a2 United States Patent
Qiang et al.

US010546646B2

US 10,546,646 B2
Jan. 28, 2020

(10) Patent No.:
45) Date of Patent:

(54) SENSE AMPLIFIER FOR A FLASH MEMORY

(58) Field of Classification Search
CPC G11C 16/28; G11C 16/24; G11C 16/32
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,957,197 B2* 6/2011 Nguyen ............. G11C 7/02
365/185.17
8,169,831 B2* 52012 Nguyen ... G11C 7/02
365/185.17
8,830,776 B1* 9/2014 Choy ....cccecevvvvvnenns GOSF 1/46
365/218
8,848,419 B2* 9/2014 Wu ....ccccoevnee Gl11C 11/419
365/148
2009/0296488 Al* 12/2009 Nguyen ... G11C 7/02
365/185.21
2011/0205804 Al1* 82011 Nguyen .............. G11C 7/02
365/185.21
2014/0043886 Al* 2/2014 Wu ....cccovvnve Gl11C 11/419
365/148
2014/0269132 Al*  9/2014 Choy ..cccccvvevveencnnns GOSF 1/46
365/218

* cited by examiner

Primary Examiner — Xiaochun L. Chen
(74) Attorney, Agent, or Firm — DLA Piper LLP US

(57) ABSTRACT

An improved low-power sense amplifier for use in a flash
memory system is disclosed. The reference bit line and
selected bit line are pre-charged during a limited period and
with limited power consumed. The pre-charge circuit can be
trimmed during a configuration process to further optimize
power consumption during the pre-charge operation.

12 Claims, 5 Drawing Sheets

430

432

VDDS=zVBL-AV+Vthp

WL hiased

Selected Cell
431

SYSTEM
(71) Applicant: Silicon Storage Technology, Inc., San
Jose, CA (US)
(72) Inventors: Xiaozhou Qiang, Shanghai (CN); Xiao
Yan Pi, Shanghai (CN); Kai Man Yue,
Shanghai (CN); Li Fang Bian,
Shanghai (CN)
(73) Assignee: SILICON STORAGE
TECHNOLOGY, INC., San Jose, CA
(US)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
(21) Appl. No.: 16/117,987
(22) Filed: Aug. 30, 2018
(65) Prior Publication Data
US 2019/0385685 Al Dec. 19, 2019
(30) Foreign Application Priority Data
Jun. 15,2018  (CN) cecevvvvcrccrcne 2018 1 0619270
(51) Imt.CL
G1IC 16/26 (2006.01)
G1IC 16/28 (2006.01)
G1IC 16/32 (2006.01)
G1IC 16/24 (2006.01)
(52) US. CL
CPC ....cccee. G1IC 16/28 (2013.01); G11C 16/24
(2013.01); G1IC 16/32 (2013.01)
400
{Normal Mode}
410
412 VDDS=VBL-AV+Vithp
vB—{
CP
413
WL biased
Reference
cell
an

SOUT Timing Comparison

260

ROUT

———>
DOUT




US 10,546,646 B2

Sheet 1 of 5

Jan. 28, 2020

U.S. Patent

1NOS

0tT

(443

20T
1s
1s I T
jL ano BEET
1aAnng 1a
| 1]
— alv [ xnwa
0cT ﬁll; 01T
I
alv 7l_> 1 alv
— 14
87T A or
OIAWWNG
[ o |
IQ @R ILEL
szt L | %0t
( v|_ (33870
a [ [ a
- 0T ~  (1¥v ¥oIud) T 34NOI4



US 10,546,646 B2

Sheet 2 of 5

Jan. 28, 2020

U.S. Patent

1NOY

1NOS

80¢ aull uq
92UdI19Jd1 O

90¢

1199

= aoualaey
qmm_m__l Ol43Y

to]

vie

08¢

1noda 09
<] uosnedwo9s Buiwi]
8T aull 1q
Aeise urew o]
9€z
1ER]
Aesie uiepy
oy 0S¢ ol
v @ = 5tz
S L
<1 XNINA
1N0S 174 noyd
we \.ﬁn_v Z€2
_ alv
duin+43HA o
AV +43HA
062 00z

) svia vo7
- H_Tlx:s;
T \W_- 757
\.u_s>+.._mm> ol are
AV+43HA
¢ 3NS5



US 10,546,646 B2

Sheet 3 of 5

Jan. 28, 2020

U.S. Patent

9te

1noda zze 1hod
TNOS
vze 0zg

09¢
4€ 34NOI4

N p<———

o 0T¢E 1NOY
<—of

1nog |— doid-dig g —

09¢
VE 34N5I4



US 10,546,646 B2

Sheet 4 of 5

Jan. 28, 2020

U.S. Patent

(337

ovy

<]

