
.:;~ PRELIMINARY CY7C0430BV 
_. ,1 CYPRESS1===============;;;;;;;;;;;;;;;;;;;;;;;;;;;;;= 

Selection Guide 
---

CY7C0430BV CY7C0430BV 
-133 -100 

-----
f~,lAK2 (MHz) 133 100 

Max Access Time (ns) (Clock io Data) 4.7 5,0 
no• 

Max Operating Cumml ice (mA} 750 600 

Max Standby Current for is81 (m.A) (All ports TTL Level) 200 '150 
--------------------------------------------------------------------------~- •m•••••••••~•~-

Max Standby Current for lstn {rn.A) {All ports CMOS Level) 5 .. 0 5.0 
~--······~·-~---~--~-----

Pin Definitions 

i Port 1 Port 2 Port 3 Port4 Description 

f'{)p1-f,15p~ 
: 

>\Jp2-A1t.P2 AoprA,5r3 Aor4-.A..15p4 Address lnput!Output. 

liOop,-!/O1 i'P1 !/Ooprl/O1 i'P2 i/Oop3--J/O17P3 I/Ow4-1/OnP4 I Data Bus !npuVOutput. ................. 

CLKp1 CLKpz ClKp:., : ClKp4 Ciock Input This input can be free running or slrobed, 
Maximum clock input ra!e is fMAX· 

LBp1 LBp2 LBp3 LBP4 Lower Byte Seiect Input. Asserting this signal LOW en-
;;1bies read and write operations to the lov,<er byte. For 
read operations both the LB and OE slgnals rnust be as-
serted lo drive o,,tput data on the lower byte of the data 
pins. 

UBp1 UBp2 UBp3 UBr4 Upper Byte Se.iect Input. Same function as LB, bu! to the 
upper byte. 

CEop1,CE 1p1 CEop2,CE1p2 I CEop3.CE1p3 CEop4,CE1p4 Chip Enable input To select any por!, both CE0 AND CE-1 
I must oo asserted to their active states (CE0 s: V1L and 

CE1 ~V1Hl-

0Ep1 OEp2 OEp3 OEp4 Output Enable Input. This signal must be asserted LOW 
1 to enable !he 1/0 data lines during read operations. OE 
1 is asynchronous input. 

R/\Np1 RiVv'P2 Rl'vVp3 R/Wp4 ReadNVrite Enable Input. This signal is asserted LOW to 
write to the dual port memor{ array. For read operalions, 
assert this pin H!GH. 

MRST Master Reset !nput. This is one signal for Ali Ports. MRST 
ls an asynchronous .inpul. Asserting MRST LOW per~ 
forms all of the reset fu nctioris ;;is described in the te>:t A 
rv1RST operation is required at pov.,-er-up. 

CNTRSTp-1 CNTRSTp2 CN1RSTp2, CNTRSTp4 Counter Reset !nput Asserting this signal LOW resets 
the burs! address counter of its respective port lo zero. 
CNTRST is second to MRST in priority w·ith respect to 
counter and mask reg.ister operations. 

!VlKLDp1 MKLD,:,2 MKLDp:3 MKLDr4 !\,fask Register Load input. Asserting this slgnal LOW 
loads the mask register with the external address avail-

I able on the address lines. MKLD operation has higher 
priority over CNTLD operation. 

CNTLOp1 CNTLDp2 CNTlOp3 CNTLOp4 Counter Load Input Asserting this signal LOW loads lhe 
burst c-ounter with the external add,ess present on the 
address pins. 

CNTl~.JCr, 1 CNTINCp2 CNTINCp:3 CNTINCp4 Counter Increment Input i\sserting this signal LOW in-
crements the burst address counter of its respective port 
on each rising edge of CLK. 

-----
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Pin Definitions (continued) 

I Port 1 Port 2 Port 3 '1Port 4 ! Description l 
t····-- -·---+-=-=--,...-···- ·-----~''"" • •. - -------~-~··-------······---.. 1 

' CNTROp, CNTROi:,2 CNTR-D;::,2. CNTRDp4 Co:..mter Readback Input When asserled LOW, the inter- i 

CNT!NTp1 

: 

!NTp1 

I 
I 

TMS 

MKROp2 MKRDp;,i 

CN'fiNTp2 CNTINTp3 

nal .iddrnss value of the counter wil ! be resd back on the 
address llnes. During CNTRD operation, both CNTLD 
and CNTINC must be HIGH. Counter read back operation 
has higher priOrity over mask register readback opera­
tion. Counter readback operation is independent of port 
chip enables. If address readback operallon occurs with 
chip enables active (CE0 "' LOW, CE:1 ""HIGH}, the data 
lines {I/Os) will be three-stated. The readback timing will 
be valid after one no-operation cycie p!us tco2 from the 
rising edge of !he next cycle. 

Mask. Register Readback input When asserted LOW. tl,e 
value •Of the mask register will be readbacl<. on address i 
lines. During mask register rnadbar.:k operation, all 
counter and MKLD inputs must be H!GH (see Cou11ter 
and Mask Register Operations lruth table). Mask register 
read back operation is i ndependerit of port cf)ip enaoies. 
If address readbacl< operation occurs with chip enables 
active (CE0 = LOW, CE1 ::::: H!GH). the data lines (I/Os) 
will be three-stated. The rnadback will be valid after one 
no 0 operation cycle plus tcnz from the rising edge of the 
next c~'cle. 

Counter Interrupt fiag outpt,.1t. Flag is asserted LOW for 
one clock cycle when the counter wraps around to loca~ 
tion zero. ... 

INTp2 
~----+==-------~=-----+-------~----------~-............... 

!NT p3 INT p4 Interrupt flag output. !nterrupt permits communications 1 

between all four ports. The upper four memory locations 
8!_Q be used tor message passlng. Example of operation: 
1Nlp4 is asserted LOW when another port writes to the 
mailbox location of Port 4. Flag is cleared when Port 4 
reads the contents of its mailbox. The same operat,on is 
applicable to Ports 1, 2, and 3. 

JlAG Test Mode Select Input it controls the advance of 
JT,l\G TAP slate macr,ine. State machine transitions oc-
cur on the rising edge of TCK, 

: 

i----~---------~-------------+----~----------~-----l 
TCK JT>\G Test Clock !nput. This can be CLK of any port or an 

external clock connected ta the JT1\G TAP. ! !-------------................ __________ ......., _________ ~------------, 

TOO 

Jl'.4G Test Data Input. This is the only data input. TOI 
inputs will shift data seriaiiy tn to the selected register. 

------· 
JT.AG Test Data Output. This ls the only data output. TOO 
transitions occuron the failing edge ofTCK, TDO normal­
ly three-stated excepl when ,..apiured data is shifted ou! 
of the JTAG TAP. .................. ·---------------------+----------------------

CLKBIST B!ST Clock Input. 

GND Thermal ground fer heat dissipation. 

Vss Ground Input 

Power Input. 

'Vss-1 Address lines ground Input. 

Vnn-1 i Address w1e~ po\hier input 
--------.. ·---· ......... 1t-----------------------; 

f-,'-✓c_~s_·2 _____ ..... --...... _______ ... , ... --........ Data lines ground.Input. .. __________ j 
,_'li_1_oc_,2 ___ .... ____ .... , ________ ...... _ ......... --~-~\_D_a_ta_iir_1~s .!~~_v._··e_r .1.~pwt ...... ------· i 
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-=-=e?CYPRESS==================;;;;;;;;; 

Maximum Ratings DC Input Voltage ..................................... --0.5\l !o Vcc+0.5V 

(Abo11'e which the useful life may be irnpairni:t For user guide­
lines, not tested.} 

Output Current into Outputs (LOW) ............ ,. .. ,. . ., .. ,. .. 20 mA 

Static Discharge Voltage ............................. ., .. .,._ ...... >1100V 

Storage Temperature .. ,. . ., .. ., .. ., .. ., . .,,.., .. ., .. ···65:"C to+ 150"C 

Ambient Temperature with 

Latch-Up CurreriL .... ,. ................................. __ .. >200 mA 

Power Applled ··--···--···., .. .,.-. ... ., .... -. .. -. ... ., ... ~55"C to+ 125"C 

Supply Voltage to Ground Potential .. ., .. ., .. ., .. --0.5V to+ 4.6V 

DC Voltage Applied to 
Outputs in High Z Slate .. ., ...... ., ............. --0.SV to Vcc+0.5V 

Electrical Characteristics Over the Operating Range 

Operating Range 

Ambient 
Range Temperature 

Commercial O"C to +70'"C 

Industrial -40"'C to +85"C 

CY7C0430BV 

e13J •100 

Voo 
~~---------------

3.3V ± 150 mV 

3.3V ·±. 150 mV 

,-·-·---,-------,---;----.,..----,-----i 
Parameter Description Min, Typ. Max. Min, Typ. Max. Unit 

Ou!put H!GH Voltage 2.4 2.4 
(Vee= Min .. 101-; = -4.0 mA) 

;------t ------····················--···-··-····-·-+-----l 

!cc 

Output LOW Voltage 
(Vee= Min .. 101-; = +4,0 mA) 

------------+------< 
!nput HIGH Voltage 

!np1Jt LO\IV Voltage 

Output Leakage Current 

Operating Current (Vee= Max., 
lour= 0 mA) Outputs Disabled, 
CE= V1t., f = fmax 

Stano by Current (4 Ports toggling 
al TTL Levels,O active) 
CE1 -4 .::-: V1H, f = f~i!AX 

lndust. 

Coml 

lndust. 

Coml 

2.0 

0.4 

0.8 

10 

413 750 

80 I 200 

170 349 Standby Current ( 4 Ports togg!i ng 
atTTLLevels, 1 active)CE1 I CE2 
I CE:.i I CE4 .$ Vit.- t = f;,,-1AX 

lndust. 

Com'I. 
---~---···· 

' Standby Currenlli Ports CMOS 
Level, 0 active) CE1.4 ? ViH, f"" 0 

!ndu!.:t. 

Corn'I. 

Standby Current {4 Ports CMOS lndust. 
Level. 1 active and toggling) CE-, Com'L 
! CE2 j CE3 I CE4 .$ VIL• f = fMI\X 

1.5 

-110 

JTAG TAP Electrical Characteristics Over the Operating Range 

Parameter Description I Test Conditions 

VoH1 Output HIGH Voltage !08 =--4.0 mA 

Vou Output LOVV \/alt.age lol = 4.0 mA 

V1H Input H!GH Voltage 

Vrl Input LO'N Voltage 

Ix Input Leakage Current GND S: '✓1 ~; '✓oD 

Capacitance 

s I 

240 ! 
i 
I 

Paramefar Description I Test Conditions 

C1N Input Capacitance I TA= 25''C, f= 1 MHz, 

CouT Output Capacitance •1 V,,c "' 3.3V 
! V • 

7 

2.0 

-10 

l 

V 

0.4 V 

V 

0.8 V 

10 µ.A 
33{) 600 mA 

m.A 

60 150 mA 

mA 

128 I 263 mA 
mi\~ 

1.5 i 5 mA 
µA 

I 83 mo rn.A 
I 

mA 

Min. Max. Unit 
-· 

2.4 I/ 

().4 V 

2.0 V 

I 
i 

0.8 V 

-100 100 ~lA 
I 

Max. Unit 

a pF 

8 pF 
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-, CYPRESS==================================;;;;;;;;;;;;;; 

AC Test Load 

Zn "' &On R. "" 50U 
OUTPUT 1- t, l 

5 pF r-i Vm" L5V 

(a) Normal Load 

L5V 

son (b} Three-State Delay 

TDO 

_C,,10pF 

t 

(c) TAP Load 
ALL INPUT PULSES 

Note: 
4. T€-st CondHl.rJ~:s: C .::- 10 pF: 

8 
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Switching Characteristics Over !he Industrial Operatinn Range 171 
,~~-------------

l CY7C0430BV 
~133 .,oo 

Parameter Description Min, Max, Min. i Max. Unit 

fMAX2 Maximum Frequency 133 i 100 MHz i 

icYC2 Clock Cycle Time 7.5 10 ns 
••••• 

~::H2 Clock H!GH Time 3 4 ns 
... 

1<:L2 Clock LO\N Time 3 4 ns 
----~~~ 

tR Clock Rise Time 2 'J 
-~ ns 

~~---- -------- ----------------------- -----------------.-.y.-

tr Clock FaU Tirne 2 3 ns 
··········------ ----- --- --------------------

ts,..-.. .. Address Si.+up Time 2.3 3 ! ns 

1HA Address Hold Time 0.7 0.7 ! ns 

tsc Chip Enable Set-up Time 2.3 3 i ns 
--

t,1c Chip Enable Hold Time 0.7 0.7 ns 
tsw R!W Set-up Time 2.3 3 ns 

~--'"·-~----- ··---···· --------------------
tHw RIW Hold Tirne 0.7 0.7 ns 

1sD lnput Data Set-up Time 2.3 3 ns 

tHD Input Data Hold Time 0.7 0.7 flS 

tss Byte Set-up Time 2.3 3 ns 

ti.,e Byte Hold Time 0.7 0.7 ns 
------- ....... -------- ----------------

!sew CNTLD Set-up Time 2.3 ..., 
" ns 

tflCI.D CNTLD Hold Time 0.7 0.7 ns 
·•·-·-

tsc1Nc CNTINC Set-up Time 2.3 3 ns 
tHC!NG CNTINC Hold Time 0.7 0.7 ns 

tscRST CNTRSf Set-up Time 2.3 3 ns 

tHCRST CNTRST Hold Time 0.7 0.7 ns 
~-~~-

tscRo CNTRD Set-up Time 2.3 ,, ,, ns 
-.----

tflCRQ CNTRD Ho1d Time 0.7 0.7 ns 
.. --

tsMU) MKLD Set-up Time 2.3 I ..., 
f1S i .., 

-· 
tHMLD fvlKLD Hold Time 0.7 0.7 ns 

------·······~ --~.~~------------ ------- ---~--
tsMRO MKRO Set-up Time 2.3 3 ns 

--·············· -~~-'"·--------------------- ... ---· -~-.~~~ 

tHMRD fVlKRD Hold Time 0.7 0.7 ns 
,-............. .. 
i tor: Output Enable to Data Valid 6.5 8 ns 

itou!Sl OEtoLOWZ 1 1 ns 
•·-•··----- -~-- ... 

i t0Hzl5l OE to H!GH Z 1 6 i 7 ns ..... 
tc02 I Ciock to Data VaHd 4.7 5 ns 

tcAZ Glock to Counter Address Readback Valid 4 7 ., 5 ns 
~'"~----· 

tcM2 Clock to Mask Register Readback Valid 4.7 5 ns 
- . 

toe Data Output Hold After Clock HIGH 1 j ns 
-

!cKH,,Jll) Clock HIGH to Output High Z 1 4.8 1 6.8 ns t 
' l ..................... ----------------------- -~~--

tcKLZl<>l Giock HIGH to Output LOW Z 1 1 ns 
, .. ..J - ........... ~ 

Nole: 
5, This parameter j~ guaraateed by di;:~lgn, but 1l lS• nnt pro.:.it~ctH·Jn ~2.st~•:J 
€.. Valcd tor both address ~ c;d data outputs. 

9 
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Switching Characteristics Over the Industrial Operating Range {continued)l7l 

CY7C0430BV 

-133 -100 
~-~~--.-~----------.------------------ -~~~~~~.--- -~ ------

Parameter Description Min. Max. Min. Max. Unit 

i 1StNT Clock to !NT Set Time I 1 7.5 1 10 ns 
1 

tRINT Clock to !NT Reset Time 1 7.5 1 10 ns 

i 

tsc1NT t Clock to CNTINT Set Time 1 7-5 1 10 ns 

1RCINT i Clock to CNTINT Reset Time 1 7,5 1 10 ns 
Master Reset Timing 

tRs Master Reset Pulse Width 7.5 10 ns 
' Master Reset Recovery Time 7.5 10 ns 'RSR 

tRof- Master Reset to Output Flags Reset Time 6.5 8 ns 

Port to Port Delays 

tees[?] Clock to Clock Set-up Time (lime required after a ,,,;rite 6.5 9 ns 
before you can read the same address location} 

Note; 
7, If d~t~ is si:rnuilar:.eo-uslJt Vtr::tt~:t~ &nd r~&d to ihe ~me address to,ez,tton ¢1!"f.d tcc:s is vloirJ:?:,-(·t tht: '-iata n;:1ad fiorn the o<.Mres$, as \~;U ~;) t!it~ subsequent tiata 

rens;;;:1,ng in tr,;, Gddmss is ~r,c.efined. 

10 

l 

l 
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~-' C~YPRESS=======;;;;;;======================== 

JTAG Timing and Switching Waveforms 
-~----·-·· 

CY7C0430BV 

.133 [ 
Parameter Oescriptio11 Min, Max. Min, 

fn\G Maximum JTAG TAP Controiier Frequency iO 

trcYc TCK Clock Cycle Time 1()0 mo 
tTH TCK Clock High Time 40 40 

• TCK Clock Low Time 40 40 'l"L 

tTMSS TIV1S Setup to TCK Clock Rise 20 i 20 
n••• 

tTMSI-I TMS Hold After TCK Ciock Rise 20 I 20 
---------------~- .............. 

trrns 

tro1H 

troov 

twox 
fs1sT 

teH 

ieL 

TOI Setup to TCK Clock Rise 
----~ ......... -~---~ 

TOI Hold after TCK Clock Rise 

TCK Clock Low to TDC Valid 

TCK Clock Lov, to TOO lrwalid 

Maximum CLKB!ST Frequency 

CLKBIST High Time 

CLKBIST Low Time 

Test C!ock 
TCK 

Test Data~Out 
TDO 

-----

......... 

-~~---·············· 

11 

20 20 
------------------------

20 20 
..... 

20 
-

D 0 

50 

6 6 

I 6 6 
-------- ----------~----~---~--

l 
troov 

·100 --
Max, Unit 

10 MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns 

ns 

50 MHz 

ns 

ns 

I 
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Switching Waveforms 

Master Resetf6l 

Note: 

CLK 

MRST 

ALL 
ADDRESS/ 
DAT/1 
LINES 

ALL 
OTHER 
!NPUTS 

TMS 

CNT!NT 

INT 

TOO 

~--~ 
_J__~~,~~ _-....:· .l.: ------------

INACT!\/E ' ACTIVE 

B. ts is 1tie set-i.:p !im8 n,,:;u;r;,d tor all inp.;! eo,#ol ,;ig,,a,s. 

12 

---------------,--~ 
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PRELHVllNARY 

Switching Waveforms (conlinueci} 

Read Cyc!et9, 10, 11, ':2, ni 

9. 
10. 
11. 

CLK 

CE 

LB 

ADDRESS 

DATAou1 

--·~~ l,:;yc2-1 
lcH:,:4-- lei.'.! -I 

I I 

_Qj; :~ •~t:-&yl:chn .. ~~z15Jy·._cctM~~~-; __ 5!jt •'3tr!:~r i:i~1~J~~.;~~L~~~RSl) a~ synci"',mnous to ir:{3 ris-ing ckjf.,'*. OOg·tJ•. 
CN"frn._ Vi,_, MK. "v,H, c:NT!NC "'· x, art<J MRSl<-CN "V:1, 
Th-a outp.ut is •JiSabted {higti-1:mped1:1nce stat~) by CE:.:VtH tolh>•,vlng the r:ext rlsing cd,g~ nfthe c~ock. 

CY7C0430BV 

12. Addre~~s ,:Ji'.j not have to be ~!.:.i.:ess,·:.f~ s~~lH:m~i-at:;r h.iote 1 O ind~cat~s tha~ ~dcirr~ss fs c,;n~tar.Hy tcsdGd tH11he rising edge :--sf tht!: CU<. Nt1mtJijr~ art~ fut ref.erer~ce 
;m!y. ~ .··-

13. CE is '"!,;m;.;! sigriill. Cl::"" VIL il c~ "v,, anti CE;"" v,H· 

13 

Sandisk Technologies, Inc. - Ex. 1002, Page 001710



PRELIMINARY 

Switching Waveforms (continued) 

Bank Select Read[14, 151 

CLK 

CE 

R/W 

ADDRESS 

DATAouT 

14 

CY7C0430BV 

---------~·-----------------------------------------------~-·------~ 
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Switching Waveforms (continued) 

Read-to-Write-to-Read (OE Cantrolledf 6, H, rn, hi) 

ClK 

R/W 

ADDRESS : 1 

ls11 ~ii1 tH,\ 

Read with Address Counter Advance.!20. 21J 

CLK 

ADDRESS 

DATA,-::,ur 

Notes: 

READ 
EXTERNAL: 

AJDRESS 

toe 
~ RF.:AD WtTH COUNTER 

.---------------·-a,..:-,,t-··---------- READ -- --- ---- ---- --

COUNTER How[ __ READ VVITH COUNTER 

20. GE:1 ~OE~ re~~ ve~ -~ v:i.: ce:1 .';'.. R6l./ ~- "l~}lt~I-rt ~ -~w~sl ~ ~~1-~;hQ~:: MKRo.:;; cN·tRn;;; \,,n-{• 
21. 1n,:, '!,,lern;:il ,11,,:k!re;s' is w,1(,;i! le the '8.!.:;rn~i A·:l·:!r<iss·· wrien CNTlD"' V:l-

15 
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Switching Waveforms (continued) 

Write with Address Counter Advance f• 1 • ··~J 

CLK 

ADDRESS 

INTER.NAL 
ADDRESS 

CNTLD 

CNTiNC 

Note: 
:n c:1::~ ~ n1-~ ut1 ~ ww = v\_; ct:1 ~ cNmsr 

O M·i'ist '" IlRLD "'10iKR15 = cNfRo ~- v 1,., 

16 

~1,,,.-.----WRITE W!TH COUNTER - - - -
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Switching Waveforms (continued) 

Counter Reset [,S, <''.i, 241 

CLK 

ADDRESS 

INTERN/\L 
ADDRESS 

CNTLD 

CNf!NC 

Not~s: 

COUNTER 
RESET 

WRITE READ 
ADDRESS O 

1
...- ADDRESS rJ 

23. CE~"' LS"' llS "'V1c; CE, "'MRST ~ MKLD "MKRO "C:NTRD " 'it~. 

READ 
ADDRESS 1 

24. No C<locl c;ycl<> 0~is!;;dw,·fn9 lX>unler reset A READ er WRITE cycie ma1•· ~ coinci,fonlal with tt1<J c;rnmh,r m;,eL 

17 

READ 
ADDRESS n 
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==-1/4cYPRESS===P=R=E=L='M=IN=A=R=Y~~=====c=v=1=c=o=4=3=os=v= 
Switching Waveforms (continued) 

Load and Read Address Counterf 25) 

CLK 

CNTINC 

CNTRD 

DATAour 

Notes: 

____ EXTF.RNAL 

ADDRESS 

READ DATA WITH COUNTER 

25 CT-()~ i5E « W" U8 "v,L; CE, " R/iiv " CNTRST "MRSf ~ f;{R[o"' MKRO " v,H-
2E,. Ace res~ in output mode, 1iost mu~t rmt be dri,,1~g w:idr~ss bur, after time lcKlZ in m,xt clock G)'t~i,j, 

21. Address ln input rrtGd<i. Hcst <Mn dri,-,, a<idresse bus afler tci-;111. 
28. Thi.~ :s the vak:e cf the ad.dress '--~i.:n1~0r bsin.g r~ad cut 011 t~,e :a:ddr~ss Imes. 

18 

READ 
!NTERNAL 
ADDRESS 
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Switching Waveforms (continued) 

Load and Read Mask Register [zgJ 

CLK 

M!<RD 

MASK 
INTERNAL 
VALUE 

Notes; 

LOAD 

MASK REGISTER 
V/>,LUE 

29. CTn ~ OE ~ LE! co uf.\·" v,c; CE,. co Ri\fi ~. CNfRst"' M!~ST " o-rn .. D "'~ .,., et-rnNC "v,:-i 
30. This~ th~ v~:uo or the M·ssl< Reglslsr ;aac: uui on ~h::, t!rjf"Jr<:~;s !in(:~, 

19 

READ 
- MASK-REGISTER~ 

VALUE 
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Switching Waveforms (continued} 

Port 1 Write to Port 2 Readf3 1, 32 , :nJ 

CLKpi 

POR.1~1 
DATAiN 

CLKp2 

PORT•2 
ADDRESS 

PORT-2 
DATAour L-.M--l~~'--"'--"'-.¥..~---"---¥......J"'-~;....:i,c;..~f-1/ 

Notes: 
31. 'CF.o ~ OE" L8" UB :. CNTLD "ViL; CE, = CNTHST ~ ~~RSi· = MKLO" MKRO ".CN!lffi'"' t.:tfflNC "V,i,-
32. This far:tng i$ ·.;~!td ,,.,,hen O:!e pert is wrWng, an<l l.'H)f! er mr,r<j t~flh'=l th1~e otl•~r p.').(ts l:s reading ~he is.:5ittH: icrotiori Bi th~ samr: tirne. n ~cs ls v;c!atoo, ind..~terminata 

d:;i:a \~iii bD rsad out. 
33. lf 4._~;_,'S~ mint:m;._1m speccfl~.d v3!uGi ttmn P-:.,n 2 wm r,:ad the most r~c~nt data {'-•vntt.en by Port -1 :i onty ~::?'tcYC:? + t-r-~tx~) ~ti.er th$! r:si~1Q eidge c,.f Port 2's c!r.:<J\_ ff 

\;cs~ minimwn ~pacifa,.d val,;;,, tt,en Porl 2 will read the mcst mc:ent data {written ti,, Port 1) (tc:,·,~~ -, !cc.::l flfter !he rising wJge of Por! :ts ckd<. 
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Switching Waveforms (continued) 

Counter lnforrupt fS4. 3s. 36] 

Gl.K 

EXTERNAL 
/1DDRESS 

CNTINC 

COUNTER 

INTERNAL 
ADDRESS 

CNT!NT 

Mailbox Interrupt Tlming137• 38• 39- 4o, 41 l 

PORT-1 
ADDRESS 

CLKp2 

PORT-2 
ADDRESS 

Notas: 

tcYG:? 

tc,H2 1C:l.Z 

xx7Dh .xx7Eh xx7Fh 

34. CE~ " OF.: " LS " US "V1~. CE, "RiW" CNi'Rsf" /,.,IRST" CNTRD -.. MKRQ -- v,11. 
:~c. ('Nl°!Nf ir; a!'N~VS tirive:r:. 
36. CNT!N~-t.H~:$ tbvv a.s He~ i'._'.~;~H~e-r O!'J!'J!"f;iSS C'~Y'.i$~.,~P"Xtion \~ ~n.cren~~ni•~H'.1 :·r:;m xxlfh r'I t/£9·0~, Th-e "x~ :;;: ··oc,0't c:;s~e." 
37. CEo "<.L "[B "DB" CITTW ccV,1., CE a " N, fi._, "MRS'r" CNTRD" CN'fl~iC -- I'-. K L· , __ Mk'U'.l "-1/H 
38. 16i.dd~S$ •'ff-=FE .. i;$ U1e mailt~l .. -« kH.~t•~;,n for P~)ft 2. 
;39_ F't.vt l 1.~ ccr::t~~?Ha.J f1'..•r ··..rvrtte ;,.1p-3rat::i:-:,:r•~ ar1-d Pm~ 2 JS ct1nfig1Jred for Re~ct r;,pfjr~tion. 
~~(L Po:-l 1 and Port 2 :::HB used tor s1;·p~!ic1ty. Ali f•.Hlf pf;ft,'5 <.: ... ~n wdtl-i trJ or rn.a.rJ fr.:~~m any rnai)Oo.x 
4:. IN.anup\ :lag is i;;~t with ,.z~p~Jct tc. the ris<f:g j'.J.dg-o of the \~·mo ckJt:f;, anti t~ Niset Vif~h re.sp~r.t ~ the rising B-d:Je?. of t:t;~ rt1~.d cJ:o-ck. 
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Table 1. Read/Write and Enable Operation { Any Port)f42, 43, 4"-l 

Inputs Outputs 

OE CLK CE0 CE1 R/W I/Og-l/011 Operation 

X .....,.. H X X High•Z Deselec!ed 

X ......r X L X Hi9h-Z Deselected 

X i ...,.,.)- L H l D1N Wrile 

L ......r l H H I □<JUT Read 

H X l H X Hfgh-Z Ou!puts Disabled 

Table 2. Address Counter and Counter-Mask Register Control Operation {Any Por1)[42 , 45, 461 

ICLK MRST CNTRST MKLD CNTLD CNT!NC CNTRO MKRDI Mode Operation 
l 

X L X X X X X X Mastery Co,mter/Address Register Reset and Mas.i< ! Reset Register Set {resets entire chip as per reset 
state table) 

_J'""" 
H L l X X X X X Reset Counter/Address Regisler Reset 

....r H H L X X X X Load Lo;:id of Address lines into Mask Register 

H H H L X X X Load Load of Address Lines into CounteriAddress 
~ 

Register 

.....r H H H H L X X !ncre- Counter Increment 
ment 

H H H H H L X Read- Readback Colmter on Address Unes 
~ 

back 

... r H H H H 
I 

H H L Read- Readbacl< tv1ask Register on Address Lines 
bacl< 

.......r H H H H H H H Hoid Counter Hold 

I 

I --------- ------------------------------------------------------------ _________________ _} 

Notes: 
42. "X";.; ··ocn't Gare," ''H'";.; 'v'i1-t1 1':L" ·.;.: Vil' 
43. of: i'S ~.syr1chrcno1..1s l:;pt..:t s•g:r,at 
4•t. ~en ~1::hanges state, ~s-ekm~on and read h-c;ppen af;.6:, o~e ,.;ye:~ of !etern;;.y. 
45•. CEt1 :-: OS:-: V:!..~ CE~ ~ R!VV :-: ViM· 
46, Co•.Jt:b:r apera1ion and n:ask r:egisfr::r C:P,E:lf(:)iCc:n t.itf.3 Jt1depe-ndenJ of Chi:p E.nabls..'1. 
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Master Reset 

The QuaciPort undergoes a complete reset by taking its Master 
Reset (MRST) input LOW. The !\.faster Reset input can svvitc:t1 
asynchronously to the c!ocks. A ivlasier Reset initializes the 
internal burst counters to zero, and the counter mask registers 
lo all ones ( completely unmasked), A Master Reset also forces 
the Mailbox Interrupt (INT) flags and the Counter Interrupt 
{CNTINT) flags HIGH, resets the 81ST controller. and takes au 
registered control signals to a deselected mad state147l. A 
Master Reset must be performed on l.rie QuadPort after pow­
er-up. 

Interrupts 

The upper four memory locations may be used for message 
p2issing and permit communications between ports, Table 3 
shO'WS the interrupt operation for all ports. For the ·1~Meg 
QuadPort, tt,e highest memory location FFFF is the mailbox 

T.ible 3, Interrupt Operation Example 

for Port 1, FFFE is t!'m mailbox for Por! 2, FFFD is the mailbox 
for Port 3, and FFFC is the ma[lbox for Port 4, Table 3 shov.'S. 
that in order to set Port 1 !NTu:i_ flag, a wri.te by any other port 
to address FFFF will assert INT P1 LOW. A read of FFFF loca­
tion by Porl 1 will reset INT p 1 HIGH. V\lhell_Q:118 port writes !o 
the ot:1er port's mailbox, the Interrupt fiag (!NT) of the port that 
the maiibox belongs to is asserted LOW The !11terrupt is reset 
when the ow•ner (pori) of the mailbox mads the mn!ents of the 
mailbox, The 111!errupl flag is set in a flnw--through mode (Le,, 
it fol!ow·s the clock edge of the writing port). A.lso, the f:ag Is 
reset in a flow-through mode {i.e., it foilows the cloek edge of 
the reading port), 

Each port can read t~,e other port's mailbox without resetting 
tr1e interrupt. If an appiicalion does not require message pass­
ing, INT pins should .be lreated as no-connect and should be 
left floating, When two ports or more write lo the same mailbox 
at the same time INT ,v.i!I be asserted but the contents of the 
mailbox are not guaranteed to be valid, 

Port 1 Port 2 Port 3 Port 4 
--------

Function AOP1-15P1 fNTp; Aw2-·15P2 INTp2 A.'JF•:2-, 15P3 INTp:, Aor-'4-1584 JNTp4 \ 

Set Port 1 !NT P1 F!~J X L FFFF X FFFF X FFFF X I .. ---- .. -------- .. 

,i I Reset Port 1 INT P1 Flag FFFF H X X X X X X 
--------

, Set Pott 2 INT P2 Flag FFFE X X l FFFE X FFFE X 
---- --------- ... ----· ------ ~----~ 

Reset Port 2 !NT p-2 Flag X X FFFE H X X X X 
I 

Set Port 3 !NT p:., Flag FFFD X FFFD X I X l FFF0 X I ----------· 
Reset Port 3 INT F•;, Flag X X X X FFFD H X X j 

Set Port 4 INT p4 Rag FFFC I X FFFC X FFFC X X l l i 
l Reset Port 4 i~~~ F!ag X X X X X X FFFC H 

Now: 
4l. Durln(, Mas!erR;;sE>t the co~lrol signals will l;e se! kl '1 d&Slcliect,,,1 mad ,;.late: CEQI ~LB,"' UID a: R1W1 ~ M!<UJI ""MRl"il'.51" CNl'Rl)I "CN!Rs·n,,, ClTI'[ol-. 

cr...i'l!NCJ =--- VtH·· CE.~ 1 ·.:.: Vn_ The ··r r$Htti-x Ctn ~~l i:'1<ls~ s~gnQJs <..~<?-rn)t/$~ that thes,~ t.;r~ the im€n~ai 1~e1J~S-te-red equ;v-~!en~ of u~e ~ssoclated pir. s~r:t-1ts 
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Address Counter Control Operations 

Counter enable inputs are provided to stall the ope talion of the 
address input and utilize the internal address generated by the 
internal counter for the fast interleaved memory applications. 
A port's burst counter is loaded with the porfo Counter Load 
pin (CNTLD). When the port's Counter Increment (CNTINC) is 
asserted, the address counter ,viii increment on each LOW to 
HIGH transition of that port's ciock signal. This will raadh,vrite 
one word from/into each successive address location until 
CNT!NC is deasserted. Depending on the mask register state, 
the counter can address the entire mernory arraf and wiil loop 
back to start. Counter Reset (CNTRST) is used to reset the 
Burst Counter (the Mask Register value is unaffected), When 
using the counter in readback mode, the internal address va!­
ue of the counter wiil be read back on the address lines when 
Counter Readback Signal (CNTRD} is asserted, Figure 1 pm-

CN'rRD 

fvlKRO 

r-

! 
! 

7 ► I 
, ...... - .... 1 

Bidirectional Mask 

vides a block diagram of the readback operation. Table 2 lists 
control signals required for counter operations. The sig;,a!s are 
listed based on !heir priority, For exarnple, M:;1ster Reset takes 
precedence over Counter Reset, and Counter load has lower 
priority than Mask Register Load {descrlbed belg-:g, All 
counter operations are independent of Chip EnBbles (CE0 and 
CE1), When the .~ddress readback operation is performed the 
data I/Os are lhree-s!ated (if CEs are active) and one-clock 
cycle (no-.operatmn cycle) latency is experienced. The ad­
dress will be read at time tcA2 from the rising edge of the clock 
fo!lowt1g 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 slgna! (CNTRD) and Mask Register 
Read slgnal (MKRD}, Both signals are synchronized to the 
port's clock as shown in Table 2, Counter read has a higher 
priority than rnask read. 

