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TOSHIBA TC62D723FNG

TOSHIBA CDMOS Integrated Circuit Silicone Monolithic

TC62D723FNG

16-Output constant current LED driver with the output gain control function and the PWM grayscale function

1.Feature

The TC62D723FNG is LED drivers which have the sink-type TC62D723FNG
constant current output.

The output gain control function of 8-bit and the PWM grayscale
function of 16, 14, 12, and 10-bit are built into this IC.

Output current value of 16 channels is set by one external
resistance.

In addition, the thermal shutdown function, the output open
detection function, and the output short detection function are built
in.

This IC is most suitable for lighting the LED module and the display.

P-HTSSOP24-0508-0.65-001

Weight
P-HTSSOP24-P-0508-0.65-001
2.Characteristics :0.10 g (Typ.)
e Supply voltage :Vpp=3.0to 5.5V
e 16-output built-in
e Output current setup range Tlout=1.51t0 90 mA
e Constant current output accuracy
(@ Rext=1.2kQ, Vout=1.0V,Vpp=3.3V,5.0V)
: S rank; Between outputs + 1.5 % (max)
: S rank; Between devices: + 1.5 % (max)
: N rank ; Between outputs + 2.5 % (max)
: N rank ; Between devices: + 2.5 % (max)
e Output voltage : Vout =17 V (MAX)
e 1/O interface : CMOS interfaces (Input of a schmitt trigger)
e Data transfer frequency : fsck = 30 MHz (MAX)
¢ PWM frequency : fpwm = 33 MHz (MAX)
e Operation temperature range :Topr=—401t0 85 °C

e 8-bit (256 steps) output gain control function built-in.
e PWM grayscale function built-in. (PWM resolution is selectable)
16-bit (65536 steps), 14-bit (16384 steps)
12-bit (4096 steps), 10-bit (1024 steps)
Selection of the one-shot output PWM mode or the repeat PWM output mode is possible.
e Thermal shutdown function (TSD) built-in.
o Output error detection function built-in.
This function has the automatic operation and the command
input manual operation.
Output open detection function (OOD) and output short
detection function (OSD) built-in.
e Power-on-reset function built-in. (When the power supply is turned on, internal data is reset)
¢ Stand-by function built-in. (Ipp=1uA at standby mode)
e Output delay function built-in. (Output switching noise is reduced)
e Package : P-HTSSOP24-0508-0.65-001

For detailed part naming conventions, contact your local Toshiba sales representative or distributor.
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TOSHIBA TC62D723FNG
3.Block Diagram
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TOSHIBA

TC62D723FNG

4.Pin Assignment (top view)

] PwmcLK
| | ouT1s
| | ouTia
| ] ouT13
| | ouT12
| | ouTti
| ] ouTio
| | ouTe

] ouTs

2013-09-18



TOSHIBA

TC62D723FNG

5.Pin Description

Pin No. Pin Name 110 Function
1 GND — | The ground pin.
2 SIN | The serial data input pin.
3 SCK | The serial data transfer clock input pin.
4 TRANS | The data transfer command input pin.
5 ouTo (0] The sink type constant current output pin.
6 OuT1 (0] The sink type constant current output pin.
7 ouT2 (0] The sink type constant current output pin.
8 ouT3 (0] The sink type constant current output pin.
9 ouT4 (0] The sink type constant current output pin.
10 ouT5 (0] The sink type constant current output pin.
11 OuT6 (0] The sink type constant current output pin.
12 ouT7 (0] The sink type constant current output pin.
13 ouTs (0] The sink type constant current output pin.
14 ouT9 (0] The sink type constant current output pin.
15 ouT10 (0] The sink type constant current output pin.
16 ouT11 (0] The sink type constant current output pin.
17 ouT12 (0] The sink type constant current output pin.
18 ouT13 (0] The sink type constant current output pin.
19 ouT14 (0] The sink type constant current output pin.
20 ouT15 (0] The sink type constant current output pin.
I L I e e W
22 SOUT (0] The serial data output pin.
23 REXT — | The constant current value setting resistor connection pin.
24 VDD The power supply input pin.
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TOSHIBA

TC62D723FNG

6.Equivalent circuit of input and output

1. SCK, SIN

VDD O———
x

SCK
((SIN; © 1‘: w >

GND 0———

3. SOUT

—O0 VDD

4l>—Wv—o—o souT

.——0 GND

4.0UT0 to OUT15

4{>—<IE %

O OUTO to OUT15

O GND

2. PWMCLK, TRANS

VDD O———
Yy

(PWMCLK)
(TRANS)

GND ©
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TOSHIBA TC62D723FNG

7. Explanation of the function (Basic data input pattern)
Data input is done with the SIN pin and the SCK pin.
Command selection is done with the SCK pin and the TRANS pin.

