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The semiconductor packaging industry requires ultrathin device wafers to achieve high-density 
vertical integration and high performance. However, ultrathin wafers with thicknesses below 30 μm 
are prone to warpage and fracture. To address this issue, various temporary bonding and debonding 
technologies have been developed. Among these, laser debonding has attracted significant attention 
because it enables stress-free separation of temporary bonding wafers. In addition, it provides higher 
throughput (wafers per hour) than conventional mechanical peel-off methods. In this study, two types 
of temporary bonding wafers with standard and inverse structures were prepared to investigate the 
optimal bonding material configuration. Furthermore, two-dimensional transient heat transfer simu-
lations were performed for both structures to understand the thermal response during laser debonding. 
A 308 nm excimer laser with a homogenized flat-top beam was irradiated through the glass side of 
both temporary bonding wafers, and comparative studies on various processing parameters were per-
formed. The results indicate that an optimized energy density enables successful debonding without 
damage to the device wafer, and that the inverse structure is suitable for applications in advanced 
semiconductor packaging.  
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1. Introduction 
The rapid advancement of high-bandwidth memory 

(HBM) technology has driven the need for extreme wafer 
thinning in advanced semiconductor packaging to achieve 
higher integration density and improved electrical and ther-
mal performance. Modern HBM architectures rely on the 
vertical stacking of multiple ultrathin silicon dies intercon-
nected by through-silicon vias (TSVs) and dense mi-
crobumps, where precise control of wafer thickness and me-
chanical stability is critical [1–2]. As the thickness of a de-
vice substrate (Si wafer) is reduced to the microscale regime, 
particularly below 30 μm, the wafer becomes increasingly 
vulnerable to warpage, cracking, and stress-induced damage 
during handling and postprocessing, rendering conventional 
mechanical debonding approaches unsuitable. To address 
these challenges, the Si wafer is temporarily bonded to, and 
subsequently debonded from, a carrier substrate (glass wafer) 
to achieve extreme wafer thinning. This process is known as 
temporary bonding and debonding (TBDB) technology in 
advanced semiconductor packaging [3–5]. 

Among the debonding technologies, laser-based sub-
strate separation techniques have been recognized as prom-
ising solutions, especially for Si wafer thicknesses below 30 
μm, and are commonly referred to as a laser debonding tech-
nology. In laser debonding processes, the choice of tempo-
rary bonding material (TBM) and laser parameters plays a 
decisive role in determining debonding reliability and post-
process yield. A typical TBM consists of a laser-absorbing 

release material and an adhesive material, which together 
form a temporary bonding wafer (TBW) structure such as 
glass wafer/release layer/adhesive layer/Si wafer [6–7]. The 
release material must exhibit suitable optical absorption at 
the laser wavelength to induce localized thermal decompo-
sition, while maintaining sufficient adhesion to ensure pro-
cess stability during wafer thinning and device fabrication. 
Furthermore, laser debonding requires careful consideration 
of TBM selection with respect to post-debonding residue, 
cleaning processes, and the absence of thermal damage to 
microbumps on the device wafer. Notably, significant re-
search efforts in laser debonding have been led by the Shen-
zhen Institutes of Advanced Technology (SIAT), Chinese 
Academy of Sciences [8–12]. This research consortium has 
reported laser debonding mechanisms based on inde-
pendently designed TBM and a diode-pumped solid-state 
(DPSS) laser operating at 355 nm with a galvanometer scan-
ner, attributing the debonding behavior to hot-stamping ef-
fects and thermoelastic stress waves. However, comparisons 
of bonding material configurations between the standard 
structure (glass wafer/release layer/adhesive layer/Si wafer) 
and inverse structure (glass wafer/adhesive layer/release 
layer/Si wafer) remain limited, although this distinction di-
rectly affects the cleaning process of the device wafer sur-
face immediately after laser debonding. 

