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Bipolar TFT LCD Supply Using TPS65131-Q1
and Charge Pumps
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Abstract

This reference design provides an easy solution for display applications requiring bipolar supply voltages
+AV,, for the source driver and additional supply voltages Vg, and Vg, for the gate drivers.

The +AV, part of this reference design uses a standard application circuit and is covered by the
TPS65131-Q1 device, so this document focuses on the charge pump circuitry added to generate Vg, and
Vg

The following guide describes a circuit that addresses the requirement of four output voltages by using
only one converter IC and adding two charge pumps.

The components in this guide are for automotive applications, but the circuit is equally valid for consumer
applications that normally use non-Q1 parts.

This reference design also details the design and selection of the components and provides measurement
results showing the performance of the circuit.

2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.
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1 Application Description

The following Figure 1 shows the standard application circuit supplying +AVy, for the display source
drivers, as well as the additional circuitry generating Vg, and Vg, for the gate drivers. The basic application
parameters are:

» Input supply voltage: V\y =3.3V + 10%

» Positive output voltage for source driver (+AVpp): Veos = 6.3 V at 100 mA

* Negative output voltage for source driver (—AVpp): Vyeg = —6.3 V at 100 mA
» Positive output voltage for gate driver: Vg, = 16 V at 10 mA

* Negative output voltage for gate driver: V5 =—-10 V at 10 mA
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Figure 1. TPS65131-Q1 Circuit Schematic and Charge Pump
2 Bipolar TFT LCD Supply Using TPS65131-Q1 and Charge Pumps TIDU978—-May 2015

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU978

I3 TEXAS
INSTRUMENTS
www.ti.com Circuit Description
2 Circuit Description
Figure 1 is based on the TPS65131-Q1, a highly efficient, dual-output DC-DC converter. One output
voltage generates +AVy, (boost converter) and the other generates —AVy, (inverting converter). For
further details on the configuration of the TPS65131 device, refer to the TPS65131-Q1 datasheet
(SLVSBB2). The main supply AV, provides a high current (in the range of 100 mA) and is required to be
very precise (in the range of 1%), which is fulfilled by the TPS65131-Q1 device.
The main supply AV, provides a high current and is required to be very precise (in the range of 1%),
which is fulfilled by the TPS65131-Q1 device. The additional supply for the gate driver (Vg or Vi) is less
demanding, allowing a simpler solution. Because of the lower demands of the gate driver, two charge
pumps driven from the switch pin of the boost converter can be used to generate the Vg, and Vg, rails.
The boost converter includes a small MOSFET that synchronously rectifies the output whenever the
inductor current is negative. This rectification ensures that the boost converter always operates in
continuous conduction mode (CCM) and that the connected charge pumps are driven continuously. The
inverting buck-boost converter does not have a synchronous rectifier and operates in discontinuous
conduction mode (DCM) at low output currents and is therefore not suitable to drive the charge pumps.
The power-save mode of the boost converter must be disabled, as in this mode the converter ramps up
the output voltage with only one or several operating pulses, which disrupts correct operation of the
charge pumps.
2.1 Output Regulation of TPS65131-Q1
2.1.1 Choosing Feedback Resistor
The output voltage Vpqs is fed back to the TPS65131-Q1 through R2 and R3 and compared to a 1.21-V
reference voltage. Calculate Vo5 using the following Equation 1:
Veog = (MJ x1.21V
R3 (1)
Rearrange the equation to solve for R2 in Equation 2:
V
R2 =|-PO9S _1|xR3
1.21 )
With R2 = 680 kQ and R3 = 162 kQ, the nominal value of Vpo5 = 6.29 V.
The same behavior applies to the negative output voltage Vg by following Equation 3.
R4 3
Rearrange the equation to solve for R5 in Equation 4:
R5 — |VhEC| | R4
4
With R4 = 158 kQ and R5 = 820 kQ , the nominal value of Vs = —6.28 V. For further detailed information,
refer to the TPS65131 datasheet (SLVS493).
2.1.2 Choosing Output Capacitance
The allowed output voltage ripple of the converter defines the total capacitance value. Equation 5 defines
the output capacitor for the boost converter and Equation 6 defines the output capacitor for the inverting
converter. The following equations are valid assuming the equivalent series resistance (ESR) of the
capacitors is negligible.
_ loutp % VPos — Vin
MINp =
P fsAV, (Vpos * Vin) (5)
co lout,, * VNEG
MINy =
N fsAVN x (VNeg — Vin) (6)
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2.2

