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Description Features

Currently, all AMOLED display supply devices from Tl e High Efficiency > 90 %

are restricted to an inpu_t voltage of lower than 5 V. « Input Voltage From 6 to 21 V

However, the demand rises up to supply these panels . .

directly from the input supply in notebook PC or tablet ~ * Small Solution Size

PC applications where the input voltage ranges * High Output Current Capability (up to 1.4 A)
betv_veen 6 and 21 V_or even more. This _reference _ « Cost Reduction

design offers a solution for such applications by using . .

the AMOLED bias device TPS65635 and an additional ~ * Enable Logic for Power Sequencing
pre-regulator (buck-converter), the TPS54302. The e Improved EMI Performance

optional enable logic ensures low shutdown current.
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PMP9800 Design Folder + Tablets
TPS65635 Product Folder
TPS54302 Product Folder
SN74LVC2G132 Product Folder
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PMP9782 Tools Folder
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Vor —2Y0Veeuwon)
AMOLED _s5v
Supply Vo2 [———OVewvss)

Vos ﬂovwm

EN_VO3 O EN_VO3
CTRL O CTRL
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1.1.2

1.2

System Overview

System Description

To support higher input voltages, it is necessary to add a pre-regulator in front of the TPS65635. For
highest efficiency, the TPS54302 device is suggested. This converter is configured to generate an output
voltage of 4.7 V, which is the supply voltage for the TPS65635. The implementation is based on the
TPS54302 user’s guide (SLVUAP9). For a detailed design description, see the TPS54302 datasheet
(SLVSDGS).

In some applications, a charge-pump in the source driver generates V ,pp, . Therefore, Vsypp, is not used
and only Vg yss) has to be programmed. In this case, see Figure 2. The enable circuitry is required to filter
out the program pulses of the CTRL signal with the advantage that the CTRL signal can be used to enable
the pre-regulator.

TPS65635

The TPS65635 integrates a boost converter for the V,pp, rail, a boost converter for the Vg ypp, rail, and
an inverting buck-boost converter to provide Vg yss). As this device is originally designed to supply battery
operated products the input voltage ranges from 2.9 to 4.7 V.

TPS54302

The TPS54302 device is a 3-A synchronous buck converter and focuses on high efficiency. The device
includes two integrated switching MOSFET’s and an internal loop compensation. The device requires only
eight additional external components. As the MOSFETSs are integrated and employs a SOT-23 package,
the TPS54302 achieves high power density and offers a small footprint on the PCB.

Additionally, the device introduces a frequency spread spectrum operation and therefore improves the EMI
performance.

Key System Specifications
The key system specification from the TPS65635 plus the TPS54302 are set as the following:
e Input supply voltage V, of 6 to 21 V
« Output voltage of the TPS54302 device of 4.7 V
» Output voltages of the TPS65635:
— A positive supply voltage Vpp, for the display source driver of 7.6 V at up to 90 mA
— A positive supply voltage Vg ypp, for the OLEDs of 5V atup to 1.4 A
— A negative supply voltage Vg, yss, for the OLEDs of -5 V atupto 1.4 A

This Tl Design operates with a wide range of input supply voltages. Table 1 shows the input supply
voltages typically used by the target applications.

Table 1. Typical Input Supply Voltage Ranges

APPLICATION INPUT VOLTAGE RANGE
2s Li-lon battery + mains adapter: 6 V<V, <21V

NBPC - -
3s Li-lon battery + mains adapter: 9V <V,<21V
Tablet 2s Li-lon battery: 6 V<V, <12V
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1.3 Block Diagram
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Figure 1. Schematic Overview Configuration With AVDD Required
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Figure 2. Schematic Overview Configuration Without AVDD Required With Enable Logic
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Highlighted Products

The reference design for AMOLED display applications that are supplied by high input voltages of up to 21

V features the following devices.

