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Figure 45 lift –off issue for closely spaced large metallic structures leading to unsupported metal shorting 

adjacent leads 
 
The design of the Au/Pt thermocouple and Pt heater/thermometer leads was changed to 

have a shallower taper in to the device and therefore to allow easier lift off from the device area 

whilst still avoiding sharp corners in the membrane suspension which could lead to stress 

concentration and fracture. As shown in Figure 46 the taper of the metal leads was changed to be 

narrower for better lift-off. 

After changes to the design were made, three layers of metal were deposited in a single 

deposition. Firstly, 5nm of NiCr as a sticky layer. The adhesion of the metal is necessary as some 

noble metals, for example gold, suffer from easy peeling from substrate surface thus an adhesion 

film is needed to promote adhesion of the noble metal device layer to the membrane. For 

example NiCr layers tested in [147] shown very high adhesion strength. Then 45nm of Pt which 

will be used as metal for heater/thermometer and one lead of the thermocouple wire, and finally 

90 nm of Au on the top of the other two metals was deposited in order to act as the pad metal, 

but by depositing at the same time as the Pt you avoid the need for a second sticky layer by 

having gold deposited on top of clean Pt. The wires on the membrane are very narrow to 

minimize heat conduction from the device to the silicon substrate but the wires on the silicon are 

wide to minimize electrical resistance 

 

 
Figure 46 1st level of E-beam lithography showing triangular pad identifying the gold thermocouple lead and 
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63 
relationship between heater and thermocouple 

The gold layer on the top of heater and one lead of the thermocouple can be removed 

selectively from the NiCr/Pt using a solution of 0.15 M I2 in molar KI solution with a PMMA 

mask protecting other metal as described in [26] where similar standard process was used to 

define a standard NiCr resistor. By depositing both metals at the same time and then removing 

the gold layer problems of contact between different metals are avoided, as both are deposited at 

the same time without breaking vacuum. The gold etch was done from one of the lead of 

thermocouple in order to save one e-beam level and as well as to fabricate a Pt heater / 

thermometer. The gold etched from the metal can be seen in Figure 47. As shown in the figure 

there is an undercut which is due to the resist mask is becoming partly detached from the 

underlying film resulting in enhanced lateral etching.[148] 

 

 
Figure 47 Gold etch from Pt heater and one lead of thermocouple By depositing the Pt andAu in the same 

evaporation step the gold lead and pad metal forms an excellent metallic contact with the platinum sensor metal. A low 
resolution gold etch defines the extent of the platinum-only region. 

 
Devices having fixed resistance NiCr heaters or Pt (which has a strongly variable 

resistance with temperature) were made. In the second case the Pt resistor formed an additional 

type of thermometer in addition to the thermocouple. This was better suited to calibration using a 

heat bath than the thermocouple where the “cold junction” is at the same temperature as the 

substrate 

 
Figure 48 Pt resistors/heaters shapes The serpentine resistor is more compact allowing larger heating powers for 
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a given area but is more difficult to fabricate using the lift-off technique 

Various resistors as shown in Figure	48 with different widths and shapes were designed 

to have different thermal sensitivity of the device heater. The values of the electrical resistance in 

the devices are measured to be 165-320 Ohm.  

The second lead of thermocouple was patterned in the next level of e-beam lithography 

by bilayer of PMMA and metallization with 5nm NiCr and 90 nm of Au which is two times 

thicker than the first Pt wire to ensure that the thermocouple doesn’t break[136] so that the 

second line is continuous  when it crosses first one. (Figure 49) 

 

 
Figure 49 Patterning of Gold lead of thermocouple showing good coverage of the thinner Pt electrode and good 

layer to layer alignment 

 
The device fabrication process details can be seen from Appendices C.  

The thermal isolation of the membrane was achieved using the same technique as already 

discussed in Passive device section.  A tilted SEM image of the final device is shown in Figure 50. 

It is clear from the image that membrane is fully released from the Silicon substrate. 

 

 
Figure 50 Final device showing platinum resistance and thermocouple sensors fabricated on the 50nm thick free 

standing SiO2 membrane. Undercut of the SiO2 membrane by the isotropic SF6 plasma etch is visible near the edge of the 

image 

Pt 

Au 


