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AS3658 DataSheetConfidential
Power and Audio Management Unit for Portable Devices

1 Gen eral Desc ri pt | on - High Current (1.0A) Linear Charger with external
pass transistor (no step down charger)

The AS3658 is highly integrated power and audio - 0.1 Q Battery switch for start-up and trickle charge

management unit. The AS3658 is designed to include - Integrated USB charger up to 880mA (can be used

sophisticated audio features like high performance as wall adapter charger); current accuracy 440-

audio DAC and ADC. It has several analog and digital 500mA for USB specification, in-circuit trimmable

(£1.2% trimsteps)
- Autonomous Battery Temperature Supervision
(0°C-45°C or 0°C- 50°C) for 10k and 100k NTC
- Charging Timeout (1h-8h in 30min steps)
- Charging in Stanby mode
- Completely Autonomous (no SW)

2 Key Featu res m Power Management Features
- Wide Battery Supply Range 3.0...5.5V

- On-Chip Bandgap Tuning for High Accuracy (+1%)

audio interface which are explained in detail in the
following sections. The AS3658 is an integrated solution
for power supply generation and monitoring, battery
management including charging.

m  System Control

- Serial Control Interface - Thermal and Current Protection (int. sensor)

- On/Off Control Module with Boot-ROM / GPIO - Standby Mode exit by interrupt e.g. Onkey/RTC

- Reset Generation for system controller = Audio

- Programmable Interrupt Controller and Watchdog - 94dB Audio DAC, 16-48kHz sampling rate

- Low power off mode (9uA; 2.5V LDO on) - Two Digital Audio Inputs (2 x 12S interface)

- 88 bit unique ID or Boot fuse array - 2.9V low Noise LDO for Audio DAC

- Reset with long ON-Keypress (SW-Interuptable) - Two Headphone Amplifier Output with GND

- Touchscreen Interface (10 bit, interrupt) separation

= Supply Voltage Generation - Two 12S Inputs and one 12S Output

- 2 RF Programmable Low Noise LDOs (250mA) (1 - 12S master mode with programmable sample rate
LDO can be a current controlled switch for hotplug (controlled by internal PLL)
(200mA + 40%)) - GND Buffer for Headphone Amplifier

- 1 RF Programmable Low Noise LDO (400mA) - Line/ Headphone outputs with GND separation

- 4 Programmable Dig. Low Power LDOs(200mA) - Audio ADC, 82dB SNR with 16ksps

- 2 General Purpose PWM DC/DC step up converter - Microphone Bias Supply and Amplifier (mono)
with three programmable current sinks (e.g. for- - 5 Band Adjustable Audio Equalizer (+ 12dB in 3dB
white led); for current mode feedback is automati- gain steps)
cally slected (DCDC_CURR1,2,3) - SPDIF Output

- 3 General Purpose high efficiency DC/DC step - Audio Mixer and Gain Stages
down converter (DCDC 1 support DVM) - PCM Interface

- 1 Low noise charge pump with 5V output voltage m Real Time Clock (RTC)

- 1 Ultra Low Power 2.5V LDO (always on)

= Current sinks - Alarm and Time function

- Repeated Wakeup (every second or minute)
- 4 programmable(8-bit) from 0.15mA to 38.25mA - 32kHz output

(5% ) optional useable as GPIOs

- 3 programmable high voltage (15V) (8-bit) from
0.15mA to 38.25mA (5% )

- internal PWM generator (extended time range)

- Backup Battery Charger and Switchover
m Programmable System clock

- 1.6 MHz to 2.3 MHz with 100 kHz steps

(can control DCDC_CURR1,2,3) = Package
= 10-hit 40us Successive Approximation ADC - BGA124 8x8mm, 0.5mm pitch (can be assembled
- Two external Inputs (ADC_IN1, ADC_IN2) without micro via boards)

m Battery Management

- Full featured chemistry independent step down
charger with Gas Gauge and Current limitation
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3 Applications

The AS3658 is ideal for PDA, PMP, GPS-Navigation Systems and 1 Cell Li+ or 3 Cell NiMH powered devices.

Figure 1. Blockdiagram AS3658
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Figure 2. Application Diagram

Veupply

ut

||—|g

VDIG34_IN voutl

voie3

VDGLIN _ Voutl.VoutZ.Vout3 Vsupply

I

NMos Lba NMoS LDo| NMOS LDO i

18.25V 1025V 10.25V LA

208mA 200mA 200mA ! "
‘ : Voicz i Vout,Voul2 Nout3 Vsupply ;

DCOC_Step Dotin DCOC_Step Down
10833V 10.33V

V_UsB

506mA S06mA

Vorarger sv.isv/ OO gy i \HOS 100 i
Ve B . Vot . Vsupply 1025\ VDIG2
oo L " 200mA ]
i | n
""“l % o] L wRF1IN_ Vsupply :_L
EW 5.6V] Tow PPTE i B
-2 Uhm il =
L = 1.85.3.4 V =
= FOG312P L 400mA

VRF23_IN Vsupply

VCHARGER
@ i CH_SENSEN | ! 228
———{1— RF LDO 1 Ohm i - _T_
CH_SENSE.P 1.85.3.4 V 74>QVR—_L =
Step Dojn 150mA/250mA ! T
VBATE Battery ‘ =
T Chorgw —
VP78
e RF LDO 1 Ohm |
VS5.CH 1.85.34 v [N, S E—
L

VSUP_S! 150mA/250mA ]
E VSUP_S2 ‘—u ‘
h VAT i

Bottey [

VBAT_SW2 g }—"' VCP_IN Vout!,Vsupply :
BALSY L veep -
= : DIGITAL Chorge Pump 80— ; Vupply
- ISENSEP | CONTROL 5.0-5.5V 108mA VePN
" [T i 228
et ] TS G EETIA Fuel Gauge | vep_our
sindin 9 o e
P s o s 3 L. Z i  rn
" S ‘
SDA L . OCOC Converter:
L +—‘37 Option B shown
XRESET XRESET |
i 1
. o Voltage Monitors Vstpup
System Reset DCOC Step up i

ADC_INI

L DCDC_GATEY
[

IM
10 Bit ADC AS3658 ey owcrm

e i
L Vsupply 4 Vsupply =
1 Vsupply
L ococ. sense_p2 e L o I
RPROGRAN o shunt 22F
il Rers ‘_JP% S
= onverter:
pam§ 3 _1q_p{1EMP- Senr DODG Step up I o = 0 G
| Wt
EE—— ocne_fe2
] 0CDC.FE2)
- DCDC. CURRT »
GND_SENSE x HV Current Sinl = B ciec2
. ’—dk—b’ Touchpod 8.25mA each SO0 CURR2 i .
o Interfoce (4] . 150mA LSB :

Al | DCDC_CURRS

H | ly,Vstpupl
VEURR_GPID | > AVDD Vsupply,Vstpup’
C 2 HPLT

X
] Headphone Amp.
CURR4_GPID4.

9 3201508 Gon | gyl MR
x Current Sinks e :
CURRS_GPIOS e [ snort et 145ma |2

curRe_P02 g;{?’&TA LS8 HeR2
I < HPOM_PYR
frp— G710 conlrol S e
T
_womwo, | A

Vs J,
i

VsupplyVstpup!

Line out
—40.5dB..6dB
232 stepstoff

LOuT_R

UNE_CM

He_eh

22 | na

Vsupply

[ES A
7

VSupply_6

Nokf |

502

S0LK2

LRCLK2

Newkz

AN/ 5003

]

Y VVVYVYVVYY

1238

—20.595.,.6a8
in 1.5d8 Steps

0SC 32kHz

Backup baltery
chorger
RIC regis

.
Alarm regster

I e /330

XP/SAKS L

/R L)l |

vy osor L
e

—34.50B.
in 1,548 Steps

www.austriamicrosystems.com Revision 1v13 3-157



AS3658
Data Sheet Confidential - Applications

@? austriamicrosystems

Table of Contents

I T a1 = U DT ox 11T o PSR 1
2 KBY FRAIUIES ..ttt oo oo e oo oot et e ettt ettt be b e bbb b e o e oo o e e e e e e e eeeeeeee et aeeeeenbnbab e s 1
G A o] o] o> 1o <P 2
O I =t To | o 0= 1 PP T OO PP PTRPT 6
o W B2 ox ] o] L TR PPP R RTPPPPPPN 7
5 ADSOIUtE MaXiMmUM FALINGS oottt ettt e e e e e e e e et b b ettt et e e e e e e s s e s annbbbbeeeeeeaaaaaaesaaannnnes 12
6 Electrical CharaCteriStICS  ....ovviiiiiieiiier ettt e e s e e s e e nneee e 13
7 Typical Operating CharaCteriSICS  .....ueeiiiiiiieiiiiii ittt e ettt e e e e e e e e e s e e e aaabb e eeeaeeaaaeeeaaasannntnes 14
8 Detailed Description-Power Management FUNCLONS  ......ccoiiiiiiiiiiiiiiiieicee e e e e e e e e e e 15
8.1 Step Up DC/DC Converters
8.2 CUITENT SINKS oottt ettt e ettt e et e s h et e et e e e s e e e s bt e e s aRnEe e eee s e nn e e e neree s
8.3 General Purpose Input / Output (CURR1_GPIOL ... CURR4_GPIOA) .ottt 30
8.4 BAaCKUPD BAttErY CRAIGEI  ..ooiiiiiiiiiiie ettt e sttt nae e ekt e e s st e s n et e £ be e e s e e s s e e e e s b e e e nneeesnnnee s 38
8.5 Smooth switchover Power Management OVEIVIEW  ...ccoi.iiuiieiiiiiieea ettt ie e ettt e e e st e s et e e e e s sbnaeeeesaens 41
8.6 Battery switch SINT (VSUPPIY, BAIEIY) ittt e e e s e e b e e e e et e e e e e enteneaaeeannes 42
8.7 External Step DOWN/LINEAr CRAIGEI  ....oiiiiiieiiiee ittt b et f et e bt e e s e e e et e e nnneesnnnee s 44
LS B ST = O = o = S PO P PPTTRO 48
8.9 Battery Charge CONIOIET ... et ittt e e et e d e e sk bb e e e e e aaeeeeeeaanebeeeeeeanseeeaaesanseneaaesannns 51
8.10 Charger SUPEIVISION fUNCLIONS  .....iiiiiiieiiini ettt ettt et e s bt e e s e e e anbe e e nneee s nnnee s 63
8.11 Step DOWN DC/DC CONVEITEIS ... iiiiieeiieeaaiiteteeeeaitteeae et ateet e e e e sbr e ate e s e bbeeeeeeaanbaeeeeeaasbsseaeeaannbseeeeeaanbaneeeesaens 67
8.12 Low Dropout REGUIALOIS (LDO) - ...ieiiieiiiiiieiee e ettt e e e e st e e e e et kb et e e e e eataeeeaa e e nnaeeeaeaaamssseaeeaannsseeaaesansaneaaasanns 78
8.13 5V CRANgE PUMID  ooiiiiiiiiiit ettt ettt ettt e b e e e s s kbt e ekt o4t e e e st e e e st et e s b et e ek b e e e s et e s an e e e s nb b e e e anbe e e nnneenenee s 85
9 Detailed Description- AUdIo FUNCLONS  .....ccooiiiiiii i e e r e e e e e e e e s s s ereeeaeaeeeeeeannnnne 87
9.1 Audio Paths
9.2 Common mode voltage generation of HP_CM, LINE_CM ... ..o 89
9.3 AUCIO SEIUP REGISEIS  .oiiiiiiiiiiiii ittt ettt e ettt e e e ettt e e e e a bt e ee e e e et beeeeaeaanbeeeeeeaanneseeae e e nneseeaeeaanseeeaeesanns 90
9.4 ADC, DAC and Digital AUTIO INPUL  ...oueiiiiiiei et ettt en e re e e et e e nnn e e nnnee s 91
9.5 12S master mode and PCM MOGE  ..cc.oiiiiiiiiiiiie e 95
LS LG T 0 T= 1o o | S PR 98
9.7 FIVE BaNd EQUANIZET ..ottt etttk a et h e e enree s 99
LSS I\ o (o] o] gTo] 0 1= [ o 11 | A O RS PP PTUPUPRTUPPN 105
9.9 AUMIO OULPUL IMIXEI ittt iiiee et ee ettt e ettt e e m e s eh e e ek e e e e s et e s ne e e e b s e e e nmre e e nnne e e ante e e nnneeareees 108
LS KO I I o T= @ 111 o | O PP T PP PP PSP PPPPPI 109
9.11 HeadphOone OULPUL  ......coiiiiiiiiiee ettt ettt e e oo ettt e e e e e bbb e e e e e at bt e e e e e aabb e et e e e asbbeeeeeaaanbbeeeeeeansbneeannn 112
0.12 SPDIF QUEPUL  «.eeiitieitiiitt ettt ettt ettt h et sh ekt eehe e h bt e s he e ea b e e eb s £ emb e e nb et £ an e e b e e eab e e be e sab e e beenaeenbeenrnas 115
10 Detailed Description - SYStem FUNCLONS  ...ouuiiiiiiiiiiie ettt 116
10.1 2C Seral INTEITACE  ...eeiiieeeiii et e e ettt e e s e e e et et e s nnre e e n e e e e nre e e nnnee s e s
10.2 Reset generator and XON-Key
10.3 INLEITUPL CONIOIET oottt ettt e e e e skt e et e e e o et bt e e e e s et b ee e e e e e bbb et e e s e nnbaeeeeenenes
O S =1 4 (1 | o T PRSP PTOPOPRPPPPPI
10.5 ProteCtion FUNCHONS  .....iiiiiiiiiiitieiie ettt sttt r e s b e e sbe e e bt e nbnesaneenres
O SR = 1 od s [o (oo PP OTPPRTO

10.7 General Purpose 10 Bit ADC
10.8 Internal References (V, I, fclk)

www.austriamicrosystems.com Revision 1v13 4-157



AS3658

Data Sheet Confidential - Applications

@? austriamicrosystems

10.9 Real-Time CIOCK (RTC) MOUUIE ..ottt e e ettt e e e e e emb e e e e e e antbe e e e e e ananeeaeeannn 140
10.10 TOUCKHPEN INTEITACE  ...eiie ettt ettt e s bt e ek e e et e e s ne e e et b e e e nnreeennnee s 143
T =0 1S3 =T a0 0=V o O 148
12 Package Drawings and Marking  .......ooooiiiiuiiiiiiiie et e et e e e e e e e e e e s s aneb s seeeeaaas 154
12.1 Pinout Drawing (Top View) CTBGA 8XBIMM  ....iiiiiiiiiiiiiei ettt e e et e e e e s ee e e e e naee 155
13 Ordering INFOrMAtION .ottt e e e e e e e e s e s e bbb et et e e e e e e e e e e e e aannbbsbaeeeeeas 156
Document Revision History
Table 1. Revision History
Chapter Rev Description of Changes Date Author
1v00 - 23.3.2009 pkm
. - updated package drawings
9112 1v10 - updated audio path drawings 15.4QQQ0° pkm
12,13 1v11 - updated packagemarkings and ordering information 23.9.2009 pkm
12,13 1v12 - updated packagemarkings and ordering information 23.10.2009 pkm
1vi3 - typo corrections 23.9.2010 pkm
www.austriamicrosystems.com Revision 1v13 5-157



AS3658 i i @? austriamicrosystems
Data Sheet Confidential - Pin Assignments
4 Pin Assignments
1 2 3 4 5 6 7 8 9 10 11 12 13 14
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4.1  Pin Description
Table 2. Pin list CTBGA124, 8x8MM (AS3658)
: Pin Pin .
Pin Name Number | Type Supply Description
Charger
V_USB P8 USB voltage supply input
VSUP_USB P7 Supply output of USB charger (connect to Vsupply)
VCHARGER N11 P High voltage input coming from the charger; if the charger is
used connect a ceramic capacitor of 1uF
VGATE M2 A Switch ON control pin for the external PMOS Fet transistor of
the charger step down converter
Switch OFF control pin for the external PMOS Fet transistor of
VOFF_B L2 A the charger step down Buck converter
VSS_CH J2 P Ground pad of Step down Charger
VBAT_SW12 H13 P VBAT | Battery switch inputl (battery side)
VBAT_SW12 Ji4 P VBAT | Battery switch input2 (battery side)
VSUP_SW12 Gl4 P VsuppLy | Battery switch inputl (supply side)
VSUP_SW12 H14 P VsuppLy | Battery switch input2 (supply side)
BAT_SW J13 A Battery switch output for external PMOS
Charger step down converter, external shunt resistor negative
CH_SENSE_N P3 A VsuppLY connection
Charger step down converter, external shunt resistor positive
CH_SENSE_P P2 A VsuppLY connection
ISENSP K14 A V2 5 Positive sensing input voltage for the external charging current
— shunt resistor
ISENSN K13 A V2 5 Negative sensing input voltage for the external charging
— current shunt resistor
Serial Interface
SCL D6 DI | VsuppLY | SCL input in I°C mode
SDA B5 DIO | VsuppLY | SDA input / output in 1°C mode
Control Interfaces
Bidirectional Reset Pin — add an external pull-up resistor to the
XRESET F7 oD VsuppLY digital supply
XINT s oD VSUPPLY Interrupt Pin - add an external pull-up resistor to the digital
supply
Input pin to startup the system (power on), internal pull-up,
xon N4 IPU V2.5 apply zenerzap-programming voltage here
RTC
Q32K C1 oD VsuppLy | 32kHz oscillator digital output
XIN32 P13 A V2_5 |32kHz crystal oscillator input
X0OuUT32 N14 A V2_5 |32kHz crystal oscillator output
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Table 2. Pin list CTBGA124, 8x8MM (AS3658)

: Pin Pin e
Pin Name Number | Type Supply Description
Internal Refs
Supply for voltage Measurement, always connect to
VSUPPLY_5 N3 P VSUPPLY
V_BAT M13 P VBAT | Battery supply for Reference blocks.
RPROGRAM L9 A V2_5 | Select register setup at startup.
V2_5 N12 P Internal regulator analogue output
CREF L10 A V2_5 | Reference voltage bypass capacitor connection
RBIAS L14 A V2_5 |Internal Bias Reference Resistor (connect 220kQ resistor)
GND_SENSE L13 P VSSA GND reference for analog blocks (connect to GND plane
separate)
ADC_IN1 N8 A V2_5 |Analog inputl for ADC10
ADC_IN2 N9 A V2_5 |Analog input2 for ADC10
VBACK M14 A Backup battery connection
Current Sinks
CURR1_GPIO1 N5 A VgLF{IFg‘_ Current sink 1, or GPI01
CURR2_GPIO2 P6 A VgLF{IFgL Current sink 2, or GPIO2
CURR3_GPIO3 NG A Vggfg%_ Current sink 3, or GPIO3
CURR4_GPIO4 L5 A Vggfgt Current sink 4, or GP104
DCDC_CURR1 L6 A Vggfg?_ Step up DC/DC converter2 current source 1
DCDC_CURR2 N7 A VgLF{I%R_ Step up DC/DC converter2 current source 2
DCDC_CURR3 L7 A VgLF{IROR_ Step up DC/DC converter2 current source 3
VCURR_GPIO P4 A Supply voltage of GPIOs and current sinks
VSS_CURR_GPIO P5 A VgLF{IRC?_ Ground pad of Current sink / GPIO pads
General Purpose DC/DC Step up Converter 1 and 2
Supply for DCDC step up and control interface, always
VSUPPLY_4 El P connect to VSUPPLY
DCDC_FB1 H4 A VsuppLy | Step up DC/DC converterl feedback input
DCDC_GATE1 F2 A VsuppLy | Step up DC/DC converterl control for external mosfet
Step up DC/DC converterl external shunt resistor positive
DCDC_SENSE_P1 D1 A VsuppLY connection
DCDC SENSE P2 G6 A VeUPPLY Step up_DC/DC converter2 external shunt resistor positive
- - connection
Step up DC/DC converterl external shunt resistor negative
DCDC_SENSE_N1 E2 A VsuppLY connection
Step up DC/DC converter2 external shunt resistor negative
DCDC_SENSE_N2 G4 A VsuppLY connection

www.austriamicrosystems.com Revision 1v13 8 - 157



AS3658 : _ @? austriamicrosystems
Data Sheet Confidential - Pin Assignments

Table 2. Pin list CTBGA124, 8x8MM (AS3658)

q Pin Pin -
Pin Name Number | Type Supply Description
DCDC_GATE2 G2 A VsuppLy | Step up DC/DC converter2 control for external mosfet
DCDC_FB2 J4 A VsuppLy | Step up DC/DC converter2 feedback input

Linear Regulators (LDOs)

Supply Pad for RF1 LDO (VRF_1), always connect to

VRF1_IN P9 P VsuppLY Supply>3.0V
Output voltage of one of the RF LDQ’s; can be used as High-
VRF_1 P10 A VRF1_IN | Side Switch, if used as LDO connect a ceramic capacitor of

1PF (20%) or 2.2uF (+100%/-50%)

Supply Pad for RF2 and RF3 LDO (VRF_2, VRF_3), always
connect to Supply>3.0V

VRF23_IN P11 P VsuppLY

Output voltage of one of the RF LDO’s; can be used as High-
VRF_2 N10 A VRF23_IN| Side Switch, if used as LDO connect a ceramic capacitor of
1uF (£20%) or 2.2uF (+100%/-50%)

Output voltage of one of the RF LDO’s; can be used as High-

VRF_3 P12 A VRF23_IN| Side Switch, if used as LDO connect a ceramic capacitor of
1uF (£20%) or 2.2uF (+100%/-50%)
VDIG1_IN A10 P VsuppLy | Supply Pad for DIG1 LDO (VDIG_1)

Output voltage of one of the DIG LDO’s. Connect a ceramic

VDIG_1 B10 A VDIGLIN capacitor of 1uF (+20%) or 2.2uF (+100%/-50%)
VDIG2_IN B9 P VsuppLy | Supply Pad for DIG2 LDO (VDIG_2)
Output voltage of one of the DIG LDO’s. Connect a ceramic
VDIG_2 B8 A VoiG2 N capacitor of 1uF (+20%) or 2.2pF (+100%/-50%)
VDIG34_IN A9 P VsuppLy | Supply Pad for DIG3 and DIG4 LDO (VDIG_3, VDIG_4)
Output voltage of one of the DIG LDO’s. Connect a ceramic
VDIG_3 D8 A~ [ VDIB3IN | canacitor of 1uF (+20%) or 2.24F (+100%/-50%)
VDIG. 4 D7 A VbiGa N QOutput voltage of one of the DIG LDQO'’s. Connect a ceramic

capacitor of 1uF (+20%) or 2.2uF (+100%/-50%)

Charge Pump

VCP_IN 87 P VauppLY Supply Pad for Charge Pump, always connect to

Supply>3.0V
VCP_N A6 A VsuppLy | HVS charge pump flying capacitor positive side
VCP_P A7 A HVS charge pump flying capacitor negative side
VCP_OUT AS A grl%rg;)/r_)gglz)output, connect a ceramic capacitor of 2.2pF
VSS_CP B6 A VsuppLy | Ground pad of charge pump
DCDC Step Down Converters
PGATE1 N1 A VsuppLy | Gate output for external PMOS.(DCDC step down controller 1)
VSUPPLY 1 K1 P tsou\pl)gll)jggﬁ;or DCDC_Step down converterl, always connect
LX1 L1 A VsuppLy | DC/DC step down converterl output
FB1 K4 A VsuppLy | DC/DC step down converterl feedback
PGND1 M1 A VsuppLy | Power Ground of DCDC step down converterl

www.austriamicrosystems.com Revision 1v13 9 -157
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Table 2. Pin list CTBGA124, 8x8MM (AS3658)

@? austriamicrosystems

Pin Name Nulirzrl;er T?/i;e Supply Description
VSUPPLY 2 K2 P Zu\r;gll)jgsﬁ\:or DCDC_Step down converter2, always connect
LX2 J1 A VsuppLy | DC/DC step down converter2 output
FB2 J7 A VsuppLy | DC/DC step down converter2 feedback
PGND2 H2 A VsuppLy | Power Ground of DCDC step down converter2
VSUPPLY 3 F1 p tsc)u\p/)gll)jgsﬁ;or DCDC_Step down converter3, always connect
LX3 G1 A VsuppLy | DC/DC step down converter3 output
FB3 H6 A VsuppLy | DC/DC step down converter3 feedback
PGND3 H1 A VsuppLy | Power Ground of DCDC step down converter3
Audio
VSUPPLY_6 G13 Supply for VI2S Regulator
VI2S A4 Supply Pad for I2S Interface, Connect to VDAC Supply
SDI1 B4 | VI2S |12S_1 Data input to DAC
SDO1 A5 (0] VI2S |12S_1 Data output from ADC
SCLK1 B3 le] VI2S |12S_1 Shift clock input or output
LRCLK1 A2 I/0 VI2S | 12S_1 Left/Right clock input or output
MCLK1 D9 1o VI2S ’IE/'I:aszt;)clock input or output for 12S1: DAC (128*Fsdac or 256
SDI2 B1 | VI2S |12S_2 Data input to DAC
SCLK2 Cc2 | VI2S |12S_2 Shift clock
LRCLK2 D10 | VI2S |I2S_2 Left/Right clock
MCLK2 D2 | VI2S | Master clock input for 12S2: DAC (128*Fsdac or 256 *Fsdac)
12S_3 Data output (if touchpen interface disabled)
SDO3(X-) D5 I/1O VI2S | Touchpen Interface X- Input/Output (if touchpen interface
enabled)
12S_3 Shift clock output (if touchpen interface disabled)
SCLK3(X+) A3 I/0 VI2S | Touchpen Interface X+ Input/Output (if touchpen interface
enabled)
12S_3 Left/Right clock output (if touchpen interface disabled)
LRCLK3(Y-) E4 I/O VI2S | Touchpen Interface Y- Input/Output (if touchpen interface
enabled)
SPDIF digital output (if touchpen interface disabled)
SPDIF(Y+) F4 I/1O VI2S | Touchpen Interface Y+ Input/Output (if touchpen interface
enabled)
AGND K11 A VDAC | CM voltage bypass capacitor connection (1.45V)
VREF Jil A VDAC | VDAC voltage bypass capacitor connection (2.9V)
LINL F14 A VDAC | Line input left channel.
LINR E14 A VDAC | Line input right channel
GND_SW L8 (e} VsuppLy | Digital output for controlling the external NMOS
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Table 2. Pin list CTBGA124, 8x8MM (AS3658)

Pin Name Nuliri:?)er Tl;ipl)ﬁ'e Supply Description
VoAC  Fi3 | A | voac |23 Oubbotage oione ol PAC LOO: Comecta coramic
HP_CM B2 | A | ADD | hone amplter (VDD
HP_CM_PWR D14 A AVDD |Buffered voltage of HP_CM
UNEcM w2 | A | Ao R e DDz
LOUT L B11 A ALVDD | Line out output Left channel
LOUT_R All A ALVDD |Line out output Right channel
ALVDD D13 P Supply pad of Line out amplifier
AVDD E13 P Supply pad of headphone amplifier
HPL1 A13 A AVDD | Headphone outputl left channel
HPR1 C13 A AVDD | Headphone outputl right channel
HPL2 Cl4 A AVDD | Headphone output2 left channel
HPR2 B14 A AVDD | Headphone output? right channel
MICN G11 A VDAC | Microphone Input N
MICP H11 A VDAC | Microphone Input P
MICS F11 A VsuppLy | Microphone Supply (2.95V) / Remote Input
VSS
BVSS Ell P AVDD | Power ground of headphone amplifier
VSSA G9 VSS Analog Ground Pad
VSSA H9 VSS Analog Ground Pad
VSSA J8 VSS Analog Ground Pad
NC/VSS_CP Al VSS Analog Ground Pad
NC/VSSA P1 VSS Analog Ground Pad
NC/VSSA P14 VSS Analog Ground Pad
NC/BVSS Al4 VSS Power ground of headphone amplifier

Note: The following are the Pin Types

I: Digital Input Pin

= |PD: Digital Input Pin with internal pull-down resistor

m |PU: Digital Input Pin with internal pull-up resistor

m |ODPU: Digital Input / Open Drain Output Pin with internal pull-up resistor
= O: Digital Output Pin
m OD: Digital Open Drain Output Pin; requires external pull-up resistor
m |O: Digital Input / Output Pin

m A: Analog Pin
m P: Power Pin
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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 Section 6 Electrical
Characteristics on page 13 is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

Table 3. Absolute Maximum Ratings

Parameter Min Max Unit Note
5V pins (VIN_MV) -0.3 7.0 \ Applicable for pins 5V-pins’
3.3V pins (VIN_LY) -0.3 5.0 \4 Applicable for 3.3V-Pins’
Input pin current (IIN) -25 +25 mA At 25 °C, Norm: Jedec 78
Storage Temperature Range 55 125 oC
(Tstrg)
Humidity 5 85 % Noncondens
4

Electrostatic discharge 1kV (VESD)| -1000 1000 \Y Norm: MIL 883 E Method 3015; Setup

Applicable for pins: all
1 w Ta =70°C
Total Power Dissipation
0.72 w Ta = 84°C
IPC/JEDEC J-STD-020C, reflects moisture
o sensitivity level only
Package Body Temperature o0 X The lead finish for Pb-free leaded packages is
matte tin (100% Sn).
235 245 °C TreEAK
Solder Profile5
30 45 S Dwell, above 217 °C
Moisture Sensitive Level 3 1 Represents a max. floor live time of 168h
1. HV pins
VCHARGER, VGATE, VOFF_B, DCDC_CURR1, DCDC_CURR2, DCDC_CURR3
2. 5V pins are

V_USB, CH_SENSE_N, CH_SENSE_P, VSUP_SW1, VSUP_SW2, VBAT_SW1, VBAT_SW?2, V_BAT, SCL,
SDA, XRESET, XINT, VSUPPLY_3, CURR1_GPIO1...CURR4_GPIO4, DCDC_GATE1, DCDC_GATEZ2,
DCDC_SENSE_P1, DCDCSENSE_P2, DCDC_SENSE_N1, DCDC_SENSE_N2, DCDC_FB1, DCDC_FB?2,
VCL, VCP_OUT, VCP_N, VCP_P, VCP_IN, VCP_IN, VRF1, VREF1_IN, VRF2, VRF23_IN, VRF3, VDIG1,
VDIG1_IN, VDIG2, VDIG2_IN, VDIG34_IN, VDIG_3, VDIG_4, PGATE1 VSUPPLY_1, VSUPPLY_2, LX1, LX2,
GND_SW, VSUPPLY_4, LINE_CM, HP_CM_PWR, HP_CM, HPLx, HPRx, ALVDD, AVDD, LSP_R, BVSS,
LSP_L, AVDD, VSUPPLY_5, VSUPPLY_6

3. 3.3V pins are
ISENSEP, ISENSEN, ADC_INx, RPROGRAM, V2_5, CREF, ON, VI2S, SDIx, SCLKx, MCLKx, LRCLKX,
SDOx, SPDIF, AGND, VREF, LINL,LINR, VDAC, Q32K, XIN32, XOUT32, VBACK, MICS, MICN, MICP

4. The following pins are connected to ESD setup:

VSUPPLY_1...VSUPPLY_6, VCP_IN, VRF1_IN, VRF2_IN, VCURR connected together
VDIG1_IN, VDIG2_IN, VDIG34_IN connected together

AVDD, ALVDD connected together

VBAT_SW1 and VBAT_SW2 connected together

VSUP_SW1 and VSUP_SW?2 connected together

All VSS connected together

5. austriamicrosystems strongly recommends to use undefrfill.
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6 Electrical Characteristics
Table 4. Electrical Characteristics
Symbol ‘ Parameter ‘ Condition ‘ Min ‘ Typ ‘ Max | Units
Operating Conditions
VCHARGER, VGATE,
VHV High Voltage DCDC_CURR1,DCDC_CURR?2, 0.0 15.0 \Y,
DCDC_CURR3
For pins V_BAT, VSUPPLY1-6
VBAT, (always connect all VSUPPLY1-6
VSUPPLY, Battery, Supply Voltage pins together), VSUP_SW1-2, 3.0 3.6 55 \
VCURR_GPIO VBAT_SW1-2, VRF1_IN, VRF2_IN,
VCP_IN, AVDD, ALVDD
V2 5 Voltage on Pin V2_5 Internally generated 2.4 2.5 2.6 \%
VCP_OUT | Output Voltage charge pump| Voltage generated by charge pump| 4.9 5.2 5.6 \%
TAMB Ambient Temperature -40 25 85 °C
Current consumption in low power ‘ mA
1
Low power mode current mode with step down charger on
ILOWPOWER consumption 5
With step down charger off 280 HA
Power Off mode current Current consumption in power off
IPOWEROFF consumption mode’ 10 HA

1. With register bit low_power_on = 1, only Rf1=3.3V,Vout2=1.2V, Battery 3.6V,Vcharger=6.0V, no additional
external loads

2. With register bit low_power_on = 0, All regulators switched off, no additional external loads

3. After setting register bit xon_enable=1 and power_off=1; only V2_5 is active in Power Off mode

4. During startup from the AC/DC adapter, the battery voltage can be below 3.0V
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7 Typical Operating Characteristics

see individual block description
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8 Detailed Description-Power Management Functions

The power management function consist of the DCDC Step up converters, Current Sink, GPIOs, general purpose 10
bit ADC, backup battery charger, main battery charger and power path management (consisting of the battery switch,
external step down/linear charger, USB charger and battery charge controller), step down dc/dc converters, low
dropout regulators (LDOs) and 5V charge pump.

