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The Logic Design Environment of Chip Multiprocessor Merlot

SATOSHI MATSUSHITA'

We have designed a Chip Multiprocessor Merlot which performs one GIPS at one watt
for embedded applications. Our design environment realizes tightly integrated flow with terse
RTL entry, version management with CVS, automatic regression test environment, and timing
refinement with RTL timing. With verilog frontend processors and automatic signal hook-up
tool, 65% of RTL description was reduced. With RTL timing, we could focus on logic refine-
ment by isolating delay slack caused by P&R. For establishing Merlot’s design environment,
we focused on repeatability, controllability, convergence, and expandability of LSI design. We
paid attention to the tool development for design progress management as well. In this paper,
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I describe the logical design environment of Merlot.
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Table 1 Merlot specifications.
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Table 2 Design difficulty in Merlot.

Technology 0.15 um CMOS, 5-Metal
1.2-1.8 V (Internal), 3.3V (I/0)
125 MHz (at 1.3V)

14 M (Logic 6 M, Memory 8 M)

Supply Voltage
Clock Speed
Number of TRs.

Area 10.5mm x 10.5mm (110 mm?)
Number of Pins 300 (Signal), 500 (Total)
Power 1W (at 1.3V)

Performance
I-Cache

1GIPS (at 1.3V)

64 KB (4 Set Assoc., 32 B Line)
D-Cache 64 KB (8 Banks, 32 B Line)

Inst. Issue 2-issue (in-order) x 4PE

Data 32bit, 16 bx2 Media, 8 bx4 Media
3 load/ifetch miss per PE
SDRAM: 64 bit+Ecc (1 or 2 Ch.)
PCI2.1: 32bit, 33 MHz

Up to 8 outstanding requests

Nonblocking cache
Bus Interface

0 1 Merlot Die Plot
Fig.1 Merlot Die Plot.
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o _ AL viront port(.module(MTmaptable}))
&Eto0— ModelSim S input [4:0] EDODMLIOF; {arr=500, load=1.0} //
OpenCAD W viront endport
NEC N \%g
ER-2IC vront ff (.scan, .clk(Phi1)) // vfront5 &8
i Sim BMONewCmdID<= BictMergeFnd ? MergedBictC:NextBictC;
BMOWBCMdID <= NextWBBictC;
Custom %5t > FV: zero viront endff
WorkView % viront nmux (.out(COBiuCmd))
STA: Tiara I, SR1E S (one Hot) :: HIBIRIES B
BMOCOBictCmdAck :: BMOCOBictCmd;
X000 BERERLR Calet |\ o oy devErrAck  : BIU_CC_ER;
Y Calibre/Dracula default :: BIU_CC_IDLE;
DRC: Galet vfront endnmux
Calibre/Dracula
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Fig.2 Design flow.
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Fig.3 vf description sample.
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vfront xperl

foreach $reg (qw(Sdcr Sdmr Sdrr)) { # perld L — T §Eik
($regU = $reg) =~ tr/a-z/A-Z/; # perliBih: uppercaselC

* wire ${reg}Sel = (BMOD1DevPadr[4:2] == BDADR_${regU});

*reg [31:0] ${reg}Reg; // Z Ml verilogiBik

+ viront xperl

+ for (\$b = 3;\$b >= 0; \$b--) { # perlFBRDANF

++ viront ff (.clk(Phi1),.ena(BMOD1DevWeV[\$b] &

++ BMOD1BdevWe & ${reg}Sel),

++ .arst(GSxRealReset))

+ ${reg}Reg[\$b * 8 + 7: \$b * 8]

++ <= BMOD1DevWrData[\$b * 8 + 7:\$b * 8];

++ vfront endff

+}

+ viront endxperl

}

vfront endxperl

04 ~fOOOD perlOOOOOODO
Fig.4 Perl description in vf format.
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Table 3 RTL lines in Merlot.

O verilogOOOOOO — 4 Files

oo word 0 oood
ooo 3,102 8,769 84,438
0 vhookupO OO QOOO 53 Files
ooo 3,397 9,540 111,622
verilog 0 0 O 35,779 89,403 1,496,160
gooo 9.5% 11% 7.4%
O virontOOOOOO 168 Files
ooo 64,252 208,709 2,168,927
verilog 0 0 O 155,082 569,928 5,614,290
gooo 41% 37% 39%
gooooo 37% 34% 33%
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Table 4 Components of nightly regression test.
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Fig.5 Regression history graph.
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Table 5 Scripts for RTL timing environment.
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Fig.6 Delay calculation with visible module.
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Fig.8 TAT improvement with RTL timing.
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Table 6 Comparison between STA results and RTL
timing (relative).
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Fig.9 Slack improvement curve.
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