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Abstract
A layout design concept which suppress the substrate 3. Substrate Current® Zo]% 9y
current generated during the switching transients of an S .
NMOS e 2] ~ €] channelo] pinch-off7} =} chan-
CMOS inverter is presented. The amount of hot carriers .
nel current& FA& ¢ A7} channel pinch-off
and the peak value of substrate current can be reduced by regionst = e Agabolel YAslol e = AR A

changing the device geometry ratio of driver and load dev-

ice of an CMOS inverter.

1. 4 &

Short channel MOSFET o4+ long channel MOS-
‘FET"'IH 3.2]8k4 ootk S} hot electron cffecto} 9} 3l
transconductance 2, 29l W s A9 relia-
bility £27F ob71sla gict [1,2]). Hot electron o s}
=9qd FHZFAA wge L
¥Hgozy Transconductance A} F=Aste] WaAs
dol}rf slog reliability check® 8 gate current® 4
sAR}. g gate current: W9 RHouz 2|
o7l mMEd & Vg a4 Yoht:  substrate
currentd &8t hot electron effect®  monitoring $e}
[3]. =49 #5244 impact ionizations] ¢ & 47 sub-
stratc currents JHHRY T2 @ 449 45 T
47 949 ez 234 9 A2 4AN G At
7R A el

o} 27t 219l hot carrier reliability -7
current?} w4 W4 g hot-carricr effect® F9 4 U
a8 Fzg P4 AFHol At [456,7].
EEAHE CMOS inverter?] geometry§ =% 8 of 'CMOS
inverter<f A1 2] substrate current® %o 9=

AR ) ot el

electrono] gate oxide

substrate

2
P

P

(n Az

~ 407 ~

Al E do] =Ad TgPZ2 el electron-hole paird
w2k, ol=w wAg electron-hole pair ¥ holed sub-
stratez 27| slEd old o4& substrate currentzt

=dQo4 substratex &=27 ®rh. asloR substrate
current: Aol E Fgto]l EEEY ¥ 3 =Y Y]
Aded & W 2Pdct. vd, gL asld
Aol o AUAE A& electrono] hole ¥t} ionization
coefficient7} 1000w} o4 =27} wWiE o PMOS»}A}«‘@ sub-
A9 @ s=A 9 [8. CMOS

g2 st NMOS Edx2EHY
Aolx Hgel FHPG v k3 =l Aol Aox
A9t Mo ¥& Wi transient Aujo]n g 9% switching
transient 4}l of 49t substrate current7} S-38 ).

7ol E

strate current7}

invertero®§ 4]  driver

Substrate currenty channcl current (7,)8} maximum
electric ficld (£, )& variablez 3t& 4og %9g 4 U
[3].

l,=2, ep-1oxt0%2 17 L. )

E, = (Vy=Vy ) G- X, -xp% L )
(V.mb—yl) : Le/f ) Esat

ey —— o)

V,-V,+L,, - E

sat
o{714), E_,%& velocity saturationo] sl dAAAelH,

LB YUY, Vv =98 WY, a2z Ve vl

Aol



CMOS Inverter?} Substrate Current& % o]+ Layout4 2}

4MF A g 4 Axo) Vg~V T substrate
current§ W27l source QYL Wb, geloz sub
strate current§ Zolr7] sglaA switching transient o) &}
Vi~Vyud @& Zolol 0. aday Aole Agel 0
volt o4 VppE 571 &, Z input rise transient 2] )
F3L (=g BA) wy ‘§°"""l°) s Aole
Agol Vo, oA 0 voltz Zage, = input fall transient
4 EdAgel %A Fslok ¢ep. NMOSSH PMOSY
gain factor ratio (Gr) & 2714719 dsize CMOS
inverter®] transition £4& 9L 4 9)q.

", 'W"lL"

Gy, =

B, 'WPILP

ol gel Gy & aAH Gp =190 79} switch-
ing transientalel ®=t AR} Z /%) o] substrate

current7} ZtA g 9 ol BYAvE S8},

3. Simulation# ZA3

Switching transientz] o] WA sl= substrate current§
4o &2 =49 AL (V% BF () Lotol ¢
Switching transient ¢ V,9 I,% SPICES level 2
model& 228t} simulation 89 on) suhsltrate current
model& 99 2 1), 2) 29 a 3)& A28 ¢Yct. SPICEz
transicnt analysis® 8lo] A& SPICE outputg substrate
current model program®] ¢} 3 0 3 3} o] substrate current -
A gdet.

