
Institute of Solid State Physics
Technische Universität Graz

Bipolar transistors, Thyristors, 
and Latch-up



Institute of Solid State Physics

bipolar transistors
Technische Universität Graz

collector base emitter

n
p

n+

lightly doped p substrate

npn transistor

Used in front-end high-frequency receivers (mobile telephones).    
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Thyristors

Reverse blocking

Forward blocking
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Thyristors

Used for switching high currents or voltages

b1*b2 > 1



Latch-up

http://www.ece.drexel.edu/courses/ECE-E431/latch-up/latch-up.html

Both BJT's conduct, creating a low resistance path between Vdd and 
GND. The product of the gains of the two transistors in the feedback 
loop, is greater than one. The result of latchup is at the minimum a circuit 
malfunction, and in the worst case, the destruction of the device. 



Emission Microscope

http://www.muanalysis.com/techniques/emission-
microscopy-emmi

Forward biased diodes emit light. (BJT) 
Defects often emit light. 



When does it emit light? 

Thyristor
Bipolar junction transistors
MOSFET
JFET
Si diode



Can you operate like a BJT? 



Subthreshold current  

If the p-concentration in the channel is low, electrons emitted 
into the channel by the forward biased junction diffuse across 
the channel without recombining.  



Subthreshold current – depletion approximation



Subthreshold current – depletion approximation



Subthreshold current – depletion approximation

Subthreshold slope: 70-100 mV/decade



Interdigitated contacts in power transistors



http://lampx.tugraz.at/~hadley/psd/L13/igbt.html

Used to switch large currents (in electric cars or trains).
Like a thyristor for high voltages.



p-Si

SiO2

Implant

Deposit oxide
Spin resist
Expose
Develop
Etch Oxide
Strip resist
Implant subcollector n+

Antimony (Sb) has a low vapor pressure and won't evaporate during the 
subsequent CVD step



p-Si

Remove oxide
Clean surface
Silicon epitaxy
CVD SiH4 + PH3

n+ subcollector

n-epi

Epi-growth



p-Si

n+ subcollector

n-epi

Collector Contact

Deposit oxide
Spin resist
Expose
Develop
Etch Oxide
Strip resist
Implant collector contact n+
Anneal

n+



p-Si

n+ subcollector

n-epi

Guard ring

Deposit oxide
Spin resist
Expose
Develop
Etch Oxide
Strip resist
Implant collector contact p+
Anneal

n+p+ p+



p-Si

n+ subcollector

n-epi

p-well

Deposit oxide
Spin resist
Expose 
Develop
Etch Oxide
Strip resist
Implant base 
Anneal

n+p+ p+
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p-Si

n+ subcollector

n-epi

n+ emitter

Deposit oxide
Spin resist
Expose
Develop
Etch Oxide
Strip resist
Implant base 
Anneal

n+p+ p+
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BiCMOS

Bipolar junction transistors: 
high speed
high gain
low output impedance 
good for analog amplifiers

CMOS 
high impedance
low power logic

See: http://www.iue.tuwien.ac.at/phd/puchner/node48_app.html

Fransila

Only one additional step to CMOS is needed for BiCMOS
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light emitting diode
laser diode 
solar cell
photo detectors

communications, memory (DVD), displays, printing, bar-
code readers, solar energy, lighting,  laser surgery, 
measurement, guidance, spectroscopy, LiFi



Confinement of light by total internal reflection

less pulse spreading for 
parabolically graded fiber

0.6 dB/km at 1.3 mm and 0.2 dB/km at 1.55 mm

q1

q2

n1sinq1 = n2sinq2

n1 n2



Light emitting diodes

Solid state lighting is efficient.



direct bandgap:
Dk = 0

photons can be 
emitted

indirect bandgap:
Dk = 0

phonons are 
emitted



Light emitting diodes





Light emitting diodes

absorption
reflection
total internal reflection





Photo detectors

Intrinsic semiconductor s = e(mnn + mpp)  (used in copiers)

Unbiased pn junction - like a solar cell

Reverse biased pn junction - smaller capacitance, higher speed, less noise

Phototransistor - light injects carriers into the base. This forward biases the 
emitter base junction. High responsivity. 

Ambient light detectors.

Active Pixel sensors for automated parking and gesture control (uses time-
of-flight to image in 3-D).



IR LED

Measurement by Jan Enenkel



Absorption

0( ) xx e  = Photon flux: 

Sharp absorption edge for 
direct bandgap materials
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direct bandgap   indirect bandgap

Ep is the phonon energy



AS7420  64-channel hyperspectral near infrared sensor



AS7420  64-channel hyperspectral near infrared sensor


