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Xiaohua Huang, pro se 
CLERK, U.S. DISTRICT COURT

P.O. Box 1639, Los Gates CA95031 
NORTHERN DISTRICT OF CALIFORNIA
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n
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.
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Plaintiff, Xiaohua H
u
a
n
g
 ("Plaintiff' or "Huang"), hereby files his

Complaint for Patent Infringement against Defendants, T
H
A
T
'
S
 T
e
t
r
a
M
e
m
,
 Inc.

(
"
T
e
t
r
a
M
e
m
"
 or "Defendant a

n
d
 respectfully alleges as follows:

N
A
T
U
R
E
 O
F
 T
H
E
 A
C
T
I
O
N

1. 
This is a

 civil action for patent infringement u
n
d
e
r
 t
h
e
 Patent L

a
w
s
 of the

United States, 3
5
 U.S.C. §101, et seq., to prevent a

n
d
 enjoin Defendant T

e
t
r
a
M
e
m
,

Inc. (hereinafter '
T
e
t
r
a
M
e
m
"
 or "Defendant") from infringing a

n
d
 profiting, in a

n

illegal a
n
d
 u
n
a
u
t
h
o
r
i
z
e
d
 m
a
n
n
e
r
 a
n
d
 w
i
t
h
o
u
t
 authorization a

n
d
/
o
r
 c
o
n
s
e
n
t
 f
r
o
m

Plaintiff, fi-om U.S. Patent N
o
.
 R
E
4
5
2
5
9
 (the "'RE259patent" which is attached

hereto as Exhibit A
 a
n
d
 incorporated herein b

y
 reference, a

n
d
 pursuant to 3

5
 U.S.C.
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§
2
7
1
,
 a
n
d
 to recover d

a
m
a
g
e
s
 a
n
d
 costs.

T
H
E
 P
A
R
T
I
E
S

2. 
Xiaohua H

u
a
n
g
 is a

n
 individual, he currently resides at Campbell, CA95008.

H
u
a
n
g
 has developed the state of the art high speed and low power U.S. patented

circuit a
n
d
 logic design to build high speed a

n
d
 low power I

C
 chip since the year of

2
0
0
0
,
 o
n
e
 o
f
 t
h
o
s
e
 p
a
t
e
n
t
s
 is U

S
 P
a
t
e
n
t
 R
E
4
5
2
5
9
.

3. 
T
e
t
r
a
M
e
m
 is or pirrports to be a

 c
o
m
p
a
n
y
 having its head quarter office

a
d
d
r
e
s
s
 in; 4

0
2
7
 Clipper Ct, F

r
e
m
o
n
t
,
 C
A
 9
4
5
3
8
 with its website:

https://www.tetramem.com/. T
e
t
r
a
M
e
m
 w
a
s
 founded by Mr.Glenn (Ning )Ge,

M
r
.
 J
o
s
h
u
a
 Y
a
n
g
 a
n
d
 Qiangfei X

i
a
 based o

n
 the R

e
R
A
M
 research initiated f

r
o
m
 H
P

Lab. a
n
d
 continued in University of Massachusetts a

n
d
 University of Southern

C
a
l
i
f
o
r
n
i
a
.

J
U
R
I
S
D
I
C
T
I
O
N
 A
N
D
 V
E
N
U
E

4. 
This action arises under the patent laws of the United States, 3

5
 U.S.C. §

 101,

et seq. This Court has jurisdiction over the subject matter of this action pursuant to

2
8
 U.S.C. §§ 1331 a

n
d
 1338(a). V

e
n
u
e
 is proper in this District pursuant to 2

8

U
.
S
.
C
.
 §
§
1
3
9
1
(
b
)
 - (c) a

n
d
 2
8
 U
.
S
.
C
.
 §
 1
4
0
0
(
b
)
 in that D

e
f
e
n
d
a
n
t
 w
h
i
c
h
 h
a
s
 its

regular business a
n
d
 m
a
i
n
 office in 4

0
2
7
 Clipper Ct, F

r
e
m
o
n
t
,
 C
A
 9
4
5
3
8
 c
a
n
 b
e

s
u
e
d
 i
n
 this judicial district.

B
A
C
K
G
R
O
U
N
D
 F
A
C
T
U
A
L
 A
L
L
E
G
A
T
I
O
N

5. 
A
 true a

n
d
 correct c

o
p
y
 o
f
 t
h
e
 '
R
E
2
5
9
p
a
t
e
n
t
 is attached hereto a

s
 Exhibit A

.
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The 'RE259patent is valid and owned by Plaintiff Mr. Huang as the inventor.

6. 
In Nov. 2000 "Huang" found CMOS Micro Device Inc. ("CMOS") m

 Campbell,

California. Huang developed advanced TCAM design in CMOS and invented many

patented high speed and low power IC design circuit and logic such as the circuit

and logic design claimed in the claim 29 of US patent RE45259. At least the claim

29 of US patent EE45259 read the circuit and logic design found m the ReRAM IP

and chip which have been designed and made by TetraMem in its office in 4027

Clipper Ct, Fremont, O
A
 94538.

7. 
In previous case 5:23-cv-04936-SVK, under Defendant's instruction

Defendant's Counsel used all the erroneous information and the erroneous decision
of the previous cases to defame Plaintiff and cheat the Court. The Court was biased
by defendant's conduct, Plaintiff were prejudiced by the Court, plaintiff withdrew
that complaint. In case 5:23-cv-04936-SVK defendant Counsels uses case No. 2:15-

cv-1413 Mr. Xiaohua Huang v. Huawei Technologies Ltd. to prove that Plaintiff is a

frivolous litigant because Plaintiff was sanctioned by Judge Judge Rodney Gilstrap/

Roy Payne. Case No. 2:15-cv-1413 was my first case filed I have no any experience

and knowledge of the Court and litigation. I collected and produced evidence that

many chips used in Huawei's Internet router and switches infringes my asserted
patents. Judge Roy Payne was very kind and nice to me and gave me two

month time to retain the counsels who are very experienced in the local court. I

have been gratefiil and felt in debt to Judge Payne although I failed to retam the

counsels. After that Huawei used six its employees, one internal counsel and the
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counsels to m
a
k
e
 false statement a

n
d
 pequred declaration. Although I

 produced the

evidence to prove all the Huawei's declaration are contradictive to the public

material evidence the Court took Huawei's false statement a
n
d
 pei^ured declaration

to j
u
d
g
e
 m
e
 loose t

h
e
 c
a
s
e
 a
n
d
 h
a
v
e
 m
e
 sanctioned. D

e
f
e
n
d
a
n
t
 C
o
u
n
s
e
l
s
 u
s
e
s
 c
a
s
e

N
o
.
 3:18-cv-6654 M

r
.
 X
i
a
o
h
u
a
 H
u
a
n
g
 v. N

e
p
h
o
s
 Inc. to d

e
f
a
m
e
 m
e
.
 C
a
s
e
 N
o
.
 3:18-

c
v
6
6
5
4
 M
r
.
 X
i
a
o
h
u
a
 H
u
a
n
g
 v. N

e
p
h
o
s
 Inc. w

a
s
 t
h
e
 third case I

 filed. I
n
 2
0
1
4
 I

taught the engineers of MediaTek h
o
w
 to use m

y
 patents to design the low power

T
C
A
M
 for their networking chips, then the power consumption of MediaTek's chip

reduced fi:
o
m
 over 200watt to m

u
c
h
 less than ICQ watt, a

n
d
 sold to A

m
a
z
o
n
.
c
o
m
,

Inc., but M
e
d
i
a
T
e
k
 refused to p

a
y
 an5rthing to m

e
,
 I
 filed complaint in 2018. H

o
n
.

W
i
l
h
a
m
 A
l
s
u
p
 assigned Magistrate J

u
d
e
 K
i
m
 to mediate the case. Defendgint

Counsel Brandon Stroy cheated m
e
 and said to m

e
 that he can help m

e
 to have the

defendant to pay m
e
 the particular a

m
o
u
n
t
 to settle the case, that a

m
o
u
n
t
 is m

a
n
y

times more than the a
m
o
u
n
t
 which Judge K

i
m
 mediated for m

e
,
 so I did not accept

the mediation result. After that B
r
a
n
d
o
n
 Story told m

e
 that his chent only w

a
n
t
 to

p
a
y
 one-tenth of the a

m
o
u
n
t
 that J

u
d
g
e
 K
i
m
 mediated. T

h
e
 case w

a
s
 not settled,

t
h
e
n
 B
r
a
n
d
o
n
 Story imitated H

u
a
w
e
f
s
 case N

o
.
 2:15-cv-1413 a

n
d
 h
a
v
e
 t
h
e

employees of M
e
d
i
a
T
e
k
 to m

a
k
e
 peijured declaration to cheat the Judge a

n
d
 win

the case. I should follow Judge K
i
m
.
 Although losing the case but I a

m
 grateful a

n
d

in debt to H
o
n
.
 Judge Alsup a

n
d
 K
i
m
.
 Everyone k

n
o
w
s
 that m

y
 case with H

u
a
w
e
i

No. 2:15-cv-1413 w
a
s
 erroneously decided by the Courts. T

h
e
 court system tolerates

the errors m
a
d
e
 by Judge. S

o
m
e
 defendant counsels used w

h
a
t
 the Court taking the
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false statements and perjured declaration in Xiaohua Huang v. Huawei No. 2:15-cv-

1413 m
a
d
e
 erroneous judgment as reference example to attack m

e
,
 m
a
k
e
 false

statements and perjured declaration and successfully induced the trial court, as

Serpent seduces Eve, to imitate case No. 2:15-cv-1413 rather than focus on the case

objectively to m
a
k
e
 erroneous decision.

In California, before obtaining the permission, the lawyer solemnly declares to

G
O
D
 by putting his/her hand on bible "I solemnly swear (or affirm) that I will

support the Constitution of the United States and the Constitution of the State of

Califorma, and that I will faithfully discharge the duties of an attorney and

counselor at law to the best of m
y
 knowledge and ability. As an officer of the court, I

will strive to conduct myself at all times with dignity, courtesy, and integrity."

Defendant Counsels such as P
A
U
L
 J. A

N
D
R
E
,
 LISA K

O
B
I
A
L
K
A
,
 VIOLAINE have

violated their oath to the God, their conducts may have himself, his family and

descendants suffer fro
m
 their wrongful conduct. State Bar Announces 23 Attorneys

Disbarred in the Third Quarter of 2023 B
Y
 S
T
A
T
E
 B
A
R
 O
F
 C
A
L
I
F
O
R
N
I
A
 O
N

N
O
V
E
M
B
E
R
 20, 2023. S

o
m
e
 attorneys even violates the law and commits crime for

their personal interests ,
 do not mention their conduct would have their

descendants suffered such as the Jewish have suffered from King David's wrongfiil

c
o
n
d
u
c
t
.Defendant s conduct of instructing their Counsels to lie, cheat and use false

information to defame Plaintiff and cheat the Court are somehow consistent with

their other unethical illegal conducts. Defendant and their founders filed many
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patents to protect their o
w
n
 technology, but use Plaintiffs patent without hcensing

a
n
d
 refuse to hcense. Defendants have used Plaintiffs patent to have built several

sample chips, measured some data fro
m
 those chips and published the papers on

science jomnal then obtained tens of million U
S
D
 income (investment). T

e
t
r
a
M
e
m

has offered to sell its R
e
R
A
M
 designed with using U

S
 patent R

E
4
5
2
5
9
 without

licensing.

8. 
The n

e
w
 complaint is also based on the n

e
w
 further information provided by

Defendant in Exhibit 3
 that defendant's product is design with "

I
R
 I
T
"
 structure

which is consistent with the structure of Figure 2
 and Figure 3

 in plaintiffs analysis

o
n
 h
o
w
 defendant's products infringe the u

s
 patent R

E
4
5
2
5
9
 Exhibit X

I
.
 Defendant

sent Plaintiff a
n
 email in Exhibit 3

 and tried to narrow the claim 2
9
 of U

S
 patent

R
E
4
5
2
5
9
 to o

n
e
 e
m
b
o
d
i
m
e
n
t
,
 b
u
t
 i
n
 t
h
e
 s
a
m
e
 t
i
m
e
 disclosed t

h
a
t
 defendant's

product use "
 1T,1R" R

e
R
A
M
 structure. Plaintiff pointed out defendant

counsel's cheating c
o
n
d
u
c
t
 w
i
t
h
 Exhibit 4

 a
n
d
 Exhibit 5.

T
H
E
 I
N
F
R
I
N
G
I
N
G
 P
R
O
D
U
C
T
S
 W
H
I
C
H
 D
E
F
E
N
D
N
A
T
 M
A
Y
 H
A
V
E

M
A
D
E
 A
N
D
 S
O
L
D

9. 
Based o

n
 the information obtained that the products m

a
d
e
 b
y
 Defendant

T
e
t
r
a
M
e
m
,
 including but not limited to embedded R

R
A
M
 I
P
 and chips contains the

1
0
 with the function which read the claim 2

9
 of U

S
 patent RE45259. In page 5

 and

page 6
 of Exhibit 1 the joint n

e
w
s
 release m

a
d
e
 by T

e
t
r
a
M
e
m
 and Synopsys offer to
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sell the R
R
A
M
 of T

e
t
r
a
M
e
m
 with its marketing n

a
m
e
 "
 TetraMem's analog-

R
R
A
M
b
a
s
e
d
 i
n
-
m
e
m
o
r
y
 computing technology 

Exhibit 3
 also claims that

TetraMem's R
e
R
A
M
 employ "IT, I

R
"
 (1
 transistor, t resistor) which is consistent

with Figure 2
 a
n
d
 Figure 3

 in Exhibit X
I
.
 H
o
w
 a
n
d
 w
h
y
 the R

R
A
M
 of T

e
t
r
a
M
e
m

have infringed claim 2
9
 of U

S
 patent R

E
4
5
2
5
9
 is analyzed a

n
d
 explained in Exhibit

X
I
.

C
O
U
N
T
 I: I

N
F
R
I
N
G
E
M
E
N
T
 O
F
 U
.
S
.
 P
A
T
E
N
T
 N
O
.
 R
E
4
5
2
5
9

10. 
Plaintiff refers to and incorporates herein the allegations of Paragraphs 1-9

a
b
o
v
e
.

11. 
O
n
 N
o
v
e
m
b
e
r
 25, 2014 U.S. Patent No. R

E
4
5
2
5
9
 (the'"RE259Patenf') w

a
s

duly and legally issued for a
 "Hit ahead hierarchical scalable priority encoding logic

a
n
d
 circuits." A

 true a
n
d
 correct copy of the 'RE259patent is attached hereto as

Exhibit A
 Xiaohua H

u
a
n
g
 as inventor is the o

w
n
e
r
 of all rights, title, a

n
d
 interest

in a
n
d
 to t

h
e
 '
R
E
2
5
9
 patent.

12. 
O
n
 information a

n
d
 behef. Defendant T

e
t
r
a
M
e
m
 has infringed a

n
d
 continue

to infringe directly, indirectly, hterally, o
n
 Doctrine of Equivalent one or m

o
r
e
 of the

claims of t
h
e
R
E
2
5
9
 patent through making R

e
M
A
M
 I
P
 a
n
d
 chips containing circuit

a
n
d
 logic function which have infringed at least claim 2

9
 of the TIE259 patent under

3
5
 U
.
S
.
C
.
 §
 271(a), (b

)
 and(c).
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13. 
O
n
 information a

n
d
 belief, D

e
f
e
n
d
a
n
t
 T
e
t
r
a
M
e
m
 h
a
s
 induced its C

u
s
t
o
m
e
r
s

to have infringed and continue to infringe directly, indirectly, hterally, on Doctrine

of Equivalent the claim 2
9
 of the '

R
E
2
5
9
 patent by using the devices which

infringes the claim 2
9
 of T

I
E
2
5
9
 patent. T

h
e
 Customers of the Defendant uses the

function of reading a
n
d
 writing data a

n
d
 information which contains the circuit

and logic reading the claim 2
9
 of the 'R

E
2
5
9
 patent. T

h
e
 using of function of

reading a
n
d
 writing data and information in accused devices are completely not a

staple article or commodity of commerce suitable for substantial non-infringing use.

14. 
Defendant TetraMem's acts of infringement, inducing infidngement have

caused d
a
m
a
g
e
 to Xiaohua H

u
a
n
g
,
 a
n
d
 Xiaohua H

u
a
n
g
 is entitled to recover fro

m

Defendant for the damages sustained by Xiaohua H
u
a
n
g
 as a

 result of Defendant's

wrongful acts in an amount subject to proof at trial. Defendant's infringement of

Xiaohua H
u
a
n
g
 exclusive rights under the *RE259 patent will continue to damage

Xiaohua Huang, causing irreparable h
a
r
m
 for which there is no adequate remedy at

law, unless enjoined b
y
 this Court. Defendant's infringement entitle Xiaohua

H
u
a
n
g
 to recover d

a
m
a
g
e
s
 under 3

5
 U.S.C.§284 a

n
d
 to legal fees a

n
d
 costs incurred

in prosecuting this action u
n
d
e
r
3
5
 U.S.C. §

 285.

J
U
R
Y
 D
E
M
A
N
D

15. 
Pursuant to Fed. R

.
 Civ. P. 38(b), Plaintiff Xiaohua H

u
a
n
g
 requests a

 trial

b
y
 j
u
r
y
 o
n
 all issues.

