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Quantitative Understanding of Temperature Dependence of Sub-threshold Swing in Si MOSFETs at
Cryogenic Temperatures
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Understanding Large Vi Shift by Hot Carrier Injection at Cryogenic Temperatures
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Measuring Variability and Random Telegraph Noise
at Cryogenic Temperatures using Transistor Matrix Array
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Precise Extraction of Effective Mobility in Si nMOSFETSs at Cryogenic
Temperatures Using Quasi-Static C-V Technique
Yutong Chen', Zhao Jin', Xueyang Han', Hiroshi Oka?, Takahiro Mori2, Kasidit Toprasertpong',
Mitsuru Takenaka' and Shinichi Takagi'
The University of Tokyo, Faculty of Engineering', National Institute of Advanced Industrial
Science and Technology?
E-mail: chenyutong@mosfet.t.u-tokyo.ac.jp

[Background] The increasing demand for the development of quantum computers and control circuits of qubits
has led to a focus on cryogenic CMOS [1]. Consequently, it is important to examine the electrical characteristics
of CMOS at cryogenic temperatures. One of the important parameters for I-V characteristics is the inversion-layer
mobility, which can be measured in several ways, such as Hall measurements and effective mobility based on
extraction of surface carrier concentration (N;) made by split C-V [2]. However, the accuracy of effective mobility
as evaluated by split C-V at low temperatures has not yet been examined. In this study, we investigate this issue
quantitatively by varying the measurement frequency. Our findings indicate that the conventional split C-V
approach may not be universally applicable to long channel MOSFETs, because of the channel resistance.
Consequently, we introduce the Quasi Static C-V (QSCV) method [3, 4] to accurately determine Ns even at 4 K.
[Experiment] I-V transfer measurements and split C-V measurements are performed from 300 K to 4 K on n-
MOSFETs with gate length (L)/width (W) of 500 pm/ 160 pm, 200 pm/200 pwm, and 100 wum/100 um. All devices
are made on (100) Si wafer with a substrate boron concentration of 3x10'%/cm™ and 6.8 nm gate oxide (SiO,)
thickness. In addition, we performed Hall measurements from 300 K to 4 K with the magnetic field strength of 1T
for the nMOSFETs with gate length/width of 500 um/160 um.

[Results] Figs. 1a and 1b show the gate channel capacitance (Cg)-V, characteristics for nMOSFETs with 500
pm/160 pm by using split C-V method with different frequencies in a temperature range of 300 K and 4 K,
respectively. It is evident that frequency dispersion is observed at both temperatures, with the phenomenon being
more pronounced at 4 K. Fig. 2 presents a comparison between Hall mobility and effective mobility, evaluated at
various frequencies from 1 kHz to 10 kHz at 4 K. In low N region, the measured effective mobility is much higher
than the Hall mobility. Fig. 3 shows the Cg-V, characteristics by using QSCV and split C-V at 4 K. Fig. 4 shows
the comparison between Hall mobility and effective mobilities measured by split C-V and QSCV at 4 K. The
effective mobility obtained by QSCV is in good agreement with the Hall mobility, thereby demonstrating the high
accuracy of the Ns and mobility evaluated by QSCV at cryogenic temperatures. Fig. 5 shows N; as a function of
frequency at 4 K measured from nMOSFETs with different gate lengths. The results indicate that the nMOSFET
with longer channel length causes the larger reduction in Ns at 4 K. Fig. 6 shows channel resistance versus N; at
300 K and 4 K, calculated from Hall measurements by using R.;, = 1/(uyeNs). It is observed in Fig. 7 that the
long channel device at cryogenic temperature shows the significantly higher channel resistance in the low N region
than that at room temperature because of the lower mobility, leading to inaccuracy of N; by split C-V at cryogenic
temperature.

[Conclusion] We have proposed a QSCV method to extract Ns and effective mobility in a low Ns region. This
method differs from the conventional split C-V method in that it is experimentally demonstrated to be more
accurate by comparison with Hall mobility.

