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AAT3193

ChargePump™

General Description

3-Channel Charge-Pump LED Driver

Features

The AAT3193 is a charge-pump based, current-sink
white LED driver capable of driving one to three LEDs up
to 30mA, each. It automatically switches between 1x
mode and 2x mode to maintain the highest efficiency
and optimal LED current accuracy and matching.

The AAT3193 charge pump’s 1x mode (bypass mode)
has very low resistance allowing LED current regulation
to be maintained with input supply voltage approaching
the LED forward voltage.

The AAT3193 is availableina 2x2mm, 10-lead SC70JW-10
package.

Typical Application

e Drives up to 3 LEDs at up to 30mA, each
e Automatic Switching Between 1x and 2x Modes
e 0.9MHz Switching Frequency
e Linear LED Output Current Control
= Single-wire, S2Cwire Interface
e AAT3193-1: 16-step
e AAT3193-2: 8-step
e AAT3193-3: 4-step
= ON/OFF or PWM Interface
e AAT3193-4
e +10% LED Output Current Accuracy
e +3% LED Output Current Matching
e Low-Current Shutdown Mode
e Built-in Thermal Protection
e Automatic Soft-Start
e Available in 2x2mm SC70JW-10 Package

Applications

e Entry Level Cordless Phone Handsets
e Entry Level Digital Cameras

e Entry Level Mobile Phone Handsets

e Entry Level MP3 and PMP Players
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PRODUCT DATASHEET

E NALGES AAT3193
ChargePump™ 3-Channel Charge-Pump LED Driver

Pin Descriptions

Pin Symbol Description
1 D1 LED1 current sink input. D1 is the input of LED1 current sink. Connect LED1’s anode to OUT and its
cathode to D1.
2 ouT Charge pump output. OUT is the output of the charge pump. Bypass OUT to GND with a 1uF or
larger ceramic capacitor.
3 C- Charge pump capacitor negative node.
4 C+ Charge pump capacitor positive node. Connect a 1uF ceramic capacitor between C+ and C-.
5 IN Power source input. Connect IN to the power source, typically the battery. Bypass IN to GND with a
1uF or larger ceramic capacitor.
EN/SET LED enable and serial control input. EN/SET is the ON/OFF control for the LED and the S?Cwire digital
(AAT3193-1/-2/-3) input for the AAT3193-1/-2/-3 to control serially the LED brightness according to the maximum cur-
rent set by Rger.
6 LED ON/OFF and PWM control input. This logic input controls the LED outputs for the AAT3193-4.
EN/PWM Alternatively, a PWM signal from a GPIO or an equivalent signal from a separate controller can be
(AAT3193-4) used to control LED output current linearly. A PWM signal, ranging from 10% to 100% duty cycle,
controls the LED current linearly between ZS and FS.
A 1% tolerance resistor from this pin to GND sets the maximum LED current level. For optimal LED
7 RSET output current accuracy and matching in the AAT3193-1/-2/-4, a 14.3kQ resistor sets each full-scale
output current to 20mA, maximum. For the AAT3193-3, a 11.5kQ resistor is recommended.
8 GND Ground. Connect this pin to the system’s ground plane.
9 D3 LED3 Current Sink Input. D3 is the input of LED3 current sink. Connect LED3's anode to OUT and its
cathode to D3.
10 D2 LED2 Current Sink Input. D2 is the input of LED2 current sink. Connect LED2’s anode to OUT and its

cathode to D2.

Pin Configuration

SC70JW-10
(Top View)

D2

D3
GND
RSET
EN/SET
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E/ NS AAT3193
ChargePump™ 3-Channel Charge-Pump LED Driver

Part Number Descriptions

Part Number Interface Current Control, Inverting
AAT31931JQ-1 S2Cwire 16-step
AAT31931]Q-2 S2Cwire 8-step
AAT31931JQ-3 S2Cwire 4-step
AAT31931JQ-4 PWM Linear

Absolute Maximum Ratings!?

