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Abstract, The magnetization reversal of thin films (~ 1000 A thick) of 

80-20 Permalloy has been studied in a strip transmission 

DOS/lid 

lipe o These films are evaporated onto a heated glass substrate 
in the presence of an orienting field o Magnetization reversal 
along the axis of initial. orientation takes place in times 
less than 20 .sec in any- reversing fie1d large enough to 
overcome the orienting energy., The switching coefficient S 
is defined by Sw Ii8 Hm~ J with "t' ·the reversal time and Hm the W -8 
reversal field. The experiment gives H's 1 oe. and "1:<.2 x 10 
seconds rrom~ich S <2 x 10-8 oe.-sec~ Reversal b.r rotation 
of the magnetizationWas a whole in the plane of the film .. 
yields a model which is consistent with the observed reversal. 
times. Prelbrlnary measurements of the initial permea.bility 
perpendicular to the orientation axis have been carried out 
to 200b me and do not yet reveal the, expected frequency 
dispersion of the initial permeability. This is an indication 
that'S may be another order of magnitude smaller than reported 
here. W 
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. LETTER TO THE EDIT<Jl 

Ma.gnetizationReversal 1n1'h1nF1lms 

The prep~ation and _gnetie properties of thin films 
o 

(~lOOO A thick) ot vaouum-evaporated 80-20 peralloy have been reported 
1 . 

by Bloiso When the film is deposited on a heated glass substrate 

. (microscope slide) in the presence of an external magnetic field in the 

plane ot the tilm, the film develops a preferred ma.petie axis in the 

field direction, becoming .a Single do_in oriented in this direetiono 

It the uniaxial anisotropy energy in the plane ot the tUm is 
. 2 . 0 

described by IX- K sin ~, then simpl. theor,y predicts that tor a 180 

reversing tield >2K/.M, where H is the up.tisatioD, the film. should re

ver •• its _gnet1sat:Lon by rotation of the entire domain within the plane 

of the t1l11l. ,Thi. will be realised experimentally it the anisotropy 

energy i8 small compared to the energy required to create walls} alterna

tive17, since rotation reversal is expected to be Deh taster tUn wall 

reTersal, if a reversing field )2IC/Kis applied with a rise t'1me short 

compared to tiles required tor walls to ;tont 'Cld move, rotation reversal 

will be expected to occuro 

,The switching coett:1cient··S ... has been defined byHenyllk and 

Oood.enough2 by' the expression (It - Hl "r -S', with H the reversing 
, ~ 0 ~ m 

tield, H a threshold field forirreftra1ble flux change (2K/K for rota-" . 

tiOD rever.al), and 'r the reversal. time .,8 tor thin tape. of Ho-peraa1loy . v 

has aD experimental value of ; x 10-7 O8-.ee. ,The theoretical expre.-

sioll for s.. give.Sy ' CI q/&, with tf a vall thickneeB and d the distance 

th~8 wall moves during reversalo For' Ko-permalloy, the theory pl •• the 

experiDaltal value of: •• gi VB dIs P SOo 0 ... It reversal takes place by 

rotation ae a single domain, we set dIs • 1, leading to SW'~ 10-' c.-seco 
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The switching coeffieients for 80-20 permalloy films as 

reported by Blois are not much different from those for Mo-permally tapes 

as reported by Henyuk and Goodenough j however, Conger3 measured the 

component of magnetization in the plane of the 80-20 permalloy films 

during reversal and obtained results which seemed to indicate tha.t the 

reversal was actUally taking place by rotation. In an attempt to resolve~ 
contradictory resu1ts ~ the reversal of a film made as described by :Blois 

has been studied in the apparatus shown schematically in Fig. I. The 

drive pulse has a rise time ot ~see and is generated by discharging a 

coaxial line through a mercury relaYoIn order to provide for an H-field 

with plane geometry, the pulse is sent down a strip transmission line 

which is terminated to avoid reflectionso A pulse to reset the film 

after reversal by the fast-rise-time drive pulse is provided by a simple 

capacitor discharge thrQ11g~ a second mercury relay" The pick-up loop is 

balanced to eliminate air coupling as shown in Fige 1; the film is placed 

in one arm of the loop with the magnetic axis along the normal to the 

loop and crosswise in the strip line. Typical fila dimensions are 1 sq. 
o 

cao by 2000 A thicko The voltage from the pick-up loop is displayed 01'1 

an oscilloscope having a rise time ot approximately 20 ~sec. 

For drive fields less than a critical value H there is no e 

switching pulse from the film; tor any field> Ho the film switches in 

a time (20 mp.sec~ as shown by the tact that the switch pulses have the 

same character as pul.ses due to imbalance in the air coupling of the two 

arms of the pick-up loop~ with a duration determined entirely by the rise 

time of the rlewing scopeo The switch pulse amplitude varies linearly 

with drive pulMs > Ho; however~ the apparent time of reversal does not 

change proportionally with increased drive, due to the response limita=> 
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tion of the viewing equipment 0 

In order to define a switching coefficient which ean describe 

these experimental results we note that the first half of a rotation 

process is opposed by anerreetive anisotropy field of'2K/M, and in the 

second half it is aided by the same field. Henee the average H in the 
. 4) 

definition of S. is zer~ 9 and we set H 1:' • S 0 Since reversal first. w m w , 
occurs for H = 1 oe~ we have from the experimental data S 4( 2 x 10=8 oe .... seco m w 

Since faster scopes are not available at present, the ultimate 

speed of a rotation reversal can only be estimated by examining the 

frequency dependence of the initial permeability in the direetion perpen-

dicular to the magnetic axis; this permeability is due almost entirely 

to domain rotationo Using the same apparatus, but with sine wave excita

tion and heterodyne detection and rotating the film by 90°9 the per.mea= 

bilit)" has been studied out to 2000 DlC&· Improvements in the apparatus 

are being made in order to obtain accurate data at higher frequencies$ 

but the relaxation of the permeability with frequency is by no means 

complete at 2000 100 9 indicating that the reversal time by domain rotaticm 

ean be expected to be one or two orders of' magnitude faster than 20 mp,sec& 

This is in agreement with the previous estimate for the switching 

coefficient 0 

These preliminary results suggest that in this experiment 

magnetic reversa1 is taking place by" domain rotation as evidenced by the 

speed of the reversalo It is to be expected that under different experi-

·mental conditions reversal can take place by wall motion, or by a combina .. 

tion of wall motion and rotation leading to slow reversal times& That 

walls ean exist ill these fUms has been shown by Fowler and Fryero4 Walls 

will be expected to contribute to the switching in several different 

experimental situations$ eGgo 



<_, it the drift field 11 not un1tormover the area of the 

t:Llm, 

(b) 11' the rise time and duration of the drive pulse are long 

enough that walls aan torm and move in t1elds less than 

the critical one tor doma,in rotation. 
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