In this study, laser debonding was investigated using a 
308 nm excimer laser with a flat-top beam profile and a 
TBM consisting of release (T1107) and adhesive (C1301) 
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material supplied by BrewerBOND. TBWs were prepared 
with both standard and inverse structures. Laser processing 
parameters, such as energy density and shot number, were 
systematically examined using cross-sectional transmission 
electron microscopy (TEM). Specifically, EDS analyses 
were carried out on both the residue release on the glass wa-
fer (from the standard structure sample) and the residue re-
lease on the Si wafer (from the inverse structure sample). In 
addition, heat transfer simulations were performed for both 
standard and inverse TBW structures. The results provide 
practical experimental parameters for an optimal laser 
debonding process tailored to TBDB in advanced semicon-
ductor packaging applications. 

 
2. Experimental procedures 

Bonding materials T1107 and C1301, supplied by Brew-
erBOND, were utilized as the release and adhesive materials, 
respectively. Two types of temporary bonding specimens 
were prepared: standard-structure and inverse-structure 
TBW (Fig. 1). In the standard-structure TBW, T1107 spin-
coated onto a glass wafer was laminated and bonded to 
C1301 spin-coated onto a Si wafer. By contrast, in the in-
verse-structure TBW, C1301 spin-coated onto a glass wafer 
was laminated and bonded to T1107 spin-coated onto a Si 
wafer. The thicknesses of the spin-coated T1107 and C1301 
were 2.2 μm (± 5 %) and 45 μm (± 5 %), respectively. The 
bonding process was conducted in two sequential steps at 
180 and 220 °C, each for 300 s. 

 

 
Fig. 1 Schematic of laser debonding process: (a) standard struc-

ture and (b) inverse structure. 
 
The laser processing system consisted of a laser source, 

beam delivery optical system, and X–Y translation stage. 
Table 1 summarizes the specifications of the laser system 
and its primary processing parameters. An excimer laser 
(LPX Pro 305, Coherent Inc.) emitting radiation at 308 nm 
was used as the laser source. The maximum repetition rate 
and pulse energy of the laser were 50 Hz and 600 mJ, re-
spectively. The beam delivery optical system comprised a 
beam homogenizer and projection lens, enabling a flat-top 
beam profile with a beam size of 200 mm × 0.4 mm. Based 
on the beam dimensions, a maximum energy density of 460 
mJ/cm² was achieved; however, this study used energy den-
sities in the range of 140 to 300 mJ/cm². The X–Y translation 
stage was integrated perpendicular to the laser irradiation di-
rection and allowed the loading of substrates up to 8 inches 
(20.32 cm) in size. For all experiments, the laser repetition 

rate was fixed at 10 Hz, and the scanning speed along the x-
axis was adjusted to achieve a laser beam overlap ratio rang-
ing from 0 to 90 %, corresponding to 1–10 laser shots per 
position. 

Table 1 Specifications of the laser system. 

Parameters Specifica-
tions 

Used in  
process 

Wavelength (nm) 308 308 
Energy density (mJ/cm2) max. 460 140~300 
Repetition rate (Hz) max. 50 10 
Pulse duration (ns) 25 25 
Beam shape flat-top flat-top 
Beam overlap (%) 0~99 0~90 

Beam size (mm) 200 × 0.4 200 × 0.4 

 
Table 2 Simulation parameters. 

Simulation variables Parameters 

Laser energy density (mJ/cm2) 200 ~ 300 
Thermal conductivity of T1107 
(W/cm·K) 1.55 × 10-3(T/T0)0.28 

Thermal conductivity of glass 
(W/cm·K) 7.9 × 10-4T0.43 

Specific heat of T1107 (J/(g·K)) 2.55 – 1.59 × exp [(T0 – 
T)/460] 

Specific heat of glass (J/(g·K)) 1.53 – 0.79 × exp [(T0 – 
T)/638] 

Energy absorption of T1107 (%) 90.2 

Density of T1107 (kg/m3) 1200 

 
Material characterization was performed using various 

analytical techniques. The thickness and optical constants 
(refractive index, n, and extinction coefficient. k) of T1107 
were measured using an ellipsometer (Elli-SE-UaM8; El-
lipso Technology). The optical transmittance of T1107 in the 
ultraviolet and visible wavelength regions was characterized 
using a UV–Vis spectrophotometer (Cary 5000, Agilent). 
After the laser debonding experiments, cross-sectional anal-
yses of the specimens were performed using a focused ion 
beam (FIB; Helios NanoLab 450, FEI), along with high-res-
olution and scanning transmission electron microscopy 
(HRTEM and STEM; JEM-ARM300F, JEOL). Elemental 
composition analyses were conducted using energy-disper-
sive spectroscopy (EDS) integrated with STEM. 

