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APPLICATION INFORMATION

PZT operation

Ceramic piezoelectric transformers were first proposed by C.A. Rosen in 1956. Unlike magnetic transformers
that rely on electromagnetic energy transfer, PZTs transfer electric potential to mechanical force as shown in
Figure 6. The electrical-to-mechanical conversion of energy is referred to as the reverse piezoelectric effect
whereas the mechanical-to-electrical energy conversion is referred to as the direct piezoelectric effect.
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Figure 6. Piezoelectric Effect

Each manufacturer has a unique recipe of materials and structural layering that determine their PZT’s operating
characteristics. Common materials used to make PZTs include lead zirconate, lead titanate and lithium niobate.
Single layer PZTs are less costly and easier to manufacture, but have a lower voltage gain (typically 5 to 10 )
and may require a step-up magnetic transformer in order to operate the lamp.  Multi-layered PZT designs are
more difficult to manufacture, but have a higher voltage gain (20 to 70) allowing a CCFL to be driven using
conventional off-the-shelf inductors.
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Figure 7. Typical Longitudinal Mode Piezoelectric Transformer for CCFL Applications.

A typical multi-layer PZT with longitudinal mode geometry is shown in Figure 7, a single layer design would have
similar construction without the layering on the primary. An ac voltage is applied to the VIN electrodes causing
mechanical expansion and compression in the thickness direction (see Figure 6). This displacement on the
primary is transferred as a force in the longitudinal direction. Supports at �  and �  wavelength provide a means
for a standing wave to be generated at a resonant frequency as shown. Mechanical resonance occurs at
multiple standing wave frequencies (n) based on the transformer’s length and material velocity (v).

fn � n v
2 � length

Voltage gain is a function of the PZT material coefficient g[� ], the number of primary layers, the thickness of
the material and the overall length as follows:

VGAIN �
length � layers

thickness
� g[� ]

An electrode at VOUT  is used to recover the amplified electrical potential at the secondary.

PZT electrical model

In order to predict PZT performance in a system, it is useful to develop an electrical circuit model. The model
shown in Figure 8 is often used to describe the behavior of a PZT near the fundamental resonant frequency.
Many PZT manufacturers will provide component values for the model based on measurements taken at
various frequencies and output loads.

(1)

(2)
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lamp characteristics

A cold cathode fluorescent lamp has non-linear V-I characteristics as shown in Figure 10. The lamp’s intensity
(lumens) is roughly proportional to lamp current where lamp voltage remains somewhat constant over the
operating range. Lamp voltage is dependant on the diameter and length of the lamp used in the application. This
results in increased impedance when the lamp is dimmed. The impedance of the lamp will influence the gain
of the piezoelectric transformer (see Figure 9) and thus the operating frequency of the system.
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variable frequency control system

A simplified block diagram of a PZT based backlight converter is shown in Figure 11. The PZT is driven by a
resonant power stage whose amplitude is proportional to input voltage. The PZT then provides the voltage gain
necessary to drive the lamp. A control loop is formed around the error amplifier that compares average lamp
current to a reference signal (REF) allowing the intensity of the lamp to be regulated. The resulting control
voltage VC drives a VCO that determines the operating frequency of the resonant power stage.

The frequency range of the VCO must include the strike and operating frequencies of the PZT with some
tolerance included for component variation. Minimizing the programmable range improves the control response
of the feedback loop. For example, a frequency range of 67 kHz to 77 kHz might be used for the PZT in Figure 9.
The gain of the PZT must guarantee sufficient lamp voltage at minimum input voltage to ensure that the control
loop will always operate on the right side of resonance.
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Figure 11. Control System for Variable Frequency PZT Backlight Control

programming the frequency range

The frequency range of the UCC397x family is programmed with external components ROSC, COSC, and RANGE
(see Figures 2 and 3). The programmed range should include the strike and operating frequency required for
lamp operation, plus sufficient tolerance for component variations. An accurate NPO capacitor is recommended
for COSC (between 100 pF and 1000 pF) while 1% resistors are recommended for ROSC and RANGE. The VCO
frequency is determined by the charge and decay times between 0.7 V and 1.7 V at the OSC pin. When the
voltage reaches 0.7 V, an internal pull-up circuit charges OSC back to 1.7 V, the charge time (tCHG) varies with
the value of COSC but is typically on the order of 500 ns. The decay time (tDISCH) is determined by the value
of COSC and the discharge currents generated in ROSC and RANGE. The nominal discharge time at OSC is set
by ROSC and COSC (see equation [8]), the frequency range is programmed by adjusting the discharge time with
the RANGE resistor and the COMP voltage (see equation [9]):

nominal

tDISCH � ROSC � COSC � ln�1.7
0.7

�

with lamp

tDISCH
�VCOMP

� �
ROSC � RANGE � COSC

ROSC � RANGE
� ln �1.7 �ROSC � RANGE

� 	 VCOMP � ROSC

0.7 �ROSC � RANGE
� 	 VCOMP � ROSC



resulting frequency

Frequency �VCOMP
� � 1

tCHG � tDISCH
�VCOMP

�

(8)

(9)

(10)

查询UCC3974供应商 捷多邦，专业PCB打样工厂，24小时加急出货

http://www.dzsc.com/stock-ic/UCC3974.html
http://www.jdbpcb.com/J/
http://pdf.dzsc.com/
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