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Design of Zero-Layer FIP Memory IP

Yoongyu Ha*, Hongzhou Jin*, Panbong Ha*, Younghee Kim*

8 9% E =FoA= 0.13m BCD 37 78kl 5V MOS &AW ARgS] zero layer FTP Alo] 7hsoleS o}7]
A8l tunnel oxide FAE 71£9] 82A°14 5V MOS £AF9] gate oxide A9 125AS IHZE ARSI, 71&
9] DNW<2 BCD 3494 default® ArESH= HDNW layerE AREstct. 1#iA4 A|9HH zero layer FTP A2
tunnel oxide®} DNW ©pA= 9] F7PF W Q=E 51t 18 wxe] P A4 #-oAE designer memory
I3}t user memory FFOZ Wy dual memory FF Al PMIC 9] ofd& 1 3|29] E|yout ARESH=
single memory +X& AR&sI3Itt. ESH BGR(Bandgap Reference Voltage) WASZ9] start-up J2=
1.8V~5.5Ve] A FHoA BASHEE AABIATE HH 64H|E FTP WX8] IP7} power-on =W internal reset
A5 93} initial read data® 00HE {A5t== AASIATE 0.13um Magnachip ¥H=A BCD Z4& ©]&3]
o] AAH 64H|E FTP IP9] #ojoke: Alo]=& 485.21mx 440.665m(=0.214mm?)°]ch.

71Y= : PMIC, Zero layer, Few-Time Programmable, Single memory, BGR, Power-on reset

Abstract In this paper, in order to enable zero-layer FTP cell using only 5V MOS devices on
the basis of 0.13um BCD process, the tunnel oxide thickness is used as the gate oxide
thickness of 125A of the 5V MOS device at 82A. The HDNW layer, which is the default in the
BCD process, is used. Thus, the proposed zero layer FTP cell does not require the addition of
tunnel oxide and DNW mask. Also, from the viewpoint of memory IP design, a single memory
structure which is used only for trimming analog circuit of PMIC chip is used instead of the
dual memory structure dividing into designer memory area and user memory area. The
start-up circuit of the BGR (Bandgap Reference Voltage) generator circuit is designed to
operate in the voltage range of 1.8V to 5.5V. On the other hand, when the 64-bit FTP
memory IP is powered on, the internal read signal is designed to maintain the initial read
data at O0H. The layout size of the 64-bit FTP IP designed using the 0.13-gm Magnachip
process .is 485.21mx440.665m(=0.214mm>).

Key Words : PMIC, Zero layer, Few-Time Programmable, Single memory, BGR, Power-on reset

.M &2 power-off sequence Z7%, output voltage

setting, output pull-down resistance setting,

i

PMIC (Power Management IC)= FHE, inductor current limit setting, Inrush current®]
5 PC, TVeF BUE 59 ZE7)7I04 dgdde B2 gz Ho 2 =g Ay e 9ot
HopA] Al2ElolA atoks Aol A& A soft-start time setting® 715 FH517] Yl
Ho2 Wdste] Fohs Holdll. PMIC B2 5 NyM  (Non-Volatile Memory) ®l2#  IP

& converterd4l I converter®] power-on, (Intellectual  Properity)?l  MTP  (Multi-Time
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Programmable) #=&] IP7} QFHTH2]. MTP |l
e A (cel) tiFE 3 E= F 7HY miAF
layer7} S7Hdoh. MTP "WlZels 37o] T<esial
718 Aol Q7] iEe] B2 PMIC ol AREH
a1 QIEH3L

¥ 12 FIof ¥xEH BCD 3478 MTP #®
g IPY &4 Hlug Aoy, MIP A2 FHI=S
5V MOS &45 ARgst] AAT 4 gioh IRl
Ref. [3-6]9] MTP A& erase voltagel} program
voltageZt 9V oido|E&E 5V MOS &zt A=)
S gH3) 7] YYo= HV(High-Voltage) EHA|
A, parasitic HV EI;AAE, LDMOS EAA
ElS Sl MOS &AFs F7HHoR FQ= k=
EAFo] Qth2]. 8|1 Ref. 219 MTP A2
tunnel oxide "}~ DNW(Deep N-Well) wfA
7t Axg 94 EE EAHEC] itk

E 1. MTP Ao §4 vlm.

