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ABSTRACT

It has been known that 1/f noise of MOSFET is generated by the superposition of single random
telelgraph signals (RTS). In this study, jitters caused by 1/f noise of MOSFET are analysed with RTS supplied
to all of the nodes of the CMOS ring oscillator under investigation. Through the analysis of the variations of
jitters and jitter ratios with varying values of the amplitude of RTS, it is found that the jitters and the jitter
ratios are proportional to the amplitude of RTS. And the analysis of FFT of the outputs of the ring oscillator
reveals that the jitters are closely related to the phase noise of the high order harmonics of the ring oscillator
outputs,

719=

1/f noise, Random Telegraph Signal(RTS), Jitter, &%3l7]

.M B Ha AFE9E 90 nm ©J3te] o]21 ot &2}

7} &8 wet A= Yol 2249 Fg

AR EA gy B ATe A, o)A 1 N G AGHA Hol 2 FL FEE A B
T DRSS AA"e AA gzl 2 o Y 1/ Fd AP fAe] gelxm QTH1]

B3 Yk ICY & AATE B Az 48 1/f 32 MOSFETo| A 2t Ad= 22 159

o] A0 on A AE5E MOSFETe He22 IFHE7 £& A=dHdA AF 4%

o Al F¥e] 7t 33 Atk I A2 A, 1/f

+CHE St MAYHMASE MHAZE M YA 2 2004, 9. 1




FRAYHELFNG Y= A ABH A8E

ohd2a oM LI7Hz 9% F
713 gAY Z2AA Jitters] €<lo] 5

=EL 1/f #250] 97k8 ¥ 37
sto] &) 2Fo| Jittere] 2
TS ¥4 oo

tlo dlo
e
lo

>

N oo Bl odo oy
°
230
o omo g
N
fir o e

i

o

ol rf

Il. MOSFETQ] 1)f &5

MOSFETY] 4tsletst sl Ao} AAle Axte]
Ao S VA M $83 REOT). 4g
gt A AAl duR] £9 Y= MOSFET9
TEAYH A du 2z FEAE o]4F
Q1 el A HeojuA gt doe) JAI2 71E9]
wheto)] whel Abstet-ule A AA YA F99 &
£ 108~1010 cm-2eV-12] H o] vre e 43}
I o] A HA= IS HAF e JA T,
gl Yo 2R3t Ay FHE &2 179
e 1/f 7] Yol Hxu 9t

MOSFETY 1/f F&-& 4h3lgts ste A9 A
ANA 77 Al QA& A3 Rl EA = A
39} oA 99 MOSFET zd slelole] Adt
I FEeo g3 dAste Aoz A 2]
et U X E£99 Aelole Adta Bl o
A G Afd Aelo] A Wk Ade
Axxo) W E doy)n, AHFHoE 2x 1f
o #&-9 1/f &S] HAIA o). o] g s
o] £z W o3 422 TR FLe AYL
T 2HGEYA AT FYAA Foge dh
# et B3t elr] o 1/f FLold WAL AA
HA.

Skocpol T2 ¥AF =701 pmx1.0 pm)el
MOSFETo| A Al°lE HLGE Ao 43t
EX A7 A 299 AF ¥ 92 =¥
AR HE S FEE & UAAG3]. 21T FFY
HEL A7t 9944 Random Telegraph
Signal(RTS)& B CH3]. o] A& & 7h9 A9}
3k 9] Abgiet o] e A Rl o3
dAste Ad AR dstein, A FGA
RTS7} €t}

Kirton $& MOSFETY] 1/f Z&& 74y 23}
okt & AA oA E9e) s} B sh= RTS
9 FAd g3 TAFY= AL HIG [4]
MOSFETS] RTS&= AHs}eh-Riz ] AA vz &
A o3 Ad Aelo]e] E¥(capture)d WE
(emission)e] Q402 o]FoJAL. slEjojel T F
Az e A Ao Ao BAAE 4

1714

Aate Al gl dgstn, 29 194 2 A
F7F #AHE A7E7HA(capture time, )22 U}
Bhun, siejeid] W& A dgee Ad Aol
ZAe] F7HAE A3t At Aol d&
I e AFIE FAHE A7 (emission time,
)22 vepdth sfEjole EE Az (o)
WE AL AF(e)e AF F FEE VM AL
2 A2

2 gFoAe B 23719 7 g 107 4
©] RTS A/ AZ4E 4HAA 1/f &5l A
iter® ZAlETh WA AFPS EEE MR
random numberE A AJ3te SPICE?] piecewise
linear(PWL) A F ] A7t 842 QY3 Ht &
RTSE A#d+ FXE AT 84F 7H3 SPICE
9] piecewise linear(PWL) Af o2 54938 3
Th. RTSS) AE& 2 pAd|A 10 pAe) H9lol e
$E& AL Hg 82 F2 10 nsec o]}

151
~ 10§
< |
3
<05 ] : ‘
[= 1
2 i
5 Q0 !
&) 1‘
n-05 i
v !
o

-10

15 — :

0 D 10 1D a0

Ol

a2 1. RTS A5 E 228 Piecewise Linear (PWL)
AlS

—

Fig. 1 A Piecewise Linear

’.

