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READ CIRCUIT OF NONVOLATILE 
SEMICONDUCTOR MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 11-373069, ?led Dec. 28, 1999, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 0. The present invention relates to a read circuit of 
a non-volatile semiconductor memory. 

[0003] 1. Types of Fast Random Accessible Nonvolatile 
Semiconductor Memories: 

[0004] As fast random accessible nonvolatile semiconduc 
tor memories, EEPROM, NOR cell type ?ash memory, and 
the like are knoWn. In recent years, neW types of memories 
based on a NAN D cell type ?ash memory have been devised 
as a memory having a fast random access characteristic in 
parallel With these memories. One of such memories is a 
so-called “3Tr-NAND.” 

[0005] The 3Tr-NAND is a memory Which has each cell 
unit composed of three transistors, i.e., one memory cell and 
tWo select transistors sandWiching the memory cell, and has 
the folloWing characteristics as compared With the 
EEPROM or ?ash memory: 

[0006] (1) ability of fast read in units of 16 bits (=Word); 

[0007] (2) a small erasure unit of 32 Words; 

[0008] (3) ability of performing a read operation at loW 
poWer consumption; and 

[0009] (4) relatively small memory cell siZe. 

[0010] Speci?cally, the 3Tr-NAND is, for eXample, 
smaller in memory cell siZe as compared With the EEPROM, 
and can therefore accomplish a reduction in chip siZe, a 
reduction in manufacturing cost, and the like. Also, the 
3Tr-NAN D requires loWer poWer consumption and provides 
a smaller erasure unit as compared With a NOR cell type 
?ash memory (for further details on 3Tr-NAND, see for 
eXample Japanese Patent Application No. 11-10676 (?led on 
Jan. 19, 1999)). 

[0011] 2. Read Circuit of NOR Cell Type Flash Memory 

[0012] As to an access time upon reading, the 3Tr-NAND 
is equivalent to the NOR cell type ?ash memory. Speci? 
cally, the tWo memories require approximately 100 nsec. As 
such, the folloWing description Will be made on a read 
circuit of a NOR cell type ?ash memory as a conventional 
read circuit. 

[0013] Also, for facilitating the understanding of the fol 
loWing description, de?nitions are made as folloWs before 
hand about data in a memory cell. Speci?cally, it is assumed 
that a memory cell With a positive threshold voltage is a 
memory cell Which stores “0” data (or “0”—programming 
cell), and a memory cell With a negative threshold voltage is 
a memory cell Which stores “1” data (or “1”—programming 
cell or a erasure cell). 
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[0014] It should be noted that the threshold voltage of a 
memory cell, for eXample, a memory cell of a stacked gate 
structure having a ?oating gate electrode, is determined by 
the quantity of electrons in the ?oating gate electrode. Also, 
the quantity of electrons in the ?oating gate electrode is 
controlled, for eXample, by applying an F-N tunnel current 
to a tunnel insulating ?lm. 

[0015] 2.1. Circuit Con?guration 

[0016] FIG. 1 shoWs a conventional read circuit of a NOR 
cell type ?ash memory. 

[0017] This read circuit has a so-called double-ended type 
Which compares a current Iref ?oWing into a reference cell 
With a current ?oWing into a selected memory cell to 

determine data in the memory cell (“1” or “0”). 

[0018] S/Ai indicates one sense ampli?er. Generally, a 
plurality of sense ampli?ers are disposed in a memory chip. 
Also, a plurality of bit lines BL1, . . . , BLn are connected 

to a single sense ampli?er S/Ai through a column gate. 
Further, a read control signal generating circuit is connected 
to the sense ampli?er S/Ai, and provides a read control 
signal to the sense ampli?er S/Ai upon reading. The read 
control signal generating circuit includes a reference cell. 

[0019] Then, upon reading, the cell current Iref of the 
reference cell is set to be substantially equal to a cell current 
Icell ?owing into a memory cell Which stores “1”data 
(“1”—programming cell). In other Words, assuming that the 
memory cell is identical in structure to the reference cell, the 
reference cell is set to “1”—programming state (negative 
threshold voltage state). 

