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Reviewers' Comments: 

Reviewer #1: 

Remarks to the Author: 

In this paper, the authors reported non-local spin Seebeck effects in anisotropic van der Waals 2D 

magnets CrPS4. They analyzed the anisotropy of the non-local second harmonic voltage with 

respect to the direction of the transport direction. The result shows that the anisotropy can be 

modulated significantly by applying a current to a thin wire placed between the heater wire and 

the Pt wire (the spin-current detector) on the CrPS4. 

The phenomenon is interesting, and the paper can provide an important piece of information for 

spintronics and 2D material science researchers after the authors rewrite the manuscript with 

careful analysis and description. I thus can recommend the publication of this paper after the 

author has made the following revisions. 

(major points) 

1. It is necessary to clarify where and how the heat flows in the sample. 

Please remember that the driving force for Seebeck and spin Seebeck effects is temperature 

gradient (not a heat flow). 

In general, in samples with in-plane thermal conductivity much greater than out-of-plane thermal 

conductivity, strong out-of-plane temperature gradient should be formed when a part of the 

surface is heated, while in-plane temperature gradient is much smaller. Therefore, in spite of the 

small SSE coefficient for the out-of-plane direction, the out-of-plane effect, such as SSEs, should 

be considered in a thick CrPS4 film. Also, the absence of the V_1\Omega signal suggests a minor 

role of the in-plane conduction. 

Similar physics can be found in the non-local SSEs in YIG films (for example, Phys. Rev. B 96, 

104441 2017), in which, in spite of the in-plane SSE configuration, out of plane temperature 

gradient and resultant spin chemical potential distribution plays a role. 

2. Given the above considerations, Equation 2 should be reconsidered carefully. 

3. In the abstract: 2500000% is oversold and misleading. It sounds as if it were an on-off ratio. It 

is not fair unless it is clearly written that the data is measured by different devices on the same 

film. 

(minor points) 

4. Line 190: A brief summary of the contents of the SI S6-7 may be added to the main text for 

better readability. 

5. Line 262: Please add an explanation on the expansion of Equation 4. 

6. Page 14- The ROM part does not provide new physics but the ROM has not been analyzed for its 

engineering merits from application points of view: the ROM seems too slow and too large (it is 

difficult to confine heat current into small area). This part can be compressed. 

Reviewer #2: 

Remarks to the Author: 

In this manuscript, the authors report anisotropy in diffusive magnon transport in van Der Waals 

(vdW) antiferromagnetic insulator CrPS4. This was accomplished by performing nonlocal magnon 

transport measurement along different crystal axes. The authors demonstrate that anisotropy is 

tunable via a gate current, with an anisotropy ratio of up to 2500x achieved. Lastly, by utilizing the 

observed anisotropic magnon transport, the authors demonstrate a read-only memory (ROM) 

whose value is set by placement of read electrodes. 

The experiment is well done; the results and their interpretations are convincing. The scientific 

claims are well supported, and methodology is sound. The work should be reproducible given the 

details provided in the manuscript. 



However, I am not convinced that the impact of the result is sufficient to warrant publication in 

Nature Communications. In the introduction, the authors have cited recent interest in various 

types of anisotropy, which supposedly is to argue for the significance of magnon-transport 

anisotropy studied in this work. Indeed, electrical and optical anisotropy have various anticipated 

applications as discussed in the literature, such as directional memory (Ref. 1), polarization-

sensitive photodetectors (Refs. 4, 5), novel polarizers/polarization sensors (Xia, Wang, Jia, Nat. 

Commun. 5, 4458 (2014)), to name a few. However, it is not clear that there is high-impact device 

applications envisioned that relies on anisotropic diffusive magnon-transport studied in this work. 

There is a statement "In particular, in-situ electrical modulation of anisotropy in spin transport, a 

vital functionality for future large-scale applications of van der Waals magnets, has yet to be 

achieved"; why electrical modulation of anisotropy is vital to large-scale applications of vdW 

magnets is neither explained nor supported by citation. ROM based on anisotropic magnon 

transport is interesting, but it does not have prospect for future practical applications. In 

particular, this ROM requires a large field (4 T) which is not practical. Lastly, the electrical 

tunability relies on heating coming from gate current, which is likely not fast and possibly highly 

temperature-dependent, hence less of an ideal control modality compared to electric field gating (if 

it could be used to control anisotropy). 

Given the above consideration, I cannot recommend publication in a high impact journal for 

diverse audience such as Nature Communications. I would recommend publication in journals 

more specific to materials or nano science; for example, this manuscript would be suitable for NPJ 

Quantum Materials or NPJ 2D Materials and Applications. 

In addition, here I also list a few other comments: 

- when discussing magnons in 2D magnets (around line 61), it would be appropriate to also cite 

https://www.nature.com/articles/s41586-022-05024-1 

-there is this statement in line 87-90: "Furthermore, ferromagnetism with out-of-plane spin 

orientation is found in monolayer, air-stable CrPS4 crystals, making CrPS4 more attractive 

candidate for applications in van der Waals spintronics" 

This sentence is confusing. What is "more attractive" compared to? Perhaps the author simply 

meant to say CrPS4 is "attractive", or "rather attractive". Also, it's not clear what are the features 

that the authors consider to make this material attractive for spintronics. 

-Why not replace Fig. 3c with the inset, which shows giant tunability of anisotropy? 

-Line 279: what does "Specifically, 1" refer to? 

- it would appropriate to include scale bars in the optical images showing the devices 



Reviewer #1 (Remarks to the Author):

Gi ocdn k\k`m+ oc` \pocjmn m`kjmo`_ iji-gj^\g nkdi Q``]`^f `aa`^on di \idnjomjkd^ q\i

_`m U\\gn 1B h\bi`on AmNQ3- Rc`t \i\gtu`_ oc` \idnjomjkt ja oc` iji-gj^\g n`^ji_

c\mhjid^ qjgo\b` rdoc m`nk`^o oj oc` _dm`^odji ja oc` om\inkjmo _dm`^odji- Rc` m`npgo

ncjrn oc\o oc` \idnjomjkt ^\i ]` hj_pg\o`_ ndbidad^\iogt ]t \kkgtdib \ ^pmm`io oj \

ocdi rdm` kg\^`_ ]`or``i oc` c`\o`m rdm` \i_ oc` No rdm` (oc` nkdi-^pmm`io _`o`^ojm) ji

oc` AmNQ3-

Rc` kc`ijh`iji dn dio`m`nodib+ \i_ oc` k\k`m ^\i kmjqd_` \i dhkjmo\io kd`^` ja

diajmh\odji ajm nkdiomjid^n \i_ 1B h\o`md\g n^d`i^` m`n`\m^c`mn \ao`m oc` \pocjmn

m`rmdo` oc` h\ipn^mdko rdoc ^\m`apg \i\gtndn \i_ _`n^mdkodji- G ocpn ^\i m`^jhh`i_

oc` kp]gd^\odji ja ocdn k\k`m \ao`m oc` \pocjm c\n h\_` oc` ajggjrdib m`qdndjin-

U` \m` bm\o`apg oc\o oc` m`qd`r`m kjdio`_ jpo oc` ndbidad^\i^` ja jpm rjmf \i_

m`^jhh`i_ oc` kp]gd^\odji ja jpm h\ipn^mdko \ao`m m`qdndji- U` c\q` h\_` ^\m`apg

\i\gtndn \i_ hj_dad^\odjin oj jpm h\ipn^mdko \^^jm_dib oj oc` ^jhh`ion ja jpm

m`qd`r`mn \i_ r` ]`gd`q` r` c\q` np^^`nnapggt \__m`nn`_ \gg oc` lp`nodjin \i_

^jhh`ion amjh oc` m`qd`r`mn- Mpm kjdio-]t-kjdio m`kgt dn gdno`_ ]`gjr-

(h\ejm kjdion)

