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L, J . Scb~e~, ~- ~- Attdets0t1, v . J . Liu an~ R. N, tee 
Na\•a I Su,rf.ice We•;ipr,;,li5. C1!mt.e r 

Wh i t e Oil!k, SilveT Spril)lil:, M\Jr;rl.lmd 2'0910 

Jlim c\11:! t '\I' ~ e lil a f ad ••~nccij 11..µ.s 111enory t~chrn>l -
ogi e ~ s•.teh a~ mliJtlii!'t k hub'b le s, i;;h.!IT"E~ .:coup l ed dt> -
V\ · .- i;, .uid the c r-o!-S't te nc1101'y i, s pre ,;c.-11,teoli >1:t:X11 ~ 
~a.ring; doo,:r.i t y. '"J>~, po11er, and co:st s , 111.c· 
neldlst eonccpt i~ the c Tn~~tie meitJOl')' ood the 
l ;J.U! !1,t dwe I Ofllllfflt s H'e e;,:p lliJ.i i'l,ed. I n. t he <: r-oss -
tie ifll!w'!uii:'f i n fonna t i oo j,; .ston -d m 111 ma g:n e-c ic do,,a h1 
11111, } h r .11r:he·r t11an ln dOlli!!l i 111s .ind t ile 'N.LL ts ..ire- 111.5ed 
iJ!S :i;h i !t r~gi!i.tt!'r- u •ac>; s . TJ1c e ros11t.i,.e JTie!mory c;i,11 
be fabric ;i,t.ed on ;i, s.11 lcon chip ar 11,·~ f.cr wi • 11 ii 11te-~ 
grat r:,o s.c:ni i;:011d,-ctor d;il•e:r-~, d0cod.c rs, de-tee IC i 0111 
~mpli f ier~ ~nd pb$~1b ly a ~icropr-ocessor, 

Honori cs in us,t? i.11, cmqi~tf!n to,dAy a.rt!- h.a!!.edl o:m 
- e.tmolog • es '1t':hi i;; h h.tv ,e- b!:e11 dr;:,•; e loped, n: fr11.1::II ;ami 
1.E11edl :for abo1.1;t; lS )'CIUS . Fl« ause c,f llJJ<:ah r~fi 11e • 
111.!l'lt I t tias bcim v :r:,· J. i. ffi cu1 for ;n III IIC":l)BT)' 

t e tmo 1.:is i 0 ~ t o r~f) Lac c the o ld tte1: h11ol-011: i ci. ~v('n 
'th.ougti .f'or f t!.i! ri!il tbllff h3-s be-1m a Ill'(: l l rc,;o.1rn i ;i.ed 
aecess 8ap a11d capa~ity JQp . 1-to'wcv~T ~n(~ i s ~o 
I 011 r c he case be-cruse ehai rg,c c;;oup l ~ dc1d cits a T f 

51.1 re co put:iil! 11 y fL ll the ac,i; i::-s.:1- ~d <: a.puc i c :, 
gaps, tugnetic: ln1b1>l..: s 1,,1 i 11 .i.1 ~.Q b-e u-s l!d. f' spc--
cla 11 :,- 1;11Jere noo•..-omatHicy is iirrpor-r-inc, A rnir ~ 
O!.J,'t. less dcve-loped Tr:-ch110Jg~ c.i. l ] ed ~ CIJ"OSS(IC 

11e110ry sn:,i,,:s p·Nlall se ro eori;,e c ~ w l t ~ Lot ti, d 1ar ge 
coup IN device !l ,;)illd lr.ibbl@'5. [ Ill Fig\J..f l!' L 13 c ()H 
v~. acee~s t. i~e p lot l!!. ~ho..m, The 11 ~stab· 
l i.5.lle-d t l!'~hnoJ og I I!~ a.re hat c h,ewt , The- f o-.JJr : 1,ec~• 

uict.irriolO&:il!!!i ;u-c snotm wjtltti 11 tJlil! a,C:-C:e,;~ 1ap. luch 
af t~e d a tr iii r,; gu~ 1 i , ta.ken from ,J . r-. 
J u,I i 1.15.se11. The c a p;i;c i y ,eap i s dc,fl!OO !I r.i C;t.-d in 

f-j Jr,!TC 2 1111:Jcr,ea ae.t i 11 ~ of U\ e d.i ta h a~,e,n 
frgn J i:i l I us~err . 'tli h the p1;o l i f er at i 01'1 o f 11'1 l r;: r o­
and o i 111,c.011f1•1·te r-s the- teclino.Lo~ i es m c lw c.apo,r: i t~ 
i~P h~t ouc l'l'IOre nd ~DN" 11J410rl&nt. Al~~ sen~ 
de~ for ! .-r ge:r aitvanct1d mass .Del!'IOl"Y Lile r.e.s.~!I . 
11Q11vc 19 1 I Hy 11i J I 1:ieccn11! lfl(.-reais i rqJl t ilDpOT a.nit. 
Th i ~ puts b\lbb.L, Moor ~es and d1ei c to!l-~t i ,,:, IIICTIOT )' 

·r l :(!bt i r. I i n,e :for ptk,e cOilfict it i ve;ne!l.5 i n 111icrci • 
,corrpu,t er - bai !ed s.1:s t l!'l'l!le . 
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SJORAIJEi ,CAP,¥;:ITY , MEGABITS 

The 2e11crr-ir J ch.ir■u;t eri s.tl,;-s () f l .11r-Jt' c:~r•i;: I t ~· 
1r1c1JO:t')' chips .ire compared l n Taul e, I The brJf:ib I e 
~~nary U$e~ a 1118jor~mi ~or ioop oYg~ni~atio~ ~Tid 
Tc:91.a ros (ldc'l l t illn a 1 eh I ps io~ po•,..er arnd 111 cet'faie l l'lg. 
11111:" c li,n•e.cte r 1s t le s ~hcrt,!Tl, fct' t.he i: r o r, st: i(!- meru:ir)· 
r eprest?m: a e.ue s.s !I t.o ll'llia" such ..i chip 111i,21'1t loo!\. 
1 m ti.e l!lnl!'li :lrva 11 ;i.b le. r hea nt fier l!!l!'TIDT l es an: pT'C!:S.• 

ent L1• a va ihble , 

11 . D~JYfl.e,L en MvarK r:d ~lil.$5 i'>fo·l'!oy 

i\ r,C"N t cchno I ogy ""h L ch 'wOu I i:I fi 11 t tie ac::ees s ap 
h a ~ ~~ny donands p l c ~d on kt , 1l ~ust be a eoapro­
.ni :IC llctwcr;-n t ile SI C!~, hliPl d-en:s.J t _t' . I Olll·CO!!.t bulk 
~ t~rr: .OM c lie f.:11s t. r..i.111loin a c i: r!~:s i11t OTI!! . m f 'the 
tJ,r,;,i of , 1-o,. i, 'lf pl!':. Cm 1-,,e, c opb ined , bot:h t )'p~~ of 
ll'lttlOil')" cilll Id lie i p J.a l'(l:C' p ;i r r ep I .;it ed. 

The dt?lllllml ~ or, th t ~ltno ! OflY c;;.i!,111 be br-01,en d01«1 
to ~pee 1 ()' it:. dies i r~ e-11llod i o.ent . Far g-~;a r:er 
~p~~~ ch:re c.m be n~ aoc him i ca l parts . ~O rr bi ih 
deti SJ. q, 1 t should be .a 5~ ria t JJ oor-t, lflo r f nit 
,11, c,e,s.s. 1 t ;111JSt ha ~•e b"R11.d~ a.<:(; e:s!S to a b I r;it;.li; wh L cJ, 
C •1 bot! re..uj se,r 1.s.1 l )' .il,t 1t l G,11 spe-ed . For I 01,1 C05C 

t hi!! ~lllOTY SJJ.Cu Id bea t;.Oll 5t I\Jc tfldl us i r, ll: poot D ! it 10-

8 Hllil'l 1 c proce~se.s . rt sllouJ dJ be norn.rol at Ht? ca 
p t'I: L'ot'f\lt I! IJJorry [ OS Ii m:n cue Dr pol,'.t'r fa i l U:N! ' ta 
ILl 1111111u c po1o~ r c on su.11pt i o:n., ;l"llJ to mirlllmi t tl ti rror!I. 
due t: 0 op rait: i oo of t 'h~ !i-)"S.tep . JI.au ~ t" y rtlqu i re­
!Xflt 5 for :!4 l!i1;11a st ora11:c· o,f a. 1 i 11 ifllrlJ bit 5 of 
in fonnat ion 1n·e r .at ller fo:rll idding e1•-en for e.h :lr&l!­
t:oup1 ed devll)t!'S. 

