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A 60-11s 3.3-V-Only 16-Mbit DRAM with 
Multipurpose Register 

KAZUTAMI ARIMOTO, MEMBER, IEEE, KAZUYASU FUJISHIMA, YOSHIO MATSUDA, 
MASAKI TSUKUDE, TUKASA OISHI, WATARU WAKAMIYA, SHIN-ICHI SATOH, 
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Abstract -A single 3.3-V 16-Mbit DRAM with a 135-md chip size has 
been fabricated using a 0.5-pm twin-well process with doublemetal wiring. 
The array architecture, based on the twisted-bit-line (TBL) array, includes 
suitable dummy and spare word-line configurations which suppress the 
inter-bit-line noise and bring yield improvement. The multipurpose register 
(MPR) designed for the hierarchical data bus structure provides a line-mode 
test (LMT), copy write, and cache access capability. The LMT with 
on-chip test circuits using the MPR and a comparator creates a random 
test pattern and reduces the test time to l/lOOO. A field shield isolation 
and a T-shaped stacked capacitor allow the layout of a 4.8-pd cell size 
with a storage capacitance of 35 fF. These techniques enable the 3.3-V 
16-Mbit DRAM to achieve a 60-ns RAS access time and 300-mW power 
dissipation at 120-11s cycle time. 

I. INTRODUCTION 

OWER SUPPLY voltage is one of the most important P design considerations for scaling down ULSI’s. There 
are two possible arrangements. One is an external power 
supply voltage of 3.3 V, and the other is that of 5.0 V with 
an on-chip voltage converter. Although almost all 16-Mbit 
dynamic RAM’S [1]-[3] use the second arrangement, the 
first arrangement [4] has the advantage of lower power 
dissipation in operation and standby than the 5-V scheme 
with the on-chip limiter. At the 16-Mbit level, even if the 
internal voltage limiter is provided to maintain reliability 
[5] ,  the power dissipation cannot be reduced adequately. 
Therefore, the 3.3-V power supply is the best choice in 
meeting an acceptable power dissipation. Also, the 3.3 V 
enables ideal scaling down to a 0.5-pm level transistor, 
which brings improved performance while maintaining re- 
liability [6], [7]. 

This paper describes a single 3.3-V 16-Mbit DRAM 
which follows the ideal scaling rule. An improved array 
architecture is required to overcome the small signal and 
the large coupling noise in a scaled-down DRAM cell 
array. To solve this problem, an array architecture based 
on the twisted-bit-line (TBL) [SI, [9] technique, and includ- 
ing suitable dummy and spare arrangements, is proposed 
in Section 11. Although a 16-Mbit DRAM has very fast 

Manuscript received Apnl 7, 1989; revised June 5, 1989 
The authors are with the LSI Research and Development Laboratory, 

IEEE Log Number 8929847 
Mitsubish Electric Corporakon, 4-1 Ivhzuhara, Itami 664, Japan 

access, testability must be considered from a cost basis. 
The multipurpose register (MPR) [lo] provides high per- 
formance and many other useful functions. The main use 
of the MPR is in a line-mode test (LMT), wbch is an 
important new feature for high-density ULSI DRAMs 
[ll] and will be explained in Section 111. In Section IV, the 
memory cell structure and a scaled-down isolation tech- 
nique are discussed. Finally, the performance and other 
features of the RAM are summarized. 

11. ARRAY ARCHITECTURE 

A Twisted-Bit-Line Technique 

A reasonable c h p  size containing 16-Mbit memory cells 
drives the memory cell to a 4-5 pm2 size, and the gate 
length and the isolation wdth to 0.6 pm. The key features 
for an array architecture using scaled-down memory cells 
are: 1) an array noise reduction technique, and 2) a multi- 
divided bit-line structure whch produces sufficient signal 
voltage and allows a wide operating margin at a 3.3-V 
power supply. Although the folded bit-line structure offers 
some array noise reduction, the inter-bit-line couplmg noise 
[9], [12], which is a serious problem in 16-Mbit DRAMs, 
cannot be cancelled with the folded bit-line structure 

By measurement and simulation, the inter-bit-line cou- 
pling capacitance amounts to 21 percent of the total bit-line 
capacitance, even with a thin tungsten bit line. The signal 
loss in the worst-case data pattern is more than 30 percent 
of the total signal amplitude in the folded bit-line struc- 
ture [9]. 

