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Overview

e The class will begin with basic Operational Amplifier
Concepts and Terminology.

e Primary DC and AC characteristics found in an op amp
data sheet will be defined and discussed, with Examples
to enhance understanding.

e Microchip Analog and Interface Product Introduction —
TreeLink Application/ Product Selection Guide

e Examples and analysis of Op Amp application circuits will
be provided—Demo Boards
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| POWER SUPPLY
* No min or max Voltage (Vpp, Vag)

* IsyppLy =0 Amps
* Power Supply Rejection Ratio (PSRR) =02

INPUT

* Input Current (Ig) =0

* Input Impedance () = @2

* Input Voltage Range (V) — no limits

QUTPUT

* Vour =Vsgto Vpp

| * lour=
* Zero Input Voltage and Current Noise * Slew Rate (SR) =00
+ Zem DC offset emor (Vis) v Loy =00

* Common-Mode Rejection = ©2

VOUT = A(VIN+ _VIN—)

SIGNAL TRANSFER

* Open Loop Gain (Ag |=©2
* Bandwidth=0— 02
 Zero Harmonic Distortion (THD)

FIGURE 1: The ideal op amp description can be separated into four basic categories: input, power supply, output, and
signal fransfer.

AN722_DC_OP
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Signal Input Modes

e Single-input mode

Inverting input
vV VDD
/\/ - VOUT\/\
+
VSS

. Input signal is applied to the
inverting input terminal

Vgy7is 180° out of phase
with V.

Op Amp Basics

Non-inverting input

VDD
v v_>T/OUT/\/
IN+
VSS

Input signal is applied to
the non-inverting input
terminal

Vgur IS In phase with V.
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Op Amp Basics

e Dual-input mode

Common mode inputs Differential mode inputs
Vpp Vv Vbp
IN-
/\/ VIN'——\I\VOUT /\/ — = VOUT\/\
VIN+ IN+
Vg Vss
- Theinput signals are in * Theinputsignals are 180°
phase and their amplitudes out of phase and their
are equal amplitudes are equal

* Vg, is zero *  Vgurlisin phase with Vg,
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Op Amp Basics

- Emphasis: Representation of the input signals

Vem = (Vine + V)2 : Vine = Vem + Vpu/2
Vom = Vine = Vin. Vin- = Vem = Vowre
-V /2
-O+ + A Vour =AVn, — Vi)
- h+
= +Vpul/2

o Op amps reject common mode input (V) and
only amplify differential mode input (V)
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Basic Op-Amp Concepts
and Terminology

Op Amp Linearity

- When amplifying a signal, linearity means the
Information contained in the signal is not changed.

« Thefrequency of signal is same.
« Theamplitude and phase of signal can be different.

Vour=A(VineVind - Vourt Vg (positive saturation)

slopeis A AV A;G'Utput signal: A*sin(2xft+e)

\/ ~ Vom= VineVin

e

(negative saturation) Vg | N|”I0Ut signal: 1*sin(2nft)
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Basic Op-Amp Concepts
and Terminology

Op Amp Block Diagram

- The classical three stages inside an op amp.

o |. Differential input stage
« II: High voltage gain stage
o IlI: Output stage

Vp (positive supply)

VDD
v Vin
IN- —1 —
A Vout Vour
VIN+_ +
Vine
Vss

Vs (negative supply)
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OP Amp Equivalent Circuit

i’—l— Vo= =V :
Vi >44 »Dj—o I + 5( {] + P‘.]R

Transconductance Voltage Unity-gain V

amplifier amplifier buffer — t ,( 5) Ju‘(‘; " R

L+ wVa € Vis) R L 3081 + ].L]_RT

’T) A(} = .‘-1"(-;:”)'{il
- uVp v l
i), T T—
C(l + wR

a

O+

G,Via R C(l+,u)£=

b =S
t‘--'-----
=

I

ok IR L

R = Rn] I: Ki3
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Basic Op-Amp Concepts
and Terminology

Op Amp Basic Ideal Characteristics

Differential Input Stage
« Provides differential input for the op amp

« Has very high input impedance -2 Infinity
- Draws negligible input current - Zero

’b'giw - (,f‘ ~%frﬂ— ‘|' “VM
> 2
.. Vs .\‘; ; Vi %E‘;.,\ N v 2 P
Vpp (positive supply) o » i
—t T
T 1 . Vi | Vet
V 3 E=
VIN
R~ T
Rs+Rm Rect+ R '
VOUT v % o
PN T o B A~
V|N+ e -
R, >~> Re T

Vs (negative supply)

Rs << Rn
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Basic Op-Amp Concepts
and Terminology

High Voltage Gain Stage

« Provides very high open loop gain =2 Infinity

o Gains up the differential input signal and conveys it to
the output stage.

Vpp (positive supply)

VOUT

Vg (negative supply)
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Basic Op-Amp Concepts
and Terminology

Output Stage

o Has very low output impedance ->Zero

- This minimizes the loading effect of the op amp output
stage.

o Delivers current to the load of op amp.

Vpp (positive supply)

VOUT

Vss (negative supply)
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Basic Op-Amp Concepts
and Terminology

Analysis of Circuits Containing Ideal Op Amps

e Open Loop Configuration
- Open loop gain is very large. Ideally, it is infinite. Op
amp is normally not used in the open loop mode.

- Atypical application: Comparator (will be discussed
later at the section of Applications Circuit) .

e Closed Loop Configuration
- Inverting Amplifier
-  Non-inverting Amplifier
- Voltage Follower
- Differential Amplifier
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Fundamental Op Amp Circuits

e Emphasis: The Concept of the Virtual Short Circuit

- In a closed loop configuration, the virtual short circuit
means that

« Whatever voltage is at 2 will automatically
appear at 1 (due to the infinite open loop gain Ag,)

For ideal op amp: V,=V,

For real op amp: V, =V,

. Vo
VOUTJ\ V= F Ao (edable )
D Vax 1/[

Bsune. A—>v0 and s croudt works of- af/
- Tm-tk«ﬁ\,? edct\ sther ™ IDOW
- > (rtwal Short,

% Virtual Greanol
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Basic Op-Amp Concepts
and Terminology

Inverting Amplifier

—  Closed loop gain G = Vo ,+/V|y= - R{/R,
- Inputresistance R = R, , Output resistance Ry, =0

Rl Current: |

- T . )
2 R OD ©
1 ! out =V I
V||\| = VOUT vV I I
3
2 + I 0
™0

e s O e T e Y e e e Y e O e Y e e Y e [ e Y s [ s

V= V2 = Olbecause of A>» Equivalent circuit model

= (Vin- VIR, = (V- Vour)/Ry 2 ViR, = -Vou/Ry 2 Vour/Vin = - RY/R,
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Basic Op-Amp Concepts
and Terminology

Exercise #2

e Design an inverting amplifier having a gain of -10 and input
resistance is1kQ. Give the values of R, and R,

e IfV,=0.2V, what s the current that goes through R,? And
what IS V5 1?

Ry

R ‘ T
2
Vin — - V G=V. /V. =-R./R
A ouT ouT' VIN LAY
/ o 3

Solution #2 =
Vout = -(Ry/Rp)*V = -2.0V
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I * FE Ak B - BF APt B iy~ 124 IMQ > 3 2

98

R2
1
——
100

_EV Uo Ry =1MQ/98=10.2kO)
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Basic Op-Amp Concepts
and Terminology

Non-inverting Amplifier

- Closed loop gain G = Vo ,+/V|y = 1+R,/R,
- Inputresistance R\ = «, Output resistance R, =0

Rl Current: |

WL e ~
R, J" e—L1 o - o
1 Rour =
—_— [
v \ Vour

I
I
- f A ) Vin E Ry = 1+ Ry/R, E Vour
+ u :
Vin / 2 o— L0
V,=V,=V, _ L
Equivalent circuit model

| =V,/R, = (Vour-V)/IR; 2 V'R, = (VourVin/R: 2 Vour/Vin = 1+R4/R,
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Basic Op-Amp Concepts
and Terminology

Exercise #3

e Design a non-inverting amplifier having a gain of 10.
Give the value of R;.

e IfV,=0.1V, what is the current that goes through R,?
And what Is Vg 17?

R,=1kQ

1
T VW oh ;

VOUT

VN 2
Solution #3
e R,=1kQ, R,=9kQ; I, =V,/R,=V,/R,=0.1mA,
Vour = (1+R/R,)*V, = 10*V, = 1.0V
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Basic Op-Amp Concepts
and Terminology

Voltage Follower (Buffer Amplifier)

- Refer to the non-inverting amplifier configuration
« Make R, =« and R; =0 to obtain the unity gain

amplifier.
R1
—VW\——
R, y
YW — Vour B ou
A
— A |:{> . T

Vout = (1+R/Ry)*V > | Vour = Vin
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Basic Op-Amp Concepts
and Terminology

- Intheideal case, Vo ;1= Vs Rn= 5, Royr =0

e Vour=V,\:Used as a voltage follower.

e R,y==, Ryyr=0; Used as a buffer amplifier for
Impedance matching and signal isolation.

VOUT

+
VIN

D
>

Example: Buffer amplifiers are often used between the
analog inputs/outputs of microcontroller and the
outside circuits.
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Basic Op-Amp Concepts
and Terminology

Exercise #4

e Refer to the circuit, a buffer amplifier is connected with an
Inverting amplifier and a voltage divider. If V, =1V, R, = ?
And Vo =7

e Ifdon’t use buffer amplifier and connect them directly, can
V, still keep 1V? Give the value of V, and V.

Voltage
Divider +10V R; =2kQ

VW
R,= 9kO \ R,=1kQ
! —o— : VW
V

A V
1V _>V2 Y / \ A ouT
IN +

R
ZJT_ L
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Basic Op-Amp Concepts
and Terminology

Solution #4
e ForV,=1V,R,=1kQ,V,=V,
Vour = - (R/R)*V, = - (R/R)*V, =- 2*1V = -2V
e If don’t use buffer amplifier, V, can not keep 1.0V.
V, = [10V/(9kQ+0.5kQ)]*0.5kQ = 0.53V and V,,; = -1.06V

Voltage Divider

+10V
+10V +10V
Ry R, R,=9kQ
V, V,
R, | R,//R,= 0.5kQ
i

V,=Vg=0 -
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Basic Op-Amp Concepts
and Terminology

Difference Amplifier

- The circuit shown iIs used for finding the difference of
two voltages each multiplied by some constant
(determined by the resistors).

VW
R
1

1
Vin—W- -
A Vour | RnT=R1+R;3
VIN+ 5 + 3
R, %
V=V, = Ra

becomes a Difference Amplifier.
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+1+R2/R1

B AL B g g e

H bk _R2+1+R2/R1 s
i'_'v}"‘k,o “:O o) Rl 1+R3/R4 CM ﬁbi%%jgg’ﬁ"/i?%
> %i‘ar—n - - ’ 1 »}z\;‘z@;ﬁr

- ARE |
CMRR—0 —|—2 =4 B —Rl{ 2 -
R R, 2 3. N BT S
R, 1+R,/R
:UO:—EU:L_FI ; b1 o
1 +R1/R2 1 _I_
R R
UO__Z(Uz Ul)
1 v, O
F oy EHETILE R.=-R +R
A=0 > A;=R,/R, B
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>y  Fundamental Op Amp Circuits

Exercise #5

e Refer to the differential amplifier.
e V,.=1V + 0.5V*sin2xft; V,. = 1V — 0.5V*sin2xft

- What is the closed loop gain G?

