
Miller Capacitance is Kept Away
     In Figure 1, Q1 forms a common collector current 
amplifier that is driving a common base amplifer Q2.  
Figure 2 shows the same circuit redrawn to make this 
easier to see.  In terms of Miller capacitances, Q1 has 
none, since the collector is at AC ground.  Q2 also 
has no Miller capacitance because the base of Q2 
is at AC ground.  Miller current flows around Q2 
between its collector and grounded base, and does 
not reduce high frequency response of Q2.
     In non-RF versions of the differential amplifier, a 
series resistor is placed in the collector of Q1 so that 
a completely differential output becomes available.  
In this RF version, this series resistor is shorted so 
that Miller capacitance cannot reduce high frequency 
response of Q1.
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Figure 2
Differential Amplifier Circuit Redrawn
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Figure 3
Q3 replaces Re, Q1 is removed
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Figure 4
Redrawn PNP-NPN Cascode
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Figure 1
Basic RF Differential Amplifier Circuit
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Figure 5
Classic NPN-NPN Cascode

C2

E

C

E
C

B

B

Re

Basic Operation of the RF Diff Amp
     Referring to Figures 1 and 2, capacitors C1, C2, 
and C3 are shorts to RF frequencies.  C1 couples 
input signal to the base of Q1 while C3 couples the 
base of Q2 to ground.  C2 bypasses the power 
supply.  Incoming bias voltages Vb1 and Vb2 set 
current in Q1 and Q2 so that both transistors carry 
about the same current, to simplify analysis.  There 
is really no need to force these currents to be the 
same, and this is perhaps more easily seen in 
Figure 2.  The emitter currents of both transistors 
pass through Re.  
     The collector currents of both transistors are 
nearly the same and they pass to Vcc.  For Q1, the 
connection is a dead short to Vcc, which keeps the 
Q1 collector voltage from changing.  Remember it is 
the changing collector voltage that will try to couple 
energy back into the base through the Miller capacitance 
between collector and base.  By preventing voltage 
change on the collector of Q1, energy cannot couple 
back to the base of Q1 through the Miller capacitance.
     The collector of Q2 returns to Vcc through Rc, and 
the stage output is taken at the collector of Q2.  In this 
case the collector voltage will be changing with the 
output signal, and energy will be coupled through the 
Miller capacitance to the base of Q2.  This has little 
or no effect on the base of Q2, because C3 grounds 
the base of Q2 for RF.
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     The emitters of Q1 and Q2 operate in parallel 
on the shared emitter load Re.  Emitter currents 
add in Re.  If the base of Q1 is driven positive 
strongly enough, Q2 can shut down entirely and 
all the current flow in Re will be flowing in Q1.  If 
the base of Q1 is driven negative strongly enough, 
Q1 can shut down entirely and all the current flow 
in Re will be flowing in Q2.
     When Q2 is saturated, the voltage across Rc 
will be maximum, and when Q2 is shut down, the 
voltage across Rc will be minimum.  So, when 
input voltage to Q1 goes more positive, the output 
voltage at Q2 collector will also go more positive.
     The most that Q1 can do is to shut off Q2.  It 
cannot cause Q2 to draw more current even if Q1 
shuts off.  So, to properly bias this stage, first 
remove Q1, then set Vb2 so that Q2 current 
through Re is x.  Second, remove Q2 and install 
Q1, then set Vb1 so that Q1 current through Re 
is also equal to x.  Now install Q2 and current 
through Re will continue to be x until a signal is 
applied to the input.  However, what we cannot 
easily see is that Q1 and Q2 share this current.
The only way to tell is to look at the collector of 
Q2, and we will see that the drop across Rc is 
half of what it was when Q1 was removed.
     When a small positive input signal is applied 
to Q1, the emitter of Q1 will also go more positive, 
and this will cause current in Re to increase.  The 
emitter of Q2 will also go more positive, causing 
current in Q2 to decrease.  When a small negative 
input signal is applied to Q1, the emitter of Q1 will 
draw less current from Re and the voltage on the 
emitter of Q1 will go more negative in response.  
This will cause current through Q2 to increase, and 
the output voltage at the collector of Q2 will drop in 
response to this extra current flow.
     When a large positive signal is applied to the 
input of Q1, more current will flow through Re, and 
Q2 will shut down.  At the output, Rc drop will be 
zero and output voltage will be maximum = Vcc.
When a large negative signal is applied to the input
of Q1, Q1 will shut down and current x will flow in 
Re, same as when Q1 was removed above.
     

Problems With the RF Diff Amp
     Bias of Q1 and Q2 must be carefully adjusted
so that they share current equally when there is 
no signal.  If current is not shared equally the 
voltage swing at the stage output will not be as 
large as it could be.  In the best case, Q2 bias 
with Q1 removed should be sufficient to draw 
maximum current through Rc.  If good balance 
is achieved, then when Q1 is re-installed current
through Rc will drop to exactly half the previous 
value.
     The value of Re limits available gain.  Part of 
Re can be bypassed with a capacitor to allow RF 
gain to be increased, but to get maximum gain it 
would be necessary to completely bypass Re 
with a capacitor.  This grounds the output signal 
of Q1 and stage gain goes away completely.
     Typical use of transistors at a given current 
will require twice this current from the power 
supply.  This is because of Re.  Each transistor 
carries only half the total current of the stage.
Ideally, we would want to eliminate Re.

Modifications to Eliminate Re
     In Figure 3, Q1 has been removed and Re 
has been replaced with PNP transistor Q3.  This 
allows the stage input to be applied to the base 
of Q3, so that we still have a means for signal 
input, and the PNP polarity allows us to ground 
the collector of Q3 eliminating Miller effect issues 
while still supporting current flow through Q2.  In 
Figure 4, this circuit is re-drawn and Q3 becomes 
the new Q1.
     Figure 5 shows the classic cascode structure 
in which Re is replaced by a NPN transistor, 
making both transistors the same polarity.  Q1 
becomes a current source, establishing the current
through the stage.  Q2 allows output excursions 
without Miller effect limitations since its base is 
grounded for RF.  And Re can be completely 
bypassed for maximum stage gain.  Q2 also 
prevents voltage changes from taking place at the 
collector of Q1, eliminating its Miller losses.

The PNP-NPN Cascode
     Returning to Figure 4, notice that there is no Re.  
A resistor fitting this description could be placed 
between the emitters of Q1 and Q2 if degeneration 
(negative feedback is desired).  Otherwise, gain is 
equal to Rc/(reQ1+reQ2).  Note "re" is equivalent 
emitter resistance of a transistor.  It varies based on 
transistor structure as well as total current through 
the transistor.
     In the classic cascode, the emitter voltage of Q2 
is set by Vb2, which also sets the collector voltage 
of Q1.  And Vb1 sets the current through the stage.  
In this PNP-NPN cascode of Figure 4, on the other 
hand, the emitter voltage of Q2 is set by Vb1 and 
the current through the stage is set by Vb2.  
     Because the two emitters are tied together, Vb2 
can become critical over temperature because we 
are dealing with twice the variation in re over 
temperature than in the case of the classic cascode.  
As in the classic cascode, however, we can install 
Re and bypass it for RF, stabilizing the DC bias over 
temperature while still allowing RF gain to be high.
    The two cascodes seem otherwise equivalent 
except for the fact that carrier mobility (carriers of 
current are holes) in the PNP transistor is going to 
be limited more than it is in NPN devices.  
     At lower power supply voltages, the PNP-NPN 
stage might provide slightly higher performance.
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