METHOD AND APPARATUS FOR A VOLTAGE/CURRENT PROBE
TEST ARRANGEMENTS

Inventor: Gary M. Lemson

BACKGROUND OF THE INVENTION

[Para 1] Advances in plasma processing have facilitated growth in the semiconductor
industry. During plasma processing, diagnostic tools may be employed to ensure high yield of
devices being processed. Radio frequency (RF) electrical measurements may be utilized as a

diagnostic tool for monitor and/or control of plasma electrical properties to maintain tight
control of process parameters during plasma processing. _ '

[Para 2] | During plasma processing, RF electrical measurements, e.g. voltage (V) and/or
current (), may be collected by a probe, e.g., TCP Kiyo v™ or TCP Kiyo 45 VI™ probe

available from Lam Research Corp. of Fremont, California, for plasma diaguostic. The plasma '
diagnostic data from the probe may allow for determination of plasma potential, floating
potential, electron density, and/or electron energy distribution function. However, accurate
values for the plasma parameters may be difficult to determine because of the complexities.

involved in calibration and/or control of high RF voltage and/or current probe(s).

[Para3]  Inorder to calibrate a probe to measure high RF voltage and/or current, a high
RF voltage "and/or current test system with a high RF power generator is heeded. A typical
commercially available high power RF generator may deliver up to 500 volts at an accuracy of
“about 10 percent in a 50 Ohms system However, the RF voltages being measured during |
plasma processmg may exceed 6 OOO volts peak with a minimum accuracy requirement of
about 1.5 p_ercent traceable back to a National Institute of Standards and Technology (NIST)
standard. Thus,'commercially available high power RF generators may not have the high RF
power or the accuracy requi.rements for data collection employed by a probe for plasma

- diagnostic. -~ o | ’ |

[Para 4] Referring to Flg 1 a 51mpl1ﬁed schematic of a prior art RF dehvery path lOO
for the voltage test arrangement is shown. The RF power is supplled by a smgle air cooled
300 Watt generator 102, i.e. maximum output at 50 Ohms impedance, operating at about 13.56
MHZ ~ The RF power output from generator 102 is routed by coaxial cables to a coaxial - |

switch network 122. -




[Para 5] As shown in Fig. 1, coaxial switch network 122 may be configured with a first
switch (SW1) 104 and a second switch (SW2) 106. A 20 decibel (db) coaxial attenuator 110 is
placed in the RF delivery path to enhance low power functionality by controlling SW1 104 and
SW2 106. Attenuator 110 is employed to reduce power output from high RF power generator

102 to provide stability in the lower voltage test range.

[Para 6] For example, in the lower voltage range of about 200 to about 1,000 volts peak,
SW1 1 04 and SW2 106 may be switched to select attenuator 110. For the higher voltage range
of about _2,000 to beyond 6,000 volts peak, SW1 104 and SW2 106 may be switched to the

~ high RF delivery path 108. In either case whether the attenuatof is switched in or switched out,
the power is routed to a V-load network 112.

[Para 7] In the example of Fig. 1, a position indioator 118 is coupled to SW1 104 and

SW2 106. Position indicator 118 serves to monitor whether attenuator 110 has been selected to
prevent hot switching. As the term is’v employed herein, hot switching refers to switching when

there is output.power' coming out from the generator. Hot switching is not desirable during

high RF power operations.

[Para 8] The signals coming from position indicator 118 are routed through control
printed circuit board (PCB) 114._ The signal conditions are read back over a data acqulslt1on' |
(DAQ) inputs/outputs (I0) 120 ihto a computer 116. Then the software algorithm in computer -
116 1nterprets the signal condltlons to determine Whether to proceed or halt the test dependmg

on whether the switches are selected correctly

[Para 9] In general, commerelally available high power RF generator‘ 1.02 operates at.
about 50 Ohms with 300 watts of power. When operating a 50 Ohms system, enormous
“amounts of power, is needed to attain the desired high RF voltages, e.g. 10 kilowatts for 1000
volts peak o 360 kilowatts for 6,000 Volts peak. In order for standard off- the- shelf RF
generators to work, the RF generator may be 1ntegrated into a high 1mpedance circuit to
generate the higher Voltages necessary for calibration of the probes. V- load network 1 12 is an

example of a high impedance cu’cul’_t that is tuned to deliver the required voltage range..

[Pai‘a 10] Fig. 2 shows a si_mpliﬁed' schematic of a prior art voltage load network ,
- arrangement 200. In the example of Fig. 2, RF power is supplied by a 50 Ohms RF generator.
-202. ‘The RF power signal is passed through a high impedance matched V-load network circuit -

212 to generate high voltages necessary for plasma applications.



