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Thesis Title An Optimal Fly-Height Control Algorithm for Soft Error Rate

Reduction During Read-Write Process

Author Mr.Tanyaporn Channarong
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Academic Year 2009

ABSTRACT

This thesis presents an optimal fly-height (FH) control algorithm for soft error
rate (SER) reduction during read-write processes. The studied parameters in this algorithm are the
position error signal (PES) and the voice coil motor digital to analog converter (DAC) values. The
study results show that the DAC values change noticeably when the head moves close to the disk.
Therefore, the DAC values are used to indicate when the head moves close to the disk and specify
FH to reduce SER. The result of the proposed algorithm can improve FH to reduce SER better

than the FH set from factory. The SER can be improved 6.99% at average.

Keywords: fly-height (FH), soft error rate (SER)
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1.2.1 In-Situ Flying Height Testing Technology [2]
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A = wavelength of recording signal

V= intensity of the first harmonics read back signal

V= intensity of the third harmonics read back signal

1.2.2 Low Flying-Height Slider with High Thermal Actuation Efficiency and

Small Flying-Height Modulation Caused by Disk Waviness [3]
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1.2.3 Interface solution for writing-induced nano-deformation of slider body [4]
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1.2.4 A MEMS-Based Monolithic Electrostatic Microactuator for Ultra-Low
Magnetic Disk Head Fly Height Control [5]
ﬁmiﬁﬂa'nﬁqﬁjumi’oammuﬁaﬂsgé’uiﬂaﬁumﬁﬂﬁdwmiaaﬂuuuﬁu
1doteonuuy  actuator Wgniiganhitezidiny 18 anwdrelumseenuuunasmsadie

dg‘ v 0 a d A 4 3 a 9)d' d! 1 a A
VYU Tﬂﬂﬂ’fl’fﬂu-b’uﬂu"ﬂ’ﬂﬂEiﬁﬂﬂﬁﬂuui]%ﬂﬂﬂﬂ‘l?‘ﬂ actuator GNLHJ’JL!’E]QU‘HETTJN LU® actuator

u
9

o o 1 4 'w 1 Y] 1 v Aa 4
191U o u-weuazduad U uInnUNAIRINT eI - sUNUAEN Tasa1uITo

E4
1 aga

A = dy Y & Ao v 9 Y Y
AuANIzezUeRIe - Teuil la ifulihdunaimagaievesmanaacslasey 131354

a

° ] a g A @ % o 3 a2 g
vzl ldmn it uaesnldia FH dalaenaldudransadantive: hitidues FH
v o Yo o \ ] Y A g o and v ya ) !
Wumslisienass lenwsalyauldas wandsaunsandsnud la'ldae nmsldnmseiu

. A o Ao o A1 g ] = I &£ A A a d?
readback signal W tieA LI FH tazyandidyiuniluriidnedanilsie ESD forunain
Y Y
1nmMs 193 A uauI oz Y8 U-Aou INT12 81110 ESD 1hadiutayms shield g1lnyal
= ° ay [l :/’ = I 1 ~
soudelidneazilfgunsalnTeFudruiudeonio1d uaziilullli'ldfis g awise

£4 £
a

. d A Qy 1 1 9 Aa v @ ] a 1< dd’dd’ A
shield gUnsainosudIuann ldnnsu duiunmsestunmsmsina ESD 1uitnanga vie
yadd' & v
anl¥soulumsaiuauszer FH unwivetlesiu ESD
1.2.5 Predictive Failure Analysis of Thermal Flying Height Control System and
Method TFC [6]
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1.2.6 Detection of Fly Height Change in a Disk Drive [7]
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2.2.9 tnalulagves tunnel magneto resistance (TMR)
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Mwilsznou 2-20 Ay uNA KL 1 [10]
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A15199 4-1 ag1/A1 SER 1ag FH ve3 HO 71 ldnnmsnaaeua1nin Tsaau

SER
Cylinder | Default HO

test FH

cycle Avg Power
1 2 3 4 5

0 -5.648 | -5.223 | -5589 | -5.512 | -5.482 | -5.4908 73
42500 -6.067 | -6.334 | -6.055| -5.903 | -5.864 | -6.0446 72
85000 -5976 | -6.226 | -5.818| -5.872 | -6.453 | -6.0690 71
127500 -5571 | -5.755| -5.658 | -5.568 | -5.733 | -5.6570 69
153021 -5.581 | -5.374| -5317| -5.644 | -5.570 | -5.4972 69

A15199 4-2 ag1/A1 SER 1ag FH e HO 71 lAnnmsnadeua1nindanss iy

SER
Cylinder | Algorithm HO

test FH

cycle Avg Power
1 2 3 4 5

0 -5.798 | -5.582 | -5.737 | -5.753 | -5.792 | -5.7324 78
42500 -7.033 | -6.594 | -6.459 | -6.635 | -6.431 | -6.6304 84
85000 -6.427 | -6.402 | -6.481 | -6.379 | -6.356 | -6.4090 89
127500 -6.812 | -5894 | -6.21 | -6.335 | -5.586 | -6.1674 85
153021 -6.539 | -6.073 | -5.784 | -6.051 | -7.176 | -6.3246 80

