AsahiKASEI AK2404

MICROPEIEE 45 to 960MHz Direct Conversion Transceiver
for high performance narrowband system

| 1. General Description |
The AK2404 is a direct conversion transceiver IC that realizes high-performance narrowband wireless
communication. The receiver section incorporates an LNA, quadrature demodulator, PGA, 24-bit A%
A/D Converter, and digital filter to provide a receiver with high sensitivity and high interference immunity
without the use of ceramic or SAW filter. In particular, the blocking characteristics of A1OMHz are over
100dB (Standard: TIA603, EN 300 0861-1). The digital filter with variable bandwidth supports channel
selection for multiple different wireless systems, enabling easy system design in wireless platforms. In
addition, a A% fractional N PLL synthesizer is incorporated to configure high-performance PLLs with an
external VCO. The transmitter has a built-in DAC and driver amplifier. The compact QFN Package of
8mm square contributes to the miniaturization of radio equipment.

| 2. Features and Applications |

B Features
0 Operating Frequency: 45MHz to 960MH
0 Power Supply: 2.7 to 3.45V (IOVDD: 1.7 to 1.9V also used 2.7 to 3.45V)
O Operational Temperature: -40 to +85°C
0 LNA, Attenuator (ATT) and PDET for interference detection
0 Automatic PGA gain control function for high dynamic range
O High Linearity Direct Conversion 1/Q Demodulator
O 24-bit A~ A/D Converter: up to 192kHz Output Sampling Rate (TCX0=24.576MHz)
[0 Band Changeable Digital Filter (The FIR filter coefficients can be set arbitrarily)
O RSSI Functions: Data read by SPI and Analog voltage output
O FM Detection Circuit and Noise Squelch Function
[0 Support Zero IF and Very Low IF architecture
O DC Offset Cancelation: Real-time DC Offset Canceller (RDOC) Function and HPF
O 23-bit AX Fractional-N PLL Synthesizer
[0 Modulation data input interface suitable for 2-point modulation for FM/FSK applications
0 12-bit D/A Converter: 96kHz Max. Sampling Rate, S/N 72dB
O Transmission Drive Amplifier: -10 to +2dBm Output
0 Local Signal Dividing Circuit and Poly Phase Filter
[0 TCXO Frequency: 18.432MHz / 19.2MHz / 24.576MHz recommended
O Clock Rate Converter
O Package: 68-pin QFN (8x8mm, 0.4 mm pitch)

B Applications
O Narrow Band Radio Communications: 6.25kHz / 7.5kHz / 12.5kHz / 15kHz / 20kHz / 25kHz
etc.
O Modulation Method: FM / 2FSK/ 4FSK / QPSK / /4 DQPSK / 16QAM
(The demodulation needs to be externally executed except the FM modulation.)
Analog/Digital Dual Mode Transceiver
Digital Radio System for Industrial Use
Public Safety and Community/Emergence Radio System
Convenience Transceiver
Marine/Mobile Communication System
Low power / Telemeter Transmitter
Amateur Radio System

OoOoOoOoooaa

220900015-E-04 2023/04
-1 -
ASAHI KASElI MICRODEVICES CORPORATION



[AK2404]

| 3. Table of Contents
1. General DesCriptioN...........ooooiiii i 1
2. Features and ApPPIICAtIONS..... ... ittt e e e e e e e e e e e e e e e 1
3. Table Of CONENTS ..ottt et e e e e e e s e e e e e eanes 2
4, Representation ... 5
5. Block Diagram and FUNCLIONS .........ooiiiiiiiii ettt et e e e e e e e e e e e e e e e e eeaans 7
o0t TR =] o Yo I =T = o o RS 7
5.2, BlOCK FUNCHONS. ...ttt e e et e e et e e e anree s 7
6. Pin Configurations and FUNCLONS ... 10
6.1.  Pin ConfigUrations ... ..ot e e et e e e e e e e e e e e nes 10
6.2, PN FUNCHONS ...t ettt e e e s et e e e e b e e e e e ar e e e e e enees 11
6.3.  Handling of UnNUSEd PiINS ..o ettt e e e e e e 14
7. Absolute Maximum RatINGS. ........coiiii e ee e e e e e e e e 16
8. Recommended Operating CoONAItiONS ............uviiiiii oo a e 17
9. [T [ e= T O F= T =T (=4 [ SRS 17
S Tt TR D O 0 4 =1 = Lo (=4 1 SR 17
S I Y £ (= 0 T (TS - O RERR 18
9.3. Serial Interface Timing for RegiSter ACCESS ......c.uuiiiiiiiee et e e 18
9.4. Serial Interface Timing for Programmable Digital Filter Coefficient Setting............ccccocevieennie 20
9.5. Serial Interface Timing for Receiving Data and Status Output Read...........cccccooeviiiiiiennnnee. 22
9.6. Serial Interface Timing for Modulation Data Write (MOD I/F) ....coeeeeiiiiciiieiee e 24
10.  ANalog CharacCteriStiCS ........eeeiiiiiiiee ittt e s 26
10.1. Receiving CharacteriStiCS ........ooouiiiiiiiiie e e 26
10.1.1 N PP PRI 26
0 T USSR 27
10.1.3. e 5 N SRS 28
10.1.4. MIXER+APGAHAAFHADC ...ttt ettt e e e e e e enee s 28
10.1.5. LOCAL DIVIDER(RX) ..eteteeittteee ettt ettt e ettt e st e e s snbe e e e s amneeee s 32
10.1.6. PLL SYNTHESIZER ...ttt ettt et a e et e e e s e e e e e e e e nnnneee s 32
10.1.7. ] PSRRI 34
10.1.8. CLOCK BUFFER+CLOCK RATE CONVERTER.......coiiiiiiii e 34
10.1.9. DETDACHSME ..ottt ettt e e e et e e e et e e e e s nee e e e sneeeeeeenseeeeeanneeens 34
10.2. Transmission CharaCteriStiCS ........ouiuiiiiiiiie e e 35
10.2.1. MODDAGCHSIME ...ttt e e ettt e e e e be e e e e s nee e e e enbeeeeeanreeens 35
10.2.2. LOCAL DIVIDER(TX)+DRIVER AMP......ooo ittt e e eneeee s 36
10.3. (@10 =T o) A @] 0T 0 0] o1 1o T o R 36
11.  Standard CharacteristicsS EXamPIe.........eeuiiiiiiiee et e e e e e e e e e 38
L @ o T=Y = g o TR 1= [0 1T o SR 38
12.1. POWET-UDP SEQUENCE. .....eeii ittt ettt e e et e e e e e e e e s st e e e s ansee e e eanneeeeeanneeeens 38
12.1.1. UsiNg INterNal LD O ...ttt e e e e e e e e e e e e e e aneeeaaee s 38
12.1.2. Supplying voltage to VREF1 pin externally ... 39
12.2. Power-up Sequence of the PLL SynthesSizer..........coov i 40
12.3. Power-up Sequence of the RECEIVET ... 41
13, FUNCONAI DESCIIPLION ..ottt e e e et e e e s e e e e e abee e e e e enreeeeeannees 42
13.1. POWET CONIIOL.......eiiie ettt e et e e e et e e e e s s e e e e snneeeeesansaeeeeanneeeeeanneneens 42
13.1.1. Power Control Logic of the LNA and ATT ... 43
13.2. Operation Mode SettiNg ........cueiii e 43
13.3. (I I T o | =1 o PRSP UPP SRR 44
13.3.1. Level Diagram of Analog Receiving CirCUit ..........ccoooviiiiiiiiriie e 44
13.3.2. Level Diagram of Digital Receiving CirCuit ............cccooiiiiiiiii e 45
13.4.  Analog Receiving Circuits (LNA, ATT, PDET, MIXER, PGA, AAF) .....ooiiiiiiee e 46
R I N1 I S 46
(T = I | USRI 50
LB T |V 1 = USRI 50
13.4.4. L 7 Y PSS 52
13.4.5. Switching of the Output Path of the Analog Baseband Signal.............ccccocoociiiiiie. 53
220900015-E-04 2023/04

-2

ASAHI KASEI MICRODEVICES CORPORATION



[AK2404]

13.5. LOCAL DIVIDER ...ttt ettt et e e e et e e e et e e e e e nneeeeaenneeaeanns 54
13.5.1. LOCAL DIVIDER ...ttt ettt e e et e e e et e e e s ne e e e e e enseeeeeanneeens 54
13.5.2. Phase Calibration............coooiiii e 54

13.6. CLOCK BUFFER+CLOCK RATE CONVERTER .......ceiiiiieiiieee et 57

13.7.  PLL SYNTHESIZER..... .ottt e e et e e e et e e e et e e e e e eneeeaeanns 58
13.7.1. FrequenCy SetliNg ... e e e 60
13.7.2. Re-IoCKUP EVENL.....cooo 61
13.7.3. Fast LOCK FUNCHION.........eieee et e e e 61
13.7.4. LOCK DEEECHION ...t s 62
13.7.5. Frequency Offset Adjustment and Modulation function ...........ccccccoceeiiiee e, 65

13.8.  Digital Receiving Circuits (ADC, DIGITAL FILTER, RSSI, AGC, ADC P/SIF) ...ccccceiiiieenns 67
(G T 0t L I TSR 67
13.8.2. COMPIEX IMIIXET ...ttt ettt eeeeeeeeseeesseaesssssssssasssssssssssssssssssssssssssssnssssssssnnnnnnns 68
13.8.3. Out of Band Power Monitoring FUNCLON ...........ooiiiiiii e 69
13.8.4. 1 SRR 71
13.8.5. DeCimation Filter ... et 72
13.8.6. i e PRSPPI 74
13.8.7. L@ 0 F= T =Y I 1 (=Y R 78
13.8.8. DC Offset Calibration ...t e 81
13.8.9. RDOC FUNCHOMN. ....ceiiiiee ettt ettt sttt e e e e e e s st e e e sabe e e e e anneee s 84
13.8.10.  AGC FUNCHON ...ttt et e e et e e e et e e e e s nte e e e ennee e e eanseeeeeaneeeens 86
13.8.11. Digital Output AGC FUNCHON ....ooeeiiiiiieieee ettt e e e e e e e s neees 90
13.8.12.  AGC KEEP FUNCHON......ciiiiiiii ittt e 92
13.8.13.  FM Detection FUNCHON...........oiiiiiie e 94
13.8.14. DETDAC, SMF FUNCHON.......eiiiiiiiiie ettt e e e e ee e e e sneeee s 94
13.8.15.  RSSI FUNCHON ...ttt e e e eaeeee s 95
13.8.16.  NOiISE SQUEICH FUNCHON ........eeiiiiiiiie e e e e eneeee s 98
T T I A || o {1 (= USSR 99
13.8.18.  Output SAMPING RAtE ......eeeieiiiiie e e 103
13.8.19.  StAtUS OUIPUL ... et e e e 104
13.8.20. Test Output Function of Internal NOde .........c..oovriiiiiiiie e 106

13.9.  Transmit Data Generation Circuit (MODDAC, SMF) ......cooiiiiiiiie e 107

13.10. Transmit Preamplifier Circuit (DRIVER AMP) .......oommiiiiiii e 109

13.11. Internal Low Voltage Generator Circuit (LDO).......c.coiiiiiiiiiiiie e 109

14. Register Map and Detailed DeSCIIPLION ........ooeiiiiiiiiiiiiiee e e e e e e e 110

14.1. LT 15 (= /- T o 2SRRI 110

14.2. Special REGISIEr ACCESS .....ceiiiiiiieiie ettt ettt e s b e st e e sneeeeaneeeeas 116

0 T 1 I @ @7 < I S 117
14.3.1. 00 (0 Bl 103 @ 1 - U PR 117
14.3.2. <0x02 to 08>0OFS_RDOC/OFS_FINE/OFS _DEN......cccoiiiiiiieee e 117
14.3.3. 001 b I IR o S 118
14.3.4. <OXO0A to TT1>FRAC/MOD/INT ...ttt 118
14.3.5. D0 12 I 1] S 119
14.3.6. D0 1 o S 119
14.3.7. 0 3 (o T o 2 7 SR 119
14.3.8. 0 5 > I OSSR 120
14.3.9. D0 A (o T < ] I 1]\ S 121

(N N N X L ST 122
14.4.1. 0 7 = 3 ORI 122
14.4.2. 0 1 = o T O I ] 0 17 S 123
14.4.3. <OXTID t0 TESPHASE ADUJ....ceeeie ettt e e e e e et e e e e e e e e nnees 123
14.4.4. A0 (O (oI 5 (@ | I R 125

L T © |l S 126
14.5.1. 02 (o Y24 BT | L S 126
14.5.2. <OX27 10 2D>OFCAL_DIG ...t 127

TR 1 SR 128
14.6.1. <OX2F 10 33>PDET & AGC.... . ittt e e e e st e e e enneeas 128

220900015-E-04 2023/04
-3-

ASAHI KASEI MICRODEVICES CORPORATION



[AK2404]

14.6.2. <OX34 10 SFSZAGC _DIG ..ottt e 129
S 1 (€1 1 S 135
14.7.1. 0D B 0 1 [ 1V ] SR 135
14.7.2. SOXAZ2ZDFIL_SET ..ottt e et e s s e e 135
14.7.3. <0X43 10 45>NCO MIXER ...ttt e e 136
14.7.4. SOXAB>PRE_HPF ..ot 136
14.7.5. <OXAT7 10 A8>MIXER _AT T ..ttt e 137
14.7.6. 00 O o I o | I SRR 137
14.7.7. SOXAC H0 AESRSSI...ee e 138
14.7.8. <0x50 to 52> Out of Band Power Monitoring ........ccccceeecieei i it 139
14.7.9. 00 G O (o TR Y b Y/ | 5 S 140
14.7.10.  <OX59 10 SCSINSQU...ci ittt e e et e e st e e e et e e e e ene e e e e enreeeeeannees 141
T14.7.11.  <OXSEDSFMDETZ ...ttt et e et e s s nr e e e e e ennees 142
14.7.12.  <OXBFZPOST _HPF ...ttt e et e e e e e e e e emnees 142
14.7.13.  <OXB2-BB>RDOC.......cceiieeiiiieeeiiee et e et e e ettt e e e s ee e e e s eseeeeesanseeeeeaneeeesanreeeeeannees 143
T4.7.14.  <SOXBD-BF> PD ...ttt ettt e e et e e et e e s s b e e e e e annees 145
14.8.  PDET ADDITIONAL OFFSET ..ottt ettt e e e s aaeee s 145
14.9. PRE TEST FUNCTION ..ottt ettt e et e e e emeee e e e s nee e e e enneeeeeanneeens 146
14.9.1. SOXTEZCURRENT ...t br e e s s nbe e e e enes 146
14.9.2. <OXT9 10 TASDEBUG. ..ottt e e e 146
14.10. SOFTWARE REST & PAGE.......oo ittt 147
T14.10.1. <SOXTDSPAGE ...ttt et e e be e e e s e nb e e e e e annee 147
14.10.2.  <OXTE>SOFT RESET ..ottt e 147
14.11.  READ BACK ONLY ..ottt ettt e et e et e e e s enee e e e s neee e e entaeeeeaneeeens 148
14111, <OXO3ZREAD COEF ... e e e e e 148
T4.11.2.  SOXOA>STATUS ... ettt et e e e bt e e e e abe e e e s snb e e e e e annees 148
14.11.3.  <OX06 t0 OB>READ RSSI .....ouiiiiiiiiie ittt e e e e e neee e e e ennees 148
14.11.4. <OXOC tO OD>READ NSQL......oiiiiiiiiiieeiiiee e eciee e e ettee e st e e e seeeee e e e sneaee e e ssneeeeeeeneeeeeeannees 149
14.11.5.  <OXOE>READ PGA ... . ettt ettt e e et e s e e e e ennees 149
14.11.6.  <Ox10 10 T1>READ ANA OF ST ...t e 150
14.11.7. <OXx12 10 17>READ DIG OF ST ...ttt e e e 150
14.11.8. <0x18 to 1D>READ DIG OFST (OOB)....ccciiiitiiiiiiiee et 150
14.11.9.  <OX1E t0 23>READ AGC OF ST ..ottt 151
14.11.10. <0x24 t0 29>READ RDOC....... .ottt e e e e e e eneee e e e e 151

(R T 4 (=1 4 F= T O (o | G PRSP 153
15.1. Reference Evaluation BOard ... 153
15.2. Power pins and ground PINS ...t e e e et e e e e e e e s e e e e e e e e aanes 157
15.3. BO@rd ESIGN ...t 158
16.  LSHINterface CIFCUIL........oo e et e e e e e e 159
17 PACKAGE. ... it e e 161
17.1. OULPUL DIMENSIONS ...ttt ettt et e e e et e e e e st e e s eneeeeeeanneeeeeaaneeeaeanns 161
17.2. Pad Dimensions (fOr referenCe)....... ...t a e 162
17.3. =T X T TR U PP PP OTPPPPN 163
(LS T © o (=14 g Vo TN U o S 164
19, REVISION NISTONY ...t e e e e et e e e e e e e e e e enre e e e e nes 164
IMPORTANT NOTICE ...ttt ettt ettt e e ettt e e e et e e e e nee e e e e nseeeeeannneeeeanneeens 165
220900015-E-04 2023/04

-4-

ASAHI KASEI MICRODEVICES CORPORATION



[AK2404]

4. Representation

Register names and pin names and their polarities are described below.

NameA bit = “0” or “1” ...Reqister

NameB pin = “L” or “H” ...Pin

NameC, NameD bits ...Multiple registers
NameE, NameF pins ...Multiple pins

To specify the bit width of a register or to indicate a specific 1-bit of the register data, describe as
follows.

NameGJ[2:0] bits = “000” or “101”

NameH[1] bit = “0” or “1”

The address is written in the register that appears first for each page or chapter.
<Address0x9A>NameD bits

The AK2404 has multiple register maps, and <AddressOx7D>PAGE bits select which register map to
access.
<ROpage Address0x06>R_RSSI bits
Indicates the READ BACK ONLY page accessed by writing PAGE bits=46(hex).
<Address0x09>PLL_R bits
Unless otherwise specified, it indicates the normal page accessed by writing PAGE
bits=00(hex).

Numerical values are described as follows.
0x9A : A hexadecimal number. Mainly used for addresses.
3B(hex) : A hexadecimal number. Mainly used for data.
18(dec) : A decimal number. Mainly used for dates.
“10101” : A binary number. Mainly use for data.

The units used to count coefficients for digital filters are shown below.
FIR : 1TAP, 2TAP, 3TAP:--
IIR : one coefficient, two coefficients, three coefficients, ...
Abbreviations and acronyms are as follows.

AAF : Anti-Aliasing Filter
ADC : A/D Converter
DAC : DI/A Converter
LDO : Low Drop Out
LNA : Low Noise Amplifier
LSB . Least Significant Bit
MCU : Micro Controller Unit
MSB . Most Significant Bit
PGA : Programmable Gain Amplifier
220900015-E-04 2023/04
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PLL : Phase Locked Loop
RDOC : Real-time DC Offset Canceller
SMF : Smoothing Filter
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5. Block Diagram and Functions

5.1. Block Diagram

RFSWWIN

(]
PDET
onoc € n

< DRIVER AMP

o
%

NSQ2

DET

DAC [

Ju
X
:

FM DETECTOR

| NULL

DIGITAL

FILTER [T]

|| oc
NULL

& &
2 &

COMPLEX

FILTER

MIXER

FRACTIONAL-N

LOCAL

e L <

THOUTH

VREF
§ BIAS1 o ®8)
VREF
BIAS2
i (PLL)
E VHEFZ
9 . Q
§—| |— VREF1

INTLDOFD

DIVIDER 2
RX:1/(1,2,4.8) MODULATOR R COUNTER
TX:AI(1,2.4.8)

PLL SYNTHESIZER

AGC
(PGA)

)

COMPLEX
MIXER

1/4

*

oo

PHASE

NDVIDER || FREQUENGY
DETECTOR

CLOCK RATE
CONVERTER

l

CHARGE
PUMP

5.2. Block Functions
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Figure 1 AK2404 Block Diagram

The AK2404 consists of the Analog RF Receiving Circuit (LNA, ATT and PDET), the Analog Baseband
Receiving Circuit (MIXER, PGA and AAF), the Digital Receiving Circuit (ADC, DIGITAL FILTER, DC
NULL, COMPLEX MIXER, AGC and ADC P/S IF), the Received Signal Strength Indication Circuit
(RSSI), the FM Detection Circuit (FM DETECTION CIRCUIT, DETDAC and SMF), the Local Oscillation
Circuit (PLL SYNTHESIZER, LOCAL DIVIDER, CLOCK BUFFER and CLOCK RATE CONVERTER),
the Transmitting Data Generation Circuit (MOD S/P IF, MODDAC and SMF), the Transmitting Pre-
amplifier Circuit (DRIVER AMP), the Reference Voltage Generation Circuit (VREF), the Internal Low
Voltage Generation Circuit (LDO), and the Digital Control Circuit (DIGITAL CONTROL).

B Analog RF Receiving Circuit (LNA, ATT, PDET)
The LNA amplifies the received signal with low noise. And the ATT attenuates the received signal.
The amount of attenuation can be switched to 4 levels of 0, 6, 12 or 18dB based on the insertion
loss by register setting. The LNA and the ATT are connected in parallel, and operating block can
be switched by register control. The PDET detects the received RF signal strength and outputs a
voltage corresponding to the RF signal strength from the PDETOUT pin. The LNA requires a
matching circuit. The external filter can be added between the LNA and MIXER for the request of
image rejection. Refer to 13.4 Analog Receiving Circuits (LNA, ATT, PDET, MIXER, PGA, AAF) for

detail.
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B Analog baseband circuit for receiver (MIXER, PGA, AAF)
The signal amplified by the LNA is down converted to the baseband signal by the MIXER of direct
conversion architecture. The MIXER works with two local signal which have a phase difference of
90 degree each other and generates the baseband signal of Ich and Qch. The MIXER input
requires a matching circuit. Also, the MIXER configures a first order low pass filter with external
elements. The PGA is composed by first order low pass filer with variable gain set by a register and
keeps the input level of the ADC to increase the dynamic range. An AGC function is equipped to
change the PGA gain automatically according to the signal input level. The AAF is anti-aliasing
filter composed by the 3rd order low pass filter (Fc=100kHz) to reduce the anti-aliasing. An analog
filter is composed by the MIXER, PGA and AAF to reduce the blocking signal input to the ADC.
Refer 13.4 Analog Receiving Circuits (LNA, ATT, PDET, MIXER, PGA, AAF) for detail.

B Local divider (LOCAL DIVIDER)
The LOCAL DIVIDER converts the signal generated by the PLL SYTHESIZER and input from the
LOINP and LOINN pins to the local frequency by dividing the signal by 1 (undivided), 2, 4 or 8. The
LOCAL DIVIDER generates two local signals with 90-degree phase difference during receiving.
During transmitting, the output signal from LOCAL DIVIDER is amplified by DRIVER AMP and
output. Refer 13.5 LOCAL DIVIDER for detail.

B Master clock generator(CLOCK BUFFER, CLOCK RATE CONVERTER)
The CLOCK BUFFER amplifies the amplitude of the reference clock input from TCXOIN pin. The
CLOCK RATE CONVERTER converts the frequency of reference clock and generates an internal
master clock (MCLK). If the CLOCK RATE CONVERTER is not used, the reference clock is used
as master clock. The master clock is used as for the clock of the ADC and digital filters and for the
reference signal generating the local signal. Refer 13.6 CLOCK BUFFER+CLOCK RATE
CONVERTER for detail.

B PLL synthesizer (PLL SYNTHESIZER)
The FRACTIONAL-N PLL is composed by the PLL SYNTHESIZER, external LOOP FILTER and
VCO and generates local frequency signal based on the master clock. Refer 13.7 PLL
SYNTHESIZER for detail.

B Digital circuit for receiver (ADC, DIGITAL FILTER, DC NULL, COMPLEX MIXER, AGC, ADC P/S
IF)
The 24-bit A~ ADC convert the analog signal generated by analog baseband circuit to digital
signal. The digital filter is composed by decimation filter and channel filter to eliminate interference
signal. The channel filter is composed by maximum 128TAP coefficients FIR filter which
coefficients can be set arbitrarily to design the frequency characteristic freely.
The output sampling rate is different by a path of the selected decimation filter and the maximum
sampling rate is 192kHz when the reference clock of 24.576MHz is used. The DC NULL is
composed by DC offset calibration and Real-time DC Offset Canceller (RDOC) to cancel the DC
offset on the baseband signal.
The COMPLEX MIXER is used for the frequency conversion between Low IF and Zero IF. The
parallel-serial interface for ADC serially outputs the digital baseband signal by serial. By received
signal strength, the AGC adjusts the PGA gain. Refer 13.8 Digital Receiving Circuits (ADC,
DIGITAL FILTER, RSSI, AGC, ADC P/S IF) for detail.

B Receiver Signal Strength Indicator (RSSI)
The RSSI outputs the receiver signal strength by 8bit digital data. The 8bit data is confirmed by
reading via SPI. The value of RSSI can be output from ADSDO pin or STATUS pin with
synchronizing to ADFS. Refer 13.8.15 RSSI Function for detail.

B FM detection circuit (FM DETECTOR, DETDAC, SMF)
The FM DETECTOR demodulates the received FM signal. The demodulated signal is converted to
analog signal by 12-bit DA (DETDAC) converter and is smoothed by the SMF with Fc=64kHz and
is output from DETOUT pin. And the demodulated signal can be output as digital serial output
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through the ADSDOI, ADSCLK and ADFS pins by a register setting. The output rate is same with
the front digital filter. The FM DETECTOR also incorporates noise squelch function1 and noise
squelch function2 and output the calculation result to NSQ1 and NSQ2 pins as High/Low signal
respectively. Refer 13.8.13 FM Detection Function for detail.

B Data generator circuit for transmitter (MOD S/P IF, MODDAC, SMF)
The MODDAC is 12-bit DA convertor and converts the digital baseband signal serially input to the
MOD S/P IF to the analog baseband signal. The SMF (SMOOTHING FILTER) is a low pass filter
which smoothen the DAC output (Fc=20kHz). These circuits are supposed to be used to generate
the transmitter data when the direct modulation is executed to external VCO. Refer 13.9 Transmit
Data Generation Circuit (MODDAC, SMF) for detail.

B Pre-amp circuit (DRIVER AMP)
This circuit amplifies and outputs the signal divided by N by LOCAL DIVIDER. When the direct
modulation is executed to external VCO, this circuit is supposed to be used as transmitter signal
output. Refer 13.10 Transmit Preamplifier Circuit (DRIVER AMP) for detail.

B Internal low voltage generator circuit (LDO)
This circuit generates 1.96V voltage from external 3V voltage source (PLLVDD) to a receiver digital
circuit, a digital control circuit and a part of local oscillating circuit. It is possible to operate these
circuits without using the LDO by suppling an external power supply to VREF1 pin. Refer 13.11
Internal Low Voltage Generator Circuit (LDO) for detail.

B Reference voltage generator (VREF)
This circuit generates the reference voltage for each block.

B Digital control circuit (DIGITAL CONTROL)
- Register write/read by 4-wire serial interface
(CSN, SCLK, SDI, SDO pins)
- Input hardware reset signal (RSTN pin)
- The state of PLL (LD pin)
- Output internal state (STATUS pin)
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| 6. Pin Configurations and Functions

6.1. Pin Configurations

o z % é o Z o Z £ 8
22322958 BE 522 ¢g
T 3B3sSs33ss38£22333¢
53 I IFTIIITILLITIFTITR IS I A
AOUTP | 52 34 | LNAOUT
AOUTN | 53 33 | RFSWIN
PDETOUT | 54 32 | ATTOUT
ADVSS | 55 31| NC
ADVDD | 56 30 | MIXVDD
ADVCOM | 57 29 | MIXINN
TEST1 | 58 28 | MIXINP
RSTN | 59 Back Side: Exposed PAD 27 | LOVDD
CSN | 60 26 | TXOUTN
SDI | 61 25 | TXOUTP
SCLK | 62 24 | LODVDD
SDO | 63 23 | LOINN
ADSDO | 64 22 | LOINP
STATUS | 65 21| CPz
ADSCLK | 66 20 | SWIN
ADFS | 67 Q 19 | CPOUT
DVSS | 68 18 CPVDD
TN ey w o~ e 2 - d0 320
O 0 - N ¥ 5 O FE FE O N -~ Z2 0 N QO On
- o = =823 e E T a

Figure 2 Pin Configurations (68-pin QFN0808, Top View)
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6.2. Pin Functions
Al: Analog Input Pin, AO: Analog Output Pin, DI: Digital Input Pin, DO: Digital Output Pin,
P: Power Supply Pin, G: Ground Pin

All digital input pins must not be allowed to float.
Refer to 15.1 Reference Evaluation Board for the external element constant.

Pin# | Pin Name I/0 FloLer D*OW” Function
State * 1
1 IOVDD P - Power Supply for Digital Interface Circuit
Lock Detection Flag Output
2 LD DO Low “L” : Unlock
“H” : Lock
3 NSQ1 DO Low Noise Squelch Detection Flag Output 1
4 NSQ2 DIO Low Noise Squelch Detection Flag Output 2 * 2
5 MODSCLK DI Hi-Z Clock Input for Modulation Data Interface
6 MODSDI DI Hi-Z Data Input for Modulation Data Interface
7 MODFS DI Hi-Z Frame Sync Input for Modulation Data Interface
8 DETOUT AO Hi-Z FM Detection Signal Output
9 MODOUT AO Hi-Z Modulation Signal for Transmission Output
10 DACVDD P - Analog Power Supply for DETDAC and MODDAC
Resistor Connecting Pin for Charge Pump Current
11 BIAS2 Al Hi-Z Setting
Connect this pin to VSS via a 27kQ resistor.
AO ) Stabilization Capacitor Connecting Pin for LDO
12 VREF1 * 3 Connect this pin to VSS via a 10uF capacitor.
P - Digital Power Supply for Digital Circuit
Reference Clock Input
13 TCXOIN Al Hi-Z Connect a 100pF capacitor to this pin
The pin capacitance is 3pF.
14 | INTLDOPD DI Hi-Z Internal LDO Disable Signal Input
Capacitor Connecting Pin for Noise Attenuation of
15 VREF2 AO - Reference Voltage (VBG)
Connect this pin to VSS via a 0.47uF capacitor.
Analog Power Supply for LDO, N-DIVIDER and
16 | PLLVDD | P ) CLOCKRATE CONVERTER
Analog Ground for LDO, N-DIVIDER and CLOCKRATE
17| PLLVSS | G ) CONVERTER
18 CPVDD P - Power Supply for Charge Pump
19 CPOUT AO Hi-Z* 4 Charge Pump Output
20 SWIN Al Hi-Z*5 Resistor Connecting Pin for Fast Lock
21 CPz Al Hi-Z*5 Capacitor Connecting Pin for Loop Filter
22 LOINP Al Hi-Z Local Positive Input
23 LOINN Al Hi-Z Local Negative Input
220900015-E-04 2023/04
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24 LODVDD P - Analog Power Supply for Local Divider
25 TXOUTP AO Hi-Z* 6 Driver Amplifier Positive Output
26 TXOUTN AO Hi-Z* 6 Driver Amplifier Negative Output
27 LOVDD = ) An_alog Povye;r Supply for Receiver Local Amplifier and
Driver Amplifier
350Q iy
28 MIXINP Al MIXER Positive Input
Pull down
350Q :
29 MIXINN Al Pull down MIXER Negative Input
30 MIXVDD P - Analog Power Supply for MIXER
Non-Connection
31 NC ) ) Connect to VSS.
32 | ATTOUT | AO 11KQ AT Output
Pull down
33 RFSWIN Al Hi-Z RF Switch Input
34 LNAOUT AO Hi-Z* 6 LNA Output
35 VSS G *7 Ground
36 LNAVDD P - Analog Power Supply for LNA and ATT
37 LNACNT Al Hi-Z LNA Matching Adjustment Pin
100kQ
38 LNAIN Al Pull down LNA Input
Non-Connection
39 NC ) ) Connect to VSS.
101kQ
40 ATTIN Al Pull down ATT Input
41 PDETIN Al 100kQ RF Power Detection Circuit Input
Pull down
100kQ . .
42 SWIIN Al Ich MIXER Switch Negative Input
Pull down
43 MIXOIP AO 100k Ich MIXER Positive Output
Pull down
44 MIXOIN AO 100k0 Ich MIXER Negative Output
Pull down
45 | swip | Al 100kQ 1) 4 MIXER Switch Positive Input
Pull down
46 SWIQP Al 100k Qch MIXER Switch Positive Input
Pull down c witch Positive Inpu
100kQ .
47 MIXOQN AO Pull down Qch MIXER Negative Output
100kQ "
48 MIXOQP AO Pull down Qch MIXER Positive Output
100kQ : :
49 SWIQN Al Pull down Qch MIXER Switch Negative Input
50 BBVDD P - Analog Power Supply for Base Band Circuit and PDET
. Current regulating resistor connection pin
51 BIAST Al Hi-Z Connect this pin to VSS via a 47kQ resistor.
52 AOUTP AO Hi-Z Receiving Analog Baseband Signal Positive Output
53 AOUTN AO Hi-Z Receiving Analog Baseband Signal Negative Output

220900015-E-04
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54 PDETOUT | AO Hi-Z RF Power Detection Circuit Output
55 ADVSS G - Analog Ground for ADC
56 ADVDD P - Analog Power Supply for ADC
57 ADVCOM AO VSS Stabilizing Capacitor Connecting Pin for ADC
o | TESTI | 01 | o0 | TEST Mo sengr
59 RSTN DI Hi-Z ?ﬁ;dngi(ieize:essgtn@ Irliplljr:put of 1us or more.
60 CSN DI Hi-Z Chip Select Input for Register Access Interface
61 SDI DI Hi-Z Data Input for Register Access Interface
62 SCLK DI Hi-Z Clock Input for Register Access Interface
63 SDO DO Hi-Z Data Output for Register Access Interface
64 ADSDO DO Low Data Output for Receiving Data Interface
65 STATUS DO Low Status Output for Receiving Data Interface
66 ADSCLK DO Low Clock Output for Receiving Data Interface
67 ADFS DO Low Frame Sync Output for Receiving Data Interface
68 DVSS G ) g:?cl:ﬁlt Ground for Digital Interface Circuit and Digital
) TAB G ) Exposed pad on the bottom surface of the package must
be connected to VSS
Notes:

* 1. It corresponds to the state of RSTN pin="“L" or the state each block is power down by the power
control register described in the chapter 13.1 Power Control.

* 2. When <Address0x30>AGC_KPSEL bit = “1”, it works as AGC_KEEP pin (DI). Refer to 13.8.12
AGC KEEP Function for detail. Even when used as DI, the initial value of this pin is DO, so pay
attention to the polarity of the connected port. If necessary, handle it appropriately, such as adding
a pull-down resistor.

* 3. When INTLDOPD pin ="L”, the internal LDO works. When INTLDOPD pin = “H”, input the power
supply voltage from external source to the VREF1 pin without using internal LDO. Refer to 13.11
Internal Low Voltage Generator Circuit (LDO) for detail.

* 4. Though the initial state is Hi-Z, the <Address0x16>CPQO_PDST bits can switch the output state
during power down. Refer to 13.7 PLL SYNTHESIZER for detail.

* 5. When <AddressOx6E>PD_SYNTH_N bit = “0”, the switch of loop filter selector is OFF. Refer to
13.7 PLL SYNTHESIZER.

* 6. Power supply must be supplied via an inductor since this pin is open drain/corrector pin.

* 7. Internally connected to the TAB.

220900015-E-04 2023/04
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6.3. Handling of Unused Pins
Unused input / output pins must be handled appropriately by making the following settings.

B Without using the PLL SYNTHESIZER

Pin# Pin Name I/O Handling Note

11 BIAS2 Al Open

16 PLLVDD P Supply Voltage

17 PLLVSS G Connect to VSS

18 CPVDD P Supply Voltage

19 CPOUT AO Open

The same handling is also adopted in the case of
20 SWIN Al Open that PLL SYNTHESIZER is used but the fast lock
function is not used.

Connection is required if the PLL SYNTHESIZER is
21 CpPz Al Open used but the fast lock function is not used. Refer to
13.7 PLL SYNTHESIZER for detail.

The power must be supplied to the PLLVDD/CPVDD pins even when not using the PLL
SYNTHESIZER.

When the PLL SYNTHESIZER is not used, the RDOC function can not be used.

B Without using the LNA

Pin# Pin Name I/O Handling Note
33 RFSWIN Al Open
Connect to
34 LNAOUT AO LNAVDD

36 LNAVDD P Supply Voltage

37 LNACNT Al Connect to VSS

38 LNAIN Al Open

The power must be supplied to the LNAVDD pin even when not using the LNA.

B Without using the ATT

Pin# Pin Name I/O Handling Note
32 ATTOUT AO Open
33 RFSWIN Al Open
36 LNAVDD P Supply Voltage
40 ATTIN G Open

The power must be supplied to the LNAVDD pin even when not using the ATT. If the LNA is
connected to the MIXER, do not use the RFSWIN pin and connect the LNAOUT pin to the MIXINP and
MIXINN pins via a matching circuit.

220900015-E-04 2023/04
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B Without using the PDET

Pin# Pin Name I/O Handling Note
41 PDETIN Al Open
50 BBVDD P Supply Voltage
54 PDETOUT | AO Open

The power must be supplied to the BBVDD pin even when not using the PDET.

®  Without using MODDAC

Pin# Pin Name I/1O Handling Note
5 MODSCLK DI | Connect to VSS
6 MODSDI DI | Connect to VSS
7 MODFS DI | Connect to VSS
9 MODOUT AO Open
10 DACVDD P Supply Voltage

The power must be supplied to the DACVDD pin even when not using the MODDAC.

B Without using DRIVER AMP

Pin# Pin Name I/O Handling Note
25 TXOUTP | AO Open In the case of single-ended output, connect unused
26 | TXOUTN | AO Open pin to VDD.
27 LOVDD P Supply Voltage

The power must be supplied to the LOVDD pin even when not using the DRIVER AMP.

B Without using FM detection circuit

Pin# Pin Name I/O Handling Note

8 DETOUT AO Open

The power must be supplied to the DACVDD pin even when not using the FM detection circuit.

B Without using corresponding function

Pin# Pin Name I/O Handling Note
> LD DO Open Incluqmg the case of not using lock detection
function.

3 NSQ1 DO Open
NSQ2 DIO Open

52 AOUTP AO Open

53 AOUTN AO Open

65 STATUS DO Open

220900015-E-04 2023/04
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7. Absolute Maximum Ratings

(DVSS=PLLVSS=ADVSS=VSS=0V; * 8)

Parameter Symbol Min. Max. Unit
*9 VDD1 -0.3 +3.6 \Y
Supply Voltage |IOVDD pin IOVDD -0.3 +3.6 \Y
VREF1 pin * 10 VREF1 -0.3 +2.3 \Y
Applied Analog Input Voltage Vain -0.3 VDD1+0.3 Y
Applied Digital Input Voltage VbiN -0.3 IOVDD+0.3 \%
'(ZF))(‘E:IZJC’: E:Wutta::;:p()a;ty pins) I -10 +10 mA
Maximum LNAIN Input Level * 11 VLNAIN 2.4 Vp-p
Maximum ATTIN Input Level ATTPOW +10 dBm
Maximum MIXIN Input Level* 12 MIXPOW1 +14 dBm
Maximum LOIN Input Level * 13 LOPOW +14 dBm
Maximum PDETIN Input Level PDETPOW +10 dBm
Storage Temperature Range Tstg -55 125 °C

Notes:

* 8. All voltages are with respect to ground. The DVSS, PLLVSS, ADVSS and VSS must be connected

to the same ground.

