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ABSTRACT

A new improved method for extracting the effective channel length and the source-drain series
resistance is presented along with experimental results verifying its accuracy. The measurements
have been done on four LDD MOSFETs which are identical except for their channel lengths.
It is shown that effective channel length and source-drain series resistance of an LDD device

are dependent on the gate voltage. Also, we could obtain the reduced field effect moblhty, low
field channel mobility, and mobility degradation coefficient.
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II —4. Whitfield method (4)
AFIHAN e 33E A &
s=Vos SAY L g3} o] &

Aol diste] Ip
At

W 1 :
1051'=!1;Cnx*m [V(,T = E Vns] Vosi” == (27)
W 1 .
Insz'zﬂsCox—Lz—_zviﬁ [VGT“ —2 VDSJVDSZ (28)
Vosi' = Vs — IpsiRg  coeeerrmereeeremeneniicniiienns (29)
Wir? = Vi = bty o000 60080000a08aaa00aa0iotaacs (30)

F 227} 22 channel ¥ o] & 7}A & (W, = W,) sour-
cedrain AF A &3} 2 BAHL A2 % g,

Insi'/Insz’ = ((L2—2*LD) /(L —2*LD)) - ((Vps— IpsiRs)

A= IR U] eonsoomamorcaotiicssteson: (3D
ol
A71H R7HA A W4E L) o] e stel
Rocis = Vool Loer s o O S s (32)
RtV asr s/t Tnes e atan o RS e A8 (33)
IR iR s e R e Tt S a (34)
ORI — Ay e St R DR (35)
A @D WAt Festa
8Rps=(8L/(Li—2*LD)) (Rosi — Rg) weeeeeeee (36)

< 22 F I

w2l channel Zo]7} LiQl Deviced] =& A 3}gk
£ XZ0=2 33 channel 4oj7} L9l =& A3 33
9 A2 YZo0z 39 g aPE®)F o] 7]L7)

s ddoz RE 21D Rs ghe 4 & Atk
40000 -
Rm(15um)-Rm(1.2urd)
~30000
B
o ]
N—" N
Ezooooi
1 . delta(L)/Lm—2°LD
=) ]
L ]
" 10000
E Rm(3um)-Rm(1.2u
o4 )
0.00 500.00 1000.00 1500.00

Rm(Lm=1.2) (ohm)
Fig. 8 DELTA(Rm) vs. channel length in mask level
Lm=12pm for the measurement of 2*LD and Rs.

2000.00

11 -5. Peng et al. method (5)
Whitfield W93} w3742 2 channel Zojut gz
T oAzt tig I -VEAA 24(27), (28)& o] 434,

F &7l mobility7h tkiL 743 8W Vertical field
mobilityel ti3te) T3t e Ae A2 + Yok

Insilpsa(Li—L2)

& " CoxW(Vor—(1/2)Vis) e oo R b
A4 % Rus
_ %
Buisifovlocse psco];hvdv[vGZT—Lg/Z)vnsJ e
= &S QUEE
2 (B)e] &Y XS
K=uLoxW (Ver — (1/2)Vos]™
2 51, 4 B®)
Ryt K = (Lux = 221D) LR IR (39)

294 2 & Atk

mebA A @DNA F§ mobility e AL KE
F8to] Kot Ry Kol thste] 192 Tel® (29 (9)
718712 ¥ Rs g3 YAROZ 2¥ 241D %2 7
@ &

20
E Lm=15 um
15
Ve
E ] Rs
=2
N |
» 10
*E 2
0 B
5
]
1 Lm-2°LD
] (=Leff) 1.2 um
1
8.00' Vanlan UanUsalnal; ‘6'2[0' L SRR ML L ) L 'ol.zol T O‘bo
K
Fig. 9 Rm*K vs. for the measurement of 2*LD and
Rs.