3kQ
VW
1kQ
Vin- —
Vout = (RY/R)*(Vins - Vind)
\V +
IN+ 1kQ
3kQ
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Fundamental Op Amp Circuits

Solution

e Closed loop gain: G =3 V/V

e We have V,, = 1V + 0.5V*sin2xft; V,. = 1V - 0.5V*sin2xft
- Vem = (Vin.+ Vine)i2 =1V
- Vou = Vine - Vin. = 1V*sin2nft
- Vour = 3*(Vne- Vin) = 3*Vpy = 3V*sin2aft
3kQ

DM ‘AW\
/-\, ——ﬂ/vw;l——
Vl\

+
+ V2 Vine  1kQ % 0

OUT (R IR )*(VIN+ IN- )

© 2006 Microchip Technology Incorporated. All Rights Res 107_OAF v1.1 Slide 31



The Real World

In reality, there is no ideal op amp.

e How to choose an op amp for your application?

- Various performance specifications need to be taken
Into consideration

. Absolute Maximum Ratings
.. Operating Condition Ratings
. Op Amp DC Specifications

« Op Amp AC Specifications

( Note: MCP601 data sheet is selected as an example in the class)
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Absolute Maximum Ratings

First electrical table in our op amp data sheets

- Absolute maximum ratings are those limits beyond
which the life of individual devices may be impaired.

« Example: MCP601 data sheet

Absolute Maximum Ratings T

All input 5 an-:! Dut:-u s .. EEQ D 3‘-. tu:u Voo + D 3
Difference Input vmltage...... Voo - Vesl
Cwutput Short Circuit Current. ..................................cc:n:inu-::uua
Current at Input Fin .. .22 MA
Current at Output an-:! qu:-pljf F*ms +3D mA
Storage temperature . 55 C o +150°C
Junction emperature _FH1RODC
E3D protection on all pma {HE-M MM] ................ = 3 I-:\.“ 200N
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Operating Condition Ratings

Operating Condition Ratings

—  The op amp DC/AC specs are measured under the
operating conditions

« Beyond the operating conditions, op amp could have
unsatisfactory performance.

DC ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, Vipp = +1.8V to +5.5V, Vg5=GND, T4= +25°C, Vg = Vpp/2,
Vout = Vpoo/2, VL = Vpop/2, R = 1 MQto vV, and CS is tied low. (Refer to Figure 1-2 and Figure 1-3).
Parameters Sym Min Typ Max Units Conditions
Input Offset
Input Offset Voltage Vos -150 — +150 V| Vop = 3.0V, Ve = Vop/2
Input Offset Drift with Temperature | AV, /AT, — £3.0 — PVIPC | T4=-40°C to +125°C,
Voo = 3.0V, Vep = Vo2
Fower Supply Rejection Ratio PSRR 70 88 — dB | Vom = Vss
Input Bias Current and Impedance
Input Bias Current e I — T 210l 100 [ pa
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o 4 Op Amp DC Specifications

Primary DC specifications
- Voltage Ranges

Input Voltage Range (V, or Vg O V)
Output Voltage Swing (Vo Or Vo)

- Input Errors
o« Open Loop Gain (A) /Closed Loop Gain (G)

 Input Offset Voltage (Vog)/Drift(AV s/ AT,)
« Common-Mode Rejection Ratio (CMRR)

o Power Supply Rejection Ratio (PSRR or PSR)
o Input Bias Current (I )

- Others

« Power Supply Requirements (Vss, Vpp, lo)
Input/Output Impedance (Z, and Zy 1)
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- The inputs of op amp must stay within a certain voltage
range for proper operation.

« Op amps are subject to drastic gain changes and
bizarre behavior if these ranges are exceeded.

o Limited by the input stage transistors.
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Op Amp DC Specifications

- Input Voltage Range

The range of acceptable voltages applied to EITHER of
the input pins.

—~ Difference Voltage Range V= Vin: -V

The range of maximum voltage difference between the
two inputs.

- Common Mode Voltage Range V= (Vs +Vin)/2

The range of acceptable common voltages applied to
BOTH inputs simultaneously.

Vin- B A vV -~ -0 Vour
OuT W, ;
Vine —+ Veu —O+_
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Op Amp DC Specifications

« Example: MCP601 data sheet

Electrical Specifications: Unless otherwise specified, T, = +25°C, Vpp = +2.7V to +5 5V, Voz = GND, Ve = Vo2,
Vout = Vop/2 and R, = 100 k2 to Vo/2.

Parameters | Sym | Min | T}rp| Max |L|nit5| Conditions

Common Mode Input Range | Veme | Vs — D.3| — | Voo — 1.2| W |

Absolute Maximum Ratings

All Inputs and Outputs ... Ve —03V 10 Vpn + 0.3V
Difference InputVoltage ... ... [Vpoop—Vssl
- Emphasis

» Stresses above those listed under "Maximum Ratings”
may cause permanent damage to the device.

o Op amp is supposed to reject V,, (common mode
voltages) and amplify V,, (difference voltage).
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‘o 4 Op Amp DC Specs: Input

e What Does “Rail-to-Rail Input” Mean?

- It means the common mode input range (Vcyr) Can
exceed the rails by several hundred millivolts

o Rail means supply voltage (Vpp and Vo)

MCP6031 Datasheet

Parameters Sym Min Typ Max Units Conditions

Common Mode Input Voltage Vemr  |Ves-03] —  |vgpp+03]| Vv
Range
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Op Amp DC Specs: Input

e Application Examples

Vour = Viy
- Voltage follower usually
requires rail to rall
operations at its inputs - y
as well as its output e P our
— Fnr hinh-cidea hatterv oo Voo
)
VBVUVB\ = Mﬁ- q“_“-al_& Vour
N K MCP6031
PRk (00 to 'L

Vit Voo

I o7 o). = Db~ Tour
Y l (/V) O !pp (10 V) -(1062)

High Side Battery Current Sensor
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Output Related Specs

Voltage Output Swing (Vou, Vo)

- Defines how close the op amp output can be driven to
either power rail

» Rail-to-rail output means the V, ; can almost , not exactly,
reach the power supply rails.

Vb
.
A . Vou Output Swing High
Vour <
Viee —{+
IN+ :
L Vo Output Swing Low
Vss
MCP6071 Datasheet
Parameters Sym Min Typ Max Units Conditions
Maximum Output Voltage Swing VoL Von | Ves+18 | — | Vpp=158 | mV [G=+2WV,
0.5V input overdrive
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Output Related Specs

e Application Challenge

- Rail-to-rail output is preferred in order to maximize the
output dynamic performance

« Example: op amp is used to drive the input of ADC, which
Is configured for full scale input voltage between V45 and
VDD

R,

V
ouT Low Pass

Filter =

VW
VDD
R, &
4 _/-( - N\ ADC
+
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Output Short Circuit Current
(Isc)

— It is the maximum output
current that the opamp can v |
deliver to a load

VIN+
MCP6071 Datasheet
Parameters sSym Min Typ Max Units Conditions
Output Short-Circuit Current lge — +7 — mA | Vpp= 1.8V
— +28 — mA | Vpop = 6.0V
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Output Related Specs

e Application Challenge

- Power dissipation issue

« Continued short-circuit operation can cause internal
junction temperature rise

- Limited power drive capability
« May not be able to drive too heavy load

- Output distortion when I5 7 Is close to Ig-
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Op Amp DC Specifications

- Application Challenge

o Inaclosed loop configuration, the signal input
voltage range is normally much smaller than the op

amp input voltage range.

« Using the voltage beyond the V range, the
amplifier’s output will suffer from clipping.

R,

VOUT
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Op Amp DC Specifications

Exercise #8
e Refer to the inverting amplifier, assume Vyy = +2.52V, V¢
=-2.52V, Vg, = +2.5V, V5 =-2.5V.

e What is the corresponding input voltage range?
For V,\= 0.1V, -0.2V, 0.6V, what is the V; respectively?

R, =5kQ
VW
R,=1kQ
. 1
Vi w — A Vour VourVin= - Ri/R;

-+
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Op Amp DC Specifications

Solution #8
® Vo= -(Rl/R )*V = -5V mSkQ
V wWw—= - V
So, -0.5V < vIN <+0.5V N A out

® V=01V > Vour=-50.1V =-05V
VIN =-0.2V > VOUT — '5*('02V) =1.0V =

e V,=-0.6V > Vg,;r=-5%-0.6V)=3.0V? Right or Wrong?

Answer: Wrong. Vo1 Will be Iin positive saturation 2.5V
(output clipping).
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Op Amp DC Specifications

Issue : Open Loop Gain and Closed Loop Gain

- Feedback is a process whereby a fraction of the output
signal is sensed (Ve = BVgy1) and compared with the
input (V,y), generating a very small feedback error term
(Ve = V,y —Vp), thereby making the output feedback an
accurate replica of the input.

« General feedback system

R
Feedback Factor 1
W
p €« R,
Ve ‘ LW B Vour
= A
VIN r

Vv
Vin ‘—t@‘—E) A > Vour
VE=Vin- VE
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Op Amp DC Specifications

Open Loop Gain (A)

- Open loop gain of an op amp is the gain obtained
when no feedback is used in the circuit.

e A=Vq,/Ve Where Vg =V, -V

\>§ Ve—>| A —>Vour
%
e ™~ Ve = VineVine
) —
A ——Vour Vv —-
Vin ’ A Vour
VIN+ —1 +
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Op Amp DC Specifications

- |deally, the open loop gain
should be infinite.

o Inreality, the open loop
gain is less than ideal at DC
ranging from 95dB to Open Loop Gain
120dB. (10° to 10°%)

Gain

- Open loop gain will
decrease when the
frequency of the input
signal increases.

. - )
« Itis afunction of frequency. Frequency
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Op Amp DC Specs: Output

e Emphasis

- Open Loop Gain Bandwidth

BW Ao A
(BWar) o :/-BdB point

o Itis measured at the point
where gain falls to 0.707 of
maximum gain (-3dB
bandwidth)

o -3dB bandwidth is also called
half-power bandwidth

>
Frequency

BWq,
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Op Amp DC Specifications

« Example: MCP601 data sheet

Electrical Characteristics: Unless otherwise indicated, all limits are specified forVpn = +14 V10 +55Y, Ve = GND, T, = 25 °C,
Ven = Voo/2, R =1 MQ to Vpp/2, and Vgt ~ Vppl2
Parameters Sym Min Tvp Max Units Conditions
Open Loop Gain:
DC Open Loop Gain (large signal) AL 895 115 — dB R = 50 ki to Vpp/2,
1 Dl:l n.lll'rll = ll'.'llcll_'— = |:II'|'IIDD -
100 mV)

Decibel (dB) can be translated into volts per volts with
the formula

A(dB)=20log Vour

IN
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Op Amp DC Specifications

Example:
- If the open loop gain is 100dB, then

VOUT — 10(10%0) — 105

100dB = 20|Og(v\c/)uT j —>

IN IN

- Ifthe open loop gain is 109, then

20Iog£v\‘/’UT ] =20log(10°)=120dB

IN

. Declibels are useful because they allow even very
large or small ratios to be represented with a
conveniently small number (similar to scientific

notation).

