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ILLUMINATING AN ILLUMINATION AREA OF A SURFACE OF AP-N JUNC-
TION OF A SEMICONDUCTOR SUBSTRATE WITH LIGHT

MEASURING A FIRST JPV SIGNAL FROM A FIRST AREA OF THE SUR-
FACE OF THE P-N JUNCTION WITH A FIRST ELECTRODE WITHIN OR
PROXIMATE TO THE ILLUMINATION AREA

MEASURING A SECOND JPV SIGNAL FROM A SECOND AREA OF THE
SURFACE WITH A SECOND ELECTRODE PROXIMATE TO
THE ILEUMINATION AREA

MEASURING A THIRD JPV SIGNAL FROM A THIRD AREA OF THE SUR-
FACE OF THE P-N JUNCTION WITH A REFERENCE ELECTRODE QUT-
SIDE OF THE ILLUMINATION AREA

DETERMINING A CORRECTED FIRST JPV SIGNAL OR A CORRECTED
SECOND JPV SIGNAL WITH THE MEASURED FIRST JPV SIGNAL, THE
MEASURED SECOND JPV SIGNAL OR THE MEASURED
THIRD JPV SIGNAL

ACQUIRING A FIRST CALIBRATION JPV SIGNAL FOR THE FIRST ELEC- ¢
TRODE, A SECOND CALIBRATION JPV SIGNAL FOR THE SECOND ELEC- ¢
TRODE OR ATHIRD CALIBRATION JPVY SIGNAL FOR

THE REFERENCE ELECTRODE

’378\

DETERMINING A CORRECTED FIRST CALIBRATION JPV SIGNALOR A ¢

CORRECTED SECOND CALIBRATION JPV SIGNAL WITH THE ACQUIRED |

FIRST CALIBRATION JPV SIGNAL, THE ACQUIRED SECOND CALIBRA- |

TION JPV SIGNAL AND/OR THE ACQIHRED THIRD
CALIBRATION JPV SIGNAL

DETERMINING A SHEET RESISTANCE OF THE P-N JUNCTION WITH THE
CORRECTED FIRST JPV SIGNAL, THE CORRECTED SECOND JPV
SIGNAL, THE CORRECTED FIRST CALIBRATION JPV SIGNAL, THE
CORRECTED SECOND CALIBRATION JPV SIGNAL OR THE KNOWN
SHEET RESISTANCE OF THE CALIBRATION P-N JUNCTION

FIG.1J
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ILLUMINATING AN ILLUMINATION AREA OF A FIRST SURFACE OF AP-N
JUNCTION OF A SEMICONDUCTOR SUBSTRATE WITH LIGHT

MEASURING A FIRST JPV SIGNAL FROM AFIRST AREA OF THE FIRST
SURFACE OF THE P-N JUNCTION WITH A FIRST
TRANSPARENT ELECTRODBE

MEASURING AN ADDITIONAL JPV SIGNAL FROM AN ADDITIONAL AREA
OF A SECOND SURFACE OF THE P-N JUNCTION WITH A
REFERENCE ELECTROBE

MEASURING A FIRST JPV CALIBRATION SIGNAL CORRESPONDING
WITH THE FIRST TRANSPARENT ELECTRODE

MEASURING AN ADBHTIONAL JPV CALIBRATION SIGNAL CORRESPOND-
ING WITH THE REFERENCE ELECTRODE

DETERMINING A SHEET RESISTANCE OF THE TOP LAYER OF THE P-N
JUNCTION WITH THE FIRST JPY SIGNAL, THE ADDITIONAL JPV
SIGNAL, THE FIRST JPY CALIBRATION SIGNAL, THE ADDITIONAL JPV
SIGNAL, THE SHEET RESISTANCE OF A SUBSTRATE OF THE P-N JUNC-
TION OR AN EFFECTIVE SHEET RESISTANCE OF THE P-N JUNCTION

