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Novel p-Channd Sdected n- Channd Divided Bit-Line NOR
Hash Memory Using Source Induced Band-to- Band
Hot Hectron Injection Programming
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Abstract : A novel p-channd sdected nrchannd divided hitline NOR (PNOR) flash menory ,which features low programming
current ,low power ,high access current ,and dight bitline disurbance ,is proposed. By usng the ource induced bandto-band hot
dectron injection (SIBE) to perform programming and dividing the hitline to the sub-bit-lines ,the programming current and power
can be reduced to 3. B A and 16. 51 W with the sub-bit-line width equaing to 128 ,and a read current of 601 A isobtaned. Further-

nore ,the bit-line dgurbance is d dgnificantly dleviated.
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1 Introduction

With the scaling down of the different flash cells the
flash array architecture isfound new gructures to increase
the integrate dendty and to upgrade cdl performance.
Severa menory array architectures, such as NAND'Y! |
NOR!?! DINOR!®! and DuSNOR!! | have been proposed
for snge power-supply flash menories. Anong these ar-
rays ,DINOR(divided hit line NOR) redizes a high access
geed ,high rdiability and a small chip 9ze smultaneous
ly. The unit of menory arry oondds of a select gate and
elght menory trand dors connected by the third polyslicon
layer serving as a sub hit line. The cdl uses Fowler-Nord-
heim tunneling eectron to perform programming and eras
ing operation ,which requires reatively high woltage bias
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ing on the terminals of the merory cdl and has dow pro-
gramming eed!™!. Ohnakadb et al . proposed a p-channel
DINOR flash mermory usng the band-to-band tunneing
induced hot electron (BBHE) !*! to perform programming
operation \which has the advantages of high dficiency and
low voltage of programming'® . However ,the read current
o the p-channe menory cel is srdler than one haf of
the one with n-channdl . To overcome these problems this
paoer proposed a novel p-channg selected n-channd di-
vided bit-line NOR flash menory usng surce induced
band-to-band hot eectron injection to perform progran
ming.

In this paper \we described the proposed PNOR flash
menory array architecture and the principle of the urce
induced band-to-band hot eectron injection programming ,
the programming characteridics,the read characteridics,
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and the array performance in details.

2 Array architecture and its operation

A <chematic illugration of the proposed p-channe
sdected nchannd divided bit-line NOR (PNOR) flash
menory is shown in Fg. 1. One main bitline (MBL) is
divided into severd sub-hit-lines (L) ,which are s=
lected by the p-channe tranddors. The menory cdl is
formed on the p-well which is nearly the same as the tra
ditiona ETOX dructure ,except an accesorid p* regon
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Hg.1 Schematic illudration of the proposed FNOR
flash menory

at the drain end. The inpurity concentrations of the n-hao
andp* regon under the gate-to-drain overlgp area are 2
x 10”cm 3 and 8 x 10¥%cm 3, regectively. The tunnel-
ing oxide is 10nm and the dectric thickness of the oxide/
nitride/ oxide interpoly didectric is 20nm. The W/ L of
the teded cdl is 1 m/ 0. 8 m. The slect AMOS trang dor
isformed on the shdlow nrwell (SNW) ,and iolated from
the n-channd memory cedll by a dummy cell whose source
and drain is dorted. In order to increase the read current ,
the dimenson o the slect PMOS is enlarged to 21 m/
0. ¢4 m. The circuit diagram of the FINOR menory array is
sown in Fg. 2. BEach BL oonnects to 128 menory cdls,
and each 2048 BL s Hected by the same slect trand gor
is arranged as one sector. The additional dze of the sdlect
trang gor and the isolator is only about twice as the cdll
sze ,and the whole array area pendty is about 2 %.
Fgure 3 shows a schematic nodd of the menory and
the slect trand gor. The menory cell condgs an n-chan-
ne dacked-gate tranddor and a parastic p-channd
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Fg.3 Shematic modd o the menory and the sdlect
trang gor

dacked-gate trand or which is made up of thep ™ drain,
the p-subdrate and the floating - halo as the ource ,drain
and subgrate ,regectively.

