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Design and Implementation of a 200 mm 3C-SiC Reactor
Christopher L. Frewin

ABSTRACT

Silicon carbide, SiC, is a semiconductor material which has many diverse uses in
many of today’s leading technologies. The wide band-gap aspect of the material has
been utilized to create power and high frequency electronics, its physical hardness
enables its use for MEMS devices, and the biological compatibility make perfect for
utilization in medical applications. SiC is not a chemical compound normally found in
nature and must be artificially generated. One of the methods used for the creation of
single crystal, high quality SiC material is provided through the use of a chemical vapor
deposition reactor. The University of South Florida currently has a horizontal hot-wall
LPCVD reactor used by Dr. S. E. Saddow and his group to grow epitaxial SiC material
for research grants by ONR and ARL.

These agencies have commissioned the construction of a second LPCVD reactor
for the primary purpose of growing 3C-SiC, a specific SiC crystal polytype, and this
work describes the fabrication of the new reactor, MF2. This reactor was designed using
the first reactor, MF1, as a template, but the design was modified to better facilitate single
crystalline growth. The environment of the reactor is a very important consideration for
crystal growth, and slight variations can cause critical defect incorporation into the

crystal lattice. Many conditioning runs were required to facilitate the epitaxial growth of
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the different polytypes of SiC, and constant switching of the primary hot-zone required
for the growth of hexagonal 4H-SiC and 6H-SiC to the hot zone required for 3C-SiC
consumed precious resources and time. The new reactor uses a single primary control to
monitor the three most important environmental concerns; hot-zone temperature, gaseous
flow, and chamber pressure. The new reactor has been designed to use 100 mm Si
substrates instead of the 50mm Si substrate size currently in use by MF1. The
construction, testing, and 3C-SiC epitaxial growth on Si substrate capability of a 200 mm

3C-SiC hot-wall LPCVD reactor are demonstrated through this work.
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Chapter 1: Introduction

1.1 Silicon carbide CVD

Silicon carbide has long been proven to be a very useful material for various
human endeavors. As the third hardest substance known to man with a Young’s modulus
of 424 GPa [1], it has been used as an abrasive, cutting material, and a strengthening
material in protective ballistic armor [2]. Silicon carbide has a high temperature
resistance and has no liquid phase but rather sublimates at 1800°C [3]. Silicon carbide is
also chemically inert and has little or no reactivity to most chemicals at room temperature
[3]. This last property enables SiC to be used in harsh environments.

Most recently interest has shifted from using silicon carbide as only a mechanical
and chemical material to using it as an electronic device material since SiC is a
semiconductor. Silicon carbide has many electrical properties that are useful for high
temperature, power, and high-frequency device applications. Silicon carbide is a group
IV-1IV compound semiconductor with a large, indirect bandgap, which ranges from 2.39
eV (for the 3C-SiC polytype) to 3.33 eV (for the 2H-SiC polytype) [4]. The breakdown
electric field, Enax, which is the largest electric field a material can be submitted to before
catastrophic breakdown occurs, is 2.49 MV/cm for SiC doped at 10'® cm™ [5]. When
compared to silicon, which has an E,x of 0.401 MV/cm at a doping of 10 ¢m™ , silicon

carbide has demonstrated that it can more effectively block higher voltages for less



material volume [6]. Silicon carbide also has a high saturated drift velocity of 2x10’
cm/sec, which enables the material to obtain high channel currents for microwave devices
[7, 8]. Silicon carbide also displays excellent thermal capabilities. Because the bandgap
is larger than silicon, silicon carbide has a much lower intrinsic carrier concentration and
can therefore operate at higher temperatures [3]. It also has a thermal conductivity
ranging from 3.0 W/cm-K to 5 W/cm-K depending on crystal orientation, polytype, and
carrier concentration [8]. These values, which are comparable to copper’s thermal
conductivity of 4.0 W/cm-K, enable silicon carbide to dissipate heat that causes a
decrease in free-carrier mobility [3]. Because of these properties, silicon carbide makes
an ideal candidate material for power and fast switching devices. Table 1.1 displays
some of the various electrical properties of silicon carbide and Figure 1.1 shows three of

the most popular polytype stacking sequences.

