AKM [AK4650]

AsahiKASEI AK4650

ASAHI KASEI EMD
16Bit AX CODEC with MIC/HP/SPK-AMP & TSC

| GENERAL DESCRIPTION |
The AK4650 targeted at PDA and other low-power, small size applications. It features a 16bit stereo
CODEC with a built-in Microphone-Amplifier, Headphone-Amplifier, Speaker-Amplifier and Touch Screen
Controller. Input circuits include a Microphone-Amplifier and an ALC (Auto Level Control) circuit. The
AK4650 is connected with AC’97 controller (CPU) via AC-Link. The AK4650 is available in a very small
57pin BGA, utilizing less board space than competitive offerings.

| FEATURES |
1. Resolution: 16bits
2. Recording Function
e Mono Input (Single-ended or Differential Input)
¢ 2 to 1 Selector (Internal and External MIC)
e MIC Power: 2 outputs (Internal and External MIC)
« 1% MIC Amplifier: +20dB or 0dB
e 2" Amplifier w ith ALC: +27.5dB ~ —8dB, 0.5dB Step
¢ ADC Performance (@MIC-Amp=+20dB, Single-ended):
S/(N+D): 79dB, DR, S/N: 83dB
¢ MIC Detection
3. Playback Function
e Digital De-emphasis Filter (tc=50/15 ps, fs=32kHz, 44.1kHz, 48kHz)
¢ Digital Volume (0dB ~—63dB, 0.5dB Step, Mute)
» Bass Boost
e Mono Output
- Full-differential Output
- S/(N+D): 85dB, S/N: 95dB
- Analog Volume: +6dB ~ —15dB, 3dB Step
¢ Headphone-Amp
- Output Pow er: 40mW@16Q (HVDD=3.3V)
- S/(N+D): 60dB@10mW, S/N: 90dB
e Headphone Jack Detection
e Mono Speaker-Amp
- Output Pow er: 300mW@8Q (HVDD=3.3V, ALC2=0FF)
- S/(N+D): 55dB@110mW, S/N: 90dB
- BTL Output
- ALC (Auto Level Control) circuit
e Mono Beep Input
e AUX Input
- Full-differential Input
- Analog Volume: +12dB ~-34.5dB, 1.5dB Step, Mute
e Stereo Line Input
- Single-ended Input
- Analog Volume: +12dB ~ —34.5dB, 1.5dB Step, Mute
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4. Touch Screen Controller

e Two Auxiliary Analog Inputs

* Pen Pressure Measurement

¢ Direct Battery Measurement

¢ On-Chip Voltage Reference (2.5V)

¢ 12 bit SAR ty pe A/D Converter
. System Clock: 24. 576MHz, 12MHz, 3.6864MHz
. Sampling Rate: 48kHz, 44.1kHz, 32kHz, 24kHz, 22.05kHz, 16kHz, 11.025kHz, 8kHz
. Power Management
. Audio, Touch Screen & Control I/F: AC-Link I/F
9. Ta=-30 ~ 85°C
10. Power Supply : 2.7V ~ 3.6V (typ. 3.3V)
11. Package: 57pin BGA (5mm x 5mm)

o0 ~NOoO O
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W Block Diagram (Audio Block)

[AK4650]
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Figure 1. Bock Diagram(Audio Block)
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M Block Diagram (Touch Screen Controller Block)
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Figure 2. Bock Diagram(TSCBIcok)
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W Ordering Guide

[AK4650]

AK4650VG -30~ +85°C 57ph BGA (0.5nm pitch)
AKD4650 Evaliaion boardfor AK4650
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7 XP TSVDD MOUT- MOUT+
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5 YN TSVSS Top View HVSS HVDD
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3 VREF TEST2 NC MUTET HDT
2 ADEXE INTN XTO/PLLO Sgﬁ:ll'_A DVSS2 SDATAIN SYNC MOUT2 MIN
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AKM
| PIN/FUNCTION
No. | Pnh Nane /O Funcion
A1 | NC | No CpnnectPin . o
No internal bondng. Thi pin shoudl be open or connesd b the ground.
Bl | DVDD1 - | Digital Power Suppl 1 P
oy | XTL ] | |xtapuPin
MCKI | External Master dock InputPin
XTO_ | O | XtlouputPin (PLLIpin="1")
Cc2 PLLO | PLL InputMaster Aock FrequencysekctO Pin (PLL1 pin = “H")
“L": 3.6864MHz, “H": 12MHz
D1 | DVSS1 - | Digital Ground 1 Ri
D2 | SDATAOUT [ Seril 256-bt AC’'97 dak steamfrom digital contoller
E1l | BITCLK O | 12.288MHz(256fs) serl dat clock
E2 | DVSS2 - | Digital Ground 2 Ri
F2 | SDATAIN O | Seril 256-bt AC’97 dat streamto digital contoller
F1 | DVDD2 - | Digital Power Suppl 2 Pn
G2 | SYNC | AC’97 Sync dock, 48kHz(1fs) fxed rae sanpling rae
G1 | RESETN | AC’'97 Master Hardware Reset
PLL InputMaster Aock Frequencysekctl Pn
b1 | PLLL | “L" 24.576MHz (PLLO p'n ="“L") .
“H™ 3.6864MHz (PLLO pn = “L") or 12MHz (PLLO pin = “H")
WhenPLL1 pin = “H”, X'tal oscillation circuit is not availabe.
Testl Pin
J1 | TESTL i This pin shoutl be conneed b the ground.
J2 | MIN I | ALC InputPin
H2 | MOUT2 O | Anabg Mixing Ouput Pin
Mute Time Constnt Control Pin
H3 | MUTET o Connected to HVSS pin with a aapta for mute time castart.
J3 | HDT | Headphone DettPin (Internal pull up by100k?Y)
H4 | SPP O | Speaker Am Positive Output Pin
J4 | SPN O | Speaker Am Negaive Ouput Pin
H5 | HVSS - | Headphone & Speaker AnGround Ri
J5 | HVDD - Headphone & Speaker AmPower Supyl Pin
J6 | HPR O | Rch Headphone AmOuput Pin
H6 | HPL O | Lch Headphone AmOuput Pin
H7 | MOUT- O | Mono Line Negatve Ouput Pin
J7 | MOUT+ O | MonoLine Positive Output Pin
H8 | AIN [ Analog InputPin
19 | NC | No C(?nnectPin . o
No internal bondng. Thi pin shoudl be open or connesd b the ground.
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AKM
No. | Pnh Nane /O Funcion
J8 | MICOUT O | Microphone Analg Ouput Pin
G8 MDT ] | __|{ Microphone DeictPin (Internal pull down by500k) (RNMD bit =*0")
RIN I Rch Line InputPin (RNMD bit = “1")
Ho |MPE_____ | O_]MICPower SuplPin for Exernal Microphone (LN bE="0")
LIN I Lch Line InputPin (LNMP bit = “1")
G9 EXT | __| External Microphone InpuPin (Shgle-ended InputMDIF bit="0")
MIC+ I Microphone Positive Input Pin {ferential Input: MDIF bit = “1")
Fs ANT ] | __|.Internal Microphone InpuPin (Shgle-ended InputMDIF bit ="0")
MIC— | Microphone Negate InputPin (Differenia Input MDIF bit = “1”)
F9 | MPI O | MIC Power Suppl Pin for Internal Microphone
E8 | AUXIN - | Mono AUX Negaitve InputPin
E9 [ AUXIN+ | Mono AUX Positive Input Pin
D8 | MVREF O | MIC Power Suppl Reference Valage Ouput Pin
Conmmon Voltage Output Pin, 0.45 x AVDD
D9 | VCOM o Bias votage of ADCinputs and DACoutputs.
C8 | AVSS - | Analog Ground Ri
C9 | AVvDD - | Analog Power Suppl!Pin
pg |BEEP | | __|.Mono Beep SgnallnputPin IN/BP bt="0")
IN2 | Auxiliary 2 Analog Input (IN/BP bit = “1")
A9 | NC | No CI?nnectPin . o
No internal bondng. Thi pin shoudl be open or connesd b the ground.
Output 1 Pin for Loop Filter of PLL Circuit
A8 | VCOC1 O This pin shoutl be conneetd b DVSS wih a resstor (10k2) and a capacitor
(4.7nF) in series.
Output 2 Pin for Loop Filter of PLL Circuit
B8 | VCOC2 o This pin shoutl be conneetd b DVSS wih a resstor (10k2) and a capacitor
(4.7nF) in series.
Note: All inputpins excepainabg inputpins shoull notbe Eft floaing (XTI/MCKI, PLLO, SDATAOUT, SYNC,

RESETN, PLL1 and ADEXE is).
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/10

Funcion

Touch Screen Cortller Power Suppl Pin

I/10

Touch Screen X+ ple Voltage Supp} Pin
B X axis Measuemen: Sypplies the oltage.
B Y axis Measurerant This pin is used ashe inputfor the A/D converer.
B Pen Pressure éhsurerant This pin is the inputto the A/D converer atZ;
measurerant.
B VBAT/IN1/IN2 Measurerent: OPEN state.
B Pen Inérrupt pulled-up byan nternal resstor (typ.50kQ).
B Power-down Stte:OPEN sate. When PDN pin is“L”, XP pin is pulled-up byan
internal resistor (i9.50k).

I/0

Touch Screen Y+ ple Voltage Supp} Pin
B Y axis Measuenernt: Swpplies the woltage.
B X axis Measurerant This pin is used ashie inputfor the A/D converer.
B PenPresste Meastenent: Sipplies the wvoltage.
B VBAT/IN1/IN2 Measurerent: OPEN state.
B Peninterryot: OPEN state.
B Power-down State: OPEN state.

I/0

Touch Screen X plate Voltage Supp} Pin
B X axis Measuemnern: Sypplies the voltage.
B Y axis Measureent: OPEN state.
B PenPresste Measuwenent: Sypplies the wltage.
B VBAT/IN1/IN2 Measurerent: OPEN state.
B Peninterrupt: OPEN state.
B Power-down State: OPEN state.

I/0

Touch Screen ¥ plate Voltage Supp} Pin
B Y axis Measuemnert: Sypplies the woltage.
W X axis Measureent: OPEN state.
B Pen Pressure éasurerant This pin is the inputto the A/D converer atZ,
measurerant.
B VBAT/IN1/IN2 Measurenent: OPEN state.
B Pen Interrupt: connected to GND.
B Power-down State: OPEN state.

Touch Screen @nhtroller Ground P

Analog InputPin for Battery Monitor

Auxiliary 1 Analog Input Pin

Test2 Pn
This pin shoutl be fbaing.

Voltage Reference InpuOutput
Outputs 2.5V atPMVREF bi = “1".

Pen Inerrupt Output Pin
This pin shoutl be puled up v a 100K resistor.

SYNC Signallnput Pin for ADC of Touch Screen @htroller

No ConnectPin
No internal bonding. Thi pin shoudtl be open or connead © the ground.

AKM

No. | Ph Name

B7 | TSVDD

A7 | XP

A6 | YP

B6 | XN

A5 | YN

B5 | TSVSS

B4 | VBAT

A4 | IN1

B3 | TEST2

A3 | VREF

B2 | INTN

A2 | ADEXE

C3 | NC
MS0502-E-01
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m Handling of Unused Pin

The unused @ pins shoull be processed approgigly as bebw.

Classficaion | Pn Name Seting
MIN, MOUT2, MUTET, HDT, SPP, SPN, HPR, | These pis shoull be open.

HPL, MOUT-, MOUT+, AIN, MICOUT, MDT/RIN,

Analog MPE/LIN, EXT/MIC+, INT/MIC—, MPI, AUXIN —,
AUXIN+, BEEP/IN2, XP, YP, XN, YN, VBAT, IN1,
INTN
Digita XTO This pin shoutl be open.
MS0502-E-01 200704
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| ABSOLUTE MAXIMUM RATINGS |
(AVSS, DVSS, HVSS, TSVSS=0Wote 1,Note 2)

Parameter Symbol min max Units
Power Supplies:| Analog AVDD -0.3 6.0 Vv
Digital (Note 3) DvDD -0.3 6.0 Y,
Headphone-Amp/ Speaker-Am HVDD -0.3 6.0 \Y
Touch Screen Controller TSVDD -0.3 6.0 \Y,
|AVSS — DVSS|Note 4) AGND1 - 0.3 \%
|AVSS — HVSS|Note 4) AGND2 - 0.3 \Y
|AVSS — TSVSS|Note 4) AGND3 - 0.3 \%

Input Current Any Pin ExceptSupples IIN - +10 mA
Analog InputVoltage (Note 5)|  VINA1 -0.3 AVDD+0.3 \Y
(Note 6)| VINA2 -0.3 HVDD+0.3 V
Digital InputVoltage (Note 7) VIND -0.3 DVvDD+0.3 V
Touch Screen @ntroller Input Voltage (Note 8) VINTS -0.3 TSVDD+0.3 \%
Touch Screen Dve Qurrent IOUTDRV - 50 mA
Ambient Tenperature (powered applied) Ta -30 85 °C
Storage Terperature Tstg —65 150 °C

Note 1. All voltages wth respecto ground.

Note 2. DVSS raans DVSS1 and DVSS2.

Note 3. DVDD neans DVDD1 and DVDD2.

Note 4. AVSS, DVSS, HVSS and TSVSSustbe conne@&d b the sane anabg ground ne.

Note 5. MN, AIN, MDT/RIN, MPE/LIN, EXT/MIC+, INT/MIC—, AUXIN—, AUXIN+, BEEP/IN2 pins
Note 6. HDT pin

Note 7. XTI/MCKI, XTO/PLLO, SDATAOUT, SYNC, RESETN, PLL1, ADEXE pins

Note 8. XP, YP, XN, YN, IN1, IOUT, VREF pins

WARNING: Operaion ator beyond tese imits may resut in permanentdanege b the devee.
Normal operaton is notguarateed at these extrem

| RECOMMENDED OPERATING CONDITIONS
(AVSS, DVSS, HVSS, TSVSS=0\Note 1,Note 2

Parameter Symbol min typ max Units

PowerSupplies: | Analog AVDD 2.7 3.3 3.6 Y,

(Note 9 Digital (Note 3) DVDD 2.7 3.3 AVDD Y
HP / SPK-Anp HVDD 2.7 3.3 3.6 \Y
Touch Screen Controller TSVDD 2.7 3.3 3.6 \Y

Note 1. All voltages wth respecto ground.

Note 2. DVSS mans DVSS1 and DVSS2.

Note 3. DVDD neans DVDD1 and DVDD2.

Note 9. The power up sequence betw&¥DD, DVDD, HVDD and TSVDD is not critical. \Wen the voltage difference
anong AVDD, DVDD, HVDD and TSVDD $ larger tian 0.3V, he power suppl currentat power down rode
increasesNote 28). When tie power suppés are partlly powered OFF he AK4650 must beresetby bringing
PDN pi “L” after these power supigs are powered ON agaiDVDD1 and DVDD2 shoul be sarma voltage.

* AKEMD assunes no responsibility for the usadpeyond the conditions in this datasheet.

MS0502-E-01 200704
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ANALOG CHARACTERISTICS (Audio Block)

(Ta=25C; AVDD, DVDD, HVDD, TSVDD=3.3V; AVSS=DVSS=HVSS=TSVSS=0Ms=48kHz;Signal
FrequencylkHz; 16bt Dai; Measurerantfrequency20Hz~ 20kHz; unless dberwise spedied)

Parameter | min | typ | max | Units
MIC Amplifier: INT, EXT pins, MDIF bit = “0” (Single-endednpu
Input Resistance 20 30 40 kQ
Gain IMGAINDbit="0" | - | O dB___
MGAIN bit = “1” - +20 - dB
MIC Amplifier: MIC+, MIC— pins, MDIF bit = “1” (Full-differenial inpuf), MGAIN bit = “1” (+20dB)
Maximum Input Voltage (Note 10) | - | 0.099 | - | Vpp
MIC Power Supply: MPI, MPE gns
Output Voltage 1.98 2.2 2.42 V
Load Resistance 2 - - kQ
Load Capacitance - - 30 pF
Mic Detection: MDT pin
Comparabr Voltage Level 0.15 0.20 0.23 \Y
Internal pull down Resisance 250 500 750 kQ
Input PGA Characteristics: AIN pin
Input Resistance Note 11) 5 10 15 kQ
StepSize 0.1 0.5 0.9 dB
Gain Control Range (ALCL bit = “0")
| max: IPGA6-Obts="3FH" | - | *275 | - ] dB___
min: IPGA6-0 bts = “00H” - -8 - dB
ADC Analog Input Characteristics: MIC Gan=+20dB IPGA=0dB ALC1=OFF, MC (Single) > IPGA - ADC
Resdution - - 16 Bits
Input Voltage (Note 12) 0.168 0.198 0.228 Vpp
S/(N+D)  (-1dBFS) 71 79 - dB
D-Range  (-60dBFS, A-weghted) 75 83 - dB
SN (A-weighted) 75 83 - dB
DAC Characteristics:
Resdution | - | - | 16 | Bits
Mono Line Output Characteristics: R =20k, DAC —» MOUT+/MOUT- pins, MOGN2-0 bits = +6dB
Output Voltage (Note 13) 3.56 3.96 4.36 Vpp
S/(N+D)  (-3dBFS) 75 85 - dB
SN (A-weighted) 85 95 - dB
Load Resistance 20 - - kQ
Load Capacitance - - 30 pF
StepSize 2 3 4 dB
Gain Control Range
| max: MOGN2-0 bts="111" | - | 6 dB___
min: MOGN2-0 bts = “000” - -15 - dB

Note 10. Maximuminputvoltage of MC+ and MC- pins are propoibnalto AVDD voltage. Vin = 0.03 x AVDD(yp).

Note 11. When IPGA Gai is changed,His typical value changes beieen 8K and 11K).

Note 12. Inputvoltage & proportonalto AVDD voltage. Vin = 0.06 x AVDD.

