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1. Basic concepts de Madrid
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.\ _}Jr « A comparator is defined as a circuit with a binary
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1. Basic concepts de Madrid
Vour | Vi, Vout | variation due to noise

| ,
/‘ Vih  vp-v,

|

|

» The curve is usually not centered at zero - input offset (V) = highly dependent parameter.
 ICMR: range of DC input voltage to have the devices working in saturation = similar to
amplifiers.

* Noise in comparators is of special relevance due to random variations in the gain—> jitter
issues and resolution losses in data converters.

— VoVnZVin - Vour - Propagation delay (tp) is limited by two phenomena:
1) Frequency response.

2) SR: the highest current available.
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1. Basic concepts de Madrid

1) Frequency response:

Assuming a first-order filter with dominant pole > t, = zif In zikl
; _
Vp — Vp

k =

(Vp B Vn)min

2) SR: t, = 22

The propagation delay varies with the input signal V-V, -

The highest the V-V, the lowest the propagation delay with a minimum one defined by SR.

° Hysteresis: Vout e 'u ..................
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2. Open-loop comparators de Madrid

What do we need for a comparator? - A differential input stage and enough gain - for
instance, Miller opamp accomplishes with these requirements.

Amplifiers with no compensation circuitry to avoid limiting bandwidth and enable a faster
response.

ZFVDD V,, = se alcanza cuando M6 no esta en
saturacion
> « Vg 2 -V
M3 |___| M6 / ol DD
%
1_”: ]'T/2 Vout

M M [ Ve = Voh ~ Vol
! g ICL T Ganancia(DC)

ﬁ
F=y

DC gain = similar to opamp

Vbias T~ M5 M—,—
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2. Open-loop comparators de Madrid

« To improve resolution, we can use digital buffers at the output:

ZF’AVDD

My I M M |
«  High ICRM
v : :
1—||: |—V Vout * High power consumption
M M 1 D I> « High offset and propagation
1 2 C
;[; L delay

. |
I L
Viias T Ms M,

n % .VDD

Aspect ratio increases: with a factor of 2.72 - best solution in delay
Higher aspect ratio - to reduce the number of stages

Vonh Voh Von
4/14/7_. / This way we can feed high C,
Vol Vol Vol
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2. Open-loop comparators

» Push-pull architecture:

4>A/DD

M, hﬂ M, M} } F‘MB
ﬂln MIZ_V2 My JH—[Ms L,

::___4[::BASIIMas 7

777 777

Vout

Vpias1

 High currentin C,.
 High output resistance = slow comparator due to a pole in
the second stage.
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« Self-supply architecture:
VDD
Al Ms
—[ ™, M, ]
Vi Vout 1 [V
—”:Mz CL/—J; :“_
M,

_l_f\
Y

* High current in C, with lower power consumption.
» Asymmetry, lower propagation delay from the negative input (V,).
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3. Hysteresis de Madrid
« External hysteresis: with positive feedback.
R,
AAAA
A\Vpp
V; Ii{/lvv \

+
— >_ Vout

« Internal hysteresis: with positive feedback.
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« They make use of a positive feedback.

« Two phases consecutive in time: firstly, the value of the inputs is stored and the comparison
between them is started, and secondly, the comparison is finished.

» To distinguish between both phases a clock signal is used.
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« Example in 50-nm:

| Wvn
|1.5v :
|1.4v T W B e Wl
13v
inclute cmosedu_models. tet | LA
wid . . . \ |1.2v f
|'_ "L ,L _|L J'_ ,:L "L — 1.4V
@ dk — P_S0n P 500 — P_S0n P_S0n |
vz 2 2fi 10v
e = = :
-“5% = ] w '
SEE 2 — L H
= | el = 0.9v H
@ \— N [50n N | H
s H
L@L 3 oo | | /’
1V5 2 E MB _'| M5 |
o8 B N Ep: " o7V
R e 2 | s
Pog ® A
M7 M3 o8 )/ N =
N Ll | ot
/ .

_er'_

| N[50n ]
0. H

L ! Ll :

0.4v :

Jtran 3m | H
0.3V H
| b
o :
0.1V




4. Regenerative or latched
comparators

Corncil [ O2SR)

de Madrid

ucdm

« Example in 50-nm:
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It is the most common structure nowadays.
The preamplifier is just a differential pair or a
buffer with small gain (10 or so)

Track & Latch A switched capacitor input can still be used to
mitigate offset and 1/f noise.

Preamplifier

Simple preamplifier to mitigate kickback and reduce requirements of latch stage. The
latch stage alternates between a reset phase and a positive feedback phase that

quickly generates saturated digital signals.
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Simulations are performed through software LTSPice, provided courtesy of Analog Devices
and authored by Mike Engelhardt.

Spice models of transistors come from http://cmosedu.com/, website maintained by R. Jacob
Baker.
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