FIG.1K
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ILLUMINATING A RECTANGLE-SHAPED [LLUMINATION AREA OF A
SURFACE OF A P-N JUNCTION WITH INTENSITY MODULATED LIGHT AT |
A MODULATION FREQUENCY

1‘33"\\

MEASURING A FIRST JPY SIGNAL FROM A RECTANGLE-SHAPED FIRST
AREA OF THE SURFACE OF THE P-N JUNCTION WITHIN THE
RECTANGLE-SHAPED ILLUMINATION AREA WITH A FIRST TRANSPAR-
ENT ELECTRODE

MEASURING ASECOND JPY SIGNAL FROM A RECTANGLE-SHAPED
SECOND AREA OF THE SURFACE OF THE P-N JUNCTION WITH A
SECOND ELECTRODE QUTSIDE AND LATERALLY PROXIMATE TO THE
ILLUMINATION AREA

ADJUSTING THE MODULATION FREQUENCY OF THE INTENSITY MODU- |
LATED LIGHT TO ATTAIN AN ATTENUATION OF THE SECOND JUNC-
TION PHOTOVOLTAGE SIGNAL AT OR ABOVE A SELECTED
ATTENUATION LEVEL

DETERMINING A SHEET RESISTANCE OF ATOP LAYER OF THE P-N
JUNCTION WITH THE MEASURED FIRST 4PV SIGNAL, THE MEASURED
SECOND JPV SIGNAL, A CAPACITANCE OF THE P-N JUNCTION OR A
DISTANCE OF THE RECTANGLE ILLUMINATION AREA FROM AN EDGE
OF THE SEMICONDUCTOR SUBSTRATE

FIG.10
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ILLUMINATING ONE OR MORE [LLUMINATION AREAS OF A FIRST SUR-
FACE OF A P-N JUNCTION OF A SEMICONDUCTOR SUBSTRATE WITH
INTENSITY MODULATED LIGHT AT A MODULATION FREQUENCY

FORMING ONE OR MORE SHADOWED AREAS WITHIN THE ONE OR
MORE ILLUMINATION AREAS OF THE FIRST SURFACE
OF THE P-N JUNCTION

MEASURING AFIRST JPV SIGNAL FROM A FIRST AREA AND/OR AN
ADDITIONAL AREA OF THE FIRST SURFACE OF THE P-N JUNCTION
WITHIN THE [LLUMINATION AREA WITH A FIRST TRANSPARENT ELEC-
TRODE AND/OR AN ADDITIONAL TRANSPARENT ELECTRODE

MEASURING A SECOND JPV SIGNAL FROM A SECOND AREA OF THE
FIRST SURFACE OF THE P-N JUNCTION WITHIN A SHADOWED AREA
OF THE FIRST SURFACE OF THE P-N JUNCTION WITH A SECOND
OPAQUE ELECTRODE, THE SECOND OPAQUE ELECTRODE SUR-
ROUNDED BY AT LEAST THE FIRST TRANSFARENT ELECTRODE

DETERMINING A SHEET RESISTANCE OF A TOP LAYER OF THE P-N

JUNCTION OR A SHUNT RESISTANCE OF THE P-N JUNCTION WITH

THE MEASURED FIRST JPV SIGNAL, THE MEASURED SECOND JPY
SIGNAL OR A DEPLETION WIDTH OF THE P-N JUNCTION

FIG.2F
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[LLUMINATING ONE OR MORE ILLUMINATION AREAS OF A FIRST SUR-
FACE OF A P-N JUNCTION WITH INTENSITY MODULATED LIGHT AT A
FIRST MODULATION FREQUENCY

FORMING ONE OR MORE SHADOWED AREAS WITHIN THE ONE OR
MORE ILLUMINATION AREAS OF THE FIRST SURFACE OF
THE P-N JUNCTION

MEASURING, AT THE FIRST MODULATION FREQUENCY, AFIRST UPV ¢
SIGNAL FROM ONE OR MORE FIRST AREAS WITHIN THE ONE OR MORE ¢
ILLUMINATION AREAS WITH ONE OR MORE
TRANSPARENT ELECTRODES