1nos b
8EY \m Sep

dyiIA+AV-19A=SAAA

_m|<_m

1Nnoa

09¢

uosiedwos Buiwiy

I190 P31O3I9G

ol

Nm.m

paselq M

Wm@
£ L

(137

ozy

6TY

<]

1NOY

8TV

1NOYH

1NOS

[YY7
199

90UdJ9}0Y

&
_H___n paselq M
_m|<_m_ N.wm

w.ﬂu
€TP
m XNIANA dn

b \a
aLv E l-an

dyIn+AV-19A=SAAA 7%

(opon jewoN)

0oV

otY
¥ 34NOId



US 10,546,646 B2

Sheet 5 of 5

Jan. 28, 2020

U.S. Patent

=\
ﬁ_.m

LY
1130 P3199|9G

1NOS 10 1NO

<]

ots
Ja|jo13u0)
wig

—_—

L

Y iFro=1m

19

ot1s
J9]j013u0)
wp

mm¢

{

dyin+1gA=saaAn

aiv

(37

¢m¢

(N84
119D 9ouaiajey

1_.“|__.m|<_m

<]

1NOS 10 ._.DOm\m
0TS >
19]]013u0)

wiay

(apon uoneuqije))
00t

dyian+1gA=sSaaan

/ 019

J9jjonuo)
—u — —|>°"|_>> EC.P

1d
T w,m
| S— Ve
oty
S 3¥NOI




US 10,546,646 B2

1
SENSE AMPLIFIER FOR A FLASH MEMORY
SYSTEM

PRIORITY CLAIM

This application claims priority under 37 CFR Section
1.55 to China Patent Application No. 201810619270.9, filed
on Jun. 15, 2018, and titled “Improved Sense Amplifier for
a Flash Memory System,” which is incorporated by refer-
ence herein.

TECHNICAL FIELD

An improved low-power sense amplifier for use in a flash
memory system is disclosed.

BACKGROUND OF THE INVENTION

Flash memory systems are well-known. In typical flash
memory systems, a sense amplifier is used to read data from
a flash memory cell.

FIG. 1 depicts a prior art sense amplifier 100. Sense
amplifier 100 comprises selected flash memory cell 102,
which is the cell to be read. Sense amplifier 100 also
comprises reference flash memory cell 122, against which
selected flash memory cell 102 is compared. PMOS tran-
sistors 104, 106, 124, and 126 and NMOS transistors 108,
110, 112, 128, and 130 are arranged as shown. PMOS
transistor 104 is controlled by CASREF (column address
sensing reference), PMOS 106 is controlled by SEN_B
(sense amplifier enable, active low), NMOS transistors 108,
112, and 128 are controlled by ATD (address transition
detection, which detects a change in the received address),
and NMOS transistors 110 and 130 are controlled by YMUX
(Y multiplexor) which activates a BL (bit line). Selected
flash memory cell 102 receives WL (word line) and SL
(source line), and reference memory cell 122 receives SL
(source line). Comparator 130 receives two inputs that are
directly related to the current drawn by selected flash
memory cell 102 and reference memory cell 122, and the
output SOUT is directly indicative of the data value stored
in selected flash memory cell 102.

One drawback of prior art sense amplifier 100 is that a
constant current is drawn by memory cell 102 and its
associated circuitry, which results in significant power con-
sumption. In addition, reference memory cell 122 and its
associated circuitry typically are provided in a separate read
bank than the read bank in which selected memory cell 102
is located, which requires a large die area and more power
consumption for additional Y-decoding. Also, the CASREF
signal also is sensitive to noise, and the CASREF circuit also
consumes significant standby current.

FIGS. 2, 3A, and 3B depict improved sense amplifier 200
previously designed by Applicant, and which is described in
China Patent Application 201511030454 .4, filed on Dec. 31,
2015, and titled “Low Power Sense Amplifier for a Flash
Memory System,” which is incorporated herein by refer-
ence.

With reference to FIG. 2, sense amplifier 200 comprises
reference circuit 280 and read circuit 290.

Reference circuit 280 comprises reference memory cell
206, NMOS transistors 202, 204, and 220, PMOS transistor
212, reference bit line 208, level shifter 214, inverter 218,
and NOR gate 216, all configured as shown. NMOS tran-
sistor 202 is controlled by ATD (address transition detec-
tion), NMOS transistor 204 is controlled by YMUX (Y
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2

multiplexor), and NMOS transistor 220 is controlled by a
BIAS signal. NOR gate 216 receives ATD as one of its
inputs.

