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ASAHI KASEI [AK2399]

fAKMJ = Prelininary= AKZ2 399
n/4 Shift QPSK MODEM for Digital Cordless Telephone

0 Overview |

The AK2399 is a modem LSI for digital cordless telephones and corresponds to the standard for
second— generation cordless telephone systems (RCR STD—28). The modulation part is composed of a base
band filter for band limitation (root Nyquist roll—off filter), differential logic circuit, D/A converter, etc. The
demodulation circuit is composed of the differential demodulation circuit, the bit synchronization circuit, the
clock recovery circuit, etc. The AK2399 additionally includes the RSSI circuit, receiving AFC circuit and an D/A
converter for APC, and size reduction for the mobile handset can be realized easily.

I Features J

Modulation Part
(0 Transmission speed: 384 kbps
O Roll-off filter (digital filter + analog filter)
* Root Nyquist characteristic: @ = 0.5 (Japan)
* Pass band (3 dB): 96 kHz
* Stop band attenuation: 60 dB or more (600 kHz detuning)
65 dB or more (900 kHz and more)
Modulation accuracy: 3% rms or less
Built—in ramp response circuit
Built—in D/A converter
Built—in output level adjustment circuit
Built—in DC offset voltage adjustment circuit
Built—in differential logic circuit corresponding to the 7 /4 shift QPSK modulation

aooooao

APC Part (power controt)
(0 Built—in 9 bit DAC for level setting
O Built—in 9 bit DAC for level control

Demodulation Part
(O IF input frequency: 10.8 MHz, 1.5 Vp—p
O Differential demodulation
(0 Built—in clock recovery and bit synchronization circuit

RSSI Part
O Built—-in gain/offset adjustment circuit
(1 8 hit ADC
O 3 comparators

Others
(0 Built—in reference voltage generation circuits
0 Master clock: 19.2 MHz
O Low power supply voltage operation: 2.7 to 3.6 V, single power supply
(O Package: 64 pin LQFP
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Block Diagram
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ASAHI KASEI [AK2399]

P Pin Configuration |
(TOP VIEW)
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ASAHI KASEI [AK2399]
Pin Functions
Pin No. | Pin Name | 1/0 Function Remark
Data Setting Part
Clock input pin for data input.
42 CLK DI This is synchronized to the rise of the clock
while the STB input is low level, and the status
of the DATA pin is taken in to the shift register.
Data input pin for control register setting
41 DATA DI Data for rewriting the various control registers
in the IC are given as input.
Writing enable signal input pin. )
40 STB DI When this input is made low level, the clock input
from the CLK pin is enabled.
Reset signal input pin. Control register resetting
37 RST DI is executed by low-level input
After power ON, set to low level once before start
of operation
Power—-down signal input pin. ]
This 1C becomes PDO by low-level input, and only
38 PLLPWS | DI the data setting part reaches operation status.
By high-level input, this IC reaches a status
other than PDO.
56 DVDD PWR | Power supply pin for digital circuits.
28 DVSS GND | Ground pin for digital circuits.
System Clock Input
Main clock input pin. DC cut is executed for the | Notel
27 MCLKI AT2 | 18.2 MHz clock, and it is given as input.
High impedance is obtained with PDO.

<0085—-E-02>
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ASAHI KASEI [AK2399]
Pin No. Pin Name | I/0 Function Remark
RSSI Part
RSST signal input pin. ] Note?
4 RSSTIN [AIl |This is the input pin for gain and offset
adjustment circuit. This becomes direct input to
the SCF circuit in the IC.
RSST load adjustment signal input pin
SW1 becomes ON by high-level input, and RSSIC and
49 SQF0S1 | DI RSSIIN become connected. SW2 becomes ON by
low-level input, and RSSIC and SIVSS becomes
connected.
RSST load connection pin.
] RSSIC A0 This is used to adjust the load of RSSIIN by input
from SQFOS1. Normally, a capacitor is connected
between this and SIVSS.
48 SQRST! | DI RSSI reset signal input pin. RSSIIN and SIVSS
are connected by high-level input.
RSSI reference level output pins. Output of about | Note3
7 SIREF1 AO 1 V from SIREF1 and output of about 2 V from
SIREF2is executed. Connect a capacitor of 1u
between SIREF1/SIREF2 and SIVSS. With PD00, SIREFI
AQ becomeshigh impedance, and SIREF2 becomes low
8 SIREF2 level.
51 SISTB DI A/D conversion start signal input pin. A/D
conversion is started by the rise of this input.
Clock input signal for A/D data output
50 SICLK DI Synchronized to the rise of the input clock, the
A/D conversion result is put out to SIDATA.
52 SIDATA | DO1 A/D data output pin. Low-level output is executed | Noted
for PDn (n = 0 to 2
3 CMPLI AIl | Input pin for electric field strength setting Noteb
This is connected to the positive input of CMPL.
10 CMPAI All Comparator positive input pin. This is connected| Note5
to the positive input of CMPA and CMPB.
11 CMPBI All
12 CMPREF | ATl Comparison level input pin. This is connected Noteb
to the negative input of CMPA and CMPB
Electric field strength judgement result output | Noted
pin. High-level output is executed when the output
2 CMPLO DO1 of the gain/offset adjustment circuit is smaller
that the input to CMPLI (large RSSIIN input level)
&fw—level output is executed for PDn {(n=0 to 2,
1 CMPAQ DO1 Comparison result output pin. CMPAQ/CMPBO becomes | Note4
high-level when the input level to CMPAI, CMPBI is
targer than the input to CMPREF
64 CMPBO DO1 %fw—level output is executed for PDn (n = 0 to 2,
6 SIVDD PWR | Power supply pin for the RSSI part.
9 SIVSS GND | Ground power supply pin for the RSSI part.

<0085—-E-02>

1996/May Preliminary



ASAHI KASEI [AK2399]
Pin No. Pin Name | 1/0 Function Remark
Demodulation part
Limiter signal input pin. Noteb
DC cut is executed for the output signal from the
17 IF1 Al2 limiter, and this is given as input.
Please use a 220 pF capacitor for the DC cut.
High impedance is obtained except for PD30.
Receptlon burst types signal input pin.
47 CHTOCI | DI U¥ = 16 bit mode is obtained with low-level input,
and U¥W = 32 bit mode is obtained with high- level
input.
Demodulation part reset signal input pin.
At the time of low-level input, the IC assumes
39 RXRSTO | DI PDO0 or PD1X status, and at the time of high-level
input, the IC assumes PDn (n = 2 to 4) status and
power-down release is executed for the
demodulation part.
Demodulation part clock stop signal input pin.
When RXRST is high level, the IC assumes PD2 or
PD4 status with low-level input, and with
45 RXPD DI high-level input, the IC assumes PD3 status and
the demodulation part starts operation. )
When RXRSTO is low level, the status of this input
pin is disregarded, and low-level input is assumed
Bit synchronization operation control signal input
pin. At the time of low-level input, the bit
46 BSCOHI DI synchronization operation assumes control status,
and at the time of high-level input, the bit
synchronization operation assumes hold status.
Reception data quality signal output pin. Noted4
60 QUARITYO [ DO1 | The output status changes synchronized to the rise
61 QUARITY1 of BTR1. Low-level output is executed for PDO and
PD1. For PD2 and PD4, the output is fixed to high
or low.
Reception data output pin. The reception data Note4
are put out synchronized to the rise of BTRI.
62 DATAI D01 | Low-level output is executed for PDO and PDI.
Eor PD2 and PD4, the output is fixed to high or
oW.
Reception regeneration clock output pin. Note4
Low-level output is executed for PDO and PDI.
63 BTR1 DOl | For PD2 and PD4, 384 kHz free running clock
output is executed. For PD3, regeneration clock
output is executed.
PLLO-VCO charge pump ouiput pin. Note7
Qutput of low level! when the VCO oscillation
15 DMOPD D02 | frequency must be speeded up, output of high level
when the VCO oscillation frequency must be slowed
down, and output of high impedance when the VCO
frequency must not be changed.
PLLO-VCO control input pin. Note5
13 DMOP 1 AIl | The VCO oscillation frequency slows down with
increasing input level.
14 RVDD PWR | Power supply for PLLO.
16 RVSS GND | Ground for PLLO.
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[AK2399]

