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Abstract

In this study, we propose a method that utilizes femtosecond laser surface machining technology to enhance the
quality of ceramic-aluminium alloy joints while minimizing residual stress. The present study investigates the
impact of the periodic structure of Al2O3 surface, which is machined using femtosecond laser, on the properties
of Al2O3-7A52 brazed joint. Various surface periodic structures, including shallow grooves, deep grooves and
micro-convex platform, were created on the surface of Al2O3 using femtosecond laser technology. The joint
strengths of these different periodic structures are 44.6, 49.1 and 41.1 MPa, respectively, making 129%, 142%
and 119% of the shear strength observed in the original planar ceramic-aluminium alloy joint. By machining
ceramic surfaces with femtosecond lasers, a periodic structure can be created that enhances the bonding area
between the ceramics and solder. This increased surface area improves the wettability of the solder to the
ceramic surface, encouraging diffusion reactions at the joint interface. Ultimately, this leads to the creation of
a solid bond with the ceramic interface, facilitated by the formation of spinel (MgAl2O4).
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I. Introduction

There are significant disparities in bonding types as

well as physical and chemical properties between ce-

ramic materials and aluminium alloy, leading to consid-

erable challenges in achieving a reliable connection be-

tween two materials [1]. To begin with, ceramic materi-

als are primarily composed of covalent and ionic bonds,

which possess a significant amount of bond energy and

stability. As a result, it is challenging to form pairs of

lone electrons during the fusion welding process, mak-

ing it nearly impossible to achieve successful fusion

welding of ceramic materials [2,3]. At the same time,

it should be noted that ceramics display poor wettability

towards aluminium alloys, making it difficult for them

to be wetted by molten aluminium. Moreover, the ther-

modynamic properties of ceramic materials vastly dif-

fer from those of aluminium alloys. The linear expan-

sion coefficient of ceramics is approximately one order

of magnitude lower than that of aluminium alloys [4,5].

When ceramics and aluminium alloy are joined together
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through hot pressing, large residual thermal stress can

easily arise at the joint. As a result, defects like joint

failure and cracking may occur [6]. Brazing offers the

possibility of connecting ceramics and aluminium alloy,

although it typically necessitates pre-metallization treat-

ment on the surface of the ceramic material.

Ksiazek et al. [7] successfully enhanced the wettabil-

ity of a ceramic substrate at high temperatures by ap-

plying a layer of titanium (Ti) and niobium (Nb) film

onto the surface of an Al2O3 substrate using the physi-

cal vapour deposition (PVD) method. Additionally, they

were able to fabricate a joint between the ceramic and

aluminium alloy materials. The process of ceramic pre-

gold attribution can enhance the wettability of ceramics

and establish a strong connection between them. How-

ever, due to the mechanical occlusion between the met-

allized layer and the ceramic material, it becomes chal-

lenging to meet the strength criteria for engineering ap-

plications.

In order to enhance the bonding strength between ce-

ramics and metal, it is imperative to enhance the metal’s

adhesion to ceramics by improving its wettability, while

simultaneously reducing the residual stress between the
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two materials. An effective method to achieve this has

been established by machining the ceramic surface to

form a periodic structure [8,9]. As a highly efficient non-

contact technology that employs flexible tools, laser

precision engineering is a crucial advanced processing

technique for producing micro-nanostructures of supe-

rior quality. This technique is particularly suited for cre-

ating new functional optoelectronic devices and struc-

tures [10]. The utilization of micro and nanoscale sur-

face engineering is vital in enhancing the characteristics

of materials [11,12]. After laser irradiation, the mate-

rial surface can easily form a striped arrangement. This

structure is influenced by the polarization of the laser’s

electric field and can be controlled to create a periodic

structure known as laser-induced surface periodic struc-

ture (LIPSS or ripples) [13–16].