Read circuit 290 comprises selected memory cell 236,
NMOS transistors 232, 234, and 250, PMOS transistor 242,
bit line 238, level shifter 244, inverter 248, and NOR gate
246, all configured as shown. NMOS transistor 232 is
controlled by ATD (address transition detection), NMOS
transistor 234 is controlled by YMUX (Y multiplexor), and
NMOS transistor 250 is controlled by a BIAS signal. NOR
gate 246 receives ATD as one of its inputs. Thus, reference
circuit 280 and read circuit 290 are identical, except that
reference circuit 280 comprises reference memory cell 206,
and read circuit 290 comprises selected memory cell 236.

In operation, sense amplifier 200 works as follows. Prior
to a read operation, the BIAS signal is high, which pulls the
voltage at the output of inverters 218 and 248 to ground
through NMOS ftransistors 220 and 250, which causes
ROUT and SOUT to be high. At the beginning of a read
operation, ATD goes high, which signifies a detection in the
change of the address received by the memory system,
which coincides with the beginning of a read operation.
NMOS transistors 202 and 232 are turned on, as are NMOS
transistors 204 and 234 by YMUX. This allows reference
cell 206 and selected memory cell 236 to draw current.
Concurrently, reference bit line 208 and bit line 238 will
begin charging. BIAS also goes low at the beginning of the
read operation. At this stage, PMOS transistors 212 and 242
are off, as the voltage on its gate will be high.

ATD will then go low, which shuts off NMOS transistors
202 and 232. Reference bit line 208 will begin discharging
through reference cell 206. As it does so, the voltage of
reference bit line 208 will decrease, and at some point will
drop low enough (below VREF) such that PMOS transistor
212 turns on. This causes ROUT to drop to low. Meanwhile,
bit line 238 also is discharging through selected memory cell
236. As it does so, the voltage of bit line 238 will decrease,
and at some point will drop low enough (below VREF) such
that PMOS transistor 242 turns on. This causes SOUT to
drop to low. Once ROUT/SOUT drop to low, each sense
amplifier has a local feedback (216, 218 or 246, 248) to cut
off its bias current, which reduces the power consumption.

Essentially, there is a race condition between reference
circuit 280 and read circuit 290. If selected memory cell 236
draws more current than reference cell 206 (which would be
the case if selected memory cell 236 is storing a “1” value),
then SOUT will drop to low before ROUT drops to low. But
if selected memory cell 236 draws less current than refer-
ence cell 206 (which would be the case if selected memory
cell 236 is storing a “0” value), then SOUT will drop to low
after ROUT drops to low. Thus, the timing of SOUT and
ROUT dropping to low indicates the value stored in selected
memory cell 236.

SOUT and ROUT are input into timing comparison circuit
260, and the output is DOUT, which indicates the value
stored in selected memory cell 236.

FIG. 3A depicts a first embodiment of timing comparison
circuit 260. Here, timing comparison circuit 260 comprises
flip-flop 310, with SOUT as the D input, ROUT as the active
low clock CK, and DOUT as the output. When ROUT goes
low before SOUT, then DOUT will output a “0,” indicating
that selected memory cell 236 is storing a “0.” When ROUT
goes low after SOUT, then DOUT will output a “1,”
indicating that selected memory cell 236 is storing a “1.”

FIG. 3B depicts a second embodiment of timing com-
parison circuit 260, which comprises an R-S latch. Timing
comparison circuit 260 comprises inverters 320 and 322 and
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NAND gates 324 and 326 configured as shown, with SOUT
and ROUT as inputs, and DOUT as the output. When ROUT
goes low before SOUT, then DOUT will output a “0,”
indicating that selected memory cell 236 is storing a “0.”
When ROUT goes low after SOUT, then DOUT will output
a “1,” indicating that selected memory cell 236 is storing a
“

While the system of FIGS. 2, 3A, and 3B is an improve-
ment over the prior art system of FIG. 1, the system of FIGS.
2, 3A, and 3B still consumes a significant amount of power
during the pre-charge process for the reference bit line 208
and the selected bit line 238.

What is needed is an improved sense amplifier that
reduces power consumption compared to the systems of
FIGS. 1, 2, 3A, and 3B by reducing the power consumption
during the pre-charge process for reference bit lines and
selected bit lines.