Note 13. Ouput voltage i proportonalto AVDD voltage. Vout= 1.2 x AVDD(yp) @MOGN2-0 bis=“111" at
full-differential output. Vout = 0.6 x AVDD(fy) @ MOGN2-0 bts = “111” atsingle-ended Oytut

MS0502-E-01
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Parameter | min | typ | max | Units
Headphone-Amp Characteristics: R =160, DAC —» HPLHPR pins, DATT=0dB
Output Voltage (Note 14) (0dBFSInput [ - [ 082 [ - ] Vims
—6dBFS Input 0.32 0.41 0.50 Vrms
SIN+D) OdBFSInput | - | 3 [ S dB__
—6dBFS Input 50 60 - dB
SN (A-weighted) 80 90 - dB
Interchannellsolation (-6dBFS Inpuj 60 85 - dB
Interchamel GainMismatch (—6dBFS Inpuj - 0.1 - dB
Load Resistance 16 - - Q
Load CapacitanceNpte 15) - - 300 pF
Headphone Detection: HDT pin
Comparabr Voltage Level(Note 16) 0.99 - 2.31 V
Internal pull up Resisance 50 100 150 kQ

Speaker-Amp Characteristics: R =8Q, BTL, DAC

— MOUT2 ph >

MIN pin - SPP/SPN pins, ALC2=0OFF

OuputVoltege Note17) [ -2.5dBFSinput | - [ 185 [ -] vrms
—7.5dBFS Input 0.75 0.94 1.13 Vrms
S/(N+D) | -25dEFSnput | - [ 20 | - dB__
—7.5dBFS Input 40 55 - dB
SN (A-weighted) 80 90 - dB
Load Resistance 8 - - Q
Load Gypactance (Nok 15) - - 30 pF
Mono OQutput: DAC - MIX —» MOUT2 pin
Output Voltage (Note 18) - 1.98 - \Vpp
Load ResistanceNpte 19) 30 - - kQ
Load CapacitanceéNpte 15, Note 19) - - 20 pF
Mono Input: MIN pin
Maximum Input Voltage (Note 20) - 1.98 - Vpp
Input Resisance Note 21) 12 24 36 kQ
BEEP Input: BEEP pn, Exernalinputresstance = 20k
Maximum Input Voltage (Note 22) - 1.98 - Vpp
FeedbaclResistance - 20 - kQ
Output Voltage (0.8Vpp mpui
BEEPpn— HPL/HPRpins | 0.045 | | 0.09 | ... 0135 | __Vpp__
BEEP ph — SPP/SPN pins, ALC2 bit = “0” 1.26 2.53 3.80 Vpp

Note 14. Ouput voltage i proportonalto AVDD voltage. Vout= 0.12 x AVDD Vrns(typ) @—6dBFS.

Note 15. When the output pin drives@pacitive load, a resistor should be atlitleseries between the output pin and

capacitive load

Note 16. Conparabr Voltage Levelis proportonalto HVYDD voltage. Vh = 0.3 x HYDD(nin), 0.7 x HYDD(nax).
Note 17. Ouputvoltage & proportonalto HVDD voltage.Vout= 0.28x AVDD Vrms(typ) @—6dBFS at Fll-differertial

output

Note 18. Ouput Voltage i proportonalto AVDD voltage. Vout= 0.6 x AVDD(yp).
Note 19. These vaks do noinclude he inputresstance or capatance of he MIN pin.
Note 20. Maximum InputVoltage i proportonalto AVDD voltage. Vin = 0.6 x AVDD(¥p).
Note 21. When ALC2 Gan is changed,His typical value changes beten 22K) and 26K.
Note 22. Maximum InputVoltage depends on AVDD wvialge, nternal feedback resiance (Rf) and egtnal input
resistance (Ri). Vin = 0.6 x AVDD x Ri / Rf (Y.
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Parameter | min typ | max | Units
Line Input: LIN, RIN pins
Maximum Input Voltage (Note 23) - 1.98 - Vpp
Input Resisance 25 40 55 kQ
StepSize 0.5 1.5 25 dB
Gain Control Range
‘max: GL4-Obts="00H" | - [ +12 | - ] dB_
min: GL4-0 bis = “1FH" - -34.5 - dB
AUX Input: AUXIN+, AUXIN — pins
Maximum Input Voltage (Note 24) | - 1.98 | - | Vpp
Input Resistance
| AUXIN+ pin 25 |40 5 ] kQ
AUXIN — pin 50 80 110 kQ
StepSize 0.5 1.5 25 dB
Gain Control Range
‘max GN4-Obts=<00H” | - [ +12 | - ] dB
min: GN4-0 bits = “1FH” - -34.5 - dB
Power Supplies:
Power Up (RESETN pin = “H")
All Circuit Power-up:
AVDD+DVDD (Note 25) - 15 23 mA
HVDD: HP-AMP Normal Operation
No Output Note 26) i 2:5 5 mA
HVDD: SPK-AMP Normal Operation
No Output Note 27) j ! 21 mA
TSVDD | InternalVREF=OFF | - | 016 | .04 | mA
Internal VREF=ON - 0.23 0.4 mA
Power Down (RESETN pin = “L")Note 28)
| AVDD+DVDD+HVDD+TSVDD | - 1 | 100 | A

Note 23. Maximum Input Voltage s proportonalto AVDD voltage. Vin = 0.6 x AVDD(yp).
Note 24. Maximum InputVoltage i proportonalto AVDD voltage. Vin = (AUXIN+) — (AUXIN-) = 0.6 x AVDD(typ).
Note 25. PR0-6 bits = all “0", PMIC=PMMO=PMSPK=PMHPL=PMHPR=PMBPM=PMAUX=PMLIN= “1".

AVDD=10mA (typ.), DVDD=5mA (typ.).

Note 26. PR0-6 bits = all “0”, PMIC=PMMO=PMHPL=PMHPR=PMBPM=PMAUX=PMLIN= “1", PM SPK= “0".

Note 27. PRO0-6 bits = all “0”, PMIC=PMMO=PMSPK=PMBPM=PMAUX=PMLIN=“1", PMHPL=PMHPR= “0".

Note 28. All digital inputpins are fked b DVDD or DVSS. When he voltage diference arong AVDD, DVDD, HVDD
and TSVDD s larger tan 0.3V, he power suppi currentat power down rade ncreases.
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| ANALOG CHARACTERISTICS (TSC Block)

(Ta=25C; AVDD, DVDD, HVDD, TSVDD=3.3V; AVSS=DVSS=HVSSESVSS=0V; External Vref=2.5V, unless

otherwise spedied) fs=96kHz

Parameter | min | typ | max | Units
ADC for Touch Screen
Resdution - 12 - Bits
No Misshg Godes 10 12 - Bits
Integral LinearityError - - 5 LSB
DNL - +2 - LSB
Analog InputVoltage Range 0 VREF \Y
Offset Error - - 6 LSB
Gain Error - - +4 LSB
Touch Screen Dver
X+, Y+, RL=300) - 5 - Q
X-, Y-, RL=3002 - 5 - Q
PSR (10KHz 100nvpp) - 70 - dB
Reference Output
Internal Reference 2.425 2.50 2.575 V
Drift - 30 - ppm°C
Load Capacitance 0.1 - - uF
Reference Input
Input Voltage Range | - | - | TsvDD | Vv
Battery Monitor
Input Voltage Range - - 5.0 V
Input Impedance (Bttery Measure Mde) 5 10 - kQ
Accuracy Note 29) External VREF | - SRR R N 2 %
InternalVREF - - +4 %

Note 29. Accuracyis the differencebetveenthe ouput code when 5 vid is inputto the VBAT pin and he “ideal code

at1.25 vots.

MS0502-E-01
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FILTER CHARACTERISTICS

(Ta=25C; AVDD, HVDD, DVDD, TSVDD=2.7~ 3.6V, fs=48kHz;DEM=0OFF)

Parameter | Symbol | min | typ max Units

ADC Digital Filter (Decimation LPF):

PassbandNote 30) +0.1dB PB 0 - 18.9 kHz
-1.0dB - 21.8 - kHz
-3.0dB - 23.0 - kHz

Stopband SB 29.4 - - kHz

Passband iRple PR - - +0.1 dB

Stopband Atenuaton SA 65 - - dB

Group Dedy (Note 31) GD - 17.0 - 1/ffs

Group Dedy Distortion AGD - 0 - us

ADC Digital Filter (HPF):

FrequencyResponselote 30) | —-3.0dB FR - 1.0 - Hz
—0.1dB - 6.5 - Hz

DAC Digital Filter:

PassbandNote 30) +0.1dB PB 0 - 213 kHz
—6.0dB - 24.0 - kHz

Stopband SB 25.2 - - kHz

Passband iRple PR - - +0.01 dB

Stopband Atenuaton SA 59 - - dB

Group Dedy (Note 31) GD - 16.8 - 1/s

DAC Digital Filter + SCF:

FrequencyResponse0 ~ 20.0kHz | FR | - | +1.0 - dB

BOOST Filter: (Note 32)

FrequencyResponse | MIN | 20Hz FR - 5.80 - dB
100Hz - 3.17 - dB
1kHz - 0.03 - dB

MID | 20Hz FR - 10.85 - dB
100Hz - 7.23 - dB
1kHz - 0.18 - dB

MAX | 20Hz FR - 16.14 - dB
100Hz - 11.05 - dB
1kHz - 0.47 - dB

Note 30. The passband anagband frequenes scak with fs (system sanpling rat).
For exanple, ADCis PB=0.454x fs (@-1.0dB). The reference frequencoy these responses 1kHz.

Note 31. The calculated delay #rmaused bdigital filtering. This tine is fromtheinput of analog signal to setting of the

16-bit datof both channetto the ouputregster of he ADC. Thistime includes he group dely of the HPF. For
the DAC, thistime is from seting the 16-bt dat of boh channed from the inputregster i the outputof anabg

signal

Note 32. These frequencggsponses saalvith fs. If a hgh-level and bw frequencysignalisinput the anabg ouputclips

to the ful-scale.

MS0502-E-01
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[AK4650]

DC CHARACTERISTICS

(Ta=25C; AVDD, HVDD, DVDD, TSVDD=2.7~ 3.6V)

Parameter Symbol min typ max Units
High-Levellnput Voltage VIH 70%DVDD - - \%
Low-Level InputVoltage VIL - - 30%DVDD Vv
Input Voltage atAC Coupling (Note 33) VAC 50%DVDD - - V
High-LevelOutput Voltage (lout=—400uA) VOH DvDD-0.4 - - Y
Low-Level Ouiput Voltage (lout=40QuA) VOL - - 0.4 V
Input Leakage @rrent lin - - +10 pA
Tri-state Leakage Current (TSC block)

All pins except for XP, YP, XN, YN ping [IOLK -10 - +10 pA

XP, YP, XN, YN pins| 10LK -50 - +50 pA
INTN “L” | evel output voltage (1002 Pul-Up) VOLP - - 0.8 V
Note 33. The exdrnal clock is inputto MCKI pin via AC coupkd capador.
MS0502-E-01 200704
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| SWITCHING CHARACTERISTICS

(Ta=25C; AVDD, HVDD, DVDD, TSVDD=2.7~ 3.6V; C =25pF)
Parameter Symbol min typ max Units
Master Clock Timing
Frequency
PLL1 pin = “L”, PLLO pin = “L” Fmelk - 24.576 - MHz
PLL1 pin = “H”, PLLO pin = “L” Fmelk - 3.6864 - MHz
PLL1 pin = “H", PLLO pin= “H" Fmelk - 12 - MHz
Duty Cycle Dmclk 40 - 60 %
AC link Interface Timing
BITCLK frequency Fbck - 12.288 - MHz
BITCLK clock Perod (Thck=1/Fbclk) Thbclk - 81.38 - ns
BIT_BLK low pulse with Tclk_low 36 40.7 45 ns
BIT_BLK low pulse wilth Tclk_high 36 40.7 45 ns
BITCLK rise time Trise_clk - - 6 ns
BITCLK fall time Tfall_clk - - 6 ns
SYNC frequency Fsync - 48 - kHz
SYNC low pulse wilth Tsync_low - 19.5 - us
(240 ccle) (Tbclk)
SYNC high puke with Tsync_high - 1.3 - us
(16 cycle) (Thclk)
SYNC rise tine Trise_syic - - 6 ns
SYNC fall time Tfall_sync - - 6 ns
Setup tine (SYNC, SDATAOUT) Tsetup 14 - - ns
Hold time (SYNC, SDATAOUT) Thold 25 - - ns
SDATAIN delaytime fromBITCLK rising Tdelay - - 15 ns
edge
SDATAIN rise tme Trise_dn - - 6 ns
SDATAIN fall time Tfall_din - - 6 ns
SDATAOUT rise tme Trise_dout - - 6 ns
SDATAOQUT fall time Tfall dout - - 6 ns
Cold Reset (SDATAOUT =“L", SYNC ="“L")
RESETN actie low pulse widh Trst low 1.0 - - us
RESETN iractive toBITCLK delay
PLL1 pin = “L” (Externalclock) Trst2clk - 42 - us
PLL1 pin = “L" (X'tal o scillatar) Trstlk - 0.5 - ms
PLL1 pin = “H”", PLLO pin =“L" Trst2clk - 9.5 - ms
PLL1 pin = “H", PLLO pin = “H” Trs2clk - 3.2 - ms
Warm Reset Timing
SYNC actve high puke with Tsync_high 1.0 1.3 - us
(16 cycle) (Thclk)
SYNC imactive toBITCLK delay
PLL1 pin = “L” (Externalclock) Trst2clk - 42 - us
PLL1 pin =“L" (X'tal o scillatar) Tsync2clk - 0.5 - ms
PLL1 pin = “H”, PLLO pin = “L” Tsync2ck - 9.5 - ms
PLL1 pin = “H", PLLO pin = “H”" Tsync2ck - 3.2 - ms
AC-link Low Power Mode Timing
End of Sbt 2 o BITCLK, SDATAIN Low Ts2_pdwn - - 1.0 us
Activate Test Mode Timing
Setp © trailing edge of ESETN Tseup2rst 15.0 - - ns
Hold from RESETN rising edge Thold2rst 100 - - ns
Rising edge of RSETN b Hi-Z Toff - - 50 ns
Faling edge of RSETN b “L” Tlow - - 50 ns
MS0502-E-01 200704
-17 -
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W Timing Diagram

MCKI

BITCLK

SDATAIN

Trise_clk
—>

1/Fmclk

BITCLK

-

SYNC

Figure 3. Master Aock Timing

Thclk = 1/Fbclk

A

Tclk_low

Tsync_high

A

Telk_high |

Figure 4. BTCLK Timing

Tsync_low

A

[AK4650]

Dmclk = Tmclkh x Fmclk x 100
= Tmclkl x Fmclk x 100

50%DVDD

1/Fsync

Figure 5. SYNCTiming

'Tsetup

Tfall_clk
—>

MS0502-E-01

_______ 90%DVDD
c——-----10%DVDD

————— 90%DVDD
————— 10%DVDD

Figure 6. Setp and Hall Timing

Trise_din
—>

Tfall_din
—>

_________ JK ------- 90%DVDD

c======-10%DVDD

SDATAOUT /_

Figure 7. SjnalRise and FalTimes

__________ K ------- 90%DVDD

———————— 10%DVDD

(25pF exérnal load; betveen 10%DVDD and 90%DVDD)
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AKM
Trst_low Trst2clk
RESET# '
iy AP VIL
SDATAOUT=“L"
SYNC="“L"
Figure 8. ©ld ResetTiming
Tsync_high Tsync2clk
syn§Re o oy —— VIH
Figure 9. Warm ResetTiming
Slot Slot
>l > Ts2_pdwn
sreek [IANARAJUUL UL
SDATAOUT  write to 0x26 Data PR4=1 >< Don't fare
SDATAIN \\\\\\
Figure 10. AGlink Low Power Mbde Timing
RESET#
SDATAQUT ~ —=============—f=====-————————o [ -
SDATAIN Thold2rst iz
BITCLK e .____-_________________________/AT______VIL
“ Iow‘ <« Toff >
Figure 11. Adtvate TestMode Timing
MS0502-E-01 200704
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I OPERATION OVERVIEW

W Master Clock Source

The AK4650 requies a naster clock (MCLK). This master clock isinputto the AK4650 bythe following threemethods:
(1) Conrect a X'tal escillatar betweenXTI and XTO pins.
(2) Inputan exérnal CMOS-levelclock o the XTI pin.
(3) Input an external clock whose phitude is grear than 50%DVDD to the XTI pin with AC coupling.

When using a X'tal oscillator, there should ¢spacitors between XTI/XTO pins and DV3Sgire 12).

Master dock Status PR5 bit MCKPD bit
X'tal Oscillator (Figure 12) Oscillata ON 0 0
(PLL1 pin ="“L") Oscillata OFF 1 1
External Clock Directlnput  (Figure 13) Clock isinputto MCKI pin. 0 0
(PLL2 pin = “L") MCKI pinisfixed b “L". 1 0/1
MCKI pin isfixed b “H". 1 0
MCKI pin is Hi-Z 1 1
External Clock Directlnput  (Figure 14) Clock isinputto MCKI pin. 0 0
(PLL2 pin = “H") MCKI pin isfixed b “L". 0 01
MCKI pin isfixed b “H". 0 0
MCKI pin is Hi-Z 0 1
AC Coupling Input (Figure 15) Clock is inputto MCKI pin. 0 0
(PLL1 pin = “L") Clock isn't inputto MCKI pin. 1 1
Table 1. Mester Aock Satus byPR5 bit and MCKPD bit
(1) X'tal Oscillator (PLL1 pin = “L”")
a MCKPD = "0"
C 1
ﬂ [ ] PR5 = "0"
= __ 1 25kQ (typ)
C
PLL1="L" PLLL="L"
N
XTO AK4650
Figure 12. X'el mode
Note 3. The camcita values ceperd on the X'tal oscillator used (C : typ 10 ~ 30pF)
MS0502-E-01 200704
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(2) External Clock DirectInput
(2-1) PLL1pin="L"

External

Clock MCKPD = "0"

PR5 = "0"
25kQ (typ)
PLLL="L" PLLL="L"
§
XTO<r AK4650

Figure 13. Exérnal Clock node (PLL1 pin = “L”, Input : CMOS Leve)
Note 35. This clock level ost not exceed DVDD level.

(2-2)  PLL1 pin = *H’

External

Clock MCKPD = "0"

PR5 ="0"
25kQ (typ)
o
PLLL="H" PLLL = "H"
\ £
PLLO<r AK4650

Figure 14. Exgrnal Clock node (PLL1 pn = “H”, Input: CMOS Leve)
Note 36. This clock level ost not exceed DVDD level.

(3) AC Coupling Input(PLL1 pin = “L")

External

Clock MCKPD = "0"

PR5="0"
25kQ (typ)

PLLL="L" PLL1 ="L"

(
XTO AK4650

/

Figure 15. Exé¢rnal Clock node (Input > 50%DVDD)
Note 37. This clock level ost not exceed DVDD level.

MS0502-E-01 200704
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W System Clock

A fully integraied anabg phasedcked bop (PLL) generas a cbck thatis sekected bythe PLL1-0 pihs (Table 2).

When he exernal master clock is used, he PLL shoull be powered-up ait the exernal master clock isinput It takes
0.5ms(typ) for X'tal oscillator to be stalte after PR%it = “0” which deperms on the X'tal. The PLL reeds9mslock time,
wheneverlie sanpling frequencychanges othe PLL is powered-up (VRA bit = “0% “1").

When te clock inputto MCKI pin sbps dumg nornal operaton of AGLink (PR} = PFS bits = “0”), the internal PLL
continues tooscillate (a few MHz), ath BITCLK output goes to“L” ( Table 3).