Symbol Description Value Units
IN, C+, C-, OUT, D1, D2, D3, and RSET Pin Voltages to GND -0.3t0 6.0 V
EN/SET or EN/PWM Pin Voltage to GND -0.3toVy + 0.3 \
Operating Junction Temperature Range -40 to 150 °C
Maximum Soldering Temperature (at leads, 10 sec) 300 °C

Thermal Information

Symbol Description Value Units
Po Maximum Power Dissipation? 3 625 mw
05 Maximum Thermal Resistance? 160 °C/W

[

. Stresses above those listed in Absolute Maximum Ratings may cause permanent damage to the device. Functional operation at conditions other than the operating conditions
specified is not implied. Only one Absolute Maximum Rating should be applied at any one time.

. Mounted on an FR4 circuit board.

. Derate 6.25mW/°C above 40°C ambient temperature.

wN

3193.2008.07.1.3 www.analogictech.com 3



PRODUCT DATASHEET

G NRES AAT3193

ChargePump™ 3-Channel Charge-Pump LED Driver

)

Electrical Characteristics!?

IN = EN = 3.6V; Cyy = 1uF; Cour = 1pF; Cop = 1PF; Rser = 14.3kQ; Ta =-40°C to 85°C unless otherwise noted. Typical
values are at T, = 25°C.

Symbol Description Conditions i Typ Max Units
Input Power Supply
IN Input Voltage Range 2.7 5.5 V
EN/SET or EN/PWM = IN; VD1 = VDZ = VD3 =
. 0.6
IN, excluding Ip;-Ips
. EN/SET or EN/PWM = IN; ID1 = IDZ = ID3 b
I Input Operating Current FS, excluding Toi-Ins; Viy - Vr = 1.5V 1.5 mA
Operating, Ip; = Iy, = Ips = FS; D1, D2 and 4.5
D3 = OPEN ’
Tineshon) Input Shutdown Current IN = 5.5V; EN/SET or EN/PWM = GND 1 HA
Charge Pump Section
Tout OUT Maximum Output Current 100 mA
fosc Charge Pump Oscillator Frequency 0.65 0.9 1.15 MHz
. Ip; = Ip, = Ips= 20mA; Excluding AAT3193-4,
Vin_(tH) Charge Pump Mode Hysteresis PWM Option 115 | 250 mV
tour Output Start-Up Time EN/SET or EN/PWM = IN 150 us
AAT3193-1/-2/-4: LED Current Sink Outputs
Ip_maxy D1 - D3 Current Accuracy DATA = 1; Viy - Vg = 1.5V 18 20 22 mA
AIDf(MAX) D1 - D3 Current Matching DATA = 1, VIN - VF = 1.5V +3 %
T (oAmats) Er}n;)DS Current Accuracy (AAT3193-1 | bypa _ 45. v, -V, = 1.5V 1.0 | 1.3 | 1.56| mA
To._(onmms) Er:]Lh;)D3 Current Accuracy (AAT3193-2 DATA = 8; Vg - Vs = 1.5V 1.0 1.3 1.56 mA
Io_(10%) Erh;;)DS Current Accuracy (AAT3193-4 | b = 10%; foum = 10kHZ; Vi - Ve = 1.5V 2.4 mA
D1- D3 Charge Pump Mode Transition
VDi(TH) Threshold 9 P ID1 = ID2 = ID3 = 20mA 125 mV

1. The AAT3193 is guaranteed to meet performance specification over the -40°C to 85°C operating temperature range and is assured by design, characterization and correlation
with statistical process controls.
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E\Nees AAT3193

ChargePump™ 3-Channel Charge-Pump LED Driver

Electrical Characteristics1

IN = EN = 3.6V; Cyy = 1uF; Cour = 14F; Cep = 1pF; Rser = 14.3kQ; To =-40°C to 85°C unless otherwise noted. Typical
values are at T, = 25°C.

