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AN-4188 
Guidance of Using LED Direct-AC Driver Design Tool for 
FL77904/FL77944/FL77905  

 

Overview 

This application note provides a step-by-step guide for using 

the LED Direct-AC Driver Design Tool (DACD Design 

Tool).  

Design Flow 

The flow of using the DACD design tool is drawn in Figure 

1. Based on requested system specification and selected 

LED part number, the design tool helps users to design 

LED-string configuration and driving currents of the driver 

IC. You may refer to AN-5088 [1] for detailed explanation 

for operating principle of the driver IC. 

The design tool’s appearance is like Figure 2. It can be 

separated into five sections with assistive figures. How to 

use these five sections are explained step-by-step in the 

following paragraphs. 

 

Define system 

spec.

Enter LED spec

Design system 

parameters

Is the result 

satisfying?

Observe design 

result

Enter parameters 

for IC thermal 

check

Is junction 

temperature 

acceptable?

YES
YES

NO

NO

Design 

Done

Select 

LED type

Select 

PCB type

 
Figure 1. Flow Chart of Using DACD Design Tool 

  

https://www.fairchildsemi.com/application-notes/AN/AN-5088.pdf
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Figure 2. Appearance of the DACD Design Tool 

 
Step 1: Entering Defined System Specification 

In the System Spec section, rated input voltage and input 

power need to be entered. The Driver IC grid is a drop-

down list. You can choose which driver IC you want to 

design with. Forward-voltage drop of input bridge rectifier 

also needs to be filled in the design tool. 

Instead of starting a design with rated input power, you may 

want to start the design process with a targeted luminous 

flux (light output). In that case, you can roughly predict 

input power by Equation (1) in which the driver efficiency 

can be set as 80% at start. LED efficacy can be obtained 

from the LED data sheet. 

(W/W)iciency Driver Eff(Lm/W) Efficacy LED

(Lm) Flux Luminous
(W)


INP  (1) 

 

 
Figure 3. System-Specification Section 

Step 2: Entering Specification of Chosen LED 

There are two sections for LED spec, a “basic” section and a 

“detailed” section. Inputs in the basic section are used in the 

design-process section, which guides users to decide how 

many LEDs need to be used. The detailed section is for 

generating a much realistic LED model for calculating 

predicted outcome in design-result section.  

You may already have the LED part number that you are 

going to implement. In a DACD system, total forward 

voltage of the LED string needs to be comparable with the 

peak value of input voltage. High-voltage type LEDs could 

be favored when design a low-wattage system with small 

area constrain.  

 
Figure 4. LED-Specification Section 
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Step 3: Design System Parameters 

The design process section of the tool guides user to decide; 

1. How many driver IC need to be applied 

2. Resistance value of current-sensing resistor (RCS) 

3. How many LEDs need to be put in series (S1, S2, 

S3, S4) 

4. How many LEDs need to be put in parallel for each 

LED group (P1, P2, P3, P4) 

The first and second items are about the driver, and the third 

and fourth items are for LED-string configuration. The 

driver part considers driver IC’s current capability, not 

thermal constrain, and the rated input power in system-

specification section. The series quantity considers peak 

value of input voltage since the DACD system requires total 

forward voltage of the LED string to be comparable with the 

input voltage. The LED string is then separated into several 

groups. The parallel quantity of each LED group considers 

peak and average current that will flow through the LED 

group.  
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(b) Parallel Quantity of each LED Group 

Figure 5. Considerations of Designing LED String 

The design tool provides recommended value of these 

quantities. But, you still need to enter the value that you 

want to select. If the value that you input is not proper, a 

warning message will be shown. You can also ignore the 

warning if you insist on your input and think that the 

outcome in design-result section is acceptable. Note that you 

have to decide yourself how to separate the total series 

quantity into each LED group. Start with evenly-separated 

design if you have no special idea about it.  

 
Figure 6. Design-Process Section 

Both FL77904 and FL77944 have four LED driving pins, so 

a total of four LED groups can be assigned. There are only 

three LED driving pins in FL77905, so S4 and P4 need to be 

zero when applying FL77905. 

In some special design consideration, you may want to use 

less driving pins than provided. For example, you may want 

to bypass LED1 to have a higher minimum conducting 

current, or the LED you chose has a forward voltage spec 

that is too high for connecting four of them in series. In such 

cases, the special-arrangement section has drop-down list 

that you can indicated that you want some LED driving pins 

to be opened. 

LED1

LED2

NC

Isense

NC

VDD

MODE

GND

GND

NC

NC

DIM

LED3

VIN

NC

LED4

FL77944

BD1

MB6S

F1

MOV1

LIVE

NEUTRAL

D1

S1M

D2

S1M

D3

S1M

D4

S1M

C1

100n

R4

10R0

R2

10k

150n/450V

510

3mH

6.8n/450V

 
Figure 7. An Example that LED1 Pin is Opened 
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Step 4: Check Design Result 

Through previous steps, we come to a complete design of 

driver and LED-string configuration. Based on the design, 

the design tool calculates outcomes like luminous flux, 

Total Harmonic Distortion (THD), and power dissipated on 

driver and LEDs. Now, you check if all these values fulfill 

system requirement. If not, you need to change the designed 

parameters in previous steps. For example, 

 Luminous flux is too high/low  Decrease/increase 

input power (PIN) and increase/decrease current-sensing 

resistor (RCS). 

 Efficacy is too low  Increase LED parallel quantity 

P1~P4 or switch to LED part number with better 

efficacy. 

 Power or current on each LED is too high  Increase 

LED parallel quantity P1~P4 

 Duty cycle of last LED group is too low  Decrease 

S1+S2+S3+S4. 

 THD is not good  Adjust S1~S4 while keep 

summation of them unchanged. 

The design outcome is also presented as waveforms shown 

in Figure 9. When more than one driver IC is implemented, 

the driving current figures stand for summed driving current 

of all the drivers.  

 

 

 
Figure 8. Predicted Outcomes of the Design Result 

 

 

 
Figure 9. Predicted Waveforms of the Design Result 
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Step 5: Check Junction Temperature of the 
Driver ICs 

The last step is to check junction temperature of the driver 

IC. There is a drop-down list for “board type” input. When 

“1S” or “2S2P” is chosen, the design tool uses junction-to-

air thermal impedance (θJA) value on the datasheet of the 

picked driver IC to predict junction temperature. If “Other” 

is chosen, you can enter your own predicted θJA for 

calculating junction temperature. If the junction temperature 

is higher than recommended operating temperature range or 

threshold of over-temperature protection, there will be a 

warning message. When warning message appears, you 

may:  

 Increase total LED forward voltage by increasing 

S1+S2+S3+S4. 

 Or, you may also increase quantity of driver IC. 

 

 

 
Figure 10. Thermal-check Section 
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