Operational Amplifiers
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Outline

 Opamp basics
e Open-loop comparator
* Negative feedback amplifiers
* Common circuits

 Opamp non-idealities
* Bandwidth
e Slew rate
* Output swing
* Input offset voltage
* Input swing

e Common ICs
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PARAMETER TEST CONDITIONS MIN ﬁYP MAX| UNIT
OPEN-LOOP GAIN
Vs =16V, Vo = V- (120 145
(V=) +0.1V<Vg<(V+)- 0.1V Ta =—40°C to 125°C — 142
_ |Vg=4V,Vgy=V- 104 130
AoL Open-loop voltage gain (V=) +0.1V<Vg<(V+)- 0.1V T = —40°C to 125°C 125 9
VS =27 V, VCM = V- 101 120
(V=) +0.1V<Vg<(V+) = 0.1VE 1 = _40°C to 125°C 118
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Negative Feedback & i

fie & b AL O R AVER 5 — E =

EEBREA

Non-Inverting Amplifier
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Negative Feedback & i
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Input / Output Impedance
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Input / Output Impedance
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Voltage Buffer
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Virtual Ground
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Virtual Ground
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Opamp Non-ldealities

£EZ22F : This chip will RUIN your circuit (B E51R )



https://www.youtube.com/watch?v=e67WiJ6IPlQ
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Gain Bandwidth Product

| i |
FREQUENCY RESPONSE

GBW Gain-bandwidth product 4.5 MHz
SR Slew rate Vs=16V, G=+1, C_=20pF 21 V/us

Closed-loop gain x bandwidth = constant (GBW)

2345] : GBWP = 4.5MHz
Vyyt ==elp Gain =1->BW =4.5 MHz

V,y =—p Gain =11 ->BW = 409 kHz

— iz BB H HY opamp S8 E A1 100kHz ~ 10MHz
10kQ 100kQ .



Slew Rate
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Slew Rate

FREQUENCY RESPONSE

GBW

Gain-bandwidth product
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MHz
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Slew rate

V=16V, G =+1, C_=20 pF

21
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Slew rate X1 0.1~20 V/us
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*

Output Swing i 1 & B2 55 [E]

|
OUTPUT
lout = 50 pA 1.35 1.42 V
Positive rail (V+) louTr=1 mA 1.4 1.48 V
lout = 5 mA( 1.5 1.61 V
Vo Voltage output swing from rail
lout = 50 pA 100 150 mV
Negative rail (V=) loutr=1 mA 0.75 1 vV
Vg =5V, RL= 10 kQ connected to (V—‘ Tp=-40°C to +89°C 5 20 mV
|

Iz 12 RYEE B2 Ol e iR 8 b A A A
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Vs <V, V_,Vour <Vpp mL lZ—=aE R
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ERmYERGEEER{E 0+1=1V &5 5-1.48=3.52V

20



Input Swmg TIANES
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Input Offset Voltage

OFFSET VOLTAGE | |
+0.3 3.0 mV
LM3588 Ta = —40°C to +85°C | mv
Vos Input offset voltage 20 mv
LM350BA Ta=—40°C to +85°C 25| mv
Bl input ZMBAYERE Vs General Purpose Precision
Opamp Opamp
Vour =A- (V4 —V_ —Vops) Input 0.5~5 mV 0.010.5mV
. — Offset ' DA
Input offset =& opamp HIZ &S
X o, = — {&/ ]\ 8 B2 Bandwidth —fg (R
>

\_

4
opamp HY closed-loop gain 1R A
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(R EEEN opamp - MERIBENIFE)

22



Input Offset Voltage

1E§E§ VOS = +1mV
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$ 100kQ ‘

V_

Vout

1kQ

23



	Slide 1: Operational Amplifiers
	Slide 2: Outline
	Slide 3: 運算放大器 Operational Amplifier (opamp)
	Slide 4: 分貝 Decibel (dB)
	Slide 5: 比較器 Comparator
	Slide 6: 比較器範例電路
	Slide 7: Negative Feedback 負迴授
	Slide 8: Negative Feedback 負迴授
	Slide 9: 負迴授 opamp 範例電路
	Slide 10: Input / Output Impedance
	Slide 11: Input / Output Impedance
	Slide 12: Voltage Buffer
	Slide 13: Virtual Ground
	Slide 14: Virtual Ground
	Slide 15: Opamp Non-Idealities
	Slide 16: 頻寬 Bandwidth
	Slide 17: Gain Bandwidth Product
	Slide 18: Slew Rate
	Slide 19: Slew Rate
	Slide 20: Output Swing 輸出電壓範圍
	Slide 21: Input Swing 輸入電壓範圍
	Slide 22: Input Offset Voltage
	Slide 23: Input Offset Voltage


