M

/

' (22) Date of fiing 15 Apr 1988 ]

(43) Application published 2 Nov 1988

UK Patent Application = GB « 2 204 203.A

(21) Application No 8808900 = . - ©(51) INT CL*
_ a . G11C 17/00

(52) Domestic classification (Edition J):
(30) Priority data S : - H3X 20 3X .
(31) 039086 - (32) 16 Apr 1987 _ (33). US .
- - - (56) Documents cited
) ) GB A 2029145 GB A 2028615

(71) Applicant

intel Corporation - S ' - -] (58) ‘Field of search
- (Incorporated in USA-California) : . Selected US specifications from IPC sub-class

o ) - G11C :
- 3065 Bowers Avenue; Santa Clara, Californla 95051, -
United States of America - ‘ :

(72) Inventors
~ Winston KM Lee
"Duane H Oto
© .Simon M Tam'

(74) Agent and/or Address for Service
Potts Kerr & Co - '
15 Hamilton Square, Birkenhead,
Merseyside, L41.6BR -

(54) Self-limiting érase scheme for EEPROM'

(57) An Vov'er-erés’e condition 61 a one-transistor EEPROM cell is prevented by monitoring drain voltage. In one
embodiment, during an erase cycle, a drain voltage is fed back to a floating gate to counteract a positive erase voltage on

the source of the memory cell and therein reduce the electric field across the tunnel oxide leading to the cessation of erase.

in another embodiment, the drain voltage is fed back to deactivate the erase voltage when a predetermined drain voltage
value V ref is exceeded. T

268

30

St 9 Dean/
: 2l
2 SUBSTRATE 7

(o]

n L=
ASE i
0URC.
7 23

s

The drawing(s) originally filed v@s (were)‘informalr_ and the print here reproduoéd is taken from a later filed formal copy.

V €0¢ ¥0¢ ¢ 89



2204203

1/2

\//%/////n‘

\ \ \\ ‘\\_/— o OX/OE

.0,0.4//?" - //@ /// | 50//,965

| ‘ 4/) |

SUBSTRATE o ~

g4
26
R I
o ‘ " 30
o T 2 [N
= e Tnes @
'50&1?@ [ ; Dean/
Vs T 42
23 20 & SUBSTRATE | 4 \

gz




{"‘\

Sazssr,earf

2204203
2/2 -
Verase
69 '
( 7 AV
' 66 &
r N ¢ 7
SeurcE
52
5l

VRS

LRASE



-1 - .
SELF-LIMITLNG ERASE- SCHEME FOR EEPRCM 2 2 @ 4 2 8 3

BACKGROUND OF THE INVENTION

1. Fieldiof the Invention.

Thé present invention relates tb,the field of electrically
programmable'and-electrically erasable memory cells and moie
particularly the erase of memory cells employing floating gates.

2. Prior Art. ' N

The fabfication of electfically programmable read-only
meﬁories (EPROMS) utilizing metal-oxide-semiconductor (MOS)
technology is well;known'in thé prior art. These EPROMs employ
memory calls'utilizing floating gates}which are generally formed
from polysilicbn mambers completely surrounded by an insulaﬁor;
Electrical charge is transferred into the floating gate usihg a
variety of techniques such as avalanche injectiqn,.channel
injectioh, Edwler—Nordheim tunnelling, channel hot electroﬁi
injection, etc. AVVariety‘of phenomena have been used to iemove
charga from,the floatiné'gate including exposing the memofy’to
ultraviolet radiation. The floating gate is proérammed whan a
chafge'is stored in the floating gate. The cell is in an
,unprogrammed, or erased, state when the floating gate is
discharged. |

Because of complex and t;me consuming procedures required
to erasefEPROMa,rthése devicas have been used primarily inr’
applications requiring read-only memories. Electrically
programmable and electrically,e;asable read-only memories
(EBPROMS) were developed to pravide the capability of
electrically erasing programmedrmemory cells. These EEPROMs
have also been referred to as electrically alterable read-mostly

memories.r Commercially'available.EEEROMs have generally used a
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thin oxide region to transfer the charge into and from a
floating gate. 1In a typical memory, a fﬁo—transistorecell is
used. For instance, U.S. Patent No. 4,203,158 discloées the
fabrication of such an EEPROM cell. Further, U.S; Paﬁent No.
4,266,283 discloses the arrangement of EEPROMs into an array
wherein X and Y select lines provide for the selectioh,'
programming and reading of various EEPROM cells. These EEPROM
cells do not lend themselves to being reduced in substrate area
as due the EPROM cells.