About the operation of each command

Number of SCK pulses .
Command at TRANS="H" Note3 Operation

SO 0,1 The PWM data in the 16-bit shift register is transmitted to the PWM data register 1.

1. The PWM data in the PWM data register 1 is transmitted to the PWM data register 2 or 3. Note1
S1 2,3 2. The automatic output open/short detection result data is transmitted to the 16-bit shift register. Note2
3. PWM output start.

S2 7,8 Input of the output ON/OFF data. (When this function is not used, this input is unnecessary.)
s3 910 The manual output open/short detect!on functions are executgd. Note2 o ‘
’ The manual output open/short detection result data is transmitted to the 16-bit shift register. Note2
S4 11,12 Reset of the internal PWM counter.
S5 13,14 Input of the state setting data (1).
S6 15,16 Input of the state setting data (2).

Note1: Transmitted register changes by a PWM counter synchronization setting.
Note2: This operation is performed when the output open/short detection function is “Active” setting.
Note3: Other SCK numbers are disregarded.

¢S0 command (The PWM data is transmitted to the PWM data register 1.)
SCK 1
TRANS [ ] Number of SCK pulses at TRANS="H"is 0 or 1.
SIN < PWM DATA >

¢S1 command (The PWM data is transmitted to the PWM data register 2 or 3.)

SCK [t || |

TRANS Number of SCK pulses at TRANS="H"is 2 or 3

#S2 command (Input of the output ON/OFF data.)

TRANS | |_ Number of SCK pulses at TRANS="H"is 7 or 8

SIN < OUTPUT ON/OFF DATA >

¢S3 command (The output open/short detection functions manual operation is executed.)
SCK 123458789H

TRANS J |_ Number of SCK pulses at TRANS="H" is 9 or 10

¢S4 command (Reset of the internal PWM counter.)

SCK1234567891%111%

TRANS J |_ Number of SCK pulses at TRANS="H" is 11 or 12
¢S5 command (Input of the state setting data (1).)
SCK 1 2 3 4 5 6 7 8 al p 11| d d
TRANS |_ Number of SCK pulses at TRANS="H" is 13 or 14
SIN < STATE SETTING DATA (1) >

TRANS J |_ Number of SCK pulses at TRANS="H" is 15 or 16

SIN < STATE SETTING DATA (2) >
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TOSHIBA TC62D723FNG

8. About the operation of each command

8-1-1) S0 command (The PWM data is transmitted to the PWM data register 1.)

Operation) In the number of SCK pulses at TRANS="H" is 0 or 1, the following operation is executed.
The PWM data in the 16-bit shift register is transmitted to the PWM data register 1.

It is necessary to repeat this command 16 times to input the PWM data of OUTO to OUT15.

The order of the PWM data transfer is the following.
OouUT15 -0UT14 - 0UT13 - 0UT12 - 0UT11—- OUT10 - OUT9 — OUT8
—OUT7 - 0OUT6 - 0OUT5 - 0UT4 - 0UT3 - 0UT2 - 0UT1—-0UTO

Basic input pattern of SO command)

TRANS ]
LR T EDD00000000DE
SOUT Previous Data XD_lS

SOUT is operation at the time of S6 command NO=0 conditions.
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TOSHIBA TC62D723FNG
8-1-2) Input form of the PWM data
PWM resolution is set by the S5 command. Default setting is “16-bit”.
1. 16-bit PWM setting
MSB LSB
D15 | D14 |D13 | D12 | D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO PWM setting
(reference)
0 ] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0 |0/65535Default)
0] 0] 0|0 |o0o|lo|lo|o]o|o|o|lolo]|o] o] 1 1/65535
0] 0|0 |]o0o|lo|lo[o|]o|]oJ]ololo[o]|]o]| 1o 2/65535
T 1111111 1T 1 [ 11111 1]o0]1 65533/65535
T 11111 1] 11111111110 65534/65535
T 1111111111111 1111 65535/65535
D15 to DO is serial-data-inputted at MSB first.
2. 14-bit PWM setting
MSB LSB
D15| D14 |D13 | D12 |D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO PWM setting
(reference)
0] 0] 0] 0] 0] 0 0] 0] 0] 0] 0] 0] 0] 0 |0/16383Default)
0l olo]o]o]o|o|o|lo|o] o] o] ol]1 1/16383
0lolo|Jo]o]o]o|lo|lo|o|]o]|]o]| 1o 2/16383
Don’t care
T 1 [ 111111111 1]0]1 16381/16383
T 1 [ 1111111111 1]1]o0 16382/16383
T 11 [ 1111111111111 16383/16383
D15 to DO is serial-data-inputted at MSB first.
3. 12-bit PWM setting
MSB LSB
D15| D14 | D13 |D12 | D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | PWMsetting
(reference)
0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0] 0| 0/4095Default)
0]l o] o] o] o|o|]o|lolo] o] o] 1 1/4095
0lo|o]o]o]o]o|lo|lo]|o]1]o 2/4095
Don’t care
T 1] 111111 1]1]1] 0] 1 4093/24095
1T 1 111111111111 ]o 4094/4095
1T 1 1111111111111 4095/4095
D15 to DO is serial-data-inputted at MSB first.
4.10-bit PWM setting
MSB LSB
D15| D14 | D13 | D12 |D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | FPVWMsetting
(reference)
0 ] 0] 0 0] 0] 0] 0] 0 0 0| 0/023Default)
0l 0] o0o|]o]o|o]olo] 0] 1 171023
0lo]o|lo]o]ol]olol[1]o 2/1023
Don’t care
T 11 1] 111 1]1]o0]1 1021/1023
T 11 1] 1111110 1022/1023
T 1 111111111 1023/1023
D15 to DO is serial-data-inputted at MSB first.
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TOSHIBA TC62D723FNG