Cr ugc, ~ouple-d th.tll l ~1:u Iii.ave :;11:ffldent s~d ,;md 
a.n:· • ,IS)' co add r es !I blut 'they 111ce volatile. &!bb I o 
m~;JJnries are- ~ !.O'tol but: :iw!fYoh,,: tle . l"J-1e i:;:r-css'lio 
mctnDi■y r~preso~ts ~n a.tcct11pt to provldo f~s t aecea~s 
lll i t'1 llOIW.OlAt d i ty. 

Ill, Theo Crosstie Mt!-uo~r 

. rl'io don;ain _ ,;'&j Is f4?Und iii a"i,!;CJ>'trDpic pe-tm;ill.c)' 
r l l te. ;abo111C l 1 0 ,\ th 1 ~k ll i!al'C bi nab.t e states wn ich 
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11:"ili>JC' .:i 'l!':oory poss i bl c _ J\ L !1-0 c lie "' t I u ~ e, [ f r;: !l!r, 
~c-n, c: lh sh L. ft rc,K, i 5t c r t rac L l'hi:> ..ii'\! I Is ~nmm 
a~ :1 i: ros.s, , 1? Iii-!! L I .i 1 d1a11~b it rn,;i r ".I c- iiill)' no c h111vt' 
cc-o s t • ~~ d pend In~~ the 11o~gnitud.e and ~e~s of 
t he:- b'I.I t' ieh'I pp! ~C'ii. A qua I it:1t ive due d pt .io n 
c;f ii i:ro~ • t H:? "'~ L L ~ ~ stimm i 11 F i i,UH' J - The e n>~s­
t i c wa L l c.iln Ii e <:011 s I dt' rnd t c h,; T1111de up a f Nl!i(d 
,,,;.i 11 -<.rL· t i 011-" o f of,-I'0~ i tit' po I a r I t ) ' , J"1 -.t .i ~ a do-
11\ll i!'I 1.111 1 I 1-. con~illC-rl"d to llti ·1,oundarr b('t'-"'t:11 
dOIL'.l JRS, t bc cra~!!-tie 3~d Blach Linc c ~ he ~on-.id• 
-~r-c:d tr:i be lrioumj.itd l!'s lwt.,,--ei'.m N~e l w U ll of Clilfl'O-

S.I t-c 11r:il,1rJ t J- In c t hi:-11" r,;-onls. the BJoc'h J lfl'l u 
c h-c c ros-r.t 1 <' a 11"1: bmmdla ll"ie ~ wl t hin 31 bo'l!l'ld.a 'I"'/ . ! t 
L :i ve r-; he I pfu 1 t c th i 11~ o f c rO~!>t te 9 and IHo-::h 
I ine s i 11 t Ir, ii: 11,1.ii) · bec.:iiust! t l1t! t•e,hli\' 1or- ls an a I ir,~u '!­
t4' th,; beh111,1 i o r 11 f 111i1 I ls r,;•i ch r~!!l.pf'e m: rn ~ins, 
~ h ,ce t hat t 111:· ;,; re ..,:,; t me, lor.-11 Jt:l\ et: .LS l ~ t'h1e -~ l 
WJ>. I 'I ,..,1.Jth. The JI.IIKinnn 11u:11b-c11" of c r u :U t L~g r..11 •ch 
n.offfii! l I y O('i.,.. r i I\ EJe mn. I hy •,o'i l h ~I ( LJl d.U¢" i:-d 
an i ~,o-t ropy f i i:- Id) ~~n;a I to -4 01!' i s ;&huull ~ .4H!!/ p~r 
i nc:h. {)r ~ , 01m P"f cm. Thi-. n1_mb;:-r i ... .:tcrubl~d fol' 
a11 a,iisotrO!)Y of It, l.k' and (ru! N~el ""a l l h~..ni s 
n i1 r !Nl'lo',c: r _ 

The crosi: :~ 11,-id fllnc.h I. in~ ;w,~ <l if f~r l!'n.t in 
t h;i I t'h'l' ll I oc lL I I Jl(' li-11 ~ o1 <' ') •ri,: l ir,c f or--c ,;:- o f a b--.. ;nt 
t'l. I fl•- and chi:- c-rossr , ,r 1)81S. s, coti rdv for~r of 
;i.bl)!ltt ~ Or. The- ,Hod, L i n.e tuls a roob I L h .,,. o f 

-...4 ,OOCI -~ ,.i (!-S'!!C . Thi s •s ttle hlil'4?:;t '!Obi l LC)' 
11e- 1 :,,u r-:.>.J r o ti :ne J n ma,g~l!'t 1 .. 1:1 . 
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,'iiid Cro~st ae ·•ll s 

R3.niiC-~ cf .st .;ah, i l it y6 lll'e sho,,'fi •n F j gun.- 41 fo r 
.l ,m n l I n. i c i. f i Lm . 11le bOAC"" Ni-pre 5.i!li'r Fie I d 

l36 
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fi ill, 4 St~t i~ st.11bi .I i ty condit i crns fur ;ii 4DD 1 
t lrijel fi l ili-

r arnges eve r wh ich ~h~ wal~ s ~re st abl~ ~5 ~ func.tio~ 
of f'lc hll ap(I I iie-d II l ong tbc lu1,:rcl t.'I j r--e:c.t ; 0 11 or rt he 
fl. Iii. sur•FO~e- fl 1' s I t llait we hill\1(1 I! fi Cm cl of ~o - 6'},tl 

a pp I I cd 1 o the fU m. Thc-n t ti.c wa I l iw5t ~ a l\l!:ga­
n \I(' ~.to I wa 11 .md 1' kl. II r~ j 11 -I! RCg!lt hrc N88<1 
1,1a,: I 3S I an_g as. fl.e 11B bi!tweat1 -0. 1 H~ ai,d CJ _ 12 Hk 
a.l'~ appl ic,d Oncie .a f'.li ht 1ar11-er th111 0.12 H Is 
appl1~1. c ro~sties ~tll be ouclea~cd 111n4 1~e ~r oss­
' 1 t!' 111a 11 i.:; !-l t ab I e, ,H !!1.hcWJ'l _ To O<ht .11 in a IKJ.!l it i ve 
'.!ll~ i! I 111;iil I, 11 ni:-ia I ari~r than 0.4 HI!: rw_st he ap-
pl icJ . ~t tbi ~ t h i c k~ess wi t h no app lied t ~e ld the 
~a ll ciln ~c ~rQs~tie, pcs i t t~c N~~I, 0r ~~~at lvc 
~ ~i:- 1 , de:pc11d in g on t Iii,: il!Blgn l t udc: of i. R(I I ast ·f i old 
B-pp I a e~ <ll"d t h!!' st !Erl•!!' pre,·• ous t o th.@ ap;i l kat; on 
o f tMt r."'ld. 

v , ~·ti l 1 ~tabi I t!.r_!r d IF i l III Thi clkne 5 s 

To st bdy t:•t!' w.;l I s tlll;_,U ty as ftu'lct lon or 
t Ii I d :ne s s a fi h t .,..ill~ ~ :10 Hirt wt, i <:11 v.:11 !"led il'I ~ii i ,c:k.­
ne s~ f r<m 200 \ to 640 l alOfli it g 3- lnch l e115th, 

The- fi l m a~htr,opy v:s.Tied fr'1ill ,4 IJ!e .i r: 2CU), ;l to 
4 -~ Oc- .it r,4 0 X. This 111,.J 5 t .il:cfl :irnto a c.(:tnmt i"IJ 
th n.onna,l.i;u11Uor1 used in Flgun S- wher tl1e fie ld 
.app L I cd e Lon~ t.lle ha rd d 1 net ion .i & non1e.l i uid to 

St.ab i, l it)' ,;m,d it ion :,; fc r :,11!-l!'J .ind c r ,i;,!I 9't ie 
1;,• L ls u fun-ct ioos of 'lhklou!I aro p,lott,e-d.. 