A rnovd urce induced bandto-band hot eectron
injection (SIBE) method is proposed to perform the pro-
gramming operation ,where the MBL is st to - 3V ,the
SGisstto - 5V the WL is st to 10V ,the 3 is st to
2V the SNW and the p-sub are both st to ground. Under
this bias condition ,the sdect transgor and the memory
cell are turned on and the paradtic p-channe trang stor
works as a reverse pn diode. The MBL wltage can be
tranderred to the BL and the p* drain without loss of
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wvoltage due to the zero turnon current. Mearwhile ,the
urce wltage can d 0 be tranderred to the floating n-har
lo region in the sdlected cdl ,and the drain p*/ n junction
i's thus negatively biased to nearly - 5V. Due to the high
vertical eectrica field induced by the high control gate
woltage ,electrons can be generated on the surface of the
p* regon by band-to-band tunneling'”!. These band-to-
band tunneling-induced eectrons may a2 flow into the n-
halo regon and generate hot eectrons by gaining energy
through the junction eectric field and/ or impact ionizar
tion. me hottes eectrons can overcome the barrier and
be injected into the floating gate through the tunndl oxide
with the aid of the pogtive biason the control gate. In the
unselected cdls on the same bit-line ,the control gate is
<t to ground , 9 the urce wltage canmot be tranderred
to the n-halo region. As a result ,the floating n-halo region
is clanped to about - 0.5V ,and the negative woltage on
the drain p*/ n junction isonly - 2.5V.Under this con-
dition, the band-to-band tunnding mechanism is hardly
induced ,and the programming operation is prohibited.

The negetive gate source Sde Fomer-Nordheim tun-
neling is used to perform the erasng operation , during
which ,the hit-lines are st to floating ,the subdrate is st
to ground ,and the word-lines and the ource-line are st
to - 8V ,and 5V ,regectively.

The =ected cdl is accesed through a slect tram
dgdor in the ANOR array. During reading ,the MBL and
the WL are st to 1. 8V and 3V ,and the SGis st to -
5V to turn on the seect tranddor and trander the MBL
voltage to the BL . Because the menory cdl and the s=
lect trang stor are turned on ,there is a woltage lowing be
tween the ource and drain of the select trand dor ,which
makes the BL wltage biased to about 1. 5V. Under this
bias condition ,the drain PN junction of the menory cdl is
postively biased and the wltage of the nrhalo regon is
clamped a about 0. 9V. With the access wltage (Veg =
3V) ,the p-type channd regon may be inverted (in the

“ 0" cdl)  that the dectrons can flow from the ource to
the -halo and an access current of about 6QI A/Um is
read out from the drain. The detailed operation bias of the

proposed flash merrory array isillugrated in Table 1.

Table 1 Operation bias of the ANOR flash memory

QOperation Vv, Vw | Vg | Vss | Vab | Vaw
. sl ected -3 10 2 -5 0 0
Write
unsd ected 0 0 2 0 0 0
Erase ected Hoating -8 5 0 0 0
ected 1.8 0 -3 0 1.8
Read
unseected 0 0 0 0 1.8

3 Result and discussion

Fgure 4 shows the program drain and floating gate
currents with different Veg. By the proposed SIBE pro-
gramming with drain wltage equaling to - 3V ,the drain
and the floating gate currents are 31 A/ m and 1nA/M m,
regectively ,and the programming dficiency can reach 3
x 10" . In the unsdlected cells lined to the sdlected bit-
line (acoording to the floating gate voltages equaling OV)
the drain leakage current and the floating gete disturb cur-
rent can be limited to less than 4nA and 5x 10™ “A re-
ectively.
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Fg.4 Pogam dran and floating gate currents

with drain and ource equaing to - 3V and 2V ,re
Pectivey

Qongdering a flash merrory array ,the bit-line cur-
rent is made up of the drain programming current ( lg )
o the sdected cdl and the drain leakage currents
(14 1ea) OF the unsdected cells. When the hit-line width
is n ,the bit-line current and the programming power con-
sumption can be deduced by the following equations.
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lbitline = ldw + (N - 1) ld ek

Pv = (VaL - Va) law + (n- 1) Ve ld e
where the Iitiine IS the overal programming current on the
bit-line; R, is the programming power consunption; Vg_
and Vg are hit-line and sourceline wltages during pro-
gramming.

