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24-CHANNEL, 16-BIT PWM LED DRIVER

GENERAL DESCRIPTIONS

The IS32FL3268 is a 24-channel constant current
LED driver. Each channel has 16-bit PWM brightness
control, and 64 steps of constant-current scaling (SL).
SL can adjust brightness deviation between channels.
GCC can adjusts brightness deviation between the R,
G, and B color groups. The 8 steps maximum current
band control (CB) selects the maximum output
current range for all channels.

Proprietary programmable algorithms are used in
IS32FL3268 to minimize audible noise that can result
from MLCC decoupling capacitor. SL, GCC, CB and
all other registers can be programmed via a high-
speed VSB (video series bus, up to 20MHz) or SPI
(up to 20MHz) serial interface port.

IS32FL3268 software shutdown mode can put the
device to sleep (for minimum power consumption)
while retaining all register values.

IS32FL3268 is available in WFQFN-40 (6mmx6mm).
It operates from 3.0V to 5.5V over the temperature
range of -40°C to +125°C.

APPLICATIONS

e Mini LED Back Light

e Automotive LED Back Light

¢ Automotive Center Information Display
e Automotive Signage

e LED Video Displays

April 2024

FEATURES

e Vcc=3.0Vto 5.5V

e 24 current sink output channels tolerate up to
16V, multiple LEDs can be connected in series

e Support 24 current sink output channels and sink
current capability with CB and GCC
- 51mA (Vcez 3.2V, CB= “1117)
- 37.5mA (Vce< 3.2V, CB=“1017)
e Maximum Current Band (CB)
- 3 bits (8 steps) with a 9.1% to 100% range
e DC Current Scaling (SL)
- 6 bits (64 steps) with a 25.9% to 100% range
e Individual 16-bit, 8+8-bit dithering, 8+4-bit
dithering, 8-bit PWM mode
e Global Current Control (GCC)
- 8 bits (256 steps) with a 9.6% to 100% range
- 3 GCC sets for each color group
e Constant Current Accuracy
- Channel to Channel= +3% (Max.@ 25°C)
- Channel to Channel= +5% (Max.@
-40°C~125°C)
- Device to Device= +6% (Max.@ 25°C)
- Device to Device= +8% (Max.@-40°C~125°C)
e Chain topology via VSB interface, PWM data 1/0
is daisy chained with bi-directional data
transmission (write and read)

e Support bi-directional data output via DI
e Auto display repeat

e Display timing reset

e Real-time LED open detection (LOD)

e Real-time LED short detection (LSD)

e Over temperature protection

e Spread Spectrums

e Software shutdown mode

e 180-degree phase delay operation to reduce
power noise

e AEC-Q100 Qualified with Temperature Grade 1:
-40°C to 125°C

e Operation temperature range: -40°C to +125°C
e WFQFN-40 (6mmx6mm) package

¢ RoHS & Halogen-Free Compliance

e TSCA Compliance
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TYPICAL APLICATION CIRCUITE
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Figure 1 Typical Application Circuit
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TYPICAL APLICATION CIRCUITE (CONTINUED)
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Figure 2 Typical Application Circuit (Cascade)

Note 1: The SENSE pin is short detect reference voltage, should connect to Viep..
Note 2: These optional resistors are for offloading the thermal dissipation (P=I°R) away from the IS32FL3268, it is determined by Veps, lout, V¢
of LED, Vur of OUTX. Riep= (Viep+-Ve-Virout)/lout. It is optional or 24Q recommended for white/blue/green LEDs, 39Q recommended for
red/yellow/orange LEDs when V gp.=5V and single LED application.
Note 3: At least add one 10uF capacitor to V,gp., if possible, it is recommended to add a 10uF to each group (R/G/B group), and this capacitor
needs to close to the LEDs cathode and the ground net of the capacitor should be well connected to the GND plane.
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PIN CONFIGURATION

Package Pin Configuration (Top View)
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PIN DESCRIPTION
No. Pin Description
1,10~21,30~40 | OUT [0:23] Output channel for LEDs.
2,7,9,23,29 NC Not connect.
3 SYNC/GCLK Synchronization.
4 SCK/SCLK SPI clock / VSB clock.
5 MOSI / DI SPI input data / VSB input data.
6 CS/LAT CS signal of SPI / Latch signal of VSB.
8 MISO / DO SPI output data / VSB output data.
29 SENSE Short detect reference voltage. The SENSE pin
should connect to Viep-+.
Interrupt output pin. Send DEh command can read
o4 INTB the interrupt event happens and the INTB pin active
low when the interrupt event happens. Can be NC
(float) if interrupt function is not used.
Blank all outputs. BLANK low forces all channels
o5 BLANK off. PWM timing controller is initialized. BLANK high
starts PWM timing controller, channels are
controlled by PWM timing controller.
26 ISET Set the maximum lout current.
27 GND Ground
28 VCC Power
Thermal Pad Connect to GND.
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ORDERING INFORMATION
Automotive Range: -40°C to +125°C

Order Part No. Package QTY/Reel

IS32FL3268-QWLAS3-TR WFQFN-40, Lead-free 2500

Copyright © 2024 Lumissil Microsystems. All rights reserved. Lumissil Microsystems reserves the right to make changes to this specification and its products
at any time without notice. Lumissil Microsystems assumes no liability arising out of the application or use of any information, products or services described
herein. Customers are advised to obtain the latest version of this device specification before relying on any published information and before placing orders
for products.

Lumissil Microsystems does not recommend the use of any of its products in life support applications where the failure or malfunction of the product can
reasonably be expected to cause failure of the life support system or to significantly affect its safety or effectiveness. Products are not authorized for use in
such applications unless Lumissil Microsystems receives written assurance to its satisfaction, that:

a.) the risk of injury or damage has been minimized;

b.) the user assume all such risks; and

c.) potential liability of Lumissil Microsystems is adequately protected under the circumstances

Lumissil Microsystems — www.lumissil.com 5
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vcc -0.3V ~+6.0V
Voltage at any input pin -0.3V ~ Vcc+0.3V
Voltage at OUTx and SENSE pin -0.3V ~ +18V
Maximum junction temperature, Tmax +150°C

Storage temperature range, Tstc

-65°C ~+150°C

Operating temperature range, Ta=T.

