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PREUIMINARY CY7C0430BV

CY7C04308Y CY7C04308YV
433 ~106
faaxy (M} 133 100

Max Access Time {ns}{Clock io Dada) 47 5.0

Max Operating Current I {mA} 750 G0
Max Standby Current for lgg« {mA) (All poris TTL Level) A0 150
Max Stanidoy Currant for 1ggs (mA) {All porfs CMOS Leval) } 3.0 54
Pin Definitions
Port 1 Port 2 Port 3 Port 4 Description
A —Asp Agpr—Pases AgpgAygps Agpa—Raspg Address inputfOutput.

VOgp 01 yps

HOpp0 709

¥Onpy-t0 13

HOgps=HO17py

aia Bus inputfQuiput.

CLKps

CLKpg

Clock tnputt, This input can be frae running of sirobed,
Manimum clock input rate is fa.

Eﬁ!’_’}g

LBps

By

Lower Byte Select input. Asserting this signal LOW en-
ables read and write operations 10 the lower byte. For
read aperations both *he L8 and OF signals nust be as-

serted to drive oulput data on the lower byle of {he data
pins,

UBe»

&l
o3
3

Upper Byle Select input. Same funclion as LB, fut to the
apper byte.

3
<

e, p

CEypp. CE 4pp

CEgpa.CEqps

Chip Enable Input. To select any port, hoth GEy AND CE,
niust be asserted o their active states (CEp < V) and
CEy =V

Q
i
2

Quiput Enable Input. This signal must be asserted LOW
to enable the /0 data lines during read operations. OF
is agynchronous input.

RiWpy

Read/Write Enable inpot. This signal is agserted LOW to
write to the dual port memory array. For read operations,
agsert this pin HIGH,

MRST

Master Resetfnput. This is one signal for All Porls, MRST
is an asynchronous inpul. Asserting MRST LOW par-
forms all of the reset Bunctions as described in tha text. A
MRST operation is required at pawer-up.

CNTRSTpy

CNTRS ey

CNTRS Ty

Counter Resat Input. Asserting this signal LOW resels
the burst audress counter of its respective port o zero.
TNTHEST is second to FIRST in priority with respect to
counter and mask register operations.

MKLDpsy

WKL Dp

4

Mask Register Load input. Asserting this signai LOW
loads the mask register with the axternal address avail-
able on the address lines. MKLD operation has higher
priority over CNTLD oparation.

ONTLDpq

CNTLDpg

Counter Load Input. Asserting this signal LOW loads the
burst courter with the external address present on the
address pins.

ENTING

CNTINCeg

CNTINGpy

Counter increment Inpud. Asserting this signal LOW in-
crements the burst address counter of ifs respective part
on each rising edge of CLK.
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Pin Definitions {continued)
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PRELIMINARY

CY7C0430BV

Port 1

Port 2

Port 4

Description

ENT ROy

CNTRDps

CRTRDpg

Coninter Readback Input, When asseried LOW, the infer-

nal addrass valoe of the counter will be read bagk gnthe
address lines. During CNTRO operation, both CNTLD
and CNTING must be HIGH. Counter readirack operation
has higher prionity over mask register readback opera-
fan, Counter readback operation is independent of port
chip enables. if address readback operalion aocurs with
chip enables aclive {Ck, = LOW, OB, = HIGH), the data
fines {FOs) will be three-stated. The readback timing will
be valid after one no-operation cydle pius Yapye from the
rising edge of the naxt aycia.

TR,

MKRDpg

f\'"? KRa‘p;;

Mask Register Readback input. When asseried LOW, the
value of the mask register will be readback on address
lines. During mask register readback operatiaor, all
counter and MKLD inputs must be HIGH {sse Counter
and Mask Register Operations truth lable}. Mask register
readback operation is independeat of port chip enables.
If address readback operation occurs with chip enables
active (Ckg = LOW, CE; = HIGH), the dala inas {//0s)
will be three-siated. The readback wili be valid after one
na-aperation cycle plus ton, from the rising edge of the
next cycla.

CNTINTey

 CNTiNTpy

Counter Iterrupt fiag oulput. Flag is asseried LOW for
one Tiogk oycis when the counter wraps around o loca-
tion zero,

INTpg

NTpy

NTey

rfsrrupt flag outpi. Interrupt parrpits communications
betwesn ait four ports. The upper four miemory locations
can be used br message pagsing. Example of operation:
Ty is asserted LOW when ancther port writes to the
raaitbox incation of Port 4. Fiag is cleared when Port 4
reads the contents of s madbox. The same operation is
applicabie to Portg 1, 2, and 3.

JIAG Test Mode Select Inpul it controls the advance of
JTAG TAP state machine. State machine {ransitions oc-
cur on the rising edge of TCK.

TCK

JTAG Tast Clock input. This can be CLK of any portoran
external clock cormected 1o the JTAG TAR

™!

JTAG Test Data input. This Is the enly data input. TDJ
wiputs wilt shift data serally in to the selected register.

™o

JTAG Test Data Quipit. This s the only data output. TDO
trangitions oceur on the falling edge of TCK, TDO normal-
Iy three-stated axcep! when capiured data is shiffed oul

of the JTAG TAR

CLKBIST

BIST Clock Input.

GND

Thermal ground for heat dissipation.

Vas

Ground Input,

Voo

Power Inpul.

Vss:

Address lines ground Input.

Vam

Address hnes power input.

| Vagy

Drata fines ground input.

Vope

i Data lines power [nput.
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Maximum Ratmgs DC inputVoltage i ~BLBV D Vot 0L8Y
{Above which the usefol life may be impaired. For user guide- Output Cursent into Outputs (LOW) .o 20 MA
iines, not tested.} Static Discharge VOHAZE v rcrncinec e >0
Storage Temperatur® oo, ~88°C to + 1850%C Latoh-lp Current Lo e, 200 A
Arnblerd Temperature with .
Power Appliad .. e B5°C o+ 12scc  Operating Range
Supply »ostege to Ground Folential .............~0.5V {o + 4.8V Amblent
Range Temperatore Voo
DC Voltage Applied fo - - 5 ,\ T vy
OUtpUts ity High Z State.....v.. oo 0BV D Vot 0.5V Commercial | (°Clo+70°C 3.3V & 150 m¥
industriat —40°C fa +85°C 33V £ 150 mv
Electrical Characteristics Ovar the Gperating Range
CYTCO4308BY
-133 -100
Parameter Description Min. Typ. Max. Min. Typ. Max. Unit
Vom Cuatput HIGH Voltage 2.4 2.4 Vv
{.VCC = Bdirt., EOH = 4.3 mA}
Var Cutput LOW Yollage v 4.4 0.4 ¥
(Ve = Min, g = 34,0 ma)
Vi input HIGH Voltags 20 2.0 A%
Vi fnput LOW Voltage a8 | 0.8 v
iz Output Leakage Current ~10 10 =10 1G BA
o Operating Current (Vap = Max,, | indust. 413 750 336 HO0 mA
ey = 0 mA) Qulputs Disabled, i
EE= Vg = gy { Contl mé
iag Stangthy Currert {4 Portstoggling | Indust. B8G = 200 8t | 150 mA
al TTL Lewels,Q active) Contl. = - Y
CEyg 2 Vi 5 fuax 1
3. Standby Current (4 Ports loggling | Indust. REES 128 | 263 mA
at TTi Levels, 1 active} CE4 | CEy 80 ;
| T, | OBy e Vi, £ = fus i Conl. ma
. Standby Current (4 Ports CMOS | Indust. 15 1 8 15 | 5 maA
Level, O active} CE g2 Vg, £= 8 M Fomw A
- Standby Current {4 Porta CMOS | indust, g | 240 83 | 180 rad
Level 1 _a_otwe and toggling) CE, i
{TE, | Ty | Gy Vi, 1= fang | "0 A
JTAG TAP Electrical Characteristics Over the Operating Range
Paramater Description Test Conditions Min. Max. Unit
Ve Output HIGH Voltage | Iny=-4.0 mA 2.4 Y
Vot Output LOW Vailage | g, = 4.0 mA 0.4 Y
Vg Input HIGH Vollage ] 240 v
Y nput LOW Voltage 0.8 V
by Input Leakage Cusrent | BGND €V, € Vop 100 100 A
Capacitance
Parameter Description Test Conditions Max. Unit
Oy Input Capacitance To=25°C, f=1 MHz, 8 oF
Cout o Output Capacitance Voo = 3.3V 8 pF
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AC Test Load

Ze= 500 R = 508
OUTPUT « ey SRR

: Yoms 1.5V

™o

Zomsta C =10¢F

(€} TAP Load

Note:
A4, Test Dondifions: © =10 pE

Zy= 500 R= 500
OUTPUT T

pf

1

Wy s 1.4V

i

Zy= 500 R = 500
DUTPUT e 0

5 pF
- Yy = 3.3V
{b} Threa-State Delay
3av -
GRD | [ ’E.__.’G%
2 t,:_'
ALL INPUT PULSES
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Switching Characteristics Over the Industrial Operating Range !

CY7C0430BV
133 -108
Parameter Descriplion Min. Max, Min, Max. Unit

faaxs Maximum Fraguency 133 100 WHz
ovez Clock Cycle Time 7.5 10 s
tore Clock HIGH Time 3 4 ns
fore Clock LOW Time 3 4 ns
te Clock Rise Tims 2 3 ns
i Clock Fali Time I R B 3 ns
taa Agdress Set-up Time T T 3 ns
hig Address Hold Time 0.7 0.7 ns
tse: Chip Enable Sat-up Time 2.3 3 ns
tae Chip Enable Hold Time 0.7 Q.7 ns
taw RAV Set-up Time 23 3 ns
few RAW Moid Time 0.7 0.7 ' ns
tap Input Data Set-up Time 23 3 1S
Yo input Data Hold Time 0.7 Q.7 0%
ey Byte Set-up Time 2.3 3 s
tm Byte Hold Time 0y 8.7 ns
tsoLo CNTLD Setup Time 2.3 3 ns
tyoin ENTLD Hold Time 0.7 0.7 ns
teeme | GNTING Set-up Time 2.3 3 ns
temie CNTING Hold Time 0.7 Q.7 ns
[T CNTRBT Set-up Time oza 3 ns
tnRaT ENTRET Hoid Time 07 0.7 ny
teomn CNTRD Sgt-up Tinw 2.3 3 a8
Liymrn CNTRD Hold Time 0.7 7 Q.7 ns
fain MRELD Set-up Time 2.3 3 ns
L WMKLD Hold Time 8.7 Q.7 ng
fonn MHRD Setup Time 2.3 3 ns
. MKRD Hold Time o 0.7 0.7 ns
foe Ouiput Enable o Dats Valid B85 B ns
1 1 TEolowz I 1 s
Sonz) OF to HIGH Z i 1 & 1 7 na
tenn Ciock to Data Valid 4.7 & ns
foas Clock to Counter Addrass Readback Valid 4.7 5 ns
tope Clock to Mask Register Readback Vatid 4.7 5 08
oo Data Output Hold After Clock HIGH 1 1 s
toppz Clonk HIGH to Output High Z 1 48 1 8.8 ns
teriz®! Ginck HIGH to Outpit LOW Z I 1 ns
Nate

3. this parameter ;’; guarantead by design, but i is not produclion tested.
& Vald or both address and data oulpuls,
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Switching Characteristics Over the Industdal Operating Range {continued)!’!

um

A

Y

CY7C04308V
~133 “108

Parameter Description Min, | Max i Min. Max B Unit
o Clack to INT Sat Time 1 75 4 19 ns
- Clock 1o INT Reset Time i 75 1 10 ng
fgomT Clock to CNTINT Set Time 1 7.5 4 10 ns
tociNT Clock to CNTINT Reset Time 1 7.5 110 ns
Master Reset Timing

tas Master Reset Pulse Width 7.5 10 ns
izsr Master Resat Recovery Time 7.5 10 ns
tans Master Reset to Oulpul Flags Reset Time 8.5 8 ns
Port te Port Delays

topst Clock o Glock Sat-up Time {ime required after a write 8.5 2 ng

before you can read the same address location)

Nuota;

7, B data s simuilaneousiy writhen and réad 10 e same address incadion aod {gog is violated, the data read Fom the address, as well 35 the subsequant data

rerraining in ihe address is undefinad

10
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JTAG Timing and Switching Waveforms

CY7C04308V
133 ~180
Parameter Description Min. Max. Min. Manx. Unit
frg Maximum JTAG TAP Conirolier Frequency 18 10 MHz
freve TCK Clock Cycle Time 106 HIe ns
Yere TCK Clock High Time 40 40 ne
11 TCK Clock Low Time 48 |40 ns
briies TMS Setup to TCK Clook Rise 2 20 ns
trasoit TMS Hald After TCK Ciack Risa 20 20 s
trons TOI Setup to TCK Clock Rise 20 20 ns
| trom TOH Hold after TCK Clock Rise 20 20 ns
trooy TCK Clack Low to TDE Valid FRE 20 ns
frpox TOK Clock Low to TDO invalid & 0 ns
faist Mandmum CLKBIST Freguency ' 50 50 MMz
e CLKBIST High Time 8 g ns
fag CLEBIST Low Time g g ns
' Phm by ‘
| s X
:-._.-..-..‘ ‘.7-""_‘_\ i | .f
/ y i i .
Test Clock ] \ } \ H Y i
TCK Pl :i E\ al ; -
i ] E TOYE I
g frass | [ ; |
t S { trusH e |
3 { ' £ k ‘"'1 """ =y 5 § l 4
Test Mode Sefect / W E “}f i AV A )
TWIS “‘\ : -':\\s A § / \\ 3 “ “‘\ ; J" \ “\ } ;j
i i 3 H t
{ i i i i §
! S t YoMt f
Tast Data-in { kY y/ | Y | Y C Y A Y
DI A A A A A A
Y 5 L i % L 1 anrnnnn f 4
E ! | i ‘ !
{ E i | i
; i i N L d i : £ g i
Test Data-Out Y, y A \{‘ )
TDO A AN AT
¥ ¥ } i
| ! !
H H ;
11
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Switching Waveforms
Master Reset®

MRST

N L
RyF

ALL

ADDRESS
DATA )
LINES oy i

ALL
GTHER m( INACTIVE >< ACTIVE
INPLTS \

TS / : N

Nate:
8. g is the setup Hime required for all inpit contval signais,

-
2
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Switching Waveforms {conlinued)
Read Cyclel®: 19 11, 12,13

CLK

ADDRESS

1 Laten
D!\T!\Ouy e -N: —- A.Luy

hegiausty cond M@ ; ail other inpuds fexchading LR% T} & synohrnous to the rising Slock edge
AREES Yy, ONTE x, and MR S‘T; = Wy

11, The oot iy disabled {high- wrpedance State 3. D ?“""\;»H Tallowing the next rising edge of the ook,

12 m{drmw*‘ s ot havs 10 De aonesse saguardialiy. Kote 10 indicates thal addvess fs consiantly loaded on the rising edge of the CLIK. Numbars aes for reference

13. t E is intgevad signal. T8 = Vit i §Fg = vy and CEL = V.
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Switching Waveforms {continued}
Bank Select Readl* 19

DATAgrrms;

Qg 2

Read-to-Write-to-Read (OF = )% 7. 18,18

- tevns
b fowa e Bopn

Yo L o

&
%

v X

faw
ADDRESS E
s
DATAy,
DAT!‘&QU T
Notes:
48, b this dgp;h EKPARSIC 8 (nb, = B represems Bank #1 and B2 13 Hank #2; Each Bank consisls of ang Cypress Quedpart device from this data sheel.
£
18,

16, Qutpnat 8% a:e (HIGH, O

17. LB =UB = CMILD = V, ;*

18, Aﬁdwsse do not have fobe ssed sequentia
3 b Operation,” data w memorny af the se

06 GNTLDS Vi constantly ads he siddress onth
d addvess iy be cossepted 2 should be sewritia

g edge of e TLK numbers gre for refersnce anty
ansire datd ntegrity

14
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Switching Waveforms (continued)

Read-ta-Write-to-Read {OF Cantrofied)l’S: 17, 18,19

toves
- e i loge

RIW 291 \w \<><>\ /<§Z>\ /<><>/ \QQ/

b o
E Aneg 'ﬁ‘n“g
ARORESS
tga
DATAY
tope
PATAmy Crrd
togpz =t 1
BE QAR XX XX
KYRITE coovommcommsccoosipocsscense. READ
Read with Address Counter Advancel™ 21
fovez
L
S NI a0 NI 20 NI 20 NI S0 NI SN
N

o 1 LTV

bacr o tnoen
s XA | KXY TR TR TR TR T
CSRTING ‘5‘3““73 Y
cmsz\cym m XW% /@\ PoeN

DATAqyy &y C,‘,’; 8 . Gz Qn‘lﬁ
READ oo UNT :
o e e EXTERM & fomrmernafinsnannans READ WITH COUNTER COUNTER HOLD READ WITH COUNTER
ADDRESS
Notes: o ~ e e e e eacenonsacs
20, Ty~ O~ I8 =B » vy CF, = R = CRTRS =TI = B = ENTG = ¥y

21, The “nternsl ddress is equai to the “Exteensl Address™ when CHTLD= vy

15
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Switching Waveforms {continued
Write with Address Counter Advance ¥1.24

PREUMINARY CY7C0430BV

b moed

Long Lo

INTERNAL S -
ADDRESR mﬁ Ay X Ayt -X Aped X Agea .>< Aoed
tanio Yiqin

XN | AT TR [KY ™ (KK [

Sl Doy Dz 2

g
_ WRITE EXTERNAL WRITE WITH__| WRITE COUNTER]
ADORESS T COUNTER T uOLD

WRITE WITH COUNTER - — ~— -

16
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Switching Waveforms (continued)
Counter Reset 115 45,24

fovan

?gggggé A)( X A[} >< Af >< All >< Ani‘i

scLD hacio

s SCKKK ™K IR R L LA

lacrat figast 3
st Soh | AT iKY KK R K [KK
DATA i oo * N
L COUNTER | ~ WRITE 1~ READ | READ _| = READ _|]
RESET C ADDRESS 0 ADDRESS I ADORESS 1 ADDRERS 0

ARLLY = RMKHE = CRTRD = Yy,
24, No dead eycle sxists during counter reset, A READ of WRITE cycle may be toincidenial with the counter reset,

17
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Switching Waveforms (continued)
L.oad and Read Address Counter®

@

ey
e
e

toves

beregn tey [
oz 1 dere | Note 26 Notw 27

SIS, 2N AN SIS NI S NI SN

=T 3 i S s m; foxa
4 : 4 128
o KKK KK ey
aoLn - Gionn
S KRR R R

fagme taone

ONTRE X X XXX X AXX XA L KX XX XX
e LS
R 00 G D G G G

tokug
LOAD A T
L EXTERNAL READ DATA WITH COUNTER READ
LDORESS INTERNAL
ADDRESS

Nmes

26, Accres« in oq pui mode ?iosi must ﬂct ba d'w (5] c,css:»:ss bur« aﬂer Mwe Tonnz 1 ekt choek cyala,
7. Address in ingut mads, Host can drive address bus affer togys
8. This s the value of the address coumter being read out on e addess lines,

18
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Switching Waveforms (continued)

PRELIMINARY

CY7C0430BYV

Load and Read Mask Register ¥4

p
4
@

tevn
oy 1 lowe
FLi %
s
tg,\ tHA )
Ag-Ayn N
o SO KKK
fasan o
RRCE KXY

|
i

MKRD 5 K '

MAGK
INTERNAL
VALUE ®< P Ay X An >< Ay X Aq ><
LOAD READ
L UMASKREGIBTER O e MASH-REGISTER — — o o
VALUE YALLE
Motes:

20, Ty = OF = D8 = U = vy OF = RAR = JIRTREY = BRST = TR » TRTNE = TRTNC vy,

3. This s the vaius of the Mesk Register read oul on the addesss lines,
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Switching Waveforms (continuad

PRELIMINARY CY7C0430BV

Port 1 Write fo Port 2 Readh®? 32, 34

fvvea
e ¢ o
ke /**_//_\.Jr\__/r\dr\._/f_\_
et
tsa A,
54 —
PORT- . i i -
sooess XXX K A KX XXX XXX XXX XX
(ST — oy
1 4 -
borsz i
L P tin towz 4
PORT-1 o :
DATA, Ha ‘
; o 1305 ‘
«t:‘-«'f::zi i ‘
- N CL2 :
ClKpg + - /“\_,_)/_—\_J[_—\__/M
tepn
t5a fha
BORTZ
SH
PORT-2
DATAGuT
Natas: B
3. Ty = OF = [8 = UB » TRTID =V, CE, = ONTRET = MEET = SIKTT = RRKRE « TRTRD « THNTIRC =y,
32, Thistimingis valibwhen une portis wiiting, and one or more of the three other pors is reading the same keation i the same time. Higeg s viokied, indeterminaty

Cava w2 raad ool

3
ko

ve after the dsing edge of Port 2's cluek. if
e rising eidge of Fort B's cloek.

20
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Switching Waveforms (continued)

3%, 35

Counter Interrupt B

Ch¥ M%l’-’\__j/_\_j(_.\__}/—\__}/—\_
EXTERNAL oz o] XK KKK XK X XXX

tSoiNG tuome

COUNTER

INTERNAL on - X - X , >< -

ADDRESS ZXX A >< X XXIEh xxTFh <00  x00h
ENTINT il iy

Mailbox Interrupt Timing!®" 8. 2. 40, 63

tovie

tomp 1 o

CLKp,

PORT~
ADDRESS %

e

&
| >
%

Cikps

PORT-2
ADORESE

magked poviion & incremantad Fomn a7 Fh I xG0h, The "« is "Dt Dave,”
CHTRET = HIRST = CNTRE » CRYING = MRRE = MRLE IS
s for Port 2,

. e rrralitae i
38, Pt s configured fur \iitke opar L and Port 2 s canfigures for Res sration.

AG. Poi 1 and Pott 2 g used for s o Al T POTLE san wWeita s o Sy MadHoN,

S0 brohmerups dag iR st with respsct o the vising sdoe of the wiite clock, ad is resel with respedt Y the dsing eifge of the mad ook,

21

Sandisk Technologies, Inc. - Ex. 1002, Page 001718



p—
e
SR R S

= ppagaan PRELIVINARY CY7C0430BV

Table 1. Read/Write and Enable Operation {Any Port)t?: 4344

inputs Ouiputs
BE CLK CE, CE, RAW HQg-l0yy Operation
X - H X X High-Z Deselected
X - X L X High-2 Desslected
X W L H L DSN Wrile
L e L H H Doy Head
H X L H X High-Z utputs Disabled

Table 2. Address Counter and Counter-Mask Register Control Operation {Any Pert)m 45, 4%

CLK | MRST | CNTRST | MKLD | CNTLD | ONTINC | CNTRD | MRRD | Mode Operation
X L X X X X X X Master | Counter/Address Register Reset and Mask
Reset | Register Set {resets entire chip as perreset
slate table)
- H L X X X X X Reset | Counter/Addrass Regisier Resel
e H H L X X X X Load {Load of Addrass Lines into Mask Register
- H H | H L X X X Losd {loadof Address Lines into Counder/Address
Hegister
- H H H H L X X infz;ref Counter Increment
ment
o~ H H H k4 H L X Read- | Readback Counter on Address Lines
back
i H H H H H H L Read- | Readback Mask Register on Address Lines
back
o~ # ] 4 H H H H Hoid | Counter Hold
2. ")( = Doet Care,” B s Wy, sV
B is an aeynchronous input signal.
Wk §§ fenion and read happen aller ana oydie of latenay,
GEp = OF = v ul =V,
. Ceaner a;«&mho v and mask ¢ eglxi;ter operalicn arg independent of Chip Bnables,
22
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Master Reset

The QuadPort undergoes a complets reset by taking its Master
Reset (MRST) input LOW. The Master Reset input can switch
asynchronously 1o the clocks. A Master Reset iniializes the
internal burst courders to zero, and he counter mask registers
to alt ones {completaly unmasked). A Master Reset also forces
the Mallbox Interrupt {INT) fiags and the Counter Interrupt
(CNTINT) flags HIGH, resets the BIST controlier, and tax &3 an
registerad controf signals to a desslected read state!™) A
Master Reset must be performed on the QuadPort after p()\‘—
ar-up,

Interrupts

The upper four memaory locations may be used for message
pagsing and permit comimunications between ports, Table 3
shows the interrupt operation for ali ports. For the t-Meg
QuiadPort, the highest memory location FFFF is the mailbox

Table 2. Interrupt Operation Example

for Port 1, FFFE is the malibox for Port 2, FFFD is the maitbox
for Port 3, and FFRC Is the mailbox for Port 4. Tabfe 3 shows
that in order {o set Port 1 INTpq Bag, 8 write by any oiher port
to address FEFF will asgert iNTpy LOW. A read of FEFF loca-
don by Port 1 will reset 1'\Tp* HIGH. When one port writes o
the ather port's mailbox, the Interrupt flag (INT} of the port that
the maiibox belongs to is asserted LOW The interrupt is reset
when the owner (pori) of the mailbox reads the contenis of the
mailbox. The intsrrupt flag is set in a flow-through mode {iLe.,
it follows the clock edge of the writing port). Also, the flag is
raset in a fow-through mode {L.e., if foilows the clodk edge of
the reading port),

Each port can read the other port’s mailbox withowt resetting
tha interrupt. if an appiication does not require message pass-
ing, INT pins shouid be reatad as no-connect and shouid be
left ficating. When hvo ports or mora write 1o the same mailbox
at the same time TNT will be asserted but the contents of the

mailbox are not guaranteed to be valid,

Part 1 Port 2 Port 3 Port 4

Function Agigsps | INTor | Agepaspy  {INTep | Agessspy | INTpa|  Appesore | INTpy
Set Port 1 WNTps Flag X L FFFE X FFEF X FFFF X
Reset Port 1 INTp, Flag FFFF # X X X X X X
Set Port 2 Ny Flag FFFE X X L FFFE X FFFE X
Reset Port 2 INTp; Flag | X X FFFE H X X X X
Set Port 3 NTpgFlag FFFD X FEED X X L FFFD X
Resst Port 3 NTp; Flag X X X FFED H X X
Set Port 4 INTpy Flag FFFC X FFFC X FFFC X X i
Reset Port 4 INTpy Flag X X X X X X FFFC H

Rata!
o o S ot o e et agtoned ookt ot e o s T 00~
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Address Counter Conirol Operations

[N

Courder enable inputs are provided to stail the operation of the
address input and utiize the infernat address generated by the
internad counter for the fast interleaved memory applications.
A part’s burst courtter is foaded with the port’s Counter Load
pir {CNTLIN. When the port’s Counter Increment (CNTINC) is
assaried, the address courder will incrament on each LOW o
HIGH transition of that port's slock signal. This will readhwrite
one word froméinte each succsssive address location until
CNTING is deasserted. Depending on the mask register slate,
the counter can address the entire memory array and will nop
back to start. Counter Resat {ONTRST) is used to reset the
Burst Couriter {the Mask Raglster value is unaffected). When
using the counter in readback mode, the internal address val-
ue of the eounter will be read back on the address lines when

vides a black diagram of the readback operation. Talje 2 dsls
conirol signads required for counter operations. The signals are
listed based on their pricrity, For exarnple, Master Ress! takes
pracedence over Counter Resel, and Counter Load has lower
priority than Mask Register Load {described below). Al
counter operations are independent of Chip Enables (Ckq and
CEq). When the addrass readback oparation is performed the
data I/0s are three-stated {if CEs are aclive) and one-clock
cycle (no-operation cynle} iatency s experdenced. The ad-
dress will be read at time {5 from the rising edge of the clock
following the no-operation cycle, The read back address can
be either of the burst counter or the mask register based on
the levels of Counter Read signal {CNTRD) and Mask Register
Read signal (MKRD). Both sxgﬂa!s are syncheonized to the
port’s clock as shown in Table 2. Counter read has a higher
prinrity thap mask read.

CGourtler Readback Signal {ONTRD) {s asserted. Nigure § pro-
:2adh e e 1
{ i
o {
CNTRD ——{M Read back e i
SRR W S 2 111 :0 ,
MKED !
; . !
i \rj’ i
R {
5 i MLEZT Merory [
Bidirectional Mask Array
Address Lines i Register i
! |
i {
i Counter! ‘
! Address L f
ERTING = 1 o gt REGiSHET !
BN =1 ] !
CRTRST =1 el |
. N {
CLK = h"[;a mmmmmmmmmmmmmmmmmmmmmmm 3

Figure 1. Counter and Mask Register Read Back on Address Lines
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Counter-Mask Register

Example: — e ——
Load
Counter-Mask ; . P
-] 111 O
Ragister = 3F ¢ o o
T T T A S AP ask
Register
Blocked Address _ Courder Address bit-G
Load ] -
Address | H XiX X's Xioigi1{oi0i0
Counter =8 ‘
T L T T a8 A a7 ad 5T ol Address
N - - — — ; Counter
Max hit-0
Agdress H Xi X Xs Ay tprp 1y dit
Fegister
T B i T T T T ®T i ¥ g2 gt b
Max + 1 ] T T ‘
Address L XiX X's Xjojoiofojaio
Register ‘
215 2“-1 2& 25 24 23 22 2‘? 2‘3

Figura 2. Programmable Counter-Mask Register Operationt?

The burst counter has 8 mask regieter that confrols when and
whaare the counter wraps. An interrupt flag {CNTINT) is assert-
ad for one clogk cycle when the unmasked poriion of the
caunter address wrabs around from afl ones (CNTING must be
asserted) i alf zeros. The example in Figure 2 shows the
ccurder mask register loaded with a mask value of 063F un-
masking the first 8 bits with bit "0” as the LSB and bit "158” as
the MSB. The maximuim value the mask register can be oaded
with {5 FEFF, Selting the mask register io this value allows the
counter o access the entire memory space. The address
counter is then joaded with an ndtial value of XXX& The
“blacked” addresses {in this cass, the &lh address through the
15th addrass) are loaded with an address but do notingrement
once {oaded. The counder addrass will siart al address XXX8.
With CTNTING asssrted LOW, the counier will increment its
irternal address value il it reaches the irask ragister value of
3F and wraps around the memory block o lpcation XXX0.
Therefore, the counter uses the mask-regisier fo define
wrap-around point. The mask register of every port is loaded
when MKLD {mask register Ioad) for thal portis LOW. When
WKL is LOW, the viiue of the mask register can be read oul
oft adkdiress lines in & manner similar to counter read back op-
eration (see Table 2 for required conditions}

When the burst counter is foaded with an address higher than
the mask register valug, the higher addresses will form the
masked portion of the counter address and are called bDlocked
addresses. Tha blocked addrasses will not be changed or af-
facted hy the counter increment operation. The only exseption
is mask register bit 0. it can be masked o allow the address
counter to ncrement by two, if the mask register it 0 is loaded
with a logic vatue of 0,” then addreas counter bit 0 s masked
and car not be changed during counter incrament aperation.

Nuate:

43, The "X i ihie dingram remrssents the tounter upper-bits.

28

48}

if the loaded valus for address counier bit  is "1 the counter
will ingrement by two and the address valuss are even.  the
loaded value for address sounier bt D is “1,” the counter will
increment by hwo and the addrass values are odd. This oper-
atinng allows the user to achieve 8 38-bil interface using any
two ports, whare the counter of one port counis sven address-
as and the counter of the olher port counts odd addresses.
This even-odd address scheme stores one half of the 38-bit
waord in even memory incations, and the sther haf in odd mem-
ary locations, CNTINT will be assarted when the unmasked
portion of the courter wraps to all zeros, Loading mask regis-
tar bit 0 with “1° allows the counter o increment the address
value sequentially.

Tabie 2 groups the operations of the mask reglster with the
operations of the address counter. Address counter and mask
ragister signals are all synchronized to the port's clock CLK,
Master reset (MRST} is the only asynchronous signat fisted on
Table 2. Signals are listed based on their priority gaing from
lelt column o right column with MRST being the highest. A
LOW on MRET wn! reset both counter register to all 2eros and
mask register to all ones. On the other hand, & LOW an
CNTRSET witf on Yy clear the address counter register to zeres
and the mask register will remain intast,

There are four operations for the counter and mask regisiar:

1. Load operation: Whan ONTLD or MKLD is LOW, the ad-
dress counter or the mask register is lcadad with the ad-
drass value presented at the address lines. This value rang-
es from 0 o FFFF :;64&) The mask register load operation
has a higher priority over the address counter load opera-
tior.
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2. lncrement: Once the address counier is loaded with an ex-
tarnal address, the countar can intemally ncremant the ad-
dress value by assarting ONTING LOW. The counter can
address the enfire memaory array {depend on the value of
the mask register) and loop back to location &. The incre-
ment operation is second in priority to load operation,

. Readback: the internal value of either the burst counter or
the maskregister canbe read out on the address ineswhen
CNTRD or MKRLD is LOW, Counter readback has higher
privrity over mask register readback. A no-operation delay
cycle is experienced when readback operalion is per-
formed. The address will be valid affer toa, (for counter
readback} or tyg (for mask readback} from the following
porl's clock rising edge. Address readback operation is in-
gependent of the port's chip enables {CEg and CE4). H ad-
dress readback occurs while the portis enabled {chip en-
ables active}, the dala lines {H0s) wil be hree-stated.

. Hold operation: In order to hold the value of the address
counter at cartain address, 8l signais in Table 2 have o be
HIGH. This cperation has the least priority, This operation
is ugeful in many applications where walt slates are nesded
or when address is available few cycies ahead of data.

The counter and roask register operalions are tolally indepen-
dent of port ohip enables.

IEEE 1149.1 Serial Boundary Scan (JTAG) and
Memory Built-In-Self-Test (MBIST)

The CYTCO430RY incorporates a serial boundary scan test
access port {TAP). This port operates in accordance with [EEE
Standard 1149.1-1890. Notg that the TAP sontroller funclions
in a manner that does not condiict with the operation of ather
devines using 11441 fully corapiiant TAPs. The TAP uperates
using JEREC standard 3.3V ¥Q logic lavels. s composed of
three input connections and one auiput connection required by
the test logic defined by the standard. Memory BIST cirouitry
wiil also be controlled through the TAP interface. All MBIST
instruntions are complient to the JTAG stendard. An external
clock (CLKBIST) is provided 1o allow the user to run BIST at
spaads up to 50 Mz, CLKBIST is muttiplexed irdermally with
the ports clocks during BIST operation.

{Nisabling the JTAG Feature

It ia possible o operate the QuadPort without using the JTAG
feature. To disable the TAP controller, TOK miust be thed LOW
{Veg) to prevent clocking of the device. TDI and TMS are inter-
nally pulted up and roay be unconnectad. Thay may alternately
be connecled fo Yy through a puli-up resistor. TDO should
be teft unconnected. CLKBIST must be tied LOW to disable
the MBIST. Upon power-up, the device will come up in a reset
state which will not interfere with the operation of the device.

Test Access Port {TAP) - Test Clack {TCK)

The test clock is used only with the TAP controlier, Al inpuls
are captured on the rising edge of TCK. All cutpusts are driven
from the falling edge of TOK.

Fa

Test Mode Select

The TMS input is used to give cormmands to the TAP controlier
and is sampled oo the rsing edge of TCK. it is allowable to
laava this pin unconnected i the TAP is not used. The pin is
polled up interaally, resudling in & logic HIGH lavel.

Test Data-in {TDH

The TDI pin is used o serally input information into the regis-
ters and care be connected to the input of any of the registers.
The regisier between TIM and TDO is chosen by the insirue-
tion that is loaded into the TAP insfruction register. For infor-
mation on loading the instruction register, see the TAP Contiol-
ler States Diagrara. TDH is internally pulled up and cen be
uneonrected if the TAP is unused in an application. TD1is can-
nected to the most significant bit {MBB} on any register.

Test Data Qut (TDO}

The TDG cuipul pin is used lo senally clock data-out from the
registers. The output is active depending upon the ourent
state of the TAR state machine (see TAP Canimoller Stats Dia-
grarma (FSM)). The output changes on the falling edge of TCK.
TOQ is connedted to the feast significant bit {L.58} of any reg-
istar.

Performing a TAP Reset

A Resetis performed by foroing TMS HIGH (V) Ror five rising
edges of TCK. This RESET does not affect the operation of the
CluadPaort and may be patformed while the device is operalting.
At power-up, the TAP is resel internally to ensure that TDO
oomes up in & high-Z state.

TAP Registers

Registers are connected betwesn the T and TDO pins and
allow data to be scamned into and out of the QuadPort test
circuiiry. Only one register oan be selectad at a tinw through
the instruction registers. Data is serially loaded into the TD! pin
on the rising edge of TCK. Data is oulput on the TOO pin on
the falling edge of TCK.

mstruction Register

Four-bit instructions carcbe serlally loaded into the instruction
register. This register i3 loaded when it is piaced between the
TO! and TDQ ping as shown in the blfowing JTAGBIST Con-
troller diagram. Upon power-up, the instruction register is load-
ed with the IDCODE instruction. } is also loadad with the
IDCODE instruciion if the coptrofier is placed in a reset stale
as described in the previous seciion,

When the TAR condralier is inthe CaplursiR state, the two least
significant bifs are loaded with a binary “01" pattern to afiow
for fault isolation of the board level serigl test path.

Bypass Register

To save time when serially shifting data through registers, itis
sometimes advardagaous to skip certain devices. The bypass
register is a single-bit register that can be placed between T
and TDO pins, This allows data o be shifted through the
CuiadPort with minimal delay. The bypass register is sat LOW
{Vgg) when the BYPASS instruction is executed.

Boundary Scan Register

The boundary scan register is connected to st the nput and
output pins ont the QuadPort. The boundary sean register is
Ioaded with the contents of the QP Input and Output ring when
the TAP controller is in the Caplure-DR stale and is then
planed tetween the TDH and TDG pins when the controller is
moved to the ShittDR stste. The EXTEST, and SAM-
PLE/PRELOAD instructions can be used to capture the con-
tents of the input and Outpul ring.
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identification (D) Register
The (D register is joaded with a vendor-specific, 32-bit code
during the Caplure-DR state when the IDCODE command is
lnaded in the Instruction register. The IDCODE is hardwired
into the QuadPort and can be shifted out when the TAP con-
frofler is in the Shift-DR state. The D register has a vendor
pade and other information described in the Identification Reg-
ister Dafinitions tabke.

TAR Instruction Set

Sixteen different insfructions sre possible with the 4-bit instruc-
fion register. All combinalions are lisied in Tale 6, Insiniction
Codes. Seven of these instructions {codes) are listed as RE-~
SERVELD and should not be used. The other nine instructions
ars described in detail balow.

The TAP oontroller used in this QuadPort is fully compliant to
fhe 11481 convention. The TAP controller can be used to load
address, data or control signals irde the QuadPort and can
preload the input or sulprt buffers, The QuadPort implements
all of the 1148.1 instructions except INTEST. Taltve € lists alt
ingtructions.

Instructions are loaded into the TAP controller during the
Shifi-iR state when the instruction register is placed betwesn
TO! and TDO. Duing this slale, instructions ave shifted
through the instruction register through the TDI and TDO pins.
To exacute the instruction once it is shifted in, the TAP control-
ler needs fo be moved into the Update-IR state.

EXTEST

EXTEST is a mandatory 11491 instruction which is fo be axe-
cuted whepever the instruction register is oaded with ali 0s. EX-
TEST allows circuiry external to the QuadPort package o be
tested. Boundary-scan register cells at output pins are used to
apply test stimuii, while those at input pins capture test resuits,

IDCODE

The IRDCODE insfruction causes a vendor-apecific, 32-bit coda
o be leaded into the identification regisler. i also places the
identification register bebwaen the TDI and TDO pins and al-
iows the IDCQODE o be shifted out of the devine when the TAP
controfler enters the Shift-DR state. The IDCODE instruction
is foaded into the instruction register upon powes-up DT when-
aver the TAP controfler is given a test fogic reset state.

Higt-Z

The High-Z instruction causas the bypass register to be con-
nected batween the TD! and TDO pins when the TAP conlroller
i3 in a Shift-DR state. i also places all QuadPort outputs into
2 High-Z state.

SAMPLE | PRELOAD

SAMPLE / PRELOAD Is a 114801 mandatory instruction.
Whan the SAMPLE ! PRELOAD instructions loaded into the
instruction register and the TAP cordroller in the Capture~-DR
siate, a snapshot of data on the inputs and pulput pins is cap-
tured in the boundary scan registern

The user must be awars that the TAP cantrolier clock can only
operate at a frequency up to 10 MHz, while the QuadPortclock
aperaies more than an order of magnitude fastar Because
there {s 8 large differance in the clock frequencies, iLis possibie
that during the Caplure-DR state, an input or output wil under-
go a transiion. The TAP may thes try {0 caplure 8 signal while

in ransition (metastable state). This will not harm the device,
but there is no guansniee as o the value that will be captured.
Repeatable results may rot be possible.

To guarantee that the boundary scan regisier will capiure the
correct value of a signal, the QuadPor! signat must be stabi-
lized long enough to meet the TAP contralier’s caplure set-up
pius hold times. Once the data is captured, it is possible to shift
out the data by putting the TAR inio the Bhift-DR state, This
places the boundary scan register between the TR and TDO
pins. If the TAP controfier goes into the Update-DR siate, the
sampled data will be updated.

BYPASS

When the BYPASS instruction is loaded in the instruction rag-
ister and the TAP s placed in s Shift-DR state, the bypass
register is placed between the TD and TDO pins. The advan-
tage of the BYPASS instruction is that #t shortens the boundary
scan path when multiple devices ate connecied fogetheron a
board.

CLAMF

The optional CLAMP instruction aliows the state of the signals
driven from QuadPort pins to be determined from the bound-
ary-scan register while the BYPASS register is selected as the
serial path between TO and TOO. CLAMP controls boundary
cellsto TorQ,

RUNEBIST

RUNBISY instruction provides the user with a means of sun-
ning a user-accessible seif-les! function within the QuadPort
as a result of @ single instruction. This permits alf components
on & board that offer the RUNBIST instruction to execuls their
seif-tests concurrertly, providing a quick check for the board.
The QuadPort MBIST provides twe modas of operation onoe
the TAP controlier is ioaded with the RUNBIST instruclion:

Nor-Debug Mode {Go-NoGo)

The non-debug mode is 8 go-nogo test used simply to run
BIST and obiain pass-fail information afler the {est is run. In
addition to thai, the total numbsr of fallures encountered can
be oblained. This informatinn is used o aid the debug mode
{explained next) of operation. The passfail information and
faiture count is scanned oul using the JTAG iInterface. An
MBIST Result Repister (MRR) will be used o store the
pass-fail results. The MRR is a 25-bit repister that wil be con-
nected petween TDI and TDO during the indernal scan
{INT_SCANj} aperation. The MRR will contain the total number
of fail read cycles of the entire MBIST sequence. MRR{Q] {bit
0} is the Pass/Fail bit. A “1" indicales some type of fallure co-
curred, and & 0" indicates snfire memory pass.

In order to run BIST innon-debug modse, the 2-bit MBIST Con-
trof Register (MCR) is loaded with the default vaiue "00°, and
the TAF confraller's finite state maching (FSM), which is syn-
chranous to TCK, transitions to Run Testidle state. The entire
MBIST test will be pedormen with a delerminisiic number of
TCOK eycles depending on the TOK and CLKBIST frequency
. :tCYCWLHBISTJ
CYo t{:‘fc:[TCKj
teve I total number of TCK oycles required o run MBIST.
S is the Synchronization Padding Cycles {(4-6 cycles)

i win s 880
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m is a constant represents the nurnber of read and wrile oper-
ations required o run MIBIST algorithms (31195136}

Onca the entire MBIST sequence is complated, supplying ex-
fra TOK or CLKBIST cycles will have no sffect on the MBIST
controller state or the pass-faif status.

Dabug Mode

With the RUNBIST inglruction loaded and the MCR loaded
with the wvalue of "1, and the FSM tansitions o
RUN_TESTADLE state, the MBIST goes into RUNBIST-debug
mode. The debug morde wilt be used to provide complate fail-
ure anaiysis information at the board level #tis reconended
that the user runs the non-debug made first and then the de-
bug mode in order fo save test fime and o get an upper bound
on the nuinber of scan outs that will be needed. The failure
data will be scanned out automatically ance a fallure coours
using the JTAG TAP interface. The fallure data will be repre-
sented by a 100-bit packel given below. The 100-bit Memory
diebug Register (MDR} wiil be conneclad bebween TD! ang
TRQ, and Wil be shiflad out on TDO, which is syhohronized to
TCK

Figure 3 is a representation of the 100-bit MDR packet. The
packet foliows a 2-bit header that has a logic "1 value, and
represents two TOK oycles. MORIGT 28] represent the BIST
comparator values of ail four porls {each port has 18 data
lines). A value of "1” incicates a bit failure. The scanned out
data is from LSB {o MSB. MDR[Z5:10] represent the failing
address {MSB to LER). The stale of the BIST controller is
scanned out using MDR[S:4]. 8it 2 is the Test Done hitl A 0"
in bit 2 means test not complete, The user has to monitor this

bit at every packet {o determing # more faflure packets need to
be scanned out at the end of the BIST aperations. if the value
is “0" then BIST mus! be repestad to capture the next failing
packel, If it is "1," # means that the last failing packets have
been scanned oul. A frailer simifar 1o the header represents
the end of a packet.

MCR_SCAN

Tris instruction will connect the Memary BIST Control Regis-
ter (MCR} between TO! and TDO. The default value (upon
master reset) is "007. Shit_IIR state will allow modifying the
MUR 1o extend the MBIST functionality.

MBIST Control States

Thirty-five states are listed in Table 7. Four dala algorithms are
used in debug mode: moving inversion {MIA}, march 2 {M2A},
checkerboard {CBA), and unique address algorithm (UAA}L
Only Port 1 can arite MIA, M2A, and CBA data to the menory.
Al four ports oan read any algorithm data from the QP mera-
ory. Parts 2, 3, and 4 will only write UAA data.

Boundary Scan Cells {(B5C)

Table 2 lisls all QuadPart FOs with their associated BSC. No-
ice that the cells have sven numbers. Every YO has two
boundary scan cedls, Bidirectional signials {address lines, data-
lines) require two calls so that one {the odd oell} is used o
conirol & three-slate buffer. Input only and oulput only signals
have an extra dummy cell {odd cells} that are used 1o ease
device layaut. .

96 o8
1 ! ] 1

o7 82
%pwomm} EP'S__,_EDH?-Q) lpzwm(w«a} im,_xogw.g;
&1 26
Em_m(aﬂe) lpauioga-o; {szsmsnc) lpuo{a«a)

25 10

A(15-0)

9 4

MEIST State |

PP |

3
e

Figure 3. MBIST Debug Register Packet
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JTAGBIST TAP Controller Block Diagram

i}
Bypass Register (RYR)
>{ 1 ! D b
MBIST Control Register {MCR}
instruction Register (IR}
il 24123 | Lo b
. ' Selecti
S I — MBIST Result Register (MRR) Cif:ﬁ;” o DO
e 313009 | Lo
titication Renist
i identitication Register (IDR) o
o[ [ ] o}
MBIST Debug Register {MDR)
b H 3
[ T 111 ol
Boundary Scan Register (BSR) A
l
BIST “ 7 TAP . TCK
CONTROLLER CONTHOLLER
CLKBIST e - TMS
3 : ool ARST
MEMORY
CELL
Tabie 4. Identification Register Definitions
instruction Field Value Description
Revision Number th Reserved for version aumber
{31:28}
Cypress Device IR CO0Gh Defines Cypress part numbar
{2712
Cypress JEDEC D 34h Allaws unique identification of QuadPort vendor
{111
i) Register?resence 3 fndicate the prasence of an D mgister
{0
30
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Table 5. Scan Registers Sizes
Register Name Bit Size

instruclion {IR} 4

Bypass (BYR) 1

ideniification (iDR) 32

MBIST Control (MCR} 2

MBIST Result (MRR) 25

MBIST Debog (MOR} 100

Boundsary Scan {BSR} 382

Table 6. Instruction identification Codes

nstruction Code Deoscription

EXTEST {3006 Caphares the InpudfOutput ring contents. Places the boundary soan register
{BSR) between the TD! and TDO.

