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568 CHAPTER8 SUBSYSTEMDESIGN

Figure 8.52 Dynamic RAM
circuits: (a) 4-transistor; (b).3
transistor; (c) 1 transistor with
capacitor; (d) 1 transistor with

transistor. capacitor; (e) rep-

resentative layout for (d)
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the RAM circuit concentrates on pulling the bit lirie from high to low. Thus ~~ |

one method of reading a RAM cell would be to precharge the bit lines high i

and then enable the word-line decoder. For a given pair of bit lines, one
RAM cell will attempt to pull down either the bit or ~bit line depending on
the stored data. The bit-line pull-up circuit may use p-channel transistors to
precharge each bit line (Fig. 8.53a). In this example, the sense amplifier is an
inverter that forms a single-ended sense amplifier. The sense time is roughly

cod-dide  Frecharged B Vpp £ sebveads)
;;L has &teved ::‘g,ae, t) p-o\ vead-dals

20 14 har complement of value Chrd
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the time it takes one RAM cell pull-doWn and access traﬁsistor to reach the
inverter threshold. To optimize speed, one might set the inverter threshold

above the Vp,;, midpoint, but below an adequate noise margin down from the

Vpp rail. Alternatively, one can precharge the bit lines with n-channel tran-
sistors, which results in the bit lines being precharged to an n threshold down
. from Vp) (Fig. 8.53b). This can dramatically improve the speed of the RAM
cell access. In addition, it reduces power dissipation because the bit lines do

not change by the supply voltage. aspect of the precharged RAM

read cycle is the iming relationship between the RAM addresses, the pre-
charge pulse, and the enabling of the row decoder. If the word-line assertion
precedes the end of the precharge cycle, the RAM cells on the active word-
line will see both bit lines pulled high and the RAM cells may flip state. If
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FIGURE 8.53 RAM read
options: (a) Vpp precharge;
(b) Vpp— Vi, precharge
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_ to amplity this bit-line change. Design margins must be valid over all pro-
| cess, temperature, and voltage extremes. Figure 8.55 shows the zero bit volt-
age (Vpip)) and the pull-down voltage ( Voulidown) for various ratios of pull-
up beta to pull-down betas. As the pull-up becomes weaker, the Vbiro) volt-
age approaches Vg¢ and the differential voltage between a high and a low on
the bit lines increases. However, as the pull-down transistors are limited in
size by the desire to keep the RAM cell small, a design trade-off has to be
made between speed and the differential bit voltage, which affects the noise

N bit, —bit
[ , word
_ _ , ‘ _ : JA’  data

5.

bit . load

_ v,
sense - - , £ pass
sense common ‘ ﬂ pulldown

Figure 8.54 RAM read oper-
ation model @ . _ (b)
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Figure 8.56 Static RAM-
read waveforms

word —bit

[

B Sense -
\.

\\ Sense Common

Current mode sensing may also be used.??30:31 1 this technique, the
current change in the bit lines is detected using special circuits. The theory is
that by using lew-impedance circuits, the RC delay inherent in driving the
bit lines may be decreased. |

8.3.1.1.2 Static RAM—write
The oEoQEo of the RAM write operation is to %Ev\ <o:mm0m to the RAM

4

—————

O,
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Figure 8.58 Static RAM-

write waveforms and circuit

model
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8.3.1.1.3 Row decoders

The simplest row decoder is an AND gate. Figure 8.59 shows two straight-
forward implementations. The first in Fig. 8.59(a) is a static complementary

NAND gate followed by an inverter. This structure is useful for up to 5-6

inputs or more if speed is not critical. The NAND transistors are usually
made minimum size to reduce the load on the buffered address lines because
there are 2" (N} ;4 + Pjoqq)’s On each address Tine. The second implemen-
tation, shown 1 Fig-8-59(b), uses a pseudo-nMOS NOR gate buffered with
two inverters. The NOR gate transistors can be made minimum size, and the
inw appropriately to drive the word line. Large fan-in
AND gates can also be constructed from smaller NAND and NOR gates, as
shown in Fig. 8.59(c). Figure 8.60 shows two possible layout styles (in sym-