MCLK and SYNCmustbe presenivhenevertie ADC or DAC is operaing (PFO = PRL = PR3 = PR = PR5 bits="“0").
If these abcks are noprovided, he AK4650 nay draw excess ctentdue b its use of nternal dynamicaly refreshed
logic. If the external clocks are nmesent, the ADC and DACumt be placeih the power-down wde by setting PR0O-6

bits.
PLL1 pin PLLO pin MCKI
L L 24.576MHz
H N/A
H L 3.6864NVHz
H 12MHz
Table 2. MCKI Input Frequency
Power up Power down PLL Unlock
. Frequencysetby PLL1-0 Frequencysetby PLL1-0 phs
MCKI pin bins (Tabke 2) Refer toTable 1 (Tablke 2)
BITCLK pin 12.288VHz Ouput “L “L”
Input
SYNC pin Input Fixed 0 “L” or “H” ext ernaly or
Fixed to “L” or “H” externally
Table 3. Gock Operabn
MS0502-E-01 200704
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W Audio Sample Rate

Sanple Rate for DAC and ADCis contolled byregister 2CGH and 32H, respeistely. 16bt datin D15(MSB) to DO show
unsigned value fror to 65535, represent the exact sapting frequency in Hz. Tase samle rate setting is done at
VRA bit = “1” of Extended Audo Staitus and ©ntrol Register(2Ah).

Sanple Rate (kz) Data inD15 — DO

8.0 1F40H

11.025 281H
16.0 3E80H

22.05 5622H
24.0 5DM@H
32.0 7D0O0OH
44.1 AGI4H
48.0 BB80OH

Table 4. Audb Sanple Rate

The AK4650supportghese discrete frequencieshév any othecodes is written in this register, the AK4650 operates at
the sanpling rak rounded @ the cbsestone n Table 4 bydecodig only D15-12 bts. If D15-12 = 5H, he AK4650
operaés at22.05kHz or 24kHz when D11 =“0" or “1”, respiadly (Table 5).

D15 - D12 D11 Sanple Rate (kHz)
OH,1H X 8.0
2H X 11.025
3H X 16.0
4H X 22.05
0 22.05
°H 1 24.0
6H X 24.0
7H,8H X 32.0
9H,AH X 44.1
BH-FH X 48.0

Table 5. Audb Sanple Rate (x: Don't care)

At VRA bit =“0", 2CH and 32H are fixé to “BB80H" and cannot be written. MénVRA bit is set to “0”, 2CH and 32H
register are set to “BB80H" autatically.

And the charge d sanple rate will ke execuited on the fly.

MS0502-E-01 200704
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B Power Management

Power nanagenent of each block isontrolled via 26Hand 60H register.

[AK4650]

PRO = 1" PR1 ="1" PR2 ="1" PR3 ="1" PR4 = 1" PR5 = “1" PR6 =“1
ADC PD PU PU PD PD PD PU
DAC PU PD PU PD PD PD PU
VCM PU PU PU PD PU PU PU
XTL PU PU PU PU PU PD PU
PLL VRA VRA VRA PD VRA PD VRA
AC-Link PU PU PU PU(Note 38) PD PD PU
HP PVHPL/R PMHPL/R PD PD PMHPL/R PMHPL/R PD
SPK PMSPK PMSPK PD PD PMSPK PMSPK PMSPK
MIC PMMIC PMMIC PD PD PMMIC PMMIC PMMIC
Line In PMLIN PMLIN PD PD PMLIN PMLIN PMLIN
AUXIN PMAUX PMAUX PD PD PMAUX PMAUX PMAUX
Mono Out PMMO PMMO PD PD PMMO PMMO PMMO
BEEP PMBPM PMBPM PD PD PMBPM PMBPM PMBPM
TSC PM12AD PM12AD PML2AD PD PM12AD PM12AD PML2AD
Table 6. Power Mnagenent
PD: Power Down
PU: Power Up

PM*: depends on each PM bit.

VRA

VRA bit = “1": PLL Power Up

VRA bit =“0": PLL Power Down

Note 38. When PLL1 pn = “H"(M CKI=3.6864MHz or 12MHz), AC-Link is powered-down byR3 bit = “1".

W Digital High Pass Filter

The ADC has a digital high pass filter for DC offset cantelta The cut-off frequency of the HPF is 1.0@4s=48kHz
ard scales wittsanpling rate (fs).

MS0502-E-01 200704
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H MIC Input

[AK4650]

AK4650

MDIF bit
INT pin MSEL bit
—

EXT pin

MGAIN bit

+20dB/0dB IPGA with ALC

ATTM bit  MICM bit
e

IPGA5-0 bits

ATT —o/o—> HP, SP
MICAD bit
o o—{ apc

ﬁ

MICOUT pinL JAIN pin

Figure 16. Mcrophone Input

The AK4650 hashe following functons for Mc Input
(1) 2 Inpus Sekcor. The swich configure 5 contolled by MDIF and MSEL bits (Table 9).

(2) 1°'MIC Amplifier with +20dBgain, The gai can be selced ONOFF byMGAIN bit (Table 10).

(3) IPGA with ALC. This volume is contolled by IPGA5-0 bts (Table 14).

(4) Attenuabr for sereo nixer. The volime is contolled by ATTS2-0 bts (Table 7).

(5) Attenuabr for mono mxer. The aenuabr level is 4dB and he ONOFF i contolled by ATTM bit (Table 8).

ATTS2-0 Attenuaton STEP
OH -6dB
1H -9dB
2H -12dB (default)
3H -15dB
4H -18dB 3dB
5H -21dB
6H -24dB
7H -27dB

MS0502-E-01

Table 7. Atenuabr Tabke (IPGA— Stereo Mixer)

(defaut)

ATTM Attenuaton
0 0dB
1 -4dB

Table 8. Atenuabr Table (IPGA— Mono Mxer)

Downloaded from Elcodis.com electronic components distributor
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m MIC Input Selector

AK4650 has it inputsekcbr in front of mic anp. MSEL bi sekcts internal or exernalmic (Figure 17). Wien MDIF bit
="“1", INT and EXT phs becora MIC- and MC+ pins, respecttely, and diferenia inputis avalable (Figure 18).

MDIF bit MSEL hit Selecto
0 0 INT (default)
1 EXT
1 X Differential

Table 9. MC Input Sekcbr (x: Don't care)

MPE pin AK 4650
WV ()—o\o—<]—
MPI pin : N i

INT pln(\

EXT pin |

%_. ] —o
MDT pinr
\

/

DTMIC bit

500k | 0.2v(typ)

Figure 17. MC Input (MDIF bit = “0": Single-ended Inpyt

AK 4650

MPI pin i

MIC-Amp

)
I Y

=

Figure 18. MC Input (MDIF bit = “1"; Differenia Inpuf)

Note 39. In case of ffierenia input MGAIN bit shoutl be seto “1”.
Maximum input voltage of eacput pin is | (MIC+)- (MIC-) | = 0.198Vpp{Fp) @AVDD=3.3V.

MS0502-E-01 200704
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B MIC Gain Amplifier

The AK4650 has a GaiAmplifier for Microphone mput The gai is 0dB or +20dB sekcied by the MGAIN bit. The
typical inputimpedanced 30kQ.

MGAIN bit Input Gain
0 0dB (defaut)
1 +20dB

Table 10. MC InputGan

| MIC Power

The MPI and MPE pins supp}¥ power for he Microphone. These quit voltages are 2.2V yp) and bad resstance
2kQ (min). MPWRI and MPWRE bits contol outputfrom MPl and MPE pins, respectely. WhenLNM P bit=“1", MPE
pin becones LIN pin.

PMMIC bit | MPWRI bit MPI pin
0 X Hi-Z (defaut)
1 0 Hi-Z
1 Ouput

Table 11. Inernal Microphone Power Supp(x: Don't care)

PMMIC bit | MPWRE bit MPE pn
0 X Hi-Z (defaut)
1 0 Hi-Z
1 Ouput

Table 12. Exérnal Microphone Power Supp(x: Don't care)

B MIC Detection Function
The AK4650 hcludes he deecion functon of nicrophone.

Exanple of he deecion of exernal microphone.
(1) MPWRE bit = “1".
(2) MPE drives exérnal microphone.
(3) DTMIC bitis set ly Table 13.

Input Levelof MDT DTMIC bit External microphone
> 0.247V 1 Connect
< 0.165V 0 Disconnect

Table 13. Mcrophone detcion resul

When RNMD bit = “1”, MDT pin becones RIN pin.

MS0502-E-01 200704
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®m Manual Mode

[AK4650]

The AK4650 becoms a nanualmode atALC1 bit = “0”. The node B used in the case shown bak.

(1) After exiting resestate, setup he regsters for he ALCL operaion (ZTM1-0, LMTH and et)

(2) When the registers for the ALC1 operation (itenperiod, Recoveryperiod and et) are changed.
For exanple; When the change of the splimg frequency.

(3) When IPGA s used as a emualvolume.

When writing to the IPGA5-0 bits comtiially, the control registeshould be written by an intervatore than zero

crossig imeout

MICMT IPGA5-0 GAIN (dB) STEP
3FH +27.5
3EH +27.0
: : 0.5dB
09H +0.5
0 08H +0.0
07H -1.0
06H -2.0
: : 1.0dB
01H -7.0
00H -8.0
1 X MUTE

MS0502-E-01
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B MIC-ALC Operation
The ALC (Automatic Level Control) of MIC inputis done byALC1 block when AL bit is“1”.
(1) ALC1 Limiter Operatin

When the ALCL1 liniter is enabled, and IPGA outpexceeds the ALCL liiter detection level (LMTH bitTable 15), he
IPGA value is atenuaed by the anmountdefined i the ALC1 limiter ATT step(LMAT1-0bits: Tale 16) auomatically.

When the ZELMN bit = “1", the timoutperiod is set by the LTM1-0 bit§éble 17). The operain for atenuaton is
done continuously until the IPGaéutput signal level becoea LMTH or lesslf the ALC1 bit does not change into “0”
after conpleting the attenuation, thétanuation operation repeats while the IPQAput signal level equals or exceeds
LMTH.

When the ZELMN bit = “0”, the tireoutperiod is set by the ZTM1-0 bit3gble 18). This enables the zero-crossing
atenuaton functon so hatthe IPGA vale is atenuaed atthe zero-degctpoints of he waveform

LMTH ALC1 Limiter Detecion Level | ALC1 RecoveryWaiting Couner ResetLevel

0 ADC Input>-6.0dBFS —6.0dB=S> ADC Input>—8.0dBFS (default)
1 ADC Input>—-4.0dBFS —4.0dB=S> ADC Input> —6.0dBFS
Table 15. ALCL Limiter Detecion Level/ RecoveryWaiting Couner ResetLevel
LMAT1 | LMATO ATT STEP
0 0 0.5dB (defaut)
0 1 1.0dB
1 0 1.5dB
1 1 2.0dB

Table 16. ALCL Limiter ATT Step Seting
Note: WhenIPGA gain is 0dB or less, ALC1limiter ATT stepis fixed to 1 regardless as LMAT1O0 bits.

LTM1 LTMO ALC1 Limiter Operaion Perod

8kHz 16kHz 44.1kHz
0 0 0.5fs 63us 3lus 1lus (default)
0 1 1fs 125us 63is 23is
1 0 2ffs 25Qus 125us 45us
1 1 4ffs 500us 25Qus 9lus

Table 17. ALC1 Liniter Operation Period aero crossing disable (ZELMN bit = “1")

Zero Qossng Timeout Perod

ZTM1 ZTMO

8kHz 16kHz 44.1kHz
0 0 128fs 16ms 8ms 2.9n8 (defaut)
0 1 256fs 32ms 16ns 5.8nms
1 0 512fs 64nms 32ms 11.6nms
1 1 1024fs 128ns 645 23.2s
Table 18. Zero @ssng Timeout Perbd
MS0502-E-01 200704
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(2) ALC1 RecoveryOperaion

The ALCL1 recovery refers to the aomt of tine that the AK4650 will allova signal to exceed a predeterad lirmiting
value grior to erading the limiting function. The ALC1recveryoperaion useshie WTM1-0 bits to define he wat
period used afir conpleting an ALCL limiter operaton (Table 19). If the input sighaoes not exceed the “ALC1
RecoveryWaiting Gounter ResetLevel’ (LMTH: Table 15), he ALC1 recoveryoperaton strts. The IPGA vale
increases d@omatically by the recoery gain step(RGAIN hit: Table 20) wth zero crossig operdabn (imeoutis setby
ZTM1-0: Tabe 18) during this operatin up to the referere lewvel (REF50 bit: Table 21). The ALQ recoveryoperaiton
isdone at perod setby the WTM1-0 bits. Zero crossig is deecied durng WTM1-0 perbd, the ALC1 recovery
operaion wats WTM1-0 perbd and e nextrecoveryoperaion sarts.

During the ALC1 recovery operation, @ input signal level exceeds the ALCLlitien detection level (LMTH), the
ALC1 recoveryoperaton changesmmediately into an ALCL limiter operaton.

In the case of
(Recoverywaiting counér resetevel) < (IPGA Ouput Level) < (Limiter detection level)

during the ALCL1 recoveryoperaion, the wat timer for he ALCL recovery operation is reset. Therefore, in the case of
(Recoverywaiting counér resetevel) > (IPGA Ouput Level),

the wait timer for the ALC1recovery qperation starts.

The ALC1 operaiton correspondtthe impulse nose. Whenthe impulse nose s input the ALCL recoveryoperaion
becones faser than a norral recoveryoperaion.

ALC1 RecoveryOperaion Waiting Perod
WiM1 WTMO 8kHz = 16kHz ; 44.1kHz
0 0 128fs 16ms 8ms 2.9n8 (defaut)
0 1 256fs 32ms 16ns 5.8ns
1 0 512fs 64ns 32ns 11.6ns
1 1 1024fs 128ns 641 23.2ns
Table 19. ALCL RecoveryOperaton Waiting Perod
RGAIN GAIN STEP
0 0.5dB (defaut)
1 1.0dB
Table 20. ALCL RecoveryGan Step Seting
REF5-0 GAIN(dB) STEP

3DH +26.5

3CH +26.0

2DH +19.0 0.5dB (defaut)

05H +0.5

04H +0.0

03H -1.0

02H -2.0

: : 1.0dB
01H -7.0
00H -8.0
Table 21. Sdtng Reference Vale atALC1 RecoveryOperaion
MS0502-E-01 200704
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(3) Exanple of ALC1 Operation

Table 22 showshe exanples of he ALC1 seting. In case oftis exanples, ALCL operaiton strts from 0dB.

[AK4650]

Regster Commant fs=8kHz fs=16kHz fs=44.1kHz

Name Data | Operaticm | Data | Operaticm | Data | Operatin

LMTH Limiter deecion Level 1 —4dBFS 1 —4dBFS 1 —4dBFS

LTM1-0 Limiter operdion period at ZELMN| 00 Don'tuse | 00 Don't use 00 Don't use
bit = “1”

ZELMN Limiter zero crossing deteoti 0 Enable 0 Enable 0 Enable

ZTM1-0 Zero crossig imeoutperiod 00 16nms 01 16nms 10 11.6ns
Recoverywaiting perod

WTM1-0 |[*WTM1-0 bis shoud be he sane| 00 16ns 01 16ms 10 11.6ns

dabas ZTML-0 bis

REF5-0 Maximum gain atrecoveryopegation | 3DH +26.5dB | 3DH +26.5dB | 3DH +26.5dB

IPGA5-0 | Gain of IPGA atALC1 operaion sart| 37H 0dB 37H 0dB 37H 0dB

LMAT1-0 | Limiter ATT Step 00 0.5dB 00 0.5dB 00 0.5dB

RGAIN RecoveryGAIN Step 0 0.5dB 0 0.5dB 0 0.5dB

ALC1 ALC1 Enmabe hit 1 Enade 1 Enable 1 Enable

Table 22. Exarple of he ALC1 seting

The folowing regsters shoud notbe changed durg the ALC1 operaton. Thesebits shoutl be changed, adtthe ALC1

operaton is finished byALC1 bit = “0” or PMMIC bit = “0".

e LTM1-0, LMTH, LMAT1-0, WTM1-0, ZTM 1-0, RGAIN, REF5-0, ZELMN bits

IPGA gaih at ALC1 operaion sart can be changed frothe ddault value of IPGA5-0 bits while PMMIC bit is “1” and
ALCL1 bit is “0”. When ALC1 hit is changedfrom “1” to “0”, IPGA holds the last @in value set ly ALC1 operatia.

Example:

Limiter = Zero crossing Enable
Recovery Cycle = 16ms @ fs= 8kHz
Limiter and Recovery Step = 0.5dB
Maximum Gain = +26.5dB
Limiter Detection Level = -4dBFS

Manual Mode ALC bit=*“1"

'
WR (ZTM1-0, WTM1-0, LTM1-0) (1) Addr=66H, Data=4100H

v v

WR (REF5-0) (2) Addr=64H, Data=3D31H
v '

WR (IPGA5-0) |* The value of IPGA should be (3) Addr=0EH, Data=0077H
* the same or smaller than REF’s ¢

WR (ALC1=“1", LMAT1-0, RGAIN, LMTH, ZELMN) (4) Addr=66H, Data=6100H

{

ALC1 Operation
Note : WR : Write

Figure 19. Rgisters setup sequence &LC1 ope

MS0502-E-01
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W De-emphasis Filter

The AK4650 includes the digitadle-enphasis filter (tc = 50/44%s) by IIR filter. Settirg the DEM1-0 bits erales tte
de-enphasis filter (Table 23).

DEM1 DEMO Mode
0 0 44.1kHz
0 1 OFF (defaut)
1 0 48kHz
1 1 32kHz

Table 23. De-emphass Control

W Bass Boost Function

The BST1-0 bits contol the anountof low frequencyboostappled to the DAC oufputsignal (Table 24). If he BST1-0
bitsare seto “10” (MID Level), AC-couping capador can be sied downa 47uF. If the boosted signal exceeds the full
scale, the analog output clips to the full scilgure 20 showshe boostfrequencyresponse at20dBsignalinput

Boost Filter (fs=48kHz)

Gain [dB]

Frequency [Hz]

Figure 20. Bss BostFrequencyfs=48kHz)

BST1 BSTO Mode
0 0 OFF (defaut)
0 1 MIN
1 0 MID
1 1 MAX

Table 24. Bass BostControl

MS0502-E-01 200704
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W Digital Attenuator

The AK4650 has a channel-indepkent digital attenuator (128 levels, 0.56tBp, Mute). The attenuation level of each
channel can be set by the ATTL/R6-0 bitaljle25). When the DATTC bit = “1"the ATTL6-0 bits control both Lch and
Rch attenuation levels. Mén the DATTC bit = “0”, the ATTL®) bits control Lch level and ATTR6-0 bits control Rch

level.

ATTL/R6-0 Attenuation STEP
00H 0dB (defaut)
01H -0.5dB
O?H —1.QdB 0.5dB
7DH -62.5dB
7EH -63.0dB
7FH MUTE (—) -

Table 25. DATT Atenuaton Tabe

The ATS bit sets the transition trbetween set values of ATTL/R6-tbas either 531/fs or 128/(Fable 26). When
ATS bit = “0”, a softtranstion betveen he setvaluesoccurs (531 dvels). It takes 531 (11nms@fs=48kHz) from
00H(0dB) to 7FH(MUTE).