BYPASS 1111 Places the bypass register (BYR) between TD! and TDO.

IDCOLE {1111 Loads the ID ragister ({DR) with the vendor 1D code and places the register
behween TOand TDO,

HIGHZ 4110 Piaces the BYR between TD and TDO. Forces all QuadPort output drivers
1o 2 High-Z state.

CLARMP {3 Controls boundary to /0. Uses BYR

SAMPLE/PRELCAD 0001 Captures the InputiCudput ring contents. Places the boundary scan register
{BSR} batween TD and TDO.

RUNBIST 1000 invokes MBIST. Places the MBIST Dabug register (MDR) between TDI and
TOQ

INT_ SCaM 0010 Scans out pass-fall information. Places MBIST Resuit Register (MRR) be-
tween TR and TRO.

MCR_SCAN | 0011 Fresets RUNBIST mode. Places MBIST Conirol Registar (IMCHR} betwesn
TDi and TDOL

RESERVED Al other nodes Seven combinations are reserved. Do not use other than the above.

Table 7. MBIST Control States

States Code ‘ State Name 7 Description

000001 . movi_zerns Part 1 write all zeros fo the OF memory using Moving foversion Algorithm
5 {MIA].

a00011 : movi_1_ugent Up count from (0 to 84K (depth of QP). All ports read Os, then Port 1 writas 1s
: to all memory iocations using MIA, than all ports read 1s. MiA
‘ read(_writed_read? (MIA_rOwirth

000010 - movi_0_uport Up count from (o 64K All ports read 1s, then Port { writes Os, then alf ports

road Os {(MIA_r1wlr0),

800110 mavd_1_downent Down count from 84K fo 0. MIA_Owirt.

00111 movi_O_downent Dawn count MIA_rhwrQ,

QDO miovi_read Raad ali 0s,

000100 mar2_zeros Part 1 write ali zeros 1o memary using March2 Algorithn (M2A)

Q1300 mard_1_upent Lip count M2A_sDwirt,

3
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Table 7. MBIST Contral States {continued)

PRELIMINARY

States Code

State Name

Description

o111 mar? 8 upont Up courd MZA_rtwQrQ,

011411 smar? 1 downent Dawn count M23A_rOwirt,

001110 fmar2 0 downent Down count M2A_riwdrd.

01010 Pmard_read Read all s,

001011 i chke w Part 1 writes topological checkerboard dala o memory

001061 chkr _r All ports read topological checkerboard data.

NG00 i Chkr _w Port 1 write inverse topological checkerboard data,

Q11000 n_chkr v All ports read inverss fopological cheskerboard data.

011001 uaddr_zerosd Port 2 write all zeros o memory using Unique Address Algorithm {(UAA)L
G111 uagddr_wrife? Pori 2 wriles every address value into its memory location (LIAA].
011010 uaddr_read? Al ports read UAA dala.

11110 waddr_ones? Part 2 writes all onas o memory

011111 n_uaddr_write? Port 2 writes inverse address valus inta memaory.

011101 o uaddr read? Alf ports read inverse UAA data.

41101 uaddr._zerosd Port 3 write all zeros to memory using Unique Address Algorithm (UAA).
011011 uaddr_write3 Fort 3 writes every address valug into its memery tocation {UAAR).
11040 waddr_read3 All ports read UAA data.

M0 | uaddr_ones3 Port 3 writes aif ones to meraory.

011111 n_uaddr_wriled Port 3 writes inverse adoress value into memory.

111 r_uaddr_readd All ports read inverse UAA data.

11001 | uaddr_zerosd Port 4 write all zercs to memaory using Unique Address Algarithm {UAAL
011011 uaddr_writed Port 4 writes every address valug irto iis memory locatior: (UAA)
011010 | uaddr_readd All ports read UAA data.

011110 7 uaddr_onesd Fort 4 writes all ones to memary.

011111 n_uaddr_writas Port 4 writes inverse address value info memnry,

011181 n_uaddr_read4 All ports read inverse UAA data.

110010 complets Test compiate.

Tabie 8. MBIST Conirol Register (MCR)

MOR[1:0
oG Non-Debug
a1 Debug
10 Reserved
11 Resarver
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Table 8. Boundary Scan Order Table 9. Boundary Scan Order {continued)
Celf # Signal Name 5 Bump {Ball} 1D Celt # Signal Name Bumg (Ball} iD
2 AD_P4 K20 84 A10_P3 T20
4 Al_P4 J19 E A11_Pa T
@ A2 P4 418 838 AT2_P3 Uis
8 A3 _P4 H20 90 At3_P3 148
10 Ad_P4 H1g a2 Al4_P3 V21
12 AS_P4 G198 Y4 A1S_P3 W19
14 AB_P4 318 95 CNTINT _P3 R17
16 AT_P4 F20 98 CNTRST P3 {18
18 A% P4 Fi9 100 | MKLD_PS N8
20 AY_P4 Fig 102 CRTLD.P3 N1T
2 A10_P4 £20 104 CNTING_P3 P17
24 A11.P4 E19 106 CNTRD_p3 T17
28 | A1ZP4 D19 108 MKRD_P3 T18
28 A13_P4 D8 310 {B.P3 Y20
30 ATa_Pa Cao {112 |uUB P3 Wis
32 A15_P4 Cie 114 |OE_P3 ut7
34 CNTINT P4 =5 116 RW_P3 Y16
38 CNTRST_P4 K18 118 CE1_P3 V18
38 H18 120 CEO_P3 V17
40 ] HAT 122 INT_P3 L1¢
4z CNTINC_P4 G17 124 CLK_P3 Mi7
44 CNTRD_P4 E17 126 [00_P4 Y18
4% WIRRE_Pa E18 128 IO1_P4 Wi5
48 B P4 220 130 102_P4 Y18
50 UB P4 816G 132 103 P4 Wwia
52 Ok _P4 D17 134 104_P4 Y17
54 RN P4 C18 136 105_P4 T Twr
56 CEY_P4 c18 138 {06_Pa Y15
58 CED_Fa C17 140 07 P4 W1g
&0 NT_P4 K19 142 108 P4 Y19
62 CLK_P4 K17 144 100_P3 Vw42
&4 AD_F3 20 148 i01_P3 Y11
66 A1_P3 s1G 148 iG2_P3 Wiz
&8 A2_P3 It 180 103_P3 Y42
70 A3 P3 TiNZD 152 104_P3 W13
72 Ad_F3 N1g 184 105_P3 Y13
74 AS P3 219 156 o8 _Pa V18
78 AB_P3 P18 158 107_P3 Y14
78 A7 _P3 R20 160 | I108_P3 W14
an AB_P3 R19 162 00 _P1 Y6
82 Ag_ PR3 R18 184 1o4_P1 L s
33
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Table 9. Boundary Scan Order {continued) Table 9. Boundary Scan Order (continued)
Cell # Signal Name Bump (Ballj D Celi # Signal Name Bump (Bai 1D
166 102 P1 Y5 248 OE_P2 U4
168 103_P1 W 260 RIW_P2 V5
170 H34_P1 Y4 252 CcEl_p2 V3
172 105_P1 W4 254 CEG_P2 V4
174 106_P1 Y3 758 INT_P2 Lz
178 107 _P1 w3 258 CLK_ P2 M4
178 108_F1 Y2 260 AD_P1 K1
180 1100.P2 Vo 262 ALP1 J2
182 01_P2 Y10 264 AZ_P1 33
184 02 P2 WwWa 266 A3_P1 H1
186 103_P2 ¥G 268 AL_P1 H2
188 104 _P2 ] 279 AS_PY G2
190 105_P2 Y8 ' 272 AS_P1 Ga
192 0s_p2 V8 274 A7_P1 F1
104 07_P2 Y7 276 AE_P1 F2
196 08_P2 W7 278 AD_F1 F3
198 AD_F2 £1 280 AtD_P1 £1
200 Al_PZ M2 282 A11_P1 E2
202 A2 P2 M3 284 AIZ_P1 D2
204 A3_P2 N7 286 A13_P1 D3
208 Ad_F2 N2 288 A4 P1 1
208 AS_PZ B2 290 AtS_PI c2
240 AB_P2 3 292 CNTINT_&y F4
212 AT P2 Rt 204 CNTRST_PY K3
214 AB_P2 R2 296 MELD_P1 H3
216 AQ_P2 R3 - 208 TNTLD_P1 Ha
218 A10 P2 T1 300 | CNTING_P1 G4
220 AjE_P2 T2 302 CNTRO_P1 £4
223 A12_P2 42 304 VERD. P E3
24 A3 P2 U3 306 LB Pt At
226 Ats_P2 V1 208 UE_P1 B2
228 AlS_PZ 2 310 {BE_ P 04
230 CNTINT_P2 R4 312 RAV_P1 cs
232 CNTRST_p2 L3 314 CE1_P1 3
234 MRIE P2 N3 316 GBS _P1 C4
236 CNTIE p2 | N4 318 WNT_P1 K2
238 ENTING P2 P 320 CLK P Ka
240 CNTRD_ P2 T4 32z 108_pP2 AB
242 MRED P2 T3 324 1010 P 86
244 B p2 1 326 1O11_p2 A5
245 Ug P2 W2 328 1012 P2 B3
34
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Table 8. Bouadary Scan Order {continued)

Cell Signal Name Bump {Balh D
330 I013_P2 A4
332 014_p2 B4
334 1015_P2 A3
338 1018_P2 a3
338 1O17_P2 A2
340 108_P1 <9
342 1010_P? A1
344 1011_P1 B9
346 1012_P1 A
348 1013_P1 B8
350 Q4P AB
352 1015 P1 C6
354 1Q16_P1 AT
356 1017_P1 87
368 09_P3 A1B
360 I010_P3 B15
362 1193 AlB
364 01293 B8
366 3P AT
368 1014_P3 B17
270 15 P3 AlS
372 1016_P3 B18
374 1017 93 A8
376 I0g P4 12
378 1010_P4 Al1
360 011_P4 812
382 i012_P4 A2
384 1013_P4 813
386 1014_P4 A13
388 1O15_P4 015

' 390 1016_P4 Atd
392 1O17_P4 813
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Ordering Information
64K x 18 3.3V Synchronous QuadPort SRAM

Speed ' Package Operating
{MHz} Ordering Code Name Package Type Range
133 CY7CO430RV-123BGC BG272 272-Balt Grid Array (BGA) Commercial
CY7CO430BV-1338GI BG272 272-Ball Grid Areay (BGA) indusiriat
100 CY7CO4308V-100BGC BG272 272-Balt Grid Array (BGA) Commaercial
CY7CO430BV-100BGH BGET2 272-Balt Grid Array (BGA) industrial

Document # 38-01052-°C

Package Diagram

272-Lead Ball Grid Array (27 x 27 x 2,33 mmn)} BG272
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CY7C924ADX

==4CypRESS

Features

» Second-generation HOTLIink® technology

* Fibre Channel and ESCON®compliant 8B/10B
encoder/decoder

¢ 10- or 12-bit pre-encoded data path (raw mode)

* 8- or 10-bit encoded data transport (using 8B/10B
coding) <

¢ Synchronous or asynchronous TTL parallel interface :

¢ UTOPIA compatible host bus interface

. Elr;:lgeddedlBypassable 256-character synchronous
S

* Integrated support for daisy-chain and ring topologies
* Domain or individual destination device addressing

¢ 50- to 200-MBaud serial signaling rate

¢ Internal PLLs with no external PLL components

¢ Dual differential PECL-compatible serial inputs

¢ Dual differential PECL-compatible serial outputs

¢ Compatible with fiber-optic modules and copper cables
¢ Built-In Self-Test (BIST) for link testing

¢ Link Quality Indicator

* Single +5.0V +10% supply

* 100-pin TQFP

* 0.35. CMOS technology

Functional Description

The 200-MBaud CY7C924ADX HOTLink Transceiver is a
point-to-point communications building block allowing the
transfer of data over high-speed serial links (optical fiber,
balanced, and unbalanced copper transmission lines) at
speeds ranging between 50 and 200 MBaud. The transmit
section accepts parallel data of selectable width and converts
it to serial data, while the receiver section accepts serial data
and converts it to parallel data of selectable width. Figure 1
illustrates typical connections between two independent host
systems and corresponding CY7C924ADX parts. As a second
generation HOTLink device, the CY7C924ADX provides
enhanced levels of technology, functionality, and integration
over the field-proven CY7B923/933 HOTLink.

8 e - -
J Data 2 o]} 56.3 o mo T Transmit
A 3 SO = N =k~ [o]
Receive || 28 es [ |58 << Serial Link s ||s8] |2 Data
5 1) T2 o] |8 il g
:E: contrel CY7C CY7C924ADX Contrel :E:
Y7C924ADX
O ek — - @
‘i Status ﬁ Sats 'g
@ = . s . s ] r n
rd -3 o erial Link » BEl S0 (e -
Data_ & o -2 o8 @8 8T Receive
Transmit £ fw| |8 é | |=o8 © Data

200-MBaud HOTLInk® Transceiver

The transmit section of the CY7C924ADX HOTLink can be
configured to accept either 8- or 10-bit data characters on
each clock cycle, and stores the parallel data into an internal
Transmit FIFO. Data is read from the Transmit FIFO and is
encoded using an embedded 8B/10B encoder to improve its
serial transmission characteristics. These encoded characters
are then serialized and output from two Positive ECL (PECL)
compatible differential transmission line drivers at a bit-rate of
10 or 12 times the character rate.

The receive section of the CY7C924ADX HOTLink accepts a
serial bit-stream from one of two PECL-compatible differential
line receivers and, using a completely integrated PLL Clock
Synchronizer, recovers the timing information necessary for
data reconstruction. The recovered bit stream is deserialized
and framed into characters, 8B/10B decoded, and checked for
transmission errors. Recovered decoded characters are
reconstructed into either 8- or 10-bit data characters, written
to an internal Receive FIFO, and presented to the destination
host system.

The integrated 8B/10B encoder/decoder may be bypassed for
systems that present externally encoded or scrambled data at
the parallel interface. The embedded FIFOs may also be
bypassed to create a reference-locked serial transmission link.
For those systems requiring even greater FIFO storage
capability, external FIFOs may be directly coupled to the
CY7C924ADX device through the parallel interface without
additional glue-logic.

The TTL parallel I/O interface may be configured as either a
FIFO (configurable for UTOPIA emulation or for depth
expansion through external FIFOs) or as a pipeline register
extender. The FIFO configurations are optimized for transport
of time-independent (asynchronous) 8- or 10-bit character-
oriented data across a link. A Built-In Self-Test (BIST) pattern
generator and checker permits at-speed testing of the high-
speed serial data paths in both the transmit and receive
sections, and across the interconnecting links.

HOTLink devices are ideal for a variety of applications where
parallel interfaces can be replaced with high-speed, point-to-
point serial links. Some applications include interconnecting
workstations, backplanes, servers, mass storage, and video
transmission equipment.

Figure 1.HOTLink System Connections

CypressSemiconductorCorporation .
Document #: 38-02008 Rev. *D

3901NorthFirstStreet .

SanJose, CA 95134 . 408-943-2600
Revised February 13, 2004
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CY7C924ADX

CY7C924ADX Transceiver Logic Block Diagram
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Pin Configuration

TEST*

A/B*

LFI*

DLB[1]
DLB[0]
LOOPTX
TXBISTEN*
RXCLK
TXSTOP*
RXFULL*
vss
REFCLK
vss

VDD

VSS
TXRST*
VDD
TXEN*
RXHALF*
TXSC/D*
RXEMPTY*
TXDATA[0]
RXSOC/RXDATA[11]
RXMODE[1]
RXMODE[0]

! Document #: 38-02008 Rev. *D

CY7C924ADX
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Pin Descriptions
CY7C924ADX HOTLink Transceiver

Pin # | Name | I/O Characteristics | Signal Description

Transmit Path Signals

44, 42,
40, 36,
34, 32,
30, 22

TXDATAI[7:0]

TTL input, sampled
on TXCLKT or
REFCLKT,

Internal Pull-Up

Parallel Transmit Data Input. Bus width can be configured to accept either
8- or 10-bit characters. When the encoder is bypassed (ENCBYP* is LOW),
TXDATA([7:0] functions as the least significant eight bits of the 10- or 12-bit
pre-encoded transmit character.

46

TXINT
TXDATA[8]

TTL input, sampled
on TXCLKT or
REFCLKT,

Internal Pull-Up

Transmit Interrupt Input. This input is only interpreted if both the Transmit
FIFO and Encoder are enabled (FIFOBYP* and ENCBYP* are HIGH). Upon
any state-change (0—1 or 1-50) in TXINT, a character is forced into the
transmit encoder and shifter prior to accessing the next Transmit FIFO
contents. This signal is routed around, not through, the Transmit FIFO.
When TXINT transitions from 0—1, a C0.0 (K28.0) special code is sent. When
TXINT transitions from 1 -0, a C3.0 (K28.3) special code is sent. These special
codes force a similar signal transition on the RXINT output of an attached
CY7C924ADX HOTLink Transceiver.

When the Transmit FIFO is bypassed and the encoder is enabled (FIFOBYP*
is LOW and ENCBYP* is HIGH, this input is ignored.

When the Transmit FIFO is bypassed and the encoder is bypassed (FIFOBYP*
and ENCBYP* are LOW), TXDATAJ8] functions as the 9th bit of the 10- or 12-
bit pre-encoded transmit character.

54

TXHALT*/
TXDATA[9]

TTL input, sampled
on TXCLK? or
REFCLKT,

Internal Pull-Up

Transmit FIFO Halt Immediate Input. When the Transmit FIFO and the
encoder are enabled (FIFOBYP* and ENCBYP”* are HIGH) and TXHALT* is
asserted LOW, transmission of data from the FIFO is suspended and the
HOTLink transmits idle characters (K28.5). During this time, data can still be
loaded into the FIFO. When TXHALT™ is deasserted HIGH, normal data
processing proceeds.

When the encoder is bypassed (ENCBYP* is LOW), TXDATA[9] always
functions as the 10th bit of the 10- or 12-bit pre-encoded transmit character.
When the Transmit FIFO is bypassed and the encoder is enabled (FIFOBYP*
is LOW and ENCBYP* is HIGH), this input is ignored

56

TXSVS/
TXDATA[10]

TTL input, sampled
on TXCLKT or
REFCLKT,

Internal Pull-Up

Transmit Send Violation Symbol Input. When the Encoder is enabled and
the Transmit FIFO is enabled (ENCBYP* and FIFOBYP* are HIGH), this input
is interpreted along with TXSOC and TXSC/D* (see Tab/e 2for details). When
the Transmit FIFO is disabled (FIFOBYP* is LOW) and the TXSVS bit is set,
the character on the TXDATA is ignored and a C0.7 exception is sent instead.
When the Encoder is bypassedand in 10-bit mode (ENCBYP* and BYTE8/10*
are LOW), TXDATA[10] functions as the 11th bit of the 12-bit pre-encoded
transmit character.

When the Encoder is bypassed and in 8-bit mode (ENCBYP* is LOW and
BYTE8/10* is HIGH), this input is ignored.

58

TXSOC/
TXDATA[11]

TTL input, sampled
on TXCLKT or
REFCLKT,

Internal Pull-Up

Transmit Start of Cell Input. When the Transmit FIFO and Encoder are
enabled (ENCBYP* andFIFOBYP* are HIGH), this inputis used as a message
frame delimiter to indicate the beginning of a data packet. It is interpreted along
with TXSVS and TXSC/D* (see Table2for details).

When the Transmit FIFO is bypassed (FIFOBYP* is LOW) and the Encoder is
enabled (ENCBYP* is HIGH) this input is ignored.

When in 12-bit encoder bypass mode (ENCBYP* and BYTES8/10* are LOW),
TXDATA[11] functions as the 12th bit (MSB) of the 12-bit pre-encoded transmit
character.

When the Encoder is bypassed and in 8-bit mode (ENCBYP* is LOW and
BYTE8/10* is HIGH), this input is ignored.

20

TXSC/D*

TTL input, sampled
on TXCLKT or
REFCLKT,

Internal Pull-Up

Transmit Special Character or Data Select Input. When the Transmit FIFO
is enabled and the encoder is enabled (FIFOBYP* and ENCBYP* are HIGH),
this inputis interpreted along with TXSVS and TXSOC (see Tab/e 2for details).
When the Transmit FIFO is bypassed and encoding is enabled (FIFOBYP* is
LOW and ENCBYP* is HIGH), this signal controls whether the TXDATA[7:0]
is sent as a data or control character.

When the encoder is bypassed (ENCBYP* is LOW) TXSC/D* is ignored.
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CY7C924ADX

Pin Descriptions (continued)
CY7C924ADX HOTLink Transceiver

Pin #

I/O Characteristics

Signal Description

18

TXEN*

TTL input, sampled
on TXCLKT or
REFCLKT,

Internal Pull-Up

Transmit Enable Input. Data enable for the TXDATA[11:0] data bus write
operations. Active HIGH when configured for Cascade timing (EXTFIFO is
HIGH), active LOW when configured for UTOPIA timing (EXTFIFO is LOW).
When the Transmit FIFO is enabled (FIFOBYP* is HIGH) and TXEN* is
asserted, data is loaded into the FIFO on every rising edge of TXCLK. When
TXEN* is deasserted with TXHALT* and TXSTOP* deasserted, data continues
to be read out of the Transmit FIFO and sent serially until the FIFO empties.
At this time, C5.0 (K28.5) idle characters are transmitted.

When the Transmit FIFO is bypassed (FIFOBYP* is LOW) and TXEN* is
asserted, the parallel data on the TXDATA bus is clocked in and transmitted
on every appropriate REFCLK rising edge. When TXEN* is deasserted, the
parallel data bus is ignored and C5.0 sync characters are transmitted instead.

TXSTOP*

TTL input, sampled
on TXCLKT,
Internal Pull-Up

Transmit Stop on Start_Of_Cell Input. While the Transmit FIFO and Encoder
are enabled (FIFOBYP* and ENCBYP* are HIGH), this signal is used to
prevent queued data characters from being serially transmitted. While
TXSTOP* is deasserted, data flows through the Transmit FIFO without inter-
ruption. When TXSTOP* is asserted, data transfers continue until a TXSOC
bitis detected in the character stream, at which point data transmission ceases.
When transmission is stopped, C5.0 (K28.5) characters are sent instead.

If data transmission is suspended due to a SOC character, pulsing TXSTOP*
deasserted then asserted will allow only the next cell (delimited by SOC bits)
to be transmitted.

When the Transmit FIFO is bypassed (FIFOBYP* = LOW) TXSTOP* has no
function.

When the Transmit FIFO is enabled (FIFOBYP* is HIGH) and the Encoder is
bypassed (ENCBYP* is LOW), TXDATA[9]/TXHALT* is a data input and not
TXHALT™. In this mode, the TXSOC bit is not interpreted and the TXSTOP*
input assumes the same operation as TXHALT*. When soon as TXSTOP* is
asserted, data reads from the Transmit FIFO are suspended and alternating
disparity10-bit equivalents of C5.0 are transmitted instead.

68

TXCLK

TTL clock input,
Internal Pull-Up

Transmit FIFO Clock. The input clock for the parallel interface when the
Transmit FIFO is enabled (FIFOBYP™ is HIGH). Used to sample all Transmit
FIFO related interface signals.

72

TXFULL*

3-state TTL output,
changes following
TXCLKT or
REFCLKT

Transmit FIFO Full Status Flag. Active HIGH when configured for Cascade
timing (EXTFIFO is HIGH), active LOW when configured for UTOPIA timing
(EXTFIFO is LOW). The TXFULL* output is enabled when AM* is asserted,
otherwise it is High-Z.

When the Transmit FIFO is enabled (FIFOBYP* is HIGH), TXFULL* Indicates
a Transmit FIFO full condition. When TXFULL?* is first asserted, the Transmit
FIFO can accept up to eight additional write cycles without loss of data.
When the Transmit FIFO is bypassed (FIFOBYP* is LOW), with RANGESEL
HIGH or SPDSEL LOW, TXFULL* toggles at half the REFCLK rate to provide
a character rate indication.

70

TXHALF*

3-state TTL output,
changes following
TXCLKT or
REFCLK?T

Transmit FIFO Half-full Status Flag. The TXHALF* flag is always active
LOW, regardless of the EXTFIFO* setting.

When the Transmit FIFO is enabled, TXHALF* is asserted LOW when the
Transmit FIFO is > half full (128 characters).

TXHALF* is only set to High-Z state by the assertion of RESET*[1:0] LOW.
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CY7C924ADX

Pin Descriptions (continued)
CY7C924ADX HOTLink Transceiver

Pin # Name /O Characteristics Signal Description
! 60 TXEMPTY* 3-state TTL output, |Transmit FIFO Empty Status Flag. Active HIGH when configured for
! changes following Cascade timing (EXTFIFO is HIGH), active LOW when configured for UTOPIA
§ TXCLKT or timing (EXTFIFO is LOW). The TXEMPTY* output is enabled when AM* is
! REFCLKT asserted, otherwise it is High-Z
! When the Transmit FIFO is enabled (FIFOBYP* is HIGH), TXEMPTY* is
asserted either when no data has been loaded into the Transmit FIFO, or when
the Transmit FIFO has been emptied by either a Transmit FIFO reset or by the
normal transmission of the FIFO contents.
! When the Transmit FIFO is bypassed (FIFOBYP* is LOW), TXEMPTY* is
i asserted to indicate that the transmitter can accept data.
When TXBISTEN* is asserted LOW, TXEMPTY* becomes the transmit BIST-
i progress indicator (regardless of the logic state of FIFOBYP*). In this mode
§ TXEMPTY* is asserted for one TXCLK or REFCLK period at the end of each
i transmitted BIST sequence, depending on the FIFOBYP* setting.
! 16 TXRST* TTL input, internal Transmit FIFO Reset. When TXRST* is sampled asserted for eight or more
pull-up, sampled on |TXCLK cycles, a reset operation is started on the Transmit FIFO. This input is
TXCLKT, ignored when the Transmit FIFO is bypassed.
Internal Pull-Up
7 TXBISTEN* TTL input, Transmitter BIST Enable. When TXBISTEN* is LOW, the transmitter
i asynchronous, generates a 511-character repeating built-in self test (BIST) sequence, that

Internal Pull-Up

can be used to validate link integrity. The transmitter returns to normal
operation when TXBISTEN* is HIGH. All Transmit FIFO read operations are
suspended when BIST is active.

Receive Path Signals

41, 43,
45,47,
48, 53,
59, 61

RXDATA[7:0]

Bidirectional TTL,
changes following
RXCLKT, or sampled
by RXCLKT

Parallel Data Output and Serial Address Register Access. These outputs
change following the rising edge of RXCLK, when enabled to output data (the
device is addressed by AM* and selected by RXEN*). The contents of this bus
are interpreted differently based on the levels present on ENCBYP*,
BYTE8/10*, RXSC/D*, and when accessing the Serial Address Register.
When the Decoder is bypassed (ENCBYP* is LOW), RXDATA[7:0] functions
as the least significant eight bits of the 10- or 12-bit pre-encoded receive
character.

RXINT/
RXDATA[8]

Bidirectional TTL,
changes following
RXCLKT, or sampled
by RXCLK?

Receive Interrupt Output. When the Receive FIFO and Decoder are enabled
(FIFOBYP* and ENCBYP* are HIGH) and a C0.0 (K28.0) special code is
received, RXINT is set HIGH. When a C3.0 (K28.3) special code is received
RXINT is set LOW. These special codes are assumed to be generated in
response to equivalent transitions on the TXINT input of an attached
CY7C924ADX HOTLink transceiver.

This signal is extracted prior to the Receive FIFO and (except for Receive
Discard Policy 0) the associated command codes are not considered “data” to
be entered into the Receive FIFO and are discarded.

When the Receive FIFO is bypassed (FIFOBYP* is LOW) and the Decoder is
enabled (ENCBYP* is HIGH), this output has no function.

When the Decoder is bypassed (ENCBYP* is LOW), RXDATA[8] functions as
the 9th bit of the 10- or 12-bit undecoded receive character.

31

RXDATA[9]

Bidirectional TTL,
changes following
RXCLKT, or sampled
by RXCLKT

Receive Data Output. When the Decoder is enabled in 10-bit mode
(ENCBYP* is HIGH and BYTES8/10* is LOW), this output is the 10th bit (MSB)
of the 10-bit decoded and unpacked data character. When the Decoder is
enabled and in 8-bit mode this output is ignored.

When the Decoder is bypassed (ENCBYP* is LOW), RXDATAI9] functions as
the 10th bit of the 10- or 12-bit undecoded receive character.
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CY7C924ADX

Pin Descriptions (continued)
CY7C924ADX HOTLink Transceiver

Pin #

I/O Characteristics

Signal Description

29

RXRVS/
RXDATA[10]

Bidirectional TTL,
changes following
RXCLKT, or sampled
by RXCLK?, Internal
Pull-Up

Received Violation Symbol Indicator. For data accesses with the Receive
FIFO and Decoder are enabled (FIFOBYP* and ENCBYP* are HIGH) this
signal is used as an output. It is decoded in conjunction with RXSC/D* and
RXSOC, per Table#§ to indicate the presence of specific Special Character
codes in the received data stream. For data accesses with the Receive FIFO
disabled and the Decoder enabled, this output indicates that a code word
violation was detected on the serial inputs.

When the Decoder is bypassed (ENCBYP* is LOW) and in 10-bit mode
(BYTEB8/10* is LOW), RXDATA[10] functions as the 11th bit of the 12-bit
undecoded receive character. When in 8-bit mode this output is unused and
is driven LOW

RXRVS is used to report BIST pattern mismatches when RXBISTEN* is LOW.
When accessing the Serial Address Register, this signal is used as a
“read/write” control input. RXRVS LOW allows the host system to write the
Serial Address Register (RXDATA[9:0] and RXSC/D* are inputs). RXRVS
HIGH allows the host system to read the Serial Address Register
(RXDATA[9:0] and RXSC/D* are outputs).

23

RXSOC/
RXDATA[11]

Bidirectional TTL,
changes following
RXCLKT, or sampled
by RXCLKT

Receive Start Of Cell. When the Receive FIFO and Decoder are enabled
(FIFOBYP* and ENCBYP* are HIGH), this output is decoded in conjunction
with RXSC/D* and RXRVS, per Tab/e§ to indicate the presence of specific
Special Character codes in the received data stream.

When the Decoder is bypassed (ENCBYP* is LOW) and in 10-bit mode
(BYTEB8/10* is LOW), RXDATA[11] functions as the 12th bit (MSB) of the 12-
bit undecoded receive character. When in 8-bit mode (BYTE8/10* is HIGH)
this output is unused and is driven LOW.

65

RXSC/D*

Bidirectional TTL,
changes following
RXCLKT, or sampled
by RXCLKT

Received Special Character or Data Indicator. For data accesses with the
Receive FIFO and Decoder are enabled (FIFOBYP* and ENCBYP* are HIGH)
this signal is used as an output. It is decoded in conjunction with RXSOC and
RXRVS, per Table§ to indicate the presence of specific Special Character
codes in the received data stream. For data accesses with the Receive FIFO
disabled and the Decoder enabled, this output indicates that the parallel output
RXDATA[7:0] is a Special Character code.

When accessing the Serial Address Register, this signal is used as an input to
select the addressing mode. RXSC/D* HIGH configures the Serial Address
Register for Unicast address matching. RXSC/D* LOW configures the Serial
Address Register for Multicast address matching.

When operated with the Decoder bypassed (ENCBYP* is LOW) this pin has
no function.

69

RXEN*

TTL input, sampled
on RXCLKT,
Internal Pull-Up

Receive Enable. Data enable for the RXDATA[11:0] data bus write and read
operations. Active HIGH when configured for Cascade timing (EXTFIFO is
HIGH), active LOW when configured for UTOPIA timing (EXTFIFO is LOW).
When the Receive FIFO is enabled (FIFOBYP* is HIGH) and RXEN* is
asserted, data is read out of the FIFO on every rising edge of RXCLK. When
RXEN* is deasserted, reads are inhibited and the RXDATA bus is not driven.
When the Receive FIFO is bypassed (FIFOBYP* is LOW) and RXEN* is
asserted, parallel data is clocked out Receive Output Register to the RXData
bus on every RXCLK edge. When RXEN* is deasserted, the RXDATA bus is
not driven.

RXEN* also controls the read and write access to the Serial Address Register.

RXCLK

Bidirectional TTL
clock, Internal Pull-Up

Receive Clock When the Receive FIFQ is enabled (FIFOBYP* is HIGH), this
clock is the Receive interface input clock and is used to control Receive FIFO
read, reset, and serial register access operations. When the Receive FIFO is
bypassed (FIFOBYP* is LOW), this clock is output continuously at the

character rate of the data being received (1/10thor 1/12th of the serial bit-rate).
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CY7C924ADX

Pin Descrlptlons (continued)
CY7C924ADX HOTLink Transceiver

Pin #

I/O Characteristics

Signal Description

10

RXFULL*

3-state TTL output,
changes following
RXCLKT

Receive FIFO Full Flag. Active HIGH when configured for Cascade timing
(EXTFIFO is HIGH), active LOW when configured for UTOPIA timing
(EXTFIFO is LOW). The RXFULL* output is enabled when AM* is asserted,
otherwise it is High-Z.

When the Receive FIFO is addressed (FIFOBYP* is HIGH and the device is
addressed by AM* and selected by RXEN*), RXFULL* is asserted when the
Receive FIFO has room for eight or fewer writes. An RXFULL* condition may
indicate loss of data.

When the Receive FIFO is bypassed (FIFOBYP* is LOW), RXFULL* and
RXHALF* are deasserted to indicate that valid data may be present.
RXFULL* is also used as a BIST progress indicator, and pulses asserted once
every pass through the 511-character BIST loop.

The RXFULL* output is enabled when AM* is asserted, otherwise it is High-Z

19

RXHALF*

TTL output, changes
following RXCLK

Receive FIFO Half-full Flag. The RXHALF* flag is always active LOW,
regardless of the EXTFIFO* setting.

When the Receive FIFO is enabled (FIFOBYP* is HIGH), this signal is asserted
when the Receive FIFO is 2 half full (128 characters). When the Receive FIFO
is bypassed, RXHALF* is deasserted.

RXHALF* is forced to theHigh-Z state only during a “full-chip” reset (i.e., while
RESET*[1:0] are LOW).

21

RXEMPTY*

3-state TTL output,
changes following
RXCLKT

Receive FIFO Empty Flag. Active HIGH when configured for Cascade timing
(EXTFIFO is HIGH), active LOW when configured for UTOPIA timing
(EXTFIFO is LOW). The RXFULL* output is enabled when AM* is asserted,
otherwise it is High-Z

When the Receive FIFO is enabled (FIFOBYP* is HIGH), RXEMPTY* is
asserted when no data remains in the Receive FIFO. Any read operation
occurring when RXEMPTY*is asserted results in no change in the FIFO status,
and the data from the last valid read remains on the RXDATA bus.

When the Receive FIFO is bypassed but the Decoder is enabled, RXEMPTY*
is used as a valid data indicator. The RXMODE[1:0] settings allow the user to
determine which data is valid and allows selective flagging of idle characters.
When RXEMPTY* is deasserted it indicates thata valid character (as selected
by RXMODE[1:0]) is present at the RXDATA outputs. When asserted it
indicates that a C5.0 (K28.5) rejected by the current RXMODE[1:0] setting is
present on the RXDATA output bus.

If both the Receive FIFO and the Decoder are bypassed, RXEMPTY* is
deasserted to indicate that all received characters are valid.

The TXFULL* output is enabled when AM* is asserted, otherwise it is High-Z

67

RXRST*

TTL input, sampled
on RXCLKT, Internal
Pull-Up

Receive FIFO Reset. When the Receive FIFO is addressed (FIFOBYP* is
HIGH and device is selected by AM*) and RXRST* is sampled asserted for
eight or more RXCLK cycles, a Receive FIFO reset is initiated. The RXRST*
input is also asserted to access the Serial Address Register.

73

RFEN

TTL input,
asynchronous,
Internal Pull-Up

Reframe Enable. Used to control when the framer is allowed to adjust the
character boundaries based on detection of one or more K28.5 characters in
the data stream. When HIGH, the framer is allowed to adjust the character
boundaries relative to the received serial data stream to match those of the
remote transmitter. When LOW, the boundary is fixed.

77

RXBISTEN*

TTL input,
asynchronous,
Internal Pull-Up

Receiver BIST Enable. When asserted, built-in self test (BIST) is active and
the receiver is configured to perform a character-for-character match of the
incoming data stream with a 511-character BIST sequence. The result of
character mismatches are indicated on RXRVS. Completion of each 511-
character BIST loop is accompanied by an assertion pulse on the RXFULL*
flag.
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CY7C924ADX

Pin Descrlptlons (continued)
CY7C924ADX HOTLink Transceiver

Pin # |

| I/O Characteristics

Signal Description

Control

Signals

71

AM*

TTL input, sampled
by TXCLKT,
RXCLKT, and
REFCLKT

Address Match. This signalis used as a qualifier for TXEN*, RXEN*, TXRST*,
and RXRST*. Also controls three-state enables for the TXFULL*, TXEMPTY™,
RXFULL*, and RXEMPTY* signals .

LOOPTX

TTL input,
asynchronous,
Internal Pull-Down

Serial-in to Serial-out LOOP Select. This input controls the LOOP-through
function in which the serial data is recovered by the Clock/Data Recovery PLL
and is then retransmitted using the Transmit PLL as the bit-rate reference. It
selects between the output of the Transmit FIFO and the output of the Elasticity
Buffer as the input to the Transmit Encoder. When LOW, the Transmit FIFO is
the source of data for transmission. When HIGH, the Elasticity Buffer is the
source of data for transmission and serial input data is reclocked and routed
to the serial outputs.

The LOOPTX function can only be used if the FIFOs are enabled (FIFOBYP*
= HIGH).

12

REFCLK

TTL input clock

Reference Clock. This clock input is used as the timing reference for the
transmit and receive PLLs. When the Transmit FIFO is bypassed, REFCLK is
also used as the clock for the external transmit data interface.

See Table Hor the relationships between REFCLK, SPDSEL, RANGESEL,
FIFOBYP*, ENCBYP* and BYTE8/10*.

75

SPDSEL

Static control input
TTL levels Normally
wired HIGH or LOW

Speed Select. Used to select one of two operating data rate ranges for the
device. When the operating symbol rate is between 100 and 200 MBaud,
SPDSEL must be HIGH. When the operating symbol rate is between 50 and
100 MBaud, SPDSEL must be LOW (see Tab/e§.

74

RANGESEL

Static control input
TTL levels Normally
wired HIGH or LOW

Range Select. Selects the proper prescaler for the REFCLK input. SeeTable 5
for the various relationships between REFCLK, SPDSEL, RANGESEL,
FIFOBYP*, ENCBYP* and BYTE8/10*,

When the Transmit FIFO is bypassed (FIFOBYP* is LOW) and REFCLK is a
non-unity multiple of the character rate (RANGESEL HIGH or SPDSEL LOW),
TXFULL* toggles at half the REFCLK rate to provide a character rate
indication, and to show when data can be accepted.

49

EXTFIFO

Static control input
TTL levels Normally
wired HIGH or LOW

External FIFO Select. EXTFIFO indicates whether the device is used with
external FIFOs and modifies the active level of the RXEN* and TXEN* inputs
and the timing of the Transmitter data bus according to the interface selected.
When in Utopia mode and not configured for external FIFOs (EXTFIFO is
LOW), TXEN*, RXEN* and all FIFO flags are active LOW. In this mode the
active data transition for the transmit data bus is within the same clock as the
transmit interface is selected by TXEN*.

When configured for Cascade mode where the CY7C924ADX device is
cascaded with e xternal FIFOs (EXTFIFO is HIGH), TXEN, RXEN, the Full and
Empty FIFO flags are active HIGH (the Half-full flag is always active LOW).
TXEN is assumed to be driven by the empty flag of an attached CY7C42X5
FIFO, and RXEN is assumed to be driven by the Almost Full flag of an attached
CY7C42X5 FIFO. In this mode the active data transition for the transmit data
bus is in the clock cycle following the clock edge where transmit interface is
selected by TXEN*.

28

FIFOBYP*

Static control input
TTL levels Normally
wired HIGH or LOW

FIFO Bypass Select. When LOW, the Transmit and Receive FIFOs are
bypassed. In this mode TXCLK is not used. Instead all transmit data must be
synchronous to REFCLK. Transmit FIFO status flags are synchronized to
REFCLK. RXCLK becomes an output at the Receive PLL recovered character
clock rate. All received data and FIFO status flags are s ynchronized to RXCLK.
When HIGH, the Transmit and Receive FIFOs are enabled. In this mode all
Transmit FIFO writes are synchronized to TXCLK, and all Receive FIFO reads
are synchronous to the RXCLK input.
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CY7C924ADX

Pin Descriptions (continued)
CY7C924ADX HOTLink Transceiver

Pin # Name /O Characteristics Signal Description
! 27 ENCBYP* Static control input  |Encoder Bypass Select. When LOW, both the Encoder and Decoder are
TTL levels Normally |bypassed. Data is transmitted in NRZ format, without encoding, LSB first.
wired HIGH or LOW |[Received data are presented as parallel characters to the interface without
decoding.
When HIGH, data is passed through both the 8B/10B Encoder in the Transmit
path and the Decoder in the Receive path.
! 24,25 [RXMODE[1:0] (Static controlinput |Receive Discard Policy Select. These inputs select between the four data
TTL levels Normally [handling and fill-character discard modes in the receiver. See Table7.
wired HIGH or LOW
50 BYTES8/10* Static control input  (Parallel Data Character Size Select. Selects the input data character width.
TTL levels Normally |When BYTE®8/10* is HIGH and ENCBYP* is HIGH, the device is in 8-bit mode
wired HIGH or LOW [and the data is encoded using the 8B/10B code rules found in Table?1 and
Table12. When BYTE8/10* is HIGH and ENCBYP* is LOW, the 10 parallel
data bits are passed directly to or from the serial stream without encoding or
decoding.
When BYTE8/10* is LOW, the part is in 10-bit mode. If the encoder is enabled
(ENCBYP*is HIGH), the part passes the 10 parallel bits to the byte stuffer and
encoder. When the encoder is disabled (ENCBYP* is LOW), the 12 parallel
data bits are passed directly to or from the serial stream without encoding or
decoding.
For affected pin groupings and function see Tab/efand Table&
{ If the FIFOs are BYPASSED and Encoding is enabled (FIFOBYP* = LOW and
! ENCBYP* = HIGH), BYTE8/10* MUST BE HIGH

52,51 |RESET*[1:0] |TTL input, Global Logic Reset . These inputs are pulsed LOW for one or more REFCLK
periods to reset the internal logic. They must be tied together or driven concur-
rently to ensure a valid reset.

1 TEST* TTL input, Factory Test Mode Select. Used to force the part into a diagnostic test mode

{ asynchronous. used for factory ATE test. This pin is tied HIGH during normal operation.
Normally wired HIGH
Analog /O and Control

89,90, ([OUTAL PECL-compatible Differential Serial Data Outputs. These PECL-compatible outputs are

81,82 |OUTBt differential outputs  |capable of driving terminated transmission lines or commercial fiber-optic
transmitter modules. An unused output pair may be powered down by leaving
the outputs unconnected and strapping the associated CURSETX pin to Vpp.

97 CURSETA Analog input Current-set Resistor Input for OUTA+ A precision resistor is connected
between this input and a clean ground to set the output differential amplitude
and currents for the OUTA< differential driver.

78 CURSETB Analog input Current-set Resistor Input for OUTB+ A precision resistor is connected
between this input and a clean ground to set the output differential amplitude
and currents for the OUTBz differential driver.

94, 93, |INAt PECL-compatible Differential Serial Data Inputs. These inputs accept the serial data stream

86,85 [INBx differential inputs for deserialization and decoding. Only one serial stream at a time may be fed
to the receiver PLL to extract the data content. This stream is selected using
the A/B* input. These inputs may also be routed to the OUTB+ serial outputs
using the DLB[1:0] inputs.

i 2 A/B* TTL input, Receive Data Input Selector. Determines which external serial bit-stream is
E asynchronous, passed to the receiver clock and data recovery circuit
Internal Pull-Up
4.5 DLB[1:0] TTL input, Loop-back Select Inputs. Selects connections between serial inputs and
asynchronous, outputs. Controls diagnostic loop-back and serial loop-through functions. See
Internal Pull-Down Table 3for details.

! Document #: 38-02008 Rev. *D

Page 10 of 56

Sandisk Technologies, Inc. - Ex. 1002, Page 001753




CY7C924ADX

Pin Descrlptlons (continued)
CY7C924ADX HOTLink Transceiver

Pin # Name I/0O Characteristics

Signal Description

100 CARDET PECL-compatible Carrier Detect Input. Used to allow an external device to signify a valid signal
input, asynchronous |is being presented to the high speed PECL-compatible input buffers, as is
typical on an Optical Module. When CARDET is deasserted LOW, the LFI*
indicator asserts LOW signifying a Link Fault. This input can be tied to Vpp for
copper media applications.

following RXCLK

3 LFI* TTL output, changes Link Fault Indication Output. Active LOW. LFI* changes synchronous with
RXCLK. This output is driven LOW when the serial link currently selected by

A/B* is not suitable for data recovery. This can be caused by

Serial Data Amplitude is below acceptable levels.

Input transition density is not sufficient for PLL clock recovery.

Serial Data stream is outside an acceptable frequency range of operation.

CARDET is LOW.

Power

88, 95,
96, 98

80, 87, (Vppa Power for PECL-compatible I/O signals and internal analog circuits.

83, 84,
91, 92,
99

76,79, |Vgsa Ground for PECL-compatible /O signals and internal analog circuits.

35, 55,
62, 64

14,17, |Vpp Power for CMOS I/O signals and internal logic circuits.

15, 26,
37, 38,
39, 57,
63, 66

11,13, |Vss Ground for CMOS I/O signals and internal logic circuits.

CY7C924ADX HOTLink Operation

Overview

The CY7C924ADX is designed to move parallel data across
both short and long distances with minimal overhead or host
system intervention. This is accomplished by converting the
parallel characters into a serial bit-stream, transmitting these!
serial bits at high speed, and converting the received serial bits
back into the original parallel data format.

The CY7C924ADX offers a large feature set, allowing it to be
used in a wide range of host systems. Some of the configu-
ration options are:

« 8-bit, 10-bitor 12-bit character size

« user definable data packet or frame structure

« 2-octave data rate range

« asynchronous (FIFOed) or synchronous data interface

» 8B/10B encoded or non-encoded (raw data)

» embedded or bypassable FIFO data storage i

» multi-PHY capability

= point-to-point, point-to-multipoint, or ring data-transport.
This flexibility allows the CY7C924ADX to meet the data-
transport needs of almost any system.

Document #: 38-02008 Rev. *D

Transmit Data Path

Transmit Data Interface/Transmit Data FIFO

The transmit data interface to the host system is configurable
as either an asynchronous buffered (FIFOed) parallel interface
or as a synchronous pipeline register. The bus itself can be
configured for operation with 8-bit, 10-bit or 12-bit data.

When configured for asynchronous operation (where the host-
bus interface clock operates asynchronous to the serial
character and bit stream clocks), the host interface becomes
that of a synchronous FIFO clocked by TXCLK. In these
configurations an internal 256-character Transmit FIFO is
enabled. It allows the host interface to be written at any rate
from DC to 50MHz.

When configured for synchronous operation, the transmit
interface is clocked by REFCLK and operates synchronous to
the internal character and bit-stream clocks. The input register
must be written at the character rate, but REFCLK can operate
at the one, two or four times the character rate.

Both asynchronous and synchronous interface operations
support two interface timing models: UTOPIA and Cascade.
The UTOPIA timing model is designed to match the active
levels, bus timing, and signal sequencing called out in the ATM
Forum UTOPIA specification. The Cascade timing model is
designed to match a host bus that resembles a synchronous
FIFO. These timing models allow the CY7C924ADX to directly
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couple to host systems, reglsters, state machines, FIFOs, etc.,
with minimal and in many cases no external glue logic.