Symbol Description Conditions i Typ Max Units
AAT3193-3: LED Current Sink Outputs
In (uaxy D1 - D3 Current Accuracy Rser = 11.5kQ; DATA = 1; Vi - Ve = 1.5V 18 20 22 mA
Alp maxy D1 - D3 Current Matching Rser = 11.5kQ; DATA = 1; V- Vg = 1.5V +3 %
In (patag) D1 - D3 Current Accuracy Rser = 11.5kQ; DATA = 4; Vi - Ve = 1.5V 0.72 | 0.9 1.1 mA
Vo) _I?ﬁr-elsjﬁoﬁjharge Pump Mode Transition Reer = 11.5KQ; Tp, = Iop = Ips = 20mA 125 mv
AAT3193-1/-2/-3: EN/SET and S2Cwire Control
Venn EN Input High Threshold Voltage 1.4 \Y
Vene EN Input Low Threshold Voltage 0.4 V
Ien(ike) EN Input Leakage Current EN/SET = IN = 5V -1 1 MA
tensserorry | EN/SET Input OFF Timeout 500 us
ten/seT(Lan) EN/SET Input Latch Timeout 500 us
tensserqowy | EN/SET Input LOW Time 0.3 75 us
tensern-mmvy | EN/SET Minimum High Time 50 ns
tensern-maxy | EN/SET Maximum High Time 75 us
AAT3193-4: EN/PWM Current Control
Venn EN/PWM Input High Threshold Voltage 1.4 \Y
Vene EN/PWM Input Low Threshold Voltage 0.4 \Y
Tengico) EN/PWM Input Leakage Current EN/PWM = IN = 5V -1 1 HA
tpwmion) PWM Control Turn-on Delay 2 us
ten/pwm EN/PWM Input OFF Timeout 0.15 1 ms
fowm PWM Control Frequency Duty Cycle = 80% 50 kHz

1. The AAT3193 is guaranteed to meet performance specification over the -40°C to 85°C operating temperature range and is assured by design, characterization and correlation
with statistical process controls.
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E N AAT3193

ChargePump™ 3-Channel Charge-Pump LED Driver

Typical Characteristics

Operating Current (No Load) Shutdown Current vs. Temperature
vs. Input Voltage
3.60 0.010
3.50 /’ 0.008 /
40 85°C —— ~ &:: 0.006 /
NS — T 5o/
s 25°C g z
=< 3.20 N %; _14 \ 53 0.004
510 - 0.002
a5oc| 0°C 2.7V
3.00 | 0.000
2.7 3.1 35 3.9 43 47 5.1 5.5 -40 15 10 35 60 85
Vin (V) Temperature (°C)
Efficiency vs. Input Voltage Current Matching vs. Temperature
100% 21.0
90% ‘ ]
) 205 D2
80% —
— \ —
s 0% 3 T —~————— < 20 —— ?
= 60% S LY 3
§ 50% — 30mA T e 195 — | —
§ 40% ‘VF =3.8V dll:, /(
5 oo 10mA — 20mA 3 " D3
20% Ve =3.2V— Vg =3.5V 18.5
10% ‘ ‘ ‘ D1
o% [ 180
27 31 35 39 43 47 5.1 55 40 15 10 35 60 85
Input Voltage (V) Temperature (°C)
Turn On to 2X Mode Turn Off from 2X Mode
(20mA/ch) (20mA/ch)
EN/SET EN/SET
(2Vidiv) ,..f (2Vidiv)
Vour / Vour ,
iv iv
2V/di / 1V/di
Vsink ‘f
(2Vidiv)
I —_ I |
(200mA/div) (200mA/div)
Time (200ps/div) Time (200ps/div)
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E\Nees AAT3193

