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➢ The capacitor network for voltage coupling
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➢ Model for the transistors – Source/Drain/Gate current
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• 𝑉𝐹𝐺-VTH<0, Subthreshold region

• 0< 𝑉𝐹𝐺-VTH< 𝑉𝐷 − 𝑉𝑆, Saturation region

• 𝑉𝐹𝐺 -VTH> 𝑉𝐷 − 𝑉𝑆, Linear region
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• For readout transistor:

𝑉𝑇𝐻 = 𝑉𝑇𝐻,𝑟, 𝐾 = 𝐾𝑟, 𝐼𝑆0 = 𝐼𝑆𝑅0, 𝑉𝑆 = 𝑉SR

• For injection transistor:

𝑉𝑇𝐻 = 𝑉𝑇𝐻,𝑖, 𝐾 = 𝐾𝑖, 𝐼𝑆0 = 𝐼𝑆𝐼0, 𝑉𝑆 = 𝑉S𝐼
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➢ IV curves for reading in Subthreshold and Normal region 
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➢ IV curves for reading: more reading modes
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Mode 1: SR and SI shorted

Mode 2: SI floating Mode 3: SI floating



➢ Program and Erase mechanism - Current from/to the floating gate
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➢ Total gate current
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➢ Channel hot electron injection (lucky electron)

➢ Tunnel electron

• Happens only in the 
injection transistor 

• Happens on both 
transistor
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➢ IV reading during programing



➢ More program modes
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• Mode 1: SI and SR shorted

• Mode 2: SR floating

➢ Mode 2 is slightly more efficient than Mode 1



➢ More program modes
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• Mode 1: SI and SR shorted • Mode 2: SR floating

➢ Mode 2 is slightly more efficient than Mode 1



➢ IV reading curves during erasing 
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➢ More erase modes
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• Mode 1: SI and SR shorted • Mode 2: SR floating

➢ Mode 2 is slightly more efficient than Mode 1



➢ More erase modes
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• Mode 4: A small voltage on Drain, and SR floating• Mode 3: D and SR floating

➢ Whether Drain is floating or grounded does not matter much
➢ Applying a small voltage on Drain can prevent Erase



➢ More erase modes
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➢ Program and erase at different voltages



➢ Cycling of the program and erase operations

• Up to 100 cycle data are 
available

• Data vs. Model



➢ Verilog-a Model - 1



➢ Verilog-a Model - 2
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➢ Verilog-a Model - 3 



➢ Verilog-a Model Results - 1 • DC Reading

Qfg = 0

• Data



➢ Verilog-a Model Results - 2 • Pulse Reading, tr=0.1ns



➢ Verilog-a Model Results - 3 • Pulse Reading, tr=1ns



➢ Verilog-a Model Results - 4 • Pulse Reading, tr=10ns



➢ Verilog-a Model Results - 5 • Program, SR shorted with SI



➢ Verilog-a Model Results - 6 • Program, SR floating



➢ Verilog-a Model Results - 7 • Erase, SR shorted to SI



➢ Verilog-a Model Results - 8 • Erase, SR floating