--------------, 

Address Unes◄• lllt---~-.---1•► ~-R-eg_i_st_e_r _ 

Me,nory 
Array 

CNTINC = 1 __._ ___ _ 

CN'f05:::; 1 

CNTRST = 1 

CLK -··········►!> 
L--

Counter! 
Address 
Register 

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

CNTINT 
Example: 
Load 
Counter-Mask 
R9gister z: 3F B ffi OS 

0 1 1 1 1 1 1 

Load 
Address 
Counter :::;8 

Max 
Address 
Register 

215 21~ 

[B -
~ 

G 
G [B 

-

210 214 

€ 2 

-
X's 

- - - i> 
- - -

X's 

25 

X 

25 

24 i.l il 21 zO 

- r .A! Counte :!dress 

D 0 1 0 0 0 

~ i" 2" 2·1 :zO, 

Mask 
Register 
bit~O 

Address 
Counter 
bit-0 

Max+ 1 
Address 
Register 8 rn X's -H+H+H 

21s 21..; 2e i' z4 23 22 21 p 
Figure 2. Programmable Counter-Mask Register Operatloni4-8l 

The burs! counter has a mask register that controls_ when and 
\¥here the counter wraps. An interrupt flaiJ (CNTINT) is assert­
ed for one clock cyde when the unrrmske£_9-orti2_n of ttle 
counter address wraps around from aH ones (CNTINC must be 
assertee:) to all zeros_ The example in Figure 2 shows ttm 
counter mask register loaded witl, a mask value of 003F un­
masking the first 6 bits with bit"{}" as the LSB and bit "15" as 
the MSB, The maximum value the mask register can be loaded 
with is FFFE Setting the mask register lo !his value allows the 
counter to access the entire memory space, The address 
counter is then loaded with an initial value of XXX8. The 
"blocked·' a<:ldrnsses (in this case, tt,e 6th address through the 
15th address} are loaded with an address but do not increment 
once loaded. The counter address will start. at address X..'<X8, 
With CNT!NC asserted LOW. the cotm!er will increment its 
internal address value ti!! it reaches the mask register value of 
3F and wraps around the memory b!oc.k to location XXX0. 
Therefore, the counter uses the mask-reglster to define 
wrap.around point The mask register of every port is loaded 
~vhen MKLD (mask register load) for that port is LOW. INhen 
MKRD is LOW, the value of the mask register C-klll be read out 
on address lines in a manner similar to counter read back op­
eration (see Table 2 for required oonditions). 

V\/hen !he burst counter is loaded with an address higher than 
t11e mask register value, the higher addresses will form the 
masked porlion of the counter address and are called blocked 
addresses. Tha blocked addresses will not be changed or af­
fected by the counter increment operation. The only exception 
is mask register bit 0. It can be masked to allow the address 
counter lo increment by two. If the mask register t.•it 0 is loaded 
with a logic value of "0," then address counter bit 0 is masked 
and can not tie changed during counter increment operation. 

Note: 
48. TtiB ··x:· in ;~1;s dti3gn'3m repr~:>~en-h; UH~ r~:c,~mter ~•p!)e,r~bits. 
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!f the loaded value for address coi.mter bi! 0 is "0," the counter 
,vii.I increment bv two and the address values are even. !f the 
loaded value for address counter bit 0 ls '' 1: the counter will 
increment by ti_vo and ihe address values are odd, This oper­
ations allows the user to achieve a 36-bit interface using any 
tw·o ports. where the counter of one port counts even address­
es and the counter of the other port counts odd addresses. 
This even-ood address scheme stores one ha.If of the 36-bil 
word in even memorv locations. and the other half in odd mem­
ory locations. CNTINT will be asserted when the unmasked 
portion of !he counter wraps to al! zeros, Loading mask regis­
ter bit 0 With ''i ,. allows the counter !o increment the address 
value seque!'ltially. 

Trible 2 groups the operations of the mask register wi!h the 
operations of the address counter Address counter and mask 
register sigr,als are .iii synchronized tc the port's clock CLK. 
Master reset (MRST) is the only asynchronous signal listed on 
Table 2, Signals are listed based on their priority going from 
1ert colu~n to righ! column with MRS T being the hlg!1est. A 
LOW on MRST wiil reset both counter register to all zeros and 
mask register to all ones. On the othN hand, a LOW on 
CNTRST wi!I only clear the address counter register to zeros 
and the mask reg.ister will remain intact 

There are four operafons for the coun!er and mask regh,ter: 

1 . Load operation: When CNTLD or MKLD is LOW, the ad-
dtess counter or the mask register is loaded with the ad­
dross value presented at the address lines. This value rang­
es from Oto FFFF (64K). The mask register !oad operation 
has a higher priority over the address counter load opera~ 
tiori. 
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2. Increment: Once the address counter is loaded with an ex­

i0mal address. the counter can intemally increment the ad• 
rlress value by asserting CNT!NC LOVV The counter can 
address the entire memory array {depend on !he value of 
the mask register) and loop back to location 0. The Incre­
ment operation is second in priority to load operation. 

3. Readback: the internal value of either the burst counter or 
~kregistercan be read out on the address lines when 
CNTRD or MKRD is LOW. Counter readback has higher 
priority over mask register readbac.1,;. A no-operation delay 
cyde is experienced when readback operation Is per­
formed. The address ,Nill tie valid a.fter tcA2 (for counter 
readback) or tcMZ {for mask readtiack) from the following 
port's clock rising edge. Address read~k operation is in­
dependent of the port's chip enables (GE0 and CE1). !fad­
dress readback ocrnrs while the port is enabled (chip en­
ables active), the data lines (!/Os) will be three-stated. 

4. Hold operafon: !n order to hold the value of the address 
counter at certain address, all signals in Table 2 have to be 
HIGH. This operation has the least priority. This operation 
is useful in many applications wl~ere wait states are needed 
or when address is available few cycles ahead of data. 

The counter and mask register operations are totally indepen­
dent of port chip enables. 

IEEE 1149, 1 Serial Boundary Scan (JTAG) and 
Memory Built-In-Self-Test (MBIST) 

The CY7C0430BV incorporates a serial boundary scan test 
access port (TAP). This port operates in accordance with IEEE 
Standard 1149. 1-·1990. Note that the TAP controller functions 
in a manner that does not conflict with the operation of other 
devices using 1149. 1 fully compliant TAPs. The TAP operates 
using JEDEC standard 3.3V 1/0 logic leveis, It Is composed of 
three input mnnections and one output connection required by 
the test logic defined by the standard. Memory BIST circuitry 
wiil also be controlled through the TAP interface. All MBIST 
instructions are compliant to the JTAG standard. An external 
clock (CLKB!ST) is provided to allow the user to run 81ST at 
speecJs up to 50 MHz. CLKBIST ls mu!tipiexed internally with 
the ports clocks during 81ST operation. 

Disabling the JTAG Feature 

It is possible to operate the QwadPort without using the JT,ll..G 
feature. To disable the TAP controller. TCK must be tied LOVV 
(Vssl 10 prevent clocking of the device. Tot and TMS are inter­
nally pulle<l up and may be unconnected. They may alternately 
be connected to Von through a puli-up resistor. TOO should 
be left unconnected. CLKB!ST must be tied LOW to disable 
the MBIST. Upon power-up, the device will come up in a reset 
state which wiH not interfere with the operation of the device. 

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

The test clock is used only with the TAP controller. All inputs 
are captured on the rising edge of TCK. All outputs are driven 
from the falling edge of TCK. 

Test Mods Select 

The TMS input is used to give commam:ls to the TAP controller 
and is sampled on the rising edge of TCK.. It is a!!ov,mble to 
leave this pln unconnected if the TAP ls not useda The pin is 
pulled up internally, restilting in a !ogic HIGH level. 
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Test Data-In (TDI) 

The TOI pin is used to serlaily input information into the rag)s­
ters and can be connected to tt1e input of any of lhe registers. 
The regisler between TDI and TOO is chosen by the insiruc­
lion ihal is loaded into the TAP instruction register. For infor­
matiori on loading the instruction register, see the TAP Control­
ler Stale Diagram. TD! is internally pulled up and can be 
unconnec.1:ed if the TAP is unused in an app.!:cation. TOI is con•• 
nected to the most significanl bit (tv1SB) on any register. 

Test Data Out {TOO) 

The TOO output pin is used lo serially clock data-out from the 
registers. The output is active depending upon U1e currnnt 
slate of the TAP state machine (see T.t\P GontmHer State Dia­
gram (FSM)). The outpu! changes on lhe falling edge of TCK 
TOO is connected to the least significant bit (LSB) of any reg­
ister. 

Performing a TAP Reset 

A Reset is performed byforclng TMS HIGH (VoD) for five rising 
edges of TCK. This RESET does not affect the operation of the 
Quad Port and may be performed while the device Is operating. 
At power-up, the ·1AP is resel internally to ensure that TOO 
comes up in a high-Z state. 

TAP Registers 

Registers are connected between the TD! and TOO pins and 
allow data to be scanned into and out of the QuadPcirt test 
circuitry. Only one register canoe selected at a time through 
the instruction registers. Data is serially loaded into the TD! pin 
on the rising edge of TCK. Data is output on the TDO pin on 
the falling edge of TCK. 

Instruction Register 
Four-bit instructions can be serlaliy loaded into the instruction 
register. This register is loaded when 1t is placed between the 
TD! and TOO pins as shown in the following JTAGiBIST Con­
troller diagram. Upon power-up, the instruction register is load­
ed with the IDCODE instruction. lt is also loaded with the 
IDCODE instruciion if the controller is placed in a reset state 
as described in the previous seclion, 

Wh,m the TAP controller is in the CaptureiR state. the tv,o least 
significant bits are loaded with a binary •·or pattern to allow 
for fauit isolation of the board level .serial test path. 

Bypass Register 
To save time when serially shifting data through registers, it is 
somNimes advantageous to skip certain devices. The bypass 
register 1s a single-bit register that c.:1n be placed between TOI 
and TDO pins. This allows data to be shifted through the 
QuadPort with rninimai delay The bypass register is set LOW 
(Vss) when the BYPASS instruction is executed. 

Boundary Scan Register 

The boundary scan register is connected to al! the input and 
output pins on the QuadPort. The boundary scan register is 
loaded with the contents of the QP ! nput and Output ring when 
!he TAP controJler ls ln !he Cap!ure-DR state and is then 
piaced between the TDI and TOO pins when the controller is 
moved to the Shift-DR state. The EXTEST, and SAM­
PLE/PRELOAD lnstructions can be used to capture the con­
tents of the Input and Output ring. 
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Identification (ID) Register 

The ID register is loaded with a vendor-specific, 32-bit code 
during tne Capture-DR state when the !DCODE command is 
loaded in the instruction rngisteL The !DCODE is hardwired 
into the QuadPart and can be shifted out when the TAP con­
troller is in the Shift-DR state. The ID register has a vendor 
code and other information described 1n ihe Identification Reg• 
ister Definitions table. 

TAP Instruction Set 

Sixteen different instructions are possible with the 4-bil. insll'uc­
lion register. All combinations are !isled in Table 6, Instruction 
Codes. Seven of these :nstrllctions (codes) are listed as RE· 
SERVED and should not be used. The other nine instructions 
are described in detail below. 

The TAP controller used in this QwadPort is fully compliant to 
the 1149. 1 convention. The TAP controller can be used to load 
address, data or control signals into the QwadPort and can 
preload the Input or output buffers, The Quad Port implements 
all of the i149, 1 instructions except INTEST, Table 6 lists all 
instructions, 

Instructions are loaded into the TAP controller during the 
ShifHR state when the instruction register is place<:! between 
TDl and TOO. During this state, instructions are shifted 
through the instruction register through the TD! and TDO pins. 
To execute the instruction once it is shifted in, the TAP control­
ler needs to be moved into the Update-lR stale, 

EXTEST 
EXTEST is a mandatory 1149 .1 instruction whic,1 is lo be exe­
cuted whenever the instruction regi.ster is loaded •wlt'i all Os. EX· 
TEST allo-Ns cJrcuitry external to the QuadPort package to be 
tested. Boundary-scan register cells at output pins are used to 
apply test stirnuii. whiie those at input pins capture test results, 

/DCODE 

The !DCODE instruction causes a vendor-specific, 32-bit code 
to be loaded into the identification register. It also places the 
identification register bet,-veen the TOI and TOO pins and al­
lows the !DCODE to be shifted out of the device when the TAP 
controller enters the Sh:ft+DR state. The !DCODE instruction 
is lomjeti into t~1e instruction re{Jister upon po1tver-up or wl1en­
ever the TAP controller is given a test logic rese! state. 

High-Z 

The High-Z instruction causes the bypass register to be con­
nected between the TOI and TOO pins when the TAP controller 
is in a Shift-DR state. !t also places all QuadPort outputs into 
a High-Z state. 

SAMPLE I PRELOAD 

SAMPLE / PRELOAD is a 1149.1 mandatory Instruction. 
When the SAMPLE / PRELOAD instructions loaded Into the 
ins!rnction reqister and !he TAP controller !n the Capture--DR 
state, a snapf;hot of data on the inputs and output pins is cap~ 
tured in the boundary scan register: 

The user must be aware that the TAP controiler clock can only 
operate at a frequency up to 10 MHz, while the QuadPort clock 
operates more than an order of magnitude faster. Bec-ause 
there is a large difference in the clock frequencies, it is poss! bie 
that during the Capture-DR stale, an input or output wm under­
go a transition. The TAP rnay then try to capture a signal while 
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in transition (metastable state). Th,s will not harm the device. 
but there is no guarantee as to the value that wi!I be c-aptu red. 
Repeatable results may not be possible, 

To guarantee that the boundary scan register vviil capture the 
correct value of a s19r:a1, the QuadPort signal must be stabi­
lized long enough to meet the TAP controller's capture set-up 
plus hold times. Once lhe data is captured, it is possible to shift 
out the data by putting the TAP into the Shift-DR state. This 
places the boundar1, scan register between the TDI and TDO 
pins, If the TAP controller goes into the Update-DR state, the 
sampled data wm be upoated. 

BYPASS 

When the BYPASS instruction is loaded in the instruction reg­
ister and the TAP is placed in a Shift+DR state, the bypass 
register is placed between the TOI and TOO pins. The advan­
tage of the BYPASS instruction is that lt shortens the boundary 
scan path when multiple devices are connecteo together on a 
board. 

CLAMP 
The optional CLAMP instruction allows the state of the signals 
driven from QuadPort pins to be determined from the bound+ 
ary-scan register while the BYPASS regis!er is selected as the 
serial path behveen TD1 and TOO. CLAMP controls boundary 
cells to 1 or 0. 

RUNBIST 

RUNB!ST i11s!rnction provides the user with a means of run­
ning a user-accessible self-lesl function vvithin the QuadPort 
as a result of a single instri..iction_ This permits a!I components 
on a board that offer the RUNB!ST instruction to execti1e lhelr 
seif-tests concurrently, providing a qui:::k check for the board. 
The Quad Port MBIST provides two modes of operation once 
the TAP controller is loaded with the RUNB!ST instruction: 

Non.Debug Mode (Go-NoGo) 

The non-debug mode .is a go-no90 lest used simply to nm 
81ST and obtain pass-fail infonnation af!er the test is run. In 
addition to that. the total number of f;;i,ilures encountered can 
be obtained. This informatlon is used to aid the debug mode 
(explained nei<t} of operatlon. The pass-fail information and 
failure count is scanned out us!ng the JTAG Interface, An 
MB!ST Result Re9is!er (r>.ARR) wm be used to store the 
pass-fail results. The MRR is a 25·bit register that wm be con­
nected between TD! and TDO during the intema! sc~n 
{!NT_ SCAN} operation. The MRR will contain the total number 
of fail read cycles of the entire MBIST sequence. MRRlO] (bit 
0) is the Pass/Fail bit A «1• indicates some type of failure oc­
curred, and a "O' indicates entire memory pam,. 

!n order to mn BIST in non-debug mode, the 2·bit MB!ST Con­
trol Register (MCR) ls loaded with !he default value ''00", and 
the ti\P controHer's finite state machine (FSM), which is syn­
chronous !o TCK. transitions to Run Testlld!e state. The entire 
MB!ST test wm be pertormed with a delerministic number of 
TCK cycles depe11dir1g on the TCK and CLKBIST frequency: 

t--vcl CLKB!ST J 
lcvc '° 'v .t [TCK; :,: m + SPC 

CYC ' 

tctc is total number of TCK cycles required to run MBIST 

SPC is the Synchronization Padding Cycles (4-6 cycles) 
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mis a constant represents the number of read and write oper­
ations required to run MBIST algorithms {31195136), 

Once the entire MBIST sequence is cornpfeted, supplying ex­
tra TCK or CLKBIST q 1cles will have no effect on the MBIST 
controller state or the pass-fa!! status. 

Debug Mode 
Wl!h the RUNBIST instrnction loaded and the MGR loaded 
with the value of "01 ", and the FSM transitions to 
RUN __ TEST/IDLE state, the MBIST goes into RUNBIST-debug 
mode, The debug mode 11Viil be used to provide complete fail­
ure ana,ysis inforrnation at the board level. It is recommended 
that the user runs the non-debug mode first ond then the de­
bug mode it1 order to save test fone and lo set an upper bound 
on the number of scan outs that will be needed. The failure 
data wl!! be scanned out automatically once a failure occurs 
using the JTAG TAP interface. The fallure data will be repre­
sented by a 100-bit packet given belovv. The 100-bit Memory 
debug Register (MOR) will be connected between TOI and 
TDO. and 1NiH be shifted out on TOO, which is synchronized lo 
TCK 

Figure 3 is a representation of the 100-bit MOR packet The 
packet follows a 2-bit header that has a logic 'T value, and 
represents two TCK cycles. MDR[97:26l represent the B!ST 
comparator values of a:I four ports (,.wch port has Hl data 
lines). A value of ''i" indicates a bit failure. The scanned out 
data is from LSB to MSB. rv1DR[25:10J represent the faili.ng 
address (MSB to LSB). The state of the B!ST controller is 
scanned out using MDR[9:4J, Bit 2 is !he Test Dona bit. A "O" 
in bii 2 means test not complete. The user has to monitor this 

99 98 

[YE] 

61 
P4_10{8-0) 

25 

! A(15-0) 

IP3 . ..1~(17-9) 

P3_10(8-0) 

10 

9 4 
[~,1BIST __ State 

3 

fiFJ 

2 

~ 
1 0 

[ill 

bi! at every packet to determine if more failure packets need to 
be scanned out at the end of the BIST operations. If the value 
is ''O'' then BIST must be repealed to cap!ure the next falling 
packet. lf it is "1," it means t1at the last failing packets have 
been scanned out A trailer similar to the header represents 
the end of a packet 

MCR_SCAN 

This instruction ,viii connect the 1vlemorv BlST Control Reqis­
ter (MCR) between TOI and TOO. The default value {upon 
master reset} is "00'', Shi!t __ DR state will allovi modifying the 
l\1lCR to extend the MBIST fundionallty. 

MBIST Control States 

Thirty-five stotes are listed in Table 7, Four data algorithms are 
used in debug mode: moving inversion (MIA). rnarch_2 (M2A), 
checkerboard (CSA), and unique address algorithm (UM) .. 
Only Port 1 can write MIA, .M2A, and CBA data to the memory, 
All four ports can read any algorithm data from the OP mem­
ory. Ports 2. 3, and 4 will only write UM data 

Boundary Sean Cells (BSC) 

Table 9 lists all QuadP-:xt I/Os with their associated BSC. No­
tice that !he cells have even nurnbers. Every 1/0 has two 
boundary scan cells, Bidirectional signals {address lines. oata­
lines) require t>,vo cells so that one (!he odd cell} is used to 
conlroi a three-state buffer. !nput only and output only signals 
have .:in extrn dummy cell (odd ce!!s) that are used to ease 
device layout. 

62 

IP2_!0(17-9) .J~_1.J0(17-9) I 
26 

P2~J0(8-0) PUO{8-0} 

Figure 3. MBIST Debug Register Packet 
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TAP Controller State Diagram {FSM)t49l 

o(~RUN~ TEST/ 
\,_ IDLE 

1 

Note: 

SELECT 
DR-SCAN 

1 - --o ___ t ----------, 
CAPTURE-DR I 

I 
0 

SHIFT-OR 

1 

~---R ________ ___________,1_-0\ .---11-- L..J 
0' ----------

' EX!T2-DR 

,:~., rhe Cl/1 n,;xt to ea,;tl stale mpres<lnt, the valu,;, a! TMS at the ,-;~,n~J edge o! TCK. 

29 

SELECT 
IR-SCAN 

SHIFT-IR 

1 

EXIT1-IR 

0 

1 

.......... --....!..........----,.~, 

OI 
I 

1 

EXIT2-IR 

0\ 
) 
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JTAG/BIST TAP Controller Block Diagram 

TD! 

CLKBIST 

,-...----------------►...;~ 
Bypass Register {BYR) 

..............--------~ 
MB!ST Control Register (MCR) 

-----►Cf2 l 1 1° I 
!nslruction Register (IR) 

--►--[]p··1-=-~---~ 
►· MBIST Result Register (i'..,.1RR) 

3 30 9 lo~ .____.....,__........, _ _._ ___ ......_.I .............a 

!der1titication Register {IDR) 

'----t►l391 I ...... ......._..........,..........._._._J.,_,.......,..._ _ _,__ ___ .........._............,, 

I 

Selection 
Circuitry 

{MUX} 

81ST 
CONTROLLER 

TAP 
CONTROLLER 

I MEMORY 

~------1 

TOO 

.,...._ TGK 

"'4---- TMS 

Table 4. ldentiflcatlon Register Definltlons 
-

Instruction Field value Description 

Revision Number 1h Reserved for version number 
(31 :28} I ' 
Cypress Device ID COOOh Defines Cypress part number t 
(27:12) 

Allows un;SUe .,;,~tificalIDn of Ouadl'ort·;;;;oao,·-- I 
··············----- ······-----~ 

Cypress JEDEC ID 34h 
(11:1) . 
ID Register Presence ·i , Indicate the presence of an ID register i 
(0) 

I 
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Table 5. Scan Registers Sizes 

Register Name Bit Size 
~---.--........ 

Instruction {IR.) 4 

Bypass (BYR) 1 
_________ ,,,-

Identification (IDR) 32 

! MBIST Control (MCR) 
,, 
L 

MB!ST Result {MRR) 25 
-,._ 

MB!ST Debug (MDR) 100 

Boundary Scan {BSR) 392 

Table 6. Instruction !dentif!cation Codes 
•k--•• 

Instruction Code Description 

EXTEST 0000 C;;iplures the lnpuUOul.put ring contents. Place$ !he b,,i_.indary scan register 
(BSR) between the TOI and TOO. 

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

IDCODE 0111 Loads the ID register (IOR) with the vendm- ID code and places the register 
betv1<een TD! and TOO. 

'HIGHZ 0110 Places the BYR betiNeen TOI and TOO. Forces all QuadPort output drlvers 
to a High~Z state. 

CLAMP 010·1 Controls boundary to 1 lO. Uses BYR 

SAMPLE!PRELOAD 0001 Captures the Input/Output ring contents. Places the boundary scan register 
{BSR) betvveen TOI and TDO. 

RUNB!ST 1000 1 
Invokes MBIST. Places the fvlBIST Debug r·egistar {MOR) between TOI and 
TOO. 

iNT __ SCAN 0010 Scans out pass-fail information Places MB!ST Result Register (MRR) be· 
tween TOI and TOO. 

rv1CR~SC,<\N 0011 Presets RUNBIST mode. Places MBIST Control Re9ister {rv1CR) between 
TD! and TDO. 

RESERVED All other codes Seven combinations are reserved. Do not use olher than the above. 

Table 7. MBIST Control States 

I States Code State Name Description 
-.,..,,__, .-

000001 movi ___ zerns Port 1 write all zeros to the QP memory using Moving Inversion Algor1lhrn 
(MIA). 

···········································•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
000011 movi_ 1 _upcrit Up count from Oto 64K (depth of OP). All ports read Os, then Port 1 writes 1 s 

to all memory iocations using MIA, the'l all ports read ls. MIA 
read0_wri!e1_..read1 (MlA_rOw1r1). 

000010 rnovi __ O __ upcnt Up count from Oto 64K All ports read 'ls, then Port ·1 writes Os. then all ports 
read Os (M!A_r1w0rO), 

000110 rnovi_ 1 _ dO'Nncnt Down count from 64K to 0. MIA. .. rOv,d r1, 

0001·11 rnovi _ 0 _,j01,vncnt Down count MIA_r1wOrtJ. 
' 

OOM01 movi_read Read all Os. 

000,00 mar2 "_zeros Port 1 write all zeros to memory using March2 Algorithm {M2A), 

{)(}1, 00 mar2_ 'i_upcnt Up count !Vl2A_ r0,v1 r1, 

31 
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Table 7. MBIST Control States {continued) 
,.,,..,..,..._..,.~,~ 

I States Code State Name Description 

001101 ) mar2_ 0 __ upcnt I Up count M2A_r1 wore. 
001111 : mar2 .. 1 .. downc:nt ' Down count M2A .. r0w1 r1 . 

-----------------------------------------------------------------
001110 'mar2 .. 0 .. downcnt Down count lv12A -· r1w0r0. 

00·10·10 : mar2 .. read R.ead all Os, 
: 

001011 chkr ... w Part 1 writes topological checkerboard daia to memory. 

001001 I chkr ___ r All ports read topological checkerboard data. 

001000 :n ... cr1kr ... w Port 1 write inverse lopolo9ical checkerboard data. ·-
011000 • n ... chkr ___ r All ports read inverse topological checkerboard data. .......... 

I Port 2 write all zeros ti) memory using Unique Address Algorithm {UAA). -
-----~--

011001 uaddr __ zeros2 
-----

01'10'!1 uaddr__ write2 ! Porl 2 wriles every address value inlo its rnemor'{ location (UM). 

0111.)HJ uaddr - read2 • All ports read UAA cal.a. 
.................. .. 

0111·10 uaddr_ ones2 Port 2 writes 1.:111 ones to memory. 

011111 11 - uaddr - write2 Port 2 writes inverse address value into memory. 
: 011101 11 uaddr read2 Al! ports read inverse UAA data_ 
I .. .. 

....... -------------------- -----------~---

011001 uaddr ... zeros3 Port 3 write all zeros to memory using Unique Address A.Jgori!hm {UM). 

011011 
1 

uaddr_write3 Port 3 writes every address vaiue into its memory location (UAA). 

0i 1010 I uaddr read3 I ~ 
/\II ports read UAA data. 

••vo~•~•-

011110 : uaddr ... ones3 Port 3 writes ail ones to memory. 

011111 i n __ uaddr ___ wri.te3 Port 3 writes inverse address value into memory. 
•••••••n~•~-~~u .. ~--

011101 i n_uaddr_read3 
r 

All ports read inverse UM data. 

011001 j uadcczeros4 Port 4 write all zeros to memory using Unique Address Algorithm (UAAi. 

01101_1_ Juaddr_write4 I Port 4 writes every address value into its rnernory location {UAA). 

011010 i uaddr __ read4 I All ports read UAA data. 

011110 i uaddr_ones4 I Port 4 writes all ones to memory, 

01111 ·1 i n_uaddr_write4 I Port 4 writes inverse address value into memory. 

01110·1 i ri ... uaddr ... read4 All ports read inverse UAA data. 
: I 

--------~-u - • -110010 : 
1 complete 

.. • I lest comple,e. 

Table 8. MBIST Control Register (MCR) 

MCR[1:0J Mode 

00 Non-Debug 

01 Debug 

10 Reserved 

11 Reserved 
--------------------------

32 
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Ta.b!e 9. Boundary Scan Order Table 9. Boundary Sca11 Order (continued) ... 
Cell# Signal Name Bump (Ball} ID Cell# Signal Name Bump (Ball) ID ! 

••LL~ 

2 AO -· P4 K20 84 A10 P3 T20 ' ... ' ' •••••••••~iu 

4 A1 ~ P4 J19 86 A11 -P3 T19 

6 A2 .. P4 J18 88 A12_P3 U19 ! 
8 A3 --· P4 H20 90 A13 - P3 U18 

.. -,~ 

10 A4 - P4 H19 92 A14 .. P3 \/2() 
;........ ......... -.. ·------------------------------- -~----~,,L, 

12 A5 -· P4 G19 94 A15 ... P3 V19 
----1 

14 A.6 P4 .. G18 % CNT!NT_..f-'3 R17 
. ..... 

16 A7 P4 ... F20 98 CNTRST. . .P3 L18. 
~-u•~,~ 

18 A8 .. P4 F19 MKLD_P3 100 N"18 I 
i -

20 A9 ... P4 F18 102 CNTLD_P3 !N17 ; 
22 A10. .. P4 E20 104 CNT!NC_P3 PH 

, ___________ --------~ 
24 A11 .. P4 E19 106 CNTRD_P3 TH 

26 A12_ P4 D19 108 1'vlKRD_P3 THl 
-----------------------

28 A13 .. P4 D18 110 LB~P3 Y20 
·-

30 A14 . .P4 C20 112 DI:tP3 W19 
1--w,. ____________________ 

u, .. ~ 

32 A15_ P4 C19 114 bE_.P3 U17 

34 ! CNTINT_P4 F17 116 Ri\N_P3 V16 
-·· 

36 CNTR$T_P4 K18 118 CE1_P3 V18 

38 MKLO .. P4 H18 120 CE0_P3 V17 ' 1 

40 CNTLD_P4 H17 122 INT_P3 L19 

42 CNT!NC_P4 G17 124 CLK_P3 M17 

44 CNTRD_P4 Ell 126 IO0_P4 Y15 
______________________ 

46 MKRD .. P4 E18 128 IO1_P4 W15 

48 i.Jf - P4 A20 130 lO2_P4 Y16 
-

50 us_ P4 819 132 !O3_P4 W16 
-.-..-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-

52 OE_P4 017 134 !04 _P4 Y17 
·-···-y-·-·-·-·-·-·-·-·-· -- ••••••••••••••••••••• 

'54 R/VV P4 C-16 , 136 !05 .. P4 W17 i 

56 CE1_ P4 C18 138 !06 ... P4 Y18 

58 CEO - P4 C17 140 !07 .. P4 V\/18 

60 !NT_P4 K19 142 !08 ... P4 Y19 
--

62 CLK_ P4 K17 ·144 IO0_P3 V12 

64 AO -· P3 l20 146 l01 - P3 Y11 
~---------

66 A1_P3 M19 148 102_ P3 W12 
-------------

68 A2 P3 - M18 150 1O3_P3 Y12 

70 A3_P3 N20 
~--······-··-

152 1O4_P3 W13 
1------------- - - - - - - - - ----~-

72 A4_P3 N19 154 105 - P3 Y13 
~~-~L--

74 A5...P3 P19 156 1O6 ... P3 V15 

76 A6 P3 P18 158 1O7_P3 Y14 .. 

78 A7 ... P3 RZO 

80 A8 - P3 R19 

I 160 108~P3 V\!14 

162 IO0_P1 Y6 7 
82 A9 ... P3 R'18 164 101 .. P1 / l,\'6 i .. 
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Table 9. Boundary Scan Order (continued) Table 9. Boundary Scan Order (continued} 

- -~-

Cell# S!gnal Name Bump (Ball) ID Cell# Signal Name Bump (Ball} ID 

166 1O2._P1 'Y5 248 OE_P2 U4 
168 !03_ P1 W5 250 RIW_P2 \15 ............... --~, 

170 !O4_P1 Y4 252 Cr:1 ~. - P2 V3 

172 !05 __ P1 W4 , 254 CEO_P2 \/4 
-- • ··••·••········••• ~~~~-.-.y.-.------------------- -- --············-~~ 
174 !O6_.P1 Y3 256 !NT_P2 L2 

....................... ----------------~-~~ ~n•••••••••••••••••• 

176 107_P1 W3 258 CLK_P2 M4 

178 IO8_P1 Y2 260 AO_P1 K1 
I ·-· 

180 IOO_P2 V9 262 A1_ P1 J2 I 
182 lO1_P2 Y10 264 A2_ P1 J3 j 
184 102_ P2 W9 266 A3_P1 H1 l 

; 186 I03_P2 Y9 268 A4 - P1 H2 
~-~~an 

188 1O4_P2 W8 270 A5J'i G2 

190 I05_P2 Y8 272 A6_P1 G3 
------ ------

192 1O6_P2 V6 274 A7 - P1 F1 

194 !07_P2 Y7 
------ •••••••~u 

196 !08 __ P2 WT 

276 AB_ P1 F2 
~~~~~~-- ... , ... ,,~ 

278 A9_P1 F3 

198 AO_ P2 L1 280 AW_ P1 E1 

i 200 /1..1 P2 M2 - 282 A11 ---P1 E2 

202 f.>..2 __ P2 M3 284 A12_P1 D2 

204 ,A3_ P2 N1 286 A13_ P1 D3 
--

206 A4 P2 N2 - 288 A14 -- P1 C1 

208 A5~ P2 P2 .290 A15 ___ p-1 C2 

210 A6_ P2 P3 292 CNT!NT_P1 F4 

212 A7 P2 R1 - 294 CNTRST __ P1 K3 

214 A8_ P2 R2 296 MKLD ·-· P1 H3 
........ ~----------------- -----

216 A9_P2 R3 298 CNTLD_P1 H4 
~ .. ---~-.... -.~- ......... --~---------------------------------

218 A1C P2 --- T1 300 CNT!NC __ P1 G4 

220 A11_ P2 T2 302 CNTRD .. P1 E4 

222 A12 ... P2 U2 304 MKRD .. P1 E3 

224 A13__ P2 U3 306 LB __ P1 Ai 

226 A14_P2 V1 308 us .. P1 82 

228 AHL P2 V2 310 OE~ Pl 04 
: 

230 CNT!NT P2 -- R4 312 R/\IV_.P1 C5 

232 CNTRST_P2 L3 314 CE1 - P1 C3 

234 MKLD_P2 N3 
!--------
I 236 CNTLD -- P2 N4 

316 CEO --P1 C4 
~~---······ ----------~----- ___ ,, 

318 INT_P1 K2 ............... __________ ----------~ ~~-- -- ------------~~----

238 CNTINC __ _p_2 P4 320 CLK.__P1 K4 
·--

240 CNTR0 __ P2 T4 322 1O9_P2 A6 
-- --· 

242 MKRD_P2 T3 324 1O10_P2 86 
---~ -

244 LB -P2 Y1 326 1O1i_P2 A5 
-.. 

246 UB __ P2 \N2 328 1012_P2 85 
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Table 9. Boundary Scan Order (contiriued) 

Cell# Signal Name Bump (Bal!) ID 
: 

330 1O13_P2 A4 

332 f014_ P2 84 

334 1 1015. _ _?2 A3 

336 1O16_P2 B3 
--------------

338 fO17_P2 A2 
~n~• 

340 1O9_P1 C9 

342 1O10_P1 .A10 
~~-~----

344 1O11_P1 89 

346 1O12 __ P1 A8 

348 !013 __ P1 B8 

350 !014 -- Pi AB 

35-2 !015 ... P7 C6 

354 !O16_P1 A7 
---------------------
356 !017 Pi 87 ---

358 !09 ... P3 A15 
~~~-----------

360 1O10_P3 B15 

362 f011.Y3 A'l6 . 
364 1O12~P3 816 

366 1013 .. P3 AH 

368 1O14_P3 B17 

370 1O15_P3 A18 

372 1016 __ _?3 618 
,---------.• : 
:374 1O17 .. P3 A19 I 
376 10tt .. P4 C12 

378 1O10 .. P4 ,<\ 11 .. 
380 1O11 .. P4 B12 

•••••••••• 
38-2 I012_P4 A12 

384 lO13_P4 813 

386 !014_ P4 A13 

388 !O15_P4 C15 

390 !O16 ... P4 Ai4 

392 !017_P4 1 s14 I 
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PRELIMINARY CY7C0430BV 

Ordering Information 

64K x 18 3.3V Sym::hrot1ous QuadPort SRAM 

! 
-~~ 

I 
.. 