8-2-1) S1 command (The PWM data is transmitted to the PWM data register 2 or 3.)

Operation) In the number of SCK pulses at TRANS="H" is 2 or3, the following operation is executed.
1. The PWM data in the PWM data register 1 is transmitted to the PWM data register 2 or 3.

2. The automatic output open/short detection result data is transmitted to the 16-bit shift register. Note1
When internal PWM count is 1 to 21, the output open/short detection automatic operation is done.

3. The PWM output start.
e In the case of the one-shot PWM output mode Note2
In the input of this command, the PWM output is turned on once.
When restarting by same PWM data, please input this command again.
e In the case of the repeat PWM output mode Note2
In the input of this command, PWM output is output repeatedly.
In order to stop a PWM output, the input of a reset command is required.

Setting of PWM output mode is set by the S6 command.

Note) About the output operation when this command is input while PWM output.
1. When the PWM counter is the synchronous mode. Note3
After the present PWM output has ended, PWM output is started by new PWM data.

2. When the PWM counter is the asynchronous mode. Note3
The present PWM output is canceled and a PWM output is immediately
started by new PWM data.

Setting of PWM output synchronization is set by the S6 command.

Basic input pattern of S1 command)

The output open/short detection automatic operation is done
>
0 i1 20 2t
PWMCLK

SCK LI e It
TRANS P

SO UT Previous Data E

SOUT is operation at the time of S6 command N0=0 conditions. v

Command execution

The first SCK (signal X) after this command is used for transmission of the output open/short detection result
data. The input from SIN is not received. Note1

When internal PWM count is 1 to 21, the output open/short detection automatic operation is done.

Please do not input the first SCK (signal X) after S1 command during detection. Note1

Note1: This operation is performed when the output open/short detection function is “Active” setting.
The output open/short detection functions are set by S6 command.
Default setting is “Not Active”.

Note2: PWM output system is set by the S6 command.
Default setting is “Repeat PWM output mode”.

Note3: PWM output synchronization PWM resolution is set by the S6 command.
Default setting is “Synchronous mode”.
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TOSHIBA TC62D723FNG

8-2-2) Output form of the output open/short detection result data

It is transmitted to 16 bit-shift register in the following form.
MSB LSB
E15 | E14 | E13 | E12 | E11 | E10 E9 E8 E7 E6 E5 E4 E3 E2 E1 EO
OuUT15 | OUT14 | OUT13 | OUT12 | OUT11 | OUT10 | OUT9 ouT8 ouT7 ouT6 OuT5 OouT4 OuT3 OouT2 ouTt ouTo

Error code (when output open detection function is effective)

The state of output Error code Condition of output
Voop = Vps 0 Open
Voop < Vps 1 Normal

Error code (when output short detection function is effective)

The state of output Error code Condition of output
Vosp < Vbs 0 short-circuit
Vosp > Vps 1 Normal

Error code (when output open/short detection function is effective)

The state of output

Error code

Condition of output

Voob = Vps or Vosp < Vps

0

Open or short-circuit

Voob < Vbs or Vosp > Vps

1

Normal

When both output error detection function is effective, Open and short-circuit are indistinguishable.

When internal PWM count is 1 to 21, the output open/short detection automatic operation is done.
When the output is off during the output open/short detection execution, the error code becomes "1".

