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Build a High-Density, High-Refresh Rate, Multiplexing
Panel With the TLC5957

User's Guide
SLVUAFO—-May 2016

This application report describes how to build high-density, high refresh rate, multiplexing panel with the
TLC5957; a 48 channel, 16-bit ES-PWM LED driver with pre-charge FET, LED open detection and
caterpillar cancelling.
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Introduction

The TLC5957 device is a 48-channel, constant-current sink driver. Each channel has an individually-
adjustable, 65536-step, pulse-width modulation (PWM) grayscale (GS) brightness control.

The output channels are divided into three groups, each group has a 512-step color brightness control
(CC). CC adjusts brightness control between colors. The maximum current value of all 48 channels can be
set with the 8-step global brightness control (BC). BC adjusts brightness deviation between LED drivers.
GS, CC, and BC data are accessible via a serial interface port.

The TLC5957 has one error flag: LED open detection (LOD), which can be read via a serial interface port.
Each constant-current has a pre-charge field-effect transistor (FET), which can reduce ghosting and
improve display performance on the multiplexing LED display. The TLC5957 also has an enhanced circuit,
it can cancel the caterpillar issue caused by LED open.

The TLC5957 has a poker transmission mode, the length of the PWM bit can be configured flexible in this
mode, from 9 bit to 16 bit, according to the application environment.

The TLC5957 has the following features:
» 48 channel, constant-current sink output
* Low Gray Scale Enhancement (LGSE™) technology
» Sink current capability with maximum BC/CC data:
— 25mAat5 V.
— 20 mA at 3.3 V¢
» Global brightness control (BC) : 3-bit (8 Step)

» Color control (CC) for each color
Group: 9-bit (512 step), three groups

» Gray Scale (GS) control with Multiplexed Enhanced Spectrum (ES) PWM: 16 bit

e Knee voltage VOUT =0.24 V at 10 mA

» LED power-supply voltage up to 10 V

* V,=30Vto55V

» Constant current accuracy
— Channel to Channel = +1% (Typ), £3% (Max)
— Device to Device = +1% (Typ), £3% (Max)

» Data transfer rate: 33 MHz

e Gray Scale clock: 33MHz

» LED Open Detection (LOD)

* Thermal Shut Down (TSD)

* Izer Resistor Short Protection (ISP)

 PWM Bit Selectable (9 bit to 16 bit)

» Traditional PWM and ES-PWM

» Grouped delay to prevent inrush current

» Auto display repeat/Auto data refresh

* Enhanced circuit for caterpillar cancelling

» Pre-charge FET to avoid ghosting phenomenon

* Operating temperature : -40°C to +85°C

The TLC5957 is mainly targeted for the following applications:

» LED video displays

» LED signboards
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Figure 1 is a typical application circuit of TLC5957.
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Figure 1. Typical Application Circuit (Multiple Daisy-Chained TLC5957s)
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Device Specification

2 Device Specification

2.1 Basic Information

Basic information, such as electrical characteristics, thermal, package information, and recommended
operation conditions, are found in the datasheet (SLVSCQ4).

The TLC5957 functional block diagram, pin-out information, and pin description are also in the datasheet

(SLVSCQ4).

2.2 Switching Characteristics

At V. =3.0-5.5V, T, = -40°C to 85°C, C, = 15 pF, R, =4 kQ, target at 1-mA Iy ¢, Vigp = 5.0 V,
Typical values are at V. = 3.3V, T, = 25°C (unless otherwise noted).

Parameter Test Conditions MIN  TYP MAX| UNIT
tro SOUT 2 5 ns
‘ Rise time OUTX0-15, X = R/G/B, BC = 7h, CCRI/G/B = 1FFh, Rjger = 7.41 kQ 40 ns
RL (25-mA target), T, = +25°C, R, =160 Q
tro SOUT 2 5 ns
¢ Fall time OUTX0-15, X = R/G/B, BC = 4h, CCR/G/B = 1FFh, Rgr = 12 kQ 16 ns
F1 (10-mA target), T, = +25°C, R, = 400 Q

SCLK 1 to SOUT, SEL_TDO = 00b 16 ns
‘ SCLK 1 to SOUT, SEL_TDO = 01b 19 ns
Lo SCLK 1 to SOUT, SEL_TDO = 10b 22 ns
SCLK|to SOUT, SEL_TDO = 11b 16 ns
to1 LAT| to SOUT, ReadFC, ReadSID 80 ns
too GCLK| to OUTRO0/7/8/15 turn on or turn off 30 ns
Propagation delay time between group and

Propagation next group

delay time (OUTRO/7/8/15 turn-on/off to
t OUTR1/6/9/14 turn-on/off; Rirer = 7.41 kQ 5 ns
D3 OUTR1/6/9/14 turn-on/off to (25-mA target),

OUTR2/5/10/13 turn-on/off; BC = 7h,
OUTR2/5/10/13 turn-on/off to CCR/G/B = 1FFh,
OUTR3/4/11/12 turn-on/off) Ta=+25°C,
Propagation delay time between color and SEL_GDLY =1
next color in same group
tos (OUTRX turn-on/off to OUTGx turn-on/off; 1.67 ns

OUTGXx turn-on/off to OUTBXx turn-on/off,
x = 0= 15)
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2.3 Parameter Measurement Information
vVCC ° o0 o—o vce
INPUT -——- OUTPUT
GND GND
SIN/SCLK souT
outxn"”
GND
(1) X=RorGorB,n=0-15
Figure 2. Pin Schematic Diagrams
VCC RL VCC
vee VLED Vole)
R E— ) —1 R
- oUTXn"'| _— J— souT
CL“) _—I—CL“)
GND T GND T

(1) C,includes measurement probe and Jig capacitance.

Figure 3. Rise Time and Fall Time Test Circuit

VCC  OUTRO
vee : q

™)
- OuUTXn
! 1

| vouTtxn'”

GND OUTB15
l T VOUTfix
(1) X=RorGorB,n=0-15

Figure 4. Constant Current Test Circuit for OUTXn
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2.4 Timing Diagrams
tRO' trys tFO’ ters tDOv to1s oo tDav tos
-==- VCC or VOUTXnH®
NPUT" 0% N oo NN
---- GND or VOUTXnL®
_____________________ -=--VOH or VOUTXnH®
OUTPUT  §0%—-oo Voo oooo oo NV
/" N_____ voL orvoutxnL®
:4_4_ tgor t¢
(1) Input pulse rise and fall time is 1-3 ns
(2) X=RorGorB,n=0-15
Figure 5. Output Timing
3 Detailed Description
3.1 How to Use TLC5957

After power on, all OUTXn of TLC5957 are turned off. All internal counters and function control registers

are initialized. A brief summary of sequences is provided in the following list providing a general

introduction to how this part works. After that, the function block related to each step is detailed in the
following sections.

1. According to maximum LED current target, choose BC and CC code, then select the current
programming resistor R gee.

2. Send FCWRTEN and WRTFC command to set FC register value. (see Section 3.3 )

3. Write GS data of line 1 into GS data latch. Using the LATGS command for the last group of 48-bit GS
data loading, the GS data just written is now displayed.

4. Input GCLK continuously, 2¥ GCLK (N 2 9) as a segment. Between the interval of two segments,
supply voltage should be switched from one line to next line accordingly.

5. During the same period of step 4, GS data for next line should be written into GS data latch. Using
LATGS command for loading 48-bit GS data.

6. Repeat steps 4-5 until it comes to the last line for a multiplexing panel. Input 2¥ GCLK (N 2 9) as a
segment, at the same time, GS data for the 1° line should be written into the GS data latch. Using
LINRESET command for the 48-bit GS data loading in last line.

Repeat step 4-6...