ChargePump™ 3-Channel Charge-Pump LED Driver

Typical Characteristics

Turn On to 1X Mode Maximum LED Current vs Rgg;
(Viy = 4.2V; 20mAl/ch)
32
EN/SET P N
2v/di
(2V/div) b \\
Ve T AN
2V/div
(2vidiv) /~ E .
Vsink / l a8 12 —
(2vidiv) = ——
8
IIN
(200mA/div) —~ 4
0
8 13 18 23 28 33
Time (200us/div) Rser (kQ2)
EN Input High Threshold Voltage EN Input Low Threshold Voltage
vs. Input Voltage vs. Input Voltage
1.2 1.2
1.0 1.0
— - o~
S o8 - S o8 - A
I -
& N -40°C — 5 o6 A
> 0.6 25°C > . 20°C
0.4 85°C 0.4 25°C
85°C
0.2 0.2
2.7 31 35 3.9 43 4.7 5.1 55 2.7 3.1 3.5 3.9 4.3 4.7 5.1 55
Input Voltage (V) Input Voltage (V)
EN/SET Input Latch Timeout vs. Input Voltage EN/SET Input OFF Timeout vs. Input Voltage
350 350
85°C 85°C -
300 300
g L 7 ~
=3 pu— =3
= 250 — 250
5 = . =
& 200 747 | 25°C & 200 —
z H -40°C
|_u.| 150 / -40°C |_“-' 150 /
100 100
2.7 31 35 3.9 43 4.7 5.1 55 2.7 3.1 3.5 3.9 4.3 4.7 5.1 55
Input Voltage (V) Input Voltage (V)

3193.2008.07.1.3 www.analogictech.com 7



PRODUCT DATASHEET

E N AAT3193

ChargePump™ 3-Channel Charge-Pump LED Driver

Typical Characteristics

Transition of LED Current Transition of LED Current
(20mA to 1.3mA) (1.3mA to 20mA)
EN
(2V/div)
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(2vidiv) Ewl Vour
(1vidiv)
Vour |4.0v 4.2V
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Vsink [0 5y (1V\II§iI?II; - |
(vidiv) |22 |
_IIN l IIN l
(50mA/div) (50mA/div)
Time (100us/div) Time (100us/div)
Output Ripple Waveform Input Current vs. Input Voltage
(2X Mode; 20mA Load) (Excluding AAT3193-4, PWM Option)
Vin o ] - Vn Faling
(AC Coupled) W AMNANADNA NN O oA ! -
(20mV/div) E 122 - = Vin Rising |
(AC Coup\llgtl;; /\ /\ '/\\ /\ /\ /\ //\ g 120 I oA 1
s L = m
(20mV/div) VIV V Vi 3 o = '
5 60 i
Vi AN ANFANIA WA N\ & 40|l = 10mA
(AC Coupled) VYV VNV \ S R
(50mV/div) L]

27 29 31 33 35 3.7 39 41 43 45 47 49 51 53 55

Time (1ps/div) Input Voltage (V)
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G/ A28 AAT3193

ChargePump™ 3-Channel Charge-Pump LED Driver

Functional Block Diagram

I
| |
| Two-Mode
—(9——| D1
N Ilj CP Control |
| } . »—(9——? D2
: Ve Monitoring |« .._@ EII D3
|
| A |
| |
|
: {1 GND
I IREF I
| I
L |
| ) :
EN/SET d] S“Cwire Control RSET
(EN/PWM) | (PWM Control) DAC 4
|
I

Functional Description stant current outputs of the AAT3193 (D1 to D3) can

drive three individual LEDs with a maximum current of
The AAT3193 is a low-cost charge-pump solution designed 30mA each. AnalogicTech’s S2Cwire serial Interface
to drive up to three white LEDs. The charge pump oper- enables the AAT3193-1/-2/-3 and changes the current
ates from a 2.7V to 5.5V power source and converts it to sink magnitudes through the EN/SET pin. The AAT3193-4
voltage levels necessary to drive the LEDs. LED current uses an external PWM signal to enable the IC and control
is individually controlled through integrated current sinks the brightness of the LEDs.