Setting of
PWM output mode

Setting of
PWM bits number

The PWM step that becomes error code "1"
without relations in the state of the output pin.

Normal
PWM output mode

16 bit PWM setting

14 bit PWM setting

12 bit PWM setting

10 bit PWM setting

0 to 20 PWM step setting

Division
PWM output mode

16 bit PWM setting

14 bit PWM setting

12 bit PWM setting

0 to 2560 PWM step setting

10 bit PWM setting

0 to 960 PWM step setting

The above table is unrelated at the time of the output open/short detection manual operation by S3 command.

10
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TOSHIBA TC62D723FNG

8-3-1) S2 command (Input of the output ON/OFF data.)
When this function is not used, this input is unnecessary.

Operation) In the number of SCK pulses at TRANS="H" is 7 or 8, the following operation is executed.
Input of the output ON/OFF data.
Even if PWM data is not changed to 0 settings, ON/OFF of the output can be controlled.
Note) About the output operation when this command is input while PWM output.
1. When the PWM counter is the synchronous mode. Note1
The setting of this command is reflected in the next PWM output.

2. When the PWM counter is the asynchronous mode. Note1
The setting of this command is reflected immediately.

The PWM counter synchronization function is set by S6 command.

Basic input pattern of S2 command)

waws | L
LT TE T DD 00000000
SOUT Previous Data ><[£5

SOUT is operation at the time of S6 command N0=0 conditions.

Note1: PWM output synchronization PWM resolution is set by the S6 command.
Default setting is “Synchronous mode”.

8-3-2) Input form of the output ON/OFF data

MSB LSB
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

OUT15 | OUT14 | OUT13 | OUT12 | OUT11 | OUT10 | OUT9 ouT8 ouT7 OouT6 OuUT5 | OUT4 OouT3 ouT2 ouT1 ouTo

D15 to DO is serial-data-inputted at MSB first.

The output ON/OFF data setting

Input Data Setting
1 Output operates according to PWM data setting. (Default)
0 Output turn off
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TOSHIBA TC62D723FNG

8-4) S3 command (The manual output open/short detection functions are executed.)

Operation) In the number of SCK pulses at TRANS="H" is 9 or 10, the following operation is executed. Note1
The manual output open/short detection functions are executed.
The output is compulsorily turned on during ton(ss) with about 80pA. And detection is done.

The manual output open/short detection result data is transmitted to the 16-bit shift register.
ton(s3) is about 800ns.

Note) Please set TRANS and SCK to "L" during error detection execution time (tON(S3)) .

PWM one shot mode
When PWM output is off , it will be error detection execution period once this command is executed.
If this command is input when PWM output is on, it will be error detection exection period after PWM output finishes.

PWM repeat mode
When repeat mode is selected,please execute this command after inputting S4 command.
It will be error detetion execution period once this command is executed.

Basic input pattern of S3 command)

tON(SS)
sek  _JUUULUULULT LUy
TRANS |
[ ON
OUTn oFF
SOUT Previous Data E15XE14XE13XE12XE11XE10X EQ X E8 X E7 X E6 X E5 X E4 X E3 X E2 X E1 } EO

SOUT is operation at the time of S6 command N0=0 conditions.

The first SCK (signal X) after this command is used for transmission of the output open/short detection result
data. The input from SIN is not received. Note1

Note1: This operation is performed when the output open/short detection function is “Active” setting.
The output open/short detection functions are set by S6 command.
Default setting is “Not Active”.

8-5) S4 command (Reset of the internal PWM counter.)

Operation) In the number of SCK pulses at TRANS="H" is 11 or 12, the following operation is executed.
The internal PWM counter is reset.
When the internal PWM counter is reset, the output is turned off.

Note) It is necessary to input S1 command to turn on the output again.

Basic input pattern of S4 command)
n 0000

pwvork [T UUUUULTUL UL UYL LU

sek (U ULy uuyt
TRANS |

OUTn .
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TOSHIBA TC62D723FNG

8-6-1) S5 command (Input of the state setting data (1).)

Operation) In the number of SCK pulses at TRANS="H" is 13 or 14, the following operation is executed.
The state setting data (1) in the 16-bit shift register is transmitted to the state setting register.

Basic input pattern of S5 command)

SIN
S C()l_iLOJ:-(I)-) Previous Data
S O UT Previous Data l D15

(HO=1)

SOUT is operation at the time of S6 command NO=0 conditions.

8-6-2) Input form of the state setting data (1)

MSB LSB
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
A7 A6 A5 A4 A3 A2 A1 A0 - - - - B1 BO HO LO

D15 to DO is serial-data-inputted at MSB first.
Please input "L" data to D7 to D4.