3.2 Step 1. Choose BC and CC, Select R
3.2.1 What is the BC Function?

The TLC5957 is able to adjust the output current of all constant-current outputs simultaneously. This

function is called global brightness control (BC). The global BC for all outputs is programmed with a 3-bit

word, thus all output currents can be adjusted in 8 steps from 12.9% to 100% (see Table 2) for a given
current programming resistor (Rjger)-

BC data can be set via the serial interface. When the BC data change, the output current also changes

immediately. When the device is powered on, the BC data in the function control (FC) register is set to 4h

as the default value.
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3.2.2 What is the CC Function?
The TLC5957 is able to adjust the output current of each of the three color groups OUTRO-OUTR15,
OUTGO0-OUTG15, and OUTBO-OUTB15 separately. This function is called color brightness control (CC).
For each color, it has a 9-bit data latch CCR, CCG, or CCB in FC register (see Table 4 for FC register bit
assignment). Thus, all color group output currents can be adjusted in 512 steps from 0% to 100% of the
maximum output current, lo cvax- (See Section 3.2.3 for more detail about I, cva.) The CC data can be
changed via the serial interface.
When the CC data changes, the output current also changes immediately.
When the IC is powered on, the CC data are set to ‘100h’.
Equation 1 calculates the actual output current.
lout(mA) = 10, cyx(mMA) x ( CCR/511d or CCG/511d or CCB/511d) Q)
Where:
loemax = the maximum channel current for each channel determined by BC data and R ggr
CCR/G/B = the color brightness control value for each color group in the FC register (000h to 1FFh)
Table 1 shows the CC data versus the constant-current against o, cyax-
Table 1. CC Data vs Current Ratio and Set Current Value
CC Data (CCR or CCG or CCB) Ratio of Output Current OutDBuCt fu7rhrent (mA, RlREFB=C7_.401:Q)
Binary Decimal Hex (€t O WP | (g =25mA) | (v = 32 mA)
0 0000 0000 0 00 0 0 0
0 0000 0001 1 01 0.2 0.05 0.006
0 0000 0010 2 02 0.4 0.1 0.013
10000 0000 250 100
(Default) (Default) (Default) 50.1 12.52 1621
11111 1101 509 1FD 99.6 24.90 3.222
11111 1110 510 1FE 99.8 24.95 3.229
11111 1111 511 1FF 100 25 3.235
3.2.3 How to Select Rz for a Given BC
The maximum output current per channel, | cva 1S decided by a resistor, R e, Which is placed between
the IREF and IREFGND pins, and the BC code in FC register (See Table 4 for FC register bit
assignment.) The voltage on Iz is typically 1.2 V. Rze can be calculated with Equation 2.
Rirer(KQ) = Vigee(V) / lorcuaMA) % Gain (2
Where:
V\zer = the internal reference voltage on IREF (1.20 V, typical)
loLomax 1S the largest current for each output at CCR/G/B = 1FFh.
Gain = the current gain at a selected BC code (see Table 2)
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Table 2. Current Gain vs BC Code®™
BC Data o Ratio of Gain/Gain_max
Binary Hex (at Max BC)
000 (recommend) 0 (recommend) 20.0 12.90%
1 1 39.5 25.60%
10 2 58.6 37.90%
11 3 80.9 52.40%
100 (default) 4 (default) 100.0 64.70%
101 5 113.3 73.30%
110 6 141.6 91.70%
111 7 154.5 100%

@ Tl recommends using smaller BC code for better performance. For noise immunity purpose, Tl suggests Rjzer < 60 kQ.

3.24 How to Choose BC/CC for Different Application

BC is mainly used for global brightness adjustment between day and night. Suggested BC is 4h, which is
in the middle of the range, thus, one can change brightness up and down flexibly.

CC can be used to fine tune the brightness in 512 steps, this is suitable for white balance adjustment
between RGB color group. To get a pure white color, the general requirement for the luminous intensity
ratio of R, G, B LED is 3:6:1. Depending on LED’s characteristics (Electro-Optical conversion efficiency),
the current ratio of R, G, B LED is much different from this ratio. Usually, the Red LED will need the
largest current. One can choose 511d(the max value) CC code for the color group which need the largest
current at first, then choose proper CC code for the other two color groups according to the current ratio
requirement of the LED used

3.2.4.1 Example 1: Red LED Current is 20 mA, Green LED needs 12 mA, Blue LED Needs 8 mA

Red LED needs the largest current, so choose 511d for CCR.

511 x 12 mA / 20 mA = 306.6, thus choose 307d for CCG. With same method, choose 204d for CCB.
According to the required Red LED current, choose 7h for BC.

4. According to Equation 2, Rger = 1.2 V/ 20 mA x 154.5 = 9.27 kQ

In this example, we choose 7h for BC, instead of using the default 4h. This is because the Red LED
current is 20 mA, which is approaching the upper limit of current range. To prevent the constant output

current from exceeding the upper limit in case a larger BC code is input accidently, we choose the max
BC code here.

wnN P

3.2.4.2 Example 2: Red LED Current is 5 mA, Green LED Needs 2 mA, Blue LED Needs 1 mA

Red LED needs the largest current, so choose 511d for CCR.

511 x 2 mA /5 mA = 204.4, thus choose 204d for CCG. With same method, choose 102d for CCB.
According to the required Blue LED current, choose 0Oh for BC.

4. According to Equation 2, Rger = 1.2 V/ 5 mA x 20 = 4.8 kQ

In this example, we choose Oh for BC, instead of using the default 4h. This is because the Blue LED

current is 1 mA, which is approaching the lower limit of current range. To prevent the constant output
current from exceeding the lower limit in case a lower BC code is input accidently, we choose the min BC

wnN P

code here.
In general, if LED current is in the middle of range(that is, 10 mA), one can just use the default 4h as BC
code.
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3.3 Step 2: Write Function Control Register FC

3.3.1 Input Data for FC through Common Shift Register

The common shift register is 48-bits long and is used to shift data from the SIN pin into the TLC5957. The
data shifted into the register can be latched into the 1% GS data latch, or latched into function control (FC)
register which depends on input pattern.

Figure 6 shows the configuration of the common shift register and the data latches.

_____________________________________________________ -
1 1
1 MSB LSB .
1 Common | Common| Common| Common | Common Common | Common] Common| Common | Common|Common |gmd=— SIN
SOUT <=t=—1 Databit | Databit| Databit | Databit | Databit | ===s= Data bit | Data bit | Databit| Databit | Databit| Databit [ 1
: 47 46 45 44 43 5 4 3 2 1 0 [¢T SCK
1
1 47 46 45 44 43 5 4 3 2 1 0 1
D o o o e e o e e o e e e e o o o e e e e e e e e e e e e e e e e e e e e e e 1
438Dbit
/ .
. 48bit
FC data latch (48bits)
1 MSB LSB :
|l —_— e
. This latch pulse is
48bit |} 1 LEAK | LEAK | LEAK XREF | GROUP | TDO TDO LODTH | LODTH | !
1 1 Bit2 Bit1 Bit0 Bit Bit0 Bit1 Bit0 Bit1 Bito [ ¥ generated when WRTFC
| I I R R I command input with
: 47 46 45 5 4 3 2 1 0 :
\
1! GS data latch (768bits) 48bit
B o g S S T This atoh puise is
: M8 _———— LSB I generated when WRTGS
1
LATGS or LINERESET
I | OUTRIG/| OUTRIG/| OUTRIG/ | OUTRIG! | OUTRIGI| 4ura [OUTRIGI |OUTRIG! [ OUTR/GI| OUTRIG! | OUTRIG! | OUTRIGH |l command i input.
. B15 B14 B13 B12 B11 o B5 B4 B3 B2 B1 B0 The address of of lat be
1 |767 719 671 623 575 — 287 239 191 143 95 47 0| | writtenis selected by
e el e e e e e e e e il Ch write counter

Figure 6. Common Shift Register and Data Latch Configuration

The LSB of the common shift register is connected to SIN and the MSB is connected to SOUT. On each
rising edge of SCLK, the data on SIN are shifted into the LSB and all 48 bits are shifted towards the MSB.
The register MSB is always connected to SOUT.

When the device is powered on, all 48 bits of the common shift register are set to '0'".

3.3.2 How to Write to the Function Control Register

TLC5957 use commands FCWRTEN and WRTFC to latch the data of the common shift register into the
FC register. These commands are distinguished by the number of SCLK rising edge included in the LAT
pulse. Table 3 describes these two commands.

Table 3. WRTFC/FCWRTEN Commands Description

SCLK Rising
Command Name Edges While LAT Description
IS High
WRTFC 5 The 48-bit data in common shift register are copied to the FC register if input after
(FC data write) FCWRTEN command.
Refer to Figure 7 for a timing diagram of this command operation.
FCWRTEN 15 FC writes are enabled with this command. This command must always be input
(FC write enable) before the FC data write occurs. Refer to Figure 7 for a timing diagram of this
command operation.
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Note that FCWRTEN command must be input before inputting WRTFC command, otherwise this WRTFC
command is neglected.

Refer to Figure 7 for detailed command input timing diagram.

3.3.3 Function Control (FC) Register

FC is used to select BC/CC code, group delay, low grayscale enhancement feature, and other special
function features of the TLC5957.

