ZIHEd 10-2016-0028048

G (19) W3=53% (KR) (11) B/AME  10-2016-0028048
» (12) F/MNE3ZH(A) (43) %ﬂl%lx} 20161032119
(51) FAEHFEF(Int. Cl.) (71) &9l
HO3L 7/08 (2006.01) HOSK 7/08 (2006.01) Adistu AsEEG
(21) 2993 10-2014-0116263 QM FIA] YT Qs 100, <laTew (
(22) &99= 2014'309€02< £d%)
AP FAR 2014309902Y (72) |z}
LT
AT AMAEZA A SFe=87H A 16-3
AT
ASEWA 2T 92127 5, 335% 10033 (
BAE, AuEoRE)
(74) dg 1
A1
AA A4 4 F 6 T
(54) 2o W dolg] HIE F 38oxE MAG FA-Z Az W2 QR gHHHAx Yo e g
Zg-doly B¢ gz ¢ Uy
(57) & oF

dlole HE Q5

e

2 9 o] JiAEY. dlolE HE 5 §&

o= Zel-

(S A%)
o % & - %4

f data
PWM_IN

Recovered clock

dlole] % g

AHE JhASE Ha-E W ] o F guds S8 da gle F8-doly 4
AHE AN HAa-F Wz e i Eﬂ.ﬂ\jﬂ/\ SR
3 2o dojA, 94 =394 7HA] 7] (Phase-frequency detector; PFD), &% X (Charge
411 A0 45 a3 414 o
\J/ _____ [ [ [ FED
X I
‘| PrD veo

DOWN,

f vco=8*f data

Retimed data

—

Divider(/8)
[
420 k%
SR &7 OR gate
VDD(Logic hm. T
reset Q9
77

ck Q
D ’_.; GSRL

430

440

450



ZIHEd 10-2016-0028048

pump; CP), 3 ¥ (Loop filter; LF), % et Alo] #Z17](Voltage controlled oscillator; VCO)7} =24
o7 AAxoe] FAYE 94 114 FZ(Phase-locked loop; PLL); A7) 94 14 FZo] dAHE D ZHEF
(Flip Flop)o.2 A %= dutelti(Divider); 7] A Alo] 2x171¢] &2 S (Clock)S =¥ (Clock, clk)
92 gHeta, in @Al VDD(Logic high)E S17Fel™, #Al(reset) ©Aboll= - Wz (Pulse-width
modulation; PWM) ®lo]E]E <17}els A|ZE #HA2E(Shift Register; SR): 7] AZE #HA2E9 =¥ 39
S FHA7IE R AClE; & 7] R AlC]E Holl wixEo] e A= Ab8-d A(Set)? 2 Al(Reset) Ao E
FA = Alo]E SR @)X (Gated SR-Latch; GSRL)E ¥3+& 4= Qt}.
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3 (Phase-locked loop; PLL);
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dEstar, 47 AIZE HA2E9 in @AFelE VDD(Logic high)E <1718k, 2l (reset) ©AtollE Ha-%
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condition)7} ¥™ dlo]¥ &X(Data rate) Bt} 8u] w2 Fi4-5 718 4 9lof, 7] vl wE Fia5E e
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7] R ACIEE T34 A57F JIMEE FHate] whdE 2137 S(Set) watell s o], 7] S(Set) TR},
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% 42 Fx34A, doly BE 9§ 38 9232F(Data Bit Error Rate Tolerance)Z F7MA7] dy A~ Eelo] &
2 gl "oly &Y (Reference-Less Clock and Data Recovery) 3|2Z yEld 4= 3l

olelgk, MIPT M-PHY &8-& 1% vlolf HIE 2 ‘fﬂﬁﬁﬂ AR A-F iz g o) HHds Y
o] W gl FY-doly HY 32t 7|9 dutdel 94 114 F3(Phase-locked loop; PLL)(410) %9l
El(Shift Register; SR)(430), OR Al°]E(440), Al°]E SR # X

A lEtolt (Divider)(/8)(420), A|XE &A=
of

(Gated SR-Latch; GSRL)(460), 22|31l 3} ol X] 7+#]7](Falling Edge Detector; FED)(460)& F7}sle] A4

