June 1993
Edition 1.0a

DATA SHEET

(o8
FUJITSU

MB86468

AUDIO FILTER FOR ANALOG CORDLESS TELEPHONE

The MB86467 is a single-chip voice filter which contains a 2400-bps minimum shift keying

Audio Filter for Analog Cordless Telephone With Compandor,

2400 Bps MSK Modem, Speech Scrambler

(MSK) modem, speech scrambler, and compandor for cordless telephones.

The MSK modem incorporates a frame-signal detection function.

The transmitter consists of a transmitting amplifier, compressor, speech scrambler, mute
function, limiter, and splatter filter. The receiver consists of a receiving amplifier, expander,
speech scrambler, and a mute function. Both the transmitter and receiver use switched

capacitor filter (SCF) technology.

The MB86468 can operate at low voltages of 2.7 V min. and is ideally suitable for analog

cordless telephones.

FEATURES

Transmission/reception filter:

CMOS compandor:
1/0 compression ratio of 1/2 logarithm
1/0 expansion ratio of 2 algorithm
Built-in speech scrambler
Transmitter with limiter:
Externally-controllable limiter level
Limiter non-operation settable for modem use
— Muting function in transmitter and receiver
Input gain adjustment amplifiers in transmitter and receiver

Electronic gain-controls in transmitter and receiver: +9.8 to —11.2 dB, 1.4 dB step
control

2400-bps MSK modem:

Full-duplex operation

Frame signal detection function; 16/20 bit selectable

Controllable receive clock and data output after frame signal detection
Selectable hysteresis input

Selectable frame synchronization patterns (for base and portable units)

Digital Circuit:
— Serial interface: Interfacing via signal line with smaller number of lines
— Crystal oscillator circuit: 3.6864 MHz oscillation frequency
— Six standby modes for optimum low power consumption
— CMOS /O level interfacing

Power supply voltage: 2.7t0 5.5V
Operating temperature: =30 °to +70°C

48-pin plastic QFP package

48-Pin Plastic QFP
(FPT-48P-M02)

(TOP VIEW)
48 37
1 o — 36
]
m]
m]
m]
m]
m]
m]
m]
m]
m]
12 1 25
13 24
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Caution

This device should not be used in restricted applications such as in wiretapping or
eavesdropping.

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields.
However, it is advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated
voltages to this high impedance circuit.

Copyright[] 1993 by FUJITSU MICROELECTRONICS, INC.
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PIN ASSIGNMENT

Pin No. /0 Symbol Pin No. 110 Symbol Pin No. /10 Symbol Pin No. /0 Symbol
1 I CC, 13 I DEM; 25 I DiN 37 o) OSCout
2 (0] CCy 14 O DEM> 26 | DSTB 38 | OSCiy
3 | SCRyn 15 O CC3 27 | DCK 39 | RST
4 o) CMPout 16 [ CCy 28 [ FCL 40 o) TAMPouT
5 o) CAP-C 17 o} DSCout 29 o} FDouT 41 I TAMPy
6 — A.GND 18 | EXPn 30 — D.GND 42 (0] MOD
7 o) AFN2 19 — VDDA 31 o} RCK 43 — VpoD
8 I AFN1 20 o CAP-E 32 o RD 44 I LIMy
9 I 1/2 Vppin 21 o} AFouT 33 o LOCK 45 o) SAMPouT
10 o) 1/2 VppouT 22 [ RAMPy 34 [ SD 46 I SAMP)\
11 O CCs 23 e} RAMPoyut 35 o SCK 47 ) SouTt
12 I CCs 24 I TEST 36 I SEND 48 ) EMPouTt
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PIN DESCRIPTION

Block function FIin No.

Symbol Name Description
8 AF N1 I | Input-amplifier inverted- Form an input filter by providing external resistors R1, R2
signal input pin and R3 and external capacitors C1 and C2 at the AF\; and
AF|N2 pins.
7 AF N2 Input-amplifier output pin
5 CAP-C Compressor AC-cutoff Determine the cutoff frequency of the low band by multiply-
capacitor pin ing the capacitance of the external capacitor by the internal
resistance of 220 kQ.
4 CMPoyt O Compressor output pin —
3 SCRin I | Scrambler input pin Inputs signal output from compressor to scrambler, while
cutting off direct current
1 CCp ' Scrambler capacitor pin Insert a 0.047 UF DC-cutoff capacitor between the CC; and
CC,, pins.
2 CcC, O
48 EMPouT O | Scrambler output pin Outputs scrambled transmit signal
Transmit filter -
block 47 SouT O Modulator output pin Outputs MSK modulated signal
46 SAMPy | Inverted-signal input pin for Inputs inverted-signal to added transmitter amplifier
limiter input-amplifier
45 SAMP- (@] L!miter input-amplifier output | Outputs signal from added transmitter amplifier
ouT pin
44 | Limiter level input pin When this pin is open, the limiter output level range is set to
LIM 0.05 X Vpp. When the voltage V| ranges from 0 to 1/2
Vpp — 0.04 X Vpp is applied at LIMy pin, the limiter output
level range is limited to Vpp — VN t0 V-
41 I | Inverted-signal input pin for | Adjust the output gain of the transmit block by connecting
TAMP|N output-gain adjustment external resistors R10 and R11 to the TAMP,y, MOD, and
amplifier TAMPguT pins.
40 O | Output-gain adjustment
TAMPouT amplifier output pin
42 MOD (e} Transmit filter block output pin —