Encoder

Data from the host interface or Transmit FIFO is next passed
to an Encoder block. The CY7C924ADX contains an internal
8B/10B encoder that is used to improve the serial transport
characteristics of the data.Forthose systems that contain their
own encoder or scrambler, this Encoder may be bypassed.

Serializer/Line Driver

The data from the Encoder is passed to a Serializer. This
Serializer operates at either 2.5, 5, or 10 times the rate of the
REFCLK input (or 3, 8, or 12 times when BYTE8/10* and
ENCBYP* are LOW). The serialized data is output from twc
PECL-compatible differential line drivers configured to drive
transmission lines or optical modules.

Receive Data Path

Line Receiver/Deserializer/Framer

Serial data is received at one of two PECL-compatible differ-
ential line receivers. The data is passed to both a Clock and
Data Recovery PLL (Phase Locked Loop) and to a Deseri-

Table 1. Transmit Input Bus Signal Map

alizer that converts serial data into parallel characters. The
Framer adjusts the boundaries of these characters to match
those of the original transmitted characters.

Decoder

The parallel characters are passed through a 10B/8B Decoder
and returned to their original form. For systems that make use
of external decoding or descrambling, the decoder may be
bypassed.

Receive Data Interface/Receive Data FIFO

Data from the decoder is passed either to a Receive FIFO or
is passed directly to the output register. The output register
can be configured for operation with 8-bit, 10-bit or 12-bit data

When configured for an asynchronous buffered (FIFOed)
interface, the data is passed through a 256-character Receive
FIFO that allows data to be read at any rate from DC to
50MHz. When configured for synchronous operation
(Receive FIFO is bypassed) data is clocked out of the Receive
Output register at the byte rate, up to 20MHz. The receive
interface is also configurable for both UTOPIA and Cascade
timing models.

Transmit Encoder Model!
Encoded 8-bit Pre-encoded 10-bit Encoded 10-bit Pre-encoded 12-bit
Character Stream | Character Stream | Character Stream | Character Stream
ENCBYP* HIGH LOW HIGH LOW
BYTE8/10* HIGH HIGH LOW LOW
TXDATA Bus Input Bit
TXSC/D* TXSC/D* TXSC/D*
TXDATA[O] TXD[0] TXD[0F4 TXD[0] TXD[0]<!
TXDATA[1] TXDI[1] TXD[1] TXD[1] TXD[1]
TXDATA[2] TXDI[2] TXD[2] TXD[2] TXDI[2]
TXDATA[3] TXD[3] TXD[3] TXD[3] TXD[3]
TXDATA[4] TXD[4] TXD[4] TXD[4] TXD[4]
TXDATA[5] TXD[5] TXD[5] TXD[5] TXD[5]
TXDATA[6] TXDI[6] TXD[6] TXD[6] TXDI[6]
TXDATA[7] TXDI[7] TXD[7] TXD[7] TXDI[7]
TXINT/TXDATA[8] TXINT TXD[8] TXD[8] TXD[8]
(FIFOBYP* = HIGH)
TXINT/TXDATA[S] TXDI[8] TXDI[8] TXDI8]
(FIFOBYP* = LOW)
TXHALT*TXDATA[9] TXHALT* TXD[9] TXD[9] TXDI9]
(FIFOBYP* = HIGH)
TXHALT*/TXDATA[9] TXD[9] TXD[9] TXDI[9]
(FIFOBYP* = LOW)
TXSVS/TXDATA[10] TXSVS TXSVS TXDI[10]
TXSOC/TXDATA[11] TXSOC TXSOC TXD[11]
(FIFOBYP* = HIGH)
TXSOC/TXDATA[11] TXD[11]
(FIFOBYP* = LOW)

Notes:
1. All open cells are ignored.

2. First bit shifted out. Others follow in numerical order creating an NRZ pattern.

Document #: 38-02008 Rev. *D
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CY7C924ADX HOTLink Transceiver Block
Diagram Description

Transmit Input/Output Register

The Transmit Input Register, shown in Figure2 captures the
data to be processed by the HOTLink Transmitter, and allows
the input timing to be made compatible with asynchronous or
synchronous host system buses. These buses can take the
form of UTOPIA compliant interfaces, external FIFOs, state
machines, or other control structures. Data present on the
TXDATA[11:0] and TXSC/D* inputs are captured at the risinq
edge of the selected sample clock. The transmit data bus bit-
assignments vary depending on the data encoding, and bus-
width selected. These bus bit-assignments are shown in
Table1, and list the functional names of these different
signals. Note that the function of several of these signals
changes in different operating modes. The logical sense of the
enable and FIFO flag signals depends on the intended
interface convention and is set by the EXTFIFO pin.

TXDATA[11:0]  TXEN® REFCLK
TXSC/D* AM* TXCLK
217 ]
Y yy

Transmit Input Register <

A4 |

vy

To Encoder Transmit FIFO

Block

Figure 2.Transmit Input Register

The transmit interface supports both synchronous and
asynchronous clocking modes, each supporting both UTOPIA
(EXTFIFO = LOW) and Cascade (EXTFIFO = HIGH) iming
models. The selection of the specific clocking mode is deter-
mined by the RANGESEL and SPDSEL inputs and the FIFO
Bypass (FIFOBYP*) signal.

Synchronous Interface

Synchronous interface clocking operates the entire transmit
data path synchronous to REFCLK. It is enabled by
connecting FIFOBYP* LOW to disable the internal FIFOs.

Asynchronous Interface i

Asynchronous interface clocking controls the writing of host
bus data into the Transmit FIFO. It is enabled by setting
FIFOBYP* HIGH to enable the internal FIFOs. In these config-
urations, all writes to the Transmit Input Register, and
associated transfers to the Transmit FIFO, are controlled by
TXCLK. The data is clocked out of the Transmit FIFO and
through the rest of the device on REFCLK or a synthesized
derivatives of REFCLK.

Document #: 38-02008 Rev. *D

UTOPIA Timing Model

The UTOPIA timing model allows multiple CY7C924ADX
transmitters to be addressed and accessed from a common
host bus, using the protocols defined in the ATM Forum
UTOPIA interface standards. It is enabled by setting EXTFIFO
LOW.

In UTOPIA timing, the TXEMPTY* and TXFULL* outputs and
TXEN* input, are all active LOW signals. If the CY7C924ADX
is addressed by AM*, it becomes “selected” when TXEN* is
asserted LOW. Following selection, data is written into the
Transmit FIFO on every clock TXCLK cycle where TXEN*
remains LOW.

Cascade Timing Model

The Cascade timing model is a variation of the UTOPIA timing
model. Here the TXEMPTY* and TXFULL* outputs, and TXEN
input, are all active HIGH signals. Cascade timing makes use
of the same address and selection sequences as UTOPIA
timing, but write data accesses use a delayed write. This
delayed write is necessary to allow direct coupling to external
FIFOs, or to state machines that initiate a write operation one
clock cycle before the data is available on the bus.

Cascade timing is enabled by setting EXTFIFO HIGH.

When used for FIFO depth expansion, Cascade timing allows
the size of the internal Transmit FIFO to be expanded to an
almost unlimited depth. It allows a CY7C42x5 series
synchronous FIFO to be attached to the transmit interface
without any extra logic, as shown in Figure3

CY7C42x5 FIFO CY7C924ADX
PN P EF* TXEN
WEN" 1 WEN* REN* J¢ TXFULL
D
—| D Q P! TXDATA
LM Txsc/p*
TXCLK ' welk RCLK 1 TXCLK
“» L—| EXTFIFO

Figure 3.External FIFO Depth Expansion of the
CY7C924ADX Transmit Data Path

Transmit FIFO

The Transmit FIFO is used to buffer data captured in the input
register for later processing and transmission. This FIFO is
sized to hold 256 14-bit characters. When the Transmit FIFO
is enabled, and a Transmit FIFO write is enabled (the device
is selected through AM* and TXEN* is sampled asserted),
data and command are captured in the transmit input register
and stored into the Transmit FIFO. All Transmit FIFO write
operations are clocked by TXCLK.

The Transmit FIFO presents Full, Half-Full, and Empty FIFO
flags. These flags are provided synchronous to TXCLK. When
the Transmit FIFO is enabled, it allows operation with a Moore-
type external controlling state machine. When configured for
Cascade timing, the timing and active levels of these signals
are also designed to support direct expansion to Cypress
CY7C42x5 synchronous FIFOs.
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The read port of the Transmit FIFO is connected to a logig
block that performs data formatting and validation. All dataf
read operations from the Transmit FIFO are controlled by &
Transmit Control State Machine that operates synchronous to;

1

REFCLK. i

Transmit Formatter and Validation

The Transmit Formatter and validation logic performs two
primary functions:

+ Data format control

 Byte-packing.

In addition to these logic functions, this block also controls the

timing for the transfer of data from the Transmit Input Register,
Transmit FIFO, or Elasticity Buffer.

Transmit Data Formatting

The CY7C924ADX supports a number of protocol enhance-§
ments over a raw physical-layer device. These enhancements
are made possible in part through the use of the Transmit and
Receive FIFOs. These FIFOs allow the CY7C924ADX to
manage the data stream to a much greater extent than was
possible before. In addition to the standard 8B/10B encoding
used to improve serial data transmission, the CY7C924ADX
also supports:

= marking of packet or cell boundaries using TXSOC

» an expanded command set

- ability to address and route packets or frames to specific
receivers

All three of these capabilities are supported for both 8- and 10-
bit encoded character sizes, and are made possible through
use of the TXSOC bit. This bit is interpreted, along with
TXSC/D* and TXSVS, in those modes where both the
Transmit FIFO and the Encoder are enabled. All three bits
determine how the data associated with them is processed for
transmission. These operations are listed in Table2

The entries in Table2 where TXSOC is LOW generate the
same characters in the serial data stream as a standard
CY7B923 HOTLink Transmitter. The data, command, and
exception character encodings are listed in the Data and
Special Character code tables (Tables 11 and 72) found near
the end of this data sheet.

Table 2. Transmit Data Formatting

*

ﬁ ﬁ ﬁ Data Format Operation

0 | 0 [ 0 |Normal Data Encode

0 | 0 | 1 [Replace Character with C0.7 Exception

0| 1| 0 [Normal Command Encode

0 | 1 | 1 [Replace Character with C0.7 Exception

1| 0| O [Send Start of Cell Marker (C8.0) + Data
Character

1 | 0 | 1 |Replace Character with C0.7 Exception

1] 1 | 0 [Send Extended Command Marker (C9.0) +
Data Character

111 | 1 |Send Serial Address Marker (C10.0) + Data
Character

Document #: 38-02008 Rev. *D

The 001b, 011b and 101b character formats instruct the
encoder to discard the associated data character and to
replace it with a C0.7 Exception character.

Excepting the above 101b case, when the TXSOC bit read
from the Transmit FIFO is HIGH, an extra character is inserted
into the data stream. This extra character is always a Special
Character code (see Table12) that is used to inform the
remote receiver that the immediately following character
should be interpreted differently from its normal meaning. The
associated character present on TXDATA[x:0] is always
encoded as a data character.

The 100b combination (TXSOC=1, TXSC/D*=0, and
TXSVS=0) is used as a marker for the start of a cell, frame,
or packet of data being sent across the interface. When a
character is read from the Transmit FIFO with this combination
of bits set, a C8.0 Special Character code is sent to the
Encoder prior to sending the associated data character.

The 110b character format is used to expand the command
space beyond that available with the default 8B/10B code. The
8B/10B code normally supports a data space of 256 data
characters, and a command (non-data) space of twelve
command characters (C0.0-C11.0 in Table12). For those
data links where this is not sufficient, the 110b format can be
used to mark the associated data as an extended command.
This expands the command space to 256 commands (in
addition to some of the present twelve). When a character is
read from the Transmit FIFO with these bits set, a C9.0 Special
Character code is sent to the Encoder prior to sending the data
character.

The 111b character format is used to send a serial addresses
to attached receivers. These serial addresses allow a host to
direct (the following) data to a specific destination or destina-
tions, when the CY7C924ADX devices are connected in aring
or bus topology.

The Serial Address marker may also be used to send packet
identification fields, sequence numbers, or other high-level
routing information for those point-to-point connections that do
not require physical address capabilities, however, the
reporting of the address field contents may be affected by the
present receiver discard policy. This marking or tagging
capability can be performed with the 100b or 110b character
formats without concern for receiver discard policy.

When a character is read from the Transmit FIFO with these
bits set, a C10.0 Special Character is sent to the Encoder prior
to sending the associated data character.

Byte-Packer

The byte-packer is a logical construct, used to control the
efficient segmentation of 10-bit source data into 8-bit
characters. This conversion allows these characters to be
transported using 8B/10B encoding, with the same encoding
overhead (20%) as when sending 8-bit characters. Because
the serializer continues to operate using 10-bit transmission
characters, this encoding mode can only operate with the
Transmit FIFO enabled.

The byte-packer operates by taking pieces of one or more 10-
bit characters, combining them into 8-bit groups, and passing
these groups to the 8B/10B encoder. It takes exactly five 8-bit
characters to transport four 10-bit characters. The allocation is
performed, as shown in Figure4 where the low-order eight
bits of the first 10-bit character (A[7:0]) are passed to the
encoder on the first clock cycle. During the second clock cycle
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the remaining two bits of the first character are combined with
the lower six bits of the second 10-bit character
(B[5:0]+A[9:8]). In the third clock cycle the remaining four bits
of the second 10-bit character are combined with the lower;
four bits of the third 10-bit character (C[3:0]+B[9:6]). In the|
fourth clock cycle the remaining six bits of the third 10-bit
character are combined with the lower two bits of the fourth
10-bit character (D[1:0]+C[9:4]). In the fifth clock cycle the
remaining eight bits of the fourth 10-bit character are passed
to the encoder (D[9:2]).

This process repeats for additional data characters present in
the FIFO. If at any time the Transmit FIFO is emptied, and a
portion of a 10-bit character has not yet been transmitted, the
remaining bits of the 8-bit character are filled with dummy bits
before that character is passed to the encoder. The 8-bit
character containing these dummy bits is immediately
followed by a C5.0 (K28.5) fill character, which resets the
sequencer boundaries to the first character position.

Source 10-bit Character Stream

DDDDDDDDDD | CCCCCCCCCC | BBBBBBBBBB |AAAAAARAAA
9876543210 | 9876543210 | 9876543210 [9876543210
DDDDDDDD
98765432
A
DDCCCCCC
10987654
CCCCBBBB
32109876
BBBEBBAA
54321098
AAAAAARAA
76543210
Last First
Character Character
Sent Sent

Figure 4.Byte-Packer 10-to-8 Character Mapping 5

Encoder Block

The Encoder logic block performs two primary functions:
encoding the data for serial transmission and generating BIST
(Built-In Self Test) patterns to allow at-speed link and device
testing.

BIST LFSR

The Encoder logic block operates on data stored in a register.
This register accepts information directly from the Transmit
FIFO, the Transmit Input Register, the 10/8 Byte-Packer, or,
from the Transmit Control State Machine when it inserts
special characters into the data stream.

This same register is converted into a Linear Feedback Shift
Register (LFSR) when the Built-In Self-Test (BIST) pattern
generator is enabled (TXBISTEN” is LOW). When enabled,
this LFSR generates a 511-character sequence that includes
all Data and Special Character codes, including the explicit
violation symbols. This provides a predictable but pseudo-
random sequence that can be matched to an identical LFSR
in the Receiver.

H
H
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The specific patterns generated are described in detail in the
Cypress application note “HOTLink Built-In Self-Test.” The
sequence generated by the CY7C924ADX is identical to that
in the HOTLink CY7B923 and HOTLink Il family
CYP(V)15G0x0x, allowing interoperable systems to be built
when used at compatible serial signaling rates.

Encoder

The data passed through the Transmit FIFO and formatter, or
as received directly from the Transmit Input Register, is
seldom in a form suitable for transmission across a serial link.
The characters must usually be processed or transformed to
guarantee:

* a minimum transition density (to allow the serial receiver
PLL to extract a clock from the data stream)

« a DC-balance in the signaling (to prevent baseline wander)
= run-length limits in the serial data (to limit the bandwidth of
the link)

« some way to allow the remote receiver to determine the
correct character boundaries (framing).

The CY7C924ADX contains an integrated 8B/10B encoder
that accepts 8-bit data characters and converts these into 10-
bit transmission characters that have been optimized for
transport on serial communications links. The 8B/10B encoder
can be bypassed for those system that operate with external
8B/10B encoders, or use alternate forms of encoding or
scrambling to ensure good transmission characteristics. The
operation of the 8B/10B encoding algorithm is described in
detail later in this data sheet, and the complete encoding
tables are listed in Tables 11 and 12.

When the Encoder is enabled, the transmit data characters (as
passed through the Transmit FIFO and formatter) are converted to
either a 10-bit Data symbol or a 10-bit Special Character,
depending upon the state of the TXSC/D* input. If TXSC/D* is
HIGH, the data inputs represent a Special Character code and are
encoded using the Special Character encoding rules in Table12.
If TXSC/D* is LOW, the data inputs are encoded using the Data
Character encoding in Table11.

If TXSVS is HIGH, the respective character is replaced with an
SVS (C0.7) character. This can be used to check error
handling system-logic in the receiver controller or for proprietary
applications.

The 8B/10B encoder is standards compliant with ANSI/NCITS
ASC X3.230-1994 (Fibre Channel), IEEE 802.3z (Gigabit
Ethernet), the IBM ESCON and FICON channels, and ATM
Forum standards for data transport.

The 8B/10B coding function of the Encoder can be bypassed
for systems that include an external coder or scrambler
function as part of the controller or host system. This is
performed by setting ENCBYP* LOW. With the encoder
bypassed, each 10-bit or 12-bit character (as captured in the
Transmit Input Register) is passed directly to the Transmit
Shifter (or Transmit FIFO) without modification.

Transmit Shifter

The Transmit Shifter accepts 10-bit or 12-bit parallel data from
the Encoder block once each character time, and shifts it out
the serial interface output buffers using a PLL-multiplied bit-
clock. This bit-clock runs at 2.5, 5, or 10 times the REFCLK
rate (3, 6, or 12 times when BYTES8/10* and ENCBYP* are
LOW) as selected by RANGESEL and SPDSEL (see Table4.
Timing for the parallel transfer is controlled by the counter and
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dividers in the Clock Multiplier PLL and is not affected by S|gnaE
levels or timing at the input pins. ,

Bits in each character are shifted out LSB first, as required by
ANSI and IEEE standards for 8B/10B coded serial data
streams.

Routing Matrix

The Routing Matrix is a set of precision multiplexors that allow
various combinations of Transmit Shifter, buffered INAt or
INB+ serial line receiver inputs, or a reclocked serial line
receiver input to be transmitted from the OUTBz serial data
outputs. The signal routing for the transmit serial outputs is
controlled primarily by the DLB[1:0] inputs as listed in Tab/e3

The level-restored (10b) and reclocked (11b) settings make
use of one of the transmit data outputs. When configured for
level-restored or reclocked data, the selected input is retrans-
mitted on OUTBt. The level-restored connection simply
buffers the input signal allowing a “bus-like” connection to be
constructed without concern for multi-drop PECL-compatlbIe
signal layout issues. i

The reclocked connection buffers a PLL-filtered copy of thé,
selected input data stream. This removes most of the hlghd
frequency jitter that accumulates on a signal when sent over
long transmission lines. Because the retransmitted data is
clocked by the recovered clock, the data can suffer from jitter
peaking when communicated through several PLLs.

Table 3. Transmit Data Routing Matrix

DLBI[1] |DLBI[0] Data Connections
0 0
0 1
1 0
1 1
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For more details on these and LOOPTX reclocking options,
see the Serial Line Receivers section

Serial Line Drivers

The serial interface PECL-compatible Output Drivers (ECL
referenced to +5V) are the transmission line drivers for the
serial media. OUTAx receives its data directly from the
transmit shifter, while OUTBt receives its data from the
Routing Matrix. These two outputs (OUTAt and OUTB) are
capable of direct connection to +5V optical modules, and can
also directly drive DC- or AC-coupled transmission lines.

The PECL-compatible Output Drivers can be viewed as
programmable current sources. The output voltage is deter-
mined by the output current and the load impedance Z, gpp .-
The desired output voltage swing is therefore controlled by the
current-set resistor Rgyrget associated with that driver.
Different Royrset values are required for different line
impedance/amplitude combinations. The output swing is
designed to center around Vpp—1.33V. Each output must be
externally biased to Vpp—1.33V.

When the interconnect and load are viewed as a differential
transmission line, the absolute voltage Vgpr and the differ-
ential load impedance are used to calculate the value of
RcurseT- This amplitude relationship is controlled by the load
impedance on the driver, and by the resistance ofthe Rcyrset
resistor for that driver, as listed in Eg. 1.

R 90XZLOAD

CURSET VooIr Eq.1

In Eq. 1, Vop)r is the difference in voltage levels at one output
of the differential driver when that output is driving HIGH and
LOW, Z oap is the differential load between the true and
complement outputs of the driver. With a known load
impedance and a desired signal swing, it is possible to
calculate the value of the associated CURSETA or CURSETB
resistor that sets this current.

Unused differential output drivers should be left open, and can
reduce their power dissipation by connecting their respective
CURSETX input to Vpp.

Transmit PLL Clock Multiplier

The Transmit PLL Clock Multiplier accepts an external clock
at the REFCLK input, and multiples that clock by 2.5, 5, or 10
(3, 6, or 12 when BYTE8/10* is LOW and the encoder is
disabled) to generate a bit-rate clock for use by the transmit
shifter. It also provides a character-rate clock used by the
Transmit Controller state machine.

The clock multiplier PLL can accept a REFCLK input between
8.33MHz and 40MHz, however, this clock range is limited by
the operation mode of the CY7C924ADX as selected by the
SPDSEL and RANGESEL inputs, and to a limited extent, by
the BYTES8/10*, ENCBYP* and FIFOBYP* signals. Table 4
shows the SPDSEL and RANGESEL for the case where the
FIFOs and encoding are enabled. Tab/e 5provides the multi-
plier factors and clocking ranges for various combinations of
signals.
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Table 4. Speed Select and Range Select Settings, FIFOs
and Encoding enabled

Serial REFCLK
Data Rate Frequency
SPDSEL | RANGESEL (MBaud) (MHz)
LOW LOW 50-100 10-20
LOW HIGH 50-100 2040
HIGH LOW 100-200 10-20
HIGH HIGH 100-200 2040

Transmit Control State Machine 3

The Transmit Control State Machine responds to multiplé
inputs to control the data stream passed to the encoder. It
operates in response to:

» the state of the FIFOBYP* and LOOPTX inputs

» the state of the TXINT input

= the presence of data in the Transmit FIFO

+ the contents of the Transmit FIFO

« the contents of the Elasticity Buffer

* the state of the transmitter BIST enable (TXBISTEN*) )
« the state of external halt signals (TXHALT* and TXSTOP*f

These signals are used by the Transmit Control State Machine
to control the data formatter, read access to the Transmit FIFO
and Elasticity Buffer, the Byte-Packer, and BIST. They
determine the content of the characters passed to the Encoder
and Transmit Shifter.

When the Transmit FIFO is bypassed, the Transmit Control
State Machine operates synchronous to REFCLK. In this
mode, data from the TXDATA bus (or other source) is passed
directly from the Input Register to the Pipeline Register. If no
data is enabled into the Input register (TXEN* is deasserted)
then the Transmit Control State Machine presents a C5.0
Special Character code to the Encoder to maintain link
synchronization.If both the Encoder and Transmit FIFO are
bypassed and no data is enabled into the Input Register, the
Transmit Control State Machine injects an alternating disparity
sequence of pre-encoded (10-bit) forms of the C5.0
characters. This also occurs if the Encoder is bypassed, the
Transmit FIFO is enabled, and the Transmit FIFO is empty.
However, since disparity tracking is part of the Encoder, the
transmitted C5.0 characters may generate a running disparity
error at the remote receiver. If the attached receiver has its
Decoder enabled, these characters may be reported as a
normal C5.0, or as a C1.7 or C2.7 (K28.5 with incorrect
running disparity).

Table 5. Speed Select and Range Select Settings, all modes

REFCLK
Frequency Serial Data Rate Multiplier
FIFOBYP* | BYTE8/10* | ENCBYP* | SPDSEL | RANGESEL (MHz) (MBd) Factor

D e
HIGH X LOW 10-20 100-200 x10

HIGH
HIGH 20-40 100-200 x5
Low LOW 10-20 50-100 x5
HIGH HIGH HIGH 20-40 50-100 x2.5
HIGH LOW 10-20 100-200 x10
LOW HIGH 20-40 100-200 x5
Low LOW 8.33-16.67 50-100 x6
LOW HIGH 16.67 -33.33 50-100 x3
HIGH LOW 8.33-16.67 100-200 x12
HIGH 16.67 -33.33 100-200 X6

W 10-. -
A e
- X

HIGH X HIGH LOW 10-20 100-200 x10
HIGH 20-40 100-200 x5
Low LOW 10-20 50-100 x5
LOW HIGH HIGH 20-40 100-200 x5
HIGH LOW 10-20 100-200 x10
LOW HIGH 20-40 100-200 x5
LOW LOW 8.33-16.67 50-100 x6
LOW HIGH 16.67 -33.33 100-200 x6
HIGH LOW 8.33-16.67 100-200 x12
HIGH 16.67 -33.33 100-200 x6
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External Control of Data Flow i

The Transmit Control State Machine supports three different
types of external control:.

* TXSTOP*
* TXHALT*
* TXINT

These control signal inputs are only interpreted when the
Transmit FIFO is enabled. They effect the transmission of data
by bringing external signals to the state machine without
sending the signals through the Transmit FIFO.

TXSTOP* is used to stop transmission of the next packet or
cell of data in the Transmit FIFO. When asserted (LOW) the
Transmit Control State Machine continues to read and
process characters in the Transmit FIFO until a location is read
with the TXSOC bit set. Once a TXSOC is detected, the state
machine sends out C5.0 fill characters untii TXSTOP* is
deasserted (HIGH) for one or more character times. When,
TXSTOP* is sampled deasserted it allows the next character
with TXSOC set to be read from the Transmit FIFO ancE
passed to the Encoder.

When TXSTOP* is used to control the flow of data, it |s
asserted (LOW) most of the time. To allow a cell or frame to
pass, it only needs to be deasserted (HIGH) for one TXCLK
cycle (assuming the transmit controller is at a cell boundary).
Once the first character of the cell is transmitted the remainder
of that cell is also processed. This allows the host system to
control the transmission of data across the interface on a cell-
by-cell or packet-by-packet basis.

TXHALT* (TXDATA[9]) is an immediate form of TXSTOP*.
Instead of continuing to transmit data until a TXSOC is found,
the assertion of TXHALT* causes character processing to stop
at the next FIFO character location. No additional data is read
from the Transmit FIFO until TXHALT* is deasserted (HIGH).

Note. If the Encoder is bypassed, TXDATA[9] is a data input
and not TXHALT®. Since in this mode the interface does not
interpret the TXSOC bit, the TXSTOP* signal assumes the
same functionality as TXHALT®.

TXINT is used to send one of two interrupt characters from the
local transmitter to a remote receiver. While it also bypasses
the Transmit FIFO, it does notdirectly stop data transmission.

The Transmit Control State Machine responds to transitions
on the TXINT input. When TXINT transitions from 0 —»1,aC0.0
(K28.0) Special Character code is inserted before the data
character with which TXINT is associated is sent. When TXINT}
transitions from 150, a C3.0 (K28.3) Special Character code
is sent. The reception of these characters generates an equiv-
alent action on the attached receiver’'s RXINT status output.

The combination of RXHALF*, TXINT, RXINT, and TXHALT*
may be used to prevent a remote FIFO overflow, which would
result in lost data. This back-pressure mechanism can signifi-
cantly improve data integrity in systems that cannot guarantee
the full bandwidth of the host system at all times.

Elasticity Buffer

A short (8-character) FIFO is contained between the receive
and transmit paths. This FIFO is used to separate the time
domains of the received serial data stream and the outbound
transmit data stream. This permits retransmission of received
data without worry of jitter gain or jitter transfer. This allows
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error-free transmission of the same data, when configured in
daisy-chain or ring configurations, to an unlimited number of
destinations.

This Elasticity Buffer is enabled when the LOOPTX input is
asserted HIGH. This directs the receiver to place all non-C5.0
(K28.5) characters into the Elasticity Buffer. LOOPTX also
directs the Transmit Control State Machine to read data from
the Elasticity Buffer instead of from the Transmit FIFO.

While retransmitting data from the Elasticity Buffer, the
Transmit FIFO is available for pre-loading of data to be trans-
mitted. Once LOOPTX is deasserted (LOW), normal data
transmission from the Transmit FIFO resumes.

This LOOPTX capability is only possible when sending 8-bit
encoded data streams. It cannot be used with byte-packed or
non-encoded data streams, and requires that the Transmit
and Receive FIFOs are enabled. It also requires that the
receiver be configured to process embedded commands
(receiver Discard Policy cannot be 0). The reclocked
connection may be required when sending non-8B/10B coded
data streams, or data streams that cannot tolerate the data
forwarding policies of the Elasticity Buffer.

Serial Line Receivers

Two differential line receivers, INAt and INB%, are available
for accepting serial data streams, with the active input selected
using the A/B* input. The DLB[1:0] inputs allow the transmit
Serializer output to be selected as a third input serial stream,
but this path is generally used only for diagnostic purposes.
The serial line receiver inputs are all differential, and will
accommodate wire interconnect with filtering losses or trans-
mission line attenuation greater than 9dB (VDIFF > 200 mV,
or 400mV peak-to-peak differential) or can be directly
connected to +5V fiber-optic interface modules (any ECL logic
family, not limited to ECL 100K). The common-mode tolerance
of these line receivers accommodates a wide range of signal
termination voltages.

As can be seenin Table 3 these inputs are configured to allow
single-pin control for most applications. For those systems
requiring selection of only INA+ or INB#, the DLB[1:0] signals
can be tied LOW, and the A/B selection can be performed
using only A/B*. For those systems requiring only a single
input and a local loopback, the A/B* can be tied HIGH or LOW,
DLB[1] signal can be tied LOW and DLB[0] can be used for
loopback control.

Signal Detect
The selected Line Receiver (that routed to the clock and data
recovery PLL) is simultaneously monitored for:

* analog amplitude (>400 mVp,r pk-pk)

« transition density

« received data stream outside normal frequency range

(x400ppm)
* and carrier detected.

All of these conditions must be valid for the Signal Detect block
to indicate a valid signal is present. This status is presented
on the LFI* (Link Fault Indicator) output, which changes
synchronous to RXCLK. While link status is monitored inter-
nally at all times, it is necessary to have transitions on RXCLK
to allow this signal to change externally.
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Clock/Data Recovery i

H
The extraction of a bit-rate clock and recovery of data bits from
the received serial stream is performed within the Clock/Data
Recovery (CDR) block. The clock extraction function is
performed by a high-performance embedded phase-locked
loop (PLL) that tracks the frequency of the incoming bit stream
and aligns the phase of its internal bit-rate clock to the transi-
tions in the serial data stream.

The CDR makes use of the clock present at the REFCLK input.
It is used to ensure that the VCO (within the CDR) is operating
at the correct frequency (rather than some harmonic of the bit
rate), to improve PLL acquisition time, and to limit unlocked
frequency excursions of the CDR VCO when no data is
present at the serial inputs.

Regardless of the type of signal present, the CDR will attempt
to recover a data stream from it. If the frequency of the
recovered data stream is outside the limits for the range
controls, the CDR PLL will track REFCLK instead of the data
stream. When the frequency of the selected data stream
retums to a valid frequency, the CDR PLL is allowed to track
the received data stream. The frequency of REFCLK is
required to be within +400 ppm of the frequency of the clock
that drives the REFCLK signal at the remote transmitter to
ensure a lock to the incoming data stream.

For systems using multiple or redundant connections, the LFI*
output can be used to select an alternate data stream. When
an LFI* indication is detected, external logic can toggle
selection of the INA+ and INB + inputs through the A/B* input.
When a port switch takes place, it is necessary for the PLL to
re-acquire the new serial stream and frame to the incoming
characters.

Clock Divider

This block contains the clock division logic, used to transfer the
data from the Deserializer/Framer to the Decoder once every
character (once every ten or twelve bits) clock. This counter is
free running and generates outputs at the bit-rate divided by
10 (12 when the BYTE8/10* and ENCBYP* are LOW). When
the Receive FIFO is bypassed, one of these generated clocks
is driven out the RXCLK pin.

Deserializer/Framer

The CDR circuit extracts bits from the serial data stream and
clocks these bits into the Shifter/Framer at the bit-clock rate.
When enabled, the Framer examines the data stream looking
for C5.0 (K28.5) characters at all possible bit positions. The
location of this character in the data stream is used to
determine the character boundaries of all following characters.

The framer operates in one of three different modes, as
selected by the RFEN input. When RFEN is first asserted
(HIGH), the framer is allowed to reset the intemal character
boundaries on any detected C5.0 character.

Random errors that occur in the serial data can corrupt some
data patterns into a bit pattern identical to a K28.5, and thus
cause an erroneous data-framing error. To prevent this, the
CY7C924ADX provides a multi-byte framer that is enabled
once RFEN has been HIGH for greater than 2048 character.
This requires two C5.0 characters within a span of five
characters, with both C5.0 characters located on identical 10-
bit character boundary locations, before the framer is allowed
to reset the internal character boundary. This multi-byte
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framing option greatly reduces the possibility of erroneously
reframing to an aliased K28.5 character.

If RFEN is LOW, the framer is disabled and no changes are
made to character boundaries.

The framer in the CY7C924ADX operates by shifting the
internal character position to align with the character clock.
This ensures that the recovered clock does not contain any
significant phase changes/hops during normal operation or
framing, and allows the recovered clock to be replicated and
distributed to other circuits using PLL-based logic elements.

Decoder Block

The decoder logic block performs two primary functions:
decoding the received transmission characters back into Data
and Special Character codes, and comparing generated BIST
patterns with received characters to permit at-speed link and
device testing.

10B/8B Decoder

The framed parallel output of the Deserializer is passed to the
10B/8B Decoder where, if the Decoder is enabled, it is trans-
formed from a 10-bit transmission character back to the
original Data and Special Character codes. This block uses
the standard decoder patterns in Tables 11 and 12 of this data
sheet. Data patterns are indicated by a LOW on RXSC/D*, and
Special Character codes are indicated by a HIGH. Invalid pattems
or disparity errors are signaled as errors by a HIGH on RXRVS, and
by specific Special Character codes.

If the Decoder is bypassed and BYTE8/10* is HIGH, the ten
(10) data bits of each transmission character are passed
unchanged from the framer to the Pipeline Register.

When the Decoder is bypassed and BYTE8/10* is LOW, the
twelve (12) data bits of each transmission character are
passed unchanged from the framer to the Pipeline Register.

BIST LFSR

The output register of the Decoder block is normally used to
accumulate received characters for delivery to the Receive
Formatter block. When configured for BIST mode
(RXBISTEN* is LOW), this register becomes a signature
pattern generator and checker by logically converting to a
Linear Feedback Shift Register (LFSR). When enabled, this
LFSR generates a 511-character sequence that includes all
Data and Special Character codes, including the explicit
violation symbols. This provides a predictable but pseudo-
random sequence that can be matched to an identical LFSR
in the Transmitter. When synchronized with the received data
stream, it checks each character in the Decoder with each
character generated by the LFSR and indicates compare
errors at the RXRVS output of the Receive Output Register.

The LFSR is initialized by the BIST hardware to the BIST loop
start code of D0.0 (D0.0 is sent only once per BIST loop). Once
the start of the BIST loop has been detected by the receiver,
RXRVS is asserted for pattern mismatches between the
received characters and the internally generated character
sequence. Code rule violations or running disparity errors that
occur as part of the BIST loop do not cause an error indication.
RXFULL* pulses asserted for one RXCLK cycle per BIST loop and
can be used to check test pattem progress.

The specific patterns checked by the receiver are described in
detail in the Cypress application note “HOTLink Built-In Self-
Test.” The sequence compared by the CY7C924ADX is
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identical to that in the HOTLink CY7B933 receiver and the
HOTLink Il family of devices CYP(V)15G0x0x, allowing
interoperable systems to be built when used at compatible
serial signaling rates. i

If a large number of errors are detected, the receive BIST state
machine aborts the compare operations and resets the LFSR
to the DO0.0 state to look for the start of the BIST sequence
again.

Receive Formatter

The Receive Formatter performs three primary functions:
« Data formatting
» Address matching
* Byte-unpacking

Receive Data Formatting

The protocol enhancements of the transmit path are mirrored
in the receive path logic. The majority of these enhancements
require that the Receive FIFO be enabled to allow the
CY7C924ADX to manage the data stream. In addition to the
standard 10B/8B decoding used for character reception and
recovery, the CY7C924ADX also supports:

= marking of packet or cell boundaries using RXSOC

= an expanded control/command character set

» ability to accept or discard data based on an embedded

address
« the ability to filter receive data of non-essential information

All of these capabilities are supported for both 8- and 10-bit
character sizes, and are made possible through use of the
RXSOC bit. RXSOC is generated upon reception of the C8.0,
C9.0, or C10.0 Special Character codes, in those modes
where both the Receive FIFO and the Decoder are enabled.

The entries in Table 6show how the RXSOC, RXSC/D*, and
RXRVS bits are formatted to indicate the reception of specific
characters and character combinations. Normal Data and
Special Character code characters are indicated by RXSOC
being LOW (0). This allows the standard Special Characters
codes to also be reported and output.

Table 6. Receive Data Formatting

Data Format Indication

Normal Data Character

Reserved

Normal Command Character

o| o| o| o| RXSOC
=| =| ©] ©| RXSC/D*
—=| o =] ©| RXRVS

Received C0.7 Exception Character or Other
Character Exception (as listed in Table12)

1 | 0 | 0 |Received Start of Cell Marker (C8.0) + Data
Character

1| 0 | 1 [Received lllegal Sequence

1|1 | 0 [Received Extended Command Marker (C9.0) +
Data Character (interpreted as a command)

1| 1 | 1 [Received Serial Address Marker (C10.0) + Data

Character (interpreted as an address)
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Individual character errors that are not part of one of the
supported sequences (Start of Cell, Extended Command, or
Serial Address) are marked by the 011b (RXSOC = 0,
RXSC/D* = 1, and RXRVS = 1) decode status.

Anytime RXSOC is reported HIGH (1) at least one of the C8.0,
C9.0, or C10.0 characters was received as a valid character.
If the immediately following character is a valid Data character,
then the corresponding combination of RXSOC, RXSC/D*,
and RXRVS indicate the type of information received. If the
immediately following character is a Special Character code of
any type (even a C5.0), then a 101b is posted to indicate an
illegal sequence was received.

An illegal sequence can be caused by a remote transmitter
sending incorrect information, or by receiving data corrupted
during transmission. When such an error is detected, the 101b
status bits are posted and the associated data field is set to
the Special Character code that was received without error
(C8.0, C9.0, or C10.0 reported as D8.0, D9.0, or D10.0 along
with the 101b status). This information is provided to assist in
debugging link or protocol faults.

The 100b indication is used to mark the associated Data
character as the first character of a new frame, packet, cell, or
other data construct used by the system. The Data characters
and Special Character codes that follow this marker are written
to the Receive FIFO (if the present address matching require-
ments are satisfied).

The 110b indication is used to mark the associated data
character as the first character of an extended command. In
reality there is no limit to the number of immediately following
data characters that can be considered part of this command.
The most common interpretation is based on the configured
bus width, such that single-character configurations support
the associated character as the extended command, providing
up to 256 extended commands for 8-bit data and 1024 for 10-
bit byte-packed data.

This marker is treated internally the same as the 100b Start Of
Cell indication, which allows it to be used to mark the boundary
of any user-specific information. As a boundary or cell marker,
the immediately following data can be a data field, a header,
a stream identifier, a transaction number, a packet length
indicator, or any of a number of pieces of information
connected to a data transfer.

Note. h reality, the 100b and 110b indicators can be used
interchangeably; i.e., the 100b indication can be used to mark
extended commands while the 110b indication can be used to
mark the start of cells.

The 111b indication is used to mark the start of a Serial
Address field. Unlike the Start Of Cell and Extended
Command markers, which have no specific data-field length
associated with them, the associated Serial Address is always
comprised of the immediately following single data character,
and supports a fixed 8-bit or 10-bit address field format in 8-bit
or 10-bit byte-packed data formats.

When this serial address is received it may be passed to the
Receive FIFO or discarded (see Table7).

Address Matching

For those modes where address matching is enabled, the
CY7C924ADX’s ability to accept or discard data can be
controlled by the remote transmitter. This is often useful in
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configurations with one or more data sources and multiplef
data destinations.

Each CY7C924ADX contains an 8-bit or 10-bit Serial Address
Register that is compared with the first data character received
following a Serial Address marker (C10.0). This character
constitutes an address, which can be configured for one of two
modes for address matching. The first mode is used for
multicast addresses, where a bit-wise AND is performed on
each bit of the address character received, with the contents
of each of the bits in the Serial Address Register. If any of the
same bit locations in the register and the received data are
both set to ‘1°, a multicast address match is declared and the
following data and Special Character codes are interpreted
and passed to the Receive FIFO.

If the multicast address field is ever received as all 1s (FFh or
3FFh), the receiver always accepts the data. This all 1s setting
is the broadcast address and is used to send data to all
receivers.

This all 1s setting also has special meaning when written to
the Serial Address Register. When the multicast address field
is written to an all 1s (FFh or 3FFh) state, the receiver operates
in promiscuous mode, and receives all data, regardless of the
contents of any serial address commands received. This is
also the default or power-up state of the Serial Address
register.

The second mode of operation for address matching is when
the Serial Address register contains a unique device address,
and is compared with the character received following the
C10.0 Serial Address marker. This unicast address requires
an exact match between all 8 or 10 bits to declare a match
found and allow the following data to pass.

When the Elasticity Buffer is enabled, all received characters
(except C5.0) are written to the Elasticity Buffer, regardless of
the state or configuration of any present address match. This
allows one or more sources to send data to multiple receivers
with the receivers connected in a ring or daisy-chain topology.
By prefacing cells containing data with an address field, it is
possible to have each receiver only process data specifically
directed to it.

Byte-Unpacker

The Byte-Unpacker is used to re-assemble 10-bit characters
from a received stream of decoded 8-bit characters. This
reassembly process is designed to allow transmission of the
same embedded commands, serial addresses, and Start of}
Cell markers that are used with 8-bit data characters. Because
of the change in time per received encoded character versus,
delivered 10-bit data character, this unpacking process is only
possible with the Receive FIFO enabled.

H
The byte-unpacker reverses the character segmentation
shown in Figure 4. It takes five data characters and combines
them into four 10-bit characters. This five-state unpacking
process is re-started by the detection of any Special Character
code in the Decoder, including the C5.0 (K28.5) fill character.
Since usage of the Elasticity Buffer inserts and deletes C5.0
characters (as necessary) to handle the speed differences
between the receive and transmit character clocks, it is not
possible to send byte-packed data through the Elasticity
Buffer. To send 10-bit packed data from one source to multiple
destinations it is necessary to either use a star topology of
interconnect, or make use of the buffered and reclocked serial
input-to-output connections controlled by the Routing Matrix.
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Receive Control State Machine

The Receive Control State Machine responds to multiple input
conditions to control the routing and handling of received
characters. It controls the staging of characters across various
registers and the Receive FIFO. It also interprets all
embedded Special Character codes, and converts the appro-
priate ones to specific bit combinations in the Receive FIFO.
It controls the various discard policies and error control within
the receiver, and operates in response to:

« the received character stream

+ the detection and validation of serial addresses

« the room for additional data in the Receive FIFO

* the state of the receiver BIST enable (RXBISTEN*)

« the state of LOOPTX

« the state of FIFOBYP*.
These signals and conditions are used by the Receive Control
State Machine to control the Receive Formatter, write access
to the Receive FIFO, write access to the Elasticity Buffer, the
Byte-Unpacker, the Receive Output register, and BIST. They
determine the content of the characters passed to each of
these destinations,

The Receive Control State Machine always operates
synchronous to the recovered character clock (bit-clock/10 or
bit-clock/12). When the Receive FIFO is bypassed, RXCLK
becomes an output that changes synchronous to the internal
character clock. RXCLK operates at the same frequency as
the internal character clock.

Discard Policies

When the Receive FIFO is enabled, the Receive Control State
Machine has the ability to selectively discard specific
characters from the data stream that are determined by the
present configuration as being unnecessary. When discarding
is enabled, it reduces the host system overhead necessary to
keep the Receive FIFO from overflowing and losing data.

The discard policy is configured as part of the operating mode
and is set using the RXMODE[1:0] inputs. The four discard
policies are listed in Table7.

Table 7. Receiver Discard Policies

Policy # | RXMODE[1:0] | Policy Description

0 00 Keep all received characters

1 01 Process Commands, discard all
but the last C5.0 character

2 10 Process Commands, discard all
C5.0 characters

3 11 Process Commands, discard all
C5.0 characters, discard serial
addresses

Policy 0 is the simplest and also applies for all conditions
where the Receive FIFO is bypassed. In this mode, every
character that is received is placed into the Receive FIFO
(when enabled) or into the Receive Output Register.

In discard policy 1, all Start Of Cell, extended command, and
serial address commands are processed as they are received.
The C5.0 character, which is automatically transmitted when
no data is present in the Transmit FIFO, is treated differently
here. In this mode, whenever two or more adjacent C5.0
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characters are received, all of them are discarded except the
last one received before any other character type. This allows
these fill characters to be removed from the data stream, but
does not change the data flow for protocols (like Fibre
Channel) that use a single C5.0 character as a delimiter.

Policy 2 is identical to policy 1 except that all C5.0 characters
are removed from the data stream.

Policy 3 is a super-set of policy 2, where the serial address is
also discarded.

When the FIFOs are bypassed (FIFOBYP* LOW), no
characters are actually discarded, but the receiver discard
policy can be used to control external filtering of the data. The
RXEMPTY* FIFO flag is used to indicate if the character on
the output bus is valid or not. In discard policy 0, the
RXEMPTY* flag is always deasserted to indicate that valid
data is always present. In discard policy 1 when a series of=
C5.0 characters are received, the RXEMPTY* flag |nd|cates
an empty condition for all but the last C5.0 character beforé
any other character is presented. In discard policies 2 or 3, the
RXEMPTY* flag indicates an empty condition for all C5.0
characters. When any other character is present, this flag
indicates that valid or “interesting” Data or Special Characters
are present.

Receive FIFO

The Receive FIFO is used to buffer data captured from the
selected serial stream for later processing by the host system.; i
This FIFO is sized to hold 256, 14-bit characters. When the
FIFO is enabled, it is written to by the Receive Control State
Machine. When data is present in the Receive FIFO (as
indicated by the RXFULL*, RXHALF*, and RXEMPTY*
Receive FIFO status flags), it can be read from the Output
Register by asserting AM* and RXEN*.).

The read port on the Receive FIFO may be configured for the
same two timing models as the transmit interface: UTOPIA
and Cascade. Both are forms of a FIFO interface. The
UTOPIA timing model (EXTFIFO = L) has active LOW,
RXEMPTY* and RXFULL* status flags, and an active LOM
RXEN* enable. When configured for Cascade operation
(EXTFIFO = H), these same signals are all active HIGH. The
RXHALF* signal is always active LOW, regardless oﬁ
EXTFIFO setting. Either timing model supports connection to;
various host bus interfaces, state machines, or external FIFOs

for depth expansion (see Figure5
CY7C42x5 FIFO CY7C924ADX
Eﬁ EF* FF* RXEN
REN—> REN* WEN* « RXEMPTY
Q
4 Q D (=1 RXDATA
RXSC/D*
RXCLK ,/RCLK WCLK ¢ RXCLK
“1” LHEXTFIFO
Figure 5.External FIFO Depth Expansion of the
CY7C924ADX Receive Data Path
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The Receive FIFO presents Full, Half-Full, and Empty FIFO
status flags. These flags are provided synchronous to RXCLK
to allow operation with a Moore-type external controlling state
machine. When configured with the Receive FIFO enabled,
RXCLK is an input. When the Receive FIFO is bypassed
(FIFOBYP* is LOW), RXCLK is an output operating at the
received character rate.

