
New .squnrinfi nwlzitecfurr: A block diagram of tlic new squaring 
archilcclurc is shown in Fig. I .  This archilcclure consists of an 
LSD-multiplier, such as that introduced in [5],  and ii squal-ing 
adapter. Tlic mulliplier is used to compute products and sums and 
tlic squaring adapter is used to gciicratc and propagate oper;iiids 
to tlic Iiiultiplier. 

B' A 

squaring 
adapter 

LSD-multipliers implemeot variations oC Ihe multiplication 
algorilhm, such as algorithm I. l 'hc inpuls to iliis algoritlim ire 

B, = Z,!:: hf~i, jui .  Note that tlic ficld clcnicnl H is exprcssed in ill 
most rmiD1 digits, whcre each digit is rcprcscnlcd by D hits. Also, 
iiotc that the niulliplication finishes wlicii lhe uiosl significanl 
nonzero digit of li, Ukn, is processed. 

Algorithni I:  LSU miilt,iplicat,iou: 

tile ficid eieme~its A = zjii;l' 0, U' all(i n = Z~"J 'J ' '~~  In, uIj~,wIIcrc 

For i = I1 1.0 L n  (10 
C = B, * ( A  * mi" tnod I'(a)) + C 

c = c mod F i n )  

From algoritlun I il is cvidenl that an LSD-multiplier c111 coin- 
pute the operation described hy eqn 2 by firs1 indliplying A' and 
B' ml thcn adding lo il the product of C' and 1. For the compu- 
tation of llicsc products, the host syslcm provides the squiring 
adaptcl- with operands A aud I<'. During the computation of lhc 
producl of A' and U', lhc squaring adapter generates A' according 
lo cqn. 3 and forwards it along with B' lo the niultiplicr. During 
the accumulation of C', the squaring adapter gcncratcs C' accord- 
ing to cqn. 5 and Corwtirds it along with the I operand lo llie m u -  
tiplier. 

The computation of a square requires a multiplicalion and ?I 

s u m  The conipulalion oS lhe sum requires onc clock cycle and the 
compulalion of ihe multiplication requires r(deg(B) + I)ln1 clack 
cycles. The sqriariiig opcl-alioti requires r(lcbI)lD1+1 clock cycles 
when m is evcn, r(/c+2 1111+1 clock cyclcs wlicii 111 is odd and k < 
I P I  - I ,  and 5 r(k+ I):D 1 + I  clock C ~ C I C S  W~CII m is odd a ~ d  k = I N  - 

1. 
The complcnity of the squaring adaptcr is approximately 3.5m 

+ U two-input gales end its critical path dclay is four giatcs. l'hc 
complexity of an LSD-multiplier dcpcnds on its architcclurc and 
irreducible polynomial support. As ii rcference, the realisation of 
an LSD-mulliplier docuinciitcd i i i  [SI that supports ficld polynomi- 
als of order lr < m - I1 with I1 programmablc coctlicienls requires 
approxilnatcly 211m + 7m -i. 4Dh gatcs and 3m + D -1- h registcrs. 
(This cslimate considers tlic system 110 and accumulator resel, 
which arc not considered in [5].) 

l'ablc 1: Distrihulioii of squaring-to-mulliplie~iiio~i processing tiinc 
ratios for lields in range m = 160-1024 

K<,&,l 1 Distribotioii I Cumulative distribution 
I '% I '%I 

Squwing prowssinfi i i nz  jb r  n.y/~to.ry*f',,,.,,r,s: We concludc by ana- 
lysing the suilabilily oC the squarer architcclure Cor cryptographic 
applications. Table I summarises tlic sqoaring-to-~iiultiplication 
proccssing time ratio, T,,&,,, for tlic held polyiion~ials suggesletl 

by thc cryptogriipliic standard [O], assuming the use of an LSD- 
multiplier wilh D = 1. The Table can be interpreted as follows: 
32% of all fields in tlic range considered allow squaring at least 10 
times (ll0.l) as fast a s  multiplication, 23% bclwccn 5 limes and 10 
times (110.2) a s  fast, etc. 
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CMOS compatible thermoelectric infrared 
sensors 

Chin-Shown Shcen and Sien Chi 

A ncw striictuic for CMOS cumpiitible thermoelectric infrared 
S C ~ S O ~  is proposed. Ry using miclu-link stiuclurcs 10 colinetit 
scvcliil floating membranes, llic IargcsL floaling mcmbrane area 
yct obt;iiiicd and large oulput vullages liavc hecn rcaliscd. The 
ch;iractcristics of the sensors have been measurcd, and are 
conipard with those or existing devices. 

