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Research Title: To Qualify the Printing of surface Mount Technology by using Digital
Holography Combine with Compressive Sensing

Researcher: Asst.Prof.Dr. Prathan Buranasiri '

Faculty: Science Department: Physics

ABSTRACT

Applying of a phase- shifting digital holography combined with compressive sensing to inspect
the soldering quality of surface mount technology (SMT) which is a method for producing electronic
circuits. In SMT, the components are mounted and connected with each other directly onto the
surface of printed circuit boards (PCBs). By reconstructing the multidimensional images from a few
samples of SMT, the results are solved by an optimization problem. In this paper, two problems have
been concerned. The first one is to examine the devices and the soldering quality of connections
between them, which are in micro-scaled. The second is to observe the effect of heat treatment of

soldering material and devices on the surface mount board

Keywords: digital holography, compressive sensing, solder paste, surface mount technology
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fan - Digital technigues render real-time response in holography, Jeff Hecht, 2012.
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convolution auu@infissuu z = 0 Aefiszuuing (£,7) uasszuivvasawining O(&,n) uasld

Fourier transform wuu 2 §f 3¢l

0'(f:. £,30) = F{O(£,1,0)}

- [ o noexpl-j2n(f.& + f,mdédn &

—i—n

LAZANSOWEY inverse Fourier Transform 484 angular spectrum leian

O'(f:, £,,0)= FH{O'(f, £,,0)}

L]

= [ [o'(e. £ 00expl—j2r(f& + fmldf -df, 2
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Ineuaundgauasinasuiusiiondt “complex amplitude” wndpensiiuUss Ansnnuean g
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initial phase W& complex amplitude 'luvlml,m 1aa Phase-Shifting Digital Holography @11130
o5ueldluguil 1 Tnoutieduvesinquasninndussauasdridainnisunsnasnfuit CCO Tned
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lagUnfidufiasgniuiineguda Slowa g, gNATUIMIIN phase-shifting interferograms 3 4
AsEUIUNIIAUInmdouny Holography Interference lasfin nunlidiusundgnuesingfe
a,(x,y) Taansoialdanmanudurouadasnsladuamesunasdiids awnsadeulalusy

o

YpsauMslenedl FaRarsanlunuluny (xy)

Ey(x. y) = ay(x, y) exp(+iy (%, 1)) (3)
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sU# 2.6 Msfinda Phase-Shifting Digital Holography

i ; Digital Hologram Recording, Numerical Reconstruction and Related Techniques, Ulf

Schnars, Werner Jueptner, 2005.
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Ey(x,y) =g, exp(ip(x,y)) (5)

o ' & a [% o s |
TaglunisAruumiaia s nastiuaiuisanaslaunsianaunsoldeniunusffoans
fosanls aumsesluduansaesduvaasdumanisquazannsadilufiasamalusiiduosinguuld

pasanslugunsy 11

L,(x,)=|Eg +Eo| (6)
a=0,7/2,7x37/2 (7)
I, =€, +&, +26,6,CO8Q (8)
L =8, +£,"+28,6,co8inp ©
I, =g +&," +26,8,c059 (10)
I, ,=€x +&, +26,6,5M @ (11)
I ., —T
X, — tan—l ml2 3x/2 (12)
@(x,¥) “I-1.

(2) msa¥1anTn (Reconstruction of image) {un1sasenw 3 SRTuanuiuiiduildvusinnmisla
wnsuld e Usuussmiuaziden warauauin-anufunnnuguuuurasn watgULuuTeanIw nlw
Taamlalaunsuuuy 3 177 danurude waginuazidengauniy

“ann13 Reconstruction a8 Angular spectrum
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Tdlunisasramdulvdludinealalawnsy 35n15892149 Fourier transform wag inverse Fourier

transformation \oai1sninoalalawnsauiuifeaiuis Huygens convolution wevsiitofinitluszusnia
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1na9 Weasuiuisnisues Huygens convolution
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a a  a o o ) .
avuRdafseuiu z = 0 fefisruuIng (£,7) LaTIBUIVUDIAUINING O(¢&,n) warld Fourier

transform wuu 2 §# aglain

0'(f:. 1,:0) = F{O(&,1,0)}

= [ Jo@.noyexpl-j2a(1.£ + £,m)dzdn (13)

