6.11.3 The lnternational Technology Roadmaps for Semiconduztors (ITRS)

Although the transistor scaling theories presented in the last two sections do
present the framework for device miniaturizatisn, in recent years, much more detailed
roadmaps, called the International Technology Roadmap for Semiconductors (ITRS)
[6.23]. have been compiled by a technology groups whose members are drawn from a
number of international semiconductor companies and organizations. The ITRS presents
the way forward, seen in any particular year, and highlights the expected achievements as
well as possible hurdles.

Each year’s roadmap is a detailed document, typically extending 15 years into the
future. An example of sone of the entries from the 2005 ITRS roadmap for high-
performance !ogic technology are given in Table 6.3 [6.24]. It can be seen from ihe
roaqug that the physica! gate length _is expected to continue scaling down.quiic
significantly. On the other hand, as expected, supply voltage scales down only slightiy.
Gate oxide thickness wili scale down initially. finally saturating at about 5 vm. below
whici further scaling is goiig to be difficult. This implies that although lateral Jjeids wili _
continue to. increasen~vertivs! fields (which dziermine oxide reliability) will saturate at
about [4 MVY/cm. Of course, it should be emphasized that as the vears progress, different
technologies will be used, for example, Table.6.3 includes transitions_from.bulk. CMOS.
to FD_SOI.CMOS _to_dual-gate | (DG). CMOS, and also from SiQ,_to_high-k_dielectrics
around 2008. The roadmap predicts an approximately 17 %_yearly improvement in
intrinsic switching speed every year (not that the “intrinsic.device speed is.much higher
than the actual speed_of,_say,.a.mictoprocessor chip made using.this technology. The
ITRS has similar predictions for other technologies, such as low siand-by power
technology, ivw operating power technology, DRAM iechinology and NV memory

technology.
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_Year of Production

“Table 6.3

MPU Physical Gate Length (v 221215 zggs Z?é 1 2(11114 'l 2017 | 2({207
‘[_Eq_lvalent Oxide Thickness (A) 12 9 e 5] ? | ; ]]
| Supply Voltage (V) [ 1 | 09 | 07 07 |

| Threshold Voltage (mV) 195 | 169 | 170 | 190 | 200 | 208
[ OFF[cakaoe Current (uA/mYy 0.06 0.17 0.22 0.11 0.11 0.11
| On Drive Current (uA/um) 1020 | 1570 | 2015 | 2290 | 2533 | 2981 |
| Towal Gate Capacitance (aF/pm) 081 | 0.80 0.69 0.56 049 | 036

Intrinsic Gate Delay (ps) (.87 0.54 0.34 0.21 0.13 0.08

Intrinsic Switching Speed (GHz) 1149 1852 2941 4762 7692 12500

Scanned by CamScanner



' o]
Obsewations fwm Table 6.3 2/2 /2020
. Phjjml\jaﬁ )wj‘n . gbgd(jn, (320m tn 2005 o

Qom0 20|;L)
/57-nm |() 2005 +O 220(!) 10 2008

55) = %40m
Cj Shmnkj fad’oa’ % Zanx( [ 4

2008 1o 16om in 2011

o < (11375) = 2200

2. 2lom 10 |
—

Shm}fj J(ﬂohb’ Vs

o shrinf(in 124 in 2005‘)(’9
, Opcde ks (b2 pa abo shinfy. |

o | - 005 0
’ 4o (v) we also SW(H\/ 0
So \foj |
3, Ffj% " o) -
l 700
"khn 0, ua,w)m (]J#ﬂﬁ”z e)
k. %05\6 SW J A
5\2&d 201%)
1697 Ger Yo

| Sstor are
M%a | ﬁ Mmos toan
S CJG Some aﬂ . :
%th?wme somz. P 1\5;9 3 S %{
aling  fheo
/hb 1S prlmmd\bj &J j |

