TECHNOLOGY

Ll” LTC3210-2/LTC3210-3

MAIN/CAM LED Controllers

with 32-Step Brightness Control

FEATURES

® Low Noise Charge Pump Provides High Efficiency
with Automatic Mode Switching

Multimode Operation: 1x, 1.5x, 2x

Individual Full-Scale Current Set Resistors

Up to 500mA Total Output Current

Single Wire EN/Brightness Control for MAIN and
CAM LEDs

32:1 Linear Brightness Control Range for

MAIN Display

Three or Four 25mA Low Dropout MAIN LED Outputs
One 400mA Low Dropout CAM LED Output

Low Noise Constant Frequency Operation™

Low Shutdown Current: 3pA

Internal Soft-Start Limits Inrush Current During
Startup and Mode Switching

Open/Short LED Protection

No Inductors

® 3mm x 3mm 16-Lead Plastic QFN Package

APPLICATIONS
= Multi-LED Light Supply for Cellphones/DSCs/PDAs

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. All other trademarks are the property of their respective owners.
Protected by U.S. Patents including 6411531.

in 3mMmMm x 3mmMm QFN

DESCRIPTION

The LTG®3210-2/LTC3210-3 are low noise charge pump
DC/DC converters designed to drive three or four MAIN
LEDs and one high current CAM LED for camera lighting.
The LTC3210-2/LTC3210-3 require only four small ceramic
capacitorsandtwo currentsetresistorstoformacomplete
LED power supply and current controller.

Built-in soft-start circuitry prevents excessive inrush cur-
rent during start-up and mode changes. High switching
frequency enables the use of small external capacitors.
Independent MAIN and CAM full-scale current settings
are programmed by two external resistors.

Shutdown mode and current output levels are selected
via two logic inputs. ENM and ENC are toggled to adjust
the LED currents via internal counters and DACs. A 5-bit
linear DAC (32 steps) provides high resolution brightness
control for the MAIN display.

The charge pump optimizes efficiency based on the volt-
age across the LED current sources. The part powers up
in 1x mode and will automatically switch to boost mode
whenever any enabled LED current source begins to
enter dropout. The LTC3210-2/LTC3210-3 are available
ina 3mm x 3mm 16-lead QFN package.

TYPICAL APPLICATION
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LTC3210-2/LTC3210-3

ABSOLUTE MAXIMUM RATINGS (note 1)

VBT, CPO 10 GND ... —0.3V1t0 6V gL Ep (NOTE 2) e, 500mA
ENM, ENC ..o —-0.3Vto (Vgar + 0.3V)  CPO Short-Circuit Duration..........ccccccevevuneee. Indefinite
loPO (NOEE 2) oo, 600mA  Operating Temperature Range (Note 3) ...—40°C to 85°C
IMLED =4 ++vevereerrererereesisie e 35mA  Storage Temperature Range .................. -65°C to 125°C
TOP VIEW TOP VIEW
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UD PACKAGE UD PACKAGE
16-LEAD (3mm x 3mm) PLASTIC QFN 16-LEAD (3mm x 3mm) PLASTIC QFN
ax = 125°C, 6,0 = 68°C/W Tyiax = 125°C, 6,1 = 68°CAW
EXPOSED PAD (PiN 17) IS GND, MUST BE SOLDERED TO PCB EXPOSED PAD (PIN'17) IS GND, MUST BE SOLDERED TO PCB
LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3210EUD-2#PBF LTC3210EUD-2#TRPBF LCHX 16-Lead (3mm x 3mm) Plastic QFN -40°C to 85°C
LTC3210EUD-3#PBF LTC3210EUD-3#TRPBF LCHY 16-Lead (3mm x 3mm) Plastic QFN -40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.
Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

ELGCTBICHL CHHBHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty =

ENM = high, unless otherwise noted.

25°C.Vpar = 3.6V, C1 =C2 = C3 = C4 = 2.2yF, RM = 30.1k, RC = 24.3k,

PARAMETER CONDITIONS MIN TYP MAX UNITS
Vgar Operating Voltage ) 2.9 45 V
lygar Operating Current Icpo = 0, 1x Mode, LSB Setting 0.4 mA
Icpo = 0, 1.5x Mode 2.5 mA
Icpo = 0, 2x Mode 4.5 mA
Vgar Shutdown Current ENM = ENC = Low ) 3 6 pA
MLED1, MLED2, MLED3 and MLED4 (LTC3210-2 Only) Current
LED Current Ratio (Iyep/Irm) ImLep = Full Scale ® 481 525 589 A/A
LED Dropout Voltage Mode Switch Threshold, Iy gp = Full Scale 75 mV
LED Current Matching Any Two Outputs 0.5 %
321023fb
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LTC3210-2/LTC3210-3
ELGCTBICHL CHHBHCTEBISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C.Vgar = 3.6V, C1 = C2 = C3 = C4 = 2.2pF, RM = 30.1k, RC = 24.3k,

