[image: ]Fig.S1 FIMOSS implant engineering drawing, and FPC layer management. a Engineering drawing of the FIMOSS implant with key dimensions annotated. Units are in millimeter(mm). b Layer stacking of the FIMOSS implant’s printed circuit board
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Fig.S2 Accelerated aging test of FIMOSS encapsulation in vitro. a 5 FIMOSS implants encapsulated only with 12μm Parylene C coating in 60℃ saline solution. b 5 FIMOSS implants encapsulated with standard encapsulation (12μm Parylene C coating and 500μm PDMS casing) in 60℃ saline solution. c Device survival rates after 19-day accelerated aging test showed the reliability of FIMOSS implants encapsulation.
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Fig.S3 Pre-curling process of the MOSD II a,b,c During the pre-curling process of the MOSD II, copper wire with a diameter of 0.01mm was used to stitch the two suture eyelets to crimp the MOSD II into a cuff. d The FIMOSS implant was treated with plasma gas, and a layer of PDMS with a thickness of about 150μm was encapsulated on the interconnect and MOSD II, and cured in an oven at 85℃ for 30min. e,f After the FIMOSS implant is cooled to room temperature, use surgical microscissors to remove the copper knot and the lateral suture eyelets. Finally, new PDMS mixture was applied to the cut section and cured again in an oven at 85 °C for 30min. (scale bar=500μm)
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[image: ]Fig.S4 FIMOSS external device. a The external device is designed to be hand-held for intraoperative hand-held use to power the implant. (scale bar=1cm) b The FIMOSS external device consists of a 3D printed housing and internal electronics (scale bar=5mm). c The FIMOSS external device includes a DC connector for DC power supply, and two other connectors for firmware programming and serial interface with a personal computer to set updated stimulation parameters. The left end of the PCB is connected with a transmitting coil for the wireless interface with the implant (scale bar=5mm). 
Fig.S5 FIMOSS implant software schematics, and wireless communication protocol. 
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Fig.S6 Light intensity curve of μLEDs during activation interval
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Fig.S7 The actuation of FIMOSS implant by NeuroLux external device
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Fig.S8 Fabrication process of FIMOSS implant. a Electronic manufacturing process of FIMOSS implants involving the FPC manufacturing, μLEDs assembly and SMT assembly. b Program firmware and initial parameters into the MCU of the FIMOSS implant. c The ultrasonic cleaning of the device d~h The antennas and drivers were encapsulated by 12μm Parylene C(d) and then encapsulated by PDMS using a stainless steel mold(e~h) i~l Encapsulate the interconnect and MOSD II of several FIMOSS implants by PDMS. m Fixation of MOSD II by a 11-0 prolene suture. n A schematic diagram of the completely prepared FIMOSS implant. 
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Table 3. Look-up table for hex representation of the parameter on-time and off-time

Index Hex Binary On-time Off-time
Example | - 1XX1 XX1X 0~150ms, 200ms | 0~3s, 30s
Table 1. Specification for wireless communication commandtrain 1 92 10010010 Oms Oms
2 93 10010011 Sms 100ms
Byte Information Example 3 96 10010110 10ms 200ms
e 1 Header byte 0x55 4 97 10010111 15ms 300ms
FIMOSS implant eboot (Start Command) 5 9A 10011010 20ms 400ms
boot up " - N 6 9B 10011011 25ms 500ms
C J 2~4 First optical O0xFF(channel-selection, LED 1) 7 SF 1001 1110 30ms 500ms
stimulation OxFF(on-ti_me, 200ms) 8 oF 1001 1111 35ms 700ms
OxDA(off-time, 2000ms) 9 B2 10110010 40ms 800ms
5~7 Second optical O0xFF(channel-selection, LED 2) 10 B3 10110011 45ms 900ms
Timer starts Enter stimulation 0xFF(on-time, 200ms) 11 B6 10110110 50ms 1000ms.
[2s] C"'“"r:“;'::"‘"m OxDA(off-time, 2000ms) 12 B7 10110111 55ms 1100ms
Receive and 8~10 Third optical OXFF(channel-selection, LED 3) 13 BA_ 110111010 | 60ms 1200ms
4 decode incoming stimulation OxFF(on-time, 200ms) 14 BB 10111011 S5ms 1300ms
C  rimeout— command string OxDA(off-time, 2000ms) 15 BE 10111110 70ms 1400ms
16 BF 10111111 75ms 1500ms
11~13 Fourth optical 0xFF(channel-selection, LED 4) 17 D2 11010010 80ms 1600ms
stimulation O0xFF(on-time, 200ms) 18 D3 11010011 85ms 1700ms
Read stored 0xDA(off-time, 2000ms) 19 D6 11010110 90ms 1800ms
5(5.-22‘;':2:‘,“ 14 XOR parity byte Automatically calculated by FIMOSS 20 D7 11010111 95ms 1900ms
EEPROM external device = XOR(byte 2~13) 21 DA 11011010 100ms 2000ms
i ¥ 22 DB 11011011 105ms 2100ms
0\ Store treTew 23 DE 11011110 110ms 2200ms
[ Begin | stimulation Table 2. Look-up table for hex representation of the channel selection 24 DF 11011111 115ms 2300ms
\ stmulation / ‘ leraElg%:Jnr’:nlo Index Hex Channel selection 25 F2 11110010 120ms 2400ms
A _ 1 FF LED 1 26 F3 11110011 125ms 2500ms
27 F6 11110110 130ms 2600ms
2 FE LED2 28 F7__ | 11110111 135ms 2700ms
3 D LED3 29 FA | 11111010 | 140ms 2800ms
4 Fc LED4 30 FB 11111011 145ms 2900ms
31 FE 11111110 150ms 3000ms
32 FF 11111111 200ms 30s
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