ATT speed
ATS 0dBto MUTE 1 sep
0 531fs 4ffs (defaut)
1 128fs 29fs

Table 26. Transition timbetweerset values of ATTL/R6-0 bits

MS0502-E-01 200704
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W Soft Mute

Softmute operatonis perforned n the digital dormain. When he SMUTE bit goes ¢ “1”, the ouputsignalis atenuatd
by —o (“0”) during the cycle setby the TM1-0 bis (Tabe 27). Whenthe SMUTE it is retunedto “0”, the nute is
canceled and he ouput atenuation gradudly changesd 0dB during the cycle setof the TM1-0 bis. If the softmute is
carcelledwithin the cycleset ty the TM1-0 hits after startig the geratia, the attemwation is dscantinued ard retuned
to 0dB. The softmute is effecive for changig the sgnalsource wihoutstopping the sgnaltransnisson (Figure 21).

The softmute function is independentf oufputvolume and cascade connedtbetveen bat funcions.

SMUTE bit
TM1-0 bit TM1-0 bit
< | < >
0dB (1) /
Attenuation @)
_w N N
— 40D —» «—GD
@
Analog Output \/\

Figure 21. SoftMute Functon

Note:

(1) The autput signal is attemateduntil -oo (“0”) by the cycle setby the TM1-0 bis.

(2) Analog ouput correspondig  digital inputhas be group dely (GD).

(3) If the softmute is cancelled within the cycle of seting the TM1-0 bis, the attenuaton is discounéd andreturnedto
0dB(the setvalue).

TM1 TMO Cycle
0 0 1024fs (defaut)
0 1 512fs
1 0 256fs
1 1 128fs

Table 27. SoftMute Time Seting

MS0502-E-01 200704
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m AUX Input

[AK4650]

AUXIN+ pin

AUXIN- pin

AK 4650

AUX

2

MT, GN4-0 bits
Volume

o—p ADC

AUXAD bit

O— HP, SP

AUXL bit

Figure 22. AUX Input

AUX inputisa diferenia input The AK4650 has a voime for AUX Input ThisVolumeis contolled by GN4-Obits as
shown n Table 28. The swiching nose occurs when GN4-Otbiare changed.

AUXMT GN4-0 GAIN (dB) STEP
00H +12.0
01H +10.5
02H +9.0
0 : : 1.5dB
08H +0.0
1EH -33.0
1FH -34.5
1 X MUTE

Table 28. AUX Input Gain Setting (x: Don't care)

MS0502-E-01
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W Stereo Line Input

LIN pln_(\

RIN pin

[AK4650]

AK 4650

%

LNMT, GL4-0 bits
Volume

P HP Lch, SP

%

LNMT, GR4-0 bits

Volume

P HP Rch, SP

Figure 23. Streo Lne Input

When LNMP bit is“1”, M PE pin becones LIN pin. When RNMD bit is“1”, MDT pin becores RN pin. LIN/RIN is
single-endednput The AK4650 has a voine for Sereo Lne Input ThisVolumeiscontolled by GL4-0andGR4-0bits

as shownrn Table 28. The swiching nose occurs when GL4-0 or @FO bis are changed.

LNMT GL/GR4-0 GAIN (dB) STEP
00H +12.0
01H +10.5
02H +9.0
0 : : 1.5dB
08H +0.0
1EH -33.0
1FH -34.5
1 X MUTE

Table 29. Stereo Line Input VolwnSetting (x: Don’t care)

MS0502-E-01
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B BEEP Input

When he PMBPM bit is setto “1”, mono beepriputis powered up. And whemé BPMHP bt is setto “1”, the sgnal
from the BEEP pn isinputto Headphone-am When te BPMSP bt is setto “1”, the sgnalfrom the BEEPpin isinput
to Speaker output. The external resisRiradjust the signal level of each BEERut that are mxed to Headphone and
Speaker oyuts.

Thesignalfrom the BEEP ph is mixed b the Headphone-apthrough a —20dBjain stage. The gjnalfrom the BEEP pn
ismixed b the Speaker-apwithoutgan. The nternalfeedback resiance $ 20kQ2 + 30%. When BPMT bit is “1”",BEEP
inputis muted.

When INBP bit is“1”, BEEP ph becones IN2 ph.

AK 4650
HP Lch
BPMHP bit ¢
> o— 2008
|—> HP Rch
Rf
Ri
) _ o0 » sp
BEEP pin BPMSP bit
Figure 24. Bock Diagramof BEEP pis
(Rf = 20k + 30%)
MS0502-E-01 200704
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B MONO LINE OUTPUT (MOUT+ and MOUT - pins)

MICOUT pinr| I—,LAIN pin

AK4650
MIC In
— ATT

+200dB/0dB IPGA5-0 bits ~ ATTM bit
MICM bit
DAMO bit
piinient
1
—E/z ro” o -
— ATT+DAC ! : MOUT+ pin
—@ ~0” 0 MOUT- pin
------ MOGN2-0 bits

+6dB to —15dB

Figure 25. Mono Ouput

Mono mixer mixes sgnak from MIC In, DAC Lch andRch. This mixed sgnalis output from the MOUT+ and MOUT—
pins, creahg a diferenia output Either the MOUT+ or MOUT- pin can be &o used as sgle-ended oytut Load
resistance is 2@x(min). When PMMO bit is “0”, mono ouputis powered-down and ®UT+/~ pins becora Hi-Z.

PMMO MOMT Mode MOUT+/MOUT- pin
0 X Power-down Hi-Z (defaut)
1 1 Mute VCOM
0 Normal operaiton Normal operaiton

Table 30. Mondutput Setting

Volume of path fromDAC is contrdled by ATTL7-0 and ATTR7-0 bitsTable 25). Voume of pat from IPGA is
contolled by ATTM bit (Table 8). Mono ouputanp has +6dBd —15dB gam that are seby the MOGN2-0 bts (Table

31).
MOGNZ2-0 GAIN(dB) STEP
OoH +6.0 (default)
1H +3.0
2H +0.0
3H -3.0
4H —6.0 3dB
5H -9.0
6H -12.0
7H -15.0
Table 31. Mono Ouput Gain Control
MS0502-E-01 200704
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W Headphone Output

Power supply voltage for the Headphonepasnsuppliel from theHVDD pin and centered on the MUTET voltage. The
Headphone-amoutput load resstance $ min.162. When the HPMT bit is “1” aPMHPL=PMHPR= “1", the common
voltage rises © 0.44 x AVDD. When te HPMT bit is“1”, the common voltage of Headphone-gmfalls and he outpus
(HPL and HPRpins) go b HVSS.

A capacitor betw een the MUTET pin and ground reduces pop noise at pow  er-up/dow n. Itis
recommended that the capacitor w ith small v ariation of capacitance and low  ESR (Equiv alent Series
Resistance) ov er all temperature range, since the rise and fall time in Table 32 depend on the
capacitance and ESR of the external capacitor at MUTET pin.

t: Rise Tme up © 0.44 x AVDD 100k x C (¥p)
t: Fal Time down b OV 200k x C(typ)
Table 32. Headphone-ApRisefFall Time

[Exanple]: A capacitor between the MUTET pin and ground suE:0
Rise Time up to 0.44 x AVDD: t= 100K2 x 1uF = 100ns(typ)
Fal Time down b OV: t = 200K2 x 1uF = 200ns(typ)

WhenPMHPL andPMHPRbits are “0”, he Headphone-apris powered-down, andi¢ ouputs (HPL and HPRins) go
to HVSS.

PMHPL/R bit

|
———

HPMT bit

]
0.44 x AVDD ~F--+------—2

|

T
o
|y
Py
T.
5
©
N
N
x
>
<
o
O
__i_
|

i
P S
|

|
w__\

—
=

@ @ (3) 4
Figure 26. Power-upbwer-down Tining for Headphone-gm

(1) Headphone-ampower-up (PMHPL and PMHPR bits = “1"). The outputs are still HVSS.

(2) Headphone-amcommon voltage rises up (HPM bit = “0”). Common vokage of Headphone-gmisrising. Thisrise
time depends on the capacitor value connectedth@®UTET pin. The rise timup to 0.44 x AVDD is,t= 100k x
C(typ) when the capacitealue on MUTET pin is “C".

(3)Headphone-amconmon voltage falls down (HPMT bit = “L. Common voltage of Headphone-aris falling to
HVSS. This fall tine depends on the capacitor value corsweith the MUTET pin. Thdall time down to OV isst=
200k x C(typ) when the capacitor value on MUTET pin is “C”.

(4)Headphone-ampower-down (PNHPL, PMHPR bits = “0"). The ouputs are HVSS. Ifiie power supplis switched
off or Headphone-amis powered-down befordéi¢ canmon vokage goesd HVSS, sore pop nose occurs.

MS0502-E-01 200704
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[AK4650]

The cutoff frequencyof Headphone-amoutput depend®n he exernal resstor and capatir used.Table 33 showshe
cut off frequencyand he ouput power for vamus resstor/capacior corrbinations. The Headphonepedance Ris
16Q. Ouiput powers are shown &tVDD = 2.7, 3.0 and 3.3V. The quit voltage of Headphones 0.6 x AVDD (Vpp).

HP-AMP

-
S

\/

AK4650

Figure 27. Exgrnal Circuit Exanple of Headphone

RIO] CluF BOfC(;S[[-IE]OFF BOfC():S“'-I"i]MN 2.7V OUtpUt;S\\//V@r ] 3.3V
0 i(z)g ggé j;; 27.9 34.5 41.7
6.8 14070 1(34,9é.85 gj 13.7 17.0 20.5
16 14070 1‘595_78 4112 7.0 8.6 10.4
Table 33. Riationshp of exernal circuit, ouput power and frequenagsponse
MS0502-E-01 200704
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W Headphone Jack Detection

AK 4650
HVDD
100k Headphone Jack Pins 1 and 2 HDT pin
Not inserted Short “L” (pulled-down by external 2.2k)
Inserted Open “H” (pulled-up by internal 100k)

HDT pin

HPDT bit
DTHPJ bit >

HPLpin 6.8 47u

2.2k

Headphone Out

i 47u
HPR pin 6.8 +

2.2k

Figure 28. Headphone Jack Betion

Headphone jack detion sequence exgte:
(1) HPDT bit = “1".
(2) HDT pin is pulled-up © HVYDD by 100k.
(3) DTHPJ bt indicaes wheler headphone jackinsered or not

Headphone jack detion resulis repored to DTHPJ bi (Table 34). If HPINT bit is “1”, INTN pin becoss “L” when

headphone jaclsideeckd.
Input Level of HDT DTHPJ bt Headphone Jack
<0.3xHVDD 0 Not inserted
> 0.7 x HYDD 1 Inserted

Table 34. Headphone Jack Befon Result

When ATSWhit is “1” at PMHPL=PMHPR=PMSPK= “1and HPMT=SPPS= “0", Headphone+aisnd Speaker-gm
are autoretically powered-up/down accordj to headphone jack detection resuililfle 35,Table 36).

MS0502-E-01

PMHPL
DTHPJ PMHPR HPMT HP-Amp
0 X X Power Down
1 0 1 PowerDown
1 0 PowerUP

Table 35. Headphone-gmaubmatic power-down (ATSWbit = “1”)

DTHPJ PMSPK SPPS SPK-Amp
0 X PowerDown
0 1 1 PowerSave
0 PowerUP
1 0 X PowerDown
1 X Power Save

Table 36. Speaker-gmautonatic power-save (ATSWit = “1")

Downloaded from Elcodis.com electronic components distributor
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W Speaker Output

Mono sgnal[(L+R)/2] convered fromstereo DACoutputandBEEPinputsignalcan be oyiut via Speaker-apwhich
outputis BTL. DAC output signalcan bemputto the Speaker-apwia the ALC2 circuit. This Speaker-amcan ouputa
maximum of 300MNV@ALC?2 bit = “0” and 190nW@ALC2 bit = “1”.

ALC2 Po
0 300nW (defaut)
1 190nW

Table 37. Speaker-AmOutput Power

Speaker lidcks (MOUT2, ALC2 and Speaker-ao) can be powered-udwn bycontolling the PMSPK bt. When he
PMSPK bit is “0”, the MOUT2, SPP and SRiMs are placed in a Hi-Z state.

When the SPPS bit is “1”, the 8aker-arp is power-save-gde. In this mde the SPP pin is placed in a Hisfateand
the SPN pin goes to HVYDD/2 voltage. And then the Spealkigut graduallychanges tthe HVDD/2 voltage and this
mode can reduce pop isei atpower-up. Wen he AK4650 & powered-down, pop neé can be ab reducedn
power-save-rode.

PMSPK SPPS Mode SPP pin SPN pin
0 X Power-down Hi-Z Hi-Z ;defa“'t
1 1 Power-save Hi-Z HVDD/2
0 Normal operaiton Normal operaiton | Normal operaiton
Table 38. Speaker Opitit Seting
PMSPK bit
SPPS bit | |
SPN pin | : : HVDD/2 j

Figure 29. Power-uplower-down Tining for Speaker-am

B Mono Output (MOUT2 pin)

ThemixedLch/Rch signalof DAC is output from the MOUT2 pin. When hie MO2 bit is “0”, this outputis OFF andlie
MOUT?2 pn is forced b VCOM voltage. The dad mpedances 10k (min.). Whenthe PMSPK It is “0”, the

Speaker-amenters power-down-atle andhe output is placed in a Hi-Z state.

MS0502-E-01
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W ALC2 Operation

Inputresstance oflhe ALC2 (MIN pin) is 24kQ (typ) and cergred around VOM voltage.Figure 30 showsiputoutput
relationshp atALC2 operaion (0dB/=1Vrms =2.828Vpp).

The imiter detecion level is proportonalto HVDD. The ouputlevel is limited by the ALC2 crcuit when he
Speaker-amoutput level exceeds +1.8dBV@HVDD=3.3V héh acontinuous signal of +1.8dBvuf greater isnputto
the ALC2 circut, the autput level is attematedby ALC2 operaton. The change ped of he ALC2 limiter operaion is
set ly the ROTM bt and the attemiation level is 0.5dB/step(Table 39).

Whenthe Sgealer-anp output level is eaal to or lower than—0.2dBV@HVDD=3.3V, the ALC2 recovengpeation
starts. The ALQ2 recoveryoperaion uses zero crosgjs ad gans of 1dBstep. The ALQ recoveryoperaion is done
until the autput level d the Sgealer-anp goes to-0.2dBV@HVDD=3.3V. The ALC2 @ximum gain is +18dB. The
ROTM bit set the ALC2 recoveryoperaiton perod (Table 39).

When te ouput signalis betveen +1.8d® and—0.2dBV, the ALC2 limiter or recoveryoperatons are notione.

When the PMSPK bit changes frd@i’ to “1”, the initilization cycle (2048/fs 46.4ns @fs=44.1kHz at ROTM bit =
“0”, 512ffs = 11.6ns @fs=44.1kHz athe ROTM bit = “1") starts. This fs valie is setby Addr=32H (ADCsanpling
frequerce). The ALC2is dsabed during the initilization cycle anl the ALC2 starts after ampleting the initilization
cycle.

Paraneter ALC2 Limiter operéion ALC?2 Recoveryoperaiton
Operaion SartLevel +1.8dBv —0.2dBv
Perod ROTM bit = “0” 2/fs = 45us@fs=44.1kHz 2048fs = 46.4ns@fs=44.1kHz
ROTM bit = “1" 2/fs = 18us@fs=11.025kHz | 512fs = 46.4ns@fs=11.025kHz
Zero-crossig Deecion Disabkd Enabkd (Timeout= 2048fs)
ATT/GAIN 0.5dBstep 1dB step
Table 39. Liniter /Recoveryof ALC2 at HYDD=3.3V
SPK Out
A
+3.8dBV o
(Limitter) 7
FLBABY ooy TTTTT > -
-0.2dBV P m— -
(Recovery) S
/,"/(ALC2=OFF)
-18.2dBV A
o ®  ® pACIn
m om m m
& & & 8
n o™ !
9 9
Figure 30. DAC mput— Speaker oputrelationshp (HvYDD=3.3V, ALC2 bt = “1")
MS0502-E-01 200704
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B Example of Path

Microphone AKA4650 - Audio CODEC -
1
: i ADC |——O—>|
Mic In | '
1
! i cPU
HP ' i
(L R —— | ore Jio—
Headphone HP Out [ eppnpspnpegligl '
Aux In
YL RF
Module
Mono Out
Figure 31. MC recordng & Headphone pipack
Microphone AK4650 - Audio CODEC -
1
o ° ! | ADC |
icIn i
Side Tone [ATT '
' - E : cPU
1
1
- ! | DAC | 1
Headphone HP Out LT '
Aux In -
RF
Module
[ ———
Mono Out
Figure 32. Phone
Microphone AKA4650 - Audio CODEC -
. oD =m—1—<>—>
Mic In ) A '
Side Tone |ATT
CPU

m TS v
- >—|ﬂ <P
Headphone HP Out mPj X

Aux In
RF

Module

e p—
Mono Out

Figure 33. Rcordhg/Playback & Phone
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B A/D Converter for Touch Screen

The AK4650 incorporates a 12-bit successive apprati@mresistor A/D converter foposition neasurerant, and
battery \oltage. Tre arclitecture is lasedon cagacitive redstribution algorithm, ard aninterral cagcitar arrayfunctions
as the sanple/hold circuit.

The AD converer ouputis a staight binary format as shownri Table 40:

Input Voltage Output Code
(AVREF-1.5LSB ~ AVREF FFFH
(AVREF-25LSB) ~ (AVREF-1.5LSB FFEH

0.5LSB ~ 15LSB 001H
0 ~ 0.5LSB 000H

AVREF: (VREF+) — (VREF)
Table 40. Ouput Code

The AD converer’s full scak measurerants depend onhe inputmode.

W Analog Inputs

Analoginputis sekcid via the A2-0 and SERitsin the contol regster. If the anabg inpus are he X or Y-axs and he
SER it is set to“0"(differertial mode), tre ful scale AVREF) is the diferenial voltage betveen he non-nvering
terminal andthe invering terminal of the measured asi(e.g. (XP) — (XN)). Analg non-nvering inputto A/D converer
(AAIN) isthe non-nvering terminal of the non-neasured asiwhile the invering inputis the invering erminal of the
measured axi If the SERDbit is setto “1” (single-ended rade), he full scak of AD converer AVREF) is tre interral
reference vabge, or extérnal reference vdbge. Noe that the SERbit shoull be seto “0” i f the IN2 ph is sebced as
anabg input neverheless, he IN2 ph is acualy measured bgingle-ended rade.

