A BiPoLAR DIFFERENTIAL AMPLIFIER UTILIZES A SiMPLE (LE., A
SINGLE CE TRANSISTOR) CURRENT SOURCE TO SUPPLY

A BIPOLAR DIFFEReNTIAL AMPLIFIER UTILIZES A SiMPLE (1.E., A SINGLE CE TRANSISTOR) CURRENT SOURCE To SuppLY A
FUNDAMENTAL ROLE IN ANALOG CIRCUIT DESIGN, PROVIDING HIGH GAIN, EXCELLENT LINEARITY, AND STABLE OPERATION IN
VARIOUS APPLICATIONS SUCH AS INSTRUMENTATION, AUDIO PROCESSING, AND COMMUNICATION SYSTEMS. THE SIMPLICITY OF
EMPLOYING A SINGLE COLLECTOR-EMITTER (CE) TRANSISTOR AS A CONSTANT CURRENT SOURCE NOT ONLY REDUCES CIRCUIT
COMPLEXITY BUT ALSO ENHANCES THE OVERALL PERFORMANCE AND RELIABILITY OF THE DIFFERENTIAL AMPLIFIER. THIS APPROACH
LEVERAGES THE TRANSISTOR'S INHERENT CHARACTERISTICS TO MAINTAIN A STEADY BIAS CURRENT, WHICH IS CRUCIAL FOR
ACHIEVING PRECISE DIFFERENTIAL OPERATION.

IN THIS COMPREHENSIVE ARTICLE, WE DELVE INTO THE INTRICACIES OF BIPOLAR DIFFERENTIAL AMPLIFIERS POWERED BY SIMPLE
CURRENT SOURCES, EXPLORING THEIR FUNDAMENTAL PRINCIPLES, DESIGN CONSIDERATIONS, ADVANTAGES, AND PRACTICAL
APPLICATIONS. WHETHER YOU'RE AN ELECTRICAL ENGINEERING STUDENT, A CIRCUIT DESIGNER, OR AN ENTHUSIAST,
UNDERSTANDING HOW A SINGLE CE TRANSISTOR CAN EFFICIENTLY SERVE AS A CURRENT SOURCE IN DIFFERENTIAL AMPLIFIERS IS
ESSENTIAL FOR OPTIMIZING ANALOG CIRCUIT PERFORMANCE.

UNDERSTANDING BIPOLAR DIFFERENTIAL AMPLIFIERS

WHAT Is A DIFFERENTIAL AMPLIFIER?

A DIFFERENTIAL AMPLIFIER IS A DEVICE THAT AMPLIFIES THE DIFFERENCE BETWEEN TWO INPUT SIGNALS WHILE REJECTING ANY
SIGNALS COMMON TO BOTH INPUTS. |TS PRIMARY FUNCTION IS TO IMPROVE NOISE IMMUNITY AND SIGNAL FIDELITY, MAKING IT
INDISPENSABLE IN PRECISION MEASUREMENT AND ANALOG SIGNAL PROCESSING.

KEY FEATURES OF A BIPOLAR DIFFERENTIAL AMPLIFIER INCLUDE:
- HigH coMMon-MoDE ReJECTION RATIO (CMRR)

- HIGH VOLTAGE GAIN

- SYMMETRICAL OPERATION FOR BALANCED INPUTS

- LINEAR RESPONSE OVER A SPECIFIED INPUT RANGE

THe RoLE oF BIASING AND CURRENT SOURCES

PROPER BIASING ENSURES THE TRANSISTORS OPERATE IN THEIR ACTIVE REGION, MAINTAINING LINEARITY AND GAIN STABILITY. THE
CURRENT SOURCE, ESPECIALLY, PLAYS A CRITICAL ROLE BY PROVIDING A STABLE BIAS CURRENT THAT SETS THE OPERATING
POINT OF THE DIFFERENTIAL PAIR, REDUCING VARIATIONS CAUSED BY POWER SUPPLY FLUCTUATIONS OR TEMPERATURE CHANGES.

