
eçï=íç=dáîÉ=mêÉëÉåí~íáçåë
mÉíÉê=kK=p~Éí~I=NR=pÉéíÉãÄÉê=OMOM

j~ñáãáòÉ=páÖå~äJíçJkçáëÉ

gÉ~åJäìÅ=açìãçåí



eçï=íç=ã~ñáãáòÉ=ëáÖå~äJíçJåçáëÉ\

• `çåëáÇÉê=ïÜ~í=óçìê=äáëíÉåÉêë=åÉÉÇ=íç=ÜÉäé=íÜÉã=ÑçÅìë=çå=íÜÉ=ëáÖå~ä=EíÜÉ=
ã~áå=éçáåíë=óçì=ëÉÉâ=íç=ÅçåîÉóF


• aÉîÉäçé=ëäáÇÉë=íç=êÉáåÑçêÅÉ=íÜÉ=ëíçêó=óçì=íÉää


• jáåáãáòÉ=îáëì~ä=~åÇ=~ìê~ä=Çáëíê~Åíáçåë



tÜ~í=ÇçÉë=íÜÉ=~ìÇáÉåÅÉ=åÉÉÇ\

• ^=Üççâ=Ô=ïÜó=ëÜçìäÇ=f=é~ó=~ííÉåíáçå\


• ^=éêçÄäÉã=Ô=ïÜ~í=áë=íÜÉ=ÅÜ~ääÉåÖÉ=ÜÉêÉ\


• ^=ëçäìíáçå=Ô=Üçï=~êÉ=óçì=í~ÅâäáåÖ=íÜÉ=éêçÄäÉã\


• oÉÇìåÇ~åÅó=Ô=ëíÉ~Çó=êÉãáåÇÉêë=çÑ=íÜÉ=ëíçêóäáåÉ=~åÇ=âÉó=éçáåíë


• pìãã~êó=Ô=ïÜ~í=ëÜçìäÇ=f=êÉãÉãÄÉê\



eçï=íç=ÖÉí=ëí~êíÉÇ\

• tÜ~í=~êÉ=íÜÉ=íÜêÉÉ=éçáåíë=óçì=ï~åí=ãÉ=íç=í~âÉ=~ï~ó\


• tÜó=ëÜçìäÇ=f=Å~êÉ=~Äçìí=ïÜ~í=óçì=~êÉ=í~äâáåÖ=~Äçìí\


• tÜ~í=Çç=f=åÉÉÇ=íç=âåçï=íç=ÄÉ=~ÄäÉ=íç=~ééêÉÅá~íÉ=Üçï=Åççä=óçìê=ïçêâ=áë\


• eçï=ïáää=óçì=ÜÉäé=ãÉ=áÑ=f=ÖÉí=~=äáííäÉ=äçëí=çê=ÄÉÜáåÇ\


• tÜ~í=îáëì~äë=ïáää=ÜÉäé=ãÉ=ìåÇÉêëí~åÇ=óçìê=éçáåíë\



açÉë=íÜáë=ÜÉäé=óçì\
• fåíêçÇìÅíáçå


• bñéÉêáãÉåí~ä=ëÉíìé


• oÉëìäíë=çå=d~^ë


• oÉëìäíë=çå=fåm


• cìíìêÉ=ïçêâ


• `çåÅäìëáçåë


• ^ÅâåçïäÉÇÖãÉåíë
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HOW DOES A SEMICONDUCTOR 
ABSORB LIGHT?

• Photons have almost no momentum, so they 
cause “vertical” transitions.