P
R
A
Y
E
R
 F
O
R
 R
E
L
I
E
F

8
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W
H
E
R
E
F
O
R
E
,
 Xiaohua H

u
a
n
g
 prays for the following relief:

(a). A
 judgment in favor of Xiaohua H

u
a
n
g
 that Defendant T

e
t
r
a
M
e
m
 has

infringed and is infringing U.S. Patent N
o
 RE45259;

(b). A
 judgment that the *RE259 patent is valid and enforceable;

(c). A
n
 order preliminarily and permanently enjoining Defendant and its

subsidiaries, parents, officers, directors, agents, servants, employees, affiliates,

attorneys and all others in active concert or participation with any of the

foregoing, fro
m
 further acts of infringement of the *RE259;

(d). A
n
 accounting for damages resulting fro

m
 Defendant's infringement of

the '
R
E
2
5
9
 patent under 3

5
 U.S.C. §

 284;

(e). A
n
 assessment of interest on damages;

®
.
 A
 judgment awarding damages to Xiaohua Huang for its costs,

disbursements, expert witness fees, and legal fees and costs incurred in

prosecuting this action, with interest pursuant to 35 U.S.C. §
 285 and as

otherwise provided b
y
 l
a
w
;

(g). Such other and further relief as this Court m
a
y
 deem just and

equitable.
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Dated: October 5, 2024 
Respectfully submitted

X
i
a
o
h
u
a
 H
u
a
n
g

P
.
O
.
 B
o
x
 1
6
3
9
,
 L
o
s
 G
a
t
o
s
 C
A
9
5
0
3
1

T
e
l
:
 6
6
9
 2
7
3
 5
6
3
3

E
m
a
i
l
:
 p
a
u
l
-
h
u
a
n
g
Q
3
@
o
u
t
l
o
o
k
.
c
o
m

Exhibit A
 U
S
 patent R

E
4
5
2
5
9

Exhibit 1 pre-suit background

Exhibit 2
 T
e
t
r
a
m
e
m
-
p
a
p
e
r

E
x
h
i
b
i
t
 3
 T
e
t
r
a
M
e
m
 letter

Exhibit 4
 R
e
s
p
o
n
s
e
 to T

e
t
r
a
M
e
m
 letter

E
x
h
i
b
i
t
 5
 T
e
t
r
a
M
e
m
 c
l
a
i
m
e
d
 info

Exhibit X
I
 Pre-suit analysis

1
0
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E
x
h
i
b
i
t
 A

U
S
 patent R

E
4
5
2
5
9
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(19) U
n
i
t
e
d
 S
t
a
t
e
s

(12) R
e
i
s
s
u
e
d
 P
a
t
e
n
t

H
u
a
n
g

i
B
I
I
M
l
l
D
l
i
l
i
n
i

U
S
0
0
R
E
4
5
2
5
9
E

(10) Patent N
u
m
b
e
r
:
 

U
S
 R
E
4
5
,
2
5
9
 E

(4S) D
a
t
e
 o
f
 Reissued Patent: 

N
o
v
.
 2
5
,
2
0
1
4

(
5
4
)
 
H
I
T
 A
H
E
A
D
 H
I
E
R
A
R
C
H
I
C
A
L
 S
C
A
L
A
B
L
E

P
R
I
O
R
I
T
Y
 E
N
C
O
D
I
N
G
 L
O
G
I
C
 A
N
D

C
I
R
C
U
I
T
S

(
7
6
)
 
Inventon 

X
i
a
o
h
u
a
 H
o
a
i
^
,
 Sa
n
 Jose, C

A
 (
U
S
)

(
2
1
)
 
Appl.No.: 13/355,449

(
2
2
)
 
Filed: 

J
a
n
.
 2
0
,
2
0
1
2

R
e
l
a
t
e
d
 U
.
S
.
 P
a
t
e
n
t
 D
o
c
u
m
e
n
t
s

R
e
i
s
s
u
e
 o
f
:

(
6
4
)
 
Patent No.: 

7,652J103

Issued: 
J
a
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 encod
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H
I
T
 A
H
E
A
D
 H
I
E
R
A
R
C
H
I
C
A
L
 S
C
A
L
A
B
L
E
 

one group as first level and 8
 first level as a second level, total

E
N
C
O
D
I
N
G
 L
O
G
I
C
 A
N
D
 

64 entry. Then w
e
 can make 8

 second level as third level, total
CIRCUITS 

5J2 entry, and so on. The advantage to make hierarchical
priority eiK;oding is to improve the speed, and simpliiy the

Matter enclosed in heavy brackets [
 ]
 appears in the ^ 

circuit implementation and make circuit (tesign flexible and
original patent bnt forms no part of thk reissue specifica- 

scalable.
tion; matter printed in italics indicates the additions 

T
o
 reduce the time of waiting for previous level priority

m
a
d
e
 b
y
 reissue. 

encoding result, w
e
 generate the hit signal first in each level to

participate next level priority oicoding, and w
e
 call it Hit

Ahead Priority Encoding (
H
A
P
E
)
 encoding.

This ̂
plication claims the benefit of provisional U.S. 

The hierarchical priority encoding can be applied to the
Application Ser. No. 60/550,537, entitled "Priority encoding 

scalable architecture among the different sub-blocks and can
logic and Circuits," filed Mar. 4,2004, which is incorporated 

also be applied with in one sub-block,
herein by reference in its entirety for all purposes.

T^tr-r ̂
 

^
R
I
E
F
 D
E
S
C
R
I
P
T
I
O
N
 O
F
 T
H
E
 D
R
A
W
I
N
G
S

F
I
E
L
D
 O
F
 T
H
E
 I
N
V
E
N
T
I
O
N

Preferred 
e
m
b
o
d
i
m
e
n
t
s
 o
f
 the 

invention 
will 

n
o
w
 
b
e

ThepresMtationrelatestocont^taddressablememoty.In 
described, by way of example only, with reference to the

particular, the present mvention relates to logic and circuits of 
attached Figures, wherein*

priority encoding of match or bit addfess. 
,0 

FIG. 1 is a block diagram of scalable aicbitecttiie of C
A
M

BACKGROUND OF THE INVENTION 
^
 many^b-bl^ in accordance with one embodiment of

t
n
e
 p
r
e
s
e
n
t
 invention.

,
 .
 

_
 .
 j
j
 

ui 
... • 

F
I
G
.
 2
a
 is a

 logic blodc diagram o
f
 hierarchical priority

In ternary content addie^n^iy, not evey brim 
encotfir® and rnatS address iSyencodiim within one sui;

eachrowareconrpaicdmthesearchn^orcotnpm^ 
„
 block in accordance with one embtrfta^f present inven-

cess, SO some time m
 one companson, there are more uian one 

^on
rown^^theinptnco^kitisc^nnrlti-hitorrn^ 

FiaaistheandtimingdiagraminaccordancewithnG.
In mulU-hit case, one protTCoI was made to select the h^hest 

2b of presort nwenlion.
priority addr^ The ̂

c
 of electing the highest priority 

nG. 3 is a logic block diagram of hierarchical priority
^ A 

^
 
re- 

- 
1 

c 
eiicodir^ and tttatch address birrary errcoding in higher level

Assnr^ we have {A„, A, 
A.^.} hrt srgn^ fiom the 

subhiock and timing d
b
^
 in

accordarrcewithoneenrbodimenlofpnrsentirLrti^
y
 and A, h^ the 1

^
 p
^
.
 A
t
^
 ̂
 of {Ap, 

p,o ̂
 

i„^,ementatton of priority encoding
. A^" ;^} are logrc 1 md dl rfthe o

t
^
^
 It^c 

accordance with one embodiments
O',thepnontyencodmgkeepthehighestpnonty"ras"l" 35 present invention.
^c^aUtheother-l-inlovtr.Tlrelogicoperationof 

nasisthedrcriitiniplanerrtationoftheHrrgenetation
t
h
i
s
 t
i
a
n
s
K
r
t
m
:
 

.
 
- 

j
 j
 

- 
1 

,
 

.
.
.

logic address m
 accordance with o

n
e
 e
m
b
o
d
i
m
e
n
t
 o
fpresent

inventiorL

FIG. 6
 is the circuit implementation o

f
 binary encoding

{Ao, Aj,... A„_t, A„}=»{ho, hi,... 
(1) 40 jpgic in accordance with one embodiment of present inven

t
i
o
n
.

canlogicallybeespressedas: 
"f ?

 "> 1. 
"

accordance w
i
m
 o
n
e
 e
m
b
o
d
i
m
e
n
t
 o
f
 present invention.

ho =
 A
o
 

(
2
)

hi =
 S
o
 d
A
i

4
5
 

D
E
T
A
I
L
E
D
 D
E
S
C
R
I
P
T
I
O
N
 O
F
 T
H
E

I
N
V
E
N
T
I
O
N
S

=
S
o
«
A
i
 »
A
2
 ... A„-i •

S
„

T
o
 m
a
k
e
 the priority encoding logic calculation quicker,

hi =
 So •Si «A2 

the entire C
A
M
 block can be divided into 2

5
6
 block and

50 divided into four quadruple, each quadruple has 8
x
8
=
6
4

block and each block has 8
x
8
=
6
4
 entry as s

h
o
w
n
 in FIG. 1

w
i
t
h
 e
m
b
o
d
i
m
e
n
t
 1
0
0
.

Ihis is just to mcplain the principle, the entry n
u
m
b
e
r
 o
f

e
a
c
h
 sub-block a

n
d
 the n

u
m
b
e
r
 o
f
sub-block c

a
n
 b
e
 different.

W
h
i
c
h
 m
e
a
n
s
 only w

h
e
n
 A
q
 to A,.,, are all zero, h<=A,, 55 

A
s
s
u
m
e
 the data pad 1

1
0
 are equally distributed in four side

otherwise no matter A,=0 or 1, h,=0. 
ofthechip.IfallofthedatapadllOareinonesideorlessthan

Afier the priority encoding, the hit address with the highest 
four side, the principle is same,

priority will be encoded to the binary address. 
First step, route all the data signal in each side (only one

If the entry N
 are large, say I

K
 to I

2
8
K
o
r
 even I

M
,
 the 

side are drawn in the FIG. 1
)
 to the middle point o

f
 that side,

calculation o
f
 priority l

o
^
c
 (2
)
 will take long time if w

e
 use 60 which is s

h
o
w
n
 as route lOla in FIG. 1. Second step, route all

sorial logic. S
o
 w
e
 c
o
m
e
 out the inventions which will b

e
 

the data signal to the center ofthe chip s
h
o
w
n
 as route 102a in

described in the following. 
FIG. 1. 'Iliird step, in the center point send the data to be
compared to both left and right side (only right side path 103a

S
U
M
M
E
R
Y
 O
F
 T
H
E
 I
N
V
E
N
T
I
O
N
 

is shown in FIG. 1. Fourth step, send data to each one of the
65 8

 column both upper part and d
o
w
n
 part s

h
o
w
n
 as 104a in

In this invention, w
e
 propose a multi-level hierarchical 

FIG. 1. Fifth step, the data to be compared are then sent to
scalable priority encoding. For exatrqrle w

e
 make 8

 entry as 
each sub-block 120 in each column to perform the compari-
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U
S
R
E
4
5
,
2
5
9
E

3
 4

son with each endy in every sub-block 120. In embedded 
output ofbinaiy Hit address Addl [5:0] 249 which is available

application, the entiy number of TC
A
M
 is not very large. In 

at 13. Only Hitl and Addl[5d)] are sent to the next level
that case, the data path start from path 104a. If only some 

prmriiyfaifinHtng Theenf^K»gnlwhlnr^r^^fyal>sf^^^7tfn^assym-
selected ̂

Wlock are searched or compa^ the data to be 
bol 208. H

e
 timiag delay of hit, prioiity eitcoditig, bitiaty

cotnparedwtU^besoititeothosesub-blocktosavepower 5 eticodit® atid8 to 1 nitix will beatialyzedindetaUs.
fig. 3

 is the logic block diag.amofprio.ier encoding of
snbd.I.^m,thefita^ands^l^ 

higher levdamD.® the eight gtonpofMetaryMbS or
m
g
 and 

b
m
a
i
y
 encoding are 

performed 
which 

will 
b
e
 

\t, o
^
T
i
T
 .

explained in details in T
O.
 2, t

t
o
 the priority encodh® in

each coltimn 130 among 8
 sub-block will be perfomted as to 

»!'t7:0] w^ch ts marked as 313 m T
O. 3 arc one

thiidlevelpriorityencodingatidlhehitaddrcssaiesentottt 
J^^^HBttthebntatyhhaddtessAddlopdlltoAddn

through path 104b. Next step fourth level priority encoding 
mated as 314. Eight bit HIT signal of Hhl

willbeperformedamong8columnl30ineachquadrupleand 
block309, then the priority

the Hit address are sent out throi^ path lQ3b Next step the 
hit signal Fbl [7:0] will select Add2[5:0] fiom the ei^t input

priority encodii^ will be performed in the center of chip 15 hlUX 311.
among four quadruple and the hit address wiH be sent d

u
o
u
^
 

hi foe same time Hi 1 [7:0] are encoded into binary address
path 102b. [nst step foe hit address are sent to the output pad 

Add2[8:6] in block 310. Add2[8:6] and Add2[5:0] make
110 through path 101b. The priority encodii^ among upper 

Add2[8:0].Inblock308eightinputHitl[7:0]generateHit2at
quadruple and lower part quadruple can be performed 

time t^ whidi is one stage earlier than Binary hit address
together in path 103b. 

20 Add2[8:0]. From the timing diagram 340 in FIG. 3, the delay
The priority encoding logic calculation block diagram for 

ofbinaiy hit address Addl i[5:0] which is signal 314 to Add2
each 8x8=64 entry sub-block 120 are shown in FIG. 2a with 

[8:0] which is marked as 319 is an 8
 to 1 M

U
X
 delay which is

embodiment 200a. Each 8
 entry of 64 entry are grouped 

(t4-t3), where i=0 to 7. In this hierarchical priority design, the
togefoer to do hit logic function fro

m
 2h0 to 2h7 and generate 

delay on each level is an 8
 to 1 M

U
X
 delay because the

Hit[0] to Hit[7] in block 201. In the same time each 8
 entry of 25 selection signal from the priority encoding among foe hit

64 entry are performed priority raicoding logic calculation in 
signals is available one stage earlier and there is no extra delay

each block fro
m
 2p0 to 2p7 of embodiment block 202 to 

to wait for the selection signal.
generate P[63:0], then proceed binary encoding fhjm 2e0 to 

Another advantage of this hierarchical priority encoding is
2e7 in embodiment block 203 to generate any three bit B

A
G
 

that the simplicity of circuit design. W
e
 already see that each

[2:0] to BA7[2:0] binary address if there is a hit in any 8
 bit 30 level shares the same logic and circuit design. Say, the priority

group. Theeight signal of Hit[0] to Hit[7] fro
m
 blodc 201 will 

function block 206,309 in each level are same in logic and
perform priority eiKX)ding in block 206 which is logically 

circuit, which is shown in FIG. 4, embodiment 400.
exactsameasthepriorityencodingineachSentrygroupfiDm 

Embodiment 400 in FIG. 4
 is a sample implementation of

2p0 to 2p7. The Priority Hit Ph[7d)] fro
m
 Hit[0] to Hit[7] will 

the priority logic equation (2) which can be deduced to equa-
select the 8

 to 1 mux 204 and select one t
h
^
 bit binary 35 tion (3), where n=7.

address fro
m
 BA0[2:0] to BA7[2:0] and become Addl [2:0].

T
h
e
 priority bit of Hit[0] to Hit[7] is binary encoded in block

207 which is logically same as the binary encoding block 
ho =

 Ao 
(3)

fro
m
 2e0 to 2e7 to generate the address: Addl [5:3]. Addl [5:

3] and Addl[2:0] make Addl[5:0]. Hit[0] to Hit[7] further 40 
h, =So«A, =Ao+5i

perform the logic function in blodc 2hh which is logically
s
a
m
e
 as any block 2

h
0
 to 2

h
7
 and generate the next level Hitl. 

hz =
 A
o
*
%
 •Ai =

 Ao +
A
i
 +
S
2

Both A
d
d
]
 [5:0] and Hitl will be passed to the next level.

T
h
e
 timing diagram o

f
 embodiment 200a is s

h
o
w
n
 in FIG.

2b with embodiment 200b. Assume all the Hit or miss signal 45 
-
—
 

—
from TCAM comparison A[i] (A[63:0])which is drawn as 

"
 

° 
1* 2--- 

-i» 
- 

+ i ... + 
-1+^

signal 240 are available in time t,,, the first level hit signal
Hit[7:0] generated by block 2h0 to 2h7 are drawn as 241 

The equation (3) is implemented as embodiment 400 in
which is available at timeti. In the same time A[63:0] are 

FIG. 4. Each line fix>m4y0 to 4y7 connect foe drains of a few
divided into aght group and priority encoded by block 2

^
 to 50 N transistors and each line 4y0 to 4y7 is the output of cfynamic

2p7, generating P[0] to P[63] which are drawn as 244 and 
N
O
R
 logic of N

 transistor connected to that line 
At the

avmlable at time t,. The time delay of generating Ph[7:0] 
beginning of each cycle, the gate input signals 

to 
and

which are drawn as 246 and the time delay of generating. 
to A

,
 of all the N

 transistor fio
m
 401 to 436 are set to logic

BA0[2:0] to BA7[2:0] which are drawn as 245 are roughly 
zero which turn off all the N

 transistors and the enable signal
same and they ̂generated in time tj. So the Binary address 55 en is set to logic zero which makes all foe output of N

A
N
D

Addl[2:0] which are drawn as 248 are selected by Ph[7:0] 
gate 445 to 452 to logic one and then turn all the output of

f
om
 foe 8

 group address BA0[2:0] to BA7[2:0] through an 
inverter 453 to 460 into logic zero. The input pch of the P

eight to one M
l
^
 204 without any further delay except foe 

transistors 437 to 444are set to logic zero and foe P
 transistor

delay of M
U
X
 itself which is 03—12), and the address Addl 

437 to 444 are turned on, which make the line 4y0 to 4y7
[5:3] which are drawn as 247, Addl [2:0] and Add[5:0] which 60 cormecting to Vdd with low impedance and pre-charge the
arc drawn as 249 are available at time tj. 

potential level of line 4y 0 to 4y7 up to Vdd, then the signal pch
So the total delay firom

 A[63:0] available to the output of 
is turned into V

d
d
 and turn off the P

 transistors 437 to 444
brnaiy hit address Addl[5:0] is about three stage delay(pri- 

before the T
C
A
M
 comparison results Aq to A7 anH their

ority 2p0, binary encoding 2eO and 8
 to 1 M

U
X
 204), where 

complementary Sq and S
7
 arrive. The Hit signal among AO to

we call each block(2p0, 2e0 and 204 etc) as one stage. The 65 A
7
 will be logical "one" at potential Vdd and the missed

del^ of Hitl 243 is two stage delay. So foe output of Hitl 
signal among AO to A

7
 will be logical zero at potential

which is available at ta which is one stage earlier than the 
ground. Only the highest priority hit, the output of the N

O
R
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gates are logically high. For example, Ao=0, Ai=0, A2
=
V
d
d

and A3=Vdd, the hi^est priority hit is Aj. The input of N
transistor 4

0
1
 is V

d
d
 a
n
d
 N
 transistor 4

0
1
 is turned o

n
 a
n
d
 the

node 4y0 is discharged to ground. The input of transistor 4
0
2

which is the complementary o
fA
^
 is airo V

d
d
 and the tran- 

s
sistor402 is O

N
,
 the node of 4yl is also discharged to ground.

