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LCD Voltage Pins Explained

This note will briefly explain the various voltage pins available on an LCD. These voltage pins can be seen on
character, graphic and TFT displays. As an example, a graphic LCD will be reviewed. The graphic display that will
be discussed is a 128x64 dot transmissive graphic LCD. This is part number G12864B-BW-LW63. Please review
the specification sheet of the display and the embedded display controller ST7565P for further details on
this display.
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Below are the names and definitions of the voltage pins that can be seen on this display. These pins are
typical on graphic LCDs and these definitions are consistent between displays. The specification sheet of the
individual display should be checked to verify the pin names and definitions.

Voltage input pin. Typically, 3.3V or 5V (depending on the
display). Needs to be applied externally to this pin. This voltage is
used in the internal voltage boosting circuit that is available on

VDD Input Volt
the display. Options are available for the multiplication of this npu oltage
voltage that is boosted. This will also be used as the logic voltage for
the display’s interface operations.

VSS Voltage ground pin of the display. Connect to the ground of the Input Ground

input voltage VDD.
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Voltage output pin. This is the output voltage of the voltage
boosting circuit. This pin can be measured across VO and VSS as
the stepped-up voltage that is used for the pixels on the display.
This pin does not need voltage to be applied if using the internal
voltage boosting circuit. The voltage boosting circuit can be Connected to
. , Input/ VDD/VSS or
VO turned on/off through commands to the display’s controller. Output external
Review the controller's datasheet ST7565 for command power
definitions. If using the other voltage controlling circuits but not the
voltage boosting circuit, voltage will need to be applied
externally to this pin. If using the voltage boosting circuit, you
can connect this pin to a capacitor into VDD or VSS.
Voltage regulator pin. The display’s controller IC contains a
voltage regulating circuit that consists of an internal voltage
divider. This pin will adjust the contrast of the displays pixels by Open or
increasing or decreasing the voltage of the booster circuit. This pin Connected to
VR remains unconnected if using the internal voltage regulator. If not Input/ resistors in
using the internal voltage regulator, resistors can be Output an external
connected across VR and VSS and across VR and VO to create an voltage
external voltage divider for the display. The internal voltage divider
divider circuit is controlled by commands defined in the IC
controller datasheet ST7565.
Stages of the voltage boosting circuit. These pins need to be
connected to capacitors (1-2.2uF) to VDD or VSS when using the Capacitor or
. . . N . External
VA0 voltage boosting/regulating/following circuits. If not using these Input/ voltage
circuits, you will need to connect these pins to an external power Output variant for
supply at different voltage stages while maintaining the each VO-V4
relationship: VO2V1>V2>V32V42>VSS.

Pin Connections

The voltage pins that require a connection are VDD, VSS, VO and the V4-VO while VR can be left open
when using the internal voltage regulating circuit. Each of these voltage pins are a part of the internal
voltage controlling circuits. The VO pin is the output voltage of the voltage boosting circuit. V4-VO are the pins
at each step of the voltage boosting circuit, with V4 being the first stage and VO being the highest stage.
The VR pin is for the voltage regulating circuit which consists of an internal voltage divider which can be set
to adjust the voltage of the boosting circuit. If not using these circuits internally, an external voltage can be
applied at these pins.

Some graphic displays will have on board capacitors available for the pins which require them. The display in
this example does not and therefor external capacitors will need to be connected to the required pins. A
reference of the voltage controlling circuits will show the pins that require the capacitors. VSS and VDD do not
require capacitors and will always need to be connected to ground and voltage supply.

It is recommended to use the internal voltage boosting circuit to provide the different voltage levels of the
pins V4-VO. Graphic LCDs require different voltage levels for the com and segment lines that generate the
pixels on the display. Refer to the controller datasheet for details of the combinations of the com and
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segment voltages and their waveforms. If not using the internal voltage boosting circuit, you will need to apply
different voltages to each of the V0-V4 pins.

V4-V0

The internal voltage boosting circuit can provide the voltages required for pins V4-VO that meet the
requirement: VO2V12V22V32>V42VSS. Otherwise you will need to provide these different voltages externally
to meet these requirements.

In the case that the voltage boosting circuit is used, the V4-V0 pins should be connected to a capacitor in the
range of 0.1-4.7uF (depending on the size of the display) between each pin and VSS or VDD. Below is a
reference of the required pin connections both with and without the use of the voltage boosting circuit.
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- Graphic LCD - Graphic LCD
G12864B-BW-LW63 G12864B-BW-LW63
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Bequired Voltage Pin Connections

Bequired Veltage Pin Connections
(Internal Voltags Boosting Circuit Usad)

(Internal Voltage Beosting Circuit Not Used)

The pin V4 will have the lowest voltage when measured across VSS when using the internal voltage divider. Pins
V3-VO will increase in voltage to meet the desired output voltage. The multiplier capacitor
configuration circuits are specified in the datasheet of the controller. The highest voltage that is the result of
the voltage boosting circuit will be at VO and VO. This can be measured at each of the pins with a
multimeter when connected across VSS.

VO

The VO pin, also known as Vout, is the output voltage of the voltage booster circuit. This circuit can
increase the input voltage at VDD by a set multiplier which indicated by the connected capacitors. The
multiplier can range from 2 to 6 times VDD. The choice in the multiplier value should be based on the value
of the input voltage, VDD, and the voltage ratings of the display. The voltage that is stepped up from this circuit
can be measured at the pin VO across VSS. Below is an example of measuring the stepped-up voltage VO at
an input voltage of VDD=3.3V. The circuit and capacitor connections demonstrate a 3xVDD voltage boosting
circuit.
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The voltage can be measured across VO as the stepped-up voltage of VDD at the set multiplier by a digital
multimeter. Additionally, you can measure the different voltage stages across each of the V0-V4 pins.
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VDD or V55 Voltzze Boosting Circuit DM
(3x Step Up VDD)

VR

The voltage regulator circuit controls the voltage boosting circuit, specifically VO. The VR pin can be left open
when using the internal voltage regulating circuit. This circuit is programmed through commands which
adjust the resistive voltage divider and the electronic volume function. This will adjust the contrast of the
pixels on the display without the use of external resistors.

If not using the internal voltage regulator, an external voltage regulator can be connected through this pin,
VO and VSS. Below is a reference circuit of the internal and external uses of the VR pin.
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