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Introduction

The LED7708 has been specifically designed to supply several LEDs starting from a single
low voltage ralil. It integrates a boost controller, sixteen current generators and a 4-wires
serial interface. The boost controller regulates the output voltage in an adaptive way,
according to the LEDs need, resulting in improved overall efficiency. All the current
generators are 40 V rated, allowing the LED7708 to drive several LEDs in series on each
channel. The channels can be put in parallel for higher output current. The brightness of the
LEDs is controlled by using the serial interface. A selectable 12 bit or 16 bit gray scale
brightness control allows independent PWM on each channel. A programmable on chip
dimming oscillator is provided for external circuitry simplification. The device has dedicated
pins to lock synchronized with other devices (master or slave) for noise reduction in multi-
device applications. The LED7708 implements basic protections (OVP, OCP and thermal
shutdown) as well as LED array protection. It can detect and manage open-LED and
shorted-LED faults and different fault-management options are available in order to cover
most of applications needs.

This document is intended as a reference guide for getting started with the LED7708 LED
driver by means of the STEVAL-ILLO35V1 board and a minimum of equipment, basically a
DC power supply and a PC.

A general step-by-step component selection procedure is also provided in case a particular
application involving the LED7708 in boost configuration has to be designed or cannot
directly satisfied by the optional settings of the STEVAL-ILLO35V1 evaluation board.

Figure 1. STEVAL-ILLO35V1 evaluation board
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STEVAL-ILLO35V1 evaluation board

The purpose of the STEVAL-ILLO35V1 evaluation board is to provide an application
example of a compact LED backlight driver using the LED7708 device.

The board is equipped with a LED7708 LED driver and the surrounding components (setting
resistors, loop compensation network, power components related to the boost converter
section) plus an STM32 microcontroller section to easily control all the features via a USB
connection.

The output voltage required by the LED strings connected to the outputs is derived from a
single input rail and continuously adjusted to minimize the voltage drop (and power
dissipation) across the channels. The brightness of each LED string is independently
controlled with a 12 or 16 bit PWM dimming through the serial interface.

A programmable fault detection and management circuitry can be set to automatically
disconnect faulty channels without the need for the host controller intervention.

The board has been designed as a reference application for medium/large LCD panel
backlight drivers, but is suitable for any application involving several LEDs arranged in
strings (e.g. advertisement panels, street signage, gaming, etc.).

Table 1 summarizes the main features of the STEVAL-ILLO35V1 evaluation board.

Table 1. STEVAL-ILLO35V1 board specifications summa  ry

Parameter Conditions Value
Minimum input voltage 12v
Maximum input voltage 24V

Output voltage 322V +43.4V
Output OVP threshold 48.6 V
Boost section switching FSW pin connected to LDO3 600 kHz
frequency FSW trimmer 200 kHz + 1 MHz
Dimming frequency range 60 Hz + 6 kHz
Minimum dimming on-time 10 us
Output (LED) current 20 mA x 16 ch
Supmorenacers | osvsvomsLy 2%y (35
i hannel to channel RISETH =60 KO
Ma(;(lljrtrp])lljjrtnczrrent mismatch (ICHx = 20 mA) 2% typ.
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STEVAL-ILLO35V1 evaluation board

1.1

3

STEVAL-ILLO35V1 schematic

Figure 2. LED driver
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Figure 3. STM32 controller
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Figure 4. Connector
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Figure 5. JTAG adapter (separated PCB)
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1.2 STEVAL-ILLO35V1 bill of material (BOM)
Table 2. Bill of material
Item Reference Description Package Value Part number
20 pins male header
1 CON1 SIL 90° 5-826631-0
2 CON3 Mini USB connector 6510-0516121
3 CON2 10x2 female 89883-410LF
connector 90
4 CON4 5x2 female 6233-10235321
connector
Ceramic, 50 V, X7R, GJB31CR71H475
5 C1,Cc2 20% SMD 1206 4u7 KAL2L
6 c3 Aluminium, 32V, 68U 32SEPF68M
8mm
Ceramic, 50 V, X7R, GJ831CR71H475
7 C4,C5 20% SMD 1206 4u7 KA12L
Cc7,C8 4u7
8 Tantalum, 50V 594D475X9050C
C6,C9 NC 2T
8/56 DoclD026860 Rev 2 ‘Yl




AN4578 STEVAL-ILLO35V1 evaluation board
Table 2. Bill of material (continued)
Item Reference Description Package Value Part number
9 c18 100p
C11,C12,C13,
10 C14, C38 1u
C10,C21,C24,
C25, C26
C27,C28,C29, i
11 32, 033, Cel’amIC,si/iV , X5R, SMD 0603 100n
C34,C35,C36,
C37
12 C15,C16,C19 NC
13 C17 4n7
14 Cc20 220n
15 C23,C22 Tantalum, 10V SMA 10u T491A1_?_6K01OA
16 C30,C31 Ceramlc,502/05v, NPO, SMD 0603 10p
17 D1 STPS1L60A
Schottky, 60V, 1A SMA STPS1L60A
18 D2 STPS1L60A
KP-2012SRC-
19 D3 Red LED PRV
20 D4 Blue LED KP-2012PBC-A
21 D5 Red LED Kp'zglR%/SRC'
SMD 0805
22 D6 Yellow LED KP-2012SYC
23 D7
KP-2012SRC-
24 D8 Red LED PRV
25 D9
26 F1 Fuse SMD 1206 200mA 0466.200NR
J1,J2,33,J4,35,
27 J6,J7,J8,J9,J10, Test point hole 1.2mm
J11,J12
PCMB062D-
28 L1 custom_7x7 7X7mm 10u 100MS-11
29 L2 Ferrite bgzd' 300Q, SMD 0805 OR 7427-9203130
30 PB1
31 PB2 430453031836
Pushbutton
32 PB3
33 PB4 434123025816
34 Q1 Power MOSFET SO8 STS5NF60 STS5NF60
‘ﬁ DoclD026860 Rev 2 9/56
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Table 2. Bill of material (continued)

Item Reference Description Package Value Part number
35 R1 120k
Resistor, 1%,
36 R2 0.125W SMD 0603 3k3
37 R3 OR
. . RLT1632-4-R050-
38 R4 Sensing resistor SMD 1206 R0O50 ENH-11
39 R5 1R
40 R6 220k
42 R16 30k
R12,R21,R22,
43 R23,R24, 1k
R25,R26
44 R13 60k
45 R14 Resistor, 1%, SMD 0603 100k
46 R15 0.125W 68k
47 R17 27k
48 R18 680k
49 R19 120k
50 R27,R28,R29 100R
51 R20 10k
52 R32,R33 100k
53 R30 330k
54 R31 22k
55 Swi
strip 3

56 SW2
57 SW3 tin-drop 3+1
58 SW4 Jumper selector

tin-drop 3
59 SW5
60 SW6 tin-drop 2
61 SW7 tin-drop 3

10/56 DocID026860 Rev 2 Kys
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STEVAL-ILLO35V1 evaluation board

Table 2. Bill of material (continued)

Item

Reference

Description

Package

Value

Part number

62

TP1,TP2,TP3,

TP4,TP5,TP6,

TP7,TP8,TPY,
TP10,TP11,
TP12,TP13,
TP14,TP15,
TP16,TP17,
TP18,TP19,
TP20,TP21,
TP22,TP23,
TP24,TP25,
TP26,TP27,
TP28,TP29,

TP30,TP31,TP3
2

Test point (white)

hole 1mm

200-202

63

Ul

LED driver

VFQFPN7x7_48

LED7708

LED7708

64

u2

3V3 Linear regulator

SOT-23

LK11233

LK112M33TR

65

u3

USB protector

SOTT-123-6L

USBUF02W6

USBUF02W6

66

u4

Microcontroller

LQFP-48

STM32F103C6T6

STM32F103C6T6

67

Y1

Crystal resonator

FQ7050B

8MHz

FQ7050B-8.000

1.3

)

STEVAL-ILLO35V1 printed circuit board

Figure 6. STEVAL-ILLO35V1 PCB top view
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Figure 7. STEVAL-ILL0O35V1 PCB bottom view

Board connectors and switches

The STEVAL-ILLO35V1 evaluation board has a set of connectors, test points and switches
that makes easy interfacing it to the measurement equipment. The following tables
summarize the function of each board terminal and test point.