* 9. The VDD1 means PLLVDD, CPVDD, LODVDD, LOVDD, MIXVDD, LNAVDD, BBVDD, ADVDD,

DACVDD pins.

*10. When supplying the voltage to VREF1 pin externally, set INTLDOPD pin = “H”.

*11. This is the AC amplitude specification without DC bias at the LNAIN pin.

* 12. This specification includes the matching circuit connected to the MIXINP and MIXINN pins.
* 13. This specification includes the matching circuit connected to the LOINP and LOINN pins.

WARNING: Operation at or beyond these limits may result in permanent damage to the device. Normal

operation is not guaranteed at these extremes.

220900015-E-04
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| 8. Recommended Operating Conditions

(DVSS=PLLVSS=ADVSS=VSS=0V;* 14

Parameter Symbol Min. Typ. Max. Unit
Operating Temperature Range Ta -40 85 °C
VDD1 2.7 3.0 3.45 \Y
Power Supply Voltage IOVDD f; :132 31'%95 \Y
VREF1 1.7 1.8 20 \Y
Note:

*14. All voltages are with respect to ground. The DVSS, PLLVSS, ADVSS and VSS must be connected
to the same ground.

| 9. Digital Characteristics

9.1. DC Characteristics

Parameter Symbol Min. Typ. Max. Utm
*15 ViH1 0.8xI0VDD \

High Level Input Voltage
*16 Vinz |0.8xPLLVDD \
*15 VL1 0.2xIOVDD | V

Low Level Input Voltage
*16 Vi 0.2xPLLVDD| V
Hioh Level Inout C t ViH1=I0VDD * 15 liH1 +10 MA

i evel Input Curren
g P Viiz=PLLVDD * 16 o 10 | pA
ViL1=0V * 15 liLq -10 IJA

Low Level Input Current
Vie=0V * 16 liL2 -10 IJA
High Level Output Voltage |lon=+0.5mA * 17 VoH IOVDD-0.4 IOVDD \Y
Low Level Output Voltage |lo.=-0.5mA * 17 VoL 0.0 0.4 Vv

Regarding the input current, the direction in which the current flows into the IC is defined as + and the
direction in which the current flows out from the IC is defined as -.

Regarding the output current, the direction in which the current flows out from the IC is defined as + and
the direction in which the current flows into the IC is defined as -.

Notes:
*15. MODSCLK, MODSDI, MODFS, RSTN, CSN, SDI, SCLK pins and NSQ2 pin at
<Address0x30>AGC_KPSEL bit = “1”
*16. INTLDOPD pin
*17. LD, NSQ1, NSQ2, SDO, ADSDO, STATUS, ADSCLK and ADFS pins and NSQ2 pin at <Address
0x30>AGC_KPSEL bit =“0".

220900015-E-04 2023/04
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9.2. System Reset
B Hardware Reset

Parameter Symbol Min. Typ. Max. Unit
Hardware Reset Signal Input Width |RSTN pin trsTN 1 VES
Reset operation
_—
tRSTN
\ 1y
...................... sflannnnnnnnnnnnnnnnnaadiannnnnnnnnnnnnnnnnnnn \/IH
RSTN pin
........................ (................. ssssssssssssssmsEEEEEn \/IL

Figure 3. Hardware Reset

Hardware reset is executed by inputting “L” for 1us or longer to the RSTN pin. All internal statuses are
initialized by the hardware reset. Therefore, all operational settings should be made after this reset.

For a certain reset of the device, inputs of the SCLK, the SDI and the CSN pins should be fixed to “L” or
“H” during reset and reset release timings.

B Software Reset
Software reset is executed by writing <AddressOx7E>SRSTI[7:0] bits = “10101010”. All internal
statuses are initialized as with the hardware reset. Therefore, all operational settings should be

made after this reset. The SRST[7:0] bits will be set to “00000000” automatically after software
reset is completed.

9.3. Serial Interface Timing for Register Access
Register write and read are executed via serial interface pins (CSN, SCLK, SDI and SDO pins). A
serial data input to the SDI pin consists of 1 bit Read/Write instruction, 7 bits address (MSB first,
A6 to AO) and 8 bits data (MSB first, D7 to DO) in one frame (16 bits). The Figure 4 shows the
timing chart of the register write operation and the Figure 5 shows the timing chart of the register
read operation. And the Table 2 shows the AC timing of the register write and read operation.

B Write Access (Write Command)

, , tesH |
:tCSLSI

CSN — A
(Input) i i <</ <,~< ! ;./ 1
‘ i TtwH b | :tCSLH '

o : e — :
scux AVAVAS AUATAVAVALAWAWE
(Input) ' | { ! "

'tos iton |

—c— -
i \rw { As Y a5 ) Sg m Y a0 Y or X os Bg o1 X oo ¥

Figure 4 Interface timing for serial register write
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B Read Access (Read Command)

CSN
(Input)

SCLK
(Input)

SDI
(Input)

SDO
(Output)

R/W

, tesH
'
'tesis ,

k—’ i < « ! 1

> >

v |
ttwe el ) ' too Ttostn 1
i j 1 1 i

' i

ERCHANERCRO S

Figure 5 Interface timing for serial register read

. Instruction bit controls the operation that writes data to the AK2404 or reads out data from
the AK2404. When this bit is “0”, a write operation is executed. When this bit is “1”, a read
operation is executed.

A6 to AO : Register address to be accessed
D7 to DO : Write or Read data

(1) The CSN pin should be set to “H” when not accessing to the registers. The input clock and data are
ignored when the CSN pin = “H”. The serial interfaces will be activated by setting the CSN pin to

“L”.

(2) In write operation, during the CSN pin = “L”, register write is executed in synchronization to a rising
edge of the SCLK clock that is 16 cycles. A serial data is input to the SDI pin in the order of
instruction bit, address and data. The input data is latched on the 16th rising edge of the SCLK.
The CSN pin must be set to “H” every time data write is finished (note that input data will be invalid
if the CSN pin becomes “H” before 16th SCLK crock count. If the clock input is kept after 16 cycles
while the CSN pin = “L”, input clock and data after the 16th clock are also ignored).

(3) Inread operation, instruction and address bits are received in synchronization to rising edges of
first 8 SCLK clocks and the data is read out from the SDO pin in synchronization to falling edge of
the 8th to 15th SCLK clocks. The CSN pin must be set to “H” every time data read is finished since
a consecutive reading is not supported. The polarity of the SDO pin is output only when outputting
data, and it is Hi-Z output at other timings. Also, after data output, it becomes Hi-Z output at the
rising edge of the CSN pin.
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9.4. Serial Interface Timing for Programmable Digital Filter Coefficient Setting

By setting the Read/Write identification bit = “0” and <Address0x42>COEF_SET bits to the specified
data, the AK2404 moves to the coefficient setting mode for programmable digital filter from register
writing mode. The Table 1 shows the coefficient setting mode corresponding to the specified data.

Table 1 Programmable digital filter coefficient setting mode list

R/W bit | COEF_SET[7:0] (hex) Mode Clock count
‘0 71 FIR Channel Filter 1 Write 2048 *18
‘0 72 FIR Channel Filter 2 Write 2048 *18
‘0 73 FIR Channel Filter 3 Write 2048 *18
‘0 74 FIR Channel Filter 4 Write 2048 *18
“0” 11 NSQ1 IIR Filter Write 160 (10 coeficientsx16-bit)
“0” 12 NSQ2 IIR Filter Write 160 (10 coeficientsx16-bit)

Out of Band Power

0’ 13 Monitoring IIR Filter Write | 160 (8 coeficientsx20-bit)
“1” F1 FIR Channel Filter 1 Read 2048 *18
“1” F2 FIR Channel Filter 2 Read 2048 *18
“1” F3 FIR Channel Filter 3 Read 2048 *18
“1” F4 FIR Channel Filter 4 Read 2048 *18
“1” 91 NSQ1 IIR Filter Read 160 (10 coeficientsx16-bit)
“1” 92 NSQ2 IIR Filter Read 160 (10 coeficientsx16-bit)
“q> 93 Out of Band Power 160 (8 coeficientsx20-bit)

Monitoring IR Filter Read

Note:

* 18. When writing and reading the coefficient of the FIR Channel Filter, if the FIR4/5 path is selected, it
is 128TAP x 16-bit = 2048 clocks. When FIR3 path is selected, 64 TAP x 16-bit is repeated twice
for a total of 2048 clocks.

After switching to the mode, write the coefficient data from CSN, SCLK and SDI pins according to the
timings shown in Figure 6. When writing the coefficient, do not return the CSN pin to “H”, and write all
data continuously in the “L” state. The Figure 6 shows an example of FIR Channel Filter (128TAP), and
the coefficient data of 128 TAPx16-bit=2048-bits is written continuously.

tesH

EtCSLS , E H
CSN s e
(Input) — <)< $ T | 1
! : UG tesih
! 1 S i
T B AWAYS AW VAW S
(Input) ' ! | i g i

! tos E[DH !

H H \ J—
(S‘HESLI) XD128-15X D128-14X DT28-13Q$X D128—1X D128-0XD12?-15XD127-14><3B D1-1 X D10 X

Figure 6 Interface timing for programmable digital filter coefficient write (FIR, 128TAP)
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When the identification bit = “1” and the specified data is written to <AddressOx42>COEF_SET bits, the
mode switches from register write mode to the programmable digital filter coefficient read mode.

The Table 1 shows the coefficient read mode corresponding to the specified data. After switching to the
mode, read the coefficient data from CSN, SCLK, and SDO pins according to the timings shown in the
Figure 7. The Figure 7 shows an example of FIR Channel Filter (128TAP), and coefficient data of
128TAPx16-bit=2048-bits is read continuously.

| tesw |

- < S AR

v e | :ICSLH ! ‘
|
|
|
|
|
|
|
|
|
|

SCLK
(Input)

SDI
(Input)

1 I 1
1 ! tocs '
e '

sDo Hi-Z : : :
(Output) —<D128-15XD128-14XD128-13 D128-1 X D128-0XD127-15X D127-14 D11 a

Figure 7 Interface timing for programmable digital filter coefficient read (FIR, 128TAP)

When writing/reading the coefficient, input the clock for the total number of bits of all data (described in
Table 1). The programmable digital filter may not operate properly if the CSN pin is raised by inputting a
clock with less or more clocks than the specified clock.

By reading back <ROpage AddressOx03>R_COEFSTS_x bit (x=1, 2, 3, 4, OOB, NSQ1, NSQ2), itis
possible to confirm whether writing/reading was successful or not. When R_COEFSTS_x bit = “0”, it is
written/read normally. The Table 2 shows the AC timing of the programmable digital filter coefficient
setting mode. For details on programmable digital filter, refer to 13.8.7 Channel Filter and 13.8.17 1IR
Filter.

Table 2 AC timing of register write / read and programmable digital filter coefficient setting

Parameter Symbol | Min. Typ. Max. Unit
CSN low setup time tesLs 50 ns
SDI setup time tos 25 ns
SDI hold time ton 25 ns
SCLK high time twh 50 ns
SCLK low time twi 50 ns
CSN low hold time tesLH 25 ns
CSN high time tcsH 50 ns
SCLK to SDO output delay time. 20pF load top 45 ns
CSN to SDO output delay time 20pF load tocs 45 ns

Digital input and output timings refer to a rising/falling signal of 0.5 x IOVDD.
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9.5. Serial Interface Timing for Receiving Data and Status Output Read

The receiving data and status output are readout via serial interface that is configured with the ADFS,
ADSCLK, ADSDO and STATUS pins. The data format is selected from three types of 1Q 32-bit Mode,
IQ 16-bit Mode and FMDET Mode by <Address0x41>ADIFSEL[1:0] bits. The Table 3 shows AC timing.

The output sampling rate (=ADFS pin output) of receiving data and status output depends on master
clock (Refer to 13.6 CLOCK BUFFER+CLOCK RATE CONVERTER for the definition of fucik), digital
filter configuration set by <Address0x41>DFIL_PATH[1:0] bits and the output sampling rate division
setting set by <Address0x41>RXIF_SR[1:0] bits. Refer to 13.8.18 Output Sampling Rate for detail.

The clock output from the ADSCLK pin is 64 times the output sampling rate in 1Q 32-bit Mode and 32
times in both 1Q 16-bit Mode and FMDET Mode. For example, when used in fucik =24.576MHz,
DFIL_PATH[1:0] bits = “01”, RXIF_SR bits = “00”, IQ 32-bit Mode, the clock frequency is 24.576MHz /
256 x 64 = 6.144MHz.

Table 3 AC timing of receiving data read

Parameter Symbol Min. Typ. Max. Unit
ADSCLK frequency fcka 12.5 MHz
ADSCLK high time 20pF load twha 0.4 / fcka V&
ADSCLK low time 20pF load twia 0.4 / fcka V&

Digital input and output timings refer to a rising/falling signal of 0.5 IOVDD.

B |Q 32-bit Mode
This mode uses a fast clock for 3-wire communication and is a compatible mode with the AK2401A
lineup product. Set it with ADIFSEL bits = “00”. The Figure 8 shows the timing chart.

A total of 64-bit serial data is output from the ADSDO pin in synchronization with a falling edge of the
ADSCLK pin. The | channel serial data is output after rising edge of the ADFS pin and the Q channel
serial data is output after falling edge of ADFS pin as 32-bits data for each channel. First, 24-bits 1Q
data (D123 to DI0, DQ23 to DQO, 2's complement format, MSB first) after digital filter processes is
output. Then, the internal status of RSSI and AGC is output as a status bit (S15 to S0) for 8 clocks after
the last data of each “DI0” and “DQO0”. In this mode, the STATUS pin outputs “L”. Refer to 13.8.19
Status Output for detail.

ADFS |
ADSCLK _/_UW\_ 5243 E25 26 \27
(Output) L 3

PR

241 125/ \26/ \27

i o
ADSDO poon BEan
STATUS E E
(Output) : i
Figure 8 Interface timing for ADC data read (IQ 32-bit Mode)
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This mode uses a slow clock for 4-wire communication. Set it with ADIFSEL bits = “01”. The Figure 9

shows the timing chart.

A 32-bit serial data is output from the ADSDO pin in synchronization with a falling edge of the ADSCLK
pin. The | channel serial data is output after rising edge of the ADFS pin and the Q channel serial data
is output after falling edge of ADFS pin as 16-bits data for each channel. These data are 16-bit data of |
and Q channel (DI15 to DIO, DQ15 to DQO, 2’s complement format, MSB first), and are selected by
<AddressOx3E>DFILOUT bits out of 24-bit data after passing the Digital Filter. The internal status of
RSSI and AGC is output as a status bit (S15 to SO) from the STATUS pin. Refer to 13.8.19Status

Output for detail.

ADFS

(Output)

]

ADSCLK

(Output)

ADSDO
(Output)

STATUS

(Output)

tWLo’-*i tWHA

Figure 9 Interface timing for ADC data read (1Q 16-bit Mode)

B FMDET Mode

This mode outputs the signal after FM demodulation. Set it with ADIFSEL bits = “10”. The Figure 10

shows the timing chart.

A 32-bit serial data is output from the ADSDO pin in synchronization with a falling edge of the ADSCLK
pin. The FM demodulation data (DM15 to DMO, 2's complement format and MSB first) is output after
rising edge of the ADFS pin as 16-bits data. After that, the internal status of RSSI and AGC is output as
a status bit (S15 to S0). The STATUS pin outputs “L” in this mode. Refer to 13.8.19 Status Output for

detail.

ADFS

(Output)

|

ADSCLK

(Output)

ADSDO

(Output)

STATUS

(Output)

tWLA tWHA

Nm.m

I SO

Figure 10 Interface timing for ADC data read (FMDET Mode)
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9.6. Serial Interface Timing for Modulation Data Write (MOD I/F)

The modulation data write is executed via serial interface that is configured with the MODFS,
MODSCLK and MODSDI pins. The Figure 11 shows the timing chart of the write operation of the
modulation data and the Table 4 shows the AC timing of the write operation of the modulation data.

A total of 32-bit of serial data is input from the MODSDI pin in synchronization with the rising edge of
the MODSCLK pin. The serial data consists of the Lch modulation data to be input to the OFS_MDLT
section of the PLL SYNTHESIZER frequency calculation formula (described in 13.7.1 Frequency
Setting) from the falling edge of the second MODSCLK pin after the falling edge of MODFS pin and the
Hch modulation data to be input to MODDAC from the rising edge of the second MODSCLK pin after
the rising edge of MODFS pin.

The modulation data for the Lch is 16-bit and the modulation data for Hch is 12-bit. Both are in 2's
complement format and MSB first. Do not care for 4 clocks after the last modulation data “DHO” of Hch.
The input data is fixed at the rising edge of the clock that is 15 clocks after the MSB (DH11) of Hch (the
rising edge of the first clock after the falling edge of the MODFS pin). It is necessary to input the
additional 16 clocks as described in Figure 12 after the input data is fixed to input the final data to the
MODDAC at the end of data input.

The input data is invalid if less than 16 clocks are input during the “L” or “H” interval of MODFS. And the
first data is valid if the more than 16 clocks are input.

beritessm et teshm

MODFS , B
(Input) I 1

(Input) U

‘ R
w lerles!
tosm {torm

1m_11 12/ \13[ \1a/ \1s/ \1g
Mo twim | twim
npu : :

Figure 11 Interface timing for modulation data write

DH[11:0] fixed
f 1 16 SCLKs to input
1 1 the last DH[11:0] to MODAC 1

MODFS - i :
(npu)

MODSCLK [Y1/\2/\3 12[ \13/ \14/ \15 \16 '1/_\3/_\3/_\_ 12 \13 \14/ \15[ \16/ 117
{Input) \_ \_/_L
MODSDI 0 not care
(Input) DLUxDHHxDHmh DH1 Do not

Figure 12 Interface timing for the last modulation data write
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Table 4 AC timing of modulation data write

[AK2404]

Parameter Symbol Min. Typ. Max. Unit
MODFS frequency frsm 96 kHz
MODFS setup time trssm 50 ns
MODFS hold time tFsHM 50 ns
MODSDI setup time tosm 50 ns
MODSDI hold time toHm 50 ns
MODSCLK high time twHm 100 ns
MODSCLK low time twim 100 ns
220900015-E-04 2023/04
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10. Analog Characteristics

Refer to 13.1 Power Control for the setting of each operation mode.

The Reference values are not tested.

The test circuit is shown in 15.1 Reference Evaluation Board and the specification includes external
circuits.

10.1. Receiving Characteristics
Unless otherwise specified, the conditions are as follows.
VDD1= 2.7 to 3.45V, IOVDD= 1.7 to 1.9V or 2.7 to 3.45V, Temperature= -40 to 85°C

BAND1: Operating Frequency (LNA, ATT, PDET, MIXER) = 450MHz, Local Frequency = 900MHz,
<Address0x1B>DIVSEL[1:0] bits = “01” (2 div)

BAND2: Operating Frequency (LNA, ATT, PDET, MIXER) = 960MHz, Local Frequency = 960MHz,
<Address0x1B>DIVSEL[1:0] bits= “00” (no div)

10.1.1. LNA

Connecting the LNA with the ATT as shown in the 15.1 Reference Evaluation Board, the characteristics
at the output at the ATTOUT pin are described. This is the characteristic evaluated in Schematic
Example 2 (Figure 81 Reference Evaluation Board Example 2).

Parameter Min. Typ. Max. Unit | Description
Operating Frequency Range 45 960 MHz
Switching Time (ATT->LNA) 50 us *19
BAND1, High Power Mode, Reference Value
Gain 14 17 20 dB
Noise Figure 1.7 2.3 dB
[IP3 0 5 dBm | *20
IP1dB -15 -7 dBm
BAND1, Low Power Mode, Reference Value
Gain 14 17 20 dB
Noise Figure 1.7 2.3 dB
P3 -9 -4 dBm | *20
IP1dB -15 -7 dBm
BANDZ2, High Power Mode, Reference Value
Gain 14 17 20 dB
Noise Figure 2.2 2.8 dB Reference Value
P3 -1 3 dBm | *21
IP1dB -15 -7 dBm
BAND2, Low Power Mode, Reference Value
Gain 14 17 20 dB
Noise Figure 2.2 2.8 dB
[IP3 -9 -4 dBm | *21
IP1dB -15 -7 dBm

Notes:

*19. Depends on the capacitance C1 of the matching circuit, the larger the capacitance value, the
longer the time. The specified value is to connect the capacitor of 100pF specified on 15.1
Reference Evaluation Board.
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* 20. Input two tone signals of 450.025MHz and 450.047MHz and measure the output signal of

450.003MHz.

* 21. Input two tone signals of 959.975MHz and 959.953MHz and measure the output signal of

959.997MHz.

10.1.2. ATT

Connecting the LNA with the ATT as shown in the 15.1 Reference Evaluation Board, the characteristics
at the output at the ATTOUT pin are described. This is the characteristic evaluated in Schematic
Example 2 (Figure 81 Reference Evaluation Board Example 2).

Parameter Min. Typ. Max. Unit | Description

Operating Frequency Range 45 960 MHz

BAND1, Reference Value

Insertion Loss 1.0 3.0 5.0 dB | ATTLVL[1:0] bits="00"
4.0 6.0 8.0 dB | ATTLVL[1:0] bits=“01"

Attenuation Level * 22 10.0 12.5 15.0 dB | ATTLVL[1:0] bits="10"
15.0 18.5 22.0 dB | ATTLVL[1:0] bits="11"

IP1dB 20 dBm

[IP3 30 dBm | *23

Switching Time * 24 1 V]

BAND2

Insertion Loss 25 4.5 6.5 dB | ATTLVL[1:0] bits="00"
4.5 6.5 8.5 dB | ATTLVL[1:0] bits="01"

Attenuation Level * 22 10.5 13 15.5 dB | ATTLVL[1:0] bits=*10"
15.5 19 22.5 dB | ATTLVL[1:0] bits="11"

IP1dB 20 dBm | Reference Value

[IP3 30 dBm | *25

Switching Time * 24 1 V&

Notes:

* 22. It is the relative attenuation amount from the Insertion Loss.
* 23. Input two tone signals of 450.025MHz and 450.047MHz and measure the output signal of

450.003MHz.

* 24. This specification is the switching time when switching from the LNA to the ATT and when

changing ATT setting.

* 25. Input two tone signals of 959.975MHz and 959.953MHz and measure the output signal of

959.997MHz.
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10.1.3. PDET
The characteristics are measured with Schematic Example 2 (Figure 81 Reference Evaluation Board
Example 2) in 15.1 Reference Evaluation Board.
Set the following output offset adjustment of the PDET circuit.
<Address0x33>PDET_OFS bits = “0000” (default)
<Address0x1C> = “01101001”

Parameter Min. Typ. Max. Unit | Description

PDET

Operating Frequency Range 45 960 MHz

BAND1(5%1i), BAND2

0.15 0.60 1.00 Vv PDETIN Input=-23dBm

Output Voltage 0.30 0.75 1.15 V PDETIN Input= -20dBm

when non modulation signal input 080 | 125 | 165 | V |PDETIN Input= -10dBm

1.30 1.75 2.15 Y PDETIN Input= 0dBm

PDET Slope1 * 26 30 50 80 mV/dB

PDET Slope2 * 27 23 45 75 mV/dB

PDET linearity * 28 -2.0 +2.0 dB | Reference Value

PDET Adjust Range 0.69 0.84 0.99 Y

PDET Adjust Step Size 46 56 66 mV

PDET Additional Offset * 29 0.3 0.4 0.5 V

Output Resistance 272 340 408 kQ

Load Resistance (R.) * 30 10 100 kQ

Load Capacitance (C.) * 30 10 30 pF

Wakeup Time * 31 5 pMs | Reference Value

Notes:

* 26. The PDET Slope1 is specified in the range between -23dBm and -5dBm. It is specified by 3dB
step in the range between -23dBm and -20dBm and by 5dB step in the range between -20dBm
and -5dBm.

* 27. The PDET Slope2 is specified in the range between -5dBm and 0dBm by 5dB step.

* 28. The output voltage at 3 points of -15dBm, -10dBm and -5dBm is linearly approximated by the least
squares method, and the error to the approximate straight line at the 3 points of -23dBm, -20dBm
and 0dBm is calculated. Changes of the characteristic due to changes of the temperature and the
power supply voltage is not included.

* 29. The function to increase output voltage by adding offset voltage is equipped. Set <Address0x74>
= 01(hex) to use this function. The characteristics of the PDET Slope and so on are not changed.

* 30. This specification is the load which the output buffer of the PDET circuit can drive.

* 31. The Wakeup Time is the time when the PDETOUT pin voltage reaches 95% of the converged
value after inputting 0dBm unmodulated signal to PDETIN pin and writing the <AddressOx6F>
PD_PDET N bit to “1”. It is measured under the condition of 100k Q resistance and 10pF
capacitor connected to ground as external load.

10.1.4. MIXER+PGA+AAF+ADC
The specifications are for each | channel and Q channel.
Maximum PGA Gain:

<Address0x35>PGAGAIN[5:0] bits = “000000”(+28dB)
Middle PGA Gain:

<Address0x35>PGAGAIN[5:0] bits = “011100”(0dB)
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Minimum PGA Gain:

<Address0x35>PGAGAIN[5:0] bits = “110000”(-20dB)

Parameter Min. Typ. Max. Unit | Description
Operating Frequency Range 45 960 MHz
Gain Control Range 48 dB
Gain Control Step Size 0.7 1.0 1.3 dB
20kHz -2 0 +1 dB
100kHz -11 dB Maximum PGA Gain
Frequency 500kHz -74 dB
Attenuation Characteristics | 20kHz -2 0 +1 dB
(Fi\')?_r[nsgii%agiszﬁg,? 100kHz 3 dB | Middle PGA Gain
Low Cutoff Mode 500kHz -53 dB
732,733 20kHz | -2 0 +1 dB
100kHz -3 dB Minimum PGA Gain
500kHz -53 dB
40kHz -2 0 +1 dB
100kHz -7 dB Maximum PGA Gain
Frequency 500kHz -68 dB
Attenuation Characteristics | 40kHz -2 0 +1 dB
g‘;ﬁ?;,ﬂiﬁ%agigzﬂﬁ 100kHz 3 dB | Middle PGA Gain
High Cutoff Mode 500kHz -53 dB
732,733 40kHz | -2 0 +1 dB
100kHz -3 dB Minimum PGA Gain
500kHz -53 dB
BAND1, High Power Mode, Reference Value
Maximum Gain 38 42 46 dB
Minimum Gain -10 -6 -2 dB
SSB Noise Figure (Zero IF) * 34 18.5 23.0 dB Maximum PGA Gain
SSB Noise Figure (Low IF) * 35 17.5 22.0 dB Maximum PGA Gain
Blocking SSB Noise Figure (Low IF) 37 42 dB Maximum PGA Gain
+10dBm, +1MHz or -1MHz * 35 LOIN Input=0dBm
Blocking SSB Noise Figure (Low IF) 32 39 dB Maximum PGA Gain
+10dBm, +10MHz or -10MHz * 35 LOIN Input=0dBm
IIP3 * 36 19 24 dBm | Middle PGA Gain
In-Band 1IP2 * 37 66 80 dBm | Middle PGA Gain
Out-Band ATMHz 1IP2 * 38 66 80 dBm | Maximum PGA Gain
Out-Band A10MHz 11P2 * 39 66 80 dBm | Maximum PGA Gain
Input P1dB -28 -22 dBm | Maximum PGA Gain
Local Leak * 44 -78 dBm | LOIN Input=0dBm

BAND1, Low Power Mode, Reference Value
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Maximum Gain 38 42 46 dB
Minimum Gain -10 -6 -2 dB
SSB Noise Figure (Zero IF) * 34 185 | 23.0 dB | Maximum PGA Gain
SSB Noise Figure (Low IF) * 35 17.5 22.0 dB Maximum PGA Gain
Blocking SSB Noise Figure (Low IF) 40 45 dB Maximum PGA Gain
+10dBm, +1MHz or -1MHz * 35 LOIN Input=0dBm
Blocking SSB Noise Figure (Low IF) 35 42 4B Maximum PGA Gain
+10dBm, +10MHz or -10MHz * 35 LOIN Input=0dBm
[IP3 * 36 17 22 dBm | Middle PGA Gain
In-Band 1IP2 * 37 66 80 dBm | Middle PGA Gain
Out-Band A1MHz IIP2 * 38 66 80 dBm | Maximum PGA Gain
Out-Band A10MHz 1IP2 * 39 66 80 dBm | Maximum PGA Gain
Input P1dB -28 -22 dBm | Maximum PGA Gain
Local Leak * 44 -78 dBm | LOIN Input=0dBm
BAND2, High Power Mode
Maximum Gain 37 41 45 dB
Minimum Gain -11 -7 -3 dB
SSB Noise Figure (Zero IF) * 34 18.5 23.0 dB Maximum PGA Gain
SSB Noise Figure (Low IF) * 35 17.5 22.0 dB Maximum PGA Gain
. . . Maximum PGA Gain
Blocking SSB Noise Figure (Low IF) _
+10dBm, +1MHz or ~1MHz * 35 40 45 dB LOIN Input=0dBm
Reference value
Blocking SSB Noise Figure (Low IF) 31 36 dB Maximum PGA Gain
+5dBm, +10MHz or -10MHz * 35 LOIN Input=0dBm
. . . Maximum PGA Gain
Blocking SSB Noise Figure (Low IF) _
+10dBm, +10MHz or -10MHz * 35 36 41 dB | LOIN Input=0dBm
Reference value
. Maximum PGA Gain
[IP3 * 40 16.5 215 dBm LOIN Input=0dBm
* Middle PGA Gain
In-Band 1IP2 * 41 55 70 dBm LOIN Input=0dBm
* Maximum PGA Gain
Out-Band ATMHz IIP2 * 42 53 70 dBm LOIN Input=0dBm
. Maximum PGA Gain
Out-Band A10MHz 1IP2 * 43 53 70 dBm LOIN Input=0dBm
Input P1dB -28 -22 dBm | Maximum PGA Gain
Local Leak * 44 -70 dBm | LOIN Input=0dBm
BAND2, Low Power Mode
Maximum Gain 37 41 45 dB
Minimum Gain -1 -7 -3 dB
SSB Noise Figure (Zero IF) * 34 18.5 23.0 dB Maximum PGA Gain
SSB Noise Figure (Low IF) * 35 17.5 22.0 dB Maximum PGA Gain
. . . Maximum PGA Gain
Blocking SSB Noise Figure (Low IF) _
+10dBm. +1MHz or -TMHz * 35 45 50 dB LOIN Input=0dBm
Reference value
220900015-E-04 2023/04
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Blocking SSB Noise Figure (Low IF) 36 41 dB Maximum PGA Gain
+5dBm, +10MHz or -10MHz * 35 LOIN Input=0dBm
. . . Maximum PGA Gain
" T0dBim, +10MHz or AONHz 41 | 46 | B LONInput-0dBm
IIP3 * 40 15 20 dBm EASIXI\IIWII;]J;nutz ol
In-Band IIP2 * 41 55 70 dBm E"(i)‘iﬁl'?ni’ﬁé(%aé&
Out-Band ATMHz IIP2 * 42 53 70 dBm 'Ii"glxl\'l”m;“utz (Sg‘Bfnai”
Out-Band A10MHz IIP2 * 43 53 70 dBm E"gl",\'l":r‘:;nutz o oan
Input P1dB -28 -22 dBm | Maximum PGA Gain
Local Leak * 44 -70 dBm | LOIN Input=0dBm
BAND1, High Power Mode
I/Q Gain Imbalance 0.5 dB
I/Q Phase Imbalance 3 deg LOIN Input=0dBm
Phase Adjust Range * 45 7 13.5 20 deg
Phase Adjust Step Size * 45 0 0.5 deg
BAND1, Low Power Mode
I/Q Gain Imbalance 0.5 dB
I/Q Phase Imbalance 3 deg LOIN Input=0dBm
Phase Adjust Range * 45 12 18 24 deg
Phase Adjust Step Size * 45 0 0.5 deg
BAND2, High Power Mode, Reference Value
I/Q Gain Imbalance 0.5 dB
I/Q Phase Imbalance 3 deg LOIN Input=0dBm
Phase Adjust Range * 45 20 30 37 deg
Phase Adjust Step Size * 45 0 1.0 deg
BAND2, Low Power Mode, Reference Value
I/Q Gain Imbalance 0.5 dB
I/Q Phase Imbalance 3 deg | LOIN Input=0dBm
Phase Adjust Range * 45 17 22 27 deg
Phase Adjust Step Size * 45 0 1.0 deg
Notes:
*32. Lrlm:t)aCFrequency Attenuation Characteristics are those of MIXER+PGA+AAF, not including the

* 33. The Frequency Attenuation Characteristics includes the effect of the external circuit elements
connected to the MIXER described in Figure 80.

* 34. This is calculated from an integration value of 300Hz to 4kHz output noise. The pass band of the
channel filter is set to more than 4kHz at this time.

* 35. This is measured in the condition with operating the down-conversion complex mixer (<Address
0x45>DWMIX_OFF bit = “0”) as described in 13.8.2 Complex Mixer. The frequency of the NCO
(Low IF frequency) is 12.375kHz (<Address0x43>DELTA1F[7:0] bits = 21(hex)). It is calculated by
integrated noise value from 300Hz to 4kHz. The pass band of the channel filter is set to more than
4kHz at this time.
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* 36. Input a two-tone signal at 450.025MHz(+25kHz) and 450.047MHz(+47kHz) and measure the
output signal at 3kHz. And input a two-tone signal at 449.975MHz(-25kHz) and 449.953MHz(-
47kHz) and measure the output signal at 3kHz.

* 37. Input a two-tone signal at 450.00525MHz(+5.25kHz) and 450.00725MHz(+7.25kHz) and measure
the output signal at 2kHz. And input a two-tone signal at 449.99475MHz(-5.25kHz) and
449.99275MHz(-7.25kHz) and measure the output signal at 2kHz.

* 38. Input a two-tone signal at 451MHz(+1MHz) and 451.002MHz(+1.002MHz) and measure the
output signal at 2kHz. And input a two-tone signal at 449MHz(-1MHz) and 448.998MHz(-
1.002MHz) and measure the output signal at 2kHz.

* 39. Input a two-tone signal at 460MHz(+10MHz) and 460.002MHz(+10.002MHz) and measure the
output signal at 2kHz. And input a two-tone signal at 440MHz(-10MHz) and 439.998MHz(-
10.002MHz) and measure the output signal at 2kHz.

* 40. Input a two-tone signal at 960.025MHz(+25kHz) and 960.047MHz(+47kHz) and measure the
output signal at 3kHz. And input a two-tone signal at 959.975MHz(-25kHz) and 959.953MHz
(-47kHz) and measure the output signal at 3kHz.

* 41. Input a two-tone signal at 960.00525MHz(+5.25kHz) and 960.00725MHz(+7.25kHz) and measure
the output signal at 2kHz. And input a two-tone signal at 959.99475MHz(-5.25kHz) and
959.99275MHz(-7.25kHz) and measure the output signal at 2kHz.

*42. Input a two-tone signal at 961MHz(+1MHz) and 961.002MHz(+1.002MHz) and measure the
output signal at 2kHz. And input a two-tone signal at 959MHz(-1MHz) and 958.998MHz(-
1.002MHz) and measure the output signal at 2kHz.

* 43. Input a two-tone signal at 970MHz(+10MHz) and 970.002MHz(+10.002MHz) and measure the
output signal at 2kHz. And input a two-tone signal at 950MHz(-10MHz) and 949.998MHz(-
10.002MHz) and measure the output signal at 2kHz.

* 44. The specification is at the single input port of BULUN connected to MIXINP and MIXINN pins.

*45. The <AddressOx1D>PH_ADJ_LP[6:0] bits and <AddressOx1E>PH_ADJ_HP[6:0] bits are used to
adjust the phase.

10.1.5. LOCAL DIVIDER(RX)

Parameter Min. Typ. Max. Unit | Description
LOIN Input Level -5 +5 dBm
no div 760 960 MHz
2 div 90 960 | MHz |4levelsby
Output Frequency Range : <Address0x1B>
4 div 45 480 | MHz | pySEL[1:0] bits
8 div 45 240 MHz

10.1.6. PLL SYNTHESIZER
BIAS2 pin=27kQ

Parameter Min. Typ. Max. Unit | Description
N DIVIDER
Operating Frequency Range 100 1920 MHz
PHASE FREQUENCY DETECTOR(PFD)
Phase Detector Frequency (ferp) 1 25 MHz
CHARGE PUMP(CP)
Maximum CP Current 2560 MA 32 levels by
Minimum CP Current 80 pA | <AddressOx14, Ox15>
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NOISE CHARACTERISTICS
Normalized Phase Noise -210 dBc/Hz | * 46 Reference value
Notes:

* 46. It is calculated by the following formula with measuring in-band phase noise when PLL loop is

locked. TCXOIN=24.576MHz, frrp=24.576MHz and Fractional-N operation are assumed. This
specification is for when <Address0x14>CP_POLA bit = “0”.

FoM = CNp - 10><Iog1o(prD) - 20><Iog1o(f0UT/prD)
FoM(Figure of Merit) : Normalized Phase Noise, CNp..: In-band Phase Noise
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10.1.7. RSSI
Parameter Min. Typ. Max. Unit | Description
LNA operation
RSSI code LNA Input=-120dBm 8 22 36 Dec | <AddressOx30>
<ROpage PGA_AGCON bit = “1”
gdggzslﬁ)fg?;its <Address0x4D>
Read Back LNA Input=-50dBm 148 162 176 Dec | RSSI_OFST bits =
00(hex)
10.1.8. CLOCK BUFFER+CLOCK RATE CONVERTER
Parameter Min. Typ. Max. Unit | Description
TCXOIN Input Sensitivity 0.4 2 Vp-p
18.432
TCXOIN Input Frequency Range 10 19.2 25 MHz | * 47
24.576
CLOCK RATE CONVERTER 18.432 % A%
Output Frequency Range 24.576 MHz 47748

*47. It is recommended for the AK2404 to use 18.432MHz or 24.576MHz as the master clock
frequency (fucik) of digital circuit. If another frequency is used, warn that the frequency
characteristic, the setting frequency of NCO and various setting time of digital circuit which are
described later are changed. And warn that the output sampling rate of received data described in
13.8.18 Output Sampling Rate is also related to the master clock frequency.