0- Go dn i`^`nn\mt oj ^g\mdat rc`m` \i_ cjr oc` c`\o agjrn di oc` n\hkg`-

Ng`\n` m`h`h]`m oc\o oc` _mdqdib ajm^` ajm Q``]`^f \i_ nkdi Q``]`^f `aa`^on dn

o`hk`m\opm` bm\_d`io (ijo \ c`\o agjr)-

Gi b`i`m\g+ di n\hkg`n rdoc di-kg\i` oc`mh\g ^ji_p^odqdot hp^c bm`\o`m oc\i

jpo-ja-kg\i` oc`mh\g ^ji_p^odqdot+ nomjib jpo-ja-kg\i` o`hk`m\opm` bm\_d`io ncjpg_ ]`

ajmh`_ rc`i \ k\mo ja oc` npma\^` dn c`\o`_+ rcdg` di-kg\i` o`hk`m\opm` bm\_d`io dn

hp^c nh\gg`m- Rc`m`ajm`+ di nkdo` ja oc` nh\gg QQC ^j`aad^d`io ajm oc` jpo-ja-kg\i`

_dm`^odji+ oc` jpo-ja-kg\i` `aa`^o+ np^c \n QQCn+ ncjpg_ ]` ^jind_`m`_ di \ ocd^f AmNQ3

adgh- ?gnj+ oc` \]n`i^` ja oc` T[0YMh`b\ ndbi\g npbb`non \ hdijm mjg` ja oc` di-kg\i`

^ji_p^odji-



Qdhdg\m kctnd^n ^\i ]` ajpi_ di oc` iji-gj^\g QQCn di WGE adghn (ajm `s\hkg`+ Nctn-

P`q- @ 85+ 0/3330 1/06)+ di rcd^c+ di nkdo` ja oc` di-kg\i` QQC ^jiadbpm\odji+ jpo ja

kg\i` o`hk`m\opm` bm\_d`io \i_ m`npgo\io nkdi ^c`hd^\g kjo`iod\g _dnomd]podji kg\tn \

mjg`-

U` oc\if the reviewer for pointing out the necessary to clarify how the heat flows in 

the sample and how it affects the distribution of the temperature gradience in the 

sample in the in-plane and out-of-plane directions. Indeed, this is an important point 

that might help us better understand the excellent performance we measured from the 

CrPS4 magnon devices experimentally. 

According to the reviewer}s comments, we perform additional finite element analyses 

of the temperature distribution and magnon chemical potential distribution for CrPS4

magnon valve devices with crystal thickness of 30nm. We use the methods mentioned 

in Nctn- P`q- @ 85+ 0/3330 (1/06) \n npbb`no`_ ]t oc` m`qd`r`m-

Rc` gdi`\m m`nkjin` m`g\odji ja c`\o \i_ nkdi om\inkjmo di oc` ]pgf ja \ h\bi`od^

dinpg\ojm m`\_n9

rc`m` dn oc` h\biji nkdi ^pmm`io+ oc` ojo\g c`\o ^pmm`io+ oc` h\biji

^c`hd^\g kjo`iod\g+ . oc` o`hk`m\opm`+ oc` h\biji nkdi ^ji_p^odqdot+ oc` ojo\g

c`\o ^ji_p^odqdot \i_ oc` nkdi Q``]`^f ^j`aad^d`io- Ajh]di`_ rdoc +

\i_ + oc` _daapndji `lp\odjin ajm nkdi \i_ c`\o m`\_9

where  is the charge current density in the injector Pt electrode,  is the 

electrical conductivity of the Pt electrode and  the magnon spin diffusion length. 



Since CrPS4 is not as widely studied as YIG, some parameters \m` pi\q\dg\]g`+ g`o

\gji` ^jind_`mdib oc` \idnjomjkt- Djm oc` k\m\h`o`mn m`g\o`_ oj temperature gradient 

distribution analysis, there is no thermal conductivity data found for CrPS4 in the 

literature. Here we use the in-plane thermal conductivity 6.3[W/(m*K)] for MnPS3 as 

an rough estimate of the thermal conductivity for CrPS4 along the <010> direction, 

and the through-plane thermal conductivity 1.1[W/(m*K)] for MnPS3 as the 

through-plane thermal conductivity for CrPS4. Based on our fitting parameters 

+ ajm B`qd^`-Q (h\biji om\inkjmon \gjib

oc` ;/0/= _dm`^odji) \i_ + ajm

B`qd^`-U (h\biji om\inkjmon \gjib oc` ;0//= _dm`^odji)+ \i \q`m\b` ja 2

odh`n dn j]o\di`_- Qdi^` oc` c`\odib kjr`m dn ads`_ di jpm `sk`mdh`io+ oc` ;0//=

thermal conductivity for CrPS4 is estimated to be 3 times smaller than the ;/0/=

thermal conductivity, which is 2.1[W/(m*K)]. 

Djm oc` k\m\h`o`mn m`g\o`_ oj spin chemical potential distribution analysis, the ratio for 

oc` nkdi Q``]`^f ^j`aad^d`io ^jhkji`ion \m` j]o\di`_

amjh jpm hj_`g (_`o\dgn di jpm m`kgt oj m`qd`r`m}n ^jhh`io $1 \i_ di Ddb- P2 ]`gjr)-

Here we use the nkdi Q``]`^f ^j`aad^d`io 500[A/m] for YIG as  for CrPS4, then 

applying the ratio above, one can obtain  and . For 

the h\biji nkdi ^ji_p^odqdot + ndi^` oc` ^\g^pg\odji kmj^`_pm` ja dn ndhdg\m

oj oc` ^\g^pg\odji ajm S di jpm hj_`g pn`_ di oc` m`kgt oj m`qd`r`m}n ^jhh`io $1+ r`

rjpg_ ndhkgt kmjqd_` oc` m`npgodib m\odj di oc` ajggjrdib _dn^pnndji- By adding the 

chemical potential generated by SSE caused magnons accumulation under the 

injector di jpm hj_`g, the nkdi ^pmm`io _`indot m`\_n9

Rc` m`npgo`_ h\biji nkdi ^ji_p^odqdot dn9



Thus we could get the ratio for oc` h\biji nkdi ^ji_p^odqdot ^jhkji`ion

- Here we use the h\biji nkdi ^ji_p^odqdot

9000[S/m] for YIG as  for CrPS4, then  and 

. As for the magnon spin diffusion length + r` `som\^o`_

\i_ amjh (L\o- Nctn- 00+

0/11-0/15 (1/04)) pndib +

ajm B`qd^`-Q \i_ +

ajm B`qd^`-U- Rc` q\gp`n \m` j]o\di`_ amjh oc` gdi`m

ngjk`n ja qn- ^pmq`n ajm _`qd^`1 ncjri di Ddb- 1_ di jpm h\di o`so \i_ Ddb-

Q2-1_ di oc` Qpkkg`h`io\mt diajmh\odji- ?gg the parameters used in the finite element 

analysis are listed below: 

Pt 

Conductivity 8.9E6[S/m] 
COMSOL Material 

database 

thermal conductivity 71.6[W/(m*K)] 
COMSOL Material 

database 

CrPS4

in-plane <010> thermal 

conductivity 
6.3[W/(m*K)] 

ACS Nano,14, 

1313�1324(1/1/)

for MnPS3

in-plane <100> thermal 

conductivity 
2.1[W/(m*K)] calculated 

through-plane thermal 

conductivity 
1.1[W/(m*K)] 

ACS Nano,14, 

1313�1324(1/1/)

for MnPS3

in-plane <010> spin 

Seebeck coefficient 
500[A/m] 

Phys. Rev. B 96, 

104441 (2017) for 

YIG 

in-plane <100> spin 

Seebeck coefficient 
202[A/m] calculated 

through-plane spin 

Seebeck coefficient 
8.5[A/m] calculated 

in-plane <010> magnon 

spin conductivity 
9000[S/m] 

Phys. Rev. B 94, 

180402(R) (2016) 

for YIG 

in-plane <100> magnon 

spin conductivity 
3771[S/m] calculated 

through-plane magnon 

spin conductivity 
333[S/m] calculated 

in-plane <010> magnon 0.87 From experimental 



spin diffusion length data 

in-plane <100> magnon 

spin diffusion length 
0.45

From experimental 

data 

SiO2 thermal conductivity 1.38[W/(m*K)] 

CRC Handbook of 

Chemistry and 

Physics (92nd 

ed.).p12.213 

Si thermal conductivity 130[W/(m*K)] 
COMSOL Material 

database 

CrPS4/SiO2
through-plane thermal 

resistance 
5E-7[K*m2/W]#

Computational 

Materials Science, 

142, 1z6 (2018) 

Pt/CrPS4
through-plane thermal 

resistance 
1.4E-7[K*m2/W]Û

PHYSICAL 

REVIEW B 101, 

205407 (2020) 

Table R1. The parameters used in the finite element analysis. #There is no data found 

for CrPS4/SiO2 in the literature, we used value from through-plane thermal resistance 

between MoS2/SiO2 instead. ÛThere is no data found for Pt/CrPS4, we used estimated 

value for CrBr3/Pt in the literature. 