Numerous scholars have discovered that incorporat-

ing femtosecond laser technology in the processing of

certain refractory materials can facilitate surface pre-

treatment and enhance the materials’ wettability and

roughness, thus effectively achieving the desired out-

come [17–19]. A study by Vorobyev et al. [20] revealed

that femtosecond laser technology can be used to cre-

ate a novel surface pattern on single crystal Si, result-

ing in a super-wettable surface with enhanced capil-

lary effects. Jagdheesh et al. [21] employed ultravio-

let pulsed laser technology to produce periodic patterns

on the surface of Al2O3 ceramics, in order to achieve

super hydrophobic surfaces without causing any dam-

age. Chen et al. [22] were able to excite the Al layer on

the surface of AlN ceramics using femtosecond laser ir-

radiation, resulting in the formation of Al–O bonds in

air. This greatly enhanced the hydrophilicity of the ce-

ramic surface, and facilitated the effective connection

between ceramics and metals. Chen et al. [23] achieved

successful fabrication of periodic structures of bumps

and grooves on Ti3SiC2 ceramics using femtosecond

laser. Through the utilization of microstructure, they

were able to effectively reduce the wetting angle of sol-

der on the ceramic surface, optimize the interfacial re-

action and reduce the formation of brittle intermetallic

compounds. Zhang et al. [9] utilized femtosecond laser

ablation to create microscale periodic surface groove

patterns on a ceramic surface. When brazed with Ag-

CuTi solder at high temperatures and vacuum, the joint

strength of the ceramic and 304 stainless steel was ap-

proximately 2.75 times greater than that of a planar

ceramic joint (66 MPa) under the condition of well-

designed surface grooves.

This paper presents a method for enhancing the qual-

ity of brazed joints in Al2O3-7A52 aluminium alloy. We

utilized femtosecond laser surface machining technol-

ogy to produce periodic shallow grooves, deep grooves,

and micro-convex platform on the surface of Al2O3. The

results demonstrated that the periodic ceramic surface

structure significantly enhanced the wettability of sol-

der to the ceramic surface and consequently, improved

the brazing quality ceramics-aluminium alloy joint.

II. Experimental

In the experiment a highly durable composite ar-

moured aluminium alloy known as 7A52 was utilized.

This particular alloy was shaped into 12 × 12 × 8 mm

blocks using a precise diamond wire cutting machine.

The chemical composition of this alloy can be found in

Table 1. In addition, Al2O3 ceramics measuring 10 ×

10 × 5 mm and brazing material Al-10.5Si-1.5Mg with

dimensions of 12× 12× 0.1 mm were also used. Before

the brazing process, the brazed surface to be welded was

polished with #1200 sandpaper, then washed with 10%

sodium hydroxide solution at 60 °C for 35–40 s, and fi-

nally pickled with 10% nitric acid solution for 20 s to

remove the surface oxide film and blow-dry after ultra-

sonic cleaning. Ultrasonic cleaning of ceramic surface

with acetone solution was carried out for 15 min before

brazing. After cleaning, the samples were assembled as

shown in Fig. 1a.

After welding, the sample was ground to the connec-

tion interface between the exposed ceramics and the alu-

minium alloy with #120 sandpaper, and the joint was

smoothened and polished with #400-to-#2000 sandpa-

per. A Zeiss-stemi 2000 microscope was used to ob-

serve the macro-morphology of the metal and ceram-

ics. For the phase analysis of the interface between

the aluminium alloy and ceramics, the XRD of Bruker-

AXSD8AdvanceX was used in this study. To further ob-

serve and analyse the microstructure content and dis-

tribution of elements at the interface, a FEI Quanta

250F field-emission environment scanning electron mi-

croscope was used.

The equipment required for ceramic surface process-

ing is a femtosecond laser system, model TH-FSLIS40,

provided by Tianhong Laser Company. The experimen-

tal setup and principle are shown in Fig. 1b. The test-

ing equipment boasts precise control over wavelength

at 1035 nm, a top-of-the-line repetition rate of 1 MHz,

maximum single pulse energy of 40 µJ, and a power

range spanning from 0 to 40 W. Before conducting the

femtosecond laser surface treatment, the samples under-

went thorough preparation. Firstly, through ultrasonic

cleaning with acetone and anhydrous ethanol, the mate-

rial’s surface was cleared of any grease or dust particles.