Pin No. Pin Name | I/0 Function
Modulation part
Modulation part reset signal input pin.
With high-level input while RXR STO is high level
43 TXRST DI and RXPD is low level, PD4 is obtained and
power—down release is executed. .
Execute input synchronized to the rise of the TCLK
input clock
53 TCLK DI Transmission clock input.
Execute input of a 384 kHz clock.
44 TXDATA | DI Transmission data input pin. The input pin status
is taken in with the drop of the TCLK input clock
36 TESTB DI Test mode control pin. The modulation part enters
test mode with low-level input. (Pull-up inernaly)
Burst indication signal output pin. Noted
54 BSTO DO1 The burst position during I, Q analog output is
indicated. Low-level output is executed for PDX
n=201t03.
n/4 shift QPSK modulator in-phase component Note8
32 IA AQ output pin.
This is differential output.
High impedance is obtained for PDn (n=0, 1, 2, 3).
33 IAB A0
/4 shift QPSK modulator quadrature-phase Note8
35 QA A0 component output pin.
This is differential output.
High impedance is obtained for PDn (n=0, 1, 2, 3)
34 QAB A0
APC control output pin. This is the 9 bit DA | Noted
output for transmission output level control, and
the output level can be changed when it is
23 APCCON | AO necessary to change the input level to APCOFF.
Power~down occurs for PDO/1 and low level output
is executed. During modulation part power-down
(PD2, PD3), the output level of the previous burst
(PD4) is held.
APCCON output conrol pin, )
26 APCOE DI APCCON output is always low level when APCOE is
level. It takes 10usec from APCOE release to I,Q
stabilization
APC output offset input pin. By changing the level | Noteb
24 APCOFF | AIl to this input, the output level from APCCON can be
changed. When the input level to this input pin is
increased, the APCCON output level will increase.
APC setting pin. When APCREN! is "1", the|Note4
transmission output level setting will become the
internal setting, and this pin will become the
monitor pin for the 9 bit DA output for
20 APCRFF | A0 transmission output level setting. At this time
power-down is executed and high impedance is
obtained. Please set APCREN1 always to 1.
APC alarm output pin. When the 9 bit DA value for | Noted
59 APCALMO | DO1 transmission output level control has becomes MAX
(IFFH) or MIN (000H), low-level output is executed
For PDO, power-down is executed and high-level
output is executed.

<0085—-E-02>
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ASAHI KASEI [AK2399]
Pin No. Pin Name | I/0 Function Remark
Modulation part (continued)
Modulation reference level output pin. NotelO
Output of about 2 V is executed from TREF2.
18 TREF2 A0 Connect a I x capacitor between TREF2 and TVSS
For PD00, TREF2 becomes low level.
Transmission output level inpu! pin. When thel Note5
19 PHIN All input level is smaller than the level of the
APCREF pin, the APCCON output level is increased.
Modulation part analog ground outpui pin. Notell
31 TGND AO Normally, a 1 u capacitor is connected between
this and TVSS. :
High impedance is obtained for PDO.
25 TVDD Power supply pin for the modulation part analog
circuit.
30 TVSS Ground pin for the modulation part analog circuit.
Reference voltages
Reference analog ground output pin. Notell
29 AGND AD Normally, a 1000 pF capacitor is connected beiween
this and TVSS.
High impedance is obtained for PDO.
Reference level output pin. Qutput of about 1.2 V{ Notel?2
22 AREF AQ is executed. Connect a 0.0! x capacitor between
AREF and TVSS.
High impedance is obtained for PDO.
21 VRIN All | Reference level input level. Notel3l
Reference buffer output pin. This is the voltage | Notel4
28 VRFEO A0 follower output of the VRIN input.
High impedance is obtained for PDO.
21 VBIAS AQ Bias voltage output pin. Normally, a 47 kQ Noteld
resistance is connected between this and TVSS.
Others
55 LTESTB DI Test Pin. Open at normal usage.
I/0
A0 Analog output
All Analog input 1
Al2 Analog input 2
DO1 Digital output 1
D02 Digital output 2
DI Digital input
PWR Power supply
GND Ground

<0085~E-02>
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ASAHI KASEI f{AK2399]
Notel: Input capacitance 11pF max., Input resistance 30k  min.
DC cut input is required.
Note2: Input capacitance 53pF max., Input resistance 300k Q min.
Input to the SCF circuit.
Note3: Load capacitance 1 & F typ., 1 # F capacitor is required between this pin and SIVSS.
Note4: Load capacitance 15pF max.
Note5: Input capacitance 11pF max., Input resistance 300k Q min.
Note6: Input capacitance 11pF max., Input resistance 300k Q min.
DC cut input via 220pF is required.
Note7: Load capacitance 15pF max. 3 state output.
Note8: Load capacitance 20pF max. Load resistance to analog ground is 5k Q min.
Note9: Load capacitance 15pF max. Output current +/—150 ¢ A max.
Notel0: Load capacitance 1 1 F typ., 1 & F capacitor is required between this pin and TVSS.
Notell: Load capacitance 1nF typ.
1000pF capacitor is required between this pin and TVSS.
Notel2: Load capacitance 0.01 & F typ.
0.01 u F capacitor is required between this pin and TVSS.
Notel3: Input capacitance 15pF max., Input resistance 300k @ min.
Notel4: Load capacitance 15pF max. Output current +/—100 ¢ A max.
Notel5: Load capacitance 15pF max. Load resistance 47k Q typ.
The resister within 5% error is required between this pin and TVSS.
<0085-E-02> 1996/May Preliminary



ASAHI KASEI [AK2399]
| Absolute Maximum Ratings T
Item Symbol min. max. Unit Remarks

Power supply DVDD, SIVDD, -0.3 7.0 \ TVDD >=

Vol tage (VDD) RVDD, TVDD Other VDD
DVSS, SIVSS, Voltage

Ground level 0 0 y reference

(VSS) RVSS, TVSS level

Input voltage Vis -0. 3 TVYDD+0. 3 v

Input current Iiw -10 +10 mA

Storage Ts i -50 125 C

temperature

Soldering Tson 260 X 10 Cxsec | For manual

temperature soldering

[ Recommended Operating Conditions ]
Item Symbol min typ. max. Unit

Power supply VDD 2.1 3.6 v

voltage

Operation Ta -20 70 T

temperature

<0085-E-02>
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[ Electrical Characteristics I

1) DC characteristics

Item Symbol | Pin Condition min. Typ. max. Unit
Current Ioooo PDO 0.1 20 uwA
consumption

Iooio PD1 3. 4 8.0 mA
Tov2o PD2 3.1 8.0 mA
Iooso PD3 4.6 10. 0 mA
ITooeo PD4 8.6 18.0 mA
High-level DO1 VDD-0. 5V -0.5 mA
output ITow
current D02 VDD-0. 5V -1 mA
Low-level Too DO1 0. 5V 1 mA
output D02
current
High-level Vi DI 0. 7VDD VDD v
output
voltage
Low-level Vit DI 0 0. 3VvDD v
ouiput
voltage
Input I DI 10 wA
leakage
current

Note: The output drive consumption is not included in the current consumption.
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2) Switching characteristic C. =15pF

[AK2399]

)

Item Symbol Pin min. typ. max. Unit Remark
Transient te D01 20 nsec | fig. 1
time D02

te D01 20 nsec | fig. 2
D02

VDD

VSS

fig.1

VSS

<0085-E-02>
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ASAHI KASEI [AK2399]

@ Data setting part

Item Symbol Pin min. typ. max. Unit | Remarks
Clock fers CLK 1 MHz fig 3
frequency
Reset Pulse | towrst | RST 10 rsec | fig 3.1
width
Pulse duty tdaa CLK 40 60 % fig. 3
Pulse width | t,« STB 1 usec | fig. 3
Setup time tsuco CLK 0.25 usec | fig. 3

- DATA
tsucs CLK 0. 25 usec | fig. 3
- STB
Hold time thco CLK 0. 25 rsec | fig. 3
- DATA
thcs CLK 0. 25 usec | fig. 3
-+ STB
tow
o —
>t8 \ / A

— < tuH

CLK

tCD>* . <tnCD

SR (011 (3,00 0V 00 0 O/ 20 25 0

/

fCLK =1/t cyec
tcyc =th,/t cyc
fig.3
RST Y
; towest :
fig.3.1
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@ RSSI part
Item Symbol Pin min. typ. max. Unit | Remarks
Clock foux SICLK 1 MHz fig.4
frequency
Pulse duty tauw: SICLK 40 60 % fig. 4
Pulse width | t.. SISTB I usec | fig. 4
Setup time s SICLK 0. 25 usec | fig. 4
- SIDATA
Hold time t SICLK 0. 25 usec | fig. 4
- SIDATA
A/D tcow SISTB 50 usec | Note 1
conversion - fig. 4
time
A/D sample tsaa SISTB 10 rsec | Note 2
time - fig. 4
Note 1: When SICLK input is started before completion of A/D conversion, the A/D conversion
taking place will become invalid, and meaningless data will be put out. Accordingly, execute
SICLK input after at least 50 1 sec have passed after start of A/D conversion by the rise of
SISTB.