Table 1.1: Electrical properties of the most common silicon carbide polytypes [9, 10].

3C-SiC 4H-SiC 6H-SiC
Bandgap (eV) 2.36 3.23 3.0
Bre(:ﬁgogrrll_fli)eld 1 3.5 3.5
Electron Mobility
(cm® V's™) <800 <900 <400
at 300K
Hole Mobility
(cm® Vs <320 <120 <90
at 300K
Dielectric Constant
(Static) 9.71 9.661 and 10.03 || to c-axis
dimensionless unit
Dielectric Constant
(High Frequency) 6.52 6.521 and 6.70 || to c-axis
dimensionless unit
Thermal
conductivity 5 4.9 4.9
(W/cm-K)




Figure 1.1: The stacking sequence of the three commonly produced SiC polytypes [11].

Silicon carbide is a material that was not discovered until the late 1800s, although
its existence was speculated by Jons Jacob Berzelius [12]. The terrestrial formation of
silicon carbide is extremely rare and the material has only been found in diamond
inclusions and other volcanic rocks as early as the 1950°s [13]. In 1891 near Pittsburgh,
Pennsylvania, Acheson developed a process to create a substitute for diamond for cutting
and abrasive material using an electric smelting furnace [14, 15]. The furnaces general
design is illustrated in Figure 1.2. By mixing coke and aluminum silicate, he created a
silicon carbide mass with larger, hexagonal crystals that formed within voids in this mass
[14, 15]. The substance was mistakenly dubbed carborundum because it was believed to
be derived from corundum, the historical name for alumnia, Al,O3 [15]. This belief held
that SiC was formed from the combination of Al and C in the furnace, however, it was
later found to be created from the bond between Si and C, but the name still remained

attached to it [15].
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Figure 1.2: The Acheson smelting reactor displaying the reactor construction and final products of the
reaction. The SiC crystals formed in the voids [14].

Investigation into the electrical uses of silicon carbide began as early as 1892 with
Nicola Tesla and a lamp which contained carborundum, but he never fully investigated
the materials true electrical properties [15]. In 1907, the worlds first LED was created
from silicon carbide, but crystal purity and the extraction process from the Acheson style
reactors complicated the further study of the material [16]. A new reactor design was
developed by J. A. Lely in 1955 that mimicked the growth conditions found in the
Acheson process voids where the large, hexagonal crystals were formed [17]. His
reactor, displayed in Figure 1.3, enabled him to modify the crystal purity and some of the
inherent properties through environmental control [17]. Silicon carbide became the
subject of great interest as a semiconductor material, and even became more popular than
silicon and germanium. Although the environment could be controlled to a certain

extent, the material needed long time periods to produce and had many crystalline defects



[17]. The interest to use the material in commercial applications dwindled through the
1960°’s and 1970’s, but material scientists and physicists in the United States and the

former Soviet Union continued to investigate the material [3].

) Carbon from
| dissociafed sic.

E Carbon crucible.

K A~ Original sic lumps with growth of new platelike crystals.
B B—Dense layers of sic.

M C = Intergrown and twinned mass of sic platelets with
cubic overgrowth.

0 —Hex and cubic whiskers on radiation shields and
further furnace parts.

Figure 1.3: The Lely SiC reactor design [16].

Silicon carbide has seen a great resurgence since the late 1980°s when Cree Inc.
discovered that high quality epitaxy could be achieved at low temperatures using off-axis
substrates [18]. This breakthrough has reinvigorated the scientific community and has
lead to many breakthroughs for the material silicon carbide. Silicon carbide power
diodes and LED’s are regularly manufactured in today’s marketplace, and high frequency
MESFET’s and power MOSFET’s are also being developed [3]. These advances lie in
part to being able to control the reactor environment. As Lely demonstrated with his

reactor, controlling temperature, pressure, and material influx play an important role in



generating a silicon carbide crystal, and as technologies become better able to manipulate
these conditions, silicon carbide will become a larger part of the world in the areas of
power electronics, sensors, and high frequency devices.