ENM = high, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
MLED Current, 5-Bit Linear DAC 1 ENM Strobe (FS) 20 mA
31 ENM Strobes (FS/31) 0.640 mA
CLED Current
LED Current Ratio (Ig gp/Irg) IcLep = Full Scale ® | 6930 7700 8470 A/A
LED Dropout Voltage Mode Switch Threshold, Ig gp = Full Scale 500 mV
CLED Current, 3-Bit Linear DAC 1 ENC Strobe (FS) 380 mA
7 ENC Strobes (FS/7) 54 mA
Charge Pump (CPO)
1x Mode Output Voltage Icpo = OmA Vgar v
1.5x Mode Output Voltage Icpo = OmA 4.55 V
2x Mode Output Voltage Icpo = OmA 5.05 V
1x Mode Output Impedance 0.55 Q
1.5x Mode Output Impedance Var = 3.4V, Vgpg = 4.6V (Note 4) 3.15 Q
2x Mode Output Impedance Vgat = 3.2V, Vgpg = 5.1V (Note 4) 3.95 Q
CLOCK Frequency 0.8 MHz
Mode Switching Delay 0.4 ms
CPO Short Circuit Detection
Threshold Voltage [ 0.4 1.3 V
Test Current CPO =0V, ENM = ENC = Low ° 10 30 mA
ENC, ENM
ViL ° 0.4
Viy ([ ] 1.4 V
IH ENM = ENC = 3.6V o 10 15 20 HA
I ENM = ENC = 0V ° -1 1 HA
ENC, ENM Timing
tpw Minimum Pulse Width [ 200 ns
tsp Low Time to Shutdown (ENC, ENM = Low) ] 50 150 250 us
ten Current Source Enable Time
(ENC, ENM = High) (Note 5) o 50 150 250 Hs
RM, RC
VR, VRe o | 116 1.20 1.24 v
lams IRG ° 80 HA

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.

Note 2: Based on long-term current density limitations. Assumes an
operating duty cycle of <10% under absolute maximum conditions
for durations less than 10 seconds. Maximum current for continuous

Note 3: The LTC3210E-2/LTC3210E-3 are guaranteed to meet performance
specifications from 0°C to 85°C. Specifications over the —40°C to 85°C
operating temperature range are assured by design, characterization and
correlation with statistical process controls.

Note 4: 1.5x mode output impedance is defined as (1.5Vgar — Vepo)/lout
2x mode output impedance is defined as (2Vgat = Vpo)/louT

Note 5: If the part has been shut down then the initial enable time is about

operation is 300mA. 100ps longer due to the bandgap enable time.
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LTC3210-2/LTC3210-3

TVPICHL PERFOﬂmﬁnCG CHﬂﬁﬂCTEBISTICS Ta = 25°C unless otherwise stated.

CPO | _ -
1V/DIV

EN

2V/DIV

CPO VOLTAGE (V)

20mV/DIV
AC-COUPLED

4.8

4.6

4.4

4.2

4.0

3.

[==]

3.6

Dropout Time from Shutdown

321023 GO1

500ps/DIV

2x GPO Ripple

Vgar = é.GV
I Igpo = 200mA !
_ Cgpo =2.24F g

Vepo

500ns/DIV

1.5x Mode CPO Voltage
vs Load Current

C2=C3=Cd=224F
/ Vgar = 3.3V
Vgar = 3.4V
N
_ 3>\/J\ \\\\\
AN

EFEDNNNN

0 100 200 300 400 500
LOAD CURRENT (mA)

N

321023 GO7

I

n-'*EL---"'n,. M-r'“.j,ww I fw"”'l[ e _,,-i_,,.w..
i" !éf =|"' 1(' : 'if J‘ |

!

321023 G4

VDIV |

ENC

2V/DIV

OPEN-LOOP OUTPUT RESISTANCE (<)

0.70

0.65

Q)

SWITCH RESISTANCE

4.6

0.60

o
o
a

o
o
S

W

Dropout Time When Enabled

—+ (‘W‘w-—b:

i prpptsirioa W

ENM = HIGH :
bl o

250ps/DIV

1x Mode Switch Resistance
vs Temperature

Icpo = 200mA

-

o~

/
V

Vear

LY &
W
A <
=

Vgar = 3.6V

3.9V

10 35
TEMPERATURE (°C)

60

321023 G5

2x Mode Charge Pump Open-Loop
Output Resistance vs Temperature

(2Vgar = Vepo)/Icpo

Vpar =3V
Vepo = 4.8V Yy
44102-c3=Ca=22)F /
4.2 /’
4.0 /’
38 <
36
34
3.2
40 15 10 35 60 85
TEMPERATURE (°C)

321023 G08

1.5x GPO Ripple

| Vaar=3.6V
Icpo = 200mA i
_ Copo=2.2pF F
Vopo FW L TR AT
SOV | Seeilers e N oAb
AC-COUPLED \/ /| \/ \