Receive Input Register

The input register is clocked by the rising edge of RXCLK. It
samples numerous signals that control the reading of the
Receive FIFO and operation of the Receive Control State
Machine.

Receive Output Register

The Receive Output Register changes in response to the
rising edge of RXCLK. When the Receive FIFO is enabled
(FIFOBYP* = H), the FIFO status flag outputs of this register
are placed in a High-Z state when the CY7C924ADX is not
addressed (AM* is sampled HIGH). The RXDATA bus output
drivers are enabled when the device is selected by RXEN*
being asserted in the RXCLK cycle immediately following that
in which the device was addressed (AM* is sampled LOW),
and RXEN* being sampled by RXCLK. This initiates a Receive
FIFO read cycle.

Just as with the TXDATA bus on the Transmit Input Register,
the receive outputs are also mapped by the specific decoding
and bus-width selected by the ENCBYP*, BYTE8/10* and
FIFOBYP* inputs. These assignments are shown in Table8

When the Decoder and Receive FIFO are both enabled, the
Receive Control State Machine interprets and discards
(except in discard policy 0) received C0.0 and C3.0 command
codes as set and clear directives for the RXINT output. This
allows the RXINT output to duplicate the state transitions
presented to the TXINT input at the source end of the link. This
RXINT output can be used, along with TXHALT*, TXINT, and
RXHALF*, to implement a back-pressure mechanism for the
Receive FIFO, or for other time dependent signalling.

If the Receive FIFO and Decoder are bypassed, all received
characters are passed directly to the Receive Output Register.
If framing is enabled, and K28.5 characters have been
detected meeting the present framing requirements, the
output characters will appear on proper character boundaries.
If framing is disabled (RFEN is LOW) or K28.5 characters have
not been detected in the data stream, the received characters
may not be output on their proper 10-bit boundaries. In this
mode, some form of external framing and decoding/descram-
bling must be used to recover the original source data.

Serial Address Register

When the device is in Utopia mode (EXTFIFO = LOW), the
receiver is capable of selectively accepting or discarding
received data based on an address received in the data
stream. The address matching capability allows for the choice
of matching of either domains (multicast) or exact addresses
(unicast). The 8- or 10-bit Serial Address Register represents
a single character address field as shown in Figure@

The multicast mode is bit-specific and allows allocation of up
to 8 or 10 separate domains. In the unicast address mode the
match is character specific and identifies up to 256 or 1024
destination addresses. A device can either belong to one or
more domains, or it can have a single unique address.

Page 22 of 56

Sandisk Technologies, Inc. - Ex. 1002, Page 001765



CY7C924ADX

Table 8. Receive Output Bus Signal Map

Receive Decoder Model™
Decoded 10-bit
Decoded 10-bit Byte-Packed
Character Stream Undecoded 10-bit Character Stream Undecoded 12-bit
(8-bit characters) Character Stream (10-bit characters) Character Stream
ENCBYP* HIGH LOW HIGH LOW
BYTES8/10* HIGH HIGH LOW LOW
RXDATA Bus /O Bit
RXSC/D* RXSC/D* RXSC/D*
RXDATA[O] RXDI0] RXD[O]*! RXDI[0] RXD[O}!
RXDATA[1] RXDI[1] RXD[1] RXD[1] RXD[1]
RXDATA[2] RXDJ2] RXDI[2] RXD[2] RXD[2]
RXDATA[3] RXD[3] RXDI[3] RXDI[3] RXDI[3]
RXDATA[4] RXD[4] RXD[4] RXD[4] RXD[4]
RXDATA[5] RXD[5] RXDI[5] RXDI[5] RXDI[5]
RXDATA[6] RXD[6] RXDI[6] RXD[6] RXD[6]
RXDATA[7] RXDI[7] RXD[7] RXD[7] RXD[7]
RXINT/RXDATA[8] RXINT RXDI[8] RXDI[8] RXDI[8]
(FIFOBYP*=HIGH)
RXINT/RXDATA(8] RXD[8] RXDI8] RXDI8]
(FIFOBYP*=LOW)
RXDATA[9] (Low) RXDI[9] RXDI[9] RXDI[9]
RXRVS/RXDATA[10] RXRVS RXRVS RXD[10]
RXSOC/RXDATA[11] RXSOC RXSOC RXD[11]

When a serial address is received and a match is detected, the}
address, and all data following that address, is passed to the
Receive FIFO (except in discard policy 3 where the address is
discarded). This continues until a serial address is received
that does not match the contents of the Address Register,
whereupon writes to the Receive FIFO are inhibited.The Serial
Address Register has a power-up default state where the
multicast field set to an all ones condition (FFh or 3FFh). When
set to this value the receiver accepts all data, regardless of the
presence or content of any received serial address. This
“promiscuous” address can also be forced by the momentary
assertion of the RESET*[1:0] pair.

The Serial Address Register is only used when the receiver is
operated with the Receive FIFO enabled (FIFOBYP* is HIGH)
and in operating modes where the discard policy is not 0 (see
Table7for a list of discard policies).

Serial Address Register Access

The Serial Address Register is accessed through the RXDATA
bus. Both reads and writes to the register require the device to
be addressed (AM* is LOW) and for RXRST" to be asserted

(Low).
Note:

When accessed for write or read operations, the RXRVS
signal is used as a read/write selector, and RXSC/D* is used
to select the operating mode (multicast or unicast) of the Serial
Address Register.

Address Register Content
RXDATA[9] or [7] RXDATA[O]
MSB LSB

Serial Address Register

Multicast Address write
Unicast Address write
Multicast Address read

o|o| ©o|RXRST*
~|o | o |RXRVS
o| =| o| RXSC/D*

o|o|o| o| RXEN*

ol11]1 Unicast Address read
Figure 6.Serial Address Register Format and Access

3. First bit shifted in. Others follow in numerical order interpreted from an NRZ pattern.
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Maximum Ratings Output Current into TTL Outputs (LOW) ......ccceeeveeeenee 30 mA
(Above which the useful life may be impaired. For user guide- DC Input Voltage ........ccccceeeeeeneeeeceneecnas —-0.5V to Vpp+0.5V
lines, not tested.) Static Discharge Voltage > 2001V
Storage TEMPErature .........eceeeueeveesseescsneas —65°C to +150°C (per MIL-STD-883, Method 3015)
Ambient Temperature with Latch-up Current.........ccccvieecerrverneiien e e > 200 mA
Power Applied ..o —55°C to +125°C Operating Range
Supply Voltage to Ground Potential............... -0.5V to +6.5V5 Range Ambient Temperature Voo
1 HIGN-Z Sl 0.5V toVppr0 5y | Commerdial 0"Clo+70°c >OVE10%
Industrial —40°C to +85°C 5.0VE10% |
CY7C924ADX DC Electrical Characteristics Over the Operating Range
Parame- Uni
ter Description Test Conditions Min. Max. t
TTL Outputs
Vour Output HIGH Voltage loy=-2 mA, Vpp = Min. 24 \%
VoLt Output LOW Voltage loL = 8mA, Vpp = Min. 04 \
lost Output Short Circuit Current Vout = 0V -30 -80 mA
loz High-Z Output Leakage Current -20 20 pA
TTL Inputs
ViuT Input HIGH Voltage 20 Vop \
Vit Input LOW Voltage -0.5 08 \
byt Input HIGH Current ViN = Vbp +40 pA
et Input LOW Current Viy =00V —40 pA
lupp Input HIGH Current Vin = Vpp. Pins with internal pull-down +300 pA
lpu Input LOW Current Viny = 0.0V, Pins with internal pull-up -300 pA
Transmitter PECL-Compatible Output Pins: OUTA+, OUTA—, OUTB+, OUTB-!
Vorne  |Output HIGH Voltage (Vpp referenced) Load =50QtoVpp —1.33V Rgyrser= 10k [Vpp —1.03 | Vpp—-083 | V
VoL Output LOW Voltage (Vpp referenced) Load =50QtoVpp —1.33V Rgyrser= 10k | Vpp—2 |Vpp—-1.62| V
Vobr %ﬁq_ut) IDifferential Voltage [(OUT+) — Load = 50Q to Vpp — 1.33V Rgrser= 10k 600 1100 mV
Receiver Single-ended PECL-compatible Input Pin: CARDET
ViHE Input HIGH Voltage (Vpp referenced) Vpp— 1.165 Vop \
ViLe Input LOW Voltage (Vpp referenced) 25 Vpp—1.475| V
lHe Input HIGH Current VN = Vige(min.) +40 pA
he Input LOW Current Vin = ViLe(max.) —40 pA
Differential Line Receiver Input Pins: INA+, INA—, INB+, INB—
Voirr Input Differential Voltage |(IN+) — (IN-)| 200 2500 mV
ViHH Highest Input HIGH Voltage Vop \'%
ViLL Lowest Input LOW Voltage 25 A
hH Input HIGH Current VN = Vinn Max. 750 pA
™ Input LOW Current Vi = Vi Min. -200 pA
Miscellaneous Typ. Max.
Ipp"”  |Power Supply Current Freq. = Max. 170 250 mA

Notes:
Tested one output at a time, output shorted for less than one second, less than 10% duty cycle.
The output current and (resulting voltage swing) is set using a single resistor between CURSETX and Vgg. This CURSET resistor value is calculated as
RcurseT =(90*Z oap)/Vopir » Where Z oap is the differential load between the true and compliment outputs of the differential driver.

To guarantee paositive currents for all PECL voltages, an external pull-down resistor must be present.
Maximum Iy, is measured with Vp, = MAX, RFEN = LOW, and outputs unloaded. Typical Iy is measured with V= 5.0V, T, = 25°C, RFEN = LOW, and

4.
5.

6.
7.

Docu

outputs unloaded.
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Capacitancel®

Parameter Description Test Conditions Max. Unit
CiNTIL TTL Input Capacitance TA = 25°C, § = 1 MAZ, Vp = 5.0V 7 pF
CiNPECL PECL-compatible input Capacitance |T, = 25°C, §, =1 MHz, Vpp = 5.0V 4 pF

AC Test Loads and Waveforms
5.0v
OUTPUT R1 N Mg VoD =133V
R1=500Q c L vy RL=50Q
R2 = 3330 C, L Ry CL< 5pF
C <10pF R2 (Includes fixture and
(Includes fixture and — probe capacitance)

probe capacitance) —

(@) TTL AC TestLoad"" (b) PECL AC TestLoad )
3.0V 3oV Note 8 ViHE Ve
_ ¥ 2.0v 2.0v _ 80% 80%
V=18V 0.8V 0.8V V=18V 20% 20%
0.0V : ViLe
<1ns = e <1ns Vie <1ns

(c) TTL Input Test Waveform

(d) PECL Input Test Waveform

CY7C924ADX Transmitter TTL Switching Characteristics, FIFO Enabled Over the Operating Range

Parameter Description Min. Max. Unit
frs TXCLK Clock Cycle Frequency With Transmit FIFO Enabled 50 MHz
trxeLk TXCLK Period 20 ns
trxcPwH TXCLK HIGH Time 6.5 ns
trxcpwL TXCLK LOW Time 6.5 ns
trxckr TXCLK Rise Timel ™! 07 5 ns
trxcike TXCLK Fall Timel0] 0.7 5 ns
trxa Flag Access Time From TXCLKT to Output 2 15 ns
trxps Transmit Data Set-Up Time to TXCLKT 4 ns
trxpH Transmit Data Hold Time from TXCLKT 1 ns
trxens Transmit Enable Set-Up Time to TXCLKT 4 ns
frxENH Transmit Enable Hold Time from TXCLKT 1 ns
trxrss Transmit FIFO Reset (TXRST*) Set-Up Time to TXCLKT 4 ns
trxrsH Transmit FIFO Reset (TXRST*) Hold Time from TXCLKT 1 ns
trxams Transmit Address Match (AM*) Set-Up Time to TXCLKT 4 ns
trxamH Transmit Address Match (AM*) Hold Time from TXCLKT 1 ns
trxza Sample of AM* LOW by TXCLKT, Output High-Z to Active HIGH or LOW 0 ns
trxoe Sample of AM* LOW by TXCLKT to Output Valid 1.5 20 ns
trxaz Sample of AM* HIGH by TXCLKT to Output in High-Z 1.5 20 ns
Nﬂc.’te?l':ested initially and after any design or process changes that may affect these parameters, but not 100% tested.

9. Cypress uses constant current (ATE) load configurations and forcing functions. This figure is for reference only.
10. Input/output rise and fall time is measured between 0.8V and 2.0V.
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CY7C924ADX Receiver TTL Switching Characteristics, FIFO Enabled Overthe Operating Range

Parameter Description Min. | Max. | Unit
fris RXCLK Clock Cycle Frequency With Receive FIFO Enabled 50 | MHz
trxcLKIP RXCLK Input Period 20 ns
tRxcPWH RXCLK Input HIGH Time 6.5 ns
trxcPwL RXCLK Input LOW Time 6.5 ns
trXCLKIRET RXCLK Input Rise Timel™ 0.7 5 ns
tRYCLKIE™ RXCLK Input Fall Time!™ 0.7 5 ns
trxENS Receive Enable Set-Up Time to RXCLKT 4 ns
tRxENH Receive Enable Hold Time from RXCLKT 1 ns
trxrss Receive FIFO Reset (RXRXT*) Set-Up Time to RXCLKT 4 ns
tRxrsH Receive FIFO Reset (RXRXT*) Hold Time from RXCLKT 1 ns
trxams Receive Address Match (AM*) Set-Up Time to RXCLKT 4 ns
tRxAMH Receive Address Match (AM*) Hold Time from RXCLKT 1 ns
toxal Flag and Data Access Time from RXCLK T to Output 1.5 15 ns
trxzat ! Sample of AM* LOW by RXCLK T, Output High-Z o Active HIGH or LOW, 0 ns
or Sample of RXEN* Asserted by RXCLKT, Output High-Z to Active HIGH or LOW

trxoe Sample of AM* LOW by RXCLK T to Output Valid,"""! 1.5 20 ns
or Sample of RXEN* Asserted by RXCLKT to RXDATA Outputs Valid

taxaz! Sample of AM* HIGH by RXCLKT to Output in High-Z!""! 1.5 20 ns
or Sample of RXEN* Deasserted by RXCLKT to RXDATA Outputs in High-Z

CY7C924ADX Transmitter TTL Switching Characteristics, FIFO Bypassed Over the Operating Range

Parameter Description Min. Max. Unit
trra Flag Access Time From REFCLKT to Output 2 15 ns
treFps Write Data Set-Up Time to REFCLKT 4 ns
tREFDH Write Data Hold Time from REFCLKT 2 ns
tREFENS Transmit Enable Set-Up Time to REFCLKT 4 ns
tREFENH Transmit Enable Hold Time from REFCLK T 2 ns
tReEFAMS Transmit Address Match (AM*) Set-Up Time to REFCLKT 4 ns
tREFAMH Transmit Address Match (AM*) Hold Time from REFCLKT 2 ns
tREFZA Sample of AM* LOW by REFCLKT, Output High-Z to Active HIGH or LOW 0 ns
tReFOE Sample of AM* LOW by REFCLKT to Flag Output Valid 1.5 20 ns
tREFAZ Sample of AM* HIGH by REFCLK T to Flag Output High-Z 1.5 20 ns
CY7C924ADX Receiver TTL Switching Characteristics, FIFO Bypassed Over the Operating Range

Parameter Description Min. Max. Unit
fros"? RXCLK Clock Output Frequency—100 to 200 MBaud 10 20 MHz

(RANGESEL is HIGH, ENCBYP* is HIGH or BYTE8/10* is HIGH)
RXCLK Clock Output Frequency—50 to 100 MBaud 5 10 MHz
(RANGESEL is LOW, ENCBYP* is HIGH or BYTE8/10* is HIGH)
RXCLK Clock Output Frequency—100 to 200 MBaud 8.33 16.67 MHz
12-bit Encoder Bypass Operation
(RANGESEL is HIGH, ENCBYP* is LOW and BYTES8/10* is LOW)
RXCLK Clock Output Frequency—50 to 100 MBaud 10-bit Operation 416 8.33 MHz
(RANGESEL is LOW, ENCBYP* is LOW and BYTE8/10* is LOW)
trRxcLkoP RXCLK Output Period 25 250 ns
tRxcLkop RXCLK Output Duty Cycle 40 60 %
trxcLKORY! RXCLK Output Rise Time!™! 0.25 2 ns
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CY7C924ADX Receiver TTL Switching Characteristics, FIFO Bypassed Over the Operating Range (continued)

Parameter Description Min. Max. Unit

trxcikor™  |RXCLK Output Fall Time!'™! 0.25 2 ns

tRxENS Receive Enable Set-Up Time to RXCLKT 4 ns

tRXENH Receive Enable Hold Time from RXCLKT 1 ns

taxzal | Sample of AM* LOW by RXCLK T, Outputs High-Z to Active 0 ns
Sample of RXEN* Asserted by RXCLKT to RXDATA Outputs High-Z to Active

trxoe: 1 Sample of AM* LOW by RXCLK T to Flag Output Valid 15 20 ns
Sample of RXEN* Asserted by RXCLKT to RXDATA Output Low-Z

trxaz' Sample of AM* HIGH by RXCLKT to Flag Output High-Z 15 20 ns
Sample of RXEN* Deasserted by RXCLKT to RXDATA Output High-Z

CY7C924ADX Receiver Switching Characteristics Over the Operating Range

Parameter Description Min. Max. Unit
tg!™! Bit Time 5.0 20.0 ns
tin IN+ Peak-to-Peak Input Jitter Tolerancel'> %1 0.5 ul
tsa Static Alignment® ™ 600 ps
terwy Error Free Window ® 7> 171 0.65 ul

CY7C924ADX Transmitter Switching Characteristics Over the Operating Range

Parameter Description Min. Max. Unit
tgl! Bit Time 5.0 20.0 ns
trise PECL-compatible Output Rise Time 20-80% (PECL Test Load)"! 200 1700 ps
teaLL PECL-compatible Output Fall Time 80-20% (PECL Test Load)®! 200 1700 ps
toy Deterministic Jitter (peak-peak)® ™! 0.02 ul
try Random Jitter (o) & 11 0.008 ul
tr Transmitter Total Output Jitter (pk-pk)®! 0.08 Ul
CY7C924ADX REFCLK Input Switching Characteristics Over the Operating Range

Conditions
Parameter Description SPDSEL |RANGESEL |BYTE8/10*| Min. | Max | Unit
fRerp REFCLK Clock Frequency—50 to 100 MBaud, 10-bit 0 0 0 833 [16.67| MHz
mode, encoder bypass, REFCLK = 2x character rate
REFCLK Clock Frequency—50 to 100 MBaud, 0 0 1 10 20 |MHz
8-bit mode, REFCLK = 2x character rate

Notes:

11. Parallel data output specifications are only valid if all outputs are loaded with similar DC and AC loads.

12. The period of frog will match the period of the transmitter PLL reference (REFCLK) when receiving serial data. When data is interrupted, RXCLK may drift to
REFCLK +2500ppm.

13. Receiver Ul (Unit Interval) is calculated as 1/(Serial Baud Rate‘?, where Baud Rate Is the rate of change of signaling.

14. The specification is sum of 25% Duty Cycle Distortion (DCD), 10% Data Dependant Jitter (DDJ), 15% Random Jitter (RJ).

15. The PECL switching threshold is the midpoint between the V gg, and Vg, g specifications (approximately Vpp— 1.33V).

16. Static alignment is a measure of the alignment of the Receiver sampling point to the center of a bit. Static alignment is measured by the absolute difference of
the left and right edge shifts (|tg | -tgy g[) of one bit until a character error occurs.

17. Error Free Window is a measure of the time window between bit centers where a transition may occur without causing a bit sampling error. EFW is measured
over the operating range, input jitter < 50% Dj.

18. While sending continuous K28.5s, outputs loaded to 50Q to Vpp—1.33V, over the operating range.

19. While sending continuous K28.7s, after 100,000 samples measured at the cross point of differential outputs, time referenced to REFCLK input, over the operating
range.

Document #: 38-02008 Rev. *D Page 27 of 56

Sandisk Technologies, Inc. - Ex. 1002, Page 001770



w ) t’““\”‘“‘ ) g CY7C924ADX
mEmw e W i LL?
CY7C924ADX REFCLK Input Switching Characteristics Over the Operating Range
Conditions
Parameter Description SPDSEL | RANGESEL |BYTES8/10*| Min. | Max | Unit
fRer REFCLK Clock Frequency—50 to 100 MBaud, 10-bit 0 1129 0 16.67 [ 33.33| MHz
mode, encoder bypass, REFCLK = 4x character rate
REFCLK Clock Frequency—50 to 100 MBaud, 0 1120 1 20 | 40 |MHz
8-bit mode, REFCLK = 4x character rate
REFCLK Clock Frequency—100 to 200 MBaud, 10-bit 1 0 0 8.33 [16.67| MHz
mode, encoder bypass, REFCLK = character rate
REFCLK Clock Frequency—100 to 200 MBaud, 8-bit 1 0 1 10 20 |MHz
mode, REFCLK = character rate
REFCLK Clock Frequency—100 to 200 MBaud, 10-bit 1 1 0 16.67| 33.3 | MHz
mode, encoder bypass, REFCLK = 2x character rate
REFCLK Clock Frequency—100 to 200 MBaud, 8-bit 1 1 1 20 40 |MHz
mode, REFCLK = 2x character rate
tReFoLK REFCLK Period 25 | 120 | ns
[— REFCLK HIGH Time 6.5 ns
tREFL REFCLK LOW Time 6.5 ns
[—— REFCLK Frequency Referenced to Received Clock Period®™ -0.04(+0.04| %

CY7C924ADX HOTLink Transmitter Switching Waveforms

ésyncgro_lr_}m;s (FIFO) Interface
ascade Timing - t
Write Cycle TXCLK

trxcpwL —}

N A

TXCLK 7
trxp - f&—trxpH

TXDATA[11:0],

e— trxenn

I —
TXEN \\ /
%— trxens — \\\ V4
rxa |
TXFULL trxa ;i{ \‘\
TXHALF*
TXEMPTY

Notes:

20. When configured for synchronous operation with the FIFOs bypassed (FIFOBYP* is LOW), if RANGESEL is HIGH the SPDSEL input is ignored and operation
is forced to the 100-200 MBaud range.

21. REFCLK has no phase or frequency relationship with RXCLK and only acts as a centering reference to reduce clock synchronization time. REFCLK must be
within £0.04% of the transmitter PLL reference (REFCLK) frequency.

22. When transferring data to the Transmit FIFO from a depth expanded external FIFO (EXTFIFO = H), the data is captured from the external FIFO one clock cycle
following the actual enable.
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CY7C924ADX HOTLink Transmitter Switching Waveforms (continued)

Asynchronous (FIFO) Interface

UTOPIA Timing

Write Cycle

TXCLK

TXDATA[11:0],
TXSC/D*

TXEN*

TXFULL*
TXHALF*
TXEMPTY*

Asynchronous (FIFO) Interface

e« tixclk ———— ]
l— trxcPwH trxcpwi—s

trxos

trxpH

Z_\—ﬁ

XXXHKKK KKK N

XXXXX X XX

<« tTXENS ]

trxenH

7

trxa

NO OPERATION

»

N

Output Enable Timing
TXCLK 7 \ 7'
e trxens —3 e txend
B G Bl iy =" -
TXEN* {  Note 24 . SN N
i \\,\3\ 72/«7/ NO OPERATION N\
.....--...._-....--...l;-..' . ' L R N T ERCR )
:TXAMS - tTXAMH, thRSH,
TXRSS
A \ //
TXRST* N /]
) tTXOE tTXAZ —_
TXFULL*
TXHALF* V4 /
TXEMPTY* \
2 [ trxza
Notes:
§ 23. When writing data from a UTOPIA compliant interface (EXTFIFO = L), the write data is captured on the same clock cycle as the data.
g 24. Signals shown as dotted lines represent the differences in timing and active state of signals when operated in Cascade Timing.
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CY7C924ADX HOTLink Transmitter Switching Waveforms (continued)

Synchronous Interface
Cascade Timing
Write Cycle

REFCLK 7

€«—————— lrepcLk ——————>
l«— {REFH tREFL ——

trReFDS

[_\_7!_

tReFDH

TXDATA[11:0],
TXSC/D*

XX X2

(XXXXXXXX

ote 22

X

trRxa —>

TXEN

+o— tREFENH

// / {— tREFENS—]

NO OPERATION

NN

/4

je————— trRxA

TXFULL
TXHALF*

trRxa

}_/

TXEMPTY

Synchronous Interface
UTOPIA Timing
Write Cycle

REFCLK /)

tReFcLK

l«— 'REFH

tREFL ——»

/—\—ﬁ

tReFDS <— tREFDH

TXDATA[11:0],

1122 TOOIIIIIIHE I KIIIIX XK

tREFENS+ - tREFENH
TXEN \\ y// NO OPERATION \
[ trrx
TXFULL*
TXHALF*
TXEMPTY* l— R
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CY7C924ADX HOTLink Transmitter Switching Waveforms (continued)

Synchronous Interface
Output Enable Timing tREFOLK
)

l«— tREFH tREFL ——>

—
REFCLK 7 [—\—7

-« tREFENS —»| Jo— REFENH

R R A -p

TXEN* ; Note 24 \\ 3 . Z )// NO OPERATION
l" ‘ l' - \ \ - ;-

----------------------- - e EEEmEEEEEEEEEEE . hEE. .

4

«—trerams —>| [ tREFAMH

N

< »| tReFoe 'REFAZ
TXFULL*
TXHALF* Va4
TXEMPTY* AN

> 1% trerza

CY7C924ADX HOTLink Receiver Switching Waveforms

-« RxcLkoOP ——— ]
Cascade Timing - RxclkiP —— ]
Read Cycle <«— trxcLKOH —»fe— tRxcLkOL—
<— RxcLkIH —*— trRxcLKIL—]

RXCLK 7‘ >< 7/_\_/

tRxeENs > 1"— tRXENH

RXEN 7, 22 5_/R o \N NO OPERATION
fe——txa ——1
RXEMPTY /////// FIFO EMPFY

RXDATA[11:0] - trxA > Note 25
RXSC/D*
RXINT, LFI* VALID DATA <><><><>< X
RXFULL
RXHALF*
AM*
Note:

25. Oninhibited reads when RXEN* is deasserted or BISTEN* is asserted, or if the Receive FIFO goes empty, the data outputs do not change.
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CY7C924ADX HOTLink Receiver Switching Waveforms (continued)

UTOPIA Timing
Read Cycle

RXCLK 7]

trxens
tRXENS e

fe— trRxcLKOH—>

l«  trxcikip

< trxcLkiH —]

tRxeNH, tRXENH

trxcLkop

le— trxcLkOL—>
«— trxcLkiL—]

N— 7

T

RXEN" N READ é/
[ ]
to—— trxa —— <« trxa —
RXEMPTY* \\\\\\X\ FIFO EMPTY /‘ ’/: ’/j ;
RXDATA[11:0] Note 25
RXSC/D*
RXINT, LFI* ><><><><>< VALID DATA <><X><>< X
RXFULL*
RXHALF*
AM*
Output Enable Timing
RXCLK 7 [—\_/
trxoENS
e trgiEng =1, % [RXIENH. tRxOENH <
RXEN* { Note 25 Y\\XR {/X% NO OPERATION ," -
AN . —| ttrRxiamH, tRxoamH
RXOAMS
\-‘- trxiams — y
N /]
RXFULL* ¢ trxaz
RXHALF* > lRxoE —
RXEMPTY*
RXDATA[11:0] V4 <\ Note 25
RXINT
RXSC/D* —> 1% Rxooza
trxioza
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CY7C924ADX HOTLink Receiver Switching Waveforms (continued)

tREFL

tREFCLK
|

tReFH

REFCLK //

Static Alignment
tg/2 - tgp tg/2 —tsa
INA£
INB £

SAMPLE WINDOW

CY7C924ADX HOTLink Transceiver Operation

The interconnection of two or more CY7C924ADX Trans-
ceivers form a general-purpose communications subsystem
capable of transporting user data at up to 20MBytes per
second over several types of serial interface media. The
CY7C924ADX is highly configurable with multiple modes of
operation.

In the transmit section of the CY7C924ADX, data moves from
the input register, through the Transmit FIFO, to the 8B/10B
Encoder. The encoded data is then shifted serially out the
OUTx+ differential PECL-compatible drivers. The bit-rate
clock is generated internally from a 2.5x, 5x, or 10x PLL clock
multiplier (3x, 6x, or 12x if BYTE8/10* and ENCBYP* are
LOW). A more complete description is found in the section
CY7C924ADX HOTLink Transmit-Path Operating Mode
Description.

In the receive section of the CY7C924ADX, serial data is
sampled by the receiver on one of the INx+ differential line
receiver inputs. The receiver clock and data recovery PLL
locks onto the selected serial bit stream and generates an
internal bit-rate sample clock. The bit stream is deserialized,
decoded, and presented to the Receive FIFO, along with a
character clock. The data in the FIFO can then be read either
slower or faster than the incoming character rate. A more
complete description is found in the section CY7C924ADX
HOTLink Receive-Path Operating Mode Description. i

The Transmitter and Receiver parallel interface timing and
functionality can be configured to Cascade directly to external
FIFOs for depth expansion, to emulate a UTOPIA interface,
couple directly to registers, or couple directly to state
machines. These interfaces can accept or output either:

* 8-bit characters

» 10-bit characters (for byte-packed encoded transport)

» 10-bit pre-encoded characters (pre-scrambled or
pre-encoded)

« 12-bit pre-encoded characters (pre-scrambled or
pre-encoded)

Document #: 38-02008 Rev. *D

Error-Free Window

INAL
INBL
—— tg —>}

BIT CENTER BIT CENTER

[« terw —

The bit numbering and content of the parallel transmit interface
is shown in Table 1. When operated with the 8B/10B Encoder
bypassed, the TXSC/D* and RXSC/D* bits are ignored.

The HOTLink Transceiver serial interface provides a seamless
interface to various types of media. A minimal number of
external passive components are required to properly
terminate transmission lines and provide LVPECL loads. For
power supply decoupling, a single capacitor (in the range of
0.02 pF to 0.1 pF) is required per power/ground pair.
Additional information on interfacing these components to
various media can be found in the HOTLink Design Consider-
ations application note.

CY7C924ADX HOTLiInk Transmit-Path
Operating Mode Description

The HOTLink Transmitter can be configured into several
operating modes, each providing different capabilities and
fitting different transmission needs. These modes are selected
using the FIFOBYP*, ENCBYP* and BYTES8/10* inputs on the
CY7C924ADX Transceiver. These modes can be reduced to
five primary classes:

« Synchronous Encoded

« Synchronous Pre-encoded
* Asynchronous Encoded

* Asynchronous Byte-packed
* Asynchronous Pre-encoded

Synchronous Encoded

In this mode, the Transmit FIFO is bypassed, while the 8B/10B
encoder is enabled. One character is accepted at the Transmit
Input Register at the rising edge of REFCLK, and passed to
the Encoder where it is encoded for serial transmission. The
Serializer operates synchronous to REFCLK, which is multi-
plied by 10 or 5 to generate the serial data bit-clock. In this
mode the TXSOC, TXRST*, TXINT, TXHALT*, and TXSTOP*
inputs (when they are not used for data bits) are not interpreted
and may be tied either HIGH or LOW. To place the
CY7C924ADX into synchronous modes, FIFOBYP* must be
LOW.
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This mode is usually used for products that must meet specific
predefined protocol requirements, and cannot tolerate the
uncontrolled insertion of C5.0 fill characters. The host systerrg
is required to asset TXEN* and to provide new data at every
appropriate rlsmg edge of REFCLK to maintain the data
stream. If TXEN* is not asserted, the Encoder is loaded with,
C5.0 (K28.5) sync characters. Because the Encoder |§
enabled, the transmitted C5.0 characters follow all 8B/10B
encodmg rules.

Input Register Mapping

In Encoded modes, the bits of the TXDATA input bus are
mapped into characters (as shown in Tabl/e?), including a
TXSVS bit, eightor tenbits of data, and a TXSC/D* bit to select
either Special Character codes or Data characters.

If the TXSVS bit is HIGH, an SVS (C0.7) character is passeq
to the encoder, regardless of the contents of the other
TXDATA inputs. If the TXSVS bit is LOW, the associated
TXDATA character is encoded per the remaining bits in that
character.

The TXSC/D* bit controls the encoding of the TXDATA[7:0] or
TXDATA[9:0] bits of each character. It is used to identify if the
input character represents a Data Character or a Special
Character code. If TXSC/D* is LOW, the character is encoded
using the Data Character codes listed in Table11. If TXSC/D*
is HIGH, the character is encoded using the Special Character
codes listed in Table12.

Synchronous Pre-encoded

In synchronous pre-encoded mode (FIFOBYP* and ENCBYP*
are LOW), both the Transmit FIFO and the 8B/10B encoder
are bypassed, and data passes directly from the Transmit
Input Register to the Serializer. The Serializer operates
synchronous to REFCLK 1 generate the serial data bit-clock.
As selected by SPDSEL and RANGESEL, the REFCLK input
is multiplied by 5 or 10 when BYTE8/10* is HIGH or by 6 or 12
when BYTES8/10* is LOW. In this mode the TXINT, TXHALT*}
TXSVS and TXSOC inputs are used as part of the data |nput
bus. !

This mode is usually used for products containing externa?
encoders or scramblers, that must meet specific protocol
requirements. The host system is required to assert TXEN*
and to provide new data at every appropriate rising edge of the
REFCLK to maintain the data stream. If TXEN* is not asserted,
the Serializer is loaded with C5.0 (K28.5) sync characters.]
However, because the bypassed encoder is not able to track
the running disparity of the previously transmitted character,
the transmitted C5.0 characters may be received with a
running disparity code-rule violation.

In this mode the LSB of each input character (TXDATA[Q]) is
shifted out first, followed sequentially by TXDATA[1] through
TXDATA[9]. :

i

Asynchronous Encoded 5

Asynchronous Encoded mode is the most powerful operatlng
mode of the CY7C924ADX. Both the Transmit FIFO and the
Encoder are enabled (FIFOBYP* and ENCBYP* are HIGH).
This allows transmission of normal data streams, while
offering the added benefits of embedded cell or packet
markers, an expanded command set, serial addressing, and
in-band bypass-signaling (for flow control or other purposes).
All characters added to the data stream to support these
additional capabilities may be automatically extracted by the
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Receive Control State Machine in the CY7C924ADX

Receiver.

The Serializer operates synchronous to REFCLK, which is
multiplied by 2.5, 5, or 10 to generate the serial data bit-clock
(as selected by SPDSEL and RANGESEL). In this mode the
TXSOC, TXSC_D*, TXRST*, TXSVS, TXINT/TXDATA[8],
TXHALT*/TXDATA[9], and TXSTOP* inputs are interpreted.

Embedded Cell Marker

An embedded cell marker is used to mark the start of cells or
frames of information passed from one end of the link to the
other. This marker is set by asserting TXSOC HIGH, with
TXSC/D* and TXSVS both LOW, along with the remaining
data on the TXDATA bus. When the data character accompa-
nying this marker is read from the output end of the Transmit
FIFO, a C8.0 (K23.7) character is inserted into the data stream
prior to the associated data character being read from the
Transmit FIFO.

Expanded Commands

The standard 8B/10B Character set contains all 256 possible
data characters, but only twelve special or command
characters. To allow use of a larger selection of command
codes, a Special Character code was selected to expand the
command set.

An expanded command marker is used to mark the associated
data as any one of 256 (2%) possible commands codes. This
marker is generated by asserting both TXSOC and TXSC/D*
HIGH, with TXSVS being LOW, along with the associated data
on the TXDATA bus. When the character accompanying this
marker is read from the output end of the Transmit FIFO, a
C9.0 (K27.7) character is inserted into the data stream prior to
the data character being read from the Transmit FIFO.

Serial Addressing

The CY7C924ADX receiver has the ability to accept or reject
data based on an internal address-controlled switch. This
switch is turned on when a serial address matching the
receiver address settings is received. When the serial address
received does not match the address programmed into the
receiver, the receiver’s input is ignored.

A serial address is transmitted by asserting TXSOC, TXSC/D*,
and TXSVS all HIGH. When the character accompanying this
marker is read from the output end of the Transmit FIFO, a
C10.0 (K29.7) character is inserted into the data stream prior
to the data characters being read from the Transmit FIFO. The
serial address is either 8 or 10 bits depending on the level on
BYTES8/10*.

In-Band Bypass-Signaling

In-band bypass-signaling allows a signal to be sent to the
remote receiver without that signal having to pass through the
Transmit (or Receive) FIFO. When TXINT transitions, a
character is immediately inserted in the data stream at the
Encoder block, delaying other data encoding for a cycle.

When TXINT transitions from 0—»1, a C0.0 (K28.0) special
character is sent. When TXINT transitions from 150, a C3.0
(K28.3) special code is sent. These special codes may be
used to force a similar signal transition on the RXINT output of
an attached CY7C924ADX HOTLink Receiver.

This input may be used to transport a low data rate signal (like
a serial RS-232/UART signal) across the interface, without
any significant impact on the actual data being transported
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across the link. It may also be used to transparently propagate
FIFO flow control information across the link by directly
connecting the RXHALF* flag of the local receiver to the
TXINT of the local transmitter. The RXINT at the remote end
of the link can then be connected to the TXHALT* input to halt
data transfers at the remote end of the link until the local
Receive FIFO has sufficient room to continue.

Asynchronous Byte-Packed

Asynchronous byte-packed mode contains the same features
as asynchronous encoded, but with support for 10-bit source
data. This data is byte-packed through the 8B/10B encoder to
deliver the data across the interface. This mode is enabled
when FIFOBYP* and ENCBYP* are HIGH and BYTE8/10* is
LOW.

When sending extended commands, the larger 10-bit
character size enlarges the extended command space to 1024
(219 possible commands codes.

Asynchronous Pre-encoded

In Asynchronous pre-encoded modes, the Transmit FIFO is
enabled and the Encoder is disabled (FIFOBYP* is HIGH and
ENCBYP” is LOW). This means that all words clocked into the
input register are written to the Transmit FIFO before belng
sent to the Serializer. The Serializer operates synchronous to}
REFCLK to generate the serial data bit-clock. SPDSEL anq
RANGESEL determine whether REFCLK is multiplied by 10=
5 or 2.5 (if BYTE8/10* is HIGH) or 3, 6 or 12 (if BYTE8/10* is
LOW). In this mode the TXINT and TXHALT* inputs are used
as part of the 10-bit input character. TXSVS, TXSOC and
TXSTOP* are still available.

These modes are usually used for products containing
external encoders or scramblers, that must meet specific
protocol requirements. The host system must assert TXEN’;
and provide new data at every rising edge of TXCLK to
maintain the data stream (without overfiling the Transmlt
FIFO). If the Transmit FIFO ever goes empty, the Serializer i |s
loaded with an alternating disparity string of C5.0 (K28.5) sync
characters (when BYTES8/10* is HIGH) or the bit pattern
0110000100011 (when BYTES8/10* is LOW).

This insertion can be an issue for some system implementa4
tions. If the remote receiver is configured to decode 8B/108
coded characters, it will probably detect running disparity
errors because the bypassed Encoder is not able to track the
running disparity of the previously transmitted character.
However, since these pre-encoded modes are generally used
with alternate forms of scrambling or encoding, for these appli-
cations this disparity is not generally an issue.

To maintain a data stream without adding these C5.0 SYNC
codes, it is necessary that the Transmit FIFO be loaded at the
same speed or faster than the rate that data is read from that
FIFO.

5
H
CY7C924ADX HOTLink Receive-Path Operating
Mode Descriptions ‘

The HOTLink Receiver can be configured into several
operating modes, each providing different capabilities and
fitting different reception needs. These modes are selected
using the FIFOBYP*, ENBYP* and BYTE8/10* inputs on the
CY7C924ADX Transceiver. These modes can be reduced to
five primary classes: ;
|
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* Synchronous Decoded

« Synchronous Undecoded

* Asynchronous Decoded

« Asynchronous Byte-packed
« Asynchronous Undecoded.

In all these modes, serial data is received at one of the differ-
ential line receiver inputs and routed to the Deserializer and
Framer. The PLL in the clock and data recovery block is used
to extract a bit-rate clock from the transitions in the data
stream, and uses that clock to capture bits from the serial
stream. These bits are passed to the Deserializer where they
are formed into 10- or 12-bit characters.

To align the incoming bit stream to the proper character
boundaries, the Framer must be enabled by asserting RFEN
HIGH. The Framer logic-block checks the incoming bit stream
for the unique pattern that defines the character boundaries.
This logic filter looks for the ANSI X3.230 symbol defined as a
“Special Character Comma” (K28.5 or C5.0). Once a K28.5 is
found, the Framer captures the offset of the data stream from
the present character boundaries, and resets the boundary to
reflect this new offset, thus framing the data to the correct
character boundaries .

Since noise induced errors can cause the incoming data to be
corrupted, and since many combinations of corrupt and legal
data can create and aliased K28.5, the framer may also be
disabled by setting RFEN LOW.

An option exists in the framer to require multiple K28.5
characters, meeting specific criteria, before the character
boundaries are reset. This multi-byte mode of the Framer is
enabled by keeping RFEN asserted HIGH for greater than
2048 character clock cycles. For multi-byte framing, the
receiver must find a pair of K28.5 characters, both on identical
10-bit boundaries, within a 5-character span (50 bits) before it
shifts its framing boundaries. This option greatly reduces the
probability of framing to aliased K28.5 characters while still
allowing many links to maintain synchronization.

Synchronous Decoded

In these modes, the Receive FIFO is bypassed, while the
10B/8B Decoder is enabled (FIFOBYP* is LOW and
ENCBYP* is HIGH). Framed characters output from the
Deserializer are decoded, and passed direct to the Receive
Output Register. The Deserializer operates synchronous to
the recovered bit-clock, which is divided by 10 generate the
output RXCLK clock. In this mode the RXRST* input is not
interpreted and may be biased either HIGH or LOW.

These modes are usually used for products that must meet
specific protocol requirements. New decoded characters are
provided at the RXDATA outputs once every rising edge of
RXCLK. When RXEMPTY* is deasserted along with the data,
it indicates that a valid character (as selected by
RXMODEI[1:0]) is present at the RXDATA outputs. When
asserted it indicates that a C5.0 (K28.5) not kept by the current
RXMODE[1:0] setting is present on the RXDATA output bus.
Because the decoder is enabled, all received characters are
checked for compliance to the 8B/10B decoding rules.

Output Register Mapping

The RXDATA[11:0] output bus is mapped into a character
consisting of eight bits of data, one bit that carries violation
information, and an RXSC/D* bit that identifies the character
as either control or data.
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These bits have combinations that identify the meaning of the
remaining bits of the character. If RXRVS is HIGH and
RXSC/D* is HIGH the decoder outputs a C0.7, C1.7, C2.7 or
C4.7 in response to reception of either an SVS (C0.7)
character or other invalid character.

Synchronous Undecoded

In this mode, both the Receive FIFO and the 10B/8B Decoder
are bypassed (FIFOBYP* and ENCBYP* are LOW), and data
passes directly from the Deserializer to the output register.
The Deserializer operates synchronous to the recovered bit-
clock, which is divided by 10 or 12 to generate the output
RXCLK clock. In this mode the RXRST* input is not interpreted
and may be biased either HIGH or LOW.

This mode is usually used for products containing external
decoders or descramblers that must meet specific protocol
requirements. New data is provided at the RXDATA outputs
once every rising edge of RXCLK. Received characters are
not checked for any specific coding requirements and no
decoding errors are reported.

Asynchronous Decoded

Asynchronous Decoded mode is he most powerful operating
mode of the CY7C924ADX HOTLink Receiver. Both the
Receive FIFO and the Decoder are enabled (FIFOBYP* and
ENCBYP* are HIGH). This allows reception of normal datg
streams, while offering the added benefits of embedded celg
markers, an expanded command set, serial address support,
and in-band bypass-signaling (for flow control or other
purposes). All characters added to the data stream by the
transmitter to support these additional capabilities may be
automatically extracted by the Receive Control State Machine
in the CY7C924ADX Transceiver. 1

i
The deserializer operates synchronous to the recovered bit-§
clock, which is divided by 10 to generate the Receive FIFO;
write clock. When the Receive FIFO is addressed by AM* ancfz
selected by RXEN*, characters are read from the FIFO using
the external RXCLK input

Asynchronous Decoded mode support the same Output
Register mapping as the Synchronous Decoded mode:
Because both the Receive FIFO and Decoder are enabled, the
output FIFO may be read at any rate supported by the FIFO
(0 to 50MHz), however, if the Receive FIFO ever indicates a
full condition (RXFULL* is asserted), data may be lost.

Embedded Cell Marker

An embedded cell marker is used to mark the start of cells or
frames of information passed from one end of the link to the
other. When a C8.0 (K23.7) character is detected in the data
stream, thenext character is written to the Receive FIFO along
with RXSOC set HIGH, and RXSC/D* and RXRVS set LOW.
When the character accompanying this marker is read from
the Receive FIFO with these same bits set, it indicates the start
of a cell or frame.

Expanded Command

The standard 8B/10B Character set contains all 256 possible
data characters, but only twelve Special Character codes. To
allow use of a larger selection of command codes, one Special
Character code was selected to expand the command set. |
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An Expanded Command marker is used to mark the
associated data as any one of 256 (2°) possible commands
codes. When a C9.0 (K27.7) character is detected in the data
stream, the following character is written to the Receive FIFO
along with both RXSOC and RXSC/D* set HIGH, and RXRVS
set LOW. When the character accompanying this marker is
read from the Receive FIFO with these same bits set, it may
be used to indicate that the data on the RXDATA bus is an
Expanded Command.

Serial Addressing

The CY7C924ADX receive path can be directed to accept all
characters, or to only accept that data specifically addressed
to it. This address control is managed through an embedded
Address Compare Register in the receiver logic. This register
supports either domain (multicast) or exact-match (unicast)
based compares on an address field received across the serial
link. When a C10.0 (K29.7) special code is received, the
immediately following data character contains the address
field that is compared with the receiver Serial Address
Register contents.

When the CY7C924ADX is configured for multicast address
matching, the received address field is compared as an OR of
a bit-wise AND with the Serial Address Register. A valid match
between any of the bits sets the switch to allow the following
data to be written into the Receive FIFO. If no matches are
found, the data is not written to the Receive FIFO and is
discarded.

When the CY7C924ADX is configured for unicast address
matching, the received address field is compared for an exact
match with the Serial Address Register. If an exact match is
found, a switch is set in the receiver to accept all following data
until the next serial address marker is found. If they do not
match, the data is not written to the Receive FIFO and is
discarded.

In-Band Bypass-Signaling

In-band bypass-signaling allows a signal to be received at the
local receiver without that signal having to pass through the
Receive FIFO.

When a C0.0 (K28.0) character is received, the RXINT output
is set HIGH. When a C3.0 (K28.3) character is received, the
RXINT output is set LOW. These special codes are generated
by forcing similar transitions into the TXINT input of the
CY7C924ADX HOTLink Transmitter sourcing the data stream.

This output may be used to transport a low data-rate signal
(like a serial RS-232/UART signal) across the interface,
without any significant impact on the actual data being trans-
ported across the link. It may also be used to transparently
propagate FIFO flow-control information across the link by
directly connecting the RXHALF* flag of the local receiver to
the TXINT of the local transmitter. The RXINT at the remote
end of the link can then be connected to the TXHALT* input to
halt data transfers at the remote end of the link until the local
Receive FIFO has sufficient room to continue.