(Continued)
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Block function F|in No. |Symbol Name Description
13 DEM, Input-amplifier inverted- Form an input amplifier by providing external resistors R4
signal input pin and R6 at the DEM; and DEM5, pins. The gain may be ad-
justed by adjusting the resistance of the external resistors.
14 DEM, Input-amplifier output pin
15 CCs Descrambler capacitor pin Insert a 0.47 UF DC-cutoff capacitor between the CC3 and
CCy pins.
16 CCy
17 DSCout Descrambler output pin —
Receiver filter 18 EXP\n Internal expander input pin —
20 CAP-E Expander AC-cutoff Determine the cutoff frequency of the low band by multiplying
capacitor pin the capacitance of the external capacitor by the internal re-
sistance of 220 kQ.
21 AFouT Expander output pin —
RAMP |y Inverted-signal output pin for
22 added receiver-amplifier -
RAMPqyT Added receiver-amplifier Outputs from receiver
23 output pin
38 OSCy Crystal oscillator input/output | Insert a 3.6864-MHz crystal oscillator between the OSCy
pins and OSCqyr pins.
37 OSCour
39 RST* Reset signal input pin When this pin is set to L, all circuits are reset.
24 TEST* Test input pin This pin should be open or set to H.
Digital section 25 Din Serial signal input pin Input a serial interface signal.
26 DSTB Serial signal input strobe pin | A serial signal is transferred to the mode-selection register
via the Dy pin at the rise of the DSTB signal. Set this pin to
H level during data input.
27 DCK Serial signal input clock pin The serial input signal (D) is synchronous with the rising
edge of this clock input (DCK)

*High-resistance pull-up pin

(Continued)
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Block function F|in No.

Symbol Name Description
35 SCK MSK modem transmitter clock| Inputs SD data synchronized with the rising edge of SCK sig-
output pin nal
34 SD MSK modem transmitter data .
input pin
36 SEND MSK modem transmitter mute| “H” level: SCK pin outputs MSK signal. Soyt pin outputs
pin modulated signal.
“L” level: SCK pin fixed to “H". Spyt pin outputs no signal.
11 COg Demodulator capacitor pin This pin should be left open. (Pin 11)
Insert a 0.47 UF DC-cutoff capacitor between the DEM, and
12 COg COg pins.
MSK modem 33 LOCK Lock signal output pin When the DPLL signal is within 1/4 clock cycle of the RCK sig-
block nal, this pin changes from “H” to “L" level.
31 RCK MSK modem receiver clock Outputs RD data at rising edge of clock from RCK pin
output pin
32 RD MSK modem receiver data
output pin -
29 FDouT Frame detector output signal | After reset is cancelled, the FDoyt pin becomes “H” level
pin when the RD pin outputs a code according to the frame syn-
chronization pattern.
28 FCL* Erame detection latch clear The FDoyT pin is set to “L” when this pin is “L” level. Always
pin set the FCL pin to “L” level after setting a frame synchroniza-
tion pattern, except at resetting.
19 V, Analog power supply pin Input the same supply voltage to the Vppa and Vppp pins in
DDA gp PPy P the range of 2.7 t0 5.5 V.
43 VppD Digital power supply pin
6 A.GND Analog ground pin _
Pow;:)illipply 30 D.GND Digital ground pin _
9 1/2 Vppin 1/2 Vpp generator input pin Insert a 1 IF bypass capacitor between the 1/2 Vppy and
A.GND pins.
10 1/2 1/2 Vpp generator output pin | Internal circuits operate at a reference voltage of 1/2 Vppourt-
VbpouT

*High-resistance pull-up pin
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BLOCK DIAGRAM
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BLOCK FUNCTIONS

The MB86467 consists of a transmitter filter, receiver filter, MSK modem, and digital section. The transmitter has a speech-scrambler and
compressor. The receiver has a speech-scrambler and expander.

1. Transmitter Filter

1.1 Input filter

Avoice signal input via the AF 4 pinis sentto the compressor after being band-limited by the input amplifier formed with AMP1 and external resistors
R1, R2, and R3 and the external capacitors C1 and C2.

1.2 Compressor

The voice signal from the input filter is sent to the scrambler via the electronic gain-control 1 after being compressed to half logarithmically by the
compressor.

Bypass of the compressor may be controlled via the serial input D)y and adjustment of the volume of the transmitted voice by the electronic
gain-control 1.

1.3 Scrambler

The compressed signal from the compressor is output as a scrambled signal via the EMPgyt pin after passing the prefilter 1, BPF1, external
capacitor, scrambler, LPF1, and post filter.

Bypass of the scrambler and muting of the output voice may be controlled via the serial input Dyy.

1.4 Limiter

The output signals from the EMPoyt and Sgyt pins are input to the adding amplifier AMP2 via the SAMP)y pin after passing the external RC circuit.
The limit level of the signal output from limitter can be adjusted by the input level at the LIMy pin.