-40°C ~ +125°C

Package thermal resistance, junction to ambient (4-layer standard test PCB based

on JESD 51-2A), 6sa 35.5°CIW
Package thermal resistance, junction to thermal PAD (4-layer standard test PCB 1.72°C/W
based on JESD 51-8), 8.,p )

ESD (HBM) +2kV
ESD (CDM) 750V

Note 4: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other condition beyond those indicated in the operational sections of the specifications

is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
“¢” This symbol in the table means these limits are guaranteed at room temp T,= 25°C.

“0” This symbol in the table means these limits are guaranteed at full temp range T,= -40°C~125°C.
The following specifications apply for Vcc = 5V, Ty = 25°C, unless otherwise noted (Note 5).

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vee Supply voltage 3 5.5 \%
Quiescent power suppl Riset=5.6kQ, OSC=16MHz, SL=0xFC,
e | qurront T PPY | GCCx=0xFF, CB=“111”, PWM= 10 | 11 | mA
0x0000, all LEDs off
lsp | Software shutdown mode | p - 5 6k OSC=16MHz, SSD = “1” 150 | 240 | pA
current
Riset=5.6kQ, Vout=0.8V, SL=0xFC,
Maximum constant GCCx=0xFF, CB= “101", PWM=0xFFFF | +° | 37-5 | 40.5
lout mA
current of OUTx Riser=5.6kQ, Vour=0.8V, SL=0xFC, 51
GCCx=0xFF, CB= "111”, PWM=0xFFFF
Output current error Riser ?.GKQ, VouI ’ O.SY, SL=0xFC, 0
Alvar between outputs (Note 6) GCCx=0xFF, CB= “101",
P PWM=0xFFFF ol -5 5 %
Output current error Riser=5.6kQ, Vour= 0.8V, SL=0xFC, |+ | -6 6 %
Alace | potween devices (Note 7) GCCx=0xFF, CB="107",
PWM=0xFFFF 0 -8 8 %
. 01 | pA
loz Output leakage current PWM = 0x0000, Vour= 5V
0 1 MA
Current sink headroom Riser=5.6kQ, SL=0xFC, GCCx=0xFF,
ViR | | oltage OUTxX PWM=0xFFFF, CB= “111", lsnk=51mA 350 | 500 | mv
lout20.1mA, PWM> 25%, measured at 005 | 0.09
OUTx, LODVTH= “00”, Minimum level 1 ) '
lout20.1mA, PWM> 25%, measured at 015 | 0.19
y LED open detect OUTx, LODVTH= “01", Minimum level 2 | ~- ' y
| threshold lour20.1mA, PWM> 25%, measuredat | 4 | 435
OUTx, LODVTH= “10”, Minimum level 3 ) ’
lout=0.1mA, PWM> 25%, measured at 044 | 049
OUTx, LODVTH= “11”, Minimum level 4 ’ '
Lumissil Microsystems — www.lumissil.com 6
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ELECTRICAL CHARACTERISTICS (CONTINUE)

“#” This symbol in the table means these limits are guaranteed at room temp T,= 25°C.

“0” This symbol in the table means these limits are guaranteed at full temp range T,= -40°C~125°C.
The following specifications apply for Vcc = 5V, Ty = 25°C, unless otherwise noted (Note 5).

Symbol | Parameter Conditions Min. Typ. Max. Unit
loutr20.1mA, PWM> 25%,
Vce=Vsense=5V, measured at 0.6 11 V

V LED short detect (Vsense-Vour)

SD
threshold lour=0.1mA, PWM> 25%,
Vce=Vsense=16V, measured at 0.6 1.2 V
(Vsense-Vour)

Viser | Voltage of ISET pin Riset=5.6kQ 1.22 \
QSC= 16MHz, PWM mode=16- 244 Hy
bit mode

fout PWM frequency of output | oSC= 16MHZz, PWM
mode=8+8-bit mode 62.5 kHz
PWM> 0x0100
Vout= 0.8V, SL=0xFC,

lpT LED protect current GCCx=0xFF, CB =“111", 105 mA
PWM=0xFFFF
Tsp Thermal shutdown (Note 8) 165 °C
Thermal shutdown o
Tsp_Hys hysteresis (Note 8) 20 C
Logic Electrical Characteristics (MOSI/DI, MISO/DO, CS/LAT, SCK/SCLK, BLANK, INTB)
Vi Logic “0” input voltage Vee=3V~5.5V GND 0.3Vce V
ViH Logic “1” input voltage Vce=3V~5.5V 0.7Vcc Vee \
Vo H level pin output voltage | lon=-2mA Vce-0.4V Vee \%
VoL L level pin output voltage | lo.= 2mA 0 04 Y
L level pin output voltage _
VoL (INTB) lon=1TmA 0 0.4 \%
I Logic “0” input current Vinput= L (Note 8) nA
lH Logic “1” input current Vinput= H (Note 8) nA

Lumissil Microsystems — www.lumissil.com
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DIGITAL INPUT SPI PSWITCHING CHARACTERISTICS (NOTE 8)

Symbol Parameter Min. Typ. Max. | Units

fc Clock frequency - 20 MHz
teH Clock high pulse duration 10 ns
teL Clock low pulse duration 10 ns
tsicH MOSI to Clock rising edge setup time 5 ns
teLeH CS falling edge to Clock rising edge 33 ns
teHs Clock rising edge to MOSI hold time 3 ns
teLeH Clock falling edge to CS rising edge hold time 10 ns
tesH CS high pulse duration 60 ns
tsor MISO rise time 25 ns
tsor MISO fall time 25 ns
tcHso Clock rising edge to MISO 30 ns

DIGITAL INPUT VSB PSWITCHING CHARACTERISTICS (NOTE 8)

Symbol Parameter Min. Typ. Max. | Units

fc Clock frequency - 20 MHz
teH Clock high pulse duration 10 ns
teL Clock low pulse duration 10 ns
toicH DI to Clock rising edge setup time 5 ns
tLeH LAT falling edge to Clock rising edge 33 ns
tcHol Clock rising edge to DI hold time 3 ns
teLeH Clock falling edge to LAT rising edge hold time 10 ns
tuH LAT high pulse duration 60 ns
toor DO rise time 25 ns
toor DO fall time 25 ns
tcHpo Clock rising edge to DO 30 ns

Note 5: Limits are 100% production tested at 25°C. Limits over the operating temperature range verified through either bench and/or tester
testing and correlation using Statistical methods.