The state setting data (1) setting

Setting bit Outline of command 0 Input data 1 (Default)
A7 Setting of High setting mode | Low setting mode 47.5% to
output gain control range 47.5% t0 202.7% 8.46% to 43.96% 202.7%
A6 to A0 Se_ttlng of Please refer to 14 to 15 page. 100.0%
output gain control data
Setting of ]
B1 to BO PWM resolution Please refer to 16 page. 16-bit
HO _ sSettingof Not Active Active Not Active
Initialization function
Setting of . . .
LO standby mode (1) function Not Active Active Not Active
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TC62D723FNG

TOSHIBA

8-6-3) Details of each setting
A setting (output gain control data)

1245
123.3
122.0
120.8
119.6
118.4
17.2
115.9
114.7
113.5
112.3
111.0
109.8
108.6
107.4
106.2
104.9
103.7
102.5
101.3

100.0
(Default)

98.8

97.6

96.4

95.2

93.9

92.7

91.5

90.3

89.0

87.8

86.6

85.4

84.2

82.9

81.7

80.5

79.3

78.0

76.8

75.6

74.4

73.2

71.9

70.7

69.5

68.3

67.0

65.8

64.6

63.4

62.1

60.9

59.7

58.5

57.3

56.0

54.8

53.6

52.4

51.1

49.9

48.7

47.5

A[0] [Current gain(%)j

Al1]

Al2]

Al3]

Al4]

Al5]

Al6]

Current gain(%)

202.7

201.5

200.3

1991

197.8
196.6
1954
194.2
193.0
191.7

190.5
189.3
188.1

186.8
185.6
184.4
183.2
181.9

180.7
179.5
178.3
1771

175.8
174.6
173.4
172.2
170.9
169.7
168.5
167.3
166.1

164.8
163.6
162.4
161.2

159.9
158.7
157.5
156.3
155.1

153.8
152.6
1514

150.2
148.9
147.7
146.5
145.3
1441

142.8
141.6

140.4
139.2
137.9
136.7
135.5
134.3
1331

131.8

130.6
129.4
128.2
126.9
125.7

Al0]

Al1]

Al2]

Al3]

Al4]

Al5]

1. In the case of the high setting mode (47.5% to 202.7%)

Al6]
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TC62D723FNG

TOSHIBA

Current gain(%)

26.07
25.79

25.51

25.23
24.95
24.67
24.39
24.11

23.83
23.55
23.27
23.00
22.72
22.44

22.16

21.88
21.60
21.32
21.04
20.76
20.48
20.20

19.92
19.64
19.36
19.08
18.80
18.52
18.24
17.96
17.68
17.40
17.13
16.85
16.57
16.29
16.01

15.73
15.45
15.17
14.89
14.61

14.33
14.05
13.77
13.49
13.21

12.93
12.65
12.37
12.09

11.81

11.53
11.26
10.98
10.70
10.42
10.14
9.86
9.58
9.30
9.02
8.74
8.46

A[0]

Al1]

Al2]

Al3]

Al4]

AlS]

A[6]

Current gain(%)

43.96

43.68

43.40

43.12

42.84

42.56

42.28

42.00

41.72
41.44

41.16

40.89

40.61

40.33

40.05

39.77

39.49

39.21

38.93

38.65

38.37

38.09

37.81

37.53

37.25
36.97

36.69

36.41

36.13

35.85

35.57

35.29

35.02

34.74

34.46

34.18

33.90

33.62

33.34

33.06

32.78

32.50

32.22
31.94
31.66
31.38

31.10

30.82

30.54
30.26

29.98

29.70

29.42
29.15

28.87

28.59

28.31

28.03

27.75

27.47

27.19

26.91

26.63

26.35

A[0]

Al1]

A[2]

A[3]

Al4]

A[5]

A[6]

2. In the case of the low setting mode (8.46% to 43.96%)
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B setting (Setting of PWM resolution)

B[1] B[O] Setting
0 0 16-bit (65536 steps) setting. (Default)
0 1 14-bit (16384 steps) setting.
1 0 12-bit (4096 steps) setting.
1 1 10-bit (1024 steps) setting.

H setting (Setting of Initialization function)
HIO] Setting
0 The initialization function becomes not active.(Default)
It's normal operation mode.
The initialization function becomes active.
1 All data in IC is initialized.
After data initialization, it becomes normal operation mode.

L setting (Setting of standby mode (1) function)
L[O] Setting
0 The standby mode (1) function becomes not active. (Default)
It's normal operation mode.
The standby mode (1) function becomes active.
The circuits other than the logic circuit are turned off. And power supply current is reduced.
1 (All the data of the IC are stored. Data input is possible.)
When SO command is inputted at the standby mode, IC returns to normal operation mode.
Return time to the normal operation mode is about 30 us.
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8-7-1) S6 command (Input of the state setting data (2).)