Since Ao=0, A|=0, A2=Vdd, 1^=0, so the inputs of tran
sistors 404,406,406 are all zero and the transistor 404,405,
406 are all O

F
F
 and the node 4y2 will not be discharged anH

will be kept logically "one" at potential Vdd. Since Aj^Vdd, to
the inputs o

f
 transistors 408,413, 419,426 and 4

3
4
 will be

V
d
d
 and all the node 4y3,4y4,4y5,4y 6

 and 4y7 will be pulled
to groimd no matter if A3, A^, Aj, A^

 and A
7
 are logically one

or zero. The slowest path or worst case is only one input
a
m
o
n
g
 eigjit N

 transistor 429, 430,431,432,433,434,435 15
and 4

3
6
 connected to node 4

y
7
 is V

d
d
 and all the others are

zero, in that case one transistor need to discharge the drain
parasitic capacitance o

f
 eight transistor and the metal wire

capacitance cormected to node 4y7. T
h
e
 signal en is charac

terized to turned to V
d
d
 later then node 4y7 is discharged in 20

worst case. Th
e
 worst case delay of eight input priority encod

ing is that one N
 transistor discharging the drain parasitic

capacitance of eight same size N
 transistor d

o
w
n
 to groimd

plus the delay o
f
 one N

A
N
D
 gate and one inverter.

T
h
e
 logic o

f
 Hit fimction block 2h0,2hl,... 2

h
h
 a
n
d
 3
0
8
 2S

in each level is also same and its logic and circuit are shown
in FIG. 5. The embodiment 510 is the circuit implementation
o
f
 o
n
e
 block 2

h
0
 a
n
d
 the e

m
b
o
d
i
m
e
n
t
 5
2
0
 is the circuit

implementation o
f
 both block 2

0
1
 a
n
d
 block 2

h
h
 in F

I
G
.
 2
a

together. The operation principle o
f5
1
0
 is: 1) all the input A

O
 30

to A
7
 are set to zero as in embodiment 400in FIG. 4.2) Set the

gate input 5
2
2
 of P

 transistor 501 to zero to pre-charge the
n
o
d
e
 5
0
3
 to V

d
d
,
 then turn 5

2
2
 to V

d
d
 a
n
d
 turn o

f
f
 the P

transistor 501 before the signal A
O
 to A

7
 arrive. If all the input

A
O
 to A

7
 are zero, the input o

f
 N
 transistors are zero and all 35

the N
 transistors 5

0
2
 are O

F
F
 and the node 5

0
3
 is kq)t in V

d
d

and the output signal of inverter504 is zero. If only one ir^t
a
m
o
n
g
A
0
t
o
A
7
 is V

d
d
 and all theothraa are zero, which is the

worst case, the delay of 510 is that one N
 transistor discharge

the drain parasidc capacitance of the eight same size N
 tran- 40

sistor d
o
w
n
 to ground plus the delay of one inverter.

T
h
e
 binary encoding logic and circuit is s

h
o
w
n
 as embodi

ment 6
0
0
 in FIG. 6. T

h
e
 operation principle of600 is: 1) all

the input hg, h^, h4 nnd h^ are set zero. 2) Set the gate input 611
o
f
 P
 transistor 601 to zero to pre-charge the node 6

0
3
 to Vdd, 45

t
h
e
n
 turn 6

1
1
 to V

d
d
 a
n
d
 turn ofiF the P

 transistor 6
0
1
 before

the signal hg, hj, 114 and hg arrive. If all the input signal hg, h^,
ll^andhg are zero, the input o

f
N
 transistors are zero and all the

N
 transistors 602 areOFF and the node 603 is kept in V

d
d
 and

the output signal of inverter 604 is zero. If ordy one iiq)ut 50
a
m
o
n
g
 hg, hj, 1X4 and h^ is V

d
d
 and all the others are zero,

which is the worst case, the delay o
f
 6
0
0
 is that o

n
e
 N
 tran

sistor dischar^ng the drain parasitic capacitance o
f
 the ibur

same size N
 transistor d

o
w
n
 to ground plus the delay o

f
 one

inverter. 
55

T
h
e
 M
U
X
 logic a

n
d
 circuit is s

h
o
w
n
 in FIG. 7

 as e
m
b
o
d
i

ment 700. The operation principle of 700 is: 1) the input
signal Phg, Ph,, Fhj, Phj, Ph4, Phs, Ph^ and P

h
,
 are set zero.

2
)
 Set the gate input 705 of P

 transistor 701 to zero to pre-
charge the n

o
d
e
 7
0
3
 to V

d
d
,
 then turn 7

0
5
 to V

d
d
 a
n
d
 turn off 60

the P
 transistor 701 before fte

 signal Phg, Ph
„
 Phj, Phj, Ph^,

Phs, Phg and P
,
 arrive. Since Phg, Ph

„
 Phz, Phj, Ph

^
 Phj, Phg

and Ph7 are fro
m
 Priority encoding, only one signal among

t
h
e
m
 is V

d
d
 a
n
d
 all the other are zero ifthere is h

h
.
 After A

N
D

logic, only one output of the seven A
N
D
 gate 708 is equal to 65

the input value which is the selected bit fie
m
 Bag to Bay. If the

selected bit from Bag to Ba^ is zero, the node 703 is kept V
d
d

and the output o
finverter 7

0
4
 is zero and the selected bit value

zero is passed out. If the selected bit fix>m Bag to Ba^ is Vdd,
one N

 transistor a
m
o
n
g
 eight N

 transistor 7
0
2
 is turned O

N
and the node 703 is discharged down to ground and the output
o
f
 inverter 7

0
4
 is Vdd(logical one) and the selected bit value

V
d
d
 is passed out, which is the worst case, the delay of700 is

one N
 transistor discharging the drainparasitic capacitance of

the eight same size N
 transistor down to ground plus the delay

of orm inverter and one A
N
D
 gate. Usually one A

N
D
 gate

includes one inverter and one N
A
N
D
 gate, so the delay of700

is one N
 transistor discharging the drain parasitic capacitance

of the eight same size N
 transistor down to the ground plus the

delay o
f
 two inverter and one N

A
N
D
 gate.

The entire Priority encoding logic and circuit are simplified
as a

 four basic building block o
f
 400, 510, 6

0
0
 and 7

0
0
 in

FIGS. 4,5,6 and 7. Th
e
 delay o

feach block400,510,600 and
700 are comparable and w

e
 call the time o

f
 d
e
l
^
 of each

block 400,510,600 and 700 one stage. If w
e
 define the delay

of hit logic block 510 as Ta, one inverter delay is T^ and one
N
A
N
D
 gate delay is T„. The delay ofpriority encoding block

4
0
0
 is (T^+T„) siiKe the delay o

f
 block 4

0
0
 is one more

N
A
N
D
 gate delay comparing with block 510. The delay of

block 6
0
0
 is roughly T;^. T

h
e
 delay o

f
 M
U
X
 block 7

0
0
 is

(T;k+T„+Ty). The extra delay of each higher level priority
encoding is a

 M
U
X
 7
0
0
 selection delay because that the Hit

signal in each priority encoding level is generated one stage
earlier than the binary hit address and the selection signal of
the M

U
X
 is already available when the binary address to be

selected arrive and will not suiTer extra delay.
T
h
e
 previous description o

f
 the disclosed embodiments is

provided to enable any person skilled in the art to m
a
k
e
 or use

the present invention. Various modifications to these embodi
ments will be readily apparent to those skilled in the art, and
the generic principles defined herein m

a
y
 be applied to other

embodiments without departing fro
m
 the spirit or scope of the

inventiorL Thus, the present invention is not intendkl to be
limited 

to 
the e

m
b
o
d
i
m
e
n
t
s
 s
h
o
w
n
 
herein 

but is 
to 

b
e

accorded the widest scope consistent with the principles and
n
o
v
e
l
 features disclosed herein.

W
h
a
t
 is c

l
a
i
m
e
d
 is:

1. A
 content address able m

e
m
o
r
y(
C
A
M
)
 and hit ahead

priority encoding(HAPE) logic, comprising:
a group o

f
 blocks which is arranged in colunm and row

,
each block has equal number o

f
 C
A
M
 match signals

which are the irq>ut signals of priority encoding logic,
each block has s

a
m
e
 priority encoding logic of C

A
M

match signals within the block, the C
A
M
 match signals

or input signab are arranged fixrm lower priority to
higher priority or fro

m
 higher priori^ to lower priority,

each C
A
M
 match signals or input si^ial has either hi^

logic level "one" which is called hit or low logic level
"zero" which is called miss, each block generates block
hit when there is at least one C

A
M
 match signal is high

logic "one" within the block or block miss signal when
all the C

A
M
 match signals are in low logic level "zero"

within the block and block binary address signal corre
sponding to the C

A
M
 match signals of highest priority

within the block, a priority encoding logic of block hit or
miss signals of each colunm, each column generates a
colunm hit signal w

h
e
n
 there is at least o

n
e
 block hit

signal within the column or colunm miss signal when
there is only block miss signals within the colunm and
column binary address corresponding to the C

A
M

match signals o
f
 highest priority within the column, a

priority encoding logic o
f
 column hit or miss signals of

a group column, a group ofcolumn generates a hit signal
when there is at least one colunm hit signal within the
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group column or a miss signal w
h
e
n
 there is only column

miss signals within the group column and a group col
u
m
n
 binary address corresponding to die C

A
M
 match

signals of highest priority within the group column.
2. A

 content address able m
e
m
o
r
y
(
C
A
M
)
 and hit ahead

priority encoding(HAPE) logic of claim 1, lurther compris
ing:a

 block multiplexer to select the binary address fio
m
 the

block o
f
 highest priority hit within the colunm as less

significant portion of the column binary address; and
a priority encoding logic of block hit signals to generate the

block multiplexer control signal which select the block
of bluest priority hit within the column, and a binary
address encoding logic of block hit signals to genonte
the more significant portion o

f
 the column highest pri

ority binary address.
3. A

 content address able m
e
m
o
t
y
(
C
A
M
)
 and hit ahead

priority encoding(HAPE) lo^c o
f
 claim 1, wherein each

block comprises:
a
 group of sub-blocks, each sub-block has equal number of 20
input signals, eadi sub-block has priority eiux)dit^ and
binary address encoding logic to generate sub-block
highest priority binary address as well as hit or miss
generating logic to generate sub-block hit or miss signal,
and the sub-block hit or miss signal is generated inde
pendently before sub-block binary address;

a block hit or miss generating logic to generate block hit or
miss signal and block hit or miss signal is generated
independently before the block binary address is gener
ated;

a
 sub-block multiplexer to select the binary arfdress ih>m
the highest priority sub-block within the block as less
significant portion of block binary address; and

a priority encoding logic o
f
 each sub-block hit signals to

generate the control signal of sub-block multiplexer, and
a
 binary address encoding logic o

f
 each sub-block hit

signals to generate the more significant portion o
f
 block

binary address.
4. A

 content addresable m
e
m
o
r
y
(
C
A
N
Q
 and hit ahead

priority encoding(HAPE) logic of claim 3, wherein priority 40
encoding logic, address encoding logic and multiplexer have
tile logic circuit o

f
 s
a
m
e
 structure.

5. A
 content address able m

e
m
o
r
y
(
C
A
M
)
 and hit ahead

priority encoding(HAPE) logic o
f
 claim 4, wherein the hit

generating lo^c, priority encoding logic, address encoding 45
logic and multiplexer iW

e
 dynamic N

O
R
 logic.

6. A
 content address able m

e
m
o
r
y
(
C
A
M
)
 and hit ahead

priority encoding(HAPE) lo^c of claim 2, wherein the signal
o
f
 controlling the multiplexer is generated before or in the

same time that the less significant portion of the highest
priority local address is generated.

7. A
 content addressable m

e
m
o
r
y
 (
C
A
M
)
 a
n
d
 hit ahead

priority encoding (H
A
P
E
)
 logic, comprising:

a
 group o

f
 blocks which are arranged in columns a

n
d
 rows,

each block having an eqtud number o
f
 C
A
M
 match sig

nals which are the input signals o
f
 priority encoding

log}c, each block having a
 same priority encoding lo^c

o
f
 C
A
M
 match signals within the block, the C

A
M
 match

signals or input signals arrangedfrom lower priority to
higher priority orfrom higherpriority to lowerpriority,
each C

4
A
/
 match signal or input signal being either a

high logic level "one which is called hit or a
 low logic

level "zero "
 which is called miss, each block configured

to generate a
 block hit signal w

h
e
n
 there is at least o

n
e

C
A
M
 match signal that is a

 high logic level "one "
 within 65

the block o
r
 a
 block miss signal when all the C

A
M
match

signals are a
 l
o
w
 l
o
p
e
 level "zero "

 within the block a
m
i

2
5

3
0

3
5

5
0

5
5

6
0

8
a
 block binary address signal corresponding to the C

A
M

match signals o
fhighest priority within the block;

a
 priority encoding logic ofblockhit or miss signals ofeach
column, each column configured to generate a

 column
hit signal when there is at least one block kit sigpal
within the column or a

 column miss sigrml when there
are only block miss signals within the column a

n
d
 a

column binary address corresponding to the C
A
M

match signals o
f
 highest priority within the column; an

d
a
 priority encoding logic o

f
 column hit or miss signals o

f
 a

group column, the group column configured to generate
a
 hit signal when there is at least one column hit signal

within the group column or a
 miss signal when there are

only column miss signals within the group column a
n
d
 a

group column binary address corresponding to the C
A
M

match signals o
f
 highest priority within the group col

u
m
n
.

8. The content addressable m
e
m
o
r
y
 (
C
A
M
)
 an
d
 hit ahead

priority encoding (H
A
P
E
)
 logic o

f
 claim 7, further compris

ing:a
 block multiplexer configured to select a

 binary address
from the block having the highest priority hit within the
column as a

 less sigpificantportion of the column binary
address,

the priority encoding logic of block hit signals being con
figured to generate a

 blockmultiplexer control signal for
selecting the block having the highest priority hit within
the c

o
l
u
m
n
;
 a
n
d

a
 binary address encoding logic o

f
 block hit signals con

figured to generate a
 more sigpificant portion o

f
 the

column binary address.
9. The content addressable memory (

C
A
M
)
 and hit ahead

priority encoding (
H
A
P
E
)
 logic o

f
 claim 7, wherein each

block comprises:
a
 group of sub-blocks, each sub-block having an equal
number o

f
 input signals, each sub-block having priority

encoding and binary address encoding logic configured
to generate a

 sub-block highest priority binary address
as well as hit or miss generating logic mnfigured to
generate a

 sub-block hit o
r
 miss signal, the sub-block hit

or miss signal being generated independently before the
sub-block binary address;

a
 block hit or miss generating logic configured to generate
a
 block hit or miss signal, the block hit or miss signal

being generated independently before the block birmry
address is generated;

a
 sub-block multiplexer conf^red to select a

 binary
address f

r
o
m
 a
 highest priority sub-block within the

block as a
 less sigpificant portion o

f
 the block binary

address; a
n
d

a
 priority encoding logic o

f
 each sub-block hit signals

configured to generate a
 control signal o

f
 the sub-block

multi^exer; a
n
d

a
 binary address encoding logic o

f
 the sub-block hit signals

configured to generate a
 more sigpificant portion o

f
 the

block binary address.
10. The content addressable m

e
m
o
r
y
 (C
A
M
)
 an
d
 hit ahead

priority encoding (
H
A
P
E
)
 logic o

fclaim 9, wherein the pri
ority encoding logic, the address encoding logic, and the
multiplexer have logic circuitry o

f
 the s

a
m
e
 structure.

11. The content addressable m
e
m
o
r
y
 (C
A
M
)
 an
d
 hit ahead

priority encoding (
H
A
P
E
)
 logic o

fc
U
u
m
 10, wherein the hit

generating logic, the priority encoding logic, the address
encoding logic, and the multiplexer have dynamic N

O
R
 logic.

12. The content addressable m
e
m
o
r
y
 (C
A
M
)
 an
d
 hit ahead

priority encoding (H
A
P
E
)
 logic o

f
 claim 8, wherein a

 signal
for controlling the multiplexer is generated before or at the
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s
a
m
e
 time that the less significant portion o

f
 the highest

priority local address is generated
13. A

 content addressalde m
e
m
o
r
y
 

system, c
o
m

prising:
one or more columns comprising a

 plurality o
f
 circuit

segpients, at least one o
f
 the circuit segments conj^pred

to g/enerate a
 first circuit segment outpta b^ed on

whether at least one o
f
 a
 plurality o

f
 circuit segment

inputs received by the at least one o
f
 the circuit segments

corresponds to a
 first logic level,

at least one o
f
 the one or more columns configured to

generatefirst address information based o
n
 a
 selected

one o
f
 the first circuit segpient outputs that corresponds

to a
 second logic level, to set a

 node to a
 third logic level

in response to afirst irrput sigyud, and to subsequerttly
change the node to a

 fourth logic level in response to one
or more o

f
 a plurality o

f
 second input signals.

14. The C
A
M
 system ofclaim 13, wherein the first circuit

segment output represerrts circuit segmera hit informatiotL
15. The C

A
M
 system o

f
 claim 13, wherein the at least o

n
e

o
f
 the plurality of circuit segment inputs represents match

information.
16. The C

A
M
 system o

f
 claim 13, wherein the selected o

n
e

ofthe first circuit segment outputs is a
 highest priority one of

the first circuit segnent outputs that corresponds to the sec
o
n
d
 logic level

17. The C
A
M
 system o

f
 claim 13, wherein:

the one or more columns are a
 plurality o

f
 columns, and

the plurality o
fcircuit segments are arranged in the plu

rality o
f
 columns a

n
d
 a
 plurality o

f
 rows.

18. The C
A
M
 system o

f
 claim 13, wherein:

the one or more columns are a
 group o

f
 columns;

each column in the group configured to generate a
 column

output based o
n
 the first circuit segment output o

f
 the at

least one o
f
 the circuit segments; a

n
d

the group configured to generate second address informa
tion based on a

 selected one of the column outputs that
corresponds to a

 fifth logic level
19. The C

A
M
 system o

f
 claim 13, wherein:

the at least one of the one or more columns is configured to
pre-charge the node in respottse to the first input signal;
a
n
d

the at least one o
f
 the one or more columns is configured to

subsequently discharge the node in response to the one
or more o

f
 the plurality ofsecond input signals.

20. The C
A
M
 system o

f
 claim 13, wherein the first input

signal is configurable independently o
f
 the one or more o

f
 the

plurality o
f
 second input sigials.

21. The C
A
M
 system o

f
 claim 13, wherein thefirst logc

level and the second logic level are the same logic level.
22. The C

A
M
 system o

f
 claim 13, wherein the one o

r
 more

columns comprise:
a
 first logic circuit configured to generate a

 first logic
circuit output based on the selected one ofthefirst circuit
segment outputs that corresponds to the second logic
level;

a
 second logic circuit configured to generate a

 second logc
circuit output based on whether the first circuit segment
output corresponds to the second l

o
g
c
 level; a

n
d

a
 third logic circuit configured to generate the first address
information based on the selected one o

f
 the first circuit

segment outputs that corresponds to the second logic
level.

