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@ Somicondudor Memafies has tWo type:
L1 Random Access memory (RAM)

2] Read only memory (RoH)
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. A 1.5-V, 1-Gbit dynamic RAM (called DRAM) by

Hitachi uses a 0.16-pum process with a cell size of 0.38 x
0.76 pm’ ina 19 x 38 mm’ chip. What fraction of the chip
~is occupied by the I/O connections, peripheral circuits, and
interconnect?
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A_4-Ml?il rt.temory chip is partitioned into 32 blocks, with each block having 1024 rows and 128
columns. Give the number of bits required for the row address, column address, and block address
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D - A 6T SRAM cell is fabricated in a 0.13-pm CMOS
process for which V,, =12V, V, =04V, and p,C, =
500 wA/V”. The inverters utilize (W/L), = 1. Each of the bit
lines has a 2-pF capacitance to ground. The sense amplifier
requires a minimum of 0.2-V input for reliable and fast

operation,

(a) Find the upper bound on W/L for each of the access
transistors so that V,, and V5 do not change by more than
V, volts during the read operation.

(b) Find the delay time At encountered in the read operation
if the cell design utilizes minimum-size access transistors.

(¢) Find the delay time At if the design utilizes the maximum
allowable size for the access transistors.
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16.30 For a particular DRAM design. the cell capacitance
Cy=351Fand V,, = 1.2 V. Each cell represents a capacitive
load on the bit line of 0.8 fF. Assume a 20-fF capacitance
for the sense amplifier and other circuitry attached to the
bit line. What is the maximum number of cells that can be
attached to a bit line while ensuring a minimum bit-line signal
of 25 mV? How many bits of row addressing can be used? If
the sense-amplifier gain is increased by a factor of 4, how
many word-line address bits can be accommodated?
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Consider the sense-amplifier circuit of Fig. 16.20 during the reading of a 1. Assume that the storage cell
provides a voltage increment on the B line of AV(1)=0.1 V. If the NMOS devices in the amplifiers have
(WIL),=0.54 um/0.18 jum and the PMOS devices have (WIL), =2.16 um/0.18 pum, and assuming that

Vio=18V,V, = |V, |=05V,and ,C, =4 1 C.. =300 LAV, find the time required for v, to reach
0.9 V. Assume C, = 1 pF.
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A particular version of the regenerative sense ampli-
fier of Fig. 16.20 in a 0.13-pum technology uses transistors for
which |V,| =0.4 V. &, = 4k, =500 p A/V*, V,,, = 1.2 V. with
(W/L), =0.26 pm/0.13 pm and (W/L), = 1.04 pm/0.13 pm.
For each inverter, find the value of G,. For a bit-line
capacitance of 0.4 pF. and a delay until an output of 0.9V,
is reached of 1 ns, find the initial difference voltage required
between the two bit lines. If the time can be relaxed by I ns,
what input signal can be handled? With the increased delay
time and with the input signal at the original level, by what
percentage can the bit-line capacitance, and correspondingly
the bit-line length, be increased? If the delay time required
for the bit-line capacitances to charge by the constant
current available from the storage cell, and thus develop the
difference-voltage signal needed by the sense amplifier, was
2 ns, what does it increase to when longer lines are used?
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