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IMPROVED MAIN AMPLIFIER CIRCUIT AND INPUT-
OUTPUT BUS FOR DYNAMIC RANDOM ACCESS MEMORY

- Background of the Invention
The present invention relates generally to semiconductor design

5 | technology, and more particularly, to a system and method for providing an :
improved main ampliﬁer and an input-output bus for use with a dynamic
random access memory. '

Speed and timing constraints have always been important
considerations in designing electronic systems. Most system designs must
10 match the timing requirements of all the components used, yet still be
optimized for high speed. As a result, many integrated circuits, or “chips,” R
utilize a synéﬁl:onous.t-iééi‘gn. A synchronous chip {s one in which '
components of the chip are conne'cted to a common system clock.
Synchronous chips typically have latches, registers and/or counters
15 connected to some of its inputs and outputs, all on a single monolithic chip.
EFurthermore, synchronous chips provide many benefits to system designers,
such as fewer external logic chips and high speed operation.
One example of a synchronous chip is a synchronous dynamic random
access memory (“SDRAM™). In concept, a SDRAM is simply a dynamic
20 random access memory (‘DRAM”) with registers and/or latches included on

the same chip. However, circuit and bus designs become more critical as
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dynam ¢ random access n concept, DRAMis sinmply a
dynam ¢ peripheral to a memory cell array) used in the 16 Mbit SDRAM with the

memory array of the 64 Mbit DRAM. However, such a combination, due to
higher operating speed required by the synchronous operation and heavier
capacitive loads due to the increase in memory cells, creates a new set of

10 problems. One such problem is timing conflicts. Timing conflicts may
result in incorrect data being read and possibly making the device
inoperable. Another problem is voltage level discrepancies. Voltage level
discrepancies may result in signals being connected to different power
supplies, thereby shorting the power supplies. As a result, power

15 consumption is increased and reliability problems such as high temperature
and current flow are prevalent.

To illustrate these problems, a conventional 64 Mbit DRAM and a
conventional 16 Mbit SDRAM will be discussed. The 64 Mbit DRAM
separates memory cells into 2 discrete number of banks. For the saks of

20 example, four banks will be used. Associated with each of the banks of
" memory cells are a plurality of main amplifiers including a main amplifier
circuit discussed below with reference to Fig. 1. Also associated with each
. . of the banks of memory cells are a plurality of write amplifiers including a
write amplifier circuit discussed below with reference to Fig. 2. Both the
25 main amplifier and write amplifier are derived from the conventional 16
Mbit SDRAM. |
Figure 1 describes a main amplifier circuit 10 for the conventional 16
. Mbit SDRAM. The main amplifier circuit 10 receives a plurality of signals

including a bank activate signal MASJ, a main input-output separate signal
9. —
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- 2- the number of transistors and the speed t dl ncr ease.
For exanple, there exsts conventlonal 16 Moi t- SDRAMs (1 Moi t equal S
1,048,576 nmenory cells, or "bits") as well as 6%l ‘ : A6
presently, no 64 Mit SDRAM exists. One conven'en )
64Mbit SDRAMs is by conbining the peripheral cFret =
to a nenory cell array) used in the 16 Moit SDRAMw th the

MACBJ, a main amplifier activation signal MAEJ, a test signal MATESTB,
and a main amplifier precharge signal MAPJ. The main amplifier also
drives three signals: a main input-output signal MIOT, an inverted main

ed on
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input-output signal MIOB, and a main amplifier output MOJ.

5 Furthermore, the main amplifier circuit 10 is connected to power supplies
including a positive external power supply VDD, a negative external power
supply Vss, and a positive power supply V,. In the conventional 16 Mbit
SDRAM, the power supply V, is equal to VDD, but for reasons that will
become more evident with the discussion below, for the present description,

10 these two power supplies will be distinguished.

The main amplifier circuit 10 can be separated into four different
sections. A first section, represented by a NAND gate 12, receives the two
signals MASJ and MACBJ. The MASJ signal remains “high” whenever the
main amplifier circuit 10 is “active”. The main amplifier circuit 10 is active

15 whenever it is being used to access a memory cell in its associated bank of
memory cells. The MACBJ signal transitions “low” whenever the amplifier
should be separating the two output signals MIOT and MIOB. Circuitry
used to separate the two output signals is not shown, but different
implementation of such circuitry are well known by those of ordinary skill

20 in the art. Because the MASJ signal remains high, the NAND gate 12 has
an output N1 that is an inverted signal of the MACBJ signal.

A second section of the main amplifier circuit 10 is a precharge circuit

. 14.. The precharge circuit 14 precharges the output signals MIOB and
MIOT by connecting them together and to VDD or V, for specific periods of

25 time. Precharging is controlled by the MAPJ signal when the two output

signals MIOT and MIOB are not being separated, and by the MASJ signal

when the bank associated with the main amplifier circuit 10 is not active.
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awite anplifier circuit discussed below with reference to Fig. 2. Both
t he mai nseleptivele drivedanrautpussignal MOJ of ajmdinautpushusie conventional 16

Moit SDRAM ~ In addition, the drive circuit 18 receives the MATESTB signal, which
signifies that the main amplifier circuit 10 is in a test mode. The test mode
is used during production testing of the 16 Mbit SDRAM to shorten test

10 times. To test the conventional 16 Mbit SDRAM, each memory cell must be
accessed. Utilizing a test mode allows more than one memory cell to be
written to and read from at the same time, thereby reducing the test time.
The conventional 16 Mbit SDRAM has 16 MOJ signals grouped to form the
main output bus, in order to facilitate a 16 bit wide SDRAM. Furthermore,

15 the convenﬁonél 16 Mbit SDRAM has 16 main amplifier circuits.
Therefore, the conventional 16 Mbit SDRAM may simultaneous access
sixteen memory locat_:ions, thereby improving the test time. In order to

improve test times further, it would be advantageous to access more than 16

memory ceils at the same time. .

20 Figure 2 describes a write amplifier circuit 20 for the conventional 16
Mbit SDRAM. The write amplifier circuit 20 receives a plurality of signals
including a first precharge signal MIPTIJ, a second precharge signal

. .MIPBIJ, an equalization signal MIEQIJ, a first write signal MDIB, and a
second write signal MDIT. The write amplifier circuit 20 also drives the

25 main and inverted input-output signals MIOT and MIOB. Furthermore, the
write amplifier circuit 20 is connected to the negative external power supply
Vss and a positive internal power supply V,, which equals VDD.

The write amplifier circuit 20 can equalize the output signals MIOB
and MIOT by connecting them together and/or to V, for specific periods of

-4.-
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Furthernore, the main anplifier circuit 10 is connected to pomer suppl i es

time. Furthermore, the write amplifier circuit 20 can selectively drive the
output signals MIOB and MIOT to either V, or VSS by appropriately
asserting the write signals MDIB, MDIT, MIPBIJ, or MIPTIJ.
The conventional 64 Mbit DRAM has a memory array that operates
5 at an intermediate voltage level, which is between VDD and VSS. The
intermediate voltage level is required for a variety of reasons; well known
by those of ordinary skill in the art. A problem arises when the above two
amplifier circuits from the conventional 16 Mbit SDRAM, which operate at
VDD and VsS, are combined with the 64 Mbit memory cell array 1|Which
10 requires the intermediate voltage. A first solution is to change the voltage
level for VDD. However, this solution does not work because other
peripheral circuits, as well as other peripheral chips, require the voltage
level for VDD to be at a higher, predefined level. A second solution is to
change the positive internal power supply V, to be equal to the intermediate
15 voltage level. In this way, the voltage level for VDD remains the same, and
the intermediate voltage level for the memory array is reduced. However,
this sclution creates a new set of problems, as discussed below.
Figure 3 shows a timing diagram representing the signals and
circuits discussed above, and illustrating an example of the problems ‘caused
20 by the different voltage levels VDD and V,. The functionality of the input
signals is basically a function of other circuits included with the
conventional 16 Mbit SDRAM, but not shown. It is understood, however,
. that one of ordinary skill in the art will be familiar with the input signals
and their accompanying waveform, with reference to the signal descriptions
25 provided above. -
The waveform for the N1 signal is basically an inversion of the
waveform for the MACBJ signal whenever the main amplifier circuit 10 is
.activated (MASJ is high), as shown by the reference arrows 22, 24, 26, 28.

In so doing, the N1 signal simply notifies the main amplifier circuit 10

-
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amplifier circuit 10 and the write amplifier circuit 20 are driving the MIOx

signals at the same time but to different voltage levels. Since the MIOx
10 signals will not bé at two different voltages at the same time, a “short”

exists, for a limited period of time, between the corresponding power

supplies. In order to improve the reliability and power é.onsumption of the

64 Mbit SDRAWM], it would be advantageous to eliminate any shorts between

the power supplies.

[
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sigfals M OT and M OB are not being separat ed, anqdl W,T@?MES&‘ : :
the bank associated with the main anplifier circujjt. é_IL p’t’ﬁ%&EEMe.
A third section of the main anplifier circuit 10 b
flip flop 16 receives the Nl signal as well as a stgnal
precharge circuit 14. The flip flop produces two «
A fourth section of the main anplifier circuit 30.i
The drive circuit 18 receives the outputs N3 ant
selectively drive an output signal M of a main output bus.

Summary of the Invention

The present invention, accordingly, provides a semiconductor memory

with a main amplifier circuit that is capable of utilizing two different
positive voltage levels and selectively driving and precharging two /O buses
5 in conjunction with a write amplifier. The main amplifier circuit includes a
separation and precharge section and an activation section. The activation
section drives a signal for activating the first section to precharge the two
I/O signals only when the two IO buses are not being separated.
In another aspeét, the main amplifier circuit includes both a main
10 output bus and a test output bus. In so doing, the semiconductor memory
can operate'in a normal mode and a test mode. In the test mode, twice as
many memory cells of the semiconductor memory can be accessed
simultaneously, thereby reducing test time.
In another aspect, the semiconductor memory, which can be one of
15 many different data widths, has different sized output buses associated with
. each data width. Since the different data Widths are generated using
different metal masks, the different sized output buses can be generated
with the same metal masks. Qutput buses with a relatively large
capacitance can be produced with a large width, giving them = relatix}ely
20 small resistanc;e. Conversely, output buses with a relatively small
capacitance can be produced with a small width, giving them a relatively
large resistance._ As a result, a time constant for the output buses

associated with each of the different widths is very similar.

- Brief Description of the Drawings
25 Fig. 1is a schematic diagram of a circuit of a main amplifier for a

conventional 16 Mbit SDRAM.
Fig. 2 is a schematic diagram of a circuit of a write amplifier for a
conventional 16 Mbit SDRAM.
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Fig. 8 is a diagram of memory cells of Figs. 4 and 9.

-Fi_g. 9 is a diagram of another SDRAM embodying features of the present
invention.

Fig. 10 is a diagram of a sense amplifier.

Fig. 11 is a diagram of a I/O selection circuit.

Fig. 12 is a timing diagram when banks are active.

Fig. 13 is a timing diagram when banks are being precharged.

Fig. 14 is a timing diagram of a write amplifier circuit.

Fig. 15 is a timing diagram of a main amplifier of the present invention.

Detailed Description of the Preferred Embodiment
As described above, Figs. 1, 2 and 3 illustrate circuits and timing

diagrams associated with a conventional main amplifier and write amplifier
for a 16 Mbit SDRAM device. The conventional write amplifier circuit 20 of
~ Fig. 2 is also utilized by the present invention and is therefore referenced in

the following description.

I
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VSS and a positive internal power supply V,, which
wite anplifier circuit 20 can equalize the output M Be
connecting themtogether and/or to V[err] for specififc pelfj_‘:__,',&;&t:—-*/
time. Furthernore, the wite anplifier circuit 20 cak=s€fectively drive the
output signals M OB and MOT to either V[err] or VSS by appropriately
asserting the wi Refairgnpts Fif) &, thet<ferdiceBiumenl Meptegignates, in ganeral,

conventional 64, _Mi M has.a ,renoLy array,t.hat ralLes~AbnaMWhile in a -
i nt er medi at e &1 o %@He, SRROEHS %él‘ﬁ%se%s %ﬁ)p‘éér)l%?\%g'afﬁgn' We w8
preferred embadiment of the invention, the device 100 is a 64 Mbit SDRAM,

it should be understood that the present invention is not limited to use with
a SDRAM, but may be used in conjunction with any array-type integrated

" circuit device requiring multiple-amplifiers with different positive voltage
levels, including other types of random access memories. Furthermore, the
voltage levels listed in the preferred embodiment are for descriptive
purposes only, and are not intended to limit the invention.

The device 100 receives a positive external power supply (VDD) and a
_negative external power supply (VSs) through input pads 102 and 104,
respectively. In the preferred embodiment, the VDD voltage equals 3.3V and
the VS§ z_oltage equals OV. Furthermore, the device 100 comprises a voltage
regulator 106 that supplies an internal voltage (VDL) of about 2.2V, for use
with memory cells of the device. All three voltages VsS, VDD, VDL are
typical for most conventional 64 Mbit DRAMS, and will not be discussed in
greater detail.

The device 100 receives address inputs and control signal inputs
through input pads 108a, 108b, 108c, and 108d. In the preferred
embodiment, many more address and control input pads exist, but their
functionality can be illustrated by the pads 108a-108d. Furthermore, the
device 100 comprises a plurality of control and address decoder circuits,
referenced generally by an address decoder group 110. The address decodef
group 110 and the input pads 108a-108d are conventional for most 64 Mbit
DRAMSs and/or 16 Mbit SDRAMS, and will not be discussed in greater
detail.

The device 100 transmits and receives data input-outputs (I/Os)
through /O pads 112a, 112b, 112c, and 112d. The number of I/Os
determines a data width for the device 100, which is typically either four,
eight or sixteen bits wide. Unless otherwise stated, for the sake of example,
the device 100 is a four bit wide device, having only the four /O pads 112a-
112d. Furthermore, the device 100 comprises a plurality of input buffers,

output buffers and other circuits, referenced generally by an [/O circuits
[ _

eet Has Been Replaced

i



knternmedi ate voltage level is required for a v
by those of ordinary skill in the art. A probl I
anplifier circuits fromthe conventional 16 Miji S ’ ‘HB%—;% ate at
VDD and VSS, are conmbined with the 64 Mit ne —array whicll requires
the internediate voltage. A first solution is to change the voltage |evel

for . VDD. Hgs@&\(r, hipg, oS 40N (o] r i f
circuits, ds V\gl]Iléésq‘gltehgp%lg?{l}lptgg’éfﬁctjﬁ}%@?ﬁrEe%gélj?#é&% ﬁéH\glo %@%EP?@?Z’F for
VDD to be atneemiighal forprmxt g4 dibit DRAMA anefend6shibit SORAN S, camd avidle t he
positive internal,. powe rr]..to be equal to the internedi ate

ly V
vol t age Ie?@f.bel WSBHF%J‘%/\%%QF%?T\[/&Wbe | evel for VDD remains the same, and
the internmedi at eeyolLeRR &Y %anﬁ?xséﬁgﬁ?ﬂly%@e%ﬁuh& i'gqggﬁ)b\,\), SR Rry

this solution creates a new set 0 cusse
Fi gure 3 shells. &lie mergory agllaropecateaeroltagetloeels batreemOV (Vesand 2.2V
di scussed ove, ~and illustrating an exanple of the probleps caused by the
di f f er ent P{uggﬁ?eemnéow Hary[Eppped TRso fowk ensadisizad banksd 16, duiT,

signals is ShGal i t ' i | nel N gt

conventi on%?giéi?fbk#l‘g&ﬁ\ﬁ&bu uﬁ)&te gs%gc{\/\}]o%#fBPéﬁafﬁggengg%b%@dh%gglﬁfiﬂtiﬁat

one of ordtwaby “Fkirkspeatitdlg. dlhe \hémol9 celldi dreaforvdritidie, iampltititizanal s

AN i ot SO, URHRN Udds, Wl k8l SRS 494 'da2 300 Ml BB
the banks 116-119 contain memory cells conventional for most 64 Mbit

DRAMS, their functionality will not be discussed in greater detail.

Also associated with each bank of memory cells is a plurality of main

amplifier and write amplifier circuits. In the device 100, there are 8 main
amplifiers and 8 write amplifiers associated with each bank portion. For
exam_ple, the bank portion 116u has associated with it a first main amplifier
120 and a first write amplifier 122, referenced generally by a group Al, and
seven other maln amplifiers and write amplifiers referenced generally by
groups A2, A3, A4, A5,'A6, A7, A8. Likewise, each of the bank portions
117u, 118,119y, 1161, 1171, 118], and 1191 have eight main amplifiers and
write amplifiers, referenced generallj by groups B1-B8, C1-C8, D1-D§, E1-
E8, F1-F8, G1-G8, and H1-HS, respectively. All of the main amplifiers and
all of the write amplifiers are identical, and for the sake of simplicity, only
the first main amplifier 120 and the first write amplifier 122 will be further
discussed, it being understood that the remaining main amplifiers and write

amplifiers perform in the same way.

Each of the main amplifiers is connected to a main output bus 124
and each of the write amplifiers is connected to a data-in bus 126. As. .
mentioned above, the device 100 may have either four, eight or sixteen I/Os.
Accordingly, the output bus 124 and the data-in bus 126 each comprise

either four, eight or sixteen individual bus lines, respectively.

R
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activate signal MASJ, the main input-output separate signal MACBJ, the
main amplifier activation signal MAEJ, the test signal MATESTB, the main
amplifier precharge signal MAPJ, the main input-output signal MIOT, the

inverted main input-output signal MIOB, and the main amplifier output
MOQJ. Furthermore, the main amplifier circuit 130 is also connected to the
VDD, VDL and VSS power supplies.

The main amplifier circuit 130 can be separated into four different
sections. A first section is a NAND circuit 132. The NAND circuit 132
receives the three signals MAPJ, MASJ and MACBJ. The MACBJ signal
transitions low whenever the amplifier circuit 130 should be separating the
two output signals MIOT and MIOB. The MASJ signal transitions high
whenever the bank portion 116u is activated. The MAPJ signal transitions
high whenever the output signals MIOT and MIOB are ta be precharged.
As a result, the NAND circuit 132 has an output N'1' that is responsive to
both the seﬁaxation signal MACBJ as well as the precharge signal MAPJ.
The benefits of the improved NAND circuit 132 will become more evident
with the following discussion.

A second section of the main amplifier circuit 130 is a precharge
circuit 134. The precharge circuit 134 precharges the output signals MIOB
and MIOT by connecting them together and to VDD for specific periods of
time as well as to VDL for different periods of time. Precharging to VDD is
controlled by the signal MAPJ and only occurs when the two output ;ignals
MIOT and MIOB are not being separated, i.e., when N1'is low, Precharging
to VDL is controlled by the signal MASJ and only occurs when the bank
portion 116u is activated. .

A third section of the main amplifier circuit 130 is a flip flop 136.
The flip flop 136 r’e_céives the signal gl/as well as a signal N2' derived from
the precharge circuit 134. The flip flop 136 produces two output signals N3'
and N4'.

A fourth section of the main amplifier circuit 130 is a drive circuit
138. The drive circuit 138 receives the outputs N3', N4' of the flip flop 136

_to selectively drive the MOJ signal of the main output bus.