Table 3. STEVAL-ILLO35V1 board terminals descriptio n

Terminal Description
VIN Input voltage, positive terminal
Second input voltage, positive terminal. The second input
voltage id designed to supply the device from an input voltage
VIN2 R . .
lower than the main rail reducing the power consumption due
to the internal linear regulator.
GND Reference ground
CH1 ... CH16 Driver output
SYNC Boost converter synchronization output
FSw Switching frequency selection / synchronization input.
GSSY Grey scale synchronization output
GSCK Gray scale clock 110
XFLT Fault signal, open drain output
VBOOST Boost regulator output voltage

DoclD026860 Rev 2

3




AN4578

STEVAL-ILLO35V1 evaluation board

3

Table 4. STEVAL-ILLO35V1 board test points descript  ion

Test point Description
LDO3 Internal 3.3 V linear regulator output
VDR Gate driver supply
VFB Output voltage feedback for the boost controller
COMP Trans-conductance amplifier output
VSI Serial interface (Sl) core and digital 1/0 buffers supply input
LREN 3.3V linear regulator enable
GSSY Gray-Scale Synchronization output
DIN Serial interface data input
DOUT Serial interface data output
DCLK Serial interface data clock
LE Serial interface latch enable
GSCK Grey-scale clock 1/10
Used for extended output voltage regulation in multi-device
10K applications. Used by slave devices to request a higher output
voltage to the master.
Used for extended output voltage regulation in multi-device
XVOK applications. Used by a slave devices to request an output voltage
reduction to the master.
Used for extended output voltage regulation and fault management in
XOVF multi-device applications. It is used to inform slave devices that the
maximum output voltage has been reached.
This signal is used for extended output voltage regulation &fault
XMSK management in multi-device applications. It is used to avoid incorrect
fault detection by forcing slave devices to ignore LED-short detection
during output voltage steering.
CH1,..,CH16 Driver outputs

DoclD026860 Rev 2 13/56
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Table 5. STEVAL-ILLO35V1 board switches description

Switch Function Default position
This switch selects the supply rail for the LED7708. The power
dissipation of the LED7708 can be reduced by providing a
SW1i lower voltage at the VIN pin of the chip (VIN2 terminal). If the Upper (dot)
switch is in the default position, the supply rail is the same of
the power section of the boost converter (VIN terminal).
This switch selects the digital interface supply voltage (VSI pin).
In the default position the VSI is connected to the supply rail of
Sw2 the MCU, otherwise the VSI pin is connected to the LDOS3 of the Upper (dot)
LED7708.
This multi-position switch is used, in conjunction with the VFB
pin setting, to select the best output voltage swing for a given
LED array.
Center and right
SW3 vee [wywos | exo pads connected
(VMIN to GND)
220K
This switch is used to connect the ISETL pin of the LED7708to | Center and right
Sw4 the R14 resistor (programmable low-level LED biasing current) pads connected
or to LDO3 (default position, no low-level LED biasing current). (dot)
This switch is used to connect the FSW pin of the LED7708 to
LDO3 (default, 660kHz fixed the switching frequency) or to R15 | Center and right
SW5 (programmable switching frequency). When an external pins connected
synchronization clock at the FSW terminal is provided, the (dot)
central pad of the switch should be left floating.
If this switch is closed the internal dimming oscillator is disabled
and the GSCK pin becomes the clock input. If this switch is left
SW6 L . ; Closed
open the dimming frequency is set by a resistor connected
between FOSC pin to ground.
This switch is used to send back to the MCU the serial data
output (DOUT) of the last device connected to the serial bus
SW7 chain. When other boards are connected to the CON3 Center and left pins

expansion connector, the center pad must be connected to the
right one. If the board is used stand-alone, the default position
(dot) must be selected.

connected (dot)

DoclD026860 Rev 2
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AN4578 STEVAL-ILLO35V1 control tool

2 STEVAL-ILLO35V1 control tool

The purpose of the STEVAL-ILLO35V1 control tool is providing an easy way to understand
and discover all the functionalities of LED7708. This section explains how to install the
control tool software and how it is structured.

2.1 Control tool installation

To correctly install the control tool software the user has to follow the procedure suggested
in the InstallShield Wizard. In the following screenshot is shown the first pop up window of
the installation tool.

Figure 8. Initial install shield

LedDriver GUIT708 - InstaliShield Wizard

Welcome to the InstallShield Wizard for
LedDriver GUI7708

The InstallShield Wizard will install LedDriver GUI7708 on
your computer. To continue, click Next.

At the end of the control tool installation, the installation software searches all the necessary
drivers.

If the required drivers are not present onto the PC, the driver installation wizard is
automatically launched. Figure 8 shows a screenshot of the related popup window.

)
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Figure 9. Device drivers installation window

r
Device Driver Installation Wizard g

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work

To continue. click Next

| _ =)=

At the end of the installation procedure, the STMicroelectronics folder should appear into
the “Program Files(x86)” folder in the PC’s hard disk. The folder contains the following sub-
folders:

1. “firmware” folder. In this folder is saved all the firmware downloaded on the
microcontroller placed on STEVAL-ILL0O35V1 board.

2. “stvcp driver”. In this folder is saved the Virtual-COM driver.

3. “LED_SDK.dII"and “PL_001.dIl", the implemented library used for the correct operation
of the control tool.

4. “LEDDriverGUIl.exe”, the executable file of the graphic user interface.

2.2 Control tool features
With a double click on the executable file “LEDDriverGUI”, the following window should
appear.

16/56 DoclD026860 Rev 2 Kys
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Figure 10. LED7708 control tool main window
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In the following paragraphs will be described accurately all the components of the control
tool:

e Tabs

e Shortcuts

e Settings, boost output, grey scale clock groups

¢ Continuous status reading

*  Write and read control registers groups

¢ Channel status and channels control groups

221 Control tool tabs

On the control tool are presents three different tabs:

1. “File”
2. “Mode”
3. “Help”

The first tab, “File”, like shown in the Figure 11, allows connecting and disconnecting the
STEVAL-ILLO35V1 to the PC.

It allows also, with the command “Exit”, to close the GUI.

)
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Figure 11. File tab

‘;Q ST LED7708 Evaluation Tool GUL

The second tab, “Mode”, like shown in the Figure 12, allows selecting the demo mode.

Figure 12. Mode tab

Selecting the “demo mode” tabs appear a new window, reported in the following picture.

Figure 13. Demo mode GUI

B e o e S
| ‘ 0 .mmmmm =a "l
| 0 0 0 O O o o g o o g o oo o |

Ogeon Channels

0 @ 8B B 8B 8 @ 8 8B @ @ 8 g g a o
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Pressing one of the buttons in the “play demo” group and then the “start” button the user
activates one of the demos implemented to show all the functionalities of the device.

Pressing the “enable” button the user activates the automatically controls, realized on the
MCU, of the open and short circuits on the LED chains.

The last tab, “help”, opens the pop up window “about box” on which are described all
information related to the software and firmware development.

3
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STEVAL-ILLO35V1 control tool

2.2.2

2.2.3

)

Figure 14. About popup box

Shortcuts

On the control tool are presents three shortcuts:
1. *“Connect button”

2. “Disconnect button”

3. “Demo mode”

The first button, shown in the following figure, allows connecting the PC to the STM32
placed on the board.

Figure 15. “Connect button” shortcut

The second button, shown in the following figure, allows disconnecting the PC to the STM32
placed on the board.

Figure 16. “Unconnect button” shortcut

The last button, shown in the following figure, allows opening the demo page of the control
tool.

Figure 17. “Demo mode” shortcut

“Settings” group

In the “setting” groups, shown in the following figure, are implemented two different buttons:

DoclD026860 Rev 2 19/56
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1. “LREN"
2. ‘“Default”

Figure 18. “Settings group”
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The LREN pin of the LED7708 enables the 3.3 V linear regulator when high. This pin is
connected to an 1/O pin of the MCU and can be directly controlled by acting on the
corresponding pushbutton of the GUI:

e  Setting “LREN?" button to 0 the device is turned off.
. Setting “LREN” button to 1 the device is turned on.

Pressing the “default” button, the MCU turns-on the LED7708 and writes the configurations
register (DEVCFGO, DEVCFG1, GSLAT and CHSEL) with the default values reported in the

following tables.

