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NON-CONTACT INFRARED DETECTION OF DEFECTS IN
ELECTRONIC PACKAGING

Wen-Hwa Chen* and Huei-Lu Fang

ABSTRACT
A non-contact infrared detection by a steady direct current electro-thermal technique is established to detect possible defects in electronic packaging. In the infrared
detection process, researchers generally use the temperature rise attributed to the direct current source to estimate defects roughly. To detect defects accurately, the interference to the temperature rise due to parameters aside from defects (such as current inputs, defect types) needs to be filtered out. The so-called “temperature defect
influence factor Θ ” (i.e. the ratio of temperature rise of a defective structure detected
from experiment to that of a perfect one from finite element analysis) together with a
rigorous detection criterion are thus devised in this work to detect defects. By depicting the contours of the temperature defect influence factor, the shape, size, number
and location of defects in electronic packaging can be clearly detected using the detection procedure developed. As a case study, the detection of defects in thin quad
flat package (TQFP) is performed. The results demonstrate that the present technique
is feasible and effective for defect detection in electronic packaging.
Key Words: non-destructive inspection (NDI), infrared detection, temperature defect
influence factor, electronic packaging.

I. INTRODUCTION
In heavy duty and high heat generation
environments, the failure of electrical conductive
materials often arises from high stress and thermal
defects. Therefore, a non-contact and non-destructive inspection (NDI) method, which can quantitatively evaluate defects and ensure structural safety,
is imperative to prevent catastrophic fracture.
Several NDI techniques have been developed to
identify defects, such as the ultrasonic method, eddy
current method and direct current-potential drop (dcpd) technique, etc. Each of them has its own particular merits and limitations. Among those NDI
techniques, the dc-pd technique has unique features
for electrical conductive materials such as its simplicity as a measuring technique and ability to
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function properly without expensive or superior electrical equipment. The preliminary theories involving dc-pd technique state that if defects exist in a conductive structure, the electrical potential field of the
structure becomes distorted under a steady direct
current. The principal investigator and his co-workers (Chen et al., 1999a) defined a “defect influence
factor” to detect the shape, length, number and location of multiple cracks directly. Chen et al. (2002)
also used this parameter to detect simulated cracks in
a pipe and multiple cracks on plates successfully.
Unfortunately, the above mentioned dc-pd technique needs to contact the defective conductive structure point by point to detect defects. Such applications are restricted when the electrical potential field
is difficult to measure directly, such as in meso level
structures or radioactive environments. Hence, a noncontact detection method that can be effectively applied to electrical conductive materials under those
situations is necessary.
The infrared thermographic system has been
successfully applied to reveal the temperature field
in various meso structures such as electric circuits
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and their packages (Jay 1987), It possesses features
such as non-contact and imaging scanning. Satonaka
et al., (1995) used infrared thermography for non-destructive evaluation of weld defects. Recently, Chen
et al. (2003) have established an effective methodology for the thermal characterization of electronic
packaging. Therefore, the development of an electrothermal technique for non-contact infrared detection
of possible defects in electronic packaging seems to
be a natural development and becomes the main objective of this work.
Usually, the geometry of structural defects is
difficult to detect from the temperature distribution
of the conductive structure directly. The temperature defect influence factor (Θ ), which is the ratio of
the temperature rise of the actual defective structure
to that of the perfect one, is thus devised to serve as
the parameter for detecting defects within the
structure. In addition, to establish the electro-thermal technique, an accurate finite element analysis
procedure is required to evaluate the temperature rise
of a structure under steady, direct current,
numerically. Besides, a rigorous detection criterion
is also established by the inspection results. By the
present non-contact infrared detection procedure
developed, two cases of defective TQFP are detected.
The detection of the crack length of a pre-cracked
strainless plate with a V-notch is also demonstrated.

∇ 2T+Q/k=0

(3)

The boundary conditions for the structure with
natural convection/radiation is known as q=h(T a–T),
where q denotes the rate of heat convection radiation
per unit area of the boundary and h=h c+h r represents
the heat convection (hc) /radiation coefficient (hr) for
heat exchange with surrounding air at temperature T a.
The functional finite element version for the
evaluation of the electrical potential of a homogeneous,
isotropic and electrical conductive structure under a
steady direct current can be viewed as (Chen et al.,
1999b)

Πe =

N

Σ

n=1

( 1 {ϕ} Tn [ χ ] n{ϕ} n – {ϕ} Tn {r} n)
2

= 1 {Φ } T[X]{Φ } – {Φ } T{R} = min.
2

(4)

where

[χ] n =

vn

[B] T[Λ][B]dv ,

and

{r} n =

T

Sn

N J Bds .