-

waraunsoilisy inverse Fourier Transform va4 angular spectrum 1a71

O'(f:, £,30)= F{O'(f;. £, .00}

:f j O (f-, f,,0)exp[—j27(f.£ + f,m]d&dn (14)

. ol - ° v o o [V W ° ' o
M3 Reconstruction Tufitwmnedanisvi i mdeduuslalsoienmwlussesiniataunsovilinmdalalae
N13 Reconstruction[5]

2.1.4 Compressive Sensing
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M =0(Slog N) (15)
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Quality investigation of surface mount technology
using phase-shifting digital holography

Chantira Boonsri and Prathan Buranasiri*
Department of Physics, Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang
Bangkok 10520, Thailand

ABSTRACT

Applying of a phase-shifting digital holography combined with compressive sensing to inspect the soldering quality of
surface mount technology (SMT) which is a method for producing electronic circuits. In SMT, the components are
mounted and connected with each other directly onto the surface of printed circuit boards (PCBs). By reconstructing the
multidimensional images from a few samples of SMT. the results are solved by an optimization problem. In this paper.
two problems have been concerned. The first one is to examine the devices and the soldering quality of connections
between them. which are in micro-scaled. The second is to observe the effect of heat treatment of soldering material and
devices on the surface mount board

Keywords: Phase-shifting, digital holography. compressive sensing, surface mount technology.

INTRODUCTION

Nowadays. Surface Mount Technology (SMT) is a large number of commercial and industrial products. Modern SMT.
recently has improved performance over the old fashion, i.e. through-hole components, due to their smaller size, shorter
internal leads. and smaller board layouts. These factors reduce the circuit’s parasitic inductance and capacitance. The
SMT concept is not new but the design and manufacturing technologies used previously generally are not applicable to
the technology used today. The currently version of SMT requires a complete rethinking of design and manufacturing.
along with a new SMT infrastructure to develop. The manufacturers needed to ensure the survival of either pieces can be
properly performed. Any mistakes are pushed by extinction which methods of manufacturing conventional electronic
assemblies have essentially reached their limits such as cost. weight. volume. and reliability[1-2].

SMT has become the impressive assembly method. which mounted micro-electronic components directly on the surface
printed circuit. Soldering is the techniques of joining two pieces of metal together. Hence, the solder is composed of a
mixing of some metal powder containing fusion of liquid called flux. The basis of most hard solder is copper. with
addition of zinc, tin and silver. Recently. lead free alloys have been used for protecting the environment. However. the
reaction between solder and substrate due to the applied heat is of the crucial important. The some fabrication problems
usually have been raised when the order number of electronics mounted is increased. According to surface mount PCBs
manufacturing failures are cause by the solder inspection is an indispensable process. Recently, the quality review of
solder paste demonstration by using optical methods also have been one of effective approaches, in order to come up
with an effective way for investigating the physical, thermal and mechanical properties of a solder paste[3-4].

* prathan.bu@kmitl.ac.th; phone +66(0) 2329 8000 - 2329 8099; kmitl.ac.th
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Nondestructive testing (NDT) of surface shape with high resolution is required in difference field. Image formation of
three dimension object using diffraction. reflection. and interference of light by a computer is a well-known method
applied in NDT. Digital Holography (DH) is a technology of a paradigm in general imaging applications that uses digital
recording of holograms by CCD. Then. the reconstruction is numerically performed by using a computer. Here.
numerical diffraction field delivers distributions of both amplitude and phase quantitatively. Its main limitation that is
caused by much lower resolution of CCDs than that of photographic materials has been considerably overcome by
phase-shifting digital holography. However. the numerical reconstruction process is very flexible and phase distribution
which cannot be observed in optical reconstruction is easily derived quantitatively. The large volume of data required for
storing or transmitting holograms has been a main limiting factor of optical image. In recent year researchers have
proposed many hologram compression schemes to solve this problem [3-7].

