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Abstract

High performance SiosGeoz heterostructure metal-oxide-semiconductor field effect transistors
(MOSFETs) were fabricated using well-controlled delta—doping of boron and SipsGeo2/Si heterostructure
epitaxal layers grown by reduced pressure chemical vapor deposition. In this paper, we report 1/f noise
characteristics of the SiGe pMOSFETs measured under various bias conditions of the gate and drain
voltages changing in linear operation regions. From the noise spectral density, we found that the gate
and drain voltage dependence of the noise represented same features, as usually scaled with L
However, 1/f noise was found to be much lower in the device with boron delta-doped layer, by a
factor of 107'~107? in comparison with the device fabricated without delta-doped layer. 1/f noise
property of delta-doped device looks important because the device may replace bipolar transistors most
commonly embedded in high-frequency oscillator circuits.

Key Words : 1/f noise, SiGe, MOSFET, Delta-doping

.M = 593 A7 A% AP Heel We 53
_ 54, 484, 2FARe, AFALE, W AT
A HEA A FlEe AU A% BH 00 e deamon g Bae de 9o

jq' E—]%O{ _T]__Z]:}Z;‘ﬂ, ﬂél:%z}. Xﬁﬁ\_ﬂ]?ﬂi’_ﬂ,—% 9‘]?} _5_]_0:1 _/r: GHZEHU]-ﬂQ _‘ﬂ_zr_;\‘i]_ 1_11'\_.‘1:—_)\] _E,_o}:g]

el FEAsl d ARF FFE IR A ppoy gag 0w AZR + de 970 3

o 2 FAME SiGe EAE 2FR AT B g =g wma slge A0 OMOS 2% %

Tol AlETAL ATA REH BAH AAF ao1ge o9 sub-micron ATE ALk $4] e

gEsa Al | 3 AE Zolg e 4% AReR WHHI
SiGe ©=AT 71& AR dH2(S) & Sith. mebd fri 200 GHzlZ 2EH T 93, of

A FAe simes da Aoid $FE T g oga RFICY Awel BUHTh B strained

I MEtistm gEoiey| TEE ol EFE MOS aA4E A4T Z2AAM

!

%
(M HEA| HEP GRS} 664-14) 1851 o

A7 SiGe 2 K}E olgl gt Z4] oM SiGer AT 7)%0] sub-
T microno] 12 WZl7pAM EAEE subthreshold
L EF IEed ¥EsAEE B

. Corresponding Author : khshim@chonbuk.ac.kr . - - =
ol At 200 & 9 2 ABET SiGed olgdte] MOSY 4% € &
1xF ALA} @ 2005. 10. 18 ofd, 4wt =EAAEE nFs AATA § Fol

g

oA WN
0%
e
i
=2

=

AlAL2ER : 2005, 11. 8 AA37F 7ttt AlEel A¥sle} 7o) 3



J. of KIEEME(in Korean), Vol. 19, No. 1, January 2006.

7180 718 & AR ZdH 23]

CMOS oA 4tslatst A& AtololA Eukz}
9ol FEF EHRoz AT flicker F& AlojEg}
Ad Agez 7 IFgol At flicker 7
woll gk 2o UF =AY oAy} A uk
McWhorter2} Carrier Number Fluctuation(CNF)
Z9[4], Hooged Carrier Mobility Fluctuation
(CMF) =4[5], Hung® Correlated carrier and
mobility fluctuation ZE[6] 5oz ddEsdan ¢
o diA 2 Fogeo) whnjdste] 1/f FEolgdnn
stedl Si axd A BY) SiGe &AM R )
A8 U/ ZSEA 2EHD Y7 AFaLE
RFa A ALgEHE A2 AT
A A2 ZEaH, 2xte] AFgAHde
AAE o Fag guE Ao,

=& SiGe p-MOSFETY 1/f #& &
°L°}E%f‘:} e dGelA ulelo] 2~ z20)

N rlo

c

o rff ox B ox
20 o8 ol it o fl’E

2 Aoz Alo]ES] Ael7t 035 ume 2 A
28 p-MOSFET S AH&stlth. o] 43 +x¢
2ol Pdo AL8EH Si/SiosGeoy/Si quantum-
well 29 o A= RPCVD (Reduced
Pressure Chemical Vapor Deposition)7} AF8% 91
. n-type A2 7]#HHl 100 A9 Si At

Gate
Oxide{7nm)

Source Si—cap(7nm) Drain
JsiGe channel + G—dopxng l
{20nm)

3i seed(10nm)

Si substrate

a3 1. SiGe p-MOSFETS] W=,
Fig. 1. Schematic cross—section view of SiGe
p~MOSFET.