OPEN-LOOP OUTPUT RESISTANCE (<)

85

CPO VOLTAGE (V)

3.8

3.6

3.4

3.2

3.0

2.8

2.6

24

5.2
5.1
5.0
49
48

321023 GO3

500ns/DIV

1.5x Mode Charge Pump Open-Loop
Output Resistance vs Temperature

(1.5Vgar — Vepo)/Icpo

Vpar =3V
| Vepo=4.2V
€2=C3=C4=22yF /
v
Pl
L~
40 -15 10 35 60 85
TEMPERATURE (°C)
321023 G06
2x Mode CPO Voltage
vs Load Current
C2=03=C4=22yF
“'-% Vgat = 3.6V
N \\ Sy~
\ N N \
- A=) \
VBar =35V

47
4.6
45
4.4
43
4.2

AW
[ Vear=av\ Y

200 300 400 500
LOAD CURRENT (mA)

100

321023 G09

321023fb

LY N



LTC3210-2/LTC3210-3

T'I'PICHL PGBFORI‘I‘IHI’ICE CHHBHCTGRISTICS Ta = 25°C unless otherwise stated.

CLED Pin Dropout Voltage MLED Pin Dropout Voltage Oscillator Frequency
vs CLED Pin Current vs MLED Pin Current vs Vpar Voltage
500 120 ————— 850
Vpar = 3.6V / Vgat = 3.6V ‘
- 840 ‘
s = / P
£ 100 Tp=25°C
E 400 // m /| f 830 —]
= /| = a =820 //4/
Esoo /, %’ =10 | TA=85% A///
g / £ = 00 ,/,//
2 200 va & 3 N Tp =-40°C
z S & 790
= = w V7
= // o 70 L
o 4
5 100 [~ 2w 4
770
0 0 760
50 100 150 200 250 300 350 400 0 2 4 6 8 10 12 14 16 18 20 27 30 33 36 39 42 45
CLED PIN CURRENT (mA) MLED PIN CURRENT (mA) Vgar VOLTAGE (V)
321023 G10 321023 G11 321023 G12
Vigar Shutdown Current 1x Mode No Load Vgar Current 1.5x Mode Supply Current
vs Vpar Voltage vs Vpar Voltage vs Icpo (IVgar = 1.5l¢po)
5.0 800 20
RM = 33.2k / Vpar = 3.6V
s / 780 | RC = 24.3k
= 4
= Ta=25°C P 760
E 40 A\ \/ // . =3 15
] I > 7 = 740 7 £
: Ty=~40C_~ ' 2 e =
2 35 L £ 720 L =
= / & 700 / £ 10 /
= o / >
3 30 /A = P =
e - % 680 7 > /
5 7 = P &
& 25 7 => 660 [~ 3 /
2 // Ta=857 640 ° ~
= 2.0 [ T
620
15 600 0
27 30 33 36 39 42 45 27 30 33 36 39 42 45 0 100 200 300 400 500
VgaT VOLTAGE (V) Vgt VOLTAGE (V) LOAD CURRENT (mA)
321023 G13 321023 G14 321023 G15
2x Mode Supply Current CLED Pin Current
vs Igpo (IVar = 2lcpo) vs CLED Pin Voltage
20 ‘
Vgar = 3.6V 400 Vgar = 3.6V
360 /f
15 | _ 320 /!
= <<
E / E 280 v
= = 240 /-
& = L
< 10 A S 200
o o /
> / = 160 /
> 2 120
= = 80
/
40 H—
0 0
0 100 200 300 400 500 0 02 04 06 08 1
LOAD CURRENT (mA) CLED PIN VOLTAGE (V)

321023 G16

321023 G17

321023fb

LY N

5



LTC3210-2/LTC3210-3

T'",ICHL PGBFOﬁmﬂﬂCG CHHRHCTGRISTICS Ta = 25°C unless otherwise stated.
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LTC3210-2/LTC3210-3

PIN FUNCTIONS

C1P, C2P, C1M, C2M (Pins 1, 16, 14, 13): Charge Pump
Flying Capacitor Pins. A 2.2uF X7R or X5R ceramic ca-
pacitor should be connected from C1P to C1M and C2P
to C2M.

CPO (Pin 2): Output of the Charge Pump Used to Power
All LEDs. This pin is enabled or disabled using the ENM
and ENC inputs. A 2.2uF X5R or X7R ceramic capacitor
should be connected to ground.

ENM, ENC (Pins 3, 10): Inputs. The ENM and ENC pins
are used to program the LED output currents. The ENC
pinis strobed up to 7 times to decrement the internal 3-bit
DAC’s from full-scale to 1LSB. The ENM pin is strobed 31
times to decrement the 5-bit DAC from full-scale to 1LSB.
The counters will stop at 1LSB if the strobing continues.
The pin must be held high after the final desired positive
strobe edge and the data is transferred after a 150ps (typ)
delay. Holding the ENM or ENC pin low will clear the coun-
ter for the selected display and reset the LED current to
0. If both inputs are held low for longer than 150ys (typ)
the part will go into shutdown. The charge pump mode
is reset to 1x whenever ENC goes low or when the part
is shut down.