In the above,
II. ELECTRO-THERMAL FINITE ELEMENT
ANALYSIS

N 1, x N 2, x
[B] = N 1, y N 2, y
N 1, z N 2, z

When a steady direct current passes through
electrical conductive material, the electrical potential V can be computed from

∇ 2V=0

(1)

Notably, the current density is J =– σ∇ V , where σ
denotes the electrical conductivity and the power generation per unit volume within the structure is Q=
( J . J )/ σ (Shadowitz, 1975) leading to the temperature rise of the structure.
The general heat conduction equation for a
homogeneous, isotropic material is found as (Bejan,
1993)

k∇ 2T + Q = ρc ∂Tt
∂

(2)

where k, T, ρ and c denote the thermal conductivity,
temperature, density and specific heat of the electrical conductive material, respectively. When the
steady state is achieved, the thermal inertia expressed
by the term on the right hand side of Eq. (2) vanishes,
that is

N 7, x N 8, x
N 7, y N 8, y ,
N 7, z N 8, z

and

σ 0 0
[Λ ] = 0 σ 0 .
0 0 σ
The N denotes the row vector of shape functions.
v n and Sn are the volume and its surface boundary of
element n and J B is the current applied on the
boundary. The electrical potential in element n can
be interpolated from the element nodal electrical potential {ϕ} n. The global matrix {Φ}, [X] and {R} are
assembled by the corresponding elemental nodal electrical potential vector { ϕ } n , element electrical conductivity matrix [ χ ] n and element current input vector {r} n, respectively. N is the total number of elements used. It is mentioned that eight-node 3-D brick
elements are adopted for the electrical potential
calculation.
By the stationary condition δΠe=0, Eq. (4) yields
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[X]{ Φ }={R}

(5)

T

[H] =

N h N ds ,
S cn

The current density vector {J} at any point of the
structure can be thus obtained by the relation as
{J}=– σ [B]{ϕ } n

(6)

Then, the power generation Q per unit volume at the
point becomes (in matrix form)
Q={J} T{J}/ σ

(7)

and can be considered as the input for the next heat
transfer analysis.
Now, the function for the heat transfer analysis
can be written as (Baker, 1989)

Πh =

N

Σ

n=1

vn

( 1 {T∂} T[κ ]{T∂} – QT)dv
2

Similarly, the temperature everywhere in an element
can be interpolated from the element nodal temperature {T e}, that is
T=N{T e}

(9)

Thus,

(10)

Substituting Eqs. (9) and (10) into Eq. (8) yields
N

Σ

n=1

( 1 {Te} T([K] + [H]){Te}
2

– {Te} T({r Q} + {r c})) ,

where

[K] =
vn

[B] T[κ ][B]dv ,

and

{r c} =

T

S cn

N hTads .

It is emphasized that the elemental nodal power generation {rQ} can be computed from the previous electrical analysis. After assembling the element local
nodal temperature {T e} as the global nodal temperature {T}, it leads [K]=Σ[K], [H]=Σ[H], {R Q}=Σ{r Q}
and {Rc }=Σ{r c}, i.e.

(11)
When the steady state is achieved, δΠ h=0 yields

k 0 0
[κ ] = 0 k 0
0 0 k

Πh =

vn

(8)

where Scn denotes part of the boundary of vn carrying
out heat convection/radiation with surroundings.
Since the material is assumed as homogeneous and
isotropic,