Gi oc` ndhpg\odjin+ oc` n\hkg` ocd^fi`nn dn 8CrPS4 < 2/ ih \i_ oc` rd_oc ja oc` ^mtno\g

dn :CrPS4 < 0/ �h- Rc` ^mtno\g dn kg\^`_ ji ojk ja \ ndgd^ji np]nom\o` rdoc \ QdM1 g\t`m

ja 2// ih ocd^f- Rc` die`^ojm `g`^omj_` c\n \ ocd^fi`nn ja oNo < 0/ ih \i_ \ rd_oc ja

rNo < 14/ ih- Rc` c`\o ^pmm`io ijmh\g oj oc` CrPS4vq\^pph \i_ Novq\^pph dio`ma\^`n

dn n`o oj ]` u`mj- Rc` nkdi ^pmm`io ijmh\g oj oc` CrPS4vq\^pph \i_ CrPS4vQdM1

dio`ma\^`n dn \gnj n`o oj ]` u`mj- U` c\q` k`majmh`_ adido` `g`h`io \i\gtndn ajm \

KiNQ2 _`qd^` c\qdib ndhdg\m ^jiadbpm\odji di Nat. Commun. 12, 6279 (2021)+ rcd^c

bdq`n \ o`hk`m\opm` \mjpi_ 2I \o oc` ]joojh ja oc` No die`^ojm- Qdi^` c`m` r` c\q`

\_jko`_ oce thermal conductivity for MnPS3 as for CrPS4, to simplify the simulation,

oc` ]jpi_\mt ^ji_dodji . < 2I \o oc` ]joojh ja oc` No die`^ojm dn pn`_-

As shown in Figure R1, under the detector electrodes (1.5  away from the 

injectors), both the in-plane temperature gradients and the out-of-plane temperature 

gradients are negligible for Device-S and Device-W. The large local out-of-plane 





1- Edq`i oc` \]jq` ^jind_`m\odjin+ Clp\odji 1 ncjpg_ ]` m`^jind_`m`_ ^\m`apggt-

Clp\odji 19 _`n^md]`n oc` diq`mn` nkdi F\gg

qjgo\b` b`i`m\o`_ ]t oc`mh\g h\bijin \o oc` _`o`^ojm `g`^omj_`+ rcd^c dn

_`_p^`_ amjh \ orj-_dh`indji\g nkdi om\inkjmo hj_`g jigt ^jind_`mdib oc` di-kg\i`

nkdi Q``]`^f ^j`aad^d`ion- @\n`_ ji jpm adido` `g`h`io \i\gtndn+ oc` jpo-ja-kg\i`

o`hk`m\opm` bm\_d`io dn m`g\odq`gt nh\gg pi_`m oc` _`o`^ojm- ?^^jm_dib oj oc`

npbb`nodjin ja oc` m`qd`r`m+ r` `so`i_ jpm hj_`g di Qpkkg`h`io\mt Q7 \i_ Q8 oj

ocm``-_dh`indji \i_ ^\g^pg\o` oc` jpo-ja-kg\i` nkdi Q``]`^f ^j`aad^d`io -

K\bi`odnh ajm oc` ]pgf AmNQ3 dn _`n^md]`_ ]t oc` ajggjrdib F\hdgojid\i9

F`m` dn oc` `\nt-\sdn ndibg`-dji \idnjomjkt \i_ dn oc` h\bi`od^ `s^c\ib`

^jpkgdib rdoc - _`ijo`n \ hjij^gdid^-g\ood^`

?-np]g\ood^` ndo`+ \i_ ^jii`^on \ ?-np]g\ood^` ndo` \i_ don

i`dbc]jmdib ajpm @-np]g\ood^` ndo`n rdoc

dn oc` ijmh\g q`^ojm ^jii`^o`_ orj \_e\^`io g\t`mn-

dn \ gj^\gdu`_ nkdi ja Am \ojh (-<2.1) di oc` ?-np]g\ood^` ndo` \i_ dn \

gj^\gdu`_ Am nkdi \o oc` @-np]g\ood^` ndo` -

Si_`m oc` di-kg\i` ad`g_ 1+ oc` \ioda`mmjh\bi`od^\ggt \gdbi`_ nkdin rdgg ]` ^\io`_

gdi`\mgt ojr\m_n oc` ad`g_ _dm`^odji9

rdoc (4 _`ijo`n `q`i g\t`mn \i_ (4$' _`ijo`n j__ g\t`mn- ? ^\iodib \ibg` dn



_`o`mhdi`_ ^g\nnd^\ggt \n \ hdidhph ja \ ^g\nnd^\g h\bi`od^ `i`mbt9

+

rc`m` dn \ iph]`m ja oc` ?-np]g\ood^` ndo`n- Rc` hdidhph `i`mbt dn bdq`i ]t9

K\bi`od^ ^jgg`^odq` `s^do\odjin \mjpi_ oc` ^g\nnd^\g h\bi`od^ jm_`m \m` _`n^md]`_ ]t

oc` Fjgno`di-Nmdh\fjaa ]jnjin9

rc`m` \i_ \m` oc` nkdi jk`m\ojmn di \ mjo\o`_

am\h`9

F`m` + \i_ \m` Fjgno`di-Nmdh\fjaa ]jnji ad`g_n ajm ?-np]g\ood^` Am

nkdin \i_ @-np]g\ood^` Am nkdin+ oc\o m`km`n`io agp^op\odjin \mjpi_ oc` ^g\nnd^\g

h\bi`od^ jm_`m- ?mjpi_ ocjn` oc\o hdidhdu` oc` ^g\nnd^\g h\bi`od^ `i`mbt+ oc`

F\hdgojid\i dn no\]g` \b\dino np^c nh\gg agp^op\odjin9

Rcpn+ oc` nkdi-r\q` F\hdgojid\i om\inajmh`_ dioj oc` hjh`ioph nk\^` (c`m` k dn \

ocm``-_dh`indji\g r\q` q`^ojm) dn9

rdoc +

+



+ \i_ \m` oc` hj_pgpn \i_ kc\n` ja

m`nk`^odq`gt-

Si_`m

Rc` nkdi-r\q` F\hdgojid\i dn _d\bji\gdu`_ \n+

F`m`+

-

The lowest spin-wave energy momentum dispersions with  or 

are plotted in Fig. R2. As can be seen, the energy band is nearly dispersionless along 

 direction compared to  and . 





Ddbpm` P2 ncjrn oc` ^\g^pg\o`_ nkdi Q``]`^f ^j`aad^d`io - Rc` jpo-ja-kg\i`

nkdi Q``]`^f ^j`aad^d`io dn lpdo` nh\gg ^jhk\m`_ rdoc oc` di-kg\i`

^j`aad^d`ion \i_ \o . < 1I \i_ \]jq`- Rcdn 1B i\opm` ja oc` h\biji

om\inkjmo di AmNQ3 dn r\mm\io`_ ]t oc` r`\f dio`mg\t`m `s^c\ib` dio`m\^odji-

0 2 4 6 8 10 12 14

S
(a

.u
.)

