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This circuit combines a sum-addressed-memory (SAM) cache
with delayed-reset logic circuitry, enabling cache access with a
two-cycle-latency for a 600MHz third-generation superscalar
processor implementing the Sparc V9 64b architecture [1-5].

The SAM decoder uses extensive parallelism of conventional
RAM decoders, together with the fact that unlike an adder, an
(A + B = K) equality test requires no time-consuming carry
propagation [6]. A SRAM decoder can be imagined to perform
a large AND function of address lines, where these AND gates
test for a sum, S, equal to the constant, K, for each word line K.
To perform this parallel test, the address sent to the final
decoder cannot depend on K. This requires some added logic
within the predecoder to precondition the addresses prior to the
final decoder. The preconditioning can be a bit at a time, or in
groups of bits as in the two-bit SAM predecoder logic shown in
Figure 1. The predecoder uses groups of 3 base and 3 offset bits
to produce 2 out of 8 predecoded signals for the final decoder.
Two-hot encoding allows parallel evaluation of the carry-in.
Unique word line addressing prior to carry-in determination is
by dividing the array into segments such as odd and even lines.

For a 64kB 4-way SAM cache with 512 256b lines, the selected
line is addressed with the SAM row decoder shown in Figure 2.
The column is selected by the 1 of 4 column decoder shown in
Figure 3. The odd or even array is determined by the array
decoder shown in Figure 4. Address bits 13 through 5 are used
for addressing the word lines, and bits 4 and 3 select the double
word within the line. Bits 4 through 0 generate the carry_out_4
for the odd/even select and bits 2 through 0 generate the
carry_out_2 for the column decoder. The column decoder
shown logically in Figure 3 combines the carry_out_2, c2, from
these low-order bits with bits 3 and 4 to provide a unique one-
of-4 double word selection. Column decoder timing is less critical
than row decoder timing, so the carry circuit does not limit
access time. The array decoder in Figure 4 produces the array
choice in time to power the correct sense amplifiers. The bank
select arrives in time to drive a normal 4 to 1 multiplexer
between the sense amplifiers and the block data output drivers.

For highest speed with a limited power budget, delayed-reset
logic realizes this SAM cache. Delayed-reset logic is similar to
post-charge logic and self-resetting logic used in other high
speed RAM designs [2,3,4]. Extension of these techniques to
include the SAM decoder requires only revised predecoder and
column decoder circuits. Delayed-reset logic (and most other
cousins of domino logic) work best in high fan-out situations.
The chosen predecoder realization in Figure 5 combines the 2b
XOR and input AND/OR logic into a nMOS stack. The output
AND is done in the P-stage drives the predecoder outputs to the
final decoder. Some keeper and reset devices are omitted from
this schematic for clarity.

Compared to the common 1:8 tree predecoder, the SAM decoder
increases block delay by about 110ps, or about one loaded gate
delay. As the SAM predecoder is a 2:8 output, the final row
decoder, while conventional in design, has a slightly longer

delay due to the additional input. Thus, a SAM decoder gives a
cache access of less than 2 delays greater than a normal cache
while eliminating a separate address add stage prior to cache
access.

The SAM decoder circuitry drives an array of six-transistor
memory cells organized in 16 blocks of 256b by 128w. The read
and write column decoders select the four double words for
output or input as needed. The sense amplifier is a low power
CMOS latch feeding a 4-way hit-multiplex circuit. The hit-
multiplex outputis fed through an alignment-multiplex and exits
the SAM cache block. A micro-tag containing 8b of the complete
tag is included in the SAM cache block and is SAM accessed in
parallel with the cache. Its small size allows the access and hit
compare to take place in the time the cache is accessed and the
data amplified by the sense amplifier. The hit signal is generated
in time to control the 4-way multiplex circuit. Redundancy is
provided by two extra word lines and two spare bit lines in each
4k block. The RAM latency is controlled without flip-flops in the
memory cell access path by adding latency-control latches to the
output buffer.

A bit slice of the RAM is fabricated in a 0.25um six-metal process
and tested to check data flow and timing. The decoder and
output structure are simplified to fit the test environment. The
test structure critical path consists of: address-input flip-flop,
delayed-reset non-SAM predecoder, delayed-reset decoder,
word line, memory cell, bit line, sense amplifier, and output
latency control. The path operates at 720MHz at 1.6V and 100°C.
This compares well with the simulated speed of 760MHz.

The IDS waveforms in Figure 6 show a write operation followed
by one read operation and a portion of a second read. The second
positive-going clock begins the read access, resulting in the
positive pulse of the selected word line, WL, about 600ps later.
The negative-going global sense amplifier strobe, SAE_L, about
700ps following the clock, triggers the sense amplifiers through
local inverters. The data output, ICA_DO[0], appears long after
SAE_L due to latency control circuitry. In the 64k cache, there
is more delay between the clock and array access due to wiring.
The cache output delay is not limited by the latency circuit while
high-data throughput corresponding to the clock frequency is
maintained.
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Figure 1: SAM 2b predecode logic.
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Figure 2: SAM row decoder for 64k cache.
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Figure 5: SAM predecoder circuit.

©IEEE 1998

84 — ——3 €4
by J ) 3_]

b | 01
by €,

8
by —

H

a |

L

Figure 3: SAM 1 of 4 column decoder.

3 :)a

5

a
v;

Figure 4: SAM array decoder.

d Array
Even Array

<256 avg.

500 nv/siiv 500 ps/div 10.288 ps delay

TeA_yurre

zea_potal

<« OUTPUT OF
READCYCLE 1

o Dame | oamn |

Figure 6: Test circuit waveforms.
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Figure 3: SAM 1 of 4 column decoder.
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Figure 5: SAM predecoder circuit.
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