MLED1, MLED2, MLED3 (Pins 4, 5, 6): Outputs. MLED1
to MLED3 are the MAIN current source outputs. The LEDs
are connected between CPO (anodes) and MLED1-3 (cath-
odes). The current to each LED output is set via the ENM
input, and the programming resistor connected between
RM and GND.

MLED4 (Pin 7, LTC3210-2 Only): Output. MLED4 is the
fourth main current source output available only on the
LTC3210-2 product. The LED is connected between CPO
(anode) and MLED4 (cathode). The current to MLED4
is set via the ENM input and the programming resistor
connected between RM and GND. MLED4 tracks the LED
currents of MLED1-3.

NC (Pin 7, LTC3210-3 Only): This pin is not connected
and can be left floating or connected to ground.

RM, RC (Pins 8,9): LED Current Programming Resistor
Pins. The RM and RC pins will servo to 1.22V. Resistors
connected between each of these pins and GND are used
to set the high and low LED current levels. Connecting a
resistor 15k or less will cause the LTC3210-2/LTC3210-3
to enter overcurrent shutdown.

CLED (Pin 11): Output. CLED is the CAM current source
output. The LED is connected between CPO (anode) and
CLED (cathode). The current to the LED output is set via
the ENC input, and the programming resistor connected
between RC and GND.

GND (Pin 12): Ground. This pin should be connected to
a low impedance ground plane.

Vgar (Pin15): Supply voltage. This pin should be bypassed
with a 2.2pF or greater low ESR ceramic capacitor.

Exposed Pad (Pin 17): This pad should be connected
directly to a low impedance ground plane for optimal
thermal and electrical performance.
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LTC3210-2/LTC3210-3

BLOCK DIRGRAM
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LTC3210-2/LTC3210-3

OPERATION

Power Management

The LTC3210-2/LTC3210-3 uses a switched capacitor
charge pump to boost CPO to as much as 2 times the
input voltage up to 5.1V, The part starts up in 1x mode. In
this mode, Vgt is connected directly to GPO. This mode
provides maximum efficiency and minimum noise. The
LTC3210-2/LTC3210-3 will remainin 1xmode untilan LED
current source drops out. Dropout occurs when a current
source voltage becomes too low for the programmed
current to be supplied. When dropout is detected, the
LTC3210-2/LTC3210-3 will switch into 1.5x mode. The
CPO voltage will then start to increase and will attempt
to reach 1.5x Vgar up to 4.6V. Any subsequent dropout
will cause the part to enter the 2x mode. The CPO voltage
will attempt to reach 2x Vgar up to 5.1\ The part will be
reset to 1x mode whenever the part is shut down or when
ENC goes low.

A two phase nonoverlapping clock activates the charge
pump switches. In the 2x mode the flying capacitors are
charged on alternate clock phases from Vgar to minimize
inputcurrentrippleand CPOvoltage ripple. In1.5x mode the
flying capacitorsare charged in series during the first clock
phase and stacked in parallel on Vgar during the second
phase. This sequence of charging and discharging the flying
capacitors continues at a constant frequency of 800kHz.

LED Current Control

The MLED currents are delivered by the four program-
mable current sources. 32 linear current settings (OmA
to 20mA, RM = 30.1k) are available by strobing the ENM
pin. Each positive strobe edge decrements a 5-bit down

Lo
4>} }4; tPW = 200ns
Lo \

|
—>1 TEN 150ys (TYP)

counter which controls a 5-bit linear DAC. When the
desired current is achieved ENM is stopped high. The
output current then changes to the programmed value
after 150ps (typ). The counter will stop when the LSB
is reached. The output current is set to 0 when ENM is
toggled low after the output has been enabled. If strobing
is started within 150ps (typ), after ENM has been set low,
the counter will continue to count down. After 150ps (typ)
the counter is reset.

The CLED currentis delivered by a programmable current
source. Eight linear current settings (OmA to 380mA, RC
=24.3K) are available by strobing the ENC pin. Each posi-
tive strobe edge decrements a 3-hit down counter which
controls a 3-bit linear DAC. When the desired current is
reached, ENC is stopped high. The output current then
changes to the programmed value after 150ps (typ). The
counter will stop when the LSB is reached. The output
currentis setto 0 when ENCistoggled low after the output
has been enabled. If strobing is started within 150ps (typ)
after ENC has been set low, the counter will continue to
count down. After 150ps (typ) the counter is reset.

The full-scale output current is calculated as follows:

MLED full-scale output current
= (1.215V/(RM + 500)) * 525

CLED full-scale output current
= (1.215V/(RC + 500)) » 7700

When both ENM and ENC are held low for more than
150ps (typ) the part will go into shutdown. See Figure 1
for timing information.