[Para 11] V-load network circuit 212 is configured with a first variable capacitor (C1)
204, a second variable capacitor (C2) 206, a third variable capacitor (C3) 208, and an inductor
210. The V-load network 212 is tuned to resonate at about 13.56 MHz. In this resonant
system, the impedance needs to be matched between generator 202 and an output 216.
Otherwise, generator 202 may run in an unstable condition and possibly shut down. With the

' input impedance from RF generator 202 of 50 Ohms, output 216 from V-load network circuit
2121is tuned to match the impedance of a probe 218 and a V-ref214. The V-ref output signal
214is Sent to an RF voltmeter (RFVM) 215. Hence, in a matched network, the high
impedance allows very high voltages to be sustained at output node 216. However, in order to
calibrate probe 218, the high voltage output needs to have better accurac'y than the capability of
off-the-shelf measurements. For example, plasma applications require the measurement

accuracy to be within about 1.5 percent over the range of high RF voltages being measured.

[Para 12] Referring to Fig. 3, a simplified schematic of a prior art RF voltage control
arrangement 300 is shown. In the example of Fig. 3, a software algorithm in a computer 316
may send a command to a dat_a_ acquisition board (DAQ) 320 to output an analog signal to
~drive a software-defined set point 324 to a high power RF generator 302. Hence,.set point 324

' may instruct generator 302 how much power to output.

[Para 13] The power signal .output from generator 302 is routed thrOugh a switched
network 322 to a V-load network 3 1.2. From V—load network 3 12, the signal, V-ref output 314,
is measured. | The V-ref-output signal 314 is sent to an RF voltmeter (RFVM) 315. The signal
from REVM 315 is sent as data to a general- purpose interface bus (GPIB) 31 8 and is read by

computer 3 6. .

[Para 14] In aforementioned closed-loop RF voltage control arrangement data from GPIB
318 is compared with software-defined set point 324. For example, if a voltage at the V- load
| network 3 12 of 200 volts peak is desrred a software defined set point 324 of 200 volts peak

may be set. Ina closed-loop control, for example, the voltage value from the data coming back“_
| over GPIB 318 may be compared to generate the controlfsignal DAQ 320, going back to RF
generator 302. The process may be iterated through a control loop algorithm to achieve a V-

ref output W1th1n the desired accuracy, e.g, 1.5 percent of software defined set point 324.

[Para 15] Unfortunately, the aforementroned prror arts suffer from a few deﬁcrencres Tn
the case of commer01a11y avallable RF generator the Voltages are in the ranges of up to about

500 volts peak. The 500 volts peak range is not hlgh enough for the plasma apphcatlons In .




addition, the voltage measurement accuracy of about 10 percent from commercially available
RF generators may be inadequate. In the case where commercially available RF generator has
been integrated into a V-load network, the voltage range and accuracy are within acceptable
limits for plasma application. However, the high RF voltage test system does not have RF
current measurement capabilities. Therefore, only voltage probe may be calibrated by the prior

art high RF voltage test system.

SUMMARY OF INVENTION

[Para 16] The invention relates in an embodrment to a diagnostic tool for performrng
electrical measurements to calibrate a plasma processing chamber probe. The diagnostic tool
includes an RF generator. The diagnostic tool also includes a  first impedance circuit. The
' first impedance circuit is a voltage-load network, configured to deliver RF voltage outputs
from the RF generator for voltage measurements When RF lpower from the RF generator is
' dehvered to-the first impedance circuit, wherein the RF voltage outputs are in the range of
about 200 volts peak to about 6,100 volts peak The dragnostlc tool further includes a second
impedance circuit. The second impedance circuitis a current load network configured to
deliver RF current outputs from the RF generator for current measurements when the RF
power from the RF generator 1s delivered to the second 1mpedance circuit, whereln the RF
current outputs are in the range of about 2 amperes to about 50 amperes. The dlag_ncstrc tool
‘yet further includes a coaxial switch network arrangement configured to proVide sWitchable RF |
delivery paths to deliver the RF power from the RF generator to one of the first impedance

circuit and the second impedance circuit.

- [Para17] " The above s'ur_nmary relates to only one of the manyv enlbodiments of the -
~ invention disclosed herein and is not intended to limit the scope of the invention, which is set
"forth in the claims herein. These and other features of the present invention will be described ’
in more detail below in the detailed descnptlon of the invention and i in conjunction w1th the

followmg ﬁgures



BRIEF DESCRIPTION OF THE DRAWINGS

[Para 18] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[Para 19] FIG. 1 illustrates a simplified schematic of a prior art RF delivery path for the

voltage test arrangement.

[Para 20] FIG. 2 illustrates a simpliﬁed schematic of a prior art voltage load network

arrangement. .

[Para21].  FIG. 3 illustrates a simplified schematic of a prior art RF voltage control

arrangement.

