CAT3224

LED Driver, Charge Pump,
2-Channel

Description ONS . ductor®
The CAT3224 is a very high—current integrated flash LED driver SiconaucLor
which also supports the charging function for a dual-cell http://onsemi.com

supercapacitor applications. Ideal for Li-ion battery—powered
systems, it delivers up to 4 A LED flash pulses, far beyond the peak

current capability of the battery. @
Dual-mode 1x/2x charge pump charges the stacked supercapacitor

to a nominal voltage of 5.4 V, while an active balance control circuit TQFN-16

ensures that both capacitor cell voltages remain matched. The nominal HV3 SUFFIX

charging current to be drawn from the battery is set by an external CASE 510AD

resistor tied to the RC pin.
The driver also features two matched current sources. External

resistors provide the adjustment for the maximum flash mode current PIN CONNECTIONS
(up to 4 A) and the torch mode current (up to 400 mA). A built—in .4z
safety timer automatically terminates the flash pulse beyond a .o. .O .O. .>.
maximum duration of 300 ms. g LdLaLaLy
In addition to thermal shutdown and overvoltage protection, the RF[2 ~---- C1RT
device is fully protected against external resistor programming faults BAL[ I f ' ~1Re
and fully supports reverse output voltage for all conditions. cap [ ' =1 LEDA
The device is packaged in the tiny 16pad TQFN 3 mm x 3mm I
package with a max height of 0.8 mm. CAP I - e e ] LEDB
Features @ 3: :|: (5
® 2 Channels at 2 A Each in Flash Mode % %) %) é
® 2 Channels at 200 mA Each in Torch Mode v F
® Adjustable Charge Current Limit up to 1000 mA (Top View)
® Flash/Torch Current Separate Adjustment
® Dual-mode 1x/2x Charge Pump MARKING DIAGRAM
® Dual Cell Supercapacitor Balancing
® Flash Safety Timer and Ready Flag JAAT
® Supercapacitor Continuous Charging
® Shutdown CAP Leakage 3 nA . .
JAAT = Specific Device Code
® “Zero” Current Shutdown Mode
® 80 uA Standby Current (Iyin)
® Over—voltage, Over—current Limiting ORDERING INFORMATION
® Thermal Shutdown Protection Device Package Shipping
® Small 3 mm x 3 mm, 16-pad TQFN Package CAT3224HV3-GT2| TQFN-16 2,000/
® This Device is Pb—Free, Halogen Free/BFR Free and RoHS (Pb-Free) Tape & Reel
Compliant Note: NiPdAu Plated Finish (RoHS-compliant)
Applications

® High Power LED Flash
® Systems with High Peak Loads

© Semiconductor Components Industries, LLC, 2009 1 Publication Order Number:
December, 2009 - Rev. 0 CAT3224/D
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Figure 1. Typical Application Circuit
Table 1. ABSOLUTE MAXIMUM RATINGS
Parameter Rating Unit

VIN, RC, RF, RT voltage GND-0.3t0 6 \Y%
CAP, CP, CN voltage GND-0.3to 7 \Y
CHRG, FLASH, TORCH, FLAG voltage (Note 1) GND-0.3t0 6 \Y%
BAL, LEDA, LEDB GND-0.3 to CAP+0.3 \Y%
Storage Temperature Range -65 to +160 °C
Junction Temperature Range -40to +150 °C
Lead Temperature 300 °C
ESD Rating HBM (Human Body Model) 2000 \%
ESD Rating MM (Machine Model) 200 \%

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

Table 2. RECOMMENDED OPERATING CONDITIONS

Parameter Rating Unit
VIN 2.0t055 \
Ambient Temperature Range -40to +85 °C
LEDA, LEDB current (in flash mode) upto 2 A
LEDA, LEDB current (in torch mode) 10 to 200 mA
Input Current Limit up to 1 A
FLAG pull-up resistor current Oto 10 mA
LED Forward Voltage Range (Vf) 1.3t04.2 \Y
Table 3. PACKAGE THERMAL IMPEDANCE
Parameter Range Unit
TQFN 3 mm x 3 mm 16-Lead 0p (Note 2) 42 °C/W
Table 4. PACKAGE TRANSIENT THERMAL IMPEDANCE
Parameter Range Unit
TQFN 3 mm x 3 mm 16-Lead Transient 64 (Note 3) (100 ms pulse) 7 °C/W

1. Pins can be driven above VIN with no leakage current or change in operation.

2. 0ya (Junction to Ambient thermal resistance) is calculated with 2 square inches of copper connected to package exposed pad.
3. Transient 04 is calculated for a 100 ms pulse at 5 watts with 2 square inches of copper connected to package exposed pad.
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CAT3224

Table 5. ELECTRICAL OPERATING CHARACTERISTICS (V|y = 3.6 V, EN = 1.3V, Tamp = 25°C unless otherwise stated.)