23. The CAMsystem ofclaim 22, wherein at least one of
 the

first logic circuit, the second logic circuit, and the third logic 65
circuit is configured to set the node to the third logic level in
response to the first input signal, a

m
i
 to subsequently change

2
0

2
5

3
0

3
5

4
0

4
5

5
0

5
5

6
0

1
0

the node to the fourth logic level in response to the one or
more o

f
 the phavdity o

f
 secottd input signals.

24. The C
A
M
 system cffJaim 22, wherein:

the at least one of the circuit segments is configured to
generate a

 second circuit segment output representing
second address information; a

n
d

the one or more columns fttrther comprise:
a
 fourth logic circuit configured to select one of the
second circuit segment outputs as a

 less significant
portion ofthe first address information; a

n
d

a
 fifth l

o
^
 circuit corfigured to generate a

 more sig
nificant potion o

f
 thefirst address information.

25. The C
A
M
system ofclaim 24, wherein at least one ofthe

firtuth logic circuit attd the fifth Itrgic circuit is configured to
set the ttode to the third logic level in response to the first input
signal, a

m
i
 to subsequently change the node to the fourth

logic level in response to the one or more of the plurality of
second irqrut sig^uzls.

26. The conterrt addressable memory (
C
A
M
)
 system o

f
claim 24, wherein the one or more colmins are each config
ured to generate a

 control input for the third logic circuit
before or at the same time when the second circuit segpient
output b

 generated
27. The corrtent addressable memory (

C
A
M
)
 system o

f
claim 2

2
,
 wherein:

the plurality o
f
 circuit segment inputs is divided into a

plurality o
f
 subsets o

f
 the circuit segment inputs; and

the first logic circuit comprises:
a
 plurality o

f
 fourth logic circuits each configured to

generate a
 fourth logic circuit output based o

n
whether at least one o

f
 a corresponding subset o

f
 the

circuit segment inpub corresponds to the first logic
level; a

n
d

a
 fifth logic circuit cotfigured to generate thefirst circuit
segment output based o

n
 whether at least one o

f
 the

fourth logic circuit outputs corresponds to the first
logic level.

28. The C
A
M
 system o

f
 claim 27, wherein:

at least one o
fthe fourth logic circuit and the fifth logic

circuit b
 configuredto set the node to the third logic level

in response to the first input signal, a
n
d
 to subsequently

change the node to thefourth logic level in response to
the one or more o

f
 the plurality o

f
 second input sigpals;

a
n
d

thefourth logic circuit output is an input to the fifth logic
c
i
r
c
u
i
t
.

29. A
 content addressable memory (

C
A
M
)
 system, c

o
m
-

p
r
b
i
n
g
:

a
 circuit segment corfigured to generate a

 circuit segment
output based on whether at least one o

fa
 plurality o

f
circuit segment inpub received by the circuit segptent
corresponds to afirst logic level,

the circuit segment configured to set a
 node to a

 second
logic level in response to cm input signal, a

n
d
 to subse

quently change the node to a
 third logc level in response

to the plurality o
f
 circuit segment inputs,

the circuit segment output correspondingto said third logic
level.

30. The C
A
M
system o

f
 claim 29, wherein at least one o

f
 the

plurality o
f
 circuit segment inpub corresporub to a

 match line
output.
31. The C

A
M
 system o

f
 claim 29, wherein the circuit seg

ment output represents circuit segment hit information.
32. Ihe C

A
M
 system o

f
 claim 29, wherein at least one o

f
 the

plurality o
f
 circuit segment inputs represents match informa

t
i
o
n
.
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S
R
E
4
5
,
2
5
9
E

1
1
 

1
2

33. The C
A
M
 system o

f
 claim 29, wherein:

the circuit segment is configured to pre-charge the node in
response to the input signal; a

n
d

the circuit segment is configured to subsequently discharge
the node in response to the plurality o

f
 circuit segment 

5
inputs.

34. The C
A
M
 system o

f
 claim 29, wherein the input signal

is configurable independently ofthe plurality ofcircuit seg
m
e
n
t
 inputs.

35. The C
A
M
 system of claim 29, wherein the first logic 10

level and the third logfc level are the same logic level.
36. The C

A
M
 system o

f
 claim 29, wherein the circuit seg

ment is a
 first circuit segment, a

n
d
 fitrther comprising a

second circuit segment configured to generate address infor
mation based o

n
 the circuit segment output. 

is
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E
x
h
i
b
i
t
 X
I

PlaintifFs infringement analysis

prior to file c
o
m
p
l
a
i
n
t
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Based o
n
 the information in Exhibit 1

 a
n
d
 public information T

e
t
r
a
M
e
m
 has

developed the multi-level resistance state resistor storage element and designed

e
m
b
e
d
d
e
d
 R
R
A
M
 I
P
 offering to sell, T

e
t
r
a
M
e
m
'
s
 R
R
A
M
 
h
a
s
 read the claim 2

9
 of

U
S
 p
a
t
e
n
t
 R
E
4
5
2
5
9
.

In the year of 2000 the C
E
O
 of TetraMem introduced their R

R
A
M
 (
R
e
R
A
M
)

with multi-state resistance value resistor storage element. Multi-state resistance

value resistor storage is not something n
e
w
,
 the C

E
O
 of T

e
t
r
a
M
e
m
 told m

e
 that

their multi-state resistance value resistor storage element has the best quality and

linearity. T
h
e
 C
E
O
 of TetraMem introduced to m

e
 their R

R
A
M
 circuit design 

and

the use of A
D
C
 (
 analog to digital circuit design) to read the multi-level resistance

value of the resistor. The C
E
O
 of TetraMem told m

e
 that TetraMem has very good

A
D
C
 and m

e
m
o
r
y
 read circuit design capability, they have designed, the test chip

w
i
t
h
 their multi-level resistance value resistor a

n
d
 A
D
C
.
 T
h
e
 C
E
O
 o
f
 T
e
t
r
a
M
e
m

s
h
o
w
e
d
 m
e
 their test chip m

a
n
u
f
a
c
t
u
r
e
d
 a
n
d
 t
h
e
 m
e
a
s
u
r
e
m
e
n
t
 result.

T
h
e
 following Figurel is the basic of R

R
A
M
 (
 Re
R
A
M
)
 which is a

n
 m
e
m
o
r
y

with the different states of the resistor to store the binary data. Figure 1(a) shows

t
h
e
 structure of t

h
e
 resistor, it is a

n
 isolator material s

a
n
d
w
i
c
h
e
d
 w
i
t
h
 t
w
o
 m
e
t
a
l

electrodes, s
o
m
e
 special isolate material a

n
d
 s
o
m
e
 special metal electrode can m

a
k
e

t
h
e
 resistor to conduct with different resistance values, the value of t

h
e
 resistor c

a
n

be used to record and store the data and information. This is the basic principle of

resistance r
a
n
d
o
m
 accessible m

e
m
o
r
y
 (R
R
A
M
)
.
 Figure 1(b) is the resistance state

transfer diagram curve w
h
e
n
 applying current and voltage to the resistor. Figure

1(c) is the t
w
o
 resistance value of the t

w
o
 state-value resistor. Figure 1(d) is the

three resistance value in the multi-state-value resistor of T
e
t
r
a
M
e
m
 in Exhibit 2.

Figure 2
 is the array of resistance m

e
m
o
r
y
 schematic (R

R
A
M
)
.

Figure 3
 s
h
o
w
s
 the m

a
j
o
r
 part of read circuit of R

R
A
M
 with multi-state

resistance value of resistor storage e
l
e
m
e
n
t
 in T

r
t
r
a
R
a
m
.
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R
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M

s
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F
igure 1 (a) structure of the R

esistor
F

igure 1 (b) characteristics 
of the R

esistor

F
ig

u
re

 1 (c) tw
o 

resistance value of

th
e

 tw
o

 le
ve

l R
e

sisto
r

u
 4

1
4

 0

H
m

o M

5
0

0

T
a

n
e

W
1.000

F
igure 1 (d) three resistance value of

th
e

 m
u

lti-le
ve

l R
e

sisto
r o

f T
e

tra
M

e
m

 
in

 E
x
h

ib
it 2

Figure 1. The S
tructure, characteristics and values of the R

esistor storage

elem
ent used in

 the R
R

A
M

 (R
eR

A
M

)
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B
L
 l
e
y

w
l
i
^

-

•
 _ 
B
L
 l
e
y
 +

W
L
 l
e
y
 +
 k

B
L
 1
^
 4- 1

5

W
L
 1
^
'
t
-
 1
5

-
f
-

—
 H

^ B
L
 switch

•
¥

S
L
 

NeofOfNv
switch 

*) ̂

Figure 2
 (a
)
 
R
e
R
A
M
 array

B
L
m

B
L
l

W
o
r
d
 l
i
n
c
(
W
L
)
 0

J
V
W

W
o
r
d
 llne(WL) 1

W
o
r
d
 l
i
n
e
(
W
L
)
 N
.

•
 •
•

J
W
—
^

Bit ilne(BL) M

•
 •
•

•
 •
•

B
L
O

JVW—^

•
 •
•

Bitllne(BLl

JVW—^

#
•
1

_MV 
^

Bit l
i
n
c
(
B
L
O

S
o
u
r
c
e
 Ime(SL) M

S
o
u
r
c
e
 line(SL) 1

Source line(SL)0

F
i
g
u
r
e
 2. 

R
R
A
M
 (
R
e
R
A
M
)
 array of M

 c
o
l
u
m
n
 a
n
d
 N
 r
o
w
,
 t
h
e
 N
 c
o
l
u
m
n
 bit line a

n
d

source line to r
e
a
d
 a
n
d
 write t

h
e
 d
a
t
a
 stored i

n
 the resistors, N

 r
o
w
 w
o
r
d
 line to enable

r
e
a
d
i
n
g
 a
n
d
 writing o

f
 t
h
e
 d
a
t
a
 stored i

n
 t
h
e
 resistors.
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W
L
l
 
,,

w
L
o
—
[
r
 

-
^
1

•
 •

WLm 
II

V
d
d

I
 C
)

R
O

V
a
l

R
=
R
1
 o
r
 R
2
,
 
R
1
<
R
2
,
 

R
0
=
(
R
l
+
R
2
)
/
2

V
x

R
e
n

o
u
t
p
u
t

F
i
g
u
r
e
 3
 T
h
e
 r
e
a
d
 circuit o

f
 R
R
A
M
 o
f
 T
e
t
r
a
M
e
m

□

Figure 3 is the circuit of reading one colum
n in the RRAM

( ReRAM
 ) in Figure

2, it was turned w
ith 90 degree. The left side of the dot line is the reading circuit

of the R
R

A
M

(R
eR

A
M

) used in the available R
R

A
M

. 
For R

R
A

M
 of resistors w

ith
tw

o level resistance usually use an am
plifier on the right side of the vertical dot

line. B
ut for the TetraM

em
's R

R
AM

 ( R
eR

AM
) using m

ulti-level resistance of
resistors an AD

C
 ( analog signal to digital signal converter) is used.

W
hen starting reading,

Step 1: 
S

w
itch read enable signal "R

en" signal to V-read, the N
 transistor

controlled by ^Tlen" signal is O
n, the node Vx is set to voltage Vo through the N

transistor, RO
, and tw

o current source I.

Step2 
If read the data controlled by W

LO
, sim

ultaneously sw
itch W

LO
 from

low
 voltage to high voltage and sw

itch Ren from
 high voltage to low

 voltage, the
transistor of W

LO
 is O

N
 and transistor of R

en is O
F

R
 in

 the R
R

A
M

 w
ith

 tw
o

level resistance of the resistor storage elem
ent, the voltage of Vx w

ill change to
V

I or V2 w
hich corresponds to the resistance state of the resistor storage elem

ent
connected to the transistor controlled by W

LO, in the R
R

AM
 having m

ulti-level
resistance of resistor storage elem

ent, the voltage of Vx w
ill change to one of V

I,
V2, V3 

w
hich corresponds to the resistance state of the resistor storage

elem
ent controlled by W

LO, each bit voltage of ADC's output reflects the value of
Vx w

hich corresponds to the inform
ation of the resistance value being read.
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C
l
a
i
m
 chart o

f
 C
l
a
i
m
 2
9
 of U

S
 P
a
t
e
n
t
 R
E
4
5
2
5
9
 r
e
a
d
 "
 Th
e
 r
e
a
d
 circuit of

R
R
A
M
 of T

e
t
r
a
M
e
m
 "
 of Figure 1.

c
l
a
i
m

A
c
c
u
s
e
d
 d
e
v
i
c
e
:
 K
R
A
M
 I
P
 w
h
i
c
h
 T
e
t
r
a
M
e
m
 h
a
s
 b
e
e
n

developing a
n
d
 offering to sell. R

R
A
M
 I
P
 w
h
i
c
h

T
e
t
r
a
M
e
m
 h
a
v
e
 the read circuit s

h
o
w
n
 in Figure 3

C
l
a
i
m
 2
9
 o
/
U
S
 patent

R
E
4
5
2
5
9

T
h
i
s
 c
l
a
i
m
 2
9
 r
e
a
d
s
 o
n
 s
c
h
e
m
a
t
i
c
 o
f
 "t
h
e
 r
e
a
d
 circuit

o
f
 R
R
A
M
 o
f
 T
e
t
r
a
M
e
m
*
*
 i
n
F
I
G
.
3

A
 c
o
n
t
e
n
t
 a
d
d
r
e
s
s
a
b
l
e

m
e
m
o
r
y
 (
C
A
M
)
 sy
s
t
e
m
,

comprising:

T
h
i
s
 is p

r
e
a
m
b
l
e

(
1
)
 a
 circuit s

e
g
m
e
n
t

configured to generate a

circuit s
e
g
m
e
n
t
 o
u
t
p
u
t

b
a
s
e
d
 o
n
 w
h
e
t
h
e
r
 a
t

least o
n
e
 of a

 plurahty

o
f
 circuit s

e
g
m
e
n
t

i
n
p
u
t
s
 received b

y
 t
h
e

circuit s
e
g
m
e
n
t

corresponds to a
 first

logic level.

T
h
e
 r
e
a
d
 operation o

f
 R
R
A
M
 o
f
 T
e
t
r
a
M
e
m
 in

Figure 3
 is explained in p

a
g
e
 5, cited a

s
 follows:

Step 1: 
Switch read enable signal "Ren** signal to

V-read, the N
 transistor controlled b

y
 "
R
e
n
"
 {dgnal

is O
n
,
 the n

o
d
e
 V
x
 is set t

o
 voltage V

o
 through the

N
 transistor, R

O
,
 a
n
d
 t
w
o
 c
u
r
r
e
n
t
 s
o
u
r
c
e
 I.

S
t
e
p
2
 
If read the data controlled b

y
 W
L
O
,

simultaneously switch W
L
O
 f
r
o
m
 low voltage to high

voltage a
n
d
 switch R

e
n
 f
r
o
m
 high voltage to l

o
w

voltage, t
h
e
 transistor o

f
 W
L
O
 is O

N
 a
n
d
 transistor

of R
e
n
 is O

F
F
:
 in the R

R
A
M
 having multi-level

resistance of resistor storage element, the voltage of
V
x
 w
i
U
 c
h
a
n
g
e
 to o

n
e
 of V

I
,
 V
2
,
 V
3
 

w
h
i
c
h

c
o
r
r
e
s
p
o
n
d
s
 t
o
 t
h
e
 resistance state o

f
 t
h
e
 resistor

storage element controlled b
y
 W
L
O
,
 each bit voltage

of A
D
C
'
s
 o
u
t
p
u
t
 reflects t

h
e
 value of V

x
 w
h
i
c
h

c
o
r
r
e
s
p
o
n
d
s
 t
o
 t
h
e
 i
n
f
o
r
m
a
t
i
o
n
 o
f
 t
h
e
 resistance

v
a
l
u
e
 b
e
i
n
g
 r
e
a
d
.

This claim section read the schematic in Figure 3

because the generating output of t
h
e
 r
e
a
d
 circuit is
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based o
n
 at least one of W

L
O
,
 WLl,...., W

L
m
 change

its voltage level fir
o
m
 l
o
w
 to high 

a
n
d
 switch o

n
 the

c
o
n
t
r
o
l
l
e
d
 t
r
a
n
s
i
s
t
o
r
 a
n
d
 r
e
a
d
 t
h
e
 c
o
n
n
e
c
t
e
d

(
 controlled) resistance a

n
d
 generate the output

voltage.

(
2
)
 th
e
 circuit s

e
g
m
e
n
t

configured t
o
 set a

 n
o
d
e

to a
 s
e
c
o
n
d
 logic level i

n

r
e
s
p
o
n
s
e
 t
o
 a
n
 i
n
p
u
t

signal, a
n
d

(
2
)
 

T
h
e
 r
e
a
d
 operation of R

R
A
M
 of T

e
t
r
a
M
e
m
 in

Figure 3
 is explained in p

a
g
e
 5, cited a

s
 follows:

Step 1: 
Switch read enable signal "

R
e
n
"
 signal to

V-read, the N
 transistor controlled b

y
 "
R
e
n
"
 signal

is O
n
,
 the n

o
d
e
 V
x
 is set t

o
 voltage V

o
 through the

N
 transistor, R

O
,
 a
n
d
 t
w
o
 c
u
r
r
e
n
t
 source I.

T
h
i
s
 section c

l
a
i
m
 r
e
a
d
 t
h
e
 R
R
A
M
 o
f
 T
e
t
r
a
M
e
m
 i
n

Figure 3, voltage of n
o
d
e
 V
x
 is set based o

n
 t
h
e

i
n
p
u
t
 voltage o

f
 R
e
n
.