[0020] As a read potential (ground potential) is provided 
to a selected Word line and a dummy Word line, and the cell 
current Iref ?oWs through the reference cell, a current 
?oWing into an RSA node 33 (RBL) is set to Iref/2 (=Icell/2) 
by current mirror circuits MR1, MR2. Reference letter W 
represents the siZe of a transistor (channel Width). 

[0021] When a selected memory cell stores “1” data (in 
the case of “1”—programming cell), Icell ?oWs into an SA 
node 33 (BL), so that the potential at the SA node 33 
becomes loWer than the potential at the RSA node 33. 

[0022] On the other hand, When a selected memory cell 
stores “0” data (in the case of “0”—programming cell), little 
current ?oWs into the SA node 33 (BL), so that the potential 
at the SA node 33 becomes higher than the potential at the 
RSA node 33. 

[0023] Therefore, data in a selected memory cell (“1” or 
“0”) can be discriminated by detecting a potential difference 
betWeen the SA node 33 and the RSA node 33 using a 
differential ampli?er DA. 

[0024] 2.2. Consumed Current during Read 

[0025] In the NOR cell type ?ash memory, When the read 
circuit as described above is used, for eXample, it can be 
thought that a consumed current during a read mainly 
consists of the folloWing three currents: 
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[0026] 
[0027] 

[0028] 

[0029] 
above: 

cell current:Icell 

current produced by the differential ampli?er: 

Iamp 

current produced in components other than the 

[0030] Ielse 

[0031] A majority of Ielse is occupied by a current con 
sumed by an intermediate potential generating circuit 
required for a read operation. 

[0032] Consider noW that a read is performed in units of 
16 bits (=1 Word). 

[0033] In this event, since 16 sets of read circuits are 
required, a total value Itot of consumed currents during the 
read is calculated as: 

[0034] In the equation (1), a factor 3/2 in the ?rst term of 
the right side is based on the sum of a cell current Icell of 
a memory cell Which stores “1” data (“1”—programming 
cell) and a cell current Iref/2 of the reference cell (=Icell/2). 

[0035] For reducing the value Itot, the value Icell or lamp 
in the ?rst term of the right side, or the value Ielse in the 
second term of the right side may be reduced. HoWever, the 
?rst term on the right side exerts a larger in?uence on Itot 
than the second term on the right side does. For this reason, 
Whatever expedient is adopted for reducing the second term 
on the right side, i.e., the value Ielse, the resulting effect on 
the reduction in Itot is not so large. 

[0036] Therefore, it can be understood that a reduction in 
the value of the ?rst term on the right side is effective for 
reducing the value Itot. HoWever, it is quite dif?cult to 
reduce the value Icell in the ?rst term on the right side. This 
is because if Icell is simply reduced alone Without changing 
a method of sensing a potential on a bit line (read data) 
during a read, a read time is necessarily extended. 

[0037] Thus, for reducing the value Itot, it is only Iamp 
that leaves ground for consideration. 

[0038] HoWever, the value Iamp depends on a time 
required by a differential ampli?er for ampli?cation (=sense 
time). Speci?cally, in the read circuit of FIG. 1, for example, 
a signi?cantly large current need be consumed for amplify 
ing the potential difference betWeen the SA node 33 and the 
RSA node 33 at a high speed. Assuming that Icell is set to 
approximately 30 pA and a sense time to approximately 30 
nsec, lamp is required to be as large as 50 pA or so. 

[0039] In other Words, since the sense time and the con 
sumed current are in a trade-off relationship in a read 
operation, the conventional read circuit is disadvantageous 
in that a faster read operation and loWer poWer consumption 
cannot be simultaneously accomplished. 

[0040] As appreciated, the read circuit of the conventional 
nonvolatile semiconductor memory, for example, a read 
circuit of a NOR cell type ?ash memory is disadvantageous 
in that a faster read operation and loWer poWer consumption 
cannot be simultaneously accomplished. 