Various techniques have been implemented to reducerthe size
of the memery arfay by providing higher densityreells;"One such
technique is disclosed in U.S. Patent No. 4,432,075, Further,r
the use of a eingle 5 volt potentialrsupply to provide the
requisite current and voltage for the proper operation of
EEPROMs is crucial to the manufacture of the more recent EEPROM
technology. U.S. Patent No. 4,432,075 discloses the sharing of
a single source of hot electrons by a number of ceils to provide
the additional current requiredrfor programming the various .
cells. Further, the use of a single 5 volt external supply to
generate on-chip a higher potential which is required fef
programming is known in the prior art.

A further attempt to provide higher density, low voltage
EEPROM cell is disclosed in a U.s. PatentrApplication, Serial
No. 892,446 filed August 4, 19867and entitled Low Voltage EEPROM
Cell and is assigned to the assignee of the present application.
In this copending application, a one-transistor EEPROM cell
which uses chanhel injection for charging the floeting gate and
tunnelling for discharging the.gaﬁe is disclosed. A single 5.

volt potential is used with a higher programming/erasing
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potential of approximately 11-15 volts being generated on-chip
However, the EEPROM of the one-transistor design uses the same
,tran51stor and the same oxide eeparatxng the transistor elements
from the floating gate,torboth program and erase the floating
gate. Becéuse of the oneetransistor'design, over-erased
conditiohrof a memory cell is more prevalenﬁ than in the two-
transistor design. An'everéerase condition must be avoided in
order to prevent the one-transistor EEPROM memory cell from
becoming a depletion-like transistor-in the read mode. During
the read mede an over-erased memory cell will disable a whole
columh of a memory array if the memory cells are structured as
an array. The OVe:-eraserpfoblem is ndt'typically a concern
~ with the two-transistor design or the quasi-one-transistor
EEPROM design,rﬁhich is disclosed in a copending patent
application, Serial No. 009,998 filed February 2, 1987 which is
also aseigned to the assignee of the present invention.
However,'again,'the t&o'transistorfdesign will require much
blgger ‘cell area while the quasi-one-transistor EEPROM descrlbed
in the Serlal No. 009,998 reference requires more processing
steps. -

The present 1nventlon prov;des for a scheme to self-limit
the elect:ieal erase of a single transistor floating gate EEPROM
celi,rwherein'whole arrays are not disabled due tbran over—erase

cdndition of a single EEPROM cell. -



SUMMARY OF THE INVENTION

The present invention describes an apparatus and a method
for self-limiting electrical erase of one-transistor floating
gate EEPROM cells. 1In 6ne scheme, drain voltage is fed back to 
the contrel gate of an EEPROM celi.' Hhen an erasing potentiel
is placed on the source of the cell, electrons'discharge to the
source by tunnelling and cause the fleating gate to beceme more
positive.r This increase in the positive potential is reflected
at the drain, which voltage is a cell threshold below the
floating gate voltage. Because of the drain-to-gate feedback,
the control gate also becomes more positive and couples the
floatlng gate positively as well The floating gate potential.
increase will decrease the potential and electric field across
the tunnel oxide, whereln accelerating the termination of erase
to prevent an over-erase condition.

In an alternative scheme, the control gate is'grounded and
the drain potential controls.the deactivation of the erase |
voltage. After the erasing sequence commences, electrons arer
discharged from the floating gate until the drain reaches a
predetermined potential. At this point, a signal is sent to de-
energize the erase voltage.

