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Fig. 1. Establishing the basic electrode structure for multi-RF field driven saddle point movement: (a) Surface ion trap structure

after radio frequency electrode segmentation treatment; (b) adjusting the amplitude of multiple RF voltages to drive the radial

movement of the saddle point.
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Fig. 2. Pseudopotential distribution: (a) Initial pseudopotential distribution on the radial plane Z = 0; (b) pseudopotential distribu-

tion in the direction with the smallest pseudopotential gradient change in the radial plane.

LB, B Vi, IKIEE 1V, HATH AR Mo A =
AL A, WA 3 B,

i i 20 A AL BRSBTS 0 PR
AR BN L B e AN TR AR AT A Kk, 15
) S A0 H A 2 % P R R U 8 ER A7 L R I AS [
BRIy (Ex 3% Ey) SRmAASR (X, Y) R R EL
Fih= Horb, MR GRS @ 09I A TS iR
Exrri (X,Y), Byrei (X,Y), i =0, 1, 2. #&45HK
WA IR Vi, BTS2 SE bR 3 0 A ek =K
Vrri - Exrri (X,Y), Viri - BEyrei (X,Y) . HEIZH)
KR A MBI, £ A X 7 W e
Eﬁgﬁﬂ‘ﬁﬂﬂz;) Veri - Exrri (X,Y) 42 (5] 17 Y
Y 7 1) ) L 37 53 A R ijo Vrei - Eyrri (X,Y) .
M (2) P ERE S S P A0, AT
AR A 22 S A 37 D3 [T SR 3 T 8 a5 i Ab 5 ]
fiE (X, Y) = (Xg+AXy,;, Yo+AYy,) SHBHE
RAE Vip; BRI EHR:

Viro - Exrro (X, Y) 4 Vke1 - Exrer (X,Y)

+ Vr2 - Exrz (X,Y) =0,

(3)
Voro - Eyrro (X,Y) + Vi1 - Eyrr1 (X, Y)

+ Vrrz - Eyrez (X,Y) =0,

Hor, Xo, Yo 20 0 8 ¥ W00 AL B BB, AX
A 73R X, Y 7 ) BT 0 s HARES sl i
KR AR BRRLE (X, V) IRA (3) A,
AR AT PR L i e ) P R (T2 0. 4
S AEAFEN I AT JE A R OR B Vipy, Vigo, SN
FRRE A3 BT |, BER KT A S g bl RS 4K
UG RERE

3 ARAA R E HIIE it

HEIE X E R E AR, e B H
Wi B AR R (X, Y), R (3) AR NN S
AL SR ME Vipy, Vare, BRI BUE T E TSN
B Vipy, Vep WEOLE (X, Y7, 8 L
RPEETREE (X, You) = (X, Y)) = (X, Y) = (Xt
AXgpn, Yot+AYpew) — (Xo+AXq, Yo +AY,) =
(AXppy — AXoyj, AYppy — AYyy), 1558 HARLE
SEUETHRZR Z R A 22, XA A0 i A
FESE T, Horp, B BARALE (X, V) = (Xo+
AXgpjs Yo+AYoy), B E (X, V) = (X, +
AXppy, Yo+AYppy), Xo, Yo 20508 WA 2 &
Ab X, Y 5 AR BRI, AX oy, A Yo 53 500 82 25
MR BRI X, Y B9 HAREEshiE, AXgpy,
A Ygpn 73050 A BUE T 8 s AT R 57 35 AN [F]
el X, Y RIS gl

AT PRI AX,, e [-18, 18] pm, AY,; € [-6,
30] pm B S Bl CPKEH 3 pm, &
2R3 13 ANEE), i Dy ANy s B AR RS Bl
G, VERREA SRS BB 3 s, S fa ik 20 45
ORI Z = 0 AL 389 1 STk s AN ], 44
# (3) AR A X R rh, S0 KB X,
YR, FEE AN X, YIS TTER,
FHREAS s A AR TRUAS 254 BT B A B 1) A 4%
PR TSR

H & 3 MR ot 456 e br: %
JEPVEREE (Adj R-sq), #28 X, VIR 1
WE, 152G AR 45 AR AN Rl AR 1) X, Y I H
Yoy i A Exrei (X,Y), Eyrr (X,Y), 1 =0,

040304-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 4 (2025) 040304

160
140
120
g
= 100
80
60
40 +—
—20 20
X/pm X/pm
| |
—17.10 —8.55 0 8.55 17.10 —4.409 —3.498 —2.587 —1.676 —0.765 0.765 1.676 2.587 3.498 4.409
EXRF()/(V~m_1) EXRFl/(].OG V~m_1) EXRFQ/(].OG V~m_1)
160 160 160
140 140 140
120 120 120
g‘ 100 g‘ 100 g‘ 100
= = =
80 80
60 60
40 40 40
—20 —10 0 10 20 —20 —10 0 10 20 —20 —10 0 10 20
X/pum X/nm X/pm
' HT 0 Taam ET 0 Taam

—754.9 —647.4 —539.8 —432.3 —324.7
EYRF()/(V~IH_1)

