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ASAHI KASEI [AK2399]

M!!!J =Prdiminary= AK 2399

z/4$hiltQf!KMODEMforDigitalCor(lkss‘lllephont

I Overview I

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 I

Modulation Part
•1
c!

❑
❑

:
•1
❑

Transmission speed: 384 kbps
Roll– off filter (digitzd filter + analog filter)
* Root Nyquist characteristic: a = 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 rr /4 shift QPSK modulation

APC Part (power control)
•l Built– in 9 bit DAC for level setting
❑ Built– in 9 bit DAC for level control

Demodulation Part
•l IF input frequency: 10.8 MHz, 1.5 Vp– p
!3 Differential demodulation
•l Built– in clock recovery and bit synchronization circuit

RSSI Pa-t
•! Built– in gain/offset adjustment circuit
•l 8 bit ADC
❑ 3 comparators

Others
❑ Built– in reference voltage generation circuits
❑ Master clock: 19.2 MHz
❑ Low power supply voltage operation: 2.7 to 3.6 V, single power supply
•l Package: 64 pin LQFP

bSAHl KASEI]
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ASAHI KASEI [AK2399]

Pin Functions

Pin No. Pin Name I/0 FIInct ion 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 DATApin 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 CLKpin 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 IC becomes PDOby 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.

58 DYSS GND Ground pin for digital circuits.

System Clock Input

Main clock input pin. DC cut is executed for the
57 MCLKI A12

Notel
19.2 MHzclock, 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 Funct ion Remark

RS SI Part

RSSI s\gnal input pin.
4

Note2
RSSIIN AI1 This 1s the input pin for gain and offset

adjustment circuit. This becomes direct input to
the SCF circuit in the IC.

RSSI load adjustment signal input pin.
SW1becomes ON by high-level Input, and RSSIC and

49 SQFOS1 DI RSSIIN become connected. SW2 becomes ON by
low-level input, and RSSIC and SIVSS becomes
connected.

RSSI load connection pin.
5 RSSIC AO This is used to adjust the load of RSSIIN by input

from SQFOS1. Normally, a capacitor is connected
between this and SIVSS.

48 SQRST1 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 l,u
between SIREF1/SIREF2 and SIVSS. With PDOO, SIREF1

AO ~:;:~eshigh impedance, and SIREF2 becomes low
8 SIREF2

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 Note4
for PDn (n = O to 2, 4).

3 CMPLI AI1 Input pin for electric field strength setting Note5
This is connected to the positive input of CMPL.

10 CMPAI AI1 Comparator positive input pin. This is connected Note5
to the positive input of CMPAand CMPB.

11 CMPBI AI1

12 CMPREF AI1 Comparison level input pin. This is connected Note5
to the negative input of CMPAand CMPB.

Electric field strength judgement result output Note4
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)

Low-level output is executed for PDn (n=O to 2,
, 4).

1 CMPAO DO1 Comparison result output pin. CMPAO/CMPBObecomes Note4
high-level when the input level to CMPAI, CMPBIis
larger than the input to CMPREF.

64 CMPBO DO1 ~~w-level output is executed for PDn (n = O 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
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ASAHI KASEI [AK2399]

Pin No. Pin Name I/0 Funct ion Remark

Demodulation part

Limiter signal input pin. Note6
DC cut is executed for the output signal from the

17 IF1 A12 limiter, and this is given as input.
Please use a 220 PF capacitor for the DC cut.
High impedance is obtained except for PD30.

Reception burst types signal input pin.
47 CHTOC1 DI UW= 16 bit mode is obtained with low-level input,

;;nduJW = 32 bit mode is obtained with high-level

Demodulation part reset signal input pin.
At the time of low-level input,. the IC assumes

39 RXRSTO DI :L):)tor PDIX status, and at the time of high-level
the IC assumes PDn (n = 2 to 4) status and

powe’r-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 DJ high-level input, the IC assumes PD3 status and
the demodulation part starts operation.
When RXRSTOis 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 BSCOH1 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. Note4
60 QUARITYODO1 The output status changes synchronized to the rise
61 QUARITY1 of BTR1. Low-level output is executed for PDOand

F“l.lo:or PD2 and PD4, the output is fixed to high

Reception data output pin. The reception data Note4
are put out synchronized to the rise of BTR1.

62 DATA1 DO1 Low-level output is executed for PDOand PD1.
~:; PD2 and PD4, the output is fixed to high or

Reception regeneration clock output pin. Note4
Low-level output is executed for PDO and PDI.

63 BTR1 DO1 For PD2 and PD4, 384 kHz free running clock
output is executed. For PD3, regeneration clock
output is executed.

PLLO-VCOcharge pump output pin. Note7
Output of low level when the l’CO oscillation

15 DMOPD D02 frequency must be speeded UP, output of high level
when the VCOoscillation frequency must be slowed
down, and output of high impedance when the VCO
frequency must not be changed.

PLLO-I’COcontrol input pin. Note5
13 DMOPI AI1 The YCO oscillation frequency slows down with

increasing input level.

14 RVDD PWR Power supPlY for PLLO.

16 RVSS GND Ground for PLLO.

<0085–E–02> 1996/May Preliminary
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ASAHI KASEI [AK2399]

Pin No, Pin Name I/0 Function

Modulation part

Modulation part reset signal input Pin.
With high-level input while RXRSTOis 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 TCLKinput 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. Note4
54 BSTO DO1 The burst position during I, Q analog output is

indicated. Low-level output is executed for PDX
(n=O to 3).

Tc/4 shift QPSKmodulator in-phase component Note8
32 IA AO output pin.

This is differential output.

High impedance is obtained for PDn (n=0,1,2,3).
33 IAB AO

7c/4 shift QPSKmodulator quadrature-phase Note8
35 QA AO component output pin.

This 1s differential output.

High impedance is obtained for PDn (n=0,1,2,3).
34 QAB AO

APC control output pin. This is the 9 bit DA Note9
output for transmission output level controlj and
the output level can be changed when ]t 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.

APCCONoutput conrol pin.
26 APCOE DI APCCONoutput is always low level when APCOEis

level. It takes 10,usec from APCOErelease to I,Q
stabilization.