In one circuit implementation an ampiifier is ssed to,set
the gain of the feedback voltage in fhe first scheme. 1In the
alternative scheme, a comparator is used to compare the drein
potential to a presettable voltage refe:ence} such that the
output of the cemparator changes states to initiate the
deactivation of the erase voltage when the drain potential

exceeds,the'voltage reference.



Figure 1 is a cross-sectional elevation view of an

embodiment of a one-transistor EEPROM cell.

Figure 2_iliustrates,a scheme of providing self-limiting
electrical erase by providing a feedback signal to a control

gate of a oneftransistorrEEPROM cell.

Figure 3 illustrates an alternative scheme wherein a
feedback signal is used to control an erase voltage present on a

source region of a one-transistor EEPROM cell.

Figure 4 illustrates a circuit implementation for the

feedback to source scheme of Figure 3.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

An apparatus and a method for self- limlting the eletrical
erase of a one-translstor floating gate EEPROM cell is
described. 1In the following descripticn,'numerous specific
details are set forth, such as specific circuit configuraticn,
components, etc., in order to provide a thoroughrundepstanding
of the present invention It will be obvious, however, to one
skilled in the art that the present invention may be practlced
without these specific details. 1In other instances, well-known
processes have not been described in detail in order not to
unnecessarily obscure the present inventlon.

Referring to Figure 1, a one-transistor EEPROM cell 10 isr
shown. The formation of EEPROM 10 is described in a copending
application, Serial No. 892,446, filed August 4, 1986, and
assigned to the assignee of the present application VrThe
one-transistor EEPROM cell 10 is comprised of a subst;ate 11,
drain 12, source 13, and a channel region 14 separating drain 12
and source 13. An oxide 1aye; 15 is formed above the channel
region 14, wherein floating gate 16 end ccnt;ol gate'l7 are
formed above region 14, Floating gate 16 is comprised of a
first polysilicon layer. A second polysilicon ;ayer which
comprises the control gate 17 is separated by a silicon oxide
(5i03) layer 18 which'cperates as a dielectric medium separating
the two polysilicon.layers 16 and 17. &as described in the
copending appllcatlon, EEPROM cell 10 uses channel lnjectlon to
inject electrons from channel region 14 into floatlng gate 16
The one-transistor EEPROM cell 10 also- utillzes Fowler—Nordheimp'V

tunnelling for discharging the floating gate 16 to erase the
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memory ce;l by causing'eiectrons to tunnel across thin gate
dielect:ic layer 15. As explained in the copending application,
the erase squence is achieved because source 13 extends under a
portion of flpatin§ gate 16, such that electrons from floating
gate 16 aré éble to tﬁnnel across oxide layer 15 into region 19
underlying floatiné gafe 16.

‘During an erasing sequence, a high voltage (10 volts to 15
volts) israpplied to source 13 of EEPROM cell 10. -Due to
capacitive coupling, a potential will be estéblisﬁed acrbss gate
tunnel dielectric 15a between the floating gate 16 and source
overlap region 19. Under a norﬁal erasing operation, control
gate 17 is at 0 voits.and drain 12 1is left floating. A
pbtential of'approximatély 12 volts is placed on source 13. As
the EEPROM cell 10 is being erased, elecfrons are removed from
floating gate 16 and gate;16 potential increases positively.
Because drain 12 is open, the pétential of drain 12 will
increase élso aﬂd eventuélly will result in a voltage difference
between floating gate 16 and drain 12, such that potential at ~
drain 12 is lower than the potential at gate 16 by the threshold
voltage of thé MOS transistor.

If the erasing sequence continues, electrons will continue
to tunnel from floatingAgate 16 into overlap region 19,
resulting in a net positive potential of the floating gate. An
over-erase condition occurs when as a result of erase,.the
floating gate potential is sufficiently high, such that during a

read condition the unselected cell conducts current. Typical

voltages for an unselected cell are 0 volts on the control gate,

0 volts at the source and'approximately 1.5 volts at the drain.

Whereas, during a read condition, unprogrammed (erased) EEPROM
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cells should only conduct when that cell is selected by having a
voltage, typically 5 volts, applied to contfol gate 17, an over-
erased cell 10 will conduct even when it is not selected (0
volts on control gate 17), thereby prbvidihg an erroneous
reading. If cell 10 is part of a memory array, cell 10 can
provide an erroneous reading on its corresponding matrix 6utput
line.