Symbol Name Conditions Min Typ Max Units
lavin Quiescent Current on VIN pin (I — 2 X loyT) CAP Charged & idle 80 uA
CAP Charging 2x Mode 6 mA
lacap Quiescent Current on CAP pin CAP Charged & idle 10 uA
Shutdown mode 3 uA
Shutdown, VIN =0 V 3 uA
lasHDN Shutdown Current CHRG = FLASH = TORCH =0V 1 uA
GrLasy | Flash Gain (IpLash / Irp) IrLasH =2 A 900
GTORCH Torch Gain (ltorcH / IRT) ITorcH = 200 mA 120
GcHARGe | Input Current Limit Gain (IcHra / IRc) IcHARGE = 400 mA 400
VRx RSET Regulated Voltage (Vge VRT VRC) Ipx = 0.1 mA 0.59 06 | 061 \%
IRx_MAX Rset Current limit (Ire IrT IRC) Vgx =0V 3.5 mA
IIN_mAX Input current limit in charge mode Vpc=0V 1.4 A
Ve oFfF CAP Charge off voltage Rc =2kQ 5.4 \%
Ve HysT CAP Charge Hysteresis 0.2 \%
VE ON CAP voltage FLAG pulled low 5.2 \%
VE HysT CAP voltage FLAG Hysteresis 0.2 \%
RLEDAB LEDA/B Combined Dropout Resistance IFLASHAB = 4 A 110 mQ
Rcp Charge Mode Resistance 1x mode 2 Q
2x mode, Vy=3.5V 4 Q
Fosc Charge Pump Frequency 800 kHz
TELASH Flash Timeout Duration 300 ms
VELAG Flag low voltage threshold (Open Drain) FLAG Driven low 100 uA pull-up 0.2 \Y
CHRG, FLASH, TORCH Pin
Ren Internal Pull-down Resistor 150 kQ
VEHI Logic High Level 1.3 \%
VELO Logic Low Level 0.4 \%
VeaL Active Balance Control (VCAP / 2) +5 mA Load on BAL -2 +2 %
Tsp Thermal Shutdown 150 °C
THys Thermal Hysteresis 20 °C
VuvLo Undervoltage lockout (UVLO) threshold 1.9 \%

http://onsemi.com
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CAT3224

Cap Voltage and Flag Output
The timing diagram in Figure 2 shows the CAP output voltage and the FLAG output in charge mode (with CHRG input high).

CAP VOLTAGE
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Figure 2. Supercapacitor Charge Timing Diagram
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CAT3224

TYPICAL CHARACTERISTICS
(VIN=3.6V, C=0.55F, Tamp = 25°C, typical application circuit unless otherwise specified.)
100 1.0 AN
AN
\\
) // \
/ N
< <
80
% / D<: N\
o 5 \
70 \
60 0.1 \
3.0 3.5 4.0 4.5 5.0 5.5 0.1 1.0 10
INPUT VOLTAGE (V) Rc (k)
Figure 3. Idle Quiescent Current vs. Input Figure 4. Charge Current vs. R¢
Voltage
10 1,000
. N < N
< \\ £ \\
5 1.0 = 5 100
3 &
I h 2 AN
N\ - N
\\
\\
N
0.1 N 10 N
0.1 1.0 10 0.1 1.0 10
Rr (kQ) Rr (kQ)
Figure 5. Flash LED Current vs. Rg Figure 6. Torch LED Current vs. Ry
20
15 \
& 10
«Nn
o
o
5
0
3.0 35 4.0 45 5.0 5.5

INPUT VOLTAGE (V)
Figure 7. FLAG Rpson Vs. Input Voltage

http://onsemi.com
5



VRr (MV)

VRt (MV)

