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LED2472G

24-channels LED driver with error detection and gain control

@ ‘. A
TQFP48-EP

MLPQ40-EP 5x5

Features

e 24 constant current output channels
e OQutput current: from 4 mA to 72 mA
¢ 8 x 3 independently controlled channels (RGB)

e Current programmable through external
resistor

e 7-bit global current gain adjustment in two
ranges

e Error detection mode (both open and shorted
LED)

e Programmable shorted LED detection
thresholds

e Auto power-saving / auto wakeup

e Gradual output delay (selectable)

e Supply voltage: 3Vto 5.5V

e Thermal shutdown and thermal flag

Datasheet - production data

Description

The LED2472G is a monolithic, low voltage, low
current power 24-bit shift register designed for
LED panel displays with particular features
oriented to indoor and outdoor LED screen
billboards. The LED2472G guarantees 20 V of
output driving capability, allowing several LEDs to
be connected in series. The device is configured
in 3 groups (red, green and blue) of 8
independently-controlled channels. The LED
current can be separately regulated for each color
within the range from 4 mA to 72 mA. This range
is divided into two sub-ranges and the current can
be adjusted within each range in 64 steps of
resolution (6 bits per color). A single external
resistor is required. All the controls and the shift
register data are accessible via serial interface. A
single 24-bit configuration register is used to
choose features and settings to fit the application.
The LED failure detection circuit checks 3
different conditions that can occur at the output
line: short to GND, short to LED power supply rail
or open channel. The auto power shutdown and
auto power-on feature (selectable) allows the
device to save power without any external
intervention. Thermal management includes
overtemperature flag and the output thermal
shutdown (170 °C). The high clock frequency of
up to 30 MHz makes the device suitable for high
data rate transmission. A selectable gradual
output delay reduces the inrush current. The
supply voltage ranges from 3V and 5.5 V.

Table 1. Device summary

e Up to 30 MHz CLK 4 wires interface Order code Package Packaging
e 20V current generators rated voltage LED2472GBTR TQFP48-EP
LED2472GQTR | MLPQ40-EP 5x5 Tape and reel

. . - X
Applications
o Full color large displays
e LED signage
e LED screens for indoor and outdoor billboards
October 2017 DoclD024620 Rev 4 1/40
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Pin description

Figure 1. Pinout for TQFP48EP (top view)
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Figure 2. Pinout for MLPQ40 (top view)
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Table 2. Pin description

il Symbol Name and function
TQFP48 MLPQ40
29, 30 23,24 GND Ground
2 2 SDI serial data input
3 3 LE Latch enable
8,9 8,9 Reserved Not used in applications
4 7 CLK Clock
1,5,6,7,10, 11,12, 25, 26, 28, 36 4,56 NC Not connected
31 25 VDD Power supply voltage
13 10 R1 Red output 1
14 11 G1 Green output 1
15 12 B1 Blue output 1
16 13 R2 Red output 2
17 14 G2 Green output 2
18 15 B2 Blue output 2
19 16 R3 Red output 3
20 17 G3 Green output 3
21 18 B3 Blue output 3
22 19 R4 Red output 4
23 20 G4 Green output 4
24 21 B4 Blue output 4
27 22 ISET Current setup
32 26 BOE Blue output enable
33 27 GOE Green output enable
34 28 ROE Red output enable
35 29 SDO Serial data output
37 30 B5 Red output 5
38 31 G5 Green output 5
39 32 R5 Blue output 5
40 33 B6 Red output 6
41 34 G6 Green output 6
42 35 R6 Blue output 6
43 36 B7 Red output 7
44 37 G7 Green output 7
45 38 R7 Blue output 7
46 39 B8 Red output 8
57 DoclD024620 Rev 4 7/40
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Table 2. Pin description (continued)

Pin
Symbol Name and function
TQFP48 MLPQ40
47 40 G8 Green output 8
48 1 R8 Blue output 8

8/40
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Absolute maximum ratings

