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Sec. I. I DRAM Types and Operation 11 

more bitlines we use in an array, the longer the delay through the wordline 
(Figure 1. 13). 

From row 
address 
decoder 

BitlineO Bitline1 BitlineN-2 BitlineN-1 

Figure 1.13 Row ofN dynamic memory elements. 

If we drive the wordline on the left side of Figure 1.13 HIGH, the signal 
will take a finite time to reach the end of the wordline (the wordline on the 
right side of Figure 1.13). This is due to the distributed resistance/capaci­
tance structure formed by the resistance of the polysilicon wordline and the 
capacitance of the MOSFET gates. The delay limits the speed of DRAM 
operation. To be precise, it limits how quickly a row can be opened and 
closed. To reduce this RC time, a polycide wordline is formed by adding a 
silicide, for example, a mixture of a refractory metal such as tungsten 
with polysilicon, on top of polysilicon. Using a polycide wordline will have 
the effect of reducing the wordline resistance. Also, additional drivers can 
be placed at different locations along the wordline, or the wordline can be 
stitched at various locations with metal. 

The limitations on the additional number of wordlines can be under­
stood by realizing that by adding more wordlines to the array, more para­
sitic capacitance is added to the bitlines. This parasitic capacitance becomes 
important when sensing the value of data charge stored in the memory ele­
ment. We'll discuss this in more detail in the next section. 

1.1.2.3 Memory Array Size. A comment is in order about memory 
array size and how addressing can be used for setting word and page size. 
(We'll explain what this means in a moment.) If we review the block dia­
gram of the 4k DRAM shown in Figure 1.9, we see that two 2k-DRAM 
memory arrays are used. Each 2k memory is composed of 64 wordlines and 
32 bitlines for 2,048 memory elements/address locations per array. In the 
block diagram, notice that a single bit, coming from the column decoder, 
can be used to select data, via the bitlines, from Array0 or Array 1. 

From our discussion earlier, we can open a row in Array0 while at the 
same time opening a row in Array 1 by simply applying a row address to the 
input address pins and driving RAS* LOW. Once the rows are open, it is a 
simple matter of changing the column address to select different data asso-
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12 Chap. I An Introduction to DRAM 

ciated with the same open row from either array. If our word size is 1 bit, we 
could define a page as being 64 bits in length (32 bits from each array). We 
could also define our page size as 32 bits with a 2-bit word for input/output. 
We would then say that the DRAM is a 4k DRAM organized as 2k x 2. Of 
course, in the 4k DRAM, in which the number of bits is small, the concepts 
of page reads or size aren't too useful. We present them here simply to illus­
trate the concepts. Let's consider a more practical and modem configura­
tion. 

Suppose we have a 64-Meg DRAM organized as 16 Meg x 4 (4 bits 
input/output) using 4k row address locations and 4k column address loca­
tions (12 bits or pins are needed for each 4k of addressing). If our (sub) 
memory array size is 256kbits, then we have a total of 256 memory arrays 
on our DRAM chip. We'll assume that there are 512 wordlines and 512 bit­
lines ( digitlines ), so that the memory array is logically square. (However, 
physically, as we shall see, the array is not square.) Internal to the chip, in 
the address decoders, we can divide the row and column addresses into two 
parts: the lower 9 bits for addressing the wordlines/bitlines in a 256k mem­
ory array and the upper 3 bits for addressing one of the 64 "group-of-four" 
memory arrays (6 bits total coming from the upper 3 bits of the row and col­
umn addresses). 

Our 4-bit word comes from the group-of-four memory arrays (one bit 
from each memory array). We can define a page of data in the DRAM by 
realizing that when we open a row in each of the four memory arrays, we 
are accessing 2k of data ( 512 bits/array x 4 arrays). By simply changing the 
column address without changing the row address and thus opening another 
group-of-four wordlines, we can access the 2k "page" of data. With a little 
imagination, we can see different possibilities for the addressing. For exam-· 
pie, we could open 8 group-of-four memory arrays with a row address and 
thus increase the page size to 16k, or we could use more than one bit at a 
time from an array to increase word size. 

1.1.2.4 Refreshing the DRAM. Refreshing the DRAM is accom­
plished by sequentially opening each row in the DRAM. (We'll discuss how 
the DRAM cell is refreshed in greater detail later in the book.) If we use the 
64-Meg example in the last section, we need to supply 4k row addresses to 
the DRAM by changing the external address inputs from 000000000000 to 
111111111111 while clocking the addresses into the DRAM using the fall­
ing edge of RAS*. In some DRAMs, an internal row address counter is 
present to make the DRAM easier to refresh. The general specification for 
64-Meg DRAM Refresh is that all rows must be refreshed at least every 
64 ms, which is an average of 15.7 µs per row. This means, that if the Read 
cycle time tRc is 100 ns (see Figure 1.11 ), it will take 4,096 • 100 ns or 
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