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Register Description
Table 6. ChiplD Register

ChipID Register

Addr: 0
This register has a fixed ID
Bit Bit Name Default | Access Description
2:0 version Xh R AS3648 chip version number
7:3 fixed id 10110b R This is a fixed identification (e.g. to verify the I°C
’ - communication)
Table 7. Current Set LED1 Register
Current Set LED1 Register
Addr: 1
This register defines design versions
Bit Bit Name Default | Access Description
Caution: Define the current on pin LED_OUT1assist
mode uses bits 6:0 of this current setting
(max. half of full current setting)
indicator or low current pwm mode uses only
5:0 of this current setting (max. 1/4 of full
current setting)
Oh OmA
1h 3.5mA
2h 7.1mA
7:0 led currenti 9Ch RW | 3Fh 222.4mA (maximum current for indicator or low
- current pwm mode, mode_setting=01)
7Fh 448.2mA (maximum current for assist light mode,
mode_setting=10)
9Ch 551mA - default setting
FEh 896.5mA (996.1mA” if current_boost=1)
FFh 900mA (1000mA” if current_boost=1)
1. Do not use current_boost=1 for currents <= 900mA
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Table 8. Current Set LED2 Register

Current Set LED2 Register

Addr: 2
This register defines LED Currents
Bit Bit Name Default | Access Description
Define the current on pin LED_OUT2 in flash mode
assist mode uses bits 6:0 of this current setting (max. half of
full current setting)
indicator or low current pwm mode uses only 5:0 of this
current setting (max. 1/4 of full current setting)
Oh OmA
1h 3.5mA
2h 7.1mA
3Fh 222.4mA (maximum current for indicator or low
7:0 led_current2 9Ch R/W current pwm mode, mode_setting=01)

7Fh 448.2mA (maximum current for assist light mode,
mode_setting=10)

9Ch 551mA - default
FEh 896.5mA (996.1mA” if current_boost=1)
FFh 900mA (1000mA” if current_boost=1)

1. Do not use current_boost=1 for currents <= 900mA

Table 9. TXMask Register

) TXMask Register
Addr: 3 This register defines the TXMask settings and coil peak current
Bit Bit Name Default | Access Description
Defines operating mode for input pin TXMASK/TORCH
00 pin has no effect
txmask-mode; during flash if TXMASK/TORCH=1, the
01 LED current is set to flash_txmask_current - (see
1:0 ext_torch_on 00 R/W TXMASK on page 14)
external torch mode: if TXMASK/TORCH=1 and
10 mode_setting=00, the 68364.18is set into exter1nal-
torch mode (LED current is defined by the 7LSB " bits
of led_current1 and led_current2)
11 don'’t use
Defines the maximum coil current (parameter ILIMIT)
00 ILmiT = 2.0A
3:2 coil_peak 10 R/W 01 lumiT = 2.5A
10 ILimiT = 3.0A
11 lLimiT = 3.5A
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Table 9. TXMask Register (Continued)

TXMask Register

Addr: 3 This register defines the TXMask settings and coil peak current
Bit Bit Name Default | Access Description
Define the current on pin LED_OUT1/2 in flash mode if
ext_torch_on=01 and TXMASK/TORCH=1
Oh OmA
1h 57mA (62.7mA if current_boost=1)
2h 113mA (125.5mA if current_boost=1)
3h 169mA (188.2mA if current_boost=1)
4h 226mA (251mA if current_boost=1)
5h 282mA (313.7mA if current_boost=1)
6h 339mA (376.5mA if current_boost=1)- default
74 | flash_txmask_curent’ | 6 | RMW g 395mA (439.2mA if current_boost=1)
8h 452mA (502mA if current_boost=1)
9h 508mA (564.7mA if current_boost=1)
Ah 565mA (627.5mA if current_boost=1)
Bh 621mA (690.2mA if current_boost=1)
Ch 678mA (752.9mA if current_boost=1)
Dh 734mA (815.7mA if current_boost=1)
Eh 791mA (878.4mA if current_boost=1)
Fh 847mA (941.2mA if current_boost=1)

1. The MSB bit of this register not used to protect the LED; therefore the maximum current = half the maximum
flash current