SUMMARY OF THE INVENTION

An improved low-power sense amplifier for use in a flash
memory system is disclosed. The reference bit line and
selected bit line are pre-charged during a limited period and
with limited power consumed. The pre-charge circuit can be
trimmed during a configuration process to further optimize
power consumption during the pre-charge operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a prior art sense amplifier in a flash
memory system.

FIG. 2 depicts an embodiment of a low-power sense
amplifier for a flash memory system previously disclosed by
Applicant.

FIG. 3A depicts an embodiment of a timing circuit for use
in a sense amplifier.

FIG. 3B depicts another embodiment of a timing circuit
for use in a sense amplifier.

FIG. 4 depicts another embodiment of the low-power
sense amplifier for a flash memory system.

FIG. 5 depicts a trimming operation of the sense amplifier
of FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 4 depicts sense amplifier 400. Sense amplifier 400
comprises reference circuit 410 and read circuit 430.

Reference circuit 410 comprises reference memory cell
411, NMOS transistors 412, 416, and 419. PMOS transistor
418, switch 414, node 415, reference bit line 417, inverter
420, and variable capacitor 413, all configured as shown.
NMOS transistor 412 is controlled by VB, NMOS transistor
416 is controlled by YMUX (part of a column decoder for
selecting the column containing reference memory cell 411),
NMOS transistor 419 is controlled by BIAS, switch 414 is
controlled by ATD (address transition detection), and PMOS
transistor 418 is controlled by node 415.

Read circuit 430 comprises selected memory cell 431,
NMOS transistors 432, 436, and 439. PMOS transistor 438,
switch 434, node 435, selected bit line 437, inverter 440, and
variable capacitor 433, all configured as shown. NMOS
transistor 432 is controlled by VB, NMOS transistor 436 is
controlled by YMUX (part of a column decoder for selecting
the column containing selected memory cell 431), NMOS
transistor 439 is controlled by BIAS, switch 434 is con-
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trolled by ATD (address transition detection), and PMOS
transistor 438 is controlled by node 435.

In operation, sense amplifier 400 works as follows. Prior
to a read operation, the BIAS signal is high, which turns on
NMOS transistors 419 and 439 and pulls the input of
inverters 420 and 440 to ground, which causes ROUT and
SOUT to be high. At the beginning of a read operation, ATD
goes high, which signifies a detection in the change of the
address received by the memory system, which coincides
with the beginning of a read operation. When ATD goes
high, switches 414 and 434 are closed. NMOS transistors
416 and 436 are turned on by YMUX. This allows reference
cell 411 and selected memory cell 431 to draw current.
Initially, variable capacitors 413 and 433 will be storing a
voltage that was generated during a charging process by
voltage NMOS transistors 412 and 432 before switches 414
and 434 were closed. After switches 414 and 434 are closed,
the charges on capacitors 413 and 433 are shared to nodes
415 and 435, respectively, in a short period. Meanwhile,
reference cell 411 will draw current from variable capacitor
413, and selected cell 431 will draw current from variable
capacitor 433.

ATD will then go low, which opens switches 414 and 434.
Node 415 and reference bit line 417 will continue discharg-
ing through reference cell 411. As this occurs, the voltage of
node 415 will decrease, and at some point will drop low
enough (below VDDS-Vthp, where VDDS is a voltage
source provided to PMOS transistors 418 and 438 and Vthp
is the threshold voltage of PMOS transistors 418 and 438)
such that PMOS transistor 418 turns on. This causes ROUT
to drop to low. Meanwhile, node 435 and selected bit line
437 also are discharging through selected memory cell 431.
As this occurs, the voltage of node 435 will decrease (below
VDDS-Vthp) and at some point will drop low enough such
that PMOS transistor 438 turns on. This causes SOUT to
drop to low.

Essentially, there is a race condition between reference
circuit 410 and read circuit 430. If selected memory cell 431
draws more current than reference cell 411 (which would be
the case if selected memory cell 431 is storing a “1” value),
then SOUT will drop to low before ROUT drops to low. But
if selected memory cell 431 draws less current than refer-
ence cell 411 (which would be the case if selected memory
cell 431 is storing a “0” value), then SOUT will drop to low
after ROUT drops to low. Thus, the relative timing of SOUT
and ROUT dropping to low indicates the value stored in
selected memory cell 431.

SOUT and ROUT are input into timing comparison circuit
260, and the output is DOUT, which indicates the value
stored in selected memory cell 236. Timing comparison
circuit 260 can comprise the structures described previously
with respect to FIG. 3A or 3B or can comprise another
timing circuit.