.11 -
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mal n

or VSS at specific tines. However, during timnes
Lvinglit he

anplifier circuit 10 and the wite anplifier-cir
M Ox signals at the same tinme but to different wve
M err] signals wll not be at two different
"short" exists, for alimted period of tine, E-CuUTrTesp e
power supplies. In order to inprove the reliability and power consunption

of Lo 64, Moi-by SR ol YA 1S, MENLSURR FEATRRME, SRtas"or S

bet ween t.he p
signifies that the main amplifier circuit 130 is in the test mode, and an

output activate signal MAOEJ to drive the MOJ signal. Utilizing these two
signals, and the outputs N3', N4', the drive circuit 138 can selectively drive
5 either the MOJ bus or a main amplifier test output bus MOTJ. The MOTJ
signal is similar to the MOJ bus, but is only used during test mode.
Because there are 64 main amplifier circuits, 32 associated with upper
portion banks 116u, 117u, 1184, 119u and 32 associated with the lower
portion banks 1161, 1171, 118, 119l, a main test output bus 124t comprises
10 64 buses for the individual MOTJ buses associated with each main
amplifier circuit. In so doing, during test mode, 64 memorjr cells may be
simultaneously accessed. Without using the MOTJ s‘iéhal and operating in

38, the wite anplifier circuit 20 also drives tHE_II' L [err]
anpl i fi 0 dri 33 Qﬁ% §”J~§\ %ﬁﬁﬁi‘e |
Wi 2

a normal mode, 2 maximum of sixteen memory cells (in the case of the
sixteen bit wide device 100) may be accessed simultaneously. As a result,
15 the time required to access all 64 meg of memory cells is reduced by a factor
of four when operating in test mode. To further fé.cih'tate the test mode, the
main test output bus 124t is connected to compression and decompression
circuits 139, to determine if data from all the memory cells being
simultaneously read is correct. It is understood that such-compression and
20 ~ decompression circuits are used in the conventional 16 Mbit SDRAM and
are readily evident and easily understood by those of ordinary skill in the
art.
As mentioned above, the first write amplifier 122 includes the write
amphﬁer circuit 20 of Fig. 2. However, the voltage V, is connected to the
25 VDL power supply, describe above.
Referring to Fig. 6, the waveforms of the various input signals are
functions of other circuits located on the device 100, but not shown. Itis
.understood, however, that many of these input signals are similar to those
of the conventional 16 Mbit SDRAM and one of ordinary skill in the art will

-12 - -
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Sum;rary of the Invention The present invenfrﬁ‘ﬁﬁ;::ae&&e.di-ﬁﬁ:}g—nprovi des

a sem conductor nmenory with a main anplifier cir l]iﬁiStSH&E"{'i]ﬁ\s(I@éEq\P e of
nd sélERtaceg Yy drijvi ng and

utilizing two different positive voltage |evels:
precharging two I/O buses in conjunction with a Wt
anplifier circuit includes a separation and preCh®g
activation section. The activation section dri pgakg

the first section to precharge the two 1/0O sidnals only™when [
buses are not bei ng separated. I n anot her aspect, the main anplifier

O L0uL b Tkt R . Qs S kT gl B, 1O
the t estefevemce toithe signahdgseréptions priovided abéee.sem conduct or nenmory can
aspect . the SHR OGS ok ohersEndh MY 16 Eseria of bork theMA GBI And ot o
S nce- | MORRTEPELS s GO P VY reliSate TRARR AL, A AR NG 2 Mhasks,
the di f whemeverithedmain prplifierscicanit 180gsnenatiled (MASJt ischighe Iresal
masks. 96'11:{) lftN?uﬁgéﬁ\émstt?xeamragrllaat.th\ﬁﬁh%rlc%[cqgt 130 both when separation is to

occur as well as when precharging is not occurring. The main amplifier 130

is capable of driving the output signals MIOB and MIOT, referenced

generally by MIOx, to VDD whenever the N1'signal is low. Therefore, since
10 the MAPJ signal controls the N1' signal, the main amplifier circuit 130 does

not drive the MIOx signals to VDD during time periods 148, 150 and 152.

The write amplifier circuit 20 continues to drive the MIOx signals to

VDL or VSS at specific times, as shown by reference arrows 36 and 38.

However, no short exists due to conflicting voltages being driven onto the

15 MIOx signals.

Referring again to Fig. 4, the device 100 can be either four, eight or
sixteen bits wide, hereinafter referred to as the by-4, by-8 or by-16 version,
respectively. During production of the device, a determination of which
version of the-device 100 is made. Although the device 100 is-produced

20 using a plurality of mask layers (not shown), each version has associated

therewith a unique metal mask layer (also not shown). It is understood

that this method of producing different versions of a device by changing
only one metal mask layer is well known in the art, and will therefore not
be discussed in greater detail.

25 | The particular version of the device 100 determines the number of
bus lines in the output bus 124 and the data-in bus 126. In the case of the
by-4 version, there are four bus lines in the output bus 124, two associated

with the upper portion banks 116u, 117u, 118u, 119u and two associated
with the lower portion banks 1161, 1171, 1181, 1191. In the case of a by-8
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capédci tance can be produced with a large width, givy

smal | resistance. Conversely, output buses with a | eTHJEIS!GIBT %A@bktm
capaci tance can be produced with a small width, giying themaceg! ati
| arge resistance. As a result, a tine constant for'

Brief Description of the Draw ngs Fig. 1 p3eRabS
circuit of a main anplifier for a conventi onal
is a schematic diagramof a circuit of a wite anplifier for a convent i onal

16 Mit PRGN, there are eight bus lines in the output bus 124, four associated with
the upper portion banks 116w, 117u, 118u, 119u and four associated with
the lower portion banks 1161, 1171, 118l, 1191. In the case of a by-16
version, there are sixteen bus lines in the output bus 124, eight associated

5 with the upper portion banks 116u, 117u, 118u, 119u and eight associated
with the lower portion banks 116l, 1171, 1181, 1191. The arrangement and
. quantity of bus lines in the data-in bus 126 are similar to those of the
output bus 124. .
The version of the device 100 also determines the number of amplifier
10 groups Al-A8, B1-B8, C1-C8, D1-D8, E1-E8, F1-F8, G1-G8, H1-H8 that are
~ connected to a single bus line of the main output bus 124 or main data-in
bus 126. In the case of the by-4 version, there are sixteen amplifier groups
that are connected to a single bus line. Because the banks 116, 117, 118,
119 are separated into upper and lower levels, all of the sixteen amplifier
15 groups on a single bus line will be in the same level. For a first example, a
memory access to the by-4 version of the device 100 will activate one main
amplifier from the groups Al, A3, A5, A7, B1, B3, B5, B7, C1, C3, C5, C17,
D1, D3, D5, D7, although a main amplifier in each of the groups is
connected to the same bus line. In a second example, a memory access for
20 the by-4 version of the device 100 will activate one main amplifier from the
groups E2, E4, E6, E8, F2, F4, F6, F8, G2, G4, G6, G8, H2, H4, H6, HS,
although a main amplifier in each of the groups is connected to the same

. bus line.
In the case of a by-8 version of the device 100, there are eight
25 amplifier groups that are connected to a single bus line. Because the banks-

116, 117, 118, 119 are separated into upper and lower levels, all of the eight
amplifier groups on a single bus line will be in the same level. For a first
. example, a memory access to the by-8 version of the device 100 will activate
one main amplifier from the groups Al, A5, B1, B5, C1, C5, D1, D5,
—_— - 14-
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-8- - Fig. 3is a timng diagramof the=gonventional circuits of
Figs. 1-2. Fig. 4 is a block diagram of 671@4\ Vi SBRAM__enbodyi ng
f eat ur es -of the present invention. Fifg. 5 |"'_} TM!E@Ml g di agr am
of a circuit of an inproved nain anplifier-for~s& "%LR.JSDT%(/I of Fig.
4. Fig. 6 is a timng diagramof the 1My '

circuit of Fig. 5, along with the conventi omj eIl e _,Ié'g. 2,
illustrating the features of the present invention. ‘
and 7c are layout diagrans for a main putput bus of the 64 Mit SDRAM of

Fig. o Fithough a dath aibglinct & IR The BRONRE Slorhelted ithetalll |
bus line. In a second example, a memory access for the by-8 version of the -
device 100 will activate one main amphﬁer from the groups E2, E6, F2, F6,
G2, G6, H2, He6, although a main amplifier in each of the groups is

5 connected to the same bus line.

In the case of a by-16 version of the device 100, there are four
amplifier groups that are connected to a single bus line. Because the banks
116, 117 118, 119 are separated into upper and lower levels, all of the four
amplifier groups on a single bus line will be in the same level For a first

10 -exa.mple, a memory access for the by-16 version of the devxce 100 will
activate one main amplifier from the groups Al, Bl, C1, D1, although a
main amplifier in each of the groups is connected to the same bus line. In a
second example, a memory access for the by-16 version of the device 100
will activate one main amplifier from the groups E4, F4, G4, H4, although

15 a main amplifier in each of the groups is connected to the same bus line.

Due to the different numbers of ampiiﬁer groups being '
simultaneously connected to a single bus line for the by-4, by-8 and by-16
versions of the device 100, the capacitive load on the main output bus 124 is
different for-each version. In the by-4 version, the capacitive load caused by -

20 the sixteen connected main amplifiers is relatively high, while in the by-16

version, the capacitive load caused by the four connected main amplifiers is

relatively low. This discrepancy in capacitance causes several problems.

Qne problem occurs in the I/O circuits 114. Because both the by-4 version

and the by-16 version share all the same mask layers except for one, the /O

25 circuits 114 for each version is practically the same. However, because the
main output bus 124 has different capacitive loads for the different versions,
the signals being driven to the I/O circuits 114 arrive at different times. As

. a result, errors may occur in the I/O circuits due to the signal discrepancies
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i nyént i on. ' Fig. 10 is a diagramof a sense
Fig. 11 is a diagramof a |I/O selection circuit.
ti m ng di agram when banks are active.

when banks are bei ng precharged. Fig. 14 rf*
wite anplifier circuit. Fig. 15 is a PR
anplifier-of the present invention. Do&
the Preferred Enbodi nent As descri bed abéve;

illustrate circuits and timng di agrans assomated W|th a conventlonal mai n

anpl i T §faRpbMEhs %e?%lnif 'R.fxoﬁ%r frovfiedPid eiaM g?"i %%rs;gpleug %ré\rlzgraf onal

wite a ?Iflel’ circurt
may operate slower than the by-8 and by-16 versions.

These problems are resolved by not only changing the number of bus
lines in the main output bus 124 for the different versions, but also
5 changing the width of the bus lines. Referring to Figs 7a-7c, a portion of
the main output bus 124 used with the upper bank portion 117u and the
main'anipliﬁers in groups B1, B2, B3, B4, B5, B6, B7, B8 is shown.
Because each main amplifier has an output of MOJ (Fig. 5), the different
main amplifier outputs are referenced by numerals MOB1, MOB2, MOB3,
10 MOB4, MOBS5, MOB6, MOB7, MOBS corresponding to the MOJ outputs of
' the main amplifier circuits in groups B1, B2, B3, B4, B5, B6, B7, BS,
respectively. Furthermore, it is understood that the bank portion 117u is
merely representative of each of the bank portions and their connection to
the main output bus 124. Also, because the main output bus 124 is
15 different for each version, it will be hereinafter referred to with the
‘ numerals 124/, 124", and 124™ for the by-16, by-4, and by-8 versions,
respectively. |
Fig. 7Ta illustrates the main output bus 124' with eight bus lines 160a,
160b, 160¢c, 160d, 160e, 160f," 160g,-160h, as used in the by-16 version of the
20 device 100. Each of the eight bus lines 160a-160h is of a specific width
160w. Furthermore, each of the main arﬁpliﬁer outputs MOB1, MOB2,
MOB3, MOB4, MOB5, MOB6, MOB7, MOBS is connected to one of the eight
bus lines 160a-160h. The main amplifier outputs MOB1, MOB2, MOBS,
MOB4, MOB5, MOB6, MOB7, MOBS are constructed using one of the metal
25 mask layers that is consistent for each version. As a result, the main
amplifier outputs are the same for each version of the device 100.
Furthermore, the main amplifier cutputs MOB1, MOB2, MOB3, MOB4,
.MOBSs, MOB6, MOB7, MOBS are connected to the bus lines 160a-160h
using conventional through-hole technology.
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Fig: 2 is also utilized by the present invention anfaI:::isz heref-ore )
rreferenced in the foll ow ng description. iy THIS SHEET Hed BEENNG tO
Fig. 4, the reference nuneral 100 designates, in geﬂneral RESL f&DriSDRAM?

devi ce enbodyi ng features of the present invention: ‘Vﬁrre*-l—ﬁ‘—‘%
enbodi nent of the invention, the device 100 is a 6wV
shoul d be understood that the present invention.i
a SDRAM but may be used in conjunction with aryo% z: °
circuit device requiring nultiple-anplifiers with dlfferent p05|t|ve

vol tage Fig. 7b illustrates the main output bus 124" with four bus lines 162a,
162b, 162¢c, 162d, as used in the by-8 version of the device 100. Each of the
four bus lines 162a-162d is of a specific width 162w, such that 162w >
160w. Furthermore, each of the main amplifier outputs MOB1, MOB2,

5 MOB3, MOB4, MOBS, MOB6, MOB7, MOBS is connected to one of the four

bus lines 162a-162d. Because the main amplifier outputs MOB1, MOB2,
MOB3, MOB4, MOBS5, MOB6, MOB7, MOBS are constant for each version
of the device 100, the width 162w of the bus lines 162a-162d is also
sufficiently large to overlap the appropriate main amplifier outputs, as

erred

ALY

10 shown. .

Fig. 7c illustrates the main output bus 124" with two bus lines 164a,
164b, as used in the by-4 version of the device 100. Each of the two bus
lines 164a-164b is of a specific width 164w, such that 164w > 162w > 160w.
Furthermore, each of the main amplifier outputs MOB1, MOB2, MOBS3,

15 MOB4, MOB5, MOB6, MOB7, MOBS is connected to one of the two bus
lines 164a-164b. As discussed above with reference to Fig. 7b, because the
main amplifier outputs MOB1, MOB2, MOB3, MOB4, MOB5, MOBS,
MOB7, MOBS are constant for each version of the device 100, the width
164w of the bus lines 164 is also sufficiently large to overlap the |

20 appropriate main amplifier outputs, as shown.

. By providing a bus width that varies between the different versions of
the device 100, a time delay caused by the difference in capacitance between
the versions is equalized. The time delay is determined by an RC constant
of the bus lines of the main output bus 124, where R represents the
25 resistance of each bus line, and C represents the capacitance of each bus

line. By making the bus lines wider, the resistance of each bus lines is
decreased. In this way, the R for the bus lines 164a-164b of the by-4
_version is relatively small, while the C for the bus lines is relatively large.
Conversely, the R for the bus lines 160a-160h of the by-16 version is

-17- —
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l.evel-s, including other types of random access nenori ebsTHﬁyﬁpﬂaﬁfnﬁ)&@&Tj
voltage levels listed in the preferred enbodi ment aregif or desgs hpkipve

pur poses only, and are not intended to limt the |nver‘ |

device 100 receives a positive external power suppiy (V[ err]) and a
negati ve external power supply (V[err]) through BRI AT
respectively. In the preferred enbodi ment, the )R ¢NrhoRpnts Toray, and
the VSS vol tage equals OV. Furthernore, the deftce COTMPIT 585 Vorage
regul ator 106 that supplies an internal voltage (V[err]) of about 2.2V, for

use W hif: | Sa VDD, VDL are
typi cal I]Ee(ﬁ')rfﬁgfsj{ l/c nvent|%%€%g&{g§$b%&%ﬁ%mgl%ﬁg§@%ﬁ éss ussed in
gr eat er misuldf,|the time delafherdR@i canstft, ifor ¢hedmusntidesdin eavhiversio ofont’r ol
signal i t h h input, ds 10 a, 108b, . 108¢, and 108d, In the
preferrét%lp éﬁ"ﬁ?&ﬂlm %ﬁ 36@@ %EH%GSFEQS’P%?“&EQ Puschges put
their reng \Fé?ﬁldifs is' ﬂn%f cBhs8tdyt t he pads 108a-108d. Furthernore,
t he deV|ce 100 conprises a plura |Ly of control and address decoder

crcuits, r eAétIm@nlﬂbmbraalvlewmbodmmadw afSthalprestart imventiohlBavd been
addr ess coder roup, 110 and, the iL.nput..pads 108a-108d are conventlonal
for nost® dgbﬁgfg}ge‘i«ﬁiﬁ?ﬁ‘g‘* Qgpﬁmiirﬁﬂ?\ n, shange and,subsatufion igsed in

greater m@@ﬁééél 1in the foregoing disclosure, and in certain instances, some features

o o )
L

of the invention will be employed without a corresponding use of other
features. Furthermore,.adaitional or alternative components and other

10 circuits may be added without altering the scope of the ir;vention.
Accordirigly—, it is appropriate that the appended claims be construed broadly

 and in a manner consistent with the scope of the invention.

I
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The *devi ce 100 transmts and receives data input-outputs (1/Gs) through I/0O
pads 112a, 112b, 112c, and 112d. The nunber of 1/Cs determ nes a data width
for the device 100, which is typically either four, eight—er=sixteen—bits—,
wi de. Unless otherw se stated, for the sake of exafipl e, it hgiz@vice HA0@BHE
four bit w de device, having only the four 1/0 pads'112§7 112@&EPLACED I
Furthernore, the device 100 conprises a plurality of input buffers, outpot’
buffers and other circuits, referenced generally by an 1/Ocircuits

-10-

EEXT1)

Referring to Figure 9, a device 200 represents
another embodiment of an SDRAM to which the present
| invention is applied. The device 200 is a 64M SDRAM
5 comprising four banks BANKO-BANK3, each having an X-
latch predecoder, an X-decoder, a Y-latch predecoder,
a Y-decoder, a memor} array and a sense amplifier. It
is noted, however, that this invehtion is not limited
to an_SDRAM but includes other types of random access
10 memory (RAM), and that its bank configuration is not
particularly limited. Further, this invention can
also be applied to an integrated circuit of array type
that requires a plurality of different power supply
voltage levels. The following description of the
15 voltage level is only for the sake of explanation and
in no way intended to limit the scope of this
invention.
The device 200 receives external power supplies
Vdd and Vss through input pads 202, 204. The external
. 20 power supply Vdd is about 3.3 V and the external power
supply Vss is about O V. The device 200 has memory
cells as shown in Figure 8 and also includes a voltage
regulator Vdl gen 206 that supplies an internal power

supply Vdl of approximately 2.2 V.

25 The device 200 receives address signals through a
This Sheet Has Been Replaced 19
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group 114. The I/O circuits group 114 and the input pads 112a-112d are
conventional for nost 64 Mdit DRAMs and/or 16 Miit SDRAMs, and will not be
di scussed in greater detail. The device 100 contains 64 Meg (1 neg
equal s 1,048,576) of nenory cells. The nenory celts o Ltage
level's between OV (Verr]S) and 2.2V (Verr]). The neporyiscshis akepren |
grouped into four equal -sized banks 116, 117, 118, 11y, eachzhextps aﬁ
upper and | ower portion represented by the suffix "u"“or— s r—————#
respectively. The nenory cells are conventional, and utilize nany

different signal lines, anplifier circuits and decoder circuits. Because
the banks 11611331607t & JBRIFEYs Clhpt ShbONShodR! NMPRE 64 Mot
DRAMs, their functionality will not be discussed in greater detail.