2. If current_boost=1, the LED current is increased by 11%.
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Table 10. Low Voltage Register

At Low Voltage Register
r:
This register defines the operating mode with low battery voltages
Bit Bit Name Default | Access Description
Voltage level on VIN where current reduction triggers during
operation (see Current Reduction by VIN measurements in
Flash Mode on page 14) - only in flash mode; if VIN drops
below this voltage during current ramp up, the current ramp
up is stopped; during operation the current is decreased
until the voltage on VIN rises above this threshold -
fault_uvlo is set
Oh function is disabled
2:0 vin_low_v_run 4h R/W 1h 3.ov
2h 3.07v
3h 3.14V
4h 3.22V - default
5h 3.3V
6h 3.38V
7h 3.47v
Voltage level on VIN where driver will change current before
startup (only in flash mode)
if before startup (out_on set from 0 to 1), the voltage on VIN
is below vin_low_v, the current is changed to
flash_txmask_current (vin_low_v_shutdown=0) or
O=shutdown (vin_low_v_shutdown=1) and fault_uvlo is set
Oh function is disabled
1h 3.0V
5:3 vin_low_v 5h R/W
2h 3.07v
3h 3.14V
4h 3.22v
5h 3.3V - default
6h 3.38V
7h 3.47V
Enables Shutdown of current reduction under low voltage
conditions
if before startup (out_on set from 0 to 1), the voltage
: 0 | on VIN is below vin_low_v, the current is changed to
6 vin_low_v_shutdown 0 RIW flash_txmask_current and fault_uvlo is set
if before startup (out_on set from 0 to 1), the voltage
1 | on VIN is below vin_low_v, the operating mode stays
in shutdown (zero LED current) and fault_uvlo is set
Enables Constant output voltage mode
0 Normal operation defined by mode_setting
7 const_v_mode 0 R/W
5V constant voltage mode on VOUT1/2;
1 reset registers mode_setting, out_on and
ext_torch_on before setting this bit
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Table 11. Flash Timer Register

Flash Timer Register
Addr: 5
This register identifies the flash timer and timeout settings
Bit Bit Name Default | Access Description
Define the duration of the flash timer and timeout timer
Oh 2ms
1h 4ms
2h 6ms
23h 72ms - default
7:0 flash_timeout 23h RIW[7oe 256ms
80 264ms(now 8 ms LSB steps from here on)?
81 272ms
82 280ms
FEh 1272ms
FFh 1280ms

1. At maximum output current the flash duration should be limited to 120ms (depending of VF of the LED, thermal
design and ambient temperature) to avoid overheating of the AS3648.
2. Internal calculation for codes above 80h: flash timeout [ms] = (flash_timeout-127) * 8 + 256 [ms]

Table 12. Control Register

Control Register
Addr: 6
This register identifies the operating mode and includes an all on/off bit
Bit Bit Name Default | Access Description
Define the AS3648 operating mode
00 shutdown or external torch mode if
ext_torch_on (page 23)=10
indicator mode (or low current mode using PWM)
01 LED current is defined by the 6LSB bits of
led_current1 and led_current2 pwm modulated with
31.25kHz defined by register inct_pwm (1/16...4/16)
1:0 mode_setting 00 R/W assist light mode:
10 LED current is defined by the 7LSB" bits of
led_current1 and led_current2
flash mode:
LED current is defined by led_current1 and
11 led_current2
(out_on and mode_setting are automatically cleared
after a flash pulse)
2 reserved X R reserved - don’t use, always write 0
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Table 12. Control Register (Continued)

Control Register

Addr: 6 This register identifies the operating mode and includes an all on/off bit
Bit Bit Name Default | Access Description
Enables the output current sinks (pin LED_OUT1/2)
0 outputs disabled
3 out_on 0 R/W

outputs enabled
(out_on and mode_setting are automatically cleared
after a flash pulse)

1. The MSB bit of this register not used to protect the LED; therefore the maximum assist light current = half the
maximum flash current

Table 13. Strobe Signalling Register

Strobe Signalling Register

Addr:7 This register defines the flash current reducing and mode for STROBE
Bit Bit Name Default | Access Description
Defines if the STROBE input is edge or level sensitive; see
also bit strobe_on (page 27)
6 strobe_type 1 RIW 0 STROBE input is edge sensitive
1 STROBE input is level sensitive
Enables the STROBE input
7 strobe_on 1 R/W 0 STROBE input disabled