200 A9 SigsGeoz MEZ, 70 A9 Si capEE A
A2 AAsATr AlolE Atstehe 800 C, HYO:
7oA didrse o 70 AFARZ AE3A
3, RPCVDE ©]%€3%}9 phosphorus “=3H(>
2x10° ecm™) A°lE Z & 550 ColAH 533
A

I3 12 EAd AlgdE 2xe] dwxolr} Al
UD(Un-Doped)= =3 glo] A A=)
, AZ DD(Delta-Doped)= Borono] 1x107"2 c¢cm™®
FEE b-dopingH St DC 5Al& HP4155A
ZH sEvle 24718 olgste] FAHs)
& &3 AMN&¥l& SR50 ARS FE79
Agilent E4440A 4= ER EN7]7F ALEEHAD
PCe] VEEZZ 133 GPIBol <d) Alolsdnl
Ao dejA FF9 Power Spectral Density
(PSD; A¥Hz)¥ 10 Hz~1 MHz i e Fu}o
A 50 A" kel HeEx|ejth

ol 2 oo koM

I

3. 231

2 AFoA ZAHN FEEAALE BN 93
o DC EA o2 Vg-Ip9 TransconductanceE &
Astpom 1 Ades ¥ 29 Ao F EFRHe
272 A B Vst Vot $71 &2 = A
FUp)E F7tetes A3HU 548 ok #8941
QH(Threshold Voltage, Vi)2 -11 VE ZY&A
El%ixlﬂ AZ DDAAANA =#H<d AF7 o
El-c‘:lt‘ﬂ- 4 9t} = EdAAY
27 mS/mm ¢ FE& BIon,
ZZAA 38 mS/mmE 40 %

[IM]

»a
Kl
4

mio

—

AlE A (Ve-Vul=01~09 V)= =<l =
 (Vp=-100~-400 mV)< H3}A7|HA Noise
Spectral Density7} 24 w®Wgslex =454
. 32 Drain Current Spectral Density(S;
AVHz)E ZAHsgen, st AL 98 oo
7} Zo] Input Noise Power Spectral Density(Svg,
Vi/Hz) 22 A8ssn. draA g3 ez

transconductance®t =#¢l AFZ v}

D

% 3< no doping® p-MOSFET(UD) A
W/L=30 1m/0.35 um, Al°]E Finger 27/01¢1 A =}9)



0.0 o 60
ubD
014 - V,=-100~-400 mV - 50
e step=50 mV
— 440 o~
g, £
- =
E - 30 (7)
€ e i £
> - P 12 of
© ot o
06 fw e nu oo 1
e Ao mmmmn ';5'
. ﬁ = “@5&5@5&5%‘2&@“ = D
Y T T T
-25 2 0 -15 -1.0 -05
Gate voltage(V)
(a)
00 . 60
DD
a2 V_=-100~-400 MV | g
step=50 mV
-0.4 4
—_ {0~
< £
-0.6 H
£ o€
[T 2
o £
= - 20 ™%
8 1.0 4 075
124 1
4]

Gate voltage(V)
(b)

¥ 2. SipsGeor p~MOSFETS =gl A Fo
EdAazidd® 2~ B4 (a) UD, (b) DD

Fig. 2. Drain current and transconductance of
SiosGepz p~-MOSFET. (a) UD, (b) DD

o

=A% 2=

AJE wiojolio) wiE Fe E4
oty A A & F ko] BE ZSH AT A
Fabgrel whn A sk=(1/f) Z3E Jebdr), aglu
Lorentzian A¥E o] glonz o]&H3I o7}
Azt Ao A 2] Generation-recombination(GR)
o wE FrhE FHee glv ez ey,
%, &zt AFA Y SigsGeox/Si ol 9 AdFx A
olE Alsidie] GREAE S LA deep level
Holzl ¢l conventional CMOSS =59 quality
dEe & & Qv

o9 29 UD &A49 4% |[Ve-Vul7t 01 Vel
A 09 VE F/AESsE Fasrt 10 Hzell A9
Noise Spectral Density7} 2.33x107% V¥Hzol A
247x<107° V¥Hzz 100M) HE Z7psAch 6
—dopingd DD A ztoll 4% Noise Spectral Density