Asynchronous Byte-Packed

Asynchronous byte-packed mode contains the same features
as asynchronous decoded, but with support for 10-bit source
data (BYTE8/10* is LOW). The received characters are
decoded first back into 8-bit data characters, which are then
reassembled into 10-bit source data.
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Because of the time difference involved with the packing and
unpacking operations, this mode can only be used with the
internal FIFOs enabled.

When receiving extended commands, the larger 10-bit
character size enlarges the extended command space to 1024
(219 possible commands codes.

When receiving a serial address, the larger 10-bit character
size also increases the Serial Address Register to 10 bits. This
allows up to 10 separate domains for multicast addressing oﬁ
1024 unique addresses for unicast addressing. !
H
Asynchronous Undecoded

In Asynchronous Undecoded modes, the Receive FIFO is
enabled (FIFOBYP* is HIGH and ENCBYP* is LOW). This
means that all characters received from the serial interface are
written to the Receive FIFO before being passed to the output
register. The Deserializer operates synchronous to thq
recovered bit-clock, which is divided by 10 or 12 to generates
the Receive FIFO write clock. Data is read from the Receive
FIFO, using the RXCLK input clock, when addressed by AM*
and selected by RXEN*.

These modes are usually used for products containing
external decoders or descramblers, that must meet specific
protocol requirements. New data may be read from the
Receive FIFO any time that the FIFO status flags indicate g
non-empty condition (RXEMPTY* is deasserted). To ensure
that data is not lost through a FIFO overflow, the Receive FIFO
must be read faster than data is loaded into the Receive FIFO.

If the receiver is to provide framed characters, it is necessary
for the transmit end to include C5.0 (K28.5) characters in the
data stream. This can be done by:

» operating the transmitter in encoded mode and writing C5.0
characters into the data stream

 operating the transmitter in pre-encoded mode and writing
the 10-bit value for an encoded C5.0 character to the data
stream (1100000101 or 0011111010)

« deasserting TXEN* when the transmitter is operated in
synchronous mode

= asserting TXHALT*, or by allowing the transmit FIFO to go
empty when it is operated in asynchronous mode.

BIST Operation and Reporting

The CY7C924ADX HOTLink Transceiver incorporates the
same Built-In Self-Test (BIST) capability used with the
HOTLink CY7B923/ CY7B933 and HOTLink |l
CYP(V)15G0x0x families. This link diagnostic uses a Linear
Feedback Shift Register (LFSR) to generate a 511-character
repeating sequence that is compared, character-for-character,
at the receiver.

BIST mode is intended to check the entire high-speed serial
link at full link-speed, without the use of specialized and
expensive test equipment. The complete sequence of
characters used in BIST are documented in the HOTLink Built-
In Self-Test application note.
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Figure 7.Built-In Self-Test lllustration, Utopia mode
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BIST Enable Inputs

There are separate BIST enable inputs for the transmit and
receive paths of the CY7C924ADX. These inputs are both
active LOW; i.e., BIST is enabled in its respective section of|
the device when the BIST enable input is determined to be at
a logic-0 level. Both BIST enable inputs are asynchronous;
i.e., they are synchronized inside the CY7C924ADX to the
internal state machines.

BIST Transmit Path

The transmit path operation with BIST is controlled by the
TXBISTEN* input and overrides most other inputs (see Figure
7). When the Transmit FIFO is enabled (not bypassed) and
TXBISTEN* is recognized internally, all reads from the
Transmit FIFO are suspended and the BIST generator is
enabled to sequence out the 511 character repeating BIST
sequence. If the Transmit Control State Machine was in the
middle of an atomic operation (e.g., sending an extended
command) the Data Character associated with the Special
Character code is transmitted prior to recognition of the
TXBISTEN* signal and suspension of FIFO data processing.
If the recognition occurs in the middle of a data field, the
following data is not transmitted at that time, but remains in the
Transmit FIFO. Once the TXBISTEN* signal is removed, the
data in the Transmit FIFO is again available for transmission.
To ensure proper data handling at the destination, the transmit
host controller should either use TXHALT* or TXSTOP* to
segment transmission of data at specific boundaries, or allow
the Transmit FIFO to completely empty before enabling BIST.

With transmit BIST enabled, the Transmit FIFO remains
available for loading of data. It may be written up to its normal
maximum limit while the BIST operation takes place. To allow
removal of stale data from the Transmit FIFO, it may also be
reset during a BIST operation. The reset operation proceeds
as documented, with the exception of the information
presented on the TXEMPTY* FIFO status flag. Since this flag
is used to present BIST loop status, it continues to reflect the
state of the transmit BIST loop status until TXBISTEN* is nd
longer recognized internally. The completion of the reset
operation may still be monitored through the TXFULL* FIFO

H
i

status flag. i

The TXEMPTY* flag, when used for transmit BIST progress
indication, continues to reflect the active HIGH or active LOW
settings determined by the UTOPIA or Cascade timing model
selected by EXTFIFO; i.e., when configured for the Cascade
timing model, the TXEMPTY* and TXFULL* FIFO flags are
active HIGH, when configured for the UTOPIA timing model
the TXEMPTY* and TXFULL* FIFO flags are active LOW. The
illustration in Figure 7 uses the UTOPIA conventions.

When TXBISTEN* is first recognized, the TXEMPTY* flag is
clocked to a reset state, regardless of the addressed state of
the Transmit FIFO (if AM* is LOW or not), but is not driven out
of the part unless AM* has been sampled asserted (LOW).
Following this, on each completed pass through the BIST loop,
the TXEMPTY* flag is set for one interface clock period
(TXCLK or REFCLK).

When the Transmit FIFO is enabled, the TXEMPTY* flag
remains set until the interface is addressed and the state of
TXEMPTY* has been observed. If the device is not addressed
(AM* is not sampled LOW), the flag remains set internally,
regardless of the number of TXCLK clock cycles that are
processed. If the device status is not polled on a sufficiently,

H
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regular basis, it is possible for the host system to miss one or
more of these BIST loop indications.

A pass through the loop is defined as that condition where the
Encoder generates the DO0.0 state that initiates the BIST loop.
Depending on the initial state of the BIST LFSR, the first pass
through the loop may occur at substantially less than 511
character periods. Following the first pass, as long as
TXBISTEN* remains LOW, all remaining passes are exactly
511 characters in length.

When the Transmit FIFO is bypassed, the interface is clocked
by the REFCLK signal instead of TXCLK. While the active or
asserted state of the TXEMPTY* signal is still controlled by the
EXTFIFO, the state of any completed BIST loops is no longer
preserved. Instead, the TXEMPTY* flag reflects the dynamic
state of the BIST loop progress, and is asserted only once
every 511 character periods. If the interface is not addressed
at the time that this occurs, then the FIFO status flags remain
in a High-Z date and the loop event is lost.

BIST Receive Path

The receive path operation in BIST is similar to that of the
transmit path. While the Receive FIFO is enabled and
RXBISTEN* is recognized internally, all writes to the Receive
FIFO are suspended. If the receiver had a previous serial
address match and was accepting data, no additional
characters are written to the Receive FIFO. If the receive data
state machine was in the middle of processing a multi-
character sequence or other atomic operation (e.g., a start of
cellmarker and its associated data), the characters associated
with the atomic operation are discarded and not written to the
Receive FIFO.

Upon intermnal recognition of RXBISTEN®, the serial address
match flag is cleared such that once BIST has been disabled
and data is again being received, all received data is rejected
until a new serial address is again received that matches the
address match criteria.

Note. Ifthe CY7C924ADX is set to match all data (all 1s in the
multicast match field), then it is not necessary to get an
address match before receiving data following the termination
of BIST. On reset or when programmed to this state, the
device ignores all serial address commands and matches all
data.

Any data present in the Receive FIFO when RXBISTEN* is
recognized remains in the FIFO and cannot be read until the
BIST operation is complete. The data in the Receive FIFO
remains valid, but is NOT available for reading through the
host parallel interface. This is because the error output
indicator for receive BIST operations is the RXRVS signal,
which is normally part of the RXDATA bus. To prevent read
operations while BIST is in operation, the RXEMPTY* and
RXHALF* flags are forced to indicate an Empty condition.
Once RXBISTEN* has been removed and recognized inter-
nally, the Receive FIFO status flags are updated to reflect the
current content status of the Receive FIFO.

To allow removal of stale data from the Receive FIFO, it may
be reset during a BIST operation. The reset operation
proceeds as documented, with the exception that the
RXEMPTY* and RXHALF* status flags already indicate an
empty condition. The RXFULL* flag is used to present BIST
progress. The active state on RXFULL* and RXEMPTY* flags
remain controlled by the present operating mode and interface
timing model (UTOPIA or Cascade) as selected by EXTFIFO*.
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When RXBISTEN* has been recognized, RXFULL* becomes
the receive BIST loop indicator, regardless of the logic state of
FIFOBYP*. When RXBISTEN* is first recognized with the
Receive FIFO enabled, the RXFULL* flag is clocked to a set
state, regardless of the addressed state of the Receive FIFO
(if AM* is sampled LOW or not). Following this, RXFULL*
remains set until the receiver detects the start of the BIST
pattern. Then RXFULL* is deasserted for the duration of the
BIST pattern, pulsing asserted for one RXCLK period on the
last symbol of each BIST loop. If 14 of 28 consecutive
characters are received in error, RXFULL* returns to the set
state until the start of a BIST sequence is again detected.

Just like the BIST status flag on the transmit data path, when
the Receive FIFO is enabled the RXFULL* flag captures the
asserted states, and keeps them until they are read. This
means that if the status flag is not read on a regular basis,
events may be lost.

The detection of errors is presented on the RXRVS output.
Unlike the RXFULL* FIFO status flag, the active state of this
output is not controlled by the EXTFIFO input. With the
Receive FIFO enabled, these outputs should operate the
same as the RXFULL* flag, with respect to preserving the
detection state of an error until it is read.

Unlike the RXFULL* flag, which only needs the CY7C924ADX
to be addressed (AM* sampled LOW by RXCLK) to enable the
RXFULL* three-state driver, and an RXCLK to “read” the flag,
the RXRVS output requires a selection (assertion of RXEN*
while addressed) to enable the RXDATA bus three-state
drivers. The selection process is necessary to ensure that a
multi-PHY implementation does not enable multiple RXRVS
drivers at the same time.

When the Receive FIFO is bypassed, the interface is clocked
by the RXCLK output signal. While the active or asserted state;
of the RXFULL* signal is still controlled by the EXTFIFO input,
the state of any completed BIST loops or detected errors are
no longer preserved. Instead, the RXFULL* flag reflects the
dynamic state of the BIST loop progress, and is asserted only
once every 511 character periods. If the interface is not
addressed at the time that this occurs, then the FIFO status
flags remain in a High-Z state and the loop event is lost. This
is also true of the RXRVS output, such that if the
CY7C924ADX receive path is not selected to enable thé!
RXDATA bus three-state drivers, the detection of a BIST
miscompare is lost.

BIST Three-state Control

When BIST is enabled on either the transmitter or the receiver,
the three-state enable signals for the BIST status flags and
error indicators work the same as for normal data processing.
The output drivers for the BIST status that is presented on
FIFO status flags are only enabled when AM* has been
sampled asserted (LOW) by the respective clock (TXCLK,
RXCLK, or REFCLK).

To access the BIST error information, it is necessary to
perform a read cycle of the addressed receiver. This means
that AM* must be LOW to allow a receiver address match
(Rx_Match) to exist, and RXEN* must then be asserted to
select the device. Because the part is in BIST, no data is read
from the FIFO, but the data bus is driven. This allows the
RXRVS indicator to be driven onto the RXDATA bus. So long
as RXEN* remains asserted, the receiver stays selected, the
data bus remains driven, and RXRVS has meaning.
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Bus Interfacing

The parallel transmit and receive host interfaces to the
CY7C924ADX are configurable for either synchronous or
asynchronous operation. Each of these configurations
supports two selectable timing and control models of UTOPIA
or Cascade.

All asynchronous bus configurations have the internal
Transmit and Receive FIFOs enabled. This allows data to be
written or read from these FIFOs at any rate up to the
maximum 50-MHz clock rate of the FIFOs. All internal opera-
tions of the CY7C924ADX do not use the external TXCLK or
RXCLK, but instead make use of synthesized derivatives of
REFCLK for transmit path operations and a recovered
character clock for receive path operations.

All synchronous bus configurations require the bus interface
operations to be synchronous to REFCLK on the transmit path
and the recovered clock (output as RXCLK) on the receive
path. The internal FIFOs are bypassed in all synchronous
modes.

The two supported timing and control models are UTOPIA and
Cascade. These timing models take their name from their
default configuration. The UTOPIA timing model is based on
the ATM Forum UTOPIA interface standards. This timing
model is that of a FIFO with active LOW FIFO status flags and
read/write enables.

The Cascade timing model is a modification of the UTOPIA
configuration that changes the flags and FIFO read/write
enables to active HIGH. This model is present primarily to
allow depth expansion of the internal FIFO by direct coupling
to external CY7C42x5 synchronous FIFOs. To allow this direct
coupling, the FIFO flag active levels and cycle-to-cycle timing
between the transmit enable (TXEN*) and data latching are
modified to ensure correct data transfer.

These four configurations of bus operation and timing/control
can all be used with or without external FIFOs. Depending on
the specific mode selected, the amount of external hardware
necessary to properly couple the CY7C924ADX to state
machines or external FIFOs is minimal in all cases, and may
be zero if the proper configuration is selected.

UTOPIA Interface Background

The UTOPIA interface is defined by the ATM Forum as the bus
interface between the ATM and PHY layer devices of an ATM
system. This interface is defined as 8 or 16 bits wide, with the
latter reserved mainly for high-speed physical interfaces
(PHYs) such as 622 Mbps OC-12. Due to the limited speed
range of the CY7C924, only the 8-bit interface is implemented.

UTOPIA-1 was the original UTOPIA specification (created in
1993) which covers transport of:

* 155.52 Mbps (scrambled SONET/OC-3)

» 155.52 Mbps (8B/10B block coded at 194.4 MBaud)

* 100 Mbps (4B/5B encoded TAXI)

* 44.736 Mbps (DS-3/T3)

* 51.84 Mbps (OC-1)
The UTOPIA-1 interface has a maximum clock rate of 25 MHz.
All AC-timing and pin descriptions are covered in the
UTOPIA-1 Specification, Version 2.01.
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UTOPIA-2 was created as an addendum to the UTOPIA-1
specification. In this revision, the parallel interface was
extended to both 33MHz and 50MHz to accommodate PCI
bus architectures in ATM designs. A method of addressing
was added to allow multiple devices (PHYs) to share a
common host bus. Also, a description of a management
interface was added (not supported by this device).

The CY7C924ADX contains all pins necessary to support the
UTOPIA-1 and, through use of an external address decoder,
can emulate the multi-PHY capability of a UTOPIA-2 interface.
The maximum bus speed supports the full 50MHz I/O rate for
emerging high-performance systems.

UTOPIA Address Match and Selection

All actions on a UTOPIA-2 interface are controlled by the
Address Match and selection states of the interface. These
states control the read and write access to the Receive and
Transmit FIFOs, access to the FIFO status flags, reset of the
Transmit and Receive FIFOs, and read and write access to the
Serial Address Register. The CY7C924ADX supports the
concept of an “address match” through a single Address
Match (AM*) input.

Address Match and FIFO Flag Access

The CY7C924ADX makes use of a single active-LOW
Address Match (AM*) to generate address-match conditions.
When this input is LOW it is equivalent to an ATM address
compare on both the TXADDR and RXADDR buses. This
allows multiple CY7C924ADX devices to share a common
bus, with device output three-state controls being managed by
either an address match condition (AM* sampled LOW), or by
a selection state.

The Transmit and Receive FIFO flag empty and FIFO full
output drivers are enabled in any TXCLK, REFCLK, or RXCLK
cycle following AM* being sampled asserted (LOW) by the
rising edge of the respective clock. The AM* input is sampled
separately by the clocks for the transmit and receive inter-
faces, which allows these clocks to operate at different clock
rates. An example of both Transmit and Receive FIFO flag
access is shown in Figure&

When the Transmit FIFO is enabled (FIFOBYP* is HIGH) and
AM* is sampled LOW by the rising edge of TXCLK, the output
drivers for the TXFULL* and TXEMPTY* FIFO flags are

enabled. When AM* is sampled HIGH by the rising edge of
TXCLK, these same output drivers are disabled.

When the Transmit FIFO is bypassed (FIFOBYP* is LOW and
not in byte-packed mode) and AM* is sampled LOW by the
rising edge of REFCLK, the output drivers for the TXFULL*
and TXEMPTY* FIFO flags are enabled. When AM* is
sampled HIGH by the rising edge of REFCLK, the FIFO flag
output drivers are disabled.

When AM* is sampled LOW by the rising edge of RXCLK (input
or output), the output drivers for the RXFULL* and RXEMPTY*
FIFO flags are enabled. When AM* is sampled HIGH by the
rising edge of RXCLK, the FIFO flag output drivers are
disabled.

Device Selection !

The concept of selection is used to control the access to the
transmit and receive parallel-data ports of the device. There
are three primary types of selection:
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TXCLK I | I | I | | | I | I |
| | | | | |
A N
=
TXFULL* Valid
1T T~~~ 1 1
! Trahsmit'Port Addreésing I
| 1 1 1 1 I
RXCLK

R
AM* _l_r\_l/ |

I
I I I I
} < valid >—t
1 1 1 1
Receive Port Addressing
Figure 8.FIFO Flag Driver Enables

. 'II:'Irlggsimit data selection (with and without internal Transmit

. Recg)ive data selection (with and without internal Receive
FIF
= Continuous selection (for either or both transmit and receive
interfaces)
In addition to these normal selection types, there are two
additional sequences that are used to control the internal
Transmit and Receive FIFOs reset operations, and to control
read/write access to the Serial Address Register:

* Transmit reset sequence

* Receive reset sequence (includes access to the Serial
Address Register)

Of these operations, the transmit data selection and transmit
reset sequence are mutually exclusive and cannot exist at the
same time. The receive data selection and receive reset
sequence are also mutually exclusive and cannot exist at the
same time. Either transmit operation can exist at the same
time as either receive operation.

All normal forms of selection require that an Address Match
condition must exist (AM* sampled LOW) either at the same
time as the selection control signal being sampled asserted,
or one or more clock cycles prior to the selection control signal
being sampled asserted.

I

| [

RXEMPTY* i }
1 I

Transmit Data Selection

Asynchronous With UTOPIA Timing and Control
(Transmit FIFO Enabled)

When AM* is sampled LOW and TXRST* is sampled HIGH by
the rising edge of TXCLK, a Tx_Match condition is generated.
This Tx_Match condition continues until AM* is sampled HIGH
or TXRST* is sampled LOW at the rising edge of TXCLK.
When a Tx_Match (or Tx_RstMatch) condition is present, the
TXEMPTY* and TXFULL* output drivers are enabled. When a
Tx_Match (or Tx_RstMatch) condition is not present, these
same drivers are disabled (High-Z).

The selection state of the Transmit FIFO is entered when a
Tx_Match condition is present, and TXEN* transitions from
HIGH to LOW. Once selected, the Transmit FIFO remains
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TXRST* | | | |

AM* |

Tx_ Selected[26]

TXDATA
(UTOPIA Timing)

TXDATA
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I I I
TXFULL* i | i

Not FuII
the 27,

XAAXXAX KRR IXKKN b1 X D2 X D3 XX XKX

I I | I
Not FuII i f I f

Figure 9.Transmit Selection with Transmit FIFO Enabled

selected until TXEN* is sampled HIGH by the rising edge of
TXCLK. In the selected state, data present on the TXDATA
inputs is captured and stored in the Transmit FIFO. This
transmit interface selection process is shown in FigureQ For
the first TXEN* assertion, the TX_Match condition is not yet
present so the Transmitter is not selected. However, the
second TXEN* assertion meets this requirement and the
Transmitter selection is successful.

Synchronous With UTOPIA Timing and Control
(Transmit FIFO Bypassed)

When the Transmit FIFO is bypassed (FIFOBYP* is LOW and
not in byte-packed mode), the CY7C924ADX must still be
selected to write data into the Transmit Input Register.

Parallel TXDATA is clocked in and transmitted serially when
TXEN* is asserted. When TXEN” is deasserted, the TXDATA
bus contents are ignored and C5.0 idle characters are sent
instead. i

AM* must be asserted to enable the TXFIFO flags. When AM"
is deasserted, the flags are High-Z.

When AM* is deasserted while TXEN* is enabled, the
Transmit TXDATA is still read in and transmitted, but the FIFO
flags are no longer enabled.

When data is not written to the Transmit Input Register, the
data stream is automatically padded with C5.0 (K28.5) SYNQ
characters. If the 8B/10B Encoder is enabled, dlsparltyg7
tracking allows the added C5.0 fill characters to follow aIE
8B/10B encoding rules. If the 8B/10B encoder is bypassed.
disparity tracking is disabled, and the transition between exter-
nally encoded data and interally generated C5.0 characters
may generate a running disparity error at the attached
Notes:

26. Signals labeled in italics are internal to the CY7C924ADX.

receiver. The same error may occur at the transition between
the internal C5.0 characters and the resumption of externally
encoded data. When strings of contiguous C5.0 characters
are generated, each C5.0 has alternating running disparity
with the previous C5.0 character.

Receive Data Selection

Asynchronous With UTOPIA Timing and Control
(Receive FIFO Enabled)

When AM* is sampled LOW and RXRST* is sampled HIGH by
the rising edge of RXCLK input, an Rx_Match condition is
generated. This Rx_Match condition continues until AM* is
sampled HIGH or RXRST* is sampled LOW at the rising edge
of RXCLK input. When an Rx_Match (or Rx_RstMatch)
condition is present, the RXEMPTY* and RXFULL* output
drivers are enabled. When an Rx_Match (or Rx_RstMatch)
condition is not present, these same drivers are disabled
(High-2Z).

The selection state of the Receive FIFO is entered when an
Rx_Match condition is present, and RXEN* transitions from
HIGH to LOW. Once selected, the Receive FIFO remains
selected until RXEN* is sampled HIGH by the rising edge of
RXCLK input. The selected state initiates a read cycle from the
Receive FIFO and enables the Receive FIFO data onto the
RXDATA bus. This receive interface selection process is
shown in Figure10. For the first RXEN* assertion, the
RX_Match condition is not present when RXEN* is asserted
so the Receiver is not selected. However, the second RXEN*
assertion occurs with an RX_Match condition present and the
Receiver selection is successful.

27. Signals shown as dotted lines represent the differences in timing and active state of signals when operated in Cascade Timing.
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Synchronous With UTOPIA Timing and Control
(Receive FIFO Bypassed)

When the Receive FIFO is bypassed (FIFOBYP* is LOW and
not in a byte-packed mode), the CY7C924ADX must still be
selected to enable the output drivers for the RXDATA bus.
With the Receive FIFO bypassed, RXCLK becomes d

synchronous output clock operating at the character rate. |

The Receive interface is selected when AM* is sampled
asserted and RXEN* is asserted at least one cycle later. Once
selected, it remains asserted untili RXEN* is deasserted,
regardless of the state of AM*.

If RXEN* is deasserted when AM* is deasserted, AM* must
again be sampled LOW followed by RXEN* sampled low at
least one cycle later for the Receive interface to again be
selected. When the Receive interface is not selected, the
RXDATA[11:0] bus is High-Z.

The Receive FIFO flags depend only on the state of AM*.
When AM* is asserted, the flags are enabled. When AM* is
deasserted, the flags are High-Z.)

1
H
i
i
H

Continuous Selection

Continuous Selection is a specialized form of selection which
does not require sequenced assertion of AM* and TXEN* or
RXEN* to select the device for data transfers. In thig
Continuous Selection mode, the AM* and associated TXEN?
or RXEN* enable signal must be asserted when the device is.;
powered up or during assertion of RESET*[1:0]. So long as
these signals remain asserted, the device remains selected
and data is accepted and presented on every clock cycle.

Note. The use of continuous selection makes it impossible ta
reset the internal FIFOs, or to access the Serial Address
Register.

FIFO Reset Address Match

When AM* and TXRST* are both LOW, and this condition is
sampled by the rising edge of TXCLK, a Tx_RstMath‘é

condition is generated. This Tx_RstMatch condition continues
until AM* or TXRST* is sampled HIGH by the rising edge of
TXCLK. When a Tx_RstMatch (or Tx_Match) condition is
present, the TXEMPTY* and TXFULL* output drivers are
enabled (just as in a normal Tx_Match condition). When AM*
is not asserted, these same drivers are disabled (High-Z). The
Transmit FIFO reset Address Match is shown in Figure11.
Note that although TXRST* remains LOW for more than one
clock cycle, the Tx_RstMatch does not because the AM*
signal is no longer asserted (LOW)

When AM* and RXRST* are both LOW, and this condition is
sampled by the rising edge of RXCLK, an Rx_RstMatch
condition is generated. This Rx_RstMatch condition continues
until AM* or RXRST* is sampled HIGH, at the rising edge of
RXCLK. When an Rx_RstMatch (or Rx_Match) condition is
present, the RXEMPTY* and RXFULL* output drivers are
enabled. When AM* is not asserted these same drivers are
disabled (High-Z). The Receive FIFO reset Address Match is
shown in Figure12.

TXCLK ' ' | ' | J | | '
TXRST* ALY I
I

| | I

AMF | I\ I/ | [ I
Tx_RstMatch'2°] ! | ! / : \ | I
f I f I I I

TX_MatchIzG] | | | | | |
TXFULL* II D Valid » I I

N/ 1
Figure 11.Transmit FIFO Reset Address Match

Note that while the FIFO flags remain asserted for more than
one clock cycle, this is due to an Rx_Match condition, not a
continuation of the Rx_RstMatch.

_____ L

Rx_Selected (261

i
|
I
I
|
------ [
I
I
I
I

I
l
I
I
I
|

[ [ |
| | |
| | |
RXDATA —! | |
[ [ [
| | |
1 1 1

o1l X p2T X pal >—+—
! h f X f X |
Not Empty I Not Empty | | |
RXEMPTY Aicte LA NS N\

R oo, 1 1
Figure 10.Receive Selection with Receive FIFO Enabled
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FIFO Reset Sequence 2

On power-up, the Transmitter and Receiver FIFOs are clearecg
automatically. If the usage of the FIFOs in specific operating
modes results in stale or unwanted data, this data can be
cleared by resetting the respective FIFO. Data in the Transmit]
FIFO will empty automatically if it is enabled to read the FIFO§
(assuming TXHALT* is not LOW). Stale received data can beg
“flushed” by reading it, or the Receive FIFO can be reset to
remove the unwanted data.

[
o T

I

I
| I
I I I
l | l l
I I I
] ] ]

Figure 12.Receive FIFO Reset Address Match

The Transmit and Receive FIFOs are reset when the
Tx_RstMatch or Rx_RstMatch condition remains present for
eight consecutive clock cycles. Any disruption of the reset
sequence prior to reaching the eight cycle count, either by;
removal of AM* or the respective TXRST* or RXRST* termi
nates the sequence and does not reset the FIFO. If the
associated TXEN* or RXEN* signals are asserted during the
reset, the relevant interface’s reset operation is inhibited unt|§
the enable signal is deasserted. Because AM* must remairt
asserted during the reset sequence, the addressed FIFO ﬂags

remain driven during the entire sequence. §

Rx_RstMatch [26]

I
|
[26] {

Rx_Match

Transmit FIFO Reset Sequence i

The Transmit FIFO reset sequence is started when TXRST"J
and AM* are first sampled LOW by the rising edge of TXCLK‘
If TXEN* is asserted (sampled HIGH for UTOPIA timing or
LOW for Cascade timing), the reset sequence is inhibited unt|§
it is removed. =

When a Transmit FIFO reset sequence is enabled and haé
been active for at least eight TXCLK cycles, a Transmit FIFO
reset operation is started. To show this progress, the Transml’q
FIFO flags are forced to indicate a FULL* condltlore
(TXEMPTY* is deasserted, and both TXHALF* and TXFULL*
are asserted). ,

Note. The FIFO Full state forced by the reset operation |s
different from a Full state caused by normal FIFO data writes.

Document #: 38-02008 Rev. *D

For normal FIFO write operations, when Full is first asserted,
the Transmit FIFO can still accept up to eight additional writes
of data. When a Full state is asserted due to a Transmit FIFO
reset operation, the FIFO will not accept any additional data.

This FIFO reset operation is not allowed to progress within the
device until the external reset condition is removed. This can
occur by deasserting TXRST* or AM*. If AM* is deasserted
(HIGH) to remove the reset condition, the Transmit FIFO flag’s
drivers are disabled, and the Transmit FIFO must be
addressed at a later time to validate completion of the
Transmit FIFO reset. If TXRST* is deasserted (HIGH) to
remove the reset condition, the Tx_RstMatch is changed to a
Tx_Match, and the Transmit FIFO status flags remain driven.

The Transmit FIFO reset operation is complete when the
Transmit FIFO flags indicate an Empty state (TXEMPTY* is
asserted and both TXHALF* and TXFULL* are deasserted). A
valid Transmit FIFO reset sequence is shown in Figure13.
Figure 14 shows a sequence of input signals which does not
produce a FIFO reset. In this case TXEN* was asserted to
select the a Transmit FIFO for data transfers. Because TXEN*
remains active, the assertion of AM* and TXRST* does not
initiate a reset operation. This is shown by the TXFULL* flag
remaining HIGH (deasserted) following what would be the
normal expiration of the eight-state reset counter.

Receive FIFO Reset Sequence

The Receive FIFO reset sequence operates similarly to the
Transmit FIFO reset sequence. The same requirements exist
for the assertion state of RXRST* and selection of the interface
through AM*. A sample Receive FIFO reset sequence is
shown in Figure15. Upon recognition of a Receive FIFO reset,
the Receive FIFO flags are forced to indicate an Empty state
to prohibit additional reads from the FIFO. Unlike the Transmit
FIFO, where the internal completion of the reset operation is
shown by first going Full and later going Empty when the
internal reset is complete, there is no secondary indication of
the completion of the internal reset of the Receive FIFO. The
Receive FIFO is usable as soon as new data is placed into it
by the Receive Control State Machine.

When a Receive FIFO reset sequence is enabled and has
been active for at least eight RXCLK cycles, a Receive FIFO
reset operation is started. This FIFO reset operation is not
allowed to progress within the device until the associated
RXRST* or AM* signal is sampled deasserted. Following
deassertion of RXRST* (which starts the FIFO reset
operation), selection of the device for normal data transfers is
inhibited during the immediately following RXCLK clock cycle.
If a selection of the receive interface is attempted during this
immediately following cycle (by asserting RXEN®), the
selection is ignored, and the device remains unselected until
RXEN* is deasserted, and reasserted in a following RXCLK
cycle.
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Note 27
Figure 13.Transmit FIFO Reset Sequence

TXCLK

I

I [
AM*_I\ |

I I

|

I

I

[

TXEN*
Tx_RstMatch™®®

Tx_Match™®

Tx_FIFO_Reset?® |

TXFULL*

Figure 14.Invalid Transmit FIFO Reset Sequence with TXEN* Asserted
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Figure 15.Receive FIFO Reset Sequence

Serial Address Register Access i

The Serial Address Register in the CY7B924ADX is accessed
through the RXDATA bus. This Serial Address Register can
only be accessed in Utopia mode (EXTFIFO L). This register
can be both written and read, and is accessed by asserting
RXRST* to address the register in the device instead of the
normal Receive FIFO data. Within this alternate address
space, the RXRVS signal is an input at all times, and is used
to select between read (RXRVS is HIGH) and write (RXRVS
is LOW) operations on the Serial Address Register.

The Serial Address Register is the same size as the 8- or 10-
bit data width selected by BYTE8/10". It can be set to match
domain or multicast addresses by the level on RXSC/D*. If
RXS/D* is LOW when the Serial Address Register is written, m
becomes the Multicast address register and declares a match
if at least one bit matches the equivalent bit in the incoming
Address character. If RXSC/D* is HIGH when the Serial
Address Register is written, it becomes the Unicast address
register and defines a match only if all of the bits match the
incoming Address character.

This register mapping is shown in Figure@

Accessing Serial Address Register i

To access the Serial Address Register in the CY7B924ADX,
an Rx_RstMatch condition must first be generated by the
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combined assertion of AM* and RXRST* and the device must
be in Utopia timing mode (EXTFIFO = L). RXEN* is then used
as the data strobe signal to initiate either a read or write cycle
to the RXDATA bus. If RXRVS is HIGH & the time of the
RXEN* data strobe, a register read operation takes place. If
RXRVS is LOW 4 the time of the RXEN* data strobe, a
register write operation takes place.

The RXSC/D* input is used in conjunction with RXDATA[9:0]
or RXDATA[7:0] to select the operational mode of the Serial
Address Register (Unicast or Multicast)

Register write and read operations are shown in Figure16. If
the serial address register write and read operations are both
performed without deasserting RXRST* for at more than
seven cycles, then RXRST* will still not extend to the
requirement for a reset and the Receive FIFO will not be reset.

FIFO Reset, Serial Address Register Access and Continuous
Selection

When configured for continuous selection (AM* asserted with
TXEN* always enabled, or AM* asserted with RXEN* always
enabled), it is not possible to reset the Transmit and Receive
FIFOs. It is also not possible to write to the Serial Address
Register without deselecting the Receive FIFO interface.
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Figure 16.Serial Address Register Access

X3.230 Codes and Notation Conventions

Information to be transmitted over a serial link is encoded eight
bits at a time into a 10-bit Transmission Character and then
sent serially, bit by bit. Information received over a serial link
is collected ten bits at a time, and those Transmission
Characters that are used for data (Data Characters) are
decoded into the correct eight-bit codes. The 10-bit Trans-
mission Code supports all 256 8-bit combinations. Some of the
remaining Transmission Characters (Special Characters) are
used for functions other than data transmission.

The primary rationale for use of a Transmission Code is to
improve the transmission characteristics of a serial link. The
encoding defined by the Transmission Code ensures that
sufficient transitions are present in the serial bit stream to
make clock recovery possible at the Receiver. Such encoding
also greatly increases the likelihood of detecting any single or
multiple bit errors that may occur during transmission and
reception of information. In addition, some Special Characters
ofthe Transmission Code selected by Fibre Channel Standard
consist of a distinct and easily recognizable bit pattern (the
Special Character Comma) that assists a Receiver in
achieving word alignment on the incoming bit stream.

Notation Conventions

The documentation for the 8B/10B Transmission Code uses
letter notation for the bits in an 8-bit byte. Fibre Channel
Standard notation uses a bit notation of A, B, C,D, E, F, G, H
for the 8-bit byte for the raw 8-bit data, and the letters a, b, c,
d, e, i, f, g, h, j for encoded 10-bit data. There is a correspon-
dence between bit A and bita, Band b, Candc,Dand d, E
and e, F and f, G and g, and H and h. Bits i and j are derived,
respectively, from (A,B,C,D,E) and (F,G,H).

The bit labeled A in the description of the 8B/10B Trans-
mission Code corresponds to bit 0 in the numbering scheme

of the FC-2 specification, B corresponds to bit 1, as shown
here:

FC-2 bit designation— 7 6 5§ 43 210
HOTLink TX/RX designaton— 7 6 5 4 3 2 1 0
8B/10B bit designation— HGFEDT CBA
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To clarify this correspondence, the following example shows
the conversion from an FC-2 Valid Data Byte to a Trans-
mission Character (using 8B/10B Transmission Code
notation):

FC-2 45
Bits: 7654 3210

0100 0101

Converted to 8B/10B notation (note carefully that the order of
bits is reversed):

Data Byte Name D5.2
Bits: ABCDE FGH

10100 010

Translated to a transmission Character in the 8B/10B Trans-
mission Code:

Bits: abcdeifghj
1010010101
Each valid Transmission Character of the 8B/10B Trans-
mission Code has been given a name using the following
convention: cxx.y, where c is used to show whether the Trans-
mission Character is a Data Character (c is set to D, and the
SC/D* pin is LOW) or a Special Character (c is set to K, and the
SC/D* pin is HIGH). When c is set to D, xx is the decimal value of
the binary number composed of the bits E, D, C, B, and A in that
order, and the y is the decimal value of the binary number
composed of the bits H, G, and F in that order. When cis setto K,
xx and y are derived by comparing the encoded bit pattems of the
Special Character to those pattems derived from encoded Valid
Data bytes and selecting the names of the patterns most similar to
the encoded bit pattems of the Special Character.

Under the above conventions, the Transmission Character
used for the examples above, is referred to by the name D5.2.
The Special Character K29.7 is so named because the first six
bits (abcdei) of this character make up a bit pattern similar to
that resulting from the encoding of the unencoded 11101
pattern (29), and because the second four bits (fghj) make up
a bit pattern similar to that resulting from the encoding of the
unencoded 111 pattern (7).
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Note. This definition of the 10-bit Transmission Code is based
on (and is in basic agreement with) the following references,
which describe the same 10-bit transmission code.

A.X. Widmer and P.A. Franaszek. “A DC-Balanced, Parti-
tioned-Block, 8B/10B Transmission Code” IBM Joumnal of
Research and Development, 27, No. 5: 440-451 (September,
1983).

U.S. Patent 4,486,739. Peter A. Franaszek and Albert X.
Widmer. “Byte-Oriented DC Balanced (0.4) 8B/10B Parti-
tioned Block Transmission Code” (December 4, 1984).

Fibre Channel Physical and Signaling Interface (ANS X3.230-
1994 ANSI FC—PH Standard).

IBM Enterprise Systems Architecture/390 ESCON 1/O
Interface (document number SA22-7202).

8B/10B Transmission Code

The following information describes how the tables are used
for both generating valid Transmission Characters (encoding)
and checking the validity of received Transmission Characters
(decoding). It also specifies the ordering rules to be followed
when transmitting the bits within a character and the
characters within the higher-level constructs specified by the
standard.

Transmission Order

Within the definition of the 8B/10B Transmission Code, the bit
positions of the Transmission Characters are labeled a, b, c,
d, e, i, f, g, h, j. Bit “a” is transmitted first followed by bits b, c,
d, e, i, f, g, h, andjin that order. (Note that bit i is transmitted
between bit e and bit f, rather than in alphabetical order.)

Valid and Invalid Transmission Characters

The following tables define the valid Data Characters and valid
Special Characters (K characters), respectively. The tables
are used for both generating valid Transmission Characters
(encoding) and checking the validity of received Transmission
Characters (decoding). In the tables, each Valid-Data-byte or
Special-Character-code entry has two columns that represent
two (not necessarily different) Transmission Characters. The
two columns correspond to the current value of the running
disparity (“Current RD-" or “Current RD+"). Running disparity
is a binary parameter with either the value negative (-) or the
value positive (+).

After powering on, the Transmitter may assume either a
positive or negative value for its initial running disparity. Upon
transmission of any Transmission Character, the transmitter
will select the proper version of the Transmission Character
based on the current running disparity value, and the Trans-
mitter calculates a new value for its running disparity based on
the contents of the transmitted character. Special Character
codes C1.7 and C2.7 can be used to force the transmission of
a specific Special Character with a specific running disparity
as required for some special sequences in X3.230.

After powering on, the Receiver may assume either a positive
or negative value for its initial running disparity. Upon
reception of any Transmission Character, the Receiver
decides whether the Transmission Character is valid or invalid
according to the following rules and tables and calculates a
new value for its Running Disparity based on the contents of
the received character.
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The following rules for running disparity are used to calculate
the new running-disparity value for Transmission Characters
that have been transmitted (Transmitter's running disparity)
and that have been received (Receiver’s running disparity).

Running disparity for a Transmission Character is calculated
from sub-blocks, where the first six bits (abcdei) form one sub-
block and the second four bits (fghj) form the other sub-block.
Running disparity at the beginning of the 6-bit sub-block is the
running disparity at the end of the previous Transmission
Character. Running disparity at the beginning of the 4-bit sub-
block is the running disparity at the end of the 6-bit sub-block.
Running disparity at the end of the Transmission Character is
the running disparity at the end of the 4-bit sub-block.

Running disparity for the sub-blocks is calculated as follows:

1. Running disparity at the end of any sub-block is positive if
the sub-block contains more ones than zeros. It is also pos-
itive at the end of the 6-bit sub-block if the 6-bit sub-block
is 000111, and it is positive at the end of the 4-bit sub-block
if the 4-bit sub-block is 0011.

2. Running disparity at the end of any sub-block is negative if
the sub-block contains more zeros than ones. ltis also neg-
ative at the end of the 6-bit sub-block if the 6-bit sub-block
is 111000, and it is negative at the end of the 4-bit sub-block
if the 4-bit sub-block is 1100.

3. Otherwise, running disparity at the end of the sub-block is
the same as at the beginning of the sub-block.

Use of the Tables for Generating Transmission Characters

The appropriate encoding for the Valid Data byte or the
Special Character byte into a Transmission Character is listed
in the character encoding Tables 11 and 12. The current value
of the Transmitter's running disparity is used to select the
Transmission Character from its corresponding column. For
each Transmission Character transmitted, a new value of the
running disparity is calculated. This new value is used as the
Transmitter's current running disparity for the next Valid Data
byte or Special Character byte to be encoded and transmitted.
Table9shows naming notations and examples of valid trans-
mission characters.

Table 9. Valid Transmission Characters

Data
TXn or RXoyr
Byte Name 765 43210 Hex Value
D0.0 000 00000 00
D1.0 000 00001 01
D2.0 000 00010 02
D5.2 010 000101 45
D30.7 111 11110 FE
D31.7 111 11111 FF
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Use of the Tables for Checking the Validity of Received
Transmission Characters

The column corresponding to the current value of thé
Receiver's running disparity is searched for the received
Transmission Character. If the received Transmission
Character is found in the proper column, then the Trans-
mission Character is valid and the associated Data byte or
Special Character code is determined (decoded). If the
received Transmission Character is not found in that column,
then the Transmission Character is invalid. This is called &
code violation. Independent of the Transmission Character’s

.
§
i
i

Table 10. Code Violations Resulting from Prior Errors

validity, the received Transmission Character is used to
calculate a new value of running disparity. The new value is
used as the Receiver’s current running disparity for the next
received Transmission Character.Detection of a code violation
does not necessarily show that the Transmission Character in
which the code violation was detected is in error. Code viola-
tions may result from a prior error that altered the running
disparity of the bit stream which did not result in a detectable
error at the Transmission Character in which the error
occurred. Table 10 shows an example of this behavior.

