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Probe card-Type multizone electrostatic chuck inspection system

Yoon Sung Koo, Jae Hwan Kim, Chan Su Han and Sang Jeen Hong

Department of Electronics Engineering, Myongji University, Yongin, Republic of Korea

ABSTRACT
Electrostatic chucks (ESCs) are major components of the equipment used to improve the pro-
duction yield of wafers and temperature uniformity across wafer surfaces by controlling the
wafer temperature precisely. However, ESCs are directly exposed to harsh environments, such
as plasma, chemical gases, and high temperature fluctuations. Therefore, ESCs may malfunc-
tion if used for a certain period. Therefore, repair and performance verification of failed ESCs are
required. In this study,wedeveloped amultizoneprobe card system suitable for electrical testing
of the heating electrodes embedded in ESC controlmodules to correlate the failuremode factors
of ESCs. This system has the advantages of examining the resistance of the internal heating elec-
trodeof a 144-zone ESC in a short time anddetecting an abnormality in this component basedon
the measured data. The heating electrode resistance measurement error rate of the developed
system was 1%, and the maintenance time was reduced by approximately 66% compared with
that of existing ESC maintenance methods.
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Introduction

Owing to the miniaturization and complex integra-
tion of semiconductor manufacturing processes, tradi-
tional planar-type device technology followingMoore’s
law suffers from problems, such as short-channel effect
and gate oxide control. Hence, three-dimensional (3D)
structured devices have been developed. However, the
overall process time is continuously increasing, and
new technologies, such as high-aspect ratio etching,
and high-level process control are required [1, 2]. Par-
ticularly, the temperature uniformity of a wafer surface
affects the etch rate. Therefore, the temperature distri-
bution must be the same at all positions on a wafer to
obtain uniform process results [3, 4]. However, the pro-
cess chamber has structural limitations, and the tem-
perature distribution from the centre to the edge of a
wafer is non-uniform. Therefore, an electrostatic chuck
(ESC) is employed to achieve uniform temperature dis-
tribution over an entire wafer.

ESC significantly affects the surface temperature of a
wafer inside the plasma process chamber. To increase
the temperature uniformity of a wafer, ESC heating
electrode should be changed from single-zone tomulti-
zone [5].With a single-zone heater, temperature control
at the centre of a wafer is dominant; however, tem-
perature control at the edges is difficult. To control
the temperature distribution more precisely, multizone
ESC with multiple zone heaters, such as two- and four-
zone heaters, has been developed. In multizone ESC
withmultiple heaters, there is a heating circuit that con-
trols the temperature by supplying power to the heating

electrode in each heating zone [6]. As the heating area
is increased, the temperature uniformity of a wafer is
increased. Therefore, various multizone ESCs are con-
tinuously being developed to enhance the temperature
uniformity of wafers [7, 8].

ESCs are exposed to harsh environments, such as
temperature rising and falling conditions, high vacuum,
and plasma, which can cause physical damage. Partic-
ularly, the interface of an ESC experiencing repeated
high-temperature variations undergoes exfoliation or
cracking owing to the difference in the thermal expan-
sion coefficients of the upper ceramic plate and heat-
ing electrode [9, 10]. Repeated temperature fluctuation
affects the metal resistance component of the heating
electrode. This lowers the temperature control function
of the ESC, thereby reducing the temperature unifor-
mity of a wafer. An ESC has individual heating areas
of different sizes and a variable-length heating elec-
trode, as shown in Figure 1. Therefore, the resistance
component of the heating electrode varies in differ-
ent locations. To repair an ESC whose temperature
control function has degraded, the resistance of the
heating electrode should be measured and evaluated
[11]. During the measurement process, an operator
manually measures the resistance of the heating elec-
trode using a multimeter. As the number of heating
zones increases, the time required to measure the resis-
tance also increases. Moreover, a measurement error
can result in incorrect diagnosis. Therefore, a system
that can measure temperature promptly and accurately
is required. In this study, we propose a probe card-type
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Figure 1. Drawing of ESC heating zones and heating electrodes.

inspection system suitable for functional testing of
ESCs to reducemaintenance procedures. Increasing the
heating zones of ESCsmakes functional testing difficult
during traditional maintenance. The proposed system
has the advantages of inspecting the heating electrode
resistance component of a multizone ESC faster than
that required in traditional maintenance and determin-
ing whether the heating electrode is abnormal based on
the acquired data. In the Measurement System Design
section, we summarize the literature on the methods
used for measuring heating electrode resistance in a
multizone ESC and present the measurement methods,
algorithms, and circuit designs used in this study. In the
Experimental Apparatus section, we provide the exper-
imental procedure for measuring the resistance of the
heating electrode inside an ESC. The Results and Dis-
cussion section discusses the performance of the probe
card system (PCS) according to the measured data.
Finally, the Conclusion section presents the conclusion
of this study.