MEASURING, AT THE FIRST MODULATION FREQUENCY, A SECOND JPY
SIGNAL FROM ONE OR MORE SECOND AREAS WITHIN THE ONE OR |
MORE SHADOWED AREAS WITH ONE OR MORE OPAQUE ELECTRODES

MEASURING, AT THE FIRST MODULATION FREQUENCY, ATHIRD JPY ¢
SIGNAL FROM ONE OR MORE THIRD AREAS OF THE FIRST SURFACE OF ¢
THE P-N JUNCTION OQUTSIDE OF THE ONE OR MORE HLLUMINATION ¢
AREAS WITH ONE OR MORE THIRD ELECTRODES

HLLUMINATING THE ONE OR MORE ILLUMINATION AREAS OF ASUR- ¢
FACE OF THE FIRST SURFACE OF THE P-N JUNCTION WITH INTENSITY ¢
MODULATED LIGHT AT A SECOND MODULATION FREQUENCY

24‘7\

MEASURING, AT THE SECOND MODULATION FREQUENCY, AN ADDI-
TIONAL FIRST JPY SIGNAL FROM THE ONE OR MORE FIRST AREAS
WITHIN THE ONE OR MORE H.LUMINATION AREAS WITH THE ONE OR
MORE TRANSPARENT ELECTRODES

MEASURING, AT THE SECOND MODULATION FREQUENCY, AN ADDI-
TIONAL SECOND JPV SIGNAL FROM THE ONE OR MORE SECOND
AREAS WITH ONE OR MORE OPAQUE ELECTRODES

MEASURING, AT THE SECOND MODULATION FREQUENCY, AN ADDI-
TIONAL THIRD JPV SIGNAL FROM THE ONE OR MORE THIRD AREAS
WITH THE ONE OR MORE THIRD ELECTRODES

DETERMINING A SHEET RESISTANCE OF ATOP LAYER OF
THE P-N JUNCTION

FIG.2G
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ILLUMINATING ONE OR MORE ILLUMINATION AREAS OF A FIRST SUR-
FACE OF AP-N JUNCTION WITH INTENSITY MODULATED LIGHT AT A
MODULATION FREQUENCY

FORMING ONE OR MORE SHADOWED AREAS WITHIN THE ONE CR
MORE ILLUMINATION AREAS OF THE FIRST SURFACE OF
THE P-N JUNCTION

MEASURING AFIRST JPV SIGNAL FROM ONE OR MORE FIRST AREAS
WITHIN THE ONE OR MORE HLUMINATION AREAS WITH ONE OR
MORE TRANSPARENT ELECTRODES

MEASURING A SECOND JPY SIGNAL FROM ONE OR MORE SECOND
AREAS WITHIN THE ONE OR MORE SHADOWED AREAS WITH ONE OR
MORE OPAQUE ELECTRODES

MEASURING ATHIRD JPV SIGNAL FROM ONE OR MORE THIRD AREAS
OF THE FIRST SURFACE OF THE P-N JUNCTION QUTSIDE OF THE ONE |
OR MORE ILLUMINATION AREAS WITH ONE OR

MORE THIRD ELECTRODES

ILLUMINATING THE ONE OR MORE HLLUMINATION AREAS OF THE
FIRST SURFACE OF THE P-N JUNCTION WITH PULSED LIGHT

MEASURING A DECAY CURVE OF ASUM OF AN ADDITIONAL PULSE-
INDUCED FIRST JPV SIGNAL FROM THE ONE OR MORE FIRST AREAS,
AN ADDITIONAL PULSE-INDUCED SECOND JPV SIGNAL FROMTHE ¢
ONE OR MORE SECOND AREAS AND AN ADDITIONAL PULSE-INDUCED |
THIRD JPY SIGNAL FROM THE ONE OR MORE THIRD AREA

