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Abtrcw1-- Thik; descrB}11... ba brlldannd CW)S anthi.ier C *r
difmtnid reTiver font-ends. A capavitie cross-voupink network c
prPMotes j)assIvc gm-booting i-n the Input cascote stage This resuits nn D
a greater than 30'% inemse in bandwidth. Conmbined with seva other R R
establishedi andwidth-ienliacemnent techniques, I e e achieves
a measured 3VdB bandwid'th of 19 GHIz with no peaking in a l.18-
pn CMOS prs The d gain is 11 dB difThrvittial, and the power L

consumption is 113 mnW, Eye Iiagrams up to 24 Gb/ are shown.t

I INTRODUCTION .
VB1 'TTCO}ST_DIieretial bIradband commurnicalioi rceiver frout-ends require

amnplifiers -with flat magnitude rcson finear phase rcsponse., and
an input iimpedance inatdid to 50 I Pr sid. Tii paPr describes a

multi-stagc amplifier that combines sevehralandwidth-enhancement
techniques to mee these rfequirements over a 19 (GHz ba;ndwidth in

.. ............................ (a).a (its-' r CMOS prroccss (a) (N)
Istfributed amrnplifit can b swwd as difential broadband low

fluitc drnpIiII^tr in CMOS 1 l11 Hue~cr, tlicy rcquw~'UI ~Pssive ig. L (a) A cmventn1oat MOS casco& (b) A ygboo>sted MOS cascode
device mnodeling to avoid ripple in thic gain and group delay l2b Tty wuifh enhaKd b'bandwidth.
can aso consurne considerable aria.
CMOS cascoies are popular broadband amplifiers. 'Using inductive

peaking and otAkr techniques to distribute parasitic capaiances, t1 Thig leaveg the time constant at the source (Af 2, approximately
bandwidth of amplifiers based on cascode sta s Iias Ken extended Xs " InsL'ftifl inductor in Pig 1(b) epartem the drin capac-
to 10 GHz, in OI * im CMOS [31S [4] In [5] and [6]I a crossco)up1ing itance of ihfrm tlhe sourwe capacitance of 2 and, hence, imrprnves

iedto hMi IktrnsonducLince of a dii n1ia the bandwidth at th's node 131- in this work, a feedback network.
commiron-,at amlifier in oder to iproe its notse figure. In ts ( is introduced to incrcase thi ffcctivve transconductance Of 2

worik applying the sane technique to the communon gate devices in a providi. a frtr bandwidth impru .nt.
dthXNttZ MOScasic XSu1t tN a gfAttf tha 30% Trnmvelnent Gain-boogfing is ciel-c stabIished echnique that u sesan a-mpl herdiffe~rential MOS cascode results in a greater than 30Q% inoement .ar.-h...g.. a, w~I-~aITc chiu huuc nanllc

in baind;width. in plce of, (t) increase the dc gain of a cas.ode s ta ne-
TIic w mg-bet caScxIc iS analyid in Section II+ In Section JIbI a feedback asshown inin bI(b), t eefcLetansconductance

input pre-amplfiefr employin tlhe -,,,=o-ostcd cascode is described, 2 is inueaSed by a tcr ot Ii t ()
includinig measuremcnt rIuts. Sect' n IV descriliS a muli-tsagp1
am-pIhfier that inctudes additional diffitre-ntial stages to iMcrease tilk 0-
overl'l atmplifier gain to II dBi. In a fuIlyAndtfeiential ctrcuit. a cro.ssconnection can be used to

pide the neptive polarity of the feedback. 'Usi'g a Simple R-II.~~~~~~~~~~~~~~~~~~~~~rvI3f>i>s-ftC1' -F1t'10TEl tt}13 ItiinS-c:StOoVe as>dt -IL ~A )Wi 1i{NI{AN ~M1NI 'I ('IItQUIS U{ () section for the cross-connection provides a firrt-order high-pass
CASCOD)E SN !

