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WHAT IS CLAIMED IS: 

 

1.A method for room temperature substrate bonding comprising: 

 selecting a first substrate substantially transparent to a laser wavelength; 

  selecting a second substrate for mating at an interface with the first substrate; 

  creating a transmissivity change at the interface; 

  mating the first and second substrates; 

  irradiating the first substrate with a laser of the transparency wavelength;  

creating a localized high temperature at the interface from energy supplied by the 

laser; 

softening the first and second substrates immediately adjacent the interface with 

diffusion across the interface to fuse the substrates; 

wherein the step of irradiating further comprises translating the mated first and 

second substrates to provide a predetermined path of laser irradiation adjacent features of the 

first or second substrate. 

 

2. . The method of claim 1 wherein the step of creating a transmissivity change at the interface 

comprises depositing a blocking heat absorption coating on at least a portion of a surface of the 

first or second substrate at the mating interface and the step of creating a localized high 

temperature at the interface includes creating a plasma from the heat absorption coating and high 

temperature plasma; and, the step of softening the first and second substrates immediately 

adjacent the interface with diffusion across the interface includes diffusing the heat absorption 

coating plasma into the first and second substrates; and  

 wherein the second substrate is also substantially transparent to the laser wavelength and 

the step of diffusing the heat absorption coating plasma self regulates the process and terminates 

heating by the laser irradiation. 

 

3. The method of claim 1 wherein the selected first substrate is silicon the selected second 

substrate is glass and the laser is a CO2 laser and the step of creating a transmissivity change is 

accomplished with the difference in transmissivity between the silicon and glass substrates. 
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4. The method of claim 1 wherein the features comprise microfluidic channels and the step 

of depositing the blocking heat absorbing coating comprises depositing the coating adjacent the 

microfluidic channels. 

5. The method of claim 1 wherein the step of translating further comprises establishing the 

predetermined path to leave selected portions of the coating unirradiated to act as conductive 

leads. 

 

6. The method of claim 4 further comprising: 

metalizing the first substrate for use as an etch-stop layer; 

patterning and etching the channel; 

removing the etch mask while the metal layer remains; 

assembling the fully metalized first substrate with a capping second substrate; 

and, 

laser bonding the capping second substrate assembled with the channeled first 

substrate with translation on the predetermined path for laser impingement leaving undiffused 

metal traces to form leads that pass through the interface layer. 

 

7. The method of claim 5 wherein the capping second substrate is structured with an inlet 

and outlet via. 

 

8. The method of claim 2 further comprising: 

depositing the blocking heat absorption coating in a layer of a thickness such that 

thermal diffusion length (Lf)i -1); 

 selecting a laser radiation wave length for a transmission of greater than 50%; 

selecting a laser radiation pulse width consistent with the thermal diffusion length 

(Lfi),  

selecting a laser radiation power such that the blocking layer vaporization point is 

achieved; and, 

controlling the stage translation rate to ensure that at the laser radiation pulse rate 

less than a 50% pulse to pulse overlap is present. 
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9. An apparatus for room temperature laser bonding comprising: 

an x-axis motion stage (32) mounted to a base (33); 

a y-axis motion stage (34) mounted to the x-axis motion stage;  

a substrate alignment fixture (36) mounted on the y-axis motion stage, said 

alignment fixture adapted to align and secure at least two substrates with a mutual interface as a 

workpiece; 

a z-axis motion stage (54) for vertical positioning of the optical and measurement 

systems with respect to the alignment fixture; 

a gantry (44) mounted to the base and supporting alignment optics (46) for a laser 

(14) to focus on the workpiece in the alignment fixture;  

a controller (55) for translation of the x-axis motion stage and y-axis motion stage 

for motion of the focused laser on the workpiece;  

 

10. The apparatus defined in claim 9 wherein the substrate alignment fixture comprises: 

a mounting structure (56) to mount the alignment fixture to the y-axis stage; 

a vertically translating engagement slider (64) supported by translation rods (66) 

extending from the mounting structure; 

an expansion device (68) positioned intermediate the engagement slider and the 

mounting structure for vertical adjustment of the engagement slider; 

a workpiece holding frame (70) to support the workpiece; 

risers (72) extending upward from the mounting structure to receive an optical flat 

(74) to be positioned over the holding frame; 

a securing plate (76) mounted with spacers to fix the optical flat to the risers; 

whereby, retraction of the expansion device lowers the engagement slider 

allowing insertion of the holding frame into position on the engagement slider and inflation of 

the pneumatic expansion device urges the engagement slider and holding frame upward 

compressing the workpiece against the optical flat. 

 

11. The apparatus as defined in claim 10 wherein the holding frame includes a base (80), a 

clamping structure (82) and a substrate carrier (84). 
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12. The apparatus as defined in claim 11 wherein the clamping structure incorporates a 

casing (86) which carries a lateral clamp (88) and a longitudinal clamp (90) and the substrate 

carrier has a relief (92) sized to closely receive the substrates of the workpiece supporting the 

lower substrate on a compliant surface. 

 

13. The apparatus as defined in claim 12 wherein the lateral clamp incorporates first and 

second vertical arms (96) which extend through first and second slotted apertures (98) in the 

substrate carrier adjacent the relief, the lateral clamp spring loaded to allow outward 

displacement of the arms by depressing a button (100) for insertion of the substrates into the 

relief, said arms engaging the sides of the substrates and urge the substrates against the wall of 

the relief opposite the slotted apertures upon releasing of  the button. 

 

14. The apparatus as defined in claim 12 wherein the longitudinal clamp has a third arm 

(102) extending through a third slotted aperture (104) in the substrate carrier adjacent the relief, 

said longitudinal clamp spring loaded to allow outward displacement of the third arm by 

depressing a second button (106) for insertion of the substrates into the relief, the third arm 

engaging the ends of the substrates and urging the substrates against the wall of the relief 

opposite the third slotted aperture upon releasing the second button therby securely positioning 

the substrates against two perpendicular surfaces of the relief. 

 

15. The apparatus as defined in claim 10 wherein the optical flat is transparent to the laser. 

 

16. The apparatus as defined in claim 15 wherein the optical flat is a fused silica.  

 

17.  The apparatus as defined in claim 10 wherein the expansion device is pneumatic. 

 