630

620

610

600

590

580

570

630

620

610

600

590

580

570

CAT3224

TYPICAL CHARACTERISTICS
(VIN=3.6V, C=0.55F, Tamp = 25°C, typical application circuit unless otherwise specified.)
630
620
610
S
£
- 600
[
>
590
580
570
0.5 1.0 1.5 2.0 0 0.2 0.4 0.6 0.8 1.0
IFLAsH (A) IcHARGE (A)
Figure 8. VRg vs. IrLasH Figure 9. VRe VS. IcHARGE
6.0
5.5
S ’______._—,'
£ 50
O|
>
45
4.0
50 100 150 200 0 0.5 1.0 1.5 2.0 25 3.0
ItorcH (MA) Rc (kQ)
Figure 10. Vgt vs. ltoRrcH Figure 11. Vcap idle vs. R¢
500
400
< 300
£
il
2
© 200
Vled=29V
100
0
3.0 3.5 4.0 4.5 5.0 5.5
Vear (V)

Figure 12. Torch Output Current vs. Vcap
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CAT3224

TYPICAL CHARACTERISTICS
(VIN=3.6V, C=0.55F, Tamp = 25°C, typical application circuit unless otherwise specified.)
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Table 6. PIN DESCRIPTION

Pin # Name Function
1 RF Flash Current Setting Resistor terminal
2 BAL Active Supercapacitor Balance Control
3,4 CAP Supercapacitor Positive Connection
5 CHRG Charge Supercapacitor Enable
6 FLASH Flash Enable
7 TORCH Torch Enable
8 FLAG Flash Ready Flag output, Open drain (Active low)
9 LEDB LED B channel anode (+) connection
10 LEDA LED A channel anode (+) connection
1 RC Charge Current Setting Resistor terminal
12 RT Torch Current Setting Resistor terminal
13 VIN Positive supply connection to battery
14 CcpP Bucket capacitor Positive terminal
15 CN Bucket capacitor Negative terminal
16 GND Device ground connection
TAB TAB Connect to GND on the PCB

Pin Function

VIN is the supply pin for the device and for the
supercapacitor charger circuit. A small 1 uF ceramic bypass
capacitor is required between the VIN pin and ground near
the device.

GND is the ground reference for the charge pump. This pin
must be connected to the ground plane on the PCB.

TAB is the exposed pad underneath the package. For best
thermal performance, the tab should be soldered to the PCB
and connected to the ground plane.

CAP is the positive connection to the supercapacitor.
Current sinks or sources from this pin to the capacitor
depending on the mode of operation.

CP, CN pins are connected to each side of the ceramic
bucket capacitor used in the 2x charge pump mode.

LEDA, LEDB are connected internally to the current
sources and must be connected to the LED anodes. Each
output is independently current regulated. These pins enter
a high—impedance ‘zero’ current state whenever the device
is placed in shutdown mode or FLASH and TORCH are low.

BAL is connected to the center—point between the two
supercapacitor cells. An active circuit forces the BAL pin to
remain at half of the voltage of the CAP output.

RF is connected to a resistor (Rg) to set the current in the
LED channels in flash mode. The voltage on the pin is
regulated to 0.6 V in flash mode (FLASH high).

RT is connected to a resistor (Rt) to set the current in the
LED channels in torch mode. The voltage on the pin is
regulated to 0.6 V in torch mode (TORCH high).

RC is connected to a resistor (R¢) to set the current limit on
VIN when charging the supercapacitor. The voltage on the
pin is regulated to 0.6 V in charge mode (CHRG high).

CHRG is the charge mode enable pin. When high, the 1x/2x
charge pump is enabled and allows to charge the
supercapacitor and monitors its voltage.

FLASH is the flash mode enable pin. When high, the LED
current sources are enabled in flash mode. If FLASH is kept
high for longer then 300 ms typical, the LED channels are
automatically disabled.

TORCH is the torch mode enable pin. When high, the LED
current sources are enabled in torch mode.

FLAG is an active—low open—drain output that notify to the
microcontroller that the supercapacitor is fully charged by
pulling the output low. When using the flag, this pin should
be connected to a positive rail via an external pull-up
resistor.

http://onsemi.com
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CAT3224
Block Diagram
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Figure 18. Functional Block Diagram
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Basic Operation

The CAT3224 integrates in a single device two main
functions: a dual cell supercapacitor charger and an LED
driver. Two LED channels provide accurately regulated and
matched current up to 2 A per channel. The charging mode
is activated when the CHRG control input is pulled high and
can remain active even during torch or flash mode. This
allows continuous torch mode operation. The two modes,
torch and flash, are activated using separate control inputs
repectively TORCH and FLASH.