FIG. 5 depicts a configuration phase for reference circuit
410 and read circuit 430. Trim controller 510 optionally can
adjust the voltage VDDS using known techniques. Similarly,
trim controller 510 can adjust the capacitance of variable
capacitors 413 and 433 to alter the voltage that is initially
provided to nodes 415 and 435 when ATD goes high and
switches 414 and 434 are closed.

References to the present invention herein are not
intended to limit the scope of any claim or claim term, but
instead merely make reference to one or more features that
may be covered by one or more of the claims. Materials,
processes and numerical examples described above are
exemplary only, and should not be deemed to limit the
claims. It should be noted that, as used herein, the terms



US 10,546,646 B2

5

“over” and “on” both inclusively include “directly on” (no
intermediate materials, elements or space disposed there
between) and “indirectly on” (intermediate materials, ele-
ments or space disposed there between). Likewise, the term
“adjacent” includes “directly adjacent” (no intermediate
materials, elements or space disposed there between) and
“indirectly adjacent” (intermediate materials, elements or
space disposed there between). For example, forming an
element “over a substrate” can include forming the element
directly on the substrate with no intermediate materials/
elements there between, as well as forming the element
indirectly on the substrate with one or more intermediate
materials/elements there between.

What is claimed is:

1. A flash memory system, comprising:

a read circuit comprising a selected flash memory cell, a
first bit line coupled to the selected flash memory cell,
a first capacitor, and a first switch, wherein at the
beginning of a read operation, the first switch is closed
and the first capacitor charges the first bit line and then
the first switch is opened and the first bit line discharges
through the selected flash memory cell;

a reference circuit comprising a reference flash memory
cell, a second bit line coupled to the reference flash
memory cell, a second capacitor, and a second switch,
wherein at the beginning of a read operation, the second
switch is closed and the second capacitor charges the
second bit line and then the second switch is opened
and the second bit line discharges through the reference
flash memory cell; and

a timing comparison circuit for outputting a first value
when the voltage of the first bit line drops below a
voltage threshold before the voltage of the second bit
line during a read operation and for outputting a second
value when the voltage of the second bit line drops
below the voltage threshold before the voltage of the
first bit line during a read operation, wherein the first
value and second value each indicate a value stored in
the selected flash memory cell.

2. The flash memory system of claim 1, wherein the first
capacitor is a variable capacitor and the second capacitor is
a variable capacitor.

3. The flash memory system of claim 1, wherein the
timing comparison circuit comprises a flip-flop.

4. The flash memory system of claim 2, wherein the
timing comparison circuit comprises a flip-flop.
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5. The flash memory system of claim 1, wherein the
timing comparison circuit comprises an R-S latch.

6. The flash memory system of claim 2, wherein the
timing comparison circuit comprises an R-S latch.

7. A flash memory system, comprising:

a read circuit comprising a selected flash memory cell, a

first bit line coupled to the selected flash memory cell,
a first variable capacitor, and a first switch, wherein at
the beginning of a read operation, the first switch is
closed and the first variable capacitor charges the first
bit line and then the first switch is opened and the first
bit line discharges through the selected flash memory
cell;

a reference circuit comprising a reference flash memory
cell, a second bit line coupled to the reference flash
memory cell, a second variable capacitor, and a second
switch, wherein at the beginning of a sense operation,
the second switch is closed and the second variable
capacitor charges the second bit line and then the
second switch is opened and the second bit line dis-
charges through the reference flash memory cell;

a timing comparison circuit for outputting a first value
when the voltage of the first bit line drops below a
voltage threshold before the voltage of the second bit
line during a read operation and for outputting a second
value when the voltage of the second bit line drops
below the voltage threshold before the voltage of the
first bit line during a read operation, wherein the first
value and second value each indicate a value stored in
the selected flash memory cell; and

a trim controller for adjusting the capacitance of the first
variable capacitor and the capacitance of the second
variable capacitor during a calibration process.

8. The flash memory system of claim 7, wherein the trim
controller is configured to adjust a voltage source for the
reference circuit and the read circuit during the calibration
process.

9. The flash memory system of claim 7, wherein the
timing comparison circuit comprises a flip-flop.

10. The flash memory system of claim 8, wherein the
timing comparison circuit comprises a flip-flop.

11. The flash memory system of claim 7, wherein the
timing comparison circuit comprises an R-S latch.

12. The flash memory system of claim 8, wherein the
timing comparison circuit comprises an R-S latch.
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