Substrate current simulation NMOS®2 device
geometry ratio (W, /L, )% PMOSS channcl width:
234715 PMOS® channcl lengthg Z74207 Gp &

aAsE gl PMOSY device geomctry ratio (W,/L,)

9} NMOS9) channel lengthy 3% 2)7151 NMOS®] channcl

widthg Z7H47 Gy & =aARE i a8 2z

Al B ot ich. '
! CMOS inverters} T3t5l= Qs 9=z

53 Fo) 4tz s 4 el

a) Long input transition time and small output load capa-
citance

b) Long input transition time and large output load capa-
citance

c) Short input transition time and small output load capa-
citance

d) Short input transition time and large output load capa-

citance

- 408 -

o7l 4 a) 99 simulation Zztel) s gopiel.
23 1.9 simulation % CMOS inverter® ueludiglon
19 2.9) NMOS®| channel length7} 1pm o] 3 input tran-
sition time (f,;)o] 100ns, output load capacitancez} 0.1pF
df Gpel =& =dd AL (V,), =4 as (1),
233 A89 substrate currentd 2. Gpol g
u}2} substrate current?) 537} FolE B oy} sub-
strate current7} RS A% Fo)EA "t o] simu-
lationo) A]3= PMOS®] channcl lengthg Z 714171 Gp&
wsix 7. A28 lifetime (r)9 substrate current
A5 @AE Takedad] Fof oa o5z @2
4P402 vehuo] Arh[9)

T oc([” .mb)—' ..... )

A7 A 19 g2 32 - 33 Aol & Fech ad

34X Gyl u} & substrate current J ¥ 322 normalized

&3 4 (4)3 o284 substrate current JF A FA 3
AP A9 lifetime 2715 2.

a)?} b) & 79l %, input transition timeo] 7
49 (~ 100ns) NMOS® channel widthg T8 Gg&
2742049 4% AT PMOS2  channel lengthE
2712071 w9 @9l =4 Pold BAs|E substrate
currenty w) &2} gt total substrate current’} =7] wWE ol
a)% b) 2 Jest 29 270Y W PMOSE channel
lengthE 778l Gp& Z7HA71E Rl w3y s
¥, input transition time o] ®E ALl ()% d) 3¢
) PMOS?] channel lengthE ZAss 72 nohs NMOS
channel widthE &8 G, & 77 &% =49 Jog
substrate current® Zojeo} wch. oAl input transi-
tiono] /e 79 PMOS Ago] =74 =Y capacitive
couplings] )8l input rise transicote] & =3¢t ALY
overshoot7}  YolvtA  @rcl. ol 4ojAst el CMOS
inverter®l 9193 29 zdd W G & AL
P& uFol 2 AAZ sofol Bt '

4.2 ¢

CMOS inverter?] switching transicntz} o] wds=}:
substrate current® Az9 FaU 0 TIHELE AldstA
goidx Fol& AL layout /& =3l MOS
Wz 269 geometry ratio§ z3sto] CMOS inverters}
transfer characteristics® wlfto] %o 24 input riscs} fall
transicnt2] o] 7] = substrate currentE FY 4 ke
A& simulationd 4 fAsgQon] CMOS inverters
Adz Y =W wzdl MOS =314 geometry



tg

198741 MHE - WTTH BHAE RX%E 87/7

ratioB z=9stE el dedds =sglcl.  Simulation

v
Az ofAl 2 4 9l Fo] substrate currentE ZFol: M2 P
layout AYL 229 2 reliability AV T 55L& F
7ol PHOS
v
Vg ld
LA NMOS
G
1. P.E. Cottrell, R.R. Troutman, and T.H. Ning, "Hot I
Electron Emission in n-channel IGFET’s,” IEEE Trans. tir L !
s, T Niog, P31, Coo, T Do, 0 g, 3 1 St CMOS ety 723 431 Al
SE. Schuster, and HN. Yu, "lum MOSFET VLSI Ak Y (4 ¢ input transition time)
Technology : Part 5 Hot-Electron Design Constraiats,”
IEEE J. Solid-State Circuits, Vol.SC-14, pp.268-275,
Apr. 1979 ] .
3. 8. Tam, P.K. Ko, C. Hy, and R.S. Muller, "Correlation 5 Gutput-ci‘am voltages
Between Substrate and Gate Currents in MOSFET’s,” 4W\
IEEE Trans. Electron Devices, Vol.ED-29, No.ll, . «\"\'\\ \\ i Toput
Pp.1740-1744, Nov. 1982 it ‘E‘\%\‘/\\,)\‘\/ gate voltage
4. Fu-Chich Hsu and K.Y. Chiu, "Hot-Elcctron Substrate 2% ; \s
Current Generation During Switching Trasients,” IEEE L= ///