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1 Slide 53



Op Amp DC Specifications

—  Graph: how dB relates to the linear response

dB = 20|09(VOUT/V|N)// dB level |Ratio (V/V)
! - -60dB 1/1000

20 f

-40dB 1/100

0.5T1

-20dB 1/10
0dB 1
20dB 10
_os] 40dB 100
80dB 1.0 x 104

1 120dB 1.0 x 108
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&

Clﬁosed Loop Gain (G)

- It, a transfer function,
represents the relation
between the input and
output of a system.

Op Amp DC Specifications

G= A Vin
1+ BA
. A:open loop gain Gain

« B: feedback factor

« PBA:loop gain

- G s a function of frequency.

Closed Loop
Gain

>

Frequency
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Op Amp DC Specifications

e Open Loop vs. Close Loop ( Comparison )

— Open Loop
« Very high gain and poor stability.
« Internal “noise” are amplified by the same gain factor.
o Used in comparators and oscillators.

-  Closed Loop
o Reduces and desensitizes the gain, good stability.
o Internal "noise” amplified by the noise gain (G, =1/B).
« Most amplifiers are used in this configuration.

- Op amps are normally not used in open loop mode.
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Op Amp DC Specifications

Discussion: Feedback Factor 3

- Feedback factor is the fraction of the amplifier output
signal fed back to the amplifier input.

- It is determined by the feedback network that is
connected around the amplifier.
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Op Amp DC Specifications

-~ Feedback factor calculation

o Break the loop at some points, only consider
feedback network.

« SetV, =0, Inject atest signal V-, then get the value
of feealback S|gnal Ve, B =V /-

Ve R,
R, v VWA
—UW R,
L—\/\NVR\—[ Ve J:_ W = A _VOUT

i VIN:O_+

- As ageneral guideline, the feedback factor of an op
amp circuit equals the voltage divider ratio of the
feedback network.
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Op Amp DC Specifications
Sijmmary

e General guideline: The feedback factor (B) of an op amp
circuit equals the voltage divider ratio of the feedback

network. -
1 R
R, v R,
I VW - IN— VW -
' A D>—— Vour A >——Vour
Vin —1# In +
R, =
R VW
Vine >
A —\/
\/WV‘ ouT
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Op Amp DC Specifications

Emphasis: General Error Analysis

- 1/B is called Noise Gain (Gy)
o Internal noise is amplified by noise gain G,.
« Internal noise manifests itself as input error signal.

Ry
VWA
R, Error Source: the error
L W - Vour 7 signals generated by
- . A o non-ideal op amp

specifications, such as
Vs g, CMRR, etc.
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R id output errors
( Rtk R>-
B % o 1 -
Nm’[ﬂVCTfVS? G - H R, L@ Fddbagé) };}db\/- arror-RTI
2R N
( e \
e G2 Fr= 7 .
VWA -
L Vour
i A >1=2
L - >
Recall: VIN error-RTI

Non-inverting amplifier: G = 1/ =
Inverting amplifier: |G| = (1/B) - 1
Difference amplifier: G=(1/8) - 1
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(o 4 Input Related Specs
Ihput Offset Voltage (Vys)

- Defines the DC error voltage which exists in the input
stage of an op amp and can be either polarity.

—  Circuit model for an op amp with V¢

« A dc source of value Vg is placed in series with the non-
Inverting input of an offset-free op amp

V|N- — V
ouT
O +
VIN+ 3
VOS
MCP6V01 Auto-zeroed Op Amp Datasheet
Parameters Sym Min Typ Max Units Conditions
Input Offset Voltage Vos -2.0 — +2.0 Vo | Ty = +25°C (Note 1)
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Op Amp DC Specifications

- Vg Varies with ambient temperature.
o Vggtypical value is the mean value of the normal distribution.

OFFSET VOLTAGE

0.5 PRODUCTION DISTRIBUTION
= 04 - 25
E g3 Voo = 5.5V il
& 02 4+—F e — ] 220
m e ———t [=8 —
= 04 — £ 2
= 0.0 Vop = 2.7V @ 15
v ' (7]
o 04 5 10
5 -0.2 =
- = )
= 0.3 @ 5
[=4 (=] I
E 04 S |
[ O
0.5 o 0
50 25 0 25 &0 75 100 125 2222 ERIER
Ses®y vegeg

Ambient Temperature (°C) '
Offset Voltage (uV)

« Example: MCP601 data sheet

Electrical Specifications: Unless otherwise indicated, Ty = +25°C, Vpp = +2.7V t0 +5.5V, Vg = GND, Vo = Vo2,
Vaut = Vpp/2, R = 100 k2 to Vpp/2 and C = 50 pF.

Parameters Sym Min Typ Max Units Conditions
Input Cffset Voltage Vaos -2 +0.7 +2 mYy
Input Offset Temperature Drift AV /AT, — 2.5 — PVIEC | Ty = -40°C o +125°C
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Input Related Specs
@ & DC Error Analysis (due to V)

- In a closed loop system, the input offset voltage V¢
will be amplified by noise gain G, .

Verto = Gy*Vos
« Thelower the Vg, the smaller the Vg g1g

R,

R, VERTO
=‘—\/\N\l‘—o— — / y
= ) : ouT
Vin —*
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Op Amp DC Specifications

e Application Challenge
- Low V¢ IS preferred in an high gain amplifier
« good accuracy and maximizing the output dynamic range

e Assume input offset voltage is 1mv, R, = 10kQ, R, =
100Q). Express V47 by using V, and V.

e What is the DC error at the output? g o o i—ff‘f;i@ = |60
R, Hint:

R2 Verror-RTO = GN*VOS
?| “ > Vour G\ = G for non-inverting

v _O+_ + amplifier
IN

Vos G = 1+R,/R,

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1 Slide 66



Op Amp DC Specifications

Solution #15
Rl

10kQ

® Superposition Principle

JW
- First, letVog=0 R2|: 1%) =
« Find the corresponding = +A — Vo

output voltage V, Vin
o Vo1 = Viy(1+Ry/Ry) R, = 10k
VWA
R, =100Q
- Next, let V=0, W -
« Find the corresponding —OH+ Voo
output voltage V, 1L v,

e Vo2 = Vos(1+Ry/Ry)
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Op Amp DC Specifications

—  Finally, Vo1 = Vo1+Va, = (1+R/RL)* (Vi +Vos)

« ForVgys=1mV, we have Vg5, = ImV*(1+100) =
101mV

o Inab5V system, the DC error 101mV lessens the
output dynamic range by 101mV/5V = 2%.

R, = 10kQ

R, =100Q

VWA
W=
____@: smV \_/IN_-O_"' Vour

_)ﬁ = 20 (Sf?FS % LSB)

SM
3k AvcEWRR T
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Take a Break

http://ezphysics.nchu.edu.tw/prophys/electron/new page 7.htm
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Op Amp DC Specifications

Common Mode Rejection Ratio (CMRR)

- CMRR is the ratio of differential gain (Ay,,) to common
mode gain (Agy) -

o Itis a measure of the capability of an op amp to reject
a signal that is common to both inputs.

o Ideally, CMRR is infinite.

Vin-= Vem - Vow/2

- O + _
-O+ A Vour =AVin: = Vino)
oyt +
1 Vew ~
= +V /2

Vine = Vem + Vou/2
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Op Amp DC Specifications

— Refer To Input

« Practically, CMRR is not infinite. In a closed loop
system, an amplifier manifests AV, as input voltage
error AV s.

o This error is described by the formula:

CMRR (dB) = 20log(Apy/Acy) = 2010g(AV o /AV os)
where Apy = AV 1/AV s, Acy = AV 1/AV ey,

Rl
VWA
Vi R, *
\NW\ - Verror-RTO = GN Verror-RTI
VIN+ _O+ VW— A v = (1+G) * Verror-RTI

Verror-RTI = AVOS

+ V
/ R4 o = (1+R1/R2 )*Verror-RTI
R3
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Op Amp DC Specifications

« Example: MCP601 data sheet

Electrical Characteristics: Unless otherwise indicated, all limits are specified for Vpp = +14 V10 +55V Voe = GND, Tp = 25 °C,
l".-'IEM = 1*'33.-'1. R_ = 1 |"n-1!.'..'.' t':l l".-'IE.D.'IE: Eir'l'd l"."IgJ— ro l"."IE.:;.-'E

Parameters Sym Min Typ Max Units Conditions

Common Mode Rejection Ratio CMRR 75 80 — dB  |Vpp= 5.0V, Vo =03V 10 3.8V

- Application Challenge

o Thelower the CMRR, the larger the effect on the
output signal.

o A value of 70dB is adequate for most of applications.
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Input Related Specs

e Application Challenge

s e

- High CMRR is preferred for most
applications with remote sensors

« Remote sensors with differential

output are subject to high common/

mode noise.
« Typically, such as thermocouple, etc

Remote
Sensor

VOUT
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Op Amp DC Specifications

Exercise #16

e Refer to the difference amplifier. Assume closed loop gain
G =100, CMRR = 80dB. AV, the change of the
amplifier input CM level, is 1.0V.

e Whatis the error at the output? Repeat the calculation for
CMRR = 60dB. Recall: CMRR(dB) = 20l0g(AV/AVe)

R1
VW—
Vin féﬁ V =G*V
_A error-RTO = ~N error-RTI
- (1+G) * Verror-RTI

/1

_VIN = —WwW
+ _/ + V
R4 o = (1+R1/R2 )*Verror-RTI
Verror-RTI = AVOS R3
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Op Amp DC Specifications

Solution #16
e CMRR = 20log(AV,/AVys ), CMRR = 80dB, AV, = 1.0V
- 80dB = 20log(1.0V/AVyg ) 2 AVos = 0.1mV.
® Verror-RTO = C':'N*Verror-RTl = (1+R1/R2)*Verror_RTl
=101*0.1mV =10.1mV.
The output range will be decreased by 10.1mV.