SERDbit Analog InputType AVREF AAIN
0 Differential X-ax?s measurerant: XP— XN X-ax?s measurerant: YP— XN
Y-axis measurerant: YP— YN Y-axis measurerant: XP— YN
1 Single-ended VREF - TSVSS AIN — TSVSS
Table 41. Anabg InputType,AVREF andAAIN
MS0502-E-01 200704
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W Pen Position Detection of Touch Screen

The sebcied buch screen pason is deecied bythe votage neasurerantof one axs when he voltage s suppled
betveen he two terminals of he oher axs. At leasttwo A/D conversbns are needed getthe wo-dimensional (X/Y

axis) postion.
ON ON
_|§ ) XP _|§ XP

YP

| XN XN
i Lo [

C
YN YN
ON
a) X-Position Measurement b) Y-Position Measurement
—
Differential Mode Differential Mode

Figure 34. Axis Measuregemt
The differential node is generally nre accurate than theingle-ended wde for the positin detection. Since the full
scale of single-endedode is fixed tahe internal (or external) referenealtage, the input voltageay exceed the
full-scak reference vedge. Ths problemdoesnotoccurin differertial mode. Inaddition to this, the dfferertial mode is
less nfluenced bypower suppl voltage varation bythe rato-metric measurerant

However, note that the touch screeivelr switch is still ON and the currenbflis even for the A/D conversion tm

MS0502-E-01 200704
- 46 -

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159625/ak4650.html

AKM [AK4650]

B Pen Pressure Measurement

The buch screen pen pressure can beveddrfromthe measirenment of the contact resiice between two plates. The
contactresstance depends ohd sie of he depressed areadithe pressure. The area bétspotis proportonalto the
contact resistance. This resistancg (R can be calulated ushg two differentmethods.

Total resistance of the X-plate sheef,(R) is known

The resistance,Rcn is calculated fronthe results of three conversions, X-positiopPdstion, and Z-Postion, ushg
the following formula:

Xposition ZZ
Riouch = Rxplaie X X -
4096 Z;

1) The resistances of bothetiX-plate and Y-plate (Bae Ryplae are known
The resistance, R is calculated fronthe results of threeonversions, X-positiorY-Position, and ZPostion, usng
the following fornula:

xposition 4096 Yposition
Riouch = RpraIe X X - - I:ayplate X 1-—
4096 Z 4096
AK 4650 AK4650
ON ON
_| YP _| YP
C C

XP touch XP touch
| VREF+ | | AIN+ ( | VREF+ | | AIN+ C
ADC ADC
s s
| VREF- | | AIN- | VREF- | | AIN-
XN XN
I ¢ I I ¢
T R G R D G
YN YN
a) Z;-Position Measurement b) Z»-Position Measurement
Differential Mode Differential Mode
Figure 35. Pen Pressuresisurerant
MS0502-E-01 200704

-A47 -

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159625/ak4650.html

AKM [AK4650]

m Voltage Reference (VREF)
The AK4650 has amiernal 2.5V vokage reference. Thireference can bermed ON when PMREF = “1", and OFF
when PMVREF = “0". Thigeferences used in the single-endecbate for the bitery nonitoring, or for auxiliary input.

A 0.1uF or larger capacitor should be connected for stabletipe of the VREF circuit. Settling tiendepends on this
external capacitance, but 480or bnger time isrequred  the exernal capadiance 5 0.1uF.

If an exernal voltage referencesiused, PNWREF bi shoutl be seto “0”.

W Battery Measurement

The AK4650 can masurehie batery voltage of 5V or éss drecty while the AK4650 operass at2.7V © 3.6V. Theinput
voltage sinternaly divided down byfour.

When e tracking ime is adjused atbatery measurerant, the method ushg ADEXE ph is avalable. ADEXE1-0 bis
select the tracking edgégble 53).

VREF
AK 4650
Internal PDl
VREF ¢
VBAT
RO AN+ | |VREF+
ADC
AIN- | | VREF-

ooy

Enable

Figure 36. Bttery Monitoring
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W Pen Interrupt

The AK4650 has pemierruptfuncion to detectthe penouch.Peninterruptfuncion isenabéd atpower-down stte. YN
pin is connected to GND at the PEN interreipabledstate. And XP pin is pulled upavan internal resistor (Ri),ically
50kQ. INTN pulled up via an exérnal resstor, 100K, is also connected to XP pilf.the two plates are touched, the
current flows via <TSVDD> <Ri>— <XP> —<the plates> — <YN>. The rstince of the plate is generallkQ or less,
INTN pin is forced to “L”". If the pen is released, INTdh returns “H” because twogtles are disconnected, and the
currentdoes noflow via wo plates.

The operabn of INTN pihn depends on A2-0 and PINTE$ivhen PM.2AD bit is“1”. If PINTE bit is“1”, INTN pin
goes ¢ “L” when the phte istouched wih penor finger,and goesa “H” when the phte is nottouched regardks of he
sekcionof the anabg inputchannelIf PINTE bit is“0” or 12bi ADC isexecuéd, the operabn of INTN pnh depends on
the sekcionof the anabg inputchannetegardéss of he buchal/non-buched site. If the X-axis or Y-axisis sebcied as
analog input, INTN pin is forced to “L” regardless of tbached/non-touchedate. If VBAT, or auxiliary inputs is
sekced, INTN pn is forced b “H” regardless of he buchedhon-buched site.

When PML2AD bit is “0”, XP, YP and XN pins go b Hi-Z state at PINTE bit = “0”. At tlat state, no currenflows on
touch screen evefpen stouched. INTNpinisforcedto “H” regardless of he tbuchedhon-buched site. If PINTE bt
="1", INTN pin goes to “L” when the plate is touched.

PM12AD bit PINTE bi Pen Inerrupt INTN pin Operaiton
0 0 Disabk Always “H".
0 1 Enabk “L” by pen buch, oherwise “H".
1 0 Disable “L" at XY axis measurerant, otherwise “H”.
During measurerant:
“L" at XY axis measurerant, otherwise “H".
1 1 Auto .
After measurerant:
“L” by pen buch, oherwise “H".
Table 42. INTN ph Operaion (x: Don't care)
100k
AK 4650
INTN pin
EN2
50kQ L _
D OFF
river _| <P pin
ENL —| ’_O<’_$_'_‘ Q 7/_""3\
YN pin
Driver ON —|

Figure 37. Pen letrupt Block Diagram
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W Sequence from AC-Link Pow er-up to Headphone Output

1
TSC Touch / H
1
i
1
INTN ‘

1
SDATA_IN —/—\ /

SYNC / \ /’
~

Crystal Ocilator

BITCLK

VRA bit(PLL) ‘¢————Timermin:25ms  ——— ]

PLL

PR1 bit(DAC)

VRA bit(PLL)

.

PR6 bit(HP)

< Typ.50ms
HPL/R Note)
:

Note 40. When PR = PR3 = PR = “0”, aub power-up fundbn is sekcied (ATPU bt = “1") and pentouchis detectd,
then the AK4650 autoatically startsto power-up the headphone+aby setting PMHPL bit = “1”, PMHPR bit

=*"1" and HPMT bit = “0".

Figure 38. Sequence froAC-Link power-up ® headphone optit
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W Waking up AC-Link
1. AC-Link Pow er-dow n
The AK4650 conbls the AClink power-updown byPR4 and PR bits. When PRl bit is“1”, BITCLK andSDATAIN

goto“L”, but X'tal oscillator still operates. VilenPR5bit is “1”, BITCLK and SDATAIN go to “L”, and X'tal oscillatar
is powered-down. PLL power-ufidwn & contolled by VRA bit.

BITCLK/SDATAIN output X'tal oscillator PLL
PR4 bit = 1" Stop Normal operaton | Power Down
PR5 bit = 1" Stop Stop Power Down
VRADbIt = 0" Output Normal operation| Power Down

Table 43. AGLink Power-down
2. AC-Link Pow er-up

The AK4650 supports the AC-link powapsequence using SDATAIN outputaaddition to COLD RESET and ARM
RESET. In this rade the operation is s&as WARM RESET when the AK4650 receives the SYNC signal.

CODEC
Sleep State

) ) \

erowc (RN RN RUIR AR f WWHWEW’IWHHWEWWIHEWEVWWMWWHHEWWHWEWWHVW

soATAOUT  Ysot12f ) Jo% X Bme \ / ’/ \ [ Y(sota Yoz
\

v
soaTaN _Ysouzfme VRN o Xsor1 fser2)

Figure 39. AGLink Wake Up Fundbn by SDATAIN

Power Down ‘ ‘ Wake Event ‘ New Audio

3. SDATAIN Output
SDATAIN pin goes® “H” when peninterruptis enabk, AC-link is powered-down and peauch s deecied. SDATAIN

pin goeso “L” after SYNCsignalis changedd “L” regardess of he pen ouch de¢cion. The AK4650 operes sane as
WARM RESET by receiving this SYNC signal.

MS0502-E-01 200704
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4. Wake Up Time
The AK4650 can masures the touch screen positiorlBpit ADC at arround 50snfrompower-down state.
(1) Wake Up fromPR4 bit = “1” and PR bit = “1”

The time from pentouch to position measuenen availale ceperdes o CPU, X'tal cscillator ard the driver inaddition
to the AK4650. T5 and T7 depend on the AK4650. T7 is lesslthanT5 (X'tal oscillatiorstable and BITCLK is output)
is 20ms.

T1 : Frompen buch b SDATAIN output => depends orotich screen

T2 : The AK4650 oyputs SDATAIN and ®U outputs SYNC=> depends on )

T3 :SYNC“H” time => depends onRyJ, nore than 1us

T4 : Fram SYNC falling edye toX'tal oscillation start => @pemnls on CPU

T5: X'tal oscillation stable ard BITCLK is output => depers on X'tal

T6 : FromCPU receives BITCLK t€€PU outputs SYNC => depends on CPU

T7 : Fromthe AK4650 receives SYNC the AK4650 outputs CODEC Ready => 162.8ns
T8 : FromCPU receives CODEC Ready to CPU reads ADC data => depends on CPU

TS C Touch

SDATAIN

SYNC

Crystal Ocilator

BITCLK

12bit ADC

P T i :

H i | 1
' ' . ' ' ' . . '
v Tl v T3 ! T4 ! TS5 ! T6 VT ! T8 H

Figure 40. AGLink Wake Up Timing (PFS bit = “17)

5. Pen Interrupt

The AK4650 oyputs pen iterrupt signalwhen penrterruptis enabéd and penduch s deeckd.

(1) When PENINT bit is “1”, INTN pin goes to “L”

(2) When AGLink operags, GINT bt is“1” and SLOT lit is“1”, bit 0 of sbt 12 on SDATAIN goesa“1”.
(3) When PINTRbitis“1”, DTPEN bit (Addr=6AH: D2) ouput the pen duch deg¢cion resul.

GPIO ph of the contoller is notneededr case of (2) or (3).

MS0502-E-01 200704
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W 12bit ADC Data Reception Method

1. Selection of data reception method

[AK4650]

The AK4650 supports the following twoethod for 12bit ADCdata reception which is selected by SLOT bit.

SLOT bit

12bit ADC data reception &thod

0 “Register”
The AK4650 repodthe measurerantresut (12bt ADC dag) to the contol register,then
contoller ges the dah by readng te regster of 74H, 76H and 78H.

(default)

1 “Slot”
The AK4650 repogthe measurerantresut (12bt ADC dat) to slot 5, sbt 6 or sbt 12,
then controller gets tte data fran the asigiedsia.

2. Measurement Mode Setting

Table 44. 12bit ADC data receptioretinod

A2-0 and SER bits set theemsurerant node [Table 45). PM.2AD and PMW/REF bis contol the 12bt ADC

power-upflown.

DLY3-0 bits set tle wait time from mode setting to measuwemert (Table 47). ADFLT bi ses the averagig of four dad or
not (Table 48). If hese nodes are changed dug wat time, 12bi ADC is reset ad starts withlatest node settirg.

A2-0, SER bit Driver switch status ADC Input Reference voltagg
(AAIN) (AVREF)

A2 Al A0 SER | XP XN YP YN AIN+ AIN- | VREF+ | VREF- | Measirenent item
0 0 0 1 OFF | OFF| OFF| OFF N/A (default)

0 0 1 1 | OFF | OFF| ON ON XP GND | VREF GND | Y-axis

0 1 0 1 | OFF | OFF| OFF| OFF | VBAT | GND | VREF GND | Batteryvoltage
0 1 1 1 OFF | ON ON | OFF | XP(Z1) | GND | VREF GND | Pen pressure (X
1 0 0 1 OFF | ON ON OFF | YN(Z2) | GND VREF GND Pen pressure ¢¥
1 0 1 1 ON ON | OFF | OFF YP GND | VREF GND | X-axis

1 1 0 1 OFF | OFF| OFF| OFF IN1 GND VREF GND IN1 input

1 1 1 1 N/A

0 0 0 0 N/A

0 0 1 0 | OFF | OFF| ON ON XP YN YP YN Y-axis

0 1 0 0 N/A

0 1 1 0 OFF | ON ON | OFF | XP(Z1) | XN YP XN Pen pressure (¥
1 0 0 0 [ oFF| oN [ ON [ OFF| YN(Z2) [ XN YP XN | Pen pressure (X
1 0 1 0 ON ON | OFF | OFF YP XN XP XN X-axis

1 1 0 0 OFF | OFF| OFF| OFF IN2 GND VREF GND IN2 input

1 1 1 0 N/A

Table 45. 12 ADC measurerantmode
MS0502-E-01 200704
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AKM
PM12AD | PMVREF| PINTE | INTN | VREF Function

0 X 0 Disabk X 12bit ADC is powered down. Touch screenwdni swich is
open.

0 X 1 Enabk X The AK4650 wats for pen buch. 12bi ADC is powered down
Touch screen drer swich is open (hough XP pm is TSVDD
and YN pn is TSVSS).

1 X 0 Disabk X 12bit ADC is always powered up.

1 X 1 Auto X After the measurerantof XY or XYZ, 12bit ADC is
aubmaticaly powered down andé AK4650 wais for pen
touch.

X 0 X X OFF | PMVREF bt contols the VREF power-updown.

X 1 X X ON

Table 46. 12k ADC Power-updown contol (x: Don't care)

DLY3-0 hit Wait time
OH 1TS (defaut)
1H 2TS
2H ATS
3H 8TS
4H 12TS
5H 16TS
6H 24TS
7H 32TS
8H 48TS
9H 64TS
AH 96TS
BH 128TS
CH 160TS
DH 192TS
EH 224TS
FH 256TS

Table 47. Wit time frommode sding © measurerant(1TS = 1SYNQperiod = 20.8gs@fs=48kHz)

ADFLT bit Filter
0 Data is not averaged. TheAK4650 | (default)
outpus one neasurerantresut.
1 Four data are averaged.

MS0502-E-01

Tabe 48. 12bit ADC data filtering (SLOT kLt = “0”)
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3. Register Read
The AK4650 suppostthe following three neasurerantmethods wheh are sedced byADMODEZ1-0 bts.
(1) 74H Register Read

(2) XY Measurenent Mode
(3) XYZ Measurenent Mode

ADMODE 1-0 bis Measurerant Method
00 74H Register Read (default)
01 XY measurerantmode
10 XYZ measurerantmode
11 Reserved

Table 49. 12hi ADC measurerantmode seiing
3-1. 74H Register Read Method

The AK4650 repogthe measurermantresut setby A2-0 andSERDbits to the contol register address 74H. The coolier
gets the reasurerant result by reading ¢hcontol register address 74H. 74H resggr is cleared byPM12AD bit = “0”.
74H consits of the followings:

D15(ADE) : 0: Measurerantis not conpleted.

1: Measurerantresut is repored to D11-0.
D14-12(A2-0) : Measurerantmode (A2-0 bis)
D11-0 : Measurerantresuts (12bit)

3-1-1.ADFLT bit =“0": No av erage

(1) 70H(ADFLT, DLY3-0, ADEXE1-0) is setA2-0 andSERDits set the reasurerant node at the saatime, and 12bit
ADC is powered-up bygeting PML2AD bit = “1”.

(2) After the wait time set ly DLY3-0 hits, the measuemnert is awilabe.

(3) When 74H sread, bhen 12bi ADC is execuéd, datis repored to 74H, and he measurerantmode & repored at
nextSYNC.

svwe | | | A | N | | | I | | | | | | N | ||
PM12AD, :X X

PINTE bits 11 01

A2-0, SER,bit } 1010 X 0010

Read Command / 74h \ / 74h \ 74h

Send ADC Data , \ / \ / \

ADC Mode :X X Measure X ¥ measure

12bit ADC ]DELAY XWBI[ XX'MEES‘”EXWBH XX'M EEEEEE X W ait XDELAY X W ait XV'M EEEEEE XWa\( X Pen W ait

ADE bit _\ / \ / \ /

D11-DO bits XXX X X-Pos X X-Pos X Y-Pos

DLY3-0 bits = “OH" (1TS)
Figure 41. X and Y poson nmeasurerantsequence (ADFLT bk “0")
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3-1-2.ADFLT bit=“1": Av eraging of four data

(1) 70H (ADFLT, DLY3-0 and ADEXE1-0) is set. A2-0 and SBERs set the masurerant mode at the saatime, and
12bit ADC is powered-up byeting PML2AD bit = “1”.

(2) After the wait tire set ly DLY 3-0 hits, the measuenen is execuedfor four timesand the averagedrestt is reported
to 74H.

(3) When 74H s read, he dat of 74H i output

SYNC

PM12AD,
PINTE bits 11

A2-0, SER,bit 1010 X 0010

Read Command 74h 74h

Send ADC Data / \ / \
ADC Mode :X X Measure X Y Measure

12bit ADC :XDELAY XX-Measwe X wai X oeLay X vweasuee X wait X
ADE bit _\ / \ /

D11-DO bits XXX X X-Pos X Y-Pos

DLY3-0 bits = “1H" (2TS)
Figure 42. X and Y pogbn neasurerantsequence (ADFLT bi “1")

3-2. X-Y Measurement Mode

WhenADMODE1-0bits are set to “01” and PM12AD bit‘i$”, the AK4650 neasures X-pason at first, Y-position at

second, and reports X-position to 74Hp¥sition to 76H, respectively, regardlegsA2-0 and SER bits. 74H and 76H
registers are cleared by PM12AD bit = “0".

(1) 70H(ADFLT, DLY3-0, MSR1-0, ADEXE1-0) 5 set ADMODE1-0bits shoutl be seto “01” at the sane time, and
12bit ADC is powered-up bgeting PML2AD bit = “1".

(2) After the wait tine set by DLY3-0 bits, the AK4650ensires X-position and reports the result to 74Hew
ADFLT bit is “1”, averaged data of founeasuemnert resuts is reprtedto 74H.

(3) After X-position measurerant and the wait timset by DIY3-0 bits, the AK4650 masures Y-position and reports
the resit to 76H. When ADFLT bit is “1”, averaged data d four measuemert resuts is reprtedto 76H.

(4) After the measwenmert, ADMODEZ1-0 bits are atomatically reset t600".

(5) When PINTE bi =*“1", 12bit ADC is powered-down andhé AK4650 wais for pen buch.

| IS | | | | | | | | | | | | O | |
PM12AD,

PINTE bits 10

ADMODE1-0 bits xOl XOO

ADC Mode x X Measure X Y Measure

12bit ADC X DELAY XXM eeeeee X DELAY XyM eeeeee XPEN_WM

74H:ADE bit \ /

74H:D11-DO bits XXX X X-Position

76H:ADE bit

/
~

76H:D11-DO bits XXX X

DLY3-0 bits = “2H" (4TS)
Figure 43. X and Y posdn nmeasurerantsequence

Y-Position

When ADMODEZ1-0 bt is setto “01” agan, then te AK4650setADE bit as “0” and neasurerantis execuéd agan.

