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The silicon area of large memory cells is dominated by the size of the memory core, it is thus crucial to keep the size of the basic storage cell as small as possible. 
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Storage elements • The silicon area of large memory cells is dominated by the size of the memory core, it is thus crucial to keep the size of the basic storage cell as small as possible • The storage cell area is reduced by: – reducing the driving capability of the cell (small devices) – reducing the logic swing and the noise margins



• Consequently, sense amplifiers are used to restore full railto-rail amplitude
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Read-only • •



Because the contents is permanently fixed the cell design is simplified Upon activation of the word line a 0 or 1 is presented to the bit line:



Vdd



Vdd



Bit line



Bit line



Stored 0



Stored 1



– If the NMOS is absent the word line has no influence on the bit line:



• The word line is pulled-up by the resistor • A 1 is stored in the “cell



– If the NMOS is present the word line activates the NMOS:



Word line



• The word line is pulled-down by the NMOS • A 0 is stored in the cell
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Read-only •



In practice a “always on” pull-up device is never used because: –



–



•



•



In practice pre-charged logic is used: – –



Eliminates the static dissipation Pull-up devices can be made wider



The bit lines are first precharged by the pull-up devices –



•



VOL would depend on the ratio of the pull-up/pull-down devices A static current path would exists when the output is low causing high power dissipation in large memories



Vdd Φ pre-charge



Pull-up devices



WL[0] GND WL[1]



WL[2] GND



during this phase the word lines must be disabled



WL[3] BL[0]



BL[1]



BL[2]



BL[3]



Then, the word lines are activated (word evaluation) –



during this phase the pull-up devices are off
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Nonvolatile R/W • The same architecture as a ROM memory • The pull-down device is modified to allow control of the threshold voltage • The modified threshold is retained “indefinitely”: – The memory is nonvolatile



• To reprogram the memory the programmed values must be erased first • The “heart” of NVRW memories is the Floating Gate Transistor (FAMOS)
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Nonvolatile R/W • A floating gate is inserted between the gate and the channel • The device acts as a normal transistor • However, its threshold voltage is programmable • Since the tox is doubled, the transconductance is reduced to half and the threshold voltage increased
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Floating-gate transistor (FAMOS)
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Nonvolatile R/W •



Programming the FAMOS: – A high voltage is applied between the source and the gate-drain – A high field is created that causes avalanche injection to occur – Electrons traverse the first oxide and get trapped on the floating gate (tox = 100nm) – Trapped electrons effectively drop the floating gate voltage – The process is self limiting: the building up of gate charge eventually stops avalanche injection – The FAMOS with a charged gate is equivalent to a higher VT device – Normal circuit voltages can not turn a programmed device on



1) Avalanche injection +20



10V S
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2) Charge trapped on the floating gate 0V



0V



-5V S



D



3) Trapped charge higher VT 5V



-2.5V S
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Nonvolatile R/W • The non-programmed device can be turned on by the word line thus, it stores a “0” • The word line high voltage can not turn on the programmed device thus, it stores a “1” • Since the floating gate is surrounded by SiO2, the charge can be stored for many years
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not programmed



Vdd
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Nonvolatile R/W • Erasing the memory contents (EPROM): – Strong UV light is used to erase the memory: • UV light renders the oxide slightly conductive by direct generation of electron-hole pairs in the SiO2



– The erasure process is slow (several minutes) – Programming takes 5-10µs/word – Number of erase/program cycles limited ( 
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