To und~r~t ~~d F i gur e Sit is helpfu l t o compare 
f i guN '11 wi 'th ~ he va I ue::; $ '1,QW!'l in F' i YJ'O S !it 400 A, 
Nott! tha t d1e- st ab i ! i t y raRfr:- for- a e::ro-s st 1e liiid 1 •. is 
l~dep;end~~t o f t~m,~ncss . lkitk&~l'I 3DO ~- and 640 A 
Li t: 't I~ va.-i at ii 011 1,or.1.s s ~~n in the fl ~l d reqlLLir~ co 
iiOve al'ld de.:.t ro)· U1,c- ~ i Ls, The on JI)' p.:111r.i11.ete;r t'ha t 
varies wHfl 1'.flJck_ns ss ls tJrn c-.ro~.s til!' :nticJen i.m 
f Le Id. i\bowe ◄,8 1) A. c rossr: LM are a l 111aiys p1rll!!~~t u 
~~r Q ~pp licd fie ld. 

Be lo-..i U O A h l s pos9.ii'!.: li!- f ·or a ne-1-11t J\'I!' NO,ol 
wa\ I co in'l~r-t lby :ti,~ croUoo of Ill llloc'h l ln which 
Ulli be- g~t'.l'Blted &II'. t be f:i.lni esd1c- QT .it Ill dr:-fe-ct . 
ll. lo,,j 400 A h beccmo s dU'fic:ult t o fift;d t.he 111uc tea ­
t iOn of <: r-os :;tics beeaus.e of IBloc h l:i!ri e :-.,Uo;ni. For 
ex.t11111Jl e, i f we ha;v,e a. ne-a..&t i Vt!' ~e I n.ll .Jn-dl tlhe 
fl e-ld i II s lQ'iol I)' ehan&.i!ld :h-0111 n,e-gilft: v1i: v!!li u~i; to po&--
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Fig, S Stat 1c st.a.b i Lity <:OC1d i ii: iom; .i s a f1.111d i un 
of f1111 Ui.i c~Jlus, 

= t h·t-. aT a.bout IJ us l~ :ie 11e r-a L wa J ·1 s. ,.. , r L rev r ... e 
po far ir: i" by Ill l oclli l 1'!0 IIO'( 1 ml. ("1] y tm tr,Q!';.t' •~;a 11 i; 
111her e :such, TI! 11'4:'T~ ;o I d lt! ,no t. OCC'IJ r C Ill) C rl>SS.i i C ~ 
e1•etJt ual L }' bit! nuc t e:1t e-dl. lli ts. rosuJ cs. f ron ch.<' 
fact th.at cro~~ti~ nuc-leatloo i npl t~s Bl och line 
s .enerat i cm :incl. at t hese field s ?'O\'i:!'l'Si. I by BI OC'h 
I ine miJtfoa is ra;,,o~d. [n other .,,~">rds, illS soon ii& 

.a cro:1~t i e and BI c:n:h I l ~ a .-e EE'ne ra tc-d , the- BI o.::h 
I ine ·111 i I! 11Dve- cl o:se to fh.~ ni:> i ghboT k ns aosst l<'. 
Heve Blo,h line ~otjop c:m b~ ab~~r wcJ ha t ~c-cn 
Cll"CJ"l;:J; t 1 C $-

] t Ls c~:sy, ho111ever, ~o g~nenit~ periodi~ cro~~ 
t. i es ;iibaut 41 ~'II apart i f l to S n !l-ec pul scr. a~• 
med with fi l s ;u,; t;Jiin ri~ :i;.09 t The field n: • 
911. i red ta 2e11 era.t c ~ ros.s. t ( ~~ i ~ hi nhc r far ,;hort 
pu I 5c: ~ .11.:; d10,.,•n i n r-1 , ur,;- b, f h,c.rc- 1 ~ .11 JanJ!e r i n, 
rre • n~ t tie .ilbo'o'o ru:asur~cen.ts. J f u ,. h 1" B, n <" r 
so Jut 1 0n C .i 1'1L-~pN'l:S jun Df f Ln,:, ma i!;r1c-u c l •illl't n: J ir:; I 
i 5 used . ihc· BI oeh l In~ ;jj l r,18.)'5 mo•.-o~ \'C1't r 1111 Id I :,' 
In. t.hc- .if:i:.ence a .:i. O.i t t l!'r ~L> l ut~on, ,n c.3n h ~ ~c I." 
U.!i.mg a ru:ag11t!ta •Opl::J ~ u~cl}nLque • Nheres!'. 5 f s 
8i t te~ ~ol ~tion ls u,;~d, i t ~ill mo~c ~la..-1) ~.oving 
Blt,e-1" soluti on ..-ith it .it lo1o" fi,;-ld , ,.11l1,1c~- 11-,t­
lllit.ter solLllt. .iun ofte11 h.11:s, r:nDUgh f iel d .J 5,;oci t,:d 
lo'ith it o1rid ~spend s 5uf n d cnt ly s I ow I y co move 
the Ill Lach l inr:- b.i: t l;(hC:r('I h C311'1C' frn11 sfrt•I"' fss, 
pulse~ have ~~en IJl!l~d to aOYe< i r. 

I F a po.:frt i ~e- FIU l SIil [ I ~s. n scr:] i ~ ;apf' J I cd t o • .. 
NEe I ll'a ! I , no'li:lu r;ig l"ltippim,; . I f ;'J -:. i111 I ,H 11u l ~t- 1 ::, 
.it)p Ii C'd t 0 111 -NOC' I ira 11. • pc-r iod l c; cros.:-t J e-s. :llpfN!.!I r. 
'Jh~,. i ~ il h.1s[ra[e-d in, r- ill,\1 r~ 7 . 

.\1111ildle.uoo o f :1 crossci€i- Blod1 l lm: rair c11111 
occ~r 1f ~ pu lse m~ 0 f suff1cl~nt .ampJit~Jc- ~nJ 
ti oe du r-.u lon for the> Jl(I 1gtibCJr i ng ll.'I oct. I i 1.c to 
~VO to ,11 C ro:,;1,t i c, 11,t w; j n,: a I n );('ct r 11 I ~(' j nc, 
Ul BOllllJ t od!!' a ll pc-rtcdlc crOs5 i01- .:-5• ull SJ)aJ t 

.!NI armihi l .1ted, sin~e 111.;ichi I ,inr:- ·11obil I !)' b 
~48 ,0DO c~/Oe-j~C. 

Th~ l!lloch L Lnc, i :. nartunLl)' f'IIJ)l!'L led h)• ;a cross ­
It i e arr)d i 11 2.e ro B1pp l i ed f i ~ td h. "''i 11 IID\lc .abnlft t ~ 
11111 to 2S 11n fror a cro,1!1,t Litt, If .a t as,coc p y l,;e 
, ri!'alt e's R IIC-t;i c :t'1'!i s t i c • IU ocll L i ne p a i r w, t h. n r tiir 
ol d c.roi; s, ko-llloch I i11c p.aJ r, t'1e o l d l,1eh I i nc 
kl H ~ lw;- repl!-1 I e-4 'hy t hie nt!r;r r: r <;1,;~t J C" an ,i 'JO\ i:- o1 Jon II: 

U7 

-

1.4 

u 

IN 

II• • 

·­SI ,. 
211 -

illlAl1 RfflUfl, 'I\ • I.I ■• 

Jil DI :Ml :nil lllfl m , all 1111 IN • 11 411 .. 

lHICINHS, A 

f' I g. t, ,J,1111 I 'it Ide o '[ the pu l s;cd lDll p.;ne-t: ic fid d 
Tcqu lred to ~cncrat ~ .rn~,1 t i~ a~ a fun~t i on, 
of flLR thL,kncs~-

J f • 
[al 

DIE FO RIE IPOSITI VE 
1 1'11\SEC PU LS£ 

AF iER POSITIV1'1: l 
1 NSE:c Pi.JILU 

kl.1 I l ti c-f p f'I!' al\d .t fl t' r t ht• .i.pJH i e.:tt rnn of a 
I n~irc ru l S<'. 

