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Ju~ BARNA -
[z 08 pr B 2 HHTAR 3R]
ABEBHLMDS —HIERS L iE ¥ F S E T (Asynchronous

First-In-First-Out Cell) » 45 3|4 AN R R BAE T I RARAAHRBRERLE
—HRERYFRAS ALY HFRET -

[SerTHdr]
HRRSW A A HESOC)R » £ & B AR14%Z K i F(throughput

rate) & B4 B 3L 3B o5 R (latency ik » A iz R T ABERI S A K
B PRBEE RN AGEARBRI > AARKENR I FERA
Bia ke FRME 6B - B AR TR A > HA R — {8 £ B4
*/”‘ﬁ%&@ﬁ%ﬁ ARG FRTHRY A BRAGREEHGHREREY
i AR A TAERF TR T A Ry RER SR
Rl % B3 E 4 (GALS) 4 4 @ AR EARR ey sk > BAEN @ T A A Ik
Bl % %k h(FIFO) Y 72 B ¥ ER v ek ot TR L& b A Sty B
o

T2 Bty IERE S FIFO & # A B 54 X (burst mode)é&4- CAD T &
PR 0 BREEEHMNERTEHEFRES X 2B T ok
@&Fm)@m%%%E%%’%Xk?ﬁ%°%%’%@$ﬂ%'
20040128413 #Fu 20020167336 #7148 & ey FIFO 44T J& A 7R B 63k a9 i @
Lo Bldw o BIF-RF R Rl ¥-ER S R F-FERF R £
FIA —id & oy ot b h U B B UL AR (token mechanism) RBEH
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HEFR—HEHEE T > AR S HFRIH > AGEBAYH B (circular shift
register) Tt A&k B EHF] » AR A S-R ER 3 (set-reset flip-flop)Hs s 18 Bl K £&
% £ kR P S 0 44 X 4B M3k (handshake signal)iE 4] E 25 A+ A K
B KX&4 CAD T & » #1385 AR E(put token) ~ & i & 3 (get token) » Fu
Bl & CAD T B3 4% % #H#k B A $2 4| % (data validity controller) « {2 » % g#
#z > £ B &4 20040128413 Fv 20020167336 &4 Ik B % FIFO ff A & 48 R
$H S5 BFEHEHARL RORSHFWHR - |
® RENL  RFAREAH 2 Bk 1K FIFO E 848 282 B 1A
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ARAZX—BAHGRB|—EFRATHARA B Y ESERL > BAR
UEBIERF AR T 4 HCALS) ARE - TR A4+ 88 radix-2°
ZHRBEBHERUEHINBEB L RV BRI FHRIMLABRE S

EEEFR] o

HEF b B REARB—IFRS AR EFEEL - Ean
18148 #f 84 Jk B & &, & % (asynchronous wrapper)-% — kR $ &8 Efv &
—FRAYCRB-ZM ARAXFATAEALEEREEL  a5—FH
@ P44 % (data latch) & ® &R &9 F R > — Kk 482 B (ful 1 /empty detector)

ARMAEHMSBORE » —FEE XEHEH B(sender’ s handshake

controller )@ KA A — M FwMERR(Sack) 2F —FRFSAEE > —

HiH X B4 H B (receiver’ s handshake controller )& E& 4 —# WK

ZFEERK(Rack) ZF =R F & ﬁ » AR AR B - R EH KB

BFoBUcE RBER SR ”é"f%ﬁi‘fé‘iikéﬁ Muller C B ATéark » T AMEIRE

BB RE v BREXBEHN B2 EHEY MullerC'%% @«f&%
@  ABUCEBIEHBAE A B ACE B R - L.'TM:&%EH%‘AH%
BRAYHLTHEHE  mARFEI G -

ERTRARFHFFSAREYHES EL 0 BAREHN Bf0 ik
lli%x%ia‘"%lészfi %X B —JE B £ 444 3 (asynchronous level
converter) * MR EM I B A — B it R 5 (level converter
flip flop » LCFF) » T ABEK K ER 2] % TR BRI s T oh R ey i 3eho
WY EBEH > LLEHNE —RS AR B8N GBRBEER(Vm) -
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BRSO BE M RARETE (V) © su5h o SR TE A G
Ay hiht¥n S ETmANALBIER BN S A %LRE  £T
B+ 2 radix-2' 2 Bk A IS > TIOR8 S th3h RIRAR
SR 5 e sE AR -
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FOBEE 3 B-0RBALAARERRATE KRS LEE LAk
ASaRs 38 Vn RASAEE2 MV ¥ ARAS RS
. 1 fdERF RSB 26970 @ﬁ*ﬂﬁ@ﬁ’%k‘é%%Hi}éﬁéﬁﬂﬁ%xﬁiﬂi%ﬁ%
FAECALS HEREASKM TS MAFRSLBE 2REAS RS 3t
@& FIAD flipflop MR P EMBRBEEBHIBEEHRAHATRE

Gl

BT 8 RS B O G B R R 0 RS S AR
Z B BTN BRI ALK -

[F#hr K] Rl
AEAGIBE—HERS L EARYEEET —'E'—ZHE' 2 EIEF

F R EH(GALS) # 4T ERAFFRRETIARNRBEERXE—HE
TR BTHRENURDBIER F AIEH(GALS) 2A4hRE 2 ERAL
+ 52 radix-2" Z PR A R R BB N B TS L 1B R E o
YIAREBFHERES -

F-BARRSLEALYAEEHTER  FARELENIERS
hhHYEBER2 LAY LA A — 185 B (Sender’s token,



200717519

ﬁ%&@m%%*&%%@ﬁ&wﬂﬁﬂ&m’%%Kﬂm%&ﬂ%ﬁ
MEARRY  AREEEE 4 AIRASTAEABYGERET2 f1E4L
ARYHR  MARKHEE 6 RS ARABYABEL 2 il
BRFRST RELHEFESEL 2T REE - ¥ A EEHBE4
Folk i E B3 6 MRS AEAEYEBER 2 LEFRITHH > W f =
BAT AAGEEBEAFBREBEONFERAS LEALYEEER2
B4 GALS $ER A% N Gk EE  — kRS LEALYESE
@ 7 21n—%—3FFP &Rk B(asynchronous wrappen)l0 F2 % = JFFl % &
B % (asynchronous wrapper)20 2 fj « £¥ > F—JkRH O F & @ F — A
E) %4 48 (locally-synchronous module)12 + — % — % 32 & 4 % (handshake
generator)14 Fu — % — T 4% 1k B3 Bk 4% %] % (plausible clock controller)16 » %
—FRF RS e — % =53 EF#E a(ocally-synchronous module)22
— % =% 42 & & % (handshake generator)24 Fo— % =T % ik BF AR 3% #)
(plausible clock controller)26

) Ab GNP NS AR ALY EERE A2 AABEE8E 4
FTHEMRE-REELS 14 ALY —HEHFKARSreq)” LEF
BABELRE 4 WERASPAEALY TS EAA ZHTUBEEHE
FTEAE—BEFOERIROCacHZEF —REELS 4 m— L AFEEH
BE 4 WERTAEALYERSEAMBA TN EY 20 AMEEEE
B4 CHBREERE—BATHT—EERSLEAEYEEET - X
BoRAR-—BHFERT ALY HFESEL2 AABRHFEREG6 ERF L
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WM EBE 2 4 THRG IR TR - 3o TR Z B =
RBELAB2UMAEAN—BLEEZRAREReq) LEZFRAHUELREG6
MRS AEALYER 2 FUAOTHEREE - A AL —BUAD
BMERack)EF_REELEBE 24> H—BEEABUERE 4 H9FERT L
7B M BN TR O 0 RIBCE B 6 BRI
EE BB RGT—EEASAEAEYHE R -

ABPZE —BAEEHES GBEEBAREOETRALIER T L&
@ HUAEEAAANEZE 2 CECASH A @ © FE % =B
FBZEAR  WETE AN RS AR AL EHE BRI — EHM
BB LAK—YHEBE K AHOAI —KEMAETR AT
BB O 7 BUK IE » — (3 H S IR B3 8 A 4 — (% 5B Bk (Sack)
EE-REALEIL —BEREEH B R F AL —BICE RN

Rack) 2 ¥ =B A 4+ 824 -

ER—RARSHE 2 BHEHERAAHASHS 9 eAELE-F

@ —BERKCenNEF—XBALS 140 P -REERELSKES
B BB —RBEHE 4B 2R BEAB AL~
Bk (pulse) ~ — ik % 2 KM (Sreq R ZH RBEHE 3 f—F—2
ESE(S_stretch) £ % — T L BFARIEHI S o ¥ > AAGEABE 403
AFAAYEB P BEsBEHS 3 SRR EEERNR
(Steq) » & EHPIKB 0 BAH EMTRAKTHE 4 TBIEH B 3
CAE—BEEEERRCUNEE —XBELE 14 0P —TH LR
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WE 16 U E - RkARL 0 ®EL—F— B eEdk(local clock » 24
S CKMKEE — AR F M 12 AL EHAERAZERS Lt ¥y
BEAR ABEFE - RMRBEF —THLRE L B R
R R @A 0 B — TR L EFARIEH B 16 TR RKIEILE —5
MEFARIAIE » ABE R FILRE - EEFE— B S A 12 I3 5 — 5
BRI E » @R ERAMAZEHEHEEIT -
FREHMAZEHHHABSIOUHREL  F_RMATHE 22 £ B
o YHATHPASHS ONENE  §hE4 — ¥ AWM (enable 51gna1 ;
WA ReNZF-_REALR 24 WP _HRECRALFR L& - 12
BRRBEHE 24 ML MIRES 2B F _REELSE 24 @éi Bk
K (pulse) » — i B R MIERreq) KA X BIHE 5 Fo— ﬁﬁ—— 3
¥ (R stretch) 2 5 —T43 L BFAKIEHI S 26 - £ > BAHUCEBE 6 o935k
A it 47 B E A B0H KBNS 5 THICEIE 2 L5k
(Rreq) * M E BHFIH B 9 ARt Fes a‘&»li%‘x#&é*%l%s 5 @éi—-
@ BEATRNE RacEHZBALE 2 B = THLHIREHE 26
HMENF AR - AL R =R IERK (local clock » 2.2 R_clk)
HIRELE—RHEFHE 22 BEEHMEHEEE sty A- %
B RMIENE S = THL IR £ B RN o Fo IR F k6 R 8t
B B TR RRRIEH 5 16 TRE R RF 1L B = B3 sRk o8 & F &
bkl - BER A B H4E 22 B F = BIREIRINER 0 £ = BIE
FREGTHEIBENBTRHHBSINGEHR -
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YwBGE—RBELES 14 50— T/ LEFRIZEH E 16 &Mk L

@B
S_en'- pulse’-Sreq’-S_stretch’- pulse™-Sack’-Sreq’
-Sack’™-S_stretch (“+” & >~ EA &ML > “-“KRTF BF&MIR) o B4k A LM

MR BRBENFL L L RS OB 0 FRAT A ELLYHFEE
A2Z @ FEAABRAE —RELEHS VP F_XEEHS 24 9F%
&4 > #1 A Muller C TR, ﬁ%?’aiﬁw‘%ﬁ%é@ & #%(area overhead) ; £ &
B Bl & % — T4 L B AkIE 4] 5 16 Fo 3 — T 45 L BFARIEH] 5 26 09 K IR &4
EAERMBEFEAPHTEY BALEAS HRMRHTHELEZHEL  §
— BFBKIR(S_cI) E# E B ey B € R4 0 R D B — BEIKIR AL B 65 R
LA B ) et A

sesh o AR AEMER B T 44 A 5 2@ e Muller C 30 U4 A el > o 5
NABMEANBEAT > FXABAKERES Muller C o430 fETE

B #xBRE&EEGY MullerC T30 &M EHRERRBTHRE

REHR B 7 o full” g ik R full=] > empty=0) > o 2R A BEHEFLEH
BISHR O 4 » BKAEEA B 7 %A empty” 4 K B (R empty=1 » full=0) » E
R full=1 & empty=1 > %A A {54 B LI (Srea)fo 1§ 24 &K

(Sack)#r A E 45 2438 ¢ Muller C 7t 4% 30 4 #1M5 » £ % + 45288 Muller C
Foth 30 5 — & B (resct) MAHAN o — M4 » € E IR 4R RAEFEH
MALBHESB 9 EHNAELEYH B E T Sreq=1 55 BHEHAF
LEMEHE 9 B4E4F full=l 5§ Rreq=1 8 » BEELETHPAHEINR
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# 2k d 0 EBR AL full=l % 5 empty=1 - £ ¥ > Sreq v Rreq R #& Fl
55 10 AT & % EHA A% E#: F & (transparent problem) 2| & i 3% °
BRAECHEBRHRESEE T - GAULE > REERSE 7 EERNA
- IfSack= 1 then full->0
Else If Rack= 1 » then empty->1
(Sack #= Rack R #EF] 85 % 1)
| K REETBEHE 3 HENRAELAGEERRNKEL R
@ BEAZI4 XV AR E R IR S 3 44 A 1526 Muller C st 32
WAoo %€ ABFH B AR Bt A B AEMKE Muller C 432
E5&E 0 £t BEASHRGH Muller C ofk 32 FR&EH - 5 —RE
AAB4EABEEZRAKEABUERLBE4NBEEIBIEHNS
3 AMEHE RS 3 EERNE
If full=1 > then Sack->0
Else If Rack=1 - then Sack -> O(unchanged)
] Else If Sreq=1 > then Sack ->1
Else If Sreq=0 > then Sack ->0
# & » "If Rack=1 » then Sack -> O(unchanged)” » {4 %, Sreq Fv Rreq [ 8% %
1> 3R % Rack=0 B - HF A FTHHHSE 9 9 E M R ih 24 > @ Sack
el BEaa iAo B ?ﬁﬁ%i&%%ﬂﬁ#&?iﬁéﬁﬁﬁﬁﬁ%i °
BH O OBLETELZEHNS S HEMRRAABURFIURENRERL =R
BAEAAR2U Hb BT EIBEHSE S AEHES Muller C 7TtiF 34 A7
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B wBEANABRNEABAT $AARAMullerC 7t 34 fFEF®
S FABEA MullerC 34 EREH SR _REALB24E4
MEEFBERAKEEARCHBE 6 hBICE BEHE S LBRER
BRI E S ZEMMH L

If Empty=1 > then Rack->0

Else If Rreq=1 > then Rack ->1

Else If Rreq=0 » then Rack ->0

) EF-BZRAS A EAEYGEREA2 4 AEER GALS 4 452
AEEBEE ME—ERAS RS 10 28— % —HBEEVo) » #

 ZHRFARBE 20 B FRETE(Voon) 0 BF=HETEZKL
ARF—HBER -

AERE _BAETHE BB EABARENEETRAGKIER S Lt
GHYGREABALE-—BIHRAS A LAY EEEL2AMER
GALS % b2 fr @&k deoh - EAMETEA KNSR EERYHE

@ HEA TEBEANMEE—SHBTEVon) ERGRIEEHETR
(Voou)* LB ER A LM S LR ALY EREARLHAS =R ETR
AGMER S AR R YRS E MM FAB—THPIHE 36 KT
R —REARB T A FAN R SR PTBE 39 QKM - — R E R
BB AEAL —WESNENKEL —RBALE 4 —BEERE
EHBS AEAE—BUEAUENEEL _RBALB 24 B AVEH

P44 % 36 4 A F — ik ik R % 38(level converter flip flop * LCFF) » B
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BB TR E RS S 2 WA — S RS
(asynchronous level converter » ALC)39 ©

o KRS T AR AR B S 2 M RERRAS RN
W 30 fh i SR B — B BB (Voou) 980 5 T A FABE S 92 28 =
18 TR (Voon) B B A% % 5 Voo, BE8180 P B &4 Rk 22 WS
B RRT RS R AR R R R 0 B A AT
BB P HEBR > FHA RS RS 39 F—RETEZ AN
@ HEF-GETEZAL SRRLEME . 0K ETHEHE 6 OE
fr#giaiE R B(LCFF)38 » B4 LR B BBkt ik o AL IRIE B B F
fosh E 346 LR siEE R 38 A e pulsed flip flop» #RMBBER
% 38 f& 384 (sample)f¥ i% & B JE MR EE » 4w B & — AR (pulse) » AR F
BREELE - BHABARMMBERS IS HREEH B+ BE AL
A5 RS 39 KBS