THE SIGNIFICANCE OF A SIMPLE CURRENT SOURCE IN DIFFERENTIAL AMPLIFIERS

WHY Ust A SINGLE CE TRANSISTOR AS A CURRENT SOURCE?

USING A SINGLE COLLECTOR-EMITTER (CE) TRANSISTOR AS A CURRENT SOURCE OFFERS SEVERAL ADVANTAGES:
- SIMPLICITY: FEWER COMPONENTS MEAN EASIER CIRCUIT DESIGN AND TROUBLESHOOTING.

- CosT-EFFECTIVENESS: REDUCES MATERIAL AND ASSEMBLY COSTS.

- COMPACTNESS: MINIMIZES CIRCUIT SIZE, IDEAL FOR INTEGRATED CIRCUITS.



- RELIABILITY: FEWER COMPONENTS TYPICALLY RESULT IN FEWER FAILURE POINTS.

How A Ce TrRANSISTOR FUNCTIONS AS A CURRENT SOURCE

A CE TRANSISTOR CONFIGURED APPROPRIATELY CAN ACT AS A CONSTANT CURRENT SOURCE BY EXPLOITING ITS EXPONENTIAL
|-V CHARACTERISTIC. W/HEN CONFIGURED WITH A PROPER BIASING NETWORK, THE TRANSISTOR MAINTAINS A STEADY
COLLECTOR CURRENT DESPITE VARIATIONS IN VOLTAGE OR LOAD, PROVIDING A STABLE BIAS POINT FOR THE DIFFERENTIAL PAIR.

BASIC OPERATION PRINCIPLES INCLUDE:

- BIASING THE TRANSISTOR IN ITS FORWARD-ACTIVE REGION

- USING A RESISTOR OR DIODE TO SET THE EMITTER CURRENT

- ENSURING THE COLLECTOR VOLTAGE REMAINS SUFFICIENTLY HIGH TO PREVENT SATURATION

DEeSIGNING A BiIPOLAR DIFFERENTIAL AMPLIFIER WITH A SIMPLE CURRENT
SOURCE

Basic CircuiT CONFIGURATION

THE TYPICAL BIPOLAR DIFFERENTIAL AMPLIFIER CIRCUIT UTILIZING A SINGLE CE TRANSISTOR CURRENT SOURCE CONSISTS OF:
- TWO MATCHED BIPOLAR TRANSISTORS FORMING THE DIFFERENTIAL PAIR

- A siMPLE CE TRANSISTOR ACTING AS THE CURRENT SOURCE CONNECTED TO A SUPPLY VOLTAGE

- LOAD RESISTORS CONNECTED TO THE COLLECTORS OF THE DIFFERENTIAL PAIR

- PROPER BIASING NETWORK TO SET THE CURRENT THROUGH THE CE TRANSISTOR

DIAGRAM OVERVIEW:

1. SuppLY voLTAGE (Vcc)

2. SINGLE CE TRANSISTOR WITH COLLECTOR CONNECTED TO VCC

3. EMITTER COMMON POINT PROVIDING BIAS FOR THE DIFFERENTIAL PAIR

4. DIFFERENTIAL INPUTS APPLIED TO THE BASES OF THE MATCHED TRANSISTORS
5. OUTPUT SIGNALS TAKEN FROM THE COLLECTORS OF THE DIFFERENTIAL PAIR

STEP-BY-STEP DESIGN PROCESS

1. CHoosING THE CURRENT LEVEL: DECIDE ON THE BIAS CURRENT, WHICH INFLUENCES GAIN AND LINEARITY.

2. ConFIGURING THE CE TRANSISTOR: BIAS THE CE TRANSISTOR TO ESTABLISH THE DESIRED COLLECTOR CURRENT.
3. MATCHING TRANSISTORS: USE MATCHED TRANSISTORS FOR THE DIFFERENTIAL PAIR TO ENSURE SYMMETRY.