A7 AR 83 =2 2, A998 13, 200613 1Y€

1E-8
UD VvV -400mV —s— |V Y, =01V
w %1 —o— 03V
X —a— 05V
< 1E-10 —e” o7V
=
> 1E-114
=
]
2 112
@
O g3
i
g 1E144
@
& 1154
_3 1E-16
<]
< 1g47 T SN S e
10 100 1000 10000 100000
Frequency [Hz]
(a)
1E-8
o] DD V 400mV —s— v .V [=0.1V
—o— 03V
1E-10 —a— 05V
A —v— 07V

—e— 09V

Noise Spectral Density [ V/Hz ]

0 W00 100 10000 100000
Frequency [Hz ]
(b)

ag 3. AlolE dHlolojio} WE (a) UD, (b) DD
% 2F9] noise spectral density.

Fig. 3. Gate bias dependence of noise spectral
density of (a) UD and (b) DD devices.

7t 144x<1078 V¥/Hz A 8.38x10°% VYHz=R 7)o

=
Z7(Ve-Vul=01 V, Vp= -400 mV)ellH F &4
2 W& %S 9 B82AH:E 233x107° VYHz,
DD 2:7H= 1.44x10° V¥/HzZ 6-doping® 4 A7t
Fe 54 9 ¢S & 7

AlelE A Sto] subthresholdol Al weak inver-
sion & AA sirong inversion® Z H3}EHH A
McWhorter 2] CNFo|A4 Hooge®] CMF$¢ com-
ponent 7} 718t Aew AGHACH11] 2 2
9 Ve-InFAAA & F dXFol Agddolq A
o]E Helo] 27184 E =g A8Er MygHo

2 Frrety, Ado 225 dARF7H e g
I AEe Adel e & Efd o8 Feol F
71at Aoz dgrgv



J. of KIEEME(in Korean), Vol. 19, No. 1, January 2006.

1E-8
UD |V -V _[=0.5V —v-100mV

1E-9 VeVal —a—-200mV
—o0—-300 mV

—=—-400 mV

Noise Spectral Density [ V/Hz ]

T T e — |
10 100 1000 10000 100000

Frequency [Hz]
(a)
1E-9
DD |[V_-V_|=0.5V —v—-100mV
1E-10 4 MeVnl ﬁ—-zoomv
§ —o—-300 mV
1E-11 4 5 —=— 400 mV

Noise Spectral Density [ V*/Hz ]

— —r ey Ty
10 100 1000 10000
Frequency [Hz ]

(b)

3 4. =< uloloj o wE (a) B08, (b)
B10 2429 noise spectral density.

Fig. 4. Gate bias dependence of noise spectral
density of (a) BO8 and (b) B10 devices.

1202 Strong Inversion ZZA FEo =
gl wpojolzdl we wWaE goprr] o
Ve-Vul& 05 VE AT =¢d AYS -100
mVell A -400 mVE wW3alA7EA ZAes =A35
gtk 2% 49 UD &xelA =& #Asgto] -100
mVelA -400 mVE Z7F 48 10 HzolA 9
Noise Spectral Density® 5.19x107% V%/Hzol A
1.49x10™° V¥Hzz 308 A% Z7tet= AL 89
8 % glth DD AXelA %S 220x10 2 VZ/Hzoll A
228x10"% V¥/Hz2 #&o) Z718tdt. @, DD 4
e UD Aol wsf 23w A= Add Fe 5
4 Bg

=g Q7}E uloloj Ayt F7t F5E AHA
o 93 JkEHE kA w2 duAE LA

t 7% impact ionization®] €)% hot-carrier?

1E-15
UD —=—W XFN=30X2
1E-16 4 ﬁ —o— B0X2
—a— 100X 10
—v— 200X 10

A

m

3
.