5@1@ fadzr

Scanned by CamScanner



—H “Tmsfs‘by- Sca.l.f\rﬁ” | _OI"\
= h.ehoed the device dea%m ‘éo Ls‘_b_fiqff_u%h Lfes |
-Sca,ﬁsj ‘H‘\Lﬂ la'd down - broad ﬂufde_,l,?m_s o& how +he
YOG O Ut foycwnni't’)% ° o  scaled tronssto—  should chfje_, |
(Q/ whﬁ-_l- +h COD_SL%M;';% u;wu_l,d IDC..
- To lew sl Aeday ((genenal scaling theony)

.Scobl\:’gﬁ ol Mos pranfeloe & gqstemade veduekon o ovescot B

o e D)
dVmenston's 0!5 Hoe  devfees (o»j allowed by —f:f- A [(ab‘;: dl: ?j; ‘
wh?)e P“‘S")‘”'ofj +he jcomdmoc DS \—fo/und o the aﬁ ] J

AJ art ~ fxtnt o& s(ci"\nj e ac}\'i‘:’*uc s debererm
| ’ gj% : bj —Hl“l\nbofcu{ﬂ 'qu}\no% Xﬂ
: v b 0
= @T‘@mféée //)‘aﬂl \1’525 -:“fn‘ /E(;J-\_Uu,s.‘é(/-_
([honnd. hﬁhﬂ- L—) ~
- ?ach&ﬁa dw’z_*j Tses
SS) /mg | /L~5I /VLSI /ULSI / GS | / TSI :
/ ) mm o omic g PIE vk
ch.c, (ﬂo&, J‘ﬂ:’"}m U“b&.(-uf’d ()_m{w}b Sf“‘"’
901"5 damox ~ _dlbr‘iﬂﬂ PRty Frimeny

Mo fundbonly
~ Qobet 9890 [vogeed ped” ch')
_ B;ijf [folloe e v.low)
B o qu"abf’b"j} I some sysfins

ad

Scanned by CamScanner



. Taondslos scaﬂjfw Y 02

. Todwky (Setionducs fpbifatioo ke g
fot i )

- .25 4o

| -@P—@ ’0% SCQL%; )
. (onstanT Elechic anoLd ifal&oﬁ (Fld Sa ﬁ)

i Gstont vottage st

Scanned by CamScanner



— POIOSSOr)'j QCLM on d(’?)(,%? blonj 'H’Lﬂ WOO% }”OF 03
bG)QZW%ﬂ Cha.ﬂ:ﬂe de?H)QS aﬁd 6[2(;1[6‘)06 50@[&5
dictete *bg_/t on CF 5Cajf,j }é‘,;h: ;h”ijc
h must be  fnoeased by a p2 012)
(ii’ﬂd;’ QS‘\'O mal ntoin the chjgga»b:”dd cond s .

ding 4
’l’ \/O| ¢ SC .
Mﬁ d,"mms?mS (L) W, %x,yg)

_1(1 C\/ Sw]f’g}w D’@d“'wd b a b—(‘dvb/ S

06 e MOSF e ol szﬁje_s
_ The Vo‘ww SUFFB VO
?U“OU(')(\S UﬂCh_an ed- 0 M‘T‘mﬁ ) ?nm(,wydﬂ

Scanned by CamScanner



Soroat MOSFET Foramtons "
|\ MOSFET_Poardon

PJSICaL (fmensuom (\/\/} L/. 7LDX7:CJ)
DeP]ehon wadH’) (Id) "

/@@,@/

E/edmc tde E) I

CWP Complem b

U\/Umbur ob hransasﬁ)(r on @ (,HP)
d’onat Fhaough o
((Om ’Q)(l 51:,:’7&01) )

