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PCF8551 and PCF8553 applications

1. Introduction

The PCF8551 and PCF8553 devices are capable of driving a backlight LED (see
Section 3) and/or an electroacoustic converter like a buzzer or speaker circuit as
described in Section 2. The application note lists some variants of implementing these
features. Additionally a simple charge pump for low supply voltage operation is sketched
out in Section 4. A hint on a reset circuitry is provided in Section 5.

2. Buzzer

The internally generated clock signal can be fed to pin CLK, which is then used as a digital
output driver. As the clock frequencies are all within the audible range of 64 Hz to 2048 Hz
and the output driver is able to deliver a reasonable amount of power, the clock signal can
be directly fed to an electroacoustic transducer. Attenuation of the signal, if necessary, is
easily achieved by adding a series resistor or capacitor. Output frequencies are controlled
according to the combination of frame frequency and multiplex rate as shown in Figure 1.
They are not independent of the requirements posed by the display, which should be
given preference. For details, see the individual data sheets of PCF8551 and PCF8553
respectively.
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(3) Nmux =3.
(4) nmux =4
Fig 1. Relation of frame frequency (fg), clock frequency (f¢x) and multiplex-rate (nyux)

The clock frequency is set by writing to registers 01h and 02h. To feed the clock-frequency
to the output, the COE hit must be set to logic 1.
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CLK

PCF8551
PCF8553

Vss
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a. Simplest solution: add
speaker/buzzer

CLK

PCF8551
PCF8553

Vss

aaa-012330

c. Add attenuation, if necessary

Fig 2. Speaker/buzzer set-up

PCF8551 and PCF8553 applications

PCF8551
PCF8553

Vss

aaa-012329

b. Reduce DC-current consumption

ck H

PCF8551
PCF8553

Vss

aaa-012331

d. DC-free attenuated signal

Experiments with an 8 Q speaker showed reasonable performance. It is also possible to

drive a capacitive buzzer.
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3. Backlight control

3.1 Basic solution

Figure 3 shows a simple backlight control limited to only turning the light on or off. The
CLK output is able to drive one white LED without issues.

CLK

PCF8551
PCF8553

1A

A

Vss

aaa-012332

Fig 3. Basic backlight set-up

3.2 Solution with brightness control

In Figure 4 an N-channel MOS transistor T1 is used to drive a white LED. Its gate is
controlled by a segment output to adjust brightness. Figure 9 shows the associated
waveforms for SEGn.

CLK
\\
PCF8551 segnp
PCF8553
R1
T
Vss R2
77 aaa-012333

Fig 4. Set-up with brightness control

In this example, the backlight is turned on by enabling the CLK output. By adapting the
switching level Vg to the threshold Vi, of T1, appropriate brightness control can be
achieved. Resistor values must be in the several MQ ranges to limit current loading. Vop
is the overdrive voltage at the gate for the transistor to deliver the appropriate amount of
drain current.

R1+R2
Vsw = R2 X (Vin +Vop) 1)
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In the example of Section 3.4 a multiplexing of 1:4 is used with the switching level Vgy
placed close to V| ¢p. If more than one LED is supposed to be driven, they must be
connected to V cp. T1 must be able to cope with the associated load current.

CLK

PCF8551 SECN
PCF8553

Vss

77 aaa-012334
Fig 5. Driving more than one LED

Potentially a temperature compensation needs to be implemented, because Vi,
decreases with temperature, a fact, which might be canceled by adding a diode within the
voltage divider. On the other hand, the current drive capability of T1 decreases with
temperature. The voltage divider must be adapted appropriately.

CLK

PCF8551 SEGn
PCF8553

Vss

77 aaa-012335

Fig 6. Potential temperature compensation
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3.3

3.4

3.4.1

PCF8551 and PCF8553 applications

Multi-color with brightness control

For backlights, providing individual control of separate LEDs for red, green, and blue, the
amount of individual color can be controlled by separate segment outputs, in case they
are not required for the normal display function.

Vicp

SEGn +2
SEGn +1

SEGn
PCF8551

PCF8553 >
Vss

Fig 7. Set-up with multi-color brightness control
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Case of application

In a case of application, it was possible to drive a DE LP-301-RGB backlight by DISPLAY
Elektronik GmbH. This comprises of 3 LEDs, a red, a green, and a blue one, which
combined, result in white backlight, but they can also be driven individually to change
colors.

Schematic and elements

A BS170 N-channel MOSFET was used to drive the backlight. The gate was controlled by
segment 0, which was also fed to the display for verification. In practice, an unused
segment should be used for this purpose. V cp was set to 5 V to match the display as well
as the backlight requirements. Due to its lower threshold voltage, the red LED needs a
series resistor to match the brightness levels and adjust color temperature.