3}°I

odel of the RTS signal

Mm. g 2X7{(Ring Oscillator)

F 22V g2 AL FA A& A 7]
B a2 AL Jdd. 29 5 2, 9
23 zgely, 281 Fug 47 FolA #
A2 7]= VCO(Voltage Controlled Oscillator)®.
AHEE T o 53 Fo4v) FolAE U9 o
A" A2l 8 12719 5 dig 2o 94
g Jitter & 73t Uk B A TlA F
29| o] 9lojo] oA AT Jitter= AE}A]
A 9 Aol whe} FFo] gt} wehA F E
71e 4T JitterE 7} Aol WHF ot}



MOSFET®] 1/f noisedll 23 CMOS Ring Oscillator?] Jitter ¥4

Jitter®} A AJNL A AV Joh 1 ThE
o B z,;]x] M FEHE FSol /M +AS
5] 22y A %‘3?‘]«] g olYdx EFE
I 1/f FEo] Jittere] WA 7A@t dFSL
Wy Fgog EU|E 3o FF Fa A
d3-& v X)X 9k power spectral density(PSD)7} 2}
obx =LA FE ¥x Rz Jok. a2 AF g
B9 e 1/f FL& G350l vis) PSD7 =23
& 21719 long-term Jittere] g3-g w]Ich

19 2¢ simulationd] AI&E RTS AFo] ¥
g2 dZd CMOS & wa7loltt. A4 MOSFET
o] RTSE 24937 A3 & ==vitt 10719
RTS7} WEE dZdFe] itk 3 ¢ 7]e A&
o] g $J38] TSMC 0.18 pm A&7} AME HQ I,
g7 717 FHeE 275 GHz(F
7):T=36.337 ns)o)}.

It
Random Telegraph Signal

353 '5%?@97

|I}—('
.1|+_

g 2 10742 ™ RTS M&F
LEof o & & "E‘EWI
Fig. 2 Ring Oscillator with 10 parallel RTS current
noise sources at each of 7 nodes.

S0l 7749

V. AlZ2fo|d Zot ! EE

Jitter= AYEA 3.9 HolA|Zko] AlAH 9 7]
Z Wol AT OF o w4Vt 14 gAY A
FN2HA Jitters 2w ddE E4L 9
g set-up timeS F7MANA A2HY £55 7A
A7l 9de] 8ok AZEH MY Jittere F
4 @ oA Phase Noiseo| t3dth £ dA7A
£ RIS o]l th& gl 93 Jitters] TA-S
23t Adefol 2], RTSe| olsj gt L3 Jitter
g ZAH T

Jitteroll = g 9] Wi we} T 71A] 9 Jitter, &
Cycle Jitter®} Cycle to Cycle Jitter7} Ut}H5).
Cycle Jittere &3 F39 B F71E 7IFeg
Zt 3719 B3} 3ol i gk root mean square(RMS)
gtolu, Cycle to Cycle Jittere Q1 & 7] 3t
2ol groll ti§k RMS gholt}. Cycle Jitter= A A2+
HH9 JitterE T H3led AMgEm Cycle to

Cycle Jittere #-& A1 W99 Jitter& EH3=
o A&-€th

Cycle Jitter= Th-3 o] A4 Aot g2zl7)
o] 28 A7t FolA Fo] o2 WIHEA n W
A 0E Aurbe Aol mold 1 &9 F7]

Tn& thgs ol 39 "o
Tﬂ:tn+l_tn (1)
ol@® F79 e Tatn & o), 479 #

AT, =T,- Te P
714, 2y ol g 7|
d Jittero] AN FHe PFFLE 0 ;e
7HABE Jitterd] ZAVIE BIIEIlde H#HA
R3itt. Jittero] A71E Bo HE3A H o3y 9
M AT,2] RMS o] AL&-59 Cycle Jitterg}
I Zg@t. Cycle Jitter, A T.& TS 4oz A
9 @k

AT, = lun 1/7V'z=] )

7] A N& A4tell AHgE F719) £4 o4,

ol9}= g Cycle to Cycle Jitter, A T & 9
Hq F7] Atol9] ztolo] tig RMS grolm the 2
o2 Fojz.

