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Hal's Neat February Idea 
by Bob the FLOP Counter 

February 28, 1996 

Recall: One complex multiply = 4 real multiplies and 2 real adds. 

x[n] 
X w[n-L] ~N 

e j2n(n-i)u 

1. Let's count the FLOPS except for the window. Assume the input is real. 

v IS[n-L;u]i 

1'1 
2 

• One real times complex multiply (for the e to the j) =two real multiplies per window each N 
values in the window = 2N multiplies per window 

• One lloperation = two teal multiJ>lies per window and one add 
2. Figure 4 in tl1e patent is still used as the FIR filter. There are 

• Three complex-times-a-real multiplication per clock cycle 
~ = 6 real multiplies per clock cycle 
~ = 6N real multiJ>Ies per window 

• Three complex adds = six real adds per clock cycle 
~ = 6N (sequential) adds per window 

3. Inslead of Figure 5 in the patent, we have 

ll 
x[n] Po y[n] 

There are no shift registers or cancellations. The top loop is an accumulator. Counting the flops: 
• One complex times real multiply for ~0 

~ = 2N real multii>Iies 
• One add at output 

Note: the decimation by N here is the same as in tl1e top figure. 

Add 'em up: 
real multiplies 
real adds 

(2 N +2) + (6 N) + (2 N +l) 
1 + (6N) +1 

lON+3 
6N+l 

l6N+4 

real multiplies 
real adds 
FLOPS 

This is for one frequency line. The result is Oct-fl). On a linear frequency bin spacing, FFT' s, of course, 
still win. 
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. e FFT : M f.reiuency bins 
A$.sume 3d h (or ot:her) c..r o.ss' ng-. 

I j 
£m~x A! 

Jmax = ~ + 2(M~1)B 

8 VFAST: N .J.rejuency bins. 
Assume 3db (or- other) cro.s.s;t'\g-
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~ :tMax 
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Almax = (Af)+2(N-1)D (2) 

E7vat i ng ( 1 ) a t>d ( 2) :.::--:;> 



2. (N-1) D 
/42.(M~t)B=fe 

1\ 7. (N-1) 0 
i 4 .2 (M- 1) .a =- e 

where 

T 0 M a t c l, the I= I= T ~ vI=" A .s r_, e1 vat: e 
.J a -1= es t: b i n i n F != T t: o 0 