Note 6: Ioyt mismatch (bit to bit) Aluar is calculated:

Alyur = + (( lourMAx)~louT(MIN) ) % 100%

IOUT0+10UT1+---+IOUT23xz)
24

Note 7: Ioyt accuracy (device to device) Alacc is calculated:

1 -1 1, -1,
NACCz[ OUTMIN) — * OUT(IDEAD ]XIOO% ~ [ OUT(MAX) ~ * OUTUDEAD JXlOO%

I OUTUDEAD I OUTUDEAIL

Where IOUT(IDEAL)= 37.5mA when RISET= 5.6kQ and CB=“101".
Note 8: Guaranteed by design.

Lumissil Microsystems — www.lumissil.com 8
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FUNCTIONAL BLOCK DIAGRAM
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DETAILED DESCRIPTION

SPI INTERFACE

IS32FL3268 uses a SPI protocol to control the chip’s
function with four wires: CS, SCK, MOSI and MISO. SPI
transfer starts form CS pin from high to low controlled
by Master (Microcontroller), and 1S32FL3268 latches
data when CS is asserted (low to high).

The maximum SCK
IS32FL3268 is 20MHz.

WRITING OPERATION

SPI write data format is 8-bit (byte) command followed
by the register data. The command byte determines the
length and function of the register data. When writing
Update/Reset/Interrupt Flag Clear Register to
IS32FL3268, only the command is sent (without data).

frequency supported in

The 1IS32FL3268 VSB write register timing is as shown
in Figure 4~7.

READING OPERATION

FCO, FC1, Interrupt flag status, open detect result and
short detect result registers can be read by SPI.

To read the registers, the first command byte selects
the corresponding register, followed by a CS pulse to
latch after read command byte is written to IS32FL3268.
Read register timing is as shown in figure 9.

All register writes and reads command as shown in
Table 1.

st A A XXX X OO XX XX
twans *-F ! e e,
CS E D etson
e i s
X O e
MISO
Figure 3 SPI Input Timing
PWM Command Byte PWM Data 384 Bits
‘1 2 3 4 5 6 7 g 5 6 7 377 378 379 380 381 382 383 382
MOSI o7 J os Jes [ os L o3 J 2] e [ co Josssfssafmasi [ ossof D370 ) pazs [ o317 [ D36 oo ps | pa | D3 Do )
SCK UL - fFf L L L
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 385 386 387 388 389 390 391 392
CS I [
Figure 4 SPI Writing PWM Register Data to IS32FL3268
SL Command Byte SL Data 192 Bits
‘1 2 3 4 5 6 7 81 2 3 4 5 6 7 8 185 186 187 188 189 190 191 197}
MOSI c1 ] csJ osf ca)l s N cafct J coFowoifpiso)oisofpiss ois7fiss[pissfoisa) oo DO
SCK L L - S e L L
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 193 194 195 196 197 198 199 200
CS I [
Figure 5 SPI Writing SL Register Data to IS32FL3268
Lumissil Microsystems — www.lumissil.com 10
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FCx Command Byte FCx Data 48 Bits

1 2 3 4 5 6 7 8¥1 2 3 4 5 6 7 8 41 40 43 44 45 46 47 48

MOSI gl o) alalalalw D47lD46XD4SXD4AXD43lD42XD4IXD40Xoool MEIEEE B

1 2 3 4 5.6 7 8 9 10 11 12 13 14 15 16 49 50 51 52 53 54 55 56

Figure 6 SPI Writing FCx Register Data to IS32FL3268

Reset/Interrupt Flag Clear Command Byte

"1 2 3 4 5 6 7 8
MOSI cafceclolalalalalcw

1 2 3 4 5 6 71 8
CS | [

Figure 7 SPI Writing Update/Reset/Interrupt Flag Clear Register Data to IS32FL3268

Read Command Byte

"1 2 3 4 5 6 7 8§
MOSI el osfalafalalcw

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 49 50 51 52 53 54 55 56
cs | [ [
Read Data Byte
- 1 2 3 4 5 6 7 8 41 42 43 44 45 46 47 48
MISO { D47 § D46 | Das | D44 f D43 J D2 f D41 D40 oo [ 07 ) D6 J D5 | s f D3 | D2 ] D1 f D0 fe—

Figure 8 SPI Reading from IS32FL3268
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1 2 3 4 5 6 7 8.“ 1 2 3 4 5 6 7 8 377 378 379 380 381 382 383 384
MOSI agloloslalalalalw D383lD382XD381XD3XOXD379lDS78XD377!D376X esol D7 D6 f Ds ] Dal D3 | p2] D1 | DO
SCK UL - fFuUr L
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CS I
Chip 1 PWM Command Byte Chip 1 PWM Data
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N |_

Figure 9 SPI Writing PWM Register Data to IS32FL3268(Two Chips Cascade)

Chip 2 Read Command Byte Chip 1 Read Command Byte

1 2 3 4 S 6 ) 1 2 3 4 S 6 1 8
N T = 0 5 5 60 ) 0 3 G ) D ) (0 ) () D

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 101 102 103 104 105 106 107 108

Cs il r

Chip 2 Read Data Chip 1 Read Data

(1 2 3 4 S 6 1 8 41 42 43 44 45 46 47 48"/I 2 3 4 S 6 1 8 41 42 43 44 45 46 47 48"
MISO ' 0 60 0 09 00 1 £0 0 5 63 63 0 6 0 60 6 1 £ £ 1) 60 63 60 00 () (0 I 0 0 (0 ) I I e

Figure 10 SPI Reading from IS32FL3268 (Two Chips Cascade)
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VSB INTERFACE

IS32FL3268 uses a VSB protocol to control the chip’s
function with four wires: DI, SCLK, LAT and DO. VSB
transfer starts from DI and SCLK controlled by Master
(Microcontroller), and IS32FL3268 latches data when
LAT is asserted (low to high).