Table 1. Characteristic comparison of MTP cells.

Ref. | Memory C.ell Tur}nel Erase PGM
No. | Process Size Oxide Voltage | Voltage
- [af] | Thickness

0.18m o - o
[2] BCD 33 82A 65V | 6.5V

0.35/m e s
[3] BCD 317 120A 15V 185V
| OBm 01| A v | 12v

Logic

0.18m ; = ey
B | Bep 2 110A 9v 55V
6] | 9PM | 65 | ssA 9V | 55V

Logic

AnfEEOL ApFA; Ao A= PMIC ol
AREEIE NVM H1%28] IP9] endurance= 1,000%H
AL erase/program®| 7Fsst MTP HXzErh=
1081 A erase/program®| 753t G4H]E FTP
(Few-Time Programmable) WXZ& [PE TQ=
sieh a2l gg-d Al 1.8V HE9] external
VDD ZolA FTP A9 Elo[HE glojujo] WMEZ
7IEAG A7) RS 2R R JRE E

PMIC& Zero Layer FTP Memory IP &4 743

29U a7t ivHzl. A PMICE FTP #ke
I[P+ read modedld 1.8V~5.5Ve]  wide
operating voltage range® Zt= dl2g] IP A7}t
Q392 ¥ NVM #22] IP= power-on
M internal reset 4130 9J5f initial read data®
OOHE #AIZ 287t SiTH7l.

E =RME 0.13m BCD &4 7]gA 5V
MOS A& ARgste] FTP w2E [P AA7 7Hs
S o] FTP A o4 B3 (pumping)
AYQA VPP (Boosted Voltage) 4T VNN
(Negative Voltage) %49 dual powerg ©]&%t
FN (Fowler-Norheim) Ed®& ©]&5}o] erase}
programol= H419] FIP celll8]S ARSI
Zero layer FTP o] 7Fs3H=E 317] 93l tunnel
oxide FAE 7]1&9 824004 5V MOS £Ak9]
gate oxide F719 125A& IH2 ARSI, 7]
£9] DNW2 BCD 374 default® AREst=
HDNW (High-Voltage Deep N-Well) layers A}
goleg F71 mpadglo] FIP A 340] 7Fsste
2 sigch. I8z WEEy [P A M=
designer memory 97} user memory FHOZE
U= dual memory % Al PMIC 9] opd=
11 329 Efyout AMESHE single memory T+
ZE AHEol9itt. E3E PMICE FTP Wkg P&
read modeoA 1.8V~5.5V9] wide operating
voltage rangeE Zt= w|2g [P AAE QFsEE
2  =EoiE BGR (Bandgap Reference
Voltage) ¥AS|Z9 start-up IZE 1.8V~5.5VY
Ad FHolA FABIEE Abslitt. 3 64H|IE
FTP W%&] IP7} power-on E|® internal reset
A5o] 93] initial read dataZ 00HZ GAIH=E
AABIEY. 0.13um Magnachip ¥=A BCD 54
< o|gsto] AlotE FIP Al A|RE 5.5mx6.0im
(=33m?H°]5, G4HIE FTP 1P9] #oJok: o]z
485.21mx440.665m (=0.214mm?)e]c}.

