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Abstract - We designed a compact, high-speed, and low-power
bank-type 12-port register filetest chip for highly-parallel pro-
cessors in 0.35um CMOS technology. In this full-custom test
chip design, 72% smaller area, 25% shorter access cycle time,
and 62% lower power consumption are achieved in comparison
to the conventional 12-port-cell-based register file.

|. INTRODUCTION

Important techniques for improving processor performance
exploit possibilities for parallel execution of instructions. Con-
ventional superscalar processors, used in today’s PCs and
notebooks, detect independent instructionsin the normal pro-
gram flow and can execute up to 4 of these instructions in
parallel. A new development, used in so called Simultaneous
Multi-Threading (SMT) processors, divides the processor’s
work load into largely independent program parts called threads.
By executing thesethreadsin parallel, SM T processors achieve
afurther increase of the total number of instructions, which are
executed in parallel. It is expected that the number of simulta-
neously executed instructions as well as the number of threads,
which are simultaneously active, will continue to increase. To
enable this development, it is necessary to supply a sufficient
number of access ports aswell asregisters (also called entries)
for the processor’sregister file. For example, aregister file de-
sign that supports an 8-issue/4-thread SMT processor has to
be equipped with 24-ports and 512 entries [1]. If the conven-
tional multiport-cell based architectureisused for such aregis-
ter file, the problems of unacceptable increase in area, access
time, and power consumption arise [2]. We propose to solve
these problems with a multiport register file having a multi-
bank structure. Here we report the design of atest chip in a
0.35um CMOS technol ogy, which verifies the effectiveness of
our proposal [3,4].

Il. MULTI-BANK REGISTER FILE ARCHITECTURE

We have selected the Hierarchical Multiport-memory Ar-
chitecture (HMA) [2] shownin Fig. 1 for the bank-type register
file. HMA reduces the multiport-memory’s area by using 1-
port-cell banks. The main difference between HMA and the
conventional crossbar architecture isthat HMA realizes the
crossbar function in distributed form with a 1:N port convertor
attached to each bank and not in the conventional centralized
form. In this way the necessary number of transistors and glo-
bal wirings can be reduced without degrading the functionality
[5]. In order to solve access conflicts to the banks, an access
conflict management circuit isincluded on the 2nd hierarchy
level of HMA. Access conflicts to the banks for each port are
detected, and permission/prohibition of these accesses are
decided.

Theblock diagram of the proposed HMA register fileisshown
in Fig. 2. At the beginning of an access cycle the access con-
flict management circuit and row/column bank selectors deter-
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mine, which port can access which bank. For aread access, an
addressis supplied at the selected read-port and the data from
the accessed register in the bank is transferred to the read-port.
At the time of writing, address and data are supplied at the
selected write-port and the data is written into the accessed
register of the bank.

The main problem of a bank-type register file is due to pos-
sible access conflicts. If there is access from two or more ports
simultaneously to one bank, only one port can access the bank
and the others cannot. In consegquence the processing time of
the related instructions is delayed and the processor-perfor-
mance is degraded. To handle this problem we developed an
efficient register-access scheduling methodology, which in-
cludes, for example, register renaming, combination of accesses
to the same register, and register access queues [4]. In order to
examine the effectiveness of this scheduling methodology and
to determine the required bank number, we simulated the per-
formance of our bank-type register file in comparison to an
ideal register file. Theresult of the simulation experiment for a
register file with 12 ports (8 read-ports, 4-write-ports) and 128
entriesis shown in Fig. 3. Such aregister fileistypical for a
processor executing 4 instructions in parallel. It turns out that
an instruction processing performance nearly equivalent to the
ideal 12-port register file requires only 4 banks.

I11. DESIGN COMPARISON AND TEST-CHIP FABRICATION

We have designed the 12-port HMA register file with 4 banks
and 128 32-hit registers aswell asthe conventional register file
with 12-port memory cellsin a0.35um CMOS technology with
3-metal layers[4]. The layout comparison of both designsis
shown in Fig. 4. An L-shaped floorplan for the banks of the
HMA register file was applied, to enable the routing of global
wirings for outputs and inputs on top of the banks. As shown
in Fig. 5, adense design with minimized length and area con-
sumption of the wiring could be achieved. The photomicro-
graph of thefabricated HMA register filein 0.35um CMOSwith
3 metal layersisdepicted in Fig. 6. Theareaof the HMA register
fileisdrastically reduced by 72%. Thisis explained by the qua-
dratic areaincrease of the multiport memory cell in the conven-
tional design [2] which amounts to about 40 timesfor a 12-port
cell in comparison to the 1-port cell. On the other hand, in the
HMA register file, the area-overhead of the 1:N port convertor
for abank isonly 40 %. Thesmaller areaof the HMA register file
has the effect, that parasitic capacitances in the access path of
the register file are much smaller and that the length of global
wires is much shorter. Consequently, access-cycle time aswell
as power dissipation are also improved.

The summary of the register file design comparison includ-
ing measured datais shown in Tablel. In thistable, (a) and (b)
give simulation results from the layout, and (c) gives the mea-
surement results of the fabricated test-chip. The bank-type
HMA register fileisverified to achieve enormousimprovements,



reducing the area by 72%, the access cycle by 25% and the
power dissipation by 62%, when compared with the conven-
tional 12-port memory cell based register file. Thisdemonstrates
the effectiveness of the proposed HMA-based register file
architecture.
I'V. CONCLUSIONS

Bank-type multiport register file architecture for highly par-
allel processorsis proposed and successfully verified by a 12-
port test chip with 128 registersin a0.35um CMOS technol ogy.
Detailed analysis showed that very large improvementsin area
efficiency (72%), access cycletime (25%), and power consump-
tion (62%) are achieved in comparison to the conventional 12-
port-cell-based register file. The bank-typeregister filewasaso
verified to be applicable in superscalar processors without 10ss
in processor performance, when applying an appropriate ac-
cess scheduling methodol ogy.
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Fig.2. Designed hierarchical bank-type register file architecture
(4 write ports, 8 read ports, 128 registers).
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Fig.4. Layout comparison in a 0.35um CMOS technology
( 12-ports, 128-registers ).

Fig. 5. Area efficient floorplan of the
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Fig.6. Chip photo of the fabricated
bank-type 12-port register file
test chip in a 0.35um, 3-metal
CMOS technology.
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Table 1. Design-comparison results between conventional 12-port-cell-based and

hierarchical bank-type 12-port register files. (a) and (b) are circuit-
simulation results and (c) are measured results of the test-chip.

(a) 12-port (b) 12-port (c) 12-port

RAM-cell- HMA HMA
based registerfile| register file register file
(smulated) (smulated) (measured)

Area[mm?] (ratio) 7.84 (1) 2.23(0.28)
Cycletime[ng (ratio) 14 (1) 10.7 (0.76) 10.5 (0.75)
Power dissipation

(@50MH2) [m\‘jV] (ratio) 543 (1) 212 (0.39) 204 (0.38)
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