TOSHIBA TC62D722CFG/CFNG

TOSHIBA CDMOS Integrated Circuit Silicone Monolithic

TC62D722CFG, TC62D722CFNG

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

Feature

The TC62D722 series are LED drivers which have the sink-type TC62D722CEG
constant current output. This IC is most suitable for lighting the LED
module and the display.

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 SSOP24-P-300-1.00B
in TC62D722CFNG

Characteristics

HTSSOP24-P-300-0.65

e Supply voltage :Vpp=3.0to 55V

. - ilt-i Weight
16-output built-in _ SSOP24-P-300-1.008 : 0.32 g (Typ.)
Output current setup range slout=1.5t090 mA HTSSOP24-P-300-0.65 : 0.10 g (Typ.)

Constant current output accuracy

(@ Rext=1.2kQ, Vour=1.0V,Vpp=3.3V,5.0V)
: S rank; Between outputs + 1.5 % (max), Between devices: + 1.5 % (max)
: N rank; Between outputs + 2.5 % (max), Between devices: £ 2.5 % (max)

e Output voltage :Vout =17 V (MAX)

¢ |/O interface : CMOS interfaces (Input of a schmitt trigger)
e Data transfer frequency : fsck = 30 MHz (MAX)

e PWM frequency : fewm = 33 MHz (MAX)

¢ Operation temperature range : Topr =—40to 85 °C

o 8-bit (256 steps) output gain control function built-in.
e PWM gray scale function built-in. (PWM resolution is selectable)
16-bit (65536 steps), 14-bit (16384 steps)
12-bit (4096 steps), 10-bit (1024 steps)
e Thermal shutdown function (TSD) built-in.
¢ 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)
e Stand-by function built-in. (Ipp=1uA at standby mode)
¢ Output delay function built-in. (Output switching noise is reduced)

e Package CFG type : SSOP24-P-300-1.00B
CFNG type : HTSSOP24-P-300-0.65

Please ask Toshiba sales dept or agent for details for products’ name.
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Pin Assignment (top view)

Pin Description

eno [1O) ] vbD
SIN [ | | | REXT
scK [ | | ] sout
TRANS | | ] PwmcLK
ouTo [ | | | ouTis
ouTt | | | | ouTia
ouT2 [ | | | ouTis
ouT3 [ | | | outi2
ouT4 [ | | | ouTii
ouTs [ | | | ouTio
ouTé [ | | | ouTe
ouT7 [ | | | ouTs

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 OouT2 (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 OouT5 (0] The sink type constant current output pin.
11 OuUT6 (0] The sink type constant current output pin.
12 ouT? (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 o} 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 OuUT14 o The sink type constant current output pin.
20 ouT15 (0] The sink type constant current output pin.
| e | e e ot P
22 SOuUT (6] 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 TC62D722CFG/CFNG
Equivalent circuit of input and output
1. SCK, SIN 2. PWMCLK, TRANS
VDD o—— VDD O———,
x x
SCl PWMCLK "
on) O—‘“’—WH>_ *rRANS) © # T
3
GND O——- GND ©
3. SOUT
—O VDD
x
4‘>—WV—<»—0 souT
x
—— 0 GND
4.0UT0 to OUT15
O OUTO to OUT15
> f
O GND
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TOSHIBA TC62D722CFG/CFNG

1. 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 o i
at TRANS="H" Note3,4 peration

Command

SO0 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 detecti.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.

Note4: If SCK is "L" when changing TRANS into "H", Please make SCL "L" when changing TRANS into "L"
If SCK is "H" when changing TRANS into "H", Please make SCL "H" when changing TRANS into "L"

¢S0 command (The PWM data is transmitted to the PWM data register 1.)
sck [N
TRANS |

SIN ( PWM DATA A\

Number of SCK pulses at TRANS="H"is 0 or 1. N

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

TRANS Data input of the 16-bit shift register is unnecessary. J Number of SCK pulses at TRANS="H" is 2 or 3 NP

SIN
#S2 command (Input of the output ON/OFF data.)
SCK 1 2 3 4 5 6 7 8
TRANS | Number of SCK pulses at TRANS="H"is 7 or 8
SIN ( OUTPUT ON/OFF DATA A\

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

TRANS Data input of the 16-bit shift register is unnecessary. J Number of SCK pulses at TRANS="H"is9or10 |,
SIN

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

TRANS Data input of the 16-bit shift register is unnecessary. J Number of SCK pulses at TRANS="H"is 11 or 12 ,
SIN

oS5 command (Input of the state setting data (1).)
SCK

TRANS |
SIN ( STATE SETTING DATA (1) A\

Number of SCK pulses at TRANS="H" is 13 or 14

¢S6 command (Input of the state setting data (2).)
SCK

TRANS |
SIN ( STATE SETTING DATA (2) A\

Number of SCK pulses at TRANS="H"is 15 or 16
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2. About the operation of each command

2-1-1) 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 OUT0O to OUT15.

The order of the PWM data transfer is the following.

OuT15—-0UT14 - 0UT13 -0UT12 - 0OUT11—-0UT10 - OUT9 — OUT8

—OUT7 - 0UT6 - 0OUT5 - 0UT4 - 0OUT3 - 0OUT2 - 0OUT1—O0UTO

Basic input pattern of SO command)

Repetition pattern

(The PWM data of OUT15 ~ OUTO is input by repeating this pattern 16 times. )

Y

-
-«

SCK

i

TRANS

SO OO E0D D00 00000800

The period of TRANS="H" does not
receive the data input from SIN.