Transient thermal simulations were conducted to achieve 
a fundamental understanding of the laser debonding mecha-
nism and validate the experimental optimization results. For 
a nanosecond pulsed laser operating at an ultraviolet wave-
length (308 nm), the photothermal effect is considered the 
dominant mechanism governing the interaction between the 
laser beam and release layer [13]. A multilayer finite element 
heat transfer model was established, consisting of glass (700 
μm), release layer (2.2 μm), adhesive layer (50 μm), and Si 
wafer (725 μm). The heat transfer process during laser irra-
diation depends strongly on the temperature-dependent ther-
mal properties of the materials. To ensure high accuracy, the 
specific heat and thermal conductivity of the glass wafer and 
T1107 were defined as functions of temperature. Here, T0 
denotes the reference temperature corresponding to room 
temperature (25 °C) used in the temperature-dependent ma-
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terial properties in Table 2. Based on optical property meas-
urements at 308 nm, the 2.2-µm thick T1107 exhibited 
nearly zero transmission (0.08 %). However, this does not 
imply that all incident laser energy was absorbed, as surface 
reflection must also be considered. When surface reflection 
(~9.7 %) was accounted for, the release layer absorbed ap-
proximately 90.2 % of the incident laser energy. To accu-
rately compute the volumetric heat generation and capture 
the spatial distribution of this absorbed energy along the 
depth direction, the 2.2-µm thick T1107 was vertically dis-
cretized into 10 sublayers. Specifically, the first nine sublay-
ers near the irradiated interface were assigned a fine thick-
ness of 0.2 µm each, while the tenth bottom sublayer had a 
thickness of 0.4 µm. The simulation systematically investi-
gated laser energy densities ranging from 200 to 300 mJ/cm2 
with a pulse duration of 25 ns. The detailed thermal and 
physical parameters used in the numerical simulations are 
summarized in Table 2 [14–16]. 
 
3. Results and discussion 

 

 
Fig. 2 Optical properties of the release material (T1107). (a) re-

fractive index n and (b) extinction coefficient k. 
 
Laser debonding is a technique that utilizes temporary 

bonding between a glass wafer and a Si wafer using a poly-
mer-based bonding material, followed by thinning of the Si 
wafer and subsequent laser-induced decomposition of the 
light-absorbing polymer layer. The bonding material con-
sists of release and adhesive materials, and the release mate-

rial is responsible for absorbing the laser wavelength. There-
fore, the characterization of the optical properties of the re-
lease material is critical. Figure 2 shows the refractive index 
(𝑛𝑛 ) and extinction coefficient (𝑘𝑘 ) of the released material 
(T1107) as measured via ellipsometry. At a wavelength of 
308 nm, the values for 𝑛𝑛 and 𝑘𝑘 were 1.89 and 0.13, respec-
tively. The optical penetration depth (OPD), defined as the 
distance within a material at which the optical intensity 
drops to approximately 37 % of its original surface value, 
can be calculated by equation (1) using 𝑘𝑘. 

𝛿𝛿 =  1
𝛼𝛼

=  𝜆𝜆
4𝜋𝜋𝜋𝜋

 .                       (1) 
where 𝛿𝛿,𝛼𝛼,𝜆𝜆,  and 𝑘𝑘  represent the OPD, absorption coeffi-
cient, laser wavelength, and extinction coefficient, respec-
tively. The OPD was approximately 189 nm for a wave-
length of 308 nm and the measured 𝑘𝑘 value. The effective 
penetration depth (EPD), which considers the reflection, 
transmission, and thickness effects, can be determined using 
transmittance (𝑇𝑇) measurements.  
 