A stndard MOS cawode is s4own in IFig. 1(a). Is bandwidth Is (._ (2)
deteirmined by the timne constants assocLated with the thre nodes'
pamsitic capacitancesQ IN* X and , OT Sukstitutino (2) into (1) iv a. frequency dependent transconduc-
The input time constant is the product of the totl input capacitnce, tance,

IN' and source rcsistance. Its effect can K reduced by Inserting an
inductance in series with the oate * in [ig. I(). This spitig IN by
separating the gate cazpacitance of a from thle,output capacitance Hence, atx,l ftreuencies 4 #,, f Wherea,s
of the previous AUae (or; as in thils delsign. firm the pad capacitance) at high frequencies ' >1> '2 ' eff2'2. The reult is a

1 b ff 6-dB -boost at high feuencies. which educ=es th efet of the
ilic output tiinc co)nstnt is thc pod;uct of o*vt aind thc ainpli tiin constant at thc sourcc o)f 2 aind, hcncc, cx:tcnds thc ainplilir

Iires uutpul@t resistance. Shunt and series peaking inductors,* and bandwidthfi
in PIi g. 1(h),3 ca.n k uRcd t(o irnprovc thc banidwidth at this no(dc Capa;citiv croSs-cupling ha.r viusly hccn u~cdordcct

18B noise f~~~~~~~~~c1nr of a CMOS common-~~~~~~~~~~~~~~~av sU~~~~~e ~~~5J. ~~~~6J. here, it is[3beingbe
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I ig. 2. Simulated bandwid;th ol the singleended aseode in I ig 1(b) showing
the effect ol creiosscoupling capacitanuc! (. I ig. .1. l)iie pholo of ihe iw fabieie amphl:ieis: (a) pie-am]pl- tic (h)
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I ig. i i\ btoaidbltmd diiiewniiYtal cascodYe pie ampllii with shunYt shonjiY [rcqiieicy (cii I-t)
fedYbact.j All gaitc lenthsi a.t 0)X.18 p..m.i

I ig.,>5. Measured anYd siiulaledtAtS2 t the ditteenaltcascade pie
aplitier. iSingleended V Wi inLud and 0 dB dded1

u1sed for banwiYdthY] imropYvement.Itl;oweve;rj ift the]Y val}uet of theY cross-
cou3plitng caipacito, is ba large iZtsY loaingefct at the source
of * > ieduXees thle bnidwidth. Pig. 2 shows simnulation resul1ts w dc gain; is 1,.5 dli less than; simulated.X Phe measured 3-dI handxuywdth
thc single cndcld cascodce inl Li2 1(b). The coYmponcnlut val-ucs anud js 22 (111/ with. no peaklingoY (21) (ilI simnulatedl).
bia3s currents arze thle same as in3 thze fullydLifferenztia pre ampYlber
prescnYtcd inY StcetonY IIIcxTcept that thc val1ue ol' hihisswpt 'I hey IV ( M P E P I 'I of
show thiat by cin)ssingthfe capaciYCtance correctly (S =100 pH in s
case),> ban-dxidth is improvped by 5 (11i, grater than. 3tV overi the ' lie eormplete armpliiSer compie h nptpeapile ecie
e-ase * =0 (noe * tr,-boostinYoY) inl Sectionr III pluls twoY aidditionrail gain stagc. as shown in Fig 6. A

schemnatic of the two post-amnplilier gaitn stages is shown in l'ig 7.

1[ 1[ 1[ k CA:SCODE~Li~I 0 PRHi 5M}.......................................... ...... ....... xs

III. C xswoo,PR ~-AM?l,ll IL The irst-aimpllmer gainr cells emBploy peaktingo inYductors i aind
hiS sectio desvcriks thYe desig oYf a differntial pre-a;mplinSer * 2 t increase thei badwidh InI hs nuco eecoe

tat employs ia *, -.boosted cascade in a 0.18-'* an (MOS process. A sot hat 2 1-2 resulting iny 22_;GII{ banydwidth and a peaked

schtntatic tis shown in; Pig 3" mYagnitude response. Ilre, the ineductr salues were chosen to
It emnploys all of the banidwidthl enhancement techniques desemibed mYaintaYinj a hiat response; and,,,, constan,,,t group dly , rsu, ltin in2y

inl Sectionl II inl a differeZntial amplilieri with "sShuntshut feedback.i tios between 04 and 0.9,g siilar tm the desin in 1121. ln additin
lie cross-coupYlng capacitance is 70 fI l accommodate source
folIler a in the fedback path, a rlatiely high supply oltage
of 2.5 V ws used.w Splitting the load resistansce into two parts. * IR
and1,2 reduces': thez ,loading 21effect1of kthe gat ol I 191. I,,ll'nductorsY

and *i 2frm ay paYssive ladder network to distribute the pasitic in u
capacitancesi at each node 13]1 Fina3lly. theinclusion of * inY the
feedback pathi is knrown to impro0ve bandwidth 111)1 'IiMe pre ampliher
circui.t conYsumes 44 raW.R