FFT! 

~~~~~~----~~ 
~fi~+D 

~+B) 
Thus 

or 

_A._~ +D=k{/+Bj 
D=ki+B 

1\ 

J-+13 = e 0 

P J vg i n t o ( 1.J ) 

1\ 41\ '2.(N-i) 
1.+ .2 (M-1) 8 = (i+8) 

Solve for M ~ " 1.(N+1) 

. (i-+ B) - 1 
fill= 2.8 
! 

I=F=T Bins 

N:: Vf:AST BINS 

+i 

(s) 

(7) 



The re J at ion on 

FFT: 

A? 
Hal: t.Jhatare good values forB. 

M bins a-t 8 Jill -"o.:lM 'to-t:a/ FLOPS (FFT (11) 

Using Ha.l'5 NeCit F'ebrua."y rdea: 

Longest fVI vn i t:.s 

N (J,M+tf) 
= 4 N ( l/ M + i) FLOP:$ 

This does not -t:a k e in to a ceo u o -t: 
shorf:ef' windowS-

Nc te ! We. can 5o I v e .for N i t\ ( Cf ) 

k ( 1 + 2 (M-1 >a } 
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VFAST: 
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to compute the :Pm;ra bin. To 
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ej uate to /=I=T.J a s.sum e this ·, s 
c 1- I en g- t l, M • A s s u m e. .f o r a JJ b ·• n .S 

(IS 
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window I eng-th x bqnJwid t h = constcrrat (t~) 
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Thv s 

C.: Constant: 

:. M WMin = M Jmir, ( e D- :1.. ) (<c. 

Let n e x t h i g h e s t: Pre/ u e n c y b i n h ct v e. 
window o .P. J e n gt h M 1.. • T/, e f) 

Mi )( !min (e 3D- 20):; Mt 'I( tMin e <D(e o_ i) 
= C - M !Min (e D_ 1.) (z,) 

Thu 
-2D 

M1 : Me 

Th n t h b ·, .-, c I e ~ 17" h a .s a w i n do w 
o; J eng-t.h 

1 

-2nD 
M,.. = fV1e ; o~ n~·N 

Th V FA S I I= I o p s 
1 

v 5 i ng. 1-/-a I 's n e a t ·, d e 2 .J 

..Pot- th€ n t:b window I~ 

F0 .: Ll ( L/ M,. + .1 ) ~ o!:. n < N 

= Lf ( 4 Me- 2flD + 1 ) 

The to-tal V~AST !='LOPS are 

N-1 
r= = pi\ 

I 

(<! Jl 

I 

(2 ) 



or, using- ('7) and (PI) 

f- (f+irJ-2N ) 
F = q ( '-IM .t - ( U -Q-r ~ + N ( ') 

f='or the FI=T U5 (8). Us (13) i:o Jl;f\c/ 
N -Prom M. / 

p /of:· 

t: he ex e~ m pI ev to I o If ow N 
1 

-/rom (13 )I' is not. ro~n d ed. 
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w i t h f e.,... i o d 1 / u • In o t: h e r w o f"d ..s 

e-d z1T( n + +) U :: e -J "Z'fTrlU x e -J "2Tr :::= e-J. ~Tfll) U '2. ~ 

~onsider bre a l<ing- t~ e SeCJuen ce ~, N poil1t.:S 
1 s b r-o k en ·, ,., to s e gm en f. s of. I en g-t- J, 

k ~ 1/a 

' "lJJll 9 J> ... 
l "' ~ o::o "--: ~~ 

~ 

k k~ 
Fl fl. II 

(:~o) 



\' 

X(u) = 
k-1 g ... ! . /k 

L_ ( L X ( m + p k] ) e -J ?. rr m 
m=o p:: o 

--

K: ( ~L x(m+ ~KJ) e·J:zrrm/~ --

,, f f, d--p::e> 
0 J " k- t 

+ t, 's . .er-- p= I 
k ?.k-1 

+ ~I<. 3kq I <l!!t-- p .::: :z. 
• .. 

Oe:Pine: K 1 .. p .rc 
v[mJ= L. x[m+- r::r] 
I p::.o 

T'he.n 

: X ( u ) i 1'1 e9. 2 7 

FOR U = 1 /k ONLY - ---

1'3 

(3t:) 



s-t "'in g is O(N ). 

D(N~,.N). 



Chapt.er 4: String cut-ting 

FirstJ we consider computinr the number 

J J 2rrnu 
~ x[n]e - (.37) 

, :. 1. 

FIG- 13 

~ J izrrnu 
I t:J ta 0 f 5 : -€ <1 X [nJ 

OPS" (J ~ber times ~h'e,... mu}t.s 

+ ( J comflex aJd.s@ 

:: ( 2J rea f muJe·,plies) + (2J real adds) 



JS 

Stdrt;- with a str;ng- oJ I e, g;-th N=·2p 

c.vT t:>~ - - . ~ Fit; f'4 
' ' :Pre/ ue n c. y k=1 r ' 

, I 
J. ' ,." 'N-

' ....... - .,.. ..... 

Cut: 
. 2 anol add an fie c.es 

C vT t: 

I I 
1 t.l/z. 

+ t I 
~ ..... N I= It:. 15" 
2.. 

' 
: , .... -~\ ~--ftl r- , ·r 

\ ''& 
... -" '2. i 

i cuT 2: 
I .. I 

i NfLf 

+I l 
.lL .... J tL 
"# "2.... 

,.. ' 
I • 

:: tL ', ,I 
i '- - 'Uf'/ 

:For -che pll 2~ 



l="o,.. l='lc, 

II ., 

" II 

• 
• 

where 

AdJinr; 

OPS::. 

' 

J ~ ' .J=N and we need 

IS_~ .J = ~ " 
I I . , 

lto,.J= t ,, II " 

N = 2£ 
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Thus, it\cludlflg; N mult;fj·,es ~or wiff)dtowin~ 

ops,r:-T = 4 PN .. .2P +N 
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400000 l'""":~---·'"''""""•-:c·.-... ,..., .. ,,.'Y----·:·c;·--~~-·--:··-,•C"".~,...-_.,. ... , .. ,._, . .,.,. ...... "C"" ..... ,.~,,.':'~::::~-,·-•••-:•:cc•·-,.-.. ,, . ..,.,-.~ .. ~. """'"''~·-·-:r:C'C..-,.c-•·::c'":CC>'-c,-,-·--·c-."'"'.''c"-"-:·-,.,..-::c .. ,...,,-,_·-c .. -:-·----·-:·----·,-... -r.. 

350000 +':,•:-•,, ....... c._:,,,,,,,.,: .. ·:,: .•.• ,,.,c,"' '·'·-:''·\•''·:':·•·••-.. , ... •,•··"'''::;··''··:·'·:••·•C,:•·.::• .. •-: .•. ,.;:._,,•.;•'•'·''':<•·::••c:::··'c ... :.,,::.:.o,c:;.c:::.. '''>-::,;.:,: .. :: ... ,. :o:.::c:::.,,: •. •c: .. ::.,, .. :: ::::::":: .• :.,'-":'·•'·-- : ... :._,.:;,.::,,.:: ...... ::,:,._:._._ .......... : ...... ,;.:,,, ... : ... :: .•.. ,.,.j,.,.:; 

300000 -F.'''····":':'·c•':'·'·'·''''';.··•:••·•···,c.:;,:.~:;:,:::,;;.:::.:.•:._: .•• ,,.,:,.,,.; .. ,,:_.,;,: •.• ·,:·.:·•••,••:·c·'·•':·'''·''·.·.•;••''·'··"'·'·',:•,•:::,·,,:.·.·,,,,, •. ·,,,:;:,:::,,,, .•. ::c:; .• :.:;_:.•,:: ... ::c,';•:•:•.:, .• ::_:·,,,,: ... ,.,,:,::,;.:,:•:,:.',:,.:.: ... ::_:,_ ..• :.: ',•••,•·:,.,:·:,.:: ... :;,:,..,, ..... ,: •.. _ .. ,:::.c: •. :._ •. :-:c; .• :.,.•_p::·: ... ··:{ 

250000 +'·:·':·•·:•'''•·"'·'···.:•,.,.:,,.,.:,.:::::,~:_: •. :.;_~:.·,.;;_.,:.:,, .... :,-::c_,::.,, .... : .. :. ,c,-::.:.,::.;:_::,;,:,;_,,.::•.,.·,,_:.,,:: .. :::,i'i;··'"''•i:.,::,:-,,:_,,,:,i'.'·:;;.:::,.:-;:,·.:.:.;:,,::.:.::: •..•. ';;,;;,:·::.,:, ·:::.:::·, •.•. ;_;;:,:.:: ... ,.•.:,:·,::,·, .. :,,,:::,:::.:: •..••. ,.::. ·: .... :: .. ,,.:_ .. ,',,.: .... :.c:,·,;.:-:r: •.• _,::.:._,_:; ·-:~··1 

200000 {::.,:;:_::,: .. ;;• '·''c'{:•'·f·''}·'''•''':'·.-'c':'''-'"'':,::::c:";,:c:.•;y,;,i"\-•P•>;i_._;:,,,,.,,,,;c,.:.•;; .• ,::,:i'-':•··''·::'':•':;;;,,,,,.,, .. :,;:,.:::.'c:.:;:o;:,,:;;:,,::_.:c.,::;.c''·.:•''.'·:;·'''·';:~:.;.':.:;,-''·''·'"';,,;,,':,;.',;;,,:;:.:: .• •:,,;,;;.:;':!A;;:':;,\:::,,,;;,,;;.:,·,:"•::':F:C:;,~:.:c.:•/;c;.C:. 

150000+···<~,•,2<"""~"0"+·~·""'~/"'c\"·'•,;:;:00•0~~0~S:0J·ic;e~';'~?0+•~.0~S~0~~~<0?B~":':fi·~•sc'c'S;;~:~~·-·,s;;:;7-•"+~4+0~~?·~~··::·•>~;~r;;,,;.i 

100000 -f·''~··'·'·•+";:.,::;c,,:;;•:;;,_:,::.::;•;;~:.:•:c·"''"•·,·'"'''·'•·'''·'·,···':;;;,,.,,:·;,.:,;;:,.,.:.c;···;-,: .. :.,::· .. ::_::,:.:.:;:,o"'"';;:c::.;::::;;;,;;,,,,;:._c:_;--:~-•:,_,: ..• :':::·,; .. ,:c::: .. ;;,,:::.::;.;;;,:::•::,::.:,,,:: . .:,:.:.::•: . .-. ::· .. ; .. ::::_·.:,:.,:.;::::.:.:.:.c:;,;;;,;;,f;.:.:,·. --+-OFT 
-a- FFT 

5oooot~>·~'0:7~f·'·:0::'·cfi:··•-:,~<+r~·~t~~0}0~8:2"·70c"\'+•~-~~·:x+±f~J.-;+·>~'8j):f7''r'7H•'"c~5~~7f•0sc5r:;0Fc~'•~7'-;7fi8""~':::'~0",,"";~:;·1 --h-STRING 

0 
2 4 8 16 32 64 128 256 512 1024 2048 4096 
1 2 3 4 5 6 7 8 9 10 11 12 

log_2 N :N 

N 
...r::. 

Page 1 



Sheet1 Chart 4 

linear Plot #3 

18000 -,···cr-·c····~·-,-···~r"rco·-·•··-·:~···~,~-",-":'~"·r~·-··-····"''·"•···:·••··-·:·~":·c-··c·~·-""'J~::r·,,~-,,_,.,.,-.,..~- .... ..,., •. ,.~,"""':-r"'!':"''-:'>''"""''"''''"'"'''Y.":":C:'"1':':·'C",""-o-·:-:··"·:-~--y-,.:•:--o•::·C">'---·--·--·c•·""•":'""t'""::·~-···-·""'"'~-.-----

16000 -t.:.:•:,:::.' ... ::_:c::c_,•:•:o,:.,::_:.c·:,.-,.:.: .. ;•,:_: •. •,,,;.;,,_:•.:.::::.' .. ::o_:,.:' :• ... c,;;,,:o, .. : .. :,:•::,;;::.;:,:..-;;.:-,•c.-:,:_::,::.c•,::::_:: •:.;•:,:;;L:;:.-.:::•:.::::::·;•,:• ;._>,J,;,-'.'::.:._; ::::,::•_:,;•:;;::.;_•;p;:::;;,~:c·,::::;._:-;:::::•::.::~:::-.::_:;::,_,;::::+':'·!;.:.'.'-•i;::c:. 1~:.:,::;.:::.:;;:,:;::_::;::,.::_:,;•:::;,ct-;j 

14000 -1•-''"' :::•:-,::'-}:.:;::: · .. ;:;;,:_;_,,,;:::.:.:-:: .. :,;:;:;_,,::,~::::c;.~::. :.::,.:;,,:,:_,::, ... ,: ;:.;.::::,::.;;:;:_,;:.;.;: :;:~.,::..>.:.:, •. :;: .... ::, .. :•i .• :::,,::::.:':f::;c::c,.::,:;. ::.::..,;:::,.:::.::::.•.:,;,:: .• ,·._:.,,.::;.:::;,·_,;; "· _:;,:. .• :\·-:''·-' ·:.:,,:.:::;:,:,_::,,:_:•::;:s:,+•:•:;,;,•::;::.,:;{.,if- ::· ... :::; 

12000~~0~/~;,;:.;c;::::::., .. J:::::.0~<0-•-.-:: . .,:: •. "~~:::::,;:;:;z0:.c:::Lc:::0:::~;;~o;:z~:0c0J::~~c":~gc~0~~;;c~:;~00<4'~~.~:;;~:;~:::0,:~%0:,J{c:,c:.2;,,A 

10000 -[:>r,,,::::c:,:Oc,\"'''·-"• ,;_;,.;:;ci::c';:.,,:o,,.::':.:;,,:;•: .. :;c,.c~::::c~ •• :_·;·.-••'-''•::_.,;;::,:::;: .. •,::-,·'::,';;::';.•:-·\•/•!•.::./,: ,;:;:.\::');::.::.:,: •,:;'.[:, .::::,:;;.:,;::,::,:;:;.>,;:.::_:'c:~:;:c:,c, __ :_ .;:.:_•.· ::•.~L; ___ ,,;,::,._:,;:c.:.: ... t':::_,_;;:,;;,_,, __ .'Jc'•·-~,:c .. ,:,.::, .. ,_ .... _:: .,,, 

8ooo+~~;0J·~~i;2~¥~/,~';L~c,:~~G+~0c~<·•>0~~;~.0>0~,:cc~:,: ... :~;/-~.~,;~; .. c~.~~;:,",;::c00:~+"•~;,,;;p;.{4:j;0~Ys·~;~40~+~;,:0c~.~j.z1 

6000~c~';0;;;,:;.~;;.~:":;., ...... ~:-~c--c~;,_~::.c:~>~~:ci:+.:::s;J0)•,0\c7•0>-/l:.;:~c0>•·!~;;~,~·0•!<i2(0;+~~~.-~~;:~:))~:~);-;~+•7"7;;::~,,::c:.~:~./~o-!•-·/0 

4000 -[:;c:.::_c,:,, _,:;,:.::.;':C:.:;~::::..: .. c.;;::ic.-:;:.:_.;,:;:z:;;.::.:::~--':;,::;:.:.';;;:::: ..• ,•.,:::,o:.::.,:;,::.',)::ic:.'::::;:,.',.:;.:,::'.:'c,:::,,.:C/:',cc:_:,.:::.::.::,;.:_, L.:c:: .. ::;,:.:•:: :, __ ,:_· .• ,.~:·;·~:.::.C,,:Xc://:::_:p:,;,;,.,,:,:::,:,;;::i·'oi'"i':.'V• ':::_;:;;p:.:c"', ''''"'''' ::;;,:;;l 

2000 -!:.:_,;;;, :,:::.c::;,::::.::, .::::;:::..,;.::::~;:,:,_.:,::,, :'.:::::,;,: .. :'··' '-•- .::.:;:'::,::;:~:-:.:c:::::;::,:'.:':::i::;::.:•:;::''c~:: :.;;;,,,_:;:;C;:J5:f>:-;,:(,'(:i:,;;:,::,:;:. .• ;,~;:::,;,:-,~;,;,:;.:;,:;,::.'.;:0.·•••:i'-•,;:1:_;.::.;•:":;:;:.:,;,,,,;;,.;_.;,,.:;.';._,:.:~.:•.;::,: .. ,:{ 

0 
2 4 8 16 32 64 128 256 

2 3 4 5 6 7 8 

N : log~2 N 

Pe,..- 1 

--+-OFT 
-s- FFT 
~STRING 

}-) 

"' 



Sheet1 Chart 5 

Linear Plot #4 
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: Chap t _ fY/$ LJ, _ f3_,J l!Jgrf<S 
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j Str-in~ cutt:in:e:: kfl!at: .Preiuency se-1::- Cal') 

I 

we generate?' 

FIG. 2<1 
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error bound versus p=flat interval length 
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error bound versus p=flat interval length 
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versus P=# intervals for various N 
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..., 2.. i" 3 -t + N/z. 
<:d a . ... a 

--

( ~-35 

-JozrrL.I 
· a= e ) 

a~ ... I 
(fl-3,) 

5ubtra cr1·ng: a (a "'1?. _ I ) a· a f (a N/q - a ·Nfq ) 
.. t3 v~ ( d. i/2. .. a v~ ) . X:( u) = a - 1 =.. 

J_ "') - e .. j 2 rr ( .t + 1f' u >( 

. rrNu 
/.l..ut.. 2. 
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· TrNll 
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I '8"-10 

I' 

..JLet's see if we can apf'roximate C:p(u) 

"I f.or small U. Let's repee~-t (?·8): 

p pet ( . . ) '"2.. 
E. (u) =/ L_ L X'[n] e-az.rrn~e-Jz.rrp'fLt 

'P ~ =! n =- ( 1-•) p + 1 ( f!- (/1) 

For :small e 
-J e . e ~ L -d e ( r~- q < 

Thus . p pt:t 2 

C ( 1.1} ... J L L_ X [ n J ( -j :J.Tr L1 ( n - p <J ) ) / 
T u ~ 0 1 = I t\:: ( <J ~·) p + ' 

N 
X(o)=- L_'x[n] 

():;_ I 

The error a-t U = YN is t:hus Bfp~"t>Ximc:rtefy 

C P (is) ~ ( 2:: f_) 7.. X 1 o) . · . 

"'" I ~ rr/P) x: ( o J I "l. < ~ . <~ 7 J 



I 
A(lo-ther aprr-oximaf:ion o.f- t:he error ~ome.s 

:From the wz easure. 

5ince ~f(o) ~0 
1 

a f,r 5 t- orofer affro"Kivnat:ioY) 

.for ~p (u) 15 

<(p(u) a___.,.c..,. [ X
1
(o)- Xy(o)J u (t-'1'1) 

Thus 

Gp(u) - "> 
Lf·~o 

I x:'(o) - Xr (o) 1 
Oi fIe r e rd:'u:~ t-~1l b ( S -I) g- ,ves 

N 
K' (u} = "J .:1 rr f., n X (n] e -d 

2 
rrnl.l (g--sz) 

and 
N 

K' ( o) ==-d :lTf 2: n X [r'\ 1 
n = 1 

' 
5, m'• larlyJ J rom (f$·5) ~p 

I T -J xrrp'J u L: X:T ( u) =- -J :nrp ~1 9 x (n1 ( tr·SY) e 
n= (1 .. •) f• I 

atld 1' 1P x; ( o) = -J 2 rr F f,9 L: x [n] ( S' ·SS) 
n:.(1·•)f"'' 

8' ·I/ 



Plug; ( 8-53) anJ ( ~-ss) 
F 

£p(tt) • u""} ·j?.Tf L 
u~ o '=- 1 

No t e : This i .s -I: 1--. e sa me r f!! s u / t: a s ( f1 - 4./ 3) 

and w;lf g;ive the. same result. 
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er ? 

fVlvslc al'lJ 
Lo G F" re f u e r1 c__( C "2 J ; b r a+ i o l'l ; 

T(tJ) 

For leg cal; brat::ie.>l'lj i he. raf:io 
f. r e 1 .v e: n c. i e. s ·, s a co, s -t a V1 -t: 

;,...,. J 

fn 
Su/f~Se,.. Jor .ex.amf f 
ar. oc..f:ave 1n -l::::o 1"2 
The:-..n 

we.. wis~ t:o divide. 
lcg:~s.fac.ed int~V"vals. 

..1..... 
Co ., s t an t =- 2 ':z. :: /. o .5" q 4 (. 3 o t:t 'I 

This is -tlu::? case Pol" music.a l e::..e~L; hrat-io¥} 
( I 2. ct. ..-.om a t:- i c step :s fer d c: t a v e ). W h ~ t"l 
-1::: "i 5 is do~ e J i. A e n1 v s i c..a I sc a I e is sa i d 

i,; 0 be. <. t e""' f. e V"' e d , as i.., Bach 's c Th 11!.. 

W ~ J I Tewrf e ~~" e.a . CIa vi c.ord '. T~ e C. t, o ,· e:...e of.. I<.. 
t~ol::.es Is M.o f::.:tVilte.J hf harmon tC.S .. 

Al'l examt,le. is ~~ 11e.-, i.,.. Fig: 3.5 for a 
Se7vence. d '.fl. /en~'-:f.h 2'lf:: !5"2.4 :z?S'.,. For 
n: 1_.. -tl-.e. .se,uerYce is "tero radded -l:.o 

3 ~ "2, 1Cf 

artd 'i:he£1'1 chorr-e~ ;n -l::o .2M::. 2 2.= 4 f.'ieces ... 
Thlf!]; s t; ,-in f:" is i:: r; p I e.d and c I, of I' ed i 11 t: o 
~e:~m.e powl!.r- o.J! .Z.. For /1::: I t;~e 
str-rng-- is e,f I eVJ g-t l, ~ I 

2 
3 + 2 :: 3CJ 3 2J ~ 

rt,, s s t: .-; , r; ; s -t ~; f ! ec1 ", J J ; v j d e ct 

3 93 :Z I q ~ 3 7 2 1.. -=. 2 q ~ <=J 12. 

3 

(78) 



Th e. n e x 1:: e V'l t: r y i S 

TJ. e p o w e ,- o J 2 i , ( ft D ) , (<is' I J a t1 d Cz '2.) ; s 
chosen to ge+ the result- between 

2 l<i arf'l4 2 Iff .. 

Repe-tif::iof) g-tves t:J.,e numhers it) 
co / v rn Vl @ i 11 F i ~. 3S., Not e. 
t~q't -the resul-t /or n= 1:<. is s'l 
appoxjmat:el( an oc.tave be Jow_ 2 • 

T~ e nvrn h ~.- .s h1 Le. L..)""., @ are 
re JAr rrq ~""~ g-~ i fl_ a .sc. e 11 d; ng; orol e r .i V) 
co vh1vt ~ .. I he next- r-at:.1c is 
h e. t: w e en t: w o ad j a c e ,., t -/ r e. 7 v e "" c. ,~ e s . 
Tne re..sv It~' i..., eQ e. t., c c;rs e./ .s J, ov I ol be 
2. V 12·.. T h e r Cf -t-' i e:. s ;;;J r-- e c I o.:S e . 

(Cen-t.sJ a,..e -l::.he. intervals resul1:ing_ $ 
;, rnustc. by cliv;d;,J:. a note jn-to IC50 

i e c e s.. Th ~ c en t- e r r 6 r <:o J u m n ; .¥l 
F'1t;. 3.5" is Cornpvted from the .Porrnufa 

ce V1 t- error -

~(~;t;.: ) 
~(2 ,loo) 

(
rat)o) 

-. ~~ 2 'JI2.. 
- {/ 2.-;t;;o 



Sheet2 

® (f) 
N 2AN n (3An)*(2AN) m (3An)*2A(N-m) * ordered ratio cent error 

19 524288 0 524288 0 524288 265720.5 1 .053497942 -9.78 
19 524288 1 1572864 2 393216 279936 1.053497942 -9.78 

19 524288 2 4718592 4 294912 294912 1.067871094 13.69 

19 524288 3 14155776 5 44236? 314928 1.053497942 -9.78 
19 524288 4 42467328 7 331776 331776 1.067871094 13.69 

19 524288 5 127401984 8 497664 354294 1.053497942 -9.78 
19 524288 6 382205952 10 373248 373248 1.053497942 -9.78 
19 524288 7 1146617856 12 279936 393216 1.067871094 13.69 
19 524288 8 3439853568 13 419904 419904 1.053497942 -9.78 
19 524288 9 10319560704 15 314928 442368 1.067871094 13.69 
19 524288 10 30958682112 16 472392 472392 1.053497942 -9.78 
19 524288 11 92876046336 18 354294 497664 1.053497942 -9.78 
19 524288 12 2.78628E+11 20 265720.5 524288 1.067871094 13.69 

559872 

2A(1/12): 1.059463094 

Page 1 



Q: 

Q_: CC\rll'-t we new-ate::: i:he I fr-eluenci 
qnd -then use oc.t:.ave.. st:ri&"\g_; cutting; 
(',n c_ht:tp-1: lf) t:o ccH·•nrut:e t-~~ 1 
f. r e J u e n c i es Cl vt o c. f: a v e h i g 11 e r ? 

A·. Yes but- we J,qve ..Co i.,creqse N (aY»cl N) 
.J 

For on e. e;c t~ v e ..J we n e. ed N =- I 9 Of"' 

l't 
2 -; 5 2 Y.l 2 ~ 15 ( 8L0 

Th i :5 i S .5 how I') i s F f G., 3 7 r.v h e r e co / u m n 0 
Is naif o!- c.olvmn.® and still C~!/ integ-ers .. 

-For tv.vt> oc.ta ves.,. N = 20 is , needed .. ~-e.. 
Fig;vr-e. 33'.. Ce>luml') {fJ) 1:S hct}PoJ! (0.., 

{i) Is hqf P c;J' @... l='o~" JV-::.. 20 all ent-r--ies 
!n c.o I vmn. ® are ; n t- eg;ers. c~ I vrn () (g) 
15 not. 

- Fo~r- 3 octetves we n e~d N-::. 2. 1... .:;e e. 
F"ugvr-e 3Cf, 



7 
Sheet2 

® (B) 
N 2AN n (3An)*(2AN) m (3An)*2A(N-m) * ordered ratio cent error 

18 262144 0 262144 0 262144 132860.2.§ 1.053497942 -9.78 

18 262144 1 786432 2 196608 139968 1.053497942 -9.78 
18 262144 2 2359296 4 147456 147456 1.067871094 13.69 

18 262144 3 7077888 5 221184 157464 1.053497942 -9.78 

18 262144 4 21233664 7 165888 165888 1.067871094 13.69 

18 262144 5 63700992 8 248832 177147 1.053497942 -9.78 
18 262144 6 191102976 10 186624 186624 1.053497942 -9.78 

18 262144 7 573308928 12 139968 196608 1.067871094 13.69 