A15199 4-3 a31A1 SER 1Az FH 99 H3 A ldanmanadeuaininlsaau

Cylinder SER
Default H3

test FH

cycle Avg Power
1 2 3 4 5

0| -6.055| -5.985 | -5.600 -5.794 | -5.994 | -5.8856 68
42500 | -6.117 | -5.754 | -6.459 -6.255 | -6.117 | -6.1404 67
85000 | -6.038 | -5.883 | -6.105 -6.281 | -6.360 | -6.1334 67
127500 | -6.857 | -7.158 | -6.857 -7.158 | -7.033 | -7.0126 67
153021 -6.36 | -6.281 | -5.717 -6.008 | -6.059 | -6.0850 67
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SER
Cylinder | Algorithm H3
FH
Avg Power
1 2 3 4 5

0 -6.152 | -6.453 | -6.277 | -6.511 -6.335 | -6.3456 75
42500 -6.681 | -6.521 | -6.104 | -6.130 | -6.431 | -6.3734 79
85000 -6.184 | -6.263 | -6.360 | -7.059 | -6.883 | -6.5498 85
127500 -7.334 | -7.635| -7.334| -6.936 | -7.033 | -7.2544 81
153021 -6.170 | -6.105 | -7.059 | -6.199 | -6.184 | -6.3434 77

A15199 4-5 a31A1 SER 1Az FH ¥9 HO 71 Idanmsnadeuveslssnunudanss iy

Cylinder SER Avg FH Power
Default | Algorithm | Delta %Improve | Default | Algorithm | Delta
0] -5.4908 -5.7324 | -0.2416 4.400 73 78 5
42500 | -6.0446 -6.6304 | -0.5858 9.691 72 84 12
85000 | -6.0690 -6.4090 | -0.3400 5.602 71 89 18
127500 | -5.6570 -6.1674 | -0.5104 9.022 69 85 16
153021 -5.4972 -6.3246 | -0.8274 15.051 69 80 11
A15199 4-6 ag1/A1 SER 1ag FH ves H3 i lannmsnaaeuvesIssanunudanes iy
Cylinder SER Avg FH Power
Default | Algorithm | Delta %Improve | Default | Algorithm | Delta
0| -5.8856 -6.346 | -0.4600 7.816 68 75 7
42500 | -6.1404 -6.373 | -0.2330 3.795 67 79 12
85000 | -6.1334 -6.550 | -0.4164 6.789 67 85 18
127500 | -7.0126 -7.254 | -0.2418 3.448 67 81 14
153021 | -6.0850 -6.343 | -0.2584 4.247 67 77 10
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function [FH,FH_str]=FH_WindowsPeakDetect(datalnput,set sample,windows,graph)

TDP=datalnput;

% Test only

% set_sample=700;

% windows=15
% Calculate variable to convert to true FH
TDPsize=size(TDP);

TDPColumnSize=TDPsize(2);

% Convert data 2D array to 1D

TDP1D=Array2Dto 1 D(TDP);

% Testing somethings
dat=TDP,
datSort=sort(dat,2);

% end testing something

% Manage data to 2D arrary by scroll window
numData=size(TDP1D);

windows=windows;

windowsMax=windows;

windowsMin=1;

windowsMid=int16(windows/2);

count=0;

for i=1:(numData(2)-windows)
for j=0:windows-1

TDP2D(i,j+1)=TDP1D(i+j);
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end

end

numData=size(TDP2D);

dataSize=numData(1); %is 10000x15 <-> (1)x(2) numData(1) is 1000

data=TDP2D;

% Show data array
data_size=size(data);

% data_size(1)=row,2=column
% Ans 115 15

% Row=115 Colum=15
row=data_size(1);
column=data_size(2);

%data(row,column)

%data=[ 546378912

% 546378912

%  546378912]

% Arrange data value from minimum to maximum at each row

data_AfterSort=sort(data,2);

data_absAfterSort=abs(data_AfterSort);
% (data,1) column, (data,2) row
%After sort row

%[ 123456789

% 123456789

% 123456789]

dummy_data=data_absAfterSort;
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if (set_sample<=0)
set_sample=700;
else
set_sample=set sample;
end
% Fill data to calculate average line
for count=1:set_sample
data_fill(count,windowsMin)=dummy _data(count,windowsMin);
data_fill(count,windowsMid)=dummy _data(count,windowsMid);
data_fill(count,windowsMax)=dummy _data(count,windowsMax);
end
% Arrange value to find Max Min

data_fillSort=sort(data_fill,1);

