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What you will learn in Lectures 2 and 3?

Vb

Single power rail

Amplifier
X200

High impedance source /\/ - Low impedance
e.g. microphone - Load e.g. speaker

O

VIN VOUT

< Small input signal

» High gain amplification

» Working with single power supply rail
» Low impedance load (next Lecture)
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Non-inverting Amplifier & Voltage Follower

X \TY

R2=3k / T
e R2
Ik

_L_

< Year 1 circuits module, part 1, lecture 9, slides 11 and 12
< Non-inverting amplifier using op-amp, Gain x4

< Special case: R2 =0, R1 =« Gain = 1
> Voltage follower or unity gain buffer
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Real-life Op Amp

MICROCHIP

MCP6001/1R/1U/2/4

1 MHz, Low-Power Op Amp

Description

The Microchip Technology Inc. MCP6001/2/4 family of
operational amplifiers (op amps) is specifically
designed for general-purpose applications. This family
has a 1 MHz Gain Bandwidth Product (GBWP) and 90°
phase margin (typical). It also maintains 45° phase
margin (typical) with a 500 pF capacitive load. This
family operates from a single supply voltage as low as
1.8V, while drawing 100 pA (typical) quiescent current.
Additionally, the MCP6001/2/4 supports rail-to-rail input
and output swing, with a common mode input voltage
range of Vpp + 300 mV to Vgg — 300 mV. This family of
op amps is designed with Microchip’s advanced CMOS
process.

Limited to 1MHz signal
frequency (GBP) (not infinite
gain at all frequencies)

Stable under high capacitance
load (linked to phase margin)

Single power supply
operation

Rail-to-rail input/output
swing

Low supply current when idle

Near rail-to-rail common mode
input voltage
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MCP6001/2/4 as a near ideal op-amp

" 7 R
Input Vi R; AvVi Output .
P o Bl PU .z of MCP6001 is very large
’ - ) i Common Mode Input Impedance Zem 10316 | Q|pF
Differential Input Impedance ZoiFe 103 | Q||pF
< |deal op-amp v Input current is negligible
> R —> ©0 Input Bias Current: Ig +1.0 pPA
1 Industrial Temperature Ig 19 pPA | Tp=+85°C
> AV — X Extended Temperature Ig 1100 pA | Tp=+125°C
> Ry =0 . e
v Gain is near infinite (true at low frequency)
DC Open-Loop Gain (Large Signal) AoL 112 dB
>1 x10°
v Output impedance is low (specified as Ig¢)
Output Short Circuit Current Isc 16 mA | Vpp=1.8V

+23 mA VDD =558V

PYKC 8 Oct 2024 EE2 - Circuits & Systems Lecture 2 Slide 5




Problem with single supply rail

< Output swing limited to rail voltages

| VSS + 25
VQD - 25

| Maximum Output Voltage Swing VoL, Vou mV I

< Input cannot be a sinewave with 0V DC offset
VDD

Single power rail

VO uT

Output cannot go
below negative

Amplifier

sine wave with
0V offset

< Need to add DC offset to input

— 1v DC
sine wave
1V peak-to-peak

B
1V DC offset sme wave
0.5V amplltude /\/
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X4 amplifier fail

<+ Amplifier Gain = +4, output swing = 2V to 6V — not possible

VDD - 5V

VIN +\

10kHz sine wave Y
1V peak-to-peak oM
1V DC offset Q[®
R2
200k
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Attempt 1 — AC coupling signal

< AC couple input signal — block DC offset to amplifier
< Does not work for single supply op-amp

C2
Vin 1
i T
+
10kHz sine wave p— ~
1V peak-to-peak p— o |™M
any DC offset —I_ 8 o
= % _ 200k
O (a'd
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Attempt 2 — Add bias to V+ input

< Bias input V+ to half of power supply rail voltage

» Maximize input voltage swing
» Still not working — bias voltage is now the unwanted DC offset!

|5V VDD — 5V

q—
(a4

V.. C2 \
IN T 2.5V | 4

ol
1
0 1z
= 200k

200k

10kHz sine wave

1V peak-to-peak
any DC offset

200k
R3

Ny
68k 'l
R1
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Final working solution

< Final solution: Add C3 such that gain of op-amp =1 at 0 Hz (DC)

R2
<« Gain of op-amp at valid signal frequencyis G = 1 + 1

|5V VDD = 5V

v
(a4

C2
Vin 4 2.5V +\

200k

10kHz sine wave N
1V peak-to-peak o |™M
any DC offset 8 =
R2
'0% _ 200k
o |

<+ How to choose values for C2
= C3 and C3?
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Better Bias Circuit

< Generate bias voltage using a voltage reference circuit, e.g. AP431i
< Bias voltage NOT susceptible to noise on 5V supply

5V

200k
5V 2.5v 200k

—1 220 7| 68Kk
AP431i -
C3 T
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AP431i voltage reference in detail

CATHODE 220
______________________ . _ 5V R4 2.5V reference
i T . AP431] ——O
: : (Top View)
| .
REF ?7 + i | CATHODE —? 3 AP431i
! ] ! cathode
| L | ANODE -
D [Veer ! ref .
i i REF anode
I ——— O ———— | — 2
ANODE
Min Max
Ika Cathode Current 0.1 100 mA
Min Typical Max
Veer 1% s::;::ce Vka= Vger, Ika= 1mA 2.475 2.500 2.525 v
Typical Max
. Vka = VREer,
Zka namic Impedance 0.1 0.3 0
Oy ped Ika=1to 100mA, f< 1.0kHz
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Open-loop Gain vs Frequency for MCP6001

Gain drops by

1B g 20dB /decade Gain-Bandwidth
5 : ; 1st order Product (GBP) =
120 — — 0 Gain x frequency
i~ MCP6001
@ 100 \ -30 >
~ 80 60 @
£ \\ M| Phase .‘:‘G GEP for
U ~ MCP6001 i
(g_ 60 1 N 90 %‘_ 1MHz :
S 40 I 120 S
3 Gain m\\ _,?
S 20 150 S
o Q.
O o -180 O
Vem = Vss
_20 llIIIIllI [ 11 : ) -
04 1 10 100 1k 10k 100k 1M Gain = Jd5
Frequency (Hz) 1MHz
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Amplify 10kHz signal with Gain of 200

T

—1 220

1k

AP431i

A
T
C3 T
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Solution - Two stage amplification

100K
R10
Vo @ .
| 10k
O RO
2.5V
= Vref
25V R3
Vref
o 10k
1+
c3
T
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Problem with driving low impedance load

VDD

Single power rail

480u
gl

Vin MCP6001 O

High impedance source /\/
€.g. microphone

g
1

Output Short Circuit Current Isc 16
+23

mA
mA

< Needs AC coupling due to output bias voltage of 2.5V
< Maximum current is over 600mA!
<« MCP6001 cannot drive 8Q2 speaker
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