RD Character RD Character RD Character RD
Transmitted data character - D21.1 - D10.2 - D23.5 +
Transmitted bit stream - 101010 1001 - 010101 0101 - 111010 1010 +
Bit stream after error - 101010 1011 010101 0101 111010 1010 +
Decoded data character - D21.0 D10.2 Code Violation +
Table 11. Valid Data Characters (TXSC/D* = LOW, RXSC/D* = LOW)
g;:: Bits CurrentRD- | Current RD+ [B);:: Bits CurrentRD- | CurrentRD+
Name | HGFEDCBA | abcdei fghj abcdei fghj Name | HGFEDCBA | abcdei fghj abcdei fghj
DO0.O 000 00000 100111 0100 | 011000 1011 DO.1 001 00000 100111 1001 | 011000 1001
D1.0 000 00001 011101 0100 | 100010 1011 D1.1 001 00001 011101 1001 | 100010 1001
D2.0 000 00010 101101 0100 | 010010 1011 D2.1 001 00010 101101 1001 | 010010 1001
D3.0 000 00011 110001 1011 | 110001 0100 D3.1 001 00011 110001 1001 | 110001 1001
D4.0 000 00100 110101 0100 | 001010 1011 D4.1 001 00100 110101 1001 | 001010 1001
D5.0 000 00101 101001 1011 | 101001 0100 D5.1 001 00101 101001 1001 | 101001 1001
D6.0 000 00110 011001 1011 | 011001 0100 D6.1 001 00110 011001 1001 | 011001 1001
D7.0 000 00111 111000 1011 | 000111 0100 D7.1 001 00111 111000 1001 | 000111 1001
D8.0 000 01000 111001 0100 | 000110 1011 D8.1 001 01000 111001 1001 | 000110 1001
D9.0 000 01001 100101 1011 | 100101 0100 D9.1 001 01001 100101 1001 | 100101 1001
D10.0 000 01010 010101 1011 | 010101 0100 D10.1 001 01010 010101 1001 | 010101 1001
D11.0 000 01011 110100 1011 | 110100 0100 D11.1 001 01011 110100 1001 | 110100 1001
D12.0 000 01100 001101 1011 | 001101 0100 D12.1 001 01100 001101 1001 | 001101 1001
D13.0 000 01101 101100 1011 | 101100 0100 D13.1 001 01101 101100 1001 | 101100 1001
D14.0 000 01110 011100 1011 | 011100 0100 D14.1 001 01110 011100 1001 | 011100 1001
D15.0 000 01111 010111 0100 | 101000 1011 D15.1 001 01111 010111 1001 | 101000 1001
D16.0 000 10000 011011 0100 | 100100 1011 Dl6.1 001 10000 011011 1001 | 100100 1001
D17.0 000 10001 100011 1011 | 100011 0100 D17.1 001 10001 100011 1001 | 100011 1001
D18.0 000 10010 010011 1011 | 010011 0100 D18.1 001 10010 010011 1001 | 010011 1001
D19.0 000 10011 110010 1011 | 110010 0100 D19.1 001 10011 110010 1001 | 110010 1001
D20.0 000 10100 001011 1011 | 001011 0100 D20.1 001 10100 001011 1001 | 001011 1001
D21.0 000 10101 101010 1011 | 101010 0100 D21.1 001 10101 101010 1001 | 101010 1001
D22.0 000 10110 011010 1011 | 011010 0100 D22.1 001 10110 011010 1001 | 011010 1001
D23.0 000 10111 111010 0100 | 000101 1011 D23.1 001 10111 111010 1001 | 000101 1001
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Table 11. Valid Data Characters (TXSC/D* = LOW, RXSC/D*=LOW) (continued)
g;:: Bits Current RD- | Current RD+ g;tt: Bits Current RD— | Current RD+
Name | HGFEDCBA | abcdei fghj abcdei fghj Name | HGFEDCBA | abcdei fghj abcdei fghj
D24.0 000 11000 110011 0100 | 001100 1011 D24.1 001 11000 110011 1001 | 001100 1001
D25.0 000 11001 100110 1011 | 100110 0100 D25.1 001 11001 100110 1001 | 100110 1001
D26.0 000 11010 010110 1011 | 010110 0100 D26.1 001 11010 010110 1001 | 010110 1001
D27.0 | 000 11011 | 110110 0100 | 001001 1011 D27.1 | 001 11011 | 110110 1001 | 001001 1001
D28.0 000 11100 001110 1011 | 001110 0100 D28.1 001 11100 001110 1001 | 001110 1001
D29.0 000 11101 101110 0100 | 010001 1011 D29.1 001 11101 101110 1001 | 010001 1001
D30.0 000 11110 011110 0100 | 100001 1011 D30.1 001 11110 011110 1001 | 100001 1001
D31.0 | 000 11111 | 101011 0100 | 010100 1011 D31.1 | 001 11111 | 101011 1001 | 010100 1001
D0.2 010 00000 100111 0101 | 011000 0101 DO0.3 011 00000 100111 0011 | 011000 1100
Dl.2 010 00001 011101 0101 | 100010 0101 D1.3 011 00001 011101 0011 | 100010 1100
D2.2 010 00010 101101 0101 | 010010 0101 D2.3 011 00010 101101 0011 | 010010 1100
D3.2 010 00011 110001 0101 | 110001 0101 D3.3 011 00011 110001 1100 | 110001 0011
D4.2 010 00100 110101 0101 | 001010 0101 D4.3 011 00100 110101 0011 | 001010 1100
D5.2 010 00101 101001 0101 | 101001 0101 D5.3 011 00101 101001 1100 | 101001 0011
D6.2 010 00110 011001 0101 | 011001 0101 D6.3 011 00110 011001 1100 | 011001 0011
D7.2 010 00111 111000 0101 | 000111 0101 D7.3 011 00111 111000 1100 | 000111 0011
D8.2 010 01000 111001 0101 | 000110 0101 D8.3 011 01000 111001 0011 | 000110 1100
D9.2 010 01001 100101 0101 | 100101 0101 D9.3 011 01001 100101 1100 | 100101 0011
D10.2 010 01010 010101 0101 | 010101 0101 D10.3 011 01010 010101 1100 | 010101 0011
D11.2 010 01011 110100 0101 | 110100 0101 D11.3 011 01011 110100 1100 | 110100 0011
D12.2 010 01100 001101 0101 | 001101 0101 D12.3 011 01100 001101 1100 | 001101 0011
D13.2 | 010 01101 | 101100 0101 | 101100 0101 D13.3 | 011 01101 | 101100 1100 | 101100 0011
D14.2 010 01110 011100 0101 | 011100 0101 D14.3 011 01110 011100 1100 | 011100 0011
D15.2 | 010 01111 | 010111 0101 | 101000 0101 D15.3 | 011 01111 | 010111 0011 | 101000 1100
D16.2 010 10000 011011 0101 | 100100 0101 D16.3 011 10000 011011 0011 | 100100 1100
D17.2 010 10001 100011 0101 | 100011 0101 D17.3 011 10001 100011 1100 | 100011 0011
D18.2 010 10010 010011 0101 | 010011 0101 D18.3 011 10010 010011 1100 | 010011 0011
D19.2 010 10011 110010 0101 | 110010 0101 D19.3 011 10011 110010 1100 | 110010 0011
D20.2 010 10100 001011 0101 | 001011 0101 D20.3 011 10100 001011 1100 | 001011 0011
D21.2 010 10101 101010 0101 | 101010 0101 D21.3 011 10101 101010 1100 | 101010 0011
D22.2 010 10110 011010 0101 | 011010 0101 D22.3 011 10110 011010 1100 | 011010 0011
D23.2 010 10111 111010 0101 | 000101 0101 D23.3 011 10111 111010 0011 | 000101 1100
D24.2 010 11000 110011 0101 | 001100 0101 D24.3 011 11000 110011 0011 | 001100 1100
D25.2 | 010 11001 | 100110 0101 | 100110 0101 D25.3 | 011 11001 | 100110 1100 | 100110 0011
D26.2 010 11010 010110 0101 | 010110 0101 D26.3 011 11010 010110 1100 | 010110 0011
D27.2 | 010 11011 | 110110 0101 | 001001 0101 D27.3 | 011 11011 | 110110 0011 | 001001 1100
D28.2 010 11100 001110 0101 | 001110 0101 D28.3 011 11100 001110 1100 | 001110 0011
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Table 11. Valid Data Characters (TXSC/D* = LOW, RXSC/D* = LOW) (continued)
g;:a Bits CurrentRD- | Current RD+ g;tta Bits CurrentRD- | Current RD+
e e
Name | HGFEDCBA | abcdei fghj abcdei fghj Name | HGFEDCBA | abcdei fghj abcdei fghj

D29.2 010 11101 101110 0101 | 010001 0101 D29.3 011 11101 101110 0011 | 010001 1100

D30.2 | 010 11110 011110 0101 | 100001 0101 D30.3 011 11110 | 011110 0011 | 100001 1100

D31.2 010 11111 101011 0101 | 010100 0101 D31.3 011 11111 101011 0011 | 010100 1100

D0.4 100 00000 100111 0010 | 011000 1101 DO.5 101 00000 | 100111 1010 | 011000 1010

D1. 100 00001 011101 0010 | 100010 1101 D1.5 101 00001 | 011101 1010 | 100010 1010
D2. 100 00010 101101 0010 | 010010 1101 D2.5 101 00010 | 101101 1010 | 010010 1010
D3. 100 00011 110001 1101 | 110001 0010 D3.5 101 00011 | 110001 1010 | 110001 1010
D4. 100 00100 110101 0010 | 001010 1101 D4.5 101 00100 | 110101 1010 | 001010 1010
D5. 100 00101 101001 1101 | 101001 0010 D5.5 101 00101 | 101001 1010 | 101001 1010
D6. 100 00110 011001 1101 | 011001 0010 D6.5 101 00110 | 011001 1010 | 011001 1010
D7. 100 00111 111000 1101 | 000111 0010 D7.5 101 00111 | 111000 1010 | 000111 1010
D8. 100 01000 111001 0010 | 000110 1101 D8.5 101 01000 | 111001 1010 | 000110 1010
D9. 100 01001 100101 1101 | 100101 0010 D9.5 101 01001 | 100101 1010 | 100101 1010

D10. 100 01010 010101 1101 | 010101 0010 D10. 101 01010 | 010101 1010 | 010101 1010

D11. 100 01011 110100 1101 | 110100 0010 D11. 101 01011 110100 1010 | 110100 1010

D12. 100 01100 001101 1101 | 001101 0010 D12. 101 01100 | 001101 1010 | 001101 1010

D13. 100 01101 101100 1101 | 101100 0010 D13. 101 01101 101100 1010 | 101100 1010

D14. 100 01110 011100 1101 | 011100 0010 D14. 101 01110 011100 1010 | 011100 1010

D15. 100 01111 010111 0010 | 101000 1101 D15. 101 01111 | 010111 1010 | 101000 1010

D16. 100 10000 011011 0010 | 100100 1101 D16. 101 10000 | 011011 1010 | 100100 1010

101 10001 | 100011 1010 | 100011 1010

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
D17.4 100 10001 100011 1101 | 100011 0010 D17.
4
4
4
4
4
4
4
4
4
4
4
4
4
4
6

5

5

5

5

5

5

5

5
D18 100 10010 010011 1101 | 010011 0010 D18.5 101 10010 010011 1010 | 010011 1010
D19 100 10011 110010 1101 | 110010 0010 D19.5 101 10011 110010 1010 | 110010 1010
D20 100 10100 001011 1101 | 001011 0010 D20.5 101 10100 001011 1010 | 001011 1010
D21 100 10101 | 101010 1101 | 101010 0010 D21.5 | 101 10101 | 101010 1010 | 101010 1010
D22. 100 10110 011010 1101 | 011010 0010 D22.5 101 10110 011010 1010 | 011010 1010
D23. 100 10111 | 111010 0010 | 000101 1101 D23.5 | 101 10111 | 111010 1010 | 000101 1010
D24 100 11000 110011 0010 | 001100 1101 D24.5 101 11000 110011 1010 | 001100 1010
D25. 100 11001 | 100110 1101 | 100110 0010 D25.5 | 101 11001 | 100110 1010 | 100110 1010
D26 100 11010 010110 1101 | 010110 0010 D26.5 101 11010 010110 1010 | 010110 1010
D27 100 11011 110110 0010 | 001001 1101 D27.5 101 11011 110110 1010 | 001001 1010
D28 100 11100 001110 1101 | 001110 0010 D28.5 101 11100 001110 1010 | 001110 1010
D29 100 11101 101110 0010 | 010001 1101 D29.5 101 11101 101110 1010 | 010001 1010
D30. 100 11110 | 011110 0010 | 100001 1101 D30.5 | 101 11110 | 011110 1010 | 100001 1010
D31. 100 11111 101011 0010 | 010100 1101 D31.5 101 11111 101011 1010 | 010100 1010
DO. 110 00000 100111 0110 | 011000 0110 DO0.7 111 00000 100111 0001 | 011000 1110
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Table 11. Valid Data Characters (TXSC/D* = LOW, RXSC/D*=LOW) (continued)
g;:: Bits Current RD- | Current RD+ g;tt: Bits Current RD— | Current RD+
Name | HGFEDCBA | abcdei fghj abcdei fghj Name | HGFEDCBA | abcdei fghj abcdei fghj
D1.6 110 00001 011101 0110 | 100010 0110 D1.7 111 00001 011101 0001 | 100010 1110
D2.6 110 00010 101101 0110 | 010010 0110 D2.7 111 00010 101101 0001 | 010010 1110
D3.6 110 00011 110001 0110 | 110001 0110 D3.7 111 00011 110001 1110 | 110001 0001
D4.6 110 00100 110101 0110 | 001010 0110 D4.7 111 00100 110101 0001 | 001010 1110
D5.6 110 00101 101001 0110 | 101001 0110 D5.7 111 00101 101001 1110 | 101001 0001
D6.6 110 00110 011001 0110 | 011001 0110 D6.7 111 00110 011001 1110 | 011001 0001
D7.6 110 00111 111000 0110 | 000111 0110 D7.7 111 00111 111000 1110 | 000111 0001
D8.6 110 01000 111001 0110 | 000110 0110 D8.7 111 01000 111001 0001 | 000110 1110
D9.6 | 110 01001 | 100101 0110 | 100101 0110 D9.7 111 01001 | 100101 1110 [ 100101 0001
D10.6 110 01010 010101 0110 | 010101 0110 D10.7 111 01010 010101 1110 | 010101 0001
D11.6 110 01011 110100 0110 | 110100 0110 D11.7 111 01011 110100 1110 | 110100 1000
D12.6 | 110 01100 | 001101 0110 | 001101 0110 D12.7 | 111 01100 | 001101 1110 | 001101 0001
D13.6 | 110 01101 | 101100 0110 | 101100 0110 D13.7 | 111 01101 | 101100 1110 | 101100 1000
D14.6 110 01110 011100 0110 | 011100 0110 D14.7 111 01110 011100 1110 | 011100 1000
D15.6 | 110 01111 | 010111 0110 | 101000 0110 D15.7 | 111 01111 | 010111 0001 | 101000 1110
D16.6 110 10000 011011 0110 | 100100 0110 D16.7 111 10000 011011 0001 | 100100 1110
D17.6 | 110 10001 | 100011 0110 | 100011 0110 D17.7 | 111 10001 | 100011 0111 | 100011 0001
D18.6 | 110 10010 | 010011 0110 | 010011 0110 Dp18.7 | 111 10010 | 010011 0111 | 010011 0001
D19.6 110 10011 110010 0110 | 110010 0110 D19.7 111 10011 110010 1110 | 110010 0001
D20.6 110 10100 001011 0110 | 001011 0110 D20.7 111 10100 001011 0111 | 001011 0001
D21.6 | 110 10101 | 101010 0110 | 101010 0110 D21.7 | 111 10101 | 101010 1110 | 101010 0001
D22.6 | 110 10110 | 011010 0110 | 011010 0110 D22.7 | 111 10110 | 011010 1110 | 011010 0001
D23.6 110 10111 111010 0110 | 000101 0110 D23.7 111 10111 111010 0001 | 000101 1110
D24.6 | 110 11000 | 110011 0110 | 001100 0110 D24.7 | 111 11000 | 110011 0001 | 001100 1110
D25.6 | 110 11001 | 100110 0110 | 100110 0110 D25.7 | 111 11001 | 100110 1110 | 100110 0001
D26.6 110 11010 010110 0110 | 010110 0110 D26.7 111 11010 010110 1110 | 010110 0001
D27.6 | 110 11011 | 110110 0110 | 001001 0110 D27.7 | 111 11011 | 110110 0001 | 001001 1110
D28.6 110 11100 001110 0110 | 001110 0110 D28.7 111 11100 001110 1110 | 001110 0001
D29.6 | 110 11101 | 101110 0110 | 010001 0110 D29.7 | 111 11101 | 101110 0001 | 010001 1110
D30.6 | 110 11110 | 011110 0110 | 100001 0110 D30.7 | 111 11110 | 011110 0001 | 100001 1110
D31.6 110 11111 101011 0110 | 010100 0110 D31.7 111 11111 101011 0001 | 010100 1110
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Table 12. Valid Special Character Codes and Sequences (TXSC/D* = HIGH or RXSC/D* = HIGH)?%- 29

Bits Current RD— Current RD+

S.C. Byte Name S.C. Code Name HGF EDCBA abcdei fghj abcdei fghj

K28.0 co.0o! (C00) 000 00000 001111 0100 110000 1011

K28.1 c1.081 (co1) 000 00001 001111 1001 110000 0110

K28.2 C2.081 (C02) 000 00010 001111 0101 110000 1010

K28.3 C3.03% (C03) 000 00011 001111 0011 110000 1100

K28.4 C4.0B1 (C04) 000 00100 001111 0010 110000 1101

K28.5 c5.081321  (Ccos) 000 00101 001111 1010 110000 0101

K28.6 C6.01%1 (C08) 000 00110 001111 0110 110000 1001

K28.7 c7.08"33  (co7) 000 00111 001111 1000 110000 0111

K23.7 c8.0f% (cos) 000 01000 111010 1000 000101 0111

K27.7 €9.01%% (C09) 000 01001 110110 1000 001001 0111

K29.7 C10.0%%  (coA) 000 01010 101110 1000 010001 0111

K30.7 C11.0 (COB) 000 01011 011110 1000 100001 0111

End of Frame Sequence
EOFxx Cc2.1B4 (C22) 001 00010 —K28.5,Dn.xxx0 +K28.5,Dn.xxx1
Code Rule Violation and SVS Tx Pattern

Exception C0.713%.38  (CE0) 11 00000 100111 1000 011000 0111

K28.5 c1.78%0 (CE1) 111 00001 001111 1010 001111 1010

+K28.5 c2.787% (CE2) 111 00010 110000 0101 110000 0101

Running Disparity Violation Pattern

Exception c4.788 (CE4) 111 00100 110111 0101 001000 1010

Notes:

28. Al codes not shown are reserved.

29. Notation for Special Character Code Name is consistent with Fibre Channel and ESCON naming conventions. Special Character Code Name is intended to
describe binary information present on I/O pins. Common usage for the name can either be in the form used for describing Data pattems (i.e., C0.0 through
C31.7), or in hex notation (i.e., Cnn where nn = the specified value between 00h and FFh).

30. 'tlj'hesedchalr.act.ers hta(‘)/e reserved meanings when command processing is enabled. This includes all operating modes where the FIFOs are enabled and the

Iscard policy Is not U.

31. Thetse clharacters are used for control of ESCON interfaces. They can be sent as embedded commands or other markers when not operating using ESCON

32. '?L%olggss.é character is used for framing operations by the receiver. It is also the pad or fill character transmitted to maintain the serial link when no user data
i ilable.

33. Iéaar‘(,earlnaustebe taken when using this Special Character code. When a C7.0 or C0.7 is followed by a D11.x or D20.x, an alias K28.5 sync character is created.
These sequences can cause erroneous framing and should be avoided while RFEN is HIGH.

34. C2.1 = Transmit either—K28.5+ or +K28.5- as determined by Current RD and modify the following Transmission Character by setting its least significant bit
to 1 or 0. If Current RD at the start of the following character is plus (+) the LSB is set to 0, and if Current RD is minus (-) the LSB becomes 1. This modification
allows construction of X3.230:1994 “EOF" frame delimiters wherein the second data byte is determined by the Current RD.

For example, to send “EOFdt” the controller could issue the sequence C2.1-D21.4— D21.4-D21.4, and the HOTLink Transmitter will send either K28.5-D21.4—
D21.4-D21.4 or K28.5-D21.5- D21.4-D21.4 based on Current RD. Likewise to send “EOFdti” the controller could issue the sequence C2.1-D10.4-D21.4-
D21.4, and the HOTLink Transmitter will send either K28.56-D10.4-D21.4- D21.4 or K28.5-D10.5-D21.4- D21.4 based on Current RD.

The receiver will never output this Special Character, since K28.5 is decoded as C5.0, C1.7, or C2.7, and the subsequent bytes are decoded as data.

35. C0.7 = Transmit a deliberate code rule violation. The code chosen for this function follows the normal Running Disparity rules. Transmission of this Special
Character has the same effect as asserting TXSVS = HIGH. The receiver outputs this Special Character only if the Transmission Character being decoded is

t found in the tabl,

36. ?3% 7°ur'll'rs::sm?t Nege:tlve K28.5 (-K28.5+) disregarding Current RD. The receiver will only output this Special Character if K28.5 is received with the wrong
running disparity. The receiver will output C1.7 if -K28.5 is received with RD+, otherwise K28.5 is decoded as C5.0 or C2.7

37. €2.7 = Transmit Positive K28.5 (+K28.5-) disregarding Current RD. The receiver will only output this Special Character if K28 5 is received with the wrong
running disparity. The receiver will output C2.7 if +K28.5 is received with RD-, otherwise K28.5 is decoded as C5.0 or C1.7.

38. C4.7 =Transmit a deliberate code rule violation to indicate a Running Disparity violation. The receiver will only output this Special Character if the Transmission
Character being decoded is found in the tables, but Running Disparity does not match. This may indicate that an error occurred in a prior byte.
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Printed Circuit Board Layout Suggestions
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This is a typical printed circuit board layout showing example Other layouts, including cases with components mounted on
placement of power supply bypass components and other the reverse side would work as well.
components mounted on the same side as the CY7C924ADX.

Ordering Information

Ordering Code Package Name Package Type Operating Range
CY7C924ADX-AC A100 100-Lead Thin Quad Flat Pack Commercial
CY7C924ADX-Al A100 100-Lead Thin Quad Flat Pack Industrial
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HOTLInk is a registered trademark of Cypress Semiconductor. ESCON and IBM are registered trademarks of International
Business Machines. All product and company names mentioned in this document are the trademarks of their respective holders.

Document #: 38-02008 Rev. *D

Page 54 of 56

Sandisk Technologies, Inc. - Ex. 1002, Page 001797



¥
i

55”3’1““1‘3

CY7C924ADX

Document History Page

Document Title: CY7C924ADX 200-MBaud HOTLInk® Transceiver
Document Number: 38-02008

ECN Issue | Orig. of
REV. NO. Date | Change Description of Change

** 105846]03/26/01| SzZV [Change from Spec number: 38-00770 to 38-02008

*A |[107878|07/09/01| KET |Changed part number: CY7C924DX to CY7C924ADX

*B |118320|11/13/02| REV [Changed the mentioning of PECL inputs and outputs to PECL-compatible inputs and
outputs, which is more correct.
Changed the font and centered the part number in the device footprint
Fixed the line wrap issue with DLB[1] and DLBI[0]
Changed labels on waveforms to make them more consistent with those in the tables
Changed the I/O labels on the D-type flip flop
Changed mentioning of PAREN to TXPAREN to make data sheet more consistent

*C 123796101/29/03| KKV |Replaced incorrect source copy with correct source copy

*D |201401]|01/19/04| TNT |Removed parity

Changed device selection requirements when in FIFO Bypass mode

Added comprehensive table showing SPDSEL/RANGESEL and data rate mapping
Cascade mode read timing description changed, receive timing diagram updated to
reflect operation

Serial Address Register access listed as an option for Utopia mode only

Changed FIFO reset condition to show that the count in suspended, not reset, when
TXEN* is asserted
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
17/157,350 01/25/2021 Igor Polishchuk PM07027D1CIP1C6
CONFIRMATION NO. 6135
36491 PUBLICATION NOTICE

Kunzler Bean & Adamson
50 W Boacnay O L A
Salt Lake City, UT 84101

Title:MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION
GATE ELECTRODE

Publication No.US-2021-0217862-A1
Publication Date:07/15/2021

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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To: docket@kba.law,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 36491

Jul 16, 2021 03:58:32 AM
Dear PAIR Customer:

Kunzler Bean & Adamson
50 W. Broadway

Suite 1000

Salt Lake City, UT 84101
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 36491 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17157350 NTC.PUB 07/15/2021 PM07027D1CIP1C6

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).
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That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}(2).
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Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authaority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information soclicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related fo a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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transisior 1s fast and variation in threshold s small, and to provide a method of manufachuring the nonvolatife semiconductor
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G~1EBEH:d5, chickd, Fry 32 VE (Fryrx NV VaVERE20) & F 22
i (U avi{bEE1 8) LoRAERE., BEEHAHAIE. 2~2nmEED>Y O
BiltE2 1 adbERENS, . COREBLLOUBEIZED, F¥r2Lv) arFRBE2
OOBHBmGRRLXYVIAICEIEWEZ I bHBFERENS, YUVIELEPEZ I bDODEX X
VF RNV AVEREZODET ERNEEHFICEKEFET S, M., YU aVELY
B21adbEITND1. 5~3E8ELES,

[o0o1 7]

e, @6 (a) BRU (b)Y BRI X33k, 2HKKIV I VB 2»HBEXIEBRALT
EEZIARETYYVOaYEC 2 2EZESRAD, YV OVELB2 2EETFoHERES
B4 %, K. CMP {(Chemical Mechanical Polishing ! {t 2 BEWE) Z 7.
HEXl4oltmltrovarv@gikwz 2Ry arvEgiEmB2 1 bEREL. Fx
R arYERE200EmEEHEES, kb, YUV aEHRELI 1L EEAEY
TULAEPERERKENE,. AEUTFTLAFEBTE., UFEOFry 2LV CERE?2
DTEIENANDRARMY Y ITARBREINTEY, ENANDAX MY VYFIBLTIR., 2
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IV aAVHEBRBE2 ORETS FARCE> TEROMONOSHBAEY VS VIR
ZAPEFHN TN, BEFICERENTVS.,. TO08®., BHoHHcIh, ERSF—FF3 2
25, BRBERUTEHAULE? (WFALLHETREST) S2PERL. 3XTHEBEOARAEREN
FEAUEEEEMET S,

[o0o18]

M6 (a) RU (b)) BRT LS5, COREREIELATCEEBRISVOTER, VU2
VEK1 L i, FhFhhEHOBMMBERE (Va2 BEEL1 2) ROCF— FEME (¥
YoaviEl 3) ATEEEBEACEBHE 1 4P#RILONATED, BEBEK1 4T3 L v
FI1IE5RAERENT VWS, T, PLyF1s5oNmbicild, EM7Toy 7K (73 F
B16), EAEEE (VaysE17) ., PralE@E (Va2 B{EE1 8)
MZODPEICRIENTEY., FraibfEE (Va3 EBEE18) Eicidxr)arid&
hohXhdzFyrrLyryarviERaEZONRFEITONTHWSE, FLT., FPrRIVimgEE (U
OVELEEL18) LFvyrIB (FyadUarvEgE20) roRmIKKE., YUY
BitEB 2 1 ahERINTL S,

[001 9]

K, FEHBWEBEDFHHREDVWTHEHET S,

EAHEEEEBECBL TR, SAAHEBAEOAERE Y ELKIREBEYEILEET I
Bilic, BE#EBRE (VaVvEdEL2) 27— FEBE (Va3 E13) BFHICHE
T THEBEA1AZERLUEZE., PLF152ERKRL. FLYF 1 50NEEICENT
oy P (PIVIFE1I6)  BEENEEE (U reEdE1 7)), PR AMER (>
VDavEitkiE1 8) ZREL, FoOoLrkFvy2 LB (FyrayJarviigE20) 21
MLTWE, §42HbB, K3 (a) RU (b)) T LEBIEBVT., YU rEfEEL 8
iz, CVDHELIDVIEREBI VA VEZHERBEIE T WS, TOEE, U EELEL
SrIEMBEIUIVHEDODHREIRE., CVDOERTX (IR KEET % KE
HEAPABRBLEZDYD, KESPIFHRELEODLT, RBFPRET B, CORMIEZ, EZKEY
aVEAERIEEN. MIENhTFyR A VaVyvERE20EEHEEIC, YOy
BEE1I 8LF vy a Vs HRaAB20LO0REKKEEL. FERAEMPEEENZ XL
TS,

[o0o2zo0]

FIT. AEBEEBICBENTE. W5 (a) RU (b)) KGRI ITRHIEBEVWT., BEHR
HHEIPTTHRUMEIT - TWVW3, ERFEO VAV ERELEFy 2LV BREE2
OFBMETAZTHARCWHLUAEZRECRUHEETS E, F¥y 2Ly Va2 ERBE2008FH
micyVDar@gibtmB2 1 bhAERTNZ R, Foxgtm, 9B, U arEl
i1 ertomicsuarvigibkE 21 adbBRINE., TG, BETAEFU v
HEATEHRBELICS, BBl YV avEorNo®micsEzEL, 2 THEEL TEI
RiGHEZ B kb LELZLONDG, TLT., YVaVELELELIS§EFyRrly)ariEaE
2otofmicarvEgithEaz 1l alERETNB? XD, YD EkE1 8 &
FraNl)arvi#FERaEZOLORBIRREELTWERBHA YV VEREBEB 2 1 a A
HYAEHh, RGBEMNERUCEEEHIPABLERT 2., TR, AEENMECEEESH
OEEER, PVaYBEWE21 aZERLAVERICEIxX10'"2 cm™ 2 METH
B, YUV avElE21 aZERIZE1 X100 cem™ 2 HMTFETHLT S,
[o002 1]

ok, FEEEBRBRICINE., FrabitBETHELS ) I ELEEL S EF v &
VBTHELZFy2 N UaYERE20L0RTEORERKRBIIEXEBENS D, L b
SYIZAXOEEREPM LTS, ¥, EHMEAFEALTE L FS YA XD L ENE
BEHLICIS D, A VDEHEE A LT B,

[ooz 2]

Fi, FEmREBEREBEIEBOTE. M5 (a)y RU (b)) ExrdBOAHEEITS L XL, L
YF1IE5HIKEK, FL¥F 1L 5ONAFICAL, AEBIELFYy 2LV VEE&BE2 0O8FLL
FEEZIVERINTVE, COEH, FAXPTOBEIAINEBRZIZNLTF v &
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W aYERBEZODEERICHBEMICMHIBEIN, YU YEBEIEEL182Fy 2O
viERE2 OLoREBEAFIIYICEBIEEZ 1 aBERKETNS.

[o002 3]

TBk., LdoflcE, EREVarviEEERibb e tEESarVvarB19EL, &
B TLTF+Z AUV VERE2ZOELER, BEHNAFTHKP TROAMEZT LY
aVEgitEEZ 1l aZBERLTVLL2N, REMBEEKCINIZEIREENT. BRETAFH
SR TORIUBMOFKE, YV aryEIEELAETNATVOAREI Y., A2, EEFE>Y Y
BErzoBmILii., HREIE, TO0%. BEITAFEATORALEEZ{T>Td K <.
ERBEYVaVYEEEREIYE, BEAAFTEASHPTRALAELEZEZ, F¥MTLTE LW
s HU, DHEIMIOBCEEFNAFTEHISTORUHEEZIT -~ HFH., BETAOHB =N
HnkH, YUarvEgitwE 21 abBREIARTL. £/, 0EMNITKOZA—JFME
HEXEH322RNTEDZRED, EE L,

[o002 4]

R, AHRHOB2OEMBEELZDVWVTEHHAT 3,

M7 (a) BT (b)) MEXS (a) RUC (b)) ¥, AXREHFRKFESTHBEEIEEK
AEEBORMESEEZMARIZITENER TED, 8O (b)) &, (a) KRIHEER
O—HHEARKKTH S,

[002 5]

AT, fiBoF1oEBEELAER AEICLD., M4 (a) RU (b)) KFEITHES
PRI S, Ric, M7 (a) BR$TX35 k., —BEEENFNR (NO) ZSHKPTREE
bl ETS ., CcOBMEELLAEOEAE., REZMAE700~1200CTEL., KM
ZRAZE 1S9~ 1HBBLETS., B,  BILELERTATAFHI LR, " BLLEEFAORLE
BUFHRCEIBEZNT., " BIEEEFTAESFOFHIATENE L,

[o026]

COBBELLLBICEY, FyalarviEEE2 oY ELCELSEORET
. BEAMEZIF0. 2~2nmBEEOIVIAVEELLEZ2 41 abBRENSE., B,
TOHrE, FyraAUaryERE200EHBER VO VEBEELHBEZ 4 bHBHBRE
Nd, 2OV avEEEWB2AbOETE., Fry2 L VICBEREBE200EZ &
LHEHCEET DA, Bh, YUVIVBEtWE2 4 a0EEO 1. 5~3FK_ELK
3, Fy 2N UaCYEREZCOBHRERAT TR YV aVEEE18:0RmICE &
VargeEtBrAEKIAIEDLOE., BLEEEHN ATV YXEATERELICIL
EHE ST OVERNCESLTYYIYEORNHIKBEEL., FCCHEL TEIL
RicrtEbtRLPECLZ-HTHBZLEZLNS,

[o02 7]

Fh, ckE K7 (b)) ERITEFK, YVaVyBEELWEB24aRT24bklH
WTE., BEEAMTHERMENT S, 9hbb, YUV VBEWEB2 4aRT24DbD
FAFhEBWT, F¥ R APV aVvEaE2ONCEIERBEE MHENEEEOERY v
FEZ2ZANDERZN, FrEAALIVAVERBE2 0P EVHICEEBEEENHANHIC
BUVWEBEBEUYFEBZ2A0DPEHRENS, 2, ABESELEICKDIYVOVYEOREIC
U OVBELEMEAERTAIEART. YU VEELLYEBITOEERFR U IEL
DAY BELLDEBEEORBMICRERMLRPIVLES THEIZ EEZLNS,

[o0 28]

Wiw,. W8 (a) RUG (b)Y tRFT L5, MiBROFE 1 OEBEELR{EIC., E2 3
NEeETFDHEERHE: LTI YBiEH2 2 28R, iz, CMPEIT-o>THEBH&.
l4o bt@mbEdbsyUarv@gEbtm2 2RV VEZEMEZ 4 bFEREL. F v 2
PO VERE2 00 LEEFBHIES, cOBR., YUVarEKRI1 1 L ATY T LA
HHAERIND, TOH. 400C~ 1000 CEEODEETR77 - —ILNHEIT > T.
vUarv@gikme 22 BELIT S, chickd, YVarv@EikeHBz 2oy —7EBREEM
L. ACEVENFORLEELZHER TES., 0%, BRF—F oV 2, BHER
UHEBZT (WFhEaHAET) FTEERL, SAAEBMED RERE X EAREEES
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FEIEDST S,

[oo0o2 9]

AEMEBCHEIAHEREILEHEBEEBR LBV TR., FBAOE 1 OEBREELEHEL
T, rra LR (Yo E{EE1 8) EF vy 2NV BEB (FralyUarERIEZ2O
Yy EOoRmICE., YV arvEikmBEZ21a (He&sR) offbbic, YUarxBEYE
24 abBERENTV S,

[o0030]

R, AEBEEBECFHSBREODVWTHEHAT 5.

FAEBEEIZLBNTER.,. 7 (a) BT (b)) BRI ITEBEBVT. ~BIEBEHFSE
AT TEBELLERZT->-TWVWE, 2HhHiCED, FyralyDarvfEEE202>100
VELEE1I g toRmic., YVarvEELLEZ 4 abERENS, FTLT., YU IOVE
EkWE24ald, FyryIaryFaBR2oflicEThnlzE2R) v FE2 4NL,
sUavEgEEl SHWIcERE N EBEYV vy FE240L0EEELER S,

[00D31]

TORE., U VvEELISEFr vy avERBE2ZOOLORTBIREEL R
A, RV v FEL2ANACRPAEN., AR CEEEMARBIRERT 5. —F
T, AHEMNMECEHEEROEER., >UICEELYB2 4 a2 R LAVWESICIX
1X10'"2 cm™ 2 ELTHaH, YVIAVEBELEMB2 4 aZEHTEE1Xx10"T
L em ™ 2 LUFETHEL»T S, chickb, LSy YVRAX0E8EHE M LT S, £
L. EBREVYFB2ANAFYyRIAL VDO VEREZOREBELTIRUISNA TSRS, X
EUVLNLEHLTTF—2D0FER /" HEEBLVERLIT-,TE., AOEMOBAKOX I HRE
REOHLIPIMHBENT, LA FS UV IAXDOEHEEPRENICH LT 5,

[003 2]

Fha, AEREBEICEINIE., VI VEERZ 2ERELITLZZDO0RT7T = —IILAED
Bic, F¥ 320>V arV#ERE2Zo00E@mAIVaVyBELWE2 4 aR T 24blck -
TELNTVLEED, Fya APV arvERE2 oP@BEETTCEBEBIRLITZEEM
HTZE%, chilckd, BV FSYyIAZ20EBFEORLEEEEZ KERRERT B CEDT
. EBoSEE PRMLET S, Bl, Fy AP VACVESEZOODERTIREEY v F
BZANABRUILGA TS, A7 —VRIF¥yR2NVVICVERKBE2 008 EELT
RIS ZEEZH{ILETES,

[003 3]

T, AEEERECHEOTE. M7 (a) BT (b)) BRI TLEBIEBWVWT. B{LEE
HABFHKORDHYECEBLELER T AZHKPTRILEET - TE., AELRIRER/RB C
EHRTCES, COBBICE., FyRlUavEREZOOBEEEICERENS U O
BEELME 2 AbOBREEANEL ZTERAI;PELI LD, FyrrlyyarviERmE2 0oLk
HoBEEZELLEVESEFETH B,

[003 4]

R, FHHOBIDODEREEREBICDVOCTHHAT %,

K9 (a) RU (b)) HMEXIL1 4 (a) R (b)Y B, *FEHMEECHELSTFERLE LS
HERBEEOREAEZEEMN RTIZIHETHED., FRO (a) TITEHFHETHEDL . SHO (
b) BIEFHEXTH 5.

AEMBMEER. OB 1 OEREELEHELT. FPLYFOBERIVIBETEZ R IHE
ETthbidsck, RO, FyralyUarvERBERP XUV VERICIAEZTEAS T EMRELZ S
Twd,

[0035]

B, K9 (a) RU (b)) KRT X3, BIROB 1 OXEBEEEIBEBEFEICLD
LU ovERLI LICEEAXLI AFZERT S,

i, 10 (a) RU (b)) awRT L3, LY¥AFTAY (HRET) ZHVLTR
IEZTV, BBHRI1ACHEHBADO LT 25 2EKT S, FPLYF250EKEIEE
K1 A0BEBEAMICETSMH&EEL, TORNZEEIMAE70nmeET D, Sk, BBHK
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14D EAAAABRT, Ly F25@3BaEds s aARCBEAIES, B, &k
Ly F250REEICEIVICVERI I EZBEHEIES., . Br0oEEE. RICE 1
AORLYF25D0HEBRLTVEDN, ERBLCIZHDILYF25RBBRT S,
[0036]

i, @11 {a)y RU (b)) RT3k, ALDEIEYD, FrLF250HmELE
i, TIERFRELI6E, YUaYELEL1T7., YUaVEBIEE 1 8sE2CoOBICHBEEE S,
ChooFEoEZR, @Mz, FNFN10nm., 5nm., 5nmedT 3, EBEBOEZKRE
IO DEE., THhEN, BR7oy s, EWEMEE. PrarlEBRBELUTHEETD
%,

[o03 7]

Kic. W12 (a)y BU (b)) kg &5k, BEF1 4 LKL IYAMYARY (KRB
Ty EEHRL. ChETATZJELTRIEEZITFSC2ERED, FLYF2o0EmMENMDS
syUavEgkB1 8, Yuarvg{bEl1 7, TIAITELIGEERNMICKREL., YUOav
HiR11Z28HEI s, caorzx, VD)avEE110LLEPLPLBOAENS,
[0038]

K, CVDEgkEo, PLYF250HNmElke, FHimErR—EFLUREEZBEVY
OVEEZFAIZE]I OnmOBEICHEIEZ, FOB., BEEIMFAE5 00 CH EDEN
WEELT, COEBETVIVERERLELIE, Fr 2NV VaCEEE3I00EY 5,
FraN ) aCESEIOTHEEEIVIVERI 1ILEMI S, £/, Fr 2l
VarVERKE3I00OBRE, EBRFELCEHEGRBELXD, ZONEBERN3I3ILELES, T
bhbt, EREIZTILYXF250ABICEAL. NALKFrRI ALY aCEEEI ONE
M3 s, 2. CVDORBREZHAEZITHLE, rLry250RE LEESFERZ Y O
FHEBIEBZICLICLD, FyarLUaCyvEBEREIOCEERITIEZILETES,
[o03 9]

Kic, 13 (a) R (b)) ERT L3I, BEHARA (0,) FEIPTHBILOE
TS, TOBMEBLAMOZSI., BEZEMNZE700~1200CEL., BREPHAZE
15~ 1BEErdTs, chickd, FyrlyVary#EaE3I oLy a1 85
EoRm\EIC, YUaYEEI 1 adEKINS. YUOYBIEME3 1 aDEZTE.
FEEO0., 2~2nmBELADL, A, COABLLBICXY., FyrRl)arvyEm
BEIOOEHEICLIUIVEALWEI 1 bBAEREENS, COoOv)aryEEWE3I 1L
DEXE. F¥FIAYVAVERIEIODEET L RIIMEMFICKET ZIH, . U
VEBIEME3I 1l anEIO1l~2EEEELRD, A, FrERALIVICVERE3I LY
VDarvERIIEGORFILEZ., YUVaVBEEEHBREILALELEREIA AL,

[004 0]

Wi, ®14 (a) BRU (b)) RT3k, sidoE 1 oEmEELAETFER X
h, ERE3I3IAWCIIVaEEW2 22HBA., LT, CMPE2{ToTHBH#HL 4o
tEES>VaBIEWE3IObZERBREL., Fy RN VIVEE&E3I O LEEZZEN
B, cRHICED, YUaYEKRIILEABTYUTPLLAEBAERENS, 208, EIR
F—FrFSYUVAR, BREBRECAIEZEF (WTFHERRET) EEBRL. 3R THE
BEoAEREELEARMGRBELERET 5.

[00D41]

K14 (a) BT (b)) BRI LI, AEMPRBIRBLWTHEBEZNSI FAHEEEYEREK
HEZEHEHCBVWTR. YUarvERDI 1 Fle, P FhEHROBRESE (1) o>tk
1 2) BUTP—VPEE (UIVELI3) PTHIKEBITNIEEBER L 4R ITIENT
B, BEegl14dcEAEREORL Y F25HBERENTWVWAS, FL>F 25 0T LI
., BRIy s BE(FAIFELIG) . BREEE (VaYyE{EL17) . PRI
HEE (U arvEfblEl 8) A OEIEHITILSNATHSL. PLYF25DABICE. E
MABUEZABEDOF Yy 2LV aYESKBEIOARTILATED, YU ryEHRL LK
BEIN TS, F¥ 2N VaOVERERESISOONFE ETHAHEVEEEI I ER2TE
h, ZoRECEDay@bwz 23 bAENTVWSE, FLT., FPrxrivitigEiR (&

/
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Dav@gkBl1 8) ¢F vy NE (FyrxlyvlavEgRBE30) toREicizsyar
BiltYWE3I 1 aPEXRENTED, EF0MEERE (Va2 2) EF v 2 IVE

(Fv RNV VEREIO) tORBIEEBIYVIVEEWEI I bR EREINA TS
[o04 2]

Ric, XEREBEDEFANBREZDODVTHBHET 5.

AEBEEBICINE., ACVEL LISy PRA2DOFT v 2B ay8EiRD 1IC#HES
NEIXRTHEEROLFREEELEAIBEBEUET S LN TE S,

T, AEEBREICE LT, iMMBOE 1 0OEHEEBESLERLT. ABRLLOAHEZELAF
CTdHhiE, U8Bt E3 1 a0BEITKCNTEZUVICYBILBEI 1 bOEEDE
BPNEL T 2L TEZ, A, i R0E1 OEBELEBICBBVLTE., Ccokkidx1. 5
~3THHH. FEHMEBECBVWTR., 1 ~2&T232LRATEL, 2hix, ¥ 2L
UaArV#ESBE3I0OOBRAHEETHD., VI VEBELLEL1 8 LZBTra2AmENE O
MTHL, BBIEUBERCEHBE THI2AMMEMEOmTHE 2D, BILREDET
ZE->THETDEAD, Lo bR @OARRENVEDTHSI EEFEZLENS, T
Rickbv, YU VyBEWE3I 1 bAEL RS cENHL, BARBRELHEZOF ¥ 2L
UaVvHEZEIOODEZZHERERL T, WEOF vy 2ILEHREBLI LA AOEELRS., E -
FHEZEOREEZOCY)aAVEEYMEI Ll a2ERT AR OREBUEEREAEAKI TES L
B, TEOCREBHREFNKHTEZ LA TES., COBR., ABYT7T LM BOBETEHEL
FTREMHRTE, ATVEHEIVPECTHEEEPEAERBREERESE T L LN TES
[0043]

AEBERICBD S LA UNOFEHSRGE, fidoB 1 OXEERLEERRTHES., T4
bt AEBEEEBICENTE., PRI f#HEE (U 8EET 8) EF v xIVE (F
PRIV OVEBEIO0) CORAMICIPVIVEBIEMEI | aZERT A LICE D,
CORMORHEMBRUTEEENFPEBL. A S Y IVRAZ2PEEATLEWVWHEEHFH H D
RO ABEEELEARLBREERHETLZ LN TEL, AEHBEEBICBEVTE., RO EB
1OXEBREEELRBRLE., BEHTAFESPORLE LY, ARV REUCBEETERORE
Z.oHMAzE1Ix10'2 cm™ 2 UENABIXT1O0'! cm” 2 UTETERITSZI LN
TE3,

[00 4 4]

T, AEBEBEECIOTE., MIROBE 1 OHEBEHRELRAMIE., BETAEESD TR
MEET>TF RNV EREICOEmMEBELIZHEZRLED, AidDE2 D
EEBFELRAEL. BMESEEHFIAFHAPTRABET - TF ¥y 2L aERES
OoEXEmEBMEL LT X, Chickdh, siddoE2oEBRELAKRAFEFADRZE
BT LEHNTES,

[0045]

R, FHHOBADODEBEEREICDODVOCTHHAT %,

BM15 (a) RU (b)) FUTWKHEI16 (a) BT (b)) &, FEMEEBICHES THERME
FEADERBOEE A EEP RTLZRTHY, FEHD (a) RIBHERTHH., BE
O (b)) BIEFEKRTHY.

K17, AEZBEECFITEREELPESACBEEEZASTSHERK TS 3.

A, K178 TE. IxoFgl, 0arvEH1 1R aEERLT 2
MarzEBL TS,

[0046]

AHEBHERZ, MAROFEI0OHEBEHEELEBELT, HEBOF+ XLV V/EEES
OONERIL. YUaryi@tHz2 (K1 4288 TERELESESG YUV 22 HEHAD HH
Bih-oTWwW3,

[o04 7]
£, o EIoEmEERELEREREAZIID, 13 (a) BT (b)) Knd

i
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HEERT Z, FLT. K15 (a) RE (b)Y KRT &>, F7vEBARERAVTY
T NTYwFUVHFETY, FrrlarvERBE3I000BHEEICERENEZ Y 2VE
tME3I 1 bZERETS. B,  BELERERAAFZELFHAP THRBE/LOLEE T,
FralUarviERBEIOOOEHYRRRIYV O VEZELEYEBEERLIEBERZ. UV EBE
PR OVWEYzy FIvF Uy FTICEy, COYUaYBEEEMBERET S, Thickb
VERISOFNEEBWT, FyRAlJUaVvEEEIORBEET S,

[0O0 48]

Ric, W16 (a) BU (b)) KRT L3I, 2R AMWER—Y S LIESKEY
VarvEHBEILET, ERA3IIOABCHEHDAL, FO%., CMPE2I{T, EEBH&E1 4
CHEEENEIFEREI V2 VZ2RBREL, Fy2RIL2VIVEEBE3I OO LELAEEHEES
o RIC. WMIZWES500CHUEDRBETHAZT - —LEHL, FFEVarPEREELETE.
RV 328T5, TO®%, BRSPS UyIAE, BEBEBERCEIEET (V0
FNERAEST) FFERL. 3K TCHEEREOFEREH X EHKUEEBELTMBET S,
[00D49]

16 (a) RU (b)) FUTEHEI 7TERTIIWKE., FREFRBICHESTHBEFERK
AEEBCEVTE., FLYyF 20l EERENEHBRBOF Yy 2L 1) aE &
BE30&, FORPICHEDAFAEZETEZIVIY3 22k, YD axER 1 1IC#E
BENh, BEAMECETS YY) ayEs—DPEKEINS., ZLT, coyyare¥s—iH
NSV AEDF I ELTHEHBET S,

[o050]

i, REBREEOCIFEFHDBELDODVTHBHAT 3.

AEBEELCBNTE., WMBOEI0EBBRLIEBLT, Fv2xNEEBZY Y
S—DWEBEIRKREL GBS, KREZVILIEHRERIEDNTES, COER, 10k
SUYVALZOEFEENAR N LTS, FEHABEICBY DS FEMADOERIRIIZ. A
BOEIOEBHEELRAKZTH 5.

[0051]

R, BADOEBMEBEOHBHIC ODOVTHHAT 5.

K18, FHEBHACHFITHEREPEALCREBLZHA R I AHERTH 5.

BIlIg8kkmd ik, AW TE, BiIBROE 4 DOEBMEELRARIC. EEMHE 1
4P Ly F25FERL, PLyF250RNm b, PTIHVIFE16, YYarEE
1 7RGV OVEEE18ZCOMHICKET S, RIK, ¥V ary@gfkEL1 8 LI CVD
CEDIEREVIVEEERL., ERETE T, HEROF ¥y A ALV aVERE 40
95, HL., AUBHcHSTR. EFE VI YEOBRE., BEFAFHIP
—BIEEFZAHAAFTHKAPECISTH3RLHBETHLT. -T. YU VELEL 8 &EF v 32
N aryEREBEA0LOREI., YVarYvEEtEXG TV ICYESESLLHBEBAERE L
AN
[005 2]

AE®ACBNTE, >V EEE1 8 LicdEgEB VvV arvERSHBEI SR EICE
AT RMAPRBEETCEHD, YUaVYEfEISEFry 2Ll aryERE4I40EDR
HICABEMBRUCHEEBEMIRET S, COBR, LIS VI AXOBMEEBERREL &
b, £, REHHEOFERHEIBZLEZVEEHDPHEZE L A>T, ATV EINVIECREEIELD
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NONVOLATILE SEMICONDUCTOR STORAGE DEVICE AND METHOD FOR MARNUFACTURING THE SAME
Absiract

PROBLEM TO 8E SOLVED: To provide a nonvolatils semiconductor storage device, reducing the resistance of @ seleclion gate
slotrods and having high response characteristic in a se Y gate ransistor for selecting a semiconductor pillar, and also o
provide a method for manufacturing the device. SOLUTION: The nonvolatife semiconductor siorage device is equippad with: a
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BREEGAMLEEBER - FEESGCLEZ LWMARMCEBEETZEERES —S P (F1¥E
FEZ—SP1) &, EREWLOFTN TN EIEEFELES—-SPLOTERIIRIENE
EED (ATUVEAIMC) &, YEEYLS—SPEERFY—FEESGCEDODBEEFBI DN
FERSF—-FBESGCI (B1 B8RS —-MVEBE) L. HT 5%,

[002 3]

AEGHTE., BEE (AFEVEILMC) . FlaF. EREWLOFNAFN L FERK
¥S—SP (H1FPEHEKYST—SPI1) LoBcFUohkzidEE48 (B12ERB) &
L EEEE48 (B1RER) PEREYS—SPLoMIcRILON-ARMHGER4 2 (5
1HMERE) ¥, EEEWLOFNWFNELLEB48 (B1EER) oMicHirsohn
S fiMmERE 4 3 (F1AMBRRE) &, 258,

[002a]

FLT. *BHRFTE. PEHRYS—SPRZWBTACEETIEROEREEFEL., ¥
HEEECS—SPORMWICE. #MBHEOEMBs sP[IFoh T3,

[002 5]
bbb, HERBEAMLEUCERY - FEESGCER ZM S RCEETAEHEBER— VT
HoOoWNHlOBmK., HllaEE 4 3., EEE48, NilllegKE4 2, RU, PEHFHELE S —
SPLAZBM, WIDEBTERIN., TORFLOEMICHEBGHEOTHE 6 8 NEBEHAE
nNTwn3,
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[o02586]

L, AHHARIIHEELSES, BT 53k, SHHEG8HFBILNT ., HEiFF—
NWNTHORMOAWHRBE 43, XBEEB48KRUTHAERE4 20", BRO¥EY
F—SPHERINIERTCE-STELEREVL, UTTR., ZHHE68 /RIS ZBSEL
TEHHET 5.