Speed Package Operating 
{MHz) Ordering Code Name Package Type Range 

\·••» 
CY7C04:10BV-133BGC ! 

----------------········~·~ -------- ···-~~ 
133 BG272 272-Ball Grid Array (BGA) Commercial 

[ CY7C0430B\l-133BGI BG272 272-Ball Grid Arr~, (BGA} !ndustriai 

100 CY7C0430BV- iOOBGG BG272 272-Ball Grid ,<\rra<:/ (BGA) Commercial 
-------------

CY7C0430BV· 1 OOBGI BG272 272-Ball Grid Array (BGA} Industrial 

Package Diagram 

272vlead Ball Grid Array (27 x 27 x 2.33 mm) BG272 

,, .f>· 

'-~5-f-~ 
~ 2 4 (., ~1 i ◊ ~ •: t 4: f~ ~8 20 i-], ~ 

·..., 3 t. 7 .. ~.-.-.f , t L3 n; rr ig. .,., 

u 

___ ; f- 4..l)CT4~'(4}:\ I 
,_ _____ :24-.Q-') 1;,."1:JC. ········-···········~ 

t) ~::;ypii:}~::; ;:¼:a:.:..-.:,.,n:.:'!...•r.:!,c,ff' C..:,rµ-...-v~1k,,,, i{l:f".!:t Th6< :n::r:.rr:1Qti.i;:w, ,r,.."(J.f:~~j1;1;i,;.l 1Kw;~i,, 1:s ~::..:bj.s--::i t❖ c:--1;.~t:~ ·~i.,.~~~out :~t,iici-.}, Cyp,:·H:s:S S.:smx;.::::rn.i:w.:.:tor i).:-q.x:r~tot·• 3~Sl.ln:<._.;:,;. ~~.:◄ ~s.p-r:tti~-:tri:tt:{ :fR· it:.,;:;. u·::;s$ 

v.t <-.{)),' c-;:r-c.l~•~ C!lH:,e!' t:~~n Gro-.titrr ~r'•l~x,d:a1i ::r:, s. Cy~w,;,..~:s: St~,r:-,1-.;i::m-th.i~t-;,r ~•1-...:,~:k:,:1. :-..::❖:r d-:,P.-~ Ct r::c,l)V~'I .t.~ irn~t; ;9,;,1y l~~~r1·~~ ~m:t;:.( p~t1;1-nt .:,x -:-tn<::-" ti~1:-,:s Cyp:ro:;,s-5- tiam-it::'),"::VnGt-:x ~l"J~ rn .• ~ ~\.,>~1:Yfil,,e 

:tis- ptV{.1~~% )l")f u-:?.;1- ~:s i:.~t{•:-s: GCi!!"l~x,:"":«r,ts k1 Hte•~~t~1-">:."":(t ,¢'.'/~i~ns ,-.i~••:-:.r& ;_-1. m~m..J,,,;~1·>::~ ,:.r f-:.~•i-:.i.ro,) m.::-y n:}.%M·~h:y t:-i::- e~pt!tf:t.s-{j: ~o (,-:.,-~.;_,:~~ ::n :$ii_J:1;fa~~:~t :nt•.!F)' t~, :ht>: ::SN. :~e :nclnS:i'fX1 I)]" ::..)~"f;l::-;;.::;; 
.':JQmit.::r,-n-duGh:-: p.-.:,:juc1s in lit.:.i-s:..1D,!X'.:l"t ~~1~w:r~$ 8ps;i~-t~t:-:.1n >fflpli.iei~ Ht:l:~ :hi,: marnJfac::.:,•t•f a_ss.,_,~1$:1;;, a:J -r,.1}..;,__ ts! 'J-~Kf: :..:~~ iojnJ in c.ln•~sr;g :s::- ;rl~::~t,l1~1t1e-~ ... C.:yµ.r<.-c:,s: Gent::::~.>1,duc.for ~9a(~~t ~:; .:..:~ur~-,::-1;:., 
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1 CMOS for o~imum Sl);ed/power 

1 H~h-speedacciss 
-l!ns1co!llmercial1 

1 !JJw operating pOlll:r; 140 mA 1:()il,) 

, AntoPJalk !)OlltNl01m 

1 Fully 15inrhronons operation 

1 Mlllteri@m iclect pin all~ws bus 
!lidtb expav~on to !!/Ii bi~ or niore 

1 Busy arbiiratlon scheme pro1ided 

1 !cmaphore,includedlopermltsoft, 
wire handshaking between por~ 

1 iNf flag for port•W·J)Ort ,ommnnica• 
tiou 

1 Availiblt in 61-pin PLCC; ii-pin 
pCOJ61 ind 64-pin (1C006) TQFP 

, Tncompatible 

1 ca~bk ofwilh!landing greaterthan 
WHVESD 

1 Pin wmpatible and functional l'(Juiva­
lent ro JDm06 and IDT7016 

Louie Block Diagram 
' F/lll 

PRELIMINARY 
CY7C006 
CY7COl6 

loK x 8/9 Dual-Port Static RAM 
with Sem, In( Busy 

Functional Description Each port hii! indercnrlent ooJ:rOI pins 
ch:rnab!e (C:E'), read or writrnahle 

The CY70J!6 ill'~ CYJGil6 are higrc (R~V)~ output :nable (~. Two 
1peed CMOI 16Kx I a~d 16Kx.1 d!a~ fiaji, BCSY and Im: are prnmded o~ 
port static RAMs. Vanous arbrnn0n ea:h port BUSY 1ignah that :ne port 1i 
schemes are ]duded on fa, t~ini 10 acce;r tlie same location current• 
CY1Cll.MIJo to handle s:tuatio1, wben ly being access~) tht mher pert The 
mcltiple processo~ accei-S the sime pt~e interrupt flai 1:I\ 1) pemit, mnmumca­
ol data. Two 1ort, are prni1doo pcrm11tmg tion between por~ or ;ymem:, b'/ mean, of 
:ndep,:ndeit, i!Sjlthronous acce.s1 for a mail box. The iemaphore; are used to 
reads and imes tc ar,y lp~tion L1 pii!, a tlaj, or token, frnm one port 111 th,c 
memory. The Crl0l06,V16 /.r1. n: ut:• other r0 inoicati that a ,hared resou:ce rn 
lized as a ,tandalune 128-Kbii dual•po:t in use. The ,emapno1t bgic ii CTm:pr:sed 
itatic RAM Dr rrultiple de,icci car. ~ of eigtl ihJ:ed latches. Only one si<le i:in 
:ombined in order to function <S a con:rol.the iatch (simapho:e) 1tanynme. 
li.m-b1tm:wide: masle,;s:av: □u~•port Control of a s:maplwre indicate; faa: a 
stitic R ;M An Ml:\ pin ii provided for ,hared resource is in use. An ,uturnatic 
imp!emenringl6-:'1!-bhor~dermemory pewer-dowi foaturc is cort~l!e<l inrie­
aprlic,tion,wi!h~ulttenew!~rnpar'.te renren:~ OD each poi\~· alt~ enahle 
m,sterand ,la1e aeviceS or adc,1t1onal d.1s- I cr:1 pm 01 !EM p n 
,rctc lo;ic. A?plic,tior. a:t~s include m- The CYiCOOo and CYlOJl 6 ire ivallable 
tel]lrocessor/muJ1promsor. drngns,com- . ,, • PLCC i 01}nin i7C0'.6) . , • ,1,_. and 11 io•pm s, an~ a r , 
mumc,lion.i ~ati~. DU. ,,mg, ' TQF p and 64 in (10l06J TQFP. 
dua:.port11deo/grapmcs mern01. p 

ffillli...;.11,--___ _ 

IIITTRAUP'. 
SB,\l\'HCfS 
,RilflR,mN 

I Alfi 

L---~---sN~ :if------ L--------.- Nlill! ,)JOO-

6-1 

I 
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CY!C006 

~ PRELIMINARY CY7C016 

1/CT?RESS=--~ 
Pin Configurations 

~of!: 
l, FOfurlDtiont:, 

ji,PinU:01'LCC 
TupV1e~ 

C\7COC6!16 

:4 ilf\ 
o! N!Sl1 
5~ GNP 

511,111 
~ !U,?; 

4g J% 
~ 'IR 

41 \lfl 

~ ~ 
45 A1R 
4,1 ~, 

:/~ ~6 ljjO (IJ\!ll'."tf1~"'iJl;lO,-t\.i 
~~~m;MM~~(!l~~~ ~t~ 

Qp;v<O((I 
~[ Ji'~~~g ~~ ~ ~~}}!Jf 
"C I 

~ C006~/ 

lil-PinrQF1 
'(Gp'/Jel! 

~~~;im!~~il~~;2,, 

iiD<L J 

~~\ 
'lcc~8 
Gl1□ c:Jg 
i•Dif_c::j10 
1,trn , II 

lcii 12 

Vee I! 
I~, :4 

l•O; ·, 

C'flCJ06 

4: 

~ 

~ CY7C006 

lk?RESS ===;;;;;;P:;;;;;1<£;;;;,;LIM;;;;;;JN;;;;:il.R;;;;;Y ;;;;:;;;::;;;;;;;;;C;;;;Y7=C01=6 

Pin Omfigurations (continued) 

Right Port 

GND 

80-PinTQF! 
TupVi1w 

Dmrlption 
Data B1:s lnput/Oufyu: 

Atldre»Lines 

Outpi:Elabb 

Semaplwre Ena\1k WnenalsertedLOW,~fow, ac:ess to ei\ht semaphores. 
h thrte .east s1p1ficlint b11scitile iddres, linesi1udeternnnewh1cli sema­
phore to 1'1'.ile m read. Th,e_ l/Oi)yin is U\ed when writing w a 1emaplore. 
Srn,mhores 1.re requeslec ai wntn:g a O ,,to the re1pcdive locatior., 

loti,rup1 Flag, lNT L is set wl1tn ri~t port wri1e1 bc.iton JFFE and i1 
cleared when lift ~m: :eaili; lornt:oi 3FFE, WI R is $el when Id! port writ:, 
1,1:atwn JFFF anc 1s clemd ~ten niht port reads ½talion lFFF ' 

M:is:ercr&\a1•eSe\ect 

Power 

Grou11c 

I 
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,-----T,ii~7--;;:;-;;--r-:::::::-:-:--,-__:.---.:._• r~c~ical Characteristics 01'ertni0perarin:Rar,gd
51 

Sefoction Gulde 

1al06-ll 1COOH! UH! 1COOH5 10ll6-ll 7C016-25 7C01Hl 7C016-55 
'\!~mum Ao:eis Time i:nsj Ii I\ Ji ~- jj 

'iaiimun:~mting 
Dment(mA,1 2@ no 2i0 200 

Maximum StandJ1 
)0 ,'' Crrren:fotlssi(mAi 60 10 4D 

Maximum Ratings 
(/\liov: whicl1 lne mdul life mav Je lmp,ir,tl. Furum•uidelines not tested.) • , • , Static Dis:\arge Voltage .... 

(per MIL-STD-111, Meih,:i:I 1i1i-1 " .. """ • > 
11

~lV 

Storag: Tempmlure .. .. .. 1·0 L h U ...... , .... -,,) C:o+15,J'C ate· ·pcurrent , ....................... >Wum, 
Ambient Tempmtcr: wi:h 

0 

Po~tr Applied ....... , .. , .. , ...... , -We :o + l2l'C Operating Range 
Supp~· Volt,ge to Groind Potentlal . n jV ...... -u. toHO\i 
DC Vol~e Applied :e Outpuli 
ivH~nZState.. ,... ...... (' .. , . -IJVto+:,OV 
DC Input Vo:tagel11 . . . . . l .•••••• - 1Wto+i.OV 
O,tpul Current inrn Ompnts rLO\Vi 1 ......... , WmA 

Ambient --
Range Temperature Vee 

Olrr.merri,I O'CloHl'C 5V t !Go/;-' 

lnc:us1rial -4J'Cto+ij'C iV±lJ% -i 

~le; 

4. Pdse•idth <1Dr,. 

-,: r 7C006-l! :C006-l! 

1· 
7C016-1S 1CU!H 

/ Paramcler Deicription\ T~t Conditions Mfo ' fyp. Max. · ~fin, Typ, Max, Uni: 

, • VoH Out?ut HJGH Voltage V cc• Min,, Iott= -4,l\ mA 2.4 2.4 i V ; 

r VoL Ou~u! LOW Voltage V cc " Min,, lc-L = 4.0 mA 0.4 M V 

2.l j'· V 
.1 ViH , Input HIGH Voltaie .. , 
I Input LOW Volt,ge i 0! 1),8 V 
i VfL 

I 1rx Input Leakage Current GND S V1s. Vee -10 tlD -10 + 10 µA 

11,z Ou~ut L,akaie Currenl 0nlpL1S Disable! GND s Vo ~Yu; -w +:u -10 +10 µA 

!i Operntin;Cmrent Vo:= Max,, lour= OmA C-0m': 170 260 110 120 mA 
Oulput Dis,bbd ' 

!r,d 16D i 170 
I 

l!B' Standb)' OmeJt CEL ind C,ER2 Vm, I Com'i lO 70 ! j(i ;o mA 
~olh Ports m Levels) f = fMAX[i Ind ' 41) 75 j 

~ Staodli10Jnent Ctt or CEJl 2 Vm, C0m1 11D 110 9D '.30 mA 
lilll 

(Or:e Port TfL Level) f=~:Al bd 90 150 

lrnJ Standb) Currem Both Ports C.om'I J 15 3 jj rrJ\ 

(Both Por:s CMOS CTandCERt.Va:-0.2V. 
{, 

1'1· 

Leveh) Y1jt. Vo;-m Ind I 3 11 
o: VrN 5. 0,2V, f = 01111 i ! 

!11)1 !t1ndiv Cooent One Port Com1 J(O liO !O '.20 :uA 
1:one Port CMOS Live!) LBt or CER t. V:c - 0.2V, 

V1N 2::.Vcc - 0.2\/ or 
YINS 0,2V,Atbe bd 80 1]0 

Port Omp,li, ( = fy1}
01 

I 
7COOH5 7COl6-5i 
1rniH5 7C016-5i 

Paramder .. Description TestCoudilions Mill : ~p. Max. Min, ~~ Ma!, Unit 

VoB Ou~ut HIGH Vo:tage Va:= )ilb.,lm = -tlmA 2.4 1.4 V 

Vol ' Output LOW \:cit age Vee= ~lb., !01 • tO rrA (1.4 0.4 V : 

' V1E : Input HIGH Vo!tage ! 2.2 2.2 i VI 

Input LOW Volt.11e ' O,i O! 
V11 ' V 

f 

ltx npil Leikai:Cmer:1 G'.1D ~ Vrs Vee :-10 +rn -rn +10 µA 

'101 ! Outpm Lealaie Curren: Ou!pllt,Dilabled, G~1D .5. Yo.s.Vcc -10 +rn -iG +10 µA 

kc Operating Cumnt V cc • ~fax., lour= 0 mA Com'l iiO 21U '.4(: 2GU mA 
,,,, Ou1put1 Di;abled ind 150 liO HO l40 

l:m Stanacy Current CELandCER?. V1:,, Cin:'I :-0 iu 20 io mA 

(Botn Port\ m Levet:1 f =f-w:loJ fod 30 ;, 20 (( 
! 

lrn Standby Cum:nt CELorCEf2 V1:1, Com'l 10 120 7:J li.11 mA 
(One Port TTL Level) f: f11:AX[b Ind iO 1YJ J,) 115 

!iB, StancbyCu;r11l BothPorl,1 Gim'I J 11 1 15 mA 

(Bolt Port CMOS CE and CER2 Va:~ U.2V, 
Levcis) Vlli?.Va:-0,:V .. inri l ll J 11 

orVIN_s0,1v:f=Oi0: 

i 124 Ilana!) Current One Port Cim'l :0 WO co % mA 
I (One Port CMOS Level) cEl orCER2 Vee~ 02~ 

I Vm 2 Vee - 0.1V or 
Ind 7(1 J(t ({: !: 

i V1N.S0.2V,Acti·1, 
L Port Ourrut,, [ = fM:cll 

N~~: 
· J. t-fo,_ltl P!eoftb;,peci:icatio,forGrnupAsubgroup1e1tingii• o. IM,X s llt,c• AJli11put1cydilga1f c 1/1,c(cxceptoutput~n,He). 

: · · Wmat[ll f a O ~ems rt ao±·,~ or :or.trn: lines ~\ange ;hi, appLe, onfy 10 

mpms jl CMOS lrv,I stancti Ism 

6-4 
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Capadtancel'i : r·:.. - ' 'j B) 
r-----..,...----..,-------,-----.---...:· • Switching Characteristics 0\1rtheOperatu1g Rcnge • • (continued) 

Parameter Deitriplion Test Cmuliuim Max, [lniJ )C/Wi-15 1COO,H5 7C@H5 iCG6HS 
1Cfl16-15 1(016-2: 7COJH5 1C0!6-55 

( :. 
Piraiu1t1r Descripnon Min,-/ \fax, , MiP., / Max. Min./ Y.ax. Min. )la!, Unit 

AC Test wads and Wavefonns 
5V 

OJIJ>J~ HJ!O 

C•30pl l RM47Q 

:; ':' 

(u) Thiicnil F,qoivalenl (Load t) (,] Thm•Sl:lldl!iay (.w.1d Ji 
CIQH 111'~6 cooa, 

m NM fULSES 

00% 

load(Load1) OlH 

Si1itching .Characteristics Oler.the Operating Rangi 5, ll 

1Cl)IJH5 . 1C006-2! · iCOOii-35 
1COlHi • 1rn1HS X816-35 

Parameler Descriptiiu Mai. 
READ CYCLE 

tr<e Read Cycle Time 15 

tAA ' AJure~ tc Da:a valid 15 

to!lA Ou1put Hold from AddreSS{b,JJJg: 

i ¼il CE LOW to D,ta l~iid ;5 

i tDoE OE LOW to Data \ldic w 

10 

turnMi Ct LOW lo Low Z 

IHzcr/'•101 CT f/lGH to High Z JG l 

're CTLOW1oP0wedJp 

CE HIGH ta Poi1er ,Down 

Nitti: 
1. Tested ioitaUy ird lfmn) d~igi 1.1, pr11c1;1, clianiesthal mty a:lcct 9, 

tlese1ar~ne:ers. 

Min. Max. Min. 

!5 3; 

l 25 

25 

I E 

,, 
.l,.: 

15 , 

8. Te;t co11dilionsa111111e,:gnal t,arui,ion 1ime ii! nscr leS\ timinp:!• JII. Te,t condiucn; u1edir, LJd 
erencdeveii utrn; inpu:r,tl:.e tevd, ofOlo l.D\; andoutpuikadir,g 
cf 11,e ,pdfoi ioi/loH a11d J1J.pF loid aip,ciuwc~ 

6-6 

Max. 

·v 
3i 

3l· 
2(J 

15 

15 

Ji 

Min, 

55 

\l'RITECl'CLE 

W1i:eC1clcTime ;( I 25 35 
I 

55 !!we , .. u, 
' 

t;a IT WW'(! 11\ik End 12 10 / 30 15 cS 

9~ tiw Aurir:., let·Up to lir;te Enc :2 w 3(, 45 ni 

··:':. tHA Addre~ Held Fron: Write Er.-e 2 2 2 l ns 
.- Addn;1, Setfp 10 ~\:ite Start & 0 0 C as \\~ 

7Q Write Pulse liidth 12 20 i· !D j m :,' :m cl 

iSD JJa12 Sct,Up to Wnte End 10 15 15 15 as 

I 1Ho
1111 Daw Hold From ½rrte Enc D D (I r ns 

1 '· 

• ~1zw1i1•
1l .. RIW LOW 10 Hign Z r w :5 20 25 ,~ 

. · - f!J) RiW !UGH to Low Z 3 ' ! I J I.J . i ILZ\l'E • 

i;°vvfii: ~lite Pibt lo Data Delay )0 if 51 60 / !O ns 

bon111
: Write Data V,lid 10 Re,d Data Valid Jl / 

JO Jl I \u .ns 
!• BUSI' TIMThG[llj .·. i 

•i!H BUSY LOW from Acdre::;s Mat;t 1f w I 21) ! 30 ns - ilIBY HIGH from Acdresi jj w I 1D )fl 
'RflA 

ns 
i: Mismakb - fflLOWfrumCELOW 15 2JJ 21] JO 'Bl[ JS 

/IBHC • BUSY HlGR from CE HlGH ll 1l 1 
25 ~a m I 

r1,1 Purt Se1lp tat Priori~ 1 
l 

5 5 5 ns I 
i I• 

I 

twi RiW LOW afrer iiUSYLQW a o I [i 0 m I 

. l~Jj RJW H!GH a:tcr BUSY HIGH Jl 1l 15 JI) IIS 

IBvil ii!JSY HlGH to Dara VaJ;d • No~ Note Nmt Ni:e II, 

14 '.4 :4 A 

ltiERRVPI' TIM!NGI ::i1 

:m lVf!etTime is r 2: i 25 / JO fili 

i tw, . NT Re,et Time , .. 15 j r I ;.J 25 I 30 ns 

•• • SE!IAPHORE TIM!SG 

tsoi SEM Fla; Update Pulse !.OE JO rn :5 w n, 
• arSE:½) 

• tiwm. SEY:. Flag Wri.1.1 19 Reid Time I 5 5 i 5 ns 
" / 

.··. I,~ SEM F!ag C(m/cmion W:ndow . 5 5 5 5 ,1, 

:Noils: 
I\ -~,t wn:lirion,ul/J areLow 2 ... J. '.11\lil ~, mel bv lfr device wrJm;J ta :he RAM ir.der a!I D?Ctaiing 

uJtdilioa, 
for i~Ol!nll~n m p,1Uo-part de~1 :nrougr RA\J cclldm WI:!• 

: i. l!JD]) i1 teil'rinted piwncl,r ir.aL<~eg1~1ler oftwDD • lfWE (a,­
. tual) :r tnDD - ts0 (ictu,J:, 

• itg po11!11,:dngf".)tl, refer to Recd Timir:gwith Po1:.1c-lon De~y 
~mform 

·I-,>-. 

H 

' 
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Silitching Waveforms 

Reid Cycle No. I iEitbtr Port Addrn,1 Aceesi)/:5, 1~ 

DATA VALID 

DATADUT-i-----+t+~+< DJ\TAVN.ID 

t,u t 

Read Timmg iith Port-to-l'urt Dclay (MIS= Lj/1',W) 

R//1,------. 

ADDRE$Si 

----1000---

JATAouTL 
-----....------1----. 

~ill$ 

15. MV i; HfGH foneaJ g•de. 
16 Dev~ i, rnnillluou0 sel~:~d CE• LOW anc OE= LOW This 

~ivefo:rncil:l'Oibeusedforsemap,iorereid,. 
J1. Add re~ 11/:c prior to or wiccfoen: wit,\ CE ir.nsition LOW 

:8. CEi • L, $EM= H ~hen accci,i:gRAM.C£, H, W/,, 
wxs,fog,emup!crei. 

19. m!iY = HIGH/ar1iew:iti.1gpurt. 
20, IB.•CTR•LOW 

Switching \V◄iveforms !:oiminued,, 

fl!ite Cyde No. 1: OEThree,Stite Data Ws !Effher P&t)PI ,z :J/ 

it--------•t111;-------

------tiw------

~W 
-----,-----tp~c---------

etsr 

OAT41N --------;= D.~A~~#J 
I 

I 

'·t" 
k 

HIGH IMPEDANC1 1 

WritcCyde.Vo.l: ~WThree.SfaleDawVOs (EiilierPortJ/111J,,4/ 

1-•ro:-------
....,.....,.ik-,-, ..... I / 1"!"1.,.,.,.,.,.,..,,.,.,.,...,..., 

)11l,<;'·-

]lr. inle:Mi i1ri1: 1i1~0:'1le memor; is dcibed by the omhpafCT 
c1 ID! LOW Jnd R,W WW Both ;iical., Dnst ~; WW tu 1rJti&k 
, wi11, i,d litk .,igr.ili Cilll tlrmfaate i $rite by gobg f!/Gf/. tie 
taJ,in[iJJl,r.:-upandn11ld:frnir.g1/J1,ldi:,;rere1cncid:01btri.1inJ 
tiJJeoflne,igo1ltilattmniiate1th,irite, 
If OE i, WW dHir.g a R1W Mi~lled write cycir, ti- ~rite pll111 
~1dhustre6ekge: ;Jf 17113 ar UHZWL + tm,i 10 ~lo~the 110 

6-9 

tfi,r---,., --"""""--

HIGH !MPEDANC: 

dnmri l•J tlm cf arrd om ia ~ pfa,d 01 be iu1 for :II r•;quired 
lsD• If0f i1 H/Gi! dur:rrg a R/1fo111:roiccwritec1cle /~ it t\im, 
am_Jle_i, t/1is 1e1uir 1m:rl dots 1.al ,pfl' we u1c wri:e pd!eCa11 Je as 
shcr11slht1p:ci;i1d~'\\'£· 

23. R/W mu9. be HIG!l lurt.g all adarii,1 t-,r.lilmi. 
24. D~:a YO pim enter f.igb impdanre wren OE i1 f.cid LOW foing 

:\:'ill, 

C((l;.i) 
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'"::!!!iJ,'11 v!l 1:J.Jk.'kJ 

Switching \\\iv~orms (rontinued) 

Semaphori Read After \\'rite Timing, Etther lidel251 

Ai-Ai 

Wii 

!Do 

A/W 

DE 

Stmaphure Cnnl!ntion12~ 11, 2l] 

sm_ 

Note1: 
21, CE= HIGl!forth,dumtion of tte above tirnrng tboth wrke and read 

cyi;~I, 
26, l/QJR O II0,1t = LOW(reque~,emapho:e):CtR =Ci\= HIGH 
1;, ~miphores amc.el ( l\'rulab\e 10 both p,r~) at ,:1c'e ~'11. 

6-1!1 

Switching Waveforms irontinued) 

Read with BUS\' (~t'~=ll1GH)l20i 

Ivie 

ADDRESSR MATCH 

RIK~ tow, 

--tsc, 

DATN,l, 

AO)ll:SSL MATCH 

~~':1 ~1!4 
I 

';/' 

~L k1 !Boe 

looo 

1ri.OLTL I/AUD I 
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l/cY?REss ====;;;;;P;;:,;;RE=L!J;,;;;;o/lIN;;;;;AR=Y ==cY7;;;::co~_16 l(CTPRESS-= ~ 
s~itchln~ Waveforms (eontinuoo) 

Busi Timing Diagram No. I (CE :\rbitrafionf9 

CEL Valid Fin!: 

ADDR:SSt,H J 
CEi---'"I 

CER Valid lint: 

ADDRESS VATCli 

ADDRESS1,R J ADDRESS MATCH X .......... ____ _ 

Busy Timing Diagram ~o. l (Address Arbitration)i291 

Left Addre!S Valid fil'lt: 

Right Add ms Valid First 

Note: 
2I l'tps ~ vfJ:a1cJJ, tbe ~J;ysipuliill b, am tee or.ones~e o: thrnth­

er, bm thc:ei1 JO iu,rant:e on which slc iJ1EY ·,in b, U!ieITed. 
:-0. IH1 dcpendi on •.111i:l 1n1ble pb (CEc or Rl\i\J is dea1scrled firs'. 

ADwRESS MISMATCH 

l'.. t!Ns er 1/NR oe~ad1 or: whi;h en,ble pin (Cl:L or R,\I\) i,w1:rt~ 
lu1t, 

H1 

Switching Waveforms (co,tinued) 

Inrerrupt Tuning Diagrami 

l~fiSid1Se1~lNTR: i.---tl'lc-:--- J~ VX 
-.:r-- WNE3FF~ £:i_ 

ADDRESSl J-- tHlOl =~-------x= 

filr ________ _ 
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CY7C924ADX 

200-MBaud HOTLink® Transceiver 

Features 

• Second-generation HOTLin~ 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 BB/1 OB 

coding) , 
! 

• Synchronous or asynchronous TTL parallel interface ' 
• UTOPIA compatible host bus interface 
• Embedded/Bypassable 256-character synchronous 

FIFOs 
• 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 
• 0.35µ 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 CY78923/933 HOTLink. 

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 88/1 OB encoder to improve its 
serial transmission characteristics. These encoded characters 
are then serialized and output from two Positive EGL (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 PE CL-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, 88/1 OB 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 88/1 OB 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 1/0 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 (81ST) 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 

3901 NorthFirstStreet SanJose, CA 95134 408-943-2600 
Revised February 13, 2004 
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CY7C924ADX Transceiver Logic Block Diagram 
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Pin Configuration 
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Pin Descriptions 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics Signal Description 

Transmit Path Signals 

44, 42, TXDATA[7:0] TTL input, sampled Parallel Transmit Data Input. Bus width can be configured to accept either 
40, 36, on TXCLKtor 8- or 10-bit characters. When the encoder is bypassed (ENCBYP* is LOW), 
34, 32, REFCLKt, TXDATA[7:0] functions as the least significant eight bits of the 10- or 12-bit 
30,22 Internal Pull-Up pre-encoded transmit character. 

46 TXINT/ TTL input, sampled Transmit Interrupt Input. This input is only interpreted if both the Transmit 
TXDATA[8] on TXCLKtor FIFO and Encoder are enabled (FIFOBYP* and ENCBYP* are HIGH). Upon 

REFCLKt, any state-change (0➔1 or 1 ➔0) in TXINT, a character is forced into the 
Internal Pull-Up 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 
TXINTtransitions 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), TXDATA[8] functions as the 9th bit of the 10- or 12-
bit pre-encoded transmit character. 

54 TXHALT*/ TTL input, sampled Transmit FIFO Halt Immediate Input. When the Transmit FIFO and the 
TXDATA[9] on TXCLKt or encoder are enabled (FIFOBYP* and ENCBYP* are HIGH) and TXHAL T* is 

REFCLKt, asserted LOW, transmission of data from the FIFO is suspended and the 
Internal Pull-Up HOTLink transmits idle characters (K28.5). During this time, data can still be 

loaded into the FIFO. When TXHAL T* 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/ TTL input, sampled Transmit Send Violation Symbol Input. When the Encoder is enabled and 
TXDATA[10] on TXCLKt or the Transmit FIFO is enabled (ENCBYP* and FIFOBYP* are HIGH), this input 

REFCLKt, is interpreted along with TXSOC and TXSC/D* (see Table2for details). When 
Internal Pull-Up the Transmit FIFO is disabled (FIFOBYP* is LOW) and the TXSVS bit is set, 

the character on the TXDATA is ignored and a CO. 7 exception is sent instead. 
When the Encoder is bypassed and in 10-bit mode (ENCBYP* and BYTE8/1 0* 
are LOW), TXDATA[1 0] 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/ TTL input, sampled Transmit Start of Cell Input. When the Transmit FIFO and Encoder are 
TXDATA[11] on TXCLKtor enabled (ENCBYP* and FIFOBYP* are HIGH), this input is used as a message 

REFCLKt, frame delimiter to indicate the beginning of a data packet. It is interpreted along 
Internal Pull-Up 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 BYTE8/10* 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 Transmit Special Character or Data Select Input. When the Transmit FIFO 
on TXCLKt or is enabled and the encoder is enabled (FIFOBYP* and ENCBYP* are HIGH), 
REFCLKt, this input is interpreted along with TXSVS and TXSOC (see Tab/e2fordetails). 
Internal Pull-Up 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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Pin Descriptions (continued) 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics 

18 TXEN* TTL input, sampled 
on TXCLKtor 
REFCLKt, 
Internal Pull-Up 

9 TXSTOP* TTL input, sampled 
on TXCLKt, 
Internal Pull-Up 

68 TXCLK TTL clock input, 
Internal Pull-Up 

72 TXFULL* 3-state TTL output, 
changes following 
TXCLKt or 
REFCLKt 

70 TXHALF* 3-state TTL output, 
changes following 
TXCLKt or 
REFCLKt 

Document#: 38-02008 Rev. *D 

Signal Description 

Transmit Enable Input. Data enable for the TXDATA[11 :OJ 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 TXHAL T* 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. 

Transmit Stop on Start_0f_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 
bit is 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) lXSTOP* has no 
function. 
When the Transmit FIFO is enabled (FIFOBYP* is HIGH) and the Encoder is 
bypassed (ENCBYP* is LOW), TXDAT A[9J/TXHAL T* is a data input and not 
TXHAL T*. In this mode, the TXSOC bit is not interpreted and the TXSTOP* 
input assumes the same operation as TXHAL T*. 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. 

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. 

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-2. 
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. 

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 s:ate by the assertion of RESET*[1 :OJ LOW. 
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Pin Descriptions (continued) 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics 

60 TXEMPTY* 3-state TTL output, 
changes following 
TXCLKt or 
REFCLKt 

16 TXRST* TTL input, internal 
pull-up, sampled on 
TXCLKt, 
Internal Pull-Up 

7 TXBISTEN* TTL input, 
asynchronous, 
Internal Pull-Up 

Receive Path Signals 

41, 43, RXDATA[7:0] Bidirectional TTL, 
45, 47, changes following 
48, 53, RXCLKt, or sampled 
59,61 by RXCLKt 

33 RXINT/ Bidirectional TTL, 
RXDATA[8] changes following 

RXCLKt, or sampled 
by RXCLKt 

31 RXDATA[9] Bidirectional TTL, 
changes following 
RXCLKt, or sampled 
by RXCLKt 

Document#: 38-02008 Rev. *D 

Signal Description 

Transmit FIFO Empty Status Flag. Active HIGH when configured for 
Cascade timing (EXTFI FO is HIGH), active LOW when configured for UTOPIA 
timing (EXTFIFO is LOW). The TXEMPTY* output is enabled when AM* is 
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 
asserted to indicate that the transmitter can accept data. 
When TXBISTEN* is asserted LOW, TXEMPTY* becomes the transmit BIST-
progress ildicator (regardless of the logic state of FIFOBYP*). In this mode 
TXEMPTY* is asserted for one TXCLK or REFCLK period at the end of each 
transmitted BIST sequence, depending on the FIFOBYP* setting. 

Transmit FIFO Reset. When TXRST* is sampled asserted for eight or more 
TXCLK cycles, a reset operation is started on the Transmit FIFO. This input is 
ignored when the Transmit FIFO is bypassed. 