STROBE input enabled
in flash mode

Table 14. Fault Register

Fault Register

Addr: 8 This register identifies all the different fault conditions and provide
information about the LED detection
Bit Bit Name Default | Access Description
an undervoltage event has happened - see Current
Reduction by VIN measurements in Flash Mode on page 14
0 fault_uvio 0 rRisc' [ No
1 Yes
1 reserved R reserved - don't use
2 reserved R reserved - don’t use
TXMASK/TORCH event triggered during flash - see
TXMASK event occurred on page 12
3 fault_txmask 0 rRisc' [ No
1 Yes
see Flash Timeout on page 12
4 fault_timeout 0 rRisc' | 0 No fault
1 Flash timeout exceeded
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Table 14. Fault Register (Continued)

Fault Register
Addr: 8 This register identifies all the different fault conditions and provide
information about the LED detection
Bit Bit Name Default | Access Description
see Overtemperature Protection on page 12
5 fault_overtemp 0 R/sC’ No fault
Junction temperature limit has been exceeded
see Short Circuit Protection on page 12
6 fault_led_short 0 R/sC' No fault
A shorted LED is detected (pin LED_OUT1/2)
see Overvoltage Protection on page 11
7 fault_ovp 0 R/sC’ No fault
An overvoltage condition is detected (pin VOUT)

1. R/sC = Read, self clear; after readout the register is automatically cleared

Table 15. PWM and Indicator Register

Addr: 9

PWM and Indicator Register

This register defines the PWM mode (e.g. for indicator) and 4/1MHz mode

switching

Bit Bit Name

Default

Access

Description

1:0 inct_pwm

Define the AS3648 PWM with 31.25kHz operation for
indicator or low current mode (mode_setting=01)

00 1/16 duty cycle

00 RW 101

2/16 duty cycle

10 3/16 duty cycle

11 4/16 duty cycle

2 freq_switch_on

pulsewidth

Exact frequency switching between 4MHz/1MHz for assist
and flash modes for operation close to maximum

0 R/W

Pulseskip operation is allowed for all modes -
results in better efficiency

In flash and assist light mode (indicator mode or low
current mode using PWM always will use pulseskip) if
1 led_current1>=40h and led_current2>=40h and

current_boost=0 , the DCDC is running at 4MHz or
1MHz (pulseskip is disabled) - results in improved
noise performance;

3 led_out1above2

Measure the voltage difference between LED_OUT1
vs.LED_OUT2 during operation of the DCDC

V(LED_OUT1) > V(LED_OUT2) +
VLED_OUTCOMP_HYST
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Table 15. PWM and Indicator Register (Continued)

PWM and Indicator Register

Addr: 9 This register defines the PWM mode (e.g. for indicator) and 4/1MHz mode
switching
Bit Bit Name Default | Access Description

Measure the voltage difference between LED_OUT1
vs.LED_OUT2 during operation of the DCDC

4 led_out2above1 0 R 0

V(LED_OUT2) > V(LED_OUT1) +

1 VLED_OUTCOMP_HYST

Balance the current sinks (up to +/-10% of set current) to
improve application efficiency for unmatched LED forward
voltages - see Load Balancing on page 17

0 disabled

5 load_balance_on 0 R/W

1 enabled

Table 17. Minimum LED Current Register

Minimum LED Current Register

Addr: Eh This register reports the minimum LED current from the last operation
cycle

Bit Bit Name Default | Access Description

Minimum current through the current sink (only including all
7:0 . 123 00h R current reductions as described in Current Reduction by

: led_current_min VIN measurements in Flash Mode excluding current
reductions caused by TXMASK)

1. Only the current through LED_OUT1 is reported.

2. As the internal change of this register is asynchronous to the readout, it is recommended to readout the register
after the flash pulse. The register will store the minimum current through the LED after e.g. a previous flash.
This current can be used for a subsequent flash pulse for a safe operating range.

3. This register is only set if an actual current reduction happens (fault_uvlo (see page 27)=1) otherwise
led_current_min=0.