* 48. The translation rate of the CLOCK RATE CONVERTER is set by TCXO_SEL bits. Refer to 13.6
CLOCK BUFFER+CLOCK RATE CONVERTER

10.1.9. DETDAC+SMF

Parameter Min. Typ. Max. Unit | Description
Resolution 12 bit
Sampling Frequency 96 kHz
Load Resistance (RL) 10 100 kQ
Load Capacitance (C.) 50 100 pF
DC Characteristics
DNL 1 code
INL 2 code

code = 7FF(hex) 1.92 212 2.32 \Y
Output DC Level

code = 800(hex) 0.57 0.77 0.97 V
AC Characteristics
Output Level * 49 1.15 1.35 1.55 Vp-p
Reference Level * 49 1.35 1.45 1.55 V
S/N * 49 66 72 dB
SINAD * 49 59 65 dB

1kHz -1 0 1 dB
SMF Frequency g1, 10 3 1 dB
Characteristics

128kHz -35 -20 -5 dB

*49. RL= 100kQ, CL= 50pF, fs= 96kHz, Input code: full scale 1kHz sine wave,

Integrated Noise bandwidth:300Hz to 48kHz, Observed DETOUT pin
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10.2. Transmission Characteristics
Unless otherwise specified, the conditions are as follows.
VDD1= 2.7 to 3.45V, IOVDD= 1.7 to 1.9V or 2.7 to 3.45V, Temperature= -40 to 85°C

[AK2404]

10.2.1. MODDAC+SMF
Parameter Min. Typ. Max. Unit | Description
Resolution 12 bit
Sampling Frequency 96 kHz
Load Resistance (RL) 10 100 kQ
Load Capacitance (C\) 50 100 pF
DC Characteristics
DNL code
INL 2 code
code = 7FF(hex) | 1.92 | 212 | 2.32 Vv | <AddressOx21>
Output DC Level MODDAC_AG bits=“00"
code =800(hex) | 057 | 077 | 0.97 Vv | <AddressOx21>
MODDAC_AG bits=*“00"
AC Characteristics
Output Level * 50 115 | 135 | 155 | Vpop ;A’g’glge:é(’_’fgbits:“oo,,
Reference Level * 50 1.35 1.45 1.55 V
0 dB MODDAC_AG bits=“00"
SMF Gain * 50 -8 -6 -4 dB MODDAC_AG bits=“01"
-14 -12 -10 dB MODDAC_AG bits=“10"
S/N * 50 66 72 dB
SINAD * 50 59 65 dB
1kHz -1 0 1 dB
SuE Freaseny o 2 | 4 | 1 |
100kHz -64 -44 -24 dB

*50. RL= 100kQ, CL= 50pF, fs= 96kHz, Input code: full scale 1kHz sine wave,

Integrated Noise bandwidth:300Hz to 48kHz, Observed MODOUT pin
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10.2.2. LOCAL DIVIDER(TX)+DRIVER AMP

[AK2404]

Parameter Min. Typ. Max. Unit | Description
LOIN Input Level -5 +5 dBm
no div 760 960 MHz
2 div 90 960 | MHz |4levelsby
Output Frequency Range - <Address0Ox1B>
4 div 45 480 MHz | p|VSEL[1:0] bits
8 div 45 240 MHz
+2 dBm
-1 dBm | 4 levels by
Output Power * 51 <Address0x22>
-4 dBm | TXOLV[1:0] bits
-10 dBm
10kHz -132 dBc/Hz
100kHz -143 dBc/Hz | TXOLV[1:0] bits =11
Phase Noise * 52 LOIN Input=0dBm
TMHz -151 dBc/Hz | Reference value
10MHz -155 -150 | dBc/Hz

* 51. The matching condition of the test circuit is adjusted to a wide frequency range.
*52. This specification is the output phase noise of TXOUTP and TXOUTN pins when the local signal
is input from an external signal source via the LOINP and LOINN pins.

10.3. Current Consumption
Unless otherwise specified, the conditions are as follows.
VDD1= 2.7 to 3.45V, IOVDD= 1.7 to 1.9V or 2.7 to 3.45V, Temperature = -40 to 85°C

fucLk = 24.576MHz (Refer to 13.6 CLOCK BUFFER+CLOCK RATE CONVERTER for the definition of

the fucik.)

The drive current of the digital output pin is not included.
Connect the INTLDOPD pin to VSS to power up the LDO circuit.

B Current Consumption of Each Function

The block numbers described in the Operation Block correspond to the description numbers of “Current
Consumption of Each Block” and the block numbers described in 13.1 Power Control.

Parameter Operation Block Min. | Typ. | Max. Unit | Description
BIAS ONLY [1], [14] 1.5 22 mA
PLL ONLY [1], [3], [5], [14] 11 17 mA
RX operation [11, [3], [5], [9], [10], .
Low Power Mode [11], [13], [14] 87 119 mA 53
RX operation [1], [3], [3], [9], [10], *
High Power Mode | [11], [13], [14] 109 | 149 | mA 754
TX operation [11, [2], [3], [5], .
+2dBm Output [12], [13], [14] 60 81 mA 55

* 53. <Address0x1B>DIVSEL [1:0] bits = “01”, <AddressOx1A>LPMODE_LNA bit = “1”,
<AddressOx1B>HPMODE_LOBLK bit = “0”, <Address0x75>1_PGA [1:0] bits = “01”,

<Address0x75>1_AAF bit = “0”, MIXER output frequency = 1kHz

* 54. DIVSEL[1:0] bits = “01”, LPMODE_LNA bit = “0”, HPMODE_LOBLK bit = “1”,
|_PGA[1:0] bits = “01”, |_AAF bit = “0” , MIXER output frequency = 1kHz
* 65. DIVSEL[1:0] bits = “01”, <Address0x22>TXOLV[1:0] bits = “11”,
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B Current Consumption of Each Block (Reference Value)

Parameter Min. | Typ. | Max. Unit | Description
VREF 0.6 mA | [1]
MODDAC 55 mA | [2]
PLL SYNTHESIZER 8.5 mA | [3]
CLOCK RATE CONVERTER 6 mA | [4]
CLOCK BUFFER 1 mA | [5]
DETDAC 5 mA | [6]
PDET 11 mA | [7]
ATT 0 mA | [8]
High Power Mode 18 mA
LNA (9]
Low Power Mode 5.5 mA
ADC+DIGITAL 28 mA | [10]
no div 41 mA
High 2 div 50 mA
Power
Mode 4 div 54 mA
MIXER+PGA+AAF 8 div 57 mA
+LOCAL : (1] +[13]
DIVIDER(RX) no div 34 mA
Low 2 div 40 mA
Power
Mode 4 div 44 mA
8 div 47 mA
(+2dBm) 29 mA
DRIVER AMP (-1dBm) 20 mA [2]
(-4dBm) 14 mA
(-10dBm) 7.5 mA
no div 9 mA
LOCAL 2 div 15 mA
DIVIDER(TX) [ 4div 20 ma | )
8 div 23 mA
STANDBY 1 mA | [14]

B Current consumption of each block on the VREF1 pin (Reference value)
The current in VREF1 pin (1.8V) of the current described in Current Consumption of Each Block is as
follows. Refer to this when using in the external supply mode of INTLDO pin = “H”.

Parameter Min. | Typ. | Max. Unit | Description
PLL SYNTHESIZER 1.5 mA | [3]
CLOCK RATE CONVERTER 6 mA | [4]
CLOCK BUFFER 1 mA | [5]
DIGITAL 25 mA | [10]
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| 11. Standard Characteristics Example

The evaluation data assuming various wireless communication standards are prepared as application
note. Please inquire separately.

| 12. Operating Sequence

12.1. Power-up Sequence

The AK2404 has an LDO for low power supply voltage circuit as well as external supply voltage (VDD1,
IOVDD). Also, as described in 13.11 Internal Low Voltage Generator Circuit (LDO) by inputting “H” to
INTLDOPD pin, the external power supply voltage is supplied to VREF1 pin without using the internal
LDO. The power-up sequences when using the internal LDO and when supplying voltage to VREF1 pin
externally are shown below. The VDD1 covers PLLVDD, CPVDD, LODVDD, LOVDD, MIXVDD,
LNAVDD, BBVDD, ADVDD, DACVDD pins as defined in 7 Absolute Maximum Ratings.

AKM shall not be liable for any operation other than the power-up sequence described in this data
sheet.

12.1.1. Using Internal LDO

If the internal LDO is used, connect the INTLDOPD pin to VSS. The “L” input of the RSTN pin
(hardware reset) is used to initialize the internal circuit when the power supplies (VDD1, IOVDD) are
turned on. Therefore, the RSTN pin must be held to “L” until VREF1 pin and VREF2 pin outputs
stabilize after the power supplies (VDD1 and IOVDD) are turned on. The stabilization time of the
VREF1 pin and VREF2 pin outputs depend on external capacitance of the VREF1 pin and VREF2 pin,
and is up to 10ms when 100pF and 10uF are connected in parallel to VREF1 and 0.47uF is connected
to VREF2 pin.

VDD1
IOVDD

INTLDOPD pin=VSS

l RSTN pin can be de-asserted (to "H")

VREF1 pin
VREF2 pin Register access possible
y
10ms
RSTN pin
Register| | g,6p OX6E O0X6F
Register SPI access

Figure 13 Power-up sequence (using internal LDO)

1. Set the RSTN pin to “L” and turn on the power supplies (VDD1 and IOVDD) with the INTLDOPD pin
= VSS. The IOVDD must be turn on before or at the same time with the PLLVDD. It is not
necessary to consider the power-up sequence except the PLLVDD and IOVDD, but it is
recommended to turn on all power supplies at the same time. Supply the power supply voltage to
unused blocks, and use the register to power down. The VREF1 pin and VREF2 pin described in 2
will be turned on at the same time as the PLLVDD is turned on.

2. After the power supplies (VDD1 and IOVDD) are turned on, the VREF1 pin and VREF2 pin are
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turned on up to 10ms later, enabling the RSTN pin to be turned on.
3. When the RSTN pin is set to “H”, the register writing is enabled.

4. Write arbitrary registers. The <AddressOx6D>PD_REF_N bit must be turned on earlier than the
<AddressOx6F>PD_RX N bit as described in 13.1 Power Control.

12.1.2. Supplying voltage to VREF1 pin externally

If the power voltage is supplied to the VREF1 pin externally without using the internal LDO, connect the
INTLDOPD pin to the PLLVDD. The “L” input of the RSTN pin (hardware reset) is used to initialize the
internal circuit when the power supplies (VDD1, IOVDD and VREF1) are turned on. Therefore, the
RSTN pin must be held to “L” until the VREF2 pin output stabilizes after the power supplies (VDD1,
IOVDD and VREF1) are turned on. The stabilization time of the VREF2 pin output depends on external
capacitance of the VREF2 pin, and is up to 10ms when the capacitor of 0.47uF is connected to the
VREF2 pin.

VDD1

|OVDD

VREF1

RSTN pin can be de-asserted (to "H")
INTLDOPD=PLLVDD l
VREF2 pin Register access possible
A
10ms
RSTN pin
Register 0x6D OX6E OX6F
Register SPI -

Figure 14 Power-up sequence (external power supply to VREF1 pin)

1. Setthe RSTN pin to “L” and turn on the power supplies (VDD1, IOVDD and VREF1) with the
INTLDOPD pin = PLVDD. The IOVDD must be turn on before or at the same time with the
PLLVDD. It is not necessary to consider the power-up sequence except the PLLVDD and I0VDD,
but it is recommended to turn on all power supplies at the same time. Supply the power supply
voltage to unused blocks, and use the register to power down.

2. After the power supplies (VDD1, IOVDD and VREF1) are turned on, the VREF2 pin is turned on up
to 10ms later, enabling the RSTN pin to be turned on.

3. When the RSTN pin is set to “H”, the register writing is enabled.

4. Write arbitrary registers. The <AddressOx6D>PD_REF _N bit must be turned on earlier than the
<AddressOx6F>PD_RX N bit as described in 13.1 Power Control.
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12.2. Power-up Sequence of the PLL Synthesizer

PD_CLKBUF_N,PD_MULTI_N, PD_PLL_Nbits can be de-asserted (to "1")

TCXOIN pin Do not care Stable

<Address 0x01~0x18> _ -
Register rerated Register Jll Register 0x6D
to Synthesizer access access

<Address 0x6D>
PD_CLKBUF_N bit
(PD_MULTI_N bit)

<Address Ox6E> 50ps :
PD_PLL_N bit — >

Clock Rate Converter

Operation Power Down Unstable Stable

(Fast)
Lockup

PLL Operation Power Down Lock

Figure 15 Power-up Sequence of the PLL Synthesizer

The PLL SYNTHESIZER starts the lock operation by writing <AddressOx6E>PD_PLL_N bit = “1”. Set
the registers related to the PLL SYNTHESIZER in advance.

Set <AddressOx6D>PD_CLKBUF_N bit = “1” after the reference clock input from TCXOIN pin is stable.
Set <AddressOx6D>PD_MULTI_N bit = “1” at the same time if the CLOCK RATE CONVERTER is
used. Then, after the stabilization time of 50us has elapsed, write PD_PLL_N bit = “1” and turn on PLL
SYNTHESIZER. Refer to 13.1 Power Control for more information on the power control.

The PLL SYNTHESIZER starts lock up operation after 256/frrp (about 11ps when frrp=24.576MHz)
triggered by writing PD_PLL_N bit = “1”. At that time, if <AddressOx16>FASTEN bit = “1”, the fast lock
up counter operates and the fast lock up operation is performed. Refer to 13.7.3 Fast Lock Function.

The LD pin is set to unlock state (“L”) during the PLL SYNTHESIZER is turned off with PD_PLL_N bit =
“0”. Refer to 13.7.4 Lock Detection for detail.
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12.3. Power-up Sequence of the Receiver

To turn on the receiver, write “1” to <AddressOx6F>PD_RX_N bit and PD_ADC_N bit when 50ms has
elapsed after setting <AddressOx6D>PD_REF_N bit = “1” and when the PLL generating the local signal
is locked. Then, execute calibration to eliminate the DC offset.

The calibration starts by writing “1” to Address 0x24> OFSCAL1 and OFSCALZ2 bits. If OFSCAL1 and
OFSCAL2 bits are set to “1” simultaneously, analog calibration is executed first, then the digital
calibration is automatically executed. If the calibration is executed separately, execute the analog block
(OFSCAL1) first, then execute the digital block (OFSCAL2).

The Figure 16 shows the operation sequence of the power-up of the receiver. For more information,
including the CAL time (2), refer to 13.8.8 DC Offset .

lL PLL is locked or PD bit ON, whichever comes later

PLL Operation Unlock Lock

<AddressOx6D>
PD_REF_N bit 50ms

—— e e Y

<Address0x6F>
PD_RX N bit OFSCAL1 access possible

PD_ADC_N bit

|—
| 0.5ms

<Address 0x24> |

OFSCAL1bit

(Analog CAL)

e e

3
o

CAL time (1) = 40us

<Address 0x24>
OFSCAL2 bit
(Digital CAL)

—

A J

|
OFSCAL2 access possible : CAL time (2)

Figure 16 Power-up sequence of the Receiver
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13. Functional Description

13.1.

Power Control

The power management of the AK2404 is controlled by <Address0x6D to 6F> power down register and
INTLDOPD pin. The Figure 17 shows 14 blocks that are controlled by these settings. Writing “1" to the
register powers up the corresponding block. The LDO circuit is powered up by inputting “L” to the
INTLDOPD pin and powered down by inputting “H”.

OO | rrswin

[ e
[ ] swian
[] mixcar
[ ] mixoan
[] swiee

[ ] inaour
[ ] s

[ ] swie
[ ] mxom
[ ] mxar
[ ] swn

z
3
2

Py
g
<

L]
O

NSQ1

NSQ2

L i
LIJ_ I 1
THho b
arrout [ —¢. } [6] = e H FM DEMOD
i '
ATTIN o,
% N?JIC_L '®_ %j _""®_ M ADSDO
ADC
wam [ ] F?;:S H ADSCLK
wnacont [ % H NULL @— % ——1@_ — ADFS
I
poerin ] AGC - MODSDI
poetout [ ] (PGA) s e MODSCLK
(2l %
IR ERA - PLL SYNTHESIZER " [10] oo RSS! I HopFS
TXOUTP LOCAL I
[12] R)?‘w\f(lezEE 8) oD ATOR R COUNTER 12-pit
oum >t 248 [} "N T DAC
s 3 1] U S50 | N
I [ NOWDER (M FREQUENGY %
veerz [ ] l‘ CLOCK SMF MODOUT
[14] [3] CHARGE BUFFER x
L e L[] DIGITAL CONTROL —H 1 1esm
inteooro [ ] I [ . | + |
D_D [a] x Z 7 [e] z
Figure 17 Power Management Block
Table 5 Power Management Block and Control Method
Control Power Management Block
Method Name
(1| (2 | [81 | [4 | [5] | [6] | [7]1 | (8] | [9] | [10]] [11] | [12] | [13] | [14]
Pin INTLDOPD pin °
Register PD_REF_N °
Register PD_MODDAC_N °
Register PD_PLL_N °
Register PD_MULTI_N °
Register PD_CLKBUF_N °
Register PD_TX_N ° °
Register PD_DETDAC_N °
Register PD_PDET_N °
Register PD_ATT_N °
Register PD_LNA_N °
Register PD_ADC_N °
Register PD_RX_N ° °
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* 56. The blocks of [7] to [13] should be powered up after the block of [1] (VREF) is powered up. Also,
at the power down, the block of [1] should be powered down after the blocks of [7] to [13] are

powered down.

*57. The LOCAL DIVIDER of [13] is controlled by PD_RX_N bit or PD_TX_N bit. It operates by setting

“1” in either register.

13.1.1.

The LNA and ATT do not power up at the same time. According to the truth table of the Table 6, the
LNA and ATT are controlled by the register setting. When both PD_LNA_N bit and PD_ATT_N bit are

Power Control Logic of the LNA and ATT

set to “17, only the ATT becomes power-up.

Table 6 Power control logic of the LNA and ATT

PD LNA N PD ATT N Power Control
0 0 Both of LNA and ATT are off state.
0 1 Only ATT is active.
1 0 Only LNA is active.
1 1 Only ATT is active.

13.2. Operation Mode Setting

The operation mode and control registers of the AK2404 are shown in the Table 7.

Table 7. Operation Mode and Control Register

Operation Mode Control Register Polarity Controlled Block
High Power Mode <AddressOx1A> 0 [9]LNA
Low Power Mode LPMODE_LNA bit 1
Low Power Mode <AddressOx1B> 0
i Power Moda HPMODE LOBLK bit 1 [13]LOCAL DIVIDER(RX)
Low Cutoff Mode <AddressOx1A> 0

. RXLPF_FC bit 1IPGA
High Cutoff Mode - 1
|_PGA bits = “00” 00
|_PGA bits = “01” <AddressOx75> 01

e — k4 |_PGA bit [1IPGA

|_PGA bits = “10 - s 10
|_PGA bits = “11” 11

I_AAF bit = “0” <Address0x75> 0 [11]AAF

|_AAF bit = “1 |_AAF bit 1
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13.3. Level Diagram
13.3.1. Level Diagram of Analog Receiving Circuit

The Figure 18 shows the level diagram of the analog receiving circuit when setting <Address0x30>
PGA_AGCON bit = “1” (during AGC operation). Refer to 13.8.10 for detail about AGC function.

The AGC operates so that the ADC input level becomes the set value of <Address0x36>AGCTGT bits
and the PGA gain is changed to expand the dynamic range of the system. The PGA gain for the LNA
input depends on the AGCTGT bits set, and the level diagram when AGCTGT bits = “0000” (+6dBm) is
described here. The gain of MIXER+PGA+AAF is described with the value of BAND1.

To operate the ATT when a system detects strong input can reduce the input level of the MIXER and
improve the distortion characteristics. The level diagrams are shown here when -30dBm input with
<Address0x33>ATTLVL bits = “00”(-4dB) setting and +10dBm input with <Address0x33>ATTLVL bits =
“11”(-22dB) setting.

The full-scale level of 24-bit AZ ADC is 1.7 x (ADVDD:3.0V) = 5.1Vp-p, and the maximum input level is
+18.1dBm when converted by 50Q.

ATTLVL bits = ATTTGT bits = "0000"
"00" (-4dB) or "11" (-22dB) (+6dBm)
ATT OPTIONAL Ich/Qch Positive
From ANT/LPF g _CB L~ MIXER+ » ADC+ |—>
_—
—0— AN g YTV | DIGITAL
L i FILTER |—»
i LNA _CP Ich/Qch Negative
20 n ADC Maximam Inpt Level=18.1dBm
0 e -12@PGA_Gain=4dB =
.--""-_———— ’—“—7
-20 7735 -34@PGA_Gain:2
E - //---
M 40 153" -36@PGA_Gaini28dB
T
-60
-61
-80
LNA operation
100 p-b -
o = == == ATTLVL bits="00"
120 E120 -10J@PGA_Gajn=28dB | _ _ _ _ _ ATrivL bits="11" |
Figure 18 Level Diagram of Analog Receiving Circuit
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13.3.2. Level Diagram of Digital Receiving Circuit

The Figure 19 shows the level diagram of digital receiving circuit. The maximum input level of the 24-bit
A¥ ADC is +18.1dBm (=1.7 x VDD1[Vp-p]), which is -7dB FS for 24-bit Full Scale. If the input level
exceeds this maximum level, clipping occurs. The received signal is attenuated 6dB in the decimation
filter block. Therefore, set the DC gain of the channel filter to +6dB so that the total gain of the digital
receiving circuit is 0dB. Since the channel filter consists of a programmable FIR filter, the DC gain is
determined by the coefficient and bit adjustment settings. Refer to 13.8.7 Channel Filter for detail.

The RDOC (Real-time DC Offset Canceller) is optimized for a condition that the total gain of the digital
filter is OdB.

Ich/Qch Positive ADSDO pin
> 24-bit Decimation Channel DC Offset lch D[23:0]

ATADC = Fiter Pat ™1 Fitter Part Cancel — ADC P/S IF &
— ilter Pa ilter Pa Part ADSDO pin
lch/Qch Negative Qch D[23:0]

24 bit Full Scale(FS)
(25dBm@VDD1=3V)

Maximum Input
1.7 VDD1 differential

7dBFS
(18dBm@VDD1=3V)

13dB FS
(12dBm@VDD1=3V)

Figure 19 Level Diagram of Digital Receiving Circuit
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13.4. Analog Receiving Circuits (LNA, ATT, PDET, MIXER, PGA, AAF)
13.4.1. LNA, ATT

The LNA amplifies the received RF signal with low noise. And the ATT attenuates the received RF
signal. The LNA and ATT are located in parallel and one of them becomes active. Refer to 13.1 Power
Control for detail.

The matching circuit is required for the input of the LNA. The input and output of the ATT is matched to
50Q internally. When the LNA is active, the impedance at input and output of the ATT appears Hi-Z
because the ATT is off. Therefore, the LNA is not influenced. And when the ATT is active, the
impedance of input and output of the LNA appears Hi-Z because the LNA is off state. Therefore, the
ATT is not influenced. The Figure 20 shows the impedance state when the LNA is active and the Figure
21 shows the impedance state when the ATT is active.

Hi-Z P°“;r_rOFF Hi-Z
from ANT/LPF ATTIN ATTOUT to Mixer
| | r r |
| | | - | - | |
RFSWIN
ON 500
- Hb— o0 J
Matching
Circuit LNAQUT
50Q {1}
o LNAIN L
atching
Circuit LNACNT I LNA
LJ
Figure 20 Impedance state when the LNA is active
500 50Q
ﬁ ATT h
from ANT/LPF ATTIN ATTOUT to Mixer
| r r |l
I I | - —_— L I |
RFSWIN OFF
Hi-Z
- Hb—uo 5o
Matching
. Cireuit LNAOUT
Hi-Z [1
o LNAIN L
atching
Circuit LNACNTI LNA
L
Power OFF
Figure 21 Impedance state when the ATT is active
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H LNA

The LNA has two operation mode of High Power Mode and Low Power Mode which have different
current and analog characteristics. These modes are set by <AddressOx1A>LPMODE_LNA bit. The
High Power Mode improves the linearity but increases the current.

The Figure 22 shows the equivalent circuit of the input of the LNA. The C1 of the DC cut capacitor is
required because the LNAIN pin is DC biased internally. The LNACONT pin is connected to the ground
via source inductance LS. The C2 and LG is matching element for impedance conversion. The element
value for impedance matching can be calculated by following equation and procedure if the frequency
condition is different from the condition described in 15 External Circuit.

Ziy=SLg +sLg + S%z + LS% (gm: transconductance of transistor)
...(13.1)
L
~Re: —Sm - 50/0]
Cs
...(13.2)
Sodm wols + wolg - coo% =0[Q] (wq: center angular frequency)
2
...(13.3)
From equation 13.2,
- I‘ng
C2= 55
...(13.4)
From equation 13.3,
1
...(13.5)

As shown in the Figure 22, the input impedance Zi, can be expressed by the equation 13.1. The source
inductance LS should be determined first for the impedance matching. The gain tends to decrease with
increasing the LS, and increase with decreasing the LS. Refer the value described in 15 External Circuit
as an initial value.

Then the value of C2 can be calculated by the equation 13.4 after determining LS. Specifically, adjust
the C2 while measuring the S11 so that the real part becomes 50Q. Finally, the value of LG can be
calculated by the equation 13.5 after determining the value of LS and C2. Specifically, adjust the LG
while measuring the S11 so that the imaginary part becomes 0Q. Determine the value after thorough
evaluation because of the influence by parasitic components of the elements and the board.

The gm means the transconductance of internal transistor. When the power mode is switched by the
LPMODE_LNA bit, the value of the gm at the Low Power Mode is smaller than that at the High Power
Mode. Therefore, be careful that the optimal matching value is different by LNA power mode.

And as described in 7 Absolute Maximum Ratings, if the amplitude at LNA pin is larger than 2.4Vp-p,
add the protection diode to limit the input amplitude. The LD is an inductance to cancel the mismatch of
input matching by the parasitism of the diode. Add this inductance, if needed.
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VBIAS1

> LG b___fﬂ h
LDé AY o - c2

M=

LNACNT

w7

Figure 22 Equivalent Circuit for LNA Input Block

The Figure 23 shows the equivalent circuit of the LNA output. Supply the DC voltage to the LANOUT
pin via an inductance L1 from the VDD1, because this pin is open-drain output. And connect load
resistance RL in parallel. Though the electrical characteristic is specified under the condition of
connecting the load resistance of 200Q) in standard, it is possible to change the resistance value if
needed. The C4 is a capacitor for DC cut. The L1 and C4 are also used as the matching element to
convert impedance. If the LNA and ATT are switched for use, execute the impedance matching by
considering a selector switch between RFSWIIN pin and ATTOUT pin.

It is possible to mount the external filter between the LNA and MIXER according to the requirement for
image suppression characteristic.

LNAOUT C4
VBIAS2

_L{

%E] >

A J

Figure 23 Equivalent Circuit for LNA Output Block
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B ATT
The amount of ATT attenuation is switched by <AddressOx33>ATTLVL[1:0] bits in 4 steps at 6dB steps

based on Insertion Loss.
B Switching Time (ATT -> LNA)

When switching from the ATT to LNA by using AGC and so on, the Switching Time depends on the
capacitance value of the C1 for DC cut described in 15.1 Reference Evaluation Board. The Figure 24
shows the relationship between the capacitance value of the C1 and the Switching Time. The C1 is
recommended to use the capacitor of 100pF for the BAND1(450MHz) and BAND2(960MHz) specified
at the analog characteristics, and the Switching Time is about 30us in this case. On the other hand,
when the frequency is getting lower, the capacitance of the C1 needs to be increased. For example,
when receiving the signal of the VHF band or the specified minimum frequency of 45MHz, if the C1 is
1000pF to pass the signal, the Switching Time is about 300pus.

C1 vs ATT->LNA Switching Time
900

800

700

o
(]
5,600
£ 100pF
=590 BAND1(450MHz),
£ BAND2(960MHz)
S 400 |
g ]
9 300

200 ~_ 1000pF

VE(150MHz),
100 45MHz
0
0 500 1000 1500 2000 2500 3000
C1 [pF]

Figure 24 Relationship between the capacitance value of C1 and setup time of the LNA

220900015-E-04 2023/04
-49 -
ASAHI KASEI MICRODEVICES CORPORATION



[AK2404]
13.4.2. PDET
The PDET circuit is a power detection circuit for RF signal. The Figure 25 shows the block diagram.

This is ON/OFF controlled by <AddressOx6F>PD_PDET N bit.

<AddressOx1A>

PDET_LPF_P bit
<Address0x33>
PDET_OFS bit
1 -0~ O
S PDETIN \ Power 17 —| PDETOUT

T
Detector = ’

340kQ

L1
-

Figure 25 PDET circuit block diagram

The PDET circuit outputs a voltage from the PDETOUT pin corresponding to the input signal level on
the PDETIN pin. The input impedance of the PDETIN pin is Hi-Z. The input signal level can be in the
range of -23dBm to 0dBm when the capacitor described in 15.1 Reference Evaluation Board is
connected in series to the PDETIN pin. And an offset voltage can be added to power detection voltage
and be adjusted the output level in the range of -392mV to +448mV (4bit 56mV/step, accuracy of
1.12dB in input conversion for input level ranging from -23dBm to -5dBm). When adjusting, input -
15dBm signal and set the PDET_OFS bits so that the output voltage from the PDETOUT pin becomes
to 1.05V. The function to add offset voltage to increase Output Voltage is equipped. Set
<Address0x74> = 01(hex) to use this function. The Output Voltage is increased by 0.4V if this function
is used. The characteristics of the PDET Slope and so on do not change.

A resistor of 340kQ is connected to the output of the Power Detector. This resistor is enabled by setting
<AddressOx1A>PDET_LPF_P bit = “1” and is bypassed when set to “0”. If the modulation signal with
power fluctuation like 1m/4 DQPSK is received, compose a RC low pass filter by a capacitor connected
between PDETOUT pin and VSS and this internal resistance to suppress the fluctuation.

13.4.3. MIXER

The Figure 26 shows the polarity of the quadrature demodulator. The Ich phase is designed to advance
90 degrees relative to the Qch phase.

cosw), ot

s(t)=cos(w o+wq)t
—
90°

-sinw) ot

sinwgt  Q(t)

Figure 26 Polarity of Quadrature Demodulator
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The Figure 27 shows the input equivalent circuit of the MIXER. The input impedance is designed to
50Q. However, adjust the matching by LM and CM3. And convert the input signal to the differential
signal by the balun and connect the CM1 and CM2 of the DC cut capacitor to the MIXINP and MIXINN

pins.

50Q

=

>

LM

BALUN
1:1

I

=
-

250 Rupan=50Q
CM1  MIXINP |:> Ruban
| I
I | L
Ruan
M3 —— Ruban
|| [
MIXINN :> Ry
25Q

Figure 27 Equivalent Circuit for MIXER Input Block

The MIXER composes a LPF by connecting the external capacitors to the SWIIP, SWIIN, SWIQP,
SWIQN, MIXOIP, MIXOIN, MIXOQP and MIXOQN pins. Connect the capacitors of the CMS1 to CMS8
described in the Table 64 on 15.1 Reference Evaluation Board. In this case, the cut off frequency is

141kHz.

SWIIN or MIXOIP or
SWIQN MIXOQP
i L .
i SR
i | Switting WA
! ! Mixer |
MIXINP i . !
FFAA——o o :
T : |
| : ! TIA To PGA
— W7o —
MIXINN N / v
| T
! Local Signal
i i 1
SWIIP or 'T' 'T'Mlxom or
SWIQP ! H MIXOQN

.

¥ Only Ich or Qch side is drawn in the block diagram.
Figure 28 Equivalent Circuit for MIXER LPF Block
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13.4.4. PGA, AAF

The PGA and AAF consist of active filter by using the operational amplifiers. The current of the
operational amplifier can be switched by <AddressOx75> |_PGA bits and |_AAF bits. The linearity of
each block can be improved by increasing the current.

The Figure 29 shows the frequency characteristics of the analog filter composed by the MIXER, PGA
and AAF. The cutoff frequency (Fc) of the PGA can be switched by <AddressOx1A> RXLPF_FC bit.
When RXLPF_FC bit = “0”, the Fc is set to 45kHz and when RXLPF_FC bit = “1”, the Fc is set to
90kHz. And the Fc of the PGA shifts to a high frequency side as the gain is lower. The Fc of the AAF is
100kHz. The frequency characteristics in the Figure 29 are the result of combining MIXER, PGA (at the
maximum gain) and the AAF. The gain is normalized based on 1kHz.

20

—RXLPF_FC bit="0"

Normalized Gain at 1kHz [dB]
&
o

120
— —RXLPF_FC bit = "1"
140
160
180
1000 10k 100k 1M 10M

Frequency [Hz]
Figure 29 Analog Filter Frequency Characteristics (Maximum PGA Gain Setting)
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13.4.5. Switching of the Output Path of the Analog Baseband Signal

The signal path of the AAF output can be switched by <AddressOx1A>IQ_SEL, ANA_PATH, and
MAIN_PATH bits. Normally, the path between AAF and ADC is connected by setting MAIN PATH bit =
“1” and the paths between AAF and the AOUTP pin, and AAF and the AOUTN pin are open by setting
ANA_PATH bit = “0”. In this case, the AOUTP pin and the AOUTN pin must be opened.

The receiving analog baseband signal can be taken out with differential output from the AOUTP and
AOQOUTN pins by setting ANA_PATH bit = “1” to connect the AAF to the AOUTP and AOUTN pins. In this
case, the IQ_SEL bit controls whether the Ich or Qch data is output. Connect the DC cut capacitors to
the AOUTP and AOUTN lines because the AOUTP and AOUTN pins are internally DC biased. Then,
measure these signals with Hi-Z.

HZ_J

1| External
Hiz | Device

AQUTP

ANA_PATH bit

U A

% i
N
7
AAF benramnen MAIN_PATH bit
- OO
O O-

|Q_SEL bit

Figure 30 Output Path of the Analog Baseband Signal
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13.5. LOCAL DIVIDER
13.5.1. LOCAL DIVIDER

The LOCAL DIVIDER consists of the local dividers and poly phase filter and the number of dividing is
selected by <AddressOx1B>DIVSEL bits. The Figure 31 shows the block diagram.

To N-Divider
—> Ich Mixer
1Q
Phase
Adjust
0° 90° —>> Qch Mixer
Poly 1
Phase
Filter
LOINP 0 % 0 kY 0 % <AddressO0x1D> PH_ADJ_LP bits
LOINN >\ [ > DIV 4DV — spwv <AddressOx1E> PH_ADJ_HP bits

TXOUTP K . <]| (

TXOUTN
DRIVER
AMP

Figure 31 LOCAL DIVIDER Block Diagram

<Address0x1B>DIVSEL bits

When setting the DIVSEL bits = “00”, the input frequency is used without dividing. During the receiving,
the local signal input from the LOINP and LOINN pins is converted to | and Q signals with 90 degree
phase difference by the poly phase filter and are input to the Mixer. Warn that the bandwidth of the poly
phase filter is between 760MHz and 960MHz. During transmission, the local signal is amplified by the
DRIVER AMP to the signal power set in <Address0x22>TXOLV bits and output from the TXOUTP and
TXOUTN pins.

When setting the DIVSEL[1:0] bits = “01”, “10” or “11”, the local signal input from the LOINP and LOINN
pins is respectively divided by 2, 4 or 8 by the local divider. In this case, during the transmission, the
amplified signal is output as it is, and during the receiving, the converted to | and Q signals with 90
degree phase difference are output.

The LOCAL DIVIDER during receiving operation has two operating modes of High Power Mode and
Low Power Mode that have different analog characteristics and power consumptions. And these modes
are set by <AddressOx1B>HPMODE_LOBLK bit. The High Power Mode set by HPMODE_LOBLK bit =
“1” improves the phase noise but increases the power consumption of the LOCAL DIVDER compared
with the Low Power Mode set by HPMODE_LOBLK bit = “0”.

13.5.2. Phase Calibration

The AK2404 has a calibration function that corrects orthogonal difference of 90 degrees phase shifter.
Depending on the local input frequency, signal level and 2nd harmonic level, the 90 degrees phase
shifter changes the orthogonality. In this case, the phase imbalance may be improved by adjusting the
phase with <AddressOx1D>PH_ADJ_LP[6:0] bits and <AddressOx1E>PH_ADJ_HP[6:0] bits.

The Figure 32 shows the effect of the 2nd order harmonic of the local signal on the orthogonality. The
graph (a) shows the phase imbalance versus the 2nd order harmonic of the local signal when the phase
imbalance is adjusted by ideal local signal (the distortion of the local signal < -60dBc). And the graph (b)
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shows the output S/N (Hum & Noise Ratio) after the FM demodulation for the phase imbalance. It is
recommended to suppress the phase imbalance less than one degree because the S/N degrades when
the orthogonality of the | and Q phase is not enough. The graph (c) and (d) compare the phase
imbalance versus the input power of the local signal when the 2nd order harmonic of the local signal is
-50dBc and -20dBc. And the graph (e) and (f) compare the phase imbalance versus input frequency of
the local signal when the 2nd order harmonic of the local signal is -50dBc and -20dBc. As shown in the
graphs, the variation of the phase imbalance versus various parameter becomes smaller by
suppressing the 2nd order harmonic of the local signal.

B How to calibrate the phase

1. At first, insert a LPF between the VCO and the LOIN pin to attenuate the 2nd order harmonic. It is
recommended to suppress the 2nd order harmonic to -40dBc or less.

2. Set the LOIN input level and LOIN input frequency to the used conditions and determine the
calibration value. One way to measure the phase imbalance is to set the CW output state. Measure
the phase difference between | and Q output when the CW signal of LO+1kHz is input as RF signal,
and determine the calibration value that is closed to 90 degree.
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Figure 32 The 1/Q phase orthogonality and measurement example of various parameters
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13.6. CLOCK BUFFER+CLOCK RATE CONVERTER

The block diagram of the CLOCK BUFFER and CLOCK RATE CONVERTER is shown in the Figure 33.
Input the clipped sine wave to the TCXOIN pin via the DC cut capacitor by AC coupling. Refer to 10.1.8
CLOCK BUFFER+CLOCK RATE CONVERTER about the specification of the clipped sine wave. The
TCXO is assumed as the input source. Warn that it is not designed to assume the clock like generated
by an MCU.

TCXOIN
| | r
| L

C7

| MASTER CLK

CLOCK RATE (MCLK)
’ CONVERTER

LI

CLOCK

BUFFER
<Address 0x01>
TCXO_SET bits

Figure 33 CLOCK BUFFER and CLOCK RATE CONVERTER Block Diagram

The CLOCK RATE CONVERTER converts the input frequency of the TCXOIN pin and the converted
signal is used for the internal master clock (MCLK). Unless otherwise specified, the digital circuit in the
AK2404 operates at the frequency of the master clock (fucrk). Note that it is not the TCXO frequency
(frexo). If the CLOCK RATE CONVERTER is not used, frcxo = fucik.

The CLOCK RATE COVERTER executes the frequency conversion by multiplying the TCXOIN
frequency and then dividing it. The Table 8 shows the converted frequency by the CLOCK RATE
CONVERTER and the output frequency of the multiplier. Set <Address0x01>TCXO_SET bits according
to the used TCXO frequency. The CLOCK RATE CONVERTER is turned off at the setting of
TCXO_SET bits =0, 3(dec) because the TCXO input frequency is used as it is. Note that the spurious
characteristics may be degraded by the frequency component which occurs during multiplication if the
CLOCK RATE CONVERTER is used by the setting except of TCXO_SET bits = 0, 3(dec).

