FEELING
/TF(:HNOLOGY Cp7105

High Efficiency, 175kHz, Step-Down White LED Driver

General Description
The FP7195 is a current mode LED controller. The FP7195 includes a high-voltage startup

regulator that operates over a wide input range of 6.5V to 80V. With 175kHz operating frequency, the
size of the external PWM inductor and input/output capacitors can be minimized. Brightness dimming

can be controlled from either analog or PWM signal.

Features
» High-side adjustable current sense

PWM and analog dimming
Internal thermal regulation

Short circuit protection

YV V V V

Under voltage lockout

Applications

» DC/DC LED driver applications
Automotive

Desk lights and room lighting
MR16 LED spotlight

LED backlighting

vV V V VYV V

Constant-current regulators

Typical Application Circuit
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FP7195

Function Block Diagram

Dimming

Control

0.05V/0.075V —

VDD=7.5V

Pin Descriptions
SOP-8L(EP)

Top View

COMP

DIM

EP(GND)

Thermal
Regulation

7.5

Logic {\]\

Control

I— Oscillator

Slope
Compensation

Soft Start

Current Sense

Name |No.|I/ O Description
HvDD | 1 | P This is_the power supply pin and positive current
sense input.
CS 2 | [Negative current sense input.
compP | 3 | Connect a resister and capacitor to GND
compensate control loop.
DIM 4 | |PWM and analog dimming input
Connect a capacitor to ground to filter out the AC
LPF 5 I S
ripple from dimming voltage.
ocC 6 | |Current detect.
This pin is the output GATE driver for an external
GATE | 71 0O N-channel power MOSFET.
VDD s | p T_hls is the power supply pin for all internal
circuits.
EP(GND) P |Ground return for all internal circuitry.
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Marking Information

’; FP7195
XXX-XXL

Halogen Free
Lot Number
Internal ID

Per - Half Month
Year

Halogen Free: Halogen free product indicator
Lot Number: Wafer lot number’s last two digits

For Example —» Lot : 123466 —> XXx-66L
Internal ID: Internal Identification Code
Per-Half Month: Production period indicator in half month time unit
For Example : A — First Half Month of January
B — Second Half Month of January
C — First Half Month of February
D — Second Half Month of February
Year: Production year’s last digit
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FP7195
Ordering Information
Part Number Operating Temperature Package MOQ Description
FP7195XR-G1 -25°C ~ +85°C SOP-8L (EP) 2500EA Tape & Reel
Absolute Maximum Ratings
Parameter Symbol Conditions Min. Typ. Max. Unit
Hvoo |Hvop to GND -0.3 85 Vv
Power Supply Voltage
Vbbp Vpp to GND -0.3 10 V
CSs Hvpop-1.5 Hvop \
GATE -0.3 Vbb
DIM, LPF, COMP, OC -0.3 55 \%
Allowable Power Dissipation Pb SOP-8L(EP) TaA=+25°C 1500 mw
Junction to Case Thermal o
Resistance 8ic  |SOP-8L(EP) 10 Cc/w
g{un(_:tlon to Ambient Thermal Bin SOP-8L(EP) 60 °C /W
esistance
Storage Temperature Ts -40 +150 °C
Lead Temperature (soldering, 10 sec) +260 °C
IR Re-flow Soldering Curve
°C
A 10 sec
260 ==
+1.7°C | sec -1.2°C / sec
o 210 ==
2 180 == —_
o +0.23°C / sec
[=%
=
(F)
L —~—
T +3.4°C | sec
25 =
— — - Sec
15 60 190 220 230

Time
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FP7195
Recommended Operating Conditions
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Supply Voltage Hvop 6.5 80 \%
Operating Temperature -25 85 °C

DC Electrical Characteristics (vouT=12V,T, = 25°C, unless otherwise noted)

Parameter | Symbol | Conditions | Min. | Typ. ‘ Max. | Unit
Internal Regulator
Internally regulated voltage Vbp Hvop=8V, Ipp=0A, Vpim=0V 7.27 7.5 7.73 \%
Line regulation of Vpp A Vpp, line |Hvop=8~80V, Vpim=5V 50 mv
Load regulation of Vpp A Vop, load Ugiﬂfg\\// ' log=0~10MA 100 mV
Shutdown current Iston  |Hvop=8~80V, Vpim=0V 620 uA
Hvop under voltage lockout Voulo Hveo rising 6 v
threshold Vuvio hysteresis 0.5 \Y,
Current Sense Logic
Current sense voltage Hvop-Ves [Hvop=12V, Vpin=5V 97 100 103 mV
CS pin input current Ics Hvop=24V, Vcs=24V 20 UA
PWM Converter
Switching frequency fsw 175 kHz
Maximum duty cycle Dwmax 100 %
Minimum on-time Tmin 150 250 ns
GATE Driver
GATE Pull-UP Resistance RaH Veate = 0V, Vpp = 7.5V 0.7 Q
GATE Pull-Down Resistance ReL  |Veare = Vob, Vbp = 7.5V 0.7 Q
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FP7195