R




8.3 MEMORY ELEMENTS 575

word<3> word<0>

word<2> word<1>

word<1> — word<2>

word<0> word<3>

ik

a<i>  a<0> a<l>  a<0>

) ’ 81 [94i32/1
o
—
411 Y 1en

aO‘l E}iL'{ Ea/?i;l Enai*‘l@n |

()

bolic form) for the row decoders. One passes the address lines over the
decode gates, while the other uses a more standard cell style. Choice would
depend on the size of the decoder in relation to the size of the RAM cell.
Often, speed requirements or size restrict the use of single-level decoding,
such as that shown in Fig. 8.59. The alternative is a predecoding scheme,

“which is illustrated in Fig. 8.61(a). Here the gn'-k) row address lines are split

into a p-bit predecode field and a ¢-bit direct decode field. The ¢-bit decode

field requires a gate per word line, so q 1s chosen to suit the pitch of the RAM

cell. The p-bit predecode field generates 27 predecode lines (4 in this exam-
ple), each of which is fed vertically to 2™ *-row decode gates (8 in this exam-

ple). Figure 8.61(b) shows a possible implementation of a. predecode
scheme, where the predecode gate is a NAND gate and.the word-decode gate
is a NOR gate. An additional input (=clk) has been included in the NOR gate

FIGURE 8.59 Row-decoder
circuits: (a) complementary
-AND gate; (b) pseudo-nMOS ~
gate; (c) cascaded NAND,
NOR gates -
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4

Row Decode Gates

Predecode Gates v } word<7>
1
/ 3— word<6>
word<5>
—
— \L -
/ word<4> -
} word<3>
i ‘D— word<2>
} word<1>
/ word<0>
_ FA
' 2& |
a<i> a<2> . a<0>
(@
a<0>
a<d> a<3> r}l )
- 8<2> Tactr— @ — word -
-a<0> ~—clk

(b)

a<0> — {>O l S {>O— word
. ' a<1> a<2> en- '

(©)

via pass gates enabled by the column-address lines. The address decoding is
in essence distributed. Decoders for bi and ~bir lines are shown, although
one of these may be omitted for single-ended read operations. The read (and.
usually of lesser importance, write) operations are somewhat delayed by the
series-transmission gates. However, in comparison with gate delays these

FIGURE 8.61 Predecode -
circuits: (a) basic approach:
(b) actual implementation:
(c) pseudo-nMOS éxample
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bit<7> =
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bitet> —— | J T
bit<0> ~4— | ,] S '
to sense amps and write ckts
'_bii<7> -—‘_—j_-
-bit<6> e N O
1 ==
~bit<5> — .
S e
—bit<4> 1 ——
== — —selected-data
——bit<3>! -‘—L | 1
-bit<2> i A _]J
—bit<1> e I I e T
—bit<0> _—L ] —:r
—a<0> —-a<1> —-a<2>
T a<0> a<t> a<2>

If the delay of the series-pass gates was troublesome, the decoder shown

in-Fig. 8.64 could be used. Here a NAND decoder is employed on a bit-by-

bit basis to enzble complementary transmission gates (single transistors.may
be used where possible) onto a common pair of data lines. These are then
routed to a sense amplifier and write circuitry.

83.115  Sense amplifiers

: Many sense amplifiers have been invented to provide faster sensing, smaller

layouts, and lower power-dissipation sensing.33 The simple inverter sense
amplifier provides for low power sensing at the expense of speed. The differ-
ential sense amplifier can consume a'significant amount of DC power
(Fig. 8.54). Alternatively, one can employ clocked sense amplifiers similar

to the SSDL gate shown in Fig. 5.40.

8.3.1.1.6 RAM timing budget

The critical path in a static RAM read cycle includes the clock to address
delay time, the row address driver time, row decode time, bit-line sense time,
and the setup time to any data register. The column decode is usually not in

FIGURE 8.63 Tree-style
column decoder
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