4. SETTING LoAD RESISTANCES: DETERMINE LOAD RESISTOR VALUES TO ACHIEVE THE TARGETED VOLTAGE GAIN.
5. BIASING NETWORK: IMPLEMENT BIASING RESISTORS AND VOLTAGE DIVIDERS FOR STABILITY.

ADVANTAGES OF USING A SINGLE CE TRANSISTOR CURRENT SOURCE

1. SiMpLIFIED CIRCUIT DESIGN
- FEWER COMPONENTS MEAN EASIER ASSEMBLY AND DEBUGGING.
- REDUCED PARASITIC EFFECTS, LEADING TO IMPROVED SIGNAL INTEGRITY.

2. IMPROVED STABILITY



- A WELL-BIASED CE TRANSISTOR PROVIDES A STABLE CURRENT, ENHANCING THE DIFFERENTIAL AMPLIFIER'S LINEARITY.
- LESS SENSITIVITY TO SUPPLY VOLTAGE FLUCTUATIONS.

3. COMPACTNESS AND INTEGRATION
- IDEAL FOR INTEGRATED CIRCUIT (|C) DESIGN \WHERE SPACE IS LIMITED.
- FACILITATES MONOLITHIC INTEGRATION WITH OTHER ANALOG COMPONENTS.

4. CosT RepucCTION
- LOWER COMPONENT COUNT TRANSLATES INTO REDUCED MANUFACTURING COSTS.
- SUITABLE FOR MASS PRODUCTION IN CONSUMER ELECTRONICS.

5. ENHANCED RELIABILITY
- FEWER PARTS DECREASE THE LIKELIHOOD OF CIRCUIT FAILURE OVER TIME.

PERFORMANCE PARAMETERS AND OPTIMIZATION

Key PERFORMANCE METRICS

- GAIN (AD): DEPENDENT ON LOAD RESISTORS AND TRANSISTOR PARAMETERS.

- CoMMonN-MoDpE RejecTion RaTIo (CMRR): A MEASURE OF THE AMPLIFIER'S ABILITY TO REJECT COMMON SIGNALS.
- INPUT OFFSET VOLTAGE: SHOULD BE MINIMIZED FOR HIGH-PRECISION APPLICATIONS.

- BANDW/IDTH: INFLUENCED BY THE TRANSISTOR'S FREQUENCY RESPONSE AND LOAD COMPONENTS.

OPTIMIZING THE DIFFERENTIAL AMPLIFIER

- UsE HIGH-QUALITY, MATCHED TRANSISTORS FOR THE DIFFERENTIAL PAIR.

- Bias THE CE TRANSISTOR TO PRODUCE A STABLE AND PRECISE CURRENT.

- CHOOSE APPROPRIATE LOAD RESISTORS TO BALANCE GAIN AND BANDWIDTH.

- INCORPORATE TEMPERATURE COMPENSATION TECHNIQUES TO MAINTAIN STABILITY.
- MINIMIZE PARASITIC CAPACITANCES BY CAREFUL LAYOUT DESIGN.

PRACTICAL APPLICATIONS OF BIPOLAR DIFFERENTIAL AMPLIFIERS WITH
SIMPLE CURRENT SOURCES

1. INSTRUMENTATION AMPLIFIERS
- USED IN MEDICAL DEVICES, SENSOR SIGNAL CONDITIONING, AND SCIENTIFIC MEASUREMENTS.
- REQUIRE HIGH CMRR AND STABILITY PROVIDED BY SIMPLE CURRENT SOURCE BIASING.

2. Auplo AMPLIFICATION
- ENSURES LINEARITY AND LOW DISTORTION IN AUDIO SIGNAL PROCESSING.
- COMPACT DESIGN BENEFITS PORTABLE AND EMBEDDED SYSTEMS.

3. COMMUNICATION SYSTEMS
- MODULATE AND DEMODULATE SIGNALS WITH HIGH FIDELITY.
- REDUCE POWER CONSUMPTION AND CIRCUIT COMPLEXITY.