This over-erase problem can be eliminated with a two-
transistor design or the quasi-one-trénsistor EEéROM design as .
described in the earlier mentioned references. rHowever; as
previously stated, the two-transistor design will require.muéh
bigger cell area while the quasi-one-transistor EEPROM requires
more processing steps.

Referring to Figure 2, .it illustrates a scheme of the
present invention for providing a self—limiting-eraSe 7
implementation. An EEPROM cell 20, equivalent to EEPROM cell iO
of Figure 1, is shown having substrate 21, drain 22, source 23,
floating gate 26 and control gate 27. buring an erase
condition; substrate 21 is grounded and an erasing poténtial
(VErasg) 1s impressed on source 23. An amplifiéi 30 is coupled
between drain 22 and gate terminal 28 of control gate 27.
Amplifier 23 basically provides feedback between drain_22:énd
control gate 27.

In this configuration, control gafe 27 is no longer set to
0 volts, but is connected to drain 22 through thé feedback

amplifier 30, such that during an erasing condition the

potential on drain 22 is fed back to control gate 27. . As VERASE

is imposed on source 23, electrons tunnel f;om'floating gate 26

into source 23. As electrons leave floating gate 26, the

&
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potential on the drain will increase proportionately. Howéver,
7 now that the drain is coupled to gate 27, the increase in the

rpoténtial of drain 22 is also felt at terminal 28. Therefore,

as the drain potential increases, potential at terminal 28
increasés,accordingly. Dué to the contrdl gate 27 to floaéing
gate 26 capacitive'couplihg, thé poténtial at control gate 27 is
coupled to floating gate 26. As drain potential increases
positivelyi the feedback_provided at terminal 28 cauées the
potential at floating:géte'ZS to increase accordingly in a:
pdsitive direction. Therefore, as more electrons leave gate 26,
the feedback vqltage,increéses and provides a more positive

voltage on control gate 27 to counter Vgrasg.

Because of the strbng relationship between the Fowler-

, Nordheim tunnelling current and voltage, the tunnel erase

current will decrease due to the positive voltage coupled back
to floating gate 26 and_eventually Stopping the.tunnellingr
process. By éarefully'adjusting'the gain of amplifier 30, a
proper feedback voltagerwill be impressed on terminal 28 as
drain 22,increa§es in,potenﬁial during erase. The positive
voltagé'bn conﬁfol gate 27 will be coupled thtough to floating

gaté 26, thereby increasing the positive voltage potentialiat

‘floating gate 26. As the floating gate 26 voltage increases,

the tunnelling process will dedrease.and evehtually stop prior
to puﬁting the cell into an over-erase céndition. By proper}y
adjustingrthe gain pf amplifief’Bb; the tunnelling sequence'can
be made to terminate prior to cell 20 entering an over-erase
condition, Once the erase thréshold has been réached, a

continued application of Vgpagg will have no effect on the

erasing of cell 20. Although drain 20 can be coupled directly
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to gate 28 without the use of,amplifie: 30, a more precise
adjustment of the feedback voltage can be achieved by ueing ah
amplifier having a presettable gain., 2 buffer and amplifier | ’
combination will aiso function,equivalently, The abilityrto'r N
adjust the amount of feedback will result in the ability to
control the final floating gate potentiel.

Refetring to Figure 3, it illustrates an alternative
feedback scheme for an EEPROM ce11’40, which is equivalent to
the EEPROM cell 10 of Figure 1. In this scheme, terminal 41 of
control gate 42 is coupled to ground, thereby placing.a ground
potential on control gate 42. Substrate 44 is also grounded.
An erase voltage supply 48 is coupled to source 45. Drain 46 is
coupled to one input terminal of comparator 47 and the other

input terminal of comparator 47 is coupled to a reference

voltage, Vrer. The output of the comparator is coupled back to
control Vgpage supply 48. Comparator 47 provides a feedback
signal to turn off Vgpasp Supply 48.