Table 18. Actual LED Current Register

Actual LED Current Register
Addr: Fh
This register reports the actual set LED current
Bit Bit Name Default | Access Description
Actual set current through the current sink (including all
7:0 led current actual12 00h R current reductions as described in Flash Current
- - Reductions including LED current ramp up/down)

1. Only the current through LED_OUT1 is reported.
2. As the internal change of this register is asynchronous to the readout, it is recommended to readout the register
twice and compare the results.
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Table 19. Password Register Register

Password Register Register

Addr: 80h
Password Protection for register Current Boost
Bit Bit Name Default | Access Description
7:0 password NA W Write A1h into this register to enable access to register 81h

Table 20. Current Boost Register

Current Boost Register

Addr: 81h
Increase output current by 11%
Bit Bit Name Default | Access Description
Boost all LED currents by 11%
0 current_boost1 0 R/W 0 all LED current are as described in the tables
1 all LED current are increased by 11%

1. Write A1h into register password (0x80) to enable access to this register (password unlocking is only valid for a
single I’c access) - required on any read or write access to this register

Register Map
Table 21. Register Map '
Register
Definition Addr | Default Content
Name b7 | b6 | b5 | b4 | b3 b2 | b1 | bo
ChiplD 0 Bxh fixed_id version
Current Set LED1 1 9Ch led_current1
Current Set LED2 2 9Ch led_current2
TXMask 3 68h flash_txmask_current coil_peak ext_torch_on
vin_low
Low Voltage 4 2Ch Corgcs)zj—ev _v_shut vin_low_v vin_low_v_run
- down
Flash Timer 5 23h flash_timeout
Control 6 00h out _on resgrve mode_setting
: : strobe_ | strobe_t
Strobe Signalling 7 COh on ype
fault_ov | fault_le | fault_ov | fault_ti | fault_tx | reserve | reserve | fault_uvl
Fault 8 00h p d_short | ertemp | meout | mask d d o)
load_ba| led_out | led_out :
PWM and = — — freq_swi ;
Indicator 9 00h Ian%e_o 2at2|ove 1at)20ve tch_on inct_pwm
Minimum LED :
Current Eh 00h led_current_min
Actual LED
Current Fh 00h led_current_actual
Password
Register 80h 00h password
Current Boost 81h 00h Clgrgce)git_
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1. Always write’0’ to undefined register bits (e.g. to bits 4..7 of register 6)
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9 Application Information

External Components

Input Capacitor Cvin

Low ESR input capacitors reduce input switching noise and reduce the peak current drawn from the battery. Ceramic
capacitors are required for input decoupling and should be located as close to the device as is practical.

Table 22. Recommended Input Capacitor

Part Number C TC Code V%?ttaege Size Manufacturer
10u Murata
GRM188R60J106 ME47 >3uF@4.5V X5R 6V3 0603
>2uF@5.25V www.murata.com
10p Taiyo Yuden
LMK107BBJ106MA >3UF@4.5V X5R 6V3 0603 www.t-yuden.com

If a different input capacitor is chosen, ensure similar ESR value and at least 3uF capacitance at the maximum input
supply voltage. Larger capacitor values (C) may be used without limitations.

Add a smaller capacitor in parallel to the input pin VIN (e.g. Murata GRM155R61C104, >50nF @ 3V, 0402 size).

Output Capacitor Cvout

Low ESR capacitors should be used to minimize VOUT ripple. Multi-layer ceramic capacitors are recommended since
they have extremely low ESR and are available in small footprints. The capacitor should be located as close to the
device as is practical.

X5R dielectric material is recommended due to their ability to maintain capacitance over wide voltage and temperature
range.

Table 23. Recommended Output Capacitor

Part Number C TC Code V%?ttaegde Size Manufacturer
10pF +/-10%
GRM219R61A116U >4 2UF @5V X5R 10V 0805
0603 Murata
10pF +/-20% 1,6x0.8x0.85mm | WWw.murata.com
GRM188RE0J10BMESS" | >4 2uF@av xsR | eav | e
height)

1. Use only for VLED < 3.75V

If a different output capacitor is chosen, ensure similar ESR values and at least 4.2uF capacitance at 5V output volt-
age.
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Inductor Lbocpc
The fast switching frequency (4MHz) of the AS3648 allows for the use of small SMDs for the external inductor. The

. . 13 .
saturation current ISATURATION should be chosen to be above the maximum value of ILimiT ~. The inductor should have

very low DC resistance (DCR) to reduce the I2R power losses - high DCR values will reduce efficiency.