2 Absolute maximum ratings
Stressing the device above the ratings listed in the Table 3 may cause permanent damage
to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the operating sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
Table 3. Absolute maximum ratings
Symbol Parameter Value Unit
Vop Supply voltage -04to07 \%
A Digital inputs voltage -0.4 to Vdd+0.4 V
ouT Driver outputs voltage (R<1:8>, G<1:8>, B<1:8>) 20 \%
lo Output current 80 mA
IGND GND terminal current 1.9 A
ESD Electrostatic discharge protection HBM human body model +2 KV
Electrostatic discharge protection MM machine model +200 \%
1S7; DoclD024620 Rev 4 9/40
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3 Thermal characteristics
Table 4. Thermal characteristics
Symbol Parameter Value Unit
Ta Operative free-air temperature range(” -40 to +85
TJ-OPR Operative thermal junction temperature range -40 to +125 °C
Tstg Storage temperature range -55 to +150
Junction-ambient thermal resistance; QFN40-EP(2) 25.3 °CIW
Rthja
Junction-ambient thermal resistance; TSSOP48-EP(1 33 °C/IW

1. This data must be considered in adequate power dissipation conditions. The junction temperature must be maintained

below 150 °C.
2. In accordance with JEDEC standard 51-7B. The exposed pad should be soldered directly to the PCB to obtain the thermal

benefits.

10/40
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LED2472G
4 Electrical characteristics
Vdd =3.3V, Tj =25 °C, GRG = “1” (gain reg), Reyt = 13 kQ, unless otherwise specified.
Table 5. Electrical characteristics
Symbol Parameter Test conditions Min. Typ. Max. | Unit
Vdd Supply voltage 3 5.5
VouTt Output voltage For all outputs - - 19
\m 0.7-Vdd - vdd
Input voltage \%
VL GND - 0.3-Vdd
VoL Serial data output voltage Vpp=3t055V - - 0.4
Von (SDO) | =+/-1mA Vpp-0.4 - -
loleak Output leakage current Vo =19V, all outputs OFF - - 0.5 UuA
UVLO threshold voltage
Vivio1 (rising) 27 29 \Y,
UVLO threshold voltage
Vivio1 (falling) 22 23 \Y,
Hyuvio UVLO hysteresis 400 mV
1S7] DoclD024620 Rev 4 11/40
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Table 5. Electrical characteristics (continued)

Symbol Parameter Test conditions Min. Typ. Max. | Unit
V, =0.3V; (lo=5 mA)
Alg1 CFG-0 = CFG-1=CFG-2="0" - - +4
GRG =*0"
AloLs Output current precision Vo =0.6V; (lo=21mA) . - +3
channel-to-channel per each | CFG-0 = CFG-1=CFG-2="0
colorgroup - V, =05 V; (I0=15 mA)
AloLs (all outputs ON)™®) CFG-0=CFG-1=CFG-2="1"| - - +3
GRG ="0"
Vo =1.2V; (lo=61 mA)
AIOL4 “aAn = = 13
CFG-0 = CFG-1=CFG-2="1 o
(o]
Vo, =0.3V; (lo =5 mA)
AloL1a CFG-0 = CFG-1 = CFG-2 = “0" - - +6
GRG ="0"
Al Output current error device-to- Vo = 0.6 V; (10=21 mA) i i 6
OL3a device CFG-0 = CFG-1= CFG-2 = “0” *
per each color group V, = 0.5V; (lo = 15 mA)
Aloy 24 (all outputs ON)(") CEG-0 = CFG-1 = CFG-2 = “1” ) ) +6
GRG ="0"
Al Vo=1.2V; (lo=61mA) 6
OL4a CFG-0 = CFG-1=CFG-2 = “1” -
Output current vs. output Vo from 1:2V10 3 V; (o = 61
%lAVout voltage regulati.on(3) mA) i 0.2 }
CFG-0 = CFG-1=CFG-2="1"
%IV
Outout ) | Vdd from3Vto 55V
o utput current vs. supply _ e = i i
%/AVpp voltage regulation®) Vo _1 2V, (Io_ 61 mA_) . 1
CFG-0 = CFG-1=CFG-2="1
Rup Pull-up resistor for OE pin 400 00 650
5 5
Rdw Pull-down resistor for LE pin KO
Rex Exterrlzlsfsi;rﬁgé setup 100
No data transfers,
| all outputs OFF, 8
bol CFG-0 = CFG-1=CFG-2 = “0"
GRG =“0"; CFG-6 = “0”
Supply current (OFF) mA
No data transfers,
| all outputs OFF, 16
bb2 CFG-0 = CFG-1= CFG-2 = “1"
CFG-6 =“0"
12/40 DoclD024620 Rev 4 "I
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Table 5. Electrical characteristics (continued)