[0041] Also, for nonvolatile semiconductor memories 
other than the NOR cell type ?ash memory, the faster read 
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operation and loWer poWer consumption are critical prob 
lems. For example, the read circuit of the NOR cell type 
?ash memory can be applied as it is as a read circuit of the 
aforementioned 3Tr-NAND. In this case, the faster read 
operation and loWer poWer consumption must be accom 
plished in the 3Tr-NAND as Well. 

[0042] Particularly, since the 3Tr-NAND has been devel 
oped for use in portable devices With loW poWer consump 
tion such as a non-contact type IC card, the faster read 
operation and loWer poWer consumption are extremely criti 
cal. 

BRIEF SUMMARY OF THE INVENTION 

[0043] The present invention has been made to solve the 
disadvantages mentioned above, and its object is to provide 
a novel read circuit for use in a nonvolatile semiconductor 
memory Which is capable of reducing a consumed current 
and performing a fast read. 

[0044] The read circuit of a nonvolatile semiconductor 
memory according to the present invention comprises at 
least one sense ampli?er, and a read control signal generat 
ing circuit for supplying a ?rst signal to the at least one sense 
ampli?er. The at least one sense ampli?er has a ?rst current 
path comprised of a ?rst P-channel MOS transistor having a 
source electrically connected to a ?rst poWer supply node 
and a gate applied With the ?rst signal, and a ?rst N-channel 
MOS transistor for clamping, connected betWeen a drain of 
the ?rst P-channel MOS transistor and a memory cell and 
having a gate applied With a second signal. As a feature, the 
read control signal generating circuit has a second current 
path comprised of a second P-channel MOS transistor 
having a gate and a drain connected to the gate of the ?rst 
P-channel MOS transistor and a source electrically con 
nected to the ?rst poWer supply node, and a second N-chan 
nel MOS transistor connected betWeen the drain of the 
second P-channel MOS transistor and a reference cell, and 
having a gate applied With a third signal. 

[0045] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0046] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0047] FIG. 1 is a diagram shoWing a conventional read 
circuit; 
[0048] FIG. 2 is a block diagram generally shoWing a read 
circuit according to the present invention; 

[0049] FIG. 3 is a diagram shoWing an example of a 
memory cell array; 

[0050] FIG. 4 is a diagram shoWing a memory cell unit; 
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[0051] 
[0052] FIG. 6 is a diagram showing a sense ampli?er; 

[0053] FIG. 7 is a diagram showing a read control signal 
generating circuit; 
[0054] FIG. 8 is a diagram shoWing a modi?cation of the 
reference cell unit; 

[0055] FIG. 9 is a diagram shoWing a VCLAMP gener 
ating circuit; 
[0056] FIG. 10 is a diagram shoWing a current source in 
the VCLAMP generating circuit; 

[0057] FIG. 11 is a diagram shoWing a SAREF precharge 
circuit; 

FIG. 5 is a diagram shoWing a reference cell unit; 

[0058] FIG. 12 is a diagram shoWing a Vcgref generating 
circuit; 
[0059] FIG. 13 is a diagram shoWing a variable resistor in 
the Vcgref generating circuit; 

[0060] FIG. 14 is a Waveform chart shoWing operation 
timings of the read circuit according to the present inven 
tion; 
[0061] FIG. 15 is a Waveform chart shoWing operation 
timings of the read circuit according to the present inven 
tion; 
[0062] FIG. 16 is a diagram shoWing a sense ampli?er; 

[0063] FIG. 17 is a diagram shoWing a read control signal 
generating circuit; 
[0064] FIG. 18 is a diagram shoWing a read control signal 
generating circuit; and 

[0065] FIG. 19 is a diagram shoWing a read circuit accord 
ing to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0066] 1. A read circuit of a nonvolatile semiconductor 
memory according to the present invention Will hereinafter 
be described in detail With reference to the draWings. 

[0067] 1.1. General Con?guration of Read Circuit 

[0068] FIG. 2 is a block diagram generally shoWing a read 
circuit according to the present invention. 