Table 4 shows the FC register bit assignment.

Table 4. FC Register Bit Assignment

Bit Default Value 5 -
i escription
Number Name (binary) &

1-0 LODVTH 01b LOD detection threshold voltage. These two bits select the detection threshold
voltage for the LED open detection (LOD). Table 5 shows the detect voltage truth
table.

3-2 SEL_TDO 01b TDO select. SOUT hold time is decided by TDO definition and selection. Table 6
shows the detail.

4 SEL_GDLY 1b Group delay select.
When this bit is ‘0", no delay between channels. All channels turn on at same
time.

When this bit is ‘1", channels turn on with different delay time, thus the inrush
current is minimized. See Table 6 for more detail.

5 XREFRESH Ob Auto data refresh mode bit. (O = enabled, 1 = disabled)

If LATGS/LINERESET command is input while this bit is ‘0’, auto data refresh
mode is enabled. All data in the 1' GS DATA latch are copied to the second GS
DATA latch until GS counter reaches the maximum count value of 65,536. No
OUTn are forced off and GS counter continues counting.

If LATGS/LINERESET command is input while this bit is ‘1", all data in the 1% GS
DATA latch are copied to the second GS DATA latch. All OUTn are forced off and
GS counter is reset to “0”.

Refer to Figure 10 for detailed timing.

6 SEL_GCK_EDGE Ob GCLK edge select.

When this bit is ‘0’, OUTn only turns on/off at the rising edge of GCLK, this is the
default setting;

When this bit is ‘1’, OUTn turn on/off at both edges (rising and falling) of GCLK. At
this condition, the maximum input GCLK is 16.5 MHz.

7 SEL_PCHG Ob Pre-charge working mode select.

When this bit is ‘0"

After power on, Pre-charge FET is enabled. When the 1% GCLK input, the pre-
charge FET state depends on the GS data. If GS = 0, then the pre-charge FET
will always keep on. If GS > 0, the pre-charge FET is turned off, and will be
turned on again once the output channel is turned off. This means the Pre-charge
FET will only remain off during the period in which the channel is on.

When this bit is ‘1" :

After power on, Pre-charge FET is enabled. When the 1% GCLK input, Pre-charge
FET is turn off and remains off until the GS counter is reset to 0. Once GS
counter = ‘0", pre-charge FET is turned on again. This means the pre-charge FET
is kept off during the whole segment period, and remains on during the dead-time
(the time between two adjacent segments).

See Figure 27 for more detail.

8 ESPWM Ob ESPWM mode enable bit. (0 = enabled, 1 = disabled)

When this bit is ‘0", the conventional PWM control mode is selected.

When this bit is ‘1’, the ES-PWM control mode is selected. If using poker trans
mode, this bit has to be set to ‘1.

See Section 3.5.3 “Multiplexed Enhanced Spectrum(ES) PWM Control” for more
detail.

9 LGSE3 Ob Compensation for Blue LED. (0 = disabled, 1 = enabled)
When this bit is ‘0", no compensation for Blue LED.
When this bit is ‘1", internal circuit is enabled for Blue LED compensation.
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Table 4. FC Register Bit Assignment (continued)

Bit Default Value 5 inti
i escription
Number Name Hlarmts) s
10 SEL_SCK_EDGE Ob SCLK edge select.
When this bit is ‘0", the GS data at the SIN pin shifts to the common shift register
only at the rising edge of SCLK, this is the default setting;
When this bit is ‘1’, the GS data at the SIN pin shifts to the common shift register
at both edges (rising and falling) of SCLK. At this condition, the maximum input
SCLK is 18 MHz.
FC (function control) data can only shift at the rising edge of SCLK.
See Section 3.13 “Double Edge for data transmission” for more detail.

13-11 LGSE1 000b Low Gray Scale Enhancement for Red/Green/Blue color, can be used to solve the
1% line issue commonly happens in high density, multiplexing panel, also is helpful
for the white balance at low grayscale condition.

It functions as shown in the following:
000b — no enhancement

001b — weak enhancement

100b — medium enhancement

111b — strong enhancement

22-14 CCB 1 0000 0000b | Color brightness control data for Blue color group (Data = 000h-1FFh. See
Table 1)

31-23 CCG 1 0000 0000b | Color brightness control data for Green color group (Data = 000h-1FFh. See
Table 1)

40 - 32 CCR 1 0000 0000b | Color brightness control data for Red color group (Data = 000h-1FFh. See
Table 1)

43 -41 BC 100b Global brightness control data for all output (Data = Oh- 7h. See Table 2)

44 Poker trans mode Ob Poker trans mode enable bit. (O = disabled, 1 = enabled)
When this bit is ‘0", traditional GS trans mode is enabled, PWM bit is 16, need to
transfer 16-bit GS data for each OUTn.
When this bit is ‘1’, poker GS trans mode enabled, PWM can be configured from
9 bit to 16 bit. Transfer corresponding GS data for each PWM mode.
See Section 3.4.3 “Poker trans mode for GS data” for more detail.

47 — 45 LGSE2 000b Besides LGSEL, these three bits are designed for the first line performance
improvement at low grayscale condition.
000b — no improvement
001b — weak improvement
101b — medium improvement
111b — strong improvement

SN B E) €D €0 €D € EX=ED 69 09§ GRED U G D 6D SR
1 2 14 15 1 2 3 4 ... 43 44 45 ... 47 48

-~ 15 SCLK rising edge must be

(( 27 . s ((
z input while LAT is high. Then FC )Y
LAT 7 « | register is enabled to be written ( ( 1
)
II
II
(( (( (2
47 -bit FC 7
Data Latch << << Old data <<I’, x New data
II
/
’
5 SCLK rising edge must be input while LAT is high. The
48-bit of common shift register is copied to FC register at
the falling edge of LAT
Figure 7. FC Write Enable (FCWRTEN) and FC Data Write (WRTFC) Command
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Table 5. LOD Threshold Voltage Truth Table

LODVTH .
- - LED Open Detection (LOD)Threshold Voltage
Bitl BitO
0 0 VLODO (0.09 V typ)
0 1 VLODL1 (0.19 V typ, Default value)
1 0 VLOD2 (0.35 V typ)
1 1 VLOD3 (0.50 V typ)
Table 6. TDO Definition and Selection
SEL_TDO TDO Definition and Selection
Bit3 Bit2 FC BIT10=0 FCBIT10=1

0 0 TDO is the time from SCLK1 to SOUT1|, typical | TDO is the time from SCLK?1| to SOUT1|, typical value is 18
value is 18 ns. Once received, SCLK?, with 18- | ns. Once received, SCLK?|, with 18-ns delay, SOUT begins
ns delay, SOUT begins change. change.

0 1 TDO is the time from SCLK1 to SOUT1|, typical | TDO is the time from SCLK?1| to SOUT1|, typical value is 21
value is 21 ns. Once received, SCLK?, with 21- | ns. Once received, SCLK?|, with 21-ns delay, SOUT begins
ns delay, SOUT begins change.(default value change.(default value when power up)
when power up)

1 0 TDO is the time from SCLK? to SOUT?1|, typical | TDO is the time from SCLK?t| to SOUT1|, typical value is 24
value is 24 ns. Once received, SCLK?, with 24- | ns. Once received SCLK1|, with 24ns-delay, SOUT begins
ns delay, SOUT begins change. change.