Measurement system design

Generally, a probe card refers to a component used
for equipment inspection that selects defective prod-
ucts by determining their electrical performance and
identifying circuit failure by physically contacting the
manufactured integrated circuit (IC) chip on a wafer.
A probe card comprises of a thin wire probe attached
to a specific standard circuit board. There are vari-
ous types of probe cards, including horizontal, ver-
tical, and micro electro-mechanical system [12, 13].
Multiple probe tips are required to inspect the manu-
factured chips on wafers. Different probe tips may be
used depending on the test equipment. Digital control
of multiple-channel multiplexers (MUXs) is required
for efficient inspection [14]. The probe card developed
in this study was designed on a printed circuit board
(PCB) as it was confirmed to be suitable for measuring
the resistance of ESC heating electrodes. Figure 2 shows
a schematic of the probe card-type heating electrode
resistance measurement system. The top-side ceramic

Figure 2. Schematic of ESC heating electrode resistance measurement system.
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puck was debonded from the base metal plate of an
ESC to be tested during the repair procedure to exam-
ine the heating electrode terminal on the backside [15].
Multiple probe tips were placed under the PCB based
on the terminal position of the heating electrode. All
probe tips were rounded to prevent damaging the heat-
ing electrode terminal, and all probe tips needed to be
in contact with the terminal. A spring-type probe tip
with amovement range of 1mmwas selected for all ter-
minals to be in constant contact, and uniform contact
with the heating electrode terminal was ensured. Each
probe tip had a length of 6 mm and radius of 1.5 mm.
Tominimize physical scratches on the heating electrode
connector of the test ESC, a round shape was selected
for the contact area of the probe tip. The probe tip was
finished with gold and nickel to allow electrical signals
to pass through.

In the measurement system, a multiplexer, a micro-
controller unit (MCU),MUXs, a regulator, a debugging
port, and cables to receive the user input signals were
set up on the top of the PCB. Several probe tips were
located at the bottom of the PCB. Two probe tips mea-
sured the resistance of the heating electrode of the test
ESC. The MCU controls the MUXs and selects the
probe tip. The selected probe tips measure the resis-
tance of the heating electrode using a digitalmultimeter
(DMM) connected to the MUXs. The measured resis-
tance is transmitted to a PC via a USB. The operation
block diagram of the system is shown in Figure 3.

The heating mechanism of the heating electrode of
an ESC follows Joule’s law, which states that heat is
generated when current is supplied to a metal body.
Therefore, to heat a wafer, an electric current is supplied
to the heating electrode in an ESC. However, when this
current is delivered to thewafer, it can act as noise in the
process plasma. Additionally, a high thermal conduc-
tivity material is required to uniformly heat the entire
area of a wafer. Therefore, aluminum nitride and alu-
mina were used as heating electrodes owing to their
excellent electrical resistance and thermal conductivity

Figure 3. Block diagram of operation circuit.

Table 1. Classification of resistance.

Classification of resistance Range Measurement method

Low resistance <1 Ω Kelvin bridge and
potentiometer method

Middle resistance 1 Ω–1 MΩ Wheatstone bridge and
voltage drop method

High resistance >1 MΩ Megger, intuitive method,
and voltmeter method

[16]. The metal resistance of the heating electrode of
an ESC follows the following relationship: R = ρL/A,
where ρ is the resistivity of the metal, L is the length
of the metal line between two terminals, and A is the
area. The resistance in the electric circuit prevents the
flow of current and causes a voltage drop. The resis-
tance between two points in the circuit can be expressed
as a ratio of the voltage and current [17], and depend-
ing on its value, it is classified into low, medium, and
high resistance. As summarized in Table 1, circuits can
be measured precisely based on the resistance value.
The resistance measurement range of an ESC heat-
ing electrode corresponds to the megaohm range, i.e.
high resistance [18]. In this study, a DMM (HIOKI’s
DT-4282) with a built-in Megger circuit was used to
accurately measure the resistance in megaohm using a
9.6 nA current source and internal reference resistance.