S O U T Previous Data

X

D15 D14XD13XD12

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

i
Command execution
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TOSHIBA TC62D722CFG/CFNG
2-1-2) 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] o0o]o0o]o0o|0O]o0O|]O0O|o0]|]O0O]| O] O] O] 0] 0 J0/65535Default)
0|l 0|0 |]O0O|O|O|lO|O|]OoO|]O|O|O|O]|O/|oO]T1 1/65535
0|l 0|0 |o0o|]o|o|lo|lo|lo|]o|]o]o]o|lo|1][oO 2/65535
T 1111111111111 11 1]1]0] 1] 6553365535
T 1111111111111 11111 1] 0] 6553465535
T 1111111111111 1111 6553565535
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 | PVWM setting
(reference)
0] 0|0 |o0]o]o]o|o]o0o]o0]|o0] o] 0] o |o016383(Default)
0lolo|lo|o|]o]o|o|o|]OoO|oO|oO]|oO]1 1/16383
0lolo|lo]o|]o|]o]olo|lo[lo|o]|1]o0 2/16383
Don’t care
T 1 111111 1] 1]1]1]1]0]1 16381/16383
111 [ 11 1111114111110 1638216383
T 1 [ 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 | PYWM setting
(reference)
0] 00| 0] 0] 0] 0] 0| 0] O] 0] 0 |0/4095Default)
0lolo|lo|lo|]o|]o|]o|]o|o]|ol]1 1/4095
0lolololo|lo|]o|]o]olo|[1][o 2/4095
Don’t care
1T 111111111 ]1]0]1 4093/4095
1T 11 [ 1] 1 ][ 11111110 4094/4095
1T 11 11111111111 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 | PYWM setting
(reference)
0] 0|0 | 0|0 0] 0] 0] 0] 0|o0/1023(Default)
0lolo|lololo|o]o/ o]1 1/1023
0lolo|lololo|lo|o]|1]o0 2/1023
Don’t care
1T 1111111 1]0]1 1021/1023
1T 11111111110 1022/1023
T 1111111111 1023/1023
D15 to DO is serial-data-inputted at MSB first.
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TOSHIBA TC62D722CFG/CFNG
2-2-1) 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. During detection, the detection current flows to the OUTO ~OUT15 terminal. The
detection current is about 4pA.

3. The PWM output start.
In the input of this command, the PWM output is turned on once.
When restarting by same PWM data, please input this command again.

About the output operation when this command is input while PWM output.
1. When the PWM counter is the synchronous mode. Note2
After the present PWM output has ended, PWM output is started by new PWM data.

2. When the PWM counter is the asynchronous mode. Note2
The present PWM output is canceled and a PWM output is immediately started by new PWM
data.

Basic input pattern of S1 command)

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

SCK INERE - KU
TRANS |

SO UT Previous Data E

SOUT is operation at the time of S6 command N0O=0 conditionsv

Command execution

The first SCK (signal X) after S1 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.

The detection current flows to the OUTO ~OUT1S terminal. The detection current is about 4uA. 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 synchronization PWM resolution is set by the S6 command.
Default setting is “Synchronous mode”.
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2-2-2) 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 | ES | E4 | E3 | E2 | E1 EOQ
OUT15 | OUT14 | OUT13 | OUT12 | OUT11 | OUT10 | OUT9 | OUT8 | OUT7 | OUT6 | OUT5 | OUT4 | OUT3 | OUT2 | OUT1 | OUTO

E15 to EO is serial-data-outputted at MSB first.

Error code (when output open detection function is effective)

The state of output Error code Condition of output
Voobp > Vour 0 Open
Voop < Vour 1 Normal

Error code (when output short det

ection function is effective)

The state of output Error code Condition of output
Vosp1rz < Vour 0 short-circuit
Vosp12 > Vour 1 Normal

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

The state of output Error code Condition of output
Voob = Vour or Vospire £ Vour 0 Open or short-circuit
Voob < Vour or Vosp12 > Vour 1 Normal

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

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 stepsetting

Division
PWM output mode

16 bit PWM setting
14 bit PWM setting
12 bit PWM setting

0 to 2560 PWM stepsetting

10 bit PWM setting

0 to 960 PWM stepsetting

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

command.
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2-3-1) 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.

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.

Basic input pattern of S2 command)

Jlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁmlﬂ_

SCK

TRANS

SIN

UL

The period of TRANS="H" does not
receive the data input from SIN.

SOuUT

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

Note1: PWM output synchronization PWM resolution is set by the S6 command.

Previous Data

D15

D14XD13XD12

Default setting is “Synchronous mode”.

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

X

Y

Command execution

MSB LSB
D15 | D14 | D13 | D12 |D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
OUT15 | OUT14 | OUT13 | OUT12 | OUTI4 | OUTI0 | OUT9 | OUT8 | OUT7 | OUT6 | OUT5 | OUT4 | OUT3 | 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
10 2011-09-24
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2-4) 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.
The manual output open/short detection functions are executed. Note1
The output is compulsorily turned on during ton(ss) with about 60puA. 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.

For the period of ton(s3), please set SCK and TRANS to “L".

When inputting this command during PWM output, the manual output open/short detection
functions are executed after the PWM output. In this case, ton(s3) occurs after a PWM output.

Basic input pattern of S3 command)

toness
sok  _ [lEL.. [l Luyuiyuiudyutye

TRANS

P ON

OUTn

OFF
SOUT Previous Data E15XE14XE13XE12XE11XE10X E9 X E8 X E7 X E6 X E5 X E4 X E3 X E2 E1
SOUT is operation at the time of S6 command NO=0 conditions.
A

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

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”.

2-5) 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.

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

Basic input pattern of S4 command)

ON
OFF

\
Command execution
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2-6-1) 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)

sek JTUUUUUUHUUHUUUUH L L. 1 UL

The period of TRANS="H" does not:
receive the data input from SIN.

