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ABSTRACT

This project-focuses on fabrication of a device that.inspectsthe orientation of the
thermode used in-anisotropic-conductive-film (ACF) boriding. The ACF bonding is a process
used to establish an electrical/mechanical/ connection between a head gimbal assembly
(HGA) and an actuator pivot flex assembly (APFA) of the head-stack:assembly (HSA) in the
hard disk drive (HDD); the role, of thermmodes s 1o apply. héatiand pressure to the
connection or the bend pad. Without proper alignment between the contact plane of the
thermode and the bond pad, insufficient application of préssure could.occlr in some areas.
This could then lead te poor mechanical/electrical properties in theseparticular areas and
potentially cause device ‘malfufictioning or shart device, lifetime: In this study, the
“contact-Inspection” device has.a'contact plane'that mimics the orientation of the bonding
pad and on this contact plane, several eléctrical sensors are attached. The device then
inspects the orientation of the thermode by measuring the time at which each sensor
makes electrical contact with the contact surface of the thermode. The difference in
contact times from the sensors can be used to estimate the thermode orientation and this
information can then be used to readjust the thermode. The inspection and readjustment

processes will repeat until proper thermode alignment is achieved.
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v W

AsInAaNeMIALRasYeINas 1At laeltlUswnsy Arduino IDE Sendssail

int led1 = 7;
int led2 = 9;
int led3 = 11,
int ledd = 13;

int buttonl = 2;
int button2 = 3;
int button3 = 4;
int buttond = 5;

int statel = 0;
int state2 = 0,
int state3 = Q;
int stated = Q;
int checkl = Q;
int check2 = 0;
int check3 = 0;
int checkd = 0;
int time1;
int timez;
int time3;
int timed,

void setup() {
Serial.begin(9600);

pinMode(buttoni, INPUT);
pinMode(button2, INPUT);
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pinMode(button3, INPUT);
pinMode(buttond, INPUT);

pinMode(led1, OUTPUT);
pinMode(led2, OUTPUT);
pinMode(led3, OUTPUT);
pinMode(led4, OUTPUT);

digitalWrite(led1,LOW);
digitalWrite(led2,LOW);
digitalWrite(led3,LOW);
digitalWrite(ledd,LOW);

void loop(){

int t1 = millis(y
int t2 = millis0;
int t3 = millis();
int td = millis();

statel = digitalRead(button?);
state? = digitalRead(button2);
state3 = digitalRead(button3),
stated = digitalRead(buttond);

if (statel==LOW&&check1==0)

timel = t1;
digitalWrite(led1,HIGH);

checkl++;
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if (state2==LOW&&check2==0)

timeZ2 = t2;
digitalWrite(led2,HIGH);

check2++;

if (state3==LOW&&check3==0)}

time3 = t3;
digitalWrite(led3,HIGH);

check3++;

if (stated==LOWE&&checkd==0)

timed = t4,
digitalWrite(ledd,HIGH);
checkd++;

}

if (state1==LOW&&state2==LOW&&state3==LOW&E&stated== OW){

Serial.print("T4: ");
Serial.print(timed);
Serial.print(" T1: ");
Serial.println(time1);
Serial.print("T3: ");
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Serial.print(time3);
Serial.print(" T2: ")
Serial.println(time2);

while(1);
}
}
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msmafinwadundeglilusunsy Matlab Inenmsiguirevesunuinuswiuiikiunsnawmes

a

Tnuawaq lhluswensy fendsad

%% Setting up

clear; clc; close all;

%% Input

filename = 'l.jpg’;

tol = 3 thres = 0.4;

%% Preprocess

[JPG,CMAP] = imread(filename);

GRAY = rgb2gray(JPG);

BW = im2bw(GRAY,thres);

%

%% Find islands

FigHandle = fieure(1); set(FigHandle, 'Position’, [50, 50, 1800, 8001);
subplot(2,3,1); imshow(JPG);

subplot(2,3,2); imshow(GRAY);

subplot(2,3,3); imshow(BW);title(['Threshold =" num2str(thres)])
%

BWI = ~BW; %Invert binary image

[B,L,N,A] = bwboundaries(BW!);

%
i =1
for B1 = 1:N

found_candidate = false;

%

%plot_boundary(B,B1,'r") %Quter boundary

B2 = find(A(;,B1)); %Find inner-boundary index

B2_temp = B2;
B2 = [J;
B2_index = 1;

for i = 1:length(B2_temp)
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num_pixel = length(find(L==B2_temp(i)));
if num_pixel > 200 %I need to get rid of boundary with small number of pixels.
B2(B2_index) = B2_templ(i);
B2_index = B2_index + 1;
end
end
%
if length(B2) == 1 %We want only the object with one inner boundary
%plot_boundary(B,B2,'g")
B3 = find(A(;,B2));
%
B3 _temp = B3;
B3 =[];
B3_indexf5f1;
for i = lilength(B3, temp)
num_pixel= length(find(L==B3 termp(i));
if num_ pixel >200-%l need-to get rid of boundary with smalt number of pixels.
B3(B3_index):= B3, temp(i);
B3_index= B3 index +1;
end
end
%
if length(B3) == 1; %We want-enly one object innercbject
%plot_boundary(,B3,'b')
found_candidate = true;
end
end
if found_candidate
A _out = length(find(L==B1));
A in = length(find(L==B3));
A_ratio = A_out/A in;
if abs(A ratio - 24/9) < tol
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fprintf('Found island with with B_out = %i, B_in = %i \n', B1, B3)
Data(id).B_out = B1;
Data(id).B_in = B3;
id=id+ 1,
end
end
end
clear A_in A out A ratio B1 B2 B3 found_candidate id img
%% Check the validity of data
if exist('Data’,'var) ==
island_exist = true;
if length(Data) ==
found_3 island = true;
else
found_3 island =false;
forintf('Warning: number of islands is not 3.\n’)
end
else
island_exist = false;
fprintf('Cannot find any-island. Increase tolerance or adjust grayscale threshold.\n')
end
%% Plotting island boundaries
if island_exist
figure(1); subplot(2,3,4); imshow(BW); hold on;
for i = 1: length(Data)
plot_boundary(B,Data(i).B_out,'r)
plot_boundary(B,Data(i).B_in,'s)
Data(i).pixel_inside_box = length(find(L==Data(i).B_in));
end
end
%% Find centroids

