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BJT IV Characteristics

• NPN – 4 regions of operation

Forward Active

Cutoff

Reverse Active

Cutoff

2N2222
500uA IB steps

VCE

IC

𝐼𝐶 = 𝛽𝐼𝐵
Note: not exact, small slope to 
the IC vs VCE curve
Note: not constant for large IC
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• NPN – Early Voltage
• Increasing VCE → wider depletion region and greater 

electric field

• → increasing IC

• The curves converge on the Early Voltage, -VA

BJT IV Characteristics

Forward Active

2N6488
500uA IB steps

VCE

IC

VA = 10.5V
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• NPN – Beta variation
• Excess carriers in the base cause ↑ base current →↓β

BJT IV Characteristics

2N2222
500uA IB steps

VCE

IC
IB = 3.0mA     → IC = 390mA → β = 130

IB = 2.5mA

IB = 2.0mA

IB = 1.5mA

IB = 1.0mA

IB = 0.5mA     → IC = 94mA → β = 188

β decreases

β constant for moderate 
current levels
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BJT IV Characteristics

• NPN - VCEsat

• Saturation voltage

• Lowest the collector will “pull down” while still providing 
current

Forward Active

Cutoff

VCE

IC
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• PNP – 4 regions of operation

BJT IV Characteristics

Forward Active

Cutoff

Reverse Active

Cutoff

2N3906
500uA IB steps

𝐼𝐶 = 𝛽𝐼𝐵
Note: not exact, small slope to 
the IC vs VCE curve
Note: not constant for large IC

VEC

IC
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• PNP – Early Voltage
• Increasing VEC → wider depletion region and greater 

electric field

• → increasing IC

• The curves converge on the Early Voltage, -VA

BJT IV Characteristics

Forward Active

2N6491
500uA IB steps

VEC

IC

VA = 14V
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• PNP – Beta variation
• Excess carriers in the base cause ↑ base current →↓β

BJT IV Characteristics

2N3906
500uA IB steps

VEC

IC

IB = 3.0mA     → IC = 203mA → β = 68

IB = 2.5mA

IB = 2.0mA

IB = 1.5mA

IB = 1.0mA

IB = 0.5mA     → IC = 65mA → β = 130

β decreases

β constant for moderate 
current levels



9 © tjCE 3101

BJT IV Characteristics

• PNP - VCEsat

• Saturation voltage

• Highest the collector will “pull up” while still providing 
current

Forward Active

Cutoff

VEC

IC

VCEsat