[oo2 7]

EEBEAEMLOEREWL &, ¥BHKES—SPE, OXEMIC., LEE482FT
BAED PSS UVAREEGOAETULLIMCH IR MY Y ZRCHRION, OB
BA48KERNEPERBIVZIILIEID, BRAT VRN IS Y IRAEIRT—E2F2HEST S,
[o02 8]

ERBEWLE. COAFEVELFSyIAEZ0FX—FBRELTHEET S, SEREBEWL
CRFEOERESIFANIMEN., EEBEWLE., TERLtPEASE®E 1 1 00T —F
mErihd,

[o00D2 9]

ANEsgEZERE4 2R3, AT UYLV ISV IARRCBTS2 P2 BEEELUTEEST S,
— 5. e E 433, ATV RBALFS VYV RAREEUBA T 0y FiiEEE L THEBES
5, ERMUEERELI 43, EBEWLES LEBEB I IBEMNBEREREL L THBEEST 5.
[0030]

—FH. BIRY - P EESGCLIEERY ST —-SPERRETAIESIIBNT., REHES
—SPRERITZELDERY—FPFSVIRAXSCTHERENS, ERY—FPEES
G, BRI BBESCIRUNERES —S PR, COERY— ISP AZSG
TO., ZhEFEh, F—FER., YF—MTEBEERUTF v+ 2LVEBEL THBET 5.

[003 1]

ERMBEWLIKE, TEOEEMEZA VWL ERTES, FEKFITIR. Ty HEL
ENTEEEIMINEETNLT7TENL I 7RV aEREIRYV V2 AR VLGNS, T4
i, $HHYES—SPEREETLIHREERENZ ATV ELV I IR EZDOLEVHA
HEIPFLEZOFERETNHE VLS, BREWLEIZE., 7EALZ7 AV aryEZER
Uy UJavhARWSNE T ENEE L,

[o03 2]

BRYY—FEBRSCOMEBRUFORBRECEL CEEBRRET S,

[003 3]

ERBEEEEL 4, NAlHRBEEL4 2, AAEEE43RTER - FEFRBES G I IR
AR aOVEBibEEH WL ILATES, A, EEMERKEL 4. RAIEERE 4
2. HMilfeglE4 3 RURERY— P EBIBESG IR, ¥EBETLREL ., BB TLE
v,

[o03 4]

HEBA4SICE., lzalvVarvE{tErPAVEILPTE, ¥EAKLELS—S P LEM
BEWL2OBIHMNENA2ERKECI> T, ENEEEITLAEIHREBL. BHRELEITSE D
L THEST S, BEE4A48IE. BEEBETLERL., ERHEBETE R,

[o03 5]

BHEe 8., FlzaiFr Vv avE{ERrAVWEIENTES,

[003686]

A, BRI A XS cEEBBEMAERT 4, NAEER4 2, CEE4 8. AAKEKR4
3. B —FPHEBHBESCIRUBHMe 8icid. kXKW LEHEIZEST, £EO
HEZH VWP TES
[003 7]

. M2RURIEBLTR. BEERBEAMLYBEBWLEZABALTVEHBEMN
FIlRENTVEY, BEBEBEARAMLEBWT, BULIhZEBBEWLORREETH .,
UTC, EEMEWLPA4AKRTHLIBHEELTHEHT S,

[0038)]
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FABEFAlcB TR, 2FAD0PEHEEST—SPREFSKBCPIREsTERINTLVS,
Thbb, TEETELEATEEBFE I 1 0DAFT VMU, E2XEHEKLES—S P2
L. EIEBEHECP ]l (BEFESCP)Y ¢, ZELHIKET S, FS2¥BEKEES—SP 2,
YEMAEY S-S PILEFENS,

F2EHFYS—SpPzR, AR YMARKESVWTELILEARALEST -SSP 1 EREEL
EEBEAMLECERYY - FEESGCEZBAAIEET %,

HEB4IS8KE. EREWLOFNAFRLE 2XEEXRYS—SP2LEoMicdtHRIeons
s MlliERIE4 213, F2EBHES—SP2eHERE48LOMICEHRIILNS, M
Hodx il 4 3. EREWL L, F2¥EGET kKB A2aEEE48E. O RIT S
N,

[0039]

FHIEHBCP1E, $1 EHFKELES—SPlLEE2YEREST—SP2LEZ#HAM
KBO2ECH (zofTcEERILIIOM) TEEWIKCERTZ2. B1EREHCP 1 X,
YEIAMIEEELTRITILNS, F1ERPBCP I, BIRUTHE2¥EHLES—SP
1RCGSP2ZERUCHEPACENS,

[o040]

FThabb, BERk1 1D0FmEm1 1 abtic, BREBAEE13IEZENMLTAY IS —FBG (
ERSEER) PRI hd, LT, "I TP~ +rBCODEIRUTE2¥XEEXRY S —S
PILEUSP2IENATZIFHETLENIDRION., BOWNSIK., Al 4 3, dEE4
SRUANMMBHEAI2AEBREIN, PORBKERSCP LA PEHAKOENRER X N,
HROTEHICERPSIM B SCPHrHEDHATNS, b, BlcBU 25t ER4 3.
EEE48., NHEBEE14 2, EREBCPRUERKBIHME SCPOERIE. HilB K —
NWTHIZB SRR 3, ZdBEEB48. HlEEE4 2, $EHRES—SPRUTN
H#He SOEBKEARIC, ~ELTITbNs., OIS, Ny Z7F—F+BGiEk. BHEE
CPicmLTHRITITSENS,

[0041]

Cchickb, BS1LRUFE2EBEHELES—SPIEUTSP2E, BESMCPE. Lo T
. UFEROFEEAEEY S —HEREIN. TP, UFEBIKRKONANDARAMY > F L3,
[o04 2]

He2EUKIKELEZELESIIK, BE1EXEHRLES—SPI1OBIBEHCP I ERIREFND
Wik, Ev FrRBLEEREIN, B2YXEHARES—SP2OFI1ERHLCP1LEEIRND
WMk, V_ARMS LEEFRETA TS, B, ¥EHES—-S Py FHBLERET
VIBEGEZPVZiLoEFREINDS,

[004 3]

AB&EATER., Ev FRBLE., Y#MAMIEEL, V—RES LI, X miciZE
3T 5,

[004 4]

LT, BERBEAMLEE Yy FEBLLEOBEBLWT., F1XEHEYLS—S P 1 cxt
mLT, FLAAYHIERYY—FEHSGCD (F1BRY—FEES G 1) ARISHh, B
2rEH/hRYEYS—SP2itmLT, V- AHBERF —TFTERSGCS (E2HERTY—MEK
SG2) ARUIGENZ, Chickbh, TEOXHEHHELELS—SPOLEOATYELIMCIEK
FEDTF—2EBEAR, FharIcehcEs, B, LB 1 BRYS — FEEM
SC3RUE2ERY—FPEESGC4E. BRFSF—FEESGILSTENS.,

[o045]

ABEFTEERNS —FPERSCE. YHAMIEOKEIH, XWHRAIKHE> TEETS
HIROBREBLTWV 3,

[0046]

A, 2rH2ELEISK., HEEEBEAMLOEBEB (ER1 1 HP5ELEVED 2
. EREREL SARILENTVE, FLT, MERBREAMLO LICBHEERE 1 6 B3
eoh, TOLEBRTFT—PFPERSGCHT[UOLEN, BRI FEBMSGCES LOMICIEE
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M#EE L 7TARIENT VWS, BF, BEEFER L1 SAEBIN, BERBEEML 00—
HFLEY., BEEEEREI14FHEEEBEWLTHY., 0L 0BBREHEMLO LIS
BEBE1LI6A[UILEATVWTERWVL, b, BEKKX-TR., BRECERE1 5 RTRE
Bl iE 1 s DA EKIN., BEBSEAMLO— B LASHBUEUBRSGE14TCHH. 20O LI
BRTST—PFPEESCHRILOATWTERY, £, BEHMEBE 1 FEBIN, HE#
EHRMLOEBEMERE 14 F -3 BMEEE 1 5O LZEIRF—PMEES CHFT LR
THWTEHEWV, UMTFTTR. BEEBEI S RUBHEZREI AR ISNEEESELTH
Y 5,

[o047]

ZLTC, BHHABEI 7TOLLCEHHABRELI SFPRIEH, FO L, YV—AHBSLE
722 (€7V1, V2)HhERIoh, V—AESLORBRADICEEHEREE1 9OART
b Twas, TLT.,. V—AMSLOLLEMEEE2 AR LEN, TOoLEicEy MR
BLARITLNTWLS, Ev FEBLE., YEHICH ~EHFROEBEREELTWVS,

T, BlEERE1I S, 16, 17T, 18, 19KRUT23kKIR, MR 2YE
HuvazedhTES,

[00 48]

. T, AEEEYEATEEBR 1 10O BLTHERUOLIWZ EERLEY S —IC
ML, ¥ B Y S —D2AFHE3EE0OFEERYS —ZHRIHFIICE., TFHHEKLEF—S
Pl v, ¥EHES—ESLOBHGEHBEIZEBERERBLT, FEoPEELY S —
FHEIBSIC. TEnPEREYST—SPn] (n@BI1IMEDIEEOEBY 552 kkT
5,

[0049]

MaicHELEEI ., EREWLEBWLWTR., OLULOBHETHESEImIZB LT, nit (
Am+ 1) RO (4m+4) THH>FPEAEKLELST—SP (4m+1) RSP (4m+ 4)
EHIET 2 BEEALBICERIABEEBEWLALZY, ndH (4dm+2) T (4m+
3) THBZEEHKRYS—SP (dm+2) KU (Adm+3) icxIcd 2 BB HBICHE
FRENEBBEWLBE2 A5, 94bb, BAKWLE., X#AmEHmHL THEEBRICEL
HAEDLDINEEERABEWLARUCSEBEEWLBOEBREGEL TS,

[o0o5 0]

HMaickLzXoic, ERmEWLE., #8881 LIk TaHmEh, SMEWL X, &
1K (BEEEWLA) RUFB2HEHE (BEEEWLB) tahrhTw3,

[005 1]

FLT. M2iEfrmLlizEREREMUZOLSIE, XAARLBY 3 —FOBICHBEWL
T. EWMBEWLBIR. V7331 kE-TUV7—FEEI2ICEFIN, Bz IEER1
lERIISONSBEHRPBEERHWCER NS, LT, BRI, XBAmEBO5MG
DPICBNT,. EEBEWLAGZ, E7 7StV —FEREBLESETHA, BHEER L
EXHCERENSE, bbb, Z8MHARKKEBRIT N AT EWL (EEEWL ART
BEHBEWLB) OXEMAHMEBII2EIIFEERERCELTELN., XEHHDO - FHDOHT
BEBBEWLALEXSS THREERIREOBINERDS TN, XAmOMFOW TR, &
BEWLBILE-> THERBEOEIKNERLSITODN S,

[o05 2]

FLT,. M3lkc£LTELSE, AFUEBMUE., E3XEKES—SP3L, F435
Y5 —S P4k, HE2EFKEECP2E, XL KLATHBIENTES, E3XHAKE S
—SPI3IRUFEAFEHKRYST—SP4E., FEHURLYET—SPZFEN., E2EHRPCP 2
., B CPILEENS,

[005 3]

EI3XEAKYS —SP3R. YHARIKEBNLT., B2HEEHEYS—SP2OFE 1K
S —SPIlrEKMORUTE 2 PEALELS —SP2LEEL, HERHEEAML RUER
F—+FEBEREBSCEZZIMAMICERMT S, F4XHEHRES—SP4E, YWHAEIZIEWLT,
HIYEHRYS—SPIODHZYEHRES—SP2LARNDOHUTHEIEEEHELES —SP

Sandisk Technologies, Inc. - Ex. 1002, Page 001837

10

20

30

40

50



(9 JP 2011-35228 A 2011.2.17

3EEL., HEEEAMLEUCER - MFPEBRSGCEZ ZMAMKCEET S,

[o05 4]

F2HEEMHCP 2T, BE3IFEHRES—SPILFEAHFEERES—SPL4EHEZEAM
EBISZECH (B1ERSBCPILEAUA CTESNCESHET I, F2EBHEBCP 2
D YHEIARICEELTRISN, Ny I F—FBCREHEMLTWVS,

[o05 5]

HEBI8E,. EEEWLOFTNFNLEEISKRUTUEFA4IFXEERES—SPIRTSP 4L
OB, T, "w I F—FBGEF2ERFHCP2LoM. KLFUILND., AAER
Ha42@F, E3RUVEIPERES—SPI3IRUTSPAELEEREE4LIREOM. T, &
BEASLE2EFSHCP2LOM, KR IS D, AHAKEGEE4I 3. EEBEWL O
FNFEhE, BEIRTCEAIFREFHELYS—SPIRUTSPA4OILEEI48 O/, UK.
B2EFHCP2OXEE48E Ny X —FBC oM, KEHRITITENS,
[0056]

FLT,. V—ABS LR, FEIFBHFES—SPIDE2EFABCP2LLEARTOHD
WIWMBMEBE NS, FLT,. vy FEBLE., FA4FEHREY S —SPLOFE2HRES
CP2rudMofloE4mBERERINS,

[o05 7]

FLTC, B3¥EHYES—SPICHEmMLT, V—APERS— FEBSGCS (B3R
RY—-FFEBESGCI3) PEREILN., F4FPEHRES—-SPLicfmL T, FLA2REER
H—PEWSCD (H4BERS—PFPEBESC4) PRIENDG, V—RAUERT— L ESE
SCSLEIFERLYS—SP3IOM, RU, FRLAHZEBRS—FTEEMSGCDEE4
FHAEYES—SPALOMIcE, BR - MTEEESGC IPRIENSE., 2B, LEEDE
SERY—FEBSGIRUBA4FBERFF —FPEESGAE, BIRF—FEHEBSGIZFEN
3,

[o05 8]

HMlicELEXSK, TOXIABRFPEIAFAEREEXEATEZEBELI 1O0OKBLT
E, BR7ZP—TFPERSGR., Z#HARMENLTEEABLEERBY S NEH 1D Y A R E
51 %F3 5, TCC., TOZ@WHARMCHLTCEEZRIF. Al2E. BIRF—FEES G
DZWHMARAEN L TRELAETHES FES 1 uRTFTFES 1LdobEl s ndnhed
BZLHTES,

[0059]

ABGKFTE. BI1>UDPASTFES 1RERSY - PFPEESGCOLAES 1L udlicHT S
NRTWa, 94bb, THERMFEAZBEEEHE ]I 1 O0RRBLTIE, ER1 I BRI SN,
HMEEBEAMLE., ER110FLcRIFSH, BRSSP EBS G, HEEEAEAML O
HiRl1 1 ERAOPERIOA, E1 YU SIEFBS 1R, BRF—TFTEBSGCOBERE
BEAMLELEIKNOBOHEHICEB>TRILONTWVS., BE1UVTAFBES 1 ARTLGAH
HZZECH L TEERZ Fdomid, BRTFT—rBEESGCOLELAlom (F@m51u) THB
[o0o6 0]

FLT, ABAHFTE., BERY—PFPEESGCE.,. E1 VYA RFEBS LI ZEWAmMTHE
BEnzVarvEis5R23LKKEST 2, $§hbd, ERF—TFEBSGE. YVarvE
552, YUDOVYESSEBEENESI1IVIFSASARES 1, OFBHEEEELTVLS
[o0o6 1]

yyarvEs sk, AR, EEESAMNES SN ETEL T A OACERERY U
arERL,

[o0o6 2]

DSk, BRTY—-FEWMSCOLES 1 ukRUTC TR 1LdobREE0TNAME
LYY OYESSELDEEFAAIBRVEICUITSIEBS 1 2RI BLET, ERY—F+E
WS CAEEHRILTcE, BR7P—FPFFUVVRAESCTOLBSEEZALTE S,
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[o06 3]

Thic, ABEHKFITE. BERFAF - IFPEBEBESCO—HELLT,. PTEAVTZ A ER
BRSOy PEFBIVACESSEHWVWETET, BRI FEBSGCEEHKES
—SPLIIRETHHDEEBHEINSEBERYY - FFFIVRAXSCTOLEVEEENAD
YOBIULBREINEL D, THREEVPTEAERESE L 1 00HELFAE RS,
[o0o6 4]

REL, AR CHAICELSY ., BRA—FEESCHEFE IV S B 125D
BL,. A, BRY—TF+TEBSGCO2THFEI VTSI RBES 1 THoTEREV, &0
Bot, BRFAF—FEESCIER. ZH A ALY LTCEEAAEBUYLAEE 1 U B
FESIER2EFITBEDEEINS,

[006 5]

tEOFE1 U IS RBs 1 LT, FlRE, 25V A7y, BEVIFY, F22», 2
BRIVbE, 2w, v, RF PO LRUTCAF TR0 RZBIBRZA DR E
BT NHEEB YUY A RERHWSZIENTES,

[o006 6]

LT, THREEPEAGZBEEEB 1 1 008E/REO—FIDODVWTHHAT S,

M5, B1OREHERBLEITFTERELEATREBORE/FEEFIRT 2 TEIESE
AHHERTH S,

Thbb, ANIEZ. BERA - FTEERBSCOHBEHEKETS IREFEAMNBEER T 3%
[o086 7]

FF,.MaE, vV aryhhehsERIIOLKE, BREESEL1I SZEPERLEE., v
PH—F+BGEAaAEBR (WMAERMWAERNENETEALT 7RV ERERY
YUarE) BAEBRL., cOEERK, VY75 7R URIE (Reactive lon Etching
Y ERHWVWT, EHWMCPAHAERENDIEREAEZERL, O E2yhicyyarysEl
EhoabdBHREBEZHDIAL,

FOLic, EBMNEBRE1I 4L BEBEWL S, THECHE2OBHIERELOKRTHRBZ
EFOoLLcEEEREL SR MESIE., BEESEMAMLEZERT S,

[o06 8]

FoH,. M5 (a) kExLAELSK, BEEBEAKRMLOEIC, BREEEER 1 6. RT.
BRTF—FPEBS LA BRNTF— T ERBESGIFEREMRLEE, TOLic, CMP (Ch
emical Mechanical Polishing) MIZ DA b w /N ELEZB5 APy REST 1 ZREKRT S, #
RyY—TPEEESGCfR. FI2ZEFRMBRENE N EZTEN T 7 AV aVELEH L,
AbPwREBEST1EE., FlZE>V2ELBEEZEHVWSG, 8., I3 X311, #EBIRY
—FPEWMBESC IR, BIRF—TFTEESCODDAELL L —FLHLZBTHENER L,
[o086 9]

FLT,. W5 (b)Y KFLELEESKK, 74 UV IS 70 EERITIEWICEKD, Ak vl
STI12EERY—-TFTEBEBBESGIFEENTLT, XBWAHAAKEETEZHETR I EBKT S
[o0o7 0]

ZULT. W5 (cricZxlLESK, TR 1OHFIKNSG (Nondoped Silica Glass
) BEOHMBMEEHEDAR, CMPAUHEHEITL, BlitEE1 72ERT 5,

[o07 1]

FLT. ®5 (dYy @ELEES3K. MAEFRIERIED, Arwy/SHSTI1 ®BEY
5.

[o007 2]

FLT. B35 {e) tELEsic,. BHLULAEERSY—FEEBESG T, RU., BlE#K
BEI1 7O, IZAEZ YT RAFVEEZEXNT S, LT, AR LEEFTS LT
VBRSSP EBRBESGCIfOLEHEORICE YT ATV AR RBZEL VY AR
Bs1AENRZIZHh, BERZF—TFTEBESGCGIDOEI1I1IVY I RFB 1 UANADEHaLRI U O
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YES55&ERS, TLT,. AERRVIFIAT VERZREL, BMEGEE 1 72BHEE3
o THEIIC. B1UT A FES 1, ERYFY—FEESG (ERTF—-FTEBBESG T
DL THEAIEANKERENS,

[o07 3]

FZLT.HES5 (fYy tRLEESk, B1y U FEBS I RUBHERE1 70
EREBELSFREREL., BERHHEBE18, HE1UY LS RFES 1, YU VES 5,
EHRasEE1 6, MRLAVEEBEAMLECHSRLAZVWEREGE 1 32PEEL., &
HEMCPHAEREINS LTHOBEA L2 HoBEBIAETZIEERS—LVTHEEMRL.,
HEEZRET S.

[o007 4]

FLT. W5 (g kKFELEESKE, BEEAFS—VTHERUEONE@mIC., AMEEE4
3. BEEEASRUTCANKEBRE 42 LA5HEER4149EEMRL. TOoORMICEEHRLE S —
SPREUEBRHECPELZEEAKLES —ESPIFERL., BROoZZMIc., #6838 K
GEESIHMEB68CP LA EHMEIEG S f ZH®BIALT, FLT, HlZIERIEIIKEKD
ITwFNRNw P L TEER—VTHOLHOSHHEEE S I FREL. ThIREDPERETH
ERIc a2 2 FPADTEALT PRV UIVESP I 1 ZHEDAT,

[o07 5]

FLT. W5 (h) ERLEES, BEERS—IITHORABICHDAET N ZEHEOK,
BEU. EEEREE1 80 L BHHBER1 9FBHRT 3.,

[o07 8]

ok, HE. BRfERE1I OSEZEMT LT, V—AEH,S L, €722, BHEE?2 3
EUGEY FEBLEEMRL, M1l ~KAKLFRLEFAEREEDADEEE 11 0HBE
RTES,

[o07 7]

THE, PVIUVSFEBEEZERSTY—FEESCOATOAICRIIEBHAOBEZ., BRS
—FEBESCIOHEORICEY VATV LR EDOERBERZPERLT. FOM@mMIIC I Y
A FPEBERERITZ L2 CES, Chicd L, REBEECRIFAERELXEATERZE 1
10V TER. FE1YUYASIFRES 1A ZEAmcd U TCEEZBLE, 98bb, B
AP TERERS —FEESCOLEmS luDflcRy N, 2OBAE, BRYY—FFHE
BESGCGfotthmiceBELZEXRT OT. lio2BEREOEROE#HLLDE, Kb
— W E2EBEEREEKRKTES, COHR, B1YIVIT I FESS 1P -RKEKRKTE., BR
- rPEEBEBSGCGEFLIOVEELTCHKENIETEZ AV Y P B,

[007 8]

Mok, H1OEEBECRHIFNOFRHERESFEFACRERBOBEAEEHRT S TE
IERANEERTH %,

Thabb, ARE. FEBERBCHKEINOFLAERELEACEREB 1 10 a08BELE
PHRLTWVSE, FTHEMFEHKIEBEEB 1 1 0akcisTld, ERFY—FPEBEESGCOTF
HS51d (BEBEFAMLOMOE) OBMIEE1I VYA RES 1 alHidbonTns,
Ko, BIRY—FEEBSCORBDCHEITAHUBIAFERFARLTV S,

[o0o7 9]

¥9., FTEEEFEAEEBEEE 1 1 OLAFERK., fl2E., »Varyhr»oihs3EKEL1I 1O
Fio, BREHEBIELI 3., Ny F—FBGCEAA2EER, SEROBNAAEY, RUT. B
ZxHoRBERBEERL. FoLic, HERBREEAMLEERKIT 5.

[o0o80]

FLT. W6 (a) KELAELSE, BEEEAMLO LICERMERE 1 6 ZERAL.
Fzolie, BRI AFUESLafERERT S

FOH. B6 (b)Y LS., v FAFVES51afOET7ENT 7 ATY
AV LR BRI FPEBESGCIZERL, PERELUTHRLAEERFTS LT, &%
BAF UYL EBRERTE, 742UV F S T7 0LRIEIRCEDERY - FEEE
SGIFEERVIFAF VU ASAEBEZMILT, XBAMAICEFETSIETRILIZERT S
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s ChRiLEKD, BRI RFT YUY A FEIMTRLIE IV AEFEESL 1 ak, #FotLkic
mEINEZYarvEs55E, BT2EBRY-FPEESCHRERENS,

[008 1]

ZFLT. W6 {(cricFELELES5E. BTRIOGHENSGCGAIYODHEBHEZEBSIAR
. CMPAEZTY, EHEMEE 1 72EBKT 5.

[o0osg 2]

FLT,. K6 (d) kZlLEXS3k, VOB SRUBHMMEBE L 70 LIcEMME
BE1ISZERLE%Z. BRERE1 8., YUV E55, F13Y VT2 RFB51 a., 8
MiEFEI1I6, MARLAVEBRBEAMLEUERLAVERNKEEE 1 3ZEBBL. B&F
HMCPAERIND FEOENR 2 FOBHBRIAETLIEEAF—AVTHEERKRL., B
BZEBREY S,

[o08 3]

FLT. W6 (e iEFELEXSIC, BEFEFS—/VTHORNEmIC., MER4 9., ¥k
ES—BSPIrRUOUSHETEGS f 2P iAAHA, LHOLHHEBELI 6 8EKBEL, TOL
HIZ7ENTFPAYUOVYESP I 1 ZBHIAT,

[008 4]

FLT. K6 (fricExLX5ic, BEASF—VTHORMICHDAZTh-SEOK,
BEU. BNESE1 3D LI EBRHEGE L1 OZERT S,

[008 5]

CDfk. BE, BEMHERK1I9ZNMT LT, V—XAHFES L, EF7 22, EHEHEE?2 3
VERBUEY MRBLEERL, FTHEEMTLEEALTELEEBE 1 10 aEHNTE S,

[0D08 6]

FHEXEEIPEADRBEE 1 1 0acBTd, BRFY— T+ EESCOTHE S 1 diz> VU
OYES S &L EERABEVCEISCUSSIFES 1 aZ@ 5287, BRF—FERES
CHEEHIELTE, BRFSF — PRSI IXEASCTOREEE PR ETE %,

[008 7]

T, BRI TFTEEOLE S 1l udoflloE 1 VYA FBLH1E, TS 1 dOlo
H1UB I ERBS 1 as, ZRIFICHRITITE B,

[o08 s8]

B, K6 (a) RU (b)) R LEIREIEENT. BREHEE1 6 O EICERSY —
FEESCO—#rAEs, MZE7EL I 7Ry Va6 FERBR - ERER
BRL., TEERY—-TIFTEBEBEZEERSS - FEESGCONNEYERIIMW T L, 20 L,
lzEarr 727 rEEERL. IZAERLEEFTS 2T, TEERS—FZEEBHEO R
RUEBKROB/1 UYL RBES1azEBRL., TH5K, FOLICERY - FEEES GOl
O—WMrhhittEBR - FPERKEEZFEFRL, PEBRY—- FPEEBEEZMNT L, chic X
hryaovEsSS5EFERLT., TES I1dOoBlIcRULNTZELI VT AFBES 1 akb,
FoORicEBEN YY)V aYES55, BE95BIFF—FEBESGCEERLTERL,
[008 9]

THE, TOTREZBWT., TEERY - I+1ESHEBOEEZ2ELLIT 32T, TEERY
—FPEREBEOTHEATRH VI ETHED, FERMNEIZVIS I FETHIEBHE
MERTZ, BR:LT, BREBEE 1 60l SHK., THI VB, H1 U A
FEBREGCIYVDVBABBEINERBEZEIS2BEBRTS —FERSGCEER TS LETE
B, TOXIIC. E1TUBY s EREEGE, 2L cEEAmbeBHronhdFrd. =
RY—PFPBEESGCOLEES I1uRUTTFTES 1 dOoLELEETNHLAETTHL, ERT
— FPERMSCOEXAMOPTHERISA TV TERY, /. #Ho0oE1>)aryBE
BEBOVaryBLh, Z@HFRECEEBINATWTE B,

[009 0]
7. B ORBMERICHFLHNOAMERE L ERLEEBORK Z R T 2 HAWE
HETH 5D,

Thbb, ARG, BR7-TFTEBRSCOBPHCHTLIE TN AEANERARK TS 5.
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[o09 1]

Hr7ricELzLdSc, AEMMBRICFINOFAERTLEAEEEEZT L 1 1LIEBL T
VBIRF—PEEBSGCE, FOHMEIKCEHRISENEEFE2UHASI B Z2EILHICHEST S,
CThMNE., FEASEYEA D EEE 1 1 0LAR LT A3 LA TEZOCHHESRK S
%,

[oo0og9 2]

2 U s B2, ZE#Am (BlrLAM KN LTETEmECRIFIENA TS
[o0o¢g 3]

CDOEAIIE, TERE P EAIEREEL I lOERSS —FERERSGCE. FES5 1 udfl
CE1XUVY S FESS 1 ZAL, 5. lmcEz2 V9T F@ES 22893287,
BPRTF—FPEESGCEETLICEENETE, BRTY— PSS VIV AXSCTORERER
EHhicmbETES,

[009 4]

T, TOREL. BRA—FEBSGCO -HELT., YVaryE55F2HNETET
VERS-TFTEBESGCLIEHREST —SPEATETDIMOARERENIERY NS
PIVZAZSCTOLEVWHEFESIMEOMICVET N B, BIfELERME KRS,
[009 5]

BT, FHEAEF I EAZEEE1 1 1 08B RFEOHICDODVTHHET 5,

H8Wl. F1OEHMEBREGELINOTHERELTEAREREBOMEFEEFART I TE
JEHEANHER TH 3.

Thdbbt, AEE. BERA—FPEESCOHUBEAFFKHETS LEREEANEERTH 3
[o096]

F9., MAE. Uaryrokhs3ERLI IDLEE, BRAEBEL 3, X"y 75 —FBG
LB BER. SEBROB ARy, KT, B X FPO0BEBREERL. TOLICERH#
EEMLEERYT 5.

[009 7]

FDH%, B8 (a) KELEESKK, HEMSEAMLO LI, BMHBEZEE 1 6 R UTER
HF—rPEBERSGCELRDIERYY—FPEEBESGCG IZ2ERT S,

[009 8]

ZFLT. W8 (b)) tXLAEESKK,. 74UV FST7 s E2RIEWCED, EBRFY—
EMESGCIEMILT. XMAMEEETSIETR1IEZERKT S,

[009% 9]

FLT. K8 (c) kExlLAEESE, BHLEER - FEBESCIOLrEBECHET
. FIAR P RAFVBREERT S, TLT. FIAESBULUEETS LT, ERY— b
ERESCIOIImOMcE I >UYARFBS IV EREN, HilmicE2 VY0 FES
2HERTHN, BRYY—-TFERBESGCIFOBEI1UT A RBS 1 RUEBE2UVYALFES
2O EPr I avYEs5&iab, FLT, NBAEA > FTRA5FEEREL. BREE
BR162#Z2BHEEZ, 2DX3KK, BEI1TUTAFES1IRUEBEZIUYALSAFBES 2
VERSF—FEMSC (BRY—FPEHBESG ) KN LTHACEBANIKERENS..
[0100]

FLT. M8 (dY WHLEEKSk. BR#fEEERE16. H1 YUV FBS 1RUTE:?2
DU A RES2REIXYIR., FIZENSGCAYOBHMERE 1 8 aZERL. Bl
BE17TRUBHERE 1 8 2Z2HEKT 5.

[0101]

ZLT. M8 (e ELAELSK, BEAEEH18. BE1>UY L FEs51., YU
YEL S, BHABRE L. MARLAVHEREEAMLETE R LZVEMEEE 1 3 %
BEL., BESCPHERINS FToEBEAX T oBEBICHET 288K —/IVTH®
L., BEBERET S,
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[o102]

FLT. K8 (fY cxLLSc,. E@F—/NVTHORNRHIC, BEK4 9. XEHHE
VS—BESPf, BEHMHEEGS FEERL. MABRIEKLLXDZTyF NNy LT EHD
oHMBEe s fFEZRBREL. Thie X EREINWEEEBRaOVYZ I FPHODT7EIL TP AT
aYESPI1R2EHAL,

[o103]

Fo%, BEEGEL1 S, YV—RFES L., E722, BEHMHEE23. RUTE v FEB
LEERL., M7 rLREREFEFAZREEL 11 PAERKTES,

[o104]

CoEkI AR AFFEE, HS5CBELTHBALAEMEEAREICER, TRAEBTE, £&
BEAHAELICE WV,

[o105]

Fih, FEEMEEATEEELI LI 10ES. BRY—FERESGCforEmEUTHm
DHFECEBEEEKRKIZIERLG, LtEANO2BEEOERI - KTz T., film~od
EBEOEROEH - ~0BERIFPEANIHN., BIRF—IFPTEESCERXELTE S RRMEKN
kT ED,

[o10686]

T, FEORI VY SI FBZAEISBIRS 1 BESCEATARNEREENEES
DRESHSEOEEHNZODOCTHHT 5.

Mo, BF1OEHEBREGELINOTERELTEAREREBOMEFEEFARTZTE
JEHEANHER TH 3.

Thdbbt, AEE. BERA—FPEESCOHUBEAFFKHETS LEREEANEERTH 3
[o107]

F9., MAE. Uaryrokhs3ERLI IDLEE, BRAEBEL 3, X"y 75 —FBG
LB BER. SEBROB ARy, KT, B X FPO0BEBREERL. TOLICERH#
EEMLEERYT 5.

[o108]

FDH, B9 (a) KELEESK, HEBAAMLO LI, BMEZE L 6., ERS
— FERMMSGCLAZBERY—FEBESGCf, RU, BMEEE1 S bEERIT Z. B
MEE 1 8blcld, MIZE YV I VEBIEBEEPHVWSEI LN TE S,

[0109]

FLT.®M9 (b)Y ExLEESKE, 72UV FS5T7 40 ERITIEIRED, BHMEEE
18b., BRR¥Y—-PEWMBESGC . BMeEEI 6. NELEAVEEBEMEEEAML EUKER
LAVWERERELI 32EE8L., BEEHCPARAERENN S LB A2 yhoERBICT
ETL2EEF—NVTHEERL., BEBERET 5.

[0110]

FLT. W9 ()Y WELEESKK, HBFR—IIITHORNERIC., BEBE4 9., FEHIK
ES—@BSPIl, SMfEe8 FEEKL, BIABRRIEREDbTZyF Ry Z L TEHD
SHEE66 8 fEREL. TARIVERENLEMIZaY 2 FPRAOT7ELVT 7 AU
aVvESPI1ZHHAL,

[011 1]

FLT. M9 (dyY WL ESk. BR#ERE1 SbAEHAIAE 7 vBIEEZAVEA
BicXoBELT, BR7P—PMFPEBBESCIroLtmEEHRETES,

[o0112]

ZFLT. W9 (e) kLIS, BEHLEBRYY—FERESG . R, @K
— IVTHEHEDAEhEZBEO LI, IZB2X2F7AF 2 EEERL. AIZERDLHEETS
s CHhickD, BIRTF—PFEEBKSCIroLtmofllicx >y F A7 )Y A4 FPhoikdE
12U S FES 1 EREN, BERSF—TFEEESGCIOE1I VIS FBS 1 UAD
o )arvEs55¢45, LT, BEEFSF—NVTHIKEDAENETENL T 7 AT
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arvEsSPIf1oOLEflkER, T AF2VH A FPARAEADLIEITIURASFES 3HE
RENE, . TOBELE. B1>U3 M FEBs 1k, EBRY—-FEBRS G GEIRY —
FEBMESGCI) ERLTHIEANICERENS.

[o113]

FLT. B9 ()Y kFELESkk, 74UV FTS5T7 0 ERI1IEIRED, EL>UY
AFRESS 1L UVOYESSEEMILT, XBAHAAKLEETLE2ETRZEZERT S,
[011 4]

ZLT. K9 (g) ELEELSC,. BTR2ONEEBDIAIZ, HE1 VY AL FBES
1, EBFR—/VTHRELAENER, RU. E3XUVH S FBEFIZFESESKRR. BHE
WiEE 1 8 cREHRIT S, BHERE I S ckEAIEVICEBEBEZHAHWBEEHST
X, BEMMABEE1 8 cl. M2l cBHEEEL 7. 1 8RT19EkK%,
[0o115]

FOoOH., V—ABRMS L, E7 22, BMEEE23. RUEY FEBLEEKRL., EF
FlOFAHEEELELADBEB 1 1 2P ERTES,

[0116]

T, ABH&ATRER. BEEF—LVTHRE> THEREQ EIEERERLELS—S PO LERIEE
U A TFE (B3 UTASAFELS 3 PERETHA. TOBE3ITIHFALFFES 3. 1
YUY A RES 1L E—RBLTEXRENS,

[0o117]

LT, FAEAS 1 uRCHAEBRYUYSSA FEEEIZERYY - +FEBESGCEET L2 FER
MERMBEORMEHFFZOEZEMD 1 DICDOWVWTHBET %,

1o, F1LOLEREBCRIVNOFAERTELEAEBEBEOHUEHEEN RIS
EEEAMNEFEERTS 5.

bbb, ARG, BRA—FERBSGCOUEHFEKEI I TEEEARAMNFER TS %
o HKBEFILBWVWTIE, M9 (a) ~ (d) KBHLCHBLEIEBETRERRALTHSSDOT
FRMBOTITREICODWVWTIHFAST 3,

[0118)]

HEA— /VTHONERI. MEE4 9., ¥YEAEYS—EHSPIRULHEESG S f &
L, FOLEBE7EAN I 7R VIAYESPI1IEERL, BRF—TFTEEBBESGCT
OFrHEAEBHEIEEZE, K10 (a) itZLREXSWKK., 74PV HFS5 7RI EICK
b, BIRTF—FEBESGCGIZEZMILT., XWHAFRAKEETSZIHETRIEZENRT 5.
[0119]

FLT.H®10 (b)) tELAELISSKE,. BHLEERFF —FEBEESGCIOoLmETH
H., ¥, BEER—ILVTHREDASETFNZEBOLE, ilZ2E 27 AF2EEZRERL.
Rz EBULEETS, chicko, BRFA —FEEESCIortmERUCHETmIZ. TR Fh
VEVYTARATFUIUT AR LEESZELI YUY LI RES I RUEZVIYALRES 2ARE
Eh, BRS—FPERBESGCGIFroB1 YUY S FBS ILEUTEZYUVYASFES 25
ODEEGHRVaYES 583, FLT, BEEF—ILVTHREDRAENEZTEILT 7 AT
VDavgEsSPrliflotlkic, BRI AFY¥ U S FPSR2E3 IS TFES 3FERK
Thd, B, OB, E1VYASFESS 1 RUEB2UY A RBS 2., ERY
—FPEBMSGC GERFY—FEHBESGCG ) L TEHCESWICERZEZNS,
[0120]

FLT.HWM10 () icELEXS K. BTRIOHBEFOTEMEPEDHIAR, 1 U Y
A FBE5 1., F2y0U% 7 FES2, BEFR—IIVTHREDAEN-EB., RUT., B3 VU
FAFBS3IFES LS, BHBREI13dERE/RT S, BRAKEE1SdICRIME2E
D aYBIiEEER VR LR TE, BREBE18dE, N2 LAEABRMEER 1
7. 1 8RTG19EE%5,

[o121]

FDH, V—ABMSL, ET7T 22, BEMEE2 3. RUE FEBLEERL., EF
HOAERELEARILBRES 1 1 IV ERTES,
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[o12 2]

T, ABAEHATE. EBR—NLTTHIEE>TEREN-XERLELS -S PO ESICD
POY A FRFB (BE3VHAARFRBS3) MIEREIN, COE3IUTSTFES IR, B1
U A FEBS I RUFE2UYSRES 2E—RHBLULTEHREINS,

[0o1 23]

K11, B1O0EEEECHEIANOFAEEFLEFDCBEEBOMKEAN R T 2HERN
WEXTH B,

KllicRRL k3, A EMBECEFEIINOFTHEELPEAEEEB I 1 5 altBLw
T, MERBREAMLZEBEL TS EEAKEYS —SPOMSE., EEBEWL ., OB
BiEDS, BERTF—PEEBSCEEFLTVSEXEERLES —SPORSE., BIRTF—TFEE
SGE. cHOEEE:., PEVWIKELE>TWS,

[0o12 4]

Thbb, ¥EHELELS—SPOHaLEREBEWL oG, BIIHEPELEES KK, &
BMHBELI 3, EBBASKRUANERBEA 2O0BEBE 4 9PV LN TLEH, FEE
VPS5S—SPLLERYY—FEEBSGCEOMICE., BER4ILEZELSHEBE TS S ERY
—FHBESGIMEBEYLNATVS, ZORRT—PHBEBRESGCIICEIY T VEBEBRE
B3P TED. TOLESIC. BIRF—MPHEEESGCIOEBRE., SEOEB VOB
TH B,

[0125]

Hiz2iEd, $1OEHBPECHFLIINOFNEREELPEAIEEBOEKEZA R T Z2EAN
WMERTH .

K12 (a) cRBLEZES e, FHEBERBECEZI3OFAEREELOKIDEBEE L1 150D
EHBNTE., FTHRESELPEAZEREE 1L 10T LT. SHE6e 8 [I LT, XBEHEK
ES—SPAHRERTEEL,. BREE->TWE, ChAUNGR, TTEREFEEACEER1
10LFABKRTH S,

[01 26]

Fh,. BM12 (b)) tEELELIE, AEMEECEFSHINOIFMHEBEEFRIZEACEEA
15 cleBTE. THEREEEEAOBEB 1 1 5alc LT, BB RITFENT
FERES—SPAERTERLEZRL, BIRE A T3, AR, TERELEAT
BEE1L11S5atBEETHB,

THDEkBkE, ¥ EAELS—SPOBAEI., BEOEENABETH S,

[0o127]

MI3RUEMLILAG., B1OEERBREELIMNOFEREEEAIEEBTEOE R E M T
T35, TNZFNBEANFEHECHELAOFTEAXKTH 3.

T, Hl4lkeB T, IEREL I DI, EEFrosrrxrrL., T TIRE
REEHBL TS,

[01 28]

K13RUHIAKEFLEZES SR, A EARPELFZZ3TEREEHAITHEEE 1 2 01
BT, PERYS—SPRUFEBIREERERENTHEST., ThFholrEELE S-S
PRV LT WS, §9hbb, FERTYEATZEZEBE I 20kEBLTE. EMRKONA
NDRPUZIBFTZIGNDE, FLT, BEEBEAMLO Lt FHERST—FEBUS G
(FIZERFLALHBR —FERBSGCDEAESE) PWRITOLN., BEHEAEAML O FICF
WERSF—FPEELSGC (FIZEY—ZAABRS—FEESGCS EED) PFISENTL
B, CNOOLHERY—TFTEHUSCRUTHER - FTERLSGCIE., BERY—+E
mSGiIcagEhs.

[0129]

FEERY - FEBRUSGCEEEFREYS—SPLELoMIcE., izt rhbk
5EMBERF—FHBHEUSCIARZILON, THERSS —FEELSCEPEHKYE S —
SPEoMicid, BlAXBILYIrHIhohd FHEBERY—FHEBGHELSGCIHRIT SN
B, Cho LEHBERY - TFTHEBEUSGCGIKRUTFHEER —FHREBLSG X, ERY
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—rEBESCIICAEETNS,

[o130]

FLT., FTHERF—FEBLSCOFHIE., YV—ABSLEBILENTWSE, V— R
BSLOTICEEERERI 3 abdH#HTon, V2SS LETFHERYY-FEEBL SGLEL
OBCBENEREI 3SbARBISN TS,

[o131]

THRERS - FTEELSCOTFFECBLWTHEAKES—SPRYV—AES LICEHEIN
L EHMBERSA - FEHUSGCGOLARBOWTHERES—SPREY FEBLIRERKSIN
Twd, LT, EHERF—PFERBUSGETHERF—FTEELSGCEOHOEEH
EAEAMLEBWTAET UMM CHEREN, PERKLES—SPH, BEERDO 1 DONA
NDALUXZELTHEBEST 3,

[o132]

FHERYY—FEBMUSCRUTIFHBERSSY —FERLSGCE., YHARIETWHEATSE
D, X#MAAER-TEETLIHFROBEBRESTLTWS,

[0133]

— ., FEEKELELS-—SPOLPRLEREINSIYY FEBL, RU, YEKHELELES—SPOD
THMCEBETNIZVYV—ZARMS L. YHAAKEETZHROBREEL TV 5,

FLTC,. COBEH/E., EMHBEWLE, X YPFHICETEARROEERTH .
[0134]

COX hABEOTEREEEAEEEBEI 20NN TE, FHEHRSS—FEHEUS
CRUTHMERY—FEEBELSCOobRLEEWTNAE, Z2HAAmic U TEBEAE E
UL NEEE L2V A FES 128953, CTCT, ZWAMICH L TEEZmIX, #
2, EHBERSF—TFEBUSGCHRUTHRBERY—FEHBLSGCODEIELTNHLD
ZEHAMEN L TEELRACTHAS2 LEEATTEAOARL EE T NHLET HIENTES
[0135]

FLT., TOHOHFHFE. BE1LIXUVY A FRFBL 1IPAERINS EERRTIFT—FERUS G
EUTEHERERYY—FEEL SGCOLE 0T NHAE. E1 VYL FES 1IKZES
MTEBENZIVIVESLSLFXRXLIKLAT S, §habb, EHERY—FEHEUSGCR
CTHERY—FEELS ORI B WEFNDAE., YVIAYE55&, »VarEs5
sicfEEEN7EHI1UY I FBEBs 1, OBRBBEZELTWVWS,

[01 36]

coFHFeIaryEs sk, AT BEEEAMNEERETEAL TP AV OER
RV UarxEST.

[0137]

oS, EHEBERA—TFERMUSGCRUTFHRERY - FEHLSGCoLbElLEW
FhhrhrhoLTAETTFEOAZL IR AIC, YUVIVB55X0EMANENEL >
U S FES1E2ZRHVWASACET. ERA—-FPERES GCGHREFETE, BRYF—F T
VAASCTOREREZRNETE S,

[o138]

FLT, 2oBEEE., FHBBRY—FEBMUSGCRUTNTEERY—FEBLSGCOL R
LrarvndFnshid, ZE@AE (B1AHA) BN LT ETAhmLEERILNEHT 22UV A
FESZEZILICALTWVWTE RV,

Chickbh, BRFF—TFTERSGCEETLIEBEEMILTZ, BIRF— PSP AEXSG
TOLEREZEISICA ETE S,

[01 3 9]

k., PHBERY—PFPERBUSGCOLTHEHOHAMEEI1 IS REBES 1 AR ISNEBE
id, EMERS—FEHAUSCRER. FEBEAMLOERI I 2 ERNOAcRIEB N
THEBH, B12UFSITFES 1, EHMBERF—IFTEBUSGCOMBRESBHAML XK
Oflomich- THITENS,
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[o140]

— A, FHREHRS - FPEBLSGCOLEORMICE 1 VI FE 1 AR INBHE
X, THRBRZY—FEMRMLSGCE., ER 1 1 CERBEAMLEOBICRITISENTED
LEB1IYUY LS RES 1R, FHERSS - TFEBELSGCOBEEBERESAMLoMlo®EICH -
TiRIEN B,

[o141]

(FH2OHRBOFEE)

FHPAOF 20ERMPFRECHFI3TEREELIEFACBREHOMERAE XK., LT OEHABRE
CHEA2TAHERESE I EAGBEBRUCZIOEROTNHER PEAZIBEBOMESETH S
s TEbb, E1AmM (WA FZWMAR) CXECHEBEINEEROBEBWL 2 ERD
ERBEEREIA4ALZPEILI2EBEEAMLE., S 1 A@MIKBLWTERBRBEEAEAML I
BMEIhhEZERSS—PFPERBSGE, HERMEAMLEERSA—TITEESGCEENMAEEL S
MICEBESZ2EHEELEYS —SPE, EMBEWLOFNFNLEREKLELS —SPLEOEET
EHRIOHhZERFE (AEVEILMC)Y &, ¥PEHES—SPLERF—IFEBESGC LD
MIZFTOENEBRY - FMBESGCI ., PHEIT5TEREFEATBEBONEH
THD, UTTR., FEHPBPEORFHUTEILZIEN S —FEESGCOBERFEBER DL THNA
T D,

[01 42]

M15@. B2O0ELEBEEELHE A TEREYEATRBEBOMESAELEMART 2 70—
F¥y—PFERTHS,

HlrsicRLEESIL, AEMERBCFELIEBEAEILBTR., 9. HEHEEAEML
L, BIRF—FPEBSCOPE L —HELEIHERRTFT—TBEESGIE, #FE 1AM
(ZEhAmA) KEBI S (AFvy 7S 110) . $hbb, BEEEAEAML 2ERY—
EMBESGIfEeE, Iz, BER110T@mE1 1 abicEBlTs, flZE,. 5 (a)
CEALULTHMBEALIZLBEERT S, i, FIAE, M6 (a) IKWHARLEZNEEEHRT S
BEE3. coBcR. FHXOBRY—PFPEHMSGCR., K6 (a) iR LETFEERY —
FEBBESGI 1 TH 5,

[O0143]

FLT.,. BRTF—PFPEREESC FrosdE Ll facd L TEERATmAEI VY F{ET S
(AFw 7S 120). WzaE,. M5 (e} M6 (a) EALTHBLAZUHEE ZHT
5o
[01 4 4]

chickn, WaE, BER7P7—FEESGCOLAS I uRTTFES 1 dDSARELL
Fhhic, U EFFEIHDEEMAMIBEVEICUT S FES 1 DEBRTE., IR —
FEEBS CHABREH{LTE, BRY—FF IV IXASCTOLSEREERLETE S,
[o1 45]

TH, AFyv TSl z20kBTE, BRA—FEEESGCGIOE1AMKHLTET
TE (§8bb, BRY-FTEEESG fOofllm) 2, iUV FELTEERYL,
Thbb, M8 (c) FKRBEI1IO (b)) KEHLTHBLEAERITS, Chickb., =B
WY PFPEEBSCOEREZILIKIEFTE S,

[01 46]

ZTH., AHEHPOEMEBERCELITHREELEHATEEEBILB T, EREMERE 1 4.
HNElfEK4 2. HHEE4 3. BRY—TFHEBEESGCIRULHEE 8icid. BBk
Vay, gfkruary, eIV, BIETNVIOLAL, BEETILVLIZ 0L, NTY
ZTF . NT UL TR =, BleNTZTF, BINTZ UL TNVIR—F, NT
L=, BT LU —F, BIET R RUGST R TR
F—hrE O ESBIPOBRBREINLEZOCITNHDOOEBE, /&, MXdHIrOBERIALER
O RLZBEEEBEEZRA VWS ENRTES,

[o147]

Flh,. B4 8. Efbvvay, gk Vay, BE7TNLVI=oD A, BELT

}
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WEZO L, NZZT O NTZ UL TNV ER—F, BIENTZTF, BT 2T LT
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CERTIFICATE OF TRANSMISSION

I hereby certify that this correspondence is being transmitted by either submission using the EFS WEB submission system,
fax to the U.S. Patent and Trademark office to fax number 571-273-8300, or is being deposited with the United States Postal
Service as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313~
1450 on November 1, 2021.