1. 32 dA|

2 =RoA ARgH FTP AL 138 1(a)oflf B:
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vie} Zo] PW-P+P MOS AHWAE F2E Z=
CG #AZY #AWAE (CC), TG_SENSE E#lx 15&1
(MN1)2} over-erase == o BLAJAS] 44
(off-leakage current)& &o°]7] &l SG (Select
Gate) EHAAEH (MN2)Z A=} Qlth2l. 0.13
um BCD 374 7I5tolA 64H|E A ojgo]2] HDNW
2 379193, TG_SENSE ERAAESQ} SG EHA
2H9 PW (P-Wel)2 JFH=HAH2l. 0.13xm
BCD 378°14 FTP A offlo] <ol A1gt Pwat
NW (N-Wel)S direct® buttingdtAl =¥ erase
2=9} program EEFHA PWI NW Atol9] well
junction breakdown®& QI8 well junctiono] T}k
g 4= o2l THA & =FolAE HDNW ¢+
PWZ} NW Ato]9] well junction BVE Z7HX717]
A5 PW NW2 B2 buttingsh= Al F7F of
A3 glo] PWik NW Aol well spaceE 0.6pm
A5t HDNW2 IHZ |AISH=S sHATH2l.
SFH TG _SENSE E#A|AEYE erase mode?t
program modeoﬂfﬂ FN Bdgo] doju= TG E
A AE ATE sk= W, read modedAE Al
EHRAH 93%]'—% SHcH2l. 183 Zero layer FTP
Alo] 7psoteE 517] 93] tunnel oxide FAE 7
£9] 82A94 CC capacitor? MN2 transistor?]
gate oxide T 125AS Iz ARESIT
0.13m 33 °ol83t9 layout® FTPS A size:
5.5mx6m (=33mA)LE 0.18m MTP AojA Ak&
gk ook A71E IdE ARESlth 19 2(b)=
AREE FTP Ao 3AHHEES Kol Qlch

BL
MN1
- PW||P+P o '%
[ |
cc MIN2
SG I-—

TG

G CG Oﬁm 56 TG

] ERERERE ]
ww| | Pw PW W

HDNW
P-Substrate
(o)
2 1. FTP cell (a) E2E (b) 2MEtHT
Fig. 1. FTP cell: (a) circuit and (b) process

cross—sectional view.

J9 19 AE FIP cell& AREsto] AAH 64
HE FTP IP9] 8 E42 X 3% Zth. A o]
£ 8R x 8Colt}. 3F4HYS VDDY single power
supplys AMESIHOM, &2 HE= read, erase,
program, reset, PVR (Program-Verify-Read),
EVR (Brase-Verify-Read) ®E=5 A|¥sltt. VDD
HAYL read modeolA 1.8V~5.5V9] wide voltage
range°]l!, UmMA & HT= 3 204 HzHit
2ol 4.5V~5.5V9 range°ltt. FIP IPY erase
time¥} program timee 5% 5ms°]il access

time 500ns°]tt.

. B4H|E FTP IPS| 2 EF.
Table 2. Major specifications of 64-bit FTP IP.

Frocess Technology
Read | 1.8V~ 55V
VoD Wiile A5V~ 55
Write-Verify-Read 4.5~ 55V
I Normal I V]
Function .
Cel Vr Measuring
Adiional Mask |
Memory Densily
Cel Array BRows x BColumns
1o Bbit
Temperature Range I ~40~125T
Cel Size 5.5 X Gm(=33m°)
Endurance 100 Cycles
Data Retention I 10Years
IP Size 0.214w




39 2+ 0.18m BCD 3AE ol&sto ARt
FTP cell®] program voltage©] ti3t program Vr
o} erase Vr 4 AWE HoF Utk Sms9
write time2& CG2 TGOl program voltageE
7V, 7.5V, 18V splitd] W2 Vi B &3
curveg HojFy ok 5ms9 writing time©l
+7.5Ve] program voltage©llA] programmed cell
9] Voo erased celld) Vi SAH %2 I 2
oA BEHle} Zro] Z¥zZ 2.49Ve}t -1.55VE &4 H
1o, 100cycled E/P cyclingd] W& Vy 4%
15V VRD (Read Voltage)s ARRst=td] &A|7}

Qs FTT S4S HoFT Unh

4V

v
Program Vg /
w ./

v

ov

Threshold Voltage [V]

-1v

Erase Vy \s\

-2V

-3V
+7V 175V 8V

Program Veoltage [V]
8 2. 0.18um BCD 3H2=Z A== FTP A2l program
voltaged!| CHSt program VT 2 erase VT 58 Z1}
Fig. 2.
measurements with respect to program voltage for
fabricated FTP cells based on the 0.18um BCD
process.

