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Datasheet

AS3676

Flexible Lighting Management (CP, DCDC, 13 Current Sinks,
ADC, LED Test, LDO, DLS and Ambient Light sensing)

1 General Description

The AS3676 is a highly-integrated CMOS Power and
Lighting Management Unit for mobile telephones, and
other 1-cell Li+ or 3-cell NiMH powered devices.

The AS3676 incorporates one Step Up DC/DC Con-
verter for white backlight LEDs, one high-power Charge
Pump, one Analog-to-Digital Converter, 13 current sinks,
LED in-circuit function test, a two wire serial interface,
and control logic all onto a single device. It supports
ambient light sensor processing and a Dynamic Lumi-
nance Scaling (DLS) input. Output voltages and output
currents are fully programmable.

The AS3676 is part of the austriamicrosystems AS3675,
AS3687/87XM and AS3689 lighting management unit
family. It is software compatible to AS3687/87XM and
AS3689 and pin and software compatible to AS3675.

2 Key Features

m High-Efficiency Step Up DC/DC Converter

- Up to 26V/50mA for White LEDs

- Programmable Output Voltage with External Resis-
tors and Serial Interface

- Over voltage Protection

m High-Efficiency High-Power Charge Pump

- 1:1,1:1.5, and 1:2 Mode

- Automatic Up Switching (can be disabled and 1:2
mode can be blocked)

- Output Current up to 400mA/500mA pulsed

- Efficiency up to 95%

- Very Low effective Resistance (2.5Q typ. in 1:1.5)

- Only 4 External Capacitors Required:
2 x 1uF Flying Capacitors, 2 x 2.2uF Input/Output
Capacitors

- Supports LCD White Backlight LEDs, or RGB
LEDs

m 13 Current Sinks

- All 13 current sinks fully Programmable (8-bit)
from: 0.15mA to 38.5mA (up to 75.6mA for
CURRS30...CURR33)

- Three current sinks are High Voltage capable
(CURR1, CURR2, CURRS)

- Programmable Hardware Control (Strobe, and Pre-
view or PWM)

- Selectively Enable/Disable Current Sinks

- Dynamic Luminance Scaling (DLS) support to
improve backlight operating time (can adjust any
current source)
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aleap ahead in analog

- Light Sensor input with internal hardware process-
ing to control backlight according to ambient light
using 3 groups - any current source can select one
of the groups or no light sensor control

Internal PWM Generation

- 8 Bit resolution

- Autonomous Logarithmic up/down dimming

Led Pattern Generator

- Autonomous driving for Fun RGB LEDs

- Support indicator LEDs

10-bit Successive Approximation ADC

- 27us Conversion Time

- Selectable Inputs: VANA/GPI, GPIO1/DLS,
GPIO2/LIGHT, all current sources, VBAT, CPOUT,
DCDC_FB

- Internal Temp. Measurement

- Light Sensor input with Java support (JSR-256):
read ADC processed value

Support for automatic LED testing (open and
shorted LEDs can be identified)

Strobe Timeout protection

- Up to 1600ms

- Three different timing modes

Two General Purpose Inputs/Output

- GPIO1/DLS, GPIO2/LIGHT

- Digital Input, Digital Output using VANA/GPI sup-
ply and Tristate

- GPIOs Programmable Pull-Up/Down

Programmable LDO

- 1.8 t0 3.35V, 150mA

- Programmable via Serial Interface

Standby LDO always on

- Regulated 2.5V max. output 10mA

- 3pA Quiescent Current

Audio can be used to drive RGB LED(s)