The voice signal is limited to 3 kHz by the splatter filter LPF2 and output via the MOD pin after passing the post-filter 2. The output gain of the voice
signal can be adjusted by the AMP5 and external resistors R10 and R11.

2. Receiver Filter

2.1 Input filter

A voice signal received via the DEM; pin is band-limited by the pre-filter 2 and BPF2 after passing an inverting amplifier that consists of the input
amplifier AMP3 and external resistors R4 and R5. The input gain of the voice signal can be controlled by this inverting amplifier.

Muting of the input voice signal may be controlled via the serial input D).

2.2 Descrambler

The voice signal from BPF2 is output via the DSCpoy pin after passing the external capacitors, descrambler, LPF4, electronic gain-control 2, and
post-filter 3. Bypass of the descrambler may be controlled via the serial input Dy and adjustment of the volume of the received voice by the electronic
gain-control 2.

2.3 Expander

The voice signal from the descrambler is input to the expander via the EXP)y pin after passing the external capacitors. The signal is doubled
logarithmically and then output via the AFoyT pin. The received voice signal from the ARyt pin is output as a voice signal via RAMPgT after being
synthesized with a tone signal by the adding amplifier AMP4.

Bypass of the expander may be controlled via the serial input Dy.
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3. MSK Modem Block

3.1 MSK modulator

This modulator outputs a 1200- or 2400-Hz sine-wave signal corresponding to the respective data “1” or “0” input via the SD pin, which is
synchronized with the transmission clock signal (SCK).

AMP2 synthesizes this output signal with the transmitting voice signal.

3.2 MSK demodulator

A voice signal received via the DEM1 pin is sent to the demodulator (CCg) after passing the input-gain amplifier AMP3. The voice (analog) signal is
digitized by the waveform shaper 1 and reproduced by the delay detector. The reproduced data is reconverted to a digital signal after noise
components are eliminated by LPF3.

The DPLL circuit generates and outputs a receive clock signal synchronized with the reproduced data via the RCK pin; it outputs the reproduced data
viathe RD pin. This circuitalsoincorporates aframe-signal detection function and outputs a High level signal via the FDg pin when the reproduced
output data from the RD pin matches the frame synchronization pattern.

Selection of the frame synchronization pattern for the base and portable units may be controlled via the serial input D;y. The RCK and RD outputs
can be held at Low level until frame detection is completed.

4. Digital Section

4.1 Timing generator

The timing generator generates a basic clock signal from an external crystal oscillator (3.6864 MHz) and internal crystal oscillator circuit. It sends a
divided clock signal of the basic clock signal to the MSK modulator, MSK demodulator, and transmitter and receiver filters.

4.2 Serial interface circuit

Inputting a serial signal to the serial interface circuit via the serial signal line (D), clock signal line (DCK), and strobe signal line (DSTB) enables
setting of various modes: Standby and bypass modes, ON/OFF of transmitter/receiver mute function, and the frame synchronization pattern. A
microprocessor may be used to generate a serial input signal for the digital circuit.
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OPERATION SEQUENCES
1. MSK Modem Operation Timing

1.1 Modulation timing

* When the SEND pin is High level, at the rising edge of the SCK clock, the SgyT pin outputs:

- 1200 Hz sine-wave signals when the SD pin is High level
- 2400 Hz sine-wave signals when the SD pin is Low level

* When the SEND pin is Low level, the SCK pin is kept at High level and the SD pin is kept at Low level.

oo

1.2 Demodulation timing

When the FDgyt pin is High level, at the rising edge of the RCK clock, the RD pin outputs:

- “1” signal when the DEM1 pin receives 1200 Hz signals
- “0” signal when the DEM; pin receives 2400 Hz signals

RD output data should be entered to a microcontroller at the falling edge of the RCK clock.

RANGERANRERE

RD 1 0 1 0 1 0 1 0

1

e T

1
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1.3 Frame detection timing (D8 = 0)

The 5th bit (D5) of a serial signal input via the Dy pin determines the frame detection bit pattern.
* Bit pattern from base to portable units (D5 = “0")

“(1010) 1001 0011 0011 0110"
* Bit pattern from portable to base units (D5 = “1")

“(1010) 1100 0100 1101 0110"

(' ): Synchronization pattern for extended frame mode
Notes:
1. When the D)y pin input serial signal D8 is “0” and D10 is “1”, setting the FDgT pin to Low level enables holding of the RD and RCK pins at Low
level.
2. After setting the frame pattern, set the FCL pin to Low level and then the FDgyT pin to Low level.

FCL . Extended frame Receive data
RST - synchronization —s«—————— Frame synchronization pattern (base/portable units selectable)
pattern '

RD

< UUUIUUIUUIuivuuiuyL

|

FDout

1.4 DPLL pulse shift timing

Shiftthe falling edge of the DPLL pulse near the falling edge of the RCK pulse so that the time lag (f) between them disappears. Inthis case, whenthe
lag approaches 1/4 of the RCK pulse cycle, the LOCK pin changes to Low level.