Epitaxy is used to form the semiconductor layers necessary to produce electronic
devices. One method of creating an epitaxial layer is using chemical vapor deposition,
commonly known as CVD. Normally, silicon carbide CVD uses silane and a
hydrocarbon as the precursor gasses, and hydrogen gas as a carrier [3]. These gasses are
passed over a heated graphite susceptor, usually coated with silicon carbide or tantalum
carbide [3].

In the CVD process there are four major steps to growing an epitaxial crystal
layer [19]. The first step involves the transport of the gas precursors, via a carrier, to the
growth site. The carrier gas provides the velocity for the gasses to achieve laminar flow
[20]. Laminar flow creates a stagnant barrier layer near the surface of the susceptor, and
the heat within the chamber decomposes the precursors into simpler molecules. The
second step involves the diffusion of the reactants through the boundary layer to the
surface of the substrate. The reactants then chemically react with the surface of the
substrate and find sites to nucleate solid matter and create reaction byproducts. Finally,
the waste byproducts and remaining reactants desorb from the surface and through the
boundary layer to be transported away by the carrier gas. If the conditions for reaction

are favorable, a new layer of crystal will be formed on the substrate.

1.2 CVD reactor designs

Lely’s bulk crystal growth reactor and the numerous reactors that have followed it

are used for the bulk growth of large semiconductor crystals. Most of the electronic



devices used today need multiple layers with specific electrical properties in order to
achieve their designed functions. Thin, single-crystal films are grown on top of the base
substrates to realize these device layers, and CVD is one of the processes used to
accomplish this job.

The process of successful CVD epitaxy is strictly governed by various conditions,
and many reactors have been constructed to meet these needs and solve various problems
that have hampered single crystalline epitaxial growth process. Pressure is an important
aspect of CVD reactors and in the past CVD was preformed at atmospheric pressure [21].
The APCVD, or atmospheric pressure CVD reactor, has been replaced with LPCVD, low
pressure CVD reactors, or ULPCVD, ultra-low pressure CVD reactors, because the lower
pressures restrict unwanted gas phase reactions and improve overall film uniformity [21].
Temperature is another important factor in CVD reactions as it governs film uniformity
and precursor cracking. Cold wall CVD chambers used a design that cooled the walls of
the chamber, but the precursor gasses react non-uniformly and have a low through-put
[22]. Hot-wall CVD reactors heat the substrate area and the surrounding chamber, and
this gives the reactants a wider area to decompose over [22]. The effect allows a
reduction in gas phase reactions which can create particle formation on the substrate, and
creates a more suitable condition for highly uniform films in both thickness and doping
[23]. Another important factor in CVD reactions are the chemical precursors and the
ease in which they decompose. Plasma enhanced CVD reactors, PECVD, uses plasma
reactions to enhance the decomposition rates of the precursors [21]. MOCVD, metal
organic CVD, and DLICVD, direct liquid injection CVD, reactors use compounds which

contain metals [21].



For the vapor-phase CVD reactor, physical construction occurs mainly in two
basic geometries, either horizontal or vertical [24]. The main difference between the two
reactors is the precursor delivery system. The horizontal CVD places the reaction
chamber parallel to the ground, and the substrates are laid flat inside [24]. The gas enters
one side of the chamber and exits the other, traveling over the face of each substrate. A
vertical CVD reactor transports the gas to the chamber either from the top or the bottom
[24]. The gasses usually flow down onto the substrate, where they pass radially over the
substrate surface, and then pass out the bottom of the chamber. Illustrations of these two

chamber geometries can be found in Figure 1.4.

| |
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Figure 1.4: The general CVD chamber geometries. The (a) Horizontal hot-wall design, and (b) vertical
design, with (1) precursor inlet, (2) substrates, (3) heater or furnace, and (4) exhaust. The general CVD
chamber geometries [24].

