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N Low Power Options

Process Tradeoffs
Zontrol

BIFET CMOS

» Low Voltage
» Low Noise « Single Supply
* High Slew Rates Current e Micropower
« Rail-to-Rail

» Wide BW
e High Output
Drive

» Stable Offset
Voltage

* VVery Low Noise
» Low Offset Voltage
* High Voltage Gain

BIPOLAR
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N
) Ideal Op Amp Specs

control
POWER SUPPLY
* No min or max Voltage
* IsyppLy = 0 Amps
» Power Supply Rejection = oo
INPUT Vop
e Input Current (Ig) =0 ) OUTPUT
* Input Impedance (Z,,) = o V- V.tV
« Input Voltage (V) = no limits out = Vss 10 Vb
e Zero Noise *loyr = _
« Zero DC error *Slew Rate = oo

« Common-Mode Rejection = o

SIGNAL TRANSFER

» Open Loop Gain = $O . OO
* Bandwidth =0 > «

e Zero Harmonic Distortion
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N

Control

Non-ldeal DC Op Amp Model

POWER SUPPLY
 Limited by IC Process
* lgppLy - Standard — mAs per op amp
Low Power —100s of uAs per op amp
Micropower —10s of UA per op amp
» Power Supply Rejection : typical spec 100uV/V

INPUT
* Input Current (Ig)
-— nA for BiPolar
[1— pA for CMOS
* Input Voltage (V,\) = Supply Limited
« Significant Offset Error
« Common-Mode Rejection : typical spec 75dB

OUTPUT
* Vour = Vgs 10 Vpp
* Ioy7: limited by thermal properties of package
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Non-ldeal AC Op Amp Model

control N

VDD * Slew Rate
* Input Impedance (Z,)
*Open Loop Gain
» Bandwidth
» Harmonic Distortion
* Noise

I|N— O
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A% Specifications
DC and AC

Control

DC
Input Offset Voltage AC

Input Bias Current _ _
|nE3t Vloltag: Swing Gain Bandwidth Product (GBWP)
Slew Rate (SR)

Open Loop Gain Settling Time

Power Supply Rejection :
Common-mode Rejection [BUG VR NO'?’E
Input Current Noise

Output Voltage Swing

Power Supply Current and Voltage
Operating rating

Absolute Maximum rating
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N DC Specifications
Power Supply Voltage

Control

e Limits Input and Output Swing Range
e Typical Amplifier Single Supply Ranges
% Vpp = 2.7V 10 5.5V

% Vpp = 2.5V t0 5.5V
% Vpp=1.8V105.5V
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’\\ DC Specifications
Output Swing Limitations

control
® Open Loop
Gain Spec

<+ DC test
< Linear region
® Vou VoL
Spec
<+ DC test
< Output is
Over Driven Time (us)

>
a
>
E
=
e
=
O
>
T
O
>

Input Signal (V)

G =+2V/V,
Input Frequency = 40kHz
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S ——

DC Specifications
About Output Swing and Drive

Output Voltage Test Conditions Measured Measured
Swing Load Y/ Output Swing | Output Swing
Conditions, R above V¢ (mV)]below V5 (MV)

High, to Vpp 10kQ (Vpp-Vss)/2 + Vg - 11.2
High, to Vpp | 10kQ Vs - 20.4
High, to V5 10kQ Vip i 1.95
High, to V, 100upA Source | - i 3.8
Low, to Vg 10kQ (Vpp-Vss)/2 + Vg 11.6 -
Low, to V. 10kQ Vgs 3.7 -
Low, to Vg 10kQ Vo 25.5 -
LOW; to VSS 1OOMA S|nk B 8.1 -

N Vo, Rail-to-Rail

©  OQutput Amplifier
VREFl o
Vs VRero
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N DC Specifications
Input swing
control

e Input swing Dependant on Type of Transistors at
the Input of Op Amp

e Typical Input Limits from Positive Ralil
2 Vpp—2.3
2o VDD

e Typical Input Range Limits from Negative Rail
* Vg — 0.3V

o2
* V S S
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N AC Specifications