In image processing. it would be great to reconstruction an image as good as possible from small measurement data.
Compressive sensing is the application in mathematics. electrical engineering, computer science. and physics which data
acquisition and compression can be performed simultaneously. The signals are sparse, and acquired with few
measurements which are exploiting sparsity enables one to solve the resulting underdetermined systems of linear
equations. Moreover. involving randomness in the acquisition step enables one to utilize the minimal number of
measurement. Hence. computational imaging applies on hologram recorded on digital holography to reconstruct three
dimension objects that are sparse in the spatial domain [8-13].

In this paper. we has established an innovative model of surface mount technology inspection system which used an
algorithm regenerate phase-shifting image from interferometry combined with compressive sensing.

FUNDAMENTAL PRINCIPLES
1.1  Digital Holography

The concept of digital holography recording is a plane reference wave and wave reflected from the object are interfering
each other at the surface of a charged coupled device (CCD) as shown in figure 1 [7-9].

REFERENCE WAVE

cco

Figure 1. Digital Holography recording

Holographic interferometer setup has been applied to measure the deformation of an object surface. The amplitude and
phase can be reconstructed from the setup. By using this setup, simple arithmetic manipulations of numerical arrays of
phase-shifting digital holography (PSDH) can be done. The trouble of image processing can be cancel and the exposure
time can be shorten by recent enhancement of CCD sensitivity.

Assume that the reference plane wave normally incident on the hologram plane and the object wave has the amplitude
£,(x,y) and phase @(x.}’) and can be written in equations (1) and (2) respectively.

E (x,y)=¢g,exp(ia) (n

E,(x,y) = &, explip(x, y)) 2)
where « is a global phase.

Then. the interference intensity can be given as
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L(x.y)=|Ex +E,[ (3)
The four-step PSDH with phase shift & = 0,7/2,7,37/2 are
I, =€, +&, +26,£,C05¢
I,,,= sRl +£," +26,, COSINQ (4)
I_ =g, +¢&, +25,5,c080

2 2 %
L s =8 +Ey +26.8,51n9

37/2

which are finally numerically combined to get the phase profile [9]

I —F. —
@(x,y) =tan™'| =222 .

I, -1
Without the reference beam. the object amplitude £, (x,)) can be obtained by a separate exposure of the object. The

image is reconstructed from E,(X,y)= 1on: exp[f(o]

1.2 Compressive Sensing

The main object of CS model has been used for random sensing mechanisms applied in imaging as explain in references
[10-13]. In the case of linear information acquisition, the problem is reduced to a linear system equations. The sampling
measurement of a vector is connected to the signal of interest via

Ax=y ©6)

mxN

where matrix 4 € C™" models the linear measurement information process. By using eq. 6. the vector y € C N then,

is founded. which m is the number of measurements. and the amount of data must be at least as large as the signal length
N. If the case of m<N is interested, then the system is undetermined and there are infinite solutions. The underlying
assumption which makes CS possible is signal sparsity and the incoherence between the sensing and sparsifying

operators. Sparse is a signal which its components are zero or very small. The notation ”x[lD is the entries of a vector x,

that is used to reconstruct x as a solution of the convex combinatorial optimization which are given as

Minimize "Z”n subject to Az=y (7
Minimize "ZH] subjectto Az=y (8)

where 11 -norm "0" | 1s a convex function. for which exist efficient convex optimization methods. Basis pursuit can be

explained as the convex relation of /,-minimization will indeed favor sparsity. To define suitable measurement matrix

for a reconstruction. the random matric is a producing adequate measurement matrices. It is an open problem to construct
an explicit matrices which are provably optimal in a compressive sensing setting. Simple examples are Gaussian
matrices whose entries consist of independent random variables following a standard normal distribution and Bernoulli
matrices whose entries are independent random variables taking the values +1 and —1 with equal probability. A key
result in compressive sensing states that. with high probability on the random draw of an mxN Gaussian or Bernoulli
matrix A. all s-sparse vectors x can be reconstructed from y = Ax using a variety of algorithms provided an optimum
bound
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m2Ck ln(%) (9)

where ¢ 2> 0 is a small constant independent of §. m and /. The amount m of data needed to reconstruct a k-sparse
vector scalar is almost linearly in k. while the length N only has a logarithmic influence.