/Michael L. Bartholomew/
Attorney for Applicant

PATENT
Docket No. PM07027D1CIP1C6 (3430.2.388US6CIP1)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Inventor(s):  Igor Polishchuk et al.
Serial No.: 17/157,350

Filed: January 25, 2021 Group Art

Unit: 2893

Title: MEMORY TRANSISTOR WITH MULTIPLE
CHARGE STORING LAYERS AND A HIGH WORK
FUNCTION GATE ELECTRODE

Examiner: Not assigned

PRELIMINARY AMENDMENT

TO THE COMMISSIONER FOR PATENTS:

Before examination, please amend the above-identified patent application as follows.
Amendments to the Claims begin on page 2.

Remarks begin on page 9 of this paper.
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AMENDMENTS TO THE CLAIMS:

Please amend the claims as follows:

1. (Canceled)

2. (New) A method comprising:

forming over a substrate a stack of layers including at least a first dielectric layer, a
sacrificial layer and a second dielectric layer, wherein the sacrificial layer is separated from
the substrate by the first dielectric layer and the second dielectric layer is separated from the
first dielectric layer by the sacrificial layer;

forming an opening extending through the stack of layers to a first doped diffusion
region formed on the substrate;

forming on sidewalls of the opening a blocking dielectric layer;

forming on an inside sidewall of the blocking dielectric layer a multi-layer charge
storing region;

forming on an inside sidewall of the multi-layer charge storing region a tunnel
dielectric layer; and

forming on an inside sidewall of the tunnel dielectric layer a vertical channel having a
semiconductor material extending from the first doped diffusion region through the opening

to a top of the stack of layers.

3. (New) The method of claim 2, further comprising the step of etching the sacrificial

layer to form a second opening.

4 (New) The method of claim 3, further comprising the step of depositing a gate

electrode in the second opening.

5. (New) The method of claim 4, wherein the second dielectric layer separates the gate

electrode from an overlying memory transistor.

PMO07027D1CIP1C6
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6. (New) The method of claim 4, wherein the deposited gate electrode is a high work

function gate electrode.

7. (New) The method of claim 2, wherein the vertical channel formed includes an

annular region.

8. (New) The method of claim 7, wherein at least a portion of the vertical channel is

formed of polysilicon.

9. (New) The method of claim 7, wherein the vertical channel formed includes an outer

layer of semiconductor material.

10.  (New) The method of claim 9, wherein the outer layer of semiconductor material is

formed of polysilicon.

11.  (New) The method of claim 7, wherein the vertical channel formed includes a layer of

semiconductor material surrounding a cylinder of filler material.

12. (New) The method of claim 2, further comprising the step of forming a second

diffusion region such that the vertical channel connects the first and second diffusion regions.
13.  (New) The method of claim 2, further comprising forming a layer of semiconductor
material including a second doped diffusion region over a top surface of the stack of layers
and the opening, wherein the vertical channel electrically couples the first doped diffusion

region to the second doped diffusion region.

14.  (New) The method of claim 2, wherein the second dielectric layer separates the

sacrificial layer from an overlying memory transistor.

PMO07027D1CIP1C6
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15.  (New) The method of claim 2, wherein the multi-layer charge storing region includes

an oxygen-lean nitride layer and an oxygen-rich nitride layer.
16.  (New) The method of claim 15, wherein the oxygen-lean nitride layer is formed on the
inside sidewall of the blocking dielectric layer and wherein the oxygen-rich nitride layer is

formed on the inside sidewall of the oxygen-lean nitride layer.

17.  (New) The method of claim 15, further comprising forming an anti-tunneling layer

between the oxygen-lean nitride layer and the oxygen-rich nitride layer.

18.  (New) The method of claim 7, wherein the blocking dielectric layer is formed in a

substantially annular shape.

19.  (New) The method of claim 18, wherein the multi-layer charge storing region is

formed in a substantially annular shape.

20.  (New) The method of claim 19, wherein the tunnel dielectric layers is formed in a

substantially annular shape.

21.  (New) The method of claim 2, wherein the blocking dielectric layer includes a high K

dielectric.

22, (New) The method of claim 18, wherein the blocking dielectric layer includes a high

K dielectric.

23. (New) The method of clam 4, wherein the second dielectric layer separates the gate

electrode from an overlying memory transistor.

24.  (New) A method comprising:
forming over a substrate a stack of layers including at least a first dielectric layer, a

sacrificial layer and a second dielectric layer, wherein the sacrificial layer is separated from

PMO07027D1CIP1C6
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the substrate by the first dielectric layer and the second dielectric layer is separated from the
first dielectric layer by the sacrificial layer;

forming an opening extending through the stack of layers towards the substrate;

forming on sidewalls of the opening an annular shaped blocking dielectric layer;

forming on an inside sidewall of the blocking dielectric layer an annular shaped multi-
layer charge storing region;

forming on an inside sidewall of the multi-layer charge storing region an annular
shaped tunnel dielectric layer; and

forming on an inside sidewall of the tunnel dielectric layer an annular shaped vertical
channel having a semiconductor material extending from the substrate through the opening

towards a top of the stack of layers.

25.  (New) The method of claim 24, further comprising the step of etching the sacrificial

layer to form a second opening.

26. (New) The method of claim 25, further comprising the step of depositing a gate

electrode in the second opening.

27.  (New) The method of claim 26, wherein the second dielectric layer separates the gate

electrode from an overlying memory transistor.

28.  (New) The method of claim 26, wherein the deposited gate electrode is a high work

function gate electrode.

29.  (New) The method of claim 24, wherein the second dielectric layer separates the

sacrificial layer from an overlying memory transistor.

30. (New) The method of claim 24, wherein the multi-layer charge storing region includes

an oxygen-lean nitride layer and an oxygen-rich nitride layer.

PMO07027D1CIP1C6
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31.  (New) The method of claim 30, wherein the oxygen-lean nitride layer is formed on the
inside sidewall of the blocking dielectric layer and wherein the oxygen-rich nitride layer is

formed on the inside sidewall of the oxygen-lean nitride layer.

32, (New) The method of claim 31, further comprising forming an anti-tunneling layer

between the oxygen-lean nitride layer and the oxygen-rich nitride layer.

33.  (New) The method of claim 26, wherein the blocking dielectric layer includes a high

K dielectric.

34. (New) The method of clam 33, wherein the second dielectric layer separates the gate

electrode from an overlying memory transistor.

35. (New) The method of clam 34, wherein the multi-layer charge storing region includes

an oxygen-lean nitride layer and an oxygen-rich nitride layer.

36. (New) A semiconductor memory device, comprising:

a semiconductor substrate,

a channel region oriented substantially perpendicular to the semiconductor substrate,
the channel region formed in a substantially annular shape,

a tunnel dielectric layer surrounding the channel region, the tunnel dielectric layer
formed in a substantially annular shape,

a multi-layer charge storing region surrounding the tunnel dielectric layer, the multi-
layer charge storing region formed in a substantially annular shape,

a blocking dielectric layer surrounding the multi-layer charge storing region, the
blocking dielectric layer formed in a substantially annular shape, and

a gate electrode surrounding the blocking dielectric layer.

37. (New) The semiconductor memory device of claim 36, wherein the multi-layer charge
storing region includes a first oxygen-lean nitride layer and a second oxygen-rich nitride

layer.

PMO07027D1CIP1C6
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38.  (New) The semiconductor memory device of claim 37, wherein the first oxygen-lean
nitride layer and the second oxygen-rich nitride layer both include silicon, nitrogen and

oxygen components.

39. (New) The semiconductor memory device of claim 38, wherein the first oxygen-lean
nitride layer is formed on an inside sidewall of the blocking dielectric layer and wherein the
second oxygen-rich nitride layer is formed on the inside sidewall of the first oxygen-lean

nitride layer.

40. (New) The semiconductor memory device of claim 39, wherein the blocking dielectric

layer includes a high K dielectric.

41. (New) The semiconductor memory device of claim 36, including a stack of layers

formed over the substrate.

42.  (New) The semiconductor memory device of claim 41, wherein the stack of layers
includes a first dielectric layer, a gate layer and a second dielectric layer, wherein the gate
layer is separated from the substrate by the first dielectric layer and the second dielectric layer

is separated from the first dielectric layer by a sacrificial layer.

43, (New) The semiconductor memory device of claim 42, wherein the channel region is

formed in an opening extending through the stack of layers.

44, (New) The semiconductor memory device of claim 42, wherein the second dielectric

layer separates the gate layer from an overlying memory transistor.

45. (New) The semiconductor memory device of claim 36, wherein the blocking dielectric

layer includes a high K dielectric.

PMO07027D1CIP1C6
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46.  (New) The semiconductor memory device of claim 36, wherein the gate electrode is a

high work function gate electrode.

PMO07027D1CIP1C6
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REMARKS
The Applicant respectfully submits that the Application is in condition for allowance.
If the Examiner notes any further matters that may be resolved by a telephone interview or
Examiner’s amendment, the Examiner is encouraged to contact the Applicant using the

contact information listed below.

Respectfully submitted,

/Michael L. Bartholomew/

Michael L. Bartholomew
Reg. No. 60,225
Attorney for Applicant

Date:_November 1. 2021
50 W. Broadway, 10" Floor
Salt Lake City, UT 84111
Telephone (801) 994-4646
Fax (801) 531-1929
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ired to respond to a collection of information unless it displays a valid OMB control number.

APPLICATION AS FILED - PART |

Application or Docket Number Filing Date
PATENT APPLICg;}l’;gmggigg'ﬁg&lg]ATloN RECORD 77157 350 01oY2001 370 be Maled
ENTITY: LARGE [JsmALL (JMICRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() Basic FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or ()
(L) SEARCH FEE
(37 GFR 1.16(k), (i), or (m)) N/A N/A N/A
(L) EXAMINATION FEE
(37 CFR 1.16(0), (p). or (q)) NiA NIA N/A
TOTAL CLAIMS . .
(37 CFR 1.16())) minus 20 = x $100 -
INDEPENDENT CLAIMS . R
(37 GFR 1.16(h)) minus 3 = x $480 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déig‘lfﬁgg)’\; SIZE FEE (37 for small entity) for each additional 50 sheets or
: fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
(CJ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
- 11/01/2021 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * . *x _ _
E (37 GFR 1160) 45 Minus 45 =0 x $100 = 0
Z | Independent B ) . _ —
uEJ (370%1_16@) 3 Minus 3 =0 x $480 - 0
< (] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AETER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total * ; o - —
s (37 PR 1.16() Minus = X $0 =
O | independent . ' o -
E (370}%1.16(h)) Minus = x $0 =
s| 0 Application Size Fee (37 CFR 1.16(s))
< [:] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()
TOTAL ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.

LIE

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

/TERRANCE R LAWRENCE/

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-8199 and select option 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
36491 7590 07/20/2022
Kunzler Bean & Adamson YUSHIN, NIKOLAY K
50 W. Broadway
Suite 1000 | ART UNIT PAPER NUMBER |
Salt Lake City, UT 84101 2893
DATE MAILED: 07/20/2022
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
17/157.350 01/25/2021 Igor Polishchuk PMO07027D1CIP1C6 6135

TITLE OF INVENTION: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/20/2022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.
If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

36491 7590 07/20/2022 Certificate of Mailing or Transmission

Kunzler Bean & Adamson I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
50 W. Broadway addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 1000 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Salt Lake City, UT 84101 (Typed or printed name)
(Signature)
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/157,350 01/25/2021 Igor Polishchuk PM07027D1CIP1C6 6135

TITLE OF INVENTION: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE

APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/20/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
YUSHIN, NIKOLAY K 2893 257-324000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached.

[ "Fee Address" indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jssue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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‘, UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/157.350 01/25/2021 Igor Polishchuk PMO07027D1CIP1C6 6135
| EXAMINER |
36491 7590 07/20/2022
Kunzler Bean & Adamson YUSHIN, NIKOLAY K
50 W. Broadway
Suite 1000 | ART UNIT PAPER NUMBER |
Salt Lake City, UT 84101 2893

DATE MAILED: 07/20/2022

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 17/157,350 Polishchuk et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
NIKOLAY K YUSHIN 2893 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to Application filed on 01/25/2021.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 2-46 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) JAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a}).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.(J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. ¥J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date See Continuation Sheet.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [J Other -

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

INIKOLAY K YUSHIN/
Primary Examiner, Art Unit 2893

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220623
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Continuation Sheet (PTOL-37) Application No. 17/157,350

Continuation of Attachment(s) 2. Information Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 05/
25/2021; 05/25/2021; 08/02/2021; 08/18/2021
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Application/Control Number: 17/157,350 Page 2
Art Unit: 2893

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application is being examined under the pre-AIA first to invent provisions.
Status of Claims
Claims 2 - 46 are under consideration in this Office Action.
Allowable Subject Matter

Claims 2 - 46 are allowed.

The following is an examiner’s statement of reasons for allowance:

In re Claim 2, prior-art fails to disclose a method comprising steps of “forming an
opening extending through the stack of layers to a first doped diffusion region formed on the
substrate; forming on sidewalls of the opening a blocking dielectric layer; forming on an inside
sidewall of the blocking dielectric layer a multi-layer charge storing region; forming on an inside
sidewall of the multi-layer charge storing region a tunnel dielectric layer; and forming on an
inside sidewall of the tunnel dielectric layer a vertical channel having a semiconductor material
extending from the first doped diffusion region through the opening to a top of the stack of
layers” Therefore, the claimed method differs from prior art methods on this point and there is
no evidence it would have been obvious to make this change.

In re Claim 24, prior-art fails to disclose a method comprising steps of “forming on an
inside sidewall of the tunnel dielectric layer an annular shaped vertical channel having a
semiconductor material extending from the substrate through the opening towards a top of the
stack of layer.” Therefore, the claimed method differs from prior art methods on this point and

there is no evidence it would have been obvious to make this change.
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Application/Control Number: 17/157,350 Page 3
Art Unit: 2893

In re Claim 36, prior-art fails to disclose a semiconductor memory device, comprising a
multi-layer charge storing region surrounding the tunnel dielectric layer, the multi- layer charge
storing region formed in a substantially annular shape, a blocking dielectric layer surrounding the
multi-layer charge storing region, the blocking dielectric layer formed in a substantially annular
shape, and a gate electrode surrounding the blocking dielectric layer.” Therefore, the claimed
device differs from prior art devices on this point and there is no evidence it would have been
obvious to make this change.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NIKOLAY K YUSHIN whose telephone number is (571)270-
7885. The examiner can normally be reached Monday-Friday (7-7 PST).

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Yara B. Green can be reached on 5712703075. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 17/157,350 Page 4
Art Unit: 2893

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC)
at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/NIKOLAY K YUSHIN/
Primary Examiner, Art Unit 2893
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/157,350 Polishchuk et al.
H “ “m Examiner Art Unit
NIKOLAY K YUSHIN 2893

CPC

Symbol Type Version
HO1L F 2013-01-01
HO1L 1 2019-08-01
HO1L | 2013-01-01
HO1L 1 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
B82Y | 2013-01-01
HO1L | 2013-01-01
G11C | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L 1 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L | 2013-01-01
HO1L 1 2013-01-01
HO1L | 2013-01-01
CPC Combination Sets

Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 45

/NIKOLAY K YUSHIN/
Primary Examiner, Art Unit 2893

(Primary Examiner)

24 June 2022

(Date)

O.G. Print Claim(s)
36

O.G. Print Figure
10C&10D

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 20220623

Sandisk Technologies, Inc. - Ex. 1002, Page 001880



Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |.7/1s7 350 Polishchuk et al.

NIKOLAY K YUSHIN 2893

INTERNATIONAL CLASSIFICATION
CLAIMED

HO1L
HO1L
HO1L
G11C

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 45
/NIKOLAY K YUSHIN/ 24 June 2022 . . -
Primary Examiner, Art Unit 2893 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 36 10C&10D
U.S. Patent and Trademark Office Part of Paper No.: 20220623

Page 2 of 3

Sandisk Technologies, Inc. - Ex. 1002, Page 001881




Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/157,350 Polishchuk et al.
Examiner Art Unit
NIKOLAY K YUSHIN 2893

[0 Claims renumbered in the same order as presented by applicant

O CPA (O T.D. [O R.1.47

CLAIMS
Final |Original|Final OriginallFinaI Original|Final |Original|Final [OriginalJFinal |Original]Final [Original|Final |Original
1 18 10 21 19 31 28 38 37 37 46

1 2 16 11 22 20 24 29 39 38

9 3 2 12 5 21 25 30 40 39

10 4 3 13 20 22 26 31 41 40

11 5 4 14 13 23 27 32 42 41

12 6 6 15 23 24 32 33 43 42

14 7 7 16 28 25 33 34 44 43

15 8 8 17 29 26 34 35 45 44

17 9 19 18 30 27 35 36 36 45
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 45

/NIKOLAY K YUSHIN/
Primary Examiner, Art Unit 2893

(Primary Examiner)

24 June 2022

(Date) 36 10C&10D

O.G. Print Claim(s) | O.G. Print Figure

U.S. Patent and Trademark Office

Page

3of3

Part of Paper No.: 20220623

Sandisk Technologies, Inc. - Ex. 1002, Page 001882



Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 17/157,350 Polishchuk et al.
NIKOLAY K YUSHIN 2893

CPC - Searched*
Symbol Date Examiner
B82Y10/00; B82Y40/00 06/24/2022 NY
G11C16/0466; G11C16/02; G11C16/3459; G11C16/379 06/24/2022 NY
HO01L21/02532; HO1L21/0214; HO1L21/02595 06/24/2022 NY
HO1L27/11526; HO1L27/11573; HO1L27/11563; HO1L27/11575; NY
HO1L27/11568 06/24/2022
HO01L29/511; HO1L29/4916; HO1L29/66833; H01L29/0649; HO1L29/ NY
42344; HO1L29/7926; HO1L29/518; HO1L29/40117; HO1L29/66795; 06/24/2022
HO1L29/792; HOL29/0676; H01L29/513; HO1L29/512; H01L29/4234
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes

Date

Examiner

Keyword, inventor names, assignee searching - see search history

06/24/2022

NY

INIKOLAY K YUSHIN/
Primary Examiner, Art Unit 2893

U.S. Patent and Trademark Office
Page 1 of 2

Part of Paper No.: 20220623

Sandisk Technologies, Inc. - Ex. 1002, Page 001883



Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes Polishchuk et al.

NIKOLAY K YUSHIN 2893
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
B82Y10 00 06/24/2022 NY
B82Y40 00 06/24/2022 NY
G11C16 0466; 02; 3459; 379 06/24/2022 NY
HO1L21 02532; 0214; 02595 06/24/2022 NY
HO1L27 11526; 11573; 11563; 11575; 11568 06/24/2022 NY
HO1L29 511; 4916, 66833; 0649; 42344; 7926; 518; 40117;

66795, 792; 0676; 513, 512; 4234 06/24/2022 NY

INIKOLAY K YUSHIN/
Primary Examiner, Art Unit 2893

U.S. Patent and Trademark Office

Page 2 of 2

Part of Paper No.: 20220623

Sandisk Technologies, Inc. - Ex. 1002, Page 001884



PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator [Equivalents
L1 27 ((("LONGITUDE") near3 [ (USPAT) OR ON ON 2022/06/23
("FLASH") near3 05:58 PM
("MEMORY") near3
("SOLUTIONS") near3
("LTD"))).AS,AANM.
L2 176 (("LONGITUDE") near3 | (US-PGPUB; USPAT; |OR ON ON 2022/06/23
("FLASH") near3 USOCR; FIT (AU, AP, 05:58 PM
("MEMORY") near3 AT, CA, CH, CN, DD,
("SOLUTIONS") near3 |DE, EA, EP, ES, FR,
("LTD"))).AS,AANM. GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L3 356 ((("POLISHCHUK") (US-PGPUB; USPAT; |OR ON ON 2022/06/23
near3 ("lgor")) OR USOCR; EPO; JPO; 05:58 PM
(("LEVY") near3 DERWENT)
("Sagy")) OR
(("RAMKUMAR") near3
("Krishnaswamy"))).INV
L4 658 ((("POLISHCHUK") (US-PGPUB; USPAT; |OR ON ON 2022/06/23
near3 ("lgor")) OR USOCR; FIT (AU, AP, 05:59 PM
(("LEVY") near3 AT, CA, CH, CN, DD,
("Sagy")) OR DE, EA, EP, ES, FR,
(("RAMKUMAR") near3 |GB, JP, KR, OA, RU,
("Krishnaswamy"))).INV |SU, WO); FPRS; EPO;
. JPO; DERWENT;
IBM_TDB)
L5 80 L4 AND L2 (US-PGPUB; USPAT; |OR ON ON 2022/06/23
USOCR; FIT (AU, AP, 05:59 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L6 40 L4 AND L2 (US-PGPUB; USPAT) |OR ON ON 2022/06/23
05:59 PM
L7 20 L4 AND L2 (USPAT) OR ON ON 2022/06/23
05:59 PM
L8 1 171157350 (US-PGPUB; USPAT) |OR ON ON 2022/06/23
06:01 PM
L9 30 16/429464;15/864832; [(US-PGPUB; USPAT) [OR ON ON 2022/06/23
16/429464; 15/335180; 06:04 PM
14/811346; 14/159315;
13/539466; 13/288919;
12/152518
L10 21 16/429464;15/864832; |(USPAT) OR ON ON 2022/06/23
16/429464; 15/335180; 06:05 PM
14/811346; 14/159315;
06/24/2022 09:48:43 AM Page 1 of 7

Workspace: 17157350

NY

Sandisk Technologies, Inc. - Ex. 1002, Page 001885




13/539466; 13/288919;
12/152518

("5408115"|"6025267"|"
6114734"|"6127227"|"6
153543"|"20060017092
"|"20060228907"|"7060
594"|"7927951"|"20090
065849"|"5348903"|"54
64783"|"5972804"|"617
4774"|"6277683""2005
245034"|"2006220106"|
"20080290398"|"60017
13"|"8008713"|"742549
1"|"6462370"|"2005006
2098"|"20100270609"|"
4395438"|"4543707"|"4
870470"|"5861347"|"60
20606"|"6214689"|"200
60051880"|"200700296
25"|"20060284236"|"61
74758""5405791"|"550
0816"|"5550078"|"5573
963"|"56939333"|"59727
65"|"6074915"|"614701
4""7279740"|"7692246"
|"8163660"|"200802724
24"|"5543336"|"200200
48893"|"6136654"|"614
0187"|"6268299"|"6297
173"|"6321134"|"63483
80"|"2006113627"|"201
00252877"|"5773343"["
20060113586"|"757638
6""20100178759"|"200
20048200"|"5937323"|"
6162700"|"6217658"|"6
335288"|"2005093054"|
"6717860"|"7646041"|"2
0060008959"|"2007023
2007"|"6573149"|"4843
023"|"5793089"|"60157
39"|"6150286"|"615742
6"["20060081331"|"200
70272971"|"200800879
42"|"20080237684""20
08237694"|"200902063
85"|"6596590"|"425783
2""4490900"|"5404791"
['5817170"|"5847411"["
6023093"|"6218700"|"6
287913"|"6297096"|"20
070012988"|"20081500
03"|"20090227116"|"46
67217"|"6518113"|"200
8290400"|"2010000692
2""5179038").PN.
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substrate channel USOCR; FIT (AU, AP, 07:06 PM
annular (tunnel ADJ AT, CA, CH, CN, DD,
dielectric) layer DE, EA, EP, ES, FR,
(multilayer OR GB, JP, KR, OA, RU,
multi$layer) charge SU, WO); FPRS; EPO;
storing (block$4 ADJ JPO; DERWENT;
dielectric) (gate nADJ IBM_TDB)
electrode) )
L15 39 (semiconductor memory | (US-PGPUB; USPAT; |AND ON ON 2022/06/23
substrate channel USOCR; FIT (AU, AP, 07:06 PM
annular (tunnel ADJ AT, CA, CH, CN, DD,
dielectric) layer DE, EA, EP, ES, FR,
(multilayer OR GB, JP, KR, OA, RU,
multi$layer) charge SU, WO); FPRS; EPO;
storing (block$4 ADJ JPO; DERWENT;
dielectric) (gate ADJ IBM_TDB)
electrode) )
L16 45 (semiconductor memory | (US-PGPUB; USPAT; |AND ON ON 2022/06/23
substrate channel USOCR; FIT (AU, AP, 07:07 PM
annular (tunnel ADJ AT, CA, CH, CN, DD,
dielectric) layer DE, EA, EP, ES, FR,
(multilayer OR GB, JP, KR, OA, RU,
multi$layer) charge SU, WO); FPRS; EPO;
stor$4 (block$4 ADJ JPO; DERWENT;
dielectric) (gate ADJ IBM_TDB)
electrode) )
L17 45 ( memory substrate (US-PGPUB; USPAT; |AND ON ON 2022/06/23
channel annular (tunnel [USOCR; FIT (AU, AP, 07:07 PM
ADJ dielectric) layer AT, CA, CH, CN, DD,
(multilayer OR DE, EA, EP, ES, FR,
multi$layer) charge GB, JP, KR, OA, RU,
stor$4 (block$4 ADJ SU, WO); FPRS; EPO;
dielectric) (gate ADJ JPO; DERWENT;
electrode) ) IBM_TDB)
L18 158 ( memory substrate (US-PGPUB; USPAT; |AND ON ON 2022/06/23
channel (circl$4 OR USOCR; FIT (AU, AP, 07:08 PM
annular) (tunnel ADJ AT, CA, CH, CN, DD,
dielectric) layer DE, EA, EP, ES, FR,
(multilayer OR GB, JP, KR, OA, RU,
multi$layer) charge SU, WO); FPRS; EPO;
stor$4 (block$4 ADJ JPO; DERWENT;
dielectric) (gate ADJ IBM_TDB)
electrode) )
L19 37 L18 AND (B82Y10/00; [(US-PGPUB; USPAT; |AND ON ON 2022/06/23
B82Y40/00).CPC. USOCR; FIT (AU, AP, 07:08 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L20 37 L18 AND (B82Y$/00 (US-PGPUB; USPAT; |AND ON ON 2022/06/23
).CPC. USOCR; FIT (AU, AP, 07:10 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
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SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L21 62 L18 AND (US-PGPUB; USPAT: |AND ON ON 2022/06/23
(G11C16/0466; USOCR; FIT (AU, AP, 07:10 PM
G11C16/02).CPC. AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L22 97 L18 AND (G11C16/$  |(US-PGPUB; USPAT: |AND ON ON 2022/06/23
).CPC. USOCR; FIT (AU, AP, 07:11 PM
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L23 67 L18 AND (US-PGPUB; USPAT: |AND ON ON 2022/06/23
(G11C16/0466; USOCR; FIT (AU, AP, 07:12 PM
G11C16/02; AT, CA, CH, CN, DD,
G11C16/3459; DE, EA, EP, ES, FR,
G11C16/379).CPC.  |GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)
L24 14 L18 AND (US-PGPUB; USPAT:; |AND ON ON 2022/06/23
(H01L21/02532; USOCR; FIT (AU, AP, 07:12 PM
HO1L21/0214; AT, CA, CH, CN, DD,
HO1L21/02595).CPC. |DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)
L25 95 L18 AND (US-PGPUB; USPAT:; |AND ON ON 2022/06/23
(H01L27/11526; USOCR; FIT (AU, AP, 07:13 PM
HO1L27/11573; AT, CA, CH, CN, DD,
HO1L27/11563; DE, EA, EP, ES, FR,
HO1L27/11575; GB, JP, KR, OA, RU,
HO1L27/11568 ).CPC. [SU, WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)
L26 130 L18 AND (HO1L29/511; |(US-PGPUB; USPAT; |AND ON ON 2022/06/23
HO1L29/4916; USOCR; FIT (AU, AP, 07:13 PM
HO1L29/66833; AT, CA, CH, CN, DD,
HO1L29/0649; DE, EA, EP, ES, FR,
HO1L29/42344; GB, JP, KR, OA, RU,
HO1L29/7926; SU, WO); FPRS; EPO;
HO1L29/518: JPO; DERWENT:
HO1L29/40117; IBM_TDB)
HO1L29/66795;
HO1L29/792; HO
L29/0676; HO1L29/513;
HO1L29/512;
HO1L29/4234 ).CPC.
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L27 70 L18 AND (H01L29/511; |(US-PGPUB; USPAT) [AND ON ON 2022/06/23
HO1L29/4916: 07:13 PM
HO1L29/66833;
HO1L29/0649:
HO1L29/42344;
HO1L29/7926:
HO1L29/518;
HO1L29/40117;
HO1L29/66795;
HO1L29/792; HO
L29/0676; HO1L29/513;
HO1L29/512;
HO1L29/4234 ).CPC.
L28 61 L18 AND (US-PGPUB; USPAT) |AND ON ON 2022/06/23
(HO1L27/115286; 07:15 PM
HO1L27/11573;
HO1L27/11563;
HO1L27/11575;
HO1L27/11568 ).CPC.
L29 13 L18 AND (US-PGPUB; USPAT; |AND ON ON 2022/06/23
(H01L21/02532; DERWENT) 07:15 PM
HO1L21/0214;
HO1L21/02595 ).CPC.
L30 21 L18 AND (B82Y$/00  |(US-PGPUB; USPAT) |AND ON ON 2022/06/23
).CPC. 07:17 PM
L31 56 L4 AND (B82Y$/00 (US-PGPUB; USPAT) |AND ON ON 2022/06/23
).CPC. 11:54 PM
L32 114 L4 AND (B82Y10/00;  |(US-PGPUB; USPAT; |AND ON ON 2022/06/23
B82Y40/00).CPC. USOCR;: FIT (AP, AT, 11:54 PM
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: DERWENT:
IBM_TDB)
L33 0 L4 AND ( (US-PGPUB; USPAT; |AND ON ON 2022/06/23
B82Y40/00).CPC. USOCR; FIT (AP, AT, 11:54 PM
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: DERWENT:
IBM_TDB)
L34 0 L2 AND ( (US-PGPUB; USPAT; |AND ON ON 2022/06/23
B82Y40/00).CPC. USOCR; FIT (AP, AT, 11:54 PM
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO:; DERWENT;
IBM_TDB)
L35 0 L3 AND ( (US-PGPUB; USPAT; |AND ON ON 2022/06/23
B82Y40/00).CPC. USOCR; FIT (AP, AT, 11:55 PM
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
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GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L36 28564 ( B82Y40/00).CPC. (US-PGPUB; USPAT; [AND ON ON 2022/06/23
USOCR) 11:55 PM
L37 28546 (B82Y40/00).CPC. (US-PGPUB; USPAT) [AND ON ON 2022/06/23
11:55 PM

L38 11512 ( B82Y40/00).CPC. (US-PGPUB; USPAT) [AND ON ON 2022/06/23
AND ( 11:56 PM
B82Y10/00).CPC.

L39 4 (B82Y40/00).CPC. (US-PGPUB; USPAT) [AND ON ON 2022/06/23
AND ( 11:56 PM
B82Y10/00).CPC. AND
(G11C16/0466;

G11C16/02;
G11C16/3459;
G11C16/379).CPC.

L45 26999 (G11C16/0466; (US-PGPUB; USPAT; [AND ON ON 2022/06/24
G11C16/02; USOCR; FIT (AP, AT, 12:01 AM
G11C16/3459; AU, CA, CH, CN, DD,

G11C16/379).CPC. DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

N1 0 ( memory substrate (US-PGPUB; USPAT) |SAME ON ON 2022/06/23
channel (circl$4 OR 07:42 PM
annular) (tunnel ADJ
dielectric) layer
(multilayer OR
multiglayer) charge
stor$4 (block$4 ADJ
dielectric) (gate ADJ
electrode) ).cim.

N2 0 ( memory substrate (US-PGPUB; USPAT) |SAME ON ON 2022/06/23
channel (circl$4 OR 07:42 PM
annular) (tunnel ADJ
dielectric) layer
(multilayer OR
multi$layer) charge
stor$4 (block$4 ADJ
dielectric) (gate ADJ
electrode) )

N3 90 ( memory substrate (US-PGPUB; USPAT) [AND ON ON 2022/06/23
channel (circl$4 OR 07:42 PM
annular) (tunnel ADJ
dielectric) layer
(multilayer OR
multi$layer) charge
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N4

N5

N6

N7

N8

21

50

13

61

70

stor$4 (block$4 ADJ
dielectric) (gate ADJ
electrode) )

N3 AND (B82Y10/00;
B82Y40/00).CPC.

N3 AND
(G11C16/0466;
G11C16/02;
G11C16/3459;
G11C16/379).CPC.

N3 AND
(HO1L21/02532;
HO01L21/0214;
HO01L21/02595).CPC.

N3 AND
(HO1L27/11526;
HO1L27/11573;
HO1L27/11563;
HO01L27/11575;
HO01L27/11568).CPC.

N3 AND (HO1L29/511;
HO01L29/4916;
HO01L29/66833;
HO01L29/0649;
HO01L29/42344;
HO01L29/7926;
HO01L29/518;
HO01L29/40117;
HO1L29/66795;
HO01L29/792; HO
L29/0676; HO1L29/513;
HO1L29/512;
HO01L29/4234).CPC.

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

AND

AND

AND

AND

AND

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/06/23
07:43 PM

2022/06/23
07:43 PM

2022/06/23
07:44 PM

2022/06/23
07:44 PM

2022/06/23
07:44 PM
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Examiner Name ‘
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Application Number 17157350

Filing Date 2021-01-25

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Igor Polishchuk
Art Unit ‘ 1737

Examiner Name ‘

Attorney Docket Number ‘ PMO07027D1CIP1C6

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[l any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Michael L. Bartholomew/ Date (YYYY-MM-DD) 2021-08-18
Name/Print Michael L. Bartholomew Registration Number F50225

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 08/18/2021 17/157,350 - GAU: 2893

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE
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Application Number 17157350
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( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Not Yet Assigned
Attorney Docket Number ‘ PM07027D1CIP1C6
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Application Number 17157350
Filing Date 2021-01-25
INFORMATION DISCLOSURE First Named Inventor l Igor Polishchuk
STATEMENT BY APPLICANT | [i7a7
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Not Yet Assigned
Attorney Docket Number ‘ PM07027D1CIP1C6
28 20100295118 A1 P010-11-25 rup Bhattacharyya
29 20110018053 A1 P011-01-27 oetal.
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Application Number 17157350

Filing Date 2021-01-25
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STATEMENT BY APPLICANT

First Named Inventor l Igor Polishchuk

vl Art Unit ‘ 1737
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Not Yet Assigned
Attorney Docket Number ‘ PM07027D1CIP1C6
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(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts
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Examiner| Cite
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If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature Date Considered ‘

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)
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Application Number 17157350
Filing Date 2021-01-25
First Named Inventor l Igor Polishchuk
Art Unit | 1737
Examiner Name ‘ Not Yet Assigned
Attorney Docket Number ‘ PM07027D1CIP1C6

English language translation is attached.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if]
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Receipt date: 05/25/2021 17/157,380 -~ GAU: 2883
Application Number 17157350

Filing Date 2021-01-25

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor l Igor Polishchuk

vl Art Unit ‘ 1737
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Not Yet Assigned
Attorney Docket Number ‘ PM07027D1CIP1C6

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[l any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Michael L. Bartholomew/ Date (YYYY-MM-DD) 2021-05-25
Name/Print Michael L. Bartholomew Registration Number F50225

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 05/25/2021 17/157,350 - GAU: 2893

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application Number 17157350

Filing Date 2021-01-25

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Igor Polishchuk
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Examiner Name ‘

Attorney Docket Number ‘ PMO07027D1CIP1C6

6 0070158736 A1 PO07-07-12 BUSHIKI KAISHA TOSHIBA

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
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If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.
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If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE
Examiner Signature /NIROLAY K YUSHIN/ Date Considered ‘ 06/23/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[l any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)2).

See attached certification statement.
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1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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23 ‘Agilent ADNS-2051 Optical Mouse Sensor,” Agilent Technologies Inc., Product Overview, 2003; 2 pages
24 ‘Agilent Optical Mouse Sensors,” Agilent Technologies Inc., Selection Guide, 2004; 3 pages
25 Algorithm for Managing Multiple First-In, First-Out Queues form a Single Shared Random-Access Memory,” IBM
ITechnical Disclosure Bulletin, August 1989; 5 pages
26 'Am9Y9C10A 256 x 48 Content Addressable Memory,” Advance Micro Devices, Dec. 1992, pages 1 - 26.
27 An Analog PPL-Based Clock and Data Recovery Circuit with High Input Jitter Tolerance,” Sun, Reprinted from IEEE
lournal of Solid-State Circuits, 1989; pages 1-6.
28 'An EEPROM for Microprocessors and Custom Logic,” By Roger Cuppens et al., IEEE Journal of Solid-State Circuits,
vol. SC-20, No. 2, Apr. 1985, pp. 603-608
'An EPROM Cell Structure for EPLDs Compatible with Single Poly Gate Process,” By Kuniyushi Yoshikawa et al.,
29 Fxtended Abstracts of the 18th {1986 International) Conference of Solid State Devices and Materials, Tokyo, 1986, pp.
323-326
30 'An Experimental 5-V-Only 256-kbit CMOS EEPROM with a High-Performance Single-Polysilicon Cell,” By Jun-Ichi
Miyamoto et al_, IEEE Joumnal of Solid State Circuits, vol. SC-21, No. 5, Oct. 1986, pp. 852-860
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Receipt date: 05/25/2021 17/157,380 -~ GAU: 2883
Application Number 17157350
Filing Date 2021-01-25
INFORMATION DISCLOSURE First Named Inventor l Igor Polishchuk
STATEMENT BY APPLICANT 737
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Not Yet Assigned
Attorney Docket Number ‘ PM07027D1CIP1C6
31 [Chen et al., “Performance Improvement of SONOS Memory by Bandgap Engineering of Charge-Trapping Layer,” IEEH
Flectron Device Letters, April 2004, Vol. 25, No. 4, pp. 205-207; 3 pages
Hua-Ching Chien, Chin-Hsing Kao, Jui-Wen Chang and Tzung-Kuen Tsai “Two-bit SONOS type Flash using a band
32 g g i .
Engineering in the nitride layer,” June 17, 2005, 4 pages
33 Hung et al., “High-performance gate-all-around polycrystalline silicon nanowire with silicon nanocrystals nonvolatile
memory,” Appl. Phys. Lett, 98 162108 (2011), pub date: 4/22/2011
34 Krishnaswamy Ramkumar, “Cypress SONOS Technology”, July 6, 2011, 9 page
35 | ue et al. “BE-SONOS: A Bandgap Engineered SONOS with Excellent Performance and Reliability,” IEEE, 2005; 4
bages
36 | ue, Hang-Ting et al., “Reliability Model of Bandgap Engineered SONOS (be-SONOS)”, IEEE, 2006; 4 pages
37 Milton Ohring, “The Materials Science of Thin Films: Deposition and Structure,” 2nd Edition, Academic Press, 2002,
bp. 336-337; 4 pages
38 Wang, Szu-Yu et al., “Reliability and processing effects of bandgap engineered SONOS flash memory”, 2007 IEEE,
International Reliability Symposium, April 18, 2007; 5 pages
39 Wu et al., “SONOS Device with Tapered Bandgap Nitride Layer,” IEEE Transactions on Electron Devices, May 2005,
Vol_52, No_5, pp. 987-992; 6 pages
40 Irang et al., “Reliability Considerations in Scaled SONOS Nonvolatile Memory Devices, Solid State Electronics,” 43
1999), 2025-2032
If you wish to add additional non-patent literature document citation information please click the Add button| Add
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Receipt date: 05/25/2021 17/157,380 -~ GAU: 2883
Application Number 17157350

Filing Date 2021-01-25

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Igor Polishchuk
Art Unit ‘ 1737

Examiner Name ‘ Not Yet Assigned

Attorney Docket Number ‘ PM07027D1CIP1C6

EXAMINER SIGNATURE
Examiner Signature /NIKOLAY K YUSHIN/ Date Considered 06/23/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if]
English language translation is attached.
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Receipt date: 05/25/2021 17/157,380 -~ GAU: 2883
Application Number 17157350

Filing Date 2021-01-25

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor l Igor Polishchuk

vl Art Unit ‘ 1737
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ Not Yet Assigned
Attorney Docket Number ‘ PM07027D1CIP1C6

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[l any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Michael L. Bartholomew/ Date (YYYY-MM-DD) 2021-05-25
Name/Print Michael L. Bartholomew Registration Number F50225

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 05/25/2021 17/157,350 - GAU: 2893

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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To: docket@kba.law,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 36491

Jul 20, 2022 04:53:56 AM
Dear PAIR Customer:

Kunzler Bean & Adamson
50 W. Broadway

Suite 1000

Salt Lake City, UT 84101
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 36491 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17157350 NOA 07/20/2022 PM07027D1CIP1C6
1449 07/20/2022 PM07027D1CIP1C6
1449 07/20/2022 PM07027D1CIP1C6
1449 07/20/2022 PM07027D1CIP1C6
1449 07/20/2022 PM07027D1CIP1C6

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

36491 7590 07/20/2022 Certificate of Mailing or Transmission

Kunzler Bean & Adamson I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
50 W. Broadway addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 1000 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Salt Lake City UT 84101 Michael L. Bartholomew (Typed or printed name)
/Michael L. Bartholomew/ (Signature)
2022-08-17 (Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/157,350 01/25/2021 Igor Polishchuk PM07027D1CIP1C6 6135

TITLE OF INVENTION: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE

APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 10/20/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
YUSHIN, NIKOLAY K 2893 257-324000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363).

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1_Kunzler Bean & Adamson
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

M| Change of correspondence address (or Change of Correspondence
Address form PTO/AIA/122 or PTO/SB/122) attached.

[ "Fee Address" indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

LONGITUDE FLASH MEMORY SOLUTIONS LTD.  Dublin, IRELAND

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual Corporation or other private group entity [ Government

4a. Fees submitted: Xissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

&I Electronic Payment via EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature _/Michael L. Bartholomew/ Date 2022-08-17
Typed or printed name Michael L. Bartholomew Registration No. _60225
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 17157350

Filing Date: 25-Jan-2021

Title of Invention:

MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A
HIGH WORK FUNCTION GATE ELECTRODE

First Named Inventor/Applicant Name: Igor Polishchuk
Filer: Michael Lee Bartholomew/Mary Keshishian
Attorney Docket Number: PM07027D1CIP1C6

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul:’-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1200
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Electronic Acknowledgement Receipt

EFS ID: 46428489
Application Number: 17157350
International Application Number:
Confirmation Number: 6135

Title of Invention:

MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A
HIGH WORK FUNCTION GATE ELECTRODE

First Named Inventor/Applicant Name:

Igor Polishchuk

Customer Number:

36491

Filer:

Michael Lee Bartholomew

Filer Authorized By:

Attorney Docket Number: PM07027D1CIP1C6
Receipt Date: 17-AUG-2022
Filing Date: 25-JAN-2021
Time Stamp: 13:24:42

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E20228GD25103108

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
85307
Fee-
1 Issue Fee Payment (PTO-85B) Transmittal_PM07027D1CIP1C no 1
6.pdf 99ee734e025d99afeObacde7f05585267878
Warnings:
Information:
38058
2 Fee Worksheet (SB06) fee-info.pdf no 2
9fab5e82608861448e3d44a3be34fc26e11
50427
Warnings:
Information:
Total Files Size (in bytes){ 123365

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Receipt date: 08/02/2021 17/157,380 -~ GAU: 2883
Application Number 17157350

Filing Date 2021-01-25

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor l Igor Polishchuk
Art Unit ‘ 1737

Examiner Name ‘

Attorney Docket Number ‘ PMO07027D1CIP1C6

Ci’lange(s) aPPIEed

to documpnt

JT/ s P0070158736 A1 P007-07-12
7/28/20p2 Avrai et al.
If you wish to add additional U.S. Published Application citation information please click the Add button| Add
FOREIGN PATENT DOCUMENTS M

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code?j Code4| Date PR Passages or Relevant

Document )

Figures Appear

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE
Examiner Signature /NIROLAY K YUSHIN/ Date Considered ‘ 06/23/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if
English language translation is attached.
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Receipt date: 08/02/2021

Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

17/157,350 - GAU: 2893

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 17157350

Filing Date 2021-01-25

First Named Inventor “gor Polishchuk

Art Unit | 1737

Examiner Name ‘

Attorney Docket Number | PMO7027D1CIP1CE

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns Lines where
- Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages Columns,Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document )
Figures Appear
1 0060255399 A1l P006-11-16
(:hange()aPPhed
to clocumsnt,
J T/ 0060180851 A1 P0O06-08-17
7/28/2002
3 0080173928 A1 PO08-07-24
4 20120068255 A1 P012-03-22
Lee etal
5 0080093661 A1l P008-04-24 YNIX SEMICONDLICTOR-{E=
Joo et al.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/157,350 09/27/2022 11456365 PM07027D1CIP1C6 6135
36491 7590 09/07/2022

Kunzler Bean & Adamson
50 W. Broadway

Suite 1000

Salt Lake City, UT 84101

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 117 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTOR(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional inventors):

Igor Polishchuk, Fremont, CA;
Sagy Charel Levy, Zichron Yaakov, ISRAEL;
Krishnaswamy Ramkumar, San Jose, CA;

APPLICANT(s) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

LONGITUDE FLASH MEMORY SOLUTIONS LTD., Dublin, IRELAND

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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To: docket@kba.law,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 36491

Sep 08, 2022 03:27:04 AM
Dear PAIR Customer:

Kunzler Bean & Adamson
50 W. Broadway

Suite 1000

Salt Lake City, UT 84101
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 36491 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
17157350 ISSUE.NTF 09/07/2022 PM07027D1CIP1C6

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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