(
3
)
 to s

u
b
s
e
q
u
e
n
t
l
y

c
h
a
n
g
e
 t
h
e
 n
o
d
e
 to a

third logic level in

r
e
s
p
o
n
s
e
 to t

h
e
 plurality

of circuit s
e
g
m
e
n
t

inputs, t
h
e
 circuit

s
e
g
m
e
n
t
 o
u
t
p
u
t

corresponding to said

third logic l
e
v
e
l

(
3
)
 T
h
i
s
 section claim r

e
a
d
 step 2.

after (in step 1
)
 node V

x
 
w
a
s
 set to voltage V

o
 b
y

R
e
n
,
 subsequently simultaneously switch W

L
O
 fir

o
m

l
o
w
 voltage to h

i
g
h
 voltage a

n
d
 switch R

e
n
 fir

o
m

high voltage to l
o
w
 voltage, t

h
e
 transistor of W

L
O
 is

O
N
 a
n
d
 t
r
a
n
s
i
s
t
o
r
 o
f
 R
e
n
 i
s
 O
F
F
:
 i
n
 t
h
e
 R
R
A
M

having multi-level resistance of resistor storage
element, the voltage of V

x
 will c

h
a
n
g
e
 to o

n
e
 of V

I
,

V
2
,
 V
3
 

w
h
i
c
h
 corresponds to t

h
e
 resistance

state of the resistor storage element controlled b
y

W
L
O
,
 ea
c
h
 bit voltage of A

D
C
'
s
 output reflects the

value of V
x
 w
h
i
c
h
 corresponds to t

h
e
 information of

t
h
e
 resistance value being read.
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E
x
h
i
b
i
t
 1

Plaintiff's k
n
o
w
l
e
d
g
e
 a
n
d
 effort to discussion

prior to c
o
m
p
l
a
i
n
t
 a
s
 well a

s
 t
h
e
 information o

f

T
e
t
r
a
M
e
m
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Around February 1,2020,1 w
a
s
 referred by s

o
m
e
 one to meet Dr. Glenn (Ning )

Ge, the C
E
O
 of TetraMem,Inc. at TetraMem's office. Dr. Glenn G

e
 explained the

patented R
R
A
M
 technology which T

e
t
r
a
M
e
m
 used. Comparing with the two

resistance level of storage resistor, one level is at low resistance storing "state 1'*

a
n
d
 the other level is at high resistance storing "state 0", used in the R

R
A
M
 in the

Market, T
h
e
 storage resistor used in the TetraMem's R

M
A
M
 can be programed to

multi-resistance levels storing multi-states data rather than only "state 0" and

"state l** through appljdng different voltage a
n
d
 current o

n
 it, which is more

suitable to be used in the A
I
 or in m

e
m
o
r
y
 computing. Multi-state resistance value

resistor storage is not something n
e
w
,
 the C

E
O
 of T

e
t
r
a
M
e
m
 told m

e
 that their

multi-state resistance value resistor storage element has the best quahty and

linearity. T
h
e
 C
E
O
 of TetraMem introduced to m

e
 their R

R
A
M
 circuit design and

the use of A
D
C
 (
 analog to digital circmt design) to read the multi-level resistance

value of the resistor. T
h
e
 C
E
O
 of TetraMem told m

e
 that TetraMem has very good

A
D
C
 and memory read circuit design capability, they have designed, the test chip

with their multi-level resistance value resistor a
n
d
 A
D
C
.
 T
h
e
 C
E
O
 of T

e
t
r
a
M
e
m

s
h
o
w
e
d
 m
e
 their test chip manufactured a

n
d
 the m

e
a
s
u
r
e
m
e
n
t
 result.

Dr. G
e
 said that his company has more value because his company is not only a

resistor m
e
m
o
r
y
 company, his company is also a

 chip company with circuit and logic

designers and design capability. I said to Dr. Glenn G
e
 that the imique

competitive value of his c
o
m
p
a
n
y
 as a

 start-up is its patented multi-level resistance

o
f
 storage resistor.

O
n
 September 9, 2

0
2
3
1
 sent the following message through Linkedln network

to G
l
e
n
n
 (
N
i
n
g
)
 G
e
,
 t
h
e
 C
E
O
 of T

e
t
r
a
R
a
m
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L
i
n
k
e
d
i
n
 M
e
m
b
e
r
 
2
n
d

S
E
P
 9

Paul H
u
a
n
g
 •
 9:44 P'v!

H
i
 D
r
.
 G
e
,

H
o
w
 are you. i a

m
 writing to you to notify that 1 found

that your c
o
m
p
a
n
y
 product R

E
R
A
M
 read the claim 2

9

o
f
 U
S
 patent N

o
.
 R
E
4
5
2
5
9
 which is attached here. T

h
e

detail analysis would be provided upon you Intend to

resolve the disputes out of the Court, looking forward
to hearing from you. m

y
 email address is; paul-

h
u
a
n
g
0
3
@
o
u
t
l
o
o
k
.
c
o
m

Best Regards

Paul H
u
a
n
g

R
E
4
5
2
5
9
.
p
d
f

7
3
8
 K
B

S
E
P
 1
0

L
i
n
k
e
d
i
n
 M
e
m
b
e
r
 •
 10:25 p

m

I don't k
n
o
w
 w
h
y
 you bring u

p
 this, but 1) W

e
 even

don't have a production yef 2) Our technology is not
related to your claim, esp. claim 2

9
 of C

A
M

O
n
 September 10 , Glenn(Nmg) G

e
 C
E
O
 of TetraRam replied m

e
 the above

m
e
s
s
a
g
e
 t
h
r
o
u
g
h
 L
i
n
k
e
d
i
n
 n
e
t
w
o
r
k

In the s
a
m
e
 time he dragged m

e
 into black n

a
m
e
 list a

n
d
 I can not see his n

a
m
e

a
n
d
 c
a
n
 only v

i
e
w
 h
i
m
 a
s
 L
i
n
k
e
d
L
n
 M
e
m
b
e
r

O
n
 September 21, 2023 I called Ning Ge, he did not answer m

y
 call.

Case 5:24-cv-07181-VKD   Document 1   Filed 10/15/24   Page 36 of 66



O
n
 September 21,1 sent N

i
n
g
 G
e
 a
 text message: "

 H
i
 Dr.Ge, M

a
y
 w
e
 m
e
e
t
 in

person a
n
d
 chat. T

h
a
n
k
 Y
o
u
.
 Paul". H

e
 did not reply.

O
n
 October 11,2023 

I sent M
r
.
 Ning (

 Glen) G
e
 a
 text message in Chinese :

H
i
 D
r
,
 G
e
,
 Three years ago W

e
 m
e
t
 each other ,

 at that time I
 said to you:" the

m
o
s
t
 value technology of your c

o
m
p
a
n
y
 is the technology of resistor your c

o
m
p
a
n
y

developed, the other stuff such as phase lock loop a
n
d
 analog to digital converter

design etc. can he purchased or developed through hiring regular engineers." I said

this to y
o
u
 with very good wishes. M

a
y
b
e
 "
 se
s
a
m
e
 o
p
e
n
 the dooP' is valuable at

special place a
n
d
 m
o
m
e
n
t
.

D
r
.
 G
e
 stiQ did not reply m

y
 request.

T
h
e
 following content is the p

u
b
h
c
 release o

n
 the R

R
A
M
 information, offering

a
n
d
 joint d

e
v
e
l
o
p
m
e
n
t
 offering.
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T
e
t
r
a
M
e
m
 a
n
d
 S
y
n
o
p
s
y
s
 Collaborate to Accelerate

Development of Groundbreaking AI Accelerator Chips with
Analog I

n
-
M
e
m
o
r
y
 C
o
m
p
u
t
i
n
g

"
 TetraMem's analog-RRAM-based in-memory computing technology, Inspired by the
human brain, changes the paradigm of how AI computations are performed, launching
new possibilities for AI everywhere. Designing for a radically different system requires
reliable, robust, and flexible engineering tools and collaboration across global working
sites. Synopsys Cloud has played a pivotal role in helping us accomplish our mission by
providing seamless access to a highly secure and complete S

o
C
 design environment.

With scalable access to E
D
A
 software, pre-configured end-to-end flows, and

infrastructure resources, w
e
 can tape out quickly and efficiently."

~
D
r
.
 Glenn (

N
i
n
g
)
 G
e
,
 C
E
O
 &
 Cofounder, T

e
t
r
a
M
e
m
 Inc.

R
e
a
d
 the full S

u
c
c
e
s
s
 Story a

t

https://www.synopsys.com/content/dam/synopsys/cloud/success-story/tetramem-
s
u
c
c
e
s
s
-
s
t
o
r
y
.
p
d
fc
s
y
n
o
p
s
y
s

S
y
n
o
p
s
y
s
 a
n
d
 T
e
t
r
a
M
e
m

OtS-;ir.:nw.t cf a Novel Analog in-Memory C
o
m
p
u
t
e
 A! AcceJeratof

S
;
C
 J
5
 

C
c
j
3

r

TetraMem x anahgUL-VH based in memory campttling technology-, inspired by
the human brain, changes the paradigm ofhow M

 comptiiuiionx are perfornieil.
launching newposxibiliiies forAI everyw here. f)esigning for a radically different
system requires reliable, robust, a

n
d
 flexible engineering tools undcallahoration

across global w orking sites. Synopsys Cloud luis played a ph otui r ule in helping
us accomplish our mission by providing seamless access to a highly seaire and
complete SoC design environment. With scalable access to EPA softw are,
pre-cvnflgured ertd-to-end flows, and in/rasfruc/ure rr.vources. we can tape out
quickly a

n
d
 efliciently "

-C'' 
;N'rg; 

t
t
O
 i
 Cc'ojicw, letrjI/CTi Ir^
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(
iTetraMeirCs analog-RRAM-based in-memoiy computing technology, inspired by
the human brain, changes the paradigm ofhowAl computations are performed,
launching new possibilities for AI everywhere. Designing for a radically different
system requires reliable, robust, and flexible engineering tools and collaboration
across global working sites. Synopsys Cloud has played a

 pivotal role in helping
us accomplish our mission by providing seamless access to a

 highly secure and
complete SoC design environment. With scalable access to E

D
A
 softivare,

pre-configured end-to-end flows, and infrastructure resources, w
e
 can tape out

quickly a
n
d
 efficiently.

~Dr. Glenn (
N
i
n
g
)
 Ge, C

E
O
 &
 Cofounder, T

e
t
r
a
M
e
m
 Inc.

T
e
t
r
a
A
A
e
m

B
u
s
i
n
e
s
s
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Exhibit^

T
h
e
 public information claimed b

y
T
e
t
r
a
M
e
m
 about T

e
t
r
a
M
e
m
 
a
n
d
 its products
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D
r
.
 G
l
e
n
n
 N
i
n
g
G
e
,
 C
E
O

RscenI 
bruldtvoughs 

ai 
d*ti 

and

algorilhtns have >
^
e
d
 transtormition h

die 
Ai 

computing 
h
a
d
n
a
r
e
 

reakn

bfinging tsvohitions to vaiious M
u
s
t
r
i
a
s

H
e
a
l
t
h
c
a
r
e
,
 a
u
t
o
n
o
m
o
u
s
 v
e
M
d
e
s
.
 v
n
a
i
t

dhes. and cybeiseoaiy Musties a
e

whteV embracing these innovatons. but

not wlOieui ilieir s
h
w
e
 of cftalaigei

A
a
 Di G

l
e
m
 N
n
g
 G
e
 C
E
O
 ot TelraUem

says *Relyng on tradKonaf compudng

mcdndoiogies 
invoivmg 

separata

processing 
a
n
d
 
m
e
m
o
r
y
 
laiit laedi to

•no Neumann botltenedts and memory

urals. 
ntiere 

the 
system 

spends

siyidir eif taoe and enefgy moving data

(or 
the 

matrix-based 
deep-teaming

sppScalions 
T
h
e
 

issue 
is 

further

aggravated by the stage bi d
a
t
a
<
e
n
M
c

applications, which c
a
n
 resuH in reducod

c
o
m
p
u
t
a
t
i
e
n
 r
a
p
a
t
i
B
i
e
s
 •

AI 
models 

particularlY 
deep 

naiaal

nataoifcs leqiae massife con^utadone

p
o
w
a
 
lot 

vecier-maix 
rauM^icalian

TetiaMem hgrains al these taalures into

to
 
sude 

ol 
soUiens. 

comprising 
an

analog 
In-memary 

congwling 
chip. IP

and cusioniizabie design solutions, and

s
o
t
w
a
a
 loodul and support This analog

kt-memory computing chip b
 designed to

accclerale AI atgcrihms 
pardcadarty for

e
d
g
e
 devicts Given ds atchtocSure. toe

chipsal 
consunes 

signiScandy 
lass

ptmer and 
provides faster 

procassetg

times 
Currcntiy 

d
e
i
v
w
e
d
 

as 
toa

T
a
d
a
M
i
m
d
 
MXtOO 

S
o
C
 
fsyslem 

otv

chip), an 
evaiualion 

U
 
desiyted 

for

c
u
s
t
o
m
e
r
s
 
to 

lest 
I
s
 
capabSlies. 

the

chipstt 
b
 
a
 
gateway 

for 
numerous

groundbreatdng 
Imovallons 

that

u
a
n
s
l
o
r
m
 
h
o
w
 
A
l
 
m
o
d
e
l
s
 
are 

u
s
e
d

Acadendc 
and 

ndustry 
parttets 

and

teseardiecs are explortng the earlystage

development 
and 

lesevch 
of anabg

I
M
C
 
usktg 

TelraMem s
 
hardwart 

and

S
D
K
 

sodware. 
giving 

drem 
toe

opportondy to delve M
e
 H
s
 etnetgaig

t
W
d

'Ctor 
pfallerm 

isnl 
just 

about 
V
a

hardeare—(s a sb-dmcnsion co-design

and co-opiMizalian.' says Dr 
G
e
 "
W
e

consider 
the 

endie 
Al 

computing

e
c
o
s
y
s
t
e
m
 w
h
e
n
 w
e
 h
a
v
e
 a
 c
h
a
n
c
e
 to

re-dasign toe
 new Al computing system,

irem maiariab and devices to atgortthms

and 
software, 

emuitog 
optimized

pecformance across toe
 board w

h
e
r
e
 the

emerging c
o
m
p
u
d
n
g
 p
a
r
a
d
l
^
 raeeto i

p

«
d
h
 e
m
e
t
^
n
g
 devices'

The 
blend 

of 
deep 

expenbe.

c
o
n
p
r
e
h
e
n
s
h
e
 sotodorB. at)d a

 
cierd-

centric approach sets TatraMem apail

A
n
 

tawavering 
cocnmibnent 

to

I
r
m
o
v
a
d
o
n
 a
n
d
 e
x
c
e
d
e
n
c
a
 e
n
s
u
r
e
s
 that it

d
o
e
s
 not h

b
l
 meet, but e

x
c
e
e
d
s
 cSeni

and partotr expeetadons 
For hsiance

O
r
 
G
e
 hansetf holds a

 P
h
O
 e
n
d
 M
c
e

mastor's deptes inckidng a U
B
A
 fram

The Untoerity of ldidiig«t Rose School

o
f
 B
u
t
i
n
e
s
s

'The 
lech 

iandscipe 
b
 

fast 
atd

everrroMng 
and 

resting 
on 

one's

tnaab b
 not an option W

a
 encourage a

oidute 
of 

continuous 
ieaming 

and

MiovBtion. 
guaranteeing were ahvays

ahead of tftccuve'says Or G
e

MRelying on
traditional computing

methodologies
involving separate
processing a

n
d

m
e
m
o
r
y
 unit leads to

v
o
n
 N
e
u
m
a
n
n

b
o
t
t
l
e
n
e
c
k
s
 a
n
d

m
e
m
o
r
y
 walls, w

h
e
r
e

the system s
p
e
n
d
s

significant time a
n
d

energy m
o
v
i
n
g
 data

for t
h
e
 matrix-based

deep-learning
applications. N

o
w
,
 the

S
h
a
r
e
m
i
s
A
n
i
c
i
-
 to

C
o
m
p
a
n
y

k'tia'.lin'

M
a
n
e
g
e
m
e
n
t

Dr G
b
m
 NingGe C

E
O

OescrlpiioA
T
e
d
a
M
e
m
 s
 a pionaar in analog mamrbtor

tedwoiogy ar>d in-memory cempudng thai
addresses the chaianges of Al processing
in powcr-constramed et>riror«t>enB wllh I

s

in-mcmory computing technology lor edge
apptcations 

Thb 
groundbctalung

technobgii 
ebninates 

waigln-data
mmtement 

substantialy 
improving 

tlit
energy 

efficiency 
and 

pecfonnaiice el Al
a
n
d
 M
l
 worliloads

T
e
t
f
^
e
m

(.au^Ounqln| Inhnnlnth
1st Mloitnitillnii
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a
c
t
u
n
w
U
b
o
n
 

operations 
T
h
e

e>poiie»«ia» 
ris
e
 
in 

cscnpuling 
needs

cats far 
huge 

power consumptian 
at

data 
centeis 

p
u
b
n
g
 

a 
slgniScant

fin
a
n
d
a
t
 
(
e
C
 
o
n
 

n>ost 
b
u
s
i
n
e
s
s
e
s

Simultaneously. 
Mensive 

compuution

leads 
esccessive heal generatioa. and

^Sdenily iSsslpating heat is chaiengirtg

in 
c
o
m
p
a
c
t
 

devices 
edhoul 

active

cocfing 
systcngi 

ScriabBy 
and

techtMfagy 
n
o
d
e
 
i
m
d
s
 
also 

add 
lo

adslktg w
o
e
s
 where physical bnladotts

a
n
d
 
q
u
a
n
t
u
m
 
elfacis 

p
o
s
e
 
a
 
serious

c
h
a
l
e
n
g
e
 to farStei mnalwizfaion

RSSSSSREBSflbq
f
l
D
O
D
D
D
I
D
B
C
I
B
E
I
l
O

Part 
of 

t
h
e
 
issue 

t
e
s
 
n
 
h
a
r
d
w
a
r
e
-

s
o
h
w
a
r
e
 c
o
^
p
d
m
i
z
a
d
o
n
 
which Is often

hindered 
by 

the 
hardships assodiled

wUh 
devefaping 

compilers 
runlme

systems, 
a
n
d
 
hardware 

archleclures

t»al wort trarmoreously

'Addressng 
these 

chalenges 
and

developmg 
an 

enveonmefM 
far 

AI

appfcaliorts t
o
 
m
a
k
e
 a
 
real dierartce

hinges o
n
 the cofwbinaBon of inrwatieri

in 
fundamental 

ttew 
material 

sciettce.