EEABEERALUMEAS LAY BEAZIKEARE &

@  rxapHE PRUEXBERHBAFEBETEAGNFAS AL
SR EBEL—H TRANHNEHRARAGETRALKNIER S ik
Sl ¥ % B Az 5 E®e Muller C st 30 ~ 32~ 34 Q BEABE AL
%%@%%#@ﬁ%@%&%ﬁ%ﬁiﬁé%%%@GMS%%ﬁzﬁ@
SRR MR R BN B — BAE T RS
ABRZEZRAETRAIGE LEMRIZEERALKWIFR T ik
AEYEREARRLERESBIERS HFREF(GALS) A #AHRE - TR
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BB+ o1 8 radix-2’ Z R A EHBREEDEH (RE+—AR) > LEH
AZRAIRTERE FRFLRES 1 FRAFSLEBS2HFERASLES 3
AL ERES 1 IR FERE 3 5 Vop=09V » R FEEHE 2 sk
Vopu=12V: £ ¥ TR A %05y kR F e o h W B ¥ 7wy GALS 1
BEEANFRSCES 1 PERFEREE2HE—NE40(LFE+—B
B) @ D flip-flop(DFF)47 Fv — Jk F] 3 4 #% 4% B (ALC)39 #& rx. # 9F Bl & 2R
HBANER S ORB 2NERFT RS INENBIA2RE+—CH)-
@ At FEor@4A2eBAR(witeport3 ENF —IBELE 140 K
#(readport)4S HENE _REEAL B 24 AET_BHEANEZ 3 ATHE
W EEAR A A BAMIEREE ) BT BAERE 4SS ATHELERREL S
B IR L BE -
BE+— ABRESBIER S HIRE T (GALS) A S Ak A - RERRA
HZBREAERBRFEDEHAL T W ABAULBRERTARAS &

GHBREAZEERBAKZHREHERUEH  FHEIEAHLERRA -

Q@ GRS RBEHERRER PET BAETRRALZIAT RS
A E @B A A TSMCO.13um AT # & R R AF L -

R&#% 1 o+ tELBRERERRGRRBEHNERBREOAFH
#o TUERETRAGILETR A%EHED - £F Y FET 44
BERAGAULLETRALBY 12.5%0Mh - A2BIERF AR T 4 &
BiRA® FET Z#4AE+ B ACE+wmB AC) RE—RAEME
ZOBRAL Y —ERY FET ZE#u RS E_aFS L ¥
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B - AR EN AL RHIR S A4 ARE FET REZRAF
HMEEBRSEENRESES - £2BHRASAHHR Y 4% ARAM FET £
W2 E B By 0 BEAY FET B BRIRS % BRE
BETHR S BB Y AEBEH GALS P — 0 SRS THEM
HIBAR 0 ATLALER R A $ ROM Foif 2 89 % T B4 BBk # 4% (clock switch) »
B k8 4 AR PT R A E o KT KE T B R RS BIERY
B E Y A s bR key FET 248 ¢ —ER ¥ FET £HE - G %
@ ERAERYD STHRARASBIRASANRY A shiRAe FET RiER
Eﬁ%%ﬁ@%%’%ﬁ%%%%%k%&ﬁﬁﬁ%%%@ﬁ%%T%%
% - |

sesh 0 F+ B4t w B R E & FET %%*%éﬁﬁéﬁﬂ%raﬁ v AR IE
B5 B F S A s R FET Ribeie Br i - SARAE— 6k
B oA R LR 5 4 FET SRk > $OLBRER KD ﬁu’ﬁﬁkﬁéﬁ
BIERFAERS 2o himihey FET 24 RASERALZ 16 B
@  radix-2? 8 F %3¢ B © f4(single-path delay feedback)sy FET ’%—JF%’F‘TM éﬁ % “

B EHHEERES LR

®# 1
#— 7= BEE
OE S 2R i B
B4 EER Clock=9ns
28 VDDH=1.2V
RS %ER Clock=9ns
&% VDDL=0.9V VDDH=1.2V VDDL=0.9V
GALS £ Clock=3.5ns Clock=9ns Clock=3.5ns
L F K VDDH=1.2V
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GALS # Clock=5ns Clock=9ns Clock=5ns
R #% & VDDL=0.9V VDDH=1.2V VDDL=0.9V

bR Z B EAARAREAZIRMBAREE B A ERT

LR B2 AL AR ATAZNELHEATHE  ERERZBRELRE
A2 EHEE > BPARNKRRBEAMB TIENAEZ I E LI REE 17
EiEEEFEAZEARER -

[BXBERA]
$-BARAERZERAS LEALYRBRMTER -

$oBARERAZERS LALYHF S E L GALS 2 6B EHT
TH -
FZRAABAZ—RANETRAKOFRT A EALYEFREAHR
£ K #efs] o
FmBARERE —RBEALEPE—TH LKA L B e MBS -
EEABAAERE —RBEHERE S RBEHBORREH -
YL BEARATAZE —HRALASHE —FIRAEALS éﬁ%‘l‘?r‘%#%
XABAABHZEHEY MullerC AHFETER -
A B B & A% A 25 &0 Muller C L6 K IR&EH -
¥t ABAREAZESBS Muller C T4 HETER ©
%+ B B ARFAX LB Muller C T T RREH
PAABAABEAZSZEY Muller C A ETER ©
%A\ B B & A%HZE KB Muller C U489 B IR -

PABAARAL-RANLERAGNIRAT RERE YA B E AR
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EE ] o

F+ABAREARMBRERBOTIREH -

%+ BEAREAERS EUBRBOTREH -

B+— ABAABAZULSBIRAFAEAS A GAHRE  CTRAAL
Z MR A IR -
$+—BEAAEAZULRIERATHNAS A LARE  CTRARAL
2 A A ERBERZE NG - -

@ FT CHAXBMAIUSHBHARASRERASAMARE RTRRAS
2B MAHERBEBZE N ® -
FHoBARBEAZIURBHRS AR A hARLE  STRAALZ
BRGHE BT £ F N BIBASE TR E £ B0
# o -
BHEZBARRNIAEHIASRHFAS A hBRE  CCRRA KL
B A SRR £ 5 SN B W BUE R T L KA 4 B eIk
@ #- I
FHEZBAARAIALRIERS BHAS Ao hRE  FCRALAL
B ) 3 A - | |
o ABARBRAZARBERASBERS A hARE  LERRAL
Z MR AR -
$twBEAAEAZURSBERSANRAS 4 hbRE  EERRAL
2B ERBERZE =N ® -
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¥+wCEARERZULBIIRATAFRAT A0 RE  EERRASL
ZHRBFEAHERBRERZEONE -
P+EBARAGHZIEERRASGL BT REEHNERBEHR -

E+A BAABRAZETRRASL R RREFFHHRESE -
Z+rEAAGHZ AR RREH ERILEHGHFHIL -
Z+ABAREAZ O ERERREH ERBRERGEEFTR -

EX TR LD
O RS hRABEEBRER
P EETEALIE 4 fEERE
S R R B 6 HH A B %
7R B 8 44 B
0 A1 B 10 5— kAP 0ES
12 % — B30 i da e e

14 F— R BELS e
Q@ iy aprEmens .

0% —FRF RSB

2 %= BEASHE

48 F-_REBEELES

26 % =45 sk WERRIE # B

30 & @&y Muller C 7TF

32 45 EiB & Muller C T
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34 15 iEi% &) Muller C Tt
36 AHMHB

38 BB/ ER B

39 kR P B LB

40 F—fr@

42 F=4r&

43 EN3%

.‘ 4 F=19&

45 3FERI%

46 F v/ &\

47 DFF(D Flip Flop » D & £ R %)
BFE—aRB
SO%LQE%

S2B=0BR
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3.3 3k F % & & % (asynchronous wrappers)# f+ & 2
st

¥ —FEFeANELEERAFT RS, HMEREK
MRS OB EEHR—MEN & B 3.10 /757 -
Y hEE — By H s A g E KRS
BMFT Rk  HERSLRZBZHHBARAR QLT
B # F % # 4 (locally-synchronous module » LS
module), T 4& i 8 Bk A 4 B (plausible clock
o controller » PCC)» #= % A i (write-port » W-port) >
MRS R BE S ARREK W-port & AN
B # (read-port> R-port) s # FR U K ZE XN B AW
x AR ey PCC» W-port o R-port =X 3T °

3.3.1 T4 b eF Bk & £ & (PCC)

PCC * & 4R #—MEEELERERAHIHK
(local clock) 33k & & #F Fl % # @ - [3.7]4 [3.8]F
¢ £ & & ®m & PCC W% 3 & A% 2 X A K (mutual
exclusion® ME)#% & Muller C 7T 4 Av L i & 18 K 48
% (inverter) R E R - £ T —HFTENBERAWXAR
e PCCH# M -Ah2AARA MES®BRS
¢b—-*ﬁ%%ﬁ%€i§m&PCCé§%&%’r%‘%%‘P°
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3.3.1.1 & f (ME)

Fig 3.11 v A — B AR EH ARG LR L
FME)E®% » A X &S A - REFRMmARE T
—EHEABEAEARLE > L RXRA W ARE FERE
BHEE HAEBARERETTZ —@Wd RBERXRER
- - ZFAME)ER Y - ARBEBRABETEARGE
AN g HMMRBEAER AR ETERMIARLEH
MAE  CRARKERBAQEEFHAKR - &
o T## 5 FME)E % &% % » PMOS £ NMOS =& #
MERBEEF AU A RE KR - LR
(ME) € % T X Av AN T 4% o BF AR 4% & & & # &
(arbiter)E &% - |

3.3.1.2 Pausible clock controller with mutual
exclusion (M‘E)

BRI THELEREHN S —EEERERALF
o (ME)E % # 3£ # & % % (ring oscillator) > Fig 3.12(a)
m(b)a N R WA E B R ALEFE A B (timing
diagram)- B H EZ SR b FTHBAKREBEMmas R
DA A BRWME - ZFRME)E %6 & E 8 A% LA
A stre‘;téilﬁz rclk E PR B2 F X — 8 A3 T &
# o & Fig 3.12(b)7 4 % stretch 3% A B & | 8§ >
local clock(lelk) g #k 2 Kk ~ b — & B &% 3 & K &) &
AN G stretch 3R L relk MK A& F R FEETH
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W g A RTERREHMHA -

3.3.1.3 4& A Muller C & T 4% 1b BF Bk 4% 4] 5

B — % TA LR ESNS AEA XORAH
2 A5 H BRI E W Muller C 484 @ & * % Fig 3.13
fraw o AR B AL S R B I H K (local
clock)$ 3 & © 4 # Muller C 8 8 A% » B i
Muller C & # # & & » & 3& & (stretch) s 3% 4 & 4 0
® 8 > Muller C #§ € # & — 18 S % A % 48 B & %
LR AEAFFERAE - FRRAFAHEE | 87
Muller C 9 #h A3 X H 4B KB —EHEE 0 9 &
A B Muller C# 8 3% 3 T 2 &4 0% 13
-2 o EH N BHEEZZSSHSE M > Muller C & %
BB EGH R BE O b —RH S TRABAER
FEFRME @ TH LERZHSE  BEERARLEN
Bl AR e
@ T rEREHE

Fig 3.14 Fiw B A X R H & T 4% L&Ak EH
R EREMNE O BZARIGFEEHEMRL 0 A X
MEBERELENMA—BEHNTSIENEHRMEARK
AR A E - %t k(stretch):u 3k & & & 0 8F > R
S R G R T AEEE A A clock 33k - g stretch
M AHBE 1 ¢FRETRENE  F-—HHAHATH
Bk (clock)3n 3% & % 8 0 8% Al 8 & clock M 3% # & K &
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LBE 0> $ —# 4 clock:ss ABE |85 248
MK ETHAL LM ZGREEMEANEEREE
T B AR BH o TNEESE clock BT BT LB E
0 £ B#EHE &M AWM KE
PHEMATHELEEREHNS AR B BAR — % — &
ik 0 B W AE A — @ £ Kk (stretch) 3R 3% % £ &3 A
oA MmEAE S BERREELERANE » F —
%im%%éﬁ%%%%ﬁ%m%amuamm%
@ LsAxEk RAALHAAMBE EERARKH
AN HE G mA—18 OREH » 4 Fig 3.15 fr 5w o
3.3.1.5 #m&ER

3£ &k (stretch)fZ 5% X T M & B % H 2| o AR
(clock) i B T A A W EEHRFH  AXHBZXAH
resolution time » H 3 80 v F - Table 3.1 #| & T A7 ik
...#é*ﬂé’J'Tﬁ’.Ltﬂfrﬂ)fa"“%l # resolution time» M
Fig 3.16 tb & £ resolution time 2R - =& B g
® A 23 inverter stages® 0.13um TSMC CMOS # #& #

B 1SV K 25 E - AXR B MR A AEBER

THKAEZ S > AFH ME %t s AXR

W% T R L 44.8% 8y resolution time 0 #
Muller C % 2t tb » T A 8 & 34.8% - 2 & B B K X &
ﬁwmmmﬁﬁﬁﬂ%%%%ﬁ%’@ﬂwu%ﬁ'
= G
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3.3.2 & N\ % (W-port)
W-port w F] X £ 5 5% 2 &£ & — #% » # & & K
(Req)3 8% S 3% 4] T4 L B AR E 4] B o3 3% > X E B
# AWK w@ A& K (four-phase)#) R B 12 k&3t - §
#od w89 LS module # 4 5F 3% & 3R 3% 4 8 A % B
% & 9% W-port #9 S_enable 2 S BL & > £ & — 18 85 Ak
(clock)fs % L # & & R & » W-port & # £ — pulse
f£ 3% > # % W-port € % i Req 1% 3% 2| R-port- F] B
. i# 8 S stretch 41 3% ] pausible clock controller » £
| # # 2 R-port A 4 © f& (Ack)ff % % ° Req 13 % #o
S_stretch £ + e # X AHAEH 0 b — & & &1 K%
T ff %% 3 B k0 F : S _enable +2>S pulse +>Req
+->S stretch +->S pulse -->2Ack +->Req -2>Ack
->S stretch - Fig 3.17 # ## T W-port $1 7 4% i1b B
BRZEH B EAE > AMEREHLSIERAERS
¥ Fig 3.10 ¥ & D flip-flop # £ Ack 2 3% L ft & &
. BRFEBMAIMER AT H A H setup time %o hold time
& K > S_stretch EH 2 A M Ack E R R 2@ A £
A o Bt > local clock # & &£ S_stretch % & & & 0
BABRKT — B8 ALK -
Fig 3.18 B 5= ¥ & W-port & % &y 1z 35 # 1t - Ff
A #) MullerC E R R & L EH > & S_enable H &
# 1 8 » delay line #& A R & & pulse {2 3% - — B ¥
Ack 55 A & % 0 H 2| pulse {25 2 &£ i R » pulse
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W

kE8&d ® — 1@ Muller C E3 3% Req & & 1 -
# % S stretchfE 3 & &€ £ 4 8) MullerC § %% 34
BE 1-F AckGHRAEE 1858 A5 — @ Muller
CER MBI AN @B OCReq &% A EHE 0
S_stretch S Sk # 4 A & # 0 ¥ Req 2 Ack R SR & @
3 & & O’ii;kbﬂ%——:kéﬁ%%ﬁﬁlﬁ:%‘éw;tﬁk’critical
path & # Ack # % 0 % S _stretch # # 0 )b %K & 4
$-EBEEMEERFH -

3.3.3 3% B % (R-port)

R-port & handshake 1% 5)’% & = B EH -~ Ack Fu ¥ #)
pausible clock cor_l‘;_roller’ R-port #2 W-port 3 % 3L
e 2 A EHFHFRE - TE AN LS module &
#oE ol AR E RS R-port € 4 R _enable 2 5 &
# 1 B B H M@ clock 9y iE % € &2 & pulse 12 3%
% R pulse A& # 1 8% » R_stretch 12 3% & 4 * 4%

L A BB 1o R-port #4454 H % Reqix A B#E 1
R-port € % #H Ack A& #E | ® 2 W-port-> 1R &
R-stretch fu Ack #f &€ ® 2| # & 0 b — & $ & 12 K
M4 F : R_enable +>R_pulse +>R_stretch +>Req
+>R_pulse -2>Ack +>Req -2R_stretch ->Ack -» Fig
3.19B s~ F % R-port ER 23k %1t -