C ( R
' ) )
DPLL ;
! ; Shifted —=
RCK : |
— A — —
—_—
RD X .o
. . ( «,J
' )
LOCK
C
) )

10
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2. Limiter Output Level

2.1 Limits of output level when LIM |y pin open

LIM |y Pin Input Level SAMP gy Pin Input Level Output Level Remarks
v, >YDD + 0,15 Vo +0.15 Max.
2 2
LIMjy pin = open v v
%+0.152v|2%—0.15 7
Vpp = 3.0V
\"23—0—0.15 >V, Vop _ 15 Min.
2.2 Limits of output level when LIM |y pin =V | im
LIMy Pin Input Level SAMP gyt Pin Input Level Output Level Remarks
Vi>Vpp = Vim Vop - Vim Max.
L|M|N pin = VLIM
(Adjust the input voltage Vop = VM 2= V) 2 Vi \
for the LIM,y pin to within
0to 1/2 Vpp — 0.04 VDD')
Vim >V Viim Min.

11
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3. Serial Interface Circuit

3.1 Operating mode selection by serial signal

* Input condition of serial signal

MSB “0”

“qr

DOO0O0O0
LSB

DSTB

TEST

Serial pattern determined | |

uqpn

Note: A serial signal is input at the rising edge of the DCK clock pulse via the Dy pin.

* Bit codes for mode selection*

Code and Functions
Bit No. Functions Remarks
“gr wp
D2, D1, D0 | Standby mode selection “101" to “000” See page 14.
D3 Transmission mute mode selection Normal Muted Selection of SWO0 on/off
D4 Reception mute mode selection Normal Muted Selection of SW1 on/off
Output bit pattern of RD pin for frame detection
* From base to portable units (D5 = “0"):
D5 Base/portable unit selection Portable unit Base unit “1001 0011 0011 0110”
* From portable to base units (D5 = “1"):
“1100 0100 1101 0110”
D6 Speech scramble mode selection Operated Bypassed Selection of SW2 on/off
D7 Compandor mode selection Operated Bypassed Selection of SW3 on/off
D8 Electronic gain-control adjustment — Set Set to “0".
D9 Hysteresis characteristic selection Not selected Selected Hysteresis (20 mV) can be selected for input to
for waveform shaper 1 waveform shaper 1.
A signal is output from the RD and RCK pins after
D10 Demodulator output selection Normal After detection | frame detection. These pins are set to “L” level in
operation.
D15to D11 | For test mode Fixed — Set all bits to “0”.

*Bit pattern for reset (Input pattern to Dy pin.)
D15 to DO: “0000 0000 0000 0100”

12
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¢ Standby mode selection table

Standby mode MO M1 M2 M3 M4* M5
Block o Bit code (D2, D1, DO)| (D2, D1, DO) | (D2, D1, DO) | (D2, D1, DO) | (D2, D1, DO) | (D2, D1, DO)
Circuit name 000 001 010 011 100 101
AMP1 X X O O O O
Compressor X X O (@) O O
Electronic gain-control 1 X X O (@) O (@)
Transmissior] e fiter 1
Voice filter BPF1 X X (@) (@) O (@)
scrambler
LPF1
[Transmitte!
Post-filter 1 X X (@) (@) (@) (@)
AMP2, Limiter, LPF2, Post-filter 2 X X O O O O
AMP5 X X o) O O @)
Modulator X @) (@) (@) (@) O
Modem
SCK output ** X Fixed X X X O
AMP3 X X X X @) O
Pre-filter 2 X X X X O (@)
BFP2 X X X O O O
Voice filter Reception Ellaeifron'c
i
scrambler | gain-control 2 X X X o O ©
Receiver Post-filter 3
Expander X X X (@) O (@)
AMP4 X X X O O O
Modem | Demodulator| LPF3 (@) O
Waveform shaper 1 X X X X
osc X X X X X O
Others
1/2 Vpp generator X X X X O O
X : Active Q : Inactive

*Mode M4 is for resetting.
**In modes M1 and Ms, or when SEND is “L” level, the SCK is kept High level.

13
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3.2 Electronic gain-control adjustment by serial signal

* Input conditions of serial signal

DSTB

TEST

MSB “0”

wqpn

o o o0 o/ RN

LSB

Serial pattern determined | |

e

Note: A serial signal is input at the rising edge of the DCK clock pulse via the Dy pin.

* Bit codes for mode selection*

Code and Functions
Bit No. Functions Remarks
0 1
DO to D3 Setting of electronic gain-control 1 1111 to 0000
See page 16.
D4 to D7 Setting of electronic gain-control 2 1111 to 0000
D8 Electronic gain-control adjustment — Set Setto 1.
) Normal mode: 3.388 kHz
D9 Scrambler clock selection Normal mode | Selected mode Selected mode: 3.285 kHz
Output bit pattern of RD pin for expanded frame de-
tection
* From base to portable units
D10 E ded f detecti 16 bit 20 bit - D10 ="1" “1010 1001 0011 0011 0110" (20 bits)
xpanded frame detection e e -D10 = “0": “1001 0011 0011 0110" (16 bits)
* From portable to base units
- D10 ="1" “1010 1100 0100 1101 0110” (20 bits)
- D10 ="“0" “1100 0100 1101 0110” (16 bits)
limited No limit SEND pin = *1™**
D11 Limiter control
Limited SEND pin = *“0"
D12 to D15| Unused bits Fixed — Set all bits to “0”.

