THE TEMPERATURE DEPENDENCE OF THE ELECTRICAL RESISTIVITY ofF N-Type SIGE

CRONIN B. VINING
JPL

SIGE INTEGRATION MEETING
10/19/88
WALTHAM, MA



THe TEMPERATURE DEPENDENCE OF THE ELECTRICAL RESISTIVITY OF N-TYPE SIGE
QUESTIONS ABOUT THE QUALITATIVE BEHAVIOR OF THE REsSISTIVITY ofF N-TypPe SIGE:

0 NEAR ROOM TEMPERATURE, SHOULD THE RESISTIVITY INCREASE LINEARLY WITH
TEMPERATURE OR NOT?

0 WHY DOES THE RESISTIVITY USUALLY (BUT NOT ALWAYS) DECREASE WITH INCREASING
TEMPERATURE ABOVE ABOUT 700 °C?

0 CAN PHOSPHORUS GO IN AND OUT OF SOLUTION FAST ENOUGH FOR THE CARRIER
CONCENTRATION TO CHANGE SIGNIFICANTLY DURING A MEASUREMENT?



THE TEMPERATURE DEPENDENCE OF THE ELECTRICAL RESISTIVITY OF N-TyPe SiGE

p=1/c = 1/(e n u) .,
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(WE WILL IGNORE THE VARIATION OF MOBILITY WITH DOPING LEVEL)

TEMPERATURE DEPENDENCE OF THE RESISTIVITY (ACTUALLY, 1/ )

SCATTERING MECHANISM STRONGLY DEGENERATE STRONGLY NONDEGENERATE
("HiIGH" DoPING) ("Low" DoPING)
3/2
ACOUSTIC PHONONS T T
-3/2
IoNIZED IMPURITIES INDEPENDENT OF T T

AT LOw DOPING, St & GE ARE DOMINATED BY a oc_m TO PHONONS
METALS ARE DOMINATED BY T
HEAVILY DOPED SIGE IS SOMETHING BETWEEN THESE, PLUS IMPURITY TERMS
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Fig. 24. Variation of solid solubility of arsenic with temperature in Si—Ge alloy compositions
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THE TEMPERATURE DEPENDENCE OF THE ELECTRICAL RESISTMITY oF N-TYPe SIGE

SUMMARY:
3/2
0 THE RESISTIVITY IS EXPECTED TO INCREASE AT A RATE BETWEEN T AND T
(WITH CONSTANT CARRIER CONCENTRATION)

3/2
0 THE ACTUAL TEMPERATURE DEPENDENCE IS CLOSER TO T PLUS A CONSTANT

0 THE DECREASE IN THE RESISTIVITY ABOVE ABOUT 700 °C IS DUE TO
PHOSPHORUS GOING INTO SOLUTION AND IS NOT "INTRINSIC" BEHAVIOR

0 PHOSPHORUS GOES IN AND OUT OF SOLUTION FAST ENOUGH THAT LARGE
CHANGES CAN BE OBSERVED IN A MATTER OF MINUTES

0 THE THERMAL CONDUCTIVITY IS MUCH MORE SENSITIVE TO "INTRINSIC"
THERMAL EXCITATION OF CARRIERS BECAUSE THE HEAT CARRIED BY AN
ELECTRON-HOLE PAIR IS LARGE. THE HIGH TEMPERATURE INCREASE IN THE
THERMAL CONDUCTIVITY IS "INTRINSIC" BEHAVIOR
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