AND9505/D

LED Driver LC75760UJA
Application Note

Features
® The LED Driver Outputs of Up to 12-ch can Drive LED Directly
+ Constant Current Output Form

¢ Output Voltage: Absolute Maximum Rating 6.8V
Maximum Operating Voltage 6.3V

¢ Output Current: Absolute Maximum Rating 60 mA
Maximum Operating Current 50 mA

¢ Output Current Regulation Function (256 Steps)
+ Open/Short/Adjacent Outputs Short Detection Function
+ Slew Rate Limited Switching Function

® Serial Data Communication Supports 4-line Serial Format
¢ Support 3.3 V and 5.0 V Operation
+ Maximum Operating Frequency 2 MHz

® Built-in 6-ch PWM Function for Brightness Adjustment of LED
+ Resolution of 128, 256, 512 or 1024 Steps
+ PWM Frame Frequency can be Controlled by Serial Data

® Built-in Thermal Protection Function
(125°C: Automatic Adjustment of PWM,
150°C: Forced-off All LEDs)

® Provides the ERR Output Pin
(125°C Temperature Abnormality, Open/Short/Adjacent Outputs
Short Abnormality, LED Pull-up Supply Voltage Abnormality,
External Resistance Abnormally, Fundamental Clock Abnormality,
Reset Action)

® Provides a RES Pin and Built-in Voltage Detection Type Reset
Circuit (VDET) for LSI Internal Initialization

® Switch of the Internal Oscillator Operating Mode and the External
Clock Operating Mode can be Controlled by Serial Data

® Built-in Oscillator Circuit. (Built-in Resister and Capacitor for
Oscillation)

® Built-in External Resistance Value Diagnosis Function for Constant
Current

Typical Applications
® Automotive: Instrument Cluster, HVAC, Head Up Display
® Industry: Measurement Equipment
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CALCULATION METHODS AND NOTES ABOUT THE POWER DISSIPATION

Application Sample 1

The following shows the calculation methods and note
about the power dissipation when the constant current drive
is performed without connecting a current limiting resistor
to the LED driver output. This application sample is the
simplest structure in this LSI and can achieve a system with

minimum external parts. However, if the power dissipation
is more than Pdmax of allowable power dissipation
according to current value of LED driver outputs, please
connect current limiting resistances to LED driver outputs
and reduce the power dissipation to less than Pdmax.

Pull-up Power
Supply for LED
VLED (+5.0 V)

VDD (+5.0 V)

From Power Supply
for Controller

IDD LC75760UJA Isen
— P —
> ﬁz VDD SENSE LJ:
VSS Lept N
1] VSS ----
as LD1 (VF1)
_| -— VLD1 ‘|f1_
REXT ) IREF
(12 kQ) LED2 \\
LD2 (Vf2)
_E._ Vb2 o

X
VPU (+5.0 V) g RPU L(Eﬁo’,? A\
(1.2kQ) |
(> e {>— LD3 TvLD3 LED4\\
113
R oscl {>_ LD4 (Vf4)
I -
R I CLK {>_ VLD4 ‘h;
e : \
From | I SIN ' LED11 A\
Controller | = I LATCH{>‘ LD11 (Vf11) \
1
> A\
- Isoh  ygon {>_ VD11 T LED12
<— VS9N sout 4_ LD12 (Vf12)
Isol VSO'I ERR (VD12 <—
= A= If12
. —_
lerr verr - l—

NOTE:
Vi1 to Vf12:
If1 to If12:
Isen:
VLED:
Verr:
lerr:

Vsoh:
Isoh:
Vsol:
Isol:
VDD:
IDD:

VLD1 to VLD12:

Output low-level voltage from LD1 pin to LD12 pin.
Forward voltage of LED connecting to LD12 pin from LD1 pin.
Output current with PWM duty 100% from LD1 pin to LD12 pin. (LED forward current.)

Input current of SENSE pin.

Pull-up voltage of LED driver output.
Output low-level voltage of ERR pin.
Output low-level current of ERR pin.
Output high-level voltage of SOUT pin.
Output high-level current of SOUT pin.
Output low-level voltage of SOUT pin.
Output low-level current of SOUT pin.
Supply voltage.