[Para 22] FIG. 4 illustrates in accordance with an embodiment of the present invention, a - |

simplified s¢hematic‘ of an RF déﬁvery path for the voltage-current (VI) test arrangement.

[Para 23] FIG. 5 illustrates in accordance with an embodiment of the invention, shows'ra

simplified schematic of a»curre‘nt load network arrangement.

[Para 24] FIG. 6 illustrates in accordance with an embodiment of the invention, shows a

simplified schematic of an RF voltage-control signal-flow arrangefnent.

[Para 23] FIG. 7 illustrates in accordance with an embodiment of thé invention, a flow
diagrain of a control loop algorithm in block diagram form for sustaining stable RF voltages.
[Para 26] FIG. 8 illustrates in accordance with an embodiment of the invention, a

'simplified schematic ofa system interlock for a voltage—current (VI) test fixture,

[Para 27] FIG. 9 illustrates in accordance with ah embodiment of the invention, a

simplified schematic of a probe signal routing arrangement.

{ :

DETAILED DESCRIPTION OF EMBODIMENTS

[Para28]  The present invention will now be described in detail with reference to a few

embodiments thereof as illustrated in the accompanying drawings. In the following - -



description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that tlle present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described in detail in

order to not unnecessarily obscure the present invention.

[Para 29] Various embodiments are described herein below, including methods and

. techniques. It sllould be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
instructions for carrying out embodiments of the inventive technique are stored. The computer
readable medium may include, for example, semrconductor magnetic, opto-magnetic, optical, -
or other forms of computer readable medlum for stormg computer readable code. Further, the

~ invention may also cover apparatuses for practicing embodiments of the invention. Such
apparatus may include circuits, dedicated and/or programmable, to carry out tasks pertaining to
- embodiments of the invention. ‘Examples of such apparatus include a general-purpose

- computer and/or a dedicated computing device when appropriately programmed and may
include a combination of a computer/computing device and dedicated/programmable circuits

adapted for the various tasks pertaining to embodiments of the invention.

[Para 30] ~In accordance with embodimen’rs of the invention there are provided methods
'and arrangements for a diagnostic tool to perform electrical measurements of high potential RF
voltages and currents to calibrate probes for plasma apphcatlons. Embodiments of the
invention include integrating a commercially available RF generator with a high impedance
ACirc_uit- to produce high peak Voltages, which may be used to calibrate voltage and/or current
probes. RF electrical measuremenrs attained from the _calibra’red probes may be'utilized for
" monitor and/or‘control of plasma electrical properties to maintain tight control of proceés

parameters_ during plasma processing.

[Para 31] In one or more embodiments of the lnvention a diagnostic tool e.g., a voltage-
current test arrangement may be configured with a coaxial sw1tch network to route high RF
power output from a commerc1ally available 50 Ohms generator to an I- load or V-load
network. In an embodiment, coaxial switch network may be conﬁgured w1th a coaxial
attenuator to reduce power output from high RF power generator to provide stable
meastrements at lower Voltages In an embod1ment the selection of low or high RF power
- may be controlled through a set of first or second sw1tches. In another _embod1ment, RF power

- may be selectively routed to either an I-load network o_r a V-load network 'through a third
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switch. In accordance with an embodiment of the invention, the signal conditions and switch
positions are sensed and controlled by a software algorithm in a computer. Thus, high
potential RF voltages may be monitored and controlled to ensure proper delivery of high power

RF signals to the selected network in a safe manner.

[Para 32] In one or more embodiments of the invention, a current-load network is
employed to provide a high impedance circuit in a matched network to enable commercially
available generator to deliver high potential RF voltages. Inan embodiment, the current-load
network is configured as a tuned resonant system to match with the impedance of the RF
generator and output signals. Hence, in a matched network, I-load network with high
impedance may allow very high currents to be sustained and delivered from a commercially

available 50 Ohms RF generator.

[Para 33] In an embodiment, an RF voltage control arrangement may be employed to
command an RF generator to output RF power to lnatch a predetermined software defined set -
| point. In an embodiment, a closed-loop software control algorithm may be employed to iterate
until theoutput voltage from either the I-load network or the V-load network is matched to the
software-defined set point with about 1.5 percent accuracy. Accurate current and/or voltage
measurements are critical for the calibration of V-probe and/or VI-probe to enhance process

control during plasma processmg

[Para34] Inan embod1ment a control PCB interlock relay may be employed to enable or

disable high RF power generator under predetermmed conditions such as a water leak, exposed

V-load or I-load RF voltages, or lack of cooling water supply ﬂowmg to I- load. Thus, the PCB |

interlock relay may prevent a user from being exposed to high RF voltage 1f any of the

predetermined conditions are met.