amerging 
devicos 

semicenduOor

manufacUoing. system ardrteclure. and

algoilthm design.' says Or G
e

That's where TetraMem emerges as a

l
e
a
d
e
r

T
e
b
a
M
e
m
s
 

henfarate 
sohilions 

a
r
e

o
m
p
f
a
m
c
n
t
e
d
 
by 

its 
comprehensire

software 
development 

Ui 
TetraMem

Instinct** software 
w
h
i
d
i
 iacStales h

e

seamless rievefapment and ilepioymeni

of appications using M
C
 technology It

a
l
M
 o
d
e
r
a
 standard I

P
 solulions tadorod

to 
spedlk 

needs, 
recognizing 

thel

rtnereni 
appfealiotts 

Itave 
varying

taqtarements 
This supports seandess

integration 
of 
M
C
 
technology 

into 
a

dwerse range of appfcalions. nduifing

hlgh-lhroughptd. low-power-consumplion

devices 
for 

eyehaB 
tracking 

face

d
e
t
e
c
t
i
o
n
 
a
n
d
 
m
o
b
o
n
 
d
e
l
e
c
S
o
n
 
T
h
e

fir
m
s
 ofierings 

et A
M
C
 
c
a
n
 
also 

b
e

h
a
m
e
u
e
d
 lo accolerate AI 

algetBuiB

crucial lor reaMfene data processing in

medcal appbcatians 
Rapid andyscs of

patient data, medicat inages 
or even

real-lime monitoring can benefit fro
m
 S
w

computaiianat 
efficiency 

and 
energy

savings oHered by TetraMem s
 solulions

W
e
 o
e
i
w
v
e
 thrt technology m

u
s
t
 serve

h
u
m
a
r
w
y
 

Oi« 
goal 

s
 
net 

jusi 
lo

e
M
M
t
t
c
e
 

H
t
a
c
h
m
e
s
 

b
a
t
 

t
o
 
«
M
l

n
u
n
a
i
M
y

'This is '
T
h
e
 Transislor hfamenl' lor AI

confuting 
after 

d
e
c
a
d
e
s
 

of 
v
o
n

N
e
u
m
a
n
n
 
a
n
d
 
bansistot 

r
e
s
o
n
a
n
c
e
s
 
'

s
a
y
s
 O
r
 G
e

Stniiagic 
Partnership 

to 
B
u
i
M
 
AI

Accetaranr Chip

n
e
w
 m
e
m
o
r
y
 is t

h
e

computer. 
W

A
 le
s
t
a
m
e
n
l
 

t
o
 

T
e
i
t
s
M
e
m
s

cfierdcenbicity and continuous imovaiian

is fts
 a
b
»
y
 
lo 

b
e
 attuned to 

market

rlemands and eiTvetging trends Through

regubt Merachetts with potential cfienis

tech 
analysis 

and ndustry leaders 
ft

g
a
u
g
e
s
 
t
e
a
M
i
m
e
 
m
a
r
t
M
 
n
e
e
d
s
 
a
n
d

actively s
e
e
k
s
 feedback to understate

the chalenges businesses face Coupled

wfth 
a
 

oossfanclfanal 
codaboralion

a
p
p
r
o
a
c
h
 
t
i
e
 
learn 

e
n
s
u
r
e
s
 
that 

ils

sofabons are ttchnologicaly advanced

and 
a
 
dkecl 

resporee 
lo 

real-watW

chalenges 
Rigorous testing to assess

■eat-wortd efficiency and appficabiily is
also a prlotiiy fat TetraM

em

The team focuses on agie principles
condraious 

devetopm
erft 

and 
regiiar

m
odel updates, al w

fth a cotm
niftnetft to

sustakiabB
y 

Its 
M

C
 

sokiliitos 
are

energy-elBdeni. 
adrtessing

envkontnenial concem
s and operatianal

costo associated wfth data processing

M
anegcm

eni
Or Glenn ffaigG

e CEO
D

escription
TetraM

em
 is a pioneer in analog m

etrvisior
technology and in-m

em
oty com

puting that
addresses the chaHertges of AI processing
in power-cor>strair>ed einvvronm

efits w
fth fts

kvm
em

ory com
puting technology lor edge

appications 
This 

gtoundbresldng
tednology 

efitninates 
w

eight-^ta
m

ovem
ent 

stfasuntialy 
im

proving 
the

energy efficiency and perform
ance of AI

artd fiK
. w

orkloads

T
c
trs

fj
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Flexible Licensing and
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O

Founded m Silicon Valley In 2018. TetraMem is ready to change the landscape for Al computing by
addressing one of its most vexing challenges; the need to deliver massive compute processing while
keeping its power consumption in check. With its in-memory computing (IMC) technology for efficient Al
applications, TetraMe--, is the only company producing a high-brt-density. multi-level RRAM (otherwise
known as a computing memristor) accelerator in commercial foundries.

Comprised of a global team spread across different continents, TetraMem needed an efficient way to
collaborate to develop its hardware solutions, as well as scalable and flexible design and verification
resources. The company found its answer in doud-based EDA solutions, namely through S mopsys Cloud.
Providing cloud-native EDA tools and pre-optimized hardware platforms, Synopsys Cloud supports chip
design ̂

m
 end to end. with advantages including end-to-end license management automaton, robust

security, and spot instances for high-memory E
D
A
 workloads.

TetraMem's analog RRAM-faased in-memory computing technology, inspired by the human brain, changes
the paradigm of how Al ccxnputaTions are performed, launching new possibilities for Al everywhere,' said Dr.
Glenn (Ning) Ge, CEO and co-founder of TetraMem. 'Designing for a radically different system requires
reliable, robust, and flexible enqineerinq tools and collaboration across qlobal workinq sites."
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"Synopsys Cloud has played a pivotal role in

helping us accomplish our mission by providing

seamless access to a highly secure and

complete S
o
C
 design environment. With scalable

access to E
D
A
 software, pre-configured end-to-

e
n
d
 flows, a

n
d
 Infrastructure resources, w

e
 c
a
n

tape out quickly and efficiently."
O
r
 Glenn (Ninq) Ge, C

E
O
 a
n
d
 Co-Founder, T

e
t
r
a
M
e
m
 1

Faster T
i
m
e
 to Results and Elastic C

o
m
p
u
t
e
 Resources

The TetraMem team knew th^ needed smooth integration and verification of its complex Al accelerator's
analog rrvmemory computing technology and its digital RISC-V processor. Since project demands on EDA
resources can fluctuate depending on the design stage, the team recognized that having scalable, elasiic.
on-demand access to these resources would be advantageous. Aggressive time-to-market targets also
weighed o

n
 the team.

Synopsys Cloud proved to be the answer to ail these challenges, enabling TetraMem to experience;

•
 A jump start on hardware developrrraii through a preKX)nfigured, end-to-end analog design flow

•
 An intuitrve, user-friendly browser-based platform for chip design

•
 Faster time to results through on-demand, pay-per-use access to unlimited EDA resouices without

licensing constraints
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option is a usage-based licensing approach offenng by-the-mlnute pricing for EDA tools, while a cloud
subscription license (CSL) option is term-based and requires upfront payment. Both PPU and CSL options
use cloud credits. Synopsys Cloud can be deployed through Bring-Your-Own-Cioud (BYOC) or Software-as-a-
Service (

S
a
a
S
)
 models.

R
e
a
d
 other S

y
n
o
p
s
y
s
 Cloud c

u
s
t
o
m
e
r
 su
c
c
e
s
s
 stories here.

•
 Instant availability of scalable and advanced compute and storage resources

'
W
e
 were able to achieve a very fast infrastructure setup on the Synopsys Cloud EDA environment within

days.' said Wenbo Yin. VP of IC Design at TetraMem. T
h
e
 vast selection of EDA tools and IP available on the

cloud enabled us to start the design, verification, and backend flow very quickly The flexibility of using as
m
a
n
y
 licenses as w

e
 needed enabled us to obtain fast turnarounds on simulation, verification, and backend

flow, which significantly reduced the engineering hours spent on those compute-intensive tasks. The ease of
global access provided a single environment for our global R&D team with seamless access.'

Notes David George, TetraMem's head of global operations. "We are creating the world's most efficient Al
accelerator chip, built around a RISC-V architecture and powered by our novel analog in-memory computing
technology. Developing and integrating these elements requires a well-engineered platform to support an
Iterative and flexible design process in order to meet performance objectives with quality. With Synopsys
Cloud, we are able to access a complete, pre-configured design flow that enables our global R&D teams to
collaborate efficiently This improved productivity for our entire team, and helped us architect a robust
design for a first-of-its-kind technology"

In addition to the technologies available through Synopsys Cloud, the TetraMem team also tapped into
Synopsys' worldwide support team. 'One of our challenges from the start was bringing global team
members up to speed to meet our product specificatic^is and time-to-market goals." said Charles Wei, the
company's director of SoC design. The Synopsys sales, technical support, and R&D teams worked together
to help us become familiar with the platform. Any EDA tool upgrades or new tool purchases are delivered
immediately without worrying about CAD installation, global environment setup. ve"sion compatibility, etc.
W
e
 trust that using Synopsys Cloud and collaborating with Synopsys for the development of our current and

future S
o
C
 designs is the nght choice'

Flexible Licensing and Deployment Options
Synopsys Cloud features a F^exEDA business mode: with two licensing options. The pay-per-use (PPU)
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TetraMem Inc (Fremont, Calif,), a startup that is developing
analog-in-ReRAM compute processor architecture, has published
a paper that shows its form of analog computing is capable of
executing calculations with arbitrary precision.

The ability to perform high-precision multiplication within single
electronic devices that can be readily formed in arrays offers scope to
reduce the power consumption of machine learning when based on
artificial n

e
u
r
a
l
 n
e
t
w
o
r
k
s
.

The publishing of Programming memristor arrays with arbitrarily high
precision for analog computing in Science follows on from the news that
TetraMem has worked with Synopsys to develop an analog-in-memory
compute Al accelerator S

o
C
 That S

o
C
 is apparently called Cullinan.
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Layout of analog in-memory computing accelerator S
o
C
 with A

)
 whole

S
o
C
 and B

)
 diagram of one often identical computing cores. Source:

Supplementary materials to TetraMem's Science paper.

The article provides a technical underpinning to the premise that analog
computing can support calculations with arbitrary precision. This plays to
TetraMem's fundamental device a metal-oxide based cross-point switch,
which was reported in Nature in April 2023 (see Single memristor
provides 11-bit m

e
m
o
r
y
 device).

Case 5:24-cv-07181-VKD   Document 1   Filed 10/15/24   Page 48 of 66



The device is made of a mixture of At302, above a layer of H
f
0
2

sandwiched between a tantalum/titanium top electrode and a platinum
bottom electrode. Each of the bilayers is less than I

n
m
 thick so that after

being laid down they appear to form a mixed layer rather than two
separate continuous layers. T

h
e
 device w

a
s
 fabricated in a 2

4
0
-
n
m

diameter via above the C
M
O
S
 peripheral circuitry.

Conductive channels are formed in the material by applying a set voltage
and that can be at varying levels of strength. The authors propose that
the conductive and insulating phases of the metal-oxide material relate
to the orthorhombic phase with a high number of oxygen vacancies and
the monoclinic phase without oxygen vacancies, respectively.

"
W
e
 are creating the world's most efficient Ai accelerator chip, built

around a RISC-V architecture and powered by our novel analog in-
m
e
m
o
r
y
 computing technology," said David George, head of global

operations for TetraMem, at the time of the Synopsys announcement.

TetraMem was co-founded in 2018 by Joshua Yang, Professor of Electrical
and Computer Engineering at the University of Southern California,
Professor Qiangfei Xia of the University of Massachusetts, Miao H

u
(CTO), and Glenn Ge (CEO). The company had already produced a
number of test chips in silicon by mid-2022 and at that time expected to

see m
a
s
s
 production of chips including its technology by about the end

o
f
 2
0
2
3
.

R
e
l
a
t
e
d
 Links a

n
d
 articles:

T
h
e
 article in S

c
i
e
n
c
e
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a
n
 b
e
 a
c
c
e
s
s
d
 h
e
r
e
:

https://www.science.org/doi/10.1126/sclence.adi9405
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https://www.nature.com/articles/s41586-023-05759-5.epdf?sharing_tokGn=
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e
-
s
e
m
i
c
o
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K
l
u
c
t
o
r
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C
M
O
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)
 circuits in a

c
o
m
m
e
r
d
a
l

foundry. W
e
 h
a
v
e
 identiried theunderlying physics that previously limited the

n
u
m
b
e
r
 o
f
oorsductance l

e
v
e
b
 that could b

e
 achieved in m

e
m
r
i
s
t
o
r
s
 arsd d

e
v
e
l
o
p
e
d

electrical operation protocols to avoid s
u
c
h
 limitations. T

h
e
s
e
 results provide

insights i
m
o
 t
h
e
 f
u
r
t
d
a
m
e
n
t
a
l
 u
n
d
e
r
s
t
a
n
d
i
n
g
 o
f
t
h
e
 m
i
c
r
o
s
c
o
p
i
c
 picture o

f

memristive switching a
s
 well a

s
 a
p
p
r
o
a
c
h
e
s
 to enable high-precision m

e
m
r
i
s
t
o
r
s

for v
a
r
i
o
u
s
 a
p
p
l
i
c
a
t
k
m
s
.

Mcmristive-switching devices arc k
n
o
w
n
 for their relatively large

dynamical rangcoFconductancc, which can lead toalarge n
u
m
b
e
r
o
f

disactc conductance levels. OifTcrcnt approadics have been developed
toaccuratclyprogram thedevices''. However.ontydeviceswfth fewer
than200conductance levels have been repotted s

o
 f
a
r
^
.
 There are

n
o
 forbidden conductance states in the d

y
n
a
m
k
a
i
 range ofthe d

c
v
k
c

bccauscamemristorisanalogandcan, in prindple.acfilcvean infinite
n
u
m
b
e
r
 ofconductance leveb. However, the fluctuation c

o
m
m
o
n
l
y

observed atcadi conductance level (Fig. lel limitstheniurdKrtrfdistin-
guishablclevcls that c

a
n
 be achieved in a specific conductance range.

W
e
 found that such fluctuation can be substantially suppressed, as

s
h
o
w
n
 in Fig. lc.f. b

y
 a
f
^
y
i
n
g
 appropriate ckctrical stimuli (called

'dcnoising' processes). Notably, tlibdenobingproccssdocs not require
a
n
y
 octracircuitry b

e
y
o
n
d
 the usual rcad-and-profp-amcircuits. W

e
incorporated the dcnoising process into devkc-tuning algorithms a

n
d

successfully p
r
o
g
r
a
m
m
e
d
 a memristor m

a
d
e
 in a standard c

o
m
m
e
r

cial foundry (Fig. la-d) into 2.048 conductance Icvek (Fig. Ig). corre-
spondingtoaresoluiionofllbits.Conductivcatomic force microscopy
(
C
-
A
F
M
)
 w
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s
e
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 t
o
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b
u
a
i
i
z
e
 t
h
e
 c
v
t
j
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t
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m
 o
f
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n
d
u
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 c
h
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n
n
e
l
s

during programming and dcnobing processes. W
c
 discovered that a

normal switchir^ operation (set or reset) always e
n
d
s
 u
p
 with s

o
m
e

incomplete conduction chaniKis. wtiich appear as islands or blurry
cc^cs along the main conductlcKi channel and arc less stable than the
main omduction ctiarmeL First-princi;^ calculations indicate that
these incomplctcchanncbare unstable phase boundarieswithdopant
leveb in a range d

u
e
 b
 sensitive to nearby trapped charges.contributing

totftebrgcfluctuaaonsofcachconduccancclcveLWeslKnred.expcri-
mcncallyandthcorccically.thatan appropriate voltageiRriiedenobing
process either annihilates (w

e
a
k
e
n
s
)
 or
 c
o
m
p
l
e
t
e
s
 (enhances) these

incotnpletEchanneb.resuitinginastrongreductioninfluctuationand a
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 MeuraJ network tratmng a

 performed ki Jie d
o
w
d
.
 T
b
e
o
b
u
i
n
e
d

w
e
^
h
i
t
 are downloaded and KcuratefT programni<iJlmoarna>M>e n

u
m
b
e
r

of
m
e
o
w
 iktoiarrandiur Smiedaciheedee.wMctiimpove) ht^h-pcecbioci

>e<)Mirfmcnitonne<iutu>vede«icet.b. AneigtM-inetiwircrwHh m
e
m
r
t
M
s
r
a

fabricated brr a commercial >emicaAductor manufaciurer. c. Hi
^
r
e
a
o
i
w
i
o
n

tiari>jni>Monelrctronn«cro*cop< iina$eortheaoaa-aecLion>iewofamemriaioc.

riindTaierrt a>the
b
o
t
t
o
m
etecirodeiBn and top elecvodeiTti.feapecUieh.

S
c
a
l
e
b
a
r
a
.
l
p
m
a
n
d
 t
o
o
 nm(tn>«t}.d.Ma£niriaiiofl of (h

e
 m
e
m
i
i
u
o
r
 material

aLack.Scatehar.Sem.e.Av-prtigrammedcblueiandafteedeTMiidnftredlCBrrcnta
o<a m

e
m
r
h
t
o
r
 are readba a c

o
a
u
a
m
 rohage (O

J
 V). Th

e
 dettgraing procevt

eliminated the iarge-ampih
ude B

T
M
 ubacr>«d tn the a»-programmed uaie

subsUtitiii) increaM; in m
e
m
r
iattar prechiun. Thetabaervcd p

h
e
i
w
n
e
r
o

getieraily mist in a metralativc-awitdiing p
r
t
x
»
a
 with kacati/etl r

an-
ductitan ctunncK. am

i
 the insighca can be applietl to m

o
s
t
 m
e
m

riativc
systems ftar scientific umJer stamhng and technokagicai appiicatkans.

tseeUeihodal.r.Uagmricaiionofihreencarevt-BeighbourMaieaatierdeBoialng.
The CBi rent ofeach uate wa> read b« a c

o
n
m
n
i
 toiiagc <0 J

 V I. Mo large-
ampirtudcRTMwa>obveT<ed.attdaS«>rtheMateacaabcdearf*dbUiigimbed.
g. AnndrridualflieflMntoron ihechrpwaaluned>ftto2.04arevMarKelev«HbT

liigh-reMihiin>r>o<T-ch0dih<r>gctr<uiuv. and e
a
c
h
m
o
i
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o
c
e
 le>eiwat read b

^
a

d
x
.
 cottage t
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O
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e
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0
 p
S
 to

4.111 p
S
w
i
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h
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m
g
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i
O
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o
t
t
o
m
 irtMt. magruficationor
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o
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r
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m
m
e
d
 b
«
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n
-
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h
i
p
 c
i
i
c
u
i
u
r
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4
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2
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2
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o
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 b
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o
c
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r
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e
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4
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5
6
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m
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i
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h
a
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b
e
c
n
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r
e
t
 iouah twitched (nvrcMtemilfionctclev. demonurating
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r
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c
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U
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a cuenmerciai semicumXicttrr manufacturer (f ig. ib). t>etaih about the

