New squaring architecture: A block diagram of the new squaring
architecture is shown in Fig. 1. This architecture consists of an
LSD-multiptier, such as that introduced in [S], and a squaring
adapter, The multiplier is used to compute products and sums and
the squaring adapter is nsed to generate and propagate operands
to the multiplier.

B' A
]
sqduaring 1 A Al !C'
adapter
MUX { MUX
By lAM
—le
I LSD multiplier I
C 38811

Fig. | New squaring architecture

LSD-multipliers implement variations of the multiplication
algorithm, such as algorithm 1. The inpuls to this algerithm are
the ficld clements 4 = 225 a; o and B = Ef;';f[”’”’ 11 B o where
B, = T2 byl Note that the field clement B is expressed in at
most [#vD] digits, where sach digit is represented by 2 bits. Also,
note that the multiplication finishes when the most significant
nonzero digit of A, By , is processed.

Algorithm 1: LSD multiplication:

For:=0to kp do
O =08+ (AxaP wod M) +C
C = C mod o)

Trrom algorithm | it is evident that an LSD-multiplier can com-
pute the operation described by eqn. 2 by first multiplying 4" and
B’ and then adding to it the product of €’ and 1. For the compu-
tation of these products, the host system provides the squaring
adapter with operands 4 and £’. During the computation of the
product of 4" and B’, the squaring adapter generates A” according
to cqn. 3 and forwards it along with B’ to the multiplier. During
the accumuiation of C’, the squating adapter generates € accord-
ing to eqn. 5 and forwards it along with the 1 operand 1o the mul-
tiplier,

The computation of a square requires a multiplication and a
sum. The computation of the sum requires one clock cycle and the
compultation of the multiplication requires [(deg(B’y + VD] clock
cycles, The squaring operation requires [(e+1YDI+1 clock cycles
when m is even, r(lc+2%/1)]+l clock cycles when m is odd and £ <
m—1, and <[+ 1)/D1+1 clock cycles when m is odd and k= m -
1.

The complexity ol the squaring adapter is approximately 3.5m
+ D two-tnput gates and its critical path delay is four gates, The
complexity of an LSD-multiplier depends on its architecture and
irreducible polynomial support. As a reference, the realisation of
an LSD-mulliplier docwmented in [5] that supports field polynomi-
als of order & < m — D wilh A4 programmable coeflicients requires
approximatcly 2D + Tm 4+ 4Dh gates and 3m + D -+ h registers.
(This estimate considers the system /O and accumulator reset,
which arc not considered in [5].)

Table 1: Distribution of squaring-to-multiplication processing time
ratios for fields in range m = 160-1024

T/ Lona Distribution Cumulative distribution
4 (] ‘%\
0.05-0.10 32 32
0.10-0.20 23 55
0.20-0.30 16 71
0.30-0.50 29 100

Squaring processing time for cryprosystems: We conclude by ana-
lysing the suitability of the squarer architccture [or cryptographic
applications. Table 1 summariscs the squaring-to-multiplication
pracessing time ratio, 74,/ T, for the field polynomials suggested
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by the cryptographic standard [6], assuming the use of an LSD-
multiplier with D = 1. The Table can be interpreted as follows:
32% of all fields in the range considered allow squaring at least 10
times (1/0.1) as fast as multiplication, 23% between 5 times and 10
times (1/0.2) as fast, etc.
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CMOS compatible thermoelectric infrared
sensors

Chin-Shown Sheen and Sien Chi

A new structure for CMOS compalible thermoelectric infrared
sensors is proposed. By using micro-link structures to connect
several floating membranes, the Jargest loaling membrane area.
yet obtained and large output vollages have been realised. The
characteristics of the sensors have been measured, and are
compared with those of existing devices.