Rl
RZ
Vin- WIW— h If CMRR = 60dB, the
A — Vour | output range will be

/

Verror-RTI = AVOS

g Ll
Vine U JI\QWL + decreased by 101mV.
4
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[\

%y’  Power Supply Related Specs

<

Power Supply Rejection Ratio

-  Quantifies an op amp’s | R,
capability to reject a change W
VpptA

on power supply.

o« Such as power drift (from
batteries)

MCP6071 Datasheet

Parameters Sym Min Typ Max Units Conditions
Power Supply Rejection Ratio PSRR 70 a7 — dB (Ve =Vas
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Op Amp DC Specifications

- Refer To Input

Practically, PSRR is not infinite. In a closed loop
system, an amplifier manifests AV¢ pp, v as offset

voltage error AV at the input.
This error I1s described with the formula:

PSRR (dB) = 20l0g[(AVoy/AVos)/ (AV o1/ AV ppLy)]
= 20l10g(AVgypp, v /AV(s)

——— S WW—
VyntA
R2 N Verror-RTO = GN* Verror-RTI
"NW\ = =G* Verror-RTI
;/yo+ + 5 Vour = (1+Ry/R; )*Verrorr
VSS

Verror-RTI - AVOS
Slide 77
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Op Amp DC Specifications

Exercise #17

A Battery Powered Application

e During the life of the battery, the output voltage ranges
from 6.0V to 3.0V, PSRR = 80dB.

e What is the error at the output of the amplifier over time?
Recall: PSRR (dB) = 20log(AVgpp,y 1AV ys)

R, =100kQ
W |
VoA Battery“\/o tage (v)
R, =1kQ 6
A ENY
- + ouT
Vin O ¥
Vss 3 0 120: minutes

Verror-RTI = AVOS
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Op Amp DC Specifications

Solution #17
e PSRR=80dB, AV,,,, = 6.0V - 3.0V = 3.0V,
PSRR (dB) = 20log(AVgppy/AV,s) 2 AV = 0.3mV.
@ The error at the output is
Verror RTO ~ G *Verror RTI ~ (1+R /IR )*AVOS
2 Verorrto = (1+100)*(0.3mV) = 30.3mV

R, =100kQ
W Battery Voltage (v)
VpptA |
R, =1kQ R 6.0
= WC A Vour \
V”\'/ b 3.0 _Minutes
Ves 0 120

Verror RTI — = AVOS

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1 Slide 79



[\

%y’  Power Supply Related Specs

<
e Application Challenge 0
| | ST P
- High DC PSRR is needed when g O TR
e 70 i
« Using battery power E & i %mh
o Using unregulated power = jﬂ i a8
30 i
20 i
. . . 100 1k 10k 100k 1M
- High AC PSRR is required when Frequency (Ha)
o« Usingline power (50 Hz to 400 Hz)  FIGURE 2-9: CMRR, PSRR vs.
: i Frequency.
« Using switched mode power supply
« Using an op amp with digital logic (which typically causes a

lot of power supply noise)
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Op Amp DC Specifications

Input Bias Current (lg, lz,, Ig., and l5g)

- Input bias current (lg )

« The input bias current is the average current drawn by
the input terminals.

« Depending on the type of input transistor, the bias
current can flow in or out of the input terminals.

- Input offset current (log )

. Itis equal to the difference between Iz, and Ig_. It will
be either positive or negative.

Vi, 8 D
lg=(lg+15)/2 A Vour

VIN+ +
I,

los = I+ - .
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Op Amp DC Specifications

- Circuit Model for an op amp with Ig

« The input current is modeled as current sources, g,
and Ig_, in parallel with the positive and negative input

terminals.

VIN+

1 le-=lg-los/2
d

A Vour

+

lg, = lg + 1og/2

1—0)
)
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Op Amp DC Specifications

- lg and l5g vary with ambient temperature.

n 1000 S

E Voo = 5.5V

E Vo = 4.3V 3
O

5 |

2 & — -
E 10 = g — =

m —+ —

5‘ —— | -

=i T

E 1 =

25 35 45 55 65 TH 85 95 105 115 125
Ambient Temperature (*C)

« Example: MCP601 data sheet

Electrical Characteristics: Unless otherwise indicated, all limits are specified for Voo = +14 V10 +3.5V, Veg = GND, Ty = 25 °C,
"-.-'ICM = 1""3}{2. R_ =1 Ml o ".l_-'DDIfE: and ll"'fEI._l_ - '.III.'D}"E

Parameters Sym Min Typ Max Units Conditions
Input Bias Current g — 1.0 — PA
Input Bias Current Over Temperature Ig — — 100 PA Tp=-40°C to+85°
Input Offset Current los — 1.0 — PA
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Op Amp DC Specifications

Application Challenge

- The lower the Ig, the smaller the effect on the output
signal.

- The most sensitive configurations for the op amp’s input
bias current error.

o Circuits that use high value resistors at the input of the

amplifier.
= |[la-=lg-los/2
C' R1
R, W
L w A Vour
Vin R, y

g+ = I+ log/2
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Op Amp DC Specifications

- Effect of input bias current I, and Ig_on the output
- Using Superposition Principle
- Effect of I, on the output
LetV,y=0,15.=0
VOl = V+*(1+R1/R2); V+ = IB+R3
S0, Vo = (Ig:R3)*(1+R/R))

VOl

=
, +
= @lmz lg + log/2

;U% %‘N;U
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Op Amp DC Specifications

- Effect of I5_ on the output L i =1g- 15402

R,
V. -Vg,=I,R: V.=V, =0 R, [
S0, Vo = - Ig Ry XL V. > Yor
— nr—W—e
VIN =0 B R3 V

- Total effect of input bias current I, and Iz on the
output

Vo= Vo1t Vo = (I5:R3)*(1+Ry/R,) - 15 R
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o 4 Op Amp DC Specifications

Exercise #18

e Refer to the non-inverting amplifier, I =16nA, |55 =1nA.
Assume R;=100kQ, what is the DC error at the output?
If R; = R,//IR, = 100Q), repeat the calculation.

d R,=100kQ Hint:

R, =1000Q W Effect of Iz, on Vo ¢ Vor = 15.R3(1+R4/R,)
L W - A Vour Effect of Iz 0on Vo Vg, = - (I.Ry)
Vi ‘NW‘ g Total Effect: V,= Iy, Ry(1+R,/R,)-(I5 R,)
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Op Amp DC Specifications

<

Solution #18
o I,=16nA, I = 1nA, e la- logl?
lg.= lg+ lps/2; Ig. = Ig - 1552 ) () R,=100kQ
W
If Ry = R, =100kQ, %0 LD
then = A Vour
Vo= (Ig:R3)*(1+R/R,)-(I5.R1) Vin R, p
= 15*(100MQ-100kQ)+ g+ = lg + log/2
los* (5O0MQ+50kQ) i

~1.6V
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P OPA foeGe§s]
P |fR3:R1//R2z1(_> \/D’IB [Q2‘R3(HR%Q1 >J

then

Vo: (|B+R3)*(1+R N =)
= (100kQ)*(I,- AV :
= (100kQ)*los _~ - K> .~ RaRe
=0.1mV > R (,{-p,/{a R.+Ry 'Q‘//QJ_

R, s called a balanced resistor.

For minimum error due to the input
bias current, R, should be equal to
R,/IR,.
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Input Related Specs

- For CMOS and FET input op amps

o lgislow enough not to cause appreciable error
- lg: ~1pAto several nA (from 25°C to 125°C)

- For BJT input op amps
o Iz may become an issue
- lg: ~ 10nA to several thousand nA (from 25°C to 125°C)
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Op Amp DC Specs: Power

’ P 2 ~ - ‘
b 1’ p- ' ! NS Trvv e \ b Y g ,'\'\,.,(
Power € >y #mve) fower apig
-
- J . ool i T Y SV
- Nlon iNn2agyt4 OULE - L% L “r

. , -
. y . . o T e T
— It ( e I ) _..».( “/',:.-0,, } T OA 1 A~ ) 4 Ko and
12 L -V - \

g = il 1|
Vi T ply
MCP6031 Dz I p—
Parameters Sym Min Typ Max Units Conditions
Supply Voltage Voo 1.8 — 5.5 W
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Single Power Supply Amp Circuit

Ve o :
X _GRE

5@& &@gfggmg éf%fdifz@sa&w&rz%éﬁmm@ﬁ%mm%_
¢ Ps -G R X
V‘c\_{ ~ Vi Cl
Vs ’*\\"m ? k Ra %55 : K.
%’ -Ec- 4\\/ - \/+ 4 = - E£
it R ﬁ(v-b%ﬁ‘géi%‘ah q g
I (S QU H AVl : G: (ooo/ ‘ (MR
RE - JECTNG HOBTRRR-§. Bkl (s> m%{e |
BV A 3 M kT > (00 08, (uF)

— HEPRBA ~f b, ~Ry>2
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o 4 Op Amp DC Specifications

Power Supply Requirements

- Power Supply Voltage

» It defines the acceptable
difference between V,; and
V¢s Which allows linear
operatlon of the op amp.

- Quiescent Current (Iy)

o Itis the amount of current
consumed by op amp when it
IS not performing any work.

- Usually, the order of mA lop = lo * lout
~HA.

- Low Iy is preferred for
power-saving .
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Op Amp DC Specifications

- Typically, if a load is applied to op amp, the current into
Vp pin will primarily goes through the op amp output
stage, and then through the load.

Vb lIDD
ViNe — |

ouT

oo = lo * lout

« Example: MCP601 data sheet

Parameters Sym Min Typ Max Units Conditions
Power Supply
Supply Voltage Voo 27 — h.5 W
Quiescent Current per Amplifier Ig — 230 325 pA |lg=0
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Op Amp DC Specifications

Input Impedance/Output Impedance (Z,y, Zoyt)

- Impedance:

Generalizes Ohm’s law to AC circuit analysis. Unlike
resistance, the impedance of an electric circuit is a

function of frequency.
- Example: Impedance (2) at different frequency.

B fH2) | 1Z1@ | 121(Q
-4 11
R=IMO = C=1pF & 7 1 1.6x10 1M
0.1M 1.6M 0.85M
~ 0.5M | 0.32M 0.30M

Z=RIlZ., Z- = 1/(jwC), w = 2xf
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Op Amp DC Specifications

Example: MCP601 data sheet

Parameters Sym Min Max Units
Common Mode Input Impedance ey — — ClpF
Differential Input Impedance Zes — — 2]lpF

Recall: The input impedance of an ideal op amp is infinity.
For areal op amp, high input impedance is preferred.

CDM
-

VIN+ VIN-

o M | o
A % Rpwm 1

Cem ] Rew  Rew |1 Cem
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L
Xy o
¥y T I

o 4 Op Amp DC Specifications

Output Impedance (Zg71)

- Low output impedance of an op amp is an important
characteristic.

o lIdeally, it should be zero and it is usually very small.

- This minimizes the loading effect of the op amp
output stage.

- Normally, it is not specified in our data sheet.

VIN- —_—

Vine—
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Op Amp
AC Specifications
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Op Amp AC Specifications

Primary AC performance specifications
e Frequency Domain Spec.

--- Describe the response to Sine Wave Input and Bode
Plot Analysis method will be introduced.

- Gain Bandwidth Product (GBWP)
- Phase Margin/Gain Margin (PM, GM)
- Full Power Bandwidth (FPBW)
e Time Domain Spec.
--- Describe the response to a Step Input.
- Slew Rate (SR)
- Settling Time
-  QOvershoot
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Op Amp AC Specifications

Bode Plot Analysis Method

e The Bode plot describes the output response of a
frequency-dependent system for a sine wave input. It is a
combination of magnitude plot and phase plot.