Parameter Symbol Conditions | Min. | Typ. ‘ Max. ‘ Unit
Dimming
Analog dimming disable ILep=100% 25 \
Analog dimming enable Ven oiv  |lLep=0.1% 0.1 \%
Enable voltage Ven 0.075 \
Shutdown voltage Vorr 0.05 \%
DIM shutdown delay ToeLay 25 ms
Short Circuit Protection
SCP current sense voltage Vscp_cs 240 mV
Restart delay time Tscp 45 ms
Thermal Regulation
Internal thermal regulation enable| TrhermaL |lLep=100% 160 °C
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Function Description

Operation

FP7195 is a current mode controller for Buck current regulators which are ideal for driving LED
loads. FP7195 has wide input voltage range allowing for regulation of a variety of LED loads. The
control loop has a current amplifier to sense the voltage between HVDD an CS pins. The high side
differential current sense, with low adjustable threshold voltage, provides an excellent method for

regulating output current while maintaining high system efficiency.

LDO Mode

The FP7195‘s maximum duty cycle can reach 100%, that means the driver main switch is turn on
through out whole clock cycle. Once the duty reaches 100%, the feedback path no longer controls the

output current. The output current will be the input voltage minus the switch voltage drop.

LED Current Setting

The LED current could be calculated by following equation:

0.1(V)

leo(A) = R Q)

Internal Thermal Protection

FP7195 will reduce output current linearly when chip temperature over thermal protection
threshold.

| —
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Short Circuit Protection

FP7195

FP7195 will turn off switch MOSFET and rest for 45ms when HVDD-CS voltage over 240mV.
FP7195 goes into hiccup mode. When HVDD-CS voltage drops below 240mV, the chip will recover

from hiccup mode.

*Note: When LED+ short to LED+, output capacitor will discharge by very high current in a moment.
High current will drop high voltage on R¢s. Once HVYDD-CS voltage over 1.5V, the high current will go
into HVDD pin and damage the chip. Add a schottky diode in parallel on Rcs can avoid high current
damage the chip.

Output capacitor discharge current path
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Brightness / Dimming Control

FP7195

The FP7195 features both analog and digital dimming control. Analog dimming is linearly
controlled by an external voltage on DIM pin.
® Analog Dimming:

FP7195 can control output current from 0.1% to 100% when Vp,, from 0.1V to 2.5V. Output
current can be calculated using formula below.

VDIM(\/) -0.1v
2.4

|, o (%) = x100%

® Digital Dimming:

FP7195 can digital dimming while input PWM signal into DIM pin. FP7195 can control output
current from 0.1% to 100% when PWM duty from 4% to 100%. FP7195 allows a wide dimming
frequency range from 500Hz to 200kHz. Output current can be calculated using formula below.

2.5V xDuty-0.1V

100%
2.4 x100%

lLen(%0) =

100.00

80.00

60.00

40.00 /
20.00 ,/
0.00 /

0 20 40 60 80 100
PWM Duty (%)

LED Current (%,
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Vin=80V, LED=11V, T, = 25°C, unless otherwise noted

Input Voltage VS LED Current line Regulation
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Vin=48V, LED=24V, T, = 25°C, unless otherwise noted

Linear Dimming Linear Dimming(ZOOM IN)
1.20 0.20
1.00 0.16
< 080 <
E ; 0.12
5 0.60 5
S
O O
2 g 008
o 0.40 u
0.04
0.20
0.00 0.00 L
0 05 1 15 2 25 3 ] 01 02 03 0.4 05
DIM Voltage (V) DIM Voltage (V)
PWM Dimming PWM Dimming(ZOOM IN)
1.20 0.20
1.00 0.16
< 080 < /
5 g o1 o,
S 060 s
2 o 008
@ 0.40 o
0.20 0.04
0.00 0.00 L
0 20 40 60 80 100 0 5 10 15 20
PWM Duty (%) PWM Duty (%)
Dimming Voltage VS LED Current Error Dimming Voltage VS LED Current Error (ZOOM IN)
50.00 50.00
~ 40.00 40.00 \
: \
s
5 30.00 g 30.00
g 5
S 20.00 & 20.00
O
2
- 10.00 \- 10.00
0.00 0.00
0 0.5 1 15 2 25 0.1 0.2 0.3 0.4 0.5
DIM Voltage (V) DIM Voltage (V)
Target LED Current VS LED Current Error Target LED Current VS LED Current Error(ZOOM IN)
50.00 50.00
~ 40.00 40.00 \
s
5 30.00 g 30.00 \
= P
o 2
S 20.00 & 20.00 N
O
2
- 10.00 \ 10.00
E— )
0.00 0.00
0 20 40 60 80 100 0 2 4 6 8 10
Target LED Current (%) Target LED Current (%)

This datasheet contains new product information. Advanced Analog Technology reserves the rights to modify the product specification without
notice. No liability is assumed as a result of the use of this product. No rights under any patent accompany the sales of the product.