Al so associ aaadredsd siafmalarndcof td® My Velie| banks BARKOLBANKS of main
anplifier and wite anplifier circuits. In the device 100, there are 8 nmain
anplifiers antr®ugh tan aadirdserfimssostage dcitdbieartcb208 pRati on. For
exanpl e, the bank portion 116u has associated with it a first main
anplifier 12onsedts fax AVIRLE tleeeedl|td i@rCcAd?, leeékrenced-ghieral |y by a
group Al, and seven other main anplifiers and wite anplifiers referenced
gener al | § by leyedups X -lmgcingoysten2lQq7lataghes | amweddresach of the bank
portions 117u, 118u,119u, 1161, 1171, 1181, and 1191 have ei ght main
amplifiers afdInpd FECHHTed it the urshereycrrd apP9ab§syFbsps B1- BS,

C1-G8, DI-D8, fless signal by-the counter. The address first-

stage circuit.LVC 208 and Y¥Y-latch counter ‘210 may be
conventionally available circuits.

10 The device 200 reads or writes data through an
I/0 pads not shown. The levels of the data to be
written or read is changed by data first-stage
circuits DQO-DQ3 212, 218 to an LVTTL level, a CMOS
level or a predetermined level. The data first-stage

15 circuits 212, 218 are connected to a plurality of CMOS
input/output buffers CMOS buff 222, 228 controlled by
a high-impedance control circuit Hi-Z Control 220.
'The high-impedance control circuit Hi-Z Control 220
performs the level change of a control signal inputted

. 20 from external circuits, similarly to the address

first-stage circuit 208 and the data first-stage
circuits 212, 218. The high-impedance control circuit
Hi-Z control 220 is controlled by a mask control
circuit DQM 230 that outputs an internal control

25 signal. The mask control means controlling the data _

[
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E8,' F1-F8, Gl-G8, and H1-H3, respectively. Al of the main anplifiers and

all" of the wite anplifiers are identical, and for the sake of Slnp|ICIle
only the first main anplifier 120 and the first wite _ni¥EF“12?"§TEL
be- further discussed, it being understood that the re Hmhhg naﬂh*““ ==
anplifiers and wite anplifiers performin the same wa ﬁiﬁfﬁ&f
the main anplifiers is connected to a nain output bus 1 of the

ac
wite anplifiers is connected to a data-in bus 126. As nentioned above,
t he device 100 may have either four, eight or sixteen |I/Gs. Accordingly,
the output bus 124 and the data-in bus 126 each conprise either four, eight

or sixteen inghutdgakples vuirFes, toeHigH iiwRledance or low impedance

according to the operation timing. The CMOS
input/output buffers CMOS buff 222, 228 are connected
to a plurality of latency latch circuits Latency Latch

5 232, 238, respectively. A mode decoder latch circuit
240 outputs a CAS latency CL and a burst latency BL in
response to a mode decoder latch signal MRS generated
when the burst mode is set up by a set command. As
the CL and BL are output, a latency control circuit

10 244, in response to a latch update signal (internal
clock) from a control system circuit 242 described
later, outputs a control signal for the latency latch
circuits 232, 238. The latency latch circuits 232,
238, upon receiving the control signal, writes or

15 reads data corresponding to the CL or BL.

The number of data first-stage circuits, CMOS
input/output buffers, latency latch circuits and I/O
pads not shown determines the data width of the device
200. Generally, the data is 4-, 8- or 16-pit wide.

jzp For example, the devicé 200 has a data width of 4 bits
and includes four I/0 pads not shown, four data first-
stage circuits, of which only two is representatively
shown, four CMOS input/output buffers and four latency
latch circuits.
25 ~ The device 200 has a control.system circuit 242
[
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-11- - Referring to Fig. 5, an inproved main anplifier circuit 130 of
tthe.first main anplifier 120, utilizes the sane plurality of signals as
the conventional main amplifier circuit 10 of Fig. 1__These include the
bank activate signal MASJ, the main input-output $Se 1rﬁ%gqﬂ ACT

the nmain anplifier activation signal MAEJ, the test i igHﬁhéﬁ@iE§ﬁ$EEEm
main anplifier precharge signal MAPJ, the main inpuﬂtﬂu&gﬁﬁiﬁﬁﬁﬁﬁL_M 1
the inverted main input-output signal MOB, and the main anplifier put
M2J. Furthernore, the main anplifier circuit 130 is al so connected to the
VDD, VDL and VSS power supplies. The main anplifier circuit 130 can
be separ at edthatorkeed véis firommtowteiideo s .chiiy iselestidn ototmanad NAND
circuit 132. The NAND circuit 132 receives the three signals MAPJ, MASJ and
MACBJ. The MBERJ) si doul addxesis icomndrgyRAShe\eercahenwrargddfess circuit 130
shoul d be separating the two output signals MOl and M OB. The MASJ si gnal
transiti ons fPgnande &P tEhenidisk enabliecommnd FEctd eleck GRE MAPJ
signal transitions high whenever_the output signals MOTl and M OB are to be
prechar ged. 28933 640FK e len(BEeiancuithars? aaeoringitputtha@set hat s

r nsi h.th rati I gnal CBJ as wel |l as the precharge
s?éggISI EUFSogﬁénaé,eg%%%%é%éé“lﬁ%é%ﬂél @ignals. The symbolp" " g

indicates that the command input cycle is effective
when the command input is at low level. According to
the command inputted, the internal control: system
circuit 242 outputs a mode decoder latch set signal

10 MRS, a signal Bcu, a signal Bact/Pre, a signal R/W and
a latch quate signal. The mode decoder latch set
signal MRS is a signal to latch an internai add:ess
signal in the mode decoder latch. The signal Bcu is a
signal that takes in an address signal during the read.

15 or write operation and, in the burst mode, controls
the count-up of the Y-latch counter 210. The signal
Bact/Pre is for controlling individual banks to make
.them active and precharge them. The signal R/W_is for
controlling the read or write operation for individual

.20 banks. The latch update signal is an internal clock
signal generated every time the mode decodgr latch
circuit 238 outputs the CAS latency CL, in oraer to
control the latency control.circuit 244.

The device 200 has 64M (1M equals 1,048,756)

25 memory .cells, one of which is shown in Figure 8. Each

This Sheet Has Been Replaced 22
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The ‘benefits of the inproved NAND circuit 132 will becone nore evident with
the fol l ow ng di scussion. A second section of the main anplifier
circuit 130 is a precharge circuit 134. The precharge CF -
precharges the output signals M OB and M OT by connec |ﬁU“i$&EEﬁpg§%
to VDD for specific periods of time as well as to VDL[{for dREPeLenh
of time. Precharging to VDD is controlled by the signa
occurs when the two output signals MOT and. M OB are not being separated,
i.e., when N1' is low. Precharging to VDL is controlled by the signal MASJ
and only occurs when the bank portion 116u is activated. A third
section of theemddy S8PLI éperatkECHE! v&3@ahs 2efkils broRpb: o Fhe flip
flop 136 receives the signal N5' well as a signal N2' derived fromthe
precharge cir@uis) lardd dbeut! 2p2f yopvddf. pr vHECpF ot ddedu m@itiorst gnal s N3
and N4' . - Afourth section of the main anplifier circuit 130 is a
drive circuitceldbs are drovpedi Lptpt meédexryebankes BANKOoBANRI Mich N4' of

the flip rop 136 to selectively drive the M signal of the main output
bus. f which includes an X-latch predecoder Xlatch pre-

5 dec, an X-decoder Xdec, a Y-predecoder Ypre-dec, a Y-
.deéoder Ydec, memory mats Mat, a sense amplifier
circuit SA shown in Figure 10, and an I/0 selection
circuit shown in Figure 11. The I/0 selection circuit
is 'used to select either connection or disconnection

10 between the local inputs/outputs LIOT, LIOB and the
main inputs/outputs MIOB, MIOT. The sense amplifier
circuit SA shown in Figure 10 and the I/0 selection
circuit shown in Figure 11 will be detailed later.

Figure 10 and 11 show a sense amplifier circuit

15 SA 300 and an I/0 selection circuit 400, both used in
the device 200. Figure 12 shows signal waveforms of
the sense amplifier circuit SA 300 and I/0 selection
circuit 400 when the banks of the device 200 are
active. Figure 13 shows signal waveforms of the sense -

20 amplifier circuit SA 300 and I/0 selection circuit 400
when the banks are being precharged. Now the
operation ‘when the banks are active and the operation
when they are precharged will be explained. -

Figure 10, 11 and 12 show the bank-active
25 operations of each circuit. As the banks become

[ —
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-12- - The drive circuit 138 also receives the signal MATESTB,
which signifies that the main anplifier circuit 130 ks in the test node,
and an output activate signal MACEJ to drive the MX al. Utilizing
these two signals, and the outputs N3', NA'~ the lriv

selectively drive ei ther the MJJ bus or a main anplifjler §g§f~6UtmygEgy
MOTJ. The MOTJ signal is simlar to the MY bus, but fs= giggggzyurln
test node. Because there are 64 main anplifier circuits, 32 ass :
wi th upper portion banks 116u, 117u, 118u, 119u and 32 associated with the
| ower portion banks 1161, 1171, 1181, 1191, a main test output bus 124t

compri ses  64URS e 'dPoddh o WAl p AT AERS ASSORbALETOW HReeach main

sense amplifier circuit 300 to the vdl/2 level is

ended. That is, the control signal BLEQB goes from a
high vdd level to a low Vss level, the precharge

5 MOSFETs in the sense amplifier circuit 300 are turned
.0ff to stop the precharge operation, which in turn
makes the sense anmplifier circuit 300 ready to
operaté. At the same time, the operation of
precharging the local inputs/outputs LIOT, LIOB in the

10 I/0 selection circuit 400 to the Vdl/2 level is ended.
That is, the control signal BLEQB goes from a high vdd
level to a low Vss level. As a result, the output
signals of the inverter circuits 402, 404 turn off the
precharge MOSFETs in the I/0 selection circuit 400,

15 stopping the precharging of the local inputs/outputs
LIOT, LIOB. Thus, the precharging of the local
inputs/outputs LIOT, LIOB of the I/0 selection circuit
400 is stopped with a time delay of the inverter
circuits 402, 404 from the timing when the precharge

« 20 operation of the sense amplifier circuit 300 is
stopped. The control signal BLEQB is also used as a
control sfgnal for connecting thé local inputs/outputs
LIOT, LIOB and the main inputs/outputs MIOT, MIOB to
make them ready to operate. |

25 _ Immediately before the local inputs/outputs LIOT,
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anpti-fier circuit. In so doing, during test node, 64 nmenory cells may be

si mul taneously accessed. Wthout using the MOTJ signal and operating in a
. normal node, a maxi mum of sixteen nenory cells (in the~case_gL_Lh§ si xt een
bit wi de device 100) may be accessed simultaneously. A&-aﬂges‘TI me
required to access all 64 nmeg of nenory cells is reduq C’t“’ﬁﬁﬁﬁh rDC§N|4
four when operating in test node. To further facilitate-the

mai n test output bus 124t is connected to conpression and deconpre53|on
circuits 139, to determne if data fromall the nenory cells being

simul taneously read is correct. I S understood that such conpression and

d t t nd are
oadi [y ovi dLAPE, skl T &#ﬁfﬁ%ﬂé%%%%ﬁtﬁ%eﬂﬁ‘%%aw SER 8 e
art. éalg%%&ban%cixa.re&we 40d'&td 'dnidddsa anméfm&inm i ncludes the

wite anplifier circuit 20 of F|g 2. However, the voltage V[err] is

connect ed tojihhatyBu s igHl &/ MRS C NS abveat the vaReiewsing to Fig.
6, the waveforns of the various input S|gnals are functions of other

circuits | ocahadthe Weealevinpuit/Butgut signawwrotr) iLsomngder gheod,
however, that many of these input signals are simlar to those of the
convent i Bnal séfiskbanpIBFAMa i el o300 dmhrshes ki J& salédeiant w |
circuit 400 are at the vdl/2 level. When the local
inputs/outputs LIOT, LIOB and the main inputs/outputs
MIOT, MIOB are connected, the main inputs/outputs
MIOT,_ MIOB go from the Vdl level to the Vdl/2 level
10 and the local inputs/outputs LIOT, LIOB from the vdl/2
to Vdl. As shown in Figure 2, the write amplifier
circuit 20 is connected to the main inputs/outputs
MIOT, MIOB. Signal lines MILSB, MILST of the write
amplifier circuit 20 connected to the maih
15 inputs/outputs MIOT, MIOB are precharged to the vdl
level by a precharge circuit WAP connected to the Vdl
voltage. Thus, voltage of the main input/output
‘signals MIOT, MIOB connected to the signal lines
MILSB, MILST and of the local input/output signals
. 20 LIOT, LIOB are equal to the precharge voltage level
Vdl of the signal lines MILSB, MILST of the write
amplifier -20.
When the voltage level of a shared signal SHRO
transits of Vpp, which is higher than vdd, bit lines

25 BLOB, BLOT are connected to signal lines 302, 304 of
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be famliar with the input signals and their acconpanying waveform wth
reference to the signal descriptions provided above. The wavef orm
for the signal N1' is a function of both the MACBJ anq:$#¥}¥4aﬁy¥ﬂ4;—4ﬁ;—u
shown by the reference arrows 140, 142, 144, -146, whereVeils SHEETHRIAB BEEN
anplifier circuit 130 is enabled (MAS] is hlgh) I n’ sq doi n ﬁvMLCrnotlflds
the main anplifier circuit 130 both when separation i sTtooctHf—as—wert—as
when precharging is not occurring. The main anplifier 130 is capabl e of
driving the output signals MOB and M OT, referenced generally by MJerr],
to VDD whenever the N1' signal is low Therefore, since

the sense amplifier circuit 300, causing the voltage

levei difference between the bit lines BLOB and BLOT
to appear on the signal lines 302, 304 shown in Figure
10. An address signal from an external circuit or an
5 address latch counter (see Figure 9)'causes the woxrd
_lihe SWLO (see Figure 8) to go to the Vpp level. With
elapse of a predetermined time, sense amplifier
activation signals SDP, SDN transit of vVdl and Vss
levels, respectively, and the voltage level difference

10 between the bit lines BLOB and BLOT is amplified by
sense amplifier sections SAN, SNP of the sense
amplifier circuit 300. After this, a column selection
signal ¥S is established to write external data or
read data from memory cells.

15 Figure 10, 11 and 13 illustrate the precharge
operation of each circuit. First, after the write or
read operation is finished, the word line SWLO
transits from the high Vpp level to the low Vss level.
'When the word line SWLO lowers to the Vss level, the

: 20 shared control signals SHRO and SHR1l go to the vdd
level. Next, when the control signal BLEQB transits
from the low Vss level to the high vdd level, the
precharge MOSFETs of the sense amplifier circuit 300
are turned on, precharging the nodes of the sense

25 amplifier circuit 300 to the Vdl/2 level.

I ———
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t-he*MAPJ signal controls the N1' signal, the main anplifier circuit 130
does not drive the M Ox signals to VDD during tinme peyiods 148, 150 and
152. The wite anplifier circuit 20 continues to drive the M Ox
signals to VDL or V[err] at specific tines, as shown by-reference arrows 36
and 38. However, no short exists due to confllctlng volfagﬁ§bngpg/q

onto the M Ox S|gnals Referring again to Fig. 4, the %ﬁ%%?gﬁ
be either four, eight or sixteen bits w de, herelnafteréFeten

by-4, by-8 or by 16 version, respectively. During production of the devi ce,
a determ nation of which version of the device 100 is nmade. Although the

device 100 is proguceds sl ad/AnPhuisaloi! L rdftvidilal BRNS (iduwishonn), each

ver si on has assocl at a unique netal mask layer (also not

shown). I't ipjgnder ot aaent hafvet télignneehagek ahpRiigdest ra i { €8 edg ver si ons
of a device by changing only one netal nmask layer is well known in the art,
and will thesefrtewhtebamgilsgieseeirdughaat erhietniiin ampli£dde particul ar
version of the device 100 determ nes the nunber of bus lines in the output
bus 124 and &becdaits- endbithel 2friten ainpd ifdes efiddie ey usadraren, there are
four bus lines in the output bus 124, two associated with the upper portion
banks 11%u, $idwn iHh8HigureuSamnd: Fdgaseodi.ated with the | ower portion

banks 1161, 1171, 1181, 1191. In the case of a by-8
Figure 14 shows the minute waveforms of the input

signals and output signals during the write operations
of the write amplifier circuit 20 of Figure 2 and pf
the main amplifier circuit 130 of Figure 5 of this
10 invention. Figure 14(c) shows more detailed waveforms
when the write operation of Figure 6 is performed.
The voltage levels of the internal control signals are
~the vdd a§ a high level and Vss as a low level, as
shown in Figure 14(a). While the first and second
15 write signals MDIB and MDIT have a high lewvel of Vdd
and a low level of Vss, the signals written into
memory cells, i.e., the main input/output signals
MIOT, MIOB, have. a-high level of Vdl and a low level
of Vss, as shown in Figure 14(b). In other words, the
.20 write amplifier circuit'ZO performs the level changing
from vdd to vdl.
When ‘a signal N1' synchronous with the main
amplifier precharge signal MAPJ is at a high lewvel in
the period 152, the main inputs/outputs MIOT, MIOB are

25 separated from each other on both sides of the PMOSs
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versi.on, there are eight bus lines in the output bus 124, four associ ated
with the upper portion banks 116u, 117u, 118u, 119u and four associ ated
with the | ower portion banks 1161, 1171, 1181, 1191‘=$ﬁ*Fﬁ€“bdb€~ui—a*#y-16
version, there are sixteen bus lines in the output” husﬂﬁﬁﬁi &l Igh BEEN ¥
associ ated with the upper portion banks 116u, 117u,'§:118u, *i&QﬁCaﬂd e|g ht
associated with the | ower portion banks 1161, 1171, 1I8TI,  I191—The
arrangenent and quantity of bus lines in the data-in bus 126 are simlar to
those of the output bus 124.

(a pair of switches MOSFETs Ql and Q2) which receives

the signal N1' at its gates. As a result, the

precharge voltage level Vdl of one pair (11, 12) of

data lines can be separated from the preéharge voltage
-5 level vdd of the other.(ml, m2).

If the MIOT and MIOB are not separated on both
sides of the PMOSs (Ql, Q2), the data line pair (11,
12) transits of the Vdd level because it is lower in
voltaéé level than the data line pair (ml, m2)

10 precharged at the vVdd level.