"X

Noise Spectral Density [A’IHz 1

1E-19 4
16-20
1E-21 4
1E-22 . r — —
10 100 1000 10000 100000
Frequency[Hz]
(a)

1E-16

DD —=-W XFN=30X2

—o— B0X2

1E17 4 —s— 100X 10

—v— 200x10 }

|

m
>
)

1E194 1

1E-20 4

1E-21 %

Noise Spectral Density [ A¥Hz ]

m
N
N

e T
100 1000 10000 100000
Frequency[Hz]

(b)

15

ad 5. AeolE WA wWad wg (a) UD, (b)
DD Axte] F&E54.

Fig. 5. Gate dimension dependence of noise
spectral density of (a) UD and (b) DD
devices.

F7tE &s-Ed ARIE FUSHEA Azhle
Aol A9 trap-detrap ¥o] 8RS EFF Aol
A3tEo] Fgo] Zrlste Aox APHUY x
3 del=gol| 93} strong inversion FZo|A
Vi &350l #FAA doixle HE& Hooge B2 9
Astd ol 3o o] #E AL 9w git) o
A CMFe Zad wz2x I/ &2 WiEs
Konigdll 93l = Bug v} 10l Si/SiGee
TRAN F2 A7 SiGe A dFow o)Fd
o Si capFoE ¥ HHEA CMFo] #4sd I
A1 deg=39 AZDOD)IA o8 ansl b
& A3Ho] CMF w2 g9 wAo] A3y
= ez olsdrh

a9 58 AolE WA g #& 4L g}



R7] 4ste] Al F3 fingersrt thE AAbel
el 43 Aolrh Ao wHo| IUEFE
Adel] 28 AR7E Frhste] Alndel A%
Fo2 JWZ ol 107hAA wlol~ #do] 1}

oz ulw BA 39} 2 finger 0.35%30 mn’, 2
finger 0.35x60 m’, 10 finger 0.35x100 m®, 181
10 finger 0.35x200 m*2) Az oAl Ao]E WA o]

%7]. tﬂ—}‘i }Lo A=y Z7}-b’] oL _/;: 3}1:]-

Fel Ao} AR Aol zEE AF F7

o o gl Fr1e Ao wddnh AoE
[e]

WA 02 normalizedld, DD AZ2 4AT PS
& Rol=d UDAMZ | A =significantd 715
wolA Hr} Mg ew Multi-finger 739 &
Aol A AlolE Fo] & AS HEEY @A DD &
Ae det=g gle] AZE UD &zl B3t
1/2~1/3 %9 AF433S 2. ugha] 2E
=32 Agsid Aol Fo] 2L 1;];(]5-1 A=
EEola, AFE Pol 273 multi-fingerd A
FE7] 2AdME HE fEEE & & Ath
ge A& F#3 3le RF 414 CMOS
EAz2 &g JdolHE Xxbeo] MEA
MD E4o] f-83] Bt

Fo2AM SisGen/Si9 ©lEHE FEE AHE
s} pMOSFET® AFdd& Hgo s 7
Bl SiGe pMOSE A7eltrl delzd & A
L2382 grolr 71&¢] Conventional MOS =)ol
vE 3 1f #FEEAS Bojed, deE3 S
g e dee] MBS & & UM
S7aed Fldste EYAA AYos detrge]
ol fukzle] olF-& AT AdAdor AT
sty CMF component® &<t}

T Aele FHAAF, AE-=#H4, A
~bulk Akelel <l7tE &= AL EE 1°ﬂ 2
hot carrier®] Al W& AEHQ gL o)t
71 98 A3z e3dAY. 2glal SiGe/Si 2o
A deegel X9 Fxo wgiel 22 479
Tzo wE JdF¥L 1/ FEE Hiasd 4279
HAN Bew Ao,

1N

e L)
E—LJEFLIO
— O]

4. 2 =

B =& AME SisGeoz p-MOSFET 249w}
01 z74, 224 Z7), dgege e 1/f F&
A& 48T [Vo-VulE 01 VoA 09 V7t

st A &A% A #oo) HEl=gol ge

el
L

_l[ﬂ

)