Gain (dB) |
0dB . Slope: -20dB/decade
_ a .
3d Bé/i / l"-.-"liﬁ O l {:""-f(:.ut
-30dB ' f (log scale) -
Phase () .| 0.1fc i 10f : o T 5
1..575F N i f(ogscale) Low Pass Filter
45 E G = Vout/Vin
O — _

fo: Cut-off frequency
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Bode Plot Analysis

Gain (dB)
odi Slope: -20dB/decade
-3d
| o 304 f (Iog scale)
[+ SR It |
[ Phase Olfc ifc 1OfC X
L 0 O 577\ . f(log scale)
((A)o= RG /. 45 L._
90 ™ ........

fo: Cut-off frequency

2ol ) - (19820 )
G wsWo Hywl(= -20%(1) =D& ,  <Hgw) 2 ~tai ') =0° = ( e
dyw>e figofe -0 0B <igu) ~ -Taiteo) < <o°--

{
! 2
(ly We Hjo) = -zoﬂ;g&(ﬁ yolB=-do] dB  <<Hgw) ="toit’ (1] = g°- -£(rm‘m)
N
i L ___ e :

b bt o mitcle o Odp wnt|
the break freproncy and then drop aX 20 ol per koo

1
1
b e e e e e e e e e e e e e e e e e - ——
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Op Amp AC Specifications
Gain Bandwidth Product (GBWP)

- GBWRP is the product of op amp open loop gain times
the frequency at any point where the amplifier response

IS attenuating at a rate of -20dB/decade of frequency.
A [nfema[ G;mPEY?SGTaA‘

/1o(d5) '
i (4 S/bk)b

|
{

SR —

. A(‘m): Mé.q_f___
-3dB point ﬁ’ ft : HJ%Jb

) il Ll
GBWP is constant ) dy w=Wh ,M(Jw){ = . ¢ 308 ot

Openf
Loop
Gain

\1 [ U.)b
U oo s> WE. Alfw) & L0
__> Slope: -20dB/decad ) wswlp. Afw) %—
(-{ =W+ = Aowy
- EOCIB'
ods L' , f(log scale) {ATWtMi e ;

__>
— Gam Bawelundeh Prctuct
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Op Amp AC Specifications

- GBWRP is used to estimate closed loop gain bandwidth
when the gain is known.

BW = GBWP/G,

« BW: Closed loop gain bandwidth
« Gy: Noise gain
o Recall: For |G| >>1, G = |G]|.

- The larger GBWP, the wider BW for a certain closed
loop gain.

- Example: MCP601 data sheet

Parameters Sym Min Typ Max Units Conditions

zain Bandwidth Product GBWP — 28 — MHz
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BW = GBWP/G,,

the fnverting circuit Yo “hily
L---m - Vi 1+ (4 R/RA
e
V,(5) - —R1(R, : Ve(s) _ —Ry/R, :
TR s fordg> 1 +RR 1 V) B 5 |
o' R/ all+RR) : of(1 +Ro/Ry) !
ot S ity v, l+RRy 4 T T !
! noninverting circuit! 2 - L | | |
__________ V. 1+(1+R:R)A I g i I
I AUWJ - 4l :
____________ | [ 0]
Fordg > 1 +RR, oYl THRIR L b !
B R B e
[ {UI"(I + R,/Ry) ‘I : {-'J'; [
—-_—— e mm m — - e I
L R -
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Op Amp AC Specifications

Exercise #19

e Assume GBWP = 1MHz and unity gain stable, what is the
closed loop gain bandwidth for G =1, 11, -1, -10?

G (closed loop gain) | G, (noise gain)
RJ/R, | Non- Inverting 1/8
inverting
0.1 1.1 -0.1 1.1
1 2 -1 2
10 11 -10 11

Recall BW = GBWP/G,, Inverting amplifier: G = 1+ |G|,
Non-inverting amplifier: G = G.
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Solution #19

For G =1 (unity gain
stable) 2 G = G =1;
BW = 1MHz/1 = 1MHz

For G =11 - G =G =11;
BW = 1MHz/11 = 91 kHz

ForG =-1-> Gy=1+ |G| =
2: BW = 1MHz/2 = 500 kHz

For G =-10 - G = 1+ |G|
=11; BW =1MHz/11 =91
kHz

Op Amp AC Specifications

G Gy
R,/R, | Non- Inverting | 1/8
inverting
0.1 1.1 -0.1 1.1
1 2 -1 2
10 11 -10 11

BW = GBWP/G
Non-inverting amplifier: Gy =G
Inverting amplifier: G = 1+ |G|

© 2006 Microchip Technology Inco

rporated. All Rights Reserved.
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Op Amp AC Specifications

Stability of Op Amp and its Feedback Loop

A

1+ BA
G: closed loop gain 1 = Vour
A: open loop gain Vv A —>
: : IN +
BA: loop gain

e IfBA =-1atfrequencyf, G =A/(1-1) = « - Instability.
- BA=-1:|BA]=1and -BA=-180, atf =1,

-  This observation leads us to the concepts “Phase
Margin”.
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Op Amp AC Specifications

Phase Margin (PM) and Gain Margin (GM)

-Phase Margin: IBAI
The phase difference
between »[BA(fyyg) and
-180°, where f, g is the

_ 04 . p  fHZ
frequency at which |BA|=1. i F;jgir
~BA :
_Gain Margin: 0 '

The difference between
0dB and |BA| where the a0
loop gain phase is -180".

-130

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1 Slide 108



Op Amp AC Specifications

Emphasis
. . . IBAI B=1
PM < 0" indicates instability

) ; = 0.6
and oscillation. P
PM > 0° indicates stability \

(in theory) . " )

.. =BA
- Our data sheet specifies
PM of the worst case

stability. (G =1, B =1)

» Recall: 0<B<1, when 3 =1, G=
A/(1+BA)= A/(1+A) =1

» B<1, PMis bigger, which
makes the feedback system
more stable.

-40

-130
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Op Amp AC Specifications

- PM > 0" indicates stability. 10 EEE
How far from 0° is enough?  ° TN
-10
@ -20 SR,
- PM=65 is adequate for = NN
the stability (at G=1). © 40 PM =907 NN
= 65° N
o -50 = 45°
« PM =090 is more stable 60 = 30°
but it has slow time 1.E+05 1.E+06 1.E+07
response. f(H2)
——————— - Figure: Frequency response for
LAGoyB = Lxe 1 6= 180° - phase margi PM=30545%6590at G=1
- — i
Aion) = A[,j@li _ {lsﬁ}e_f
1+ A(e)s 1+ e
- i hase margn of 45, 6= 139° :_;;_i:?;i":
|r’jlf.[]m|} =‘_];-_€Tﬁ| p g -'__.J.. : ALY : 'B :
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EmphaSIS (Slew-Rate Limiting on Output Transient Step)

Slew Rate is the maximum rate of change at the output of an
op amp. Basically says how fast the output can “follow” the

Input.
The bigger the SR is, the faster the output of op amp can follow
the input.

Vi)

SR =

AVour
At

MAX

] Jvour]
s T \
& - V
ouT
-L A
— +
Vin /
Example: MCP601 data sheet
Parameters Sym Min Tvp Max Units Conditions
Slew Rate SR — 23 — Vips |G=+1VNV

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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Op Amp AC Specifications

Slew-Rate Limiting

e Effect of slew-rate limiting on output sine waveforms.
- Theoretical output
- Output when op amp is slew-rate limited - - - -

- The fastest changing input signal without slew-rate
limiting

VOUT | /’
\ \ P \
\ / - A Vour
7 "t
0 // \/ VIN /

Vin= Vour

Distortion
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Op Amp AC Specifications

Full Power Bandwidth (FPBW)

FPBW gives the highest frequency sine wave that will
not be distorted by the slew rate limit and it is still at the
maximum output voltage swing.

FPBW = SR/(21tV oy ay)

10
v pLEE: SR: slew rate
8 iR Vomax: Maximum output
> < Voo = 267" i vnl’ra()\e , /m?{
a-:: - »t l/,' o S\E Vﬁ' \
Z I iz Vy R W, Vo = ( |
E 2 . 5 ol , Ui ﬁ//ou}er‘/
Eu% : %\f@ ,do\g.-wv-mwt ';>{~ . X
11 : il L { AP
= | Iy Ot o2y,
; ! \ Vomax
I o
0.1 : [ owey
10k 100k 1M 101 [“b")m?g olove )
Frequency (Hz)
107_OAF v1.1 Slide 113
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Speed Related Specs

e Application Challenge

- FPBW is important when an amplifier drives the input
of ADC which requires full dynamic range.

_ = (0.6V/US)/(27*5.0V, ) = 19kHz

- (Note: Small signal BW = GBWP/G, = 1.0 MHz/10 = 100 kHz)

90k
5.0V
_ 5.0V
Op amp: 10k
Rail-to-rail Output &
SR = 0.6 V/us = VT N\ ADC
GBWP = 1.0 MHz V|N_+/_( OUT | ow Pass

= Filter —

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1 Slide 114



A
K:”
(=)
&
'&D
Dsz’
v
< -
Vs AN
EXP[GRE

; Op Amp AC Specifications
cmsiﬁ; oP2@e.

Em mg L. TR Lims - /) 2
2. T Isupply <laf- g

3. B #6%) Ral-to-ba Tpoupict
4 Low Mbist, Smal[ n%[{:. ‘

38 L RSPy B 275&2 %@2«#
2. L GBWP (loftH2 ) ‘%?%%i _]

Rale (Y,
7./ Skew /45 | Aﬂdﬂ . D%.
sgp (N?Dk//g)

ent
Applraatre.
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CMOS

* Low Voltape
- Single Supply |
» Micropower |

= Wery Low Noise
- Low Offset Voltage

- High Voltage Gain
BiPOLAR

FIGURE 2: Different IC processes render different
advantages for amplifiers. The choices Iin processes
for single supply ampiifers are Bipolar, CMOS and
BiFET, which is a combination of Field Effect

Transistors (FET) and Bipolar transistors.