Afterward, the material was carefully dried and securely

fixed onto the sample table for processing. Olympus-

OLS4100 laser confocal microscope was utilized to cap-

ture images of the machined Al2O3 ceramic surface.

Ceramic-aluminium alloy joints were brazed under

Table 1. Main composition of 7A52 aluminium alloy

element Si Fe Cu Mn Mg Zr Zn Ti Al

wt.% 0.25 0.30 0.05–0.2 0.2–0.5 2.0–2.8 0.05–0.15 4.0–4.8 0.18 Bal
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Figure 1. Femtosecond laser surface processing and brazing assembly diagram (a), femtosecond laser processing schematic
diagram (b) and shearing schematic diagram (c)

vacuum conditions of 5 × 10−3 Pa using the same pro-

cessing steps: temperature increase from room temper-

ature to 500 °C at a rate of 5 °C/min with a dwell of

30 min, heating up to 610 °C at a rate of 3 °C/min with

a dwell of 1 h, cooling down at a rate of 2 °C/min to

400 °C and natural cooling down to room temperature.

The joint shear strength test was conducted at room tem-

perature and the moving speed of the pressure head was

0.2 mm/min (Fig. 1c). The shear strength of each param-

eter was the average value of 3–4 samples.

III. Results and discussion

3.1. Femtosecond laser machining

The surface of Al2O3 ceramics has been machined

using femtosecond laser technology, resulting in the

creation of periodic structures with varying sizes and

features depending on the scanning speeds and uti-

lized processing paths. Figure 2 displays the machin-

ing schematic diagram and three-dimensional morphol-

ogy of the resulting ceramic surface. As shown in Fig.

2a, the surface of the original ceramics is smooth. The

Al2O3 surface was expertly machined with a femtosec-

ond laser boasting a fixed power of 19 W, repetition

rate of 1000 kHz, pulse width of 180 fs and a sin-

gle pulse energy of 4.5 J/cm2. The scanning interval

was set to 75µm, resulting in precise and accurate re-

sults. As shown in Fig. 2b, when the scanning speed

is 1000 mm/s, the energy of the femtosecond laser is

larger than the ablation threshold of the ceramic sur-

face, and the periodic regular groove pattern can be ma-

chined on the ceramic surface. Upon reducing the scan-

ning speed to 200 mm/s, as shown in Fig. 2c, it can

be observed that as the scanning speed decreases, the

heat input per unit area of the ceramic surface increases.

Moreover, the width and depth of the laser-processed

grooves also increase, even though the groove remains

periodic. Constant scanning speed, introducing a cross

pattern in the laser scanning path (as demonstrated in

Fig. 2d), yields a micro-convex pattern on the Al2O3

surface. The area where the processing paths intersect

shows deeper lesions. Table 2 displays the width and

depth of the groove during the femtosecond laser pro-

cessing cycle. It is evident that the average width of the

periodic groove is 14.7µm, while the depth is 9.5 µm at

a scanning speed of 1000 mm/s, the ratio between width

Figure 2. Schematic diagram of femtosecond laser machining of ceramic surfaces: a) original ceramics, b) shallow grooves,
c) deep grooves and d) micro-convex platform

Table 2. Dimensions of grooves with different surface structures

Laser power [W] Origin Shallow groove Deep groove Micro-convex platform

Groove width [µm] - 14.7 23.1 31.2

Groove depth [µm] - 9.5 17.4 19.5

γ - 1.5 1.3 1.6
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and depth is approximately (the latter is commonly re-

ferred to as γ) 1.5, similar to shallow grooves. When

the scanning speed decreases to 200 mm/s, the groove’s

width increases to approximately 23.1µm, and its depth

becomes approximately 17.4µm due to the heightened

heat input. This alteration creates a wide and profound

groove shape, γ ≈ 1.3, similar to deep grooves. The

depth-width ratio exhibits a significant increase, and the

reason behind it is attributed to the Gaussian pulse na-

ture of the femtosecond laser. As the laser energy sur-

passes the ablation threshold of the ceramic surface,

the heat input escalates, causing a noticeable increase

in the depth. However, the widening of the area hap-

pens at a comparatively slower pace. When the scanning

speed remains constant and the tool path becomes cross-

interlaced, the width and depth of the groove increase.