*Bit pattern for reset (Input pattern to Dy pin.)
D15 to DO: 0000 0001 1001 1011
*When D11 is “1”, limiter control does not function irrespective of the voltage of the LIM pin.

14
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* Set code for electronic gain-control output gain

\

Set Bits

Electronic Gain-Control 1 D7 D6 D5 D4 Output gain (dB)
Electronic Gain-Control 2 D3 D2 D1 DO
1 1 1 1 9.8
1 1 1 0 8.4
1 1 0 1 7.0
1 1 0 0 5.6
1 0 1 1 4.2*
1 0 1 0 2.8
1 0 0 1 1.4**
1 0 0 0 0.0
Set Code 0 1 1 1 14
0 1 1 0 -2.8
0 1 0 1 -4.2
0 1 0 0 -5.6
0 0 1 1 -7.0
0 0 1 0 -8.4
0 0 0 1 -9.8
0 0 0 0 -11.4

*Reset condition: Electronic gain-control 1 =“1011"
**Reset condition: Electronic gain-control 2 = “1001”

15
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Compandor

1. Electrical Characteristics

1.1 Compressor

* Reference input voltage (0 dBm0): —20 +20 log (V pp/3 V) [dBV]
* Output voltage at 0 dBmo input: —20 +20 log (V  pp/3 V) [dBV]

* Compression characteristics

Input Voltage Limits Compression Ratio
VN = 20 dBmo AVoyuT/AVy = 1

20 dBmo > V) = -50 dBmo AVout/Aviy = 112
—50dBmo > V| AVout/Aviy =1

1.2 Expander

* Reference input voltage (0 dBm0): —14 +20 log (V pp/3 V) [dBV]
* Qutput voltage at 0 dBmo input: =14 +20log (V  pp/3 V) [dBV]

* Expansion characteristics

Input Voltage Limits Compression Ratio
VouT = 10 dBmo AVoyt/Aviy =1

10 dBmo > Vgut = —70 dBmo AVoyt/Aviy =2
—70dBmo > Vour AVoyutiAviy = 1

16
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2. Attack and Recovery Time Test Method

2.1 Compressor

a. Attack time

b. Recovery time

* Input conditions*

*When the reference input level to the compressor is 0 dBmO,
the input level is as follows:

f=2kHz

—-16dBmO

Input level /

0 Time

* Input conditions*

*When the reference input level to the compressor is 0 dBmO,
the input level is as follows:

f = 2kHz

Input level

10 Time

* QOutput transient response characteristics

max

100%

Output
level
(mV)

Attack time

t0 t1
Time

* Output transient response characteristics

—

max f--------------=<

/ ------ 100%
Output min/’
level -f- - -
o | 7

Recovery time

/
/

t0 tl
Time

Note: The definitions of attack and recovery time in the CCITT recommendations are as follows:
* Attack time = t1 (Output level reaches 150%) — tO (Transient response starts)

* Recovery time =t1 (Output level reaches 75%) — tO (Transient response starts)

17
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2.2 Expander

a. Attack time

b. Recovery time

* Input conditions*

*When the reference input level to the expander is 0 dBmO, the
input level is as follows:

f=2kHz

Input level /

0 Time

* Input conditions*

*When the reference input level to the expander is 0 dBmO, the
input level is as follows:

f=2kHz

Input level

0 Time

* Output transient response characteristics

max

Output
level
(mv)

Attack time

to t1

Time

¢ Qutput transient response characteristics

Output | /" -~V /S~~~ /==~~~ =°=~
level
(mv)

Recovery time

t0 1
Time

18

Note: The definitions of attack and recovery time in the CCITT recommendations are as follows:
* Attack time = t1 (Output level reaches 57%) — tO (Transient response starts)
* Recovery time = t1 (Output level reaches 151%) — t0 (Transient response starts)
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ABSOLUTE MAXIMUM RATINGS

(A. GND and D. GND =0 V, Ta = +25°C)

Values
Parameter Symbol Pins Unit
Min. Typical Max.

Supply voltage Vpp Vbop: Vppa* GND -0.3 — 7 \%
Input voltage \ All input pins GND-0.3 — Vpp +0.3 \%
Output voltage Vo All output pins GND -0.3 — Vpp + 0.3 \%
Output current lo All output pins -10 — 10 mA
Storage temperature Tstg — -40 — 125 °c

*Vpp = VDpp = VDpa

RECOMMENDED OPERATING CONDITIONS

(A. GND and D. GND =0 V)

Values
Parameter Symbol Pins Unit
Min. Typical Max.