[References] [1] E. Charbon et al, IEDM, 13.5 (2016) [2] J. Koomen, Solid-State Electron., 16, 801 (1973) [3] K. Toprasertpong
etal, IEDM, 23.7 (2019) [4] K. Sumita et al, Appl. Phys. Lett. 119, 103501 (2021)
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Industrial Technology Development Organization (NEDQO), Japan.
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Influence of Channel Resistance on Split C-V Characteristics in MOSFETs
and the Correction Based on a Transmission Model for Accurate
Evaluation of Effective Mobility

Zhao Jin!, Yutong Chen!, Xueyang Han!, Hiroshi Oka?, Takahiro Mori2, Kasidit Toprasertpong',
Mitsuru Takenaka' and Shinichi Takagi!
The University of Tokyo, Faculty of Engineering!, National Institute of Advanced Industrial
Science and Technology?
E-mail: jin@mosfet.t.u-tokyo.ac.jp

[Background] Split C-V is a classic technique for evaluating the electrical properties of MOSFET devices.
Specifically, it involves measuring the gate-channel capacitance (Cy.) to estimate surface carrier density (Ns) and
effective carrier mobility [1]. This technique is particularly valuable for FETs on insulating substrates, where
traditional bulk MOS capacitor structures are unavailable [2, 3, 4]. Traditionally, the impact of channel resistance
is neglected by choosing a sufficiently low measurement frequency. However, high MOS channel resistance due
to low Ns, long channel length, and low mobility can degrade the accuracy of Cg measurements and the subsequent
evaluation of Ns and effective mobility [5]. When there is limitation to lowering the measurement frequency, a
method to eliminate the influence of channel resistance on Cy is very important. In this study, we propose and
demonstrate a Cg. correction method by using a transmission model for MOS channels.

[Experiments] Fig. 1 illustrates the measurement setup for split C-V and the transmission line equivalent circuit
model of a MOSFET. This model includes the differential capacitance and resistance along the channel length of
a MOSFET [5]. In practical measurements, a phase change occurs due to the delay caused by RC circuits, which
affects the accuracy of Cg measurements [5]. Fig. 2 presents examples of the calculated discrepancy between the
measurable capacitance and the correct Cq as a function of measurement frequency. The discrepancy increases
with higher frequencies and appears at lower frequencies for higher channel resistance and gate oxide capacitance.
Using a transmission line model, the relationship between measured parallel capacitance Cpeasure, cOnductance
Gineasure, and Cgc are expressed as a function of measurement frequency @, as seen in Table 1. The corrected Cgc is
evaluated as a function of @ by using a parameter t, which can be determined by experimental Cpeasure a0d Gmeasure-
Bulk-Si n-MOSFETs on a (100) surface were used for measurements. A device with channel length (L)/width (W)
of 200 pm/100 pum and gate SiO, thickness (Tox) of 25 nm was used for room temperature measurements. Also, a
device with L/W of 500 pm/160 pm and Tox of 6.8 nm was used for measurements of temperature dependence.
[Results] Fig. 3(a) shows the original and corrected Ns at a given V. The variation in Ns with different
frequencies is significantly reduced after applying the correction. Fig. 3(b) depicts the estimated Ns at a given V,
as a function of frequency at various temperatures. At 4 K, the change in Ns is more substantial. However, the
proposed method effectively corrects Ns even at this temperature. Fig. 5 illustrates the effective mobility
determined from Ns with and without correction at 4 K at different frequencies. Without correction, the mobility
for Ns below 10'2 cm? is strongly dependent on the measurement frequency due to inaccuracies in estimated Ns.
The correction method provides consistent and accurate effective mobility values until the measurement frequency
of 20 kHz.

[Conclusion] We proposed a method to correct the split C-V characteristics and have verified the effectiveness
through experiments. Accuracy in effective mobility evaluation can be significantly improved for MOSFETS with
high channel resistance by using this method.

[References] [1] C. G. Sodini et al, Solid-State Electron., 25 (1982) 833 [2] M. Schmidt et al, Solid-State
Electron., 53 (2009) 1246 [3] H. Oka et al, VLSI Tech. & Circ. (2022) [4] L. Nifa et al, Microelectron. Eng. 215
&2019) 110976 334 [5] P. Chow et al, IEEE TED, 33 (1986) 1299
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Si two-dimensional-superlattice MOS transistor and effective-mass enhancement
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Fig.1: (a) Process for the two-dimensional superlattice. (b) Field-effect mobility s as a function of the electron density Ns.
The arrows correspond to the threshold voltages, reflecting the critical densities of the metal-insulator transition. Inset
shows the AFM image of the superlattice. (c) Effective mass ratio m*/me as a function of N, derived using SdH oscillations.
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Direct observation of electron capture processes in amphoteric defect states achieved by
charge pumping in individual defects at MOS interface (13) -Effects of level depth-
BAEH CLEEE E EHE PEHTE
Shizuoka Univ., ©Toshiaki Tsuchiya, Masahiro Hori, Yukinori Ono
E-mail: tsuchiya.toshiaki@shizuoka.ac.jp

