




UNIT – I
MOS Amplifiers:
Common source amplifier with resistive load,
Common Drain amplifier. 
Differential amplifier, 
transfer characteristics and derivation of CMRR.

Current Mirrors:
Basic Current Mirrors, 
cascode current mirror and active current mirrors without signal analysis.







UNIT-I
Current mirror
A current mirror is a circuit designed to copy a current through one active device by controlling the current in another active device of a circuit, keeping the output current constant regardless of loading. The current being 'copied' can be, and sometimes is, a varying signal current.
[image: ]
The Drain of transistor Q2is connected to a load circuit, not necessarily a resistor. The load circuit typically involves one or more additional MOSFET transistors. Depending on the load, transistor Q2may be in any of three modes: Saturation, Triode or Cutoff. Of course, only when it is in Saturation it will work as originally planned (a DC current source) 

Design of a Current Mirror DC Sink 
We shall look first at Q1:
[image: ]
So, indeed if Iref is specified and VDD and R are given, then by the right-hand term the needed voltage VGS,1is specified. Then, using the middle term, need to solve for (W/L)1.


Let us now focus our attention on the "mirror" transistor Q2:

[image: ]
We now divide the two equations and use all the given matching parameters of the two transistors. 

[image: ]
Obviously, many terms cancel out and we are left with the following simple design formula:
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There are two types of current mirrors,
1. Cascode Current Mirror
2. Active Current Mirror



Cascode Current Mirror
Current gain 
[image: ] [image: ]

· The current gain is accurate 
· For large current ( i.e. with (W/L)M2 large) it allows to decrease the output capacitance using (W/L)M3 small.

Output swing
[image: ][image: ]
· The output swing is limited to:
[image: ]

Output impedance

· The output resistance is increased without feedback.

Small signal equivalent circuit
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Active Current Mirror

Diff Pair with Passive Load: Suppose we need a high-gain differential amplifier with single-ended output:
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voltage gain
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Large-Signal Behavior:
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Small-Signal Behavior:
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Calculate the gain as -Gm Rout. First, Gm:
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Second, Rout:
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Common-Mode Rejection
[image: ][image: ]

Thus, even if the circuit is perfectly symmetric, CMRR is not infinite. In practice, random mismatches between the two sides result in a finite CMRR.
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Differential Amplifiers

· Differential & Single-Ended Operation

- A single-ended signal is taken with respect to a fixed potential (usually ground).
- A differential signal is taken between two nodes that have equal and opposite signals with respect to a “common mode” voltage and also equal impedances to a fixed potential usually ground).
[image: ]
· Why Differential?
· Rejection of common-mode disturbance: supply noise, etc.
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· Rejection of coupling & feed through from other sources:
[image: ] [image: ]
· Reduction of coupling to other circuits;
[image: ]
· Maximum voltage swing almost twice that in single-ended operation;
· Even-order distortion suppressed (discussed later);
· Biasing is easier.

Basic Differential Pair
- Quantitative Analysis  Differential Behavior:                                            [image: ]
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Where does the maximum small-signal gain occur?

Common-Mode Behavior:

[image: ]

Observations:
 The small-signal gain drops as the difference between Vin1 and Vin2
increases.
 The input and output common-mode levels must be chosen carefully. The current source requires some voltage so as to exhibit a high output impedance.
Common-Source with Source Resistor

You may recall that the addition of a source resistance is advantageous in order to stabilize the circuit with respect to threshold voltage variations. However, this has a detrimental effect on the gain, which we can see as follows:
· Construct the circuit of Figure 2-9. You will need to change the gate bias network ( g1 R ) in order to keep the drain current constant at around 10mA (something like 100k should work well for most devices).
· Now measure the voltage gain under open circuit load conditions and with a 0.1V input sinusoid at 1kHz. Why has the gain changed?


[image: ]

There is a simple trick to overcome this limitation: simply add an AC bypass capacitor around the source resistance!
· Add a 10μF capacitor in parallel with the source resistance and re-measure the voltage
            gain. Compare with the original circuit without the source resistance.

· Explore the performance of the circuit with respect to device variations by swapping in a different 2N7000 device and re-measuring the DC drain current, DC drain voltage, and AC voltage gain.
· Include a complete AC/DC analysis of this circuit in your lab report with comparison to
            your measured results.




Common-Drain Amplifier

· Also called a “source follower” for reasons that will become clear shortly
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For DC bias, neglect small signal source (and its resistance) and the small-signal
load resistance; iSUP = ISUP

Note that

VOUT = VBIAS – VGS
The DC gate-source voltage is:

DC Transfer Curve

p-well CMOS process means that the source and bulk can be shorted ... not true foran n-well process.
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The threshold voltage VTh is not a constant, since the source-bulk voltage VSB increases as VOUT increases:
[image: ]
DC Transfer Curve for Common-Drain Amps
[image: ]
Simple idea: slope of transfer curve is the voltage gain ... about 1 The common-drain is a voltage buffer
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Common-Drain Open-Circuit Voltage Gain

For finding Av exactly, remove the source and its resistance and the load resistance ... apply a test voltage and find the output voltage
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KCL at source node:
[image: ]
Output Resistance of Common-Drain Amplifier

· Leave the source resistance attached while exercising the output with a test voltage
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KCL at the source node ... remove ro || roc and put it back in

[image: ]


Common-Drain Small-Signal Model

Input resistance is infinite: open-circuit from gate-source
[image: ]
If source and bulk can be shorted (possible for a MOSFET in a well), then the gate is essentially1 (since backgate generator has zero vsb controlling it.)

gm = 500 S
gmb = 50 S
[image: ]
The output resistance can be reduced by increasing the transconductance ... (W/L) can be made huge in order to drive Rout toward zero.
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