Because the signal lines MIOT, MIOB are separated
into the data line pair (11, 12) and the data line
pair (ml, m2) on both sides of the PMOSs (QL, Q2)
whose gates are supplied with the signal N1', it is

15 possible to prevent an unwanted current from flowing
due to ghort—circuit between the Vdl voltage terminal
of the write amplifier circuit 20 and the Vdd voltage
terminal for precharging the data line pair (ml, m2).
.That is, when the precharge MOSFET driven by the

20 signal MAPJ is on, the PMOSs (Ql, Q2) controlled by
the signai N1l' are off, so'that‘unwanted current
consumption caused by short-circuit between the vdd
voltage terminal for precharging the data line pair
(ml, m2) and the Vdl voltage terminal of the write

25 amplifier circuit 20 can be prevented.
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The' version of the device 100 al so determ nes the nunber of anplifier
groups Al-A8, B1-B8, Cl1-C8, Di1-D8, E1-E8, Fl1-F8, Gl-G8, H1-H8 that are
connected to a single bus line of the main output bu ¥ 2A—er e rgata( N
bus 126. In the case of the by-4 version, there ar¢e gji XtEen-i@npHaBiBEEN b
groups that are connected to a single bus |ine. Beca se t h&tpaAksh116, {117,
118, 119 are separated into upper and |lower |evels, aff~of the sixteen
anplifier groups on a single bus line will be in the sanme |evel. For a
first exanple, a nenory access to the by-4 version of the device 100 w ||
activate one main anplifier fromthe groups Al, A3, A5, A7, Bl, B3, B5, B7,
Cl, @3, G, C7/, Diiddde OF diows!|4hw Ut 18d nvad@tbiner oEninpakk of the
groups i-s connectedto the same bus line. In a second exanple, a nenory
access for thadyukplsd Sighals tdieenlesis erddd apétadionvafethaemannn
anplifier fromthe groups E2, E4, E6, E8, F2, F4, F6, F8, &, 4, &, B,
H2, H4, H6, H&phﬂﬂﬂﬁﬁﬂﬁlﬁbﬁﬁmrlaﬂnﬂffthi5|inv§mtuom shawgrmnps is
connected to the same bus Iine. In the case of a by-8 version of the
devi ce 100, Flhgueeade is gerfomied i erFigunpsiitdl shewsonateted to a single
bus |ine. Because the banks 116, 117, 118, 119 are separated into upper and
| over | efel s dedialled wavedqmms 4Ting e?h%r% %W‘-ﬁa e8I ﬁhBU§ fRne wil |
be in the sane |l evel. For a first exarzg1 f access, o the by-8
trol 51gna s, in

version of tRESYERE Ge 100uinternsl as
Figure 15(a), have a high level of Vdd and have a low

level of Vss. While the signals read from the memory
cells and written into MIOT and MIOB have a high level
10 of Vdl, the main amplifier output signal MOJ has a
high level of Vda, as shown in Figure 15(b). In other
words, the main amplifier circuit 130 performs level
changing from Vdl to Vdd.
Referring to Figure 15(c), the signals N1', N2',
15 N5' of the main amplifier circuit 130 have the
operation voltage levels of Vdd as a high level and
Vss as a low level. The signal N1' depends both on a
main input/output séparation signal MACBJ and a main
'precharge signal MAPJ when the main amplifier is
20 enabled (MASJ is high), as shown by 144 and 146 in
- Figure 15(d).
The data line pairs (I1l, I2, ml, m2) can be
separated on both sides of the PMOSs (a pair of switch
MOSFETs Ql, Q2) whose gate receive the signal Nl1'.

25 The precharge circuit 134 can precharge one of the
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one*main anplifier fromthe groups Al, A5, Bl1, B5, Ci, C5, D1, D5,

al though a main anplifier in each of the groups is connecLegzkgzghe:

bus line. In a second exanple, a nmenory access for tﬁé-ﬁyo‘=y8ﬁ8¥ﬁﬂr5$ht
device 100 will activate one main anplifier fromthe igroupss; 3

&, G5, H2, H6, although a main anplifier in each of thﬁ~grgups-+s—~
connected to the sane bus |ine. In the case of a by-16 version of
t he device 100, there are four anplifier groups that are connected to a
single bus |ine. Because the banks .

data line pairs (11, 12) to the Vdl level and the
other data line pair (ml, m2) to the Vdd level.
While the signal N1' is low, the data read from
memory cells are transferred from one data line pair
5 (11, 12) to the other data line pair (ml, m2). After
this, the read data are amplified by the CMOS latch
amplifier circuit -(Q3, Q4, Q5, Q06) and then held in a
£flip-flop circuit 136. When the first and second
precharge signals MIPBIJ and MIPTIJ go to a high level
10 while the signal N1' is low, the prechérging from the
write amplifier cirguit 20 to the data line pair (11,
12) is stopped.
During the precharge period the PMOSs (Q1, Q2)
- are off, the signal N5' and signal N2' are held at the
15 Vdd level which is the precharge level of the data
line pair (ml, m2), and thereby a through-current is
prevented from flowing in the flip-flop circuit 136
when the wvoltage levels of . the signals N5' and N2' are
.lowered.

-29 If during the precharge period the data line
pairs (11, 12, ml, m2) are not separated on both sides
of the PMOSs (Ql1, Q2), the data line pair (ml, m2)
precharged to the Vdd level. and the data line pair
(11, 12) precharged to the Vdl level are short-

25 circuited, causing the voltage level of the data line
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116; 117, 118, 119 are separated into upper and | ower levels, all of the
four anplifier groups on a single bus line will be in the sane level. For a
first exanple, a nenory access for the by-16 version of the de
activate one main anplifier fromthe groups Al, Bl €F—Bf_al.
anplifier in each of the groups is connected to the'gaﬁﬁﬁb [
second exanple, a nenory access for the by-16 versioﬁ_gjﬂLmﬂwggwﬂg;wﬂ_

will activate one main anplifier fromthe groups E4, "'F4, G4, H4, although a
main anplifier in each of the groups is connected to the same bus |ine.

Due to the different nunbers of anplifier groups being sinultaneously
connect ed topaix dlls ) [tonecHarigd heo byhel, vdy - Bewell. byTHEé vddsi ons of the
device 100, the capacitive |oad on the main output bus 124 is different,

for each ver diewel,| thehepdpchhngs siargl tde thwatataviiheapatauémd,by - the
si xteen connected main anplifiers is relatively high, while in the by-16
ver si on, them@apadihany £3lda and e Bhowering Rf coheceobtiagai Aeumpl ifiers
is relatively low This discrepaqgﬁ i n capacitance causes several problens.
One probl em 8&cdhe istanfls NS ciandiiNg' rcRuseRCBR c2beva-naethgnadyer si on
and the Rhy-16_version share all fhe sane nazé}!ay rs except for_gne, the

1/ 0 circgits *hMRAYS ARV '] 9% I e 1D~ 11eP sGhESUEbWeF8r . because
th [ tput b 124 h di ff t it | he _diff t
Versions, the-si o RrEasSE I A, Ternel A dire i) eher edEsk "

different t'%%%‘ﬁ@%ond main precharge signals MIPBIJ and MIPTIJ

are held at low level during the precharge period 150,
the data line pair (11, 12) on the write amplifier

10 current (Figure 2) side is precharged to the Vdl
level. The data line pair (ml, m2) on tﬁe CMOS latch
amplifier circuit (Q3-Q6) side is precharged to the
vdd level as shown in Figure 15(c). That is, because
the PMOSs (Ql, Q2) for separating the data line pairs

15 (11, 12, ml, m2) of the precharge circuit 134 are off,
shortfcircuit is prevented bétween the data line pair
(11, 12) on the write amplifiér circuit side
precharged to the Vdl level and the data line pair
(ml, m2) precharged to the vdd level.

- 20 The memory array of this embodiment has an
internal voltage set lower than the external output
voltage so as to reduce the power consumption of the
internal circuit. This arrangement requires the read
signal level to be changed within the memory from the

25 intéfnal low voltage to the external high voltage.
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a result, errors may occur in the I/Ocircuits due to t '
di screpanci es ) ?ff"“
~the versions. Another problemis that the by-4 ver5|on. n
operate slower than the by-8 and by-16 versions. * ,a The ble
resol ved by not only changi ng the nunber of bus lines in tThe main ou

bus 124 for the different versions, but also changing the width of the bus
lines. Referring to Figs 7a-7c, a portion of the nmain output bus 124 used
with the upper bank portion 117u and the main anplifiers in groups Bl, B2,
B3, B4, B5, B6, B7, B8 is shown.

Provision of a new circuit for signal level change

results in a lowered read speed because of an
additional time taken by the changing circuit. This
embodiment, however, performs the voltage level change
5 by dividing the data lines (11, 12, ml, m2) by means
ef the switch MOSFETs (Ql, Q2), precharging the data
line pair on the inner circuit side to the low voltage
and the data line pair (ml, m2) oﬂ the amplifier
circu%t (Q3-Q3) side to the high voltage, and
10 connecting both of the data lines in reading. These
processings causes substantially no delay due to level
changing. Provision in this embodiment of the holding
circuit 136 that receives output signals from the
amplifier circuit (Q3-Q6) and holds the data makes it
15 possible to start the precharge operation of the
amplifier circuit early in preparation for the next
read operation.
Further, the use of the CMOS latch amplifier
circuit (Q3-06) of Figure 5. as the amplifier circuit
.20 (Q3-Q6) enables a faster readout operation. That is,
| the level changing in reading causes the signals N2',
N5' to change from the Vdd level to the Vdl level (see -
Figure 15(c)) and CMOS latch amplifier circuit (Q3-Q6)
rapidly and complementarily amplifies one of the

.25 signals to the Vdd level and the other to the Vss

"
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Because each main anplifier has an output of M (Fig. 5), the different
rai n anplifier outputs are referenced by nunerals MOBL, MOB2, MOB3, MOB4,
MOB5, MOB6, MOB7, MOB8 corresponding to the MM out pfits of e Tarm-—
anplifier circuits in groups Bl, B2, B3, B4,-B5, B6,iB7,/“ES ‘ﬁéﬁpﬁﬁ%WvFly.
Furthernore, it is understood that the bank portion @LlZu i's ~merefy
representative of each of the bank portions and their connection to the
mai n out put bus 124. Al so, because the main output bus 124 is different

for each version, it will be hereinafter referred to with the nunerals
124", 124", and 124" for the by-16, by-4, and by-8 versions, respectively.
Fig. 7a illupéveles the nmain output bus 124" with eight bus |ines 160a,
160b, 160c, 160d, 160e; 160f, 160g, 160h, as used in the by-16 version of

t he device 100. Eashesmplahimed gbovieus thenasel®Fa-theotvalstage o 6¢@tific

wi dth 160w. Furthernore, each of the main anplifier outputs MOB 1, MOB2,
MOB3, MOB4, iMogber\Mthen ms7,immailsse!m4ércﬁ@&ﬁq9%r(é’<£k)t% &i ght bus

| i nes 160a- 160h. The main anplifier outputs MOB1l, MOB2, MNOB3 MOB5S,
MOB6, MOB7, ROPSTaSEPBANsVPIERgE §9%ndFhen @mpr L@t G Cwhiss Kl Q%%é Ythat is

consi stent for _each versiagn. As a . result e i,n lifier outputs are
the samedf oraé‘acﬁh9el"§?oHfoﬁ’h@héwd'é'\ﬂ%cgwf@g}%m%e% eg,oz'f he main
anplifier ouéggg aﬁE?%g ¥E§21n¥5%354¥93i1nes of the amplifier

circuit to the high voltage (Vdd) makes it possible to

2

execute the level conversion simultaneously with the
operation of the amplifier circuit. This permits a
10 fast reading operation as the delay time due to level

changing can be substantially ignored.

————
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MOB5,. MOB6, MOB7,

eonventional through-hol e technol ogy.
illustrates the main output bus 124" w th four bus i ines RiBARKCEM62D,
162d, as used in the by-
lines 162a-162d is of a

MOB8 are connected to the bus Ilmgﬁzﬂcﬁﬁa:i@@h:

‘r T{"nb OF“[ gl n"?m DLE\I

Furt hernore, each of the mai N a

SRR TR

tpl 'fi ®r ‘ut s c Y
MOB5, MOB6, MOB7, MOB8 is connected to one of

evi ce 100——‘—‘E?fc:l=r-v'r*1-h75—“f‘0‘ur
W, such ) S

162a-162d. Because the main anplifier outputs MOBl, MOB2,

What is claimed is:

l .

1. A main amplifier circuit for a semiconductor memory that works in

conjunction with a write amplifier circuit, both operating at a first positive

voltage level and capable pf selectively driving and precharging two /O

buses to a second positive voltage level, the main amplifier circuit

comprising

a precharge circuit capable of both separating the two I/O buses and

precharging the two I/O buses; and

an activation circuit for driving a sngnal to activate the first section;
wherein the signal enables the first section to precharge the two I/O
signals only when the two I/O buses are wgp being separated.

2. The main amplifier circuit of claim 1 wherein the first section of the

main amplifier is disabled from precharging the two I/O buses during a

write cycle.

3. A semiconductor memory comprising a plurality of memory cells and

a main amplifier circuit comprising_a main output bus and a test output
bus, wherein in normal operation, only the main output bus can access the
memory cells, and in test mode operation, both the main output bus and the

test output bus can simultaneously access the memory cells.

L] -

4. The semiconductor memory of claim 3 further comprising means for

compressing and decompressing data accessed from the memory cells during

test mode.

5. The semiconductor inemory of claim 3 wherein the main amplifier

circuit includes both an output activate signal and a test activate signal.
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MOB3, "MOB4, MOB5, MOB6, MOB7, MOB8 are constant for each version of the
device 100, the width 162w of the bus |ines 162a- 162uT=+ﬁ—~ar~se———zru++i~ tly
| arge to overlap the appropriate main anplifier outpu ST,Hf‘és’Si“-:‘%ﬁ@WS BEEN

Fig. 7c illustrates the main output bus 124" ~V\/|thtv\0;bus | & i

164b, as used in the b devi ce 100. * Each™of ""t"hE‘twcr'btrs-'
| i nes 164a-164b is of ﬂ“ﬁﬂﬁ‘"ﬁlﬂiﬁ“ﬁl&w such ~~hgjp A 044 e Sy
Furt hernore, each of the naln amp out put s GAZvA 5
MOB5, MOB6, MOB7, MOB8 is connected-to one of the=Fm=ptsS -4 2hp.
As di scussed above with reference to Fig. 7b, because the nmain arrpl i fier
outputs MOB 1, MOB2, MOB3, MOB4, MOB5, MOB6, MOB7, MOB8 are constant for
each version of the device 100, the width 164w of the bus Iines 164 is

al o sufficientl ysl ar t he te - out.puts,
asishown 6 éi?h %’W %Hﬁ CZ ﬁ@’-ﬂﬁ% %@@ﬁﬁﬁ%vﬁ}e&u}) ﬁéei\gfagf" Iroent
vepsi ons of ngéﬁogy\ébgg 100, a tine delay caused by the d| fference in

capaci tance between the versions is equalized. The tinme delay is determ ned
by an RC constant of the bus lines of the main output bus 124, where R

e et s e R ke SR Rl BB ek BE § Mt e

of 2each busmadiesiriduding either a first or second metal mask, wherein a first

3 semiconductor memory with a first data width is produced using the first
4 metal mask and a secoﬁd semiconductor memory with a second data width
5 is producéd using the second metal mask, and wherein the first and second
6 semiconductor memories both have an identical output circuit for receiving
7 an output signal on an output bus, wherein the output bus for the first
8 semiconductor memory has a larger capacitance that the output bus for the
9 second semiconductor memory, the method comprising:
10 selecting a first bus width and a second bus width such that a
11 resistance of the first output bus is less than the resistance of the second
12 output bus.
1 8. The method of claim 7 wherein a time constant for each output bus is

relatively the same.

1 9. The method of claim 7 wherein the semiconductor memories each

have 64 Meg of memory cells.

10. The method of claim 9 wherem the first width is four blts and the

second width is sixteen bits.

N

11. The method of claim 7 wherein the resistance of the first output bus
is less than the resistance of the second output bus because a bus width of
the first output bus is less than a bus width of the second ocutput bus.

.29 -
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decreased. In this way, the R for the bus lines 164a-164b of the by-4
version is relatively snall while the Cfor the bus |ines is relatlvely
| arge. Conve the bus |ines 160a-160h of the-hy-—16-ver

i s rge while the C-for the 6Uﬁ-£hﬂ$§§ﬂ9‘>b“'N
rel atively Em t\m%mﬂ\! the time delay, or RC iéonstaptpL4@ECt he bLs
lines in ea ofs t he deV|ce 100 are very sim: Re—stgnar
performance on the bus lines of the different versions i s more consi stent.

Al t hough illustrative enbodi nents of the present invention have been

12. A semiconductor memory comprising:

a memory array including a plurality of.bit line
pairs, a plurality of word lines crossing the bit line

5 pairs, a plurality of dynamic memory cells, and a

'plﬁrality of sense amplifier circuits connected to the
bit line pairs:;

data line pairs to which a predetermined bit line
pair of the plurality of the bit line pairs is

10 connected;

a write circuit connected to the data line pairs
to output a first plus voltage level:;

a read amplifier circuit connected to the data
line pairs to output a second plus véltage level;

15 a pair of switch MOSFETs provided to the data
line pairs to divide the data line pairs into a first
pair and a second pair:

a first precharge circuit for precharging the
'first data line pair to the first plus volfagé level;
;%0 and
a second precharge circuit for precharging the
second data line pair to the'second plus volfage
level;
wherein the write circuit is connected to the

25 first data line pair and the read amplifier circuit is

-
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shown and described, a latitude of nodification, change and substitution is
ntended in the foregoing disclosure, and in certain jnstances, sone
features of the invention will be enpl oyed wLLhout'a corresponding use of
other features. Furthernore, additional or alternative conponents_and .
circuits may be added vmthout“!ﬂl iu"l I pe of théélmgﬁi]:@fﬁ HAS BE
Accordingly, it is appropri at ed cl ai sl be cqmshnqed;
broadly and in a manner con5|stent Wi t e scope of tHé:ane Ot :
-19-

connected to the second data line pair;

wherein when the second precharge circuit is in
an operating state, the pair of switch MOSFETs are
off.

5 13. A semicondupfor memory according to claim
12, wherein the second plus voltage level is higher
than the first plus voltage level.

14. A semiconductor memory according to claim
13, wherein the high-level output voltages of the

10 plurality of the sense amplifiers are of the first
plus voltage level.

15. A semiconductor memory according to claim
14, wherein the read amplifier circuit is a CMOS latch
circuit.

15 16. A semiconductor memory comprising:

a memory array including a plurality of bit line
pairs, a plurality of word lines crossing the bit line
pairs, a plurality of dynamic memory cells, and a
.plurelity of sense amplifier circuits connected to the

gp bit line pairs:;

" data line pairs to which a predetermined bit line
pair of the plurality of the bit line pairs is
connected;

a read amplifier circuit connected to the data

25 line pairs;

This Sheet Has Been Replaced
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Reﬁérring to Figure 9, a device 200 represents anot her enbodi nent of
an SDRAM to which the present invention is appljed. The device 200
is a 64M SDRAM 5 comptri-sing—four—banks BANKO- BANK3, each having an X-

| at ch predecoder, an X-de l "predecodg:______:____ _a_Y-decoder, a
menory array and a sense m”mlﬂm”mtlﬂ IS n?tﬁds »h@‘\{@é,?‘“‘ th| S
invention is not limted * ¢ to #dn SDRAM but |n | udesp gt 39 SEN Ff
random access g_::::r _______

a pair of switch MOSFETs provided to the data
line pairs to divide the data line pairs into a first
pair and a second pair;

a first precharge circuit for precharging the

5 first data line pair to a first plus voltage level;
and

a second precharge circuit for precharging the
second data line pair to a second plus voltage level-
highe; than the first plus voltage level:;

10 wherein the predetermined bit line pair is
connected to the first data line pair and the read
amplifier circuit is connected to the second data line
pair;

wherein the power supply voltage of the amplifier

15 circuit is of the second plus voltage level.

