
差分放大器以及相关
设计软件的基础知识



Introduction to Differential Amplifiers

 What is a Differential Amplifier?

Op amp vs. differential amplifier

Discrete differential amplifier

 Integrated differential amplifier

Advantages of differential amplifiers

 Design Equations

 Design Example

 Demonstration of NEW Differential Amplifier Calculator

 Evaluation Boards

 Summary
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Differential Amplifiers

Are also know as:

Diff Amps

ADC Drivers

Fully Differential Amplifiers
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Differential Signals
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What is a Differential Signal? 
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Key Points and Mathematical Definitions

Differential Voltage is simply 
the potential DIFFERENCE
between two conductors.

BALANCED signaling uses two 
conductors that have signals of 
equal magnitude and opposite 
polarity with respect to a 
common reference.

 The terms BALANCED signaling 
and DIFFERENTIAL signaling 
are often used interchangeably.

 For any signal, balanced or 
otherwise, on two conductors, 
the signals can be defined as 
shown to the right with respect 
to a common reference, 
arbitrarily set = 0.
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Example of Differential and Common-Mode 

Signals

2
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Essentially Constant 

Common-Mode Voltage

Ensures Low EMI Radiation
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Example of Differential and Common-Mode 

Signals (cont’d)
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Causes EMI Radiation

A common-mode signal is also

generated for phase errors

between VP and VN. 
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Comparison of Coupled Noise Behavior in 

Differential and Single-Ended Circuits (cont’d)

Noise Behavior In a Single-Ended Circuit
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Comparison of Coupled Noise Behavior in 

Differential and Single-Ended Circuits (cont’d)

Noise Behavior In a Single-Ended Circuit (cont’d)
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Comparison of Coupled Noise Behavior in 

Differential and Single-Ended Circuits
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VN ov
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Noise Behavior In a Differential Circuit
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What is a 

Differential 

Amplifier?
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Operational Amplifier vs. Differential Amplifier

Operational Amplifier 

Differential input

 Can be used single ended

Single ended output

Output common mode is set 
by signal

Gain set by RF & RG

Differential Amplifier

Differential input

 Can be used single ended

Differential balanced output

Output common mode set by 
Vocm input pin

Gain set by two pairs of RF & RG
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VIn+

VIn-
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VIn+

VIn- VOUT+

V
OUT-
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Discrete Differential Amplifier

+

-
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Integrated Differential Amplifier Schematic

AD8132
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Integrated Differential Amplifier

Standard pinout vs. dedicated feedback

RF

RF

RF

RF RG

RG

RG
RG
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AD813x/ADA493x Series 

Internal Architecture

 Differential Amplifier Uses Two Separate Feedback Loops

 Negative Feedback Forces Output CM Voltage to Equal VOCM

 Output Balance Controlled By Internal Feedback Loop, Not RF/ RG Ratios

 Internal Feedback Loop Allows Applications With Unequal RF/ RG Ratios

RG1

RG2

RF1

RF2

VIN-

VIN+

VOUT+

VOUT-

VOCM

+

_

+

_

+

_
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Advantages of Differential Amplifiers

 Integration

Output balance

 Independent output Vocm adjustment

Reduced second harmonic distortion 

High common mode rejection

Wide output swing on single supply

+
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4V
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Op amp 1V headroom

Vout  = 8Vpp
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VOUT+
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4V

0

V-4

+5V

-5V

Diff amp 1V headroom

Vout  = 16Vpp
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Applications
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AD8133/4

AD8146/7/8

ADI Complete Solution for Video over UTP 

Utilize X-points and High Speed Amps
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DAC Output Buffer
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Differential Amplifier ADC Driver
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Differential Amplifier

Design Equations
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General Gain Analysis - Differential Drivers
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General Common Mode Voltage Analysis –

Differential Drivers 
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Differential Input Impedance

RIN,dm = 2xRG
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Single Ended Input Impedance
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Single Ended to Differential 

Design Example
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Terminate a Single-Ended Input and 

Calculate the Noise

V5.2
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V
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V
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V

Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200/400Ω
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Single Ended Input Impedance

RF

RF

Vocm

op
V

on
V

od
V

OCM
V

RG

RG

Vip

 






















-



FG

F

G

IN

RR

R

R
R

2
1

30



Terminating a Single-Ended Input

V5.2

op
V
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V
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Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200Ω

300
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Terminating a Single-Ended Input

V5.2

op
V

on
V

od
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OCM
V

Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200Ω
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59||300 = 50
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Terminating a Single-Ended Input

V5.2

op
V

on
V

od
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V

Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200Ω
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1.08V