Fig 3.20 B ;& R-port &) & % 3% 3 » & # Req~ Ack #v
Rstretch%ﬁ%:@ﬁgO’lﬁk% {8 Muller C § % %4
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# 4 1> A 2| pulse 12 38 #4 A » R_stretch #§ & % & &
1 # A ¥ — 18 MullerC % -4 £ Req A B & 1 85 »
Ack ¢ B & % —18 Muller C EH Mm% 5 B8E 1 B
% Req # B # 8 0> R_stretch fv Ack & € & A& # &
0- Critical path 5k ## Req # # 0 #| R_stretch #& # 0>
B & F R {8 gate delay time o

3.3.4 Layout #1 post-simulation & X
. 3.3.4.1 W-port $2 R-port & Layout

Fié 3.21 ;= W-port #2 R-port # Layout’ R-port
B P EF 0 W-port £ A F ¥ » & @ & %
19%¥14.2(269.8)um” » £ # @ HF Lt A H A X £ ETH ®
# KB %+ layout £ 48 3 TSMC 0.13 LOGIC 1P8M
HeE o
3.3.4.2 post-simulation & X

RS EFSMmER T HERERARMANRY
@ hmEraErBEORAAET AHAER
R-port #1 W-port # critical path - Fig 3.22 3R 8 7
enable 12 35 — 4 # 1.2V # & 3% clock(S_clk)fu g4 A
3 clock(R_clk)#y SPICE 4 ?b% » B TR EENE R
BB ST HEE AXER S clk 2 R _clk = # A&
S FETF oS _clk 28 R_clk & & & 7T 4% 1k B Ak 3% %
EFMBEANEESY 13 @A 17 AREI3RHBE
% oo AR AN R_enable A& & 1> 21X F
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#H i k4% i 8 A 3% M (S_enable K &K & B ¥ 0) o 4 BF
R clk o4 8 4 stretch B B £ F&Hm i a BH > F
S enable # & & & 1 8 » R_clk € & # oscilater %
S enable #2 R_enable B B A & # 1 BF > clock 3 %
T ok 8 B % o Fig 3.23 # Fig 3.24 BA 7= % A 21 8 H
%&KE%ET%LWﬁﬁ’dmkﬁ$ﬁﬁi3@

1T ERMEBEHERE £ ISVEAAEHRHEESGT >
T s 1.9GHz A 1.5GHz ¥ A EH G H T » &
® B (clock)$f % /5 % 1.25GHz > S 4 % & & b — T #

o aeEIORRXKIMERE -

4.2 A% %% & (FIFO)E #H

£FE % FIFO &4 THEHERTHBE L4
Wi %18 FIFO ¥ 45 % 8 1 £ £ 4% Figd.2 B A
Ao B MR KK B R B A ® B B (token) B &
token i & — B FTEH > BATH &M H
Q@ kM EHWFIFO ¥AER A EEHYELZ
G Bome token # B H T — MY A B E o A&
o ERAMERL FIFORKEMRE  HAM T &
# A 3% token A7 45 2] &9 FIFO % 77 8 ¥ 7T 4 & B 4 #
Roo— {2 TR B A token L F B AT —
8 cell |
# B token ¥ %] Z kR % FIFO M AT A T H il TF
$#¥Hm@mzEr o % FIFO ABB K E X# A4 B
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(HS generator){} i% & 3% K 12 3% Sreq > 12 3% & /& &
2l A &) FIFO % 77 8 8 T 12 & R & token #f 15 2
MY EBEACTRKEFRER EHERER
U HEBRE AP R Sack T B ey rR s
TR R tokenFHE R Y HFZE AR ALAGKE
B Sack B R EFHNYHEREARBRABREZ
Mz BEE - S ARELAEBEMSERAL > Rreq
TR ERBEMAGFIFOY EZE A RAHKELARA
o token 3 B ¥ H B E L X R KB H KRE % £k
Y ERZSEANEHELEZERSE bus L& > B &
Rack 2 % &# & & & A 3% 09 X # & £ & (HS

nu\r

generator) °

AX@ FIFOZEHAEEBEY  F — » K& &
Bl AR RAZHNE B R AL KEGEHRA
Fe MR/ E ey FIFO ¥ 28 & 85 M Z R
# % FIFO # £ K (depth)#2 X /s (size)’ ¥ FIFO #& X
@  LiuEHMAKR EPAGFARRERHR
AN FIFO ¥ 5 B E AW TEFMKT MK
B o % — » FIFO 8y R E XA & databus &9 & BE & T X
R mAEFTZOARBERIBIERSHE AR F
B — FEHATSRER - B = HHAKSER
FFEHERMAEH R ERGARE - & B LHR
Hh R HHELEE D o BT RE sub-section € 3 A
FIFO ¥ & — F € % &) 3% 3
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4.2.1 /& 3% (token)# #I

token & & # L ¥ & & (shift register)Z # M
A > 4 Fig 4.3 & > "RO’& # B & reset % & &
0 PRIP# $h i & reset 28 % 1> ¥ FZ XA G AL A
reset $2 enable 12 %% & static ones 4% & ° enable 42 ¢
€ & LS module & # » £ & FIFO N & # 4 &£ T U 4%
By o — Bl 4 tokenN @ reset 2 B # 1 @ & 4 & token
I &% AEBE 04 clock I 4 ¥ enable 12 38 & B
o $# 1 8F > tokenN fZ 38 # 1% X £ tokenO 3 B R ¥ 2| A
tokenO & #F 18 celle 7 A 8 token 12 3% #F & £ 5 ¥ &F
BB - —HERABXYHF B E B token H 4 &
ﬁ%ﬁﬁFw0k¢%kﬁ%ﬁ%%’®%€R%%

AB—B@YHEBHEB BT > FE S MATAR
R -
4.2.2 N-input OR

N-input OR & A £ # A7 A & acknowledge 12 3%
® é%ﬁéﬁk‘céd 18 Ack 4 ,uwﬁAckF?J;%?ié@iﬁ
. AAB-FFIFOMA N WEBERF LS R AR Y
% » B KXk M pseudo-OR & #& - N-input OR &
3% 4o Fig 447~ B4 %% mw—1@ FIFO¥Y¥FEE
L AEE 4$MmE—1 NMOS & L B 8E » 2 1 &
AN PMOS € R B & KBMA /R REFNH
R OH A
4.2.3 Mk FE ¥ FIFO ¥ FZ &8 E R

o
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FIFO¥ 2R E AW A A £ 8 RREXELE KRR
EREHBEFIRFBEESEL N AXHE
Zo it EHNERRAETEZBEHR - AXRE e FIFO H
B AB TN Fig 45 ¥ # % E 4 64 w @
# 0 K M 144 B (data latch) ~ #k £ 48 & B (full/empty
detector) - % i# # % 4% # # % (sender’s handshake
controller) 1 # W £ X 4 # # B (receiver’s
handshake controller )+ A 4 # # % € % # % &
o MullerC7@44’-#5&%9"5’!‘%@‘35(%?%°lﬂtb%’ﬁ-%ﬁ
AERBRAIAH OEHRAREYBERERENES -
AHAFTARTHMEHASHELER K EHR
M%ﬂ@%EFHO%ﬁﬁﬁﬁ%%%’%MHE%
BE® I(empty R A BH OB R AH AT HEE
£ FIFO ¥ 5 X E 1AW RX % empty £33 4 & &
I(full gk A& HE )RR FIFOY FEE TN AS
EATH AT R - Full 8 empty £ 5 69 B8 &k &R
® # % reset 45 3 #9 Muller C 7 # Sack i # Rack i 12
o AEXRFHRANKRKE N Fig 4.6 k&1 reset
£ 3 & 23 cell 3% A empty: & ¥ — 4 & FIFO %
HHREALY Sack_ifE R AEBE 1B AT N EH
RERABEZYFERSTH fullzhxarBESE 1-F
Rack i1 % % #& % 1 8fF » transmission gate B Bk * £
o cell Wy A 4% B £ output bus B & #§ full
#oempty {E 5% A & 1o 4w R Sack i fv Rack_i [

o
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HAREE | e —EHASHLERBYME B
Bl %8 & 45 transmission gate Bl BL 81 ¥ % B R 4 & #
Bl B3 A& > WS ANFEHMEE& A HEE®E output bus
o BREHMA TReEtRBEANEHER
#LFIFO®m B BEMHMBAERERE » FBEH R 6y
Sack_i 2 Rack_i SR A @R R AHABH 1 k—#%
s b 8 E 32 &9 HS controller £ %] » € £ 2 8 &) £ ¢
% oo 48& R R 0 full/empty detector 89 12 35 4 B 4o

@ T o

etk

If Sack i + then full2>low
Else if Rack i + then empty—>high
(Sack it Rack_ i A ¢ R B R & & # 1)
REEG SN R %i@ﬁﬂ}@(ack)ﬁ‘?ﬁi&{ﬂ@] R EE
A HB AR BEERBENER T — 2%
£ & 4 % & & Sreqf: 3% # token A7 35 &) FIFO ¥ 7 &
Ea - AREHEARANA T
® » . If full + then Sack _i>low
Else if Rack i + then Sack _i>unchanged(still low)
| Else if Sreq + then Sack i->high
Else if Sreq — then Sack_i2>low
“Else if Rack i + then Sack_i2>unchanged(still low)”
i X 2 A T B ik Sack i# Rack ifZ 35 B & &R A
B 1l w¥ Sack i BE | BETHREHAT
H ey R # o Rack i & 445 & & 0 4 transmission gate
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MM FERARGKESEN AR TR L > &4
MW BEERBEEH B EL L ARRKER =2 Fig
4.7(a)$ (b) -
HEAMARRA F X EE A B 1% % Rreq 12 38 £ token
28 FIFO ¥ 2 B EnAth K A& F
If empty + then Rack i>low
Else if Rreq + then Rack_i>high
Else if Rreq — then Rack i>low
SHVTBRTANKE R B B E L X B HS
MEAHZTRESL ABBUR L IBELZH B TS
¥R # K% E =N Fig 4.8(a)d (b) -
R @H FIFO Y HEBE AT MA DI ¥ 4
FrA EB A Muller CA M ARBER T A &£
KL EE SR RS PN SR
AW EHBHEALZBNECED HE XA @mB
£ #Z FIFOY#BZFAEBTAER AL A&
® L uFIFO LYEBEAARERME -

n“

S4 MEE A% T th kRS FIFO X 4
FomEmN@ekR S FIFO ZBHTRHE LG
BEERELCARANBAEIOHLEE N8 0 & —
FeEHm R A FIFO EHURATERAEAETR
Aoy T AE M Fig 5.14 % - S B sk % &
% A1 E B (VopL )M A €% R & E B (Vppu) °

u\—

il



200717519

54.1 A% ETRYIERY FIFO R %

B A BT R BEKE R (Vop)# 2 5 TR
(Vopu)® JE B % FIFO £ # » 4 Fig5.15°- & & &4 &
(EaBARMBRE)HAMKER (VopL) " & & 0K
(A ARMBEL)HH EE (Vppu)° & X AT AT 3

SH 0 BRAWMBABAAEANLBEEZR L E A E R (Vopn)
B NI E R (VppL)AT B8 & 85 8y FIFO X 5 A €
#» B FIFOcell F 2 R A M T EMA -

542 BAHERMERAY FIFOYHEHE R

S F % FIFO % % % % n & » # B = »n Fig
516 TUBRERBERTE & €E (Voou) & 8 A
HAEEE(Vop )i BB > —BETHMHE R 5 — @
B empty {2 B E B B AN B % HE X EEH B
(sender’s handshake controller) » B s & @ & & & v
Lt & fr & % B (lever converter) o

® EFRAREFRASEABRLENETHPAAS G

AL EHREEFTREGFBRLADFTHHAE W BT
WA EHOME AXERAN—GMNT80ELR
# E R % (level converter flip-flop » LCFF) » % % %
kBl ¥ FIFO % 7 % & L B +~» Figs5.17> £ &R
T % Pk ok 2 % % (pulse generator) * B A E R & #)
Sack iB# 15 %% T XA ¥ 4F pulsefZ 3% 5 s 1K & & (R
TR — BE S M) Sack_i42 3k &£ 4 4F LCFF 3k %
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MEAXMIRAY FIFOY FSE LA ATRER
BHORGPEHET AL R RGZXHE N G4 — &
o FH e
543 K E g
BT A2 ERFIFOY HEEE L B H
MEBSERT=Z#HFRABHKN -  Fig 5.18 frxw o
$—#  FIFO¥ F B EANARA M) EmGin s
BmAENYEYHFEEAHdEEHE R (Vopn) Al B8H
o (R”no LC*4& %)+ % = # » % # % (register)# ¥ 3
Bl % #® 44 & #% % H & & € B (VppL) &8 &
(S ”reg_ ALC #& %) % = # > & B Fig 5.17 &
LCFF( "LCFF”4& & ) o |
5.4.3.1 3h & 3§ %
BhACBBEBRREFH AR ER SIKE R (Vobr)
09V A& A S ER(Voon)d 1.2V R A
& & K/ #) FIFO A 4 #6 #9 ) £ B 5= » Fig 5.19» #
@ LA EAKRRIWARAAASRABBI N R
HHESS AFIFOER 6 MY HEEEALTAA R
MG’ BHOETLLEREHHRL 12.58% 5 F » Kb
MM RAEAAAEMNBHUIETERZIERETN
BAERAEALBRITUARD AR DR R ERE
REBREAFT LT HALEHFHS R - £HLBKER
(VoprL)% 0.9V & & B (Voou) & 1.2V EF i K 15 8 o) &
EREARAFEARAKR BB BKERVopL)® A 0.9V F
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E B (Vopu)® 1.5V 8 » T # Fig 5.20 ¥ & 2 R B &
MANE FIFOZH RHA > TUHERSEE(Vopn)
A ER ez SrBApEHER ) BH
AXARHAHXFTAERALB S0%6) 25 2 H £
ERBAEAABREREEERARGKAT > B #
EMAEBRMERGEARADEREETRBHE N B
(P EREHSHNYEECHAREN DR - £ R
B BHEBTURARBRAD R HH -
@ 5.4.3.2 clock i #
FHEHFERRE OB ERABKERRES & & #
€ % > Table 5.2 % # & E B (VopL) A 0.9V»AF:—3°¥:E'§
(Vppu)® 1.2V 89 = K AT & B & & - clock #
#9 LCFF ek L B & 4= 4| 15 3%, Sack_i, A & /¥ &
EmBr BB REDH -

5.5 M GALS A KA KW B ER 4 % % 16- pomt}#iﬁ
Al i i R R _
® LH B s A wmE R R radix-4 & 4 £ 8

WMFET)E# R & A EETRR Y FFT-#ETRR ¥
FFT- XA GALS B £ ®9 B E R FFT- ;X GALS # & &
# & B FFT o
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5.5.1 € B F % FET

¥EETRFRE ¥ FFT B 5= » Fig 5.21 B R A4
1.2V R4 A X & % 3 £ & /& global clock B # %
O9ns B S M A E B F X H -

552 TR F % FFT

# E B F % FFT B = » Fig 5.22° % — & f 40
XREEHERKER 0V w34 0 &34
@ % % - ROM - global clock & % # # # o # # & A

% TR 1.2V Globalclockﬁ#ﬂ% Ons - g N2 TR

MGH AT HRBERBETRHARABERXENY &
RO MR T E L E R B (level conversion
flip-flop) -
5.5.3 A GALS #®f X &9 2§ B FFT

L GALS R £ 9 B E B FFT ¥ # 5.3.2 1~ &8 i& -
2 GALS #& %ty £ € B FFT B 5= ® Fig 5.23° £ §
L B A 1.2V 42 45 & X # % 3t » wrapper | #= wrapper
3 8 5B 3 8 Bk (local clock)id #4 T % /K £ 3.5ns > M
wrapper 2 & local clock # # & &K & 9ns > B & & K
HREBERESR -
5.5.4 s GALS R % ) % € B FFT

MW GALS AR A &) % € B FFT B -~ # Fig 5.24>
wrapper 1 £ wrapper3 T W /&K E B 0.9V wrapper
2 TN HER 1.2V & » wrapper 1 F» wrapper 3
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T HENMBKER > £ local clock ## #3% K & Sns -
wrapper 2 # local clock 3 #8 B R % - 45 & 9ns - &
NEERGOMA S AN @A L3Fey) £H - Interface 1
#) FIFO 4% #f Section 5.4 #9 3% 3+ & # - interface 2 ¥
# R-port 3| W-port#) ack BB N K ERBZESZE
B o AL B fr 383 % (level converter)i§ ¢ &
B HFER -