TPS65635

» Triple output AMOLED bias supply device

e Output current capability of u

TPS54302
» Synchronous buck converter

SN74LVC2G132

» Dual 2-input NAND gate with
* NanoFree package available

SN74LVC1G04

» Single inverter gate
Ultra-small DPW package av

ptol4A

with integrated switching FETs

EMI friendly due to frequency spread spectrum

Schmitt-trigger inputs

ailable

4
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2 Testing and Results

2.1 Test Setup

This section describes how to set up the proposed design correctly. This refers to Figure 3.
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Figure 3. Schematic PMP9800 AMOLED Supply

211 Power Supply

Copyright © 2016, Texas Instruments Incorporated

Connect the power supply between pin 1, 2, 3 and pin 4, 5, 6 of jumper J10. For an accurate operation
use a four-terminal connection. To minimize the parasitic inductance, TlI recommends to use a short cable
(less than 20 cm), twist the power (pin 1, 2, 3) and the return (pin 4, 5, 6) conductors together.

2111 Load Condition

The connection of the loads of the AMOLED device must only be connected when the power supply has
been switched on and the converters TPS54302 and TPS65635 are in regulation. To verify whether they
are in regulation, measure the pre-regulator output voltage of test point TP1 and on Jumper J11, J12 and

J13 for the output voltages of the AMOLED part.

It is crucial that both converters are in regulation before you can program the TPS65635. After confirming

that both converters are in regulation, add the load:

* For Vgpp) between pin 1, 2, 3 and 4, 5, 6 of Jumper J11.
* For Vgyss) between pin 1, 2, 3 and 4, 5, 6 of Jumper J12
* For V(aop) between pin 1, 2, 3 and 4, 5, 6 of Jumper J13

TIDUC66—0October 2016 Reference Design of an Efficient High V;, AMOLED Supply for Consumer 5
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21.2

Jumper Settings

There are few jumpers on the proposed schematic that can be set according to the application
requirement. The main different application requirements and the according jumper settings are listed in

Table 2:

Table 2. Jumper Settings

REQUIREMENT

ENABLE SIGNAL

JUMPER SETTING

REMARKS

V(avop) required

External signal EN_VO03 controls
the TPS54302 and the V(aypp) rail
of the TPS65635

J8: EN = External
EN_V03

Connect a jumper between pin 3 and pin 2 of
jumper J8.

JP2: Not connected

Do not connect a jumper on jumper JP2.

JP3: As required

Use JP3 as standard enable jumper or connect an
external signal CTRL on pin 2.

Input supply controls the
TPS54302 and the Vaypp, rail of
the TPS65635

J8: EN = EN_V03

Connect a jumper between pin 3 and pin 2 of
jumper J8.

JP2: EN_VO03 =on

Connect a jumper between pin 3 and pin 2 of
jumper JP2.

JP3: As required

Use JP3 as standard enable jumper or connect an
external signal CTRL on pin 2.

V(avop) Not
required

Program signal controls the
TPS54302 and the Vg ypp) OF
Vewvss rail of the TPS65635

J8: EN = CTLR1

Connect a jumper between pin 2 and pin 1 of
jumper J8.

JP2: EN_VO03 = off

Connect a jumper between pin 2 and pin 1 of
jumper JP2.

JP3: CTRL = external

To program, connect the program signal on pin 2 of
jumper JP3.

JP6: VLOG = Connect a power supply 3.3-V on pin 2 and GND on
33V-5V pin 1 of jumper JP6.
. _ If fast discharge is not required, connect a jumper
. JP4: FD = off between pin 3 and pin 2 of jumper JP4.
Fast discharge — - - - -
IP4: ED = on If fast discharge is required, connect a jumper
’ between pin 2 and pin 1 of jumper JP4.
. _ If start-up short detection is not required, connect a
Start-up short JP5: SSD = off jumper between pin 3 and pin 2 of jumper JP4.
detection o i i i i
IP5: SSD = on If fast discharge is required, connect a jumper

between pin 2 and pin 1 of jumper JP4.