Note 2: Design guarantee value ... After completion of A/D conversion, the A/D converter enters
sample status.

SISTB

SICLK

SIDATA

i Isam
Samp Sig __f—l
(internal)
tCON
ADCBusy _I ’
(internal)

fCLK =1/t cyc

fig.4
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@ Demodulation part

Item Symbol Pin min. typ. max. Unit Remark

Setup time tsu BTR1 0. 65 isec fig b
- DATAI
BTR1 - 0. 65 iLsec fig. 5
QUARITYI
BTR1 =~ 0. 65 isec fig. 5
QUARITY2

Hold time th BTRI 0. 65 nsec fig. 5
- DATAL
BTRI1 - 0. 65 iusec fig. 5
QUARITYI
BTRI1 - 0. 65 isec fig. 5
QUARITY?2

Clock forx BTR1 384 KHz

frequency

4 n \ A
BTRI — J— I J

DATAI X X AT T X

QUARITY1 ;

QUARITY?

fig.5
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® Modulation part

Item Symbol Pin min. typ. max. Unit Remark
Setup time tsunn TCLK 0. 65 usec | Note 3
> TXRST fig. 6
tsueo TCLK 0. 65 usec fig. 6
- TXDATA
Hold time tano TCLK 0. 65 usec | fig. 6
- TXDATA
Delay time taro TXRST 10 Symbol | Note 4
- TXDATA fig 6
tare TXRST 4 Symbol | Note 5
> fig. 6
tariaq 30 jlsec Note 6
- 1-Q fig 6
taro TXRST 12. 5 Symbol | Note 7
-+ BSTO fig. 6
tania TXDATA 4. 59 4. 66 4. 74 Symbol | Note 8
- IQ fig 6
tirra TXRST 10 SYH]bOl Note 9
5 fig. 6
teroa TXRST 6. 75 Symbol | Notel0
> BSTO fig. 6
taran TXRST 119.5 Symbol | Notell
- PHIN fig. 6
tarao PHIN 8.5 SYI]]bOl Notel2
- APCOON fig. 6
Note 3: Enter TXRST synchronized to the rise of TCLK.

Note 4:
Note 5:
Note 6:

Note 7:
Note 8:

Note 9:

Note 10:
Note 11:

Note 12:

<0085-E-02>

TXRST itself is sampled by the high—speed clock (9.6 MHz) inside the IC and is used
inside the IC.

The rise of TCLK, to which TXRST is synchronized, in the following becomes the reference
point for the timing of the demodulation part.

This is the delay from the rise of TXRST until input of the first data (X1).

This is the delay from the rise of TXRST until transmission part power—down release.

This is the delay from transmission part power— down release until offset transmission start
(analog circuit stabilization).

This is the delay from TXRST drop until BSTO output rise.

This is the delay from input of the first data (X1) until first symbol transmission. (design
guarantee value).

This is the delay from TXRST drop until transmission part power— down.

This 1s the delay from TXRST drop until BSTO output drop.

This is the delay from TXRST rise until the PHIN input comparator result.

When TXRST is already at low level when the comparator result is to be taken in. the
comparator result will not be taken in.

After the PHIN input comparator result has been taken in, APCON output level change is
executed after the 8, 5 symbol.

1996/May Preliminary
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Modulation Part Operation Timing
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[AK2399]

5) Analog characteristics

@ RSSI
Item Pin Condition min. typ. max. Unit Remarks
Switch ON | RSSIIN RSSIIN 5 KQ
resistance | = SIVSS = 1/2VDD
RSSIIN RSSTIN 10 KQ
- RSSIC = 1/2VDD
RSSIC RSSIC 10 KQ
> SIVSS = 1/2VDD
Input RSSIIN 0.1 2.5 \ 4 to 86dBuV
voltage as the
range electric
field
strength
Gain/ RSSI = 6.7 usec | Design
offset Internal guarantee
adjustment | node value
circuit
stabiliza- Note 13
tion time
Gain RSSI - -0.8 -0.6 Vouu Note 14
adjustment | Internal Via
range node
Gain RSSI - +0. 005 -. 001 AVoun
adjustment | Internal Via
accuracy node
(ALSB)
Offset RSSI - VRIN=1. 2V +100 +700 mV Note 15
adjustment | Internal
range node
Offset RSSI - VRIN=1. 2V -2 6 10 i\
adjustment | Internal
accuracy node
(ALSB)
A/D >SIDATA | VRIN=1. 2V 7. 81 mV Note 16
converter
resolution
(LSB)
A/D -SIDATA | SIDATA= +3/2 LSB Note 17
conversion 08H to ACH
error

Note 13:
Note 14:

Note 15:

Note 16:
Note 17:

<0085—-E-02 >

This is the operation period for the gain/offset adjustment circuit.
Internal voltage changes from 20.2 mV to 24.8 mV can be adjusted to 15.6 mV (AD output

code: 2 codes: 2 X 2.0V/256) changes.

(7 bit, 128 steps)

After adjustment of the input voltage of 140 mV (20.25 mV/dB X 7 dB) to 700 mV (24.75
nV/dB X 28 dB) at RSSIIN corresponding to the antenna electric field strength of 10 dB #
V, adjustment to an AD input voltage of the.84 V (AD output code: 14H) is possible.

(8 bit, 256 steps)

SIREF2 (10 X VRIN/6)/256

Error for the AD converter by itself (design guarantee value).

The deviation from the expected value when looking at the AD conversion result from
RSSIIN after gain/offset adjustment becomes about 4 LSB.

1996/May Preliminary
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Item Pin Condition min. typ. max. Unit Remarks
Comparator | Internal | CMPLI 4 usec | Design
response node guarantee
time (TD) - CMPLO =1. 84V value

Note 18, 19
Fig. 1
10 isec | Design
guarantee
value
Note 19. 20
Fig. 7
CMPAI CMPREF 2 usec | Note 18
> CMPAO = 1.5V Fig. 1
10 usec | Note 19
Fig. 7
Design
guarantee
value
CMPBI CMPREF 2 usec { Note 18
- CMPBO = 1.5V Fig. 71
10 usec | Note 19
Fig. 1
Design
guarantee
value
Comparator | Internal 10 mV | Design
offset node guarantee
- CMPLI value
CMPBI CMPREF 10 mY
- CMPAI = 1.5V
CMPREF CMPREF 10 my
» CMPBI = 1.5V
Comparator | Internal 10 wV/C
offset node
temperatu-j - CMPLI
re drift
CMPBI 10 uv/C
- CMPAI
CMPREF 110 wv/C
> CMPBI
Comparator | CMPLI 1.5 1. 84 2.2 Note 19
setting
voltage CMPREF 0.8 VDD v
range -0.8

Note 18: Value with an input amplitude of 100 mV and an overdrive of 20 mV.
Note 19: Value with an input amplitude of 100 mV and an overdrive of 5 mV.Value

Note 20: 1.84 V is the value corresponding to an electric field strength of 10 dB 1 V after gain/offset
adjustment.
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100mV 4 v T
m
Input "1 _______________________________________________________________________________ ?T __________________ CMPLI
CMPAI
100mV CMPBI
Qutput CMPLO
CMPAO
50% 50% CMPBO
fig.7
Item Pin Condition min. typ. max. Unit | Remark
Output SIREF2 CL=1uF 1. 76 2.0 2. 24
voltage
level SIREF1 CL=1uF 0. 88 1.0 1.12
Recovery SIREF2 CL=1yF 18 msec | Note20
time
SIREF1 CL=1uxF 18 msec | Note20

Note 20: This is the time from power—down (PDO0) release until output level stabilization.