SOUT Previous Data :>< D15

D14XD13XD12
(H0=0) :
SO UT Previous Data X D15
(HO=1)
SOUT is operation at the time of S6 command N0=0 conditions. A

Command execution

2-6-2) 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 | AMd | 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% to 202.7% 8.46% to 43.96% 202.7%
A6 to A0 Sgttlng of Please refer to 13~14 page. 100.0%
output gain control data
Setting of .
B1 to BO PWM resolution Please refer to 15 page. 16-bit
HO o S et.“”g of . Not Active Active Not Active
Initialization function
Setting of . . .
LO standby mode (1) function Not Active Active Not Active
12 2011-09-24
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2-6-3) Details of each setting

A setting (setting of output gain control data reference value)

Current
gain(%)
124.5
123.3
122.0
120.8
119.6
118.4
117.2
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]

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

0

Al1]

Al2]

A[3]

Al4]

A[5]

A[6]

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

gain(%)

Current
202.7

201.5

200.3

199.1

197.8
196.6
195.4
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
1734
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
133.1

131.8

130.6
129.4
128.2
126.9
125.7

A[0]

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

0

Al1]

Al2]

A[3]

Al4]

Al5]

A[6]

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

2011-09-24
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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

Al0]

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

0

Al1]

Al2]

Al3]

Al4]

Al5]

Al6]

0

0

0

0

0
0

0

0
0

0
0

0

0
0

0

0

0

0
0

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]

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

0

Al1]

Al2]

A[3]

Al4]

Al5]

Al6]

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[0] 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)

H[O] Setting

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.

0

L setting (Setting of standby mode (1) function)

L[0] Setting

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 S0 command is inputted at the standby mode (1), IC returns to normal operation
mode.

Return time to the normal operation mode is about 30 us.

0
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2-7-1) 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)

SCKJ_I_I_|_I_|_I_|_I_|_I_|_I_|_I_|_I_|_I_I_I_I_J_I_I_I_I_I_I_I_I_I g

15 |16

TRANS |
Th d of TRANS="H" d t
SIN @%@%@%@E@@@e@@ r:c‘:aei\;:thz data input fromoglan.0
S?NlOJ:-(I)-) Previous Data X D15 I‘XI&XIZ
O T revious Data
S (NloJ:1) P D X D15 D14YD13
\
Command execution
2-7-2) 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 | 10 JO | KO | MO | NO - - - - - -
D15 to DO is serial-data-inputted at MSB first.
Please input "L" data to D5 to DO.
The state setting data (2) setting
Set’Fmg Outline of command Input data (Default)
bit 0 1
Setting of . : .
co thermal shutdown function (TSD) Active Not Active Active
Setting of . . .
DO PWMCLK open detection function (POD) Active Not Active Active
Setting of . . .
EO output open detection function (OOD) Not Active Active Not Active
Setting of . . .
FO output short detection function (OSD) Not Active Active Not Active
Setting of
GO PWM output synchronization Synchronous | Asynchronous | Synchronous
0 Setting of Normal Division Normal
PWM output system output output output
Setting of
Jo . sta.ndby mode (2) fgnctlon 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 Vosp1 Vospz Vosot
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

16
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2-7-3) Details of each setting

C setting (Setting of thermal shutdown function (TSD))

C[O] 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[Q] 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)

G[0] Setting
0 PWM output synchronous mode. (Default)
1 PWM output asynchronous mode.

setting (Setting of PWM output system)
1[0] Setting
0 Normal PWM output mode. (Default)
1 Division PWM output mode.
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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.

It becomes standby mode (2).

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.

Condition 1: All data in the PWM data register1 and the PWM data register3 are "L".

The circuits other than the logic circuit are turned off. And power supply

Return time from standby mode (2) to Pre standby mode is about 30 pus.
This function becomes active only at the time of the 16-bit PWM setting.

K setting (Setting of output short detection voltage)

K[O]

Setting

0

Vosp1 setting. (Default)

1

VOSD2 setting.

M setting (Setting of output delay function)

MIO]

Setting

Output delay function becomes active. (Default)

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

18
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3. Input of PWM setting data
3-1) 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) SO0 command 16 times

SCK
wmans | K €
SIN
v ¥
Datais trsaon;ﬁnm;f tZd OUT15. Datais trsaon;.?qnm;? tZd OUT14. Data sﬁﬁmﬁiﬁm
1 command '

The PWM data for OUT15 ~OUTO are reflected on output

3-2) 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) S0 command 15 times + S1 command once

SCK
TRaNs | 1T
SIN GMHM§¢D¢1_W

2.The PVWWM data for OUT15 to OUTO are refliected on output
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4. About operation of a PWM output

The PWM output is outputted once to one S1 command.
PWM output period

OUTn PWM output with the PWM data A.

COMMAND M 77777 M M

i, PWM data A is input.

When doing PWM output once again, it's necessary to input S1 command.
PWM output period PWMH 1 #AR8

OouTn PWM output with the PWM data A. PWM output with the PWM data A.

COMMAND @ 77777 so| |st M

i, PWM data A is input.

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.

como ][] [s] [o] [ s

{ 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

OUTn PWM output with the PWM data A. ’ PWM output with the PWM data B.

coune [#]-— (5] [i]___[o]—[s] 1]
{, 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.

oo o [#| ] [l [l [ol i
{, PWM data A is input. | { PWM data B is input. | { PWM data C is input. |
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TOSHIBA

5. PWM Output

5-1) Normal PWM output mode.

Output waveform of 16-bit PWM.

-

TRANS
(S1command)

65,535
65534 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

511512513 514

OUTn
PWMDATA=0000h

(o]

PWMDATA=0001h

OUTn
PWMDATA:

0002h

OUTn
PWMDATA=0003h

OUTn
PWMDATA:

0201h

OUTn
PWMDATA:

4001h

OUTn
PWMDATA:

8001h

OUTn
PWMDATA:

C001h

OUTn
PWMDATA:

FEO1h

OUTn
PWMDATA:

FFFFh

2011-09-24
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5-2) 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.