ENC resets the mode to 1x on a falling edge.

|
- tSD 150ps (TYP)
|

-

ENM l | l | }
OR ENC

LED

PROGRAMMED

|
|
|
|
1
|
|
|
| CURRENT

|
|
|
|
|
CURRENT |
|
|
|

SHUTDOWN —|

|
|
|
|
| ENM = ENC = LOW
|
1
|

321023 FO1

Figure 1. Current Programming Timing Diagram
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LTC3210-2/LTC3210-3

OPERATION
Soft-Start

Initially, when the part is in shutdown, a weak switch con-
nects Vgar to CPO. This allows Vpat to slowly charge the
CPO output capacitor to prevent large charging currents.

The LTC3210-2/LTC3210-3 also employ a soft-start feature
on its charge pump to prevent excessive inrush current
and supply droop when switching into the step-up modes.
The current available to the CPO pin is increased linearly
over a typical period of 150ps. Soft-start occurs at the
start of both 1.5x and 2x mode changes.

Charge Pump Strength and Regulation

Regulation is achieved by sensing the voltage at the CPO
pin and modulating the charge pump strength based
on the error signal. The CPO regulation voltages are set
internally, and are dependent on the charge pump modes
as shown in Table 1.

Table 1. Charge Pump Output Regulation Voltages

CHARGE PUMP MODE REGULATED V¢pg
1.5x 455V
2x 5.05V

When the LTC3210-2/LTC3210-3 operate in either 1.5x
mode or 2x mode, the charge pump can be modeled as
a Thevenin-equivalent circuit to determine the amount of
current available from the effective input voltage and ef-
fective open-loop output resistance, Rop (Figure 2).

RoL is dependent on a number of factors including the
switching term, 1/(2fgsc ® Cryy), internal switch resis-
tances and the nonoverlap period of the switching circuit.
However, for a given Rgy, the amount of current available
will be directly proportional to the advantage voltage of
1.5Vgat — CPO for 1.5x mode and 2Vgat — CPO for 2x

RoL

MY +
‘ + ) 1.5Vgar OR 2Vgar | CPO

321023 F02

Figure 2. Charge Pump Thevenin Equivalent Open-Loop Circuit

mode. Consider the example of driving white LEDs from
a 3.1V supply. If the LED forward voltage is 3.8V and the
current sources require 100mV, the advantage voltage for
1.5x mode is 3.1V ¢ 1.5-3.8V - 0.1V or 750mV. Notice
that if the input voltage is raised to 3.2\, the advantage
voltage jumps to 900mV—a 20% improvement in avail-
able strength.

From Figure 2, for 1.5x mode the available current is
given by:

(1.5Veat —Vpo)
RoL

lout =

For 2x mode, the available current is given by:

o = (2VBAT — Vepo)
ouT = R
oL
Notice that the advantage voltage in this case is 3.1V 2

-3.8V-0.1V =2.3V. Rg_ is higher in 2x mode but a sig-
nificant overall increase in available current is achieved.

Typical values of Rg, as a function of temperature are
shown in Figure 3 and Figure 4.

Shutdown Current

In shutdown mode all the circuitry is turned off and the
LTC3210-2/LTC3210-3drawaverylowcurrentfromthe Vgar
supply. Furthermore, GPOis weakly connected to Vgat. The
LTC3210-2/LTC3210-3 enter shutdown mode when boththe
ENM and ENC pins are brought low at 150ps (typ). ENM

38 (Vo3

| Vopo =4.2V
C2=03=C4=22F

3.6

yd

3.4 7
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Figure 3. Typical 1.5x Rg vs Temperature
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LTC3210-2/LTC3210-3

OPERATION

4.6

Vpar =3V
Vepo = 4.8V y.
44102-03=C4=2.20F

3 ~
e

38 g

3.6

3.4
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321023 Fo4

Figure 4. Typical 2x Rg. vs Temperature

and ENC have 250k internal pull down resistors to define
the shutdown state when the drivers are in a high imped-
ance state.

Thermal Protection

The LTC3210-2/LTC3210-3 have built-in overtemperature
protection. At internal die temperatures of around 150°C

thermal shut down will occur. This will disable all of the
current sources and charge pump until the die has cooled
by about 15°C. This thermal cycling will continue until the
fault has been corrected.

Mode Switching

The LTC3210-2/LTC3210-3 will automatically switch from
1x mode to 1.5x mode and subsequently to 2x mode
whenever a dropout condition is detected at an LED pin.
Dropout occurs when a current source voltage becomes
too low for the programmed current to be supplied. The
time from drop-out detection to mode switching is typi-
cally 0.4ms.

The part is reset back to 1x mode when the part is shut
down (ENM = ENC = Low) or on the falling edge of ENC.
Aninternal comparator will not allow the main switches to
connect Vgar and CPO in 1x mode until the voltage at the
CPO pin has decayed to less than or equal to the voltage
at the Vgar pin.