A F3 (Phase-locked loop; PLL)(410)+= ¢4 3l 7FA]7](Phase-frequency detector; PFD)(411),
F7 HZ(Charge pump; CP)(412), F=Z ZE(Loop filter; LF)(413), zglax A Aol 7] (Voltage
lled oscillator; VC0)(414)E ¥3sk 4= 9l

A, $94 1A F3X(Phase-locked loop; PLL)(410) “*+Zol TSPC(True Single Phase Clock) D Flip Flop2o =
T E &S tubelti(Divider)(/8)(420) 3|2& F718 4 St

L

A=

ag]a, F5 JeE(Lock condition)”} F™ Ht Alo] &x7](Voltage controlled oscillator; VC0)(414)9] &
2 F(Clock) dlol¥ %% (Data rate)Xt} 8ul we Fy55 712 4 2 olefgh, gul W& FiapE 7zt
= A Aol w7 (Voltage controlled oscillator; VCO)(414)2] &9 %Q(Clock)i A ZE % 2~E (Shift

Register; SR)(430)¢] &2 (Clock)oZ 4HE 4 o}, wEeh, AIZE HA~E(Shift Register; SR)(430)<
in @A (port)dl= VDD(Logic high)E <I7Felar, A ©Ah(reset port)oll= H~-% WMZE(Pulse-width
modulation; PWM) dlelEl(Data)E <17ls] & 4 9

a3, AXZE A 2E(Shift Register; SR)(430)olA &3 TIEL (R AOJE(440)8 EI}AZ 4 Ut}
olwf, Q1F-E Q92 &8 I3 F Q5FH Q2 &Y I R AlEE EHANIIESE & =% 9.

ol %, OR Ao|E(440) Fo] 2 7Ao|E SR )7 (Gated SR-Latch: GSRL)(450)°] 912 Al&2 ARg= A(Set)}
2 A (Reset) A1EE wWE 2= 9]

T3k, Alo]E SR @A (Gated SR-Latch; GSRL)(450)] AFEE Z¥(Clock, clk) Az 3 oA A7)
(Falling Edge Detector; FED)(460)5 o]&3}o], &= H2~-Z HZ(Pulse-width modulation; PWM) ©lo]¥
(Data)2] 317 oA (falling edge) & AHES 2&7F 2 4 o).

o]

oAl wEhd | OR Ao E(440)2 E33 AlF= Alo]E SR @)X (Gated SR-Latch; GSRL)(450)2] R(Reset) YA}
(port)ell, ‘ﬂxd/\]Zl Sl E (inverted) A1&E S(Set) @A (port)ell, clk ©AF(port)dlE= 31 oA 7A7]
(Falling Edge Detector; FED)(460)2] &% Al% (falling edge)E 718l & 4= At}

wheba], S(Set), R(Reset), % clk(falling edge) AlZo] 9lsjr HA~-Z WM Z(Pulse-width modulation; PWM)
A= dlolef(Data) 7} HYRetimed)E = AT},

L 58 & wdo o A ng AZE HALHE YEds ot

AIZE YA 2~E](Shift Register; SR)v %= 59 Zo] A48 & dth. f8¥=e H2A-F WHE(Pulse-width
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modulation; PWM) ©]e]E] BH]E(Data bit)9 FHol wet Z9-(low)dl T3+ o7t t2A4 2 4 3o, (5
0: 201/3, 1: 1U1/3)

ol#dk, Z5-(low) T7+e] Zfolo &Jsfr A|ZE EﬂX]/\Ei(Shift Register; SR)9] in YAk(port) 2 Y3 =3
3Fo](Logic high) HlolEl(Data)’} HNE A ZE(shift) E F A& IS JHHE= F2-2% HZ(Pulse-width
mmmammPW)wdatMﬂMmbn)og%1ﬂHH}%ﬂ§%:MQ.

T 62wyl A Aadel w2 AIZE #Hx|aHY AlEelAE YelE Tt

= 6’% ;:]1—}—6‘}’]:5_, /\]%E‘“O]/\\j _T‘l}’{%]oﬂ/ﬂ _5_ 2= 9\)]\7‘:_\_0] lﬂ]o]]ﬂ H]E(Data blt)7]' 194 73 Oﬂ‘\__‘_ X]T:H Q27]]'X] 194
7b vEbge | Q3REE 09 #e e