Transmitter BIST Enable. When TXBISTEN* is LOW, the transmitter 
generates a 511-character repeating built-in self test (BIST) sequence, that 
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. 

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. 

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), RXDAT A[8] functions as 
the 9th bit of the 10- or 12-bit undecoded receive character. 

Receive Data Output. When the Decoder is enabled in 10-bit mode 
(ENCBYP* is HIGH and BYTE8/10* 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), RXDAT A[9] functions as 
the 10th bit of the 10- or 12-bit undecoded receive character. 
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Pin Descriptions (continued) 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics 

29 RXRVS/ Bidirectional TTL, 
RXDATA[10] changes following 

RXCLK1', or sampled 
by RXCLK1', Internal 
Pull-Up 

23 RXSOC/ Bidirectional TTL, 
RXDATA[11] changes following 

RXCLK1', or sampled 
by RXCLK1' 

65 RXSC/D* Bidirectional TTL, 
changes following 
RXCLK1', or sampled 
by RXCLK1' 

69 RXEN* TTL input, sampled 
on RXCLK1', 
Internal Pull-Up 

8 RXCLK Bidirectional TTL 
clock, Internal Pull-Up 

Document#: 38-02008 Rev. *D 

Signal Description 

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 6, 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 
(BYTE8/10* 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). 

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/eq 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 
(BYTE8/10* 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. 

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 Tab/eq 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. 

Receive Enable. Data enable for the RXDAT A[11 :OJ 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. 

Receive Clock When the Receive FIFO 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 ofthe data being received (1/1 0thor 1112th ofthe serial bit-rate). 
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Pin Descriptions (continued) 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics 

10 RXFULL* 3-state TTL output, 
changes following 
RXCLK1' 

19 RXHALF* TTL output, chanf es 
following RXCLK 

21 RXEMPTY* 3-state TTL output, 
changes following 
RXCLK1' 

67 RXRST* TTL input, sampled 
on RXCLK1', Internal 
Pull-Up 

73 RFEN TTL input, 
asynchronous, 
Internal Pull-Up 

77 RXBISTEN* TTL input, 
asynchronous, 
Internal Pull-Up 

Document#: 38-02008 Rev. *D 

Signal Description 

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-2. 
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 81ST progress indicator, and pulses asserted once 
every pass through the 511-character 81ST loop. 
The RXFULL * output is enabled when AM* is asserted, otherwise it is High-2 

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: halffull (128 characters). When the Receive FIFO 
is bypassed, RXHALF* is deasserted. 
RXHALF* is forced to the High-2 state only during a "full-chip" reset (i.e., while 
RESET*[1 :O] are LOW). 

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-2 
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 :O] settings allow the user to 
determine which data is valid and allows selective flagging of idle characters. 
When RXEMPTY* is de asserted it indicates thata valid character (as selected 
by RXMODE[1 :O]) is present at the RXDATA outputs. When asserted it 
indicates that a C5.0 (K28.5) rejected by the current RXMODE[1 :OJ 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-2 

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. 

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. 

Receiver BIST Enable. When asserted, built-in self test (81ST) is active and 
the receiver is configured to perform a character-for-character match of the 
incoming data stream with a 511-character 81ST sequence. The result of 
character mismatches are indicated on RXRVS. Completion of each 511-
character 81ST loop is accompanied by an assertion pulse on the RXFULL * 
flag. 
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Pin Descriptions (continued) 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics 

Control Signals 

71 AM* TTL input, sampled 
byTXCLKi, 
RXCLKi, and 
REFCLKi 

6 LOOPTX TTL input, 
asynchronous, 
Internal Pull-Down 

12 REFCLK TTL input clock 

75 SPDSEL Static control input 
TTL levels Normally 
wired HIGH or LOW 

74 RANGESEL Static control input 
TTL levels Normally 
wired HIGH or LOW 

49 EXTFIFO Static control input 
TTL levels Normally 
wired HIGH or LOW 

28 FIFOBYP* Static control input 
TTL levels Normally 
wired HIGH or LOW 

Document#: 38-02008 Rev. *D 

Signal Description 

Address Match. This signal is used as a qualifierforTXEN*, RXEN*, TXRST*, 
and RXRST*. Also controls three-state enables for the TXFULL*, TXEMPTY*, 
RXFULL *, and RXEMPTY* signals. 

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). 

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 Tabletior the relationships between REFCLK, SPDSEL, RANGESEL, 
FIFOBYP*, ENCBYP* and BYTE8/10*. 

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 Table~. 

Range Select. Selects the proper prescalerforthe REFCLK input. See Table5 
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 (RANGES EL 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. 

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 external 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*. 

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 ares 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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Pin Descriptions (continued) 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics 

27 ENCBYP* Static control input 
TTL levels Normally 
wired HIGH or LOW 

24,25 RXMODE[1 :0] Static control input 
TTL levels Normally 
wired HIGH or LOW 

50 BYTE8/10* Static control input 
TTL levels Normally 
wired HIGH or LOW 

52,51 RESET*[1 :0] TTL input, 

1 TEST* TTL input, 
asynchronous. 
Normally wired HIGH 

Analog 1/0 and Control 

89, 90, OUTA!: PE CL-compatible 
81,82 OUTBt differential outputs 

97 CURSETA Analog input 

78 CURSETB Analog input 

94, 93, INA± PE CL-compatible 
86,85 INB± differential inputs 

2 A/B* TTL input, 
asynchronous, 
Internal Pull-Up 

4,5 DLB[1 :0] TTL input, 
asynchronous, 
Internal Pull-Down 

Document#: 38-02008 Rev. *D 

Signal Description 

Encoder Bypass Select. When LOW, both the Encoder and Decoder are 
bypassed. Data is transmitted in NRZ format, without encoding, LSB first. 
Received data are presented as parallel characters to the interface without 
decoding. 
When HIGH, data is passed through both the 88/1 OB Encoder in the Transmit 
path and the Decoder in the Receive path. 

Receive Discard Policy Select. These inputs select between the four data 
handling and fill-character discard modes in the receiver. See Table Z 

Parallel Data Character Size Select. Selects the input data character width. 
When BYTE8/10* is HIGH and ENCBYP* is HIGH, the device is in 8-bit mode 
and the data is encoded using the 8B/1 OB code rules found in Table 11 and 
Table 12. 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 BYTE8/1 0* 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 Table 1 and TableB 
If the FIFOs are BYPASSED and Encoding is enabled (FIFOBYP* = LOW and 
ENCBYP* = HIGH), BYTE8/10* MUST BE HIGH 

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. 

Factory Test Mode Select. Used to force the part into a diagnostic test mode 
used for factory ATE test. This pin is tied HIGH during normal operation. 

Differential Serial Data Outputs. These PECL-compatible outputs are 
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 V00 . 

Current-set Resistor Input for 0UTA± 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. 

Current-set Resistor Input for 0UTB± A precision resistor is connected 
between this input and a clean ground to set the output differential amplitude 
and currents for the OUTB± differential driver. 

Differential Serial Data Inputs. These inputs accept the serial data stream 
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. 

Receive Data Input Selector. Determines which external serial bit-stream is 
passed to the receiver clock and data recovery circuit 

Loop-back Select Inputs. Selects connections between serial inputs and 
outputs. Controls diagnostic loop-back and serial loop-through functions. See 
Table3for details. 
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Pin Descriptions (continued) 
CY7C924ADX HOTLink Transceiver 

Pin# Name 1/0 Characteristics 

100 CARDET PE CL-compatible 
input, asynchronous 

3 LFI* TTL output, chanf es 
following RXCLK 

Power 

80, 87, VooA 
88, 95, 
96,98 

76, 79, VssA 
83, 84, 
91, 92, 
99 

14, 17, Voo 
35, 55, 
62,64 

11, 13, Vss 
15, 26, 
37, 38, 
39, 57, 
63,66 

CY7C924ADX HOTLink Operation 

Overview 

Signal Description 

Carrier Detect Input. Used to allow an external device to signify a valid signal 
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 V00 for 
copper media applications. 

Link Fault Indication Output. Active LOW. LFI* changes synchronous with 
RXCLK. This output is driven LOW when the serial link currently selected by 
A/8* 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 for PECL-compatible 1/0 signals and internal analog circuits. 

Ground for PECL-compatible 1/0 signals and internal analog circuits. 

Power for CMOS 1/0 signals and internal logic circuits. 

Ground for CMOS 1/0 signals and internal logic circuits. 

Transmit Data Path 

Transmit Data lnterfaceffransmit Data FIFO 

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 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. 

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-bit or 12-bit character size 
• user definable data packet or frame structure 
• 2-octave data rate range 
• asynchronous (FIFOed) or synchronous data interface 
• 88/1 OB encoded or non-encoded (raw data) 
• embedded or bypassable FIFO data storage 
• 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 

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 dlaracter 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, registers, 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 
88/1 OB encoder that is used to improve the serial transporll 
characteristics of the data.For those 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, 6, or 12 times when BYTE8/10* anq 
ENCBYP* are LOW). The serialized data is output from twcj 
PECL-compatible differential line drivers configured to driv 1 

transmission lines or optical modules. 

Receive Data Path 

Line Receiver/Deserializer/Framer 

Serial data is received at one of two PECL-compatible differ 1 
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 108/88 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 dae 

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 Mode11 J 

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[0] TXD[0] TXD[0J'1 TXD[0] TXD[0]l"l 

TXDATA[1] TXD[1] TXD[1] TXD[1] TXD[1] 

TXDATA[2] TXD[2] TXD[2] TXD[2] TXD[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] TXD[6] TXD[6] TXD[6] TXD[6] 

TXDATA[7] TXD[7] TXD[7] TXD[7] TXD[7] 

TXINT/TXDATA[8] TXINT TXD[8] TXD[8] TXD[8] 
(FIFOBYP* = HIGH) 

TXI NT/TXDAT A[8] TXD[8] TXD[8] TXD[8] 
(FIFOBYP* = LOW) 

TXHAL T* /fXDAT A[9] TXHALT* TXD[9] TXD[9] TXD[9] 
(FIFOBYP* = HIGH) 

TXHAL T*/TXDAT A[9] TXD[9] TXD[9] TXD[9] 
(FIFOBYP* = LOW) 

TXSVS/TXDATA[1 0] TXSVS TXSVS TXD[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 Page 12 of 56 

Sandisk Technologies, Inc. - Ex. 1002, Page 001755



( "'i'O:.tr,r)·E'S'". CY7C924ADX ._,, I VlT ~-..: ~) ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;!;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

CY7C924ADX HOTLink Transceiver Block 
Diagram Description 

Transmit Input/Output Register 

The Transmit Input Register, shown in Figure 2, 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 
TXDAT A[11 :OJ 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. 

TXDAT A[11 :O] TXEN* REFCLK 

AM* TXCLK 

I 

' 
Transmit Input Register 

To Encoder 
Block 

Transmit FIFO 

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) tming 
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 

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. 
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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 EXTFI FO 
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 
FF:* 

FF* EF* TXEN 
WEN* WEN* REN* TXFULL 

D 
D Q TXDATA 

TXSC/D* 

TXCLK WCLK RCLK TXCLK 

"1" 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 logi(l 
block that performs data formatting and validation. All datal 
read operations from the Transmit FIFO are controlled by ~ 
Transmit Control State Machine that operates synchronous tol 

REFCLK. I.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 enhancement~ 
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 88/1 OB 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 1 O­
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 
CY78923 HOTLink Transmitter. The data, command, and 
exception character encodings are listed in the Data and 
Special Character code tables (Tables 11 and 12) found near 
the end of this data sheet. 

Table 2. Transmit Data Formatting 
~ 

0 E! ~ 0 0 

~ ~ ~ Data Format Operation 

0 0 0 Normal Data Encode 

0 0 1 Replace Character with CO. 7 Exception 

0 1 0 Normal Command Encode 

0 1 1 Replace Character with CO. 7 Exception 

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

1 0 1 Replace Character with CO. 7 Exception 

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

1 1 1 Send Serial Address Marker (C10.0) + Data 
Character 
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The 001 b, 011 b and 101 b character formats instruct the 
encoder to discard the associated data character and to 
replace it with a C0.7 Exception character. 

Excepting the above 101 b 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 1 00b 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 11 Ob character format is used to expand the command 
space beyond that available with the default 88/1 OB code. The 
88/1 OB 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 Table 12). For those 
data links where this is not sufficient, the 11 Ob 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 111 b 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 a ring 
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 1 00b or 11 Ob 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 88/1 OB 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 1 O­
bit characters, combining them into 8-bit groups, and passing 
these groups to the 88/1 OB 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 lowe~ 
four bits of the third 10-bit character (C[3:0]+B[9:6]). In th~ 
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 AAAAAAAAAA 
9876543210 9876543210 9876543210 9876543210 

Last 
Character 

Sent 

CCCCBBBB 
32109876 

BBBBBBAA 
54321098 

AAAAAAAA 
76543210 

First 
Character 

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

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. 

BISTLFSR 

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,1 
this LFSR generates a 511-character sequence that include~ 
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 LFS~ 
in the Receiver. I 

I 
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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 II 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/1 OB encoder 
that accepts 8-bit data characters and converts these into 1 O­
bit transmission characters that have been optimized for 
transport on serial communications links. The 8B/1 OB encoder 
can be bypassed for those system that operate with external 
8B/1 OB encoders, or use alternate forms of encoding or 
scrambling to ensure good transmission characteristics. The 
operation of the 8B/1 OB 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 Table 12. 
If TXSC/D* is LOW, the data inputs are encoded using the Data 
Character encoding in Table 11. 

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

The 8B/1 OB encoder is standards compliant with ANSI/NC ITS 
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/1 OB 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 BYTE8/1 0* and ENCBYP* are 
LOW) as selected by RANGESEL and SPDSEL (see Tablei. 
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 signal 
levels or timing at the input pins. I 
Bits in each character are shifted out LSB first, as required bJ 
ANSI and IEEE standards for 8B/10B coded serial data1 

streams. 

Routing Matrix 

The Routing Matrix is a set of precision multiplexors that allow 
various combinations of Transmit Shifter, buffered INA± or 
INB± serial line receiver inputs, or a reclocked serial line 
receiver input to be transmitted from the OUTB± serial data 
outputs. The signal routing for the transmit serial outputs is 
controlled primarily by the DLB[1 :OJ inputs as listed in Table3 

The level-restored (10b) and reclocked (11 b) settings make 
use of one of the transmit data outputs. When configured for 
leyel-restored or reclocked data, the selected input is retrans­
mitted on OUTB±. The level-restored connection simply 
buffers the input signal allowing a "bus-like" connection to be 
constructed without concern for multi-drop PECL-compatible 
signal layout issues. I 
The reclocked connection buffers a PLL-filtered copy of thd 
selected i~put data stream. This removes most of the highi 
frequency Jitter that accumulates on a signal when sent ove~ 
long transmission lines. Because the retransmitted data i~ 
clocked by the recovered clock, the data can suffer from jitter 
peaking when communicated through several PLLs. 
Table 3. Transmit Data Routing Matrix 

DLB[1] DLB[O] Data Connections 

0 
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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. OUT A± receives its data directly from the 
transmit shifter, while OUTB± receives its data from the 
Routing Matrix. These two outputs (OUTA± 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 ZLoAo. 
The desired output voltage swing is therefore controlled by the 
current-set resistor RcuRSET associated with that driver. 
Different RcuRSET values are required for different line 
impedance/amplitude combinations. The output swing is 
designed to center around V00-1.33V. Each output must be 
externally biased to V 0 0-1.33V. 

When the interconnect and load are viewed as a differential 
transmission line, the absolute voltage V001F 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 of the RcuRSET 
resistor for that driver, as listed in Eq. 1. 

- 90 x ZLOAD 
RcuRSET - V 

ODIF 
Eq.1 

In Eq. 1, VoDIF is the difference in voltage levels at one output 
of the differential driver when that output is driving HIGH and 
LOW, ~oAo 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 V00. 

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 BYTE8/1 0* 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 BYTE8/10*, ENCBYP* and FIFOBYP* signals. Table 4 
shows the SPDSEL and RANGESEL for the case where the 
FIFOs and encoding are enabled. Table5provides 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 20-40 

HIGH LOW 100-200 10-20 

HIGH HIGH 100-200 20-40 
I 

! 
Transmit Control State Machine 

The Transmit Control State Machine responds to multipl~ 
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 (TXHAL T* and TXSTOP*1 

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* BYTEB/10* ENCBYP* SPDSEL RANGESEL (MHz) (MBd) Factor 

LOW 
LOW 10-20 50-100 x5 

HIGH 
HIGH 20-40 50-100 x2.5 

X 
LOW 10-20 100-200 x10 

HIGH 
HIGH 20-40 100-200 x5 

LOW 
LOW 10-20 50-100 x5 

HIGH 20-40 50-100 x2.5 
HIGH HIGH 

HIGH 
LOW 10-20 100-200 x10 

LOW 
HIGH 20-40 100-200 x5 

LOW 8.33-16.67 50-100 x6 
LOW 

LOW 
HIGH 16.67 -33.33 50-100 x3 

LOW 8.33-16.67 100-200 x12 
HIGH 

HIGH 16.67 -33.33 100-200 x6 

LOW 
LOW 10-20 50-100 x5 

HIGH 
HIGH 20-40 100-200 x5 

X 
LOW 10-20 100-200 x10 

HIGH 
HIGH 20-40 100-200 x5 

LOW 
LOW 10-20 50-100 x5 

HIGH 20-40 100-200 x5 
LOW HIGH 

HIGH 
LOW 10-20 100-200 x10 

LOW 
HIGH 20-40 100-200 x5 

LOW 8.33-16.67 50-100 x6 
LOW 

LOW 
HIGH 16.67 -33.33 100-200 x6 

LOW 8.33-16.67 100-200 x12 
HIGH 

HIGH 16.67 -33.33 100-200 x6 
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External Control of Data Flow 

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 until TXSTOP* is 
deasserted (HIGH) for one or more character times. Whe11 
TXSTOP* is sampled deasserted it allows the next characte~ 
with TXSOC set to be read from the Transmit FIFO anq 
passed to the Encoder. I 
When TXSTOP* is used to control the flow of data, it ii 
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. 

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

Note. If the Encoder is bypassed, TXDATA[9J 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 TXHAL T*. 

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 not directly stop data transmission. 

The Transmit Control State Machine responds to transitions 
on the TXINT input. When TXINT transitions from 0 ➔1, a co.a 
(1<28.0) Special Character code is inserted before the data 
character with which TXINT is associated is sent. When TXINTl 
transitions from 1 ➔0, a C3.0 (1<28.3) 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 TXHAL T.i 
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 
(1<28.5) 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-BB/1 OB coded 
data streams, or data streams that cannot tolerate the data 
forwarding policies of the Elasticity Buffer. 

Serial Line Receivers 

Two differential line receivers, INA± and INB±, are available 
for accepting serial data streams, with the active input selected 
using the A/B* input. The DLB[1 :OJ 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 1 00K). The common-mode tolerance 
of these line receivers accommodates a wide range of signal 
termination voltages. 

As can be seen in Table3, 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 :OJ 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[1J signal can be tied LOW and DLB[0J 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 mVoiFF pk-pk) 
• transition density 
• received data stream outside normal frequency range 

(±400ppm) 
• 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. 

Page 18 of 56 

Sandisk Technologies, Inc. - Ex. 1002, Page 001761



( "'i'O:.tr,r)·E'S'". CY7C924ADX ._,, I VlT ~-..: ~) ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

Clock/Data Recovery 1 

The extraction of a bit-rate clock and recovery of data bits fro~ 
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 
returns 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/8* 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 internal 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 81ST 
patterns with received characters to permit at-speed link and 
device testing. 

108/88 Decoder 

The framed parallel output of the Deserializer is passed to the 
108/88 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 12ofthis data 
sheet. Data patterns are indicated by a LOW on RXSC/D*, and 
Special Character codes are indicated by a HIGH. Invalid patterns 
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 BYTE8/1 0* is LOW, the 
twelve (12) data bits of each transmission character are 
passed unchanged from the framer to the Pipeline Register. 

8/STLFSR 

The output register of the Decoder block is normally used to 
accumulate received characters for delivery to the Receive 
Formatter block. When configured for 81ST 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 81ST hardware to the 81ST loop 
start code of D0.0 (D0.0 is sent only once per 81ST loop). Once 
the start of the 81ST 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 81ST loop do not cause an error indication. 
RXFULL * pulses asserted for one RXCLK cycle per 81ST loop and 
can be used to check test pattern 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 II family of devices CYP(V)15G0x0x, allowing 
interoperable systems to be built when used at compatible 
serial signaling rates. 

If a large number of errors are detected, the receive BIST state 
machine aborts the compare operations and resets the LFSR 
to the D0.0 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 1 0B/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 Table6show 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 
.. 

(.) '2 ~ 0 (.) j 
U) U) 0:: 

~ ~ ~ Data Format Indication 

0 0 0 Normal Data Character 

0 0 1 Reserved 

0 1 0 Normal Command Character 

0 1 1 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 Illegal 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 011 b (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 101 b 
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 1 00b 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 11 Ob 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 1 O­
bit byte-packed data. 

This marker is treated internally the same as the 1 00b 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 1 00b and 11 Ob indicators can be used 
interchangeably; i.e., the 100b indication can be used to mark 
extended commands while the 11 Ob indication can be used to 
mark the start of cells. 

The 111 b 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 Table l'J. 

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 multiplEli 
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 1 s (FFh or 
3FFh), the receiver always accepts the data. This all 1 s setting 
is the broadcast address and is used to send data to all 
receivers. 

This all 1 s setting also has special meaning when written to 
the Serial Address Register. When the multicast address field 
is written to an all 1 s (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 character~ 
from a received stream of decoded 8-bit characters. Thia 
reassembly process is designed to allow transmission of the 
same embedded commands, serial addresses, and Start o~ 
Cell markers that are used with 8-bit data characters. Because 
of the change in time per received encoded character versu~ 
delivered 10-bit data character, this unpacking process is only 
possible with the Receive FIFO enabled. 

The byte-unpacker reverses the character segmentatioJ 
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 (1<28.5) 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 :OJ inputs. The four discard 
policies are listed in TableZ 

Table 7. Receiver Discard Policies 

Policy# RX.MODE[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 O 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 of1 
C5.0 characters are received, the RXEMPTY* flag indicate~ 
an empty condition for all but the last C5.0 character before! 
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 th~ 
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 acti~e LOWI 
RXEMPTY* and RXFULL * status flags, and an active LOWI 
RXEN* enable. When configured for Cascade operation 
(EXTFIFO = H), these same signals are all active HIGH. Th~ 
RXHALF* signal is always active LOW, regardless o~ 
EXTFIFO setting. Either timing model supports connection tol 
various host bus interfaces, state machines, or external FIFO~ 
for depth expansion (see Figure5 

CY7C42x5 FIFO 
EF* 
---- EF* FF* 

CY7C924ADX 

----RXEN 
REN* REN* WEN* -------1 RXEMPTY 

Q~-""' Q D Je-.----t RXDATA 
RXSC/D* 

RXCLK 
RCLK WCLK ---..---~ RXCLK 

"1" EXTFIFO 

Figure 5.External FIFO Depth Expansion of the 
CY7C924ADX Receive Data Path 

Document#: 38-02008 Rev. *D 

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 TableB 

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 TXHAL T*, 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 6. 

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. 
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Table 8. Receive Output Bus Signal Map 

Receive Decoder ModeL;,J 

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 

BYTE8/10* HIGH HIGH LOW LOW 

RXDATA Bus 1/0 Bit 

RXSC/D* RXSC/D* RXSC/D* 

RXDATA[0] RXD[0] RXD[0]L;,J RXD[0] RXD[0]L;,J 

RXDATA[1] RXD[1] RXD[1] RXD[1] RXD[1] 

RXDATA[2] RXD[2] RXD[2] RXD[2] RXD[2] 

RXDATA[3] RXD[3] RXD[3] RXD[3] RXD[3] 

RXDATA[4] RXD[4] RXD[4] RXD[4] RXD[4] 

RXDATA[5] RXD[5] RXD[5] RXD[5] RXD[5] 

RXDATA[6] RXD[6] RXD[6] RXD[6] RXD[6] 

RXDATA[7] RXD[7] RXD[7] RXD[7] RXD[7] 

RXINT/RXDATA[8] RXINT RXD[8] RXD[8] RXD[8] 
(FIFOBYP*=HIGH) 

RXINT/RXDATA[8] RXD[8] RXD[8] RXD[8] 
(FIFOBYP*=LOW) 

RXDATA[9] (LOW) RXD[9] RXD[9] RXD[9] 

RXRVS/RXDATA[1 0] 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 receive~ 
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 

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) ofthe Serial 
Address Register. 

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 
Tablelfor a list of discard policies). 

Serial Address Register Access 

Address Register Content 

RXDAT A[9] or [7] RXDATA[0] 

I MSB Serial Address Register LSB I 
b " t- Cl) ::--. 

a:i ~ ~ u 

~ ~ ~ ~ 
0 0 0 0 Multicast Address write 

0 0 0 1 Unicast Address write 

0 0 1 0 Multicast Address read 

0 0 1 1 Unicast Address read The Serial Address Register is accessed through the RXDAT A 
bus. Both reads and writes to the register require the device to 
be addressed (AM* is LOW) and for RXRST* to be asserted 
(LOW). 

Figure 6.Serial Address Register Format and Access 

Note: 
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) ..................... 30 mA 

(Above which the useful life may be impaired. For user guide­
lines, not tested.) 

DC Input Voltage ..................................... -0.5V to V00+0.5V 

Static Discharge Voltage ......................................... > 2001 V 
(per MIL-STD-883, Method 3015) 

Storage Temperature ................................. -65°C to +150°C 

Ambient Temperature with 
Latch-up Current... .................................................. > 200 mA 

Power Applied ............................................. -55°C to +125°C Operating Range 
Supply Voltage to Ground Potential ............... -0.SV to +6.5V I Range Ambient Temperature V00 
DC Voltage Applied to Outputs 
in High-Z Sate ......................................... -0.SV to V00+0.5V 

Commercial 0°c to + 70°C s.ov ± 10% 

n ustria 

CY7C924ADX DC Electrical Characteristics Over the Operating Range 

Parame-
ter Description Test Conditions Min. Max. 

TTL Outputs 

VoHT Output HIGH Voltage loH=-2 mA, V00 = Min. 2.4 

VoLT Output LOW Voltage loL = 8mA, V00 = Min. 0.4 

losT Output Short Circuit Current VouT = 0V14J -30 -80 

lozL High-Z Output Leakage Current -20 20 

TTL Inputs 

V1HT Input HIGH Voltage 2.0 Voo 

VILT Input LOW Voltage --0.5 0.8 

l1HT Input HIGH Current V1N =Voo +40 

IILT Input LOW Current VIN =0.0V -40 

l1HPD Input HIGH Current VIN = V00, Pins with internal pull-down +300 

l1LPU Input LOW Current VIN = 0JN, Pins with internal pull-up -300 

Transmitter PECL-Compatible Output Pins: OUTA+, OUTA-, OUTB+, OUTB-1"1 

VoHE Output HIGH Voltage (V00 referenced) Load= 50QtoVoo-1.33V RcuRSET= 10k V00 -1.03 V00 -0.83 

VoLE Output LOW Voltage (V00 referenced) Load= 50ntoVoo-1.33V RcuRSET= 10k Voo-2 V00 -1.62 

VooF Output Differential Voltage l(OUT +)- Load= son to V00 -1.33VRcuRsET= 10k 600 1100 
(OUT-)I 

Receiver Single-ended PECL-compatible Input Pin: CARDET 

VIHE Input HIGH Voltage (V00 referenced) V00 -1.165 Voo 

VILE Input LOW Voltage (V DD referenced) 2.5 V00 -1.475 

l1HE Input HIGH Current V1N = V1HE<min.) +40 

l1LE Input LOW Current V1N = V1LE(max.) -40 

Differential Line Receiver Input Pins: INA+, INA-, INB+, INB-

Vo1FF Input Differential Voltage l(IN+) - (IN-)I 200 2500 

V1HH Highest Input HIGH Voltage Voo 

V1LL Lowest Input LOW Voltage 2.5 

l1HH Input HIGH Current VIN = V1HH Max. 750 
l1LLIOJ Input LOW Current VIN = V1LL Min. -200 

Miscellaneous Typ. Max. 

loo i,1 Power Supply Current Freq.= Max. 170 250 
Notes: 
4. Tested one output at a time, output shorted for less than one second, less than 10% duty cycle. 
5. The output current and (resulting voltage swing) is set using a single resistor between CURSETx and V55 . This CURSET resistor value is calculated as 

RcuRSET =(90*Z LOAo)/VooiF, where Zi..oAD is the differential load between the true and compliment outputs of the differential driver. 
6. To guarantee positive currents for all PECL voltages, an external pull-down resistor must be present. 

Uni 
t 

V 

V 

mA 

µA 

V 

V 

µA 

µA 

µA 

µA 

V 

V 

mV 

V 

V 

µA 

µA 

mV 

V 

V 

µA 

µA 

mA 

7. Maximum 100 is measured with V00 = MAX, RFEN = LOW, and outputs unloaded. Typical \Jo is measured with V 00 = 5.0V, TA= 25'C, RFEN = LOW, and 
outputs unloaded. 
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Capacitance[81 

Parameter Description Test Conditions Max. Unit 

INTTL apacItance p 

CINPECL 4 pF 

AC Test Loads and Waveforms 

5.0V 

R1 = soon 
-----AA----l"I Voo - 1.33V 
c ~ •• - ~=Wn 

CL:-:; 10 pF R2 
R2=333n CLI L I ~ CL< 5pF 

{Includes fixture and 
(Includes fixture and _ probe capacitance) 
probe capacitance) _ 

3.0V -----,,­

Vu,=1.5V 

o.ov ---i 

2.0V 

0.8V 

(a) TTL AC Test Load[9l 

3.0V 

2.0V 

0.8V 

{b) PECL AC Test Load [9l 

VIHE 
VIHE 

80% 80% 

VILE 
20% 

:-:; 1 ns V1LE :-:; 1 ns 

(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. 

fTs TXCLK Clock Cycle Frequency With Transmit FIFO Enabled 50 

tTXCLK TXCLK Period 20 

trxcPWH TXCLK HIGH Time 6.5 

trxcPWL TXCLK LOW Time 6.5 

trxcLKRLIIJ TXCLK Rise Timetiui 0.7 5 

trxcLKF[aJ TXCLK Fall Time[10J 0.7 5 

tTXA Flag Access Time From TXCLKi to Output 2 15 

tTxDs Transmit Data Set-Up Time to TXCLKi 4 

tTxDH Transmit Data Hold Time from TXCLKi 1 

tTXENS Transmit Enable Set-Up Time to TXCLK i 4 

tTXENH Transmit Enable Hold Time from TXCLKi 1 

tTXRSS Transmit FIFO Reset (TXRST*) Set-Up Time to TXCLKi 4 

tTXRSH Transmit FIFO Reset (TXRST*) Hold Time from TXCLKi 1 

tTXAMS Transmit Address Match (AM*) Set-Up Time to TXCLKi 4 

tTXAMH Transmit Address Match (AM*) Hold Time from TXCLKT 1 

tTxzA Sample of AM* LOW by TXCLKi, Output High-Z to Active HIGH or LOW 0 

tTxOE Sample of AM* LOW by TXCLKi to Output Valid 1.5 20 

tTXAZ Sample of AM* HIGH by TXCLKi to Output in High-Z 1.5 20 
Notes: 
8. Tested 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. 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CY7C924ADX Receiver TTL Switching Characteristics, FIFO Enabled Over the 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 

tRXCLKIRIIIJ RXCLK Input Rise Time11 u1 0.7 5 ns 

tRXCLKIF1111 RXCLK Input Fall TimeL ,vJ 0.7 5 ns 

tRXENS Receive Enable Set-Up Time to RXCLKi 4 ns 

tRXENH Receive Enable Hold Time from RXCLKi 1 ns 

tRXRSS Receive FIFO Reset (RXRXT*) Set-Up Time to RXCLKi 4 ns 

tRXRSH Receive FIFO Reset (RXRXT*) Hold Time from RXCLKi 1 ns 

tRXAMS Receive Address Match (AM*) Set-Up Time to RXCLKi 4 ns 

tRXAMH Receive Address Match (AM*) Hold Time from RXCLKT 1 ns 
tRXA[I IJ Flag and Data Access Time from RXCLK T to Output 1.5 15 ns 

tRXZA1111 Sample of AM* LOW by RXCLKT, Output High-Z 1D Active HIGH or LOW, 
or Sample of RXEN* Asserted by RXCLKt, Output High-Z to Active HIGH or LOW 

0 ns 

tRXOE1111 Sample of AM* LOW by RXCLK T to Output Valid/' '1 1.5 20 ns 
or Sample of RXEN* Asserted by RXCLKt to RXDATA Outputs Valid 

tRXAZ[IIJ Sample of AM* HIGH by RXCLKT to Output in High-Z,l' '1 

or Sample of RXEN* Deasserted by RXCLKt to RXDAT A Outputs in High-Z 
1.5 20 ns 

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

Parameter Description Min. Max. Unit 

tTRA Flag Access Time From REFCLKi to Output 2 15 ns 

tREFDS Write Data Set-Up Time to REFCLKi 4 ns 

tREFDH Write Data Hold Time from REFCLKi 2 ns 

tREFENS Transmit Enable Set-Up Time to REFCLKi 4 ns 

tREFENH Transmit Enable Hold Time from REFCLK i 2 ns 

tREFAMS 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 REFCLKi 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 

fRosl'"'l 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-SO 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 BYTE8/10* is LOW) 

RXCLK Clock Output Frequency-SO to 100 MBaud 10-bit Operation 4.16 8.33 MHz 
(RANGESEL is LOW, ENCBYP* is LOW and BYTE8/10* is LOW) 

tRXCLKOP RXCLK Output Period 25 250 ns 

tRXCLKOD RXCLK Output Duty Cycle 40 60 % 

tRXCLKOR1111 RXCLK Output Rise Timeriui 0.25 2 ns 
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CY7C924ADX 

CY7C924ADX Receiver TTL Switching Characteristics, FIFO Bypassed Over the Operating Range (continued) 

Parameter Description Min. Max. Unit 

tRXCLKOFLOJ RXCLK Output Fall Timet1 u1 0.25 2 ns 

tRXENS Receive Enable Set-Up Time to RXCLKi 4 ns 

tRXENH Receive Enable Hold Time from RXCLKi 1 ns 

tRXZA l ·1 ·1 J Sample of AM* LOW by RXCLKi, Outputs High-2 lo Active 0 ns 
Sample ofRXEN* Asserted by RXCLK't to RXDATA Outputs High-2 to Active 

tRXOE[l"IJ Sample of AM* LOW by RXCLK i to Flag Output Valid 1.5 20 ns 
Sample of RXEN* Asserted by RXCLK1' to RXDATA Output Low-2 

tRXAZLllJ Sample of AM* HIGH by RXCLKi to Flag Output High-2 1.5 20 ns 
Sample of RXEN* Deasserted by RXCLKt to RXDATA Output High-2 