% Find averrage column 1, 7, 15

column_1=0;

column_7=0;

column_15=0;

for count=1:set_sample
column_l=column_I+data_fillSort(count,windowsMin);
column_7=column_7-++data_fillSort(count,windowsMid);
column_15=column_15++data_fillSort(count,windowsMax);

end

% Arrange value
Avg(windowsMin)=column_1/set_sample;
Avg(windowsMid)=column_7/set_sample;
Avg(windowsMax)=column_15/set_sample;
if (graph>0)

str = ['Avg Min Mid Max: ',num2str(Avg(windowsMin)), ...
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num2str(Avg(windowsMid)),num2str(Avg(windowsMax))];

disp(str);
end
% Base line = averrage+peak
B(windowsMin)=Avg(windowsMin)+data_fillSort(set sample,windowsMin);
B(windowsMid)=Avg(windowsMid)+data_fillSort(set sample,windowsMid);

B(windowsMax)=Avg(windowsMax)-+data_fillSort(set sample,windowsMax);

factor=1.4;

% Detect data exceed above of Base line

% colum 1 (Minimum)

columnDetect=windowsMin;

% B(columnDetect)=data_fillSort(set_sample,columnDetect)*factor;

% data_fillSort(set sample,columnDetect) -> Peak of sample

B(columnDetect)= data_fillSort(set_sample,columnDetect) ...
+ ((data_fillSort(set_sample,columnDetect) ...
- Avg(columnDetect))*1);
count=0;
for i=1:(dataSize-windows)
count=count+1;
if (data_absAfterSort(i,columnDetect)>B(columnDetect))
if (graph>0)
str = ['found Min Data exceed: ',num2str(count/ TDPColumnSize), ...
" count: ',num2str(count)];
disp(str);
% disp(count);
end
break;

end



end

% Store output
FH=count/TDPColumnSize;

FH_str='"found Min Data exceed: ';

% Detect data exceed above of Base line
% colum 7 (Mid)
columnDetect=windowsMid;
% B(columnDetect)=data_fillSort(set_sample,columnDetect)*factor;
B(columnDetect)= data_fillSort(set sample,columnDetect) ...
+ ((data_fillSort(set_sample,columnDetect) ...
- Avg(columnDetect))*1);
count=0;
for i=1:(dataSize -windows)
count=count+1;
if (data_absAfterSort(i,columnDetect)>B(columnDetect))

if (graph>0)

str = ['found Mid Data exceed: ',num2str(count/ TDPColumnSize), ...

" count: ',num2str(count)];
disp(str);
% disp(count);
end
break;
end
end
% Store output
if (FH>count/TDPColumnSize)
FH=count/TDPColumnSize;

FH_str="found Mid Data exceed: ';
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end

% Detect data exceed above of Base line
% colum 15 (Mid)
columnDetect=windowsMax;
% B(columnDetect)=data_fillSort(set sample,columnDetect)*factor;
B(columnDetect)= data_fillSort(set sample,columnDetect) ...
+ ((data_fillSort(set_sample,columnDetect) ...
- Avg(columnDetect))*1);
count=0;
for i=1:(dataSize-windows)
count=count+1;
if (data_absAfterSort(i,columnDetect)>B(columnDetect))
if (graph>0)
str = ['found Max Data exceed: ',num2str(count/TDPColumnSize), ...
" count: ',num2str(count)];
disp(str);
end
break;
end
end
% Store output
if (FH>count/ TDPColumnSize)
FH=count/TDPColumnSize;
FH_str="found Max Data exceed: ';

end

FH;

FH_str;



if (graph>0)

% Plot graph raw data

figure;

columnPlot=windowsMin;

subplot(4,1,2); % SUBPLOT(m,n,p)->m-by-n matrix of small axes

% plot(data_absAfterSort(1:dataSize,columnPlot)); % plot(X,Y)

% plot(1:dataSize,B(1));

plot(1:dataSize,B(columnPlot), ...
1:dataSize,data_absAfterSort(1:dataSize,columnPlot), ...
1:dataSize,Avg(windowsMin));

title('Min data detect');

columnPlot=windowsMid;

subplot(4,1,3); % SUBPLOT(m,n,p)->m-by-n matrix of small axes

% plot(data_absAfterSort(1:dataSize,columnPlot)); % plot(X,Y)

% plot(1:dataSize,B(1));

plot(1:dataSize,B(columnPlot), ...
1:dataSize,data_absAfterSort(1:dataSize,columnPlot), ...
1:dataSize,Avg(windowsMid));

title('Mid data detect');

columnPlot=windowsMax;

subplot(4,1,4); % SUBPLOT(m,n,p)->m-by-n matrix of small axes

% plot(data_absAfterSort(1:dataSize,columnPlot)); % plot(X,Y)

% plot(1:dataSize,B(1));

plot(1:dataSize,B(columnPlot), ...
1:dataSize,data_absAfterSort(1:dataSize,columnPlot), ...
1:dataSize, Avg(windowsMax));

title('Max data detect');
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subplot(4,1,1); % SUBPLOT(m,n,p)->m-by-n matrix of small axes
plot(TDP1D);
str = ['Raw data average Min[',num2str(Avg(windowsMin)), ...
"] Mid[',num2str(Avg(windowsMid)),' | Max [',num2str(Avg(windowsMax)),']'];
title(str);

end
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