2.3

24

With a chosen ripple voltage in the range of 10 mV, a minimum capacitance of 8 yF is required. Due to
the high DC bias of ceramic capacitors, either the capacitor voltage rating or the capacitor value must be
increased to meet the minimum capacitance requirements. Tl recommends using 4 x 4.7 yF on both
outputs. For further detailed information, refer to the TPS65131 datasheet (SLVS493).

Positive Charge Pump Description

The switch node of the boost converter generates a pulse with an amplitude of the output voltage minus
the voltage drop of the rectifier diode (Vp,), using this node to drive the charge pump doubles the output
voltage. Figure 2 shows the operation of a charge pump configured as a voltage doubler.

VPOS

I
.

L 4 [ L

Figure 2. Positive Charge Pump Doubler

tOFF

»

During the device on-time tyy with Vg, = 0 V, the flying capacitor C,, charges to Vpos - Vi, through the
D1 diode. During the off-time toer With Vg, = Vpos + Vi), the pre-charged C is lifted up with
Veos + Vep) — Vep2), Causing a capacitor charge of:

Ve, = 2Vpos + Vi) — Vron — VFp2) )

The charge pump structure allows n-times multiplication of the supply voltage by adding n-1 stages. With
the given requirements, two stages are realized as the output voltage of the charge pumps is three times
the output voltage of the boost converter.

In the inverting charge pump, the flying capacitor works the same as the positive, except the diodes are
upside down and referring to GND, not to Vpos. When choosing the right components for the charge pump
the requirements are the same as for the inverting charge pump.

Choosing Flying Capacitor

The flying capacitor delivers the energy to the load. The dimensions for the flying capacitor must not be
too large, as the size increases. The flying capacitor must not be too small, either, as a smaller
capacitance means higher peak currents. The typical range for the flying capacitor is between 100 nF and
1 uF.

To reduce the current spikes, a resistor is placed before the flying capacitor. Although a higher resistance
limits the current sufficiently, the losses are too high, as it causes a voltage drop on the output. The typical
range for the resistor value is between 2 Q and 8 Q.

Choosing Diodes

Choose the diodes that can withstand the peak current in addition to blocking at least twice the supply
voltage of the charge pump stage. The forward voltage drop must be minimized for a higher efficiency.

Tl recommends using the BAT54S diodes due to the low voltage drop and small package solution.

4
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2.5 Vg, Regulation
The positive post regulator ensures that the output voltage remains stable when the load current varies.
This stability is realized using a transistor Q4 and the shunt regulator U2, (see Figure 3). The voltage
divider with R10 and R11 set the output voltage referring to the internal virtual reference voltage
Veere = 1.24 V of the TLVH431A, which enables to behave as an error amplifier.
Using a Zener diode instead of the shunt regulator is also possible, but TI recommends the TLVH431A
due to a higher precision, small package solution, and the availability of a Q1-standard.
Q4
Charge 2N3904
VGH
Pumps
R9
2kQ R11
137 kQ
c14
0_| l—' 10 nF
=
u2
TLVH431 | | Vier R10
11.5 kQ
N
Figure 3. Vg, Regulator
The value of R9 is not critical, but it must be small enough to supply the Q4 base current under worst-
case conditions.
The voltage on Q4 is approximately Vg, as Equation 8 shows:

Veay = 3Vros + 2Vep2) — Vro3a) — Vro3s) — VFo4a) — VF(D4B)
VC(Q4)=3(6.3V)+2(05V)-05V-05V-05V-05V=179V 8)
The voltage on the base of Q4 is 16.7 V (Vg + Vgqq). FOr an output current of 10 mA (assuming a Q5 DC
gain of 100), the base current is 100 pyA. To bias U2, which requires at least 100 yA, R9 must not be
larger then 8 kQ.

