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Abstract

This papcr presept: @ Gcmpr mcthodolor: for MOS smpiifiers The methodoier: 1 based o6 &
mmversal mode of the MOSFET . beipg vabe from weah in stromg verson A st of very simpic cXpressions
aliows guich Gemgz by Banc & wel x ar cvaluabon of the best sOWITION B 1ETMS Of POWE” CORSUMPLION O

- Silron real mElr A fesipr o both i commes-source and @ difierential amplifier ilewree the apphcabiiin of

I proposcd Methogolg

{1
\ 1. imreductior
s

0 The gemgn of OMOS ampiificrs i cither based on MOSFET mucls Seveloped for wesk imvession or
\‘ [1.2] The curren trend towards iow-power o+ small ares Circwits mans tmes regmTe the traRSIStor
i1 the moderate imversion regaon Thercfor: @ MOSFET mode! capabic of providing the designer wath
vahd for am inversion level = 3 vers powerful 100) Moreover the svailabitm of = goad mode)
of operaton can savt mam hours of imulauon snce 1! aliows (he designer 10 San with 3 SolEnOD
"iq_nﬂ:m-‘ Hore we usc fhe smiversal MOSFET mods! deveioped i [3-3), wihich
Curremi 2s the ke vanabic as our hasic reiereace for gesigr The propossd design methodoingy
S 107 SPECUIZELON: SUTT & ZM-DENOWIdl DTOQUS. DhEst METEN. DMESIE ZIT ERC VDimpr
m=M 2SSOCIEt=C ID powST and SIUCon r=al ssialt Consumpion 2T presented. T wo GeSIgn Compies
y proposed.
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1 MOSFET modc!

The MOSFET mode! empioved m our methodology has been geveloped in [3] The s= of cquanons e

2s been wsed for desagn are
L S -
I, lafley, (la) L i
1,-1.(%] P ‘-a="":3-‘T': nd
I,:% =51 @

L
Yo% _ — = +i,—1 V-V
ry Ji*Hr R *'{E_—J 4a) v,,_?._w

I (Ld) is the ssturation curent for 2 sguar tanmstor Iy, depends on the siope factor

aimos: constan! and on technoiogical paTEmeteTs mMobiim L oxide CEpScItnce pe unr ares C o, and
wvoltage ¢, The transistor damensions, width W and iength L are mcluged mn the saturatson or

ks (1) iy 15 the normalized current or mversion ievel [3]. (1.2) shows that the mabo of

according to (1.a) Eguatson (2) gives us the minmsic cui-off freguency & i torms of fhe mversion jevel
f; depends oniy on technology and on curremt demsmy (i) An approcmate formumia for fhe
ssturanon voltags as = function of the mversion level i shown in (3). wheee (1) is the degree of suun
appendix A) ¢ can be choser as. 52y, 5% The relation between gale and source voltags 15 given by (42
siso in torms of the inversion lovel Vs is the “pinch-of” voltage and i, & its corespondon! :

whers can be adopted =%

3 Simgie Stapr Amplifier
The common source ampiificr has aircady been stndsed i [41.15) and o 5 ondy
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capacitance egual to CL and gar tandwadth GBW 15 g = 27 . GBW (L - By using this cguation and (1) the drmn

current and the aspect rano can be written 2

1« it w xoawol! 1 )
1__:__ . “.' ]_ - L ——
1] 2x-GH CL= ‘, 2 m L ":v-“ l.‘h“'lf"-l.j ﬁ}

(5) and (6) show tha! there &5 2 degres of freedom for the desipn. The DU curnent and the aspest watio are

determuned 2s fong 2s the mversion isvel s Chosen The compromese between arcs and conSumphon can be Teached
v an appropriate choece of 3. 1 15 remariable 1o note thar 2 low mversion ievel = mansised Wi 2 fow power
cmsumption bul @ iugh aspec e Morcover, the jowes: curreal to mest the specification of GBW = m weask
aversion. when i<<] However, thus soiution icads 10 2 prohiburvely hagh aspect tano.