4. ANALOG SIGNAL PROCESSING
- USED IN FILTERS, OSCILLATORS, AND MIXERS REQUIRING STABLE BIASING.



CoNCLUSION

A BIPOLAR DIFFERENTIAL AMPLIFIER UTILIZING A SIMPLE (SINGLE Ce TRANSISTOR) CURRENT SOURCE EXEMPLIFIES ELEGANT CIRCUIT
DESIGN BY COMRBINING SIMPLICITY WITH HIGH PERFORMANCE. SUCH CONFIGURATIONS OFFER A RELIABLE, COST-EFFECTIVE, AND
SPACE-EFFICIENT SOLUTION FOR A BROAD RANGE OF ANALOG APPLICATIONS. BY LEVERAGING THE INTRINSIC PROPERTIES OF A CE
TRANSISTOR AS A CONSTANT CURRENT SOURCE, DESIGNERS CAN ACHIEVE HIGH GAIN, EXCELLENT LINEARITY, AND ROBUST
STABILITY. AS TECHNOLOGY ADVANCES AND MINIATURIZATION BECOMES EVER MORE CRITICAL, THESE FUNDAMENTAL DESIGN
PRINCIPLES CONTINUE TO UNDERPIN MODERN ANALOG CIRCUITRY, ENSURING PRECISE AND EFFICIENT SIGNAL PROCESSING ACROSS
VARIOUS DOMAINS.

INCORPORATING A SINGLE CE TRANSISTOR AS A CURRENT SOURCE NOT ONLY STREAMLINES THE AMPLIFIER ARCHITECTURE BUT
ALSO OPENS PATHWAYS FOR INNOVATION IN INTEGRATED CIRCUIT DESIGN, MAKING IT A VITAL CONCEPT FOR ENGINEERS AND
ENTHUSIASTS SEEKING OPTIMAL PERFORMANCE WITH MINIMAL COMPLEXITY.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE PRIMARY PURPOSE OF USING A SIMPLE CURRENT SOURCE IN A BIPOLAR
DIFFERENTIAL AMPLIFIER?

THE SIMPLE CURRENT SOURCE PROVIDES A STABLE AND CONSTANT BIAS CURRENT, WHICH IMPROVES THE LINEARITY AND
COMMON-MODE REJECTION RATIO OF THE DIFFERENTIAL AMPLIFIER, ENSURING CONSISTENT PERFORMANCE.

How DOES A SINGLE TRANSISTOR CURRENT SOURCE ENHANCE THE OPERATION OF A
BIPOLAR DIFFERENTIAL AMPLIFIER?

A SINGLE TRANSISTOR CURRENT SOURCE OFFERS A STRAIGHTFORWARD WAY TO SET A REFERENCE CURRENT, REDUCING
COMPLEXITY AND POWER CONSUMPTION WHILE MAINTAINING RELIABLE BIASING FOR THE DIFFERENTIAL PAIR.

\W/HAT ARE THE ADVANTAGES OF UTILIZING A SIMPLE (SINGLE TRANSISTOR) CURRENT
SOURCE IN DIFFERENTIAL AMPLIFIERS?

USING A SINGLE TRANSISTOR CURRENT SOURCE SIMPLIFIES CIRCUIT DESIGN, REDUCES COST, AND PROVIDES ADEQUATE STABILITY
AND BIASING, WHICH ENHANCES THE AMPLIFIER’S OVERALL PERFORMANCE.

ARE THERE ANY LIMITATIONS TO USING A SIMPLE TRANSISTOR AS A CURRENT SOURCE IN
DIFFERENTIAL AMPLIFIERS?

YES/ SIMPLE TRANSISTOR CURRENT SOURCES MAY EXHIBIT LIMITED OUTPUT IMPEDANCE AND LESS CURRENT STABILITY UNDER
VARYING LOAD OR TEMPERATURE CONDITIONS COMPARED TO MORE COMPLEX CURRENT SOURCE CIRCUITS.

How DOES THE CURRENT SOURCE AFFECT THE COMMON-MODE REJECTION RATIO
(CMRR) IN A BIPOLAR DIFFERENTIAL AMPLIFIER?