INETELAIZF vy —U RS (CP) JEICL »TH /) MOS FAWNICHEAET D MOS i K ia D
—MEDHEIEE ML L, BH—KME 5O CP &R Ieps Y 0~2fg (77— b7V AR, ¢EREE)
D& Ipfla R T2 L&A L[], ZHICE D E—-REN 2 BEFEMEAL TS Z E2FEREL,
FTRTCD Ieps HEZ A TE DH KD 10 FEDO X A T a1 T2 (K1), £72, Iees=fg — €% KAl
LELTWAIEK CP Flin a2 AEHNCHKET LZ[2]. & B, H—FREKRMD 2 BAUEN OB ENAR
(Dos) ZEH L, BEH[3]D ESRICZED Pt Z—DDOS & DO—&ME2/RLZ. £ LT, FHEMIZ

Bl D8 EE T OMERN O ER4)], BLY, SUEIICHESNZBEFOMEFHA—1LEDH
rf*/\ﬁ%az%z@sé@' EEIJJL[ 1, :mgm DELEING Z D 2 EAYENN K —8 (D-like) 7277

%?EL?‘:. U\J:@%%ﬁ‘%, ﬁﬁﬁ(ﬁfﬁ?ﬁ) Po ¥ — LkSo o Increase of %
T DT LA KREAL (TR —L) TIEL  Accestor e e e
CTHEIEL7-. S 512, D-like 3 L O A-like HEAT ~D i S A Lae
EH) Ze AT ol SR Fe OB A, D-like ¥0L 5L ® o o g
N TARE L7 BRI RIS X TV p o b 6 e T e of £,
OEBEEINCERL) LTZ[6][7]. F7=, WUEMICHESH b ——— o

TS BB RN — L LRI AT 5k Dotk o foodia 2
ﬁ*f@éﬁ{ﬁ”ﬁ‘ 5 . A-like E{L@jﬁ EEE'%# %é L7 AE Energy range covered by CP meas. at RT

B 12K eSSBS X TN D = k DEHEEINT R Fig. f1 Cl_azissfiﬁcaticl)nzof single amphoteric Si/SiO2
ALER). Sbic, B iSRRIy 5 Kl meree-aciees . 2l

MEFE L, ERAERICET 5 XMERMEEELOMICHR (& e
WIEOFHBIBMR A R L, B - FRS SRR o 2810 aactpe]
7 R B E R FE e D EZ S L LTz, 28 | 268
APE T KK A-like R D-like MEATIZF5 1 5% FHM - 83 10°F 1 3
PR AR ERIC ST AR S O BERAT 5. ()% ES .
A-like (D-like) EAZ~DAREHE T O ERFEEL, ra(tr0)Z A= 2 Sl e 3
like (D-like) HEREITH#ME & 7= B 1D FASAREER & 45 rA = 83 | L Ve
DUNTILKRE Type2 & 5 D ZITVY,  A-like ME(LIE ST © 5 10°F T

HEZITE) > T2, 12OV TIE Typel, 8 & Type6, 9 @tlﬁfi%’f 2 0
1To72 (K2). .75) , NIV XITD DR ZFIEICL DM CP.Vrop (V)
AOPRERITIIEN - Chy, BRSODE | TE, ] om0 Sou, U o
;i%%g;ég g;i(ifg{’k j)\ﬁf*f?:ff[ﬁ upon CP_Vrop between Type 1&8 and 6&9 I<)ieferc):ts.
Ry v 7 HUL Ei£0.3 eV O#PHPN T i HERL o 1% Wi A
%fzﬂﬁz&ézé. 72k, X2 Ofkth CP VTOp 1A B — R fafr
B AR EFIRE M — 3 272D KK EICRE LTz
/7 l\/vvxm Top BIETH Y, 107 CP_Vrop (THEAFT D DI,
D-like ¥ENT D EWRTE RN K E W28, CP_ Vi 23 WK FIE &
TR ETIRENEGL 2D THDH[T. —J, wallONT
I% Type2,6, 8 & Type5,7,9 D Z1T-72 (K3). HMND, ¥
WHERL (Type5, 7,9) O Dpa lZ R EVEANC S D . FRWTERL
I3 LR B RO RN RN L B2 BV, O o e
8B, wpllAWTET = I ARl RIS 5. Fig. 3 Comparison of recombination time constant of an
AWFFE D —FITEHIFE No. 20H02203 DB A 52 electron captured at an  A-like state with a
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[1] T. Tsuchiya and Y. Ono, JJAP 54, 04DCO1, 2015. [2] T. Tsuchiya and P. M. Lenahan, JJAP 56, 031301, 2017.
[3] P. M. Lenahan et al., IEEE T-NS 48(6), p. 2131, Dec. 2001. [4] L= fil, &5 69 [AIFIGY 23p-E307-18~20, 2022.
[5] L=E fil, & 84 [BIFKSY) 21a-A304-10~11, 2023. [6] = fil, & 83 [HIFKILY) 22a-A102-1~2,2022.