@)

If programming is not needed, the CTRL pin can be used as a standard enable pin. In this case, connect a jumper between pin 3

and pin 2 or between pin 1 and pin 2 to enable or disable the output voltages Vg yppy and Ve vss)-

The TPS65635 can be programmed according to the device's datasheet on (SLVSCI9). The programming

+ Change the output voltage of V(sypp) OF VigLyss)
» Change the overcurrent detection value

The output of the pre-regulator and the outputs of the AMOLED supply have external enable pins that
needs to be set accordingly. This Tl Design offers an enable logic where the user can omit one
unnecessary signal that is the enable signal for the pre-regulator. The following subsections describe the
power sequence possibilities for different cases.

2.13 Programming

is necessary to:
214 Power Sequencing
6
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2.1.4.1  Vuop) Required: EN = EN_VO3

If the application does require the V ,pp, rail, then there are two choices to power on the system. The first
choice is to use the dedicated enable signal EN_VO3 to enable the pre-regulator that sequentially powers-
on the V,pp, rail of the AMOLED device when the interrail voltage Vo, of 4.7 V has been achieved. To
use this setting:

1. Connect a jumper between pin 3 and pin 2 of jumper J8.

2. Do not connect a jumper on jumper JP2.

3. Connect the external EN_VO3 signal on pin 2 of Jumper JP2.

4,

Use jumper JP3 either as a standard enable pin or connect an external signal on pin 2 to program the
TPS65635 device.

The Vg vopy) and Vg s rails need to be enabled separately by the CTRL signal. For reliable operation,
keep the CTRL pin low for about 5 ms until the output voltage of the pre-regulator and the V ypp, rail of the
TPS65635 is in regulation. The first rising edge of the CTRL signal will start the power-on sequence of
V(ewvopy @Nd Vg yss)- The Vg yss) inverting buck-boost converter begins with -5 V default value 10 ms after
the CTRL pin goes high.

If the EN_VO03 signal is set to low, it takes about 11 ms until the V ,pp, rail is powered off. Disable the
V(eLvopy @nd Vg yss rail after this.

\ 7 = Vir+ Vir- —\

—>» le— 5ms —»| le— 11ms

EN_VO3

V (avop)
|
CTRL | ||||"'|||||I
}
v, V '
(ELVDD) |
|

V(ELss) (> 10ms
* | !/_
\ I , ————— Programmed voltage

———————————————————— -5.0 V (default)

Figure 4. Power-On and Power-Off Sequence With Dedicated EN_V03 Signal

The second choice is to use the input voltage V, and automatically enable the power-on sequence. To use
this setting:

1. Connect a jumper between pin 3 and pin 2 of jumper JP2.

2. Connect a jumper between pin 3 and pin 2 of jumper J8.

3. Use jumper JP3 either as a standard enable pin or connect an external signal on pin 2 to program the
TPS65635 device.

The controlling of the V g \pp) @and Vg yss) rails have to be handled the same way as in the first choice

setting.

If the application requires V ,pp), the enable logic is not needed. This means the user do not need to
connect a supply voltage Vo on JP6. Short out CTLR1 to CTRL by connecting pin 1 of Jumper J8 to pin
2 of jumper JP3 to power on the pre-regulator and sequentially the AMOLED bias device.
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2.1.42  Vuop) Not Required: EN = CTRL1

If the application does not require the Vpp, rail, then use the CTRL signal as an enable signal to power
on and power off the system. In this case, the enable circuit is required to filter out the program pulses of
the CTRL signal. To use this setting:

1. Connect a jumper between pin 2 and pin 1 of jumper J8.

2. Do not connect a jumper on jumper JP2.

3. Connect the program signal CTRL on pin 2 of Jumper JP2.

4. Connect a supply voltage Vg 0on pin 2 of jumper JP6 and GND on pin 1.

If CTRL pin goes high, it takes about 5 ms until the output voltage of the pre-regulator and the Vg, rails
of the TPS65635 is in regulation. The Vg, yss, inverting buck-boost converter begins with the -5 V default
value 15 ms after the CTRL pin goes high. When the CTRL pin goes low, the output voltages of the
TPS65635 will shut down immediately.