DEVCFGO configuration register

Table 6. DEVCFGO configuration register and default  setting

Bit Position Attribute Description

DEN 0 R/W 1 Device ON

EDMI 1 0 | Valid data on CHSTA
OVFW 2 0 Regulation DAC in range
OTAF 3 0 Die temp < 120 °C
OCAD 4 R/W 1 Open channels auto-disconnected
SCAD 5 R/W 1 Shorted channels auto-disconnected
CFP 6 R 0 no protection occurred
RWAS 7 R/W 0 300mV regulation window

DTSO 8 R/W 1 LED short detection threshold
DTS1 9 R/W 0 LED short detection threshold
GSME 10 R/W 1 Gray-scale dimming mode

CRS 11 R/W 0 lower current range (20 mA-45 mA)
OVRS 12 R 0 Output voltage not optimized
OVRE 13 R/W 1 Output voltage regulation enabled
SDMS 14 R/W 0 No slaves devices
DEST 15 R/W 0 FIFO loaded into DEVCFGO

20/56
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DEVCGL1 configuration register

Table 7. DEVCFGL1 configuration register and default  setting

Bit Position Attribute Description
ADJO 0 R/W 0 Current gain adjust
ADJ1 1 R/W 0 Current gain adjust
ADJ2 2 R/W 0 Current gain adjust
ADJ3 3 R/W 0 Current gain adjust
ADJ4 4 R/W 0 Current gain adjust
ADJ5 5 R/W 0 Current gain adjust
CGRS 6 R/W 1 Range 2 selected
LAT16 7 R/W 0 Dimming latency
LAT17 8 R/W 0 Dimming latency
BDFS 9 R/W 0 16 x16 bit format brightness
BRLS 10 R/W 0 16 bit resolution
DTIN 11 R/W 0 Dimming cycle on phase first
DASS 12 RIW 0 ar‘iegfr;tlrl}ﬁgsjse((jjzt:(ijTlr_nEediater updated at
DSYS 13 R/W 0 GSSY pin is pulse output
CSRD 14 R/W 0 Continuous status reading disabled
DEST 15 R/W 1 FIFO loaded into DEVCFG1
‘W DoclD026860 Rev 2 21/56
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GSLAT configuration register

Table 8. GSLAT configuration and default setting

Bit Position Attribute Description

DEN 0 R/W 1 Device ON

EDMI 1 0 Valid data on CHSTA
OVFW 2 0 Regulation DAC in range

OTAF 3 0 Die temp < 120 °C
OCAD 4 R/W 1 Open channels auto-disconnected
SCAD 5 R/W 1 Shorted channels auto-disconnected
CFP 6 R 0 no protection occurred
RWAS 7 R/W 0 300mV regulation window

DTSO 8 R/W 1 LED short detection threshold
DTS1 9 R/W 0 LED short detection threshold
GSME 10 R/W 1 Gray-scale dimming mode

CRS 11 R/W 0 lower current range (20 mA-45 mA)
OVRS 12 R 0 Output voltage not optimized
OVRE 13 R/W 1 Output voltage regulation enabled
SDMS 14 R/W 0 No slaves devices

DEST 15 R/W 0 FIFO loaded into DEVCFGO

CHSEL configuration register

Table 9. CHSEL configuration register and defaults  etting
Bit Position Attribute Description
LATO 0 R/W 0 Dimming latency
LAT1 1 R/W 0 Dimming latency
LAT2 2 R/W 0 Dimming latency
LAT3 3 R/W 0 Dimming latency
LAT4 4 R/W 0 Dimming latency
LAT5 5 R/W 0 Dimming latency
LAT6 6 R/W 0 Dimming latency
LAT7 7 R/W 0 Dimming latency
LAT8 8 R/W 0 Dimming latency
LAT9 9 R/W 0 Dimming latency
LAT10 10 R/W 0 Dimming latency
LAT11 11 R/W 0 Dimming latency
LAT12 12 R/W 0 Dimming latency

22/56
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Table 9. CHSEL configuration register and defaults  etting
Bit Position Attribute Description
LAT13 13 R/W 0 Dimming latency
LAT14 14 R/W 0 Dimming latency
LAT15 15 R/W 0 Dimming latency
Note: For a more detailed description of the configuration registers and the function of each bit,
refer to the device datasheet.
224 “Boost output” group
The “Boost output” group monitors the output voltage of the device. The output voltage is
cyclically sampled by the MCU and its value is shown in the related box of the GUI.
Figure 19. “Boost output group”
2.25 “Gray scale clock” group

3

In the “gray scale clock” group it is possible to define the source of the high-frequency
dimming clock, i.e. the internal oscillator of the LED7708 (see FOSC pin) or a dedicated pin
of the MCU (external source).

By default the gray scale clock is provided by the MCU and the FOSC pin must bet
accordingly (i.e. SW6 must be closed). From the drop-down menu the user could choose
the dimming clock frequency.

Figure 20. “Grey scale clock group”
|0 57 1207708 Evaluation Toal G ool o |

File  Mode  Help

Wiite Control Reginters —— oo

In case the internal oscillator of the LED7708 is used, the SW6 switch must be opened and
the R16 resistor calculated for the desired frequency:

Equation 1

K 4x1011
Fosex = -3¢ = = = 13.3MHz
Rrosc 30000

Where Rposc=R16 in the STEVAL-ILLO35V1 evaluation board.
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2.2.6

2.2.7

24/56

Of course all switches and/or components modifications must be performed after removing
all the power supply rails.

“Continuous status reading” group

In the “continuous status reading” group is shown the content of the internal registers. The
content of the DEVCFGO, DEVCFG1, CHSEL, CHSTA and GSLAT is automatically loaded
into the shift register of the serial interface after the brightness data has been moved to the
buffer. This feature has to be activated through the CSR bit of the DEVCFGO register and
operates only with 1x192-bit and 1x256 bit data formats (see the LED77068 datasheet for
more details).

The commands necessary to set that kinds of data format will be analyzed in the followings
paragraphs.

In the following picture is shown the results of continuous status reading. As it's easy to see
the content of the internal registers is reported in the white boxes.

Figure 21. “Continuos status reading group”
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“Write control registers” group

The “write controls registers” group has been implemented to have a very easy interface to
change the content of the internal registers of the LED7708.

As highlighted in Figure 22, three rows of buttons belong to this group: DEVCFGO,
DEVCFG1 and GSLAT registers. Once the register to be modified has been select through
the selection tag on the left, the content can be changed by acting on ach single bit. The
hexadecimal value is automatically updated. When the final value has been fixed, it can be
sent to the destination register by clicking on the “write” pushbutton.

As visible in Figure 22, there are three different colors for the buttons: grey, light blue and
white. Pushbuttons white highlighted are read only type and cannot be modified.

Figure 22. “Write control registers group”
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On the left of button lines there are three white boxes. On the white boxes there is the
hexadecimal conversion of internal register bit status.

In order to prevent undesired corruption of critical bits during operation, the CRS & SDMS
bits of the DEVCFGO register and the DSYS bit of the DEVCFGL1 register are locked when
the DEN bit of the DEVCFGO register is asserted. The GUI reminds this by disabling the
related buttons when the DEN bit is asserted.

2.2.8 “Read control registers” group

This group consists of two rows dedicated to the reading of the DEVCFGO and DEVCFG1
registers. Once one of the two has been selected through the selection tag on the left, its
content is read and shown in the right side after the “read” push button has been pressed.
The hexadecimal value is also provided.

Figure 23. “Read control registers group”
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Figure 24 shows the content of the two registers after both have been read. It can be
noticed that the read-only bits are red or green highlighted to easily identify abnormal
operation or faulty conditions. The OVRS bit of the DEVCFGO register, in particular, is red-
highlighted when the output voltage is being regulated: this is a normal behavior as the
output voltage is continuously adjusted if the OVRE is high. Therefore subsequent readings
of the DEVCFGO could show a different status of the OVRS bit because of a different
sampled value. The status of the EDME read-only bit depends on the value of the OVRS
one and this dependence is remarked by yellow-highlighting the former.

Figure 24. “Read control register group” updated wi th the OVRS bit low

Eo ool aoonoDo . om |

Elpgp o g 000080800008

2.2.9 “Channels status” group
This group is dedicated to the reading of the channels’ status.

Each bit of this register shows the status of the corresponding channel. After the error
detection sequence takes place, the channels which have an excessive voltage drop (LED
short circuit) or that are unable to regulate the nominal current (open channels) are tagged
as faulty and the related CHSTA bits are asserted.

3
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2.2.10
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Figure 25. “Channel status group” showing three cha nnels subject to faulty condition
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The bit status has the following meaning;
¢ 1 - The corresponding LED channel is active (green-highlighted)
¢ 0 - Afaulty condition has been detected (red-highlighted)

To refresh the bit status of the LED channels the user should click the “Read” pushbutton.
Faulty channels can still be active or automatically disabled according to the OCAD & SCAD
bits of the DEVCFG1 register.

Once a bit of the CHSTA has been asserted, it still remains high also in case the faulty
condition has been removed and the related channel operates normally (no auto-
disconnection enabled). To clear the CHSTA register the DEN bit of the DEVCFGO register
has to be toggled.

Because of the active channels are selected through the CHSEL register, the disabled
channels are gray-highlighted to remind the user the active ones.

“Channels control” group

This group, as shown in Figure 26, consists of 16 check boxes, 16 sliders and some
pushbuttons. The check boxes directly act on the CHSEL register, allowing the user to
select the active channels. To quickly assert or clear the full CHSEL register, the “All-on/off”
toggling pushbutton is provided.