APC output offset input pin. By changing the level Note5
24 APCOFF AI1 to this input, the output level from APCCONcan be

changed. When the input level to this input pin is
increased, the APCCONoutput level will increase.

APC setting pin. When APCREN1 is “l”, 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 AO transmi ssion,output level setting. At this time,
power-down 1s executed and high Impedance 1s
obtained. Please set APCREN1 always to 1.

APC alarm output pin. When the 9 bit DAvalue for Note4
59 APCALMODO1 transmission output level control has becomes MAX

(lFFH) or MIN (OOOH), low-level output is executed
For PDO, power-down is executed and high-level

output is executed.

<0085–E–02> 1996/’May Preliminary
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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 AO Connect a 1 u capacitor between TREF2 and TVSS.
For PDOO, TREF2 becomes low level.

Transmission output level input pin. When the Note5
19 PHIN AI1 input level is smaller than the level of the

APCREFpin, the APCCONoutput level is increased.

Modulation part analog ground.output pin. NotelO
31 TGND AO Normally, a 1 ,u capacitor 1s connected between

this and TVSS.
High impedance is obtained for PDO.

25 TYDD :~:::i;upply pin for the modulation part analog

30 TVSS Ground pin for the modulation part analog circuit.

Reference vo 1 t age s

Reference analog ground output .pin.
29 AGND AO

Notell
Normally, a 1000 PF capacitor IS connected between
this and TVSS.
High impedance is obtained for PDO.

Reference level output pin. Output of about 1.2 V Note12
22 AREF AO is executed. Connect a 0.01 u capacitor between

AREFand TVSS.
High impedance is obtained for PDO.

2’7 VRIN AI1 Reference level input level. Note13

Reference buffer output pin. This is the voltage Note14
28 VRFEO AO follower output of the VRIN input.

High impedance is obtained for PDO.

21 VBIAS AO Bias voltage output pin. Normal ly,. a 47 kS2 Note15
resistance is connected between this and TVSS.

Others

55 LTESTB DI Test Pin. Open at normal usage.

I/o
AO Analog output
AIl Analog inputl
A12 Analog input2
DO1 Digital output
D02 Digital output
DI Digital input
PWR Power supply
GND Ground

1

2

<0085–E–02> 1996/’May Preliminary
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ASAHI KASEI [AK2399]

Notel: Input capacitance llpF max., Input resistance 30k Cl min.

DC cut input is required.

Note2: Input capacitance 53pF max., Input resistance 300k f2 min.

Input to the SCF circuit.

Note3: Load capacitance 1 ,u F typ., 1 ,u F capacitor is required between this pin and SIVSS.

Note4: Load capacitance 15pF max.

Note5: Input capacitance llpF max., Input resistance 300k Q min.

Note6: Input capacitance llpF max., Input resistance 300k S2 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 f2 min.

Note9: Load capacitance 15pF max. Output current +/– 150 u A max.

NotelO: Load capacitance 1 u F typ., 1 ,u F capacitor is required between this pin and TVSS.

Notell: Load capacitance lnF typ.

1000pF capacitor is required between this pin and TVSS.

Note12: Load capacitance 0.01 ,u F typ.

0.01 ,u F capacitor is required between this pin and TVSS.

Note13: Input capacitance 15pF max., Input resistance 300k Cl mint

Note14: Load capacitance 15pF max. Output current +/– 100 u A max.

Note15: Load capacitance 15pF max. Load resistance 47k Cl typ.

The resister within 5% error is required between this pin and TVSS

<0085–E–02> 19961May Preliminary
–9–



ASAHI KASEI [AK2399]

Absolute Maximum Ratings

Item

Power supply
Voltage (l’DD)

Ground level
(Vss)

Input voltage

Input current

Storage
temperature

Soldering
temperature

Symbol min. max. Unit

DVDD,SIVDD, -0.3 7.0 v
RVDD,TVDD

DVSS,SIVSS,
o 0 v

RVSS,TVSS

vi , -0.3 TVDD+O.3 v

1,, -lo +10 mA

T,,, -50 125 ‘c
1 I I

T,,, 260 X 10 ‘CXsec

Remarks

TVDD>=
Other VDD

Vo1tage
reference
level

For manual
soldering

I Recommended Operating Conditions

Item Symbo1 min. typ. max. Unit

Power supply VDD 2.7 3.6 v
voltage

Operation Ta -20 70 ‘c
temperature

<0085–E–02> 1996/May Preliminary
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ASAHI KASEI [AK2399]

[ Electrical Characteristic s

1) DC characteristics

Item

Current
consumption

IIigh-level
output
:urrent

Low-level
3utput
:urrent

iigh-level
)Utput
/01 tage

.ow-level
)Utput
Toltage

[nput
eakage

:urrent

Symbo1 Pin Condition min. TYP.

IDDDO PDO 0.1

IDD1O PD1 3.4

IDDZO PD2 3.7

IOD!O PD3 4.6

10040 I PD4 I 8.6

DO1 YDD-O.5V -0.5
IOH

D02 VDD-O.5V -1

IOL DO1 o. 5V 1
D02

v,, DI o. 7YDD

v,, DI o

11 DI

max. Unit

8.0 ] mA

8.0 ImA

10.0 I mA

+

I mA

I mA

VDD Iv

-1-0.3VDD v

Note: The output drive consumption is not includedin the current consumption.