T(K)
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Ddb- P2 (Ddb- Q0/-1 di oc` m`qdn`_ Qpkkg`h`io\mt Giajmh\odji)- Rc` ndhpg\o`_ nkdi

Q``]`^f ^j`aad^d`io rdoc \ ocm``-_dh`indji\g hj_`g-

Qdi^` ]joc ja oc` jpo-ja-kg\i` o`hk`m\opm` bm\_d`io pi_`m oc` _`o`^ojm \i_ oc` nkdi

Q``]`^f ^j`aad^d`io \m` nh\gg+ oc` orj-_dh`indji\g nkdi om\inkjmo hj_`g ^jpg_

^\kopm` oc` h\ejmdot ja oc` kctnd^n \i_ ocpn oc` Clp\odji 1 dn \ bjj_ \kkmjsdh\odji \o

oc` hjh`io- Go dn di_``_ dio`m`nodib oj kmjqd_` \ hjm` ^jhkm`c`indq` oc`jmt oj oc`

`sk`mdh`io\g m`npgo r` j]o\di`_ di ocdn h\ipn^mdko+ \i_ r` cjk` oc\o jpm `sk`mdh`io\g

rjmf ^jpg_ nodhpg\o` apmoc`m _dn^pnndjin \i_ oc`jm`od^\g rjmfn di oc` ad`g_-

?^^jm_dib oj oc` m`qd`r`m}n ^jhh`ion+ r` c\q` kpo oc` \]jq` _dn^pnndjin di oc`

m`qdn`_ Qpkkg`h`io\mt Giajmh\odji Q0/- ?i_ r` c\q` \__`_ _dn^pnndji di k\b` 0/

gdi` 106 ja oc` m`qdn`_ h\di o`so9 {Ddido` `g`h`io \i\gtndn25 \i_ ocm``-_dh`indji\g

nkdi hj_`g r`m` k`majmh`_+ \i_ oc` `aa`^o ja oc`mh\g bm\_d`i^` \i_ nkdi Q``]`^f



^j`aad^d`io \gjib oc` = _dm`^odji dn `nodh\o`_ oj ]` nh\gg (_`o\dgn di Qpkkg`h`io\mt

Giajmh\odji Q0/-Q00)-|

2- Gi oc` \]nom\^o9 14/////% dn jq`mnjg_ \i_ hdng`\_dib- Go njpi_n \n da do r`m` \i

ji-jaa m\odj- Go dn ijo a\dm pig`nn do dn ^g`\mgt rmdoo`i oc\o oc` _\o\ dn h`\npm`_ ]t

_daa`m`io _`qd^`n ji oc` n\h` adgh-

We thank the reviewer for bring up this point that might cause misunderstanding. 

Indeed the anisotropic ratio is not an on-off ratio of conventional meaning, e.g. that 

the same device be turned on and off with different electric gate. Rather, it tells us 

how precisely we can control the flow of information (magnon signal) in on direction 

but stop the transmission of such information in the other direction.  

Additional, we share the same view with the reviewer that the value of the anisotropic 

ratio is meaningful only when we compare two magnon devices (one along the strong 

axis and the other along the weak axis) fabricated on the same single crystal, through 

the same microfabrication process, and measured in the same circuit under the same 

experiment. For the more than 10 pairs of devices, this is exactly what we have done. 

We would like to stress that when the signal of Device-W goes from positive to 

negative, the zero point is guaranteed, thus oc` \idnjomjkt m\odj should 

be a point of divergence. However, the experimental value we could get is influenced 

by the step size of nr``k \i_ oc` ijdn` agjjm ja h`\npm`h`io \n r` h`iodji`_

di k\b` 8+ gdi` 1/5-102 ja oc` h\ipn^mdko- Rcpn+ oc` \idnjomjkt m\odj ja 1+4//+///% dn

oc` ijdn`-gdhdo`_ h`\npm`_ q\gp` r` ^jpg_ b`o `sk`mdh`io\ggt- Rj \qjd_ oc` kjnnd]g`

^jiapndji+ we have modified our abstract in page 2, line 37 to be: {Here, we realized 

giant electrically tunable anisotropy in the transport of second harmonic thermal 

magnons (SHM) in van der Waals anti-ferromagnetic insulator CrPS4 with the 

application of modest gate current.|



(hdijm kjdion)

3- Jdi` 08/9 ? ]md`a nphh\mt ja oc` ^jio`ion ja oc` QG Q5-6 h\t ]` \__`_ oj oc` h\di

o`so ajm ]`oo`m m`\_\]dgdot-

We appreciate the helpful suggestion of the reviewer. We have added the following 

description in page 9, line 193: {In particular, the local spin Seebeck signal of the 

injector electrode could not be tuned to inverse as a function of + which shows 

that the magnon diffusive process and anisotropic magnetic exchange interactions are 

vital in producing the highly tunable anisotropic nonlocal signal. Furthermore, we 

measured the non-local second harmonic signal with an applied magnetic field of up 

to 9T rotated in the x-z plane. The signal is almost zero when the magnetic field is 

along the z axis, which indicates the absence of \i \ijh\gjpn L`mino `aa`^o (_`o\dgn di

Qpkkg`h`io\mt Giajmh\odji Q5-Q6).| The added discussion is marked in blue in the 

revised manuscript. 

4- Jdi` 1519 Ng`\n` \__ \i `skg\i\odji ji oc` `sk\indji ja Clp\odji 3-

To make the expansion of Equation 4 more clear, we have modified our manuscript in 

page 12, line 268 to be: {Rc` o`hkjm\g _`k`i_`i^` ja ^jh`n kpm`gt amjh oc`

odh` q\md\odji ja - @t np]nodopodib di rdoc

+ r` ^\i pn` oc` ajggjrdib `lp\odji oj ado jpm \i_ _\o\ (g\]`g`_

\n )9

(3)

rc`m` ( ) dn oc` QFK ndbi\g ja B`qd^`-Q (B`qd^`-U)+ dn \ bgj]\g

k\m\h`o`m ^jio\didib + dn oc` nkdi Q``]`^f ^j`aad^d`io ^jhkji`io \gjib

_dm`^odji+ \i_ \m` c`\odib `aad^d`i^d`n ja oc` die`^ojm \i_ b\o` \gjib oc`



orj _dm`^odjin+ m`nk`^odq`gt+ \i_ h`\in o\fdib oc`

n`^ji_ c\mhjid^ ^jhkji`io-|

5- N\b` 03- Rc` PMK k\mo _j`n ijo kmjqd_` i`r kctnd^n ]po oc` PMK c\n ijo ]``i

\i\gtu`_ ajm don `ibdi``mdib h`mdon amjh \kkgd^\odji kjdion ja qd`r9 oc` PMK n``hn

ojj ngjr \i_ ojj g\mb` (do dn _daad^pgo oj ^jiadi` c`\o ^pmm`io dioj nh\gg \m`\)- Rcdn k\mo

^\i ]` ^jhkm`nn`_-

U` \bm`` rdoc oc` m`qd`r`m oc\o oc` h\biji PMK r` _dnkg\t`_ dn \ kmjojotkd^\g

\kkgd^\odji ]\n`_ ji oc` `g`^omd^\ggt opi\]g` \idnjomjkd^ h\biji om\inkjmo+ m\oc`m oc\i

\ ^jhh`m^d\g _`qd^` oc\o jpok`majmh`_ `g`^omji-]\n`_ _`qd^`n- Rc` dhkjmo\i^` ja

np^c h\biji PMKn gd`n di oc` a\^o oc\o do kjdion oj _`qd^` ^ji^`ko \i_ jaa`m i`r

kjnnd]dgdod`n ajm apopm` nk`^d\g kpmkjn`_ diajmh\odji nojm\b` np^c \n din^md]dib

kmjkmd`o\mt diajmh\odji \i_ ^jiad_`iod\g diajmh\odji- U` ]`gd`q` oc\o apopm`

`ibdi``mdib \gjib oc` gdi` ja ocdn i`r ^ji^`ko rjpg_ gdf`gt g`\_ oj dhkmjq`_

k`majmh\i^` di^gp_dib a\no`m jk`m\odji nk``_+ gjr`m kjr`m ^jinphkodji+ nh\gg`m

_`qd^` ndu`n+ `o^-

Rj m`ag`^o oc` m`qd`r`m}n ^jhh`io+ r` c\q` _`g`o`_ oc` _`n^mdkodji di k\b` 05+ gdi`

238 di oc` h\di o`so9 {Go dn rjmoc ijodib oc\o rdoc don k`^pgd\m m`\_jpo n^c`h`+ np^c

h\biji PMKn ^\i n`mq` di nk`^d\g kpmkjn`_ diajmh\odji nojm\b` np^c \n din^md]dib

kmjkmd`o\mt \i_ ^jiad_`iod\g diajmh\odji- Rc\o dn oj n\t+ oc` diajmh\odji nojm`_ di np^c

h\biji PMKn dn jpo ja m`\^c ajm k`mnjin rdocjpo \ kmdjm fijrg`_b` ja n`q`m\g

a\^ojmn di^gp_dib oc` Lx`g o`hk`m\opm` ja oc` ^c\ii`g h\o`md\gn+ oc` ^c\ii`g ^mtno\g

jmd`io\odji \i_ h\bi`odu\odji _dm`^odji+ oc` km`n`o + `o^- Rc` \idnjomjkd^ h\biji

