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P2Lib: Process Portable Library and Its Generation System

HIDETOSHI ONODERA,! AKIO HIRATA,'t TERUO KITAMURA, %
KAzurosHt KOBAYASHIt and KEIKICHI TAMARUt

This paper describes a process-portable library and its generation system called P2Lib.
From technology parameters which characterize a fabrication process, P2Lib generates a com-
plete set of standard cell libraries for logic synthesis, logic simulation, and layout synthesis.
A distinctive feature of P2Lib is the rapid characterization of timing and power dissipation
by an analytic-oriented method, as well as the accurate characterization by circuit simula-
tion. A designer can quickly create a library under various operating conditions and process
specifications, so that he can examine his design with CAD tools. The quality of generated
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libraries (layout and timing) are discussed and a design example with P2Lib is presented.
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Fig. 1 Structure of P2Lib.
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#£ 1 P2Lib OtIVHEEL
Table 1 List of cells in P2Lib.

group cell_.name logic(function)
stuck one pull up
zero pull down
bus_hold bus hold
inverter invl inverter
inv2 inverter(x2)
inv4 inverter(x4)
buffer bufl buffer(x1)
buf2 buffer(x2)
buf4 buffer(x4)
tri_state_buffer zbufl 3state buffer(x1)
zbuf2 3state buffer(x2)
zbufd 3state buffer(x4)
and and2 2input and
and3 3input and
and4 4input and
nand nand2 2input nand
’ nand2p 2input nand(x2)
nand3 3input nand
nand3p 3input nand(x2)
nand4 4input nand
or or2 2input or
or3 3input or
or4 4input or
nor nor2 2input nor
nor3 3input nor
nor4 4input nor
exclusive xor2 2input xor
xnor2 2input xnor
complex a0i2l /(ab+c)
a0i3l /(abc+d)
oai2l /(a+b)c
a0i22 /(ab+cd)
0ai22 /(a+b)(c+d)
a0i23 /(ab+c+d)
0ai23 /(a+b)ed
0ai3l /(a+b+c)d
a0i2x3 /(ab+cd+-ef)
a0i33 /(abc+def)
0ai2x3 /(a+b)(c+d)(e+f)
0ai33 /(a+b+c)(d+e+f)
selctor sel21 MUX2.1
sell2 de MUX1.2
decoder dec24 decoder2 to 4
priority_enc  4bit priority encoder
D-latch dJatch D.latch(nomal)
d.atch.s D_latch(set)
dJatch.r D.latch(reset)
dlatch_sr D.atch(set&reset)
D-flipflop dff D_fipflop(nomal)
dff s D_fipflop(set)
dff r D_fipflop(reset)
dff_sr D_fipflop(set&reset)
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Table 2 A part of symbolic design rules.

L W= (N
Width:NWEL 4.0
Width:PWEL 4.0
Width:Active 2.0
Width:POLY 1.0
Width:Contact 1.0
Width:Via 1.0
Width:ALU1 1.0
Width:ALU2 2.0
Distance:NWEL 12.0
Distance:PWEL 12.0
Distance:Active 3.0
Distance:POLY 2.0
Distance:Contact 3.0
Distance:Via 3.0
Distance:ALU1 2.5
Distance:ALU2 2.0
Distance:Contact-Via 2.0
Distance:POLY-Active 1.0
Distance:POLY-Contact 2.0
Distance:POLY-Via 2.0
Distance:NWEL-Active 7.5

H2 A=y DEL AT MERS (0.5um THER)
Fig. 2 Generated layout of an inverter in a 0.5 pm
process.
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Fig. 3 Structure of the analytical characterization part in
Timing/Power Analyzer and its processing flow.
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F 3 WM CAD ETHIETHEL 6k
Table 3 P2Lib on commertial CAD tools.
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mx0 d g s gnd nfet w='4u*lambda’ 1=‘lu*minLength’
+pd=‘12u*lambda’ ps='12u*lambda’
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B4 NF7A=FLARY PYRP
Fig. 4 Paramiterized netlist.
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K4 EHVAT YO AL 477 oS (symbolic) &, Y NS Y a L kot
(inverter, modell, model2). HfL [pm]
Table 4 Layout sizes in pm: before (symbolic) and after compaction (inverter, modell, model2).

Process symbolic inverter modell model2
hight  width | hight width arealoss | hight area loss | hight area loss
A (0.5 pm) 27.3 7.8 22.3 5.4 43.6% 22.6 42.7% 23.2 41.1%
B (0.8 ym) 29.4 8.4 26.7 7.7 16.9% 27.4 14.6% 26.2 18.3%
C (1.2 ym) 44.1 12.6 39.4 11.7 17.1% 41.1 13.5% 39.3 17.2%
D (1.5 ym) 58.5 16.8 53.3 15.6 15.8% 54.8 13.5% 52.4 17.2%
E (1.5 um) 47.5 13.6 42.3 10.5 31.0% 39.8 35.0% 38.7 36.9%
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Fig. 5 Pseudo-cells for layout density evaluation.
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Table 5 Input transition time ¢ and output load capacitance Cr, for error analysis.

parameter | values

tr
CL

0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 [ns]
0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 [pF]

&6

FAFTEII R 7o BIER I ORE (%)

Table 6 Errors (%) in analytical delay characterization.

cell.name | Ave. error Max. error | Ave. error  Max. error

rise rise fall fall

[%] (%] (%] (%]

inv 0.1 0.9 0.3 2.1
nand4 0.5 3.5 1.0 6.3
a0i21 0.5 3.7 0.9 6.5
a0i22 0.6 3.5 1.0 7.9
oai2l 0.6 4.8 1.0 8.2
0ai22 0.6 4.2 0.5 4.4
daff 3.5 5.0 1.8 5.0
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Fig. 6 Error distribution of the evaluated delay time of
an aoi2l gate.
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Table 7 Area of an inverter in each library.

FATIY 4N =% DEH (pm?)
P2Lib 212.9 (7.8 pm X 27.3 pm)
Lib_A 203.8 (5.6 um X 36.4 um)
Lib.B 144.2 (5.7 um X 25.3 pm)

F£8 AVN—FDORIEEEM [nsec]

Table 8 Propagation delay time of an inverter.

5475 J7YT7Ir1 77 UTULA4
P2Lib 0.09 0.21
Lib.A 0.07 0.16
Lib.B 0.07 0.17
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Fig. 7 Die photograph of KUE-CHIP2. Upper left block is
a KUE-CHIP2 core with P2Lib. Lower right block
is a KUE-CHIP2 core with Lib_B. Upper left block
is a 512 Byte memory.
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Fig. 8 Area-delay trade-off of synthesized KUE-CHIP2.
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