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Introduction



Design of a CS amplifier

® Design a single stage CS amplifier with a gain-bandwidth (GBW) product of 10° Hz

while driving a load capacitance of 1 pF.
® Since GBW = QfgL, we can compute G, required to be 6.28 mS.
e Note that we wanted to design an amplifier that works from DC. So, avoid

ac-coupling at the input/output.




The choices for a common source amplifier

Vdd Vdd Vdd

Ro Vbo_| I

Vout Vout Vout

~— 1 ICL — ICL — ICL

@) " (b) (c)
Vdd Vdd Vdd

Vi
Vin g

Vout Vout

0T, L
.(e) =

Vin
Vout
Ry
Lo

(d)
® How to chose between NMQOS and PMOS G,,, stages and how to chose the load
type?
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Choosing between NMOS/PMOS G,, stage
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® Both NMOS and PMOS CS stages will have inverting characteristics as shown. The
difference is in the input DC voltage level at which the the transistors are in
saturation.

® PMOS CS works for small input dc voltage levels, from V4 to Vg — |Vl and
NMOS CS works for higher dc voltage levels, Vi, to Vp.



Maximum output voltage swing
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® To find the maximum output swing, check the minimum voltage needed looking
down and the maximum voltage we can reach while looking up from the output
node while maintaining all transistors in saturation.

® In the NMOQOS CS stage, the MOSFET needs atleast V,,, across it to remain in
saturation. On high-side, the resistor doesn’'t impose any limit. Therefore the
maximum swing is from V,, = Viy — Vi, to Vyg.

® Similarly, the maximum output swing in the PMOS CS is from 0 V to
Viad — Voo = Vaa — [Vaa — Vin — |Vowpll = Vin + [Vrng|.



Type of load

Vdd Vdd Vdd

Ry ic H Iy

Voul VouL %u(

—] ICL — :I:CL — ICL

Vour

Maximum output swing Maximum Gain (High Ry) Maximum Bandwidth (Low Ry)

® The choice of load type depends largely on what to maximize, primarily, among -
voltage gain, bandwidth, and output swing.

® |n the above three configurations, the maximum output values possible are Vg,
Vida — Voo and Vg — (Vrnp + Vi), respectively.



High gain stages
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® How to choose the bias voltages Vj 2 3 for cascodes and current sources?

® What is the maximum voltage swing we can achieve with these cascode stages?



Current source/mirrors



A current sink
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® A MOSFET based current source suffers from two non-idealities: (a) It requires a

non-zero minimum voltage across it, and (b) has a finite incremental output

impedance



Generation of bias voltage for current source
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e |f we apply a fixed voltage V}, then the current varies a lot with process and

temperature.

® For a good current source, we need to generate Vj, such that it tracks the Vi,

variations and temperature!
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Generation of bias voltage using current mirror
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® \We can use a MOS diode to generate a Vg that tracks the process and
temperature variations assuming a golden current reference source is available.

® |f My and M, are matched transistors, then the current I is a scaled version of Ij.

Moreover, the scaling factor, E%ﬁg; is independent of any technology parameters.




A note V,,;, and output swing
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® Note that the absolute value of V; also matters as it limits the output voltage swing

when used in an amplifier.
® \We need to choose appropriate dimensions such that Vj, is small, typically Vi, + 0.1

to 0.2 V.
® The current through My is not contributed to the gain of the amplifier here. Usually

Iy is chosen to be a much smaller than the required I to save power.



Mirroring errors and output resistance
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® As the Vpg of My and M; are not same there will be some mirroring error due to
the channel length modulation.

® The channel-length modulation is also the cause of the output resistance.



Cascode current source
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® \We can use a cascode source to increase the output incremental resistance.

® Also, if we choose the cascode bias voltage V; such that Vpg1 = Vpso = Virp + Vi
then the mirroring error can be reduced.

® 1/}, needed to ensure the above condition is 2V, + 2V,,.



Biasing the cascode current source
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® We can easily generate V;, = 2V, + 2V, by adding two Vizg drops, i.e. by
connecting two diodes in series.

® The V,,in needed for the cascode current source is Voo — Vipp, = Vg, + 2V,

® Qutput incremental resistance looking into the cascode drain is &~ g;,,2702701-



Biasing the cascode current source
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® The cascode discussed previously requires high V,,;, due to Vi and it ultimately
limits the output swing in a common source amplifier.

® To achieve large output swing, we need to achieve lowest V,,;, possible, which is
2Vyy. This requires the gate voltage for the cascode to be V; = Vipp, + 2V,,.