[Para 35]> In an embodiment, a control PCB probe signal routing may be employed to
allow the signals to be routed through either an I-load or V-load to measure the current or

Voltage values from the two different probes.
: \

[Para 36] The features and advantages of the invention may be better understood with
reference to the figures and d1scuss1ons that follow. Fig. 4 shows in accordance with an
embod1ment of the present 1nvent1on a simplified schematic of an RF dehvery path for the

voltage current VD test arrangement 400:

L



[Para 37] The RF power is supplied by a single éir-cooled 600 Watt generator 402, i.e.
~ maximum output at 50 Ohms impedance, operating at about 13.56 MHz. The RF power

output from generator 402 may be routed by coaxial cables to a coaxial switch network 422.

[Para 38] In the implementation of Fig, 4, coaxial switch network 422 may be configured -
with a first switch (SW1) 404, a second switch (SW2) 406 and a third switch (SW3) 407. A 20
decibel (dB) coaxial attenuator 410 is placed in the RF delivery path to-enhance low power
functionality by controlling SW1 and/or SW2. Attenuator 410 may be employed to reduce
power output from high RF power generator 402 to provide stability in the lower voltage test

points.

[Para 39] For example, in the lower voltage range of about 200 to 1,000 volts peak, SW1
404 and/or SW2 406 may be switched te select attenuator 410. For the higher voltage range of
about 2,000 to beyond 6,000 volts peak, SW1 404 and/or SW2 406 may be switched to the |
high RF delivery path 408. In either case whether the attenuator is switched in or switched out,
the power is routed to SW3 407 in an embodiment. Third switch (SW3) 407 may be employed |
to allow for routing the power to either a V-load network 412 or an I-load network 424 in

accordance with an embodiment of the invention.

[Para 40] In the irﬁplementation of Fig. 4, a position indicator 418 hiay be coup'led to :
SW1 404,;S_W2 406 and/or SW3 407. Position indicator 418 serves to rﬂonitor, whether
attenuator 410 has been selected to prevent hot switching and/or whether V—lbad network 412 .
or I-load network 424 has been selected. During high RF voltage operation, hot switching is:

not deSirabIe.

[Para 41] © The signals coming from position indicators 418 may be routed thrOugh control
PCB 414. The signal conditions are read back over a data acquisition (DAQ) input/output |
(I/0) 420 into a compuier 416.: Then the software algo_rithm in computer 416 interprets the
signal eonditiOns to determine whether to vproeeed or halt the test _depending on Whether the

switches are selected correctly.

[Para 42] The aforementioned V-load network 412 is configured in a matched nefwork §
- with a high impedance circuit to enable commercially available RF generator 402 to deliver

- high RF voltage outputs. In contrast to prior art, RF delivery path, in the imple’r_nentétion of
| Fig. 4, is configured with I;load netWork 424 in addition to V-load network 412 and the _
appropriate switch, SW3 407.: ‘The I-load network'424 may be employed to inc_feaée the




capability of the diagnostic tool by enabling current (I) measurements in high RF power

applications.

[Para 43] ‘Fig. 5, in accordance with an embodiment of the invention, shows a simplified
schematic of a current load network arrangement 500. In the example of Fig. 5, RF power is
supplied by a 50 Ohms RF generator 502. An RF power signal may be passed through a high
impedance matched I-load network circuit 522 to generate high currents, for example from
about 2 amperes to about 50 amperes, necessary for plasma applications, e.g., probe

calibration.

[Para 44] ~ T-load network circuit 522 may be configured with a first variable capacitor

(C1) 504, a second variable capacitor (C2) 506, a third variable capacitor (C3)“508V, a first
indUctor (L1)510,and a Second inductor (L2) 512. I-load network 522 may be tuned to

~ resonate at about 13.56 MHz. In aforementioned resonant system, the impedance may need to
be matched between generator 502 and output 516 otherwise generator 502 may run in an
unstable condition and possibl_y shdt down. With the input impedance from RF generator 502
of 50 Ohms, an output 516 from I-load network circuit 522 may be tuned to match a probe 518,
C3 508 and V—ref 514 impedance. The V-ref’5 14 output signal is sent to an RF voltmeter
(RFVM) 517. R | |

[Para45]°  Since the V-ref 514, probe 518, and C3 508 are the defined load, the impedance ,
(Z) of the defined load rnay be determined by measuring the voltage at C3 508. Knovﬁng the

' impedance the current rnay be caleulated }for a given voltage set point through the current path
from output 516 through probe 518 to V ref 514. The current may be calculated through the
srmple relatlonshrp of the. Voltage from V- ref 514 divided by the impedance (Z).

