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56306208 : Major (PHYSICS)
Keyword : magnetic force microscopy, remanence
MR. Poumin DILEKROJANAVUTI: A study of remnant field of magnetic write heads

using magnetic force microscopy Thesis advisor : Badin Damrongsak, Ph.D.

One of main problems in manufacturing a perpendicular magnetic recording head is
the write head remanence, which is the remaining out-of-plane magnetic field on the magnetic
write head. The remnant field can write unwanted tracks or erase written tracks on a magnetic
recording media. In this work, magnetic force microscopy (MFM) was employed to study the
basic principle behind the write head remanence and to observe the remanence locations. Firstly,
we studied the occurring head remanence after the write head was biased with the AC write
current and induced by the external magnetic field. MFM images revealed that, for normal write
heads, the weak remnant field can be observed only on the edges of the side shield, not on the
write main pole. The location of the remnant field was dependent on the initial direction of the
side shield magnetizations. The method was then employed to-investigate three different sets of
write head samples. In the first experiment, we compared two different designs of the write heads
with a fully wrapped around shied. Results showed that the pattern of the head remanence was
similar between the two designs; however, it was found that the head design with a narrower side
gap had the relatively weaker residual magnetic field. Comparison study of magnetic write heads
that were etched with different etching recipes was done in the second experiment. Experimental
results revealed that the etching gases had a big impact on the main pole-tip remanence. The last
section examined the influence of the coating thickness of the diamond-like carbon (DLC)
protective layer on the write head remanence. Results suggested that the DLC layer had no or less

effect on the magnetic properties of the write heads.
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MANHIN (D)

Mmaamsa I mnmiianae1dsunsusamuay (matrix laboratory, MATLAB)



% contour plot of MFM compare SEM %

clear all

clc; clf;

close all

mfmphase = csvread('C:\Users\Desktop\namefile.csv');
mfmdata.phase = mfmphase

sem = imread('C:\Users\Desktop\namefile.tif');

sem = flipdim(sem,1);

mfm = mfmdata.phase;

[numy,numx] = size(mfm);

sizex = 800e-9; %defined inMFM measurements
sizey = 800e-9; %defined in MFM measurements
xstep = sizex/numx;

ystep = sizey/numy;

cut_data = 50;

numx=numx-cut_data;

%find maximum-amplitude %

y =min(mfm,[],2); %down track data

x =min(mfm,[],1);  %cross track data

%Ilocate the maximum peak postion x and y %

peak posx = find(y == min(min(mfm,[],2)));

peak posy = find(x == min(min(mfm,[],1)));
max_data = max(max(mfim,[],2));

min_data = min(min(mfm,[],2));

% set zero base line %

mfm= mfm-max_data;
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[numys,numxs] = size(sem);
sizexs = 675e-9; %d defined in SEM measurements
sizeys = 675e-9; %defined in SEM measurements
xsteps = sizexs/numxs;
ysteps = sizeys/numys;
% Moving Avg. %
Moving Avg =7,
Lines = 5;
% Bundle %
Count = numy-Lines-1;
for Bundle No=1:Count
y =-mfm(Bundle No : Bundle No + Lines-1,:);
Bundle_line(Count - (Bundle No - 1),:) = [(sum(y,1) = max(y,[],1) - min(y,[],1))/(Lines - 2)];
end
% Bundle line moving %
for Bundle No=1:Count
for moving = 1:numx - ( Moving Avg-'1)

Bundle line_moving(Bundle No,moving) = mean(Bundle line(Bundle No,moving:moving

Moving Avg - 1));
end
end
% set contour scale %
[numy moving,numx moving] = size(Bundle line moving);
v = floor(min(min(Bundle_line_moving,[],2))): 1:(max(max(Bundle_line_moving,[],2)));

% Contour Plot Bundle line_moving in nm scale %



figure(1)
xplot=[1*xstep*1e9:xstep*1e9:numx_moving*xstep*1e9];
yplot=[1*ystep*1e9:ystep* le9:numy moving*ystep*1e9];
[xx,yy] = meshgrid(xplot,yplot);

[C3,h3] =contourf(xx,yy,Bundle line moving,v);

view(2)

xmin=100;

xmax=750; %boundary X 650

ymin=50;

ymax=650; %boundary Y 600

xlim= [xmin xmax];

ylim= [ymin ymax];

axis([xlim ylim ]);

set(gca,'x Tick',xmin:100:xmax);

set(gca,'xTickLabel', {'0',1100','200','300''400','500','600','700','800",'900'} );
set(gca,'yTick',ymin:100:ymax);
set(gca,'yTickLabel',{'0',1100','200','300','400','500','600",'700','800','900'});
xlabel(' Cross track [nm]")

ylabel(' Down track [nm]')

caxis([0 35]); % set color bar

colorbar;

h = colorbar;

ylabel(h, 'phase (deg)");
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figure(2)
xplots=[1*xsteps*1e9:xsteps*1€9:numxs*xsteps*1e9];
yplots=[1*ysteps*1e9:ysteps*1e9:numys*ysteps*1e9];
[xxs,yys] = meshgrid(xplots+75,yplots-10);

[C4,h4] = contour(sem);

[C5,h5] =contour(xxs,yys,sem>155,'white');

hold on

figure(2)

xplot=[1*xstep*1e9:xstep* 1e9:numx. moving*xstep*1e9];
yplot=[1*ystep*1e9:ystep* 1€9:numy moving*ystep*1e9];
[xx,yy] = meshgrid(xplot,yplot);

[C1,h2] = contourf(xx,yy,Bundle_line_moving,v);

caxis([0 35]); %%% set color bar

colorbar;

h = colorbar;

ylabel(h, 'phase (deg)");

axis([xlim ylim ]);

set(gca,'x Tick',xmin: 100:xmax);
set(gca,'xTickLabel',{'0','100','200','300','400%'500';'600','700','800','900'} );
set(gca,'yTick',ymin:100:ymax);
set(gea,'yTickLabel',{'0','100','200','300','400','500','600','700','800','900'} );
xlabel(' Cross track [nm]")

ylabel(' Down track [nm]")



% % % % % find area % % % % %
count= Bundle line moving ;
[py,px] = size(count);
high=0;
for i=1:py
for jj=1:px
if (count(i,jj)>= 10)
high=high+1;
end
end
end
format short
num_high=high*xstep*ystep*1e9*1e9
num_high point=high
% % % % % sum phase % % % % %
A =Bundle line moving;
A= A>=15;
A = A *Bundle_line moving;
AA =sum(A2);
format longg;
sumphase = sum(AA,1,'double");
% % % % % average phase % % % % %

avgphase = sumphase./num_high point
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