Optimal Vg for
Folded Cascode Amplifier
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Introduction
Thisroutine calculates the optima Vs Of the bias current output transistors (i.e. not the cascode) of afolded

cascode amplifier. Folded cascodes tend to be noisier, and have worse offsets, because they require an extra current
mirror. They have one advantage, that the input common-mode is decoupled from the output swing. This makesthem
useful for non-inverting amplifier configurations. The optimal Vpset, iSSzed for maximum SNR. A smal Vpsg make
the sgna swing larger, but alarge Vpssx make the input referred noise of the current source smaler. The optimum is
somewhere in between as calculated below. Coincidentdly it is very close to the ubiquitous Vpsg @pproximetion of
Vpp/10. Itisdso insengtive to process variations, as al optimized parameters values are.

Inputs
Vpp =27V Supply Voltage
VDssatcas = 0.15V Cascode Vg
S\NR =82 Desred Sgnd to Noise Retio
VDssati := 0.2V Vpssat Of INput Devices
fs = 2MHz Sampling Frequency
Temp := 300K Temperature
num:= 100 Number of Points



SNR Calculation

The sgnal swing of afolded cascode is reduced for increasing Vg, Of the current sources.

Vawing = VDD - 2%DSsatcas - 2V/DSsat

For class A amplifiers, used in switched capacitor gpplications, the current is Szed for dewing, where the dew
rate is proportional to load capacitance. Theload capacitance is proportiond to sampling capacitance, whichisin turn
gzed for integrated noise. In load VDSsat optimization example, minimizing load cgpacitance requirement is equivaent
to minimizing current, as terms such as SNR, sttling time, etc. show up as scaing factors.

The input referred noise of a unity-gain configuration amplifier is

Vi n2 = 4>k><Temp><i + 3>4>k><Temp><i
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The factor of three comes from the three load transstors. two NMOS at the bottom of figure 1, and one
PMOS a the top of figure one. Substituting an expression for the gms, the input referred noise becomes:
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The bandwidth of a unity-gain connected amplifier is
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For switched capacitor circuits, the noise folds down from the entire amplifier bandwidth, resulting in an
integrated noise at the output of
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Dividing therms sgna swing by the integrated noise we get the SNR
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Solving for the required capacitance we get:

165kxTemp >g>??L + SX—S’H 9 SNR
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Vpssat Optimization
Here Vg 1S SWept to show the cgpacitance curve is amenable to optimizing Vpgey -

i:=1.num Index Vector
Vpset = ——AV Vs VECtor
i num
SNR
_ 16kTemp VDsSsati O
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Take derivative of capacitance with repect to Vpsg to find the optimal Vpsg: to minimize capacitance, and
thus power disspation.
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dVDset (VDD - 2%/Dssacas - 2>*\/Ds§n)2

2 9 -3
Vpssa + E’VDSsati’VDSsat + TNDSsaIP(VDD - ZWDswcas) =0

The optima Vps«t 1S then given by the following expresson  Note that it isindependent of SNR, current,
stling time. 1t turns out to be aweak function of Vg Of the input pair, and a strong function of Vpp.

e VDD - 2Vpssatcas) U
27N ssati E Vpsopt(Vop) = 03V
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If Vpp is swept, we can see how the optima Vg, changes verses Vpp
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Vpp. = —X4V) + IV
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Y ou will see many different caculations of optima Vps. Consgently for most circuits the vdue is very dose
to Vpp/10, so thismay be used as generd rule of thumb in non-critical gpplications
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For low supply voltages, the required load capacitance increases rapidly. For every reduction in swing by a
factor of two, the load capacitance must increase by afactor of 4 to maintain SNR with the lower swing. For very
small supply voltages, the Vpse'S Of the output may become a bigger portion of the output swing, increasing the
capacitance requirements further.
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Thisindicates caution for using low supply voltages for high performance analog circuits. The following figure
will show the power changes dowly with Vpp, even though the current changes quickly. This power savings can be
logt if the alinear regulator is used to generate the supply voltage from the battery. Also note that even if the power
changes dowly with Vpp, the required capacitance (and thus die area) changes rgpidly with supply voltage. The
fallowing figure plots the required current and power dissipation vs. supply voltage.

I = 4>1°s><3i>(VDDi - 2%/pssatcas - Z’VDSOpt(VDDi))
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Copyright and Trademark Notice
All software and other materias included in this document are protected by copyright, and are owned or

controlled by Circuit Sage.

The routines are protected by copyright as a collective work and/or compilation, pursuant to federa copyright
laws, internationa conventions, and other copyright laws. Any reproduction, modification, publication, transmission,
trandfer, sde, digtribution, performance, display or exploitation of any of the routines, whether in whole or in part,
without the express written permission of Circuit Sageis prohibited.