Current drain.

Figure 1. Schematic of Application Sample 1
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The Figure 1 is shown when LEDs are driven by constant
current without current limiting resistance connecting to
LED drivers. The power dissipation in this case can be
generated by the following calculation.

1. Power dissipation Pd_LED of LED driver outputs
from LD1 pin to LD12 pin.
Pd LED =
VLD1 x If1 x PWM duty +
VLD2 x If2 x PWM duty +
VLD3 x If3 x PWM duty +
VLD4 x If4 x PWM duty +
VLDS x If5 x PWM duty +
VLD6 x If6 x PWM duty +
VLD7 x If7 x PWM duty +
VLDS8 x If8 x PWM duty +
VLD9 x If9 x PWM duty +
VLD10 x If10 x PWM duty +
VLD11 x If11 x PWM duty +
VLDI12 x If12 x PWM duty =
(VLED - Vf1) x If1 x PWM duty +
(VLED - V12) x If2 x PWM duty +
(VLED - V13) X If3 x PWM duty +
(VLED - Vf4) x If4 x PWM duty +
(VLED - V15) X If5 x PWM duty +
(VLED - Vf6) x If6 x PWM duty +
(VLED - V1{7) X If7 x PWM duty +
(VLED - V18) x If§ x PWM duty +
(VLED - Vi9) x If9 x PWM duty +
(VLED - Vf10) x If10 PWM duty +
(VLED - Vf11) x If11 X PWM duty +
(VLED - Vf12) x If12 x PWM duty

2. Power dissipation Pd_SEN of SENSE pin.
Pd_SEN = VLED x Isen

3. Power dissipation Pd_ERR of ERR pin.
Pd_ERR = Verr X lerr

4. Power dissipation Pd_SO of SOUT pin.
Pd_SO = {(VDD - Vsoh) x Isoh + Vsol x Isol} / 2

5. Power dissipation Pd_VDD of VDD pin.
Pd_VDD = VDD x IDD

Total power dissipation Pd of LC75760UJA has to be
adjusted less than the allowable power dissipation Pdmax.

Pd=Pd LED + Pd_SEN + Pd ERR + Pd_SO + Pd_ VDD
< Pdmax

For example, in the case of electrical parameter such as the
following condition, the power dissipation is the following.
1. Power dissipation Pd_LED of LED driver outputs
from LD1 pin to LD12 pin.

<Condition>

VLED =5.0V, Vfl to Vf4 =2.0 V,

VI5to VI8 =25V, VI9to VI12=3.0V,

If1 to If4 = 10 mA, If5 to If8 = 12 mA,

If9 to If12 = 15 mA, PWM duty value from LD1
pin to LD12 pin are 100%.

Pd LED =

5.0V -2.0V)x10 mA x 100% +
5.0V -2.0V)x 10 mA x 100% +
5.0V -2.0V)x10 mA x 100% +
5.0V -2.0V)x10 mA x 100% +
(5.0V-25V)x 12 mA x 100% +
(5.0 V-25V)x12mA x 100% +
(5.0 V-25V)x12mA x 100% +
(5.0V-25V)x 12 mA x 100% +
(5.0V-3.0V)x15mA x 100% +
(5.0V-3.0V)x15mA x 100% +
(5.0V-3.0V)x15mA x 100% +
(5.0V-3.0V)x15mA x 100% =
30 mW x4 +30 mW x4 + 30 mW x 4 = 360 mW

2. Power dissipation Pd_SEN of SENSE pin.
<Condition>
VLED =5.0V, Isen = 0.1 mA (= IIH3)
Pd_SEN=5.0V x0.1 mA =0.5mW

3. Power dissipation Pd_ERR of ERR pin.
<Condition>
Verr = 0.3 V (= VOL1), lerr =4 mA
Pd_ ERR =03V x4mA=12mW

4. Power dissipation Pd_SO of SOUT pin.
<Condition>
Vsoh = VDD - 0.3 V (= VOH1), Isoh =4 mA,
Vsol =0.3 V(= VOL1), Isol =4 mA
Pd_SO =[{VDD - (VDD - 0.3 V)} x4 mA +
03x4mA]/2=12mW

5. Power dissipation Pd_VDD of VDD pin.
<Condition>
VDD = 5.0 V,IDD = 5 mA (= IDD2)
Pd_VDD =5.0V x5 mA =25 mW

Total power dissipation Pd of LC75760UJA is the
following.