PMK ^jpg_ \gnj ]` pn`_ oj nojm` orj n`on ja _dbdo\g diajmh\odji+ rcd^c ^\i ]` m`\_

jpo pndib orj _daa`m`io b\o` ^pmm`ion (d-`-+ \i_ m`km`n`io orj

n`on ja diajmh\odji ajm oc` n\h` PMK)- Kpgod-no\o` (dino`\_ ja ]di\mt) h`hjmt ^\i di

kmdi^dkg` ]` `ibdi``m`_ ]t h\fdib pn` ja oc` ijigdi`\m \i_ \idnjomjkd^ m`g\odji



]`or``i \i_ \gjib oc` orj _dm`^odjin-| U` c\q` hjq`_ np^c _dn^pnndji

oj npkkg`h`io\mt diajmh\odji Q04 ajm apmoc`m m`\_dib ja dio`m`no`_ m`\_`mn-

Reviewer #2 (Remarks to the Author):

Gi ocdn h\ipn^mdko+ oc` \pocjmn m`kjmo \idnjomjkt di _daapndq` h\biji om\inkjmo di q\i

B`m U\\gn (q_U) \ioda`mmjh\bi`od^ dinpg\ojm AmNQ3- Rcdn r\n \^^jhkgdnc`_ ]t

k`majmhdib ijigj^\g h\biji om\inkjmo h`\npm`h`io \gjib _daa`m`io ^mtno\g \s`n- Rc`

\pocjmn _`hjinom\o` oc\o \idnjomjkt dn opi\]g` qd\ \ b\o` ^pmm`io+ rdoc \i \idnjomjkt

m\odj ja pk oj 14//s \^cd`q`_- J\nogt+ ]t podgdudib oc` j]n`mq`_ \idnjomjkd^ h\biji

om\inkjmo+ oc` \pocjmn _`hjinom\o` \ m`\_-jigt h`hjmt (PMK) rcjn` q\gp` dn n`o ]t

kg\^`h`io ja m`\_ `g`^omj_`n-

Rc` `sk`mdh`io dn r`gg _ji`: oc` m`npgon \i_ oc`dm dio`mkm`o\odjin \m` ^jiqdi^dib- Rc`

n^d`iodad^ ^g\dhn \m` r`gg npkkjmo`_+ \i_ h`ocj_jgjbt dn njpi_- Rc` rjmf ncjpg_ ]`

m`kmj_p^d]g` bdq`i oc` _`o\dgn kmjqd_`_ di oc` h\ipn^mdko-

U` \m` bm\o`apg oc\o oc` m`qd`r`m kjdio`_ jpo oc` h\ejm adi_dibn ja jpm rjmf \i_ c\q`

kjndodq`gt ^jhh`io`_ ji oc` n^d`iodad^ mdbjm ja jpm m`npgon-

Fjr`q`m+ G \h ijo ^jiqdi^`_ oc\o oc` dhk\^o ja oc` m`npgo dn npaad^d`io oj r\mm\io

kp]gd^\odji di L\opm` Ajhhpid^\odjin- Gi oc` diomj_p^odji+ oc` \pocjmn c\q` ^do`_

m`^`io dio`m`no di q\mdjpn otk`n ja \idnjomjkt+ rcd^c npkkjn`_gt dn oj \mbp` ajm oc`

ndbidad^\i^` ja h\biji-om\inkjmo \idnjomjkt nop_d`_ di ocdn rjmf- Gi_``_+ `g`^omd^\g

\i_ jkod^\g \idnjomjkt c\q` q\mdjpn \iod^dk\o`_ \kkgd^\odjin \n _dn^pnn`_ di oc`

gdo`m\opm`+ np^c \n _dm`^odji\g h`hjmt (P`a- 0)+ kjg\mdu\odji-n`indodq` kcjoj_`o`^ojmn

(P`an- 3+ 4)+ ijq`g kjg\mdu`mn.kjg\mdu\odji n`injmn (Vd\+ U\ib+ Hd\+ L\o- Ajhhpi- 4+

3347 (1/03))+ oj i\h` \ a`r- Fjr`q`m+ do dn ijo ^g`\m oc\o oc`m` dn cdbc-dhk\^o _`qd^`

\kkgd^\odjin `iqdndji`_ oc\o m`gd`n ji \idnjomjkd^ _daapndq` h\biji-om\inkjmo nop_d`_

di ocdn rjmf- Rc`m` dn \ no\o`h`io #Gi k\mod^pg\m+ di-ndop `g`^omd^\g hj_pg\odji ja



\idnjomjkt di nkdi om\inkjmo+ \ qdo\g api^odji\gdot ajm apopm` g\mb`-n^\g` \kkgd^\odjin ja

q\i _`m U\\gn h\bi`on+ c\n t`o oj ]` \^cd`q`_#: rct `g`^omd^\g hj_pg\odji ja

\idnjomjkt dn qdo\g oj g\mb`-n^\g` \kkgd^\odjin ja q_U h\bi`on dn i`doc`m `skg\di`_ ijm

npkkjmo`_ ]t ^do\odji- PMK ]\n`_ ji \idnjomjkd^ h\biji om\inkjmo dn dio`m`nodib+ ]po

do _j`n ijo c\q` kmjnk`^o ajm apopm` km\^od^\g \kkgd^\odjin- Gi k\mod^pg\m+ ocdn PMK

m`lpdm`n \ g\mb` ad`g_ (3 R) rcd^c dn ijo km\^od^\g- J\nogt+ oc` `g`^omd^\g opi\]dgdot m`gd`n

ji c`\odib ^jhdib amjh b\o` ^pmm`io+ rcd^c dn gdf`gt ijo a\no \i_ kjnnd]gt cdbcgt

o`hk`m\opm`-_`k`i_`io+ c`i^` g`nn ja \i d_`\g ^jiomjg hj_\gdot ^jhk\m`_ oj `g`^omd^

ad`g_ b\odib (da do ^jpg_ ]` pn`_ oj ^jiomjg \idnjomjkt)-

U` \kkm`^d\o` oc` m`qd`r`m}n ^jhh`io rcd^c kjdion oj oc` i``_ ajm pn oj ]`oo`m

`skg\di oc` dhkjmo\i^` ja jpm adi_dibn- Mpm m`kgt oj oc` \]jq` ^jhh`ion nc\gg ]`

gdno`_ di oc` adq` kjdion ]`gjr9

1) The importance of anisotropy in materials in general:

U` nc\m` oc` n\h` qd`r rdoc oc` m`qd`r`m oc\o \idnjomjkt c\n q\mdjpn \iod^dk\o`_

\kkgd^\odjin+ rcd^c hjodq\o`_ pn oj _j ocdn m`n`\m^c- U` \gnj oc\if oc` m`qd`r`m ajm

kmjqd_dib \ bjj_ npkkjmodib gdo`m\opm` (L\o- Ajhhpi- 4+ 3347 (1/03)) \]jpo

\kkgd^\odjin ja jkod^\g \idnjomjkt- U` c\q` \__`_ ocdn m`a`m`i^` di k\b` 2+ gdi` 44 \n9

{?idnjomjkd^ gdbco-h\oo`m dio`m\^odjin di 1B h\o`md\gn \gnj a\^dgdo\o` \kkgd^\odjin di

q\mdjpn jkoj`g`^omjid^ _`qd^`n gdf` ijq`g kjg\mdu`mn jm kjg\mdu\odji n`injmn3+ kjg\mdu`_

gdbco-`hdoodib _dj_`n \i_ kjg\mdu\odji-n`indodq` kcjoj_`o`^ojmn4+ 5-|

2) The importance of magnon transport anisotropy:

Ddmno+ h\bi`od^ \idnjomjkt k\mod^dk\o` di oc` ajmh\odji ja no\]g` h\bi`od^ nomp^opm`n

\i_ ocpn kg\tn \ kdqjo\g mjg` di `i\]gdib nkdi-]\n`_ diajmh\odji o`^cijgjbt+ g`\_dib oj

dhkjmo\io \kkgd^\odjin np^c \n opii`gdib nkdi q\gq`n- K\biji om\inkjmo \idnjomjkt dn