1 1 TDO is the time from SCLK| to SOUT?1|, typical | N/A
value is 12 ns. Once received, SCLK|, with
17ns-delay, SOUT begins change. One can
adjust the hold time from SCLK? to SOUT1| by
changing the duty of SCLK

3.4

34.1

Table 7. Group Delay when SEL_GDLY =1

Output Pins Delay Time From GCLK? tc()nCS))utput Channel Turn On/Off
OUTRO/7/8/15 tD2
OUTGO0/7/8/15 tD2 + 1.67
OuUTBO0/7/8/15 tD2 + 3.34
OUTR1/6/9/14 tD2 +5
OUTG1/6/9/14 tD2 +5 + 1.67
OouUTB1/6/9/14 tD2 + 5+ 3.34

OUTR2/5/10/13 tD2 + 10
OUTG2/5/10/13 tD2 + 10 + 1.67
OUTB2/5/10/13 tD2 + 10 + 3.34
OUTRS3/4/11/12 tD2 + 15
OUTG3/4/11/12 tD2 + 15 + 1.67
OuUTB3/4/11/12 tD2 + 15 + 3.34

Step 3: Write GS Data into GS Data Latch

Overview of GS Data Latch

The TLC5957 has one common register, one function control (FC) data latch, and two GS data latches: 1%
GS data latch and second GS data latch. A common shift register is 48-bits long, LSB is connected with
the SIN pin, and MSB is connecting with SOUT. The 1% GS data latch is a 768-bit register, it stores the
new updated GS data. The second GS data latch is 768-bits long, and controls the on-time of all constant
current outputs. Figure 8 shows the structure of common shift register and GS data latch.
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Common shift register (48 bits)

[ T T T T T T T T TTTETETEEEEmEmE_E_—_—_———— |
1 1
1 MSB . LsB I
1 Common | Common| Common| Common | Common Common | Common] Common| Common | Common|Common |med= SIN
SOUT <= Databit | Databit| Databit | Databit | Databit | ===== | Databit | Databit| Databit| Databit | Databit| Databit | I
: 47 46 45 44 43 5 4 3 2 1 0 [« SCK
1
1 a7 46 45 44 43 5 4 3 2 1 0 |
D o e e e e e e e e e e e o e e e e e e e e e e e e e e e e e (e 1
48 bit
/ .
. 48 bit
FC data latch (48 bits)
: MSB LSB :
48 bit I | teak | teak | teak | ... | xRer |'eroup | TDo | ToO | LODTH| LoDTH | ! Thislatch Is updated
1 Bit2 Bit1 Bit0 Bit0 Bit0 Bit1 Bit0 Bit1 Bito [T When WRTFC
1 ——_——— 1 Command is input
: 47 46 45 5 4 3 2 1 0 :
\
N\
1°'GS data latch (768bits) 48 bit
I' _________________________________________________ L S_B- T 71 This latch is updated
1 MSB _———— : when WRTGS
LATGS or LINERESET
: OUTR/G/| OUTR/G/ | OUTR/G/ | OUTR/GI| QUTR/G/|  4uuea |OUTRIG/ [OUTR/G/ | OUTR/G/ | OUTR/G/ | OUTR/G/ | OUTRIG! | gl ggmmand ic;rinput.
. B15 B14 B13 B12 B11 . B5 B4 B3 B2 B1 B0 : The address of of lat be
1 |767 719 671 623 575 -y 287 239 191 143 95 47 0|  writtenis selected by
b e e e e e e e e e e e e e e e e e e e e e e e e e e e e Ch write counter
2" GSdata latch (768 bits) 768 bit
L e e e e e e e =
1 MSB LSB I When XREFRESH=0, this lat
1 === 1 pulse is updated when GS
I | OUTRIG/| OUTRIG/ | OUTR/GI | OUTR/G/ | OUTRI/GI| ..... |OUTRIG/ |OUTR/G/ | OUTRIG/| OUTR/GI | OUTR/G/ | OUTR/G/ | gl cOUNter reaches 65536.
! B15 B14 B13 B12 B11 B5 B4 B3 B2 B1 BO 1 When XREFRESH=1, this lat is
1 _———— | updated when LATGS or
I |767 719 671 623 575 - 287 239 191 143 95 47 0|  LINERESET command is input.

3.4.2

Figure 8. Shift Re

gister and Data Latch Structure

How to Write GS DATA in Traditional Trans Mode

The TLC5957 uses the WRTGS and LATGS commands to latch the data of the common shift register into
the 1° and second GS data latch. These commands are distinguished by the number of SCLK rising
edges included in the LAT pulse. Table 8 describes more about these two commands.

Table 8. WRTGS/LATGS Commands Description

Command Name

SCLK Rising Edges
While LAT is High

Description

(768-bit GS data latch)

WRTGS 1 The 48-bit data in the common shift register are copied to the 48-bit GS
(48-bit GS data write) latch in the first latch selected by the GS data latch address counter. Refer
to Figure 9 for a timing diagram of this command operation.
LATGS 3 The 48-bit data in the common shift register are copied to the

corresponding 48-bit GS data latch in the first latch. All data in first data
latch are copied to the 2" GS data latch when the GS counter reaches
65536, if XREFRESH = 0; All data in the 1% data latch are also copied to
the 2" GS data latch, GS counter reset, and all OUTx are forced off if
XREFRESH = 1. Refer to Figure 10 for a timing diagram of this command
operation.
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If the WRTGS command is received, all 48-bit data in the common shift register are copied to the 48-bit
GS latch in the first GS data latch, which is selected by the GS data latch address counter.

When the LATGS command is received, if XREFRESH = 0, the LATGS command is the same with
WRTGS, all 48-bit data in the common shift register are copied to the 1% GS data latch, the 1 data latch

are copied to the second GS data latch when the GS counter reaches 65536. If XREFRESH in FC register
= 1, all 48-bit data in common shift register are copied to the 1% GS data latch. Besides, all data in the 1

data latch are copied to the second GS data latch, GS counter reset, and all OUTx are forced off.

SN _ G GG OCRCDEDEIEDGEN S XEREHGE

GSO GSO TN
sout __ g XERXSRXEEXENX_({ X 5 E iy S
. GS data latch address counter value is decreased 1 every

‘v" “WRTGS command is input. When the counter value is
‘0’ if the command is input, then the value becomes 15.

GS data latch “c-— A e IRt
addressaciu?ﬂ(;r 22 ouUT15 / X OouT14
(Internal) [ The data in 48bit common shift-re-gi-st;r-aFe
copied to the first data latch of OUTn shown
OUT15 RIG/B (( by GS data latchaddress counter_ _ _ _ _ _.
GS first data latch 0 Old 48bit GS data X New 48bit GS data
( Internal) ) e A e
OUTO RIG/B cCc—
GS first data latch Ze
(Internal) Y _O--—--
Gs 2™ I A .
Data latch 22
(Internal) - ==
Figure 9. 48-Bit GS Data Write (WRTGS) Command in Traditional Trans Mode
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sn 5 EDE @@ @O E @
RO B15/\ B14 B11 6 R5 R4 R2 RO BI13/\ e e ™

LAT | 4 q>
3 rising edge of SCLK is need'ed

GS1 GS1\/ GS1YGs1 GSTY GS1Y GSTVGs1Y GST1Y GsA GS0 GsoyGsoy ~ N TTTT
SOuT B15 E’. R5 A R4 R2 A_R1 A RO B15 B14 A B13 ’

AT

. GS data latch address counter is reset to 15 when
»" "LATGS"command is input.

GS data latch ((C
address counter aa OUT X ouT15
( Internal)

.~ Line address counter is increased 1 every time when
»"  "LATGS"command is input.
Line counter

( Internal) Line1\ X Line2

OUT15 R/G/B \

d~
NN N

| (.
GS first data latch 22 \
( Internal) Yy > -
A A : The data in 48bit common shift register are
H : : copied to the first data latch of OUTn shown
by GS data latchaddress counter.
OUTO R/G/B (¢ ————--------
GS first data latch 22 Old 48bit GS data X | New 48bit GS data
(Internal) 5 ll' _______
i When XREFRESH=1, all data in 1% data latch are copy
! to 2™ data latch when received ‘LATGS’ command.
Gs 2% (¢ P
Data latch 22 0ld 768bit GS data X | New 768bit GS data
(Internal) ) —————————------
| When XREFRESH=1, all OUTx are forced off when
* received ‘LATGS’ command.
(] IR —————————.
OUTx 22 Previous Status X Channel Forced Off
725

Figure 10. 768-Bit GS Data Latch (LATGS) Command in Traditional Trans Mode

After power on, the GS data address counter, line counter, and all GS data latches are reset to default
values.

GS data address counter default value is 15, meaning it should send GS data for OUT15 first, including
OUTI15R, OUT15G, OUT15B, totaling 48 bits. The sending sequence is from MSB to LSB, from Blue color
to Green color, and finally, Red color.

After sending the series of WRTGS commands for OUT15, the GS data address counter decreases by 1,
first GS data latch for OUT15 will be updated.

Then, GS data for OUT14 should be written after OUT15, another series of WRTGS commands are input.

After all 15 WRTGS command series are input, the LATGS command should be input for the whole GS
data latch.

After LATGS command input, GS data address counter resets to 15, the line counter increases by 1. At
the same time, the first GS data latch for OUTO is updated. If XREFRESH = 1, all data in GS first latch will
copy to GS second latch, and all OUTx are forced off.

See Figure 11 for this timing diagram.
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sin DEDERCDEDCEERERQ N EER FECE L (EEE (T
1 2 47 48 49 50 95 96 673 674 719 720 721 765 766 767 768

[}

(C
1’ st* WRTGS' )) 2'nd“WRTGS'
command. command.