High-swing cascode source
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® One way to generate Vj, = Vi, + 2V, is by using a diode whose dimensions are 1/4
compared to M. One can also use 41 instead of smaller diode to generate 2V,,,.

® \We can also create one V,, drop by inserting a resistor R into the diode connection
as shown in the second circuit. Since the gate is connected at the top of the resistor,

IoR+ Vps = Vass = Vi + Vo, and Vpg = V.



High-swing cascode source
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® In the previous architectures, Vpg1 # Vpso which leads to mirroring errors.

® We can resolve this by making the Vpgsg = V,,. The two cascode mirrors seen
previously are modified here to ensure Vpsg = Vpg1 = V.

® If you are confused about M3 getting Vrp,, not My, check the gate and source
voltages. Vg of any transistor in saturation is always Vi + Vi, but Vpg can be
> Vpg as per the circuit condition.



Telescopic Cascode Amplifier

® Find out the bias voltages needed in the telescopic amplifier shown to achieve
maximum output swing. What is the maximum output swing possible?

® Design a biasing circuit to generate the gate voltages identified above.



Telescopic Cascode Amplifier
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® 1/, swing is limited by the M7 and My saturation conditions as shown.

® To achieve maximum output swing, we should design the cascode current source
with Vipin = 2V,,,. From our previous study, we need Viz = Vg — (|Vrnp| + Voup)
and Vig = Vg — (|Vrnp| + 2Voup) for this. These are the maximum values of V32 and
Vis.

® Also, we should chose the device dimensions to minimize V,,, for a given current.



Telescopic Cascode Amplifier
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® Again, we can guess that the V}; needed for maximum swing (or smallest V,,,;5,) is
Virn + 2V,,. Let us look at other way of deriving this.

® We can write V1 as Vigs1 + Vbso = Vrrir + Vw1 + Vbso using voltage drops across
transistors. For smallest Vj1, we need to operate M at the edge of saturation giving
Vpso = Vowo. So, minimum Vi is Vept + Viowl + Viowo.

® To maximize the output swing, we should also operate at the smallest Viy.



Telescopic Cascode Amplifier

Vdd

® Let's say, we have chosen Vjy, Vi2 and Vi3 values (not necessarily for output swing
maximization), find out the minim and maximum input DC levels at which the

amplifier works.

Hint: Check the cutoff and saturation conditions for M



Folded Cascode Amplifier
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® Find the maximum output swing limits and input DC levels for proper operation of
folded cascode amplifier.

® Draw biasing circuit(s) to generate these voltages from a single current reference.



Active mirrors



Can we use mirrors for (current) signal amplification?

Vdd
Vdd y Vdd vdd Vdd
$ Io 0_| Vin
I
Vi
M, i + b i My 1:
Vaso

(a) N )

® Yes, we can use the idea of current copying with scaling to signal amplification.

® In (b), My copies the small-signal current generated by M), to M; with a scaling
factor of k, i.e., (W/L)1 = k(W/L)o. The voltage gain of the circuit is
kgmp(r()l | ’TOZ)-

® Note that the mirror formed by M3 — Ms is a simple DC current mirror.



Mirror pole
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® The mirror node, A, contributes a pole to the system. The resistance at this node,
~ 1/gmo, is smaller than the resistance at node B. The capacitance at A could be
higher due to Cys9, Cys1 and the miller capacitance of M.

® Usually, one would design to place the mirror pole at a higher frequency than the
output pole.



Cascode mirror
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® \We can also use a cascode mirror for signal processing as shown above. The main
reason to use cascode mirror is to increase the output impedance at node B. We
can also get additional boost in voltage gain by current scaling in mirror.

® The two additional nodes C' and D introduce two more poles, but usually at high
frequencies compared to the pole at B.



Noise due to current sources/mirrors



Noise due to current source
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® The noise due to My can be reduced to a very small value by adding a large
capacitance at the gate of Ms (why?). Adding this capacitance to Vg4, rather than
to ground, also reduces the supply coupling to the My gate.
® Thermal noise due to My can be referred to the input as 4kTygm2/g2,,. For low
noise, one has to reduce gn,2. Using small (W/L)s (or large (Viasa — Vrpz)) can

reduce gm2. Note increasing length reduces (W/L) and increases r for a given
current.




Noise due to active mirror
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® |f active mirror is used for signal processing, we can't add extra capacitors without

affecting signal performance.

® Here also the g,,, of mirror devices should be reduced as much as possible for low

noise.
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