@ System Clock Input Part

Item Pin Condition min. typ. max. Unit | Remark
Clock MCLKI 19. 2 MHz
frequency
Input MCLKI 0.1 1.5 Vpp [ Note2l
amplitude

Note 21:  Execute input with DC cut. When a 0.01 ¢ F capacitors used, about 2.5 msec are required

from

power—down PDO release until the analog ground level becomes stable.
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® Demodulation part

Item Pin Condition min. typ. max. Unit Remark

Clock IF1 10. 65 10. 8 10.95 | MHz

frequency

Input IF1 0.1 1.5 | Vpp | Note22

amplitude

Recovery 1F1 DC cut 30 | usec | Note23

time 220 pF

PLLO tie-up Internal 3 | msec

time node

Error Internal 10 % Design

between node guarantee

PLLO steps value
Note24
figd

PLLO output Internal +2 | nsec | Design

duty error node guarantee
value
Note25
fig8

Note 22: Execute input with DC cut.
Note 23: When a 220 pF capacitor is used for DC cut, this is the time required from power— down

PD2X release until operation start.
Note 24: This is the error in regard to the mean value for the delay between the (16) VCO outputs
inside the PLLO3. (30 X tdn/td1+td2+-td30 :n=1 ~ 30)

Note 25: Thissisthe duty errdr<of-the sampling=VCO output in PLLO.(twH~twL)

= < W >

o — J - !' I
T dm 2 <t
N o IR N I
T ke e
R B — ]
S N — ] g
R
‘
Vi - |
: ;tdlS ;tdBO
15 L ! L
fig.8
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@ Modulation part

Item Pin Condition min. typ. max. Unit | Remark
DC output 1A, IAB [A+]AB
level QA, QAB 2 0. 5VDD 0.5VDD | 0. 5VDD y
QA+QAB -0.2 +0. 2
2
Qutput IA, IAB| R = 5KQ
amplitude QA, QAB | to analog 0.5 Vpp | Note26
level ground
level
Qutput IA, IAB 114 % Note27
amplitude QA, QAB
adjustment
range
Leakage IA, IAB | 600 kHz -60 dB | Note28
power QA, QAB | detuning
outside + 96 kHz
the band band
900 kHz -65 dB | Note28
detuning
+ 96 kHz
band
Transmission { IA IAB | IMHz -60 dB | Note28
spurious QA, QAB | or more
detuning
+ 96 kHz
band
Modulation 1A, IAB 3 ¥rms
accuracy QA, QAB
OQutput 1A, IAB +200 pph
amplitude QA, QAB /T
adjustment
range drift
DC offset IA IAB IA-IAB 20 nV
QA, QAB QA-QAB
DC offset 1A, IAB [IA-T1AB mV | Note29
adjustment QA, QAB QA-QAB 132
range

Note 26: This is the value when all input data are "0".

Note 27: This is the relative value in regard to the value at the time of gain adjustment 0 dB.
(4 bit, 16 steps)

Note 28: This is the value in regard to two times of the power of 0 to 96 kHz.

Note 29: This is the relative value in regard to the value at the time of offset adjustment 0 mV.
(6 bit, 64 steps).
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Item Pin Condition min. typ. max. Unit Remarks

Comparison | APCREF 1.32 1.8 ¥ Note 30
voltage
settiing
range

Comparison | APCREF 20 2V/C | Note 31
voltage
temperatu-
re drift

Comparison | APCREF 0.6 1. 56 2.4 mV
voltage
adjustment

accurac
(ALSB

Response PHIN- APCREF 200 usec | Design
time Internal =1. 5V guarantee

(td) node value
Note 32

Fig. 9

Qutput APCCON APCOFF=1. 2V 1. 32 1.8 v Note 30
voltage
setting
range

Output APCCON APCOFF=1. 2V 20 #V/C | Note 31
voltage
temperatu-
re drift

Qutput APCCON
voltage 0.6 1. 56 2.4 ny
adjusiment

accuracy
(ALSB]

Offset APCOFF 1.0 1.3 v Note 33
input
range

Qutput APCCON 20 isec
stabiliza-
tion {ime

OQutput TREF2 CL=14F 1.8 2.0 2.2 y
voliage
level

TGND CL=1pF 0. 48VDD 0.52VDD v

Recovery TREF2 CL=1xF Note 34
time 18 msec

TGND CL=14F 18 msec | Note 34

Note 30: 9 bit, 512 step setting is possible (typical case).
Note 31: This is the drift from temperature changes after level setting.

Note 32: This is the value for an input amplitude of 50 mV and an overdrive of 75 4 V.
Accordingly, in order to obtain a correct comparison result, it is required to confirm the
PHIN input level within 85 symbols after start of symbol transmission.

Note 33: The APCCON output range becomes
0.8 V to 1.6 V with input of 1.0 V to APCOFF,
1.2 V to 2.0 V with input of 1.2 V,to APCOFF and
1.4 V to 2.2 V with input of 1.3 V,to APCOFF.
(typical case)

Note 34: This is the time from power— down (PD0) release until the output level becomes stable.
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Input Y — APCREF
100mV
OQutput i .
50% : : 50%
ta
fig.9
® Reference voltage part
Item Pin Condition | min. typ. max. Unit | Remark

Analog AGND 0. 48VDD 0. 52VDD v
ground level
Input VRIN 1. 08 1.2 1. 32 v
voltage
range
OQutput AREF C.=0.01gF 1. 08 1.2 1. 32 y
voltage
level VREFQ VRIN=1. 2V 1.18 .22 v
Recovery AGND C. =1000pF 15 msec | Notedb
time

AREF C.=0. 01uF 5 msec | Note35

VREFO VRIN=1. 2V 2 msec | Note3s
Qutput AREF C.=0. 014F 290 ®V/C
voltage
temperature | VREFO VRIN=1. 2V 10 wv/C
drift

Note 35: This is the time from power—down (PDO0) release until the output level becomes stable.
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[ Function Explanation |

(1) Data setting part

The setting conditions for the various parts are changed by writing data to the various control registers.

Block Function

This is the shift register for input of data for
S/P converter change of the various setting conditions in the
IC. 1t is not powered down.

1) Register initialization
By low—level input to the RST pins, the default values are loaded to the registers inside the IC.
i) Data setting method
The clock input to SCLK is enabled by low—level STB input.
With the first 20 SCLK rises after STB low level, the data pin status is taken into the IC.
After the first 20 SCLK rises, data sampling is prohibited, and the data read into the IC by SCLK high

level following the twentieth SCLK rise are transmitted to the specified control registers. This timing is
shown in Fig. 10.

‘1 2 3 4 5 6 71 8 W
e e B.0.5.1 S

fig. 10
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The first 4 bits sampled by SCLK rise indicate the addresses of the control registers where the 16 data
sampled afterwards are to be stored.

Even when the required data length is less than 16 bits, SCLK input for the specified number of times is
required.

In this case, the not required data are discarded in the IC. As data discarding is executed from first
sampled data, input required data with last justified format.

The timing for input of the default value for register 6 is shown in Fig. 11.