MS0502-E-01 200704
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3-3. XYZ Measurement Mode

WhenADMODE1-0bits are set to “10” and PM12AD bit‘i$”, the AK4650 neasures X-pason at first, Y-position at
secondtheitemsetby A2-0 and SER bits at third, angports X-position to 74H, Y-position to 76H, third result to 78H,
respedively. 74H, 76H and 78H reglers are cleared by PM12AD bit = “0”".

(1) 70H(ADFLT, DLY3-0, MSR1-0, ADEXE1-0) 5 set Measurerantmode shou be seby A2-0 and SEPRbits, and
ADMODE1-0 bits should be set to “10” at the satime. 12bit ADC is powered-up by setting PM12AD bit = “1".

(2) After the wait tine set by DLY3-0 bits, the AK4650easires X-position and reports the result to 74Hew
ADFLT bit is “1”, averaged data of founeaswemnert resuts is reprtedto 74H.

(3) After X-position measurerant and the wait timset by DIY3-0 bits, the AK4650 masures Y-position and reports
the resilt to 76H. When ADFLT bit is “1”, averaged data d four measuemert resuts is reprtedto 76H.

(4) After Y-postion measurerantand he wat time setby DLY3-0 bits, the AK4650 neasureshe item setby A2-0 and
SER lits, ard reports the resit to 78H. When ADFLT bit is “1”, averaged data d four measuemen resuts is
repored to 78H.

(5) After the measuemert, ADMODE1-0 bits are atomatically reset t6d00".

(6) When PINTE bi = “1", 12bit ADC is powered-down andh& AK4650 wats for pen buch.

| I | N | | | | | | S | N | | | |
PM12AD,

PINTE bits 3( 11

ADMODE1-0 bits :X 10 X 00

ADC Mode :X X Measure X Y Measure X Z1 Measure

12bit ADC :X DELAY XXM eeeeee XDELAY XyM eeeeee XDELAY XUM eeeeee X PEN-W ait
74H:ADE bit _\ /

74H:D11-DO bits XXX X X-Position

76H:ADE bit _\ /

76H:D11-DO bits XXX X Y-Position

78H:ADE bit _\ /

78H:D11-DO bits XXX X Z1-Position

DLY3-0 bits = “1H" (2TS)
Figure 44. X, Y and Z poson measurerantsequence (ADET bit = “1", A2-0 bits=“011", SERDbit = “0")

When ADMODEZ1-0 bt is setto “10” agan, then tie AK4650setADE bit as “0” and neasurerantis execuéd agan.
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4. Method using SDATAIN Slot

When SLOT biis“1”, 12bit ADC datisoufputvia sbt5, 6 or 12 of SDATAIN. Whien SLOTNO1-0 ksare“00”, “01”
or“10”, slot 5, 6 or 12s used, respeistely. Ouputdatis 16bi. The neasurerantresut is ouputonly when 12k ADC
isexecued. Whendatisoutput tag bit for slot 5,6 or 12 (bt 10, 9 or 3)$ setto “1”. When ADCis notexecuéd, tag bit
is setto “0” and daa of slot 5, 6 or 12 are sét all “0".

SLOT bi SLOTNO1-0 bis Slot number
0 X Not used (default)
00 Sbtb
1 01 Sbt6
10 Sbt12
11 Reserved

Table 50. Sbt nurber seting for 12bt ADC measurerantresut output
Bit 19 : “1” whendata is \alid.
==> Tag bit in slot 0 is also set to “1” when data is output.
Bit 18-16 : Measurerantmode (A2-0 bi)
Bit 15-4 : 12bt ADC dat

In this mode, ADFLT bt isignored. EvenfiADFLT bit is se to “1”, four data averages notexecued. The AK4650
suppors the following three neasurerantmodes:

(1) Seqenrtial measuwemert of set item
(2) XY measurerant node
(3) XYZ measurerant node

ADMODE1-0 bts Measurerantmethod
00 Seqlerntial measuenen of set item (defaut)
01 XY measurerantmode
10 XYZ measurerantmode
11 Reserved

Table 51. 12ki ADC measurerantmode seing

4-1. Sequential measure ment of set item

The AK4650 neasureshe item setby A2-0 andSERDbits sequeritlly, and ouputs the resuls via sbt. When 12bi ADC
is powered-down, iil9 is “0".

(1) When SLOT bt =“1", pen buch wafing sate (PML2AD bit = “0” and PINTE bi = “1”) should set

(2) When the controller receives PEN Interrutpecontrollershould set PM12AD bit £1”. Then data is output via slot.

(3) If 12bit ADC is powered-up bygeting PML2AD bit = “1” and measurerantitem is setby A2-0 and SERbits, then
the set iteris segertially measuwed after the wait time set ly DLY3-0 hits.

If the measurerantis notconpleted in one SYNCperiod, bt 19 (ADE) s“0".
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4-2. X-Y Measurement Mode

When PM12AD bit is “1” and then ADMODEObitsare set to “01”, the AK4650 easures X-position asamy times as
setby MSR1-0 bits atfirst, Y-postion as nany times as sety MSR1-0 bits atsecond, regare$s of A2-0 and SERits.
Measuemnert resuts are aitput via sld after wait time set ly DLY3-0 bits.

(1) When SLOT bi = “1”, pen buch waling sate (PML2AD bit = “0” and PINTE bi = “1") should be set
(2) When the controller receives PEN Interrutpecontrollershould set PM12AD bit £1”. Then data is output via slot.
12bit ADC is powered-up bygeting PML2AD bit = “1”". ADM ODE1-0 bts shoudl be seto “01” at the sane time.

(3) After the wait tine set by DLY3-0 bits, the AK4650ensures<-position as rany times as set by MSR1-0 bits and
outpus te resul via sbt.

(4) After X-position measurerant and the wait timset by DLY 230 bits, the AK4650 masures Y-position asamy times
as seby MSR1-0 bits and ouputs the resull via sbt.

(5) After Y-postion measurerant 12bt ADC is powered-down andhé AK4650 wats for pen buch.

| I | N | | | | | | | U | | | |

Slot bit J
PM12AD,
PINTE bits 00 X 10
ADMODE1-0 bits 00 x 01
ADC Mode X X Measure X Y Measure
12bit ADC PEN-W ait X DELAYxxM eeeeee XxM eeeeee XxM eeeeee XXM eeeeee X DELAYX\/M eeeeee XyM eeeeee XyM eeeeee XyM eeeeee XpEN,Wait
Slot BIT19 _\ / \ / \
Slot BIT18-16 000 X 101 X 000 X 001 X 000
Slot BIT15-4 o X X pos X X Pos X X pos X X pos X 0 X y pos X y pos X y pos X y pos Xo

DLY3-0 bits = “OH” (1TS), MSR1-0 hits = “OH” (4 times)
Figure 45. X and Y poS8bn measurerantsequence

MSR1-0 bit Measurerant tines
00 4times (default)
01 8times
10 16times
11 32times

Table 52. Measureemt times (SLOT bit = “1")
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4-3. X-Y-Z Measurement Mode

When PM12AD bit is “1” and then ADMODEObitsare set to “10”, the AK4650 easures X-position asamy times as
setby MSR1-0 bits atfirst, Y-postion asmany times asetby MSR1-0 bits atsecond,he item setby A2-0 and SERbits
for times set  MSR1-0 bits at thrd. Measuemert resuts are aitput via sld after wait tine set ly DLY3-0 bits.

(1) When SLOT bi =“1", pen buch wafing stte (PML2AD bit = “1” and PINTE bi = “1") shoul be set

(2) When the controller receives PEN Imigpt, the controller should set PMAR bit = “1” so that 12bit ADC is
powered-up. ADMDDE1-0 bts shoutl be seto “10” at the sane time. Then datis ouput via sbt.

(3) After the wait tine set by DLY3-0 bits, the AK4650ensures<-position as rany times asset by MSR1-0 bits and
outpus te resul via sbt.

(4) After X-position measurerant and the wait timset by DLY 230 bits, the AK4650 masures Y-position asamy times
as seby MSR1-0 bits and ouputs the resull via sbt.

(5) After Y-postion measurerantand he wat time setoy DLY3-0 bits, the AK4650 neasureshe item setby A2-0 and
SERDbits as nany times as seby MSR1-0 bits and ouputs te resul via sbt.

(6) After the measurerant 12bi ADC is powered-down andé AK4650 wais for pen buch.

5. ADEXE pin

When the AK4650 reasures the position during the data is &8bh€D, theposition neasurerant result ray have sora
error caused bthe nose fromLCD. The AK4650 preparese¢ measurerantmode byusing sync sgnalfrom LCD after
dattransferrng is conpleted. The syic sgnalisinputto ADEXE pin of the AK4650.

ADEXE1-0 bt Measurerantmode
00 ADC is execugd regardéss of ADEXE pi. (defaut)
01 ADC is executed at ADEXE pin =™
10 ADC is executed at ADEXE pin =”.
11 Reserved

Table 53. ADEXE node

B Method using Slot 12 of SDATAIN
When SLOT hiis“1”, pen interrupt and headphone jaadeecion resuls are ouput via sbt 12 of SDATAIN.

Bit 1: Headphone jack detion resu
Bit 0: Peninterrypt
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W Connection w ith Digital AC '97 Controller

The AK4650 comunicates wih its conrpanion AC ‘97 contoller via a dgital seral link, “AC-link”. All digital audb
streans, and comand/status nformation are cormunicated over his point to point seral interconnectA breakoubf the
signak conneding the wo is shown n the following figure.

AC'97
Controller AK 4650
SYNC R
_ BITCLK
SDATAOUT N
_ SDATAIN
RESETN R

Figure 46. ©nnecion betveen AK4650 and AC97 contoller

RESETN (Inpuf) : Control signalto resetthe AK4650

BITCLK (Output) :12.288MHz clock ouput from the AK4650

SYNC (Input) : Control signalto synchronie e AK4650with AC’97 contoller
SDATAIN (Output) : Datasignalinputto the contoller (output from the AK4650)

SDATAOUT (Inpuf) : Datasignaloutputto the contoller (inputfrom the AK4650)

W Digital Interface

The AK4650 incorporates a 5 pin digital sg¢interface that links it to the AC '&bntroller. AC-link is a bi-directional,
fixed rag(48kHz), ser@l PQM digital stream It handesinpufoutputaudp steans and 12HiADC resuts, as well as
control register accesses goying atime division nultiplexed (TDM) schera. The AC-link architecture divides each
audio frane into 12 outgoing and 12 inoong data streas each with 20+ibsanple resolution. DAC and ADC
resoltion of he AK4650 & 16 bi resoltion. The dat streans currenly defined bythe AC ‘97 speciicaion include:

® PCM Playback 2 output slots

2 channetonposte PCM output stream
® PCM Record data 2 input slots

1 channetonposie PQM inputstream

® Control 2 output slots
Control register write port
® Status 2 input slots

Control regster read port
® 12bit ADC data 3 input slots
12bit ADC datinputstream

SYNC, fixed at48kHz, s derived bydividing down he seral bit clock (BITCLK) output from the AK4650. BTCLK,
fixed at 12.288 MHz, provides the necegsadocking granularity tsupport 12, 20-bit outgoing and inciorg time slots.
AC-link serial data is transitionezh each rising edge of BITCLK. Theaeiver of AC-link data, the AK4650 for
outgoing data and AQ®7 controller for incormg data, saples eactserial bit on the falling edges of BITCLK.

The AC-link protocol providefor aspecal 16-bit slot (Slot 0) wherein eacht bonveys a valid tag for its corresponding
time sbt within the currentaudp frame. A “1” in a given bt postion of sbt 0 indicakes hatthe correspondig ime sbt
within the currentaudp franme has been aggied b a daa steam and cordiins vaid dat. If a sbtis“Tagged” nvalid, it

is the responsibility of the sauer of the data (the AK4650 for the input stre@@ '97 controller for theutputstrean),

to stuf all bit positions with 0's during the sld’s active time.
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SYNC renains high for a total duratioof 16 BITCLKs at the beginning of eaeldio frane. The portion of the audio
frame where SYNC is high is defined as the “Tag Phaské renainder of he audo frame where SYNGs low is
defined as the “Data Phase”.

Note that SDATAOUT and SDATAIN data is delay ed one BITCLK because AC’97 controller causes
SYNC signal high at a rising edge of BITCLK w  hich initiates a frame.

“Output’ streammeans e drecion fromAC’97 contoller to the AK4650, andinput” streammeanghe direcion from
the AK4650 b AC’'97 contoller.

H AC-Link Protocol

Slot 0 1 2 3 4 5 6 7 8 9 10 11 12
SYNC
SDATA TAG Command | Command | PCM(dac) | PCM(dac) All All All All All All All All
OUT AddreSS Da‘a Leﬂ R'ght novv uou uou non novv nou uou nou
SDATA TAG Status Status PCM(adc) All 12bit ADC | 12bit ADC All All All All All 12bit ADC
IN Address Data Left "0" Data Data "0” ‘0" ‘0" “0” “0” Data
< < q
< Ple >
Tag Phase Data Phase
P 48KkHz R
< g

Figure 47. AGLink probcol

AC-link probcolidenifies 13 sbts of daa per frane. The frequacy of SYNCisfixed b 48kHz. Ony Slot 0, which isthe
Tag phasesil6bis, al other sbts are 20ks in length. These dlts are ex@ined n later sectons.
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1) AC-Link Audio Ouput Frane (SDATAOUT)

[Slot 0]

SYNC

BITCLK

1
SDATAIN '
1
1

Bitl5 Bit14 Bit13 Bit12 Bitll Bitl0 Bit9 Bit8 Bit7 Bit6 Bit5 Bit4

[AK4650]

i(—’|“ZIJO" ‘Yo" “1/0" “10" 10" “0" “0" o 0 0" o0 0"
1 BITCLK delay |4 Slot 0

Figure 48. Sit0

0".

Bit 15 (Valid Frane Lt): Validity of the frarmre

“1” = At leastone of bi 14-11 (sbt 1-4) nust be vaid. Bit 10-0 aregnored.

“0” = The AK4650 gnores dlfollowing informaton in the frane.
Bit 14 (Sbt 1 vald bit): Validity of slot 1 (conmand addressnipuf)
Bit 13 (Sbt 2 vald bit): Validity of slot 2 (command da& inpuf)

Bit 12 (Sbt 3 vald bit): Validity of slot 3 (DAC Left datinpui
Bit 11 (Sbt 4 vald bit): Validity of slot 4 (DAC Rightdat inpu

Slot 0 constts of sixteen bis (bit 15-0). Bt 15-11 are avéble in the AK4650. Each bimeans vab by “1” andinvalid by

If each bit is “0”, the AK4650 ignores the slaticatedby “0”. On the other hand, &ach bit is “1”, the slot is valid. Bit

10-0 shoudl be “0”. (However, when LOOP s “1”, |oopback $ operagéd regardéss of hese val bits.)

A new audo ouput frame begns wih a low to high franstion of SYNC SYNCis synchronousd the rising edge of
BITCLK. On the immediately following faling edge of BICLK, the AK4650 samles the asserbn of SYNC This
falling edge rarks the ime when bdt sdes of AGlink are aware ot sart of anewaudbo frame. On the nextrising of
BITCLK, the AC '97 controller transitionSDATAOUT into the first bit position aflot O (Valid Frare bit). Each new
bit postion is presered to AC-link on a rsing edge oBITCLK, and subsequelyt sanpled by the AK4650 on lhe
following faling edge of BTCLK. This sequence ensurdsat dag transtions, and subsequesdnple points for boh

incomng and owoing daa steans are itme aigned.

Data shoutl be sento the AK4650 wth MSB first through he SDATAOUT.
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Table 54 showshe rebtionshp of bit 14&13 and he Read¥Vrite operaion.

[AK4650]

Bit 15 Bit 14: Slotl Valid Bit | Bit 13:Slot 2 Valid Bit ReadWrite Operatian
Valid Frame (Command Address) (Command Dag)
1 1 1 ReadWWrite (Normal Operaion)
1 0 1 Ignore
1 1 0 Read:Normal Operaton
Write: Ignore
1 0 0 Ignore

Table 54. AK4650 Addressg: Slot 0 Tag Bts

[Slot 1]: Command Address Port
Slotl gives he address ohe command dad, whichisgivenin the sbt 2. The AK4650 has 30 vdlregsters of 16ki dag.
See “Mixer Registers”.

SDATAOUT Bit15) Bit14Y Bit13y Bit12 Bit11  Bit10 BIt9 Bit2 Bitl Bit0 [Bitl9

“10" “1o" “1/0" *10" 10" “10" “1/0" “10" “0" “O 0 RO O O

BITCLK

Slot 2

Slot 0 Slot 1
> e
Command Address Port

y
A

Figure 49. Sit 1

Bit 19: ReadWrite canmand (1bit; “1"=read “0"=write)
Bit 18-12:  Control Regster Irdex (7bit; see “Mixer Regsters” fa the cktail)
Bit 11-0: Resered (12hit; “0”)

Bit 18 of this slot 1 is equiv alent to the mo st significant bit of the index register address.
The AK4650 ignores bit 11-0. These bits will be reservedufimre enhanceent and mstbe stuffed with “0” by the
AC’97 conroller.

[Slot 2]: Command Data Paot

fU e L e L

BITCLK
SDATAOUT Bitt5| Bitt4\ Bit1a\ Bit12 'XWXW)BM Btz Bitl Bito [Biug
ST 0T “U0T “UOT “U0T “U0T “10T “10° LT (o L V(o LA o R R 0
Slot 1 Slot 2 Slot 3
—> < > <
Command Data Port
Figure 50. Sit 2
Bit19-4: Control Register Write Data (16bt)
(If bit 19 of sbt 1 is“1”, all bit19-4 shoudl be “0”".)
Bit3-0: Resered (4bit; “0")

If bit 19 in slot 1 is“0”, the AC97 contoller must output Command Dat Portdatin slot 2 of the same frame . If the
bit 19 in slot 1 is “1”, the AK4650 will ign@ any Command Data Port data in slot 2.

Bit19 of this slot 2 is equiv alent to D15 bit of mixer register v alue.
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[Slot 3]: PCM Playlack Left Chamel (16hit)
The AK4650 usedhe phyback (DAQ dat formatin slot 3 for left channel Playback dat formatis MSB first Data
formatis 16bis 2’s conplement. AC'97 contoller shoud suff bit 3-0 with “0”. If valid bit (slot 3) in the sbt 0 isinvalid
(“0"), the AK4650 nterprets all the daa as “0”.

Bit 19-4: Playback daa (16bi)

Bit 3-0:  “0” (4bit)

[Slot 4]: PQM Playback Rght Channel(16bt)
The AK4650 usedhe phayback (DAQ dat formatin slot 4 for right channel Playback daa formatis MSB first Data
formatis 16bis 2’s conplement. AC'97 contoller shoud suff bit 3-0 with “0”. If valid bit (slot 4) in the sbt 0 isinvalid
(“0"), the AK4650 nterprets all the dag as “0”.

Bit 19-4: Playback daa (16bi)

Bit 3-0:  “0” (4bit)

[Slot 5-12] Notimplemenied in the AK4650
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2) AC-Link InputFrame (SDATAIN)
Each AClink frame consgts of one 16Hitag phaseand tvelve 20bt slots used for datand coriol.