TRANS
(S1command)
16,383 16385 16387 32767 32769 32771 49151 49153 49155 65024 65026 65,535

01 2 3 511512513 514 16,382 16,384 16386 32766 32768 32770 49,150 49,152 49154 65023 65025 65534 65536

: period1 : period2~period32 : period33~period64 : period65~period96 : period97~period127 : period128 :
oUTh | | | | | i P
PWMDATA=0000h ! ! ! ! ! ! | or

| | | | | | |
—_ — | | | | | | ON

OUTn | | | | | |

PWMDATA=0001h ! ! ! ! ! !
OFF
| | | | | | Loy

— — | | — | | |

OUTn | | | | |

PWMDATA=0002h ! | | 1 |
) } } } | OFF
| | | | | | o

AT — | — — | | |

OUTn | | | |

PWMDATA=0003h ! ! ! !
. . . | OFF

| | | | | | |
oUTn u ! u ] ! P

PWMDATA=0004h ! ! !
¥ t { OFF

| | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

' | | | ' | | | |

. | | | | | |
OUTn P o

PWMDATA=0080h |
| OFF

. | | | | | |
OUTn Lo

PWMDATA=0081h |
| OFF

S - - L L |
OUTn : ON

PWMDATA=0081h |
| OFF

: | | o | | |

| | | | | | |

! | | | ! | | | |

| | | | | | |

S |
OUTn ! ON

PWMDATA=FFCOh |
—_ L L L L L oFF

- | |
OUTn | T

_ | |
PWMDATA=FFC1h | | | o o o o L o
OUTn , | : ON

_ | | |
PWMDATA=FFC2h | | | L L | L L ore

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

. | | | i | | | |
| | | | I | U on

OUTn | | I—I | |
PWMDATA=FFFDh ! ! L ! -

| | | | | | |
OUTn | | : : : ON

= I | | | |
PWMDATA=FFFEh | | L] | | L\ ore

| | | | | | |
OUTn | | | | | P
PWMDATA=FFFFh ! ! ! ! ! _: oFF
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6. 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 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 V; 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 = ™
SCK OLIJTO P
Controller SIN
TRANS

S o
PWMCLK out7 | L1 tw——e
ouT15 “\il Lol

REXT ~ GND  SOUT Resistance for heat protection
a Qo
L
= 3
77 77

Setting method of resistance for heat protection
Voltage that should decrease by external resistance [V]

= LED supply voltage [V] - maximum of Vs of LED [V] - Output voltage [V]
Resistance for heat protection [Q2] = Voltage that should decrease by external resistance [V] / Output current [A]

7. 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 timelag between outputs.
A switching timelag between outputs is put in order of the following.

OUT0 —->O0UT15—-0UT7 —-0UT8 - 0OUT1—-0UT14 - O0UT6 - OUT9 - 0OUT2 - OUT13 —
OUT5 -0UT10 - 0UT3 - 0UT12 - 0UT4 - OUT11

23 2011-09-24
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8. Power on reset (POR)
It avoids the malfunction by resetting all internal data of IC and setting default in startup.
POR circuit operates only when Vpp rises from 0 V. To restart POR, Vpp should be 0.1 V or less.
As for the voltage of storing the internal data, it is guaranteed after Vpp reaches 3.0 V or more once.

VDD waveform

’---- Vpp voltage for guaranteed data
...... Vpp voltage for end of reset

POR workingrange  Beyond POR working range POR working range
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Application circuit (Dynamic lighting)
[
VDD = ™
SCK OuTo |— <
Controller ?:EANS . :
' -
ouT? 1
PWMCLK OU.T7 . ~
A A S
SUTIE 2
ouT15 <
REXT  GND  SOUT
V‘V‘V I/
LN
777 7
[
VDD = ™
o1 scK oUTo <
SIN !
o+ TRANS ' : -
077 1
PWMCLK ouT? [— <
: I A AN
SUTE 2
ouT15 <
REXT  GND  SOUT
e
177 77
b
[
VDD o ™
LI sck ouTo <]
SIN : :
LU TRANS ' = e
PWMCLK ouT? ™%
: : A A S
SUTIE ™
ouT15 <
REXT  GND  SOUT
I/

VLED
+—i}
+—i}

VbD
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Absolute Maximum Ratings (T, = 25°C)

Characteristics Symbol Rating Note1 Unit
Supply voltage| Vpp -0.3t06.0 \%
OQutput current| lour 95 mA
Logic input voltage VIN -0.3 to Vpp + 0.3 Note2 \Y
OQutput voltage| Vour -0.3t0 17 \
Operating temperature| Top -40to 85 °C
Storage temperature| Tgg -55t0 150 °C
Thermal resistance| Rnja CCFT\I% 4591;\1:\):;?;4 °C/W
Power dissipation| Pp CFG .32 Noted W

CFNG 2.74 Note5

Note1: Voltage is ground referenced.
Note2: 6V must not be exceeded.

Note3: PCB condition is 76.2 mmx114.3 mmx1.6 mm Cu=30% (SEMI Conforming)

Note4: PCB condition is JEDEC 2s2p

Note5: When ambient temperature is 25°C or more. Every time ambient temperature exceeded 1°C, please decrease 1/Rth(j-a).-

Operating Condition

DC Characteristics (Unless otherwise noted, Vpp =3.0 Vto 5.5V, T, = -40 to 85 °C)

Characteristics Symbol Test Conditions Min Typ. Max | Unit
Supply voltage| Vpp — 3.0 — 5.5 \Y,
; L Test terminal is
High level logic input voltage VIH SIN, SCK, TRANS, PWMCLK 0.7xVpp — Vbp \%
L Test terminal is
Low level logic input voltage ViL SIN, SCK, TRANS, PWMCLK GND — 0.3xVpp | V
High level SOUT output current loH — — — -1 mA
Low level SOUT output current loL — — — 1 mA
Constant current output| Iloyt |TestterminalisOUTn 1.5 — 90 mA

26
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AC Characteristics 1 (Unless otherwise noted, Vpp = 5.0 V, T, = 25 °C)