T svaigauon of the resulting designs s an mmpornan: task in fhus work. we define two figures of mern of
an amplificr. one jor the powsr consumption and tic otier for the arce . In (6], the current excess facwor CEF has
‘hees defincd as the rabo of the ol current of an amphifier v that of an adeal CMOS mvenecT operatag m wesk
mvormion  Hers we appihy tins concept 10 eguanon (5) | bul we pse an Inemmon level comesponding o modere

swemmon, €. as reference Moreover. we extend ties concept 1o the aspect o of 2 sngle ANSELT OPerAlMg
with =% oC

hot E w1l
== AEF =
h-GBW'CL-'h", 2 m x-GBW-CL ”,q -4, ¥ %)

AEF 15 the ares excess facior. winch 15 the matio of the sum of 3l aspect ratios 1© the reference aspec satio.

e

weak mverson (i<l ) maodersis mversior® (1=8) | strong wversion (i2>1)
CEr 2 1 =
AEF | = 1 0
Tabie | Lipwr values of the cprent and arss sxorss facors ™ | uansstor)

| 4 The Differeutia) Stage Ampiifier
:1;\.-

~ Ome of tie mos! mmponian buiiding biocks jor analog design 15 the differential pasr Figurs | shows the

B
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4.1 AC medeiing
The AC ansives of the differomizl ampiificr [i] shows tha! She umn gan freguency & gnven by
mw&t*#hncﬁhﬁ-ﬁtwlﬂ:ki

- ®
f“li‘_

As showm in |1]. the sondomnant pole acts on oniv half the signal Thersfore, the phase margm PM) &

‘GBW ) [GBW )
PM=90" —Armag — |~ [ )
\ £, J \2, )/

AEF = Z‘”L =(h][ !
2= GBW-Clig, -C4-2 ‘it
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| \ It can be shown from (12) that fhe 1tal arcs as funchion of 4 . 2t Consant iy . hes @ PuENmEE 3 in.o
e

ity o Fi

., (13)
. 19-.-

4 e g S i S

| WREIT in ey 15 the vane Of i COMTespondmg io the Curcies in Fynme 2. winch shows the CEF and AEF as funcuons

T

i 43 DCGsir

The DC gaun 1 the difficrential amphificr i gren by

‘ Avo=— B (4
3 e

l Where £.~Ip/VA & fic outpin conductance and VA & the Earhy voltage. and the subsitution of fhe
1‘ fior g, imo (14). assumung VA=VA=VA icags 10 the cxpression next for the pormalized volage gam
_- i Avo ¥ _¢m, 2 ' (15)

VA 1,  lsien,

E ! Fagure 3 shows the normaiszed gap 11 temms of the pversion kevel
1

2;
E“Hﬁ

'-t i““*“um 7 and (4) results 0 expressions 1o the voltage swing s
e mvoTRol: ieveis

% having prosemted several aspecis of cocml desigr wo ar oW D @ position i describe 3 design
'i‘ : _hldr.—m-n: gar-sandwdth produc and DC gaimn are the specifications 1o ix
i gn of 2 differcnial ampithi=r can b sugeesier as foliows
i] 4)anc (5). piot curves of iy and W/L as functions of the mversion lovel Choose 2 vaiue for
Iy apar (i . WIL). wiuch mees the GBW speciified
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3 Specsv W and L of the current murror ransiiors such thal an accopiabic phase margin s acheoved I the
phase shifi mtroduced te e SuTTen! muTOr a1 the frequenc cqual 1D the gam-pangwidth 1< ver small anothe
CTEeron. sech 5 lhe sBTanon voltags can be weed © demenson T and T4

4 Vemf of the gawn specification 1s sausfied If nol ar mcreasc 1 channe! kengths or/and reducuOr I IDvErsIDE
Ieveis can be smpioved 1+ 1ncrase e gAIT

5 Design the current source For 2 low voltags design. the saiuranon voliags of the current source shouid e =

small 2= possible Thersfore, mversion cocfficients close o | can be wsed m onder 1o achiewe 2 good |

Figure 2 -AFF and CEF as functions of i and in with Fagure 3 ‘Normalized DC voltage gamn as |
mdicanon of the mmmem aes (D) the mversion level ol T1
=0 0465 WA Vs) and =0 D168 m 1 Vs)

¢ Exampies
in thus sectiop we have deveioped cxampies for GBW=10MHz and GBW=100MH:. both with

specifications (respectively g, =0 628mA/V and g =6 28maAV)
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6.1 Ansivees of Various Pairs i, and iy