Symbol Parameter Test conditions Min. Typ. Max. | Unit
No data transfers,
| all outputs ON, 8
DD CFG-0 = CFG-1 = CFG-2 = “0"
Supply current (ON) GRG = 0" mA
No data transfers,
Ipp2 all outputs ON, - 15
CFG-0 = CFG-1 =CFG-2="1"
IDD All output OFF
Suppl t (autoOFF - 200 500 A
(AutoOFF)|  SUPPIY current (autoOFF) CFG-6=“1” H
SDE; CFG-3=CFG-4 =CFG-5="0" 2.0
LED short detection voltage \
SDE, CFG-3=CFG-4 =CFG-5="1" 3.0
oDC LED open detection current 0.5l
Tflg Thermal flag 150
Tsd Thermal shutdown(®) 170 oo
Thermal shutdown
Tsd-hy hysteresis(®) 15 20
1. Tested with just one output loaded
2. ((louty, - loutzygq.15)/ loutaygs.15) X 100
3.
A%/ V) = (loutn @ Voutn = 3.0V) — (loutn @ Voutn =1.0V) y 100
(loutn @ Voutn =1.0V) 3-1
4,
A(%/V) = (loutn@Vdd =5.5V) — (loutn@ Vdd = 3.0V) o 100
(loutn@Vdd =3.0V) 55-3
5. Not tested, guaranteed by design.
1S7; DoclD024620 Rev 4 13/40
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4.1 Typical application circuit
Figure 3. Typical application circuit
Supply voltage LED voltage rail
l 0
A
VDD
| ] | | ROE
Output enable for{ GOE
each color group BOE
SDI
Data loading and CLK
registers access
through serial LE
interface
SO ISET GND
AM13726V1
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5 Switching characteristics

Vdd =3.3V, Tj =25 °C, GRG = “1”" (gain reg), Reyt = 13 kQ, unless otherwise specified.

Table 6. Switching characteristics (@)

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
fok Clock frequency Cascade operation - - 30 | MHz
trspo) SDO rise time - 5 -
tfspo) SDO fall time - 5 -
tPLH2 LE-OUTN®) - 70 -
tPLH3 OE-oUTn® Propagation delay - 100 -
tPLH CLK-SDO me (e 8 | 15 | 25
CFG-7="0
tPHL2 LE-OUTn®) - 70 -
tPHL3 OE-0UTn® Propagation delay - 100 -
PHL CLK-SDO time (Ht0"L) | R =13kQ; lout = 21 mA s | 15 | 25 |
CFG-7="0’ Vout = 0.6 V
tw(CLK) CLK VIH = VDD; VIL = GND 20 _ _
— — RL =56 Q; CL =10 pF
tw(OE) OE Pulse width CEG-0 = CEG = CEG-2 = o | 150¥| - -
tw(L) LE 20 - -
tgr-d Gradual delay Ch to Ch 10
tsu) Setup time for LE 5 - -
th) Hold time for LE 5 - -
tsu() Setup time for SDI 5 - -
thp) Hold time for SDI 10 - -
tor(®) Maximum CLK rise time - - 5
tof(®) Maximum CLK fall time - - 5 He
lout-ov Output current turn-on overshoot oL = 1\(/)0;1;;7:&?205?1;/ 61 mA - - 10 %
foo No.rmal error detectk.)n ) ) 1 us
minimum output ON time
tshut-down | Auto power shutdown time (autoOFF) F\:ngalg-;E ::Pei:rr]gniig:t tc; ;Z’“ - 75 - ns
e | povervatespumne | FenEeossE ot |

All table limits are guaranteed by design.
Not tested in production.
CFG-8 = “1” (no output gradual delay)

In normal error detection mode must be longer than 1 ps

o N~

If devices are connected in cascade and t,, or t is large, it may be critical to achieve the timing required for data transfer
between two cascaded devices.