When using frequencies other than 3 types of 18.432MHz, 19.2MHz, 24.576MHz for TCXOIN, select
the frequency which is closer to TCXO_SET bits = 0 or 3(dec) due to the effect of the operation of the
digital circuit in the later stage. Note that the normal operation is not guaranteed if any other conversion
table is selected (when the CLOCK RATE CONVERTER operates).

Table 8 CLOCK RATE CONVERTER Table

TCXO TCXOIN CLOCK RATE CONVERTER Multiplier
SET[2:6] Input Frequency Output Frequency. Output Frequency
[MHZz] [MHZz] [MHZz]

0 24.576 24.576 -

1 24.576 18.432 368.64

2 24.576 18.432 663.552

3 18.432 18.432 -

4 18.432 24.576 368.64

5 18.432 24.576 442.368

6 19.2 18.432 460.8

7 19.2 24.576 614.4
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13.7. PLL SYNTHESIZER

The AK2404 has a A% fractional-N PLL synthesizer. The PLL synthesizer integrates a A~ modulator, a
divider for reference clock, a phase frequency detector, a charge pump and an N-divider, composing a
PLL with an external loop filter and VCO.

The charge pump has two types of current, the normal type (<Address0x14>CPFINE[4:0] bits) and the
fast lock type (<AddressOx15>CPFASTI[4:0] bits) which can be set in 32 steps. The PLL can achieve
the fast lock by switching two types of charge pump current set by an internal timer. The PLL has a
switch to switch the loop filter constant which is switched by the internal timer. The charge pump current
can be calculated by the equation below set by the value of 5-bit of the CPFINE[4:0] and CPFAST[4:0]
bits and the resistance connected to the BIAS2 pin. The sample configuration is shown in the Table 9.
Connect a resistor of 27kQ to the BIAS2 pin.

Charge Pump Current [uA] = lcp_min % (Setting Value + 1)
Ice_min [MA] = 2160 / Resistor Connected to the BIAS2 pin [kQ]

Table 9 Charge Pump Current

%I:,';'ﬁ\?g CP currept [MA]
decimal at BIAS2 pin=27kQ

0 80

1 160

2 240

3 320

28 2320

29 2400

30 2480

31 2560

And the output state of the charge pump at power-down can be set from 3 types of Hi-Z, “H” and “L” by
<Address0x16>CPQO_PDST bits.

The Figure 34 shows an example of the charge pump configuration and an external loop filter
configuration. The loop filter must be connected to three pins of CP, SWIN and CPZ. The CPZ pin must
be connected to the intermediate node between the RS2 resistor and the CS2 capacitor even if the fast
lock function is not used. In this case, the RS2 resistor should be connected to the CP pin and the CS2
capacitor should be connected to the ground.

During the fast lock operation, the RS2 and RS’2 resistors are connected in parallel internally by the
internal switch. Calculate the loop bandwidth and phase margin at the fast lock using the parallel
resistance values of the RS2 and RS’2 resistors. The ON resistance of the internal switch is about
150Q.

Due to the circuit configuration of the charge pump in the AK2404, the lock up time tends to be shorter
when the loop filter voltage is increased compared to when it is decreased (it turns to be opposite when
<Address0x14 CP_POLA bit = “1” is set). During fast lock operation, the same operation is performed in
the up direction and down direction, so set the timer time of the fast lock function appropriately.

Since the AK 2404 is primarily intended for use in narrow band applications, the constants on the 15.1
Reference Evaluation Board are designed to have a loop bandwidth of approximately 1 kHz to reduce
phase noise on adjacent channels approximately 12.5 kHz away. A third order loop filter is used in
order to suppress fractional noise which becomes larger more than 1MHz offset.
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Figure 34 Example of the Charge Pump Configuration and External filter

220900015-E-04

-59 -

ASAHI KASElI MICRODEVICES CORPORATION

VCO

[AK2404]

2023/04



[AK2404]

13.7.1. Frequency Setting

The setting frequency fvco of PLL SYNTHESIZER is calculated by the following equation.

£ e (INT+ FRAC+ DEN_RATIO x (OFS_FINE + OFS_MDLT+ pol x OFS_RDOC)
VCO™IPFD MOD OFS_DEN
(Eq. 13.1)
ferD : PFD input frequency (Phase Detector Frequency)
INT : Integer Portion of Dividing Value
Set the range of 28 < INT < 1920(dec) (unsigned, 11bit)
FRAC : Numerator for Fractional Portion of Dividing Value
Set the range of 0 < FRAC < MOD(dec) (unsigned, 23bit)
MOD : Denominator for Fractional Portion of Dividing Value

Set the range of 2 < MOD < 8388607(dec) (unsigned, 23bit)
DEN_RATIO : Step ratio of Frequency Offset Value to correct LO DIVIDER frequency division (1, 2,
4 or 8)
OFS_FINE : Numerator for Frequency Offset Value to be used for the AFC and so on.
Set the range of -32768 (8000(hex)) to +32767 (7FFF(hex)) (signed, 16bit)
OFS_MDLT : Numerator for Frequency Offset Value to be used for the modulation data of Lch
input from the MOD I/F
Set the range of -32768 (8000(hex)) to +32767 (7FFF(hex)) (signed, 16bit)
Valid only when <Address0x21>MOD_ENABLE[1] bit = “1”
Refer to 13.7.5 Frequency Offset Adjustment and Modulation function about the
relationship between the OFST_MDLT and modulation function.
OFS_RDOC : Numerator for Frequency Offset Value to be used for the RDOC function
Set the range of -32768 (8000(hex)) to +32767 (7FFF(hex)) (signed, 16bit)
Valid only when <Address0x68>RDOC_FM bit = “1”
Refer to 13.8.9 RDOC Function about the relationship between the OFS_RDOC
and RDOC.
OFS_DEN : Denominator for Frequency Offset Value
1 or more, and set within the formula to be described later (unsigned, 23bit).
pol : The coefficient that sets the polarity of OFS_RDOC, set by the RDOC function.
+1 or -1

The following settings are valid only when FRAC > 0 or <Address0x12>DSM_AT _INT bit = “1” where
the A% modulator is valid.

FRAC N DEN_RATIO x (OFS_FINE + OFS_MDLT+ pol x OFS_RDOC)
MOD OFS_DEN

The frequency offset value range has the following restrictions due to the restriction of the A%
modulator.

DEN_RATIO x (OFS_FINE + OFS_MDLT+ pol x OFS_RDOC)

OFS_DEN <05

An example of frequency setting is shown below. For example, to achieve fuco = 910.0375MHz and
frequency resolution (ch pitch) = 125Hz at ferp = 24.576MHz, set as follows.

INT = floor(fyco / ferp) (* The “floor” means truncate.)
= floor(910.0375 / 24.576)
=37

MOD = ferp/(ch pitch)
= 24,576,000/ 125
= 196608
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FRAC = ((fvco / fPFD) — INT) x MOD
((910.0375 / 24.576) — 37) x 196608

5804

fuco = 24.576 x (37 + (5804 / 196608) + (0 / 8388607))
=910.0375... [MHZ]

13.7.2. Re-lockup Event

When the following events occur, the formula of the frequency calculation is recalculated and Ax
modulator is reset.

- When <AddressOx6E>PD_PLL_N bit is set to “1” from “0”.
- When <Address0x11>INT[7:0] bits is set with PD_PLL_N bit = “1”.

Setting INT[7:0] bits before canceling power down (when PD_PLL_N bit = “0” is set) is not considered
the event. Setting the registers related to the PLL synthesizer (<Address0x01 to Ox18>) must be
finished before the re-lockup event. If re-lockup event is generated by writing the
<Address0x11>INT[7:0] bits, write the <Address0x11> after setting the above PLL synthesizer related
registers except the <Address 0x11>.

The fast lock operation described in 13.7.3 Fast Lock Function starts after the reset of AZ modulator is
completed, if the <AddressOx16>FASTEN bit = “1” is set. And it is prohibited to update the frequency
(generating a new re-lockup event) from the generation of the re-lockup event until the completion of
the AY modulator reset and fast lock operation. It takes time of (30 to 31) x fpivcik from the generation
of the re-lockup event until the reset of A> modulator. (foiveik = 1/ frrp)

13.7.3. Fast Lock Function

The AK2404 has a fast lock function to realize fast PLL lock-up. Setting FASTEN bit="1" enables the
fast lock function. The fast lock timer starts when a re-lockup event occurs as described in 13.7.2 Re-
lockup Event.

By the fast lock function, the loop filter switch is turned on during the timer period set by the
<Address0x13>FAST_TIME[7:0] bits and the charge pump current for the fast lock set by the
CPFASTI4:0] bits becomes active. After the timer period is completed, the loop filter switch is turned off
and the normal charge pump current set by the CPFINE[4:0] bits becomes active and it returns normal
state. The timing chart of the fast lock function is shown in the Figure 35. The following formula is used
to calculate the period of fast lock function. The Table 10 shows the example of the setting.

Timer Period = (1/ forp) x (1023 + 1024 x FAST_TIME[7:0] bits)
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Table 10 Fast Lock-up Period

FAST TIME Duration [us] Duration [us]
decimal at ferp=24.576MHz at ferp=18.432MHz

0 42 56

1 83 111

2 125 167

3 167 222

4 208 278

5 250 333
251 10,500 14,000
252 10,542 14,056
253 10,583 14,111
254 10,625 14,167
255 10,667 14,222

Fast Lock

CPFAST[4:0]

Operating mode Normal Normal

CP current CPFINE[4:0] CPFINE[4:0]

Loop filter switch ON

y

! ! Time”™
T

Re-lockup event

Figure 35 Fast Lock Function Sequence
13.7.4. Lock Detection

The AK2404 has a lock detection function to detect the lock or unlock state of the PLL. The lock
detection function detects the phase error at the PFD output and outputs the lock detection signal from
the LD pin according to the internal logic. The lock detection circuit outputs “H” during the PLL is locked
state and outputs “L” during the PLL is unlocked state. And it is unlocked state (“L”) during the PLL is
power down by setting the PD_PLL_N bit = “0”. When the LDSEL[1:0] bits = “11" is set, the LD pin
outputs “H” regardless of PLL lock/unlock. The detection count N, which corresponds to the sensitivity
setting of the lock detect circuit described later, can be set in the register. The detection count from the
unlock state to the lock detection can be set by the <Address0x17>LD_LOCKCNTI[7:0] bits, and the
detection count from the lock state to the unlock detection can be set by the <Address0x18>
LD_UNLOCKCNTI[7:0] bits. All “0 " is prohibited for both LD_LOCKCNT bits and LD_UNLOCKCNT bits.
The Reference Clock in the following description is the master clock frequency ((fucLk) described in
13.6 CLOCK BUFFER+CLOCK RATE CONVERTER. It indicates the TCXO frequency when the
CLOCK RATE CONVERTER is not used and the CLOCK RATE COVERTER output frequency when
the CLOCK RATE CONVERTER is used.

The internal logic differs according to the set value of <AddressOx16>LD_MODE bit and
<Address0x09>PLL_R bits, and it is as follows.
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sPLL_R=1

The LD pin becomes “H” (lock) if the phase error is detected N times consecutively below the half clock
(Twmex/2) of the master clock. In this state, the LD pin becomes “L” (unlock) if the phase error of Twmcik/2

or more is detected N times consecutively. That means that the maximum phase error phasemax at lock
is Tmcx/2. The Figure 36 shows the timing of the lock detection signal.

Reference Clock _WMM

Phase Comparison Frequency Signal —I_I—‘_l—,—!—,_l—,—!—l_\—,—\—ﬂ-,—‘—m—
N 1

Dividing Clock for Oscillation Frequency E 'ﬁi I: E I—-E-‘ |_, IJ m

Phase detector Output Waveform J—I__I_H_ﬂ_,_l !I_I Jf :

{ D pin becomes “H’ by detecting
LD OQutput isample ignoring (< T/2) for N times.

Figure 36 Lock Detection Circuit Timing (PLL_R=1)

mPLL_R=2

The LD pin becomes “H” (lock) if the phase error is detected N times consecutively below one clock
(Tmewk) of the master clock. In this state, the LD pin becomes “L” (unlock) if the phase error of Tucwx or
more is detected N times consecutively. That means that the maximum phase error phasemax at lock is
Tweik. The Figure 37 shows the timing of the lock detection signal.

! Lock Windbw !

! 1
|

Dividing Clock of Oscillation Frequency | | : l I

I 1
Phase Frequency Detector | |

Phase Comparison Frequency |

|
T
I
)
1)

r
I
1
I
I

!I_II

1
LD Output cannot be sampled | ecomes "H" when Sampling iS | jr

lignored(less or equal)for N times

Figure 37 Lock Detection Circuit Timing (PLL_R=2)

sLD_MODE=0, PLL_R=3

The LD pin becomes “H” (lock) if the phase error is detected N times consecutively below one clock
(Twewk) of the master clock. In this state, the LD pin becomes “L” (unlock) if the phase error of Twcwk or
more is detected N times consecutively. That means that the maximum phase error phasemax at lock is
Twck. The Figure 38 shows the timing of the lock detection signal. The minimum frequency of the
LOINP and LOINN pins capable to use under the condition of LD_MODE=0 depends on the frequency
of the master clock. And there is a restriction below about the LOIN input frequency period Tio and
master clock period Tucik.

Tmork > Tro 11
Converted to frequency, it is as follows.
flo > fuck *11

Note that the lock detection function does not operate normally if a signal less than the minimum input
frequency is input. When the lower frequency is input to the LOINP and LOINN pins, lock detection
function can be used by setting LD_MODE=1.
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Tmcik
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Figure 38 Lock Detection Circuit Timing (LD_MODE=0, PLL_R=3)
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The LD pin becomes “H” (lock) if the phase error is detected N times consecutively below three clocks

(3% Twvcik) of the master clock. In this state, the LD pin becomes “L” (unlock) if the phase error of 3% Twcik or
more is detected N times consecutively. That means that the maximum phase error phasemax at lock is

3x Tmcik. The Figure 39 shows the timing of the lock detection signal. When using with LD_MODE=1, note
that the lock detection function does not operate normally when PLL_R= 3 to 4 is set.

As shown in the Figure 39, the lock window of TmuLT*5 width is generated based on the rising edge of

the output from the phase comparator. And it detects whether the rising edge of the clock which is
generated by dividing the frequency of the VCO is in the lock window or not.

'LOCKWIndOW‘ ockWindov_g

! 1
Phase Comparison Frequency |_| : 3Clock l_l : I_I « m_

1
Dividing Clock of Oscillation Frequency | | | | ! |
1
|
Phase Frequency Detector | | ' | | |_| m « |
1
1

I
I
Ignored since it 1 —
LD Output cannot be sampled : LD becomes "H" when sampling IS | =

ignored(less or equal)for N times }

A —

]
:'_

Figure 39 Lock Detection Circuit Timing (LD_MODE=1, PLL_R=25)
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13.7.5. Frequency Offset Adjustment and Modulation function

The PLL SYNTHESIZER has the functions to adjust the frequency offset and to perform the frequency
modulation. Use the frequency offset value set by the OFS_DEN item in the frequency setting formula
shown in (13.1). The equation (13.9) shows the VCO frequency deviation Afyco set by the frequency
offset value. Set <Address0x12> DSM_AT_INT bit to “1” when using this function.

Aformfor - x DEN_RATIO x (OFS_FINE + OFS_MDLT+ pol x OFS_RDOC)
vco=IpFD OFS_DEN
(13.9)
The Figure 40 shows the circuit configuration of the frequency offset adjustment and modulation
function.

pol

1 OFS_RDOC RDOGC_FM
[15:0] |
0 )
- ]
DEN_RATIO
[1:0]
MODFS [J— MOD ) 4 .
MODSCLK [—>| S/P b o Datia-Sigma
mopspl [F—| F DL[15:0]= OFS_MDLT[15:0] 4
OFS_FINE OFS_DEN
[15:0] [15:0]
MOD_ENABLE[1]
Figure 40 Frequency Offset and Modulation Configuration
The frequency offset value can be input by the three types listed in the Table 11.
Table 11 Frequency Offset and Modulation Parameter
Signal Access Main purpose
OFS_MDLT[15:0] MOD I/F FM/FSK modulation
. Register I/F
OFS_FINE[15:0] <Address0x04 to 05> Auto Frequency Control
OFS_RDOC[15:0] Register I/F RDOC

<Address0x02 to 03>

When the MOD I/F is used, set <AddressOx21> MOD_ENABLE[1] bit to “1”.

When the MOD_ENABLE[1] bit is set to “0”, the previous input data is kept.

When the value of the MOD_ENABLE]1] bit is changed, stop the access to the MOD I/F. (Fix
MODSCLK to "L".)

The modulation signal is calculated by the following procedure.
1. Add OFS_MDLT and OFS_FINE
2. Add OFS_RDOC when <Address0x65>RDOC_FM bit = “1”
3. Multiply the set value of <AddressOx01>DEN_RATIO bits
4. Divides by <Address0x06 to 08>OFS_DEN bits and adds it to the frequency set value
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The modulated signal is recalculated when the re-calculation event defined below occurs.
- When re-lockup event occurs (Refer to chapter 13.7.2.)
- When MOD I/F data is fixed (Refer to chapter 9.6.)
- When writing to <Address0x05>0FS_FINE[7:0] bits
- When writing to <Address0x03>0OFS_RDOC]J7:0] bits
- When writing to <Address0x08>0OFS_DEN][7:0] bits
- When writing to <Address0x21>MOD_ENABLE[1] bit
- When writing to <Address0x65>RDOC_FM bit
- When the pol polarity is changed

Reconfiguration of the modulated signal (generation of a new recalculation event) is prohibited from the
occurrence of the recalculation event until the recalculation of the modulated signal is completed. It
takes time of (30 to 31) x fpivcik to recalculate the modulation signal. (foiveik = 1/ ferp)

And it takes time of (34 to 35) x fbivcLk from the time when the data is fixed in the MOD I/F until it is
reflected in the frequency setting.
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13.8. Digital Receiving Circuits (ADC, DIGITAL FILTER, RSSI, AGC, ADC P/S IF)

The block diagram of digital receiving circuit is shown in the Figure 41. The AK2404 is basically used in
LOW_IF. The analog baseband signal generated in the analog receiving circuit is converted to the
digital data oversampled by 64 times (at data rate=MCLK/256) by a 24-bit AX ADC. Then, the data is
decimated with decreasing the AZ noise and the data is input to the channel filter to remove the
interfere wave after converted to the ZERO _|IF data by a complex mixer. And it is possible to adjust the
gain for the purpose to compensate the 1Q gain mismatch during the frequency conversion. The signal
level after passing the channel filter is stored to registers by the RSSI function. It can be confirmed by
readback of the register by the SPI or confirmed by the serial output of the status bit. The desired signal
is output from the parallel-serial interface of the ADC as the digital baseband signal. At that time, it is
possible to up-convert to the LOW_IF data by the complex mixer at the later stage and output the data.
The output sampling rate depends on the configuration of the selected digital filter.

The DC offset cancellation can be executed by the PRE_HPF when the LOW_IF is used. Because the
NCO frequency component (A1) is output on the output of the complex mixer when the DC offset is not
removed, it is necessary to remove it by the channel filter. It is not recommended to use the POST HPF
or RDOC.

When the ZERO_IF is used, select either the POST_HPF or RDOC for the desired wave to cancel the
DC offset superimposed on the baseband signal. When receiving the signal of the modulation type like
the QPSK and QAM which amplitude is varied, the RDOC is not effective. Use the POST_HPF to
remove the DC offset when receiving such signals.

0 AGC 10 OOB DFIL_PATH bits

FIR1 FIR2 FIR3 FIR4 FIRS
ADC Decimation Decimation Decimation —— Decimation Decimation 1x

MCLK 8 2 2 2 2 MCLK
4 : a ! ! a 512 MUX
01

MCLK
256

00
MCLK
128

POST HPF
Complex Mixer / Bypass Complex Mixer

128TAP to ADC P/IS IF
Programable FIR
Channel Filter

Initial
DC Offset —
Caliblation

PRE HPF
/ Bypass

SCTT EECERSESTTLEs RDOC

' ! / Bypass
DWMIXATT bits _— | -A1
DWMIXATT_SET bits ' ! set by DELTAITF bits

v

to AGC, RSSI, FMDET

Figure 41 Digital Receiving Block Diagram
13.8.1. ADC

The ADC is a 24-bit A> ADC. The master clock (MCLK) which is converted from the reference clock
input from the TCXOIN pin by the CLOCK RATE CONVERTER is divided by four to be used for the
operating clock of the ADC.

The full scale is specified by ADVDD x1.7 [Vp-p_dif] and the 0dBFS of the level diagram is +18.1dBm
(when ADVDD = 3.0V) when it is considered by 50Q conversion.
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13.8.2. Complex Mixer

The AK2404 has the complex mixers. The complex mixers are located at former and later of the
channel filter and execute frequency conversion by multiplying the local signal generated by the NCO
by Ich or Qch data. The complex mixer at the former stage is used to down-convert the LOW_IF signal
to the ZERO_IF signal. And the complex mixer at the later stage is used to up-convert the ZERO _IF
signal to the LOW_IF signal. The complex mixer suppresses the image signal superimposed on the
desired wave at the down and up conversion. It is possible to by-pass each mixer by setting
<Address0x45>DWMIX_OFF bit = “1” or UPMIX_OFF bit = “1”.

| data

C: | out

Q out

= @

| GAIN : DWMIXATT bits
! ADJUST T DWMIXATT_SET bits

from NCO
Figure 42 Complex Mixer (Down Convert)

'@ i() @ out

cos @ +sin@

from NCO

Figure 43 Complex Mixer (UP Convert)
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W Gain Adjusting Function

The complex mixer before the channel filter has a function to adjust a gain to correct the gain error of
the 1/Q signal. The gain adjustment is executed by attenuating the amplitude of local signal of either Ich
or Qch. The attenuation is calculated by the equation below according to the setting of <Address0x47 to
0x48>DWMIXATT[13:0] bits. The Figure 44 shows a graph of the attenuation versus the set value of
the DWMIXATT bits.

1
Attenuation Level = 20 X log (ij DWMIXATT bits) [dB]

0
=10
-20
-30
-40

-50

Attenuation [dB]

-60

-70

-80

-90
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

DWMIXATT bits (dec)

Figure 44 Gain Adjustment versus DWMIXATT bits

The gain adjustment function is controlled by <Address0x48>DWMIXATT_SEL bits. The gain of Ich is
attenuated by setting DWMIXATT_SET bits = “01” and the gain of Qch DWMIXATT_SET bits = “10”. If
the value of “00” or “11” is set, the gain adjustment function is turned off.

13.8.3. Out of Band Power Monitoring Function

The AK2404 has a function to detect the power of out of band and can detect the interference wave at
the higher side (Rside) and the lower side (Lside) of the desired wave. The Figure 45 shows the block
diagram. The signal from the FIRS3 is frequency converted by a complex mixer after being removed the
DC offset by an initial DC Offset Calibration circuit. The local frequency of the complex mixer is
calculated from a frequency A1 set by <AddressOx43>DELTA1F bits and A2 set by
<Address0x44>DELTAZF bits. Then, the noise in the higher frequency region is suppressed by a
programmable third order IIR filter (LPF) and the signal is output by 8-bit digital data after being
detected the signal power by a RSSI circuit (chapter 13.8.15). The detected power can be read back by
<ROpage Address0x07>R_OOBL_RSSI bits and <ROpage Address0x08> R_OOBR_RSSI bits. And
the difference between the desired wave and RSSI value can be output as a status signal by setting
<AddressOx3E>STS_RSSI_SEL bits = “01” or “1x”.

220900015-E-04 2023/04
-69 -
ASAHI KASEI MICRODEVICES CORPORATION



[AK2404]

from FIR3

Ich Data — Comp'ex 3rd
— Initial Mixer IR L side Undesired Signal Power

Qch Data DC Offset L_OOBR_RSSI[7:0] bits
——  Caliblation RSS
ffom NCO 3rd OOB Lside RSS! Correction val
side arrecton value
M+ A2

@

IR RSSI_L_OFST[7:0] bits
R side Undesired Signal Power
L sz'fx 3rd R_OOBR_RSSI[7:0] bits
IR Ci_\
\/ .
RSSI 0OB Rside RSSI Correction value
RSSI_R_OFST[7:0] bits
from NCO
A1-A2 f‘i‘gﬁ 00B_PAVE[2:0] bits
24bit Serial Data
ADCPSIF

Figure 45 Out of Band Power Monitoring Block Diagram

The DC offset component of the received signal input to the Out of Band Power Monitoring circuit is
converted to the local frequency component at the output of complex mixer. Therefore, it is possible to
reduce the DC offset component by the Initial DC Offset Calibration so that the DC offset component
does not affect to the result of power detection at the RSSI. And the IIR filter at later stage can further
suppress the component converted to the local frequency. The internal node in the Out of Band Power
Monitoring circuit can be observed by setting <Address 0x79>RXDTO bits. The output of complex mixer
is confirmed by setting RXDTO bits = “0110(R side)” or “0111(L side)” and the output of third order [IR
filter is confirmed by setting RXDTO bits = “1000(R side)” or “1001(L side)”. Both of them are serially
output from ADFS, ADSCLK and ADSDO pins. It is possible to confirm the frequency conversion of
complex mixer, frequency characteristic of third order IIR filter and the result of Initial DC Offset
Calibration and so on by these settings. Refer to 13.8.20 Test Output Function of Internal Node for
detail.

The Out of Band Power Monitoring circuit operates with the frequency of MCLK/128. The RSSI for Out
of Band Power Monitoring averages the power calculated at this frequency. The average count is set by
<Address0x50>00B_PAVE[2:0] bits.

Table 12 Average Number of RSSI for Out of Band Power Monitoring

OOB PAVE
= Average Number

2] 11| o o

0 0 0 1 data

0 0 1 2 data

0 1 0 4 data

1 1 0 64 data
1 1 1 128 data
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The Numerically Controlled Oscillator (NCO) generates the local frequency of complex mixer. The local

frequency is calculated by A1 (= <AddressOx43>DELTA1F[7:0] bits), A2 (= <Address 0x44>

DELTAZ2F[7:0] bits) and MCLK frequency. The local frequency of the complex mixer described in the
chapter 13.8.2 uses A1 and the local frequency of the complex mixer for the Out of Band Power
Monitoring circuit described in the chapter 13.8.3 uses -A1+A2 (L side) and -A1-A2 (R side). The Table
13 shows the frequency of A1 and A2 calculated by DELTA*F bits and the Table 14 shows the local
frequency of Out of Band Power Monitoring circuit calculated by A1 and A2. The resolution and setting
range of frequency shown in the Table 13 and Table 14 become half by setting
<Address0x45>NCO_SET bit = “1".

MCLK = 24.576MHz :
MCLK = 18.432MHz :

Table 13 LO Frequency of Complex Mixer

LO Frequency = DELTA*F[7:0] x 375.00 [Hz]
LO Frequency = DELTA*F[7:0] x 281.25 [Hz]

A, A2 MCLK = 24.576MHz | MCLK = 18.432MHz | Unit
127 47.625.00 35.718.75
126 47,250.00 35,437.50
44 16,500.00 12,375.00
33 12,375.00 9,281.25
1 375.00 281.25 Hz
DC Output DC Output
1 -375.00 281.25
67 -25.125.00 -18.843.75
127 ~47 625.00 -35.718.75

Table 14 LO Frequency of Out of Band Power Monitoring Block

A1+A2, A1-A2 MCLK =24.576MHz | MCLK = 18.432MHz | Unit
254 95,250.00 71,437.50
1 375.00 281.25
DC Output DC Output Hz
-1 -375.00 -281.25
-254 -95,250.00 -71,437.50

The frequency setting is loaded by <Address0x45>ROM_UPDATE[1:0] bits after setting local frequency
by A1 and A2. The ROM_UPDATE bits automatically returns to zero after setting.

Table 15 ROM UPDATE Function

ROM_UPDATE Functi
] (0] unction
0 0 Not update
0 1 Update the NCO frequency A1 of main path
1 0 Update the NCO frequency (_A1_iA2) of Out of Band Power
Monitoring
1 1 Update all NCO frequency
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13.8.5. Decimation Filter

The block diagram of receiving filter circuit is shown below. After passing through the A% ADC, the
operating frequency of the receiving signal is gradually decreased while the AZ noise is attenuated by
the decimation filter. The output of FIR3, FIR4 and FIRS5 can be selected by setting <Address0x41>

DFIL_PATHI[1:0] bits.

DFIL_PATH bits
to AGC to OOB
FIR1 [ FIR? FIR3 FIR4 FIR5
ADC Decimation . Decimation —— Decimation Decimation Decimation MCLK 1x
MC:}lLK 18 12 12 12 T 12 o MUK
01
MCLK
256
00
MCLK
128
Figure 46 Decimation Filter Block Diagram
FIR3 output (output sampling rate = 192/144 KHz)
20 | |
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=20 i i - = MCLK=18.432MHz | |
A
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-100 !"”ll'l i ’ ! - ” LY T ?(’:
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FIR4 output (output sampling rate = 96/72 kHz)

20 | |
0 T ——MCLK=24576MHz [
220 " \ - — MCLK=18.432MHz

: TN

= 1 \
= '
z 60 i
o \
o 80 -
-100 Wik E.N\ 2 el o™ & |

-120 h \ \ .: '.'lf 114 J{‘W..
N

Q 20 40 60 80 100 120 140 1a60
Frequency [kHz]

FIRS output (output sampling rate= 48/36 kHz)

20 |
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Figure 47 Decimation Filter Frequency Characteristics
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The HPFs are placed at three locations in total. One is placed in front of the AGC circuit for offset
removal, and the other two are placed in front of each of the two complex mixers.

B AGCHPF

The AGCHPF located at later of the FIR1 can be used by setting “1” to <AddressOx34>AGCHPFSEL
bit. The high pass filter consists of a first order IIR and its cut off frequency is switched by <Address

0x34>AGCHPF_FC[3:0] bits. The Table 16 shows the frequency characteristics. And the cutoff

frequency of the AGCHPF is also changed by setting of <AddressOx41>DFIL_PATH[1:0] bits because

the output signal of the FIR1 is decimated at the operating frequency of the channel filter by the

AGCHPF.
Table 16 AGCHPF Cutoff Frequency
Cutoff Frequency
AGCHPF_FC Gain MCLK=24.576 MHz MCLK=18.432MHz
o1 @2l o [dB] DFIL_PATH][1:0] bits DFIL_PATH][1:0] bits Unit
2’b00 | 2b01 | 2b1X | 2b00 | 2’b01 | 2’b1X
0 00| O 0.00 0.9 0.5 0.2 0.7 0.4 0.2
0 0|01 0.00 1.9 0.9 0.5 1.4 0.7 0.4
0 0O|1]0 0.00 3.7 1.9 0.9 2.8 1.4 0.7
0 0o (1] 1 0.00 7.5 3.7 1.9 5.6 2.8 1.4
0 1101]0 0.00 15.0 7.5 3.7 11.2 5.6 2.8
0 1101 0.00 29.9 15.0 7.5 22.4 11.2 5.6
0 11110 0.01 59.9 29.9 15.0 44.9 22.5 11.2 Hz
0 11111 0.02 119.9 59.9 30.0 89.9 45.0 22.5
1 00| O 0.03 240.2 | 120.1 60.1 180.2 90.1 45.0
1 00 ] 1 0.07 4824 | 2412 | 1206 | 361.8 | 180.9 90.4
1 0110 0.14 972.3 | 486.2 | 2431 | 729.2 | 364.6 | 1823
1 o111 0.28 1975.5 | 987.7 | 4939 | 1481.6 | 740.8 | 3704
1 1 | X | X 0.56 4078.0 | 2039.0 | 1019.5 | 3058.5 | 1529.2 | 764.6
X:Do not care
AGC_HPF (24.576MHz MCLK, FIR1 out)
10
0 e ————
i
10
g
= -20
=
o
-30
-40
-50
1.0E-01 1.0E+00 1.0E+01 1.0E+02 1 0E+03 10E+04 1.0E+05
Freq. [Hz]
Figure 48 AGCHPF Frequency Characteristics (DFIL_PATH bits = “01”)
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The PRE_HPF located in front of the complex mixer for the down conversion (LOW_IF -> ZERO_IF)
can be used by setting <Address0x46>PRE_HPFSEL[1:0] bits. When setting “01” to PRE_HPFSEL[1:0]
bits, the PRE_HPF consists of the first order IR filter and when setting “1x” to PRE_HPFSEL[1:0] bits,

the PRE_HPF consists of the second order IR filter. The cut off frequency can be switched by

<Address0x46>PRE_HPF_FC[3:0] bits. The Table 17 shows the frequency characteristics of the first
order HPF and Table 18 shows the frequency characteristics of the second order HPF. The cut off
frequency is also changed by <Address0x41>DFIL_PATHI[1:0] bits because the PRE_HPF operates at

the operating frequency of the channel filter.

Table 17 1st order PRE HPF Cutoff Frequency

Cutoff Frequency
PRE_HPF_FC Gain MCLK=24.576MHz MCLK=18.432MHz
&2 | | o [dB] DFIL_PATHI[1:0] bits DFIL_PATHI[1:0] bits Unit
2'b00 2’b01 2’b1X 2'b00 2'b01 2b1X
0/0|0] 0| 0.00 0.9 0.5 0.2 0.7 04 0.2
0|0]|0]|1 0.00 1.9 0.9 0.5 1.4 0.7 0.4
00| 1] 0] 0.0 3.7 1.9 0.9 2.8 14 0.7
OO0 | 1]1 0.00 7.5 3.7 1.9 5.6 2.8 1.4
0|1|0] 0] 0.00 15.0 7.5 3.7 11.2 5.6 2.8
O|1/|0]1 0.00 29.9 15.0 7.5 22.4 11.2 5.6
oO|1|1] 0] 0.01 59.9 29.9 15.0 44.9 22.5 11.2
o111 0.02 119.9 59.9 30.0 89.9 45.0 22.5 Hz
1,0]0] 0| 0.03 240.2 120.1 60.1 180.2 90.1 45.0
110101 0.07 482.4 241.2 120.6 361.8 180.9 90.4
1,0 1]0]| 014 972.3 486.2 2431 729.2 364.6 182.3
110111 0.28 1975.5 987.7 493.9 1481.6 740.8 370.4
111]10] 0| 056 | 4078.0 | 2039.0 | 1019.5 | 3058.5 | 1529.2 764.6
111101 1.16 8692.4 | 4346.2 | 2173.1 | 6519.3 | 3259.7 | 1629.8
11111 X 2.5 19707.5 | 9853.8 | 4926.9 | 14780.6 | 7390.3 | 3695.2
X:Do not care
PRE_HPF_1S5T (24.576MHz MCLK, FIR4 out)
10
=
:%-z:
E
10801 1.0E+0D 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05
Freq. [Hz]
Figure 49 1st order PRE_HPF Frequency Characteristics (DFIL_PATH bits = “01”)
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Table 18 2nd order PRE HPF Cutoff Frequency

[AK2404]

Cutoff Frequency
PRE_HPF_FC Gain MCLK=24.576MHz MCLK=18.432MHz
611121 11 | [0 [dB] DFIL_PATHI1:0] bits DFIL_PATHI1:0] bits Unit
2’b00 2’b01 2b1X 2’b00 2’b01 2b1X
O|0 0| 0] 0.00 0.9 0.5 0.2 0.7 0.4 0.2
OO0 (0] 1 0.00 1.9 0.9 0.5 1.4 0.7 0.4
O|0 (1|0 0.00 3.7 1.9 0.9 2.8 14 0.7
0|01 1 0.00 7.5 3.7 1.9 5.6 2.8 1.4
O|1 0| 0] 0.00 15.0 7.5 3.7 11.2 5.6 2.8
O|1|0]1 0.01 30.0 15.0 7.5 22.5 11.2 5.6
O|1|1|0] 002 60.0 30.0 15.0 45.0 22.5 11.3
o 1|1 1 0.03 120.4 60.2 30.1 90.3 451 22.6 Hz
110]0]| 0| 007 242 1 1211 60.5 181.6 90.8 454
11001 0.14 490.1 245.0 122.5 367.5 183.8 91.9
1,10|1] 0| 027 1004.0 502.0 251.0 753.0 376.5 188.3
110 |1 1 0.55 | 2109.8 | 1054.9 527.4 1582.3 791.2 395.6
1111010 1.11 4684.1 | 2342.0 | 1171.0 | 3513.1 1756.5 878.3
111101 2.32 | 11868.2 | 5934.1 | 2967.0 | 8901.1 | 4450.6 | 2225.3
11 1] 1] X | 500 |46530.2 | 23265.1 | 11632.6 | 34897.7 | 17448.8 | 8724.4
X:Do not care
PRE_HPF_2ND (24.576MHz MCLK, FIR4 out)
10
l:l - - . - - - r_- = ——
AT
-10
g
= -20
=
2
-30
-A0
_5:.
1.0E-01 1.0E+D0 1.0E+01 1.0E+02 1.0E+03 1OE+04 1.0E+05
Freq. [Hz]
Figure 50 2nd order PRE_HPF Frequency Characteristics (DFIL_PATH bits = “01”)
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m POST_HPF

[AK2404]

The POST_HPF located in front of the complex mixer for the up conversion (ZERO_IF -> LOW_IF) can
be used by setting “1” to <AddressOx5F>POST_HPFSEL. The high pass filter consists of a first order
lIR filter and the cut off frequency can be switched by <AddressOx5F>POST_HPF_FC[3:0] bits. The
Table 19 shows the frequency characteristics. The cut off frequency is also changed by
<Address0x41>DFIL_PATHI[1:0] bits because the POST_HPF operates at the operating frequency of
the channel filter. The POST_HPF cannot be used at the same time with the RDOC function described
in the chapter 13.8.9. Use the POST_HPF by setting “0” to <Address0x62>RDOC_ON bit.