   𝑽  𝑺 𝑺 ≤  𝑽 + ,  𝑽 − ,  𝑽  𝒐 𝒖 𝒕 ≤  𝑽  𝑫 𝑫


   𝑽  𝒐 𝒖 𝒕 = 𝑨 ⋅  (   𝑽 + −  𝑽 − )


  𝑨 ≫ 𝟏


   𝑽 +


   𝑽 −


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝑫 𝑫


   𝑽  𝑺 𝑺


   𝑽 + −  𝑽 −


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝑫 𝑫


   𝑽  𝑺 𝑺


   𝑽  𝒐 𝒖 𝒕


  𝑨


   𝑰 +


   𝑰 −


   𝑰 + ,    𝑰 − ≈ 𝟎


   𝑨  𝒅 𝑩 = 𝟐 𝟎 𝐥 𝐨  𝐠  𝟏 𝟎  𝑨  𝑽 / 𝑽


    𝟏 𝟎 𝟔   𝑽 / 𝑽


   𝑽 +


   𝑽 −


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝑫 𝑫 = 𝟓 𝑽


   𝑽  𝑺 𝑺 = 𝟎 𝑽


   𝑽 + −  𝑽 −


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝑫 𝑫


   𝑽  𝑺 𝑺


   𝑽  𝒐 𝒖 𝒕


      𝟏 𝟎 𝟔   𝑽 / 𝑽


  → ∞


   𝑽  𝒐 𝒖 𝒕 =  {       𝑽  𝑫 𝑫 ,   𝐢 𝐟    𝑽 + >  𝑽 −     𝑽  𝑺 𝑺 ,   𝐨 𝐭 𝐡 𝐞 𝐫 𝐰 𝐢 𝐬 𝐞


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝑫 𝑫 = 𝟓 𝑽


   𝑽  𝑺 𝑺 = 𝟎 𝑽


   𝑹 𝟏


   𝑹 𝟐


   𝑽  𝒊 𝒏


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝒊 𝒏


   𝑽  𝑹 𝑬 𝑭


   𝑽  𝑹 𝑬 𝑭 =    𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 ⋅ 𝟓 𝑽


   𝑽  𝒐 𝒖 𝒕


  𝟓 𝑽


  𝟎 𝑽


   𝑹 𝟏


   𝑹 𝟐


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝒊 𝒏


     𝑽  𝒐 𝒖 𝒕   𝑽  𝒊 𝒏 =  𝑨  𝟏 + 𝑨 ⋅    𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 ≈    𝑹 𝟏 +  𝑹 𝟐   𝑹 𝟏


   𝑽  𝒐 𝒖 𝒕 = 𝑨 ⋅  (   𝑽 + −  𝑽 − )


   𝑰 + ,    𝑰 − ≈ 𝟎 ，


   𝑽 − =      𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 ⋅  𝑽  𝒐 𝒖 𝒕


   𝑽  𝒐 𝒖 𝒕 = 𝑨 ⋅ (  𝑽  𝒊 𝒏 −    𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 ⋅  𝑽  𝒐 𝒖 𝒕 )


   (  𝟏 + 𝑨 ⋅    𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 )  𝑽  𝒐 𝒖 𝒕 = 𝑨 ⋅  𝑽  𝒊 𝒏


  𝑨 → ∞


   𝑹 𝟏


   𝑹 𝟐


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝒊 𝒏


   𝑽 + =  𝑽 −


  ⇒    𝑽  𝒊 𝒏 =    𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 ⋅  𝑽  𝒐 𝒖 𝒕


  ⇒      𝑽  𝒐 𝒖 𝒕   𝑽  𝒊 𝒏 =    𝑹 𝟏 +  𝑹 𝟐   𝑹 𝟏


   𝑽 + ,    𝑽 −


   𝑽 + =  𝑽  𝒊 𝒏


   𝑽 − =    𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 ⋅  𝑽  𝒐 𝒖 𝒕 =    𝑹 𝟏   𝑹 𝟏 +  𝑹 𝟐 ⋅    𝑹 𝟏 +  𝑹 𝟐   𝑹 𝟏 ⋅  𝑽  𝒊 𝒏