’-ﬂ

Xé_H;__
o - Hlo]E (Data) BIE(bit)7F 091 Aol QIFE QI7FA] HE 19] #& Zeth, ol#st & o] &3],
A JdHHE HA-Z WX (Pulse-width modulation; PWM) ©le]Ef(Data)7} 0¢1%] 1¢1#] $-MAHow #gsk 4=

£ 7e ¥ owwel @ Aol e 4 oA 4A718) B5 tholoj1gst By theloj1ge Yehie ww

ol#@A Wetd ulolg(Data) AWE EUHE 2 (Clock)ol @A EAA Ak dh=d, wef 9= ol nE
(Data bit)7} 091 AS-ol=, 8u] wE Fu5E X Ak Alo] @x7](Voltage controlled oscillator;
VC0)o] &9 &= (Clock)d AE(jitter) T Y= tlo]E(Data)e] XEUJitter) 93 Q3 F& WU7HA 23
aﬂuwmh@m;my}1:E@mﬁ)%4:%%%ﬁﬂ4@ @%%5%4%¥HQMHDJ@H%%M%§
Aok, oA 2eld, AIZE PR 2E(Shift Register; SR)OIA Q5F-E Q99 &3 &S (R ACEE F31A
2 4 k. o]F, OR 7lo|E Hell o= AE EH A (Gated SR-Latch; GSRLM g Az ALgd Al
(Set)/2] A (Reset) AZTE TE 5 T}

TS, AlY]E SR X (Gated SR-Latch; GSRL)o ARg= &Y (Clock, clk) AMEE 37 <X 7X]7](Falling
Edge Detector; FED)E o]€3lo], dHE = HA-ZF WZE(Pulse-width modulation; PWM) ©lo]¥l(Data)e] 374
oA (falling edge) & HET Aot 2 5 Qi)

T 82 & o] o AAde] mE AOlE SR A2 EF voloj1dly s vHERlE EWoltt

T 8ol EAIE ule} e, AolE SR HAFE o] g3te] FE-toly HY I2E FAY & Ut}

=, R AlPJEE £33 A3E AlolE SR @] (Gated SR-Latch)®] R(Reset) W&F(port)ell, WHAAIZl <Iw|E

(inverted) A1&& S(Set) @AH(port)ell, clk YA (port)oll= 3} oA A 7](Falling Edge Detector; FED)
1

= r

o] &9 2% (falling edge)E 1713l & 4 Urt.

A=, S(Set), R(Reset), % clk(falling edge) A&l 2|dfr H-2% WMZ(Pulse-width modulation; PWM) <
g dlo]E(Data)7} HA(Retimed)d 5= U

S 9t Bowge] o AAee] mE Fe-vold 29 PHe el Azt

¥ 98 FESW, £ 3 A % g4 49 dolE ME 0F HE0AE ANG B2 Wz P 9y
Avsie 2ol W gl FU-velE B ARE olgstl, dolH ME oF HELHE AMT BA-E
e S RE ﬂﬂuﬁjé Zejo] Wa gl FY-deoly 2o Pue 49T & v

A (910) ol A, 94 F3k5 73#] 7] (Phase-frequency detector; PFD), %% 3 (Charge pump; CP), 33X T
(Loop filter; LF), 2 A<t Alo] & 7](Voltage controlled oscillator; VCO)7F x2 o2 dAZAE o] 94
d T3 (Phase-locked loop; PLL)E &A T 4= lt}.

SA(920) 014, A7l A4 1A F3Zo] TSPC(True Single Phase Clock) D ZHZF(Flip Flop) o2 TAHE 8
3 tnto]lti(Divider) 7} 42449 4 vt}
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GA(930)01 A, A7l A Ao L7 FFH ZE(Clock) S AIZE # A2~ (Shift Register; SR)¢] &g
(Clock, clk)o® gy, A7) AZE HA2~EY in @Ao]E= VDD(Logic high)7} ¢17FE ™, @] Al(reset)
GApo| = HA-2Z W ZE(Pulse-width modulation; PWM) ©®lo]El7} <17bE 4= 9l

GA(940) el A, 7] AZE #A~H &8 38S R ACEE 444 5 Aot

SA(950) A, 7] OR AlO|EE F33ek 4157t 7] AlolE SR #A1] R(Reset) TAtell &= a1, 7] OR 7
O|EE FH3H ’LiP JAHEE Sete] dbdE AE7F S(Set) ©@hAtbel]l dHE™, S8 (CLOCK, clk) ©@Afoll+=
3}7F ol X 7+A)7](Falling Edge Detector; FED)¢] %2 Al&(falling edge)”} ¢17}2 % Sltt.