Thevenin Equivalent
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Terminating a Single-Ended Input

V5.2

op
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Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200Ω
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Terminating a Single-Ended Input

V5.2
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Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200Ω
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Terminating a Single-Ended Input

V5.2
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Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200Ω
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Terminating a Single-Ended Input

V5.2
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Requirements:  Differential Gain = 1, 50Ω Termination, Resistors ~200Ω
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General Differential Driver Noise Analysis
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Single Ended to Differential Design Example Using

New Differential Amplifier 

Calculator
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Differential Amplifier Calculator
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Differential Amplifier Calculator
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Differential Amplifier Calculator

42



Differential Amplifier Calculator
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New Differential Amplifier Calculator (cont)
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ADI DiffAmpCalc
TM

www.analog.com/diffampcalc
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Differential Amplifier Calculator

Downloadable

Easy to use

Fast and intuitive

Various configurations

Calculate: Gain,  noise, power dissipation, input common 
mode range, output swing and more

Test part

What if scenarios
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FREE Universal Evaluation Boards

KEY BENEFITS

 Boards are blank, maximizing design 
flexibility

 Amplifiers must be ordered separately

 Optimized for high speed amplifiers

 User defined circuit configurations

 EVAL-ADOPAMP-1CPEZ and 

-1REZ feature INV and NINV 
configurations on the same board

 SMA connectors for easy interface to 
test equipment or other circuits

RoHS Compliant

Available on ADI web site!
 Free to customers

 Order from ADI web site 
www.analog.com

Order Number Description

EVAL-ADOPAMP-1CPZ Single CSP

EVAL-ADOPAMP-1KSZ Single SC70

EVAL-ADOPAMP-1RINZ Single SO AD8099

EVAL-ADOPAMP-1RNIZ Single SO AD8099

EVAL-ADOPAMP-1CPZ LFCSP AD8099

EVAL-ADOPAMP-1CPNZ LFCSP AD8099

EVAL-ADOPAMP-1CPEZ LFCSP INV and NINV

EVAL-ADOPAMP-1REZ SOIC INV and NINV

EVAL-ADOPAMP-1RZ Single SO

EVAL-ADOPAMP-1RTZ Single SOT23

EVAL-ADOPAMP-2RZ Dual SO 

EVAL-ADOPAMP-2RJZ Dual SOT23

EVAL-ADOPAMP-2RM Dual μSO

EVAL-ADOPAMP- 3CPZ LFCSP

EVAL-ADOPAMP- 3RUZ Triple TSSOP

EVAL-ADOPAMP-4RUZ Quad TSSOP

EVAL-ADDIFFAMP-1RZ Single SO

EVAL-ADDIFFAMP-1RMZ Single MSOP (μSOIC)

EVAL-ADDIFAMP-1CPZ Single LFCSP (ADA4937/38-1)

EVAL-ADDIFFAMP-CPZ Single LFCSP

EVAL-ADDIFAMP-2CPZ Dual LFCSP (ADA4937/38-2)

EVAL-ADDIFFRX-1RZ Single SO

EVAL-ADDIFFRX-1RM Single MSOP (μSOIC)

Note: 

Z Indicates lead free

47



Support Collateral

High-Speed Amplifiers

Selection Guides
 “High-Speed Amplifiers” Order code: ST06702-2-10/09(L)

Design Tutorials
 http://www.analog.com/static/imported-files/tutorials/MT-0XX.pdf

 MT-032: Ideal Voltage Feedback

 MT-033: Voltage Feedback Op Amp Gain and Bandwidth

 MT-049: Op Amp Total Output Noise Calculations for Single-Pole System

 MT-056: High Speed Voltage Feedback Op Amps

 MT-060: Choosing Between Voltage Feedback and Current Feedback Op Amps

Circuits From The Lab
 http://www.analog.com/en/verifiedcircuits/index.html

Sites of Interest
 Differential Amplifiers: www.analog.com/diffamp

 Active Filter Evaluation Boards: www.analog.com/active-fltr

 Solutions Bulletins: www.analog.com/bulletins
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Summary of Differential Amplifiers

 Integration

Output balance

 Independent output Vocm adjustment

Reduced second harmonic distortion 

Wide output swing on single supply

High common mode rejection

Differential Amplifier Calculator 

Simplifies design time

Lowers risk

What if scenario’s

Evaluation Boards

49



ADI中国地区技术支持热线：4006 100 006

ADI中国地区技术支持信箱：china.support@analog.com

ADI样片申请网址：http://www.analog.com/zh/sample
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