powered from the output of the charge pump. Low 1x
charge-pump output resistance and low-drop voltage

current sinks allow the charge pump to stay in 1x mode Constant Current Control using Rser

with an input voltage as low as 3.75V and LED forward The maximum current is programmed by an external
voltages as high as 3.5V. Once in 2x mode, the charge resistor at the RSET pin. Using a 14.3kQ external resis-
pump monitors the input supply voltage and automati- tor at the RSET pin, the AAT3193-1/-2/-4 includes an
cally switches back to 1x mode when there is sufficient integrated serial LED current control that sets the full-
input voltage. scale LED current between 20mA and 0.63mA. For the

AAT3193-3, a 11.5kQ external resistor at the RSET pin
sets the full-scale LED current between 20mA and
1.3mA. The full-scale LED current can set higher or lower
than 20mA; see Table 5. For maximum accuracy, a 1%
tolerance resistor is recommended.

The AAT3193 requires only four external components:
one 1pF ceramic capacitor for the charge pump flying
capacitors (Cp), one 1pF ceramic input capacitor (Cy),
one 1pF ceramic output capacitor (Coyr) and a resistor
(Rser) to set the maximum LED current. The three con-

3193.2008.07.1.3 www.analogictech.com 9



ANALOGIC
GRS

PRODUCT DATASHEET

AAT3193

ChargePump™

S2Cwire Serial Interface
(AAT3193-1/-2/-3 only)

The LED output current of the AAT3193 is controlled by
AnalogicTech’s S2Cwire serial interface. Since the LED
current is programmable, no PWM or additional control
circuitry is needed to control LED brightness. This feature
greatly reduces the burden on a microcontroller or sys-
tem IC to manage LED or display brightness, allowing the
user to “set it and forget it.” With its high-speed serial
interface (1MHz data rate), the LED current can be
changed quickly and easily. Also the non-pulsating LED
current reduces system noise and improves LED reliabil-
ity. The S2Cwire interface relies on the number of rising
edges to the EN/SET pin to set the register. A typical
write protocol is a burst of EN/SET rising edges, followed
by a pause with EN/SET held high for at least t 1 (500ps).

N

3-Channel Charge-Pump LED Driver

The programmed current is then seen at the current sink
outputs. When EN/SET is held low for an amount of time
longer than to (500us), the AAT3193 enters into shut-
down mode and draws less than 1pA from the input and
the internal data register is reset to zero.

The AAT3193-1/2/3's serial interface reduces the LED
current on each rising pulse of the enable input. If the
AAT3193 is in shutdown, the first rising edge of the EN/
SET input turns on the LED driver to the maximum cur-
rent. Successive rising edges decrease the LED current
as shown in Table 1 and Figure 2 for the AAT3193-1.
For the AAT3193-2, Table 2 and Figure 3 illustrate an
8-step LED current control profile. For the AAT3193-3,
Table 3 and Figure 4 illustrate a 4-step LED current con-
trol profile.

I|< TOFF >I|
f |
mser 7 P |
| Y l
1 2 n-1 n<16 | |
| |
| |
Data Reg 4< 0 \>< n-1 >< 0
Figure 1: S2C Serial Interface Timing.
Data EN Rising Edges D1-D3 Current (mA) 2000
1 1 20 T \»\
2 2 18.7 Ig15.oo I~
3 3 17.3 g NS
4 4 16 3 10,00 \*\
. ~
5 5 14.7 5 ’\,\
6 6 13.3 =
5.00
7 7 12 ° N
8 8 10.7 a N
0.00
9 9 9.3 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
10 10 8
11 11 6.7 S2Cwire Interface Data Code
12 12 5.3
13 13 4 . -
Figure 2: AAT3193-1 Current Control Profile.
14 14 2.7
15 15 1.3
16 16 0.63

Table 1: AAT3193-1 LED Current Settings.

10 www.analogictech.com
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ChargePump™ 3-Channel Charge-Pump LED Driver

Data EN Rising Edges D1-D3 Current (mA) PWM Control (AAT3193-4 only)

1 1 20 PWM (Pulse Width Modulation) is an industry standard
2 2 17.3 technique of controlling LED brightness by modulating
3 3 14.7 the conduction duty cycle of the LED current. LED
4 4 12 brightness is determined by the average value of the
> 5 9.3 PWM signal multiplied by the LED’s intensity where
6 6 6.7 intensity is proportional to the LED drive current. A PWM
; ; 143 control signal can be applied into the EN/PWM pin of the

Table 2: AAT3193-2 LED Current Settings.