KTI DoclD024620 Rev 4 15/40
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Timing

Figure 4. Timing for clock, serial-in, serial-out, latch enable and outputs
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Correct sampling of the data depends on the stability of the data at SDI on the rising edge of
the clock signal and it is assured by a proper data setup and hold time (tsyp) and t,p)), as
shown in Figure 4. The same figure shows the propagation delay from CLK to SDO
(tpLH/tpHL)- Figure 4 describes also the minimum duration of CLK and LE pulses (tycLk)
and tyy(_), respectively) and the propagation delay from LE to OUT}, (tp_H4/tpHL1 @nd

tpL Ho/teHL2, respectively). Finally, Figure 5 also defines the turn-on and turn-off time (tys and
tor) Of the output voltage.

Figure 5. OE and Outputs timing

twiog)

OuUTn

AM13728V1
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7 Simplified Internal block diagram
Figure 6. LED2472G simplified block diagram
Vdd E Bandgap UVLO & POR Anafr)g Core Channels
|
|| Analog stage | | = im|
power supply requlator il l
|
Current constant driver Jl
R-group |<# o & diagnostic comparators
DAC i
-0
| i l
ISET] Vref & | | G-group Current constant driver Jl
Current Mirror DAC |af== =l & diagnostic chparaltofs
| i || |—I
B-group e
DAC Current constant dnver
& diagnostic comparators
Digital stage power Analog | O Gnd
= supply regulator DFT
| [} LA 4
OER[O ; :
OEG[ Switch cc-ntr;-l, Gradual delay| Digital Core
OEB [ & Diagnostic
soi O Serial Interface ]
soom Switch
EELK 5_41 i | ——— Gain
Command detector Configuration Digital DFT
AM13729V1
7.1 Equivalent circuits of inputs and outputs
Input terminals LE and /OE have pull-down and pull-up connections, respectively. CLK and
SDI must be connected to external circuits to fix the logic level.
1S7] DoclD024620 Rev 4 17/40
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Figure 7. Input terminals

OE terminal LE terminal

VDD

I &

Bl

CLK, SDI terminal SDO terminal

oo VoD

AM13692V1

3
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8 Digital blocks

The data inputs come in through the serial interface at each CLK rising edge and after 24
CLK cycles all data are loaded into the shift register. The LE signal is used to latch the
loaded data and also to generate digital keys for CFG management, scrolling, thermal check
and LED error detection. When one of the output enable signal (OER, OEB or OEG) is low,
the corresponding data are transferred to the relative output drivers. The data flow is “first in,
first out”. To latch the data, the LE signal must be high during the last data loading CLK
rising edge (Table 7). When one of the output enable signals (OER, OEB or OEG) is at low
level, output terminals (R1-R8,G1-G8, B1-B8) respond to the data either ON or OFF. When
one of the output enable signals (OER, OEB or OEG) goes to “1”, all outputs switch off all
the data on the output terminal. LE and /OE signals are asynchronous with respect to the
CLK signal. The time diagram below refers to RGB flow setting.

Figure 8. Data input time diagram

23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 |
|
sDI \ M\ M\ Im
T aaVaVaVaVaVaVaValaVaVaVsValsVsVeVaVsVsValsVslsValy
LE Y o on WA
]
_— |
OE '
RIG/B \ }I
|
R8 \_z- OFF
ON
| |
R7 — OFF
ON
G8 ~ OFF
\—/: ON
G7 OFF
| ON
e e e e e e mm e mmmmmmmmm e mmm e mmmm e mmm -] N P
|
G1 - OFF
\_l_ ON
| |
1
________________________________________________________________________________________________ Al
|
B2 L1 o
L1 on
|
|
B1 OFF
o
24-bit data o 1!
D I
AM13731V1
8.1 Register access

Access to the different registers of the device (configuration register, gain register, etc.) is
achieved by using different digital keys, defined as a number of CLK pulses during which the
LE signal is asserted. The available digital keys are summarized in Table 7.

