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Abstracts

The electronics industry is moving towards the development of electronic devices with

flexible, thin, and large-area form factors. Electronic devices that are fabricated on

flexible substrates for application in flexible displays, electronic paper, smart packages,

skin-like sensors, wearable electronics, implantable medical implements etc. is a fast-

developing market. Flexible electronics encompasses lightweight, flexible and electronic

sensing components and electronic devices built on stretchable substrates that are

utilized in sensors, displays, wearables, E-textiles etc. They are manufactured on

flexible plastic substrates, paper, textiles, or thin glass. Printed electronics is often

considered a subset of the flexible electronics sector. It refers to the method used to

create electronic devices by printing them on various (flexible) substrates.

The rapid boom in smart wearable and integrated electronic devices has stimulated

demand for advanced intelligent systems with high performance, micro size, mechanical

flexibility, and high-temperature stability for application as flexible and stretchable

displays, personal health monitoring, human motion capturing, smart textiles, electronic

skins and more. The key requirement for these applications is flexibility and

stretchability, as these devices are subject to various mechanical deformations including

twisting, bending, folding, and stretching during operation. The development of printed,

flexible and stretchable conductors over the last decade has resulted in

commercialization of flexible and stretchable sensors, circuits, displays, and energy

harvesters for next-generation wearables and soft robotics. These systems must be

able to conform to the shape of and survive the environment in which they must

operate. They are typically fabricated on flexible plastic substrates or are printed/woven

into fabrics.

The electronics industry is moving at a fast pace from standard, inflexible form factors to
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stretchable and conformable devices. Printed, flexible and stretchable

electronics products are increasing weekly from wearables for healthcare to smart

packaging, sensors, automotive tail lights and displays, flexible displays, photovoltaics

and more. Based on a new generation of advanced materials, printed, flexible and

stretchable sensors and electronics will enable new possibilities in a diverse range of

industries from healthcare to automotive to buildings. These technologies will drive

innovation in smart medical technology, automotive, smart manufacturing, Internet of

Things (IoT) and consumer electronics. Recent advances in stimuli-responsive surfaces

and interfaces, sensors and actuators, flexible electronics, coatings and conductive

materials has led to the development of a new generation of smart and adaptive

electronic fibers, yarns and fabrics for application in E-textiles. Wearable low-power

silicon electronics, light-emitting diodes (LEDs) fabricated on fabrics, textiles with

integrated Lithium-ion batteries (LIB) and electronic devices such as smart glasses,

watches and lenses have been widely investigated and commercialized. Smart textiles

and garments can sense environmental stimuli and react or adapt in a predetermined

way. This involves either embedding or integrating sensors/actuators ad electronic

components into textiles for use in applications such as medical diagnostics and health

monitoring, consumer electronics, safety instruments and automotive textiles.

In the flexible displays market, electronics giants such as Samsung and LG Electronics

have brought flexible, foldable and rollable smartphone, display and tablet products to

the market. Wearable and mobile health monitoring technologies have received

enormous interest worldwide due to the rapidly aging global populations and the

drastically increasing demand for in-home healthcare. Commercially available and near

commercial wearable devices facilitate the transmission of biomedical informatics and

personal health recording. Body worn sensors, which can provide real-time continuous

measurement of pertinent physiological parameters noninvasively and comfortably for

extended periods of time, are of crucial importance for emerging applications of mobile

medicine. Wearable sensors that can wirelessly provide pertinent health information

while remaining unobtrusive, comfortable, low cost, and easy to operate and interpret,

play an essential role. Battery and electronics producers require thin, flexible energy

storage and conversion devices to power their wearable technology. The growth in

flexible electronics has resulted in increased demand for flexible, stretchable, bendable,

rollable and foldable batteries and supercapacitors as power sources for application in

flexible and wearable devices.

Report contents include:

Current and developmental flexible and printed electronics based products.
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Manufacturing and processes for flexible organic & printed electronics

Advanced materials utilized in flexible and printed electronics.

Market analysis including applications, products, companies and global

revenues forecast to 2033. Markets covered include

wearables (smartwatches, sports & fitness trackers, sleep trackers &

wearable monitors, smart glasses, workplace monitoring).

medical & healthcare sensors & wearables.

electronic textiles and smart apparel.

energy storage, generation & harvesting.

lighting.

flexible and printed displays.

automotive.

smart buildings.

smart packaging.

