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Problem 1 Input bias and offset currents

The circuit of Fig. 1 is to be used as an inverting amplifier with a gain of 10 V/V and is to employ the µA741
op amp (the datasheet is appended at the end of the exercises).

• Specify suitable component values to ensure a maximum output error of 10mV.

Figure 1: System to estimate the output error due to the input bias currents for the case of resistive feedback.

Problem 2 Common-Mode Rejection Ratio (CMRR)

The difference amplifier of Fig. 2 uses a µA741 op amp and a perfectly matched resistance set with R1 = R3 =
10 kΩ and R2 = R4 = 100 kΩ. Suppose the inputs are tied together and driven with a common signal VI .
Estimate the typical change in VO if:

Figure 2: Difference amplifier.

• VI is slowly changed from 0 to 10 V;

• VI is a 10 kHz, 5 V 0-peak sine wave.
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Hint: the output voltage can be rewritten as:

VO = Adm

(
Vi+ − Vi− +

Acm

Adm
Vic

)
(1)

Problem 3 Power-Supply Rejection Ratio (PSRR)

A µA741 op amp is connected as in Fig. 1 with R1 = 100Ω and R2 = 100 kΩ.

• Predict the typical as well as the maximum ripple at the output for a power-supply ripple ∆VDD of 0.05Vp
at 120 Hz (assume ideal VSS).

Hint: The µA741 datasheets do not show the PSRR rolloff with frequency, so let us use the ratings given at dc,
keeping in mind that the results will be optimistic.

Problem 4 Single-Pole Open-Loop Gain

With respect to the non-ideal op-amp frequency response, we shall make the simplifying assumption that the
open-loop gain a(s) possesses just a single pole. Such a gain shall be expressed in the form:

a(s) =
a0

1 + s/ωb
=

a0
1 + jf/fb

; (2)

where s is the complex frequency, a0 is the open-loop dc gain, and −ωb is the s-plane pole location. Equivalently,
in the second half of the equation, we express gain in terms of the frequency f, where j is the imaginary unit,
and fb = ωb/(2π) is the open-loop −3-dB frequency, also called the open-loop bandwidth. We calculate gain
magnitude and phase as:

|a(jf)| = mag a(jf) =
a0√

1 + (f/fb)2
; (3)

<)a(jf) = ph a(jf) = − arctan(f/fb). (4)

Magnitude is plotted in Fig. 3. The gain is high and approximately constant only from dc up to fb. Past fb it
rolls off at the rate of −20 dB/dec, until it drops to 0 dB (or 1 V/V) at f = ft.

Figure 3: Single-pole open-loop gain.The frequency axis is on a logarithmic-base-10 scale.
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• Calculate ft by imposing 1 = a0/
√
1 + (ft/fb)2. Hint: notice that ft ≫ fb

• According to the µA741 datasheet, what are the typical a0 (called large signal voltage gain), fb and ft
values?

• Calculate the module and phase of a(s) when f ≪ fb, f = fb and f ≫ fb.

• Consider another amplifier than the µA741, which has a magnitude of 80 dB at f = 10Hz and a phase
angle of −58° at f = 320Hz. Estimate a0, fb, and ft.

Problem 5 Slew rate

Suppose a µA741 op amp is configured as voltage follower (Fig. 4). We stress that SR is a nonlinear large-signal
parameter, while tR is a linear small-signal parameter. The critical output-step magnitude corresponding to
the onset of slew-rate limiting is such that Vom(crit)/τ = SR. Since τ = 1/(2πft),

Vom(crit) =
SR
2πft

. (5)

• What are the SR, tR, τ and Vom(crit) for the µA741 op amp?

• Investigate the response to an input step of 30mV.

• Investigate the response to an input step of 0.8V.

Figure 4: Voltage follower.
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