‘YI DoclD024620 Rev 4 19/40
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Table 7. Digital keys summary

#CLK rising edges with the LE asserted Description
1-2 Data latch
3-4 Write configuration register
5-6 Read configuration register
7-8 Write gain
9-10 Read gain
1 Open detection
12 Short detection
13 Open/short detection
14 Thermal alert reading
15 Reserved
16 Reserved

Figure 9. Digital key timing diagram

CLK

LE Data latch

LE Write CR

.
LE Read CR I—l—

LE Write gain P I_
LE Read gain I |_
LE Open detection I |_
LE Short detection | |
LE Open/short detection | |7
LE Thermal alert | [
SDI

AM13732V1

8.2 Configuration register

The configuration register is used to enable or disable some device features, to program
some parameters and to change other settings. Access to this register (read or write) is
managed as described in Table 8 where a description is provided for each bit. The default

20/40 DoclD024620 Rev 4 KYI
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Digital blocks

3

value of the configuration register (when the device is switched ON or after a reset) is all bits
set to “0”. To change anything in the configuration register, a 24-bit digital word must be sent
(CFG-0 represents the LSB, CFG-23 the MSB).

Figure 10. Configuration register

SDI Y23 (22 )21 Y20 Y(19 {18 17 }(16 Y15 14 J(13 Y12 11 }(10 (09 Y08 }(07 06 }(05 (04 03 }(0z Y o1 Yoo Y X
ClK [ UL UL LN o
LE [ ) 4 4
P 24-bit data -
AM13733V1
Table 8. Configuration register
BIT Definition AttrlbuFe Configuration register function description | Default
read/write
RED "0” |
CFG-0 RIW “0" qw current range 0
current range 1” high current range
CFG-1 GREEN current R/W 0 Iqw current range 0
range “1” high current range
BLUE "0” |
CFG-2 U RIW ‘O" gw current range 0
current range “1” high current range
CFG-3 RED RIW 0 LED short-c?rcu?t detect?on threshold 2 V 0
voltage det. thr. 1” LED short-circuit detection threshold 3 V
REEN “0” LED short-circui ion threshold 2 V
CFG-4 G RIW ‘O” short c!rcu!t detect!ont reshold 0
voltage det. thr. “1”LE D short-circuit detection threshold 3 V
BLUE “0” LED short-circui ion threshold 2 V
CFG-5 U RIW “0” short c!rcu!t detect!ont reshold 0
voltage det. thr. 1” LED short-circuit detection threshold 3 V
“0” device always ON
CFG-6 Auto OFF R/W 0
! ”1” auto power shutdown active (Auto OFF)
“0” SDO half clock delay disabled
CFG-7 SDO del R/W 0
ey “1” SDO half clock delay enabled
“0” gradual outputs delay is applied
Gradual output
CFG-8 @ (;J:Iac;,u pu R/W ”1” all channels switch ON and OFF 0
simultaneously
DoclD024620 Rev 4 21/40
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Table 8. Configuration register (continued)

BIT Definition AttrlbuFe Configuration register function description | Default
read/write
CFG9 |CFG10 |CFGM
CFG-9 0 0 0 RGB 0
0 0 1 GBR
Data flow Riw | Colordata flow Ty 0 GRB
CFG-10 management 0
0 1 1 BGR
1 0 0 BRG
CFG-11 0
1 0 1 RBG
CFG ,
12 = 23 Don'’t care

8.3 Current ranges (CFG 0-CFG 2)

The output LED currents can be programmed using an external resistor connected to GND
from the ISET pin and can be adjusted using 6 bits in a dedicated gain register with two
possible current ranges selectable in the configuration register. Each range can be
separately selected for each color by the bits CFG-0, CFG-1 and CFG-2, respectively, for
the RED, GREEN and BLUE channels.

8.4 Error detection conditions (CFG 3-CFG 5)

During error detection phases for each channel, the following are checked:
—  output current for open circuit detection
—  output voltage for short-circuit detection

The thresholds for the error diagnostics are summarized in the Table 9:

Table 9. Diagnostic thresholds

Error detection Checked malfunction CFG-x® Thresholds

Open detection

Open line or output short to GND Don’t care lo < 0.5 x lo_programmed
combined mode P P —Prog
0 Vo>2V
Short detection Short on LED or short to VLED
1 Vo>3V

1. x=3 for RED, x=4 for GREEN, x=5 for BLUE

8.5 Auto power shutdown / wakeup (CFG 6)

This feature reduces the power consumption when all outputs are OFF. It is active when the
bit CFG-6 of the configuration register is at “1”. The auto power shutdown (auto OFF) starts
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3

when the data latched is “0” for all channels, and the device will be active again (wakeup) at
the first latched data string including at least one bit equal to “1” (at least one channel ON).