18 262144 8 1719926784 13 209952 209952 1.053497942 -9.78 
18 262144 9 5159780352 15 157464 221184 1.067871094 13.69 
18 262144 10 15479341056 16 236196 236196 1.053497942 -9.78 
18 262144 11 46438023168 18 177147 248832 1.053497942 -9.78 
18 262144 12 1.39314E+11 20 <:_ 13286o.2S ~ 262144 I 1,067871094 13.69 

279936 

2A(1/12) = 1.059463094 

Page 1 



P· 
Sheet2 

N 2"N n (3"n)*(2"N) m (3"n)*2"(N-m) * ordered ratio cent error 1 octave. 

19 524288 0 524288 0 524288 ~0.5 1.053497942 -9.78 1~0.3 
19 524288 1 1572864 2 393216 279936 1.053497942 -9.78 139968 

19 524288 2 4718592 4 294912 294912 1.067871094 13.69 147456 
19 524288 3 14155776 5 442368 314928 1.053497942 -9.78 157464 
19 524288 4 42467328 7 331776 331776 1.067871094 13.69 165888 
19 524288 5 127401984 8 497664 354294 1.053497942 -9.78 177147 
19 524288 6 382205952 10 373248 373248 1.053497942 -9.78 186624 
19 524288 7 1146617856 12 279936 393216 1.067871094 13.69 196608 
19 524288 8 3439853568 13 419904 419904 1.053497942 -9.78 209952 
19 524288 9 10319560704 15 314928 442368 1.067871094 13.69 221184 
19 524288 10 30958682112 16 472392 472392 1.053497942 -9.78 236196 
19 524288 11 92876046336 18 354294 497664 1.053497942 -9.78 248832 
19 524288 12 2.78628E+11 20 2~.5 524288 1.067871094 13.69 262144 

559872 

2"(1/12) = 1.059463094 

p/6. 7 

Page 1 



Sheet2 

N 2AN n (3An)*(2AN) . m (3An)*2A(N-m) * ordered ratio cent error 1 octave. 2 octave 3 octave 

20 1048576 0 1048576 0 1048576 531441 1.053497942 -9.78 26§:Z20.5 1~0.3 6~.125 

20 1048576 1 3145728 2 786432 559872 1.053497942 -9.78 279936 139968.0 69984 

20 1048576 2 9437184 4 589824 589824 1 .067871094 13.69 294912 147456.0 73728 

20 1048576 3 28311552 5 884736 629856 1.053497942 -9.78 314928 157464.0 78732 

20 1048576 4 84934656 7 663552 663552 1.067871094 13.69 331776 165888.0 82944 

20 1048576 5 254803968 8 995328 708588 1.053497942 -9.78 354294 177147.0 ( 88573.5 D 
20 1048576 6 764411904 10 746496 746496 1.053497942 -9.78 373248 186624.0 93312 

20 1048576 7 2293235712 12 559872 786432 1.067871094 13.69 393216 196608.0 98304 

20 1048576 8 6879707136 13 839808 839808 1.053497942 -9.78 419904 209952.0 104976 

20 1048576 9 20639121408 15 629856 884736 1.067871094 13.69 442368 221184.0 110592 

20 1048576 10 61917364224 16 944784 944784 1.053497942 -9.78 472392 236196.0 118098 

20 1048576 11 1.85752E+11 18 708588 995328 1.053497942 -9.78 497664 248832.0 124416 

20 1048576 12 5.57256E+11 20 531441 1048576 1.067871094 13.69 524288 262144.0 131072 

1119744 

2A(1/12) = 1.059463094 

.( 

Page 1 



Sheet2 

N 2AN n (3An)*(2AN) m (3An)*2A(N-m) * ordered ratio cent error 1 octave. 2 octave 3 octave 

21 2097152 0 2097152 0 2097152 1062882 1 .053497942 -9.78 531441 265720.5 132860.25 
21 2097152 1 6291456 2 1572864 1119744 1.053497942 -9.78 559872 279936.0 139968 
21 2097152 2 18874368 4 1179648 1179648 1 .067871094 13.69 589824 294912.0 147456 
21 2097152 3 56623104 5 1769472 1259712 1.053497942 -9.78 629856 314928.0 157464 
21 2097152 4 169869312 7 1327104 1327104 1.067871094 13.69 663552 331776.0 165888 
21 2097152 5 509607936 8 1990656 1417176 1.053497942 -9.78 708588 354294.0 177147 
21 2097152 6 1528823808 10 1492992 1492992 1.053497942 -9.78 746496 373248.0 186624 
21 2097152 7 4586471424 12 1119744 1572864 1.067871094 13.69 786432 393216.0 196608 
21 2097152 8 13759414272 13 1679616 1679616 1.053497942 -9.78 839808 419904.0 209952 
21 2097152 9 41278242816 15 1259712 1769472 1.067871094 13.69 884736 442368.0 221184 
21 2097152 10 1.23835E+11 16 1889568 1889568 1.053497942 -9.78 944784 472392.0 236196 
21 2097152 11 3.71504E+11 18 1417176 1990656 1.053497942 -9.78 995328 497664.0 248832 
21 2097152 12 1.11451 E+12 20 1062882 2097152 1.067871094 13.69 1048576 524288.0 262144 

2239488 

2A(1/12) = 1.059463094 

Page 1 



Pt<.FVIOUS /VIE:THOO: 

3n 

New METH oo: 

Result.:s 

-Note: Bot- I, methods work beca u.se 

3''2. =531_..441 """' ~ 'q =s=zL./ 2 gl? I"'V 

Tl-J i.s I.S an error a~ 

3!_ 
312. 

12., 

2 ICJ 

~2 
3 
219 - o. 0 I q '-'eta ves - --

~ 2 

Q: Can we combine new :1 old mef::hod? 

A : Sure 

Q : La n we. extend t hIs t: o so m e t- hi "cr 
. ether than 3? C:> 

A-: 5vre. 

(~~:,) 

[CZ57) 



Sheet3 

N 3h(-N) n (2hn)/(3hN) * ordered ratio cent error M 3hM (3hM)*ordered 1 octave 

0 1.00E+OO 0 1 0.493270184 1.067871094 13.7 11 177147 8~1.3 43690.6667 

1 3.33E-01 1 0.666666667 0.526748971 1.053497942 -9.8 11 177147 93312.0 46656 

2 1.11E-01 3 0.888888889 0.554928957 1.067871094 13.7 11 177147 98304.0 49152 

3 3.70E-02 4 0.592592593 o.592592S93 1.053497942 -9.8 11 177147 104976.0 52488 

4 1.23E-02 6 0.790123457 0.624295077 1.067871094 13.7 11 177147 110592.0 55296 

5 4.12E-03 7 0.526748971 0.666666667 1.053497942 -9.8 11 177147 118098.0 59049 

6 1.37E-03 9 0.702331962 0.702331962 1.053497942 -9.8 11 177147 124416.0 62208 

7 4.57E-04 11 0.936442615 0.739905276 1.067871094 13.7 11 177147 131072.0 65536 

8 1.52E-04 12 0.624295077 0.790123457 1.053497942 -9.8 11 177147 139968.0 69984 

9 5.08E-05 14 0.832393436 0.832393436 1.067871094 13.7 11 177147 147456.0 73728 

10 1.69E-05 15 0.554928957 0.888888889 1.053497942 -9.8 11 177147 157464.0 78732 

11 5.65E-06 17 0.739905276 0.936442615 1.067871094 13.7 11 177147 165888.0 82944 

12 1.88E-06 18 0.493270184 1 1.053497942 -9.8 11 177147 177147.0 88573.5 

1.053497942 

2h(1/12) = 1.059463094 

LfO 

Page i 



Cl,qfter 9: Goe~"ti!e( 

Bad news r -t:.hint;r" 
/ ~ . 

Go e r t e: e I I< 'o 's S -:e:a s =c. 1 11 t: h e 'I ti 
- eveYJ wiVtdows. 
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I 
I 

qve.st:ion·. He>w man/ ops? 

E1uat:ion (Cf·2) can he iWiflernent:eJ bl-&he. 
rrR /; /t:er 

)([n] y,<. [ n J 

I : J PIC 

:! .. , e J ~rr k/N 

- X ( H;,~ ) = 1k [ N J ' 
opera t-'e ons i 

.N complex mvlt:iflies 
N e:.omp lex a.dd S 

t:of:a l :. 

::. ' N =- 2 N 

1/N 

Svrpose we 
input: iflto 

window xC:.n1 
t-he ~; lte~ 

pr-ior to its 

w[nJ 

__ x_r~nJ ___ "~~~---x-~~n_J_w __ r_n1----r-~·--~----
i- IG Cf• 2. 

~ -'e d 2.rr k/N 

This adds about N o p.s. Thus.., wi 1::: h !..#i ndows.~ 
we have. 



1-1 ow does t h i .s co m p a ,... e. t:o S ~as ~ s e ,.. ; e s !' 

Here,~ rhe. impulse response is 

j 2rr/•//N ~ i ~-rr{/N 
h L. [rl] :. e" ~ o(. e (j cr[n J ( Cf-lo 
" 1:: -Q ,, 

where Gt is -the order ol t~e S:eas-:e ser-·,es. 
Thus 

Q. j 211" ( k -+ 9 )f N 
hk [.nJ :. ~ tXq, e u [n J ('1 "" 
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[Aiternaf:ely: 
J 

x.ru >: ~ u X~~ (t) e -d zrrut-clt:- ( 10- 4) 

whe.re.. 

--
().::3 

x(t:) ~ L 6(t- ~) 
p:> 

:: X(t.) ~ lu\ ~ 6(ut- n) 
r.:::-~ 

= x(t)* lu\ ~(£At) 

Let. 
(10·1) 

Then 

( 10 ·8 

t>o v 
= X(v), Z::. &(u- -.,) 

1\ ==--
1!/A) 

: I( v) M I u l ~ 6 ( v - n u ) 
1'1.:!-q.:;J 

t;'o 

= Ju) ~ X:(nu) G(v-nu) ( 10 ... q 
n= -.:;:;Q 

Inverse tr-ans:fo,....ming-

X'~.~(t). lui i: .X:(nu) e-Jzrrnut 
1\::: -c:x:~ 

(ID·Jo 



Sub$eit-ui::-ing- int:o (I0·'-1}: 

XC u > = }/" {1 u In£ X (nu) e ·J .. "" ut:} e -j 2.rrwtd t 

..L 
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We have an F# mi.s.sing. We Gan C>bean'l i:.hi:s it1 
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We can use this t::-o esta b/ i.s h nvm her sfetc.i ng-s 
t-ha:t:- are :a.rpro x't Ma-te I r Sf Q c ed I og; (' 2 
notes pe~ octave). 
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This froblem ,can be. .f.or.rnulated as a 
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'( ; wt, ere mig l, -1:: t hi .s be use /. v J ? 

It; tJt- cHl FF T ouf:f.v-1::: wher-e f!re1 ueU"~c; es Br\:_ 
l;m;t;ecl to le..fN. 

Lets compare aps 

(J)For Goef'""t:~el 

comrute 12 lre,uenc/ 
(N=72C) 

Go-ert~ 
1'2. J;,.,es X 9N OfS rer line ·= 77_)7(;,0 ·ops Q« ") 

t="or F=Fr"' ;:-or rad\X mus-t: use j-
N:: I 0 ~ 4::::. 2 10

-

j'Anl FF T' (JI 7) 
~ N ~ (}'2. N ~ ~ 1J 9 20 Of.S 

The a c t-v a I o u m be r w i JJ he I e s s • 
I 

!Goerte.ef does not dowel{ h re.l rt w~l/ 
do hei-t=er for J a rger N. In g;e11er J : 

ops FJ::T 

/ 

ofS . 
J in e 



L et s e.x.a rn II) e e I J! i c I en c y. 
Goert-:ee/ beat t:ite FFT in 

De J~Yle 

elf/ G r= = 

When doe..s 

oPs? ... 

w ~ e r e L ' s t:; he n u m b e r a .J. I ; ,.., e S4J 

when L eJ(ceecls ~;:N.- i~ is be:s-t 

v :s e '.-t:: J, e r=· FT. 
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The Fourier t:r-ans.forM 
. 
IS 

X(ul = ~ x[nJ ej 2 rrnu .~ 
n 

We break -~;;l,·,s inf:o waveleng:th o:P 
·, r1 t:: e g;e r I e n g- t: h A : · 

... , >.. ... I 2 A-1 
.. ,·X:( u),:!: •.. L_ + ~ + L.. . X [n] e-J 7-rrt')tl 

n=-~ n=o n= A 
= L: ~>.-' x [rr\1 e J 2.vm u \ 

p· m=p>. 

L t n= m-pA. TJ...en 
· ~-· -· -zrr(n-+p). )u 

X(u) = L 2: X [n+p>.] ed 
p ():: 0 

This is useful onl7 when AU= k = ;.-d::eger,or 

i</. 
U = I). 

In svc.h a case 

( 12. • I) 

)..-a . !.. 

X({-)= X[k] = L L X [n.,. pA J e J 2 rr,..n/A 1'2.·5) 
r n::::.o 

we I o o I< a t: t h Ls two ways. p, r s t J t. h e 

con ve t'l i::- i o fla I mao-nit ude 
6 

l A. [ k] I = I L ~ X [ fl+ D).] eJ zn-kn/>. I (12.-') 
p n::o r 

and HCJI s c.of\stant Q. c.onj ec.t.uf'e. 

A .. , k/ 
I X'HAt. [k] J " f } {;;; x [n+pA] e.ci zTn'> >-j r2·7) 

Not 



Notes: 

1.. For on· :Preiuency t-ones.# 

x [ n J = e J 2.1T, kl.x (, z.. J 
DN·F 

bot--~ (12.-ts.) and (12-7) g-ive the .5e1n1e. 
result-.. D 

2. For 6] :f- f,. e'f v e"' c ( tones.- f X""11-4L [ !<.] \ 

g-ives a lower Q_- as conjectured .. 

Here 

[ ] 
jzrrt"l v V ._.~ + 

XoF"r: n =a ; r ,, 

Then ( 12 _,) become .s 
I X [I< J I "fall E. ~ e J nr( n ""pA) v e.- j. 2Trfl I</>. I 

p n= o 

.. ' ," J (p- I ;p-rr p A 1/ ), - I J -z-rr n ( 1/- -k-) I 
-lal4~' L:. e L:. e 

p:.o , n=o 

I ~TrlPAVll ~rrA(v-~)-\ = /aJ ~rrAv ~rr(v-1--) 

(rz u) 

(12. 12..) 
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A Piecewise Isoplanantic Approxirnation for the 
DFT 

  

The discrete time Fourier transform (DTFT), X(u), of a sequence x[n] of 
length N can be written as 

N 

X(u) = l:xfn]e-j2nnu (1) 
n=l 

The discTete FouTieT tmnsform (DFT) follows as 

X[k] =X(~)= ~x[n]e-j2nnk/N; 1 :=:; k :=:; N (2) 

For a given frequency, u, the DTFT can be evaluated by the inner product 
of two vectors of length N. One of the vectors contain theN values of x [n] and 
the other the corresponding values of exp(- j2?rnu ). 

How can the operation in Equation 1 be simplified? One approach is the 
FFT. Another approach, the piecewise isoplanatic appmximation (PIA) can be 
used without significantly altering accuracy when the value of u is small. To 
apply the PIA, the vector containing the x[n]'s are broken into P intervals each 
of length ,\. Thus 

N= P,\ 

The idea is this. Each of the components of the P intervals are added. Call 
the sum of the qth interval, {1 :::; q :::; P}, 

q).. 

xp[q] = I: x[n] 
n=(q-1)>.+1 

These values can be placed in a shorter vector of length P. We form the PIA 
DTFT 

p 

Xp(u) = L:xp[q]e-j2nq>.u 

q=l 

1 



This operation, illustrated in Figure 1, requires the inner product two much 
smaller dimensioned vectors. The save in operations, not counting the adding 
of the numbers in the intervals, is on the order of >. = N / P. 

For small u, 1 

Xp(u) R; X(u). (4) 

Indeed, for zero frequency (u = 0), Equation 4 is a strict equality. For small u, 
we can show 

Ep(u) /X(u)- Xp(u)i2 

< 2E [>--cos (1r(>. + 1)u) si!l(t~)J 
Sln 7rU 

(5) 

where the total energy of the signal is 

N 

E = 2:)x[n]/ 2
. (6) 

n=l 

Plots of 
Ep (~) 

E 
versus P are shown in Figures 2 and 3 for various values of N. Note that, for 
P = N, the value of Ep(u) is identically zero. Thus, the bounds in Figures 2 
and 3 for P = N are pessimistic. The bounds for P > N are, of course, without 
meaning. 

Proof 

The DTFT in Equation 1 can be written as 

p 

X(u)= L 
q=1 n=(q-l)>.+l 

and the PIA in Equation 3 can be written as 

p 

Xp(u)= L 
q=1 n=(q-l)>.+I 

Substituting into Equation 5 gives 

p >.q 

Ep(u) = L L x[n] (e-j2nnu- e-j2n>.qu) 

q=1 n=(q-1)>.+1 

2 

1 Due to the periodicity of X( u), this approximation is equally valid when u is close to any 
integer. 

2 



Using the inequality 

gives 
p >.q 

Ep(u) :S: L L x[n] (e-j2rrnu- e-j2rr>.qu) 

q=1 n=(q-1)>.+1 

Schwarz's inequality, 

applied to this equation gives 

2 

p [ >.q >.q l Ep(u) :S: L L lx[nW L je-j2rrnu- e-j2rr>.quj2 . 

q=1 n=(q-1)>.+1 n=(q-1)>.+1 

(7) 

The first term in Equation 7 is simply the energy of the signal in the qth interval. 

>.q 

Eq= 2.: (8) 
n=(q-1)>.+1 

Using the geometric series, the second term can be written in closed form as 

Further recognizing from Equations 6 and 8, that 

reduces Equation 7 to Equation 5. 

3 



X (1] 

X [2] 

X [3] 

t 
X [A] u 

n 

X [A +1] ~ & e 
d 

X [A +2] /. t Xp(u) 
0 

/ . 
/ 

/ 
/ f 

r 

X [q A] e 
q 
u 

x[qA-+1] e 
n 

..... , c 
~,,,~®- y 

x[N] ~ 
• 2: 

u 

Figure 1: Illustration of the PIA of the DFT for a single frequency, u. There 
are a total of P input intervals that are summed. 
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Low Q Spectra Fron1 Long Signals 

     

The discrete time Fourier transform (DTFT), X(u), of a sequence x[n] can 
be written as 

00 

X(u) = L x[n]e-j2nnu (1) 
n=-cx:> 

The discrete Fourier transform (DFT) follows as 

X[k] =X(~)= n~oo x[n]e-j2nnk/N; 1::; k::; N (2) 

The summation in the DTFT in Equation 1 can be broken into intervals of 
length A and written as 

oo (p+1)A-l 

X(u) = L L x[m]e-j2nmu 
p=-oo m=pA 

Substituting n = m - pA gives 

oo A-1 

X(u) = L Lx[n + PA]e-j2n(n+p>.)u. 
p=-oon=O 

When AU= k =an integer, 

X(~)= X[k] = P~~x[n + PA]e-j2nkn/A (3) 

From this expression follows two spectral representations. 

1. The conventional spectral magnitude follows from Equation 3 as 

I 
00 A-1 I 

jX[k]j = P~];x[n + PA]e-j2nkn/>- . (4) 

2. The low Q spectral magnitude is defined as 

00 IA-1 
XQ[k] = p~oo ];x[n + PA]e-j2nkn/A (5) 

1 



1 Properties 

• From the triangle inequality, 

XQ[k] ~ IX[k]l 

As a consequence, XQ[k] can be shown to have a lower Q than IX[k]l. 

• Let 

{ 

aej21rnv 
x[n] = 

0 
O:;,n<N 
otherwise 

- For a frequency identically equal to v = qj).. when q is an integer, 

XQ[k] = IX[k]l when v = C£. 
).. 

- Otherwise 

and 

XQ[k] =laiN I sin (Jr>.(v- ~))I· 
sin (1r(v- ~)) 

(7) 

Note that Equations 6 and 7 are both equal to laiN).. when v = k / >.. 

2 Examples 

In all of the figures, the spectrum magnitude is shown along with X Q for four 
and eight subdivisions of N points. The more subdivisions, the smaller the 
value of Q. 

1. The spectrum magnitude of a single sinusoid of frequency v = 0.5 for 
N = 32 is shown. 

2. The same as Figure 1, except N = 128. 

3. The spectra of the sum of two sinusoids of length N with frequencies v1 

and v2. 
x [n] = ej21rv1n + (3ej21rv2n 

In this figure, v1 = 0.2, v2 = 0.8, f3 = 1 and N = 32. 

4. The same as Figure 3, except f3 = 2. 

5. The same as Figure 3, except (3 = 2 and N = 128. 

6. The same as Figure 3 with N = 64, f3 = 1, v1 = 0.4, and v2 = 0.6. 

7. The same as Figure 6, except N = 32. 
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GRIP/ 
lEVER 

US Patent 5394717 & Patent Pending 

I 
MAGNETIC 
RING 

READY TO FIRE 
INDICATOR 

Coming soon: 
TM • Magloc for Smtth & Wesson, Lady smith 
TM 

Magloc for Shot Guns 
TM 

Magloc for Beretta 92/96 pistol 

READY TO FIRE 
INDICATOR 

, } - MAGNETIC RING 

MAGLOC™ for BERETA 92/96 PISTOL 

SMART LOCK TECHNOLOGY INC. 
1160 Yew Ave. 
Blaine, WA 98231 U.S.A. 
Web Site: WWW.SMARTLOCK.COM 



~ MAGlOCmsafety Conversion for Coii1911A1 pistol 

8.HO 

11. MAGNETIC RING 5. SPRING 

2. BASE PLATE 6. HOLE 9. RIGHT PANEL 

12. ON/OFF 
SWITCH 

1. LEFT PANEL 

'·• Smart Lock Technology Inc. has spent over 6 years simplifYing the MAGLOCTM safety device for conversion o( 