5.5.5 2K fiE b &

o 5.5.5.1 o & 3 %

WM R F# FFT % #23h %% 41L& E T »
Fig5.25- 8 8 14 TR AL TLETRALE & 9
RAA HMNERY FFTRR > £ ER ALK 16
ETRAGLARY 12.5%thsh R H % - 24 K GALS
A& ®EIFFEY FFT & # - wrapper 1 #£ wrapper 3 %
GALS AR AWM AL T NRERAFI AN G
HHEE S MR m wrapper2 W E H K E B AT A %
@ Lo sIRLEEEANH o @M GALS AR A
| BT XK & — 4 8 Bk # 4 (clock switch) s @ & #
R H %wae%ﬂ:@m% Fig 5.26 - clk 2 %
wrapper 2 # local clock » B ¥+ B = # 8 1% clock &
kB % > B4 wrapper 1 P W T H S A LB 2 R -
wrapper 2 F & F £ A A X W3 ey ROM 1 4 # k%
BREME > wrapper 3 &L F 48 B # K N o R M & Fig
525 T4 » B4 GALS B R A & FFT R B RN LKA
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WEETRRAYS FFT RO G H H R H 4% TXE LA
shey @ % H B switching 4 T E % &9 3
2w RERX FFT @ X B HEHE M BHGHELR
i E - B RR N GALS B R A &y # § & FFT
tb Bl % FFT ik D 30%# s R F 4 > R&R¥FH -
5.5.5.2 £ & &} B (latency)

latency R # # — @ EH EZ L B &K% —B.FH &
ZRBHBRFH - AX#HRITFT AT HRREREAHES
e # (synchronous FFT) ey £ ¥ 85 1 & 161ns> 3 4 5
AR T 2rHEARIGHBRENEGZHL RR
wrapper 1 8 T BE R H B R KR 0 AT R B 2B
HERD A EERAETERLZLHFAY FFT 4 3
T A 40.3%; 25.5%u ﬂﬂ—*rraﬁ & o

-
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If reset THEN out = low
ELSE IF inl THEN out - high

ELSEIF inlin2 THEN out - low
ELSE no change in out

Rin ———» _l—_T—o<]—<——Aout |
| | in2 —g —44

Reseﬁl J | Control gate
in1
LT e

L —
F———(delay D—>Rout

° \V

Ain €——

Seelt
.e

I [N I R S
U

En Reset —]

Register [——— )
Data_in Data_out

(@) (b)
Fig. 3.9 (a) Handshake circuits of Fig. 3.7 (b) The control gate of (a)

3.3 Interface designs with asynchronous wrappers

" The asynchronous wrappers have been demonstrated in the Chapter 2. Two adjacent
asynchronous wrappers will form the interface, which is shown in Fig. 3.10. It is consider the
. point-to-point communication from the sender’s module to the receiver’s module. For the
sender’s asynchronous wrapper, it consists of locally-synchronous module (LS module),
pausible clock confroller (PCC) and Write-port (W-port). It is similar for the receiver’s
asynchronous wrapper, except W-port replaced by Read-port (R-port). The proposed PCC,

W-port and R-port will be presented in this section.
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Asynchronous wrapper Asynchronous wrapper
1= = e S e e e e o —— e e e e e = e =
| Data | I Data |
| - | N DFF } S » |
I LS N T I N Y LS |
Il module | Jf\ | module | |
|| (sender) en < ack| en | (receiver) |
: > W-port J' req L R-port |« :
v L
I i | | y I
: S_clk : : R_clk :
S_stretch R
: PCC |le—2= : I _stretch > pcc :
o ___ 2 N S J

Fig. 3.10 Interface architecture with asynchronous wrappers
o 3.3.1 Pausible clock controller (PCC)

Pausible clock controller is used to generate the local clock for the LS module and the
clock has to be paused or stretched if necessary. Two circuit schemes of PCC are presented in
[3.7][3.8]. They are implemented by the mutual exclusion (ME) or Muller C element with
inverter chains. In the section, the proposed PCC will be presented. Before discussing these
two schemes and proposed scheme, the concepts of the mutual exclusion that will be used in

one of the pausible clock controller are introduced.
3.3.1.1 Mutual Exclusion (ME)

. ] A mutual exclusion (ME) element which is shown in Fig. 3.11 is a circuit with two
inputs and two outputs. Its function is to allow one of the incoming inputs to pass at a time.
If both inputs arrive simultaneously, it only selects one to pass through arbitrarily, like
‘tosses a coin’. Howeve_r, one characteristic of the ME should be noted that the closer the
arrival times of the rising edge of the tow inputs are, the longer it takes for the internal circuit
to resolve the metastability. That is, the latency from inputs to outputs becomes longer. In
order to effectively use the ME circuit, the sizes of PMOS and NMOS in the ME circuit must
be evaluated to get the better performance. The ME circuit could be applied to pausible clock

controller and arbiter circuit [3.7].
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R1__‘3 | G2
%——l___—_‘,j;'
o 1 T
) 11 1

| G1

R2—

Fig. 3.11 The mutual exclusion (ME) circuits
3.3.1.2 Pausible clock controller with mutual exclusion (ME)

One scheme of the pausible clock controller is implemented by the mutual exclusion

(ME) and the ring oscillator. The circuit and timing diagram of the scheme are shown in Fig.

3.12(a) and 3.12(b), respectively. The ring oscillator with an odd number of inverters
generates the basic clock signal. The mutual exclusion (ME) element resolves the two inputs,
stretch and relk, to allow only one of incoming requests to pass at a time. It can be found that
the local clock (lclk) is stretched when the stretch is coming from the timing diagram in the
Fig. 3.12(b). The main drawback of the scheme is that a metastability problem could occur
when the rising edges of the clock (rclk) and stretch arrive at very close time [3.7][3.9].

Y
14
ad
e
>
o
#
&
&
bt
it

i stretch Ai
< — >
¥ ME
‘ rclk lclk
@
&
24
(@)
Stretch
lclk
Ai
(b)

Fig. 3.12 (a) The circuit for pausible clock generator with ME (b) timing diagram
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3.3.1.3 Pausible clock controller with Muller C element

Another pausible clock generator [3.8] is implemented by two basic gates, XOR and
Muller C element with an odd number of inverters, which is shown in Fig. 3.13. The
generated local clock from the inverter chain is feed back to the input of the Muller C
element. According to the properties of Muller C element, if stretch is asserted to low, the
output of C element will be the same as the inputs and then a clock is generated. If stretch is
asserted to high, the input node X of C element will be low, and at this time the output of C
element could be either low or high. However, due to the ring oscillator, the output of C
element will be maintained at low level eventually. The scheme could avoid the metastability

problem discussed in the scheme of PCC with ME.

X
) clk
stretch C +——

.

Fig. 3.13 The circuit for the pausible clock generator with Muller C element

3.3.1.4 Proposed pausible clock controller

. The proposed pausible clock controller is shown in Fig. 3.14. Compared to previous
schemes, the proposed PCC is simple by only inserting one control transistor in the circular
inverter chains. When the stret(;’h signal is lo(v, the circuit acts as the circular inverier chains
and clk will oscillate. When the stretch is high, two cases will occur for clk at this point. If
clk is low, it will always be low. If clk is high, M1 will be turned on and pull down the X to

low level. Therefore, clk will be low eventually and M1 is turned off.
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—
stretch-——{[

—{[m1

—Clk

oo

Even number

Fig. 3.14 Proposed pausible clock controller

The discussion above for the pausible clock controller is suited for one-to-one transition.
. That is, only one request (stretch signal) will be arrived. However, with multiple requests,
the local clock has to be paused or stretched if one of them is arrived. Therefore, to meet the
condition, the OR gate is added for all strefch signals. Take our proposed PCC as an example
in Fig. 3.15.

Stretchi1 _CI
2 T) >
Stretchij X

——{[m1

—»clk

..%

Even number

Fig. 3.15 Proposed pausible clock controller with multiple stretch inputs

3.3.1.5 Simulation results

The resolution time, which means the delay time when clk re-oscillates after the falling
edge of stretch signal, should be considered. Table 3.1 lists the clock period and the °
resolution time for the three schemes of the PCC. Fig. 3.16 shows the comparison graph for
resolution time. They are all under twenty-three inverter stages. The simulation environment

is based on the TSMC 0.13um CMOS technology for low power at 1.5V and 25C. For our
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proposed schemes, the clock frequency is the fastest under the same situation. They also save
44.8% resolution time compared to ME schemes and 34.8% compared to the Muller C
schemes. It is because for our proposed schemes, the control circuit of stretch signal is

simple and decreases the operating time.

Table 3.1 Performances for pausible clock controller

Circuit scheme Clock period Resolution time
(ns) (ps)
Mutual exclusion (ME) schemes 1.4246 186.88
Muller C schemes 1.3847 ’ 158.16
Proposed schemes 1.3741 103.09
o
200

150 A

100 -

Resolution time (ps)

‘ 50 A

ME Muller C Proposed

Fig. 3.16 The comparison of the resolution time
3.3.2 Write-port (W-port)
W-port acts as the handshake signal generator, request (Req), and control the pausible
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clock controller. The handshake protocol is implemented according to the four-phase
handshake signals. As the LS module of the sender is ready to send data to the receiver, it
will activate the S _enable signal to W-port. At each positive edge clock, a pulse is generated
by the W-port. Then the w-port generates the Req signal to R-port and the S_stretch signal to
the PCC. It will wait until the Ack signal is generated by R-port and Req and S_stretch will
return to low level. The serial signal transitions are S _enable® - S _pulse® - Req” - S_stretch” -
S pulse - Ack’ - Req - Ack - S_stretch’ (The “+” represents the rising edge of the signals and
the “-“ represents the falling edge of the signals). The signal waveform for W-port and PCC
is shown in Fig. 3.17. The reason why we make the signal specification is that for the D
flip-flop of the interface in Fig. 3.10, it will sample input data at the rising edge of ack. To
meet the setup time and hold time of D flip-flop, the high level of S_stretch must encapsulate
the high level of ack. That is, the local clock will sample the next data after the low level of

' S stretch.

S-elk stre:cch N
S_pulse d—l lﬂ I—I /
Req /\ \ (/l\ S |'(/

S_stretch \
Ack /

Fig. 3.17 The waveform of the w-port

- The circuit implementation for the W-port signal transition is shown in Fig. 3.18. All the
Muller C elements are dynamic. circuits. The delay line is used to generate the pulse when the
S enable is high. Initially, the ack is low and once a pulse is generated, it will activate req+
through the first Muller C element. For a short time, S_stretch will be high through other
Muller C elements. As ack is high, req will be low because both inputs of the first Muller C
are low. The S_stretch will be low as both req and ack return to low level. At this time, one
signal transition is complete. The critical path is from ack- to S_stretch-. It will have three

gates delay time.
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S cl

S ) S_pulse[ | —— > req
S_enable
ack N , S_stretch

Fig. 3.18 The circuit implementation of W-port
3.3.3 Read-port (R-port)

. Read-port acts as the handshake signal responder, acknowledge (4ck), and control the
pausible clock controller. It is similar to W-port, but there is a little difference. When the LS
module of the receiver is intended to get the data from the sender, it will activate R_enable
signal. Also at each positive edge of the clock, a pulse will be generated. Once R _pulse is
high, it will generate R_stretch soon. At this moment, read-port will wait until the req+.
When the req is high, R-port will send ack+ back to W-port. For a short time, R_stretch and
ack will return to low level. The serial signal transitions are R_enable” - R_pulse” -
R _stretch” - Req" - R_pulse - Ack” - Req - R_stretch - Ack'. The signal waveform of R-port
and PCC is shown in Fig. 3.19.

R_clk—— '

I——I |—| stretch
R_pulse

\ \ :
R_stretch

ack— - ug : '

< \\

req

Fig. 3.19 The waveform of read-port

The circuit implementation is shown in Fig. 3.20. Initially, req, ack and R_stretch are all

at low level. Therefore, the bottom input of the first Muller C is at high level. Once a pulse is
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also generated, R_stretch will be high through the first Muller C element. If req is high, ack
will be high due to the second Muller C element. For a short time, req return back to low
level. Then R_stretch and ack will also be at low level in turn. It will meet the R-port
specifications. The critical path of the R-port circuit is from req- to R_stretch-, which will

have two gate delay time.

R clk [
DG D R_pulse

R enable  * /
C

» R_stretch

. r » ack

req >

Fig. 3.20 The circuit implementation of R-port

3.3.4 Layouts and post-simulation results

[

3.3.4.1 Layouts for W-port and R-port

Fig. 3.21 shows the layouts for W—pdrt and R-port. The top row is located for the R-pc;rt,
while the bottom row is located for the W-port. The area is 19*14.2 (269.8) um?. Therefore,
the area overhead due to the handshake circuits in small. The layouts are based on TSMC

. 0.13um LOGIC 1P8M technology.
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Read port (R-port)

Write port (W-port)
Fig. 3.21 Layouts for W-port and R-port

3.3.4.2 Post-simulation results

The operating frequency for asynchronous wrappers of the sender and the receiver is a
performance consideration as the data are transferred. It is determined by the critical paths
through the W-port and R-port. Fig. 3.22 shows the SPICE waveform for the sender’s clock
(S_clk) and the receiver’s clock (R_clk) with enable signals at vdd=1.2V. In order to get the
maximal clock frequency as data transferred, it is assumed that S clk and R_clk operate at
higher frequencies. S _clk is generated by thirteen inverters, while R clk is generated by
seventeen inverters in the ring oscillator of PCC. Initially, R_enable at the receiver’s module
is high, but the data are not transferred from the sender’s module (S _enable is still low).
Therefore, the R_clk must be stretched and wait for the sender’s data. Once S_enable is high,
R_clk will re-oscillate. The clock frequencies for the sender and the receiver can be measured
when S enable and R_enable are both high. Fig. 3.23 and Fig. 3.24 show the clock
frequencies of the sender and receiver with various supply voltages, respectively. Fig. 3.23
and Fig. 3.24 show that based on the thirteen inverters and seventeen inverters, S _clk and

‘R_clk could be up to about 1.9GHz and 1.5GHz, respectively, at 1.5V without data transfer,
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but they are both down to about 1.25GHz with data transfer. It indicates that the maximal

frequency of data communication the interface can achieve at 1.5V is 1.25GHz.

Clock period
&~ ¢ Pe
1.4 -
1.2
1.0 1
0.8
S ok 041
—70.2 1
0.0 :
-0.2 - T T T T L — T T
4 8 10 12 14 1B 18 20 2
14 -
124 - -
1.0 4 - Without data transfer
S_enable 8‘2: : .. With data transfer R
v |- — — >
0.2
0.0 A ' U
0.2 - T T T T T T T T
4 6 8 10 12 14 16 18 20 22
}.4 . = -
1:§5ﬁthout datatran$fer L
R _enable 06 1 o With data transfer - o
004 —+—t———
"02 1 I 1 | 1 ) I 1
14 4 6 8 10 12 14 16 . 18 20 22
1.2 1
1.0 1
0.8 -
R clk 06 -
— 04
0.2 -
0.0 - . .
0.2 pr— : . T . .
4 6 8 10 2 A8 16 18 20 22
lock period
Time

Fig. 3.22 SPICE waveform for sender’s and receiver’s local clocks

-44 -



00717519

2000

—&— without data transfer (enable low)
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Fig. 3.23 Clock frequency of the sender with various supply voltages
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Fig. 3.24 Clock frequency of the receiver with various supply voltages
3.4 Communication schemes for GALS systems

As mentioned above, the GALS systems may include many LS modules that are
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Take the sender’s module as an example to describe the behavior of the interface. For
our consideration, the four-phase protocols are selected due to the larger complexity of
control circuits for implementing two-phase protocols. When the LS module is ready to
enqueue the data to FIFO, the en signal is high and activates the signal transitions of the HS
generator, which is the same as write-port describe in Section 3.3.2. At each positive edge
clock, a pulse is generated and then four-phase handshake signals, Req and Ack, begin with
the S_stretch signal, which is used to stretch or pause the local clock. Ack signal will be send
back if the FIFO cells are not all full. The serial signal transitions are enable” - pulse” -
Req" - stretch” - pulse” - Ack® - Req - Ack - stretch’ (The “+” represents the rising edge of the
signals and the “-* represents the falling edge of the signals). The similar behavior occurs in

the receiver’s asynchronous wrapper.