1996/May Preliminary
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ASAHI KASEI [AK2399]

2) Switching characteristic C, =15pF

o

Item Symbo1 Pin min. t yp. max. Unit Remark

Transient t, DO1 20 nsec fig. 1
time DO2

t, DO1 20 nsec fig. 2
D02

VDD

t,

fig.1

‘DD=-~..--o.3~.s

< s
‘tf”

fig.2

<0085–E–02> 199 6/May Preliminary
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@ Data setting part

Item Symbo1 Pin min. typ. max. Unit Remarks

Clock fCLK CLK 1 MHz fig 3
frequency

Reset Pulse t.wRST RST 10 flsec fig 3.1
width

Pulse duty tdu, CLK 40 60 % fig. 3

Pulse width t,. STB 1 flsec fig. 3

Setup time ts”cn CLK O.25 usec fig.3
+ DATA

ts”cs CLK O.25 flsec fig. 3
* STB

!Iold time thco CLK 0.25 flsec fig.3
+ DATA

thC! CLK O.25 ,usec fig. 3
+ STB

CLKm T
tsuC.D

‘ATA nmI

:::,,,

,,

fCLK=l/tcyc

tcyc=twlr,hcyc

fig.3.l

1996/May Prelimimu’y
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ASAHI KASEI [AK2399]

Item Symbol Pin min. typ. max. Unit Remarks

Clock fCLK SICLK 1 MHz fig. 4
frequency

Pulse duty tdu[ SICLK 40 60 % fig.4

Pulse width t,. SISTB 1 flsec fig.4

Setup time t,” SICLK 0.25 j.tsec fig.4
+ SIDATA

Hold time t, SICLK O.25 flsec fig. 4
+ SIDATA

A/D tcoN SISTB 50 ,usec Note 1
conversion + fig. 4
time

A/D sample t,,. SISTB 10 flsec Note 2
time -) fig.4

Note 1: When SICLK input is started before completion of A/D conversion, the A/D conversion

taking place vvillbecom einvalid,and meaningless data will be put out. Accordingly, execute

SICLK input after at least 50 .u sec have passed after start ofA/D conversionby the rise of

SISTB.

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

sample status.

+?-
::::

t
SISTB ~ ‘w

,,

SICLK ~ ;: :;:
11 ::, :;:4 4

W1l

SIDATA ~
~

: tsanl

Samp Sig ~
(internal) ~ t !

; tCON ;

ADCBUSY
(internal) I

fCLK=l/t,yc

fig.4

<0085–E–02> 1996/h4ay Preliminary
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Demodulation part

Item

Setup time

Hold time

;lock
frequency

Symbo1

t,”

t,

fCLK

R-l+++-
BTR1 0.65
+ DATA1

BTR1 + O.65
QUARITY1

BTR1 + O.65
QUARITY2

BTR1 384

BTR1 1 J

+ 4

x x x’ SIJ h
DATA1 x
QUARITY1
QUARITY2

Unit lRemark

flsec fig. 5

flsec fig.5

flsec fig. 5

flsec fig. 5

T

fig.5

1996/May Preliminary
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@

KASEI

Modulation part

[AK2399]

Item

Setup time

Hold time

Delay time

Vote 3:

Note 4:
Note 5:
Note 6:

Note 7:
Note 8:

Note 9:
Note 10:
Note 11:

Note 12:

<0085–E–02>

Symbol I Pin I min. I typ. I max. I Unit lRemarkl

t,, BR TCLK O.65 flsec Note 3
+ TXRST fig. 6

tsu BD TCLK O.65 flsec fig. 6
~ TXDATA

thBD TCLK O.65 flsec fig. 6
+ TXDATA

tdRD TXRST 10 Symbo1 Note 4
+ TXDATA fig. 6

tdRP TXRST 4 Symbo1 Note 5
-) fig. 6

tdPIQ 30 ,usec Note 6
+Io Q fig. 6

tdRO TXRST 12.5 Symbol Note ‘7
+ BSTO fig. 6

tdDIQ TXDATA 4.59 4.66 4.74 Symbo1 Note 8
+ IQ fig. 6

tdRPa TXRST 10 Symbo1 Note 9
+ fig. 6

tdRO, TXRST 6.75 SymboI Notel O
+ BSTO fig. 6

tdR AI TXRST 119.5 Symbo1 Notell
+ PHIN fig.6

tdRAO PHIN 8.5 Symbo1 Note12
+ APCOON fig. 6

Enter TXRST synchronized to the rise of TCLK.

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 (Xl).

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 (Xl) until first symbol transmission. (design

guarantee value).

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

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

This is the delay fi-om 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.

199 6/May Preliminary
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ASAHI KASEI

Modulat ion Part Operation Timing

,,,, --!fihPihki%n-uLrLrL: zLLnnrLuuuuumh _L-J—LrFuuuuuuUJl_rLl_ruLrLIn_rLrL
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 )2392401 2 3 4( 891011121314151617181920 212223

+ t.... + t..,.
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t. . 0

<

t.... H
t.,.

xl IY11X7IY21X3y31x4IY41 // 1~,,~y,,~
TX6ATA X5 IY5 1X6 IY6 k7 I

J t.,,o=4. 66syTb01
(

lwutDut
/

?- – —~ )
IQII IQ+ IQ105 Ilc 10 fjllQ1071}/

Offset COmI
]IQ11O
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t.,,.
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Signal td.o ( ) td.o.
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I I

CPUt i me
slot G 16bit RU 4bit R(x) 220bit G 16bit RU 4bit R(x+l) 220bit

RFtim?
slot RI x-1) G 16bit RU 4bit R(x) 220bit G 16bit

(
APc

) t dR Al
L .

Swling SamrlI ng oint

( ) t .FLAO
L ,

APc
Update Update point

fig.6
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ASAHI KASEI

5) Analog characteristics

@ RSSI

[AK2399]

Item I Pin lCondit ion min. ) typ max. I Unit Remarks

Switch ON RSSIIN RSSIIN
resistance + SIYSS = l/2vDD

RSSIIN RSSIIN
~ RSSIC ‘ l/2vDD

RSSIC RSSIC
+ SIvss = l/2vDD

5 KilI
10 I KQ

-m-i-=-
Input RSSIIN
voltage
range

0.1 4 to 86dBti V
as the
electric
field
strength

Gain/ RSSI *
offset Internal
adjustment node
circuit
stabiliza-
tion time

6.7 Design
guarantee
value

Note 13

Gain RSSI *
adjustment Internal
range node

-0.8 Note 14

-.001 AV,.,
Vin

+700 mY

10 mV

mV

+0. 005Gain RSSI ~
adjustment Internal
accuracy node

(ALSB)

*

+100

-2 6

3ffset RSSI ● VRIN=l.2V
adjustment Internal
range node

Offset RSSI ~ VRIN=l. 2V
adjustment Internal
accuracy node

(ALSB)