17. A semiconductor memory according to claim
16, wherein the read amplifier circuit is a CMOS latch
circuit.

. 18. A semiconductor memory according to claim

29 17, wherein the high-level output voltages of the
plurality pf the sense amplifiers are of the first
plus voltage level.

19. A semiconductor memory according to claim
18, further comprising a holding circuit for receiving

25 the output signal of the read amplifier circuit, the

This Sheet Has Been Rep lace
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IO’:nénDry (RAM, and that its bank configuration is not particularly

l'imted. Further _this jipvention can al so be applled to an integrated
circuit of array type that requires a pluralityref=—dg-fterent poy
supply #uuﬂﬂmu"' fol | owi ng descrlpthﬁlmfbﬁhéi '§ﬁ>¥f$flge
| evel is only Ilﬂ”l” Eplanatlon and “idh no Whv“#hﬁé%ded i
limt the scope “of ‘thts S % nvention. THe devi ce 200 recei ves
external power supplies Vdd and Vss through input pads 202, 204. The
ext er nal '

power supply voltage of the holding circuit is of the
second plus voltage level.
20. A semiconductor memory according to claim
19, further comprising a power supply voltage step-
5 down circuit which receives an external power supply
voltage to produce the first plus voltage level.
| | 21. A semiconductor memory according to claim
20, further comprising a write circuit which is
connected to the data line pairs and outputs the first
10 plus ;oltage level. |
22. A semiconductor memory according to claim

19, wherein when the second precharge circuit is in an

operating state, the pair of switch MOSFETs are off.

-
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20* power supply Vdd is about 3.3 V and the external power supply Vss
Is about O V. The device 200 has nenory cells as shmm n Fi gure 8
and al so i ncludes a voltage regul at or Vdl gen 206; E%IQ,\

I nt-er nal power supply Vvdl of approximately 2.2 V.} &
devi ce 200 receives address signals through a ~§\ &

IMPROVED MAIN AMPLIFIER CIRCUTI"‘AND-I&MO |
OUTPUT BUS FOR DYNAMIC RANDOM ACCESS Ri\
Abstract of the Disclosure

A semiconductor memory is provided with a main amplifier circuit
that is cap.able of selectively driving and precharging two I/O buses in
conjunction with a write amplifier. The main amplifier circuit includes a
separation and precharge section and an activation section. The activation

5 section drives a signal for activating the first section to precharge the two
I/0O signals only when the two I/O buses are g% being separated. The main
amplifier circuit also includes both a main output bus and a test output bus.
In so doing, the semiconductor memory can operate in a normal mode and a
test mode. In the test mode, twice as many memory cells of the

10 semiconductor memory can be accessed simultaneously, thereby reducing
test time. The semiconductor memory, which can be one of many different
data widths, has different sized output buses associated with each data
width. Output buses with a relatively large capacitance can be produced
with a large width, giving them a relatively small resistance. Conversely,
output buses with'a relatively small capacitance can be produced with a

| small width, giving them a relatively large resistance. As a result, a time
. constant for the output buses associated with each of the different widths is

P
[+ .

very similar.

D-0312676.02
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<20- plurality of address |npUt pads not shown. The addr ess
Si gnal s are fed to the banks BANKO BANK3 t hrough an address
converts an LVTTL{ffeve VB =

first-stage circuit LVC 208 t hat
level or in-chip 5 level. A Y-latch counter 210 | at clf es"“§r§%tfdrlef$§(ang

signal received in the burst node and upfi/a%,les t he - @esshgam
the counter. The address first- S S .

FIG. 1

MI‘OB v1 MIOT

F
U~y o 10 18
N R ' e A
MAS J> 1 1T T [ ¥
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— | | |
P ovad [} o MO
. IN2 1 N&y i
| 1 — I K —l i
|
MAPJ >— L7 _&T E e EJ;]F f
] . 16 I
L '—TL_E IVss J\ !
B | | MATESTB !
20
V1 d
MI\(()B (vdl) MIOT
‘ e |
MPBL>——T L ety
MIEQTJ > o "
MILSB/.§_]TI'ﬁ_ >
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stage circuit LVC 208 and Y-l atch counter 210 may be conventional ly

available circuits. 10 The device 200 reads or wites data through
an |/ O pads not shown. The |evels of the data to be witten or
read is changed by data first-stage circuits DQO-DQB.212, 218 to an

LVTTL level, a CMOS | evel or a predeternined |evel. Thﬁd«@aé;& ET HAS BEEN
first-stage 15 circuits 212, 218 arepgqqonected to a pl urial ity pke-CMEN

i nput/ out put buffers CMOS buf f 222, 225 controlled by g

hi-gh-i npedance control circuit H -Z Control 220.

FIG. 3

+  READ  + READ +  WRITE .

28

34

S

—
/
e
SS——

Vss

& Vdd 38
MIOx /" /\é‘;v"d - Vdd
7

42
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The hi gh-i npedance control circuit H -Z Control 220 perfornms the
| evel ChangéLOanT‘rUI*ﬁ—gﬂal I nputted 20 fromexternal circuits,

simlarly to first-stage circuit 208 and the data
y el oL s g
first-stage pteephaged 218 - The hi gh-i npedancers
H -Z control ” I, w d by a mask control !IFBIIS‘{“;—,EQVL, @ That!
out puts an |nt 25 signdV11 The mask contiol ne&es:scep ]
controlling the data S . |
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-21-- I nput / out put buffer to high inpedance or | ow i npedance '

according to the operation timng. The CMOS I nput/ out put buffers CMOS
buff 222, 228 are connected to a plurality of latency latch circuits
Latency Latch 5 232, 238, respectively. A node dec%?eﬁggggghTSE§SB_EN ‘
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240 outputs a CAS latency CL and a burst latency BL in’ r

esponse to a

node decoder |atch signal MRS generated when thhwurst node is set up
by a set conmand. As the CL and BL are output, ’g‘ar\l'“g‘f;qrrffynsa
circuit 10 244, in response to a |latch update signgl 7 i ""ﬁa‘fASBEEN
clock) froma control systemcircuit 242 described % N\Ia \CEut put g
control signal for the latency latch 5711 circuits 232, 238 “Theatency
| atch circuits 232, 238, upon receiving the control si gnal, wites or
15 reads data correspondi' ng to the CL or BL.
+ READ + READ + WRITE +
MAS) /
MAPJ
144
MACBJ 140 l . /
N1’ 142
—y —t Py
152

MAE) 148 aNEE a\

MIPBIJ __/_—\_

MIPTIJ

. 38
MIOx vdl
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.The nunber of data first-stage circuits, CMOS i nput/out put buffers,
| atency latch circuits and I/0O pads not shown det emm&&—ﬁ#e:dﬁ-‘a‘“

mnd ey 200. Generally, the data is AF"ab,Qr-1eAp@£aM*ﬂ
%ls%jﬁﬁﬁie Y{ ce(fe the device 200 has a data w dth of 4 thiti g CED Ad

|ncI ads not shown, four data first- ....st:age»fﬁms ~of
whi c epresent ati veI y 6/%hown, four CNDS I nput/ out put
buffers and four |atency latch circuits. 25 The devi ce 200 has
a control systemcircuit 242

~ MOB2 MOB4  MOB6  MOB8
MOB1 §M0§3 | MOBS § MOB7

FIG. 7a

124"

MOB2  MOBL MOB6  MOBS
MOBT | HOB3 | MOBS | MOBT

FIG. 7b -]

124"

162¢c —

162d— - r—ﬁ

MOB2 MOB4  MOB6 MOB8
MOB1 | MOB3 L'MOBS.ﬁ MOB7 |

] ]
FIG. 7c |

1643

’12AIH

164b—1

}464“/
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CS/, a | ow address comrand-RAS ,

wite enable command WE, a cl ock CLK
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signal that takes in an address signal during the read 15 or wite
oper at i on—anre—n—theburst node, controls the count-up of the

Y-latch counter 210. The si gnal Bact/Pre is for | 1
i ndi vi duaIThisahﬂqistsBe epriRRplaced em active and prechar,gé-ihem:

R'Wis for ing the read or wite operatuon fo 'dli\iﬁtﬁﬁﬁ\‘ 20
banks. The signal is an9/f8ernal clock “===gigaal " enera ed
every time ecoder | atch - circuit 238 outputs the CAS Tatency

CL, in order to control the latency control circuit 244.

L]
LIOT > 1 |
- A, A )
FIG. 11 S | A
LIOB >1+— : 1A] 400
404 T
A
402 -
\A <BLEQB
N\ N\ N AN
vdl/2 MIEQL MIO&I\O .
VPP~ ShRo/ [SWLO ”

FIG. 12 L)

)
| LI%IT‘% B SDB//BLOT
vdl/2




The device 200 has 64M (1M equal s 1, 048, 756)

which is shown in Figure 8. E

at vol t age +evetsof about 0 V
heet Has Been Replaced
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(Vss)  and-abeut—22-V(Vvdl ). The provi ded nenory cells are grouped

i nto menory banks BAI\!(O BANK3, each of which i ncl udeg=an-

pr ed dbis Seset 5 dec, an X-decoder Xdec, a Y-p e
Ypr e- d m‘u ﬁi decoder Ydec, menory mats Mat, a sens bbbl s BE

ci rcui Fi gure 10, and an 1/ 0O sel ection I
Fi gure The 1/ O selection circuit 11/11 is used to select either T

connection or disconnection 10 between the |ocal inputs/outputs LIOCT,
LI OB and the mai n i npvipp/ output-s- Mﬁﬁ -OF.- -The- sense -anpl4 fer

vdd

""" 2(a)

b
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circuit SA shown in Figure 10 and the I/0O sel ection circuit shown in

Figure 11 will be detailed later. Figure 1G—e 1 show a sense
anplifier circuit 15 SA 300 and an 1/0O sel ection ci rREf:‘LA 153 Ditwsed
in . the device 200. Figure 12 shows signal wavef ori 2 £ Egj
sense anplifier circuit SA 300 and 1/0O selection { Fircuit 400 Whgn: the
banks of the -device 200 are acti yé- Figure 13 gho %493@7%\/ f g ns
-of the sense 20 anplifier circuit SA 300 and 1/0 gel on circuiti 400
when the banks are bei ng precharged. Now t he g

IMPROVED MAIN AMPLIFIER CIRCUIT AND INPUT-
OUTPUT BUS FOR DYNAMIC RANDOM ACCESS MEMORY

Background of the Invention

The present invention relates generally to semiconductor design
technology, and more particularly, to a system and method for providing an
improved main amplifier and an input-output bus for use with a dynamic

-random access memory. |

Speed and timing constraints have always been important
considerations in designing electronic systems. Most system designs must
match the timing requirements of all the components used, yet still be
optimized for high speed. As a result, many integrated circuits, or “chips,”
utilize a syncﬂfonous'éiééign. A synchronous chip 1s one in which
components of the chip are connected to a common system clock.
Synchronous chips typically have latches, registers ana/or counters
connected to some of its inputs and outputs, all on a single monolithic chip.
Furthermore, synchronous chips provide many benefits to system designers,

~ such as fewer external logic chips and high speed operation.

One example of a synchronous chip is a synchronous dynamic random
access memory (“SDRAM”). In concept, a SDRAM is simply a dynamic
' random access memory (‘DRAM”) with registers and/or latches included on

the same chip. However, circuit and bus designs become more critical as



operation when the banks are active and the operation when they are
prechar'ged wi Il be expl ai ned. Fi gure 10, WW t he
bank-active 25 operations of each circuit. As th L
ban p : bai)‘%ﬁ_}?%‘inﬁmm‘

i

!

!
( 04 SEP 1997

the number of transistors and the speed of the transistors increase. For
example, there exists conventional 16 Mbit SDRAMSs (1 Mbit equals
1,048,576 memory cells, or “bits”) as well as 64 Mbit DRAMs. However,
presently, no 64 Mbit SDRAM exists. One convenient method for creating
64Mbit SDRANSs is by combining the peripheral circuitry (circuits
peripheral to a memory cell array) used in the 16 Mbit SDRAM with the
memory array of the 64 Mbit DRAM. However, such a combination, due to.
higher operating speed required by the synchronous operation and heavier
capacitive loads due to the increase in memory cells, creates a new set of
problems. One such problem is timing conflicts. Timing conflicts may
result in incorrect data l_)eing read and possibly making the device

inoperable. Another problem is voltage level discrepancies. Voltage level

-2-

————

discrepancies may result in signals being connected to different power
supplies, thereby shorting the power supplies. As a result, power
consumption is increased and reliability problems such as high temperature
and current flow are prevalent.

To illustrate these problems, a conventional 64 Mbit DRAM and a
conventional 16 Mbit SDRAM will be discussed. The 64 Mbit DRAM
separates memory cells into a discrete number of banks. For the sale of
example, four banks will be used. Associated with each of the banks of
memory cells are a plurality of main amplifiers including a main amplifier
circuit discussed below with reference to Fig. 1. Also associated with each
of the banks of memory cells are a plurality of write amplifiers including a
write amplifier circuit discussed below with reference to Fig. 2. Both the
main amplifier and write amplifier are derived from the conventional 16
Mbit SDRAM.

Figure 1 describes a main amplifier circuit 10 for the conventional 16

. Mbit SDRAM. The main amplifier circuit 10 receives a plurality of signals

including a bank activate signal MASJ, a main input-output separate signal



active, the operation of precharging the nodes of the §7—= 3 Lfier
circuit'"300 to the Vdl/2 level is ended. That |s? uﬁédcﬁgﬁ?}{@’l ;§§@p I
BLEQB goes from a high vdd |l evel to a | ow Vss I €

S MOSFETs in the sense anplifier circuit 300 are tur e to stop
t he precharge operation, which in turn makes th enge §r#] ¥ e
circuit 300 ready to operate. At-Bhe sane tine, —operatian of -
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MACBJ, a main amplifier activation signal MAEJ, a test signal MATESTB,
and a main amplifier precharge signal MAPJ. The main amplifier also
drives three signals: a main input-output signal MIOT, an inverted main
input-output signal MIOB, and a main amplifier output MOJ.
Furthermore, the main amplifier circuit 10 is connected to power supplies
including a positive external power supply VDD, a negative external power
supply VSS, and a positive power supply V,. In the conventional 16 Mbit
SDRAM, the power supply V, is equal to VDD, but for reasons that will
become more evident with the discussion below, for the present description,
these two power supplies will be distinguished.

The main amplifier circuit 10 can be separated into four different
sections. A first section, represented by a NAND gate 12, receives the two
signals MASJ and MACBJ. The MASJ signal remains “high” whenever the
main amplifier circuit 10 is “active”. The main amplifier circuit 10 is active

- whenever it is being used to access a memory cell in its associated bank of
memory cells. The MACBJ signal transitions “low” whenever the amplifier
should be separating the two output signals MIOT and MIOB. Circuitry
used to separate the two output signals is not shown, but different
implementation. of such circuitry are well known by those of ordinary skill,
in the art. Because the MASJ signal remains high, the NAND gate 12 has
an output N1 that is an inverted signal of the MACBJ signal.

A second section of the main amplifier circuit 10 is a precharge circuit
14.. The precharge circuit 14 precharges the output signals MIOB and
MIOT by connecting them together and to VDD or V, for specific periods of
time. Precharging is controlled by the MAPJ signal when the two output
signals MIOT and MIOB are not being separated, and by the MASJ signal

when the bank associated with the main amplifier circuit 10 is not active.
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A third section of the main amplifier circuit 10 is a flip flop 16. The
flip flop 16 receives the N1 signal as well as a signal N2 derived from the
precharge circuit 14. The flip flop produces two output signals N3 and N4.

A fourth section of the main amplifier circuit 10 is a drive circuit 18.
The drive circuit 18 receives the outputs N3 and N4 of the flip flop 16 to
selectively drive an output signal MOJ of a main output bus.

In addition, the drive circuit 18 receives the MATESTB signal, which
signifies that the main amplifier circuit 10 is in a test mode. The test mode
is used during production testing of the 16 Mbit SDRAM to shorten test
times. To test the conventional 16 Mbit SDRAM, each memory cell must be
accessed. Utilizing a test mode allows more than one memory cell to be
written to and read from at the same time, thereby reducing the test time.
The conventional 16 Mbit SDRAM has 16 MOJ signals grouped to form the
main output bus, in order to facilitate a 16 bit wide SDRAM. Furthermore,
the conventional 16 Mbit SDRAM has 16 main amplifier circuits.

Therefore, the conventional 16 Mbit SDRAM may simultaneous access
sixteen memory locations, thereby improving the test time. In order to
improve test times ﬁﬁher, it would be advantageous to access more than 16
memory ceils at the same time. : '

Figure 2 describes a write amplifier circuit 20 for the conventional 16
Mbit SDRAM. The write amplifier circuit 20 receives a plurality of signals
including a first precharge signal MIPT1J, a second precharge signal
MIPBIJ, an equalization signal MIEQIJ, a first write signal MDIB, and a
second write signal MDIT. The write amplifier circuit 20 also drives the
main and inverted input-output signals MIOT and MIOB. Furthermore, the
write amplifier circuit 20 is connected to the negative external power supply
VSS and a positive internal power supply V,, which equals VDD.

The write amplifier circuit 20 can equalize the output signals MIOB
and MIOT by connecting them together and/or to V, for specific periods of
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time. Furthermore, the write amplifier circuit 20 can selectively drive the
output signals MIOB and MIOT to either V, or VSs by appropriately
asserting the write signals MDIB, MDIT, MIPBIJ, or MIPTIJ.

The conventional 64 Mbit DRAM has a memory array that operates
at an intermediate voltage level, which is between VDD and VsS. The
intermediate voltage level is required for a variety of reasons, well known
by those of ordinary skill in the art. A problem arises when the above two
amplifier circuits from the conventional 16 Mbit SDRAM, which operate at
VDD and VSS, are combined with the 64 Mbit memory cell array‘which
requires the intermediate voltage. A first solution is to change the voltage
level for VDD. However, this solution does not work because other
peripheral circuits, as well as other peripheral chips, require the voltage
level for VDD to be at a higher, predefined level. A second solution is to
change the positive internal power supply V, to be equal to the intermediate
voltage level. In this way, the voltage level for VDD remains the same, and
the intermediate voltage level for the memory array is reduced. However,
this solution creates a new set of problems, as discussed below.

Figure 3 shows a timing diagram representing the signals and
circuits discussed above, and illustrating 2n example of the problems caused
by the different voltage levels VDD and V,. The functionality of the input
signals is basically a function of other circuits included with the
conventional 16 Mbit SDRAM, but not shown. It is understood, however,
that one of ordinary skill in the art will be familiar with the input signals
and their accompanying waveform, with reference to the signal descriptions
provided above.

The waveform for the N1 signal is basically an inversion of the

waveform for the MACBJ signal whenever the main amplifier circuit 10 is

.activated (MASJ is high), as shown by the reference arrows 22, 24, 26, 28.

In so doing, the N1 signal simply notifies the main amplifier circuit 10

o 9a
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when separation is to occur. The main amplifier is capable of driving the
output signals MIOB and MIOT, referenced generally by MIOx, whenever
the N1 signal is low. Therefore, referring to the reference arrows 30, 32
and 34, when the MAPJ signal is low, the main amplifier circuit 10 drives
the MIOx signals to VDD. Likewise, referring to the reference arrows 36
and 38, the write amplifier circuit 20 also drives the MIOx signals to V, or
VSS at specific times. However, during times 40 and 42, both the main
amplifier circuit 10 and the write amplifier circuit 20 are driving the MIOx
signals at the same time but to different voltage levels. Since the MIOx
signals will not bé at two different voltages at the same time, a “short”
exists, for a limited period of time, between the corresponding power
supplies. In order to improve the reliability and power consumption of the
64 Mbit SDRAM, it would be advantageous to eliminate any shorts between

the power supplies.
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Summary of the Invention
The present invention, accordingly, provides a semiconductor memory

with a main amplifier circuit that is capable of utilizing two different
positive voltage levels and selectively driving and precharging two IO buses
in conjunction with a write amplifier. The main amplifier circuit includes a
separation and precharge section and an activation section. The activation
section drives a signal for activating the first section to precharge the two
/O signals only when the two I/O buses are not being separated.