Results of program VT and erase VT

AHPEES] tAS o] HEo HAjE= PMIC
9] MTP HXe= PMICO AREEE ofg2l 3|2
o EYF} user’t ARESHe TAET 0] 5 HY
ofdz ] EFWE 93t dual memory 739 AA
71&E& 89kl QUrH2l. 3 ofdR T 3|29 Eg
& A3 FIP w2 [PE AR3sH= PMIC o)A
+ single memory Z0|H o},

Single WX F2& ZH= G4H]E FIP HXg

PMIC& Zero Layer FTP Memory IP &4 745

IP9] EEX= I8 304 H=8lt Zo] 8rows x
8 columns®] FTP A ojfo], &2 Lo mat
control signal& ®AJAIZI=  control  logic,
address Al2:0]°] @2} SG, CG tof A4S 3F
Sl= CG 532, BLI7:019 datag DL[7:0lo] &
g3 BL Switch 32, DLI7:018 oiHi7] st
DL S/A(Sense Amplifier), TG driver @ 7] 7]
ol Hast TAHAA VPP (=+7.5V), VNN
(=-7.5V), VPPL (=2.5V), VNNL (=-2.5V) A¢ES
S3915F= DC-DC converter 3|Z2F FAJ=0] 9]
t}. Interface A18% control signal (PDb, RSTb,
RD, ERS, PGM, &%), address A[2:0], input
data DIN[7:0], output data DOUTI[7:0]°] SJt}.
3tH erase, program read &2 byte &HE &
piacl=g

VoD VEE
DEDC Converter TG Drriver
TGI7:0)
6 4]
FTP Cell Array
CG Diriver 564
(8Rows X SColumns)
EL|7:0]
RETH ©
READ
ERS
'S Control Logic  E— HLSW & EL 84
PG
DIN[T:0] _
AL2:0] —pe 1
DOUTI7:0] [

O3 3. MAE 64H|E FTP HIZ2| IPS| EEX.
Fig. 3. Block diagram of the designed 64-bit FTP
memory IP.

1% 39 DC-DC ®¥#| 3z& Wegy 7ed
&  ¥A7]  (Bandgap reference  voltage
generator) 3|25 HQF 3itt. BGR A7 3=
© 229 3FAY 2 349 Wl 4% 7ed
AZ ThEolEth. 119 49 BGR A7 32 4
(oA EHzhtel o] 29 Al (temperature

coefficient)® 7FXH <$H}gFo= Hlo]o]AE PNP
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BJT EHAAE emitter-base HAUQ Visy AL
of  PTAT  (proportional to  absolute
temperature) ALY (R1/R2)-Vr-InNS TlstEZ
FaH. A4(1)oA4 Ve thermal voltageo]il, N
< QI3 Q29 oue WA HE yehdoh 19 4
9] BGR 32%& power-upAl VPBIASE HAMZ oz
HioJoA Jol7] s 19 59| start-up FEE
ez gt Start-up  SZE= power-upAl
VPBIAS7} VDDE Wt Z27k= 7% VDD/3 A%
?l PGoll 95 MPO0 ERA|AEH= NG =& AYS
pull-up Al#A bypass EHAAE MN1Z ONAZ]
t}. MN1°o] ON =% VPBIAS AYS NMOS tho]
29l MN2E 59| dischargingAlZIty.  gHeF
VPBIAS Z%o] A/4AQl fd= "ojA| NMOS
current mirror] MNO9| pull-down A&7} MPO
9] pull-up AFEG § AAHA NG AYE €