8.1 Step Up DC/DC Converters

Figure 3. DC/DC step-up Converter 1

DCDC_SENSE_P1
Current sense
DCDC_SENSE_N1
; step1_freq stpup1_on —»
MHz
500kHz — ) el Pwm Gate DCDC_GATET
—»‘ Logic Driver
stpup1_clk_inv .
— Vov_current

step_up1_v.
Jj@;’—'}g DCDC_FB1

pulse_skip
overshoot .

overshoot comp

1.4V
_@ error ota
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Figure 4. DC/DC step-up Converter 2

@? austriamicrosystems

step2_freq

1MHz
500kHz —=© )D
stpup2_clk_inv

A
ramp

DCDC_SENSE_P2
Current sense
DCDC_SENSE_N2
stpup27on->—‘
ckl . pwm Gate DCDC_GATE2
4 Logic Driver X
[ ov_curr
= 8|2 Vov_current
L=
ol 89
2 ({J ol step_up2_v
al ©|o o4 DCDC_FB2
step2_prot
overshoot comp 514V
0.8V
o-1.25V
0.5V
o |
error ota
.E%E step2_fb o—
HV Current Sinks
step2_fb_auto - each 0.15-38.25mA DCDC CURRA
Automatic DCDC_CURR2
feedback select
(DCDC_CURR1,2,3) DCDC_CURRS3
L—o-o
GO
CeO

dcdc_currX_ctrl = '10'

Table 5. DC/DC Converter parameters

Symbol Parameter Min Typ Max Unit Note
lvbp Quiescent Current 140 HA Pulse skipping mode
Feedback voltage for external
VEB1 resistor i TON 1.20 1.25 1.30 \% for constant voltage control
V. Feedback voltage for current 05 v DCDC_CURR1, DCDC_CURR2
FB2 sink regulation : or DCDC_CURR3
Additional tuning current at 0 31 LA adjustable by software in 1pA
Icpc_FB DCDC_FB steps
Accuracy of feedback current -5 5 % @ full scale
Visense_max | Current limit voltage at Rsense 100 mv Eg: 0'65'?;‘;;%}59 Sense
; ; ON-resistance of external
Rsw switch resistance 1 Q switching transistor
lload Load current 0 50 mA at 15V output voltage
o foik int/ internal CLK frequency/2
fin Switching frequency 3 MHZ " programmable: 0.8 to 1.15 MHz
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Table 5. DC/DC Converter parameters
Symbol Parameter Min Typ Max Unit Note
Cout Output capacitor 2.2 uF ceramic, +20%

Use inductors with small Cparasitic

L Inductor 10 HH (<100pF) to get high efficiency
tMIN_ON Minimum on time 130 ns
MDC Maximum duty cycle 91 %

The DC/DC Step Up converter is a high efficiency current mode PWM regulator, which provides an output voltage
dependent on the maximum VDS voltage of the external transistor, and maximum load current selectable by the
external shunt resistor.

For Example:

5V,500mA @ 1.1Mhz
25V,50mA @ 1.1MHz
40V,20mA @ 550kHz

A constant switching frequency results in a low noise on supply and output voltage.

8.1.1 Feedback selection

For step up DCDC 1, the feedback is always DCDC_FB1.

For step up DCDC 2 following feedback selections are possible:

Stpup2_fb selects the type of feedback for the DCDC_step_up2 converter:
DCDC_CURR1, DCDC_CURR2, DCDC_CURR3 or DCDC_FB2 feedback (see Figure 5)

Setting stpup2_fb to 00b enables the feedback on DCDC_FB2, stpup2_fb to 01b enables feedback at pin
DCDC_CURR1, setting step_up_fb to 10b enables feedback at pin DCDC_CURR2 and setting step_up_fb to 11b
enables feedback at pin DCDC_CURR3. The Step-up converter is regulated such that the required current at the
feedback path can be supported.

Always choose the path with the higher voltage drop as feedback to guarantee adequate supply for the other,
unregulated path.

To protect the DCDC output voltage against overvoltage, if a LED string is broken, set stpup2_prot=1. In this mode the
output voltage will be limited by limiting the DCDC_FB voltage to 1.25V (select the external resistor network to adjust
this limitation voltage).
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Figure 5. DC/DC step up 2 converter with regulation of LED string on pin DCDC_CURR1,2 or 3

VsupPLY A
L
l Cbcbe_IN2
RsHunT2 2.2yF
DCDC_SENSE_P2 0.15Q +/-5%
Current sense
DCDC_SENSE_N2 Lococ2
10pH; SD12-100 Coiltronics
Dococ2
U2 PMEG2010
— step2_freq stpupz_on - »1
z
Tocbc2 Cbococ_ouT2
500kHz —© »  PWM Gate | DCDC_GATE2 ‘ C c -
Logic Driver ‘ Si1304 b 1.5nF lZ.ZpF/ZSV
stpup2_clk_inv —»- *
ol =l o ov_curr gL
2| 8| Vov_current S 15nF
Kh 77
o @5 <
280 step_up2_v.
a o py DCDC_FB2
step2_prot
overshoot comp 1.4V
LEDs
y as required
o— 1 by the
o——— application
error ota O
step2_fb o——
HV Current Sinks
step2_fb_auto———»- each 0.15-38.25mA SeoclCuRRY
Automatic DCDC CURR2
feedback select
(DCDC_CURR1,2,3) DCDC_CURR3
L Optional; only required
OO if DCDC_CURRS3 can
a0 exceed 15V
OO

dedc_currX_ctrl ='10'

www.austriamicrosystems.com

Revision 1v13

18 - 157



AS3658
Data Sheet Confidential - Detailed Description-Power Management Functions

Figure 6. DC/DC step up 1 converter with regulated output voltage of 5V. Feedback is at pin DCDC_FB1
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VsuppLY

Cbcoc_INt
RSsHUNT1 g 2.2uF
DCDC_SENSE_P1 0.15Q +/-5%
Current sense
DCDC_SENSE_N1 Lococt

4.7uH; SD12-4R7 Coiltronics

Dococt
PMEG2010

Cbcoc_ouTt

Ci 10pF
15nF

C2

I33nF

1MH:;
= clk \ DCDC_GATE1 ‘ Tococt
500KkHzZ i ) >/ PWM Gate | X :
4 Logic Driver | & Si1304
1_clk_i
stpup1_clk_inv oY G
Vov_current 330k

step_up1_v.

% g DCDC FB1

& |R11MQ

o]

pulse_skip
overshoot

A
ramp

L0

overshoot comp
1.4V

error ota

stpup1_on =
step1_freq - 5V Supply
z

Voltage Feedback: (see Figure 6)

For Step UP DCDC 1 voltage feedback is always selected on pin DCDC_FB1. For Step-up UP DCDC 2 set step2_fb to

00 to enable voltage feedback at pin DCDC_FB2.
Bit stepX_res (X =1 or 2) should be set to 1 in voltage feedback mode using two resistors.

The output voltage is regulated to a constant value, given by:

R, +R
_ "Ny 2
Vepp ot =— 5 1.25+1, R
R, -
If R2 is not used, the output voltage is:
Vstepup_out = 125 + I Ipcoc e * Rl

Vstepup_out: Step up regulator output voltage
R, Feedback resistor R1
R Feedback resistor R2

Ivturning: Tuning current on DCDC_FB pin: stpupX_v (OpA to 15pA (1uA steps)) (X=1 or 2)
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Example:

Table 6. Step Up Output Voltage (Voltage mode or protection voltage)

@? austriamicrosystems

Ivtuning Vstepup_out Vstepup_out

KA R1=1M Q,R2 not used R1=500k Q,R2=64k Q
0 - 11

1 - 11.5

2 - 12

3 - 12.5

4 - 13

5 6.25 135

6 7.25 14

7 8.25 14.5

8 9.25 15

9 10.25 155

10 11.25 16

11 12.25 16.5

12 13.25 17

13 14.25 17.5

14 15.25 18

15 16.25 18.5

Note: The voltage on pin DCDC_CURR1, DCDC_CURR2 and DCDC_CURRS3 must never exceed 15V
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Figure 7. DC/DC step up converter 1 with regulated output voltage (15V), and switch off function of output
voltage, to reduce shutdown current

VsuppLY
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. . SUPPLY
Coiltronics
Dococt
PMEG2010 15V Supply

stpup1_on
1MHz stept_freq TocbcoFF1
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i i 1
4»‘ Logic Driver ‘ 1.5an 200k0
stpup1_clk_inv —»
ov_curr l R
Vov_current C2 18kQ
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step_up1_v.

% 7 DCDC_FB1

Cbcbc_ouTt

I 2.2uF/25V

pulse_skip
overshoot
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1.4V

error ota

L0

As the output voltage is always on, an additional output transistor can be added to reduce shutdown current through
R1, R2 and the connected output circuit.

Note: A similar circuit can be used for step up converter 2.

8.1.2 StepUp1l Load Detection and Overcurrent Protection Circuit

This circuit protects the DCDC step upl converter during short circuit and startup, by regulation of the output current.
An additional feature is the detection of a minimum output load of the Step-up converter. It is also possible to use this
circuit without the DCDC step up converter, by using the sense resistor only:

m Detection circuit: If the voltage on Rsense €xceeds VpeTecT for more than 1msecond, or the DCDC Step up
converter is not in Pulseskip for more than 1 millisecond, the stepupl_det bit will be set.

m  Overcurrent protection: If the Overcurrent voltage VovcurrenT has been exceeded by more than 5 msec the Bit
stpupl_oc will be set and can only reset, by switching off and on the Protection circuit by writing Stpup1_shortprot
0 - 1. If stepupl_oc is set the load will be disconnected, if Stpupl_oc_timeout=1

Table 7. StepUpl protection/detection circuit parameters

Symbol Parameter Min Typ Max Unit Note
: For Rsense=0.150Q2 =>
VDETECT Detection Threshold 2 125 25 mVv 83mA typ.
Overcurrent Threshold For Rsense=0.150Q =>
VOVCURRENT rising 150 180 215 mV 1.2A typ.
VOVhysteresis | Overcurrent Hysteresis 50 mV

Interrupt and/or external PMOS
tOV_timeout Overcurrent timeout 5 ms switching off after timeout
felk_int = 2.2MHz

Detection denounce

tdetect time

1 ms felk_int = 2.2MHz
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Figure 8. StepUp 1 Load Detection and Overcurrent Protection Application Circuit
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8.1.3 Step Up DCDC Converter Registers
Table 8. Step Up DC/DC Bit definitions

Step Up DC/DC control
Addr: 30 X ) .
This register controls the different modes of the step up DCDC converter
Bit Bit Name Default | Access Description
5 stpupl_on ROM R/W On/Off control of the step up dc/dc converterl
6 stpup2_on ROM R/W On/Off control of the step up dc/dc converter2

Table 9. Step Up DC/DC Bit definitions

Step Up DC/DC control

This register controls the different modes of the step up DCDC converter

Addr: 32

Bit Bit Name Default | Access Description

Invert input clock of step up2 converter

0 stpup2_clkinv 00h R/W 0 Use positive edge of internal clk

1 Use negative edge of internal clk

Defines the clock frequency of the step upl dc/dc
converter;
1 stpupl_freq 00h RIW Ofcik_in/2 (0.8 to 1.15 MH2)

fcik_int/4 (0.4 to 0.575 MHz)

2 - 00h n/a Always setto 0

Gain selection for DCDC step_upl:

Select 0 if DCDC is used with current feedback
(DCDC_CURR1,DCDC_CURR2,DCDC_CURRS3)
or if DCDC_FB is used with current feedback only

(Only R1,C1 connected; (see Figure 6))

1 Select 1 if DCDC_FB1 or DCDC_FB?2 is used with
external resistor divider (2 resistors)

0 step_up_fb select the feedback of the DCDC
converter

3 stpupl_res 00h R/W

The feedback is automatically chosen within the
4 stpup2_fb_auto 00h RW current sinks DCDC_CURR1,DCDC_ CURR2 and
- DCDC_CURRS3 (never DCDC_FB). Only those are
used for this selection, which are enabled and
connected to the step up converter
(currX_ctrl must be 10)

Defines the clock frequency of the step up2 dc/dc

converter
5 stpup2_freq 00h RW 1 o fei_int/2 (0.8 t0 1.15 MHz)
1 feik_int/4 (0.4 to 0.575 MHz)
6 - 00h n/a Always set to 0

Gain selection for DCDC step_up2:

Select 0 if DCDC is used with current feedback
(DCDC_CURR1,DCDC_CURR2,DCDC_CURRS3)
or if DCDC_FB is used with current feedback only

(Only R1,C1 connected; (see Figure 6))

1 Select 1 if DCDC_FB1 or DCDC_FB?2 is used with
external resistor divider (2 resistors)

7 stpup2_res 00h R/W
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Table 10. Step Up DC/DC Bit definitions

Step Up1 DC/DC control

Addr: 33 This register controls the different modes of the step upl DCDC
converter
Bit Bit Name Default | Access Description
Defines the tuning current at DCDC_fb1 pin;
00000 0 pA
4:0 stpupl_v 00h R/W 00001 1pA
11111 31 pA
Invert input clock of step upl converter;
5 stpupl_clkinv 00h R/W 0 Use positive edge of internal clk
1 Use negative edge of internal clk
Enables Protection and Deteftion circuit for DCDC step
up
6 stpupl_shortprot 00h RW 0 No protection and load detection
1 Short protection and load detection enabled
Controls GPIO1 switch off, after overcurrent timeout (5ms)
for DCDC step upl
7 stpupl_oc_timeout 00h RW 0 disabled
enabled

Table 11. Step Up DC/DC Bit definitions

Step Up2 DC/DC control

Addr: 34 This register controls the different modes of the step up2 DCDC
converter
Bit Bit Name Default | Access Description
Defines the tuning current at DCDC_fb2 pin;
00000 0 A
4.0 stpup2_v 00h R/W 00001 1pA
11111 31 pA
Controls the feedback source
00 DCDC_FB enabled (external resistor divider)
o1 DCDC_CURRL1 feedback enabled (feedback
65 stpup2_fb 0oh R/W through white LEDs)
10 DCDC_CURR2 feedback enabled (feedback
through white LEDs)
11 DCDC_CURRS3 feedback enabled (feedback
through white LEDS)
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Table 11. Step Up DC/DC Bit definitions

Step Up2 DC/DC control

This register controls the different modes of the step up2 DCDC
converter

Addr: 34

Bit Bit Name Default | Access Description

DCDC converter 2 overvoltage protection to prevent
damage of external NFET, if DCDC_CURR1 or
DCDC_CURR2 or DCDC_CURRS3 feedback selected, and

no LED string connected:
7 stpup2_prot 00h RW

0 Overvoltage protection disabled

1 Switch off DCDC step up 2 if the voltage on
DCDC_FB2 exceeds 1.25V

Table 12. stpupl_det and stpupl oc Bit definitions

Low voltage status bit definitions
Addr: 53 This register shows the status of the overcurrent protection of the
stepupldcdc
Bit Bit Name Default | Access Description
Step up overcurrent status bit
6 stpupl_oc NA R 0 VRsense < VOVCURRENT
1 VRsense > VovcURRENT for more than 5 msec (latched
state)
Step up detection status register
VRsense < VpeTeECT for more than 1msecond, and
0 | DCDC Step up converter is in Pulseskip for more than
7 stpupl_det NA R 1 millisecond
VRsense > VpeTECT for more than 1msecond, or the
1 | DCDC Step up converter is not in Pulseskip for more
than 1 millisecond

8.2 Current Sinks

These are general-purpose current sinks intended to control the backlight(s), buzzer and vibrator. The low voltage
current sink has an integrated protection against over voltage and can therefore also drive inductive loads (VproTECT)-
DCDC_CURR1 and DCDC_CURR2, DCDC_CURRS3 are high voltage (15V) current sinks, e.g. for series of white
LEDs

CURR1_GPIO, CURR2_GPIO, CURR3_GPIO, CURR4_GPIO are four 5V, 38.25mA current sinks, e.g. for buzzer,
vibrator, LEDs

CURR1_GPIO, CURR2_GPIO, CURR3_GPIO, CURR4_GPIO can be used as general propose Input/Output (GPIO)
functions optional (described in section General Purpose Input / Output (CURR1_GPIO1 ... CURR4_GPIO4)).
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8.2.1 High voltage Current Sinks (DCDC_CURR1, DCDC_CURR2 and DCDC_CURR3)

Current sinks DCDC_CURRS, DCDC_CURR1 and DCDC_CURR2 can be controlled individually. The step-up DCDC
converter may supply them with voltages up to 15V. If any of these current sinks is used, connected VCURR_GPIO to
a supply with at least 3.0V.

Table 13. Current Sinks Characteristics

Symbol Parameter Min Typ Max Unit Note
DCDC_CURR1,2 and
Ipcoe_curr1,2,3 DCDC_CURR3 0 3825 | mA For V(DCDC_CURRY) > 0.45V
- current, 00h-3Fh resolution = 0.15mA

Current sink protection

5 A Protection Current if stpup2_on=1
Current H

Ipcoc_protect and dcdc_currx_current=00h

A absolute Accuracy -5 +5 % All Current sinks

VbCDC_CURR1: . . .
VDCDC_CURR?2, Voltage compliance 0.45 15 \% during normal operation
VDCDC_CURR3

Table 14. DCDC_CURRL1 Current sink current bit definition

DCDC_CURR1 Value

Addr: 39 - - -
This register controls the current value of the dcdc_currl current sink
Bit Bit Name Default | Access Description
Defines the current into DCDC_CURRL if enabled by
dcdc_currl_ctrl

00h power down (default state)
7:0 dcdc_currl_current 00h R/W

01h 0.15mA (LSB)

FFh 38.25mA

Table 15. DCDC_CURR2 Current sink current bit definition

DCDC_CURR?2 Value

Addr: 40 . - -
This register controls the current value of the decdc_curr2 current sink
Bit Bit Name Default | Access Description
Defines the current into DCDC_CURR?2 if enabled by
dedc_curr2_ctrl

00h power down (default state)
7.0 dcdc_curr2_current 00h R/W

0lh 0.15mA (LSB)

FFh 38.25mA

www.austriamicrosystems.com Revision 1v13 26 - 157



AS3658 i i @? austriamicrosystems
Data Sheet Confidential - Detailed Description-Power Management Functions

Table 16. DCDC_CURRS3 Current sink current bit definition

DCDC_CURRS Value

Addr: 45 - - -
This register controls the current value of the dcdc_curr3 current sink
Bit Bit Name Default | Access Description
Defines the current into DCDC_CURRS if enabled by
dcdc_curr3_ctrl

00h power down (default state)
7:0 dcdc_curr3_current 00h R/W

0lh 0.15mA (LSB)

FFh 38.25mA

Table 17. Current sink control bit definition

CURR control

Addr: 58 - - -
This register controls the mode of the DCDC current sinks
Bit Bit Name Default | Access Description
On/Off control of the pad DCDC_CURR1
00 Current sink is turned off
1:0 dcdc_currl_ctrl 00b R/W ot Current sink is active
10 Current sink is active and LED string connected to
stpup2. Required for automatic feedback selection
11 | Controlled by PWM generator (do not set pwm_div)
On/Off control of the pad DCDC_CURR2
00 Current sink is turned off
3:2 dcdc_curr2_ctrl 00b R/W s Current sink is active
10 Current sink is active and LED string connected to
stpup2. Required for automatic feedback selection
11 | Controlled by PWM generator (do not set pwm_div)
On/Off control of the pad DCDC_CURR3
00 Current sink is turned off
5:4 dcdc_curr3_ctrl 00b R/W 01 Current sink is active
10 Current sink is active and LED string connected to
stpup2. Required for automatic feedback selection
11 | Controlled by PWM generator (do not set pwm_div)
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CURR1_GPIO1 ... CURR4_GPIO4 can be controlled individually. Each one can sink up to 38.25mA. The voltage on
the current sinks must not exceed the supply VCURR_GPIO (can be connected e.g. to VSUPPLY).

The low voltage current sinks and the gpio pins share the same pins (see General Purpose Input / Output
(CURR1_GPIOL1 ... CURR4_GPIO4) on page 30) for enabling/disabling of the current sinks / gpio functions.

Table 18. Current Sinks Characteristics

Symbol Parameter Min Typ Max Unit Note
CURR1_GPIOL.... For V(CURRx_GPIOx) > 0.2V
ICURR1,2,3,4 CURR4_GPIO4 0 38.25 mA resolution = 0.15mA,
current, 00h-1Fh each current sink
A absolute Accuracy -5 +5 % All Current sinks
Vcurrl,2,3,4 Voltage compliance 0.2 VS/R(E)U \% during normal operation

Table 19. CURRI1 Current sink current Bit definition

CURRI1 control

Addr: 41 - - -
This register controls the mode of the currl current sinks
Bit Bit Name Default | Access Description
Defines the current into CURR1_GPIOL1 if GPIO1_Mode =
011b and output enabled (e.g. GPIO1=1)
00h power down (default state)
7:0 currl_current (00)h R/W 01h 0.15mA (LSB)
FFh 38.25mA

Table 20. CURR2 Current sink current Bit definition

CURR2 control

Addr: 42 y - -
This register controls the mode of the curr2 current sinks
Bit Bit Name Default | Access Description
Defines the current into CURR2_GPIO2 if GPIO2_Mode =
011b and output enabled (e.g. GP102=1)
00h power down (default state)
7:0 curr2_current (00)h R/W 01h 0.15mA (LSB)
FFh 38.25mA
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Table 21. CURRS3 Current sink current Bit definition

CURRS3 control

Addr: 43 - - -
This register controls the mode of the curr3 current sinks
Bit Bit Name Default | Access Description
Defines the current into CURR3_GPIO3 if GPIO3_Mode =
011b and output enabled (e.g. GPIO3=1)
00h power down (default state)
7:0 curr3_current (00)h R/W 01h 0.15mA (LSB)
FFh 38.25mA

Table 22. CURR4 Current sink current Bit definition

CURR4 control

Addr: 44 ; - ;
This register controls the mode of the curr4 current sinks
Bit Bit Name Default | Access Description
Defines the current into CURR4_GPIO3 if GPIO4_Mode =
011b and output enabled (e.g. GPIO4=1)
00h power down (default state)
7.0 currd_current (00)h R/W o01h 0.15mA (LSB)
FFh 38.25mA
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8.3

General Purpose Input / Output (CURR1_GPIO1 .

Figure 9. CURR1_GPIO1 ... CURR4_GPIO4 block diagram
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.. CURR4_GPIO4)
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~see text e —10
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To LDO/DCDC
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[
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GPIO1I0SF
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<] VCURR_GPIO

GPIO17M0de=001b+j

GPIO1Pulls=10b and
GPIO1Mode=000b,010b,
011b or 100b

GPIO

GPIO1_Mode=010b
»
L
GPIO1_Mode=011b —pw—|
o
GPIO1_Mode=100b
curr1_current ~>—U

current
sink

switch

pulldown

~4— GPIO1Pulls=01b
and GPIO1Mode=010b

>
pullup
Gl _Jel Joo—s

active
clamp

GPIO1Pulls=11b
-and GPIO1Mode=000b,010b
or 011b,100b

GPIO1Mode Operating Mode

000b Open Drain Output
001b Push/Pull Output
010b Input

011b Switch to VSS
100b Current Sink

@E CURR1_GPIO1

j GPIO2 - Current Sink 2

CURR2_GPIO2

ﬂ GPIO3 - Current Sink 3

CURR3_GPIO3

j GPIO4 — Current Sink 4

CURR4_GPI0O4

The device contains 4 high current GPIO pins, which share the same pins as the low voltage current sinks and are
capable of sinking 100mA from VCURR_GPIO voltage. Each of the pins can be configured as open drain NMOS or
push-pull output with VCURR_GPIO high levels, as high impedance output or as digital input. When configured as
output the output source can be a register bit, or the PWM generator, furthermore the output signal can be inverted.
Integrated active clamp circuits can be enabled for the open drain NMOS output mode by setting GPIOxPulls=11b,
thus allowing to use the high current GPIO pins for driving inductive loads. A pull-up resistor to VCURR_GPIO can be
enabled for the open drain NMOS output mode by setting GPIOxPulls=10b. When configured as digital input the logic
level (GPIOxInvert="0") or the inverted logic level (GPIOxInvert="1") of the pin is reflected by bit GPIOxBit in the GPIO

Bit register.
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Moreover, a special function can be selected for each digital input pin and a pull-up resistor to VCURR_GPIO or a pull-
down resistor can be enabled.

Table 23. High Current GPIO Pin Characteristics (VCURR1_GPIO1 ... VCURR4_GPIO4)
VysuppLy=3.0 t0 5.5V; Tamp= —20 to +70°C; unless otherwise specified

Symbol Parameter Min Typ Max Unit Note
Maximum voltage
on VCURR_GPIO* Pin VCURR_GPIO is used as supply for
VGPIOMAX | CURRL...4_GPIO 03 v the GPIO pins
1...4 pins
Low level output loL=+100mA,; digital output
VoLH voltage switch -0.3 +0.35 \ (GP10OxMode=100b and
mode currX_current=3Fh)
Low level output _ loL.=+1mA; digital output
VoL voltage 03 04 v (GPIOXMode=000b ... 010b)
VOH High\llg\lltglgc()eutput 0'8'\{3%_RR_G VCURR GPIO | V loH=—1mA; digital push-pull output
ViL LO""V'gl‘t’aeéL”p”t -0.3 0.4 v digital input
v High level input . diaital i
IH voltage 1.3 CURR GPIO | V igital input
ILEAKAGE Leakage current 10 A high impedance
Rpull-up Pull-up resistance 78 kQ GPIOX%@S;);O%SSS;Z?)ISZNE
Pull-down digital input; GPIOXxPulls=01b;
Rpull-down resistance 1 & VCURR_GPIO=3.6V

Table 24. CURR1_GPIOL1 Bit definition

GPIO1
Addr: 18 - - -
This register controls the mode of the CURR1_GPIO1 Pin
Bit Bit Name Default | Access Description
000b digital open drain NMOS output
(only NMOS enabled)
001b digital push-pull output
(NMOS & PMOS enabled, no PWM out possible)
digital input
010b (NMOS & PMOS disabled, digital input logic
enabled)
2..0 GPIO1Mode ROM RIW 011b digital open drain current sink operation Current
defined by currl_current
100b digital open drain switch operation On resistance
defined by currl_current
101b high impedance (or SD1 in DCDC step
to down external controller mode
111b (sd1_1A_mode = 1100b)).NMOS & PMOS disabled,
digital input logic disabled)
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Table 24. CURR1_GPIO1 Bit definition
GPIO1
Addr: 18 ; - .
This register controls the mode of the CURR1_GPIO1 Pin
Bit Bit Name Default | Access Description
00b input / output signal is written to or set by GPIO1Bit
in the GPIO Bit register
PWM (O) / WDOG (1)
01b if used for PWM, pwm_h_time and pwm_|_time
define the high and low time of this output and only
4.3 GPIO1IOSF ROM R/W allowed for GPIOlMode:011b,100b
10b Protection of DCDC stepUpl GPIO 1 (O)
Battery charging EOC indication output GPIO 1 (O)
11b If EOC=1 then GPIO1=1. DCDC_CURRZ3is used as
output, if CURR_GPIOL1 is used for external DCDC
controller
0 normal polarity of input / output signal
5 GPIOlInvert ROM RIW 1 inverted polarity of input / output signal
(not possible for PWM out)
00b no pull-up or pull-down resistor is enabled in all
modes
01b pull-down resistor is enabled in digital input mode
(clamp disabled)
7...6 GPIO1Pulls ROM R/W pull-up resistor is enabled for
10b GPIO1Mode=000b,010b,011b,100b (clamp
disabled)
enable active clamp circuit for
11b | GPIO1Mode=000b,010b,011b,100b (pull-up/down
disabled)
Table 25. CURR2_GPIO2 Bit definition
GPIO2
Addr: 19 ; y .
This register controls the mode of the CURR1_GPIO2 Pin
Bit Bit Name Default | Access Description
000b digital open drain NMOS output
001b digital push-pull output (no PWM out possible)
010b digital input
011b digital open drain current sink operation Current
2..0 GPlO2Mode ROM R/W defined by curr2_current
100b digital open drain switch operation On resistance
defined by curr2_current
101b
to high impedance
111b
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Table 25. CURR2_GPIO2 Bit definition

GPIO2
This register controls the mode of the CURR1_GPIO2 Pin

Addr: 19

Bit Bit Name Default | Access Description

00b input / output signal is written to or set by GPIO2Bit in
the GPIO Bit register

PWM (O) / WDOG (1)

01b if used for PWM, pwm_h_time and pwm_|_time
define the high and low time of this output and only

4...3 GPIO2I0SF ROM RIW allowed for GPIO2Mode=011b,100b

10p | Battery charging active indication output GPIO2 (O)
If Battery charging = 1 then GP102=1

11b NA
0 normal polarity of input / output signal
5 GPl1O2Invert ROM | RW 1 inverted polarity of input / output signal
(not possible for PWM out)
00b no pull-up or pull-down resistor is enabled in all
modes
01b pull-down resistor is enabled in digital input mode
(clamp disabled)
7...6 GPIO2Pulls ROM R/W

10b pull-up resistor is enabled for
GPI02Mode=000b,010b,011b,100b (clamp disabled)

enable active clamp circuit for
11b | GPIO2Mode=000b,010b,011b,100b (pull-up/down
disabled)

Table 26. CURR3_GPIO3 Bit definition

GPIO3
Addr: 20 - - -
This register controls the mode of the CURR3_GPIO3 Pin
Bit Bit Name Default | Access Description
000b digital open drain NMOS output
001b digital push-pull output (no PWM out possible)
010b digital input
011b digital open drain current sink operation Current
2...0 GPIO3Mode ROM R/W defined by curr3_current

100b digital open drain switch operation On resistance
defined by curr3_current

101b
to high impedance
111b

00b input / output signal is written to or set by GPIO3Bit
in the GPIO Bit register

PWM (O) / WDOG (1)

01b if used for PWM, pwm_h_time and pwm_|_time
define the high and low time of this output and only

ah GPIO3IOSF ROM RIW allowed for GPIO2Mode=011b,100b

10b GPIO3 control of regulators if regX_gpio = 1 and
regX_on=1

11b Touchpen ADC wait input
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Table 26. CURR3_GPIOS3 Bit definition

GPIO3
Addr: 20 X X .
This register controls the mode of the CURR3_GPIO3 Pin
Bit Bit Name Default | Access Description
0 normal polarity of input / output signal
S GPIO3Invert ROM | R/W 1 inverted polarity of input / output signal
(not possible for PWM out)
00b no pull-up or pull-down resistor is enabled in all
modes
01b pull-down resistor is enabled in digital input mode
(clamp disabled)
7..6 GPIO3Pulls ROM R/W pull-up resistor is enabled for
10b GPIO3Mode=000b,010b,011b,100b (clamp
disabled)
enable active clamp circuit for
11b | GPIO3Mode=000b,010b,011b,100b (pull-up/down
disabled)

Table 27. CURR4_GPI04 Bit definition

GPIO4
Addr: 21 - - -
This register controls the mode of the CURR4_GPIO4 Pin
Bit Bit Name Default | Access Description
000b digital open drain NMOS output
001b digital push-pull output (no PWM out possible)
010b digital input
011b digital open drain current sink operation Current
2...0 GPIO4Mode ROM R/W defined by curr4_current
100b digital open drain switch operation On resistance
defined by curr4_current
101b
to high impedance
111b
00b input / output signal is written to or set by GPIO4Bit
in the GPIO Bit register
PWM (O) / WDOG (1)
01b if used for PWM, pwm_h_time and pwm_|_time
4. PIO4IOSE ROM R define the high and low time of this output and only
3 GPICEP™ © w allowed for GPIO4Mode=011b,100b
10b GPI04 control of regulators if regX_gpio = 1 and
regx_on=0
11b Touchpen dedicated interrupt output
0 normal polarity of input / output signal
> GP1O4Invert ROM | RW 1 inverted polarity of input / output signal
(not possible for PWM out)
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Table 27. CURR4_GPIO4 Bit definition

GPIO4
Addr: 21 - - .
This register controls the mode of the CURR4_GPIO4 Pin
Bit Bit Name Default | Access Description
00b no pull-up or pull-down resistor is enabled in all
modes
01b pull-down resistor is enabled in digital input mode
(clamp disabled)
7...6 GPIO4Pulls ROM R/W pull-up resistor is enabled for
10b GPI04Mode=000b,010b,011b,100b (clamp
disabled)
enable active clamp circuit for
11b | GPIO4Mode=000b,010b,011b,100b (pull-up/down
disabled)
Table 28. GPIO Signal Bit definition
GPIO Signal
Addr: 55 - :
This register controls the GPIO state / status
Bit Bit Name Default | Access Description
This bit determines the output signal of the GPIO1 pin when
0 GPIOL 0 RIW selected as output source
This bit determines the output signal of the GPIO2 pin when
1 GP102 0 RIW selected as output source
This bit determines the output signal of the GP1O3 pin when
2 GPI03 0 RIW selected as output source
This bit determines the output signal of the GPIO4 pin when
3 Sl 0 RIW selected as output source
: This bit reflects the logic level of the GPIO1 pin when
4 GPIO1_in NA R configured as digital input pin
: This bit reflects the logic level of the GPIO2 pin when
5 GPIOZ_in NA R configured as digital input pin
: This bit reflects the logic level of the GPIO3 pin when
6 GPIO3_in DA R configured as digital input pin
: This bit reflects the logic level of the GPIO4 pin when
7 GP104_in NA R configured as digital input pin
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The gpio block includes an internal programmable PWM generator (can be connected to any of the GPIO1_CURR1 ...
GPI04_CURR4 outputs). Its timing is defined by the following tables:

Table 29. PWM Frequency Control High Time Registers

. PWM Frequency Control High Time Registers
r:
This register controls the PWM high time
Bit Bit Name Default | Access Description
This bit defines the high time of the pwm generator in
2/fclk_int units

0 pwm_div * 2/ fclk_int
7:0 pwm_h_time 00h RIW 1 pwm_div * 4/ felk_int

2 pwm_div * 6/ fclk_int

FFh pwm_div * 512/ fclk_int

Table 30. PWM Frequency Control Low Time Registers

PWM Frequency Control Low Time Registers

Addr: 57 - - -
This register controls the PWM Low time
Bit Bit Name Default | Access Description
This bit defines the high time of the pwm generator in
2/fclk_int units

0 pwm_div * 2/ fclk_int
7:0 pwm_|_time 00h RIW 1 pwm_div * 4/ felk_int

2 pwm_div * 6/ fclk_int

FFh pwm_div * 512/ fclk_int

Table 31. PWM Divider Registers bits

CURR control

Addr: 58
This register controls the PWM divider
Bit Bit Name Default | Access Description
This bit defines the divider ratio of the prescaler for the
PWM generator
00 Divide by 1
7:6 pwm_div 00h R/W o1 Divide by 2
10 Divide by 4
11 Divide by 16

All Step Down DCDC converters and several LDOs can be directly on/off controlled by CURR3_GPIO3 or
CURR4_GPIO4. The CURR3_GPIO3 and/or CURR4_GPIO4 pin should be set to digital input mode (GPIO3Mode =
010b, GPIO4Mode = 010b) and the following register should be set accordingly:
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Note: The original digital interface on/off signal is used to switch between CURR3_GPIO3 and CURR4_GPI04; e.g.
if Ido_rfl_gpio is set, [do_rfl_on is (re-)used to selected either CURR3_GPIO3 (Ido_rfl_on=1) or
CURR4_GPI04 (Ido_rfl_on=0) as input.