Dx Output Current (mA)

20.00

15.00

10.00

o
o
)

™~

RN

™~

N

1 2 3 4

5 6 7 8

S2Cwire Interface Data Code

Figure 3: AAT3193-2 Current Control Profile.

AAT3193-4. By changing the duty cycle of the PWM sig-
nal from 100% (logic high) to 10%, LEDs sink current
can be programmed from 20mA to 2.4mA. To save
power when not used, AAT3193-4 can be shutdown by
holding the EN/PWM pin low for 1ms.

Lastly, Table 4 and Figure 5 illustrate the AAT3193-4’s
LED current control profile as a function of a PWM con-
trol signal.

EN/PWM Duty Cycle D1-D3 Current (mA)

Data EN Rising Edges D1-D3 Current (mA)
1 1 20
2 2 13.3
3 3 6.7
4 4 0.87

Table 3: AAT3193-3 LED Current Settings.

Dx Output Current (mA)

20.00

15.00

10.00

o
o
S

0.00

~

N

™~

T

1 2

3 4

S2Cwire Interface Data Code

Figure 4: AAT3193-3 Current Control Profile.

100% 20

90% 17.9
80% 15.9
70% 14

60% 12.1
50% 10.1
40% 8.2
30% 6.3
20% 4.3
10% 2.4

Table 4: AAT3193-4 LED Current Settings
(Rser = 14.3kW, fowm = 50kHz).

20.00

.

15.00

T

10.00

o
=}
S}

N

N~

Dx Output Current (mA)

™

0.00
100%

90% 80%

70% 60%

50% 40%

30%

20%  10%

EN/PWM Input Pin Duty Cycle (%)

Figure 5: AAT3193-4 Current Control Profile
(Rser = 14.3kQ, fewm = 50kHz).
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Applications Information

LED Selection

The AAT3193 is specifically intended for driving white
LEDs. However, the device design will allow the AAT3193
to drive most types of LEDs with forward voltage speci-
fications ranging from 2.2V to 4.7V. LED applications
may include mixed arrangements for display backlight-
ing, keypad display, and any other application needing a
constant current sink generated from a varying input
voltage. Since the D1 to D3 constant current sinks are
matched with negligible supply voltage dependence, the
constant current channels will be matched regardless of
the specific LED forward voltage (Vg) levels.

The low dropout current sinks in the AAT3193 maximize
performance and make it capable of driving LEDs with
high forward voltages. Multiple channels can be com-
bined to obtain a higher LED drive current without com-
plication.

Constant Current Setting

The LED current is controlled by the Rggr resistor. For
maximum accuracy, a 1% tolerance resistor is recom-
mended. Table 5 shows Rgr resistor values for
AAT3193-1/2/4 and Table 6 shows Rger resistor values
for AAT3193-3 for various LED full-scale current levels.

Ieo (MA) Rser (KQ)

30 9.53
20 14.3
15 19.1
10 28.7

Table 5: Maximum LED Current and Rg:r Resistor
Values (1% Resistor Tolerance)
for the AAT3193-1/2/4.

Iiep (MA) Rser (KQ)

30 7.68
20 11.5
15 15.4
10 23.2

Table 6: Maximum LED Current and Rs:r Resistor
Values (1% Resistor Tolerance)
for the AAT3193-3.

3-Channel Charge-Pump LED Driver

Device Switching Noise Performance

The AAT3193 operates at a fixed frequency of approxi-
mately 1MHz to control noise and limit harmonics that
can interfere with the RF operation of mobile communi-
cation devices. Back-injected noise appearing on the
input pin of the charge pump is 20mV peak-to peak,
typically ten times less than inductor-based DC/DC boost
converter white LED backlight solutions. The AAT3193
soft-start feature prevents noise transient effects associ-
ated with inrush currents during start-up of the charge
pump circuit.