A 11 of T t1i! at),..,.,._. l)C'h.J\' IOl' l ,; ::in d a,iow; to 1oh,.1t 

one• 1,1riulJ "'AJ,L!'Ct Lil n-u~le-nt in.i: , ~l1 I r1r.1:in~ , .;in,;l anm 
hil.:i r lni doma in~- T 0 ~~el ~311~ rcprirsrnt as,;­
;1b I ,e.o :J re.i 1. 011pa r ~-d I o t iu:.- BI ad1 I i Al' .110d ..: ro~ ~t l l' 
ju;. t ,:i~ dama in .~ norn;t I ly t.Ja Ctl!l1.J rC!il co Jonn il'.I 
•.;.t 1 ! ~ -

Slf1...:e doa3i J i'l ,,.,;1. 11 ~ ~ !l"t' co tit' 1.1::.,;,,;I u~ ,;hi ft re ll.i ~ -
tcr 1: r.st: k ~ , i t i s ni:ec ~ s.i ry l o 1 Oc3 t c l l'IC-11 tn J)NI -

de ~n11i11-r:-d po~iti0ns; _ Thi~ ·sn~hc demi." by u~in~ 
t llc:nn.1 [ lJTl'r\C',l J j 11 ~ rro.:--:-Jure ~ ' Lua r ~:r· ._., d1 I Ill~ di~ 
pc-ir.:rut 1 l oy int i;:i s,r;rT.1·re-d st~ i p~ n,~ ~c-1" r.H l!J 

<;.trip rti?thol.2 -:;i mp I l f i ~i- pr,o.r,,..._i~r ,;;,; ~o th.1Jt coni,rL.., 

t i.ona l :11a:- ~ 3 l I t!.nl•r~ ..:-an llt:" u~e-,! .1nd Rt h 1;ehc-r tlc·n.• 
!l'. i t)" c::, f in +-ann.tC lOn I~ J'IO?h1 l1LC' . 

,\n c-xa:JJf' I c o r J;c rrat l!'d ~, d p:;. i s :;ho""n In h ~l1rc­
s. Tiu• ,;t r i · ,~ a r e .il i l!,J\L-d ;Llcms 't hl! e:1!11' :1,: l s Df 
i:hc nh, L'f ~ 11 i •:nt ropic f i In-. .lire \l~t"IL ] ~Ol rl)p•e: 
f I 111:S. C ill he, U 5 I'd .J J ~n rtll "-•·n t I, L J"[' ; '· no (1 r tofe-r ed 
d I r~cc loll for- rhc- scrr.1Tc-d ..;,tr ip:; ,md t he)' c .1111, bend 
a r ow1,d e:or11e1t!I, 51.ii<:e tile- 11agnct l~n.t 1011 of 13e r 11• 
aUO)" f ~IIIS l i c?< :v,arnLL('ll to SUl:'f ces; .md cd2c-s in 
Lt5 Lo,,,~:!f.lt cmH'8)' sto;:~ al\d a high c:-ner.gy st~tc 
n ·su l t 5 111h~a po L, ~ are ro:rn.ed al s.ur i' aces ,111d ed;2e ,,;, 
't hie nag net i z:.it i •. r ot at c~ b~c to ·for11 c 'n'O domain 5 
:i f t c-r Rt fie Id i s .-ipp I i rd per pend i cu I a r • o the st r J p . 

A ·fast INIUt ~( H~ r 11 !:;;,:, fl - HJ 11 !i.C"I;.) .J] ,i:,n 11: the 
onpos I te J l re.cc i en1 foms cros st J ~s prov i dc-d the 
f • 111 t t-,, c-~ n <! !l.!i 1 ~ bl:!'hleoc n about :5 00 1md 4 5.1) .t The 



e ro~.; t c-~·s. fa rm at ;r l1r: n~ b of I he s.c Tl [I 11$ showm 
111 • ~11:ur c- Ii-. The i..l,;lt h of t ti l!' St.l"lp net' is HI µm 
,1 t hr: fi i:u r . . The ll I och l i nr:-:s. a 1re- L fl pot ~nt j ._1 l 

i..d •,;, i R hl't 1,,,t•-c n the, r;1'0::;,;t ie i oe: Lions . 'The i..:.i 11 
t c :-11rnnt es .1 t t "-' l:ic:g i nru ne. .in,I ~nd of the s t. i-tr .as 
tJc,~ r c·,J, Ole width 01 1110 ·tr i p h.~ .. a !3 t'se i11fl u-
••11cc on tll lf"'lp!.:rt i es or tllt- eros'-'otil:5 bcc3!Ut! or 
u(!lfiagnet1 : , ,, ,. . 1 ~ l d ,. . Th(1 <.tat l(: p C'QfCT tie s .a rie 

..::va11i,;:i red ""i th The irro,,e r t i c,s. oli serYc-d i 11 -ii l ;a r11,e 
1m-ct<:hed f itn I r, 'ta.bl eo l I . A.! I t ~;e$e fi l i; 1.;'l.'r,r: 
.,.s.il l r:tli .-: ~. 

l ,7,f::LI 11 

:-.t M H. ~l,L~n(' c , , .!'..!'.->llo('l'C 
1 

• tompa r 1 .. on 
J,lor.!h 

Nf■H [.r0'1-~ t I l ' 

-.U~ I t:"at(' 

f IL'l d 

L~ n~ Cru~ ~,i~ 
I' I .I l l'IDl'tlt 

f al'l J 
,\111\'L' rtt'n'f i\nn i h I I .if(' 

! l f."ld I lt!ld 

Unc.• t .,.h!.!J 
f I lit. 

I) . .Ii I](.• 11 . l Lk l. (1 Ue 

Nidt h 

',,i' rr .JT ,c,J 1 

] Cl,. 11 
?ii idt h 

'l,11 1 Jr,!: l . II ti•· 

!i,ll l I ()c., 

In 1 hc l ll11."l dh.'..:I :r I I n , h'IH .:h c::1111, bt' con o; i de red ilR 
1 '11 f In I t c i' I ..11\L' ,ht:-c r , t ht' IH cch l i. 11c h.i ~ ii ca(' r-c i Y C-

f o~c· ..:ir Jb0U1 II. l Oe.•. In the ~c rr:1te:d ,;t P P~ ch.c-
~(N• h ' J H ' l • IN:~ n·ma 111"' the- l'- ,tn.c- hut t Ile p<Jh'IH I .J l 
w-{' I l •. 1nJ c•1L il:l"maliJ1cti.,i 11g c-ffc,;t-.:. of r ti1: Hrl-p 
111<' r c-:•?>C t ht: f n • l J f'"'l'41,J i rnd. to forr.:c .1 e J n c~ 1 lrt<" 
im o ..i nl•1JU1hur i nl! •~~11 or a lon~ clu:· 1■aJ J . Th(' 

111, RJI 1 t udc o f i l~t f i I' l d ri:'(flJ ind t o 11O\'t• tnt • ll l och 
I Lili:' l n J J f f r.-rl!'nt Ji r eoi; t acn -. d1ffc-r -.:. 51 igJl r h :.i~ 

J (I{' ~ t h t• rr.::tP,11 1 t udor- r-cqu I l'cd i:. o nuc· l e.:n ~ ::iad ann i hi • 
l./J t <! .c ra.:, ,. t I c.· • I!, L n,._ h II ri~ t> 1 r :. ldi-c-n pas J t n •i:: .ir 

m•~ t • n• f i c I ~~ RIH! u<-etl .. Bu t t.h,c-,c,t' ,3 i f fcr cnr;t' s 
~ rt? ~r...a 11 al'l.J D ~ (' f'JJ;:C- \'a lru.cs~ a r~ :,;hoim j J'l l .ahl c r t, 
I' f pu l ~c • .i rt' opp l J c.•d peorpL~ ;, ,;1,J la 1' to the s t t' JI' 
( tqi t'lr ,;!.;nm i n F l ilt. l!. , , the fleld nJr.11~ • " C- snl p 
~hou I,! he- ne.o r .l ~ ... c 1 ., er -hi:: we, 11 .,,, L I L MY,• up o T 

do1,n11 rn l ll.;:· !Ht L p. I n ~ I\~ .ilb~•~rl~e of CI d d~ 
.aJJll licil perp.c,d•rut.n to lie stup a :: ere field r;-;i,n 
he -l(lp 11 L'il :l Jon ll th<' ~tr L ~ befo-re 1!:'heo 1,;.11 I w i 11 
roov~ , Tia, .,,, co1rl"'rsronds co the no rmo1 l .:,;,.- rr; 11,•c 

f Ot"lC- or the p;,•.a.l L. , he, ,wlJtn of t h~ ~tv ip~. tho 

H8 

:mg.le of t h~ t rcritt I}. .iruli thD sue of the serrat lons 
11:001 f y rho beh11vior of crosst Les and Bloch liHs. 
Jh-c em~ e:ffe-et.!i. of' o ~e !i.t:rips can 1111 !!ome cs!le:s 
1nrcrrw'.hi:hn t.hi: f iln p,ro-percle:!.. 