Charge Mode

When the CHRG input is set high, the driver is in charge
mode and the input supply current cannot exceed the current
limit set by an external resistor connected between the RC
pin and ground. The charging current limit is calculated by
the following equation (approximation).

% = 400 X 0: v

C c

If the CAP output voltage is lower than the charge
threshold, the charging cycle starts. The driver charge pump
initially starts in 1x mode and remains there as long as the
supply voltage VIN is high enough to drive the CAP output
voltage directly. In 1x mode, the output current charging the
supercapacitor is approximately equal to the input current.
The driver enters the 2x charge pump mode when the CAP
pin voltage approaches VIN (Vcap = VIN — 0.3 V). In 2x
mode, the output current is approximately half of the input
current. The charge cycle stops when either the CHRG input
is pulled low or when the CAP output reaches the “CAP
charge off voltage” threshold. As soon as the CAP output
reaches the “CAP voltage FLAG pulled low” threshold, the
FLAG output is pulled low. There is an hysteresis on the
FLAG output which is illustrated in the timing diagram on
Figure 2.

The charge time is a function of the input voltage, input
current setting, supercapacitor value, final CAP voltage.

The RC pin has a current limit of 3.5 mA typical. If the RC
pin is shorted to ground, the maximum charge current is 400
x3.5mAorl4A.

Iy = 400 X Ipc = 400 X

Torch Mode

The torch mode allows the LEDs to run for extended time
duration but at a lower current than in the flash mode. When
the TORCH input is set high, the driver is in torch mode and
the LED channel current is set according to the external
resistor connected between the RT pin and ground. The torch
mode LED current per channel follows the equation:

Var =120 x 0.6V

Rt Rt
How long the LED current is regulated depends on the

initial CAP voltage, capacitor value, the charge current,

LED forward voltage and the LED torch current setting. In

order to maintain regulation in 2x mode, the torch output

lrorcH = 120 X lgr = 120 x

current should be less than half the charging current. If the
requested torch current is greater than half the input current,
the LEDs will dim progressively according to the input
current.

Flash Mode

When the FLASH input is set high, the driver is in flash
mode and the LED channel current is set according to the
external resistor connected between the RF pin and ground.
The flash mode LED channel current can be calculated by
the following equation (approximation).

Y, .

YRE _ gog x 28V

Re Re
Table 7 shows some standard resistor values for Rg and the

corresponding LED channel current.

I asy = 900 X Igg = 900 x

Table 7. RSET Resistor Settings

LED Current per Channel [A] Re [Q]
1 549
15 360
2 261

The maximum flash duration where the LED current is
regulated depends on the initial CAP voltage, capacitor
value, LED forward voltage and the LED flash current
setting. The flash pulse duration can be calculated as
follows.

AV
Triash = C X |ﬂ
FLASH
where C is the total supercapacitor value, AVcap is the drop
in the CAP voltage during the flash. See the Capacitor
Selection section for more details.

The RF pin has a current limit of 3.5 mA typical. If the RF
pin is shorted to ground, the maximum flash LED current is
1000 x 3.5 mA or 3.5 A.

During flash mode, the LEDs stay in regulation as long as
their forward voltage does not exceed a maximum voltage
calculated as follows:

VFmax = VCAP - IOUT x (RCAP—ESR + I:"LEDAB)

where Igyr is the CAP total output current, Rcap-gsr is the
supercapacitor ESR (equivalent series resistance), and
RLEDAB is the LEDA/B combined dropout resistance of the
CAT3224.

The transient waveform in Figure 19 shows the CAP
output voltage during a 4 A flash pulse (2 A per LED
channel) with CHRG low (not in charge mode). The initial
drop on the CAP voltage (Vesr) is due to the supercapacitor
ESR. In this example, it is calculated as follows.

Vesr = 2 X | gp X Rpopp_psp = 2X2A X 0.1Q =04V

http://onsemi.com
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Figure 19. CAP Output Transient during 4 A Flash
Flash Rate
Between two consecutive flash pulses, the supercapacitor
needs some time to recharge. The supercapacitor time
needed to fully recharge after a flash pulse is a function of
the flash current and duration, and the charging current.

Assuming the driver is in 2x mode, the charging time is
calculated as follows.

- out
ToHarGe = 2 % In X TeLasH

where Igyr is the total LED current, Tpp asy is the flash
duration and Iy is the input current.