DETERMINING A P-N JUNCTION CONDUCTANCE BASED ON THE MEA-
SURED DECAY CURVE

DETERMINING A SHEET RESISTANCE OF ATOP LAYER OF
THE P-N JUNCTION

FIG.2H
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{LLUMINATING ONE OR MORE HLLUMINATION AREAS OF A FIRST SUR-
FACE OF AP-N JUNCTION WITH INTENSITY MODULATED LIGHT AT A
FIRST MODULATION FREQUENCY

FORMING ONE OR MORE SHADOWED AREAS WITHIN THE ONE OR
MORE ILLUMINATION AREAS OF THE FIRST SURFACE OF
THE P-N JUNCTION

MEASURING, AT THE FIRST MODULATION FREQUENCY, AFIRST JPV ¢
SIGNAL FROM ONE OR MORE FIRST AREAS WITHIN THE ONE OR MORE |
ILLUMINATION AREAS WITH ONE OR MORE
TRANSPARENT ELECTRODES

MEASURING, AT THE FIRST MODULATION FREQUENCY, A SECOND JPV |

SIGNAL FROM ONE OR MORE SECOND AREAS OF THE FIRST SURFACE |

OF THE P-N JUNCTION QUTSIDE OF THE ONE OR MORE ILLUMINA-
TION AREAS WITH ONE OR MORE SECOND ELECTRODES

275

,,\ SIGNAL FROM ONE OR MORE THIRD AREAS OF THE FIRST SURFACE OF

MEASURING, AT THE FIRST MODULATION FREQUENCY, ATHIRD JPV

THE P-N JUNCTION QUTSIDE OF THE ONE OR MORE ILLUMINATION
AREAS WITH ONE OR MORE THIRD ELECTRODES

ILEUMINATING THE ONE OR MORE ILLUMINATION AREAS OF THE
FIRST SURFACE OF THE P-N JUNCTION WITH INTENSITY MODULATED
LIGHT AT A SECOND MODULATION FREQUENCY

MEASURING, AT THE SECOND MODULATION FREQUENCY, AN ADDI-
TIONAL FIRST JPV SIGNAL FROM THE ONE OR MORE FIRST AREAS
WITH ONE OR MORE TRANSPARENT ELECTRODES

MEASURING, AT THE SECOND MODULATION FREQUENCY, AN ADDI-
TIONAL SECOND JPY SIGNAL FROM THE ONE OR MORE SECOND
AREAS WITH ONE OR MORE SECOND ELECTRODES

MEASURING, AT THE SECOND MODULATION FREQUENCY, AN ADDI-
TIONAL THIRD JPV SIGNAL FROM THE ONE OR MORE THIRD AREAS
WITH ONE OR MORE THIRD ELECTRODES

DETERMINING A SHUNT RESISTANCE OF THE P-N JUNCTION

DETERMINING A SHEET RESISTANCE OF ATOP LAYER OF THE P-N
JUNCTION

FIG.21
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ILLUMINATING ONE OR MORE ILLUMINATION AREAS OF A FIRST SUR-
FACE OF A P-N JUNCTION WITH INTENSITY MODULATED LIGHT AT A
MODULATION FREQUENCY

MEASURING A FIRST JPY SIGNAL FROM ONE OR MORE FIRST AREAS
WITHIN THE ONE OR MORE ILLUMINATION AREAS WITH ONE OR
MORE TRANSPARENT ELECTRODES

MEASURING A SECOND JPV SIGNAL FROM ONE OR MORE SECOND
AREAS OF THE FIRST SURFACE OF THE P-N JUNCTION QUTSIDE OF
THE ONE OR MORE ILLUMINATION AREAS WITH ONE OR MORE
SECOND ELECTRODES

MEASURING A THIRD JPV SIGNAL FROM ONE OR MORE THIRD AREAS |
OF THE FIRST SURFACE OF THE P-N JUNCTION QUTSIDE OF THE ONE |
OR MORE ILLUMINATION AREAS WITH ONE OR MORE