In order to suppress the inter-bit-lme coupling noise, a 
TBL array structure is used. Each scaled-down bit line has 
128 cells and realizes a small C,/C, ratio of six. The signal 
loss is reduced by 16 percent of the total signal amplitude 
Fig. 1 shows part of a 2-Mbit block along with the sense 
amplifiers associated wth  the sub 1/0 bus lines. Ths  
2-Mbit block is divided into eight subarrays by the place- 
ment of mne alternate shared (ALS) sense amplifier bands. 
The RAM operates with a partial activation technique. 
Only one subarray and a single double-sided ALS sense 
amplifier of that subarray are activated in a 2-Mbit block. 
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Fig. 1. Part of 2-Mbit block with sense amplifiers associated with sub I/O lines. 
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Fig. 2. Physical cell arrangement with dummy and spare elements in a basic subarray. 

TABLE I 
COMBINATION OF WORD LINE AND DUMMY WORD LINE IN TBL 
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Only one of the four bit-line pairs is connected to the sub 
1 / 0  pair. The array charging current is reduced by 1/8. 
This ALS sense amplifier gives two benefits with little area 
increase: 1) faster sensing by halving the load capacitance 
of the sense drive-line, and 2) relaxed layout pitch. 

The hierarchical data bus consists of sub and main 1/0 
lines, and second-aluminum sub 1/0 bus lines, which are 
arranged so as to connect every four bit-line pairs. The 
load capacitance value of the sub 1/0 line is estimated to 
be less than 0.6 pF. In addition to the reduction and 
distribution of the load capacitance, an intermediate buffer 
called the multipurpose register (MPR) is inserted between 
the sub and main I/O lines to realize high-speed array 
operation. 

RA0 
Fig. 3. Block diagram of spare row scheme. 

Fig. 2 shows the physical arrangement of cells with 
dummy and spare word lines in a basic subarray. In this 
case, the situation fits the dummy reversal technique [13]. 
The TBL array causes the chip area increase and the 
complex dummy decoding scheme. To solve these prob- 
lems, the dummy cells are located at the bit-line twisting 
intersection and the partly twisted word-line interconnec- 
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tion techniques are introduced. Four sets of dummy cells 
located at the bit-line twisting intersection 
larity of cell arrangement except for the ce 
subarray. Only the center twist wastes area in the basic 
subarray. Therefore, the chip size increase caused by the 
additional dummy and twisting areas is only 0.1 percent. 

The partly twisted word-line interconnection simplifies 
the dummy word-line decoding. The word-line decoding 
scheme adopts the four-way configuration which consists 
of a row decoder and four word drivers. One of four 
word-line drivers is selected by the lower two bits row 
addresses RA, and RA,. A four-way dummy decoding as 
well as the row decoding scheme can be realized by the 
partly twisted word-hne scheme (C block and D block). 
Table I shows the combination of the word line and 
dummy word line in TBL. It means that the dummy word 
line in A block and C block ( B  block and D block) is 
decoded by the same decoding sqheme. For example, 
whether in A block or C block, when the even word line is 
activated the dummy word line D, is selected. If the partly 
twisted word-line layout is not adopted, the dummy word- 
line decoding would be eight-way decoding. 

To obtain a reasonable production yield of 16-Mbit 
DRAMS with very small physical dimensions and a large 
chip size, a flexible spare row scheme is introduced. In 
adopting additional two-way spare word-line driving clocks 
decoded by only row A, (RA,) address input, one set of 
four spare word lines is divided into two sets of two spare 
word lines and each pair of spare word lines can replace 
any pair of neighboring word lines in a basic subarray as 
shown in Fig. 3. A consistent dummy word-line selection 
signal is generated in collaboration with word-line replace- 
ment. Therefore, a comparatively large defect, such as two 
to four word-lines' short circuit, can be 
nothing of 1-bit failure and word-line sn 

B. Multipurpose Register (MPR) 

Fig. 4 shows an MPR and a comparator circuit. The 
comparator is provided to perform the LMT. It is an 
EXCLUSIVE-OR circuit simlar to a CO addressable 
memory (CAM) cell, and is comprised of a coincidence 
detector with a wired-OR match line. The MPR consisting 
of a full CMOS latch is inserted between the main and sub 
1/0 pairs and is located at both sides of the column 
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Fig 5 Simulated waveforms of readout operation 

decoder as explaned previously. The functions of the 
MPR are: 1) intermediate amplifier in a normal cycle; 
2) hgh-speed data register in fast page and static column 
mode; 3) cache register independent of DRAM array 
operation; 4) buffer register in copy write mode; and 5 )  
expected test data latch utilized for parallel comparison in 
LMT. 