Timings for shutdown and wakeup are present in the dynamic features table. While the auto
power shutdown is active, the device ignores any other command except channel power-on.

SDO delay (CFG 7)

Normally, on SDO terminals data is shifted out at the rising edge of the CLK signal with a
propagation delay of about 15 ns [signal (1) in Figure 11]. The device provides the possibility
to shift data out also at the falling edge of the CLK signal with a propagation delay of few ns
[signal (2) in Figure 11]. This feature can be activated by setting to “1” the bit CFG-7 of the
configuration register. The default setting for this bit is “0”, hence the SDO delay is not
activated by default. This feature is particularly useful when multiple devices are connected
in daisy chain configuration with non-matched delays between the CLK and SDO data paths
(board routing).

Figure 11. SDO Delay

SO0 witkaoue half clock delay
3 - .

CLE —

Ch1 S0 By I 400ns 2 565 IT 168.0pdfhot
Ch3 S0 By A Chl o~ 1Y

Gradual output delay (CFG 8)

The gradual output delay consists in turning on gradually the current generators, avoiding
turning on all channels at the same time. This feature prevents large inrush current and
reduces the bypass capacitor values. The fixed delay time can be activated by bit CFG-8 of
the configuration register, and the typical delay is 10 ns for each group of 8 outputs R, G, B
(e.g. R1, G1, B1 has no delay, R2, G2, B2 has 10 ns of delay and R3, G3, B3, has 20 ns
delay, and so on), as described in Table 10.
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Table 10. Gradual output delay values
Rl1 | R2| R3| R4 | R5|R6|R7| R8
Delay time (ns) from the falling edge of xOE | G1 | G2 | G3 | G4 | G5 | G6 | G7 | G8
Bl | B2 | B3 |B4|B5|B6 | B7 | B8
CFG-8 =“0" 0 10 | 20 | 30 | 40 | 50 | 60 | 70
CFG-8 =1" 0 0 0 0 0 0 0 0

Figure 12 shows an example of the effect of the output gradual delay on the RED color

group outputs.

Figure 12. Gradual delay on first four channels of RED color group
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8.8 Data flow management (CFG 9-CFG 11)

The 8x3 shift registers have a default RGB sequence serial data flow according to the table
shown into the configuration register (bit CFG-9, CFG-10 and CFG-11). Figure 13 shows

how serial data are loaded in accordance with the data flow sequence selected through the
configuration register. The default sequence is RGB (first bit will be R8, last bit B1 then: R8-

R1, G8-G1, B8-B1).
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Figure 13. Different color sequence in data loading
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8.9 Gain register

The LED current can be programmed using an external resistor connected to GND from R-
EXT pin and can be adjusted using the dedicated bits of the gain register (G-0 to G-17
defines the gain and CFG-0/1/2 the current range within the gain can be adjusted). The
device can regulate the current up to 72 mA and down to 4 mA. To change anything in the
gain register, a 24-bit digital word must be sent (CFG-0 represents the LSB, CFG-23 the
MSB). The accuracy of the LED current depends on the selected range and it is assured
only in the ranges indicated in the static electrical characteristics (see Table 5).

Table 11. Gain register

BIT Definition Attrlbuf[e Register function description Default
read/write
G-0 1
G-1 1
6-bit DAC allows adjustment of the device
G-2 RED current gain RIW output current in 64 steps for each range 1
G-3 adjustment (defined by CFG-0). 1
default: gain = 1
G-4 1
G-5 1
G-6 1
G-7 1
6-bit DAC allows adjustment of the device
G-8 GREEN current RIW output current in 64 steps for each range 1
G-9 gain adjustment (defined by CFG-1). 1
default: gain = 1
G-10 1
G-11 1
1S7 DoclD024620 Rev 4 25/40
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Table 11. Gain register (continued)
BIT Definition Attrlbuf[e Register function description Default
read/write
G-12 1
G-13 ) ) ) 1
6-bit DAC allows adjustment of the device
G-14 | BLUE current gain RIW output current in 64 steps for each range 1
G-15 adjustment (defined by CFG-2). 1
default: gain =1
G-16 1
G-17 1
G-18
to Don’t care
G-23
Figure 14. Iy, vVS. gain
(R=range selection, Rext=13K or 18K)
70.0
60.0 +—|=+=13KR=0 o
==o=—13K R=1 /
50.0 1| cmem=18K R=0 /
— 8K Re
:(é 100 —e—18K R=1 /
§ / /
= 300 //.//'
20.0
‘/ /
10.0 §
0.0 . . . . . . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Gain register decimal value
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Current adjustment