Table 32. Regulator GPIO Control Registers

Reg GPIO Ctrl
Addr: 31 - - -
This register enables/disables GPIO control of the regulators
Bit Bit Name Default | Access Description
Ido_rfl on/off control
0 Controlled by software (Ido_rf1_on)
0 Ido_rf1_gpio 0 R/W Controlled by CURR3_GPIO3, if Ido_rf1_on=1 and
- GPIO3IOSF=10b
1 Controlled by CURR4_GPIO4, if Ido_rfl_on=0 and
GPIO4I0SF=10b
Ido_rf2 on/off control
0 Controlled by software (Ido_rf2_on)
1 ldo_rf2_gpio 0 RIW Controlled by CURR3_GPIO3, if Ido_rf2_on=1 and
1 GPIO3IOSF=10b
Controlled by CURR4_GPIO4, if Ido_rf2_on=0 and
GPIO4I0SF=10b
Ido_dig1 on/off control
0 Controlled by software (Ido_digl_on)
. . Controlled by CURR3_GPIO3, if Ido_digl_on=1 and
2 ldo_dig1_gpio 0 RIW GPIO3I0SF=10b
1 Controlled by CURR4_GPI0O4, if Ido_digl_on=0 and
GPIO410SF=10b;
do not set Ido_digl_gpio if DCDC SD1 is in external
controller mode (sd1_1A_mode = 1100b)
Ido_dig2 on/off control
0 Controlled by software (Ido_dig2_on)
. . Controlled by CURR3_GPIO3, if Ido_dig2_on=1 and
3 Ido_dig2_gpio 0 RIW GPIO3I0SF=10b
1 | Controlled by CURR4_GPIO4, if Ido_dig2_on=0 and
GPIO4I0SF=10b
do not set Ido_dig2_gpio if DCDC SD1 is in external
controller mode (sd1_1A mode = 1100b)
sd1 on/off control
0 Controlled by software (sd1_on)
4 sd1_gpio 0 R/W Controlled by CURR3_GPIO3, if sd1_on=1 and
1 GPIO3IOSF=10b
Controlled by CURR4_GPIO4, if sd1_on=0 and
GPIO4I0SF=10b
sd2 on/off control (or sd2 on/off control in 1A mode)
0 Controlled by software (sd2_on)
5 sd2_gpio 0 RIW Controlled by CURR3_GPIO3, if sd2_on=1 and
1 GPIO3I0SF=10b
Controlled by CURR4_GPIO4, if sd2_on=0 and
GPIO4I0SF=10b
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Table 32. Regulator GPIO Control Registers

Reg GPIO Citrl

Addr: 31

This register enables/disables GPIO control of the regulators

Bit

Bit Name Default

Access

Description

sd3_gpio 0

R/W

Sd3 on/off control

Controlled by software (sd3_on)

Controlled by CURR3_GPIO3, if sd3_on=1 and
GPIO3I0SF=10b

Controlled by CURR4_GPIO4, if sd3_on=0 and
GPIO410SF=10b

Ido_dig3_gpio 0

R/W

Ido_dig3 on/off control

Controlled by software (Ido_dig3_on)

Controlled by CURR3_GPIO3, if Ido_dig3_on=1 and
GPIO3I0OSF=10b

Controlled by CURR4_GPI104, if [do_dig3_on=0 and
GPIO4I0SF=10b

8.4

The backup battery charger operates as a programmable voltage limited current source with a selectable output
resistor. It is enabled by setting BBCMode in the Backup Battery Charger register to a value other than ‘00’b and offers
the following features:

Backup Battery Charger

Backup battery presence detection
Selectable output resistor (Regcour) to reduce the current at higher voltages

Programmable charge current Iggc

programmable maximum charging voltage Vggc

Reverse current protection turns off backup battery charger automatically if VsyppLy<VvBack; as soon as VsyppLy

exceeds Vypack charging is started again automatically

Charging is stopped automatically as soon as the backup battery is fully charged; if the voltage on pin VBACK
drops charging is started again automatically

In case the main supply voltage VsuppLy is larger than Vypack charging of the backup battery is possible in state
“Off" as well; the device will check Vygack every minute to determine if charging is required.
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Figure 10. Backup Battery Charger Block Diagram
| Voltage limited — 5
s Current source
Rb VBack
VsuppLY
[
Digital
Control
Table 33. Backup Battery Charger Characteristics
symbol Parameter Min Typ Max Unit Note
v Suool | 3.0 5.5 v BBCVolt="0’
SUPPLY upply voltage range
3.3 55 BBCVolt="1"
Vesc Maximum charging 2.4 2.5 2.6 v BBCVolt="0’
voltage 2.9 30 | 31 BBCVolt="1"
Value is set by BBCCur in the
IBBC Charge current -30% | BBCCur| +30% A Backup Battery Charger register
Delta voltage for P
VDELTA resistive mode 160 220 300 mvV BBCResOff="0
20 BBCResOff="0’
lvsuppLY Supply current 30 A BBCResOff="1
BBCPwrSave="1’; backup battery
05 full

Table 34. Backup Battery Charger Register

Backup Battery Charger
Addr: 38 : J £

This register controls the Backup battery charger mode
Bit Bit Name Default | Access Description

00b Backup battery charger is disabled

Backup battery charger is enabled in states “Power
01b Off mode”, “standby mode” and “Active mode”.

. (32kHz OSC has to be enabled in that mode
1:0 BBCMode 00b RIW rtcmode=01b or 10b)

Backup battery charger is enabled in state “Active
1Xb | mode” and “standby mode”. (32kHz OSC has to be
enabled in that mode rtcmode=01b or 10b)

0 Enable output resistor
2 BBCResOff 0 R/W -
Bypass output resistor
This value determines the charge current Iggc.
00b IBBC=50pA
4:3 BBCCur 00b R/W | 10b IBBC=200pA
01b IsBc=100pA
11b IBBCc=400pA
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Table 34. Backup Battery Charger Register

Backup Battery Charger

Addr: 38 - -
This register controls the Backup battery charger mode

Bit Bit Name Default | Access Description

This value determines the maximum charging voltage
VBBC.

5 BBCVolt 0 R/W 0 Veec=2.5V

1 Veec=3.0V

6 BBCPwrSave 1 R/W 0 Normal operation of the backup battery charger

The backup battery charger checks if it is actually
charging the battery (bit BUChAct="1") and it is
disabled if it is not. Every 10s (every 64s in state
1 “Off") the voltage of the backup battery is checked
again to determine if charging is required. This
practically reduces the current consumption to O if
the backup battery is full.

7 B - reserved

Figure 11. Backup Battery Charger Characteristics

IBACK
400pA
Rb=0N Rb=0FF
200pA
100pA
50pA
K VBack
'
Vback_lim-VDelta Vback_lim
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8.5 Smooth switchover Power Management Overview

Figure 12. Power Source Management Architecture
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The power source management architecture handles the smooth transitions between the two chargers (USB Charger
on VBUS, DCDC Step Down charger or Linear Charger on VCHARGER) and the battery. It takes care about the
system power supply VSUPPLY and its power requirements.

There are following operating conditions possible

1. No Charger connected

The internal switch SINT and the (optional) external switch MBATSW are closed and VSUPPLY is directly supplied by

VBAT. Because of the very low impedance of the switches the energy losses are minimized.

2. The active charger can deliver more current than the system requires
The system is directly supplied by the charger and the remaining energy can be used to charge the battery (CC/CV
charger). In case of deeply discharged batteries, the system is always immediately started and the internal current

source between VSUPPLY and VBAT delivers the trickle current to the battery.

3. The current limited (e.g. for USB with 500mA) charger cannot deliver the current, the system requires
In this case, the ideal diode starts conducting and delivers the remaining current to the system

The transitions between the different power states are done autonomously by the AS3658 allowing an uninterrupted

operation of the system.

The blocks are described in more detail in the following sections.
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8.6

Figure 13. Battery Switch Diagram
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Battery Switch

The internal Battery switch enables normal operation of the System during trickle charging of a deeply discharged

battery.

The Switch provides the following functions:

m Trickle charging, if VBAT is smaller than ResVolt. The current is defined in TrickleCurrent[1:0]
PMOS is switched on if VBAT is greater then ResVolt.

m Constant current charging, if the external charger is in linear operation, or the USB charger is used. the current is

defined by constant_current[2:0].

= Current limitation during tricklecharge, to avoid inrush current: lgickle_limit

= Current limitation during Constant current charging to avoid inrush current: Icc_jiimit

m  Undervoltage protection of Vsupply during trickle charge or constant current charge with linear charger. The
charging current is regulated down, if Vsupply drops below Vsypply min

m |deal diode operation in Isolate Battery mode and disable charging mode, during charger is unplugged. This
operation is for the internal battery switch only. External battery switch is open in that mode. Regulation will start, if
the VSUPPLY voltage drops by more then Vpjode below the VBAT voltage. After three milliseconds debounce time,
if no charger is recognized, the internal and external battery switch (if enabled) is closed to have a low Q ic
connection between VBAT and VSUPPLY.

Table 35. Battery switch parameters

Symbol Parameter Min Typ Max Unit Note
Vsupply Input voltage 3.0 5.5 Y, PIN VSUP_SW1,VSUP_SW?2
ltrickle_limit Trickle current limit 400 mA
Current Limit in constant current
mode (Linear charger mode or USB
Icc_limit Cogusrt(aenntt?il#rr]ri?nt 800 mA charger only)
Note: applies only for the battery
switch alone
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Table 35. Battery switch parameters

Symbol Parameter Min Typ Max Unit Note
. Ideal Diode start
VDiode voltage 50 mV

Vsupply level for 3.9

charging current 3.6 Trickle current (or constant current in

Vsupply_min regulation (reduction), | -6% 3% \Y linear mode) will be regulated down,

to avoid voltage drop 4.2 if vsupply drops below this level
on vsupply
4.5
SINT P-Switch ON —
Rsw resistance 0.10 Q VSUP_SW=3.6V

Table 36. USB-Charger Bit definitions

Addr: 10

USB Charger Control

This register controls the mode of the USB charger, and the charger state

machine

Bit Bit Name

Default

Access

Description

5 dis_batsw_tmp_prot

ROM

RIW

Over temperature protection of battery switch
enabled. (If battery switch is in current source mode,
charging is stopped if chip temperature exceeds
110°)

Over temperature protection of battery switch
disabled

7 ext_batsw_en

ROM

External battery switch disabled (Pin BAT_SW =
max(VSUPPLY,VBAT))

RIW

External battery switch enabled (Pin BAT_SW=0V, if
status bits batsw_on=1 and batsw_mode=1. These
bits are controlled by the charger state machine)

Table 37. Battery switch status Bit definitions

Charger status_usb

Addr: 100 - -
These bits show the status of the battery switch
Bit Bit Name Default | Access Description
Trickle charging (or constant current charging in
linear mode), if batsw_on=1. External PMOS switch
2 batsw_mode NA R disabled
Switch on Battery switch, if batsw_on=1. External
PMOS switch enabled
Battery switch off
3 batsw_on NA R
N Battery switch on (Mode defined by batsw_mode)
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8.7  External Step Down/Linear Ch

arger
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The inductive dcdc step down charger (or the external linear charger) converts the input voltage from VCHARGER to
VSUPPLY. The system (DCDC converters, LDOSs...) are connected directly to VSUPPLY; the ideal diode and the internal
battery switch SINT (together with the external battery switch MBATSW) connect VSUPPLY to VBAT to allow charging of

the battery.

Figure 14. Step Down Charger Application Diagram with optional reverse polarity and short protection
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"f /polarity/short
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: DcHrePROT USB
CcHARGER ' ot | Rerreput 5.6V Charger
ZZNFI ; = 2kQ
3 ':r: MCHARGER VCHARGER
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Gy Y LcHARGER  RcHSHUNT VSUPPLY 5 S linear
EDRE\/POU 3 o - 3 Vsupply E
| BAS70 ik 10/22uH | 70m0 L Cusupriy Controller |
e R Iqu 3 5
3| DcHARGER 1 (disabled in
w .
i PMEG2010 CHSENS Npg 4 [ pepc i this mode)
CH_SENS_P L, Vsupply
[ | Controller | 1
VGATE o
VOFF_B O,Z}@
VSUP_SW1 i
VSUP_SW2
BAT SW Battery
Meatsw [} Charger | ———
FDC642P ’* Controller | | Digital
VBAT SW1 Interface
VBAT_SW2
Lilon Battery e |SENSEP
RFILTER1 CFILTER Fuel
SRgrE\:(S)E 4.7kQ 1WF Gauge
ISENSEN
N

If the input voltage can be up to 50V additional three transistors and a simple voltage regulator with a zener diode are
required. These circuit ‘isolates’ the AS3658 from the high input voltage and keep the pins VCHARGER, VOFF_B and
VGATE within its operating limits (<15V). The actual circuit is shown in the following figure:
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Figure 15. Charger Block Diagram for voltages >15V (Protection up to 50V; minimum Vcharger voltage 8V)
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Instead of using an inductive DCDC step down charger, the AS3658 supports external linear charging mode with an
PMOS transistor. The operating mode is selected by connecting the pin VOFF_B to GND (for 5.5V limited chargers,
the USB charger can be used alternatively):
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Figure 16. External Linear Charger Application Diagram (VOFF_B connected to GND)
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4.7kQ
Table 38. Charger External Components
Symbol Component Value Note
MCHARGER,
MBATSW, P-channel MOSFET | Si1403, FDC642P or FDC5614P similar
MREVPOL
MCHRGPU P-channel MOSFET BSS84 or FDG312P or similar
RCHRGPU1 Pull-up resistorl 2kQ + 5%
. 1009 £ 5% for MCHRGPU =BSS84
RCHRGPU2 Pull-up resistor2
50Q + 5% for MCHRGPU=FDG312P
) 10pH 5V or 6V Vcharger input
LCHARGER Inductor for charging -
22pH 12V Vcharger input
DCHARGER Diode MBRS130 or PMEG2010
DCHRGPROT Zener Diode 5.6V Zener Diode
Current sense resistor e.g. Vishay Dale WSL0805
RCHSHUNT charger 70mQ + 5%, 125mwW series
RSENSE Current sense resistor | 50mQ = 1%, 125mW for lygar,pc<1.5A €.9. V'ShaéeDr?ég WSL0805
RFILTER1,2 Filter resistor 4.7kQ £ 1% Can be omitted if fuel gauge
- ) ) ) and charger functionality is
CFILTER Filter capacitor 1pF £ 20%, X5R or X7R dielectric not used
Bypass capacitor on 1pF £ 20%, X5R or X7R dielectric +
S S charger pin 22uF £ 20%, Tantal dielectric
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Table 38. Charger External Components

Symbol Component Value Note
Minimum total 22uF+ 20%, X5R or X7R dielectric 10 pH inductor
CVSUPPLY capacitance parallel to - ) -
Vsupply 47uF+ 20%, X5R or X7R dielectric 22 pH inductor

Figure 17. Step down charger Efficiency (Measured) VSupply=4.4V
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8.7.1 External Step Down/Linear Charger Characteristics
The battery charge controller controls the external Step Down/ Linear charger.
During Trickle charge of the deeply discharged battery the step down/Linear converter regulates the Vsupply to Vchiimit-

In step down charger mode, If the VBAT voltage exceeds ResVoltRise, the internal battery switch is switched on, the
Vsupply voltage drops down to VBAT immediately, and the step down converter operates as controlled current source
to Vsupply. The battery current is regulated to the value defined in ConstantCurrent register.

In linear charger mode, the Vsupply is still regulated to Vchimit, if the VBAT voltage exceeds ResVoltRise. The current is
regulated by the battery switch to the value defined in the constant current register.

In EOC operation (see Battery Charge Controller on page 51), the operation of the charger depends on the bit
isolate_battery:

If isolate_battery = 1 and EOC the output is regulated to Vchlimit.
If isolate_battery = 0 and EOC the output is not allowed to drop below VEOC (3.6V).

Table 39. Step down Charger parameters

Symbol Parameter Min Typ Max Unit Note
Visense max | CUTETRILEIOC A |70 | 100 | 130 | mv | SO e Senee
Output capacitor with 10puH .
Cout_10 inductor 20 60 UF X7R ceramic
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Table 39. Step down Charger parameters

Symbol Parameter Min Typ Max Unit Note
Output capacitor with 22uH .
Cout_22 inductor 40 60 uF X7R ceramic
Cout Linear Output ca%acitor in linear 20 60 uF X7R ceramic
— ode
L Inductor 10/22 uH (see Table 38)
ltrickle_limit Trickle current limit 400 mA
Table 40. Step down Charger Bit definitions
Step Down charger control
Addr: 37 - -
These bits configures the step down charger
Bit Bit Name Default | Access Description
0 fclk_int/4 (use as default, if Vcharger>6V)
0 sdc_frequ 0 R/W - -
1 fclk_int/8 (use as default, if Vcharger<6V)
0 |Disable 100% PMOS on mode for step down charger
1 sdc_pon 1 RIW 1 | Enable 100% PMOS on mode to reduce voltage drop
in low dropout regulation
0 Normal mode of step down charger mode
2 sdc_pass_mode 0 R/W step down charger in pass through mode. Use this
1 mode with max. 5.5V charger only.
Vsupply=Vcharger in that mode, if no_charging=1.
8.8 USB Charger

Figure 18. USB Charger Block Diagram
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The AS3658 serves an integrated USB charger for Li+ batteries. The USB Charger is a current and voltage limited
charger, which can be used to charge Li+ batteries directly from the USB supply. The VBAT voltage limit is set by the
register ChVoltEOC (3.9V — 4.25V in 50mV steps; identical for USB charger and step down charger) and the current
limit is set by the register usb_current (94mA to 881mA). The Vsupply voltage limit is set to Vchiimit during trickle and
constant current charging.

For USB charging, it is recommended to start with a current limit of 94mA and after negotiates via the USB bus (this
has to be done by e.g. the uProcessor directly) a different current setting can be set to speed up charging (e.qg.
470mA).

If Bit usb_chgEn=1 in the Boot ROM is set, VSUPPLY can start up with USB supply allowing startup from the USB
supply.

If ChEn=1 and chdet=1 (external charger enabled and connected) the usb_charger will be deactivated automatically.

(The Battery charger overrides the USB charger). It's not possible to use the internal and the external charger in
parallel.

End of charge of the USB charger is reached, if the current through the battery falls below the value set in the
Tricklecurrent [1:0] register.

Table 41. USB-Charger Bit definitions

USB Charger control
Addr: 10 This register controls the mode of the USB charger, and the charger state
machine
Bit Bit Name Default | Access Description
Sets the USB input current limit.

(0000)b 94mA (USB low current)
(0001)b 141mA
(0010)b 189mA
(0011)b 237mA
(0100)b 285mA
(0101)b 332mA
(0110)b 380mA

3:0 usb_Current ROM R/W (0111)b 428mA
(1000)b 470mA (USB high current)
(1001)b 517mA
(1010)b 598mA
(1011)b 668mA
(1100)b 759mA
(1101)b 881mMA
(1110)b 881mA (do not use)
(1111)b 881mA (do not use)

ON/OFF control of USB charger
4 usb_chgEn ROM R/W 0 USB charger disabled.
1 USB charger enabled.

www.austriamicrosystems.com Revision 1v13 49 - 157



AS3658

@? austriamicrosystems

Data Sheet Confidential - Detailed Description-Power Management Functions

Table 41. USB-Charger Bit definitions

Addr: 10

USB Charger control

This register controls the mode of the USB charger, and the charger state

machine

Bit

Bit Name Default

Access

Description

5 dis_batsw_tmp_prot ROM

R/W

Overtemperature protection of battery switch
enabled. (If battery switch is in current
source mode, charging is stopped if chip
temperature exceeds 110°C)

Overtemperature protection of battery switch
disabled

no_charging ROM

Normal battery charger operation (usb
charger and/or step down charger)

R/W

USB and Step down charger is supplying
VSUPPLY, but battery switch is open.
USB charger or external charger regulate to
Vehlimit

ext_batsw_en ROM

External battery switch disabled (Pin
BAT_SW= VSUPPLY,VBAT)

R/W

External battery switch enabled (Pin
BAT_SW=0V, if status bits batsw_on=1 and
batsw_mode=1. These bits are controlled by

the charger state machine)

Table 42. Charger status Bit definitions

Charger status_usb

Addr:100
These bits show the status of the USB charger
Bit Bit Name Default | Access Description
0 USB_ChDet NA R set to 1 if charger is detected
USB_Chact NA R Set to 1 if charger is active
4 Ch_overvoltage NA R Set to 1 if overvoltage on pin VCHARGER is applied

Charger Detection:

The Charger will be detected by comparison of the V_USB voltage with the Vsupply voltage.
If V_USB is 50mV higher than VSupply voltage or V_USB > 4.3V or the USB_ChDet is set to 1.

Table 43. USB Charger Characteristics,VUSB=4.3...5.5V; Tamb=-20...+85°C; unless otherwise specified.

Symbol Parameter Min Typ Min Unit Note
lusbeurrents00ma U\Q,,Bcugreel‘r;tC Ii%rnSOOmA 440 470 500 mA Resistor on pin FE)EBS to ground of
lusbeurrent100A USBCU;:SQE Iic())rnloomA 84 95 104 mA Resistor on plgz%igs to ground of
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Table 44. USB-Charger additional trimming

T USB Current control
This register adds or subtracts current limit
Bit Bit Name Default | Access Description
Increase or decrease The USB current limit for additional in
system trimming:
100 usbcurrent-5.1%
101 usbcurrent-3.8%
110 usbcurrent-2.5%
2:0 usb_add_trim_current 00h R/W 111 usbeurrent-1.2%
000 usbcurrent+0%
001 usbcurrent+1.2%
010 usbcurrent+2.5%
011 usbcurrent+3.8%

8.9 Battery Charge Controller

The AS3658 device serves as a standalone battery charge controller supporting rechargeable lithium ion (Li+) and
nickel metal hybrid (NiMH) batteries. Requiring only a few external components, a full-featured battery charger with a
high degree of flexibility can easily be realized. The main features of the controller are:

m Charge adapter detection

m Charging of deeply discharged batteries

m Low current (trickle) charging

m Real constant current charging by regulation of the battery current instead of the charge current
m 2 different top-off charging modes: Pulse charging and constant voltage charging
m Fuel gauge enables highly accurate remaining capacity estimation of the battery
m  Overvoltage protection for charge adapter input and main battery

m Battery presence indication

m  Operation without battery

m Reverse polarity and short protection

m  Charging timout timer

m Battery NTC supervision

8.9.1 Charge Controller Operating Modes and Building Blocks

Linear Step down Charger detection

The charging circuit automatically detects, if a step down charger or a linear charger is connected externally, by
measuring the voltage on the pin VOFF_B. If this pin is tied to GND, the circuit detects a linear charger. Otherwise the
step down charger is detected

Charge adapter detection

The charge controller uses an integrated detection circuit to determine if an external charge adapter has been applied
to the VCHARGER or V_USB pin. If the adapter voltage exceeds the supply voltage at pin V_SUPPLY5 by VcHpeT the
ChDet or USB_CHDet bit in the Charger Status register will be set. The detection circuit will reset the charge controller
(ChDet or USB_CHDet is cleared) as soon as the voltage at the VCHARGER or USB_CHDet pin drops to only VcHmIN
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above the battery voltage. In case the AS3658 device is reset the charge controller will also be reset, even if a charge
adapter is applied to the VCHARGER or V_USB pin.

Charging deeply discharged batteries

To be able to charge even completely discharged batteries the AS3658 device contains an internal voltage regulator
that uses the voltage of the external charge adapter at pin VCHARGER or V_USB to generate a bootstrap voltage
V2_sy to supply the internal circuitry necessary for charging. As soon as the battery voltage exceeds 2.5V, the
bootstrap regulator is disabled and the battery voltage will be used to generate the internal supply voltage to supply the
charger circuitry.

Low current (trickle) charging

Trickle charge mode is started when an external charge adapter has been detected and ChEn or usb_chgEn is set,
and the battery voltage at pin V_BAT is below the ResVoltRise threshold Vresrise. The Battery switch is open in that
case (batsw_on=1 batsw_mode=0). Bits ChAct and/or USBChAct and Trickle will be set in the Charger Status
registers. In this mode the charge current into the battery will be limited to TrickleCurrent (set in the Charger Current
register) by the battery switch to prevent undue stress on either the battery or any of the charger components in case
of deeply discharged batteries. if Vsupply drops below Vsypply min threshold the trickle current is regulated down, to
keep the Vsupply voltage up, even with an current limited charger (e.g.:USB charger). Once Vresrisg has been
exceeded, the battery switch will be closed and the charge controller will proceed to constant current charge mode.
The Vsupply voltage of the step down charger will be set to Vcurr_preset to prevent undervoltage on vsupply during
the transition between Trickle and constant current charging.

Constant current charging

Constant current charging is initiated by setting bit ChEn and/or USBChEnN in the Charger Control register, and
resetting the No_charging bit. Note that ChEn and/or USBChEnN should be set by default to enable operation of the
device without a battery connected to the system. The ChAct and/or USBChACct bit is set when the charger has started,
and the charge current into the battery will be limited to ConstantCurrent (set in the Charger Current register) by the
battery charge controller. When the battery approaches full charge, its instantaneous voltage will exceed the charge
termination threshold VcHorr VcHorr depends on the ChVoltEOC.The top-off charge mode will be started (bit CVM
will be set).

Constant voltage charging

Constant voltage charge mode is initiated and the CVM bit will be set when the VcHogr threshold has been exceeded
for the first time and bit Pulse is not set. In the following the charge controller will act to regulate the battery voltage to
a value set by ChVoltEOC in the Charger Config register.

The charge current is monitored during constant voltage charging. It will be decreasing from its initial value during
constant current charging and eventually drop below the value set by TrickleCurrent in the Charger Current register. If
the measured charge current is less than or equal to TrickleCurrent and the battery voltage is larger than Vcpres, the
charging cycle is terminated and EOC is set. Then the charge controller starts the EOC operation.

EOC operation
There are two possibilities:

1. Ifisolate_bat=1 the battery switch will be switch off and the battery charger regulates to its highest voltage Vchiimit..
The advantage of this mode is a longer lifetime of the Li+ battery, because there is no discharging after the EOC
condition. If autoresume=1 and the battery voltage drops below Vchres the battery charger continues charging, by
checking in trickle charge mode, if there is a battery connected, and then starting with constant voltage.

2. Ifisolate_bat=0 the battery switch remains closed for step down charger or will be closed for linear and usb charger,
and the power to the system is supplied by the battery. The battery charger and the USB charger regulates to Veoc,
in case the battery is removed. If autoresume=1 and the battery voltage drops below VcHrEes the battery charger
continues charging, by checking in trickle charge mode, if there is a battery connected, and then starting with
battery charging.
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Battery Detection and Restart of Charging:

In EOC state, If the battery voltage drops below VCHRES and the bit AutoResume is set, the battery detection is
started. The battery switch will be switched into current source mode and VSUPPLY will be regulated to Vchlimit (all
charger). The AS3658 measured the battery current with the fuel gauge in this mode. If there is no current, the AS3658
is kept in this state and the bit NoBat is set. Otherwise the bit NoBat is cleared and the charger and the AS3658
continues in battery charging mode. In addition, if the ntc_on<1:0>=01b (NTC temperature supervision is active) the
NoBat bit is cleared and charging is restarted, if a NTC resistor with normal or high temperature is detected.

Overvoltage protection for external linear charger:

During charging with the external linear charger the battery charge controller constantly monitors the voltage of the
charge adapter at pin VCHARGER. In case the charge adapter voltage exceeds VycHin,MaX rise for longer than
3mesec and bit ChOVDetEn in the Charger Control register is set to 1, charging is disabled immediately. If the voltage
on the pin VCHARGER drops below VycHin,MAX fall, the charger is re-enabled.