G50/ GS0 Gso\/ GS15 ‘Gs15
The counter is decreased when
“WRTGS', c?r(nmand is input.

LAT

(C
)) 15th“ WRTGS'
command.

“LATGS'
command.

GS data latch ( — 5
address counter outis ) outts J outia¥ 00 ouria
(internal) a 7
gaddress counter is increased 1 every,
timg when “LATGS” command is input -
) (C (C (C
Line counter 22 22
( Internal) )
The all data in 48bit common shift
register are copied to GS15 first data
latch at T st“WRTGS command .
OUT15 GS first (¢ 4 (¢ (¢ (¢ (¢
data latch le Old 48bit GS data X New 48bit Ge giata 22 22 22 /
Internalf ) 7)) 7)) 7)) 7))
The all data in 48bit common shift
register are copied to GS14 first data
latch at 2 nd“ WRTGS' command "'..
OUT14 GS first ¢ ¢ a ¢ ¢ ¢
data latch 2? 2? Old 48bit GS data WW 48bit GS da@? 2?
Internalf )) )) J )) )) [
. . . The all data in 48bit common shift . I
H H H register are copied to GS1 first data H
- - - Latch at 15" “WRTGS” command-,, - [
4 |
OUT1 GS first € € € € €
data latch 2? 2? 2? 2? Old 48bit GS data P New 48bit GS data | \
Internalf )) )) )) )) J T
The all data in 48bit common shift |
register are copied to GS1 first data ,
Latch at 16" “LATGS” command "~~l‘,A
OUTO GS first (¢ (¢ (¢ (¢ (¢ K
data latch 22 22 J? 20 20 OId 48bit GS data 1\ R N
Internalf ) )T ) ) ) T T
The all data in GS first data latch are 'y Ny 48bit
are copied to GS second data latch ! \ GSdata
when XREFRESH = 1. - a
GS second ¢ 2 ¢ ¢ 2 “ Y
data latch ?? ?P )P ?P ?P Old 768bit GS data | )ZA
(Internal) )T ) M) M) ) vt
When XREFRESH=1, all OUTx are forced off \  New 768bit
when received ‘LATGS’ command \  GSdata
¢ ¢ ¢ ¢ ¢
OUTx ? P ? P ? P ? P Previous Status ? P )( A
)) )) )) )) )) Channel
Forced Off

Figure 11. 768-Bit GS Data Write Sequence (15 times of “WRTGS” + 1 times of “LATGS” command)

3.4.3 Poker Mode for GS Data

In some applications, especially when used in high-multiplexing, 16-bit GS data is not necessary. With
poker trans mode, the TLC5957 can flexibly configure the PWM bit of GS data, from 9 bits to 16 bits.
Unlike traditional transmission mode in Section 3.4.2, Poker mode is a new data transmission mode which
trans GS data by byte. When bit 44 in the FC register = 1, poker transmission mode is selected. Notice, if
poker mode is chosen, ES-PWM in FC bit 9 and XREFRESH in FC bit 5 should also be 1.

A comparison between traditional GS data trans mode and poker GS data trans mode is illustrated in
Figure 12. When bit 44 in FC register = 0, traditional GS data trans mode is selected. In traditional trans
mode, GS data are sent by OUTx group. One group consists of 48 bits. For each OUTx group, send Blue
color first, Green color second, and the Red color last. For each color, MSB should be sent first, LSB the
last.

When bit 44 in FC register = 1, poker GS data trans mode is selected. In poker trans mode, GS data are
sent by BIT group. Each BIT group consists of 48-bit data, from OUT15B, OUT15G, OUT15R, to OUTOB,
OUTOG, OUTOR. Also, bit of OUT15 should be sent first, and same bit of OUTO the last.
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S

| Bit 47 Bit 46 Bit 32 Bit 31 Bit 30 Bit 16 Bit 15 Bit 14 Bit 0 |
< Bit15 for | Bit14 for . Bit0 for | Bit15 for | Bit14 for . Bit0 for | Bit15 for | Bit14 for . Bit0 for g
sout | OuUTBn | OUTBn OUTBn | OUTGn | OUTGn OUTGn | OUTRn | OUTRn OUTRn | SIN
|
: 48 bit common shift register |
traditional mode |
ot
(~———— " """ -"-""-""""""-"""-""-"-"""-"""-"""-"""-"""-"""-"""-""="-"\"/"¥"/-"¥"/"¥"/"¥"/¥"¥/¥"/'"/"¥"/"/""=/—"¥/-/'¥"/"¥"/"/- 7/ 7/ 7/ 7// /T 'i
: Bit 47 Bit 46 Bit 45 Bit 44 Bit 43 Bit 42 Bit 26 Bit 25 Bit24 Bit 0 |
| . . . . . . . . . . '
Bitnfor | Bitnfor | Bitnfor | Bitnfor | Bitnfor | Bitn for Bitnfor | Bitnfor | Bitn for Bit n for
SOUT +—+— e—L— sIN
| OUTB15 | OUTG15| OUTR15| OUTB14 | OUTG14| OUTR14 OuUTB8 | OUTG8 | OUTR8 OUTRO |
|
I 48 bit common shift register |
! Poker mode
L o o o e __ _okermoce |

Figure 12. Traditional Mode vs Poker Mode Register

In poker mode, the length of the PWM bit has a flexible configuration, from 9 bits to 16 bits. It depends on
how many WRTGS and LATGS commands you have sent. For example, if the PWM bit = 10, it means
Tperiod is 1024 GCLK, 9 WRTGS and 1 LATGS should be sent. The 1% WRTGS for GS bit 9, second
WRTGS for GS bit 8, third WRTGS for GS bit 7..., the last LATGS command for GS bit 0. Table 9
describes more about these configurations.

Table 9. PWM Bit Length Configure

PWM Bit Command Description

9 bit 8 WRTGS + 1 LATGS Send the 1 WRTGS for GS bit 8, second WRTGS for GS bit 7 ...,
Send LATGS for GS bit 0. GSCLK =512.

10 bit 9 WRTGS + 1 LATGS Send the 1 WRTGS for GS bit 9, second WRTGS for GS bit 8 ...,
Send LATGS for GS bit 0. GSCLK = 1024.

11 bit 10 WRTGS + 1 LATGS Send the 1 WRTGS for GS bit 10, second WRTGS for GS bit 9 ...,
Send LATGS for GS bit 0. GSCLK = 2048.

12 bit 11 WRTGS + 1 LATGS Send the 1% WRTGS for GS bit 11, second WRTGS for GS bit 10 ...,
Send LATGS for GS bit 0. GSCLK = 4096.

13 bit 12 WRTGS + 1 LATGS Send the 1 WRTGS for GS bit 12, second WRTGS for GS bit 11 ...,
Send LATGS for GS bit 0. GSCLK = 8192.

14 bit 13 WRTGS + 1 LATGS Send the 1 WRTGS for GS bit 13, second WRTGS for GS bit 12 ...,
Send LATGS for GS bit 0. GSCLK = 16384.
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Figure 13 through Figure 15 show examples for PWM bit 10, WRTGS command, LATGS command and
the total timing sequence for GS data writing.
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Figure 13. 48-Bit GS Data Write (WRTGS) Command in Poker Mode
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Figure 14. GS Data Latch (LATGS) Command in Poker Mode
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Figure 15. GS Data Write Sequence (9 “WRTGS” + 1 “LATGS” command) in Poker Mode

3.5 Step 4: Input GCLK to Begin Display
Input GCLK continuously, 2YGCLK (N = 9-16) as a segment. Between the interval of two segments, LED
supply voltage should be switched from one line to next line accordingly.

3.5.1 Basic Knowledge: What’ is PWM Control?

PWM Control means pulse width modulation (PWM) control scheme, which controls the OUTx pin turn on

ratio during one display period proportional to the GrayScale (GS) data of this channel.16-bits GS data per

channel results in 65536 brightness steps, from 0% up to 100% brightness.

For example:
If GS = 0, then OUTx will not turn on during one display period (65536 GCLK period totally), the
brightness is 0%.

If GS = 500, then during one display period, OUTx will turn on 500 GCLK period, then the brightness
ratio will be 500/65535 = 0.763% (Assume 100% brightness if 65535 GCLK period is turned on during
one display period).
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If GS = 65534, then during one display period, OUTx will turn on 65534 GCLK period, then the
brightness ratio will be 65534/65535 = 99.9985%.