of e}, AlE SR WA S(Set) ©AF, R(Reset) ©AF, L F2(CLOCK, clk) Az oy AA-F WHz

o]
9 delezt B9 & 9

T 102 2 iyl o HAAdel wE 4% tolge ol theloj i YERE ot}

T 11 B I o AAdd mE FE-dolE HY 329 T CR 329 golW oo 1S Hlwd)
= =deltt

T 10 2@ X 110 Z=A9 ublel 2o, sk <X (falling edge)7} H2-Z W Z(Pulse-width modulation; PWM)

A= dolEH(Data)E HURetimed)d=dl o], 719 H2-F WHZ(Pulse-width modulation; PWM) 2
(scheme) S AMg3l= FE-dlolg 5 3 Z(Clock and Data Recovery, CDR)7} 7FAli= 0.16U1 ®HEe] A|H
Jitter) o Bk 2w dA & 0.3601 B=9 =, § 59U of(Decoding margin)7} A4 = it
adeg, AHJitter) ARl & HAE = Jd= &2 dolE HIE QF(bit error rate)E =Y & A
Ht}. (Improved Data Bit Error Rate Tolerance)

b1

12 & el A Ao w2 Hd8 dHolE g S8 S

mLL

g9 golw tlolojaAS JERE Zwo|t),

13

rlo

w ool o Axdel we B9 deolds BAE 229 ofol(Bye) thelola@e vrhys ww

Ir
¢

£

T 12 3 % 130 =AE upel Zo], o]itellA Awe B owe] wEw, y]Ee] Ha-F W (Pulse-width
modulation; PWM) 2] (scheme)& AM&3tE Z-vlo]E E<¢ 3]Z(Clock and Data Recovery, CDR)7} 7FHA|&=
GAHE JfAEe] K EJitter) ARl &) 2T 4= Q= &2 dlolE(Output Data) HIE 2 F(Bit Error
Rate)E =¢ 4 At. =, &9 dolg HE 7 3L 2% (Improved Data Bit Error Rate Tolerance)E

w3, Aoty 32 hE-E A H(static) CMOS 3= Felz A9 4 Jdok. Wb, rail to rail swingS 3
7] witol e of-(Noise margin)7} £om, A5 AlZH(rising time)¥} 34 Al{F(falling time)o] H]=3}rh
= Aol gk, aya, AF Xﬁ%‘iﬂ]ﬂ' AtkeE o] 2tk (No static power consumption) ©]9} o], Al
S7F full swingstal Z5 AlZH(rising time)Z} dH7 AlF(falling time)©] B]ZEFF device noise ES
Far7lE a9 .

aga, B dyo] 23 71538 )9 ¥ (adaptive bandwidth) 914 123 3 (Phase-locked loop; PLL) AAE
g8 Afeole, By W2 Heo(wide-range) HWolH & E(Data rate)E AMET F v A=RS AAT +
AT},

olFel A ArE FA = st=dle] FAHLA, AZE Y P8, F/EE =YY FHLA E AXEYY

THake £FoR PR & Atk oAF Hol, WAEAA 4P FX 9 ;L@Lf, “ag sol, xz

MA, HAEZH, ALU(arithmetic logic unit), ©AY A& X =ZMA(digital signal processor), wlo]aZH

FE, FPA(field programmable array), PLU(programmable logic unit), Wvlo]AEZIZAMA, L= HH
(instruction)S A&t §HET F & U2 Aust Fx e o], 3t oo HE HFH Ev 55 54
AFHE ol&3te] FdE 5 k. AP FAE & AAS) E 7] G AA oA FAEHE St o)
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(

o AZEQQ] AFAAIME £AT F Ak =, Aol AL 2TEdolsl APl SHel, g
U2, A 22 A % GEY S8 A, s B Aol ALl PAL S e Aow
ME AtE QAW A9 Asielld Edd A4e A0 A Ad AAF B e A as

o

(processing element) B/HEE B4 §3o HE 845 XY F A5S ¢
= 55 MY Z2AA EE Slue] Za2AA P sl AEEHE
(parallel processor)®} 2, & A& +A(processing configuration)®™ 7}Fs3}tt.

