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If we have equal currents in one BJT (Bipolar Junction Transistor)


and in N similar BJTs connected in parallel then the expression


for the  difference between the two base�emitter voltages


is proportional to absolute temperature but does not contain Is.
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6.22.A


�
So if we arrange a circuit containing N+1 NPN BJTs,


a temperature stable resistor, and a PNP current mirror


the total current in the circuit will be proportional


to its absolute temperature (PTAT),


as will the voltage across the resistor


(which is the difference between Vbe and Vbe(N) in the equations above).





�


6.22.B


�
The Eber-Moll Equation





The base�emitter voltage of a bipolar junction transistor (BJT)


is related to its collector current by the formula
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k is Boltzmann's constant


T is the absolute temperature


q is the charge of an electron


Is is the “saturation current”





(whose value is related to the geometry and the temperature of the transistor.)


2.2.A


�
If we take N transistors identical to the first


and allow the total current Ic to be shared equally among them


we find that the new base�emitter voltage is given by








�





	�EMBED Equation.3���	














2.2.B


�
If we have equal currents in one BJT and in N similar BJTs


then the expression for the  difference between the two


base�emitter voltages is proportional to absolute temperature


(PTAT) but does not contain Is.
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2.2.C


�
Temperature Coefficient of Vbe





For a fixed Ic the temperature coefficient of Vbe


is NEGATIVE with a value of about -2.1 mV/°C





This is “CTAT” (Complimentary to Absolute Temperature)





These PTAT and CTAT voltages are derived from the basic


physics of transistors and by summing them with suitable


scaling we can produce a voltage which does not vary with


temperature. This is the principle behind the “Band-Gap”


Voltage Reference.


2.2.D