A STABLE CURRENT SOURCE HELPS MAINTAIN CONSISTENT BIASING OF THE DIFFERENTIAL PAIR, WHICH IMPROVES THE COMMON-
MODE REJECTION RATIO BY REDUCING THE INFLUENCE OF COMMON-MODE SIGNALS.



CAN A SIMPLE TRANSISTOR CURRENT SOURCE BE USED IN HIGH-FREQUENCY
APPLICATIONS OF BIPOLAR DIFFERENTIAL AMPLIFIERS?

W/HILE SUITABLE FOR LOW TO MODERATE FREQUENCIES, SIMPLE TRANSISTOR CURRENT SOURCES MAY HAVE LIMITATIONS AT
HIGH FREQUENCIES DUE TO PARASITIC CAPACITANCES, AND MORE SOPHISTICATED CURRENT SOURCES MIGHT BE PREFERRED FOR
HIGH-FREQUENCY DESIGNS.

ADDITIONAL RESOURCES

BiPoLAR DiFFereNTIAL AMPLIFIER UTILIZES A SiMPLE (1.E., A SiNGLE Ce TRANSISTOR) CURRENT SOURCE TO SUPPLY

INTRODUCTION

IN THE REALM OF ANALOG ELECTRONICS, THE DIFFERENTIAL AMPLIFIER STANDS AS A CORNERSTONE COMPONENT, CELEBRATED FOR
ITS ABILITY TO AMPLIFY THE DIFFERENCE BETWEEN TWO INPUT SIGNALS WHILE REJECTING COMMON-MODE NOISE. ITS
APPLICATIONS SPAN FROM OPERATIONAL AMPLIFIERS TO INSTRUMENTATION SYSTEMS, MAKING ITS PERFORMANCE AND STABILITY
VITAL FOR HIGH-FIDELITY AND PRECISION APPLICATIONS.

A KEY ELEMENT IN THE DESIGN OF DIFFERENTIAL AMPLIFIERS IS THE CURRENT SOURCE—A DEVICE RESPONSIBLE FOR SUPPLYING A
CONSISTENT BIAS CURRENT THAT DIRECTLY INFLUENCES GAIN, LINEARITY, AND OVERALL STABILITY. AMONG VARIOUS CURRENT
SOURCE CONFIGURATIONS, UTILIZING A SINGLE BIPOLAR JUNCTION TRANSISTOR (BJT) IN A COMMON-EMITTER (CE)
CONFIGURATION OFFERS A STRAIGHTFORWARD, COST-EFFECTIVE, AND EFFICIENT APPROACH.

THIS ARTICLE DELVES INTO THE NUANCED ROLE OF A SIMPLE CE TRANSISTOR-BASED CURRENT SOURCE IN BIPOLAR DIFFERENTIAL
AMPLIFIERS, EXPLORING HOW IT ENHANCES PERFORMANCE, SIMPLIFIES DESIGN, AND PAVES THE WAY FOR ROBUST CIRCUIT
OPERATION.

THe RoLE oF THE CURRENT SOURCE IN DIFFERENTIAL AMPLIFIERS
FUNDAMENTAL IMPORTANCE

ATITS CORE, THE DIFFERENTIAL AMPLIFIER RELIES ON A TAIL CURRENT—A BIAS CURRENT SUPPLIED TO THE EMITTERS (OR
SOURCES) OF THE INPUT TRANSISTORS. THIS TAIL CURRENT SETS THE OPERATING POINT FOR THE TRANSISTORS, INFLUENCING
THEIR TRANSCONDUCTANCE AND LINEARITY.

\WHY IS THE CURRENT SOURCE CRITICAL?

- STABILITY: [T MAINTAINS A STEADY BIAS CURRENT DESPITE VARIATIONS IN TEMPERATURE OR POWER SUPPLY VOLTAGE.

- LINEARITY: IT ENSURES THAT THE INPUT TRANSISTORS OPERATE IN THEIR ACTIVE REGION, PRESERVING LINEARITY.

