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Note S1. Characterizing the Janus Microsphere
[image: ]
Fig. S1. Fabrication and characterization of Janus Microrobots (A)Schematic illustration of fabrication procedure of Janus micromotors. (B) SEM image (in the back scatter mode) and EDX analysis of a typical Janus micromotor. Scale bar, 25 μm.
The hollow magnetic Janus micromotors (JM) were fabricated by coating Ni (~ 40 nm) and Pt (~ 20 nm) layers successively on the hemispheres of hollow glass microspheres (HGMs, Fig. S1A). We used SEM and EDX (energy dispersive X ray) to characterize the fabricated JMs, as shown in Fig. S1B. The SEM image of the JM is obtained in back scatter mode shows the clear half bright and dark structure which indicates different elements distribution on the surface of HGM. The EDX mapping shows the specific elements distribution of Si, Ni and Pt, respectively. The result demonstrates the successful deposition of Ni and Pt on the half microsphere.

Note S2. Numerical simulation. 
The numerical method is the Finite Volume Method for solving the Navier-Stokes equations. The interface of the bubble and free surface is tracked by the widely used Volume of Fluid (VOF) model. The governing equations are,

                                                    (1)

                             (2)



where, is the surface tension coefficient, is the surface curvature, and is the force term of surface tension. Herein, Continuum Surface Force (CSF) model is used to describe the role of surface tension. In the VOF method, the volume fraction αq of phase Q satisfies the following scalar transport equation,  

                        (3)
In the simulation, the initial size of bubble is the maximum diameter of bubble in growth stage. It can be approximated that the bubble-liquid interface velocity is 0 and the pressure inside the bubble is saturated vapor pressure (3540 Pa). Since the bubble collapse process will lead to local high pressure, high speed and high temperature of the fluid, the equation of liquid state should be introduced, 

                                            (4)
The equation of state of the gas is,

                                                          (5)
And the energy equation is,

                                   (6)
In order to consider the influence of rigid body motion of the particle on the flow field, the dynamic mesh model is adopted in the simulation. The force on the particle is calculated by integrating at each time step, and then the velocity and displacement of the particle are calculated according to Newton's second law. After obtaining the new positions of the boundaries, the local mesh is deformed or regenerated.
In the three-dimensional numerical simulation of bubble driven Janus microrobot, the calculation domain is shown in Fig. S2A, where the size of the computational domain is (50x20x20) RJM. A bubble with maximum diameter in the growth stage is set near the JM. The distance between the free surface (gas-liquid interface) and the center of JM is d = 2RJM. For different working modes including pusher and anchor shown in Fig. S2B, the computational domain is same as the single JM. The center of bubble, JM and particle is located at the same level. The minimum grid length of the interface evolution region is 0.1 RJM after the verification of grid independence, and the minimum time step of transient calculation is 10–9 s. The discretization of control equations guarantees the second-order accuracy of space.
[image: 图片S1]
Fig. S2. Computational domain settings (A) Single JM; (B) Pusher and anchor.

Note S3. Magnetic manipulation system. 
The magnetic manipulation system consists of hard ware and software. The details are described as below.
S3.1 Hardware
[bookmark: OLE_LINK1]The hardware of the magnetic manipulation system includes a three-axial Helmholtz electromagnetic coil (HEC, 1000 laps for each coil), two set of signal generator with two channels (ATF20F), three set of power amplifier (ATA-309), an inverted microscope (Nikon, Eclipse-Ti), two objective lens of 10x (NA = 0.3), 20x (NA = 0.45), a fast CCD (Phantom V2012), a gamepad. The arbitrary direction and intensity of the uniform magnetic field generated by the HEC can be controlled by adjusting the voltage of the signal generator amplified by the power amplifier. To achieve flexible control of the magnetic modulation, we programmed different functions into the gamepad for the immediate manual adjustment of magnetic field. The locomotion and different working modes is recorded by the fast CCD equipped on the inverted microscope. It should be noted that stereomicroscope is also used to clearly show the interface direction of Janus microrobot because of the reflective imaging.
[image: ]
Fig. S3. Self-defined signal generator program interface
S3.2 Software
In order to realize the flexible and real time control of the magnetic field, we programmed different functions for the gamepad to control the signal generator. This programming is based on .NET Framework 4.0. The language is C++, the programming interface is Windows Multimedia Joystick API, and the serial port (RS-232 standard interface) programming interface is based on System. IO. Ports namespace function provided by .NET Framework 4.0. The implementation interface is shown in Fig. S3, and the detailed functions of the gamepad control are shown in Table S1.