•
9
4
 I r4atur« I ^

 6t
s
 I 3

0
 M
a
r
c
h
 3
0
2
3

Case 5:24-cv-07181-VKD   Document 1   Filed 10/15/24   Page 53 of 66



T
h
n
a
t
u

T
«
n
d
t
i
J

f
i
g
.
 1
 iDlrect e

f
c
i
e
f
y
e
U
w
i
 e
f
 d
w
 eveietieii e

f
c
e
e
^
e
c
t
i
e
e
 d
u
e
s
e
b
 i
e
tfce

<
»
«
»
l
>
i
i
t
»
r
»
C
T
*
»
i
t
^
C
-
*
n
i
.
 •.
 S
c
h
c
a
u
i
k
 o
f
 ibe c

v
M
o
m
<
<
e
U
 m
e
n
r
i
M
M

x
r
u
(
U
t
r
e
*
n
J
C
-
A
r
u
 («
M
^
t
«
t
-
u
p
.
A
C
-
A
m
p
r
o
b
e
i
i
a
«
i
n
«
U
a
v
i
l
t
«
i
o
o

e
k
c
u
o
J
e
i
f
l
t
h
e
c
o
s
i
o
m
i
/
M
d
c
t
k
e
.
n
e
c
a
u
x
T
a
m
a
y
 uitji/«y in akandiynoi

a practical probe material, a Pi probe i>as ttaed. T
h
n
 Pt probe had the a

a
a
w

p
o
r
p
o
a
e
a
i
i
h
a
t
i
r
f
i
h
e
b
o
t
t
o
m
P
i
e
l
e
c
u
o
i
t
e
o
f
i
h
e
u
a
n
d
a
r
d
m
e
m
t
i
M
o
x
h
a
t
 >
e

iBed.Toffiaimaia lite material y
i
a
c
i
o
i
a
M
a
o
d
a
t
d
m
r
m
n
u
o
i
.
 lite c

v
u
o
n
l
t
c
d

»enr<Mo>haaare*eraeilyiri*ctare.b, Current fcadinga at 0.1 Vbefoieireil)

and after (bhieladenoHingproceaauaiagatablhrctboMrcaeirOkace.

bbricacitati proccaa are proirklnJ in die Medioth. CroM-aectkm v
i
e
m

ofa mctnriaiur arc ahuwn in Fig. Ic. anj the crucial rcah>trve aivitching
layvrv arc magnirietl in F ig. Id. The ckmcntai i

m
^
e
 prutiucrJ hyelec

tron energy-kia» apectruacupy ia ahtmn in Supplementary f ig. 1. The
device, w

h
k
h
 curTaiata tif a Pt bottom clectruiie. a Ti.Ta topelectrotk

and a FtfOyAl.-O, bilayer. waa fabricated ina240- n
m
via abovet

h
e
C
M
O
S

peripheral circuitry. ThcAl.U,and Tilaycrvaredevigncd tube thin
(<l n

m
)
 au that they a

e
e
m
 aaa mixed layer rather than cwu separate

ctmtinuuuvlayervWrlicnthcbuciumdcctrudebgnMnJed. the device
i:an beawitched by applying either a auffictentiy poaitive vuttage (for
aet) or

a
 ncptive w

k
a
^
 (fur react) tu die tup ciectrude. Thefluctuatkm

level (characterised by the atandard deviation ofa cneaaured current
untler a cunatant voJt^c) after a aet or a reactuperation ia diatributcd
in a

 w
i
d
e
 r
a
n
g
e
 (S
u
p
p
l
e
t
n
e
n
u
r
y
 Fig. 2). T

h
e
 r
e
a
u
h
 indicatea that a

n

aa-prugrammedaCitetypKadyhaaUrgefluctuatHMa. Thbcorraidcrabty
limitatheappliC3tionaofnKcnriafora.biitbacharacterialicufineniria
tivemateriahmoregenerally" ̂

.ThedataaHuahowthataaetopera
tion tenda to Induce a larger fluctuatkm in an aa-prugrammed atate
than ttoea a react opcratiorL Such reading fliKtuationa mainly curcaiat
ofrandom tdegrapftnoiac (RTN). which cypkaNy haaatep-lilie tranai-
tiuna betweent

M
v
 or m

o
r
e
 current Icvda at rantVam time pointa under

a c
u
n
a
u
n
i
 reading v

o
l
t
a
^
 Such HI N

 generally exiata in memriatorv
Even flucTuationa that d

u
 not a

e
c
m
 atep- Kke m

a
y
 in fact b

e
 m
a
d
e
 of a

R
I
N
 ̂. which can beahuwn Mily when the mcaauncmcTit aampling rate

la hitler than the RT N
 frequency, aa ahown in Supplementary F ig 3. K

haa been demxiatrated previuualy by aimulatiuna that mcmriatur RT N
m
a
y
 be cauaed by chargra uccaaioTuily trapping into certain ilefwta

and blocking cunductitxi charmda becauae ufCixilumb acreening^ *.
Htiwever.experimenta that directly link trapped chargca. conduction
channd(a) and RIN. and h

o
w
 to remove rL are mbaing. Although thb

c. Current reailingtaO.IV before ireUiuKlaAefibttwiaitenotMngproceaausing
« aobthreaboW vet voluge. 4. Corutuciance n

a
p
 meavureO by C-AfM vcamUng

correvpoAillng to inebefore-denoiviitg atate trediinb.e. ConUnctanceoiap

Mireapon<lingi<)tticafier.Uenoiaingatateibiueiinb.lCoriJ(Kuncem»p
aeaaureiHyTC-ArHvcanftiflgcorreaporkllngio ibebefore^dcnoningatMe

(tedliac.g.Con(luc>aAcemapccineapoA(liftgii>t>ieaner.i]eootv>iigstau
Ibluelinc. TheJavtyedyetlMCittlea In d

-
g
 hagbfi^ilbechangrtobverred

before a
n
d
 after ihedervoiaingproceaa. Scale bara. 10 n

m
.

is a critical iaauc for mcmriatora in gmeral. it has been unclear h
u
w
to

reduce the R
 ITf in m

e
m
r
bturs. Theae experiments are important not

only ft>f understanding the physkal tvigin of
m
e
m
r
istor RT N

 but also
for revealing the entire micrwcupy picture ufmvmristive switching
and providing possible solutiuns to high-prrciskm mcmristurs.

Wto disctwered that the fluctuation Icvd could b
e
 greatly reduced

by applyingsmallvultagcpuhcswiiht^imisedamplitudeand width.
A
n
 example isgiven in Fig.lc, in which a

n
 as-programmed state with a

considerable fluctuatitin (blue) w
a
s
 stabilised into a

 l
o
w
 fluctuation

state (ret!) by denutsing pulscv Usir^a thrce-level fectR»ck algorithm
tievisedtutlenorae.aashownin Supplementary Fig. 4. a singkmemrts-
torw

a
s
 tuned into 2.048 conductance states between S

O
 and 4

 J4
4
 pS.

witha2-pS interval between every two netghbourtng states. All states
were read by a v

o
h
a
g
c
 sweeping f

r
o
m
 0
 t
o
O
 J
 V. as s

h
o
w
n
 In Fig. Ig,

T
h
e
 b
o
n
o
m
 inset to Fig. Ig s

h
o
w
s
 magnificatjon of the currem-vvlf

agecurves, which s
h
o
w
 the wvil-disttnguidubk states and the marked

iineartcyufeachstate.Threcnearest-ncighfoourstatesaftcrtlenocsing
arc s

h
o
w
n
 in F ig. If. in which aconstant voltageuf0.2 V reath each vote

for l.(X>Os. The current fluctuation ufevery state is withinO.4 pA. cor-
re>pundingto2pS in cunductarKc. Nos^niiWancoverlapwas ubserved
in the neighbouring states. A

 magniflcation ofthe m
e
a
s
u
r
e
m
e
n
t
 at

Mgh-cunductancc states is shown in Suppkmentary F ig. S. Memristurs
f
r
o
m
 multipk chips of an 8

 inch wafer were measured, demunstrat-
•ngconsidcraMeprugrammir^ uniformity across the entire wafer, as
shuwn in Supplementary Fig. 6. W

e
 furthirr used the derxiisingprixess

In the array-kvel programming of an emire 256 ■> 256 array using the
on-chipcircuitry. T he experim

eniaBy program
m

ed paticm
sare shown

inf ig. Ig (tup irrvet) and Supplem
entary Ftg. 7. Fur dem

unstraiions using
thcun-diip drcuiiry. the program

tning prectskm
 was tim

iied by thepre-
cisiunt/the on-chip analog-to-cfigltaJ conversion peripheral circuitry.
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e
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^
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u
p
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i
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h
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wtwRiaiic ufthe drivntg drcufti are bhuwn in Suppicmenury r ig. 8.
The extra t

y
^
c
m
 coit cauMtJ by the tienohing pruccu b

 e
^
m
a
t
e
O

in Sopptenenury Jrrformaiion Section 9. Becau>e a rebtivciy imalter

raitage b
 necitcd fut tienubing than breguireU for (ypicai ̂

 or rcxei
programmint;, the extra energy cunMimptit>n n

 only a small Trattion
of(heenergy neetlnl for programming. Further studies shim thai the
denobingoperation can also reduce R

T
 N
 in other material stadis. for

example.a TaO,-basedrnemrislor.asshowninSupplemcntaryFig.]0.
Becatftereadii^nobchasbeenubscfvedtnvafious resistis« switching
materiais. the results indicatethat the dcnoisifigstep b

a
n
 important.

potentially essential, process for the Paining of memrbtive neural
networks because unstable readings lead to incorrect o

u
t
p
u
b
 from

the iKural networks, and these cannot be compensated by adapthv
in situ training.

CoPductton channel evolution in (tenobtng processes
Deciphering the underlying reason for the abuse results b
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 of unstable conduct
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n
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 understanding (
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e
 d
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switching. Vbuaiiaing the evoblion of conduction channels during
electricaloperaOuns b

 infurmatise fur ihb purpose"
VW: used C

A
F
M

to precisely locate the active conduction c
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)
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d
 scan afl o

f
the surrounding regions. OctaiK of the measurement are provided
in the Methods and Supplctnrmary F ig. 11. A
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iiU
tli.

d. Tlx transport ekctronuavefuactiottctxrespoAdingtoe. Tlx red and W
ar

toxsC
M

iruK
iA

d to nuiuhra one rirctronH
 trapped IB tlx drfectO

.S
naim

d
lnm

a«ai (roa thechm
xl.respcnheh. am

i the green and M
ack brxs

C1Mrespond ionC
:)nhen bothor lione of the defects hare trappedeteciroR

v
T

becarricfdetisltainilK
C

hanixieorilxtiaulaiknhS
'lO

'cffl \

perform
ed by C-AFM

. as shown in Fig. 2b.c. The conductance scan
ning resoha corresponding tothe reading rcsutas of Fig. 2b are shown
before (F ig. 2d) and after (Fig, 2e) tlenobing. and those for the reading
results of Fig. 2c arc shown in Fig. 2f.g.Acom

p3rbon ofthe cundua-
ance m

aps in Fig. 2d,c reveab that Che m
ain pan of the conductitK

i
channel (the 'com

plete' chanrtcll rem
ains nearly the sam

e whereas
the positive denobing voltage anndiitaies an bland-Ukc channel (the
Incom

plete channel). By contrast, the negative denoising voltage
(fig. 2fd;) reduces the nobe by rem

oving the current dips in Fig. 2c.
These results indicate that theconductanceufanR

tN
 rich state can

be tlivtded into twu parts: the base conductance provided b) com
plete channcbaixt the RTN provided by incom

plete channcb. These
m

com
plcte charwieb had form

ed togetherw
ith com

plete channeb but
were snullcr in siA;. Such incom

plete channeb were aho observed in
SrTiO

.-bBsed resblivesw
ttLhingtJeviccs".Am

etTVbturcanbeilenoised
by elitninafirig incom

plete channcis (Try either rem
oving or com

plet'
mg them

). Incom
plete charm

ds are im
m

; sensitive to vokage stim
uli

com
pared w

ith com
plete chartneb. which m

akes h possible to tune
the fornwr wichuut affecting the latter by using appropriate electrical
stim

uli. F urther studies suggest that thb b a general m
echanbm

 and
can abube perform

ed inother m
aterial stacks (Supplem

em
ary Fig. 12).

It shutdd be rtoted that iFk seemmgiy boiated bland(s) may or may nut
be eiearkally conneaed w

ith the m
ain conduction channel beneath

the surface. Flowevef. thbdocs not change the denobingmechanisms
or operation protucob.

SwrttcW
oKafM

l denobing m
ednnbim

To urxferstand them
echanbm

ofdenobing. we studied the m
icroscupic

origin ofRIN in m
em

r btors. An im
portant question bw

hethcr RTN b
induced by an atirfnic effect or dectrortk; effccL As shown in Supple-
m

entary F ig
 13. IrKum

pletc channeb are consistently observed in a
C-AF M scan whenever RTN b observed. Once irKom

plctecharvteb arc
efaninated. Che R

IN
 disappears. Thb indicaies that RTN b

N
atue I W

oieis I 30M
»ch2Q

23
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K
r
a
m
e
r
 L
e
v
i
n

X |
L

3
3
3
 Twin Dolphin D

n
v
e

J
a
m
e
s
 H
a
n
n
a
h

„
 R
e
d
w
o
o
d
 Shores. C

A
 9
4
0
6
5

P
a
r
t
n
e
r

1 650.752.1712 
T 650.752.1700

ihonnah@KRAMERLEVIN.com 
650.752.1800

April 29, 2
0
2
4

B
y
 E
M
A
I
L
 A
N
D
 O
V
E
R
N
I
G
H
T
 D
E
L
I
V
E
R
Y

Xiaohua/Paul H
u
a
n
g

P
.
O
.
 B
o
x
 1
6
3
9

L
o
s
 G
a
t
o
s
,
 C
A
,
 95
3
0
1

Tel: (6
6
9
)
 2
7
3
-
5
6
3
3

E
m
a
i
l
:
 Daul-huarm03@outlook.com

R
e
:
 

X
i
a
o
h
u
a
 H
u
a
n
e
 v. T

e
t
r
a
M
e
m
 I
n
c
,
 -
 C
a
s
e
 N
o
.
 2
3
-
c
v
-
0
4
9
3
6
'
S
V
K

D
e
a
r
 M
r
.
 Xiaohua/Paul H

u
a
n
g
,

A
s
 you k

n
o
w
,
 w
e
 represented T

e
t
r
a
M
e
m
 Inc. ("

T
e
t
r
a
M
e
m
"
)
 in the recent action

entitled, Xiaohua H
u
a
n
g
 v. TetraMem Inc., Case No. 23-cv-04936-SVK (N.D. Cal. 2023)

("Action"), which was closed on February 9, 2024. W
e
 found your February 12, 2024

and April 27, and 28, 2024 emails regarding potentially filing another lawsuit very
disconcerting given the information that w

e
 have provided to you already that

demonstrates that there is no infringement of your patents.

For example, both your Complaint, and First A
m
e
n
d
e
d
 Complaint (the

"Complaints") contained the same baseless allegations against TetraMem. Dkt. Nos. 1,
1-1, and 15, 15-1 to 15-3. A

 sufficient investigation w
o
u
l
d
 have revealed that the claims

raised therein were without any factual foundation, legally unreasonable, and fnvolous.
Id. Also, the fact that you did not remedy any of the deficiencies highlighted in
TetraMem's first Motion to Dismiss and Motion for an Award of Attorneys' Fees and
Costs shows and supports that your pleadings were filed in bad faith for an improper
purpose'. Dkt. Nos. 8, 10, and 15, 15-1 to 15-3.

The claims in your Complaint did not meet the basic requirements or
Twombly/IqbaTs plausibility requirements. Id. A

m
o
n
g
 other things, TetraMem's alleged

accused devices were never specifically identified in any of your Complaints, and none of
T
e
t
r
a
M
e
m
'
s
 alleged accused devices include a

n
y
 o
f
 the m

a
i
n
 features o

f
 claim 2

9
 o
f
 U.S.

Patent RE45259. 
e.g., Dkt. Nos. 1,8, 10, 15. A

s
 an example, your purported "claim

chart" and allegations in the F
A
C
 failed to include any connection between any specific

S
e
e
 fii. 2

.

N
E
W
 Y
O
R
K
 

I S
I
L
I
C
O
N
 V
A
L
L
E
Y
 
|
 
W
A
S
H
I
N
G
T
O
N
.
 D
C
 
|
 

P
A
R
I
S
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feature of the accused product(s) to the claim language. Dkt. No. 15; Dkt. No. 15-2, Ex.
X
I
 a
t
 6
-
7
.

A
 reasonable pre-filing inquiry w

o
u
l
d
 demonstrate that U.S. Patent R

E
4
5
2
5
9
 and

TetraMcm's accused devices are two totally different technologies. The U.S. Patent
R
E
4
5
2
5
9
 primarily applies to content-addressable m

e
m
o
r
y
 f
C
A
M
i
 whereas T

e
t
r
a
M
e
m

has been developing technology for in-memorv computing (
I
M
C
h
 
Moreover,

TetraMem's R
e
R
A
M
 IP and chips are still in the development phase, and has no plan of

including any C
A
M
 designs or any main features of U.S. Patent R

E
4
5
2
5
9
 in its future

products, as outlined in the table below.

U
.
S
.
 P
a
t
e
n
t
 R
E
4
5
2
5
9

T
e
t
r
a
M
e
m

Circuit T
y
p
e

C
A
M
 (Content

Addressable M
e
m
o
r
y
)

I
M
C
 (
I
n
-
M
e
m
o
r
y

C
o
m
p
u
t
i
n
g
)

Circuit Input
Voltage, Logic Level
Voltage input applied to
T
r
a
n
s
i
s
t
o
r
 G
a
t
e

Voltage, Analog
Voltage input applied to
memristor in I

T
I
R
 (one

transistor a
n
d
 o
n
e

resistance s
w
i
t
c
h
)

Circuit Output
Voltage, Logic Level

Current, Analog
Each I

T
 I
R
 performs

multiplication. E
a
c
h
 wire

performs current
integration as a

 line output

Given the information that you have, any attempt to file another lawsuit against
TetraMem will be in violation of the Federal Rules of Civil Procedure, as you cannot
have a good faith basis for a patent infringement claim against TetraMem after
conducting a reasonable pre-suit investigation into the claim(s), as required by Rules 8(a)
a
n
d
 11 o

f
 F
e
d
e
r
a
l
 R
u
l
e
s
 o
f
 Civil P

r
o
c
e
d
u
r
e
.

Based on your pro se litigant's experience^ you certainly already know that;

^ Xiaohua Huang V. Genesis Glob. Hardware. Inc., No. 2:20-cv-1713-JAM-KJN, Dkt. No. 33 at 7
 n.5 (E.D.

Cel. Dec. 15,2020) (noting in footnote 5
 "other patent cases plaintiff ha[d] brought as a pro se litigant,

which include citations to plaintiffs history of vexatious conduct and inability to follow the federal and
local rules of court—despite being given multiple opportunities to do so"); Huang v. MediaTek USA. Inc..
815 F. App'x 521, 525 (Fed. Cir. 2020) (affirming district court's dismissal of plaintiffs pro se
infringement claims, despite "four opportunities to serve proper contentions ..., multiple warnings and
ample guidance fro

m
 the district court."); Huang v. Open-Silicon. Inc., No. 18-cv-00707-JSW, 2018 U.S.