In this embodiment, erase potential VERASE is,applied to

source 45 by turning on supply 48. As cell 40 undergoes an
erasing sequence by:electron tunnelling from'floatingrgate 43 to
source 45, the potential on drain 46 increases proportlonately
The output of comparator 47 is configured to provide a control
signal which permits supply 48 to activate Vggaggp to be impressed
on source 45. However, as drain potential increases during the

erasing sequence, drain potential will eventually surpass that

of the reference voltage Vrpgpr causing the output of comparator
47 to change states and shutting off V@RASE supply 48. By~
presetting the value of Vg, comparator 47 can be made to shut

Off Vgpasg Supply 48 when drain 46 potential reaches a

oW
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predetermined point where erasing is completed. Therefore,

~comparator 47 controls to deactivate Vgpagp supply 48, so that

floating gater43rwiii not continue to release electrons
resulting in an over—erasé condition of cell 40.

Referring ﬁo Figure 4, it shows a more detailed circuit
implementation of the féedback to SQurcerscheme illustrated in
Figure 3. An EEPROM cell 50 having a substrate 51, source 52,
drain 53, floafihg gate'54( cbntrol gate 55, is shown. Cell 50
is equivalent to the EEPROM cell 10 ofrFigure 1 and is
configured to have a groﬁndrcoupléd to control gate 55, as was

the case in Figure 3. Drain 53 of EEPROM 50 is coupled to the

s positive input terminal of comparator 56 as well as to one"

terminal of transistor 57. The other side of transistor 57.is
coupled to ground. The negative terminal of comparator 56 is
coupled to reference voltage, Vggr. Terminal 58 is coupled to
the gate of transistor 57 through inverter 59. Terminal 58.

receives an erase signal from control source (not shown) for

activating an erase sequence of cell 50,

The output of comparator 56 is coupled to line 60 for .
providing arsiénal to deactivate the erase signal on terminal
58. The output of comparator 56 is also coupied to provide a

set signal to RS flip-flop pair 61. A reset signal is also

coupled to the RS flip-flop 61. The output of the RS flip-flop

pair 61 is coupled as one input to NAND gate 62 and a second

input of NAND gaté 62 is coupled to terminal 58. The output of

NAND gate 62 is coupled to the gate of transistor 63 and to the

gate of transistor 64 through inverter 65. The drain of
transistor 63 is coupled to the gate of transistor 66 and the

drain of transistor 64 is coupled to the gate of transistor 67
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such that transistors 63 and 66 conduct together when

by

transistors 64 and 67 are off, and vice-versa. The drains of
transistor 66 and 67 are coupled to a supply ngASE, as well as
to one input of transistor 68.- The otherrtefminal-of tiansistor
68 is coupled to source 52. Drain of transistpr 64 1is équpled
to gaterof transistor 68 such that circuit 69,,compriséd ofr
components 63-68, provides the control for placing VERASE on
source 52,

The erase command signal at terminal 58 going high will
initiate an erase cycle by turning off transistor 57 and causinéx'
drain 53 to go into a float condition. At this point Vggp has a
higher magnitude potential than that of drain 53 céusing the
output of comparator 56 to be low. The output from SR flip-flop
61 is high, due tb a reset signal resetting flip—flops 61 prior
to presenting thererase signal on terminal 58. The reset signél
originates from a control source (not shown). The output of7>
NAND gate 62 goes low and, due to inverter 65, activates
transistors 64 and 67. Actfvating Eransistor:64 turnsron
transistor 68. Transistor 68 functions és a'switch and when..
turned on places Verasg ©n source 52, | |

As the cell 50 continues to erase, the floating gate 54
potential increases positively ahd the drain node potential of
drain 53 increases as a result of ceil sub-threshold conductibn
charging this node.r When the drain node voléage ofrdrain 53

exceeds the reference voltage Vpgr the output of comparator 56

goes high to set the ouput of latch 61 low and results in a high-

St

output-from NAND gate 62. Transistors 64 and 67 are turned off

as transistors 63 and 66 are turned on. Due to a high state of

uf
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the gate of,transistor 68, transistor 68 is turned off removing

Verasg from source 52.
‘Using this feedback scheme the electron discharge level of

floating gate 54 can be adjusted to a predetermined desired
level by adjusting the reference voltage Vggr. The output of

comparator 56 is fedback on line 60 to turn off the erase signal

-on terminal 58 and activating transistor 57 to place a ground on

drain 53. The erase cycle is completed.
Although a pérticular circuit implementation is shown, it
is appreciated that variou$ other circuits can be used without

departihg from the spirit and scope of the invention.