This is due to the fact that the same area of the ceramic

surface is repeatedly exposed to the heat affected zone

after being vertically machined and then horizontally

machined, resulting in an improved laser energy absorp-

tion rate and enhanced laser ablation effect. The width

has increased from 23.1µm to an average of 31.2µm,

while the depth has increased to 19.5µm, thus γ ≈ 1.6.

Figure 3 depicts the contact angle between water

and ceramics featuring varying surface structures. Upon

testing with 1 µl of deionized water, it was observed that

the average contact angle on the surface of the original

Figure 3. Contact angle of water on the surface of different
ceramic periodic structures: a) original ceramic, b) shallow

grooves, c) deep grooves and d) micro-convex platform

ceramics is 55°. When the surface contains a shallow

groove, the contact angle reduces from 55° to 22°. When

the surface develops into a deep groove, the minimum

contact angle decreases to a mere 18°, which gives the

highest wettability of ceramic surfaces to water. It can

be inferred that the surface structure created by fem-

tosecond laser technique has a significant impact on en-

hancing the hydrophilicity of ceramic surfaces, elevat-

ing the surface tension of both solids and liquids, thus

opening up new possibilities to enhance the solder and

ceramics wettability. When employing a micro-convex

structure, the contact angle may be reduced. This is due

to the fact that the grooves on the ceramic surface are

comparatively large and exhibit a narrow and deep mor-

phology, which makes it difficult for the liquid to be

fully filled. Consequently, this results in a larger con-

tact angle between the ceramic surface and water. The

Ra values of the ceramic surface before and after under-

going varied laser processing were found to be 0.5±0.1,

2.17 ± 0.1, 3.16 ± 0.2 and 4.91 ± 0.5 µm, respectively.

When Al2O3 ceramics are machined with a femtosec-

ond laser, the surface roughness is significantly altered.

This alteration has a positive impact on the enhancement

of the ceramic surface wettability. On one hand, laser

machining on ceramic surfaces creates grooves that in-

crease the contact area for liquids, allowing for greater

element diffusion. On the other hand, this process gen-

erates a multitude of micro and nanostructures on the

surface [24], which can be seen in Fig. 4. This is likely

to be the main reason behind the improved wettability

of the ceramic surface.

3.2. Microstructure of Al2O3-7A52 brazed joint

By utilizing a femtosecond laser, a successful brazing

was achieved between Al2O3 ceramics and 7A52 alu-

minium alloy with Al-Si-Mg brazing filler metal (Fig.

5). The brazing process was conducted at a tempera-

ture of 610 °C, pressure of 0.05 MPa and a holding time

of 1 h. It is noteworthy that the solder will reach a full

melting point of 610 °C. Furthermore, when subjected

to pre-brazing pressure, the solder is capable of dif-

fusing within the ceramic surface to establish a seam-

less and reliable interface, and there is clear evidence

of reactant formation on the ceramic surface. With fem-

Figure 4. Microstructure of ceramic surface after femtosecond laser processing (a) and magnified micro-nanostructure (b)
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Figure 5. SEM diagram of Al2O3-7A52 aluminium alloy
joint interface: a) original ceramics, b) shallow grooves,

c) deep grooves and d) micro-convex platform

tosecond laser machining, the contact area between the

ceramic surface and solder is dramatically improved,

along with the discovery of abundant reaction products

near the surface’s periodic groove structure when us-

ing the same brazing parameters. Upon comparison of

the reaction layers at the interface of the original pla-

nar ceramics and machined surfaces with solder, it is

clear that the thickness of the reaction layer is signif-

icantly increased and that deeper grooves result in an

even thicker reaction layer on the groove surface. The

maximum thickness is achieved when utilizing a deep

groove pattern.