The ESC heating electrode resistance measurement
systemwas designed using the layout tool of the EAGLE
PCBdesign programmeofAutodesk. First, a circuit was
designed to measure the resistance of an ESC heating
electrode using the EAGLE logic tool. Before creating
the circuit diagram, components considering the actual
environment and operating functions were selected.
Two 16:1 MUXs (ADG1606-Analog Device) with a
switching speed of 600 ns were used to rapidly control
the multiple probe tips, and an MCU (ADuCM362-3-
Analog Device) with an operating frequency of 16 MHz
was selected to control the MUXs and process user sig-
nals. Designed for future use in actual equipment envi-
ronments, the operating temperature of the electronic
parts was ensured from −40 to 125 °C. The circuit dia-
gram was designed by referring to the datasheet of the
parts. Figure 4 shows the designed circuit diagram and
PCB layout.

Experimental apparatus

An ESC comprises several complex layers, such as a
ceramic plate on which a wafer is supported, an elec-
trode that fixes the wafer with electrostatic force, and
a heating electrode that raises the temperature. Addi-
tionally, it includes a He path that increases the heat
transfer between the ESC and wafer and a cooling path
that controls the temperature of the chuck. A cross-
sectional view of the ESC structure is shown in Figure 5.
The heating electrode of an ESC has a part that applies
power to each zone, and the shape or position of the
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Figure 4. Measurement system logic (top) and PCB layout (bottom).

Figure 5. Structure of ESC.

power applied to the heating electrode changes with the
designer.Moreover, components other than the heating
electrode should be considered in the design process
[19, 20]. In Figure 5, only a part of the design of the
ESC heating electrode resistance measurement system
is presented. The heating electrode of anESC,which has
high thermal conductivity, forms a heating electrode
circuit pattern on the ceramic plate. The heating elec-
trode circuit pattern has various forms depending on
the designer, e.g. a coil pattern consisting of a twisted
metal wire and a planar pattern. An ESC designer may
design a heating electrode with a high heat generation
rate using the resistance equation (R = ρL/A) and Joule
heating equation (H = = Rt). Furthermore, achieving
high adhesion between the circuit and ceramic mate-
rial, high oxidation resistance and temperature adapt-
ability, high heating density and resistance, and low

manufacturing cost must be considered in the design
[21, 22].

When the resistance of the heating electrode of an
ESC decreases, the current flowing into it may flow
into the attached wafer, causing arcing and short cir-
cuits [23]. Moreover, metal atoms and electrons collide
with each other when power is supplied to the heating
electrode, and voids formed by electromigration can
result in disconnection. Persistent disconnection sug-
gests that the power supplied to the heating electrode is
transmitted inappropriately, and thus effective temper-
ature control cannot be achieved. When such problems
occur, a high-accuracyDMMis required tomeasure the
resistance of the heating electrode.

In PCS, a probe tip contacts the exposed heating
electrode terminal. When power is supplied to the
PCS, MCU drives, and programmes stored in the flash
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Figure 6. Schematic of ESC heating electrode resistance
inspection system (top) and its connection to ESC (bottom).

memory are implemented sequentially. When receiv-
ing an input signal from a user, the MCU controls a
probe tip using the MUXs and measures the resistance
of the heating electrode. As the probe tip is changed,
the zone of the heating electrode of the ESC to be mea-
sured changes. Because the resistance of the heating
electrode is high, 15 − 20 s are required for the DMM-
measured value to stabilize. Therefore, MCU controls
the MUXs to change the position of the probe tip and
measure the stable resistance value after 20 s. After
measuring the resistance, the position of the probe
tip is changed again. Figure 6 shows the experimental
environment.

The software used to measure the resistance was
provided by the DMM manufacturer. The resistance

is measured every second, as shown in Figure 7, and
saved as a comma-separated value (.csv) file after all
heating zonemeasurements are completed. The coordi-
nates of the heating electrode region are matched with
the heating electrode recorded in the csv file. The over-
all resistance distribution is obtained by displaying the
corresponding heating electrode resistance map. In a
144-zone ESC heating electrode region map, the heat-
ing electrode resistance value is visualized based on the
minimum and maximum values. Then, the maximum,
central, minimum, and average heating electrode resis-
tance values in the heating electrode resistance map are
calculated. The overall system flowchart is shown in
Figure 8.

