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StudentZone—
ADALM2000 Activity: The
Source Follower (NMQOS)

Doug Mercer, Consulting Fellow and
Antoniu Miclaus, System Applications Engineer

Objective
The objective of this activity is to investigate the simple NMOS source follower
amplifier, also sometimes referred to as the common drain configuration. /\/

Materials
» ADALM2000 Active Learning Module

> Solderless breadboard

> Jumper wires Figure 1. Source follower.

> One 2.2 k0 resistor (R,) Hardware Setup

> One small signal NMOS transistor (enhancement mode CD4007 or The waveform generator should be configured for a 1kHz sine wave with 2V
ZVN2TI0A for M1)

amplitude peak-to-peak and 0 offset. The single-ended input of Scope Channel 2
(2+)is used to measure the voltage at the source. The scope is configured with
Channel 1+ connected to display the AWG generator output. When measuring the
input to output error, Channel 2 of the scope should be connected to display the
2+ and 2- differential.

Directions

The breadboard connections are shown in Figure 1and Figure 2. The output of
the waveform generator, W1, is connected to the gate terminal of M1. Scope Input 1+
(single ended) is also connected to the W1 output. The drain terminal is con-
nected to the positive (Vp) supply. The source terminal is connected to both the
2.2 k0 load resistor and Scope Input 2+ (single ended). The ather end of the load
resistor is connected to the negative (Vn) supply. To measure the input to output
error, Channel 2 of the scope can be used differentially by connecting 2+ to the
gate of M1and 2- to the source.

GND 1- 2- Vn 2+

Figure 2. Source follower breadboard circuit.
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Procedure

Configure the oscilloscope instrument to capture several periods of the two signals
being measured. A plot example is presented in Figure 3.
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Figure 3. Source follower with both input and output waveforms.
The incremental gain (Vyy/V,y) of the source follower should ideally be 1but will
always be slightly less than 1. The gain is generally given by Equation 1.
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From the equation we can see that in order to obtain a gain close to Twe can
either increase R, or decrease r,. We also know that r, is a function of |, and that
as |, increases, r, decreases. Also, from the circuit we can see that I, is related
to R, and that as R, increases, |, decreases. These two effects work counter to
each other in the simple resistive loaded emitter follower. Thus, to optimize the
gain of the follower we need to explore ways to either decrease r, or increase R,
without affecting the other. It is important to remember that in MOS transistors,
lp=1(l;=0).
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where K = 1,C.,/2 and A can be taken as process technology constants.

Looking at the follower in another way, because of the inherent DC shift due to
the transistor's V, the difference between input and output should be constant
over the intended swing. Due to the simple resistive load, R, the drain current,
I, increases and decreases as the output swings up and down. We know that I,
is a(square law) function of V. In this +1V to -1V swing example the minimum
I, =1V/2.2 k0, or 0.45 mA, and the maximum I, =6 V/2.2 k}, or 2.7 mA. This
results in a significant change in V. This observation leads us to the first pos-
sible improvement in the source follower.
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Figure 5. Improved source follower breadboard circuit.

The current mirror from previous StudentZone activities is now substituted for the
source load resistor to fix the amplifier transistor source current. A current mirror
will sink a more or less constant current over a wide range of voltages. This more
or less constant current flowing in the transistor will result in a fairly constant V.
Viewed another way, the very high output resistance of the current mirror has
effectively increased R, while r, remains at a low value set by the current.

Improved Source Follower

Additional Materials

» One 3.2 k0 resistor (use a 1k0 in series with a 2.2 k()

> One small signal NMOS transistor (ZVN2110A for M1)

» Two small signal NMOS transistors (CD4007 for M2 and M3)

Directions

The breadboard connections are shown in Figure 4 and Figure 5.
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Figure 4. Improved source follower.

Hardware Setup

The waveform generator should be configured for a 1kHz sine wave with 2 V
amplitude peak-to-peak and 0 offset. The single-ended input of Scope Channel 2
(2+)is used to measure the voltage at the source. The scope is configured with
Channel T+ connected to display the AWG generator output. When measuring the
input to output error, Channel 2 of the scape should be connected to display the 2+
and 2- differential.
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Procedure

Configure the oscilloscope instrument to capture several periods of the two signals
being measured. A plot example is presented in Figure 6.

wples at 1 MIIz/1 ps

Figure 6. Impraved source follower waveform.