APPLICATIONS INFORMATION

Vgar, CPO Capacitor Selection

The style and value of the capacitors used with the
LTC3210-2/LTC3210-3 determine several important pa-
rameters such as regulator control loop stability, output
ripple, charge pump strength and minimum start-up
time.

To reduce noise and ripple, it is recommended that low
equivalent series resistance (ESR) ceramic capacitors are
used for both CVgar and Cgpg. Tantalum and aluminum
capacitors are not recommended due to high ESR.

The value of Cgpg directly controls the amount of output
ripple for a given load current. Increasing the size of Cgpg
will reduce output ripple at the expense of higher start-up
current. The peak-to-peak output ripple of the 1.5x mode
is approximately given by the expression:

|
Y/ _ out 3
RIPPLE(P-P) = (37 < +Copo) 3)

where fogc is the LTC3210-2/LTC3210-3 oscillator fre-
quency or typically 800kHz and C¢pq is the output storage
capacitor.

The output ripple in 2x mode is very small due to the fact
that load current is supplied on both cycles of the clock.

Both styleand value of the output capacitor can significantly
affect the stability of the LTC3210-2/LTC3210-3. As shown
in the Block Diagram, the LTC3210-2/LTC3210-3 use a
control loop to adjust the strength of the charge pump to
match the required output current. The error signal of the
loop is stored directly on the output capacitor. The output
capacitor also serves as the dominant pole for the control
loop. To preventringing or instability, itis important for the
output capacitor to maintain at least 1.3pF of capacitance
over all conditions.

In addition, excessive output capacitor ESR >100mQ will
tend to degrade the loop stability. Multilayer ceramic chip
capacitorstypically have exceptional ESR performance and

321023fh
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LTC3210-2/LTC3210-3

APPLICATIONS INFORMATION

when combined with a tight board layout will result in very
good stability. As the value of Cgpg controls the amount
of output ripple, the value of CVgat controls the amount
of ripple present at the input pin(Vgar). The LTC3210-2/
LTC3210-3's input current will be relatively constant while
the charge pump is either in the input charging phase or
the output charging phase but will drop to zero during
the clock nonoverlap times. Since the nonoverlap time
is small (~35ns), these missing “notches” will result in
only a small perturbation on the input power supply line.
Note that a higher ESR capacitor such as tantalum will
have higher input noise due to the higher ESR. Therefore,
ceramic capacitors are recommended for low ESR. Input
noise can be further reduced by powering the LTC3210-2/
LTC3210-3 through a very small series inductor as shown
in Figure 5. A 10nH inductor will reject the fast current
notches, thereby presenting a nearly constant current
load to the input power supply. For economy, the 10nH
inductor can be fabricated on the PC board with about
1cm (0.4") of PC board trace.

pnmbiien s b
LTC3210-2

LTC3210-3
L_T_L oD

- 321023 F05

Figure 5. 10nH Inductor Used for Input Noise
Reduction (Approximately 1cm of Board Trace)

Flying Capacitor Selection

Warning: Polarized capacitors such as tantalum or
aluminum should never be used for the flying capaci-
tors since their voltage can reverse upon start-up of
the LTC3210-2/LTC3210-3. Ceramic capacitors should
always be used for the flying capacitors.

The flying capacitors control the strength of the charge
pump. In order to achieve the rated output current it is
necessary to have at least 1.6pF of capacitance for each
of the flying capacitors. Capacitors of different materials
lose their capacitance with highertemperature and voltage
at different rates. For example, a ceramic capacitor made
of X7R material will retain most of its capacitance from
—-40°C to 85°C whereas a Z5U or Y5V style capacitor will

lose considerable capacitance over that range. Capacitors
may also have avery poor voltage coefficient causing them
to lose 60% or more of their capacitance when the rated
voltage is applied. Therefore, when comparing different
capacitors, it is often more appropriate to compare the
amount of achievable capacitance for a given case size
ratherthan comparing the specified capacitance value. For
example, over rated voltage and temperature conditions,
a 1pF, 10V, Y5V ceramic capacitor in a 0603 case may not
provide any more capacitance than a 0.22pF 10V, X7R
available in the same case. The capacitor manufacturer’s
data sheet should be consulted to determine what value
of capacitor is needed to ensure minimum capacitances
at all temperatures and voltages.

Table 2 shows a list of ceramic capacitor manufacturers
and how to contact them:

Table 2. Recommended Capacitor Vendors

AVX WWW.avxcorp.com
Kemet www.kemet.com
Murata www.murata.com
Taiyo Yuden www.t-yuden.com
Vishay www.vishay.com

Layout Considerations and Noise

Due to the high switching frequency and the transient
currents produced by the LTC3210-2/LTC3210-3, careful
board layout is necessary. A true ground plane and short
connections to all capacitors will improve performance
and ensure proper regulation under all conditions.

