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Vos Due to Scale 

Current Mismatch 
Since each BJT in a differential pair are ideally identical, each would (ideally) have the same value for scale current Is:


[image: image1.wmf]12

SS

II

=

   (in happy land!)
However, the unfortunate reality is that these two BJT values will typically be slightly different!
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   (in the stark, heartless, real world)

Since the difference between the two values is small, we define what is essentially a common-mode (average) and differential mode (difference) value for IS1 and IS2 
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so that:
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Now, for a BJT in the active region, we know its emitter current is related to its base-emitter voltage as:
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and:
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We can assume the DC bias of each BJT is identical, such that:
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Likewise, we note that the sum of the two emitter currents must equal the different amp current source I:
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Rearranging, we find the following relationship:
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A:  We can use this last equation to rewrite our expressions for emitter currents—only this time explicitly in terms of current source ​I !
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Now, by applying KVL on the BJT differential pair, we can find the DC collector voltages: 
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Thus, the DC differential output voltage is:
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Note this DC output value is zero if the BJTs are perfectly matched (happy land!), i.e., 
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.  However, if the BJTs are not perfectly matched (welcome to the real world), there will be a non-zero DC differential output voltage—even though the differential input signal is zero!

This DC output voltage is thus a DC offset voltage!
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Recall that the DC Input Offset Voltage is defined as the output offset voltage divided by the differential gain:
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Recall that the differential gain of this differential amplifier was determined to be:
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Thus, the Input Offset Voltage of the differential amplifier (due to scale current mismatch), is:
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Think about what this means!  The value � EMBED Equation.DSMT4  ��� is simply the geometric (e.g. percent) error of BJT parameter ISThus, we find that the Input Offset Voltage VOS  is simply the thermal voltage VT times the “percent error” (� EMBED Equation.DSMT4  ���) between the two BJT values � EMBED Equation.DSMT4  ��� and � EMBED Equation.DSMT4  ���.





Since the thermal voltage VT is small (i.e., 25 mV), we will find that the Input Offset Voltage of a BJT differential pair, due to scale current mismatch,  is typically very small. 





� EMBED MSPhotoEd.3  ���
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Q: This has to be the boringest handout yet!  Why are you showing us this? Why is this expression important? 
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