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|. Circuit Schematic

TWO STAGE OPAMP Laboratory Measurement

The two stage op amp characteristics were being measured in the laboratory.

These measurements were then comparedH@ipicesimulations. The circuit schematic
is seen in Fig. 1.
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Figure 1 - Transistor level schemafiCcomp = 3 pF ,Rcome = 5 K).



2.0 DC Characterization

2.1 DC Offset Voltage Measurement

Test Procedure:

1. Set up the unity-gain-feedback op amp circuit shown in Figure 2.1a.

Vour = Vrer + Vos

Figure 2.1a: Input Offset Voltage Measurement Circuit
2. Set \kegeat 5V.

3. Measure the Yyr and \ker using a Digital Multimeter@MM).
4. Calculate the offset voltage p¥using(Eqg. 2.1}

Vos = Vour ™ Vrer (Eg. 2.1)
5. Continue to calculate 34 for other \kge values.

The Vos measurement results are tabulated in Table 2dwss then averaged over all these
measurements ofjé



2.2 Input CMR Voltage Measurement

Test Procedure:

1. Setup the non-inverting unity-gain op amp circuit shown in Figure 2.2a.

\
+ out

Figure 2.2a: Input CMR Voltage Measurement Circuit

Vary V) from 0 to 5V with= 0.1V step.
For each Y, record the corresponding,)¥; using the DMM.
Plot Vout versus \. The linear range of 3t versus \{ is the CMR.

PN

The results from the CMR simulations, as depicted in Figure 2.2b.
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Figure 2.2b: Simulated Input Common Mode Range (CMR)



2.3 Output Swing SWG Measurement

Test Procedure

1.
2.

o0k w

Setup the inverting gain op amp circuit as shown in Figure 2.3a.

Choose a gain of 10 V/V for the op amp circuit. This is to ensure that the output voltage clipping is
due to SWG, and not CMR. Also select values for R and 10R to be sufficiently large so as not to
strain the current sinking and sourcing capabilities of the op amp. The measured values for the
selected R and 10R were 9&Bknd 992K, respectively.

Figure 2.3a: Output Swing Voltage Measurement Circuit
Set \kert0 2.5V.
Vary V| from 2V to 4V with= 0.1V step.
For each Y, record \{y and correspondingd{rusing the DMM.
Plot Vout versus \. The range of Myt is theSWG

Figure 2.3b shows the simulated results of the SWG.
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Figure 2.3b: Simulated Output Voltage Swing (SWG).



3.0 AC Characterization

3.1 Open Loop Differential Gain, A,, Measurement

Test Procedure

1.
2.
3.

o

Setup the circuit shown in Figure 3.1a.

Configure for A measurement.

Offset-null theCA31400p amp of the unity gain buffer in the feedback loop. This buffer prevents
feedforward of the input signal as well as loading effect of the feedback resistors. The CA3140 is a
4.5MHz, BiCMOS Op Amp with MOSFET Input/Bipolar Output.

R5 = 11K

CA3140 Op Amp with +10V supply,
Offset adjusted

CMRR R1=33D

A TRL=33D . v
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Figure 3.1a: Open Loop Differential Gain and CMRR Measurement Circuit

Using a function generator, generate the sigpalnd set the amplitude af, to be 0.02V peak.
Remember to DC offset,, by Vger = 5.0V.

Vary the frequency of,, exponentially from 10Hz to 2MHz

Using the oscilloscope, measure the peak-to-peak amplitugg ahd v for each frequency of;,.

Use the autoranging and average features of the oscilloscope to get a better reading.

Because yis too small, amplify vbefore taking its measurements. For this purpose, &/56dsed

loop gain” differential input amplifier (as shown in Figure 3.1b on the next page) is built. The output
of amplifier of Figure 3.1b is given as follows:

. Rl R3
Vour (Of Figure 310 = ZEE(VZ -v) (Eq. 3.1)
Knowing the amplitudes of,,; and y, calculate A using:
A, =20lo EV"—”‘E [dB] (Eq. 3.2)
glODVS C 4=
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Figure 3.1b: Differential Input Voltage Amplifier

9. Plot the A versus frequency in a semilog plot.

Figure 3.1c shows the simulation results.