The ceramic plate of an ESC is an important part
in direct contact with a wafer during the process, and
there should be no particles and scratches on it. If it
is damaged, wafer chucking is performed inappropri-
ately. Therefore, it must be repaired again. Currently,
as ESC parts are expensive (more than USD 20,000
per unit) [24], a method to protect the ceramic plate is
required when measuring the heating electrode resis-
tance. In this study, self-made jigs, which were used to
prevent the possibility of damage to the ceramic plate
of an ESC, ensured strong performance of the heating
electrode. Generally, jigs are used to store wafers after
the processing is complete and to minimize the effects
of particles and contamination [25]. Top and bottom
jigs were designed, as shown in Figure 9. The follow-
ing positioning order was ensured: bottom jig, ESC,
PCS, and top jig. An alignment key was used to align
the heating electrode terminals of an ECS with the PCS
probe tips. Once the alignment is complete, ESC and
PCS are secured using the jigs with bolts (M10× 40
mm). The top jig is fixed to the PCS board, whereas
the bottom jig is fixed to the ESC ceramic plate 3.5

Figure 7. HIOKI’s DT4282 DMM user interface software.
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Figure 8. System operational flow.

Figure 9. Jig design, 3D side view (left), and mounting schematic (right).

mm away from the bottom to protect it from parti-
cles and scratches. The manufactured jigs, as shown in
Figure 10, are formed of polyether ether ketone, which
has excellent insulation and chemical resistance.

Results and discussion

If a PCS measures the resistance of the heating elec-
trode of an ESC inaccurately, it cannot diagnose the
temperature control function error of the ESC. Sev-
eral parasitic resistances, such as the operating resis-
tance of the components, parasitic resistance of PCB
copper wire connecting the components, and contact
resistance of the probe tips, can affect the ESC heating
electrode resistance measurement. Therefore, the resis-
tance of the heating electrode of an ESCusing the devel-
oped PCS was measured after experimentally verifying

the PCS accuracy. Figure 11 shows the PCS accuracy
verification results obtained using a standard resistor.
The ESCheating electrode resistance value corresponds
to high resistance. Therefore, standard resistances of 10,
40, and 100 M� were used. Figures 11 (a1, b1, and c1)
and (a2, b2, and c2) show the standard resistance values
measured with the PCS and using the DMM without
the PCS, respectively. Figure 12 depicts the circuit for
representing the component parasitic resistance, which
impacts the PCSwhen theDMMmeasures the standard
resistance. The on-resistance of the MUXs was 14 �,
whereas the contact resistance of the probe tip was 20
m�, as per the component datasheet. The resistivity of
the PCB line is given as

R = ρL
A

[1 + {T0 × (T − T25)}], (1)

Figure 10. ESC and PCS fixed to jigs using bolts (M 10× 40 mm).
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Figure 11. Standard resistance measurement results with PCS (10 MΩ (a1), 40 M� (b1), and 100 M� (c1)) and without PCS (10 MΩ
(a2), 40 M� (b2), and 100 M� (c2)).

Figure 12. PCS resistive component equivalent circuit.

where ρ is the copper resistivity (1.7× 10−6 �cm), L
is the PCB copper line length (mm), A is the area, and
T is the temperature (°C). T0 is the copper temperature
coefficient (25 °C = 3.9× 10−3 �/°C), andT25 is 25 °C.
Because the PCS is considered to be used at 25 °C and

there is no temperature difference in the copper line, it
is unnecessary to consider the copper temperature coef-
ficient. A PCB line resistance of approximately 1 � was
calculated using Eq. (1). The parasitic resistance of the
components of the PCS is approximately 30�, which is
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Figure 13. Standard resistance error rate distribution using PCS; (a) 10 MΩ, (b) 40 M�, and (c) 100 M�.

Figure 14. 144-zone ESC heating electrode resistance area maps.

smaller than the standard resistance. Therefore, it does
not affect the error rate.