Dist. L
E
X
I
S
 221487 (N.D. Ca! Aug. 27, 2018) (denying plaintiffs motion to amend for failure to follow

the local rules, failure to offer more than just boilerplate in the proposed amendments, and failure to
demonstrate good faith attempts at supporting factual inferences); Huang v. Huawei Techs. Co., No. 15-cv-
OI4i3-JRG, 2017 W

L
 1133201, at *3 (E.D. Tex. Mar. 27, 2017) (sanctioning plaintiff for his "bad faith

and an abuse o
f
 the judicial process").
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X |
L

Rule 
11 

expressly requires that an unrepresented 
party presenting a

pleading, motion, or other paper before the court certify that he has
performed "

a
n
 inquiry reasonable under the circumstances" such that he can

verify that (1) "it is not being presented for any improper purpose, such as
to harass, cause unnecessary delay, or needlessly increase the cost of
litigation," (2) "the claims ... are warranted by existing law or by a
nonfnvolous argument for extending, modifying, or reversing existing
law;" (3) "the factual contentions have evidentiary support or,... will likely
have 

evidentiary support after a 
reasonable 

opportunity for further
investigation or discovery." Rule 11 o

f
 Federal Rules o

f
 Civil Procedure

("Rule 11"); Raylon, L
L
C
 v. Complus Data Innovations, Inc., 700 F.3d

1361, 1366-67 (Fed. Cir. 2012) (citing Fed. R. Civ. P. 11(b)(l)-(3)).

T
e
t
r
a
M
e
m
 would be forced to pursue remedies available to it if there is another

violation of Rule 11. See Hunter Douglas Inc. v. Great Lake Woods, Inc., No. 15-cv-
00106-REB-KLM, 2019 W

L
 1375675, at *16 (D. Colo. Mar. 27, 2019) (granting

attorney fees under Section 285 where the defendants' conduct was "not just tactical
blunders," but rather, they "advanced baseless claims and positions, and pursued claims
and defenses they knew or should have known to be meritless.")^.

Given the dismissal of the previous Action, there should not be any further
litigation between the parties. Filing yet another complaint against TetraMem for patent
infringement, particularly one with the same deficiencies highlighted in TetraMem's
Motions^ would be "exceptional" under Section 35. U.S.C. § 285. If it comes to another
litigation, TetraMem will have no choice but to pursue all available remedies against you,
including attorneys' fees and costs, pursuant to Rule 11, and 35 U.S.C. §

 285.

Sincerely,

J
a
m
e
s
 H
a
n
n
a
h

^ See also Harris Research, Inc. v. Perrine. No. l:05-cv-136 CW, 2009 W
L
 1457674, at *9 (D. Utah May

22,2009), report and recommendation adopted. 2010 W
L
 936071 (D. Utah Mar. 15, 2010) (granting

attorney fees under Section 285 against pro se litigants); Finch v. Hughes Aircraft Co., 926 F.2d 1574,
1582 (Fed. Cir. 1991)("While courts are particularly cautious about imposing sanctions on a pro se litigant,
whose improper conduct may be attributed to ignorance of the law and proper procedures, this and other
circuits have imposed sanctions in cases where even a nonlawyer should have been aware that his
conduct w

a
s
 frivolous.") (emphasis added).

Dkt. N
o
s
.
 8
,
 1
0
,
2
0
,
2
8
,
 a
n
d
 3
2
.
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E
x
h
i
b
i
t
 4

Plaintiffs response to Defendant's letter
i
n
 E
x
h
i
b
i
t
 3

D
e
a
r
 M
r
.
 H
a
n
n
a
h
,

T
h
e
 following is m

y
 response to the letter in April 29,2024.

T
h
e
 argument in the letter on April 29, 2024 is nothing but cheating to fool the pro

se litigant a
n
d
 the forged "so called evidence** to further cheat the Court.

(
1
)
 T
h
e
 claim is not limited to o

n
e
 e
m
b
o
d
i
m
e
n
t
,
 see Exhibit 5

 of U
S
P
T
O
 claim

rule, the claim 2
9
 of R

E
4
5
2
5
9
 read the R

e
R
A
M
 as you stated IR, I

T
 (
1

resistor ,
 1
 transistor) R

e
M
A
M
 as in m

y
 complaint. T

h
e
 claim 2

9
 of R

E
4
5
2
5
9

is not hmited to any one embodiment in RE45259, T
C
A
M
 is the example and

p
r
e
a
m
b
l
e
,
 t
h
e
 claim cover t

h
e
 other circuits s

u
c
h
 a
s
 R
e
R
A
M
 o
f
 I
R
a
n
d
 I
T

structure, because the reading operation of R
e
R
A
M
 of I

R
a
n
d
 I
T
 structure are

r
e
a
d
 o
n
 b
y
 t
h
e
 claim 2

9
 o
f
 R
E
4
5
2
5
9
.
 T
h
e
 letter further confirm that t

h
e

R
e
R
A
M
 of T

e
T
r
a
M
e
m
 (
 IT
 and I

R
 structure) is consistent with m

y
 complaint

and the R
e
R
A
M
 of T

e
T
r
a
M
e
m
 (
I
T
 a
n
d
 I
R
 structure) read the claim 2

9
 of

R
E
4
5
2
5
9
.

(2) T
h
e
 letter accused m

e
 with m

y
 past cases. I

 do not want to argue it here, the
personals accused m

e
 with those cases are not only cheater, but violated their

oath to the G
O
D
,
 G
O
D
 will not like their conducts, their family and

d
e
s
c
e
n
d
a
n
t
s
 
will suffer for their conducts..

I do not believe the letter was written by you, the letter is nothing
b
u
t
 evilly cheating.

I will refile the complaint against T
e
T
r
a
M
e
m
.
 T
h
e
 letter of April 29,2024

still used the previous cases to cheating, defaming to h
a
r
m
 m
e
 and to cheat
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the J
u
d
g
e
.
 Please stop doing so, m

e
r
e
l
y
 for s

o
m
e
 extra incomes, to avoid your

further cheating conducts will h
a
v
e
 your descendants suffer your conducts,

because t
h
e
 ultimate justice is g

u
a
r
a
n
t
e
e
d
 b
y
 G
O
D
.

R
e
g
a
r
d
s

/
s
/
X
i
a
o
h
u
a
 H
u
a
n
g
 (
P
a
u
l
)
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r
e
t
a
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i
o
n
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2
1
1
1
 C
l
a
i
m
 Interpretation; Broadest Reasonable Interpretation [R-10.2019]

C
L
A
I
M
S
 M
U
S
T
 B
E
 G
I
V
E
N
 T
H
E
I
R
 B
R
O
A
D
E
S
T
 R
E
A
S
O
N
A
B
L
E

I
N
T
E
R
P
R
E
T
A
T
I
O
N
 I
N
 L
I
G
H
T
 O
F
 T
H
E
 S
P
E
C
I
F
I
C
A
T
I
O
N

Dxiring patent examination, t
h
e
 pending claims m

u
s
t
 b
e
 "given their broadest

reasonable interpretation consistent with the specification.'' T
h
e
 Federal Circuit's

e
n
 b
a
n
c
 decision in Phillips v. A

W
H
 Corp., 4

1
5
 F
.
3
d
 1303, 1

3
1
6
,
 7
5
 U
S
P
Q
2
d
 1
3
2
1
,

1
3
2
9
 (F
e
d
.
 Cir. 2

0
0
5
)
 expressly recognized that the U

S
P
T
O
 e
m
p
l
o
y
s
 the 'laroadest

r
e
a
s
o
n
a
b
l
e
 interpretation" s

t
a
n
d
a
r
d
:

T
h
e
 P
a
t
e
n
t
 a
n
d
 T
r
a
d
e
m
a
r
k
 Office (

"
P
T
O
"
)
 d
e
t
e
r
m
i
n
e
s
 t
h
e
 s
c
o
p
e
 o
f
 c
l
a
i
m
s
 i
n
 p
a
t
e
n
t

applications n
o
t
 solely o

n
 t
h
e
 basis of t

h
e
 claim l

a
n
g
u
a
g
e
,
 b
u
t
 u
p
o
n
 giving claims

their b
r
o
a
d
e
s
t
 r
e
a
s
o
n
a
b
l
e
 construction "in light o

f
 t
h
e
 specification a

s
 it woxildbe

interpreted b
y
 o
n
e
 o
f
 ordinary skill i

n
 t
h
e
 art." I

n
 re A

m
.
 A
c
a
d
.
 o
f
 Sci. T

e
c
h
.
 Ctr.,

3
6
7
 F
.
3
d
 1
3
5
9
,
 1364[, 7

0
 U
S
P
Q
2
d
 1
8
2
7
,
 1
8
3
0
]
 (F
e
d
.
 Cir. 2004). I

n
d
e
e
d
,
 t
h
e
 rules o

f

t
h
e
 P
T
O
 require t

h
a
t
 application c

l
a
i
m
s
 m
u
s
t
 "
c
o
n
f
o
r
m
 to t

h
e
 invention a

s
 set forth

i
n
 t
h
e
 r
e
m
a
i
n
d
e
r
 of t

h
e
 specification a

n
d
 t
h
e
 t
e
r
m
s
 a
n
d
 p
h
r
a
s
e
s
 u
s
e
d
 i
n
 t
h
e
 c
l
a
i
m
s

m
u
s
t
 fin

d
 clear s

u
p
p
o
r
t
 o
r
 a
n
t
e
c
e
d
e
n
t
 basis i

n
 t
h
e
 description s

o
 t
h
a
t
 t
h
e
 m
e
a
n
i
n
g

o
f
 t
h
e
 t
e
r
m
s
 i
n
 t
h
e
 c
l
a
i
m
s
 m
a
y
 b
e
 ascertainable b

y
 reference to t

h
e
 description." 3

7

C
F
R
 1.75(d)(1).

S
e
e
 also I

n
 r
e
 Suitco Surface, Inc., 6

0
3
 F
.
3
d
 1
2
5
5
,
 1
2
5
9
,
 9
4
 U
S
P
Q
2
d
 1
6
4
0
,
1
6
4
3

(
F
e
d
.
 Cir, 2010); I

n
 r
e
 H
y
a
t
t
,
 2
1
1
 F
.
3
d
 1
3
6
7
,
 1
3
7
2
,
 5
4
 U
S
P
Q
2
d
 1
6
6
4
,
1
6
6
7
 (
F
e
d
.
 Cir.

2
0
0
0
)
.

P
a
t
e
n
t
e
d
 claims are n

o
t
 given t

h
e
 broadest reasonable interpretation d

u
r
i
n
g
 court

proceedings involving i
n
f
r
i
n
g
e
m
e
n
t
 a
n
d
 validity, a

n
d
 c
a
n
 b
e
 interpreted b

a
s
e
d
 o
n
 a

fully d
e
v
e
l
o
p
e
d
 prosecution record. I

n
 contrast, a

n
 e
x
a
m
i
n
e
r
 m
u
s
t
 construe c

l
a
i
m

t
e
r
m
s
 i
n
 t
h
e
 b
r
o
a
d
e
s
t
 r
e
a
s
o
n
a
b
l
e
 m
a
n
n
e
r
 d
u
r
i
n
g
 prosecution a

s
 is r

e
a
s
o
n
a
b
l
y

allowed i
n
 a
n
 effort to establish a

 cleai*-record o
f
 w
h
a
t
 applicant intends to claim.

T
h
u
s
,
 t
h
e
 Office d

o
e
s
 n
o
t
 interpret c

l
a
i
m
s
 w
h
e
n
 e
x
a
m
i
n
i
n
g
 p
a
t
e
n
t
 applications i

n

t
h
e
 s
a
m
e
 m
a
n
n
e
r
 a
s
 t
h
e
 courts. I

n
 r
e
 M
o
r
r
i
s
,
 1
2
7
 F
.
3
d
 1
0
4
8
,
 1
0
5
4
,
 4
4
U
S
P
Q
2
d

1
0
2
3
,
 1
0
2
8
 (
F
e
d
.
 Cir. 1997); I

n
 r
e
 Zletz, 8

9
3
 F
.
2
d
 3
1
9
,
 3
2
1
-
2
2
,
 1
3
 U
S
P
Q
2
d
l
3
2
0
,

1
3
2
1
-
2
2
 (
F
e
d
.
 Cir. 1

9
8
9
)
.

Case 5:24-cv-07181-VKD   Document 1   Filed 10/15/24   Page 64 of 66



Because applicant h
a
s
 the opportunity to a

m
e
n
d
 the claims during prosecution,

giving a
 claim its broadest reasonable interpretation will reduce the possibility that

the claim, once issued, will be interpreted m
o
r
e
 broadly than is justified. In re

Y
a
m
a
m
o
t
o
,
 7
4
0
 F.2d 1569, 1571 (Fed. Cir. 1984); In re Zletz, 8

9
3
 F.2d 319, 321,13

U
S
P
Q
2
d
 1320, 1322 (Fed. Cir. 1989) ("During patent examination the pending

claims m
u
s
t
 be interpreted as broadly as their terms reasonably allow.'O; In re

Prater, 4
1
5
 F,2d 1393, 1404-05, 162 U

S
P
Q
 541, 550-51 (

C
C
P
A
 1969) (Claim 9

 w
a
s

directed to a
 process of analyzing data generated by mass spectrographic analysis of

a gas. The process comprised selecting the data to be analyzed by subjecting the
data to a

 mathematical manipulation. T
h
e
 examiner m

a
d
e
 rejections under 3

5
U.S.C. 101 a

n
d
 3
5
 U.S.C. 102. In the 3

5
 U.S.C. 102 rejection, the examiner

explained that the claim was anticipated by a
 mental process augmented by pencil

and paper markings. The court agreed that the claim was not limited to using a
machine to carry out the process since the claim did not explicitly set forth the
machine. The court explained that "reading a

 claim in light of the specification, to
thereby interpret limitations explicitly recited in the claim, is a quite different thing
from 'reading limitations of the specification into a claim,' to thereby narrow the
scope of the claim by implicitly adding disclosed limitations which have no express
basis in the claim." The court found that applicant was advocating the latter, i.e.,
the impermissible importation of subject matter from the specification into the
claim.). See also In re Morris, 127 F.3d 1048, 1054-55, 44 U

S
P
Q
2
d
 1023,1027-28

(Fed. Cir. 1997) (The court held that the U
S
P
T
O
 is not required, in the coin:se of

prosecution, to interpret claims in applications in the s
a
m
e
 m
a
n
n
e
r
 as a

 court
would interpret claims in an infringement suit. Rather, the "

P
T
O
 applies to

verbiage of the proposed claims the broadest reasonable meaning of the words in
their ordinary usage as they would be understood by one of ordinary skill in the art,
taking into account whatever enhghtenment by w

a
y
 of definitions or otherwise that

m
a
y
 be afforded by the written description contained in applicant's specification.").

The broadest reasonable interpretation does not m
e
a
n
 the broadest possible

interpretation. Rather, the m
e
a
n
i
n
g
 given to a

 claim term m
u
s
t
 be consistent with

the ordinary and customary meaning of the term (unless the term has been given a
special definition in the specification), a

n
d
 m
u
s
t
 b
e
 consistent with the use of the

claim term in the specification a
n
d
 drawings. Further, the broadest reasonable

interpretation of the claims must be consistent with the interpretation that those
skilled in the art would reach. In re Cortright, 165 F.3d 1353, 1359, 49 U

S
P
Q
2
d

1464, 1
4
6
8
 (Fed. Cir. 1

9
9
9
)
 (T
h
e
 Board's construction of the claim limitation
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'^restore hair g
r
o
w
t
h
"
 a
s
 requiring t

h
e
 hair to b

e
 returned to its original state w

a
s

h
e
l
d
 to b

e
 a
n
 incorrect interpretation o

f
 t
h
e
 limitation. T

h
e
 c
o
u
r
t
 h
e
l
d
 that,

consistent w
i
t
h
 applicant's disclosure a

n
d
 t
h
e
 disclosure of t

h
r
e
e
 patents f

r
o
m

a
n
a
l
o
g
o
u
s
 arts using t

h
e
 s
a
m
e
 p
h
r
a
s
e
 to require o

n
l
y
 s
o
m
e
 increase in hair g

r
o
w
t
h
,

o
n
e
 of ordinary skiU w

o
u
l
d
 construe "restore hair g

r
o
w
t
h
"
 to m

e
a
n
 that t

h
e
 claimed

m
e
t
h
o
d
 increases t

h
e
 a
m
o
u
n
t
 of hair g

r
o
w
n
 o
n
 t
h
e
 scalp, b

u
t
 does n

o
t
 necessarily

p
r
o
d
u
c
e
 a
 full h

e
a
d
 of hair.). T

h
u
s
 t
h
e
 focus of t

h
e
 inquiry regarding t

h
e
 m
e
a
n
i
n
g
 of

a
 claim s

h
o
u
l
d
 b
e
 w
h
a
t
 w
o
u
l
d
 b
e
 reasonable fro

m
 t
h
e
 perspective o

f
 o
n
e
 o
f
 ordinary

skill i
n
 t
h
e
 art. I

n
 r
e
 Suitco Surface, Inc., 6

0
3
 F
.
B
d
 1
2
5
5
,
 1
2
6
0
,
 9
4
 U
S
P
Q
2
d
 1
6
4
0
,

1
6
4
4
 (
F
e
d
.
 Cir. 2010); I

n
 re B

u
s
z
a
r
d
,
 5
0
4
 F
.
B
d
 1
B
6
4
,
 8
4
 U
S
P
Q
2
d
 1
7
4
9
 (
F
e
d
.
 Cir.

2007). I
n
 B
u
s
z
a
r
d
,
 t
h
e
 claim w

a
s
 directed to a

 fla
m
e
 retardant composition

comprising a
 flexible polyurethane f

o
a
m
 reaction mixture. 5

0
4
 F
.
B
d
 a
t
 1
B
6
5
,
8
4

U
S
P
Q
2
d
 a
t
 1750. T

h
e
 Federal Circuit f

o
u
n
d
 that t

h
e
 Board's interpretation that

e
q
u
a
t
e
d
 a
 "flexible" f

o
a
m
 w
i
t
h
 a
 c
r
u
s
h
e
d
 "rigid" f

o
a
m
 w
a
s
 n
o
t
 reasonable. Id. a

t

1
B
6
7
,
 8
4
 U
S
P
Q
2
d
 at 1751. Persuasive a

r
g
u
m
e
n
t
 w
a
s
 presented that persons

experienced i
n
 t
h
e
 field o

f
 polyurethane f

o
a
m
s
 k
n
o
w
 t
h
a
t
 a
 flexible m

i
x
t
u
r
e
 is

different t
h
a
n
 a
 rigid f

o
a
m
 mixture. Id. at 1B66, 8

4
 U
S
P
Q
2
d
 at 1751.
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