Closed Loop versus Open Loop
control Gain

@ Close Loop f;, > 10x Signal Bandwidth, fg,c
e The f,, of Op Amp is Usually Higher than f-,

AOL(dB) Signal

Bandwidth,
el fsic Closed
80 + Loop

Bandwidth,

60 .f fCL
20 + = | l_

- |
20 + - Open Loop Vrer
0 R Bandwidth, .,

10 100 1k 10k 100k 1M ~ Hz
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AC Specifications
Slew Rate

control
e Ability of Amplifier to “keep
up” with Fast Input Signals
e Defined Between 10% to
90% of Output Swing Iin
V/us
e Maximum rate of change of
output voltage per unit time
® Expressed in V/uS
e Basically say how fast the
out can follow input signal
Vour = Vin
Vi O0—+ Vour

© 2006 Microchip Technology Incorporated. All Rights Reserved.

— Input

Output

{
Time |
Slope In
V [ us
SR =
AVout/ At
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.\\ Critical Application

Slew Rate
control

e The Amplifier's Ability to go from Zero to Full-Scale
can Limit the Sampling Speed of the A/D Converter

CHO

— = A I

gé MCP601 /

— f_g 2 MCP3201

—1 <S5 I

N =+

—— )
CH7 )
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N AC Specs
Settling Time

Control

e Amount of Time Amplifier Requires to “Settle” within
a Specified Error Band. The input of the amplifier is
driven with a large signal square wave.

e MCP60x = 8us to 0.01%
Vour

Error Band

,

Final _,
Value

VO Vour o

0 —
LseTTLE
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.\\ Critical Application
Settling Time

Control

e The Amount of Time it Takes the Op Amp to Settle
can Limit the Sampling Speed of the A/D Converter

Vpp = 5V
C
<

InH

AN

MCP3201

1
L

Analog
Multiplexer

—

L
LR

)

CHY
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‘\\ AC Specs

Noise
control
e Amplifier Specifications for Noise
< Voltage Noise :
< nV /rt Hz at a Specific Frequency
% e, 22nV /rt Hz at 1kHz
% rms over a Specified BandwidthVYNoOISE Vi
< le, 2uV rms 100Hz to 10kHz
< peak-to-peak over a Specified Bandwidth
< e, 1.3uV p-p 0.1Hz to 10Hz
< Current Noise :
< Similar Specifications but in Amperes

< PA/rt Hz at Specified Frequency; ie,15pA / rt
Hz at 1kHz

e Always Referred Input of the Amplifier (RTI)
e CMOS and BiFet Amp. have lower Current Noise
e Bipolar Amplifiers have lower Voltage Noise

VOUT
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Control

Specifications and Calculations

INPUT VOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY

e Units of Measure
s+ nV/VHz == spot noise taken

over a 1Hz Bandwidth

< Ims ::Vvlz + V2 + V2t L+ V2

e Probability Specifications S~
<+ Peak-to- Peak (p-p)
< == Calculated from several thousand samples
< == Ims noise * 2 * crest factor

< Noise Free == also know as p-p

< Crest Factor ==

< Probabillity factor of occurring
Inside a specified limit Time

< Industry uses a crest factor of 3.3 to project that 99.9% of all
samples will be within specified limits

)
g
< 100
£
2
]
4
=S
s
°
>

Current Noise (fA/VHz)

Magnitude
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O Dual Supply vs Single: Critical

Specs
control
—{
e -
— +
Dual Supply e Single Supply
< Power Consumption + Power supply |
+ Good SNR < Voltage Output Swing
% Wider Bandwidths + Voltage Input Range
< Offset Voltage
<+ Noise

© 2006 Microchip Technology Incorporated. All Rights Reserved. 18 The Low Power Anak)q Solution
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Control

Voltage Follower (or Buffer)

e Buffer Amplifier
* Vour!/ V= +1VIV
< Can not implement a filter with this configuration
e Challenging to Use in Single Supply Circuits
< Input Swing
< Output Swing

ouT

\Y;
Vy O

© 2006 Microchip Technology Incorporated. All Rights Reserved. 19 The Low Power Anak)q Solution