Error Rate (%) = | Measured(R) − Real(R)|
Real(R)

× 100,

(2)

where measured (R) is the standard resistance value
measured by PCS, whereas real (R) is that measured by
DMM. The standard resistors shown in Figure 13(a–c)
are 10, 40, and 100 M� (±5% tolerance), respectively.
When comparing the measurement results of the PCS
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Table 2. PCS error rates.

(a) (b) (c)

Standard resistance value (MΩ) 10 40 100
Real resistance value (MΩ) 10 40.1 99.8
Measured resistance value (MΩ) 10.1 40.4 99
Max. error rate (%) 1 0.75 0.8

Table 3. 144-zone ESC heating electrode resistance.

(a) (b) (c) (d) (e) (f )

Max. (MΩ) 600 119.2 46.3 65.4 83.2 73.3
Middle. (MΩ) 303.7 66.2 35.6 51.5 68.5 58.9
Min. (MΩ) 7.5 13.2 25 37.7 53.9 44.6
Max.−Min. (MΩ) 592.4 52.9 21.2 13.8 29.3 28.7

and DMM, the maximum error rates in the 10, 40,
and 100 M� heating electrode resistance maps were
1%, 0.75%, and 0.8%, respectively. In the test envi-
ronment, errors may be due to the contact resistance
when connecting the standard resistance with a probe
tip, parasitic resistance of the line connecting a probe
tip, and standard resistance tolerance. However, these
errors were negligible compared to that of the standard
resistance. Table 2 summarizes themeasurement results
and error rates.

In the etching process, several phenomena, such as
non-uniform sheathing at the wafer edge and chemi-
cal dislocation discontinuities, cause temperature dif-
ferences between the chamber and wafer [26]. Heat is
transferred from high to low temperature areas owing
to the radiation effect. Inside the process chamber, the
centre of an ESC has a relatively higher temperature
than that of the chamber wall. Therefore, heat is trans-
ferred from the former to the latter. Additionally, wafer
temperature control can be improved by designing the
ESC heating electrode resistance value to increase from
the centre to the edge by Joule heating (H = I2Rt).

The actual temperature performance evaluation
requires a control unit and software of the ESC. How-
ever, these were unavailable, and the resistance was
measured by separating the ESC from the equipment.
Six types of 144-zone ESCs were measured, and the
experiments were conducted in a clean room to prevent
contamination. The standard specification for the resis-
tance of the heating electrode of each 144-zone ESC
has not been established. Figure 14(a–f) show the heat-
ing electrode resistance maps obtained after measuring
the heating electrode resistance of each 144-zone ESC
model using PCS. As shown in Figure 14 (a), the heat-
ing electrode resistance exceeded 600M�, which is the
DMM measurement limit. Consequently, the heating
electrode was disconnected. If a heating electrode is
disconnected, no power is supplied. Thus, the temper-
ature control function cannot be performed, and the
heating electrode must be repaired. Figure 14 (b)–(f)
show a trend of increase in resistance from the centre
to the edge. The value varies depending on the 144-
zone ESC model and the period of use. Table 3 lists

the heating electrode resistance for each 144-zone ESC
model.

Conclusion

In this study, a PCS bonded to a 144-zone ESC heat-
ing electrode resistance measurement system was pro-
posed. A maximum error rate of 1% was obtained
through PCS accuracy verification experiments using
a standard resistor. This value can be considered neg-
ligible because it falls within 5% of the allowable range
error of standard resistors. Therefore, the heating elec-
trode resistance measured using the PCS is reliable.
The number of heating electrode zones of the ESC
used in the experiment is 144. A 144-zone ESC heat-
ing electrode resistance map represents the ESC heat-
ing electrode resistance distribution. When the DMM
measurement limit was exceeded, 68 heating electrode
zones were disconnected. When a heating electrode
was disconnected and power could not be supplied, the
temperature control function could not be performed.
By introducing PCS, themaintenance timewas reduced
by approximately 66% from 3 h to 1 h. Therefore, the
maintenance efficiency was improved. Although the
resistance of a heating electrode could not completely
indicate the state of the ESC, the state in which the
heating electrode was disconnected can be verified.
Additionally, the temperature control function could
not be performed. If this system is further developed
to measure the voltage and current used for tempera-
ture control of the heating electrode and voltage used
for wafer chucking, it will be a useful ESC inspection
system that can comprehensively evaluate the status of
an ESC.
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