- GAIN CONTROL: |T DIRECTLY IMPACTS THE DIFFERENTIAL GAIN, AS THE TRANSCONDUCTANCE (GM) OF THE INPUT TRANSISTORS
DEPENDS ON THE TAIL CURRENT.

CHALLENGES IN CURRENT SoURCE DESIGN

\W/HILE IDEAL CURRENT SOURCES ARE CONCEPTUALLY SIMPLE, PRACTICAL IMPLEMENTATIONS INVOLVE CHALLENGES:

- TEMPERATURE DEPENDENCE: MANY CURRENT SOURCES VARY WITH TEMPERATURE, AFFECTING CIRCUIT STABILITY.

- PROCESS V ARIATIONS: MANUFACTURING TOLERANCES CAN CAUSE DEVIATIONS IN CURRENT LEVELS.

- COMPLEXITY: MORE SOPHISTICATED CURRENT SOURCES (LIKE CURRENT MIRRORS OR W/ILSON SOURCES) CAN BE COMPLEX AND

COSTLY.

THIS IS WHERE A SINGLE CE TRANSISTOR COMES INTO PLAY, OFFERING A STRAIGHTFORW ARD, RELIABLE, AND PREDICTABLE
CURRENT SOURCE.



THE SINGLE CE TRANSISTOR AS A CURRENT SOURCE
Basic CoNcePT

A SINGLE BIPOLAR JUNCTION TRANSISTOR IN A COMMON-EMITTER CONFIGURATION CAN BE CONFIGURED TO GENERATE A QUASI-
CONSTANT CURRENT. |TS OPERATION HINGES ON BIASING THE TRANSISTOR SUCH THAT IT OPERATES IN ITS FORWARD-ACTIVE
REGION, WITH THE COLLECTOR CURRENT LARGELY DETERMINED BY THE BASE-EMITTER VOLTAGE (\/_BE) AND THE BIASING
CIRCUITRY.

IN A TYPICAL SETUP:
- THE COLLECTOR IS CONNECTED TO A SUPPLY VOLTAGE THROUGH A RESISTOR OR DIRECTLY.
- THE EMITTER IS CONNECTED TO GROUND (OR A REFERENCE VOLTAGE).

- THE BASE IS BIASED WITH A FIXED VOLTAGE OR THROUGH A VOLTAGE DIVIDER.

BY CAREFULLY CHOOSING THE BIASING RESISTOR AND SUPPLY VOLTAGE, THE TRANSISTOR CAN ACT AS A SIMPLE CURRENT
SOURCE PROVIDING A STABLE CURRENT TO THE DIFFERENTIAL PAIR.

ADVANTAGES oF A CE TRANSISTOR CURRENT SOURCE

- SIMPLICITY: MINIMAL COMPONENT COUNT MAKES THE DESIGN STRAIGHTFORW ARD.

- CoST-EFFECTIVENESS: FEWER COMPONENTS LOWER MANUFACTURING COSTS.

- EASE OF IMPLEMENTATION: EASY TO INTEGRATE INTO EXISTING CIRCUITS.

- PREDICTABILITY: WELL-UNDERSTOOD TRANSISTOR CHARACTERISTICS ALLOW FOR PREDICTABLE CURRENT LEVELS.
LIMITATIONS To CONSIDER

- TEMPERATURE SENSITIVITY: THE COLLECTOR CURRENT VARIES WITH TEMPERATURE, REQUIRING COMPENSATION FOR PRECISION
APPLICATIONS.

- OuUTPUT COMPLIANCE: THE CURRENT SOURCE MAY NOT PROVIDE A PERFECTLY CONSTANT CURRENT UNDER ALL LOAD

CONDITIONS.
- LiMITED FLEXIBILITY: LESS ADJUSTABLE COMPARED TO CURRENT MIRROR OR W/ILSON CURRENT SOURCES.