Figure 19. Typical charging cycle (step down charger)

VCHARGER = 6V

A VsuppLy = 4.4V VsuppLy = 4.4V (isolatg_batzl)
[ VsuppLy = 4.2V (isolate_bat=0
VBAT = 4.2V
VBAT = 2V VBAT = Vres_rise (e.g: 3.4V)
o
IsaT = ConstantCurrent (e.g 700mA)
Constantvoltage
IgaT = TrickleCurrent (e.g 200mA)
IgaTr = OMA EOC
| >
CH_DET=1
CH_DET=0
12C Write

NO_CHARGING =1

NO_CHARGING =0
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Figure 20. Typical charging cycle (External linear charger or USB charger)

VCHARGER = 6V
A Veurry =44V 5.0V VsurpLy = 4.4V..5.0V (isolate_bat=1)
l VsuppLy = 4.2V (isolate_bat=0)
VBAT = 4.2V
VBAT = 2V VBAT = Vres_rise (e.g: 3.4V)
/ »
IsaT = ConstantCurrent (e.g 700mA)
Constantvoltage
IgaT = TrickleCurrent (e.g 200mA)
IgaT = OmA EOC
I >
CH DET=1
CH_DET =0
12C Write
NO_CHARGING =1
NO_CHARGING =0

Table 45. Charger Characteristics VVBAT=3.0...5.5V; Tamb=-20...+85°C; unless otherwise specified

Symbol Parameter Min Typ Min Unit Note
Voltage limit of charger ch volt
Vchlimit (if not in current -3% - 3% \% Max. Vsupply voltage
limitation mode) 9
For input voltage higher than 15V see
above protection circuit; for chargers with
VCHARGER operating input voltages down to 4.5V see:
VCHARGER range 5.0 15.0 v ‘Application Note for DC/DC Step down
Charger for
Chargers Supplying 4.5V to 5.5V’
VeHpeT Charge adapter 50 75 105 MV | Hysteresis is > 40mV; for USB and step
VCHMIN detection threshold 0 20 35 mv down charger
Vchdet falling threshold, if
VSUPPLY>4.35V for V_USB and
Charge adapter VCHARGER, and for V_USB, if
VCHMIN_hold | getection hold voltage | ™ -20 -40 mv usb_hold_chdet=1. Warning:
Backcharging is possible if
usb_hold_chdet=1
: Charger adapter iq :
Vehin,max overvoltage threshold 6.0 6.5 7.0 \% ChOVDetEn="1" for external linear
rise rising charger only
Charger adapter i1 ;
ChOVDetEn="1’ for external linear
Vchin,max fall | overvoltage threshold 6.0 \%
falling charger only
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Table 45. Charger Characteristics VVBAT=3.0...5.5V; Tamb=-20...+85°C; unless otherwise specified

Symbol Parameter Min Typ Min Unit Note
Maximum load current
ISTARTmMax during startup on 5 mA
Vsupply
Undervoltage lockout 2.7... Value is set by ResVoltRise in the Battery
Vuvio threshold —3% | T34 | ¥3% v Voltage Monitor register
Charge termination 3.90... Li+ battery; value is set by ChVoltEOC in
VeHorF threshold —0.06 | “455" | +0.06 v the Charger Config register
Value is set by ChVoltResume in the
VCHRES Char\(;zjggegume 34830 \Y Charger Config register. Do not set
9 : VcHRres higher than VeHogg!
VRESRI
v Charger constant SE v
curr_preset | cyrrent pre-set voltage +
100mvVv
If isolate_bat=0; to prevent a system reset
VEoc Charger EOC voltage 3.60 V' lif the baftery is removed in EOC operation
Table 46. Charger status Bit definitions
Charger status
Addr:99 -
These bits show the status of the charger
Bit Bit Name Default | Access Description
Bit is set when external charge adapter has been
0 ChDet @ R detected on pin VCHARGER
Bit is set when step down charger is operating
1 ChAct N R (independent of Reg. bit no_charging)
> Resume NA R Bit is set when battery volte}gsekllas dropped below resume
3 Trickle NA R Bit is set when charger is in trickle charge mode
Bit is set when charger is in top-off charge mode
4 CVM LA R (constant voltage mode)
Bit is set when charging has been terminated. Bit is
5 EOC NA R cleared automatically when ChEn is cleared, no_charging
is set or charging is resumed.
Bit is set when battery detection circuit indicates that no
battery is connected to the system. Detection is started
6 NoBat NA R after EOC and if bit autoresume=1 only. Bit is cleared
automatically when a battery is connected, when DisBDet
is set and/or when ChEn is cleared.
Bit is set, if Linear charger is detected, and chDet=1. This
7 ChLinear NA R state is latched on the rising edge of chDet. Detected if
VOFF_B is connected to ground
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Table 47. Charger control Bit definitions

Charger Controll
Addr:11 -
These bits controls the charger
Bit Bit Name Default | Access Description
0 Disable step down charger (Independent of bit
no_charging)
0 ChEn ROM R/W
1 Enable step down charger (default) (Independent
of bit no_charging)
0 Startup of AS3658 if charger is connected in
power_off mode
Don't exit power off mode, if charger is already
1 Ch_pwroff_en ROM | RW connected before entering power off mode; no
1 autonomous charging upon static charger detect.
Startup with rising edge of VCHARGER or V_USB,
RTC wakeup and XON pin only
0 Overvoltage detection with linear external charger
enabled
2 CHOVDetEn ROM | RW Overvoltage detection with linear external charger
1 enabled. Battery charging disabled, if voltage
exceeded
0 Charging does not restart automatically in EOC
when bit Resume is set.
3 AutoResume ROM R/W - - - - -
1 Charging will restart automatically in EOC when bit
Resume is set
0 Normal charge_detect operation
Charger detect of USB charger will not be reset, if
4 usb_hold_chdet ROM | RW 1 VUSB=VaaT. (Allow Battery charging, with
V_USB<4.4V down to 3.3V); for this case, software
should detect the removal of the charger
Read: no timeout
0 reached
5 charging_tmax ROM R/W Write: reset charger timeout counter
1 tcHARGING,MAX timeout reached and charging
stopped
Controls the charge detect debounce timer on pin
VCHARGER, if external charger is connected. (If the
charger is removed the debounce time is always 3msec)
6 Ch_det_500ms ROM R/IW - -
0 VcHARGER debounce timer is 3msec
1 VcHARGER debounce timer is 500msec
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Table 48. Battery, supply voltage Bit definitions

Battery voltage monitor
Addr:12 , .
These bits controls the battery/Supply voltage monitor (Reset levels)
Bit Bit Name Default | Access Description
This value determines the reset level Vresrisg for rising
VeaT. It is recommended to set this value at least 200mV
higher than VRespaLL-
000b VRESRISE=2.7V
001b VRESRISE=2.8V
010b \Y, =2.9V
2.0 ResVoltRise (?(())1'\[2') R/W RESRISE
011b VRESRISE=3.0V
100b VRESRISE=3.1V
101b VRESRISE=3.2V
110b VRESRISE=3.3V
111b VRESRISE=3.4V
This value determines the reset level Vresear for falling
Vvpar. It is recommended to set this value at least 200mV
lower than VResRISE.
000b VRESFALL=2.7V
001b VRESFALL=2.8V
010b VRESFALL=2.9V
5:3 ResVoltFall (gﬁl\él) R/W
011lb VRESFALL=3.0V
100b VRESFALL=3.1V
101b VRESFALL=3.2V
110b VRESFALL=3.3V
111b VRESFALL=3.4V
A reset is generated if Vsupply falls below 2.7V.
0 (If VVBAT falls below VRESFALL only an interrupt is
generated (if enabled) and the Processor can shut
6 SupResEn R(’(()Dbl\)/l R/W down the system)
A reset is generated if Vsupply falls below
1 VRESFALL
0 Vresetfall debounce time = 3msec
7 FastResEn ROM R/W -
Vresetfall debounce time = 4psec
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Table 49. Charger Config Register

. Charger Config
These bits configure the charger
Bit Bit Name Default | Access Description
Sets the end-of-charge voltage level Vchorr
000b 3.90V
001b 3.95v
010b 4.00V
2:0 ChVoltEOC ROM 011b 4.05Vv
100b 4.10V
101b 4.15V
110b 4.20V
111b 4.25V
Regulate down battery charging current on that level of
Vsupply during trickle charging and/or linear charging, to
prevent voltage drop on vsupply:
4:3 Vsupply_min ROM - et
01b 3.60V
10b 4.20V
11b 4.50V
Sets the resume voltage level Vcures
000b 3.85V
001b 3.90V
010b 3.95v
75 ChVoltResume ROM 011b 4.00V
100b 4.05V
101b 4.10V
110b 4.15V
111b 4.20V

8.9.2 Fuel Gauge

The fuel gauge circuit enables remaining capacity estimation of the battery by tracking the net current flow into and out
of the battery using a voltage-to-frequency converter.

Voltage-to-Frequency Converter

The voltage-to-frequency (VFC) converter constantly monitors the voltage drop across an external current sense
resistor Rsense coOnnected in series between the negative battery terminal and ground. The use of an additional
external RC lowpass filter is highly recommended. Using two 4.7k resistors (Ryiit1,2) and a 1pF ceramic capacitor
(Ciiit), the filter cut-off is approximately 16.9 Hz. This filter will capture the effect of most spikes, and will thus allow the
current accumulators to accurately reflect the total charge that has gone into or out of the battery.
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The key building block of the VFC is an integrator. It will integrate the voltage Vsns across input pins ISENSP and
ISENSN. If Vgns is positive (battery is charged), the output voltage of the integrator increases; a negative input voltage
(battery is discharged) will cause the integrator output voltage to decrease.

Table 50. Fuel Gauge parameters

Symbol Parameter Min Typ Max Unit Note
f Internal reference felk_int/ MHz internal CLK frequency/2
CLK clock 2 Programmable: 0.8 to 1.15 MHz
fvec Sample frequency foLk/59 Hz
VISENSP )
VISENSN Input voltage 0.1 0.1 \%
%'SENSP Input impedance 4.67 MQ
ISENSN
AvEC Discharge and Charge 91.0 Hz /V
gan fouk = 1.1MHz
FRvEC Fundamental rate 3.05 UVh
Uncompensated offset
VorF voltage -500 500
C d offset h
ompensated offse )
VoFF,comp voltage 50 +10 50

Charge Current Accumulator

The output signals of the charge count dividers are used as inputs for the charge current accumulator that is realized
as a 15-bit up-down counter with separate inputs for incrementing and decrementing the counter. An additional sign bit
indicates the polarity of the counter value that is maintained in two’s complement format. The current accumulator is
updated at a rate equivalent to one count per 3.05uVh, which is equivalent to one count per 61.03pAh when using a
50mQ current sense resistor. It will roll over beyond (7FFF)h when incremented and (0000)h when decremented, and
the value given by the counter will be ambiguous in that case. It is the responsibility of the host to read the counter
before rollover occurs.

The content of the charge current accumulator will be transferred into the DeltaCharge register when the UpdReq bit in
the FuelGauge register has been set. The update of the register has to be synchronized to the sample clock fyrc and
can take up to 1.5 clock cycles (max. 2.5us). After the registers have been updated successfully, the UpdReq bit is
cleared automatically and the charge current accumulator together with the sign bit will be reset.

Elapsed Time Counter

The sample clock fygc of the fuel gauge circuit is fed to a 14-bit clock count divider. Its output signal is used as a
clocking signal for the 16-bit elapsed time counter, resulting in an equivalent rate of 1.1379 counts per second
(4096.60 counts = 1 hour). The elapsed time counter will rollover beyond (FFFF)h, and the value given by the counter
will be ambiguous in that case. It is the responsibility of the host to read the counter before rollover occurs.

The content of the elapsed time counter will be transferred into the ElapsedTime register when the UpdReq bit in the
FuelGauge register has been set. The update of the register has to be synchronized to the sample clock fygc and can
take up to 1.5 clock cycles (max. 2.5us). After the registers have been updated successfully, the UpdReq bit is cleared
automatically and the elapsed time counter will be reset.

Offset Calibration Mode

Although the VFC compensates for the offset of the integrator the fuel gauge features an additional offset calibration
mode to enhance the measurement accuracy even further. By setting the CalReq bit in the FuelGauge register the
integrator is reset and the offset calibration mode is activated. The charge count dividers are bypassed during offset
calibration to allow a faster calibration procedure with adequate resolution. The offset is accumulated during 16 clocks
of the elapsed time counter, the resulting offset calibration value FGOffCal has a resolution of 3.05uV and is
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transferred to the DeltaCharge register. The CalReq bit is cleared automatically after the calibration has completed
successfully and FGOffCal has been written to the register.

Please note that offset calibration is not possible while the charger is active. If the CalReq bit is set while the charger is
active the calibration will start automatically after the charger has been disabled by clearing the ChEn bit or if the
external charge adapter has been removed. If during an offset calibration procedure the charger is enabled the offset
calibration mode is terminated, the CalReq bit is cleared, the current value of the elapsed time counter is transferred to
the ElapsedTime register and the DeltaCharge register is loaded with (FFFF)h.

Calculation of Battery Status

The host system can calculate all the parameters necessary for estimating the remaining battery capacity by
evaluating ElapsedTime, DeltaCharge and FGOffCal.

Calculating Elapsed Time
The host system can evaluate the change in time At by setting the UpdReq bit in the FuelGauge register and reading
ElapsedTime after UpdReq has been automatically cleared. The change in time in seconds is given by:

At = ElapsedTime x 3600 / 4096.60 [s] (EQ1)

Note that the absolute accuracy of At is directly related to the absolute accuracy of the internal reference oscillator. To
cancel the error associated with the accuracy of the oscillator, a correction factor CV can be introduced. CV can be
evaluated by comparing the change in time calculated by (1) with some reference value Atrgg obtained from a RTC or
measured during system calibration. CV is given by:

CV = AtRep / 4t (EQ 2)

By multiplying At and CV the correct value for the change in time can be calculated:

Atcorr = CV x 4t [s] (EQ3)
Calculating Average Current

The host system can calculate the average current during the last time period by setting the UpdReq bit in the
FuelGauge register and reading DeltaCharge and ElapsedTime after UpdReq has been automatically cleared.
Together with FGOffCal determined during offset calibration mode the average current is given by:

IAVG = DeltaCharge / (At X AVFC X Rsense) — FGOffCal x 305“V/ Rsense [A] (EQ 4)

At is the change in time in seconds calculated by (1), Avrc is the gain of the VFC in Hz/V, Rsense is the value of the
sense resistor in Q and FGOffCal is the offset calibration value. As DeltaCharge and At both are proportional to the
oscillator frequency, no correction factor needs to be introduced in the formula.

Calculating Accumulated Current

Accumulated current is used to calculate the absolute remaining capacity of the battery. It is given by:

Iacc = lave X dtcorr [A] (EQY5)
Calculating the Remaining Capacity

Remaining capacity is the entire goal of fuel gauging. It is given by:

RC = RC + Iacc [As] (EQ 6)
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The time to empty is calculated from the average current layg given by (4). The longer the time period for which layg is
calculated, the more accurate the value for Iayg and therefore the estimated time to empty will be. It is given by:

TTE = RC/ lave [S] (EQT)
Table 51. Fuel Gauge Bit definitions
Fuel Gauge
Addr:15 - -
These bits configures the fuel gauge
Bit Bit Name Default | Access Description
0 Disable Fuel Gauge
0 FGEnN ROM R/W
Enable Fuel Gauge
This bit controls the update of the DeltaCharge and
ElapsedTime registers. When set, the bit is cleared
automatically after the registers have been updated
1 UpdReq ROM R/IW successfully. Bit should not be set to “0” by the host
0 Update of registers complete
1 Request update of registers
This bit controls the offset calibration. When set, the bit is
cleared automatically after the calibration has completed
successfully.
2 CalReq ROM RIW 0 Calibration complete OR terminate offset
calibration
1 Request offset calibration
Sets the mode for offset calibration
00 Connect inputs to ground internally
4:3 CalMod ROM R/W 01 Use ISENSP and ISENSN (do not use)
10 do not use
11 do not use
Table 52. Delta Charger MSB bit definitions
DeltaChargeMSB
Addr:101 These bits represent the MSB value of the fuel gauge Delta charge
register
Bit Bit Name Default | Access Description
The register is maintained in two’s complement format
with a resolution of 3.05uVh and a full-scale value of
. +99.98mVh. When using a 50mQ current sense resistor
6:0 DeltaChargeMSB (00)h R this is equivalent to a resolution of 61.03pAh and a full-
scale value of 1.999Ah. Sign is set for negative values.
Register will be updated after setting bit UpdReq to “1”.
7 sign 0 R Sign bit of the delta charge register
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Table 53. DeltaChargerLSB bit definitions
DeltaChargeL SB
Addr:102 These bits represent the LSB value of the fuel gauge Delta charge
register
Bit Bit Name Default | Access Description

The register is maintained in two’s complement format
with a resolution of 3.05uVh and a full-scale value of

. +99.98mVh. When using a 50mQ current sense resistor
70 DeltaChargeL.5B (00)h R this is equivalent to a resolution of 61.03pAh and a full-
scale value of 1.999Ah. Sign is set for negative values.
Register will be updated after setting bit UpdReq to “1”.

Table 54. ElapsedTimeMSB bit definitions

ElapsedTimeMSB
Addr:103 These bits represent the MSB value of the fuel gauge Elapsed Time
register
Bit Bit Name Default | Access Description

The elapsed time count is stored in the register with a
6.0 ElapsedTimeMSB (00)h R resolution of 0.8788s and a full-scale value of 15.997 hours.
Register will be updated after setting bit UpdReq to “1".

7 sign 0 R Sign bit of the elapsed time register

Table 55. ElapsedTimeLSB bit definitions

ElapsedTimelLSB

Addr:104 These bits represent the LSB value of the fuel gauge Elapsed Time
register
Bit Bit Name Default | Access Description

The elapsed time count is stored in the register with a
7:0 ElapsedTimeLSB (00)h R resolution of 0.8788s and a full-scale value of 15.997 hours.
Register will be updated after setting bit UpdReq to “1”".

8.9.3 Charger Operation

The charger controls the battery current through the internal transistor between VSUP_SW1,2 and VBAT_SW1,2, the
step down charger and the battery switch between VSUPPLY and VBAT.

Charge Current Regulator

The regulator is programmed by setting TrickleCurrent and ConstantCurrent in the ChargerCurrent register and yields
a resolution of 0.625mV or 12.5mA when using a sense resistor of 50mQ.

Table 56. Charge Current Regulator parameters

Symbol Parameter Min Typ Max Unit Note

tMEAS Measurement period 68.65 ms

felk_int = 2.2MHz

IMEAS,LSB 0.625 mvV
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Table 57. Charger Current Bit definitions

Charger current
Addr:16 - ; -
These bits define the battery charging current and voltage
Bit Bit Name Default | Access Description
Sets the trickle current. Default is (01)b = 2.5mV x Rsense'l.
00b 1.25mV X Rsense
1:.0 TrickleCurrent ROM R/W 01b 2.50mV X Rsense_l
10b 5.00mV X Reense
11b 10.0mV X Reense
Sets the charging current in constant current mode
from (OmV...35mV) x Rsense'l in steps of 5mV x
-1
RSEHSE .
000 2
4:2 ConstantCurrent ROM R/W OMV'X Rsense
001 5mV x Rsense-l
-1
111 35mV X Rsense
Charger voltage after EOC and isolate_battery=1
000b 4.3V
001b 4.4V
010b 4.5V
75 ch_voltage ROM R/W 011b 4.6V
100b 4.7V
101b 4.8V
110b 4.9V
111b 5.0V

8.10 Charger supervision functions

The charger supervision functions allow charging without processor control by continuously checking the NTC
temperature resistor within the battery pack using ADC_IN1 pin. The charging cycle is automatically paused, if the
NTC indicates a temperature range out of 0° to 45° (or 0° to 50°). If the temperature gets into this range again the
charging cycle is resumed.

In addition there is a charge timer that stops charging after a defined time, as additional security feature.

The timer will be reset at charger insertion (charger detect) or at EOC state. The timer is counting during active
charging only (Trickle charging, Constant current charging, Constant voltage charging).

In case the battery voltage does not reach EOC voltage within tcyHarcINGMAX after charging has been started,
charging_tmax interrupt will be generated and charging will be stopped. Charging can be started again by writing
charging_tmax=0 in the charger_control1 register.
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Table 58. NTC Chargersupervision Characteristics, VVBAT=3.0...5.5V; Tamb=-20...+85°C; unless otherwise

specified.
Symbol Parameter Min Typ Max Unit Note
: Alternating measurement of the NTC
tsample ri%rgsﬁetrl‘rrpe%{%ri Nth 33 ms | Sensor for high temperature and low
P low tem eratugre temperature with two different
P currents
Comparator threshold
Veomp fO{ehn'quhef‘a”tﬂr'gW 1.8 V | Onpin ADC_IN1, if ntc_on<1:0>=1
measurement
i _70, 0,
IHightemp45deg_1 Curﬂéﬂ?fﬁﬂgﬂguﬁ%it 7% 388 7% HA ntc_type=0, ntc_high_temp=0,
Ok JokRra M 464 KO @ 1.8V threshold
i 70, 0, .
IHightemp50deg_1 Cur';le'%?fﬁrggﬁgtuﬁ?mt % 457 7% KA ntc_type=0, ntc_high_temp=1,
Ok Lok Nt i 304 KO @ 1.8V threshold
High temperature 60.5 HA —

) LS ntc_type=0
IHightempOdeg_10k currentlf(?kr El_tlglgg limit, 00 7 O @ 1.8V threshold
IHightemp45deg_1 cur?é%?fgggﬂgtulriﬁqit 392 KA ntc_type=1, ntc_high_temp=0,

00k 100kNTC 4.59 kQ @ 1.8V threshold
ILowtemp50deg_10 curlr_eor\:z gg@%eégtuﬂ?mt 468 KA ntc_type=1, ntc_high_temp=1,
Ok 100k NTcg ' 385 KO @ 1.8V threshold
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Table 58. NTC Chargersupervision Characteristics, VVBAT=3.0...5.5V; Tamb=-20...+85°C; unless otherwise
specified.

Symbol Parameter Min Typ Max Unit Note
ILowtempOdeg_100 Low temperature 6.32 KA ntc_type=1
Koo current for O deg limit, @ 1.8V threshold
100k NTC 284 kQ :
Hystereses NTC Current +4% (approx. 1°.), ntc_hyst=0
hystereses +8% (approx. 2°.), ntc_hyst=1
Current for ADC s _
IHightempADC_10k| measurement High -7% 234 +7% HA ntc_ogtil.k(])i>ﬂ2{enr':10_%pe-0,
temp range, 10k NTC _high_temp=
. Current for ADC PN —
IH|ghtem;f(ADC_100 measurement High 23.6 LA ntc_02t<cl.r(l)i>a21,[enr;c_%pe-l,
temp range, 100k NTC —high_temp=
Current for ADC N _
ILowtempADC_10k measurement Low 36 LA ntc_orr:t<cl.r(])i>a3ienr$]c_%pe—0,
temp range, 10k NTC —high_temp=
Current for ADC \O>— _
ILowtempléADC_loo measurement Low 37 LA ntc_og;l.r(])ﬁESienr';c_%pe-l,
temp range, 100k NTC _nigh_temp=

Table 59. Charger supervision bit definitions

Py Charger supervision
These bits define charging timer and battery temp. supervision settings
Bit Bit Name Default | Access Description
Charging timeout timer
0000b Charging timeout disabled
0001b 1 hour
0010b 1.5 hour
0011b 2 hour
0100b 2.5 hour
0101b 3 hour
0110b 3.5 hour
3.0 ch_timeout ROM R/W | 0111b 4 hour
1000b 4.5 hour
1001b 5 hour
1010b 5.5 hour
1011b 6 hour
1100b 6.5 hour
1101b 7 hour
1110b 7.5 hour
1111b 8 hour
4 auto_shutdown ROM 0 (see Reset generator and XON-Key on page 118)
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Table 59. Charger supervision bit definitions

Charger supervision

Addr:14
These bits define charging timer and battery temp. supervision settings
Bit Bit Name Default | Access Description
Selects the high temp level:
) 0 45 ° maximum temp
5 ntc_high_temp ROM R/W -
50° maximum temp
Low temp is always 0°
Selects the NTC temperature hysteresis
6 ntc_hyst ROM R/W 0 2° hysteresis
1° hysteresis
Select the NTC resistor type
7 ntc_type ROM R/W 0 10kQ NTC resistor
1 100kQ NTC resistor
Table 60. FuelGauge
FuelGauge
Addr:15 —— -
This bit controls first startup out of power on reset
Bit Bit Name Default | Access Description
00 Disable NTC supervision
01 Enable NTC supervision
7:6 ntc_on ROM R/W -
10 Enable NTC for ADC measurement high temp
11 Enable NTC for ADC measurement low temp
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8.11 Step Down DC/DC Converters

8.11.1 Step Down DC/DC Converters Operating Modes

The step down dcdc converters have four operating modes to deliver different output currents for the applications. The
operating mode is selected by setting the register sdx_1A_mode (the default is set by the Boot ROM).

Figure 22. DC/DC step-down SD1, SD2, SD3 Normal Operating Mode; sdx_1A_mode = 0000b

VSUPPLY_1 ‘: VsupLy
DCDC LX_1 Leor VSD1
Step Down 1 = Yo 6V 34V
A
DVM FB_1 500m,
e CVSUPPLY1 ke CVSD1
PGND_1 TZZ}JF T’IOpF
VSUPPLY_2 ‘: VsuppLy
Lsp2
LX 2 VSD2
DCDC = ——e—— 0.6V -34V
Step Down 2 FB 2 500mA
e CVSUPPLY? s CVSD2
PGND_2 T2.2pF T‘IOpF
VSUPPLY_3 ‘: VsuppLy
Lsp3
LX_3 VSD3
DCDC Y ——e— 06V-34V
Step Down 3 FB 3 500mA
st CVSUPPLY3  sumtem CVSD3
PGND_3 T242pF T10pF

Figure 23. DC/DC step-down SD1, SD2, SD3 1A Operating Mode; sdx_1A_mode = 1010b

DCDC
Step Down 1

DVM

DCDC
Step Down 2

DCDC
Step Down 3

VSUPPLY_1 4 VsuppLy
— >
LX_1 Lsp1

FB_1

LAY Y\ ¢

PGND_1 T 22uF

L CvsuPPLYt ol CvsD1

T‘lOuF

VSUPPLY_2

£ VsuppLY

LX 2

Lsp2

FB_2

Y Y\——e——» 06V -34V

VSD1
0.6V -3.4V
500mA

VSD2

1000mA

PGND_2

CvsuppLy2

Cvsb2 J_ Cvsb3

T 10uF T 0pF

VSUPPLY_3

T4.7pF
<
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If one of the DCDC step down converters is not used for an application, connect it as follows:

Figure 24. DC/DC step-down SD3 (as example) not used

VSUPPLY_3 4 VsuppLy

DCDC
Step Down 3

if not
used

Figure 25. DC/DC step-down SD1, SD2, SD3 External Controller Operating Mode; sdx_1A_mode = 1100b

Shared
Function: #
Mustbe//
disabled in %
this operating
mode VSUPPLY _1 Z:VSUPPLV
RsD1_EXT_SHUNT
VDIG2 pom0
pepe PGATE1
Step Down 1 Msp1_ext
Controller FDC6327C L VD1
LX 1 Ruxiexr '1 So1 0.6V —-3.4V
DVM = - Y Y\ ——e—» 1600mA
CURR1_GPIO1 mim CvsUPPLY! e CvSDI l Cvsbia
10uF | 10pF
FB_1
VSUPPLY_2 4> VsuppLy
—o
Lsp2
LX 2 VSD2
beDC Y Y\ ——e——» 06V-34V
Step Down 2 FB 2 500mA
b CVsUPPLY2 L CvsD2
PGND_2 T 2.2uF T~ 10uF
VSUPPLY_3 4 VsuprLy
—e
Lso3
LX_3 VSD3
Mo — Y\ ——e— 06V-34V
Step Down 3 FB 3 500mA
b CVSUPPLY3 oy CvsD3
PGND_3 T~ 2.2yF T 10uF

Note: VCURR_GPIO has to be connected to VSUPPLY if the external controler mode is used.
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Figure 26. DC/DC step-down SD1, SD2, SD3 External Controller Operating Mode and SD2 in 1A mode;

@? austriamicrosystems

sd1_1A_mode = 1101b
Shared o
Function:/; — Vch:‘___
Mustbe( ,------- =====0
_disabled ln\j Curr.Src1 / GPIO1
this operating ... .. 2 VSuPPLY
mode VSUPPLY_1 )
RsD1_EXT_SHUNT
VDIG2 50mQ
DCDC
Step Down 1 PGATE1 Msp1_ext
Controller FDC6327C L vsDi
LX 1 Ruxiexr So1 0.6V -3.4V
DVM E J Y \——e——» 1600mA
CURR1_GPIO1 e CusUPPLY! = Gy _L Cvspia
PGND, 1 4.7uF 10pF | 10pF
FB_1
VSUPPLY_2 =R/ suepLY
Lsp2
LX 2 VSD2
bebe Y ¢ 6V 3.4V
Step Down 2 FB 2 1000mA
e CVSUPPLY2 e CVSD2 J— Cvsps
PGND_2 T 4TWF T 10uF T 104F
VSUPPLY_3
DCDC
Step Down 3

Note:

‘External Controller’ operating mode configuration.
VCURR_GPIO has to be connected to VSUPPLY if the external controler mode is used.
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8.11.2 Step Down DC/DC Converter Characteristics

Figure 27. Step Down DC/DC Converter Block diagram
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Functional Description

The step-down converter is a high efficiency fixed frequency current mode regulator. By using low resistance internal
PMOS and NMOS switches efficiency up to 95% can be achieved. The fast switching frequency allows using small
inductors, without increasing the current ripple. The unique feedback and regulation circuit guarantees optimum load
and line regulation over the whole output voltage range, up to an output current of 500mA, with an output capacitor of
only 10pF. The implemented current limitation protects the DCDC and the coil during overload condition.

To allow optimized performance in different applications, there are bit settings possible, to get the best compromise
between high efficiency and low input, output ripple:

Low ripple, low noise operation:

Bit settings:
sdX_dis_curmin=1

In this mode there is no minimum coil current necessary before switching off the PMOS. As result, the ON time of the
PMOS will be reduced down to tmin_on at no or light load conditions, even if the coil current is very small or the coil
current is inverted. This results in a very low ripple and noise, but decreased efficiency, at light loads, especially at low
input to output voltage differences. Because of the inverted coil current in that case the regulator will not operate in
pulse skip mode.
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Figure 28. sdX_dis_curmin=1 operation

1: LX voltage, 2:coil current (ImV=1mA) 3: Vout

£ austriamicrosystems

Tek . @ Stop M Pos: 208005 MEASIIRE
+
CH2
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360’y
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CH4 Off
; Mone
2 AAARAAAMARAARARAAAAAMAAAMARAARAY
2o AR N
CH2
MNone
CH2 200mWEy M 2.50us CH2 7 B4.0mY
CH3 100mWEy =10Hz

High efficiency operation (default setting):

Bit settings:
sdX_dis_curmin=0

In this mode there is a minimum coil current necessary before switching off the PMOS. As result there are less pulses
at low output load necessary, and therefore the efficiency at low output load is increased. This results in higher ripple,

and noisy pulse skip operation up to a higher output current.

Figure 29. sdX_dis_curmin=0 operation

1: LX voltage, 2:coil current (ImV=1mA) 3: Vout

 Pos: 2080 us MEASURE

CH2
(EH
200

CH3

120m'
2+M -

CH4 it
f'W\ M\..: Mone
o W
CH2
MNone
CH2 200rEy M 25008 CH2 7 Bdmy
CH3 100rmEy 107.296kHz

Tek Al Irig’d

It's also possible to switch between these two modes during operation:

For Example:

sdX_dis_curmin=0: System is in idle state. No audio, RF signal. Decreased supply current preferred. Increased ripple

doesn't affect system performance.

sdX_dis_curmin=1: System is operating. Audio signal on and/or RF signal used. Decreased ripple and noise preferred.

Increased power supply current can be tolerated.
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100% PMOS ON mode for low dropout regulation: For low input to output voltage difference the sdX_dis_pon bit

can be set, to allow 100% duty cycle of the PMOS transistor.

Low power mode: The sdX_Ipo mode bit can be set all the time. This mode allows internal power down, of not used
blocks during pulseskip mode, which results in a better efficiency at light output loads.

Inductor setting: The step down regulator is optimized for 2.2uH at 2.2MHz and 4.7uH at 1.1MHz

Table 61. Step Down DC/DC Converter parameters

Symbol Parameter Min Typ Max Unit Note
PIN VSUPPLY_1,VSUPPLY_2
Vv Input voltage 3.0 55 v - -
N putvofiag VSUPPLY_3
Regulated output
Vour g P 06 33 | v
voltage
v Output voltage -50 +50 mV output voltage <2.0V
OUT_tol tolerance
-100 +100 mV output voltage >2.0V
LMt Current limit 800 mA
P-Switch ON —
Rpsw resistance 0.5 Q V_SUPPLYx=3.0V
N-Switch ON —
Rnsw resistance 0.5 Q V_SUPPLYx=3.0V
lload Load current 0 500 mA
2.2 MHz sdX_frequ=0, fek int =2.2MHz
fsw Switching frequency =
1.1 MHz sdX_frequ=1, fcik_int =2.2MHz
neff Efficiency 20 % lout=100mA, Vout=2.3V, Vsup.=3V
250 Operating current without load
lvbp Current consumption HA
100 Low power mode current
0.1 Shutdown current
tMIN_ON Minimum on time 80 ns
tMIN_OFF Minimum off time 40 ns
External Components
CvsD1-3, CVSD1A Output capacitor 8.0 10 uF Ceramic X5R or X7R
2.2 MF Ceramic X5R or X7R
CVSUPPLY1-3 Input capacitor Ceramic X5R or X7R; CVSUPPLY1
4.7 UF in external controller mode or 1A
operating mode
2.2 sdX_frequ=0, + 10% tolerance
LSD1-SD3 Inductor 4.7 uH sdX_frequ=1, + 10% tolerance
29 SD1 external controller mode; use
) sdl_freg=1 (1.1Mhz)
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Table 62. Step Down DC/DC Bit definitions

Step Down Controll

Addr:35
These bits configures the step down converters

Bit Bit Name Default | Access Description

0 sd1l_psw_on 0 R/W Only if sd1_on = 0, switch on PSW (0.5Q PMOS)
1 - 0 n/a

2 - 0 n/a

3 sd1l_nsw_on 0 R/W Only if sd1_on = 0, switch on NSW (0.5Q NMOS)
4 sd2_psw_on 0 R/W Only if sd2_on = 0, switch on PSW (0.5Q PMOS)
5 - 0 n/a

6 - 0 n/a

7 sd2_nsw_on 0 R/W Only if sd2_on = 0, switch on NSW (0.5 NMOS)

Table 63. Step Down DC/DC Bit definitions

Addr:36

Step Down Control2

These bits configures the step down converters

Bit

Bit Name

Default

Access

Description

sd3_psw_on

R/W

Only if sd3_on =0, switch on PSW (0.5Q PMOS)

n/a

n/a

W | N| P+ | O

sd3_nsw_on

R/W

Only if sd3_on = 0, switch on NSW (0.5Q NMOS)

sdX_lIpo

R/W

Step down low power mode:

Decreased current consumption in pulseskip
mode

sd1l_dis_pon

R/W

Step down pon feature control

PON feature enabled: 100% duty cycle (pmos
always on) if output voltage drops more than 4%.
Increased output ripple in that operation.

PON feature disabled: Maximum dutycycle=1-
(tmin_off*fsw)

sd2_dis_pon

Step down pon feature control

@? austriamicrosystems

Increased current consumption in pulseskip mode

R/W

PON feature enabled: 100% duty cycle (pmos
always on) if output voltage drops more than 4%.
Increased output ripple in that operation.

PON feature disabled: Maximum dutycycle=1-
(tmin_off*fsw)

sd3_dis_pon

R/W

Step down pon feature control

PON feature enabled: 100% duty cycle (pmos
always on) if output voltage drops more than 4%.
Increased output ripple in that operation.

PON feature disabled: Maximum dutycycle=1-
(tmin_off*fsw)
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Table 64. Step Down DC/DC Bit definitions

Addr:37

Step Down charger control

These bits configures the step down converters

Bit Bit Name

Default

Access

Description

3 -

0

n/a

4 sdl_dis_curmin

R/W

Step down curmin feature control

curmin feature enabled: Inductor current regulated
0 to min 170mA. Higher efficiency in low dropout
and low output current operation. Higher output
ripple and noise.

curmin feature disabled: Decreased efficiency in
1 low dropout mode and at low output current. Small
output ripple and noise.