Shutdown

Since the current switches are the only power returns for
all loads, there is no leakage current when all sink
switches are disabled. To activate the shutdown opera-
tion, the EN/SET input for the AAT3193-1/2/3 should be
strobed low for longer than tos (500ps). For the 3193-4
PWM options, shutdown operation is enabled when the
EN/PWM input is strobed low longer than 1ms.In this
state, the AAT3193 typically draws less than 1pA from
the input. Registers are reset to 0 in shutdown.

Power Efficiency and Device Evaluation

The charge pump efficiency discussion in the following
sections accounts only for efficiency of the charge pump
section itself. Due to the unique circuit architecture and
design of the AAT3193, it is very difficult to measure
efficiency in terms of a percent value comparing input
power over output power.

Since the AAT3193 outputs are pure constant current
sinks and typically drive individual loads, it is difficult
to measure the output voltage for a given output to
derive an overall output power measurement. For any
given application, white LED forward voltage levels can
differ, yet the output drive current will be maintained as
a constant.

This makes quantifying output power a difficult task
when taken in the context of comparing to other white
LED driver circuit topologies. A better way to quantify
total device efficiency is to observe the total input power
to the device for a given LED current drive level. The
best white LED driver for a given application should be
based on trade-offs of size, external component count,
reliability, operating range, and total energy usage...not
just % efficiency.

12 www.analogictech.com
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The AAT3193 efficiency may be quantified under very
specific conditions and is dependent upon the input volt-
age versus the output voltage across the loads applied
to outputs D1 through D3 for a given constant current
setting. Depending on the combination of Vi and volt-
ages sensed at the current sinks, the device will operate
in load switch mode. When any one of the voltages
sensed at the current sinks nears dropout, the device
will operate in 2X charge pump mode. Each of these
modes will yield different efficiency values. Refer to the
following two sections for explanations for each opera-
tional mode.

1X Mode Efficiency

The AAT3193 1X mode is operational at all times and
functions alone to enhance device power conversion effi-
ciency when Vi is higher than the voltage across the
load. When in 1X mode, voltage conversion efficiency is
defined as output power divided by input power.

An expression for the ideal efficiency (n) in 1X charge-
pump mode can be expressed as:

— Pour — Ve-leo _ Ve
P Vin - lour

n

-0r-

n (%) =100 - (\\//—”FJ

2X Charge Pump Mode Efficiency

The AAT3193 contains a charge pump which will boost
the input supply voltage in the event where Vyy is less
than the voltage required to supply the output. The effi-
ciency (n) can be simply defined as a linear voltage
regulator with an effective output voltage that is equal
to one and two times the input voltage. Efficiency (n) for
an ideal 2X charge pump can typically be expressed as
the output power divided by the input power.

_ Pe
=Py

3-Channel Charge-Pump LED Driver

In addition, with an ideal 2X charge pump, the output
current may be expressed as 1/3 of the input current.
The expression to define the ideal efficiency (n) can be
rewritten as:

n= POUT= Ve - lep - Ve
P VN 2|OUT 2V

-0r-

Y,
N (%) = 100 - (2_\/F|N)

For a charge pump with an output of 5V and a nominal
input of 3.5V, the theoretical efficiency is 71%. Due to
internal switching losses and IC quiescent current con-
sumption, the actual efficiency can be measured at
51%. Efficiency will decrease substantially as load cur-
rent drops below 1mA or when the voltage level at Vi
approaches the voltage level at Vour.

Additional Applications

The current sinks of the AAT3193 can be combined to
drive higher current levels through a single LED. As an
example, a single LED can be driven at 90mA total by
combining together the D1-D3 outputs.

—ch h 4
TuF < D1
C1 D1 D2 -2
1uF 2fout D3E
VIN |:”73 C- GND®
T +1C+ RSET L
IN EN/SET
_LCS AAT3193 '1?‘:3k
T |
EN/SET L

Figure 6: Higher Current, Single LED Application.