, [Para 46} The 1mpedance of the defined load may be matched by adjusting variable
capacitors C1 (504) and C2 (506) of I-load network 522. The tuned network may be matched

to resonate with RF generator 502 impedance at 50 Ohms. Hence, when resonated amatched
networkt'allodws very high currents, e.g., from about 2 amperes to about 50 amperes, to be-

sustained at output node 516 for plasma applications e.g., current (I) probe calibration. |

[Para 47]. Fig. 6 in accordance w1th an embodrment of the 1nvent10n shows a simplified
schematlc of an RF voltage control signal-flow arrangement 600. In the implementation of _
Fig. 6, a software algorlthm in a computer 616 may send a command to a data acquisition |
board (DAQ) 620 to output an analog signal to drive a set point 626toa high' powet RF
generator 602. .'Set point 626 tells generator 602 how much power to output.
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[Para 48] In an embodiment, the power signal output from generator 602 may be routed
through a switched network 622 to either a V-load network 612 or an I-load network 624
depending on the desired application. Consider the situation wherein, for example, the power
signal may be routed to V-load network 612. From V-load network 612, the signal, V-ref |
output 614, is measured. The V-ref output signal 614 may be sent to an REVM1 615. The
signal from RFVMI 615 may be sent as data to a general-purpose interface bus (GPIB) 618
and may be read by computer 616.

[Para49] = Inanother example, the power signal may be routed to I-load network 624 in
accordance with an embodiment of the in.vention. From I-load network 624, the signal, V-ref
output 614, is measured. The V-rof output signal 614 may be sent to an RFVM2 617. The
signal from RFVM2 617 may be sent as data to GPIB 618 and may be read by computer 616.

[P_ara 50] . Inthe closed-loop RF voltage control arrangement, data from GPIB 618 may be
- compared with software-defined set point 626. For example, if a voltage at the V-load network
612 of 200 volts peak is desired, a software-defined set point 624 of 200 volts peak may be set.
Through the closed—loop control, the voltage value from the data coming back over GPIB v61 8
may be compared to generate the control signal, DAQ 620, going back to RF generator 602.
The process may be iterated through a control loop algorithm to achieve a V-ref output 614
within the desired accuracy, e.g., 1.5 percent, of software-defined set point 624 Analogously,
the closed-loop control may be iterated for I-load network 624 to achieve a V-ref output 614
within the desired accuracy, e.g., 1.5 percent, of software-defined set point 624 in accordance -
with an embodiment of the invention. In an embodiment, the aforementioned method

establishes an accurate, single parameter, i.e., voltage, closed-loop control.

[Pai'a 51] Fig. 7 shows, in accordance with an embodiment of the invéntion, a flow

| diagram of a control loop algofithm 700 in block Vdiagram form for sustaining stable RF

| voltages. In the implementation of Fig 7, an initial set point 702 is sent to an RF -generator
' 704 and a set point buffer 708. Set point 708 may be a memory or register locatlon ina

' computer (not shown)
| [Para 52]_ " Upon acquiring V-ref measilrem_ent 706 from the \;oltage load, the softwafe
defined RF set point 710 may be subtracted from V-réf measurement 706 in step (712) in

~ accordance with an embodiment. In the next Step (7'14), the result from step (712) may be

. multiplied by a gain factor 716. Then in step (718), the result from step 714 may be subtracted
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from set point loaded into buffer 708. The result from step (718) may be sent to set point
buffer 708 and RF generator 704.

[Para 53] The process may be iterated in a closed-loop control until the desired set point is
reached, i.e., software defined RF set point 710. Control loop algorithm 700 is able to provide
accurate voltage control within 1.5 percent traceable back to NIST standards. Since RF current
values may be calculated from known impedance and accurate voltage values, RF current
values may also be controlled to about 1.5 percent traceable back to NIST standards in

accordance with an embodiment.

[Péra 54] ' Fig. 8 shows, in accordance with an embodiment of the invention, a simplified
schematic of a system interlock 800 for a Voitage—current (V) test fixture. In the
implementation of Fig. 8, control PCB 802 may be configured with a first set of connectors
804, secend set of connectors 806, an interlock relay 807, a first interlock relay switch 808, a
second interlock relay switch 810, a voltage clamp circuit 812, a darlington circuit 81 1,a24 -
volt external power supply 814, and an output from the personal computer (PC) data
acquisition card (DAQ) 816 in an embodiment. Control PCB 802 is configured to provide a
method of enabling and/or disabling high RF pewer generator 822 under predetermined

conditions for safe operations in accordance with an embodiment of the invention.

[Para 55] As the term is elﬁployed herein, safe operations are conditions in which it is

safe for the equipment to operate and/or safe for the operator to operate the equipment. In the
implementation of F1g 8, both high RF power operations and/or water-cooling may be

- employed in an embodiment. To ensure operators are not exposed to high RF power, & V load
- interlock sw1tch 818 and/or an I-load interlock switch 820 may be employed. Both V-load
interlock switch 818 and/or I-load 1nterloek switch 820 may be located under the hardware

COVer.