Regardless of the design selected, all CVD reactors share the same general
operation parameters. The first item on the CVD system is the gas delivery system,
which can include gas cabinets, purge systems, bubblers, vaporizers, and injectors [25].
The second system is a metering system that controls the amounts of each gas injected
into the chamber [25]. The third part of the reactor is the actual reaction chamber. The
chamber requires a method of loading and unloading samples, a sample placement

susceptor, a chamber cooling system, and a susceptor heating system [25]. The heating



system can be implemented through RF induction, thermal lamps, or plasma. The final
element in the reactor is the exhaust system which provides a method of safely
eliminating waste reactants from the system to the outside world [25]. If harmful, toxic,
or dangerous waste gases can be produced by the reactor, a scrubber or a burn bottle is
required, and a vacuum system is inserted into the exhaust system for LPCVD to achieve

low pressure operation. Figure 1.5 displays the basic layout of a CVD system as

discussed previously.
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Figure 1.5: The general layout of a typical CVD system [25].

1.3 CVD reactor controls

To obtain a uniform epitaxial layer, in terms of both doping and thickness, a CVD
reactor must have fine degree of control over gas flow, sample temperature, and process
pressure. Gas is controlled through two methods; a metering system to change the
volumetric amount that flows into the chamber and susceptor geometry which generates

the laminar flow condition required for actual growth [10]. The volume of gas can be



controlled through an adjustable valve, either manually or automatically. The automatic
valve is known as a mass flow controller, or MFC, which uses sensors to determine the
amount of flow. The sensors compare their measured value to a calibrated value for the
particular gas that is being used, and the valve is adjusted to maintain the flow set-point
designated by the operator.

The second aspect of gas control involves reactor chamber geometry and
susceptor design. Fluid flow calculations and simulations must be created during the
design phase of a reactor to ensure laminar flow is present and turbulence is minimized or
eliminated [10]. As reactant concentration decreases over the susceptor due to reactant
consumption, a condition known as depletion results in a tapering of the epi layer
thickness over the sample [3]. This condition can be relieved by physically tapering the
susceptor to increase gas velocities in the direction of the depletion, or through designing
the susceptor to mechanically rotate the substrate [3]. The reaction chamber can also be
used to influence gas flow through tapering to increase gas velocities [10].

Temperature is controlled by imparting the susceptor with energy from a power
source. RF induction requires a tank circuit made from an inductor and a capacitor and
an AC generator [26]. The circuit is matched to the load at the frequency of the
generator, and the susceptor couples with the magnetic field produced by the inductor and
heats through IR® heating [26]. Temperature control is achieved by increasing or
decreasing the power emitted from the generator. In lamp heating, the susceptor heats
through infrared emission from the filament, and increasing or decreasing the current

through the lamp controls the infrared output [27]. Either temperature generation method
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requires the implementation of a feedback loop to compare the actual temperature of the
device to a desired operator set-point.

Exhaust and pressure control are controlled though the use of vacuum pumps.
The removal of the waste products is important to avoid precipitation and to maintain
laminar flow [25]. The exhaust system has a blower pump or fan system to create a small
pressure differential from atmospheric pressure, and the result allows the waste gasses to
flow from the higher chamber pressure potential to the lower vent potential for gas
elimination [25]. Vacuum pumps usually have one pumping speed, or through-put,
determined by the pump type and the power supplied to the pump. The pressure is
controlled in a similar fashion as the MFC. A throttle valve allows the pump line to be
constricted to restrict flow from the chamber to the pump, and can be controlled manually

or automatically by using gauges to read the pressure.

1.4 Control system theory

One method used in industry to implement automatic control of a system is the
use of a Proportional-Integral-Differentiator (PID) controller. The PID system can be
easily implemented for each of the CVD control processes discussed previously. PID is
implemented through a simple feedback closed-loop system [28]. The PID controller
works by adjusting a control signal based on the error generated between a measured
value, PV, and a set-point, SP [28]. The actual performance of the PID depends on three
separate variable conditions that modify the control variable, CV. The proportional gain,
K, is an amplifier responsible for process stability [28]. A low value causes the error to

drift away from the set-point, and a large value will induce oscillations in the control
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system [28]. The integral gain, K;, is used to drive the error drift from the proportional
gain to zero, but it can also create oscillations if set too high [28]. The final value is the
derivative gain, K4, which is responsible for the rate of change in the error to prevent the
controlled value from overshoot or undershoot of the desired set-point [28]. A low
derivative value will cause the system to react slowly, a high value will cause the system
to oscillate, and the system noise is amplified through this variable [28]. The simplest

implementation of a PID algorithm is given by the following equation:

1
CV = Kp[e(t)Jr?

fe(t)st+K, @j (1.1)
; a
where CV is the control variable, K, is the proportional gain, K is the integral gain, Kq is
the derivative gain, and e(t) is the error with respect to time [28].
Many systems use modern electronics, specifically digital processors, to
implement the PID algorithm. Integration in digital processing uses various processing

techniques to manipulate various step functions read over a specific amount of time. If

the digital processor uses rectangular integration, the base equation given in (1.1)

becomes:
R =K p(ek - ek—l) (1.2a)
I, =KiTe, (1.2b)
D, = (%j(ek ~28,+8,) (1.2¢)
(1.2d)

CV,=CV_ +B + 1, +D,

&, = SP,— PV, (1.2¢)

where K, K;, and K4 are the gain values of the proportional, integral, and derivative
control parameters, e is the error of the reading between the setpoint, SP, and the process

variable, PV, T is the sampling interval, and k is the current interval [28]. The previous
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design is referred to as a two-degree of freedom design because all of the controller’s
actions use the error, e, which is the composite of the set-point and process variable [28].
The design can multiply transient errors in the system by a quickly changing set-point
through applications in the derivative and proportional actions [28]. An alternative
method to the design uses the one-degree of freedom design where the proportional and
derivative actions only work on the process variable instead and is given in the following
equation:

P = _Kp(PVk - PVk—l) (1.3a)
I, =KTe,

(1.3b)

K
D, =— =% [PV, —2PV,_, + PV
k [T j( —2PV,, +PV,) .

where the variables are the same as explained in (1.2) [28]. Various alternative methods
and complexities exist for digital integration methods, and system designers must take the
methods used by hardware into consideration in PID design.

Many methods exist for tuning a PID system including Zieglar-Nichols's, Cohen-
Coon's, Chien, Hrones, and Reswick’s, Takahashi’s, and F. G. Shinskey’s tuning rules
[29]. Each of these systems performs an open-loop manual system test to gather data on
the system’s response to a change in the process variable. The system is stabilized and
the controller’s output is recorded and then the controller is increased by 5 to 20 percent
[29]. If the system is self regulating, as in pressure and temperature systems, a steady
state will be reached with this new stimulus, but if the system is non-regulating, the
output will keep increasing at a steady rate [29]. The data can then be graphed and one of
the tuning methods can be used to optimize the PID system. Zieglar-Nichols's method is

a simple and easy method commonly used to gain 25% damping in a system [29]. Using
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the open loop response data, the change in process variable over time compared to the
change in controller output is calculated to gain a process rate per change in controller
output, RR [29]. The process dead time, or the time required for the system to accelerate
to the response, is calculated for the system and the PID values are generated as shown in

Figure 1.6.
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Figure 1.6: (a) The open loop response curve for a self regulating system and (b) the open loop response
curve for a non-regulating system with the Zieglar-Nichols's optimum method calculations [29].

1.5 Summary

Silicon carbide is a promising wide bandgap semiconductor material that displays

electrical properties well suited to power devices and high frequency applications, and it
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Appendix C: (Continued)

Figure C.3: The PC style electronic board 2 for the mounting of the relays and various electronics needed
to activate various controls on the reactor. The color green denotes the back side copper, the red denotes
front side copper connections, and the white is the silkscreen for part descriptions.
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Appendix C: (Continued)

Figure C.4: A picture showing electronic board 2 with mounted relays, breakout wiring, and electronics on
the right hand side.
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Appendix D: Pump starter motor wiring schematic