N

Control

Non-Inverting Gain

e Easy to use in Single Supply Environments

e Filter can be Implemented with Additional
Capacitors S
2

—
R1
— —~

N 4

ouT

O<

V
@, +
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‘\\ Non-Inverting Amp
Adding the Reference

Control

e Single Supply Environments Require Vger
® VIS

Negated

Gained

® Vour= Vin(T+R3/Ry)-Veer (Ry/Ry)

R,

W—
Vrer - R, | h

VINC +

VO UT
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AN Critical Application for Single
Supply

Control

e Operation Amplifier Configured for a High Gain
(Closed Loop)

Let R = 100Q, Re = 10kQ and Vo = 1mV,
If V,y = OV what is the Output Voltage, Vg ?

o Voltage
Output, Vot

Vour = (1+Re/Ryy) (VN * Vos)
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N

Control

Inverting Gain

® Vour = -Vin(Rz/Ry) + Vege(l+R;/Ry)
® Vour = (VintVeer)(Ry/Ry) + Viee
O Challenglng to Use In Single Supply Circuits

Input Swing
Output Swing R
VREF 2
— L —
Vin Ry
O———— - Vour
O
+
VRer
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N Psuedo Ground Using a Supply

Splitter
control
RZ
—_— —
Rl
V|N O—:I—_ - VOUT
O
—_— ] +
~10kQ
— - Psuedo

VDD
ﬁ —:-I- O Ground
Q v 100Q 1
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N

Instrumentation Amps Circuits

control
\% . :
°°0 Differential Input
High Input Impedance
Wi High Common-Mode Rejection
O
O
\%
VIN+ OouT
o—
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3 Three Op Amp IA

control
VlN— (o +
e Features | R,
%  Most Popular Configuration —lzW—
Common-Mode Input
Range Decreases as Gain
Increases -
Can be used in Gains of R
1V/V or higher G R, =3
.8 M +
VOUT
R,
Vine 0= +
VREF
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Control

First Stage Output Limitations

G(-Vine + VN2 + Ve

Vin- _ I
R, R,
Veum h
Re R, R, |, —°
——W Vour
VIN+ R R
2
1l L] y
= \_/ REF
G=1+2RJ/R; G(Vin+ - VinD/2 + Ve
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N

Level Shift with Voltage Reference

<control
G(-Vine + Vin)/2 + Ve
V||\|_ O~ +
RZ
> — W—
Re R, G(Vin+ - Vind + Vrer
Rg —0
R, R,
T > Vour
h )
Vine © > VRer
G=1+2R/R, G(Vin+ - VinD/2 + Ve
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Control

Two Op Amp |IA

Features

o More Popular in Low
Power Applications

o Common-Mode Input
Range Decreases as Gain
Decreases

o) If Swing to GND is needed
R1/R2>2 \V/

o) Can only be Configured for
a Gain of +2V/V or
higher

REF

VOUT
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‘\\ Two Op Amp IA

Transfer Function
control MA—

VOUT

A output = (A Input) * (Gain) + level shift voltage
for R, = 30kQ and R, = 10kQ

Vour = (Vine— Vi) ¥ (4+60k/Rg)  + Viee
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Photo Diode Pre-amp

control Cre
S _
I \ Vour= *lsc R
| AAN |
|sc I VDD
- Vourt

5 ¥
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Control

Current Limit

Vsense =1200mV/10.1 =118.8mV
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OP Amp Quick Selection