Power voltage Vpp Vbop: Vppa* 3.0** 5.0 55 \%

Vip All digital input pin 0 — Vpp \Y
Input voltage

Via All analog input pin 1/4 Vpp — 3/4 Vpp \%
Analog output voltage Voa All analog input pin 1/4 Vpp — 3/4Vpp \%

EMPoyt, TAMPoyT, MOD,

RLy SAMPouT, DEMy, RAMPuT 10 - - kQ
Analog output load resistance*** CMPoyt, DSCoyt, AFouT

Rl a7 - - kQ

CC4, CC3, CCs, Sout

Ri3 AFIN2 20 — — kQ
Analog output load capacitance CL All analog input pin — — 30 pF
OSC pin load capacitance Cosc OSCyn, OSCourt 20 30 50 pF
Operating ambient temperature Ta — -30 25 70 °c

L i -20 + 20 |0910
Transmission reference input level Tino AFN1 — AF N2 — (Vppo/3V) — dBvV
. . —-14 + 20 logyg
Reception reference input level Rino DEM; — DEM> — — dBV
(Vop/3V)

*Vbp = VoD = VDDA

**Operation is possible up to 2.7 V, but the electrical characteristics are not guaranteed at 2.7 to 3.0 V.

***Resistance between all pins and 1/2 Vpp pin
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DC CHARACTERISTICS

(Vpp =3.0t0 5.5V, A.GND and D.GND =0V, Ta = —-30° to +70°C)

Values
Parameter Symbol Pins Conditions Unit
Min. Typical* Max.
Ipp0 Standby mode 0 4.5 8.5 19.0 mA
Ippl Standby mode 1 4.0 8.4 185 mA
Ipp2 Standby mode 2 25 52 12.5 mA
Power supply current Vbop: Vopa
Ipp3 Standby mode 3 1.2 25 7.5 mA
Iop4 Standby mode 4 0.1 0.5 2.0 mA
Ipp5 Standby mode 5 — 50 250 HA
Low level input voltage Vi — 0 — 0.3x Vpp \4
All digital input pins
High level input voltage Vin — 0.7 X Vpp — Vbb v
Low level input current IiL SD, SEND, Dy, V=0V -10 — 10 HA
DCK, DSTB
High level input current iy V| =Vpp -10 — 10 HA
Low level output voltage VoL loL=0.5mA 0 — 0.2 x Vpp \Y
All digital output pins
High level output voltage VoH loy =-0.5mA 0.8 x Vpp — Vpp \%
Pull-up resistance Rp .y |RST, TEST — 50 100 200 kQ
Oscillation frequency fosc | OSCin, OSCout — — 3.6864 — MHz
Analog input resistance 1 Raint | 12 Vppin — 50 100 200 kQ
Between LIM;\ and
RainzA 1/2Vpp during operation 10 20 40 kQ
Analog input resistance 2 LIM|y
Between LIM;y and
RaIN3B GND in PD 90 180 360 kQ
VMmoTL During operation 0.16 X Vpp 0.2x Vpp 0.24xVpp | Vp-p
Offset voltage during
Modulator output voltage Vmorz| Sout o . 1/2Vpp - 0.3 1/2 Vpp 1/2Vpp + 0.3 \%
peration
VMOT3 SEND = Low level 12Vpp-03| 12Vpy |12Vvpp+03]| V
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*Typical value when Vpp =3.0 V
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(Vpp =3.0t0 5.5V, AGND and D.GND = 0 V, Ta = -30° to +70°C)

Values
Parameter Symbol Pins Conditions Unit
Min. Typical* Max.
. 1/2 Vpp 1/2 Vpp 1/2 Vpp
LIM|n pin = open
Limiter High level input +0.04 Vop +0.05Vop +0.06 Vop v
voltage VboiH | SAMPoyt
. 1/2Vpp +0.8 1/2Vpp +1.0 1/2Vpp +1.2
L|M|N pin= VL|M** oo bD DD
X (1/2 VDD_VLIM) X (1/2 VDD - VLIM X (1/2 VDD - VLIM \Y
. 1/2 Vpp 1/2Vpp 1/2 Vpp
LIMn pin = open
Limiter Low level input 0.06 Voo —0.05 Voo - 0.04 Voo v
voltage VpLL SAMPoyt
LiMpy pin = VL™ 1/2Vpp-1.2 1/2Vpp-1.0 1/2Vpp-0.8
IN LM X (1/2 VDD - V|_|M) X (1/2 VDD - VLIM X (1/2 VDD - VLIM \Y

*Typical value when Vpp =3.0 V
**0 < VLlM <1/2 VDD —0.04 x VDD
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TRANSFER CHARACTERISTICS

1. Transmission

(Vpp =3.0t0 5.5V, A.GND and D.GND =0V, Ta = -30° to +70°C)