Characteristics Symbol Test Conditions Min | Typ. | Max |Unit
) Up edge trigger mode — — 30
Serial data transfer frequency fsck Cascade connect MHz
Down edge trigger mode — — 25
SCK pulse width| tysck |SCK="H"or"“L” 15 20 — ns
PWMCLK pulse width| typwm |[PWM="H"or“L", Rext=200 Q to 12 kQ 15 20 — ns
TRANS pulse width| tytrans | TRANS="H" 20 — — ns
tseTup1 | SIN-SCK 1 _ _

tsetup2 | TRANS-SCK
Serial data setup time| tsgrups | TRANS-SCK
tsetupa | TRANS-SCK
tsetups | TRANS-PWMCLK

— — ns

thoLp1 [ SIN-SCK

thoLp2 | TRANS-SCK
Serial data hold time| tyops |TRANS-SCK
tHoLpa | TRANS-SCK
thops | TRANS-PWMCLK

—_ —_ ns

AN N[w|la|IdMOa|O
|
|

AC Characteristics 2 (Unless otherwise noted, Vpp = 3.3V, T, = 25 °C)

Characteristics Symbol Test Conditions Min | Typ. | Max |Unit
) Up edge trigger mode — — 30
Serial data transfer frequency fsck Cascade connect MHz
Down edge trigger mode — — 25
SCK pulse width twsck SCK=“H" or “L” 15 20 — ns
PWMCLK pulse width| typwm [PWM="H"or“L”, Rexr=200 Qto 12 kQ 15 20 — ns
TRANS pulse width| tytrans | TRANS=‘H" 20 — — ns
tsetup1 | SIN-SCK 1 — —

tsetup2 | TRANS-SCK
Serial data setup time| tsetups |TRANS-SCK
tsetupa | TRANS-SCK

- - ns

tseTups | TRANS-PWMCLK

tHoLp1 | SIN-SCK

thoLp2 | TRANS-SCK
Serial data hold time| tyopz |TRANS-SCK
tHoLpa | TRANS-SCK
tholps | TRANS-PWMCLK

—_ — ns

N[N N][]Ww|[o N OO,
|
|
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Electrical Characteristics

Electrical Characteristics 1 (Unless otherwise noted, Vpp =5.0V, T, =25 °C

Characteristics Symbol C-Ii-recsl}it Test Conditions Min | Typ. | Max [Unit
High l e v el _ Vbp -
SOUT output voltage| VoH 1 4010 485°C lop=-1mA 0.3 - Voo | V
a=-40 to +85°
L o w |l e v e | _
SOUT output voltage| VYou 1 loL=+1mA GND | — 0.3 v
High level logic input current I 2 }I'/g\étzt;/r?\?inal is SIN. SCK — — 1 LA
Vin= GND
Low level logic input current IiL 3 Test terminal is — — -1 pA
PWMCLK, SIN, SCK, TRANS
Stand-by mode (1) or (2)
I 4 — — 1.0 A
D! Vour=17V, SCK="L" H
Power supply current Vour=1.0V, Rexr=1.2kQ)
Ibp2 4 o ' — — 70 | mA
All output off
Constant current error(IC to IC) Al 5 Vout=1.0V, Rex7t=1.2kQ 10 5 %
(S rank) euTte) OUTO to OUTI5, fchoutputon| | ~ = | =~ | 7
Constant current error(Ch to Ch) Vout=1.0V, Rex1=1.2kQ
Al 5 — +1.0 +1.5 %
(S rank) OuT(Ch) OUTO to OUT15, 1ch output on °
Constant current error(IC to IC) Al 5 Vout=1.0V, Rex7t=1.2kQ 10 105 %
(N rank) ouT(c) OUTO to OUT15, ichoutputon| | ~ - °
Constant current error(Ch to Ch) Vout=1.0V, Rex1=1.2kQ
Al 5 — +1. +2. 9
(N rank) OUT(Ch) OUTO0 to OUT15, 1ch output on 0 S %
Output OFF leak current lok 5 \gju—u;:zfv’ Rext=1.2kQ, — — 0.5 pA
c tant . tout Vpp=4.5 to 5.5V, Voyt=1.0V
onstan curren outpu _
power supply voltage regulation| ~7°VDD 5 ?)EL)J('T'61.t2kQOUT‘I5 1h outout - 1 5 | %V
(o} , 1ch output on
Constant current output| , Vout=1.0 to 3.0V, Rex7=1.2kQ o 10.1 105 | %V
output voltage regulation| “VoUT ®  |OUTO to OUTIS, 1ch output on 01| 05 1%
Pull-down resistor| Rpown 2 Test terminal is TRANS, PWMCLK| 250 500 750 kQ
OO0OD voltagel Voop 6 Rext=200Q to 12kQ 0.2 0.3 0.4 \Y
Vosp1 6  |RexT=200Q to 12kQ V;’%’ V;"Z’ V;’%’
OSD voltage \Y;
Vospa 6 Rexr=200Q to 12kQ 0.5x [0.525 x| 0.55 x
Voo | Voo | Vob
TSD start temperature| Trpson) — Junction temperature 150 — — °C
TSD release temperature| Ttsp(oFF) — Junction temperature 100 — — °C
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Electrical Characteristics 2 (Unless otherwise noted, Vpp = 3.3 V, T, = 25 °C)