VT E, f i111 llreta-rt1m111:'d Pn;:rp,.1g;at iOll 

l r1 [JLe c:ross c ie 11111mor)" c.110 tomb1natioo of a 8h1,;h 
l i ne, nc-iiat i v(' ~e I i,,oaU a 1td a c rosst i e 81'1! cori!l 1d-
(I red C(, ~ a ' 'c-.J1.e1

' • the- a.bser,c.i!' o f th ii, !Bloch ! i ne • 
c ros:,; t Le pa n- i s colll ~ id r-ed t i;i be a zi:ro. lli!i.th ,. 
~ inc. I<' coni.luCTg r· p I .;a,; oo a.b-ovc ;arnd pj.1.r 11 l le l t o t he 
~crrarl.'ld! st r ip9 i t is possib]e t o ef face pro;p.ag,s-
t !on in st r if! ahguit 2S. µn 1rdde. Tl~i s has lleeo p-re -
\!l ous l ~- dei;.,;-, TI bed . A ~;i l I .imp l, 1 t ui:li! ( 3 Ore) 
oogac l ','C- pu I ~c .i 1>01.Jt 2'0 rr,~e,; I cng ,.·;1:i. used t:c iu;i,vc 
th.,e- BJ och m ~oc co th(:' 11ext potent i.1t'I ~l l . Then " 
10 ILS ~i: pul ?or!! t 15, OC] p0$ i 1: • •c, puJ S ~ 11B S awli cd t o 
rcloc,Ltl!' ,i.c Cl'Out le . D11ri ng t.h,e, app,] fr.aHon of 
t 'hc- l .i r s;c po.i; i ti ..,c pu l se- a new cros st le -lUoch 11 l"IO 

'Jli!ir foJ111~4 with i n the c r i2in~l Bl~r ~ 1 ine • cl"0~5L~e 
NI i r nnil tl1c ·tr., 1 I in!!: 9~cch I i r,c - c r o$,;t ie :r•iT wa.!> 

n1111 ~M La r:-il. Thus t lhc- 0rMgt n11 I 81Bc~ 1 iric ,lnd a 
ne,.,J c n:i~~ t i c ended up orte se:rr111t ion .fa nht1r ~ long 
t 1, P -..., n p, Ul i s 1; (l,chri • quc on h · 1,;-ork i:d for pu I s,n; 
...,i r h ..ropl 11 udt- and ti11e i.lur:n 10n ,.1hhJri .a f<1~ pe-r­
c<Mlllf • an,d ain e pt -. r o I nc-re,aise t Iii~ DT,gl 119 of 
or[' rat um 11.111c 1,c'-"n un~ u c-L-,e:t.~ fu I . CurH C(l_lJi!t'l t I )' a 
f i <' 1 d ,:fol c- rn in~d ptvp.i.g.JJt Io□ t e<:h:n ~ 4= JUI.~ Ii l!(ll'J 
a tlopt ed. 

tu c1p la 1~ Che field d~tcTIT,in~d p ropaga.~ioo 
~ 1· hen,., H 11:; 'he l 1•f11 l to J1illt1 an ;:mn l l:IJL'f, The (I l ocb 
I rn•· .:-, r11:I nos~c 1 0 t chavc- i l'l a lllilgnc-c Ii.:' fLr: ld 1JA1.Ch 

u:; i: u r -rent c rrr J n.& -c on duet o itS as sho,,,11 i 10 t· i gu re ';l . 

C UIIIIII.N C-Yl!!tll I.Otm11Cil1Jll1-
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r i g. 9 k u~eful .ana. l ag.y . 

.,u._ t ,J ~ al cur1'cn r. • n a ,.,, i're prodluc:es a d 1'Cu l ar 
·q.ai;:nret.ic ( ietd. ~bout it 1iCt1ich inti::ra<:t::s. 'h' i t.11 a. 1mi­
fon1 f'i<'ld to 1i:ive :r i .:sc to t he Lor e ntz fo:rce , so 
a I so 't I'll? ~ J ll"C ul at ion of t l'le = gn ~'t i.::!:at .ii en ;fbcut ,a. 
B 1 Ol.!h I ine gi •.-.I!'..; r i i.e to .a for,;:e- i n .i U11 i forn fi cl.!, 
Theo lloch Jine- and .a cunc11t c~rrying el)J1du~tor tsn 
~h~r, ~<' -~nsLJ~reJ as clrculatiuns in a uniform 
pot crit 1 a I flOJil w 1 d1 re:!ru.l t ia1,a. fore:es . Tit.:- e:ros5-r: le 
can also b~ ~oos id.ered ~naloaoo~ to a Cllirrimt c .i r -
r y Ing ccriductor r; ;<el!!pt" th.at tt1e- ~u·rr~fl t is saal I er 
and I n the opposit,e, ~frrc:i;:t io11 f r--011 that cf the Bloi;.h 
liBe . ~lso the c ros~t1c hQS JAJ,C.h l'lrOrc fr ict ioo 



~11.an ':'.t-16 !:?;:;r-~ liitt. :i. ~ 'Ce ~~r;:i"?.r=: forc-! c:~a.t""?:d 
to O.l 0c' foil" the l!ilud'l 1 lrio. 

Ptt11io1.Hlf we 4i::&.-1'-rihd tile ~erraud !t·t:lip as 
tw.11':irlJ.&: pote11.da1 1,11;:: Us for t Ju!- cros1u. i.es and pot en­
t i ,d w~ns to-r the l$lo,cll Une-::. :5g, thart 1:h.e cr.oss ­
t i ,::1 were im s~abJe positions; as !iholilJ'I in Figure• 3, 
and the Blo,ch li□es ~r~ in stable 'PQSi t cQ~ s, i ~ b~~ 
1111,cc,n the cTVssti,e pa'1.ldons. liii'o •r-an JI.IS.t H well 
descrl lbc th.e st..abl@ pa~lHo:ns !i.11 tc:r&S of a fo,yc,e­
field or lll&Jl"Cti,;: field as ~ho1m iu Fl:gur 10. Th~ 
~ u i v:ll em:: 11111gnet ic;: field 11ih idh :is a ·!Eunc:t i ol'I of 
the str ip s,eoutry can ~c wri tten .11 ~ 

0) 

i:,bt t(,;(; tlwit i'f the IU och lll'IC 'i\1-BJS l!'!OVed, f,;:mr,-a:rn !:11 

bit it ~ld b~ pti~hed b111et by t he rna.gictic fi ld 
s,o th.ti. the po.ll,:i t ion~ slloiim in. Fi gw-e 10 ani stable 
i;iosit:ilms . 1·r the Alocb I in.Cl and crosstie posit-
tioo& were intcn;ihca.Jl!f!=d . tilt! f '1,iOLi.ld. be in 11.1.sub I c 
pg sit foin.s. The ~-.11lue o·f It. can b~ easll_v me-a.sur-od 
by appl yillg, ~ Ull i fom ficl d (down in Fi iiure HI) 
unt i1 tho 18-loch I in j11.1nq,5 to Ht; ncice s c.i.bl e pM i -
t ioll, Th,:, valru r;if i\ i ~ tllc·n eqtl.i.l to the appl i ed 
fi.e,U. 