Moving up and down the sliders the user can modify the brightness of each channel by
changing the dimming PWM duty cycle. Every time the position of a slider is modified, the
content of the brightness registers is updated by means of a sequence of write operations
over the serial interface.

Figure 26. “Channels contro group”
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At the bottom of every slider there is a text box showing the PWM duty cycle in percentage.

To provide the user a quick way to set all the channels to the same brightness, a scroll down
set of predefined brightness levels is available.
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3.1

3.2

)

Getting started with STEVAL-ILLO35V1 evaluation
board

In the following section is described the recommended equipment to get started with the
STEVAL-ILLO35V1 board and to analyze all the LED7708 features by using the graphic user
interface.

Figure 27 shows how to connect the STEVAL-ILLO35V1 evaluation board to the DC power
supply and the LED strings.

Figure 27. Basic connection of the STEVAL-ILLO35V1

Power Supply

B
+

Wg/
%
y

USB Cable

LED strings

Recommended equipment

The on-board MCU section is capable of controlling all the functionalities of the LED7708 by
applying the required signals and reading back some voltages and signals.

For a quick evaluation of the LED7708, just a DC power supply and a PC with USB
connectivity are needed. For a more detailed analysis of the LED7708 performance,
conventional lab equipment (digital multi meters, oscilloscope, etc.) is recommended.

Configuration

The STEVAL-ILLO35V1 evaluation board allows the user to select different options by acting
on a set of jumpers and switches (see Table 6).

In the following figure are shown the switches configuration that should be obtained on the
STEVAL-ILLO35V1 evaluation board.
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Figure 28. Default switches configuration
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3.3 Quick startup

The following step by step sequences are provided as a guideline to quickly connect the
STEVAL-ILLO35V1 board to the PC and evaluate the LED7708 performance.

1. Working in a ESD-protected environment is highly recommended. Check all wrist

straps and mat earth connections before handling the STEVAL-ILLO35V1 evaluation
board.

2. Check all the switches are set according to Figure 28.

3. Connecta 12 V+£10% (3A current capability) power supply to the STEVAL-ILLO35V1
evaluation board (VIN & GND terminals).

4. Connect a suitable set of LED strings (e.g. 16 x 10 white-LEDs capable of handling at
least 20 mA) between the VBOOST & CHx terminals of the CON1 connector. In case
LEDs to be driven with more than 85 mA, the outputs of the LED7708 can be
connected in parallel (max. 8 channels in parallel for 2 outputs).

5. Connect the STEVAL-ILLO35V1 board to the PC by using a USB cable. The yellow
“LINK” LED should light after a while: if not, maybe the STM32 virtual COM port driver
has to be installed on the PC.

6. Launch the STEVAL-ILLO35V1 control tool (Figure 29).

3
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Figure 29. Control tool main page
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7. Click on the “Connect” button.

Figure 30. Connect button

8. A new window “Serial port selection” pop-up appears. Select from the drop-down menu
the serial port on which the evaluation board is connected. Once selected the correct

serial port, press the “Select” button.

Figure 31. Serial port selection pop-up window

9. Ifthe STEVAL-ILLO35V1 demo-board id found at the selected COM port, the message
shown in Figure 32 should appear. Press “OK” button to proceed.

)
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Figure 32. Successful connection message

If the board is not found at the specified COM port, the message of Figure 33 is shown. In
this case it is necessary press “OK” button, disconnect the USB cable from the PC,
reconnect it and then restart the procedure (go back to point 7).

Figure 33. Board to PC communication failure messag e

10. Turn-on the power supply: the value of the input voltage appears in the “Vboost” text-
box because of the fly wheeling diode of the boost converter. Press the “Default” button
(Figure 34) to configure the LED7708 as per default settings.

Figure 34. Control tool main window

= ST LED7708 Evaluation Tool GUI
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As soon as the device is turned-on, the output voltage “Vboost” increases to the correct
output voltage.

11. To quickly set all channels to the same brightness, select the full-scale (100%) value in
the drop-down menu of the “Channels control” panel.
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Figure 35. Channels control panel
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As a result all the connected LED strings are powered up and supplied with the maximum
current that is selected by the R13 resistor. To set a different brightness for each channel,
act on the sliders.

)
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4 Step by step design

The following section focuses on the step by step design of an application example. A
dedicated design spread sheet is available for quickly calculate the value of the external
components for a given application. In this section the basic calculations are shown, while
some results are directly extracted from the spread sheet in order to keep simple the step by
step design procedure.

Figure 36. LED7708 design tool screen shot

Step 1. Application data
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Step 2 Output divider design
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4.1 Application example

The following specifications refer to a typical application where the LED7708 is asked to
drive 10 strings of 20, 20 mA rated white LEDs starting from a single 12V supply rail:

3
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1. Inputvoltage range: VIN,min = 10.8V, VOUT,MAX = 13.2 V.
2. Number of used channels: NCH = 16.
3. Number of LEDs for each string: NLED = 10.
4. Channel current during the on-phase: ICH,on = 20 mA.
5. Channel current during the off-phase: ICH,off = 5 pA.
6. Minimum LED forward voltage: VF,min = 2.8 V.
7. Maximum LED forward voltage: VFMAX = 3.6 V.
8. Operating ambient temperature: TA =50 °C.
9. Minimum LED operating temperature: TLED,min = -20 °C.
10. Maximum LED operating temperature: TLED,MAX = +100 °C.
11. Boost converter switching frequency: fsw = 600 kHz.
12. Selected dimming frequency: fDIM = 120 Hz.
13. Selected dimming resolution (12 or 16-bit): N = 16.
14. Selected data format (16x16-bit, 1x192-bit or 1x256-bit): 16x16-bit
4.2 Components selection
The step by step design of an LED7708 base application is quite simple. One of the points
requiring particular attention is the calculation of the output voltage swing, which depends
on the characteristics of the LEDs and their operating conditions.
421 Setting the VMIN pin and the output divider

3

The output voltage swing is determined by the VMIN pin setting and the output divider
connected to the VFB pin. Because of the output voltage basically depends on the forward
voltage of the LEDs, two factors have to be taken into account. The first is the spread of the
nominal forward voltage; the second is the dependence of the former on the temperature. In
practice a sort of averaging naturally occurs when connecting several LEDs in series, but a
robust design should consider the worst cases. Therefore, the minimum expected output
voltage is given by the following equation:

Equation 2

av
VLE‘D,min = Nygp - VF,min + d_:' (TA + TLED_MAX) + VCH,MASTER =279V

Where dVg/dT = -0.006 V/K, is the gradient that considers the voltage variation due to the
temperature and VCH,MASTER = 0.6V, is the voltage drop on the current generator present
on every LED channels.

Similarly, the expected maximum output voltage is given by:

Equation 3

av,
VLE‘D,MAX = Nygp - VF,MAX + d_TF' (TA + TLED,M]N) + VCH,MASTER =366V

The target of this design step is setting the output divider and the resistor at the VMIN pin to
match, with some margin, the output voltage swing achievable by the LED7708 to the actual
one required by the LED strings.

The mean output voltage is simply calculated as
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Equation 4

Vourmax * Vourmin _ 3221
2 .

VLED,MEAN =

And can be used to calculate the output divider ratio:

Equation 5

K _ VFrB _MID
DIV,cale — v
LED, MEAN

Where Vg vip is the half scale reference voltage of the LED7708, i.e. the middle level of
the internal DAC of the output regulation circuitry (refer to the datasheet for more details).
The setting of the VMIN pin determines the OVP threshold (Vg oyp), the reference voltage
swing (Vg min @nd Veg max) and the value of the half scale reference Vg yp:

Table 10. Internal reference voltage swing and OVP  threshold versus VMIN pin setting

VMIN pin setting GND VvCC 220k Q Float
Veg ove (V) 1.300 1.132 1.011 0.795
Veg max (V) 1.161 0.992 0.872 0.655
Vesmip (V) 1.010 0.841 0.721 0.504
VEB min (V) 0.861 0.692 0.572 0.355

Depending on the setting of the VMIN pin, the output divider ratio can assume four values
(Equation 5).

Table 11. Output voltage divider ratio versus VMIN pin setting

VMIN pin setting GND VCC 220k Q Float

Kpiv.CALC 0.0314 0.0261 0.0224 0.0156

Each of the above calculated output divider ratios leads to different output voltage swings
and OVP levels at the output (Equation 6 and Equation 7).

