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S1 Supplementary Methods
Method S1  Programming sequence of soft WcMPs composites
Soft WcMPs composites are programmed into various shapes through three steps: Initially, the WcMPs composites are heated above the transition temperature (approximately 45 oC), in order to liquefy the wax shell.  Following this, the external magnetic fields are employed to align the magnetic particles within the elastomer matrix.  Finally, the WcMPs composites are cooled to solidify the wax shell and pin the magnetic moments.
Method S2  Theoretical calculation of deflection at free ends of the magnetic soft composites
When an applied magnetic field deviates from alignment with the magnetization direction of the composite's magnetic particles, it induces a magnetic torque (τ) to realign them.  The generated magnetic torque, causing elastic deformation, is described by

where B, M denotes the applied magnetic flux density and the magnetization value of the composite.  Using standard beam equation and boundary condition, deflection (Δ) caused by external magnetic field can be described as

where G, L, and A indicates shear modulus in the moony model, length of the composite beam, and area of cross-sectional beam.
S2 Supplementary Figures
[image: ]
Fig. S1 Various actuation performances in the water terrain.  a-c Sequential images illustrating the locomotion of the integrated soft robot in an aquatic environment, including crawling (a), folding (b), and flipping (c)
[image: ]
Fig. S2 Distribution of averaged size of WcMPs over mixing time with vortex and magnetic stirring
[image: ]
Fig. S3 Magnetic flux density changes of the magnetic soft robot during repeated programming process

[image: ]
Fig. S4 Shape morphing performance of complex deformed beam-like magnetic soft matrix under an external magnetic field (150 mT)
[image: ]
Fig. S5 Integrated electronic system layouts.  a Schematic illustration of the integrated electronic system layouts: centralized circuit (C.C.) (left), decentralized circuit (D.C.) (middle), decentralized circuit with serpentine interconnect (D.C.Ser.) (right).  b, c Strain distribution at 120-degree folding with the radius of curvature at 2 mm for the robot system with C.C. (b) and D.C. (c)

[image: ]
[image: ]Fig. S6 Evaluation of long-term actuation stability of the magnetic soft robot with D.C. Ser system layout.  a, b Demonstration of height at bending area of magnetic robot during crawling locomotion (a), and evaluation of the height difference (b) over 4 weeks
Fig. S7 Crawling performance of the integrated magnetic soft robot.  a Time-lapse measurement of displacement demonstrated that travel time of integrated magnetic soft robot is inversely proportional to the magnetic field (A0 to A1, 42 sec at 50 mT; A1 to A2, 16 sec at 150 mT).  b Experimentally measured the crawling speed on a one-time actuation with different magnetic field strengths.  c Experimentally evaluated crawling speed over various frequencies of magnetic field (150 mT)
[image: ]Fig. S8 Rolling locomotion of the integrated magnetic soft robot.  A series of images demonstrating the side-to-side rolling behavior of an integrated magnetic soft robot as a function of the rotational direction of the external magnetic field.  a Forward.  b Backward
[image: ]
Fig. S9 Rotational movement of the integrated magnetic soft robot during clockwise revolution of periodic magnetic field.  a Optical image presenting the procedure of the rotational locomotion.  b, c Measured rotational speed of the integrated magnetic soft robot as each function of the turning radius of magnetic source (b) (150 mT, 30 rpm) and turning speed of magnetic source (c) (150 mT, r: 4 cm)
[image: ]
Fig. S10 Validation of the trajectory tracking of the integrated magnetic soft robot.  a A series of images of the crawling and b a plot of changes in the path.  c A Sequence of images of the rolling and d estimated travel route.  e A set of images of the rotation and f analysed turning track
[image: ]

Fig. S11 Effect of magnetic field on the performance of Cu inductive coil.  a Variation in open-circuit voltage of Cu coil under external magnetic field (200 mT).  b Changes in peak-to-peak voltage at different working distances for Cu coil under external magnetic field (200 mT)
[image: 텍스트, 스크린샷, 폰트, 번호이(가) 표시된 사진

자동 생성된 설명]
[image: ]Fig. S12 Measured capacitance changes in capacitors under external magnetic field


Fig. S13 Comparison of current-voltage characteristics under magnetic field.  a I-V curve of p-n diode.  b Output curve of n-MOSFET.  c Transfer curve of n-MOSFET
[image: ]
Fig. S14 Evaluation of the effect of a magnetic field on the performance of gyro sensors rotating along the z-axis
[image: ]
Fig. S15 Assessment of the electrical stability of system-on-chip under a variety of levels of external magnetic fields
[image: ]
Fig. S16 The external magnetic field distribution on the experimental platform.  a Schematic illustration of the experimental platform with magnetic source.  b External magnetic field distribution along with distance between platform and magnetic source

[image: ]
Fig. S17 Schematic illustration showing different types of artificial barriers used to evaluate the movement, shape morphing abilities, and electrical performance of soft electronic robots (wet condition)
S3 Supplementary Movies
Movie S1 Shape morphing performance
Movie S2 Relative actuation performance according to electronic circuit layouts
[bookmark: _GoBack]Movie S3 In situ temperature monitoring
Movie S4 Demonstration of multi-modal locomotion and functions of integrated magnetic soft robot
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