Lecture 39:
Intro to Differential Amplifiers
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Context

Next week 15 the last week of lecture,
and we will spend those three
lectures reviewing the matenal of the
course, and locking at applications of
the matenal

Today we are gomg to look at the
bazics of differential amplifiers.
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Reading

« All of the reading azzignments are done
« lime to start reviewing for the final!

Fwl L L Lo




Pul L L L=

evice Matching vs single ended signals

» Umne of the things that we depend on mn the design
of analog mtegrated circuits 13 device matchmg.
For example, 1if we make a current nurror, we are
depending on the reference and the narror device
behaving 1z a very simular fashion When a gate-
source voltage 15 developed on the reference
device, passing a given current, the same voltage
appeaning across the gate to source on the mirror
device will allow the same dram current.

« A voltage 1= only defined betoveen two points

« Charge times voltagze difference gives the energy
needed to move a charge between two points.

« A zngle ended signal 1z actually a misnomer,
because all voltages are measured between two
points, 1tz just that single ended signals use
“ground” as a reference.
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Variations hat is “ground”

« The transistors wall generally vary due to several
cauzes:

« Temperature—very simalar for devaces on the same
substrate

« Implant vanatons—ampertant for small devices

« Vanahons m width—important for narrow devices

« Vanations in length—amportant for short charmel
devices

« Layout vanations

Often, analog devices will not be mummum sized devices,
z0 that oufput resistances wall be lowar, short channel
affacts will be smaller, and the effact of vanations 1=

M= 1 R —

+ In a low frequency circurt, with a big ground plane

available, it 15 possible to approxmmate that ground
13 a stable reference which all veltages can be
measured with rezpect to.
At high frequencies, and at low voltage swings
which are needed for reascnable power

1on, the vanation of the “ground”™ can
vary by more than the signal level.
This 15 even a problem at low frequencies, 1f
desices are separated by any distance. “ground” at
one device can easily be several volis different than
“ground” at another device. (DC and AC)
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erential signaling erential Amplifiers

= One solution to thiz problem 1s to use differential
signaling that 13 two wires, close to each other, and
m a symmetnic confisuration, carry the signal az a
voltage difference.

» Thev needed to be routed tg?dsﬂhamﬂmristﬁd to
avold coupling magnetic fields from other wires or
30UTCES

» They should alsc be driven with the same
mpedance, so they pick up the zame noise voltages

. Ifaﬂufﬂl&neihiﬁgegrednne,thﬁumisepi:kedup
by the wires 15 pi up by both n the same
amount and with the zame sign—"Common mode™

Dhfferential amphifiers alzo solve some of the
other problems that we have bruzhed azide so

far- hike how to bias the mput to the nght quescent
voltage.
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ifferential input rential Amplifier Concept

» In order to usze a differential sipnalmg scheme we
need to produce an amplified version of the
difference between the input voltages

= [hiz 1z called a differential amphfier.

» The output of a differential amplifier can either
1tzelf be differential, or it could convert the signal
mto a single ended version with regpect to ground

= 1fthe nputs change in voltage together, swinging
m the zame direchion, thiz 1z called common mode

= A good differential amphfier 13 designed to cancel
the common mode: called common mode rejection

The bazic 1dea: amplify the difference between
two mputs and reject the common component
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