This section contains a sketch of the safety system and motor starting system for
the Edwards DP40 dry pump. The pump receives three-phase power through 120VAC
coil relay, and the coil current is activated by one of three switches; a momentary
physical “on” switch, a momentarily activated computer signal relay, or the low current
sensor relays. The computer and physical switches are wired in parallel and are used to
bypass the low current sensors which will only operate when the pump is activated and
consuming power. The safety relays, the water sensor, thermal snap switch, and current
overload sensor, are located after the parallel starting system and are wired in series. A
fault in any of these sensors will open the current path, and deactivate the 120 VAC coil
relay. Two final switches, a physical switch and a computer signal relay switch are
placed in the series line to enable the cessation of current to stop the pump when it is not
in use and enable the pump to be disengaged for emergencies. A 120VAC relay is placed
in the series line to communicate pump activation to the computer for the safety
interlocks. When the 120VAC current can flow through this path, the coil magnetically
closes the 3-phase relay and allows the pump to activate. The three-phase line has two
safety switches in line, one knife switch with fuses for overload protection located on the
wall of the cleanroom, and a emergency cut-off switch located above the starter to meet

OSHA safety requirements.
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Appendix D: (Continued)
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Figure D.1: A hand drawn sketch of the starting system for the vacuum pump motor. Safety wiring in
series ensures that any fault will deactivate the system.
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Appendix E: (Continued)
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Appendix E: (Continued)
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SCCM file path file path is the path name of the file. If file path is empty
(default) or is <Not A Path>, the VI displays a dialog box from which you
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Appendix E: (Continued)
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Appendix E: (Continued)
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String
Operation
Operation 2
Rate (sl/ccm)
Gas Flow
Safety
Process
Vent 2
SLM Gas Level
RF KW Power
K1 Status
K2 Status
Purge Flow
Valve Position %
Pump N2 On
Pressure Output Torr
Power Loss

Top Ar Auto Counter
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Appendix E: (Continued)

Block Diagram
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Appendix E: (Continued)
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Appendix E: (Continued)
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Appendix E: (Continued)
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Appendix E: (Continued)

False -

. °E'> Main Yent Ling
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List of SubVlIs and Express VIs with Configuration Information
Cerin. VISA Configure Serial Port
goied|  C:\Program Files\National Instruments\LabVIEW 7.1\vi.lib\Instr\ visa.llb\VISA
Configure Serial Port

Record VI.vi
FED C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\General Use\Record VI.vi
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Appendix E: (Continued)

B

Timer

[zl
L]

=1

Emergency Safety.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\Emergency Safety\Emergency Safety.vi

Gas Control.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\Gas Control\Gas Control.vi

Temperature Control.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\Temperature Control\Temperature Control.vi

Digital Output Sample Channel.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\General Use\Digital Output Sample Channel.vi

Digital Input Sample Channel.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\General Use\Digital Input Sample Channel.vi

Timer.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\General Use\Timer.vi

Analog Output Sample Channel.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\General Use\Analog Output Sample Channel.vi

Analog Input Sample Channel.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\General Use\Analog Input Sample Channel.vi

MKS600Remote2.vi
C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\Pressure Contro\MKS600Remote2.vi

Time Delay
Time Delay
Inserts a time delay in the Express VI.

This Express VI is configured as follows:

Delay Time: 0.5 s
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Appendix E: (Continued)

Time Delay2
Time Delay

Inserts a time delay in the Express VI.

This Express VI is configured as follows:
Delay Time: 1 s
Purge Gas.vi

C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\Gas Control\Purge Gas.vi

Time Delay5
Time Delay
Inserts a time delay in the Express VI.

=

This Express VI is configured as follows:

Delay Time: 0.5 s

Time Delay6
Time Delay

Inserts a time delay in the Express VI.

This Express VI is configured as follows:

Delay Time: 1 s

(=]

e VISA Configure Serial Port (Instr).vi
W | C:\Program Files\National Instruments\LabVIEW 7.1\vi.lib\Instr\ visa.llb\VISA
Configure Serial Port (Instr).vi

Record VI.vi

Connector Pane
SCCM File path (dialag if &...
SLM file path (dialog iF em...
SLM Array Record
SIZCM Array = EERE
Temperature Array
Temp file path (dialog if ...
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Appendix E: (Continued)

Front Panel

Controls and Indicators

SLM Array

Array 2[4]
SCCM Array

Array 2[2]
Temperature Array

millisecond timer value

SCCM file path (dialog if empty) file path is the path name of the file. If file path
is empty (default) or is <Not A Path>, the VI displays a dialog box from which
you can select a file. Error 43 occurs if you cancel the dialog box.

