Tranzistor s kvantovymi
teCkami pro jednofotonovou
detekcl




Zakladni princip

* \V/zhledem ke strukture vodivostniho
pasu se volné elektrony z dopované
polovodicové struktury hromadi na
kvantovych teckach (QDs)

* Takto vytvoreny potencial vytlacuje
elektrony z prilehlé 2D kvantové jamy
(vodivy kanal tranzistoru)

* Absorpci zareni dojde k excitaci
elektron-dérového paru, dira je
pritahovana na kvantovou tecku, ¢imz
se snizi potencial v okoli QD, coz vede
ke zvySeni vodivosti kanalu tranzistoru

A
‘EIG? electron
armer-— channel
Si
doping dot layer
Fig. 1. Cross-sectional view ol guantum dot FET structure with a small

area Schottky gate.
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Fig. 2. Schematic of the conduction and valance band edge along the
growth direction of the device.
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Fig. 3. Schematic in-plane variation of the conduction and valance band
profiles in the 2DEG layer of the device. Local maxima form in the con-
duction band of the 2DEG layer, due to the negatively charged dots in
an adjacent layer. The ZDEG current must flow around these maxima,
leading to a relatively low conductance. An absorbed photon produces an
electron-hole pair. The photo-excited hole 1s captured by a dot, thereby
lowering its potential, allowing a larger 2DEG current to flow.
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Vyroba zarizeni - substrat

« Zakladem je GaAs wafer

e Bariérové vrstvy jsou tvoreny
Al, ;5Ga, 5-AS, vrstvy dopovaneé Si
slouzi jako zdroj prebyte¢nych
elektronu

* Vrstva kvantovych tecek vznika
samousporadanim (Stranski-
Krastanov) z InAs

* VVSechny vrstvy jsou pfipraveny
epitaxne
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Fig. 1. Cross-sectional view of gquantum dot FET structure with a sma

area Schottky gate.



Vyroba zarizeni - litografie

* Tranzistorové struktury byly z
pripraveného substratu vyrobeny
kombinaci EBL a fotolitografie

* Nejprve byl vyleptan vyvySeny vodivy
kanal, definovany fotolitografii (Sifka
2 um)

* Poté byla nanesena poloprusvitna
gate elektroda, definovana EBL (Sitka
1 um) a ohmické kontakty pro source

adrainele ktrOdy “ig. 4. SEM image of device with a nominally 2 pm wide mesa (runn
from top of picture to bottom) and a 1 um long gate.




Charakterizace zarizeni -
/Zmena zavislosti
vodivosti na gate napeti
pri osvetleni a resetu
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Fig. 9. Conductance (log scale) bistability of the 2 x 1 pm gate device.
The solid curve was generated by illumination of the device at —0.5V,
followed by sweeping the gate bias from —0.5V to 40.8V and back to
—0.5V. The dashed line was generated in a similar manner, but sweeping

the gate bias to 0V and back.
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Fig. 10. Conductivity versus time of the small area device under weak LED
illumination. The upper curve is the time-differential of the conductance.
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Fig. 11.
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Photon detection rate as a function of the LED current.

Charakterizace
zarizeni —
detekce
slabého
optického
signalu



Vliv provoznich parametru na u¢innost
detekce

« Uginnost detekce je zavisla na zakladni vodivosti kanalu

* Velka resetovaci napéti na gate snizuji vodivost kanalu do takové miry, Ze je treba velké
mnozstvi absorpci pro zplsobeni méfitelné zmeény vodivosti

* Nizka provozni napéti na gate maji podobny efekt
* Dusledkem toho vznika mrtva doba pfi niZ nejsou absorbované fotony detekovany

* Vliv na u¢innost ma také pouziti castecné odrazivé kovové vrstvy jako gate elektrody a
také mala tloustka absorpcni vrstvy



Dekuji za pozornost

Zdroj: https://iopscience.iop.org/article/10.1143/JJAP.40.2058/pdf
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