Pd=360mW + 0.5 mW +12mW + 1.2 mW + 25 mW =
387.9 mW

The Pd is less than 430 mW of allowable power
dissipation Pdmax, under Tp = 105°C operation on the
glass-epoxy board of 76.2 mm X 114.3 mm X 1.6 mm with
2 layers. So the LSI can be operated under T = 105°C.
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Application Sample 2

The following shows the calculation methods and note
about the power dissipation when the constant current drive
is performed with connecting a current limiting resistor to
the LED driver output. This application sample is a circuit

VDD (+5.0 V) —»

AND9505/D

structure to improve the issue of when the power

IDD LC75760UJA Isen
—>

dissipation’s Pd calculated by application sample 1 is more
than allowable power dissipation’s Pdmax. Please connect
current limiting resistances between LED driver outputs and
LED, and reduce the power dissipation to less than Pdmax.

Pull-up Power

Supply for LED

VLED (+5.0 V)

REXT

] IREF lelgz\\
(12 kQ) ve)
LD2 Rf2

ﬁz VDD SENSE LJ3

VSS
VSS

rr

_| - |VLDZ2

From Power Supply 1\
for Controller LED3
VPU (+5.0 V) (VI3)
RPU A3 \\
(1.2 kQ) LED4
. (Vf4)
Rf4
> \
LED11\
> (V1) LED12
From \\ (Vf12)
Controller > Rf11
- Isoh Rf12
B
Isol
. B

NOTE: VLD1toVLD12:

Vi1 to Vf12:
If1 to If12:
Rf1 to Rf12:
Isen:
VLED:
Verr:

lerr:

Vsoh:

Isoh:

Vsol:

Isol:

VDD:

IDD:

Output low-level voltage from LD1 pin to LD12 pin.

Forward voltage of LED connecting to LD12 pin from LD1 pin.
Output current with PWM duty 100% from LD1 pin to LD12 pin. (LED forward current.)
Current limiting resistors connecting to LD12 pin from LD1 pin.
Input current of SENSE pin.

Pull-up voltage of LED driver output.

Output low-level voltage of ERR pin.

Output low-level current of ERR pin.

Output high-level voltage of SOUT pin.

Output high-level current of SOUT pin.

Output low-level voltage of SOUT pin.

Output low-level current of SOUT pin.

Supply voltage.

Current drain.

Figure 2. Schematic of Application Sample 2
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<Condition>

VLED =50V, Vfl1to Vf4=2.0V,

V15 to VI8 =25V, VI9 to V12 =3.0 V,

If1 to If4 = 20 mA, If5 to If8 = 30 mA,

If9 to If12 = 40 mA, Rf1 to Rf4 = 100 €2,

Rf5 to Rf8 = 47 Q, Rf9 to Rf12 =27 Q, PWM

The Figure 2 is shown when LEDs are driven by constant
current with current limiting resistance connecting to LED
drivers. The power dissipation in this case can be generated
by the following calculation.

1. Power dissipation Pd_LED of LED driver outputs
from LD1 pin to LD12 pin.

Pd_LED = duty value from LD1 pin to LD12 pin are 100%.
VLD1 x If1 x PWM duty +

VLD2 x If2 x PWM duty + Pd_LED =

VLD3 x If3 x PWM duty + (5.0V-2.0V-100£22x20mA)x20mA x 100% +
VLD4 x If4 x PWM duty + (5.0V-2.0V-1002x20mA)*x20mA x100% +
VLDS X If5 x PWM duty + (5.0V-2.0V-1002x20mA)x20mAx100% +
VLDG6 x If6 x PWM duty + (5.0V-2.0V-1002x20mA)x20mA x 100% +

