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Differential Amplifier with Current Source Load (DACSL)
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Why not to increase R; to increase Agm?



DACSL: Small-signal analysis
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DACSL: Frequency Response
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CM equivalent half circuit
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DACSL: Input common-mode range

Output swing:

Vidd — Vsp3,min

Vesimin = VH1 + VDS1,min
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Vic,min = V6s1,min + VDso,min
Vic = V1 < Vg — [Vbssl = Vic.max = Vad — |Vpssmin| + V71 can be > Vg

Remember: For a current source, Vps can be > (Vps min = Vs — VrH)



DACSL: Biasing
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Even if we manage to keep all transistors in saturation, a small change in

Vo or Vg3, saturates Voc! AVpoc = — (gm3rds3)A Vi3
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Output common-mode is not stable.



Two ways to resolve the biasing issue: Self-bias
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General way to resolve the biasing issue: CMFB

Vief .
Requirements of CMFB:

1. (GBW)cm > (GBW)pu

2. Lower power consumption

Common-mode Feedback (CMFB)

Possible realizations loc
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DACSL: Misconceptions about the bias stability
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All device sizes are perfectly adjusted to have Voc = Vyq/2. CMFB is not required.



DACSL: Misconceptions about the bias stability

Wire parasitic resistances

Vdd
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If V3 is 10 mV smaller than the required value due to systematic/random mismatches then

Voc rises by 0.5 V. <— Assuming gmards3 ~ 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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Mismatches can still push Vo towards Vg or GND. The adjustment of either Vg3 or Vpy is required.



Fully-differential telescopic cascode amplifier

Small-signal CM equivalent Small-signal DM equivalent

Vdd vadd
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‘Acm‘ ~ gmlrup/(l + 2gm1rd50) |Adm‘ ~ gml(rup”rdn)

Not much improvement in CMRR.



Fully-differential telescopic cascode amplifier

Vvdd Vdd

Output swing:

Ves1min = VTH1 + VDS1,min

Iss
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Vdd - Vcascode,min
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Vic,min = V6s1,min + VDso,min

Vic = Vrr1 < Vies — Viess = Vic,max = VB3 — Vess + Vrm

very small range — | Vgg + Vovi < Vic < Vs — Vov3| < assuming equal thresholds




Fully-differential folded cascode amplifier

[Adm| =~ gm1(gm3ras3(rasol| rast ) |gms rass ras7)
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Fully-differential folded cascode amplifier

Vi min = Ves1 + Vpso,min Vic,max = Vad = Vbso,min — Vse1

Vic,max = Vdd = Vpso,min + VrH1 Vic,min = Vbso,min — |VrHl
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Vic,max can be > Vyg Vic.min can be < 0



Differential to single-ended conversion

Five Transistor OTA

Vdd Vdd

No need of CMFB!

Not a perfect virtual
= ground even for DM!

The circuit is not symmetric. = We can't use equivalent half-circuits.



Large signal analysis of the OTA
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Vip = Viy Vip > Vin Vip < Viy

Input common-mode range:
When Vip = Viw, Dput common-moce range:
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Vx = Vy = Vg — |Vs3| For My to be in saturation, Vic > Vigs1 + Vpso.min &
JL For M to be in saturation, Vx > Vg1 — Vi
Can be proved by contradiction @
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Approximate differential-mode analysis of the OTA
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Valid approximation if rgs1 » are high.

Gm ~ (gml +gm2)/2 ~ gm1

Zout ~ rd52||rds4

‘Adm‘ i gml(rd52||rds4)



Approximate common-mode analysis of the OTA

Vdd Vdd Vdd Vdd Vdd

‘Acml ~ (gml/gm3)/(1 + 2gm1rd50)

CMRR = ‘\ﬁi:; ~ (14 2gm1rds0)8m3(rds2l| rdsa)



Frequency response - 1
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Neglected the cgq of all transistors.



Frequency response - 2
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Comparison of FDA and OTA

No parasitic poles in the differential response One mirror pole in the differential response

No change in the differential output for . X
i i Output changes with supply and CM noise.
changes in the supply and CM input.

Need CMFB loop for a stable bias. No need of CMFB loop.



Telescopic cascode with single-ended output

Small-signal CM equivalent Small-signal DM equivalent
Vdd

Vad Vdd

g —
v L m

Vod

Ms |T| Ms
62_| M, M; F"Wd/z
VBO °_| M() — —
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Folded cascode with single-ended output

|Adm| = gm1(gmarasarasiol |gmerdssrass)

[Acm| ~ (gm1/gm7)/(1 + 2gm1ds0)



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





