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Abstract— We developed standard cell libraries for three tech- TABLE |
nologies(0.13, 0.18 and 0.36n) using an automatic layout gener- Functic\)/r?aFiilt/;ﬂON IN_ FUNCTIONALITY ANgriarF:é\_”S'\i;}%TtﬁENGTH
ation tool that we have developed. The developed libraries are as [Ny BUF 005, 010, 015, 020, 030, 040,
competitive as manually-designed libraries in layout density and 050, 060, 080, 120, 160
speed. We verify the functionalities of all cells and the speed of | NAND2Z, NAND3, NOR2, NOR3, AOI21 005, 010, 015, 020, 030, 030S,
basic combinational cells on the fabricated chips. The libraries AOI22, AOI211, OAI21, OAI22, OAI211 040, 040S, 060, 060S, 080, 084S

. . o . NAND4, NOR4 005, 010, 015, 020, 030, 040,
are currently public to educational organizations in Japan. 040S. 060. 060S. 080. 080S
AND2, AND3, OR2, OR3 005, 010, 015, 020, 030, 040,
|. INTRODUCTION 040S, 060, 080, 080S

. : AND4, OR4 005, 010, 015, 020, 030, 040,
In current SOC/ASIC designs, cell-base design methodology 040S. 060. 080

is widely used. High-quality cell libraries are crucial for de{xoRrz, XNOR2 005, 010, 020, 030, 040, 060, 08O
signing high-performance circuits. Recently cell-base desigRAAD1, FAD1, MUX2, TINV, TBUF 010, 020, 030, 040, 060, 080
with various driving strength cells is discussed and it is foundPF: DFR, DFSR, DFN, DFNR, DFNSR] 010, 020, 040, 060, 080, 120, 150
that a rich library in driving strength improves circuit perfor-"OlO" represents the standard driving strength. The cells labeled “S” are com-
mance close to transistor-level optimized circuits[1, 2, 3]. WRB°sed by parallel connection.
develop cell libraries including a plenty of driving strength _ :
variatiopn for 0.13. 0.18 and Og&mptech}rgologies gWe prg- very small load to huge #fanout load, which is essential
vide two libraries whose cell heights are different in 0.13 and anq |nd|sper.1$|<|';1bile E)esql\ljllremhentlfor. h|g:?-performance cir-
0.35um processes: one is for high-speed design and the other cuits, especially in technologies[3].
is for low-power design. The functionalities of there libraries e Small driving cells(x0.5) is so effective to reduce power
are verified by the measurement of the fabricated chips. dissipation[2]. Small increase step in driving strength en-
ables fine tuning in delay and power optimization.

Il. LAYOUT GENERATION ) o
. e Two types of high-driving strength cells are prepared: one
We have developed a cell layout generation system, which s composed by parallel cells and suitable for high-speed
is called VARDS, and use it for library generation[1]. VARDS  desjgn. The other is constructed in the serially-connected
generates cell layouts from grid-base symbolic layouts manag-  structure with a tapering ratio and it is desirable to com-

1. process-portable layout generation ) . . .
P P youtg I The cell height and PMOS/NMOS ratio, which are the basic

2. to generate various driving-strength cells easily specification of standard cell libraries, are shown in Table II.
(cell height, transistor sizes inside a cell) We develop high-speed and low-power libraries for 0.13 and
3. to generate phase shift mask 0.35:m processes whose cell heights are different. The cell

. . . height of the high-performance(HP) library is fourteen inter-
4. to cope with a process whose Tr. and wire pitches are . . L
X connect pitches and that of the low-power(LP) library is nine
different. ) .
interconnect pitches.

The third and fourth features are mainly developed and imple- We show the basic performance of the developed /@185
mented to generate 0.13 and QuiBcell libraries. libraries in Table 1ll. To make a comparison, Table Ill also
lists the performance of the library generated by a commer-
cial module generator(MG Lib.) and that of the commercial

Table | lists the cell varieties of our libraries in logical func-library special to its process (Fab Lib.). The information of
tion and driving strength. The number of cells in each 0.18 arfcab Lib. is restricted, then the only parameters we know are
0.35um library set is 310. The organization of each library iristed. Our layout generation tool VARDS can cope with the
logical function and driving strength is the same. For i3 difference between wiring and transistor pitches, and hence the
process, we generate only basic cells, and the number of cells
is 38. The principal features of our libraries are:

[1l. L IBRARY SPECIFICATION AND PERFORMANCE

TABLE Il
BASIC SPECIFICATION OFCELL LIBRARIES

. N 0.35(HP)[ 0.35(LP)[ 0.18[ 0.13(HP)[ 0.13(LP
e The driving strength range is wide from x0.5 to X16 andegiHeight(nt. pitch) 151 ) 9( ) 1 151 ) 9( )

it advances the flexibility to various, load conditions, i.e]PN Ratio(PMOS/NMOS)  1.23 1.00 [1.33] 1.23 1.00
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TABLE IV

