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Abstract

Abstract

Nowadays, split-gate embedded flash memory is widely used as code storage media
in portable electronic devices and automotive electronics. It has high read efficiency and
reliability. A split-gate flash cell can be read by applying a reading voltage on the word
line and detecting the magnitude of the bit line current. However, the conventional
flash cell have high read threshold and cannot be read directly under the peripheral
voltage. So charge pumps are nacessary to multiply the voltage, which reduces the read
efficiency and increases the power consumption of the flash memory. Based on this, a
new split-gate flash memory cell with low threshold voltage is proposed in this thesis,
and the concerning studies are summarized in two parts including design and process

as follows:

In the design part of the thesis, a new type of flash memory cell structure has been
developed. Compared with the traditional structure, a high-voltage erasure/program
gate (EPG) is added for erasing. The word line oxide no longer needs to withstand high
voltage, and its thickness is greatly reduced to 24A, thereby reducing the read voltage
from 2.5V to 1.5V. Two new structure schemes with different floating gate profiles are
designed. Compared with the traditional split-gate flash memory structure, the new
structure shows advantages in read operations and reliability. The array layout and the
connection scheme of the source line are also planned in this work. The source line
is no longer conventionally drawn out through a polysilicon, but is directly drawn out
through a formed ”H”-shaped active area, solving the problem of the positional conflict
between the source line and the EPG. Three kinds of breakdowns that may occur in the
source junction and the influencing factors of the breakdown voltage are analyzed and

summarized, which is of great significance in the reliability and process studies.

In the process part of the thesis, a new self-aligned process flow is designed. The
formation of the EPG and the manufacture of the overall structure are realized com-
pactly. The impact of layout planning and lithography conditions on the line connectiv-
ity are analyzed, and the corresponding "H” type active region morphology under four
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different conditions are summarized. The effect of memory well doping, pocket doping
and lightly doped drain diffusion on the ”1” current read window are comprehensively
studied. The threshold voltage can be reduced and the read window can be improved
by properly adjusting the pocket implantation concentration. The influence of source
junction doping conditions on source junction diffusion and breakdown voltage is also
studied. Co-doping of phosphorus and arsenic can increase the diffusion range while
ensuring the junction concentration. In the case of simultaneous implantation of high-
concentration arsenic and low-concentration phosphorus, an appropriate increase in the

amount of phosphorus implantation can increase the breakdown voltage.

The new split-gate flash memory cell with low threshold voltage proposed in this
thesis can be directly read with the peripheral drive voltage. Thus, the charge pumps are
not needed to multiply the voltage during the read operation, which improves the read
efficiency and reduces the power consumption of the circuit. The new structure is more
suitable for portable electronic devices. Additionally, the study of the effect of process
parameters on source junction breakdown voltage, read window, and active region con-
nection in this paper is also of great significance to the optimization of parameters and

the improvement of the manufacturing process for a flash memory cell.

Key Words: Split gate flash cell, NOR flash, low read voltage, self-alignment process
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Figure 2.4 Device Breakdown Failure Curve
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Figure 2.6 Disturb mechanisms in split-gate flash memory
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Table 2.1 Disturb mechanisms in split-gate flash memory
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Figure 3.1 Cell structure of the proposed flash memory with low threshold voltage
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Table 3.1 The relation between the drive voltage and the thickness of gate oxide
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1.5 24
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Figure 3.2 Two schemes for new flash cell structure
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Figure 3.3 The array topology of the new flash cell
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Table 3.2 Conditions of disturb tests in split-gate flash memory
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Figure 3.9 Column disturb test result of flash memory cells
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Figure 3.10 Row disturb test result of flash memory cells
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Figure 4.10 Profile and FEM analysis of AEI CD of active region
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Figure 4.11 Profile and FEM analysis of ADI CD of H-bar
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Figure 4.12 Profile and FEM analysis of AEI CD of H-bar
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Figure 4.13 OPC correction performance
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Figure 4.14 H-bar profile changes before and after OPC
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Figure 4.15 The doping profile of new flash cell structure
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Table 4.1 The sample set with different dopants conditions under WL in experiment

FESRAHS] MW WK (cm™) POC #JE (cm™) LDD WJE (cm™)

S1 5.0E12 2.3E13 2.0E14
S2 4.0E12 2.3E13 2.0E14
S3 6.0E12 2.3E13 2.0E14
S4 5.0E12 2.3E13 1.5E14
S5 5.0E12 2.3E13 1.0E14
S6 5.0E12 2.0E13 2.0E14
S7 5.0E12 2.6E13 2.0E14

(a) MW REXT “17 B A2 M
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Figure 4.16 Read current curves at different MW concentrations
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Figure 4.17 Read current curves at different POC concentrations
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Figure 4.18 Read current curves at different LDD concentrations

