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SeeSee--Spot ObjectivesSpot Objectives

• Imaging of Nd:YAG laser spot and thermal scene at 
the LWIR spectral regime  

• Operated and switched by a commercial 2 terminal 
ROIC (with one bias polarity)

• Allow long integration time for laser detection to 
increase the detection probability of short laser pulse
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• One polarity bias voltage 
operates the device

• At low bias HBT is active only

• At high bias the QWIP is 
activated

Iph

RQWIP

Device Concept Device Concept 
Switching By Punch Through Switching By Punch Through 

Breakdown Breakdown 





Last Slide Of QWIP 2004 TalkLast Slide Of QWIP 2004 Talk……



What Was Done Since 2004?What Was Done Since 2004?

• 320x256 Array was Fabricated

• Flip Chip Bonded to Indigo 9705 ROIC and integrated 
with Dewar and Cooler (Ricor K548) by SCD

• Supporting Electronics was Designed and manufactured 
for switching and signal processing 



LWIR Image (bias @ high position)

LWIR NETD of 26mK (f/2)
Integration time ~ 5msec





• The movie was taken 
under low bias with Glass 
optics of a day camera

• No Non Uniformity 
Correction (NUC) was 
performed

• Source of signal –
Sun reflections around 
1064nm



InP/InGaAsInP/InGaAs StructureStructure

• Sensing longer wavelength up to 1600nm (covering the 
eye-safe laser at 1540nm)

• High sensitivity due to bound to free transition

• Fast temporal response for active imaging applications 

• Unstrained structure 



Device* DetailsDevice* Details

DopingMaterialWidthLayer

n (Si) 5x1017InGaAs (Lattice matched)500nmCollector

i (Zn) 5x1016InGaAs (Lattice matched)100nmActive

p (Zn) 5x1017InGaAs (Lattice matched)100nmBase

n (Si) 4x1016InP200nmEmitter

*The Device was grown and fabricated by H.C. Liu group NRC Canad*The Device was grown and fabricated by H.C. Liu group NRC Canadaa









Is it Punch Through or Avalanche?

“… Avalanche mechanism has a positive temperature coefficient, i.e., 
the breakdown voltage increases with increasing temperature…

A simple explanation for this increase is that hot carriers passing 
through the depletion layer under high field lose part of their energy 
to optical phonons after traveling each electron-phonon mean free 
path λ. The value of λ decreases with increasing temperature. 
Therefore the carriers lose more energy to the crystal lattice along a 
given distance at constant field. Hence carriers must pass through a 
greater potential difference before they can acquire sufficient energy 
to generate electron-hole pair”.

After Sze Physics of Semiconductor Devices







Another Avalanche Characteristic  

“… The apparent breakdown moves to 
lower voltages as the incident optical power level 
increases”.

The DC current gain hFE is an increasing function of the signal level.
Hence, the breakdown avalanche condition:

(M-1)hFE = 1

Is satisfied for lower values of the multiplication factor M, or lower bias 
voltage.

After Campbel et. al. IEEE Journal of Quantum Electronics 19 pp. 1134, 1983







Summery

• YAG/LWIR See-Spot imager was presented

• Proved switching concept 

• Same concept can be utilized for eye safe laser based 
on InP/InGaAs structure