- Color and Brightness depends on audio amplitude

Wide Battery Supply Range: 3.0 to 5.5V

Two Wire Serial Interface Control

Over current and Thermal Protection

WL-CSP30 3x2.5mm, 0.5mm pitch Package

3 Applications

Power- and lighting-management for mobile telephones
and other 1-cell Li+ or 3-cell NIMH powered devices.
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Figure 1. AS3676 Block Diagram
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4 Pinout
Table 1. Pin Description for AS3676
Nu|:i1rl‘)er Pin Name Type Description
A1 GPIO1/DLS AlO Digital Luminance Scaling PWM input and General Purpose Input Output 1
A2 VANA/GPI AIO LDO Output/General Purpose Input
A3 C2 N AIO Charge Pump flying capacitor; conngi%t.a ceramic capacitor of 500nF to this
Ad c1p AIO Charge Pump flying capacitor; conngi(:t.a ceramic capacitor of 500nF to this
A5 CPOUT AO Output voltage of the Charge Pu(rgg(;)(%c;rmect a ceramic capacitor of 1uF
A6 DATA DIO Serial interface data input/output.
B1 GPIO2/LIGHT AIO Ambient Light Sensor input and General Purpose Input Output 2
B2 VSS_CP GND Ground Pad for Charge Pump
B3 C1N AIO Charge Pump flying capacitor; conngﬁ;[-a ceramic capacitor of 500nF to this
B4 C2.P AlO Charge Pump flying capacitor; conngi%t'a ceramic capacitor of 500nF to this
B5 DCDC_GATE AO DCDC gate driver.
B6 CLK DI Clock input for serial interface.
C1 CURR41 Al Analog current sink input
C2 RGB3 Al Analog current sink input
C3 VSS GND Ground pad
C4 VBAT S Supply pad. Connect to battery.
C5 CURR30 Al Analog current sink input, intended for activity icon LED
C6 DCDC_SNS Al Sense input of shunt resistor for Step Up DC/DC Converter.
D1 CURR43 Al Analog current sink input
D2 RGB1 Al Analog current sink input
D3 CURR33 Al Analog current sink input, intended for activity icon LED
D4 CURR31 Al Analog current sink input, intended for activity icon LED
D5 CURR2 Al_HV Analog current sink input (intended for Keyboard backlight)
D6 DCDC_FB Al DCDC feedback. Connect to resistor string.
E1 CURR42 Al Analog current sink input
E2 RGB2 Al Analog current sink input
E3 CURR32 Al Analog current sink input, intended for activity icon LED
E4 CURRG6 Al_HV Analog current sink input (intended for Keyboard backlight)
E5 CURR1 Al_HV Analog current sink input (intended for Keyboard backlight)
E6 V2 5 AO3 Output voltage of the Low-Power LDO; always connect a ceramic capacitor of
- 1uF (£20%) or 2.2uF (+100%/-50%).
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4.1 Pin Definitions

Table 2. Pin Type Definitions

Type Description
DI Digital Input
DO Digital Output
DIO Digital Input/Output
AIO Analog Pad
Al Analog Input
Al_HV High-Voltage (26V) Pin
AO3 Analog Output (3.3V)
S Supply Pad
GND Ground Pad
www.austriamicrosystems.com/AS3676 1v1-4
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5 Absolute Maximum Ratings

Stresses beyond those listed in Table 3 may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated in Table 4, “Operating
Conditions,” on page 6 is not implied. Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

Table 3. Absolute Maximum Ratings

Symbol Parameter Min Max Units Comments
Applicable for high-voltage
VIN_HV 26V Pins -0.3 26 \Y, current sink pins CURR1,
CURR2, CURRG6
Applicable for 5V pins
VBAT, CURR30-33,
VIN_MV 5V Pins 03 | 70 v | SYRRATAS ROBIS, ST
DCDC_FB, DCDC_GATE,
CLK, DATA;
Applicable for 3.3V pins
: V2_5; DCDC_SNS, GPIO1/
VIN_LV 3.3V Pins -0.3 5.0 \% DLS, GPIO2/LIGHT, VANA/
GPI
Input Pin Current -25 +25 mA At 25°C, Norm: JEDEC 17
Tstrg Storage Temperature Range -55 125 °C
IIN Humidity 5 85 % Non-condensing
VESD Electrostatic Discharge -2000 | 2000 v Norm: MIL. 883 £ Method
Pt Total Power Dissipation 0.75 W TA=T70 °‘13'2g);g”c—max =
TBODY Peak Body Temperature 260 °C Ll?h%ggfé)ts)lflg 'j?g?-'g%nz%e
MSL Moisture Sensitivity Level MSL 1 Repreiisrﬁgtgfaum%i.tggor life
6 Electrical Characteristics
Table 4. Operating Conditions
Symbol ‘ Parameter | Condition ‘ Min | Typ ‘ Max ‘ Unit

General Operating Conditions

Applicable for high-voltage current sink pins

Temperature Range

VHV High Voltage CURR1, GURR2 and CURRB. 0.0 26.0 \Y
VBAT Battery Voltage Pin VBAT 3.0 3.6 5.5 \%
VPERI Perip\l)c()elggseupply For serial interface pins. 15 55 \%
Va2 5 Voltage on Pin V2_5 Internally generated 24 2.5 2.6 \%
TAMB Operating 30 | 25 | 85 | °C

IACTIVE Battery current

Normal Operating current (see Operating
Modes on page 80)

110 LA

IsTANDBY | Standby Mode Current

Current consumption in standby mode. Only
2.5V regulator on, interface active

Shutdown Mode

ISHUTDOWN Current

interface inactive (CLKand DATA set to OV)

0.1 3 7y

www.austriamicrosystems.com/AS3676
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7 Typical Operating Characteristics

Figure 2. DCDC Step Up Converter: Efficiency of +15V,

Figure 3.

Step Up to 15V vs. Load Current at VBAT=3.8V
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Figure 8. Charge Pump Input and Output Ripple Figure 9. Charge Pump Input and Output Ripple
1:1.5 Mode, 100mA load 1:2 Mode, 100mA load
‘1"';""E""E""E""E""E""E""E""E"": Wmm‘l—l_:
e NBAT, DI, et : : : : : : : ]
. . . . AC-cQupled . . . z

(R NN NN

St VCPOUTE AQ0 MVAiV, ¢t r s st et L V(CROUTE20mMVIdiV; - D e el ]
: : - AC-coupled - ; : : [ : : : * AC-caupled - : : : ]

250ns/div 250ns/div
Measured with battery (3.8V) on demoboard Measured with battery (3.0V) on demoboard

VBAT = 3.6V, Ta = +25°C (unless otherwise specified).
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8 Detailed Description

8.1  Analog LDO

The LDO is a general purpose LDO and the output pin connected to VANA/GPI. The design is optimized to deliver the
best compromise between quiescent current and regulator performance for battery powered devices.

