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ABSTRACT 
We have fabricated mechanically stable, thermally 

isolated microfluidic channels with silicon heaters 

embedded in the sidewalls, using the trench-assisted 

surface channel technology (TASCT) [1]. Sidewall heating 

results in an enhanced heating uniformity while allowing 

high heating powers because of the relatively large cross-

sectional area (20 µm by 50 µm) of the silicon heaters. In 

the proof-of-principle device a maximum temperature of 

406 °C was reached at a heating power of 1.4 W, limited 

by thermal expansion of the channel. The fabrication 

process enables both the channels and the silicon heaters to 

have a rectangular cross-section with a depth defined by the 

device layer thickness and a variable width and length. 

 

INTRODUCTION 
In most fabrication processes for suspended 

microchannels, integration of heaters is only possible on 

top of the channel [2], resulting in a significant amount of 

heat lost through the bottom and sides of the channel. This 

results in temperature gradients within the cross-section 

and over the length of the channel [3] and the flow requires 

a relatively longer channel to get to the desired 

temperature. The new TASCT fabrication technology 

allows to incorporate silicon heaters inside the sidewalls of 

the channel, enabling additional heating from two sides [1]. 

This results in a more uniform temperature profile. 

Furthermore, the relatively large cross-sectional area of the 

heaters facilitates large heating powers, while preventing 

break-down effects.  

In this paper we present the fabrication process and 

first measurement results for a proof-of-principle device in 

which extrinsic silicon sidewall heaters are used in 

combination with thin film platinum temperature sensors. 

The resistivity of these heaters is inversely proportional to 

the mobility and concentration of the majority charge 

carrier [4], and thus can be tuned by the doping 

concentration but will also be dependent on temperature. 

Because of the latter, silicon is less suitable as temperature 

sensor. Platinum is used as temperature sensor because its 

resistance depends linearly on temperature over a wide 

range of temperatures [5]. By measuring the electrical 

resistance (𝑅), the temperature (𝑇) can be calculated from: 

 

𝑅 = 𝑅𝑟𝑒𝑓(1 + 𝛼(𝑇 − 𝑇𝑟𝑒𝑓)) (1) 

 

where the reference resistance (𝑅𝑟𝑒𝑓) is measured at the 

reference temperature (𝑇𝑟𝑒𝑓 ) and 𝛼  is the temperature 

coefficient of resistance (TCR) [5]. The TCR of platinum 

thin films can vary. This depends on the film thickness, 

microstructure, deposition methods, and post-annealing 

operations [5]. Therefore, TCR characterizations are 

crucial for platinum thin films to function as an accurate 

temperature sensor and are performed prior to operation.  

 

CHIP DESIGN 

Several microfluidic channels with sidewall heater 

structures have been designed. Figure 1 shows the mask 

layout and a photograph of a straight tube device which is 

used as proof-of-principle device to demonstrate the 

heating of an air flow. It consists of a straight, 8.5 mm long, 

microfluidic channel with silicon sidewall heaters (cross-

section of 20 µm by 50 µm) on both sides and resistive 

platinum thin film temperature sensors on top of the 

microfluidic channel. Another design (not shown in the 

figure) with a 17 mm long meandering silicon heater with 

cross-section of 22 µm by 50 µm is used for 

characterization of the silicon heater resistivity dependency 

on temperature. The devices are fabricated in a p-type 

doped silicon-on-insulator (SOI) wafer with 50 µm device 

layer (DL), 200 nm buried oxide (BOX) layer, and 400 µm 

handle layer (HL). The resistivity of both the HL and the 

DL is between 0.001 Ω cm and 0.01 Ω cm. 

 

TRENCH-ASSISTED SURFACE 

CHANNEL TECHNOLOGY 
The above-mentioned designs are fabricated via the 

TASCT process [1]. An advantage of the TASCT process 

is that the final shape (i.e. length and width) of the 

microfluidic channels is independent of the actual channel 

etch, giving it more freedom in design. The outline of the 

channels and heaters is defined by the layout of the trench 

mask. These high aspect ratio trenches are refilled and used 

as etch stops [6]. The final channel cross-section becomes 

therefore square or rectangular, with a height defined by the 

DL and a width defined by the layout of the trench mask. 

These trenches also allow a variation in the width of the 

heaters, giving the possibility to vary the power dissipation 

over the length of the heater. This can be used to optimize 

the temperature profile along the channel length. The 

process also allows in-channel structures like strengthening 

pillars or mixing-enhancers [1].  

Figure 2 shows an outline of the TASCT fabrication 

process. The process consists of three main stages: 1) the 

fabrication of the microfluidic channel and heaters, 2) the 

fabrication of the sensors and electrical connections, and, 

3) the release of the microfluidic channel. 