CY7C924ADX Receiver Switching Characteristics Over the Operating Range 

Parameter Description Min. Max. Unit 
tall ::>J Bit Time 5.0 20.0 ns 

t1N J IN± Peak-to-Peak Input Jitter ToleranceL1
;,, , .. 1 0.5 UI 

tsA Static Alignment0 • 
101 600 ps 

tEFW Error Free Window L0 , 1;,, 1 ' 1 0.65 UI 

CY7C924ADX Transmitter Switching Characteristics Over the Operating Range 

Parameter Description Min. Max. Unit 
l:s[l::>J Bit Time 5.0 20.0 ns 

tRISE PECL-compatible Output Rise Time 20-80% (PECL Test Load1°1 200 1700 ps 

tFALL PECL-compatible Output Fall Time 80-20% (PECL Test Load)L0J 200 1700 ps 

tD.J Deterministic Jitter (peak-peakY0
• 

101 0.02 UI 

tRJ Random Jitter (cr) to, liiJ 0.008 UI 

tJT Transmitter Total Output Jitter (pk-pk1"1 0.08 UI 

CY7C924ADX REFCLK Input Switching Characteristics Over the Operating Range 

Conditions 

Parameter Description SPDSEL RANGESEL BYTES/10* Min. Max Unit 

fREF REFCLK Clock Frequency-50 to 100 MBaud, 10-bit 0 0 0 8.33 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 fRos 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 UI (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 OHE• and VOLE specifications (approximately V00 - 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 (ltsH L - tsH RI) 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 50!1 to V00-1.33V, 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. 
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CY7C924ADX 

CY7C924ADX REFCLK Input Switching Characteristics Over the Operating Range 

Parameter Description SPDSEL 

fREF REFCLK Clock Frequency-SO to 100 MBaud, 10-bit 0 
mode, encoder bypass, REFCLK = 4x character rate 

REFCLK Clock Frequency-SO to 100 MBaud, 0 
8-bit mode, REFCLK = 4x character rate 

REFCLK Clock Frequency-100 to 200 MBaud, 10-bit 1 
mode, encoder bypass, REFCLK = character rate 

REFCLK Clock Frequency-100 to 200 MBaud, 8-bit 1 
mode, REFCLK = character rate 

REFCLK Clock Frequency-100 to 200 MBaud, 10-bit 1 
mode, encoder bypass, REFCLK = 2x character rate 

REFCLK Clock Frequency-100 to 200 MBaud, 8-bit 1 
mode, REFCLK = 2x character rate 

tREFCLK REFCLK Period 

tREFH REFCLK HIGH Time 

tREFL REFCLK LOW Time 

tREFRX REFCLK Frequency Referenced to Received Clock PeriodL<'.lJ 

CY7C924ADX HOTLink Transmitter Switching Waveforms 

Asynchronous (FIFO) Interface 
Cascade Timing 
Write Cycle 

TXCLK 

TXDATA[11 :OJ, 
TXSC/D* 

TXEN 

TXFULL 
TXHALF* 

TXEMPTY 

Notes: 

------ trxcLK -------

----- tTXA 

Conditions 

RANGESEL BYTEB/10* Min. Max Unit 
1 L"'UJ 0 16.67 33.33 MHz 

1 L"'UJ 1 20 40 MHz 

0 0 8.33 16.67 MHz 

0 1 10 20 MHz 

1 0 16.67 33.3 MHz 

1 1 20 40 MHz 

25 120 ns 

6.5 ns 

6.5 ns 

-0.04 +0.04 % 

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 :OJ, 
TXSC/D* 

TXEN* 

tTxcPwH--+to--

NO OPERATION 

TXFULL* 
TXHALF* 

TXEMPTY* f-4---- tTXA------i► 

Asynchronous (FIFO) Interface 
Output Enable Timing 

TXCLK 

TXEN* 

AM* 
TXRST* 

TXFULL* 
TXHALF* 

TXEMPTY* 

Notes: 

Note 24 

tTxcLK 

tTXCPWH-----

NO OPERATION , 
I , I ------------·-·---- -------- ------- -------· -

tTXAZ 

23. When writing data from a UTOPIA compliant interface(EXTFIFO = L), the write data is captured on the same clock cycle as the data. 
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 

TXDATA[11 :OJ, 
TXSC/D* 

TXEN 

TXFULL 
TXHALF* 

TXEMPTY --------------

Synchronous Interface 
UTOPIA Timing 
Write Cycle 

REFCLK 

TXDATA[11 :OJ, 
TXSC/D* 

TXEN* 

TXFULL* 
TXHALF* 

TXEMPTY* 
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CY7C924ADX HOTLink Transmitter Switching Waveforms (continued) 

Synchronous Interface 
Output Enable Timing 

REFCLK 

TXEN* 

AM* 

TXFULL* 
TXHALF* 

TXEMPTY* 

Note 24 

~EFCLK 
--------,~ 

CY7C924ADX HOTLink Receiver Switching Waveforms 

Cascade Timing 
Read Cycle 

RXCLK 

RXEN 

RXEMPTY 

RXDATA[11:0] 
RXSC/D* 

RXINT, LFI* 
RXFULL 

RXHALF* 

AM* 

Note: 

------ ~XCLKOP -----

----- ~XCLKIP -----

~XCLKOH-.-t"-­

--- ~XCLKIH ---- tRXCLKIL 

NO OPERATION 

VALID DATA 

CY7C924ADX 

NO OPERATION 

25. On inhibited reads when RXEN* is deasserted or Bl STEN* 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 

RXEN* 

RXEMPTY* 

RXDATA[11 :OJ 
RXSC/D* 

RXINT, LFI* 
RXFULL* 
RXHALF* 

AM* 

Output Enable Timing 

RXCLK 

RXEN* 

AM* 

RXFULL* 
RXHALF* 

RXEMPTY* 
RXDATA[11 :OJ 

RXINT 
RXSC/D* 

f-.---- ~CLKOP ----....i 

1-4----- tRXCLKIP ------­

~XCLKOH---- ~XCLKOL-

tRXCLKIH ~XCLKIL 

VALID DATA 

Note 25 
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CY7C924ADX HOTLink Receiver Switching Waveforms (continued) 

' REFCLK 
\ 

Static Alignment 

INA± 
INB± 

tREFL , 
) 

t8 /2 -tSA 

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 1 Ox 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) 
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tREFCLK 

tREFH 

' \ 
Error-Free Window 

INA± 
INB± 

, 
j 

BIT CENTER 

The bit numbering and content of the parallel transmit interface 
is shown in Table 1. When operated with the 8B/1 OB 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 L VPECL loads. For 
power supply decoupling, a single capacitor (in the range of 
0.02 µF to 0.1 µF) 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 HOTLink 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 BYTE8/10* 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/1 OB 
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, TXHAL T*, 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 specifi(1 
predefined protocol requirements, and cannot tolerate th~ 
uncontrolled insertion of CS.0 fill characters. The host systern 
is required to asset TXEN* and to provide new data at every 
appropriate rising edge of REFCLK to maintain the data 
stream. If TXEN* is not asserted, the Encoder is loaded with1 

CS.0 (K28.5) sync characters. Because the Encoder i~ 
enabled, the transmitted CS.0 characters follow all 88/1 OB 
encoding rules. 

Input Register Mapping 

In Encoded modes, the bits of the TXDATA input bus are 
mapped into characters (as shown in Table1), including a 
TXSVS bit, eight or ten bits of data, and a TXSC/D* bit to selecij 
either Special Character codes or Data characters. ' 

If the TXSVS bit is HIGH, an SVS (C0.7) character is passed, 
to the encoder, regardless of the contents of the othe~ 
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 TXDAT A[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 Table 11. 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 88/108 encoder 
are bypassed, and data passes directly from the Transmi~ 
Input Register to the Serializer. The Serializer operates 
synchronous to REFCLK 1o 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 BYTE8/10* is LOW. In this mode the TXINT, TXHALT*J 
TXSVS and TXSOC inputs are used as part of the data inpu~ 
bus. I 
This mode is usually used for products containing externai 
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. lfTXEN* is not asserted, 
the Serializer is loaded with cs.a (K28.5) sync characters.I 
However, because the bypassed encoder is not able to track 
the running disparity of the previously transmitted character, 
the transmitted cs.a characters may be received with a 
running disparity code-rule violation. 

In this mode the LSB of each input character (TXDATA[0]) is 
shifted out first, followed sequentially by TXDATA[1] through 
TXDATA[9]. j 
Asynchronous Encoded 

Asynchronous Encoded mode is the most powerful operatin 
mode of the CY7C924ADX. Both the Transmit FIFO and thd 
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], 
TXHAL T*/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 TXDAT A 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 88/1 OB 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 (28) 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 
BYTE8/10*. 

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 co.a (K28.0) special 
character is sent. When TXINT transitions from 1~, 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 TXHAL T* input to hal~ 
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/1 OB 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 
(21 °) possible commands codes. 

Asynchronous Pre-encoded 

In Asynchronous pre-encoded modes, the Transmit FIFO is 
enabled and the Encoder is disabled (FIFOBYP* is HIGH an~ 
ENCBYP* is LOW). This means that all words clocked into th~ 
input register are written to the Transmit FIFO before beind 
sent to the Serializer. The Serializer operates synchronous tel 
REFCLK to generate the serial data bit-clock. SPDSEL ancj 
RANGESEL determine whether REFCLK is multiplied by 10,I 
5 or 2.5 (if BYTE8/10* is HIGH) or 3, 6 or 12 (if BYTE8/10* i~ 
LOW). In this mode the TXINT and TXHAL T* 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 TXENi 
and i:rovide new data at every rising edge of TXCLK tq 
maintain the data stream (without overfilling the Transmi~ 
FIFO). If the Transmit FIFO ever goes empty, the Serializer i~ 
loaded with an alternating disparity string of C5.0 (K28.5) sync 
characters (when BYTE8/10* is HIGH) or the bit pattern 
0110000100011 (when BYTE8/10* is LOW). 

This insertion can be an issue for some system implementa~ 
tions. If the remote receiver is configured to decode 8B/10~ 
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 tha~ 
FlFO. I 

CY7C924ADX HOTLink Receive-Path Operating! 
Mode Descriptions I 
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 BYTE8/1 0* inputs on the 
CY7C924ADX Transceiver. These modes can be reduced tq 
five primary classes: I 

j 
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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 
1 OB/BB 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 
RXMODE[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 :OJ setting is present on the RXDAT A output bus. 
Because the decoder is enabled, all received characters are 
checked for compliance to the 8B/1 OB decoding rules. 

Output Register Mapping 

The RXDAT A[11 :OJ output bus is mapped into a character 
consisting of eight bits of data, one tit 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 {CO. 7) 
character or other invalid character. 

Synchronous Undecoded 

In this mode, both the Receive FIFO and the 108/88 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 RXDAT A 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 tie 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 dat~ 
streams, while offering the added benefits of embedded celj 
markers, an expanded command set, serial address support.I 
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. • 

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* anq 
selected by RXEN*, characters are read from the FIFO using 
the external RXCLK input 

Asynchronous Decoded mode support the same Outpu~ 
Register mapping as the Synchronous Decoded mode.I 
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, the next 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 88/1 OB 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 (i3) 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 TXHAL T* 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 (BYTE8/1 0* 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 
(21 °) possible commands codes. 

When receiving a serial address, the larger 10-bit character 
size also increases the Serial Address Register to 10 bits. Thi~ 
allows up to 10 separate domains for multicast addressing o~ 
1024 unique addresses for unicast addressing. I 
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 th~ 
recovered bit-clock, which is divided by 10 or 12 to generate! 
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 ~ 
non-empty condition (RXEMPTY* is deasserted). To ensurd 
that data is not lost through a FIFO overflow, the Receive FIFd 
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 TXHAL T*, 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 II 
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-ln Self-Test Illustration, Utopia mode 
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BIST Enable Inputs 

There are separate 81ST enable inputs for the transmit and 
receive paths of the CY7C924ADX. These inputs are both 
active LOW; i.e., 81ST is enabled in its respective section o~ 
the device when the 81ST enable input is determined to be at 
a logic-0 level. Both 81ST 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 81ST 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 81ST 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 extendedi 
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, th~ 
following data is not transmitted at that time, but remains in ths 
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 TXHAL T* or TXSTOP* to 
segment transmission of data at specific boundaries, or allow 
the Transmit FIFO to completely empty before enabling 81ST. 

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 81ST 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 81ST loop status, it continues to reflect the 
state of the transmit 81ST loop status until TXBISTEN* is nd 
longer recognized internally. The completion of the reset 
operation may still be monitored through the TXFULL * FIFO 
status flag. I 
The TXEMPTY* flag, when used for transmit 81ST 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 81ST 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 internallYi 
regardless of the number of TXCLK clock cycles that arei 
processed. If the device status is not polled on a sufficientl}l 

I 

Document#: 38-02008 Rev. *D 

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 D0.0 state that initiates the 81ST loop. 
Depending on the initial state of the 81ST 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 81ST loops is no longer 
preserved. Instead, the TXEMPTY* flag reflects the dynamic 
state of the 81ST 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 sate and the loop event is lost. 

BIST Receive Path 

The receive path operation in 81ST 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 
cell marker and its associated data), the characters associated 
with the atomic operation are discarded and not written to the 
Receive FIFO. 

Upon internal 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. If the CY7C924ADX is set to match all data (all 1 s in the 
multicast match field), then it is not necessary to get an 
address match before receiving data following the termination 
of 81ST. On ieset 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 81ST 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 81ST 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 81ST 
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 81ST 
pattern. Then RXFULL * is deasserted for the duration of the 
BIST pattern, pulsing asserted for one RXCLK period on the 
last symbol of each 81ST 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 81ST 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 clockeq 
by the RXCLK output signal. While the active or asserted stat~ 
of the RXFULL* signal is still controlled by the EXTFIFO input.I 
the state of any completed 81ST loops or detected errors are 
no longer preserved. Instead, the RXFULL * flag reflects the 
dynamic state of the 81ST 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. Thi5i 
is also true of the RXRVS output, such that if the! 
CY7C924ADX receive path is not selected to enable th~ 
RXDATA bus three-state drivers, the detection of a 81ST 
miscompare is lost. 

BIST Three-state Control 

When 81ST is enabled on either the transmitter or the receiver, 
the three-state enable signals for the 81ST 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 81ST 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 81ST, no data is read 
from the FIFO, but the data bus is driven. This allows the 
RXRVS indicator to be driven onto the RXDAT A 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) 
• 51.84Mbps(OC-1) 

The UTOPIA-1 interface has a maximum clock rate of25 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 1/0 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 FigureB 

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. Therel 
are three primary types of selection: 
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TXCLK 

AM* 
~-....... I I 

I \__J 
TXFULL* --,----,----,:-<®>----:---,---

I I I I I 

Transmit Port Addressing 
I I I I 

RXCLK 

AM* ~/ 

I I I I 
RXEMPTY* I I I ~>--+----+--

1 I I I 

Receive Port Addressing 
Figure 8.FIFO Flag Driver Enables 

• Transmit data selection (with and without internal Transmit 
FIFO) 

• Receive data selection (with and without internal Receive 
FIFO) 

• 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. 

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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TXCLK 

TXRST* 

AM* 

[26] 
Tx_Match 

I I ____ L _____ J._ ~ ____ L _____ l_ ____ J. I I 
TXEN* \ Note 27 / I -~ / . _ J. ____ L' . I I . ___ L' I I I . . ___ L _____ L __ . 

I I I I I I I I I I 
Tx_Selected

1261 I I I I I / I I I \ I I 
I I I I I I I I I I 

,::;;;~ ~ ::~Q ::~~ 
I I I I 

-+----+----+1...,.<Not Fu_11 ~~--+1~(~~t-~~11>~--+-----+----+-----+--TXFULL* 

1 Note 21~ • 

Figure 9.Transmit Selection with Transmit FIFO Enabled 
selected until TXEN* is sampled HIGH by the rising edge of receiver. The same error may occur at the transition between 
TXCLK. In the selected state, data present on the TXDATA the internal C5.0 characters and the resumption of externally 
inputs is captured and stored in the Transmit FIFO. This encoded data. When strings of contiguous C5.0 characters 
transmit interface selection process is shown in Figure 9. For are generated, each C5.0 has alternating running disparity 
the first TXEN* assertion, the TX_Match condition is not yet with the previous C5.0 character. 
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. 

AM* must be asserted to enable the TXFIFO flags. When AM1 
is deasserted, the flags are High-Z. ' 

When AM* is deasserted while TXEN* is enabled, the 
TransmitTXDATA 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/1 OB Encoder is enabled, disparit~ 
tracking allows the added C5.0 fill characters to follow all 
8B/10B encoding rules. If the 8B/10B encoder is bypassed,! 
disparity tracking is disabled, and the transition between exter~ 
nally encoded data and internally generated C5.0 characters 
may generate a running disparity error at the attached 
Notes: 
26. Signals labeled in italics are internal to the CY7C924ADX. 

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-Z). 

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 
RXDAT A 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 b~ 
selected to enable the output drivers for the RXDATA bus.I 
With the Receive FIFO bypassed, RXCLK becomes ~ 
synchronous output clock operating at the character rate. I 

The Receive interface is selected when AM* is sampled 
asserted and RXEN* is asserted at least one cycle later. Once: 
selected, it remains asserted until RXEN* is deasserted,I 
regardless of the state of AM*. 1 

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*J 
When AM* is asserted, the flags are enabled. When AM* i]' 
deasserted, the flags are High-Z.) 

Continuous Selection 

Continuous Selection is a specialized form of selection whic . 
does not require sequenced assertion of AM* and TXEN* ori 
RXEN* to select the device for data transfers. In thi~ 
Continuous Selection mode, the AM* and associated TXENi 
or RXEN* enable signal must be asserted when the device i~ 
powered up or during assertion of RESET*[1 :OJ. So long a~ 
these signals remain asserted, the device remains selecteq 
and data is accepted and presented on every clock cycle. I 

Note. The use of continuous selection makes it impossible td 
reset the internal FIFOs, or to access the Serial Addres]' 
Register. 

FIFO Reset Address Match 

When AM* and TXRST* are both LOW, and this condition i . 
sampled by the rising edge of TXCLK, a Tx RstMatc~ - . 

RXCLK 

RXRST* 
AM* 

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 Oust 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 Figure 11. 
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 

I\ 
I .___.,....1-----.-

TXRST* 

AM* ----,---1 \___!_/,..........,..I -...,...I -..,....1 -

Tx_RstMatch[261 I I r-t\ I I 
I I ' I '-----t-----t-

rx _ Match[2a_1 -+----1I,-..--+-I --+I ---+I----,lf--

TXFULL * I l~>--1----
1 I l~I I 

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. 

[26] 
Rx_Match 

I~~ I 
I I . - - -1- - - -- - ~ x--i\· ---1- - - - - -1- - - - - - ~ • I I 

RXEN __ L _____ L}\ I Note271 ', ___ L,' I I I /. __ _I ______ L ___ _ 
I I I I I I I I 

Rx_Selected[
261 I I I I / I I I \ I _I ____ I __ I ___ I I I I __ I __ _ 

I I I : : ( D 1 : X D2 : X D3 : ) 

I I Not Erripty Not Empty 
_I ______ I_Alote 21 , .... __ I_,/ I ' I I I 

I •, ___ 1,• I •, ___ 1,• I I 

RXDATA 

RXEMPTY 

Figure 10.Receive Selection with Receive FIFO Enabled 
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FIFO Reset Sequence 

On power-up, the Transmitter and Receiver FIFOs are cleared 
automatically. If the usage of the FIFOs in specific operatin~ 
modes results in stale or unwanted data, this data can be! 
cleared by resetting the respective FIFO. Data in the Transmi~ 
FIFO will empty automatically if it is enabled to read the FIFO! 
(assuming TXHAL T* is not LOW). Stale received data can b~ 
"flushed" by reading it, or the Receive FIFO can be reset tol 
remove the unwanted data. 

RXCLK 

RXRST* 

~ 
AM* \ I I/ 

Rx_RstMatch[
26

_
1 

_,__ _ _._ __ .....,: 0\..__..1.l _ __,J.___ 

Rx-Match
[2a1 I ,----l-_ 

----1-------1------I I I \1.........1,..._ 

I I I 
RXEMPTY I < Valid Valid )~---

Figure 12.R ceive FIFO Reset Address Match 

The Transmit and Receive FIFOs are reset when th . 
Tx RstMatch or Rx RstMatch condition remains present fo~ 
eight consecutive clock cycles. Any disruption of the rese~ 
sequence prior to reaching the eight cycle count, either b~ 
removal of AM* or the respective TXRST* or RXRST* termi1 
nates the sequence and does not reset the FIFO. If thei 
associated TXEN* or RXEN* signals are asserted during the! 
reset, the relevant interface's reset operation is inhibited until 
the enable signal is deasserted. Escause AM* must remai~ 
asserted during the reset sequence, the addressed FIFO flag]' 
remain driven during the entire sequence. 

Transmit FIFO Reset Sequence 

The Transmit FIFO reset sequence is started when TXRST I 
and AM* are first sampled LOW by the rising edge of TXCLK.I 
If TXEN* is asserted (sampled HIGH for UTOPIA timing o~ 
LOW for Cascade timing), the reset sequence is inhibited until 
it is removed. I 
When a Transmit FIFO reset sequence is enabled and ha~ 
been active for at least eight TXCLK cycles, a Transmit FIFOi 
reset operation is started. To show this progress, the Transmi~ 
FIFO flags are forced to indicate a FULL* conditio~ 
(TXEMPTY* is deasserted, and both TXHALF* and TXFULL i 
are asserted). I 

Note. The FIFO Full state forced by the reset operation id 
different from a Full state caused by normal FIFO data writes.I 
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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. 
Figure14 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 Figure 15. Upon recognition ofa 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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TXCLK 

TXRST* i\ : / 
I 

TXEN* I I I Note 271 I I I I I I I I I 
·-r--------,----,----r-------------,----1----r----r---------

AM* ~,__ _______________ -----+-______ _____,,/; 

[26] 1 

Tx_RstMatch I 
-1-~ I \ 

Tx Match [261 I 
- --+I ---+---+---+-----,f---+---+---+----+----+-' I \_ 

[26]1 
Tx_FIFO_Reset ~I-~-----~~---~-~--I \ 

I 
TXFULL* Note 27 Not ull I 

·--r----i--·--i----T ___ T ___ ----7·· 
- - -F~I - - - - I· , Not Full 

·--,----r 
TXEMPTY* ___._ __ I,- -l~o~e-2-1f- - - -,-~~t~~~fy- -r- -- -r- - --r .- -r- - --r-- - -, ✓, E)npty t\_ 

I · I I I I I I I I I ./',---t----t' 

Figure 13.Transmit FIFO Reset Sequence 

TXCLK 

TXRST* --i I I I I I I I :/ I I I 
. __ I_ ____ l ____ _I _____ L ____ J _____ I_ ____ L ____ J _____ I_ ____ l ____ J _____ I_ _______ . 