Iniwilur,tioiz: Since micromachining using a standard CMOS IC 

applications liavc bccn proposed and demonslrated. For CMOS 
compalible Lhermoelectric infrared (111) scnsors, to obtain a bettcr 
performance the aim of tlic design is lo reducc lhe lhernial con- 
ductance and incrcpsc lhc active area. In addition to the backside 
etching technique, thc currcnl trcnd is lo create a Iloating mcm- 
braiie by using a front-side etching technique. For an inhci-cnt 
front-side etching lechnique, etching windows must bc opened in 
tlic front-sidc and lhe silicon substrate under the mcmbrane 
etclicd. Convenlionally, using front-side etching techniques, two 
types or lloaling structure havc been reporled: the suspension 
beam struclure and thc floatiiig ~uembraiie. The mernbranc is 
rormed and thcn floats afler the silicon subslrate undermath is 
clched. The main drawback of tlic first structure is lhal it is cesy 
to bend so that it cannot be made large. For the second struclure, 
thc arcca of mcnibranc is limiled by the design coiisidcratioii that 
tlic cntcnded under-cut etching area of opcncd windows must 
overlap. This requires long etching times. Wc propose a micro-link 
striictnrc for the first h e ,  which enables a larger arca of meni- 
bmne to be realised wliilc rcducing the elchiiig time. The dctcctiv- 
ily can reach > 2 x IOx cnidHdW, which is even larger than that 
obiaincd using hacksidc etching techniques [3]. 

C l ' , '  amc~ition process was first dcscribcd [ I ,  21, a number of sensor 
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Fflhricntion and meiisiircments: The samples were first fabriaitcd in 
a I .2pn CMOS process (UTEK, Taiwan) as a pre-proccssing stcp 
before silicon micronuchining. Inherent features of CMOS tech- 
nology and etching properties of its <loo> substrate allow thc 
fabrication of open silicon dioxidc microslruclures (beams or sus- 
pended mcmhranes) by anisotropic silicoii ctching from the front 
side of the wafer. The central part or the silicon substrate beneath 
thc masked membrane is removed and only a roughly 2pm thin 
sandwich layer of SiOllSi,N4 on top is Icft. Onto this memhriine 
two standard thermoelectric conducting niatcrials (ti-poly, AI) are 
deposited and structured. Both conductors have alternative junc- 
tions at the centre of the mcmbrenc (hot junctions) and above the 
edge oC the silicon substrate (cold junctions). An IR-absorbing 
layer covers the hot junctions. 

We propose two new membrane slruclures, which have four 
large freestanding-like meinhrancs and cacli is connecbd to neigh- 
bouring membranes by small link structures, termed ML-I imd 
ML-2, rcspcctively. The use of such smell links givcs scvcral 
advanlages for the design beyond tlic inhcrcut geometrical pal- 
[erns or front-side etching. 

The first sample, MI- I ,  with 90 pairs of tlicmmoelectric ele- 
ments, is constructed on an 1100 x 1 100pii2 floating mcnibranc, 
which is shown in Fig. 1. There are six micro-links hctwccn each 
ncar-neighbouring membrane with a width of 6pm. The etching 

windows are opened aircfully to allow for silicon substrate etch- 
ing, and after the etching a pyramid cavity is Icft. 