\/D *S IDATA VRIN=I. 2V
:onverter
resolution

(LSB)

\/D ~SIDATA SIDATA=
;onverslon 08H to ACH
:rror

Note 15

Note 16

)

Note 17

Note 13:
Note 14:

This is the operation period for thegairYoffset adjustment circuit.
Internal voltage changes from 20.2 mVto24.8mV can be adjusted to 15.6mV (AD output

code: 2codes:2 X 2.OV/256)changes.
(7 bit, 128 steps)
After adjustment of theinput voltage ofl4OmV(2O.25mV/dB x 7dB)to700mV (24.75
nV/dB X 28 dB)at RSSIIN corresponding to the antenna electric field strength of10 dB u
V,adjustment toan ADinput voltage of the.84V (~ output code: 14H) impossible.
(8 bit, 256 steps)
SIREF2(10XVRfN/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
RSSHNaftergain/offset adjustment becomes about4LSB.

Note 15:

Note 16:
Note 17:

<0085–E–02> 1996/May Preliminary
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Item Pin Condition min. Remarks Ityp. Unitmax.

4Comparator
response
time (TD)

Internal
node
+ CMPLO

CMPLI

=1. 84Y

usec Design
guarantee
value

---1
Note 18, 19
Fig. 7

Design
guarantee
value

10

m
CMPAI
* CMPAO

CMPREF
= 1.5V

2 Note 18
Fig. 7

Note 19
Fig. 7
Design
guarantee
value

j.fsec

10

CMPREF
= 1.5V

2 usec Note 18
Fig. 7

Note 19
Fig. 7
Design
guarantee
value

flsec

mV

mV

mV

!lVrc

:omparator
]ffset

[nternal
lode
~ CMPLI

;MPBI
~ CMPAI

Design
guarantee
value

;MPREF
= 1.5V

;MPREF
~ CMPBI1

;MPREF
= 1.5V

;omparator
}ffset
,emperatu-
“e drift 1

nternal
lode
~ CMPLI

;MPBI
~ CMPAI

;MPREF
~ CMPBI

CMPLI

MPREF

:omparator
etting
01 tage
ange

1.5

0.8

1.84 2.2 iote 19

“DD
-0.8

v

Note 18: Value with aninput amplitude oflOOmV andanoverch-ive of2OmV.

Note 19: Value with an input amplitude oflOOmV andan overdrive of5mV.Value

Note 20: 1.84Vis the value corresponding toan electric field strength of 10 dB~VafterR ain/offset
adjustment.
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Input
------,--------100::>!

100mV I
-

output

.

CMPLI
CMPAI
CMPBI

‘t,’

CMPLO
CMPAO
CMPBO

tig.7

Item Pin Condi t ion min. typ. max. Unit Remark

output SIREF2 CL=lLF 1.76 2.0 2.24 Y
vol tage
level SIREF1 CL=lLF 0.88 1.0 1.12 Y

Recovery SIREF2 CL=IUF 18 rnsec Note20
time

SIREF1 CL=lUF 18 msec Note20

Note 20: This is the time flom power– down (PDO) release until output level stabilization.

@ System Clock Input Part

Item Pin Condi t ion min. typ. max. Unit Remark

Clock MCLKI 19.2 MHz
frequency

Input MCLKI 0.1 1.5 VPP Note21
amplitude

Note 21: Execute input with DC cut. When a 0.01 1 F capacitors used, about 2.5 msec are required

from

power– down PDO release until the analog ground level becomes stable.

<0085–E–02>
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@ Demodulation part

[AK2399]

Item Pin Condi t ion min. t yp. max. Unit Remark

Clock IF1 10.65 10.8 10.95 MHz
frequency

Input IF I 0.1 1.5 VPP Note22
amplitude

Recovery IFl DC cut 30 flsec Note23
time 220 PF

PLLO tie-up Internal 3
time

msec
node

Error Internal ~lo % Design
between node guarantee
PLLO steps value

Note24
fig8

PLLOoutput Internal *2 nsec Design
duty error node guarantee

value
Note25
fig8

Note 22: Execute input with DC cut.

Note 23: When a220 pF capacitoris used forDC cut, this is the time required tkom power-down
PD2X release until operation start.
Note 24: This is the error inregard to the mean value for the delay between the (16) VCO outputs
inside thePLL03.(30Xtdn,/tdl +td2+”-td30:n=l ~30)
Note 25: Thi&sthe duty erreHoHhe sampli&CO output in PLLO.(twH–twL)

o

1

2

3

14

15

::,,
r

$- twL

fig.8

<0085–E–02> 1996/May Preliminary
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@ Modulation part

[AK2399]

Item Pin

IA, IAB
QA,QAB

Condition

IA+IAB

+

RL = 5KQ
to analog
ground
level

min.

o. 5VDD
-0.2

typ.

. 5VDD

Unit Reinarkmax.

o. 5VDD
+0. 2

DC output
level

output
amplitude
level

v

IA, IAB
QA,QAB 0.5 VPP

%

dB

dB

dB

Note26

Note27

Note28

Note28

Note28

output
amplitude
adjustment
range

IA, IAB
QA,QAB

-60

-65

-60

Leakage
power
outside
the band

IA, IAB
QA,QAB

600 kHz
detuning
f 96 kHz
band

900 kHz
detuning
* 96 kHz
band

Transmission
spurious

Modulation
accuracy

IA, IAB
QA,QAB

IA, IAB
QA,QAB

lMHz
or more
detuning
+ 96 kHz
band

irms

output
amplitude
adjustment
range drift

IA, IAB
2A,QAB

DC offset

DCoffset
adjustment
range

IA, IAB
2A,QABd

IA-IAB
QA-QAB

IA-IAB
QA-QAB

mV

mV ~ote291A,IAB
JA,QAB

Note 26: This isthevalue when allinput data are’’O”,

Note 27: Ttisisthe relative value inregmd tothevalue atthetime ofgainadjustment OdB.

(4 bit, 16 steps)

Note28: This isthevalue inregardto two times ofthepower ofOto96kHz.

Note29: This is the relative value in regard to the value at the time of offset adjustment OmV.