VLD7 x If7 x PWM duty +

VLDS8 x If8 x PWM duty +

VLD9 x If9 x PWM duty +

VLDI10 x If10 x PWM duty +

VLDI11 x If11 x PWM duty +

VLDI12 x If12 x PWM duty =

(VLED - V{1 - Rfl x If1) x If1 x PWM duty +
(VLED - V12 — Rf2 x If2) X If2 x PWM duty +
(VLED - V13 — Rf3 x If3) x If3 x PWM duty +
(VLED - Vf4 — Rf4 x If4) x If4 x PWM duty +

(5.0V-25V-47Qx30mA)x30mA x100% +
(5.0V-25V-47Qx30mA)*x30mA x100% +
(5.0V-25V-47Qx30mA)*x30mA x100% +
(5.0V-25V-47Qx30mA)x30mA x100% +
(5.0V-3.0V-27Qx40mA)*x40mA x 100% +
(5.0V-3.0V-27Q2x40mA) x40 mA x 100% +
(5.0V-3.0V-27Q2x40mA) x40 mA x 100% +
(5.0V-3.0V-27Q2x40mA)*x40mA x 100% =
20mW x4 +32.7mW x4 +36.8mW x4 =358 mW

(VLED - V£5 — Rf5 x If5) x If5 x PWM duty + 2. Power dissipation Pd_SEN of SENSE pin.

(VLED - V£6 - Rf6 x If6) x If6 x PWM duty +
(VLED - V{7 - Rf7 x If7) X If7 x PWM duty +
(VLED - V{8 - Rf8 x If8) x If8 x PWM duty +
(VLED - V9 - Rf9 x If9) x If9 x PWM duty +

<Condition>
VLED =5.0 V, Isen = 0.1 mA (= IIH3)
Pd_ SEN=5.0V x0.1 mA =0.5 mW

. Power dissipation Pd_ERR of ERR pin.

(VLED - V{10 - Rf10 x If10) x If10 PWM duty +
(VLED - Vf11 - Rf11 x If11) x If11 x PWM duty +
(VLED - V{12 - Rf12 x If12) X If12xX PWM duty

<Condition>
Verr = 0.3 V (= VOL1), Ierr =4 mA
Pd ERR=03Vx4mA=12mW

2. Power dissipation Pd_SEN of SENSE pin.

Pd_SEN = VLED x Isen 4. Power dissipation Pd_SO of SOUT pin.

<Condition>

Vsoh = VDD - 0.3 V (= VOH1), Isoh = 4 mA,
Vsol =0.3 V(= VOL1), Isol =4 mA

Pd_SO = [{VDD - (VDD - 0.3 V)} x4 mA +
03x4mA]/2=12mW

3. Power dissipation Pd_ERR of ERR pin.
Pd_ERR = Verr X lerr

4. Power dissipation Pd_SO of SOUT pin.

Pd_SO = {(VDD - Vsoh) x Isoh + Vsol x Isol} / 2
5. Power dissipation Pd_VDD of VDD pin.

<Condition>
VDD = 5.0 V, IDD = 5 mA (= IDD2)
Pd_VDD =5.0V x5 mA =25 mW

5. Power dissipation Pd_VDD of VDD pin.
Pd_VDD = VDD x IDD

Total power dissipation Pd of LC75760UJA has to be

adjusted less than the allowable power dissipation Pdmax. Total power dissipation Pd of LC75760UJA is the

Pd = Pd_LED + Pd_SEN + Pd_ERR + Pd_SO + Pd_VDD following.
< Pdmax Pd =358 mW +0.5mW + 1.2mW + 1.2 mW + 25 mW =
385.9 mW

For example, in the case of electrical parameter such as the
following condition, the power dissipation is the following.
1. Power dissipation Pd_LED of LED driver outputs
from LD1 pin to LD12 pin.

The Pd is less than 430 mW of allowable power
dissipation Pdmax, under Tp = 105°C operation on the
glass-epoxy board of 76.2 mm X 114.3 mm X 1.6 mm with
2 layers. So the LSI can be operated under T = 105°C.
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Application Sample 3

The following shows the calculation methods and note
about the power dissipation when the drive like the open
drain output drive is performed with connecting a current
limiting resistor to the LED driver output. The power
dissipation needs to be value less than allowable power
dissipation Pdmax. In this application sample, LED driver

output voltage might be lower level than 0.6 V of open
detection voltage VLOP. So it might not be able to detect
open abnormality of LED driver outputs. The open drain
drive in this case is the method to drive LED with connecting
current limiting resistance in order to stay current value less
than constant current which is set by control data CAn7 to
CAn0.