Thc sccond samplc, ML-2, with 60 pairs of thcrmoclccll-ic cle- 
mcnts, has a 1300 x I300p" floating mcmhranc, which is shown 
in Fig. 2. Each ncarcst-ncighbour membrane is connected by thrcc 
micro-links, ciiahling thc largest Hoating membrane yct rcaliscd to 
be crcaled by a front-side etching tcchniquc. Thc ctching windows 
are opcned efficicritly so that the silicon substrate beneath is aniso- 
tropically etched complctcly, Icaving a pyramid cavity. 

A transistor cap with IK filter licrmctically scals the sensor chip. 
The transmission range of tlic IR filter is chosen to he 5-14pni in 
accordancc with thc application ror detecting liviiig objects. 

Table 1: Charactcristics of diffcrenl thermopiles 

I Paramctcr lU lC236 l5ll MI.-l 1 ML-2 lRaltes 141 lTPS434 1: 

Elcmwts N 
Rcsislancc [kn] 

0.54 
Octcctivity 
[cmdHI/Wl 8.53XlO7 1.94x10x 2.01XIO' 3XIO' 9.3X107 

Tahlc I lists thc characteristics for existing deviccs ancl the 
micro-link samples. For the front-side etched thcrniopilc dcvices, 
the detectivity is always small and < IORcmdI-IdW. For ML-I and 
ML-2, the detectivity is thc highcst yct rcporlcd using the rront- 
side ctching mcthod [4, 51. However, they tire alsn good enough to 
compctc with backside-etched devices [3]. The membranc arca of 
ML-2 is larger llum lhal OS ML-1 so that a Iargcr activc arca 
could he used and the performance of MI-2  is as good as that of 
MI- I .  

Conclusions: We havc proposed a ncw structnrc for floating mem- 
hranc dcviccs for the firs1 lime, which enables a Iargc arCa of 
membrane to be obtained while reducing the etching time. The 
detectivity can reach > 2 x IOx cmdHdW, which is even larger 
than that of enisling devices realised using backside ctching tcch- 
niques. A larger membrane structorc iircii could bc obtained by 
using micro-link structures and mol-e flcxiblc structures could be 
designcd by incorporating such structures. 

0 IEE 2000 
E1mmmic.s Le1Iev.s Ovliw NI,: 20000S23 
Dol: 10.1049/d:20000823 

Chin-Shown Sheen and Sicn Chi (Irrstirutc o /  Eleciro-Optical 
Etgiwwixg, Nririunirl Clziiro Tung l lnivwsit)~, ' r o i w l ,  Rqiuhlic ,,j' 

Chin-Shown Sheen: Also with Oplu Tetihnulogy Corporation, 
Hsinchu, T'iiwan, Republic or China 

E-mail: hilhe~t~~dreamer.corn.lw 

27 April 2000 

C1,iM) 

References 

I I.liNC;GLNllAC;C1<. I<., alld DALTIS, I1 : 'Impravcd thCLmOekCtl.iC 
infrared sensor using doublc poly CMOS tcchnology'. 
Tli~nducers'93, Dig. Tech. l'apcrs, Yokohama, lapan, 1993, pp. 
1008 .I011 

2 S H R R N .  CIIIN~SII~WN: 'A highly scnsilivc CMOS compatible 
thermal-lypc inicroscnsor'. 16th IEEE inslrumcoration ;mrl 
Mei,suremcnt ~ctihnology C d , ,  Venice, Italy, M a y  1999 

3 S<:IIIEI'LIIDCCKEII. J . ,  QUAD, I<., IIOLLLNKAML'I'. E., and SCIIULZI:, M.: 
". Pmc. Eoloscnsors Vi11, Toulousc, 1994, pp. 417422  
RAI.TFS, H.: 'CMOS as Senior technology', Sens. AcILroIoVs A ,  1993, 

SHRRN, CHIN~SHIIWN:  'A new fihrc-communiciitiun miniamc S C ~ S O ~  

modulc'. 2000 IEEE Instrumenlation and Measuremcnl 
Technology Cunf,, Baltimore, Maryland; USA, May 2000 

4 
37-38, pp. 51-56 

5 

1118 ELECTRONICS LETTERS 22nd June 2000 VoL 36 No. 13 


