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Abstract 
Piezoelectric transformers are mainly commercialized for a LCD back light inverter module. With regard to laptop 

computers, the required output power for a piezoelectric transformer is around 5 W at present, and higher power will be 
needed for wider displays in the near future. In addition, modules such as AC-DC adaptors or fluorescent lamps may require a 
higher output power of more than 30 W. Here, in order to obtain compact and high-power AC-DC adaptors, we explored 
suitable designs for a multi-layered piezoelectric transformer, by taking into account the effect of the mechanical quality 
factor and the electromechanical coupling factor in the samples. 
 
 

1. Introduction 
 In collaboration with ICAT at Penn State University and Face Electronics, Taiheiyo Cement Corporation is developing 

the piezoelectric transformers. This paper reports the AC/DC adaptors for laptop computers. This application requires 
piezoelectric transformers that can provide high output power, such as 30 W. Based on the design by Face Electronics, 
TRANSONER, Taiheiyo Cement developed co-fired multi-layer transformers. We optimized the dimensions of 
TRANSONER for this application, which were the diameter, thickness of the input or output side, and the layer number in the 
multi-layered part. In order to obtain the appropriate dimensions and the output of 30 W, we considered mechanical quality 
factor (Qm) of an input side and electromechanical coupling factor (kr) of an output side because these parameters seemed to 
influence the efficiency of piezoelectric transformers. 
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2. Samples 
In this experiment, we used a hard type of piezoelectric material commercialized by Taiheiyo Cement Corporation, and 

the material properties measured at 1 Vrms and 1 kHz are shown in Table 1. We prepared disc type samples with a diameter of 
27 mm as shown in Table 2 and Figure 1, which had single layered input and multi-layered output in order to adjust the step-up 
ratio. 

 
Table 1. Low field characteristics of piezoelectric ceramics for high power applications 

commercialized by Taiheiyo-Cement Corporation. (measured at 1 Vrms) 
 
 εr kr Qm d31(m/V) d33(m/V) 

1350 0.60 1800 -120×10-12 315×10-12 
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Table 2. Samples with single layered input and multi-layered output in order to obtain an 
acceptable step-up ratio for AC/DC adaptors. 

 
 
 
 
 
The samples were produced with the green sheet multi-layer technology. After printing Ag-Pd electrodes on a green sheet, 

green bodies were formed by means of a hot pressing process and sintered at around 1100�. Then Ag external electrodes were 
put on the sintered body and fired at 800�. After poled in silicon oil, the piezoelectric transformers were obtained.  

 

Figure 1. Down transformer sample with one layer of input 

 

. Parameters in equivalent circuit of the samples 
n Fig. 2 [1] and these parameters can be measured with an 

imp
s step-down 

tran

 
igure 2. Equivalent circuit for a piezoelectric transformer. 

 
 

able 3. Parameters and the data of the samples measured with HP4194A. 

Sample n fr(kHz) 

 

and 5 layers of output using Ag-Pd electrodes. 

3
An equivalent circuit for a piezoelectric transformer is shown i
edance analyzer such as HP4194A. The data in the equivalent circuit of the samples are shown in Table 3. 
Due to the fact that the input side had a lower capacitance than the output side, these samples work a
sformers. In case of piezoelectric transformers a step-up ratio can be changed with a load resistance or a driving frequency. 

Regarding laptop computer applications, the range of the load is generally found between 10 ohm and 20 ohm. Here, we 
simulated the step-up ratio of these samples assuming a load of 15 ohm, and the results were shown in Fig. 3. On the other 
hand, we examined and found that many laptop computers needed DC 15 V in order to operate themselves. Roughly, the 
calculated step-up ratio indicated that AC/DC adaptors using these samples could transform AC 120 V to DC 15 V. 

            

Sample No. Input thickness Output thickness 

1 2.0mm 0.45mm×5layers = 2.25mm 

2 2.25mm 0.45mm×5layers = 2.25mm 

3 2.30mm 0.26mm×5layers = 1.30mm 
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1 2.7 9.7 0.4 12.4 56 0  .19 80.8 

2 2.2 10.7 0.3 9.8 54 0.19 83.2 

3 3.3 7.2 0.5 9.7 121 0.18 81.3 
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rom the equation of R=1/(ωCd2), we can obtain a load giving maximum efficiency to a piezoelectric transformer; this is 

call

 
Figure 3. Calculated step-up ratio for the samples at 15ohm load.    

