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Design of an Embedded Flash IP for USB Type-C Applications

Young-Hee Kim, Da-Sol Lee, Hongzhou Jin, Do-Gyu Lee, Pan-Bong Ha

8 9 B =FoAE 110nm eFlash A& ARESE 512Kb eFlash 1PE AASIAH. eFlash A9 mz = 2]97]
9} Q7] BZL WEAPIE row F5IR(CG/SL T53)=), write BL T53|2( write BL 29X 329} PBL A%
Z A9 3]2), read BL 2YA 329} read BL S/A 32} & eFlash FoJ3]Z(Core circuit)s AlAstAch 1
2l1 T2 HEoA] 9.5Ve} erase EEOA 11.5Ve] VPP(Boosted Voltage) RS T73H= VPP AY 2437
32 7129 &9 ASHHI 3|2F cross-coupled NMOS EHAAEE AR&sl= Al body LS groundo]
2% 12V NMOS &A1 NMOS Z&a EHAAE L] AlE Lt AUS FASH: RS MEA Aldste] VPP
99 AspHze] R =5 AYHCE VIN(Input Voltage) Yo ® T AJAA VPP HHEZ 3]=9]
B ARE S7HEY €3 AvAEE= PMOS R AmAE] vls] HPARIE 230 FoJokk WAl Z2 12V
native NMOS B3 AWAIEE AHESHAcE 8 110nm eFlash 34& 7I¥k0® A€ 512Kb eFlash #W=e] IP
9] HloJokx WAL 933.22m X 925um (=0.8632mr)°]ct.

Abstract In this paper, we design a 512Kb eFlash IP using 110nm eFlash cells. We proposed
eFlash core circuit such as row driver circuit (CG/SL driver circuit), write BL driver circuit
(write BL switch circuit and PBL switch select circuit), read BL switch circuit, and read BL S/A
circuit which satisfy eFlash cell program, erase and read operation. In addition, instead of
using a cross-coupled NMOS transistor as a conventional unit charge pump circuit, we propose
a circuit boosting the gate of the 12V NMOS precharging transistor whose body is GND, so
that the precharging node of the VPP unit charge pump is normally precharged to the voltage
of VIN and thus the pumping current is increased in the VPP (boosted voltage) voltage
generator circuit supplying the VPP voltage of 9.5V in the program mode and that of 11.5V in
the erase mode. A 12V native NMOS pumping capacitor with a bigger pumping current and a
smaller layout area than a PMOS pumping capacitor was used as the pumping capacitor. On
the other hand, the layout area of the 512Kb eFlash memory IP designed based on the 110nm
eFlash process is 933.22um x 925xm (=0.8632mp).
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Fig. 1. Process cross—section of a 1st generation SuperFlash
cell.
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Table 1. Major specifications of the designed 512Kb
eFlash IP.

Supply Vol wee 2.5V ~ 5.5V
it 135V ~ 165V
| Normal Mode | Read / Page Erase / Program
Function Write-Verify-Read Erase-Verify-Read / Program-Verify-Read
Others All Erase / Cell V; Measuring
Memory Density T S12Kb
Cell Array 512Rows x 1024Columns
o | 32bit
Temperature Range -40~125°C
Erase Time 10ms
Program Time | 10
Access Time 40ns
Endurance | 100K Cycles
Data Retention 10Years
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Fig. 2. Row driver circuit.
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Table 2. Output Voltage of HV switching powers according
to operating modes.
Functions CG_HV | VSL_SEL | VSL_UNSEL | BL_HV BL_LV
Power-Down Reset vece o ov vceo ov

Stand-by VCP oV 0.5V vcre oV
Read VCP ov 0.5V vCP ov
Program L5V 9.5V 0.5V 3.3V 0.8V
PageErase 115V oV oV vCrP ov
EVR 1.5V oV 0.5V vee oV

PVR 3.5V oV 0.5V vcr oV
FVTE VIEM oV 0.5V vcr ov
FVTP VIPM ov 0.5V vCP ov

Chip Erase 115V oV ov vcp ov

I3 32 write XE A BL 15328 T2 73 1

USB Type-C S8 9l Embedded Flash IP 27315
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Fig. 3. BL drive circuit in write mode: (a) WBL
switching circuit and (b) PBL switch select circuit.
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Fig. 4. Read BL switch circuit.
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Fig. 6. The conventional VPP unit charge pump circuit:
(a) cross—coupled NMOS precharging method[17] and
(b) NMOS precharging method using boosted gate
voltage[18].
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Fig. 7. Newly proposed VPP unit charge pump circuit.

