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Design of DC-DC converter for a logic process MTP memory IPs
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ABSTRACT

In this paper, a DC-DC converter is designed for logic process MTP (multi-time programmable) memory IPs
using dual program voltage, which are used for analog trimming or storing chip IDs in sensor applications. The
DC-DC converter supplies VPP (=5.25V), VNN (=-5.25V), and VNNL (=2 - VNN/5). It uses MOS capacitors and
designed with only 3,3V devices. VPP and VNN are configured in two and five stages, respectively. And their
pumping currents are 9.17uA and 9.7uA, respectively.
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EEPROM cell& cell size7} 3l write modeA]
DC-DC converter®] HF A2=7F 22 FN
(Fowler-Nordheim) tunneling W29 A= Zg
EEPROM cellgl MTP cello] &7Hth A Zg

oH2l3]. FN tunneling H24 o2 writedt= A=
Z 2] EEPROM cell& back-gate bias A%<l VNN
(Negative ~ Voltage)& o] &3l 4% HV
(High-Voltage) 24#Fe] AFg glo] MV (Medium
Voltage) 47 3719t o] &3t MIP cells AT
< JuH4l Ag® MTP cell&  CG (Control
Gate) capacitor, TG (Tunnel Gate) transistor<}
select transistor2 FAEFo ok Select
transistore= MTP cello] over-erase® S W]
leakage currentE =o|7] A3 A= AtHA4L
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o] dual program voltageE ©]&3% MIP P&
DC-DC converter& AASIAT. FH3told
110nm A& o]§3ste] A E DC-DC converter
= VPP (=5.25V), VNN (=-5.25V)3} VNNL
(=2 - VNN/5)] A& FgFste 322 MOS
capacitorg AFE3}R a1, 3.3V &ATE AFESte] A
AstA . VPP VNN charge pump 32+
Dickson charge pumpE& A}-&3}%th.
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B =80 Ag" MIP cell& 718 1(@olA B
=xkel Zo] 33Ve CG MOS capacitor (CO),
TG_SENSE transistor (MND®} over-erase® <
uw] BLolA 2] off-leakage currentE <o]7] 3}
select transistor® A= Yom, AEE MOS
a2Ake] & 370 tH4l. MTP celle] &2 =W
Hpoloj 2 At =& oS3 2T} Erase mode
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+5.25VE <17}8ted FN tunneling ®4lo2 FG
(Floating Gate)2] electron2 ejectionA] 1Tt L&
I program modeol A& AeHE celle] CG TG
of Z+zt +5.25V, -5.25VE U7}t erases} Y
3 WAoo g FGol electrong injection A|Z1Th.
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VDD-V¥+& pull-up®itH4l I8 1be AEAE
MTP cell®] layout plotS RF 1 Qo).
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18 1. Ag" MTP cell (a) 32% (b) layout
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Detector Oscillator (Control Logic Pump VNI,
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13 2. DC-DC converter E&2 %,
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voltages Fa3l7] 918 VPP generation 3=
EE5E HoF1 9t VPP generation 32 &=
2-stage cross-coupled charge pump, control
logic, ring oscillatore} VPP level detector@ 4
o Qlth. VPP Hgto] H3qbel 5.25VET W

S %o VPP level detectord =ZHA3<2l
VPP_OSC_ENb”} Low7} o positive charge
pumpingell ¢J3te] VPP A<t LEuiAl @
VPP HSte]  &Hix ZHSQE ool HH
VPP_OSC_Enb 4l&7} High7} ®o] VPP charge
pump®] charge pumpingg W3+ negative

feedback Walo 2 VPP At HaxAL] 525V
& fAS a9 5@ 29 5h)e 27 1st
stage charge pump<} unit charge pump JZ2=&
BoFa 9tk

]
VPP_OSC Control vppp | | VPP VPP VPP
Logic 7| 1cp nit-Cl

I
I

I

I

i |

! Cym106F|

i .

CLK2 ! H
! '

2-Stage Charge Pump

1% 4. VPP generation =29 E5X[5]

VPP
Ring

Oscillator

& i
& s
DNWELL=VIN 8] v
STTTET DNWELL=VDDP
) Iz T et butndalat
H I a ol R
I 1 \ -l T ]
1 ' mG
R LTy B N
' — | 1 M 1
l H Tj—l I ]
1 H 15
I H 13
! i 15
VI H s VouT
— T H 1 1
1 H |
1 | =
1 H \
' | [ P2
T | t
| [N T K
1 |ME s it
' [RE P N
! [ o3 [
\ LI ! MP5 MPE]
| R I Vs sy Y
VLT : DNWELL=VDDP
oo O I
] |
=] =]
(@)
DNWELL-BODYNL 5
,emmm=Soa -

VDDP

5

MP1

b

DNWELL

VOUT

P2
&
[=]
g
-
3] [l B
&
& z
DNWELL=BODYN2 H |
(b)

1% 5. VPP charge pump 3|Z% (a) 1st stage
charge pump (b) unit charge pump.

1% 62 5% Dickson charge pump 3 ZE Ab
43ley VNN VNNL Zt& Fg3k= VNN
generation ¥ =Z¢] HEZo|t}. VNN negative
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Z19 7. VNN charge pump 3| Z %,

. 2olAls ZHu}

FHE3teld 110nm TA S ©] 83t =22 FA
71%ke] dual program voltageZ o] &3+ MTP P&
DC-DC converter& AAsHth. 27 82 ring
oscillator®] oscillation F7]e] W& pumping
currente] =o4Hd3d ZAFAZ oscillation F717F =
o}E™M A pumping currentZ7} F7}5E AL =2
% 9th. VPP$ VNN charge pump®] ring
oscillation 7)== VDDP=3V, Temp.=85C, SS
(Slow NMOS Slow PMOS) model parameter %31
ol Z+zk 100ns, 100ns® A=A AAE
ring oscillation 7]ell4 VPPe} VNN charge
pumpe] pumping current= ZHzF 9.17pA<} 9.7uA
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19 8. Oscillation 7] wWE pumping
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gl o]y} chip ID AAel AHEEE 22 34 7]
dke] dual program voltageE ©]-&3F MTP P&
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