SLM file path (dialog if empty) file path is the path name of the file. If file path is
empty (default) or is <Not A Path>, the VI displays a dialog box from which you
can select a file. Error 43 occurs if you cancel the dialog box.

Temp file path (dialog if empty) file path is the path name of the file. If file path

is empty (default) or is <Not A Path>, the VI displays a dialog box from which
you can select a file. Error 43 occurs if you cancel the dialog box.
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Appendix E: (Continued)

Block Diagram
LM file path {dialog if empty)]

emperature Arra
i

List of SubVIs and Express VIs with Configuration Information
f- Write To Spreadsheet File.vi
(] C:\SiC CVD\Control System\Control System MF2\Control Systems
Programs\General Use\Write To Spreadsheet File.vi

Write To Spreadsheet File.vi
Converts a 2D or 1D array of single-precision numbers to a text string and writes the string
to a new byte stream file or appends the string to an existing file.

Connector Pane
Format (%, 3F) nnnnensnsnnnney

file path {dialog if empty B e | niew File path (Mak & Pathi. ..
20 data =1
10 data

)

append ko file? (new file:F E
delimiter (Tab)
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Appendix E: (Continued)

Front Panel

Controls and Indicators
file path (dialog if empty) file path is the path name of the file. If file path is
empty (default) or is <Not A Path>, the VI displays a dialog box from which you
can select a file. Error 43 occurs if you cancel the dialog box.

1D data 1D data contains the single-precision numbers the VI writes to the file if
this input is not empty.

1D data contains the single-precision numbers the VI writes to the file if
this input is not empty.

append to file? (new file:F) Append to File? indicates whether to append the data
to an existing file.

[Eeid 2D data 2D data contains the single-precision numbers the VI writes to the file if
1D data is not wired or is empty.

2D data contains the single-precision numbers the VI writes to the file if
1D data is not wired or is empty.

format (%.3f) format specifies how to convert the numbers to characters.
transpose? (no:F) If transpose? is TRUE, the VI transposes the data after

converting it from a string.
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Appendix E: (Continued)

delimiter (Tab) delimiter is the character or string of characters, such as tabs,
commas, and so on, to use to delimit fields in the spreadsheet file. The default is a
single tab character.

prompt
new file path (Not A Path if cancelled) New File Path returns the path to the file.

Block Diagram

Function 1: open or create file and write at
ECF
Function 2: create ar replace File {with

rornpk
abe

¥o— || hiew File path (Mot A Path if cancelled?]

kvpe of display (conkinue
ot skop message)

L)

[Clase File+.vi]  |General Error Handler . vi|

File path {dialog if empty

ppen or create file

[OpenyCreate/Replace File,vil

konver eal ko current platform]

Elmber (Tan

instruckions
rray to Spreadsheet separates columns with tab charackers and rows with EQL characters, IF wour spreadshest =
pplication needs different separators or terminakors, use the Search String and Replace VI from the examples!
eneralfstrings. b library {or something equivalent) at the output of Array to Spreadsheet String bo modify the
tring.

ou can modify & copy of this Y1 to accept arrays of strings by changing 20 data and 10 daka arrays to arraws of -

-

List of SubVIs and Express VIs with Cﬁguration Information

General Error Handler.vi
E: C:\Program Files\National Instruments\LabVIEW

7.1\vi.lib\Utility\error.llb\General Error Handler.vi

g Write File+ (string).vi
W] C:\Program Files\National Instruments\LabVIEW 7.1\vi.lib\Utility\file.llb\Write
File+ (string).vi
v Close Filet.vi
@ £ | C:\Program Files\National Instruments\LabVIEW 7.1\vi.lib\Utility\file.llb\Close
File+.vi
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