In another aspect, the main amplifier circuit includes both a main
output bus and a test output bus. In so doing, the semiconductor memory
can operate in a normal mode and a test mode. In the test mode, twice as
many memory cells of the semiconductor memory can be accessed
simultaneously, thereby reducing test time.

In another aspect, the semiconductor memory, which can be one of
many different data widths, has different sized output buses associated with
each data width. Since the different data widths are generated using
different metal masks, the different sized output buses can be generated
with the same metal masks. Qutput buses with a relatively large
capacitance can. be produced with a large width, giving them z relatively
small resistance. Conversely, output buses with a relatively small
capacitance can be produced with a small width, giving them a relatively
large resistance.. As a result, a time constant for the output buses

associated with each of the different widths is very similar.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of a circuit of a main amplifier for a
conventional 16 Mbit SDRAM.

Fig. 2 is a schematic diagram of a circuit of a write amplifier for a
conventional 16 Mbit SDRAM.
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Fig. 3 is a timing diagram of the conventional circuits of Figs. 1-2

Fig. 4 is a block diagram of a 64 Vbit SDRAN embodying features of
the present invention.

Fig. 5 is a schematic diagram of a circuit of an improved main
amplifier for the 64 Mbit SDRAM of Fig. 4.

Fig. 6 is a timing diagram of the improved main amplifier circuit of
Fig. 5, along with the conventional write amplifier of Fig. 2, illustrating the
features of the present invention.

Figs. 7a, Tb and 7c are layout diagrams for a main gutput bus of the
64 Mbit SDRAM of Fig. 4.

. 8 is a diagram of memory cells of Figs. 4 and 9.

— j.
aQ

. 9 is a diagram of another SDRAM embodying features of the present

3!
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invention.
Fig. 10 is a diagram of a sense amplifier.
Fig. 11 is a diagram of a I/O selection circuit.
Fig. 12 is a timing diagram when banks are active.
Fig. 13 is a timing diagram when banks are being precharged.
Fig. 14 is a timing diagram of a write amplifier circuit.

Fig. 15 is a timing diagram of a main amplifier of the present invention.

Detailed Description of the Preferred Embodiment
-As described abave, Figs. 1, 2 and 3 illustrate circuits and timing

diagrams associated with a conventional main amplifier and write amplifier
for a 16 Mbit SDRAM device. The conventional write amplifier circuit 20 of
Fig. 2 is also utilized by the present invention and is therefore referenced in

the following description.
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Referring to Fig. 4, the reference numeral 100 designates, in general,
an St)RA.E:[ davice embadying faatures of the preseat invention. Whilein a
preferred embodiment of the invention, the device 100 is a 64 Mbit SDRAM,
it shauld be understaod that the present invention is nat limited to use with
a SDRAM, but may be used in conjunction with any array-type integrated
circuit device requiring multiple-amplifiers with different positive voltage
levels, including ather types of random access memories. Furthermore, the
voltage levels listed in the preferred embadiment are for descriptive
purposes only, and are not intended to limit the invention.

The device 100 receives a positive external power supply (VDD) and a
_negative external power supply (VsSS) through input pads 102 and 104,
respectively. In the preferred embodiment, the VDD voltage equals 3.3V and
the Vss _‘éoltage equals O0V. Furthermare, the device 100 comprises a voltage
regulator 106 that supplies an internal voltage (VDL) of about 2.2V, for use
with memory cells of the device. All three 'voltages Vss, VDD, VDL are
typical for most conventional 64 Mbit DRAMS, and will not be discussed in
greater detail.

The device 100 receives address inputs and control signal inputs
through input pads 108a, 108b, 108¢, and 108d. In the preferred
embodiment, many more address and control input pads exist, but their
functionality can be illustrated by the pads 108a-108d. Furthermore, the
device 100 comprises a plurality of control and address decoder circuits,

- referenced generally by an address decoder group 110. The address decoder

group 110 and the input pads 108a-108d are conventional for most 64 Mbit
‘DRAMS and/or 16 Mbit SDRAMSs, and will not be discussed in greater
detail.

The device 100 transmits and receives data input-outputs (I/Os)
through I/O pads 112a, 112b, 112¢, and 112d. The number of I/Os
determines a data width for the device 100, which is typically either four,
eight or sixteen bits wide. Unless otherwise stated, for the sake of example,
the device 100 is a four bit wide device, having only the four /O pads 112a.
112d. Furthermore, the device 100 comprises a plurality of input buffers,
output buffers and other circuits, referenced generally by an /O circuits
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group L14. The I/O circuits group 114 and the input pads 112a-112d are
conventional for most 64 Mbit DRAMs and/or 16 Mbit SDRAMs, and will
not be discussed in greater detail.

The device 100 contains 64 Meg (1 meg equals 1,048,576) of memory
cells. The memory cells operate at voltage levels between 0V (VSs) and 2.2V
(VDL). The memory cells are grouped into four equal-sized banks 116, 117,
118, 119, each having an upper and lower portion represented by the suffix

“u” or “1", respectively. The memory cells are conventional, and utilize
many different signal lines, amplifier circuits and decoder circuits. Because

the banks 116-119 contain memory cells conventional for most 64 Mbit
DRAMs, their functionality will not be discussed in greater detail.

Also associated with each bank of memory cells is a plurality of main
amplifier and write amplifier circuits. In the device 100, there are 8 main
amplifiers and 8 write amplifiers associated with each bank portion. For
example, the bank portion 116u has associated with it a first main amplifier
120 and a first write amplifier 122, referenced generally by a group Al, and
seven other main amplifiers and write amplifiers referenced generally by
groups A2, A3, A4, AS,'AG, A7, A8. Likewise, each of the bank portions
117w, 118u,7119u, 1161, 1171, 1181, and 119! have eight main amplifiers and
write amplifiers, referenced generally by groups B1-B8, C1-C8, D1-D§, E1-
E8, F1-F8, G1-G8, and H1-HS, respectively. All of the main amplifiers and
all of the write amplifiers are identical, and for the sake of simplicity, only
the first main amplifier 120 and the first write amplifier 122 will be further
discussed, it being understood that the remaining main amplifiers and write

amplifiers perform in the same way.

Each of the main amplifiers is connected to a main cutput bus 124
and each of the write amplifiers is connected to a data-in bus 1286. As. |
mentioned above, the device 100 may have either four, eight or sixteen I/Os.
Accordingly, the output bus 124 and the data-in bus 126 each comprise

either four, eight or sixteen individual bus lines, respectively.
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main amplifier 120, utilizes the same plurality of signals as the
conventional main amplifier circuit 10 of Fig. 1. These include the bank
activate signal MASJ, the main input-output separate signal MACBJ, the
main ampliﬁer activation signal MAEJ, the test signal MATESTB, the main
amplifier precha_rge signal MAPJ, the main input-output signal MIOT, the
inverted main input-output signal MIOB, and the main amplifier output
MOJ. Furthermore, the main amplifier circuit 130 is also connected to the
VDD, VDL and VSS power supplies.

The main amplifier-circuit 130 can be separated into four different
sections. A first section is a NAND circuit 132. The NAND circuit 132
receives the three signals MAPJ, MASJ and MACBJ. The MACBJ signal
transitions low whenever the amplifier circuit 130 should be separating the
two output signals MIOT and MIOB. The MASJ signal transitions high
whenever the bank portion 116u is activated. The MAPJ signal transitions
high whenever the output signals MIOT and MIOB are to be precharged.
As a result, the NAND circuit 132 has an output N1' that is responsive to
both the se;?aration signal MACRBJ as well as the precharge signal MAPJ.
The benefits of the improved NAND circuit 132 will become more evident
with the following discussion.

A second section of the main amplifier circuit 130 is a precharge
circuit 184. The precharge circuit 134 precharges the output signals MIOB
and MIOT by connecting them together and to VDD for specific periods of
time as well as to VDL for different periods of time. Precharging to VDD is
controlled by the signal MAPJ and only occurs when the two output sfignals
MIOT and MIOB are not being separated, i.e., when N1'is low, Precharging
to VDL is controlled by the signal MASJ and only occurs when the bank
portion 116u is activated. .

A third section of the main amplifier circuit 130 is a flip flop 136.
The flip flop 136 receives the signal iggz’/as well as a signal N2' derived from
the precharge circuit 134. The flip flop 136 produces two output signals N3’
and N4'.

A fourth section of the main amplifier circuit 130 is a drive circuit
138. The drive circuit 138 receives the outputs N3', N4' of the flip flop 136

_to selectively drive the MQJ signal of the main output bus.
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. The drive circuit 138 also receives the signal MATESTB, which
signifies that the main amplifier circuit 130 is in the test mode, and an
output activate signal MAOEJ to drive the MOJ signal. Utilizing these two
signals, and the outputs N3', N4', the drive circuit 138 can selectively drive
either the MOJ bus or a main amplifier test output bus MOTJ. The MOTJ
signal is similar to the MOJ bus, but is only used during test mode.
Because there are 64 main amplifier circuits, 32 associated with upper
portion banks 116u, 117u, 118y, 119u and 32 associated with the lower
portion banks 1161, 1171, 1181, 1191, a main test output bus 124t comprises
64 buses for the individual MOTJ buses associated with each main
amplifier circuit. In so doing, during test mode, 64 memory cells may be
simultaneously accessed. Without using the MOTJ signal and operating in
a normal mode, a2 maximum of sixteen memory cells (in the case of the
sixteen bit wide device 100) may be accessed simultaneously. As a result,
the time required to access all 64 meg of memory cells is reduced by a factor
of four when operating in test mode. To further facilitate the test mode, the
main test output bus 124t is connected to compression and decompression
circuits 139, to determine if data from all the memory cells being
simultancously read is correct. It is understood that such-compression and
decompression circuits are used in the conventional 16 Mbit SDRAM and
are readily evident and easily understood by those of ordinary skill in the
art.

As mentioned above, the first write amplifier 122 includes the write
amplifier circuit 20 of Fig. 2. However, the voltage V, is connected to the
VDL power supply, describe above.

Referring to Fig. 6, the waveforms of the various input signals are

functions of other circuits located on the device 100, but not shown. Itis

.understood, however, that many of these input signals are similar to those

of the conventional 16 Mbit SDRAN and one of ordinary skill in the art will
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be familiar with the input signals and their accompanying waveform, with
reference to the signal descriptions provided above.

The waveform for the signal N1'is a function of both the MACBJ and
MAPJ signals, as shown by the reference arrows 140, 142, 144, 146,
whenever the main amplifier circuit 130 is enabled (MASJ is high). In so
doing, N1' notifies the main amplifier circuit 130 both when separation is to
occur as well as when precharging is not occurring. The main amplifier 130
is capable of driving the output signals MIOB and MIOT, referenced
generally by MIOx, to VDD whenever the N1' signal is low. Therefore, since
the MAPJ signal controls the N1' signal, the main amplifier circuit 130 does
not drive the MIOx signals to VDD during time periods 148, 150 and 152.

The write amplifier circuit 20 continues to drive the MIOx signals to
VDL or VSS at specific times, as shown by reference arrows 36 and 38.
However, no short exists due to conflicting voltages being driven onto the
MICx signals.

Referring again to Fig. 4, the device 100 can be either four, eight or
sixteen bits wide, hereinafter referred to as the by-4, by-8 or by-16 version,
respectively. During production of the device, a determination of which
version of the-device 100 is made. Although the device 100 is-produced
using a plurality of mask layers (not shown), each version has associated
therewith a unique metal mask layer (also not shown). It is understood
that this method of producing different versions of a device by changing
only one metal mask layer is well known in the art, and will therefore not
be discussed in greater detail.

The particular version of the device 100 determines the number of
bus lines in the output bus 124 and the data-in bus 126. In the case of the
by-4 version, there are four bus lines in the output bus 124, two associated

.with the upper portion banks 116u, 117u, 118u, 119u and two associated
with the lower portion banks 1161, 1171, 1181, 119l. In the case of a by-8
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version, there are eight bus lines in the output bus 124, four associated with
the upper portion banks 116u, 117u, 118y, 119u and four associated with
the lower portion banks 1161, 1171, 118], 1191. In the case of a by-16
version, there are sixteen bus lines in the output bus 124, eight associated
with the upper portion banks 116u, 117u, 118u, 119u and eight associated
with the lower portion banks 116}, 1171, 118}, 1191. The arrangement and
quantity of bus lines in the data-in bus 126 are similar to those of the
output bus 124. .

The version of the device 100 also determines the number of amplifier
groups Al-A8, B1-B8, C1-C8, D1-D8, E1-E8, F1-F8, G1-G8, H1-HS that are
connected to a single bus line of the main output bus 124 or main data-in
bus 126. In the case of the by-4 version, there are sixteen amplifier groups
that are connected to a single bus line. Because the banks 116, 117, 118,
119 are separated into upper and lower levels, all of the sixteen amplifier
groups on a single bus line will be in the same level. For a first example, a
memory access to the by-4 version of the device 100 will activate one main
amplifier from the groups Al, A3, A5, A7, B1, B3, Bs, B7, C1, C3, C5, C7,
D1, D3, D5, D7, although a main amplifier in each of the groups is
connected to the same bus line. In a'second example, a memory access for
the by-4 version of the device 100 will activate one main amplifier from the
groups E2, E4, ES6, E8, F2, F4, F6, F8, G2, G4, G6, G8, H2, H4, H6, HS,
although a main amplifier in each of the groups is connected to the same

. bus line.

In the case of a by-8 version of the device 100, there are eight
amplifier groups that are connected to a single bus line. Because the banks
116, 117, 118, 119 are separated into upper and lower levels, all of the eight
amplifier groups on a single bus line will be in the same level. For a first

. example, a memory access to the by-8 version of the device 100 will activate
one main amplifier from the groups Al, A5, B1, B5, C1, C5, D1, D5,
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although a main amplifier in each of the groups is connected to the same
bus line. In a second example, 2 memory access for the by-8 version of the
device 100 will activate one main amplifier from the groups E2, E6, F2, Fs,
G2, G6, H2, HS, although a main amplifier in each of the groups is
connected to the same bus line.

In the case of a by-16 version of the device 100, there are four
amplifier groups that are connected to a single bus line. Because the banks
116, 117, 118, 119 are separated into upper and lower levels, all of the four
amplifier groups on a single bus line will be in the same level. For a first
example, a meﬁlory access for the by-16 version of the dev.ice 100 will
activate one main amplifier from the groups Al, B1, C1, D1, although a
main amplifier in each of the groups is connected to the same bus line. In a
second example, a memory access for the by-16 version of the device 100
will activate one main amplifier from the groups E4, ['4, G4, H4, although
a main amplifier in each of the groups is connected to the same bus line.

Due to the different numbers of amplifier groups being
simultaneously connected to a single bus line for the by-4, by-8 and by-16
versions of the device 100, the capacitive load on the main output bus 124 is
different for-each version. In the by-4 version, the capacitive load caused by -
the sixteen connected main amplifiers is relatively high, while in the by-16
version, the capacitive load caused by the four connected main amplifiers is
relatively low. This discrepancy in capacitance causes several problems.
One problem occurs in the I/O circuits 114. Because both the by-4 version
and the by-16 version share all the same mask layers except for one, the /O
circuits 114 for each version is practically the same. However, because the
main output bus 124 has different capacitive loads for the different versions,

the signals being driven to the I/O circuits 114 arrive at different times. As

. a result, errors may occur in the /O circuits due to the signal discrepancies



the signal N1' at its gates. As a result, the pr arge vol tage | evel

Vdl of “one pair (11, 12) of data lines can be s [R@P@%@?‘WTWS%T
precharge voltage 5 | evel Vvdd of the other (nm, ) e A he
M OTl and M OB are not separated on both sides ofi the PMOSs (QL, [Q!),
the data line pair (11, 12) transits of the vdd!l ¢ved 408ERUSST i S

| ower in voltage |evel than the Wt line pair (ni,. nR) 10
precharged at the Vvdd | evel. Because t he sg gnal |ines , M OB

are separated

between the versions. Another problem is that the by-4 version, in general,
may operate slower than the by-8 and by-16 versions.

These problems are resolved by not only changing the number of bus
lines in the main output bus 124 for the different versions, but also
changing the width of the bus lines. Referring to Figs 7a-7c, a portion of
the main output bus 124 used with the upper bank portion 117u and the
main amplifiers in groups B1, B2, B3, B4, B5, B6, B7, B8 is shown.
Because each main amplifier has an output of MOJ (Fig. 5), the different
main ampliﬁe;' outputs are referenced by numerals MOB1, MOB2, MOBS,
MOB4, MOBS, MOB6, MOB7, MOBS corresponding to the MOJ outputs of
the main amplifier circuits in groups B1, B2, B3, B4, B5, B6, B7, BS,
respectively. Furthermore, it is understood that the bank portion 117u is
merely representative of each of the bank portions and their connection to
the main output bus 124. Also, because the main output bus 124 is
different for each version, it will be hereinafter referred to with the

" numerals 124, 124", and 124" for the by-16, by-4, and by-8 versions,
respectively.

Fig. 7a illustrates the main output bus 124' with eight bus lines 160a,
16Cb, 160c, 160d, 160e, 160f, 160g,-160h, as used in the by-16 version of the
device 100. Each of the eight bus lines 160a-160h is of a specific width
160w. Further;nore, each of the main amplifier outputs MOB1, MOB2,
MOB3, MOB4, MOBS5, MOBS, MOB7, MOBS8 is connected to one of the eight
bus lines 160a-160h. The main amplifier outputs MOB1, MOB2, MOBS3,
MOB4, MOBS5, MOB6, MOB7, MOBS are constructed using one of the metal
mask layers that is consistent for each version. As a result, the main
amplifier outputs are the same for each version of the device 100.
Furthermore, the main amplifier outputs MOB1, MOB2, MOB3, MOB4,

:MOBS5, MOB6, MOB7, MOBS are connected to the bus lines 160a-160h

using conventional through-hole technology.




into the data line pair (11, 12) and the data line 3;%;?, U el

both si'des of the PMOSs (Ql, Q@) whose gates ar eg SHppETedimit bl
signal N1', it is 15 possible to prevent an unvvantec? current from

due to short-circuit between the Vdl voltage term nal j O@fsgp]@gayr
anplifier circuit 20 and the Vdd vol tage term ngl [for prechargirfgjthe
data line pair (m, nR). That iszLl@®hen the precharge '

the 20 signal MAPJ is on, the PMOSs (QlL, Q) controk-ed.hy
signal N1' are off, so that unwanted current

Fig. 7b illustrates the main output bus 124" with four bus lines 162a,
162b, 162c, 162d, as used in the by-8 version of the device 100. Each of the ~
four bus lines 162a-162d is of a specific width 162w, such that 162w >
160w. Furthermore, each of the main amplifier outputs MOB1, MOB2,
MOB3, MOB4, MOBS5, MOB6, MOB7, MOBS is connected to one of the four
bus lines 162a-162d. Because the main amplifier outputs MOB1, MOB2,
MOB3, MOB4, MOBS5, MOB6, MOB7, MOBS are constant for each version
of the device 100, the width 162w of the bus lines 162a-162d is also
suﬁéiently large to overlap the appropriate main amplifier outputs, as
shown. _

Fig. 7c illustrates the main output bus 124" with two bus lines 164a,
164b, as used in the by-4 version of the device 100. Each of the two bus
lines 164a-164b is of a specific width 164w, such that 164w > 162w > 160w.
Furthermore, each of the main amplifier outputs MOB1, MOB2, MOB3,
MOB4, MOBS, MOB6, MOB7, MOBS is connected to one of the two bus
lines 164a-164b. As discussed above with reference to Fig. 7b, because the
main amplifier outputs MOB1, MOB2, MOB3, MOB4, MOBS, MOBS,
MOB?7, MOBS8 are constant for each version of the device 100, the width
164w of the bus lines 164 is also sufficiently large to overlap the .
appropriate main amplifier outputs, as shown.

