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A 20K-Gate CMOS Gate Array

TAKASHI SAIGO, HARUYUKI TAGO, MASAZUMI SHIOCHI, TAMOTSU HIWATASHI, KIYOSHI NIWA,
SHOHEI SHIMA, anp TAKAHIKO MORIYA

Abstract—Combining an advanced 2 um CMOS technology with a
newly developed triple level metallization technology, a high-perfor-
mance 20K-gate CMOS gate array has been developed. An advantage
of triple level metallization for area saving in a large scale gate array was
evaluated by a computer simulation. The typical gate delay is 1.5 ns
with fan-out 3, and 3 mm metal interconnect length. Asa test vehicle
for verifying the high-performance gate array, a 32 x 32 bit parallel
multiplier has been successfully designed and fabricated. Cell utiliza-
tion is about 65 percent. Typical multiplying time is 120 ns ata 5 MHz
clock rate with a power dissipation of 400 mW,

I. INTRODUCTION

ATE arrays have been widely used because of their short
turnaround time nature and cost/performance advantage.
The CMOS approach especially has become a dominant tech-
nology trend due to several advantages such as low-power
dissipation, high density and high speed, as also reported in
memory device papers [1]-[3].
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6K- and 8K-gate CMOS gate arrays with double level metalliza-
tion have been developed and reported |4]-[6]. However,
demand for larger scale gate arrays is still increasing, especially
in applications to large computers.

Combining an advanced CMOS technology with a newly
developed ftriple level metallization technology, a high-perfor-
mance 20K-gate CMOS gate array has been developed. The
first part of this paper describes advantages of triple level
metallization for large scale gate arrays. Then, the fabrication
process is discussed. The basic cell, I/O cell, and chip configura-
tion as well as the basic performance of the array are discussed
next, and finally the circuits, the design, and the performance
of a 32 X 32 bit parallel multiplier as a test vehicle of a 20K-
gate gate array are described.

[I. ADVANTAGE OF TRIPLE LEVEL METALLIZATION

In the conventional, double level metallization CMOS gate
arrays, the second metal layer is usually used for the periphery
of the chip for power buses. It is widely known that the
power buses occupy a large area on a large scale gate array
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chip. By employing the third metal layer as additional power
buses, this problem can be eased drastically. Fig. 1 shows the
calculated ratios of the area required for power buses to the
total chip area for double and triple level metallizations.
The hatched area is for power buses. The rest of the chip
area is available for signal lines. The calculation is performed
as follows.

The chip area is the sum of the core area and the power bus
area which is surrounding the core area.

When the number of gates is given, the core area and power
bus area are calculated as follows.

1) Core Area Calculation:

The basic cell size and wiring channel width are fixed and are
90 X 20.1 and 100 um, respectively.

The core area is calculated for the shape which is chosen to
be as square as possible.

The core area does not depend on whether the metallization
is double or triple.

2) Power Bus Area Calculation: .

The current density limit is 10° A/cm?.

The thickness of each level metal line is 1 pm.

The each basic cell operates at a cycle clock of 25 MHz,
and power dissipation is 250 uW/basic cell [Vpp =5 V].

Every metal line on the core area is available for a signal
line and power bus.

The first metal line is also available for a signal line and
power bus.

The power bus area is calculated for both double level and
triple level metallizations under the conditions mentioned
above.

Then, the total chip area and the ratio are obtained. At the
20K-gate level, about 60 percent of the chip area is required
for power buses in the double level metallization. However,
in the triple level metallization, only 35 percent of the chip
area is required for power buses. The result clearly shows
that triple level metallization is useful for large scale gate
arraye.  Obviously, there exist many other advantages of
triple level metallization for CMOS gate arrays as discussed
in [7].