• Excess energy is shed by emitting phonons 
(about 0.2 ps/phonon)


• Direct recombination takes ~1 ns


• Indirect recombination takes longer:  0.1–1 µs
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qáíäÉë=ëÜçìäÇ=~åëïÉê=“ëç=ïÜ~í\ÒI=åçí=“ïÜ~í\Ò



j~ñáãáòÉ=ëáÖå~äJíçJåçáëÉ
• bäáãáå~íÉ=ìååÉÉÇÉÇ=áíÉãë=çå=ëäáÇÉë


• rëÉ=êÉ~Ç~ÄäÉ=~åÇ=ÅçåëáëíÉåí=Ñçåíë


• rëÉ=Åçäçê=ÅçåëáëíÉåíäó=~åÇ=áåíÉåíáçå~ääó


• rëÉ=ÄìáäÇë=íç=ÑçÅìë=~ííÉåíáçå=çå=åÉï=áåÑçêã~íáçå


• ^îçáÇ=“åáÑíóÒ=íê~åëáíáçå=ÉÑÑÉÅíëI=Öê~éÜáÅ~ä=ÉñéäçëáçåëI=Ç~åÅáåÖ=äÉííÉêëI=Á


• fåíÉÖê~íÉ=íÜÉ=çìíäáåÉ=íç=çêáÉåí=~ìÇáÉåÅÉ=íÜêçìÖÜçìí=íÜÉ=éêÉëÉåí~íáçå


• mêçîáÇÉ=êÉÑÉêÉåÅÉë=íç=áãéçêí~åí=Ä~ÅâÖêçìåÇ

Jean-luc Doumont: Trees, maps, and theorems



Example build from the Apker-winning presentation of Calvin Leung (’17)
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Example build from the Apker-winning presentation of Calvin Leung (’17)



Example build from the Apker-winning presentation of Calvin Leung (’17)



Example build from the Apker-winning presentation of Calvin Leung (’17)



eçï=ÅçìäÇ=óçì=áãéêçîÉ=íÜáë=“kóèìáëí=mäçíÒ\



Semicircle ➙ C independent of ω
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Signal Strength Ratio

Position Calibration Results
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bÑÑÉÅíáîÉ=ÇÉäáîÉêó
• håçï=íÜÉ=êççã=~åÇ=íÜÉ=ÉèìáéãÉåí


• iççâ=~í=íÜÉ=~ìÇáÉåÅÉX=ÇçåÛí=êÉ~Ç=óçìê=ëäáÇÉë


• açåÛí=ÑáÇÖÉí


• péÉ~â=ÅäÉ~êäó


• ^îçáÇ=à~êÖçå=~åÇ=~Åêçåóãë=~ë=ãìÅÜ=~ë=éçëëáÄäÉ


• jçÇìä~íÉ=óçìê=îçáÅÉ=~åÇ=é~ÅÉ=íç=ëìééäó=ÉãéÜ~ëáë


• bäáãáå~íÉ=îÉêÄ~ä=íáÅëX=ëáäÉåÅÉ=Å~å=ÄÉ=ÖçäÇÉå


• oÉéÉ~íLêÉéÜê~ëÉ=èìÉëíáçåë=ÄÉÑçêÉ=~åëïÉêáåÖ

practice, practice, practice



qç=ã~ñáãáòÉ=ëáÖå~äJíçJåçáëÉÁ

• `çåëáÇÉê=~ìÇáÉåÅÉ=åÉÉÇë=Ô=ïÜ~í=áë=íÜÉ=ÄáÖÖÉê=éêçÄäÉã\


• cçÅìë=çå=íÜÉ=ãÉëë~ÖÉ=åçí=íÜÉ=ÇÉí~áäë=Ô=ïÜ~í=NÓP=éçáåíë=íç=í~âÉ=~ï~ó\


• jáåáãáòÉ=îáëì~ä=~åÇ=~ìê~ä=åçáëÉ=Ô=Éäáãáå~íÉ=ìååÉÅÉëë~êó=Öê~éÜáÅëI=íÉñíI=
íáÅë


• rëÉ=êÉÇìåÇ~åÅó=íç=ÉãéÜ~ëáòÉ=íÜÉ=ëíçêóäáåÉ