By providing a bus width that varies between the different versions of
the device 100, a time delay caused by the difference in capacitance between
the versions is equalized. The time delay is determined by an RC constant
of the bus lines of the main output bus 124, where R represents the
resistance of each bus line, and C represents the capacitance of each bus
line. By making the bus lines wider, the resistance of each bus lines is
decreased. In this way, the R for the bus lines 164a-164b of the by-4

_version is relatively small, while the C for the bus lines is relatively large.
Conversely, the R for the bus lines 160a-160h of the by-16 version is



consunption caused by short-circuit between the Vdg— —\ol-t r m nal
for precharging the data |ine pair (ml, ) EEPLAENENTVAHERRe
termnal of the wite 25 anplifier circuit 20 can pe preventet:
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relatively large, while the C for the bus lines is relatively small. As a
result, the time delay, or RC constant, for the bus lines in each version of
the device 100 are very similar, and the signal performance on the bus lines
of the different versions is more consistent.

Although illustrative embodiments of the present invention have been
shown and described, a latitude of modification, change and substitution is
intended in the foregoing disclosure, and in certain instances, some features
of the invention will be employed without a corresponding use of other
features. Furthermore, additional or alternative components and other
circuits may be added without altering the scope of the ir;vention.
Accordingly, it is appropriate that the appended claims be construed broadly

and in a manner consistent with the scope of the invention.



Figure 15 shows the detail ed waveforns of input and out put signals

when the read operation of the main anplifier circuit 130 of this

i nvention shown in Figure 5 is perfornmed. Figwe-15(d) shows nore 5
detail ed waveforns during the read operation shown iREP?Apﬁmﬁi The

i nternal control signals, as shown in Figure 15 é%?“‘“*d ghil eve
of vdd and have a | ow | evel of V38~ Wile the sﬂgnals read fromthe
menory cells and witten into MOT and M OB h ve O Wi §EPI1BIZI

Referring to Figure 9, a device 200 represents
another embodiment of an SDRAM to which the present
inyention is applied. The device 200 is a 64M SDRAM

5 comprising four banks BANKO-BANK3, each having an X-
latch predecoder, an X-decoder, a Y-latch predecoder,
a Y-decoder, a memorf'array and a sense amplifier. It
is noted, however, that this invention is not limited
to an SDRAM but includes other types of random access

10 memory (RAM), and that its bank configuration is not
particularly limited. Further, this invention can
also be applied to an integrated circuit of array type
that requires a plurality of different power supply
voltage levels. The following description of the

15 voltage level is only for the sake of explanation and
in no way intended to limit the scope of this
invention.

The device 200 receives external power supplies
Vvdd and Vss through input pads 202, 204. The external

20 power supply Vdd is about 3.3 V and the external power
supply Vss is about 0 V. The device 200 has memory
cells as shown in Figure 8 and also includes a voltage
regulator Vdl gen 206 that supplies an internal power
supply Vdl of approximately 2.2 V.

25 The device 200 receives address signals through a



10 of Vdl, the main anplifier output signal MO has a hi gh | evel of

Vdd, as shown in Figure 15(b). In other wor ds, _Lhe main_anplifier
circuit 130 perforns |evel changing from Vdl ti@ fHHQerA QT
Referring to Figure 15(c), the signals N1', N2' 1# * ﬂﬂl%ﬁﬁ?
anplifier circuit 130 have the o] ratlon voltag Ievels of Vdd gs a
hi gh | evel and Vss as a | ow | evelQ-The signal iNi' QpSERIWPtR dn a
mai n i nput/out put separation signal MACBJ and a na|? i“m, prechargé¢ gignal

MAPJ when the main anplifier is ‘
£

plurality of address input pads not shown. The
address signals are fed to the banks BANKO-BANK3
through an address first-stage circuit LVC 208 that
converts an LVITL level to a COMS level or in-chip

5 level. A Y-latch counter 210 latches an address
signal received in the burst mode and updates the
address signal by -the counter. The address first-
stage circuit'LVC 208 and Y-latch counter ‘210 may be
conventionally available circuits.

10 - The device 200 reads or writes data through an
I/0 pads not shown. The levels of the data to be
written or read is changed by data first-stage
circuits DQO-DQ3 212, 218 to an LVTTL level, a CMOS
level or a predetermined level. Thé data first-stage

15 circuits 212, 218 are connected to a plurality of CMOS
input/output buffers CMOS buff 222, 228 controlled by
a high-impedance control circuit Hi-Z Control 220.

The high-impedance control circuit Hi-Z Control 220
performs the level change of a control signal inputted

20 from external circuits, similarly to the address
first-stage circuit 208 and the data first-stage
circuits 212, 218. The high-impedance control circuit
Hi-Z control 220 is controlled by a mask control
circuit DQM 230 that outputs an internal control

25 signal. The mask control means controlling the data




20 enabled (MASJ is high), as shown by 144 and 146 |n Flgure 15(d) .

The data line pairs (11, 12, nml, n2) can be @w qid“uu S
of the PMOSs (a pair of swi t ch MOSFETs Q1, (:_)2)g el «E<ié%érq
signal N1'. 25 The precharge circuit 134 can prech@r?e one of the™]

10

15

20

25
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input/output buffer to high impedance or low impedance
according to the operation timing. The CMOS
input/output buffers CMOS buff 222, 228 are connected
to a plurality of latency latch circuits Latency Latch
232, 238, respectively. A mode decoder latch circuit
240 outputs a CAS latency CL and a burst latency BL in
response to a mode decoder latch signal MRS generated
when the burst mode is set up by a set command. As
the CL and BL are output, a latency control circuit
244, in response to a latch update signal (internal
clock) from a contrcol system circuit 242 described
later, outputs a control signal for the latency latch
circuits 232, 238. The latency latch circuits 232,
238, upon receiving the control signal, writes or
reads data corresponding to the CL or BL.

The number of data first-stage circuits, CMOS
input/output buffers, latency latch circuits and I/0
pads not shown determines the data width of the device
200. Generally, the data is 4-, 8- or 1l6-pit wide.
For example, the devicé 200 has a data width of 4 bits
and includes four I/0 pads not shown, four data first-
stage citcﬁits, of which only two is representatively
shown, four CMOS input/output buffers and four latency
latch circuits.

The device 200 has a control system circuit 242

If‘es

t he



- 30- data line pairs (11, 12) to the Vvdl |evel and the ot her
data l-ine pair (m, n2) to the Vdd |evel. { pih; he—Sgr

is [ow, the data read from menory cells are tnaﬁsﬂéfﬁ““ﬁﬁﬁkﬁﬁﬁg dat a
line pair 5 (11, 12) to the other data |ine pair (i, nﬁY‘““ﬁrf$

this, the read data are anplified by the CMOS Iatchi | []AaggbL@b?r'CIrCUIt
(B, U, B, B) and then held in a 222- il i

)
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that receives from ocutside a chip selection command
CS/, a low address command RAS/, a column address
command CAS/, a write enable command WE, a clock CLK
and a clock enable CLE and that, according to these
5 commands, generates internal signals. The symbol "“/*
indicates that the command input cycle is effective
when the command input is at low level. According to
the command inputted, the internal control: system
circuit 242 ocutputs a mode decoder latch set signal
10 MRS, a signal Bcu, a signal Bact/Pre, a signal R/W and
| a latch update signal. The mode decoder latch set
signal MRS is a signal to latch an internal address
signal in the mode decoder latch. The signal Bcu is a
signal that takes in an address signal during the read
15 or write operation and, in the burst mode, controls
the count-up of the Y-latch counter 21Q0. The signal
Bact/Pre is for controlling individual banks to make
.them active and precharge them. The signal R/W is for
controlling the read or write operation for individual
20 banks. The latch update signal is an internal clock
signal generated every time the mode decoder latch
circuit 238 outputs the CAS latency CL, in orﬁer to
control the latency control circuit 244.
The device 200 has 64M (1M equals 1,048,756)

25 memory .cells, one of which is shown in Figure 8. Each



flip-flop circuit 136. Wien the first and second

precharge signals

M-PBI J and M PTIJ go to a high level 10 while the signal N1' is low, the

precharging fromthe wite anplifier circuit 2Ppt 61 Sala ) Laey pai r
(11, 12) is stopped. During the preggéggéﬁgbgﬁ%dggi§TPNCSS
(QL, Q) are off, the signal N5'_and signal N2; are held at th 15
vdd | evel which is the precharge | evet23f_ the data § | 0 angEpaggy (|
n2), and thereby a through-current is pr event ed %ron1f|omﬁng iin ft he
flip-flop circuit 136 T
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memory cell operates at voltage levels of about 0 V

(Vss) and about 2.2 V (Vdl). The provided memory

cells are grouped into memory banks BANKO-BANK3, each

of which includes an X-latch predecoder Xlatch pre-

dec, an X-decoder Xdec, a Y-predecoder Ypre-dec, a Y-

decoder Ydec, memory mats Mat, a sénse amplifier

circuit SA shown in Figure 10, and an I/0 selection

circuit shown in Figure 1l1. The I/0 selection circuit

is used to select either connection or disconnection
between the local inputs/outputs LIOT, LIOB and the

main inputs/outputs MIOB, MIOT. The sense amplifier
circuit SA shown in Figure 10 and the 1I/0 selection

circuit shown in Figure 11 will be detailed later.

Figure 10 and 11 show a sense amplifier circuit

SA 300 and an I/0 selection circuit 400, both used in

the device 200. Figure 12 shows signal waveforms of
the sense amplifier circuit SA 300 and 1I/0 selection

circuit 400 when the banks of the device 200 are

active. Figure 13 shows signal waveforms of the sense -

amplifier circuit SA 300 and I/0 selection circuit 400

when the banks are being precharged. Now the

operation .when the banks are active and the operation

when they are precharged will be explained.
Figure 10, 11 and 12 show the bank-active

operations of each circuit. As the banks become



when the voltage levels of the signals N5' and N2' are | owered. 20

| f during the precharge period the data |line pairs (11, 12, m, nR)
are not separated on both sides of the PMOSs ;ﬁgﬁ the data line
pair (n, nR) precharged to the vdd | evel and t pSERBABEMENT pEEET
(11, 12) precharged to the Vvdl |evel agz short- 25 rﬁﬁrred*“eaHS%rb
voltage | evel of the data line 43" i
g = 3 ! 04 SEF 1957
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active, the operation of precharging the nodes of the
sense amplifier circuit 300 to the Vvdl/2 level is
ended. That is, the control signal BLEQB goes from a
high vdd level to a low Vss level, the precharge

5 MOSFETs in the sense amplifier circuit 300 are turned
off to stop the precharge operation, which in turn
makes the sense amplifier circuit 300 ready to
operate. At the same time, the operation of
precharging the local inputs/outputs LIOT, LIOB in the

10 I/0 selection circuit 400 to the Vdl/2 level is ended.
That is, the control signal BLEQB goes from a high vdd
level to a low Vss level. As a result, the output
signals of the inverter circuits 402, 404 turn off the
precharge MOSFETs in the 1/0 selection circuit 400,

15 stopping the precharging of the local inputs/outputs
LIOT, LIOB. Thus, the precharging of the local
inputs/outputs LIOT, LIOB of the I/0 selection circuit
400 is stopped with a time delay of the inverter
circuits 402, 404 from the timing when the precharge

20 operation of the sense amplifier circuit 300 is
stopped. The control signal BLEQB is also used as a
control siénal for connecting the local inputs/outputs
LIOT, LIOB and the main inputs/outputs MIOT, MIOB to
make them ready to operate.

25 Immediately before the local inputs/ocutputs LIOT,



-31- pair (11, 12) to change to the Vdd | evel . The Vdd

| evel ;- the precharge level of the data line pair (nml, (REP! mBRmnredt

and the lowering of the voltage |evel of the signalg-No~ ang-N2=>

causes the above-nenti oned 5 through-current to fl ow i; the flip-flop
circuit 136. ’ . | 04 SEP 1997
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LIOB and the main inputs/outputs MIOT, MIOB in the I/0
selection circuit 400 are connected, the main
input/output signals MIQT, MIOB are at the Vdl level
and the local input/output signals LIOT, LIOB of the
sense amplifier circuit 300 and the I/0 selection
circuit 400 are at the Vdl/2 level. When the local
inputs/outputs LIOT,:LIOB and the main inputs/outputs
MIOT, MIOB are connected, the main inputs/outputs
MIOT, MIOB go from the Vdl level to the Vdl/2 level
and the local inputs/outputs LIOT, LIOB from the Vdl/2
to Vdl. As shown in Figure 2, the write amplifier
circuitlzo is connected to the main inputs/outpufs
MIOT, MIOB. Signal lines MILSB, MILST of the write
amplifier circuit 20 connected to the maih
inputs/outputs MIOT, MIOB are precharged to the Vdl
level by a precharge circuit WAP connected to the vdl
voltage. Thus, voltage of the main input/cutput
signals MIOT, MIOB connected to the signal lines
MILSB, MILST and of the local input/output signals
LIOT, LIOB are equal to the precharge voltage level
Vdl of the signal lines MILSB, MILST of the write
amplifier -20.

When the voltage level of a shared signal SHRO
transits of Vpp, which is higher than Vvdd, bit lines

BLOB, BLOT are connected to signal lines 302, 304 of



Consequently, as shown in Figure 15(d), the first and second mai n

precharge signals MPBIJ and M PTIJ are hel d afpLaw, g;vw +Ag
precharge period 150, the data line pair (11, LB¥£% Lheﬁdr§45b
anplifier 10 current (Figure 2) side is prechargedjto the le

level . The data line pair (m, n2) on the CMOS | atch h1a%F
circuit (@B-Q) side is precharged t o -Elee vdd | eve as S N
Figure 15(c). That is, because the PMOSs (QL, Qﬂf”for ~separating
data line pairs 15 (11, 12, m, nR) of the prechakge circuit 134 arge

of f,

the sense amplifief circuit 300, causing the voltage
level difference between the bit lines BLOB and BLOT
to appear on the signal lines 302, 304 shown in Figure
10. An address signal from an external circuit or an

5 address latch counter (see Figure 9) causes the word
line SWLO (see Figure 8) to go to the Vpp level. With
elapse of a predetermined time, sense amplifier
activation signals SDP, SDN transit of Vvdl and Vss
levels, respectively, and the voltage level difference

10 between the bit lines BLOB and BLOT is amplified by
sense amplifier sections SAN, SNP of the sense
amplifier circuit 300. After this, a column selection
signal ¥S is established to write external data or
read data from memory cells.

15 Figure 10, 11 and 13 illustrate the precharge
operation of each circuit. First, after the write or
read operation is finished, the word line SWLO
transits from the high Vpp level to the low Vss level.
When the word line SWL0O lowers to the Vss level, the

20 shared control signals SHRO and SHR1l go to the Vdd
level. Next, when the control signal BLEQB transits
from the low Vss level to the high vdd level, the
precharge MOSFETs of the sense amplifier circuit 300
are turned on, precharging the nodes of the sense

25 amplifier circuit 300 to the Vdl/2 level.

t he

t he



short-circuit is prevented between the data line pair (11, 12) on the

wite-anplifier circuit side precharged to the Vdl |evel and the data
line pair (m, nR) precharged to the Vvdd | evel. 'RggLé gﬁp\khq TERpry
array of this enbodi ment has an i nternal vol t agk setitovet’ it Bartt he
ext ernal out put voltage so as to reduce the pOWEriconsunptlon of the
internal circuit. This arrangenment reg@i7res the read | f 0 gi3pRkggevel] to
be changed within the menory fromthe™ 25 internal |pwvoltage to th
external high voltage. : ST

Circuits WA/MA 246 of individual banks shown in
Figure 9 each have eight main amplifier circuits and
eight write amplifier circuits. The main amplifier
circuits and the write amplifier circuits used are

5 shown in Figure 5 and Figure 2.

Figure 14 shows the minute waveforms of the input
signals and output signals during the write operations
of the write amplifier circuit 20 of Figure 2 and of
the main amplifier circuit 130 of Figure 5 of this

10 invention. Figure 14(c) shows more detailed waveforms
when the write operation of Figure 6 is performed.
The voltage levels of the internal control signals are
~the Vvdd as a high level and Vss as a low level, as
shown in Figure 14(a). While the first and second

15 write signals MDIB and MDIT have a high level of vdd
and a low level of Vss, the signals written into
memory cells, i.e., the main input/output signals
MIOT, MIOB, have a-high level of Vdl and a low level
of Vss, as shown in Figure 14(b). In other words, the

20 write amplifier circuit 20 performs the level changing
from vVdd to vdl.

When '‘a signal N1' synchronous with the main
amplifier precharge signal MAPJ is at a high level in
the period 152, the main inputs/outputs MIOT, MIOB are

25 separated from each other on both sides of the PMOSs



- 32- Provision of a new circuit for signal |evel change

results in a | owered read speed because of an addi tional tinme taken
by the changing circuit. This REPLALIRNT SHEET
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(a pair of switches MOSFETs Ql and Q2) which receives

the signal N1' at its gates. As a result, the

precharge voltage level Vdl of one pair (11, 12) of

data lines can be separated from the preéharge voltage
5 level Vdd of the other (ml, m2).

If the MIOT and MIOB are not separated on both
sides of the PMOSs (Ql, Q2), the data line pair (11,
12) transits of the Vdd level because it is lower in
voltaéé level than the data line pair (ml, m2)

10 precharged at the vVdd level.

Because the signal lines MIOT, MIOB are separated
into the data line pair (11, 12) and the data line
pair (ml, m2) on both sides of the PMOSs (Q1l, Q2)
whose gates are supplied with the signal N1f, it is

15 possible to prevent an unwanted current from flowing
due to ghort—circuit between the Vdl voltage terminal
of the write amplifier circuit 20 and the Vdd wvoltage
terminal for precharging the data line pair (ml, m2).
That is, when the precharge MOSFET driven by the

20 signal MAPJ is on, the PMOSs (Ql, Q2) controlled by
the signal N1' are off, so that unwanted current
consumption caused by short-circuit between the Vdd
voltage terminal for precharging the data line pair
(ml, m2) and the Vdl voltage terminal of the write

25 amplifier circuit 20 can be prevented.



enbodi nent ,

data tines (11, 12, m, nR) by neans of the
precharging the dat a line pair on the |nner5éiﬁknpkmdkﬁbsynET

vol t age

circuit (@B-Q@) side to the high voltage

however, perfornms the voltage |evel change 5 by dividing the

and the data line pair (m, n2) on hf ampt-fiet
and 1 o]

n otlh jof the
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circuit 136 that receives output sijgnals fromthe

Figure 15 shows the detailed waveforms of input
and output signals when the read operation of the main
amplifier circuit 130 of this invention shown in
Figure 5 is performed. Figure 15(d) shows more
detailed waveforms during the read operation shown in
Figure 6. The internal control signals, as shown in
Figure 15(a), have a high level of Vdd and have a low
level of Vss. While the signals read from the memory
cells and written into MIOT and MIOB have a high level
of vdl, the main amplifier output signal MOJ has a
high level of Vdd, as shown in Figure 15(b). In other
words, the main amplifier circuit 130 performs level
changing from V4l to vdd.

