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Diodes, Briefly

Diode Symbol I–V Curves Circuit

• Diodes are Pretty Good Conductors One Way

• Diodes are Pretty Good Insulators the Other Way

• Light Emitting Diodes Emit Light When they Conduct

• They are Nonlinear

• There are Several Piecewise–Linear Approximations

• The Details Can Get Messy
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Week 4 Agenda

• Basic Physics in Intrinsic Silicon

– Semiconductors

– Diffusion Current

– Drift Current

• Semiconductor Doping

• Junction

– Open–Circuit

– Reverse Bias and Breakdown

– Forward Bias

• Photodiodes
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Intrinsic Silicon (1)
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Intrinsic Silicon (2)

Sep 2024 Chuck DiMarzio, Northeastern University 12521..slides4–5



Electrons and Holes

• A Hole Can Move

• An Electron Recombines

• Holes Move More Slowly than Electrons

• Hole Moves to Right → Current to the Right

• Electron Moves to Left → Current to the Right
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Diffusion Demonstration

No Applied Force

Thermal Energy

Uncorrelated Random Motion

Average Result: ~v = D∇n

https://teachwithfergy.com/diffusion-demonstration/
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Hole and Electron Diffusion
Currents
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Diffusion Currents
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Drift
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Drift Current
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Current Summary
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N Doping
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P Doping
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Doping Numbers
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Open–Circuit P–N Junction

+ are holes and - are electrons

Sep 2024 Chuck DiMarzio, Northeastern University 12521..slides4–19



Diffusion Moves Free Charges

+ are holes and - are electrons
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Drift Moves them the Other
Way

red electrons and green holes
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Open–Circuit Junction (1)

red electrons and green holes
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Open–Circuit Junction (2)

red electrons and green holes
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Reverse Biased Junction

red electrons and green holes
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Reverse Bias Capacitance
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Breakdown
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Forward Biased Junction (1)
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Forward Biased Junction (2)
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Shockley Equation

• Previous Page: n = p = BT3e−vd/VT

• More Carriers: More Current

• Forward Current

id = Ise
vd/(nVT

• Shockley Equation

id = Is
[

evd/(nVT
]
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Photodiodes. . .

Diode: Small reverse current & Large forward current

Photodiode: Reverse current increases with optical power.
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Photodiode Curves

Diode (Top Curve); id = Is
(

−1+ evd/VT
)

Photocurrent adds: iphoto = −ρiPoptical (Lower Lines).
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Photodiode Circuit

vd = vs + ρiPopticalR1

Photocurrent is Negative

vs < 0 Red Line

Useful as a detector of light.

Negative Bias also helps with speed.

Sep 2024 Chuck DiMarzio, Northeastern University 12521..slides4–33



Solar Cell

vs = 0 Pdiode < 0 Green Line

Diode is a source of power.

R! is the load.

PL = −Pdiode
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