AN722 DC_OP

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1

Slide 116



Example-Thermocouple Solution

@‘f Filtered signal requires amplification
- Thermocouple output typically ~40 pVv/1°C

— A differential amplifier provides voltage gain and signal
buffering

— Gain may be on the order of 50x to 500x
> Critical design parameters:

> In put offset vol tage memocouple l +Vts Diferential Amplfier

> Voltage offset drift <(/ Y \) Bl Lg Ly j ”
. | = I * M- + CHO
» Input bias current " @f—ﬁl/ AIT 48 PIC*
Connector “1 i I_‘—ﬁ _ L MCu
- o
= V8 Anti- S
Aliasing 8 L SPI
Filter & 3 1o
s
PCB Voo
R> ﬁ Cold Juncti
Vou=g! R: Va-vy) MCcPaT00A | oo
MCP9701/A — —
TC1047A
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Offset Voltage and Drift

I

e Large offset will affect temperature measurement
If not calibrated out

x Thermocouple output typically ~40 pVv/1°C
- Large offset limits ADC range which reduces sensing
range
e Voltage offset drifts over temperature
— Circuitry can experience wide temperature ranges

> Three architectures that address these issues

» EPROM - Corrects input offset voltage through trimming
algorithm completed at production final test

» mCal - Implements onboard calibration circuit that
calibrates input offset voltage at power up and by input
on external pin

» Auto-zero - Implements a nulling amplifier to
continuously correct the input offset voltage of the main
amplifier
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Microchip Solutions

Families Max V,q Advantages (+) / Disadvantages (-)

MCP603X, | 150 pVv + Accurate initial offset

MCP605X, + Competitive cost

MCP607X + Low power (0.9 pyA — Ideal for portable)
- Experiences Offset drift

MCP62X, 200 pv + External recalibration pin reduces drift

8 MCP65X + Accurate (initial and when recalibrated)

+ Very high GBWP (20-50 MHz)
+ User controlled recalibration
- Higher current consumption

MCP6VOX | 2-3 pV + Extremely accurate

+ Not subject to drift

+ Continuous calibration (10000/sec)
+ No 1/f noise

- Higher cost

© 2006 Microchip Technology Incorporated. All Rights Reserved.
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Thermocouple Conditioning
Example

e Difference Amplifier

- It is implemented using the MCP6V01 auto-zeroed op amp and
0.1% tolerance resistors.

VOUT = (R1/R2)*(VSEN+-VSEN-) + (R1/R3)*(VSHIFT+-VSHIFT-) + VREF

VSHIFT+  ressx

|

| VSHIFT-

|

|

|

|
-ttt T T T 0T ! R2 100
. ; | VSEN-
! [ M
: B * i
| : I To filter and
: : : o ADC
| 1 R2 100
| K Type Thermocouple ; : VSEN+
| : !

1 1

| ! | o— W
1 : :

|

Note: Refer to the board User’s Guide for details
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High Precision Circuits:
Thermocouple Reference Design

-  MCP6V01/2/3 & MCP6V06/7/8
~ Vg Drift < 50 nV/'C
L Ve SH2pV
~ Ao, CMRR, PSRR 2 130 dB

- Reference Design Features

« AZ OA Provides Gain for Thermocouple Voltage
o« IC Temp Sensor for Cold Junction
o 14-Bit Resolution, 10-Bit ADC
- PIC® device’s Vrer (16 levels) subdivides input ranges

- PIC device's ADC (10-bit) converts result and calibrates
PIC device’'s CVggr

- Automatically searches for correct CVgge value
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High Precision Circuits:
Thermocouple Reference Design

PC

(Thermal Management Software)

MCP1541

4.1V Reference
USB VREF
______ PIC18F2550 (USB) Microcontroller Y
AT S L L (A
! | C™ Poﬂt ] CVREF 10 BltADC Module |
S N A S I
'} 2 |
SDA, SCLK, ALERT 1 3 VSHIFT VOUT?2
y VREF Y
2nOI Ord
rder,
(Cold Junction MCP9800 ) R-C VouTL
i Temp. Sensor X ' -
Compensation) p Low-pass
X Filter
\ N Difference
S e - TCJ VSHIFT Amplifier
Type K AN » MCP6V01
\
Thermocouple o4 VP
TTC ® >
o« ® -
T VM
(Welded Bead) Connector
(Cold Junction)
107_OAF v1.1 Slide 122
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High Precision Circuits:
Thermocouple Reference Design

VREF
| VSHIFT | Difference VOUTL
| (VOUT1 without VSHIFT) CVREF  —> Amplifier
, VP | McPevol
[} ——-

I —-
I VM
A ” (Voltages not to Scale)
VOUT1
VSHIFT
— VP_VM
1 | | I I I l / / / / / / TTC (CC
| | | | | | | | | | —»7C(0)
o o o o o o o o o o o o o
(@) o o o o o o o o o o o
107_OAF v1.1 Slide 123
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A Auto-zero Thermocouple
Reference Design

Features: NN — -
e Difference amplifier system e
for sensor conditioning S (N ———
O Use the K-type thermocouple L = = ——]
to sense temperature Zommo ie
e Temperature range Is from e Sl [
-100°C to +1000 e T\ .
o MCP9800 Temp Sensor used =
for cold junction compensation e
O USB interface to transfer data to PC
O

Test points for bench work
m'm2

MCP6VO1RD-TCPL -
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Operational Amplifiers

[ GBWP <1 MHz ] [ GBWP =110 10 MHz [ GBWP > 10MHz ]
1 | I 1
[ ] Precision [ General Purpose ] Precision
l Precision I General Purpose

MCP601/2/3/4 MCP6271/2/3/4/5
MCP6441/2/4

MCP6071/2/4

MCP6L1/2/4 MCP6L71/2/4 MCP6021/2/3/4

MCP6041/2/3/4

Zero-Drift MCP6001/2/4 MCP6281/2/3/4/5

MCP6141/2/3/4

MCP6L01/2/4 MCP6471 MCP651/1S/2/3/4/5/9

MCP6V01/2/3

MCP623x/4x

MCP6V06/7/8 MCP6401/2/4 MCP6481

MCP6421 MCP621/1S/2/3/4/5/9

MCP6V26/7/8 MCP6491

[ General Purpose ]

MCP6291/2/3/4/5
Low Noise

MCP6L91/2/3/4/5

—[ Bipolar/NVM ]

MCP616/7/8/9

_[ Zero-Drift

MCP6V11 MCP631/2/3/4/5/9
VDD max > 12V

TC913A/B

TC7650

MCP6286

MCP660/1/2/3/4/5/9

MCP6V31

MCP6HO01/2/4

al

VDD max = 12V ]
MCP6H71/2/4

—[ Instrumentation ]
MCP6H81/2/4

MCP6H91/2/4

<<BACK

Linear

Slide 125
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High Speed Op Amps

e MCP62X/63X/65X/66X Key Specifications

o Drive heavy loads (e.g., H-bridge, Transmission
Line Driver, Audio Speaker)

- GBWP = 20, 24, 50 and 60 MHz
« High speed (e.g., optical detector)
« High gain (e.g., audio amplifier)

- e, =13,10, 7.5 and 6.8 nV/VHz

« Very low white noise for CMOS (e.g., sensor
amplifier)
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e MCP6H01/2

MCPEHO01 MCP&HO2
sSoIC solc
Features Neli 7 [EING  voumlT 7 [8]Voo
+ Gain Bandwidth Product: 1.2 MHz (typ.) vw-::ﬂ [7]Voo \.I 7]Vours
. : Vint3, 16/Vour  Vinatl3 6| Ving-
Low Power and SL_lppIy Voltages: Ves[E  [BINC Vel [ElVmer
- lg 135 e Alamplifier (typ.)
- Wlde Supply.\/.oltage Range: 3.5V to 16V UCPeHOt CBaHOS
+ High DC Precision: _ 2x3 TDFN 2x3 TOFN
- Input Offset Voltage: £ 3.5 mV (max.) NCi1:% ... .8INC Voua|1:%.....8Vp
_ IS a ‘-“m-!ﬁ,: EP ' .7|Voo Vina—|2.' EP ' 7| Vouts
Vos Drllft. 125 uwc (max.) Ve [3 8 76| Vour Vet 31 © 175 Vie-
- PSRR: 87 dB (min.) Ves |47 TBING vesldT T B viggt
- CMRR:78 dB (min.) includes Exoosed Thermmal Pad (P se Table 4.1
. Ra”_tD_Ra” Output nciu ESRXQOSE nermal Fadg ( ), 5ee lanle 3-1.
. . 1 Ra
+ Unity Gain Stable Vio AN ——AMA—o0 Vier
+ Available in Single and Dual Yoo
« Extended Temperature Range: -40°C to 125°C \*\«\ Vour
MCPBHOT >+
— e
g
V: O \:_-'\v_-'lvﬁ » I“Iﬁll“l-}.lljﬁ_
R Ry

Difference Amplifier << BACK

The Low Power Analog Solution
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Reference Tools

ALERT ChD

-

PICkit" Serial 12C" Demo Board

PICKit Serial Analyzer

12C Demo Board
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Product Selector Tools

.‘g Treelink www.microchip.com/treelink
(2014-MAR, All New AIPD Inside, R&E)

Gives brief overview of Microchip’s Analog & Interface products

— View products of interest by clicking on dynamic links on the
product trees AN

MICROCHIP Analog & Interface Products

THERMAL POWER
MANAGEMENT MANAGEMENT MIXED SIGNAL INTERFACE
Temperature Delta-Sigma
Soneors Lnew Reoguitors

Zind LA 1 Switchi SAR AID

e Seril Periharsie

:
DCIDC Convertara Measuremesn £ ICs

Voltage Dual Slope [ Display
References AMD Converters RF & Infrared

c
ShoSCe es Pt SAFETY AND

Supervisors
SECURITY

LINEAR

Valtage Detectors WiIF and Fry

e Smoke Detectors IC
Programmabilel mo ke ectors
Selectable Gain Amps Power MOSFET

Drivers Digital Potentiometers

Plezoele ctric

Battery Manage ment Horn Drivers

Go to Go to
Analog & Interface Overview Demo & Eval Boards
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http://www.microchip.com/treelink

Solutions

® Analog and Interface Solutions Brochure

DS20001060AD=>Download from WEBSITE
e Provides quick overview of critical parameters, features

and packages

Analog and Interface Product Solutions

Summer 2010

MICROCHIP

Analog and Interface Product Selector Guide

= Thermal it = Battery it = Interface Peripherals

= Power Management ® Linear & Mixed-Signal = Safety & Security

Stand-Alone Analog and Interface

THERMAL MANAGEMENT
MAASLASBIENT PRODUCTS — Tamp T
Typica Wimar Budram
PR Jre— [ Voo Bange fuy | MBEMT Supsly Famurar [e—
Py &= Rangs "] v A
— e
05 13 S5 -T2 20358 ] Craua 12 MAXES1, Opsnvinain P SOT-104
05 13 LSS -1 27158 ] Craua ta MAXESIZ Fuik pll Spn SOT-104
s 13 55 125 FIET ] Crana ta MAK B3I, Cpeninein pn S0T-114
ana ) -85 128 FIET ] Crana ta MAKESOA, Fuibr pll P S0T114
£l 21 T T 0 T ranis i e rabls g pane 3 pin PP 3 pin 50K
Hotm 1 Ricia 1 4D - A% 19 0 Ragqurss sasid feimi ks v pagurnbs 1 i 2 pin PP 3 pin SOE
TRz o] F Ao A5k -13 =0 E;‘mm:x“"“"“““g"'“f'wm" # pin PO 3 pin S04, Spin TO230
TCEZ £l 13 M- 2713 AL ) Taa it g pann &pin PIIP. 3 pin 50K
TCE2A £1 18 41T 273 AL o Dasl Inaivr ragarnnski u 3 pin PP 3 pin SOKC
g Ot Tmpssraters :
WCrITO ] 24 4 25 Zla =58 2 Linmar & ctiva Tharma o I, Famparstars alope: K il i TE-582. §-pin 5C-10, 3-pin 50T-21
Linmar A ctiva Tharmatc® IC, o TLE
MCPEIT £l E Wi T8 S ] b= ax 3 pin T 62, §-pin SC.T0, 1-pin SOT-21
WCPRIDOA ] 2z e ET T ] Liraar A ctbes Tharmatoe® I, Tomparsiars akpa: W nidl's 3 pin TE-52. & i 5C.10, 3 pn 50721
Liraar A iben Thara iz IT. o TR I
MCPEITIA o 1z TS TS5 ] L s 3 pin TO- 5. §-pin 070, -pin SOT-21
TCR [ 2z e 274344 ] High praciricn s parsturs k- mchags arwarer, E58 s Fph 5070
TC AT 05 [ M- 27144 ] High pasciaion e parsiurs- K- lings carwsriar, 1 KW' PR S0T-I8
TCWATA 05 12 A -1 FIT ] High pasciaion s parsiurs- K- mlings carwsrar, 1 BT Fph 50T
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AIPD_SELECTION_GUIDE.pdf
AIPD_SELECTION_GUIDE.pdf