DesIGN CoNSIDERATIONS FOR THE CE TRANSISTOR CURRENT SOURCE

BIASING AND STABILITY

To ENSURE THE CE TRANSISTOR PROVIDES A STABLE CURRENT:

- BIAS VOLTAGE SELECTION: THE BASE VOLTAGE SHOULD BE SET SUCH THAT THE TRANSISTOR REMAINS IN ITS FORW ARD-
ACTIVE REGION.

- RESISTOR SIZING: RESISTORS CONNECTED TO THE BASE AND EMITTER INFLUENCE THE COLLECTOR CURRENT.

- THERMAL COMPENSATION: ADDING COMPONENTS LIKE DIODES OR OTHER TRANSISTORS CAN STABILIZE TEMPERATURE EFFECTS.

CALCULATING THE CoLLECTOR CURRENT

THe coLLECTOR CURRENT (I_C) IN A BJT IS APPROXIMATELY GIVEN BY:

\[
| C=1_S\terr(e™{V_{BE}/V_T}- 1 \RIGHT)
\]

\X/HERE:

-\(1_S\) IS THE TRANSISTOR’'S SATURATION CURRENT,



-\(V_{BE} \) IS THE BASE-EMITTER VOLTAGE,
-\(V_T\) IS THE THERMAL VOLTAGE (~25 MV AT ROOM TEMPERATURE).

By FixiNG \( V_{BE} \) THROUGH BIASING, THE CURRENT REMAINS RELATIVELY STABLE. FOR EXAMPLE, WITH A KNOWN BIAS
VOLTAGE AND EMITTER RESISTOR, THE COLLECTOR CURRENT CAN BE APPROXIMATED AS:

\[
|_C \approx \FRAC{V_{suppLY} - V_{BE}}R {coLLecTor}}
\]

WHere \( R_{coLLECTOR} \) IS THE RESISTOR IN THE COLLECTOR CIRCUIT.

INTEGRATION INTO THE DIFFERENTIAL AMPLIFIER

TypicaL CircuIT ToPOLOGY

A COMMON CONFIGURATION INVOLVES:

- DIFFERENTIAL PAIR TRANSISTORS (Q1 AND Q2): THE INPUT DEVICES.

- CoMMON TAIL CURRENT SOURCE (Q3): A CE TRANSISTOR CONFIGURED AS A CURRENT SOURCE.

- BIASING NETWORK: SETS THE BASE VOLTAGE OF Q3.
- LOAD RESISTORS OR ACTIVE LOADS: TO DEVELOP OUTPUT VOLTAGE SIGNALS.

OpPeRATION DyNAMICS
- THe Ce TrANSISTOR (Q3) SUPPLIES A CONSTANT TAIL CURRENT TO THE EMITTERS OF Q1 AanD Q2.
- THE INPUT SIGNALS MODULATE THE TRANSISTOR BASE VOLTAGES, CAUSING VARIATIONS IN COLLECTOR CURRENTS.

- THE DIFFERENCE IN COLLECTOR VOLTAGES PROVIDES AN AMPLIFIED DIFFERENTIAL OUTPUT.

THIS SIMPLE CURRENT SOURCE ENSURES THE TOTAL EMITTER CURRENT REMAINS CONSTANT , ENHANCING THE CIRCUIT'S LINEARITY
AND COMMON-MODE REJECTION RATIO (CMRR).

PErRFORMANCE BENEFITS OF USING A CE TRANSISTOR CURRENT SOURCE
IMPROVED LINEARITY AND GAIN
\WITH A STABLE TAIL CURRENT:

- THE INPUT TRANSISTORS OPERATE IN THEIR LINEAR REGION.
- THE DIFFERENTIAL GAIN BECOMES MORE PREDICTABLE AND CONSISTENT.

EnHANCED CoMMON-MODE REJECTION

A STEADY BIAS CURRENT REDUCES FLUCTUATIONS CAUSED BY POWER SUPPLY NOISE OR TEMPERATURE, IMPROVING THE CMRR.
SIMPLIFIED DESIGN AND IMPLEMENTATION

COMPARED TO COMPLEX CURRENT SOURCES, A SINGLE CE TRANSISTOR:

- REQUIRES FEWER COMPONENTS.