The next wabics iliustrate the deliavior of the all mvolved varabies with differemts pasrs of i and i for the

pven specifications.
GBW. CL) (10N 1opF)
1 & (rL® | «s ®:8) (8. 40) Ewo | @os
hot (A) Sl | 68 B B4y Rae 157
CEF 121 162 200 200 200 I
(WIL), 1508 S05 312 312 in 116
WL, [ 9] 113 y 7§ 9 209
TuL s 1192 &850 H6E 642 a50
2790 1056 7153 55 568 M
207 201 157 197 197 12
367 -3.71 373 -353 =335 -3%
0E] OB 086 086 {1 86 089
-2.37 -237 237 128 -2 19 237
35 i3 31 31 31 2
57 157 157 4 Ti0 157
BT EI° 89 81" 8 RI° L iRy Bo 95" B9R1°
Tabic 2
_ (100NE:. 10pF)
E&5 (& 100) (&, 1000) (40. 100) | (100. 1000) (100 %)
50w E50p &50u 1 57m 2 34m 2 34m
200 200 2.00 3.0 552 -t v
3 kY b 3175 1156 &9 90
1130 80 9 67 o] 3121
ES06 626 a26d 2640 1430 a2
153 569 554 234 126 &7
197 197 197 1582 1.68 168
=373 -3 35 -1 34 -338 -24] -379
0 86 086 .86 .88 090 090
-2 37 =22 -1.66 -2 1% -1.66 237
3 3l 31 26 n n
L] 71 240 ™ 240 16
[ % B9.60° B9 BE" L r i 298 =
Tabi- 3

a2l =% =t =13, V=0V, V0 T5\,
s (o T om0 0l TN
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it makes chear thal the designer has mam demgn aliematwes Tie GEW=10MEHz requiremen: aliows 2
design Bear the weak Inversion i otherwise the GEW=100MHz meve 10 operate near the SIrong IVErsIon i avosd
chOTmOUs arcas The ias colump of cach iable voprosents an moomect gdesipn hugh ar: and imgh power
consumption 1t becomes Cicar that i should be grater then i . From the Tabies 2 and 3 we also can verihy that the

s=nsibiliny of the voliage Swing with respec! Io the inversion iovel i much lower thar that of the arcs and power

€2 Shmuizted Cases

From Tabic 2 it was simulmed the casc (ip. ip/=~4. §) and from Table 3 the onc (is: is~40, 0L In |
Tabies £ and 5 and Figures ¢ and 7 are shown the ssmuianon resohs using the SMASH simuimor =icase 2 2 with

EKV [7] mage! and £S7 parameters technology with [ =0 7um for all transsstors.

B (mASV) 0628 o7 Bt (EAV) 628 £48
GBW (MHz) 10 116 GBW (MiHz) 100 12
Avo (dB) 3 I Avo (dB) 26 b =]
™ B9 ET" = ™ B9.60° B3
Tabic 4 Tabie 5

Figure 6 -Simulsted Vo 25 function of Vi=V- and
V=V~ Angd the mdication of the calcuimed
Vi, sens 80l Vi, s for GBW=10NEz.
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7. Concimsions

in this work z methodolog: o gesigr MOS ampirfiers as been developed. The methadologs 15 based on =
urreni-pasec. MOSFET magel wihich ha: acoomme and contmuous squations from wesk mversion © swrong
mversinr. Thersfore the proposed method 1= Suitable for low powsr design The design methodology cmpioys the
mversion tovel 1o adiust 1o AC parameters of the OTA We preseated two figures of ment for ampiifiers. the cuvest
=xcess factor and the aree oxoess facior. which can help the desipner choose an optumized crrcunt accondimg to s or
ber needs Designs sxampies were presenied to illusirate the desipn methodoiogy  And simuiations of some of this
cxmpies were Gone 10 verth the applicabiim of the methad
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Appenar 4
Toc MOSFET sanmmation gegree }—<. 15 2 measuromen: of how Ciose 1o the saluranon regpon the MOSFET
15 opeTAtRg © 55 dofined ax
c=QL (A1)
where (' sy, 15 the mversion Chargs per unit ares at source (dramn) |t = reiated 10 the appises volages 3]
@ Qe =2C[V, Vo o, 4. {0, /02 )] 2)
In (A2) V; and Q'p arc. the channel voltap: and Chargr per umil arce at pnch-off [3] Appiving (A2) ®
both Qg anc Q x and using (A1) 10 define ssturation the drass-io-S0urce saluraton voliags is gIven by

vu_u e nll l
=t -

Satstnming m¢. =.‘ﬁ+1, ~1 Bl aliows (43) 10 be wrmten ac m (51
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