The maximum SCLK frequency supported in
IS32FL3268 is 20MHz.

WRITING OPERATION

VSB write data format is 8-bit (byte) command
followed by the register data. The command byte

determines the length and function of the register data.

When writing Update/Reset/Interrupt Flag Clear

Register to 1IS32FL3268, only the command is sent
(without data). The IS32FL3268 VSB write register
timing is as shown in figure 12~15.

READING OPERATION

FCO, FC1, Interrupt flag status, open detect result and
short detect result registers can be read by VSB.

To read the registers, the first command byte selects
the corresponding register, followed by a LAT pulse to
latch after read command byte is written to
IS32FL3268. Read register timing is as shown in
figure 16~17.

All register writes and reads command as shown in
Table 1.

-

XXX XX

DI | e tam Ctam
o] e ! D et

LAT E HEEPA Y
e e
TR K XX K

DO

Figure 11 1S32FL3268 VSB Input Timing
PWM Command Byte PWM Data 384 Bits
1 2 3 4 5 6 7 81 ""1 8 377 378 379 380 381 382 383 384
DI D7 | D6 J ps ) b4 ] b3 J b2 D1 J Do ¥ D3ss) Dss2 I pssi | p3so) D379 f D378 [ D377 D376 eee X D7 ] D6 f Ds Y b4 ] D3 | D2 ) D1 ] D0

+_FLFLFLFLFLFLFLA
scik UL LA LALLfLfLALALE
1 2 3 4 5 6 7 8

385 386 387 388 389 390 391 392

M

LAT
Figure 12 VSB Writing PWM Register Data to IS32FL3268
SL Command Byte SL Data 192 Bits
12 3 4 5 6 7 8% 8 185 186 187 188 189 190 191 193
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193 194 195 196 197 198 199 200

M
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Figure 13 VSB Writing SL Register Data to IS32FL3268
FCx Command Byte FCx Data 48 Bits
"1 2 3 4 5 6 7 871 2 3 41 42 43 44 45 46 47 48"
DI D7 | D6 f ps ) D4 I D3 p2f D1 [ 0o ¥ D47) D46 I Das | D44 f D43 F 042 f D41 J D40 f eee X D7 ] D6 f D5} b4 ] D3 | D2 ) D1 ] D0

LAT

scLk —f L L L L L el -~
1 2 3 4 5 6 7 8

14 15 16 49 50 51 52 53 54 55 56

-

Figure 14 VSB Writing FCO/FC1 Register Data to IS32FL3268
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Reset/Error Flag Clear Command Byte

"1 2 3 4 5 6 71 8

DI D7 D6 l D5 l D4 l D3 l D2 l D1 l DO

7 kR R —
1 2 3 4 5 6 7 8

LAT M_

Figure 15 VSB Writing Update/Reset/Interrupt Flag Clear Register Data to IS32FL3268

Read Command Byte Read Data Byte

1 2 3 4 5 6 7 8.\ l 2 3 4 5 6 7 8 43 44 45 46 47 48
DI p7 J b6 | ps J pa 03 I b2 ) D1 } Do D47 | D46 D45 D44 [ D43 | D2 [ D41 J D40 f eee Y D7 L D6 } D5 L D4 J D3 | D2 f D1 ) DO
ek gL gk gk aE AR kR RE R E G NERENE R RECS NE K RE NS RN N NS ) S—
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 49 50 51 52 53 54 55 56
LAT M M
Figure 16 VSB Reading from IS32FL3268 (Single-direction, read data from DO)
Read Command Byte
‘12 3 4 5 6 7 8
DI p7 [ o6 f s Y b4 o3 [ o2 [ o1 J po
scLk UL L - U L L L L L
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 49 50 51 52 53 54 55 56
LAT [ J -
Read Data Byte
1 2 3 4 5 6 7 8 41 42 43 44 45 46 47 48
DO { D47 | D46 J D45 | D44 ] D43 042 f D41 L D40 X oo X D7 ) D6 | D5 4 D3 | D2 f D1 )} DO o
Figure 17 VSB Reading from IS32FL3268 (Bi-direction, read data from DI)
Chip 2 PWM Command Byte Chip 2 PWM Data
1 2 3 4 S 6 7 8 8 377 378 379 380 381 382 383 382
DI c7f el cs ) cales] ca) e oo fossafpsa]oasifpssofpiro) p37s 0377 D376} eee f b7 D6 f ps § s f 03 f b2 ] b1 ) Do

scLk 1AL - FUF L L L L L
385 386 387 388 389 390 391 392

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Chip 1 PWM Command Byte Chip 1 PWM Data

1 2 3 4 5 6 7 81\ 1 377 378 379 380 381 382 383 38\4.1
eeveece Terlos) esfaa)os ) ca)er ] coXosssfoss:)pssifosso)psr)psrs ps77)p376f eee f D7) D6 [ ps ) D4 Y 03 [ 02 f D1 | Do e

777 778 779 780 781 782 783 784

393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408

Figure 18 VSB Writing PWM Register Data to IS32FL3268(two chips cascade)

Chip 2 Read Command Byte Chip 1 Read Command Byte
1 4 5 6 7 8V 1 2 3 4 5 6 7 8§
DI | 0 I ) D ) ) 3 I 0 3 ) (50 I (8 0
e R R atatatabak gtttk a kg gk h g Ak Ak Ak AR AR AR AR AR ak a R pE K pE pE aE g R E R R K y% A6 N % J B JE B 5 K B
I 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2 23 24 53 54 55 56 57T S8 9 60 61 62 63 64 65 66 61 68 101102 103 104 105 106 107 108
LAT M [
Chip 1 Read Data