:<—>:— 5ms ! !
V(ELvbD) I :/ I |
| oo | 6oy
I | | '
V(eLvss) |4—H— 10 ms I
|
Y —

|
\ | , ————— Programmed voltage
———————————————————— —5.0 V (default)
Figure 5. Power-On and Power-Off Sequence With Dedicated CTRL Signal

shows a circuit that enables the pre-regulator with the program signal CTRL. For a detailed description of
this circuit, see the application report A Wide-VI AMOLED Supply for NBPC, Tablet and Automotive
Display Applications (SLVA731).

8
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2.2 Test Data

The application circuit of the AMOLED bias supply device TPS65635 and the pre-regulator TPS54302
were evaluated. The following graphs show the efficiency, the different power-on and power-off
sequences, the line and load transient performance, and the output voltage ripple of the AMOLED bias
rails.

221 Efficiency

The following curves show the efficiency of the circuit in case Vsypp) is not required (see Section 2.1.4.2).
The load during this evaluation is connected between Vg ypp) and Vg yss).-

In some applications it appears that there is a strict height constraint for the components. The limiting
parameter for these requirements is the inductor for the pre-regulator. It needs to be considered that

smaller (thinner) inductors comes with higher DC resistance and therefore with lower efficiency. The

following figures show the efficiency of three different solution sizes. The chosen inductors are:

Table 3. Inductor Selection for Efficiency Measurement

SUPPLIER PART NUMBER INDUCTANCE PACKAGE SIZE (L x H x W) DCR (TYP)
Wourth Elektronik 7447714100 10 pH 10 x 5 x 10 mm 23 mQ
Coilcraft XAL7030-102ME 10 pH 6.5 % 3.1 x6.5mm 57 mQ
Cyntec HBELEO61E-100MS-11 10 pH 6.1 x1.5x 6.1 mm 114 mQ
TIDUC66—0October 2016 Reference Design of an Efficient High V, AMOLED Supply for Consumer 9
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Efficiency
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\\\\Q\‘
N N
/ NUNDY
,'

—— Waurth - 10 pH - 5 mm
—— Caoilcraft - 10 pH - 3 mm
—— Cyntec - 10 uH - 2 mm

Output Current (A)

Figure 6. Efficiency versus Output Current

NOTE: V,=12V, No load on Vo0, Viewvon) = 5 V, Vievss) = — 5 V, FD = SSD = ON, T, = 25 °C

Efficiency

94%

92%

90%

88%

86%

84%

82%

80%

78%

76%

74%

2%

70%

—— Waurth - 10 pH - 5 mm
—— Caoilcraft - 10 pH - 3 mm
Cyntec - 10 pH - 2 mm

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Input Voltage (V)

Figure 7. Efficiency versus Input Voltage

NOTE: levopewvss = 500 MA, No 10ad 0N Voo, Voo = 5 Vs Vs = — 5 V, FD = SSD = ON,

T,=25°C
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222 Power Sequencing
As described in Section 2.1.4, the enable signal of the pre-regulator can be controlled either by the enable
signal for the V ,ypp) rail or by the program signal for the Vg, yppy and Vg yss rails. Figure 8 and Figure 9
show the power-on and power-off sequences of these cases.

V(ELVDD)
=y

s{ Trigger C
5.0 .00 msidiv Stop 100 mV
100kS 200MSis Edge Positive

-5.00V

idiv
offset

Figure 8. Power-On and Power-Off Sequence With Vypp,

= VIELVDD) / B 1 | ¥

Timebase-14.9 msl Trioger (RS
5.00 ms/div Stop 115V
100kS 2.00MS/s Edge Positive

Figure 9. Power-On and Power-Off Sequence Without V ,pp,

This power-up sequence shows an example when Vg s, is programmed at the time when

NOTE:
the inverting buck-boost converter starts to regulate. As soon as the CTRL pin goes high the
converter regulates to its default output voltage of -5 V and only after that the programmed
value of 2.4 V will be set.
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2.2.3 Line Transient Response
Figure 10 show the line transient response of the circuit under the given condition.