Equation 6

AV _ VreMAX—VFBmin
our = .
KDIV,mlc

Equation 7

VFBovp

Vour,ove = %
DIV,calc

Table 12 summarizes all the possible output voltage swings and OVP level as a function of
the VMIN pin setting:

Table 12. OVP level and output voltage swing versus  VMIN pin setting

VMIN pin setting GND VCC 220k Q Float
Voutovpe (V) 414 434 45.1 50.9
Voutmax (V) 36.9 38.0 38.9 41.9
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Table 12. OVP level and output voltage swing versus

VMIN pin setting

VMIN pin setting GND VCC 220k Q Float
VouTmin (V) 27.4 26.5 25.5 22.8
AVour (V) 9.5 11.5 13.4 19.1

The best choice for the VMIN pin configuration is the one that leads to an output voltage
swing containing the V| gp max - VLED,min ON€ plus a small margin. As visible in Figure 37,
connecting the VMIN pin to GND the condition is satisfied.

Figure 37. Output voltage threshold for ideal ratio

Application swing VMIN pin setting: GND VCC 220KOhm Float
Vieo e =41.9V
Vienuax =389V ——
Viens =380V [ ]
Vieoaux = 36.6V Viowx =369V ]
Vieows = 27.9V .
e Vieoyw =274y
Vieoww =265V L
Viegym = 25.5V
Vienm = 22 8V

Summarizing this design step, the VMIN pin has to be connected to GND and the theoretical
output divider ratio is given by Equation 8 (or Table 11):

Equation 8
Kb cale = 0.0314

The high-side resistor should drain a negligible current from the output: a value in the order
of few hundreds of kilo ohms is often the proper choice:

Equation 9
RDIV,HS = 511 kQ

The value of the low side resistor is then calculated as:

Equation 10

1_KDIVJcaIc

0.0314
031

The closest available value (E96 series) is:

Equation 11
Rppyps =16 k)

Rpm s = Row s - —2<ale — 511 kQ - 22 = 1656 ko

At this point the output divider ratio should be recalculated and the actual output voltage

swing verified.
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4.2.2

4.2.3

4.2.4

36/56

Equation 12

R
Kpw = ﬁ = 0.0304
Equation 13
Vourmax = % = z;z: = 38.2V
Equation 14
Vourmin = % = % =283V

Comparing the results of Equation 13 and Equation 14 to the ones of Equation 2 and
Equation 3, the actual minimum output voltage is slightly (about 300mV) higher than
required.

A possible solution could be selecting a different value for Ry g or, alternatively, a
different setting for the VMIN pin.

Considering the negligible difference and the fact that all the calculations are based on
worst case conditions, the calculated values for Rp,y s and Rpyy | s, as well as the VMIN
pin setting, are kept.

Switching frequency setting

The desired switching frequency it is set by the resistor connected at the FSW pin:

Equation 15
_ Kfsw _ 5-10'°[HZ][Q] _
Risw = —— = oioma = 833 kQ

Dimming oscillator setting

The gray scale clock generated by the internal high frequency oscillator or externally
provided depends on the selected resolution (N) for the brightness registers:

Equation 16
foscx = form © 2N = 120 Hz - 2'® = 7.86 MHz

The resistor at the FOSC pin is then calculated according to Equation 16:

Equation 17
_ Kgsc _ 410M[mHz][Q] _
Rrosc = == —ootoema = 009 k&

Channels current setting

The current sunk by each channel during the on time of the dimming is set through the
resistor at the ISETH pin:

Equation 18
_ Kisgra __1200[V]
Riseru = Teron . 2010-3[4] 60 kQ

Similarly, the current sunk during the off time depends on the resistor at the ISETL pin:
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Equation 19
_ Kispri _ __4lvl

Rispr, = —ICHJO” = STl 800 kO
The purpose of a small biasing current during the off time of the dimming is keeping the
forward voltage of the LEDs to a controlled value in order to avoid excessive drops across
the channels when an output voltage higher than 36 V is used. If this biasing current is not
needed, the ISETL pin must be set high (ISETL to LDO3).

4.2.5 Inductor selection

3

The power inductor of the boost converter is typically selected in order to ensure Continuous
Conduction Mode (CCM) over the entire operating range (i.e. input and output voltage
ranges) of the LED driver. CCM operation is inherently less noisy and preferable whenever
possible.

The switching duty-cycle in CCM is defined as:

Equation 20
Vin
Vour

Deey = 1—

And the inductor value for DCM to CCM boundary operation is given by:

Equation 21
Your, - 2
. _ Tour DocM (1-Deem)
min,CCM —

2 fsw

The following table summarizes the operating corner conditions and the minimum
inductance value for CCM operation.

Table 13. Operating conditions corner table

Vin 10.80 10.80 13.20 13.20 12.00 Vv
louT 0.32 0.32 0.32 0.32 0.32 A
Vout 28.35 38.23 28.35 38.23 33.25 Vv
Dcem 0.62 0.72 0.53 0.65 0.64

Limin.com 6.63 5.70 8.55 7.77 7.21 uH

The inductor is therefore selected to be:

Equation 22
L> max(Lm,-,t_CCM) = 8.55 uH

The selected value for the inductor is L=10 pH.

After the inductance value has been fixed, the suitable part must be selected taking into
account the RMS and the peak currents in the worst-case.

The average current flowing through the inductor is given by:

Equation 23

_ Vourmaxloutr _
IL,AVG = n'—v ) = l.OBA
IN.min
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4.2.6

38/56

Where:
 n=0.95is the estimate d efficiency;
*  lout=Nch * IcH,on = 0.32 A is the maximum output current;

The inductor current ripple is given by:

Equation 24
Al = D Ty = 129 A
Where Dyax= 0.72 is the switching duty cycle estimated for the minimum input and

maximum value of output voltage.

The maximum value of the current in the coil is given by:

Equation 25
Al
IL,pk = [L,AVG + TL = 1.72A
While the RMS value of current in the coil is given by:

Equation 26

Iy rus = J% ((IL,AVG + ML)Z + ([LJAVG +%) (IL,AVG - AIL) + (IL,AVG - Azi)z) =114A

2 2

For this application example the PCMB062D-100MS inductor has been selected. The
characteristics of the inductor are resumed in the following table.

Table 14. Inductor characteristics

Parameter Symbol Value Unit
Nominal inductance L 10 puH
Coil DC-resistance Rpc,L 0.101 Q
Saturation current I saT 25 A
Max RMS current (40 °C temp rise) I rMS 3.1 A

Selecting the output capacitor

The selection of the output capacitor is based on the maximum voltage ripple residual
allowed at the output and the RMS current.

The LED7708 regulates the output voltage of the boost converter by means of an internal
DAC whose output is used as 128 steps reference voltage (Equation 27).

Equation 27

v _ Vourmax—Vourmn _ (382V-283V) _ 77mV
STEP 128 128

A good practice is keeping the switching ripple residual to a fraction of the step amplitude:

Equation 28

VSTEP ~
AVour ripple < ke 15mV

The minimum capacitance value for the output capacitor is therefore:

3
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Equation 29
Ioyr(1—Dmin)
C ——— = 8ufF
our fsw2-AVourripple H
A pair of 4.7 uF capacitors is selected for this application example. When MLCCs are used,
the effect of the biasing voltage has to be taken into account: the actual capacitance could
be significantly lower than the nominal value depending on the dielectric type (Y5V type is
not recommended).
The RMS current that flow through the output capacitor is given by:
Equation 30
Icour.rms = New " Ien mx\](l ;:Zx) DMAXJ((l Dyax) Vou?::jv) =0524
The characteristics of the selected capacitors Murata part, GJ831CR71H475KA12L, are
shown is Table 15.
Table 15. Output capacitor characteristics
Parameter Symbol Value Unit
Nominal capacitance Cout 4.7 pF
Capacitance tolerance +10%
Rated voltage 50 \%
Equivalent series resistor Resr,couT 5 mQ
Dielectric type X7R
4.2.7 Selecting the input capacitor

3

To select the value of the input capacitor it is necessary select the maximum ripple allowed
on the input voltage.

An acceptable value of the ripple could be:
Equation 31
AVyy rippre < 0.100 Vpp

The minimum value of the input capacitor is given by:

Equation 32
D
Cinmin = Al - (¢) =7.7uF

fSW‘Z'AVIN.rE;uple

The RMS current that flow through the output capacitor is given by:

Equation 33
(VOUT,MAX+°-6)'Dmirv(l_Dmm)z
NerleH,on lourSswL
I = . =0464
CIN.RMS (1-Dmin) Viz

Where Dmin is the minimum duty cycle obtained for VIN,MAX and VOUT, min.