Table 24. Recommended Inductor

Part Number L DCR ISATURATION Size Manufacturer
2.4A@25°C, | 3x3x1.5mm Mitsumi
C3-P1.5R 1.5pH 58mQ 2 0A] (h;'g)*gt)'s www.mitsumi.com
] 3.2x2.5x0.9
.OuH 2 mm
LQM32PN1ROMGO >0.6uH @ 3.0A 60mQ 3.0A max 1.0mm
height Murata
2 5x2.0x0.9 www.murata.com
1.0uH 3 mm
LQM2HPN1ROMGC >0.6pH @ 2.0A 100mQ 1.5A (2.0A)" | max 1.00mm
height
1.0uH 60mO 3.2x2.5mm Samsung Electro-
CIG32W1ROMNE >0.7uH @ 2.7A +/-059, 3.0A max 1.0mm Mechancs
>0.6uH @ 3.0A ° height Www.sem.samsung.co.kr
1.0uH 4 2.4x2.4x1.2
NRH2412T1RON ) 77mQ 2 5A mm (height
>0.6uyH @ 2.5A is max.)
] 3.2x2.5x0.9
.OpH mm
CKP3225N1ROM S06UH @3.0A | <60mQ 30A | max 1.0mm
height
1.0uH 5 2.5x2.0x1.2 Taiyo Yuden
MAMK2520T1ROM >0.6uH @ 2.75A 45mQ 3.0A mm www.f-yuden.com
' ) height is max
1.0uH 6 2.0x2.0x1.2
MDMK2020T1ROM >0.6uH @ 2.75A 56mQ 2.55A _ mm
height is max
1.0uH , 2.0x1.6x1.0
MAKK2016T1ROM >0.6uH @ 2.75A 65mQ 2.0A _ mm
height is max

1. Do not exceed maximum ISATURATION - can be ensured by setting coil_peak (will limit LED current)

2. Flash pattern: 200ms/3A, 200ms pause, 200ms/3A, 2s then repeat again (no limit on the number of total cycles)
Alternative pattern with 1000ms/1.6A, 200ms pause, 200ms/3A, 200ms pause, 200ms/3A, 2s then repeat
again. (no limit on the number of total cycles)

3. Set current limit to 2A (coil_peak=00b) - will limit maximum output current.

Flash cycle limit: 150ms on, 500ms off; repeat maximum 50 times.

. Set current limit to 2.5A (coil_peak=01b) - will limit maximum output current.

. Set current limit to 3.0A (coil_peak=10b) - can limit maximum output current.

. Set current limit to 2.5A (coil_peak=01b) - will limit maximum output current.

. Set current limit to 2A (coil_peak=00b) - will limit maximum output current.

~N O O A

If a different inductor is chosen, ensure similar DCR values and at least0.6uH inductance at ILimiIT.

13.Can be adjusted in 1°C mode with register coil_peak (see page 23)
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PCB Layout Guideline

The high speed operation requires proper layout for optimum performance. Route the power traces first and try to min-
imize the area and wire length of the two high frequency/high current loops:

Loop1: CVIN/CVIN2 - LDCDC - pin SW1/2 - pin GND - CvIN/CVIN2
Loop2: CVIN/CVIN2 - LDcDC - pin SW1/2 - pin VOUT1/2 - Cvout - pin GND - CVIN/CVIN2

At the pin GND a single via (or more vias, which are closely combined) connects to the common ground plane. This
via(s) will isolate the DCDC high frequency currents from the common ground (as most high frequency current will flow
between Loop1 and Loop2 and will not pass the ground plane) - see the ‘island’ in Figure 32.

Figure 32. Layout recommendation

VBAT

Use common ground plane
connected to GND

keep this area on top-
M plane as an island' — don't
connect to ground on top-plane

M Top Layer
I Inner Layer

LED_OUT1

Ground Plane
LED_OUT2

@ VIA to the ground plane
O VIA between Il I

AS3648 Control lines —

route as required by application

Note: If component placement rules allow, move all components close to the AS3648 to reduce the area and length
of Loop1 and Loop2.