Stability is guaranteed with ceramic output capacitors of 1uF +20% (X5R) or 2.2uF +100/-50%(Z5U). The low ESR of
these capacitors ensures low output impedance at high frequencies. The low impedance of the power transistor
enables the device to deliver up to 150mA even at nearly discharged batteries without any decrease in performance.

The LDO is off by default after start-up.

Figure 10. Analog LDO Block Diagram
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Table 5. Electrical Characteristics

Symbol Parameter Condition Min | Typ | Max | Unit
Supply Voltage
VBAT Range 3.0 5.5 \%
RoN On Resistance @150mA, full operating temperature range 1.0 Q
@150mA 150 mV
VDROPOUT Dropout Voltage
@50mA 50 mV
Without load 50
IoN Supply Current MA
With 150mA load 150
loFF Shutdown Current Without load 100 nA
tstart Start-up Time 200 V&
Output Voltage
Vout_tol Toltn S -3 +3 %
VBAT = 3.0V and lout=150mA 1.8 2.85 \Y,
Vout Output Voltage Full Programmable Range; 18 335 v
VBAT > VouT+ 150mV and louT<=150mA ) )
1 . Pin VANA/GPI. LDO acts as current source if 2
ILimiT LDO Current Limit the output current exceeds ILIMIT. 300 | 450 mA

1. Not production tested — guaranteed by design and laboratory verification
2. During startup of the LDO the current limit is half the value of I T

www.austriamicrosystems.com/AS3676 1v1-4 9-91
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8.1.1 LDO Registers
Table 6. Reg. control Register

Reg. control
Addr: 00 This register enables/disables the LDOs, Charge Pumps, Charge Pump LEDs,
current sinks, the Step Up DC/DC Converter, and low-power mode.
Bit Bit Name Default | Access Description
0 Analog LDO is switched off
0 Ido_on 0 R/W
1 Analog LDO is switched on
Table 7. LDO Voltage Register
LDO Voltage
Addr: 07h
This register sets the output voltage (VANA/GPI) for.the LDO.
Bit Bit Name Default | Access Description
Controls LDO voltage selection.
00000b 1.8V
4:0 Ido_voltage 00000b| R/W
LSB=50mV
11111b 3.35vV

www.austriamicrosystems.com/AS3676 1v1-4 10-91
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8.2 Step Up DC/DC Converter
The Step Up DC/DC Converter is a high-efficiency current mode PWM regulator, providing output voltage up to e.g.

25V/50mA1. A constant switching-frequency results in a low noise on the supply and output voltages.

Figure 11. Step Up DCDC Converter Block Diagram Option: Current Feedback with Over voltage protection

Battery

Step Up DC/DC
Converter
D12
D13
D14
* C7/C8 are only required
in voltage feedback mode
| = \
HV Current Sinks | | |
each 0.15-38.25mA

CURR1 \

CURR2

CURR®6

AS3676
Table 8. Step Up DC/DC Converter Parameters
Symbol Parameter Condition Min | Typ | Max | Unit
IvDD Quiescent Current Pulse skipping mode. 140 MA
Feedback Voltage for
VFB1 External Resistor For constant voltage control. 120 | 125 [ 130 | v
Divider step_up_res =1

Feedback Voltage for . :
; on CURR1, CURR2 or CURRG in regulation.
VFB2 Current Sink step_up_res =0

Regulation

0.4 0.5 0.6 \Y

1. The AS3676 internal driver structure allows output voltage higher than 25V. The Over voltage Protection in
Current Feedback Mode (see page 13) or Voltage Feedback (see page 14) should be set to fit to the exter-
nal components used (maximum voltage rating of Q1, C9 and D1).

www.austriamicrosystems.com/AS3676 1v1-4 11-91
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Table 8. Step Up DC/DC Converter Parameters
Symbol Parameter Condition Min | Typ | Max | Unit
Additional Tuning ) ) )
Current at Pin Adjustable by software using Register DCDC 0 31 A
DCDC_FB and over control1 H
Ipcbc_FB voltage protection 1pA step size (0-31pA)
A f Feedback VPR|OTECT . 1'%:V '
ccuracy of Feedbac pcoe FB * R2 .
Current at full scale - 6 6 %
e.g., 1.32A for 0.1Q sense resistor R1. 92 132 170
Virsense_max Current Ia_tlrpan Voltage For fixedSSé%LtLSJp time of 50 66 86 mv
If step_up_lowcur= 1 60 86 114
Rsw Switch Resistance | ON-resistance of external switching transistor. 1 Q
ILoAD Load Current At 26V output voltage 0 50 mA
fiN Switching Frequency Internally trimmed 0.9 1 1.1 MHz