Faure 5 ows Iyitline and Ry with different sub-bit-
line widths. Due to the leakage current of the unsdected
cels,the larger of the hit-line width ,the higher the pro-
gramming current and power. With the DINOR architec
ture ,the main bit-line is divided into short sub-bit-lines,
9 the programming current and power are sgnificantly re-
duced. The Ilpiriire and Py are 3. A and 16. 1 W with
the BL width equding to 128 ,however ,they will be as
large as 1M A and 4 W with 2048bit BL. It is clear
that the hit-line leakage current is greatly reduced by us
ing the DINOR architecture.
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Fg.5 Cdcuated Ieine and Ry asafunctiond bitline
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Fgure 6 sows the time dependent programming cur-
rent and threshold voltage shift during programming ,where
the thredold wltage is teged with the U n/ 0. § m menmt
ory cdl ,and the floating gate current is deduced from the
Veest curve and Veg Igg curve in U nv 0. I m dummy
cdl with contacted floating gate. A programming time of
high gpeed for less than 2 s was obtained with the
threshold voltage shift for nore than 4V.

Fgure 7 shows the read characterigics of the PNOR
flash merory ,during which the MBL is st to 1. 8V ,and
the BL woltage is about 1.5V. When the ocontrol gate

voltage is 3V ,the read current can be nore than 6Q1 A/
M minthe 0. ¢ m cdl ,which is twice the access currents
in other introduced p-channd flash menory cdls.
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FHg.6 Shematic evolutions of thresold voltage and
floating gete current during programming
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Hg.7 Read characterigics of the flash cell
tionis biased & Vg =1.5V ,Vg =3V ,Vs=0.

Read operar

The nog svere digurbance is the bitline digur-
bance during BBHE programming , which can a9 be re-
markably inproved by usng the SIBE programming
method. With the help of the ource wltage, the drain
voltage can be reduced ,and the lower drain wltage can
dleviate the bit-line digurbance. Moreover ,owing to the
zero bias on the oontrol gate for the digurbed cel ,the
urce wltage can rot be tranderred to the drain p*/ n
junction and the band-to-band hot eectron’ s generation
and injection are depressed. For further indght into the
bit-line digturbance ,the programming tolerant time with
different programming drain woltagesis shown in FHg. 8 ,in
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which the tolerant time is defined as the digurbance time
required for 500mV shift of threshold woltage. It can be
seen that at least 100s(far longer than 1000 program cy-
cles) o tolerant time is guaranteed by the proposed pro-
gram under the oondition of Vgein = - 3V ,which illus
trates that the proposed FNOR flash menory , combining
with the SIBE programming , has a dight bit-line distur-
bance with the BL width smaller than 1000.
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Fg.8 Programming hbitline digurb tolerant time with
different programming drain voltages

4 Conclusion

A movel p-channd sdected n-channd divided hit-
line NOR flash menmory and a surce induced bandto-
band hot dectron injection programming method are de
cribed in the paper. The whole array area pendty of the
select trang dor isonly about 2 %. By usng the SIBE pro-
gramming method and the divided hit-line architecture ,the
programming current and power can be reduced to 3. I A
and 16. 31 W with the sub-bit-line width equding to 128 ,
and a read current of 6Qu A is obtained. Furthernore ,the
tolerant time of bit-line digurbance can get wp to 100s
when the programming drain woltage is - 3V. The tesed
results show that the

proposed ANOR flash menory features a low programming
current ,low power ,high access current ,and dight bit-line
digurbance.
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