Pull-up Power

Supply for LED
DD LC75760UJA lsen VLED (+5.0V)
- ol A
VDD (+5.0 V) —» VDD SENSE [} X
Jor) LeD1 X
VSS (Vf1)
s VSS . Ri1 .-
-
A= VP T W
] IREF LED2
REXT Ib1 Vi)
(12 kQ)
LD2 Rf2
-
VLD2
From Power Supply —H[= If2 W
for Controller b2 LEDS3
VPU (+5.0 V)g RPU (Vi3) \
(1.2kQ) RS S WYAN (ED4
o 1 RES {>_ -— (Vi4)
- I 0sCl " Rf4
- > W
I CLK e LED11
> {>_ If4 V1) LED12
N | vi12)
From _ SIN R A\
Controller | I D‘
LATCH
> P —
_ Sl VSO“I souT z__ 111 Rf2
_ Isol VSO'I ERR -—
L — v 12
lerr - |-

NOTE: VLD1 toVLD12:

Output low-level voltage from LD1 pin to LD12 pin.

(When Ifn < Ibn, n = 1 to 12. The values are around 0.5 V.)

Vf1 to Vf12: Forward voltage of LED connecting to LD12 pin from LD1 pin.

If1 to If12: Output current with PWM duty 100% from LD1 pin to LD12 pin. (LED forward current.)
Ib1 to Ib12: Constant Current from LD1 pin to LD12 pin set by control data CAn7 to Can0. (n = 1to 12)
Rf1 to Rf12: Current limiting resistors connecting to LD12 pin from LD1 pin.

Isen: Input current of SENSE pin.

VLED: Pull-up voltage of LED driver output.

Verr: Output low-level voltage of ERR pin.

lerr: Output low-level current of ERR pin.

Vsoh: Output high-level voltage of SOUT pin.

Isoh: Output high-level current of SOUT pin.

Vsol: Output low-level voltage of SOUT pin.

Isol: Output low-level current of SOUT pin.

VDD: Supply voltage.

IDD: Current drain.

Figure 3. Schematic of Application Sample 3
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The Figure 3 is shown when LEDs are driven by the Total power dissipation Pd of LC75760UJA has to be
method like open drain output drive with current limiting adjusted less than the allowable power dissipation Pdmax.
resistance connecting to LED drivers. The power dissipation Pd = Pd LED + Pd SEN + Pd ERR + Pd SO + Pd VDD
in this case can be generated by the following calculation. < Pdmax. - - - -