\i dhkjmo\io \i_ hjm` m`^`io _`q`gjkh`io ja h\bi`od^ \idnjomjkt+ rc`m` oc` aj^pn dn

ji oc` \idnjomjkt ja oc` om\inkjmo ja nkdi agp^op\odjin dino`\_ ja oc` jmd`io\odji ja

no`\_t nkdi nomp^opm`-



3) The importance of electrical tunability:

K\bi`od^ ad`g_ dn oc` hjno i\opm\g fij] ajm ^jiomjggdib oc` h\bi`od^ nomp^opm` \i_ nkdi

`s^do\odjin+ di^gp_dib h\bijin: cjr`q`m+ h\bi`od^ ad`g_ dn q`mt _daad^pgo oj gj^\gdu`+

h\fdib h\bi`od^\ggt ^jiomjgg`_ g\mb`-n^\g`n dio`bm\o`_ nkdiomjid^n ^dm^pdon _daad^pgo oj

m`\gdu`- Rcpn+ `g`^omd^\g ^jiomjg ja h\bi`od^ kmjk`mod`n ]`^jh`n \i dhkjmo\io _dm`^odji

]joc n^d`iodad^\ggt \i_ o`^cijgjbd^\ggt-

Cg`^omd^\g hj_pg\odji ja \idnjomjkt di^gp_dib oc` `\nt h\bi`odu\odji _dm`^odji \i_

\idnjomjkd^ h\bi`ojm`ndno\i^` dn qdo\g ajm nkdiomjid^n nop_t (H- K\bi- K\bi- K\o`m-

452+ 058813 (1/11)+ ?iip- P`q- K\o`m- P`n- 33+ 80-005 (1/03))- Djm oc` \kkgd^\odjin

ja q\i _`m U\\gn h\bi`on \n r`gg \n ajm \kkgd^\odjin di nkdi om\inkjmo+ oc` n\h` gjbd^

\kkgd`n- F`m` r` m`\gdu` oc` `g`^omd^\ggt opi\]g` \idnjomjkt ja _daapndq` h\biji

om\inkjmo+ rcd^c ^jpg_ `i\]g` qdo\g \kkgd^\odjin gdf` nojm\b` \i_ gjbd^ jk`m\odji ]\n`_

ji 1B h\bijin di q\i _`m U\\gn h\bi`on- Rj m`ag`^o oc` ^jhh`io ja oc` m`qd`r`m+ r`

c\q` hj_dad`_ {Gi k\mod^pg\m+ 24-7289 `g`^omd^\g hj_pg\odji ja \idnjomjkt di nkdi

om\inkjmo+ \ qdo\g api^odji\gdot ajm apopm` g\mb`-n^\g` \kkgd^\odjin ja q\i _`m U\\gn

h\bi`on+ c\n t`o oj ]` \^cd`q`_-| di k\b` 2+ gdi` 51 oj ]`9 {?n `g`^omd^\ggt ^jiomjgg`_

h\bi`od^ \idnjomjkt kg\tn \i dhkjmo\io mjg` di nkdiomjid^n06+ 07+ 24-7289 `g`^omd^\g

hj_pg\odji ja \idnjomjkt di nkdi om\inkjmo ^jpg_ \gnj `i\]g` qdo\g \kkgd^\odjin gdf`

nojm\b` \i_ gjbd^ jk`m\odji ]\n`_ ji 1B h\bijin di q\i _`m U\\gn h\bi`on- Fjr`q`m+

np^c 24-7289 `g`^omd^\g hj_pg\odji c\n t`o oj ]` \^cd`q`_-|

4) The magnon transport anisotropy based ROM:

F`m` oc` PMK r` _dnkg\t`_ dn \ kmjojotkd^\g \kkgd^\odji ]\n`_ ji oc` opi\]g`

\idnjomjkd^ h\biji om\inkjmo+ rcd^c dn dhkjmo\io \n \ i`r ^ji^`ko _`qd^` oc\o dn

]\n`_ ji ^jhkg`o`gt i`r kctnd^\g kmdi^dkg`n- U` \m` ^jiad_`io oc\o apopm` `ibdi``mdib

\gjib oc` gdi` ja ocdn i`r ^ji^`ko r` kjdio`_ jpo rdgg npm`gt g`\_ oj dhkmjq`_

k`majmh\i^` di^gp_dib u`mj ad`g_ jk`m\odji+ gjr`m kjr`m ^jinphkodji+ nh\gg`m _`qd^`

ndu`n+ `o^- @`nd_`n diajmh\odji nojm\b`+ 24-7289 `g`^omd^\g hj_pg\odji ja \idnjomjkt di



nkdi om\inkjmo ^jpg_ \gnj `i\]g` qdo\g api^odjin ja gjbd^ jk`m\odji \i_ diajmh\odji

om\inhdnndji gdf` _pkg`s`m \i_ `q`i mjpo`mn ]\n`_ ji _daapndq` h\bijin-

5) Important advancement in spin caloritronics:

U` \gnj \bm`` rdoc oc` m`qd`r`m}n kjdio9 {J\nogt+ oc` `g`^omd^\g opi\]dgdot m`gd`n ji

c`\odib ^jhdib amjh b\o` ^pmm`io+ rcd^c dn gdf`gt ijo a\no \i_ kjnnd]gt cdbcgt

o`hk`m\opm`-_`k`i_`io+ c`i^` g`nn ja \i d_`\g ^jiomjg hj_\gdot ^jhk\m`_ oj `g`^omd^

ad`g_ b\odib (da do ^jpg_ ]` pn`_ oj ^jiomjg \idnjomjkt)-| Cg`^omd^ ad`g_ b\odib opi\]g`

h\biji om\inkjmo dn hjm` \oom\^odq` oc\i ^pmm`io+ rcd^c dn \gnj \ ^c\gg`ib` nj a\m- U`

\m` \^odq`gt rjmfdib \gjib ocdn _dm`^odji- L`q`moc`g`nn+ nkdi ^\gjmdomjid^n dn \gnj \i

diqdbjm\o`_ ad`g_ ]joc ajm n^d`iodad^ ^pmdjndot \i_ ajm kjo`iod\g \kkgd^\odjin (L\o- K\o`m-

00+ 280-288 (1/01))- Mpm rjmf m`kjmo`_ oc` \idnjomjkd^ ijigj^\g nkdi Q``]`^f `aa`^o

ajm oc` admno odh` \i_ _`q`gjk`_ \ kmjojotkd^\g \kkgd^\odji+ rcd^c dn \i dhkjmo\io

\^cd`q`h`io di nkdi ^\gjmdomjid^n oc\o c\n i`q`m ]``i \^cd`q`_ di `doc`m q\i _`m U\\gn

h\bi`on jm ^jiq`iodji\g h\bi`on-

Edq`i oc` \]jq` ^jind_`m\odji+ G ^\iijo m`^jhh`i_ kp]gd^\odji di \ cdbc dhk\^o

ejpmi\g ajm _dq`mn` \p_d`i^` np^c \n L\opm` Ajhhpid^\odjin- G rjpg_ m`^jhh`i_

kp]gd^\odji di ejpmi\gn hjm` nk`^dad^ oj h\o`md\gn jm i\ij n^d`i^`: ajm `s\hkg`+ ocdn

h\ipn^mdko rjpg_ ]` npdo\]g` ajm LNH Op\ioph K\o`md\gn jm LNH 1B K\o`md\gn \i_

?kkgd^\odjin-

U` respectfully argue that our work is highly important because we realized 

electrically controlled anisotropic magnon transport for the first time, and the resulted 

anisotropic ratio dn hp^c g\mb`m oc\i oc` m`kjmo`_ ji`n gdf` h\bi`od^ ad`g_ opi`_

h\biji om\inkjmo \idnjomjkt ja w1//% m`kjmo`_ di @-D`1M2 ocdi adgh (L\o-

L\ijo`^cijg- 04+ 452-457 (1/1/)) \i_ ^mtno\ggdi` \idnjomjkt di_p^`_ h\biji

om\inkjmo \idnjomjkt ja w04/% m`kjmo`_ di Kb?g/-4D`0-4M3 ocdi adgh (L\ij J`oo- 11+

0056-0062 (1/11)). Uc\o}n more, our work is a discovery of a general and highly 

tunable anisotropic response which could be applied to a large class of van der Waals 



magnets with in-plane anisotropy. We ]`gd`q` jpm rjmf m`km`n`ion \ ]m`\focmjpbc di

oc` ad`g_ ja gjr nthh`omt nkdiomjid^n \i_ q\i _`m U\\gn `g`^omjid^ _`qd^`n+ rcd^c

rdgg ]` ja bm`\o dio`m`no oj \ _dq`mn` \p_d`i^` di^gp_dib n^d`iodnon rjmfdib di oc`

kctnd^\g n^d`i^`n+ nkdiomjid^n+ i\ijo`^cijgjbt+ \i_ h\o`md\g n^d`i^`-

Gi \__dodji+ c`m` G \gnj gdno \ a`r joc`m ^jhh`ion9

We appreciate the m`qd`r`m}n ^jhh`ion oc\o c`gk pn np]no\iod\ggt dhkmjq` jpm

manuscript. 