7, T,3% T4 #o] &
Q1 7N Jittere] oW &

R 2
= Nh—I»noo \/an—;l( Tn+ 1 Tn) (3)

1% 3& RTSS| RZFo] 0olA 10 pAZ W
o} Jitter®} Jitter Ratio®] W3}E B FEr} Cycle
to Cycle Jitter7} Cycle Jittere] ]3] & gho] A%t
32 Aozt vl #E B 5 Ao EF Jittere] 27]
9} Jitter Ratiox= RTSE] A Z o) vl s|A Z718-&
£ & o). Jitter Ratiox Jittere] T F7]d
oA A7) o9 bF 4oz FojArh

AT AT
Jitter Ratio = —;(o__r—“—) @
: T

¥ 12 Cycle Jitter$} Cycle to Cycle Jitter2] 6}

1715



FRAFPELFNGE=EA A8Y AL

oleld] EItHE A& 7T A¥AHY JIevIE
A Aojot. Cycle Jitter®] 7 ¢ Jittero] Mgt
& B9 puAD oF 1.36x10-13sece] Z7}8 Holn
Jitter Ratioe uAS ¢ 3.72x10-4sec/secd] F7HE
Bt} Cycle to Cycle Jittere] A$o% HA15
@4e U

metx RIS AR9Y AE Frte 3ld == A
3o MEE /M7 AFAHOg Jittere] F7)
€ 37} A1Zt olW RTS F7td] @& F 349
H3te 024%2 ofF wv|tAE Jitterd] Wte
Hoj 2404) o4 FUMetATh & RTS 2AE F7td
net BF Frle LA F719 W F&
ARHog By Fr}

1.6
o Cycle Jitter
1.4 g
1.2 r = Cycle to 8
'g 1.0 F Cycle Jitter
B 0.8 r ]
506 "
0.4 +
0.2 r 8
0.0 L —
0 2 4 6 8 10 12
Amplitude of RTS (uA)
(a) Jitter vs. RTS ZI&
0.40 rq Cycle Jitter n
0.35 °
< 0.30 (w®Cycleto Cycle
< Jitter
o 0.25 .
& 0.20 ¢
& 015 | .
5 o010 | "
0.05
0.00

0 2 4 6 8 10 12
Amplitude of RTS (uA)

{b)itter Ratio vs. RTS X%

33 3 RTS E Bisto] utE & w79 (a)

Jitter2t (b)MJitter Ratio &3}

Fig. 3 Variation of (a) Jitters and (b) Jitter Ratios as a
function of amplitude of RTS

1716

X 1 RTS & wislol mhE Jitter2t Jitter Ratio
J4=(ag 3)e 7|&7|
Table. 1 The slopes of Jitter and Jitter Ratio
curves(Fig. 3)

Cycle Jitter Cycle to Cycle Jitter

Jitter(s/L4 Jitter | Jitter(s/p Jitter
A) Ratio(1/(A) A) Ratio(1/{£A)
7147 | 1.36x10™ | 372x10™ | 1.39x108 | 3.83x10™*

A A9 Jitters Fo4 FGoA YA
7S (phase noise)o] tj&3tth RTS HEZ wi3}o)
o Jitter®] F7HE Fu¢ FHoA 437 A
8] 2% A5 Fast Fourier Transform (FFT)&
A8 34T 1Y 4= RIS AEo) ©pE L 4
Mo 1z YAFEE RAEh RTS A Fo)
7 el w2} 4 2Tk AL o) FUMEE
B Foh 29 4 (@9 R WA 1xse RTS A
Zo] Wgld we} TS st A9 Uk
upetx] RTS2) AFo] A WA nzute] A4S
o 3A 4TS ¥R Fs& ¢ 5 A

1.6

1.4 RTS=0

12 --+X--- RTS Amp.=6 uA
1.0 ] —e—RTS Amp.=10u

FFT of Output Voltage

Frequency {GHz)
(@) 1Xt Z=2H1st Harmonic)

0.5
[ ——RTS Ap.=0
0.4
<%+ RTS Amp.=6 UA
0.3

—e— RTS Amp.=10 uA

FFT of Output Voltage

8.0 8.2 8.4 8.6
Frequency (GHz)

(b) 2&} TZ=TH2nd Harmonic)



MOSFET9 1/f noised]l &% CMOS Ring Oscillator®] Jitter ¥4

0.25 ——RTS=0
@
g 0.20
=7 ---X---RTS Amp.=6 uA
>
5015 —e—RTS Amp.=10
5
@)
)
m
w

13.7 13.9 141
Frequency (GHz)