3.5.2

Traditional PWM Control

The TLC5957 has two PWM modes: one is traditional PWM, the other is ES-PWM. This is decided with:
ES-PWM mode enable bit (bit 8 of FC register). When this bit = 1, ES-PWM mode is selected. When this
bit = 0, traditional PWM is selected.

Figure 16 is an operation timing of traditional PWM. When less on/off switch is required in application to
avoid noise, this kind of PWM is preferred.
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Figure 16. Traditional PWM Operation

Multiplexed Enhanced Spectrum (ES) PWM Control

The TLC5957 is designed for both static and multiplexed display systems. It uses an innovative
Multiplexed ES PWM method to improve the visual refresh rate while maintaining the best grayscale
performance.

In this PWM control, the entire display period is divided into 128 display segments. Entire display period
means the timing from the first Gray Scale clock (GSCLK) to the 65536™ Gray Scale clock is input in case
of a 16-bit length PWM. Each display period has 512 grayscale as a maximum. The OUTn on time
changes depending on the 16-bit grayscale data. Refer to Table 10 for sequence information and

Figure 17 for timing information.

Table 10. ES-PWM Drive Turn on Time Length

GS Data . .
OUTn Driver Operation
(Dec) (Hex)
0 0000h | No turn on
1 0001h | Turns on during 1 GSCLK period in 1% display period
2 0002h | Turns on during 1 GSCLK period in 1% + 65" display period
3 0003h | Turns on during 1 GSCLK period in 1% + 65" + 33" display period
4 0004h | Turns on during 1 GSCLK period in 1% + 65" + 33" + 97" display period
5 0005h | Turns on during 1 GSCLK period in 1% + 65" + 33" + 97" + 17™" display period
6 0006h | Turns on during 1 GSCLK period in 1% + 65" + 33 + 97" + 17" + 81 display period
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Table 10. ES-PWM Drive Turn on Time Length (continued)

GS Data . .
OUTn Driver Operation
(Dec) (Hex)
— — The number of display periods which OUTn is turned on during 1 GSCLK is increased by GS data
increasing in the following order:
The order of display period which output turns on:
1>65>33>97>17>81>49>113>9>73>41>105>25>89>57>121>5>69>37>101>21>85>53>117
>13>77>45>109>29>93>61>125>3>67>35>99>19>83>51>115>11>75>43>107>27>91>59>123>7>
71>39>103>23>87>55>119>15>79>47>111>31>95>63>127>2>66>34>98>18>82>50>114>10>74>42
>106>26>90>58>122>6>70>38>102>22>86>54>118>14>78>46>110>30>94>62>126>4>68>36>
100>20>84>52>116>12>76>44>108>28>92>60>124>8>72>40>104>24>88>56>120>16>80>48>
112>32>96>64>128.
127 007Fh | Turns on during 1 GSCLK period in 15-127" display period + No turn on in 128" display period only
128 0080h | Turns on during 1 GSCLK period in all (15-128™") display period
129 0081h | Turns on during 2 GSCLK period in 1% display period + 1 GSCLK period in other display period
— — The number of display period which OUTn is turned on during 2 GSCLK is increased by GS data
increasing as in the case GS is 1 through 127
255 00FFh | Turns on during 2 GSCLK period in 1-127"" display period + turn on 1 GSCLK period in 128" display
period only
256 0100h | Turns on during 2 GSCLK period in all (1%-128™) display period
257 0101h | Turns on during 3 GSCLK period in 1% display period + 2 GSCLK period in other display period
— — Display period which OUTn is turned on time is increased by GS data increasing like the previous
operation
65478 FEFFh | Turns on during 511 GSCLK period in 18-127" display period + turns on 510 GSCLK period in 128"
display period only.
65279 FFOOh | Turns on during 511 GSCLK period in all (1-128) display period.
65280 FFO1h | Turns on during 512 GSCLK period in 1% display period + 511 GSCLK period in 2"-128" display period
65534 FFFEh | Turns on during 512 GSCLK period in 15-63" and 65" 127" display period + turns on 511 GSCLK period
in 64" and 128" display period.
65535 FFFFh | Turns on during 512 GSCLK period in 15-127" display period + turns on 511 GSCLK period in 128"
display period only.
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Figure 17. ES PWM Operation

SLVUAFO0—-May 2016
Submit Documentation Feedback

Build a High-Density, High-Refresh Rate, Multiplexing Panel With the 23

TLC5957

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVUAF0

i3 TEXAS
INSTRUMENTS

Detailed Description www.ti.com

3.6

Step 5: Display the Current Line and Input GS Data for Next Line

The TLC5957 can be used as static driver or multiplexing driver. In multiplexing applications, since no
SRAM is built inside, the GS data stored in GS data latch has to be swapped all the time.

Figure 18 shows a timing sequence for a multiplexing application. In order to increase the refresh rate,
using 1024 GCLK for new GS data updated. When GCLK is input, GS data for the next line is also shifted
in. Be aware that the falling edge of “LATGS” command needs to be input after the rising edge of the
1024" GCLK.

(For current Ilne)

SIN

3-( R ER (DB @ BECDE B R (EE

(data for next line)

mmmmﬁmww
719 720 72 765 766 767 768

(data

674
for next line)

LAT (C (( £ ( _S ()_I I_S ()_I
)
1st* WRTGS" 2nd“ WRTGS" 15 th* WRTGS" “LATGS"
(data for next line) command. command. command. command.
( ( ( ( ( (
OUTx ?2 ?2 ?2 Display current line ?2 ?2 ?2 A
) ) ) ) )) ) H

Channel
Forced Off

Figure 18. GS Data Writing in Multiplexing Application

3.7 Step 6: GS Data Input for the Last Line in Multiplexing Application

3.7.1 Multiplexing Application Sequence
The TLC5957 can be used in multiplexing applications, but without integrated SRAM, it is difficult to know
the current operating line, and total line number. In some cases, the timing sequence of power lines is
very important to implement some internal function for better grayscale performance. Therefore, TLC5957
uses the LINERESET Command in the last line to record the timing sequence of power lines.
In multiplexing applications, LINERESET is required to enable the Caterpillar cancelling function.
However, the Caterpillar cancelling function and LOD SID reading cannot work at the same time since
LOD SID information is not available after the LOD channel has been masked by Caterpillar cancelling
circuits.

3.7.2 LINERESET Command
The TLC5957 uses the LINERESET and TMGRST commands to reset the line counter. LINERESET
command can be used to replace LATGS command in the last line, not only to latch GS data, but also to
reset the line counter. The TMGRST command can be used for GS and Line counter reset, and
meanwhile the OUTx are forced off. These commands are distinguished by the number of SCLK rising
edges included in the LAT pulse. Table 11 describes these two commands.
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Table 11. WRTFC/FCWRTEN Commands Description
SCLK Rising
Co’\rgnr:‘z;nd Edges While Description
LAT is High
LINERESET 7 Line Counter in register will be clear. Also, Data in Common register copy to the fist GS data latch, 1
data latch counter reset.
If XRFRESH = 0, auto refresh enabled, all data is copied to the second lat when the GS counter is set to
65536; If XRFRESH = 1, auto refresh disables, all data in the 1% GS lat copy to 2" GS lat, GS counter
reset, all OUTXx force off.
Change group pattern when this function is received
Refer to Figure 7 for a timing diagram of this command operation.
TMGRST 13 The GS Counter is reset to '0', line counter is reset, and all the outputs are forced off.

Refer to Figure 19 for a detailed command input timing diagram.
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d~ s
NN N

(C
GS first data latch 22 \
( Internal) - - == ====-
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OUTO R/G/B (¢ -
GS first data latch 22 Old 48bit GS data X | New 48bit GS data
(Internal) 5 ) ,’, -------
i When XREFRESH=0, all data in 1*' data latch are copy
Gs 2™ y! to 2" data latch when received ‘LATGS’ command.
n (C —_— -
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(Internal) ) ———————------
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(A EEEE———————————————
OUTx 22 Previous Status X Channel Forced Off
- ===
Figure 19. LINERESET Command
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Figure 20. 768-Bit GS Data Write Sequence for the Last Line (15 “WRTGS” + 1 “LINERESET” command)

3.7.3 The Whole Operation Sequence

In a commonly used application, LINERESET is always used for GS data latch for the last line, and
LATGS is always used for GS data latch for the other line.