 

1) Fabrication of microfluidic channel and heaters 

The outline for the microfluidic channel and heater is 
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given in figure 2A to 2G. Frist, a 1 µm thick thermal SiO2 

(t-SiO2) is grown as a hard mask for high-precision pattern 

transfer of 3.0 µm wide trenches using I-line photo-

lithography and reactive ion etching (RIE) of t-SiO2. The 

trenches are etched 50 µm deep by stopping on the BOX 

layer using a highly uniform high aspect ratio Bosch-based 

deep reactive ion etching (DRIE) process to avoid keyhole 

formation. The trenches are refilled with 0.4 µm t-SiO2, 

which will serve as an etch-stop during the channel and 

release etch, and as protection for the heater, and 2.5 µm 

low-stress polycrystalline silicon (p-Si), which is deposited 

as trench filler using low-pressure chemical vapor 

deposition (LPCVD). The p-Si at both sides of the wafer is 

stripped with a highly selective and uniform SF6-based RIE 

process. Then, the t-SiO2 is removed from both sides using 

RIE, and a new 1.1 µm thick low-stress SiO2 layer is 

deposited using LPCVD. At the backside, inlets with a 

diameter of 250 µm are made using I-line photo-

lithography, RIE of SiO2 and a Bosch-based DRIE process. 

On the DL, slits of 1.6 µm by 3 µm are patterned with high 

precision into the SiO2 using I-line photolithography and 

RIE. The width of these slits determines the final wall 

thickness. Subsequently, through those slits, the channels 

are etched isotropically with gaseous-phase XeF2. During 

this etch, the t-SiO2 in the refilled trenches and the BOX 

layer serve as etch-stop for the XeF2. The wall is formed by 

LCPVD of silicon-rich nitride (SiRN) layer, which gives a 

wall thickness of approximately 0.8 µm inside the channel.  

 

2) Integration of the sensors and electrical connections 

In figure 2H, the sensor structures and the electrical 

connections of the sidewall heaters are fabricated. This is 

achieved by first patterning openings to the silicon sidewall 

heaters in the SiRN and SiO2 layers on the DL via I-line 

photolithography and etching using RIE. To achieve good 

electrical contact, the SiOx on top of the Si, which is formed 

by plasma etching, is etched with vapor-phase HF, directly 

followed by sputtering of 5 nm tantalum and 200 nm 

   

Figure 1: The straight proof-of-principle device. 
Schematic and microscope image of a straight 8.5 mm 

long channel with two-sided heating. The insert shows 

a piece of channel without metal and capping layers. 

The total size is 1.30 cm by 0.35 cm. The colors are 

representing:  metal,  SiRN,  SiNx capping, 

 heater tracks.  

 

Figure 2: Schematic cross-sections of the TASCT 

process steps. (A) Pattern transfer of channel and 

heater layout. (B) Bosch etch to form channel and 

heater outline. (C) Refilling of trenches with t-SiO2 and 

p-Si, and etching the layers from surface. (D) LPCVD 

of a SiO2 layer. (E) Slit pattern transfer into SiO2 for 

channel etch. (F) Etching of silicon using XeF2 to form 

channels. (G) Channel wall formation and slit closure 

by LPCVD of SiRN. (H) Sputtering of Ta/Pt, PECVD of 

SiNx capping, and patterning via IBE. (I) Bosch etch of 

backside cavity for release. (J) Opening of windows for 

microfluidic channel release. (K) Release etch of 

microfluidic channel with XeF2. The colors are 

representing:  Si,  SiO2,  poly-Si,  SiRN,  metal, 

 capping. 
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platinum and plasma-enhanced chemical vapor deposition 

(PECVD) of 30 nm SiNx as protection layer during 

subsequent metal etching. These metal layers and 

protection are patterned using I-line photolithography and 

ion beam etching (IBE). Then, a second layer of PECVD 

SiNx is deposited as capping layer to prevent oxidation 

during operation, and patterned with I-line photo-

lithography and RIE. 

 

3) Release of the microfluidic channel 

In figure 2I to 2K, the microchannels are released via 

a two-step approach. First, DuPont MX5020 dry film resist 

foil is laminated on the HL and patterned with a cavity 

pattern using I-line photolithography. This cavity pattern is 

transferred into the SiRN and TEOS using RIE. Then, the 

cavity pattern is etched till a depth of 300 µm using a highly 

uniform Bosch process. Subsequently, the front side 

cavities are formed via I-line photolithography with 

photoresist, RIE of SiRN and annealed TEOS, and 

gaseous-phase XeF2 etching of silicon. The remaining 

silicon in the HL is etched by the same XeF2 recipe as the 

front side. In this step, the chips are also released via dry-

etching release structures [7]. A cross-section of the final 

channel is shown in figure 3. 

 

CHARACTERIZATION & RESULTS 
Silicon resistivity vs. temperature 

The meandering silicon heater structure is used to 

characterize the electrical resistivity dependence on 

temperature. The silicon heater is electrically connected 

using an oven-compatible probe station inside an oven 

filled with an N2 atmosphere (customized high temperature 

TCR measurement setup). The oven temperature is ramped 

up from 20 °C to 400 °C with temperature steps of 20 °C. 