A0 Al A2 A3 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15 D16

X —

TEST WT GT NT
Discarded data 0 1 0 1 2 3 4 0 1 2 3 0 1 2
DATAPOL1

fig. 11
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iii) Register MAP

Address Contents
Register Name
A3 | A2 | A1 [ AO| D16 | DI5| DI4| D13 | DI2{ DII| DIO| D9 D8 D7 D6 D5 D4 D3 D2 Dl

Register1 0 ]0 j0 (O

Register1~5 Not Used
Register 5 0|11 1010

DATA

Register 6 0 1t 10 11 NT2---NTO GT3---GTO WT4---WTO POL1 | X | arcea
Register 7 0 (1 (1 [0 | wweew | arcom | JPENI BWN2---BWNO BWW2---BWWO JS31---1501 PS11 | PSO1
Register 8 0 (1 {1 |1 RS07---RS00 X RSG6---RSGO
Register 9 1 |0 |0 |O IDAO5-+-IDAOO IDAG3:--1DAGO X X X X X
Register1 O 1 {0 10 |1 QDAO5---QDAOO QDAG3---QDAGO X X X X X
Register 11 |1 [0 |1 [0 APC9-+APCO oot | st | 18T | e | X | ¥
Register 1 2 10 |1 |1 APCR9---APCRO wcey | apcen1 | X X X X
Register1 3 11 10 (0

Reserved
Register 1 5 I {1 |1 11

<0085-J-02>
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Register 6

Demodulation part 1

A0,A1,A2,A3 = 1,0,1,0 Effective data length: 15 bit

[AK2399]

Default
Contents Signal name Length
LSB MSB

Discarded data D1 Ibit
AFCCAL AFCCAL D2 0 0 1bit
Discarded data D3 1bit
Local frequency | DATAPQLI D4 1 1 Ibit
Bit sync wide WTO, .., WT4 D5~D9Y 12 00110 5bit
{ime

Buffer time GTO, .., GT3 D10~D13 2 0100 4bit
AFC data NTO....NT2 D14~D16 4 001 3bit
sampling time

AFC Calculation Option : AFCCAL
AFC Calculation Option Selection.

0:The signed absolute data is used for the AFC calculation.

1:The 2’s conplement data is used for the AFC caluculation.

Please set to "1" for normal usage.

Local frequency : DATAPOL1

Frequency shift direction setting is executed for the modulation side and the demodulation side.

0:  The IF1 input frequency is reversed.

(the frequency shift on the modulation side and the frequency shift on

the demodulation side are in opposite directions)
1: The IF1 input frequency is in forward direction.

(the frequency shift on the modulation side and the frequency shift on

the demodulation side are in the same direction)

Bit sync wide time : WTO, ... WT4
The bit sync band width between WT reception symbols is made wide band.
(WT = WT0 + 2 X WT1 + 4 X WT2 + 8 X WT3 + 16 X WT4)

Buffer time : GTO, ... GT3
Waiting for AFC data sampling is executed between GT reception symbols.
(GT =GT0 + 2 X GT1 + 4 X GT2 + 8 X GT3)

AFC data sampling time : NTO, NT1, NT2
The AFC quantity is decided by the mean of 2 ¥ " reception symbols.
(NT = NTO + 2 X NT1 + 4 X NT2)
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Register 7

Demodulation part 2
A0,ALA2,A3 = 0,1,1,0 Effective data length: 15 bit

Default
Contents Signal name Length
LSB MSB
Discarded data D1 1bit
Bit sync PSOI1, PS11 D2, D3 0 00 2bit
hysteresis width
Erroneous sync 3501, .., 3831 D4~D17 12 0011 4bit
detection level
Bit sync wide BWWO, .., BWW2 D8~DI10 2 010 3bit
band width
Bit sync narrow | BWNO, .., BWN2 DI1~DI13 0 000 3bit
band width
Erroneous sync JPENI (0: Enable, 1: Disable) 1 1 1bit
detection enable D14
UW32AFC enable AFCEN1 (0: Disable, 1: Enable) 1 1 Ibit
D15
UWI6AFC enable TAFCEN1 (0: Disable, 1: Enable) 1 1 1bit
D16
Bit sync hysteresis width : PSO1, PS11

The phase direction for correction of the bit sync from the 2 *° reception symbol is decided.
(PS = PS01 + 2 X PS11)

Erroneous sync detection threshold value : JS01, ... JS31
The ]S reception symbol is decided as the erroneous sync detection threshold value.
JS =JS01 + 2 X JS11 + 4 X JS21 + 8 X JS31)

Bit sync wide band width : BWW0, BWW1, BWW2

Setting is possible for 0, 1, 2, 3, and 4 (setting is prohibited for 5, 6, and 7).

2 ®"¥ is used as the phase width for correction of the bit sync at the time of bit sync wide band.
(BWW = BWWO + 2 X BWWI1 + 4 X BWW2)

Bit sync narrow band width : BWNO, BWN1, BWN2

Setting is possible for 0, 1, 2, 3, and 4 (setting is prohibited for 5, 6, and 7).

2 B"¥ s used as the phase width for correction of the bit sync at the time of bit sync narrow band.
(BWN = BWNO + 2 X BWN1 + 4 X BWN2)

Erroneous sync detection enable : JPEN1
1: Erroneous sync detection disable
0: Erroneous sync detection enable
Please set to "0" for normal usage.

UW32 enable : AFCEN1]
1: AFC enable
0: AFC disable

UWI16AFC enable : TAFCEN1

This setting becomes effective when CHTOCH is low level,
1: AFC data sampling is enabled in regard to a burst of UW = 16,
0: AFC data sampling is disabled in regard to a burst of UW = 16,
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Register 8
RSSI part
A0,A1,A2,A3 = 1,1,1,0 Effective data length: 15 bit
Default
Contents Signal name Length
LSB MSB
Discarded data D1 1bit
RSST gain RSGO, .., RSG6 D2~D8 62 0111110 Thit
RSST offset RS00, .., RS06, RSOT7 D9~DI16 134 01100001 8bit
RSSI gain : RSGO, ... RSG6
The gain of the gain/offset regulator is set.
RSSI gain (typical case)
RSG Vout RSG Vout
0 |1 |2 |3 |4 |5 |6 vin 0 (1 |2 {3 |4 |5 |6 vin
010 {0 |0 0 |0 |0 |-0.500 0 {0 |0 JO |O [O |1 |-0.701
1 |0 |0 [0 [0 |O |0 |-0.503
0 {1 |0 |0 |0 JO |0 |-0.506
I |1 |0 (0 |0 |O |0 |-0.509
6 {0 |1 |0 |0 {0 |O |~-0.513 0 fo0 |1 {1 |1 (1 |1 |-0. 890
0 |1 (1 |1 |1 {1 |1 |=-0.893
0 |1 1 31 |1 {1 |1 |-0. 896
I |1 1 |t |1 |1 ]0 {-0.698 1 (1 |1 |1 |1 (1 |1 |-0.899
RSSI offset : RSO0, ... RSO7
The offset of the gain/offset regulator is set.
RSSI offset (typical case, VRIN = 1.2 V)
RSO Offset RSO Offset
0 |1 |2 |3 |4 |5 |6 |7 0 |1 |2 [3 {4 |5 |6 |7
X {0 {0 0 [0 {0 |O |O 0.0mV | X fO0 |0 |O [0 [0 |O |1 |402 4mV
X [1 [0 [0 [0 [0 (0O [0 6. 3mV
X {0 {1 (0 [0 |0 |O |O 12. 6mV
X [t (1 [0 [0 [0 [0 [0 18.9mV | X |0 O (1 |1 |1 |1 {1 |[776.5mV
X (L [0 |1 (1 |1 |1 |1 |1782 8mV
X 10 (1 ¢ f1 1 1 |1 |78% ImV
X vt it o (39 tmv X |1 (1 | [T |1 |1 [1 {795 4mV
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Register 9
Ich
A0,A1,A2,A3 = 0,0,0,1 Effective data length: 10 bit
Default
Contents Signal name Length
LSB MSB
Discarded data 6bit
Ich DAC gain IDAGO, . ., IDAG3 0 0000 4bit
Ich DAC offset IDAOO, . ., 1DAOS 0 000000 6bit
Ich DAC gain : IDAGQO, ... IDAG3
The TA—IAB output amplitude (gain) is set.
Ich DAC gain (typical case, in regard to the standard value)
IDAG IDAG

0 {1 ]2 |3 0 |1 (2 |3

1 |t |1 |0 117. 5% 1 1 |1 |1 97. 5%

O [L |1 |0 115. 0% 0 |1 |1 |1 95. 0%

1 {0 |1 |0 112. 5% 1 10 |1 |1 92. 5%

0 (0 |1 |0 110. 0% 0 |0 |1 |1 90. 0%

1 (1 |0 |O 107. 5% 1|1 {0 |1 87. 5%

0 [1L |0 O 105. 0% 0 (1 |0 |1 85. 0%

1 [0 (0 |0 102. 5% 110 (0 |1 82. 5%

0 [0 ]0 |0 100. 5% 0 [0 |0 |1 80. 0%
Ich DAC offset : IDAOQO, ... IDAO5
The offset between the IA—IAB outputs is set.
IchDAC offset (typical case)