(6 bit, 64 steps).

<0085–E–02> 199 6/May Preliminary
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Item Pin Condition min. typ. max. Unit Remarks

Comparison APCREF 1.32 1.8 Y Note 30
vol tage
setting
range

Comparison APCREF 20 /.fvrc Note 31
vol tage
temperatu-
re drift

Comparison APCREF O.6 1.56 2.4 mV
voltage
adjustment

ac:!i!ir

Response PHIN+ APCREF 200 Lsec Design
time Internal =1. 5V

(td)
guarantee

node value
Note 32
Fig. 9

output APCCON APCOFF=l.2V 1.32 1.8 v Note 30
vol tage
setting
range

output APCCON APCOFF=l.2V 20 jlvrc Note 31
vol tage
temperatu-
re drift

output APCCON
vol tage O.6 1.56 2.4 mV
adjustment
ac;~~;;{

Offset APCOFF I. o 1.3 v Note 33
input
range

output APCCON 20 flsec
stabiliza-
tion time

output TREF2 CL=l/JF 1.8 2.0 2.2 v
~;;;;ge

TGND CL=lflF O.48VDD O.52VDD v

~;;;very TREF2 CL=lLF Note 34
18 msec

TGND CL=lJJF 18 msec Note 34

Note 30: 9bit,512step setting ispossible (typical case).

Note 31: This isthe 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 J V.
Accordingly, in order to obtain a correct comparison result, it is required to confkm the
PHIN input level within85 symbols after start ofsymbol transmission.

Note33: The APCCONoutput 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 (PDO)release until the output level becomes

<0085–E–02> 1996/May
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Input 1. . .
.:oo:v-

100”’+ %“
output

50%

t,

fig.9

@ Reference voltage part

50%

Item Pin Condit ion min. typ. max. Unit Remark

Analog AGND O.48VDD O.52VDD v
ground level

Input VRIN 1.08 1.2 1.32 v
vol tage
range

output AREF CL =0. OIUF 1.08 1.2 1.32 v
vol tage
level VREFO VRIN=l. 2V 1.18 1.22 v

Recovery AGND CL =1OOOPF 15 msec Note35
time

AREF CL =0. OlflF 5 msec Note35

VREFO VRIN=l. 2V 2 msec Note35

output AREF C, =0. OIIF 290 ,uv/’c
vol tage
temperature VREFO VRIN=l. 2V 10
drift

pv/’c

. . — . .
Note 35: This is the time fkompower– down (PDO)release until the output level becomes stable.

<0085–E–02> 199 6/May Preliminary
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1 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. It is not powered down.

i) Register initialization

By low– level input to the RST pins, the default values are loaded to the registers inside the IC.

ii) Data setting method

Theclockinputto SCLKisenabledby low–level STBinput.
With the first 20SCLK nsesafter STBlow Ievel, the data pin status is taken into theIC.
After the first 20 SCLK rises, data

level following the twentieth SCLK

shown in Fig. 10.

—-1

sampling is prohibited, and the data read into the IC by SCLK high
rise are transmitted to the specified control registers. This timing is

:1234567 811 18 19 20

[lll~wlllll

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.

STB

SCLK

DATA

0010011001 000 o~l;

1 0 1 0 x o 0 1 0 0 1 1 () (1 1 (J () (-J (J 1

AO Al A2 A3 D1 D2 D3 D4 D5 D6 D7 D8 D9 D1O Dll D12 D13 D14 D15 D16
x— k J \ )

TEST

1’

VT GT NT
Discarded data O 1 0123401230 12

DATAPOLl

fig.11
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iii ) Register MAP

Address Contents
Register Name

A3 A2 Al AO D16 D15 D14 D13 D12 D11 D1O D9 D8 D7 D6 D5 D4 D3 D2 DI

Register 1 0 0 0 0

. .. Register l-5 Not Used

Register 5 0 1 0 0

DATA
Register6 o 1 0 1 NT2”””NT0 GT3”””GT0 WT4”””WT0 POL1 x AFCCAL x

Register7 o 1 1 0 TAFC8NI AFCENI JPEN1 BWN2”””BWN0 BWW2”””BWW0 JS31”””JS01 Psll Psol x

Register8 o 1 1 1 RS07’”’RSOO x RSG6”””RSG0 x

Register9 1 0 0 0 IDA05”””IDAO0 IDAG3”””IDAG0 Xxxx x

Registerl O 1 0 0 1 QDA05”“cQDAOO QDAG3’’’QDAGO Xxxx x

Q I TEST DTEST DTEST
Registerl 1 1 0 1 0

IQTesl
APC9”””APC0 x Enable TEST TEST Enable x Y

Registerl 2 1 0 1 1 APCR9”””APCR0 x APCRENl APCENI Xxxx

Registerl 3 1 1 0 0

Reserved

Registerl 5 1 1 1 1

<0085–J–02> -27– 1996/May Preliminary



[AK2399]ASAHI KASEI

Register 6

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

,
Default

Contents Signal name Length
LSB MSB

Discarded data D1 lbit

AFCCAL AFCCAL D2 o 0 lbit

Discarded data D3 lbit

Local frequency DATAPOL1 D4 1 1 Ibit

Bit sync wide WTO,..,WT4 D5-D9 12 00110 5bit
time

Buffer time GTO,..,GT3 DIO-D13 2 0100 4bit

AFC data NTO. . ..NT2 D14zD16 4 001 3bit
sampling time

AFC Calculation Option : AFCCAL
AFC Calculation Option Selection.

O:The signed absolute data isused for the AFC calculation.
l: The 2’s complement data is used for the AFC cduculation.

Please set to “l” for normal usage.

Local frequency :DATAPOL1
Frequency shift direction setting is executed for the modulation side and the demodulation side.

o: The IF1 irmut freauencv is reversed.
(the frequ;ncy sh;ft 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=WTO +2 XWT1+4XWT2 +8X WT3+16XWT4)

Buffer time : GTO, ... GT3
Waiting for AFC data sampling is executed between GT reception symbols.