1. Power dissipation Pd_LED of LED driver outputs
from LD1 pin to LD12 pin. For example, in the case of electrical parameter such as the
Pd_LED = following condition, the power dissipation is the following.
VLDI1 x If1 x PWM duty + 1. Power dissipation Pd_LED of LED driver outputs
VLD2 x If2 x PWM duty + from LD1 pin to LD12 pin.
VLD3 x If3 x PWM duty + <Condition>
VLD4 x If4 x PWM duty + VLED =5.0V, VLD1 to VLD12 = 0.5 V, Values
VLDS5 X If5 x PWM duty + setting constant current from LD1 pin to LD12 pin
VLD6 X If6 x PWM duty + are 50 mA (= 1.2 V/ 12 k€ x 500 x 256 / 256),
VLD7 x If7 x PWM duty + Vil to VI4 =20V, V5 to VI8 =25V,
VLDS8 x If8 x PWM duty + V19 to V12 = 3.0 V, Rf1 to Rf4 = 220 Q,
VLD9 x If9 x PWM duty + Rf5 to Rf8 = 150 €2, Rf9 to Rf12 = 100 L,
VLD10 x If10 X PWM duty + PWM duty values from LD1 pin to LD12 pin are
VLD11 x If11 x PWM duty + 100%.
VLDI12 x If12 x PWM duty =
(VLED - V{1 - Rfl x If1) x If1 x PWM duty + Ifa = (VLED - Vfa - VLDa) / Rfa =
(VLED - V12 — Rf2 x If2) X If2 x PWM duty + 50V-20V-05V)/220Q =
(VLED - V13 — Rf3 x If3) x If3 x PWM duty + 114mA(a=1to4)
(VLED - Vf4 — Rf4 x If4) x If4 x PWM duty + Ifb = (VLED - Vfb - VLDb) / Rfb =
(VLED - V15 - Rf5 x If5) X If5 x PWM duty + GO0V-25V-05V)/150Q =
(VLED - V{6 - Rf6 x If6) x If6 x PWM duty + 13.3mA (b=5t038)
(VLED - V{7 - Rf7 x If7) X If7 x PWM duty + Ifc = (VLED - Vfc - VLDc) / Rfc =
(VLED - V18 — Rf8 x If8) x If§ x PWM duty + 50V-30V-05V)/100Q =
(VLED - V{9 — Rf9 x If9) x If9 x PWM duty + 15.0 mA (c =9to 12)
(VLED - V{10 - Rf10xIf10) X If10 x PWM duty +
(VLED - V111 - Rf11 x If11) x If11 x PWM duty + Pd_LED =
(VLED - Vf12 - Rf12xIf12) X If12x PWM duty = 0.5Vx11.4mAx100% +0.5Vx11.4mAx100% +
0.5 V xIfl x PWM duty + 0.5Vx11.4mAx100% + 0.5V x11.4 mA x 100%+
0.5 V xIf2 x PWM duty + 0.5Vx13.3mAx100% +0.5V x13.3mAx100% +
0.5V xIf3 x PWM duty + 0.5Vx13.3mAx100% + 0.5 Vx13.3mAXx100% +
0.5 V x If4 x PWM duty + 0.5Vx15.0mAx100% +0.5Vx15.0mAx100% +
0.5 VX If5S x PWM duty + 0.5Vx15.0mAx100% +0.5Vx15.0mAx100% =
0.5 V x If6 x PWM duty + 5.7TmWx4+6.7TmWx4+7.5mWx4="79.6 mW
0.5 V xIf7 x PWM duty + L i
0.5 V x If8 x PWM duty + 2. Power .d?smpatlon Pd_SEN of SENSE pin.
0.5 V x [f9 x PWM duty + <Condition>
0.5 V x If10 x PWM duty + VLED = 5.0 V, Isen = 0.1 mA (= [IH3)
0.5 V x If11 x PWM duty + Pd_SEN=5.0Vx0.1mA=05mW
0.5V xIf12 x PWM duty 3. Power dissipation Pd_ERR of ERR pin.

2. Power dissipation Pd_SEN of SENSE pin. <Condition>

Verr = 0.3 V (= VOL1), lerr =4 mA

Pd_SEN = VLED X Isen
- Pd ERR=03V x4 mA=12mW

3. Power dissipation Pd_ERR of ERR pin.

Pd ERR = Verr x lerr 4. Power .d?ssipation Pd_SO of SOUT pin.
h <Condition>
4. Power dissipation Pd_SO of SOUT pin. Vsoh = VDD - 0.3 V (= VOH1), Isoh = 4 mA,
Pd_SO = {(VDD - Vsoh) x Isoh + Vsol x Isol} / 2 Vsol =0.3 V (= VOL1), Isol = 4 mA
o . Pd_SO =[{VDD - (VDD - 0.3 V)} x4 mA +
5. Power dissipation Pd_VDD of VDD pin. 03x4mA]/2=12mW

Pd_VDD = VDD x IDD
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5. Power dissipation Pd_VDD of VDD pin. Pd=79.6 mW + 0.5 mW + 1.2 mW + 1.2 mW + 25 mW =
<Condition> 107.5 mW
VDD =5.0 V,IDD = 5 mA (= IDD2) .
Pd_VDD =5.0 V x5 mA =25 mW The Pd is less than 430 mW of allowable power

dissipation Pdmax, under Tp = 105°C operation on the
Total power dissipation Pd of LC75760UJA is the glass-epoxy board of 76.2 mm X 114.3 mm X 1.6 mm with
following. 2 layers. So the LSI can be operated under Tp = 105°C.
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