Operation) In the number of SCK pulses at TRANS="H" is 15 or 16, the following operation is executed.
The state setting data (2) in the 16-bit shift register is transmitted to the state setting register.

Basic input pattern of S6 command)

S %l()J=1; Previous Data

SOUT Previous Data X D15

8-7-2) Input form of the state setting data (2)

MSB LSB
D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
CO | DO | EO | FO | GO | IO JO | KO | MO | NO | OO - - - - -

D15 to DO is serial-data-inputted at MSB first.
Please input "L" data to D4 to DO.

The state setting data (2) setting

Setting bit Outline of command 0 Input data 1 (Default)
Setting of . . .
co thermal shutdown function (TSD) Active Not Active Active
Setting of
DO PWMCLK open detection function Active Not Active Active
(POD)
Setting of
EO output open detection function Not Active Active Not Active
(OOD)
Setting of
FO output short detection function Not Active Active Not Active
(OSD)
GO Setting of Synchronous | Asynchronous Synchronous
PWM output synchronization y y y
Setting of I
10 PWM output system Normal output | Division output Normal output
Setting of
Jo . stan(.:lby mode (2) fun_ctlon Not Active Active Not Active
This function becomes active only at
the time of the 16-bit PWM setting.
Setting of
KO output short detection voltage Vospr Vosp2 Vospr
MO Setting of . Active Not Active Active
output delay function
NO Setting of Up edge Down edge Up edge
SCK trigger of SOUT trigger mode trigger mode trigger mode
Setting of
O]0] PWM output mode repeat mode | One-shot mode repeat mode
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8-7-3) Details of each setting

C[O0] Setting
0 Thermal shutdown function becomes active. (Default)
1 Thermal shutdown function becomes not active.
D setting (Setting of PWMCLK open detection function (POD))
D[0] Setting
PWMCLK open detection function becomes active. (Default)
When it was the state that a PWMCLK signal isn't input by breaking of wiring, it's the
function which prevents PWM output keeping stopping by on state.
0 When PWMCLK is not inputted for about 1 second after it is inputted even once, all
output is turned off compulsorily.
Output compulsion off is released by the initialization function of S5 command.
In addition, the output compulsion off is removed by inputting PWMCLK again.
1 PWMCLK open detection function becomes not active.
E setting (Setting of output open detection function (OOD))
E[0] Setting
0 Output open detection function becomes not active. (Default)
1 Output open detection function becomes active.
F setting (Setting of output short detection function (OSD))
F[O] Setting
0 Output short detection function becomes not active. (Default)
1 Output short detection function becomes active.
G setting (Setting of PWM output synchronization)
GJ0] Setting
0 PWM output synchronous mode. (Default)
1 PWM output asynchronous mode.
| setting (Setting of PWM output system)
I[0] Setting
0 Normal PWM output mode. (Default)
1 Division PWM output mode.

C settin

(Setting of thermal shutdown function (TSD))

18
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J setting (Setting of standby mode (2))

J[0] Setting
0 The standby mode (2) function becomes not active. (Default)
It's normal operation mode.
The standby mode (2) function becomes active.
A state changes according to the data in a PWM data register.
Condition 1: All data in the PWM data register1 and the PWM data register3 are "L".
It becomes standby mode.
The circuits other than the logic circuit are turned off. And power supply
1 current is reduced.
(All the data of the IC are stored. Data input is possible.)
Condition 2: Excluding condition 1.
It becomes Pre standby mode.
It is the same operation as normal operation mode.
Return time from standby mode to Pre standby mode is about 30 ps.
This function becomes active only at the time of the 16-bit PWM setting.
K setting (Setting of output short detection voltage)
KIO] Setting
0 Vosp1 setting. (Default)
1 VOSD2 Setting.
M setting (Setting of output delay function)
MIO] Setting
0 Output delay function becomes active. (Default)

1

Output delay function becomes not active.

N setting (Setting of SCK trigger of SOUT)

N[O] Setting
0 It becomes up edge trigger mode. (Default)
Data output trigger from SOUT, becomes up edge of SCK
1 It becomes down edge trigger mode.
Data output trigger from SOUT, becomes down edge of SCK

O setting (Setting of PWM output mode)

O[0] Setting
It becomes repeat PWM output mode. (Default)
0 In the input of this command, PWM output is output repeatedly.

In order to stop a PWM output, the input of a reset command is required.

It becomes one-shot PWM output mode.
In the input of this command, the PWM output is turned on once.
When restarting by same PWM data, please input this command again.