 
Fig. 3 UV–Vis transmittance spectrum of the release material 

(T1107). 
 

Figure 3 shows the transmittance data for T1107 ob-
tained using a UV–Vis spectrophotometer. Because material 
thickness is a critical variable in 𝑇𝑇 data, a thickness of 2.2 
μm was used, yielding a 𝑇𝑇 value of 0.1 % at 308 nm. The 
EPD, derived from the measured 𝑇𝑇  values and the Beer–
Lambert law, is given by equations (2), (3), and (4). 

𝛿𝛿𝑒𝑒𝑒𝑒𝑒𝑒 =  1
𝛼𝛼
 .                            (2) 

𝛼𝛼 =  −1
𝐿𝐿

ln( 𝑇𝑇
(1−𝑅𝑅)2

) .                   (3) 

𝑅𝑅 =  (𝑛𝑛−1)2+ 𝑘𝑘2

(𝑛𝑛+1)2+ 𝑘𝑘2
  .                      (4) 

where 𝛿𝛿𝑒𝑒𝑒𝑒𝑒𝑒,𝛼𝛼, 𝐿𝐿,𝑇𝑇, and  𝑅𝑅 represent the EPD, absorption co-
efficient, material thickness, measured transmittance, and 
reflectance, respectively. The EPD of T1107 was approxi-
mately 328 nm. A discrepancy was observed between the 
OPD (based on 𝑘𝑘) and EPD (based on 𝑇𝑇). This difference 
may have stemmed from a slight overestimation of 𝑘𝑘 during 
the ellipsometric fitting process or minor errors in the UV–
Vis measurements owing to the extremely low transmittance. 
In both cases, the penetration depth ranged from 189 to 328 
nm, and thermal decomposition was expected to occur at an 
even shallower depth near the laser-absorbing surface. Con-
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sequently, employing a microscale-thick release layer in la-
ser debonding prevented thermal damage to the device wafer 
surface due to laser transmission or heat transfer. 

Because laser debonding is a single step in the overall 
TBDB process, the subsequent cleaning process must be 
considered when optimizing laser parameters and selecting 
bonding materials. The cleaning step aims to remove the re-
sidual polymers from the device wafer surface. In the stand-
ard-structure specimen, residual T1107 and C1301 remained 
on the Si wafer after debonding. Conversely, in an inverse-
structure specimen using a highly transparent adhesive ma-
terial (e.g., C1301), only T1107 remained on the Si wafer. 
Although the inverse structure appears to be advantageous 
for cleaning, few studies have compared the two structures 
in terms of laser process parameters. 

 

 
Fig. 4 Laser processing parameters for energy density and shot 

number: (a) standard structure and (b) inverse structure. 
 

Figure 4 illustrates the relationship between the energy 
density and shot number (number of laser pulses per unit 
area) required for the successful debonding of T1107 and 
C1301. In this study, successful debonding is defined not 
only as the complete separation of the device wafer from the 
carrier wafer, but also as the absence of thermal damage to 
the device wafer surface. Shot numbers of 1, 2, 5, and 10 
correspond to beam overlaps of 0, 50, 80, and 90 %, respec-
tively. Generally, a higher energy density reduces the re-

quired shot number, whereas a lower energy density requires 
more shots. Figure 4(a) shows the parameters of the stand-
ard-structured TBW specimens. Initial tests on 30 mm × 30 
mm samples confirmed that debonding occurred with a sin-
gle shot at energy densities above 220 mJ/cm². Below this 
threshold, multishot processing was required; for instance, 
160 mJ/cm² enabled debonding but required 10 shots, sig-
nificantly increasing the processing time. From a productiv-
ity standpoint (e.g., wafers per hour or WPH), a single-shot 
process is preferable. Testing on 8-inch (20.32 cm) wafers at 
220–300 mJ/cm² confirmed successful debonding, which 
was consistent with the 30 mm × 30 mm samples. Figure 
4(b) presents the results for the inverse-structure specimen, 
showing negligible differences in laser parameters compared 
with those of the standard structure. This observation sug-
gests that C1301 in the inverse structure was transparent to 
the 308 nm laser wavelength. From a productivity standpoint 
(e.g., wafers per hour, WPH), a single-shot process is pref-
erable. Therefore, a fluence range of 220–300 mJ/cm² with 
a single-shot irradiation is recommended for practical man-
ufacturing in both standard and inverse structures. 