[Para '56] In addi_tion to the hardware interlocks, a water cooling supply 824 may be
empleyed to cool a high Rll'*“powered I-load system 830 by opening a water valve 826 and
activating a flow switch 828. Since I-load system 830 may be water cooled, a system for

- detection of water leaks and water flow mayv be employed. The power from RF generator 822
may be disabled unless predetermined conditions for the sefety interlock system are satisfied.

" In the 1mplementat1on of Fig. 8, the predetermined conditions may requ1re the hardware
interlocks to be engaged, there are no leaks detected, and water-cooling is enabled for control

~PCB 802 to allow high RF power from generator 822 to be activated.
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[Para 57] Consider the situation wherein, for example, the water level switches, e.g., a
first water level switch 834 and a second water level switch 836, are part of the signal enable
path to the interlock relay for leak detection. A signal, which may be derived from PC DAQ
816, may be sent out from control PCB 802. The enable signal may be routed through
darlington circuit 811, which is a relay driver, and connector 806 to first water level switch 834
and second water level switch 836 back to PCB interlock relay 802 through connector 806. If
- the two water level switches 834 and 836 are closed, the signal may be enabled by voltage

‘clamp circuit 812 to allow for control of the switches 808 and 810 within interlock relay 807.

[Para’58] - Upon enabling interlock relay 807, 24 volts power may be routed through
closed switch 810 and connector 806 to water valve 826. Then water valve 826 iS opened to
allow cooling water snpply' 824 to flow closing flow switch 828. When water valve 826 is

' opened; cooling water snpply 824 may flow through to provide Water-cooling to I-load system

830.

[Para 59] " When flow switch circuit 828 is closed, RF generator_ 822 may send high RF

- power to the system if the I-load interlock 820 and vV-load interlock 818 are both ciosed.
Hence, control PCB 802 only allows high RF power flow if all the predetermined conditions,
ie., 1o Water leaks, water valve is _opened{3 flow éwitch is closed, and hardware interlocks are
closed, are met. Thus, a user may be protected from being exposed to hazards associated with

operating high RF power equipment.

[Para 60] - Fig. 9 shows in accordance wrth an embodrment of the mventlon a s1mp11ﬁed
schematic of a probe s1gna1 routlng arrangement 900. In the 1mplementatlon of Flg 9,a

_ ~control PCB 902 is configured with a first connector 904, a second connector 906, a third
connector 908, a probe contacf detector 910, d first srngle-pole double—throw (SPDT) relay‘

- 912, a second SPDT relay 916, a first voltage clamp circuit 914, a second voltage clamp circuit

918, a UUT select 919 a computer 1nput/output I/0) 920, and a 24 volts power supply 922.

| [Para 61] Consider the situation wherein, for example cahbratlon ofa probe is needed to
be performed. In the prior art, the voltage test_arrang_ement has only a V-load network. Hence,
a V-probe may only be calibrated for Volteges._ In contrast, the Voltage-current test
arrangement of the invention is configured With- both a V-load network 924 and‘ an I-load .
netWork 928 in accordance with an embodiment of the invention. Voltage-current test . -

- arrangement may be _empl‘oyed-' to calibrate VI-probe for both voltages and/or currents. Hence,
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the signal from VI-probe 926 and/or V or VI probe 930 needs to be routed to the appropriate

channel via control PCB 902 in accordance with an embodiment.

[Para 62]  For example, a user may want to measure a voltage signal from V-load 928 for

- either a V-probe 928 or a VI-probe 930. Either probe, i.e., V-probe or VI-probe, may be
measured since both probes have voltage measurement capability. As shown in the
implementation of Fig. 9, first SPDT relay 912, second SPDT relay 916, and/or a coaxial
switch SW3 938 are in the default positions for V-load measurement 928: In general, SPDT
relay allows for processing of multiple signals. However, other relay, e.g., double-pole

" double-throw (DPDT) may also be employed.

[Para 63] In an example, a UUT _select enable signal 919, which may be derived from
computer I/O 920, may be routed to first SPDT relay 912 with first voltage clamp circuit 914
and second SPDT relay 916 with second voltage clamp circuit 918. In the implementation of
Fig. 9 SPDT relays 912 and 916 are in the default positions for V-load measurement. Voltage
clamp circuits 914 and 918 are conﬁgured to protect darlington drlver 921 from high voltage

- spike damages. The high voltage spike may be directed to the +5V power supply derived from

- computer 10 920 to prevent spike damages. In addition, contact detector 910 may be

configured in the V-load signal path to sense over-voltage contact position in either the V-

probe or VI-probe.

