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Dynamic Random Access Memory (DRAM)

• SRAM typically provides not enough density due to the large bit-cell

▪ Requires 6 transistors for each bit to implement a bi-stable storage and 2 access transistors

• Dynamic storage: significantly more compact bit-cell

▪ Data is stored as charge on some form of capacitor 𝐶𝑆
▪ A single transistor (M1), controlled by the word-line (WL) 

is used to access the storage capacitor from the BL

• Typical DRAM cell size in a special DRAM process 

is  around 6-8 F2 (F: feature size of the process)

▪ For comparison: SRAM cell size in standard CMOS is 

around 120-150 F2 (>32nm) and >200 below 16nm

EE-429: Fundamentals of VLSI Design



1T-1C DRAM Fabrication

• Standard process

▪ Capacitor made from poly/diffusion

▪ Large area required for the capacitor

▪ Used mostly in 1970s and 1980s

• Stacked capacitor

▪ Capacitor based on a special plate 

capacitor on top of the bit cell

• Trench capacitor

▪ 3D capacitor located under the bit-cell

▪ Requires deep trenches which are 

tricky to fabricate

▪ Most often used today in dense DRAMs
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DRAM Read & Write Access

• Write and read through same access transistor

• Write access:

▪ Storage node (SN) capacitor 𝐶𝑆 is charged/dis-charged according 

to BL when WL is asserted

▪ Writing a strong ‘1’ can be achieved by over-driving the WL

▪ Note: between write access cycles, WL returns to an idle (VDD/2) state
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• Read and write through same access transistor

• Read access:

▪ Pre-charge BL to VDD/2

▪ WL is activated connecting 

the SN to the bit line BL 

▪ Charge-sharing between 

𝐶𝐵𝐿 and 𝐶𝑆

▪ Once BL develops a sufficient 

offset, the sense amplifier (SA) 

is enabled with SAE

• Depending on the SA type, the SA feedback may pull the BL 

and the SN to ‘1’ or ‘0’ (restore the SN voltage)

DRAM Read & Write Access
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• Between read and write accesses the DRAM is 

in retention mode

▪ Leakage currents through M1 degrade the SN level over time

• Ideal retention: 

no read/no write

▪ BL is biased to balance both 

0/1 retention leakage optimally

• Not necessarily VDD/2, depending on transistor characteristics

• Non-ideal retention: 

▪ BL is biased only between read- and write-access cycles

▪ During read and write: BL is temporarily at VDD or GND, leading 

to an overall slightly increased leakage

DRAM NEEDS REFRESH!!

DRAM Retention
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DRAM Refresh

• Data retention time (DRT) is determined by storage node capacitor and 

leakage currents

▪ Depends on technology and temperature

▪ Typical DRT for dedicated DRAM chips are in the order of tens of milliseconds

• Dynamic memories (DRAM) need refresh

▪ Refresh = reading data, restoring logic levels and writing 

data back to the storage cells

▪ Refresh rate depends on the DRT

▪ Every refresh cycle refreshes one entire memory row

• Refresh overhead depends on the retention time and the number of rows 
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DRAM Organization

• Large DRAM memories are organized hierarchically
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DRAM Access

• DRAM access is broken into several steps, based on the structure

▪ Row access is slow due to the difficult sensing procedure

▪ Each row contains a large number of bits (fewer rows allow to refresh many bits in parallel)

▪ Destructive read-access: each row access requires restore 

• Access procedure:

▪ Row access: provide row address and read data from 

storage array into the row buffer (latches)

▪ Column access: provide column address and read or 

write data from/to row buffer

▪ Precharge: write row buffer back to storage array and 

prepare for next read by precharging the BLs

• Row access is expensive: often followed by bursts from the row buffer
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DRAM Access Example (Burst Read)
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DRAM Scaling Trends

• DRAM technologies behind CMOS in feature size (today: ~10-12nm, BULK)

& scaling is slowing down significantly

▪ Main issue: shrinking cell capacitor area while maintaining its capacitance (~7f F)

• Use of isolation materials with very high dielectric constants (K>50)

▪ Other concern: keeping access transistor leakage low and compatibility with trench capacitors
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External DRAM is a Bottleneck

External memory should be avoided at all costs and if needed, 
access should be minimized

Embedded 
Memory

Embedded 
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3rd party dependencies



Memory is the Limiting Factor

Memories are the limiting factor for cost and energy

• On-chip memories have a poor area density and often dominate chip area and 

cost in many computing systems

• Memory often accounts for >50% of the active power and for 100% of the power 

during sleep/standby periods in low-power systems
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Gain Cell Embedded DRAM (eDRAM)

• DRAM on a standard CMOS process

▪ Storage capacitor is a parasitic capacitor (gate capacitance + other parasitics)

▪ 1 access transistor for write 

▪ 1-2 access transistors for read
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2T Gain Cell eDRAM: Basic Operating Principle

• Write port (WWL & WBL), storage cap, and read port  (RWL & RBL)

▪ Different combinations of PMOS and NMOS transistors

▪ Use of different threshold options

• Write operation:
▪ Boosted WWL, above VDD for NMOS, 

below VSS for PMOS

• Read:
▪ PMOS MR: Pre-discharge RBL, 

raise RWL -> SN=‘0’: RBL rises

▪ NMOS MR: Precharge RBL, lower RWL
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Gain Cell eDRAM Periodic Refresh

• Dynamic storage mechanism: data deteriorates over time 

• Need for periodic refresh cycles (read/write)

▪ Data arranged in sub-arrays

▪ Parallel refresh in all sub-arrays 

• Array availability

▪ Typical retention times: 𝑇ret = 100us – 1ms

▪ Typical access/refresh cycle-time: 𝑇clk = 10ns

▪ Typical sub-array size 𝑁𝑟 =128-256 rows
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