The flying capacitor pins C1P C2P, C1M and C2M will have
high edge rate waveforms. The large dv/dt on these pins
can couple energy capacitively to adjacent PCB runs. Mag-
netic fields can also be generated if the flying capacitors
are not close to the LTC3210-2/LTC3210-3 (i.e., the loop
area is large). To decouple capacitive energy transfer, a
Faraday shield may be used. Thisis a grounded PCB trace
between the sensitive node and the LTC3210-2/LTC3210-3
pins. For a high quality AC ground, it should be returned
to a solid ground plane that extends all the way to the
LTC3210-2/LTC3210-3.

321023fh
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LTC3210-2/LTC3210-3

APPLICATIONS INFORMATION

The following guidelines should be followed when design-
ing a PGB layout for the LTC3210-2/LTC3210-3:

* The Exposed Pad should be soldered to a large cop-
per plane that is connected to a solid, low impedance
ground plane using plated through-hole vias for proper
heat sinking and noise protection.

* Input and output capacitors must be placed close to
the part.

 The flying capacitors must be placed close to the part.
The traces from the pins to the capacitor pad should
be as wide as possible.

* Vgar, CPO traces must be wide to minimize inductance
and handle high currents.

* LED pads must be large and connected to other layers
of metal to ensure proper heat sinking.

* RMand RC pins are sensitive to noise and capacitance.
The resistors should be placed near the part with mini-
mum line width.

Power Efficiency

To calculate the power efficiency (n) of a white LED
driver chip, the LED power should be compared to the
input power. The difference between these two numbers
represents lost power whether it is in the charge pump
or the current sources. Stated mathematically, the power
efficiency is given by:

P
1= DLED
Pin

The efficiency of the LTC3210-2/LTC3210-3 depends upon
the modeinwhichitis operating. Recall thatthe LTC3210-2/
LTC3210-3 operates as a pass switch, connecting Vgar to
GPO, until dropout is detected at the LED pin. This feature
provides the optimum efficiency available for a given input
voltage and LED forward voltage. When it is operating as
a switch, the efficiency is approximated by:

_Pleo _ (Viep *lep) _ Miep
Piv -~ (VBat *lBaT) VBAT

since the input current will be very close to the sum of
the LED currents.

At moderate to high output power, the quiescent current
of the LTC3210-2/LTC3210-3 is negligible and the expres-
sion above is valid.

Once dropout is detected at any LED pin, the LTC3210-2/
LTC3210-3 enable the charge pump in 1.5x mode.

In 1.5x boost mode, the efficiency is similar to that of a
linear regulator with an effective input voltage of 1.5 times
the actual input voltage. This is because the input current
for a 1.5x charge pump is approximately 1.5 times the
load current. In an ideal 1.5x charge pump, the power
efficiency would be given by:

Pleo _ (Mepehen) _ Mo
Pn  (VBar*(1.9)*lep) (1.5°Vgar)

Similarly, in 2x boost mode, the efficiency is similar to
that of a linear regulator with an effective input voltage
of 2 times the actual input voltage. In an ideal 2x charge
pump, the power efficiency would be given by:

TIDEAL =

Pleo . Mepehen) _ Vieo
Pn  (VBat*(@)*lLep)  (2*VBar)

TIDEAL =

Thermal Management

For higher input voltages and maximum output cur-
rent, there can be substantial power dissipation in the
LTC3210-2/LTC3210-3. If the junction temperature
increases above approximately 150°C the thermal shut
down circuitry will automatically deactivate the output
current sources and charge pump. To reduce maximum
junction temperature, a good thermal connection to the
PC board is recommended. Connecting the Exposed Pad
to a ground plane and maintaining a solid ground plane
under the device will reduce the thermal resistance of the
package and PG board considerably.
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LTC3210-2/LTC3210-3

PACKAGE DESCRIPTION

3.50+0.05

UD Package
16-Lead Plastic QFN (3mm x 3mm)
(Reference LTC DWG # 05-08-1691)
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|
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RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS
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NOTE:
1. DRAWING CONFORMS TO JEDEG PACKAGE OUTLINE M0-220 VARIATION (WEED-2)

2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION
ON THE TOP AND BOTTOM OF PACKAGE
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LTC3210-2/LTC3210-3

ﬂEVISIOﬂ HISTOB\' (Revision history begins at Rev B)
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LTC3210-2/LTC3210-3

TYPICAL APPLICATION

3-LED MAIN, One LED Camera

G2 C3
2.2uF 2.2uF

dh [

CiP CiMm  C2P  C2M

——— i A
Vear (NT VBaT CPO _f_ - : ¢ l i i i i
2.2uF—_L_— TC3210-3 —_|T_—2-2uF 45 % 19 i i 55i

MLED1 —'I-—-:l: ------- :