In Ot'de r co novc t tt-c l,h t o the ne,;t • r;tl'rnit HIil 
two st ps an:- rcqu i t"cd, r ir~t tile B\ix:h l in~ is 
11111\•ed and t h-en t.hc c-ross do, The- ideal fL c-L d coo -
llgur.111:.loo £-or .st:epp i ng the 0:1 oc:h ] lne is, s.llololll i n 
Fis . II, Step J. N@~t. fields l'IUSt be appt l eJ t o 
1110-\1@ the c::TOsst ie . Jhe f j i!l]ds ILi ~!!Id, ro,- c-rosst te 
m,\lene□t IIIIJJ!l.1: be lariii:er because· o f t.he St!!!iU: e'l' eo­
en:i \''e ·fDT<:e o .f the c-ro~s.t i e, The i.dei!il fi.e I d3 
fff th i.s o;peitat. ion ue ~hotm m n, Step 1. of Vi :g . 11.. 
The Jllil.!lo it i -tms Of the I l och m i □e and CTO~St i ' .ShOlffi 
i~ l•i_i. l l a;re ::tahle pos.it mo□.~ to which t.lte>· h.a11~ 
ll!OVf!d a~ .i result of th~ .tppl ; cd field:;. "fo eK,pe-r• 
.i1111mt,11.I I y ~Ol' fi "fl tile Y.a.1 id i tr <>f 5,1,1,;; t, .lifl 1:1ppr,;:>.;1>5h 
itDld ~a~ pl~tcd to a tni ~kncs~ of 9DO~t . o~o A 
throuvi; photarwas~ and the~ th~ s~hstt"~t ~ w,15 rc­
ip5kcJ ~nd the fCTirelloy ~as et ch~ as shoioll'I in 
Fi11:. tl . 

l 

~ ' . 

--- • 

f i_g. JO 'Equ1 valtmc: n:1o1tnet ii; he Id of ·t:hc: o:;-e·m r<1-t cd 
~tri p. 

The d.i.i.·t .!-Dc:.o bet:"'4!Cfi .5t'l'l':lit i Oli'I s. 111as i!! 11111 and th r:: 
'Wid.th of ·c hie St: rip at ( he p,eC:li:s W..JIS ms II ra. The 
11.i now parr o t the pl .at i!'d i;:o Id ~ niJuct 01· Mas c, ~11 
"1idc al'ld ch.e wld'e part of tlte conductor ~as ll u11 
llli' i dc . A 1 1n1\ c:ur:reQt 1t'h,rou~)1 the narr-ow-wWde con­
d~to:r co,rresponds to a.b-out 1 Oo app 11 eit i h• Id ii n 
tbe nanow ~«t: i1;1n ;md O, S, OC in th@ wide Sel!t t(.)'~. 

Tbe s,o Id i. s tlhin enou,gh s.o t.hat: d.e cTtJSst i c andi 
61-oe:li I i [!e· i;:.in be seen t hro111g l, the go Id 1.1s i 111 i 
11-ltt~r sc-hrt:ion. In addition to, the c1.1tnmt:s 
tl'lrou1h 'tf,~ n.ar-:roi- -w ~ de eonduetoT ~ co i I ,,,.!l!s usc-d 
.!IO· that by super-!npo~in& t be: i;mifnm eoi I f'ield 

-- r--. r--.._ ,....___ tr--.. r---. r--...... .__. -.. --.J ~ ""'-I 

~ II l DY~J (J.t -~11 

--- ffU' 1 

Fii g. 11 Ideal s, epping fields f'or t.11e Bloch I iBD 

and ( ros.n i e-. 

f i s. 12 St! rrated ll-t rips. 1;1ilh 111ur'Olt1~111id~ plated 
,cnd'ui:;tc rll,, 

;tc,d 1'.he i;p,;1t i 11 I I)' 1111 r~· i 11g f ir:- I ,j tile I de;a I i u■d. 

fi,e]daS s'10MT1 in f j 2, LL co~ ld c id111Jhted. Prop• 
a;e.:it ion re 'Ill l t c,,;! ., :. r;s;pc,.;t e,i , A 2 0 11A cu1<en,t ..,._, :i: 
rie,edcd in th~ R r rn1o1-111-i ,,k t 011d1.1ctor t 0 ['lf0\'1 d't- i;1.11f -

fi cJ cnt ficl(l. fnr i;rO!I.Sti~ POYGIICn t, Tl,,:: fir;:1(11 
d i ffc rcncc r<-:-u I t l.r1s fl-011 t I, ,:, 10 ITU\ i::1.1nent ,,._11a9-

.1hout IO ()(! at d j a.i: t'11t !lot' r -rat i oo ~ . The nar:ro1,1~ 
1.ddc (it!] d can be a pr,r o:1; i 1J.;i.te:d hy a si r,w;oidl.i.L 
field :e i u\m b:,,· t h~ 1:1;11Jn.t i 011 

(2) 

ill th(' O XJ)OJ'i!IN!l'I t de3.C r } be!d II -.s ~"'ua m t:O • 1 S 0e 
for crnssde tro\ienen,:. ;lnd t -1 .s OI! f'OT Bl Oc h Lj nl!> 

vemo11t. The fie.id ,br.:- to the co.ii wai; c on:u a.111l 
w-1 th r-e s pee ■: to di ,;t .J□c.c ~ I cn2 t~ :,;e r-r-11.ted :Sot r i p 
.'lmd c.1U1 be di?~<: r j he,J b;- t h~ ie:9ua ti on 

H = c . 
e 

(5) 

Th•e- foor pllllscs Ltised to propag.atc- one i;,ilft l'eghtcl:' 
period ( c.,,>o ser-r .a_t lofls) a t'e she,.,, i n Hg. 13 ri>r 9 

5trlp tiavLng the d iitt'n~m ans ~~o,,n i □ rl s. 12 . The 
pl ocg sh&..· clie fii:-ld!. , It , , seen lby the Bl och 1 in-(' 
snd cr-osn le :ls a fi,mct i in of di~t a□c~ .alo□~ , 1, e 
.s·t i'i p i.rhe re 

Ht = Q + H • H 
s Iii ,;: 

II'! each of the four phase~ the val uo:s o:f' 1B 1111\d C 
c hange bu~ tho va lu~ of A re111a.lns the 5BIM a~it •t 
is . Hhn to ~ql!la i the f l e Id H; 'ii'hi ch is U1c ncg!!-t ·i "'e 
un 1 fom f l e ld r-e,11.1.i r ed to ·110,•I!- t it-I!' SI oct, l iM a Ions 
the serr-.ited. s trip. It i-s thus a 1Iea.lilin! cl' t.be 
depth o f th~ p1;1te~tial .ell 1m i ch th~ ilr;ich •ipe 



L:t :- l ft'1.i~ . td~ ri.lJ.IK VL JI LIi II .1.Ji. .. •~ a.:11 Liat" 

•~ sund ne-11:at iv.:• nuc lcat l Bn fl em d u :.;: n2 a un i foriil 
f 1c1d . The applitid fields H • H 5hould not 
l'J:l;CW lr o r Cil'D!! S't: i ,l!'!J and Bfo~h ~ ines ~an be 
li:C'l'lcr.i I e~ 1Hl11:•re " 'ze ro.!i" are supposcd to be . H;. i 5-

t l\c- Jl'05 (ti •.1c- uri j fonn fid d requ l ~ to 110ve !!I U:locb 
U'n l" fro111 i r ~ rote-n e: i .i l 1111!!' II and II I !!I rhc fi dd 
nec-dc<l co ~cnelr.'.Jt,c- .i. new cTOut. i e--lh oc line p.iir. 
1( L s. l 'lie 1..1ru fo J1l1 f i c- I d. n:qui li'f!d rn a.in H1 i l at c, 
ef oc Ii I I n1:!!, anJ .: rn,;,5-ti e ~ i p th,,:: :u:rr.l'ted ,. t. l'i'.J). 