IDAO IDAO

0 (1 12 {3 (4 |5 0 |1 j2 |3 |4 |5

Pt |t |1 ]o 40. 6mV | S 0 A I O O U AN I -1. 3mV

0 (1 |1 {1 |1 {0 39. 3mV 0 |1 |t |1 |1 11 -2. 6mV

1 0 [1 |1 |1 10 38. OmV L (0 |1 |1 |1 |1 ~-3. 9mV

0 (0 41 |1 |1 10 36. TmV 0 [0 |1 |1 |1 |1 -5. 2mV

0 (1 0 |0 (0 (0 2. 6mV 0 (1 10 |0 |0 {1 -39. 3mV

1 {0 |0 {0 [0 |0 1. 3mV 1 10 |0 0 [0 |1 -40. 6mV

0 [0 JO |0 |O 10 0. OmV 0 [0 ;0 |0 |O [1 -41. 9mV
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Register 10

Qch
A0,A1,A2,A3 = 1,0,0,1 Effective data length: 10 bit

Default
Contents Signal name Length
LSB MSB
Discarded data 6bit
Qch DAC gain QDAGO, . ., QDAG3 0 0000 4bit
Qch DAC offset QDAOO, . ., QDAOS 0 000000 6bit
Qch DAC gain : QDAGO, ... QDAG3
The QA— QAB output amplitude (gain) is set.
Qch DAC gain (typical case, in regard to the standard value)
QDAG QDAG

0 |1 (2 |3 0 |1 12 |3

1 {1 |1 |0 117. 5% L (1 (1 |1 97. 5%

0 |1 |1 }0 115. 0% 0 J1 |1 |1 95. 0%

1 |0 (1 |0 112. 5% L {0 (1 |1 92. 5%

0 |0 (1 |O 110. 0% 0 ]0 |1 |1 90. 0%

1 (1 (0 [0 107. 5% 1 (1 [0 {1 87. 5%

0 |1 [0 |0 105. 0% 0 |1 |0 |1 85. 0%

1 |0 (0 [0 102. 5% 1 {0 [0 |1 82. 5%

0 [0 [0 |0 100. 5% 0 10 {0 |1 80. 0%
Qch DAC offset : QDAQO, ... QDAOS
The offset between the QA— QAB outputs is set.
Qch DAC offset (typical case)

QDAO QDAO

0 [1 {2 (3 [4 |5 0 |1 |2 |3 |4 |5

1 (1 |1 |1 [l |0 40. 6mV 1 (1 1 {1 1 |1 -1. 3mV

0 |1 [1 |1 |1 |0 39. 3mV 0 |1 |1 |1 |1 |1 -2. 6mV

1 o0 [T [ |1 |0 38. OmV 1 (0 1 1 |1 |1 -3. 9nV

0 (0 |1 (1 |1 {0 36. TmV 0 |0 |1 |1 j1 1 -5. 2mV

0 |1 [0 [0 (O |O 2. 6mV 0 (1 y0 J0 |0 |1 -39. 3mV

1 {0 |0 [0 [0 |0 1. 3mV L (0 |0 |JO |O |1 -40. 6mV

0 10 (0 {0 [0 (O 0. OmY 0 {0 |0 JO |O |1 -41. 9mV
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Register 11

Transmission test
A0,A1,A2,A3 = 0,1,0,1 Effective data length: 16 bit

Default
Contents Signal name Length
LSB MSB
Data test DTESTY, DTESTX 0 {00 2bit
Data test enable | 0: Disable, 1: Enable 0 |0 1bit
1Q test ITEST, QTEST 0 |00 2bit
IQ test enable 0: Disable, 1: Enable 0 |0 1bit
APCDAC data APCO, .., APCY 0 | 0000000000 [ 10bit
Data test : DTESTY, DTESTX
The Y data and the X data at the time of data test are set.
Data test
DTEST
1Q shift

X |Y

0 |0 t/4

1 [0 -7t /4

0 |1 3/4m

1 1 -3/4x

Data test enable
1: Data test enabled
When IQ test enable is "0", the transmission part enters into data test
mode when "1" is written to this bit, TESTB is made "L", and TXRST is
made "H".
This is not effective when IQ test enable is "1".
0: Data test disabled
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IQ test : ITEST, QTEST
The I data and the Q data at the time of IQ test are set.

Q
A

/—(ITEST,QTEST) =(0,1

X
"\ (TESTQTEST)=(1,1)

/—(ITEST,QTEST) =(1,0)
> 1

‘L(ITEST,QTEST) =(0,0)

1Q test enable
1: IQ test enabled
When data test enable is "0", the transmission part enters into IQ test

mode when "1" is written to this bit, TESTB is made "L", and TXRST is
made "H"

This is not effective when data test enable is "1".
0: 1IQ test disabled
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APCDAC data

: APCO, ... APC9
The 9 bit DA data for transmission output control are set.

The output level of the APCCON pin is changed by this setting.

APCCON output level (TYPICAL case, VRIN=APCOFF=1.2V)

APC APCCON

output
0 (1 |2 |3 {4 |5 (6 {7 18 |9 |tlevel(V)
X {0 !0 |0 10 J0 JO }O |0 |0 11. 2000V
X |1 0 |0 JO [0 [0 (O (O |0 |1. 2016V
X 0 {1 [0 [0 |JO [O [0 0 [0 [1.2031V
X |0 (0 [0 {0 |O [0 [0 [0 [1 1. 6000V
X |1 0 |1 1 1 1 1 1 1 1. 9953V
X |0 |1 1 1 1 1 1 1 1 1. 9968V
X |1 1 1 1 1 1 1 1 1 1. 9984V
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Register 12

Transmission part APC

AQ0,A1,A2,A3,=1,1,0,1

[AK2399]

Effective data length: 12 bit

Default
Contents Signal name Length
LSB MSB
Discarded data 4bit
APC enable APCEN1 (0: Disable, 1: Enable) 1 1 1bit
APC reference APCREN! (0: Disable, 1: Enable) 1 i1 1bit
enable
APCREF data APCRO, ... APCRY 0 | 0000000000 | 10bit
APC enable : APCEN1
1: Control status
The DAC set value for transmission output level control is based on the
result of the PHIN— APCREF comparison executed at the time of burst
transmission (PD4), it is updated after conclusion of the burst
transmission, and the APCCON output level changes.
0: Hold status

The DAC set value for transmission output level control is not updated
according to the result of the PHIN— APCREF comparison executed at
the time of burst transmission (PD4).

Accordingly, the APCCON output level holds the same level before and
after burst transmission.

Change of the DAC set value for transmission output level control by rewriting the APCDAC data is
effective independent of the status of APCENI, and the APCCON output level changes with rewriting of

the APCDAC data.

APC reference enable

<0085-E-02>

: APCREN1
Operation possible status
The 9 bit DAC for transmission output level setting shifts between
operation and power— down status depending on the power—down mode
setting.
Power— down status
The 9 bit DAC for transmission output level setting is placed into
power— down status independent of the power— down mode setting.
The transmission output level setting becomes an external setting, and
the APCREF pin becomes the input pin for transmission output level
setting.
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APCREF data

: APCRO, ... APCR9

9 bit data setting for transmission output level setting is executed.
The output level of the APCREF pin is changed by this setting.

APCREF output level (typical case)

APCR APCREF

output
0 |1 4 |5 [6 {7 |8 levet (V)
X |0 0 {0 [0 |O |O 1. 2000V
X |1 0 {0 {0 |O |O 1. 2016V
X |0 0 |10 |0 |0 |0 1. 2031V
X |0 0 |0 [0 |JO |O 1. 6000V
X |1 I |1 |1 41 11 1. 9953V
X |0 1|1 |1 {1 |1 1. 9968V
X {1 1 {1 1 {1 il 1. 9984V

Others

(A0, Al, A2, A3) = (0,0,1,1to1,1,1, 1) are reserved by the IC.
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(2) RSSI part

After execution of gain and offset adjustment for the input from RSSI IN, A/D conversion is executed,
and output is made as an 8 bit digital signal.

This block is composed of a gain and offset adjustment circuit, an 8 bit A/D converter, 3 comparators, and
a reference voltage generation circuit for the A/D converter.