As the first application of the triple level metallization to
CMOS gate arrays, we considered a case of the third metal
layer being used only for ¥Vpp and Vgg lines. In the earlier
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reported gate array [4], the first metal lines run vertically
(along the channel) and the second metal lines run horizontally,
on the basic cell array. The first metal layer is used both for
power buses on the array and for signal lines. The second
metal layer is used for signal lines on the array and for power
buses on the I/O area. Then, we also considered the case
where the third metal lines used for the power buses run
horizontally on the array (perpendicular to the first metal
lines used for power buses) and along the periphery on the 1/O
area. In this case, connecting the third to the first metal lines
on the array is desirable, in order to prevent voltage fluctuation
along the power buses. Fig. 2 shows the equivalent circuit of
the power buses for the double level metallization. Rp and Lp
are resistance and inductance along the inner leads of the pack-
age, respectively. Fig. 2 shows a part of the circuit including
an equivalent large inverter composed of twenty pairs of p-
and n-channel transistors in the basic cell, each connected in
parallel. The inverter is located in the center of the circuit.
The bold solid lines correspond to the third metal power
buses. Fig. 4 shows the results of simulation for the circuit
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in the double level metallization. Values of resistances.
capacitances, and inductances are estimated from the structure
of the 20K-gate gate array described in Section IV. The upper
waveforms show the input and output signals. The other
waveforms show voltage fluctuations of the Vpp and Vgg lines
at the points shown in Figs. 2 and 3. In the double level
metallization, the fluctuation of the power buses is rather
serious, as shown in Fig. 4. However, the fluctuation of the
power buses is reasonably suppressed by employing triple level
metallization, as shown in Fig. 5. From these results it is clear
that the triple level metallization is effective in suppressing the
fluctuation of power buses, when many basic cells operate
simultaneously.

I11. FasricaTioN PROCESS
A. Master Process
The device structure is a conventional p-well with single
level Si-gate, similar to that of 64K CMOS RAM [2]. Fig. 6
shows some of the key process parameters and design rules.
For realizing the 2 um design rules, dry etching and ion
implantation processes are fully utilized. The master process
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is almost identical to the earlier reported 6K-gate gate array
process [4].

B. Personalization Process

The personalization process is constructed by triple level
metallization and 2 pm design rules, different from the 6K-
gate gate array [4]. For introducing these tight design rules
as shown in Fig. 6, reactive ion etching (RIE) technology is
quite essential. Consequently, steep pattern edge steps pro-
duced during the etching process tend to cause several problems.
Two major problems are discontinuity and pattern deteriora-
tion of upper level Al interconnecting lines, and poor Al step
coverage at hole edges, which causes open failue in intercon-
necting lines. Two new processes have been developed to
overcome these difficulties. The first one is a rounding tech-
nique of hole edges, which has been already described briefly
[8]. Fig. 7 shows the flow chart of the rounding edge of holes.
In the first step, the hole is anisotropically etched using CF,
and H;. In step (c) after the resist removal, RIE in the mixture
of C3Fg and H, bevels the edge of the holes. The step edge
of the holes is cut roundly without any change in the bottom
size. This technology is applied to contact holes and via 1
holes (between the first and second metal layers) formations.
The second is the low-temperature planarization technique
using plasma SiN [9]. Fig. 8 shows the flowchart of the
planarization. This technology utilizes the phenomenon that
the silicon nitride etch rate at the groove bottom is suppressed
in the CF, and H, gas environment. In step (c) after deposi-
tion of SiQ, and SiN films, the SiN film is etched so as to fill
the Si0, grooves with the SiN. The following RIE process is
carried out with the same etch rate for SiN and SiO, films.
Then, the SiO, surface is planarized as shown in (d). This
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planarization technique is applied to two interlayer SiO,
films. Fig. 9 is a SEM microphotograph of the triple level
metallization. A 2 pm minimum linewidth and good step
coverage of every metal layer are realized.

IV. ArRrAY oF Basic CELL anD [/O CELL
A. Basic Cell

The basic cell consists of two pairs of n- and p-channel
transistors. One pair has a polygate in common and the other
has separate gates [4]. The basic cell size is 90 X 20.1 um.
The channel width of the transistors is 24 um each. The
effective channel length is 1.5 um each. The basic cell size
is minimized by a tight A1 pitch and fine alignment tolerance.