Take a Break

Treelink for AIPD Introduction
1. Product Portfolio

2. Demo Board
3. Company profile

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1 Slide 131


AIPD_Treelink_-_March_6_2014.ppsx
AIPD_Treelink_-_March_6_2014.ppsx
AIPD_Treelink_-_March_6_2014.ppsx

Op Amp

Application Circuits
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Op Amp Application Circuits

Applications

e Inverting Amplifier / Non-inverting Amplifier /
Voltage Follower / Difference Amplifier

Instrumentation Amplifier
Summing Amplifier

Current to Voltage Amplifier
Voltage to Current Amplifier
Comparator

Electronic Filters

Others
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Op Amp Application Circuits

Instrumentation Amplifier (MCP6N11: New)

- It is widely used in the very accurate, low noise
measurements because of the following properties:

« Very high input impedance
« High common-mode rejection ratio
« Low DC offset

It is made by adding a non-
inverting buffer to each input

of the difference amplifier. Vi Rgain >—’—vO

VourVin= (1+2R1/Ryin)(R3/R3)
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& BAc~ ® (instrumentation amplifier)

[y O +
_ ov
R = )
poW R
U P AW
—_——
+ (v — »)/R,
(v) — 1)  R| ¥ () — w)/R,
Uy
oV
v, ©
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Op Amp Application Circuits

Exercise #22

e The instrumentation amplifier has a differential gain,
variable in the range 1 to 50, the second stage for a gain
of 0.5, R; = 50kQ). Give the value range of variable resistor
Rgain- [ Recall: G = Vgr/Viy = (1+2R1/Ry450) (Ro/R,) |

O—— R R3
Solution #22 + i R,
o G —_ (1+2R1/Rgam)(R3/R2) Vin Rgain ;
= (1+100kQ/R 44;,)(0.5) . Vout
e WhenG=1,Ry,=100kQ _ L. <&

When G =50, Ry, = 1kQ > R, Ry ¥
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P10 MFawmfl; cn
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T il _
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Rl aam o = r
p Fomrrre = Frar
- ouT CNT
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Op Amp Application Circuits

Summing Amplifier (Inverting/Non-Inverting)

- The output voltage is a weighted sum of the input

signals V,, V, , ...... , V,
Hint: Superposition Principle
y Let V1 =0, calculate VO1
no— = Let V2 =0, calculate VO2
'w.-.-l ------ AN R L F!T- Flna”y, VOUT = VOl + VOZ
W O —
Rz ‘ 9kQ
' > - WW
1 : Y 1kQ
out — W\ _ v
= = 2k0 A ="
\Y W y
Voo = —By (L4 2y Y 3o
out Rl Rj Rn V2 \/WV\
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Op Amp Application Circuits

Exercise #23

- Aninverting summing amplifier has three inputs using
100kQ) resistors and a feedback resistor of 50kQ.

- Express Vo1 Interms of V, V,, V.
- Ifv,=V,=2Vand V; =-1V, what is Vg1 ?

v, 100kQ R“}V:W?Okn
vV 100kQ .
? ) B A Vour = -Rs (Vi/R; +V,/R, +V3/R,)
v, _100kQ N 3
3—W— |2
Solution #23
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Op Amp Application Circuits

Exercise #24

e Ifthe 1kQ resistor is disconnected from ground and
connected to a third signal source V,, please use
superposition to determine Vg In terms of V;,V,, and V..

o9kQ
—WWW—
v 1kQ
T - Vv
ZkQ A ouT
Vv, —W +
3kQ
Vv, VW

Hint: Superposition Principle
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Op Amp Application Circuits

Solution #24

From Exercise #23, we already got
ForV, > V5, =6V,; ForV, 2 V,, =4V,

okQ
—W—
V, 1kQ
_\/W — A VOUT
vV 2kQ 'V,
1 +
3kQ

Va
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Op Amp Application Circuits

Current to Voltage Amplifier (Transimpedance
Amplifier)

A circuit for converting small current signals to a more
easily measured proportional voltage signals.

- |,y must flow through R and the output voltage is
expressed by V1 = -I|\Re

Re
YW

In —= 1
A OuT
3
51T

<
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Op Amp Application Circuits

Example: Photodiode Light Detector

e This light detector is a current-to-voltage converter.

—  The generated photocurrent is proportional to incident
light.

B VOUT 'IINRF
- Vgur IS proportional to the incident light.

Re

W The value of Rg should
N & \ _ be chosen to ensure
§® A Vour = -InRe Vot Swings within the

/ 3 maximum output voltage
2 dynamic range.
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Technical Support

e Documentation links

- User’s Guide: VICP6031 Photodiode PICtall
Plus Demo Board User’s Guide

—  Product Datasheet: MICP6031 ;
- Application Note: AN951
—  Product Selection Tools
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http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en540333
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en540333
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en528727
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1824&appnote=en021228
http://ww1.microchip.com/downloads/en/AppNotes/00951a.pdf
http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1924

Board Operation

e Thefigure shows data taken near an incandescent
lamp powered by a battery

Incandescent lamp

Explorer 16
Development Board

PIN Photodiode

({1

FRA Aurom

MCP6031 Photodiode
PICtail Plus Demo Board

]

EEERERAE
iew ’.' fi
|
R WS
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Op Amp Application Circuits

Voltage to Current Amplifier

- The current output through the load resistor is
proportional to the input voltage.

- lour = Vn/R5, which is independent of R;.

VIN 1
7 R, is the load and the
V.=V 2 current through it is the
1 "2 desired output signal.
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Op Amp Application Circuits

Example: Light Emitting Diode (LED) Modulator

- The light output from an LED: Linearly proportional to
the current (I5,7) through the diode

- lour = Vin/R;
- Thelight level is proportional to input signal (Vg7)-
Vv 4 \ v
+ ouT The signal can then be send

/ y3 through a fiber optic cable and

detected on the other end.

f\l/ ouT — VIN /R
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Op Amp Application Circuits

Comparator

- A standard op amp can be used as a comparator in
open loop mode.

VDD
o Vour=VppwhenV,>V,. v, —|= Veour
» Vour=VsswhenVy, <V, _| A
IN+
VSS

ooooo

Voo i
/ \ / \ ) The switching time between Vgg
/ \ / j_t and Vp is limited by op amp slew

rate. (Propagation Delay)
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Op Amp Application Circuits

Exercise #25

e Level detector: another name for a comparator used to
compare an input voltage to a fixed dc reference voltage.

- ForV, =2V and 0.5V, what is V5 respectively?
- If Vg Is a sine wave, what is the wave form of V1 ?

v N\ //\

2kQ|é> .
1kQ % /A%VOUT NV Y
= V|t
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Op Amp Application Circuits

Solution #25 VDE)ZSV

® V= [BV/(2KQ+IKQIKQ=1V;
Vi =2V >V, =1V, V4 7 = 3V Uy D\ y
: : IN +
e V,Isasinewave, Vy,? 1k L
. Slew rate limits switching time. +3V“. .................................
1. Open loop gain BW limits the
sine wave frequency. 1V_|//\ //\
Recall: Open loop gain BW drops \/ \/
very fast with frequency. gyl t

e Application: Pulse-width modulator. That is, the DC reference
voltage controls, or modulates the pulse width of the output voltage.
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Comparators

[ Push-Pull Output ] [ Open Drain Output ]

[ 4us Prop Delay ] [ 50ns Prop Delay ] [ 4us Prop Delay ] [ 50ns Prop Delay ]

MCP6541/2/3/4 MCP6561/2/4 MCP6546/7/8/9 MCP6566/7/9

MCP65R41 MCP65R46

<<BACK
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General Purpose

Demo & Eval Boards
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Multi-Chemistry Design

Charger Block Diagram

@
Viy @ ,W\Ij_l
MCP1631HV

Vier DRV —|

= oscC CS

COMP

FB

ISOUT
< ISIN

M

VBATT

VREG

+—|l—

\IQ— VSINI

OVP
|

PWM/ITMR2  A/D

_t_—’W\/— PWM/TMRL  A/D

1/O

Vbat

Vtemp

Battery

3 PIC16F883 : _
o) H—W[ﬁ Thermistor
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Op Amp Application Circuits

Electronic Filter

- Electronic filters perform signal processing functions

« Remove unwanted signal components and/or enhance
wanted ones.

- Classification by technology
o Passive filter
« Active filter
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Op Amp Application Circuits

Passive Filter

- A passive filter is an electronic filter made entirely from
passive components.

A passive component does not require a source of energy
to perform its intended function, such as resistors,
capacitors, and inductors.

- These filters exist in so-called RC, RL, LC and RLC
varieties.

| oVaout
I R
o e o o

A passive low-pass filter A passive high-pass filter

R
Vip © l o Vout Vip @
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Op Amp Application Circuits

- Example

Television signal splitter
consisting of a high-pass
and a low-pass filter.

Some Drawbacks of Passive Filter:
- Very sensitive to the component value tolerances.

- For low frequencies, the values of R and C can be quite large,
leading to physically large components.

- Cannot add gain to the filter itself.
- Potentially have a high output impedance.
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Op Amp Application Circuits

Active Filter

—  Active filter is implemented using a combination of
passive and active components.

An active component is one that require a source of energy
to perform its intended function and can be used to provide
gain in an electronic circuit, such as op amps.

- Example:

[ C|2| vout

High-pass active filter
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Op Amp Application Circuits

Principal reasons for the use of active filters

The op amps powering the active filter can be used to:

.  Shape the filter's response
« Add gain to the filter.

« Shape the filter how steeply it moves from its passband
to stopband. (To do this passively, one must use inductors,
which are often quite physically large and tend to pick up

surrounding noise.)