Characteristics Symbol C-:-recsljit Test Conditions Min | Typ. | Max |Unit
High level 1 lon=—1mA Vop - Vv Vv
SOUT output voltage| VOH 24010 485°C oH=—1m 0.3 - DD

a=- 0 +85°
L o w |l e v e | _
SOUT output voltage| VoL 1 loL=+1mA GND - 0.3 v
i ici ViN= Vbp
High level logic input current N 2 Test terminal is SIN, SCK — — 1 pA
Vin=GND
Low level logic input current e 3 Test terminal is — — -1 pA
PWMCLK, SIN, SCK, TRANS
Stand-by mode (1) or (2)
| 4 — — 1.0 A
pD1 Vout=17V, SCK=*L"" H
Power supply current Ver =1.0V. Rexr1 2KO)
out=1.0V, Rext=1.
lop2 4 A output off o o 7.0 | mA
Constant current error(IC to IC) Al 5 Vout=1.0V, Rext=1.2kQ +1.0 15 o
(S rank) ouT(c) OUTO to OUT15, 1ch output on I A R °
Constant current error(Ch to Ch) VouT=1.0V, Rex7=1.2kQ
Al 5 — +1.0 +1.5 %
(S rank) ouT(Ch) OUTO to OUT15, 1ch output on °
Constant current error(IC to IC) Al 5 Vout=1.0V, Rext=1.2kQ 10 195 %
(N rank) ouT(Ic) OUTO to OUT15, 1ch output on R N °
Constant current error(Ch to Ch) VouT=1.0V, Rex7=1.2kQ
Al 5 — +1.0 +2.5 %
(N rank) ouT(Ch) OUTO to OUT15, 1ch output on °
Output OFF leak current lok 5 Vout=17V, Rext=1.2kQ, OUTn off — — 0.5 pA
c tant . tout Vpp=3.0 to 3.6V, Vout=1.0V
onstan curren outpu _
power supply voltage regulation %V 5 EEJ'T'E)LtszOUT'IS 1eh outout _ 1 5 | %NV
(o} , 1ch output on
Constant current output| , Vout=1.0 to 3.0V, Rex7=1.2kQ o 10.1 105 | %V
output voltage regulation| 2VOUT | S |GHs 4o OUT15, 1ch output on o H0.5 %
Pull-down resistor| Rpown 2 Test terminal is TRANS, PWMCLK 250 500 750 kQ
OO0OD voltagel Voop 6 Rext=200Q to 12kQ 0.2 0.3 0.4 \Y,
_ Vopo- | Vob- | Vbb-
Vosp1 6 Rext=200Q to 12kQ 13 14 15
OSD voltage \Y
. .52 .
Vospz | 6 |Rext=200Q to 12kQ 0-5>10.525x 0.55
Voo | Vob | Vob
TSD start temperature| Trpson) — |Junction temperature 150 — — °C
TSD release temperature|Trsporr)| —  [|Junction temperature 100 — — °C
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Switching Characteristics

Switching Characteristics 1 (Unless otherwise specified, Vpp = 5.0 V, T, = 25 °C)

. T - . .
Characteristics Symbol Ci?csjit Test Conditions Min | Typ. | Max | Unit
SCK1-SOUT tPD1U 7 Up edge trigger mode 6 16 30
Propagation -
delay SCK|-SOUT trD1D 7 Down edge trigger mode 2 10 14 ns
PWMCLK-OUTO tpp2 7 Rext=1.2kQ — 30 40
Co_nstant current. output tor 7 10 ~ 90% at voltage waveform of OUTn _ 10 20 ns
r i s e t i m e Rex7=1.2kQ
Constant current. output tor 7 90 ~ 10% at voltage waveform of OUTn _ 10 20 ns
fa I | t i m e Rext=1.2kQ
Constant current output| tbLy(oN) 7 Rext=1.2kQ 1 4 9 ns
del ay ti m et vorm 7 Rext=1.2kQ 1 4 9 ns

Switching Characteristics 2 (Unless otherwise specified, Vpp = 3.3 V, T, = 25 °C)

Characteristics Symbol CT?CSJit Test Conditions Min | Typ. | Max | Unit
SCK1-SOUT trp1U 7 Up edge trigger mode 6 16 30

Propagation -
delay SCK|-SOUT trD1D 7 Down edge trigger mode 2 13 18 ns

PWMCLK-OUTO tpD2 7 Rex1=1.2kQ — 30 40
Constant current output ¢ 7 10 to 90% at voltage waveform of OUTn | 10 20 ns
r i s e t i m e or Rext=1.2kQ
Constant current output 90 to 10% at voltage waveform of OUTn
f oa | | t i om el U " |Rexr=1.2kQ — | 10 ] 20 | ns
Constant current output| toLy(on) 7 |Rext=1.2kQ 2 6 12 | ns
d el ay time toLy(oFF) 7 RexT=1.2kQ2 2 6 12 ns
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Test circuit

Test circuit 1 : High level SOUT output voltage / Low level SOUT output voltage

SCK VDD oUTOo
Controller SIN '
TRANS
PWMCLK OL{T7
OouT15
REXT GND SOouT

3.3V,5.0V

1mAto TmA
3—|J
10.5 pF
Vpp =

N
3

lo
CL

Test circuit 2 : High level logic input current / Pull-down resistance

Vin = VbD [
I—@— SCK vbD ouTo

ﬂ.;-i SIN
ol /\U TRANS
,,|,—'|—®7 PWMCLK ouT7

OuUT15

REXT GND SOUT

—
33V,5.0V

|

I

¥
Vbp =
3

Test circuit 3 : Low level logic input current

Vi = GND '

E—— : H sck VDD oUTo

(A) SIN :

+ @U .
s A) TRANS L
7% ouT?