—1.571 —0.947 —0.324 0.299 0.923
Empl/(loﬁ V-m_l)

—1.571 —0.947 —0.324 0.299 0.923
Eyﬁpz/(loﬁ V-m_l)

B3 A L A% R RFG (0 = 0—2) RUCHE N AL UR I, Z = 040 ML 70 A 0L (2) RFOVEHR X J7 fi 1) FiL 35 4 A
Exgro; (b) REVAEJIT X T5 i M 504 Exge; (c) RE2/EIT XI5 0 W FLZ 204l Exgps; (d) RFOAEATS Y7 1) ) #3523 A1
Eygro; (e) REVIERT YI7 MG 04 Evper; (f) RE2AEHT YITE IR 0 Eyrrs

Fig. 3. When unit voltage is applied to each electrode RFi (i = 0—2) of the RF electrode group in turn, the electric field distribu-
tion at Z = 0: (a) Electric field distribution Eyppg in the X direction under the action of electrode RFO0; (b) electric field distribu-
tion Exgp; in the X direction under the action of electrode RF1; (¢) electric field distribution Eygpyo in the X direction under the ac-
tion of electrode RF2; (d) electric field distribution in the Y direction under the action of electrode RF0; (e) electric field distribu-

tion in the Y direction under the action of electrode RF1; (f) electric field distribution in the Y direction under the action of elec-

trode RF2.
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Table 1. The fitting situation of the preliminary fit 1.
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Fig. 4. Error between the simulated displacements of the saddle point (AXpgy, AYggwm) and the target displacements (AXyp,, AYyy,):

(a) X, distribution of model 1; (b) Y, distribution of model 1.

#2 A 2 MIEHN
Table 2. The fitting situation of the fit 2.

EXRFU(X7 Y) EXRFI(X7 Y) EXRFZ(Xv Y) EYRF(J(X7 Y) EYRFI(X7 Y) EYRFQ(Xs Y)
XHE 1 2 1 2 2
YHIEL 4 4 1 4 4
Adj R-sq 0.9996 0.9997 0.9997 0.9992 0.9994 0.9994

XU S A2 2] Y 5 m R E S B, 23 5
WA E WS, R 2 SRR YIRS AR
BT, Exres (X,Y), Byrpi (X,Y), 4 =0,1, 2
A e Adj R-sq > 0.999.

& 5 XA A 5 | A DUBMEIET 5, 505 H
PR al i AX,,; e [-18, 18] pm, AY,, € [-6, 30] pm
T P iR 2243 A 1] 5(a) B | Xen| o M 0.6 pm,
FHEZIE 4(a) T X, SR RZE i 8.2 pm PR T —
GG T 5(D) [ Verr | oy N 1.6 i, FHELE] 4(b)
Y, 2SR 2.7 pm, RIRESRAL. AN, B
AEES X, YA R T45%1 %22 MAD x
MADy 43 3IFEZE 294 0.285 pm, 0.364 pm, FE{KR
ZE7KF-BH 5. R AU 0 e 5 8% sl A Ak R A
K.

AR, anifitE— Pt m AR X, YHIE RIBEL
(#2 3), Exrri (X,Y), Eyrri (X,Y),1=0,1,21
LA L Adj R-sq > 0.9999. Z53RU1E 6 frs,

¥ AR B B AX e 18, 18] pm, AY,, e [-6,
30] pm JEFEIN IR ZE AT 18 6(a) ™| Xerr pax
0.4 pm, [ 6(b) A | Verr| oy IAMWZEEHN 0.4 pm,
FEASES X, YA 5 ] b 07 324 48 ) 3 22
MADy, MADy 735 25 B 2 0.127 pum, 0.153 pm.

ATV T 3 MRRIELG&MT, Prigades
oY 1) TE W PR A RO L 255 B 4—1& 6 4
0, T UL I A% sl 1R 22 SEAR B A% 2y d: 1y 1
KR, LA M EURRR 2Z ok (F 4 814 1),
UG B Bk = R 25 BN (B 5 LA 2 FilE 6 LG
3), HELER 5 WG 245 R, RE T L
B M LA 2 SR, A 3 i
TR A 22 £ RT3 246 X0 158 25 1 B R BE A1, PRI b
HH R FH Y o 22 0 X BRI A 85 R L P % F
TG w AR, HEE T LA S EO0 B S &
8 L FORS B, S TR T e 05 B i A R TR
K.