Table 19 POST HPF Cutoff Frequency

Cutoff Frequency
POST_HPF_F
OST_ -Fe Gain MCLK=24.576 MHz MCLK=18.432MHz
o1 L@l o [dB] DFIL_PATH[1:0] bits DFIL_PATH[1:0] bits Unit
2600 | 2601 | 2b1X | 2b00 | 2b01 | 2’b1X
0 00| O 0.00 0.9 0.5 0.2 0.7 0.4 0.2
0 00| 1 0.00 1.9 0.9 0.5 1.4 0.7 0.4
0 0|10 0.00 3.7 1.9 0.9 2.8 1.4 0.7
0 o (1] 1 0.00 7.5 3.7 1.9 5.6 2.8 1.4
0 1101]0 0.00 15.0 7.5 3.7 11.2 5.6 2.8
0 1101 0.00 29.9 15.0 7.5 224 11.2 5.6
0 11110 0.01 59.9 29.9 15.0 449 225 11.2 Hz
0 11111 0.02 119.9 59.9 30.0 89.9 45.0 225
1 00| O 0.03 240.2 | 120.1 60.1 180.2 90.1 45.0
1 00 ] 1 0.07 4824 | 2412 | 1206 | 361.8 | 180.9 90.4
1 oO(1]0 0.14 972.3 | 486.2 | 2431 | 729.2 | 364.6 | 1823
1 o (1] 1 0.28 1975.5 | 987.7 | 4939 | 1481.6 | 740.8 | 3704
1 1 | X | X 0.56 4078.0 | 2039.0 | 1019.5 | 3058.5 | 1529.2 | 764.6
X:Do not care
POST_HPF (24.576 MHz MCLK, FIR4 out)
10
D — . —— . . —
277
_1:.
5
= -10
=
4
_3:.
_4:.
_5:.
1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05
Freq. [Hz]
Figure 51 POST_HPF Frequency Characteristics(DFIL_PATH bits = “01”)
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13.8.7. Channel Filter

The channel filter is a programmable FIR filter which can be set by arbitrary coefficients. Four filter
characteristics can be set by setting <AddressOx4A>CHCOEF_SEL[1:0] bits. The Figure 52 shows the
block diagram of the programmable FIR. The filter consists of the Delay Part, the Coefficient Select
Part, the MAC part (Multiplier and Accumulator) and the Adjust Part (bit adjustment). The table shown

in the Figure 52 shows the bit length at points [1] to [6]. Regarding the notation of the bit length, for
example, bit length (1.22) indicates a total 23-bit configuration of 1 bit to the left of the decimal point and
22 bits to the right of the decimal point.

/ Coefficient Select Part "\ No. Location Bit Length
3 — [ | Input (1.22)
e i ;:gl‘:t‘:rm [2] | Coefficient (1.15)
Delay Part | L L © [3] | Multiplier OQutput (1.37)
| g % E o [4] | Rounding Output (1.22)
PP P 3 [5] | Accumulator Output (7.22)
| 6] | Output (1.23)

© AdjustPart

(5]

18]

Round Down §°”tP“t
Multiplier > i
L MAC Part Accumulator
Figure 52 Programmable FIR Filter Block Diagram

mConstraint of the coefficient
The constraint of the coefficient is shown below.

Bit Number Bit 16

Inout Ranae Dec +32767 to -32767

put Rang Hex 7FFFh to 8001h (* 58)
Maximum Value of Total of Coefficient Dec 262143 (2"18-1)
Maximum Value of Total of Absolute Coefficient Dec 524287 (2"19-1)
Note:
* 58. Setting “8000(hex)” is prohibited.
The number of taps which can be input is restricted as following by the setting of <Address0x41>
DFIL_PATHI[1:0] bits.
DFIL_PATH[1:0] Total number of TAP
“00” 64 (TAP1 to TAP64)
‘01”7, “1X” 128 (TAP1 to TAP128)
220900015-E-04 2023/04
-78 -

ASAHI KASEI MICRODEVICES CORPORATION



[AK2404]

mAdjust Part

The saturation processing and round down processing are executed after the output of the
Accumulator. The saturation processing is executed for the ACCOUT[28:0] (bit length (7.22)) at [5] in
the Figure 52 output from the Accumulator. The saturation processing is executed by the setting of
<AddressOx4A>PFIL_SATI[2:0] bits and bit adjustment is executed to make the output bit length to be
24-bit. First the saturation processing and then round down is executed. The adjustment is executed to
make the output to be 24-bit because the bit length changes after the saturation processing. If the bit
length exceeds 24-bit after the saturation processing, it is adjusted to 24-bit by the round down of the
excess bits. And if the bit length is less than 24-bit after the saturation processing, it is adjusted to 24-bit
by filling missing LSB side with “0”.

Table 20 Channel filter output bit adjustment

PFIL_SAT Saturation | 4 down bit ACCOUT bit Gain
[2] [1] [0] processing
0 0 0 2-bit 3-bit ACCOUT [26:3] x 1/8
0 0 1 3-bit 2-bit ACCOUT [25:2] x 1/4
0 1 0 4-bit 1-bit ACCOUT [24:1] x 1/2
0 1 1 5-bit 0-bit ACCOUT [23:0] x 1
1 0 0 6-bit 0-bit ACCOUT [22:0], 1°dO x 2
1 0 1 7-bit 0-bit ACCOUT [21:0], 2’d0 x 4
1 1 0 8-bit 0-bit ACCOUT [20:0], 3'd0 x 8
1 1 1 9-bit 0-bit ACCOUT [19:0], 4d0 x 16

The operation order is described below based on the actual configuration example.

Operation Example)
The “coef” below is a coefficient calculated by such as the MATLAB and the total is approximately 1.

FIR3 path
<Address0x41> DFIL_PATH[1:0] = 2'd0
<AddressOx4A> PFIL_SAT[2:0] =3'd5

OUT =IN x [coef x 2M6] / (2M5) x 4
FIR4 path
<Address0x41> DFIL_PATHI[1:0] = 2'd1
<AddressOx4A> PFIL_SAT[2:0] =3'd4
OUT =IN x [coef x 2M 7]/ (275) x 2
FIR5 path
<Address0x41> DFIL_PATHI[1:0] = 2’d2
<AddressOx4A> PFIL_SAT[2:0] =3'd3

OUT = IN x [coef x 2718] / (2*5) x 1
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m\Writing/Reading coefficients

Three pins of CSN, SCLK and SDI are used to write/read the coefficients of programmable FIR filter. It
is possible to hold four kinds of the coefficients by setting <Address0x42>COEF_SET[7:0] bits. Refer to
9.4 Serial Interface Timing for Programmable Digital Filter Coefficient Setting for the writing AC timing.
The writing or reading all coefficients of 128 TAP must be executed continuously during the CSN pin is
“L”. When the writing or reading all coefficients of 128TAP is finished and CSN pin is set to “H”, the
burst mode of the writing or reading the coefficients is finished and normal writing or reading of the
registers becomes capable. If the FIR3 path is selected and only 64TAP are used, write the same
coefficients twice to write the coefficients of 128TAP. The Figure 53 shows the timing chart of writing
and reading the coefficients of the programmable FIR filter and the Figure 54 shows the block diagram
to hold the coefficients.

The writing operation moves to the burst writing mode after <Address0x42>COEF_SET[7:0] bits=

“Tx(hex)” (x=1, 2, 3, 4) is set, and the CSN pin is set to “H” once and then the CSN pin is set to “L".
The reading operation moves to the burst reading mode after <Address0x42>COEF_SET[7:0] bits=
“Fx(hex)” (x=1, 2, 3, 4) is set, and the CSN pin is set to “H” once and then the CSN pin is set to “L".

And it is possible to confirm whether the writing or reading is correctly executed or not by <ROpage
Address 0x03> R_COEFSTS_x bit (x=1, 2, 3, 4, OOB, NSQ1, NSQ2) after completing the writing or
reading the coefficients. Input the clocks of 16[bit]x128[ TAP] = 2048[clock] to the SCLK pin during the
burst writing or reading mode of the coefficients. At that time in the AK2404, the number of input clocks
are counted while the CNS pin is set to “L” in the burst mode. When the CSN pin is set to “H”, if the
number of clocks is less than 2048 clocks or more than 2048 clocks, R_COEFSTS_x bit is set to “1”
regarded as the writing is not executed correctly. If the burst writing or reading mode of the coefficients
is completed with 2048 clocks, R_COEFSTS_x bit is set to “0” regarded as the writing is executed
correctly. The initial value of R_COEFSTS_x bitis “1” and is set to “0” only when the writing or reading
of the coefficients is correctly completed.

The coefficients are once stored to the internal registers when the burst writing mode is completed. The
coefficients are loaded to the programmabile filter when one of four kinds of coefficients is selected by
<AddressOx4A>CHCOEF_SEL[1:0] bits and <AddressOx4A>COEFLOAD bit = “1” is set. The
COEFLOAD bit automatically returns to “0” after the coefficients are loaded. Write “1” to COEFLOAD bit
after when the clock is input by setting “1” to <AddressOx6D>PD_CLKBUF_N bit. Set COEFLOAD bit =
“1" again when <AddressOx6F>PD_ADC N bit = “1” is set, <AddressOx4A>CHCOEF_SEL bits is
changed or <Address0x41>DFIL_PATH bits is changed.

Write Burst Write Read Burst Read
Trigger 16bit x 128TAP = 2048 clock Trigger 16bit x 128TAP = 2048 clock

CSN T F
(Input)

JULDIONY— EECOIAEOEY

(Input)

SDI
(Input)

‘0‘ 0x42 ‘ 0x71 ‘ ‘REG128‘RE6127‘ ‘ REG1 ‘ 1| 0x42 0xF1

SDO
(Output)

}REG‘I28‘REGT2T‘ ‘ REG1 }7

Figure 53 Programmable FIR Filter Coefficient Write/Read Timing Chart
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write REG1 _1 COEF1_1[150] |7}
R bit ="0" — REG1_2 COEF1_2[15:0]
COEF_SET[7:0] = 0x71h REG1_3 COEF1_3[15:0] L
read s
R bit ="1" — REG1_127 [COEF1_127[15:0]
COEF_SET[7:0] = 0xF1h REG1_128 |COEF1_12g8[15:0]|
write REGZ2_1 COEF2_1[15:0] |7}
R/ bit ="0" — REG2 2 COEF2_2[15:0]
COEF_SET[7:0] = 0x72h REGZ_3 COEF2_3[15:0] -
read s
R bit ="1" — REG2_127 [COEFZ_127[15:0] 0 COEFLCAD TAP1 COEF_1[15:0]
COEF_SET[7:0] = 0xF2h REG2 128 |COEF2_12g[15:0]| 1 | TAP2 COEF_2[15:0]
MUX TAP3 COEF_3[15:0]
write REG3 1 COEF3 1[15:0] |7} 2 TAP127 [COEF_127[15:0]
R bit ="0" — REG3 2 COEF3_2[15:0] 3 TAP128 |COEF_128[15:0]
COEF_SET[7:0] = 0x73h REG3 3 COEF3_3[15:0]
read -
R bit ="1" — REG3_127 [COEF3_127[15:0]
COEF_SET[7:0] = 0xF3h REG3_128 |COEF3_128[15:0]|
CHCOEF_SEL[1:0]
write REG4 1 COEF4 11501 |7
R bit = "0" - REG4 2 COEF4_2[15:0]
COEF_SET[7:0] = 0x74h REG4_3 COEF4_3[15:0]
read st
R bit ="1" — REG4 127 [COEF4 127[15:0]
COEF_SET[7:0] = 0xF4h REG4_128 |COEF4_12g8[15:0]| _

Figure 54 Programmable FIR Filter Coefficient Write/Read Block Diagram
13.8.8. DC Offset Calibration

The DC offset calibration is executed by the receiving analog circuit and receiving digital circuit. The DC
offset calibration of the receiving analog circuit is executed by the MIXER and the DC offset calibration
of the receiving digital circuit is executed by the main path (output of the last stage of the Decimation
filter), AGC block and Out of Band Power Monitoring control block in the receiving digital circuit.

Refer to 12.3 Power-up Sequence of the Receiver or the operating sequence of the DC offset
calibration.

B DC Offset Calibration of Analog Block (MIXER)

The DC offset calibration of the analog block is executed by the MIXER. The calibration starts when
setting “1” to <Address0x24>0OFSCAL1 bit and it takes 40ps to complete (CAL Time(1)). The OFSCAL1
bit automatically return to “0” after the calibration is completed. The result of the calibration is initialized
by the hardware reset or software reset.

The result of the calibration is read from the following registers.
<ROpage AddressOx10>R_OFSTA | bits : Ich DC offset calibration code
<ROpage Address0x11>R_OFSTA_Q bits : Qch DC offset calibration code

B DC Offset Calibration of Digital Block

The DC offset calibration is executed by the main path, AGC block and Out of Band Power Monitoring
control block. The calibration starts when setting “1” to <Address0x24>0FSCAL2 bit. The calibration is
executed by calculating the time average of the output from the Decimation Filter, input of the AGC or
input of the Out of Band Power Monitoring circuit and subtracting it from each data. The Table 21, Table
22 and Table 23 show each calibration time. The calibration is simultaneously executed at the three
parts, the main path, AGC and Out of Band Power Monitoring control block. And the calibration is
executed by switching the PGA gain repeatedly (wait -> Minimum PGA Gain -> wait -> Maximum PGA
Gain). The OFSCAL2 bit automatically returns to “0” after all calibrations are completed. Therefore, the
DC offset calibration time (CALTIME(2)) of the digital block is limited by the time of the longest
calibration.

The <Address0x27>FIROFS_AVE bits sets the average processing time during the calibration of the
receiving main path. Because the sampling frequency changes due to the filter path selected by the
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<Address0x41>DFIL_PATH[1:0] bits, the calibration time also changes. The Table 21 shows the
calibration time of the receiving main path when the reference clock of 18.432MHz or 24.576MHz is
used.

Table 21 Calibration time of Main Path

FIROFS_AVE CAL Time (Main Path)
DFIL_PATH =
- [1] [0] 18.432MHz | 24.576MHz | Unit
0 0 34 3.3
0 1 3.9 3.7
00 1 0 4.8 4.3
1 1 6.6(default) | 5.7(default)
0 0 3.9 3.7
0 1 4.8 4.3
01 1 0 6.6 5.7 ms
1 1 10.1(default) | 8.3(default)
0 0 4.8 4.3
0 1 6.6 5.7
X 1 0 10.1 8.3
1 1 17.2(default) | 13.7(default)

Similarly for the calibration of the AGC control block, the <Address0x27>AGCOFS_AVE bits sets the
average processing time during the calibration. The calibration time changes due to the fiter path
selected by the DFIL_PATH[1:0] bits. The Table 22 shows the calibration time of the AGC when the
reference clock of 18.432MHz or 24.576MHz is used.

Table 22 Calibration time of AGC

FIL PATH AGCOFS_AVE CAL Time (AGC Path)
— [1] [0] 18.432MHz | 24.576MHz | Unit
0 0 34 33
0 1 3.9 37

00 1 0 48 43
1 1 6.6(default) | 5.7(default)
0 0 3.9 37
0 1 48 43
01 1 0 6.6 57 ms
1 1 10.1(default) | 8.3(default)
0 0 48 43
0 1 6.6 57
X 1 0 101 83
1 1 17 2(default) | 13.7(default)

The <Address0x27>FIROFS_AVE bits sets the average processing time during the calibration of the
Out of Band Power Monitoring control block. The Table 23 shows the calibration time of the Out of
Band Power Monitoring control block when the reference clock of 18.432MHz or 24.576MHz is used.
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Table 23 Calibration time of Out of Band Power Monitoring control block

FIROFS_AVE CAL Time (Out of band)
[1] [0] 18.432MHz 24.576MHz Unit
0 0 3.4(default) 3.3(default)
0 1 3.9 3.7 ms
1 0 4.8 4.3
1 1 6.6 5.7

The result of the calibration can be read from the following registers.

<ROpage Address0x12 to 0x17>R_OFSTD_1[23:0], R_OFSTD_Q[23:0] bits: main path

[AK2404]

<ROpage Address0x18 to 0x1D>R_OFSTD_OOBI[23:0], R_OFSTD_OOBQ[23:0] bits: Out of Band

Power Monitoring control block

<ROpage AddressOx1F to 0x20, 0x22 to 0x23>R_AGCOFS_1[15:0], R_AGCOFS_Q[15:0] bits: AGC

Control block

The calibration is calculated for each gain of the PGA and the result for the gain set at the time of

readback is read out.

The result of the calibration is initialized by the hardware reset or software reset.
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13.8.9. RDOC Function

The POST_HPF or Real-time DC Offset Canceler (RDOC) can be selected to cancel the DC offset
when the ZERO_IF is used. The RDOC is the function to follow the varying DC offset at real time during
receiving and always cancel the DC offset. The RDOC function is effective when receiving signal of the
modulation type without amplitude fluctuation like the FM or FSK. It is possible to read back the amount
of the DC offset cancelled by the RDOC from <ROpage Address0x24 to 0x26> R_RDOC _| bits and
<ROpage Address0x27 to 0x29> R_RDOC_Q bits.

mRDOC setting
The following registers are for the RDOC operation setting. Set all registers to the initial value.

Register Address Initial Value
RDOC_1 0x62 D6 “1”
RDOC_2 0x62 D4-D3 “10”
RDOC_3 0x62 D2-D1 “01”
RDOC_4 0x63 D6 ‘0”
RDOC_5 0x63 D5-D4 “00”
RDOC_6 0x63 D2-D1 “00”
RDOC_7 0x63 DO ‘0”
RDOC_8 0x64 D6-D4 “010”
RDOC_9 0x64 D2-D1 “00”
RDOC_10 0x64 DO ‘0”
RDOC_11 0x65 D7-D6 “11”
RDOC_12 0x65 D5-D4 “11”
RDOC_13 0x65 D2-D1 “00”
RDOC_14 0x65 DO ‘0”
RDOC_15 0x66 D7-D6 “11”
RDOC_16 0x6B D7-D0O “00101010”
RDOC_17 0x6C D7-DO “00001010”
RDOC_18 0x66 D1-D0O “00”
RDOC_19 0x67 D4 “0”
RDOC_20 0x67 D2-D1 “00”
RDOC_21 0x67 DO “0”
RDOC_22 0x68 D2-D1 “00”
RDOC_23 0x69 D6-D5 “00”
RDOC_24 0x69 D4-D3 “00”
RDOC_25 0x69 D2-D0 “101”
RDOC_26 0x6A D7-D0O “00001001”

mControl function of the local frequency offset (OFS_RDOC)

Set <Address0x68>RDOC_FM bit = “1” when receiving non-modulated signal (CW) like the analog
radio with FM modulation. This function automatically controls to add the offset frequency to the local
signal relative to the receiving signal so that the frequency of local signal and receiving signal do not
match. And when detecting that the local signal and receiving signal match, the polarity of the offset
frequency is switched. The offset frequency is set by <Address0x02-0x03>OFS_RDOC bits and it is
recommended to set 150Hz with the frequency after the LOCAL DIVIDER division.

The operating state of this function is output from the LD pin by setting <Address0x16>LD_RDOC bit =
“1”. When the LD pin = “L”, the value of set by OFS_RDOC bits is set to the synthesizer and when the
LD pin = “H”, the offset frequency set by OFS_RDOC bits with opposite polarity is set to the
synthesizer. The lock detection signal is not output at that time.
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Turn off this function by setting RDOC_FM bit = “0” and OFS_RDOC bits=all 0 when the non-modulated
signal (CW) is not received like the digital radio with FSK modulation.
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13.8.10. AGC Function

The AK2404 has a AGC (Auto Gain Control) function. When the AK2404 receives a strong signal, the
AGC controls PGA gain so that the input level of the ADC converges to the desired target level without
exceeding the full-scale range. The AGC start to operate by setting <Address0x30>PGA_AGCON bit =
“1”. It is possible to set the gain by <Address0x35>PGAGAIN[5:0] bits manually when setting <Address
0x30> PGA_AGCON bit = “0”.

The Figure 55 shows the AGC block diagram, the Figure 56 through Figure 58 shows the flowchart of
the AGC and the Figure 59 show the timing chart during the AGC operation. The AGC has following
related registers and operates according to the set values. Refer the chapter 14.6 AGC for detail.

<Address0x38>AGCTIM[3:0] bits : Interval to calculate and judge the signal power
<Address0x38>AGCTRW]I3:0] bits : Wait time after gain switching
<Address0x35>PGAGAIN[5:0] bits : PGA gain setting

<Address0x36>AGCMAX[2:0] bits  : Maximum allowable gain variation in one AGC operation
<AddressOx36>AGCTGT[3:0] bits  : Target value of ADC input signal power convergence level
<Address0x37>AGCHYS[1:0] bits  : Hysteresis width for signal power convergence level
<Address0x37>AGCLIM[5:0] bits : Maximum gain limit setting for PGA

MCLK MCLK
Az | % | FR1 32 | FR2~5

AAF ADC 18 [ 14~116

/Q DC Offset (AGC) _>@

AGCHPF
/bypass

)

Auto RSSI_BB Power
Gain Controler Detector

Figure 55 AGC Block Diagram

The AGC operation is described according to the numbers [1] to [5] in the main flowchart shown in the
Figure 56.

[1] AGC ON/OFF
Set the PGA_AGCON bit = “1” to start the AGC operation, as described earlier.

[2] AGCKEEP process
When the AGC starts operation, it judges the AGC KEEP function. The AGC KEEP function refers
the function which pauses the AGC operation by the register control or pin control and this judgement
is executed first. The Figure 57 shows the flowchart of AGCKEEP process. For the AGC KEPP
function, the timing of changing the PGA gain depends on the setting of
<Address0x30>AGC_KPMODE bit. Refer the chapter 13.8.12 AGC KEEP Function for detail.

[3] Transient response waiting time
The AGC waits for the time set by AGCTRW bits after starting operation. It also waits for the same
time when it starts the next calculation after calculating the PGA gain. This is the waiting time which
takes into account the transient response time after start-up the receiving or after switching the gain.

[4] Power detection
After waiting for the convergence of the transient response of the received signal, the AGC detects
the signal power at every time set by AGCTIM bits. The signal power detection circuit is located in
front of the programable FIR filter and detects the signal power passed the analog filter and input to
the ADC. The RSSI_BB executes same operation as in 13.8.15 RSSI Function. The result of the
power detection of the RSSI_BB is possible to read back by the <ROpage
AddressOx0A>R_RSSI_BB bits. This value is updated at every time set by AGCTIM bits.
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[5] PGA GAIN operation processing
The Figure 58 shows the flowchart of the PGA GAIN operation processing. The AGC calculates the
PGA gain to keep the ADC input level constant. At this time, the AGC adjusts the PGA gain to define
the convergence range as the upper limit of the convergence is (AGCTGT bits + AGCHYS bits) and
the lower limit of the convergence is (AGCTGT bits - AGCHYS bits) and to keep the ADC input level
within this range. If the detected power is higher than the upper limit, the PGA gain is decreased and
if it is lower than the lower limit, the PGA gain is increased. At this time, the amount of gain variation
in one calculation is limited to the maximum value set in AGCMAX bits. And the maximum value of
the PGA is limited by AGCLIM bits.

After the AGC function is turned on, the AGC repeats the operation of [2] to [5]. Even after the
receiving signal level becomes stable and the gain variation is stopped, the AGC internally executes
the power detection and judgement at every waiting time set by AGCTRW bits and AGCTIM bits.
Therefore, if the receiving signal level changes, the follow-up operation is executed again according
to the detection level. It is possible to confirm the timing when the AGC changed the PGA gain by
status bit output from the STATUS pin (Refer to 13.8.19 Status Output.).

[1] PGA_AGCON bit="1"

A4

»| Yes

AGC RESET

[2] AGCKEEP

l END

[3] Transient wait time:
AGCTRW bit

}

[4] Power detect time:
AGCTIM bit

'

[5] PGA GAIN

AGC_KPMODE bit="0"

Yes

AGC changes PGA Gain
to calculated result

Figure 56 AGC Main Flow Chart
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[Registers]
AGCKEEPSEL bit : Pin or register control setting
AGCKEEP AGC_KPREG bit : ON or OFF setting with register

AGC_KPMODE bit : Control method of AGCKEEP

"AGCKEEP ON" means that AGC_KPREG bit="1"
or AGCKEEP pin="H" is set.

v

AGCKEEPSEL bit="1"

AGCKEEP(NSQ2) AGC_KPREG bit
Pin control Register control

A

AGCKEEP ON

AGC_KPMODE bit="1"

AGC changes PGA Gain to calculated
result,when AGCKEEP turns ON to OFF

F

END

Figure 57 AGC Sub Frow Chart (AGCKEEP)
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[Registers]
[ PGA GAIN ] AGCTGT bit : Signal power convergence target value

at ADC input

AGCHYS bit : Hysteresis width with respectto AGCTGT bit
AGCMAX bit : Maximum permissible gain variation

in one cycle of AGC operation

Power Detect: RSSI_BB _
Calculate the ADC input level: Pyyc [Parameters in frowchart]
UL : AGCTGT bit + AGCHYS bit

LL : AGCTGT bit - AGCHYS bit
Gyax - AGCMAX bit
G¢ : Currently set gain
Pae > UL No
Yes

Paoc <LL

No

Yes

A 4

Calculate the difference of Calculate the difference of
Paoc @and UL Paoc and LL
* Gpown -Gy

No
Yes Yes
y

No
Y
Gy = G¢ - Guax Gy = Gc¢ - Gpown Gn = G¢ + Gyax Gn =G+ Gy

END

Figure 58 AGC Sub Frow Chart (PGA GAIN)

PGA_AGCON bits
- AGCTRW AGCTIM

%
veS

AGC Status Wait |2

RO R e RO

00K ORI O R
e s . o s o
w22 Power Detect ¢ Wait Power Detect Wait 3322 Power Detect ;%
K <R Lo e
58505 5550 2505 25

i

5

PGA Gain Initial Value

Wait . Period set by AGCTRW bits
Power Detect . Period set by AGCTIM bits
PGA Gain Initial Value : PGAGAIN bits Setting

Figure 59 AGC Operation Timing Chart
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13.8.11. Digital Output AGC Function

The digital output AGC function refers to the function which automatically switches the 16-bit serial
output from the 24-bit digital filter output based on the received signal level detected by the RSSI in the
AGC.

It is necessary to set <Address0x41>ADIFSEL[1:0] bits = “01” (IQ 16-bit Mode) and to operate the AGC
(PGA_AGCON bit = “1”) to use this function. The digital output AGC function becomes available by
setting <AddressOx3E>DAGC_ON bit = “1”.

The digital output AGC function compares the threshold set by <AddressOx3E>DAGC_HYS[1:0] bits
and <AddressOx3F>DAGC_TH][7:0] with the result calculated by the RSSI located after the channel
filter, and switches [1] 16-bit of the MSB side and [2] the output bits set by <AddressOx3E>
DFILOUT[2:0] bits (Table 24).

The timing to switch the digital AGC output depends on the AGC setting because the digital AGC
function operates at the same time with the AGC of PGA. Refer to 13.8.10 for detail. The AGC KEEP
function is applied to this control as well. When <AddressOx30>AGC_KPMODE bit = “0” is set, the
output bit is switched at the timing of the RSSI calculation under the condition that the AGC KEEP
function is off. When AGC_KPMODE bit = “1” is set, the output bit is switched at the timing when the
AGC KEEP function is turned from “ON” to “OFF” based on the RSSI result lastly calculated before the
timing when the AGC KEEP function is turned from “OFF” to “ON”. Refer to the chapter 13.8.12 for
detail of the AGC KEEP function.

When outputting, the MSB side is saturated and the LSB side is truncated. The Figure 60 shows an
example of the output bit configuration. This example shows the configuration when [2] DFILOUT[2:0]
bits = “101” is set. When the AGC function is turned off by setting PGA_AGCON bit = “0” or when the
digital output AGC function is turned off by setting DAGC_ON bit= “0”, the output bit is fixed to the
output bit set by DFILOUT bits of [2].

Table 24 Digital Filter Output bit Setting

DFILOUT .
2] [] 0] Output bit
0 0 0 ADCOUT[23:8]
0 0 1 ADCOUT[22:7]
0 1 0 ADCOUT[21:6]
0 1 1 ADCOUT[20:5]
1 0 0 ADCOUT[19:4]
1 0 1 ADCOUT[18:3]
1 1 0 ADCOUT[17:2]
1 1 1 ADCOUT[16:1]
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The Figure 61 shows the operation when the output bit is switched. When the RSSI calculation result is
greater than or equal to the set value of DAGC_TH][7:0], the [1] side is selected for the output bit. When
the RSSI calculation result is less than or equal to the value of subtracting the hysteresis width set by
DAGC_HYS[1:0] bits from the value set by DAGC_TH]J7:0] bits, the [2] side is selected for the output
bit. Read back <ROpage Address 0x04> R_DAGC_STS or check the AGC status bit S7 (refer to the
chapter 13.8.19 Status Output) output from the STATUS pin to find out whether the digital output AGC
is in [1] or [2] state.

LSB

]
IMSB

Digital Filter Output '23|22|21|2o|19 18[17]16]15]14]13[12]11]10[ 9 [8{ 7|6 5|43
N

Y I
[1]MSB side 16bits

N
-
o

|
S

Y
[2]16bits selected by <Address 0x3E>DFILOUT[2:0] bits="101"

Figure 60 Digital Filter Output bit Structure (eg. DFILOUT bits= “101”)
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the digital filter output bits switches from [1] to [2].

DAGC_TH bits f-=-nn=mnn=mmnmmmmmmmmmmmmmemmea B

DAGC_TH bits -
DAGC_HYS bits
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the digital filter output bits switches from [2] to [1].

>
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Figure 61 Output bit Transition with Digital Output AGC Function
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13.8.12. AGC KEEP Function

The AK2404 has a gain retention function. By turning on this function, the AGC keeps the PGA gain
and status of the digital AGC during the AGC operation and stops the operation. This function is
controlled by <Address0x30>AGC_KPREG bit or AGC_KEEP pin.

The <Address0x30>AGC_KEEP_SEL bit switches the register control or pin control. The AGC_KEEP
pin (input pin) is used with the NSQ2 pin (output pin) and is initially set to the NSQ2 pin. When setting
AGC_KEEP_SEL bit = “1”, the NSQ2 pin switches to the input pin and operates as the AGC_KEEP pin.
When AGC_KPREG bit = “1” or AGC_KEEP pin = “H” is set, the AGC keep function is turned on. The
AGC KEEP function changes the gain change and hold operation according to the setting of the
<Address0x30>AGC_KPMODE bit. The detail of the AGC_KPMODE bit is described below.

B AGC_KPMODE bit= “0”

If the AGC keep function is not enabled, the AGC calculates and judges the power every time set by
AGCTIM and AGCTRW bits, and changes the PGA gain and the output bit status of the digital output
AGC. If the AGC keep function is turned from “OFF” to “ON”, the status of the PGA gain and the output
bit status of the digital AGC are held at that time. The AGC does not operate and does not calculate
and judge the power while the AGC keep function is set to “ON”. And the counter which counts the time
set by AGCTIM and AGCTRW bits is cleared. If the AGC KEEP function is changed from “ON” to “OFF”
again, the AGC operation is restarted with initial value of the held operation state. The Figure 62 shows
the timing chart.

AGCKEEP pin or OFF ON OFF ON OFF
AGC_KPREG bit
AGC Status WEPJWE P AW wiEPrPHwEPHWEPIWE P L
g e Batata? tote 2ed
PGA gain and DAGC Status are changed every time
when the AGCTRW and AGCTIM passed.
"
PGA Gain or (:
DAGC Status

W : Wait (Period set by AGCTRW bits)
P . Power Detect (Period set by AGCTIM bits)

Figure 62 AGC operation when AGC_KPMODE bit = “0” is set.
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B AGC_KPMODE bit =“1”

After the AGC starts to operate, the AGC operation changes before and after the AGC is turned from
“ON” to “OFF” for the first time. Before the AGC KEEP function is turned from “ON” to “OFF” for the first
time, the AGC calculates and judges the power every time set by AGCTIM and AGCTRW bits, and
changes the PGA gain and the output bit status of the digital output AGC. (The same operation is
executed as AGC_KPMODE bit = “0” until the AGC KEEP is turned to “ON” for the first time.)

The operation is as follows, once the AGC KEEP function is turned from “ON” to “OFF”. The PGA gain
and the output bit status of the digital output AGC change only when the AGC KEEP function changes
from “ON” to “OFF”. The PGA gain and the output bit status of the digital output AGC do not change
during the AGC KEEP function is “OFF”, but the power is detected every time set by the AGCTIM bits.
The PGA gain and the output bit status of the digital output AGC are calculated by the power detected
at the last “OFF” state before the AGC KEEP function is changed from “OFF” to “ON”, and the
operation results are held. At the timing when the AGC KEEP function is changed from “ON” to “OFF”
again, the calculation results retained at the time of the previous changeover from “OFF” to “ON” are
reflected. The Figure 63 shows the timing chart.

The update timing of <ROpage Address0x09-0B>>R_RSSI_BB is the timing when the AGC KEEP
function is changed from “OFF” to “ON".

PGA_AGCON bit

AGCKEEP pin or OFF ON OFF ON OFF ON
AGC_KPREG bit
AGC Status WE&Z WFE%; wl w :K: .?'p‘ ‘:J\P; : w )E:u_"f F:-,’;P; g;&é% WE P
Same operation . PGA gain and DAGC Status are
as AGC_KPMODE=0 calculate the AGC action changed when AGCKEEP function
€ > at this time is turned OFF.
PGA Gain or
DAGC Status
W : Wait (Period set by AGCTRW bits)
P . Power Detect (Period set by AGCTIM bits)
Figure 63 AGC operation when AGC_KPMODE bit = “1” is set.
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13.8.13. FM Detection Function

The AK2404 has an FM detection circuit. The FM detection circuit consists of a DAC, a SMF and noise
squelch circuits (NSQ1 and NSQ2). The Figure 64 shows the whole block diagram. The FM receive
signal is FM demodulated after passing the ADC and the digital filter by the FM demodulator circuit
using digital signal processing. The demodulated signal is output with 24-bit and added a value of the
<Address0x56 to 0x58>IF_OFST[23:0] bits to adjust the DC offset. Then the <Address0x54>
FMDET_G[1:0] bits is used to adjust the bits according to the maximum frequency deviation of the FM
signal, and then the signal is output in 16-bit. The data signal is then truncated to the lower 4bits,
converted to an analog signal by a 12-bit DAC, and the folded component is removed by a SMF
(Smoothing Filter) and output from the DETOUT pin. And it is also possible to output the bit adjusted
16-bit demodulated signal as digital serial data from the ADFS, ADSCLK, and ADSDO pins by setting
<Address0x41>ADIFSEL bits = “10”. The NSQ1 and NSQ2 have a signal processing function by the
programmable filter which coefficients can be set arbitrarily. Refer to 13.8.16 Noise Squelch Function
about the noise squelch function.

P ERRCCEETTEELEEELEEEEE R - FMDET_G[1:0] bits

! FM Detector \\_ . ADCPISIF
DG Offset Adjust SMF
| ! set Adjus
i Phase 1 Bit 12bit /\/
Ich Signal | Differentiator |+ + Adiust DAG /\\/ DETOUT pin
1 Vector E ! N
Magnitude '
P & nase ! IF_OFST[23:0] bits
Qch Signal, | (corDIC) ) : Noise Squelch 1 > NSQ1 pin
T Magnitude !
| ———» ToRSSI |
\ ll
______________________________ ] Noise Squelch 2 I NSQ2pin

Figure 64 FM Detector Block Diagram

13.8.14. DETDAC, SMF Function

The DETDAC consists of a 12-bit DAC and can output three kinds of signals as shown in Table 25 by
setting <Address0x54>RSSI_DETOUT and REG_DETOUT bits. The converted analog signal is input to
the SMF and then is output from the DETOUT pin. The Figure 65 shows the frequency characteristic of
the SMF. Note that depending on the sampling rate of the DETDAC, the folded noise generated during
the D-A conversion can not be sufficiently attenuated. Add an external LPF if needed.

Table 25 DETDAC function

REG_DETOUT RSSI_DETOUT DETDAC function
0 0 FM demodulation output
0 1 RSSI output
1 X General Purpose DAC

B FM demodulation output

The FM demodulation output refers to the function which outputs the digital modulated signal from the
FM demodulated circuit as the analog signal from the DETDAC. Adjust the output level with
FMDET_G[1:0] bits so that the desired maximum frequency deviation is represented. When the LOW-IF
signal is input to FM detection circuit, the IF frequency is FM demodulated as DC Offset. Remove it by
IF_OFST bits.

B RSSI output
When setting RSSI_DETOUT bit = “1”, the DETDAC outputs the RSSI operation result as analog
output. Refer to the chapter 13.8.15 RSSI Function for detail.

B General Purpose DAC
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When setting REG_DETOUT bit = “1”, the data written to <AddressOx5D>DET_DCJ[7:0] bits is input to
the DETDAC and is output from the DETOUT pin. At this time, the DET_DC bits are input to the 8-bit of
the MSB side of the 12-biit DAC and the 4-bit of the LSB side is filled with “0”.

-10
-20
-30
-40
-50
-60
-70
-80
-90
-100

DETDAC Gain [dB]

100 1k 10k 100k ™
Frequency [Hz]

Figure 65 DETDAC SMF Frequency Characteristics
13.8.15. RSSI Function
The RSSI function provides two types of output: digital and analog.
m  Digital Output RSSI

The Figure 66 shows the block diagram of the RSSI function. The input level is detected for the signal
passed the channel filter by the power detection circuit and is output as the LOG converted code. (If the
DC offset calibration and RDOC function are used, the power is detected for the signal level corrected
by these functions.) After that, the average processing is executed at the operating frequency of the
programmable FIR filter which sampling rate is set by <Address0x41>RXIF_SR bit = “00”. The number
of sampling to average is set by <AddressOx4C>RSSIAVE[2:0] bits.

Correction value

of PGA Gain
Ich Signal
— Average
Power L 28N
Detector [ 09 L s (N:RSSI —»@—-@—’@—b
Qch Signal | (CORDIC) AVE bits)
—_—
RSSI_OFST bits Correction value of
- RSSI_ATT bits when
ATT is active
Figure 66 RSSI Block Diagram
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The formula below shows the relation between the RSSI output code and the input power to the
AK2404. The formula assumes that the LNA is used and that each block gain from the LNA to the RSSI
circuit is typical value. And the gain of MIXER+PGA+AAF+ADC is assumed that the High Power Mode
in the Band 1 is used and that the total gain is 59dB (including the matching circuit). The resolution of
the RSSI code is 0.5dB/code.

RSSI code (dec) = 2 x LNA Input Level [dBm] + RSSI_OFST bits + 262
LNA Input Level [dBm] = (RSSI code (dec) - RSSI_OFST bits - 262) / 2

When the PGA gain is changed by the AGC or register setting, the RSSI corrects the output value by
the changed gain. And when the ATT operates instead of the LNA, the value set by <AddressOx4E>
RSSI_ATT bits is added to the RSSI result as a correction value. Adjust the correction value
appropriately by the amount of the ATT attenuation set by <AddressOx33>ATTLVL bits. The <Address
0x4D>RSSI_OFST bits adds an offset to the operation result of the RSSI. For example, adjust by the
RSSI_OFST bits when the gain deviates from the typical value, the Low Power Mode is used for
MIXER+PGA+AAF+ADC or the dynamic range of the RSSI is expected to be adjusted.

The RSSI characteristic in the Figure 67 shows the characteristic when the total gain is typical value.
Note that the saturation characteristic of gain at the input level above P1dB or the effect of noise on the
RSSI at the input level close to the noise floor are not considered.

The digital output RSSI can be read from the <ROpage Address 0x06>R_RSSI bits. And it can be read
as serial data synchronized with received data from the ADSDO pin or STATUS pin. Refer to the
chapter 13.8.19 Status Output for detail.