   𝑽 + ,    𝑽 −


   𝑽  𝒐 𝒖 𝒕 = −    𝑹 𝟐   𝑹 𝟏  𝑽  𝒊 𝒏


   𝑽  𝒊 𝒏


   𝑹 𝟏


   𝑹 𝟐


   𝑽  𝒐 𝒖 𝒕 = −    𝑹 𝟐   𝑹 𝟏  (   𝑽  𝒊 𝒏 + −  𝑽  𝒊 𝒏 − )


   𝑽  𝒊 𝒏 −


   𝑹 𝟏


   𝑹 𝟐


   𝑽  𝒊 𝒏 +


   𝑹 𝟐


   𝑹 𝟏


   𝑽  𝒊 𝒏 ( 𝒕 )


   𝑽  𝒐 𝒖 𝒕 ( 𝒕 )


   𝑹 𝑶


   𝑹 𝑰


   𝑽  𝒐 𝒖 𝒕  ( 𝒕 ) = 𝒇 (  𝑽  𝒊 𝒏 ( 𝒕 ) )


   𝑹 𝑰


   𝑽  𝒊 𝒏


   𝑹 𝑶


   𝑽  𝒐 𝒖 𝒕


   𝑽 𝟏 ( 𝒕 )


   𝑹 𝑶


   𝑹 𝑶


   𝑹 𝑳


   𝑽 𝟐 ( 𝒕 )


   𝑽 𝟏  ( 𝒕 )


   𝑽 𝟐  ( 𝒕 ) =    𝑹 𝑳   𝑹 𝑶 +  𝑹 𝑳  𝑽 𝟏 ( 𝒕 )


   𝑽  𝒐 𝒖 𝒕 =  𝑽  𝒊 𝒏


   𝑽  𝒊 𝒏


   𝑹 𝑰 → ∞


   𝑹 𝑶 → 𝟎


   𝑹 𝑶 ~ 𝟏 𝟎 𝐤 𝛀


   𝑽 𝟏 ( 𝒕 )


   𝑹 𝑶 ′ ~ 𝟏 𝟎 𝟎 𝛀


   𝑽 𝟏 ( 𝒕 )


   𝑹 𝑶


  𝟎 𝐕 ≤  𝑽 + ,  𝑽 − ,  𝑽  𝒐 𝒖 𝒕 ≤ 𝟓 𝐕


   𝑽 +


   𝑽 −


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝑫 𝑫 = 𝟓 𝑽


   𝑽  𝑺 𝑺 = 𝟎 𝑽


  𝑹 = 𝟏 𝟎 𝐤 𝛀


  𝑹 = 𝟏 𝟎 𝐤 𝛀


  𝟏 𝟎 𝐤 𝛀


  𝟏 𝟎 𝟎 𝐤 𝛀


   𝑽  𝒊 𝒏


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝒊 𝒏


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝑺 𝑺 ≤  𝑽 + ,  𝑽 − ,  𝑽  𝒐 𝒖 𝒕 ≤  𝑽  𝑫 𝑫


   𝑽  𝑺 𝑺


   𝑽  𝑫 𝑫


   𝑽  𝑺 𝑺


   𝑽  𝑫 𝑫


   𝑽  𝑶 𝑺


   𝑽  𝒐 𝒖 𝒕 = 𝑨 ⋅  (   𝑽 + −  𝑽 − −  𝑽  𝑶 𝑺 )


   𝑽  𝑶 𝑺


  𝟏 𝐤 𝛀


   𝑽  𝒐 𝒖 𝒕


   𝑽  𝒊 𝒏


  𝟏 𝟎 𝟎 𝐤 𝛀


   𝑽  𝑶 𝑺


   𝑽  𝑶 𝑺 = + 𝟏 𝐦 𝐕


  𝟎 𝐕


   𝑽  𝑶 𝑺


   𝑽 + = 𝟎  


  ⇒  𝑽 − =  𝑽 + −  𝑽  𝑶 𝑺 = − 𝟏 𝐦 𝐕


   𝑽 − =   𝟏 𝐤 𝛀  𝟏 + 𝟏 𝟎 𝟎 𝐤 𝛀 ⋅  𝑽  𝒐 𝒖 𝒕


  ⇒  𝑽  𝒐 𝒖 𝒕 = 𝟏 𝟎 𝟏 ⋅  𝑽 − = 𝟏 𝟎 𝟏 𝐦 𝐕