Trans. Electron Devices, Vol.ED-32, No.2, pp.394-399,
Feb, 1985
5. T. Sakurai, N. Nogami, U. Kakumu, and T. lizuka,

0 100

fns]

"Hot-carrier ~ Generation in  Submicrometer VLS ()
Environment,” TEEE J. Solid-State Circuits, Vol.SC-21,
No.l, pp.187-192, Feb. 1986

6. E. Takeda, H. Kume, T. Toyabe, and S. Asai, "Submi-
crometer MOSFET structure for Minimizing Hot- car-
rier Generation,” IEEE Trans. Electron Deviees,
Vol.ED-29, No.4, pp.611-618, Apr. 1982

7. P.J. Tsang, S. Ogura, W.W. Walker, J.F, Shepard, and
D.L. Critchlow, “Fabrication of High-Performance
LDDFET's with Oxide Sidewall-Spacer Technology,”
IEEE Trans. Electron Devices, Vol.ED-29, Nod,
PP.S90-596, Apr. 1982 (ns]

8. E. Takeda, Y. Nakagome, H. Kume, N. Suzuki and S.

Asai, "Comparison of Characteristics of n-Channel and ISUb/[U“:\/ ]
uAsum
p-Channel MOSFET’s for VLSU's,” IEEE Trans. Elec- l

0.5+
tron Devices, Vol.ED-30, No.6, pp.675-680, Jun. 1983 i
9. E. Takeda, N. Suzuki, and T. Hagiwara, "Device Per- O.A’f
. ]
formance Degradation due to Hot-Carricr Injection at 0.37 \\
Energies Below the $i-SiO, Encrgy Barrier,” in JEDM 0 Zl’ x\
Tech., Dig., pp.396-399, 1983 ! o :
0-1 ! v’ ‘ﬁ
H o Y
O :_.-__.' .
o 50 100
[ns]
(c} :

- 409 -



-CMOS Inverter® Substrate Current® ZFol¥E Layoutd #)

vl
6 -
. 5“ Qutput drain voltages
4z \GR= 1 231//
= Input H ‘,’ [ii
3§ gate voltage\{: /II
3 ¢ 415
2% F A N
1= i ) ~
0 T ,/,_,,’./r'/;"' 5”// \\\
GE f e
0 50 (100]
ns
(d)

’sub/i’l?&/um]
054 /*\
0.4 ;
0.2
9.2
0.1 ¢
0

0 50 100

(f) os]
28 2. Gyl @& 29 cAd Ags =gy BE

23 substrate currents] 58 {4y = 100ms, C,

= 0.1pF, NMOS#| channel length = 1um)

a) Input rise transient o wio &9 = W<tz
U™ soje At Y

b) Input rise transient o =0 = #2)

c) Input AR
current

d) Input fall transient ¢ o] 22 ol e}
P sole H<ksty

2
ZJ."_

rise transient 441§l substrate

€) Input fall transicnt 9 w9} =) A%
f) Input fall tramsicnt ¢ @W49% substrate
current

19 s /unit width

IE pp/unit width
1.0 e
.z Leffﬂum
0.9 =2um
=3um
0.8 -1
0.7 13
~ 4
—15
0.6 1:
-7
iy
0.5 _l?)
—15
0.4 ~$20
0.3 —150
~1100
0.2 -
1 1 | I
1 2 3 s 5 {6p)
ta)
lgubilnnit width
19,51 /unit width /0
1.0 =1
LI Le"=lum
0.9 * =2um
a =3um
0.8 nk
0.7 b\ 73
-4 4
-5
0.6 e
C : g
0.5~ \ %
g —15
0.4} \ ~{20
X
0.3 N
-3
~4100
0.2+
I | 1 |
1 2 3 4 5 (6)
{b)
23 3. NMOS® channel lengthst Gy i o8 substrate

- 410~

curtent J ¥ 22 normalized b (left vertical
axis)?} A 29 lifetime (right vertical axis). (:,1. =
100ns, C, = G.1pF)

a) Input rise transient 739

b) Input fall transient 79