- IS EASIER TO INTEGRATE ONTO |Cs.
- REDUCES DESIGN COMPLEXITY AND COST.



PRACTICAL APPLICATIONS AND EXAMPLES
INSTRUMENTATION AMPLIFIERS

HIGH-PRECISION MEASUREMENT SYSTEMS OFTEN RELY ON DIFFERENTIAL AMPLIFIERS WITH STABLE BIAS CURRENTS TO MAINTAIN
ACCURACY. UsING A CE TRANSISTOR AS A SIMPLE CURRENT SOURCE ALLOWS FOR COMPACT, COST-EFFECTIVE DESIGNS.

AuUDIO AMPLIFIERS

IN HIGH-FIDELITY AUDIO SYSTEMS, MINIMIZING DISTORTION AND NOISE IS PARAMOUNT. A CE TRANSISTOR CURRENT SOURCE CAN
IMPROVE LINEARITY AND REDUCE THERMAL DRIFT, LEADING TO CLEANER SOUND REPRODUCTION.

ANALOG SIGNAL PROCESSING

IN ANALOG FILTERS AND OSCILLATORS, STABLE BIAS CURRENTS ENSURE CONSISTENT FREQUENCY RESPONSE AND PHASE
STABILITY.

ENHANCEMENTS AND V ARIATIONS

WHILE A SINGLE CE TRANSISTOR PROVIDES A SOLID FOUNDATION, ENGINEERS OFTEN INCORPORATE ADDITIONAL COMPONENTS
FOR IMPROVED PERFORMANCE!:

- TEMPERATURE COMPENSATION DIODES: T O MITIGATE THERMAL DRIFT.
- CURRENT MIRROR CIRCUITS: FOR MORE PRECISE CURRENT CONTROL.
- ACTIVE LOADS: TO INCREASE OUTPUT SWING AND LINEARITY.

THESE MODIFICATIONS BUILD UPON THE SIMPLICITY OF THE CE TRANSISTOR CURRENT SOURCE WHILE ADDRESSING SOME INHERENT
LIMITATIONS.

CoNCLUSION

THE UTILIZATION OF A SINGLE BIPOLAR JUNCTION TRANSISTOR IN A COMMON-EMITTER CONFIGURATION AS A CURRENT SOURCE IN
BIPOLAR DIFFERENTIAL AMPLIFIERS EXEMPLIFIES A HARMONIOUS BLEND OF SIMPLICITY AND EFFECTIVENESS. |T OFFERS A
PRACTICAL, RELIABLE WAY TO SUPPLY A STABLE BIAS CURRENT, WHICH IS FUNDAMENTAL FOR ACHIEVING HIGH GAIN, LINEARITY,
AND STABILITY.

DESPITE SOME LIMITATIONS—PRIMARILY TEMPERATURE SENSITIVITY—THE APPROACH REMAINS PREVALENT IN MANY ANALOG
CIRCUITS, ESPECIALLY WHERE COST, SIZE, AND SIMPLICITY ARE CRITICAL CONSIDERATIONS. W ITH THOUGHTFUL BIASING,
THERMAL MANAGEMENT, AND POTENTIAL ENHANCEMENTS, A CE TRANSISTOR-BASED CURRENT SOURCE CONTINUES TO BE AN
INVALUABLE COMPONENT IN THE DESIGN OF ROBUST , HIGH-PERFORMANCE DIFFERENTIAL AMPLIFIERS.

IN ESSENCE, THIS STRAIGHTFORW ARD METHOD EXEMPLIFIES HOW FUNDAMENTAL TRANSISTOR PRINCIPLES CAN BE HARNESSED TO
ACHIEVE SOPHISTICATED CIRCUIT FUNCTIONS, REAFFIRMING THE ENDURING RELEVANCE OF CLASSIC ANALOG DESIGN TECHNIQUES IN
MODERN ELECTRONICS.
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