The pre rYplili.ejr was fab ....................ricated andtI tested w;afer. di..........................................................eph.ot ..t..p

is shoxt|n inY hCig. 4(a).}= Phe airtea is 1,4 mmlli; Xx vait).mm,u .IhYesimula;lil.eted
aindImeoaasurd* 2 dofthe ciut areplottd on Ftig 5 emeitasurd Fig. 6. Blck diagram of th nplte rotFr amplitiet
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upi d Mo ~~apa i ii: _ ti L I ptiii ntidlLgac
A d~~e ph 1 he mpk e mphiliLAihwn in 2i AmpTh

111 mW i m 2~~~~-v ~upply 11 m :urem nI w re r rifMeastled
on-w Ir.~~~~~~~~~~i N 1kl IO 2ui

both simlated an measure. The mesurement wereSmaeuwithd
2-porn twi rk n lly r,so6dBwa tdddoik h Mth d10i n1a
gan bmd rd3-i4adit s1 (dl wit a am ofI qeny(l2

It dIl. No peaking is bserved in the measure response00THehs

2-or netw7 k potanalyfierwasnustaed the resultntsaresigl-ened An

inputretournloss bettcp ithan 9 1 soserveduto18filcancl,ant hae-

trainsimpediancesgai ishe ditYedmostatngatigifcat andidhrmpovmetviycdagam
Ab diempontrate the suitablityaolf'teapiierforhwni 4brodbn upt 4Gblso ltl r ooesoo nxcletsyante

ipts.a Thea inputsm are formed byemultiplexn togeter fonurptionde ACNWIsT

with noaobvousovershoontudTe Output eye amltudescomi'et4famVpp oprtonal etfaiiisiyteLrilomuiain
pohim'dlatd I IMmteasrisesstheman3surehmentysl'ouwhJixiyoalotat nd tindi'

14gain. Th mestay reiht th 'bandwidth f th nurH aditha gain ofTh.R.NCF

pater1BN peIking,' is iy1ob .11ei'nw.'hemaud reye die Thein teplI-LAb u . l.o'a- -1,til ifei M
amsplifier oiultput andth corespondingbaothtubiiol ()curv ei pdiatise i'rhidapiir LL4SldSaeCeu o.3.n.8 p

msponse is lineu, implying constan21tR-C.flu,( grotiup,K.-,.dteray,ad witWag. ")ehigndandanaysi
v. CUNCJ.iJsIUN o~~~9Fi. tafl)C to-edildnnwasure o. MIX 'o ddittbuamptifiriaergntu

Atxmt -booting tecniquzera using cpitive croulsams-oping was used. 13A-Anu n A ljmn"adwdhehneetfo rniaac

to increase the ~ ~ ~~~~~~ gin. 9~fl bandwidhoMScsoesae h eln u S i .H!J idth, n pakeing'rnod )finear phs re(p1n7).
was .' din hde '0n f pr -impifi wit 's nc 'r dT-dB se1 bevil's ami 'irtnIaNize In 'An I an'd 'adpCM( how- om.e

bandwidth of 22 GI ini18. m0M "':' lh pie-...imp.iti r o'sm t'liiirficant6-tlbnwir dl'menttor I .Ey d'fg-is
is th a.' taot brodhadi i Iroat a wis l u-dB o ''Gb/ sh% ~'lttl 2rn-ooveshotaneclln-smety

ivceverfrot~eds,theclmut' wa tetedw2t8NR b3a yda1
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i2.9 Mureasurd sinle-ended input and oIuput rettrn loss of the conplete
amphtfilerj

(b)
(a) I i~~~~~~~~g.,II (a) Single nOdedf60N1VI(ouput eye ditagrain for a, 27AmVpp

~~ Jss. ~~~~~~~~ in~1pu lgh4(2o7....... 1) NRZ pattern at 14 Gb/s. (U)Th corresponding BER
measurement.

is ark
CMOS Ichnology .18 pin (.18 1,nn 0.18 1,tm
Sin -(SE) itL S

T.-}~~~~~~~~~~~~~~~~~~~~~~~~m i.rr.

r D1ifr ilt l)i) __________
diB andwi 19 il .Iii _ 7.5

In-band S 1 (dl) 11I 9.3

,~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~.

ii ~~~ ~ ~ ~ ~ ~ ~ ~ ~ I- di ii id - _ ___
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