Ceramic, +20%. Use nominal 4.7uF capacitors
Court Output Capacitor to obtain at least 0.7yF under all conditions 0.7 4.7 uF
(voltage dependence of capacitors)

Use inductors with small Cparasitic (<100pF) to
L Inductor get high efficiency. 7 10 13 puH
tMIN_ON Minimum on Time 90 140 190 ns
MDC Maximum Duty Cycle 90 %
. Voltage ripple >20kHz 160 mV
Vripple - Cout=4.7uF,lout=0..45mA, VBAT=3.0...4.2V
Voltage ripple <20kHz 40 mV
Efficiency Efficiency lout=20mA,Vout=17V,VBAT=3.8V 85 %

To ensure soft startup of the dcdc converter, the over current limits are reduced for a fixed time after enabling the dcdc
converter. The total startup time for an output voltage of e.g. 26V is less than 2ms. If C7 and C8 are mounted and the
bit step_up_prot is set, the total startup time can exceed 2ms.

Note: Ifthe DCDC converter is only used in current feedback mode (CURR1, CURR2 or CURRG - and not used for a
constant voltage source), the capacitors C7 and C8 can be removed.

8.21 Feedback Selection
Register DCDC control1 and DCDC control2 selects the type of feedback for the Step Up DC/DC Converter.
The feedback for the DC/DC converter can be selected either by current sinks (CURR1, CURR2, CURRG) or by a volt-

age feedback at pin DCDC_FB. If the register bit step_up_fb_auto is set, the feedback path is automatically selected
between CURR1, CURR2 and CURRG6 (the lowest voltage of these current sinks is used).

Setting step_up_fb enables feedback on the pins CURR1, CURR2 or CURRG. The Step Up DC/DC Converter is regu-
lated such that the required current at the feedback path can be supported. (Bit step_up_res should be set to 0 in this
configuration)

Note: Always choose the path with the highest voltage drop as feedback to guarantee adequate supply for the other
(unregulated) paths or enable the register bit step_up_fb_auto.

www.austriamicrosystems.com/AS3676 1v1-4 12-91
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8.2.2 Over voltage Protection in Current Feedback Mode
The over voltage protection in current feedback mode (step_up_fb =01, 10 or 11 or step_up_fb_auto = 1) works as fol-

lows: Only resistor R2 and C7/C82 is soldered and R3 is omitted. An internal current source (sink) is used to generate
a voltage drop across the resistor R2. If then the voltage on DCDC_FB is above 1.25V and step_up_prot=1, the DCDC
is momentarily disabled to avoid too high voltages on the output of the DCDC converter. When the voltage on
DCDC_FB drops below 1.25V, the DCDC automatically resumes operation.

The protection voltage can be calculated according to the following formula:
VPROTECT = 1.25V + IDCDC_FB * R2 (EQ 1)

Note: The voltage on the pin DCDC_FB is limited by an internal protection diode to VBAT + one diode forward volt-
age (typ. 0.6V).

If the over voltage protection is not used in current feedback mode, connect DCDC_FB to ground.

Figure 12. Step Up DC/DC Converter Detail Diagram; Option: Regulated Output Current, Feedback is
automatically selected between CURR1, CURR2, CURREG (step_up_fb_auto=1); over voltage protection
is enabled (step_up_prot=1); 1MHz clock frequency (step_up_frequ=0)
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AS3676 CURRX on and

currX_on_cp=0

2. If the DCDC converter is only used in current feedback mode (CURR1, CURR2 or CURRS - and not used
for a constant voltage source), the capacitors C7 and C8 can be removed.
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8.2.3 Voltage Feedback

@? austriamicrosystems

Setting bit step_up_fb (see page 15) = 00 enables voltage feedback at pin DCDC_FB. Capacitors C7 and C8 have to

be soldered in this operating mode.

The output voltage is regulated to a constant value, given by (Bit step_up_res should be set to 1 in this configuration)

Ustep up_out = (R2+R3)/R3 *1.25 + Ipcpc_FB * R2

If R3 is not used, the output voltage is by (Bit step_up_res should be set to 0 in this configuration)

Ustep up_out=1.25 + Ipcpc_FB * R2

Where:

Ustep up_out = Step Up DC/DC Converter output voltage

R2 = Feedback resistor R2
R3 = Feedback resistor R3

Ipcbc_FB = Tuning current at ball DCDC_FB; 0 to 31pA

Table 9. Voltage Feedback Example Values

(EQ 2)

(EQ 3)

Ipcpc_FB Ustep up_out Ustep up_out
pA R2 = 1MQ, R3 not used R2 = 500kQ, R3 = 50kQ
0 - 13.75
1 - 14.25
2 - 14.75
3 - 15.25
4 - 15.75
5 6.25 16.25
6 7.25 16.75
7 8.25 17.25
8 9.25 17.75
9 10.25 18.25
10 11.25 18.75
1 12.25 19.25
12 13.25 19.75
13 14.25 20.25
14 15.25 20.75
15 16.25 21.25
30 31.25 28.75
31 32.25 29.25

Note: The voltage on CURR1, CURR2 and CURRG6 must not exceed 26V (see page 25)

8.2.4 PCB Layout Hints

To ensure good EMC performance of the DCDC converter, keep its external power components C6, R1, L1, Q1, D1
and C9 close together. Connect the ground of C6, R1 and C9 locally together and connect this with a short path to
AS3676 VSS. This ensures that local high-frequency currents will not flow to the battery.

