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accuracy, throughput and cost of low-volume liquid transfer technology as the number of liquid samples increases but
the volume of liquid samples decreases greatly. Although the traditional piston-based pipetting technology can achieve
automation and high throughput, the pipetting precision is limited to sub-microliter, and it consumes a large amount of
disposable pipette tips. The liquid transfer technologies based on solenoid valve and piezoelectric actuator can improve
liquid transfer precision greatly, however, the throughput of these technologies are lower than pipetting technology due
to their complex structures. The liquid transfer technologies based on electric field, magnetic field, and light can
achieve high transfer precision of nanoliter and picoliter, but these technologies are mainly based on the microfluidic
platform for some special applications. In addition, the tips such as the pipette tip, tubing, or nozzle used in the
aforementioned liquid transfer technologies are in direct contact with the liquid, leading to the risks of tip blockage,
liquid residue and sample cross-contamination. Moreover, the tips are mostly disposable, resulting in high cost and
environmental pollution. Non-contact ultrasonic liquid transfer technology, using acoustic radiation force of focused
ultrasonic wave to eject droplets from liquid surface, does not need disposable tips, and the ejected droplets do not
contact with any other media except the liquid containers during the transfer process. The size of ejected droplets can
be accurately controlled by adjusting the focus size and acoustic energy of ultrasound beam. The liquid transfer volume
can be adjusted over a large range from nanoliter to picoliter with high precision. Due to its characteristics of fully
contact-free, high precision and high transfer speed, non-contact ultrasonic liquid transfer technology shows great
potential in biological and medical applications. In this paper, we introduce the development and representative
progress of low-volume liquid transfer technology, with emphasis on the development and progress of non-contact
ultrasonic liquid transfer technology. Finally the future trends of low-volume liquid transfer technology are analyzed
and discussed, such as non-contact ultrasonic liquid transfer technology with high throughput and good versatility,

intelligent liquid handling workstation, and low-volume liquid handling technology based on microfluidic platform.

Non-contact ultrasonic
liquid transfer system

Automated liquid handling
workstation

Low-volume Pipette
liquid transfer
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Piezo- and solenoid valve-based
liquid dispensing technology

Electronic pipette

glass :
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Keywords: non-contact ultrasonic liquid transfer; low-volume liquid transfer; acoustic radiation force; acoustic

tweezers; high precision; high throughput; automation
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Fig. 1 Development process of low-volume liquid transfer technology
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(a) Schematic diagram of non-contact ultrasonic liquid transfer technology:using acoustic radiation force of focused ultrasonic wave to eject droplets

from liquid surface; (b) Time sequences of droplet ejection from the surface of deionized water by acoustic radiation force
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