- rc`i _dn^pnndib h\bijin di 1B h\bi`on (\mjpi_ gdi` 50)+ do rjpg_ ]` \kkmjkmd\o`

oj \gnj ^do` cookn9..rrr-i\opm`-^jh.\mod^g`n.n30475-/11-/4/13-0

U` rjpg_ gdf` oj oc\if oc` m`qd`r`m ajm m`hdi_dib pn ja ocdn m`a`m`i^`- Gi_``_ ocdn

k\k`m dn \i dhkjmo\io \_q\i^` di oc` nop_t ja q\i _`m U\\gn h\bijin \i_ dn cdbcgt

m`g`q\io oj jpm rjmf- Gi k\mod^pg\m+ ocdn k\k`m kmjqd_`_ \i jkod^\g kphk-kmj]`

o`^cidlp` oj `s^do` ^jc`m`io h\bijin qd\ oc`dm dio`m\^odjin rdoc jkod^\ggt ^m`\o`_

`s^dojin: rcdg` jpm m`npgon m`kjmo `g`^omd^\ggt `s^do`_ _daapndq` h\bijin rcjn`

om\inkjmo \idnjomjkt ^\i ]` `so`indq`gt \i_ m`q`mnd]gt opi`_- ?^^jm_dib oj oc`

m`qd`r`m}n npbb`nodji+ r` c\q` \__`_ ocdn m`a`m`i^` di k\b` 2+ gdi` 50 \n9 {Qj a\m+

cdbcgt opi\]g` 1B h\bijin c\n ]``i _`hjinom\o`_ di bm\kc`i` lp\ioph

a`mmjh\bi`o.\iod-a`mmjh\bi`o00+ 01+ g\t`m`_ \iod-a`mmjh\bi`o AmG2X02+ 03Z+ AmQ@mX04Z \i_

KiNQ2X05Z+ ]po di-kg\i` \idnjomjkd^ kmjk`mod`n ja 1B h\bi`on \m` hp^c g`nn

`skgjm`_-|

-oc`m` dn ocdn no\o`h`io di gdi` 76-8/9 #Dpmoc`mhjm`+ a`mmjh\bi`odnh rdoc jpo-ja-kg\i`

nkdi jmd`io\odji dn ajpi_ di hjijg\t`m+ \dm-no\]g` AmNQ3 ^mtno\gn+ h\fdib AmNQ3 hjm`

\oom\^odq` ^\i_d_\o` ajm \kkgd^\odjin di q\i _`m U\\gn nkdiomjid^n#

Rcdn n`io`i^` dn ^jiapndib- Uc\o dn #hjm` \oom\^odq`# ^jhk\m`_ oj> N`mc\kn oc` \pocjm



ndhkgt h`\io oj n\t AmNQ3 dn #\oom\^odq`#+ jm #m\oc`m \oom\^odq`#- ?gnj+ do'n ijo ^g`\m

rc\o \m` oc` a`\opm`n oc\o oc` \pocjmn ^jind_`m oj h\f` ocdn h\o`md\g \oom\^odq` ajm

nkdiomjid^n-

U` oc\if oc` m`qd`r`m ajm kjdiodib jpo ocdn n`io`i^` rc`m` oc` g\ibp\b` i``_n oj ]`

dhkmjq`_- Gi \__dodji\g oj di-kg\i` \idnjomjkt+ oc` hjno dhkjmo\io a`\opm` h\fdib ocdn

h\o`md\g \oom\^odq` ajm nkdiomjid^n dn oc` ?-otk` \ioda`mmjh\bi`od^ nomp^opm` \n r`

h`iodji`_ di k\b` 3+ gdi` 74 di jpm h\ipn^mdko- Qp^c h\bi`od^ nomp^opm` diomdind^\ggt

\^on \n \ h\bi`od^ opii`g ]\mmd`m gdf` AmG2 (Q^d`i^` 25/+ 0103-0107 (1/07)+ Q^d`i^`

25/+ 0107-0111 (1/07))+ rcd^c dn oc` ]pdg_dib ]gj^f ja nkdiomjid^n _`qd^`n gdf` _\o\

nojm\b` \i_ h\bi`od^ n`injmn- Gi \__dodji+ since some of the 2D magnets are very 

sensitive to air when they are exfoliated to thin films, e.g. AmG2+ AmAg2+ TG2 \i_

Am1E`1R`5+ oc` air-stable AmNQ3 dn {hjm` \oom\^odq`| ajm \kkgd^\odjin ^jhk\m`_ oj

these materials. Uc\o}n hjm`+ hjijg\t`m AmNQ3 ^jpg_ m`h\di h\bi`od^\ggt jm_`m`_

(a`mmjh\bi`od^) \i_ dn \gnj \dm-no\]g`+ rcd^c dn \ kmjhdndib a`\opm` ajm _`q`gjkdib

nkdiomjid^n _`qd^`n _jri oj oc` \ojhd^ gdhdo- L`q`moc`g`nn+ do}n ijo i`^`nn\mt oj

`hkc\ndu` oc` otk` ja h\bi`od^ jm_`mn di hjijg\t`m AmNQ3+ \i_ oc` g\ibp\b` ja oc`

n`io`i^` i``_n dhkmjq`h`io- Rcpn r` c\q` \_jko`_ oc` npbb`nodji ja oc` m`qd`r`m

\i_ hj_dad`_ page 4, line 93 in the revised manuscript to be: {Dpmoc`mhjm`+ AmNQ3

^mtno\gn \m` \dm no\]g` \i_ h\bi`od^\ggt jm_`m`_ _jri oj oc` hjijg\t`m gdhdo12+

h\fdib AmNQ3 m\oc`m \oom\^odq` ^\i_d_\o` ajm \kkgd^\odjin di q\i _`m U\\gn

nkdiomjid^n-|

-Uct ijo m`kg\^` Ddb- 2^ rdoc oc` din`o+ rcd^c ncjrn bd\io opi\]dgdot ja \idnjomjkt>

U` oc\if oc` m`qd`r`m ajm oc` ocjpbcoapg npbb`nodji- Rc` ^pmm`io q`mndji ja oc` h\di

k\i`g ja Ddb- 2^ nc\m`n oc` n\h` `sk`mdh`io\g \i_ ndhpg\odji _\o\ o\f`i amjh ji`

_`qd^` \n di Ddb- 2\- Ga r` nrdo^c oc` h\di k\i`g ja Ddb- 2^ dioj \ nh\gg din`o+ do rjpg_

]` _daad^pgo oj ^g`\mgt n`` oc` _`bm`` ja \bm``h`io ]`or``i oc` oc`jm`od^\g ndhpg\odji

\i_ oc` `sk`mdh`io _\o\- Uc\o}n hjm`+ oc` ^pmm`io q`mndji ja Ddb- 2^ dggpnom\o`n oc`



`sdno`i^` ja oc` _dq`mb`i^` kjdion di oc` \idnjomjkt m\odj + rcd^c dn ja

dhkjmo\io kctnd^\g \i_ km\^od^\g h`\idib- Mi oc` joc`m c\i_+ oc` ^pmm`io q`mndji ja

din`o di Ddb- 2^ dn \ ^\n` ja oc` ijdn`-gdhdo`_ \i_ _`qd^` lp\gdot-_`k`i_`io h`\npm`_

q\gp` r` bjo `sk`mdh`io\ggt amjh \ijoc`m _`qd^`- Go ncjrn oc` ]`no r` c\q` \^cd`q`_

ojr\m_n oc` oc`jm`od^\g km`_d^odji ja _dq`mbdib \idnjomjkt m\odj+ ]po oc` nk`^dad^ q\gp`

ja g\mb`no \idnjomjkt m\odj r` h`\npm`_ dn ]\nd^\ggt \ m`ag`^odji ja ijdn` agjjm ja jpm

h`\npm`h`io \i_ ja oc` _`qd^` lp\gdot- Rcpn+ r` ^jind_`m oc` ^pmm`io h\di k\i`g ja