TXEN* I I Note 27 I I 
I I I I 

AM*~ I I I; 
· I I r 

Tx_RstMatch[
2
_
61

~ __ ( :\ __ ~--1~---
1 I 

[26] ~----------
~~~ V I ~ 

-.....--.....-----.--.....--........ ----.--..----.------.-----11 I 

Tx_F/FO_Resel-2
61 I/ ---------r : ~~-

I I I I ~~----1 ~n ~~ ~ r ·. ___ l __________ l _____ , _ _ _ _ _ _ ___ J _____ I_ ____ l _ _ _ _ _ ____ L ____ .. · 

Figure 14.lnvalid Transmit FIFO Reset Sequence with TXEN* Asserted 
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RXCLK 

I I 
RXRST* I\ I/ 

I I 
RXEN* I I Note 21 I I 

· -r- - - - - - - - - -r- - - -,- - - - - - - - - -r- - - -,- - - - - - - - -r- - - - - - - - - -r- - - -,- - - - - - - - · 

AM* i\..____.__....._____._______...______._........______.______.__.....______._______,_,/ 

Rx_RstMatcff
26

_
1 
___ ..,/ \...__ __ _ 

Rx_Match
126

_

1
-+----+---t-----1----+---+----+---t-----1---/ \_ 

\,____ Rx_FIFO_Reset
12

_
61 
_______________________ _,/ 

RXEMPTY* _.__ _ __._,/ Note 27 Not Empty 
• - - -1- - - - - l - - • - 1- - - - - l - - - -

Figure 15.Receive FIFO Reset Sequence 

Serial Address Register Access 

The Serial Address Register in the CY78924ADX is accessed 
through the RXDATA bus. This Serial Address Register can, 
only be accessed in Utopia mode (EXTFIFO = L). This registeri 
can be both written and read, and is accessed by asserting 
RXRST* to address the register in the device instead of th~ 
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 1 O­
bit data width selected by BYTE8/10*. It can be set to match 
domain or multicast addresses by the level on RXSC/D*. I~ 
RXS/D* is LOW when the Serial Address Register is written, i~ 
becomes the Multicast address register and declares a mate~ 
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 Figure6 

Accessing Serial Address Register 

To access the Serial Address Register in the CY78924ADX, 
an Rx_RstMatch condition must first be generated by the 

Document#: 38-02008 Rev. *D 

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 a the time of the 
RXEN* data strobe, a register read operation takes place. If 
RXRVS is LOW a 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 Figure 16. If 
the serial address register write and read operations are both 
performed without deasserting RXRST* for at more than 
seven cycles, th en 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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RXCLK 

RXRST* 

AM* 

RXRVS ----'--~I- I _ __;_ __ ~I...J/ I '~----'--
(R/W input) I \--+1 I I 

Rx_RstMatch[
2
~~\ .... ___. __ 

Rx_FIFO_Reset[
261 

I ilvate Begis'1• I I I Read ~egiste1 

RXDATA ---1-1--a 
RXSC/D* 

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 
of the 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 88/108 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 bit a, B and b, C and c, D and 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 88/1 OB 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 4 3 2 1 0 
HOTLink TX/RX designation- 7 6 5 4 3 2 1 0 
88/1 OB bit designation- H G F E D C B A 
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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 88/1 OB Transmission Code 
notation): 

FC-2 45 
Bits: 7654 3210 

0100 0101 

Converted to 88/1 OB notation (note carefully that the order of 
bits is reversed): 

Data Byte Name 05.2 
Bi ts : ABCDE FGH 

10100 010 

Translated to a transmission Character in the 88/1 OB Trans­
mission Code: 

Bits: abcdeifghj 
1010010101 

Each valid Transmission Character of the 88/1 OB 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 c is set to K, 
xx and y are derived by comparing the encoded bit patterns of the 
Special Character to those patterns derived from encoded Valid 
Data bytes and selecting the names of the patterns most similar to 
the encoded bit patterns 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/1 OB Transmission Code" IBM Journal 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 1/0 
Interface (document number SA22-7202). 

88/1 OB 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/1 OB 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, and j in that order. (Note that bit i is transmitted 
between bite 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. It is 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 

T)GN or RXouT 

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 thd 
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 J 
code violation. Independent of the Transmission Character's 

Table 10. Code Violations Resulting from Prior Errors 

RD Character 

Transmitted data character - D21.1 

Transmitted bit stream - 101010 1001 

Bit stream after error - 101010 1011 

Decoded data character - D21.0 

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 

- D10.2 - D23.5 + 

- 010101 0101 - 1110101010 + 

+ 010101 0101 + 1110101010 + 

+ D10.2 + Code Violation + 

Table 11. Valid Data Characters (TXSCJD* = LOW, RXSC/D* = LOW) 

Data 
Byte 

Bits Current RD- Current RD+ Data 
Byte 

Bits Current RD- Current RD+ 

Name HGFEDCBA abcdei fghj abcdei fghj Name HGFEDCBA abcdei fghj abcdei fghj 

00.0 000 00000 100111 0100 011000 1011 00.1 001 00000 100111 1001 011000 1001 

01.0 000 00001 011101 0100 100010 1011 O1. l 001 00001 011101 1001 100010 1001 

02.0 000 00010 101101 0100 010010 1011 02.1 001 00010 101101 1001 010010 1001 

03.0 000 00011 110001 1011 110001 0100 03.1 001 00011 110001 1001 110001 1001 

04.0 000 00100 110101 0100 001010 1011 04.1 001 00100 110101 1001 001010 1001 

05.0 000 00101 101001 1011 101001 0100 05.1 001 00101 101001 1001 101001 1001 

06.0 000 00110 011001 1011 011001 0100 06.1 001 00110 011001 1001 011001 1001 

07.0 000 00111 111000 1011 000111 0100 07.1 001 00111 111000 1001 000111 1001 

08.0 000 01000 111001 0100 000110 1011 08.1 001 01000 111001 1001 000110 1001 

09.0 000 01001 100101 1011 100101 0100 09.1 001 01001 100101 1001 100101 1001 

010.0 000 01010 010101 1011 010101 0100 010.1 001 01010 010101 1001 010101 1001 

011.0 000 01011 110100 1011 110100 0100 011.1 001 01011 110100 1001 110100 1001 

012.0 000 01100 001101 1011 001101 0100 012.1 001 01100 001101 1001 001101 1001 

013.0 000 01101 101100 1011 101100 0100 013.1 001 01101 101100 1001 101100 1001 

014.0 000 01110 011100 1011 011100 0100 014.1 001 01110 011100 1001 011100 1001 

015.0 000 01111 010111 0100 101000 1011 015.1 001 01111 010111 1001 101000 1001 

016.0 000 10000 011011 0100 100100 1011 016.1 001 10000 011011 1001 100100 1001 

017.0 000 10001 100011 1011 100011 0100 017.1 001 10001 100011 1001 100011 1001 

018.0 000 10010 010011 1011 010011 0100 018.1 001 10010 010011 1001 010011 1001 

019.0 000 10011 110010 1011 110010 0100 019.1 001 10011 110010 1001 110010 1001 

020. 0 000 10100 001011 1011 001011 0100 020.1 001 10100 001011 1001 001011 1001 

021. 0 000 10101 101010 1011 101010 0100 021.1 001 10101 101010 1001 101010 1001 

022.0 000 10110 011010 1011 011010 0100 022.1 001 10110 011010 1001 011010 1001 

023.0 000 10111 111010 0100 000101 1011 023.1 001 10111 111010 1001 000101 1001 
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Table 11. Valid Data Characters (TXSC/D* = LOW, RXSC/D* = LOW) (continued) 

Data Bits Current RD- Current RD+ Data Bits Current RD- Current RD+ 
Byte Byte 
Name HGFEDCBA abcdei fghj abcdei fghj Name HGFEDCBA abcdei fghj abcdei fghj 

024. 0 000 11000 110011 0100 001100 1011 024.1 001 11000 110011 1001 001100 1001 

025.0 000 11001 100110 1011 100110 0100 025.1 001 11001 100110 1001 100110 1001 

026. 0 000 11010 010110 1011 010110 0100 026.1 001 11010 010110 1001 010110 1001 

027.0 000 11011 110110 0100 001001 1011 027.1 001 11011 110110 1001 001001 1001 

028. 0 000 11100 001110 1011 001110 0100 028.1 001 11100 001110 1001 001110 1001 

029. 0 000 11101 101110 0100 010001 1011 029.1 001 11101 101110 1001 010001 1001 

030.0 000 11110 011110 0100 100001 1011 030.1 001 11110 011110 1001 100001 1001 

031. 0 000 11111 101011 0100 010100 1011 031.1 001 11111 101011 1001 010100 1001 

00.2 010 00000 100111 0101 011000 0101 00.3 011 00000 100111 0011 011000 1100 

01.2 010 00001 011101 0101 100010 0101 01.3 011 00001 011101 0011 100010 1100 

02.2 010 00010 101101 0101 010010 0101 02.3 011 00010 101101 0011 010010 1100 

03.2 010 00011 110001 0101 110001 0101 03.3 011 00011 110001 1100 110001 0011 

04.2 010 00100 110101 0101 001010 0101 04.3 011 00100 110101 0011 001010 1100 

05.2 010 00101 101001 0101 101001 0101 05.3 011 00101 101001 1100 101001 0011 

06.2 010 00110 011001 0101 011001 0101 06.3 011 00110 011001 1100 011001 0011 

07.2 010 00111 111000 0101 000111 0101 07.3 011 00111 111000 1100 000111 0011 

08.2 010 01000 111001 0101 000110 0101 08.3 011 01000 111001 0011 000110 1100 

09.2 010 01001 100101 0101 100101 0101 09.3 011 01001 100101 1100 100101 0011 

010.2 010 01010 010101 0101 010101 0101 010.3 011 01010 010101 1100 010101 0011 

011.2 010 01011 110100 0101 110100 0101 011. 3 011 01011 110100 1100 110100 0011 

012.2 010 01100 001101 0101 001101 0101 012.3 011 01100 001101 1100 001101 0011 

013.2 010 01101 101100 0101 101100 0101 013.3 011 01101 101100 1100 101100 0011 

014.2 010 01110 011100 0101 011100 0101 014.3 011 01110 011100 1100 011100 0011 

015.2 010 01111 010111 0101 101000 0101 015.3 011 01111 010111 0011 101000 1100 

016.2 010 10000 011011 0101 100100 0101 016.3 011 10000 011011 0011 100100 1100 

017.2 010 10001 100011 0101 100011 0101 017.3 011 10001 100011 1100 100011 0011 

018.2 010 10010 010011 0101 010011 0101 018.3 011 10010 010011 1100 010011 0011 

019.2 010 10011 110010 0101 110010 0101 019.3 011 10011 110010 1100 110010 0011 

020. 2 010 10100 001011 0101 001011 0101 020.3 011 10100 001011 1100 001011 0011 

021. 2 010 10101 101010 0101 101010 0101 021.3 011 10101 101010 1100 101010 0011 

022.2 010 10110 011010 0101 011010 0101 022.3 011 10110 011010 1100 011010 0011 

023.2 010 10111 111010 0101 000101 0101 023.3 011 10111 111010 0011 000101 1100 

024. 2 010 11000 110011 0101 001100 0101 024.3 011 11000 110011 0011 001100 1100 

025.2 010 11001 100110 0101 100110 0101 025.3 011 11001 100110 1100 100110 0011 

026. 2 010 11010 010110 0101 010110 0101 026.3 011 11010 010110 1100 010110 0011 

027.2 010 11011 110110 0101 001001 0101 027.3 011 11011 110110 0011 001001 1100 

028. 2 010 11100 001110 0101 001110 0101 028.3 011 11100 001110 1100 001110 0011 
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Table 11. Valid Data Characters (TXSC/D* = LOW, RXSC/D* = LOW) (continued) 

Data Bits Current RD- Current RD+ Data Bits Current RD- Current RD+ 
Byte Byte 
Name HGFEDCBA abcdei fghj abcdei fghj Name HGFEDCBA abcdei fghj abcdei fghj 

029. 2 010 11101 101110 0101 010001 0101 029.3 011 11101 101110 0011 010001 1100 

030.2 010 11110 011110 0101 100001 0101 030.3 011 11110 011110 0011 100001 1100 

031. 2 010 11111 101011 0101 010100 0101 031.3 011 11111 101011 0011 010100 1100 

00.4 100 00000 100111 0010 011000 1101 00.5 101 00000 100111 1010 011000 1010 

01. 4 100 00001 011101 0010 100010 1101 01.5 101 00001 011101 1010 100010 1010 

02.4 100 00010 101101 0010 010010 1101 02.5 101 00010 101101 1010 010010 1010 

03.4 100 00011 110001 1101 110001 0010 03.5 101 00011 110001 1010 110001 1010 

04.4 100 00100 110101 0010 001010 1101 04.5 101 00100 110101 1010 001010 1010 

05.4 100 00101 101001 1101 101001 0010 05.5 101 00101 101001 1010 101001 1010 

06.4 100 00110 011001 1101 011001 0010 06.5 101 00110 011001 1010 011001 1010 

07.4 100 00111 111000 1101 000111 0010 07.5 101 00111 111000 1010 000111 1010 

08.4 100 01000 111001 0010 000110 1101 08.5 101 01000 111001 1010 000110 1010 

09.4 100 01001 100101 1101 100101 0010 09.5 101 01001 100101 1010 100101 1010 

010.4 100 01010 010101 1101 010101 0010 010.5 101 01010 010101 1010 010101 1010 

011.4 100 01011 110100 1101 110100 0010 011. 5 101 01011 110100 1010 110100 1010 

012.4 100 01100 001101 1101 001101 0010 012.5 101 01100 001101 1010 001101 1010 

013.4 100 01101 101100 1101 101100 0010 013.5 101 01101 101100 1010 101100 1010 

014.4 100 01110 011100 1101 011100 0010 014.5 101 01110 011100 1010 011100 1010 

015.4 100 01111 010111 0010 101000 1101 015.5 101 01111 010111 1010 101000 1010 

016.4 100 10000 011011 0010 100100 1101 016.5 101 10000 011011 1010 100100 1010 

017.4 100 10001 100011 1101 100011 0010 017.5 101 10001 100011 1010 100011 1010 

018.4 100 10010 010011 1101 010011 0010 018.5 101 10010 010011 1010 010011 1010 

019.4 100 10011 110010 1101 110010 0010 019.5 101 10011 110010 1010 110010 1010 

020. 4 100 10100 001011 1101 001011 0010 020.5 101 10100 001011 1010 001011 1010 

021. 4 100 10101 101010 1101 101010 0010 021.5 101 10101 101010 1010 101010 1010 

022.4 100 10110 011010 1101 011010 0010 022.5 101 10110 011010 1010 011010 1010 

023.4 100 10111 111010 0010 000101 1101 023.5 101 10111 111010 1010 000101 1010 

024. 4 100 11000 110011 0010 001100 1101 024.5 101 11000 110011 1010 001100 1010 

025.4 100 11001 100110 1101 100110 0010 025.5 101 11001 100110 1010 100110 1010 

026. 4 100 11010 010110 1101 010110 0010 026.5 101 11010 010110 1010 010110 1010 

027.4 100 11011 110110 0010 001001 1101 027.5 101 11011 110110 1010 001001 1010 

028. 4 100 11100 001110 1101 001110 0010 028.5 101 11100 001110 1010 001110 1010 

029. 4 100 11101 101110 0010 010001 1101 029.5 101 11101 101110 1010 010001 1010 

030.4 100 11110 011110 0010 100001 1101 030.5 101 11110 011110 1010 100001 1010 

031. 4 100 11111 101011 0010 010100 1101 031.5 101 11111 101011 1010 010100 1010 

00.6 110 00000 100111 0110 011000 0110 00.7 111 00000 100111 0001 011000 1110 
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Table 11. Valid Data Characters (TXSC/D* = LOW, RXSC/D* = LOW) (continued) 

Data Bits Current RD- Current RD+ Data Bits Current RD- Current RD+ 
Byte Byte 
Name HGFEDCBA abcdei fghj abcdei fghj Name HGFEDCBA abcdei fghj abcdei fghj 

01. 6 110 00001 011101 0110 100010 0110 01. 7 111 00001 011101 0001 100010 1110 

02.6 110 00010 101101 0110 010010 0110 02.7 111 00010 101101 0001 010010 1110 

03.6 110 00011 110001 0110 110001 0110 03.7 111 00011 110001 1110 110001 0001 

04.6 110 00100 110101 0110 001010 0110 04.7 111 00100 110101 0001 001010 1110 

05.6 110 00101 101001 0110 101001 0110 05.7 111 00101 101001 1110 101001 0001 

06.6 110 00110 011001 0110 011001 0110 06.7 111 00110 011001 1110 011001 0001 

07.6 110 00111 111000 0110 000111 0110 07.7 111 00111 111000 1110 000111 0001 

08.6 110 01000 111001 0110 000110 0110 08.7 111 01000 111001 0001 000110 1110 

09.6 110 01001 100101 0110 100101 0110 09.7 111 01001 100101 1110 100101 0001 

010.6 110 01010 010101 0110 010101 0110 010.7 111 01010 010101 1110 010101 0001 

011. 6 110 01011 110100 0110 110100 0110 011. 7 111 01011 110100 1110 110100 1000 

012.6 110 01100 001101 0110 001101 0110 012.7 111 01100 001101 1110 001101 0001 

013.6 110 01101 101100 0110 101100 0110 013.7 111 01101 101100 1110 101100 1000 

014.6 110 01110 011100 0110 011100 0110 014.7 111 01110 011100 1110 011100 1000 

015.6 110 01111 010111 0110 101000 0110 015.7 111 01111 010111 0001 101000 1110 

016.6 110 10000 011011 0110 100100 0110 016.7 111 10000 011011 0001 100100 1110 

017.6 110 10001 100011 0110 100011 0110 017.7 111 10001 100011 0111 100011 0001 

018.6 110 10010 010011 0110 010011 0110 018.7 111 10010 010011 0111 010011 0001 

019.6 110 10011 110010 0110 110010 0110 019.7 111 10011 110010 1110 110010 0001 

020. 6 110 10100 001011 0110 001011 0110 020.7 111 10100 001011 0111 001011 0001 

021. 6 110 10101 101010 0110 101010 0110 021. 7 111 10101 101010 1110 101010 0001 

022.6 110 10110 011010 0110 011010 0110 022.7 111 10110 011010 1110 011010 0001 

023.6 110 10111 111010 0110 000101 0110 023.7 111 10111 111010 0001 000101 1110 

024. 6 110 11000 110011 0110 001100 0110 024.7 111 11000 110011 0001 001100 1110 

025.6 110 11001 100110 0110 100110 0110 025.7 111 11001 100110 1110 100110 0001 

026. 6 110 11010 010110 0110 010110 0110 026.7 111 11010 010110 1110 010110 0001 

027.6 110 11011 110110 0110 001001 0110 027.7 111 11011 110110 0001 001001 1110 

028. 6 110 11100 001110 0110 001110 0110 028.7 111 11100 001110 1110 001110 0001 

029. 6 110 11101 101110 0110 010001 0110 029.7 111 11101 101110 0001 010001 1110 

030.6 110 11110 011110 0110 100001 0110 030.7 111 11110 011110 0001 100001 1110 

031. 6 110 11111 101011 0110 010100 0110 031. 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* = HIGHj28• 291 

Bits Current RD- Current RD+ 

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

1<28.0 C0.0l.lUJ (COO) 000 00000 001111 0100 110000 1011 

1<28.1 C1 .0[31 1 (C01) 000 00001 001111 1001 110000 0110 

1<28.2 c2.0[31 I (CO2) 000 00010 001111 0101 110000 1010 

1<28.3 C3.0[3oI (C03) 000 00011 001111 0011 110000 1100 

1<28.4 C4.0[31 I (C04) 000 00100 001111 0010 110000 1101 

1<28.5 c 5_0[31, 321 (C05) 000 00101 001111 1010 110000 0101 

1<28.6 ca.o[31I (C06) 000 00110 001111 0110 110000 1001 

1<28.7 c 7 _Q[31, 331 (C07) 000 00111 001111 1000 110000 0111 

1<23.7 ca.0[3oI (COB) 000 01000 111010 1000 000101 0111 

1<27.7 C9.0[3oJ (C09) 000 01001 110110 1000 001001 0111 

1<29.7 C10.d301 (C0A) 000 01010 101110 1000 010001 0111 

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

End of Frame Sequence 

EOFxx c2.1[34I (C22) 001 00010 -K28.5,Dn.xxx0 +K28.5,Dn.xxx1 

Code Rule Violation and SVS Tx Pattern 

Exception co.7[33, 35J (CEO) 111 00000 100111 1000 011000 0111 

--K28.5 C1 _7[361 (CE1) 111 00001 001111 1010 001111 1010 

+1<28.5 c2_7[37J (CE2) 111 00010 110000 0101 110000 0101 

Running Disparity Violation Pattern 

Exception c4_7[3BJ (CE4) 111 00100 110111 0101 001000 1010 

Notes: 
28. All 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 1/0 pins. Common usage for the name can either be in the form used for describing Data patterns (i.e., C0.0 through 
C31.7), or in hex notation (i.e., Cnn where nn = the specified value between 00h and FFh). 

30. These characters have reserved meanings when command processing is enabled. This includes all operating modes where the FIFOs are enabled and the 
discard policy is not 0. 

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

32. The K28.5 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 
is available. 

33. Care must be 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 or0. 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 K28.5-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 
not found in the tables. 

36. C1 .7 = Transmit Negative 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. C2.7 = 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 

Power Supply Bypass 
0.01 µF MLC X7R 

1206 Chip Cap (4 sites) 

CURSETA 
Resistor ,,,,, ---~, 

.l y 
Power Supply Bypass 

0.01 µF MLC X7R 

~ Via to V00 plane 

X Via to Vss plane 

INA± 
OUTA± 

INB± 
OUTB± 

CY7C924ADX 

This is a typical printed circuit board layout showing example 
placement of power supply bypass components and other 
components mounted on the same side as the CY7C924ADX. 

Other layouts, including cases with components mounted on 
the reverse side would work as well. 

Ordering Information 

Ordering Code Package Name Package Type Operating Range 

CY7C924ADX-AC A100 100-Lead Thin Quad Flat Pack Commercial 

CY7C924ADX-AI A100 100-Lead Thin Quad Flat Pack Industrial 
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Package Diagram 

100-pin Thin Plastic Quad Flat Pack {TQFP) A100 

t'& 

St.Allllltr PLl'e!E 

[ L,60 IIAJC. ,------------1"-----.I 

OJ.IQ MAX. 

' , 

r::.DE.TAll A 

STAND-OFF 
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Q,50 
lYP. 

DI MENSI □NS ARE JN Ml LL IME.1 E RS. 

DEUJLA 

NOTE= PKG. CAN HAVE 

□ DR 

TCP LE.rl CDR!IE.R Cll'loMF ER 

□ 
4 CCRIIICRS CMA~ ER 

51-85048-*B 

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



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 sz.v 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 DLB[0] 
Changed labels on waveforms to make them more consistent with those in the tables 
Changed the 1/0 labels on the D-type flip flop 
Changed mentioning of PAREN to TXPAREN to make data sheet more consistent 

*C 123796 01/29/03 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 SPDSEURANGESEL 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 

Document#: 38-02008 Rev. *D Page 55 of56 

Sandisk Technologies, Inc. - Ex. 1002, Page 001798



CY7C924ADX 

Document#: 38-02008 Rev. *D Page 56 of 56 
© Cypress Semiconductor Corporation, 2004 The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the use 
of any circuitry other than circuitry embodied in a Cypress Semiconductor product. Nor does ii convey or imply any license under patent or other rights. Cypress Semiconductor does not authorize 
its products for use as critical components in life.support systems where a maWunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress 

Sandisk Technologies, Inc. - Ex. 1002, Page 001799



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

17/157,350 

36491 
Kunzler Bean & Adamson 
50 W. Broadway 
Suite 1000 
Salt Lake City, UT 84101 

FILING OR 3 71 (C) DATE 

01/25/2021 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Igor Polishchuk PM07027D 1 CIPl C6 
CONFIRMATION NO. 6135 

PUBLICATION NOTICE 

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

Publication No.US-2021-0217862-A 1 
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 

page 1 of 1 

Sandisk Technologies, Inc. - Ex. 1002, Page 001800



To: 
From: 
Cc: 

docket@kba.law,, 
PAIR_eOfficeAction@uspto.gov 
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 
17157350 

Document 
NTC.PUB 

Mailroom Date 
07/15/2021 

Attorney Docket No. 
PM07027D1 CIP1 C6 

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

Sandisk Technologies, Inc. - Ex. 1002, Page 001801



Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; 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 0MB control number. 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I tgor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 11737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number I PM07027D1CIP1C6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20060255399 A1 Roo6-11-16 Kim et al. 

2 20060180851 A1 Roo6-08-17 SAMSUNG ELECTRONICS CO 
TD 

3 20080173928 A1 R008-07-24 l\rai et al. 

4 20120068255 A1 Ro12-03-22 SAMSUNG ELECTRONICS CO 
TD 

5 20080093661 A1 R008-04-24 HYNIX SEMICONDUCTOR INC 
KR] 

EFSWeb2.1.17 

Sandisk Technologies, Inc. - Ex. 1002, Page 001802



Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PM07027D1 CIP1 C6 

6 20070158736 A1 t/007-07-12 KABUSHIKI KAISHA TOSHIBA 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*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. 5 Applicant is to place a check mark here i 
English language translation is attached. 

EFSWeb2.1.17 

Sandisk Technologies, Inc. - Ex. 1002, Page 001803



Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PM07027D1 CIP1 C6 

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 

D 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) 2021-08-02 

Name/Print Michael L. Bartholomew Registration Number ~0225 

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.S.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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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 the Freedom of Information Act requires disclosure of these records. 

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. 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. 

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 inspections 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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EFSID: 43404971 

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: PM07027Dl Cl Pl C6 

Receipt Date: 02-AUG-2021 

Filing Date: 25-JAN-2021 

Time Stamp: 17:25:50 

Application Type: Utility under 35 USC 111 (a) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

612289 
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Information: 

Total Files Size (in bytes)~ 612289 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I tgor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 11737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number I PM07027D1CIP1C6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
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Initial* No 
Patent Number Code1 Issue Date 
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Figures Appear 
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If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
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Cite No 
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Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PM07027D1 CIP1 C6 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 

*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. 5 Applicant is to place a check mark here i 
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Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PM07027D1 CIP1 C6 

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 

D 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 ~0225 

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.S.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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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 the Freedom of Information Act requires disclosure of these records. 

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. 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. 

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 inspections 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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JP2010'140997A NONVOLATILE SEMICONDUCTOR MEMORY DEViCE, AND METHOD FOR MANUF.ACTUR!NG THE SAME 

Applicants: TOSHIBA CORP 

inventors: OZAWA YOSH!O 

C!assifications: 
!PC 

CPC 
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H01 LW/7926 {EP,US); 

Priorities: JP20083 ·! 4 '187 A 2008-'12- ·10 

Application: JP20'10·140997A·2008-·12-•i0 

Publication: JP2010'140997A·2010-06-24 
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NONVOL.AT!LE SEMICONDUCTOR MEMORY DEVICE. AND METHOD FOR MANUFACTURING THE SAME 

Abstract 

PROBLE:J-,1 TO SE SOLVED: ·rrJ provide a nonvolatile serniconductor rnernory device such that the operating speed of a ceii 
trans;stor ;s fast and variation ;n threshold is srnal!, and to provide a method of manufacturing the nonvolatile semiconductor 
memory device. SOLUTiON: On a silicon substrate ·i 1 there is forrned a stacked body 14 by alternately stacking a plurality of 

silicon oxide films '12 and silicon fiirns 13, a trench 15 is forrned in the stacked body 14, an alumina fi!rn 16. a si!icon nitride film 
17 and a si!icon oxide film 18 are forrned in this order on an inner surface ol' the trench '15, and a channei silicon crystalline rnm 
20 is formed on the silicon oxide mm 18. Next, a silicon oxide !ayer 21 a is forrned at an interface between the silicon oxide film 
18 and trie channel silicon crystalline film 20 by performing thermal treatment in an oxygen gas atrnosphere. COPYRIGHT: 
(C)20'1 O,JPO&!NPIT 

https://worldwide.espacenet.com/patent/search/family/042230108/publication/JP2010140997A?q=JP2010140997 A 1/1 
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iJ1 ~ jjJ L le < < tJ: 9 , ~ ~ 1) <JJ 1§ :ffi ·ti iJ~ IP] J: T 0 o 

(0022] 
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ti: ~ fferl 2 3 ff ID nx '¢ h -C v' 0 o i:. (J) ti: l!fJ , 9f. IHI 5Q g::r <JJ -■ * fJ A i:J~ ~ ffilJ 2 3 ~ ft L T T "7 * 50 

Sandisk Technologies, Inc. - Ex. 1002, Page 001817



(6) JP 2010-140997 A 2010.6.24 

Jv v 1J ::1 / ~ 1m mt 2 o co ~ «i: ~z:. m $ a'l iz:. ~ ~ ~ n , v 1J ::1 / ~ ft mt 1 s c: T "'"' * Jv 1/ 1J ::i 

/' ~ ~ Jli 2 0 l: 0) W, mi -'.J'!: i$: ~C V 1) :J /' ~ ft !fo/1 J& 2 1 a ii' _ITT m ~ tl 0 o 

(0023] 
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~ q:i -c- 0 ~ 1f.l:1 1' 0 1ru tz. , 1/ 1J ::1 / lffi tJ\ *a ~ ft ~ n -c r,,, n ,1, J:. r,,, 0 wu x M: , iF ~ ii! v 1J ::1 / 

Jffi « £- W!J;lm I L tc ~ , ~ ~ ft ~ -ti" , .:f OJ fi , D ~ :zj' .7.. 'Jj: IHI m q:i OJ ~ :m I.I « fi J -C <t J:. < , 
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cf- I& 2 4 N i:J~ ID rot ~ n ... cf- "'7 * ,1,, V 1J ::1 Y $5 ~ .~ 2 O -JJ, G ~ v, 001 re ~i M * 7.ll JJt h"' ti=! tt 1¥-J ~.:. 
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tf;: ~2 ·~ ~ ~ OJ ~ Ji!i 15 rt 'k -Wtl jf,; T 0 ~ c' .:ts IJ , ~ ~ OJ ( a ) tJ: I ffil WT rm ~ c' .:ts IJ , ~ ~ OJ ( 40 

b) aiffilifZoo~T:&500 
:,fs.: ~ B'i!f :lB ~ ti , IJIJ ~ OJ ffi 1 OJ ~ Jw ID ~ c: lt ~ L Y , r L,, Y ;:J- OJ :lB :tR 7J~ m :lB c' ti ~ <: P3 tt 

ID T: .:ts 0 i:. c: .. & 'Cf , r -\7 -=t, 1v v 1J ::i ::,,, f:a ~ .~ J.E: v 1J ::i ::,,, ~ f1z re ¥JJ B! ~ -it 0 c c: t/• ff ~ -=> 
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NONVOLATILE SEMICONDUCTOR STORAGE DEVICE AND METHOD FOR MANUFACTURiNG THE SAME 

Abstr21ct 

PROBLE:J-,1 TO SE SOLVED: ·rrJ provide a nonvolatile serniconductor storage device, reducing the resistance of a selection gate 
electrode and havmg h;gh response d1aracteristic in a selection gate transistor for selecting a serniconductor pii!ar, and also to 
provide a method for rnanufactunng the device. SOLUTION: The nonvolab!e serniconductor storage device is equipped with: a 
lamination structure ML including a plurality of electrode films WL and a plurality of intereiectrode insulating fi!rns 14 which are 
alternateiy larninated in a first direction; a selection gate electrode SG larrnnated on the lamination structure ML in the fast 
direction; a semiconductor pillar SP pierced into the lamination structure ML and the selection gate electrode SG ln the first 

direction; a storage part formed on an intersection part between respective electrode rnms WL and the serniconducior pi!iar SP: 
and a selection gate insulating rnrn SGI formed bei\.veen the semiconductor pillar SP and the selection gate electrode SG, Trie 

selection gage electrode SG has a first silicide !ayer 51 formed on the surface of irie selection gate e!ectrode SG, the surface 
which is vertical to the first direction of the selection gate, COPYRIGHT: (C)201"1,JPO&INP!T 

https://worldwide.espacenet.com/patent/search/family/043534166/publication/JP2011035228A ?q=JP2011035228A 1/1 
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* i" , T- mi: R t'I: -'¥ 8 1* 1l2 ,rg ~ ■ 1 1 o c: IAJ ~ ~;: , {JIJ ?t. tf' , 1/ 1J ::i ::,,, tJ, G ~ 0 ~ t& 1 1 O"J 
1: ic , • rm ~ a m 1 3 . 1, •:1 7 3/ - r- B c t: 4 G 8 ffl ~ , ~ • ~ 0) 11' , , :5t ::,,, , & a:_ m 1, 

:5tYtj::t(J) ■ tt ■ ~IDJ5xL, ~O)J::~, ffili!Wm~ML~%/vt<t00 
(0080] 

~ L t , IZI 6 ( a ) re :lR L k J:: -3 ~;: , ffi Ii #ii @ 1* M L 0) J:: ~e Ji! rd! ~ ~ Im 1 6 i,r :lB ,£ L , 
.:t <l) J:: tc , m v, '.9 Y 7' A -r Y /ffl 5 1 a f ~ W nx ,t G 

~ (J) t~, ~ 6 ( b ) ~c :lR L t;: J:: -5 ,c , '.5l 1/ ,;;I 7.. T 1/ )ffi 5 I a f <l) l: ~c 7 t JI,, 7 7 .7.. 1/ 1) 

::i ::,,, fT, G ~ G • tR 3/ - J-- ffl ffi /ffl s G f ~ ID J5x L , !!0 ~ re J;t t: T ~ 911 fJ. 1!'. fi -5 c. c: 1: , 5t ::,,, 
7' A -r 1/ 1/ 0 -it ,-{ F Ii tl· % ~ 1: ~ , 7 :;t l-- lJ 'I 7' 7 7 -1 l: R I E ~z: J:: 9 m tR 3/ - J-. ffl mi ~ 

40 

S G f c: '.9 1/ // .7.. -r 1/ 1/ 1) -it ,-{ F Ji ~ 1JO I L T , X fm 1i [P] ~z: filf ff ,t 0 }~ T R 1 1!'. ITT ,£ 9 ;,5 50 
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o c :tt tc J: IJ , !it :,, ,,f 7.. r :,, V 1) -it- ,-( F I\! fp G tJ:: -?5 ffi 1 V 1) iJ- ,-( F I\! 5 1 a t. .. :Z- 0) J: ~c: 
ffl/!i~:ttkV0:::I:-'/!i55t., ff9-?5Mm3/-r-.ffiSG~%~~h00 
(0081] 

.=f L --C , ~ 6 ( c ) ic ~ L tc. J: -5 ~c. , i1J T R I 0) q=i ~;: N S G tJ:: ~ 0) ffi H tt fl '2:' ffl! 66 16 J-J. 
, C M P 911 fie[! l,r fi' v•, I\! FdJ ffi B ■ 1 7 l,r ID~ 9 0 o 

(0082] 

,=f L --C , ~ 6 ( d ) ic: ~ L tc. J: -5 ~L , -;.,; 1) ::I :-' I\! 5 5 & rJ I\! FdJ *fg H ffi 1 7 0) l: ~L I\! FdJ ,jlfg 

H ■ l 8'2:'%AXLt::ti, l\!Fei1ffiH ■ I 8, -;_,;l):::I:-'l\!55, ffiIY- 1)-lj-,-{Fl\!51 a, I\! 
Fdl M!! H ffi 1 6 , l:EI ~ L tJ:: v • fi!! Jffi ffl ~ it M L & rJ l:EI ~ l, tJ:: v • I\! FdJ ffi H lffl I 3 1<? ffl: im l, , ~ m 
$ C P iJ'ii % AX ~ h -?5 J: ~2 0) ~ 1, !:Z :,, g:i 0) ~ tt I\! ~;: ¥1J 3¥ 9 -?5 JUffi .;t; - ;I, T H '2:' ff; .l?x L , ~ tt 10 

l\!'2:'~~9.'?5o 
(0083] 

.=f L --C, ~ 6 ( e ) li: ~ L tc. J: -5 ~;: , ffl: ;im ;r- - Jl,, T H 0) r-J m fiil ~;: , ffl I\! /ffl 4 9 , ~ ';If. i$: 

l:5- ■ s Pf &rJZtttm ■ 6 8 f 1<?ffl!&:>16J-J., J::$0)Z#ffl3 ■ f 6 8 '2:'~* L, .=fO)J: 
ffl~7~~7Y7.Vl):::I:-'l\!SPf 1'2:'ffl!60160o 
(0084] 

.=f L --C , rEI 6 ( f ) li: ~ L tc. J: -5 ~;: , ffl: ;im ;:t- - Jt, T H 0) r-J $ ic ffl! 66 16 * h t::. -3- ;fl 0) ffi , 
&rJ, l\!RffiB ■ l80)J::~WR,r,fgHffi19~ff;AX9.'?5o 

(0085] 
c 0) ti , :iii 1[ , I\! FdJ ffi U ■ 1 9 '2:' tro I L, --C , V - 7- • S L , l: 7 2 2 , I\! FdJ ff.@ H ffi 2 3 20 

,&rJt::o/r-aBL'2:'ID~L, ~-~tt¥'J!f.~E-~~l IOa~ff;~-C-~~o 
(0086] 

~ • ~ ·ti ¥ ';If. f't t'l2 ffi ~ mi 1 1 0 a iz:: :to V' --C ~ , M tR 3/ - r- ffl ffi S G 0) r fiil 5 l d tc V 1) 

::I :-'I\! 5 5 J: IJ 1tffi.f1i:tJ'1lfv•ffi 1 V 1) -lf,-( Fl\! 5 1 a '2:'alHt0 ct. -C-, iiHR3/- r- Ctffl S 
G if• 1ft t.Et m ii::; -c- ~ ' m tR 3/ - }- }- 5 / 1/ A !it s G T 0) ,,;t;; ~ ~ 1'1 ~ IP] J: -c- ~ ~ 0 

(0087] 

tJ:::td, mtR3/- }-fflffiO)J::rnj 5 1 u O)@JO)ffi 1 V 1) ij",-( r I\! 5 1 t., rlfil 5 1 d O){ll,ljO) 

ffi 1 V I) ij" ,-( r Jffi 5 1 a t. , l,r ll'lJ ~ ~z: llil it t ~ H v• o 

(0088] 

tJ:: :to , 1:E1 6 ( a ) & rJ ( b ) tz:: WU ~ L, k. I ~ ~;: ;ta v • t , J!i FdJ ffi B ■ 1 6 0) J:: ic m tR 3/ - 30 

f-fflffiSG0-$l:tJ::~, OOx~7~~7Y7..Vl):::I:-'~GtJ::-?5rl\!mm3/-rfflffi ■ '2:' 

ID $: L ' r w JHR ,;'' - r- ffl ffi • ~ m m 3/ - r- • ffi s G 0) l \ !it / m ;Jx IC iJO I L ' ,=f 0) J:: re ' 
@lj x ti !it :,, //' 7.. r :,, .• ~%AX L, @lj x !i ~ 911 fie[! '2:' fi -5 c t: c, r I\! m tR 7'' - r C ffi IN 0) l\ 
!:Z :,, ff5 ~~ 0) ffi I V 1) ij" ,-( r I\! 5 I a ~ ff5 AX L , ~ G tc , :Z- 0) _t_ ic ~ m 3/ - r • ffi S G 0) -ftf! 
0) - $ c tJ: 0 J:: I\! JHR 3/ - r- ffl ffi ■ ~ % AX L , _t_ I\! ~ m 3/ - r- C ffi IN '2:' bu I L .. C :tt Ii: J: 
f) 1/ 1) ::I / J!i 5 5 ~ m mt L L ' r 00 5 1 d 0) ffllj tc llil tr G h t::. ffi 1 V 1) 'TT ,-( F I\! 5 1 a l: ' 
:z- 0) J:: (;: • }\j ~ n tc 1/ 1) ::I / w 5 5 l: ' ff 9 G ilHR 3/' - }- • ffi s G '2:' ff; d L, L 'b Et V' 0 

(0089] 

tJ:: :to, c 0 Im ~c: :to v• --c, r l\i ~ m 3/ - t- m • ■ 0 Jlj[ ~ '2:' Jlj[ < 9 0 c c:. -c-, r l\i ~ m 3/ 
- }- ffi ffi ■ 0) r rnj fflrj TJ' r {l!,lj V ') ::I :,, J!i -C- j;j 1') , J:: oo ffltl t/• ffi 1 V 1) -lj- ,-( F la "Y: j;j ~ ffl J!i ffl ~ 40 
~IDAX-C-~, ~-l:Lt, l\!RffiMffil60)00~GD~. r■ VV:::I:-'Ja, ffilVU~~ 
r/!i&rJV'):::I:-'/!i~--~hk•m~ff9,?5Mm3/-}-fflffiSG~IDAX9GL~1b-C-~ 

-?5 o C (J) J: -5 tc , ffi 1 V I) -lf ,-( F 8 ti , Z lf1ib tz: :ti L t ~ 00: tJ:: fiil J:: i;: lr3i it f, ti h ti H < , m 
m 3/ - r- C .ffi S G 0) J:: rnj 5 I u & rJ r oo 5 I d 0) 1> tJ: < l: b t • cf h b· tc ~t "Y:' tJ:: < , ~ m 3/ 
- }- ffi ffi S G 0) Jlj[ ~ 1f fP1 0) g=i FdJ ti: llil ~ t G t'l t lt • t ~ .& v • o * tc. , ti ~ 0) ffi 1 V 1J ::I :-' la c 
ti~ 0) V 1) ::I:,, J!i l: il•, Z lfiibjj fPJ le: ffll\! ~ht t,, --C 1t .& 1,, o 

(0090] 

~7~, ffi10)-~%-~~~MO)~•fttt¥W~Em&aO)•d'2:'M~90~A~ffi 
fiil ~ -C- d!:i 0 {) 

9 tJ:: b iS , ll'lJ l:EI ,± , m tR lf' - f- C ffi S G 0) $ ½' tz: lffl "9 0 $ ½' ~ tJ:: ti A ~ ffi fiil l:EI -c- ® 0 o 50 
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(0091] 

~ 7 tc:: ~ L, tc J: -5 tc:: , * ~ nt!i ID ~~ tc ~ G g1J 0) 1"' • ~ '1'1: -¥ 9 f:t g2 ~ ~ ■ 1 1 1 re .ta 1;, --r ~i 
' • tR 3/ - l- • ffi s G ,.t . -z- 0) ffl!J ID ~L ~ it G tL tc m 2 1/ 1) -it .,( r /B 5 2 -0:' ~ G ~L fl 9 G 0 

cn~n~. 1"'-~ft-¥Wf:t~-~-l IOc~-C9GLC~~~G0)~~~1i'~M9 
{$,, 
(0092] 

ffi 2 :/ 1) -tr ---( r ,Iii 5 2 ti , Z !Jib 1i fPl ( ffi 1 1J fPl ) tc:: :it L, --C -¥ fi tJ: ID J: ~c ~ ~:t G tl --C t,, 0 

(0093] 

c 0) J: -5 ic , ~ • ~ ·11. -¥ 9 f* g2 ffi ~ OOf I 1 I 0) m tR 3/ - l- ffi: mi S G ti , J: ID 5 1 u 0) ffltl IO 

,c m 1 1/ 1J -it ---r i,: JB s 1 1,r fl G , ~ G t;: , 1.i'JJ cm ~;: m 2 1/ 1J -it .,r r ll! s 2 -tr' fl 9 0 c ~ ~ , 
■ tR 1/ - l- ffl ffi S G 1i' 2: G ~;: {ff ffi; m {I:: ~ ~ • m tR Jf - l- r- 5 Y :)' A 9 S G T OJ !Z ~ ~ ·[1: 1i' 
~GK[P]J:~~Go 
(0094] 

7J: .:1u , C 0) t~ 1:i 1t.. , m tR 3/ - l- ffi: ffi S G 0) ~ $ c L, --C , 1/ 1) ::I Y Ii 5 5 1.£- J:§ 1;, 0 C c ~ 
,.tR1/-l-ffi:ffiSGc-¥9f:t~5-SP~~~~g{$$9~~d~tL0 ■ tR3/-r-l-7 

/' '1/ A 9 S G T 0) l.,, ~ t,, fil![ ~ 11. ti'• ffl ~ 0) {ja tz: ~ JE ~ tL ~ <: 7J: VJ , jjJ {~ l: fl flJ ~ 7J: 0 o 

(0095] 

~ r ' 1"' • ~ '[1. -¥ • it il"c -~ ~ • I I I 0) § ~ 1i ?! 0) Wff tz: -:::> I;' L ~ ~ 9 0 0 

1Z! 8 kJ: , ffi I OJ ~ nt!i ID ~ ~;: ~ 0 g1J 0) ~ :J1I! ~ ·11: -¥ 9 1* !12 ffi ~ ■ OJ § ~ 1i 11 1i' Wll ;if, 9 0 I fj 20 

E :.rl :i:t a,q ltlr cm 1Z! ~ db G o 

97J:b~. ~IZ!~. ■ tR3/-l-ffi:ffiSGO)m~1J$~N90I~Effi:i:tftqffiID~~~0 

(0096] 

* T , W!J x tf , :/ 1) ::i Y iJ, G tJ: 0 ~ t& I 1 0) J::. ,z: , 1B FEll ~ ~ lffl_ 1 3 . 1, ,y 7 3/ - r- B G 

~ iJ: 0 • ffi: Ill, • ffi: Jffi 0) ~ /"\ 9 Y . & r..J, r-fiJ /\ 9 Y i::f=l 0) fR tt Ji/ 1i' ID d G . -z- OJ J: f;: ffi I\! ffif 
~{*ML ~IDd9 00 
(0097] 

-z- 0) 1& • IZI 8 ( a ) ~,: * L, tc J: '5 ~;: , ffi Ii ffiJ ~ f* M L 0) J::. tc , I\! FaHfH~ Jffi 1 6 & r..J ■ tR 
3/ - l- ffi: ffi S G c iJ: G JiHR 3/ - l- ffi: ffi Jffi S G f 1i' ID fix 9 0 o 30 

(0098] 

t L, --C , ~ 8 ( b ) ~c. * L, tc J: '? ~c , 7 ;,J- l- 1) V :l 5 7 --r ~ R I E fC J:. 1'.J . m tR 3/ - r-
ffl :ffi fil,t S G f ~ fJO I L, --C , X JliEIJ 1i IP] ~;: :@; tE 9 0 nl T R I ~ ID PX 9 0 o 

(0099] 

t L, --C , IZ! 8 ( c ) ~c. ~ L, tc J: '? ~;: , S /:B L, tc ■ tR ?'' - l- ffl ~ Jffi S G f 0) l: ID & tf ffltl ID 
~- OOx~9yij~~YJffi1i'IDd9~o -z-G--C, ~x~M~~1i'fi:,~~~, mtR3/-r­
■ ffi Jffi S G f 0) J: ID 0) fflrHc ffi 1 :/ 1) -lf .,( r /ij 5 1 1)'> ID fix °tE tL , ffllJ ID ~L ffi 2 1/ 1) 'if .,( F I\! 5 
2~mm~h. mtR3/-l- ■ ffi ■ SGfO)ffiI:/1J-Jt.,(P'/l!5I&r..Jffi2:/1J-lj'.,(FJ\!5 

2~~0)$9~:/1J::IY/ij55~7J:~a -z-Gt, ~-tJ:5yij~~YJffi-tf:'~*L. /l!OOM 
s • 1 6 -0:' ~ ili "-tE -ti" Q O L 0) J: '? tc • m I 1/ I) -it .,( F JB 5 I & tf m 2 1/ 1) -it .,( F • 5 2 ti 40 

-. ~ :J=R 3/ - r- • ffi s G ( ~ m 3/' - r- • ffi lffi s G f ) t;: :it L L El 2 ~ i't ftq ic ID d ~ n Q 0 

(0100] 

t L, --C , IZI 8 ( d ) tc. ~ L, tc J: '? ~c , /l! rEl] ffl. ~ Jffi 1 6 , ffl I :/ lJ -it ,{ r ll! 5 1 & tf ffi 2 
1/ rJ -lj' .,( F .Ii 5 2 1i' ffli -5 J: -3 tc , -WU x ti N S G iJ: E 0) 1B FEll ~ ~ lffl_ 1 8 a 1i' ID m L , I\! FEll ~ 
SJffiI7&r..J/l!OOffl~•1s1i'JBfix900 
(0101] 

t L, --C , IZI 8 ( e ) ~L. ~ L, tc J: -5 ,c , /l! rEl] ffl ~ • 1 8 , ffi 1 :/ 1) -lj' .,( F /ij 5 1 . :/ 1) ::I 
1/ M 5 5 , ll¥i 00 ffl. ~ .lffi I 6 • IZI ;if, L, iJ: v, ffi Ji/ ffiJ ~ 1* M L & tf IZI ;if, L, iJ: 1; , I\! FEll ~ ~ Jffi 1 3 1i' 
11{ iffi L, , t-& :in ffi3 C P 7J' ID m ~ 1-i G _t t'lc 0) m, 1, 5 Y i::f=l 0) ti ti: /l! ~;: JrJ ~ 9 0 11{ iffi * - Jv T H 1i' 
ID PX G , !fl tt /l! 1i' ~ * 9 o o 50 
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(0102] 
-r L --C , ~ 8 ( f ) tc:: ~ L tc. J:: '? tc:: , it jffi :t- - Jv T H 0) vq m Im tz. , ffi JB mil 4 9 , ¥ ¥f. 1,$: 

r: 7 - g S P f , Z :tr$ g 6 8 f 1J:'.' :lB nx L , WlJ x ti R I E t= J:: 9 .I. 'Y :f- .1\ •y 7 L --CJ:: ffl3 0) 

Z ft $ g 6 8 f 7J:'.' ~ ti. l, , -=t- tl t:. J:: 9 :lB nx ~ tl tc. ~ Iii, ~;: =.t Y 9 7 )-, ffl 0) 7 t JI., 7 7 7- V 1) 

::r Y/\j SP f l 1J:'.':f:![36.il,ib'o 
(0103] 

-=t- <l) ~ , J\j rm ~ ~ g 1 9 , ',l - 7- ~ S L , l:: 7 2 2 , WI rdl ~ ~ g 2 3 , & u l::' '1/ }- ~ B 

L1J:'.'%~L, ~7~00;if,Lk~•fftt~-~~--Ml 1 l~%nx~~0a 
(0104] 

C. <l) J:: -5 ~ !lW ;i!i 1J rt ti , ~ 5 tc lffl L, --C ~ Bjj L tc. m ;i!i 1J rt tc 1:1:: « , I ffl if. ~ ~ l" ~ , ~ "flt. l 0 

-~ tJ, ~ G ~::: r'a:i v-. a 

(0105] 

*k, ~-~tt¥9t$:~-~Ml 110)-~, mm3/-}-C•msGfO)J::fifi&u ■ OO 

<l)~1J~~ ■ M1J:'.':JB~90-~, J::fifi~0)~ ■■ 0).1fJnx~~-~fibtl00)l", ■ @~O) 

~•m<l).1fJnx<l)~-tt~<l)•*~•w~n, mm3/-}-CMsc1J:'.'~~Lt~G~~~m 
11::: l" ~ Go 
(0106] 

~~' J::fifi<J)00~V0~~P/\j1J:'.'~~Gmm3/-}-CffiSG.{r~~G~-Rtt~m&a 
<l) • ~ 1J rt <l) ~ % i9Hc "J v, t IDl Bjj ~ G o 

~ 9 kJ: , ffi 1 <l) ~ :OOi: .1f; ~ ~;: ~ G g1J <l) ~ :J1I! R ·~ ¥ l}1. {,$: !le ffi ~ tll- <l) m ½!i 1J 1t 1J:'.' WlJ ;if, 9 0 I ffl 20 

E :.rl :i:t a,q ffi Im ~ c' db G a 

~~b~, ~~~' mm3/-}-CffiSG<l)-~1J$~M~0I~--:i:t~ffiim~l."~0 

(0107] 

* T , i9JJ x tf , V 1) ::r Y iJ, G J,;i;: G ~ t& 1 l <l) J::. tc , JS rdl ~ ~ lffl_ I 3 , .1, •y 7 3/ - }- B G 

c: ~ G • c Ill , • c m <l) ~ r, 9 Y , & -r..s< r-fiJ -' \ 9 Y i::f=l <l) fR tt ,a 1cr :lB nx G , -i" 0) 1: :c m ,a m 
;i!i{:,t;:M L lcrJf;nx~ Go 
(0108] 

-=t- <l) 1& , ~ 9 ( a ) ~c ~ L tc. J:: '5 ~c , ffi Iii ffiJ ½!i 1* M L 0) J:: tc , WI raHfH~ g 1 6 , m tR 3/ 
- }- C ffi s G C: ~ G m :J=R 3/ - }- C ffi g s G f ' & u ' ,a rdl ~ ~ g 1 8 b ,a'. 71:; PX 9 0 0 ,a Fifi 30 

M9 ~ lffl_ 1 8 b tc kt , WIJ x tf V 1) ::r Y ~ {I::; ■ lcr ffl v, 0 c. c: tJ~ c' ~ 0 o 

(0109] 

-i- L T , ~ 9 ( b ) ~;:: ~ L tc. J:: -5 ~;: , 7 :;¾' }- 1) ',l /j' 5 7 ,1 c: R I E tc J:: 9 , .~ rJJ M9 ~ g 
1 8 b, i!HR-3/'- f-Cffilm S G f, /l!FJJM9~ ■ 1 6, ~;if, G~v•ffi/l!:.fa½!itfi:M L &u~;if, 
L ~ 1.,,, Iii rm ~ ~ • 1 3 1cr Jt .Jffi L , ~ m :im c P ff, :lB nx ~ n 0 --1:::. i2 OJ m -'" 5l ::,, q:i OJ fiHi ,a ic 1u 
m~GS.Jffi*-~THlcr:lB~G, ■ ttWllcr·ti.~00 
(0 1 1 0] 

-=t- L --r, ~ g c c ) ic ~ G tc. J:: '5 t: , lt .Jffi :t- - ,i, T H OJ vq moo re , ffi ,a mil 4 g , -'¥ • t$: 
r: 7 - a S P f , Z ft$ a 6 8 f lcr :lB nx L, WlJ x ti R I E re J:: 9 .I. "/ :f-- .1\ "I 7 L, t J:: ff~ OJ 

Z ft $ • 6 8 f lcr ~ ti. L, , -r tl t;: J: I:) 7E; nx ~ tl tc. ~ FJJ tc :=i Y 9 7 J-, ffl 0) 7 t JI., 7 7 7- 1/ 1) 40 
::r YJf§ SP f 1 lcr:f:![36i6:Uo 
(0111] 

-r L t , ~ 9 ( d ) tc ~ L, t.:. J:: '? ~;: , Ji rd:! ~ ~ g 1 8 b 7cr {§11 x ti 7 'Y If ~ E: 7cr ffl v • t.:. j}} 
~~J::~-1:;;.GT, mtR1/-}-fflffimSGf<l)J::.fifilcr ■ ili~~00 

( 0 1 1 2 ] 

-=t- L T , ~ 9 ( e ) ic ~ L tc. J:: '5 ~c , fi ili L tc. m tR 3/ - }- ffl ,fli g S G f , & u , lt jffi * 
-~TH~:f:![36i6:*nk ■ <l)~~' fflx~9Y3/~~Y-7<r71:;nxL, fflx~fflj}}~.{rfi,j 
0 c.n~J:~, atR1/-)-,fflffi ■ SGf<l)~fill0) ■ ~9Y3/7-~Y1/V~~f~G~0ffi 

l:/V~~P ■ 51~IDnx~tl,mm3/-J-,CffiSSGf<l)ffilV0~~~,a51~nO) 

$ 71" ff, 1/ 1) ::r > ,a 5 5 C: ~ 0 Q -=t- L, L ' Jt jffi * - Jv T H ~L i!I[ 'M:; .il, * n tc. 7 t Jv 7 7 A 1/ 1) 50 
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:1 ::,., Ji! s P f 1 OJ 1:. -OOJ ic: tt , ~ ::,., /_j' ;z. r ::,., v 1J -tt- ,-( F ti' s 1J:: 0 m 3 v 1J -tt- ,-( r ■ s 3 t} % 
fix. ~ .tt 0 o 1J:: :ta , C. 0) :tjj if 4:, , ffi 1 V 1) -tt- ,-( r .I& 5 l ~;t , ~ fR 3/ - t- m mi S G ( ~ fR 3/ -
t-mffillfS G f) rc:ML""f§c~if(tgti:%,6,!l;~n.00 
( 0 1 1 3 ] 

.'.f- L ""f , IZ! 9 ( f ) ~;:: * L t.: J::. --5 ~z:. , 7 ;;t }- 1) '/ /_f' 5 7 -t c: R I E ~;:: J::. f:J , ffi 1 V 1) -IJ­
,-( r Ji! 5 1 C: 1/ 1) ::I ::,., Ji! 5 5 C: .t,t 1.Jo I L L ' X lJim /J ["Pl ~= JJ!; tE 9 G m. T R 2 .t,t ID .m. 9 G 0 

(0114] 

~ L -c , 1Z1 g c g ) ic: * L t.: J::. -5 ~L , m T R 2 0) 1AJ m .t,t ±m 6() ~ J-J. , m 1 v 1J -tt- ,-( F • s 
1 ' R jffi * - Jv T H ~L fig }h ~ * n t.: Ji! ' & "(J ' ffi 3 1/ 1) -lj- ,-( F Ji! 5 3 ~ ti '5 J::. '? Ii: ' Ji! Fdl 

ffi ~ • 1 8 C .t,t ID PX 9 G O Ji! rm ffi m: Im 1 8 C tz:. ti ,Wrj X. ti 1/ 1) ::I ::,., ~ ft .lffl ~ m l_. \ G L C: t/• t: I 0 

~ . Ji! rdl ffi ~ • 1 s c ii . IZ! 2 ~= fJJJ j_f- G t.: Ji! r~, ~ ~ im 1 1 , 1 s & r.J 1 g c: 1J:: 0 o 

(0 1 1 5] 

.'.f- OJ f~ , './ - 7- ~ S L , !:'.: 7 2 2 , Ji! Fdl ffi ~ Im 2 3 , & r.J l'.: •y r ~ B 1 ~ ID .lvt L , ~ ID 
MOJ~-~tt*W~Effi& ■ l 12~%nxt:~00 

( 0 1 1 6 ] 

1J:::td, *~~MT~,RB;t;-~TH~J::.~TIDnx~n.~¥-~e7-SPO)J::.$~~ 
v u -tt- ,-( F .1s c ffi 3 v 1J --it ,-( F Ji! s 3 ) tf, ID m ~ n , c OJ m 3 v 1J -tt- ,-( F Ji! s 3 ii , m 1 
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t~IJ, ffilVV-lf.,(PJii51~ .. J::OOnim?"-}-fflffiUSG~ ■ -•m~MLc:~&~ 

{!) fflU {!) ® ~c t'a -:i -C ro!: it G tt 0 o 

40 

50 

Sandisk Technologies, Inc. - Ex. 1002, Page 001846



(18) JP 2011-35228 A 2011.2.17 

(0140] 

-15, Tma:JR3/-rSffiLSGOJ~OOOJ ■ ~ffil~9~~r ■ 51~fi~Gh0.ft 

~~-TfflM:JR3/-rSffiLSG~,¥~1 Ic:fflM•m~MLc®M~W~GhT;fo~ 
,m1v0~~r ■ s1~, Tmam3/-r ■ ffiLSG®fflM•m~ML® ■ ®OO~~~ 

t Wtt i; h Go 
(0141] 

(ffi 2 O)~.fn§®Jf;ft~) 

*R~©ffi2©~00iIDD~ffiG~•Rtt~-~2ffiH ■ OJ§m15~~- L2©~1n!iIDD 
~ffiG~•Rtt¥9~2ffi~■&tr~®~ID®~-~tt¥5~2S~■ ®§m15~~S0 
o 9 ti: b iS , ffi 1 15 IP] ( ffe1J x ti Z lfilB 15 IP] ) ~;: 3'l: If ~;: ffl M ~ .n tc. ti ~ OJ ■ ffi • W L c ti ~ OJ I 0 

S :.ffi& Fdl @ • III 1 4 c J.r fl 9 0 ffl M • ii!i 1$ M L c: , ITTJ t2 ffi 1 15 [A] ic ;to v, ·-cm M • ii!i {,t;: M L ~;: 

--~htc.M:JR3/-rSffiSGc, ·••m~MLc ■ :JR3/-r ■ ffiSGcJ.rM2ffil15 

[P]~-~90¥9~~5"-SPc, Sffi ■ WL®~h~hc¥9~~5"-SPc®~~m 

t: rot U G h tc. ~2 '!ff ffl ( ;t. -=E- 1) -e Jv M C ) c , ¥ ~ {,t;: ~ 5" - S P c a tR 3/ - r ffl ffi S G c OJ 

M~W~G.ntc.atR3/-}-~--SGic, ~fl90~-~tt*5~2-~■ ® ■ m1i$ 
1: JS 0 o .l:l, T 1: ti , * ~ OOi ID D OJ ~ ~ '"E S 0 .IHR 3/ - r S ffi S G ® ID .'1x 1i tt ~z. --::n • T ~ l!Jj 

9 00 

(0142] 

~15~, :m2®~•IDn~ffi0~•~tt*w~2•~•® ■m1i$~m~907 □-

r "\' - r ~ c: S 0 o 20 

~ 1 5 tt:: ~ L tc. ~ 5 tt:: , * ~ in!! ID U tc ffi 0 § n!i 1i tt 1-c ;Jo 1, • T ti , ;;; '9"' , ffl .IB ffl m 1* M L 
c:, IHR1/- rSffiS GOJ1,•ti:<. c:f..-$c:tl:0MtR'i'- rSttitlf S G f C, J,rffi 1 jj[A] 

( z !Ml 1i IP] ) r.: ffl .IB 9 G ( A T 'Y 7 s I I O ) 0 9 ti: b iS ' ffl .IB • m ~ M L C • :tR 3/ - }-
• ffi mt S G f c ~ , f¥!J x ti , ¥ ~ 1 I ® ± oo I I a ® ~ I,;: Jf5 JJx 9 0 o fy]J x ti' , ~ 5 ( a ) 
tt:: lffl L T lm !IJl L tc. 9l1 ll ~ ~ in!! 9 0 o ;;; tc. , ffetl x ti' , ~ 6 ( a ) 1-c Wtl ~ L tc. 9l1 .E_'I! J,r ~ 1n!i 9 0 
f:~ ·8- ti , C OJ • it ,± , L tc OJ a :JR 3/' - r S ffi S G ri , ~ 6 ( a ) ,c WIJ ~ L tc. T .IB ilHR 3/ -
r ■ ffi-S G f I c:S00 
(0143] 

~LT,M:JR'i'-r ■ ffi-SGfOJM2ffil1i[A]~~LT~fi~®J,rV9~~r~90 

( 7. T 'V 7 S 1 2 0 ) o fJIJ ft.. ti , ~ 5 ( e ) -'f> ~ 6 ( a ) 1-C lffl L t lm l!Jl L tc. :911 II J,r ~ OOi 9 30 

00 
(0144] 

c. .n i= ~ 1J , ffe!J ;t. t:t , ~ :JR 1f - 1- ffl :ffi s c 0) J: on s 1 u & rr r on 5 1 d ® 1> ~ <. c <t i,, • 

T h 1J" ic , V l) :::i Y M 5 5 ~ I) 'b Hf; m fJ' {Ii 1,,., ffi 1 V 1) -.j- 4 F M 5 1 -Jf• ID JJX c: ~ , a :tR J-J' -

I- ffl ffi s G jJ'i {ff :ti m {I:: C: ~ ' ~ :tR 'f - r r 7 y 1/ A ~ s G T © /;G 1f ~ ;~ J,r [P] L '"E ~ G 0 

(0145] 

ti: .t3 , 7. T 'Y 7 S 1 2 0 ~;: to v • t ti , ~ tR J-J' - r llUi l(f S G f © ffi 1 1i [A] ~= :t-t L T ¥ ff 
ti: iffi ( g ti: b iS , ~ :tR Jf - r ffl ffi ~ S G f 0) {P.rJ iffi ) J,r , ~ & ~;: V 1J ~ 4 F {I:: L t 'b E! t, • o 

9 ti: b iS , ~ 8 ( c ) ~ tc. ~;t ~ I 0 ( b ) ic 00 L t ~ ll_ij L tc:.. :911 :EI!! ~ fi -j o C .tl ~;: ~ ~ , M 
:JR 1-f - I- ffl .fi: S G OJ ~ m ~ ~ G tc {Ji T '"E ~ 0 o 40 

(0146] 

ti: .:o , * R ~ OJ ~ 1n!l ID D ~L ffi 0 ~ • ¥€ ·1:4: ~ • <* t2 ffi H ■ ~= to v • t , ffl ffi rd! ffi ■ • 1 4 , 

~•@■■ 42, n•~•■ 43, ~:JR'i'-r~ ■ •sc1&rrZtt$68~~- •~v 
u :::i ::.,, , ~ fl:: v u :::i ::.,, , • ~ fl:: v 1J :::i ::.,, , • f I:: 7 ,i, 3.. =- t7 L. , • ~ ft 7 ,i, 3.. =- t7 L. , , -. 7 
=- 7, 1-. 7 =- t'.l L. • 7 1v 3.. * - r , ~ ft: 1-. 7 =- 7, ~ ft 1-. 7 =- t'.l L. • 7 1v 3.. :z, - 1- , l'\ 7 
=- t'.l L. • v u 'T - r , ~ ft: ,-. 7 =- t'.l b. • v 1J 'T - r , • ft 5" :.,, 9 :.,, & u 5" :.,, 9 ::.,, • 7 ,v 3.. 
* - r J: I) ~ Q m fJ• G • tR ~ n tc. V ... g" .n ii' 0) • 1B • ' * tc. ti ' ITT] ta m lJ' G • :tR ~ h tc. f!l ~ 

-Jy, G 7'J:: 0 f.il ./ijj • ~ ffl v' 0 c c: fJ{ T! ~ 15 o 

(0147] 

* tc , t2 '!ff .IB 4 8 lZ: ,i , ~ {t: V 1) :::i Y , ]!ill ~ {t: V 1) :::i Y , ]!ill 1t 7 Jv 3.. :-.:. ry L. , lit ~ ft 7 50 

Sandisk Technologies, Inc. - Ex. 1002, Page 001847



(19) JP 2011-35228 A 2011.2.17 

Jv 2. =.. 7 b , 1 \ 7 =.. 7 , 1 \ 7 =.. 7 b • 7 ft,, 2. ~. - r . ~ {I::; ,1 \ 7 =.. 7 , ~ {t ,1 \ 7 :=. 7 b • 7 
)V 2_ ;f- - J--. , ,J \ 7 =- 1J }_.., • 1/ I) '7 - J--. , ~ {I::; ,J '\ 7 =- 9 }_.., • 1/ l) '7 - J--. , ffl!: ft: 7 ✓ 9 ✓ Nl_ tf 
7 Y 1l Y • 7 Jv 2. ;f- - t-- ~ IJ tJ: 0 tt¥ 'fy, t; m tR ~ n tc tc' "9 n iJ, (]J lli /B ~ , * tc kt , M ii2 tt¥ tJ, 
G m tR ~ :h tc 1i ~ fJ• t; tJ: 0 ffi - ffi j,£- ffl t, • 0 c c: f/i 7! % 0 o 

(0148] 

tJ: :to • * ~ aJJ mu t!:n;: i.n, --c . r- :¥ ia J & rJ r- 3¥- fi J tt . mx m tJ: :¥ ia & Lf mx m tJ: -111 1=r t2 it 
7!UtJ:<.~;.t~§miffl~:td~0~6'":J~tJ:Ej,£-3~16(JJ7!.:5D. ~-ITT~~fi&tf~ 
fir ITT ~c 3¥- fi 7! ® n ti Ii i.,, o 

(0149] 

J;i. J::. , ~ f* W!J ~ ~ ~ L '":J '":J • * ft flJ3 (JJ ~ m!i (JJ tB- :!t!U;: '":J tc • --C m 8}J L tc o L tJ, L , * ~ l!ij ti 10 

. L :h G (JJ ~ ft W!Hc ~!HE ~ n 0 16 (JJ 7! ti tJ: t,' 0 fflj ;,t tC 7F • ~ '11: -'¥ - {$ l'l2 ffi ~ Ill ;tr • ~ 9 
0~ffi. fflffiffi. M&ffi. M&JB. ·••m~. Em•. -~--JB. *-~~7-, 9 

- r ~ . e: '1/ t-- ffil . 1/ - 7. ffil . We ffil . :1- -E 1J -t 11,, t-- 5 ::,,, :-l 7. 1l . ~ tR 1/ - J-- r- 5 ::,,, :-7 7. 1l 
~- ~-~(]J~~~tJ:·~~-LTU. ~~~~~m(JJ•lffl~GBffmtR~0CC:~~f) 
*ftfll3;:tr~g~~m!iL. ~-0~~~~0cc:~'1!%0~D. *~f!J3(]Jffi00~§3~n0 

* tc . ~ ~ i,$; 1}U (JJ t, • 1" :h il' 2 '":J .L~ _t (JJ ~ ~ ~ vz ffi ITT fz. 1:iJ if:3 tJ: ■ lffl 7! fl JJ- Er b f:t tc 16 (]J 16 
·*ft~(JJBg;tr§~~0~1J*ftf!J3(JJffilffl~3*h00 

( 0 1 5 0 ] 

-=t- (]J {ID , * J£ 8}] (JJ ~ m!i (JJ ID tt~ c: L --C J:: ~ L t:::. 7F 1' ~ ·11: -'¥ W f* !2 11.li ~ ill & tf -=t- (]J ~ m 1i rt 20 