The MPR operation as an intermediate amplifier in a 
normal cycle is explained by using the simulated wave- 
forms shown in Fig. 5.  At first, the bit-line isolate signal 
switches the bit lines connected to the ALS sense ampli- 
fier. When the word line rises, the information stored in 
the memory cells is read out on the bit-line pairs. Then, the 
activated ALS sense amplifiers, which are placed at both 
edges of the selected subarray, detect and amplify the 
bit-line voltage level. After sensing the cell data, the read- 
out data are transferred from the ALS sense amplifier to 
the sub and main 1/0 bus lines by SACz (sense amplifier 
connecting signal generated from column addresses) and 
Y, (column decoder ~ output), sequentially. The driving 
clocks CRE and CRE activate the MPR. The activation of 
the MPR accelerates the amplification of the main 1/0 
bus lines because the drivability of the MPR is hgher than 
that of the sense amplifier. Moreover, the driving of the 
MPR starts automatically __ via the ALS sense amplifier 
before CRE and CRE axe activated. Therefore, the over- 
head caused by the MPR control __ sequence is negligible. At 
the same time as CRE and CRE, the MPR is isolated from  
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Fig. 6. Principle of copy write in LMT. 

the sub 1/0 bus lines by TR, and the sub 1/0 lines are 
isolated from the ALS sense amplifier by SACi, sequen- 
tially. ’Ths isolation sequence improves the data transfer 
speed because of the reduced load capacitance of the data 
bus, and also contributes to the reduction of the charging 
current of sub 1/0 lines. 

111. LINE-MODE TEST (LMT) 

A serious problem with VLSI memory manufacturing is 
the longer test times required which result in higher chip 
costs. In order to reduce the test time, the multibit test 
mode was first implemented in 1-Mbit DRAM [14] and 
was standardized in 4-Mbit DRAM. The multibit test 
mode reduces the test time to 1/4 - 1/8 by testing four to 
eight bits simultaneously, but t h s  multibit test method is 
limited to no more than 16 bits because of the larger area 
penalty caused by the additional circuit elements. To over- 
come this limitation, the concept of parallel testing is 
expanded to the LMT which simultaneously tests memory 
cells connected to a word line. The LMT reduces the test 
time drastically and the MPR enables a random pattern 
test along the word line. 

Fig. 6 shows the principle of a copy write in the LMT. 
Proceeding the copy write, test data should be written into 
the MPR utilizing the cache register function which is 
independent of the DRAM array operation. The MPR 
permits a random test pattern on a line. This random data 
pattern in the MPR is written into the memory cells on the 
selected word-line simultaneously. In the circuit diagram 
of Fig. 4, these operations are controlled by raising TR 
and selecting SACi “high” with COMP (LMT compare 
trigger signal) remaining “low.” 

Fig. 7 shows the principlc of the parallcl compare called 
a “line read.” the readout cell data on a word line are 
transferred through the sub 1/0 lines. The expected data 
pattern latched in the MPR is transferred as well. When 
the test-compare-trigger signal COMP goes “high” and 
TR remains “low,” parallel-compare is carried out by the 
comparator, which detects the coincidence between the 
readout data and the expected data. Then a merged test 
result appears on the match line. If there exists at least one 
comparator with disagreement, a fault signal (ERROR 
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Fig. 7. Principle of parallel compare called line read. 

WRITE K = l  1/4 ROW=1024 b 

1/4ROW LINE READ 
(PARALLEL COMPARE) 

-1 
Fig. 8. Flowchart of LMT. 

FLAG) is sent via the match line to output DQ. Thus any 
fails on a line can be detected in one READ cycle. 