firearms. Simply follow the numbering sequences shown above and you can have a Smart Firearm in less than 10 
minutes. ™ 
MAGLOC can be customized by adjusting the magnet (10) location according to the ring position of the user. 
The magnetic ring (has magnet on the underside) can be worn on either the middle or ring finger. It is an open ring 
design that can be adjusted up or down 1 size. 

~l~·.' 

~iler a MAGLOCTM now and receiv;~ a special introduction discount of$20 off the suggested retail price (add $5.50 
fo(shipping &handling). Note: Limited one order per household. Introduction discount ends by May 31, 1998. 

~::§:~ __________ ------ --~--- ----- ----·- ---~ --- -"-- -- cut here ----------------- -------------------------------
~-:..' . jJ 

To order, please complete the following and mail it tq: Smart Lock Technology Inc. 
11'60 Yew Ave., Blaine, Washington 98231 USA or fax: (604) 448-1879 

)' 

Name:~------~----------------~~----- Daytime Phone Number:( 
Mailing Address: ________________________ _ Fax:( ) 

City __________ _ 
Payment: Visa 0 Master 0 

State ~--------------~----
Money Order 0 

Zip 

Card No.: __________________ _ Expiry Date:~-----------------------

Cardholder's Name:~----------------------------------- Signature: ~-------------------------
Ring Size: _______________ please measure the circumference of your right hand middle finger. 

MAGLoc™ for -------------- at $ ____ less $20 discount+ $5.50 S&H =Total: US$ ____ ( 

Note: If you are not satisfY with our product, just send it back in its original package within 14 days from the invoice date and we 
will remit your fund less S&H. Any merchandise returned after 14 days will be subjected to a 20% surcharge. 
(Refund can only be made at point of purchase with proof of receipt) 



If you needed your gun right now, how long would it take to get it? How about in the dark? 
If it would take more than one second, it may have been one second too long. 
Introducing the GUARDIAN the world's only instant access safe. 
It allows you to keep your gun safely locked from children and intn1ders, but allows youncccss 

to It in less thnn one second . , , Cl'en in the clnrk. 
The GUARDIAN requires no keys or combinations. It has n newly developed access system 

utilizing a pattern recogn!tion nrrny which electronically scans your lingers when you try to open it. 
The GUARDIAN is the only intelligent safe on the market. It not only decides if you are the 

proper user and unlock~ itself in a fraction of a second, but it also counts how many times unauthor· 
tzed persons auempt to open it and will stop them after a preset number of unsuccessful attempts. 

How long does· it take you to access your pistol? Remember, there may not be a second chance. 

~ Models available with prices stanlng at $196. Wall sates available wllh Blo scann. 
For information call or write today: 1-800-467-SAFE 
or (918) 542-1304. Bedford Technolog.ies, Inc., 
P.O. Box 328, Miami, OK 74355. Five years parts 
and labor warranty, Your satisfaction is guar-
anteed or your money back. ~ ~ f·i-=-] 
U.S. Patent Number 5,070,714 lltiil.l ~ · : 

BWFOAO TECfiNOLOGIE$, INC 

MADE IN THE U.S.A. 



QT9701; 
CHARGE-TRANSFER CAPACITANCE SENSOR IC 

• Autocalibration on demand 
• Auto-adaptive algorithms built in 
/• Multistage internal digital filtering 

~~ • 200f.ls response time 
• 200ns to 1 f.IS selectable pulse widths 
• Direct MOSFET switch drive 
• Simple external circuitry 
• External threshold control option 
• Analog sample gate control line 
• Supports 2 kinds of drive circuitry 
• Uses cloned e2prom setups from E2 board 
• 4.5 to 5.5 volt single supply operation 
• Inexpensive ceramic resonator 
• Embeddable into most any product 
• 28 pin SOIC or 28 pin plastic SDIP 

DESCRIPTION 

PLASTIC SHRINK DIP OR SOIC 
ToP VIEW 

RESET 

XT1 

XT2 

Z1 

Z2 

Z3 

Z4 

DA7 

DA6 

DA5 

DA4 

DA3 

DA2/ECK 

DA1/EDI 

DAO/EDO 

VDD 

vss 

CHG 

XFR1 

XFR2 

CSR 

The QT9701 is a charge-transfer (QT) processing IC. With a few external parts it becomes a complete sensor capable of 
detecting femtofarad capacitance changes while suppressing large amounts of stray 'C'. Sophisticated signal processing 
functions internal to the IC permit robust detection and allow a wide range of processing options. By using the charge 
transfer principle, the IC delivers performance superior to older technologies. 

The device features an on-board ADC for signal acquisition and a high speed digital processing architecture which delivers 
up to 2001-JS response times. It features unparalleled flexibility in acquisition and processing of capacitance measurements. 
Virtually every internal processing function can be enabled, disabled, or altered to suit a specific application by the simple 
addition of a common inexpensive 8-pin e2prom which can be duplicated in production, and whose code source can be the 
QProx-E2 eval board. Without the e2prom, the IC operates in a default mode suitable for many sensing applications. 

QT technology allows almost any metal-bearing surface or object to made inherently prox sensitive; a nonmetallic object can 
be sensitized by simply attaching something metallic to it. The effect readily penetrates through solid surfaces, allowing 
plastics and other nonconductors to become prox sensitive without modification. The sensor is highly tolerant of large 
capacitances, and will supress background 'C' automatically during a self-calibration procedure. When used with an e2prom, 
this calibration point can be locked in place so that the sensor will immediately begin to function after powerup without the 
need for a recalibration. The sensor is also capable of auto-threshold setting via a pushbutton or an external logic level. 
Auto-threshold uses a 'learn by example' method where the desired target object is presented and 'learned' to create the 
proper trip point. 

The IC is designed for use in creating high performance capacitance detection systems for industrial and commercial use, 
and may be embedded on the circuit board of another product. Because the unit employs digital pulse technology, it is more 
immune to radiated RFI than other sensor types, and for many applications does not require shielding. The external circuitry 
and electrode drive are controlled by a low duty-cycle pulse sequence, so radiated RFI is kept to a minimum. The IC and 
external circuitry require a single +5 volt regulated power supply. 

AVAILABLE OPTIONS 
TA SOIC (S) SHRINK DIP (D) 

0°C to +70°C QT9701-S QT9701-D 
-40°C to +85°C QT9701-IS QT9701-ID 

-40°C to +125°C QT9701-ES QT9701-ED 

-··--



Hotel-Room ' ey' Cards Foil Prowlers-and Guests 
By JON BIGNESS 

Staff Reporter of THE WALL STREET JouRNAL 

Hotels' ~lectronic-lock systems are 
designed to foil would-be intruders. 
They do that-and often they do 
more: They stymie guests trying to 
get in their own rooms and can even 
imprison those already inside. 

Blame the problems on mechanical 
breakdown, faulty installation, failed bat
teries or desk-clerk error. But whatever 
the cause, the thousands of travelers 
forced to fiddle with malfunctioning locks 
are often vocal on the subject. 

"It's the most irritating thing -in the 
world," says Nola Murphy, an aerobics in
structor from Washington who was locked 
out of her room at the Sheraton Manhat
tan Hotel in New York because the "key" 
card didn't work. (A spokeswoman for the 

- Sheraton Manhattan says key-card mal
functioning ''doesn't seem to be a big prob
lem for us," adding: "It's got to be one of 
those rare situations.") 

Marc Pazienza, a Washington lawyer, had a lock-
out experience at the Omni Waterside Hotel in Norfolk, 
Va., because of a defective key card; he says he was kept 
from entering his room for more than half an hour. "You 
have so much more to be concerned about other than some
thing with the hotel going wrong," he laments. (The hotel 
hasn't received any complaints about key cards, says 
Michelle Cheffer, assistant to the general manager.) 

The precise failure rate isn't known. But Chicago-based 
EMG Associates Inc., which sells and services electronic 
locks, can attest that it is high. Last year, EMG sold about 
5,000 electronic locks-and repaired about 5,500. "Defects 
are prevalent," says Joshua Alper, president of EMG. 

Manufacturers don't,deny it. "All lock companies 
have problems," says Phil Wilder, director of market
ing for Computerized Security Systems Inc. in Costa 
Mesa, Calif., one of the largest makers of electronic
lock systems. 

One problem: Quality is getting lost in the rush to 
meet demand. In only a few years, electronic _locks 
have been installed in a third of the nation's 3.2 mil-

lion hotel rooms, and the pace is quickening 
because hotels feel the security advantages 
outweigh inconveniences. · 

The Holiday Inn, Howard Johnson's and 
Comfort Inn.chains, among others, recent
ly ordered their franchisees to ditch key
in-knob locks in favor of electronic sys
tems, which cost about $250 ·a room. To fill 
orders, "companies are pushing locks out 
the doors and doing repairs regularly," 

says Mr. Alper. 
Even functioning electronic locks can be · 

confusing, because there are 30 different va
rieties coming from a dozen or so manufac
turers. Arriving -acme door, the traveler 
must determine whether to swipe or insert 
the card, have the arrow facing up or down or 
whether the card should be left in the lock 
while turning the handle. Then, if nothing 
happens, the problem is often a dead bat
tery in the door lock. 

Although most systems feature signals 
such as blinking lights that warn of low 
voltage, hotels routinely fail to replace 
batteries until they die, leaving guests 
locked in or out of rooms. Hotel execu

tives such as Tom Daly, director of safety 
and security for Hilton Hotels Corp., play 

down that- inconvenience to guests. "It's really 
only a matter of minutes" to get a battery changed, 
says Mr. Daly, whose company required all its hotels 
to upgrade to electronic locks three years ago. 

Neglect isn't the only problem. Lock oatteries can 
be knocked out by freezing temperatures. Indeed, most 
electronic locks are vulnerable to the elements. Saltwa
ter corrodes them. humidity can short-circuit them 

Please Turn to Page B6, Column 3 



'Key' Cards 
Lock Out 
Hotel Guests 

Continued From Page Bl 
and static electricity can wipe out their 
memory. "Anytime you expose a Jock to 
weather, you're going to have a problem," 
says Mr. Wilder. Even indoor locks can be 
affected because key cards tend to pick up 
salt and sand, which can gum up a lock. 

Human error also accounts for many 
problems with electronic locks. For exam
ple, a guest might not be able to get into a 
room because the front-desk clerk didn't 
correctly p~;ogram the card. 

Most alarming is when guests become 
prisoners in their rooms-raising the 
worst-case specters of heart attacks or 
fires. At best, lock-ins are a nuisance, as 
was the case recently for five teenage 
boys on a Bible retreat convened in a room 
at the Dallas/Fort Worth Airport Hilton. 
When they tried to leave the room, the 
door wouldn't open. 

The door's electronic Jock had mal
functioned but the teenagers "thought 
someone was playing a trick on them," 
says Wayne MacAffee, minister of stu
dents for the First Baptist Church of Oak 
Cliff, Texas. Mr. MacAffee waited out
side the door for more than half an hour 
before hotel engineers pried it open with 
a crowbar. 

The company that made the malfunc
tioning lock, Yale Security Inc. of Char· 
lotte, N.C., has gotten out of the elec· 
tronic·lock business altogether. It says 
that problems managing that part of its 
business prompted it to refocus on its 
core mechanical-lock lines. 

The largest maker of hotel-door elec· 
tronic locks is VingCard Inc. of Dallas, a 
unit of TrioVing in Norway. One of Ving
Card's systems had a glitch that in rare 
cases made doors inwossible to open. 
Complaints about guests locked in their 
rooms were sent to the company from the 
Days Inn in Fargo, N.D., a Best Western 
in Gulf Shores, Ala., and a Hyatt Re- : 
gency in Vancouver, British Columbia. 

To date, there have been more than 50 
guests locked in their rooms by the defec
tive VingCard system-and any number 
of guests locked out-according to Paul 
Head, formerly VingCard's manager of 
quality control. With the product installed 
at more than 100,000 hotel rooms, Mr. 
Head says he was worried that many 
more lock-ins would take place and pro
posed to his superiors that the company 
fix the glitch. But he says he got nowhere. 
Next, he says, he wrote to executives of 
the parent company in Norway. 

Mr. Head was fired not long after. In 
January, he sued the company for wrongful 
termination in Dallas County District Court. 

VingCard declines to discuss the suit, 
which is pending. It calls the number of 
lock-ins "statistically insignificant" and 
says it responds aggressively whenever a 
problem occurs. It declines to discuss the 
matter further. 
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gets more difficult as tile digital 
compll'xily illlTl'HSl'S for (•fleet'> 
such il'> :l-1 l audio, yet till' nnillog 
performann· 11\llsl still Ill' "iligll 
fidelity,'' 

AC '97 resolves this problem by 
splitting the coclec function into 
two res with a standardized inter
face lwtWl'L'Il llll'lll. This ilppm<~l'll 
not only optimiZl'~ iliJalog dl'sign, 
llut iiho lvl'> <il•sigiH'r.\ clioow" 
digital IC !'rom one vendor tllld illl 
analog IC fmm another with. 
assurecl connectivity. 

AC '97 spcv!hcs a tm~eline func
tion for the !Ina log 1/0, in il 7 .~ 7-
llllll, 4K-pi11 tll'ViCl'; it 11h0 il't\ \'Oll 
L'Oilli>iiH' il iJ·I-pill COilljHJill'llt 

witll ot!Jer lu11ctiom. The digitnl 
controllct' Cill1 provide just basic 
functions or expand to 3-D sound, 
accelerators, muitiplayer gaming, 
and synthesizers or digitally dri
vrn sound cnhancemenb. 

A<· '97 allows tlw digital cotJ· 
troller to Ill' l'<>lllflill illil' wit 11 J>( I, 
Universal Sl•rial llus, lSi\, I LLI. 
1394, or otlll•r buses. AltematiVl'· 
ly, you can incorporate the con
troller into a larger multifunction 
controller. 

The two JCs comnitmicdte via a 
live-wire path, I•Vil h clock, sync, 
input, outptil, illld ground tinks. 
lhe llasl'line speciftcation defines 
all interface and control registers 
and wovicles four line-level stereo 
inputs and two line-level mono 
inputs. It also defines support for 
I K- and 20-bit audio, four- or six
clwnod output, loudnl'ss and 
(()Ill' l'Otllroi, and otill'r !Ja~ic 
illl<l io rune! loll.\. 

The five AC '97 specifiers expect 
to unveil the flrst devices to sup
port tile spec by this fall. Other I<: 
vendors, such ns Aztech l.ails (Fre
lllont, U\), Crystal St:micondJtctor 
(i\tJ'itill, I X), (:ss Tl•cilnology !Ill 

(l·rt•nwnt, L1\), and Onk Tt•cilnolo
gy I ill' (Sunnyvale, CA), also sup
port the specification. The compa
nies are offering the specil1cation 
under n royally-free reciprocal 
lin•nse basis through lntei.~!Jy 
IIi II Sclnvelwr 

lntt•l Corp, ~)iJJJtu <:lara, CA. 
(So:l) 2(>-1-0930; 
Ill !]_pi won kn((llcl'lll. 
jf. i ntel.com; www. intel.com/pc
supp/platform/ac97 /. 

Circle No. 493 

Software audio 
synthesizer 
supports fottr 
algorithn1s 
Yl'l illlOtller Vl'fl(I(Jf' hil'> ck\ vlopvd <1 

softWiJI'e-basc'd iiUdirJ syntilvsi;vr 
scill.'llll' that rvlil''> 1!11 tilt.' l1mt to 
perfmm signdl pl·rJC\'\'>iiJ\; i11 livu ol 
il dr•dic illl'd \IJl/11<1 I<. I ill' ( ·>'iJt'r 
soutid softwnrv lr<'lli lll\•i'>ion I!Jil'r 
ilctivv Inc, huwl'H'I·, i!lll'l'> vlllidll<c·<l 
Cil)liliJi(itiCS illlll l'l'dllCl'\ ( I!S(S,COIII· 
Jl<II'Cd Wilil CUIIIJ!l'lillg J>IUdllc(\. 
CyiJL'f')(JlJ!ld iiJlllidl'\ IIIJ( (lilly IIH· 