Thus, a self-limiting erase scheme for EEPROMs has been

discribed.



-14 -
CLAIMS

1. An apparatus for self-limiting an electficalre:ase of a

floating gate electrically_programmable and eleétriéally
erasable read-only memory (EEPROM) éell having a source; drain;
floating gate and control gate, comprising: |

voltage supply means coupled to said source to provide an
erase voltage for discharging of electrons from said floatihg
gate; | |

feedback means coupled to said d:ain for providing a
feedback signal to limit said discharging;

whéreby'said erasing cycle is terminated prior to over-

erasing said EEPROM cell,

2. The apparatus as defined in Claim 1, wherein said
feedback means is coupled to said drain and said control gate
for providing a feédback voltage proportional to arpbtential of
said drain, such that as said electrons discharge from said
floating gate, said feedback voltage increases proportionaﬁely
to provide arcounteracting potential on said control gaﬁe to

inhibit said discharging.

3. The apparatus as defined in Claim 2, wherein said
feedback means is comprised of an amplifier having a

predetermined gain.

oy
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4, The apparatus as defined in Claim 3, wherein said’

voltage supply means provides a positive erase voltage.

5. The apparatus as defined in Claim 4, wherein said -
feedback means further includes a buffer coupled to said

amplifier,

6. The apparatus as defined in Claim 1 is further
comprised of switching means coupled to said feedback means. and
said voltage supply means for deactivatlng said voltage supply
means, said switching means being controlled by a control signal

from said feedback means.

7. The apparatus as defined in Claim 6, wherein said

feedback means monitors a potential of said drain, such that as

- said electrons discharge from said floatlng gate, said drain

,potential increases proportlonately, sald feedback means

v

generatlng said control signal to turn off Sald voltage supply

means.

8. The apparatus as defined in Claim 7, wherein said .

. L]
feedback means further includes a comparator for comparing said

drain potential to a reference source, such that said comparator

- generates said control signal to turn off said voltage supply

source when said drain potential exceeds said reference source.

9. The apparatus as defined ‘in Claim 8, wherein said

voltage supply means provides a positive erase voltage.
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10. A method for self-limiting an electricél erase of an
electrically programmable and4electricaliy eraséble read-only
memory (EEPROM) celi having a source, drain, floating gate'andf
control gate, comprising the steps of: o '

providing.an erasing potential on said source to cause
electrons to tunnel from said floating gate to said source;

coupling a'potential of said drain as feedback to said
control gate, such that as said'floating gate is discharged of
said electrons, said drain potential iﬁcreases propoftionately
to said discharge and said feedback also causes a proportionate
increase in potentiai at said control gate to counteréct said
erasing potential;

whereby said electron discharge is ;nhibited to preventr

over—-erasing of said EEPROM cell.

11. A method for self-limiting an electrical erase of an
electricélly programmable and electrically erasable read-only
memory (EEPROM) cell having a source, drain, floating gate ana
control gate, comprising the steps of:

providing an érasing potential on said source to cause
electrons to tunnel from said floating gate to said sourée;

monitoring a potential of said drain, wherein as said 7
electrons discharge from said flcatihg gate, said dréin
potential increases proportionétély;

comparing said drain potential to é predetermined reference
value;

deactivating said erasing potential when said drain

potential exceeds said predetermined reference value;

]

Y4
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whereby said electron discharge is terminated to prevent

over-erasing of said EEPROM cell.

'12."Thé method as defined in Claim 11 further comprising

the step of grounding said control gate prior to providing said

erasing.potential.
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