8.2.5 Unused DCDC converter

If the DCDC converter is not used, connect DCDC_SNS to GND. DCDC_FB3 and DCDC_GATE can be left open.
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8.2.6 Step up Registers
Table 10. Reg. control Register

@? austriamicrosystems

Addr: 00

Reg. control

This register enables/disables the Charge Pump and the Step Up DC/DC

Converter.

Bit Bit Name

Default | Access

Description

3 step_up_on

R/W

Enable the step up converter

Ob

Disable the Step Up DC/DC Converter

1b

Enable the Step Up DC/DC Converter

Table 11. DCDC control1 Register

DCDC control1
Addr: 21h
This register controls the Step Up DC/DC Converter.
Bit Bit Name Default | Access Description
Defines the clock frequency of the Step Up DC/DC
Converter.
0 step_up_frequ 0 R/W 0 1MHz
1 500kHz
Controls the feedback source if step_up_fb_auto =0
00 DCDC_FB enabled (external resistor divider).
Set step_up_fb=00 (DCDC_FB)
2:1 step_up_fb 00 RIW 01 CURR1 feedback enabled (feedback via LEDs)
10 CURRZ2 feedback enabled (feedback via LEDs)
11 CURRG6 feedback enabled (feedback via LEDs)
Defines the tuning current at pin DCDC_FB.

00000 0 pA

00001 1 A

) 00010 2 uA

7:3 step_up_vtuning 00000 | R/W
10000 15 pA
11111 31 pA

3. DCDC_FB can be used as a general purpose ADC input (see Analog-to-Digital Converter on page 65)
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Table 12. DCDC control2 Register

DCDC control2

Addr: 22h This register controls the Step Up DC/DC Converter and low-voltage current
sinks CURR3x.

Bit Bit Name Default | Access Description
Gain selection for Step Up DC/DC Converter

Select 0 if Step Up DC/DC Converter is used
with current feedback (CURR1, CURRZ2,
0 CURRS®) or if DCDC_FB is used with current
0 step_up_res 0 RIW feedback only — R2, C7, C8 connected, R3 not
used

1 Select 1 if DCDC_FB is used with external
resistor divider using 2 resistors: R2 and R3

Step Up DC/DC Converter output voltage at low loads,
when pulse skipping is active

1 skip_fast 0 RIW 0 Accurate output voltage, more ripple

1 Elevated output voltage, less ripple
Step Up DC/DC Converter protection

2 step_up_prot 1 R/W 0 No over voltage protection

1 Over voltage protection on pin DCDC_FB
enabled voltage limitation =1.25V on DCDC_FB

Step Up DC/DC Converter coil current limit

3 step_up_lowcur 0 R/W 0 Normal current limit

1 Current limit reduced by approx. 33%

0 step_up_fb selects the feedback of the DCDC
converter

If step_up_fb is not DCDC_FB (00), then
7 t fb aut 0 RIW feedback is automatically chosen within the
step_lp_Tb_alrto current sinks CURR1, CURR2 and CURRS.

1 Only those are used for this selection, which are
enabled (currX_mode must not be 00) and not
connected to the charge pump (currX_on_cp
must be 0).

8.3 Charge Pump
The Charge Pump uses two external flying capacitors C3, C4 to generate output voltages higher than the battery volt-
age. There are three different operating modes of the charge pump itself:
= 1:1 Bypass Mode
- Battery input and output are connected by a low-impedance switch
- battery current = output current.
= 1:1.5 Mode
- The output voltage is up to 1.5 times the battery voltage (without load), but is limited to VCPOUTmax all the time
- battery current = 1.5 times output current.
m 1:2 Mode
- The output voltage is up to 2 times the battery voltage (without load), but is limited to VCPOUTmax all the time
- battery current = 2 times output current
As the battery voltage decreases, the Charge Pump must be switched from 1:1 mode to 1:1.5 mode and eventually in

1:2 mode in order to provide enough supply for the current sinks. Depending on the actual current the mode with best
overall efficiency can be automatically or manually selected:

Examples:
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m Battery voltage = 3.7V, LED dropout voltage = 3.5V. The 1:1 mode will be selected and there is 200mV drop on the
current sink and on the Charge Pump switch. Efficiency 95%.
m Battery voltage = 3.5V, LED dropout voltage = 3.5V. The 1:1.5 mode will be selected and there is 1.5V drop on the
current sink and 250mV on the Charge Pump. Efficiency 66%.