4H A PWMCLK :

OouUT15

REXT GND SOUT

|
l

33V,5.0V
|
I

VbD
NY
~

31 2011-09-24



TOSHIBA TC62D722CFG/CFNG

Test circuit 4 : Power supply current

SCK vDD OUTO
Controller SIN . .
TRANS
PWMCLK out7 ,
ouT15
®
REXT GND SOuUT
>
5 l > o
g = 2
X >
‘_\\C! ZTF o4
~— - (32]
I |“— I
& 2 a
[N o >
14 > »

Test circuit 5 : Constant current error / Output OFF leak current
Constant current output power supply voltage regulation
Constant current output output voltage regulation

SCK VDD ouTo —@ oo

Controller SIN ; :
TRANS '
PWMCLK ouT? _@ oo
OUT15 [— : )—oo—9 =
Te)
0
REXT GND SOuUT el
> | 2
= >
- ™
E c4>') e o) e
< 2| &
I ~— Pt
w >m Qm
4 s £
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Test Circuit 6 : OOD voltage / OSD voltage

REXT GND SOUT

scK vbDb ouTo N
Controller SIN - .
TRANS '
PWMCLK ouT? ;‘ ) o
OUT15 —; P

s l
&5 >
- S
; > =4 7; = ©
g e >
S ™
I [ P
[ = [ I
& 2 2 7 0
> 377 3 Q
o > > >

All output is set to turning on. Only one output is connected with the Vout2 power supply, and other outputsi

are connected with the Vour1 power supply. Vour is changed and OOD voltage / OSD voltage is checked in:
ithe error detection result from each output terminal voltage and SOUT. :

Test Circuit 7 : Switching Characteristics

[
VDD R
SCK OuTOo *— W
SIN ; : L?L
Controller , ! —
TRANS ' - RL
PWMCLK ouT7 *—\W\—
: : L_?L
! ! e
_ ' RL
, \ ouT15 *— Wy
——-
VIH = VDD REXT GND SouT CL
V|L=GND >
tr=tf=10ns L 5’)-
(10 to 90%) G 0 3 =
é ‘9 l.O — (v) —
AN I I [Se]
I O o) I
R = 200Q v o w a
[N > o
CL=10.5pF o Veed m >m
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Timing waveform
1. SCK, TRANS, SIN, SOUT, PWMCLK

SIN >< ><

Pt t :
i, tseTuPi(,  thopt
> tusck \

N\ N\ > , ,
SCK e X 4 2 5
H 4 -wSCK \
S 7
TRANS /'Z/ twTRANS }\
¢ tpmu\; : 7

SouT ><

(UP edge trigger mode)

E teoiD :

SouT ><

(Down edge trigger mode)

thoLp2 tsetup2 tsetups  tHolps tsetupa thoLp4

SCK

TRANS

If SCK is "L" when changing TRANS into "H", Please make SCL "L" when changing TRANS into "L"
If SCK is "H" when changing TRANS into "H", Please make SCL "H" when changing TRANS into "L"

tseTups thoLps
) —
PWMCLK P £
RANS /X / X
2.0UTn
o OFF
(Voltage waveform) ON
tor
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TC62D722CFG/CFENG

3.PWMCLK, OUTO0 to OUT15

\
PWMCLK /- \ P \ /7
7 twpwm K 7 .
PD2
- tovviow OFF
OouTo =7
5 ON
- @LY(ON) L OFF
OuTI5 Y toLv(orF) 7
f 3 ON
___ @LY(ON) H OFF
ouTY v toLv(oFF)
5 3 ON
_ gﬁ)LY(ON) H OFF
ouTS8 = toLv(orF)
f 3 ON
- tpLyon) B OFF
OUTH toLv(oFF)
: ON
[ LY(ON) P OFF
ouT14 toLv(oFF) 7
1 3 ON
- @LY(ON) o OFF
ouT6 toLvoFR) 7
! 3 ON
[ @LY(ON) o OFF
ouT9 Y toLv(oFF) 4
f ! ON
[— %HtDLY(ON) H OFF
ouT2 % toLvorF) 7
| | ON
[— gDLY(ON) (_) OFF
ouT13 v toLv(oFF)
f 3 ON
I @LY(ON) H OFF
ouTs toLv(oFF)
f 3 ON
- @LY(ON) OFF
OuUT10 A
{ ON
- toLv(on) OFF
oUT3 =
i ON
S g)LY(ON) OFF
oUT12 =
i ON
— foLvon OFF
ouT4
ON
—— OFF
OuT11
ON

OUTn is a voltage waveform.
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Reference data

This data is provided for reference only. So, in designing for mass production, take enough care in
evaluating IC operation.

Output Current (loyt) — Constant current output setting resistance (Rexy)
The output gain control data is default.

lout - Rexr

90 T T T T T T T T T T T ]

80 Theoretical formula ]
lout (A) = (1.03(V) + Rext (Q2)) x 16.5

70

60

50 \

lout (MA)

30
NN

Vpp=3.0V to 5.5}\\

10 |vour=1.0v ——
T,=25°C
0 | | | | |
0 1000 2000 3000 4000 5000
Rexr (Q)
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Reference data

This data is provided for reference only. So, in designing for mass production, take enough care in
evaluating IC operation.

Output current (lout) — Output voltage (Vour)

lout - VouT
Vpp=3.3V,Ta=25°C,1chON
100
90 | 0000 000000000000040000000606000000000
80 | g ssessssscscesscecicsssctossssscsssossssosce

70
260 “““““““““““““““““““““““““
E50 | ) sseeeescccctscrsccsctscsscstetscsscssttsssssses
Ke} 40 ' e o 000-00-0-00-000-00-00-0-00-0-0-0-0-0-00-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0

30 | B aveseessssssstcccstsccsstitttttsssssisssstttssssscs

I T

10 [ g:00-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-05-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-00-0-00

0 0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-00-000000000000000000000000000000000
1 1.5 2 2.5 3
Vour (V)
lout - Vour
Vpp=5.0V,Ta=25°C,1chON

100
2 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
S N /4 SO SO ST
5
O AN L Y e e00000000000000000000000000e0000000000000000000

1 1.5 2 2.5
Vour (V)
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Notes on design of ICs

1. Regarding decoupling capacitor between power supply and GND
It is recommended that decoupling capacitor between power supply and GND should place as near IC as possible.

2. Regarding resistors for setting of output current
When resistors for setting of output current (Rext) are used commonly by many ICs, in designing for mass production, take enough

care in evaluating IC operation.