1:r-.,1. iliHI WUVI··I<JiJk WIJIIH·\i\ iil)~l> 
ritiJill\ ((JfJIJJl()IJ tJ/1 1'(. \l>llilll Cilf(l\, 
!Jut aho till' iiiJiilug iilld pilvsic;Ji. 
mudc·ling syntllv\h iilgoritilms. mtt
~111)1 found on syntlwsi;:c·rs for pro
fessionalmusil'ians. 

Tile choice or algorithtliS il!IOIV) 
softwill'e clevclupvr'> dlld c'ild U~l'l''> 
to clloost· till' lt•cllniquv lilill lwst 
rvprmlucc·s spvcil.rc \iJlJIHI '>IJllf\l''>. 
hJr exillllpil', lil\hlilll ci;Jilll\ I hilt 
WiiVl'·liJIJie tvcl111iques dvlivc·r :,upe
rior percussion sounds <JIIll th<Jt 
physical-modeling techniques mon· 
accwatcly reproducv wind imlrtt-

Encryption lockout device provides security for less tl1an S 1 
A new device from Exel Micrul'il'ctronics provides il 
"challenge-and-response" protocol for authentication. In 
an electrqnic-key application (figure 1), tile XLJ07 
SureLok die in tl1e key receih'S j)(l\Ver when yo1! .'n~ert the 
key into tlw correct lock. Tlw XI.I07 tlwn iilvr·ts the lock 
host contrnlkr thnt tlw XLI07 i) prc'>l'lll. lhc i1ust, whiciJ 
has'' corrc.'sponding XI.I07 programnwd with an identi
cal, secret 64-bit J...ey, sends a :12-bit random number to 
the key device. The key-device XL107 then encrypts the 

1iB'M*' 
ELECTRONIC HOTEL KEY 

:12-bit challenge using thc 64-bit h•y, ami tilt: rcsulting 
32-bi t response returns to the host, which pl•rform s ·tIll' 
same encryption. The host controlll'r then compares··tlw 
results for authentication. 

'l'lw device ncecls no other conlpO!letJl'i, IK•ckiliSL' t!H· 
host providt>s power. You can also USL' till' X 1.107 to prv
vent unauthorized mL·rs from adding peripherals to a11y 
system, such as knockoff batteries to cellular phont's or 
incompatible multiprocessor and video cards to wor~sla-

tions. The XL1D7 can holcl as mali~; as 
four 64-bit keys, providing access to fbur 
Jocks. The 64-tiit keys are llfm•ad<Jble, tlius 

(HOST HOTEL LOCK) 
guarding security. The Xl.107 is in Jlro
cluction now and <JV<tilnllil' in c•ight:pin 
plastic I) I P and SC)J(: packagl's illld <IS die('. 
The llli' costs $0.94 (1000). 

-1110 ... : .. •1111 
r------+---~-H MICROCOI-JH10LLI:R XL107 

' 1000 ... : .. ·1010-

The XL 107 Surelok die In the key receives power when you Insert the key Into 
the correct lock. 
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OPINION 

Editorial 

Different game 

B
. ASED ON THE SIGNALS coming out of 
Washington and Tokyo over the past few 
weeks, it seems almost certain that the 
bilateral semiconductor trade agTe('ment 

will be renewed in one form or another. A political 
consensus has already emerged supporting 
renewal, leaving Japanese and U.S. trade 
negotiators to the implementation details. 

Since the 1991 U.S.-Japan Semiconductor Trade 
Arrangement is generally credited with quelling 
semiconductor-trade frictions between Japan and 
the United States, there may be a tendency this 
time around to assume that a renewed agreement 
will address the burning issues of the day. There's 
no doubt that great progress has been made on 
the semiconductor-trade front. But is the' industry 
being lulleg into a false sense of security? 

Five years ago, the U.S. semiconductor industry 
was considered an industry "at risk," as the widely 
circulated "National Advisory Committee on 
Semiconductors'' report put it at 
the time. Japan seemed invincible. 
The South Korean semiconductor 
dynamo had not yet begun to hum, · 
and the semiconductor business was 
largely a high-volume-manufacturing 
game, in which the DRAM figured as king. 

Five years later, Japan seems as conce1•ned about 
the looming Korean presence in the world market 
as with guarding its home turf. Today, the industry's 
moves are dictated less by the commodity DRAM 
than by the commoditization of the personal 
computer and the rise of the multimedia/consumer
electronics market. 

A new U.S.-Japan semiconductor trade pact is 
likely to be jockeyed into place by month's end, 
returning semiconductor-trade issues to the back 
burner. That will be a shame, since the current 
chip-trade debate virtually ignores the sea change 
in global electronics trade since the first pact was 
signed. 

Yes, bilateral trade issues are importnnt. But 
electronics trade has become a trillion-dollar 
global business increasingly threatened by 
multilateral disputes. Global economics and 
technology advances are conspiring to bring such 
issues as market access, dumping, pricing, silicon 
and software intellectual-property protection, and 
national and regional subsidies to the flash point. 

Absent a global forum to discuss those issues, 
we're headed back to square one. 

30 july 8, 1996 Electronic Engineering Times 

~' CROSSTALK . . 

Smart card: who will 
seize the opportunity? 
The editotial by Carol Fancher is 
right for the wrong reason (see 
"Executive Viewpoint," June 17, 
page 24), The reason that the 
\Jnitt•d Statt•s laci1H a realistic 
smart-card crcdit-<:ard action phm 
is simple: the two bank credit
card associations (Visa and Mas
tercard) are service companies. 
They derive their revenues from 
their investment in networl<s and 
online authorization services. 
Each online authotizalion is paid 
for by the merchant. 1l1e fee is a 
1.5- to 2- percent discount based 
on transaction value. Last year, 
that was $10 billion. 

In 1987, Booz Allen perfo1med 
an intensive study for Visa and 
Mastercard on the impact of 
smart-card credit cards. I have a 
copy of the report. It was never 
released to the association mem
bers, b\ll they paid over $400,000 
for tlw results, which stated that 
8G percent of tlw online autho-
rizations would be eliminated by 
:mw1 t-card credit-cnrd activity. 
The result would also have less 
losses than the current magnetic
striped-card authorization sys
tem. The installed experience in 
France is a 90-percenl reduction 
in the need for online authoriza
tions to a central-site database. 

What will motivate the associ
ations to migrate? A catastrophic 
failure in the magnctic,striped
card solution would gel attention. 
As the father of the magnetic
striped card, I don't believe that 
is likely. The other motivation 
would be a smart card-based so
lution that avoids the need for a 
dedicated network or online au
thorizations. That solution now 
exists. It is called Mondex. It has 
b\·en accepted by major banks in 
the United Kingdom, Canadn, 
Hong Kong, Australia, New 
Zealand and India. 

The bottom line is that the 
smart-card credit card seems to 
offer 10 times the revenue of a 
conventional credit card. The real 
que~tion is: Will bankers be 
smart enough to be the snHtrt· 
\'ard \T\'dit-rard l\•aders? Last 

i year, more thnn half or bank cred· 
it rards were not issued by banks. 
Willlwnkcrs give away the smart· 
card credit-card opportunity? 

jerome Svigals 
Wectronic Banking Consultant 

Redwood City, Cali/. 

It's time we stopped 
ruminating on ATSC 
Tlwr" an· not enough theatl'ical 
fog machines in existence to ob-

I 
fuscate the "interlaced" vs. "ab
solutely non-interlaced" issue as 
thoroughly as chairman Hundt 

and Bill Gates have (see June 
17, page 128). So what if the 
highest-resolution mode (1,920 
x 1,080) is interlaced. Not one 
month ago, the FCC allegedly. 
gave the "green light" to the 
Grand Alliance ATSC standard 
platform; but since it stopped 
short of mandating it, we now 
must ruminate the iss\IC anew. 

Mr. Gales and Congress arc 
butting in, and we have a serious 
problem. What good is a panel of 
experts to specify, design, con
struct, lest, [J(,Jd-tesl and manu
facture when non-technical per
sonnel are going to shoot the 
entire project in the heart? 

I will concede a preference 
for non-interlaced 60-frame/s 
television at the 484-line level. 
contrasted with NTSC, assum· 
ing arguendo images of similar 
signal-to-noise ratio and salurnt
ed color spatial resolution. How
ever, at the exalted resolution of 
ATSC (1,920 x 1,080), the critical 
fusion frequency for a single pix
el is zimch higher than 30 cps. 

Why can't Microsoft, develop
er of the world's most bloated op
erating system, and Intel, devel
oper of the world's strangest 
addressing architecture, hang 
with ATSC? 'n1is weekend, I pur
chased a Pentium 100 in a no
name main board with 16 
Mbytes and all the toys (PC! 
slots, EDO DRAM, etc.) for $310. 
Silicon is free, folks. It doesn't 
take a few hundred thousand 
gates to make an em bedded con
verter mapping engine for "inter
luced to progressive," Sixte\!11 
Mbytes is large \'llough to hold 
one 2,0•1il x 2,0•18 x il-bit RGB im
age with 4 Mbytes to spart'. 

One ran only hope that the 
decision makers haven't be\en 
exposed to the various VGA-lo
NTSC converters. Some are tru
ly wretched, but home-video ex
perience should not bear on an 
ATSC decision. The public de
serves ATSC, and they're going 
to get warm~d-over fvll'EG-1 
and an eight-hour VI-IS at the 

1 

rak we'rt· going. J\TSC in IllY 
lifetime .. , please? 

York David Anthony 
Field lvlanager 
Concord, N.C. 
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DESIGN 
Components 

WALLE'f"SlZE READEI~S COULD BE THE NEXT GENEI~ATION OF CREDIT CARDS 

Smart cards lure component makers 
BY TERRY Cosn.ow 

Atlanta -The expected boom 
in smart cards, which has at· 
tracted attention from nHmv nm· 
jor semiconductor providL;rs, is 
also prompting component and 
module makers to ratchet up 
their engineering and produc· 
tion operations, Several vendors 
at the CardTech/SecurTech 
conference here earlier this 
month have developed readers 
and other mechanismD for 
what's seen as the next geoera· 
tion of credit-card tt•chnology, 

cards that will be used in the 
United States-a number that 
some predict will be as high as 
2.5 billion by the year 2000-will 
be rend bv machines that make 
contact wi'th leads on tlw surfact· 
of the card. That represents a 
huge opening for those who 
make components for those ma· 
chines. To gel to that number of 
cards, smart-card readers will 
have to be common in retail out· 
lets and transportation centers. 

"We put the contacts 
on a carrier, and when 
the card is inse1ted [and] 
it comes into contuct with 
the carrier, the carrier 
comes down a small 
ramp," said Paul Jucey, 
busine5s development 
manager at Amphenol's 
Cardsystems and Com· 
ponents Operation (No· 
ank, Conn.). "Moving the 
contacts onto the surface 
in that fashion minimizes 
frirtion, reducing wear 
on both the smart card 

rest stop. A custonw1 
who stops at night in th< 
middle of nowhere want' 
to be able to remove th< 
card if the machine isil '1 
operating, since the t'arrl 
might carry several dol 
Iars of unused vahl!· 
'l11at poses a dilemma fo1 
mechanism designer~. 

Smm·t cards pack a chip 
loaded with a specit1c amount of 
money, and the amount of a sale 
is deducted from memo1y dur· 
ing a transaction. Used as a cash 
replacement, smart cards re· 
duce the potential for theft and 
shorten transaction time by 
eliminating change-making, pro· 
ponents say. 

Each oi those systems will 
need a connector, ancl many will 
need a mechanism lor grabbing 
the card and pqsitioning it. Con· 
nectors will come in many differ· 
ent styles, since there will be 
several types of readers. 

and the contacts in the Smart•card raadors are expected to crop 
reader." up In stores and transportation centers. 

Using such a mecha· 

"We have to come up 
with techniques thai 
keep the card availabh· 
but we have to make th< 
system reliable," Jace) 
said. "If the card stick' 
out too far, users migh1 
nick it with their linge< 
while they're thinkin1~ 

The nascent nature of the 
smart-card market provides 
time for comp<mies to develop 
advanced products before 
there's really any revenue to be 
made. Only a few trials are set 
for this year, and bankers and 
merchants won't make major 
decisions on deploying smart· 
card technology until they ana· 
lyze the results. That means 
that ev<'n in 1997, the market 
for smarH·ard readers will be 
fairly small. 

But not for long. Most of the 

Wallet·sl:r:e readers 
In banks, the readers are likely to 
be complex, heavy-duty mecha· 
nisms. Conversely, some compa· 
nics are nh·eady making wallet· 
size readers that will tell users 
how much· money is left in a c<1rd. 
Their contacts will be extremely 
simple, with size and weight 
more important than even relia· 
bility, since these are expected to · 
be throwaway devices. 

But the mainstay of the indus· 
try will· be readers linked to 
point-of-sale terminals or housed 
inside vending machines. '!11ere, 
reliability and long lifetimes will 
be central features. Minimizing 
wear on the contacts will be criti· 
cal, some designers say. 

nism has a dramatic im· 
pact on the lifetime of the con· 
tacts, jacey explained. These 
landing-type contacts typically 
have lifetimes of about 500,000 
cycles, while some of the edge· 
type contacts used in inexpen· 
sivc 1·eaders have lifetimes as 
short us 10,000 lnsertion/rc· 
movals, he said. 

Unique problems 
The" systems with landing con· 
tacts, which are considered 
highly reliable, are relatively 
simple compared with the card· 
handling and reading equip· 
ment used in some banking ap· 
plications. Many of those units 
are motorized, pulling the card 
completely inside the machine 
while it Is in use. 

"They nlways want to com· 
pletely capture the card, for sev
eral reasons," said Rudy Cosier, 
new-business development mar· 
keting manager at Om ron E!ec· 
tronics Inc. (Schaumburg, Ill.). 
"If )'OU forget to tal1e it out, they 
want to st<>n' it inside the bank 
so no one else CiUl take it. If it's 
stolen, they don't want a thief to 
be able to pull it out and try us· 
ing it ugain. Many banks also 
want to have strong rollers that 
flatten out bent cards. These ma· 
chines have to work all the time, 
so everything in them has to be 
very durable." 

Holding the card completely 
in place might work at an ATM, 
but It won't necessarily work in a 
vending machine on a freeway 

about what they buy 
That type of vibration could im 
pact the transaction, and i 1 

could damage the contacts OV('I 

time. We have to be sure W< 
consider that typ~ of issue." 

AnotiH·r factor that ha~ to b, 
tai<L'II into account is what'' 
t'aiJt,d an "abnormal transaction 
t(•rmination." That happen> 
wilC'n users remove the card in a 
hurry in order to void a transac 
tion.;!l. so they can do sonwthilll' 
like catch a train. 

"Our mechanism has ton· 
spond when they move the card 
at SJl<'l'ds up to 1 meter ppr sec 
ond, which is very fast," jan') 
said. "We want to shttt off till' 
switch that activates the co11 
tacts, and we have to do that in 11 

Continued on page II~ 

HP puts AIInGaP LEDs in flip-chip form 
sid~o of the AllnGnP W<li'er to al· 

BY LoHJNG WmnE' low soldering 011 both sideB of 
Kok·cly ';aid that a~ manufactur· 
en shift from through-hole to 
SMT pacl<agrs, it makes sense 
io ubandon wire bonding as 
soon as feusible. Wire-bond 
processes are more expensive 
and, because of breakage prob· 

motive and telecommunication 
applications. 

In either pael<age type, Sun· 
Power LEDs can offer luminosi
ties of ()5 mcd at 20 mA for am· 
ber and orange and 50 mcd for 
reddish orange. Luminous effi· 

Palo Alto, Calif -Hewlett- the die. Second, HP had to de· 
Packard Co.'s optoelectronics veiop a proprietary pic!Hllld· 
group has moved Its aluminum- place SMT machine to move 
indium·gallium-phosphide (GaP) the die to its carrier, because 
LED process to full production, ·equipment manufacturers 
providing what it says are much ·could not offer systems 
brighter yellow, amber and or· with tight enough place· 

The company exppcts flip
chip, which offers lower 

package profiles, to take off in 
automotive and telecom sectors. 

ange colors than were possible ment parameters. 