~~~LT. ~-~~-ff~~~~LT~m!iL~0~--C(]J7F•~tt-'¥W~Effi~@&Lf~ 
(JJ~m1i$1b, *ft~(J)Bg7<i'.@390~0. *ft~(JJffilffl~M~00 

( 0 1 5 1 ] 

't" (JJ fi!! • * ft BJ] (JJ ,I!', Ji!.!: (JJ • Ill le :rs t,' L . ~ ~ ~ 7! ® n ti ' ~ ffi (JJ ~ ]I! fJIJ & tf ~ iE ff!J ~L ~ 

JIJ L 1~ 1Ii 16 u) 7! d& IJ • ~ :h G ~ J! WU & r..f f~ IE W!J i;: '":J t, • T 16 * ~ 8JJ (]J ■ lffl rz. ff4 9 0 16 (]J c: 7 
M~:h0a~;,t~.Jw~(JJ~~1ft!itB- ■ ~MLt. ~~~~Bff. ·~~-(]J~~. ~~ti 
L(Ufttt~~~fi~~1b(JJ, XU.Ifi0~~. fl~tiL<U~~~~~fi~~16(]J16 
. * ~ B)j 0 D g ;tr fifff ;,t T t,, 1Ii ~H IJ . * ft BJJ (]J ffi lffl ~;: 3 fl~ :t1. 0 o 

( m: ~ 0) m 8Jl J 
( 0 1 5 2 ] 30 

1 1 ••• ¥ 1&. 1 1 a ••• .::£ ffiJ. 1 3 • 1 3 a , 1 3 b , 1 5 , 1 6 , 1 7 , 1 8 , 1 
8 a ~ I 8 d . I 9 . 2 3 ••• Jffi Fdl ffi ~Im. 1 4 ••• ffl fii Fdl ffi ~Im. 2 2 ••• t:: 7, 3 1 
••• 1::: 7 7' 5 "/'. 3 2 ••• r; - P We fJIL 4 2 ••• IAJ fflU% ~ JJ;L 4 3 ••• 71- ffl1J ~~Im, 4 8 

·-·~2•~-- 4 9 ···ffi:•Jm.. 5 1,. 5 1 a ···ffi I :/ 1) -;_t---( }t}B, 5 1 d ···rffi. 5 

} U ••• J:: 00, 5 2 ••• ffi 2 1/ 1) "1_T --{ f - , 5 3 ••• ffi 3 1/ 1) "1_T --{ }t /B, 5 5 ••• 1/ 1) :::J ✓ 

J&. 6 8 ---~ft$. 6 8 C P ---:jfH\nffl3Zttffl3. 1 1 0, I 1 0 a, 1 1 1. 1 1 2 

• 1 1 3 • 1 1 5 a ~ c , 1 2 0 • - - ::r: 1' §£ 'I'±. -'¥ W ~ it2 ·~ ~ ~ . B G • • • ,1 \ 'Y -7 1/ - J-- , 
BL·••e.'-yJ--.~, CP---m~ffl3. CP 1, CP2···ffil&Uffi2m~H$. CTU··· 
ffi(J{il:II$, CU ---§Jim$, I L ---M~Jli. LS G ···""F$~tR3/- J-- fflfii, LS G I 
•··r$mtR1/-t--M& ■. Mc---:1--E 1J-t11,, ci2ml'f1n, ML--· ■ JBMm<*- MR 40 
••• :I- -E I) 7 V --{ pf{ ~ ' M u ... :J.. t l) $ . M u 1 •.• 'Z t-- 1) -7 A -y.. -E lJ -t Jl,., $ . M u 2 

···We~~~$. PR ···Jal3l!ffi~, PR 1 ···Jal3l!ffi~§J~, S G ···iHR-:f- J--fflfilL 
S G 1 ~ S G 4 ···ffi 1 ~m 4 iHR-:f- r fflffi. S GD ••• }t v-1' YffliJ~tR1/- l-- fflmi. 
S G I --- M tR 1/- t-- M & ffi. S G S --- 1/ - 7. fflOiHR 3/- J-- ffl filL S G T --- M tR ij' -

r t-- 7 Y :-l 7. 17, S G f ... ~ tR ij' - t-- ffi ~Im. S L ••• 1/ - 7. ~. S P ···-'¥ ~ f* l:::' 7 
S P 1 ~ S P 4 ••• ffi 1 ~ ffi 4 -¥ ~ f* I::: 5 - . S P f ••• -'¥ ~ f* I::: 7 - ~, S P f 

1 • • • 7 t Jv 7 Y 7,. :/ I) :1 Y /B . S T 1 • - • 7. r- '1/ ,1 { Jffi . T H • • • :ffl: iffi ;ts - Iv , T R 1 ~ 

T R 3 ••• M, U S G ··· J:: $ M tR ij' - r- ffl tii, U S G I ·•• J:: $ ili tR 3/- J-- ~~Im, V 
1, V2···t:7, WL, WLA. WLB···fflffi~ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001848



SGI SGI /110 

~ ~ 
43 48 SP SP 4f 48 43 51u 

18 

i'tt:;~~~51 }sG 
55 

ni::.~~~-51d 
l.l l---4----4--r- 16 

15 

68 ~ 
49 

. CP 

WL 

14 

WL 

14 

WL 

\ SP (CP2) 
SP {SP3) 

ML 

110 

ML 

CP (SP2) 
SP (CP1} 

(SP1} 

MU 

(20) JP 2011-35228 A 2011.2.17 

~ ~ D.. 

~ 
- __,,..---'"""_,.,.o.. 0 

a;i 
II] 

=' 

IL WLB 

SP2--+----=:r:-=:::=t SP3 
SP1 ~--+---If-----""~ SP4 

o:_=-~D 
o···=--·D 

WLA 

Q ___ -= __ -D 
o· ··=::-D 

Sandisk Technologies, Inc. - Ex. 1002, Page 001849



(21) 

z 

(g) (h) xLv 

19 

SP 68 49 

JP 2011-35228 A 2011.2.17 

z 

(e) xLv 

: 51 52 
55 
16 

z 

{c) L X y 

19 

if) 

: 1Ba 
(18) 

: !,1 52 
55 

( 16 
z 

{d) L X y 

z 

(f) L X V 

Sandisk Technologies, Inc. - Ex. 1002, Page 001850



52 

55 

~"~~~____:,, .. ~____,.~..,.__. 16 
z 

(e) 
xLY 

z 

xLY 

SPf sar8~1s/r / 112 

(17) 
(g) 

( ~ 1 1 ] 

SGT··· 

,.-(19) 
, .... ,. •• ..,,_-t-'1Bc 

.---+'(18) 
52 

55 

--...._,,~~ 16 
z 

xLY 

SGI 
\.. 

SP SGI 
) 

~lt=;;~~t-511, SG 
55J 

16 

:J 
14 ·l 

~WLJML 

14 

WL 

43 42 68 42 43 

(22) JP 2011-35228 A 2011.2.17 

0 ] 

SGf 

~-.,,__.,n....,,__.,..._.,,__~,,~ 16 

(17) 

z 

(a) L 
X y 

SPf SPf1 49 /113 

(19) 
18d 
(18) 
52 

::'lllf$Jl:::JJ!:'.:Nr311fllT 55 

16 

(c) 

[ ~ 1 2] 

(a) 

z 
{b) L 

X y 

/115b 

16 

'U V //ll.751----:~1 
14 

51 
52 
SGf 

16 

MC· 

;f~Lv 
(b) 