Source Follower Output Impedance

Objective

An important aspect of the source follower is to provide power or current
gain—that is, to drive a lower resistance (impedance) load from a higher
resistance (impedance) stage. Thus, it is instructive to measure the source
follower output impedance.

Materials

> One 4.7 kQ resistor

> One 10 kA resistor

> One small signal NMOS transistor (CD4007 or ZVN2TI0A for M1)

Directions

The circuit configuration in Figure 7 and Figure 8 adds a resistor, R2, to inject a
test signal from AWG1 into the emitter (output) of M1. The input, the base of M,
is grounded.
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Figure 8. Output impedance test breadboard circuit.
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Figure 7. Output impedance test.

Hardware Setup

The waveform generator should be configured for a 1kHz sine wave with 2 V
amplitude peak-to-peak with the offset set equal to minus the Vg of M1
(approximately -V). This injects a +0.1mA (1V/10 kQ) current into MTs source.
Scope Input 2+ measures the change in voltage seen at the source.
Procedure

Plot the measured voltage amplitude seen at the source. Configure the oscilloscope
instrument to capture several periods of the two signals being measured. A plot
example is presented in Figure 9.
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Figure 9. Output impedance test waveform.

Question:

Can you briefly describe two ways in which the gain of the source follower can
be improved (closer to 1)?

You can find the answers at the StudentZone blog.

Vn

Vp
| o

L——— . ———————1
. e e 0 o0
. s e s o0
e o0 o0
. L O
. e e 0 o0 e e o 00
. e e 0 00 e 0 00
. e e 0 00 00 00
e e 0 oo e e o 0 e
. e e 0 o0 e o o 0
. e e o o0 e e 000
° e e s o0 e 0 0 0
. e e 0 o0 e o o0
° L e e o 0 0
e e 0 o0 e o0 0 0
. e e s 00 e s o
. e e 0 00 e e o o e
. e 00 o0 @00 o0
.
.
. e o0 00
. e e 0 00
. e e 0 o0
.
.
e e 0 o0

R
ce oo
ce e
KR
R

e o 0 e
e e o o 0
¢ e o o0

VISIT ANALOG.COM 3


https://www.analog.com
https://ez.analog.com/studentzone

About the Author

Doug Mercer received his B.S.E.E. degree from Rensselaer Polytechnic Institute (RPI) in 1977. Since joining Analog Devices in 1977,
he has contributed directly or indirectly to more than 30 data converter products and he holds 13 patents. He was appointed to
the position of ADI Fellow in 1995. In 2009, he transitioned from full-time work and has continued consulting at ADI as a Fellow
Emeritus contributing to the Active Learning Program. In 2016 he was named Engineer in Residence within the ECSE depart-
ment at RPI. He can be reached at doug.mercer@analog.com.

About the Author

Antoniu Miclaus is a system applications engineer at Analog Devices, where he works on ADI academic programs, as well as
embedded software for Circuits from the Lab", QA automation, and process management. He started working at Analog Devices in
February 2017 in Cluj-Napoca, Romania. He is currently an M.Sc. student in the software engineering master's program at Babes-
Bolyai University and he has a B.Eng. in electronics and telecommunications from Technical University of Cluj-Napoca. He can
be reached at antoniu.miclaus@analog.com.

ANALOG For regional headquarters, sales, and distributors or ©2021 Analog Devices, Inc. All rights reserved. VISIT ANALOG.COM
to contact customer service and technical support, Trademarks and registered trademarks are
DEVICES visit analog.com/contact. the property of their respective owners.
AHEAD OF WHAT'S POSSIBLE™ Ask our ADI technology experts tough questions, browse

FAQs, or join a conversation at the EngineerZone Online
Support Community. Visit ez.analog.com.


https://www.analog.com
https://www.analog.com/contact
https://ez.analog.com
https://www.analog.com
mailto:doug.mercer%40analog.com?subject=
mailto:antoniu.miclaus%40analog.com?subject=