The LED2472G is designed to provide a current in the range between 4 mA and 72 mA per
channel. The current is programmed for all color groups by connecting an external resistor
(see Figure 15) to the pin ISET and then adjusted separately for each color by the gain
register. The current ranges can be separately selected for each color by the bits CFG-0,
CFG-1, CFG-2 of the configuration register (respectively, for RED, GREEN and BLUE). The
current for each color can be adjusted in 64 steps using 6 bits (per color) contained in the
gain register.

Figure 15. External resistor to connect to ISET pin

28 [ ] NC
27 ] ISET

26 ] NC R
25 j NC SET

21 22 23 24

® S —
N ¥ O o

AM13738V1

When the device is switched on, the default value of the gain register together with the bits
of the configuration register selecting the current range set a current value that can be
calculated as follows:

I :VREF K

OL _ default R
EXT

Where Vrgr = 1.23 V is the voltage of the ISET pin and K is the mirroring current ratio,
whose value depends on the selected current range:

K = 55 with low current range selected (CFG-0, CFG-1 or CFG-2 set to “0”)

K = 160 with high current range selected (CFG-0, CFG-1 or CFG-2 set to “17)

The relationship between the programmed current and the current gain settings is the
following:

IOL = (I OL_ default + G : AI step)

where G is the current gain (decimal value) defined by the dedicated bits of the current gain
register. Algie,, can be instead defined as follows:
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oL

Al g, =

step —

_default

21

The recommended resistor values to cover the above mentioned current range are 11-
18 kQ, which respectively define the following ranges:

Table 12. Current adjustment example

Range Rset [kQ] CFG-x (D G-y to G-z @ LED current® [mA]

18 0 000000 4
Low

18 0 111111 15

18 1 000000 11
High

18 1 111111 44

13 0 000000 5
Low

13 0 111111 21

13 1 000000 15
High

13 1 111111 61

1" 0 000000 6
Low

11 0 111111 25

11 1 000000 18
High

1" 1 111111 72

1. x=0for RED, x = 1 for GREEN, x = 2 for BLUE

2. y=08&z=5forRED,y=6 &z =11for GREEN, y =12 & z= 17 for BLUE

3. The indicated values may be slightly different on the actual device

The current values in bold in the Table 12 are the current default values. The above
mentioned resistor values are not mandatory, but only suggested to cover precisely the
current range indicated for this device. Due to internal power dissipation, it is important to
highlight that, loading at the maximum current of all device channels simultaneously can
cause a current shift for each output. In the worst case, with all channels loaded at the
maximum current of about 72 mA, the regulated current could decrease in the range of

about 3-5%.
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LED error detection

The LED error detection implemented by the LED2472G is performed in order to detect
shorted LED and open LED conditions. The shorted LED condition is determined by
checking the voltage across each current generator. If this voltage is higher than the
threshold, programmed by bits CFG-3, CFG-4 and CFG-5 of the configuration register, the
LED connected to that generator is considered shorted.

The open LED condition is determined by measuring the current flowing through each
current generator. If this current is lower than half the expected current, the LED connected
to that generator is considered open. The error detection request and the acquisition of the
results of the detection are managed by the serial interface. The steps to follow for correct
performance of error detection are summarized as follows (see Figure 16):

— Enter the error detection. To do this, the appropriate digital key must be provided
(see Figure 9). There is both the possibility of “generic” error detection (open/short
detection) and the possibility to specifically select the type of failure (short
detection or open detection).

— Performing the error detection. When the ROE, GOE and BOE signals become
low, error detection starts. These signals must be kept low for at least 1 ys in order
to correctly complete the error detection process. After this time, at least one CLK
pulse must be provided in order to make the detection result available at the SDO
pin while the output enable signals are still low. The bit shifted out of SDO after this
clock pulse represents the first bit of the detection result word.

