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Topics

◮ Differential amplifier with current source load

◮ Common-mode feedback in fully-differential amplifiers

◮ Telescopic and folded cascodes

◮ Differential to single-ended conversion



Differential Amplifier with Current Source Load (DACSL)
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|Adm| ≈ gm1RL |Adm| ≈ gm1(rds1||rds3)

Need more gain?

Why not to increase RL to increase Adm?



DACSL: Small-signal analysis

Vdd Vdd Vdd Vdd

VddVdd

Vip Vin
Von Vop

M2M1

M3 M4

VB

Rss

Vip Vin
Von Vop

M2M1

M3 M4

2Rss2Rss

vic
M1

VB

2Rss

M3

vid
M1

VB
M3

vod

DM equivalent half circuit

|Adm| ≈ gm1(rds1||rds3) |Acm| ≈ gm1rds3/(1 + 2gm1Rss)
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DACSL: Frequency Response
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Neglected cgd of all transistors



DACSL: Input common-mode range
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Output swing:

Remember: For a current source, VDS can be ≥ (VDS,min = VGS − VTH)

← can be > Vdd



DACSL: Biasing
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Two ways to resolve the biasing issue: Self-bias
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Low gain ←

High gain if RC ≫ rds ←



General way to resolve the biasing issue: CMFB
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Transistors operating in linear region

Requirements of CMFB:

1. (GBW)CM > (GBW)DM

2. Lower power consumption

Possible realizations



DACSL: Misconceptions about the bias stability
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All device sizes are perfectly adjusted to have VOC = Vdd/2. CMFB is not required.
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DACSL: Misconceptions about the bias stability
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Wire parasitic resistances

If VB3 is 10 mV smaller than the required value due to systematic/randommismatches then

VOC rises by 0.5 V. ← Assuming gm3rds3 ≈ 50.



DACSL: Misconceptions about the bias stability
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We are going to use the opamp in feedback as shown above. The common-mode

voltage is automatically set by the (differential) feedback loop. We don’t need CMFB.



DACSL: Misconceptions about the bias stability
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We are going to use the opamp in feedback as shown above. The common-mode

voltage is automatically set by the (differential) feedback loop. We don’t need CMFB.

Mismatches can still push VOC towards Vdd or GND. The adjustment of either VB3 or VB0 is required.



Fully-differential telescopic cascode amplifier
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Not much improvement in CMRR.

Small-signal CM equivalent Small-signal DM equivalent



Fully-differential telescopic cascode amplifier
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Output swing:



Fully-differential folded cascode amplifier
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Fully-differential folded cascode amplifier
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Differential to single-ended conversion
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Large signal analysis of the OTA
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Approximate differential-mode analysis of the OTA
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Approximate common-mode analysis of the OTA
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Frequency response - 1
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Frequency response - 2
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Comparison of FDA and OTA
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Telescopic cascode with single-ended output
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Folded cascode with single-ended output
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Summary

◮ Current sources/sinks can be used as load elements to achieve
high gain

◮ Fully-differential amplifiers need a common-mode stabilization
circuit

◮ Telescopic and folded cascode amplifiers can provide high gain
but there is no improvement in CMRR

◮ Current mirrors can also be used as load elements

◮ Differential amplifiers with single-ended outputs suffer from
mirror poles

◮ Folded cascode amplifiers can support input common-mode
voltages upto/beyond one-end of the supply