For lower-cost applications, the flying capacitor can be
removed. This will force the AAT3193 to operate in 1X
mode. To maintain regulated LED current, the input
supply voltage has to be higher than the charge-pump’s
dropout voltage in 1X mode.

3193.2008.07.1.3
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Figure 7: Lower Cost 1X Mode Application.

Capacitor Selection

Careful selection of the three external capacitors Cy, Cp,
and Cgoyr is important because they will affect turn-on
time, output ripple, and transient performance. Optimum
performance will be obtained when low equivalent series
resistance (ESR) ceramic capacitors are used; in general,
low ESR may be defined as less than 100mQ. A value of
1pF for all four capacitors is a good starting point when
choosing capacitors. If the constant current sinks are
only programmed for light current levels, then the
capacitor size may be decreased.

Capacitor Characteristics

Ceramic composition capacitors are highly recommended
over all other types of capacitors for use with the
AAT3193. Ceramic capacitors offer many advantages
over their tantalum and aluminum electrolytic counter-
parts. A ceramic capacitor typically has very low ESR, is

3-Channel Charge-Pump LED Driver

lowest cost, has a smaller PCB footprint, and is non-
polarized. Low ESR ceramic capacitors help maximizing
charge pump transient response. Since ceramic capaci-
tors are non-polarized, they are not prone to incorrect
connection damage.

Equivalent Series Resistance

ESR is an important characteristic to consider when
selecting a capacitor. ESR is a resistance internal to a
capacitor that is caused by the leads, internal connec-
tions, size or area, material composition, and ambient
temperature. Capacitor ESR is typically measured in mil-
liohms for ceramic capacitors and can range to more
than several ohms for tantalum or aluminum electrolytic
capacitors.

Ceramic Capacitor Materials

Ceramic capacitors less than 0.1pF are typically made
from NPO or COG materials. NPO and COG materials gen-
erally have tight tolerance and are very stable over tem-
perature. Larger capacitor values are usually composed
of X7R, X5R, Z5U, or Y5V dielectric materials. Large
ceramic capacitors (i.e., larger than 2.2uF) are often
available in low cost Y5V and Z5U dielectrics, but capac-
itors larger than 1uF are not typically required for
AAT3193 applications.

Capacitor area is another contributor to ESR. Capacitors
that are physically large will have a lower ESR when
compared to an equivalent material smaller capacitor.
These larger devices can improve circuit transient
response when compared to an equal value capacitor in
a smaller package size.

14 www.analogictech.com
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Evaluation Board Layout
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Figure 8: AAT3193 Evaluation Board Figure 9: AAT3193 Evaluation Board
Component Side Layout. Solder Side Layout.
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Ordering Information

Package Interface Current Control, Inverting Marking Part Number (Tape and Reel)
SC70JW-10 S2Cwire 16-step XGXYY AAT31931JQ-1-T1
SC70JW-10 S2Cwire 8-step AAT31931]JQ-2-T1
SC70JW-10 S2Cwire 4-step AAT31931JQ-3-T1
SC70JW-10 PWM Linear ZHXYY AAT31931JQ-4-T1

All AnalogicTech products are offered in Pb-free packaging. The term “Pb-free” means semiconductor

Pb-free products that are in compliance with current RoHS standards, including the requirement that lead not exceed
0.1% by weight in homogeneous materials. For more information, please visit our website at
http://lwww.analogictech.com/about/quality.aspx.

Package Information

SC70JW-10
0.40 BSC
[ ] _
—>‘ I
0.225£0.075
Top View
2.00+0.20
i 0 %&_ [

0.85+0.15
1.10 MAX
0

r& JL

H
[o.10 [«—1 0.45+0.10 i 8
N \, | 40140 *O-

7°£3°

2.10+0.30

Side View End View

All dimensions in millimeters.

1. XYY = assembly and date code.
2. Sample stock is generally held on part numbers listed in BOLD.
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