(GT=GTO +2 XGT1+4XGT2+8XGT3)

AFC data sampling time : NTO, NT1, NT2
The AFC quantity is decided by the mean of 2 “T reception symbols.

(NT= NTO+2XNT1+4XNT2)
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Demodulation part 2
A0,A1,A2,A3 = 0,1,1,0 Effective data length: 15 bit

Default
Contents Signal name Length

LSB MSB

Discarded data D1 lbit

Bit sync PSO1,PS1l D2,D3 o 00 2bit
hysteresis width

Erroneous sync JSO1,..,JS31 D4-D7 12 0011 4bit
detection level

Bit sync wide BWWO,. ., BWW2 D8-D1O 2 010 3bit
band width

Bit sync narrow BWNO,..,BWN2 D1l-D13 o 000 3bit
band width

Erroneous sync IPEN1 (O: Enable, 1: D;;~ble) 1 1 Ibit
detection enable

UW32AFCenable AFCEN1 (O: Disable, 1: Enable) 1 1 lbit
D15

UW16AFCenable TAFCEN1(O: Disable, 1: Enable) 1 1 lbit
D16

Bit sync hysteresis width “PSO1, PS1l
The phase direction for correction of the bit”syncfromthe2ps reception symbol is decided.

(PS=PS01+2XPS11)

Erroneous sync detection threshold value :JSO1, ...JS31
TheJS reception symbol is decided as the erroneous sync detection threshold value.

(J.S = JSO1 + 2 X JS1l + 4 X JS21 + 8 X JS31)

Bitsyncwideband width :BWW0,1HVYW,BWW2
Se$t$g is possible for O, 1,2,3, and 4 (setting is prohibited for 5,6, and 7).
2 is used as the phase width for correction ofthebit syncat the time ofbit sync wide band.

(BWW=BWWO+2 XBWW1+4XBWW2)

Bitsyncnamowband width :BWN0,BWN1,BWN2
Setting is possible for O, 1, 2, 3, and 4 (setting is prohibited for 5, 6, and 7).
2 BwX is used as the phase width for correction of the bit sync at the time of bit sync narrow band.

(BWN=BWNO +2 XBWN1+4XBWN2)

Erroneous sync detection enable : JPEN1
Erroneous sync detection disable

i: Erroneous sync detection enable
Please set to “O”for normal usage.

UW32 enable : AFCENI
: AFC enable

;: AFC disable

UW16AFC enable : TAFCEN1
This setting becomes effective when CHTOCH is low level.

: AFC data sampling is enabled in regard to a burst of UW = 16.
& AFC data sampling is disabled in regard to a burst of UW = 16.
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RSSI part
A0,A1,A2,A3 = 1,1,1,0 Effective data length: 15 bit

Contents Signal name
‘e fHLength

Discarded data “1 lbit

RSSI gain RSGO,. . . RSG6 D2wD8 62 0111110 7bit

RSSI offset RSOO,. . . RS06,RS07 D9+D16 134 01100001 8bit

RSSI gain “RSGO, ...RSG6
The gain ofthegaitioffset regulator is set.

RSSIgain (typical case)

RSG Vout

o 1 2 3 4 5 6 vin

o 0 0 0 0 0 0 -0.500

1 0 0 0 0 0 0 -0.503

0 1 0 0 0 0 0 -0.506

1 1 0 0 0 0 0 -0.509

0 0 1 0 0 0 0 -0.513

&

RSG I Vout

o 1 2 3 4 5 6 vin

o 0 0 0 0 0 1 -0.701

.

0 0 1 1 1 1 1 -0.890

0 1 1 1 1 1 1 -0.893

0 1 1 1 1 1 1 -0.896

1 1 1 1 1 1 1 -0.899

RSSI offset “RSOO, ...RS07
Theoffset of the gaiti&fsetr egulator is set.

RSSIoffset (typical case, VRIN= 1.2V)

RSO Offset RSO Offset

o 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

x o 0 0 0 0 0 0 0. Omv x o 0 0 0 0 0 1 402. 4mV

x 1 0 0 0 0 0 0 6. 3mV .
.

x o 1 0 0 0 0 0 12. 6mV .

x 1 1 0 0 0 0 0 18. 9mV x o 0 1 1 1 1 1 776. 5mV

. x 1 0 1 1 1 1 1 782. 8mV

.

. x o 1 1 1 1 1 1 789. lmV

x 1 1 1 1 1 1 0 396. lmV x 1 1 1 1 1 1 1 795. 4mV

<()()85–E-()2> –30– 199 6/May Preliminary



Register 9

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

Default
Contents Signal natne Length

LSB MSB

Discarded data 6bit

Ich DAC gain IDAGO,... IDAG3 o 0000 4bit

Ich DACoffset IDAOO,... IDA05 o 000000 6bit

IchDACgah :IDAGO, ...IDAG3
The IA-IAB output arnplitude(gain)is set.

Ich DACgain (typical case, in regardto the standard value)

IDAG IDAG

o 1 2 3 0 1 2 3

1 1 1 0 117.5% 1 1 1 1 97. 5%

o 1 1 0 115.0% o 1 1 1 95. o%

1 0 1 0 112.5% 1 0 1 1 92. 5%

o 0 1 0 110.0% o 0 1 1 90. o%

1 1 0 0 107. 5% 1 1 0 1 87. 5%

o 1 0 0 105. o% o 1 0 1 85. O%

1 0 0 0 102. 5% 1 0 0 1 82. 5%

o 0 0 0 100. 5% o 0 0 1 80. O%

Ich DAC offset : IDAOO, ... IDA05
The offset between the IA– IAB outputs is set.