040304-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B %W Acta Phys. Sin

Vol. 74, No. 4 (2025) 040304

(a) 30 402 01 03 03 03 02 00 -0.2 -0.3 -0.3 -0.3 -0.1 0.2
27 40.0 03 04 04 03 02 0.0 -0.2 -0.3 -0.4 -0.4 0.3 0.0
24 401 0.4 05 0.5 04 0.2 0.0 -0.2 -0.4 -0.5 -0.5 -0.4 -0.1
21 402 05 0.6 05 04 0.2 0.0 -0.2 -0.4 -0.5 -0.6 -0.5 -0.2
18 402 05 0.6 0.5 0.4 02 0.0 -0.2 -0.4 -0.5 -0.6 -0.5 -0.2
15402 05 06 05 0.4 02 00 -0.2 -04 0.5 0.6 -0.5 -0.2

12 402 05 05 05 04 02 00 -0.2 -0.4 -0.5 -0.5 -0.5 -0.2

AY,p;/pm
Xerr/pm

9 402 04 05 05 04 02 00 -0.2 -0.4 -0.5 -0.5 -0.4 -0.2 )
6 401 0.4 05 04 03 02 0.0 -0.2 -0.3 -0.4 -0.5 -0.4 -0.1
3401 03 04 04 03 02 00 -0.2 -0.3 -0.4 -0.4 -0.3 -0.1
0 400 02 04 04 03 02 0.0 -0.2 -0.3 -0.4 -0.4 -0.2 0.0

—3 400 02 03 03 02 0.1 00 -0.1-0.2 -0.3-0.3-0.2 0.0

—6 4-0.1 0.1 03 03 02 0.1 0.0 -0.1-0.2-0.3-0.3-0.1 0.1

—18 —-12 -6 0 6 12 18
AXopj/pm

(b) 30 416 -1.2 -1.0 0.9 -0.8 0.8 0.8 -0.8 -0.8 -0.9 -1.0 -1.2 -1.6
27 41.3 -1.1 -0.9 -0.8 -0.7 -0.7 -0.7 -0.7 -0.7 -0.8 -0.9 -1.1 -1.3 ]
24 4-1.1 -0.9 -0.7 -0.7 -0.6 -0.6 -0.6 -0.6 -0.6 -0.7 -0.7 -0.9 -1.1
21 4-0.9 -0.7 -0.6 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.6 -0.7 -0.9 6
18 4-0.7 -0.5 -0.5 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.4 -0.5 -0.5 -0.7 4
i 15 4-0.5 0.4 -0.3 0.3 0.3 -0.3 0.3 -0.3 -0.3 -0.3 -0.3 -0.4 -0.5 2 ]
E; 12 4-0.4 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 0.2 -0.2 -0.2 0.2 -0.2 -0.4 0 \::?
&
2 9 4-0.2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.2 -2 >§
6 4-0.1 -0.0 -0.0 -0.0 -0.0 -0.1 -0.1 -0.1 -0.0 -0.0 -0.0 -0.0 -0.1 _4
3 40.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0401 01 01 01 0.0 00 00 0.0 00 01 01 01 0.1 =6
—3 401 01 01 01 0.1 -0.0-0.0-00 01 01 01 01 0.1 -8
—6 401 01 01 01 01 01 -00 01 01 01 01 01 0.1

—18 —-12 -6 0 6 12 18
AXopj/pm

K5 H R BRI (AXpen, AYpry) 5 HIREESIH (AXy,, AYy,) HAYERERL (o) B8 2 1Y X, 43405 (b) B8 2 1Y Y, 4045
Fig. 5. Error between the simulated displacements of the saddle point (AXpgy, AYggy) and the target displacements (AXyy,, AYy,):

(a) X, distribution of model 2; (b) Y,,, distribution of model 2.
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Table 3.  The fitting situation of the fit 3.

EXRFU(X7 Y) EXRFl(Xv Y) EXRFZ(Xv Y) EYRFU(X1 Y) EYRFl(Xv Y) EYRFQ(X-, Y)
ALK
Xk 5 5 5 5 5 5
YEEL 5 5 5 5 5 5
Adj R-sq 1.0000 1.0000 1.0000 1.0000 0.9999 0.9999
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Fig. 6. Error between the simulated displacements of the saddle point (AXpgy, AYpgy) and the target displacements (AXyy,, AYy,):

(a) X, distribution of model 3; (b) Y,,, distribution of model 3.
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Abstract

In an integrated ion trap with integrated optical modules, the problem of misalignment between the optical

focus and the trapped ion saddle point is very likely to occur, which seriously hinders the practicality of the
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experimental method. To solve this problem, the multi-RF field method can be used to compensate for and
move the ion saddle point position. However, in the actual experimental process, the application of the multi-
RF method requires the knowledge of the amplitude of the RF voltage to be loaded corresponding to the actual
spatial position of the saddle point. Therefore, a set of mathematical models is established to describe the
relationship. The accuracy of the model determines the control accuracy of the spatial position of the saddle
point, and the simplicity of the model determines the speed of the solution process. Therefore, in this work, a
mathematical model of the relationship between the multi-RF electric field voltage and the saddle point position
is proposed based on the numerically simulated electric field distribution and the polynomial fitting method. It
can quickly and accurately give a mathematical description between the two without considering the physical
mechanism or model. Numerical method is adopted to verify and discuss the correctness and scope of
application of the model, and can quickly and accurately provide the amplitude of the RF voltage to be loaded
in the experiment, causing the saddle point to move and coincide with the optical focus. This method greatly
reduces the time delay caused by the solution and improves the feedback loop bandwidth during the movement
of the saddle point position.
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