For this application example a couple of GJ831CR71H475KA12L capacitors has been
selected (table 16).
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Table 16. Capacitor characteristics

Parameter Symbol Value Unit
Nominal capacitance Cin 4.7 pF
Capacitance tolerance +10%
Equivalent series resistor REsRr.cin 5 mQ
Rated voltage 50 \%
Dielectric type X7R
4.2.8 Selecting the power switch

The selection of the power MOSFET of the boost converter must consider the maximum
peak and RMS current, the maximum drain-source voltage and the minimization of the
power losses. The peak current has already been calculated for the inductor at the end of
the charging phase of each switching cycle (tgy)-

While the RMS current is calculated as:

Equation 34

(VOUT,MAX+0'5)'DMAX‘(1’DMAXj)Z

_ NcwILEpon lourfsw-L
Ivosrms = 15— J(DMAX 1+ s

)=1484

Of course the selected MOSFET must be capable of sustaining the peak current (Equation
25) and the maximum drain source voltage (i.e. the output one) plus a certain amount of
margin for safe operation. Considering a 30%-40% margin above the maximum output
voltage, a 60 V rated, 3 A MOSFET is a good choice.

Another point to be taken into account is the maximum power dissipation allowed on the
power switch, i.e. its contribution to the overall efficiency. Parts showing a lower on-
resistance (Rps on) Of course lead to a better efficiency, although a trade off between
conduction and switching losses should be found (lower Rps o Usually means bigger die-
size and gate capacitance).

For this application example the STS5NF60L switch has been selected. The characteristics
of the power switch are resumed in the following table.

Table 17. Power MOSFET characteristics

Parameter Symbol Value Unit
Max drain source voltage Vs, Max 60 \Y,
Rise time trisE 13 ns
Fall time teaLL 10 ns
Drain source on resistance (@Tj= 25 °C) Rps.on 45 mQ
Total gate charge Qg 17 nC
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4.2.9

4.2.10

4.2.11

3

Selecting the sensing resistor

The sensing resistor in series with the source of the power switch of the boost converter
provides a measure of the inductor peak current to the regulation loop. At the same time the
voltage drop across this resistor is compared to a fixed threshold to implement the over
current protection (OCP) for the power MOSFET.

In order to get a reasonable signal/noise ratio on the peak current information, a minimum
value of about 25 mV (peak) has to be ensured at the CSNS pin in all the operating
conditions.

A minimum value of the sensing resistor is then established as:

Equation 35

25mv
RS‘NS,m[n = 7 =16 m{)
Lpk

Therefore a suitable value for the sensing resistor could be Rgng=25 mQ.

Selecting the power diode

The average value of the current flowing throw the diode is equal to the average current on
the LED channels.

The peak value of the current in the diode is equal to the peak current in the inductor.

For this application example the STPS1L60 diode has been selected. The characteristics of
the inductor are resumed in the following table.

Table 18. Switch characteristics

Parameter Symbol Value Unit
Repetive peak reverse voltage VRRM 60 \Y,
Average forward current trave) 1 A
Forward voltage drop Ve(@Tj= 100 °C) 0.56 Y,

Setting the slope compensation resistor

The resistor connected to the SLOPE pin sets the proper amount of slope compensation to
avoid sub-harmonic instability that may occur when the switching duty-cycle is above 50%.
In practice the compensation signal is not a simple ramp and a quick formula cannot be
invoked for the design of this resistor. The amount of slope compensation that should be
achieved through the RSLOPE resistor is given by:

Equation 36

Seamin = |Rews - Zminroutaar. (1 - 28| Ko, = 6,68+ 10" A/s

L Dpmax
Where Kgg=1.3 is a margin for a robust calculation.

The value of the setting resistor is the result of a recursive calculation involving non-linear
equations. For a quick calculation it is preferable to rely on the design spread sheet.
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4.2.12

4.3

43.1
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Figure 38. Design tool RSLOPE selection screenshot

Step 12. Slope compensation resistor selection

Campensation siope evalated Si— S.6BE+04 Ay

ecommended value of RSLOPE resistor Rocormon S09.00 i

Selected RSLOPE resstor Ryom EECTT o
Compensaton siope for e seiected ASLOPE ressstor S BSE«D4 [

As shown in Figure 38, the tool suggests Rg| opg=909 kQ.

Setting the power switch Over current protec  tion

Because of the amount of slope compensation impacts on the actual current limit threshold
of the OCP circuitry, the calculation of the resistor at the CLIM pin is obtained from the
already mentioned design tool.

Figure 39. Design tool RCLIM selection screenshot
Step 13. Power MOSFET OCP setting

A

The over current protection threshold is given by:

Equation 37
IOCP =13 [L‘p}( =224 A
Where the 1.3 factor is introduced to avoid the OCP to be triggered during load transients.

Selecting a 3 A over current protection threshold, the RCLIM resistor is equal to:

Equation 38
RCLJ‘M = 104 k..Q

Efficiency estimation

The following paragraphs provide an estimation of the power dissipation related to the
external components (mainly the inductor, the power switch and the fly-wheeling diode) and
to the device.

Power MOSFET power dissipation

The choice of the power MOSFET basically depends on the maximum drain source voltage,
the worst case peak and RMS drain current and a balance between the two contributions to
the total power dissipation: conduction and switching power losses.

The conduction power losses are directly linked to the on-resistance (Rps on) and the
worst-case RMS current:

Equation 39
Py conp = Rpson * Inosrus” = 45mQ - 1.48 A = 100mW

The switching power losses are given by:

3
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Equation 40
_ (trise+tratL) VourTmMax ~
Ppsw = Vourmax e fsw ~ lour T 300 mW
IN.MIN
The overall power dissipation across the external switch is therefore:
Equation 41
Py sos = Ppconp + Ppsw = 400 mW
4.3.2 Free wheeling diode power dissipation
The power dissipation on the free wheeling diode is approximately given by:
Equation 42
Ppprope = Vg " loyr = 180 mW
4.3.3 Inductor power dissipation
The inductor is subject to core power losses and DC coil resistance power losses. Usually
the latter is predominant and the power dissipation in the worst case is approximately given
by:
Equation 43
Pyinp = Rper * I gus” = 130 mW
434 Sensing resistor power dissipation
The power dissipated by the sensing resistor is given by:
Equation 44
Pp rsns = Rsys - IMOSJRMSZ = 55 mW
4.3.5 Input and output capacitors power dissipation

3

The power dissipated by the input capacitor is given by:

Equation 45

— . 2~
Ppcin = Resremv “ Ienprus™ E 1 mW

While the power dissipated by the output capacitor is given by:

Equation 46
Ppcovr = Resrcour [COUT,RMSZ = 1mW

The total power losses due to the external components are therefore:

Equation 47

Ppexr = Ppmos + Poprope + Poavp + Porsvs + Pociv + Pocour = 770mW
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4.3.6
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LED7708 power dissipation

Several sections of the LED7708 contribute to the overall chip power dissipation, although
the main contributions come from the current generators, the linear regulators, the gate
driver and the internal control circuitry.

The first contribution can be simply calculated as:

Equation 48
Ppeen = (New “Ieuon) ~Vewon = 320 mW

Where all the channels are supposed to be active and the average voltage drop across
themis Ve on=1 V.

Of course a 100% dimming duty cycle is considered as worst case.

The power dissipated by the gate driver of the power switch is given by:

Equation 49
Pppry = (Qg * fsw) - Vipos = 56 mW
Where the first term in the parenthesis is the current consumption of the gate driver

The contributions of the two linear regulators are calculated as:

Equation 50
Ppipos = Ipos (V.’NJMIN - Vmo3) + Vinmin * Lpospras = 43 mW
Where:

*  lwpospias)=0.5 mAis the biasing current of the 3.3 V linear regulator;

* I.po3=5 mA s an estimation of the current drawn from the 3.3V linear regulator by the
device (self-supply).

And

Equation 51
Pp pos = (VIN,MIN - Vwos) “(Qg ~ fsw) + Vinpin “ lipossras = 70 mW
Where V| pos= 5V and | pos gjas= 1 mA is the biasing current of the 5 V linear regulator.

Although the worst case condition for the linear regulator is at maximum input voltage,
equation 51 uses the minimum one in order to be consistent with the other power loss
estimations.

Considering that the device could self supply its internal circuitry, the last power dissipation
contribution is given by:

Equation 52
Ppic = Ipos * Vipos = 17 mW
The total power dissipated by the chip is therefore
Equation 53
Pp.cre = Pogen + Poprv + Popos + Poipos + Ppic = 505 mW

An estimation of the junction operating temperature is easily calculated as:

3
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Equation 54
T; = Ppcip " Rrpga + Tamp 2 70°C
Where RTH,JA =35 °C/W and TA =50°C

Considering that the output power for the given application is

Equation 55
Poyr = (VUUT,MAX - VCHJON) “Nep ~Iepon = 12.04 W

The boost converter efficiency is given by:

Equation 56

_ Pour ~ 0
Npoost = —P =P = 94.7/0
our D.EXT

While the overall application efficiency is:

Equation 57

n= Pour =~ 9O,
Pour+PpEXTtPDCHIP

4.4 Control loop

The boost converter of the LED7708 is based on a current mode (CM) controller. Stability
and optimal dynamic performance are achieved by properly designing the compensation
network. Similarly to most part of the CM boost regulators, the model of the loop gain is
obtained as the product of control to output transfer function (G(s)) and the feedback
transfer function (H(s)).

