Figure Captions

Figure 1: Schematic of through-cut soldered microchannel device as produced by Sharma [2005]. Notice that it takes of total of 5 laminae (3 fins + 2 spacers) to produce 2 microchannels.

Figure 2: Adhesive bonding without the use of spacer lamina. Notice the embossed features (circled) used to control the channel height. A total of 3 laminae are used to produce a 2 channel device. Adhesive is shown in RED.

Figure 3: Cured G1 test article.

Figure 4: Top view showing the two different lamina designs (G2 test article). Notice the outside sealing bosses along with embossed projections in the middle.

Figure 5: Cross-section of a 2-channel G2 device. Notice the bosses are staggered to prevent overlap. Also notice that the adhesive is completely constrained by the sealing boss thereby preventing leakage into the active area.
Figure 6: Concept of double fluid sealing boss to constrain the adhesive, along with the outer boss on G3 test article.

Figure 7: Fixture to align and compress stacked assembly during adhesive cure.

Figure 8: Adhesive fill ratio concept-fill ratios from 0.75 to 1.2(75-120%) are shown. Non-sag property ensures adhesive does not run with higher fill ratios. Adhesive is shown in RED.

Figure 9: Schematic of lap shear test sample. Dimensions are in mm.

Figure 10: Initial shear test setup (left). Updated shear test with thicker samples is shown on the right.
Figure 11: Initial shear test sample showing base metal fracture.
Figure 12: Failed shear test sample indicating adhesive separation. The tape control method and resulting increased bond area is also shown.

Figure 13: Leak testing setup on G1 device. A soldered sample is shown.

Figure 14: Attach of copper fluid connections using quick set epoxy (G2 devices).

Figure 15: Failed G2 test sample (2-channel) showing leakage at minimum adhesive cross-section location.

Figure 16: Failure analysis on G3.a device. Areas of adhesive contact carry white witness marks. Notice insufficient adhesive in circled areas (no witness marks).

Figure 17: G3.b device (7-channel) that failed at 421 kPa during pressure testing. The failure location is also shown.

Figure 18: G3.c device during pressure testing. The device successfully held 413 kPa for an extended period.

Figure 19: Close-up view of pin-hole leak location (G3.c). Notice the grease residue on the adhesive (top). The reduced bonding area in the bottom plate is shown circled above.

Figure 20: Vertical displacement microscope setup for pre-bonding feature measurements.

Figure 21: Cross-section view of a 5-channel device. The vertical bosses are shown above. Notice the red adhesive constrained within the bosses thereby maintaining channel integrity.

Figure 22: Plot of pre and post-bonding channel heights. Notice that the post-bonding channel heights are 12 to 13µm higher when compared to the pre-bonding heights.

Figure 23: Variation in inter-channel heights across the device. Channels 1, 3 and 5 are similar, and channels 2 and 4 are statistically equivalent.

Figure 24: Contribution of surface roughness to increase in post-bonding channel height due to stacking of laminae.
Table Captions

Table 1: Adhesive lap shear test results (thicker samples).

Table 2: Results of leak testing on G1 devices.

Table 3: Leak test results on G2 devices.

Table 4: Results of pressure testing on G3 test devices.

Table 5: Summary of pre-bonding and post-bonding height measurements.

Table 6: Roughness testing (peak-to valley) results.