in earlier GaP materials. HP also had to devel· 

This fall, the new Sun Power op its own high-tempera· 
!InGuP LED seri(•s will also turt• soldering prO\'ess 
ove from a standard surfuce· to work with the new 
'Ullt package to flip-chip pack· metallization on the die. 
·s, Elimination of traditional Finally, the company 
1ttach and wire bonding wlll had to develop a batch 
'de higher reliability for au- . encapsulation process 

ciency is 480 lumens/W 
for amber, 370 1/W for 
orange, and 1971/W for 
reddish orange. Kolody 
said thnt in applications 
with arrays qf LEOs or 
side-directed light pipes, 
such as in cellulai'Phone 
keypads, four AllnGaP 
LEOs will do the job of 

'ive and industrial applica·. capable of whole-)Joard encap· 
1ccording to HP. sulation. The new en capsula
duct manager Dan tion method carries the bonus 
said the path to flir>-chip of allowing l(•nses to be created 
n far from straightfor· through epoxy alone: that will 
ling required lour ma· reportedly allow HP to develop 
·1 equipment break- SunPower LEOs with high·f(J· 

First, metallization cused·iight patterns. 
to be placed on both Was it worth all the effort? 

'7, 1996 Electronic Engineering Times 

!ems, less reliable. Direct-at· 
tach flip·chip methods can also 
offer lower package profiles, 
down to 0.6 mm. J<olody ac· 
knowledged that wire-bond 
SMT will survive in some sec· 
tors despite the emergence of 
flip·chip, but he predicted that 
tht:l latter will dominate In auto· 

12GaPLEDs. 
HP chose to start with its 

GaP process for its first move 
into flip-chip. HP is augmenting 
its initial test products· in that 
process with the H670 family, 
measuring 2.0 x 1.25 x ~.1mm 
and offered i'n orange, yellow, 
green and red, and the H6HO 
family, measuring 1.6 x 0.8 x 

O.llmm and offered in the same 
coloi·s. 

The first Sun Power device'' 
are packaged in wire·bonderl 
SMTs. The fmnily includes tilt' 
S670 series, measuring 2.0 >: 
1.25 x 0.8 mm: the S690 series. 
mensuring 1.1 x 0.8 x 0.7 mm; 
and the' right·angle·mounted 
S600 series, measuring 3.0 x 2.0 
x l.Omm. 

Unit prices in sample quanti· 
ties are 10 cents each for nip· 
chip GaP LEOs and 20 centB 
each lor SunPower A!InGaT' 
LEOs. 

The t1rst SunPower fllp-chip 
LEDs will debut this fall. 
Kolody said family membero 
\vii! include right-angle device~. 

HI' also is researching gnlli 
l!lll·nitridc devices and hopes to 
have high-reliability green illld 
blue GaN LED prototypes ready 
by late Hl97 or early 1998. 
Call (BOO) 537-7715, ext. 1777 
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W
~en news\J:>-roke. 
lasLweek that 
Psion'Inight bid 

. for Aritst:Tad. the 
market >vondered''whether 

lt_seems an unlikely match, so why is Psi on bidding £234rrtforAlan s!artedinl968:ancitCY..>tq>ub-
; . . . . · . . , _ . . . • · · ., .lie in1980, Oy"'the past 16 

Sugar's emptre? Amanda HaiU .explatns the technologtcal potential "'y~ ~e has-seen: its share 
pnce nse from a fe,~· pence,_· 

... 
David PQtter,. Psion"s chair-· saying he was gobsmacked "nications. ·1t WOuld allow it 
man~ had lost his marbles. at the suggestion. ., . to bridge. the gap. benveen 

Pe>rter is an intellectual "i'.fy first reSponse. was hand-held computers and 
visionary in the fast-m.oving that this was off the wall. cellular phones to produce a 
world of harid,heid elecc, · But when! e.Xainined it arid family of wireless. de,ices 
-tronic gadgets,. sitting_ On··a brought iri: a ~oit~"i'ecuti.Ve- that wo-uld ·allow you to- sit 
share price that had. climbed to discuss it~further: it on a· beaCh, decide you want 
from I3p in 1991 to:.a high of .seemed worth pursuing. We to make· Pride and Prejudice 
465p earlier this ye31-: Why ·have a Rriricip!enot.to dose. 'your holiday .reading. and 
won!ci he want t~ OWn Alan ·off any idea automatically; if. download it within seconds 

·Sugar's Amstr'adi''Where .. ':We ouly ·aeceptiid:ihe .barial, · ·to. 'your ·l:iand-held PC.· He 
"trading in tliepastl:woyears- the-mundaile,~'d'bewo£Se calls'. thes'e.: .. '. de.irii:es 
· hasvergedon·.thetragicarid,-~offforit.:'~· _;,;~?.>< 1 :.- ·~communicatoF$"'c; . :_·.,: 
'whose most mem<irabi<''. ,Banal and nuilidane Sugar : "We"re.m a.bllsiness ·that 
·recent ·product Iaun~ 'was .:'iscertainf:y'noti:··, · :.: e-·::- is changing.fast llecause of 

anelectronicface-lift!Ol'?The · At the heart 'of' Sugar's ·:·.·.':·:-.c. 
group was described by one pitch to Potter lies Dancall 
analystlastweekas·3n-"un- Telecom. a Dinish·mobile 
researchable company .wait- ' phone manufacturer :which 
ing to fall apart". . · . · , .. Amstrad li9ught froiri the 

Not only was there 'little receivers fu l9!!S' for just 
sign of product sYn<~ but _£6·4m. Sugar. wanted·. the 
·Potter and·· Sugar' .. ~etting business then .for ·t~te,.same 

. together? The flUte· playing reas(}n Potter wants it .now: 
former university lecturer its GSM (GfobalStaridardfor 
whe> launched.Psicin i]i'.i980 Mobile. Cd'inmunications) 
and the angry .middle'aged. know-how~ . :Within: · 13 

.. inan from Hadaiey wlioro~e ··months of,)!S''s3Ie 'to Am
frOm selling · car .. .aerials' In strad. Dancirll.'fuid launched 
the late I960sto'inake Am-. a range of advimced cellnlar 
strad ahousehold.Daineand:· phone$ thai:: ~.it on to 
transform the uK·sPeisonal · the global GSMcstage dOmi-

. computer market?':.···: ~ .' .. ';- . · nated l>y Motot)}la of the US. 
There had not been a more Nokia of FU:iJand:and Eries· 

·_ unlikety m·atch,·.since the son of Sweden;::'':',,·; .. ;, -· .. 
LoFds Hollick arid ,Ste,·ens But Poi:tei: does not want 
inerged MAFaiid 'United to sell phoneS. while5ales of 
NewsandMedi~~-.;::,;-:}~~; >.~ .. ~ ~;-PSion""s ~-.product,.~ the· 

The idea waiSug:U-;s; :rwo. ·Series 3 paJln:tOp' pers< 
. . incin~hs ago he' phoned ~ot-: computers. h~liv":4&· 
:tei and called ·'at· Psion's 

-.:oorth London. ~driaarters 
·.to explain his proposaL ·Pot' 
·ter says his initial _i'eactiori 
·.\vas "'sceptical"~;; !"' b:ic~? 
'judging by_ the· :w;;y_ he 
beamed · and shifted' in his 

·.seat when 

Sugar. monastic silence 
. ' :· .~~ 

the ad"~ct:s:·th~-{clre being 
made· in :senncOD.ductors_ 
Coinpal;liest,:like~ ours can 

. turn'' those" adVances to 
peopfes' u5einitthe barriers 
to entry into' these new fields 
are substaD.tiaL"".-: . . ::_ ·. 

The o_therpart of~tunstrad 
that. lights ·up Potter's 
tedmo-commercial brain is 
DECT, Digidll~·European 

Tele'];>1W~~, a tech-

. to a mid-l980s high of over 
bile phone to be performed l050p.Todayitisl9Ip. 
by a device no bigger than a For Amstrad and. its flam
credit card. "'DECT phones boyant founder, it is hard to 
have already started being see Psion as anything Gther 
manp..factured in· the past thana way out.·· _ 
few months," he says. "'We· ·:one electronics anal:«st 
won"t need clumsy· phones said: "Sugar is a man· in need 
withwireSbutwillbeal>leto of an.exit. For so~ time 
walk around with a tiny he ... sbeensaying~e,vants 
de~cein'onr:!OJ? pocJ<:ets." is an office and l>udget of 
U~o~a~ely, for,: Potte:, about £2m t:g..£3 a year_to 

getting his hands . on· thts. J>e _able· to come UI' wtth 
tedmology'mearis.ha;ing to ideas. He's· -nearlY 50. he's 
buy other bits.of Amstrad·he got more tfiait enough mon
conld ·do. Without. One 'is ey in, the bank; he's Lo. foot
ACE ... the· '-loss-making ·ball at a time when. it offers 
remains of AinStrad"s con- consideral>le commercial 
sumei elect:ronics business potential and Ainstrad has 
which this week is e.':pected come to the end of tne :"Oad." 
to l>e meiie,dwith Betacom · Sugaris:unlikely tc ;;eta 
in ar, effOrt·to-rationalise it £Zm-:a.:Year-ideas b>-_:_dget 
andretumittoprcfit. from· Potter. They have 

Tl>e otheri_S:Yiil·~n. which agreed he wi:ll·stay o!J as. a 
se!Is£100m.ofpersonal com- consnltan(to the eU::argeci 
puters direct to con3.u.-u~rs. group prOyided the deJ.l goes 
The good riews about Viglcn ahead. 'althongh it is h~rd to 
is that it IDakes mon~v: it is see even this arran~crnent 
growini at a~ut 20 ~)e.~ cent lasting much longer th::tn the 
a year, has profit'margins of bedding-down period. 
10 pei.-i:ent· and a "huge . Duediligenceisund:e:rway 
return. on .. capiia;;· Potter and likely to. take at least a 
says.. «We think we"d like to .further three weeks. Observ-

. hoidoi:ttoitat.thepr~s~nt.·~ ers point''outthat this is by 
Potter's'20QP a shcre offer no means a .done deal and 

values Ainsirad · at £234m. say Potter may have co up 
bang in line with a recent his price _depending: .on the 
sum-of-the-P3rts·. vabtation outconie Of two legal actions 
by its l>roker, 'Jaines CapeL by Amstrad against com
This sounds· a lot. fer Psion. puter disk-drive make."S . 
which is itself. on!y ::apital- ~· If the deal goes through, 
ised· at £24lin; but the price the Amstrad name v.'i!L dis
is snl>stantially · lcw<>r once appear and:With it one of the 
you take into:- acCvlllit Am- inost remarkal>le entrepre
strad's net cash, whkh Ca- neuriai· success- stories of 
pel estitlliitesat £55n. 1980s corporate· Britain. Pot-

For Sugar; whe- .nain- ter-hasthetaskofleavinghis 
tained-a monastic-silence all markontlii;piesent d-cca.de. 
>veek. tlie deal wjll mean an without ·suffering the igno
e.nra £8.0m·, for hiS '56 per minions fal!Jrom gra;:e that 
Cent!5 - ..• - - -· . 
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LOSE - A SIMPLE PEHSONAL DIGITAL CODE 

LOCKED SAFELY IN YOUR HEAD 

r--
~:;1' 

~ 

If you·ve ever had the frusllating feeling that the 
tJaditional key was designed to be lost (and who hasn't?}. 
lnteLock's revolutionary electronic lock and deadbolt offer 
dependable. tamper-proof. digital technology to free you 

of the losable key- foreverr 

Wtth a unique personal digital code allowing easy access 
to you and your family- but an impenetrable barrier 

ro others -you can stop hiding keys outside, 
fumbling for keys in the dark. or worrying that your kids 

may be locked out while you're stiff miles away. 

''I 

interior doors exterior back. side & garage doors exterior front doors office and commercial 

Digrta! Lock 

Digital Deadbolt 

Digital lock with Response Dead bOlt 

WHAT INNE.RKEY OWNERS SAY: 
"'It's the best purchase ~~·e·ve made all year! N:Jw the chr!dren can't lock themselves our

-W<:>"mms:e..PA 

-rm doing backf:ipf down my halfway-· 
-Mo.--ville. TN 

) 

7t's the answer ro my prayers. What this product does- 1t gives me peace of mind. No more losr keys or lock outs! Year (And I insTalled it all by myself!r 
. -- Tvisa. OK 



lNNERKEY: AT LAST; AN ELEGAl\TT SOLDTION TO A 4i000 YEAR OLD PROBLEM ... THE LOST KEY 

EXTERIOR I INTERIOR 

\\!11: 1\\EI\J..:EY, 11-IE ANXIETY OF \li~SI\1: 1-.:E\S 

IS ,\i'i('lJ '-T HISTORY.l'-'TERACTIVE ELECrRO\ICS A.\D 

A PERSO\.\L E\TRY CODE MEAN ALL YOUIL\YE TO REMEMBER ':r 

IS A 3 OR 4 DIGIT CODE- NO"f WHERE YOU LEIT THE 1-.:EY. '-

CODEEmaY 

Simply turn code ring for (/eat}balt ~:knob for lock. to the right and left 

{as you would a combination lock))mdthen open doo' 10,000 possible 

personalandaltemate~usingany3or4digits. 

ULTBABRIG!rf; IBl READOUT 

is visible day or nigbt Displays staWs of alternate code. 

BUILT-IN PAlENlBllOCK AlERT" TAMPER ALARM 

sounds inside and outside. Activates far10seconds if lock is tampered with. 

WIRELESS INFRA REO --

elrminares wiring between lock and deadbolt (up to 18N}. 

INNERKEY DIGITAL DEADBOLT BAmRIES ARE INCLUDEO Willi EACH INNERKEY PRODUCT 

Replaces any conventional deadbolt and can be used with your existing door hardware. 

2 
Will. I KNOW WHEN TO 

year.; i 3yea"' Normal CHANGETHEBATTERIES? 

lowba!tl>ryalert tYearH YES./nnerKeycontinuouslyched;s 
"L"l:month BarreryUie.-

battery power & alerts you 3 monrhs in advance to replace batteries 

IS INNERKEY RUGGEO AN(} REUABLE? \ YES. lnnerKey is designed and manufactured to the highest 

ANSI standards for heavy-duty residential and medium-duty 

-commercial k!cks lnnerKev come..<: with a one-year limited warrantv. 

t'IIU.INNERKEY WORK IN 

AU WEATHER CONDffiONS? 
cC::J ·• ///// - -

HEAr 

YES. lrmerKey is designed w withs:and the elements. 

CAN I USE A KEY? ~ .. 
SURE. JnnerKey includes a mechamc:al key option 

BJt if you're like most people. you wiH never use it 

cC::J 
++++ 

FR££ZING/-2S"i'1 i IS INNERKEY EASY TO INSTAll.? 

YES. /JmerKey insrafls like any com·entionaJ 

Joct(. Usually in mmutes. You don't need an 

en!•ineerinp . .degree- jusr 3 scre1vdriver 

J HOW CAN I AND OUT MORE? r SIMPLE JnteLack haS a toll-tree number to assist you 

wit/1 product or installa;ion questions. Just call J-800-562-5875 

ro reach one of oor hel;1ul cusromer represenrarh·es. 
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INNERKEY DIGITAL LOCK & RESPONSE DEADBOLT 
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• ~ Reo/aces anv lock or lock and deadbo!t set Available in si~ knob and finish combinations. 



· · ·. · · · factory · , · · 
dlvislotl' of Tampa-based D.S.E. -Irtc: The compa·. 
'ny, ivhlch'speclallzes In mechantcal assembly,· 
Ms four plants and 190 employees ·statew.lde, 
said Steve Vallarl, vice pt•esldent .ol llnnnce. 

Brooks also pitches his lock as a theft deter· 
rent. Once It's Installed, It can .be removed 
by someol\e who knows tue combination,: , 

. ,, ROBERT SURK,E/T(Ibune phol~\•·•,,: :'.lt WOUld' kind Ol tough 'tot ~)~!~t to, , .. 

'>' If you don't know how ,to gedhe thlhg uriiocked/ ft's safe.~ And lt,>f;:;;,i!;i~)';(~~~e~ ~~~~t,;:~t~~fJ':e~;~;~;e no. . : · .. tha•tt~;JJ·frl~~~,,.~~:~~~.:'~~tl;i:8M'~~~~;~·i 
loesn't at all affect the flnng of the weapon, '' · :x,;,, ·· .. ·.,. ·. ·· ·· · · .:.:· •\;·;·::·<'· · doe~~~~ 'I'~~~~· i:~~~k~~!~1· 1ii · · 

.. ,:,., -::'.Sgt; BobbY Jliokspn, ra~ge master. 'a.lmed at lessening the datiger 
. , , , · Hillsborough Counfy Sheriff's' Office 

CoiJ.Jpany· eXec .fire4:fQr:.aJlege(t· ... s.ex.ua~Jh~t~$~~~~t~~~mb~ 
1 n Associated Press ,lteport · , s~ock • cl~se : · ~hg .-:; ,teeter as sayJ,ng: :."Of collrse 'ti•s .not' ~oo\i, il'\>'roprl~te' betiatlo~··,; ~~;;B\idin'ail;'atia'iclih~t:.\ ~· RO'~d~ah 

WESTBORO M _ Th hi t c i • Astra , ; 44 f,.1 ' +8/~ , ' ; with sex ,scandals, but In the U.S. this has .'rl:ekecutlves a( company funcpbhs; flltra~A~';, ,~llllts bas 
• ass. e c e exe u , ' · 8 

' • ·helped us get out Astra's name without haV· dld not elaborate, •: · . ' . • '• ·: , ... • With the ' 
',ve ot the pharmaceutical company Astra 'lng to pay expensive advertising lees." ' However, a federal lawsUit tlh\d bY! SIX :. cine at the 
·SA w~s llred after being accused of re· an ulcer medicine that· ts the world's Blldmnn's attorney Roderick MacLelsh former employees last montli nlle~ed that , ' R d 
lacing older women with young bC!iutles, second-best selling drug. . said his client Is a victim of "cowardly and Astra executives created "an organized pat:.· ''a~d :~e: 
ro;<;.qurln~ ~r~a~~ 61~~1oyees to have sex "This Is the end ol an untortunate and · disloyal actions by the swedish parent com· tern ol sexual harassment .. : )n order .• to. -'ston; was 
11

\ zz ng m on, ctlstastelul chapter In the history ot .Astra . pany'' and "scurrilous and untrue allega, , satiSfy their personal desires," ' :; • r ·· sUtullonal 
\ AD ol Sweden, Astra USA's parent, liSA" said C.G, Johansson an Astra'·AB. !Ions brought by dls!)runtled former em;' '' , The !ewsult also alleged 'th~t ·wlthlri''~·; A 

nnounced ,Wednesday that It had ousted,; .vJce'presldent Who headed' the 'lnvestlga: ~>. ployee~." ·1 '. • ' • •• ,.i\year alt~::I Blldman's arrlval'·alt'·Astra,Ue<:: "":0W~any 1 

'lldman, head· of U.s. operations, alter In· tlon. "Our company has been appalted and ., , .Johansson 'said there'was evidence !hal ::'male starters· ovet"'40 1 oi' ttlose(mllrr!ed:;,· .. ·~ ,,.AStra 1 