The capacitor C14 provides stabilization of the feedback loop.
Because Vg is included in the feedback loop, the voltage drop does not affect output voltage accuracy.
2.6 V; Regulator
A TLVH431A device also regulates Vg, but because this device is not designed to regulate negative
voltage, Q3 and Vgg(o3 are not included in the feedback loop (see Figure 4).
Q3
Inverting 2N3906
Charge Pump _Z—o Vo
R14
2kQ
! TV R13
> 17.4kQ
us R12
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Figure 4. V5 Regulator
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2.7

Taking this control problem into account, the voltage divider with R13 and R12 must be set using
Equation 9:

R12
Ve = _(FBJ x VRer + VBE(Q3) o

Equation 10 shows the voltage on the Q3 collector.
Ves) = —(Vpos + VEp2) = VNeg) + VFpsa) + Vrpss)

Ves) =-(63V+05V--63V)+05V+05V=-121V (10)

The value of R14 must also be no larger than 8 kQ. Due to the feedback loop, the Vg, regulation over
temperature and output current is slightly worse than the regulation of Vg,,.
Unregulated

For less demanding applications, omitting the post regulator circuits is possible.

6
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3 Performance

The following tests were performed with a 3.3-V input voltage supply. All measurements show functionality
while the power safe mode is OFF on both output stages of the TPS65131-Q1 device.

3.1 Start-Up and Shutdown

3.1.1 Start-Up

Figure 5 shows the startup behavior of the positive and negative output rail Vo5 and Vg at a load current
of 100 mA. The input voltage V,, has a rise time of 100 us. The output rails Vg, and Vg are shown at a
load of 10 mA. Figure 6 shows the inrush current.
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Figure 5. Start-Up
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Figure 6. Inrush Current I
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3.1.2 Shutdown
Figure 7 shows the shutdown behavior of the Vo5 and Vs outputs at a load of 100 mA.
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Figure 7. Shutdown

3.2 Load Transient

Figure 8 shows the load transient of the output stages of the converter. The figure also shows the voltage
regulated at the load. In this example, the voltage variation of Vo5 during load transients is up to £20%.
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Figure 8. Vpos and Vs Load Transient Response (Igyr = 0 mA to 100 mA)
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Figure 9 shows the load transient of the charge pumps at a load of 0 A to 10 mA.

Tek Stop —
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Figure 9. Vg, and Vg Load Transient Response (Ioyr = 0 mA to 10 mA)

3.3 Line Transient

Figure 10 shows the line transient behavior of the output rails of the converter. The supply voltage change
at Vo lies in the range of 6%, Vg lies in the range of 3%. Line transient measurements were
performed for a step from Vy =0V to V,y,=3.3 V.
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Figure 10. Vpos and Vg Line Transient Response
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Figure 11 shows the line transient behavior of the charge pumps. The supply voltage variation is almost
not visible in the curves of the load voltage.
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Figure 11. Vg, and Vg, Line Transient Response

3.4 Load Regulation

Figure 12 and Figure 13 show the percent change of the output voltages when increasing the load current
up to 50% above the specified output current. The output voltages of the converter Vo5 and Vygs Stay
constant at +6.3 V with a slight difference of almost 0.3% at 150 mA.

Due to the good performance of the positive post regulator, the output voltage of the charge pump Vg, is
perfectly stable. Vg shows a slight variation up to 1.5% at 15 mA.
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Figure 12. Vo5 and V,; Load Regulation Figure 13. Vg, and Vg Load Regulation
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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