T, x
{T∂} = T, y = [B]{Te}
T, z

T

N Qdv ,

Π h = 1 {T} T([K] + [H]){T} – {T} T({RQ} + {Rc})
2

h(TaT – 1 T 2)ds} = min.
2
S cn

–

{r Q} =

([K]+[H]){T}={RQ }+{R c}
The temperature distribution of the structure
subjected to a direct current and heat convection/radiation on the boundary can thus be calculated by
solving the system of linear algebraic equations as
expressed by Eq. (11).
III. THERMAL CHARACTERIZATION OF
TQFP
A TQFP is mounted on the surface of a test
printed circuit board (PCB) for experiment as seen in
Fig 1. The TQFP consists of several components,
including die, die pad, gold wire, lead frame and
molding compound etc. A 6.35×6.35×0.279mm die
is installed at the center area of the TQFP. When
direct current power is supplied, the Joule heating
generated from the die will conduct to the lead frame,
surrounding molding compound and PCB, and then
dissipate to the air through convection and radiation.
Based on the JEDEC specifications (EIA/JEDEC
Standard, 1995a; 1995b; 1995c; 1996), Chen et al.
(2003) presented an effective hybrid numerical/experimental procedure for the thermal characterization
of TQFP structure. By this procedure, a high sensitivity infrared thermograph (NEC-TH3102MR) is
used for temperature measuring. After evaluating
various heat transfer models in the literature,
Ellison’s (1989) convection correlation model and
Ridsdale et al.’s (1996) radiative correlation model
are adopted for describing the equivalent convention/
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Infrared thermography

84 mm

1 feet

Lens

IR monitor

Power supply

84 mm
(a) TQFP mounted on PCB

Fig. 2 Experimental set-up

Molding compound
Lead frame

Gold wire
Die attach
Die pad

(b) Structure of TQFP

Fig. 1 Configurations of TQFP and PCB (Chen et al., 2003)

radiation boundary conditions on the surfaces of package and PCB.
The convection coefficient of Ellison’s (1989)
convection correlation model is taken as:
h c=0.83f( ∆ T/L ch) n,
where ∆ T is the temperature difference between the
structural wall (T w ) and the ambient (T a ), L ch is the
characteristic length, and f and n are constants.
For describing the heat energy radiated from the
top surface of a package and the entire surface of PCB
to the ambient, Ridsdale et al.’s (1996) radiative correlation model is stated as

h r = Beg(Tw2 + Ta2)(Tw + Ta) ,
where B is the Stephen-Beltzman constant (B=
5.698×10 –8 W/m 2K), e is the surface emissivity (0<e
<1) and g is the radiative view factor (0<g<1).
The experimental set-up is shown in Fig. 2. The
temperature resolution of the infrared thermograph
(NEC-TH3102MR) is 0.02°C. The minimum detectable range of image is 0.468 mm by regular lens and
0.1 mm by micro lens. The test assembly is placed in

a cubic box with 304.8 mm length to ensure no airflow through the enclosure. For an infrared ray to
pass through the top surface of the cubic box, a circular hole with 88 mm diameter is drilled as a window at the center of the top surface. Cardboard material is used. The black paint coating method (Chen
et al., 2003) is adopted to provide uniform radiation
(emissivity e is taken as 0.95) of heat on the entire
assembly and inner wall of the cubic box. A T type,
AWG 36 gauge thermocouple wire is used and placed
at 25.4 mm below the nonsource side of the test assembly to control the ambient temperature at 24.5°C.
Two types of defective TQFP are selected as
specimens. The TQFP assembly is surface mounted
on a test PCB. The test PCB is made of FR-4 and a
single layer of copper and conforms to the EIA/
JEDEC standard (1995a; 1995b; 1995c; 1996).
IV. TEMPERATURE DEFECT INFLUENCE
FACTOR
As mentioned earlier, it is hard for structural defects to be distinctly identified directly from temperature distribution or deviation. Some variables affecting the temperature distribution of the structure may
exist such as the type of current source or the geometry of the structure, thereby complicating the assessment of the geometric properties for defects.
Therefore, a better detection parameter of temperature defect influence factor is defined as

Θ=∆Td/∆ Tp

(12)

where ∆Td and ∆Tp denote the temperature rise of a defective structure and a perfect one, respectively. The
numerator of this factor ∆Td denotes the temperature rise
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Table 1 The dimensions of TQFP and PCB
Items

Dimensions (mm)

TQFP assembly
Die
Die pad
Down set
Thickness of die attach
Thickness of lead frame
Thickness of air gap
PCB

23.2×17.2×1.10
6.35×6.35×0.297
7.86×7.86
0.15
0.025
0.127
0.1
114.3×101.6×1.57

Elements: 19,257
Nodes: 25,452
(a) Finite element mesh for a quadrant of the package assembly

Table 2 Thermal conductivity of components
Items
Die
Die attach
Lead frame
Molding compound
Air
PCB (x, y/z)