3. Regarding PCB layout

There is only one GND terminal on this device when the inductance in the GND line and the resistor are large, the device may
malfunction due to the GND noise when output switching by the circuit board pattern and wiring.
Therefore, take care when designing the circuit board pattern layout and the wiring from the controller.

4. Please check the latest technical material at the time of mass production.
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Package dimension
TC62D722FG: SSOP24-P-300-1.00B

Unit : mm

24 13
AHHHHHAHHAAAA

6.0+0.2
8.010.3
(300mit)

HHHHHHHH I
1.0TYP O4+01m

13.5MAX ,

'y

13.0%0.2

Y
L4

g I
i y
35 15

}1 OMAX
0AD 005

£

N
X

Weight : 0.32 g (Typ.)
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TC62D722FNG: HTSSOP24-P-300-0.65
Unit : mm

1AARARARARE
ema

T
-
\
L

|

|

|

|

|

|
4.40 £0.10
6.40 =0.15

|

|

TR

TR O

7.80 +=0.10

0.90£040
| 1OMAX

- S
=]
r .E Ir_\\‘
S . o II lllI
HH A R 3 Tyl |
+ T = 17 = —
| J s
- ~
ot |s] =
1 - 0.60 £0.10
od
=
]

Weight : 0.10 g (Typ.)
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Notes on Contents

1. Block Diagrams
Some of the functional blocks, circuits, or constants in the block diagram may be omitted or simplified for
explanatory purposes.

2. Equivalent Circuits
The equivalent circuit diagrams may be simplified or some parts of them may be omitted for explanatory
purposes.

3. Timing Charts
Timing charts may be simplified for explanatory purposes.

4. Application Circuits
The application circuits shown in this document are provided for reference purposes only. Thorough
evaluation is required, especially at the mass production design stage.
Toshiba does not grant any license to any industrial property rights by providing these examples of
application circuits.

5. Test Circuits
Components in the test circuits are used only to obtain and confirm the device characteristics. These
components and circuits are not guaranteed to prevent malfunction or failure from occurring in the
application equipment.
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IC Usage Considerations

Notes on handling of ICs

[1] The absolute maximum ratings of a semiconductor device are a set of ratings that must not be exceeded,
even for a moment. Do not exceed any of these ratings.

Exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result injury
by explosion or combustion.

[2] Use an appropriate power supply fuse to ensure that a large current does not continuously flow in case of
over current and/or IC failure. The IC will fully break down when used under conditions that exceed its
absolute maximum ratings, when the wiring is routed improperly or when an abnormal pulse noise occurs
from the wiring or load, causing a large current to continuously flow and the breakdown can lead smoke or
ignition. To minimize the effects of the flow of a large current in case of breakdown, appropriate settings,
such as fuse capacity, fusing time and insertion circuit location, are required.

[3] If your design includes an inductive load such as a motor coil, incorporate a protection circuit into the
design to prevent device malfunction or breakdown caused by the current resulting from the inrush
current at power ON or the negative current resulting from the back electromotive force at power OFF. IC
breakdown may cause injury, smoke or ignition.

Use a stable power supply with ICs with built-in protection functions. If the power supply is unstable, the
protection function may not operate, causing IC breakdown. IC breakdown may cause injury, smoke or
ignition.

[4] Do not insert devices in the wrong orientation or incorrectly.

Make sure that the positive and negative terminals of power supplies are connected properly.

Otherwise, the current or power consumption may exceed the absolute maximum rating, and exceeding
the rating(s) may cause the device breakdown, damage or deterioration, and may result injury by
explosion or combustion.

In addition, do not use any device that is applied the current with inserting in the wrong orientation or
incorrectly even just one time.

[5] Carefully select external components (such as inputs and negative feedback capacitors) and load
components (such as speakers), for example, power amp and regulator.
If there is a large amount of leakage current such as input or negative feedback condenser, the IC output
DC voltage will increase. If this output voltage is connected to a speaker with low input withstand voltage,
overcurrent or IC failure can cause smoke or ignition. (The over current can cause smoke or ignition from
the IC itself.) In particular, please pay attention when using a Bridge Tied Load (BTL) connection type IC
that inputs output DC voltage to a speaker directly.

Points to remember on handling of ICs

(1) Heat Radiation Design
In using an IC with large current flow such as power amp, regulator or driver, please design the device so
that heat is appropriately radiated, not to exceed the specified junction temperature (T,) at any time and
condition. These ICs generate heat even during normal use. An inadequate IC heat radiation design can
lead to decrease in IC life, deterioration of IC characteristics or IC breakdown. In addition, please design
the device taking into considerate the effect of IC heat radiation with peripheral components.

(2) Back-EMF
When a motor rotates in the reverse direction, stops or slows down abruptly, a current flow back to the
motor’s power supply due to the effect of back-EMF. If the current sink capability of the power supply is
small, the device’s motor power supply and output pins might be exposed to conditions beyond
maximum ratings. To avoid this problem, take the effect of back-EMF into consideration in system design.

(3) Thermal Shutdown Circuit
Thermal shutdown circuits do not necessarily protect ICs under all circumstances. If the thermal shutdown
circuits operate against the over temperature, clear the heat generation status immediately.
Depending on the method of use and usage conditions, such as exceeding absolute maximum ratings
can cause the thermal shutdown circuit to not operate properly or IC breakdown before operation.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively “Product”) without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product’s quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for
Product and the precautions and conditions set forth in the “TOSHIBA Semiconductor Reliability Handbook” and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams,
programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS’ PRODUCT DESIGN OR APPLICATIONS.

Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in this document.
Product is neither intended nor warranted for use in equipment or systems that require extraordinarily high levels of quality and/or
reliability and/or a malfunction or failure of which may cause loss of human life, bodily injury, serious property damage or serious public
impact (“Unintended Use”). Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric
power, and equipment used in finance-related fields. Do not use Product for Unintended Use unless specifically permitted in this
document.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the Japanese Foreign
Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software
or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.
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