7
ek, olg Eol, Ae A
otk mER, WY ZeAA

AXE = AFEH ZZ I (computer program), F=(code), W™ (instruction), =& °olE T 3 o]49
23E 2T F o, d3te dE2 FFEES AY AAE AU m8FHeE ke AFPHo=

(collectively) A2 FAE WET = Aoy, AZEGS /EE dojHe, A X st =AY
A FAo] HH = dHolEE AFdr] Hste], A" F39 714, T8 (component), EH A A, THF
| (virtual equipment), FFE A vzl = FH|, BE AEH+e AS J(signal wave)o] FFHo=Z,
T dAHoZ T3 embody)E F AT, AZEdol= UEYAR d4E HFE Alaw Aol BEAbE oA,
FobE o R AAEAY AgE £ 9y, A EdY H dHolHE i ol HFH #E e UE

”

Alofol] w2 e et AFE FES St FdE e 2
7 a7 HAFH #5 b A Z2 a9

TdEo g e ZFste] 23 £ Utk A7) wiA J|SHE 209

SIZE o] Fiztol Al %X]Qoi A 7Hs

St= tid, 29 EV\EL 2 Z7] Eo]ze}l %

= A (optical media), ZFE]EA vl (floptical disk)g]r 2o A7)-F Uﬂiﬂ
(magneto-optical media), ¥ &(ROM), S(RAM), ZUA w=g T3 719‘ zEa%9 WHE AFstal st

3 $x7F 3. Z2 O WEe] o= Aapdele] o3| Rt = 4,

Aol IEWRE olle} JEZYH F& AMESIA FASFEC osiA AddE & AdeE A" Ao Z=E

E3reitt. A7 st=do] AAw AAldY & FaAst] fal St o] AZE e RERA AFIE

o

9y Pz TAse AHY W
o wd, dely 7x %

2L
A
;‘:‘é
:
—~
=]
)
0Q
=)
[¢]
=
o
=]
@
o
)
2

::‘

% 749 5 Qov, 1 gn gl

V% 2ol AAAEO] NS TR ANt £2 A AR, AT NS RAAN 249 A48 7
A A 7)o AZRE Gk 54 2 wdel bsett. o Bof, 49H /1EEe] 45d W o

2 AR FREAY, B/EE AYE Asg, TE, AA, 2§ PAiEel A¥E Wl e g

2 A% mE 2EEAG, e Pk £ 2ER sl qAEAY ABHdeE 448 At 94w

+

aYEg, BE FAE, GE AAdE ¥ SHYTHAG #5F ASE Fee SHYTHA W &9

5]
L=
101 102 103 104
PWM Data il e ~ ~
PFD cp I
(Phase Frequency Detector) (Charge Pump) {Loop Filter) (Voltage Controlled Oscillator)
DOWN
Recovered Clock
»clk Q » Retimed Data
D
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ZIHEd 10-2016-0028048

X

EEH2
NRZ Data 0 1 0
PWM Data
0.16UI &> > 0.16U1

Recovered Clock

]

Retimed Data 0

EH3

1 Ul

Data bit : 0 m

2/3 Ul

Data bit : 1 m

1/3U1
=4
a1 A0 4 413 414
f data ) / / [ ’/
pwMIN ||\ w ]
—_ al
PFD veo

DOWN,

Recovered clock f vco=8* data

Divider(/8)
k_‘ L (5
420 ck @
SR @ OR gate
VDD(Logic hL‘ﬂ. I
reset Q9
430 440
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k1

clk

U

¢ =)

e =)

PFD, CP, LF, VCOE

=AMz A0

Ay 1F FEPHS Y

ClHOIHE &2

Y Mo 2719 59 S ALE YRAHRY SHOR

SfC, 2/ Ml Bt = EA-Z

#HZE(PWM) HIOJEE 217}

A|IZE 2X|2He| =8

I¥= OR AO|EE &1t

OR AC|EE Fifet M7t A0l
CIHEE A &

o
=8 HAo= ot oAl ZX7]

SR 2fx|2l R EHAHO| HHE
27h S EAY §H5

FED)C £ MBS
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Transmitted data>< 0 >< 1 >< 0 ><
PWM_IN 1 | 1 I—l—'—l

0.16U1 > 016Ul

Recovered clock | | | I | I |
(a) conventional
R(Reset) | |

036U —s — 0.36U1

falling edge I T I

(b) the proposed idea
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