Figure 5 shows cross-sectional TEM and EDS analyses 
of residual T1107 on the glass wafer after debonding of a 
standard-structure TBW at 240 mJ/cm² with 0 % overlap. 
Figure 5(a) shows an HRTEM image. A Pt protective layer 
was deposited to prevent surface damage during FIB sam-
pling. The nonuniformity of the Pt coating indicates an une-
ven surface of the debonded release layer. Although this sug-
gests nonuniformity during the thermal decomposition pro-
cess, the variance is relatively minor on the nanometer scale. 
Figure 5(b) shows a magnified view of the square region in 
Fig. 5(a), where the residual T1107 thickness was measured 
to be approximately 50 ± 10 nm. STEM imaging and EDS 
spectra, as shown in Fig. 5(c) and (d), revealed 80.59, 5.14, 
and 14.27 at% for C, N, and O, respectively. The value for 
C was only slightly lower than that of the base material (non-
irradiated sample), indicating minimal thermal degradation 
of the residue release layer. Figure 5(e) shows the EDS map-
ping for Pt, Si, C, and O, confirming the distribution of C 
between the protective layer and glass substrate. These find-
ings are consistent with those of our previous study using a 
355 nm DPSS laser, although the thinner residue layer ob-
served here is likely due to the difference in wavelength [17]. 
In addition, HRTEM and EDS analyses for samples pro-
cessed at 160 mJ/cm² with 90 % beam overlap and at 220 
mJ/cm² with 50 % beam overlap showed cross-sectional im-
ages and atomic percentages comparable to those in Fig. 5, 
as presented in Fig. 6.  

Figure 7 presents the cross-sectional TEM/EDS results 
for the inverse-structure TBW debonded at 220 mJ/cm² with 
0 % beam overlap. In contrast to the standard structure, Fig. 
7(a) shows a uniform Pt layer, indicating a smooth debonded 
surface. The residual T1107 thickness was approximately 
2.32 μm, as shown in Fig. 7(b). STEM imaging and EDS 
spectra, as shown in Figs. 7(c) and (d), indicate 89.67, 2.80, 
and 7.53 at% for C, N, and O, respectively. In a previous 
study, a sharp decrease in C content (e.g., to 34%) was ob-
served in the heat-affected zone at the laser debonding 
boundary [17]. Therefore, a C content of approximately 90%, 
which is comparable to that of the base material, indicates 
absence of thermal influence. Figure 7(e) shows the EDS 
mapping for Pt, Si, C, and O, confirming the distribution of 
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C between the protective layer and the glass substrate. These 
findings demonstrated complete separation at the interface 
between the adhesive and release layer. Furthermore, STEM 
and EDS analyses for samples processed at 260 mJ/cm² with 
0 % beam overlap and at 220 mJ/cm² with 80 % beam over-
lap showed cross-sectional images and atomic percentages 
comparable to those in Fig. 7, as shown Fig. 8.  

Feasibility tests for the 8-inch (20.32 cm) inverse-struc-
ture TBW were conducted under three different experi-
mental conditions. Figure 9 shows digital photographs of 
debonded specimens processed at 260 mJ/cm² with 0 % 
beam overlap (Fig. 7(a)), 220 mJ/cm² with 0 % beam overlap 
(Fig. 7(b)), and 220 mJ/cm² with 80% beam overlap (Fig. 
7(c)), respectively. The transparency of the adhesive/glass 
wafer differed slightly depending on the experimental con-
ditions. This variation is attributed to slight differences in 
carbonization and is not associated with thermal influence 
on the device wafer surface, as confirmed by the STEM and 
EDS analyses. Therefore, laser debonding of inverse-struc-
ture TBWs appeared suitable for industrial applications. 