280
240
200
o _
@
Z. 160
[}
g [
= 120 RSSI code when LNA Input = -50dBm
% specified in 10.1.7 RSSI
® 80
40
RSSI code when LNA Input = -120dBm
0 — specified in 10.1.7 RSSI
-140 -130 -120 -110 -100 90 -80 -70 -60 -50 -40 -30 -20 -10 O 10
LNAIN Input Power [dBm]
Figure 67 RSSI#i%
220900015-E-04 2023/04

- 96 -
ASAHI KASElI MICRODEVICES CORPORATION



[AK2404]

B Analog Output RSSI

As described in the chapter 13.8.14 DETDAC, SMF Function, the operation result of the RSSI is output
in analog format from the DETDAC when setting <Address0x54>RSSI_DETOUT bit = “1”. The data
input to the DETDAC (DETDAC_IN[11:0]) is as follows and is calculated in straight binary.

® [fRSSIDAC_LOLIM[7:0] x 16 < (RSSI[7:0] + DET_DC[7:0]) 16,
DETDAC_IN[11:0] = (RSSI[7:0] + DET_DC[7:0]) x 16

® If (RSSI[7:0] + DET_DC[7:0]) x 16 < RSSIDAC_LOLIM[7:0] x 16,
DETDAC_IN[11:0] = RSSIDAC_LOLIM[7:0] x 16

Here, the RSSI[7:0] means the RSSI code after the correction of RSSI_OFST bits, RSSI_ATT bits and
PGA gain in the Figure 66. The <Address0x55>RSSIDAC_LOLIM[7:0] bits sets the lower limit of RSSI
input to the DETDAC. The <Address0x5D>DET_DC bits in this function is added to the RSSI[7:0] as an
offset value. And the saturation processing is executed if the calculated result of an input data is less
than or equal to 0 or greater than or equal to 4095(dec).

The Figure 68 shows an example of input/output characteristic of the analog output RSSI. (This case is
what the RSSI code in the digital part is calculated on the assumption that the gain of receiving analog
part is typical.) Refer to the chapter 13.8.15 RSSI Function about the RSSI of digital part.
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Figure 68 RSSI DAC Output Voltage
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13.8.16. Noise Squelch Function

The noise squelch function detects the noise level, which is output when there is no signal to the FM
detection circuit. The AK2404 has two noise squelch circuits (NSQ1 and NSQ2), which operate by
setting <Address0x59>NSQ1_ON bit = “1” and <AddressOx5B>NSQ2_ON bit = “1” respectively. The
block diagram is shown in the Figure 69 (the NSQ1 and NSQ2 are the same circuit). The noise squelch
function uses the programmable 4th order IIR filter to detect the noise level from the FM received signal
demodulated by the FM detection circuit. After that, the noise level is converted to demodulated noise
power by the full-wave rectification, averaging and LOG conversion circuits. The converted noise power
is judged as “H/L” and output from the NSQ1 or NSQ2 pins.

<ROpage Address 0x0C or 0x0D>

24bitlIR Filter output R_NSQxLVLI[7:0] bits
H(x=1or 2)

FM Demodulated ath ord

Signal th order Full-wave Lol i

] ¢] NS
Progrl?Fr{nabIe Rectifier Average Convert ~ Qxpin
T <Address 0x59 or 0x5B>
<Address 0x59 or 0x5B> <Address Ox5A or 0x5C> NSQx_HYS[1:0] bits
NSQx_AVE[1:0] bits NSQx_TH[7:0] bits

Figure 69 Noise Squelch Circuit Block Diagram

Set the coefficients of BPF or HPF to the 4th order IIR filter. The frequency characteristic of the filter
can be verified by setting <Address0x79>RXDTO bits = “1011” to test output via serial signal from the
ADFS, ADSDO and ADSCLK. The number of averaging is set by <AddressOx59>NSQ1_AVE[1:0] bits
and <Address0x5B>NSQ2_AVE[1:0] bits.

The 8-bit signal power after LOG conversion can be read from <ROpage Address 0x0C>
R_NSQ1LVL[7:0] bits and <ROpage AddressO0xOD>R_NSQ2LVL[7:0] bits. The calculated 8-bit output
code is compared with <AddressOx5A>NSQ1_TH[7:0] bits or <AddressOx5C>NSQ2_TH]I7:0] bits by the
next stage comparator, and judged as “H/L” and output from the NSQ1 or NSQ2 pins. The “H/L”
transition of the comparison output is calculated by the following formula with the hysteresis operation
set by <AddressO0x59>NSQ1_HYS bits and <AddressOx5B>NSQ2_HYS bits. If the NSQ1_TH or
NSQ2_TH is set by a value less than the hysteresis width, the “H->L” comparison value becomes to “0”.

L — H : R_NSQxLVL bits > NSQx_TH bits
H — L : R_NSQxLVL bits = NSQx_TH bits — NSQx_HYS Setting Value (x=1o0r2)

To use this function in an actual system, first verify the FM demodulated noise level in the no input state
and the noise level at FM signal reception by the R_NSQxLVL bits, and then set the NSQx_TH bits to
an appropriate value. The noise power changes as 0.25dB/code.
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13.8.17. IIR Filter

A 3rd order programmabile filter is equipped in the Out of Band Power Monitoring function and a 4th
order programmable filter is equipped in the noise squelch function (NSQ). The filter type (LPF, BPF,
HPF) can also be designed freely because the coefficients are arbitrarily set. The Figure 70 shows the
filter block diagram in the Out of Band Power Monitoring and the Figure 71 shows the filter block
diagram in the NSQ. Set the coefficients with 20-bit (2.18) format for the Out of Band Power Monitoring
and 16-bit (2.14) format for the NSQ.

(2 18) (2.18)
(1.23) | T @ @ : 12
z" z" z"
-al1 b21 4
z" z"
L -a1 |
Figure 70 IIR Filter for Out of Band Power Monitoring Block Diagram
(2.14) (2.14)
12 T b10 f—|—\ 7 b20 /—D 7 i
z" z" z"
b11 “a11 b21 -a21
z" 7" z"
- b12 “a12 | b22 202 |

Figure 71 1IR Filter for NSQ Block Diagram

The following pages shows examples of coefficients setting and the frequency characteristics. These
setting examples do not guarantee a system characteristic. Design and use an appropriate filter for the
system in use. It is recommended that the minimum cut off frequency is greater than or equal to 1kHz if
the LPF is used.
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B Example of Out of Band Power Monitoring IIR LPF
Sampling Rate = 192kHz

Table 26 Coefficient of Out of Band Power Monitoring IIR LPF

[AK2404]

Coef Fc=1.0kHz Fc=2.5kHz Fc=6.25kHz
' DEC HEX DEC HEX DEC HEX
B10 50 00032 303 0012F 1780 006F4
B11 99 00063 606 0025E 3561 O00ODE9
B12 50 00032 303 0012F 1780 006F4
A1 515573 7DDF5 502022 7A906 466033 71C71
A12 -253705 C20F7 -241562 C5066 -213809 CBCCF
B20 4895 0131F 11956 02EB4 28314 06E9A
B21 4895 0131F 11956 02EB4 28314 06E9A
A21 253703 3DFO07 241529 3AF79 213347 34163
LPF
1.0KHz 2.5KHz 6.25KHz
0
-10
2 20
-
3 -30
c
%
s -40
-50
-60
0.1 10.0 100.0
freq. [KHz]

Figure 72 Out of Band Power Monitoring IIR LPF Filter Frequency Characteristics
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B Example of NSQ IIR BPF
Sampling Rate = 96kHz

Table 27 Coefficient of NSQ IIR BPF

[AK2404]

Center Frequency Center Frequency Center Frequency
Coef. = 20kHz = 25kHz = 30kHz
DEC HEX DEC HEX DEC HEX
B10 575 023F 594 0252 579 0243
B11 0 0000 0 0000 0 0000
B12 -575 FDC1 -594 FDAE -579 FDBD
A11 6700 1A2C -600 FDAS8 -10635 D675
A12 -14918 C5BA -14931 C5AD -14909 C5C3
B20 1320 0528 1265 04F1 1319 0527
B21 0 0000 0 0000 0 0000
B22 -1302 FAEA -1265 FBOF -1319 FAD9
A21 9513 2529 -3497 F257 -13338 CBE6
A22 -14953 C597 -14940 C5A4 -14962 C58E
BPF
0
-10
m -20
=
Q
5 30
c
o
= -40
-50
-60
1.0 10.0 100.0
freq. [KHz]
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Figure 73 NSQ IIR BPF Filter Frequency Characteristics
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B Example of NSQ IIR HPF
Sampling Rate = 96kHz

Table 28 Coefficient of NSQ IIR HPF

[AK

2404]

Coef Fc = 20kHz Fc = 25kHz Fc = 30kHz
’ DEC HEX DEC HEX DEC HEX
B10 3706 OE7A 2677 0A75 2004 07D4
B11 -7412 E30C -5355 EB15 -4008 F058
B12 3706 OE7A 2677 0A75 2004 07D4
A11 6192 1830 -1551 FOF1 -9264 DBDO
A12 -7540 E28C -7329 E35F -7875 E13D
B20 6574 19AE 5181 143D 3460 0D84
B21 -13149 CCA3 -10362 D786 -6919 E4F9
B22 6574 19AE 5181 143D 3460 0D84
A21 4482 1182 -1115 FBA5 -6765 E593
A22 -932 FC5C -666 FD66 -1294 FAF2
HPF
0
-10
m -20
=
-
3 -30
=
a1
m
= -40
-50
-60
1.0 10.0 100.0
freg. [KHz]
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Figure 74 NSQ IIR HPF Filter Frequency Characteristics
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13.8.18. Output Sampling Rate

Since the channel filter operates at different frequency according to the setting by <Address0x41>
DFIL_PATHI[1:0] bits, the output sampling rate is different at each setting. And the sampling rate can be
output at a speed reduced to 1/2 or 1/4 of the initial setting by setting <Address0x41>RXIF_SR][1:0]
bits. The Table 29 shows the output sampling rate for each filter setting.

Table 29 Output Sampling Rate

DFIL_PATH Output Sampling Rate
[] 0] RXIF_SR=00 | RXIF_SR=01 | RXIF_SR=1X
(default) (1/2 rate) (1/4 rate)
0 0 MCLK/128 Prohibited Prohibited
0 1 MCLK/256 MCLK/512 MCLK/1024
1 X MCLK/512 MCLK/1024 | MCLK/2048
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13.8.19. Status Output

[AK2404]

As described in 9.5 Serial Interface Timing for Receiving Data and Status Output Read, the AK2404
outputs the operating status of the RSSI and AGC as status bits synchronized with the received data.
The Figure 75, Figure 76 and Figure 77 show the timing chart again.
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The details of status bits are as follows. The S7, S1 and SO output the status bits only when the
corresponding AGC operates and output “0” when the AGC does not operate.

S15 to S8 : RSSI

The calculated results of the RSSI are output. The value to be output is set by <AddressOx3E>
STS RSSI _SEL bits as follows. However, if the subtraction result is less than 0 code, the 0 code is
output.

“00” : <ROpage Address0x06>R_RSSI bits
“01” : <ROpage Address0x07>R_OOBL_RSSI bits minus R_RSSI bits
“1x” : <ROpage Address0x08>R_OOBR_RSSI bits minus R_RSSI bits

S7 : Digital Output AGC Status

This status determines the operating status of the digital output AGC. “0” is output during outputting the
LSB side of the received data and “1” is output during outputting the MSB side. This status bit is only
effective when <AddressOx3E>DAGC_ON bit = “1” is set and outputs the same value as read back
value of the <ROpage Address0x04>R_DAGC_STS bit.

S6 : Status to indicate LNA and ATT operation

This status determines whether the current status is operating in the LNA or ATT. “0” is output when the
LNA operates and “1” is output when the ATT operates. “0” is output when both of the LNA and ATT are
powered down. The same value is output as read back value of the <ROpage Address0x04>
R_ATT_STS bit.

S5 to S3 : If <AddressOx6F>PD_ATT_N bit = “0” and PD_LNA N bit = “1”, “0” is output. “1” is output for
other setting.

S2: “0” is output.

S1 : PGA Gain increasing Flag

“1” is output when the PGA gain is increased. The interval to output “1” is one sample of the output
sampling rate. The timing to output “1” depends on the setting of <AddressO0x30>AGC_KPMODE bits.
This status bit is valid only when the <AddressOx30>PGA_AGCON bit = “1” is set.

When AGC_KPMODE bit = “0”
“1” is output at the timing when the gain is changed.

When AGC_KPMODE bit = “1”

“1” is output if it is judged that the gain is changed at the timing of changing to AGC_KEEP pin = “H” or
AGC_KPREG bit = “1”. The actual gain change is reflected in the PGA gain setting when change to
AGC_KEEP pin = “L” or AGC_KPREG bit = “0” next.

S0 : PGA Gain Decreasing Flag
“1” is output when the PGA gain is decreased. The interval to output “1” is same as the PGA gain
increasing flag S1. This status bit is effective only when <Address0x30>PGA_AGCON bit = “1” is set.
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13.8.20. Test Output Function of Internal Node

Setting <Address0x79>RXDTO bits outputs the internal node of the receiving digital circuit to the ADFS,
ADSCLK and ADSDO pins by 3-wired serial format (Table 30). This function is intended for debugging
purpose.

Table 30 Test Output Setting of Receiving Path

RXDTO DFIL_PATH
(dec) TESTOUT Data format 00 01 -
0 Normal output 24-bit signed 1/Q 128 256 512
1 FIR3 output 23-bit signed 1/Q 128 256 512
2 FIR4 output 23-bit signed 1/Q 256 512 1024
3 FIR5 output 23-bit signed 1/Q 512 1024 2048
4 OFSCAL output (main path) 24-bit signed 1/Q 128 256 512
Complex mixer Lo
5 (Low IF -> Zero_IF) output 24-bit signed 1/Q 128 256 512
6 Out of Band Power Monitoring | 5 4 Gioned 1/Q 128 256 512
Rside complex mixer output
7 Out of Band Power Monitoring | 54 it sioned 1/Q 128 256 512
Lside complex mixer output
Out of Band Power Monitoring .
8 Rside IIR output 24-bit signed 1/Q 128 256 512
Out of Band Power Monitoring Lo
9 Lside IIR output 24-bit signed 1/Q 128 256 512
OFSCAL output (Out of Band .
10 Power Monitoring path) 24-bit signed 1/Q 128 256 512
24-bit signed
11 NSQ IIR output INSQ1, Q:NSQ2 128 256 512
12 Not assign (“0” output) - 128 256 512
13 Not assign (“0” output) - 128 256 512
14 Not assign (“0” output) - 128 256 512
15 Not assign (“0” output) - 128 256 512

The test outputs for the decimation filter are executed by setting RXDTO bits = 0 to 3(dec). At this time,
set the <Address0x41>DFIL_PATH bits to the filter to be desired to output. The test outputs after DC
offset calibration are provided by setting RXDTO bits = 4,10(dec). It is possible to verify that the DC
offset is removed as intended.

The complex mixer (Low_IF -> Zero_IF) is test output by setting RXDTO bits = 5(dec). For example,
since the system DC offset is down converted to the NCO frequency (A1), it is possible to verify that the
frequency conversion is executed as intended.

The complex mixer and IIR of the Out of Band Power Monitoring are test output by setting RXDTO bits
= 6 to 9(dec). It is possible to verify the frequency conversion by the NCO frequency (A1+A2) and the
frequency characteristic after setting the IIR coefficient.

The lIR of the NSQ is test output by setting RXDTO bits = 11(dec). It is possible to verify the frequency
characteristic after setting the IIR coefficient. Since the NSQ is a signal after FM demodulation, the
frequency characteristic can be observed by executing the FFT for the FM demodulated noise at no
input.

This function becomes effective when the <Address0x41>ADIFSEL[1:0] bits are set to “00” or “01”. If
ADIFSEL bits = “01” is set, the data which is less than 24-bit is formatted to 24-bit by extending the bit
on the MSB side and then the 16-bit selected by the <AddressOx3E>DFILOUT[2:0] bits is output. The
saturation processing is executed on the MSB side and truncation processing is executed on the LSB
side at output. At this time, the digital AGC described in 13.8.11 Digital Output AGC Function becomes
invalid.
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The output sampling rate depends on the DFIL_PATH setting and the frequency is calculated by
dividing the master clock (fucik) by the value on the column of the DFIL_PATH in the Table 30. ltis
possible to output at a speed reduced to 1/2 or 1/4 by setting the <Address0x41>RXIF_SR[1:0] bits
same with the normal output. At this time, note the folded components of the signal due to the aliasing
and execute a setting.

13.9. Transmit Data Generation Circuit (MODDAC, SMF)

The AK2404 has a 12-bit DAC (MODDAC) and the data is input via the MOD S/P IF. It is used for the
VCO direct modulation and also be able to compose the two-point modulation with the PLL synthesizer
modulation function described in 13.7.5 Frequency Offset Adjustment and Modulation function. The
Figure 78 shows the block diagram of the MODDAC.

MODDAC_DG fﬂ%DDAC_AG
[8:0] [1:0]
MODFS [}—>" moD 12bit SMF
MODSCLK [ —| S/P W@)_" DAC MODOUT
mopspl [}— IF [11:0]

MOD_ENABLE[0]
MOD_ENABLE[0]

Figure 78 MODDAC Configuration

The input data to the MODDAC is enabled when setting <Address0x21>MOD_ENABLE]0] bit = “1”.
When the MOD_ENABLE]Q] bit is set to “0”, the previous input data is retained and the MODOUT pin
becomes Hi-Z output.

The Hch signal input from the MOD I/F described in chapter 9.6 is input to the MODDAC and converted
to an analog signal after the gain is adjusted in the range of 0.25 time to 1 time by setting <Address
0x20 to 21> MODDAC_DGJ8:0] bits. The gain is calculated by the following formula. And the Table 31
shows the setting example.

MODDAC DG + 1
. ) 2010g( ) [dB] if 127 < MODDAC_DG < 511
MODDAC Digital Gain = 512
20log (0.25) [dB] if 0 < MODDAC_DG < 127

Table 31 MODDAC Digital Gain

MODDAC_DG . .

(dec) Input Gain Unit
0 -12.0412
1 -12.0412

127 -12.0412

128 -11.9736

129 -11.9065 dB

509 -0.034

510 -0.01698

511 0
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It takes 16 x fmobsciLk from the time the MOD I/F data is fixed until the MODDAC receives the data. The
tmobscLk is the period of the MODSCLK. And stop the access to the MOD I/F when changing the value
of MOD_ENABLEJO0] bit and MODDAC_DG bits. (Fix the MODSCLK pin to “L".)

The converted analog signal is input to the Smoothing Filter (SMF) to attenuate the folded noise
generated during D-A conversion, and then output from the MODOUT pin. It is possible to adjust the
SMF gain with the setting of <Address0x21>MODDAC_AG]J1:0] bits as described in the Table 32. The
Figure 79 shows the frequency characteristic of the SMF.

Table 32 MODDAC Output Gain

I;:?DDAC—'?S Output Gain Unit
0 0 0
0 1 -6
1 0 -12 dB
1 1 Prohibited
0
-10 |
_ =20
g 30
£ 40
8 -50
é 60
g -70
-80
-90
-100
100 1k 10k 100k ™
Frequency [Hz]
MODDAC_0dB MODDAC_-6dB MODDAC_-12dB
Figure 79 MODDAC SMF Frequency Characteristics
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13.10. Transmit Preamplifier Circuit (DRIVER AMP)

The transmit preamplifier circuit (DRIVER AMP) amplifies and outputs a signal divided by N with the
LOCAL DIVIDER. It is assumed to be used as a transmit signal output if the configuration is to execute
the modulation to the external VCO. The output level is set by the <Address0x22>TXOLYV bits. The
external parts are the values when the parts shown in the chapter 15 External Circuit are used. Warn
that the phase noise deteriorates at low output level setting.

13.11. Internal Low Voltage Generator Circuit (LDO)

The AK2404 has internal low voltage generator circuit (LDO). The internal LDO is enabled or disabled
by the INTLDOPD pin. Refer to the chapter 12.1 Power-up Sequence or details of the startup sequence
of each mode. The INTLDOPD pin is assumed to be fixed at “H” (PLLVDD) or “L” (VSS) according to
the purpose to use. The use to switch the polarity after power-up is not assumed.

The internal LDO is used when setting INTLDOPD pin="L". Connect the VREF1 pin to VSS via the
10uF capacitor if the internal LDO is used. Since the internal LDO is used for the internal circuit in the
AK2404, do not use it to supply the power for the external elements except the AK2404.

If the INTLDOPD pin = “H” is set, the power supply voltage is externally supplied to the VREF1 pin
without using the internal LDO. Refer to 8 Recommended Operating Conditions for the recommended
supplied voltage and refer to 10.3 Current Consumption for details of the power consumption during
power supply.
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| 14. Register Map and Detailed Description

14.1. Register Map

B CLOCK/PLL

Name Address D7 D6 D5 D4 D3 D2 D1 DO
T/Cf,((o 0x01 DEN_RATIO[1:0] X X X TCXO_SET[2:0]
oFs. 0x02 OFS_RDOC[15:8]
RDOC 0x03 OFS_RDOC[7:0]
oFs. 0x04 OFS_FINE[15:8]
FINE 0x05 OFS_FINE[7:0]
0X06 X OFS_DEN[22:16]
OFS_ .
ES 0x07 OFS_DEN[15:8]
0x08 OFS_DEN[7:0]
PLLR | 0x09 PLL_R[7:0]
0x0A X FRAC[22:16]
FRAC 0X0B FRAC[15:8]
0x0C FRAC[7:0]
0x0D X MOD[22:16]
MOD OXOE MOD[15:8]
OXOF MOD[7:0]
0x10 X X X X DUM_L INT[10:8]
INT
ox11 INT[7:0]
DSM 0x12 TEST _1[3:0] X X X DS'I\;'\I—TAT
FAST 0x13 FAST TIME[7:0]
cP , .
ox14 - CPOF[1:0] CPFINE[4:0]
o POLA
0x15 X X X CPFAST[4:0]
PLL 0x16 CPO_PDST[1:0 FASTEN | CPHIZ LD_ LD_ LD_SEL[1:0
X _PDST[1:0] MODE RDOC _SEL[1:0]
0x17 LD_LOCKCNT[7:0]
LDCNT
0x18 LD_UNLOCKCNT[7:0]
DUMMY | 0x19 X X X X X X X X
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B ANALOG
o | o [ [ X e e | | TR
0x1B X X X Htggﬁf X X DIVSEL[1:0]
LOCAL1 =
0x1C X TEST 2[2:0] TEST 3[1:0] TEST 4[1:0]
onase | 01D X PH_ADJ_LP[6:0]
ADJ OX1E X PH_ADJ_HP[6:0]
LOCAL2 | Ox1F X X X X TEST_5[1:0] TEST_6[1:0]
0x20 MODDAC_DG[8:1]
X ox21 M%%D[(’)*]C X X X MODDAC_AG[1:0] MOD_ENABLE[1:0]
0x22 X X X X X X TXOLV[1:0]
DUMMY | 0x23 X X X X X X X X
m_ OFCAL
0x24 iy X OFS2REG[1:0] X X OFSCAL2 | OFSCAL1
OFCAL | o0x25 X X OFSTA_I[5:0]
0x26 X X OFSTA_Q[5:0]
0x27 X X X X FIROFS_AVE[1:0] AGCOFS_AVE[1:0]
0x28 OFSTD_I[23:16]
0x29 OFSTD_[[15:6]
O_FDCIQL 0x2A OFSTD_I[7:0]
0x2B OFSTD_Q[23:16]
0x2C OFSTD_Q[15:8]
0x2D OFSTD_Q[7:0]
DUMMY | Ox2E X X X X X X X X
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B AGC
O0x2F AGC_KPDLY[7:0]
AGC_ AGC_ | AGC_ PGA_
0x30 A S S KPMODE | KPREG | kpselL | PYML | accon
PDET &
ot 0x31 X X X X X X X X
0x32 X X X X X X X X
0x33 PDET_OFS[3:0] X X ATTLVL[1:0]
_ AGCHPF | AGCHPF
0x34 AGCHPF_FC[3:0] X X Kezp vl
0x35 X X PGAGAIN[5:0]
0x36 X AGCMAX[2:0] AGCTGT[3:0]
0x37 AGCHYS[1:0] AGCLIM[5:0]
0x38 AGCTIM[3:0] AGCTRW(3:0]
AGC 0x39 | DUM H X X X X X X X
biG 0x3A X X X X X X X X
0x38B X X X X X X X X
0x3C X X X X X X X X
0x3D X X X X X X X X
_ _ DAGC DAGC
OX3E STS_RSSI_SEL[1:0] DFILOUT[2:0] HYS[1:0] "ON
OX3F DAGC_TH([7:0]
DUMMY |  0x40 X X X X X X X X
B DIGITAL
DIG
o= | oxat X X ADIFSEL[1:0] RXIF_SR[1:0] DFIL_PATH[1:0]
DFIL_ .
an 0x42 COEF_SET[7:0]
0x43 DELTA1F[7:0]
NCO .
WO | oxas DELTA2F[7:0]
NCO_ UPMIX_ | DWMIX_ _
0x45 v X X X i o ROM_UPDATE[1:0]
PRE_ _ PRE_HP _
e 0x46 PRE_HPF_FC[3:0] X - WKEtp | PRE_HPFSEL[1:0
wxer | 7 DWMIXATT[13:6]
ATT
0x48 DWMIXATT[5:0] DWMIXATT SET[1:0]
DUMMY | 0x49 X X X X X X X X
CH . , COEF
A N X PFIL_SAT[2:0] X CHCOEF_SEL[1:0] cof
DUMMY | 0x4B X X X X X X X X
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B DIGITAL (continue)

[AK2404]

0x4C X X X X X RSSI_AVE[2:0]
RSSI 0x4D RSSI_OFST[7:0]
Ox4E RSSI_ATT[7:0]
DUMMY Ox4F X X X X X X X X
Output of 0x50 X X X X OOB_PAVE[2:0] OOB_ON
QOutband
Power 0x51 RSSI_L_OFST[7:0]
Monitorin
] 0x52 RSSI_R_OFST[7:0]
DUMMY 0x53 X X X X X X X X
RSSI_ REG_ .
0x54 X DETOUT DETOUT X X X FMDET_GI[1:0]
0x55 RSSIDAC_LOLIM[7:0]
FMDET 0x56 IF_OFST[23:16]
0x57 IF_OFST[15:8]
0x58 IF_OFST[7:0]
0x59 NSQ1_HYS[1:0] NSQ1_AVE[1:0] X X X N%QNL
0x5A NSQ1_THI7:0]

NSQ _ _ NSQ2
0x5B NSQ2_HYS[1:0] NSQ2_AVE[1:0] X X X ON
0x5C NSQ2_THI7:0]

FMDET2 0x5D DET_DCJ7:0]
DUMMY Ox5E X X X X X X X X
POST _ . POST_H POST_

HPF Ox5F POST_HPF_FC[3:0] X X PF_KEEP HPESEL

0x60 X X X X X X X X
DUMMY
0x61 X X X X X X X X
RDOC_ . . RDOC_

0x62 X RDOC_1 KEEP RDOC_2[1:0] RDOC_3[1:0] ON
0x63 X RDOC_4 RDOC_5[1:0] X RDOC_6[1:0] RDOC_7
0x64 X RDOC_8[2:0] X RDOC _9[1:0] RDOC_10
0x65 RDOC_11[1:0] RDOC_12[1:0] X RDOC_13[1:0] RDOC_14
0x66 RDOC_15[1:0] X X X X RDOC_18[1:0]

RDOC 0x67 X X X RDOC_19 X RDOC_20[1:0] RDOC_21
0x68 X X X X X RDOC_22[1:0] R?:?AC—
0x69 X RDOC_23[1:0] RDOC_24[1:0] RDOC_25[2:0]
0x6A RDOC_26[7:0]
0x6B RDOC_16[7:0]
0x6C RDOC_17[7:0]
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B DIGITAL (continue)

PD_ PD_CLK
0x6D X X X MO N X e | PD_REF N X
PD_MOD
PD 0Ox6E X X X X X DAC_N PD_PLL_N PD_TX_N
PD_DET PD_ PD_
Ox6F X DUM_L DA N poEr N | POATTN | PDNAN | P8~ | PD_RXN
B PDET ADDITIONAL OFFSET
PDET 0x74 DUM_L DUM_L DUM_L DUM_L DUM_L DUM_L DUM_L PDE'I—O
B PRE TEST FUNCTION
CURRENT | OX75 X |_AAF |_PGA[1:0] X X X TEST 7
0x76 X X X X X X X X
RESERV | 4,77 X X X X X X X X
ED
0x78 X X X X X X X X
0x79 X X X X RXDTO[3:0]
DEBUG
Ox7A X X X X X X X X
B SOFTWARE RESET & PAGE
PAGE 0x7D PAGE[7:0]
SOFT _
et | OxTE SRST[7:0]
B READ BACK ONLY (ROpage : PAGE bits = 46(hex))
0x01 X X X X X X X X
DUMMY
0x02 X X X X X X X X
READ 0x03 X R_COEF R_COEF R_COEF R_COEF R_COEF R_COEF R_COEF
COEF X STS_OOB STS_NSQ2 STS_NSQ1 STS4 STS3 STS2 STS1
R_DAGC R_ATT
STATUS | o0x04 s s X X X X X X
DUMMY | 0x05 X X X X X X X X
READ ,
oy 0x06 R_RSSI[7:0]
READ ,
SobL | 07 R_OOBL_RSSI[7:0]
READ ,
Son R | 008 R_OOBR_RSSI[7:0]
DUMMY | 0x09 X X X X X X X X
RSSI. BB | 0x0A R_RSSI_BB[7:0]
DUMMY | 0x0B X X X X X X X X
READ ,
N 0x0C R_NSQ1LVL[7:0]
READ _
N 0x0D R_NSQ2LVL[7:0]
READ _
S 0XOE X X R_PGA[5:0]
DUMMY | OxOF X X X X X X X X
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READ 0x10 X X R_OFSTA _I[5:0]
ANA
OFST 0x11 X X R_OFSTA_Q[5:0]
0x12 R_OFSTD_I[23:16]
READ
DIG 0x13 R_OFSTD_I[15:8]
OFST |
0x14 R_OFSTD_I[7:0]
0x15 R_OFSTD_Q[23:16]
READ
DIG 0x16 R_OFSTD_Q[15:8]
OFST_Q
0x17 R_OFSTD_QJ[7:0]
0x18 R_OFSTD_OOBI[23:16]
READ
DIG }
OFST | 0x19 R_OFSTD_OOBI[15:8]
(OOB) _
0x1A R_OFSTD_OOBI[7:0]
0x1B R_OFSTD_OOBQ[23:16]
READ
DIG )
OFST Q 0x1C R_OFSTD_OOBQ[15:8]
(OOB)
0x1D R_OFSTD_OOBQ[7:0]
0x1E X X X X X X X
READ
AGC Ox1F R_AGCOFS_I[15:8]
OFST |
0x20 R_AGCOFS_I[7:0]
0x21 X X X X X X X
READ
AGC 0x22 R_AGCOFS_Q[15:8]
OFST_Q
0x23 R_AGCOFS_Q[7:0]
0x24 R_RDOC_1[23:16]
READ
RDOC 0x25 R_RDOC_[[15:8]
OFST |
0x26 R_RDOC_I[7:0]
0x27 R_RDOC_Q[23:16]
READ
RDOC 0x28 R_RDOC_Q[15:8]
OFST_Q
0x29 R_RDOC_Q[7:0]
* X : Do not care
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14.2. Special Register Access
The registers at the following addresses have restrictions on writing.

B <Address0x04 to 0x05>OFS_FINE bits
This register must be written to both of <Address0x04, 0x05>. And this register becomes effective at
the timing when the <Address0x05> is written.

B <Address0x06 to 0x08>OFS_DEN bits
This register must be written to all <Address0x06, 0x07, 0x08>. And this register becomes effective at
the timing when the <Address0x08> is written.

B <Address0x09 to 0x11> PLL frequency setting related registers

The <Address0x09 - 0x11> are registers related to the PLL frequency setting. It is necessary to write to
all <Address0x09, 0x0A, 0x0B, 0x0C, 0x0D, 0x0OE, 0x0F, 0x10, 0x11> when the frequency is set. And
this register becomes effective at the timing when the <Address0x11> is written.

B <Address0x28 to 0x2A>OFSTD_| bits
This register must be written to all <Address0x28, 0x29, 0x2A>. And this register becomes effective at
the timing when the <AddressO0x2A> is written.

B <Address0x2B to 0x2D>OFSTD_Q bits
This register must be written to all <Address0x2B, 0x2C, 0x2D>. And this register becomes effective at
the timing when the <Address0x2D> is written.

B <Address0x47 to 0x48> DWMIXATT bits
This register must be written to all <Address0x47, 0x48>. And this register becomes effective at the
timing when the <Address0x48> is written.
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14.3. CLOCK/PLL
Also refer to the chapter 13.7 PLL SYNTHESIZER.

14.3.1. <0x01>TCXO /*K

Address D7 | De D5 D4 D3 D2 | b1 | DO W/R
1 DEN_RATIO[1: TCXO_SET[2:0

0x0 _RATIO[1:0] X X X CXO_SET[2:0] WIR

Initial value 0 | 1 0 | 0 | 0

DEN_RATIO[1:0] : Coefficient setting multiplied to the frequency offset value

The coefficient which is multiplied to the frequency offset value used for the frequency offset function of
the PLL synthesizer is set. This function is assumed to be used for correcting the number of division of
the LO DIVIDER. The Table 33 shows the coefficient set by the register.

Table 33 DEN_RATIO

S;EN—RATEOO] Coefficient
0 0 1
0 1 2 (default)
1 0 4
1 1 8

TCXO_SET[2:0] : Frequency Conversion Setting with the CLOCK RATE CONVERTER

The input frequency to the TCXOIN pin can be frequency converted by the CLOCK RATE
CONVERTER, which is used as internal master clock. Refer to 13.6 CLOCK BUFFER+CLOCK RATE
CONVERTER for detail of this setting.

14.3.2. <0x02 to 08>OFS_RDOC/OFS_FINE/OFS_DEN

Address oz | be | b5 | b4 | b3 | D2 | D1 | DO W/R
0x02 OFS_RDOC[15:8]
WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0x03 OFS_RDOC[7:0]
WIR
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0
0x04 OFS_FINE[15:8]
WIR
Initial value o [ o | o | o [ o | o | o [ o
0x05 OFS_FINE[7:0] WIR
Initial value 0 o [ o | o | o [ o | o | o
0x06 X OFS_DEN[22:16] WIR
Initial value 1 | 1 | 1 | 1 | 1 | 1 | 1
0x07 OFS_DEN[15:8] WIR
Initial value 1 | 1 | 1 | 1 | 1 | 1 I 1 | 1
0x08 OFS_DEN([7:0] WIR
Initial value 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

OFS_RDOC[15:0] : Numerator Setting of the Frequency Offset Value (used for RDOC function)
Set this register in the range of -32768 (8000 (hex)) to +32767 (7FFF (hex)) with signed 16-bit. This
register is only valid when setting <AddressOx68>RDOC_FM bit = “1”. And refer to the chapter 13.8.9
RDOC Function about the relation between the OFS_RDOC and RDOC function.
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OFS_FINE[15:0] : Numerator Setting for the Frequency Offset Value (used for AFC)
Set this register in the range of -32768 (8000 (hex)) to +32767 (7FFF (hex)) with signed 16-bit.

OFS_DEN[22:0] : Denominator Setting of the Frequency Offset Value
Set the denominator of the frequency offset value used for the frequency offset function of the PLL
synthesizer. Set this register greater than or equal to 1 with unsigned 23-bit.

14.3.3. <0x09>PLL_R

Address oz | oe | b5 | b4 | b3 | b2 | D1 | Do W/R
0x09 PLL_R[7:0]
WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 1

PLL_R : Divider Setting of R COUNTER

It is possible to set in the range of 1 (no divide) to 255 (divided by 255). The R COUNTER prohibits the
setting of R=0. And when <Address0x16>LD_ MODE bit = “0”, use under condition of TmcLk > Tio * 11,
where Tucik is the master clock and Tyo is the period of the input frequency of the LOIN. When
<Address0x16>LD_MODE bit = “1”, setting of R = 3 or 4 is prohibited. When <Address0x16>
LD_MODE bit = “1”, there are no restrictions on the master cock and LOIN frequency. Refer to the
chapter 13.7.4 Lock Detection for detail.

14.3.4. <O0x0A to 11>FRAC/MOD/INT

Address D7 6 | b5 | b4 | b3 | b2 | D1 | DO W/R

0x0A x FRAC[22:16] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0

0x0B FRAC[15:8] WIR
Initial value 0 0 | 0 | 0 | 0 | 0 | 0 | 0

0x0C FRAC[7:0] WIR
Initial value 0 0 | 0 | 0 | 0 | 0 | 0 | 0

0x0D x MOD[22:16] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0

0xOE MODI[15:8] WIR
Initial value 0 0 | 0 | 0 | 0 | 0 | 0 | 0

0xOF MODI7:0] WIR
Initial value 0 0 0 0 0 0 | 0 | 1

0x10 X « X X DUM_L INT[10:8] WIR
Initial value 0 0 I 0 I 0

0x11 INT[7:0] WIR
Initial value 0 I 0 | 1 | 0 | 0 | 0 I 0 I 0

Set <Address0x10>DUM_L bit = “0".

FRAC[22:0] : Setting the numerator of the fractional part of the division value
Set in the range of 0 < FRAC < MOD(dec) with unsigned 23-bit.

MODJ[22:0] : Setting the denominator of the fractional part of the division value
Set in the range of 2 < MOD < 8388607(dec) with unsigned 23-bit.

INT[10:0] : Setting the integer part of the division value
Set in the range of 28 < INT < 1920(dec) with unsigned 11-bit.
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Set <Address0x10>DUM_L bit = “0”.

14.3.5. <0x12>DSM

Address pr | b6 | D5 | D4 D3 D2 D1 DO W/R
DSM_AT
0x12 TEST_1[3:0 =
X _1[3:0] X X X INT W/R
Initial value 0 | 0 | 1 | 0 1

The <AddressOx12>TEST_1[3:0] bits is test register. Set the initial value.

DSM_AT_INT :
When the FRAC=0 and the PLL synthesizer operates in the integer division, whether the A% operates
or not is set by this register. Normally set DSM_AT _INT bit = “1”.

“0” : The A% modulator stops during the integer division operation.

“1”: The A% modulator operates during the integer division operation (default).

14.3.6. <0x13>FAST

Address bz | oe | b5 | b4 | b3 | D2 | D1 | Do W/R
0x13 FAST_TIME[7:0] WIR
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0

FAST_TIME[7:0] : Setting the fast timer lock function

Set the timer of the fast lock function. The loop filter switch is turned on only during the period set by the
timer and the charge pump current for the fast lock set by the <Address0x15>CPFASTI[4:0] bits
becomes enabled. Refer to the chapter 13.7.3 Fast Lock Function for detail.

14.3.7. <0x14 to 15>CP

Address D7 D6 | D5 D4 | D3 | D2 | b1 | Do W/R
0x14 | CP_POLA CPOF[1:0] CPFINE[4:0] WIR
Initial value 0 0 0 0 | 0 | 0 | 0 I 0
0x15 X x X CPFASTI[4:0] WIR
Initial value 0 | 0 | 0 | 0 [ 0

CP_POLA : Setting the polarity of the charge pump
Set the polarity of the charge pump.