estlgators conllrmed misconduct and;: disappointed with what we have dlscov· ;' 1·Bildman had embezzled about $2 inllllon l·l with, chlldren, began .'to. bf repiac~d·,by: 1}li'e llllctrr 
1und evidence of embezzlement. Astra also' erect." ,· ;,, 'tor personal expenses, Including vacations;, '·"stunningly attracuv,e•: slngler young,Wom!, .. ,Artders Li 
red a· second executive,. and two others But Astra board member Lars Ramqvlst:,:: and rimovatlons to three houses. . .: en. '·, .:, : · . .' ',;·'::,,..';'' ~ho.Johal 
''sig~ed, "., ... .• . was quoted In the July-August edition of the.· The .company's Investigating committee· According to the cornplalnt!'!Wo;senlor · etles.but 

The company Is the creator 'of Prllosec, swedish monthly magazine Maanadens A(·. · also found evidence of what It called "I nap· vice presidents, Edward AarO'\S nrtd George signed. 



mo1•e effiCient in terms of 
costs per GHz as well. 

Elliott says the tJ:ansis
tors could be in production in 
.t few years, if the cash can be 
raised to build a fabrication 
plant. The Defence Research 
Agency is pl'oscribed from 
manufacturing, so Elliott is 
actively seeking a pmtner to 
commercialize the devices. 

He says that in principle, 
an existing GaAs foundry 
could be· converted to work 
with InS b. He expects such a 
venture to begin with dis
crete devices for use in appli
cations such as low-noise 
front-end receivers for satel
lite receivers, mobile tele
phones, or wireless local-area 
network transceivers. Small 
analog integrated circuits for 
millimeter mic1·owave appli
cations or for more advanced 

I tl.JMI~ULUlJ l f\UV/-\I~vC0 

mobile telephones will be
come practical in the medium 
term. In the longer term, he 
has high expectations that the 
devices will find their way 
into very-low-powercomput
ing applications. "The tech
nology should fit well into the 
digital market because as a 
low-energy switching device, 
it has extreme potential for 
ve1y-fust, very-low-voltage logic 
circuits and a huge potential 
for computing," says Elliott. 

In the meantime, infra
reel emitters and detectors 
made from both InSb and 
HgCdTe are closer to com
mercialization. Negotiations 
are underway with a consor
tium of sensor instrumenta
tion specialists led by Edin
burgh Sensors Ltd., Living· 
stone, 8cotland, to set up a 
pilot production line and to 

make prototype gas-detec
tor instruments. 

The plan is to make a range 
of integrated emitters and 
detectors that can be used to 
sense the presence of auto
mobile exhaust gases such as 
carbon monoxide and nitrous 
oxide. Terry Christmas, man
aging director of Edinburgh 
Sensors, says that each gas 
has a unique absorption band 
that will block infrared radia
tion at specific wavelengths .. 
By measill'ingthe reduction in 
power of an infrared beam at 
the appropriate frequency as it 
is reflected through a measure
ment chamber, the presence of 
a particular gas can be regis
tered and the gas identified. 

Elliott says that for this 
application, InSb can operate 
at wavelength;; of 8 ~1111 t.o li j 
~.while HgCdTe takes over 

up to 12j.tm. "Our devices are 
the first to work at these 
wavelengths without the 
need for cooling," he claims. 

'!belate, theteamhasmade 
LEDs that run at wave
lengths to 10 j.t.m without cool
ing. Outputs are limited to 
about 15 mW/cm2• Recently, 
the group made its first InSb 
laser diode. It must be cooled 
to about 90K, but Elliott is 
convinced that it can be im
proved to run at room tem
perature. It works at 5.lj.tm. 

For more info11nation con
tact Elliott at the Novel De
vices Section, Defence Re
search Agency, St. Andrews 
Rd., Great Malvern, Worces
tershire, WR14 3PS United 
Kingdom. Telephone: +44 
(0)1684 R94R20. E-mail 
taf;h le~r@ta~ .. dra.hmg.gb. 

PETER FLETCHER 

PROTOTYPE PERSONAL-AREA NE1WORK MAKES POSSIBLE· 
INTRA-BODY COMMMUNICATIONS VIA PICOAMPERE SIGNALS 

D id you ever think 
you'd be exchanging 
electronic business 

cards just by shaking hands? 
Sounds like a science-fiction 
ploy, doesn't it? Well, it's 
not. A development from 
IBM's Almaden 1\esearch 
Center, San Jose, Calif., 
may allow "wearable" elec
tronic devices to exchange 
data by capactively cou
pling· modulated picoamp 
currents through the body. 
Research sponsored by 
Hewlett-Packard and the 
Festo Didactic Corp., and 
conducted at the Physics and 
Media Group of the MIT Me
dia Lab, helped develop the 
emerging technology of a 
"personal area network." If 
successful, cellular phones, 
PDAs, and pagers will be 
just some of the devices capa
ble of seamlessly exchanging 
data through an invisible 
human interface. 

According to the research, 
which was presented at the 
?oillth Annual Wireless 

Receive 
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Fig. 1 A half· duplex PAN transceiver 

Symposium, Feb. 12-16, at zine) networking wearable 
the Santa Clara Convention devices reduces I/0 redun
Centet~ Santa Clara, Calif. dancies and allows new con
(sponsored by Elecb·onic veniences and services. A 
De.s1:gn's sister publication low-frequency carder (un
Microwave.s & RF Maga- cler 1 MHz) is used so no en-
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ergy is propagated, mini
mizing remote eavesdrop
ping and interference. The 
presentation was made by 
IBM's Thomas G. Zimmer
man in a paper entitled "Per-



( 

sonal-area networks 
(PANs): Nem•-field intra
body communication." 

Cellular phones and laptop 
computers have neen liber
ating technologies; they've 
freed people typically con
fined to offices, and provided 
mobile workers instant ac
cess to customers, vendors, 
and databases. Nevertheless, 
their inability to exchange 
data limited their usefulness. 
A mobile computer user 
should not have to carry a cell 
phone and a cellular LAN; 
phone numbers retrieved 
ft·om a PDA should not have 
to be manually typed into a 
cell phone; a message watch 
should not have to be pro
grammed by four micro
switches when a full-sized 
QWERTY keyboard is 
nearby. Networking these 
devices would alleviate these 
inconveniences artd allow for 
new features-a watch is too 
small to con tam a multimedia 
computer, but is large enough 
to contain a microphone, dis
play, and camera. An I/O-rich 
watch could be networked to 
a fast, powerful computer lo
cated in a waist pack or 
pocket. 
· In the IBM development, 
PAN devices communicate 
by electrostatically coupling 
picoamp currents through 
the body. The PAN uses the 
salty, blood-filled body as a 
"wet wire" to conduct the 
modulated currents. The 

·body· internally has a resis
tance of about 200 n ft·om 
head to toe. Therefore, a low
ft·equency can'ier (100kHz to 
1 MHz) is used to capacitively 
couple the direct (resistive) 
contact with the skin. 

Near-field coupling is su
perior to infl'ared and far
field methods for PAN appli
cations. Infrared coupling re
quires line-of-sight, which is· 
not practical for devices lo
cated inside wallets, purse~, 
and pockets. Far-field (radio) 
propagation falls off with dis
tance squared (isotropic 

TECHNOLOGY ADVANCES 

transmitter), while near-field 
propagation falls off with dis
tance cubed, making near
field coupling less su>Jcepti
ble to eavesdropping and in
terference. Far-field trans
mission is subject to regula
tions and licensing that vary 
ti·om country to country. 
Near-field communication 
avoids these complications. 
The PAN prototype, which is 
slightly larger and thicker 
than a credit card, has a field 
strength of 350 pV/m at 300 
m, 86 dB below the allowable 
field strength specified by 
the FCC. 

Near-field communication 
may be more energy efficient 
than far-field because power 
consumption generally in
creases with ft•equency. Any 
increase in the carder ti·e
quency above that required 
to contain the information 
represents wasted energy. 
The PAN prototype operates 
at 330 kHz and 30 V with 10 
pF of electrode capacitance, 
and consumes 1.5 m W to 
charge and discharge the 
electrode capacitance. A ma
jority of this energy is con
served (recycled) by using a 
resonant LC tank circuit. 

Near-field communication 
lends itself to greater inte-

gTation than far-field does 
because the carrier can be 
generated directly by an in
expensive microcontrolle1~ 
In fact, the PAN demon
stration transceiver uses an 
inexpensive Microchip 
Technology PIC16C71 mi
crocontroller that costs just 
$3.50 each in large quanti
ties (Fig. 1). 

As envisioned by the pa
per's auth01~ a PAN transmit
ter communicating with a 
PAN receiver uses the Earth's 
ground as a return path for the 
signal (Fig. 2). The Earth and 
the human body have a pair of 
transmitting· and receiving 
electrodes, each, labeled te, re, 
tb, and lb, respectively. .These 
electrodes can be placed in 
various locations on the body 
by incorporating them into 
head-mounted displays, shoes, 
watches, credit cards, etc. 
~'Shirt-pocket devices can 

serve as ID badges. Wrist 
watches are a natural loca¥ 
tion for a display, micro
phone, camera, and speak-er. 
Waist pouches can carry ·a 
PDA, 'cellular phone, keypad, 
or other large devices. PAN 
medical sensors can provide 
EKG, blood-pressure, and 
respiratory-rate monitoring. 
Pants pockets are a natural 

. PAN communications are achieved 
by modulallng an electric field which 

,, , , . ; 1 , ;, , .:cbRo~~c.ltly~!~.90Y~).e,3!~1he,~Y~~q, . ,: 
Fig. 2 ~, 
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location for wallet-based 
devices. Shoe inserts can be 
self-powered, capturing en
ergy ft·om walking, and pro
vide a data link to remote 
PAN devices located in the 
environment, such as work
stations and floor transpon
ders that detect the location 
and identity of people. 

The PAN transmitter ca
pacitively couples a modu
lated picoamp displacement 
cun·ent through the human 
body to the receiver. The re
turn path is provided by the 
"Em>th ground," which in
cludes all conductors and di
electrics in close proximity to 
the PAN devices. The Earth 
ground needs to be electri
cally isolated from the body / 
to prevent shorting of the i 
commmucation circuit. In one' 
expe1'iment, standing bare
foot reduced cmmmmication 
between wrist-motmted de
vices 12 dB. 

The PAN transmitter and 
receiver can be modeled as 
an oscillator and a differen
tial amp1ifim~ respectively 
(Fig. 3). The basic principle 
of a PAN communication 

·channel is to break the im
pedance symmetry among 
the transmitter electrodes tb 

. and te, and the receiver elec
trodes lb and re. The intra
electrode impedance of the 
devices are ignored since the 
oscillator is a load on an ideal 
voltage source and the differ
ential amplifier is modeled as 
an open circuit. The four re
maining impedances are la-
beled A, B, C, and D. · 

The circuit is rearranged 
to show that PAN-device 
communication works by 
breaking the impedance 
symmetry between the four 
electrodes. The circuit is a 
Wheatstone bridge where 
any imbalance of the rela-
tionship A/B = C/D causes a 
potential across the re
ceiver. Because the ratios 
must be exactly equal to null 

. the circuit, and body-based 
PAN devices are constantly 
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may not involve architectural 
flaws, subtle timing problems or 
arcane signal-integrity issues. It is 
that a signal comes out of the de
vice with the wrong polarity or at · 
the wrong time. That leads to a lit
tle halo of logic chips or PALs 
around the ASIC to patch up the 
interface problems that surfaced 
at board-integration time. . 

Unfortunately, the logic chips 
tend to be big, power-hungry, 
and largely underutilized. It is a 
shame to lay a 22V10 PAL on the 
board because you need a cou
ple of NAND gates. 

Step backward 
Texas Instruments Inc. is offer
ing an alternative. In a massive 
step backward for integration, 
the company is selling single 
gales in five-pin small-outline 
transistor (SOT) packages. 

That gives the engineer a 
single gate in a roughly, 3-mm 
x 5-mm package for patching 

, .. -,-._,,' 1 tllll) I) 

Initial offerings will include two
input NAND, AND, OR and 
XOR gates, buffered and un
buffered itwerters and a 
Schmitt-trigger inverter. The 
devices carry SN74AHCT1G 
nomenclature for TIL 1/0 or 
SN74AHC1G nomenclature for 
CMOS I/O. 

Available now, the parts cost 
$0.28 each in 3,000-unit lots. 
Call (800) 477-8924, ext. 4500 

Reader Service No. 405 

Chip uses 
encryption 
for security 
San Jose, Calif.- A new eight-pin 
small-outline chip from Exel Mi
croelectronics !tic. promi~es a 
new level of security for a variety 

·----------------, of intruder-repelling situations~ 

1 in on real convenience-without 

·r, card users can make purchases, 

c• 10 worry about getting caught 

•lutions that enable \'Our succcs,, 

MOTOROLA 
Semiconductor Products Sector 

\Yibat you never thought possible."' 

from foreign accessories plugged 
into electronic equipment to bur
glars trying to enter hotel rooms. 

Essentially, the XL107 is a 32-
bit encryption coprocessor. It is 
designed to be used in a chal
lenge-response technique. For in
stance, when you plug the key
card into yout hotel-room door, a 
microcontroller in the door would 
challenge the 107 via a three-wire 
interface. When the 107 senses 
power on the Vee and ground pins 
of the three-wire port, it resets 
and sends an acknowledgment. 

Random string 
The host would then send the 
challenge: a randomly generated 
32-bit string. The 107 would en
crypt the string using its propri
etary non-linear algorithm and a 
stored key. The encrypted re 
sponse goes back over the three
wire interface, where lhe host 
can compare it to the expected 
result. Most likely, the host cal
culates the expected result by 
consulting its own 107 chip. 

The 107 has room in E2PROM 
for four 64-bit keys. The part 
draws its 1-mA typical operating 
current from the three-wire inter
face, which may operate any be
tween 3 V and 6 V (Vee). The chip 
ls available now in an eight-pin 
PDIP or SOIC at 94 and 97 cents 
each, respectively, in lots of 1,000. 
Bare dice are also available. 

Call (800) 853-5886 
Reader Service No. 406 

,! 
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imiisible: Hardware vendors and reseiiers will WOO you. ;'':'-?i11Ulllber OTlealU<~ J" • 0 ·-

with ads for network solutions,· part of which will be the>; ':f0packages you need to buy. And smaller ~~- .. 
latest and greatest document-management/groupware/: ~-'·._as Commence Corp~. OneSource, and Open Text are dose 
commurii~ations systems. . /:.; '· . .:·~~-ibehind, seeing an opportunity to bring to market a holistic 

million Notes USt::'"• u .. , 

1ntranets and the Internet and ren •v~ . 

. ,~: -,_~· ... · :. ~,'::f :~,:-; •' :<3-~;:~ix of.data-mining featui'l!$. intranet applications, and com- The direct channel is definitely a btJ¥e• -. .. 
. SURPRISE: MICROSOFTflAIHT FIRST •-c:~•-~+S:puter-telephony development tools. __ ,_, _ -~.-~. 
Mi~~ft not only saw the initial writing ~n the wall, it ~de:::--,:~ C:L This trend means .that {(ocument management fmclud
the iirstspecilic move to tell COI"JlOrcite consumers that ~:. ';>ing workflow manage&~}vithversioning, trc!ck!rig. -~-~~' · 

it comes to ~orporate software--foraYJh_e Junctionaiit, 
that network hardware can sustain, for little more than the 

priceofthath~ealone. ~ _· .. ~~k'~Jt,·: 
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Cash In Your Chips 
Smarl Cards to Put Digital Dollars in Consumer Wallets 

I fa consortium organized 
by VISa, MasterCard, and 

their member banks gets its · 
way, using an automated 
teller machine (ATM) to get 
cash may become passe. 
Instead, over the next two 
years, the financial compa
nies hope to promote the 
mainstream commercial use 
of smart cards. 

Smart cards, tried in 