measured at CC1

Values
Parameter Symbol Pins Conditions Unit
Min. Typical* Max.
Transmission gain Teaini | AFin. — MOD Input: 0 dBp, 1 kHz
When scrambler and compandor 2.5 4.7 6.5 dB
bypassed
Transmission gain 2 Teainz | AFiNt — EMPoyT | Input: 0 dBypg, 1 kHz
When scrambler and compandor -15 -0.2 15 dB
bypassed
Transmission gain 3 Teainz| SAMPoyT — MOD| Input: 0 dBpyg, 1 kHz 7.5 8.3 9.5 dB
Mute level Twmute | AFin. — MOD Input: 0 dBp, 1 kHz
When scrambler and compandor 75 —60 + 20 logyg dBV
bypassed, P message filter used, o B (Vpbp/3V)
and in mute mode
Signal-to-noise ratio Tgn | AFiNL — MOD Input: 0 dBpyo, 1 kHz
When scrambler and compandor 40 61 — dB
bypassed, P message filter used
Input: 0 dB, 1 kHz
Upper side band leak | Tysg | AFjn1 — MOD When scrambler used and com- — -81 -50 dB
pandor bypassed
No input
Noise 1 Ticn: | AFjn. — MOD When scrambler and P message o _68 —55 + 20 logyg dBV
filter used, and compandor by- (Vpp/3V)
passed
No input
Noise 2 Ticne | AFjn. — MOD When scrambler and compandor 75 -55 + 20 log;9 dBV
bypassed, and P message filter o - (Vpp/3 V)
used
No input
Carrier leak TeL AFn1 — MOD When scrambler used and the . _86 dBv
compandor bypassed, 3.338-kHz -60
component
Original audio leak*** T AF — MOD Input: 0 dBmo, 1 kHz 3V power - -56 —45 dB
g LK INL When scrambler used
and the compandor
bypassed 5V power — -41 -35 dB
Input: 0.3 to 3 kHz
BPF1 maximum input | V|g1 SCR|ny Compandor bypassed, input level —10 + 20 logyg 6 dBv
level in which distortion factor -34 dB, (Vpp/3V) -

*Typical value when Vpp =3.0 V

*Compounding ratio of 2.388 and 4.388 kHz
***Compounding ratio of 1 and 2.388 kHz

Notes:

SEND = Low level

ok, wnE

22

See Basic Circuits for RC constant for external parts.
Reference input level: 0 dBy,g =-20 + 20 logyg (Vpp/3 V) dBV
Set to 0 dB for VOL1 and VOL2 (D8, D7, and D3 = “1").

Select the after-frame-detection mode for demodulator output (D10 = “1", D8 = “0").
Set the carrier frequency to 3.388 kHz (D9 = “0”, D8 = “1").
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2. Reception

(Vpp =3.0t0 5.5V, A.GND and D.GND =0V, Ta = -30° to +70°C)

Values
Parameter Symbol Pins Conditions Unit
Min. Typical* Max.
Reception gain Reain | DEM1 — RAMPouA Input: 0 dBpyg, 1 kHz
When scrambler and compandor by- -1.5 -0.6 1.5 dB
passed
Mute level RmuTe | DEM; — RAMPoA Input: 0 dBpyg, 1 kHz
When scrambler and compandor by- 87 —65+ 20 dBv
passed, P message filter used, and - - log1g
in mute mode (Vpp/3 V)
Upper side band leak | Rysg | DEM; — RAMPgu1 Input: 0 dByg, 1 kHz
When scrambler used and compan- — -61 dB
dor bypassed -50
Signal-to-noise ratio Rs/Nn | DEM; — RAMPoA Input: 0 dBpyg, 1 kHz
When scrambler and compandor by- 40 60 dB
passed, P message filter used, and -
in mute mode
Noise 1 Ricni | DEM; — RAMPgyq No input 55420
When scrambler used compandor — —68 - iy 3910 dB
bypassed and P message filter used (Vop/3V)
Noise 2 Ricn2 | DEM; — RAMPo{ No input
When scrambler used compandor — _78 —-55+ 2/0 logio| 4B
bypassed and P message filter used (Voo/3 V)
Carrier leak RcL DEM; — RAMPg 1] No input
When scrambler used and compan- 92 65 dB
dor bypassed, 3.338-kHz compo- - - -
nent
e i *kk R _
Original audio leak Lk [DEM1=RAMPoUN |t 0 dByg, 1 kHz | 3V power — 56 45 dB
When scrambler used
and compandor
bypassed 5V power — —41 -35 dB
BPF2 maximum input | Vig2 |DEM; Input: 0.3 to 3 kHz
level Compandor bypassed, input level in | _g + 20 log10 5 dB
which distortion factor -34 dB mea- | (vpp/3 V) - -

sured at CC3

*Typical value when Vpp =3.0 V

*Compounding ratio of 2.388 and 4.388 kHz
***Compounding ratio of 1 and 2.388 kHz

Notes:

SEND = Low level

oUW N R

. See Basic Circuits for RC constant for external parts.
. Reference input level: 0 dBy,o =-14 +20 logyg (Vpp/3 V) dBV
. Setto 0 dB for VOL1 and VOL2 (D8, D7, and D3 =*“1").

. Select the after-frame-detection mode for demodulator output (D10 = “1", D8 = “0").
. Set the carrier frequency to 3.388 kHz (D9 = “0”, D8 = “1").
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3. Total Characteristics

(Vpp =3.0t0 5.5V, A.GND and D.GND =0V, Ta = -30° to +70°C)

Parameter

Symbol

Pins

Conditions

Values

Min.

Typical*

Max.