IchDAC offset (typical case)

IDAO IDAO

o 1 2 3 4 5 0 1 2 3 4 5

1 1 1 1 1 0 40. 6111V 1 1 1 1 1 1 -1. 3mv

o 1 1 1 1 0 39. 3mV o 1 1 1 1 1 -2. 6mV

1 0 1 1 1 0 38. OmV 1 0 1 1 1 1 -3. 9mV

o 0 1 1 1 0 36. 7mV o 0 1 1 1 1 -5. 2mV

=

01000

10000

00000

0 2. 6mV o 1 0 0 0 1 -39. 3mV

o 1. 3mV 1 0 0 0 0 1 -40. 6mV

o 0. OmV o 0 0 0 0 1 -41. 9mV
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Register 10

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

Default
Contents Signal name Length

LSB MSB

Discarded data 6bit

Qch DACgain QDAGO,. . . QDAG3 o 0000 4bit

Qch DACoffset QDAOO,. . . QDA05 o 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

o 1 2 3 0 1 2 3

1 1 1 0 117.5% 1 1 1 1 97. 5%

o 1 1 0 115.0% o 1 1 1 95. o%

1 0 1 0 112.5% 1 0 1 1 92. 5%

o 0 1 0 110.0% o 0 1 1 90. o%

1 1 0 0 107. 5% 1 1 0 1 87. 5%

o 1 0 0 105. o% o 1 0 1 85. O%

1 0 0 0 102. 5% 1 0 0 1 82. 5%

o 0 0 0 100. 5% o 0 0 1 80. O%

Qch DAC offset : QDAOO, ... QDA05
The offset between the QA– QAB outputs is set.

Qch DAC offset (typical case)

QDAO QDAO

o 1 2 3 4 5 0 1 2 3 4 5

1 1 1 1 1 0 40. 6mV 1 1 1 1 1 1 -1. 3mV

o 1 1 1 1 0 39. 3mV o 1 1 1 1 1 -2. 6mV

1 0 1 1 1 0 38. OmV 1 0 1 1 1 1 -3. 9mV

o 0 1 1 1 0 36. 7mV o 0 1 1 1 1 -5. 2nlv

o 1 0 0 0 0 2. 6mV o 1 0 0 0 1 -39. 3nlv

1 0 0 0 0 0 1. 3mV 1 0 0 0 0 1 -40. 6mV

o 0 0 0 0 0 0. OmV o 0 0 0 0 1 -41. 9nlv
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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 o 00 2bit

Data test enable O: Disable, 1: Enable o 0 lbit

IQ test ITEST, QTEST o 00 2bit

IQ test enable O: Disable, 1: Enable o 0 lbit

APCDACdata APCO,..,APC9 o 0000000000 10bit

Data test :DTESTY, DTESTX
The Y data and the X data at the time of data test are set.

Data test

F

E
00 rc/4

10 -7c/4

01 3/4 x

11 -3/4 z

Data test enable
1: Data test enabled

When IQ test enable is “O”,the transmission part enters into data test
mode when “l” is written to this bit. TESTB is made “L”, and TXRST is
made “H.
This is noneffective when IQ test enable is’’l”.

o: Data test disabled
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IQ test “ ITEST, QTEST
The I data and the Q data at the ;ime of IQ test are set,

Q

/

~(ITEST,QTEST)= (0,1)

x
\ (ITEST,QTEST)=(l, 1)

~QTEST)=(I,O

IQ test enable
1: IQ test enabled

When data test enable is “O”,the transmission part enters into IQ test
mode when “l” is written to this bit, TESTB is made “L”, and TXRST is
made “H”.

This is not effective when data test enable is “l”.
o: IQ 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 I APCCON
output

o 1 2 3 4 5 6 7 8 9 level (V)

x o 0 0 0 0 0 0 0 0 1. 2000V

x 1 0 0 0 0 0 0 0 0 1. 2016V

x o 1 0 0 0 0 0 0 0 1. 2031V

I

x o 0 0 0 0 0 0 0 1 1. 6000V

x 1 0 1 1 1 1 1 1 1 1. 9953V

K o 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
A0,A1,A2,A3, =1,1,0,1 Effective data length: 12 bit

Default
Contents Signal name Length

LSB kfSB

Discarded data 4bit

APC enable APCEN1 (O: Disable, 1: Enable) 1 1 Ibit

APC reference APCREN1 (O: Disable, 1: Enable) 1 1 lbit
enable

APCREF data APCRO,. ..APCR9 o 0000000000 10bit

APC enable : APCEN1
1: Control status

The DAC set value for transmission output ]evelcontrol is based onthe
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 APCCONoutput level changes.

o: Hold status
The DAC setvalue 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 APCEN1, and the APCCON output level changes with rewriting of
the APCDAC-data.

APC reference enable
1:

0:

: 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 &tput level setting is executed.
The output level of the APCREF pin is changed by this setting.

APCREF output level (typical case)

APCR APCREF
output

o 1 2 3 4 5 6 7 8 9 level (k’)

x o 0 0 0 0 0 0 0 0 1. 2000V

x 1 0 0 0 0 0 0 0 0 1. 2016V

x o 1 0 0 0 0 0 0 0 1. 2031V

x o 0 0 0 0 0 0 0 1 1. 6000V

x 1 0 1 1 1 1 1 1 1 1. 9953V

x o 1 1 1 1 1 1 1 1 1. 9968V

x 1 1 1 1 1 1 1 1 1 1. 9984V

(AO, Al, A2, A3) = (O, O, 1, 1 to 1, 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 IFunction

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=l to 4).

i) RSSI signal input pin
This r)in is the direct irmut Din to the ~ain/offset adjustment circuit (SCF Desk hold circuit).
Inregardto this pin, a’loa~of max. ~OpFiscom’ected ontheins’ide o;the ICviaas&tch, and this
switch repeats ONand OFF ataperiodof300 kHz.
Accordingly, sufficient attention must be paid to the output impedance of the external device supplying
a signal to the RSSIIN pin.

ii) Gain/offsetadjustmentcircuit
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 bygain adjustment.
The offset adjustment amount is produced by dividing the SIREF2 output level. Accordingly, the offset
adjustment range and the adjustment accuracy change when theVRIN input level is changed.

iii)8bitA/D converter
The input voltage range ofthe~ converter isgiven by the SIREF2 output level. Accordingly, the
resolution changes when theVRIN input level is changed.
The A/D converter starts A/D conversion by the rise of SISTB.
Sampling is completed within 10 u secofthe rise of SISTB, and A/Dconversion is completed within
50 ,u sec.
Accordingly, in order to obtain correct A/D conversion results, it is required that SICLK input is
executed50 ,u secormore after thenseof SISTB.
In case of input of SICLK before completion of ND 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

I 1992.2mY - 2000. OmV I 0000 0000 I

I 1984.3mY + 1999.2mV I 0000 0001

I 1976.6mV * 1984.3mV I 0000 0010

I 1968.8mV - 1976.6mV / 0000 0011

I 23. 4mV- 31. 3mV 11111 1100

I 15. 6ml’ - 23. 4mV 11111 1101

I 7. 8mV~ 15. 6mV 11111 1110 I

I OmV- 7. 8mV I 1111 1111 I

Note: The A/D converter output code becomes larger with increasing RSSIIN input voltage.
However,

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

10.8 MHz is resolved to 5 bit phase information.
‘LLO Power-down release is executed for PDn

(n= 1 to4).