Asynchronous wrapper Asynchronous wrapper
_____________ I A e
: Data | : Data |

aY — . X » [

| LS N | | N LS |
: module | | module I

r req| -

I (sender) | a|  hs 1ﬂ. II= < Hs [en (receiver) | |
| generator || | ¢ | generator I
| Iack o aaki I :
: S_clkT | : R ck |
' ' I |

: pcC |« S_stretch | : R _stretch PCC |
S | R R I

‘ Fig. 4.1 GALS interface architecture with FIFO

4.2 Asynchronous FIFO architecture

The asynchronous FIFO architecture [4.2] contains the serial FIFO cells, which are the
storage elements with control signals. Fig. 4.2 shows the asynchronous FIFO architecture.
The dash lines mean the token paths for the sender and receiver. The token is like a point.
The FIFO cell where the sender’s token is indicates that input data will be stored in that cell.
Once the data are enqueued, the sender’s token will move to the next cell. The path is formed

in the circular way. Similarly, when the receiver will get the data from the FIFO, it will
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retrieve the data from the FIFO cell where the receiver’s token is. Once the data are

dequeued, the receiver’s token will also move to the next cell.

With the token mechanism, the behavior of the asynchronous FIFO is described as
follows: for the sender, as the FIFO receives the request signal Sreq from the HS generator, it
will broadcast to all FIFO cells, but only one cell where the sender’s token is will accept this
signal. Then the data are stored in that cell and the Sack signal is sent back to the HS
generator. However, if the cell where the token is has been full, the Sack signal will wait to
be sent back until the cell becomes empty. The same behavior occurs at the receiver’s aspect.
The Rreq signal will broadcast to all FIFO cells, and also the cell where the receiver’s token

is will accept the signal. The data in that cell will be passed to output data buses and Rack

. signal is sent back to the HS generator.
Data_in
Sreq
Sack<—@_
N-input OR
inpu :—--—‘!’—' ————— — Y- Y-
[
—- FIFO f——- FIFO k—¢ o ¢ FIFO k-
- Cell k== Cell k- < Cell k-
e e e e pu v pe e 1 _|
N-input OR + &
Rack  —
Rreq Y $
Data_out -

Fig. 4.2 The asynchronous FIFO architecture

There are several advantages for the FIFO architecture. First, the architecture has low
latency, which means the delay time from the first sent data to the first received data. For the
conventional FIFO, the latency depends on the depth size. The more sizes FIFO has, the

longer latency time there is. However, for the architecture, as soon as data are stored in the

cell, they are also available for receiving the data. Second, the depth of the FIFO and the
width of data buses are scalable with very few circuit modifications. The architecture has the
property of being reusable. Third, the control signals are simple and reduce the complexity of

the circuits. Therefore, the power dissipation will be lower. In the following sub-section, the

-51-




P0717519

.

circuits of each functional block will be demonstrated.

4.2.1 Token mechanisms

The token paths are implemented by circular shift registers, which are shown in Fig. 4.3.
The “RO and “R1 mean that outputs of registers are reset to low and high level,
respectively. The registers are implemented by the static ones with reset and enable signals.

The en signal which comes from the LS module indicates that data are ready to be enqueued

in the FIFO. Initially, fokenN is reset to high level and others are low level. At the positive
edge of clock with high level en, the tokenN pass to token0 and the cell with token0 is
selected. All token signals are synchronous with the local clock. The token mechanisms
. implemented by circular shift registers have the advantages that when the FIFO sizes

increase, they only expand the register number of the chain. No complicated modification is

needed.

clk clk clk clk
I N
R1e—.....(—-RO RO RO
tokenN| en token2 | en | token1 g‘g tokenO | en
en en en en

Fig. 4.3 The circular shift registers

4.2.2 N-input OR

N-input OR is used to merge all acknowledge signals from cells into one ack signal,
which is sent back to HS generator for the N-input OR circuits. It is concerned that if the
FIFO sizes increase, no complicated modifications are needed. Therefore, the pseudo-OR
circuits will meet the purpose. The N-input OR circuit in shown in Fig. 4.4. To increase one
FIFO size, the OR gate only adds one NMOS transistor. The drawback is that PMOS always

turns on, and it will waste a little power consumption.
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gcl I:(small)
ack1—| ack2—| oo ackN“'

!

Fig. 4.4 Pseudo N-input OR circuits

ijhAm

4.2.3 New asynchronous FIFO cells

The functions of the FIFO cells are that data are stored in or read out according to the
handshake signals. For our purposes, to simplify the control circuits is the key work. Fig. 4.5
shows the proposed FIFO cell. It includes four parts, data latch, full/empty detector, sender’s
and receiver’s HS controllers. The control circuits are all implemented by Muller C elements
with some modifications. Therefore, the FIFO cells have less area overhead and controls the

peripheral signals easily.

S_clk  sreq Sender's  Sack_i Data_in  S_clk
L HS controller_ _ T
g ) | s_token 1N \
& N T/ /
i en | en
: |
Senable | Senable
|
—— — — o— -— ' - e e ——————
: : i1 A 4 :
]
| ful ] : P__REC :
:Fulllempty ' | Data latch|
detector I r= R~ 1
| 11 Rack_i [ l[] I._)_'R_kl |
| - Pl THEL ack-t 1
| empty |1 i e:
U - l | b e o o o —— — ——
| |
Renable I : Renable
< L N
< I {
Receiver's £ 4
R_clk Rreq Rack_i Data_out R_clk

HS controller

Fig. 4.5 The proposed FIFO cell
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The full/empty detector decides the cell states whether the data have been stored in or
read from the latch. If full is high (empty is low), it indicates that input data have been stored
in the cells. On the other hand, if empty is high (full is low), it means that there are no data in
the cells. The levels of signals, full and empty, depend on the Sack i and Rack i by using
Muller C element with the reset signal. The circuit implementation and symbol are shown in
Fig. 4.6. Initially, the reset signal causes all cells to be empty. When Sack i is high for the
specific cell, the input data are sampled and stored in the registers. It also sets the full high.
When Rack i is high, the transmission gates turn on and the data stored in the registers are
passed to the output buses. It resets full and empty is high. If Sack i and Rack i are high
simultaneously, there will be a transparent problem from the input data to the output data.
The transparent problem means that there may be a time when the registers sample data and
the transmission gates turned on. The input data pass directly to the output data buses. This is

. really a serious problem. The output data sequence of the FIFOs compared to the input data
sequence may be out of order. However, according to our design, Sack i and Rack i won’t
be high at the same time. The mechanism is controlled by the sender’s HS controller. It will
be discussed later. The summary of the signal transitions for the full/empty detector is as

follows:

IF Sack_i+ THEN full - low
ELSE IF Rack i+ THEN empty > high

(There is no possible for Sack_i+ and Rack i+ simultaneously.)

|:>———<}——Sack_l

full Rack_i reset

ID i full
= vy

34/

Rack_i empty

(@) (b)
Fig. 4.6 Full/empty detector for (a) circuit implementation (b) symbol

The purpose of the HS controllers is to send the acknowledge signals back to the HS
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generators. For the sender’s HS controller, once the HS generator generates the Sreq to the

FIFO cell where the token is, the rules of the signal transitions are:

IF full+ THEN Sack_i - low

ELSE IF Rack_i+ THEN Sack i = unchanged (still low)
ELSE IF Sreq+ THEN Sack_i > high

ELSE IF Sreq- THEN Sack i = low

The condition “IF Rack i+ THEN Sack i - unchanged” is to avoid the Sack_i and

Rack i at the high level simultaneously. That is, Sack_i will be high to sample the data_in

after Rack_i has been low to turn off the transmission gates. Therefore, the data transparent

. problems will be avoidable. The circuit and symbol for the sender’s HS controller are shown

in Fig. 4.7(a) and 4.7(b), respectively.

Rack_i I full
Sack. ID— full  Sreq_i
Sreq_i .
Sack_i Sack_i
: |
|
—>—| Rack_i

- (a) (b)

Fig. 4.7 Sender’s HS controller for (a) circuit implementation (b) symbol

In the receiver’s aspect, when the HS generator sends the Rreq to the FIFO cell where

the token is, the rules of the signal transitions are:

IF empty+ THEN Rack i = low
ELSE IF Rreq+ THEN Rack i - high
ELSE IF Rreq- THEN Rack i > low

The circuits could be easily implemented as the sender’s HS controller with few
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modifications. The circuit and symbol for the sender’s HS controller are shown in Fig. 4.8(a)

f and 4.8(b), respectively.

empty

Rack_i —p—=¢

’ :I 'D_ empty Rr

i eq_i

Rreq_i a-

H

; Rack_i Rack_i
: ]

: (@) (b)
. Fig. 4.8 Receiver’s HS controller for (a) circuit implementation (b) symbol

Finally, the features of the FIFO cell circuits are concluded as follows: first, all the
control circuits are implemented by Muller C elements with few modifications. The delay
“time of the signal transitions is small and power consumption is also low. Second, the most
serious problems are that data punch through the data latch. The situation has been removed.
; Third, the FIFO cells circuits can be replicated if the FIFO sizes are increased. They have the
property of being scalable.

4.3 Layout and post-simulation

4.3.1 Layout

The layouts are based on the TSMC 0.13um LOGIC 1P8M Technology.

i 4.3.1.1 Shift register layout

For the layout stage of the shift registers, if the D flop-flips are arranged as Fig. 4.9 (a),
there will be a long path. In order to ensure that capacitance of a single path does not become
large and degrade the performance. The layout arrangement of the shifter register is modified

as Fig. 4.9 (b). All connection paths between registers are as more balanced as possible.
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5.4 Asynchronous FIFO in dual-VDD systems

The asynchronous FIFO architecture described in Chapter 4 can be used in the interface
between two adjacent modules operating at different frequencies. In the section, the
asynchronous FIFO architecture is extended to be suited for the interface between modules at
different supply voltages. The architecture is shown in Fig. 5.14. For the sender’s modules,
they will be assigned by the Vppr supply voltage; while for the receiver’s modules, they will
be powered by the Vppu supply voltage.

Asynchronous wrapper

Asynchronous wrapper

: Data [ : Data I
[ \\ — } \\ — |
LS l LS |

: module | I module |

sender req | g o| redl receiver

| ( ) en | HS 1 | HS <EN ( )
[ generator L F || generator |
I ‘ rack o |acki \ :
: S_clk | : R_clk |
S _stretch | R_stretch |

: PCC = | : = » PCC I
R — D2 N | e N Y— |

N

J r Vppy SUPply voltage J

Fig. 5.14 The interface architecture for dual-VDD systems

r Vpp. Supply voltage

5.4.1 Asynchronous FIFO architecture for dual VDD

The asynchronous FIFO architecture considered here is from the VppL region to the
Vppn region. The architecture is shown in Fig. 5.15. The blue lines are VppL swing, while the
red lines are Vppy swing. From the discussion previously, the dc current in the FIFO cells
must be avoided when the inputs at Vppy region are driven by the Vpp signals. Therefore,

the FIFO cells are needed to be modified to solve the problems.
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Fig. 5.15 The asynchronous FIFO architecture for dual supply voltages

5.4.2 Asynchronous FIFO cells for dual VDD

Fig. 5.16 illustrates the analysis of the asynchronous FIFO cells. It can be found that
there are two locations which meet the situation for the input gates at Vppy region driven by
Voo signals. One is in the data latch, and the other is that the empty signal sends to the

receiver’s HS controller. Therefore, they have to insert the level converters.

S_clkk Ssreq Sack_i Data_in S_clk
, S_token [ \
~ /
en / en
Senable C Senable
f Level
reset fwv'\ A © 9 conversion
B - > /RL?)
full Sack_i N -
Rack_i | F_ ok
ack_i
<t__— Level I e e 9
emply - conversion l Voou swing |
°o Tcsudy
Renable Renable
len l \ |en |
N I ‘ T R_token { l I
R_clk Rreq Rack_i Data_out R_clk

Fig. 5.16 The analysis for signal swings in FIFO cells
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However, if the asynchronous level converters are only added in the inputs of data latch,
it will degrade the performance for the delay and power consumption. In view of this, the
level converter flip-flop (LCFF) described in the previous section is used. The modified
asynchronous FIFO cells for dual supply voltages are shown in Fig. 5.17. The pulse
generator is not needed because the sampling signal Sack_i for the flip-flop acts as a pulse.
The circuits of the level converter flip-flop are also suited for our asynchronous FIFO cells
due to the low loadings for the Sack i signals. It only drives one transistor. Therefore, the

driving buffers to flip-flops could be smaller than original ones and there will be some power

- savings.
8
S_clk sreq Saczl\(_i Data_in  S_clk
‘ , S_token \
E | ¢ 4 / -
. en Lerrl
h ) Senable C Senable
reset Y
| -
. full Sack_i LCFF
Vnnu vwn
Rack_i |
out e l
pty Rack_i

_}J g
in Renable L Renable (mmm—————

1
Powered by Vg, |

: | D
en I -D-— Powered by Vi, |
R_token | Voo swing |
| — Voo SWiNg l

R_clk Rreq Rack_i Data_out R_clk

en

Fig. 5.17 The modified FIFO cells for dual supply voltages

5.4.3 Performance consideration

To evaluate the modified FIFO cells for dual supply voltages, three cases are considered
in the data latch, which are shown in Fig. 5.18. (i) No level converters are in the FIFO cells
and the registers are powered by VDDH. (labeled as “no LC”) (ii) The asynchronous level
converters are followed by the registers, which are powered by VDDL. (labeled as
“reg ALC”) (iii) It uses the level conversion flip-flop, which is shown in Fig. 5.17. (labeled
as “LCFF”)
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Fig. 5.18 Three cases for the data latch of FIFO cells
5.4.3.1 Power Dissipation
First, the simulation environment is considered for Vpp =0.9V at the sender and

‘ Vppi=1.2V at the receiver. The power dissipation for different FIFO sizes is shown in Fig.

5.19. Tt shows that the data latch using level conversion flip-flop will consume less power.

There will be about 12.85% power savings compared to no level converter for the FIFO sizes
of sixteen. As discussed in previous section, there will be dc currents without the level
converter. With the level converter, it will reduce the dc power consumption, but the extra
circuits will also consume power. For the cases of Vpp.=0.9V and Vppu=1.2V, it seems that
the power savings is not reduced much. Thus, the difference between VppL and Vppy is
increased to be Vppr=0.9V and Vppy=1.5V. The power dissipation for different FIFO sizes is
shown in Fig. 5.20. The power consumption at the Vppy region will dominate the total power
dissipation. It can be found that the power consumption will be reduced more than 50% for
these FIFO sizes. It is because the dc currents for larger difference of Vppr and Vppn without
the level converter will be increased, and thus it consumes more power. The registers
powered by Vppy will also consume more power. With the level converter, these power

dissipations can be reduced much.
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The minimal clock period as the data are transferred is mainly dominated by the control
circuits at the Vppp region. Table 5.2 lists the minimal clock period at Vpp =0.9V and
Vopu=1.2V for these three cases. However, there is not much difference for them. The LCFF

one is a little faster than others due to the smaller loadings on the control signals, Sack i.

Table 5.2 The minimal clock period at Vpp;=0.9V and Vppy=1.2V

FIFO sizes 4 8 16

NoLC 23 242 248

The data latch Reg ALC .33 744 748

i LCFF 225 235 245
(Unit: ns)

5.5 The 16-point GALS-based FFT processor in dual-VDD

systems

In this section, four schemes of the radix-2* FFT afchitecture will be examined. They

are (i) the synchronous FFT architecture in single-vdd systems (ii) the synchronous FFT
architecture in dual-vdd systems (iii) the GALS-based FFT architecture in single-vdd
systems (iv) the GALS-based FFT architecture in dual-vdd systems.

5.5.1 The synchronous FFT architecture in single-vdd systems

Fig. 5.21 shows the synchronous FFT architecture in single-vdd systems. The supply
voltage is 1.2V. According to our design, the global clock period dominated by the complex

multiplier is 9 ns.
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Fig. 5.21 The synchronous FFT architecture in single-vdd systems

5.5.2 The synchronous FFT architecture in dual-vdd systems

Fig 5.22 shows the synchronous FFT architecture in dual-vdd systems. The first and last
two stages are powered by Vpp.=0.9V, and other blocks, including the complex multiplier,
ROM, global clock circuits and control unit, are powered by Vppy=1.2V. The global clock
period is also 9ns. The registers between the first two stages and the complex multiplier have
to be replaced with the level conversion flip-flop due to the Vppu gates driven by the VppL

swing.