THA MN1 ERAAEHE OFFAIZITE AAdH
ol MN1L 34t OFF AElE §Xgit} 13
VDD/39] HYZ WEolF+= PMOS Tolt
dividero] AREEE PMOS EFAAE (MP1, MP2
9t MP3)9] body AYE F=EE EMAAE &
A E70 o1 VDDol AZAFe] YCEE body
effect2 QI8 VDD/3 AY¥EY =4 Y HA MPO
9] pull-up HF7F ERAHA bypass EHAAE
MNI1Z ONAZl=tl 2A17F ek ZEA & =29
A& PMOS to]2E dividerd AYS VDD/302
UrEoiF7] Y3 PMOS EWAAE (MP11, MP12
9} MP13)9] body &t AYS source Eo] A&
st 2 body effect® QI3F threshold voltage A}
o2 glof %I, MN11 EHAAH bodyS
source =E0] @ZstEE ON AFE 7|1¥FAU

VoD

Va

—L

Wh

VREF

R1 R3

Va ]

Rz

‘ES?QW mQQ
1 ©N(=8)

(a) 7Hd 22

RS

O% 4. BGR 3[2%£[9-10].
Fig. 4. BGR circuits: (a) concept circuit and (b)
implemented circuit.

VREF= Vi + % Vye N ()
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nl”? viD
BGR LN "ﬁ

MPS | MR
rﬂ:‘
— NG MN1
BGREN —]— E I
EGR. E"l
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urmj OO
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[ earene
p }_ N2 H
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Y LV|J _{ W W Y
(b) ®Mgkel 3|2
a8 5. Start-up 3 2.
Fig. 5 Start-up circuits: (a) conventional circuit and
(b) proposed circuit.

I8 62 Y=y A9 folHE AAsis=
sense amplifier 3|Zolt}, ofdE 1 E&YgL&oZ
AEEE B HEEE power-upAl HIEEo|
A Ef|gelFs A8 ZEE Yojuiy] Ao EF
4 A9 resetd UAY IZEE HujFoof gtk 11
A B =EAE single ended input® sense
amplifier 3]2& A5t Read EEofA WL
o] activation ¥7] ©]Aof PDL_PCGb Al&o] %
£ HA(short pulse)7} QI7F=o] PMOS E#A|A
ElQl MPOo] 95 WA DL VDDZ precharge

PMICE Zero Layer FTP Memory IP &4 747

7 & WLo| %}*J—Q}E]tqﬁ 209 H A2 A
F7F 324 ¢gernz DL VDDE °7\]°]'°q =9
o2 Yox dhd, erase®™ FTP A2 ON 77}
&7 DLZ A9 0VY &¥o| y2t}. DL Ho|
El7b FEol HYEW SAENb A&7t OVE
enableslo] DLY TloJHE ¢lo] Wt High
impedance® 3} EHHAAEH (load transistor)
9l MP212 read modeolA program¥ cello]
AgEQS u BL switchE E3 BLo| dZ2d
FTP cell59 ¥4AF (leakage current)ol] 2|3
DLO] low level®2 "olX= AL HASH7| gt
active load 9&& dit}.

DOUTh
IRST DouT
Yoo
SA@({
PGND NC

V8S VS8
(a)
SAENN
i l
= VDD )
DL_PU% - ,.'L'_ - ':_ = 1

Voo Pz ’ _"F 1

ViE

(b)

38 6. Sense amplifier 3|2 (a) OTP Pl ALEE
3|2 (b) Mot 3 2.

Fig. 6. Sense amplifier circuits: (a) circuit used in
the OTP IP and (b) proposed circuit.
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I9 172 0.13m BCD 37%8< ol&sto HAH
64H]E FTP IP9 layout AMES HoFI QJlom,
FTP IPY layout WAL 485.21umx440.665um
(=0.214mm>?o|c}.

A440.665m

i 48521 m

a8 7. MAE 64H|E FTP 1P| zlo|otR AFZL.
Fig. 7. Layout image of the designed 64-bit FTP IP.