“0” : Positive (default)
“1” . Negative

CPOF[1:0] : Setting the phase offset adjustment of the phase frequency comparator

The phase noise and spurious characteristics is affected by providing the offset to the phase of the
signal input to the phase frequency comparator in the PLL synthesizer during frequency lock. The
characteristic may be improved by optimizing the condition. Normally set CPOF[1:0] bits = “00”.

Table 34 CPOF bits

CPOF Ph Offset Unit
ase Offse ni
[1] [0]
0 0 0 (default)
0 1 -11 o
1 0 -20 %
1 1 -27
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CPFINE[4:0] : Setting the charge pump current during normal operation
Set the charge pump current. Refer to the chapter 13.7 PLL SYNTHESIZER for detail.

CPFASTI[4:0] : Setting the charge pump current during fast lock

Set the charge pump current during fast lock. Refer to the chapter 13.7 PLL SYNTHESIZER for detail.
Also, refer to the chapter 13.7.3 Fast Lock Function for detail about the fast lock function.

14.3.8. <0x16>PLL

Address b7 | De D5 D4 D3 D2 DI | DO W/R
0x16 CPO_PDST[1:0] FASTEN | CPHIZ | LD_MODE | LD_RDOC LD_SEL[1:0] WIR
Initial value 0 | 0 1 0 0 0 0 | 0

CPO_PDST[1:0] : Setting the charge pump output at power down

Set the status of the charge pump output during power down. This register is effective only when the
PLL and charge pump circuit are powered down with <AddressOx6E>PD_PLL_N bit = “0”. Setting of
CPO_PDST bits = “11” is prohibited. Normally set CPO_PDST[1:0] bits = “00”.

Table 35 CPO_PDST bits

[EPO—PDS[B] CP Output Status
0 0 Hi-Z (default)

0 1 “H” level

1 0 “L” level

1 1 Prohibited

FASTEN : Setting the fast lock function enable
Set enable or disable of the high-speed pull-in operation during the frequency convergence of the
synthesizer.

“0” : High-speed pull-in disabled

“1” . High-speed pull-in enabled (default)

CPHIZ : Setting the charge pump output Tri-State

Set the charge pump output to Tri-State. Normally set CPHIZ bit = “0”.
“0” : Normal output (default)
“1”: Tri-State

LD_MODE : Setting the mode switching of the lock detection function
Set the mode switching of the lock detection. According to the used mode, there are different
constraints under the operating condition of the lock detection circuit. Refer to the chapter 13.7.4 Lock
Detection for detail.
“0” : Constrain on the master clock frequency period and LOIN frequency period condition
(default)
“1” : Constrain on the division condition by the <Address0x09>PLL_R bits

LD_RDOC : Setting to switch the function of LD pin
Set the function of the LD pin (lock detection pin). Refer to the chapter 13.7.4 Lock Detection for the
detail of the lock detection operation when “0” is set. And refer to the chapter 13.8.9 RDOC Function for
the detail of the polarity output of the OFS_RDOC frequency switching when “1” is set. Normally set
LD_RDOC bit = “0".

“0” : Lock detect (default)

“1” : Polarity output of the OFS_RDOC frequency switching

LD_SEL[1:0] : Setting the judgement mode of the lock detection
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When setting LD_RDOC bit = “0”, the judgement mode of the frequency lock output to the LD pin can
be selected. “H” is output when corresponding circuit locks to the set frequency. Normally set

LD_SEL[1:0] bits = “00”.

Table 36 Setting the judgement mode of the lock detection

LD SEL
= Signal to be Monitored
[1] [0] X
0 0 PLL & CLOCK RATE CONVERTER lock
(default)
0 1 PLL lock
1 0 CLOCK RATE CONVERTER lock
1 1 “H” fixed
14.3.9. <0x17 to 18>LDCNT
Address pz | be | b5 | b4 | b3 | D2 | DI DO W/R
0x17 LD_LOCKCNT[7:0]
W/R
Initial value 0 | 0 | 1 | 1 | 1 | 1 | 1 1
0x18 LD_UNLOCKCNT[7:0]
W/R
Initial value 0 I 0 | 1 | 1 | 1 | 1 | L 1

LD_LOCKCNT[7:0] : Setting the lock detection accuracy
LD_UNLOCKCNTJ[7:0] : Setting the unlock detection accuracy
Set the number of judgement in the lock / unlock detection mode. Both of LD_LOCKCNT bits and
LD_UNLOCKCNT bits prohibit the setting of all 0. Refer to the chapter 13.7.4 Lock Detection for detail.
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14.4. ANALOG

14.41. <O0x1A>RX
Address D7 D6 D5 D4 D3 D2 D1 DO W/R
oin [ POEL | P [ | g | e | Twee |
Initial value 0 0 0 0 1 0

PDET_LPF_P : Setting the switching of the PDET output resistor
Set whether the resistor with 340kQ) located at the output of the power detection circuit in the PDET is
bypassed or not.

“0” : Bypassing the resistor (default)

“1” . Not bypassing the resistor

RXLPF_FC : Setting the cut off frequency of the receive analog low pass filter
Set the cut off frequency of the PGA consisting of a 1st order low pass filter with variable gain. Refer to
the chapter 13.4.4 PGA, AAF about the frequency characteristic.

“0” : Low Cutoff Mode (default)

“1” : High Cutoff Mode

IQ_SEL : I/Q setting for receive analog baseband signal output
Set whether to output Ich or Qch for the receive analog baseband signal output from AOUTP and
AOUTN pins when setting <AddressOx1A>ANA_PATH bit = “1”.

“0” : Ich (default)

“1” : Qch

ANA_PATH : Enable setting for receive analog baseband signal output function
The AAF output signal is output from the AOUTP and AOUTN pins when setting “1”. The selection of
Ich or Qch is executed by the <AddressOx1A>IQ_SEL bit. Normally set ANA_PATH bit = “0”.

“0” : AOUTP, AOUTN pins Hi-Z (default)

“1”  AOUTP, AOUTN pins output receive analog baseband signal.

MAIN_PATH : Setting the receive analog baseband output

Set whether to connect the AAF output and ADC input. Normally set MAIN_PATH bit = “1”.
“0” : Disconnect AAF output and ADC input
“1” . Connect AAF output and ADC input (default)

LPMODE_LNA : Setting the operation mode of the receive analog circuit (LNA)
Set the operation mode of the receive analog circuit (LNA) to two different operation modes with
different current consumption. Refer to the chapter 10.1.1 LNA for the reception performance in each
operation mode.

“0” : High Power Mode (default)

“1” . Low Power Mode
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14.4.2. <0x1B to 1C,1F>LOCAL

Address D7 D6 D5 D4 D3 D2 D1 | DO W/R
HPMODE
0x1B DIVSEL[1:0
X X X X _LOBLK X X [1:01 WIR
Initial value 0 0 | 1
0x1C TEST_2[2:0] TEST_3[1:0] TEST_4[1:0]
X W/R
Initial value 0 0 0 0 | 0 0 | 0
Ox1F TEST 5[1: TEST 6[1:
X X X X X ST_5[1:0] ST_6[1:0] WIR
Initial value 0 | 0 0 | 0

Though <AddressOx1C>TEST_2, TEST_3, TEST_4 bits are test registers, set 69(hex) to this address.
These registers adjust the temperature characteristics and slope of the PDET. And the characteristics
in the 10.1.3 PDET are due to this setting. Note that <AddressO0x1F> is described in this term and the

order of address is back and forth.

HPMODE_LOBLK : Setting high blocking mode of the LO block
Set the current consumption mode of the LO block. Refer to 10.1.4 MIXER+PGA+AAF+ADC for the
reception performance in each operation mode.

“0” : Low Power Mode (default)

“1” . High Power Mode

DIVSEL[1:0] : LOCAL Dividers} @k
Set the division for the LOCAL DIVIDER.

Table 37 LOCAL DIVER division setting

DIVSEL LOCAL DIVER division
[1] [0] setting
0 0 No div
0 1 2 div (default)
1 0 4 div
1 1 8 div

14.4.3. <0x1D to 1E>PHASE ADJ

Address D7 6 | D5 | b4 | b3 | D2 | D1 | DO W/R
0x1D x PH_ADJ_LP[6:0] WIR
Initial value 1 | 0 | 0 | 0 | 0 | 0 | 0
Ox1E « PH_ADJ_HP[6:0] WIR
Initial value 1 | 0 | 0 | 0 | 0 | 0 | 0

Refer to the chapter 13.5.2 Phase Calibration for detail.

PH_ADJ_LPJ[6:0] : I/Q quadrature phase adjustment (Low Power MODE)
PH_ADJ_HP[6:0] : I/Q quadrature phase adjustment (High Power MODE)

This register enables fine adjustment of the quadrature phase of I/Q. When setting <Address
0x1B>HPMODE_LOBLK = 0, the PH_ADJ_LP bits is effective, and when setting <Address
0x1B>HPMODE_LOBLK = 1, the PH_ADJ_HP bits is effective. The phase adjustment range follows the
table below. With the code 64(dec) as center, increasing the code shifts the phase of Qch side in minus
direction, and decreasing the code shifts the phase of the Ich side in minus direction. Note that the
range and accuracy of the phase adjustment vary depending on the frequency and power mode. When
compared in the same power mode, the adjustment range of higher frequency becomes wide, but the
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adjustment accuracy becomes coarse. On the other hand, the adjustment range of lower frequency
becomes narrow, but the adjustment accuracy becomes fine.

Table 38 Phase adjustment range (960MHz)

PH_ADJ LP
PH_ADJ_HP HPM LPM Unit
(dec) | ch Qch I ch Qch
(1) 15.0 0 11.0 0
2 14.8 0 10.8 0
3 14.5 0 11.7 0
62 0.5 0 0.3 0
63 0.2 0 0.2 0
64 0 0 0 0 Adeg
65 0 0.2 0 0.2
66 0 0.5 0 0.4
125 0 14.5 0 10.7
126 0 14.8 0 10.8
127 0 15.0 0 11.0
Table 39 Phase adjustment range (450MHz)
PH_ADJ LP
PH_ADJ HP HPM LPM Unit
(dec) | ch Qch I ch Qch
(1) 6.8 0 9.0 0
2 6.6 0 8.9 0
3 6.5 0 8.7 0
62 0.2 0 0.3 0
63 0.1 0 0.1 0 Ad
64 0 0 0 0 €9
65 0 0.1 0 0.1
66 0 0.2 0 0.3
125 0 6.5 0 8.7
126 0 6.6 0 8.9
127 0 6.8 0 9.0
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14.4.4. <0x20 to 22>TXOLV

Address p7 | De | D5 D4 | D3 | D2 D1 | Do W/R
2 MODDAC_DGI8: 1

0x20 ODDAC_DG[8:1] W/R

Initial value 1 1 1 1 1 | 1 1 | 1
MODDAC

0x21 MODDAC_AG[1:0 MOD_ENABLE[1:0

x _DG[0] X X X AG[1:0] - o R
Initial value 1 0 0 0 I 0

0x22 x « X X x x TXOLV[1:0] WIR
Initial value 1 | 1

MODDAC_DG[8:0] : Setting digital gain of the MODDAC
Set the gain adjustment of the input data to the MODDAC in the range of 0.25 to 1. Refer to the chapter
13.9 Transmit Data Generation Circuit (MODDAC, SMF).

MODDAC_AG][1:0] : Setting the analog gain of the MODDAC
Set the gain adjustment of the output signal from the MODDAC at the SMF part. Refer to the chapter
13.9 Transmit Data Generation Circuit (MODDAC, SMF) for detail.

MOD_ENABLE[1:0] : Enable setting of MODDAC I/F and MODDAC

This setting enables the writing of the modulation data using the MOD I/F.

Setting <Address0x21>MOD_ENABLE[O0] bit = “1” enables to input the data to the MODDAC. And
setting MOD_ENABLEJ0] bit = “0” sets the MODOUT pin Hi-Z. Refer to the chapter 13.9 Transmit Data
Generation Circuit (MODDAC, SMF) for detail.

Setting <Address0x21>MOD_ENABLE[1] bit = “1” enables to input a value to the OFS_MDLT which is
the frequency offset of the synthesizer. And if MOD_ENABLE[1] bit = “0” is set, the OFS_MDLT holds
the previous set value. Refer to the chapter 13.7.5 Frequency Offset Adjustment and Modulation
function for detail.

Refer to the chapter 9.6 Serial Interface Timing for Modulation Data Write (MOD |/F) about the timing of
the MODDAC and OFS_MDLT.

TXOLV[1:0] : Setting the output power of the driver amplifier
Set the output power of the driver amplifier. Refer to the chapter 13.10 Transmit Preamplifier Circuit
(DRIVER AMP) for detail.

Table 40 Output power of the driver amplifier

TXOLV Output power of the driver | |
[1] [0] amplifier
0 0 -10
0 1 -4
1 0 E dBm
1 1 2 (default)
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14.5. OFCAL

14.5.1. <0x24 to 26>OFCAL

Address D7 D6 D5 | D4 D3 D2 D1 DO W/R
24 ALRFPD FS2REG[1:0 FSCAL2 FSCAL1
Ox C X OFS G[1:0] X X OFSC OFSC WIR
Initial value 1 0 | 0 0 0
2 FSTA_I[5:0
0x25 X X OFSTA_I[5:0] WIR
Initial value 1 | 0 | 0 | 0 | 0 I 0
0x26 X X OFSTA_Q[5:0] WIR
Initial value 1 | 0 | 0 | 0 | 0 | 0

Refer to the chapter 13.8.8 DC Offset Calibration for detail.

CALRFPD : Power down setting of the LNA/ATT during the initial DC offset calibration of the
analog part (MIXER)
If “1” is written to this register, the LNA/ATT are powered down during the initial DC offset calibration of
the analog part (MIXER). The power down is executed from the time when <Address0x24>0OFSCAL1
bit = “1” is written until the completion of the calibration and the power on is automatically executed after
the calibration is completed. If <AddressOx6F>PD_LNA_N bit =“1”and PD_ATT _N bit = “1” are set, the
corresponding blocks are powered on according to the truth table described in the Table 6 in 13.1.1
Power Control Logic of the LNA and ATT
“0” : The LNA/ATT are not powered down during the initial DC offset calibration of the analog
part.
“1” . The LNA/ATT are powered down during the initial DC offset calibration of the analog part.
(default)

OFS2REGJ[1:0] : Switching the DC offset correction value to the external input
Instead of using the calibration result obtained by the OFSCAL2 bit for the DC offset correction values
of the channel filter, the set values of <Address0x28 to 0x2D> are added to the received signal as the
correction values for the Ich and Qch respectively and output. The OFS2REG[0] bit and OFS2REG[1]
bit switch the correction values of the offset calibration on the main path and the Out of Band Power
Monitoring path respectively.

“0” : use the calibration result for the correction value (default)

“1” . use the register set value for the correction value

OFSCAL2 : Start trigger of the initial DC offset calibration for the digital part (channel filter +
AGC + Out of Band Power Monitoring block)

Writing “1” starts the DC offset calibration for the digital part (channel filter + AGC + Out of Band Power
Monitoring block). It automatically returns to “0” after the calibration is completed.

OFSCAL1 : Start trigger of the initial DC offset calibration for the analog part (MIXER)
Writing “1” starts the DC offset calibration for the analog part. It automatically returns to “0” after the
calibration is completed.

OFSTA_I[6:0] : DC offset correction value of the | ch

OFSTA_Q[6:0] : DC offset correction value of the Q ch

Writing to this register enables to set the DC offset calibration value of the analog part (MIXER) by
manual. Note that the calibration result is overwritten if this register is written after the calibration using
the OFSCAL1 bit.
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14.5.2. <0x27 to 2D>OFCAL_DIG

Address D7 D6 D5 D4 D3 | D2 D1 | Do W/R

0x27 « « « « FIROFS_AVE[1:0] AGCOFS_AVE[1:0] WR
Initial value 1 | 1 1 | 1

0x28 OFSTD_I[23:16] WR
Initial value 0 I 0 | 0 | 0 | 0 | 0 0 I 0

0x29 OFSTD_I[15:8] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 0 | 0

0x2A OFSTD_I[7:0] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 0 | 0

0x2B OFSTD_Q[23:16] WIR
Initial value 0 I 0 | 0 | 0 | 0 | 0 0 I 0

0x2C OFSTD_Q[15:8] WIR
Initial value 0 l 0 | 0 | 0 | 0 | 0 0 I 0

0x2D OFSTD_Q[7:0] WIR
Initial value 0 I 0 | 0 | 0 | 0 | 0 0 I 0

Refer to the chapter 13.8.8 DC Offset Calibration for detail.

FIROFS_AVE[1:0] : Setting the average time of the DC offset calibration (main path and Out of
Band Power Monitoring)
Set the time of averaging processing of the DC offset calibration for the main path and Out of Band

Power Monitoring path.

AGCOFS_AVE[1:0] : Setting the average time of the DC offset calibration (AGC)
Set the time of averaging processing of the DC offset calibration for the AGC path.

OFSTD_I[23:0] : DC offset correction value of Ich
OFSTD_Q[23:0] : DC offset correction value of Qch
Use these registers if the DC offset correction values of the main path and the Out of Band Power
Monitoring path are desired to set arbitrarily. The correction values of these registers are enabled
instead of using the initial calibration result if <Address0x24>0FS2REGIx] (x= 0 or 1) bit =“1” is set.
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14.6. AGC

14.6.1. <O0x2F to 33>PDET & AGC

Address b7 | Db | b5 | b4 | b3 | D2 D1 DO W/R
Ox2F AGC_KPDLY([7:0] WIR
Initial value 0 1 0 0 0 0 0 1
AGC_KPM | AGC_KPR | AGC_KPS PGA_AGC
0x30 X X X ODE EG EL DUM_L ON W/R
Initial value 0 0 0 0 0
0x33 PDET_OFS[3:0] ATTLVL[1:0]
X X WIR
Initial value 0 | 0 | 0 | 0 0 | 0

Refer to the chapter 13.8.10 AGC Function and 13.8.12 AGC KEEP Function for detail. Set <Address
0x30>DUM_L bit = “0".

AGC_KPDLY][7:0] : AGC_KEEP Signal Delay Setting

The AGC_KEEP signal is delayed by this register in order to adjust the AGC calculation timing within
the IC. The group delay of the received signal path is assumed. The following set value is
recommended according to the setting of <AddressOx41>DFIL_PATH bits.

Table 41 Recommended value of AGC KPDLY bits

DFIL_PATH AGC_KPDLY bits
Recommended value
[1] [0] (dec)
0 0 33
0 1
] X 65 (default)

AGC_KPMODE : Setting of the operation mode of the AGCKEEP function
Set the operation mode of the AGC KEEP function. Refer to the chapter 13.8.12 AGC KEEP Function
for detail.

AGC_KPREG : Register control of the AGC KEEP function
The ON/OFF of the AGC KEEP function is controlled by this register if <AddressOx30>AGC_KPSEL bit
=“0" is set.

“0” : AGC KEEP function OFF (default)

“1” . AGC KEEP function ON

AGC_KPSEL : Switch the control method of the AGC_KEEP function
Switch the control method of the AGC KEEP function.

“0” : controlled by the AGC_KPREG bit (default)

“1” : controlled by the AGCKEEP(NSQ2) pin

PGA_AGCON : ON/OFF setting of the AGC function for the PGA
Set the ON/OFF of the AGC function for the PGA. The PGA gain is changed by the RSSI value
(RSSI_BB) calculated by the AGC. Normally set PGA_AGCON bit= “1”. If PGA_AGCON bit = “1” is set,
set <Address0x39>DUM_H bit = “1”.

“0” : The AGC function of the PGA is OFF. (default)

“1” : The AGC function of the PGA is ON.

PDET_OFS[3:0] : Setting the output offset voltage adjustment of the PDET circuit
Set the offset voltage added to the voltage output from the PDETOUT pin.
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Table 42 Output offset voltage of the PDET circuit

3] EI]DET—O';S] 0] Offset Voltage | Unit
1 0 0 0 +448
1 0 0 1 +392
1 0 1 0 +336
1 1 1 1 +56
0 0 0 0 0 (default) mV
0 0 0 1 -56
0 1 0 1 -280
0 1 1 0 -336
0 1 1 1 -392

ATTLVL[1:0] : Attenuation setting of the ATT
Set the amount of attenuation. This is the relative value from the insertion loss at the setting of ATTLVL

[AK2404]

bits = “00”.
Table 43 Setting of the ATT attenuation
ATTLVL . .
Attenuation Level Unit
(1] [0]
0 0 0 (default)
0 1 6
dB
1 0 12
1 1 18
14.6.2. <0x34 to 3F>AGC_DIG
Address b7 | Dbe | D5 | D4 D3 D2 D1 DO W/R
_ AGCHPF_ | AGCHPFS
0x34 AGCHPF_FC[3:0] X X KEEP el WIR
Initial value 0 0 0 | 0 0 0
PGAGAIN[5:
0x35 X x GAGAIN[5:0] WIR
Initial value 0 | 0 0 | 0 | 0 0
AGCMAX[2: AGCTGTI[3:
0x36 X GCMAX[2:0] GCTGT[3:0] WIR
Initial value 1 1 | 1 0 | 0 | 0 0
7 AGCHYS[1: AGCLIM[5:
0x3 GCHYSI[1:0] GCLIM[5:0] WIR
Initial value 0 [ 0 0 | 0 0 | 0 | 0 0
0x38 AGCTIM[3:0] AGCTRW[3:0] WIR
Initial value 1 0 0 0 1 0 0 0
0x39 DUM_H X X X X X X X WIR
Initial value 0
O0X3E STS_RSSI_SEL[1:0] DFILOUT[2:0] DAGC_HYS[1:0] DAC;\IC—O WR
Initial value 0 | 0 1 | 0 | 0 0 | 0 0
F DAGC_TH[7:
0x3 GC_TH([7:0] WIR
Initial value 1 | 0 0 | 0 | 0 | 0 | 0 0
220900015-E-04 2023/04
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Refer to the chapter 13.8.10 AGC Function, 13.8.11 Digital Output AGC Function and 13.8.12 AGC
KEEP Function for detail. If <Address0x30>PGA AGCON bit= “1” is set, set <Address0x39>DUM_H bit
= (517!'

AGCHPF_FC[3:0] : Cut off frequency setting of the HPF for the AGC
Set the cut off frequency of the HPF for the AGC. Refer to the chapter 13.8.6 HPF for detail.

AGCHPF_KEEP : AGC_KEEP function and AGCHPF linkage setting

This function enables the AGC KEEP function to operate in conjunction with the AGCHPF. Setting “1”
to this register holds the internal state of the AGCHPF if the AGC KEEP function is ON, and the
AGCHPF performs calculations in this state.

When the AGC KEEP function is turned off, the AGCHPF operation starts again.

“0” : The AGC KEEP function and AGCHPF are not linked. (default)
“1”: The AGC KEEP function and AGCHPF are linked.

AGCHPFSEL : Setting ON/OFF of the HPF for the AGC
The HPF for the AGC is located at the previous stage of the AGC circuit. This register sets ON/OFF of
the HPF for the AGC.

“0” : HPF1 OFF (default)

“1” : HPF1 ON

PGAGAIN[5:0] : Gain setting of the PGA

Set the gain both of the Ich and Qch.
B |f <AddressOx30>PGA_AGCON bit = “0” is set,

the AGC function turns OFF and this register sets the PGA gain.
B If <AddressOx30>PGA_AGCON bit = “1” is set,

the AGC start to operate with the initial value set by the PGAGAIN[5:0] bits.
Normally set PGAGAIN bits = “000000".
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Table 44 Gain setting of the PGA

[AK2404]

PGAGAIN . .
Bl | @ | @ | 2 | 1 | [ Gain unit
0 0 0 0 0 0 | 28 (default)
0 0 0 0 0 1 27
0 0 0 0 1 0 26
0 0 0 0 1 1 25
0 1 1 0 1 1 1
0 1 1 1 0 0 0
0 1 1 1 0 1 -1
1 0 1 1 1 1 -19 dB
1 1 0 0 0 0 -20
1 1 0 0 0 1
1 1 0 0 1 0
1 1 0 0 1 1
1 1 8 1 8 (1) Prohibited
1 1 0 1 1 0
1 1 0 1 1 1
1 1 1 X X X

AGCMAX][2:0] : Maximum allowable gain change in a single AGC operation
Set the maximum allowable gain change in a single AGC operation.

Table 45 Maximum allowable gain change of the AGC operation

AGCMAX Maximum allowable Unit

2] [1] [0] gain change

0 0 0 Prohibited

0 0 1 1

0 1 0 2

0 1 1 4

1 0 0 8 dB
1 0 1 16

1 1 0 32

1 1 1 48 (default)

AGCTGT[3:0] : Target value of signal convergence level of the AGC

Set the target of convergence level of the AGC.
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Table 46 Target value of signal convergence level of the AGC

AGCTGT Convergence level Unit

[3] [2] [1] []

0 0 0 0 6 (default)

0 0 0 1 4

0 0 1 0 2

0 0 1 1 0

0 1 0 0 -2

0 1 0 1 -4

0 1 1 0 -6

0 1 1 1 -8

1 0 0 0 10 dBm
1 0 0 1 -12

1 0 1 0 -14

1 0 1 1 -16

1 1 0 0 -18

1 1 0 1 -20

1 1 1 0 -22

1 1 1 1 -24

AGCHYS[1:0] : Hysteresis width for the signal power convergence level of the AGC

When the current receiving signal level is converged within the judgement level of this setting for the
convergence target level of the AGC set by <Address0x36>AGCTGT bits, the AGC is considered to be
converged and the gain change is stopped.

Table 47 Hysteresis width for the signal power convergence level of the AGC

AGCHYS Convergence ,
Unit

[1] [0] level

-2<,<+2
0 0 (default)
0 1 4<,<+4 dB
1 0 -8<,<+8
1 1 -16 <, < +16

AGCLIM[5:0] : Upper limit setting of the PGA gain

The upper limit of the PGA gain is set by this register. The PGA gain is saturated by the set value of this
register regardless of the AGC operation. The set value is same as the Table 44 Gain setting of the
PGA.

AGCTIM[3:0] : Time setting to calculate and judge the signal power of the AGC

Set the time to calculate and judge the signal power of the AGC. The power calculation and judgement
time is calculated by the equation 14.1. And the Table 48 shows the count number. The operating
frequency of the programmable FIR filter is changed by the setting of <Address0x41>DFIL_PATH bits.
For more information about the operating frequency of the programmable FIR filter, refer to the chapter
13.8.5 Decimation Filter.

Power calculation and judgement time=operating period of the programmable FIR filter x count number
...(14.1)
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Table 48 Count number of signal power calculation and judgement of the AGC

AGCTIM Count number

[3] [2] [1] [0]

0 0 0 0 2

0 0 0 1 4

0 0 1 0 8

0 0 1 1 16

0 1 0 0 32

0 1 0 1 64

0 1 1 0 128

0 1 1 1 256

1 0 0 0 512 (default)
1 0 0 1 1024

1 0 1 0 2048

1 0 1 1 4096

1 1 0 0 Prohibited

1 1 0 1 Prohibited

1 1 1 0 Prohibited

1 1 1 1 Prohibited

AGCTRWI[3:0] : Standby time setting of the AGC power detection

Set the standby time from the timing of gain change of the PGA until the next power detection starts in
AGC operation. The standby time is calculated by the equation 14.2. And the Table 49 shows the count
number.

Standby time of the power detection=operating period of the programmable FIR filter x count number

... (14.2)
Table 49 Standby time setting of AGC power detection
AGCTRW
3] 2] ] 0] Count number
0 0 0 0 2
0 0 0 1 4
0 0 1 0 8
0 0 1 1 16
0 1 0 0 32
0 1 0 1 64
0 1 1 0 128
0 1 1 1 256
1 0 0 0 512 (default)
1 0 0 1 1024
1 0 1 0 2048
1 0 1 1 4096
1 1 X X Prohibited

STS_RSSI_SEL[1:0] : Selection of the status output S15 to S8 (RSSI)
The data of S15 to S8 (RSSI) output from the STATUS pin is switched. However, if the result of the
subtraction is less than 0 code, the 0 code is output.

“00” : <ROpage Address0x06>R_RSSI bits (default)

“01” : <ROpage AddressOx07>R_OOBL_RSSI bits minus R_RSSI bits
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“1x” : <ROpage Address0x08>R_OOBR_RSSI bits minus R_RSSI bits

DFILOUT[2:0] : Setting the digital filter output bit

If the digital output AGC function is set to ON, the output bit is selected when the digital output AGC
function judges the LSB side. And if the digital output AGC function is set to OFF and the 16-bit data is
output with <Address0x41>ADIFSEL bits = “01”, the bit selected by this register is output.

Refer to the chapters 13.8.11 Digital Output AGC and 13.8.20 Test Output Function of Internal Node for
detail.

DAGC_HYS[1:0] : Setting the hysteresis width of the threshold of the digital output AGC
function
Set the hysteresis width for the threshold of the digital AGC function.

Table 50 Hysteresis width of the digital output AGC function

DAGC_HYS Switching
threshold Unit
[1] [0] (0.5dB/code)
0 0 4 (default)
0 1 8
1 0 16 code
1 1 32

DAGC_THI[7:0] : Setting the judgement threshold of the digital output AGC function

Set the threshold of the digital output AGC function. The set value is calculated by the same equation
as RSSI code described in the chapter 13.8.15 RSSI Function.

The MSB side is selected as the output bit if the calculation result of the RSSI is greater than or equal
to the set value of DAGC_TH]J7:0] bits. The LSB side (DFIL_OUT bits setting side) is selected as the
output bit if the calculation result of the RSSI is less than or equal to the value obtained by subtracting
the hysteresis width set by DAGC_HYS[1:0] bits from the value set by DAGC_TH]J7:0] bits.

DAGC_ON : Setting ON/OFF for the digital output AGC function
“0” : Digital output AGC function OFF (default)
“1”: Digital output AGC function ON
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14.7. DIGITAL

14.7.1. <0x41>DIG_MODE

Address D7 D6 D5 | D4 D3 | D2 D1 | Do W/R
41 ADIFSEL[1: RXIF_SR[1: DFIL_PATH[1:

Ox « « SEL[1:0] _SR[1:0] _PATH[1:0] WIR

Initial value 0 | 0 0 | 0 0 | 1

ADIFSEL[1:0] : Setting the output data format
Set the data format output to the ADFS, ADSCLK, ADSDO and STATUS pins. Refer to the chapter 9.5

Serial Interface Timing for Receiving Data and Status Output Read for detail.

Table 51 Output Data Format

[ 1]ADIFSEL[O] Output Data Format
0 0 1Q 32-bit Mode (default)
0 1 IQ 16-bit Mode

1 0 FMDET Mode

1 1 Prohibited

RXIF_SR[1:0] : Setting the output sampling rate
Set the sampling rate output to the ADFS, ADSCLK, ADSDO and STATUS pins. Refer to the chapter
13.8.18 Output Sampling Rate for detail.

DFIL_PATH[1:0] : Setting the output path of the decimation filter
Select the output path of the decimation filter.

Table 52 Decimation Filter Output Path

DFIL_PATH Decimation Filter
[1] [0] Output Path
0 0 FIR3 out
0 1 FIR4 out (default)
1 X FIR5 out
14.7.2. <0x42>DFIL_SET
Address D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO W/R
0x42 COEF_SETI[7:0] W
Initial value - | - | = | = | o | o | - | -

Refer to the chapters 9.4 Serial Interface Timing for Programmable Digital Filter Coefficient Setting and
13.8.17 IIR Filter for detail.

COEF_SET[7:0] : Setting the write/read of the coefficients of the programmable digital filter
<Address0x42>COEF_SET]J7:0] bits sets the coefficients write/read mode of the digital filter, which can
set the coefficients arbitrarily. The value written to the COEF_SET][7:0] bits selects the switching of
writing and reading or filter type.
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14.7.3. <0x43 to 45>NCO MIXER

Address pz | oe | b5 | b4 | b3 | D2 | D1 | Do W/R
4 DELTA1F[7:
0x43 [7:0] WIR
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0
44 DELTA2F[T7:
Ox [7:0] WIR
Initial value 0 0 0 0 0 0 0 I 0
UPMIX_O | DWMIX_O ]
0x45 | NCO_SET « X X FF FF ROM_UPDATE[1:0] WIR
Initial value 0 0 0 0 | 0

Refer to the chapter 13.8.4 NCO for detail.

DELTA1F[7:0] : LO frequency setting of the main path (A1)

DELTAZ2F[7:0] : LO frequency setting of the Out of Band Power Monitoring path (A2)

Set the output frequency from the NCO. The calculation of A1+A2 is executed for the Out of Band
Power Monitoring path.

If TCXO = 24.576MHz LO frequency = DELTA*F[7:0] x 375.00 [Hz]
If TCXO = 18.432MHz LO frequency = DELTA*F[7:0] x 281.25 [Hz]

NCO_SET : Resolution setting of LO frequency

If “1” is set, the resolution and output range of the output frequency from the NCO become half.
If TCXO = 24.576MHz LO frequency = DELTA*F[7:0] x 187.500 [Hz]
If TCXO = 18.432MHz LO frequency = DELTA*F[7:0] x 140.625 [HZz]

UPMIX_OFF : Setting off the complex mixer (Zero_IF to Low_IF)
If “1” is set, the frequency conversion is not executed by the complex mixer (Zero_IF to Low_IF) and
bypassed.

DWMIX_OFF : Setting off the complex mixer (Low_IF to Zero IF)
If “1” is set, the frequency conversion is not executed by the complex mixer (Low_IF to Zero_IF) and
bypassed.

ROM_UPDATE[1:0] : Update setting of the LO frequency

Setting this register loads the frequency setting of DELTA1F[7:0] and DELAT2F[7:0] bits to a circuit.
This register automatically returns to zero after setting.

14.7.4. <0x46>PRE_HPF

Address b | Dbe | D5 | D4 D3 D2 D1 | Do W/R
_ PRE_HPF _

0x46 PRE_HPF_FC[3:0] x WEEP PRE_HPFSEL[1:0] |
Initial value 0 I 0 | 0 | 0 0 0 I 0

Refer to the chapter 13.8.6 HPF about this setting for detail.

PRE_HPF_FCJ[3:0] : Setting the cut off frequency of the PRE_HPF
Set the cut off frequency of the PRE_HPF.

PRE_HPF_KEEP : Linking setting of PRE_HPF and AGC KEEP function
This function enables to link the AGC KEEP function and PRE_HPF. Setting “1” to this register holds
the internal state of the PRE_HPF if the AGC KEEP function is ON, and the PRE_HPF performs
calculations in this state. The PRE_HPF starts to operate again if the AGC KEEP function is turned
OFF.

“0” : AGC KEEP and PRE_HPF are not linked. (default)

“1” : AGC KEEP and PRE_HPF are linked.
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PRE_HPFSEL[1:0] : Setting ON/OFF of the PRE_HPF
Set ON/OFF of the PRE_HPF. The filter order of the PRE_HPF can be selected between 1st order or

[AK2404]

2nd order.
Table 53 PRE HPF Set
PRE_HPFSEL Function
[1] [0]
0 0 PRE_HPF OFF (default)
0 1 PRE_HPF ON (IIR 1:%)
1 X PRE_HPF ON (IR 2:&)
14.7.5. <0x47 to 48>MIXER_ATT
Address pz | be | b5 | D4 | D3 | D2 D1 | Do W/R
0x47 DWMIXATT[13:6] WIR
Initial value 1 | 1 | 1 | 1 | 1 | 1 1 | 1
0x48 DWMIXATT(5:0] DWMIXATT_SET[1:0] | . o
Initial value 1 | 1 | 1 | 1 | 1 | 1 0 I 0

Refer to the chapter 13.8.2 Complex Mixer about this setting for detail.

DWMIXATT [13:0] : Setting the complex mixer gain adjustment
The gain of the complex mixer is set if DWMIXATT_SET [1:0] bits is set to “01” or “10”. Setting “all 0” is
prohibited.

DWMIXATT_SET [1:0] : Setting ON/OFF of the complex mixer gain adjustment function
Set ON/OFF of the complex mixer adjustment function. The gain adjustment is executed by attenuating
the local signal of either Ich or Qch.

Table 54 Setting ON/OFF of the complex mixer gain adjustment function

DWMIXATT_SET Output Data Format
[1] [0]
0 0 OFF (default)
0 1 Attenuating Ich
1 0 Attenuating Qch
1 1 OFF
14.7.6. <0x4A>CH FILTER
Address D7 D6 | D5 | D4 D3 D2 | D1 DO W/R
. _ COEF
Ox4A X PFIL_SAT[2:0] X CHCOEF_SEL[1:0] LOAD WIR
Initial value 0 | 0 | 0 0 I 0 0
For more information about this setting, refer to the chapters 9.4 Serial Interface Timing for
Programmable Digital Filter Coefficient Setting, 13.8.7 Channel Filter and 13.8.17 IIR Filter.
PFIL_SAT[2:0] : Saturation setting of the channel filter output
Set the saturation process and truncation of the channel filter output.
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Table 55 Programable Filter Saturation Set

PFIL_SAT Saturation Trunqation Gain
[2] [1] [0] process bit
0 0 0 2-bit 3-bit x1/8
0 0 1 3-bit 2-bit x1/4
0 1 0 4-bit 1-bit x1/2
0 1 1 5-bit 0-bit x 1
1 0 0 6-bit 0-bit X2
1 0 1 7-bit 0-bit x4
1 1 0 8-bit 0-bit x8
1 1 1 9-bit 0-bit X 16

CHCOEF_SEL[1:0] : Selection setting of the channel filter coefficient
Select one of the four coefficient sets.

Table 56 Channel Coefficient Select

CHCOEF_SEL Function
[1] [0]
0 0 FIR Channel Filter 1 (default)
0 1 FIR Channel Filter 2
1 0 FIR Channel Filter 3
1 1 FIR Channel Filter 4

COEFLOAD : Loading the coefficient of the programmable FIR filter

The coefficients selected by <AddressOx4A>CHCOEF_SEL[1:0] are loaded to the programmable FIR
filter. The value of this register automatically returns to “0” after the coefficients are loaded. Set
<AddressOx6D>PD_CLKBUF _N bit = “1” and input the clock, then write “1” to this register.

14.7.7. <0x4C to 4E>RSSI

Address D7 D6 D5 D4 D3 D2 | D1 | DO W/R

0x4C X x X X X RSSI_AVE[2:0] WIR
Initial value 0 | 0 I 0

0x4D RSSI_OFST[7:0] WIR
Initial value 0 l 0 | 0 | 0 | 0 | 0 | 0 I 0

O0X4E RSSI_ATT[7:0] WIR
Initial value 0 I 0 | 0 | 0 | 0 | 0 I 0 I 0

Refer to the chapter 13.8.15 RSSI Function for detail.

RSSI_AVE[2:0] : Setting the averaging count of the RSSI

Set the averaging count of the power detected by the RSSI circuit and sampled at the operating
frequency of the programmable FIR filter set by <Address0x41>DFIL_PATH bits. The averaging count
is calculated by 2N, where N is set by RSSI_AVE.

