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Abstract:


Conventional SRAM are either 6T or 4T with either Pmos load or resistive load, but in our design, we have used loadless 4T SRAM. This design doesn’t use any load for maintaining the cell node charge at vdd, rather here the charging the node is done by the access transistor. This loadless cell design works properly at 0.18 u technology, but due to software limitation, we have made this loadless SRAM design using 0.25 u technology. This loadless design uses 1.8 V power supply as Vdd. 

Design Specifications:

1. Memory size = 8 Mb

2. Word size = 2 bits

3. No. of Blocks = 128

4. Row Decoder = 8 x 256

5. Column Decoder = 7 x 128

6. Supply voltage = 1.8 V

Design Components:

1. Access and precharge transistors are PMOS.

2. Row (word line) and column selector (bit line) are active low.

3. Regenerative amplifier (back to back inverter) works as sense amplifier.

4. 8 x 256 decoder is made using 2 x 4 decoder (pseudo Nor & Nand gates).

Basic Cell Structure:
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Fig.1: Equivalent circuit of  a loadless CMOS 4T-SRAM cell

Operation:

There are two differences between our SRAM cell and a conventional six-transistor SRAM cell. First, the two access transistors are pMOS FETs, which means that when the wordline voltage is switched from 1.8 to 0V, the cell will be activated. Second, the precharged bitline voltage must be maintained at the power-supply voltage level (here 1.8 V) for stable data retention. During a READ operation, the cell discharges one of the bitline pairs (in the figure, /BL). A sense amplifier then amplifies the bitline differential voltage. During a WRITE operation, the write driver discharges one of the bitline pairs to 0 V (here BL). As a result, the cell data is flipped.

In order to maintain one of the two storage nodes at nearly 1.8 V, this SRAM cell relies on the off-state current to this node from one of the 1.8-V precharged bitlines through an access pMOS FET, as shown in Fig. 1. For stable data retention, the off-state current of the access pMOS FET, Ioff  P must be higher than that of the drive nMOS FET, Ioff N . Moreover, when Ioff 
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current deviation is taken into consideration, Ioff P must be more than a hundred times higher than Ioff N.

Fig.2: Loadless CMOS four-transistor SRAM operations.

Decoder Design:


In our design, we have used 2 x 4 decoder as the basic decoder, and using this decoder, we have made 8 x 256 decoder. 2 x 4 decoder is made of using Pseudo NOR and 8 x 256 decoder is made of using Pseudo NAND. 

8 x 256 Decoder Schematic:
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2 x 4 decoder



4-input Pseudo NAND gate

Fig. 3

Input Waveforms for decoder:
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Fig. 4

Output waveforms of decoder:
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Fig. 5

Schematic for 1-cell with sense amplifier:
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Fig. 6
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1-bit SRAM Layout:
Fig. 7

Simulation outputs for 1-bit:
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Fig. 8

Measurement Results:

1. Precharge time = 30 ns

2. Total write access time = 20ns


3. Total read access time = 20ns   

4. One cell area = 4.8 um x 3.25 um

5. Bit line capacitance of 1-bit = 0.1 fF
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