Figure 21 is a typical timing sequence for an 8-multiplexing panel. The whole display period is divided into
64 sub-periods, each sub-period consists of the whole 8 scans for each line. In the first 7 lines of each
sub-period, GS data writing is 15 WRTGS + 1 LATGS. If poker mode is used here to decrease the data
writing time, the sequence can be 9 WRTGS + 1 LATGS. For the last line of each sub-period,
LINERESET should be used to replace LATGS.
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GCLK 1024 GCLK for LO ” 1024 GCLK for L1 [ =eeeeeeer 1024 GCLK for L7
SIN/SCLK GS DATA for L1 || GS DATAforL2 | s GS DATA for LO
LAT 9 WRTGS + 1LATGS | 9WRTGS + 1 LATGS | e 9 WRTGS + 1 LINEREST
— i t=GCLK
OUTXn OFF % % % ) % %
Forline0 W =-=--=------
(GS Data = 0001h) ON ,
—> 3<— t= GCLK
OUTXn OFF % % $ % % %
Forline1 — ---c--o--- - J
(GS Data=0001h) QN
: —> <= t=GCLK
OUTXn OFF ¥ % 24 ¥ ¥ 2
Forline7 W —--ecec---- -
(GS Data=0001h) ON
Sub - Period 0
(1/8 multiplexing ratio) | 1 Total Display Period
Selected Scan line Sub- Period
number for PWM control i, Sub- Period 0 3 Sub- Period 1 -~ P Sub- Period 63 . Sub- Period0
X o g 2~62 | X -
Scan line 0 :l
scanfine1! [] ] ] ]
Scan line 6 ] 1] 1]
Scan line 7
1024 x 8 x
~ ~ 1024 x 8 GCLK 61 GCLK. _ 1024 x 8 GCLK
External LED anode
side switch ON . ON ON { ON
SWCOM 0 OFF OFF OFF OFF
SWCOM 1
SWCOM 6
SWCOM 7

3.8

Figure 21. Whole Operation Sequence in 10-Bit Poker Mode

LED Open Detection (LOD)

The LOD function can detect a fault caused by an open circuit in any LED string, or a short from OUTXn
to ground with low impedance, by comparing the OUTXn voltage with the LOD detection threshold voltage
level set by LODVLT in the FC1 register (see Table 5). If the OUTXn voltage is lower than the
programmed voltage, the corresponding output LOD bit is set to '1' to indicate a opened LED. Otherwise,
the output of that LOD bit is '0' (see Figure 22). LOD data output by a detect circuit are valid only during
the ‘on’ period of that OUTXn output channel. LOD data are always ‘0’ for outputs that are turned off.
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VLED
Ve
LED lamp
LOD data -
1= Error + OUTXn
Viop
1~25 mA
On-Off with maximum
control BC/CC data

GND
Figure 22. LOD Detect Circuit of One Channel

The output of the LOD detect circuit is loaded into the 48-bit register called SID holder (Figure 23 shows
the bit arrangement of this SID holder) at the rising edge of the 15th GCLK in each segment. To get a
correct detecting result, it is necessary to make sure OUTXn is kept ‘on’ in the 15" GCLK period in one

segment. See Figure 24 and Figure 25 for the timing diagram.

|
1
1 Bit 47 Bit 46 Bit45 Bit44 Bit43 Bit42 Bit26 Bit25 Bit24 Bit 0 :
P e T B o e e Tt e
| LOD for | LOD for| LOD for | LOD for LOD for| LOD for R LOD for | LOD for| LOD for I LOD for :
1 OUTB15| OUTG15| OUTR15| OUTB14 | OUTG14| OUTR14 OuUTB8 | OUTG8 | OUTR8 OUTRO |
| [N NS S S S S Sy SE— N S .
1 1
1 1

Figure 23. Bit Arrangement of SID Holder

Table 12. LOD Threshold Voltage Truth table

LODVLT _
LED Open Detection (LOD) Threshold Voltage
BIT 1 BIT 0
0 0 VLODO (0.09 V typ)
0 1 VLODL1 (0.19 V typ, Default value)
1 0 VLOD2 (0.35 V typ)
1 1 VLOD3 (0.50 V typ)
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Figure 24. LOD Information Latch into SID Holder(XREFRESH = 0)
1
XREFRESH in control o 56 56 ----
data latch nKnown 477 479
12345 478480 23458
SCLK %2 EE | | | |
LAT- (( z ( " ---
)) , N
9 WRTGS Command. LATGS Command.
1021 1023
12 3 4 5 15 16 17 18 19 1022 1024
r
GCLK ren
Set current by
Programmed

external resistor.
/

(( (¢
OUTNn current / output current ) )) I #/
for PWM Contro' O mA ...........

xternal

LOD data latch is updated with
o the latest data at the 15" GCLK.

{ C
SID Dzz\it:t;arfglf; LOD old data g ! x 0 LOD new data\
17 -t

[4
48 bit LOD LOD LOI:X LOD 22 LOD \ LoD LOD
_— 3 Y _————
circuit output data \ XXX XXXXh XXXXh 0000h XXXXh
(Internal)
LOD data is not stable just after OUTn on. . SID load into common shift
2~ register at falling edge of LAT.
. N iR EDINIIR m—Dm——E—————————————
Shi?tsrglgtigtct)arpg;cig 22 XXXXX 2? Grayscale data X SID is loaded into the common shift register.
===

Figure 25. LOD Information Latch into SID Holder(XREFRESH = 1)

SLVUAFO-May 2016 Build a High-Density, High-Refresh Rate, Multiplexing Panel With the 29

Submit Documentation Feedback TLC5957
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVUAF0

13 TEXAS
INSTRUMENTS

Detailed Description www.ti.com

3.9 How to Read Function Control Register

Once the TLC5957 detected 11 rising edges of SCLK during LAT high period, it considers this as a
READFC command. The 48-bit data in the FC register is latched into the 48 bits of common shift register
at the falling edge of the LAT signal. Then the loaded data can be read out from SOUT synchronized with
the SCLK rising edge.

Refer to Figure 26 for the timing diagram of this command.

U G ) ) @) GEEITTEY ) G 0 G ) D i ) D )
so __ TLFIFLPLAL UL LI LU LI
1 2 1 1 2 3 30 31 32 33 ... 46 47 48

. 11 SCLK rising edge must

LAT ﬂ be input while LAT is high.
sour XXX  EAGRGN GR A EAEDED

,’The 48-bit data in FC register are copied to the 48 bit of common shift register at the LAT
signal falling edge.

Figure 26. FC Data Read (READFC) Command

3.10 Function Commands Summary

Table 13 is a summary of all the seven commands that can be input with SCLK and LAT signals: WRTGS,
LATGS, WRTFC, LINERESET, READFC, TMGRST, and FCWRTEN.

Table 13. Function Commands Summary

SCLK Rising
Command Name Edges While Description
LAT is High
WRTGS 1 The 48-bit data in common shift register are copied to the 48-bit GS latch in the first
(48-bit GS data write) latch selected by the GS data latch address counter. Refer to Figure 9 for a timing
diagram of this command operation.
LATGS 3 The 48-bit data in the common shift register are copied to corresponding 48-bit GS
(768-bit GS data latch) data latch in the first latch. All data in the first data latch are copied to the 2™ GS data
latch when the GS counter reaches 65536, if XREFRESH = 0; all data in the 1% data
latch are also copied to the 2" GS data latch, GS counter reset, and all OUTx are
forced off if XREFRESH = 1. Refer to Figure 10 for a timing diagram of this command
operation.
WRTFC 5 The 48-bit data in common shift register are copied to the FC register if input after
(FC data write) FCWRTEN command.
Refer to Figure 7 for a timing diagram of this command operation.
LINERESET 7 Line Counter in register will be clear, also data in the common register is copied to the

fist GS data latch, the 1% data latch counter is reset.

If XRFRESH = 0, auto refresh enabled, all data is copied to 2" lat when the GS
counter to 65536; If XRFRESH = 1, auto refresh disables, all data in 1% GS lat copy to
2" GS lat, GS counter reset, all OUTx force off.

Change group pattern when this function is received.

Refer to Figure 7 for a timing diagram of this command operation.

READFC 11 The 48-bit data in the FC register are copied to the 48-bit of shift register. The loaded
data can be read out from SOUT synchronized with the SCLK rising edge. Refer to
Figure 24 for a timing diagram of this command operation.