'How pow a c oade with

WechDU|OQM s o
POWGD’ G'MSJ@

Scanned by CamScanner




PazR dﬂns no. o h‘m‘ r
Bebom | At’fev Scalfn I ﬁ naff" dﬁgj ‘
PQAMG‘*QU scal’n COﬂS'\’Clﬂ+ (Tdd COnsfﬂan—voHﬂj (Ommer)’}’
J l[ Sca};ﬁ Sealkin j 1
’ ll S ——— N - _”.
1. Channel L L L .
< < Dimension’s vedutes
S5 Y
' Leij\/h 5 duloce wea qu Y, :
2, Chennel w w W | > Overall Facbcijc .
width S S dons’hy Pses
0 A (can meve ’
2, VDevice A LxW L‘S/—X:SL -‘-gA,’; ,5_;)._- fransistor 10 ch:F "
Awea wa) o
6‘.’(13\@ Hrasistor ?/J p
_ﬂ—’ﬂ/”J I | Oxide thicRaesy o
b, (rate 0X10% | oy ,J%(- ’éﬁ arcduu»sil\] Jodor
| %hfchm_ss ) need o
| :} _&O)wc{i
' W hﬂ ﬂ'nd
L
5 Souute. b i 2 funchon &fﬁh "
C Al o 'IJ" --:[-—" ] —_ %d—p{ q
Dicln dfjsl 5 5 el
¥eqio0 dtfjrh [
J * |

Scanned by CamScanner

»
9
®



Pwme+ ey’

6. Ga‘t e ogclt
Copeifoe

4, Pa,cm?{"u) c

o

| eb.zge

sl

(o= bt
+ox
(F/ n?)

Cﬁo( (ox WL

Altes scaling

CF scaling  CV scalbg | oMol
29, Ca{ﬂﬂ?

S Gx

fox
Jox s

Sox W

-
=]

m@ W

S. (ox

Scanned by CamScanner



oF
AH’G’O’ SC@U&J& \ "

,PO?LMG"'%’ %CF sca“)nj M@/ Commm’// L
’ K - o\ D@Vl& 5@{ ’fﬁ@J L

3,/]%04\5(%@&0‘& Ky :/n(ox /Aﬂ o - Sk | S, Hence, L
oonts Sk - jy (e abilly o
| | | o ap b detect weall o
Sygnal) Ob’ W’S s

JOW@ o

\BWA on POJSSOOS ]
ecf/uaflon(dl’,-/g— ;e

- F = CIV )‘)lD mmHWOQ

Chaﬂjef (765 W,a{"”}"fﬁ
O?, dens e muﬁ’
Qed Ej 5&5
“G@FCC‘{‘V%
T ] cv 56&1}57 Eb»d(T
’]\es sli K
” Efec%c E( ) (0< E) (5‘ 49@45)) bof’ »
| alpha 3ec;[/wo'c’-5 that” X
both vediad

%ﬁ

QE_Q—%

= 8
22 9 ¥ 9 W

Scanned by CamScanner



(PMONCJCQK

2. Sow j

Vol

3, ’rv(m? r)aL
VOlJraé%

4. Oﬂ dmf@gﬂ)

08 ?

ﬂ+&)

AHezr Sca,(’mj o
Bebom 0 v (omment”
CF scals C scal j Ommen
oLl /@g—g Voo lm@ho/g olfge(Vro) *
Voo | Y | doos not scale el e
Vss VSSIS 5 '0{» % pot ,)ossnbk fo ®
Vro eas [
V VCTS lSche_ down J
Ves ﬁS/S V| - /he scalin 6 V‘)“‘ﬂ &
Vos \/psfS 05 "
not be Ve ®
Pb’a(h(ai I mMman case)
- Peznf)bwi X'”hﬁéa“
| C‘ W‘U mcfj ]F(Lw ﬂa
| (erfoly voH'aj: ovels
! J bga* all Tnpy °“+P"r.
!VOH’ 0) wh;ch In ’1,0(() ®
would necesanhL ®
| mu”'uple wey ’UFPf] °
)voH’a es Q (omfln(afm{ N
| 1fevel Shubf'ezr (wranjmmfs’
for these 15005, cv o
.Sca“?n fs Wy
Pﬂb d overn Q@F 9
S(a.bj o
T, =k 2(Hs Yo 5!\’0,’_ °
Q,un) 7.[ ~Vos ‘Z ? f—roia:r /5 Siﬁscﬂ' .
S WH 515 | o .
°