. AL AR L
150 e : — Magnitude (dB)
A Phase (degrees)
2 -
$ 100 RS S
o I it
S g Bt "k
m T~
© ~-._\\ N
0 —
1.00E+00 | |1.00E+0L | |1.00E+02 | |1.00E+03 | |1.00E+04 | |1.00E+05 | |1.00E+06 | [1.00E+07
-50

Frequency

Figure 3.1c: Simulated Open Loop Differential Gain and Phase.



Measurement Accuracy Limitations:

e The open loop gain of the CA3140 decreases with frequency. This causes the unity gain buffer in the
feedback loop to deviate from the idealAL over frequency. For examplepfor CA3140 at 10Hz
is 100dB. At 40kHz, the Adrops to 40dB and at 400kHz, its value is 20dB.

< Limited accuracy of the measurement instruments, e.g., the oscilloscope only has voltage per division
of 20mV/DIV.

« Theideal “500V/V gain” of the differential input amplifier decreases with frequency. For more
accurate measurements, the closed-loop gain of the differential input amplifier was characterized as
shown Figure 3.1d. From this characterization, the amplification factgrogév frequency can be
determined.

600

500 e o ‘Gw e o ‘QW g

400 40

300 \
205
200 \

100 7

0 ‘ﬂ; 19

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06
Frequency in Hertz

Closed Loop Gain in VIV

Figure 3.1d: Characterization of the Closed-Loop Gain of the Differential Input Amplifier



3.2 CMRR Measurement

Test Procedure

1
2
3

Setup the circuit shown in Figure 3.1a.

Configure for CMRR measurement.

Using a function generator, generate the signalnd set the amplitude af, to be'0.2V peak.
Remember to DC offset,, by Vger = 2.5V.

Vary the frequency of;,, exponentially from 10Hz to 1MHz

Using the oscilloscope, measure the peak-to-peak amplitwgg afidv,, for each frequency of,.

Use the autoranging and average features of the oscilloscope to get a better reading. 4niftify v
is too small to measure, especially at lower frequencies. In this case, use e ¢B8@d loop

gain” differential input amplifier.

From the measureg, andv;,, calculate the CMRR as follows:

The output voltage of the circuit of Figure 3.1a configured for CMRR measurement can be

expressed in terms of the differential gain, Bommon mode gain, &y, and the input voltage of the
op amp. This is shown ifEq. 3.3}

Vo= A= )+ A FE T £¢. 3.9

Substituting the values of and v into (Eqg. 3.3) the(Eq. 3.4)follows:

Y/ 0 v O
2 -A[K1-K2-—2.F.K3]
AbM _ Vin D Vin D
= y EQ. 3.4)
2 KL+K4+ © F.K3
where
o R _ R+*R
R +R R+R+ R
= Rl 4 = RS
R+R+ R R+R+ R
1
F=—1

1+

L
Rs is the output resistance of the CA3140, which is found to Bef@dn the data sheet. Besides

that, Ao is the open loop differential gain of the CA3140 over frequency obtained from the data
sheet.

Finally, the CMRR was obtained from the following relationship:

! Difficulty in reading small values of,\ requires ¥ to be set at larger amplitude.
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CMRR: Lo (Eq 3.5)

M

Because of the extensive calculations involved, a MATLAB program was written to do the
calculation loads. All of thet®ve eqations are reference from [1].

10. Plot CMRR versus frequency in a semilog plot.

Figure 3.2a compares the measured and the simulated CMRR.
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Figure 3.2a: Simulated CMRR

Possible Causes of Differences in Measurement and Simulation Data:

® SPICE does not model errors due to mismatch such as those caused by process gradient and
geometrical considerations (such as nhoncommon-centroid layout).

®* The measurements are limited by the precision of the resistors used in the measurement.
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3.3 Power Supply Rejection Ratio, PSRR, Measurement

Test Procedure

1. Setup the circuit shown in Figure 3.3a.

out

Figure 3.3a: PSRR Measurement Circuit

2. Using a function generator, generate the signaind set the amplitude 16.1V peak. Conned,
in series with the power supplypy= 5V.

3. Vary the frequency of;, exponentially fron?120Hz to 6MHz.

4. Using the oscilloscope, measure the peak-to-peak amplitugdg ahdv, for each frequency of;.
Use theaverageandautorangingfeatures of the oscilloscope to get a better reading. Amplifif it
is too small to measure, especially at lower frequencies. In this case, use e ¢B8@d loop
gain” differential input amplifier.