[Slot O]

Slot 0 isa speal time frame, and consis of 16bts. Slot 0 is also naned the Tag phase. The AK4650 supdits 15-9
and bt 3. Each Hiindicakes “1"=vaid (normel operaton) orready “0"=i nvalid (abnornal operaiton) or notready If the
firstbit in the sbt 0 (Bit15 = “Codec Ready) isvalid, the AK4650 sreadyfor normel operaton. If the “CodecReady bit
isinvalid, the following bis and remaining sbts are dl“0”. AC’97 contoller shoutl ignore he following bisin the sbt
0 and dl other sbts. When he ADC sanpling rat is setfor less tian 48kHz, hen bis 12 and 11ni slot O (correspond$o
slot 3 ard slat 4 respectively) will be 1's wrenvalid data is trasferredin SDATAIN, ard will be 0's whenno data is
transmitted.

< “On-denand” base dattransadbn>

For variable saple rate input, the tagtitfor each input slot indicateshether valid data is present or not. Thus, even in
variable sanple rate mode, he AK4650 & always the mester. For SDATAIN (AK4650 ¢ Controller), the AK4650 set

the TAG bt. For SDATAOUT (Contoller to AK4650), he AK4650 setthe SLOTREQ Hiandthencheckdor the TAG

bit in the next frara. AK4650 expects Controlleriwreply TAG bit in the next frara correctly.

Bit 14 neanshat Slot 1 (Setus Address) ogtutis valid or invalid. And Bit 13 neanslhat Slot 2 (Sttus Dat) is valid or
invalid. Table 55 shows the relationship betwéérl4,13 and each Status of the AK4650.

Bit 15 Bit 14 Bit 13 Status
(Codec (Statws (Statws
Ready) Address) Data)
1 1 1 There § a Read @mmand in the prevous frane.
Then boh Sbt 1 and St 2 ouput normel dai
If the access to non-iphemented register or odd register i
requestd, he AK4650 retirns “vald” 7-bit register addressn slot
1 and retrns “vaid” 0000h da&in slot 2 onthe nextAC-link frame.
In this case, Bits 14 and 13 are “1".
1 1 0 Prohbited or non-exiting
1 0 1 Prohbited or non-exiting
1 0 0 There § no Read @mmand in the prevous frane.
Bits 19-12 and 9-On Slot 1 are seto “0”. And Slot 2 outpusall “0”.

Table 55. SDATAIN Sb6t0

Note41. Theabove Rad sequence done as response for prewus franes read comnand. Thatis, if the prevous frane
isthe Write Command, AK4650 outpus bit14="0", bit13="0" and sbt 1&2 = All” 0", if there sno SLOTREQ.

Note 42. The Bts 14 and 13n Slot O is independentf the SLOTREQ Bits 11 and 10n Slot 1 which the AK4650
suppors.

Bit12 meansle ouputof Slot 3 (PQM(ADC) Left) isvalid or invalid. Bit 11 issane as bt 12. Sbt4 isall “0” regardess
of bit 11. When ADEXE1-0 bis are not'00” and SLOT biis“1", Tag bit correspondig © the sbt setby SLOTNO1-0
bits (Slot 5=Bit 10, Sbt 6=Bit 9, Sbt 12=Bit 3) are fked b “1” (valid). Bits 8-4 and 2-0 are occigd wih “0”".
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A new audio input frambegins with a low to high transition of SYNSYNC is synchronous tie rising edge of
BITCLK. On the immediatel following faling edge of BTCLK, the AK4650 samles the asseron of SYNC This
falling edge rarks the ime when bdt sdes of AGlink are aware otie sart of anewaudbo frame. Onthe nextrising of
BITCLK, the AK4650 transitions SDATAIN it the first bit position of slot ('Codec Ready” bit). Each new bit
postion is presergd to AC-link on a rsing edge of BTCLK, and subsequelytsanpled by the AC’97 contoller on he
following faling edge of BICLK. This sequence ensurdsat dat transtions, and subsequesdnple points for boh
incoming and oujoing daa streans are ime algned.

SYNC / \—

BITCLK I
soTan 55 0 G () 7 A O O O O

RS T(OUS VoL VIO VoA VI RS VA T R O Ve 0 o
Bitl5 Bitl4 Bitl3 Bitl2 Bitll Bitl0 Bit9 Bit8 Bit7 Bit4 Bit3 Bit2 Bitl Bit0
Slot 0 P Slot 1

|< r|‘
Figure 51. Sit0
[Slot 1]: Status Address Port

Audio inputframe slot 1's steamechoestte contol regster index, for historical reference, fortte datito be retirned n
slot 2. (Assuning that slot 1 vald bit and sbt 2 vaid bit in the sbt 0 had beeragged “vald” by the AK4650.)

SDATAIN Bit191Bit18 |} Bit17] Bit16 } Bit15}Bit14 |\ Bit13} Bit12 \ Bit11 ; Bit1Of\ Bit9 | Bit8
0 CUOT 0T “UOT “UOT “UOT CU0T CUOT “UOT “UO0T 07 0" ‘0" ‘0" ‘0" 0" 0" ‘0" ‘0" ‘O
Slot 0 Slot 1 Slot 2
e Status Address Port ;|

Figure 52. Sit 1

This address shows regggr index for wheh datis being returnedin the sbt 2. This address poiis the copyof slot 1 of
the ouput frame, and hdex addressputto SDATAOUT islooped backa the AC’97 contoller through SDATAIN
even for non-suppaet regster.

For “On Denand” base data transaction, when the DA@ang rate is set less than 48kHz, then AK4650 will request
new audd datas requied byseting the SLOTREQ bits11and10inslot1to 0's. When no datisrequred b supporthe
selectedsanpling rate,thesebits will be I's. WhenSLOTREQ lits are asserteas “send data regiest” during the curert
frame on SDATAIN, AC97 digital contoller shoutl senddaia onto the correspondig sbt in the nextframe on
SDATAOUT. If VRA bit is setto “0”, SLOTREQ bts always show “0” and saiple rate istired b 48kHz.

SLOTREQ Bit| Description
19 Reserved (Set to “0")
1812 Control Regster Irdex (7bit; Set to"0” if tagged invalid)
11 Slot 3 Request PQM Lch

“0”: send darequest“1”: do notsend
10 Slot 4 Request POV Rch

“0": send datrequest“l”; do notsend
9-0 Resered (10hit; Set t0"0”)

Table 56. SLOTHQ bit
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[Slot 2]: Stats Data Paot

Status daa addressed byonmand address pouf Oujput Streamis oufput through SDATAIN pn.
Bit 19-4 Control Regster Readata (Bhit; the caterts o indexedaddress inthe sld 1)
Bit 3-0  “0” (4bit)

Note that the address of 8tus Daa Portdat are constent with Status Address Podat of the sbt 1 in the same
frame. If the read operain isissuedm the frame N by AC'97 conroller, Satus Data Portdat is output through
SDATAIN in the frame N+1. Note that data is output in only  this frame, only one time and that the
follow ing frames are inv alid if the next read operation is not issued.

[Slot 3]: PCM Recad Left Chamel
Record (ADQ datformatis MSB first Dataformatis 2's conplement. As the resoltion of the AK4650is 16btt, lower
4 bitsare gnored. If ADCblock ispowered down, st 3 vaid bitin the sbt0 isinvalid (“0”), and daais outputas al “0”.
Bit 19-4: Audio ADC left channebutput (16bi)
Bit 3-0:  “0” (4bit)

[Slot 4] Reserved for future enhancent
Bit 19-0 “0”

[Slot 5]: 12bit ADC data foo TSC
When SLOT bi=“1" and SLOTNO1-0 ks = “00”, 12bit ADC dag is output
Bit 19: ADE (1bit; “0"=Invalid, “1"=Valid)
Bit 18-16: A2-0 (3bit; Measuenment mode)
Bit 15-4: D11-0 (12bit; 12bit ADC data)
Bit 3-0:  “0” (4bit)

[Slot 6]: 12bit ADC data far TSC
When SLOT bi = “1” and SLOTNO1-0 ks = “00”, 12bi ADC datis output
Bit 19: ADE (1bit; “0"=Invalid, “1"=Valid)
Bit 18-16: A2-0 (3bit; Measuenment mode)
Bit 15-4: D11-0 (12bit; 12bit ADC data)
Bit 3-0:  “0” (4bit)

[Slot 7-11} Reserved for future enhancent
Bit 19-0 “0”

[Slot 12]: 12bit ADC data for TSC pen buch and headphone jack eleton resuls
When SLOT bi = “1” and SLOTNO1-0 ks = “10”, 12bi ADC datis output When SLOT hi = “1", pen buch and
headphone jack detion resuls are ouput regardéss of SLOTNO1-0 k.

Bit 19: ADE (1bit; “0"=Invalid, “1"=Valid)

Bit 18-16: A2-0 (3bit; Measuemert mode)

Bit 15-4: D11-0 (12bit; 12bit ADC data)

Bit 3-2:  “0" (2bit)

Bit 1: DTHPJ (bit; “0"=Not inserted “1"=Inserted
Bit O: DTPEN (Iit; “0"=Not touched “1"=Touched
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W Power On

Note that AK4650 rast be in cold reset at power on and BES must be “L” until mester crystal clock becosa stable,
or cold resetmust be done once ait master clock is stable.

vdd
RESETN

SDATA_OUT="L"
SYNC="L"

< > |le—0p
Initialize Registers
start up crystal oscillation

Trstocik

Figure 53. Power On Triing

B Cold Reset
Note that both SDATAOUT and SYNR@ust be “L” at the rising edge of RESETN for cold reset.

The AK4650 initializes all registers inaing the Power-down Control RegisteBIT-CLK is reactivatedand each
anabg ouput exceptfor HP-Anp isin Hi-Z state while RESETN pin is “L".

At the rising edge of RESETN, the AK4650 starts the iimtgion of ADC andDAC, which takes 1028TS cycles. After
that, the AK4650 & readyfor norrel operaton. Atthattime, VRA bitisits defaut value (“0”). Therefore, fs=48kHz and
TS=1fs=20.83s.

Statusbit in the slot 0 is “0” (noteady) when the AK4650 is in RESET perigd”) or in initialization process. After
initialization cycles, tle stats bit goes to“1” (ready).

Trst_low Trst2clk

RESETN /
VIL

SDATA_OUT="L"
SYNC="L"

Figure 54. ©ld ResetTiming

A
\4
A

A 4
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B Warm Reset

The AK4650 initiates warmeset procedsy receivingasingle pulse on the SYNC. TeK4650 clears PR4 bit and PR5
bit in the Power-down @ntrol Register. However, warmesetdoes notinfluence PR-3, 6 and 7 It§ in Power-down
Control Register.

Note 43. SYNCsignalshoud synchronie wih BITCLK after AK4650 sarts to ouput BITCLK clock.
Note 44. If an extrnal clock is used, exdrnal clocksshoul be suppled before $sung a syic puke for warnreset ADC
and DAC require 1028TS ffdhe initialization.

Tsync_high Tsync2clk

SYNC

Figure 55. Vérm ResetTiming

W Active Test Mode

RESEIN ——————————————— X _____________ 4 _____ ————————— __VH
SDATAOUT  ==========mmmmmmmmmm oo VIH
Tsetup2rst
Pk
SDATAIN \ H-Z
BITCLK (O
“Torr *

Figure 56. Adivate TestMode Timing

Note 45. All AC-link signals are noratly low through thetrailing edge of RESETN. Brging RESETN high for the
rising edge of SDATAOUT causd®tAK4650 AC-Ink ouputsto gohighimpedance with is suitable for ATE
in circuit tesing. Not thatthe AK4650 engrs in the ATE st mode regardiss SYNCis high or bw.

Note 46. Once test mdes lave teenertered the aly way toreturn to the rormal gperatirg state is tassie “cdd reset”
which issues RESETN = “L” to “H” with both SYNC and SDATAOUT “L".

MS0502-E-01 200704
-70 -

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6159625/ak4650.html

AKM

B Register Map

[AK4650]

g | name D15 D14 D13 D12 D11 D10 D9 D8 b7 D6 DS D4 D3 D2 D1 D0 | Defaut
00H [ Reset 0 0 0 0 0 0 0 0 0 0 T 1 0 0 0 0| oosoH
02H | SpeakeOutput SPPS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| soooH
04H_| Headphoneutput HPMT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| soooH
06H | MonoOutput MOMT 0 0 0 0 0 0 0 0 0 0 0 0| MOGN2 | MOGNL | MOGNO | 8000H
08H_| BoostControl 0 0 0 0 BSTL | _BSTO 0 0 0 0 0 0 0 0 0 0| _0000H
0AH | PC_BEEP Volume BPMT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 8soooH
0CH_|_Phone/olume AUXMT 0 0 0 0 0 0 0 0 0 0 GN4_ | _GN3_| GN2 | GNI | GNo_| 8008H
0EH_| Mic Volume MICMT 0 0 0 0 0 0 0 0| MGAIN | 1PGA5 | IPGA4 | IPGA3 | 1PGAZ | IPGAL | IPGAO | 8008H
10H | Lineln Volume LNMT 0 0 GLa a3 a2 GLL GLo 0 0 0 GR4 GR3 GR2 GRL GRO__| 8so8H
18H | PCM Out Volure SMUTE | ATTL6 | ATTL5 | ATTLA | ATTL3 | ATTLZ | ATTLL | ATTLO 0 ATTR6 | ATTRG | ATTR4 | ATTR3 | ATTRZ | ATTRL | ATTRO | 0000H
TAH | RecordSelect 0 0 0 0 0 0 MICAD | AUXAD 0 0 0 0 0 0 0 0 | o200
20H_| GeneralPurpose 0 0 0 0 0 0 MDIF_| MSEL | LOOP 0 0 0 0 0 0 0__|_0o0oH
26H_| Poverdown Ctr/Stat 0 PR6 PRS | _PR4 PR PRZ PRL | _PRO 0 0 0 0 0 ANL | _DAC_| ADC | o300H
28H_| ExtendedAudio D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1| oooiH
2AH_| ExtdaudioStat/Ctrl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 VRA__|_0000H
2CH_| PCM Front DAC Rate SRI5 SR14 | SRI3 | SR1z | SRi1| _SRI0| SR9 SR8 SRY SR6 | SRS SRa SR3 SR2 SRL Sro|_BBSOH
32H_| PCM LR ADC Rate SR15 SR14 | SRI3_| SR1z | SRIL| SR10 | SR9 SR8 SR7 SR6 | _SR5 SR4 SR3 SRz SR1 SRo|_BBSOH
60H | Pover Managenent MPWRE | MPWRI 0 0 0 0 0 | MCKPD | PMSPK | PMHPR | PMHPL | PMBPM | PMLIN | PMMO | PMAUX | PMMIC | 0000H
62H | Signalselect HPM 0 0 0 INBP | RNMD | LNMP_| DAHS | AUXL | MICL | MICM | DAMO | BPMHP | BPMSP | ALCS | MO2 | 0103H
64H | ALC/DAC Control 0 HPINT | REF5 | REF4 | REF3 | REF2 | REFL| REFO | DATTC | ATPU | ATSW | HPDT | TML | TMO | DEML | DEMO | 2D21H
66H_| ALC Mode Control 0 ALC2 | _ALCL | ZELMN | LMATL | LMATO | RGAIN | LMTH 0 ROTM | _ZTM1 | ZTMO | WTML | WIMO | LTMLI | LTMO | 0000H
68H_| Volume Cotrol 0 0 0 0 0 0 0 0 0 0 0 ATS | ATTM | ATTS2 | ATTSL | ATTSO | 0002H
6AH_| DetectResult 0 0 0 0 0 0 0 0 0 0 0 0 0| DTPEN | DTHPJI | DTMIC X

70H | 128t ADC Cantrol 1 PM124D | ADFLT | MsR1 | MsRO | DLY3 | DLz | pivi | piyo | APTXE | ADEXE | ADNMO | ADMO | x; AL A0 SR | 0001H
72H | 12bit ADC Control 2 1 et | PewnT | PinTR | PMYRE | pinTE 0 0 0 0 0 0 o | SO | SO sior | 9aoom
740 | ADC Daml ADE A2 AL A0 DIL D10 D9 D8 o7 D6 D5 D4 03 D2 b1 D0 X

76H_| ADC Daia2 ADE A2 AL A0 D11 D10 D9 D8 b7 D6 b5 D4 b3 b2 b1 b0 X

78H_| ADC Da@3 ADE A2 AL A0 DIl D10 D9 D8 b7 D6 D5 D4 D3 D2 b1 Do X

7CH_| VendorID1 0 T 0 0 0 0 0 1 0 1 0 0 T 0 1 T | 414BH
7EH | VendorID2 0 1 0 0 1 1 0 1 0 0 0 1 0 0 0 0| 4pbon

Table 57. Ryister Map
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W Speaker Output (02H)

SPPS: Speaker-gniPower-Save-ModeT@ble 38)
0: Normal Operation
1: Power Save Mde (defau)
When the SPPS bit = “1”, the Speakengais in power-save-ode and th&PP pin becoss Hi-Z and SPN pin is
set to HVDD/2 voltage. \Wen the PNBPK kit = “1”, this bitis valid. After the RESETN pin changes froti” to
“H", the PMSPK bit is “0”,which powers down Speaker-am

W Headphone Output (04H)
HPMT: Headphone Am Mute Control (Figure 26)

0: Mute OFF
1: Mute ON (cefaut)

B Mono Output (06H)
MOMT: Mono Ouput Mute Control (Table 30)
0: Mute OFF
1: Mute ON (cefadt)

MOGN2-0: MOUT Volume Control (Table 31)
Default: “000” (+6dB)

W Boost Control (08H)

BST1-0: Bass Bost Control (Table 24)
Defadt: “00" (OFF)

B BEEP Volume (0AH)

BPMT: BEEP InputMute Control
0: Mute OFF
1: Mute ON (ckfaut)

B Phone Volume (OCH)

AUXM T: AUX Input Mute Contol (Table 28)
0: Mute OFF
1: Mute ON (cefaut)

GN4-0: AUX Input Volume Contol (Table 28)
Defadt: “08H” (0dB)

B MIC Volume (OEH)

MICMT: Mic InputMute Control (Table 14)
0: Mute OFF
1: Mute ON (cefaut)

MGAIN: MIC-Amp Gain Control Table 10)
0: 0dB (defaut)
1:+20dB

IPGA5-0: IPGA Control Table 14)
Defadt: “08H” (0dB)
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m Line In Volume (10H)

LNMT: Line InputMute Control (Table 29)
0: Mute OFF
1: Mute ON (cefaut)

GL4-0: Lch Line InputVolume Control (Table 29)
Defadt: “08H” (0dB)

GR4-0: Rch Line InputVolume Control (Table 29)
Defadt: “08H” (0dB)

B PCM Volume (18H)

SMUTE: Soft Mute ControlFigure 21)
0: Normal Operation (default)
1: DAC outputs softmuted
Soft mute operaton is independenof digital atenuatar ard is performedin the dgital domain.