[Para 64] In general, V-probe and/or VI-probe are two probes being tested and culibrated
for plasma applications. Each probe may have uniquely discreet signals being tested. For
example, Vpk_Pos is a peak positive voltage available on hoth V-probe and/or Vi-probe.

| However, Vpk_Neg is a peak negative voltage only available on V-probe. The V-probe has
two voltage detection outputs. One output is employed to detect the positive form of the
waveform and the other output is employed to detect the negative form of the waveform.

Slmllarly, Ipk Pos isa pos1t1ve current peak only available on VI probe

A [Para 65] Referrmg to Fig. 9, the UUT select enable signal 919 is also responsible: for |
routing +24 V power 922 from control PCB 902 through first connector 906 to V or VI probe | )
930inan embodlment Similarly, +24 V power 922 is routed from control PCB 902 through
second connector 908 to third switch (SW3) 938. Coaxial switch SW3 938, in the default
_ position, is configured to route RF power from a coaxial switch SW2 940 to V- -load network

| 1928. RF buffered outputs from V or VI probe 930 is routed to RFVM 936.
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[Para 66] Hence, in order to measure and/or calibrate RF voltages on V-probe or VI-probe
930, signals and +24 V power are routed through control PCB 902 relays 912 and 916. The
relays 912 and 916 and coaxial switch SW3 938 are in the default position to route the signals
and RF power to the probe 930. Over-voltage contact actuation is tested on the V-load and is .
sensed as a +5V pole-up contact detector 910. Digital output signal UUT _select 919 from

computer I/0 920 determines which probe is to be tested.

[Para 67] In another example, digital output signal UUT_select 919 also determines the
enable to test a VI-probe 926 for the I-load network 924. SPDT relays 912 and 916 switch to
the alternate positions to route +24 V DC power 922 over to VI-probe 926 through connector
904. Similarly, the enable signal routes 424 V DC power 922 over to coaxial switch SW3 938
through connector 908. SW3 938 is selected to the alternate position to route RF power from
SW2 940 to I-load 924. RF buffered outputs from VI probe 926 are routed to REVM 934.

 [Para 68] Hence, in order to measure and/or calibrate RF currents on VI-probe 926,A
signals and +24 V power are routed through control PCB 902 relays 912 and 916. The relays
912 and 916 and coaxial ewitch SW3 938 are in the alternate position to route the signals and

‘RF power to VI-probe 926. The current (I) readlng may be provided back to control PCB 902

* through the connector 904, so the 51gnal may be processed through computer I/0 920.

[Para 69] As may be appreciated from the foregomg, embodimerits of the invention
prov1de methods and arrangements for measurlng RF current in add1t1on to voltage values to

_ calibrate Voltage and/or voltage- current probes. In addition, the probes may be calibrated to
measure and control Vo]tage- and current within 1.5 percent traceable to NIST standards.
Hence, high,accuracy RF measurements during plasma processing may translate to better
process eontrel,, which may allow the end user to make wafer or electronic components with

finer features.

[Para 7 0] While this invention has been described in terms of several preferred
embodlments there are alteratlons permutatlons and equlvalents which fall within the scope
of this invention. Also, the title, summary, and abstract are provided herein for convenience
and Should not be used to construe the scope of the claims herein. It should also be noted that
there are many alternative ways of irnplementing the methods and apparatuses of the present -
invention.' Although various examples are provided herein, it is intended that these examples
be illustrative and not limiting with respect to the invention. Further, in this application, a set

of “n” items refers zero or more items in the set. It is therefore intended that the fc‘)llowing
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appended claims be interpreted as including all such alterations, permutations, and equivalents

as fall within the true spirit and scope of the present invention.
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CLAIMS

What is claimed is:

1. A diagnostic tool for performing electrical measurements to calibrate éplasma
processing chamber probe, comprising:

an RF generator;

a first impedance circuit, said first impedance circuit is a voltage-load network,
configured to deliver RF voltage outputs from said RF generator for voltage measurements
when RF power from said RF generator is delivered to said first impedance circuit, wherein
said RF voltage outputs are in the range of about 200 volts to about 6,100 volts;

~ asecond impedance circuit, said second impedance circuit is a current-load network,
configured to deliver RF current outputs from said RF generator for current measurements
when said RF power from said RF'-generator is delivered to said second impedance circuit,
wherein said RF current outputs are in the range of about 2 amperes to about 50 amperes; and

a coaxial switch network arrangement configured to provide switchable RF delivery
paths to deliver said RF power from said RF generator to one of said first impedance circuit

and said second impedance circuit.

2. The diagnostic tool of claim 1 further comprising:

» an RF voltage control arrangement, said RF voltage control arrangement configured to
command said RF generator to output said RF power to match a predetermined software
defined set point;

a control PCB probe signal routing arrangement, said control PCB probe signal routing
arrangement conﬁgured to allow electrical isignals to be routed throﬁgh one of said first
impedance circuit and said second impedance circuit to measure electrical values from said
probe; and ‘

a system interlock, said system interlock includes a control PCB interlock relay
arrangement configured to prevent said diagnostic tool from delivering said RF power from

said RF generator if at least one of predetermined conditions is met.