Chip 2 Read Data

"1 2 03 4 5 6 7 8 41 42 43 44 45 46 47 4871 2 3 4 5 6 7 8 41 42 43 44 45 46 47 48"
Lo o o Lo Lo Yoz Y ot Lo X e o7 oo L o5 Yo o o2 Lo N oo Y oar f o J o Lo oo ooz oo [ oo X+ o oo L os Yo Yo I o2 o J o0 —

Figure 19 VSB Reading from IS32FL3268 (two chips cascade)

Lumissil Microsystems — www.lumissil.com 13

Rev. A, 04/11/2024



(LUMISSIL

IS32FL3268

Table 1 Register Write and Read Command
Command Data Length Function
0110000x 8bits+384bits Write PWM Register data
0100000x 8bits+192bits Write SL Register data
0010000x 8bits+48bits Write FCO Register data
1010000x 8bits+48bits Read FCO Register data
0010001x 8bits+48bits Write FC1 Register data
1010001x 8bits+48bits Read FC1 Register data
1011000x 8bits+48bits Read open detect result of 24 channels
1100000x 8bits+48bits Read short detect result of 24 channels
1101111x 8bits+48bits Read interrupt flag status
0000001x 8bits Interrupt flag clear
0000111x 8bits Global reset

Lumissil Microsystems — www.lumissil.com
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REGISTER DEFINITION
Table 2 Register Definition

Unit Name Function Table | R/W Default
. 0000 0000
PWMO0~PWM23 [PWM Register Set PWM for each channel 3 w 0000 0000
SLO~SL23 SL Register Set SL for each channel 4 w 1111 11xx
Set global current for R channels
(OUTO, OUT3 ... OUT21) 5 |RWI 11111111
Global Current Control Set global current for G channels
Register (OUT1, OUT4 ... OUT22) 6 |RWI 11111111
FCO
Set global current for B channels
(OUT2, OUT5 ... OUT23) 7o |RW AT T
Current Band Register Maximum current band control R/W 011
Configuration Register Configure operating mode R/W | 011101
Open/Short Detect and
Threshold Register and Set Open/Short function and read
Read Direction Select direction & SYNC 10 |RW 1 10111010
Register & SYNC
Frequency Selection
Register and Spread Set OSC frequency and Spread | 11 | ey | 0000 0000
S . Spectrum
FC1 pectrum Register
Phase/OUT Delay and Set phase/out delay and flag
Report Enable Register report enable 12 |RW 110000
. Set MOSI/DI, MISO/DO edge and
Edge Select Register MOSI/DO output delay time 14 |R/W 1
Open Action Enable Register Set_ the IOUT open protection 15 |RIW 0
action
OP0O~OP23 Open Detect Result Register Eltzolge the open information of 16 R -
STO~ST23 | Short Detect Result Register | >ore e short information of 17 | R .
Interrupt Flag |Interrupt Flag Status Read . )
Status Read Register Store interrupt flag status 18 R
Inter(r:lljé)ét]rFlag Interrupt Flag Clear Register [Interrupt flag clear 19 W |
Reset Reset Register Reset all registers 20 W |
Lumissil Microsystems — www.lumissil.com 15
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Table 3 PWM0~PWM23 PWM Register Is, = 0.259 + L 0.741 (3)
64
Unit PWM23 PWMO SL=Y7_,D[n] - 2" (4)
Bit 383:376 | 375:368 |...[ 15:8 7:0 Where D[n] stands for the individual bit value, 1 or 0,

Name | PWM H | PWM L |...| PWM_H | PWM_L

Default| 00000000 |00000000|...{00000000| 00000000

PWMO~PWM23 is PWM register for OUTx. Each
PWMx contains 16 bits data, control the PWM duty of
each dot. Each dot has two bytes to modulate the
PWM duty in 256/4096/65536 steps. If using 8 bits
PWM resolution, only PWM_H 8 bits need to be set.

If using 8+4-bit PWM resolution, only PWM_H 8 bits
and high 4 bits of PWM_L need to be set.

The channel output current, lout and the value of the
PWM registers decide the average current of each
LED noted as lLep.

lout is computed by Formula (1):

loyr = Icp X Ig, X Igec (1)

Where Ics is current resulting from current band
setting (See Table 8 Current Band Register and
definitions), Is. is current resulting from SL setting
(See Table 4 SL Register and definitions), and lscc is
current resulting from GCCx setting (See Table 5~7
GCCR/GCCB/GCCR Register and definitions).

ILeo computed by Formula (2):

PWM

Igp = % loyr (2)

;
N=256: PWM=> Dn]-2"

n=0

(8-bit mode)

11
N=4096: PWM=> Din]-2"

n=0

(8+4-bit mode)

15
N=65536: PWM =" D[n]-2" (8+8-bit/16-bit mode)

n=0

Table 4 SL0~SL23 SL Register

Unit SL23 SLO

Bit 191:184 7:0
Name SL SL
Default 111111xx 111111xx

SLO~SL23 is the SL Register for OUTx. Each SLx
contains 6-bit data that controls the DC output current
for each dot. Each dot has a byte (only high 6 bits
need to be set) to modulate DC current in 64 steps.

The SL Register value determines the output current
of each channel, noted lour.

lout computed by Formula (1):

loyr = Icg X Isy X Igcc (1)

in location n, Ics is current resulting from current band
setting (See Table 8 Current Band Register and
definitions), and lecc is current resulting from GCCx
setting (See Table 5~7 GCCR/GCCB/GCCR Register
and definitions).

Table 5 FCO Unit (7:0) Global Current Control
Register

Bit 7:0
Name GCCR
Default 11111111

Table 6 FCO Unit (15:8) Global Current Control
Register

Bit 15:8
Name GCCG
Default 11111111

Table 7 FCO Unit (23:16) Global Current Control
Register

Bit 23:16
Name GCCB
Default 11111111

The Global Current Control Register modulates all
OUTx (x=0~23) global current which is noted as lour
in 256 steps.

lout is computed by the Formula (1):

Ioyr = Icp X Isy X Igcc (1)
Ioce = 0.096 + 7= X 0.904 (5)
GCC = ¥5-oD[n] - 2" (6)

Where D[n] stands for the individual bit value, 1 or 0,
in location n.