pilot programs around the 
world in recent years, are 
ATM cards with built-in sili

con chips capable of storing 
a digital reserve of up to 

$100 cash, along with other 
financial and personal data. 

~There's only so much 
information you can store 
on [a conventional card's] 
magnetic stripe-with ATM 

. cards, you're limited to cer
tain financial transactions," 
explains Citibank spokesper
son Shelley \\'olfe, adding 
that a consumer could use 
the same smart card to 

arrange a ticketless airline 
flight and buy merchandise 
from a vending machine. 
~e past two years have 

seen unprecedented partner-

m !IllY 1 OQI; • f':f\MPi]Tt:-q ~;.j0DOc::O 

ing in a smart-<:ard infrastruc
ture," says Phoebe Simpson, a 
financial analyst with the mar
ket-research firm jupiter 
Communications. Two U.S. 
projects of note are a 
Citibank/Chase Manhattan 
trial on Manhattan's Upper 
West Side and a VIsa-spon
sored trial at the Summer 
Olympics. ~e Olympics is a 
significant project because it 
pulls in so many players," she 
says. "The merchants involved 
are large ones with franchises 
across the country." 

Two kinds of smart 

;·"·.:: . ..___.:__;.~~::... - . -- ;'~-: ·:·.-~·.::.:::~ .. -

cards will circulate. 
Disposable cards 
will be thrown away 
when emptied, 
while rechargeable or 
reloadable cards will likely 
involve adding a chip to 
existing ATM and credit 
cards. For the near future, 
smart cards will be usable at 
participating stores, and in 
retrofitted ATM machines 
and vending machines. After 
that, says MasterCard Inter
national representative Nan~ 
cy Elders, ~ireless and PC 
Card-based card readers and 

chargers are a possibility. 
Like cash, smart cards 

are weak on security. 
Though a personal identifi
cation number will protect 
data stored on the chip, los
ing a smart card will be like 
losing cash. 

just because it's on a 
plastic card doesn't mean 
it's more advanced," Simp
son says. "It's still money.-

-David A. Harvey 
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Frequency-domain DSP: 
an enabling technology · 

MICHAEL E FLEMING, BUTTERFLY DSP INC 

Ever-increasing levels of 
microchip integration have 
brought on major ~hifts in 
the electronics industry. The 
shift from discrete transistor 
amplifiers to operational 
amplifiers created a spec
trum of practically perfect 
signal buffers and condition
ers. The shift from discrete 
random. logic to field-pro
grammable logic increased the capability of the typical logic 

i board many times over. 
With the advent of multimillion-transistor ICs and com

plete systems on silicon, now is the time to shift real-time 
DSP from the current time-domain solutions to frequency
domain solutions. In the frequency domain, signal process
ing takes new dimensions of affordable, intelligent signal 
and image processing. 

:Time vs frequency domain 

'iMJ/d11 

However, if you transform 
the music signal to the fre
quency domain, bins of dis
crete frequencies represent 
each frame of data (Figure 
lb). 

The frequency bins exhib
it a smooth vertical change 
in amplitude as the music 
changes in tone and energy. 
These changes contain the 

information, or beauty, of the music. If the energy exists in 
all of the bins and changes rapidly, then the energy is prob
ably noise. If the energy exists in only a few bins and does 
not change much, then this energy is a constant tone or sin
gle note that is very recognizable by its position in the fre
quency domain. This simple transformation, from the time
dm;nain representation of a signal to the frequency domain, 
is extremely powerful. What was incoherent is now coher-

The vast majority of time-domain 
signal processing has an equivalent 
solution in the fr.:qilency domain. This 
inherent duality gives rise to a set of 
operations in the frequency dom,ain, 

t AMPLITUDE ' 

, • .,.! ill6 A \)\ ~ TIME. · such as digital filtering and correlation. 
. :These operations surpass their time

domain equivalents in resolution and 
processing rates and enable utilization 
of past and present information and 
patterns, 

If you look at music on an oscillo
scope in the time domain, what you see 
Js chaotic (Figure la). You can't tell 
·What the music is doing from one 
moment to the next without the aid of 
your ear, which is doing its own sort of 
processing for pattern recognition. 

1 ~ \kj IJ'VJ VJ)l l;M'\ji'J'A 
AMPLITUDE 

A 

FREQUENCY 

,., ·•;::. . .·,:· ·: . ·' . ,,. ,., . :· :., ,.,,·u· 
A time-domain view of music looks chaotic (a). In the frequency-domain, however, 
you can discern distinct frequency bins, the amplitude of which depends on the 
tone and energy of the music (b). 
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NEWSLETTER 
MCM. SUBSTDA'TE TECHNOLOGY Qualifications have been completed for a new multichip-module (MCM) 

• I\J'\ subsll'Hle technology based on copper and benzocyclobute1w (BCB). The 
SAID TO BOOST PERFORMANCE tuchnolog,vwasde\·elopedbylVIicroMoclule8ystems(MMSJ,Cupr~l'lino,C<dif'., 

in partnership \l'ith llw Dow Chemical Co., Midland, Mich. Dowis the mahrot'theBC: R thin-film 
dielectric mu terial, which is mul'!\eted uncler the name Cyclotene. The qualification vehicle for 
the technology was MMS':s '1\vinStar duai-Pentium-pl'ocessol' module, design('d for dl'sl\Lop 
multiprocessing applications. BCB is a photosensitive dielectric material l hal Pn<lhlc•:-: 1\l MS 
to eliminalP several p1·ocess stepR and to build multilayer Lhin-i'ilm suiJ:.;t J'al<·s with ~or;; 
lowc•r cost:-: than the t•ompany's standnl'd polyimirlc•-hn:-:ud pl'O<'PHS, JH'H IJ<t.~ 11 dit•)pc·tri<' 
c<lllslnnl of ~.nr>, wllieh l'IJHhlc•s fa:-;tPl' signal pl'opag·ation wlwn t'<llll]'<ll'<•d 11'iLI1 :-:inlil:tl' 
:-:Lrul'lut·c·:-: buill using polyimidt• tdic•lecLric constant of :1.G), co-J'ired cc•t'ctlnic (dit•lecLJ'ic 
constant of D.5), or pc-board material (dielectl'ic constant of 4.7). A typical implementation 
of BCB in l'vllVIS's D-series thin-film substrates features 10-r.un line widths, clielectl'ic thick" 
nesses ranging from 3 to 10 J.!m, and interlayer connections (vias) running 20 pm in diameter. 
In contrast, typical pc-board traces are 5 mils wide (127 pm) on a 250-pm pitch. For more 
information, contact MMS' Howard Green at (408) 8G4-5fl8G ot• Dow's customeJ·-set·vice 
center nt (~00) 441-4B(lfl. nM 

AIR/HYDROGEN POWER SOURCE Electricit~' created !'rom hydrogen and ail· ma,v soon be pnl\'f•t·ing· car:-;, 
pol'table electronic devices, and lawn mowPJ's. The quiet, iJWXJWlJ:-dvt·, and 

· IS RENEWABLE AND CLEAN renewable powenvill be generated by fuel cells using low-cost mateJ•ials. Tlw 
technology was clevelopecl ancl patented by DAIS Corp., Tl'oy, N.Y., an incubator compan,v of 
Rensselaer Polytechnic Institute, Tl'oy. The DAIS fuel cells rely on a membJ•anEHdectrodP 
assemhl~' (MGA) comprised of an ion-conducting membrane ~andwichc~d lwt ll'<•ett an nnodu 
nnd cnthode, sayc: 'l'inwth,V Tnng'l'Pdi, DAIS's oxecutive vie(• presidPnl. Thl· t•tdl:-: .u·r·Jil'l'aLe 
(•lc•l'll'it·i ty through a control lt·d ··oal'Lion hel\l'een hyd I'O,I.('(Hl and air. Tlw ).('il;.;(·~ Hl'r.· ~<· JIH I'Htl·d 
b,v the com)Htn,v'sprotnn-t•xchangt~ nwmbrane, which pennit.s onl.v posilivr·l,1· chal',l.('('d hydro
gen ions to cross to the oxygen side and form water. The resulting chemical reacllon n>Jeu~t~s 
energy that can be put to work. 

Accurcling to Tnng1~ecli, the company's MEA progmm is :-;hifting from re:-:t~<u·ch to pt·oducl 
developnwnt, and the corPpany anticipates marketing a 100-W unit by the enrl oft.lw ~·t•HJ', 1 '1·icing 
is ex1wcled to he around $GOO, For more infol'mation on DAIS':-; fuol,eell toc!Jnolog·y, <'all Timothy 
Tangredi nt ttml) !!42-k:~s:-L OM 

FERAM DEVELOPMENT OPENS A nnv(d r(~J'l'oelec~tJ'i(• IC enrrl hm: J'e:mlted in II )JI'OdtiC'l. ;-;uit<·d lui' u;;(; 11:-i 

DOOR TO ELECTRONIC MONEY 
electronic money unci related applications. 'l'he integrated eil'Cllit,juintly de
veloped by Matsushita Electronics Corp. and Motorola'R Inclaln Corp., both of 

San Jose, Calif., introduces a ferroelectric memory (FeRAIVI) technology that O\'eJ·comes thEJ 
difficulties of limited-access cycleR and low-access speeds that challenged conventional IC 
card L<'C'hnnlog·y, F'eRAlVI offerR a memory retention of at least 10 veal'S without batten 
hnc)\\ljJ. \Vit.h ,·1 ~·npncity of2f)() kbit:;, it can l;nnrlle more than 10 billion ~·~·ci<'H and n rend-wl'it~ 
cycle timc> of 7.~ kbits/R. 

The card employs a f'eJ'l'oelectl'ic matel'ial called Y-1, which is a layered Pm·ovsldU• structure 
using a super lattice theol'Y· The theory came from researchers at Colol'ado University, Boulder, 
Colo., and engineers at Symetrix Corp., Colorado Springs, Colo. P1·oducts will be released by 
Indala in the fall using the Matsushita chips. The companies envision a future with nlectronic 
cash Hecompnnied by electronic linHncial tran:;action-pt•oceRRing application:-;, !!.\' 

PARTNERSHIP FINDS USES A nw.thnd fol' micJ•or;ol.d~'l'ing <'ontact lnads fm· iJ:tegntl('d <'il'<'\lit:-: ."r1o11 m:1.v 

F MJ p hEdp tmpt•ove productivtt~· and t•educe genernlton of ha~:urrlou~ mdustJ'JHI 
OR ICROJET RINTING \\'HRtes. Developed by lVIicroFnb Technologies, Plano, Ttcxa:-;, with co-funding 

from NIST's Advanced Technology Program, the technology applies the basic approach used in 
inkjet printing to produce tiny solder drops as small as 40 pm across or about hall' the width of 
n hunvm hair. The solder tL·ups p1·ovide the electl'ically conducting leads m•erlt•d to attach 
semicunrbctr.r "ehi]Jf'" trl ciJ'cuiL boards. This new technology, incm·pm·ating a progTammable 
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Specification 

K&~loq XL 106 Rolling Code Encoder 

Brief description 

The XL 106 is a rolling code encoder for secure 
remote confrol systems using IR, microwave or 
RF transmitters. It includes authentication 
capability for token-based systems and 
coprocessor ce.po.bility for remote control 
decoders and authentication system 
controllers. 

The XL 1 06 encoder can be used with the 
Keeloq series decoders, and are pin 
compatible with the Keeloq XL 105 in most 
applications. 

so VDD 

81 LED 

82 PWM 

S3 V8S 

Pin Configuration 

EXEL 

~ 
Keeloq XL 106 ~, 

Typical applications 

• Burglar alarm systems 
• Remote control units 
• Central locking systems 
• Gate and garage door openers 
• Access control systems 
• Vehicle immobilizers 
• Electronic door locks 
• Identity tokens 

• Tagging 

Features 

• Automatic power down 
• SmallS pin SOIC (DIP available) 
• Simple programming interface 
• Combined button activation 
• Low voltage protection on EEPROM 
o Selectable duty cycle reduction 
• User EEPROM storage 
• Over 1.8x1 019 possible keys 
• Low external component count: 

• ' On-chip 1024 bit EEPROM 
• EEPROM error correction 
• On-chip oscillator 
• On-chip oscillator timing components 
• Complete on-chip reset circuit 
• Current limiting on LED output 
• Internally debounced inputs 
• Inputs internally pulled low 
• No DIP switches required 

All keys and code combinations are 
reprogrammable but keys are fully protected 
against attempts to gain access to them. 

00020 10/95 
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Key 
Device 

(Smart 
Card) 

'· Proximity Operation 
.· • Key needs only to be 'close' to Reader 

• Robust to geometrical orientation 

Hardware Characteristics 
· • No slots- no exposed electronics 

• No electrical contacts - no magnetic strips 

Reader 

• Key requires no stored power (i.e. no batteries) 

CJ · Software Capabilities · 
• Key programmable by lock 
• All programmable abilities of other smart cards 

~ ·Reader Architecture Potentials 
• Reader surface may be 

• Flat 
• Disguised with plastic or other cover 

. • Reader may be isolated from environment 
• Weather 
• Vandalism 



·Key /R Technology 

0 Key . can be configured as 
-· ~~~·-+~A-credit-ca-rd----'·'--. ~~"-.. 

• .A key fob 
• A ring 

~ 
0Applications 

• Smart Cards 
• Credit & debit cards 
• Medical & personal data storage 

~ Programmable hotel locks . 
See April 12, 1996 Wall Street .[ouinal artjcle. · 
Our technology solves the problems. 

• Weapons security 
• Weapon will not fire unless ring isworl! 



Technology 
•!• Patent Filed 

•!• Business Leadersh 
• ProductDevelopment 

• Licensing : 



Hotel-Room 'Key' Cards Foil Prowlers- and Guests 

By Jon Bigness 
04/12/96 

The WallStreetJournal 

Hotels' electronic-lock systems are designed to foil would-be intruders. They do that-- !llld often th,eLv.,d""o~-~~ 

more: They stymie guests trying to get in their own rooms and can even imprison those ah·eady . 
inside. 

Blan1e the problems on mechanical breakdown, faulty installation, failed batteriesor desk-clerk error. 
But whatever the cause, the thousands of travelers forced to fiddle with malfunctioning locks are often 
vocal on the subject. "It's the most initating thing .in the world," says No fa Murphy, an aerobicsinstructor 
from Washington who was locked out of her room at. the Sheraton Manhattan Hotel in New York because 
the "key" card didn't work. (A spokeswoman for the Sheraton Manhattan says key.-card malfunctioning 
"doesn't seem to be a big pioblem for us," adding, "It's got to be. one of those rare situations.") 

Marc Pazienza, a Washington lawyer, had a lock-out experience at the Omni Waterside Hot~l in 
Norfolk, Va., because of a defective key card; he says he was kept from entering his room for more than . 
half an hour. "You have so much more to be concerned about other than something with the hotel going 
wrong," he laments. (The hotel hasn't received any complaints about key cards, says Michelle Cheffer, 
assistant to the general manager.) · · . ··· 

The precise failure rate isn't known. But Chicago-based EMG Associates Inc., which sells and services 
electronic locks, can attest that it is high. Last year, EMG sold about 5,000 electronic locks -- and 
repaired about 5,500. "Defects are prevalent," says Joshua Alpet:, presid,ent of Ervi"G. 

Manufacturers don't deny it. "All lock companies have problems," says Phil Wilder, director of 
marketing for Computerized Security Systems Inc. in Costa Mesa, Calif., one of the largest makers of 
electronic-lock systems. 

One problem: Quality is getting lost in the rush to meet demand. In only a few years; electronic locks
have been installed in a thii·d of the nation's 3.2 million hotelrooms, and the pace is quickening because 
hotels feel the security advantages outweigh inconveniences. · 

The Holiday Inn, Howard Johnson's and Comfort Inn chains, among otliers, recently oi"dered their 
ft·anchisees to ditch key-in-knob locks in favor of electronic systems, which cost about $250 a room. To 
fill orders, ''companiesare pushing locks out the doors and d9ing Iepairs regularly," says .Mr. Alper. 

Even functioning electronic locks can be confusing, because there are 30 different vruieties coming from 
a dozen or so manufacturers. Aniving at the door, the traveler must determine whether to swipe or inset1 
the cru·d, have the &Tow facing up or down or whether the cru·d should be left in the lock while turning 
the handle. Then, if nothing happens, the problem is often a dead battery in the door lock. . . 

Although most systems feature signals such as blinking lights that wrun of low voltage, hotels routinely 
fail to replace batteiies until they die, leaving guests locked in or out of rooms. Hotel executi\res such as 
Tom Daly, director of safety and secudty for Hilton Hotels Corp. , play down that inconvenience to 
guests. "It's really only a matter of rninutes" to get a battery changed, says Mr. Daly, whose company 
required all its hotels to upgrade to electronic locks three yeru·s ago. . · · 




