DESIGN RESULTS OFRISC FROCESSORCORE
I Constraint | Metric HP Lib. LP Lib. MG Lib.
100MHz Area(mnt) 1.62 1.11 1.18
i Tr. width(mm) | 393.4 212.8 284.2
130MHz | Area(mn¥) 1.74 | impossible | impossible
oo Tr. width(mm) | 424.5 - -

Fig. 1. Examples of Cell Layouts. From the left, DFP010 in Qu&8process,
AOI21P010 with different cell heights in 0.5 process, and DFRP010 in

0.13um process. AL EEENS |
=—— | L L] ]

interconnect pitches of the developed libraries is the same with 2 : T L0 :
! tHpLib. LPLibg

Fab Lib.. Also the area of D flip-flop with reset is the same
with that of Fab Lib., which reveals that the layout density of
our library is so competitive. Table Il also shows the delay
difference between HP and LP libraries. The difference in the
C_ase of FQl comes from PMOS/NMQS ratio, and the delaﬁ‘lg. 2. Chip Micro-graphs. From the left 0.18n chip (2.8mm square),
difference in the case of 2p@n-length interconnect load re- g 35:m chip (4.8mm square), and two blocks in Q.8 chip
veals that HP library is effective to reduce delay in large-scal@60x 230um?).
high-speed designs. . ] .

To demonstrate performance difference between HP and (havior. Tri-state buffers and inverters are tested whether enable
libraries, we design a 32-bit RISC processor core using tHapPuts allow/stop signal propagation. As for cell delay evalu-
0.35:m libraries. The design constraints are 100MHz an@tion, we construct ring oscillators using basic combinational

130MHz, and we compare delay, circuit area, and the sum BE!lS and evaluate those oscillation frequency.
transistor widths, where the sum of transistor widths directly 'n€ library TEG chips of 0.1&m and 0.3pm processes are

corresponds to power consumption. The circuit is designdgeasured by HP83000 LS tester. We confirm that all combi-
by a commercial logic synthesis tool and a P&R tool. Afteational cells and FFs work correctly. We also observe that cell
P&R, we tune driving strength of each instance according {delay of basic combinational cells is within process variation
the P&R results. The results are shown in Table IV. In th&Ang€ thatis announced from Fabs.. The chip of Am.3ech-

case of 100MHz design, our library reduces area by 6% amplogy is measured using a probe card with twelve needles.

total transistor width(power dissipation) by 25%. HP Iibrarywe confirm that the measured cell delay and power dissipation

realizes 130MHz design, although LP and MG Libs. can ndl'® ¢lose to the simulation results.
satisfy design constraints. V. CONCLUSION
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IV. V ERIFICATION We develop standard cell libraries that are rich in driving
strength for 0.13, 0.18 and 0.3& technologies. We verify
om the measurement results that all cells in three libraries
ork correctly. Now the developed libraries are open to uni-
versities in Japan and several chips designed with our libraries
gre already taped out.

We design TEG circuits to verify our libraries for every pro-
cess. The chip micro-graphs are shown in Fig. 2. The TE
circuits consist of two groups: one is to verify logical function
and the other is to evaluate cell delay. The TEG chip of @m.3
process aims only to evaluate cell delay. We first explain TE
for logical verification. We construct chains that consist of ACKNOWLEDGE
serially-connected combinational cells and check whether sig-The vI S| chip in this study has been fabricated in the

nal transition propagates through the chain, where the inpdti fabrication program of VLS| Design and Education Cen-
pins except the pin we want to examine are fixed to high or oyt /pEC), the University of Tokyo with the collaboration by
such that the signal transition will occur. The designed circufyonm Corporation, Toppan Printing Corporation, Hitachi Ltd.,

covers all combinational cells and its all input-output combinap ; Nippon Printing Corporation and STARC(Semiconductor
tions. Flip-flops(DFP040, DFRP040, DFSRP040, DFNPO4Grechnology Academic Research Center).

DFNRP040, DFNSRP040) are examined solely, i.e. all input
signals are given independently and observe their outputs. We REFERENCES

build dividers using the rest of FFs and check the divider bef] H. Onodera, M. Hashimoto and T. Hashimoto, “ASIC Design Methodol-
ogy with On-Demand Library Generation,” Rroc. Symposium on VLSI
TABLE Ill Circuits, pp.57-60, 2001.
PERFORMANCECOMPARISON(0.35um TECHNOLOGY)

[2] M. Hashimoto and H. Onodera, “Post-Layout Transistor Sizing for Power

. HP Lib. | LP Lib. | MG Lib. | Fab Lib. Reduction in Cell-Base DesignlEICE Trans. on Fundamental$/ol.
Cell height 156 | 1 | 181 | 1 E84-A, No. 11, pp.2769-2777, Nov. 2001.
Int. pitch 1 1 1.07 1
Tr. width(NMOS) | 1.82 1 1.31 - [3] G. A. Northrop and P.-F. Lu, “A Semi-Custom Design Flow in High-
DFR Area 1.56 1 1 Performance Microprocessor Design,”"Rmoc. DAG pp.426-431, 2001.
INV delay (FO1) | 0.91 1 0.99 -
(FO1, int. 20um)| 0.77 1 0.91 -
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