THIRD ELECTRODES

ILLUMINATING THE ONE OR MORE HLLUMINATION AREAS OF THE
FIRST SURFACE OF THE P-N JUNCTION WITH PULSED LIGHT

MEASURING A DECAY CURVE OF A SUM OF AN ADBITIONAL PULSE-
INDUCED FIRST JPV SIGNAL FROM THE ONE OR MORE FIRST AREAS,
AN ADDITIONAL PULSE-INDUCED SECOND JPV SIGNAL FROM THE
ONE OR MORE SECOND AREAS AND AN ADDITIONAL PULSE-INDUCED
THIRD JPV SIGNAL FROM THE ONE OR MORE THIRD AREA

DETERMINING A P-N JUNCTION CONDUCTANCE BASED ON THE MEA-
SURED BECAY CURVE

DETERMINING A SHEET RESISTANCE OF ATOP LAYER OF THE P-N
JUNCTION

FIG.2J
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FIG.3B



WO 2015/058130 PCT/US2014/061212

27/38

125

FIG.3C
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FIG.3E
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FIG.3F
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(LLUMINATING ONE OR MORE ILLUMINATION AREAS OF A FIRST 5UR-

372“\ FACE OF A P-N JUNCTION WITH INTENSITY MODULATED LIGHT AT A
FIRST MODULATION FREQUENCY, THE INTENSITY SUFHICIENT TO

ESTABLISH A SUBSTANTIALLY LINEAR RELATIONSHIP BETWEEN A JPY

SIGNAL AND THE ASSOCIATED LIGHT FLUX

373 MEASURING, AT THE FIRST MODULATION FREQUENCY, A FIRST JPV
»..,\ SIGNAL FROM ONE OR MORE FIRST AREAS COVERING THE ONE OR
MORE ILLUMINATION AREAS WITH ONE OR MORE
TRANSPARENT ELECTRODES

3174 ILLUMINATING ONE OR MORE ILLUMINATION AREAS OF A FIRST SUR-
FACE OF A P-N JUNCTION OF A SEMICONDUCTOR SUBSTRATE WITH
INTENSITY MODULATED LIGHT AT A SECOND
MODULATION FREQUENCY

3?5‘\\ MEASURING, AT THE SECOND MODULATION FREQUENCY, AN ADDI-
TIONAL FIRST JPV SIGNAL FROM THE ONE OR MORE FIRST AREAS
WITH THE ONE OR MORE TRANSPARENT ELECTRODES

3176 DETERMINING A P-N JUNCTION CONDUCTANCE WITH THE FIRST JPV,
“\\ THE ADDITIONAL FIRST JPV SIGNAL, A SHEET RESISTANCE OF ATOP
LAYER OF THE P-N JUNCTION OR A CAPACITANCE
OF THE P-N JUNCTION

FIG.3M
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3187 ILLUMINATING ONE OR MORE ILLUMINATION AREAS OF A FIRST SUR-
\ FACE OF A P-N JUNCTION WITH PULSED LIGHT, THE INTENSITY

SUFFICIENT TO ESTABLISH A SUBSTANTIALLY LINEAR RELATIONSHIP
BETWEEN A JPV SIGNAL AND THE ASSOCIATED LIGHT FLUX

MEASURING A DECAY TRANSIENT OF A FIRST JPV SIGNAL FROM ONE

384“"\ OR MORE FIRST AREAS COVERING THE ONE OR MORE ILLUMINATION

AREAS OF THE FIRST SURFACE OF THE P-N JUNCTION WITH ONE OR
MORE TRANSPARENT ELECTRODES

38@"\ DETERMINING A P-N JUNCTION CONDUCTANCE WITH THE MEASURED
DECAY TRANSIENT OF THE FIRST JPV SIGNAL GR A
CAPACITANCE OF THE P-N JUNCTION

FIG.3N