Profiles of over 900 producers and product developers in flexible and printed

electronics. Companies profiled include AGFA, BeFC, Brewer Science, C3

Nano, Canatu, CHASM, Dracula Technologies, DuPont, Electroninks,

Elephantech, Epicore Biosystems, FlexEnable, GE Healthcare, Heraeus Epurio,

Inkron Oy (Nagase), Inuru, LG Display, Liquid Wire, NovaCentrix, Optomec,

Panasonic, PowerON, PragmatIC, PVNanoCell, SmartKem Ltd., Syenta,

tacterion GmbH, Tactotek, Tracxon, Xymox Technologies, Inc. and Ynvisible.
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harvesting electronics, 2018-2033, millions of US dollars.

Figure 326. 24M battery.

Figure 327. 3DOM battery.

Figure 328. AC biode prototype.

Figure 329. Ampcera’s all-ceramic dense solid-state electrolyte separator sheets (25

um thickness, 50mm x 100mm size, flexible and defect free, room temperature ionic

conductivity ~1 mA/cm).

Figure 330. Amprius battery products.

Figure 331. All-polymer battery schematic.

Figure 332. All Polymer Battery Module.

Figure 333. Resin current collector.

Figure 334. Ateios thin-film, printed battery.

Figure 335. 3D printed lithium-ion battery.

Figure 336. Blue Solution module.

Figure 337. TempTraq wearable patch.

Figure 338. Cymbet EnerChip

Figure 339. E-magy nano sponge structure.

Figure 340. SoftBattery®.

Figure 341. Roll-to-roll equipment working with ultrathin steel substrate.

Figure 342. 40 Ah battery cell.

Figure 343. FDK Corp battery.

Figure 344. 2D paper batteries.

Figure 345. 3D Custom Format paper batteries.

Figure 346. Fuji carbon nanotube products.

Figure 347. Gelion Endure battery.

Figure 348. Portable desalination plant.

Figure 349. Grepow flexible battery.

Figure 350. Hitachi Zosen solid-state battery.

Figure 351. Ilika solid-state batteries.

Figure 352. ZincPoly technology.

Figure 353. TAeTTOOz printable battery materials.

Figure 354. Ionic Materials battery cell.

Figure 355. Schematic of Ion Storage Systems solid-state battery structure.

Figure 356. ITEN micro batteries.
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Figure 357. LiBEST flexible battery.

Figure 358. 3D solid-state thin-film battery technology.

Figure 359. Lyten batteries.

Figure 360. Nanotech Energy battery.

Figure 361. Hybrid battery powered electrical motorbike concept.

Figure 362. NBD battery.

Figure 363. Schematic illustration of three-chamber system for SWCNH production.

Figure 364. TEM images of carbon nanobrush.

Figure 365. EnerCerachip.

Figure 366. Cambrian battery.

Figure 367. Printed battery.

Figure 368. Prieto Foam-Based 3D Battery.

Figure 369. Printed Energy flexible battery.

Figure 370. ProLogium solid-state battery.

Figure 371. QingTao solid-state batteries.

Figure 372. Saku? Corporation 3Ah Lithium Metal Solid-state Battery.

Figure 373. SES Apollo batteries.

Figure 374. Sionic Energy battery cell.

Figure 375. Solid Power battery pouch cell.

Figure 376.TeraWatt Technology solid-state battery

Figure 377. LG Signature OLED TV R.

Figure 378. Flexible display.

Figure 379. LG display stretchable display.

Figure 380. Samsung FLEX Hybrid foldable display.

Figure 381. DELL Ori.

Figure 382. LG Media Chair.

Figure 383. LG Virtual Ride.

Figure 384. Organic LCD with a 10-mm bend radius.

Figure 385. AMOLED schematic.

Figure 386. Mirage smart speaker with wraparound touch display.

Figure 387. LG rollable OLED TV.

Figure 388. OLED structure.

Figure 389. TCL printed OLED panel.

Figure 390. OLEDIO 32-inch printed display by JOLED.