. HolAy Zu}

19 8(a)= 0.13m 3742 ol&sto] AAE 644
E FTP IP9] BGR 3|2 dfsf &&= w3l cffst
VREF EAZAE HolFa gt 2k H9s 4
0C~125Ceo|d, VDDE 1.8V/5.5V, all corner
model parameter®] HsfA] HoldFo] it &
oA Ax} 1.21V9] VREF target voltageol sl
-2.74%~3.4%2] ¥Eol e AL gelsitt. 1
8(b)= VDDE 0VOlA 5.5V7HA] DC sweepdlHAl
2z -40T/25C/125C, all corner model
parameterol| tisiA ZoJAdo] =tk gy 1
2 8(c)= power-up RIS AT}Z power-upO|
% 100us ©lHoll VREFZ} 44 %1 HYgES FFohe
A& B4 9t} 3HH I9 9= BL sense amplifier
3|2 i3t power-on reset HoAY ZAIE Hoj
Z1 9101, internal reset 4159l IRST Al5of 9
3 DOUTI7:01 €9 dl°ol87} 25 00HZE reset]
= 2g &5 Atk

=
VREF
™
™
2
2
s
n
.
u
™
™
‘a
YREF s
12
5
A
13
|
®m
Sm
#8im
80tm
Hm
W
&8im
e
S8im
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0o
%
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Xlm
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150m
100m
i
0
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f
s ‘
1
E 28 |
15 L
1 ,‘:
A %J
O =
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1] ) Ay -1 L] 100y 1200 140 160y 18 20
Tirre {lin) (TIME)
Time

(c)
J8 8. BGR Zodd Z1t (a) 2 H3tof Cfst
VREF &M (b) VDD ®3tol| C$t VREF I (c)
power—up.
Fig. 8. Simulatiob results of BGR: (a) VREF curve
with respect to temperature, (b) VREF curve with
respect to VDD, and (c) power-up.
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a8 9. BL sense amplifier 220l st power-on
reset Zo|Agy Zm}

Fig. 9. Simulation result of power—on reset for BL
sense amplifier.

V. 28

ZAfEEOL AA5AF Aol A= PMIC ol
A== NVM #7228 [PY endurance:= 1,0008 7
I erase/program®| 7Fsst MTP #Z2|Eri= 10
A% erase/program®] 7Fs3t 64H|E FTP WZe IP
7} 3=k 1El1 9- A] 1.8V BE9) external
VDD ZUolA FTP A9] HlolelE glofiffo] WEAY 7]
ARG B IRE XL ofdET IRE EFHY
SfoF gtk IefA PMICE FIP ®Xe] IP: read
mode°llA] 1.8V~5.5V9] wide operating voltage
rangeE 2= "X P AP 85E $H NVM
WX [P+ power-on HW¥ internal reset 4130
9J5] initial read data® O0HE Aok St

B2 =RoiE 0.13m BCD ¥ 7IEliA 5V
MOS 4Apt ARgslo] FTP Wi=E| 1P A7} 7Fsst
T2 37|98 dual powerE ©}8st FN HEFS
o]gsto] erase®t programohl= W49 FTP cell&
ARSI}, Zero layer FTP Alo] 75312 317] 9
9l tunnel oxide FAE 71&9] 82A°IA 5V MOS
AA9] gate oxide FAIYA 125A& Idi2 ARESIA
1, 71&9 DNW- BCD 3704 default® AR&st
+ HDNW layerg AMSIEE F7} mpAIglo] FTP

PMIC& Zero Layer FTP Memory IP &4 749

A 30] 7kssles ofoinh Al w2 P A4
oA+ designer memory FHT} user memory
FY9o2 Y= dual memory 7= WAl PMIC Y
opd& ] 329 Egok ARESk= single memory
X5 ARSSIYITE E3F BGR (Bandgap Reference
Voltage) TAYZ29] start-up IZE 1.8V~5.5VY
A FHoA Bl E AT T 64H|E
FTIP WX2g] IP7} power-on EW internal reset Al
3o 99 initial read dataE O0HE RAlBIEE A
At 0.13um Magnachip ¥H=A BCD 34
olgsto] MAAE 64H]E FIP IPY #loJok Afo]z:=
485.21imx440.665m (=0.214mm?o]ck.
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