Thermal conductivity
(w/m . K)
125
1.7
168
0.67
0.03
2.5/0.3

(b) Finite element mesh for TQFP
Fig. 3

Finite element modelings of TQFP and PCB (Chen et al.,
2003)

in a realistic structure with possible defects. In practice,
the temperature rise ∆T d is measured by the aid of the
infrared thermography system. On the other hand, the
denominator of the factor ∆Tp represents the temperature rise in an identical but perfect geometry, in which
temperature rise can be computed from the finite element method as mentioned in section II. The temperature defect influence factor Θ can effectively filter out
the parameters affecting the temperature distribution of
the structure, except for the defects. Hence, the influence of defects on the temperature rise in the structure
can be thus clarified from the contours of the factor.
The temperature rise ∆ T p of perfect TQFP, as
shown in Fig. 1, can be computed by finite element
modeling as shown in Fig 3. A total number of
19,257 3-D brick elements and 25,452 nodes are employed for a quadrant of the TQFP assembly and PCB.
The dimensions of Table 1 and the thermal conductivity of components of Table 2 are used.
For measuring the temperature rise, ∆T d, on the
surface of the TQFP assembly and PCB, the measurement needs to be regularly collocated at a constant
scanning distance interval in both width and longitudinal direction. Using the dynamic data exchange
program in the IR device, the detected temperature
rise can be expressed in a vector form as (x, y, ∆ T d).
The temperature rise, ∆ T p , of the perfect surface

calculated by finite element analysis, can also be arranged into a corresponding data form (x, y, ∆ T p ).
Finally, the Matlab version 5.3 software is used for
the data treatment and the contour plotting of temperature defect influence factor for defect detection.
V. DEFECT DETECTION PROCEDURE
To detect possible defects in the test assembly,
an appropriate detection procedure and a reliable detection criterion need to be established. Notably, the
difference in the temperature defect influence factor
Θ between the neighboring collocated points on opposite sides of a defect will be much more distinct
owing to its geometric discontinuity. Hence, based
on a corse grid of collocated points, as the contours
of temperature defect influence factor in the entire
test assembly are depicted, the suspected region with
possible defects can be first determined roughly. To
improve the accuracy of the detection, finer grids of
collocated points are required for the next steps. After several refining steps for the grid of collocated
points, more distinct shapes of defects can be obtained
gradually. During the detection procedure, a detection criterion is devised as
|Θ (i 1 , j 1)– Θ (i 2, j 2)|≥ γ

(13)

where Θ (i 1 , j 1 ) and Θ (i 2, j 2 ) respectively denote the
temperature defect influence factor at the neighboring “measured” points in the suspected regions,
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84 mm

84 mm
Fig. 4

Isotherms of the normal TQFP specimen by FEM (– . – . )
and infrared thermography (—)

Fig. 5

The first-step detection of the test TQFP specimen by temperature defect influence factor (case 1)

21 mm

(i 1 , j 1) and (i 2 , j 2). By experiment, the constant γ is
suggested as 0.04 for TQFP and 0.02 for stainless steel
in this work. To enhance the resolution of detection,
if necessary, the micro lens can be employed instead
of the regular lens. When the difference of the temperature defect influence factor at the collocated measured points on opposite sides of defect satisfies the
detection criterion (Eq. (13)), a “+” mark is assigned.
By plotting the contours of the “+” marks, the size,
number and location of defects can be thus identified
distinctly.
VI. RESULTS AND DISCUSSIONS
Several kinds of defects are encountered in the
quality inspection of electronic packages, such as
voids, cracks, debonding and pop-cornin, etc. The
debonding and pop-corning of packages are the most
serious defects and will lead to the failure of the
package. The debonding defect is due to the separation of die adhesive attachment along the interface
which is free from stresses. A thin air gap thermal
obstacle to heat dissipation and mismatches in shear
strength will lead the package to fracture. The popcorning defect is mainly induced by thermal expansion mismatches and the moisture vapor pressure exerted on crack surfaces existing in the package due
to the manufacturing process. Hence, for the reliability and durability of modern electronic packages,
a technique of non-destructive detection of such defects needs to be developed.
With 1.0 W power supply, Fig. 4 displays the
isotherms of a normal TQFP specimen, as noted in
the dashed zone of Fig. 1, demonstrated by finite element analysis and infrared thermography respectively.