Referring to Figure 15(c), the signals N1', N2',
N5'! of the main amplifier circuit 130 have the
operation voltage levels of Vdd as a high level and
Vss as a low level. The signal N1' depends both on a
main input/output separation signal MACBJ and a main
precharge signal MAPJ when the main amplifier is
enabled (MASJ is high), as shown by 144 and 146 in
Figure 15(d).

The data line pairs (Il1, I2, ml, m2) can be
separated on both sides of the PMOSs {(a pair of switch
MOSFETs Ql, Q2) whose gate receive the signal N1'.

The precharge circuit 134 can precharge one of the



amplifier circuit (@B-Q) and holds the data nmakes it 15 __possible to

st-art -the precharge operation of the anplifier le{Tﬁnll*gF?aizcrlwy E!f TeL
preparation for the next read operation. 3 se
of the CMOS | atch anplifier circuit (@3-Q) of ﬁl ure as the
anplifier circuit 20 (@B-XB) enables a faster readdut oﬁé?&EFUW97 That
IS, the | evel changing in readi nd9causes the S|§ndl N2', '
to change fromthe Vdd level to the Vdl level (see i F|gure 15(c nd
CMOS latch anplifier circuit (Q3-Q6) e

data line pairs (11, 12) to the Vdl level and the
other data line pair (ml, m2) to the vdd level.
While the signal N1' is low, the data read from

memory cells are transferred from one data line pair

5 (11, 12) to the other data line pair (ml, m2). After
this, the read data are amplified by the CMOS latch
amplifier circuit -(Q3, Q4, Q5, Q6) and then held in a
£flip-flop circuit 136. When the first and second
precharge signals MIPBIJ and MIPTIJ go to a high level

10 while the signal N1' is low, the precharging from the
write amplifier circuit 20 to the data line pair (11,
12) is stopped.

During the precharge period the PMOSs (Ql, Q2)
are off, the signal N5' and signal N2' are held at the

15 vdd level which is the precharge level of the data
line pair (mi, m2), and thereby a through-current is
prevented from flowing in the flip-flop circuit 136
when the voltage levels of the signals N5' and N2' are
lowered.

20 If during the precharge period the data line
pairs (11, 12, ml, m2) are not separated on both sides
of the PMOSs (Q1l, Q2), the data line pair (ml, m2)
precharged to the Vdd level and the data line pair
(11, 12) precharged_to the Vdl level are short-

25 circuited, causing the voltage level of the data line



rapidly and conplenentarily anplifies one of the 25 signals to the Vvdd

| evel --and the other to the Vss
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pair (11, 12) to change to the Vdd level. The Vdd
level, the precharge level of the data line pair (ml,
m2), then falls and the lowering of the voltage level
of the signals NS5' and N2' causes the abave-mentioned
through-current to flow in the flip-flop circuit 136.

Consequently, as shown in Figure 15(d), the first
and second main precharge signals MIPBIJ and MIPTIJ
are held at low level during the precharge period 150,
the data line pair (11, 12) on the write amplifier
current (Figure 2) side is precharged to the Vvdl
level. The data line pair (ml, m2) on the CMOS latch
amplifier circuit (Q3-Q6) side is precharged to the
Vdd level as shown in Figure 15(c). That is, because
the PMOSs (Ql, Q2) for separating the data line pairs
(11, 12, ml, m2) of the precharge circuit 134 are off,
short-circuit is prevented between the data line pair
(11, 12) on the write amplifier circuit side
precharged to the Vdl level and the data line pair
(ml, m2) precharged to the vdd level.

The memory array of this embodiment has an
internal voltage set lower than the external output
voltage so as to reduce the power consumption of the
internal circuit. This arrangement requires the read
signal level to be changed within the memory from the

internal low voltage to the external high voltage.

- 33



As expl ai ned above, the use of the voltage (Vvdd) ~-higher than the

supply voltage (Vvdl) as a power suppl yiREPL AENT 4 i
anplifier circuit (@Q3-Q5) 5 and the use of the sw t.j_". %ﬁfgg s\gﬁET

i nt er nal

f or

circuit.
to | evel
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I er cir
to the high voltage (Vdd) nmkes it possible to . kxpcé4 SERWHve
conversion sinultaneously with the =32-gperation of|t anplifier :
This permits a 10 fast readi ng operation las the delay tineijdue

precharging the input data |ines of the anpli

changi ng can be substantially ignored.

Provision of a new circuit for signal level change
results in a lowered read speed because of an
additional time taken by the changing circuit. This
embodiment, however, performs the voltage level change
by dividing the data lines (11, 12, ml, m2) by means
pf the switch MOSFETs (Ql, Q2), precharging the data
line pair on the inner circuit side to the low voltage
and the data line pair (ml, m2) on the amplifier
circuit (Q3-Q3) side to the high wvoltage, and
connecting both of the aata lines in reading. These
processings causes substantially no delay due to ievel
changing. Provision in this embodiment of the holding
circuit 136 that receives output signals from the
amplifier circuit (Q3-Q6) and holds the data makes it
possible to start the precharge operation of the
amplifier circuit early in preparation for the next
read operation.

Further, the use of the CMOS latch amplifier
circuit (Q3-Q6) of Figure 5 as the amplifier circuit
(Q3-Q6) enables a faster readout operation. That is,
the level changing in reading causes the signals N2°',
NS' to change from the Vdd level to the Vdl level (see
Figure 15(c)) and CMOS latch amplifier circuit (Q3-Q6)
rapidly and complementarily amplifies one of the

signals to the Vdd level and the other to the Vss



Clainms What is clainmed is: 1. A min anplifier circuit for a

sem conduct or nenory that works in conjunction with a wite anplifier
circuit, both operating at a first positive voltage |evel
selectlvely driving and precharging two I/O buses to a se
voltage level, the main amplifier circuit conprising
circuit capable of both separating the38wo |/0O buses and

level.
As exﬁlained above, the use of the voltage (Vdd)
higher than the internal supply voltage (Vdl) as a
power supply voltage for the amplifier circuit (Q3-Q6)
5 and the use of the switch MOSFETs (Ql, Q2) for
precharging the input data lines of the amplifier
circuit to the high yoltage (Vdd) makes it possible to
execute the level conversion simultaneously with the
operation of the amplifier circuit. This permits a
10 fast reading operation as the delay time due to level

changing can be substantially ignored.



precharging the two 1/0O buses; and an activation circuit for driving

a-signal to activate the first section; wher ei Wes
the first section to precharge the two 1/0O signals orfl Z, _d:h!ﬂé’ft O

buses arf—fer—r—]——ba—ng—sepapat ed. 2. The main arrpl i f |"'e'“r"“’t‘1“r

1 wherein sectlon of the main anplifier is dlssal d.

pr echar gi r’tgi gﬂ " es during z=34wite cycle. ; . Bﬁu#?rﬂ%%nc
menory co ty of menory cells and a ﬁral A-anplitfier ci
conprising a main out put bus and a test output bus, erein in nornal

operation, only the main output bus can access the nmenory Tetts—ard—h

Ia|m

ugt or

r

bui t

test node operation, both the mai ncqghﬂst bus and the test output bus can
S

si mul t aneously access the menory c®e

4. The sem conduct or nenory of

cl ai m Whatrishadaimedisi si ng means for conpressing and deconpressing data

accessgd frgmthe ne cel | urin
f R"hain amgP br Greuit For a %nuconductor memory that works in

conjunction with a write amplifier circuit, both operating at a first positive
voltage level and capable of selectively driving and precharging two I/O
buses to a second positive voltage level, the main amplifier circuit
comprising

a precharge circuit capable of both separating the two I/O buses and
precharging the two /O buses; and

an activation circuit for driving a 31gna.1 to activate the first section;

wherein the signal enables the first section to precharge the two I/O
signals only when the two /O buses are wgb being separated.

2. The main amplifier circuit of claim 1 wherein the first section of the
main amplifier is disabled from precharging the two I/O buses during a

write cycle.

3. A semiconductor memory comprising a plurality of memory cells and
a main amplifier circuit comprising.a main output bus and a test output
bus, wherein in normal operation, only the main output bus can access the
memory cells, and in test mode operation, both the main cutput bus and the

test output bus can simultaneously access the memory cells.

4, The semiconductor memory of claim 3 further comprising means for
compressing and decompressing data accessed from the memory cells during

test mode.

5. The semiconductor memory of claim 3 wherein the main amplifier

circuit includes both an output activate signal and a test activate signal.



test node. 5. The sem conductor nenory of claim3 wherein the main
amplifier circuit includes both an output activate signal and a test

activate signal. [\
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6. The semiconductor memory of claim 3 wherein there are 64 Meg of

memory cells.

7. A method for producing semiconductor memories using a plurality of
masks including either a first or second metal mask, wherein a first
semiconductor memory with. 2 first data width is produced using the first
metal mask and a secoﬁd semicanductor memory with a second data width
is producéd using the second metal mask, and wherein the first and second
semiconductor memories both have an identical output circuit for receiving
an output signal on an output bus, wherein the output bus for the first
semiconductor memory has a larger capacitance that the output bus for the
second semiconductor memory, the method comprising:

selecting a first bus width and a second bus width such that a
resistance of the first output bus is less than the resistance of the second

output bus.

8. The method of claim 7 wherein a time constant for each output bus is

relatively the same.

9. The method of claim 7 wherein the semiconductor memories each

have 64 Meg of memory cells.

10. The method of claim 9 wherein the first width is four bits and the

second width is sixteen bits.

11. The method of claim 7 wherein the resistance of the first output bus
is less than the resistance of the second output bus because a bus width of

the first output bus is less than a bus width of the second output bus.



6. The sem conductor nenory of claim3 wherein there are 64 Meg of nenory
cells. 7. A net hod for produci ng sem conductor nenories using a
plurality of masks including either a first or second netal nask, wherein a
first sem conductor nenory with a first data width i :,F¥E§fg7us' t he
first nmetal mask and a second sem canductor nenory Pﬁ%ﬁg éﬁbﬁ@‘&@ﬁgr i dt h
i s produced using-the—second netal nmasBg-and whereirn the fiTst—and-Sécond

sem conduct of ' ave an identical output] dirgujted reqeifvi ng
an out put siH ‘ﬁi“mmm bus, wherein the out pyt bug'l% ?ﬁiﬂ?gﬂ r gt
sem conduct ot ry s sa [Farger capacitance that §h - r {t he

second sem conductor nenery, the method conprising:{______ selecting ajfirst
bus width and a second bus width such that a resistance of The—ft+st_but put

bus is |l ess than the resistance of the second out put bus. 8. The net hod
of claim7 whereilz.a @ emireiduidtdarmenchy ogbpptibiiagis rel atively the
sane.

a memory array including a plurality of-bit line
pairs, a plurality of word lines crossing the bit line
5 pairs, a plurality of dynamic memory cells, and a
plurality of sense amplifier circuits connected to the
bit line pairs:;
data line pairs to which a predetermined bit line
pair of the plurality of the bit line pairs is

10 connected;

a write circuit connected to the data line pairs
to outéut a first plus wvoltage level;

a read amplifier circuit connected to the data
line pairs to output a second plus voltage level;

15 a pair of switch MOSFETs provided to the data
line pairs to divide the data line pairs into a first
pair and a second pair;

a first precharge circuit  for precharging the
first data line pair to the first plus voltage level;

20 and

a second precharge circuit for precharging the
second data line pair to the second plus volfage
level;

wherein the write circuit is connected to the

25 first data line pair and the read amplifier circuit is



9. The nmethod of claim 7 wherein the sen conduct or
Meg of nenory cells. 10. The nmethod of claim9 where
bi ts—and—the-second-wi.dth is sixteen bits.

claim7 whe[gi si stance of the first output bys{Ts TEss THan
: ngﬁ %ﬂg put bus because a bus w dtt 6 g%P ﬁb?t

is four

resi stance
bus is | ess
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of the se%%nd out put bug.

nennrles each have 64
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connected to the second data line pair;

wherein when the second precharge circuit is in
an operating state, the pair of switch MOSFETs are
off.

13. A semiconductor memory according to claim
12, wherein the second plus voltage level is higher
than the first plus voltage level.

14. A semiconductor memory according to claim
13, wherein the high-level output voltages of the
plurality of the sense amplifiers are of the first
plus voltage level.

15. A semiconductor memory according to claim
14, wherein the reéd amplifier cixrcuit is a CMOS latéh
circuit.

16. A semiconductor memory comprising:

a memory array including a plurality of bit line
pairs, a plurality of word lines crossing the bit line
pairs, a plurality of dynamic memory cells, and a
plur;lity of sense amplifier circuits connected to the
bit line pairs;

data line pairs to which a predetermined bit line
pair of the plurality of the bit line pairs is
connected;

a read amplifier circuit connected to the data

line pairs;



- 36- 12. A sem conductor nenory conpr|5|ng . A

nenory array including a plurality of bit |ine arhy of

word lines crossing the bit |ine 5 pairs, a pIur§ KErmgnor y

cells, and a_g_ﬂ__~pLHPaFrry~UT sense anplifier C|r£U|ti)3?gzgz;;; o]t he
R § |

a pair of switch MOSFETs provided to the data
line pairs to divide the data line pairs into a first
pair and a second pair:;

a first precharge circuit for precharging the

5 first data line pair to a first plus voltage level:;
and

a second precha;ge circuit for precharging the
second data line pair to a second plus wvoltage 1eve1.
higher than the first plus voltage level:;

10 wherein the predetermined bit line pair is
connected to the first data line pair and the read
amplifier circuit is connected to the second data line
pair;

wherein the power supply voltage of the amplifier

15 circuit is of the second plus voltage level.

17. A semiconductor memory according to claim
16, wherein the read amplifier circuit is a CMOS latch
circuit.

18. A semiconductor memory according to claim

20 17, wherein the high-level output voltages of the
plurality of the sense amplifiers are oflthe first
plus voltage level.

19. A semiconductor memory according to claim
18, further comprising a holding circuit for receiving

25 the output signal of the read amplifier circuit, the
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line pairs; data line pairs to which erm ned bit

[.i ne ..

dat a

pair of switch MOSFETs provided to the33ata
data line pairs into a first i

i NI 7= 2 e o 2

10

pair of the plurality of the bit |ine pai
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O outp—
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pai‘rstto”out put a second plus voltag 1987
| fre—pakLs. L0 di

i ne

power supply voltage of the holding circuit is of the
second plus voltage level.

20. A semiconductor memory according to claim
19, further comprising a power supply voltage step-
down circuit which receiwves an external power supply
voltage to produce the first plus voltage level.
| 21. A semiconductor memory according to claim
20, further comprisihg a write circuit which is
connecfed to the data line pairs and outputs the first
plus voltage level.

22. A semiconductor memory according to claim
19, wherein when the second precharge circuit is in an

operating state, the pair of switch MOSFETs are off.




pair and a second pair; a first precharge circuit for
precharging the first data line pair to the first_plus voltage | evel;
20 and a second precharge circuit for prechppp T e

second data line pair to the second plus voltage R'ﬁ ZQE—R@?’*! 0-13«"'-‘{3]1
wherein the wite circuit is connecte Ot_o the 25 fifs{ data line pair
and the read anplifier circuit is = ] 04 SEP 1997 g
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IMPROVED MAIN AMPLIFIER CIRCUIT AND INPUT-
OUTPUT BUS FOR DYNAMIC RANDOM ACCESS MEMORY

Abstract of the Disclosure

A semiconductor memory is provided with a main amplifier circuit
that is cap.able of selectively driving and precharging two I/O buses in
conjunction with a write amplifier. The main amplifier circuit includes a
separation and precharge section and an activation section. The activation

5 section drives a signal for activating the first section to precharge the two
I/O signals only when the two I/O buses are g% being separated. The main
amplifier circuit also includes both a main output bus and a test output bus.
In so doing, the semiconductor memory can operate in a normal mode and a
test mode. In the test mode, twice as many memory cells of the

10 semiconductor memory can be accessed simultaneously, thereby reducing
test time. The semiconductor memory, which can be one of many different
data widths, has different sized output buses associated with each_data
width. OQutput buses with a relatively.la.rge capacitance can be produced
with a large width, giving them a relatively small resistance. Conversely,
output buses with a relatively small capacitance can be produced with'a
sﬁlall width, giving them a relatively large resistance. As a result, a time

constant for the output buses associated with each of the different widths is

very similar.

Figure 1
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connected to the second data line pair;
precharge circuit is in an operating state, the

MOSFETs ar e of f.
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5 13. A sem conductor nenory according to claim 12, wherein

the second plus voltage |evel is higher than the first plus voltage
| evel . 14. A sem conductor nenory according to claim 13,
wherein the high-level output voltages of the 10 plt | T se
anplifiers are of the first pl us vol tage | evel. ﬁgyLNGﬁﬁﬁviggl

sem conductor nenory according to claim 14, whdr ﬁln t he read
anplifier circuit is a CMOS | atch le—Circuit. Qé-BEP?%ﬁ g i
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15 16. A sem conductor nenory conprising P

including a plurality of bit line pairs, a plury
crossing the bit line pairs, a plurality of dyna : 1-“_
a plurality of sense anplifier circuits connect to the 20 T]bi
line pairs; data line pairs to V\/mchapred ef}rﬂ@@b%“ e
pair of the plurality of the bit line pairs is iC nnect ed;
a read anplifier circuit connected to.-ghe data y T
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pair and a second pair; a first precharge circuit for
precharging the 5 first data line pair to a first plus voltage Ievel

and
data line pair to a second plus vol tage | evel

a second precharge circuit for prechar g~+he second
R
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pl us voltage level; 10 wherei n the predeterm hed brt—t+ne

is connected to the second data |ine

mm]‘ S
connected to the first data line pair gnd the read E?Hpéf;' i1§9r7 clrtuit
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pair; wherein the power supply voltage of the anplifier 15
circuit is of the second plus voltage |evel
menory according to claim 16, wherein the read ay

CMOS | atch circuit. 18. A seni conduct of By

claim 20 17, wherein the high-|evel output voltages bf;] "“"'"‘p+—u-F—p _!
of the sense anplifiers are of the first pl us vol'tagedgy@ép_mzj 1}
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19. A sem conductor nenory according to claim 18, further conprising a
holding circuit for receiving 25 the output signal of the read anplifier
circuit, the =39
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is of the

20. A sem conduct or

further conprising a power supply voltage step-

whi ch recei ves an external

pl us vol tage | evel.

power supply voltage of the holding circuit
claim

vol tage | evel
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22. A sem conductor nmenory according to claim
second precharge circuit is in an

19, wherein when the

operating state, the pair of switch
MOSFETs are off.
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