MLED2
ENM —|ENM MLED3
ENC _> ENC CLED 321023 TAD2
RM RC GND
30.1k %24.&( J_
1% 1% =
PART NUMBER DESCRIPTION COMMENTS
LT1618 Constant Current, 1.4MHz, 1.5A Boost Converter | Viy: 1.6V to 18V, Voyrgwax) = 36V, lg = 1.8mA, Isp <1pA, MS Package
LTC3205 250mA, 1MHz, Multi-Display LED Controller Vin: 2.8V to 4.5V, Vour(max) = 5.5V, lg = 50pA, Isp <1pA, QFN Package
LTC3206 400mA, 800kHz, Multi-Display LED Controller Vin: 2.8V 1o 4.5V, Vour(max) = 5.5V, I = 50pA, Isp <1pA, QFN Package
LTC3208 High Current Software Configurable Multi-Display | Vin: 2.9V to 4.5V, Voytwax) = 5.5V, lg = 250pA, Isp <3pA, 17 Current Sources
LED Controller (MAIN, SUB, RGB, CAM, AUX), 5mm x 5mm QFN Package
LTC3209-1/ 600mA MAIN/Camera/AUX LED Controller Vin: 2.9V t0 4.5V, 1q = 400mA, Up to 94% Efficiency, 4mm x 4mm
LTC3209-2 QFN-20 Package
LTC3210 MAIN/CAM LED Controller in 3mm x 3mm QFN | Vix: 2.9V to 4.5V, Iq = 400pA, 3-Bit DAC Brightness Control for MAIN and CAM
LEDs, 3mm x 3mm QFN Package
LTC3210-1 MAIN/CAM LED Controller with 64-Step 6-Bit DAC Brightness Control for MAIN and 3-Bit Brightness Control for CAM,
Brightness Control 3mm x 3mm QFN Package
LTC3214 500mA Camera LED Charge Pump Vin: 2.9V to 4.5V, Single Output, 3mm x 3mm DFN Package
LTC3215 700mA Low Noise High Current LED Vin: 2.9V to 4.4V, Vourmax) = 5.5V, lq = 300pA, Isp <2.5pA, DFN Package
Charge Pump
LTC3216 1A Low Noise High Current LED Charge Pump Vin: 2.9V to 4.4V, Voyrgwax) = 5.5Y, lg = 300pA, Isp <2.5pA, DFN Package
with Independent Flash/Torch Current Control
LTC3217 600mA Low Noise Multi-LED Camera Light Vin: 2.9V to 4.4V, Ig = 400pA, Four 100mA Outputs, QFN Package
LTC3440/LTC3441 600mA/1.2A loyt, 2MHz/1MHz, Synchronous Vin: 2.4V t0 5.5V, Vourmax) = 5.25V, Ig = 254A/50p1A, Isp <1pA,
Buck-Boost DC/DC Converter MS/DFN Packages
LTC3443 600mA/1.2A lgyt, 600kHz, Synchronous Vin: 2.4V 10 5.5V, Vourmax) = 5.25Y, lg = 28pA, Isp <1pA, DFN Package
Buck-Boost DC/DC Converter
LTC3453 1MHz, 800mA Synchronous Buck-Boost High Vingminy: 2.7V t0 5.5V, Vingmax): 2.7V to 4.5V, Ig = 2.5mA, Isp <6UA,
Power LED Driver QFN Package
LT3467/LT3467A 1.1A (Isw), 1.3/2.1MHz, High Efficiency Step-Up | Vin: 2.4V t0 16V, Vourmax) = 40V, Ig = 1.2mA, Isp <1pA, ThinSOT Package
DC/DC Converters with Integrated Soft-Start
LT3479 3A, 42V, 3.5MHz Boost Converter Vin: 2.5V 1o 24V, Voutwax) = 40V, I = 2pA, Isp <1pA DFN, TSSOP Packages

321023fh

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ® FAX: (408) 434-0507 ® www.linear.com

LT 0610 REV B « PRINTED IN USA

LY LINEAR

© LINEAR TECHNOLOGY CORPORATION 2006



T Life

Hu1Boe NapTHEPCTBO

000 “/1aiipINeKTPOHUKC” “LifeElectronics” LLC

MHH 7805602321 K 780501001 P/C 40702810122510004610 ®AKb "ABCO/IOT BAHK" (3A0) 6 2.CaHkm-Ilemep6bypee K/C 30101810900000000703 EUK 044030703

KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.

lattis % A g nncen TP intessil, Panasons (T U170 ATEL AMDIN EEEs

0KI ﬂ_[ [ SANYD Quaoww RENESAS  SIEMENS SHARP _ ’[:E”"—:,l
g Sy, [IE moxm s U AT €N [qaL

BOURNME

NS 7, Citwbond DALLAS Meare  Gllegns (inteD e | ™ RONM
International . . — .
..-nﬂm.n._,,.,_ w@ TosHiga ZETEX 'niemalofa Amphenol élantec uichicon FU]ITSU

Viccn 5, e Y Sice . @ su@ N [BTOKO

Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru

www.lifeelectronics.ru


mailto:org@lifeelectronics.ru
http://lifeelectronics.ru/

