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Measurement of interface state density in MOSFETs by charge-pumping technique

Masayasu MIYAKE

ABSTRACT
" Charge-pumping technique for the determination of interface state density in MOSFETs

has been studied.

currents that arise from trapping and emission of carriers by interface states.

Interface state density is directly determined from charge-pumping

Experimental

results for dependences of charge-pumping currents on measurement conditions are presented.

Charge-pumping currents for square pulses are larger than those for triangular puIses. This

is due to the mechanism that the range of energy levels of interface states, which give rise to

charge-pumping currents, depends on a rise time and a fall time of pulses.

Considering the

mechanism, interface state density and capture cross sections are accurately determined.

charge-pumping technique, interface state, MOS, capture cross section
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Table 1  Interface state densities and capture

cross sections obtained from Fig. 9
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3. 6 IRIEKIFE & /L RBEARAT

3. 2, 3. 3THhALF+v—IRYEY 7 EBRORK
ERAIES L UL 2RO RBRER I SWTH
%95, I ODVHERAEOKRIIRT LD, I
VuhiVi w2825 L ZEMAOERIZL S0, Vo
WRELIZBRAHEAT S, g, (9), (10) &K
CRT LS, VghKE< DL, t1., tg AVh&EL
BH1EBHTHD, T OVuksatEid (11), (12)
RTEAHNSD L7 TR - REEN B & W
BoffzAWT (11) Re (12) AzHRELL &
B, FENEEOEIa=0. 50LZ0LOEMNE
a=0. 5OZMAPLHHBRIZOVT 1 op DEFEME LT

2.0E-10
Y J
1 dd
1.5E-10 } A0
o
2 n"m'-
% 1.0E-10 F o " e SQU
[0
- " ® TR(a=0.5)
5.0E-11 } . ‘w—c alculated
[ ]
e calculated
0.0E+00 Ty L 1 )
-1 0 I 2
VH(V)
10 1ep0Vy KAEHEDIHIE £ ERIEO ke

Fig. 100 Comparison of calculated values and
experimental results for I¢p

EEOLEZR 1 0128d. FMEEHIZ135kHz Vi
=—1. 5V, V{,=0. 2V THYH, SBED VS |-
BBt &b FOREM te 1, WINd20nsT
»5. @A EOREME WY AEOREE ER
HENTNOHEMTH S, RIZRT LD, ZAEET
B e APEEIE L -RLTEY, MERIKFD
AR SEE LT A —% &> T, IREKAE
DHEM-EREZHHTEZ I b5, Tibb, HFKiE
PWATEEFr—IRVEVITRREBBRIIHEATS
DiF, (9), (10) RIZRT LD, t1, todhhEl
3D THS. —F HBETRZAKELIDF -
RV TBEROEICHBEAXEL LB DRI
P TETVBN, VyRFEESHIEMED S B L 0
KEL > TS, JIZERHBHEDO R =AELO VY
WEENREVY, (11), (12) AT, BB
OOEFTVIRFHERIUTH 2. Thbhb, I Tl
EFLNTIE, FEHOENC L 2 IREERAEOE VT HT
TEY, SOLRFAVPLETHS.

4. FL&

MO S HE&D REHENBE Ok * #L T 5729,
Fr—-IUREYITRIZEDAREEMEE ORZEIZ DN
TRELE Fyr—YURrEr 7l MOSFET
D7 — hMERIZOVZFIBEEZEML, FREEALZANL
THENZERERERET D HETHO, FMDBRESD
BB EACKRE LW TREEMEESRETE S
WORELRDHD. Y- FRILEEIS5AODMOSFET
ERWT, NUVAFBEOKRE, FER EBZL5F
=RV ITBROENERE L. TOHER, N
VANERE KERTR2IIEL LI dy, Fyv—o



AYEVI7ERIBROEN 2 RT A, TLiZ3fEEmL
HWTBRAXIZHMKRTZZehbr-T-. F=, FEED
FREZAKELIDLF v — VRV E VY IBROENKE L
HBHIEEHLMILE. INHDOERIT Fr—UR
VY I BRICEET 5 REAEMOI XL F — L0
HEMN, NV ADAEBEADBIVIBTADDHEEIZ
RIET DD THEHZ WL, ERICAEERCD
HECHEMEEOEE RS ENTE .

SEX

{1] M. Kuhn, "A quasi-static technique for MOS
C-V and surface state measurements,"
Solid-state Electron., 13,, 873(1970)

[2] G. Groeseneken, H. E. Maes, N. Nicolas, and
R. F. DeKeersmaecker, "A reliable approach to
charge-pumping measurements in MOS
transistors," JEEE Trans. Electron Devices,
ED-31, 42(1984)