To obtain a fundamental understanding of the thermal re-
sponse during laser debonding, a layered two-dimensional 
transient heat transfer model was established for both stand-
ard and inverse temporary bonding wafer structures. The 
heat conduction equation is expressed by equation (5). 

𝜌𝜌𝐶𝐶𝑝𝑝
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= ∇. (𝑘𝑘∇𝑇𝑇) + 𝑄𝑄 .              (5) 
where 𝜌𝜌, 𝐶𝐶𝑝𝑝, 𝑘𝑘, 𝑇𝑇, 𝑡𝑡, and 𝑄𝑄 denote the density, specific heat, 
thermal conductivity, temperature, time, and volumetric heat 
generation, respectively [18–19]. 

 
Fig. 6 Analysis of residue release layer in a laser-debonded speci-
men from the standard-structure TBW. Experimental parameters: 
160 mJ/cm2 and 10 shots: (a) HRTEM image of the residual re-

lease layer on the glass wafer, (b) STEM image for EDS analysis, 
and (c) EDS mapping of C from (b). Experimental parameters: 

220 mJ/cm2 and 2 shots: (d) HRTEM image of the residual release 
layer on glass, (e) STEM image for EDS analysis, and (f) EDS 

mapping of C from (e). 
 

Fig. 5 Analysis of residue release layer in a laser-debonded specimen from the standard-structure TBW. Experimental parameters: 240 
mJ/cm2 and single shot: (a) HRTEM image of the residual release layer on the glass wafer, (b) magnified HRTEM image of the square 
region in (a), (c) STEM image for EDS analysis, (d) EDS spectrum of residual release layer from the square region in (c), and (e) EDS 

mapping of Pt, Si, C, and O from (c). 
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Because the 308 nm excimer laser pulse used in this 
study had a flat-top spatial profile and a pulse duration of 25 
ns, the laser energy absorbed in the release layer was mod-
eled as a transient volumetric heat source based on the Beer–
Lambert law. The heat generation in the T1107 layer is ex-
pressed by equation (6). 

𝑄𝑄(𝑧𝑧, 𝑡𝑡) = (1 − 𝑅𝑅)𝛼𝛼𝛼𝛼(𝑡𝑡)exp(−𝛼𝛼𝛼𝛼).          (6) 
where 𝑅𝑅is the surface reflectance, 𝛼𝛼 is the absorption coef-
ficient, 𝐼𝐼(𝑡𝑡) is the temporal laser intensity, and 𝑧𝑧 is the depth 
measured from the laser-incident side of the T1107 layer. For 
a flat-top laser pulse, I(t) is expressed by equation (7). 

𝐼𝐼(𝑡𝑡) = �
𝐹𝐹
𝜏𝜏𝑝𝑝

, 0 < 𝑡𝑡 < 𝜏𝜏𝑝𝑝
0,    𝑡𝑡 >  𝜏𝜏𝑝𝑝 .    

                (7) 

where 𝐹𝐹is the laser energy density and 𝜏𝜏𝑝𝑝is the pulse dura-
tion. Based on optical characterization at 308 nm, the 2.2-
µm-thick T1107 layer absorbed approximately 90.2 % of the 
incident laser energy after accounting for surface reflection.  

To accurately represent the depth-dependent absorption 
profile, the T1107 layer was divided into 10 sublayers along 
the thickness direction. The absorbed energy fraction as-
signed to each sublayer was calculated by equation (8). 