To investigate the diffusion of elements at the joint

interface of the Al2O3-7A52 aluminium alloy brazed

joint, an element analysis was performed (Fig. 6). It

has been discovered that the active component, magne-

sium, diffuses from the solder layer to both the ceramic

and aluminium alloy sides, and the joint’s characteris-

tics primarily hinge on the solder and ceramic side re-

Figure 6. Microstructure and element distribution of original
ceramics-7A52 brazed joint

action. The active Si element is primarily dispersed in

the solder reaction layer, while some partial segregation

still exists between Mg and Si. It is believed that Mg un-

dergoes a reaction with Si during the diffusion process,

resulting in the formation of Mg2Si. This compound fur-

ther aggregates and grows into larger plate shapes dur-

ing the brazing process, negatively impacting the joint’s

properties due to its inherent brittleness [25].
When the femtosecond laser was applied to process

the surface of Al2O3 ceramics, the distribution of inter-

face elements in the joint can be observed in Fig. 7. It

is apparent that, even though the periodic structure on

the surface of the ceramics is relatively subtle, the inte-

gration between the ceramic surface and the initial flat

ceramic and solder is more comprehensive compared to

that of the initial planar ceramic and solder. As a result

of this amalgamation, the reaction interface between the

ceramic surface and solder results in an abundance of

compounds being created along the grooved structure.

Upon reviewing Figs. 6c and 7c, it was discovered that

there is a higher concentration of the active element

(Mg) in the surface reaction layer of ceramics with peri-

odic grooves as opposed to the original planar ceramics.

It has been demonstrated that the use of a periodic struc-

ture surface results in increased ceramic surface area

and improved capillary action along the grooves. This

subsequently enhances the reactivity with the active el-

ement Mg, leading to the formation of a more depend-

able reaction layer. With the increase of groove size, the

thickness of the reaction layer formed by the reaction of

ceramic surface active element Mg with Al2O3 becomes

wider, as shown in Fig. 8. This phenomenon can be at-

tributed to the effect of femtosecond laser, which leads

to the increase in bonding area. As a result, the reduc-

tion of Al and O on the ceramic surface intensifies the

wetting reaction at the interface between the solder and

Figure 7. Microstructure and element distribution of
Al2O3-7A52 brazed joint with shallow grooves structure
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Figure 8. Microstructure and element distribution of
Al2O3-7A52 brazed joint with micro-convex platform

ceramics, thereby facilitating the diffusion of Mg

towards the ceramic side. The subsequent reaction

with the ceramics results in the formation of spinel

(MgAl2O4) and establishes a robust bond at the ceramic

interface [26]. The chemical equation for this reaction

is represented by the following formula:

Al2O3 +Mg −−−→ MgAl2O4 (1)

In order to compare the diffusion of elements in the

joint under different structures, an elemental analysis

is conducted in the vicinity of the joint, as illustrated

in Fig. 9. According to the line scanning results com-

bined with the scanning path, the analysed material can

be divided into three distinct regions. The first region,

referred to as Zone I, is identified as the Al2O3 ceramic

region. The second region, known as Zone II, represents

the reaction zone between the solder and ceramic. Fi-

nally, Zone III corresponds to the aluminium alloy side

of the sample.

It is evident from Fig. 10a that the thickness of

the reaction layer (MgAl2O4) formed on the shallow

groove surface measures approximately 30 µm. When

the groove size increases, the intensity of the reaction

between ceramic particles and Mg element in the sol-

der also increases. This is due to the accumulation of

magnesium near the surface of the periodic structure.

These Mg atoms continually penetrate the ceramic par-

ticles, leading to the formation of a reaction layer. The

capillary action exhibited on the surface of the periodic

structure effectively “locks” the reaction layer at the in-

terface, resulting in an increased thickness. The maxi-

mum attainable thickness is 40 µm, as visualized in Fig.