The Low Power Analog Solution

Fo)
vontrol
Low Cost Low Iq Low Noise Low Supply Low Offset Small
Voltage Voltage Package
Low Cost MCP6001/2/3/4 MCP6231/2/4 MCP6291/2/3/4 MCP6001/2/4 MCP606/7/8/9 MCP6001
MCP6241/2/4 MCP616/7/8/9 SOT-23
MCP6021/2/3/4
High GBWP MCP6291/2/3/4 | MCP6281/2/3/4 | MCP6291/2/3/4 | MCP6291/2/3/4 | MCP6021/2/3/4 MCP6291
10MHz 5MHz MCP6021/2/3/4 | MCP6021/2/3/4 10MHz MCP6021
10MHz 10MHz SOT-23
Low Offset MCP606/7/8/9 MCP606/7/8/9 | MCP6021/2/3/4 | MCP606/7/8/9 TC913 MCP606
Voltage MCP616/7/8/9 MCP616/7/8/9 MCP616/7/8/9 MCP6021
MCP6021/2/3/4 MCP6021/2/3/4 SOT-23
Small MCP6001 MCP6041/6141 MCP6291 MCP6001 MCP606 MCP6001
Package SOT-23 TC1034/5 MCP6021 MCP6231/41 MCP6021 MCP6231/6241
SOT-23 SOT-23 SC-70 SOT-23 SC-70
General MCP601/2/3/4 | MCP6271/2/3/4 | MCP6271/2/3/4 | MCP6271/2/3/4 | MCP601/2/3/4 MCP6271
Purpose MCP6241/2/4 MCP6281/2/3/4 MCP6241/2/4 MCP601
MCP6291/2/3/4 SOT-23
MCP6001 MCP6041/2/3/4 | MCP6291/2/3/4 | MCP6041/2/3/4 TC913 MCP6001
MCP6141/2/3/4 | MCP6021/2/3/4 | MCP6141/2/3/4 MCP6231/6241
© 2006 Microchip Technology Incorporated. All Rights Reserved. 33




OP Amp Products Offering

contral
GBWP Supply Voltage | Vos lo

Rail to Rail Output
MCP601/2/3/4 2.8 MHz 2.7t05.5V 2.0mV |230 pA
MCP606/7/8/9 155 kHz 251055V 0.25 mV |19 pA
MCP616/7/8/9 190 kHz 231055V 0.15 mV |19 YA
Rail to Rail Input/Output
MCP6001/2/3/4 1 MHz 1.8t05.5V 7.0mV |100 pA
MCP6021/2/3/4 10 MHz 251055V 0.5mV |1100 pA
MCP6041/2/3/4 14 kHz 1.4t05.5V 3.0mV |0.6 pA
MCP6141/2/3/4 120 kHz 1.4t05.5V 3.0mV |0.6 pA
MCP6231/2/4 200 kHz 1.8to 5.5V 7.0mV |20 pA
MCP6241/2/4 500 kHz 1.8t0 5.5V 7.0mV |50 pA
MCP6271/2/3/4/5 |2 MHz 20t0o 5.5V 3.0mV (170 pA
MCP6281/2/3/4/5 |5 MHz 2.2t055V 3.0mV |450 pA
MCP6291/2/3/4/5 |10 MHz 24t055V 3.0mV |1000 pA
TC1029/30/34/35 |90 kHz 1.8t0 5.5V 1.5mV |6.0 A

© 2006 Microchip Technology Incorporated. All Rights Reserved.

BACK

34 The Low Power Analog Solution



	Mechatronics WIB�OP Amp 
	Low Power Options�Process Tradeoffs
	Ideal Op Amp Specs
	Non-Ideal DC Op Amp Model
	Non-Ideal AC Op Amp Model
	Specifications�DC and AC
	DC Specifications�Power Supply Voltage
	DC Specifications�Output Swing Limitations
	DC Specifications�About Output Swing and Drive
	DC Specifications�Input swing
	AC Specifications �Closed Loop versus Open Loop Gain
	AC Specifications �Slew Rate
	Critical Application�Slew Rate
	AC Specs�Settling Time
	Critical Application�Settling Time
	AC Specs�Noise
	Specifications and Calculations
	Dual Supply vs Single: Critical Specs
	Voltage Follower (or Buffer)
	Non-Inverting Gain
	Non-Inverting Amp�Adding the Reference
	Critical Application for Single Supply
	Inverting Gain
	Psuedo Ground Using a Supply Splitter
	Instrumentation Amps Circuits
	Three Op Amp IA
	First Stage Output Limitations
	Level Shift with Voltage Reference
	Two Op Amp IA
	Two Op Amp IA �Transfer Function
	Photo Diode Pre-amp
	Current Limit
	OP Amp Quick Selection
	         OP Amp Products Offering