— Detection results. To complete the detection result acquisition, at least another
23 CLK pulses must be provided after the xOE signals have been set high again
(24 CLK pulses in total). The detection result will be always in RGB sequence
regardless of any different programmed data flow (CFG9-CFG11).

The detection result indicates “1” for each channel considered good, “0” for each channel
that has a failure (shorted or open LED). To check the status of all channels and to obtain an
accurate detection result, it is important to set all outputs to ON before starting the error
detection process. If this is not done, it is worth noting that the detection result will indicate a
“0” also for those channels not set to ON before the detection process, although they may
not actually have any failure.
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Figure 16. Error detection process
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11 Thermal shutdown and thermal alert

The device can monitor the internal temperature. Based on the temperature value, the
device can simply provide an alert (if the temperature exceeds 150 °C) through the serial
interface, or trigger a thermal shutdown (if the temperature exceeds 170 °C). The effect of
the thermal shutdown is to turn off all channels until the temperature falls (considering a
hysteresis of around 15 °C). The thermal alert can be read by running the digital key
“Thermal alert reading”, holding the LE high for 14 CLK rising edges (see Figure 17). If
thermal alert is asserted, a 24-bit string at “1” will be sent through SDO at the next 24 CLK

rising edge.
Table 13. Thermal alert status summary
Thermal alert status Meaning
“0000 0000 0000 0000 0000 0000” Device temperature under 150 °C
““11 111 1111 111 111 1117 Device temperature over 150 °C

Figure 17. LE high for 14 CLK

LE | 14 clock pulses with LE asserted | i

SDO I'Hf.l\inUS data Em
—
thermal flag
status
AM13740V1
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Dropout voltage

In order to correctly regulate the channel current, a minimum voltage (Vprop) across each
current generator must be guaranteed. Figure 18 and Table 14 show the minimum Vprop
related to the current to regulate. A Vprop lower than the minimum recommended implies
the regulation of a current lower than that expected. However, an excess of Vprop
increases the power dissipation. When all outputs are loaded simultaneously, the minimum
working drop rises. In full load condition at 61 mA per channel the minimum voltage to apply
on each channel must be increased by about 400 mV (550 mV at 72 mA).

Figure 18. Typical dropout voltage vs. output current (only one channel ON)
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Table 14. Minimum dropout voltage for some current values (only one channel ON)

Output nominal current [mA]

Minimum Vprop [MV]

Vpp =3.3V
5 120
15 280
21 320
61 800
75 1050
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Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

Figure 19. TQFP48-EP package dimensions
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Table 15. TQFP48-EP mechanical data

mm
Dim.
Min. Typ. Max.
A 1.20
A1 0.05 0.15
A2 0.95 1.00 1.05
b 0.17 0.22 0.27
0.09 0.20
D 8.80 9.00 9.20
D1 6.80 7.00 7.20
D2 2.00
D3 5.50
E 8.80 9.00 9.20
E1 6.80 7.00 7.20
E2 2.00
E3 5.50
e 0.50
L 0.45 0.60 0.75
L1 1.00
K 0 3.5 7
cce 0.08
34/40 DoclD024620 Rev 4 57
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Figure 20. TQFP48-EP recommended footprint
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Figure 21. MLPQ40-EP 5x5 package dimensions
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Table 16. MLPQ40-EP 5x5 mechanical data

mm
Dim.
Min. Typ. Max.
A 0.80 0.90 1.00
A1 0.00 0.02 0.05
b 0.15 0.20 0.25
5
5
D2 3.50 3.65 3.75
E2 3.50 3.65 3.75
e 0.40
L1 0.277 0.377 0.477
L2 0.30 0.40 0.50
K 0.20
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Table 17. Document revision history

Date Revision Changes

19-Aug-2013 1 Initial release.

Modified footnote1 in Table 6: Switching characteristics

05-Mar-2014 2 Added footnote 2 in Table 6: Switching characteristics and footnote 5
in Table 5: Electrical characteristics.

22-Apr-2014 3 Document status promoted from preliminary data to production data.
03-0ct-2017 4 Updated typical values in Table 16: MLPQ40-EP 5x5 mechanical
data.
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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.

© 2017 STMicroelectronics — All rights reserved
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