Table 8 FCO Unit (26:24) Current Band Register

Bit 26:24
Name CB
Default 011

The Current Band Register stores the current band or
the maximum output current range of each LED
output.

lout(vax) is the maximum current output decided by
Riser (Check Riser section for more information).
Example: when Riset=5.6kQ, lout(max) =51mA.

Ice is the maximum current band decided by CB
registers.

Lumissil Microsystems — www.lumissil.com
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CcB Current Band Setting

000 Band 1: Ics= loutvax) X 9.1%

001 Band 2: Ics= lout(max) % 20.6%
010 Band 3: Ics= lout(max) % 33.1%
011 Band 4: Ics= lout(vax) X 45.8%
100 Band 5: Ice= lout(max) X 59.1%
101 Band 6: Ics= lout(max) X 73.5%
110 Band 7: Ics= lout(max) * 86.4%
111 Band 7: Ics= loutmax) X 100%

Table 9 FCO Unit (32:27) Configuration Register
Bit 32 31:30 29 28 27

Name | SSD | ES-PWM [AUTO_UPD|DTMRST| -
Default| 0 00 0 0 1

The Configuration Register sets operating mode of
IS32FL3268.

When SSD is “1”, IS32FL3268 enters software
shutdown mode. When SSD is “0”, IS32FL3268 is in
normal operation.

The ES-PWM bits selects PWM resolution mode,
default PWM resolution mode is 16-bits.

The AUTO_UPD set auto data update function of
IS32FL3268. When this bitis 0, the outputs PWM duty
update immediately at the next LAT rising edge for a
new PWM value data write. When this bit is 1, the
output PWM duty will update at the 65,536th PWM
clock after the LAT rising edge for a new PWM value
write. The write control of SL data is the same.

The DTMRST set display timing reset function of
IS32FL3268. When this bit is 0, the output PWM duty
is not reset, the outputs are not forced off and new
PWM duty update immediately at LAT rising edge for
a new PWM value data write. When this bit is 1, the
PWM duty is reset to 0 and all outputs are forced off
at the LAT rising edge for a new PWM value data write,
and all output new PWM duty will update after all
outputs are forced off.

SSD  Software Shutdown control
0 Normal operation
1 Software shutdown

ES-PWM PWM Mode Select
00 16-bit

01 8+8-bit dithering

10 8+4-bit dithering

11 8-bit

ATUO_OPD Auto Data Update Mode
0 Disable

1 Enable

DTMRST Display Timing Reset Mode
0 Disable

1 Enable

Table 10 FC1 Unit (7:0) Open/Short Detect and
Threshold Register and Read Direction Select
Register & SYNC

Bit 7 6 5 4 3 2:1 0

GCLK_ LSD_E|LOD_| LOD
Name | MS EN SIOM N EN VTHN
Default | 1 0 1 1 1 01 0

When two or more IS32FL3268 are cascaded, the MS
bitis set to “1” for the master IS32FL3268. The master
IS32FL3268’s SYNC/GCLK pin will generate a clock
signal to all the slave devices. To be configured as a
clock slave device and accept an external clock input
the slave device’s MS bit must be set to “0”.

Set SIOM to “1” for single direction read data mode.
In this mode, read register data will be from DO pin
after sending the read command. Set SIOM to “0” for
Bi-direction read mode where read register data will
be from DI pin after sending the read command.

LOD_EN/LSD_EN enables the open or short LED
channel detection with the result stored in open/short
detect result registers.

Set LODVTH to select open detect threshold voltage.

MS Enable of SYNC Function
0 Slave mode
1 Master mode

GCLK_EN GCLK Clock Signal Output

0 Inside (no output)

1 Output

SIOM Read Direction Select

0 Read data Bi-direction

1 Read data single direction

LSD_EN Short Detection Enable

0 Disable
1 Enable
LOD_EN Open Detection Enable
0 Disable
1 Enable

LODVTH Open Detect Threshold Select;
00 0.09Vv

01 0.19v
10 0.35V
11 0.49V

Lumissil Microsystems — www.lumissil.com
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Table 11 FC1 Unit (15:8) Frequency Selection

Register and Spread Spectrum Register
Bit | 15:14 | 13:12 11 10 9:8
Name | CLT | RNG | SSP - 0SC
Default | 00 00 0 0 00

Spread Spectrum Register set the spread spectrum
(SSP) and synchronization function of 1IS32FL3268.
When SSP is 1, the spread spectrum function will be
enabled; the CLT bits will adjust the cycle time of
spread spectrum function and the RNG bits will adjust
spread spectrum range of the spread spectrum
function. The oscillator clock frequency has to be
16MHz or 8MHz when the spread spectrum function
is enabled.

The OSC bit selects the oscillator clock frequency,
default is 16MHz.

CLT  Spread Spectrum Cycle Time

00 1980us

01 1200ps

10 820us

11 660us

RNG Spread Spectrum Range
00 +3%

01 9%

10 +16%

11 +24%

SSP  Spread Spectrum Function

Table 13 FC1 Unit (21:16) Phase/OUT Delay and
Report Enable Register

Bit 21 20 19 18 17 16
SHORT | OPEN | TSD | REST oD

Name RE “RE RE “RE PHASE EN

Default 1 1 0 0 0 1

When SHORT_RE is 1, the short detect result
reporting is enabled.

When OPEN_RE is 1, the open detect result reporting
is enabled.

When TSD_RE is 1, the thermal shutdown result
reporting is enabled.

When REST_RE is 1, the ISET pin short to ground
result reporting is enabled.

If reporting is enabled, the INTB pin active low when
the any interrupt event happens.