{c) 3%t D=3T}3rg Harmonic)

0.07 r

RTS=0
[ ---%-- RTS=6 uA
| —#—RTS=10 uA

0.06
0.05
0.04 |
0.03 |
0.02 t

FFT of Outpui Voltage

0.01 r

19.3
Frequency (GHz)

18.9 18.1

(d) 4% DZ=3H4th Harmonic)
a8 4. RTS & Bstol] e AUR7|e &3
HARE Wt
Fig. 4 The variation of the phase noise of the output
of the ring oscillator as a function of the amplitude of
RTS

a2y F AAREH o WA oZx9d 4 RTSY
Ao mat &4 AE FFTY o9 Z(Bandwidth)
o] Z7VekAYG 12T peak F7t el P&
Ae BFY = Ak 94FLY Ve A5y
FFT9] tjZof Higsteg thgEe] Full Width
of Half Maximum(FWHM)& 9 544 vlal 3}
St

% 5914 RTS Fo] Z7ighe] wa} o=
9] FWHMo| nz37} fe=7] A7A $71ge
E 4 Atk A Jittere 3 WA 129 E A
3 5 Wix o]y 1zue] Phase Noised] Z7}s}
1ZS Fuge o o3 AYE ¢ F Uk

1
oo 1st harmonic

N o a
$ 90 ® 2nd harmonic o
g 8o A 3rd harmonic A
] O 4th harmonic A
o 70 A o
> o °
‘g 60
3 s0 o e ® o
S 40
T [ ©
w30 a [ ]
o
= 20
% 10
0 . . L . )
0 2 4 [ 8 10

Amplitude of RTS (uA)

3% 5 RTS TF #Halof we 2Wxoje £
FFTS| FWHM
Fig. 5 The variation of the FWHM in FFT of the
output of the ring oscillator as a function of the
amplitude of RTS with each harmoinc as a parameter

V.2 B

RTSd) 93 29y © 1/f F3-& CMOS &
A7)9 7} =T TFEY JitterS A B o) M
A0 RIS IEZ 0914 10 pA HHd A= Cycle
Jitter= 1.36x10-13 s/uA, Cycle to Cycle Jitter=
1.39x10-13 s/pA9] HI&2 M¥Hoz =713l
th 2832 Cycle Jitter Ratiow 13.72x10-4 pA-1,
Cycle to Cycle Jitter Ratio= 3.83x10-4 pyA-12] Y]
€2 43322 FUEAT. F RTS we] #4T
FedY AL, CMOS A7 Jitters RTSY
AZo vl gt 23439 FFT £4& RTS 2
Zo] F7hgol wet 23 ool nx3 ANFE
°] F7AY &% Fuart EYFE BAFE
o BEHoz YUY Jitters T ui o3
1.%59}2] Phase Noised) 71} nxul Fu49]
Ed 719& el

(St

[1] H. Wong, "Low-frequency noise study in
electronic devices: review and update”,
Microelectronic Reliability, 43, p585, 2003.

[2] M. ]J. Kirton, M. J. Uren, S. Collins, M.
Schulz, A. Karmann, and XK. Scheffer,
"Individual defects at the Si:SiO2 interface",

1717



P FHEFNGS = A A8A AR

Semicond. Sci. Technol. 4, p1116, 1989.

[3] K. S. Ralls, W. J. Skocpol, L. D. Jackel, R.
E. Howard, L. A. Fetter, R. W. Epworth
and D. M. Tennant, "Discrete Resistance
Switching  in  Submicrometer  Silicon
Inversion Layers: Individual Interface Traps
and Low-Frequency (1/f) Noise", Phys. Rev.
Lett, 52, p228, Jan. 1984.

{4] M. J. Uren, D. J. Day, and M. ]. Kirton,
“1/f and random telegraph noise in silicon
metal-oxide-semiconductor field effect
transistors", Appl. Phys. Lett. 47 1195 1985.

[5] F. Herezel and Behzad Razavi, "A Study of
Oscillator Jitter Due to Supply and
Substrate Noise", IEEE Trans. Circuits and
Systems, 46, No 1, p56, Jan. 1999.

1718

S PNEAY |

HtM|Z(Se Hoon Park)

1980 AEdEdL HAFE AL
1982 AR a HAAFE HA}
©1983~1986 Auj Az} wkE A A}
45

1992 v = ot xu FHUE F
areba

1993~1995 %= A B4 7Y v=A d74
1995~dA sty AAFZRIAETE Rus
AR : SoC AA, ohd21 JHI=Z A4