 

4. Measurement of high power characteristics 

ristics were measured with our automatic measurement system using a constant output current 
met

 

igure 4. Measurement system on piezoelectric transformers. 
4.2. Results 

ured the characteristics of the samples by using the same load as the matching impedance. After obtaining the 

F
ed matching impedance. The samples No.1, No.2 and No.3 had the matching impedance of 35 ohm, 35 ohm and 16 ohm 

respectively, and the same value of the matching impedance was used as the load resistance in high power characteristic 
measurements. 

 
 
 
 
 
 
 
 
 
 

4.1. Measurement system 
The high power characte
hod. In this system, we can set output current and frequency range, and we can simultaneously record input voltage, input 

current, power factor, output current and temperature of the sample. The output voltage can be calculated from both the load 
resistance and the output current. The efficiency and the step-up ratio can be also obtained from the recorded or the calculated 
data. 
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Figure 5. Efficiency vs. output power                Figure 6. Temperature rise vs. output power 

   

 

Figure 7. Input vs. output voltage of sample No.2.      Figure 8. Frequency vs. step-up ratio of sample No.2. 

 

. Discussions 
of piezoelectric transformers can be calculated from the next equations using parameters in the equivalent 

 at a base input power, such as 1W, the input power was increased for each successional data point. Maximum efficiency 
and the temperature rise are shown in Figs. 5 and 6. Sample No.1 and No.2 had the efficiencies of 97-98 %, these were higher 
than Sample No.3. We defined a standard about the maximum output power of piezoelectric transformers as the output power 
at 20� temperature rise. The maximum output power reached 30 W for Sample No.2.  

Using sample No.2, the relationship between the input voltage and output voltage at
ciency, is shown in Fig. 7, and the step-up ratio in case of changing frequency is shown in Fig. 8. Using the matching 

impedance of 35 ohm, the step-up ratio was from 0.15 to 0.25 and this range seemed to be acceptable for laptop computer 
applications, which needed DC 15 V.  
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The efficiency 



circ

alculation for efficiency of piezoelectric transformer

uit [2]. In the equation (1) the efficiency is expressed by “Qm” and “k,” mechanical quality factor and electromechanical 
coupling factor, respectively. Note that “Qm” comes from the input side and “k” comes from the output side. Thus we can see 
that high Qm in the input side and high k in the output side can generate high efficiency. In order to confirm this assumption, 
Qm and k of the samples were measured with an impedance analyzer, HP4194A. These data are shown in Table 4. 

 
C  

 

lectromechanical coupling factor and parameters in equivalent circuit
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Table 4. Qm and eters of equivalent circuit.  

 
 
 

Roughly, sample No.1 a d the s m, kr an culated efficiency, but sample No.3 showed much lower kr 
nd the lowest culated effi  Comparing the calcula ficiency wit l efficien nd that these 

o needed to be close. Thus eemed t orrect for explaining the efficiency of piezoelectric transformers.  

 since 
we 

Sample No. Side Qm kr Calculated efficiency Actual efficiency 

1�|k2 =  lost energy / input electric energy 1�|k2 =  lost energy / input electric energy 
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kr measured with HP4194A and calculated efficiency from param

Input 600 0.41 
1 

Output 420 0.45
97% 97.5-98% 

 
Input 860 0  .41

2 
Output 590 0.43

98% 97-98.5% 

Input 810 0.36 

 
 

3  
Output 310 0.31

96% 93.5-94.5% 
 

nd No.2 ha ame Q d cal
a cal ciency. ted ef h the actua cy, it was fou
tw , Eq (1) s o be c

In this experiment we changed the sample thickness in the input or output side. From these data we can see that if the 
output is thicker than the input, kr in the output is larger than the input. Namely in this transformer’s design with one input and 
one output, we don’t know if this rule can be matched to other models, it seems that a thicker part has larger kr. However

have to consider not only kr but also Qm for high efficiency, we need to adjust the thickness in the input or output. Here is 



one example. Sample No.1, which had the thicker output and the largest kr, but had the smallest Qm, could not get the best 
efficiency in these samples. Finally, we were able to obtain the best efficiency from the sample No.2, which had the same 
thickness on both sides as well as well balanced Qm and kr. 

As shown in the above results, when designing piezoelectric transformers, it is useful to consider Qm and k to get high 
efficiency. Sample thickness influenced k in this experiment, but another design must have a different rule on these values. 
Once we have a relation between Qm, k and the sample design, it would become much easier to design a good transformer. We 
kno

dition of laptop 
he driving condition of the laptop computer “Toshiba DynaBook SS” was examined with using the original AC/DC 

e normal use condition, the current and voltage to the laptop were measured.  

w that there are a few software programs that can design samples or analyze the impedance dependency on the frequency 
or examine the vibration mode [3] [4]. However it is also important to find specific design rules from experimental data as we 
have done here. 