Figure 391. AU Optonics Flexible MicroLED Display.

Figure 392. Schematic of the TALT technique for wafer-level microLED transferring.

Figure 393. Foldable 4K C SEED M1.

Figure 394. Stamp-based transfer-printing techniques.

Figure 395: Flexible & stretchable LEDs based on quantum dots.
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Figure 396. Samsung S-foldable display.

Figure 397. Samsung slideable display.

Figure 398. Samsung foldable battery patent schematic.

Figure 399. Rollable 65RX OLED TV.

Figure 400. Lenovo ThinkPad X1 Fold.

Figure 401. LG Chem foldable display.

Figure 402. Samsung Display Flex G folding smartphones.

Figure 403. Asus Foldable Phone.

Figure 404. Asus Zenbook 17 Fold.

Figure 405. Dell Concept Ori.

Figure 406. Intel Foldable phone.

Figure 407. ThinkPad X1 Fold.

Figure 408. Motorola Razr.

Figure 409. Oppo Find N folding phone.

Figure 410. Royole FlexPai 2.

Figure 411. Galaxy Fold 3.

Figure 412. Samsung Galaxy Z Flip 3

Figure 413. TCL Tri-Fold Foldable Phone

Figure 414. TCL rollable phone.

Figure 415. Xiaomi Mi MIX Flex.

Figure 416. LG OLED flexible lighting panel.

Figure 417. Flexible OLED incorporated into automotive headlight.

Figure 418. Audi 2022 A8 .

Figure 419. Electrophoretic display applications.

Figure 420. Passive reflective displays with flexibility.

Figure 421. Plastic Logic 5.4” Iridis display.

Figure 422. Argil electrochromic film integrated with polycarbonate lenses.

Figure 423. Scanning electron microscope (SEM) images of several metalens antenna

forms.

Figure 424. Design concepts of soft mechanical metamaterials with large negative

swelling ratios and tunable stress-strain curves.

Figure 425. Global market for flexible and printed displays, 2018-2033, millions of US

dollars.

Figure 426. Global market for flexible and printed displays, 2018-2033, millions of US

dollars.

Figure 427. 1.39-inch full-circle microLED display

Figure 428. 9.4' flexible MicroLED display.

Figure 429. Transparent 3D touch control with LED lights and LED matrix.

Figure 430. Flexible microLED.
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Figure 431. Hyperfluorescence OLED display.

Figure 432. 9.4' flexible MicroLED display.

Figure 433. 7.56-inch transparent Micro LED display.

Figure 434. Micro-LED stretchable display.

Figure 435. TCL phone and tablet concepts.

Figure 436. 7.56” Transparent Display.

Figure 437. Mercedes-Benz’s Hyperscreen.

Figure 438. Global market for flexible and printed automotive electronics, 2018-2033,

millions of US dollars.

Figure 439. Global market for flexible and printed electronics in the automotive sector,

revenues (millions USD) by applications.

Figure 440. Use of sensors in smart buildings.

Figure 441. Global market for flexible and printed smart buildings electronics,

2018-2033, millions of US dollars.

Figure 442. Sensor surface.

Figure 443. Printed moisture sensors.

Figure 444. Smart packaging for detecting bacteria growth in milk containers.

Figure 445. Active packaging examples.

Figure 446. Initelligent packaging examples.

Figure 447. Active packaging film.

Figure 448. Anti-counterfeiting smart label.

Figure 449. Printed electronics packaging label.

Figure 450. Security tag developed by Nanotech Security.

Figure 451. Commerical examples of time-termperature indictors.

Figure 452. Fundamental principle of a gas sensor for detecting CO2 (gas) after food

spoilage

Figure 453. A standard RFID system.

Figure 454. RFID functions and applications of silver nanoparticle inks.

Figure 455. OHMEGA Conductive Ink + Touchcode box

Figure 456. Wiliot RFID.

Figure 457. Smart blister pack.

Figure 458. Global market for flexible and printed smart packaging electronics,

2018-2033, millions of US dollars.

Figure 459. Asahi Kasei Invisible Metal Mesh (IMA) for packaging.

Figure 460. Avery Dennion smart labels.

Figure 461. Varcode Smart Tag.
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