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Figure 2.52 Simulation results for Ex. 2.5.

A Single-Ended to Differential Output S/H

Many input signals are single-ended, meaning the (one) input signal swings around V,,. It
is desirable in the first stage of the mixed-signal circuit to S/H the signal and then to
change it into a fully-differential signal for further processing. A good single-to-
differential converter will hold the op-amp's input common-mode voltage at V,, for low
distortion (important). In order to meet this goal consider the modified, from Fig. 2.46,
S/H seen in Fig. 2.53. Again, we can write, (noting the C,. capacitors are discharged when
the ¢, switches are on)

ﬁlﬁmw =Cr - Vin—=VeuxtVos)+Cr-(Verr—Veur£ Vos) (2.88)

When the ¢, switches turn on the charge on the C, capacitors is

3 in V in V
Q,‘ =Cp - (%-ﬁ-%— Ve £ VOS) +Cp - (%-ﬁ-%— Ve = Vos) (289)

noting that the change in charge on the C, capacitors redistributes through the C.
capacitors. The charge on the feedback capacitors is then

0% =2Cr - Vou— Vert Vos) (2.90)
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Figure 2.53 S/H for single-ended to differential conversion.
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Equating the redistributed charge through C,. and C,,

in V
Cr - in—VeutVos)—Cr - (V— + =M Yoyt Vos) =Crs - Wourr = Veur £ Vos)

2 2
or, re-writing for both paths (2.91)
in V
Cpy - (Vout+ —Veut VOS) =Cp - (% - %)
Vin . Veu
CF_ . (Vm,,_ —Veux Vos) = C[. . —7 + T (292)

Assuming Cr. = Cr-, Cr. = Cr-, and taking the difference in the S/H outputs gives

(Vnut+ — Vout—) + 2VOS — Q
Vin—=Vem Cr

(2.93)

The output is shifted up or down by the offset. Note that this topology doesn't employ
correlated double sampling (CDS). Also note that if we model the op-amp's offset with a
single voltage source in series with the non-inverting input of the op-amp then one of the
inputs will go to V,, + V,,/2 while the other input will go to V., — V,s/2 (we've just
indicated that the inputs of the op-amp are at a potential of Vcy £ Vos). Hence the factor
of two in Eq. (2.93). In other words, if we re-write all of the equations in this chapter by
replacing V¢ with V,;/2 then the factor of two in Eq. (2.93) will go away. Simulations at
CMOSedu.com are invaluable to understanding the operation of the circuits in this
chapter. For example, see the simulation for Fig. 2.53.

2.2.3 The Discrete Analog Integrator (DAI)

The final sampling circuit we'll discuss in this chapter is an analog building block that we
will find useful in implementing our data converters using feedback. The discrete analog
integrator, DAI, is shown in Fig. 2.54. The two clocks signals, ¢, and ¢,, form
nonoverlapping clock signals. The common mode voltage, V,, , falls halfway between
the mixed-signal system's high- and low-reference voltages (generally VDD and ground).
Note that the parasitic capacitance to ground associated with the bottom-plate of C, is
charged back and forth between v, and v, but doesn't affect the amount of charge
transferred to the feedback capacitor, C,. For this reason this DAI is often called a
parasitic-insensitive integrator.

Table 2.2 shows the various relationships between the possible inputs and outputs
for the DAI of Fig. 2.54. Let's derive the input/output relationships for the most general
situations where both v, and v, are the inputs.

Table 2.2 Discrete analog integrator (DAI) input/output relationships.

Input Output connected to ¢, Output connected to ¢»
vy =input and v, = Vey ' G 2 G
1-z! Cp 1-z! Cr
vy = input and vi = Vey -z 2 G -1 G
1-z7!' Cr 1-z7!' Cr
vi and v, are both inputs | Vi(2) -z = Va(2) - 27" C; | Vi(@) -z =Val2) C;
1-z1 Cr 1-z! Cr
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