Block Function

This is the circuit for execution of gain and
Gain and offset offset adjustment in regard to the RSSI IN input.
adjustment circuit Gain 7 bit and offset 7 bit adjustment are

possible by control register.
Power-down release is executed for PD3.

After the gain/offset adjustment circuit, this
A/D converter circuit executes A/D conversion of the RSSI signal
to 8 bit digital values. Power-down release is
executed for PD3.

The output from the gain/offset adjustment circuit
CMPL and the CMPLI input are compared.
Power—-down release is executed for PD3.

CMPA, CMPB Comparison is executed between external input
levels. Power-down release is executed for PD3.

The reference level for the A/D converter of the
Reference AMP RSSI part is put out.
Power-down release is executed for PDn(n=1 to 4).

1) RSSI signal input pin
This pin is the direct input pin to the gain/offset adjustment circuit (SCF peak hold circuit).
In regard to this pin, a load of max. 40 pF is connected on the inside of the IC via a switch, and this
switch repeats ON and OFF at a period of 300 kHz.
Accordingly, sufficient attention must be paid to the output impedance of the external device supplying
a signal to the RSSIIN pin.

ii) Gain/offset adjustment circuit
This circuit is an inversion amplifier by SCF, and gain adjustment is executed by SIREF1 output level
reference. Accordingly, the offset amount at the VSS reference is changed by gain adjustment.
The offset adjustment amount is produced by dividing the SIREF2 output level. Accordingly, the offset
adjustment range and the adjustment accuracy change when the VRIN input level is changed.

iif) 8 bit A/D converter
The input voltage range of the A/D converter is given by the SIREF2 output level. Accordingly, the
resolution changes when the VRIN input level is changed.
The A/D converter starts A/D conversion by the rise of SISTB.
Sampling is completed within 10 u« sec of the rise of SISTB, and A/D conversion is completed within
50 1 sec.
Accordingly, in order to obtain correct A/D conversion results, it is required that SICLK input is
executed 50 £ sec or more after the rise of SISTB.
In case of input of SICLK before completion of A/D conversion, the A/D conversion being executed
becomes ineffective, and meaningless data will be put out.
A further rise of SISTB before completion of A/D conversion also will be disregarded.
The A/D conversion result output from the SIDATA pin is executed synchronized to the rise of
SICLK, and output is made from the MSB side. (Refer to Fig. 4.)
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A/D converter input voltage

Output code

MSB LSB
1992. 2mV ~ 2000. OmV 0000 0000
1984. 3mV ~ 1599. 2mV 0000 0001
1976. 6mV ~ 1984. 3mV 0000 0010
1968. 8mV ~ 1976. 6mV 0000 0011
23. 4mV ~  31. 3mV 1111 1100
15. 6mV ~  23. 4mV rr11 1101
7.8mV ~ 15, 6mV 1111 1110

OmV ~ 7. 8mV

Note: The A/D converter output code becomes larger

However,

[AK2399]

with increasing RSSIIN input voltage.

as the gain/offset adjustment circuit is an inversion amplifier, the A/D converter itself
operates so that the output code becomes larger with decreasing input voltage.
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(3) Demodulation part

Clock regeneration from the input signal and data demodulation are executed.
This block is composed of PLLO, selector, differential demodulation circuit, and bit synchronization

circuit.
Block Function

10. 8 MHz is resolved to 5 bit phase information.
PLLO Power-down release is executed for PDn

(n=1 to 4).

The signal from the selector is demodulated to
the original data. Setting by control register
is possible for the buffer time (16 steps), the
bit synchronization wide time (32 steps), the
AFC data sampling time (8 steps, however at the
Differential demodulation| time of CHTOC1=1), UW32AFC operation enable, and
circuit UW16AFC operation enable (however, at the time
of CHTOC! = 0}, and bit synchronization control
setting is executed by external input separate by
reception burst types. Power-down release is
executed for PDn (n = 2 to 4), and operation is
started for PD3.

The reception data clock is regenerated on the
basis of the signal from the differential
demodulation circuit. Control register setting is
Bit synchronization executed for the bit synchronization wide band
circuit (8 steps, however, 5, 6, and 7 are prohibited), the
bit synchronization narrow band (8 steps, however,
5 6, and 7 are prohibited),
the bit synchronization hysteresis width (4 steps)
the erroneous sync detection level (16 steps),
and erroneous sync detection enable. Power-down
release is executed for PDn (n = 2 to 4), and
operation is started for PD3.

i) PLLO
This is a ring oscillator composed of 16 delay elements. The oscillation frequency is locked to 10.8
MHz, and phase information (5 bit) is obtained with any desired timing.

ii) Delay detection circuit
The phase information handed over from the selector is used as the basis for decoding of the
received signal, for reception quality output, and for AFC operation.
By selection of the reception local frequency, decoding of the received signal becomes possible for
equipment with the frequency shift direction for the received signal in the opposite direction of the
transmission side by DATAPOL=0 and for equipment with the same direction by DATAPOL=1.
In the case of AFCEN1=1 and CHT0C1=1 (UW=32), the AFC operation is executed using the
mean value for the AFC amount estimated from the reception data from the reception burst start
time (rise of BSCOH1) until [time set by NTO, ... NT2: 2" symbol] after [time set by WTO, ...
WT4: WT symbol] + [time set by GTO, ... GT3: GT symbol].
However, there are the limits of WT + GT + 2" = 32, WT = 1,and GT = 1.
In the case of AFCEN1=and, TAFCEN1=1, and CHT0C1=0 (UW=16), the AFC operation is
executed so that the mean value of the AFC amount estimated for the reception data from reception
burst start (drop of BSCOH1) until 64 symbols after [time set by GTO, ... GT3: GT symbol] becomes
effective in regard to the next reception burst. However, there is the limit of GT = 1.
AFC operation is not executed in the case of AFCEN1=0.
In the case of AFCEN1=1 and TAFCEN1=0, the AFC amount is not updated at the time of
CHTO0C1=0. However, the AFC operation itself is executed.
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i) Bit sync circuit
At the time of RXPD=1, reception data clock regeneration is executed on the basis of the signal
from the delay detection circuit.
In the case of CHTOC1=1, bit sync operation is executed for the time from reception burst start
(drop of BSCOH1) until [time set by WTO, ... WT4: WT symbol] for each reception symbol with
[phase width set by BWWO, ... BWW2: 2 *"" ] as the correction phase width, and for the remaining
BSCOH1=0, bit sync operation is executed for each [time set by PS01, PS11: 2 "° symbol] with
[phase width set by BWNO, ... BWN2: 2 ®"" ] as the correction phase width.
In the case of CHTOC1=0, bit sync operation is executed for each [time set by PS01, PS11: 2 *$
symbol] with the period from reception burst start (drop of BSCOH1) until phase width set by
BWNO,... BWN2: 2 " ] as the correction phase width.

In the case of BSCOH1=1, bit sync operation is not executed and the phase of the reception
regeneration clock becomes fixed. At this time, the reception regeneration clock reaches
free—running status.

In the case of JSEN1=1, erroneous sync detection is executed using the [erroneous sync detection
threshold JS set by JSO01, ... JS31].

In the case of JSEN1=0, erroneous sync detection is not executed.

At the time of RXPD=0, bit sync operation is not executed in the same way as at the time of
BSCOH1=1, and the phase of the reception regeneration clock becomes fixed. At this time also, the
reception regeneration clock reaches free—running status.
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(4) Modulation part

I and Q signal are formed from the entered digital data. This block is composed of delay circuit, S/P
converter, SUM logic, digital filter, DAC, LPF, analog ground AMP, reference AMP, and APC circuit.

Block Function
The transmission operation timing is controlled

Delay circuit on the basis of the external input signal.
Power-down release is executed for PDn
(n=210 4).

S/P converter The entered 384 kbps serial data are separated

into two 192 kbps data.
Power~down release is executed for PD4.

Differential encoding is executed for the data
SUM Logic from the S/P converter. Power-down release is
executed for PD4.

Digital Filter This is a root Nyquist filter.
Power-down release is executed for PD4.

This is a DAC for conversion of the signal fronm
the digital filter to an analog signal. 6 bit
DAC offset adjustment and 4 bit gain adjustment are
possible by control register.

Power-down release is executed for PD4.

Transmission output control is executed.