Ddb- 2^ oj ]` oc` hjm` kctnd^\g \i_ diomdind^ m`npgo r` rjpg_ gdf` oc` m`\_`mn oj ^g`\mgt

n``- ?^^jm_dib oj oc` m`qd`r`m}n ^jhh`io+ r` c\q` ^c\ib`_ oc` g\]`gn ja Ddb- 2^ nj

oc\o oc` ndu` ja oc` din`o ^\i di^m`\n` \i_ ]` ^g`\m`m-

-Jdi` 1689 rc\o _j`n #Qk`^dad^\ggt+ 0# m`a`m oj>

U` oc\if oc` m`qd`r`m ajm kjdiodib jpo ocdn n`io`i^` rc`m` oc` g\ibp\b` h\t ]`

_daad^pgo ajm oc` m`\_`mn-

?n rmdoo`i di k\b` 6+ gdi` 0489 {?n ^\i ]` n``i amjh Ddb- 1\-1_+ oc` jq`m\gg QFK

ndbi\g dn cdbc`m ajm B`qd^`-Q ^jhk\m`_ oj B`qd^`-U+ ij h\oo`m cjr oc`

k\m\h`o`mn .+ ) jm q\md`_- Rcdn diomdind^ \idnjomjkd^ m`nkjin` dn ^jindno`iogt

j]n`mq`_ di \gg _`qd^`n r` nop_d`_+ rcd^c h\ida`non oc` kmjajpi_ `aa`^on ja nomp^opm\g

\idnjomjkt oj oc` h\bijid^ nkdi om\inkjmo kmjk`mod`n ja AmNQ3+ \i_ dn \gm`\_t pn`apg

ajm \kkgd^\odjin \n-dn-| U` admno m`kjmon \i diomdind^ \idnjomjkd^ QFK ndbi\g

rc`i - Rc`i r` _dn^jq`m`_ oc\o np^c diomdind^ \idnjomjkd^ m`nkjin`

jmdbdi\o`n amjh oc` \idnjomjkd^ nkdi Q``]`^f ^j`aad^d`io o`injm S- U` pi_`mno\i_ oc\o

oc` ^pmm`io g\ibp` dn \ gdoog` _daad^pgo oj m`\_+ \i_ r` c\q` m`rmdoo`i oc` m`g\odq`

n`io`i^`n di k\b` 02 gdi` 177 \n9 {?^^jm_dib oj oc` hj_`g+ oc` f`t oj oc` m`\gdu\odji

ja `g`^omd^\ggt opi\]g` h\biji om\inkjmo \idnjomjkt di AmNQ3 ^jh`n amjh oc`

\idnjomjkd^ nkdi Q``]`^f ^j`aad^d`io o`injm S ncjri di Cli-2- Rc`m` \m` ocm`` nk`^dad^

dhkgd^\odjin ja np^c S- Ddmno+ dn g\mb`m oc\i pi_`m oc` n\h` `s^do\odji rdoc



u`mj + m`npgodib di nomjib`m ndbi\g ajm B`qd^`-Q oc\i B`qd^`-U ]`ajm` b\odib (d-`-+

)- F`m` \i_ dn oc` nkdi Q``]`^f ^j`aad^d`io h\omds `g`h`io \gjib

oc` ;/0/= _dm`^odji \i_ ;0//= _dm`^odji+ m`nk`^odq`gt (n`` Ddb- 1 & 2\+

Qpkkg`h`io\mt Ddbpm` Q2 & Q4)- Q`^ji_+ dn hp^c g\mb`m oc\i - F`m` \i_

\m` oc` u`mj kjdion \o oc` \i_ ^pmq`n+ m`nk`^odq`gt (n``

Ddb- 2\ \i_ Qpkkg`h`io\mt Ddbpm` Q3+ Q0/\-0/_)- Rcdm_+ oc` i`b\odq` h\sdhph ja

^pmq`n \m` kmjkjmodji\ggt hp^c g\mb`m oc\i oc\o ja ^pmq`n

(n`` Qpkkg`h`io\mt Ddbpm` Q3 \i_ Ddb- Q0/\-0/_)-|

- do rjpg_ \kkmjkmd\o` oj di^gp_` n^\g` ]\mn di oc` jkod^\g dh\b`n ncjrdib oc` _`qd^`n

We thank the reviewer for pointing out the need to di^gp_` n^\g` ]\mn di oc` jkod^\g

dh\b`n ja _`qd^`n- U` c\q` hj_dad`_ Ddb- 0 \i_ Ddb 3 \^^jm_dibgt-



Reviewers' Comments: 

Reviewer #1: 

Remarks to the Author: 

In the new version, the authors have revised the wording and data presentation appropriately in 

response to the referees' comments. Now I can recommend this paper for publication. 

Reviewer #2: 

Remarks to the Author: 

The authors have satisfactorily responded comments from my review. I can now recommend 

publication. I have only two remaining minor points for the authors to consider to help improve the 

manuscript: 

- I realize I don't understand this sentence from line 66-68 on p.3 "Here, we report the realization 

of electrically tunable anisotropy of diffusive magnon transport in the range of 100% (isotropic) 

and over 2,500,000% in van der Waals antiferromagnetic insulator CrPS4." I understand the 

number of 2,500,000%; what does the 100% refer to? Furthermore, it is confusing to see both 

phrase "in the range of 100%" and "over 2,500,000%" describing tunability in the same sentence. 

I suggest the authors consider rephrasing this sentence to make it more clear. 

- Fig 3: use same axis scaling for main panel and inset, e.g. 10^3 % is now used for the main 

panel, so perhaps the authors would also like to use the same for the inset. 



Reviewer #1 (Remarks to the Author):

In the new version, the authors have revised the wording and data presentation

appropriately in response to the referees' comments. Now I can recommend this paper

for publication.

We are glad that the reviewer considers our revision satisfactory and recommends the

publication of our current manuscript in Nature Communications. We are also grateful

for the insightful comments raised by the reviewer, which have prompted us to

substantially improve our manuscript.

Reviewer #2 (Remarks to the Author):

The authors have satisfactorily responded comments from my review. I can now

recommend publication. I have only two remaining minor points for the authors to

consider to help improve the manuscript:

We are glad that the reviewer considers our responses satisfactory and recommends the

publication of our current manuscript in Nature Communications. We appreciate the

reviewer’s comments that help us greatly improve our manuscript. Our point-by-point

reply to the additional comments of the reviewer is listed below. All revisions in this

round of review process are marked in blue in the revised manuscript.

- I realize I don't understand this sentence from line 66-68 on p.3 "Here, we report the

realization of electrically tunable anisotropy of diffusive magnon transport in the range

of 100% (isotropic) and over 2,500,000% in van der Waals antiferromagnetic insulator

CrPS4." I understand the number of 2,500,000%; what does the 100% refer to?

Furthermore, it is confusing to see both phrase "in the range of 100%" and "over

2,500,000%" describing tunability in the same sentence. I suggest the authors consider



rephrasing this sentence to make it more clear.

We thank the reviewer for pointing out this sentence where the language needs to be

improved. While “2,500,000%” means a huge anisotropy, “100%” means the isotropy

for the two crystallographic directions, i.e., C/1=*0
6 C=C/1=*0

8 C with an appropriate .;9<: .

To avoid the possible confusion, we have rephrased our manuscript in page 3, line 66 

to be: “Here, we report the realization of electrically tunable anisotropy of diffusive

magnon transport from isotropic to an anisotropy ratio of over 2,500,000% in van der

Waals antiferromagnetic insulator CrPS4.”

- Fig 3: use same axis scaling for main panel and inset, e.g. 10^3 % is now used for the

main panel, so perhaps the authors would also like to use the same for the inset.

We thank the reviewer for the thoughtful comment. Since the data range in the inset of

Fig. 3c is much larger than the data range in the main panel, here we use log scale to

show the data details clearly instead of linear scale. If we also use 103% as unit for the

inset, the tick labels will be “0.1, 10, 103”, which looks a little weird. Thus, we prefer

to use the current axis scaling for the inset.