I1-6. PCMOj|A 2*LD & U (6) o
Devices) 1 -V S44& Rs2 AT AAAE L
2| 5t

FRIRK 81



wbE] 7]1£A8 Vol 3, No. 1/1990

W, 1 5
Ins,=[lanx—Lc—"’ [VGS‘_‘ VT = E‘ Vns]Vns (40)

1t

ol t}.,
Channel A 3F(Ra)e
&E‘ Lclf

Ra= = - (41)
3 Los [lsCochﬂ [VGS"VT“(l/Z)VDs]

olm g
ZAAY R

R : S8 R PR R (42)
Ips"
ol .
A (41 A2)9 Ut
R, = A(LMK W z*LD) 4 Rg reeereeererenianians (43)
O AS I
o714
A = {pCoxWer(Ve: — Vr — (1/2)Vpst}e--re: (44)
Ley = Lwk — DF[D) ceceeeernrmrmnernieneeiiiaene, (45)

olx, A AT gate AYNA ZZ4e] AANA 22
Z+< 7128 LuxE mask—level channel Zo]E e
Jt}. oo narrow—width effectZ ¥ 3}7] 9184 ch-
annel Ho]2 2 go2 1A channel o7} ¢
xRS AR,

8E+004
YGT=0.3 V
6E+004
Tlrae
<
o) ]
" 4£+004 1
"
VGT=0.5 V
2E+004
ER:
000+ Trrrrrr7ryyrr T T T r I T YT T T TR
g 10.0 200 30.0

Lmask (um)

Fig. 10 Measured resistance, Rm vs. channel lengths
in mask level Lm with different high gate drive
bias for the measurement of 2*LLD and Rs from
the cross point

82 TR

T mo.Bility(us)Ql— threshold voltage(V1)< gate A
o} @ Leffe] grolE= o] M5 9% g9E F
23} 7] 918 #& drain Agts} &2 gate 7 ghel] A1
xR} 2 gate AtolA Reo} 2*LD7} 4% %
7} @A Radt Luk@kol el a9d nAse & A
ae 4 gt o Hol 4 (43)o] 4 Bxol T3l

2 3= 2*LD3} Rs grol k(2 (10)).

o
=

£
=

m. dize gy % =9

m—1. 7| = g 59| A

Conventional AA9t= @& LDD &Ad A £ gate
Agte] wat =9 mobile carriers®] 7t n~ ¥4
729 537 go| Fo] nFde) FAHEL 9 inver-
sion layer®] AEE7} 2AIH o2 v &3l Hol BHA
A2 522 sourcedt draine lateral spread 7}
ojub= T2 inversion layer2 32 AAH o
gatedgto] AA o we} A A e metallurgical channel
Bl YolA= A7]AHQ §& channeld AA HIL (2
d (1)) Sl Rs gko] ZAFHEZ gate Atel whe}
Radt Rs gko] SAlo WatA .

agoz ¢ Ao A&sdd 48 By AF Rs

< gate Aol EPY Yoz AA3HE 29 (12)9
2% LDD devicedl Al dAle] ZF g FHAdo| of
Ui gate Aol whal Rs gte] ¥tz <ls) 2*LDgko]
WA Hdez ZHE FAA sof XMoo= fitting
e e A7 HASA Eoh(C* 1A Wl A S H
$}7HA channele] Zol7t g AxSe FHUS &
ado ¥rl 48 Y5 MYE A ol 2¥S ¥
W ZAgto] AMAYE RolY a2 (I2)AHF 3tue &
Ao "zt agirdE FAHAS & F AF). wRIHA
2 6HA B ALY =2 gate ASGdA FRS
Al HH gated ol 93 £ & channeld] HolZ &
A2 AFF 2*LDY RsE 7& + QA "t o3t
BAEL ZB37] 93l low gate drive bias BHY
7} substrate bias HH?¥o] A A HAct T Y AZ9
A9 gate Aol FAotA (Ver=03~05) =2 A3
gto]l K@ doj7t7] W2d 3 HA dxge RAA
d Bolug maste HS 2¥ U39 o] HUAA
B 0lpnolde 92 ¥4 ¥k 1322 channel
o) Zo)o) wa} Axe] EAo] 91735 short channeld]
Ne Ags Aol & + Atk

I substate bias W2 gate A A3 FA
X718 A substate ol 93 channele] ZolE ¥ 3t
N7)W Rs W32 AAT & de22 metallurgical
channel dolg A9 2L LiE T8 & Jde BH




i A 7]=AX Vol 3, No. 1/1990

olth. o] A< substrate ASto] geometry AIE ¥
og A A8 Lad F37) o Heh.
gty B =RAE 99 g 03E AAL A

88 Le® 78 & e e At o

(2)

2

2!]