Vico =5V DE LP-301-RGB !
: :
A AU N :
4
CLK i b bbbt A h bbb
SEGO0 470Q
PCF8551
PCF8553 .
—
: BS170
2.2MQ
Vss aaa-012337
77
Fig 8. Schematic of the use case
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The threshold voltages for green and blue are specified to be 3.1 V, while itis 1.9 V for the
red light. Typical current consumptions are 15 mA, 15 mA, and 10 mA respectively; so a
total amount of 40 mA must be provided. Due to the duty cycle of the segment signal, this
requires a peak current of ~80 mA for the BS170.

Figure 9 depicts the waveforms at the segment output, while Figure 10 shows the
performance when running through the individual brightness control steps.

Vsw

a. SEGn output: all pulses below switching level Vs (maximum dimming)

Vsw

b. SEGn output: one pulse above switching level Vs
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Vsw
c. SEGn output: two pulses above switching level Vg
Vsw
d. SEGn output: three pulses above switching level Vs
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e. SEGn output: four pulses above switching level Vsyw (maximum brightness)

Fig 9. Waveforms of SEGn output controlling N-channel gate
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a. Maximum dimming

Brightness control by SEGO.
This should be done by an
unused segment in practice

b. First step of brightness control
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Brightness control by SEGO.
This should be done by an
unused segment in practice

c. Second step of brightness control

d. Third step of brightness control
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e. Fourth step of brightness control

Fig 10. Brightness control steps

4. Charge pump

4.1

AN11566

If only a low supply voltage is available but the display needs a higher value, a simple
charge pump can be implemented by using the CLK output.

Basic set-up

Figure 11 depicts the basic set-up. If diodes D1 and D2 have a threshold voltage of Vy,
the generated V| ¢p calculates to

Vico = 2x(Vpp—Vin) —Vpo (2)

with Vpg as the drop-out voltage across the equivalent resistor formed by the charge
pump. This seems to be sufficient to drive a 5 V display from a Lithium battery.

While silicon diodes exhibit a threshold of ~0.6 V, the drop across D1/D2 can be reduced
by using Schottky diodes with a threshold of ~0.3 V.
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V)
VoD LCD

Vbb Vicp

D1 D2
I . 1A

™~ l ™
PCF8551 \ Displa
- C2 C1 pay

-[ PCF8553

CLK

Vss

77 aaa-012741
C1 > 20 nF; C2 > 200 nF; select highest clock frequency.

Fig 11. Basic charge pump to generate V, cp from Vpp

4.2 Simple voltage regulation

In principle, the charge pump is unregulated, but to prevent overvoltage a certain amount
of control may be required. One possibility could be using an LDO for this task. But the
requirements on the LDO are probably difficult to fulfill with a standard catalog element.

So the simpler variant with a Zener diode will probably be a more reasonable solution (see
Figure 12).

V
Vob LCD

VoD Vicp

D1 D2
1A

R ™~ J- ™~
PCF8551 Display
—=c2 _[c1 PCF8553 :>

CLK

Vss

7 aaa-012744
R is used to reduce power consumption.

Fig 12. Voltage regulation with Zener diode

4.3 \oltage ripple

Voltage ripple is determined by fc k, lioag @nd can be controlled with the size of C2.

|
V . - load 3
fipple = £ x C2 ©)
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5. Power-on reset

Chip variants, which comprise an RST pin can be reset at power-on by adding a capacitor
on this pin. The value of this capacitor depends on the rising slope of Vpp.

RST

PCF8551
= CRST PCF8553

Vss

-
aaa-012745

Fig 13. Power-on reset using a capacitor on pin RST

5.1 Power-on with a slowly starting power supply

The built-in POR block acts on the rising edge of the Vpp supply voltage. It is designed to
react to fast slopes. If the system supply starts slowly, it is recommended to initiate a

software reset immediately after power-on.

6. References

[1] PCF8551 — Data sheet

[2] PCF8553 — Data sheet
[3] DE-301-RGB/A — Display Elektronik GmbH, 24-January-2011
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7. Legal information

PCF8551 and PCF8553 applications

7.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
maodifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

7.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product

AN11566

All information provided in this document is subject to legal disclaimers.

design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express, implied
or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fitness for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be liable
to customer for any special, indirect, consequential, punitive or incidental
damages (including without limitation damages for loss of business, business
interruption, loss of use, loss of data or information, and the like) arising out
the use of or inability to use the product, whether or not based on tort
(including negligence), strict liability, breach of contract, breach of warranty or
any other theory, even if advised of the possibility of such damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by customer
for the product or five dollars (US$5.00). The foregoing limitations, exclusions
and disclaimers shall apply to the maximum extent permitted by applicable
law, even if any remedy fails of its essential purpose.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

7.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.
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