5 sd2_dis_curmin

R/W

Step down curmin feature control

curmin feature enabled: Inductor current regulated
0 to min 170mA. Higher efficiency in low dropout
and low output current operation. Higher output
ripple and noise.

curmin feature disabled: Decreased efficiency in
1 low dropout mode and at low output current. Small
output ripple and noise.

6 sd3_dis_curmin

R/W

Step down curmin feature control

curmin feature enabled: Inductor current regulated
0 to min 170mA. Higher efficiency in low dropout
and low output current operation. Higher output
ripple and noise.

curmin feature disabled: Decreased efficiency in
1 low dropout mode and at low output current. Small
output ripple and noise.

Table 65. Step Down DC/DC Reg Powerl ctrl Bit definitions

Addr:23

Reg Powerl Ctrl

These bits control the on/off function of the step down regulator

Bit Bit Name

Default

Access

Description

4 sd1l_on

ROM

R/W

Switch on/off the step down1 dc/dc converter; it is possible
to on/off control DCDC SD1 by CURR3_GPIO3 or
CURR4_GPI0O4 (see General Purpose Input / Output
(CURR1_GPIO1 ... CURR4_GPIOA4) on page 30)

0 Step Down DC/DC 1 off

1 Step Down DC/DC 1 on

5 sd2_on

ROM

R/W

Switch on/off the step down2 dc/dc converter; it is possible
to on/off control DCDC SD2 by CURR3_GPIO3 or
CURR4_GPI04 (see General Purpose Input / Output
(CURR1_GPIO1 ... CURR4_GPIO4) on page 30)

0 Step Down DC/DC 2 off

1 Step Down DC/DC 2 on
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Table 65. Step Down DC/DC Reg Powerl ctrl Bit definitions

Reg Powerl Cirl

Addr:23
These bits control the on/off function of the step down regulator

Bit Bit Name Default | Access Description

Switch on/off the step down3 dc/dc converter; it is possible
to on/off control DCDC SD3 by CURR3_GPIO3 or
CURR4_GPI0O4 (see General Purpose Input / Output

6 sd3 on ROM R/IW (CURR1_GPIOL1 ... CURR4_GPIO4) on page 30)

0 Step Down DC/DC 3 off
1 Step Down DC/DC 3 on

Table 66. Step Down Voltagel Bit definitions

Step Down Voltagel

Addr:00
These bits control the step down regulator voltage, frequency, clk phase
Bit Bit Name Default | Access Description
Control the voltage selection for the step down1l DC/DC
converter
5:0 step_downl_v ROM R/w |000000 0.6 V
(LSB=50mV)
111000 — 11111 3.4V
Select the step down1 frequency
6 sdl_frequ ROM R/W 0 fek_int  (1.6MHz to 2.3 MHz)
1 feik_int’2 (0.8MHz to 1.15 MHz)
7 sd1_clkinvert ROM R/W Inverts the input clock of the step downl converter

Table 67. Step Down Voltage?2 Bit definitions

Step Down Voltage2

Addr:01
These bits control the step down regulator voltage, frequency, clk phase
Bit Bit Name Default | Access Description
Control the voltage selection for the step down2 DC/DC
converter
5:0 step_down2_v ROM R/W |000000 0.6 V
(LSB=50mV)
111000 — 11111 3.4V
Select the step down2 frequency
6 sd2_frequ ROM R/W 0 fek_int  (1.6MHz to 2.3 MHz)
1 felk_int/2 (0.8MHz to 1.15 MHz)
7 sd2_clkinvert ROM R/W Inverts the input clock of the step down1 converter
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Table 68. Step Down Voltage3 Bit definitions

Step Down Voltage3
Addr:02 -
These bits control the step down regulator voltage, frequency, clk phase
Bit Bit Name Default | Access Description
Control the voltage selection for the step down3 DC/DC
converter
5:0 step_down3_v ROM R/w | 000000 0.6 V

(LSB=50mV)
111000 — 11111 3.4V

Select the step down3 frequency

6 sd3_frequ ROM R/W 0 fek_int  (1.6MHz to 2.3 MHz)
1 feik_int/2 (0.8MHz to 1.15 MHz)
7 sd3_clkinvert ROM R/W Inverts the input clock of the step downl converter

Table 69. Step downl high current and DVM definitions

Charge Pump Control
Addr:17 . _ _
These bits control the step down high current mode and DVM step size
Bit Bit Name Default | Access Description

Time step of DVM voltage change of step downl

If voltage of step down1l (step_downl_v) is changed during
operation, voltage is decreased or increased by 25 mV
steps with the following time separation between steps:

3:2 sd1l dvm time ROM RIW 00 0 psec, immediate change (no DVM)
- - 01 4 uysec
10 8 usec
11 16 psec

Select 1A mode of step down2 (combined operation of SD2
and SD3 with a single coil and up to 1A output current) and/
or controller mode of SD1

1A mode selected Controlled by SD2 The
following pins have to be connected:
1010 |VSUPPLY2<->VSUPPLY3, LX2<->LX3, PGND2<-
>PGND3
Stepdown3 is not usable in that mode

External controller mode. LDO DIG1 and current

. sink / GPIO CURR1_GPIO1 cannot be used. Set

74 sdx_1A_mode ROM RIW . Ido_digl_on=0, GPIO1Mode=111b (tristate),
GPIO1Pulls=00b (no pull-up or pull-down)

External controller mode SD1, and 1A mode
controlled by SD2
1101 The following pins have to be connected:
VSUPPLY2<->VSUPPLY3, LX2<->LX3, PGND2<-
>PGND3
Stepdown3 is not usable in that mode

all other codes (0000...1001,1011,1110...1111) normal
mode
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Table 70. Step Down DC/DC Bit definitions
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Step Down Control3
Addr:133 Configurate the SD converters to reduce voltage drops on fast transient
high current load steps. Double the output capacitor size has to be used!
Bit Bit Name Default | Access Description
0 Normal operation
0 sd1_uvlimit 0 R/W —
1 Enable SD1 undervoltage limit.
0 Normal operation
1 sd2_uvlimit 0 R/W —
1 Enable SD3 undervoltage limit.
0 Normal operation
2 sd3_uvlimit 0 R/W
1 Enable SD3 undervoltage limit.

8.11.3 Typical Performance Characteristics

Figure 30. DC/DC step-down Efficiency (sdX_dis_curmin=0, sdX_lpo=0)
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Figure 31.

PCB Layout recommendation
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8.12 Low Dropout Regulators (LDO)

The low dropout regulators are linear high performance regulators with programmable output voltage.

They are controlled by the following registers:

Table 71. LDO_RF1 voltage bit definitions

LDO_RF1 voltage

Addr:03 -
These bits control the LDO_RF1 voltage and mode
Bit Bit Name Default | Access Description
Control the voltage selection for LDO VRF_1
00000 1.85v
4:0 ldo_rfl v ROM | RW |7 (LSB=50mV)
11111 3.40V
0 current limitation = llimit
5 rfl_lcurr_en ROM R/W
1 current limitation llimit=Ilimit/2
If ‘1’ current limitation is enabled, if RF1-LDO is operating
6 rfl_swprot_en ROM R/W as High side switch

Table 72. LDO_RF2 voltage bit definitions

LDO_RF2 voltage

Addr:04 .
These bits control the LDO_RF2 voltage and mode
Bit Bit Name Default | Access Description
Control the voltage selection for LDO VRF_2
. 00000 1.85V
4.0 Ido_rf2_v ROM R/W ... (LSB=50mV)
11111 3.40V
0 current limitation = Ilimit
5 rf2_lcurr_en ROM R/W
1 current limitation llimit=llimit/2

Table 73. LDO_RF3 voltage bit definitions

LDO_RF3 voltage

Addr:05 ;
These bits control the LDO_RF3voltage and mode
Bit Bit Name Default | Access Description
Control the voltage selection for LDO VRF_3
00000 1.85V
4.0 Ido_rf3_v ROM R/W .. (LSB=50mV)
11111 3.40V
0 current limitation = Ilimit
5 rf3_lcurr_en ROM R/W
1 current limitation llimit=limit/2
0 normal mode
6 rf3_hotplug_en ROM RIW 1 200mA current limited switch, if bit rf3_sw=1
(rf3_lcurr_en=0)
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Table 74. LDO_DIGL1 voltage bit definitions
LDO_DIG1 voltage
Addr:06 .
These bits control the LDO_DIG1 voltage
Bit Bit Name Default | Access Description
. . Control the voltage selection for LDO DIG_1
5:0 ldo_digl_v ROM R/W (see Table 82)
Table 75. LDO_DIG2 voltage bit definitions
LDO_DIG2 voltage
Addr:07 -
These bits control the LDO_DIG2 voltage
Bit Bit Name Default | Access Description
5.0 Ido_dig2_v ROM R/W | Control the voltage selection for LDO DIG_2(see Table 82)
Table 76. LDO_DIG3 voltage bit definitions
LDO_DIG3 voltage
Addr:08 :
These bits control the LDO_DIG3 voltage
Bit Bit Name Default | Access Description
5:0 Ido_dig3_v ROM R/W | Control the voltage selection for LDO DIG_3(see Table 82)
Table 77. LDO_DIG4 voltage bit definitions
LDO_DIG4 voltage
Addr:09 -
These bits control the LDO_DIG4 voltage
Bit Bit Name Default | Access Description
5.0 Ido_dig4_v ROM R/W | Control the voltage selection for LDO DIG_4(see Table 82)
Table 78. LDOs Reg Power1 ctrl Bit definitions
Reg Powerl Citrl
Addr:23 - -
These bits control the on/off function of the Ido regulator
Bit Bit Name Default | Access Description
Switch on control of RF1 LDO; Important: Set rfl_sw=0
before setting Ido_rf1_on=1; it is possible to on/off control
0 Ido_rfl_on ROM R/W LDO RF_1 by CURR3_GPIO3 or CURR4_GPIO4 (see
General Purpose Input / Output (CURR1_GPIOL1 ...
CURR4_GPI04) on page 30)
Switch on control of RF2 LDO; Important: Set rf2_sw=0
before setting Ido_rf2_on=1; it is possible to on/off control
1 Ido_rf2_on ROM R/W LDO RF_2 by CURR3_GPIO3 or CURR4_GPIO4 (see
General Purpose Input / Output (CURR1_GPIOL1 ...
CURR4_GPI04) on page 30)
Switch on control of DIG1 LDO;
) it is possible to on/off control LDO DIG_1 by
2 Ido_digl_on ROM R/W | CURR3_GPIO3 or CURR4_GPIO4 (see General Purpose
Input / Output (CURR1_GPIO1 ... CURR4_GPIO4) on
page 30)
Switch on control of DIG2 LDO. do not set if DCDC SD1 is
in external controller mode (if sd1_1A_mode = 1100b).
: it is possible to on/off control LDO DIG_2 by
3 Ido_dig2_on ROM | RW | cURR3_GPIO3 or CURR4._GPIO4(see General Purpose
Input / Output (CURR1_GPIO1 ... CURR4_GPIO4) on
page 30)
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Table 79. LDOs Reg Power2ctrl Bit definitions

Reg Power2 Ctrl

Addr:30 X -
These bits control the on/off function of the Ido regulator
Bit Bit Name Default | Access Description
Switch on control of RF3 LDO; Important: Set rf3_sw=0
0 ldo_rf3_on ROM RIW before setting Ido_rf3_on=1
Switch on control of DIG3 LDO; it is possible to on/off
. control LDO DIG_3 by CURR3_GPIO3 or CURR4_GPIO4
1 ldo_dig3_on ROM RIW (see General Purpose Input / Output (CURR1_GPIOL1 ...
CURR4_GPI04) on page 30)’
2 Ido_dig4_on ROM R/W Switch on control of DIG4 LDO
If ‘1’ RF1-LDO is operating as High side switch (Ron=1Q),
3 rf1_sw ROM | RW valid if ido_rf1_on=0
If ‘1’ RF2-LDO is operating as High side switch (Ron=1Q),
4 M2_sw ROM | R/W valid if ido_rf2. on=0
7 "3 sw ROM R/W If ‘1’ RF3-LDO is operating as High side switch (Ron=1Q),

valid if Ido_rf3_on=0

8.12.1 RF LDO's (VRF_1, VRF_2, VRF_3)

These LDO's are designed to supply sensitive analogue circuits like LNA's, Transceivers, VCO’s and other critical RF
components of cellular radios. Another application is the supply of audio devices or as a reference for AD and DA
converters. 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 2.2pF +100/-50% (Z5U) for RF2, RF3 and
2.2puF £20% (X5R) or 4.7uF +100/-50% (Z5U) for RF1. The low ESR of these caps ensures low output impedance at
high frequencies. Regulation performance is excellent even under low dropout conditions, when the power transistor
has to operate in linear mode. Power supply rejection is high enough to suppress the PA-ripple on the battery in TDMA
systems at the output. The low noise performance allows direct connection of noise sensitive circuits without additional
filtering networks. The low impedance of the power device enables the device to deliver up to IOUT current even at
nearly discharged batteries without any decrease of performance.

With vrf2_lcurr_en=0 and vrf3_lcurr_en=0 the regulator VRF_2, VRF_3 can deliver up to 250mA
With vrfl_lcurr_en=0 the regulator VRF_1 can deliver up to 400mA
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Figure 32. Analog LDO Block diagram
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Table 80. Analog LDO (VRF_1, VRF_2, VRF_3) Characteristics, Vx_IN=4V; ILOAD=150mA; Tamb=25°C;
CLOAD =2.2uF (Ceramic); unless otherwise specified

Symbol Parameter Min Typ Max Unit Note
Vx_IN Supply voltage rage 3 55 \%
VRF_2, rf2_lcurr_en=1
0 150 VRF_3, rf3_lcurr_en=1
o 1 0 200 A VRF_1, rfl_lcurr_en=1
uT m
Output current 0 250 VRF_2, rf2_lcurr_en=0
VRF_3, rf3_lcurr_en=0
0 400 VRF_1, rfl_lcurr_en=0
) 0.5 Q VRF_1
Ron On resistance
1 Q VRF_2, VRF_3
it 70 f=1kHz
PSRR Power supq!y rejection dB
ratio 40 f=100kHz
loFr Shut down current 100 nA
lvbD Supply current 50 HA without load
Noise Output noise 50 MVrms 10Hz < f < 100kHz
» VRF 1,2,3 are set to low current
tstart Startup time 200 Hs ~ during startup time
VREX_IN>3.0V, VRF_1 @
1.85 2.85 \Y, lout=300mA, VRF_2 and VRF_3 @
lout=150mA (X=1,2)
Vout Output voltage
VRFX_IN>3.55V, VRF_1 @
1.85 34 \Y, lout=300mA, VRF_2 and VRF_3@
lout=150mA (X=1,2)
Vout_tol Outtgl:tr;/r?(l:tg 9e -50 50 mV
) ] -1 1 Static
VLineReg Line regulation mv )
-10 10 Transient; Slope: t;=10us
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Table 80. Analog LDO (VRF_1, VRF_2, VRF_3) Characteristics, Vx_IN=4V; ILOAD=150mA; Tamb=25°C;
CLOAD =2.2pF (Ceramic); unless otherwise specified

Symbol Parameter Min Typ Max Unit Note
) -1 1 Static
VLoadReg Load regulation mv -
-10 10 Transient; Slope: t;=10us
IL'M'T-V%Fl-HCUR Current limitation 800 mA VRF_1, rf1_Icurr_en=0
ILIMIT VRF1 LCURR Current limitation 400 mA VRF_1, rf1_|cgtgﬁin:1 and during
- - p
Current limitation
ILMIT_VRF2,3_L VRF_2,3 low current 300 mA rf2_lcurr_en=1, rf3_lcurr_en=1
limit
Current limitation
lumiT_vrRF2,3 H | VRF_2,3 high current 500 mA rf2_lcurr_en=0, rf3_lcurr_en=0
limit
CLoAD_RF1 Load capacitor 2 5 uF ceramic only (VRF_1)
: ceramic only (VRF_2,3) for
ClLoap_RF23 L Load capacitor 1 5 WF rfl_lcurr_en=1 and rf2_lcurr_en=1
. ceramic only (VRF_2,3) for
CLoAD_RF2:3 H Load capacitor 2 5 MF | 11 lcurr_en=0 and rf2_Icurr_en=0

1. Guaranteed by design and verified by laboratory evaluation and characterization; not production tested.

8.12.2 Digital LDO’s (VDIG_1, VDIG_2, VDIG_3, VDIG_4)

The Digital LDO’s can be used in any medium power system or subsystem where quiescent power consumption of the
regulator itself has to be minimized without sacrificing its performance. For its stability a cheap 1uF ceramic capacitor
is required. The 5V charge pump will be switched on automatically, if one of the digital LDO’s are switched on.

Figure 33. Digital LDO Block diagram
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Table 81. Digital LDO (VDIG1, VDIG2, VDIG3, VDIG4) Characteristics,VSUPPLY=4V; ILOAD=200mA; Tamb=25°C;
CLOAD =1pF (Ceramic); unless otherwise specified

Symbol Parameter Min Typ Max Unit Note
VDIGX_IN Supply voltage range 1 55 \%
. 0 200 | mA VDIGX_I\I/\IO>u\t/<o%.t§-\F/2‘ON*IOUT
louT Output current . 100 -, Vout<2.5V:
VDIGX_IN>Vout+RON*IOUT
Ron On resistance 4 Q Vout<2.2V
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Table 81. Digital LDO (VDIG1, VDIG2, VDIG3, VDIG4) Characteristics,VSUPPLY=4V; ILOAD=200mA; Tamb=25°C;
CLOAD =1pF (Ceramic); unless otherwise specified

Symbol Parameter Min Typ Max Unit Note
— 60 f=1kHz
PSRR Power supp:!y rejection dB
ratio 30 f=100kHz
lorFr Shut down current 100 nA
lvbD Supply current 20 LA without load
tstart Startup time 200 us
Vsupply>3.0V, VCP=5.2V,
220 |V lout<200mA
Vout Output voltage 0.75
25 v Vsupply>3.0V, VCP=5.2V,
) lout<100mA
Vout_tol_Iv Output voltage -50 50 | mv Vout<1.85V
Vout_tol_hv Output voltage -60 60 | mv Vouts1.85V
) ] -10 10 mv Static
VLineReg Line regulation :
-50 50 Transient; Slope: t;=10us
. -20 20 myv Static
VLoadReg Load regulation .
-50 50 Transient; Slope: t;=10us
lLimim Current limitation 400 mA

1. Guaranteed by design and verified by laboratory evaluation and characterization; not production tested
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Table 82. Digital LDO (VDIG_1.4) Programming voltage table
Code (d) Code (b) VouT(V) Code (d) Code (b) VouT(V)
0 000000 0.75 22 010110 1.80
1 000001 0.80 23 010111 1.80
2 000010 0.85 24 011000 1.80
3 000011 0.90 25 011001 1.80
4 000100 0.95 26 011010 1.80
5 000101 1.00 27 011011 1.80
6 000110 1.05 28 011100 1.80
7 000111 1.10 29 011101 1.80
8 001000 1.15 30 011110 1.80
9 001001 1.20 31 011111 1.80
10 001010 1.25 32 100000 1.50 (do not use)
11 001011 1.30 33 100001 1.60 (do not use)
12 001100 1.35 34 100010 1.70 (do nOt use)
13 001101 1.40 35 100011 1.80 (do not use)
14 001110 1.45 36 100100 1.90
15 001111 1.50 37 100101 2.00
16 010000 1.55 38 100110 2.10
17 010001 1.60 39 100111 2.20
18 010010 1.65 40 101000 2.30
19 010011 1.70 41 101001 2.40
20 010100 1.75 42 101010 2.50
21 010101 1.80
Note: Full performance for Vout < 2.20V; max. 100mA output current for Vout < 2.50V; do not use values Vout>2.50V

8.12.3 Low power LDO (V2_5)

The Low power LDO V2_5 is needed to supply the chip core (analog and digital) of the device. It is designed to get the
lowest possible power consumption, and still offering reasonable regulation characteristics. The regulator has three
supply inputs selecting automatically the higher one. This gives the possibility to supply the chip core either with the
battery or with the charger depending on the conditions. Bulk switch comparators are used to avoid any parasitic
current flow. To ensure high PSRR and stability, a low-ESR ceramic capacitor of min. 1uF must be connected to the

output.

Table 83. Low power LDO (V2_5) Characteristics,VBaT=4V; ILOAD_ext=0; Tamb=25°C; CLOAD =2.2 uF (Ceramic);
unless otherwise specified

Symbol Parameter Min Typ Max Unit Note
VBAT 2.8 55
Vol ARGER Supply voltage rage p 5 \%
Ron On resistance 50 Q Guaranteed per design
PSRR Power suPaa!)é rejection 60 dB _lekHZ
40 f=100kHz

www.austriamicrosystems.com

Revision 1v13

84 - 157




AS3658
Data Sheet Confidential - Detailed Description-Power Management Functions

@? austriamicrosystems

Table 83. Low power LDO (V2_5) Characteristics,VBAT=4V; ILOAD_ext=0; Tamb=25°C; CLOAD =2.2 pF (Ceramic);
unless otherwise specified

Symbol Parameter Min Typ Max Unit Note
loEe Shut down current 100 nA
Guaranteed per design, consider
lvop Supply current 3 HA | chip internal load for measurements.
tstart Startup time 200 us
Vout Output voltage 2.4 25 2.6 \%
Output voltage
Vout_tol tolerance -50 50 mVv
-10 10 Static
VLineReg Line regulation mv _
-50 50 Transient; Slope: t;=10s
) -10 10 Static
V0oadReg Load regulation mv -
-50 50 Transient; Slope: t,=10s

8.13 5V Charge Pump

Figure 34. 5V Charge Pump Block diagram
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Charge Pump
5.0V-5.5V
100mA
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The charge pump uses the pad VCP_IN as input, regulates and doubles its voltage with the help of the flying capacitor
between CAPP and CAPN to its output VCP_OUT (the output is automatically limited not to exceed VCPOUT). If the bit
cp_pulseskip is set, the charge pump operates in pulse skip mode, and only starts cycles if its output voltage is below
this level. In this mode the supply current is reduced, but the output ripple is increased.

The charge pump requires the following external components:

Table 84. Charge Pump External Components

Symbol Parameter Min Typ Min Unit Note
External flying Ceramic X5R or X7R low-ESR
Cruy capacitor =10 470 850 NF | capacitor between CAPP and CAPN

Ceramic X5R or X7R low-ESR

External storage 1.76 2.2 2.64 uF capacitor between VCP_OUT and

CsToRE

capacitor VSS
Schottky Diode for
startup between :
Dout VCP_IN and 1 A Peak current of schottky Diode
VCP_OUT
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Make the connections of the external capacitors as short as possible.
Table 85. Charge Pump Characteristics
Symbol Parameter Min Typ Max Unit Note
Charge Pump input
VcpPIN voltage 3.0 55 \%
11 MHz cp_freq=0, fcik_int=2.2MHz
fin Switching frequency
0.55 MHz cp_freq=1, feik_int=2.2MHz
VCP_IN = 3.2V, Clock = feik_jnt/2;
IcPouT Output Current 0.0 100 mA cp_pulseskip=0; fin=1.1MHz
VcpouTt Output Voltage 49 5.2 5.6 \%
Output Voltage durin .
Vepskip P pulses%ip 9 4.92 \% Use with cp_frequ=1 only
| Supply current without o .
CP_noload load 2 mA 1.1MHz switching frequency
Charge pump supply
IcP_pulseskip current without load In 20 HA cp_pulseskip=1 and cp_frequ=1
pulseskip mode

Table 86. CP Powerl ctrl Bit definitions

Reg Powerl Citrl

Addr:23 - S
These bits control the on/off function of the Ido regulator
Bit Bit Name Default | Access Description
Switch on of the charge pump block, charge pump is
7 cp_on ROM R/W automatically activated if any of the following blocks are
active: VDIG_1, VDIG_2, VDIG_3, VDIG_4

Table 87. Charge Pump Bit definitions

Charge Pump Control

Addr:17 -
These bits control the Charge Pump
Bit Bit Name Default | Access Description
Switches on the pulseskip mode of the charge pump
0 cp__pulseskip ROM RIW 0 Normal fixed frequency mode
1 Pulse skip, low power mode (Set cp_frequ=1 in
this mode)
Defines the clock frequency of the step up dc/dc converter
1 cp_freq ROM R/W 0 feik_int/2 (0.8 to 1.15 MHz)
1 feik_int/4 (0.4 to 0.575 MHz)
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9 Detailed Description- Audio Functions

The audio functions consist of all the audio features of AS3658 as shown in the following block diagram:

Figure 35. AS3658 Audio Functions
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9.1 Audio Paths

Following Audio paths are possible (only one configuration is possible at the same time):

Figure 36. AS3658 I12S 1/0 1 or I12S 1/02 Playback
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Note: As the touch screen interface is merged with 12S Output 3 and SPDIF Output 4 either the touch screen
interface or 12S Output 3 and SPDIF Output 4 can be used at the same time.
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Figure 37. AS3658 Line In Recording
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Figure 38. AS3658 Microphone Recording
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It is also possible to use the Audio ADC and the Audio DAC at the same time. In this case, the sampling frequency of
the Audio DAC is either two or four times the sampling rate of the Audio ADC (ADC: max. 16ks / seconds). The

equalizer should not be used in this case:
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Figure 39. AS3658 Microphone Recording and 12S 1/O Playback (either 12S 1 or 12S 2/PCM)
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Figure 40. AS3658 Recording of the Mixed output signal and parallel playback (either 12S 1 or 12S 2/PCM)
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9.2

Common mode voltage generation of HP_CM, LINE_CM

The common mode voltage of the Headphone and Lineout is stored in the C_hpcm and C_linecm capacitor

(connected between HP_CM to VSS and LINE_CM to VSS). These capacitor are also responsible for the popless
startup, PSRR of the amplifiers and sense path of the GND cancellation circuit.
Startup and PSRR is defined by the value of the external capacitors. The RC limits the maximum achievable PSRR:

R=6MQ typ, C=0.1...1pF:

Table 88. common mode voltage, Audio start-up and PSRR

Capacitor vzélure o0 ©_lpe St i () Maximum achievable PSRR
_linecm @ 1kHz (typ) @ 100Hz (typ)
uF msec dB dB
0.1 150 76 56
1 1500 90 76
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9.3

Audio Setup Registers

Audio LDO has to be switched on first (aud_ldo_on=1), and enables all other functions.

Table 89. AudioSetl Register

Audio Setl
Addr:74
These bits control the Audio functions

Bit Bit Name Default | Access Description
0 Line input disabled

0 lin_on 0 R/W —
1 Line input enabled

Switch on control of AUDIO DAC

1 dac_on 0 R/W 0 DAC disabled
1 DAC enabled (Switch on, if I2S signal valid only)
0 Mixer switched off

2 mix_on 0 R/W
1 Mixer switched on
0 GND switch off OV at pin GND_SW

3 gnd_sw_on 0 R/W - -
1 GND switch on Vsupply at pin GND_SW

Audio LDO ON control

4 aud_ldo_on 0 R/W 0 Audio LDO off

1 Audio LDO on
MCLK invert selection

5 mclk_invert 0 R/W 0 Change of LRCLK at falling edge of MCLK
1 Change of LRCLK at rising edge of MCLK
0 MCLK = LRCLK* 128

6 mclk256 0 R/W
1 MCLK = LRCLK* 256
0 Equalizer switched off (bypassed)

7 equ_on 0 R/W - -
1 Equalizer switched on

Table 90. AudioSet2Register

Audio Set2
Addr:75
These bits control the Audio functions
Bit Bit Name Default | Access Description
Bias current reduction settings for DAC:

00 default

1,0 ibr_dac<1:0> 00b R/W 01 Don't use
10 Don't use
11 Don't use
1 add dither to the audio stream

2 dith_on 0 R/W -

0 no dither added
0 Switch off 12S_3 output

3 12S_3 on 0 R/W
1 Switch on 12S_3 output
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Table 90. AudioSet2Register

Audio Set2
Addr:75
These bits control the Audio functions
Bit Bit Name Default | Access Description
Bias current reduction settings for headphone output
00 0%
54 ibr_hph<1:0> 0 R/W 01 17%
10 34%
11 50%
0 Select 12S_1 input
6 12S_select 0 R/W
1 Select 12S_2 input
0 Generation of the master clock by the internal PLL
7 12S_mclk_en 0 R/W
1 Use Pin MCLK_1, MCLK_2 as masterclock input

9.4 ADC, DAC and Digital Audio Input

9.4.1 General

Digital audio data can be fed into the AS3658 via the 12S interface This input data is used by the 18-bit DAC to
generate the analog audio signal.

The stage is set to mute by default; If the DAC input is not enabled.

9.4.2 Signal Description

The digital audio interface uses the standard 12S format:
m Left justified

= MSB first

m  One additional leading bit

MCLK has to have a fixed ratio of 128 or 256 to LRCLK. With a LRCLK equal to 16, 32, 44.1 or 48kHz, the MCLK can
be generated by the on-chip PLL (do not use the internal PLL if there is jitter on the LRCLK1 or 2). For lower sample
rates the bit pll_mode has to be set (for sample rates between 8kHz and 12kHz).

The high going edge of MCLK has to have timing separation from LRCLK edges. If the clock generation is so that
LRCLK edges are at the same time as MCLK high going edges, the MCLK can be inverted to guarantee a proper DAC
function.

This audio input interfaces uses an 12S synchronizer to be able to handle audio sample length of 24bits or less.
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Figure 41. 12S Control Diagram
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Table 91. PLL,MCLK Settings

12S_mclk_en | 12S_select | mclk_invert Description
0 0 0 I12S_1 selected (PLL used)
Internal MCLK synchronized to external LRCLK
0 0 1 I12S_1 selected (PLL used)
Internal LRCLK used, synchronized to external SDI
0 1 0 I12S_2 selected (PLL used)
Internal MCLK synchronized to external LRCLK
0 1 1 I12S_2 selected (PLL used)
Internal LRCLK used, synchronized to external SDI
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Table 91. PLL,MCLK Settings

12S mclk_en| 12S_select | mclk_invert Description
1 0 0 12S_1 selected, external MCLK on MCLK_1
1 0 1 12S_1 selected, external MCLK on MCLK_1 (inverted)
1 1 0 12S_2 selected, external MCLK on MCLK_2
1 1 1 12S_2 selected, external MCLK on MCLK_2 (inverted)

9.4.3 Parameter

Table 92. Audio DAC/ADC Parameter

Parameter Min Typ Max Unit
Analog Performance
Programmable gain DAC input -43.43 1.07 dB
Programmable gain ADC input -34.5 12 dB
Gain step size 15 dB
DAC THD+Noise at FS -85 -75 dB
DAC SN/R (20Hz-20kHz, -60dBFS) A-weighted 90 94 dB
DAC Inter channel Mismatch 0.25 dB
ADC SN/R 82 dB
Table 93. 12S Parameter
I12S Inputs and Outputs VI2S=2.9V Min Typ Max
VIL SCLKX, LRCLKX, SDIx - - 0.42v
VIH SCLKX, LRCLKX, SDIx 1.02v - 3.3V
VOL SDOX,SCLK3,LRCLK3,SPDIF,SCLK1,LRCLK1,MCLK1 ov
VOH SDOX,SCLK3,LRCLK3,SPDIF,SCLK1,LRCLK1,MCLK1 VI2S
Table 94. DAC_L Register
Addr:77 S
These bits control the Audio DAC volume and functions
Bit Bit Name Default | Access Description
volume settings for left DAC input, adjustable in 32 steps @
1.5dB
00000 -40.5 dB gain
4:0 dal_vol 00000b | RAW | 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain
5 - - -
6 dac mute off 0 RIW 0 DAC input is set to mute
- - 1 normal operation
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Table 95. DAC_R Register

DAC_R
Addr:78 X ; .
These bits control the Audio DAC volume and functions
Bit Bit Name Default | Access Description
volume settings for right DAC input, adjustable in 32 steps
@ 1.5dB
00000 -40.5 dB gain
4:0 dar_vol 00000b| R/ | 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain

Table 96. ADC_L Register

ADC_L
Addr:79 - - P
These bits control the Audio ADC volume and functions
Bit Bit Name Default | Access Description
volume settings for left ADC input, adjustable in 32 steps @
1.5dB
00000 -34.5 dB gain
4:0 adl_vol 00000b | - R/wW | 00001 -33 dB gain
11110 10.5 dB gain
11111 12 dB gain
0 ADC disabled
5 adc_on 0 R/W
1 ADC enabled
0 ADC input is set to mute
6 adc_mute_off 0 R/W
1 normal operation
Divider selection for ADC clock
ADC sample clock is 12S LRCLK / 2; every ADC
0 sample is sent twice to the 12S output (up-
7 ad_fs2 0 R/W sampling by 2)
ADC sample clock is 12S LRCLK / 4; every ADC
1 sample is sent four times to the 12S output (up-
sampling by 4)
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Table 97. ADC_R Register

ADC R
Addr:80 ) - q
These bits control the Audio ADC volume and functions
Bit Bit Name Default | Access Description
volume settings for right ADC input, adjustable in 32 steps
@ 1.5dB
00000 -34.5 dB gain
4:0 adr_vol 00000b | R/w | 00001 -33 dB gain
11110 10.5 dB gain
11111 12 dB gain
0 normal mode
S adc2dac 0b RIW 1 use ADC output as DAC input (for testing
purposes, equalizer is bypassed)
00 Microphone
01 Line In
7:6 adcmux 00b R/W
10 reserved —do not use
11 Audio Sum (Output of Mixer)

9.5 12S master mode and PCM Mode
The digital audio interface can also operate in master mode by using 12S1 interface.