 

6. Driving the laptop computer 
6.1. Driving con

T
adaptor with a coil type transformer. In th
 

Table 5. Required condition for laptop computer  “Toshiba DynaBook SS” 
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88
89
90
91
92
93
94
95
96

80 82 84 86 88 90 92 94
frequency / kHz

ef
fic

ie
nc

y 
/%

0

5

10

15

20

te
m

pe
ra

tu
re

 r
is

e 
/25

30

�
Ž

eff
ƒ ¢T

50

100

150

200

80 82 84 86 88 90 92 94
frequency / kHz

in
pu

t v
ol

ta
ge

 /
V

0

0.05

0.1

0.15

0.2
st

ep
-u

p 
ra

tio

250 0.25

Vin
stepup

 
6.2. Measurement under driv ditions of lapto

We examined the sample N e load of 18.8 h was done to determine the possibility of using our sample as 
C/DC adaptor for the laptop. In this measurement 0.8Arms was set as the output current and the data was recorded every 

k the temperature rise of the sample precisely, a time interval of 4 
min

 
 
 

Figure 9. Efficiency and temperature rise                  Figure 10. Input voltage and step-up ratio 
under normal condition of laptop computer.                under normal use of laptop computer. 
 the range from 80 kHz to 95 kHz the efficiency was shown to be more than 94 %, but at 88 kHz this sample seemed to 

have ion, however 
the te usion was that we 
cou

ing con p  
o.2 at th ohm, whic

A
1kHz in the range from 80 kHz to 95 kHz. In order to chec

utes was set to every 1 kHz. 
 
 
 
 
 
 

 

In
a spurious vibration and the efficiency went down to 90 %. It was desirable to get rid of this spurious vibrat
mperature rise was always kept under 20� and even if at 88 kHz, the data didn’t reach 15�. The concl

ld use this transformer in this frequency range without concern about temperature rise. 



Figure 10. showed the required input voltage to make 15 Vrms. In this frequency range, the input voltage could be 
changed from 75 Vrms to 175 Vrms, which means we can use this transformer in both the U.S. and Japan where the outlet 
voltage ranges from 100 Vrms to 120 Vrms. 
 

tifier, input regulator, inverter, piezoelectric transformer, output rectifier and 
utput regulator. The input rectifier makes DC ��� V from 100 Vrms or 120 Vrms and then on-off signals generated from 

er. The AC voltage from the transformer is changed to DC voltage with the output 
rect

 
 

6.3. Driving circuit for AC/DC adaptor 
This circuit is composed of an input rec

o
DC 170 V drive the piezoelectric transform

ifier and then the output regulator makes DC 15 V to drive the laptop properly. On the other hand, in order to drive inverter 
IC, the input regulator makes DC 15 V from 100 Vrms or 120 Vrms.  

Here we tried to reduce the number of components and to make it as small as possible, and we obtained the prototype 
AC/DC adaptor that could drive the laptop computer in the U.S. or Japan.  

 

 
Figure 11. Circuit schematic of AC/DC adaptor for laptop computer 



 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Photo of prototype AC/DC adaptor with piezoelectric transformer 
 

he prototype is shown in Fig. 12. Here are the dimensions of this adaptor. As a result, we were able to reduce the volume 
to o

Prototype   : Length 80mm×Width 54mm×Height 10mm = 43,200mm3

.) 

onventional : Length 105mm×Width 44mm×Height 28mm = 129,360mm3

7. Conclusions 
transformer designed by FACE electronics was optimized to high power applications. In the 

opt

mmercialization of adaptors many 
issu
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             (This assumes that there is a plastic case packing the circuit
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TRANSONER , piezoelectric RR

imizing process, the sample thickness was considered in order to obtain high Qm in the input side and high k in the output 
side, which were required for high efficiency or high power. As the result of this experiment we were able to get 30W from a 
27 mm diameter sample that had the same thickness of 2.25 mm on the input and output side. The prototype AC/DC adaptor 
with TRANSONER was developed in order to drive the “Toshiba DynaBook SS” laptop, and we verified that the adaptor 
would work under U.S. conditions of AC 120 V or Japanese conditions of AC 100 V. Furthermore this result indicated that 
TRANSONER could reduce the volume of conventional AC/DC adaptors to one-third.  

The possibility for the adaptor has been verified in this research. However, for the co
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es still remain and we will follow up on customer’s request more closely in future work. One of these requests surely will 
be regarding low cost, and in order to respond to it we might have to change the dimensions, the piezoelectric materials, the 
electrode, the circuit design and so on.  
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