For example, a 60 ms 4 A flash pulse with a charge current
of 300 mA corresponds to a recharge time:

4A
TCHARGE = 2XmX0.06S =16s

Capacitor Selection

The supercapacitor size depends on the flash requirement
including flash duration, LED current and LED forward
voltage. The minimum supercapacitor value is calculated as
follows.

C - lout X TrLasH

Vear ~ lout(Reap-gsr + Riepas) — Ve
where Vcap is the initial CAP voltage (5.2 V typical), and
Vr is the LED forward voltage. Any interconnection
parasitic resistance is assumed negligible in the calculation.

For example, for a 4 A flash with 0.1 s duration and 3.1 V

LED Vg, the minimum capacitor value is:
C - 4AXx01s _
52V -4A01Q+01Q)-31V

0.3F

To support 4 A flash pulses, we recommend using the
0.55 F supercapacitor HS206F from CAP-XX with a
voltage rating of 5.5 V and a low ESR of 85 m.

In addition to the supercapacitor, a small 1 uF ceramic
capacitor is recommended on the CAP output in order to
filter out the charge pump switching noise due to the ESR of
the supercapacitor.

If a single cell supercapacitor is used, it is recommended
to connect a small 1 uF ceramic capacitor between the BAL
pin and GND. This will prevent any oscillation on the BAL
pin and keep the quiescent current low.

Thermal Dissipation

Thermal dissipation occurs in the CAT3224 device due to
the high current flowing in charge mode, as well as in torch
or flash mode. During charge mode, in case the input voltage
is high and the driver operates in 2x charge pump mode, the
power dissipation may increase significantly. In torch and
flash modes, the power dissipation is proportional to the
difference between the CAP and LEDA/B pin voltages. If
the junction temperature exceeds 150°C typical, the device
goes into thermal shutdown mode and resumes normal
operation as soon as the temperature drops by about 20°C.
To improve the thermal performance, the TQFN exposed
pad should be connected to the PCB ground plane
underneath.

Recommended Layout

The ground side of the three current setting resistors, Rc,
R, RE should be star connected back to the GND of the
PCB. In charge pump mode, the driver switches internally
at a high frequency. Therefore it is recommended to
minimize trace length to all four capacitors. A ground plane
should cover the area under the driver IC as well as the
bypass capacitors. Short connection to ground on capacitors
Civ and Coyr can be implemented with the use of multiple
via. A copper area matching the TQFN exposed pad (TAB)
must be connected to the ground plane underneath with a
via.

In order to minimize the IR drop in flash mode, the traces
between the supercapacitor and the CAP pins, and between
LEDA/LEDB pins and the LED(s) should be kept as short
as possible and wide enough to handle the high current
peaks. The supercapacitor negative terminal and the LED
cathodes need to be connected to the ground plane directly.

http://onsemi.com
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Example of Ordering Information (Note 4)

©ONO O~

| Prefix | Device# | Suffix
CAT 3224 HV3 -G T2
Company ID Product Number Package Lead Finish Tape & Reel (Note 8)
(Optional) 3224 HV3: TQFN G: NiPdAu T: Tape & Reel
2: 2,000/ Reel

The device used in the above example is a CAT3224HV3-GT2 (TQFN, NiPdAu, Tape & Reel, 2,000 / Reel).

All packages are RoHS-compliant (Lead-free, Halogen-free).

The standard lead finish is NiPdAu.

For additional package and temperature options, please contact your nearest ON Semiconductor sales office.

For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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MECHANICAL CASE OUTLINE
PACKAGE DIMENSIONS

TQFN16, 3x3
CASE 510AD
ISSUE A
DATE 19 MAR 2008
< D > — A —> —> e r— b
| | i)
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/////////1‘ — R
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\
\PIN#1 INDEX AREA Al —> e D2
TOP VIEW SIDE VIEW BOTTOM VIEW
SYMBOL MIN NOM MAX
A 0.70 0.75 0.80
Al 0.00 0.02 0.05
A3 0.20 REF *
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(1) All dimensions are in millimeters.
(2) Complies with JEDEC MO-220.
DOCUMENT NUMBER: 98AON34373E Electronic versions are uncontrolled except when accessed directly from the Document Repository.

Printed versions are uncontrolled except when stamped “CONTROLLED COPY" in red.

DESCRIPTION:

TQFN16, 3X3
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