𝐴𝐴𝑖𝑖 = (1 − 𝑅𝑅)[exp(−𝛼𝛼𝑧𝑧𝑖𝑖−1)− exp(−𝛼𝛼𝑧𝑧𝑖𝑖)] .      (8) 
where 𝐴𝐴𝑖𝑖  denotes the absorbed energy fraction in the 𝑖𝑖 -th 
sub-layer, and 𝑧𝑧𝑖𝑖−1and 𝑧𝑧𝑖𝑖 are the upper and lower bounda-
ries of that sublayer, respectively. This discretized approach 
enabled the model to capture the strong localization of laser 
heating near the irradiated interface. The initial temperature 
of all layers was set to room temperature. Perfect thermal 
contact was assumed at all interfaces, and the continuity of 

temperature and heat flux was imposed across the interfaces. 
Because the laser pulse duration was extremely short, the 
convective and radiative heat losses from the outer surfaces  
 

 
Fig. 8 Analysis of the residual release layer in a laser-debonded 

specimen from the inverse-structure TBW. Experimental parame-
ters: 260 mJ/cm2 and single shot: (a) TEM image of the residual 
release layer on the glass wafer, (b) STEM image for EDS analy-
sis, (c) and EDS mapping of C from (b). Experimental parame-
ters: 220 mJ/cm2 and 5 shots: (d) TEM image of the residual re-

lease layer on the glass wafer, (e) STEM image for EDS analysis, 
and (f) EDS mapping of C from (e). 

Fig. 7 Analysis of the residual release layer in a laser-debonded specimen from the inverse-structure TBW. Experimental parameters: 220 
mJ/cm2 and single shot: (a) STEM image of the residual release layer on the SiO2/Si wafer, (b) magnified STEM image of the square 
region in (a), (c) STEM image for EDS analysis, (d) EDS spectrum of the residual release layer from the square region in (c), and (e) 

EDS mapping of Pt, Si, C, and O from (c). 
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were neglected during irradiation. In our study, the simula-
tion is intended to provide a thermal interpretation of the la-
ser debonding behavior, rather than a complete multiphysics 
description of the process including photochemical effects, 
thermoelastic stress waves, and hot stamping effects. The 
model predicts the transient temperature rise, depth-depend-
ent thermal distribution, and regions where the local peak 
temperature exceeds the thermal decomposition temperature 
of T1107, thereby estimating the decomposed region and re-
sidual thickness. Therefore, this thermal-threshold approach 
provides a reasonable basis for interpreting the debonding 
behavior and process window.  

 

 
Fig. 10. (a) Schematic representation of the standard structure 

TBW, (b) depth-dependent energy absorption distribution in the 
release layer at a wavelength of 308 nm based on the Beer–Lam-

bert law. 

To correlate the simulation with the experimental 
debonding behavior, the decomposition region in the release 
layer was estimated using the thermal decomposition tem-
perature (Td) T1107 (Td = 465 °C). The boundary between 
the decomposed and intact regions was defined as the depth 
at which the local peak temperature became equal to Td. The 
residual thickness was defined as the remaining thickness of 
the release layer that did not exceed Td. This definition ena-
bled comparison between the simulated thermal response 
with the experimentally observed residual thickness after la-
ser debonding. 

Figure 10 shows a schematic of the simulation model 
and a graph of the calculated absorbed energy for each layer 
of T1107. Given the extremely high extinction coefficient of 
T1107 at 308 nm, analytical calculations based on the Beer–
Lambert law demonstrated an exponential decay in the ab-
sorbed energy. Specifically, the discretized absorption pro-
file revealed that the first 0.2-μm-thick sublayer, directly ad-
jacent to the glass interface, absorbed the largest fraction of 
the energy, reaching approximately 41 %. The absorbed en-
ergy decreased sharply in the subsequent sublayers, with the 
second and third layers absorbing approximately 22 and 
12 %, respectively. Consequently, over 75 % of the effective 
laser energy was highly concentrated within the first 0.6 μm 
of the T1107. 