19
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9. Input of PWM setting data
9-1) Normal input mode (S0 command: 16 times)

It commands the PWM data input only.

The PWM data for OUTO to OUT15 are transferred to the PWM data resister by repeating the PWM data input
to the 16-bit shift register and SO command input 16 times.

Unless S1 command is input, the PWM data for OUTO to OUT15 is not reflected on output.

Normal input mode) S0 command 16 times

SCK
SIN
Damsusé?w;mg OUT®5. | | Datais iﬁmf OUT14, Data is?gromso:mn;grgm

y

S1 command
The PWM data for OUT15 to OUTO are reflected on output

9-2) Speed input mode (S0 command 15 times + S1 command once)

It commands PWM data input and reflecting the PWM data on output at the same time.

The PWM data for OUTO to OUT15 are reflected in the output by inputting S1 command after repeating the
PWM data input to the 16-bit shift register and SO command input 15 times.

Normal input mode should be used to input PWM data only.

Speed input mode) SO0 command 15 times + S1 command once

SCK
SIN
Datais ﬁ?ﬁﬁmdm. Datais uzonsﬁﬁgd OuT14. 1.Data usS t:amgdn?o ouTo.

2.The PWM data for OUT15 to OUTO are reflected on output
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10. About PWM output synchronization

When S1 command is inputted during a PWM output by PWM output asynchronous mode, the present PWM
output is canceled and a PWM output is immediately started by new PWM data.
PWM output period

OUTn PWM output with the PWM data A. ‘ PWM output with the PWM data B.
commo s [o] [s]____[s] - [u| 3
i PWM data A is input. i, PWM data B is input. |

When S1 command is inputted during a PWM output by PWM output synchronous mode, after the present PWM
output has ended, a PWM output is started by new PWM data.

PWM output period

OoUTn PWM output with the PWM data A. ’ PWM output with the PWM data B.
COMMAND ’g‘ fffff ’g‘ ’?‘ ’g‘ 77777 ’g‘ ’;‘
{ PWM data A is input. | { PWM data B is input. |

If S1 command is inputted two or more times during a PWM output by PWM output synchronous mode, after the
present PWM output has ended, a PWM output will be started by the PWM data inputted at the end.

PWM output period

OUTn PWM output with the PWM data A. ’ PWM output with the PWM data C.
commo |- [o [o] [l fol o] o [s] o
i PWM data A is input. | i PWM data B is input. | i PWM data C is input. |
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11. About PWM Output system

11-1) Normal PWM output mode.

Output waveform of 16-bit PWM. (OUTn is current waveform)

=

TRANS
(S1command)

65,535
65,534 65,536

65,024 65,026
65,023 65,025

49,151 49,153 49,155

49,150 49,152 49,154

32,767 32,769 32,771

32,766 32,768 32,770

16,383 16,385 16,387

16,382 16,384 16,386

511512513514

3 53 £3 £33 & g & 5 & g & g & g & 3 &
. < < < < < < = = i
S 1=} S 3 07 07 07 =] o [T
> o o o N o o Q im) [
@ c T c T c T c T c T c W . < i
c |l
F< |E< [E< E< E< E< = E < e
5t Bz B% B: — B% - BE -—— B: — 85 - B% - B%
S a a a a a a a a a
g s s s s s = s s s
= = = = = = = = = =
g g T g g g a x T g

2013-09-18

22



TOSHIBA TC62D723FNG

11-2) Division PWM output mode.
PWM output period is divided into 128 pieces.
Because turn on time of output is not biased, it is effective in the flicker prevention on the display.

Output waveform of 16-bit PWM. (OUTn is current waveform)

TRANS

(S1command)

16,383 16,385 16,387 32,767 32,769 32,771 49,151 49,153 49,155 65,024 65,026
511512513 514 16,382 16,384 16,386 32,766 32,768 32,770 49,150 49,152 49,154 65,023 65,025 65534 65536

