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Investigation of gate-tunable Hanle magnetoresistancein Pt films by using ionic gating
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1. Background : >Density of states (DOS) >the Hanle magnetoresistance (HMR)[4]
>lonic gate technique : ]
9 o q Vs>0 : = delectron i 1 External magnetic field B
lonic gel J ionic liquid | & « X, Z — axis
g {polymer I'r',- = [ EF‘ . e Positive magnetoresistance
\ - = - E 3 g « Y—axis
g T 1 ] No magnetoresistance
LS N ey 3 3 3
TI/AU + aF ‘% k i ({‘ 1¢ . H(T)
Pt 2 A A A ‘“.w | f Wlthout magnetic field  : The Hanle effect
. . xR fip I | ; Larger
@ :cation ©):anion e :electron 8 1 | e "h SN s [ Resistance
e T (B L Spin)
Positive gate voltage V= carrier accumulation Energy (Ryd) SHE ISHE B Stable
: . . ) ! Smaller Y Resistance
>Gate-tunable phenomena :Sufficient carrier accumulation Resistance (B =0 T) / (B // Spin)

The inverse spin Hall effect (ISHE) in 2.0 nm Pt [1]: {= Shift of Fermi revel (£¢)

The spin Hall effect (SHE) in 1.2 nm Pt [2]

:= Decreasing DOS of d-electron

= Decreasing spin orbit interaction :

|Purpose Modulation of the HMR by ionic gate |

2. Measurement

500 yAor 30 pA

lonic gel

+ PS-PMMA-PS polymer
(Polymer Source, Canada)
- DEME-TFSlionic liquid

3. Result — angle dependence
HMR curve [4]

HMR rati
1441+ (2B)?

[o]

~

Z-axis
o

(Kanto Chemical, Japan)

R=Ry+R,

+aB

©

- Ethyl propionate
(Nacalai Tesque, Japan)

~

Hall bar structure
+ Ultrathin Pt (3.3 or 1.7 nm)
- Deposited by sputter

o

H

r : MRratio (B — =) 2 : spin precession frequency ‘

|

201 + (1B)D)

Ry:R(B=0) a : Background

Calculation result

2 (nm)
20

Osu
0.04

Result

{R(B)-R(0)}/R(0) (x107)

Substrate
+ Y3Fe;0,, grown on Gd;Gas0,,
(Granopt, Japan)

Previous report [5] | 1.5:0.5 | 0.11x0.08

Successful observation of the HMR

N

4. Result - ionic gate dependence >Analysis
>Resistance : >HMR ratio Spin life time ¢ I|fe time ¢ S&n Hall angle 8
44 ~ i Lsf G)@@@@@:%@
= 0.04 e @
4 X ot 16} ;)é o
g g L4l =) ®
= ' ; o = %5003 l ’
Sis = w12} X ®
= O QTJ
g
&

3.6 o) @
o Q @ > @
B ol 0sf © 002 % ®
0 2 L L s N s h n 0.6 ; (3 "y
i - 9 -6 -3 0 3 6 9 & z -2 0 2
Vs (V) : B(T) : Vs (V) Ve (V)
Successful carrier accumulation Modulation of the HMR Observatlon of increase tendency of spin orbit |nteract|on (S0l) (V>0)
5. Discussion i >Possible origin —— Electrical Field
" : onic ge
>Previous report [1]
: . ; (oJoXoJoXoJO]) ‘
g 100 WO — —
5 —
=) —
2 -V Pt ® ® ®
5T T YIG/GGG
2 o
= ol ) % » Modulation of current distribution
2 ., V? 2 Occurrence of the ISHE » Enhancement of the Rashba SOI
Suppressigr(I of the SOI at top and bottom surfaces [4] = Modulation of the HMR

Summary

> Observation of the HMR in an ultrathin Pt films
> Modulation of the HMR by ionic gating
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