The pin MCLK2 is used as clock input in that case. Any input clock between sampling rate and 24MHz may be used as
input clock.

In Master Mode operation SCLK1 as output has 32 clock cycles for each sample word.

SCLK = [MCLK / 4] = [LRCLK * 256 / 4] = LRCK * 64 (EQ 8)
Sample Rates

In Master Mode the i2smaster control allows programming various sample rates. The master clock is generated from
the MCLK2 input. Sampling frequencies from 8kHz to 48kHz can be selected. For certain division ratios between
master clock and sample ratio a certain deviation is system inherent.

LRCLK = f,cik2 *i*;
2 RD+2
Table 98. PLL,i2s_clk_divider settings

Sample rate MCLK2 input o i2s clk divider Actuz:la?:mple Error

Divider ~210:0>

kHz kHz kHz %

48,000 12288 126,00 126 48,00 0,00
44,100 12288 137,32 137 44,20 0,23
32,000 12288 190,00 190 32,00 0,00
29,400 12288 206,98 207 29,40 -0,01
24,000 12288 254,00 254 24,00 0,00
22,050 12288 276,64 277 22,02 -0,13
12,000 12288 510,00 510 12,00 0,00
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Table 98. PLL,i2s_clk_divider settings
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Sample rate MCLK2 input o i2s clk divider e ?ample Error
Divider ~216:0> rate
kHz kHz kHz %
11,025 12288 555,28 555 11,03 0,05
8,000 12288 766,00 766 8,00 0,00
48,000 12000 123,00 123 48,00 0,00
44,100 12000 134,05 134 44,12 0,04
32,000 12000 185,50 186 31,91 -0,27
29,400 12000 202,08 202 29,41 0,04
24,000 12000 248,00 248 24,00 0,00
22,050 12000 270,11 270 22,06 0,04
12,000 12000 498,00 498 12,00 0,00
11,025 12000 542,22 542 11,03 0,04
8,000 12000 748,00 748 8,00 0,00

Table 99. i2s master controll Register

12s master controll

Addr:131 - - — -
This register controls the external clock divider for i2s master mode
Bit Bit Name Default | Access Description
7:0 i2s_clk_divider<7:0> 00h R/W Bit 7:0 of divider for MCLK2 input pin

Table 100. i2s master control2 Register

I12s master control2

Addr:132 This register controls the external clock divider and modes for i2s master
mode
Bit Bit Name Default | Access LISl
2:0 i2s_clk_divider<10:8> 000b R/W Bit 10:8 of divider for MCLK2 input pin
0 i2s master mode disabled
3 i2s_master_on Ob R/W -
i2s master mode enabled
0 LRCLK1 and SCLK1 are used as input (slave
mode)
4 i2s_lrelk_sclk_out_en 0b RIW LRCLK1 and SCLK1 are used as output (master
1 mode).
Clock input for PLL is MCLK2
0 MCLK1 used as input (slave mode)
. MCLK1 used as output for master clock of an
5 i2s_mclk_out_en 0b RIW 1 external 12S. Clock input for PLL is MCLK2
(MCLK1=256*LRCLK, if bit mclk256=1;
MCLK=128*LRCLK, if bit mclk256=0)
0 Normal operation of MCLK1 (input or output
according to bit is2_mclk_out_en bit)
6 sdo_on_ mclkl Ob R/W -
1 MCLK1 used as SDO output (e.g. for audio ADC).
May be used as data output (SDO) for 12S_2 port
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Table 100. i2s master control2 Register

I12s master control2

gl This register controls the external clock divider and modes for i2s master
mode
Bit Bit Name Default | Access Description
0 Normal 12S mode

PCM mode selected. The following additional
7 pem_mode Ob RIW settings are necessr?]rgdtg: enable PCM mono
sclk_invert=1
i2s_mclk_en=0 and mclk_invert=1 (internal PLL
used for generation of internal LRCLK)

9.5.1 PCM mode settings
Compatible with BlueCore3-ROM:

Figure 43. Short Frame Sync (shown with 16-bit Sample)
In short Frame Sync the falling edge of PCM_SYNC indicate the start of the PCM word. PCM_Sync is always one clock cycle long.

LRCLK PCM_SYNC ’_‘

I N N U Uy u Y
SDI PCM_OUT4{ 1 ‘ 2‘3 ‘ 4‘5 ‘ 6‘7 ‘ 8‘9‘10‘11‘12‘13‘14‘15‘16}7

SDO PCM_IN Undefined‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘ 10‘11‘ 12‘13‘ 14‘15‘ 16|Undefined

The following setup on PCM-Master side is needed:
m AS3658 is slave only
m PCM_SYNC is in short frame mode
m PCM_SYNC rate is 8ksamples/s
m PCM_CLK=512kHz only (64 x PCM_SYNC)
m 16 Bit Linear coding of PCM_OUT and PCM_IN (MSB first, LSB last)

m  Mono (single channel) operation only. Only the right channel of the AS3658 is used. The left channel is same as
right channel (in the input direction of AS3658) and has to be ignored by PCM master (in output direction of
AS3658)

Note: Internally the right channel is copied to the right and left channel.
The following setup of AS3658 is needed:
m Sclk_invert=1
m i2s_mclk_en=0 and mclk_invert=1 (internal PLL used for generation of internal LRCLK)
m pcm_mode=1 and ad_fs2=0 (Necessary to allow unsymmetrical LRCLK and sample rate of 8kHz of ADC)
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9.6 Linelnput
9.6.1 General
AS3658 includes one stereo single ended inputs.
Figure 44. Lineln Block Diagram
CLINEINL
1000k e
e . & To Winer andot
*17 100nF G ADC
LINR 20kQ iir ol
Lineln Amplifier
Table 101. Line Inputs Parameter
Parameter } Min ‘ Typ ‘ Max ‘ Unit
Analog Performance
Rin | |50 | ke
Table 102. LINE_IN_R Register
LINE_IN_R
Addr:85 - .
These bits control the LINE_IN volume and functions
Bit Bit Name Default | Access Description
volume settings for right line input, adjustable in 32 steps
@ 1.5dB; gain from line input pin (LIN1R) to mixer input
00000 -34.5 dB gain
40 lir_vol 00000b | RAw | 00001 -33 dB gain
11110 10.5 dB gain
11111 12 dB gain
Control of MUTE switch
5 mute_off_inr 0 R/W 0 right line input is set to mute
1 normal operation
7:6 - - do not change
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Table 103. LINE_IN_L Register
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Addr:86 LINE_IN_L
These bits control the LINE_IN volume and functions
Bit Bit Name Default | Access Description
volume settings for right line input, adjustable in 32 steps @
1.5dB; gain from line input pin (LIN1L) to mixer input
00000 -34.5 dB gain
4:0 lil_vol 00000 Riw | 00001 -33 dB gain
11110 10.5 dB gain
11111 12 dB gain
Control of MUTE switch
5 mute_off_inl 0 R/W 0 left line input is set to mute
1 normal operation
7:6 00 n/a do not change
9.7 Five Band Equalizer

The 5 Band equalizer is build of one low pass, one high pass and 3 band pass filter, and is optimized for 44.1kHz
sample frequency:

m Low pass filter: 200Hz ( when programming negaitve gain values, this filter changes to a HP filter)

m Band pass filterl: 340Hz / Q=1.0 (when programming negative gain values, this filter changes to a notch filter)

m Band pass filter2: 1100Hz / Q=0.7 (when programming negative gain values, this filter changes to a notch filter)

m Band pass filter3: 3375Hz / Q=1.0 (when programming negative gain values, this filter changes to a notch filter)

High pass filter: 5940Hz (when pragramming negative gain values, this filter changes to a LP filter)

The Q factors and the cut off frequency of the High and low pass filter are measured at 50% gain and are valid for

+6dB amplification of each band.

The attenuation or amplification of each band can be dynamically adjusted by the serial interface. Additional a pre-gain
stage can adjust the input level. This gain stage is after the 16 to 24 bit extension and therefore additional gain, which
is compensated with the equalizer filter itself (eq_Ip_gain, eq_band1,2,3_gain, eq_hp_gain) will not cause clipping:

Figure 45. Equalizer Block Diagram
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Figure 46. EQ Filter frequency response sum curve
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Figure 47. EQ Filter frequency response +12dB/+6dB/+3dB
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Figure 48. EQ Filter frequency response -3dB
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Each band has a range from -12 to +12 dB with each increment equal to +3dB.

For sample frequencies of the 12S stream different from 44.1kHz, the filter frequencies are shifted (ratiometric).

Table 104. EQ_LP Register

EQ LP
Addr: 90
These bits control the gain of the low pass filter in dB
Bit Bit Name Default | Access Description
EQ_LP filter gain (-12dB... +12dB)
Oh 0dB
1h 3dB
2h 6dB
_ 3h 9dB
3:0 eqg_lp_gain 0000b R/W
4h 12dB
bh -3dB
ch -6dB
dh -9dB
eh -12dB
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Table 105. EQ_Band1 Register

Addr: 91 EQ_Band1
These bits control the gain of the Band pass filterl in dB
Bit Bit Name Default | Access Description
EQ_Band1 filter gain (-12dB... +12dB)
Oh 0dB
1h 3dB
2h 6dB
3:0 eg_bandl_gain 0000b R/W 3h 9dB
4h 12dB
bh -3dB
ch -6dB
dh -9dB
eh -12dB
Table 106. EQ_Band2 Register
Addr: 92 EQ_BR-
These bits control the gain of the Band pass filter2 in dB
Bit Bit Name Default | Access Description
EQ_Band2 filter gain (-12dB... +12dB)
Oh 0dB
1h 3dB
2h 6dB
) 3h 9dB
3.0 eq_band2_gain 0000b RIW ah 12dB
bh -3dB
ch -6dB
dh -9dB
eh -12dB
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Table 107. EQ_Band3 Register

Addr:93 EQ_Band3
These bits control the gain of the Band pass filter3 in dB
Bit Bit Name Default | Access Description
EQ_Band3 filter gain (-12dB... +12dB)
Oh 0dB
1h 3dB
2h 6dB
3:0 eg_band3_gain 0000b R/W 3h 9dB
4h 12dB
bh -3dB
ch -6dB
dh -9dB
eh -12dB
Table 108. EQ_HP Register
Addr:94 %
These bits control the gain of the High pass filter in dB
Bit Bit Name Default | Access Description
EQ_HP filter gain (-12dB... +12dB)
Oh 0dB
1h 3dB
2h 6dB
3.0 eq_hp_gain 0000b R/W 3N 9d8
4h 12dB
bh -3dB
ch -6dB
dh -9dB
eh -12dB
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Table 109. EQ_preamp Register

Addr:95 P
These bits control the preamplifier of the EQ in dB
Bit Bit Name Default | Access Description
EQ_vol gain (-12dB ... +12dB with 1.5dB steps)
Oh 0dB
01h -1.5dB
02h -3.0dB
03h -4.5dB
04h -6.0dB
05h -7.5dB
06h -9.0dB
4:0 eg_pre_gain 00000b R/W | O7h -10.5dB
08h -12dB
09h 1.5dB
bh 3.0dB
ch 6.0dB
dh 7.5dB
eh 9.0dB
fh 10.5dB
10h 12dB
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9.8

General

Microphone Input
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The audio front-end offers one microphone inputs and a low noise microphone voltage supply (microphone bias), voice
activation, microphone connect detection and push button remote control.

Figure 49. Microphone Input Block diagram and External Circuit
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Microphone Amplifier

Gain Stage & Limiter

The integrated pre-amplifier allows 3 preset gain settings. There is also a limiter which attenuates high input signals
from e.g. electret microphones signal to 1Vp. The AGC has 15 steps with a dynamic range of about 29dB. The AGC is
ON by default but can be disabled by a microphone register bit.

Apart from the microphone pre-amplifier the microphone input signal can further be amplified with 32 @1.5dB
programmable logarithmic gain steps and MUTE. All gains and MUTE are independently programmable. The gain can
be set from —40.5dB to +6dB.

The stage is set to mute by default. If the microphone input is not enabled, the volume settings are set to their default
values. Changing the volume and mute control can only be done after enabling the input.

Supply & Detection

The microphone input generates a supply voltage of 1.5V above AGND. The supply is designed for < 2mA and has a
10mA current limit. In OFF mode the MICS terminal is pulled to AVDD with 30kQ. A current of typically 504A generates
an interrupt to inform the CPU, that a circuit is connected. When using the MICS terminal as ADC-10 input to monitor
external voltage the 30kQ pull-up can be disabled.

Remote Control

Fast changes of the supply current of typically 500pA are detected as a remote button press, and an interrupt is
generated.

Voice Activation

Further a built-in voice activation comparator can actuate an interrupt if microphone input voltage of about 5SmVRMS is
detected.
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Microphone Input Parameter

Table 110. Microphone Inputs Parameter, TA= 250C unless otherwise mentioned

Symbol Parameter Min Typ Max Unit Note
VmicinO 40 MVpEAK Amicpre = 28dB; Amic = 0dB
Vmicinl Input Signal Level 20 MVpeaK AmicPRE = 34dB; Avic = 0dB
VMICINZ 10 MVpeaK Awmicpre = 40dB; Avic = 0dB
RmicIN Input Impedance 15 kQ MICP, MICN to AGND
Input Impedance
MICIN Tolerance +15 %
CwmicIN Input Capacitance 5 pF
28
A Microphone 34 dB Preamplifier has 3 selectable (fixed)
MICPRE Preamplifier Gain gain settings
40
Programmable Gain -40.5 +6 dB
Amic Gain Steps 15 dB discrete logarithmic gain steps
Gain Step Precision +0.25 dB
VMicLIMIT Limiter Activation Level 1 VPEAK
AmicLimiT Limiter Gain Overdrive 15*2 dB
tATTACK Limiter Attack Time 50 ps/6dB
tbECAY Limiter Decay Time 120 ms/6dB
AMICMUTE Mute Attenuation 100 dB
Microphone Supply
Vmicsup Voltage 2.9 \
Max. Microphone microphones nominally need a bias
IMicmax Supply Current &g mA current of 0.5mA-1mA
Microphone Supply
Vioise Voltage Noise 5 uv
Microphone Detection
IMICDET Current 50 HA
Max. Remote
IREMDET Detection Current 500 KA
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Register Description

Table 111. MIC_R Register

MIC_R
Addr:87 Right Microphone Input Register
Configures the gain from microphone amplifier output
Bit Bit Name Default | Access Description
volume settings for right microphone input, adjustable
in 32 steps @ 1.5dB; gain from microphone amplifier
00000 -40.5 dB gain
4:0 mr_vol 00000b | R/w | 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain
Sets the gain of the microphone preamplifier
00 gain set to 28 dB
6:5 pre_gain 00 R/W 01 gain setto 34 dB
10 gain set to 40 dB
11 reserved, do not use
Control of limiter AGC (automatic gain control). Limits
high dynamic range of electret/MEMS microphone
. (e.g. user shouts or blows into microphone)
7 mic_agc_off 0 R/W
0 automatic gain control enabled
automatic gain control disabled

Table 112. MIC_L Register

MIC_L
Addr:88 Left Microphone Input Register
Configures the gain from microphone amplifier output
Bit Bit Name Default | Access Description
volume settings for left microphone input, adjustable in 32
steps @ 1.5dB; gain from microphone amplifier
00000 -40.5 dB gain
4:0 mi_vol 00000 | R/w | 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain
Disables the microphone detect function (30kQ pull-up
from MICS to VDAC) to use the terminal as ADC-10
5 rdet_off 0 R/W nput
0 microphone detection enabled
1 microphone detection disabled
Control of MUTE
6 mute_off 0 R/W 0 microphone input set to mute
1 gain setto 34 dB
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Table 112. MIC_L Register
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MIC L
Addr:88 Left Microphone Input Register
Configures the gain from microphone amplifier output
Bit Bit Name Default | Access Description
0 microphone supply on if mic_on=1
7 msup_off 0 R/W P - PPY —
microphone supply off

9.9 Audio Output Mixer

9.9.1 General

The mixer stage sums up the audio signals of the following stages

= Microphone
= Line Input

Input

= Digital Audio Input (DAC)

The mixing ratios have to be with the volume registers of the corresponding input stages. Please be sure that the input
signals of the mixer stage are not higher than 1Vp. If summing up several signals, each individual signal has of course
to be accordingly lower. This shall insure that the output signal is also not higher than 1Vp to get a proper signal for the

output amplifier.

This stage features an automatic gain control (AGC), which automatically avoids clipping.

9.9.2 Register Description
Table 113. AudioSet_3 Register
Audio_set3 register
Addr:76
Configures the mixer inputs and AGC
Bit Bit Name Default | Access Description
Preset of PLL bias for the following sampling
frequencies
0 pll_mode 0 R/W 0 16-48KS
1 8-12kS
Controls the pulldown of the HP1 if HP2is enabled and
HP2, if HP1 is enabled
1 hp_pulld_en 0 R/W 0 Pulldown disabled if hp_on=1
1 Pulldown of the not used HP1/2 output
enabled, if hp_on=1
Switches on the voice recognition
2 voxm_on 0 R/W 0 OFF
ON
Switches on the microphone amplifier
3 mic_on 0 R/W 0 OFF
ON
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Table 113. AudioSet_3 Register

Audio_set3 register
Addr:76
Configures the mixer inputs and AGC
Bit Bit Name Default | Access Description
Switches the signal limiter OFF
0 automatic gain control for summing stage
4 agc_off 0 R/W enabled
1 automatic gain control for summing stage
disabled
Input from DAC to R and L
5 dacmix_off 0 R/W 0 ON
OFF
Input from microphone to R and L
6 micmix_off 0 R/W 0 ON
1 OFF
Input from line input to R and L
7 linmix_off 0 R/W 0 ON
OFF

9.10 Line Output

9.10.1 General
The line output is designed to provide the audio signal on 600 Q min.

This output stage has an independent gain regulation for left and right channel with 32 steps @ 1.5dB each. The gain
can be set from —40.5dB to +6dB.

9.10.2 No-Pop Function

To avoiding click and pop noise during power-up and shutdown, the output is automatically set to mute when the output
stage is disabled. Also the volume settings are set to their default values, and can't be changed, as long the output
stage is not enabled.

LINE_CM pin, which needs a 0.1pF... 1uF capacitor outside gets charged on power-up with 1pA to ALVDD/2. After
start-up the DC level of the following pins are the same: LOUT_L=LOUT_R=LINE_CM= ALVDD/2. The Start-up time
before releasing mute is about 150ms with 0.1pF. To avoid pop-noise 150ms discharging time of LINE_CM after a
shutdown, have to be waited before starting up again.

9.10.3 Ground Noise Cancellation

The purpose of the ground cancellation circuit is to compensate noise (ground noise) between different grounds (e.qg.
the ground where the AS3658 is soldered versus e.g. the ground of a car amplifier (see Figure 50)). This noise
between these different grounds can be caused e.g. by a high current devices like a motor-fan. The ground
cancellation circuit can be used for line and headphone amplifiers.

The circuit works as follows:

The ground noise gets added inside the AS3658 to the audio signal (input LINE_CM for the Line Out amplifier or
HP_CM for headphone amplifier) in a way that it cancels inside the car amplifier. The sense point is connected with
RGND_SEP (20Q) to the battery ground.
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The ground cancellation can be disabled by shorting the 20Q) resistor setting bit gnd_sw to ‘1'. This bit should be set if
e.g. a headphone instead of the car amplifier is connected to the output jack.

Note: A similar cicuit can be used for the headphone amplifier.

Figure 50. Ground Noise Cancellation Application Schematic
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9.10.4 Power Save Options

To save power, a reduction of the bias current can be selected.

Table 114. Line Power-Save Options

IBR_LINE IDD_LINE (typ.)
0 2.2mA
1 1.5mA
9.10.5 Parameter
Table 115. Line out Block Characteristics
Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Analog Performance
R_Load at LOUT_L and LOUT_R single ended 600 Q
Gain Step Precision (RLmin-max,20Hz-20kHz) +0.5 dB
SINAD no load, Lineln-> Line out, A-weighted -97 dB
THD @ 1kHz, no load -88 dB
THD @ 1kHz, 600Q -80 dB
PSRR (200Hz-20kHz) 60 90 dB
IOUT_powerdown -20 20 HA
Tpower_up (C_LINECM=100nF) 150 ms
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Table 115. Line out Block Characteristics
Parameter Min Typ Max Unit
100Hz 50
GND cancellation GND - AUDIO_GND to
LOUT R, LOUT L no load 1kHz 50 dB
10kHz 40

9.10.6 Register Description

To get an interrupt on an over-current event, the corresponding bit in the Interrupt enable register has to be set. All
other Line/headphone driver settings are controlled by the following two registers.

Right Line Register

Table 116. LINE_OUT_R Register

LINE_OUT_R
Addr:83 - ——
These bits control the Line in volume and mode
Bit Bit Name Default | Access
volume settings for right Line output, adjustable in 32
steps @ 1.5dB
00000 -40.5 dB gain
4:0 liner_vol 00000b | R/w | 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain
0 Line_out amplifier input connected to mixer
output
> dacZline_on 0 RIW Line_out amplifier input connected to Audio
1 DAC output gain stage (Mixer is bypassed in
this mode)
Bias current reduction settings for line output:
00 0%
7:6 ibr_line<1:0> 00b R/W 01 17%
10 34%
11 50%
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Left Line Register
Table 117. LINE_OUT_L Register

LINE_OUT_L
Addr:84 ; S
These bits control the Line in volume and mode
Bit Bit Name Default | Access
volume settings for left Line output, adjustable in 32
steps @ 1.5dB
00000 -40.5 dB gain
4:0 liner_vol 00000b | R/w | 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain
5 - 0 reserved
0 Line stage not powered
6 line_on 0 R/W :
power up Line stage
0 normal operation
7 line_mute 0 RIW 1 Line output set to mute (mute is on during
power-up)

9.11 Headphone Output

The headphone output is designed to provide the audio signal with 2x40mW @ 16Q or 2x20mW @32€2, which are
typical values for headphones.

This output stage has an independent gain regulation for left and right channel with 32 steps @ 1.5dB each. The gain
can be set from —40.5dB to +6dB.

9.11.1 Phantom Ground

HP_CM_PWR pin is the buffered HP_CM output. It can be used to drive the common mode level with a load of 2kQ.
The phantom ground can be switched off to save power if not needed.

9.11.2 No-Pop Function

To avoiding click and pop noise during power-up and shutdown, the output is automatically set to mute when the output
stage is disabled. Also the volume settings are set to their default values, and can't be changed, as long the output
stage is not enabled.

HP_CM pin, which needs a 100nF to 1uF capacitor outside, gets charged on power-up with 1uA to AVDD/2. After start-
up the DC level of the following pins are the same: HPR=HPL=HP_CM=HP_CM_PWR=AVDD/2. The Start-up time
before releasing mute is about 150ms. To avoid pop-noise 150ms discharging time of HP_CM after a shutdown, have
to be waited before starting up again.

9.11.3 Over-current Protection

This output stage has an over-current protection, which disables the output for 256ms or 512ms. This value can be set
in the headphone registers. The over-current protection limit of HPR and HPL pin is about 260mA while HP_CM_PWR
pin has a 370mA limit.
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9.11.4 Power Save Options
To save power, especially when driving 32 Q loads, a reduction of the bias current can be selected.
Bias current reduction settings for headphone output:

m 00: 0%

m 01:17%

m 10: 34%

m 11: 50%

9.11.5 Parameters

Table 118. Power Amplifier Parameter

Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit
Analog Performance
R_Load at AOUTR and AOUTL single ended 16 Q
Vout 1.13 Vp
Gain Step Precision (RLmin-max,20Hz-20kHz) +0.5 dB
SINAD no load, Lineln-> HPH, A-weighted -97 dB
THD @ 1kHz, no load -88 dB
THD @ 1kHz, 32Q, 10mW -80 dB
THD @ 1kHz, 32Q), 20mW -74 -66 dB
THD @ 1kHz, 16Q, 40mW -68 -60 dB
Channel Separation (329, dc-coupled) 60 dB
PSRR (200Hz-20kHz) 60 90 dB
Shorted Protection Level 260 mA
Shorted Protection Level of common mode buffer 370 mA
IOUT_powerdown -20 20 HA
Tpower_up (HP_CM=0.1pF) 150 ms
100Hz 50
GND cancslllaa_tg)’nHC?Dl\iE ;](,)AIL(J)I;)(I:'O_GND to 1KkHz 50 dB
10kHz 40

9.11.6 Register Description

To get an interrupt on an over-current event, the corresponding bit in the Interrupt enable register has to be set.
Changing the bias current or the output driver strength is done via AudioSet2 register. All other headphone driver
settings are controlled by the following two registers.
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Right Headphone Register
Table 119. HPH_OUT_R Register

HPH_OUT_R
Addr:81 : .
These bits control the Right headphone ouput volume and mode
Bit Bit Name Default | Access Description
volume settings for right headphone output, adjustable
in 32 steps @ 1.5dB
00000 -40.5 dB gain
4:0 hpr_vol 00000b 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain
headphone phantom ground disable
5 hpcm_off 0 normal operation
disable common mode buffer
headphone over current time out:
speaker over current time out:
00 256 ms
7:6 hp_ovc_to 00h o1 128 ms
10 512 ms
11 0ms
Left Headphone Register
Table 120. HPH_OUT_L Register
HPH_OUT_L
Addr:82 -
These bits control the Left headphone ouput volume and mode
Bit Bit Name Default | Access
volume settings for left headphone output, adjustable
in 32 steps @ 1.5dB
00000 -40.5 dB gain
4:0 hpl_vol 00000b 00001 -39 dB gain
11110 4.5 dB gain
11111 6 dB gain
0 use HPL1, HPR1 as headphone output
5 hp_mux 0 R/W
1 use HPL2, HPR2 as headphone output
0 headphone stage not powered
6 hp_on 0 R/W
1 power up headphone stage
0 normal operation
7 hp_mute 0 RIW 1 headphone output set to mute (mute is on
during power-up)
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9.12 SPDIF output

Enables and controls the SPDIF output pin. SPDIF functionality is enabled, if internal masterclock is used (internal
PLL), or the external masterclock = 256* LRCLK. (No SPDIF function if external masterclock= 128 *LRCLK)

Table 121. SPDIF Register

@? austriamicrosystems

Addr:89 SPDIF
These bits control the SPDIF output
Bit Bit Name Default | Access Description
ISPDIF output ON/OFF cc;)r)ttrol and sample rate status
its
00 SPDIF output OFF
1:0 spdif_cntr 00b R/W o1 SPDIF output ON
10 reserved (do not use)
11 reserved (do not use)
SPDIF sample status bit
2 spdif_invalid 0 R/W 0 sample valid
1 sample invalid
SPDIF master clock control bit
3 spdif_mclk_inv 0 R/W 0 master clock
master clock inverted
SPDIF copy control bit
4 spdif_copy_ok 0 R/W 0 copy not permitted
copy permitted
Select source of SDO3 output
5 sdo3_select 0 R/W 0 Select adc_output
1 Select Equalizer output
Invert serial data clock of 12S1 and 12S2
6 sclk_invert 0 R/W 0 Normal mode
Invert SCLK1 or SCLK2 input
switch off audio functionality for low power
touchpannel detection
7 audio_off 0 R/W 0 Normal mode
audio bias switched off to reduce power
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The system functions consist of the 12C interface, the reset controller, the interrupt controller, startup sequences and
programming, the watchdog, internal references, the ON-key detect and the real time clock module.

10.1 |2C Serial Interface

Table 122. 12C SDA,SCL Characteristics
Symbol Parameter Min Typ Max Unit Note
SCL,SDA Low Level
ViL input voltage -0.3 0.4 \%
SCL,SDA High Level VSUPP
ViH input voltage 1.3 LY v

10.1.1 Feature List
m Fast-mode capability (max. SCL-frequency is 400 kHzkHz)

m 7+1-bit addressing mode
m 60h x 8-bit data registers (word address 0x00 - 0x60)
m  Write formats: Single-Byte-Write, Page-Write

m Read formats: Current-Address-Read, Random-Read, Sequential-Read

m SDA input delay and SCL spike filtering by integrated RC-components

10.1.2 Transfer Formats

Figure 51. I2C Byte-Write

S DW A WA A| reg data |A|P . oo ARy e STO
¢ DW device address for write
DR device address for read
write register, X’A ﬂﬁoﬁ%ﬁ:
WA+ N no acknowledge
P stop condition
white field  slave as receiver
grey field slave as transmitter
WA+ increment word address internallv
AS3658 device address write (DW):80h = 10000000b
AS3658 device address read (DR): 81h = 10000001b
. 2 .
Figure 52. I C Page-Write:
S DwW A WA A| reg datal |A| reg data2 |A reg_datan |A|P
write register Wwrite register write register
WA+H WA+ WA+
Byte-Write and Page-Write are used to write data to the slave.
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The transmission begins with the START condition, which is generated by the master when the bus is in IDLE state
(the bus is free). The device-write address is followed by the word address. After the word address any number of data
bytes can be send to the slave. The word address is incriminated internally, in order to write subsequent data bytes on
subsequent address locations.

For reading data from the slave device, the master has to change the transfer direction. This can be done either with a
repeated START condition followed by the device-read address, or simply with a new transmission START followed by

the device-read address, when the bus is in IDLE state. The device-read address is always followed by the 1St register
byte transmitted from the slave. In Read-Mode any number of subsequent register bytes can be read from the slave.
The word address is incriminated internally.

The diagrams below show various read formats available:

Figure 53. I2C Random-Read:

S DwW A WA A |Sr DR A data N|P
4

read register WA++
WA++

Random-Read and Sequential-Read are combined formats. The repeated START condition is used to change the
direction after the data transfer from the master.

The word address transfer is initiated with a START condition issued by the master while the bus is idle. The START
condition is followed by the device-write address and the word address.

In order to change the data direction a repeated START condition is issued on the 1St SCL pulse after the acknowledge
bit of the word address transfer. After the reception of the device-read address, the slave becomes the transmitter. In
this state the slave transmits register data located by the previous received word address vector. The master responds
to the data byte with a not-acknowledge, and issues a STOP condition on the bus.

Figure 54. I2C Sequential-Read:

S DW A WA A |Sr DR A data 1 A data 2

>

A data n N|[P

?

read register WA++
WA++

Sequential-Read is the extended form of Random-Read, as more than one register-data bytes are transferred
subsequently. In difference to the Random-Read, for a sequential read the transferred register-data bytes are
responded by an acknowledge from the master. The number of data bytes transferred in one sequence is unlimited
(consider the behavior of the word-address counter). To terminate the transmission the master has to send a not-
acknowledge following the last data byte and generate the STOP condition subsequently.
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Figure 55. | C Current-Address-Read:
S DR A data 1 A data 2 A datan N|P
read register read register read register WA++
WA++ WA++ WA++

To keep the access time as small as possible, this format allows a read access without the word address transfer in
advance to the data transfer. The bus is idle and the master issues a START condition followed by the Device-Read

address. Analogous to Random-Read, a single byte transfer is terminated with a not-acknowledge after the 1St register
byte. Analogous to Sequential-Read an unlimited number of data bytes can be transferred, where the data bytes has to
be responded with an acknowledge from the master. For termination of the transmission the master sends a not-
acknowledge following the last data byte and a subsequent STOP condition.

10.2 Reset generator and XON-Key
XRESET is a low active bi-directional pin. An external pull-up to the periphery supply has to be added.
During each reset cycle the following states are controlled by the AS3658:

m Pin XRESET is forced to GND

m Programmable Power-off function

m Programmable Power-on sequence and regulator voltages

m Programmable reset timer

m All registers are set to their default values after power-on, except the reset control- and status-registers.

Note: Programming is controlled by the internal Mask-PROM and the external resistor RPROGRAM
Table 123. XRESET,XON Characteristics

Symbol Parameter Min Typ Max Unit Note
VXRESET_IL XRIiEnSleEJ'tFVLOcl)tv;gLeevel -0.3 0.4 \Y,
VXRESET IH XRI?nSpIiIVI-éilgt;;]gtevel 1.3 VSLL\J(PP v

VxON_IL XON L?/\gltlég\éel input | g3 O.S:’%VZ

VXON_IH XON High Level input | O-7/2 V2 5

IXxOoN_PuP XON Pull up current 12 HA

10.2.1 Reset Conditions

Reset can be activated from 7 different sources:
m  Power on (battery or charger insertion)

m Low Battery

m Software forced reset

m Power off mode

m External triggered through the pin RESET

m  Overtemperature

m  Watchdog
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Voltage detection:

There are two types of voltage dependent resets: Vpor and VxreseT. Vpor monitors the voltage on V2_5 and
VxRESET Monitors the voltage on VSUPPLY. The linear regulator for V2_5 is always on and uses the voltage
VCHARGER, VBAT or V_USB as its source.