Each temperature step is maintained for 20 min. At each 

temperature, the electrical resistance (𝑅 ) of the silicon 

heater is measured by a Keithley k2000 multi meter with a 

multiplexer card. Subsequently, the resistivity is calculated 

via 𝜌 = (𝑅 ∗ 𝑊 ∗ 𝐻) 𝐿⁄ , in which 𝑊 , 𝐻 , and 𝐿 are the 

width, height and length of the silicon heater, respectively. 

The obtained relation between the resistivity and the 

temperature is shown in figure 4. The resistivity increases 

with temperature, which can be explained by scattering 

mechanisms [4]. The measured resistivity of the silicon 

heater varied from 0.012 Ω cm to 0.019 Ω cm over a 

temperature range of 25 °C to 375 °C. In principle the 

silicon heater resistance can be used to obtain a measure for 

the temperature and the heating power can be adjusted in 

response to the measured resistance. 

 

Characterization of thin film platinum TCR 

Platinum thin film structures on top of the microfluidic 

channels function as 8 temperature sensors, as is shown in 

figure 1. The TCR values of sensors 1 (begin), 4 (middle) 

and 8 (end of the channel) are characterized experimentally 

following the principle shown in equation 1, as these will 

be used in later experiments. The temperature of the oven 

(Heraeus oven with customized temperature controller) is 

increased from 65 °C to 85 °C with steps of 5 °C. The 

resistance is measured at each temperature step by a four-

point probe method within the multiplexer (Agilent data 

acquisition/switch unit 34970A). A linear fit is used on the 

experimental data. The platinum thin film TCR can be 

calculated from the slope of the linear fit. The obtained 

TCR values for the sensors 1, 4 and 8 are listed in table 1. 

The thin film platinum TCR of around 0.0024 K-1 deviates 

from the bulk platinum TCR of 0.0039 K-1 due to thin film 

effects such as grain boundaries, defects and displacement 

on the electrical transport in thin films [5]. 

 

Table 1: TCR measurements for platinum thin film 

temperature sensors 1, 4 and 8. 

Sensor TCR (K-1) R2 of fit 

1 0.0024243 1.000 

4 0.0024340 0.999 

8 0.0024461 0.999 

 

Heating up gas flow with silicon sidewall heaters 

To test the ability of the silicon heaters to heat up a 

fluid inside the channel, air flow was supplied while the 

sidewall heaters were operated at different input powers. 

The temperature is measured using temperature sensors 1, 

4 and 8 (see figure 1). In many (microreactor) applications, 

mass flow rates up to 1 g h-1 (± 0.3 mL s-1) are desired [8]. 

Therefore, a mass-flow controller up to 1 g h-1 was used at 

0 %, 50 % and 100 % flow to supply air into the channel. 

The resulting temperatures are shown in figure 5. It was 

expected that the highest temperatures would be reached at 

 
Figure 3: SEM image of cross-section. SEM image of 

a cross-section of the microfluidic channel, showing the 

two silicon heaters on both sides. 

 
Figure 4: Silicon resistivity vs. temperature 

measurements. Experimental results of resistivity 

dependence on temperature for p-type Si, measured in 

a meandering heater. 
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sensor 4, followed by sensors 8 and 1, as cold gas enters the 

channel at sensor 1 and the thermal conduction to the bulk 

is the highest at sensor 1 and 8. However, an incomplete 

release etch caused silicon islands to remain under the 

channel. This increases the thermal conductance to the bulk 

silicon and air, and lowers the temperature of the channel. 

 
A break-down test was performed at a mass-flow of 

1 g h-1 and increasing input powers. The temperature is 

measured using sensor 1 (see figure 6). The break-down of 

the proof-of-principle device is not due to limitations in the 

input power, but due to induced stress. The linear 

expansion coefficient of silicon at 400 °C is 3.95∙10-6 K-1 

[9], meaning that the heater of 8.5 mm long expanded 12.8 

µm. Since there are no stress-relief structures present, it is 

assumed that the channel could not handle such expansion. 

The deviation from linearity above 370 °C in figure 6 can 

be explained by a gradually increasing delamination of the 

platinum layer due to underetch of the tantalum adhesion 

layer during the XeF2 release etch. 

 

CONCLUSIONS 

The TASCT process enables the fabrication of 

microfluidic channels with silicon heaters with large design 

freedom in shape, size, and heating power embedded in the 

sidewalls. These channels can easily be heated up by the 

silicon heaters to 400 °C at an operating power of 1.4 W. 

The heating rate is only depending on the mass flow at 

higher flows (>0.5 g h-1) and only at the entrance of the 

channel, as sensors at positions further into the channel do 

not show a significant difference in temperatures for the 

different mass-flows.  

We expect that this new technology of integrating 

heaters within the sidewall of the microfluidic channel will 

be advantageous in many applications of microfluidics, 

ranging from high-temperature physical parameter sensing 

to (bio)microreactors as high heating powers are achieved. 
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Figure 5: Flow-temperature dependence. Measured 

temperature response of the resistive platinum 

temperature sensors at different input powers for the 

silicon sidewall heating elements. 

 

Figure 6: Break-down test. Measured temperature of 

the resistive platinum temperature sensor 1 (first 

encountered by the flow) at increasing input powers for 

the silicon sidewall heating elements. 
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