ATTL/R6-0: Digital ATT Control Table 25)
Defadt: “O0H"(0dB)

B Record Select Control Register (1AH)

AUXAD: AUXIN to ADC enable
0: OFF (default)
1: ON

MICAD: IPGA to ADC enable
0: OFF
1: ON (default)

B General Purpose (20H)

LOOP: Internal Digital Loopback
0: OFF (default)
1: ON
When LOOP Hiis“1”, VRA bit shoull be “0".

MSEL: Interral/External MIC Select Table 9 at MDIF bit = “0”)
0: Internal MC (default)
1: External MIC

MDIF: Differenia MIC Input Sekct(Table 9)

0: Single-ended Inpufdefaut)
1: Differenia Input
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B Power Management (26H)

PR6-0: Power Managenent (Table 6)
Default: “0000011” (ADC, DAC Power down)

REF: Internal VREF Power-up (Read only
0: NOT Ready
1: Ready

ANL: Analog Mixer Power-up (Rad ory)
0: NOT Ready
1: Ready

DAC: DAC ready to accept data (Read only)
0: NOT Ready
1: Ready

ADC: ADC read to trarsmit data (Readnly)

0: NOT Ready
1: Ready

B Extended Audio Status & Control (2AH)

[AK4650]

VRA: Enabés Variable Rate Audio mode in conjuncton with Audio Sanple Rate Control Registers and

tag-bit/SLOTREQ sigaling.
0: OFF(defaul). PLL is powered-down.
1: ON

B Audio Sample Rate control Registers (2CH, 32H)

SR15-0: Sanple Rate Control for DAC (2CH) and ADC(32H) (Table 4,Tablke 5)

Default: “BB8OH"(48kHz)

These Saple Rate seting is done atvRA bit = “1".
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B Power Management (60H)

PMMIC: MIC Block (MIC-Amp and ALCL) Power Managenent
0: Power down (defat)l
1: Power up

PMAUX: AUX Input Power Managenent
0: Power down (defat)l
1: Power up

PMMO: Mono Line Ouput Power Managenent
0: Power down (defat)l
1: Power up

PMLIN: Stereo Lne InputPower Managenent
0: Power down (defat)l
1: Power up

PMBPM: Mono Beep InputPower Managenent
0: Power down (defat)l
1: Power up
Even if PMBPM= “0",thepathis still connected between BEEP pin and HP/SPKpABPMHP and BPMSP
bits shoutl be seto “0” to disconnecthese pdis, respedtely.

PMHPR Headphone-Am Rch Power Minagenent
0: Power down (defat)l
1: Power up

PMHPL: Headphone-Amp Lch Power Minagenent
0: Power down (defat)l
1: Power up

PMSPK: Speaker-AmPower Manageent
0: Power down (defat)l
1: Power up

MCKPD: XTI pin pul down contol
0: Master dock inputenabé (defaut)
1: XTI pin isinternaly pulled-down

MPWRI: Internal MIC Power Suppl Control (Table 11)
0: OFF (default)
1: MIC Power is ON for Internal MC.
MPWRI bit is erabled when PMMIC hit = “1".

MPWRE: External MIC Power Suppl Control (Table 12)
0: OFF (default)
1: MIC Power is ON for External M.
MPWRE bit is eraled when PMMIC bit = “1”.
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W Signal Select (62H)

MO2: Mono Ouput (MOUT2 pn) Enabé
0: OFF
1: ON (default)
When MO2 bit = “0”, MOUT2 pih ouputs VCOM voltage. MOUT2 pin ouputs sgnalwhen MO2 bit = “1”
and PMBPK bt = “1". MOUT2 pin goes ¢ Hi-Z state when PMSPK bit = “0".

ALCS: ALC2 to Speaker-AmEnable
0: OFF
1: ON (default)

BPMSP: BEEP to Speaker-Antnable
0: OFF (default)
1: ON

BPMHP: BEEP b Headphone-Am Enabe
0: OFF (default)
1: ON

DAMO: DAC to Mono Line Ouput Enabk
0: OFF (default)
1: ON

MICM: IPGA to Mono Line Ouput Enabe
0: OFF (default)
1: ON

MICL: IPGA to Headphon&peaker-Anp Enabé
0: OFF (default)
1: ON

AUXL: AUXIN to Headphone&peaker-Anp Enabé
0: OFF (default)
1: ON

DAHS: DAC to Headphon&peaker-Anp Enabé
0: OFF
1: ON (default)

LNMP: LIN/MPE pin Sekcion
0: MPE pin (Defaut)
1: LIN pin

RNMD: RIN/MDT pin Sekcion
0: MDT pin (defaut)
1: RIN pin

INBP: IN2/BEEP ph Sekcion
0: BEEP ph (defaul)
1:IN2 pin

HPM: Mono Ouput Sekctof Headphone

0: Stereo (default)
1: Mono [(L+R)/2]
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B ALC/DAC Control (64H)

DEM1-0: De-enphases responségble 23)
Defadt;: “01” (OFF)

TM1-0: Soft Mute Tine Select Table 27)
Default: “00” (1024/fs)

HPDT: Headphone Jack Insemh Deecion Funcion Enabé
0: OFF (default)
1: ON

ATSW: Headphon&peaker Aubmatic Switch Functon Enabé by Headphone Jack Inserh (Table 35,Table 36)
0: OFF
1: ON (default)

ATPU: Headphone-Am Automatic Powerup Functon Enabé by Pen TouchKigure 38)
0: OFF (default)
1: ON

DATTC: DAC Digital Attenuatar Control Mode Select
0: Independent
1: Dependen{defaut)
When DATTC="1", ATTL6-0 bits control both Lch and Ratthesanetime. ATTR6-0 bits are not changed
when the ATTL6-(its are written.

REF5-0: Maximum IPGA valie atALC1 RecoveryOperaiton (Table 21)
Default: “2DH” (+19dB)
During the ALC1 recovery operation, if the IPGA vakxceedshe setting raximum value (REF5-0 bits) by
gain operaiton, then he IPGA does nabecone larger han he maximum value.

HPINT: INTN pin Ouput Enabk for Headphone Jack Dation
Defadt: “0” (OFF)
When HPINT bt = “1", INTN pin is enabéd to output the interrupt signal of headphone jack detion.

W ALC Control (66H)

LTM1-0: ALC1 limiter operation period at zeicrossing disable (ZELMN bit = “1”)T@able 17)
Defadt: “00” (0.5/fs)
ThelPGA valueis changed immediately when zero cssing is disabled (ZELMN bit = “1”). \Wen the IPGA
value is changed coimuousy, the changes done bythe perod spedied bythe LTM1-0 bis.

WTM1-0: ALC1 RecoveryWaiting Perod (Table 19)
Default: “00” (128/fs)
WTM1-0 bits seta perod ofrecoveryoperaton whenanylimiter operaiton does nobccur dumg the ALC1
operaton.

ZTM1-0: ALC1 zero crossig imeoutsekecion (Table 18)
Default: “00” (128/fs)

When te IPGA performs zero crossig or timeout the IPGA vale is changed byhe uP WRITE operaiton,
ALC1 recovery operation or ALClimiter operation (ZELMN bit = “0”).
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ROTM: ALC2 RecoveryWaiting Perod (Table 39)
0: 2048fs (defaut)
1:512fs

LMTH: ALC1 Limiter Detecion Level/ RecoveryWaiting Gouner ResetLevel (Table 15)
Defadt: “0” (—6dB/-8dB)
The ALC1 limiter detecion level and he ALCL recovey couner resetevel may be offsetby about+2dB.

RGAIN: ALC1 RecoveryGAIN Step Table 20)
Defadt: “0” (0.5dB)
During the ALC1 recoveryoperaiton, RGAIN bit ses the nunber of seps changed frortihe currentiPGA
value. For exaple, when the current IPGA value B0H” and RGAIN bit is “1”, the IPGA changes to “32H”
by the ALC1 recoveryoperaton and e ouputsignallevelisgained up byldB (=0.5dBx 2). Whenthe IPGA
value exceeds theaximum level (REF5-0 lis), the IPGA value does not increase.

LMAT1-0: ALC1 Limiter ATT Step Table 16)
Defadt: “00" (0.5dB)
During the ALCL liniter operation, when IPGA value @eds the ALCL linter detection level set by LMTH
bit, LMAT1-0 bits setthe nunber of seps atenuatd from the currentlPGA value. For exanple, whenthe
currentiPGA vale is“47H” and LMAT1-0 bitsis “11”, the IPGA value decreases‘43H” when the ALC1
limiter operaiton strts, resuting in the input signal level being attenuaed by 2dB (=0.5dBx 4). When te
attenuation value exceeds IPGA = “00H8(B), it clips to“00H".

ZELMN: Zero crossing detection able at ALC1 Liniter operation
0: Enable (default)
1: Disabk
When the ZELMN bit = “0”, the IPGA performa zerarossing or tineout and the IPGA value is changed by
the ALC1 operaion. The zero crossg imeoutis the sane as he ALCL recoveryoperaion. When the
ZELMN bit = “1”, the IPGA value is changed mediately.

ALC1: ALC1 enable
0: ALC1 Disable (default)
1: ALC1 Enabk

ALC2: ALC2 enable

0: ALC2 Disable (default)
1: ALC2 Enabk

W Volume Control (68H)

ATTS2-0: Volume contol of signalfrom IPGA to Headphon&peaker-Anp (Table 7)
Defadt: “2H” (-12dB)

ATTM: Volume contol of signalfrom IPGA to Mono Line Ouput (Table 8)
0: 0dB (defaut)
1:-4dB

ATS: Digital atteruatar trarsition time settig (Table 26)
Default: “0” (531/fs)
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W Detect Result (6AH)

DTMIC: MIC detcion resul (Read ony, Table 13)
0: Microphones notdekecked.
1: Microphones detecid

DTHPJ:Headphone jackiserton deecion resuf (Read ony, Table 34)
0: Headphone jacksinotinsered.
1: Headphone jaclsiinsered.

DTPEN: Pen buch degcion resul when PML.2AD bit = “0”, PENINT bit = “1” and PNTR bit = “1” (Read only)

0: Pen s nottouched.
1: Pen s touched.
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W 12bit ADC Control 1 (70H)

A2-0, SER: 12bit ADC reasurerant itemselect Table 45)
Default: “0001" (N/A)

ADMODEZ1-0:12bt ADC measurerantmode sedct(Table 49,Table 51)
Defadt: “00” (74H Regster Reajl

ADEXE1-0: ADEXE node selectTable 53)
Defadt: “00” (Mode 0

DLY3-0: Wait time select fran mode setting to ADC execttion (Table 47)
Default: “0000” (1TS)

MSR1-0: Measureent times selectTable 52)
Defadt: “00” (4 times)

ADFLT: 12bit ADC data filtering select Table 48)
0: OFF (default)
1: 4 dab averagng

PM12AD: 12bt ADC for touch screen cordller power nanagenent (Table 6)

0: Power Down (default)
1: Power Up
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W 12bit ADC Control 2 (72H)

SLOT: 12bit ADC data receptionatihod selectTable 44)
0: Register (default)
1: Slot

SLOTNO1-0:12bt ADC measurerantresut output slot sekect (Table 50)
Defadt: “00” (Slot 5)

PINTE: 12bt ADC for touch screen cordller power nanagenent (Table 46)
0: Power Down
1: Power Up (default)
PMVREF: Internal reference voltage fauch screen cordller power nanagenent (Table 46)
0: Power Down (default)
1: Power Up
PINTR: DTPEN bt output enabé for pen nterrupt
Defadt: “1” (ON)
When PINTRbit is“1”, pen interruptis outputat DTPEN bt.
PENINT: INTN pin ouput enabé for pen nterrupt
Defadt: “0” (OFF)
When PENINT bi is“1”, pen interruptis outputvia INTN pin.
GINT: Slot output enabé for pen nterrupt

Defadt: “0” (OFF)
When GINT bt is“1” and ACG-link operags, pen imterruptis output atbit O of sbt 12 on SDATAIN.

W 12bit ADC Data (74H, 76H, 78H)
ADE: Measurerant data valid (Read only)
0: Invalid
1: Valid
A2-0: Measurerant item(Read only;Table 45)

D11-0:12bt ADC measurerantdat (Read ony)

m Vendor ID (7CH, 7EH)

“A(41H), K(4BH), M(4DH), 16(10H)” (Read ory)
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| SYSTEM DESIGN

Figure 57 showshe system connedion diagramfor the AK4650. An evalaion board [AKD4650]s avalable which
denonstates he optmum layout, power suppl arrangerents and neasurerantresuts.
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Note 47. AVSS, DVSS, HVSS and TSVSS bétAK4650 shoud be dstributed separaty from the ground of exdrnal
controllers.
Note 48. All inputpins excepfor internal pull-down pns shoudl notbe Eft floaing.

Figure 57. Tyical Connecton Diagram
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1. Grounding and Pow er Supply Decoupling

The AK4650 requies carefubltention t powersuppy and groundig arrangernts. AVDD, DVDD, HVDD and
TSVDD are usudy suppled fromthe systenis anabg suppy. If AVDD, DVDD, HVDD and TSVDD are supdd
separadly, the correctpower up sequence shdlde obsrved. AVSS, DVSS, HVSS and TSVSS ko tAK4650 shoud
beconnectdto the anabg groundplane. Sgtemanabg ground and dital ground show be conneetd bgeher neard
wherethe supples are broughtnto the printed circuit board. Decouphg capadors shoull be as neaptthe AK4538 as
posside, withthe snall value ceamic capacitor being the nearest.

2. Voltage Reference

VCOM is a sgnalground of his chip. A 2.2uF electrdytic capacitar in parallel witha Q1uF ceranic capacitor attached
to the VCOM pin eiminates he effecs of hgh frequencynoise. No dad currentmay be drawn fronthe VCOM pin. All
signak, espeally clocks, shoud be keptawayfrom the VREF and VGOM pins in order b avoid unwanéd coupinginto
the AK4650.

3. Analog Inputs

The Mic, Beep and steo ine inpuss are gigle-ended. AUXnputis differenial. The hputsignalrange scas wth
nominally at0.06 x AVDD Vpp for he Mic input 0.6 x AVDD Vpp for he Beepmput, siereo ine inputand AUXinput
cenered aroundhe internal conmon volage (0.45 x AVDD). Usuéy the inputsignalis AC coupkd ushg a capator.
The cut-off frequencys fc = 1/(2tRC). The AK4650 can accept input voltages frak'SS to AVDD.

4. Analog Outputs
The input data foriatt for the DAC is 2's copiement. The output voltage is a positive full scale #fFFH(@16bitland
a negaitve full scak for 8000H(@ 16k). Mono ouput from the MOUT2 pn and Mono Line Ouput from the

MOUT+/MOUT- pins are certed at0.45 x AVDD, Headphone-Amis centred at0.44 x AVDD and Speaker-Am
output is centered &VDD/2, respectively
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PACKAGE

57pin BGA (Unit: mm)
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W Material & Lead finish

Packagenolding conpound:
Interposer material:
Sdder ball material:
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Epoxy
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MARKING

4650
XXXX

XXXX: Date code
Pin #1 ndicaion

(4 digit)

REVISION HIST

ORY

Date (YY/MM/DD)

Revision

Reason

Page

Contents

06/0424

00

First Edition

07/0418

01

Error correct 7

Pin/Functon
VCOM pin:
“Common Voltage OuputPin.” >
“Common Voltage Output Pin, 0.45 x AVDD.[
VCOC2 pin: “Output1” - “Output 2”

45

A/D Converer for Touch Screen
“The AK4650 incorporates a 12-bit successive
approximation resstor A/D converer for
postion measurerant temperatre, and baéry
voltage.”

- “The AK4650 incorporatea12-bitsuccessive
approximation resstor A/D converer for
postion measurerant, and batery voltage.”

48

Voltage Reference (VFEF)
“This referencesiused mn the shgle-ended rade
for the battery nonitoring, terrperatue
measurerant, or for auxiliary input.”
- “This referencesiused n the shgle-ended
mode for the bettery monitoring, or for awiliary
input”

49

Penlnterrupt
“If the tenperature, VBAT, or auxiliary inputs is
selected, INTN piris forced to “H” regardless of
the tbuchedhon-buched site.”

- “If VBAT, or auxiliary inputs is selected,
INTN pin is forced to “H” regardless of the
touchedhon-buched site.”

58

Method usng SDTAIN Sbt
4-1. Sequemdl measurerantof setitem:
“(2) When SLOT bi = “1", pen buch waling
state (PML2AD bit = “0") shoud set”
- “(1) When SLOT bi = “1", pen buch
waiting state (PM12AD bit = “0” and PINTE bi
="1") should set”

MS0502-E-01

Downloaded from Elcodis.com electronic components distributor

-85 -

200704


http://elcodis.com/parts/6159625/ak4650.html

AKM [AK4650]

Date (YY/MM/DD) | Revision | Reason Page Contents
07/0448 01 Error correct 66 2) AC-Link InputFrane (SDATAIN)
Table 55. SDATAIN Sbot0:
“In this case, Bits 14 and 13 are “1".” was addged.
68 [Slot 12]:
“When SLOT hi=*“1" and SLOTNO1-0 ls =
“00™
- “When SLOT ki=*“1" and SLOTNO1-0 lis
="“10™
70 Active TestMode
Note 46.:

“which issues RESETN®

“which issues RESETN = “L” to “H™

IMPORTANT NOTICE

® These produstand heir specficaions are subjedb change whoutnotce.
When you consiler anyuse or apptaion of theseproduds, please reke inquiries he saés office of AsahiKasei
EMD Corporaton (AKEMD) or auhorized dstributors as® currentstatus of he producs.
® AKEMD assumesno liability for infringement of ary paten, intellectual property, a other rights inthe agplication or
use of anyinformation conained herei.
® Any exportof these produs} or devces orsystens confaining them may requie an exporticense or dter official
approvalunder be law and regutions of he county of export pertaining o cusbms and #riffs, currencyexchange,
or stategic meterials.
® AKEMD products are neither intended raathorized for use as critical cquanentgoey)in anysafey, life supportor
other hazard related device or sysiggm, and AKEMD assures no responsibilitfor such use, except for the us¢
approved with the express writterconsert by Repesertative Directad of AKEMD. As usedhere:
Notel) A critical conrponentis one whose féirre  fundion or performmay reasonalyl be expeetd b resut,
wheter drecly or indirecty, in the loss of he safey or effecivenesof the device or systemcontiningit, and
which must trerefae meet \ery high stardards d performance anl reliaklity.
Note2) A hazard relatedeviceor systenis one designed or intended for Igiepport or reintenance of safety or
for applications in redicine, aerospacayclear energy, or otheefds, in which its failure to function perform
may reasonalyl be expead b resut in loss of Ife orin significantinjury or danage b person or propeyt
® |t is the responsibility of the buyer distributor of AKEMD ppoducts, who distributeslisposes of, or otherwise
places the product with a third party ntify such third party imdvance of the abowsnent and conditions, and the
buyer or distributor agrees to assuamy and all reponsibility and liability for and hold AKEMD hatess fromany
and al claims arising fromthe use of sai productin the absence of such iifataton.
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