Fig. 8 indicates a flowchart of the LMT in the case of 
16-Mbit DRAM. First, random test data are set in the 
MPR. Then, they are simultaneously written in a fourth of 
the cells (1024 bits) on a selected word line in one cycle 
(COPY write). 1/4 row means that the number of MPR’s is 
one fourth the bit-line pairs, as shown in Fig. 1. Writing of 
the random test data in all cells is accomplished in 16K 
cycles. After that, testing of all memory cells (line read 
operation) is completed in 16K READ cycles and 16K 
WRITE cycles, Contrary to the prior-art LMT with only 
limited test patterns (all 0 or 1 patterns only), this test 
using the MPR allows the flexible test pattern. It can test 
with better characterization patterns such as row stripe, 
column stripe, and checker patterns. These LMT patterns 
can reduce the conventional chip test time to about 1/1000. 
An efficient layout of the MPR and the comparator, which 
is made possible by using a hierarchical data-bus structure, 
makes a chip overhead of no more than 0.5 percent. 
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Fig 10 Top view of stacked capacitor cells at bit-line twistmg part. 

IV. DEVICE TECHNOLOGY 

-sectional view of the memory cells, called T- 
shaped stacked capacitor cells [15], is shown in Fig. 9. The 
contact hole connecting the storage node to the N +  region 
is formed by a fully self-aligned technique utilizing the 
sidewall spacer with a word line and field shield plate. The 
thick CVD oxide film is formed before the storage node 
process. Using this thick film, a T-shaped storage capaci- 

5 fF was obtained with a 6-nm oxide equivalent 
layer. Moreover, the thick CVD oxide f i h  re- 

sults in a planarized structure and makes the patterning of 
the storage node easier. The selectively formed CVD tung- 

in the deep contact hole, and the tungsten local 
ect layer, connect the bit line to the N +  area. 
e areas are isolated by the field shield plate of 

polysilicon. The field shield isolation transistor has the 
self-aligned sidewall of an LDD transistor, but it has no 
N-  region. Thus the field shield transistor has an offset 
gate structure. Ths structure reduces the parasitic capaci- 
tance between the field shield plate and the source/drain, 
and has a high threshold voltage of 4.0 V. Fig. 10 shows a 
top view of the stacked capacitor cells at the bit-line 
twisting section. This local interconnect wiring is used for 
TBL's as shown, and minimizes the additional area penalty 
inherent in the TBL array. Fig. 11 compares the narrow 
channel characteristic of the NMOSFET's isolated by the 
field shield with that of those isolated by LOCOS. The 
horizontal axis is the designed channel width, and the 
vertical axis is the variation of the threshold voltage whch 
is normalized at a 1.6-pm channel width. The threshold 
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Fig. 12 Photomicrograph of 16 Mbit DRAM 

voltage of the LOCOS isolation FET increases rapidly at a 
channel width under 1 pm because of the severe narrow 
channel effect. In the case of the field shield isolation FET, 
the threshold voltage has been controlled to within 10 
percent, even for a8.6-pm channel width device. This is 
because the field shield isolation is free from the bird's 
beak and does not need a'boron implantation channel 
stop. Therefore, the field sheld isolation has the advantage 
of eliminating the narrow channel effect, and can be 
applied to a scaled-down 16-Mbit DRAM memory cell 
with 0.8-pm dimensions. The gate length of the memory 
cell transistor is 0.7 i m  and the oxide thckness of the 
active transistor is 15 nm. 

In peripheral circuits, the gate lengths of 0.6-pm NMOS 
and 0.8-pm PMOS transistors with fully self-aligned source 
and drain contacts [15] provide the same current drivabil- 
ity as that of 0.8-pm (NMOS)/l.O-pm (PMOS) conven- 
tional LDD transistors at 5-V operation, respectively. 
Therefore, these transistor performances and the scaled- 
down load capacitance give a faster operating speed at 
3.3 V than at 5.0 V with an on-chip limiter. 

V. RAM CHARACTERISTICS 

A 16-Mbit CMOS DRAM was designed and evaluated. 
The RAM has been fabricated using a 0.6-pm twin-well 
CMOS process and double-level aluminum wiring. 
shows a photomicrograph of the RAM. The memory array 
is divided into eight 2-Mbit blocks by the row decoders 
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