The signal froin 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=l), UW32AFC operation enable, and
:ircuit UW16AFC operation enable (however, at the time

of CHTOC1 = O), 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

it synchronization executed for the bit synchronization wide band
ircuit (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.

circuit.

Block Function

P

D
c

B
c

i) PLLO
This isaring oscillator composed of 16 delay elements. Theoscillation 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=O and for equipment with the same direction by DATAPOL= 1.
In the case of AFCENl=l and CHTOC1=l (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 BSCOHl) until [time set byNTO, ... NT2: 2NT symbol] after [time set by WTO, ...
WT4:WT symbol]+ [time set byGTO,. .. GT3:GT symbol].
However, there arethelimitsof WT+ GT+2NT ~ 32, WT = l,and GT 2 1.
In the case of AFCENl=and, TAFCEN1=l, and CHTOC1=O (UW=16), the AFC operation is
executed so that the mean value ofthe AFC amount estimated for the reception data from reception
burststart(dropof BSCOHl) unti164symbols after [time setbyGTO, ... GT3. GTsymbol] becomes
effective in regard to the next reception burst. However, there isthelimitof GT Z 1.
AFCoperation isnot executed inthe case ofAFCENl=O.
In the case of AFCEN1=l and TAFCEN1=O, the AFC amount is not updated at the time of
CHTOCl=O. However, the AFC operation itself is executed.
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iii) Bit sync circuit
At the time of RXPD= 1, reception data clock regeneration is executed on the basis of the signal
horn 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 f:{ the remaining
BSCOH1=O, bit sync operation is executed for each [time set by PSO1, PS1l: 2 symbol] with
[phase width set by BWNO, ... BWN2: 2 “v” ] as the correction phase width.
In the case of CHTOC1=O, bit sync operation is executed for each [time set by PSO1, PS1l: 2 ps
symbol] with the period from reception burst start (drop of BSCOH1) until phase width set by
BWNO,... BWN2: 2 ‘“s ] 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 JSO1, ... JS31].
In the case of JSEN1 = O, erroneous sync detection is not executed.
At the time of RXPD=O, 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– ruining 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, digitaf filter, DAC, LPF, analog ground AMP, reference AMP, and APC circuit.

Block Funct ion

The transmission operation titning is controlled
Delay circuit on the basis of the external input signal.

Power-down release is executed for PDn
(n=2t04).

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
SUMLogic 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 from
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 output 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

APC
power-down release for PDn (n = 1 to 4), and it
reaches control status at the time of APCEN1=“1”
and hold status at the time of APCEN1= “O”.
In hold status. Output level change is not
executed after burst output. The 9 bit DA for
transmission output level setting reaches
)pgrat ion possible status at the time of APCREN1=

and power-down release occurs at the time of
PLn’(n=l to4). At the time of APCREN1=“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 to4).

The analog ground level for the modulation part is
Analog Ground AMP put out. Power-down release is executed for PDn

(n= 1 to 4).
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i) 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[l] 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 u 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 u 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[lA] 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 u sec (6.66 symbols) later.
$Ao~) 0.45 ,u sec after ramp– down completion, BSTO drop occurs 6.75 symbols after TCLK[lA] (t

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

ii) 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 (PDO) 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[l])A]) 119.5
symbols after the rise of TCLK (TCLK[l]) synchronized to the change of TXRST to high level, and 8.5
symbols (t dRAO) 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 = O 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 Funct ion

The reference level in regard to the analog
AGNDGEN ground AMPof the various IC parts is supplied.

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

4).

IT’REF-BIASGEN 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

i) Power–down mode

PLLPWSRXRSTO RXPD TXRST

PDO o 0 x x Standby status ‘a’ while waiting
Data setting part ON

?Dl 1 0 x x Standby status ‘bO’ while waiting
PDO+ PLLO+ AGNDAMP

?D2 1 1 0 0 Standby status ‘O’ 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 ‘O’ at the time of a call
PDI + APC(Hold) ON+
reception part (BTRsync) ON

PD4 1 1 0 1 Transmission status ‘O’ at the time of a call
PD2 (APCoperation) + transmission part ON
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ii) Power– down mode shift and shift time

m

Reception

PLLPWS:l~O
PXRSTO:l~O

I

[AK2399]

Transmission

PLLPWS:l~O
PXRSTO:l~O

PDO – > PD1 : Shift time fkom 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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I Recommended Circuit Examples I

1) Capacitor for analog ground

TREF2

4

luF

SIVSS
TVSS

2) Resistor for VBIAS

““s7

3) DC cut capacitor

AmIF1 O—1

““’7 ‘REF7
‘I OOOPF ‘0. OIJJF

TV-T ‘VSS-T

4) PLLOloop filter

DMOPD

3

10KQ

DNOPI

3300

1000PF

v

0.047JJF

<0085–E–02>

MCLK1O—1

-1O. O1,UF

–46– 199 6/May Preliminary



ASAHI KASEI [AK2399]

Package

■ Marking

(1) Indication of pin 1 (the bevelled corner becomes pin 1)
(2) Date code:
(3) Marketing code: AK2399
(4) Manufacturing country name indication: JAPAN
(5) Asahi Kasei logo

AK 2399

Xxxxxxx

JAPAN
\
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1- 12. oko.2 J 1.5 q:;

F
10.O*O.1 II

El 0

■ 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 pmpwty, 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 license 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 r-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.