Tiu.• f i L" l 1h of plta:'l c-!l l am~ l 111'.l'C' hlc11tic l 
e,,;ol!'pit '111.at they .1.rt:- di,.pla.eed by ·Dfiii !lcrra.doo 
lengt~ . The ~u~ m~ true of pfi~~· s 2 and~ . ln 
Jlti,1:,;. l tl'lc Ho,c.11 l i r,,:: ~ves 1:0 i u !!lta~l e, po!! i ti oo 
as '-OO!ffl i:u,d c.annot 110-~ bcyQfld t ht :poin't. I I"! 
ptlilS~ Z ~ he II l (IC I\ L i AC' i ~ t r.app~ .11pin mdl C.JJ1m;1t 

roov" l)a,i,: k tO"'w rd ( be ~ ro5"5 tie be~ 111,1 se o( tlu: l <Kni] 
ne~Gt •vc- f lold bot ~e~n them. Tll.'\is thr:: cN~stie is 
fore~ (O twvt· , 

The oor t'-01o - ..-i de- go lJ , st rip us"d i.n d •~ &bov~ 
e·tperi r.11?"1U d l•ffll>n!U re,1 ed the \1a l Ld at}' o f t.lheo fi~l d 
prnlc'.JfP' I on t echn I ~ul'.' . H<Ne •re r l t 1 s nor tJic· 0n I y 
'Il!.!T hod I lt;it c u be- u~L"tL For ~xanp le . tt1~ wl de 
p.i:r,: llf l l1e• aar rcu,- ... i dc coud,J,CCDl' t.:811 ill,(" (:1 Lml11.111,:cd 
coap l ..-t'Z'l r ~o cli,H t i I!' cur-ronr mu!-t go throug,11 rhc 
l lit.>rlla I l or . IA"~~ i: 1Jr:fl.!'1l r. I ~ r t 1<!'ft nef'-d c-d m hnnigh 
c II<- '!' t r1 p hu c r hl' re'!'- i ~ r :1u1ce o f T ht ~t r I ,, inc n.•;h{'!i 
cons m !.!~"rl!.b I y end for n ri p.s .t~ ull. ZS & l, J t !I- loo I!: 11: he 
1/(l I ta8c:. llti:' ht g,11 E"ilOu~1 t,o d i!l-:1cL i a.t c- t.he t.'Jlter in 
Ill(• 8 1Uc-rr ~ot..11 •orw llnd cortikle , he ,,ermal l oy. 
I1o1.1c,•c,i• h)'d't"or :ubon lro s,cd Di t: t ie,:r so I 11r i OJ\ c.i_n be 
u ~C'.1 i n l his 1:-1. , ._,. 

Tl\i.• 1>0:n cffi,i; l l!'f''l t 111Ct.hod of :1pp l yi it!( the 
1"1.·111.1 1 rl!'d (i~ld ~ """" ld rc:ml r if the curre11o- cou l d 
lie fore~ t a t o ;i.bon• the ::;t· t'il• llf'I 011c i,;~rl' tion , 
umler th e ,;t ir i p 111'1 t ~~ n,i: x:t: 111.ci ;-;n on ~ ~ 5110\lill In 
f ~ J 1J f F ii. 1-t . Hi:rt" f hc h..it,;: h c.J f!iT-(t.S.!i l"tl"'JH'C s e-nt 

Jn o.xiil i :C'd or I ll:-Y1&l in.g rt1gl o in Hie: fl 1111 bHoi,1 
th(' perna I In,· . An n, l t ~Till 't l \IC 111l't hod L ~ shO\iill in 
I 1g . I~ f h l. 'Jlt,c- t l\L ckll<' S!i of ll11::, f j 111'1~ n: 

• J 

P.: i B- l' ltci ~u l tlll'l'I f ield~ d 11e to lh.c :scrrau!II .st rlp 
•~d dppl,ed f i l!'ld~. 

!tn:!3 ~ J )' ,:, ~ag~e rat t'd ta ,;.h.l)l,I th cooc<!'pt in tlie 
draw11"1g. "'101 hl?'r net"-od of obt.11mr1irwe. tile o,•r.-r 311,,d 
u ndey eurr,•nr Lli,, ~h.,w I n F.I e:, 14 {c ) . Jicro 111 
~:tal f f I~ _ •b~•rt -i(lfJ X th.Ld Wlder-Uei. the pi:l'mlloy 
h<q th 11notl: Ii,:, r met;i, I f I I n ~bout ,4 O~)fl J, ch h::k 11100\'i! 
t tic 11.:• t'na. E ! o,y 41111 c- ·,•c-'1')' 11t.'1cr 5ie'l'l'\11t iioli, It cl.I? 
mrt ,Jil f 1 J 11..; ,;i f'i' ol,out IO ti mr;r. 11orc c 1Jn.i.li11ct j ,t-e thihl 
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IFia;. l" ~h-1111;1$ of obt11,i11i1g ~r ,arid runder Ciil'Uilt 

paths . 

the penul lo, ,ii6.!'t cf ~"'~ C~Jli~ w-j, l l pl!IU bclol( 
O.l" ~ tlic' pei"!iloll 1 oy u dninidl . ffl,c tilld!nhu1ws 
i;lescr;i.bi!d in Fi1. 14 will 1111 low t!he un of c:urn111ts 
Qsf ~ .S a!\ i n r;,te11d 0 f the 20 IRA u.~ed in th.e, 
11.11rrow~wid.c- c:.ol'!dui:1 Ol" case . illteo C\U'"Hnt.s. ill. tlle 
CQi l OT s.1 riipl Lne wl 11 aHo be s111aller t .o a.c:11.ie\le 
t Irle 9.llllt' propoiia't ion field! a.:i !liltovri !in Fia:, 13. 

Re f'u·rh11a; 1t,a .Figur e u , i r: ,;;m be .lit! ell u,.t tile 
.,_,e r-r.llted ~ t rl p te ni i1',ate.s on (Ille end i n &Iii a.rrollf~ 
hudl ,ltl'ld 0111 the othn end i.p .t t,11.1 I . Propa,g.ation 
c-3111 be e ff,c,ct r:-d ii"! C' i ~her d ;i.~,.:h,on, but tlle kt tc::T 
uie:lin i ~11.re ii~ ta pmp.11i:ilte iro111 t.ai l to il\-cllld. bCC,1.l!.$e 
tl'le l ,uge ;puhe n:qu i.n ; d faT· .m~iM lat ion h t hC!JI 
in the s,illl)I!' di:1re ,;tiion ;J-j; the f ieldl used to Ht t he 
wa l l . in the- ~erntcd st rip i11 it i.1!1) ~ y. liherc:fore, 
the 1nf,;,nna.t:tol'I should i!e onter,ed at the c&i l of: 
t he- stTip , A cros sd e to,, lflS ... ne•re ,::r,e 'W.3111 tttml . 
n.11tc s 011 tih~ 1: 111H &ltd a II I oe:h line aceun n.eill.t: 'tO· 
it • A I oc.s l 1'.: on due-it Of h l'l@ed.ed, U . tl'I i !. lOC;at i1;;m 
to pu!!!h ?Ile S l eel'! l iQi! h 1to the n.ext pot,~t Lal wi! I l 

n ClL!lC a "ooe" i ~ desired i;:ir to prc::ve11:t such 1Slac'1 
I 1ne IIIHi<m in c,a.:ie- :a 11ze1'D" is de-:s; i.Ted . ~1;:e the 
i! I Oc~ I int: ent en the next pote:n t ,i,111 l 1oe 11 • t he p:rop-
31g.11t l an cDfld•~t QT t ~~.c::s O\'C'l' amd st op-r; .a "ooe·• alonf! . 