This is composed of a 9 bit DA for transmission
output level setting and a 9 bit DA for
comparator transmission oufput level control.
Control register setting is possible for the 9
bit data in regard to the two DAs, APC enable,
and APC reference enable. The 9 bit DA for
transmission output level control executes
power-down release for PDn (n =1 to 4), and it
APC reaches control status at the time of APCEN1 ="1"
and hold status at the time of APCENI = "Q".

In hold status. Output level change is not
executed after burst output. The 9 bit DA for
transmission output level setting reaches
operation possible status at the time of APCRENI=
"1”, and power-down release occurs at the time of
PDn (n = 1 to 4). At the time of APCRENI ="0",
power—-down status is obtained at all times.

Reference AMP The reference level for the modulation part is
put out. Power-down release is executed for PDn
(n=1 10 4).
The analog ground level for the modulation part is
Analog Ground AMP %ut out. %ower—down release is executed for PDn
n=110 4).
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1) Operation timing for the modulation part (refer to Fig. 6)

Operation of the modulation part is started by sampling the high level of TXRST (given as input
synchronized to the rise of TCLK) by the high—speed clock (9.6 MHz) in the IC.

When TCLK[1] is used as the TCLK rise synchronized to the TXRST high—level change, the
modulation part is released from power—down status at TCLK[9] (t dRP). Afterwards, max. 30 £ sec (t
dPIQ) are required until the modulation part becomes stable.

Then the first TXD data are given as input to the IC (t dRD) at TCLK[21], and these data are sampled
by the TCLK drop following TCLK[21]. The delay from TCLK[2] until the first symbol transmission
{symbol delay) is about 4.66 symbols (t dDIQ).

Before symbol transmission, the signal for indication of the transmission burst position (BSTO) is made
high level at TCLK[26] (t dRO). This is about 0.85 x sec before actual start of transmission (ramp— up).
The TXRST low-level given as input synchronized to the TCLK rise is sampled by the high—speed
clock (9.6 MHz) in the IC to start the sequence for stop of the modulation part.

This start is generated 240 clocks after the normal TXRST change to high level. With TCLK[1A] as the
TCLK rise to which the TXRST change to low level is synchronized, following TXDATA sampling is
prohibited, and ramp down is completed about 34.65 1 sec (6.66 symbols) later.

Ab(())ut 0.45 o sec after ramp—down completion, BSTO drop occurs 6.75 symbols after TCLK[1A] (t
dROa).

3.25 symbols after this, the modulation part executes power—down 10 symbols after TCLK[1A] (t dRPa)
and offset transmission is stopped.

i) APC operation

Output at the level specified by the initial set value (register APCO to 9) (1.2 V at the time of APCOFF
1.2 V setting) starts with release from the first power— down (PDO0) after power ON.

Afterwards, for each burst transmission execution, the result of the comparison of the signal indicating
the transmission level (PHIN) with the reference transmission level is taken in to (TCLK[1])A]) 119.5
symbols after the rise of TCLK (TCLKI[1]) synchronized to the change of TXRST to high level, and 8.5
symbols (t dRAQ) later, APCCON output level change is executed on the basis of the comparison result.
When TXRST already is low level at the time when the comparison result is taken in, the comparison
result will not be taken in, and accordingly, the APCCON output level change 8.5 symbols later also will
not be executed.

Afterwards, in case of recovery from power—down PDn (n = 0 to 3), start is executed from the output
of the level changed last (result of the change at the time of the burst transmission directly before
power— down).
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(5) Reference voltage part

The voltage and current used as reference in the IC are supplied.
This is composed of AGNDGEN and VRF—BIAS GEN.

Block Function

The reference level in regard to the analog

AGNDGEN ground AMP of the various IC parts is supplied.
Power-down release is executed for PDn (n =1 to
4).

VREF-BIAS GEN The reference voltage supplied to the various IC

parts is produced.
Power-down release is executed for PDn (n =1 to

4).
(6) Power— down mode
1) Power— down mode
PLLPWS|RXRSTO| RXPD |TXRST
PDO 0 0 X X Standby status 'a’ while waiting

Data setting part ON

PDI1 1 0 X X Standby status ‘b0’ while waiting
PDO + PLLO + AGNDAMP

PD2 1 1 0 0 Standby status "0’ at the time of a call
PD1 + APC (Hold) ON +
reception part{clock mask, BTR free running) ON

PD3 1 1 1 X Reception status "0’ at the time of a call
PD1 + APC (Hold) ON +
reception part (BTR sync) ON

PD4 1 1 0 1 Transmission status "0’ at the time of a call
PD2 (APC operation) + transmission part ON
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il) Power— down mode shift and shift time

Start

’ PLLPWS:0
| RXRSTO:0

- PDO -

‘ISmsec
J PLLPWS:0—1

PD1
Reception Transmission
10 sec
RXRST0:0—1 PLLPW¥S:1—0
PLLPWS:1—0 RXPD :X—0 PXRSTO0:1—0
PXRST0:1—0 l TXRST :X—0

PXPD:1—0 TXRST:1—0
> PD2 —

30 1 sec 52 1 sec
PD3 - PD4
RXPD:0—1 TXRST:0—1

PDO —> PD1: Shift time from the PLLPWS setting
This is mainly the time required for AGNDGEN and analog ground AMP
stabilization,

PD1 —> PD2 : This is mainly the time required for APCCON ouput stabilization.

PD2 -> PD3: Shift time from the RXPD setting
This is mainly the time required for IF1 input part operation.

PD2 —> PD4 : Shift time from the TXRST setting
This is mainly the time required for DAC and LPF stabilization.
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[AK2399]

Recommended Circuit

Exampl es

1) Capacitor for analog ground

SIREF1

SIREFZ O——— AGND O—— AREF O———

TGND

TREFZ 7L l u«F ::IOOODF ::0.01,UF

?\II\SS o——— TVSS O——— TVSS O———

/4 /4 Z

2) Resistor for VBIAS

VBIAS O——

§ 47KQ15%

TVSS O
3) DC cut capacitor

IFl O I} MCLK] O I}

220pF 0.0l uF
/4 /&

4) PLLO loop filter

DMOPD

10KQ
DNOPI
3300
1000pF 0.047 uF

3
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Package

M Marking

(1) Indication of pin 1 (the bevelled corner becomes pin 1)

(2) Date code: XXXXXXX (7 digits)
(3) Marketing code: AK2399
(4) Manufacturing country name indication: JAPAN
(5) Asahi Kasei logo

AK2399

XXXXXXX
JAPAN
.
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12.0+0.2 1.5 -3 . o]
10.0£0.1 |
0.1£0.1
s NNNONAANANANDDM -~ .
A = 8| o
- o /En
1IJllLllIUIJ[IlIlIlJIJllIJlIIJ 5
0.18*3: 88

B External dimensions of the package
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IMPORTANT NOTICE

These products and their specifications are subject to change without notice. Before considering any use or application,
consult the Asahi Kasei Microsystems Co., Ltd. (AKM) sales office or authorized distributor concerning their current
status.

AKM assumes no liability for infringement of any patent, intellectual property, or other right in the application or use of

any information contained herein.

Any export of these products, or devices or systems containing them, may require an export ficense or other official

approval under the law and regulations of the country of export pertaining to customs and tariffs, currency exchange,

or strategic materials.

AKM products are neither intended nor authorized for use as critical components in any safety, life support, or other

hazard related device or system, and AKM assumes no responsibility relating to any such use, except with the express

written consent of the Representative Director of AKM. As used here:

(a) A hazard related device or system is one designed or intended for life support or maintenance of safety or for
applications in medicine, aerospace, nuclear energy, or other fields, in which its failure to function or perform may
reasonably be expected to result in loss of life or in significant injury or damage to person or property.

{b) A critical component is one whose failure to function or perform may reasonably be expected to result, whether
directly or indirectly, in the loss of the safety or effectiveness of the device or system containing it, and which must
therefore meet very high standards of performance and reliability.

It is the responsibility of the buyer or distributor of an AKM product who distributes, disposes of, or otherwise places the

product with a third party to notify that party in advance of the above content and conditions, and the buyer or distributor

agrees to assume any and all responsibility and liability for and hold AKM harmless from any and all claims arising from
the use of said product in the absence of such notification.