TMGRST 13 The GS Counter is reset to '0', Line counter will be reset, and all the outputs are forced
off.
FCWRTEN 15 FC writes are enabled by this command. This command must always be input before
(FC write enable) the FC data write occurs. Refer to Figure 7 for a timing diagram of this command
operation.
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3.11 Ghost Cancelling

The pre-charge FET is integrated to remove ghost in multiplexed LED modules. One cause of this issue is
the charging current for parasitic capacitance of the OUTXn through the LED when the supply voltage
switch from one common line to next common line.

To prevent this unexpected charging current, the TLC5957 uses an internal FET to pull OUTXn up to
VCC-1.4 V during the common line switching period. Thus, no charging current flow through LED and the
ghost phenomenon is eliminated.

Two working modes of Pre-charge can be selected by SEL_PCHG, Bit 7 of FC register.

When this bit is ‘0’, which is the default setting, the Pre-charge FETs are only off during the period in
which the channel is on.

When this bit is ‘1’, the Pre-charge FET keeps off during the whole segment period, and only turns on
during the dead-time (the time between two adjacent segments).

Figure 27 shows this difference (take 1024 GCLK per segment, for example).
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| ! : PMOSO0 offp--. | -—-
——q PMOS1 !
! LINEO VLED ---
— . & --J—-—— LINEO Vot VZ mmm e
1 0 | LEDO-1 LEDO-2 ‘ . oltage I ——Va
=L h hny | ! ]
< =r b S <77 SW ON--- ! -
o \ 4 ! |
k5] % LEDO 0|1 . PMOST o ! |
2 NMOS1 i . ro
H . | R
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- c - ]
e b = A S 2Ny .
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Yoo -
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Genera_l ! I Voltage v £p-vf — — ]
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| Y0 A————--GND
ouTo _| 0UT1_' SAE A LEDO-0 20mA--- T Lo ﬂ |
ON ON g, Current OmA — —- : : : |‘ |” -
— \ (BN
Constant current JL ", ! \I\ LED1-0 20mA-~- i ' i '(\
output. \\Y_/ Current gmA - —. L 1 : H -
| ! 1
]
Y 1 | . |
oND *onD m @ 6 @
T _——-—— Caterpillar phenomenon is observed

3.12 Caterpillar Cancelling

when OUTO is on.

Figure 27. Pre-Charge FET Working Mode

Caterpillar effect is a phenomenon caused by broken LEDs. The TLC5957 has an internal circuit to
remove caterpillar issue in multiplexed LED modules. One cause of this phenomenon is the electric
charge on the parasitic capacitor of Line goes through LED when the OUT is pulled down to GND due to
LED open of another line. This will make all the LED multiplexing with the open LED turn on during the

special time.

To prevent the caterpillar issue, the TLC5957 integrated internal circuits for LED open detection. When
LED open is detected, the output channel is turned off for this specific line and then the caterpillar effect is

eliminated.

Figure 28 is the detailed explanation of the caterpillar effect.
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Figure 28. LED Caterpillar Phenomenon Mechanism

This function can be enabled or disabled with the LINERESET command. If the LINERESET command is
send any time after the TLC5957 is powered on, the caterpillar effect function is enabled. If LINEREST
command is never sent after power on, then this function is disabled, and the caterpillar effect is observed
if the LED is open.

NOTE: If caterpillar removal is enabled, then the SID information shifted from the SOUT is not
correct, due to internal conflict.

3.13 Double Edge for Data Transmission

3.13.1

3.13.2

Why This Function?

Visual Refresh rate is a critical parameter in LED display. If the TLC5957 is used in multiplexing
application, this parameter is limited by GS data transmission time. If the cascaded device is larger, visual
refresh rate is even lower.

Double SCLK means GS data can be sent both at rising edge and falling edge of SCLK. Using this
method, GS data transmission rates doubly increase compared to traditional transmission methods which
send GS data only at the rising edge of SCLK. At the same time, the frequency of SCLK is not increased,
so there may not be risk in PCB layout.

How to Send GS Data Using Double Edge
Double edge for SCLK can be enabled by bit 10 in FC register.

If FC bit 10 = 0, double edge SCLK is disabled, GS data only be sent at the rising edge of SCLK. If FC bit
10 = 1, double edge SCLK is enabled, GS data can be sent both at the rising and falling edge of SCLK.

Figure 29 is a detailed timing for WRTGS command at double SCLK mode. Compared to single mode, it
needs less SCLK number, and the transmission time is shorter. LATGS, LINERESET command is the
similar timing compared to WRTGS command.

In double SCLK mode, SCLK rate should not be more than 18M.
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Figure 29. WRTGS Command at Double SCLK Mode

3.13.3 How to Send FC Data

FC data writing sequence is not affected by the double SCLK mode. Whatever double SCLK is enabled or
not, FC data can only be written at the rising edge of SCLK.

Figure 30 is a detailed timing for WRTGS command at double SCLK mode

1 2 14 15 1 2 3 4 ... 43 44 45 ... 47 48

¢ _-15 SCLK rising edge must be (¢
D) Z |input while LAT is high. Then FC | )Y

LAT

register is enabled to be written. (¢ 1
)) /]
/
II
47 bit FC 7
Old dat: New dat
Data Latch 2}% 2}% ata 2}%[/ x ew data
II
/
’
5 SCLK rising edge must be input while LAT is high. The
48-bit of common shift register is copied to FC register at
the falling edge of LAT.
Figure 30. FCWRTEN and WRTFC Command at Double SCLK Mode
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3.14 Protection

3.141

3.14.2

3.15

3.16

Thermal Shutdown (TSD)

The thermal shutdown (TSD) function turns off all constant-current outputs of the IC when the junction
temperature (T,) exceeds the 170°C (typ). It resumes normal work once T, returns to lower than
160°C(typ).

IREF Resistor Short Protection (ISP)

The Iref resistor short protection (ISP) function prevents the unwanted large current from flowing though
the constant-current output when Iref resistor is shorted accidently. The TLC5958 will turn off all output
channels when Iref pin voltage is lower than 0.125 V (typ). When the Iref pin voltage is higher than 0.35 V
(typ), the TLC5957 will resume normal work again.

Noise Reduction

Large surge currents may flow through the IC and the board on which the device is mounted, if all 48 LED
channels turned on simultaneously at the 1% GCLK rising edge. This large surge current could induce
detrimental noise and electromagnetic interference (EMI) into other circuits.

The TLC5957 separates the LED channels into 12 groups. Each group includes 4 output channels. It turns
on these groups sequentially with a 1.67-ns (typ) delay between one group and the next group. By this
means, a soft-start feature is provided. See Table 6 for the detail turn on delay sequence.

The turn-off of LED channels is implemented with a same delay scheme.

This group delay function is enabled by default at power on. However, it can be disabled by setting
SEL_GDLY (bit 4 of FC register) to ‘0.

Low Gray Scale Enhancement (LGSE)

First (1*) line issue is a common phenomena in multiplexing application, especially in high density, high
refresh rate panel. This issue can be solved by choosing a different setting of LGSE1 in FC register.
Adjusting these control bits will also help improve the white balance at low grayscale condition.

Table 14. LGSE1 Effect Summary

LGSE1 (FC) Low Grayscale Enhancement Effect
BIT13 BIT12 BIT11 Red Color Green Color Blue Color

0 0 0 No No No

0 0 1 No Weak Weak

0 1 0 No Medium Medium
0 1 1 No Strong Strong

1 0 0 Weak Medium Medium
1 0 1 Weak Strong Strong

1 1 0 Medium Medium Medium
1 1 1 Medium Strong Strong

Different multiplexing ratio needs different setting. The general guidelines follow:
1. The higher the multiplexing ratio is, the higher enhancement is needed.
2. The enhancement of G/B should be higher than that of the Red color.

For example, one suggested setting for a 1/16 multiplexing panel is: LGSE1 = 100

Besides the previous countermeasures, choose setting of LGSEZ2, bit 45-47 of FC register, will also help
improve the 1% line issue at LGSE condition.
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Table 15. LGSE2 Effect Summary
LGSE2 (FC) Low Grayscale Enhancement Effect
BIT47 BIT46 BIT45 Red Color Green Color Blue Color
0 0 0 No No No
0 0 1 No Weak Weak
0 1 0 No Medium Medium
0 1 1 No Strong Strong
1 0 0 Weak Medium Medium
1 0 1 Weak Strong Strong
1 1 0 Weak Medium Medium
1 1 1 Weak Strong Strong

A third method to improve low grayscale performance is to set LGSES3, bit 9 of the FC register. When this
bit is set to 1, the Blue color is compensated for keeping white balance; keeping this bit at 0 makes no
difference for the R/G/B color.
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