The pin RESET is only released if V2_5 is above Vpor and VSUPPLY is above VXRESETR|sE.
Table 124. Reset Levels

Symbol Parameter Min Typ Max Unit Note

Monitor voltage on V2_5; power on

VpoRr Overall power onreset| 1.5 2.0 23 \% reset for all internal functions

Reset level for Vsupply ResVol Monitor voltage on Vsupply; rising

VXRESETRise rising trise v level
27 v Monitor voltage on VSupply; falling

) level

VXRESETEALLING Reset Ie\]{glllz‘r?r Vsupply
¥ ResVol v if SupResEn=1 onl
tfall if SupResEn=1 only

Mask time for Duration for VBAT<VXRESETFALLING

VRESETmAskK 2.0 2.5 3.0 ms

VXRESETFALLING

. . 1
until a reset cycle is started

1. VRESET signal is debounced with the specified mask time for rising- and falling slope of VBAT.

VRESETEaLLING is only accepted if the reset condition is longer than VRESETuask. This guard time is used to avoid a
complete reset of the system in case of short drops of VBAT.

Power off:

To put the chip into ultra low power mode, write ‘1’ into xon_enable and ‘1" into power_off. The chip stays in power off
mode until the external pin XON is pulled low, the charger is inserted or the level Vpor is touched to start a complete
reset cycle. The bit power_off is automatically cleared by this reset cycle. During power_off state all circuits are shut-off
except the Low Power LDO (V2_5). Thus the current consumption of AS3658 is reduced to less than 15 pA. The digital
part is supplied by V2_5, all other circuits are turned off in this mode, including references and oscillator. Except the
reset control registers all other registers are set to their default value after power-on.

Software forced reset

Writing ‘1’ into the register bit force_reset immediately starts a reset cycle. The bit force_reset is automatically cleared
by this reset.

External triggered reset:

If the pin XRESET is pulled from high to low by an external source (e.g. microprocessor or button) a reset cycle is
started as well.

Overtemperature reset:
The reset cycle can be started by overtemperature conditions. (see Protection Functions on page 134)

Watchdog reset:

If the watchdog is armed (register bit wtdg_on = 1 and wtdg_res_on = 1) and the timer expires it causes a reset. (see
Watchdog on page 135).
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10.2.2 Reset Control Bits

Table 125. Reset Timer Register
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System Functions

P Reset Timer
These bits control the reset timer and XON enable register
Bit Bit Name Default | Access Description
Set RESTivME
000 RESTIME=10ms
001 RESTIME=20ms
010 RESTIME=35mS
2:0 res_timer ROM R/W 011 RESTiMe=50ms
100 RESTME=65mSs
101 RESTiMe=80ms
110 RESTIME=95mS
111 RESTiMe=110ms
This flag enables the XON pad and sets the power on
state of the ASIC
3 xon_enable ROM R/W 0 XON pag&ffg:ggs%?;g&g chip; if
1 XON pad enabled. Startup of chip; if
VBAT>VRESETR|sinGg and XON=0

Table 126. Reset Control Register

Reset Control

Addr:105 - -
These bits control the power off mode and reset timer
Bit Bit Name Default | Access Description
0 force_reset Ob R/W Setting to ‘1’ starts a complete reset cycle
Setting to ‘1’ starts a reset cycle, but waits after the
1 power_off Ob R/W | Reg_off state for a falling edge on the pin XON or until
the charger is detected
Read:This flag represents the state of the XON pad
2 xon_input NA R/W directly
Write: Setting to '1' resets the 5 sec. Onkey reset timer
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Table 126. Reset Control Register
Reset Control
Addr:105 X -
These bits control the power off mode and reset timer
Bit Bit Name Default | Access Description
Flags to indicate to the software the reason for the last
reset
0000 VpoRr has been reached (battery or charger
insertion from scratch)
0001 VRESETEaLLING Was reached (battery voltage
drop below 2.75V)
0010 software forced by force_reset
0011 software forced by power_off and XON was
pulled low
0100 software forced by power_off and charger was
) detected
6:3 reset_reason NA R
0101 external triggered through the pin RESET
0110 reset caused by overtemperature T140
0111 reset caused by watchdog
1000 reset caused by 5 seconds on press
1001 reset caused by rtc_alarm register
1010 reset caused by rtc repeated wakeup
1011 reset caused by interrupt in standby mode
1100 reset caused by XON pulled low in standby
mode
0 Reset after 5 seconds ON pressed disabled
7 Onkey_reset_5s 1 R/W
Reset after 5 seconds ON pressed enabled
Table 127. Internal references Bit definitions
Internal references Bit definitions
Addr:59 These bits control the internal reference mode and internal clk
frequency
Bit Bit Name Default | Access Description
Setting to ‘1’ sets the AS3658 into standby mode. All
regulators defined in reg.17h “Reg Powerl1Citrl” and
reg.1Eh “Reg Power2 Ctrl are disabled except those
regulators enabled by reg.81h “Reg standby mode”.
4 standby_mode_on 0 W XRESET will be pulled to low. A normal startup of all
regulators will be done with any interrupt (has to be
enabled before entering standby mode). During this
startup, regulators defined by Reg standby mode
register are continuously on.
Divide internal clock oscillator by 2 to reduce
quiescent current for low power operation
0 Normal mode
S Clk_div2 0 RIW Internal clock frequency divided by two. All
timings are increased by two. Switching
1 frequency of all DCDC converters are divided
by two. Reduced transient performance of
DCDC converters.
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Table 127. Internal references Bit definitions

Internal references Bit definitions

Addr:59 These bits control the internal reference mode and internal clk
frequency
Bit Bit Name Default | Access Description
0 Normal mode

The quiescent current of the following
regulators is divided by approx. two: SD1,
6 Reg_low_bias_mode 0 R/W SD2, SD3, RF1, RF2, RF3. The current
- 0T 1 capability and performance is also reduce in

that mode. (E.g. Use this bit only to reduce
quiescent current, if system and processor is
in a low power mode)

Table 128. Reg standby mode Bit definitions

Reg standby mode

Addr:129 These bits control the on/off function of the regulators during standby
mode
Bit Bit Name Default | Access Description
0 RF1 LDO is disabled in standby mode
0 Ido_rfl_sthy on 0 R/W - -
1 RF1 LDO is enabled in standby mode
0 RF2 LDO is disabled in standby mode
1 Ido_rf2_stby on 0 R/W - -
1 RF2 LDO is enabled in standby mode
] 0 DIG1 LDO is disabled in standby mode
2 Ido_digl_stby_on 0 R/W - -
1 DIG1 LDO is enabled in standby mode
. 0 DIG2 LDO is disabled in standby mode
3 Ido_dig2_stby _on 0 R/W
1 DIG2 LDO is enabled in standby mode
0 Step down 1 is disabled in standby mode
4 sd1l_stby on 0 R/W - -
1 Step down 1 is enabled in standby mode
0 Step down 2 is disabled in standby mode
5 sd2_stby on 0 R/W - -
1 Step down 2 is enabled in standby mode
0 Step down 3 is disabled in standby mode
6 sd3_sthy on 0 R/W
1 Step down 3 is enabled in standby mode
0 Charge pump is disabled in standby mode
7 cp_stby_on 0 R/W - -
1 Charge pump is enabled in standby mode
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Table 129. Charger supervision

Fuel Gauge

Addr:14 — -
This bit controls first startup out of power on reset

Bit Bit Name Default | Access Description

Switch on Power off mode at first startup(e.g. First
battery insertion or first charger insertion)

Startup of all regulators if battery is inserted,
charger insertion, onkey pressed or rtc alarm.

Startup of all regulators only if onkey is
pressed or rtc alarm (no startup on battery
insertion; no startup if charger detected, if
Boot no_charging=0). xon_enable has to be set in
4 aUtO_ShUtdOWn ROM R/W bootrom.

If a charger is detected and the bit
no_charging=0 (defined by BootROM) and
ch_pwroff_en=0 the AS3658 will start
charging without regulators startup (fully
autonomous charging).

If the bit no_charging=1 and a charger is
detected, the regulators are started and the
charging can be enabled with software
control.

Table 130. Fuel Gauge

Fuel Gauge
Addr:15 —— -
This bit controls first startup out of power on reset
Bit Bit Name Default | Access Description

Switch on Power off mode if low Vsupply is detected
during active or standby mode (Pin XON= high and bit

xon_enable=0)
Boot If low battery is detected, continuously monitor
> power_off_at_v_suplow ROM RIW 0 battery voltage and startup if battery voltage is

above ResVoltrise
1 If low battery is detected, enter power off
mode

10.2.3 Reset Cycle

During a reset cycle the pin XRESET is forced to low for at least RESt)me and all registers are set to their default
values (except the registers marked green in theTable 186 on page 148). During the reset time a normal startup
happens (see Startup on page 129), the reset is active until the reset timer (set by register bits res_timer<2:0>) expires.
Then the voltage on the pin XRESET is pulled high by the external resistor and the whole system is leaving the reset
state.

10.2.4 Reset Control: res_con

Reset is internally generated from a power supply supervisor and provided to internal logic as well as externally
through the open-drain pad XRESET. At this point, it could be also forced externally from an external power supply
supervisor. Additionally Reset can be forced by software.
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10.3 Interrupt Controller

The interrupt controller generates an interrupt request for the host controller as soon as one or more of the bits in the
Interrupt 1...3 register is set by pulling low pin XINT. All the interrupt sources can be enabled in the Interrupt Mask 1...3
register. The Interrupt 1...3 registers are cleared automatically after the host controller has read them. To prevent the
AS3658 device from losing an interrupt event, the register that is read is captured before it is transmitted to the host
controller via the serial interface. As soon as the transmission of the captured value is complete a logical AND
operation with the bit wise inverted captured value is applied to the register to clear all interrupt bits that have already
been transmitted. Clearing the read interrupt bits takes 2 clock cycles, a read access to the same register before the
clearing process has completed will yield a value of ‘0’. Note that an interrupt that has been present at the previous
read access will be cleared as well in case it occurs again before the clearing process has completed.

During a read access to one of the interrupt registers the XINT pin will be released. As soon as the transferred bits of
the interrupt register have been cleared the XINT pin will be pulled low in case a new interrupt has occurred in the
meantime. By doing so the interrupt controller will work correctly with host controllers that are edge- and level-sensitive
on their interrupt request input. Multiple byte read access is recommended to avoid reading the Interrupt 1 register
over and over again in response to a new interrupt that has occurred in the same register (and thus pulling low pin
XINT) before the Interrupt 2,3 register has been read.

Table 131. Interrupt Status 1 Register

Interrupt Statusl

Addr:50 These bits show the status of the interrupts
register is reset at power-on-reset and after each read access
Bit Bit Name Default | Access Description
0 chstate._ | NA R Bit is set when the following status bits are set or reset:

Trickle, CVM, NoBat

1 cheoc_i NA R Bit is set when the EOC status bits are set or reset:

Bit is set when charge timeout ( tricke, CV, CC) has

2 charging_tmax_i NA R been expired
usb_chdet_i NA R Bit is set when the USB_ChDet Bit is set or reset.
4 chdet_i NA R Bit is set when the ChDet Bit is set or reset.
Onkey_i NA R Bit is set when status XON bit is set or reset.

Bit is set when the lower temperature threshold
6 ovtmp_i NA R Tempi10 of the temperature sensor is exceeded for
longer than tresmask-

Bit is set when the main supply voltage VSUPPLY has

7 Lowsup NA R dropped below VrespgaLL for longer than tresmask.

Table 132. Interrupt Status 2 Register

Interrupt Status2

Addr:51 These bits show the status of the interrupts
register is reset at power-on-reset and after each read access

Bit Bit Name Default | Access Description

Bit is set when voltage of step downl drops below low

0 sd1_Iv_i NA R voltage threshold (1msec debounce timer)

Bit is set when voltage of step down2 drops below low
1 sd2_Iv_i NA R voltage threshold
(Imsec debounce timer)

Bit is set when voltage of step down3 drops below low
2 sd3 Iv i NA R voltage threshold
(Imsec debounce timer)
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Table 132. Interrupt Status 2 Register
Interrupt Status2
Addr:51 These bits show the status of the interrupts

register is reset at power-on-reset and after each read access

Bit Bit Name Default | Access Description

Bit is set when voltage of LdoDig1 drops below low
3 digl_Iv_i NA R voltage threshold
(Imsec debounce timer)

Bit is set when voltage of LdoDig2 drops below low
4 dig2_Iv_i NA R voltage threshold
(Imsec debounce timer)

: Bit is set when output stage of headphone amplifier
> hphcurr_i NA R exceeds overcurrent limit.
6 bat_temp_i NA R Bit is set when bit bat_hightemp or bat_lowtemp is set
or reset
7 stpupl_i NA R Bit is set when stpupl_oc or stpupl_det is set.

Table 133. Interrupt Status 3 Register

Interrupt Status3

Addr:52 These bits show the status of the interrupts
register is reset at power-on-reset and after each read access

Bit Bit Name Default | Access Description

Bit is set when voltage of LdoDig3 drops below low
0 dig3_Iv_i NA R voltage threshold
(Imsec debounce timer)

Bit is set when voltage of LdoDig4 drops below low
1 dig4_Iv_i NA R voltage threshold
(Imsec debounce timer)

2 rtc_alarm_i NA R Bit is set by the RTC, if alarm registers=rtc registers
. Bit is set by the RTC every second (Bit irg_min=0) or

3 rtc_rep_! NA R minute (Bit irq_min=1)

4 mic_con_i NA R Bit is set if a microphone is detected on MIC input

Bit is set, if the microphone supply is increased
5 mic_rem_i NA R (remote key press detected) -> measure MICS supply
current
6 voXm_i NA R Bit is set, if voice is detected on MIC input
7 tpen_i NA R Bit is set, if the touchpen pendown is detected

Table 134. Interrupt mask 1 Register

Interrupt Mask1

Addr:47
These bits mask the interrupt
Bit Bit Name Default | Access Description
0 Interrupt is enabled
0 chstate_int_mask 1b R/W —
1 Interrupt is disabled
0 Interrupt is enabled
1 cheoc_int_mask 1b R/W —
1 Interrupt is disabled
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Table 134. Interrupt mask 1 Register
Interrupt Mask1
Addr:47 - -
These bits mask the interrupt
Bit Bit Name Default | Access Description
) ) 0 Interrupt is enabled
2 charging_tmax_int_mask 1b R/W —
1 Interrupt is disabled
. 0 Interrupt is enabled
3 usb_chdet_int_mask 1b R/W —
1 Interrupt is disabled
0 Interrupt is enabled
4 chdet_int_mask 1b R/W —
1 Interrupt is disabled
) 0 Interrupt is enabled
5 onkey_int_mask 1b R/W —
1 Interrupt is disabled
) 0 Interrupt is enabled
6 ovtmp_int_mask 1b R/W B N
1 Interrupt is disabled
] 0 Interrupt is enabled
7 LowSup_int_mask 1b R/W .
1 Interrupt is disabled

Table 135. Interrupt mask 2 Register

Interrupt Mask?2

Addr:48 : .
These bits mask the interrupt
Bit Bit Name Default | Access Description
0 Interrupt is enabled
0 sdl_Iv_int_mask 1b R/W
1 Interrupt is disabled
0 Interrupt is enabled
1 sd2_Iv_int_mask 1b R/W
1 Interrupt is disabled
0 Interrupt is enabled
2 sd3_Iv_int_mask 1b R/W —
1 Interrupt is disabled
0 Interrupt is enabled
3 digl_Iv_int_mask 1b R/W
1 Interrupt is disabled
) ) 0 Interrupt is enabled
4 dig2_Iv_int_mask 1b R/W
1 Interrupt is disabled
) 0 Interrupt is enabled
5 hphcurr_int_mask 1b R/W —
1 Interrupt is disabled
] 0 Interrupt is enabled
6 bat_temp_int_mask 1b R/W —
1 Interrupt is disabled
. 0 Interrupt is enabled
7 stpupl_int_mask 1b R/W —
1 Interrupt is disabled
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Table 136. Interrupt mask 3 Register
Interrupt Mask3
Addr:49 - -
These bits mask the interrupt
Bit Bit Name Default | Access Description
) ) 0 Interrupt is enabled
0 dig3_Iv_int_m 1b R/W —
1 Interrupt is disabled
) ) 0 Interrupt is enabled
1 dig4_Iv_int_m 1b R/W —
1 Interrupt is disabled
0 Interrupt is enabled
2 rtc_alarm_int_m 1b R/W —
1 Interrupt is disabled
) 0 Interrupt is enabled
3 rtc_rep_int_m 1b R/W —
1 Interrupt is disabled
) ) 0 Interrupt is enabled
4 mic_con_int_m 1b R/W B N
1 Interrupt is disabled
0 Interrupt is enabled
5 mic_rem_int_m 1b R/W —
1 Interrupt is disabled
0 Interrupt is enabled
6 voxm_intm 1b R/IW —
1 Interrupt is disabled
] 0 Interrupt is enabled
7 tpen_i_m 1b R/W —
1 Interrupt is disabled

Table 137. Low voltage status1 Register

Low voltage statusl

Addr:53 These bits show the low voltage status of the step down and digital
regulators

Bit Bit Name Default | Access Description

0 sdl_Iv NA R Step downl low voltage status bit (-10% voltage drop)
1 sd2_lv NA Step down2 low voltage status bit (-10% voltage drop)
2 sd3_Iv NA R Step down3 low voltage status bit (-10% voltage drop)
3 digl_Iv NA R Ldo Digl low voltage status bit (-50mV voltage drop)
4 dig2_lv NA R Ldo Dig2 low voltage status bit (-50mV voltage drop)
5 L - - -

6 stpupl_oc NA | R | iepUpt ocours for mere fhan Smeec (aiohed siate)
7 stpupl_det NA R Current Detection signal of step up 1

Table 138. Low voltage status2 Register

Low voltage status2

Addr:54 These bits show the low voltage status of the step down and digital
regulators
Bit Bit Name Default | Access Description
0 dig3_Iv Ob R Ldo Dig3 low voltage status bit (-50mV voltage drop)
1 digd_Iv 0Ob R Ldo Dig4 low voltage status bit (-50mV voltage drop)
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Table 138. Low voltage status2 Registerl
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Low voltage status2
Addr:54 These bits show the low voltage status of the step down and digital
regulators

Bit Bit Name Default | Access Description

2 dedc_currl_Iv Ob R Indicates low voltage on dcdc_currl

3 dcdc_curr2_lv Ob Indicates low voltage on dcdc_curr2

4 dcdc_curr3_Iv Ob R Indicates low voltage on dcdc_curr3

5 bat_lowtemp Ob R Indicates NTC temperature of battery below Q°

6 bat_hightemp Ob R Indicates NTC temperature of batter above 45° (50°)
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10.4 Startup
Figure 56. Startup flow chart
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10.4.1 Normal Startup

During a normal reset cycle (e.g. after the battery or a charger is inserted; (see Reset generator and XON-Key on page
118)), after V2_5 is above Vpor and Vsupply is above VRESETR|sg a normal startup happens:

m The external capacitor on CREF is charged to 1.8V

m  The 3bit A/D conversion is performed to measure the external resistor value RPROGRAM

m Startup State machine reads out the internal Boot-ROM (address defined by boot_ctrl), Start sequence of Step-
Down Converter and LDO'’s controlled by the Boot-ROM

m Reset-Timer is set by the Boot-ROM
m The reset is released when the Reset Timer expires (external pin XRESET)
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10.4.2 Startup from Charger

If the voltage on pin VCHARGER is within VSTARTCHARGER, the AS3658 is started (even with VBAT = 0V). This
allows the battery to be charged (even from deeply discharged batteries) and finally a normal startup to happen.

Table 139. Charger Startup Conditions

Symbol Parameter Min Typ Max unit Note
Voltage on
VSTARTCHARGER VCHARGER for 4.0 5.0 15 \% on Pin VCHARGER
system to start

10.4.3 Programmable Startup Sequences—Boot ROM

The startup- and reset sequences of the device are highly configurable. The configuration of these sequences is
defined by the ratio of the internal trimmed bias resistors and RPROGRAM. At the beginning of each reset cycle a 3 bit
AD-conversion is performed. The result of this conversion is used to select 1 of 8 possible address-ranges of an
internal mask-programmable ROM. The information that is stored in this ROM defines the following parameters:

m Voltage levels for all regulators and step down dcdc converters

= power-on sequence of RF_1, RF_2, DIG_1, DIG_2, SD1, SD2 and SD3
m duration of the reset cycle

m several other configuration bits (e.g. charger)

The following values of RprograM are used to select the 8 possible address ranges (8 different startup voltage /
sequences settings can be used):

m 000: open

= 001: 320kQ

m 010: 160kQ

= 011: 80kQ

= 100: 40kQ

m 101: 20kQ

m 110: 10kQ

m 111: 0Q

Table 140. Boot ROM Bits definitions

PR Boot_status
These bits show the boot status

Bit Bit Name Default | Access Description
2:0 rom_adr NA R Boot-ROM address
3 rom_valid 1 R If ‘1’ Boot-ROM address is valid

Note: For detailed startup sequences see austriamicrosystems AG document AS3658_BootROM_*.
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10.4.4 Additional Startup Settings
Table 141. Boot ROM Bits definitions

LDO_RF2_Voltage
Addr:4 - :
These bits defines the startup sequence
Bit Bit Name Default | Access Description
0 Normal reset pulse
Apply double reset pulse after the normal rest
7 double_reset ROM RIW 1 pulse that is define by res_timer. (pulse on
XRESET with 2msec high time and 2msec
low time
0 Normal startup of LDOs defined in boot rom
with a separation of 1 milliseconds
6 slow_startup ROM R/W - -
1 Startup of all LDOs defined by boot rom with a
time separation of 4 milliseconds

10.4.5 Programmable Startup Sequences with fuse registers—Boot OTP
Its possible to program some startup registers, by using the fuse block:

Table 142. ROMF Bit definitions

FUSE4
Addr:196 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
0 Fusible startup rom disabled
7 romf_en 0 R 1 Feasible startup of rom enabled
(UniquelDO0.UniquelD10) used for startup

Table 143. ROMF Bit definitions

addrfo

These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description

Addr:197

Each bit represents a register address of the bootrom
table (0....31)

Use data of ROM table during startup for the

7:0 addrf<7:0> 0 R 0 according address (0....31)

Use data of fuse register during startup for the
1 according address, starting with data of
register romfO (up to register romfé max.)

Table 144. ROMF Bit definitions

addrfo

These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description

Addr:198

Each bit represents a register address of the bootrom
table (0....31)

0 Use data of ROM table during startup for the
7:0 addrf<15:8> 0 R according address (0....31)

Use data of fuse register during startup for the
1 according address, starting with data of
register romfO (up to register romfé max.)
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Table 145. ROMF Bit definitions

addrf2

These bits control the startup and are set by factory test

Addr:199

Bit Bit Name Default | Access Description

Each bit represents a register address of the bootrom
table (0....31)

0 Use data of ROM table during startup for the
according address (0....31)

7:0 addrf<23:16> 0 R

Use data of fuse register during startup for the
1 according address, starting with data of
register romfO (up to register romfé max.)

Table 146. ROMF Bit definitions

addrf3

These bits control the startup and are set by factory test

Addr:200

Bit Bit Name Default | Access Description

Each bit represents a register address of the bootrom
table (0....31)

0 Use data of ROM table during startup for the
according address (0....31)

7:0 addrf<31:24> 0 R

Use data of fuse register during startup for the
1 according address, starting with data of
register romfO (up to register romfé max.)

Table 147. ROMF Bit definitions

romfO
Addr:201 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
. Data for startup register (used for the first “1” in the
70 romfo 00h R addrf<31:0> register

Table 148. ROMF Bit definitions

romfl
Addr:202 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
. Data for startup register (used for the second “1” in the
70 romf1 00h R addrf<31:0> register

Table 149. ROMF Bit definitions

romf2
Addr:203 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
N Data for startup register (used for the third “1” in the
< romf2 00h R addrf<31:0> register
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Table 150. ROMF Bit definitions
romf3
Addr:204 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
. Data for startup register (used for the fourth “1” in the
70 romf3 00h R addrf<31:0> register
Table 151. ROMF Bit definitions
romf4
Addr:205 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
. Data for startup register (used for the fifth “1” in the
70 romf4 00h R addrf<31:0> register
Table 152. ROMF Bit definitions
romf5
Addr:206 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
) Data for startup register (used for the sixth “1” in the
70 romf5 00h R addrf<31:0> register
Table 153. ROMF Bit definitions
romfé
Addr:207 -
These bits control the startup and are set by factory test
Bit Bit Name Default | Access Description
. Data for startup register (used for the seventh “1” in
70 romfg Q0h R the addrf<31:0> register
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10.5 Protection Functions

All LDO'’s, the DCDC step ups and DCDC step downs have an integrated overcurrent protection. An overtemperature
protection of the chip is also integrated which can be switched on with the serial interface signal temp_pmc_on
(enabled by default; it is not recommended to disable the overtemperture protection). The chip has two signals for the
serial interface: ov_temp_110 and ov_temp_140. The flag ov_temp_110 is automatically reset if the overtemperature
condition is removed, whereas ov_temp_140 has to be reset by the serial interface with the signal rst_ov_temp_140.

If the flag ov_temp_140 is set, an automatic reset of the complete chip is initiated. The flag ov_temp_140 is not
affected by this reset cycle allowing the software to detect the reason for this unexpected shutdown.

Table 154. Overtemperature Detection

Symbol Parameter Min Typ Max Unit Note
ov_temp_110 rising
T110 threshold 95 110 125 °C
ov_temp_140 rising
T140 threshold 125 140 155 °C
ov_temp_110 and
Thyst ov_temp_140 5 oc
hysteresis

Table 155. Overtermperature detection Bit definition

Overtemperature Control
Addr:106

These bits control the startup and are set by factory test

Bit Bit Name Default | Access Description

Switch on / off of temperature supervision; default: on
0 temp_pmc_on 1 R/W — all other bits are only valid if set to ‘1’
Leave at 1, do not disable

Flag that the overtemperature threshold 1 (T110) has

1 ov_temp_110 NA R been reached

Flag that the overtemperature threshold 2 (T140) has
been reached - this flag is not reset by a
2 ov_temp_140 NA R overtemperature caused reset and has to be reset by
rst_ov_temp_140

If the overtemperature threshold 2 has been reached,
the flag ov_temp_140 is set and a reset cycle is
3 rst_ov_temp_140 9 W started. ov_temp_140 should be reset by writing 1 and
afterward O to rst_ov_temp_140

10.5.1 Temperature Supervision

A temperature sensor is implemented to provide over-temperature protection of the chip. It generates two flags linked
to the two temperature thresholds (110 degrees, 140 degrees). Both thresholds have an hysteresis to prevent
oscillation effects.

First threshold (110 degrees) sets the flag ov_temp_110, signalling the serial interface part and software the 110
degrees overtemperature condition. If enabled (ovtmp_int_mask=0), an interrupt can be send (interrupt ‘ovtmp’). Thus
software can react and can shutdown power consuming functions to decrease temperature.

The second threshold (140 degrees) initiates a reset cycle and sets ov_temp_140: this sets all regulators into power-
down mode and stops charging, and performs the reset cycle of the AS3658.

rst_ov_temp_140 flag

In case of overtemperature and an activated reset (temp_pmc_on=1), the system loses any information about the error
which activated the reset state. Therefore, a flag is implemented, which indicates that the reset was caused by
overtemperature activation (ov_temp_140 is set). This flag is only resetable by writing ‘1’ to rst_ovtemp_140.
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10.6 Watchdog

The purpose of the watchdog is to detect a deadlock of the software. If the watchdog is active, it must receive a
continuous trigger signal within a programmable time window. If there is no signal anymore for a certain time period
from a defined pad or special serial interface bit, it starts either a complete reset cycle or changes the state of an output
pin, which can be used e.g. as an interrupt to the processor.

m  The watchdog is highly configurable by the following register bits:
m The complete block can be switched on by wtdg_on = 1 and off by wtdg_on = 0.
m  The watchdog time window is defined by the register wtdg_min_timer and wtdg_max_timer.

m The trigger signal can be configured by register wtdg_trigger and wtdg_gpio_input. (Pin CURR1-CURR4 (GPIO1-
GPIO4) or register bit)

m [f the watchdog expires, the system can start automatically a reset cycle if wtdg_reset on=1

m Any of the general purpose input / outputs can be configured to output the watchdog signal. The Watchdog delivers
a signal “wtdg_alarm”, which is normal ‘0’ and goes to ‘1’ in the case of a timer-overflow. This signal can be used as
e.g. a reset or interrupt for a processor.

Table 156. Watchdog Register definitions

Watchdog control

Addr:60
These bits control the watchdog functions
Bit Bit Name Default | Access Description
Switches on the complete watchdog
0 wtdg_on 0 R/W 0 watchdog off
1 watchdog enabled
1 wtdg_res_on 1 RIW If the watchdog %ipglgesv ﬁlnt?emgga? t_ergs_on =1 areset

0 Use the register bit wtdg_sw_signal as trigger
signal for the watchdog

Use one of the GPIO pins CURR1_GPIOL1 ...
2 widg_trigger 0 R/W CURR4_GPI04 as trigger input for the
watchdog; the actual pin is selected by setting
GPIOXIOSF to 01b(watchdog mode) and
GPIOXMode=010b (GPIO digital input)
(X=1...4)

Table 157. Watchdog minimum timer definitions

Watchdog_min timer

Addr:61 - - .
These bits set the watchdog minimum timer
Bit Bit Name Default | Access Description
. i Defines the minimum watchdog trigger time
7:0 Wtdg_min_timer 00h R/W (LSB=7.5ms, range: 0 — 1.9s)

Table 158. Watchdog max timer definitions

Watchdog_max timer

Addr:62 - - -
These bits set the watchdog maximum timer
Bit Bit Name Default | Access Description
. ; Defines the maximum watchdog trigger time
70 Widg_max_timer FFh RIW (LSB=7.5ms, range: 7.5ms — 1.9s), do not set to (00)h
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Watchdog software signal
Addr:63 . :
This bit sets the watchdog software trigger
Bit Bit Name Default | Access Description
0 wtdg_sw_signal 0 R/W | Trigger input by the serial interface if wtdg_trigger = 0
Figure 57. Watchdog timing diagram
e tmin ol max N
1€ < g
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wtdg_trigger )| | \ |
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10.7 General Purpose 10 Bit ADC
Table 160. ADC Characteristics
Symbol Parameter Min Typ Max Unit Note
Resolution 10 Bit
Input Voltage .
Range Vin 0 1.8 \%
Differential 1LSB 1.76mV (depending on
Nonlinearity DNL +0.25 eh selected channel)
Integral
Nonlinearity INL +05 LSB
Input Offset
Voltage Vos 2 LSB
Input Impedance Rin 100 MQ
Input Capacitance Cin 9 pF
Pov(v:%rrrsetrjﬁ)ply Idd 500 LA During conversion only
Power Down
Current ldd 100 nA
Transient Parameters (25°C)
Conversion Time Tc 40 us
foe i internal CLK frequency/8
Clock Frequency fc C"‘g'm kHz Programmable:
0.2 t0 0.2875 MHz
Settling time of
S&H ts 1 us
ADC_IN1 pull up Pull up current for ADC_IN1, if
current 14.25 15 15.75 HA adc_idc=1111b
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Table 161. ADC control Registers bits
ADC_control
Addr:96 . - .
This register controls the 10 Bit ADC
Bit Bit Name Default | Access Description
Selects an ADC channel
0000 ADC1_IN (LSB = 1.76mV)
0001 ADC2_IN (LSB = 1.76mV)
0010 VBAT Battery voltage (LSB=5.27mV)
0011 | VCHARGER (LSB=17. 6mV) clamping at 10V
0100 V_USB Voltage (LSB=5.27mV)
3:0 adc_select 0000b R/W 0101 not used
temperature sensor:
0110 | DIE temperature [°C] = adc_result * 0.866 —
274
0111 ADC test channel — do not use
1000 check voltage on MICS for remote control or
external voltage measurement (LSB=3.52mV)
1001 VBACK voltage (LSB=3.52mV)
select ADC sampling frequency
4 adc_slow 0Ob R/W 0 275kHz (conversion time: 60ps)
70kHz (conversion time: 240us)
5 - - - reserved (do not use)
Writing a 1 into this bit continuously activates the ADC
S/H and the input multiplexer. The ADC and the MUX
6 adc_on Ob R/W are also activated for a conversion period when
start_conversion is set to ‘1’ — useful for high
impedance input sources on ADC1_IN or ADC2_IN
7 start_conversion Ob R/W Writing a 1 into this bit starts one ADC conversion.

Table 162. ADC MSB result register

ADC_MSB result

Addr:97
This register shows the MSB result of the ADC conversion

Bit Bit Name Default | Access Description

0 D3 NA R ADC result register

1 D4 NA R ADC result register

2 D5 NA R ADC result register

3 D6 NA R ADC result register

4 D7 NA R ADC result register

5 D8 NA R ADC result register

6 D9 NA R ADC result register

Indicates end of conversion
7 result_not_ready NA R 0 result is ready
1 conversion is running
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Table 163. ADC LSB result register

System Functions

ADC_LSB result

Addr:98
This register shows the LSB result of the ADC conversion
Bit Bit Name Default | Access Description
0 DO NA R ADC result register
1 D1 NA R ADC result register
2 D2 NA R ADC result register
7:3 - - - reserved (do not use)

Table 164. ADC IDAC register

ADC idac
Addr:46 - - - -
This register controls the current sink on pin ADC_IN1
Bit Bit Name Default | Access Description
Current source at ADC_IN1 input
Set to 0000 if battery temperature supervision
is enabled.
) 0000 OpPA (current sink disabled)
0 adc_idac 000b R/W
0001 1pA
1111 15 pA
Figure 58. ADC Timing-diagram

12C Bus start_conversion=1

275kHz 1] [2] [3 12| [13

Sample ‘

ADC_ON
start_adc \—

result_not ready
D<9:0> old_Data Data not valid Data ready
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10.8 Internal References (V, |, fclk)
The internal reference circuits needs the following external components:
Table 165. Reference External Components
Symbol Parameter Min Typ Max Unit Note
CEXT External filter capacitor| -10% 100 +10% nF Ceramic low-ESR capacitor

between CREF and VSS

External bias current

Bias Current set resistor between
set resistor -1% 220 +1% ke

RBIAS RBIAS and VSS

Table 166. References Parameters

Symbol Parameter Min Typ Max Unit Note

Low noise trimmed voltage
VCEXT Reference Voltage -1% 18 +1% \% reference — connected to Pad
CREF; do not load

Adjustable by serial interface
register clk_int

Accuracy of Internal

reference clock -10 feLK +10 %

fCLK

To reduce the current consumption of the chip, the circuit can be set into a special low power mode with the serial
interface bit ‘low_power_on’. All specification parameters except the noise parameters are still valid for this mode.

