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I. INTRODUCTION

The role of modern inkjet printing is becoming more 
and more important in applications such as marking of 
food, beverage and medical packaging as well as in large 
format applications such as the reproduction of billboards and 
banners. It is here that power operational amplifiers are 
fulfilling a crucial role in the design of inkjet printers. The 
piezoelectric technique of inkjet printing employs a crystal 
that flexes whenever a voltage pulse is applied to the piezo 
transducer, thereby forcing a droplet of ink out of the nozzle. 
Each time a voltage pulse is applied to the piezoelectric 
material, it deforms, forcing a tiny droplet 50 to 60 microns 
in diameter onto the surface to be printed. When the voltage 
returns to zero, the material is restored to its original shape, 
drawing ink into the reservoir and thus preparing it for the 
application of the next drop. This cycle repeats many times 
per second, each time the print head makes a pass across the 
printing area. A representative printing head configuration 
might employ a single power amplifier to drive up to 1024 
nozzles with an equivalent load of approximately 100nF. The 
power amplifier may be connected to any number of nozzles at 
any one instant—from 0 to 1024. At any instant, the print head 
with 1024 nozzles is emitting anywhere from 0 to 1024 ink 
droplets as governed by the printing program instructions. 
Various waveforms have been devised for printing various 
kinds of inks and media. These waveforms are developed 
empirically and are then stored in a computer so that the optimal 
waveform for each ink and its specific application can be 
retrieved at a later time. The simplest is a trapezoidal waveform, 
which has a controlled ramp on the up slope and a ramp with a 
possible slightly different slope on the down side. These slopes 
are  well  controlled  but  not necessarily  symmetric. The  rise on  

the up slope is likely to be faster, whereas on the down slope a 
longer fall time is necessary. This ensures sufficient ink will 
flow from the ink magazine to the nozzle chamber to supply 
ink for the next droplet to be dispensed. The power amplifier 
must be designed to deal with any arbitrary wave shape that 
may be required for a given printing solution. 

The most common solution for the power amplifier that has 
to reproduce these trapezoidal waveforms is a linear one (Class 
B or AB). However, the main problem with this approach is the 
high power losses due to the charging and discharging of 
the capacitive load [1-3]. Fig.1 and Fig.2 show the output stage 
of a linear amplifier (implemented with MOSFETs) and 
currents that are conducted by each transistor in the case of a 
piezo-electric load (capacitive load) and trapezoidal output 
voltage. It can be easily seen that the transistors have to 
dissipate power during the charging and discharging as well. If 
we assume an ideal class B amplifier driving a typical 
industrial inkjet print head, with specifications given in 
Table 1, worst-case power consumption is as follows: 
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Having in mind that the supply voltage needs 10V to 15V of 
headroom so that the output signal is not distorted the power 
dissipation is higher than 200W and Such considerable power 
dissipation is undesirable because of the size of the required heat 
sinking and the negative impact on operational costs of the inkjet 
printing machine. In this paper we present a linear PA that 
employs Envelope Tracking in order to significantly decrease 
the power consumption. Firstly, an analysis regarding the 
possible architectures is presented and later the experimental 











For the last test case, three pulses of different amplitude Fig. 
11), an estimation of the power loss and power loss breakdown 
is shown in Fig.12. It can be seen that the linear PA contributes 
most to the power loss, two thirds, approximately. The rest is a 
combination of the MOSFET switching losses, conduction 
losses and converter static losses. The static losses are 
practically one third of the losses of the proposed multilevel 
converter and in order to decrease this the design of the auxiliary 
supplies should be optimized.  

 
Fig. 10. Load voltage (magenta trace, 110kHz, amplitude of 130V, 95nF load) 
and Multilevel voltages at supply rails (green and red traces) (20V/div, 1us/div) 

 
Fig. 11. Load voltage (magenta trace, 110kHz) and Multilevel voltages at 
supply rails (red and green traces) in the case of 47nF load and three different 
pulses 

 

Fig. 12. Estimated power loss breakdown in the case of the pulse pattern with 
three different pulses (Cload=47nF, pulse patern repetion rate 30kHz) 

V. CONCLUSIONS 

The paper describes a way to mitigate power dissipation of 
linear amplifiers driving capacitive loads (inkjet printer heads) 
by means of an envelope tracking (ET) power supply. Due to the 
very fast voltage slew rate that has to be reproduced (45V/us) in 
combination with high voltages and currents (135V and 5A), 
power amplifiers or envelope tracker based on a switching dc-
dc converter might suffer from high switching losses. Due to 
this, it was decided to employ a multilevel converter that 
approximately tracks the output voltage. In this way the 
switching frequency of the multilevel is comparable to the 
frequency of the reproduced voltage pulse. 

Having in mind that the load is purely capacitive, in every 
time instant it is known which transistors conduct in the output 
stage of the linear PA. This information is used to modulate only 
one power supply rail and, in that way, use only one multilevel 
converter that is intelligently multiplexed with constant voltage 
supplies.  

A prototype was built to prove the concept and the results 
clearly show that it is possible to obtain power savings between 
30% and 50% (depending on the load, frequency, pulse pattern 
etc.) in comparison to the PA being supplied with constant 
voltages. By analyzing the obtained results it was seen that 
approximately one third of the power losses are due to the 
employed multilevel converter and analog multiplexer. Further 
improvements can be realized by improving the design of the 
auxiliary supplies and by employment of GaN transistors. 
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