Scanned by CamScanner



?ancﬂLex

5. GowonT

"

e ;
6. Bovere P« Voo To !SEQ%Z 52—
d?ss?]?ctl'?on |
(L' .
= P E’,/..S._ = Y
7. Joves ’/f_ Al5? f

| lcw e 1\52, in PDW*-%

09 ¢

I. Altes scalf |

Beb%m | CF% s calin 2 CV salf Commedt L
Scaling g j | )

| 3 Doel curmedt
J’:-_/’lﬁ_ E‘L;ST [_§;I;L_: ST C‘?J\;l, /)\5% 2 ()
A Als™ Als* bm%v 06 T e
)Mjg Tse ?n Cmn'{/ ®
eventuell®

d ensﬁf'es mﬁ
Cuipe. S®U0S |k ®

faoblems bva’ the o
Scaled transistog such o

o “elect miqytion.
Powes densy ‘Z\Ja
baJW obS . Thie

®
*
®

dorsifies oy @vmhﬁg

| couse 0008 mlf’aig

walems 50( the scalzd®
byagsistosy suchas @
\ e’ecfwmﬁzﬂﬁmﬂ »

/)

ok comion degredetig
| whth ko o o
Pse in dovite mp :
i(?(e en meH'. 9

o Need for @ popes” o

heal sinK m{m‘}d. .

Scanned by CamScanner



Ab’f@}t scalin

0

"L’/s

Y
li (F scaling |CV sca,&ai;} (om "
R 7 5 | 5 CV scating,
| T/S s [3162

:;fgr ob X

Scanned by CamScanner



A Acl M = ,@@j 2 Scab’nj ‘ I
] ‘_V/\aﬁ—' Q% ;#Jd b?_a/ ‘}704\5751[%5
l. G)m}?]({)jﬁ ob the Gyt (num Q_Ob
on a ?P)‘inmaw @a@gg'
2, Spad foprs Y i »

, wohich  measwe>

1. ﬂ\a b\m&?omk 0%60«%%?0* “th such @ {ecknol%
Wt o c%nP made. wo e (dmam?c)
Vo 53 al while ’(wf j Y
?me’UV% 0?& / d@m‘%j (0n5{'0«”+*

dO@ n0+ S(/ala—v D{
10 MU

does nof' ‘5(“11 @(’%")
g The 5@1(\\1@5%0. T bon o i on

e

J|d vl n
B /“T(%h H obl& +D 90:1,&, do'«o

Scanned by CamScanner



|2

3, T} o, d?éb-?uﬂ’ bo scale uo/%aéw,s down a1
C\m{’\oC o> &‘om(’ﬂsfoﬂj 3 Sror)(e_ cfmaf VDH:C?jCiS
would Soon yeach e or dew Ob qu’f_)

[1_' /l/ﬂ CF scalin ) Hhew % a ned o ma}%”{;la powes
sl , w3y e Wofplty b ol
dvﬂwj}g hence Comflﬂ%ﬁ (0 d@jn

] o o b sy Sl

“ H/m uoérv“? om e

, | o aiker ok S
Onacw) %W%bjdb Oﬁ,l, o

x focke O = 7

e cop O s K TS seduce 5 FC (Mﬁ
aMos MC ad
313@) COnfb?bui’?fj “H

Scanned by CamScanner



Iﬂ W5ﬁk M,\/@[ﬁje Sm.b%z =
I, Pwoe dnsty  Tsa b SS; which (fmy\f@)fm‘#\z

%M CWF g)owt% ol abo Tse }zj S% 5 B
1. Dwain el dnsity A by agﬁa&of&:b%;m
lgrae  Snoease 10 covaqt ond prte Wi DL"‘{
J Coune  SUUOW V@Ua/b?f@ PM) s
lac‘twmfﬂé’“}'on}

Casitt A@j
o\ -STT | b ek
dfssi ahion Pses @ a badﬂ( 05 )Y AC
3 POWK\; AWZ(L CLWOC}QB'WWS/ Ypa Tsa nt 600’
() l
ot hoat sT0ls.
R

Scanned by CamScanner



3.8

Compare the two technology scaling methods, namely, (i) the constant
electric-field scaling and (ii) the constant power-supply voltage scaling. In
particular, show analytically by using equations how the delay time, power
dissipation, and power density are affected in terms of the scaling factor, S.

To be more specific, what would héppen if the design rules change from, say,
lpmto 1/Spum (§> 1) ? :
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