A7) AR A 2E 3 =24, A19E A1Z, 200613 1€

2ol A 1008, HElZE @ AxpedlA] 608 A=
Z7Hekith. =d uolo~E 100 mVelA
400 mV7AHA B©EAIA FA4 T Aol dELE
Fol gy 2zboA 30ul, DetEg B Az}l A
238 Az ZFol S71EE AU F YU &
zZke] Zole] wE g B4 W AR AolE¢]
H A o] %ﬂ‘ﬂ’é—’?i Noise Spectral Density® 7}
At YE wlojoja 27ldA dEeg ©
2o} ¢F ¥ AAE HasE G dEelz g
g Aol A AsHA A4 Ze EAE Bt
22 a2-myde 32E ARV FUFsiEA
Ad g At Adel M trap chargeol 23 EF
sbgho] Zrbsle] FEel F7hE I, Q17 Hhe
27} /184 FE =gy w2 AR A FE
o] 718 Aoz AL HTH

H

o

2

dAte) 2

2 d3e deEATY ANARFR LAY
(KRF-2004-003-D0189)° ¢lah 3= A5t

Z-A=2vlE oFTX CMOSY Az, A7)
ARA 7SI =FA, 169, 9Z, p. 756, 2003.

[2] A. D. Lambert, B. Alderman, R. J. P. Lander,
E. H. C. Parker, and T. E. Whall, "Low
frequency measurements of P-channel Sij—x
Gex MOSFETYS"”, IEEE Electron Device, Vol.
46, No. 7, p. 1484, 1999.

[3] &¢&E, HF, “*a!ali*ﬂle v YR A Y
71¢5 %, ITFIND F371€%%, 1157%,
2004.

[4] McWhorter, A. L., "Semiconductor surface
physics”, University of Pennsylvania Press,
Philadelpia, USA, p. 27, 1957.

5] Hooge, F. N, Kleinpenning, T. G. M., and
Vandamme, L. K. J., “Experimental studies
in 1/f noise”, Rep. Prog. Phys., Vol. 44, No.
5, p. 497, 1981.

6] Hung, K. K, Ko, P. K., Hu, C,, and Cheng,



J. of KIEEME(in Korean), Vol. 19, No. 1, January 2006.

[7]

(8]

Y. C., "A unified model for the flicker -noise
in metal-oxide-semiconductor field effect
transistor”, IEEE Trans. Electron Devices,
Vol. 37, No. 3, p. 654, 1990.

Serguei Okhonin, Marcel A. Py, and Bogdan

Geogescu, "DC and low-frequency noise
characteristics of SiGe P-channel FET's
designe for 0.13-pm technology”, IEEE

Electron Device, Vol. 46, No. 7, p. 1514,
1999.

Y.-J. Song, S.-H. Kim, S.-H. Lee, H.-C.
Bae, J.-Y. Kang, K-H. Shim, ]J-H Kim,
and J.-1. Song, "DC and FR characteristics
of RPCVD grown moulation doped SiosGeoz
pPMOSFETSs"”, Solid-State Electronics, Vol.
48, p. 315, 2003.

u&s, HA%, J87, o189, "“PMOSFET
ol A hot carrier lifetime& hole injection®ll
ol #u) & ol® nano-scale CMOSFET o A]
] NMOSFETl ¥ls| Zgt® PMOSFET €

(10]

(11]

[12]

s} #2, AAFEE=FA), 4149, 73, p. 592,
2004.

M. Myronov, S. Durov, O. A. Mironov, E.
H. C. Parker, T. E. Whall, T. Hackbarth, G.
Hock, H. ] and U. Konig,
"Low-frequency noise supression and dc

Herzog,
characteristics enhancement in sub-um
metamorphic p-MOSFETs with
Sip3Geo7 channel grown by MBE”, Applied
Surface Science, Vol. 224, No. 2 p. 265,
2004.

P. W. Chien, S. L. Wu, S. J. Chang, S.
Koh, and Y. Shiraki,
SiGe heterostructure FET grown on silicon-

strained

"High-performance
on-insulator”, Materials Science in Semi.
Proc., Vol. 8, p. 367, 2005.

Jomaah, J. and Balestra, F., "Low-frequency
noise in advanced CMOS/SOI devices”, IEE
Proc. Circuits and Devices Syst., Vol. 151,
No. 2, p. 111, 2004.