II.  Buffer the filter from the electronic components it
drives.

« Thisis often necessary so that they do not affect the
filter’s actions.
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Op Amp Application Circuits

Low Pass Active Filter

- It passes low frequencies well, but attenuates
frequencies higher than th{e cut-off frequency f..

bk b
Vi & IR
: 28 1 ) B> \/Ov\jh. S¢
—I‘* I ,_ﬁ.
L. < R Tesre
['f“S\?C = 1 .
-\f/%:—é‘, o A —’—p;’“’”"”%;' +see | TFARC
R
= — j‘&{:
: |
5L
 SmRe

a -V IV, f. = 1/(2nR,C)
o Unit: fin hertz (Hz), Rin ohms (Q), C in farads (F)
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- >>1,,6=0f<<f;,G=-R//R,.
o fi=1as="1.=1/(2nR,C)
f.,n MUSt be greater than f

stop pass.
Attenuation (dB) | Transition |
Passband | Region | Stopband
| |
4 pass |
| |
| |
| |
|
|
stop—— — — — — — — — |— — —
| |
S
c ; Frequency (Hz)
pass stop Log scale

Op Amp Application Circuits
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Op Amp Application Circuits

High Pass Active Filter

It passes high frequencies well, but attenuates
frequencies lower than the cut-off frequency f..
Vo0) - —_,Z_E(‘_SL __&,, . RsG
N Zes) T ke —S‘CL; _—/+§/;>,Q

= @i"M
R L /*leCq ]

J 7
I, ]

Tign - ) - g, L) ]

'f
VA q‘*) ) J(A) R.C,

U‘)L: /@(Cl
Closed loop gain G =V /V,, f. = 1/(2nR,C)
Unit: fin hertz (Hz), R in ohms (Q), C in farads (F)
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Op Amp Application Circuits

- <<, G=0;1>>1,,G=-R/R,
o f =f_=f. =1/(27R,C)

P pass

- f ...must be greater than f

pass stop*

Transition |

Attenuation (dB) I
. Stopband e Hegion =|= Passband -
dpass—|— !
|
|
l |
| |
| |
|
9 stop f— — — —: ————————
| | .
[ [
; ; Frequency (Hz)
stop pass Log scale
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Op Amp Application Circuits

Band Pass Active Filter

- It BEAREEIHEGE r low pass
al Pde & Zexd
— |-:I)£ 121" %+ Qz;j‘—uf)__h?)
% = Ze =R = ch(//Rr

ith a gain of

Mo o o 8% . R
Ve 2 ZQ;_‘(“{QL
By \
- 'Jw(.& R(il__’,_ oy J_w G- Q [ E—
(+ UG (e ) (WG Ry
“TWaRe s e
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Op Amp Application Circuits

- Attenuate f <<fy, f>>f,,; Passf, <f<f,,, G=-R/R,
o f =f.,=1/(2nR,C,)
o f =f.,= 1/(2nrR,C))
f < f < f

pass-lower pass-upper — 'stop-upper

PL ~ fpass-lower

PU — fpass-upper

stop-lower <f

Attenuation (dB) |Tran5iti0n| |Tran5iti0n |
. Stopband _|_Region | passpand |, Region | Stopband _
. | | | |

pass—— — — — — — — - - - /=

dstap

|
|
|
| |
| |
o 1 1 _ _
| | |
! l ! | =
Freguency (Hz)

pass lower fpass upper Stop upper

f f

stop lower
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Programmable Gain Amplifier
MCP6S2X

Vop Features
CHO a— ] “;_J\
oo o] \ Vo * Multiplexed Inputs: 1, 2, 6 or 2 channslz
CH2 T ux al z + 8 Gain Selections:
i <R |5 - #1 +2 +4 +5 +B +10, +16 or +32 VIV
7 a— Zai g " . .
EH_G Switthes } % * Senal Peripheral Interface (SPI™)
S o = = . .
Sl sPim =Re | « Rail-to-Rail Input and Cutput
=L 9 Logic b .
Sek | = * Low Gain Error: £1% (max)
POR * Low Offeet: +275 pV (max)
Ves Vaer * High Bandwidth: 2 1o 12 MHz {typ)
MCPES21—0ne input (CHD), no SO pin * Low Noise: 10 nVivHz @ 10 kHz (typ)
MCPE522-Two inputs (CHO, CH1), Vrer tied internally + Low Su ply Current: 1.0 ma& {t'_'."F':'
to Vee, nio SO pin ] : :
MCPBS26-Six inputs (CHD to CHS) * Single Supply: 2.5V 1o 3.3V

MCP&528—Eight inputs {CHO fo CHT)
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Resistive Sensors — Thermistor

Resistance vs. Temperature

TTHERM TTHERM I:aTHERM
( C) ( F) (k) BCcomponents P/N: 2381 640 55103
-40 -40 332.1
1000
0 32 32.56 o) ~
] 100 e
25 77 10.00 = 10 —
i —
70 158 1.753 v |1 =—
0.1 —
125 257 0.3387 O 1 O 1N O VW O WV O
P Serogr
150 302 0.1826 Thermistor Temperature (°C)
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@ Resistance to Voltage Conversion

- Requires current excitation
o Voltage Reference and Resistor
o Current Reference

- Ryyerm VS. temperature
o Isvery non-linear
o Is approximately exponential

- Voltage divider
o Ratiometric (Vyp = ADC's VREF)

Resistive Sensors — Thermistor

VDIV

RtherM
10 k
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Resistive Sensors — Thermistor
Divider Output Voltage

* Increasing Rj:

VDIV

RTHERI\/I

10 k

» Lowers “Linear” Temperature Range
* Reduces Self-Heating

VDIV(V)
o = N W &~ O

NS
NS
AN
NN

AN

M A
P e

o W O un O 1 O uw
o o N 1 M~ O «

150

Thermistor Temperature (°C)
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Resistive Sensors — Thermistor
With PGA and Filter

* PGA Gain =1 only PGAGain=1, 8, 16
 Limited Temperature Range * Full Temperature Range
 Poor linearity » Good Linearity
* Poor sensitivity » Good Sensitivity
 Easier Design * Much Better Accuracy
5.0 = p— o
X + + A -
1
< 3.0 \ O
5 D NE
1.0 TR, =28.0 kO
0.0 —t—t—
o 1 O N O mn O un o
? 8 - 8@ rod R

Thermistor Temperature (°C)
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Digital Potential Meter
MCP41XXX

Vop Features
Vi U—erj-xi; . 256 taps for each potentiometer
MCF‘E[]E“";- —Vour » Potentiometer values for 10 kg, 50 ki and
N - 100 ka2
-f.flasg + Single and dual versions
r- —l;—— = « SPI™ serial interface (mode 0,0 and 1,1)
| RAY RB | + +1LSB max INL & DNL
IV ! . Low power CMOS technology
| |
ilj!}lg Edﬂ—ﬂan v Sy 1= Rg « 1 pA maximum supply current in static operation
Where: = ouT "“{ HAJ + Multiple devices can be daisy-chained together
' (MCP4233X only)
5 - Ragl236-0p) _ Ragly » Shutdown feature open circuits of all resistors for
A 256 87 236 maximum power savings
R,z = Total Resistance of pot » Hardware shutdown pin available on MCP42KXKX
D, = Wiper sefting forD, = 0 to 255 only |
' : « Single suppoly operation (2.7V - 5.6V)
FIGURE 4-5: Single-supply « Industrial temperature range: -40°C to +85°C
programmable, non-inverting gain amplifier - Extended temperature range: -40°C to +125°C
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Digital Potentiometers

MCP4021
Pot, BMSOP

MCP4022
Rheo, 6SOT23

MCP4023
Pot, 6SOT23

MCP4024
Rheo, 550T23

MCP4011
Pot, BMSOP

MCP4012
Rheo, 6SOT23

MCP4013
Pot, 6SOT23

MCP4014
Rheo, 5S0T23

MCP4141/2 Single

MCP4241/2
Dual

MCP4341/2
Quad

MCP4541/2 Single

MCP4641/2
Dual

MCP4441/2
Quad

© 2006 Microchip Technology Incorporated. All Rights Reserved.

Mixed Signal

Demo & Eval Boards

MCP4131/2
Single

MCP4231/2
Dual

MCP4331/2
Quad

MCP4531/2
Single

MCP4631/2
Dual

MCP4431/2
Quad

MCP40(D)17/8/9

MCP4161/2
Single

MCP4261/2
Dual

MCP4361/2
Quad

MCP4561/2 Single

MCP4661/2
Dual

MCP4461/2
Quad

6-bit 7-bit | 8-bit \
[ Non- Volatile Volatile ] [ Non- Volatile ]— \olatile [ Non- Volatile —| Volatile I
SPI Pl SPI —| SPI I
u/D u/D

MCP41/2XXX

MCP4151/2

Single

MCP4251/2
Dual

MCP4351/2
Quad

MCP4551/2 Single

MCP4651/2
Dual

MCP4451/2
Quad
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New Release Information

e Documentation links
—  Product Datasheets

o , '50 MHz, 6 mA Op Amps with mCal”
o , 20 MHz, 2.5 mA Op Amps with mCal”
- Application Notes
. , "Op Amp Precision Design: DC Errors”
. , "Op Amp Precision Design: PCB Layout Techniques”

« AN1353, “Op Amp Rectifiers, Peak Detectors and Clamps”
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http://ww1.microchip.com/downloads/en/DeviceDoc/22188a.pdf
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http://ww1.microchip.com/downloads/en/AppNotes/01258a.pdf

Op Amp Application Circuits

Other Applications

- Audio and video pre-amplifiers and buffers

- Voltage and current regulators

- Analog-to-digital converter driver

- Digital-to-analog converter buffer

—  Oscillators and waveform generators

- Analog computer( Integrator, Differentiator, etc..)
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o 4 Application Notes

o AN1151 - PIC18F2520 MCP3909 3-Phase Energy Meter Reference Design
O AN1291 - Low Cost Shunt Power Meter using MCP3909 and PIC18F25K20

AN994 - I[EC Compliant Active-Energy Meter Design Using the
MCP3905A/6A

AN1327A - Avoiding MOSFET Driver Overstress
AN1256 - Microchip's Power MOSFET Driver Simulation Models
AN763 - Latch-Up Protection for MOSFET Drivers

AN786 - Considerations for Driving Power MOSFETSs in High-Current,
Switch Mode Regulators

AN799 - Matching MOSFET Drivers to MOSFETSs

AN1258 - Op Amp Precision Design: PCB Layout Techniques

AN1297 - Microchip's Op Amp SPICE Macro Models

AN1306 - Thermocouple Circuit Using MCP6VO01 and PIC18F2550
AN1316 - Using Digital Potentiometers for Programmable Amplifier Gain
ANG79 - Temperature Sensing Technologies

More.... =2 Please visit www.microchip.com/analog

© 2006 Microchip Technology Incorporated. All Rights Reserved. 107_OAF v1.1 Slide 173



Summary

We Have Met Our ODbjectives

Learned the basic op amp concepts and
terminology.

Understood the typical DC and AC
specifications found in our op amp datasheet.

Worked on the op amp application circuits.

_earned Microchip Analog and Interface
Products Offerings ( Treelink for Analog and
nterface Product Selection and Reference
Demo Boards)
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Thank You
for attending the class!

www.microchip.com/analog
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