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Chapter

1

An Introduction to DRAM

Dynamic random access memory (DRAM) integrated circuits (ICs) have
existed for more than thirty years. DRAMSs evolved from the earliest kilobit
(Kb) generation to the gigabit (Gb) generation through advances in both
semiconductor process and circuit design technology. Tremendous
advances in process technology have dramatically reduced feature size, per-
mitting ever higher levels of integration. These increases in integration have
been accompanied by major improvements in component yield to ensure
that overall process solutions remain cost-effective and competitive. Tech-
nology improvements, however, are not limited to semiconductor process-
ing. Many of the advances in process technology have been accompanied or
enabled by advances in circuit design technology. In most cases, advances
in one have enabled advances in the other. In this chapter, we introduce
some fundamentals of the DRAM IC, assuming that the reader has a basic
background in complementary metal-oxide semiconductor (CMOS) circuit
design, layout, and simulation [1].

1.1 DRAM TYPES AND OPERATION

To gain insight into how modern DRAM chips are designed, it is useful to
look into the evolution of DRAM. In this section, we offer an overview of
DRAM types and modes of operation.

1.1.1 The 1k DRAM (First Generation)

We begin our discussion by looking at the 1,024-bit DRAM (1,024 x

1 bit). Functional diagrams and pin connections appear in Figure 1.1 and

Figure 1.2, respectively. Note that there are 10 address inputs with pin

labels R-Rs and C\—Cs. Each address input is connected to an on-chip
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2 Chap. 1 An Introduction to DRAM

address input buffer. The input buffers that drive the row (R) and column
{C) decoders in the block diagram have two purposes: to provide a known
input capacitance (Cpy) on the address input pins and to detect the input
address signal at a known level so as to reduce timing errors. The level
Vi, an idealized trip point around which the input buffers slice the input
signals, is important due to the finite transition times on the chip inputs
(Figure 1.3). Ideally, to avoid distorting the duration of the logic zeros and
ones, Frgpe should be positioned at a known level relative to the maximum
and minimum input signal amplitudes. In other words, the reference level
should change with changes in temperature, process conditions, input maxi-
mum amplitude (Vig), and input minimum amplitude (V). Having said
this, we note that the input buffers used in first-generation DRAMs were
simply inverters.

Continuing our discussion of the block diagram shown in Figure 1.1,
we see that five address inputs are connected through a decoder to the
1,024-bit memory array in both the row and column directions. The total
number of addresses in each direction, resulting from decoding the 5-bit
waord, is 32. The single memory array is made up of 1,024 memory ele-
ments laid out in a square of 32 rows and 32 columns. Figure 1.4 illustrates
the conceptual layout of this memory array. A memory element is located at
the intersection of a row and a column.

Ve V¥ C1C2C3C4C5
¥ _F 25299
Address inpul
buffars
CE* O - C-decoder
L i
Column refresh |
o, o Bulfer amplifiers Buffer o0,
RW" O i Buffer * U H
H1 = "
Rz 2 g i
— Cell malrix
R3 §s A 1,024 bits
R4 ‘gn =

Figure 1.1 1,024-bit DEAM functional diagram.
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Sec. 1.1

DRAM Types and Operation 3

c, 1] (116 C,
c, z2[] 15 €,
(] 14 C,
R, a[] 13 ce*
’, 5[] (12 0,
R, &[] i o,
R, 7(] (1o v,
R, & ) o Vio

Figure 1.2 1,024-bit DRAM pin connections,

Pad

Inpul signal
Lot L Imput buffer

= h Quiput signal

Figure 1.3 Ideal address input buffer.

By applying an address of all zeros to the 10 address input pins, the
memory data located at the intersection of row(, R4 0, and column 0, CA0,
is accessed. (It is either written to or read out, depending on the state of the
R/W#* input and assuming that the CE* pin is LOW so that the chip is
enabled.)
It is important to realize that a single bit of memory is accessed by using
both a row and a column address. Modern DRAM chips reduce the number
of external pins required for the memory address by using the same pins
for both the row and column address inputs (address multiplexing). A clock
signal row address strobe {RAS*) strobes in a row address and then, on the
same set of address pins, a clock signal column address strobe (CAS*)
strobes in a column address at a different time.
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