wu renders claim 5 obvious.

6. Claim 6

a. 6[a]: The output driver circuit of claim 1, wherein:
the first variable current supply includes a selectable
current supply circuit that includes a current mirror
having a reference current leg that receives a current
having at least one component that is inversely
proportional to the power supply voltage,

Ozguc discloses that the first adjustable current source (122/222 in Figs. 1-2)
includes a selectable section (222b) that may include the current-leg structure
shown in Figure 3 below. See Section XI.A.1. Ozguc’s Figure 3 circuit is a
“selectable current supply circuit” because it supplies a current (I1) that can be
selectively changed (e.g., using drive select values “UP” and “DNB”). Ex-1002,

1182; Ex-1006, 4:10-46.
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Ozguc further discloses that the upper transistors of the four legs in Figure 3
form a current “mirror” having a mirror reference transistor (the upper transistor of
the Master leg) and three output transistors (the upper transistors of the Center, Up,
and Down legs). Ex-1006, 4:10-46, Fig. 3; Ex-1002, 49183-84; Section XI.A.1.
The source-drain path of Master’s upper transistor provides a “reference current
leg” as annotated in Figure 3 below because it provides a reference current (Imaster)
for the drive current (I). Id.; Ex-1006, 1:66-2:21, 2:45-65, 2:66-3:43, 3:62-4:9.
As shown in Figure 3, the Master/reference current leg receives a reference current
(I"). As explained above in Ground 4 for claim 9, Ozguc in view of Wu discloses
that the reference current (I1') has a component (Ic) that is inversely proportional to
the power supply voltage (Vcc/Vas). See Section XI.C.2-4.

Therefore, Ozguc in view of Wu discloses Element 6[a].
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b. 6[b]: a mirror current leg coupled to a selectable
drive current node that mirrors the current flowing in

the reference current leg,

To the extent this limitation meets Section 112, an example of “a mirror

current leg” may be the static current leg shown in Figure 2A below. Ex-1001,

3:64-4:13. The static leg always provides a current that mirrors the current in the

reference current leg. Id. An example of “a selectable current node” may be node

230 because the drive current that is output from this node can be selectively

adjusted. Id.; Section VII.
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Element 6[b] is disclosed by the combination of Ozguc, Huber, and Wu
because Ozguc’s current-leg structure is very similar to the structure shown in
Figure 2A of the *455 Patent.!> Ozguc’s Center leg is a “current mirror leg”
because like the static leg of Figure 2A of the 455 Patent, it “remain[s] on” and
“mirrors” the reference current (I') in the Master upper transistor. Ex-1006, 4:10-
36; Sections XI.A.1 and XI.A.4 (Element 10[c]). Ozguc also discloses that the
Center current mirror leg is connected to the node at which current is output.
Ex-1006, Fig. 3; id., 4:10-58; 1:66-2:21, 2:45-65, 2:66-3:43, 3:62-4:9; Ex-1002,
9185-86. This node is “a selectable drive current node” because the drive current
output from this node can be selectively adjusted and is provided for driving the

first driver transistor (MP1). Id. Thus, Ozguc discloses Element 6[b].

15 Because “a selectable drive current node” does not appear in the specification,

Petitioner reserves the argument that Claim 6 fails to meet Section 112.
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a. 6[c]: at least one first selectable mirror leg coupled to
the selectable drive current node and coupled to

mirror the current flowing in the reference current
leg, and

Ozguc discloses that the first adjustable current source 222 includes an Up
leg with an upper transistor that mirrors the current flowing in the Master leg
(reference current leg), as shown in Figure 3 below. See Section XI.A.1. The
source-drain path of Up’s upper transistor is a “selectable mirror leg” because the
current flowing through it can be selectively turned on or off using the drive select
value “UP.” Ex-1006, Fig. 3, 4:10-36; Ex-1002, q187. Therefore, Ozguc discloses

Element 6[c].
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b. 6[d]: a mirror switch coupled in series with the at

least one selectable mirror leg that is enabled in
response to a drive signal.

Ozguc discloses a switch (bottom MOS transistor) in each leg of its current

mirror that turns on or off the current in that leg. See Section XI.A.1. Thus, Ozguc

discloses a mirror switch (e.g., bottom MOS transistor in Up leg) is coupled in

series with the Up selectable mirror leg, as shown in Figure 3. Ex-1006, Fig. 3,

4:10-36; Ex-1002, q9188-89. The switch and the Up leg are enabled in response to

a drive signal (“UP”). Id. Therefore, Ozguc discloses Element 6[d].

Thus, the combination of Ozguc, Huber, and Wu renders claim 6 obvious.
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7. Claim 14

a. 14: The output driver circuit of claim 3, wherein: the
second driver transistor includes an n-channel
insulated gate field effect transistor, and the first
power supply node is a high power supply node and
the second power supply node is a low power supply
node.

As explained in Section XI.A.3.a, Ozguc discloses a second driver transistor
(MN1) for pulling down the output. A POSITA would have understood that MN1
refers to an NMOS or n-channel insulated gate field effect transistor. Ex-1011, 83;
Ex-1002, 4191. Ozguc discloses the limitations regarding the supply nodes for the
reasons stated above for Claim 2.

Thus, the combination of Ozguc, Huber, and Wu renders claim 14 obvious.

XII. CONCLUSION

The invalidity grounds presented above are reasonably likely to prevail, and
thus inter partes review should be instituted.
Respectfully Submitted,

/s/ Ryan Yagura
Ryan Yagura (Reg. No. 47,191)
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