Introduction; Since micromachining using a standard CMOS IC
fabrication process was first deseribed [1, 2], a number of sensor
applications have been proposed and demonstrated. For CMOS
compalible thermoelectric infrared (IR) sensors, to obtain a better
perlormance the aim of the design is to reduce the thermal con-
ductance and increasc the aclive area, In addition to the backside
etching technicue, the current trend is to create a {loating mem-
brane by using a front-side ctching technique. For an inhcrent
front-side etching technique, etching windows must be apened in
the front-side and the silicon substrate under the mcembrane
etched. Conventlionally, wsing front-side etching techniques, two
types of floating structure have been reported: the suspension
beam structure and the floating membrane. The membranc is
formed and then floats after the silicon substrate underncath is
ciched. The main drawback of the first structure is that it is casy
to bend so that it cannot be made large. For the second structure,
the arca of membrane is limited by the design consideration that
the cxtended under-cut etching area of opened windows must
overlap. This requires long ctching times. We propose a micro-link
structure for the first time, which enables a larger arca of mem-
brane to be realised while reducing the etching time. The detectiv-
ity can reach > 2 x 108 ecmVHz/W, which is even larger than that
obtained using backside etching technigues [3}.
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Fabrication and measurements: The samples were first fabricated in
a 1.2um CMOS process (UTEK, Taiwan) as a pre-processing step
before silicon micromachining. Inherent features of CMOS tech-
nology and etching properties of its <100> substrate allow the
fabrication of open silicon dioxide microstructures (beams or sus-
pended membranes) by anisotropic silicon ctching from the front
side of the wafer, The central part of the silicon substrate beneath
the masked membrane is removed and only a roughly 2um thin
sandwich layer of Si0,/Si;sN, on top is left. Onto this membrane
two standard thermoelectric conducting materials (r-poly, Al) are
deposiled and structured. Both conductors have aliernative junc-
tions at the centre of the membranc {hot junctions) and above the
edge of the silicon substrate (cold junctions). An IR-absorbing
layer covers the hot junctions.

Fig, 2 Photograph of ML-2 sample

We propose two new membrane structures, which have four
large freestanding-like membrancs and cach is connected 1o neigh-
bouring membranes by small link structures, termed ML-1 and
ML-2, respectively. The use of such small links gives soveral
advantages for the design beyond the inhcrent geometrical pat-
terns ol front-side etching.

The first sample, ML-1, with 90 pairs of thermoelectric ele-
ments, is constructed on an 1100 x 1100um? floating membrane,
which is shown in Fig. 1. There are six micro-links between each
near-neighbouring membrane with a width of 6pm. The etching

windows are opencd carefully to allow for silicon substrate etch-
ing, and after the etching a pyramid cavily is left.

The sccond sample, ML-2, with 60 pairs of thermoclectric cle-
ments, has a 1300 x 1300pm? floating membranc, which is shown
in Fig. 2. Bach nearcst-neighbour membrate is connected by three
micro-links, cnabling the largest floating membrane yet 1calised to
be crealed by a [ront-side etching technique. The etching windows
are opened efficiently so that the silicon substrate beneath is aniso-
tropically etched completely, leaving a pyramid cavity.

A transistor cap with IR filter hermetically scals the sensor chip.
The transmission range of the IR filter is chosen 10 be 5-14pm in
accordance with the application for detecting living objects,

Table I: Characteristics of different thetmonpiles

Parametor OTC236 [5]] Mi-l ML-2 |Baltes [4]|TPS434 [3]
Chip size Tmm?] | 1.72X1.95 |1.72%1.95/ 1. 72%1.95| - 22%22
Elements N 44 92 60 40 40

Resistance [k€2] 65 36 352 — 40
Sensitivity [V/W] 35 93.7 95.5 30 48
NEP [nW//Hz] 0.59 0.26 0.25 - 0.54
Detectivity
[cnvg@;l/w] 853107 | L94x107 | 2.01x10%| 3x107 | 9.3x107
Time constant [ms) 18 18 18 10 20
Etching method | front-side | front-side | front-side |front-side| back-side

Tablc 1 lists the characteristics for existing devices and the
micro-link samples. For the front-side etched thermopile devices,
the detectivity is always small and < 10%cmV[z/W. For ML-1 and
ML-2, the detectivity is the highest yet reported using the front-
side etching method [4, 5]. However, they are also good enough to
compete with backside-etched devices [3]. The membrane arca of
ML-2 is larger than that of ML-1 so that a larger active arca
could be used and the performance of ML-2 is as good as that of
ML-1.

Conclusions: We have proposed a new structure for floating mem-
branc devices for the tivst time, which enables a large arca of
membrane (o be obtained while reducing the etching time. The
detectivity can reach > 2 x 10* coVHz/'W, which is even larger
than that of existing devices realised using backside ctching tech-
niques. A larger membrane structure area could be obtained by
using micro-link structures and more flexible structures could be
designed by incorporating such structures.
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