B. 1/O Cell

An 1/O cell is important as well as a basic cell, which deter-
mines performance and compatibility to the interface. Ina
large scale gate array with many 1/O cells, chip size is highly
dependent on the I/O cell size. Therefore, in order to minimize
the I/O cell area, the /O cell is designed as a one-stage inverter.
The effective channel length is designed to be 2 pm in order to
reduce leakage currents. For the input cell, the channel widths
are 240 and 24 um for n- and p-channel transistors. The basic
cell is used for interfacing the I/O cell and the array.
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Fig. 10. Chip configuration of 20K-gate gate array.

C. Chip Configuration

Fig. 10 shows the chip configuration of the 20K-gate array.
There are 46 columns on the chip and 435 basic cells are in
each column. In total, 20 010 basic cells are laid out on the
chip. Between each column, there are 20 tracks of the first
Al interconnecting lines with a 5 um pitch. The first Al inter-
connecting lines run vertically, and the second Al intercon-
necting lines run horizontally with 6.7 um pitch. The third
Al interconnecting lines, which are used for power buses, run
horizontally with a 47 basic cell pitch. The third Al lines are
connected indirectly to the first Al lines used for power buses,
through the second Al lines. Location of both via 2 holes
(between the second and third metal layers) and the third Al
interconnecting line pattern are fixed, therefore, four layers
of masks (contact hole, first metal, via 1, and second metal)
are used for personalization.

There are 180 I/O cells on the periphery of the chip, each
of which is programmable as an input, output, or tristate
buffer with TTL compatibility. The chip size measures
9.99 X 9.99 mm.

D. Performance of Array

The performance of the array was evaluated by measuring
frequencies of various ring oscillators designed by the basic
cells. Gate delay time is typically 1.5 ns under the conditions
of fan-out 3 and 3 mm metal interconnect length. The output
buffer delay is less than 5 ns for output load of 1-TTL gate
and 15 pF capacitance. The sink and source currents are about
13 mA (Vg;, =0.4 V) and 5 mA (Vg =4.5 V), respectively.
Fig. 11 shows the typical Iy;-Vg; characteristics of the out-
put buffer. The buffer has high drive capability.

V. 32 X 32 BiT MULTIPLIER
A. Configuration of Multiplier

The 20K-gate gate array is applied to a 32 bit parallel multi-
plier. The utilization of the basic cells is about 65 percent.
Fig. 12 shows the block diagram of the multiplier. This con-
figuration is an array type. Fig. 13 shows the logic diagram of
the basic multiplier cell. All partial products are generated
simultaneously, and the product is obtained by adding these
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Fig. 13. Logic diagram of basic multiplier cell.

partial products. The TCX signal selects the signed or unsigned
multiplication, and the RND signal selects the output rounding
mode or nonrounding mode. The format of the multiplied
output is controlled by the FORMAT SELECT signal.

B. Carrv Look Ahead Adder

In an array-type multiplier, large propagation delay time of
the carry signal tends to limit performance of the multiplier.
For achieving fast operational speed, a carry look ahead adder
(CLA) circuit is employed for addition of upper 31 bits. The
31 bit wide CLA is divided into blocks to minimize carry path
delay under the limitation of fan-out number in actual MOS
circuits. Compared to 4 bits X 8 organization, 8 bits X 4 type
needs more basic cells, but it offers much shorter carry path
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delay. Fig. 14 shows the configuration of the 8 bits X 4 type
CLA. The 31 bit wide CLA is divided into four blocks. Fig.
15 shows the logic diagram of the 8 bit CLA. In this case, we
choose NAND instead of Nor gates for CMOS circuits. The
number of input signals to the NAND gate is limited to eight.

C. Design of Multiplier

The multiplier has been designed in three steps. The first is
choice of the multiplier type mentioned above. The second
is the logic design of the multiplier. The third is the layout
and pattern design.

For logical verification of the multiplier, a logic simulation
has been performed. In order to save CPU time and memory
requirements, a basic multiplier cell is defined as a functional
description in the simulation. By using this technique, the
number of gates for the logic simulation is reduced to 4K
gates. Fig. 16 shows a part of the simulation result. Before
the layout, macrocells and super macrocells are prepared.
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