SGT·---

TH 

SGI SP SGI /115c 

~~~-511,SG 
55J 

i 
43 48 42 42 48 43 TH 

16 
15 

WL 

14 

WL 
ML 

Sandisk Technologies, Inc. - Ex. 1002, Page 001851



( ~ 1 3] 
-' 

a e)'° :::. 00.0 "'<.> 
o ~~N mroOO~~~~---fVJ~W©M~MM 
N 

'-----,. 

i:o 
cl 

-' 
CCI 

( ~ 1 5] 

r.11~ 

t1~m~t.$c:illiR'f-1-•-M!lllt:~ 
M 11'1P11:::3'1ii 

iKtR'f-l-iit!i!ll©.11,(RI!::: 
~il[fJ;ffij"O)~•)-if,(t-=il:; 

S110 

S120 

(23) 

[ ~ 1 4] 

Bl 

USG 
(SGD) 

USG 
(SGD) 

Wl 

Wl 

Wl 

WL 

TH 

SL 

JP 2011-35228 A 2011.2.17 

Bl 

USG 
(SGD) 
USG 
(SGD) 

ML 

11 

MU 

Sandisk Technologies, Inc. - Ex. 1002, Page 001852



(24) 

(72)§€aM .fflim ff.t! 
**~gzoo-T§1*1~ ~rtfttl*z~ 

(72)§€~ fi{t -~ 
**~~gzoo-T§1*1~ ~rtfttl*z~ 

(72)§€ijij~ *Di * 
**~gzoo-T§1*1~ ~rtfttl*z~ 

(72)~ijij~ EIJq::t ~~ 

**~gzoo-T§1#1~ ~rtfttlfflz~ 
c12)~~ uJ=I m 

**~gzoo-T§1#1~ ~rtfttlfflz~ 
(72)~~ jj~ :&~ 

**~gzoo-T§1#1~ ~rtfttl*z~ 
(72)~f'IJ:I~ ffl~ ;[3:JL 

**~~gzoo-T§l#l~ ~rtfttl*z~ 
(72)~f'IJ:I~ =.7fi{ ~ 

**~gzoo-T§131~ ~rtfttl~~ 
(72)~ijij~ *EB ~A 

**~gzoo-T§l*l~ ~rtfttl*z~ 

JP 2011-35228 A 2011.2.17 

F 9--b..(~) 5FD83 EP17 EPIS EP22 EP30 EP33 EP34 EP48 EP49 EP76 ER23 
GA02 GAlO JAD3 JAD4 JA33 JA35 JA39 JA53 KADI KAD5 
KAll LA16 MADS MAD6 MA16 MA19 PR40 

5F101 BA42 BA45 BA47 BB02 BD16 BD22 BD30 BD34 

Sandisk Technologies, Inc. - Ex. 1002, Page 001853



Electronic Acknowledgement Receipt 

EFSID: 43540519 

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: PM07027Dl Cl Pl C6 

Receipt Date: 18-AUG-2021 

Filing Date: 25-JAN-2021 

Time Stamp: 15:20:47 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

612052 

1 
Information Disclosure Statement (IDS) 

IDS_PM07027Dl Cl Pl C6.pdf no 4 
Form (SB08) 

3 25 9f528cbfba 775 a0902 9 30d 177 ba59258 
4f0e5 

Warnings: 

Sandisk Technologies, Inc. - Ex. 1002, Page 001854



Information: 

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for 
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if 
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available 
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent 
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems. 

1777559 

2 Foreign Reference JP2010140997A.pdf no 17 
aa69709abcd01Sd09ff713f1545031 ae577a 

c937 

Warnings: 

Information: 

2502595 

3 Foreign Reference JP2011035228A.pdf no 25 
0868f64931 b8852817907932cb9e8550169 

2cdf8 

Warnings: 

Information: 

Total Files Size (in bytes) 4892206 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 

Sandisk Technologies, Inc. - Ex. 1002, Page 001855



- 1 -

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. PM07027DlCIPlC6 (3430.2.388US6CIP1) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor(s): Igor Polishchuk et al. 

Serial No.: 17/157,350 

Filed: 

Title: 

Examiner: 

January 25, 2021 

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

Not assigned 

PRELIMINARY AMENDMENT 

TO THE COMMISSIONER FOR PATENTS: 

Group Art 
Unit: 2893 

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. 

PM07027D1CIP1C6 

Sandisk Technologies, Inc. - Ex. 1002, Page 001856



- 2 -

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. 
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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. 
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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 
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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. 
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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. 
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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. 
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46. (New) The semiconductor memory device of claim 36, wherein the gate electrode is a 

high work function gate electrode. 
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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. 

Date: November 1, 2021 
50 W. Broadway, 10th Floor 
Salt Lake City, UT 84111 
Telephone (801) 994-4646 
Fax (801) 531-1929 

PM07027D1CIP1C6 

Respectfully submitted, 

/Michael L. Bartholomew/ 
Michael L. Bartholomew 
Reg. No. 60,225 
Attorney for Applicant 
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All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
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noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D 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). 

6.0 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. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date See Continuation Sheet. 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/NIKOLAY 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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DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

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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Page 3 

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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Information regarding the status of published or unpublished applications may be 

Page 4 

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. Visithttps://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. 

/NIKOLA Y K YUSHIN/ 
Primary Examiner, Art Unit 2893 
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Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered I 
*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. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001902



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

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. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

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). 

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 

D 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 ~0225 

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.S.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. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001904



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.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 the Freedom of Information Act requires disclosure of these records. 

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. 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. 

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 inspections 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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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 17157350 

Filing Date )021-01-25 

INFORMATION DISCLOSURE First Named Inventor I tgor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 11737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number I PM07027D1CIP1C6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20060255399 A1 Q006-11-16 Kim etal. 

2 20060180851 A1 R006-0B-17 
SAMSUNG ELECTRONICS CO 
TD 

3 20080173928 A1 R00B-07-24 l\rai et al. 

4 20120068255 A1 Ro12-03-22 
SAMSUNG ELECTRONICS CO 
TD 

5 20080093661 A1 Q00B-04-24 HYNIX SEMICONDUCTOR INC 
KR] 
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Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PM07027D1CIP1C6 

6 20070158736 A1 Roo1-01-12 KABUSHIKI KAISHA TOSHIBA 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 /NIKOLAY K YUSHIN/ I Date Considered I 06/2312022 

*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. 5 Applicant is to place a check mark here i1 
English language translation is attached. 
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Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PM07027D1CIP1C6 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

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). 

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 

D 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) 2021-08-02 

Name/Print Michael L. Bartholomew Registration Number ~0225 

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.S.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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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 the Freedom of Information Act requires disclosure of these records. 

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. 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. 

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 inspections 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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Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 17157350 

Filing Date )021-01-25 

INFORMATION DISCLOSURE First Named Inventor I I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 11737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number I PM07027D1CIP1C6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 ~257832 A M981-03-24 Schwabe et al. 

2 ~395438 A M983-07-26 Ping-Wang Chiang 

3 ~490900 A M985-01-01 Te-Long Chiu 

4 ~543707 A M985-10-01 to et al. 

5 ~667217 A M987-05-19 John L. Janning 

6 ~843023 A M989-06-27 ~hiu et al. 

7 ~870470 A M989-09-26 Bass et al. 

8 6179038 A M993-01-12 Kinney et al. 

/NIKOLA.Y K YUSHIN/ 06/23/2022 
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Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

9 5348903 A n994-o9-20 Pfiester et al. 

10 5404791 A n99s-o4-11 Silbert Kervagoret 

11 5405791 A n99s-o4-11 l\hmad et al. 

12 5408115 A M995-04-18 Kuo-Tung Chang 

13 5464783 A n99s-11-01 Kim etal. 

14 5500816 A n996-o3-19 Kiyoteru Kobayashi 

15 5543336 A n996-o8-o6 ::nami et al. 

16 5550078 A M996-08-27 Janmye Sung 

17 5573963 A n996-11-12 Jan M. Sung 

18 5573343 A n996-11-12 Davis et al. 

19 5793089 A n99a-oa-11 ~ u lford et al. 
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Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

20 5817170 A n998-10-06 Desu et al. 

21 5847411 A n998-12-oa Tomoyuki Morii 

22 5861347 A n999-01-19 Maiti etal. 

23 5937323 A M999-08-10 8rczyk et al. 

24 5939333 A n999-oa-11 Hurley et al. 

25 5972765 A n999-10-26 81ark et al. 

26 5972804 A n999-10-26 Tobin et al. 

27 6001713 A M999-12-14 Ramsbey et al. 

28 6015739 A Rooo-01-1a 3ardner et al. 

29 6020606 A Rooo-02-01 Kuan-Yang Liao 

30 6023093 A Rooo-02-oa 3regoret al. 
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Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

31 p025267 A t2000-02-1s Pey et al. 

32 p074915 A t2000-06-13 8hen et al. 

33 p114734 A t2000-09-05 Robert H. Eklund 

34 6127227 A t2000-10-03 in et al. 

35 p136654 A t2000-10-24 Kraft et al. 

36 p140187 A t2000-10-31 DeBusk et al. 

37 p147014 A Rooo-11-14 yding et al. 

38 6150286 A t2000-11-21 Sun et al. 

39 p153543 A t2000-11-28 8hesire et al. 

40 p157426 A t2000-12-os TieerGu 

41 p162700 A Rooo-12-19 Hwang etal. 
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Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

42 p174758 B1 t2001-01-16 shai Nachumovsky 

43 p174774 B1 t2001-01-16 8hesire et al. 

44 p214689 B1 t2001-04-10 im etal. 

45 6217658 B1 t2001-04-17 8rczyk et al. 

46 p218700 B1 t2001-04-17 8onstantin Papadas 

47 p268299 B1 t2001-07-31 Jammyetal. 

48 p277683 B1 t2001-08-21 Dradeep et al. 

49 6287913 B1 t2001-09-11 l\gnello et al. 

50 p297096 B1 t2001-10-02 t:itan Boaz 

51 p297173 B1 t2001-10-02 Tobin et al. 

52 p321134 B1 t2001-11-20 Henley et al. 
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Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

53 p335288 B1 t2002-01-01 Kwan et al. 

54 p348380 B1 t2002-02-19 il\/eimer et al. 

55 p365518 B1 t2002-04-02 ee et al. 

56 6399484 B1 t2002-06-04 Yamasaki et al. 

57 p406960 B1 t2002-06-18 Hopper et al. 

58 p429081 B1 t2002-08-06 Doong et al. 

59 p433383 B1 t2002-08-13 Ramsbey et al. 

60 6440797 B1 t2002-08-27 il\/u et al. 

61 p444521 B1 t2002-09-03 8hang et al. 

62 p445030 B1 t2002-09-03 il\/u et al. 

63 p461899 B1 t2002-10-08 Kitakado et al. 
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64 p462370 B2 t2002-10-08 Kazunobu Kuwazawa 

65 p468927 B1 t2002-10-22 Z:hang et al. 

66 p469343 B1 t2002-10-22 Miura et al. 

67 6518113 B1 t2003-02-11 Matthew S. Buynoski 

68 p559026 B1 t2003-05-06 Rossman et al. 

69 p573149 B2 t2003-06-03 Kizilyalli et al. 

70 p586343 B1 t2003-07-01 Ho et al. 

71 6586349 B1 t2003-07-01 Jeon et al. 

72 p596590 B1 t2003-07-22 Miura et al. 

73 p599795 B2 t2003-07-29 Tamotsu Ogata 

74 p602771 B2 t2003-08-05 noue et al. 
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75 p610614 B2 t2003-08-26 Niimi etal. 

76 p624090 B1 t2003-09-23 Yu et al. 

77 p660165 B1 t2003-12-09 Hirabayashi et al. 

78 6670241 B1 t2003-12-30 Kamal etal. 

79 p677213 B1 t2004-01-13 Ramkumar et al. 

80 p709928 B1 t2004-03-23 Jenne et al. 

81 p713127 B2 t2004-03-30 Subramony et al. 

82 6717860 B1 t2004-04-06 chiro Fujiwara 

83 p730566 B2 t2004-05-04 Niimi etal. 

84 p746968 B1 t2004-06-08 Tseng et al. 

85 p768160 B1 t2004-07-27 i et al. 
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86 p768856 B2 t2004-07-27 l\kwani et al. 

87 p774433 B2 t2004-08-10 ee et al. 

88 p787419 B2 t2004-09-07 8hen et al. 

89 6818558 B1 t2004-11-16 Rathoret al. 

90 p833582 B2 t2004-12-21 Mine et al. 

91 p835621 B2 t2004-12-28 Yoo et al. 

92 p867118 B2 t2005-03-15 ~mihiko Naro 

93 6884681 B1 t2005-04-26 Kamal etal. 

94 p903422 B2 t2005-06-07 3oda et al. 

95 p906390 B2 t2005-06-14 Nomoto et al. 

96 p912163 B2 t2005-06-28 Z:heng et al. 
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97 p913961 B2 t2005-07-05 Hyun Sang Hwang 

98 p917072 B2 t2005-07-12 Noguchi et al. 

99 p946349 B1 t2005-09-20 ee et al. 

100 6958511 B1 t2005-10-25 Halliyal et al. 

101 17012299 B2 t2006-03-14 Mahajani et al. 

102 17015100 B1 t2006-03-21 ee et al. 

103 17018868 B1 t2006-03-28 Yang et al. 

104 17033890 B2 t2006-04-25 -uja Shone 

105 17033957 B1 t2006-04-25 Shiraiwa et al. 

106 17042054 B1 t2006-05-09 Ramkumar et al. 

107 17045424 B2 t2006-05-16 Kim etal. 
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108 17060594 B2 t2006-06-13 Szu-Yu Wang 

109 17084032 B2 t2006-08-01 8rivelli et al. 

110 V098154 B2 Roo6-08-29 Kenji Yoneda 

111 17112486 B2 t2006-09-26 8ho et al. 

112 17115469 B1 t2006-10-03 Halliyal et al. 

113 V172940 B1 Roo1-02-06 8hen et al. 

114 V189606 B2 Roo7-03-13 i/1/ang et al. 

115 17230294 B2 t2007-06-12 ee et al. 

116 17238990 B2 t2007-07 -03 Burnett et al. 

117 V250654 B2 R007-07-31 8hen et al. 

118 V253046 B2 Roo7-08-07 Higashi et al. 
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119 17262457 B2 t2007-08-28 Hsu et al. 

120 17279740 B2 t2007-10-09 Bhattacharyya et al. 

121 V301185 B2 Roo1-11-21 8hen et al. 

122 17312496 B2 t2007-12-25 Katsuki Hazama 

123 17315474 B2 t2008-01-01 Hang-Ting Lue 

124 V323742 B2 R008-01-29 Sorin S. Georgescu 

125 V338869 B2 R008-03-04 ~ukuda et al. 

126 17365389 B1 t2008-04-29 Jeon et al. 

127 17372113 B2 t2008-05-13 Tanaka et al. 

128 V390718 B2 R008-06-24 Roizin et al. 

129 V410857 B2 R008-08-12 Higashi et al. 
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130 17425491 B2 R00B-09-16 eonard Forbes 

131 17450423 B2 R00B-11-11 ai et al. 

132 V463530 B2 R00B-12-09 ue et al. 

133 17479425 B2 t2009-01-20 l\ng et al. 

134 17482236 B2 t2009-01-27 ee et al. 

135 V521751 B2 R009-04-21 chiro Fujiwara 

136 V535053 B2 Roo9-05-19 Shunpei Yamazaki 

137 17544565 B2 t2009-06-09 Kwak et al. 

138 17576386 B2 t2009-08-18 ue et al. 

139 V588986 B2 R009-09-15 Jin-Hyo Jung 

140 V601576 B2 Roo9-10-13 Suzuki et al. 
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141 17612403 B2 t2009-11-03 l\.rup Bhattacharyya 

142 17636257 B2 t2009-12-22 Hang-Ting Lue 

143 V642585 B2 Ro10-01-os i/1/ang et al. 

144 17646041 B2 t2010-01-12 8hae et al. 

145 17646637 B2 t2010-01-12 Yi Ying Liao 

146 V670963 B2 R010-03-02 Ramkumar et al. 

147 V688626 B2 Ro10-03-30 ue et al. 

148 17692246 B2 t2010-04-06 Dreeskornfeld et al. 

149 17713810 B2 t2010-05-11 Hagemeyer et al. 

150 V714379 B2 Ro10-os-11 8hang-Hyun Lee 

151 V723789 B2 Ro10-os-2s in et al. 

EFSWeb 2.1.17 
/NIKOLAY K YUSHIN/ 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001923



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 

STATEMENT BY APPLICANT 
Art Unit 1737 

( Not for submission under 37 CFR 1.99) 
Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

152 V]37488 B2 t2010-06-15 ai et al. 

153 17790516 B2 t2010-09-07 il\/iller et al. 

154 17811890 B2 Ro10-10-12 Hsu et al. 

155 17879738 B2 t2011-02-01 Szu Yu Wang 

156 17910429 B2 t2011-03-22 Dong et al. 

157 17927951 B2 R011-04-19 Kim etal. 

158 17948799 B2 Ro11-os-24 ue et al. 

159 17972930 B2 t2011-07-05 Jang et al. 

160 17999295 B2 t2011-08-16 ai et al. 

161 8008713 B2 R011-08-30 Dobuzinsky et al. 

162 8067284 B1 Ro11-11-29 Sagy Levy 
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163 8071453 B1 t2011-12-06 Ramkumar et al. 

164 8093128 B2 t2012-01-10 Koutny et al. 

165 8143129 B2 t2012-03-27 Ramkumar et al. 

166 8163660 B2 t2012-04-24 Puchner et al. 

167 8222688 B1 t2012-07-17 Jenne et al. 

168 8264028 B2 t2012-09-11 ue et al. 

169 8283261 B2 t2012-10-09 Krishnaswamy Ramkumar 

170 8315095 B2 t2012-11-20 ue et al. 

171 8318608 B2 t2012-11-27 Ramkumar et al. 

172 8482052 B2 t2013-07-09 ue et al. 

173 8643124 B2 t2014-02-04 evy et al. 
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174 8710578 B2 t2014-04-29 Jenne et al. 

175 8860122 B1 t2014-10-14 Polishchuk et al. 

176 8940645 B2 t2015-01-27 Ramkumar et al. 

177 8993453 B1 t2015-03-31 Ramkumar et al. 

178 9306025 B2 t2016-04-05 Polishchuk et al. 

179 9349824 B2 t2016-05-24 evy et al. 

180 9355849 B1 t2016-05-31 evy et al. 

181 9449831 B2 t2016-09-20 evy et al. 

182 ~0304968 B2 t2019-05-28 Ramkumar et al. 

183 ~0593812 B2 t2020-03-17 Ramkumar et al. 
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1 20010052615 A1 t2001-12-20 
-ujiwara, lchiro 

2 20020020890 A1 t2002-02-21 il\/iller, Josef 

3 20020048200 A1 t2002-04-25 Kuwazawa, Kazunobu 

4 20020048893 A1 t2002-04-25 Kizilyalli et al. 

5 20020109138 A1 t2002-08-15 - orbes, Leonard 

6 20020141237 A1 t2002-10-03 3oda et al. 

7 20020154878 A1 t2002-10-24 l\kwani et al. 

8 20030030100 A1 t2003-02-13 ee et al. 

9 20030122204 A1 t2003-07 -03 Nomoto et al. 

10 20030123307 A1 t2003-07 -03 ee et al. 
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11 20030124873 A1 t2003-07-03 )(ing et al. 

12 20030169629 A1 t2003-09-11 3oebel et al. 

13 20030183869 A1 t2003-10-02 8rivelli et al. 

14 20030222293 A1 t2003-12-04 Nora, Fumihiko 

15 20030227049 A1 t2003-12-11 Sakakibara, Kiyohiko 

16 20030227056 A1 t2003-12-11 i/1/ang et al. 

17 20040067619 A1 t2004-04-08 Niimi etal. 

18 20040071030 A1 t2004-04-15 3oda et al. 

19 20040094793 A1 t2004-05-20 Noguchi et al. 

20 20040104424 A1 t2004-06-03 Yamazaki, Shunpei 

21 20040129986 A1 t2004-07 -08 Kobayashi et al. 
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22 20040129988 A1 t2004-07-08 Rotondaro et al. 

23 20040173918 A1 t2004-09-09 Kamal etal. 

24 20040183091 A1 t2004-09-23 Hibino, Satoshi 

25 20040183122 A1 t2004-09-23 Mine et al. 

26 20040207002 A1 t2004-10-21 Ryu et al. 

27 20040227196 A1 t2004-11-18 Yoneda, Kenji 

28 20040227198 A1 t2004-11-18 Mitani et al. 

29 20040251489 A1 t2004-12-16 Jeon et al. 

30 20050026637 A1 t2005-02-03 -ischer et al. 

31 20050056892 A1 t2005-03-17 Seliskar, John J. 

32 20050062098 A1 t2005-03-24 Mahajani et al. 
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33 20050070126 A1 t2005-03-31 Senzaki, Yoshihide 

34 20050079659 A1 t2005-04-14 Duan et al. 

35 20050088889 A1 t2005-04-28 ee et al. 

36 20050093054 A1 t2005-05-05 Jung, Jin Hyo 

37 20050098839 A1 t2005-05-12 ee et al. 

38 20050110064 A1 t2005-05-26 Duan et al. 

39 20050116279 A1 t2005-06-02 Koh, Kwan Ju 

40 20050141168 A1 t2005-06-30 ee et al. 

41 20050186741 A1 t2005-08-25 Roizin et al. 

42 20050205920 A1 t2005-09-22 Jeon et al. 

43 20050224866 A1 t2005-10-13 Higashi et al. 
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44 20050227501 A1 t2005-10-13 Tanabe et al. 

45 20050230766 A1 t2005-10-20 Nomoto et al. 

46 20050236679 A1 t2005-10-27 Hori et al. 

47 20050245034 A1 t2005-11-03 -ukuda et al. 

48 20050266637 A1 t2005-12-01 i/1/ang, Szu-yu 

49 20050275010 A1 t2005-12-15 8hen et al. 

50 20050275012 A1 t2005-12-15 Nara et al. 

51 20060008959 A1 t2006-01-12 Hagemeyer et al. 

52 20060017092 A1 t2006-01-26 Dong et al. 

53 20060022252 A1 t2006-02-02 Doh et al. 

54 20060051880 A1 t2006-03-09 Doczy et al. 
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55 20060065919 A1 t2006-03-30 -ujiwara, lchiro 

56 20060081331 A1 t2006-04-20 8ampian, Jonathon Reo 

57 20060111805 A1 t2006-05-25 Yokoyama et al. 

58 20060113586 A1 t2006-06-01 i/1/ang, Szu-yu 

59 20060113627 A1 t2006-06-01 8hen et al. 

60 20060131636 A1 t2006-06-22 Jeon et al. 

61 20060160303 A1 t2006-07-20 l\ng et al. 

62 20060192248 A1 t2006-08-31 i/1/ang, Szu-yu 

63 20060202261 A1 t2006-09-14 Lue et al. 

64 20060202263 A1 t2006-09-14 ee, Chang-hyun 

65 20060220106 A1 t2006-10-05 8hoi et al. 
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66 20060226490 A1 t2006-10-12 Burnett et al. 

67 20060228841 A1 t2006-10-12 Kim etal. 

68 20060228899 A1 t2006-10-12 Nansei et al. 

69 20060228907 A1 t2006-10-12 8heng et al. 

70 20060237803 A1 t2006-10-26 Z:hu et al. 

71 20060261401 A1 t2006-11-23 Bhattacharyya, Arup 

72 20060281331 A1 t2006-12-14 i/1/ang, Szu-yu 

73 20060284236 A1 t2006-12-21 Bhattacharyya, Arup 

74 20070012988 A1 t2007-01-18 Bhattacharyya, Arup 

75 20070029625 A1 t2007-02-08 ue et al. 

76 20070031999 A1 t2007-02-08 Ho et al. 
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77 20070048916 A1 t2007-03-01 Suzuki et al. 

78 20070049048 A1 t2007-03-01 Rauf et al. 

79 20070051306 A1 t2007-03-08 vanov et al. 

80 20070066087 A1 t2007-03-22 Jung, Jin-hyo 

81 20070121380 A1 t2007-05-31 Thomas, Mammen 

82 20070200168 A1 t2007-08-30 8zawa etal. 

83 20070202708 A1 t2007-08-30 uo et al. 

84 20070210371 A1 t2007-09-13 Hisamoto et al. 

85 20070215940 A1 t2007-09-20 igon, William A. 

86 20070231991 A1 t2007-10-04 il\/iller et al. 

87 20070232007 A1 t2007-10-04 ~ orbes, Leonard 

EFSWeb 2.1.17 
/NIKOLAY K YUSHIN/ 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001934



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

88 20070246753 A1 t2007-10-25 8hu et al. 

89 20070262451 A1 t2007-11-15 Rachmady et al. 

90 20070267687 A1 t2007-11-22 ue, Hang-ting 

91 20070268753 A1 t2007-11-22 ue et al. 

92 20070272916 A1 t2007-11-29 i/1/ang et al. 

93 20070272971 A1 t2007-11-29 ee et al. 

94 20080009115 A1 t2008-01-10 i/1/iller et al. 

95 20080029399 A1 t2008-02-07 Tomita et al. 

96 20080048237 A1 t2008-02-28 wata et al. 

97 20080054346 A1 t2008-03-06 Saitoh et al. 

98 20080057644 A1 t2008-03-06 Kwak et al. 

EFSWeb 2.1.17 /NIKOLAY K YUSHIN/ 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001935



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

99 20080087942 A1 t2008-04-17 Hsu et al. 

100 20080087946 A1 t2008-04-17 Hsu et al. 

101 20080121932 A1 t2008-05-29 Ranade, Pushkar 

102 20080135946 A1 t2008-06-12 Yan, Shuo-ting 

103 20080146042 A1 t2008-06-19 Kostamo et al. 

104 20080150003 A1 t2008-06-26 8hen et al. 

105 20080175053 A1 t2008-07-24 ue et al. 

106 20080230853 A1 t2008-09-25 Jang et al. 

107 20080237684 A1 t2008-10-02 Specht et al. 

108 20080237694 A1 t2008-10-02 Specht et al. 

109 20080258203 A1 t2008-10-23 Happ et al. 

EFSWeb2.1.17 /NIKOLAY K YUSHIN/ 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001936



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

110 20080272424 A1 t2008-11-06 Kim etal. 

111 20080286927 A1 t2008-11-20 Kim etal. 

112 20080290398 A1 t2008-11-27 Dolishchuk et al. 

113 20080290399 A1 t2008-11-27 evy et al. 

114 20080290400 A1 t2008-11-27 Jenne et al. 

115 20080291726 A1 t2008-11-27 ue et al. 

116 20080293207 A1 t2008-11-27 Koutny et al. 

117 20080293254 A1 t2008-11-27 Ramkumar et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant 
T5 

Initial* No Number3 Code2i Code4 Date Passages or Relevant 
Document 

Figures Appear 

1 ~107254 CN A 1995-08-23 Hiromichi et al. 

06/23/2022 
/NIKOLAY K YUSHIN/ 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001937



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

2 ~400669 CN A 2003-03-05 nfineon Technologies AG 

3 ~801478 CN A 2006-07-12 
rraiwan Semiconductor 
Mtg 

4 ~832201 CN A 2006-09-13 
Samsung Electronics Co 
,_td 

5 rn1511114 CN A 2009-08-26 
Cypress Semiconductor 
Corp 

6 ~01558481 CN A 2009-10-14 
Cypress Semiconductor 
Corp 

7 ~01859702 CN A 2010-10-13 
Cypress Semiconductor 
Corp 

8 ~02142454 CN A 2011-08-03 Wang etal. 

9 rn4254921 CN A 2014-12-31 
Cypress Semiconductor 
Corp 

10 eooo113281 JP A 2000-06-23 Sony Corp 

11 eoo2261115 JP A 2002-09-13 Sony Corp 

12 eoo4112616 JP A 2004-06-17 
Samsung Electronics Co 
,_td 

EFSWeb 2.1.17 /NIKOLAY K YUSHIN/ 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001938



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

13 eoo518394o JP A 2005-07-07 $harp KK 

14 eoo5347679 JP A 2005-12-15 Renesas Tech Corp 

15 eoo6211082 JP A 2006-10-12 Sanyo Electric Co 

16 ~007318112 JP A 2007-12-06 
Semiconductor Energy 
~ab 

17 eoo1s1so60 JP A 2007-06-07 ~pplied Materials Inc. 

18 eoo95358oo JP A 2009-10-01 ~kil et al. 

19 eoo92Boo10 JP A 2009-11-05 If oshiba Corp 

20 ~009272348 JP A 2009-11-19 rr oshiba Corp 

21 eo10182939 JP A 2010-08-19 If oshiba Corp 

22 eo11so1231 JP A 2011-03-03 Singh et al. 

23 eo11s21824 JP A 2011-11-04 Samuelson et al. 

EFSWeb 2.1.17 /NIKOLAY K YUSHIN/ 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001939



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

24 eo12004249 JP A 2012-01-05 rr oshiba Corp 

25 eoo40010669 KR A 2004-08-11 ~nam Semiconductor Ltd 

26 eoo60100092 KR A 2006-09-20 
Samsung Electronics Co 
,_td 

27 ~0110093746 KR A 2011-08-18 
Univ Korea Re & Bus 
i=ound 

28 eoo103611 rw A 2007-01-16 Micron Technology Inc 

29 eoo847343 rw A 2008-12-01 
Cypress Semiconductor 
Corp 

30 eoo10223s9 WO A2 2007-02-22 
rrhe Regents of the 
University of California 

31 ~007064048 WO A1 2007-06-07 Masuzaki et al. 

32 eoo8129478 WO A1 2008-10-30 Huerta et al. 

33 eo1116212s WO A1 2011-12-29 Singh et al. 

34 eo1314a112 WO A1 2013-10-03 Uenne et al. 

EFSWeb 2.1.17 
/NIKOLAY K YUSHIN/ 

06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001940



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

35 ~013148343 WO A1 2013-10-03 ,_evy et al. 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 'MAX 9000 Programmable Logic Device Family," Altera, July 1999, Version 6.01, pp. 1-40; 41 pages 

2 
r· Richard Carley, "Trimming Analog Circuits Using Floating-Gale Analog MOS Memory," IEEE Journal of Solid-Slate 
Circuits, Vol. 24, No. 6, December 1989, pp.1569-1575; 7 pages 

3 '1.8V, 500-MHz, 10-0utput JEDEC-Complianl Zero Delay Buffer," Cypress Advance Information, 02/12/2004; 9 pages 

4 
'10 Gigabit Ethernet Technology Overview White Paper," Revision 1.0, Retrieved from Internet: URL: http:// 
www.10gea.org, May, 2001 

5 
'16K x 8/9 Dual-Port Static RAM wit Sem, Int, Busy," Cypress Semiconductor Data Book, May 1995, CY7C006 and 
CY7C016, pp. 6:1-17; 10 pages 

6 
'1K x 8 Dual-Port Static RAM," Cypress Semiconductor Data Book, May 1995, CY7C130/CY7C131 and CY7C140/ 
CY7C141, pp. 6:37-49; 8 pages 

7 
'1kHz to 30MHz Resistor Set SOT-23 Oscillator," Initial Release Final Electrical Specifications LTC1799, Linear 
lrechnology Corporation, Jan. 2001, pp. 1-4 

8 
'200-MBaud HOTLink Transceiver," Cypress Semiconductor Corporation, Revised 2/13/2004, CY7C924ADX, 
Document #38-02008 Rev.*D; 56 pages 

/NIKOLAY K YUSHIN/ 06/23/2022 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001941



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

9 
'2K x 16 Dual-Port Static RAM." Cypress Semiconductor Data Book, May 1995, CY7C133 and CY7C143, pp. 6:63-73' 
B pages 

10 
'2K x 8 Dual-Port Static RAM," Cypress Semiconductor Data Book, May 1995, CY7C132/CY7C136 and CY7C142/ 
CY7C146, pp: 6:50-62; 8 pages 

11 
'3.3V 64K x 18 Synchronous QuadPort Static RAM," Cypress Preliminary CY7C0430BV, Cypress Semiconductor 
Corporation, 03/27/2001; 36 pages 

12 
'A Novel Integration Technology of EEPROM Embedded CMOS Logic VLSI Suitable for ASIC Applications." By 
Masataka Takebuchi et al_, IEEE 1992 Custom Integrated Circuits Conference, pp_ 9.6.1-9.6.4 

13 
'A Novel Robust and Low Cost Stack Chips Package and Its Thermal Performance," By Soon-Jin Cho et al., IEEE 
lrransaction on Advanced Packaging, vol. 23, No_ 2, May 2000, pp_ 257-265 

'A Planar Type EEPROM Cell Structure by Standard CMOS Process for Integration with Gate Array, Standard Cell, 
14 Microprocessor and for Neural Chips," by Katsuhiko Ohsaki et al., IEEE 1993 Custom Integrated Circuits Conference, 

pp-23.6.1-23.6.4 

15 
'A Single Chip Sensor & Image Processor for Fingerprint Verification" Anderson, S., et al., IEEE Custom Integrated 
Circuits Conference, May 12-15, 1991 

16 
'A Single Poly EPROM for Custom CMOS Logic Applications," By Reza Kazerounian et al., IEEE 1986 Custom 
ntegrated Circuits Conference, pp_ 59-62 

17 
'A Wide-Bandwidth Low-Voltage PLL for PowerPC.TM. Microprocessors," By Jose Alvarez et al., IEEE Journal of 
Solid-State Circuits, vol. 30, No_ 4, Apr. 1995, p_ 1 - 9 

18 'About SMaL Camera Technologies, Inc . ." SMaL Camera Technologies, 2001, pages 1 - 3 

19 
'Achieving Uniform nMOS Device Power Distribution for Sub-micron ESD Reliability," Charvaka Duvvuy, Carlos Diaz, 
~nd Tim Haddock; 1992; 92-131 through 92-134, no month 

/NIKOLAY K YUSHIN/ 
EFSWeb 2.1.17 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001942



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

'ADNS-2030 High Performance, Low Power Optical Mouse Sensor (Optimized for Cordless Mouse Applications)," 
20 ~gilent Technologies, downloaded 10/10/2005,http://www.home.agilent.com/USeng/nav/-536893734,536883737/pd. 

ratml; 2 pages 

21 'Agilent ADNK-2030 Solid-State Optical Mouse Sensor," Agilent Technologies Inc., Sample Kit, 2003; 1 page 

22 'Agilent ADNS-2030 Low Power Optical Mouse Sensor," Agilent Technologies Inc., Data Sheet, 2005, 34 pages 

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 
lrechnical Disclosure Bulletin, August 1989; 5 pages 

26 'Am99C10A 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 
~ournal 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 t::xtended Abstracts of the 18th {1986 International) Conference of Solid State Devices and Materials, Tokyo, 1986, pp. 

623-326 

30 
'An Experimental 5-V-Only 256-kbit CMOS EEPROM with a High-Performance Single-Polysilicon Cell," By Jun-lchi 
Miyamoto et al., IEEE Journal of Solid State Circuits, vol. SC-21, No. 5, Oct. 1986, pp_ 852-860 

EFSWeb 2.1.17 
/NIKOLAY K YUSHIN/ 06/23/2022 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001943



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

31 
Chen et al., "Performance Improvement of SONOS Memory by Bandgap Engineering of Charge-Trapping Layer," IEEE 
Electron Device Letters, April 2004, Vol_ 25, No_ 4, pp_ 205-207; 3 pages 

32 
Hua-Ching Chien, Chin-Hsing Kao, Jui-Wen Chang and Tzung-Kuen Tsai "Two-bit SONOS type Flash using a band 
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 
rnemory," 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 
Pages 

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, 
pp_ 336-337; 4 pages 

38 
Wang, Szu-Yu et al., "Reliability and processing effects of bandgap engineered SONOS flash memory", 2007 IEEE, 
ntemational 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 
rfang 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 I Add I 

/NIKOLAY K YUSHIN/ 06/23/2022 

EFSWeb2_1-17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001944



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 

INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

EXAMINER SIGNATURE 

Examiner Signature 11 /NIKOLAY K YUSHIN/ I Date Considered 11 06/2312022 

*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. 5 Applicant is to place a check mark here i1 
English language translation is attached. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001945



Receipt date: 05/25/2021 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Not Yet Assigned 

Attorney Docket Number PM07027D1CIP1C6 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

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). 

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 

D 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 ~0225 

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.S.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. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001946



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.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 the Freedom of Information Act requires disclosure of these records. 

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. 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. 

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 inspections 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. 

EFSWeb 2.1.17 
ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 

Sandisk Technologies, Inc. - Ex. 1002, Page 001947



To: 
From: 
Cc: 

docket@kba.law,, 
PAIR_eOfficeAction@uspto.gov 
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 
17157350 

Document 
NOA 
1449 
1449 
1449 
1449 

Mailroom Date 
07/20/2022 
07/20/2022 
07/20/2022 
07/20/2022 
07/20/2022 

Attorney Docket No. 
PM07027D1 CIP1 C6 
PM07027D1 CIP1 C6 
PM07027D1 CIP1 C6 
PM07027D1 CIP1 C6 
PM07027D1 CIP1 C6 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/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 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

36491 7590 07/20/2022 

Kunzler Bean & Adamson 
50 W. Broadway 
Suite 1000 
Salt Lake City, UT 84101 

APPLICATION NO. FILING DATE 

17/157,350 01/25/2021 

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. 

Certificate of Mailing or Transmission 
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 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

Michael L. Bartholomew (Typed or printed name) 

/Michael L. Bartholomew/ (Signature) 

2022-08-17 (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Igor Polishchuk PM07027D1CIP1C6 6135 

TITLE OF INVENTION: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE 

ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

YUSHIN, NIKOLA Y K 2893 

1. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/AIA/122 or PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use ofa 
Customer Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-324000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 10/20/2022 

Kunzler Bean & Adamson 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DA TA 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) : 0 Individual l!l Corporation or other private group entity O Government 

4a. Fees submitted: llilissue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

[I Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 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) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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. 

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/ 

Typed or printed name Michael L. Bartholomew 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date 2022-08-17 

Registration No. _6~0=2=2=5 ____________ _ 

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: PM07027Dl Cl Pl C6 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

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 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 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: PM07027Dl Cl Pl C6 

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 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

85307 
Fee-

1 Issue Fee Payment (PT0-85B) Transmittal - PM07027D1 Cl Pl C no 1 

6.pdf 99ee 7 34e025 d 99afe0bac4e 7f05 585 26 78 7t 
3572 

Warnings: 

Information: 

38058 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
9fab5e82608861448e3d44a3be34fc26e 11 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 17/157,350 - GAU: 2893 

Application Number 17157350 

Filing Date 2021-01-25 
INFORMATION DISCLOSURE First Named Inventor I Igor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 1737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number PM07027D1CIP1C6 

Change(s) applied 

to docum ~nt, 

VJ.T/ 6 20070158736 A1 Roo1-01-12 -· - ···-· - - ·-
- •- - - 111 'LI - Lo - H 'I. - - ·-

7/28/20 ~2 Arai et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 /NIKOLAY K YUSHIN/ I Date Considered I 06/2312022 

*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. 5 Applicant is to place a check mark here i1 
English language translation is attached. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 
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Receipt date: 08/02/2021 17/157,350 - GAU: 2893 

Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 17157350 

Filing Date )021-01-25 

INFORMATION DISCLOSURE First Named Inventor I tgor Polishchuk 
STATEMENT BY APPLICANT 

Art Unit 11737 
( Not for submission under 37 CFR 1.99) 

Examiner Name I 
Attorney Docket Number I PM07027D1CIP1C6 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20060255399 A1 Q006-11-16 Kim etal. 

Change(, ) applied 

to docum ~nt, -SAMSUNG EL;::, -
1/J.T/ 2 20060180851 A1 R006-0B-17 

__ L.;U 

_"'FLJ 

7/28/20 ~2 Lee et al. 

3 20080173928 A1 R00B-07-24 l\rai et al. 

--
4 20120068255 A1 Ro12-03-22 

SAMSUNG El 1-1 v.:> L,Q 

~~ 

Lee et a!. 

HYNIX SEMICONnl lf"Tr- -
5 20080093661 A1 Q00B-04-24 -~ 

1'."J 
Joo et al. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /N.K.Y/ 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. 

17/157,350 

36491 7590 

Kunzler Bean & Adamson 
50 W. Broadway 
Suite 1000 
Salt Lake City, UT 84101 

ISSUE DATE 

09/27/2022 

09/07/2022 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

11456365 PM07027D1CIP1C6 

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) 

CONFIRMATION NO. 

6135 

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 http://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. 
IR103 (Rev. 10/09) 
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To: 
From: 
Cc: 

docket@kba.law,, 
PAIR_eOfficeAction@uspto.gov 
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 
17157350 

Document 
ISSUE.NTF 

Mailroom Date 
09/07/2022 

Attorney Docket No. 
PM07027D1 CIP1 C6 

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