SHORT_RE  Short Detect Result Report

0 Disable

1 Enable

OPEN_RE Open Detect Result Report

0 Disable

1 Enable

TSD_RE Thermal Shutdown Result Report

0 Disable

1 Enable

RSET_RE ISET Pin Short to Ground Result
Report

0 Disable

1 Enable

PHASE Phase Delay Enable

0 Disable

1 Enable

OD_EN OUT Delay Function

0 Disable

1 Enable

Table 14 FC1 Unit (25:22) Edge Select Register

0 Disable
1 Enable (OSC need select 16MHz or 8MHz)
OSC Oscillator Clock Frequency Select
00 16MHz (default)
01 8MHz
10 4MHz
11 2MHz (not recommended for 16-bit PWM
mode)
Table 12 PWM Frequency
coWM 1 46MHZ | 8MHZ | 4MHz | 2MHz
requency
16-bit 244Hz 122Hz - -
. 244Hz~ | 122Hz~
8+8DIt | 6o BkHz | 32.2kHz | ;
8+4-bit 3.9kHz~ | 1.95kHz~ | 0.98kHz~ | 0.49kHz
62.5kHz | 32.2kHz | 15.6kHz | ~7.8kHz
8-bit 62.5kHz | 32.2kHz | 15.6kHz | 7.8kHz

Bit 25:24 23 22
Name TDO DOE DIE
Default 11 1 0

Set TDO to select MISO/DO output delay time
Set DOE to select MISO/DO transmit edge
Set DIE to select MOSI/DI sample edge

Lumissil Microsystems — www.lumissil.com
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TDO MISO/DO Output Delay Time
00 Ons

10 1ns

01 2ns

11 3ns

DOE MISO/DO Transmit at SCK Edge
0 Falling edge
1 Rising edge

DIE MOSI/DI Data Sample at SCK Edge
0 Rising edge
1 Falling edge

Table 15 FC1 Unit (26) Open Action Enable
Register

Bit 26
Name OPEN_ACTION_EN
Default 0

The OPEN_ACTION_EN is set to the lour open
protection action when open happen.

If OPEN_ACTION_EN bit is set to “0”, the lout open
protection is disable, the lout=loutrmax) when open
happens.

If OPEN_ACTION_EN bit is set to “1”, the lout open
protection is enable, the lout=loutmax)y x 1/4 when
open happens.

Table 16 OP23~OP0 Unit (23:0) Open Detect
Result Register (Read Only)

Bit 47:0
Name OP23:0P0
Default -

When LOD_EN (D3 of FC1) is set to “1”, open
detection will be enabled, and the LED open status
will be detected in real time, the open status
information will be stored in this register.

When read open detect result command (0xBO0) is
sent to 1IS32FL3268, then all channels open status
information is read from this register. The read open
detect result register timing is as shown in figure
8/17/19.

Table 17 ST23~ST0 Unit (47:0) Short Detect
Result Register (Read Only)

Bit 47:0
Name ST23:STO
Default -

When LSD_EN (D4 of FC1) is set to “1”, short
detection will be enabled and the LED short will be

detected in real time. The short status information will
be stored in this register.

When read short detect result command (0xCO0) is
sent to 1IS32FL3268 then all channels short status
information is read from this register. The read short
detect result register timing is as shown in figure
8/17/19.

Table 18 Interrupt Flag Read (DEh) Unit (7:0)
Interrupt Flag Status Read Register (Read Only)

Bit 76|54 3 2 1 0
Name | - | - | -| - | SF | OF | TSDF | RSF
Default | - | - | - | - - - - -

SF Short Flag

0 normal

1 LED short detected

OF Open Flag

0 normal

1 LED open detected

TSDF Thermal Shutdown Flag

0 normal

1 thermal shutdown detected

RSF ISET Pin Short to Ground Flag
0 normal
1 ISET pin short to GND detected

Table 19 Interrupt Flag Clear Unit (7:0) Register
(Write Only)

Bit 7:0
Name Interrupt Flag Clear
Default -

When working in normal operation mode, sending
Interrupt Flag Clear Command (0x02) to IS32FL3268
will clear Interrupt Flag Register status and
Open/Short detect status result Registers.

Table 20 Reset Unit (7:0) Reset Register (Write
Only)

Bit 7:0
Name Reset
Default -

When working in normal operation mode, sending
Reset Command (0xOE) to IS32FL3268 will reset all
registers to default values.

Lumissil Microsystems — www.lumissil.com
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APPLICATION INFORMATION

Riser

The maximum output current loutwax) for
OUTO0~OUT23 can be adjusted by the external
resistor, Riset, as described in Formula (7).

VISET
I =x. AL (7
OUT(MAX) RiseT (7)

X =234, Viser = 1.22V.

The recommended minimum value of Riseris 5.6kQ).
When Riset=5.6kQ, lout(Max)=50.98mA

When Riset= 7.5kQ, lout(max)= 38.06mA

Riser should be placed close to the chip and
connected to the GND plane properly.

PWM CONTROL

The PWM Registers (PWM0O~PWM23) can modulate
the LED brightness of each of the 24 channels with
256/4096/65536 steps. For example, if the data in
PWM_H Register is “0000 0000” and in PWM_L
Register is “0000 0100”, then the PWM is the fourth
step.

Writing varying new data continuously to the PWM
registers modulates the brightness of the LEDs to
achieve lighting patterns. e.g. breathing effect.

SPREAD SPECTRUM FUNCTION

PWM current switching of LED outputs can be
particularly troublesome with regards to EMI. To
optimize the EMI performance, the IS32FL3268
includes a spread spectrum function. By setting the
RNG bit of Spread Spectrum Register, Spread
Spectrum range can be chosen from +3%, 9%,
116%, or +24%. The spread spectrum function will
lower the total emitting electromagnetic energy by
spreading the energy into a wider frequency range to
significantly degrade the EMI energy peaks. With
spread spectrum, the EMI conformance test is easier
to pass with a smaller and lower-cost filter circuit.

SOFTWARE SHUTDOWN MODE

Software shutdown mode can be used as a means of
reducing power consumption. During software
shutdown mode all registers retain their data.

By setting SSD bit of the Configuration Register (D32
of FCO) to “1”, the 1S32FL3268 will operate in
software shutdown mode. When the IS32FL3268 is in
software shutdown mode, all current sources are
switched off.

LAYOUT RECOMMEDATION

The IS32FL3268 reliability can be improved by good
PCB layout. Please consider below factors when
designing the PCB.