424 REBRYTHETFHEXR

FEASCHTHE W I BE R A7 e g5 f e, AN B e — AN S
A—ANJEGE . VEESIEH T A SA R R AL B T T8 2%, 20 2 ik B AR Rl
IR EE . IREEER EZG IR, — AR 5RIRIERSUR R PN &5, (H13%
YR SE I TE T DB R o — A B S R G R B 1) P AR & 1 1] FELA
51577 Mt BE 5 TR 7 A SR BR80T [ FRLgy DA SRR U i FA R 1
NERLHAT AR BVRSE T2 G RIS 6.5V, FrLARSS 45 4 s 2R
IE 75 BARUEE REAEIX AN LR N IEH TAEM A 77 i 28 K AR M ME R 2 vl 37 i i
SRR X TR B R K, R (108

4
P = exp[—% ZmdnEgAx] ... @D

b, Ax RFBERKE, BIFRIXEE, n WA BITOREL my, J9ri 16 U5
7}:_‘;}(444‘:—‘—»

=R N e
=, E, BT TR B

HIFE R DX o o W OB AIR . X AR RSN SRR, AR IO,

57



(IR BRE AR N A BT S et 5 T2

7 R L 3 i R R B o TR RS X BE S IR A U R R &

2e.e0Vy 1 1
W =W,+W,= rfo¥o 1 1 ... (4.2)
g N4yNp

A, W, MW, AR N BN P AR IX IRE R X TS, e, Ju-F S ARRERLIAH
X HEEL eg H BRI B, g 2R TIEWRIEAE, Ny ANy 7
AR TR EE RN 32 IR E

AR, FER X 98 SRR T iR L, B 58 B SR —
HRE, T ARTERR A T AT R AT Bk

B2 T BG4 ) 2 B R 73, O 7 A 45 162 A% 5 2 R HEL L O A P i/ D
ZEHLRHL, BB AR EEIR R (101 . AR I R 9 B th 2 {45 L B T A
WHEAK, SEMMESXEER, AR EEEER, BT EEEN.
VREGAE N AT BT NSRRI 5 B SR s i s, Rk IR A5 9 AL S (KR
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&, S s . mkb 1 st Hishtkes, JuurEsE R, B A
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R T —ANRARSS, IR USRI A L, WA 4.15 Fs
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®42 BREAFEBETFHEMGRAERERR

Table 4.2 The effect of P concentration on BV and effective channel length

i PIEAFE (cm™) HFHEENEM (V) FG 5 ESTEE (um)

1E14 7.698 0.11
1E13 7.381 0.081
1E12 7.025 0.081

HIZR A&, BV 1 VSS 5 FG ) # B 1 FE ARG BT A7 & 19 i s o
Hoer, 108 BLNBEEN TR EE RN BY M EMESKE, HELb L, BT
D7 FI ASRES 8 B S Prift I I BT AT AR, BT DA LA R REA R 9 KRB 351
2%, BARBAEVh SePr B AR RE
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b B A A, GBS R B FIREAR 10 HEEAR BT &, 53
HIA BEEE K B 2R IES ik 4.3 A& 4.19 Fros.

43 BEEANGTEFEARE

Table 4.3 The simulation sample set with different dopants conditions of source junction

FEdd)  BE (ReEHRED i (BELKE) AREERKE (um)

SO 15KeV+7E13cm™  15KeV+3E15cm ™ 0.127
S1 10KeV+5E13cm™  15KeV+3E15cm ™ 0.136
S2 2KeV+8E13cm™  15KeV+3El15cm™ 0.1434
S3 0 15KeV+3E15¢cm™ 0.15

S4 10KeV+5E13cm™  10KeV+2E15cm ™ 0.144
S5 2KeV+8E13cm™  10KeV+2E15cm™ 0.1474
S6 0 10KeV+2E15¢cm™ 0.158
S7 10KeV+5E13cm™  5KeV+3El15cm™> 0.138
S8 2KeV+8E13cm™  5KeV+3El15cm™ 0.139
S9 0 5KeV+3E15cm™ 0.148

0.15 0.25 0.15 0.25

(a) 2 SO (b) BEA S1
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Figure 4.19 The effect of P or As concentration on doping profile
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Figure 4.20 The net doping concentration
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Table 4.4 The experiment sample set with different dopants conditions of source junction

FEMALH TEANREE (KeV) Bl As WKJE (cm™) % P IEANKSE (cm™)

S1 15 3.0E15 7.0E13
S2 15 3.0E15 5.0E13
S3 15 3.0E15 3.0E13
S4 15 5.0E15 7.0E13
S5 15 6.0E15 7.0E13
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Figure 4.21 The average WAT values of BVYDS of each collection of samples
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Figure 4.22 The average read current of each collection of samples
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Figure 4.23 The threshold voltage distribution of all dies tested in 5 samples
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