An additional 100nF (e.g. Murata GRM155R61C104, >50nF @ 3V, 0402 size) capacitor CvIN2 in parallel to CVIN is rec-
ommended to filter high frequency noise for the power supply of AS3648. This capacitor should be as close as possi-
ble to the GND/VIN pins of AS3648.
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5V Operating Mode

The AS3648can be used to power a 5V system (e.g. audio amplifier). The operating mode is selected by setting regis-
ter bit const_v_mode (page 25)=1. In this operating mode, the current sinks are disabled and cannot be switched on
(no flash/torch operation is possible).

Note: There is always a diode between VIN and VOUT1/2 due to the internal circuit. Therefore VOUT1/2 cannot be
completely switched off

Figure 33. 5V Operating Mode

VBAT

SW1/2

5V Output

nene

AS3648
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10 Package Drawings and Markings
Figure 34. WL-CSP13 Marking
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Figure 35. WL-CSP13 Package Dimensions
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11 Ordering Information
The devices are available as the standard products shown in Table 25.
Table 25. Ordering Information
Model Description Delivery Form Package
13-pin WL-CSP
(2.25x1.5x0.6mm)
AS3648-ZWLT 2000mA High Current LED Flash Driver Tape & Reel 0.5mm pitch
RoHS compliant / Pb-Free /
Green

Note: All products are RoHS compliant and austriamicrosystems green.
Buy our products or get free samples online at ICdirect: http://www.austriamicrosystems.com/ICdirect

Technical support is found at http://www.austriamicrosystems.com/Technical-Support

For further information and requests, please contact us mailto:sales@austriamicrosystems.com
or find your local distributor at http://www.austriamicrosystems.com/distributor

Note: AS3648-ZWLT
AS3648-
VA Temperature Range: -30°C - 85°C

WL Package: Wafer Level Chip Scale Package (WL-CSP) 2.25x1.5x0.6mm
T Delivery Form: Tape & Reel
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Copyrights

Copyright © 1997-2012, austriamicrosystems AG, Schloss Premstaetten, 8141 Unterpremstaetten, Austria-Europe.
Trademarks Registered ®. All rights reserved. The material herein may not be reproduced, adapted, merged, trans-
lated, stored, or used without the prior written consent of the copyright owner.

All products and companies mentioned are trademarks or registered trademarks of their respective companies.

Disclaimer

Devices sold by austriamicrosystems AG are covered by the warranty and patent indemnification provisions appearing
in its Term of Sale. austriamicrosystems AG makes no warranty, express, statutory, implied, or by description regarding
the information set forth herein or regarding the freedom of the described devices from patent infringement. austriami-
crosystems AG reserves the right to change specifications and prices at any time and without notice. Therefore, prior
to designing this product into a system, it is necessary to check with austriamicrosystems AG for current information.
This product is intended for use in normal commercial applications. Applications requiring extended temperature
range, unusual environmental requirements, or high reliability applications, such as military, medical life-support or life-
sustaining equipment are specifically not recommended without additional processing by austriamicrosystems AG for
each application. For shipments of less than 100 parts the manufacturing flow might show deviations from the standard
production flow, such as test flow or test location.

The information furnished here by austriamicrosystems AG is believed to be correct and accurate. However,
austriamicrosystems AG shall not be liable to recipient or any third party for any damages, including but not limited to
personal injury, property damage, loss of profits, loss of use, interruption of business or indirect, special, incidental or
consequential damages, of any kind, in connection with or arising out of the furnishing, performance or use of the tech-
nical data herein. No obligation or liability to recipient or any third party shall arise or flow out of

austriamicrosystems AG rendering of technical or other services.

é@ austriamicrosystems

Contact Information

Headquarters
austriamicrosystems AG

Tobelbaderstrasse 30
Schloss Premstaetten
A-8141 Austria

Tel: +43 (0) 3136 500 0
Fax: +43 (0) 3136 525 01

For Sales Offices, Distributors and Representatives, please visit:

http://www.austriamicrosystems.com/contact
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