9b. By employing a micro-convex platform, the bond-

ing effect between filler metal and ceramics can be di-

minished, subsequently weakening the reaction at the

Figure 9. Diffusion of interface elements under different
structures: a) shallow grooves, b) deep grooves and

c) micro-convex platform

interface between ceramics and solder. Moreover, the

reaction between Mg and Si elements and the ceramic

surface is lessened as the spacing widens, resulting in a

decrease in the thickness of reaction layer II from 40 to

25 µm. Unfortunately, the capillary effect and the “lock-

ing” effect generated by the groove structure are also

reduced, contributing to a decrease in the bonding effect

between ceramics and solder.

Figure 10 illustrates the strength of brazed joints be-

tween various ceramic periodic structures and 7A52 alu-

minium alloy, with the shear direction being perpen-

dicular to the groove. Notably, the shear strength of

ceramics-aluminium alloy brazed joints is significantly

enhanced after femtosecond laser surface processing

of Al2O3 ceramics. As the groove depth increases, the

shear strength of the ceramics-7A52 aluminium alloy

brazed joints also exhibits an increase from the origi-

Figure 10. Shear strength comparison of brazed joints with
various surface periodic structures
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Figure 11. Fracture patterns of brazed joints in various structures: a) original ceramics, b) groove form and
c) micro-convex platform

nal 34.6 to 49.1 MPa. However, it is important to note

that when the surface structure features a micro-convex

structure, the joint strength is relatively higher than the

original. Nonetheless, it is comparatively lower than the

shallow groove and deep groove structures, registering

only 41.1 MPa.

Upon examination of the fracture pattern in the joint,

it becomes apparent that the Al2O3-7A52 aluminium al-

loy brazed joint can be classified into two distinct cat-

egories: i) fractures that occur along the brazing inter-

face and ii) fractures that originate at the beginning of

the brazing interface and extend all the way to the ce-

ramic interface (Fig. 11). After brazing the Al2O3-7A52

aluminium alloy, it is observed that the joint fractures

at the interface between the ceramics and aluminium

alloy. Figure 12 depicts the interface reaction products

that can be found on the surface of the ceramics. On one

side of the aluminium alloy Fig. 12b reveals a distinct

absence of any ceramic particles, and instead show-

cases the tell-tale signs of brittle fracture steps that stem

from solder tearing and damaging the aluminium alloy

body. During the shear test of the laser surface machined

Al2O3-7A52 aluminium alloy brazed joint, it was ob-

served that the fracture begins at the interface and then

the crack changes its direction to propagate into the

ceramics under the influence of grooves. This is also

one of the factors contributing to the increase in shear

strength. Upon microscopic analysis of the fracture near

the point of crack propagation direction change, it was

observed that the grooves on the ceramic surface were

completely filled with reaction layer products of solder

and ceramics, as exemplified in Fig. 12c and Table 3.

From Fig. 12d, ceramic particles were discovered ad-

hered to one side of the aluminium alloy surface. In or-

der to provide additional validation of the reaction prod-

ucts at the brazed joint, XRD composition analysis was

Figure 12. Fracture morphology of brazed joints: a) original ceramic side fracture, b) aluminium alloy side fracture,
c) deep groove ceramic side fracture and d) deep groove ceramic brazing aluminium alloy side fracture
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Table 3. Content of elements at each point of the break in Fig. 12

Al Si Mg O Possible phase

1 42.34 4.59 13.26 39.81 Mg2Si, Mg(Al2O4)

2 82.97 2.33 7.84 6.86 Al-Si-Mg, Mg2Si

3 81.64 3.27 5.84 9.25 Al-Si-Mg, Mg2Si

4 94.81 0.36 1.06 3.77 α-Al, 7A52

5 79.45 2.05 9.88 8.62 Al-Si-Mg, Mg2Si

6 62.16 2.53 12.34 22.97 Mg2Si, Mg(Al2O4)

7 65.21 0.00 0.00 34.79 Al2O3

Figure 13. XRD pattern of the brazing joint between deep
groove ceramics and aluminium alloy

conducted on the fracture interface of the brazed joint

with a deep groove structure (Fig. 13). The results from

this analysis serve to further confirm the presence of re-

action products at the joint.