Equation 58

Vour(s) _ .
Ic(s) - G(S) H(s)

The control to output transfer function is

Equation 59
s E &

G(S) — (1_6)3RHPZ).S(I+MESRZ) " Fh(s)

1-?‘-“]—}__'l
where
Equation 60

B %.(1—Dm.4x)

Wzrupz = L
Equation 61

1
Wrspz =

CouT'RESR,COUT

Equation 62

Wne = lour
P1 =
Cour'Vourmax

3

DoclD026860 Rev 2 45/56




Step by step design AN4578

46/56

And the sampling model is taken into account by

Equation 63
p é
I (S) = . 5 =
"2 fenr@p +(2‘71-}'5WJ2)
where
Equation 64
QP _ 1 = 0.69

m(mc(1-Deem)—0.5)

and

o me=1+E=341
SN
e S =M=2.7.104K
N L s
. 5E=6.51-104§

The simplified feedback transfer function, H(s) is given by:

Equation 65

H(s) = Av.comp " Gna- (M)

' ’ s-Ccomp
Where A, comp = 0.25 and Gm,EA = 1 mS are characteristic of the internal trans-
conductance amplifier connected at the COMP pin, while RCOMP and CCOMP are
determined by the loop compensation strategy.

The slope compensation amount (SE) used in equation 64 is obtained by a recursive
calculation base on non linear equations. The design tool provides the proper amount of
compensation slope for a given operating point.

Figure 40. Design tool sampling poles coefficients screenshot

Step 17. Compensation network design

2 TOE+04 Wis
6.5E+04 Wis
an
0.69

Sampling poles coefficients

PFPLy

Because of the regulation of the LED current is demanded to the constant current
generators, there are virtually no load transients. Limited input voltage transients and
relatively slow output voltage transitions due to the output adjustment algorithm do not ask
for a high bandwidth.

A simple strategy to compensate the loop gain is fixing the cut off frequency well below the
right half plane zero or half the switching frequency:

Equation 66
fenpz = 152kHz

Equation 67
Funx = “TW = 300kHz

3
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Equation 68

; f
.., min (fRHPZA%
f 08 =" 5

) = 15.2KHz
10
This initial limit for the bandwidth allows the calculation of the Rcopp resistor:

Equation 69

_ 21fo,5°Cour A
Reompcanc = ViNHIT = 135 KQ
oo —AVcompGmEA

VourMAX

The nearest standard value is:

Equation 70
RCOMP = lgk.ﬂ.

The capacitor of the network compensation is calculated by forcing the pole frequency to
1/10 of the selected cut off one.

Equation 71

1 o
Ceompcarc = —Fos —— = 4nF
2= Rcomp

The nearest standard value is:

Equation 72
CCOMP = 3.9nF

The Bode diagrams of the loop gain with the selected compensation network are shown in
figure 40. The estimated cross-over frequency is f5=15.9 kHz, while the resulting phase
margin is PM = 70 deg.

For comparison the measured diagrams (dotted curves) have been added. The actual
cross-over frequency is f5=15.2 kHz, while the resulting phase margin is PM = 68 deg.

Figure 41. Mathematical model, GLoop acquisition co  mparison

80.0 0.0

-50.0

100.0

-150.0

Open loop gain magnitude [db]
Open loop gain phase [deg]

40.0 = == _(Open loopgain magnitude measured [db]
Open loop gain magnitude calc [db] -200.0
60.0 = = Open loop phase measured [deg]

Open loop phase calc [deg]

80.0 -250.0
3.00E+02 3.00E+03 3.00E+04
Frequency [Hz]
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Design tool

Introduction

To simplify and make faster the application design, a dedicated spread-sheet has been
developed.

The sequence of design steps follows the same approach described in the previous
paragraphs, making the selection of the external components quick end intuitive.

Two kinds of cells are basically present in the design tool:

Green cells, to be filled by the user when a choice is required;

Yellow cells, showing the results of the calculations based on the application
specifications and/or the user's selections.

The design tool consists of four different sheets:

“LED7708 design”, where the application specifications are entered and the value of
the setting components is provided;

“External components data”, where the user is asked to insert the technical
specifications of some external components;

“Power dissipation & losses”, where an estimation of the power dissipated on the
critical components is calculated;

“Control loop compensation”, where the proper network compensation is calculated to
optimize the dynamic behavior of the boost converter section.

LED7708 design
The “LED7708_design” sheet is divided in 14 steps.

As a first step the application specifications must be entered (Figure 39).

Figure 42. Design tool, <Step 1. Application data>  screenshot

Step 1. Application data

<

Input volage range Vi

Number of used channels L

Number of LED N

Channel current during on-phase osm

At during off-phase use

Mascimum LED Vi Vi

Expected operating ambient lemperature

Minimym LED operating temperstura

Maximum LED operating temperature Tosnuuax

Oulput dimming frequency foa

HEHHHIHHHHHE

Selected dimming resolution (12-bi or 16-bk) N

The second step allows the user to select the VMIN pin setting and the output divider
resistors in order to fit the LED supply voltage requirements (Figure 43).
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Figure 43. Design tool, <Step 2. Output divider des  ign> screenshot

Step 2. Output divider design

Expected minimum output volage 253 v
Expected mean output vokage 332 v
Expected maximum output voltage 366 v
Expected output vollage swing o 68 v

VI pin setting GHD vee 220k__FLOAT
Output divider ratio 003 003 002 | 002
Over votage protection threshold selection 4280 4472 | 4683 | 5239 |V
Maximum output volage selection 3822 3321 | 4021 | 4320 [v
Mesn ouput voltage selection 3324 3324 | 3324 | 3324 |V
Minimum output voltage selection B3 2136 | 7638 | 2343 |V

Deta Output vollage seiection

Output voRage swing

Minimum output votage swing

Recommended VMIN pin setting

VN pin selected (GND,VCC, 220K FLOAT) Best choice

High side resistor selected Roscrs ] "
Reccomended low side resistor a
Seiected low side resistor Rova a

Minimum output voltage Vorrsm 2835
Output voRage mean Vorwms 3328
Maximum output valage Vouras 3823
Over voRage protection threshold Vo 4262

<< <<

The VMIN pin can be set low (GND), high (VCC), to an intermediate voltage (220K? resistor
to ground) or left floating (FLOAT). According to the characteristics and the operating
temperature range of the LEDSs, the tool provides the resulting output voltage ranges
corresponding to the above mentioned settings of the VMIN pin.

A more detailed description of the function of the VMIN pin can be found in the LED7708
datasheet.

Once the output voltage swing has been selected, the proper output divider can be
determined. The user is asked to select a value for the high side resistor, while the low-side
one is calculated consequently.

The third step allows the user to set the resistor at the FSW, GSK, SETH and ISETL pins
based on the initial application specifications (Figure 44).

Figure 44. Design tool, <Step 3. ISETH, ISETL and F OSC pin setting resistors>

screenshot
Step 3. ISETH, ISETL and FOSC pins setting resistors
FSW resstor Fae 833 kO
GSCK frequency fagen kHz
FOSC resistor Rezse kQ
ISETH resistor [ F— k0
ISETL resistor Reer. 800.0 kO

The fourth step shows the operating corner table, obtained using the minimum, typical and
maximum values for both the input and output voltages. For all the combinations are
calculated the switching duty cycle and the minimum inductor value to ensure continuous
conduction mode (CCM) operation of the boost converter.
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Figure 45. Design tool, <Step 4. Operating conditio  ns corner table> screenshot

Step 4. Operating conditions comer table

Device operating matrec Viadlour minfmin | min/max typityp
Vi 0.80 080 1320 | B20 12.00 v
ey v 0.32 032 032 03z 03z A
Vour 28,35 3|23 2835 | 3823 3325 v

Duty cycle in CCM [ 062 am 053y 0Es 0ed

DCM-CCM boundary Inductance Lo for CCM 6.63 570 B58 7.7 1.21 uH

With the following step the user is asked to select the value of the inductor, taking into
account the minimum inductance for CCM operation and the current ripple amount (usually
set as 30%-50% of the average inductor current).