% 82 110nm eFlash T4 7j¥to g AA=
512Kb eFlash =& 1P| go]o& ojm|x|o]H,
ool WAL 933.22n x 9251 (=0.8632r)°]t}.

i 925m

R F TR

933.22m

Fig. 8. Layout image of the designed 512Kb eFlash
memory |P.

3. Rojis At

8 9 VCC=2.5V, VDD=135V, Temp.=125C,
slow model parameter?] simulation 2704 T2
I =049 A ofgo] ¥ AeE A5t AdE
A g 459 EEuo] Loy ZAIs HojF §)
oh ZEO3 ntoA MY¥H CGY A=A g2
CG A% 27+ 1.5VeE 0Vl A& Hoj3a glo,

AelEl sLa AeEA) oS Sl HgRe 47 9.5Ve
0.8V9l A& HolFT 9lom, e BL} A
22 BL A= 77} 0.8Vet 3.3V =
o @ A97] BEAH HEE CO% HeEA g
CG A%L 247} 115V8) 0Vel 2 Hofx glom,
SL¥ BL A% ZF 0Vel A

4

)
T
[o
T
&
k=l
0

HoFa Qv
Lo 1358Y
PGM 20
-9}
vyl
W oE 135V
s
&
o TR
Selected O

Unselected €5 2=

Selected 5L}

- FEET
Unselected SL ox

o
SARY - GTEY

il

v N 0826V
Selected L ,, | o
apb——

= AT
Unsolected BL 4 e
b
BERRE T EOE " SRAD" AR T AT SRS S S M = S
@
u-;."‘" T3
ms h
';3'“' 135V
L
ne 4
—a
™ =11
Selected G| T et
m_f;,.. S ——
. pesd|
Undalected CG et o
}
kT
S as
o:. o
oaf
B |
[C ™ T T S S SR

O3 9. 4 Of20] B MEHE MBSO MEEIR| 92 A5 &

[ R FELE A (K=
M (a) Z20Y 2E (b) X7 2E
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BPARE AbE o9 XMt 3= native
NMOS #3 AW S AH&SH= ¢ gloloke H4
T ZA3 HYPARE IBF 12V native NMOS HH
AR EE AR AQHE VPP @] HeHHE 328
Ag31se

H 3. VPP Ci9| TMopHD 3|20 ME HE M7 DM Zut
Table 3. Simulation results of pumping currents according
to VPP unit charge pump circuit.

Charge Pump 2|2 | Pumping Capacitor | Pumping Current
PMOS 1.160A
Conventional Normal NMOS 1.15pA
Native NMOS 1299
PMOS 198901
Newly Proposed Normal NMOS 21.10pA
Native NMOS 21.13pA
z
4 2 2

MCU A28l 2= ROM dloJg] ROME TH
eFlash W&2] [P7} /fE= 9o, S8 AEFol ==t
QF5E 512Kb oY H&F #W=ZY [Pe
eFlash IP7} @o] AMEHT

B R4 USB type-C 582 A 110nm
eFlash A& ARESt 512Kb eFlash IPE AA5H L.
D2 A7) 54Z WEA = row 2R,
write BL 75329 read BL S/A 3=} 72
eFlash o325 AbstA. 1211 VPP HU= &
oh= 71&9] o9l Aol IRoA HopHg Al £
A8 L& HQO| cross-coupled PMOS EHAAH
£ B9l Mspddgo] HHA o] Wojx 1, 27 B
29| Aol crossing® W backward AF7H 52
WA body effectd] 93] &2 EEHAYES Z=
cross-coupled NMOS E#MAIAE] o] m|x}A
LEE AHoR VIN AYgos mexpy Al7]|X
S B AR/ ol AV Qe R, 2 =1
oA+ cross-coupled NMOS ZLE|X}A 3|2E AR
k= Al bodyZt GNDSI 12V NMOS ZEjx14] EH
ALHY AC|EE BAYs: J=E Aot} VPP
o9 detgzo] Zeapy LEE A4FHoZ VIN A
Yom TR AAA H3 ARE S7HAIH 3
A 2= HYAFE A3 Folokx HAE A2

Wi
oX [

e

USB Type-C S8 9l Embedded Flash 1P 27319

12V native NMOS B3 AWAIEIE ARG5S, 3HH
110nm eFlash 34 7I¥te2 HAAH 512Kb
eFlash #|22] P9 Flojohx WA2 933.22p X
925p (=0.8632m)°]t}.
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