[7] L2 fi, % 70 [EFHFILY 16a-A403-9~10, 2023. [8] L2 fi, & 71 EIFIGY 23a-12]-5~6, 2024.
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EBF Sy TTFET ICRET 5 _EEF F v OXFERF T
Large-scale Characterization of Double Quantum Dots
in Isoelectronic-Trap-Assisted Tunnel Field-Effect Transistors
EHL CP)FR BN, T|WE I /KT F3R, ik X, B Eah,

Ml 1558, ek 2, BH XX ME R il ER KE FX & BF

National Institute of Advanced Industrial Science and Technology (AIST)
°Yusuke Chiashi, Takumi Inaba, Atsushi Yagishita, Makoto Kato, Tomohiro Ishikawa, Hiroshi Oka,
Kimihiko Kato, Hidehiro Asai, Minoru Ogura, Takashi Nakayama, Shota lizuka, and Takahiro Mori

E-mail: yusuke.chiashi@aist.go.jp

Brara— 202D LT R TFHINOIHA~MT T, YV arv A&y
MIFEEDEEZSTND, BAIXINET.EE T N7 v 7TEH MV b T U A X (ET-TFET)
IZBWT, 10K £ TCOERETFE Yy MNIWEIZHAI) L TE/2[1], IET-TFET O &1t v MIEIZIE,
EFEHACADLIET Ry FOEINCHES L EHET My MEEXFIHESND, —HOEBT R
Y MIIETIZEDbDIEEEZLNDLN, b O —HIXMERBIAFE LT RHMOES Ry hTHY
HSRIZHH S E 72> T Zeny,

ARl ARREINCAIE L& T Ry OIERER D~ 4K 128V T 354 il IET-TFET % 1%
FHEL. ZHEHET Ny MEEOREHEZ TG LR 2 R E T 5, EBRTIE 300 mm AR A — K
7' — =% HWT, 300 mm V=~ BIZIAR L7z IET-TFET % afAf L 7=,

Fig. 1(a)lZ IET-TFET 72> L8 Sz W) e 2 v X 7 BV ADEE~ vy B 7 Thbh, &
F Ry FENLIAREICL D, kxR A A U TV DR R EN D, BRI b, £
T V<0 VIZER SN DXL, “HEHETFFy MCBWTHFDO Ky MMk L CETN
ADEETH B TR V2], S SNzETEy e LTEMET 2R FICBWTHLERI S
TWo, ¥PXFFHRIIEHE T Ny PORERTREE FEICEDRN LG AIZELDL T ENbNoT
W5, —iIZ, IET O X9 RE— R MRAET Ry b ERDIEA, MErRERE 750 2
E72%, —HTRMMD Y T A2 — (L LTHAEIZIE, £EORE ST U THiE RTREE 72503
MTDZENMENTND[3], Lo THISNEZXFFXPRI, IET B Ry hE, 7T A X —
{ELIAT S0 OFRHMI S L IIKRED S D& Ry MIHERTHZ EDRRBIND, KIZ, #
FHEmEZE D -0, B LIZEE~ v B 7 2RIZOWT Fig. 1(b)D L 2 XX #E T
THME LT, Fig 10)IXBEE~ v L7250 LTI AN T A TH D, FPXFPRUTAE L=
TNA AD D H 63 % Tl S, HEBLT 2 X XD I8 Direction 1 & 3 IZfF->TW\W5H Z &
DHLMNE Rl BMEKET LV E ANV I 2 —Ya Bk~ TCINERBITT5 &, 2
O E 5 2% " HEHET Ry NIBHEAETHY . 72V —RMANTIET &1 Ry R, FLA Al
27 FAZ—HEEZEZIONDET Ry NBMFET HHIEIZR > TWDH Z Enborot, Bfsd
WEEIX, B2y NOBWEICKLERAY Y T a v /A REROBEEMETHLH Y, AFRTHET
ey FNMET DLWV HEL L FENRRV, BRDERIEOEIICIT, 7 7 AX —HKET N
v NEHERSE, JIBHESNTZET Ry N2ERTLO2LERS D,