I I |

) A . .
‘:J‘B shift-register 4 shrﬁ-l’eglster{F ROM liz shift—registeri—] ﬁ1 shift-registerﬁj

R . 8 R
FFT_in |JE BF BF E BF BF
G l—{ : i bt 11 G ,,_( : ),—
12 12 13 14 14 16

__

omx 1

—

FFT_out>
16

Fig. 5.22 The synchronous FFT architecture in dual-vdd systems
5.5.3 The GALS-based FFT architecture in single-vdd systems

The GALS-based FFT has been demonstrated in Section 5.3.2. Fig 5.23 shows the
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GALS-based FFT architecture in single-vdd systems. The supply voltage is assigned by 1.2V.
According to our design, the local clock periods of the wrapper 1 and wrapper 3 can be faster
to 3.5ns and the clock period of the wrapper 2 is also 9ns, which is dominated by the

complex multiplier.

| Local clock 1.= 3.5n ] [ Local clock 2 =.9n7] |sLocal clock 3 = 3.50"]
Asynchronous Wrapper Asynchronous Wrapper Asynchronous Wrapper
1 2 ‘ 3

—_—— —_— ]

I | l | |

I Bshift-register* \ shift-register | l ROM : | 2shi1‘t-registev
| I [
| | | (I
I |
I 1
|

O —

H

1 shift-register |
|

|

I

FFT_inJ> BF BF | | BF BF [ |FFT_out
° bl gt ] e =)

| Il _ | !

| I Control unit |I @|! Control unit | |8]] ] Control unit ] |

I High speed module l gllow speed modulk I High speed module I

> >
. Avmchronous wrepowr Amnchvonouwrapwer _ - Asynchvonowswiapper
Data | o] | Data

Fig. 5.23 The GALS-based FFT architecture in single-vdd systems
5.5.4 The GALS-based FFT architecture in dual-vdd systems

For the GALS-based FFT architecture in dual-vdd systems, shown in Fig. 5.24, the
wrapper 1 and wrapper 3 are powered by Vpp=0.9V, while the wrapper 2 are powered by
Vppu=1.2V. Due to the reduction of supply voltage from 1.2V to 0.9V in wrapper 1 and 3,
the delay will increase and the local clock period reduces to Sns. The local clock of wrapper
2 is still 9ns. The interfaces are a little modification due to the difference of supply voltage.
For the interface 1, the FIFO is implemented by the discussion in Section 5.4. The FIFO is
suited for the interface with different supply voltages. For the interface 2, the ack signal from
R-port to W-port is the situation of Vppr swing to Vppu swing. Therefore, asynchronous

level converter will be inserted in the location.
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Fig. 5.24 The GALS-based FFT architecture in dual-vdd systems

5.5.5 Performance comparison

5.5.5.1 Power dissipation

Fig. 5.25 shows the power dissipation for four schemes of FFT architecture.
Undoubtedly, the architecture in dual-vdd systems will consume less power than that in
single-vdd systems. For synchronous FFT, there will be about 12.5% power savings for

dual-vdd systems compared to single-vdd systems. Consider the GALS-based and

synchronous FFT in the same supply voltage systems. The wrapper 1 and wrapper 3 of
GALS-based FFT will increase the power consumption compared to synchronous one due to
the higher frequency and extra interface circuits. The wrapper 2 which performs the complex
multiplier operation consumes most of total power. For the GALS-based FFT, it will reduce
some power compared to synchronous one. It is explained from the example waveform in

Fig. 5.26. Clk_2 indicates the local clock of wrapper 2. It shows that there is some time that

clk_2 doesn’t oscillate. It is because the data from the wrapper 1 is not ready to be sent, and
thus the wrapper 2 has to wait until the data is enabled. Therefore, there is no clock switching
to the ROM and complex multiplier. It will save some switching power. The wrapper 3 has

the same reason for switching power savings. However, from the Fig. 5.25, GALS-based
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synchronous_dual vdd

synchronous_single vdd -

FFT doesn’t reduce total power compared to synchronous one in single-vdd systems. It
seems that the power consumption from extra interface circuits is larger than the power
savings from the switching. If the higher point FFT is implemented by the GALS design, the
power savings from no clock switching maybe larger and reduce the total power. Finally,
from the Fig. 5.25, it shows that the GASL-based FFT in dual-vdd systems has the best

power savings (30%) compared to the synchronous one.
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Fig. 5.25 Power dissipation for four schemes of FFT architecture
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Fig. 5.26 The example waveform of FFT architecture
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5.5.5.2 Latency

The latency is the time from the first sent input data to the first finished output data.
According to our design, the latency of the synchronous FFT is 161ns. For GALS-based FFT,
the clock frequency of wrapper 1 is faster than synchronous FFT and the latency is also
reduced. There will be 40.3% and 25.5% reduction compared to synchronous one in

single-vdd and dual-vdd, respectively.

. GALS_dual vdd

GALS_single vdd

synchronous_dual vdd

synchronous_single vdd

0- 20 40 60 80 100 120 140 160 180

Latency (ns)

Fig. 5.27 Latency for four schemes of FFT architecture

5.6 Conclusion

The multiple supply voltage technique is the powerful method to reduce the power
consumption. In the chapter, it applied the asynchronous level converter and level conversion
flip-flop to the FIFO cells proposed in chapter 4. Therefore, the asynchronous FIFO
architecture can be operated not only at different clock frequencies but also in the different

supply voltage systems.

A case study of GALS design is the 16-point radix-2* FFT processor. It is partitioned
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Ju~ BEEHFA -
€Ny EEs Tk =Y
ABEAAMN—HERS £tk ¥ B8 E T (Asynchronous

First-In-First-Out Cell) » 45 3144 468 B R R FIAE T2 R R ey B EE X F
—HRTEMEAS LAY ERERL -

CXIE TP

AR B A & R(OC)RS £ 2 B AR E L8 & % (throughput
rate) & LA B i€ V& B F (latency) & @ M 38 hu kAR SR F 4 ﬁiﬁﬁ?ﬁr‘% g h &K
b PR AE B h BRI B AB B - I S
B RAETHBRYEE  BAMKLOBESHEA > AR —BLE
WS AR EAE B P AR AT - IS A ARERGANESE
M de AR TRAERRERETHEA G R MEAL
Bk F % B 48 F 5 (GALS) 4 4 » e ARE R 5 6 Fak » BA A& T A1
AR S itk B (FIFO)Y K B B E L TURA LR R A4
B PR °

TR B4ty 3EF F FIFO &4 A R 44 X (burst mode)#s 4 CAD T
BFERM  EREBEEBSNERTENENRES KX EHEood
SEF$ FIFO BAREER AL GRATHE ° b ABEAHR
20040128413 Fu 20020167336 rr$g & & FIFO %] J& A 7R ] B3 6 1 @
bl AE-RHHS - AS-FRFHES PERS-FRTER £
FIR —ik & ek 4 7 B 8 U8 ] (token mechanism) R 477
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BAER—EFE T 0 AR T RG> A@EB B 5 B (circular shift
register) T ag ‘B M H 0 AR A S-R E R E(set-reset flip-flop)Ais k. 18 Bl 4k f&
% 5 £ JEFl BFIRIARAY 0 426 % #2313k (handshake signal)dE %] & 5% A 4] A %
B K& S CAD T A » 458 A& 3 (put token) + # th % 3 (get token) » Fo
Bl & CAD T B % 15 & ¥ 58 B & 1% 4] & (data validity controllerj o fB R o RkgE
#z £ B £ 455 20040128413 F2 20020167336 #4 3k B 3 FIFO 7 A & 42 A
$B % EREREHARIL RMRIZHFHIL -

® FAEA I 0 AR AR {248 B2 B4 0 MR FIFO G 348 342 K 15
hE B AR RE FIFO BAAEREBER TXIARNERERRE—
HREERTHAF -

(AN E]
ARALEZBNBRU—MFFAS A EARYHEBEL  HAA

B @ Muller C ofFagg » THRRER QBB EURD A F R

° AEAZF-BNBR{ BRSO BAEYE B EL - &S
BEREHRER

LEARFRRTZARRRERKIE -~ HBTREF > mAR
PETIT
ARAZB-BHGRE-—EHRRASTHOAEAEY TR EL BELE
v HAEFRSLBABYHF R EE 4L FH AHE FE (transparent
~ - problem) °
$%%zx%fa%%ﬁ#~&#ﬂ&%%ﬁ%$%ﬁ%ﬁi’&%
ERAVTEHAGERENFM  B#ENBRIRISTRE IR A4
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R BE S EIF -
AERAZX—BAOGHRE—BERNTHALA LY FREL BRAN
_ AR S AIAEA S 4 % CAL) HRA » TR A%+ A2 radix-2°
Z R EHERBREEGN \E%%J‘_ VHERI RSN FRABAERES
IEEEFR -

BRI LB AEARB-FRASABEARYEEZET  Lan
#1848 #f &5 3k F1 & & & % (asynchronous wrapper)-% — kR 5 &R &40 F
o SRS AER-2M  ABRHIFASAEARGEEEL AR —FH
P44 % (data latch) & & B a9 f5 - — K & 4RRI B (ful l/empty detector)
BEMME BB RE > —FEH 4B EH B (sender’ s handshake
controller YA KA 4 — A EENK(Sack) EH—FRS 0LES » —
BE X 4B 4 B (receiver’ s handshake controller ) & & &4 —# K
ZEEAKERack) 2% —FRF LR > MKREMARA B - FEHREEH
EhoE R B B S AR S EEY Nuller CESATMAR > TAERE
@  moimE AV BEFRBEEHS2EHEN Muller C BB Fikk
HEAEUCE TIBIER BT E AW BUCE R BNIE 0 BT @ LR AR

RAECHELEETHPSE  nAZFEIEES -

LEEETRAGHOFRS LA B Y FEE L BARKEAR S
B RIS B 2 MR E — JE R 4k & (asynchronous level
converter) * MR EHFIE B A — Bk iE R & (level converter

flip flop » LCFF) » T AR AR TR 2] & TR B E 805 o) R o) i 440
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ARDEEHE BAROE—FRSLRABME—RDOBRREE(m)

BRSO REAERAGRETE ) I L TR ARG
ALY EREARANUASBIER S HNEAT A%BRE > 4T
B+t radix-2" 2 R A R EH > TRRI BRSO FRAER
AR E % ey B RFR] -

WEHEZF=MORE #ASLAE | kRS LES 2hkHA
FOAB I B LBRALANARPRETR  FRASLRBE 10k
@ FHaBs Ve kRSEAB2 MEVm AY £RRASCES
1 RS RS CHNEBGHNALERALBAFRAS A EALYEES
BALECAS#ERAKNEMH  MAFRSAEE 2HFRAFTLRREI N
I+ @

441 D flip-flop kR F E ML SEEBYREFEERAMTRY

%

BT AR A B AP i e B R E AR » (5 RS B AT S
Z B HATNE S R EAERZ K -

G
ABAGEE— RS LEARYEBEL > AREAEALLERIEF
$BEF(GALS) 44T BARFEETFTZARARNREEERE—HE
. BE - BTHRENUNZBIER S RHIAE D (CALS) A2%ARE STERASL
- PAEg radix-2 BB AHERBRERONBER L EHRRHL T
AP ARIEBHEHBIKES -
$—BAERAS ALY EEEATEE > AHERBELKNIFRAYS
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REXKYESET 2 FABELS  AAR— %5858 Sender’ s
| token, 3 % S_token)4 Fv — 3y # & # (Receiver’ s token © 3 A
R_token)6 ## BN BB L AR EHXBE AN FRAT LB LL YR
CBRR 2 ARABFHEAE - A BB 6 HIER S A LR
REA2 A RELEHENERT L EALYGFSEL 2 HE AL - £+ -
HHAREHFBEANERFEEO SR T AEALYFESEL2 2 &
| TR wFE BT AAREERE 4 PREERECONERD
@ CEALYESEL2RALCAS EERAA4MHNBLERTEE > —JkR
FheEARYHEESEL 2 N — % — R F & & B (asynchronous
wrapper )10 o % —JE B # €, & % (asynchronous wrapper)20 Z fd o E & >
Y —RTLRSE 10 axF — AR F£4 (locally-synchronous
module)12 ~ — % — %X #2 & & % (handshake generator)l4 fo— 3§ — 4%k
B Ak 3% 4 25 (plausible clock controller)16 ’ mE RS ELERCE
— % =B ¥ E %4 (local ly-synchronous module)22 ~ — % —%XE £ 4
o % (handshake generator)24 fuo— % — =T 1% 1k BF Ak 4% %] % (plausible clock
controller)26 -

Ab e —BOER T A ALY AREALL AAREEREL
FTHEUKE —RBELS UmAELNY—HEEERKMK(Sreq)  LEF
BFAMRERE A WFRATARALYGESEAR ZRTAF R

| AEAA—BEEEORRR(Sack) ZF —RBALES 14> M—BRAA R
ZB8% A MRS ARALYESEAMBATREYFXH QGRS
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BE 4 CHBREEZLE-—BATHT—EERASLEABEFSEL -
BB BRF-EQFRASARELERBEA2 AFRUAREE FRS
CEAHEHEREA 2 A THYEENRENETHEE > A THEURKZE
B —REEABUmMALN —HELEERNR(Rreq)  BRFHAHZUER
BOWIRTARALYEE 2AYFHEARRRLR A AL —HK
ZEBMERaCK) ZH —RBEALSE 24 M- L AFHUAERE O IR
*ﬁﬁt:ﬁﬁ:ﬂi%ﬁ-“ BB ERYFOET A REKERE 6 /M
@ “HEELF-—EAAHT RS AEALEHEDR -
ABRAZE —BAETHY AEEZBARENETRALFRT L
BARYGREARANE _BZETRCALSAKN @EH - B E =
Big=Bmr LETRALWERSTAELEEEFRELCE —FH
PR AAA ¥R FENGAR  —REARBTA RAREH
P B ERIKE  — &R BEHEIaTAL —FEHA B AIR
(Sack) 2 ¥ —RBAEAB —BURFIBEZHBAFTEL —BRUKFER
@ AERacEZF-_RELAEELB2-
EHE-AWRASHE 12 FHTELBEHMHE 9 eLEL—F
’ﬁﬁ:ﬂsf%(enable signal » 24 S en)ZF—REEAL R 14 LiFF—
B A2 AR AR L T 0 AR B — IRAEHI S 14 B IR - 2B
—REELBCAELE— H)fd};(pulse) — 183 & KR (Sreq) 21 EE R
| BRI fo— ¥ — 2 kMK (S_stretch) £ % — T35 L pFARIEH] 5 16
Ev > BABEERE A WERATAEALYEREAZBEEREES

10
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B3N EEFERMIK(Sreq) " MEBEHPAYE 9 BA EMTUER

EHE FEAREEHE 3 oA —FEHLOAENIR(Sack) 2R —RE

EAB M mE— T LERFARIEHR S 16K E— kMR EGE 2L —
| % — Bm3rerak (local clock » 324 S_clk)MREF — BHIRE H A4 12 -

EHAGAZER S LA LY EBSEAR  ABLE — L RHIKDE

BTk A4 B 16 a9BFR] - R B AR YR BN N > B —TiF

b BEARIE S B 16 T sAsE K AR AL F — B SPEFAKIR 0 A KR SR
@ AEEF-AAATHEEIZKIE - AIMERAREL > THAHRAZTH
MEBOF .