Table 167. Internal references Bit definitions

Internal references Bit definitions
Addr:59 These bits control the internal reference mode and internal clk
frequency
Bit Bit Name Default | Access Description
0 Standard mode
0 low_power_on 0Ob RIW 1 Low power mode — all specification except
noise parameters are still valid
Sets the internal CLK frequency fCLK used for fuel
gauge, DCDCs, PWM, charge pump.
All frequencies, timings and delays in this datasheet
are based on 2.2MHz clk_int
000b 1.6 MHz
001b 1.7 MHz
31 clk_int 110b R/W | 010b 1.8 MHz
011b 1.9 MHz
100b 2.0 MHz
101b 2.1 MHz
110b 2.2 MHz (default)
111b 2.3 MHz

10.8.1 Low Power Mode

Use bit low_power_on (reg. References Control (see Table 167)) to activate the Low Power Mode. In this mode the
on-chip voltage reference and the temperature supervision comparators are operating in pulsed mode. This reduces
the quiescent current of the AS3658 by 45uA (typ.). Because of the pulsed function some specifications are not fulfilled
in this mode (e.g. increased noise), but still the full functionality is available.

Note: Low power mode can be controlled by the serial interface.
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10.9 Real-Time Clock (RTC) Module

The RTC module provides time information to the system. It is implemented as a 6-bit counter that is incremented
every second - with the 32kHz oscillator delivering the necessary accurate time base — and is reset to 0 each time the
counter value is 60. An additional 24-bit minute counter is incriminated each time the 6-bit counter is reset to 0. Both
counters are set to O at a power-on-reset. The host controller can set the counter to any value by setting the RTC 1...4
registers.

To prevent ambiguous time information because of the 30-bit value being incremented before all of the 4 registers
have been read or written, a 30-bit parallel shadow register is implemented. Every time a write/read access via the
serial interface occurs the parallel shadow register is updated with the current value of the 30-bit counter. Any write
access to the RTC 1 register will disable the update of the parallel register and set the value of the appropriate byte of
the parallel register. Any subsequent write access to the RTC 4 register will transfer the current value of the 30-bit
parallel register to the RTC 1...4 registers and the update of the parallel register is enabled again. Similarly, any read
access to the RTC 1 register will freeze the current value of the parallel register and submit the appropriate byte to the
host controller via the serial interface. Any subsequent read access to the RTC 4 register will enable the update of the
parallel register again. This mechanism makes sure that the maximum error of the value that is written to or read from
the registers is 1 second.

The startup state after power on reset:RTCSecond=3F, RTCMinutel=FF, RTCMinute2=FF, RTCMinute3=FF
To start the RTC, rtc_mode bits have to be set to a non zero value, and the RTC registers have to be set.
The RTC stops automatically at its highest value (3F,FF,FF,FF) to prevent overrun.

Table 168. RTC Second Register

RTCSecond
Addr:64 These bits represents the actual RTC second register
register is reset at power-on-reset only
Bit Bit Name Default | Access Description
5:0 RTCSecond 00h R/W Bits 5:0 of the 6-bit RTC second counter
7:6 - - reserved

Table 169. RTC Minutel Register

RTCMinutel
Addr:65 These bits represents the actual RTC Minutel register
register is reset at power-on-reset only
Bit Bit Name Default | Access Description
7:0 RTCMinutel 00h R/W Bits 7...0 of the 24-bit RTC minute counter

Table 170. RTC Minute2 Register

RTCMinute2
Addr:66 These bits represents the actual RTC Minute2 register
register is reset at power-on-reset only
Bit Bit Name Default | Access Description
7:0 RTCMinute2 00h R/W Bits 15:8 of the 24-bit RTC minute counter

Table 171. RTC Minute3 Register

RTCMinute3
Addr:67 These bits represents the actual RTC Minute3 register
register is reset at power-on-reset only
Bit Bit Name Default | Access Description
7:0 RTCMinute3 00h R/W Bits 23:16 of the 24-bit RTC minute counter
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The RTC module includes an alarm function. When the content of the RTC 1...4 registers equals the content of the
RTC Alarm 1...4 registers bit RTCAlarm will be set in the Interrupt 1 register. Furthermore the RTC module can
generate an interrupt every second (RTC1Sec will be set) and every minute (RTC1min will be set every time the 6-bit
second counter is reset to 0). For further details on interrupt generation please refer to Interrupt Controller on page
124.

To avoid ambiguous behavior during write access to the RTC Alarm 1...4 registers any write access to the RTC Alarm
1 reqister will disable the alarm function; any subsequent write access to the RTC Alarm 4 will enable the alarm
function again.

Table 172. RTC Alarm second Register

RTC AlarmSecond

Addr:68 These bits set the RTC Alarm Seconds
register is reset at power-on-reset only

Bit Bit Name Default | Access Description
5:0 RTCAlarmSecond 3Fh R/W Bits 5...0 of 6-bit RTC second alarm value

Table 173. RTC Alarm minutel Register

RTC AlarmMinutel

Addr:69 These bits set the RTC Alarm Minutel
register is reset at power-on-reset only

Bit Bit Name Default | Access Description
7:0 RTCAlarmMinutel FFh Bits 7:0 of the 24-bit RTC minute alarm value

Table 174. RTC Alarm minute2 Register

RTC AlarmMinute2

Addr:70 These bits set the RTC Alarm Minute2
register is reset at power-on-reset only

Bit Bit Name Default | Access Description
7:0 RTCAlarmMinute2 FFh Bits 15:8 of the 24-bit RTC minute alarm value

Table 175. RTC Alarm minute3Register

RTC AlarmMinute3

Addr:71 These bits set the RTC Alarm Minute3
register is reset at power-on-reset only

Bit Bit Name Default | Access Description
7:0 RTCAlarmMinute3 FFh Bits 23:16 of the 24-bit RTC minute alarm value
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System Functions

RTCT
Addr:72 These bits set the RTC correction and RTC interrupt mode
register is reset at power-on-reset only
Bit Bit Name Default | Access Description
These bits are used to correct the inaccuracy of the
used 32kHz crystal. Correction is done all 8 seconds
by removing or adding two clock cycles.
Trimming register for RTC, 128 steps @ 7.6ppm
100000 - 480.4ppm
100001 -472.8ppm
: <6:0>
6:0 RTC_TBC<6:0 0000000 | R/W I 7.6ppm
000000 Oppm(default)
000001 7.6ppm
011110 472.8ppm
011111 480.4ppm
0 generate an interrupt every second
7 rtc_irg_mode 0 R/W generate an interrupt every minute
1 The interrupt has to be enabled by
rtc_rep_int_m=0
Table 177. Reset Timer Register
Reset Timer
Addr:22 -
These bits set RTC modes
Bit Bit Name Default | Access Description
0 Disables RTC alarm wakeup in power off
4 rtc_alarm_wakeup_en ROM RIW mode
1 Enable RTC alarm wakeup in power off mode
Disables RTC repeated wakeup in power off
0 mode
5 rtc_rep_wakeup_en ROM R/W -
1 Enable RTC repeated wakeup in power off
mode
00 32kHz oscillator off
01 32kHz oscillator enabled
7.6 rtc_mode ROM R/W - -
10 32kHz oscillator enabled, Pin Q32k enabled
11 reserved (do not use)
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10.10 Touchpen Interface

The touchpen interface controls a resistive touchpen. It has the following features:
m Low Power Pen Detect

m Measure pen X,Y position

m Measure pen pressure (Z-position)

m Interrupt, if X,Y,Z data is available; one dedicated output — CURR4_GPIO4 can be configured to be used as
touchpen interrupt output and/or standard interrupt output XINT

m  The conversion interval can be adjusted
m Upto 16 ADC conversion can be averaged internally
m The sample time of the ADC can be adjusted

m The pin CURR3_GPIO3 can be configured to enable/disable the ADC conversion (useful if the processor updates
the LCD to avoid parallel reading of the touchpen position)

The touchpen interface shares the pins with the SPDIF output and the 12S Output 3. If the touchpen interface is used,
the SPDIF and the 12S Output 3 cannot be used (and has to be disabled).

Note: The touchpen interface and the ‘General Purpose 10 Bit ADC’ can be used at the same time.

Figure 59. Touchpen Block diagram
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The touchpen controller is operating according to the following state diagram:

Figure 60. Touchpen State diagram
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10.10.1 Software guidelines
1. Setup the configuration registers (tpen — control 1..3) according the hardware
2. Enable receiving of touchpen interrupts (either through XINT or GPI04_CURR4)

3. Upon receiving of a touchpen interrupt, readout tpen_xmsb, tpen_ymsb (and if required tpen_pressmsb and
tpen_xypresslsb) with a single 12C blockread. This ensured, that the x,y,z is correctly readout and all data belong
to one single touchpen x,y,z conversion

4. Perform all the required processing with the data (e.g. accept a pen-down only if the pen is forced onto the
touchscreen with a minimum pressure [z-position])
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10.10.2 Touchpen Registers
Table 178. Touchpen Register Map
geef?riisttigrn Addr | Default Content
Name b6 b5 b4 b3 b2 b1l b0
tpen_xmsb 108 NA XD9 XD8 XD7 XD6 XD5 XD4 XD3 XD2
tpen_ymsb 109 NA YD9 YD8 YD7 YD6 YD5 YD4 YD3 YD2
tpen_pressmsb 110 NA PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2
tpen_xypressisb | 111 NA PD1 PDO 0 YD1 YDO 0 XD1 XDO
tpen —control 1 | 112 00h tpepne_nst_ tper::_eo tpen_avg tpen_soc tpen_convint tpen_on
tpen —control 2 | 113 00h tpig_dso tperilt_wa tpg?e_scsurr tpen_pu
tpen —control 3 | 114 00h tpen_timeo | tpen_deb tpen_sample
ut_en ounce
Note: The cells marked in color are Read only
Table 179. Touchpannel Result Register Bits
T Touchpad_XMSB result
X-MSB result register
Bit Bit Name Default | Access Description
7:0 tpen_xmsb 00000000 R X — MSB Data
Table 180. Touchpannel Result Register Bits
A Touchpad_YMSB result
Y-MSB result register
Bit Bit Name Default | Access Description
7:0 tpen_ymsb 00000000 R Y — MSB Data
Table 181. Touchpannel Result Register Bits
A Touchpad_Pressure result
Pressure result register
Bit Bit Name Default | Access Description
7:0 tpen_pressmsb 00000000 R Pressure - Data
Table 182. Touchpannel Result Register Bits
Al 1 Touchpad_XY - LSB result
X - MSB result register
Bit Bit Name Default | Access Description
1:0 tpen_xIsb 00 R X —LSB Data
4:3 tpen_ylsb 00 R Y — LSB Data
7:6 tpen_presslisb 00 R Pressure — LSB Data
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Table 183. Touchpannel Control Register Bits

Touchpad — control 1
Addr:112 - - -
This register controls the different modes of the Touchpad
Bit Bit Name Default | Access Description
Enables Touch Pen Function
0 OFF (No wakeup on pen down)
0 tpen_on 0 R/W Pen Detect enabled - wakes up Pen
1 Digitizer > Check Pen_Status -> if pen-
detect or tpen_soc_pd=1 and tpen_soc=1
then perform X,Y,Z measurements
Conversion Interval Timer
00 No delay between conversions
01 every 512 clock periods (0,5 ms) ADC —
2:1 tpen_convint 00 R/W Averaging limited to max. 4
10 every 1024 clock periods (1ms) ADC —
Averaging limited to max. 8
11 every 10240 clock periods (10ms)
Start Conversion (x,y, and z conversion)
0 No Conversion if pen down detected
3 tpen_soc 0 R/IW .
Start Conversion if pen down detected or
1 tpen_soc_pd=1 and tpen_on=1 (X, Y and
Z-Pressure Measurement)
Averaging of x and y measurement
00 no averaging
5:4 tpen_avg 0 R/W 01 4 measurements (per channel)
10 8 measurements (per channel)
11 16 measurements (per channel)
ADC - End of Conversion bit
0 TP in Power down or Conversion ongoing
6 tpen_eoc 0 R/W Valid TP data available (x,y, and pressure)
1 generates an interrupt on GP104_CURR4
and/or XINT; the interrupt is released when
the readout from the tpen_xmsb is started
Pen status
7 tpen_st_pen 0 R 0 penup
pendown
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Table 184. Touchpannel Control Register Bits

Touchpad — control 2

Addr:113 - - -
This register controls the different modes of the Touchpad
Bit Bit Name Default | Access Description
Internal Resistor used for Pen detection
00000 Do not use this Setting
00001 4kQ
00010 8kQ
00100 16kQ
4:0 tpen_pu 00000 R/W
01000 32kQ
10000 64kQ (most sensitive)
11111 ~ 2kQ
Current used for pressure measurement
5 tpen_currpress 0 R/W 0 200pA
1 400pA
0 Do not wait until tpen_xmsb is readout
6 tpen_wait 0 RIW 1 Start next ADC — conversion after data is
read from Register tpen_xmsb
0 Start conversion only if tpen_st_penis 1
and tpen_soc=1 and tpen_on=1
7 tpen_soc_pd 0 R/W -
1 Measure regardless of pen Status (only if
tpen_soc=1 and tpen_on=1)

Table 185. Touchpannel Control Register Bits

Touchpad — control 3

Addr:114 - - -
This register controls the different modes of the Touchpad
Bit Bit Name Default | Access Description
Sample Time of ADC
0 3us
0:1 tpen_sample 00 R/W 1 10us
2 50us
3 200pus
0 Pen-down Debounce Time 100us
2 tpen_debounce 0 R/W
1 Pen-down Debounce Time = 3ms
Enables Timeout Signal (ADC conversion is
stopped during tiemeout = 1)
3 tpen_timeout _en 0 R/W 0 off
1 GPIO3_CURRS3 can be configured as input
for the timeout signal — see block diagram
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Register @)
Definition Z = g.. Content
Q X
Name = S | b7 b6 bs | b4 | b3 | b2 | b1 | bo
Step Down sdl_clki | sd1_freq
Voltage1 0 | Oh |[ROM v T step_downl_v
Step Down sd2_clki | sd2_freq
Voltage2 1 1h |ROM ey T step_down2_v
Step Down sd3_clki | sd3_freq
Voltage3 2 2h |ROM v g step_down3_v
LDO_RF1 rfl_swpr| rfl_lcurr
Voltage 3 | 3h |[ROM ot en ~en Ido_rfl_v
LDO_RF2 double_r | slow_sta| rf2_lcurr
Voltage 4| 4h |ROM eset rtup _en Ido_rigpv
LDO_RF3 rf3_hotpl| rf3_lcurr
Voltage 5 | 5h |ROM ug_en “en Ido_rf3_v
L%gﬁe%gl 6 | 6h ROM ldo_digl v
LL\)/(gE%gsz 7 | 7h |[ROM Ido_dig2_v
L'?gﬁ%gf* 8 | 8h |ROM Ido_dig3_v
L'?/(gﬁgg“ 9 | oh |ROM Ido_dig4_v
dis_bats
USB Charger ext_bats | No_char = usb_chg
Control 10 | Ah |ROM w_en ging W_E)?gj[p En usb_Current
Charger Isolate_b| ch_det_ | charging| usb_hol | Auto | CHOVD | Ch_pwr
Controll 11| Bh |ROM at 500ms | _tmax | d_chdet | Resume| etEn off_en ChEn
Battery voltage | 15 | ch |Rowm | FastRes | SupRes ResVoltFall ResVoltRise
Charger Config| 13 | Dh |ROM ChVoltResume Vsupply_min ChVoltEOC
Charger ntc_high | auto_sh ;
supervision 14 | Eh | ROM| ntc_type | ntc_hyst “femp | utdown ch_timeout
power_o
FuelGauge 15| Fh |ROM ntc_on ff_at_vs CalMod CalReq | UpdReq | FGERN
uplow
(C::Z?lrgr?tr 16 | 10h | ROM ch_voltage ConstantCurrent TrickleCurrent
Charge Pump : cp_puls
Control 17 | 11h |ROM sdx_1A_mode sd1l_dvm_time | cp_freq eskip
GPIO 1 18 | 12h | ROM gpiol_pulls gp\i/oe:tt_in gpiol_iosf gpiol_mode
GPIO 2 19 | 13h |[ROM|  gpio2_pulls gp\lloezrt_m gpio2_iosf gpio2_mode
GPIO 3 20 | 14h |ROM gpio3_pulls gp\iloes;t_in gpio3_iosf gpio3_mode
GPIO 4 21 | 15h |ROM gpio4_pulls gp\i/(g:t_in gpio4_iosf gpio4_mode
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Register

o
Definition Z = g.. Content
Q X
Name = S | b7 b6 b5 b4 b3 b2 | b1 | bo
rtc_rep_ | rtc_alar xon ena
Reset Timer | 22 | 16h | ROM rtc_mode wakeup | m_wake bie res_timer
_en up_en
Reg Powerl Ido_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl_
Ctrl @ 6 msec 23 | 17h |ROM| cp_on | sd3_on | sd2_on | sd1_on on on on on
Ido_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl
cp_on | sd3 on | sd2_on | sd1_on - - — = — =
Reg Powerl 24 | 18h | ROM @7 @7 @7 @7 on on on on

@7 @7 @7 @7

msec msec msec msec

cp_on | sd3 on | sd2 on | sdi on Ido_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl_

Reg Powerl on on on on
25 | 19h |ROM @8 @8 @8 @8 = =
Crl @ 8 msec msec msec msec msec @8 @8 @8 @8

msec msec msec msec

cp_on | sd3 on | sd2 on | sd1 on Ido_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl_

Reg Powerl on on on on
26 | 1Ah |ROM @9 @9 @9 @9 = =
Crl @ 9 msec msec msec msec msec @9 @9 @9 @9

msec msec msec msec
ldo_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl_
on on on on

@ 10 @10 @10 @ 10
msecC msecC msecC msecC

cp_on | sd3 on | sd2 on | sdl on Ido_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl_

Reg Powerl —on _on on on
cil @ 11 msec| 28| 1Ch ROM- @11 A @1l 71 @1l | @l g1, | gu | en eu
msec msec msec msec

cp_on | sd3 on | sd2 on | sd1 on Ido_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl_

Reg Powerl = — _on _on on on
ctl @ 12 msec| 2° | 1M ROMP @12 1 @12 | @12 | @12 | 515 | @12 | @12 @ @12
msec msec msec msec

Ctrl @ 7 msec msec msec msec msec

cp_on | sd3 on | sd2_on | sd1_on

Reg Powerl S = & =
27 | 1Bh |ROM| @10 @ 10 @ 10 @ 10

Cirl @ 10 msec msec msec msec msec

Reg Power2 stpup2_ | stpupl_ Ido_dig4 | Ido_dig3
Ctrl 30 | 1IEh |ROM| rf3_sw N on rf2_sw | rfl_sw on on Ido_rf3

Reg GPIO Ctrl | 31 | 1Fh | ROM Ido_dig3 sdsagpi stEgpi sdlagpi Ido_dig2 | Ido_digl | Ido_rf2_ | Ido_rfl_

_gpio _gpio _gpio gpio gpio

Step Up DC/DC 32 | 20h | 00Oh stpup2_r stpup2_f| stpup2_f| stpupl_r stpupl_f| stpup2_

Control es req b_auto es req clkinv
SeRUPLOCI 3 2un | oon |cimeou SUBL e
Step QP2 DT | 34 | 22h | oo [SPUPZP spup2_f stpup2_v

Séeg)nltDrgn/n 35 | 23h | 00h sdia?]sw sdiaﬁsw sdia?]sw sdi(_)pr)lsw

Séeé)ngg:gn 36 | 24h | 00h stI;B(g]is_ si%acrj]is S(inB?]is sdX_Ipo sdiar;]sw sdiagr)]sw
charger control| 37 | 250 | 02h Seormin | Seurmin | Scurmin < Tiode | sdo_pon Sdegfred
Bacgﬁgrgg}tery 38 | 26h | 40h BBCPWI BBCVOlt BBCCur BBCRES|  BBCMode
DCDSaSéJRRl 39 | 27h | 00h dcdc_currl_current

www.austriamicrosystems.com Revision 1v13 149 - 157



AS3658 i i @? austriamicrosystems
Data Sheet Confidential - Register map
Table 186. Register Map
Register @)
Definition Z = g.. Content
Q X
Name = = b7 | b6 | b5 | ba | b3 | b2 | b1 | bo
DCDC_CURR2
value 40 | 28h | 00h dcdc_curr2_current
CURR1 value | 41 | 29h | 00h currl_current
CURR2 value | 42 | 2Ah | 00h curr2_current
CURR3value | 43 | 2Bh | 00h curr3_current
CURR4 value | 44 | 2Ch | 00h currd_current
DCDC_CURR3
vaiue 45 | 2Dh | 00h dcdc_curr3_current
ADC idac 46 | 2Eh | 00h adc_idac
: b_chd | charging :
LowBat_i| ovtmp_ | onkey_ | chdet_ usb_{ 2 | cheoc_i | chstate_
Interrupt Maskl| 47 | 2Fh | FFh nt_m int_m int_m int_m ineit_m _tnnt1ar>r<1_| nt.m int_m

Interrupt Mask2| 48 | 30h | FFh stpupl_i| bat_tem | hphcurr_| dig2_lv_i| digl_Iv_i| sd3 Iv_i| sd2_Iv_i| sd1_Iv_i

nt_m p_m int_m nt_m nt_m nt.m nt_m nt_m
) voxm_in | mic_rem | mic_con | rtc_rep_i| rtc_alar | dig4_Iv_i| dig3_Iv_i
Interrupt Mask3)| 49 | 31h | FFh tm _int m | _int_m ntm |m_int.m| ntm nt_m
Interrupt q f q . | usb_chd| charging . | chstate_
Status1 50 | 32h | NA |LowBat_i| ovtmp_i | onkey_i | chdet i et | “tmax_] cheoc_i :
nferrupt | 51| 33h | NA | Stpupd_i batj—‘fm MPNCUMT_| Gig ty_i| digl_Iv_i| sd3_Iv_i | sd2_Iv_i| sd1_Iv_i
lg{g{&ggt 52 | 34h | NA - VOXm_i mlc_irem mlc_icon rtc_rep_i rtcrﬁaliar dig4_Iv_i| dig3_lv_i
Low voltage stpupl_d| stpupl_ q f
Status1 53 | 35h | NA 5 - dig2_lv | digl_lv | sd3 Iv | sd2_Iv | sdl_Iv
Low voltage bat_high| bat_lowt | dcdc_cu | dedc_cu | dedc_cu | :
Status2 54| 36h | NA temp emp rr3_lv rr2_lv rml_Iv dig4_lv | dig3_lv

GPIO Signal | 55 | 37h | NA | gpio4_in | gpio3_in | gpio2_in | gpiol_in| gpio4 gpio3 gpio2 gpiol
PWM
Frequency _
Control High | 26 38h | 0Oh pwm_h_time
Time
PWM
Frequency _
Control Low | 27 | 39| 00h pwm_|_time
Time

CURR control | 58 | 3Ah | 00h pwm_div dcdc_curr3_ctrl dcdc_curr2_ctrl dcdc_currl_ctrl

Reg_low standby

References ; : : low_pow
Control 59 | 3Bh | Och _bl)e:jse_m clk_div2 _mgr?e_ clk_int be

Watchdog wtdg_tri | wtdg_re

Watc%ﬂ?gr—min 61 | 3Dh | 00h wtdg_min_timer

Watchdog_max
Timer 62 | 3Eh | FFh

Watchdog wtdg_
Software Signal 63 | 3Fh | 0Oh sSw_sig

wtdg_max_timer
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Table 186. Register Map

Register o
Definiton | & | T | & Content

e x | E

Name =

RTCSecond | 64 | 40h | 00Oh
RTCMinutel | 65 | 41h | O0h
RTCMinute2 | 66 | 42h | 00h
RTCMinute3 | 67 | 43h | 00h

o

RTCAIﬁ(rijeco 68 | 44h | 3Fh
RTCAlarmMinu 69 | 45h | FFh
tel
RTCAlarmMinu | 2o | 461 | EER
te2
RTCAlarmMinu
03 71 | 47h | FFh
RTCT 72 | 48h | 00h
SRAM 73 | 49h | 00h

Audio Setl 74 | 4Ah | 00h | equ_on | mclk256 melk_inv| aud_ldo | gnd_sw mix_on | dac_on | lin_on

ert _on _on
Audio Set2 | 75 | 4Bh | ooh | 12S-nclk 12S_sele ibr_hph 125_301 ith_on ibr_dac
Audio Set3 76 | 4ch | ooh linmix_of | micmix_ | dacmix_ adc off | mic on | YOXM_O hp_pulid | pll_mod
f off off ge_! — n _en e
DAC L | 77 | 4Dh | 0Oh dac_mut dal_vol
DAC_R 78 | 4Eh | 00h dar_vol
ADC_L 79 | 4Fh | 00h | ad_fs2 |294C MU age on adl_vol
ADC_R 80 | 50h | 00h adcmux adc2dac adr_vol
HPH out R 81 | 51h | 00h hp_ovc_to hpcrfn_of hpr_vol
HPH out L 82 | 52h | 00h | hp_mute | hp_on | hp_mux hpl_vol
Line out R 83 | 53h | 00h ibr_line liner_vol
LineoutL | 84 | 54h Ooh | Me_MUL| jing o |dac2iine linel_vol
LINE_IN_R | 85 | 55h | oon ™Mute_mi mute_off lir_vol
LINE_IN_L | 86  56h | OOh m”tﬁﬂ"ﬁ lil_vol
MIC_R 87 | 57h | 00h micaﬁgc pre_gain mr_vol
MIC_L 88 | 58h | 00h | msup_off muted_off rdet_off ml_vol
: sclk_inv | sdo3_se | spdif_co | spdif_m | spdif_inv :
SPDIF 89 | 59h | 00h | audio_off ort lect oy ok | clk_inv A spdif_cntr
EQ _LP 90 | 5Ah | 00h eqg_lp_gain
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Table 186. Register Map

Register o
Definiton | & | 3 ot Content
o | X
Name = = b7 | b6 | b5 | b4 b3 | b2 | b1 | bo
EQ Bandl 91 | 5Bh | 00h eq_bandl_gain
EQ_Band2 92 | 5Ch | 00h eg_band2_gain
EQ_Band3 93 | 5Dh | 00h eg_band3_gain
EQ _HP 94 | 5Eh | 00h eq_hp_gain
EQ _preamp | 95 | 5Fh | 00h eq_ pre_gain
start_con adc_slo
ADC_control | 96 | 60h | 00h version adc_on W adc_select
ADC_MSB result_no %
result 97 | 61h | NA { ready D9 D8 D7 D6 D5 4
ADC_LSB
result 98 | 62h | NA DO
ChargerStatus | 99 | 63h | NA ChLinear‘ NoBat ‘ EOCr Trickle ChDet
ChargerStatus_ cl batsw_o | be SB_Ch| USB_Ch
usb 100| 64h | NA n \ Dat

DeltaChargewms | 101 | g5n | NA
B

DeltachargeLS 102 66h NA
B

ElapsedTimem 103| 67h | NA
SB

ElapsedTimeLs | 104| g8h | NA
B

xon_inp | power_o | force_re
Reset Control | 105| 69h | NA eset 5s I > set
rst_ov_t
Overtemperatu — "~ |ov_temp| ov_temp| temp_p
re Control 106) 6Ah | NA em%_14 _140 _110 mc_on
Boot_status |107| 6Bh | NA r\f’a’}i‘a rom_adr
tpen_xmsb | 108| 6Ch | NA XD8 XD7 XD6 XD5 XD4 XD3 XD2
tpen_ymsb | 109| 6Dh | NA 9 YD8 YD7 YD6 YD5 YD4 YD3 YD2
tpen_pressmsb | 110 | 6Eh | NA PD9 PD8 PD7 PD6 PD5 PD4 PD3 PD2
tpe“—xﬁpress's 111| 6Fh | NA | PD1 PDO 0 YD1 | YDO 0 XD1 | XDO
tpen — control 1| 112 | 70h | 00h tpepr:e_nst_ tpell_eo tpen_avg tper::_so tpen_convint tpen_on
_ tpen_soc | tpen_wa | tpen_cur
tpen — control 2| 113 | 71h | 00h pd it rpress tpen_pu
tpen_tim | tpen_de
tpen — control 3| 114 | 72h | 00h eout_en | bounce tpen_sample
ASICID 1 127| 7Fh | NA 1 1 0 0 1 1 0 1
ASICID 2 128| 80h | NA 0 1 0 1 rev
Ido_dig2 | Ido_digl
Reg_ standby cp_stby | sd3_stb | sd2_stb | sd1_stb = = Ido_rf2_ | Ido_rfl_
mod 129| 81h | OOh on y_on y_on y_on _stl?]y_o _stl?]y_o stby_on | stby_on
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Table 186. Register Map

Definition x|z | ¢ content

Name ST s b7 b6 | bs | b4 | b3 b2 | b1 | bo

USb_CL:rl;rent_tl’i 130| 82h | 00 usb_add_trim_current<2:0>

12 master 131| 83h | 00 i2s_clk_divider<7:0>

12 master | 132| gan | op | PCm_MO i:jé)lﬁ(l)fé i lst:Tgc% eroa®| i2s_clk_divider<10:8>

Stggn?rg\lgn 133| 85h | 00 sd:?n_i ;N" sd%n_i;lvli sd:er lt.lvli

UniquelDO. 1197 csh | NA ID<7:0>, addrf<7:0>

uniquelDL, | 198| coh | NA ID<15:8>, addrf<15:8>

uniqueiD2, 1 199| c7h | NA ID<23:16>, addrf<23:16>

uniqueiD3, | 200/ cah | NA ID<31:24>, addrf<31:24>

uniqueida, 1 501| con | NA ID<39:32>, romf0

UniquelDS, 502 | can | NA ID<47:40>, romf1

UniquelDe. | 503| ch | NA ID<55:48>, romf2

Uniqueid?, | 204| ccn | NA ID<63:56>, romf3

Uniquelbs, | 205 con | NA ID<71:64>, romf4

UniqueiD9, | 206| ceh | NA ID<79:72>, romf5

uniqueiD10, 507 crh | NA ID<87:80>, romf6

Entries marked are read only
Entries are not reset in power off mode
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12 Package Drawings and Marking
Figure 61. CTBGA124 8x8 0.5mm pitch
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Figure 62. CTBGA124 Marking

Package Drawings and Marking
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12.1 Pinout Drawing (Top view) CTBGA 8x8mm

Figure 63. Pinout drawing
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13 Ordering Information

The device is available as the standard products listed in Table 189.

Table 189. Ordering Information

Model Marking Descriptiom Delivery Form Package
AS3658B-BCTP | AS36588 | POWer and audio fanagement Unit for Portable | Tape ang e " SXBEnE??C:(L%.ZSAfmm
AS3658C-BCTP | As36s8c | Power and Audio Management Unit for Portable | Tape and Reel in 8x8?nGmA:(L)254mm

Devices, Boot-ROM Version C Dry Pack pit’ch.
AS3658D-BCTP | AS3658D Power and Audio Management Unit for Portable | Tape and Reel in SXS%%A%)ZE?mm
Devices, Boot-ROM Version D Dry Pack pich
AS3658E-BCTP | AS3658E Power and Audio Management Unit for Portable | Tape and Reel in 8x8%(r3nA(1)2;1mm
Devices, Boot-ROM Version E Dry Pack pifch'
AS3658E1-BCTP | AS3658E1 | POwer and Audio Management Unit for Portable | Tape and Reel in 8x8|r3n(r3nA(l)2gmm
Devices, Boot-ROM Version E1 Dry Pack pifch'
AS3658F-BCTP | AS3658F | Power and Audio Management Unit for Portable Tape and Reel in 8x8E1?nA%)2émm
Devices, Boot-ROM Version F Dry Pack pit’ch.
Description: AS3658x-BCTP
x: Boot-ROM version
B: Teperature Range: Z = -40°C to 85°C
CT.: Pacakage: CTBGA
P:Delivery Form: Tape and Reel in Dry Pack
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Copyrights

Copyright © 1997-2010, austriamicrosystems AG, Schloss Premstaetten, 8141 Unterpremstaetten, Austria-Europe.
Trademarks Registered ®. All rights reserved. The material herein may not be reproduced, adapted, merged,
translated, 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.
austriamicrosystems 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
technical 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.

@ austriamicrosystems

Contact Information

Headquarters

austriamicrosystems AG
A-8141 Schloss Premstaetten, 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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