[3t8E] ARFSEIISTEBI AN « TR T T v /Y v 77 1 75 L(Q-LEAP) JPMXS0118069228 dm—Ei & LT
FhE Shvtz, ABFRIZET 5T A AIERIFA—/3—27 U — 2 )b— A(SCRIZEB W TEIES iz, [Z53CEk]
[1]K. Ono et.al., Sci. Rep. 9, 469 (2019). [2] T. Ota et.al., Phys. Rev. Lett. 93, 066801(2004). [3] D. Moraru et.al., Sci. Rep. 4,
6219 (2014). [4] A. V. Danilov et.al., Phys. Rev. B 65, 125312 (2002).
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Figure 1 (a)The differential conductance of the source current. (b)The classification of jagged pattern. (c) The
histogram of the jagged patterns on 354 TFETs. No QD means the samples without coulomb blockade feature.
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PRSI ZEEFFY FMZHBITHHIBICKELS:
EFF v /N5 0 XD
Evaluation of magnetic field-dependent quantum capacitance
in a p-type Si double quantum dot
RIXK!, BII#E? “fHE BEA!, #BO kL, Ak AEB !, B 8K 2 & fz?,
AR K2 KE shz? ¥H F!, /¥ X!

Tokyo Tech !, R&D Group, Hitachi Ltd. 2, °Riku Wada!, Raisei Mizokuchi', Chihiro Kondo',
Ryuta Tsuchiya?, Toshiyuki Mine?, Digh Hisamoto?, Hiroyuki Mizuno?, Jun Yoneda!, Tetsuo Kodera!
E-mail: wada.r.ad@m.titech.ac.jp

PV arAC L EFE Y POAE REETHH LICEW CTEHEERES Z R 30 ) A8 UM%
(PSB) & W 9 BLR Tl k& 72 B[RS PSB Z MR L, Bt/ LOWITFIZ/e % & W o TN B 5,
PSB ZfiffR9 5 BK DO—2IZ, A HLEF AAEH(SOC)H 8 5[1], SOC i p BDT /S A 2Tl
<y, LREICE L7omE R A v BEICRI I ST & 72, ABFZETIE, PSB 23T % SOC D
WAEORfRIZ AT, p YY) ary TEHEF Ry O Ry MEERE %(ICT)@M%{ZET PE % 72,

EERTIL, F— by 70 FEZHVTR]L. WSO DICTIZBIT A EFF v /3v ¥
> A DR 2R~ T=(Fig.1), 7— bty 7Tk, 77— MEBRICEEEZEML, T
SHEONABZEALD & F ¥ N2 o A E B AR D, Ry MEO b R AAEG R0 KRE L,

BEBENATRERAE RIERO 2 U7 THOITETFF Y XU Z o ARAE LD, SRIOFMKET
X, FNEND ICT TR DG EN 2 TWDH Z E0h | & ICT TO A B IREER SOC D
KEEINELHS>TNDZ EIIRIBEIND, Fig. 1(a)TlE, MHIck-> T, By S ¥ U A&
DUENLD B FFIZ 72 DB~ LR IEN. OBB P BN TR YD | U2 PSB MV E LT TWNDH EB R bR

—J7C, Fig. 1(b)®D ICT TiL, 0.3 T LA ETIEISHIZHHBI L TICT DLENR LD > TS, =
DX D RIRD IR, RR DU E b OHENL N SOC FHIZ K-> TG T 52 L TR
FANVHAPLECTOLHEICBH SN D, #E T, ERROR Rz L0 FFEICA#T L, PSB
FRBRIZ KI5 SOC DEBIZOWCifinT 5 TETH 5,

AHFFEIL JST Moonshot R&D Grant Number JPMIMS2065, MEXT Quantum Leap Flagship Program
(MEXT QLEAP) Grant No. JPMXS0118069228, JST & X 3} (JPMJPR21BA), FHif# (JP23H05455,
JP23H01790, JP23K 17327)D 48 % %% 1} TAT S Nz,

[1] T. Lundberg, et al., npj Quantum Inf. 10, 28 (2024). [2] J.1. Colless, et al., Phys. Rev. Lett. 110, 046805 (2013).