[0069] A memory cell array 11 is comprised of a plurality 
of memory cells arranged in an array form. The present 
invention is not limited to any particular connection type of 
memory cells in a memory cell array (for example, a NOR 
cell type, 3Tr-NAND, and the like), as long as it is a 
nonvolatile semiconductor memory. HoWever for facilitat 
ing the understanding of the description, the folloWing 
description is made on the assumption that the memory cell 
array 11 is implemented in the 3Tr-NAND con?guration. 

[0070] A roW address signal is input to a roW decoder 13 
through an input/output buffer 12. The roW decoder 13 is 
disposed, for eXample, at one end of the memory cell array 
11 in a roW direction. A column address signal is input to a 
column decoder 14 through the input/output buffer 12. 

[0071] Acolumn gate 15 and a page buffer 16 are disposed 
at one end of the memory cell array 11 in a column direction. 
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An output signal of the column decoder 14 is input to the 
column gate 15. Memory cells in the memory cell array 11 
are connected to sense ampli?ers S/A1, . . . , S/Ai, . . . , S/AN 

through the page buffer 16 and the column gate 15. 

[0072] In this embodiment, N sense ampli?ers 
S/A1, . . . , S/Ai, . . . , S/AN are provided in a memory chip 

(or a memory macro in the chip). The N sense ampli?ers 
S/A1, . . . , S/Ai, . . . , S/AN are respectively connected to 

the input buffer 12 through a data bus. The connections 
alloW N-bit data to be communicated betWeen the input/ 
output buffer 12 and the sense ampli?ers S/A1, . . . , 

S/Ai, . . . , S/AN. 

[0073] The value of N is a natural number (1, 2, . . In 
other Words, a single or a plurality of the sense ampli?ers 
S/Ai may be provided. 

[0074] One sense ampli?er S/Ai is connected to a plurality 
of bit lines in the memory cell array 11 through the column 
gate 15 and the page buffer 16. Details on this connection 
Will be described later. One feature of the present invention 
lies in the circuit con?guration of the N sense ampli?ers 
S/A1, . . . , S/Ai, . . . , S/AN. Details on this aspect Will also 

be described later. 

[0075] A read control signal generating circuit 17 is con 
nected to the N sense ampli?ers S/A1, . . . , S/Ai, . . . , S/AN. 

The read control signal generating circuit 17 generates 
control signals INVSRC, SAREF required for a read opera 
tion, and provides the control signals INVSRC, SAREF to 
the N sense ampli?ers S/A1, . . . , S/Ai, . . . , S/AN. 

[0076] The read control signal generating circuit 17 
includes an INVSRC generating circuit 18, a SAREF gen 
erating circuit 19, a VCLAMP generating circuit 20, a 
SAREF precharge circuit 21, a dummy column gate 22, a 
reference cell 23, a Vcgref generating circuit 24, and a Vsg 
generating circuit 25. These circuits Will be described later 
in detail in terms of function, speci?c eXample, and opera 
tion. 

[0077] A control circuit 26 generates control signals 
BLRST, SANDd, ATD3, ATD3n, SAEN, SAENn, EN 
required for the read circuit of the present invention. 

[0078] The control signal BLRST is provided to the page 
buffer 16. The control signals BLRST, SAENd, ATD3, 
ATD3n are provided to the sense ampli?ers S/A1, . . . , 

S/Ai, . . . , S/AN. The control signals SAEN, SAENn, EN in 
turn are provided to the read control signal generating circuit 
17. The respective control signals BLRST, SAENd, ATD3, 
ATD3n, SAEN, SAENn, EN Will be described later in detail 
in terms of their functions and operation timings. 

[0079] 1.2 Con?guration of Memory Cell Array 

[0080] Prior to description on the read circuit according to 
the present invention, the con?guration of the memory cell 
array Will be ?rst described. 

[0081] FIG. 3 shoWs an eXample of a memory cell array. 
FIG. 4 shoWs a cell unit forming part of the memory cell 
array. 

[0082] Since this embodiment is based on the 3Tr-NAND, 
respective cell units in the memory cell array 11 are com 
posed of three transistors, i.e., one memory cell M2 and tWo 
select transistors M1, M3 Which sandWich the memory cell 
M2 therebetWeen. 




