Figure 46. Design tool, <Step 5. Inductor selection > screenshot

Step 5. Inductor selection
Winimum inductor for CCM aparation e wuH
Avarage coil current Lo A
Inductor selected G [Il uH
Wimimum LED current for CCM operaton [0z | o® Jozr [ oz [ oz | A
CCM flag indicator | TRuE | TRUE | TRUE | TRUE | TRE |

The sixth step allows the user to select the application corner, value of input and output
voltage that will be used in the following part of the design tool.

The most critical operating condition for a boost converter is minimum input voltage and
maximum output voltage (column #2 of the operating matrix).

Figure 47. Design tool, < Step 6. Operating points  election> screenshot
Step 6. Operating point selection

Device operatng matrix 1 2 3 4 s
ValVour min/mn i rm— v
Vi 080 080 B2 | oo | ew | A
s [ a3 ox | ax a3 | v
Vaur 283 »23 23| B 03 |

Duty cycie n CCH Deas [ ar 053 | ass 084 |

DCM-CCM boundary inductance L for CCM T.78 456 003 | 67 720 | w

CCM flag indicator TRUE TRUE TRE | TRE TRUE

Seiected row

Seiected input voltage ]

Selected output current o A

Selected oulput voltage B

Selected duty cycle ar

CCM flag indicator [Cm=E_]

Step #7 gives to the user an estimation of the peak and RMS current in the inductor related
to the chosen operating point. The selection of a suitable part capable of sustaining these
values is demanded to the user.

Figure 48. Design tool, <Step 7. Inductor peak and  RMS current estimation>
screenshot

Step 7. Inductor peak and RMS current estimation

Avarage coi current Las 108
Ripple: coll obtained a, 123
Coil peak current [V 172
Coil RMS current L 1

e e

Step #8 is dedicated to the calculation of the minimum output capacitor based on the
maximum output voltage ripple. In practice a 10 pF minimum capacitance is advisable.
When MLCCs capacitors are used, the capacitance drop due to the biasing voltage has to
be taken into account (Y5V dielectric type is not recommended).
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Figure 49. Design tool, <Step 8. Output capacitor s  election> screenshot

Step 8. Output capacitor selection
Selected maximum output rigple Vourseoe

Recommended mnimum value o1 cutput capactor Covrrmn

™
@
@
E,

Selected output capacitor Cour

Ouput capacitor RMS current — 052 A

The ninth step allows the user to select the value of the input capacitor. In a boost converter
the input capacitor is usually not critical at all, although a relatively stable input rail is
desirable. A locally placed electrolytic capacitor helps a lot is having an almost ripple free
input rail, but often this is a bulky solution. Assuming an input voltage ripple in the order of
few tens of millivolts (eventually 100 mVpp), a reasonable value of few tens of micro Farads
are the calculated (Figure 50).

Figure 50. Design tool, < Step 9. Input capacitor s  election> screenshot

Step 9. Input capacitor selection
Select maximum nput vokage ripple Viirore
Recommended mnmum vake of nput capacior Came .72 wF

Selected nput capacitnr

Step #10 simply provides the estimated peak and RMS current flowing through the power
MOSFET. The selection of the switch should be made according to these values, the
maximum drain source voltage (i.e. the maximum output voltage) and some margin (30%-
50%).

The on resistance of the selected switch should be as low as possible to improve the overall
efficiency, although the resulting higher gate capacitance could lead to switching losses that
overcome the conduction ones. For this reason a trade off driven by the estimation of the
two contributions is recommended.

Figure 51. Design tool, <Step 10. Power MOSFET peak and RMS current estimation>

screenshot
Step 10. Power MOSFET peak and RMS current estimation
Switch peak current boase A
Switch RIS current [T A

Step #11 allows the user to select the current sense resistor (Figure 52). This resistor is
required to have a minimum value for an acceptable signal/noise ratio at the CSNS pin.

Figure 52. Design tool, <Step 11. Sensing resistor  selection> screenshot

Step 11. Sensing resistor selection

Minsmum vale of on the sensing resistor Vingme 2500 v
m current of G [ 28 | 3

Recommended mnemum value of Rsenss resistor Ry e E mQ

Sescted Rsense resstor R w0

The following step is dedicated to the selection of the slope compensation resistor. An
iterative calculation, based on non linear equation, is involved in the determination of the
value of this component (Figure 53).
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Figure 53. Design tool, <Step 12. Slope compensatio  n resistor selection> screenshot
Step 12. Siope compensation resistor selection
Compensaren sepe evauates S 6 68E+04 Als
Recommendes value of RSLOPE resistor L. W0
Seiscted RSLOPE resstor Rycop 7]
Compensation siope for the seiected RSLOPE resistor Ss ESEd Mg
Once the resistor at the SLOPE pin has been selected, step #13 determines the value of the
power switch Over-Current Protection (OCP) setting one (CLIM pin).
Figure 54. Design tool, <Step 13. Power MOSFET OCP  setting> screenshot
Step 13 Power MOSFET OCP setting
Recommended oves current protection threshold e 224 A
Caicuisted vaiue of RCLM restence R, ko
53 External components
This sheet contains the relevant data of the power components. These values are used in
the estimation of the losses and as a check threshold for some critical variable (e.g. peak
and RMS current) in the worst case operation.
Figure 55. Design tool, <External components> scree  nshot
External Components
External MOSFET drain-source on resistance Roson 45.00 me)
External MOSFET rise time Ciaa 13.00 ns
External MOSFET fall time teace 10.00 ns
External MOSFET gate charge Qq 17.00 nC
Free-wheel diode forward voltage Ve W
Inductor DC resistance Banx ma
Input capacitor ESR Resacwn mo
Output capacitor ESR Resscour mi
Chip supply current and external load at LDO3 pin Loos mé
54 Power dissipation and losses

This sheet provides an estimation of the power dissipation across the external components

and the losses in the device.
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Figure 56. Design tool, <Step 14. External componen ts power losses estimation>

screenshot
Step 14. External components power losses estimation

Mosfet conduction power losses 9315 mi
Mosfet switching power losses 236.82 mi
Total Mosfet power dissipation Posxs 397.97 mhw
Freewheel diode power dissipation Poese mi
Inductor power dissipation Poso mi
Sensing resistor power dissipation Posgus mi
input capacttor power dissipation Paom mh
Output capacitor power dissipation Pacour mh
Tolal external components power dissipation Poger o077 W

These calculations should refer to the worst case operating conditions (minimum input and
maximum output voltages, maximum load) to ensure that all the selected parts operate in
their respective safe operating area (SOA).

Figure 57. Design tool, <Step 15. LED7708 power dis  sipation estimation> screenshot

Step 15. LED7708 power dissipation estimation
Output power Pour 12.04 W
Current generators power dissipation Po gen mief
Power Wosfet gate-driver power dissipation Poagesme S6.00 misf
3V3 linear regulator power dissipation Poocs i’
SV near regulator power dissipation Pocoos mw'
Internal chip (control circuitry) power dissipation Poe miw'
Total chip power dissipation Pocre mi
Chip junction temperature T, ‘C

The calculated overall efficiency is a good estimation of the real one, although an
experimental verification is advisable.

Figure 58. Design tool, <Step 16. Efficiency estima  tion> screenshot

Step 16. Efficiency estimation

Boost converter efficiency fscosT
Overall eficiency n
5.5 Control loop compensation

The stability and the dynamic behavior of the boost converter is achieved by properly
designing the compensation network, basically an R-C series connected at the output of the
trans-conductance error amplifier. The tool calculates the frequency of the poles and the
zeroes of the loop gain transfer function and suggests the bandwidth that minimizes the
effects of the right half plane zero. The compensation network is therefore calculated by
assuming a dominant pole behavior.
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Figure 59. Design tool, <Step 17.

Compensation netw

ork design> screenshot

Step 17. Compensation network design

Sampling poles coefficients:

Right halp plane zero (RPHZ) frequency
ESR zero frequency

Half switching frequency

More pressing frequency constrain
Maximum bandwidth suggested (0.1%f yr)
Bandwidth selected

Comp resistor suggested

Comp resistor selected

Frequency compensation pole

Comp capacitor suggested

Comp capacitor selected

fow
L
BWs

BW

Recues

Rezun

oo

Cecums

Coum

2.70E+04
6.51E+04

15174

15174

o @Al A = o|w

Wis

kHz

kHz

kHz

kHz

kHz

kHz

kHz

The Bode diagrams (magnitude and phase) of the loop gain transfer function is plotted and
an estimation of the cut off frequency and the phase margin (PM) is calculated (Figure 60).

Figure 60. Design tool, < Step 18. Loop gain Bode d

iagram> screenshot

Step 18. Loop gain Bode Diagram
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Table 19. Document revision history

Date Revision Changes
25-May-2015 1 Initial release.
12-Jan-2016 2 Updated: Figure 2, Figure 3, Figure 4 and Figure 5.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST") reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved
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