lhc ~qu.st ion ;.."i k h do:1icr l bes the oagn.uo re~ ist -
once ti rrec'r in pi!i:1'111...] IC)"' fi 1 iu is 1i ven ;a-5 

lR • R,0 • 1/2 A R cos l+ (5,) 

t.11\e rt! 11
0 

= I /2 (RJ,• rt 1,J. AR "" R:iii- It 3m:l -4' is tbe 
:1,11alle t' a riili: bet.~11 ithc current ~ lrc~tioo amd the 
113gne0 z.1t i011. lfliiesn t tu, c-1Jnent is. pu·a lld to t be 
nagnet i :Z.illt ioo ~ H, Jt,.i:s 'lll!l:15:UHd. Nhen lhl!J CUTT~l 

is. pe:rpend lcular~t o M, R•is .2~,.o red , I~ Jl!!l~llar 
fi l lTI$ abo~t JS.o ~ thk k 111,111h 2'\ to 3, la.raer tfl,11n lui,,. 
111: i;;an be sht;,,m rchar the rait.e or ch:r"'s,e of ll wi th 
re:,;pec~ to 4 1 :1, a li:1x • m11111 ·111ht!J1 4i = 45'•. Tilll!!Te fgre, 
n Hns1tlve Sffi:!1101" wu1d. be canfi11,1:r!'d witti the 
~YI'l"Ont a t 4~ 0 111i'th .~s~ei;t tat~~ nQlllirui.l m,:a'iJ]ct­
ki.at.loo ~irectian. 

flt! f rTi n&. to fig;urc l 5, cbo rt.et hod of dtttect i on 
h i.11 U$ltr&ti!d. The ~rrie111t !I U:!iGd t or propaaa.ti Oii 
.:i.r-~ i!il'-Q llSC.J for dete-c,ti,oli . ne· cu:i:refl't at the 
end gf tl\c l'liill"l'OW-witleo eimdue:toT e11r1ter:s t h,e pera­
iliJO)' a_nd spna.ds oolt ,at ,about 4S., into, the 11ext 
plated gDJd segmeRt whel'c: it beco1DCs ,1:1011llnc::d ;11ain 
so tb,11r i t i;.11n ~µread our a,alm througb the perm­
a.Uo)l·. The .JTI'Olr,IS ind:lic a.te the d l:r~ctil!'.lft tif t ile 
ilB.llilti:ti .:-altfon n a p,o&it.ive er f!~J:.-1:.i ve: n U i$ 

pfi-!';.ent !It t'he deto~11:or., Th,i!! pos i 'til"'e tf~1 111111 I 
corr,e;S-}'Oflds ta a ••i.ero"' midi i n t bi~ f;.il:i;;e the r:urr~ 



rna. lS, llli t st:retch ing ,det.e-c-tor. 

t-'nrw,iJ'! Un, p~llloy .b nn-rly pt;~i PJ!l .a.t- l,O 
th• aqnoti ~a,: ion s-o the, resi st.imi;;:e, of ~~ pie:na,~ 
al Joy ii; I 01,r - Tbl1 11~1£M i ~ [';4el l!f-,.1) ,c.orr,e:splJl'lds 
'50 a ''One'" 1mdl in tllis: ca.sea 'the curr,e11t t-hro111h the 
pe:ruHoy ls no8:rli:t· p:n·a U ~l to, tho ugnetiz.atloo 
s~ tbe reslstan~e of ~hi!' p~lloy is bigh. f~c 
d .'1a.nae l'r1 re.E istanc;;e f~s:- Ci!A,,h ~epent h abou t O. l 
.V- for a 5 11A ~1..1,]!'~cnt ~ndl the total ~iE□~I is che 
n•iiiiilt"t of .tep_ent-s ,: lllO& O. ] ·EW-

A:,; tile- fi_gur-e rn'lc.es ri;.h11:r t ile bit is s 't retclh.ed 
:i!~ ~tie- dJ!'t.tt-tiO'.t" a.Na. lhls, is ~ort,pl i.Jhed by pro­
v;i.d;i,l'Li'. .t•Her po-umrr:iaJ 1t1ells t1or the (I.Joch hl\1!' 
in ~ de-tei:1:.or ,are,,a. iU !lO the ,c.uner1t id! i I e i T11 

11:lte iQl d seg-..e11 u p-r«Hdde:s ~ n.;q~ncit: j c fie-ld ,.-hii,r;:h 
d~i~e~ ~he IJOc~ Ii.fie aJonj th,c -~ll . The bit 
st.itetc.bina dot!~ lt&ki!! f illfl h.O'ii'CVO?' I br:<:'1Uf; ~ t]i,,e 
c~TI;'fflf mowi~a ~be l!ll«h lin~ alilSt porsist until 
tlle l!lloc·h line tnverse.s the cfotcctol', Soote: ,r;:Q!I>• 
prC111,ise ,r;:~ Ile- aade be>t:ne-n shift race an.Ji Jotoetor 
out P!;lt if ,11 s i pa! h r a;er t!h.an 111'. l 11-V is needed or 
df1$:i,:r11bJ i;. 

Kl. Fel'IUlloy ,on Silioon 

l!:qie:d.11C11Jt :s; iad i Cli!lti:: thwt Penuli.U a,· e:11n be 
-!i~t: ;st..ctori l y def)O.&iti:;di OTI Smaicooduc:t0f' srade 
s~hcoi:-. _ f n prod~e films 'liliit:h .:i:<::ro l!l'iliJ!Cto:,;ty-~c ­
t u:10 tne :i. TQII, t:011'1t c11t of the Ni - F',e s 0uri::e 11us t be 
ine:rca~ed by O. M CO!lf~rcd with the ~2-8\ Ni - l7.2\ 
F~ source nonaally u,scd f\or ~lass substw~te~ . ay 
f,di,dcat ing ·t'be e:ros stk :11CJ10ry on si I i r;:011 chi rs 
OT ljj'a,fer-!I 'tll\-c anpU f!er.s, !or the, dotect.0:r~ eo1n k 
fab,r-l~ated on the _ -spot so tli&t most llko my only .a 
ba.n.u11'l of a iiilH1volt 1111:11:1 be 1r1equ.iNd at th.e 
&ttecto'l!" ootpt1.t . Al.!io, the dirl ve ,elaetrcm.i.es :a11d 
decoding can 'be, intepated so 'thait tile Mil.Ory 11,•U 1 
aJ)P.e'U' to the w~r :a.s a e onvenient ~emleomd.uctor 
IBltlW>f)' e.n= ept tb:t: i t wl 1 :1 ~l:!io be m,avoil.a:r: l 1 "'. 
1lt;e, 1n.teg:rt,,u iori, of tile :lierm,r)' 11,1i1t.b a. mie:ropr-ocessor 
:ls. al.!io an at t ru it !.11e- pos:5 i.b il :ii ty _ 

to be eoono~ical ly att~.-.ctive, it aJJIP~~r~ nece$• 
~...-y !O pr~~id~ ~iTQIJitr y om t he $tLicl;lf! chip &o 
1:hait ~~-r,d ;;1-)i ft R~istcn 11;.RTI -5'1.+rce ,11. ,CC!q!l}Bll 

sen~ amplifie-r ~ a cormK>fl dirhcr. 

:UL 

1'.he a-drw-anc:rd 11a!!l:. rnet10rie:1 MW emerg Ins and lbcing 
clevol, Q_ped 111b idl we.re ori 11:inaH )' c:unoehed as "ll&P 
fiJJ cir'" tcc;;hnoh111ii ic:& •·i U prQb.!J!li I y f-ind their 
great est 11111:rtet in mi~oocollpl.llt.C:r- b.5Cd sY5teiu; . 
Suc:b s:rsnas arc partioul ar h lqiort..a-nt in ai~· i.onit;.s . 
~e Ei.U1_11&1m, ies on the o~her h~nd arc e~pcctcd to 
f~nd their p~ac;;e i n l:lnd-b3sed , larBe storage sltua­
t ton.& . As 11:i. r;1oc~p1Jle-r-b,1sei;! ,;y~ t.e,u ~co!U! fllll'·~ 
JIOl!OOl"flll. nOTl¥0l~til 'I h -)' .. n1 b~c(lllle inC:Tt:-.idn:11lr 
i mport an[ . A fut h hih dc11s i ty, JbOl'l\'O lat i I e ir.en.ory 
wh k it i .!l intog_Nbl c Id th :s U iC-OOJ tcchnolou appe~rs 
vtty d.ui rab I e for fatu.H sys1:C?1s . 
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