EERMAZENMHAS YRR FoRMRATHE 22> £2EK
YHAEHMPHE 9 EHS > #hE 4 — % —KAEMRIR (enable
signal > 328 R en)ZH —REAL R 24 P H —REFRALNKLE
e AREFE RBIEHE 24 LIRS 2B F R BAELABR 24 €
A4 —Bkik(pulse) » —#dE 2 RMKE(Rreq) B H RIBIEH B 5 Fo—
@ Ftkiik (Rostretch) 25 = THLspakIER B 26 - K > RAHNK

ZBRECHIRATAEARYHFSEAIBEEIEENE O gk
52 RN (Rreq) » @& HHPIHSE 9 A HMKTHE > A R
EO@AA—BUEEENE RacCK)ZR_REELB 24 ME T
BEAkIEHI % 26 BB F e kMR AL  ¥AL —F =R (local

_ clock’ e % R_Clk)%ﬂ?lﬁliﬁ:-%%f‘m*ﬁ*ﬁ?;ﬁ 22 LEEMKEMHHEI
o AR Y RN E R TR LA E £ B 26 6985 R] > Ao
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RS M 60 R PR + 352 T 5k BRI 13 26 T 5 R AP =

R 3R ARk LA % ) AL KB o 8 = B3R E S AR 4 22 W B =5 3R B AR

HRE  F_ASRASTEATHUBENEHESES INnEH -
| FOBAE—RBEELS 4 PE—THEFRKIZEHE 16 30K

@A

S_en'- pulse-Sreq’-S_stretch’- pulse-Sack'-Sreq

-Sack™-S_stretch’( “+” &7 EF&kmig - - “%%T%ﬁi%ﬂ?ﬁ) ° B #
@ ALBLERRHBMBENFEEL —FRAL AR 200kRF kL
YHEBEAL22N @ - FREABRE —RBELR UOTRER AR
Muller C UM 0 AEF9 D %ﬁﬁ']\é’)@ﬁ‘(area overhead) * m# =X 4E &
ABUZERWFERABAT GBS -RENRERen) - BUEER
IR (Rack) 2 & £ # =38 k3R (R_stretch) ~ k& K3 (Rreq)
FEBEARF - THEFIRKIZEH S 16 9 FRE#H Bk S -2 RKMR
(S_stretch) &9 T ek 2% » F — B ARASR (S cl) EME R H BRI 1R
@ L #RIE-—HIKRREEFMURA R HI 0 @ F T LI

#E 20 LM FE R B BATT  AEBKRF MK (R_stretch) L £ &

% — B 3Rk AR (R_clk) -

Sbgh o RERA S T 441 A 452088 Muller C 30 THAHARH » 4o
NABRFENBEAT 0 HxAB%E B Muller Cus 30 i &

| EB > #F BEZH@e Muller Cas 30 BEHREH - EXREBHEAME TH

REHPAHBIZEREFNERRE RAETHELETHPHSE 9 ¢
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REMB B 7L full” 9kECE full=1empty=0) > o REZH EHHF
AEHEEBI P REMME T enpty” #9#K & (E empty=1
full=0) » 2» & full=1 R & empty=1- &+ A &% & KMK(Sreq)fo 1%
| %4 B IR (Sack) By A 25 2@ ey Muller C otk 30 4 H 87 - K -
Zi@eg Muller C otk 30 F— & B (reset) IR AM: - —B% > EE MR
EHEFREMENBELENHSHE VP HNLEL L Y5 R E T Sreg=1
B THEREATHESSE 9 B84 full=l; & Rreq=1 85 » 4L %

@ HHSBIwEMZHEEL FERAY full=l #& enpty=1- X ¥ Sreq

#o Rreq RAERIBF A 1 > R A T8 % B 8 A% A# F & (transparent

problem) 2| & sk » AFYHLBTHEEB Y - &6 L KEARRT

FEHH A

[f Sack= 1 - then full->0
Else If Rack= 1 then empty->1
(Sack #= Rack REER &5 1)

o R BEERELHE 3 HENRRELABELORANRELE R
BEASZ 14 Hd > FEFBEHNE 3 AFAEEEN Muller C TH
NHR WwELABNELBAT Ft ABAEKES Muller C TH
32 HETERE > £ tBEAGNAY MullerC itk 32 KIR&EH - §5F —
RBEAELB U EABEFEZRAREAZEUNFEERE4INBREERENE

| FE I REEERELERSR I ZEMERHE

If full=1 - then Sack->0
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Else If Rack=1 s then Sack -> 0(unchanged)
Else If Sreqg=1 ° then Sack ->1
Else If Sreq=0 » then Sack ->0
H9 »” If Rack=1 » then Sack -> 0(unchanged)” - {48 % Sreq #= Rreq
Flefd 1> st Rack=0 85 EHFLETHEHS O TR AR B 2%
f Sack # & & | EH4E T HEA - Eﬁ P FLAER & B M B F AR AR
4 o
o BE BIXAREZEFNR O HERAELABRUAIRMRESLE =X
BEEB2 EF HEXAREERE L AEsdey Muller C 7tk 34 A
WA WwEANABREABAT  BEAA l%Muller C at34 MEMR
8 ENBEA Muller C utF 34 BREH - EHE_RBEELR 24 &
AREEZRMREAHELHERE 6 9 H TIBEHE b of > Ll
REFEHEHR O ZEMERH A
| [f Empty=1 - then Rack->0
® Else If Rreg=1: then Rack ->1
Else If Rreq=0 s then Rack ->0
EHE—BXRFTAEAREFEET2AAE TR CALS 2 48521
BERLE MNP —FRASERES 10 2 —F —RBER(Vm) - F =3k
| BHaBs 208 i8a—F —HEERVm) LE _HEERZ K NARE
AERAE —_BETES  GEEABMRBAEERALIER T ik
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AHEEREARALE —BXIRASARALYEFEREL2ALER
GALS 2 sedx @& - sbot FABETRALNIER S LA HEH
BEL RRHRNSZEF—HERERVn)  ERARIMEEHEER
N (Vo) c b TR AL FR S AEALYEREALLHAZ -BETR
FHHFRSAEAEEFBEARL TERE-AHNHB 6 aRTF
My Fm > —REAMNS T ETRARENEHE 36 s9RE > —REFRE
EHES ARAL—HREENBNRES —RBALS 14 —BRERE
@ IHNBLARALE-BULORNREF-_EEALB2U B ATEH
P44 % 36 A LA — ﬁﬁLﬁ#i& 38(level converter flip flop:
LCFF) » BAKEARM B T A RBEHE O XA — R L B
% (asynchronous level converter » ALC)39 -
wim o ERERARE THBEERBERNB O REFRAS E
HRBINHENENEE - RETR (V)30 TheLAREIEE —
TR (Vo)A %2 Vo BB PATRRARKZT MR
@ AERERIZEEBETHEHHWRLEEFHF @M LeFEARTAL
SPHERM  AAUAA AR S RMHRB IO FE—HEERZ RN IEHRE
BoRERZAN ) AR LA AR AERMHE 6 9 ELE
#E R B (LCFF)38 » AR ER A sk ay o fe - A RILEE TR fn )
R BRMEGIHRIER H 38 AeyZ pulsed flip flop » #H EfrginiE R
| % 38 fe Btk (sample)f# % 4 &) B3R EF » 340 Bl & —fEAR A& (pulse) » ¥
AEEMAEAZ - FTABARMBKERS BHTRLEH %+ BE
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BIER SR 39 6T A -
EEABEERAGHIIR S A AR Y FRELIKREMARSE -4
RERBEFNS  PBAEIEEFNBEAZ-BETRALNIERS LE
AHEYEFEREL— R TRASNEGHAERNGEETRAKNIFR T Lt
B EBEAZEEBG MullerC 303234 BEABARE
BERAGFRA S L EA R EGBZEALERANETECALS A 2N @&
%m%ﬁ&ﬁﬁﬁwﬁﬁﬂﬁ&?mm°
® ABERZFE = BAETRAMGE LEMREZEERA LN IR S L
B HBSEARRLUDRIER T AHIEF (CGALS) & 4 Bk E - £ TR
TR+ A radix-2" 2 R A EQBFFDE#HE (AE+—AR) » &b
HAZRBERSLRE  FRATERER 1~3Fﬂ‘*"b%’é§% 24 RYER B
S HRAFERB I ERFTECRS 35 V=09V kRS RS 2 S
Vel 2V b R ERZAHAIER T AEAREFEE L CALS v @
EHUNERFERS 1 RS ERES 2 — N @40(RE+—BE)
o i D flip-f1op(DFF )47 Fo — JE F] 4 # 4 #& 3% 25 (ALC)39 4% A 04 9k Bl 35 R 4%
BAFRASCRE 2RISR BINEN@LR(AET—CE) - &£
Po BoN@ A2 9EANE(write-port) 43 B ENFE —XEAEAL S 14 3%
Rt (read-port) 45 B ENE_REAEALE B 24 AE T _BHEANE 43 4
$ B LAk E A& B 58 a9t iRikieE 0 FHZBARRE 4O BN
| T3 bRk A A B 60 a9t EieE - ¥ 0 B A TR L SFARIEH B 58
Fo B AT L EFARIEH B 60 L EBREBERLABAT -
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BE+— ABRRHIER S B EF H(GALS) 4 4 AR Ak - R TERA
Gz REBHERBROIDEREE +m AR LRSBRIFER S BHEAS 4 4
ARAZETERA GRS ERRES - B EE AL TRRA %
S REMAERREM A l%ﬁ%@ﬁ%%zﬂ&#iﬁﬂ
Eg A A R TOMCO. 13um L Hrttse & R R4 Lb i -
RE# | ETLtELUBRENEREGRREH LGB EZHEOH LN
o TUBEREERAKWETRAGKBEN SRS - £FF FIT 44
o EERAGAHOLETR 24D 12.5%895h F - A 2RIERF HEE T 4 &
BRAWFET ZH(RE+—BACHEIwHAC) RE—aE B E=
CABRET—ERAY FIT ZHM - a8 EZ 0B B HEH
A ERGRUASHIER T BIRA S 4 AR EN FET M2 540
FAERGANBERRS - ELBIFRAFBHRS 4 hhRkey FFT 24
2 H—OF B BEAS FIT ki AV BRSO %E XA
ETERKRE—OFE N AEAE CALS E—aF RLBALHEHEE
@  E®R - AEFRA 3 ROMAD LA 6 § T B 4FRERR MM (clock switch) -
B b 6 4 AR R R o R BT LB G R 2RIER S
B3R F 4R e) FFT ZEEAE+ —@ER % FFT Mt afloh %
ERARY > BERRARBIER S AHIET 245 ABREY FFT ZFHEAEAR
SN EEL LA E AN LA BT 6 S T eoh % o
e b o %+/\E]4f%bb$i¢bw@$@é@ FFT ey 2e E0FR » A2 3RIE
A% RHAY 4 %hbipkey FIT Eikeeleitig  $4R4% 0K
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RFARIARLE T ey FFT SN S8UeBFRIRD - AL ARAHE
BERSAARA T A hhiRAey FFT A4 ERALERA4%Z 16 5
| radix-2° ¥ & % 3£ ¥ © 4% (single-path delay feedback)#y FFT 2245 F =T 1A
»%%ﬁﬁ%W$%%%%ﬁi§%%ﬂﬁﬁ°

EX
%— = #=
i eAB wR%B
® F) &ﬁ’%& Clock=9ns
& VDDH=1. 2V
&% E R Clock=9ns

A4 VDDL=0.9V | VDDH=I. 2V VDDL=0. 9V

GALS 2 |Clock=3.5ns| Clock=9ns Clock=3. bns

B % & VDDH=1. 2V

GALS # § Clock=bns | Clock=9ns Clock=bns

® B % & VDDL=0. 9V | VDDH=I. 2V VDDL=0. 9V

UEAEZERGIEAARARNEAZIRNERREE R EERT
LA EZ ALREHBEAEAZRNE LR AT §RERZRERE
- AZBAGEE 0 B RURRBE AR T AT AR F R REA  17
REBLEARAZEAREN -

(B XAERA]
$-BAARALFASALALYEBRHTER -
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Fo_BARFAZFRT A EALYEFS &GMﬁﬁ%% & & 4T

£H -
| RIEAAEVZ-RARETEAAGEASEALLYESF R
Hﬁ%mw°

PEBAAREE —RBAEE B R — THLSRIE S B MRS -

EEABAIEAE —RBELEBOTRLEHE -

FEBREAKNFAFE —TIRLFRIZH S THREH -
@ FrABAREAZGIHAY Muller C 7§ £57:
%5 B B A ABAZE B Muller C T RS
St ABAABHZEZGEE MullerC THHETE
¥t BB AKRNSAZSRG Muller C THHERLE
BN A B A AHAZ S Muller C i o1 &
£ A BB A&KEHZEHEY Muller C T4 ETIRE
PABAAEAZ—RANEERAANFRAT ARLBYERELNHR
@ HFHH -

FTABAAEARMBRERBOTIREH

F+BEAAFAFRS REMBRBATIREH

B+— ABARBAZURBIRASAHFRAT L2LARE  RERRA &L
Z BRG] EHIBRM
BB EAABHIAREER S ANAS AABRE  STERAL
Z R EBHERBREHEZE -
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FT—CEBARRAIUNLRIRATAMRAT 20 HRE  RERRLASL

ZRREFERBREEZE N E

Y +-_BAREAZ UL RIERASBHNAF ALLRE  STRRALZ

BRREANERRER > AR N BZEABREF B T4 FARIE S 8 693

R LE I
FTZBAREAZULBIES HAE T L2 L AHRE

 MERBRAKZ

BB EA BB EE > AR N B FBOREF XT3 L BFARIE H] 25 6930

@ k-

FTomABAREAZIULBIER T AHERAT ALLHRE

ZRBEH E BB

FTwBEAREAZIUDEBIFRS HIET 2 HLHRE

ZHRBREA B 2 BN E

#+wm CEAREAZIUALRIER T AHIET L HLARE

ZHE B ERBR BRI EONG -

 BERRAH
 BERRAR S
 BERRAY

FTEBAAEAIEERRAL  RFRBEHEHBLEHSE -

RFTAEBAFERAZEERRASGL RS HRBEANERBEH -

Ft+tEAAEAIOBERR R EHNERRBRGHRIFK -
FHANBAAEAZOERE RG] EHRILEEGEFER -

EXFRFER LD
2HRAF A EAEYFBEES

3FEHAREZEHE A BEERE
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SERETHBIERS 6 H:lEBE

RS XRES 8 ¥z %
9 BHMEIHSB 10 F—JERIF RS

12 #— AR S
48 —XBAELS

16 % — T4 1k BEARI% 41 %
20K =RAFaES

@ 2LE-AIRASHEa
4B -_REELEH

26 % =745 1k B AKIE 4 B
30 45 iEi& &9 Muller C 7t
32 15 £ 1% &) Muller C 7ot
34 {5 £ 35 é’JMullerC 7544#
6 TR PI4H 5

@ BENMKIRE

39 EFl £ A4 B
40 ¥ —1fr@
42 F =@
- 43 BE A%
~44%,,.

45 A%
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46 F W&

47 DFF(D Flip Flop > D & E R %)
B H-aRE
TRy T

NE=Z0RSE

54 % =T 45 L ARIE 4] B

56 % v 7T 4% ok BFPRIE ] B
@ BFEITHLEFAMRIEHNS
60 % 75 7 4% 1k BF AR 4% 4] B
62 % £ 7 4% L BF BRI 4 B
64 % N\ 43 L BBk IE ] B
66 % LT 4% L R ARIE 4] B

68 % + 7T 4% .k BF PR IE H] B
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‘- 9HEHER -
| —HEERAGZIER S ARALYEREA AN —E—FRAF LR
 BR—FoRRAFAABZN AREERALZEAS AELEYEER

o\

OBR

by

4%
—EHEEE BB UEE - AR ERARARK S ;
RS o A B P e TR RR A
—ﬁ%%iﬁﬁﬂ%’%éﬁﬁﬂﬁﬁﬁ%%%a%%ﬁM%zm’ﬁﬁ
® EERBENBAEBAREEANB o AR OB OAK TR AN
UA B 3 — 18 3% % B ¥ (sender’s token) 8y 33K © A A — ik E E MK L
P-FRASOAEB
—BKHERBEEH D RERAUEHPYES A ORERABZMN 0 %
KEXBEHEGEBARE AR B AR THOYEES EREHR 0 KR
Bl — 3l 1B i (receiver’s token) &9 35K » & A —HUCE B RAIRLZE
—RF RSB
@ JrTHIHREF IAMERERAGLIASLLELUEHET
R ERBEHNBEAERAAEEEE ) S RETREEA
SEAPIE o AT AP B AH AR Al AR
PN B HAREN  BRZAELORARELERE—HAS RS -
T 3 REHAEE |AMEZETRAGKZIERAS LEALYHEEE
LA RV REBNEREEHEEABCKERERE A ERRENZE
HEEB TGS > SR EARAHB IR ERCERE
Bl AL RARIBENA BRAE  BRRERE DR NKELE
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SE-KRAFLES -

P HEHBE S | AL B TR A G Ak LR Y
A RYUE-RFAS RS ek
R REESRE - R — B S B KR B R P
B 4k — B M A

— ¥ -XBEAR ABUZP RENE ¢A4L —HEFBRNEL
SR E R BEHE R A A — B RMI A FER AL R
@ EEHEMAAMTMEFEERR LA
T LRI R BRI R A A — B —
HEIRL B — B F S ALEK % — B A F P g B2 B
FHPBE -
Sha P HEHREE | ALz BEEAGIEAS LEALEHERE
RS T R P TI L K

— B RARASHRE > EREATRASRAERYEETEREAE
@ FHNEE fAA— BB RMGES

— B _RBAAR ABWZERENE AL —BKEERA%KL
SRR BERE > A — B I RME o f A F R R R
TR BAELNZBREEDRMRE S AR
B TELERENE  LBKARE RN Ak — B
BRSNS A E S USRS e A R
HEEE NG EH -