5. From the measureg andv,, calculate PSRR as follows:

Ov O
PSRR= 20Iogmgvvi% [dB] (Eq. 3.6)

out

6. Plot the PSRR over frequency in semilog plot.

2 Difficulty in measuring v, requires y to be set at larger amplitude.
% Problems were accounted for lower frequency measurements because “ground-loop signals at 60Hz” terribly corrupt theagetput vol

measurements
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The simulated results are shown in Figure 3.3b.
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Figure 33b: SimulatedPSRR
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3.4 Output Resistance Measurement

Test Procedure

1. Setup the circuit shown in Figure 3.4a.

Figure 3.4a: Ryt Measurement Circuit

2. Using a function generator, generate the sigpalnd set its amplitude to be 0.2V peak. Repeat steps
2 through 6 as the frequencywf is varied exponentially frofLOHz to 1MHz.

3. Determine the rms value pfby placing a test resistor in series between the output of the op-amp and
Vi, and measuring the voltage drop across the test resistor. The caPres® used to AC couple
the test signal into the op-amp’s output and should be large (greater thBh IBnsure that the test
resistor is large enough to generate an AC voltage across it that can be resolved by the o-scope or
DMM.

4. For each frequency of,, measure the rms of using an averaging scope or a DMM. Th#agev;
may need to amplified if too small to observe.

5. Calculate the output resistance of the closed-loop ampjernising the following:

Ry =— (Eq. 3.7)

6. Since this amplifier configuration uses shunt feedback sampling in the output, the true output
impedance of the amplifier is the open-loop value designatRg asand is found by multiplyingRy
by (1 +AB). The valuéA is the open-loop gain at that frequency 8rd the feedback factor, which
in this case, is one.

“ Problems were accounted for lower frequency measurements because “ground-loop signals at 60Hz” terribly corrupt theagetput vol
measurements
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Figure 3.4b illustrates the simulated R
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Figure 3.4b: Simulated &R
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4.0 TransientCharacteristics

4.1 Sew RateM easuements

Test Procedure

1. Setup the non-inverting unity-gain op ampcircuit shown in Figure 3.4a.

Vil With
5V dc df set

Figure 41a: Measurement Circuit for Transient Response

2. Generate the signal vpyse Using afunction generator and set the amplituce to swing -2V to 2V, dc

offset by 2.5V.

3. Using anoscill oscope, measure the slew rate of the outputvoltage, Vo, The olserved v, should look

likein Figue 4.1b.

4.5V

1.5V

out

Positive
Sew Rate

av,
Negative
Sew Rate

X Y.

time

Figure 41b: Observed Transient Response f v

The measured dew rates are compaed to the Level 3 and Level 49 simulations, as tabulated in

Figure4.1c & d.
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Figure 4.1c: Simulated Positive Slew Rate

45

2.50E-06

35 1Y

25

0.5

0
0.00E+00 5.00E-07 1.00E-06

Time

1.50E-06

2.00E-06
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4.2 Phase Margin based on Overshoot Measurements

Test Procedure

1. Use the same circuit setup as in Figure 4.1a.

2. Generate the signa)sc using a function generator and set the amplitude to swing 5V to 6V, i.e., a
1V step input with reference to 5V. Be sure Wat.is not too large to cause the devices to be non-
linear.

3. Using an oscilloscope, measure the overshoot of the output valtage,

4. From the measured overshoot, the phase margin of the op amp can be approximated assuming the
transient response is that of a second order system [1].

5. For phase margin calculations, use the following:

T
_z2
Percentage Overshoet 'E° (Eq. 4.1)
=tan* %E . (Eq. 4.2)
J4€4 +1- 2% g
The overshoot measured was 19.75% &114588, resulting in a measured phase margin of
48.4°.
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5.0 Laboratory Equipment Used

Philips PM5139 Function Generator, 0.1mHz ~ 20MHz

Hewlett Packard E3631A 0 ~6V, 5A / =25V, 1A Triple Output DC Power Supply
Fluke 8842A Multimeter

Fluke PM3380A Autoranging Combiscope 100MHz

PN E
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