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Recommended literature
* Course slides

+ Sergio Franco, “Design With Operational Amplifiers And Analog Integrated . ﬁl =
Circuits” (any addition) \j—j JN J Y)@o

+ Ramakant A. Gayakwad, “Op-amps and linear integrated circuit technology:
+ David A. Johns, Ken Martin, “Analog Integrated Circuit Design”
* Hans Camenzind, “Designing Analog Chips”

* Analog IC Design - http://www.aicdesign.org/
* Analog Electronic circuits - http://www.ee.bgu.ac.il/~angcirc

Lesson #1
Outline
* Review of basic transistor circuits
— Current mirrors J}J\I ’))acga 3 Q/ ' ,\ '\:) P C '\gt‘q Os\m D °
- Voltage reference (Bandgap) j I
— Differential pair S
* The operational amplifier (opamp) f ij\“ J SC!Z\? J\'d\?)t
— Basic internal (transistor) circuit
~ |deal amplifier
— Characteristics of the ideal opamp
= Basic circuits
— Inverting amp, Non-inverting amp .)01‘))60' r-): :: ) ] 2 I rI 2 22D
-~ Summing, difference, integrator, differentiator
= Additional applications
- Voltage reference, current source
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Inverting Amp . 799 OCA
Virtual Ground I
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Voltage reference by OpAmp (Bandgap)
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Current source by OpAmp
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Lesson #2 5% \N\\m \_S‘ \"“b 7\Q,)JQ -1 ?'U_ﬂ DK M4 "73ﬂh 1)

Outline
+ Basic OpAmp circuits zam 3 CC 2o 1290 (Vw T“i D 3D -g) CC -2 "™nyg N
— Summing, difference, integrator, differentiator
+ Basic feedback CE WanR 1yn ox ST 700 W {Sen \Q"? R }'9? Yo
— Feedback definition -\\3“§ =ty 1)'0 \g‘\ M _rgn fow '\‘3“.’\ K)"?"U o A

— OpAmp as feedback system
* Non-inverting and inverting cases
« Static limitations
— DCerrors
+ Bias current, Offset voltage
— Correction for offsets
— Output voltage swing, input voltage range
* Dynamic limitations
— Open-loop response
— Gain-Bandwidth product
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Loop-gain on the frequency domain
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Closed-loop response
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fole Fery Cancellation:

Pole-zero cancelation
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Feedforward compensation
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E xteranl compensution

External compensation
Differentiator
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« Active filters
- Types of filters
- Simple filters, first-order
+ Second-order filters
- KRC filters
- Circuit solving approach
« Multi-feedback
* |Impedance emulation
-~ Multiple amps
* Switched-capacitor circuits
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Simple first-order filters () = y, X5+ 1
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Impedance emulation

Bootstrap circuit to emulate inductance
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Propagation time and overdrive
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Voltage-Controlled Oscillator
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LMx24-N, LM2902-N Low-Power,

Features 3 Description

Internaily Froquency Compensated for Undy Gan The LM124-N seres consists of four independent,

Large DC Voltage Gain 100 98 m mmuMI

Wide Bandwidth (Unity Gain) 1 MHz single power supply over & wide range of voltages.

(Temperature Compensated) mmmmumm

Wide Power 3 owpower owsly _ourest

b 1"'::::v independent of the magnitude of the power SupDly

- or Dual Supplies +15V io 216 V '

Very Low Supply Current Drain (700 pA) m.:-hm--wnﬁ

—Essentially independent of Supply Voltage which now can be more easdy mpiemented in sagie

Low Input Biasing Current 45 nA power supply systems. For example. the LM124-N

(Temperature Compensated) mmmw::.:ww
power supply voltage which dgtal systems

e e s and easdy provdes the regured nlertace electionics

Input Common-Mode Voltage Range Includes.
Ground Device Information'")
Oferurn s Vooge s Ecuol o e | SARTMARER. [macarae [acov szm |
Power Supply Voltage LM24N
Large Oulpul Voitage Swing 0 Vio V' = 15V LMI2eN
Advantages

e

19.56 mm = 667 mem

- Elminates Need for Dual Supplies.

= Four Internally Compensated Op Amps in a
Single Package

- Allows Direct Sensing Near GND and Vour
aiso Goes to GND

- Compatible With Al Forms of Logic

~ Power Dran Suitable for Battery Operation

= In the Linear Mode the input Common-Mode,

COP (1)
[POP (%) 19177 mm = 038 mm
SOKC {14)

Voitaga Range Includes Ground and the ! u
Output Voitage L !
- Can Swing 1o Ground, Even Though Opersted 2 :
from Only a Single Power Supply Voltage 2 £
= Unity Gain Cross Frequency is Tempersture s ]
Compansated WNPUTZ. [} [ g gt Charvel 7
- Input Bias Current is Also Temperature JouTRuT2 3 o Output, Chanmet 2
Compansated OUTPUTY [] ) Outpns. Chass 3
NPUTI- s ' werting bout. Crarel 3
Applications INPUTY 0 ! Bul. Channes 3
Transducer Ampifiers £ ] L.
DC Gain B WNPUT4 12 [ Norimvertrg input, Channe: 4
Conventional Op Amp Circuits WNPUTA. [E] [ werting input. Channel 4
324 ouTRUTA " o Output, Gt 4