27 mm

Fig. 6

The second-step detection of the test TQFP specimen by
temperature defect influence factor (case 1)

Good correlation between two different approaches
shows the validity and accuracy of the electro-thermal finite element analysis procedure and heat transfer models adopted.
Fig. 5 shows the first-step calculation of the temperature defect influence factor of the test TQFP (case1)
for the entire dashed zone as displayed in Fig. 1. The
suspect area found is the central dashed region B and
needs to be magnified 5 times for more detailed
inspection. Fig. 6 depicts the second-step detection
and more distinct resolution of the defective region
C near the die area. Fig. 7 displays the finial detection by micro lens magnifying the selected area C
1.4 times. The debonding defects indicated by the
“+” mark are found in Fig. 7(a) according to the
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84 mm

(a) The defective area detected by temperature defect influence factor
84 mm
Fig. 8

The first-step detection of the test TQFP specimen by temperature defect influence factor (case 2)

Fig. 9

The second-step detection of the test TQFP specimen by
temperature defect influence factor (case 2)

(b) The defected area detected by X-ray detection
Fig. 7

The final detection of the test TQFP specimen in die area
C (case 1)

criterion as stated by Eq. (13). The shape, size, number and location of defects can thus be seen. For
comparison, the same test TQFP specimen is also inspected by X-ray. The X-ray film is magnified and
shown in Fig. 7(b). Apparently, comparing Fig. 7(a)
and Fig. 7(b), the debonding regions indicated by 1.
02 and 1.04 contours are in good agreement between
the present technique and X-ray inspection.
Fig. 8 shows the first-step detection of another
test TQFP specimen by temperature defect influence
factor (case 2). A pop-corning like defect is found in
suspect area B, which is magnified 5 times for more
detailed detection as seen in Fig. 9. The detected contours of temperature defect influence factor Θ demonstrate that the defects occur near the die area. The
final defect detection using the micro lens and the
“+” marks on the contours of Θ are shown in Fig. 10
(a). More intensive “+” marks are found near the edge

of the package. The defective TQFP specimen is also
inspected by X-ray. The X-ray film is magnified and
shown in Fig. 10(b). Again, the shape, size and location of defects detected by the present technique are
consistent with those shown by the X-ray detection.
To celebrate Professor G. C. Sih’s outstanding
contributions to Fracture Mechanics Analysis in the
past decades (Sih, 1973a; 1973b; 1981; 1984; 1988),
a V-notched strainless steel plate with a pre-crack as
shown in Fig. 11(a) is also examined by the present
technique. From the analysis of temperature, current
density and heat flux, it is observed that their distributions significantly depend on the type of current
input. Also, the current density and heat flux can’t
be measured directly. Evidently, those parameters
are not good candidates for non-contact detection of
defects in metal structures. Following the same detection procedure and detection criterion, Fig. 11(b)
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W

B

A
L
(a) The V-notched stainless steel plate with a pre-crack

(a) The defective area detected by temperature defect influence factor

(b) Defect detection by temperature defect influence factor

(b) The defected area detected by X-ray detection
Fig. 10 The final detection of the test TQFP specimen in region C
(case 2)

shows the final crack detection using the temperature defect influence factor at a current of 5.0
Amperes. As compared with measurement by the
COD technique (ASTM Standards, 2000), the detected crack length is 52.9 mm with an error of 1.1%.
VII. CONCLUSIONS AND REMARKS
A rigorous electro-thermal finite element analysis procedure together with the infrared detection
technique have been successfully developed for noncontact detection of defects existing in electronic
packaging. To achieve this, the temperature defect
influence factor ( Θ ) that can reveal the shape, size,
number and location of defects distinctly is proposed.

Fig. 11 The final defect detection of the V-notched plate with a
pre-crack (case 3)

Two different types of defects in TQFP have been
explored. Good correlations of the results obtained
by the present technique and X-ray detection are
found. The crack length of a V-notched stainless plate
is also detected accurately. Those indicate that the
technique proposed in this work has great potential
in non-contact defect detection in electronic packaging and, possibly, other structures.
A reliable defect detection criterion is required
for accurate defect detection. Thus, the influence of
the material and geometric behaviors on the determination of the parameter γ in Eq. (13) needs to be studied systematically and is probably worthwhile to consider for future work.
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