B

Ly T

sf Trigger  CHES
- div Stop 79V
100kS 10.0MSis Edge Positive

Figure 10. Line Transient Response

NOTE: lewvooeivss = 500 MA, lyyop) = 50 MA, V, = 6 10 21 V, tyy = ty = 30 s

224 Load Transient Response
Figure 11 through Figure 14 show the load transient response of the circuit under the given condition.

D B I SR

] R

/(ELVDD) (AC)

se 400 ps
100 psidiv Stop 290 mA
100kS 100MSis Edge Positive

Figure 11. Load Transient Response of Vg ypp) and Vg yss

NOTE: V,=12V, lgvopeivss = 010 500 MA, t) = to, = 1 1S
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T S

e B ENE

2| |
"m L b n " L, " s

‘V(ELVDD) (AC)

e

B e A I

10 5
sidiv Stop 760 mA
100kS 100 MSis Edge Positive

Figure 12. Load Transient Response of Vg ypp) and Vg yss

NOTE: V,=12V, lgvopevss) = 300 to 1400 mA, t, =ty = 1 Us

- I
SV(AVDD) (AC) |
T ol
o 1
i

98 psf Trigger  CIES
100 psidiv Stop  36.0 mA
100kS 100MSis Edge Positive

Figure 13. Load Transient Response of Vaypp,

NOTE: V, =12V, luop = 010 90 MA, t, =ty = 1 s

TIDUC66—0October 2016 Reference Design of an Efficient High V, AMOLED Supply for Consumer 13

Submit Documentation Feedback Display Applications
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUC66

Testing and Results

13 TEXAS

INSTRUMENTS

www.ti.com

18

{V(AVDD) (AC)

100 kS

30.0 mA|
-60.0 mA|

-60.0 mv| Ay

ty

Figure 14. Load Transient Response of V(aypp,

u
100 MSis

DC
53.0 mA
Positive

Trigger
Stop
Edge

NOTE: V, =12V, lyuop = 30 t0 90 MA, t, = t, = 1 1S
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3 Design Files
3.1 Schematics
To download the schematics, send a request to display_power_evm@list.ti.com.
3.2 Bill of Materials
To download the bill of materials (BOM), send a request to display_power_evm@list.ti.com.
3.3 PCB Layout Recommendations
3.3.1 Layout Prints
To download the layer plots, send a request to display_power_evm@list.ti.com.
3.4 Altium Project
To download the Altium project files, send a request to display_power_evm@list.ti.com.
3.5 Gerber Files
To download the Gerber files, send a request to display_power_evm@list.ti.com.
3.6 Assembly Drawings
To download the assembly drawings, send a request to display_power_evm@list.ti.com.
4 Software Files
To download the software files, send a request to display_power_evm@list.ti.com.
5 References
1. Texas Instruments, A Wide-Vi AMOLED Supply for NBPC, Tablet and Automotive Display Applications,
Application Report (SLVA731)
2. Texas Instruments, WEBENCH® Design Center (http://www.ti.com/webench)
6 About the Author
ILONA WEISS is an applications engineer at Texas Instruments, where she is responsible for developing
reference design solutions for the display market.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl products, and
no additional obligations or liabilities arise from TI providing such reference designs or other items.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.

Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all Tl products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has all the necessary expertise to create and implement
safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
likelihood of failures that might cause harm and take appropriate actions. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY 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 Tl products or
services are used. Information published by Tl 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 the reference design or other items described above may require a license from a
third party under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
WARRANTY AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-
INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT,
SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH
OR ARISING OUT OF THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.

Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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