Table S1 Program function of signal generator corresponding to gamepad button
	Functional Region
	Function description
	Corresponding gamepad button

	A Serial port parameter
	Set the necessary parameters for sending and receiving serial port information.
	\

	B Equipment connection control
	[bookmark: OLE_LINK6]Set the communication address of the device on the serial port, connect the device button and the corresponding command. Disconnect the device button and the corresponding command, start or end output serial command, etc. Delay Time is the time interval for sending two commands continuously; Max AMP is the maximum voltage amplitude when switching to the signal output.
	\

	C Functions of the gamepad button
	[bookmark: OLE_LINK7]Commands that correspond to the “cross” direction button on the left bottom of the gamepad, the right A, B, X, Y button, the left and right shoulder button LB and RB. Details are as follows: 
Up: The voltage amplitude increases in the Z direction.
Down: The voltage amplitude decreases in the Z direction.
Left / Right：The voltage amplitude is 0 in the Z direction.
[bookmark: OLE_LINK8]A: Sine / cosine signal output state. The signal frequency and the step of frequency is adjusted through LB and RB, respectively. 
LB: Increment of sine / cosine signal frequency.
RB: Decrement of sine / cosine signal frequency.
B: From the continuous sine / cosine signal output state to the rod control state. 
X: Output commands in the following text box at the same time on two serially connected devices. 
Y: Output commands in the following text box at the same time on the device connected to the first serial port.
	[image: ]

	D Functions of the Rod 
	[bookmark: OLE_LINK12]The operation of the two rod is displayed in two red circles. The “cross” in the middle of the circle represents the initial position of the rod. When the rodr is dialed, the dial direction will be displayed in the corresponding circle, and the dial strength (i.e., the distance percentage from the initial position) is displayed in the following progress bar. If the “Lock” is selected, no matter what the strength is, the action will be considered as the maximum strength. 
In the rod control state, the command of positive/negative DC output is issued to the channel that controls the XY direction. The program calculates the amplitude of the two channels through the direction and strength of the rocker, and sends commands to control the magnetic field in the corresponding direction on the XY plane. 
AMPz min, step, max is to display the minimum amplitude, step, maximum amplitude of voltage in Z direction, respectively. The command of positive / negative DC output will be issued to the channel that controls the Z direction. The amplitude will change according to the specified step within the set range. 
Note : In the continuous sine / cosine signal output state, the rod does not work. 
	[image: ]

	E Commands output display
	Display of the commands that send to the serial port connected to the two set of signal generator.  
	\



image3.wmf
(

)

(

)

(

)

ˆ

U

UUpUn

t

r

rmsk

¶

+Ñ×=-Ñ+Ñ×Ñ+

¶


oleObject2.bin

image4.wmf
s


oleObject3.bin

image5.wmf
k


oleObject4.bin

image6.wmf
ˆ

n

sk


oleObject5.bin

image7.wmf
(

)

0

q

q

U

t

a

a

¶

+×Ñ=

¶


oleObject6.bin

image8.wmf
2

00

0

0

1

l

n

l

c

pp

n

r

r

r

æö

æö

ç÷

=-+

ç÷

ç÷

èø

èø


oleObject7.bin

image9.wmf
g

pRT

r

=


oleObject8.bin

image10.wmf
(

)

(

)

(

)

eff

EUEpkT

t

rr

¶

éù

+Ñ×+=Ñ×Ñ

ëû

¶


oleObject9.bin

image11.tiff




image12.png
5 Joystick to COM - o X

S —— o o o o e e = = o o o

¢ AN
I C 5 Up + for PortiCHB 1A sin/cos [100 |F,_B.I

Send Port [COM4 v

Send Port 2 |CONS v 1 6 Down | - for PortiCHB 2B switch back [Hz RB- 1

1

! I

I

1 I 1 7 Left 0 for PortiCHB 3X both |SWITCHADFF 1

1 Baud Rate (9500 v 1 \ 8 Right | 0 for PortiCHB 4y conmand for button ¥ )
|

! I

! I

! I

Received |COMS v

———————————— — — — — —
Data Bit —
SRR | {B Addresst [50 9 Connect

|

SOLOCAL
Stop Bit 1

I igesz [0 11 Connect | [50RS232 SOLOCAL

Check Bit None

Vi L Vowmell o e ez
gl SR ==\ F \

lé
| D E

I 1008 [] Lock

AMPz min step max
\0 -10 |z |10 /

~ 0% s ~ Pa

—— - —— -

[
I
I
I
I
I
I
I
v

~





image13.svg
                   A C B D E


image14.png




image15.png




image16.svg
               


image1.tiff




image2.wmf
()0

U

t

r

r

¶

+Ñ×=

¶


oleObject1.bin

