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Recently,5 it has been used for fixed loop continuous flow devices but
not for closed loop devices. The aim of this work is the evaluation of
FCBs as substrates for continuous flow and stationary μPCR devices.
The evaluation is performed by simulation of the μPCR performance
with respect to temperature uniformity and power consumption. The
mathematical model consists of the heat transfer equation which is
coupled to momentum balance and continuity equations. The
equations are numerically solved in 3d and at steady state by the
finite element method implemented by a commercial code.
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Polymerase chain reaction (PCR) can create copies of specific
fragments of DNA by thermal cycling. A typical PCR includes
denaturation of double-stranded DNA (at 95oC), annealing of primers
(at 60 oC), and extension of the primer-bound sequences (at 72oC).
Each thermal cycle can double the amount of DNA, and 20–35 cycles
can produce millions of DNA copies.
μPCR devices can be categorized to stationary and continuous flow
devices. The stationary devices resemble the conventional thermocyclers at their operation; the sample is static in a well and both the
device and the sample undergo thermal cycling. One type of
continuous flow devices comprises fixed loop devices where the
sample moves through fixed temperature zones to achieve the
required thermal cycling; the number of cycles is determined at the
fabrication stage. A second type of continuous flow devices
comprises closed loop devices where the sample circulates in the
temperature zones. The number of thermal cycles can be adjusted at
will during the operation.
Efficient and fast amplification as well as and low power
consumption are of a great importance for a μPCR device. For
efficient amplification, good temperature uniformity and precise
temperature control in the three thermal zones are required.1
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Figure 1. Schematic of a) 3 unit cells (3 thermal cycles) of a
continuous flow fixed loop and b) a stationary μPCR device. c)
Material stack of the devices integrated with thin metal heaters.
Since the early 1990s, several materials (Si, glass, and recently
polymers), technologies, and designs have been utilized for
fabrication of μPCR devices.2 In this work, continuous flow and
stationary μPCR devices based on the same technology (material
stack and fabrication process) are evaluated by simulation. In
particular, a fixed loop μPCR device (Fig. 1a) is compared with a
closed loop and a static (Fig. 1b) device in terms of temperature
uniformity in the PCR zones, speed, and power consumption. All
devices are based on flexible circuit board (FCB) technology; the
substrate is a biocompatible and thin (50 – 100 μm) polyimide (PI)
layer coated with an even thinner metal layer on which resistive
heaters are fabricated for sample thermal cycling. PI has been already
used as a structural material for stationary μPCR devices.3,4

Figure 2. a) Temperature at a cross section (middle of the
microfluidic channel height) of the unit cell of a fixed loop μPCR.
The focus is on the interheaters region. Arrows show the direction of
flow. b) The percentage of the volume of each zone in the acceptable
temperature range (set point ±1.5 K) vs. flow rate. c) The mean
temperature of fluid during one thermal cycle in a stationary μPCR.
In Fig. 2a the thermal “cross-talk” between different zones of a fixed
loop μPCR is shown. The percentage of the volume of the zones in
the acceptable temperature range (±1.5 K from the set point) is shown
vs. the flow rate in Fig. 2b. The mean temperature of the fluid during
one thermal cycle in the stationary μPCR is shown in Fig. 2c.
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