The principle diagram of the enhancement mecha-

nism of alumina ceramics machined by femtosecond

laser is illustrated in Fig. 14. During the direct braz-

ing process, the inherent ceramic surface can impede

the active elements from effectively penetrating the ce-

ramic pores. As a result, the majority of Mg and Si

active elements become trapped between the interlayer

and the ceramic surface, rendering them unable to inter-

act with additional alumina particles. This, in turn, leads

to inadequate diffusion reaction between the solder layer

and the base metal - a critical factor contributing to

the low strength of direct brazing joints between 7A52

aluminium alloy and alumina ceramics. High-intensity

laser ablation was used with femtosecond laser to punc-

ture the surface of alumina ceramics (Fig. 14b). As a

result, more active elements in the solder layer are able

to pass through the ceramic pores and react with alu-

mina particles, further enhancing the reaction. Simul-

taneously, the ceramic surface exposes a greater quan-

tity of alumina particles, thereby enhancing the con-

tact area between active elements and ceramic particles.

This heightened interaction promotes a more compre-

hensive diffusion reaction between the solder layer and

base metal. This finding is further supported by the aug-

mented thickness of the reaction layer depicted in Fig.

8, which was brought about with the assistance of fem-

tosecond laser technology. Compared to direct brazing

techniques, femtosecond laser processed ceramics ex-

hibit enhanced bonding properties due to a more com-

plete reaction at the interface. Under similar conditions

of reaction time and pressure, the reaction between ac-

tive element Mg and alumina particles is significantly

enhanced, leading to the formation of a greater quantity

of reaction products (MgAl2O4). As a result, the for-

mation and segregation of the Mg2Si phase is signifi-

cantly reduced. Overall, these improvements contribute

to stronger and more reliable joint bonds.

IV. Conclusions

Femtosecond laser was utilized to create various peri-

odic structures on the surface of Al2O3 ceramics, result-

ing in a significant enhancement of the shear strength of

ceramics-aluminium alloy brazed joints. The following

conclusions are obtained:

(1) The surface of Al2O3 ceramics was skillfully ma-

chined using a powerful femtosecond laser. This laser

had a fixed power of 19 W, a repetition rate of 1000 kHz,

Figure 14. Schematic diagram of diffusion enhancement mechanism for femtosecond laser-assisted machining of ceramics
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a pulse width of 180 fs and a single pulse energy of

4.5 J/cm2. To ensure precision, the scanning interval

was set at 75 µm, and the scanning speed was set to

1000 mm/s, 200 mm/s for linear and 200 mm/s for cross-

scanning. In this way it is possible to fabricate shallow

grooves, deep grooves and micro-convex platform on

the surface of Al2O3 ceramics.

(2) The formation of a periodic structure on the sur-

face of the Al2O3 ceramics leads to an increase in the

thickness of the reaction layer (MgAl2O4) in the brazed

joint. In particular, the thickness of the reaction layer

varies depending on the depth of the groove or the

presence of micro-protuberances. For shallow grooves,

the reaction layer thickness was 25µm, while for deep

grooves it was 40µm. In the case of micro-convex plat-

form, the thickness was 30 µm. Correspondingly, the

shear strength of the joints also varies (44.6, 49.1 and

41.1 MPa), respectively. It is noteworthy that these val-

ues represent a significant improvement compared to the

original planar ceramics-aluminium alloy joint (i.e. in-

crease of shear strength of 29%, 42% and 19%).

(3) Femtosecond laser machining of Al2O3 ceramics

results in the creation of a periodic structure, which sig-

nificantly alters the surface roughness of the ceramics.

This alteration has a positive impact on the wettability

of the ceramics. Firstly, the surface structure modifica-

tion of ceramics increases the contact area between the

solder and ceramics, thereby enhancing the diffusion re-

action between them. This ultimately facilitates the re-

action between the active element Mg and Al2O3 ce-

ramic particles, leading to the formation of MgAl2O4

spinel. Consequently, this enhances the joint formation

between the solder and ceramics. Additionally, the peri-

odic groove structure created during the machining pro-

cess influences the direction of crack propagation and

acts as a crack resistance mechanism.
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