The efficiency is dependent on the LED forward voltage given by:

Eff=(V_LED*lout)/(Uin*lin)

(EQ4)

The charge pump mode switching can be done manually or automatically with the following possible software settings:

m  Automatic up all modes allowed (1:1, 1:1.5, 1:2)
- Start with 1:1 mode
- Switch up automatically 1:1 to 1:1.5 to 1:2

m Automatic up, but only 1:1 and 1:1.5 allowed
- Start with 1:1 mode
- Switch up automatically only from 1:1 to 1:1.5 mode; 1:2 mode is not used

= Manual

- Set modes 1:1, 1:1.5, 1:2 by software

Figure 13. Charge Pump Pin Connections

Charge Pump

1:1, 1:1.5,1:2

AS3676

The Charge Pump requires the external components listed in the following table:
Table 13. Charge Pump External Components

Symbol Parameter Condition Min | Typ | Max | Unit
C2 External Decoupling Ceramic low-ESR capacitor between pins 10 =
Capacitor VBAT and VSS. : H
. Ceramic low-ESR capacitor between pins
Cs, Cs Ec’geg(‘:?t'of'{z”;(? C1_Pand C1_N, between pins C2_P and 1.0 uF
P C2_N and between VBAT and VSS
Ceramic low-ESR capacitor between pins
Cs External Storage | cpOUT and VSS, pins CPOUT and VSS. Use 22 uF
P nominal 2.2uF capacitors (size 0603)
Note: The connections of the external capacitors C2, C3, C4 and C5 should be kept as short as possible.
www.austriamicrosystems.com/AS3676 1v1-4 17 -91
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The maximum voltage on the flying capacitors C3 and C4 is VBAT.
Table 14. Charge Pump Characteristics
Symbol Parameter Condition Min | Typ | Max | Unit
Output C t ;
ggg‘tinuﬂ‘g“ Depending on PCB layout 0.0 400 | mA
ICPOUT
max. 200ms
Out%ujlgeudrrent VcpPouT= 0.0 500 mA
VBAT * CPMODE — ILOAD * Rcp
VCPOUTmax Output Voltage Internally limited, Including output ripple 5.6 \Y
n Efficiency Including current sink loss; 60 90 | %
ICP1_1.5 Power Consumption 1:1.5 Mode 3.4
without Load mA
ICP1_2 fclk = 1 MHz 1:2 Mode 3.8
RCp1_1 Effective Charge 1:1 Mode; VBAT > 3.5V 0.57
Pump Output . .
Rcp1_1.5 Resistance (Open 1:1.5 Mode; VBAT > 3.3V 2.65 Q
Rcp1_2 Loop, fclk = 1MHz) 1:1.2 Mode; VBAT = 3.1V 3.25
Accuracy of Clock
fclk Accuracy Frequency -10 10 %
. CURR1, 2,6
currhv_switch minimum voltage 0.45 \Y
CURRS30-33, RGB1-
3, CURR41-3, If the voltage drops below this threshold, the 0.2 \%
minimum voltage charge pump will use the next available
mode
currlv_switch CURRS30-33 g > 4B > A
_ 0-75.6mA range (1:1->1:1.50r 1:1.5-> 1:2)
for strobe if 0.4 \%
curr3x_strobe_high=
1
CP automatic up- cp_start_debounce=0 240 usec
tdeb switching debounce | after switching on CP (cp_on set to 1), if
time cp_start_debounce=1 2000 Hsec

8.3.1 Charge Pump Mode Switching

If automatic mode switching is enabled (cp_mode_switching (see page 20) = 00 or cp_mode_switching = 01) the
charge pump monitors the current sinks, which are connected via a led to the output CPOUT. To identify these current
sources (sinks), the registers CP mode Switch1 and CP mode Switch2 (register bits curr30_on_cp (see page 21) ...
curr33_on_cp, rgb1_on_cp ... rgh3_on_cp, curr1_on_cp, curr2_on_cp, curr41_on_cp ... currd3_on_cp and
curr6_on_cp) should be setup before starting the charge pump (cp_on (see page 20) = 1). If any of the voltage on
these current sources drops below the threshold (currlv_switch, currhv_switch), the next higher mode is selected after
the debounce time.

To avoid switching into 1:2 mode (battery current = 2 times output current), set cp_mode_switching = 01.

If the currX_on_cp=0 and the according current sink is connected to the charge pump, the current sink will be func-
tional, but there is no up switching of the charge pump, if the voltage compliance is too low for the current sink to sup-
ply the specified current.
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Figure 14. Automatic Mode Switching

Battery
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Charge Pump

cp_mode<1:0> 1:1,1:1.5,1:2
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+®

L 200mV
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currl_on_cp ~ <, CURR1
j>—<¢r 450mV T
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N§
( I:currG_on_cp j CURR6

+

8.3.2 Soft Start

An implemented soft start mechanism reduces the inrush current. Battery current is smoothed when switching the
charge pump on and also at each switching condition. This precaution reduces electromagnetic radiation significantly.

www.austriamicrosystems.com/AS3676 1v1-4 19-91



AS3676 El5 austriamicrosystems

Datasheet - Detailed Description

8.3.3 Unused Charge Pump

If the charge pump is not used, capacitors C3, C4 and C5 can be removed. The pins C1_P, C1_N, C2_P, C2_N and
CPOUT should be left open and keep register cp_on and cp_auto_on at 0 (default value).