-
("]
oy

-
@
Adisssch s

-
~
.

1.0G (CCONCENTRATION (CH-3))

Vgs = 5V

1v

SOURCE

p DRAIN

— =1

(b)

.eB 8.50 1.89 1.58

DISTANCE C(MICRONS)

21
284

19]

LOG (CONCENTRRTION (CH-3))
W oe 3 o
el ad 42 s uad el

-
-
Al

lS-i

-1

LMasn Z|

Vis = 5V

: i o]

1Y

e )

2,00 8.50 1.0 1.50

DISTANCE C(HICRONS)

( Fig. 11 A schematic plot of doping concentration and
gate-induced mobile carrier concentration
along the channel in a divice with (a)
conventiona structure and (b) LDD structure

1.5
] Lm=1.2 um
] seveessese®
~~~ ] 5% Joset?®’
8 I.O 1 2 ...a.‘
SH
~— ] .
] ]
* -4
E 1
~os
0.0 4= 3 R A =
0.00 0.20 0.40 0.60
K

Fig. 12 Slide bending of data point in LDD device
by Rs modulation and Leff broadening effect
with gate bias (in METHODA4).

160
VGT=0.3 V
] VGT=04V
8150-
e
& g VGT=0.5 V
o ]
140
]
]
130 e
0.4 0.475 0.480 0.485 0.430

Lmask (um)

Fig. 13 Deviation of the cross point with different low

gate drive bias for the measurement of 2*LD

and Do
alia IS,

m-2 Mz2e 4y
AgFgelA I-VELY

1
Ins = B((Ves — Vi) — —2— Vos) Vos

AN R drain A% AT, Ves — Vo) D5—VosZ 2
AeHE Vst BAY 4 Qlone T 2ol &+

At

Ins’ = BVerVos'

FFER 83



HLEA| 7]14A KR Vol. 3, No. 1/1990

o] 7] 0| A

IlsCoxWeu
Lett

Ver = Vos' — Vo
Vns' = Vps— Il)SRS

o] t}.
Short channel &3}$} source, draind] &3+ 2 HA
¥ s
ﬂsCoxWenVGTVus

T o LOOR Celh BOTW DS e wie T o2 Lot el (46)
b Lt + 1£sCoxWer VTR s

2HAY, Ru(= 2 e
Ins
Lmk — 2*LD
RERe S DS QA e ()

llsCOXWeu Ver

7} Ak

LDD FZAMNE Rs gl gate Wt 3tolmz
4 (DS ded B gate A U YZEE 7}
A3 sl

Lk — 2*LD(Ves)

+ Rs(Ves) -+ (48)
llsCOXWeﬂVGT foh g

Ru(Ves) =

a8 YA gate drive (Ves — Vi) Aol N e
1
Rm = T (Lmk — 2*LD) + Rg :eoeeereeeeenenn: (49)

C = ﬂsCoxWenVGT

2 & F9t.

Source—drain Atol9] M)A} E Fol7] Y3l Vo
s=0.025V 2 %=1 channel® Zo]7} 1.2um, l4pum, 3.0
pum, 15¢m<Q LDD deviceZ #3549 Gm - max ¥WHO
2 Vus 489 4 deviced| 47T gate A4S 7t
7] 9@ gate dirve AU (Vor)Z BA3IY T &, sub-
strate A% 0 Volt2 $7 34 geometry g
238890 2 FA4E 77 channel Hol7} e &
Ao 9o e AJdz7AoZ Ry ¢ ZA39 Ry
3 Lo dete 2eiR8 a8 (1) 2o 22 ¥
A& AR 27AdA CiE SAH R 452 B 4 38
T YA E gate drive Ao A Rs9 2*LDE A 47t
522 Rudt Lukdl di@ 134240o] H& 13 (1404
& & A old X&F Y& HUE File 1 %S
L% R.ztx 3tH

84 KR

Lo(Ves) =2*LD(Ves) — p5CoxWerRsVgr <mevee )
2 LD (Ve RINaIIRS (51)
psCoxWerVor