The first step to consider are the supply lines and
GND connections; especially those traces with high
current. The digital and analog blocks’ supply lines
and GND should be separated to avoid noise from
digital block affecting the analog block.

Add at least one 10uF capacitor to Viep-+, if possible
additional 0.47uF or 1uF capacitor is recommended
to connected to the ground at each power supply pins
of the chip. These needs to be close to the chip and
the ground net of the capacitor should be well
connected to the GND plane.

1. The VCC/ VLep+ capacitors need to be close to the
chip and the ground side should be well connected to
the GND plane.

2. Riser should be close to the chip and the ground
side should be well connected to the GND plane.

3. The thermal pad should connect to the ground
plane. The PCB should have the thermal pad with 16
or 25 vias through the PCB to other side’s ground
area to help radiate the heat. About the thermal pad
size, please refer to the land pattern of corresponding
package.

4.VCC pin maximum current is 30mA when VCC=5V,
but the Viep+ net is providing total current of all
outputs, its current can as much as
51mA%24=1224mA, recommend trace width for VCC
pin is 0.20mm~0.3mm, recommend trace width for
Viep+ netis 1.2mm~1.5mm,

* Output pins=51mA, recommend trace width is
0.2mm~0.254mm

» All other pins<30mA, recommend trace width is
0.15mm~0.254m

THERMAL CONSIDERATION

The over temperature of the chip may result in
deterioration of the properties of the chip.
IS32FL3268 has thermal pad but the chip could be
very hot if power is very high. So, do consider the
ground area connecting to the GND pins and the
thermal pad. Other traces should keep clearance and
ensure the ground area below the package is
integrated. The backside ground layer should be
connected to the thermal pad through 9 or 16 vias to
maximized the ground plane area.

The package thermal resistance, 6.a, determines the
amount of heat that can pass from the silicon die to
the surrounding ambient environment. The Buais a
measure of the temperature rise caused by power
dissipation and is usually measured in degree Celsius
per watt (°C/W).

When operating the chip at high ambient
temperatures, or when driving maximum load current,
care must be taken to avoid exceeding the package
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power dissipation limits. The maximum power 4

dissipation can be calculated using the following 35 N

Formula (6): —

v Tymax)~Ta 6 E’ 3 N\
P =LA 4
b1ax) 014 ©) % 2.5 \
150°C-25°C a \

SO, PD(MA_X)_WNj)HszW é 2 \\

Figure 20, shows the power derating of the % 15

IS32FL3268 on a JEDEC boards (in accordance with ~ \\

JESD 51-5 and JESD 51-7) standing in still air. ! \
0.5 N

0

-40 -15 10 35 60 85 110 135 150

Temperature (°C)

Figure 20 Dissipation Curve
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CLASSIFICATION REFLOW PROFILES

Profile Feature

Pb-Free Assembly

Preheat & Soak
Temperature min (Tsmin)
Temperature max (Tsmax)
Time (Tsmin to Tsmax) (ts)

150°C
200°C
60-120 seconds

Average ramp-up rate (Tsmax to Tp)

3°C/second max.

Liquidous temperature (TL) 217°C
Time at liquidous (tL) 60-150 seconds
Peak package body temperature (Tp)* Max 260°C

Time (tp)** within 5°C of the specified
classification temperature (Tc)

Max 30 seconds

Average ramp-down rate (Tp to Tsmax)

6°C/second max.

Time 25°C to peak temperature

8 minutes max.

Temperature —>

."/
SupplierT, 2T,
[ pRie e = e UserT, =T,
| p=le
v \
Te "
\ \
I T.-5'C |
s ‘s 1 - User t,—=
\
Tp ¥
Max. Ramp Up Rate = 3°Cls
Max. Ramp Down Rate = §'Cls
T
Tsmax Preheat Area
) ;
Tsmin

25

|-7Time 25°C to Peak

Time =

Figure 21 Classification Profile
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PACKAGE INFORMATION

WFQFN-40
° b2 Pin1 # 1D
A
JuUuuuuyuuyu
[ ] a1
> d
/ > d
Pin1 dot ) d
by marking iR ) @k
D @
D} (@& DETAIL A
> d
] d MILLIMETER
= d SYMBOL MIN NOM MAX
) alalalaNatalalalalal o o0 o s
Al 0.00 | 0.02 | 0.05
TOP VIEW BOTTOM VIEW A3 0. 203REF
D 5.90 | 6.00 | 6.10
E 5.90 | 6.00 | 6.10
b 0.18 | 0.25 | 0.30
L 0.30 | 0.40 | 0.50
K 0.20 | - |
4:1 o o o B B e T e W |l SEATING e 0. 508SC

PLANE

= _’
2 ~Jow] ¢ s

Al

SIDE VIEW

NOTE:
1. CONTROLLING DIMENSION : MM
2. REFERENCE DOCUMENT: JEDEC MO-220

233-570-360 Rev.B

SIZE D2 E2
L/F SIZE (mm)

R (mil) MIN [NoM[MAX | MIN [NOM|MAX
D0 E 189x189 440 | 450 | 4.60 | 440 | 450 | 4.60
o5 e 130x130 250 | 2.90 | 3.00 | 2.80 | 2.90| 3.00

|
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RECOMMENDED LAND PATTERN

WFQFN-40

5.01mm

4,50mm

[0uuunoo

5.01mm  4.50mm

Juoottbuou

Jooououool

1000000000—_£

— —— 0.50mm —| [~ 0.26mm

Note:
1. Land pattern complies to IPC-7351.
2. All dimensions in MM.

3. This document (including dimensions, notes & specs) is a recommendation based on typical circuit board manufacturing parameters. Since
land pattern design depends on many factors unknown (eg. User’'s board manufacturing specs), user must determine suitability for use.
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REVISION HISTORY
Revision Detail Information Date
0A Initial release 2022.07.22
1.Update EC table
0B 2.Update FC1 Register definition (D5/D23/D26 of FC1)) 2023.10.08
3.Add PWM Frequency (Table12)
0C Update EC table 2024.01.31
A Update to final version 2024.04.11
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