8.3.4 Charge Pump Registers
Table 15. Reg. control Register

Reg. control
Addr: 00h . .
This register controls the Charge Pump.
Bit Bit Name Default | Access Description
0 Set Charge Pump into 1:1 mode (off state) unless
2 cp_on 0 R/W cp_auto_on is set
1 Enable manual or automatic mode switching
Table 16. CP control Register
CP control
Addr: 23h This register enables/disables the Charge Pump and the Step Up DC/DC
Converter.
Bit Bit Name Default | Access Description
Clock frequency selection.
0 cp_clk 0 R/W 0 1 MHz
1 500 kHz
Charge Pump mode (in manual mode sets this mode, in
automatic mode reports the actual mode used)1
00 1:1 mode
2:1 cp_mode 0 R/W
P % / 01 1:1.5 mode
10 1:2 mode
11 NA
Set the mode switching algorithm
00 Automatic Mode switching; 1:1, 1:1.5 and 1:2
allowed
43 cp_mode_switching 00b R/W 01 Automatic Mode smgltlc(:)r\ml\i,r;%; only 1:1 and 1:1.5
10 Manual Mode switching; register cp_mode defines
the actual charge pump mode used
11 Reserved
0 Mode switching debounce timer is always 240us
5 cp_start_debounce 0 R/W Upon startup (cp_on set to 1) the mode switching
1 debounce time is first started with 2ms then
reduced to 240us
0 Charge Pump is switched on/off with cp_on
Charge Pump is automatically switched on if a
6 cp_auto_on 0 RIW 1 current sink, which is connected to the charge
pump (defined by registers CP Mode Switch 1 & 2)
is switched on

1. Direct switching from 1:1.5 mode into 1:2 in manual mode and vice versa is not allowed. Always switch over 1:1
mode.
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Table 17. CP mode Switch1 Register

CP mode Switch1

Addr: 24h Setup which current sinks are connected (via leds) to the charge pump; if set to
‘1’ the correspond current source (sink) is used for automatic mode selection of
the charge pump

Bit Bit Name Default | Access Description

0 current Sink CURRS30 is not connected to charge
0 curr30_on_cp 0 R/W pump
1 current sink CURR30 is connected to charge pump

0 current Sink CURR31 is not connected to charge
1 curr31_on_cp 0 R/W pump
1 current sink CURR31 is connected to charge pump

0 current Sink CURR32 is not connected to charge
2 curr32_on_cp 0 R/W pump
1 current sink CURR32 is connected to charge pump

0 current Sink CURR33 is not connected to charge
3 curr33_on_cp 0 R/W pump
1 current sink CURR33 is connected to charge pump

0 current Sink RGB1 is not connected to charge
4 rgb1_on_cp 0 R/W pump

1 current sink RGB1 is connected to charge pump

0 current Sink RGB2 is not connected to charge
5 rgb2_on_cp 0 R/W pump

1 current sink RGB2 is connected to charge pump

0 current Sink RGB3 is not connected to charge
6 rgb3_on_cp 0 R/W pump

1 current sink RGB3 is connected to charge pump

Table 18. CP mode Switch2 Register

CP mode Switch2

Addr: 25h Setup which current sinks are connected (via LEDs) to the charge pump; if set
to ‘1’ the correspond current source (sink) is used for automatic mode selection
of the charge pump

Bit Bit Name Default | Access Description
0 current Sink CURR1is not connected to charge
0 curr1_on_cp 0 R/W pump
1 current sink CURR1 is connected to charge pump
0 current Sink CURR?2 is not connected to charge
1 curr2_on_cp 0 R/W pump
1 current sink CURR?2 is connected to charge pump

0 current Sink CURR41 is not connected to charge
2 curr41_on_cp 0 R/W pump
1 current sink CURRA41 is connected to charge pump

0 current Sink CURRA42 is not connected to charge
3 curr42_on_cp 0 R/W pump
1 current sink CURR42 is connected to charge pump
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Table 18. CP mode Switch2 Register (Continued)

CP mode Switch2

Addr: 25h Setup which current sinks are connected (via LEDs) to the charge pump; if set
to ‘1’ the correspond current source (sink) is used for automatic mode selection
of the charge pump

Bit Bit Name Default | Access Description

0 current Sink CURRA43 is not connected to charge
4 curr43_on_cp 0 R/W pump
1 current sink CURRA43 is connected to charge pump

0 current Sink CURRG6 is not connected to charge
7 curr6_on_cp 0 R/W pump
1 current sink CURRG is connected to charge pump