Ro(Vis)=Rs(Ves) —

279) 4e A& % Uk

38000

-2000 e o T T RS,
0.0 20.60

Lmask (um)
Fig. 14 Measured resistance, Rm vs. channel lengths
in mask level Lm for the measurement Lo and
Ro in LDD NMOS with W=15 gm.

Gate Ao W3alo] wat L2 F3to gate AL
2 a8 (153 2ol 1Pr® As AL &
T Aok o] gE L least square fitting 3} YAHS
T3 4 (G0)A $23e 07} 53 2)LD e Ver
7} 0 wjo} golm 2 gate Mto| o3 modulationS
FA3lata] 2*LD(=0456886um )3 73 & Utk
< &AEd ta) e Wyes T 2*LDIY PCM
Ao 2*LD ZA e os)A & 2*LD(=0.316602
pm)Zke HSPICEZ simulation® de] B 2z 73
(18)# o] current levelo] Fajo] o]3 Wo] @ o
FE 4 F Utk ol FoA TR0 =& gate A
Rl A Leffr} HojRe 3 sp.

&4, A(GDYA Rse

2*LD(Vas)

Rs(Ves) = Ro(Ves) + ———
: e 2sCoxWei Vet

s (52)
°E & £ 9.

a2y AAZY 2*LD L gate MSto] wel W3}
© ol olyx, ¢ LDDAZE A7) uyoz
SAY 4, n" 999 $AA L 59} inversion layerd]
HEET} ¥SHA fo) 2*LD ol gate Wskel B
AY HEZ 4 (52)9A4 Rs &< 7317] 9aiA€ 2°LD
s A3 o2 nAHA A F)

agee A ()

&)

@



eo,‘

HEEA) 713K Vol 3, No. 1/1990

2*LD
RS(V,‘) = Rc Vh e (53
5 ( N) #anxWenV(‘.s )
2*LD
20T 1 e e
) C(Ves)
"k
SE-OOSj
: -~ ztm
4E-005 1
’E\JE-OOS-
125
.32E—005—
15-005%
T O
0.00 2.00 4.00 6.00
VGT (V)

Fig. 15 Lo vs. VGT for the measurement of 2*LD.

71 A2 e WHo2 73 2*IiD #3} gate At
R 0 Ro gk 7187] (= —5 )& WA gate
Actel 3 ABAZ Wages 7% + (2
(16)).

FH A (A 7171

1
WNEN = =
#sCoxWeiVor
Ll
C

olEZ, 3¢ (149 #o°] 7 gate Aol wat 7187
T 739 Cox & WerE US13tH gate Agte] W3l
W& mobility ¥3E F& & (2 A7) 1Y
(A7) X YA H & gatedrive Ato] 0V 9 u) 2] mobility
ojlm® YAUZog 2E low field channel mobility,
(Uo=583 ol /V.sec)Zt# Wi3}-&2 HE veritical field
o 93 mo-bility degradation coefficient(6=0.058399
VD& 7% & U

A

—~
£ 120
,C: o
o
~— i W=15 um
m -4 o0 'c
mﬁ : o0 o
(€3] ] %00
8) 100-_ Wo
A 2
< ] o,
e :
(7)) oon
(P le°
U) n'ﬂ
=] %
& 80
) o
€3] ]
— §
0] ]
m 4
v ]
69 T T 7T -

o
o
o
.
o
5]
o+
o
v}
o
o

Fig. 16 Experimental results of the series resistance
for LDD NMOS with L=1.2, 1.4, 3.0, 15(zm).
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Ver (V) ps(al /V.sec) Rs(2)

0.4 575 117

0.6 568 108

0.8 560 105

1.0 556 109

1.2 546 104

1.4 538 101

1.6 531 100

1.8 525 98

2.0 518 9

2.2 512 92

2.4 506 o1

2.6 501 89

2.8 495 87

3.0 490 86

3.2 484 a4
e 179 =
.

3.8 469 81
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