COMPUTER SIMULATION AND RESULTS

In our work. the Michelson interferometer with a CCD camera as shown in Figure 2 was used to retrieve the interference
images for calculating in the digital holographic technique. A He-Ne laser with 633 nm center-wavelength and 20 mW
output power was chosen as a light source. The output light from the laser was collimated by a convex lens (L) and
traveled to a non-polarized cubic beam splitter (BS) by reflected on a mirror (M1). This beam splitter divided the light
into two parts and these divided light. then, traveled to reference and sample arms of the interferometer, respectively.
One light was reflected from a mirror (M2) at the reference arm: meanwhile. another was reflected from the sample
surface at the sample arm. These light were recombined with each other again by the beam splitter and were recorded by
high resolution CCD camera with 5184 by 3456 pixels. The recorded images. then. were used in the Four Phase-Shifting
Hologram (4PSH) technique to construct the images with different phase by 0. /2. m and 3n/2.

P
Py

L 12 Ll LASER

M3 % 2 13 ccp
E VB &

Figure 2. The schematic diagram of the experiment [left] and the real experimental setup [right]

The simulated images with 4PSH technique are shown in Figure 3. The interference simulated images of a shiny plane
sample surface in the sample arm are shown in Figure 3(a) while the simulated images of a low reflecting surface are
shown in Figure 3(b).

The reconstructed images from 4PSH and 4PSH technique with compressive sensing method (4PSH-CS) for enhancing
the image quality are shown in Figure 4. In Figure 4(a). the interference image recorded by the CCD camera using the
plane mirror in the sample arm is shown on the left. The improvement image quality by using 4PSH and 4PSH-CS are
shown in the middle and the right respectively. The results show no difference between recorded image and the
reconstructed images with our procedure.

(a) Interference at the hologram plane Image
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(b) Object image

Figure 3. Four step phase-shifting images (a) Reconstruction of Interference at the hologram plane Image
(b) Reconstruction of object image

(a) The recorded image [left]. the reconstructed image with 4PSH [middle] and the reconstructed image with 4PSH-CS [right] from
mirror surface

(b) The recorded image [left]. the reconstructed image with 4PSH [middle] and the reconstructed image with 4PSH-CS [right] from
electronic devices on PCBs surface

Figure 4. Recorded and reconstructed images when using (a) mirror and (b) electronic devices on PCBs as the sample

On the other hand. the difference occurs when the plane mirror is replaced by the testing object (OBJ); electronic devices
on PCBs. as shown in Figure 4(b). The recorded image by CCD shows that the light from the sample arm is merge to the
reference light while the 4PSH and 4PSH-CS can distinguish the object light from the reference one and the formation of
the electronic devices on PCBs is risen. The results from 4PSH and 4PSH-CS present no divergent between them that
may cause from the high resolution of the pixels. To retrieve the exact difference. the crop on the edge of the electronic
devices on PCBs is chosen and using the 4PSH-CS technique only on this tiny area which is our future work.

CONCLUSION AND DISCUSSION

In this work, the technique of testing the SMT devices on PCBs is introduced. Due to the scattering of the object surface,
the compressive sensing has been applied to the 4PSH digital holography to distinguish the light from the low reflected
surface and the reference light. The raw recorded image merges these two light together while our present procedure can
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separate these two light clearly, The results lead us to develop the calibrating method finding the malfunction of the SMT
devices on PCBs. In the future. we will improve the technique to achieve the high quality image which indicate the
defect of the SMT precisely in 3 dimension and apply the procedure to the electronic industry.
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