if island _exist
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for i = 1:length(Data)
Obj_index = Data(i).B_in;
BWL = (L==0bj_index); %lsolate the inner object
%
s = regionprops(BWL,'centroid’);
centroids = cat(1, s.Centroid); %Collect all possible centroids
%plot(centroids(;,1),centroids(;,2),*b")
%
if length(s) ==
CT = centroids;
Data(i).centroid ='CT;
Datal(i).centroid floor =floar(CT);
forintf(The centroid for-Bin =/ %i is [%i,%i] \n",
Data(i).B_in,floar(CT(1)),fleor(CT(2));
else
fprintf(More than ene centroid found for B \in = %i \n',Data(i).B_in);
Data(i).centroid = NaN;
Data(i).centroid floor = NaN;
end
end
%
for i = 1: length(Data)
if ~isnan(Data(i).centroid)
CT = Datal(i).centroid,
plot(CT(1),CT(2),*b’)
end
end
hold off
end
clear s centroids i CT Obj_index BWL
%% Affine transformation

if island_exist && found, 3. island
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forintf(' \n')

fprintf(Entering image transformation. \n)

701410 (SR \n')

%Determind the location of the triangle corners

[TL,TR,BL] = determine_triangle_corners(Data); %TL = Top left, TR = Top right, BL =
bottom left

%Calculate side length (distance between centroids)

s1 = sqrt(sum((TL-BL).A2));

52 = sqrt(sum((TL-TR).A2));

side = mean([s1,s2));

%New coordinate

TLP =Tl

TRP = [TL(1) TL(2)+side];

BLP = [TL(1)+side"TL(2)];

%Separate X and Y coordinate of centroids

XP = [TLP(1) TRR(1) BLP{DI;

YP = [TLP(2) TRP(2) BLP(2)};

%figure(2); haldon

%plot(XP,YP,y*);

%Transformation

coor_before = [Tl \TR*BLY;

coor_after = [TLP; TRR;BLPY

T = maketform('affine',coor “before,coor after);

[BWT,shift_x,shift_y] = imtransform(BW,T);

if exist('GRAY','var') == 1

[GRAYT] = imtransform(GRAY,T);
[UPGT] = imtransform(JPG,T);

end

%New coordinate for centroids

CTX = XP-shift_x(1)+1; %Without "+1" the centroid seems a bit shifted to the top left.

CTY = YP-shift_y(1)+1;

foris 1:3
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Data_T(i).centroid = [CTX(i) CTY()];
Data_T(i).centroid_floor = [floor(CTX()) floor(CTY())];
forintf('The centroid (transformed) is [%i,%i] \n', floor(CTX(i), floor(CTY()));
end
%New boundary for cropping
Buffer = -side/15*3; %l know that the side length is 15 blocks and | need to expand for
another 4 blocks
BX = [ min(CTX)-Buffer max(CTX)+Buffer];
BY = [ min(CTY)-Buffer max(CTY)+Buffer];

else
forintf('------eee ol \n)
fprintf('Skip image transformation due to insufficient number-of centroid points found.
\n')
end
%

CX = floor(BX(1)):floor(BX(2));
CY = floor(BY(1)):floor(BY(2));
JPGC = JPG(CY,CX,; %l.don't know-why: this is the case but it works.
%
figure(1); subplot(2,3, 5); imshow(JPGC);
%
[nx, ny, ~] = size(JPGC);
%% Reporting
for i = 1:length(Data)
forintf(Number of pixels in the inside box = %i \n', Datal(i).pixel_inside_box)
end
average_pixel box = mean([Data(:).pixel_inside_box]);
fprintf('Average = %f \n', average pixel box)
%% Threshold the red color
frame = JPGC;
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red = imsubtract(framel(;,:,1), reb2gray(frame)); %Next two lines extract the red parts of
the image using thresholding https://probhonjonbaruah.com/2015/01/03/the-algorithm-
to-detect-yellow-colored-objects-in-matlab-using-webcam/

%

%figure(1); subplot(2,3,6)

%imshow(red);

for redthresh = 0:0.01:0.2

red2 = im2bw(red, redthresh); %Output image has red parts as white
in the binary image

red2 = im2uint8(red2);

pixel_red = length(find(red2==255));

forintf(Threshold = %f, Number of red pixels = %i, Relative pixel = %f\n'redthresh,
pixel_red, pixel red/average. pixel box)

end

FigHandle = figure(2); set(FigHandte,; 'Position’; [0, 0, 1600, 9001);
subplot(3,3,1); imshow(frame)
plot_index = 2,
for redthresh = linspace(0:02,0.18,8)
red2 = im2bw(red, redthresh); %0Output image has red parts as white
in the binary image
red2 = im2uint8(red?2);
subplot(3,3,plot_index); imshow(red2);title(lThres = ' num2str(redthresh)])
plot_index = plot_index + 1;

end

figure(1)
saveas(gcf,[filename(l:end-4) ' Al.png'l)
figure(2)
saveas(gcf,[filename(l:end-4) ' A2.png'])
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