Figure 11 shows the cross-sectional temperature distri-
bution of the standard structure at a laser energy density of 
220 mJ/cm2. The high-temperature region was highly local-
ized near the interface between T1107 and the glass wafer. 
To quantitatively evaluate debonding efficiency, one-dimen-
sional temperature profiles along the depth direction (cross-
sectional line A-A') were extracted at various laser energy 
densities and are plotted in Fig. 11(b). The results indicate 
that at 200 mJ/cm², the peak temperature remained below the 
thermal decomposition temperature (Td = 465 °C) of T1107. 
This insufficient heating explains the experimental debond-
ing failure at 200 mJ/cm2 under a single shot (as shown in 
Fig. 4(a)). When the energy density reached 220 mJ/cm2, the 
peak temperature increased to 481 °C, exceeding the Td 
threshold and initiating photothermal decomposition of the 
release layer. In the temperature profile, the exact depth at 
which the temperature dropped below Td clearly delineate 
the decomposed region from the intact material. The intact 
unmelted portion of the release layer remaining on the glass 
wafer was defined as the residual thickness. The simulation 
further demonstrated that a higher laser energy density pro-
moted deeper heat penetration into T1107 before the temper-
ature decreased below Td. Consequently, as the energy den-

Fig. 9 Digital photos of debonded specimens from inverse-structure TBWs: (a) 260 mJ/cm2 and single shot (0 % beam overlap), (b) 220 
mJ/cm2 and single shot (0 % beam overlap), and (c) 220 mJ/cm2 and 5 shots (80 % beam overlap). 
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sity increased from 220 to 300 mJ/cm2, the predicted resid-
ual thickness gradually decreased from 90 to 40 nm. This 
trend is remarkably consistent with the HRTEM observa-
tions, which demonstrated an actual residue thickness of ap-
proximately 49.11 nm at a fluence of 240 mJ/cm2 (Fig. 5(b)). 
 

 
Fig. 11 Thermal simulation results for the standard structure 

TBW: (a) cross-sectional temperature distribution at laser energy 
density of 220 mJ/cm2 and (b) temperature profile along A–A′ at 

different laser energy densities. 
 

Figure 12 shows the simulation results for the inverse 
structure TBW. The thermal distribution and maximum tem-
perature were comparable to those of the standard structure. 
This result indicates that the highly transparent adhesive 
layer (C1301) did not significantly interfere with optical ab-
sorption or heat transfer during the nanosecond laser pulse. 
This theoretical finding is in good agreement with the exper-
imental results shown in Fig. 4, where the process windows 
(energy density vs. shot number) for both the standard and 
inverse structures were nearly identical. Consequently, both 
the simulation and experimental results clearly demon-
strated that the inverse structure is a highly viable approach 
for advanced packaging, offering equivalent debonding effi-
ciency with the additional advantage of simplified post-
debonding cleaning on the device wafer. 
 
4. Conclusion 

In this study, laser debonding experiments were system-
atically performed using a 308 nm excimer laser and tempo-
rary bonding materials supplied by BrewerBOND. Tempo-
rary bonding specimens were prepared using a release layer 
(T1107) and an adhesive layer (C1301) in both standard and 
inverse structures to identify the appropriate energy densi-
ties and shot numbers. When the energy density exceeded 

 
Fig. 12 Thermal simulation results for the inverse structure TBW: 
(a) cross-sectional temperature distribution at laser energy density 
of 220 mJ/cm2 and (b) temperature profile along A–A′ at different 

laser energy densities. 
 

220 mJ/cm², successful debonding was achieved with a sin-
gle laser shot (0 % overlap) and no significant differences in 
process windows were observed between the standard and 
inverse structures. This behavior is attributed to the fact that 
debonding occurred exclusively via thermal decomposition 
at the surface of the release layer, which selectively absorbs 
308 nm laser radiation. However, a clear difference was ob-
served in the post-debonding residue, depending on the 
bonding configuration. The standard structure requires a 
two-step chemical cleaning process to remove both the re-
lease (~2.2 μm) and adhesive layers (~45 μm). Conversely, 
the inverse structure simplifies the cleaning process, as it 
only requires the removal of the release layer. Therefore, 
when TBM materials, including adhesive materials that are 
transparent at the laser wavelength, are employed, the in-
verse structure appeared to be more favorable from a post-
debonding cleaning perspective. Furthermore, no thermal 
damage or degradation of the released material induced by 
laser irradiation was observed in the inverse structure. Based 
on these results, reliable laser debonding without thermal 
damage is expected to be achievable in practical demonstra-
tion samples that incorporate microbumps. 
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