24



200717519

6w EAEEALE 4B AL ETRALZIFRAT A EAKYEFRE
R R — TR BRI B AR R R — R R 0 Sl
-—% E - ERHIRB RS — TR LRI S B e 05 0 BRI TR
| EUEHEHE S NBRRL -
TP HEABEAESAMEXEETRALKIFRASTARALEESR
o BV E AR R RRIE R S E RAE R E 8 RAIE 0 #E
P E I R B T e ARIE B B ey BER] o SR BRI
@ FHPSBWE A HEMANEY -
B HEANEL | AU ETRALKIFAST ARALYEEFRE
A EVYZREMRRABE
—%-—ZHATLE ABUBSEEuBRE L F —ZMAELR
Bz PHAETLBIE—RBSE
— ¥ EHATEE  ABRWZBRERENE > RS — AT SHRN
NEE—EHAEEBIPAETLEANAUE LA
@ NATEE ESHARF-_IHATSHZPACRHANAILR
2 BENAESRELAZKEARNBAREZEN S B A TR
Z —F E(reset) IR A MAM - UK
—F—sd o AAB-RAEE RE—HERAANZE_ZHAETR
Aﬁzm’ﬁ%ﬁ%%ﬁM%%mﬁﬁﬁﬁo
h9@$%$ﬂﬁ@%4%%&1?%@%%2#@&%%%$%@%§
Ao RV RAEERBEEHBS AR
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— RS2 AT BUZBREERENE BB 2 X EREZN
AERBPE—RMEE S
-*%miﬁﬂ%%%’%&&ﬁﬁ%%@%m%z&ﬁm%’ﬁﬂﬁmﬁ
‘ﬁﬂ%%%m%a%ziﬁﬁ%%%zpﬂ%%%ﬁNﬂ%%%zm:
~BEEMATRME  REUUBEES NS ERSEIHATAR
R FZEPDEHNELBZPAHEER P NA TR A
— ¥ —PARAETLE HEPASEIIHATEBIPATLEANAE
@ SEXR REALKEMAABARIZTHRMHABZA ERERZ— R
MIRETAMG AR
—Fotdis o HME—RES BE BB GAN LI IHAT LY
ZPHERMANUELBZM > SEAZREXIBREH B NRH L
y'% o
0.0FFEHERAL S HAMEXBEERAGLIIFRAT A EALYEEFRE
Lo AP HBREREBEERNEEHE
@ FrIZAAERE ABUHBUEEERRTRAEME
—HtEaMAELE  HBESBEFERAR  ARFtZ#HXTLN
A E A EHACARZ P HESRA NN EARZM ;
—B-PHEAR ARBANACIMATARZPAEARANAE
| mEZ M RUEAZKEARSARIZENHBZEETHEAY — R4
.m%%A%;u&

— =i A E—REE AP WIR AN E AR AT R
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Bz PAEARANDELBII > AIE L RBIUCE IBEH B ONES
3 o
Nk EHEARER O AL B TR A GRS AL AL H SR
s RS IR BB 0 b — I BSUIAA B EE TR A
BRAEANZEREDRERE  TUHEABERKENMARAEEFEIE
0 3 o
R-BETRAKZER T AELBEEEFSEL > AN —F—JERF &
@ i B-oRRSAREZM BUF— RS AR BEIE—
BER  SE-FRASORBGME—F-_HBTE  ULE-_HRETE
W —HREERK MBEERAKZIRA T AEALYFSELLE
—EHEGE  RATAHORASRE SO ERBBERE £
BERFIER ZSFo B BRI 5
—KREAR R o B AR R E R T4 B 9 e ER TR IR G
—REEFRBELHE  RRBAUTH A B TR AR B2 2
Q@ GERERHBEARAIKEAASSLREHMEBHEREMAL
P B 3 W — 1% 3% & 1B 35 (sender’s token) 89 HUSE 0 A A — 184 E B EMIEL
R T F |
—BUREREEHS > ERAZEHESHBSOAREAR B ZAE o ZER
A RBEH B ARG AN B Ak R B A R 0 SR
W — 3l B (receiver’s token) &y Sk » A4 —HKEF O EMIKELELE —

ERFELREE S AR
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— RS REMEHKRE  HBENZBUE BRSO KREAR B
B AR — TR AN ERE TR A -
-B@*%%ﬂﬁ@%nﬁ%ﬁz%%@%%z#@ﬁ%ﬁ%&%ﬁ%ﬁ
o RPRBEERBERNEEABRIMELRE  FRBERBEA
ZEHPIYE ML TR I B AR TMAEK AL AER AR
MY BE AT BRSBEEOENRELERE— RS ARS -
4o $FEAEEE REMEZEERAGZFRS LELEYEEE
@ A EVHBUFREZHNBEFBUCKBREAE A EBEENEE
HEEBSHE L > SR EHAA B2 EN TR CEHE
RlLAR B BN PGB A B ER ) B ZERE DR RRIEEE S
B-kRS RS -
St HEHREE DAL TR AR S AR YA BT
Ao RFPHRE RS AABREAK
—$—RHRATHE  EXE—REEASHEEHE TR LT
@ = eEiE % -BAEERMLESE;
—P-RBALR  EBUISE-RENRE fEALA SR L ELANEL
FMEERBENE REA-F RN A TRRKSAEER
BIEREmAELANSZEEEFEMNE S UK
"*%*ﬂ%i%%ﬁﬁ%’E&%ﬁﬂﬂﬁf%%m%’%éifﬁ~%
\%ﬁ%%ﬁ%*%%@ﬁﬁﬁ&’a%*ﬁﬁﬁiﬁﬁﬁ%%ﬂﬁ%ﬂa
EHPIHE -
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1640 ¥ HEAHRAE R AMEZETRAKZIIFA S ALALEHESE
RS ERIOP R £ L X
-'~%L%%@ﬁﬁﬁ’%a%;%%@&ﬁﬁ%%%ﬁﬁﬁﬁﬂﬁ%%%
MR $A A BB RM B
—FoRBEAT ABKBESRENE A A —BEEELNBEL
GHUESEENE AA P RN HAFRKKEBRERE
PR B AT A L QZBE BRI AR |
@ FoTHLEREHE BRAEZE-_KERE PEL—F A
FERKA R = B 3R A 0 B B 36 ) R A A B B
M ERGEH
TP HEAEE0E ISEREZEERAKZIFRAT A ELALYFRE
o R — TR B RRIE S B AR S R A RMIE B
BH A RMIRE S — TR LR S B e R AT E R
ERE B A F BN o

® W B EAREE 6 BF A2 ECEAGZERNS LB AL YRS
L B E T2 L iRk B REERIZE —E RN 0 AEE R
B = BeyeFh o RRERENLE

ZRE R B R = T 45 L BRI

P B ) B R e R @R -

‘.W@$ FEAGE S 2AMEIEERARZIFRAS AEALEEFEER
| Ao EPHREARB RO

—F—EHATLYE ABESBEEOR N B2 E — 2T &
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Bz PAETLIABRNSE—RBE

— 5 HXERE RRUSBEREORERR AR AN E SR
r%a%~£ﬁﬂ%%%zPﬂ%%%#Nﬂ%%%zm?

—NAELE  HRRAUSF —ZAXELRIPAETARAONUELA
ZM > ZANAEEREAKEARSARZZEAHRHHBIA ERERZ
— & B (reset) IR AN 5 RE

—$—tdis o S E-RAES  RF B HmGANAZE AT S
@ HPRTARANTELHEIMN  FATKEMNEORER LM -
20.%0 W 3 § A 2 @%w%%iz*%@%%z#ﬂ*%@%&%f%
Ao APUMEERREHBRAR

— %A TRYE  ABUSEREZORNE ESF -2 M TSN
ZNAERZBIPE—RMAE S |
—$mIAXTEM BN O AR RN BRFwE
HATEBUANZEZIHATEBIPATLARANAUETLBZHAE
@ SEI#XTLE LHKABEEZANE ERFEIHATAY
BAZFNEZHAETLRBZIPAELBA O NAUETERZHMHE
—%—PRATLYE HBBAZFIIAHATRBZIPRHAELRFANAEE
iz RAEAGKEMAR B @MEW M P B A B R — RA8
IR 0 AR |

—Host o AR —RAEE BRE W GRANZEEEHMAE
SHZPAETLRANAUETIM2A » AFAZREA TEEH B 63K

30



200717519
ol R

C 2l HEAHEEY 6B EERAGIFASALLLYAFRE

o EPSBERERBEERNSEAE
—ERNEAAE S HBUCREE & R AR RARHIR
~BLEHXTLE  RBKZBREERASE EZRFcAAMATLE
BREANZEANIHAELBZPAHELMANA TSR
—E-_PRAGAR  REBAUEtIAATLBIPHELRANAE
SRz RAEASKEMASEAIREMSS R TRERZ— KA
MR 0 AR
—EZ#Hdn BB -RAEE SR ZHERAANEE AT S
By PAE LN NG LM M o AE AR B B R
dim e
NP EEAHBEA R 20 AMEZEERARLFAT ARALYHFEE
A Bt E R B E b — R IR AR B R NCE IR
BB HNIE 0 TR B BRI AR AR F AR AL
Vit HEAREE R AMEZEERAKRZIIATAEALYHFEE
A AP Epiie ER BRAGGIKEERE  REMBIRERSRIEZ

AT - R — R -
U HEAEEE 2AMEZEERAGKZIFRAT AELBY TSR
A BRPRERASEMBBRETUBLPHELBERCHR T LML
%o PR R HA

31



200717519

el

Col v uaho) o o 2| ¥ ERuA e uar -
PP F¥RY Y | R¥wmY [ F¥EY =5
Lo - Adememe oo A n_u......buk ..... J
7 w s s
uoyo) § _ baig
N Y
® o



200717519

TR ;
| 4% <t _
| Bl ———— |
| g |UORBST |
9 ——— i Ve _
| o \ |
| 1 % % ploed
| R¥ [
|| wee |(wd| 3=
_ "ty gy _UQM
\_\ F= K—=
o N e

i

o — R R H &R R

|m———————— === -
| T _
| %< _
| yo1ens S M.ﬁb _
| v1 H— _
I\ py [
| Mo S |
JoES # |
—b ex
_ — g ||
m F— |Ud S _
oIS | ¥ ¥l
p— - N
| Weghy % |




200717519

=%

9
G R _m. J\ bang o™y
I

:0‘ /
uo Y

A0S ﬁ.ﬂfw Joes \ boig W19 S



200717519

(1

B mE

oS

y

yaans S

\

o

baig

[

asind

C asgm..m :\ HT




200717519

UIIoNS S

baiS ¢

@ VI %

14!

7| Josind

Joes

| us g

LB D~<H— Y0 S




200717519

@ d7F &£

HEYEEE

yo S«

vl.W.ll yaans S
e

91



200717519

Kdwa A

[y

Yoryg

O

— o< yporg

B v N ¥

Adwd yory

0¢

[y }oeg
19531



200717519

A

baig

b S

<

ey

JorS

(43

BV %

IovY

[y

baig



200717519

B\ &

bary

oy

b L.

B vV\ &

143

banyg



200717519

@ &
¢

A

uo) ¥ !

A

U SRR
X
g

AP S\

—

(

ﬁ

&

TAdA




200717519




200717519

4 b
el - Y
) fal { 3
“ NMMM _ v " maws || “ w%w
VL | I CER T (. uis
_ { (- Y& ﬁ IAII_ _ ..IAq||| _
Mo Lid %2 15 % I 5% |
M o b _
S URTS guhu#||! ) Tnoul 1 Y[ ERAw# ey e el
| WU U [ _ _ | _ VYT U _
PIIII»lIIIwIIII_ I N T B L
-y AT ATET BB FE 83 ACEACE
UG = € YI0[0 [8907] Ug = 7 YOOI [8907] UG = [ YI0[9 [8907]
A6 0="TAAA AT I=HAdA A60=1ddA




200717519

|m= == =mmmmees - " -
os || &7 | _ =T “ ps
NI “ | bew *
|| % | > #E&
— _ [ojons § — _
| s - _ W=
9 62 yo1ens Y
_ _ 144 _ Lusk _
¥ 37 |
_ — ¥ A0S
_ ﬁu:o d % romm H | yoeg _ # _
g% |[—1F > 2% _
_ — M | - |
|| &= = iy | be H barg ¥ S| #- 174
0S ¥ Rk ¥&
T |, el L v ]
| | 2% ~ ol TN BE
| | | | S _
|||||||| 4
oy —
® o




200717519

Bo—+ %
T=z77 ..u T T T T .“
09 “ % <) _ “ (<) | 8s
T e | | e |)
|| ¥ _ o | WE ||
_ ba :Subm..m_ 4 4 _ —— . “
| - b J/ _ A0S
_ Ao ¥ 4 a1 _ 4_‘ |
—P ] _ 08\ L _
[,
€= -
_ = 0¢
s HE¥ |— _ o — ¥ |
_ \ _ A4 || \ B ¥
y BE NHRE 7 | N 13 _
||||||||||||| /' e ——————
e
o o




200717519

Jyoe

\ —
: yo1ens S
\

baix

asind
|_ yojans § :\ _l_\ 0TS
N -




bai

yoe

yojaas Y

hal "N

200717519

asind
yo1ons _l—\ —l—\ B
- .._ “ _ _ _.IIII b IO |

— —




200717519

o ammn

¢ BEDFl4

Ug ‘€= ¢ OO0 [BO]

—— — —
| mwey [
| VT

\

-3 CEFCE

ug = T JOO[d 80T

T

AT T1=HAdJA

——

|
|
|
|
: e g% “A ur Ldd
R w%m““
|

RYHTH
YTy

U3

I SED L[4
uc ¢ = [ 90[2 18307




200717519

mmzmmmmmm- - Ittt }

_ _ e
vo_ 2T _ N _ 29

| | &8 | 44

/ e | _ e \

| ] s [ vz pi " W “

_ P | yormsTy “\ | ppns g | HE |

_ - A0S

_ F e % | hoe | | e o _

_ | BT R OT] % | |

| a—|Rd | 7= H—rne | #- us g mm _
bory | ¥ | barg = sy

s +— ¥ | Lrg IMs ¥ —t
_ < AW ﬂ ¥ K _ A\ w _
BE| mseE BT B
_ | _ |
3\
® ®




200717519

=== === = | === -
g | 2T ||
89| W | | W | |
J/ e _ _ 23 \_\
e | _ e [
|| $ng yojans Y ‘ | St ¢y _ yojans § Lok _
| P SIEY| ‘ A\m\ bor /J/ WS H “
_ T ¥ “ _ _ T VY |
—» | 1 ¢
| wy| ¥ | | owe "Il 8 [ws |
| | &= _ _ 8-
NW I|I_||| w ¢ // y IIa y _ / w II.“IIIOW
\r X — A}
“ BE|  FEHE " VHHE | 3% |
lllllllllllll _ ————————— -
LY
oy~
® ®




200717519

\
CLUUREE|
\

BZE+%

e ¥
2
¥
I
¥
gl v e T Gl Y e e
A PO ) M o+ ® u RALG @ 5% 3
& | & H % | &
_ﬁrmwﬁaw LURTIE Y ﬁm&f& #m%»a@%
VYT YT NOY VYT TR
* 4 a | 4 +\
7 | 300[0 [290[D | 4
A6'0="TAJA AT I=HAJA A6'0=TAJA
® ®

\

/=
ul 144



200717519

B+ %

ﬁ Vg g %
il . i
——— v Ty <= «* ¢ v AAHVAI |

& | — _ q 4 . &
k & 1 5 T 4 #m,@aa@% y ﬁmﬁ\a@ % fmwaa@w |

LR

YT YT WOd YUY ¥y
f $ -
! Yoo[o [eqO[D L
Sug = poriad Yo0[D [8qO[D :
AT I=HAdJA




200717519

CESE

(W) H W s Lo
oy s€ 0f sz 0T ST 0Tl S0 00
_ NEEET S EAL
ST S350
SYBTE , , , _REEEE TAL
6LT T T L8€0
REBTE , - LHAH B =-STVD
Ze8 T STO
SEB—%
" 1HIH & #-STVD
wTo 891 ZEr0

4 &5 >



200717519

-

B\ + %

(su) (o $uFE Py

08L 091 oOvl OCI 00I 08 09 Ob OC 0

LHAH B 2 4 [




	首頁
	聲明事項
	摘要
	代表圖說明
	說明
	專利範圍
	圖式