3. The diagnostic tool of claim 2, wherein said RF voltage control arrangement

includes a data acquisition board.
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4. The diagnostic tool of claim 2, wherein said RF voltage control arrangement is a

closed-loop RF voltage control arrangement.

3. The diagnostic tool of claim 2, wherein said control PCB probe signal routing

arrangement includes a plurality of single-pole double-throw relays.

6. ‘The diagnostic tool of claim 2, wherein said control PCB probe signal routing

arrangement includes a plurality of double-pole double-throw relays.

7. The diagnostic tool of claim 2, wherein said control PCB interlock relay arrangement

includes an interlock relay.

8. The diagnostic tool of claim 2, wherein said control PCB interlock relay arrangement

includes a voltage clamp circuit and a darlington circuit.

9. The diagnostic tool of claim 2; wherein said system interlock includes a voltage-load

interlock switch and a current-load interlock switch.

10.  The diagnostic tool of claim 2, wherein said system interlock includes a plurality of

leak detection switches.

11.  The diagnostic tool of claim 2, wherein said system interlock includes a flow switch

- and a water valve.-
12.  The diagnostic tool of claim 1, wherein said RF generator is a 50 Ohm generator.

13.  The diagnostic tool of claim 1, wherein said voltage-load network is tuned to match an

impedance of said RF generator.

14.  The diagnostic tool of claim 1,wherein said current-load network is tuned to match an

impedance of said RF generator.
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'15. . The diagnostic tool of claim 1, wherein said current-load network is tuned to resonate

at about 13.56 MHz.

16.  The diagnostic tool of claim 1, wherein said coaxial switch network arrangement

includes an attenuator.

17. A method for performing electrical measurements to calibrate a plasma processing
chamber probe, comprising:

providing an RF generator that is configured to output a RF power signal;

providing a first impedance circuit, said first impedance circuit is a voltage-load
network being configured to deliver RF voltage outputs from said RF generator for voltage
measurements when RF power from said RF generator is delivered to said first impedance
circuit, wherein said RF voltage outputs are in the range of about 200 volts to about 6,100
volts; |

providing a second impedance circuit, said second impedance circuit is a current-load
network that is configured to deliver RF current outputs from said RF generator for current
measurements when said RF power from said RF generator is delivered to said second
impedance circuit, wherein said RF current outputs are in the range of about 2 amperes to
about 50 amperes; and '

providing a coaxial switch network arrangement that is configured to implement
switchable RF delivery paths to deliver said RF power frorh said RF generator to one of said

first impedance circuit and said second impedance circuit.

18.  The method of claim 17 further comprising:
configuring an RF voltage control arrangement, said RF voltage control arrangement to

command said RF generator to output said RF power to match a predetermined software

defined set point;

conﬁgurihg a control PCB probe signal routing arrangement, said control PCB probe
signal routing arrangement to allow electrical signals to be routed through one of said first

impedance circuit and said second impedance circuit to measure electrical values from a probe;

and

configuring a system interlock, said system interlock includes a control PCB interlock

relay arrangement to prevent said method from delivering said RF power from said RF
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generator if at least one of predetermined conditions is met.
19.  The method of claim 18, wherein said RF voltage control arrangement

includes a data acquisition board.

20.  The method of claim 18, wherein said RF voltage control arrangement is a closed-loop

RF voltage control arrangement.

21.  The method of claim 18, wherein said control PCB probe signal routing arrangement

includes a plurality of single-pole double-throw relays.

22.  The method of claim 18, wherein said control PCB probe signal routing arrangement

includes a plurality of double-pole double-throw relays.

23.  The method of claim 18, wherein said control PCB interlock relay arrangement

includes an interlock relay.

24,  The method of claim 18, wherein said control PCB interlock relay arrangement

includes a voltage clamp circuit and a darlington circuit.

25.  The method of claim 18, wherein said system interlock includes a voltage-load

interlock switch and a current-load interlock switch.

. 26. - The method of claim 18, wherein said system interlock includes a plurality of leak

detection switches.

217. The method of claim 18, wherein said system interlock includes a flow switch and a

water valve.
28.  The method of claim 17, wherein said RF generator is a 50 Ohm generator.

29.  The method of claim 17, wherein said voltage-load network is tuned to match an

impedance of said RF generator.
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30.  The method of claim 17, wherein said current-load network is tuned to match an

impedance of said RF generator.

31.  The method of claim 17, wherein said current-load network is tuned to resonate at

about 13.56 MHz.

32.  The method of claim 17, wherein said coaxial switch network arrangement includes an

‘attenuator.
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