Website: http://www.aat-ic.com.tw Rev. 0.62

11/15



FEELING
/TFCHNOLOGY

Application Information

FP7195

Inductor Selection

Inductance value is decided based on different condition. 68uH inductance value is
recommended for general application circuit. There are three important inductor specifications, DC
resistance, saturation current and core loss. Low DC resistance has better power efficiency.

The inductor current ripple ratio could be calculated by following equation:

2
— VlN X VLED - VLED VLED

, (IL=lep, D =
fxl xLxV,, (I =lLep V.,

)

% v =inductor current ripple ratio
s f = switch frequency

s D =duty cycle

Capacitor Selection

The output capacitor is required to maintain the DC voltage during switching. Low ESR capacitors
are preferred to reduce the output voltage ripple. Ceramic capacitor of X5R and X7R are
recommended, which have low equivalent series resistance (ESR) and wider operation temperature

range.

Diode Selection
Schottky diodes with fast recovery times and low forward voltages are recommended. Ensure the
diode average and peak current rating exceed the average output current and peak inductor current. In

addition, the diode’s reverse breakdown voltage must exceed the input voltage.

OC resistor selection

FP7195 detect current when switch MOSFET turn on. The detect signal will add to slope
compensation for FP7195 control loop stabled. OC resistor could be calculated by following equation:
— foxLx(zxle'VLED)
- 100x(2foILED ><\/IN XL+VLED ><\/IN - VLED2)

ROC

% f = switch frequency

% L = Inductor
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Layout Considerations
LED+ RCS c2 LED- L1 D1 VIN
— /Y Y Y\,
mAVAVAVEL —Ppt—

“ Fp7195 ¢’
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c1
c14 -  |HvDD VDD
[ ] [ ] [ ]
cs O 0 © GATE GND
[ ] [ ] [ ]
COMP ¢ ° oc
VIA to Dimming e °
— c1o © DIM Thermal VIA LPF ROC
Rl —1— 1
C5 —
c11

|

1. The power traces, consisting of the GND trace, the SW trace and the V,y trace should be
kept short, direct and wide.

2. Place C7 nearby VDD pin as closely as possible to maintain input voltage steady and filter
noise.
CS and HVDD pin are the sensitive nodes. Please keep it away from switching node.
The GND of the C1~ C7 -~ C8 and IC’s EP pad should be connected close and together
directly to a ground plane. IC’s EP pad should pour copper as large area as possible.

5. Place C8 nearby HVDD pin and IC’s EP (GND pin) as closely as possible.
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FP7195
Typical Application Circuit
® Input voltage range = 12V ~ 80V
®  Output LED voltage = 9V
®  Output LED current = 1A
o
| *option |
I
LT T
0.1Q C9 C2 D1 - c1
220uF TO-“‘F BX310 22UF
LED-] ’Yzfl_v_\— GND
Ociﬁ,: 68UH e
C14 — c7
1uF 1uF
{ } HVDD VDD _‘ }1
FP7195 p— Q1
cs GATE — |<_ AP40T10GH
COMP oc
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_1  15kQ Dimming___ |
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FP7195
Package Outline
SOP-8L (EP)
(1]
0. 203TYP.
HHHF 124
L
| | 2
! N g A1~ “
o g o
i iJJ ] \i
:1 I:I H# k__c:r-?l/;
D.4DETYP, 1.270TYP, E::t;;}_SrrEG;A‘I‘:;EiF; J
D
= g =
Eioes]
UNIT: mm
Symbols Min. (mm) Max. (mm)
A 1.346 1.752
Al 0.050 0.152
A2 1.498
4.800 4.978
3.810 3.087
5.791 6.197
0.406 1.270
0° 0° 8°
Exposed PAD Dimensions:
Symbols Min. (mm) Max. (mm)
El 2.05 2.41
D1 2.81 3.30

Note:

1. Package dimensions are in compliance with JEDEC outline: MS-012 AA.

2. Dimension "D” does not include molding flash, protrusions or gate burrs.

3. Dimension “E” does not include inter-lead flash or protrusions.
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