Table 19. Curr low voltage status1 Register

Curr low voltage status1

Addr: 2Ah Indicates the low voltage status of the current sinks. If the currX_low_v bit is
set, the voltage on the current sink is too low, to drive the selected output
current
Bit Bit Name Default | Access Description
0 voltage of current Sink CURR30 >currlv_switch
0 curr30_low_v NA R
1 voltage of current Sink CURR30 <currlv_switch
0 voltage of current Sink CURR31 >currlv_switch
1 curr31_low_v NA R
1 voltage of current Sink CURR31 <currlv_switch
0 voltage of current Sink CURR32 >currlv_switch
2 curr32_low_v NA R
1 voltage of current Sink CURR32 <currlv_switch
0 voltage of current Sink CURR33 >currlv_switch
3 curr33_low_v NA R
1 voltage of current Sink CURR33 <currlv_switch
0 voltage of current Sink RGB1 >currlv_switch
4 rgb1_low_v NA R
1 voltage of current Sink RGB1 <currlv_switch
0 voltage of current Sink RGB2 >currlv_switch
5 rgb2_low_v NA R
1 voltage of current Sink RGB2 <currlv_switch
0 voltage of current Sink RGB3 >currlv_switch
6 rgb3_low_v NA R
1 voltage of current Sink RGB31 <currlv_switch
0 voltage of current Sink CURRG6 >currlv_switch
7 curré_low_v NA R
1 voltage of current Sink CURRG6 <currlv_switch

Table 20. Curr low voltage status2 Register

Curr low voltage status2

Addr: 2Bh Indicates the low voltage status of the current sinks. If the currX_low_v bit is
set, the voltage on the current sink is too low, to drive the selected output
current
Bit Bit Name Default | Access Description
0 voltage of current Sink CURR1 >currhv_switch
0 currl_low_v NA R
1 voltage of current Sink CURR1 <currhv_switch
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Table 20. Curr low voltage status2 Register (Continued)

Curr low voltage status2
Addr: 2Bh Indicates the low voltage status of the current sinks. If the currX_low_v bit is
set, the voltage on the current sink is too low, to drive the selected output
current
Bit Bit Name Default | Access Description

0 voltage of current Sink CURR2 >currhv_switch

1 curr2_low_v NA R
1 voltage of current Sink CURR2 <currhv_switch
0 voltage of current Sink CURR41 >currlv_switch

2 currd1_low_v NA R
1 voltage of current Sink CURR41 <currlv_switch
0 voltage of current Sink CURR42 >currlv_switch

3 currd2_low_v NA R
1 voltage of current Sink CURR42 <currlv_switch
0 voltage of current Sink CURR43 >currlv_switch

4 curr43_low_v NA R
1 voltage of current Sink CURR43 <currlv_switch
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8.4

Current Sinks

The AS3676 contains general purpose current sinks intended to control RGB LEDs, white LEDs (e.g. backlights) and
can also be used for buzzers or vibrators. All current sinks have an integrated over voltage protection.

CURR1, CURR2 and CURRE6 are also used as feedback for the Step Up DC/DC Converter (regulated to 0.5V in this
configuration) see Feedback Selection on page 12.

m Current sinks CURR1, CURR2 and CURR®6 are high-voltage compliant (26V) current sinks, used e.g., for series of

white LEDs

m  Current sinks CURR3x (CURR30, CURR31, CURR32 and CURR33) are parallel 5V current sinks, used for back-
lighting, indicator LEDs or RGB LEDs.

m Current sinks RGB1, RGB2, and RGB3 are general purpose current sinks e.g. for a fun LED.
m Current sinks CURR4x (CURR41, CURR42, and CURRA43) are general purpose current sinks.

Table 21. Current Sink Function Overview

Max. Max. Resolution Software Can be assigned to
Current Sink | Voltage | Current . Current Hardévg:‘(ter(grl Off | “Audio Controlled
(V) (mA) (Bits) | (mA) Control LED Channel
CURR1 LED Pattern; ch1
CURR2 26.0 38.25 8 | 015  Separate | nternal [EAM: ch2
CURRS6 GPIO1/DLS ch3
CURR30 38.25 F'af&'jggfgfbe
25 6mA Combined in CURR30) & Completely individual
CURR31 (75.6m Strobe/ Preview assignment of the
for strobe | g 0.15 Preview (CURR2); audio channels
éf t or Internal PWM; | ch1,ch2 and ch3 to the
CURR32 il Separated LED Pattern; outputs
) 9 external PWM at
CURR33 VBAT GPIO1/DLS
RGB1 (5.5V) LED Pattern; ch1
Internal PWM;
RGB2 38.25 8 0.15 Separate external PWM at ch2
RGB3 GPIO1/DLS ch3
CURR41 LED Pattern; ch1
CURR42 38.25 8 | 015 | Separate | _nemallON ch2
CURR43 GPIO1/DLS ch3

8.4.1 Unused Current Sinks
Unused current sinks can be left open or used as a ADC input (see Analog-to-Digital Converter on page 65).
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