RSSI_OFST[7:0] : Correction value of the RSSI (signed)
Set the correction value of the RSSI. The value of adding the correction value set by this register to the
calculated result of the received signal power is output as the calculation result of the RSSI. Use this
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function for gain compensation of signal loss in the stage before the LNA or between the LNA and
MIXER. The valid setting range is -128 to +127 (code).

RSSI_ATT[7:0] : RSSI correction linked to the LNA/ATT switching

This register is used to correct the attenuation when the LNA is switched to the ATT for the calculation
result of the RSSI circuit. The value of adding the correction value set by this register to the calculated
result of the received signal power is output as the calculation result of the RSSI. Set the MSB to “0”.
The valid setting range is 0 to +127 (code). This setting is enabled only when the ATT operates.

For example, if the LNA gain is 17dB and the insertion loss of the ATT is 4dB, the gain change is -4-
17=-21dB. In this case, set RSSI_ATT bits = 42(dec). Note that normal operation is not guaranteed with
a set value that deviates greatly from the gain change amount. Also, refer to the Table 57.

Table 57 RSSI _ATT Setting Example

ATTLVL RSSI_ATT
[1] [0] (dec)
0 0 42
0 1 54
1 0 66
1 1 78

14.7.8. <0x50 to 52> Out of Band Power Monitoring

Address D7 D6 D5 D4 D3 | b2 | D1 DO W/R
0x50 OOB_PAVE[2:0] OOB_ON
X X X X W/R
Initial value 0 | 0 | 0 0
0x51 RSSI_L_OFST[7:0]
WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0x52 RSSI_R_OFST[7:0]
WIR
Initial value 0 ‘ 0 | 0 | 0 | 0 | 0 | 0 [ 0

Refer to the chapter 13.8.3 Out of Band Power Monitoring Function for detail.

OOB_PAVE[2:0] : Setting averaging count of Out of Band Power Monitoring RSSI

Set the averaging count of the power detected by the RSSI circuit of the out of band power monitoring
circuit and sampled at the operating frequency of the FIR3 decimation filter (MCLK/128). The averaging
count is calculated by 2N, where N is set by OOB_AVE.

OOB_ON : Setting ON/OFF of the Out of Band Power Monitoring function
Set ON/OFF of the out of band power monitoring function.

“0” . Out of Band Power Monitoring function OFF (default)

“1” . Out of Band Power Monitoring function ON

RSSI_L_OFST[7:0] : Correction value of Out of Band Power Monitoring Lside RSSI (signed)

Set the correction value of the RSSI to detect the interference wave at low frequency side (Lside) in the
out of band power monitoring circuit. The value of adding the correction value set by this register to the
calculated result of the received signal power is output as the calculation result of the RSSI. Use this
function for gain compensation of signal loss in the stage before the LNA or between the LNA and
MIXER. The valid setting range is -128 to +127 (code).

RSSI_R_OFST[7:0] : Correction value of Out of Band Power Monitoring Rside RSSI (signed)
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Set the correction value of the RSSI to detect the interference wave at high frequency side (Rside) in
the out of band power monitoring circuit. The value of adding the correction value set by this register to
the calculated result of the received signal power is output as the calculation result of the RSSI. Use
this function for gain compensation of signal loss in the stage before the LNA or between the LNA and
MIXER. The valid setting range is -128 to +127 (code).

14.7.9. <0x54 to 58>FMDET

Address D7 D6 D5 D4 D3 D2 D1 | DO W/R
RSSI DE | REG_DET ]
0x54 X TOoUT ouT X X X FMDET_G[1:0] WIR
Initial value 0 0 0 I 0
0x55 RSSIDAC_LOLIM[7:0] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0x56 IF_OFST[23:16] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0x57 IF_OFST[15:8] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0x58 IF_OFST[7:0]
W/R
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0

Refer to the chapter 13.8.13 FM Detection Function and 13.8.15 RSSI Function for detail.

RSSI_DETOUT : Output setting of RSSI data to DETDAC
The RSSI data is output to the DETDAC by this setting. The output data is controlled by <Address
0x55>RSSIDAC_LOLIM[7:0] and <AddressOx5D>DET_DCJ7:0].

REG_DETOUT : Output setting of register data to DETDAC
The setting of <AddressO0x5D>DET_DC is output to the DETDAC as MSB data by this register setting.
This register has priority over the RSSI_DETOUT bit.

FMDET_G[1:0] : bit adjustment of FM demodulation output

The FM detection circuit converts the frequency deviation of the FM modulated signal to the amplitude
level and outputs to the DETDAC. This register setting enables to adjust the bit of the demodulated
output (= adjustment of the output amplitude gain) and change the maximum frequency deviation for
the DAC to output at full scale. The bit set by this register is output with serial if <Address0Ox41>
ADIFSEL[1:0] = “10” is set.

Table 58 Maximum frequency deviation of the FM demodulated output by FMDET_G bits

FMDET_G Maximum frequency deviation
[1] [0] possible to output

0 0 1/512 of MCLK frequency (default)
0 1 1/1024 of MCLK frequency

1 0 1/2048 of MCLK frequency

1 1 1/4096 of MCLK frequency

Calculation example)

The maximum frequency deviation that the DAC can represent when the MCLK frequency is
24 576MHz.

FMDET_G[1:0] =“00” : 24.576MHz / 512 =48kHz

RSSIDAC_LOLIM[7:0] : Setting the lower limit of DETDAC output for RSSI (unsigned)
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This register is enabled if <AddressO0x54>RSSI_DETOUT bit = “1” is set. Set the lower limit when the
RSSI is output to the DETDAC.

IF_OFST[23:0] : DC offset adjustment of FM demodulation output (signed)

The DC offset of the FM demodulation output is adjusted. The FM demodulation circuit performs
calculation with 24-bit and the value set by this register is added to the result of FM demodulation. If the
IF signal is input to the FM demodulation circuit, a DC offset equal to the IF frequency is occurred at the
FM demodulation output. Setting the correction value to this register can remove the DC offset in
advance.

14.7.10. <0x59 to 5C>NSQ

Address D7 | D6 D5 | D4 D3 D2 D1 DO W/R
NSQ1_HYS[1: NSQ1_AVE[1: NSQ1_ON
0x59 SQ1_HYS[1:0] SQ1_AVE[1:0] x x X SQ1ON | . o
Initial value 0 I 0 0 | 0 0
A NSQ1_TH[7:
0x5. SQ1_TH[7:0] WIR
Intial value o [ o o [ o 0 0 0 0
B NSQ2_HYS[1: NSQ2_AVE[1: NSQ2_ON
0x5 SQ2_HYS[1:0] SQ2_AVE[1:0] X X X SQ2 ON | |\ o
Initial value 0 | 0 0 | 0 0
0x5C NSQ2_TH[7:0] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 0 0

Refer to the chapter 13.8.16 Noise Squelch Function for detail.

NSQ1_HYS[1:0] : Setting the hysteresis width of NSQ1
Set the hysteresis width for the set value of <AddressOx5A>NSQ1_TH[7:0] bits.

Table 59 NSQ1 Hysteresis Set

NSQ1 HYS

= Hysteresis width Unit
[ o | 7Y
0 0 4 (default)
0 1 8
1 0 16 Code
1 1 32

NSQ1_AVE[1:0] : Setting the average count of output power of NSQ1 function

Set the averaging count of the output power if the noise squelch function 1 is turned ON by setting
<Address0x59>NSQ1_ON bit = “1”. The moving average is used for the calculation and the data update
rate is every 4 data.

Table 60 NSQ1 Average Set

NSQ1_AVE Moving average data
[1] [0] count

0 0 8 (default)

0 1 16

1 0 32

1 1 64

NSQ1_TH[7:0] : Setting the threshold to judge the output power of NSQ1 function
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Set the threshold to judge the output power if the noise squelch function 1 is turned ON by setting
<Address0x59>NSQ1_ON bit = “1”. Comparing the value set by this register with the average value of
the output power, and if the output power is larger, “H” is output from the NSQ1 pin.

NSQ2_HYS[1:0] : Setting the hysteresis width of NSQ2
Set the hysteresis width for the set value of <AddressOx5C>NSQ2_TH]J7:0] bits.

Table 61 NSQ2 Hysteresis Set

NSQ2 HYS

T Hysteresis width Unit
n_ [ o | °
0 0 4 (default)
0 1 8
1 0 16 Code
1 1 32

NSQ2_AVE[1:0] : Setting the average count of output power of NSQ2 function
Set the averaging count of the output power if the noise squelch function 2 is turned ON by setting
<Address0x5B>NSQ2_ON bit = “1”. The moving average is used for the calculation and the data

update rate is every 4 data.

Table 62 NSQ2 Average Set

NSQ2_AVE Moving average data
[1] [0] count

0 0 8 (default)

0 1 16

1 0 32

1 1 64

NSQ2_TH[7:0] : Setting the threshold to judge the output power of NSQ2 function

Set the threshold to judge the output power if the noise squelch function 2 is turned ON by setting
<Address0x5B>NSQ2_ON bit = “1”. Comparing the value set by this register with the average value of
the output power, and if the output power is larger, “H” is output from the NSQ2 pin.

14.7.11. <0x5D>FMDET2

Address oz | be | b5 | b4 | b3 | D2 | D1 | DO W/R
0x5D DET_DC[7:0] WIR
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Refer to the chapter 13.8.14 DETDAC, SMF Function for detail.

DET_DCJ7:0] : External setting of DETDAC

The value set by this register can be output to the DETDAC by setting <AddressOx54>REG_DETOUT
bit = “1”. Though the DETDAC is 12-bit, this register is applied as the MSB data and the 4-bit on the
LSB side are filled with 0. Note that this register is set with 2’'s complement data.

14.7.12. <0x5F>POST_HPF

Address p7 | D6 | D5 | D4 D3 D2 D1 DO W/R
Ox5F POST_HPF_FC[3:0] « « PFOSKTE_El-lIDP POFSSTE_LHP R
Initial value 0 I 0 | 0 | 0 0 0
Refer to the chapter 13.8.6 HPF for detail.
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POST_HPF_FCJ3:0] : Setting the cut off frequency of the POST_HPF
Set the cut off frequency of the POST_HPF.

POST_HPF_KEEP : Linking setting of POST_HPF and AGC KEEP function
It is possible to operate with linking the AGC KEEP function and POST_HPF by this function. Setting
“1” to this register holds the internal state of the POST_HPF if the AGC KEEP function is ON, and the
POST_HPF performs calculations in this state. The POST_HPF starts to operate again if the AGC
KEEP function is turned OFF.

“0” : The AGC KEEP and POST_HPF are not linked. (default)

“1” : The AGC KEEP and POST_HPF are linked.

POST_HPFSEL[1:0] : Setting ON/OFF of POST_HPF
Set ON/OFF of the POST_HPF.

“0” : POST_HPF OFF (default)

“1” : POST_HPF ON

14.7.13. <0x62-6B>RDOC

Address D7 D6 D5 D4 | D3 D2 | D1 DO W/R
RDOC_ , , RDOC_
0x62 X RDOC _1 KEEP RDOC_2[1:0] RDOC_3[1:0] ON WIR
Initial value 1 0 1 0 0 | 1 0
0x63 « RDOC_4 RDOC_5[1:0] « RDOC_6[1:0] RDOC_7 |\ 0o
Initial value 0 0 | 0 0 | 0 0
0x64 « RDOC_8[2:0] « RDOC_9[1:0] RDOC_10 | . o
Initial value 0 1 | 0 0 | 0 0
0x65 RDOC_11[1:0] RDOC_12[1:0] X RDOC_13[1:0] RDOC_14 WIR
Initial value 1 | 1 1 1 0 0 0
RD 15[1: RD 18[1:
0x66 OC_15[1:0] “ “ “ “ OC_18[1:0] WIR
Initial value 1 1 0 0
7 RD 1 RD 20[1: RD 21
0x6 X X X 0OC_19 X OC_20[1:0] OC_. WIR
Initial value 0 0 | 0 0
RDOC
RD 22[1: —
Initial value 0 | 0 0
0x69 « RDOC_23[1:0] RDOC_24[1:0] RDOC_25[2:0] WIR
Initial value 0 | 0 0 | 0 1 | 0 | 1
OX6A RDOC_26[7:0] WIR
Initial value 0 | 0 | 0 | 0 | 1 | 0 | 0 | 1
0x6B RDOC_16[7:0]
W/R
Initial value 0 I 0 | 1 | 0 | 1 | 0 I 1 | 0
RD 17[7:
0x6C OC_17[7:0] W/R
Inital value 0 | 0 | 0 | 0 | 1 | 0 | 1 | 0

Refer to the chapter 13.8.9 RDOC Function for detail.
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Register Address Initial value
RDOC_1 0x62 D6 “1”
RDOC_2 0x62 D4-D3 “10”
RDOC_3 0x62 D2-D1 “01”
RDOC 4 0x63 D6 “0”
RDOC_5 0x63 D5-D4 “00”
RDOC_6 0x63 D2-D1 “00”
RDOC_7 0x63 DO “0”
RDOC_8 0x64 D6-D4 “010”
RDOC_9 0x64 D2-D1 “00”
RDOC_10 0x64 DO “0”
RDOC_11 0x65 D7-D6 “11”
RDOC_12 0x65 D5-D4 “11”
RDOC_13 0x65 D2-D1 “00”
RDOC_14 0x65 DO “0”
RDOC_15 0x66 D7-D6 “11”
RDOC_16 0x6B D7-D0 “00101010”
RDOC_17 0x6C D7-DO “00001010”
RDOC_18 0x66 D1-D0O “00”
RDOC_19 0x67 D4 ‘0”
RDOC_20 0x67 D2-D1 “00”
RDOC_21 0x67 DO ‘0”
RDOC_22 0x68 D2-D1 “00”
RDOC_23 0x69 D6-D5 “00”
RDOC_24 0x69 D4-D3 “00”
RDOC_25 0x69 D2-D0 “101”
RDOC_26 0x6A D7-D0O “00001001”

[AK2404]

Set the initial value to all registers about the operation setting register of the RDOC as the table below.

RDOC_KEEP : Linking setting of AGC KEEP function and RDOC
It is possible to operate with linking the AGC KEEP function and RDOC by this function. Setting “1”
stops the operation of the RDOC if the AGC KEEP function is turned ON. At this time, the calculated
DC offset is held. The RDOC starts to operate again if the AGC KEEP function is turned OFF.

“0” : The AGC KEEP and RDOC are not linked. (default)

“1” : The AGC KEEP and RDOC are linked.

RDOC_ON : Setting ON/OFF of the RDOC function
Set ON/OFF of the RDOC.

“0” : RDOC OFF (default)

“1” : RDOC ON

RDOC_FM : Setting ON/OFF of automatic switching of positive and negative of the local
frequency offset
Setting “1” to this register automatically switches the polarity (positive or negative) of the local
frequency offset set by <Address0x02 to 0x03>0OFS_RDOC[15:0] bits. The
<Address0x12>DSM_AT _INT bit must be set to “1” if the RDOC_FM bit is set to “1”. The setting of
RDOC_FM bit =“1” and DSM_AT_INT bit = “0” is prohibited.

“0” : does not switch the polarity (positive or negative) of frequency (default)

“1” . switches the polarity (positive or negative) of frequency
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14.7.14. <0x6D-6F> PD
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Address D7 D6 D5 D4 D3 D2 D1 DO W/R
Ox6D PD_MULT PD_CLKB | PD_REF_
X X X I_N X UF_N N X W/R
Initial value 0 0 0
PD_MOD | PD_PLL
E — —=— | PD_TX_N
0x6 X X X X X DAC N N _TXN R
Initial value 0 0 0
PD_DETD | PD_PDET | PD_ATT_ | PD_LNA_ | PD_ADC_
Ox6F x DUM_L AC.N N N N N PD_RXN | 0o
Initial value 0 0 0 0 0 0 0
Control power-down of each block. Refer to the chapter 13.1 Power Control for detail.
Set <AddressOx6F>DUM_L bit = “0”.
14.8. PDET ADDITIONAL OFFSET
Address D7 D6 D5 D4 D3 D2 D1 DO W/R
0x74 | DUM_L | DUM L DUML | DUML | DUML | DUML | DUML PDE,I—OF R
Initial value 0 0 0 0 0 0 0 0

Set <Address0x74>DUM_L bit = “0”.

PDET_OFF : Setting to increase PDET Output Voltage

This is the function to increase the PDET Output Voltage. Refer to the chapter 13.4.2 PDET for detail.
“0” : default (default)

“1” . Increase PDET Output Voltage by 0.4V
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14.9. PRE TEST FUNCTION
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14.9.1. <0x75>CURRENT
Address D7 D6 D5 | D4 D3 D2 D1 DO W/R
0x75 X I_AAF I_PGA[1:0] X X X TEST7 | o
Initial value 0 0 | 1 0
The <AddressOx75>TEST_7 bit is test register. Set the initial value.
I_AAF : Current adjustment of the AAF
Adjust the current of the AAF. Refer to the chapter 13.4.4 PGA, AAF.
“0” : default
“1” : +100%
I_PGA : Current adjustment of the PGA
Adjust the current of the PGA. Refer to the chapter 13.4.4 PGA, AAF.
Table 63 PGA Current Set
| PGA
= Current adjustment [%
f_] o ) el
0 0 -25%
0 1 0% (default)
1 0 +25%
1 1 +114%
14.9.2. <0x79 to 7A>DEBUG
Address D7 D6 D5 D4 D3 D2 | D1 DO W/R
0x79 X X X X RXDTO[3:0] WIR
Initial value 0 0 0 0
Ox7A X X X X X X X X WIR
Initial value

RXDTOI[3:0] : Setting test output of receive path

The internal node of the receiving digital circuit is output to ADFS, ADSCLK and ADSDO pins with 3-
wire serial. This function is assumed for debugging purposes. Refer to the chapter 13.8.20 Test Output

Function of Internal Node for detail.
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14.10. SOFTWARE REST & PAGE
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14.10.1. <0x7D>PAGE
Address pr | o6 | b5 | b4 | D3 | D2 D1 DO W/R
0x7D PAGE[7:0] W
Initial value 0 | 0 | 0 | 0 | 0 | 0 0 0
PAGE[7:0] : Setting the page
Writing 46(hex) to PAGE bits can move to the Read Only Page.
14.10.2. <0x7E>SOFT RESET
Address pz | be | b5 | b4 | D3 | D2 D1 DO W/R
OX7E SRST[7:0]
w
Initial value 0 I 0 | 0 | 0 | 0 | 0 0 0

SRST[7:0] : Software reset
The software reset is executed by writing SRST bits = AA(hex). This register automatically returns to
zero after completing the software reset. For more information about the software reset, refer to the

chapter 9.2 System Reset.
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14.11. READ BACK ONLY

14.11.1. <0x03>READ COEF

Address D7 D6 D5 D4 D3 D2 D1 DO W/R
0x03 R _COEFS | R_COEFS | R_COEFS | R_ COEFS | R_COEFS | R_COEFS | R_COEFS
X TS _0OB TS _NSQ2 | TS NSQ1 TS4 TS3 TS2 TS1 R
Initial value 1 1 1 1 1 1 1

R_COEFSTS_OOB : Error status of the writing or reading the filter coefficients of the Out of
Band Power Monitoring
R_COEFSTS_NSQ2 : Error status of the writing or reading the filter coefficients of the NSQ2
R_COEFSTS_NSQ1 : Error status of the writing or reading the filter coefficients of the NSQ1
R_COEFSTS4 : Error status of the writing or reading the filter coefficients of the channel filter
FIR4
R_COEFSTS3 : Error status of the writing or reading the filter coefficients of the channel filter
FIR3
R_COEFSTS2 : Error status of the writing or reading the filter coefficients of the channel filter
FIR2
R_COEFSTS1 : Error status of the writing or reading the filter coefficients of the channel filter
FIR1
If the number of input clocks are greater or less than the specified counts during the burst writing or
reading of the digital filter coefficients, it is judged that the writing or reading is not executed normally,
and the “1” is written to this register. The status of this register is valid for the filter that has been written
or read just before the access.
“0” : The writing or reading is performed normally.
“1” . The writing or reading is not performed normally. (default)

14.11.2. <0x04>STATUS

Address D7 D6 D5 D4 D3 D2 D1 DO W/R
0x04 R_DAGC_ R_ATT_S
STS TS X X X X X X R
Initial value 0 0

Refer to the chapter 13.8.19 Status Output for detail.

R_DAGC_STS : Digital output AGC status
R_ATT_STS : Status to determine whether LNA or ATT is operating

14.11.3. <0x06 to 0B>READ RSSI

Address p7 | b6 | b5 | b4 | b3 | D2 | D1 | DO W/R

0x06 R_RSSI[7:0] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

0x07 R_OOBL_RSSI[7:0] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

0x08 R_OOBR_RSSI[7:0] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

0x0A R_RSSI_BB[7:0] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

220900015-E-04 2023/04
- 148 -

ASAHI KASElI MICRODEVICES CORPORATION



[AK2404]

R_RSSI[7:0] : RSSI result of desired wave
The RSSI result of desired wave can be read back. Refer to the chapter 13.8.15 RSSI Function for
detail.

R_OOBL_RSSI[7:0] : Result of the RSSI of interference wave at lower frequency
The RSSI result of interference wave at lower frequency can be read back. Refer to the chapter 13.8.3
Out of Band Power Monitoring Function for detail.

R_OOBR_RSSI[7:0] : Result of the RSSI of interference wave at higher frequency
The RSSI result of interference wave at higher frequency can be read back. Refer to the chapter 13.8.3
Out of Band Power Monitoring Function for detail.

R_RSSI_BBJ[7:0] : RSSI result of desired and interference wave

The RSSI result of desired and interference wave for use in AGC circuit calculation can be read back.
Refer to the chapter 13.8.10 AGC Function for detail.

14.11.4. <0x0C to OD>READ NSQ

Address pz | be | bs | b4 | b3 | b2 | b1 | Do W/R
0x0C R_NSQILVL[7:0] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0
0x0D R_NSQ2LVL[7:0] R
Initial value 0 ‘ 0 | 0 | 0 | 0 | 0 | 0 [ 0

Refer to the chapter 13.8.16 Noise Squelch Function for detail.

R_NSQ1LVL[7:0] : Output power measurement result of the NSQ1 function
The average value of the measured output power can be read back if the noise squelch 1 function is
turned ON.

R_NSQ2LVL[7:0] : Output power measurement result of the NSQ2 function
The average value of the measured output power can be read back if the noise squelch 2 function is
turned ON.

14.11.5. <OxOE>READ PGA

Address D7 D6 D5 | b4 | b3 | b2 | b1 | DO W/R
0X0E X « R_PGA[5:0] R
Initial value 0 | 0 | 0 | 0 I 0 I 0

R_PGA[5:0] : PGA gain

The gain set in the PGA can be read back if the address of this register is written to. The AGC
calculation result is read back if <AddressOx30>PGA_AGCON bit = “1” is set. The value set by
<Address0x35>PGAGAIN[5:0] bits is read back if PGA_AGCON bit = “0” is set.
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14.11.6. <0x10 to 11>READ ANA OFST

Address D7 D6 p5 | D4 | b3 | b2 | D1 | DO W/R
0x10 x « R_OFSTA_I[5:0] R
Initial value 1 | 0 | 0 | 0 | 0 I 0
0x11 « « R_OFSTA_Q[5:0] R
Initial value 1 | 0 | 0 | 0 | 0 | 0

Refer to the chapter 13.8.8 DC Offset Calibration for detail.

R_OFSTA_I[5:0] : DC offset calibration result of the analog part (MIXER Ich)

R_OFSTA_Q[5:0] : DC offset calibration result of the analog part (MIXER Qch)
It is possible to read back the DC offset calibration result of the analog part (MIXER) executed by
setting <Address0x24>0OFSCAL1 bit = “1”.

14.11.7. <0x12 to 17>READ DIG OFST

Address bz | oe | b5 | b4 | b3 | D2 | D1 | Do W/R

0x12 R_OFSTD_I[23:16] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

0x13 R_OFSTD [[15:8] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

ox14 R_OFSTD _[[7:0] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

0x15 R_OFSTD_Q[23:16] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0

0x16 R_OFSTD_Q[15:8] R
Initial value 0 l 0 | 0 | 0 | 0 | 0 | 0 I 0

0x17 R_OFSTD_Q[7:0] R
Initial value 0 ‘ 0 | 0 | 0 | 0 | 0 | 0 [ 0

Refer to the chapter 13.8.8 DC Offset Calibration for detail.

R_OFSTD_I[23:0] : DC offset calibration result of the digital part (main path Ich)

R_OFSTD_QJ[23:0] : DC offset calibration result of the digital part (main path Qch)
It is possible to read back the DC offset calibration result of the digital part (main path) executed by
setting <Address0x24>0OFSCAL2 bit = “1”.

14.11.8. <0x18 to 1D>READ DIG OFST (OOB)

Address pz | be | b5 | b4 | b3 | D2 | D1 | DO W/R

0x18 R_OFSTD_OOBI[23:16] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 I 0 I 0

0x19 R_OFSTD_OOBI[15:8] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 I 0 I 0

0x1A R_OFSTD_OOBI[7:0] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 I 0 I 0

0x1B R_OFSTD_OOBQ[23:16] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
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0x1C R_OFSTD_O0BQ[15:8] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

0x1D R_OFSTD_OOBQ[7:0] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

Refer to the chapter 13.8.8 DC Offset Calibration for detail.

R_OFSTD_OOBI[23:0] : DC offset calibration result of the Out of Band Power Monitoring path
(Ich)

R_OFSTD_0O0OBQ[23:0] : DC offset calibration result of the Out of Band Power Monitoring path
(Qch)

It is possible to read back the DC offset calibration result of the out of band power monitoring path
executed by setting <Address0x24>0OFSCALZ2 bit = “1”.

14.11.9. <0x1E to 23>READ AGC OFST

Address D7 D6 D5 D4 D3 D2 D1 DO WIR
Ox1E
X X X X X X X X R
Initial value
Ox1F R_AGCOFS_I[15:8] R
Initial value 0 0 0 0 | 0 0 0 0
0x20 R_AGCOFS_I[7:0] R
Initial value 0 0 0 0 0 0 0 0
0x21 X X X X X X X X R
Initial value
0x22 R_AGCOFS_Q[15:8] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0
0x23 R_AGCOFS_Q[7:0] R
Initial value o | o | o [ o [ o | o | o [ o
Refer to the chapter 13.8.8 DC Offset Calibration for detail.
R_AGCOFS_I[15:0] : DC offset calibration result of the AGC circuit (Ich)
R_AGCOFS_Q[15:0] : DC offset calibration result of the AGC circuit (Qch)
It is possible to read back the DC offset calibration result of the AGC circuit executed by setting
<Address0x24>0OFSCAL2 bit = “1”.
14.11.10. <0x24 to 29>READ RDOC
Address pz | be | b5 | b4 | b3 | D2 | D1 | DO W/R
0x24 R_RDOC_I[23:16] R
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0x25 R_RDOC_I[15:8] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 I 0 I 0
0x26 R_RDOC_I[7:0] R
Initial value o [ o | o | o [ o | o | o [ o
0x27 R_RDOC_Q[23:16] R
Initial value o [ o | o | o [ o | o ] o T o
0x28 R_RDOC_Q[15:8] R
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Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0
0x29 R_RDOC_Q[7:0] R
Initial value 0 I 0 | 0 | 0 | 0 | 0 | 0 I 0

Refer to the chapter 13.8.9 RDOC Function for detail.

R_RDOC_1[23:0] : DC offset correction value of the RDOC circuit (Ich)

R_RDOC_QJ23:0] : DC offset correction value of the RDOC circuit (Qch)

It is possible to read back the amount of DC offset cancelled by the RDOC circuit when <Address0x62>
RDOC_ON bit = “1” is set.
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15. External Circuit

15.1. Reference Evaluation Board

The schematic example, parts list and layout diagram of the standard evaluation board used for the
evaluation are shown below. The characteristics listed in the chapter 10.1.1 LNA, 10.1.2 ATT and
10.1.3 PDET are evaluated by the Schematic Example 2.

B Schematic Example 1
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Figure 80 Reference Evaluation Board Example 1
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B Schematic Example 2
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B Parts list
Table 64. Parts List for External Circuit Connection
Ref. Value Description Ref. Value Description
LG 100pF C3 0.5pF be Cut
LS 2.4nH C4 100pF u
C2 3.0pF LNAIN=450MHz c5 1OOEF (C3: £0.03pF product
- recommended)
C1 100pF High Power Mode Cc7 100pF
LD - T2 1:1 DXW21HN5011B
D1, D2 - RO1 27Q
LG 100pF RO2 27Q
LS 2.4nH LO1 120nH TXOUT
C2 1.6pF LNAIN=450MHz LO2 120nH Wideband Matching
C1 100pF Low Power Mode CcO1 1nF
LD - CO2 1nF
D1 - RS2 -
RL 2000 LNAOUT=450MHz RS2 -
L1 22nH RL: £1% product RS3 -
C6 5.0pF (recommepnded) CS1 - LOOP FILTER
T 1:1 DXW21HN5011B CSs2 -
CM1 1nF CS3 -
CM2 1nF MIXIN T3 1:1 DXW21HN5011B
CM3 1.6pF Wideband Matching RLO1 510 LOIN
LM 3.9nH Wideband Matching
CMSH1 0.047uF CB1 10pF
CMS2 | 0.047pF +5% product CB2 100pF
CMS3 0.047uF recommended CB3 0.47uF
CMS4 0.047uF CB4 2.2uF
CMS5 2700pF RPIN 51Q PDETIN Matching
CMS6 2700pF +5% product
CMS7 2700pF recommended
CMS8 2700pF
RB1 470 1% product
recommended
RB2 27kO +1% product ) )
recommended

* The examples of matching circuit at the frequency except 450MHz are prepared in the
application note. Please inquire separately.

* The AKM evaluation board uses the coil inductors.

* The AKM evaluation board uses the SMP1330-005LF for the diode D1 and D2.
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15.2. Power pins and ground pins

Connect the capacitors between VDD and VSS pins as shown in the figure below to remove the ripple,
noise, and so on included in the power. The capacitors should be placed at the shortest distance
between both pins for best results.

........ ( =
LNAVDD'—I—I—‘ C1=100pF
c1—c2 C4  C2=0.014F
________ ( P C3=1uF
MIXVDD | | C4=10uF
%01;02
-------- ¢
LOVDD
;01;02
———————— q
LODVDD
------- (1 \ 4 4
CPVDD l l
;;01 c2
———————— C p
PLLVDD I ‘
;;01 C2
-------- O—e ; L ]
DACVDD l l
;1;01 C2
________ c,j_%
BBVDD
C1 C2
-------- ¢
ADVDD I l
%01 ;;03 C4
-------- ¢
IOVDD ;01 -
o
LS
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15.3. Board design

The following is a board design guideline confirmed under the conditions of our evaluation board, and is
not intended to specify the layout pattern or guarantee the characteristics of the customer’s board.

Connect the exposed pad at the center of back side to the low impedance analog ground. If the
exposed pad is not connected and left open, the operation may become unstable.

The 24-bit AX ADC divides the reference clock input from the TCXOIN pin by 4 and uses it. If the
CLOCK RATE CONVERTER is used, the output of the CLOCK RATE CONVERTER is divided by 4
and used. Therefore, the clock frequency used for the AZ ADC and its harmonic components go
around the input of the LNA and causes reception sensitivity suppression when using the AK2404
with that frequency selected as the RF frequency. Therefore, if the used RF frequency is a multiple
of the clock frequency used for the A%~ ADC, evaluate its capability thoroughly to use. The impact
can be mitigated by paying attention to the points listed below with our evaluation board.

Do not separate each VSS but connect them to the same analog ground. The analog ground
improves the spurious characteristic by taking a wider ground plane and making it low impedance.
The exposed pad in the center of the back side and each VSS pin are shorted in the top layer of the
board to improve the spurious characteristic.

The power pins need to be cared so that the spurious does not go around to the LNA because the
ADVDD and I0OVDD are the main source of the spurious. In addition to a 100pF decoupling
capacitor connected to each power supply pin, an additional capacitor of 0.01uF is connected to the
LNAVDD pin and an additional capacitor of 1uF is connected to the ADVDD pin. The digital signal
line of the ADSCLK and the power source line of the LNAVDD should be separated as much as
possible to ensure isolation.

Each power supply pin is wired from the LDO and so on with low impedance without connecting a
ferrite beads and so on in series. Only for the LNAVDD pin, connecting a resistor of 1Q in series
may improve the spurious characteristic.

The spurious characteristic is deteriorated by the harmonic noise of the ADSCLK, ADSDO and
ADFS pins. Connect dumping resistors of 100Q in series to these pins. The digital signal lines
should be wired in the inner layer.

The decoupling capacitors, especially the ceramic capacitors of small capacity, should be mounted
as close to the AK2404 as possible.

Use a balun which matches the used frequency band for the balun connected to the TXOUTP and
TXOUTN pins. A separate power supply is necessary via an inductor if a balun without the center
tap is used because the TXOUTP and TXOUTN pins are open collector.

Since the capacitors connected to the VREF1 and VREF2 pins with ground are used to stable the
internal circuit, mount the capacitors of specified value.

Do not open all digital input pins.
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16. LSI interface circuit

Pin# Name /O | RO[Q] Function
5 MODSCLK I 300 Digital | P
6 MODSDI || aoo |P9italInput Pin
7 MODFS | 300
14 INTLDOPD I 300 RO
59 RSTN I 300
60 CSN I 300
61 SDI I 300
62 SCLK | 300
58 TEST1 | 300 [Digital Input Pin Pull-Down
RO
100k
2 LD 0 Digital Output Pin
3 NSQ1 O
63 SDO O
64 ADSDO @)
65 STATUS @)
66 ADSCLK 0O
67 ADFS 0O
4 NSQ2 10 Digital Input/Output Pin
RO
] é
13 TCXOIN | 300 |Analog Input Pin
25k
RO
20 SWIN I )Analog Input Pin
21 CPz I
42 SWIIN I
45 SWIIP | O >
46 SWIQP I
49 SWIQN |
52 AQOUTP 0 300 |Analog Output Pin
53 AOUTN @) 300
RO
D % AN\'
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54 PDETOUT O 300 |Analog Output Pin
RO

43 MIXOIP 0 )Analog Output Pin
44 MIXOIN 0
47 MIXOQN O
48 MIXOQP 0 ] é
8 DETOUT O 300 |Analog Input/Output Pin
9 MODOUT 0 300 :
11 BIAS2 I 300 % RO
12 VREF1 0 300
15 VREF2 0 300 = W
19 CPOUT 0 300
51 BIAS1 I 300
57 ADVCOM 0 300
28 MIXINP I RF Input Pin
29 MIXINN I
33 RFSWIN I
37 LNACNT | .
38 LNAIN I
40 ATTIN I
22 LOINP I RF Input Pin
23 LOINN I
41 PDETIN I

D %
32 ATTOUT 0 RF Output Pin

] %
25 TXOUTP 0 RF Output Pin
26 TXOUTN 0
34 LNAOUT 0

] é
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17. Package

17.1. Output Dimensions
68-pin QFN 8.0mm x 8.0mm x 0.85mm, 0.4mm pitch

(Unit:mm)
. 0.85+0.05 & 6 035
TTIUTyyuyyuryryoy
- =(1)

6.25+0.10

8.00+0.10
2 (0.475) @
=/
[ O RHRURGADRURHADRHRH RUAHRHRRURY
—
-
= 6.25:0.10
(AL C 0 C i e o g

| RHRHNHRARHNH AT
L
0.40+0.10

1 ,ijﬁmmmﬁmmwmf:
& 8002010 o059 8
’ : 0.20+0.
S E10.07 AT
i
Connect the exposed pad in the center of back side to the VSS.
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soldering paste, soldering method, accuracy of soldering machine, so on.
So, for your actual design for Land-pattern, you should optimize it to your actual condition.
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17.3. Marking

AK2404
XXXXXXX by

@

a: Product number : AK2404
b: Date code : XXXXXXX
c: 1 pin marking: e
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18. Ordering Guide

AK2404

AKD2404 AK2404 evaluation board

68-pin QFN (8.0mm x 8.0mm x 0.85mm, 0.4mm pitch)

19. Revision history

Date (Y/M/D) | Revision Reason Page Contents

2022/10/12 00 Initial version

2022/10/18 01 Correction Corrected errors across all pages.

2022/10/18 01 Correction 164 Added date to the Date section of
the Initial version of the Revision
history.

2022/10/20 02 Correction Corrected datasheet number in
footer

2023/02/17 03 Correction 105 Correction of S5-S3 output
description

2023/04/17 04 Notation 1 Specify the standards in which the

correction blocking characteristic of 100dB is
achieved. Deleted the description
of “the highest level in the
industry”.
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IMPORTANT NOTICE

0. Asahi Kasei Microdevices Corporation (“AKM”) reserves the right to make changes to the
information contained in this document without notice. When you consider any use or application
of AKM product stipulated in this document (“Product”), please make inquiries the sales office
of AKM or authorized distributors as to current status of the Products.

1. All information included in this document are provided only to illustrate the operation and
application examples of AKM Products. AKM neither makes warranties or representations with
respect to the accuracy or completeness of the information contained in this document nor
grants any license to any intellectual property rights or any other rights of AKM or any third party
with respect to the information in this document. You are fully responsible for use of such
information contained in this document in your product design or applications. AKM ASSUMES
NO LIABILITY FOR ANY LOSSES INCURRED BY YOU OR THIRD PARTIES ARISING FROM
THE USE OF SUCH INFORMATION IN YOUR PRODUCT DESIGN OR APPLICATIONS.

2. The Product is neither intended nor warranted for use in equipment or systems that require
extraordinarily high levels of quality and/or reliability and/or a malfunction or failure of which may
cause loss of human life, bodily injury, serious property damage or serious public impact,
including but not limited to, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other
transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, devices related to electric power, and
equipment used in finance-related fields. Do not use Product for the above use unless
specifically agreed by AKM in writing.

3. Though AKM works continually to improve the Product's quality and reliability, you are
responsible for complying with safety standards and for providing adequate designs and
safeguards for your hardware, software and systems which minimize risk and avoid situations
in which a malfunction or failure of the Product could cause loss of human life, bodily injury or
damage to property, including data loss or corruption.

4. Do not use or otherwise make available the Product or related technology or any information
contained in this document for any military purposes, including without limitation, for the design,
development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or
missile technology products (mass destruction weapons). When exporting the Products or
related technology or any information contained in this document, you should comply with the
applicable export control laws and regulations and follow the procedures required by such laws
and regulations. The Products and related technology may not be used for or incorporated into
any products or systems whose manufacture, use, or sale is prohibited under any applicable
domestic or foreign laws or regulations.

5. Please contact AKM sales representative for details as to environmental matters such as the
RoHS compatibility of the Product. Please use the Product in compliance with all applicable laws
and regulations that regulate the inclusion or use of controlled substances, including without
limitation, the EU RoHS Directive. AKM assumes no liability for damages or losses occurring as
a result of noncompliance with applicable laws and regulations.

6. Resale of the Product with provisions different from the statement and/or technical features set
forth in this document shall immediately void any warranty granted by AKM for the Product and
shall not create or extend in any manner whatsoever, any liability of AKM.

7. This document may not be reproduced or duplicated, in any form, in whole or in part, without
prior written consent of AKM.
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