: period1 : period2~period32 : period33~period64 : period65~period96 : period97~period127 : period128 :
OUTn | | | | | | P
PWMDATA=0000h ' | : I I I :
| i i | | 1 1 OFF
R — ON
OUTh | | | | | |
PWMDATA=0001h ! ! ! ! ! !
OFF
I I I I I I I oN
JE— — | | ] | | |
OUTn | | 1 | |
PWMDATA=0002h ! ! [ ! !
OFF
I I I I I I I oN
_— ) — — | | |
OUTn | | | i
PWMDATA=0003h ! ! ! !
' i OFF
I I I I I I I
OUTh ] : ] ] |_| | P
PWMDATA=0004h | ! !
{ + { OFF
I I I I I I I
I I I I I I I I I
I I I I I I I I I
| I I I | I I I I
! I I I ! I I I I
_ | | | | | I
oUTn ! o
PWMDATA=0080h |
{ OFF
- | | | | | I
OUTn | o
PWMDATA=0081h |
| OFF
R — — — - I
OUTn i .
PWMDATA=0081h ! orr
I I I I I I I
| ! ! I | I I I |
| I I I | I I I I
! | | | ! | | | |
I I I I I I I
I
OUTn P
PWMDATA=FFCOh n || L | L | L oFF
I I
oUTH : P
— I I
PWMDATA=FFC1h | : L L L L L1 o
OUTn | ; P
— I I I
PWMDATA=FFC2h | : L L : L L ore
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
' I I I I I I I
N ! ! ! ! I | .
OUTh ! ! |—| i |
PWMDATA=FFFDh ! : || \ L1 orr
_ ! ! | | | | Loy
OUTh : ! ! I |
PWMDATA=FFFEh ! ! || ! | L} o
I I I I I I I
OUTn : : : | | P
PWMDATA=FFFFh ! ! : ! ! .
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12. About PWM Output mode
12-1) Repeat PWM output mode
In the input of this command, PWM output is output repeatedly.
In order to stop a PWM output, the input of a reset command is required.
0 65536 0 65536 0 65536 0 10000 0 0
= ¥ = VWY =
PWMCLK | | PWMCLK | |
i i i i i
| | | I | I
' | | | ' |
COMAND St 3 ! ! ! s4 !
| : | | | |
:l | | | | |
OUTn : PWM output period : PWM output period : PWM output period : PWM (.)UtDUt : OFF period :
I I I | period I |
12-2) One-shot PWM output mode
In the input of this command, the PWM output is turned on once.
0 65536 0 0
| i |
PWMCLK | PWMCLK
|
| | |
' | |
COMAND St 3 ! !
| | |
:l | |
OUTn : PWM output period : OFF period i
| |
When restarting by same PWM data, please input this command again.
0 65536 0 65536 0 65536 0 0
= ¥ W V% =
PWMCLK : | PWMCLK :
i i i i
| | | I |
| | | | |
COMAND St 3 St .—;\ s 'ﬁ ! !
| | | | |
:l | l :l | |
OUTn : PWM output period : PWM output period : PWM output period : OFF period i
| | |
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13. Thermal shutdown circuit (TSD)
When the temperature of internal IC exceeds 150°C, all constant current outputs are turned off by this function.

The constant current is outputted again when the temperature decreases to the rating.
The thermal shutdown function of this IC aims at stopping the influence (emitting smoke, ignition) on the
circumference (LED and substrate) to the minimum, when it is used on the conditions beyond not a function but
the absolute maximum rating for preventing destruction of IC and IC results in destruction.

Calculation of heat
Take care not to let the temperature of the internal IC exceed 150°C by referring to the formula below.

Consumption power (IC output) [W] = (LED supply voltage [V] - Minimum of Vs of LED [V])

x Output current [A] x number of output x (ON Duty [%]/ 100 )
Consumption power (IC supply) [W] = IC supply voltage [V] xIC supply current [A]
Total of consumption power [W] = Consumption power (IC output) [W] + Consumption power (IC supply) [W]
Heat value of internal IC [°C] = Thermal Resistance [°C / W] x total of power consumption [W]
Temperature of internal IC [°C] = Heat value of internal IC [°C] + Ambient temperature [°C]

In case used LED supply voltage is high, and heat value of internal IC is large.
Heat value of internal IC can be reduced by decreasing the voltage with the external resistance shown below.

VDD oUTo P11 i

SCK oUTO Kt

Controller 'SI"}!\IANS - . ; '.

- - ' :

PWMCLK our7 I L1t
0ouT15 T
™~
REXT ~ GND  SOUT Resistance for Heat protection

VLED
Vbbp

Setting method of resistance for heat protection
Voltage that should decrease by external resistance [V]
= LED supply voltage [V] - maximum of Vf of LED [V] - Output voltage [V]

Resistance for heat protection [QQ] = Voltage that should decrease by external resistance [V] / Output current [A]

14. Output delay function
This function is intended to have the effect of reducing switching noise by reducing the di/dt when all outputs are

ON or OFF at the same time.There is a switching time lag between outputs.
A switching time lag between outputs is put in order of the following.

OuUT0 - O0UT15 -0UT7 - 0UT8 - OUT1—-0UT14 - 0OUT6 - OUT9 - OUT2 - OUT13 - OUT5 —
OuUT10 - 0OUT3 -0UT12 - 0UT4 - OUT11
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