(a) (b)
d _'_:.'»: 9.\1 WA, 0.1
% <) Fig.1 Magnetic field dependences of
] 2 ICTs.
= £
-0.4 . L0.25
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SYOVPNEERRY FICL2EFEALLER
Comparison of electron and hole by a silicon PN single-charge pump
NTT #MEERH  © lLm &, BRE B
NTT Basic Research Labs., ©Gento Yamahata and Akira Fujiwara

E-mail: gento.yamahata @ntt.com

say ZHENZ L0 B E — D7 DERET B REM K Y T EMRBRERV IR THL7-OE
TEEEANDISHAPF T NS (1], AT, B8 £ 0 B GREEESEN TR E TG &M%
RETBEND S 2], —DDfHEE LT, BUNEEOEVIEAZMES Z &1 & D E R LAY
Wfrrx ., I E CHYEIR CORMEREGIZ X 0 BIEA R Y TOBN R 2 BIHI L C E72 [3.4],
—H. EDIEMECTNA AP 2T 57-2DIZIFH DR FTOELFEIELDLENLEF L\,
Zlal, PEIE NBIOEMZFORER K Y 72 FHUE T & EAORMEZ R L 720 T#lRE T 5,
AT OWMEMZ M 1(a) 122”9, ERE 10 nm A —

R—D) I VKRR I 3 DM — & (GN, I .

GC, GP) Z£iD, MR & OHIKE & BAS B MRS 1 silicon Tm

£S5 1D — NEM (UG) icEDbDNTWS, UG
DIMUTEE Z Z N Z NI (Y »), PRI(GRB YY)

Source (N)

WZAM R —7 L, NBIY—2, PRINL A V2TE Silicon
U7z, BfEREEZX 1(b). (c) DRTFT V¥ v IV ®) / Bye Vam

THMWAT 2, £9. FLAYfllp) HLLIEY -2 Electron capture
il () COFMLERETDRELTBEDRLA I | :
VIS A T ARIE Vy ~ 1V 2L 7, UG O AN
BIEI & 0 MIAGESI e T BB 2 BIRTE B,
BB MTHEE TIE AL BEREDIRIR D E T L 72 5 72 =
[4]. & ENE GC Iz &AW RIE (R f) 2 FnL a

3
3
S
3

()

X% ‘5 @*ﬁ‘f@kf%)\ﬂﬁ%éﬁfc‘: 7&35 J: '5 Iz L/VC%% Hole capture

BB 2T o 72, TS BE (BIEA) O B — A,

5413 GP (GN) 2 (IF) ® DC &EZEIfn U H (@)

DREEE R M L7, SHIC KD BBETFHLAE g2 | r= 00z 7= 2K
WAL IR U ERA T fp = of (o BfikE)  ~ ) =Sty

85 ENTES, B 1) CEHBERED 10 08 o s

Bz Rd, REFIREE RIEAREEZ R -DET

THWT 5 Z LT Uiz, FHIZ, REKRFEE L

SRR 2 AR 7 AE 5, B0 MHz F2E £ Tl Fig. 1: (a) Schematic of the device with a part

EADPMER R E 2RO Z e D3 hr o7z, BE—D of the electrical connections. (b, c) Schematic

FETEMHALUZE T EADHIOTOLRTH D, potential diagrams for single-electron (SE)

SHOFZTHFIIB T 2EERMATH 5, and single-hole (SH) pumping. (d) Ip and
%% Xiik: [1] G. Yamahata er al., Appl. Phys.  Ip/ef as a function of Vgp (SE pumping) or

Lett. 109, 013101 (2016). [2] A. Fujiwara et al., ECS VGn (SH pumping).

Trans. 112, 119 (2023). [3] G. Yamabhata et al., Appl.

Phys. Lett. 106, 023112 (2015). [4] G. Yamahata et al., J. Appl. Phys. 135, 014502 (2024).
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