Unit

Signal-to-noise ratio 1

AsiNi

AFiN1—RAMPouT

Input: 0 dBp,g, 1 kHz
When scrambler and
P message filter used,

3V power

45

52

dB

compandor bypassed,
and MOD pin

5V power
connected to R4

40

47

dB

Signal-to-noise ratio 2

AsiN2

AFiN1—RAMPouT

Input: -30 dBpyg, 1 kHz

When scrambler, P message filter,
and compandor used, and MOD
pin connected to R4

34

38

dB

Signal-to-noise ratio 3

As/N3

AFiN1—RAMPoyT

Input: 0 dBpyg, 1 kHz

When scrambler, P message filter,
and compandor used, and MOD
pin connected to R4

36

50

dB

Signal-to-noise ratio 4

AsiNg

AFiN1—RAMPouT

Input: 0 dBp, 1 kHz

When scrambler bypassed, com-
pandor and P message filter used,
and MOD pin connected to R4

40

55

dB

Transmission
— reception crosstalk

XTCy

AFiN1—RAMPouT

AFINl: 0 dBmo, 1 kHz

DEM;: No input

When scrambler and compandor
used

dB

Reception
— transmission
crosstalk

XTC,

DEM;-MOD

AFn2: Noinput
DEM;: 0 dBpq,1 kHz

When scrambler and compandor
used

dB

Total gain difference 1

Deaint

AFiN1—RAMPoyT

Input: 0 dBg, 1 kHz

When compandor used and MOD
pin connected to R4

(Gain in use of scrambler) - (gain in
bypass)

dB

Total gain difference 2

Dgainz

AFiN1—RAMPouT

Input: 0 dBp, 400 Hz

When compandor used and MOD
pin connected to R4

(Gain in use of scrambler) - (gain in
bypass)

dB

Total ICN

Aicn

AFiN1—RAMPoyT

No input
When scrambler, compandor, and
P message filter used

—79 + 20 logq9
(Vpp/3 V)

dBvV

*Typical value when Vpp = 3.0 V

Notes:

SEND = Low level

o Ul wWN R
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. See Basic Circuits for RC constant for external device.
. Reference input level: 0dBg =-20 +20 logyg (Vpp/3 V) dBV
. Setto 0dB for VOL1 and VOL2 (D8, D7, and D3 = 1).

. Select the after-frame-detection mode for demodulator output (D10 =1, D8 = 0).
. Set the carrier frequency to 3.388 kHz (D9 = 0, D8 = 1).
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COMPANDOR CHARACTERISTICS

(Vpp =3.0t0 5.5V, A.GND = D.GND, Ta = -30° to +70°C)

Limits
Parameter Symbol Pins Conditions Unit
Min. Typical* Max.
Compressor refer- Voco VN =—20.0 + 20 logy9 B B _
ence I/O level AFn1 — CMPouT| (Voo/3 V) dBV 215+ 20 10010205 * 20 [0d10|~18.5 + 20 10610] gy
R1=R2 Input: 1KHz (Voo/3 V) (Vop/3 V) (Vop/3 V)
Voci Vin =15 dBmo to —0.75 0.0 0.75 dB
- mo
. R1=R2 —
\%gﬁ"ﬁessor gainde- | Vocz | Ap, .\ — CMPouT] \_/11’%3540 dBmo to ~1.00 0.0 1.00 dB
Input: 1 KHz mo
Vocs Vin = ~45 dBimo 0 —2.50 0.0 1.25 dB
- mo
%plae(‘,‘ejfr reference | Voeo ExP _ AF I\(’)'gN = —14.0+20 1 160+ 2010g;0|-14.0 + 20 logyo|-12.0 + 20 logso ey
IN = AouT (VD18/3 V) dBV (Voo/3 V) (Vop/3 V) (Vop3 V)
Voe1 Vin =225 dBmo o -1.0 0.0 1.0 dB
Input: 1 KHz mo
Expander gain devi- | Vog2 VN =20 dByq to
ation EXPyny — AFouT 5By -1.25 0.0 1.25 dB
Voes Vi > 225 dBmo ~2.50 0.0 1.25 dB
mo
gln(ir:pressor attack taTc 20 4.0 50 ms
Compressor recov- trce ouT = - = mo
ery time 7.0 14.0 20.0 ms
Er);peander attack taTE 20 40 50 ms
Compressor recov t EXPin=AFour | CT2=0.1F Inngg 6 0Bmo ~
- RCE - mo
ery time 7.0 14.0 20.0 ms
Compressor noise Cicn No input —60 + 20 log1g
AFiNy = CMPouT| \when P message filter used - o (Vpp/3 V) dBv
Expander noise Eicn No input . —79 + 20 logyg
EXPin = AFouT | when P message filter used - (Vpp/3 V) dBv

*Typical value when Vpp =3.0 V

Notes:

1. See Basic Circuits for RC constant for external device.
2. Setto 0dB for VOL1 and VOL2 (D8, D7, and D3 = 1).
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AC CHARACTERISTICS

(Vpp =3.0t0 5.5V, A.GND = D.GND, Ta = -30° to +70°C)

No noise for DEM; and DEM,

Values
Parameter Symbol Pins Conditions Unit
Min. Typical* Max.

SCK delay time 1 tysc1 | SCK — 208 265 417 Hs
SCK delay time 2 tygsc2 | SCK — 0 75 208 Hs
FDoyr delay time 1 tarpr | FDoUT — 0 — 1 Hs
FDoyrT delay time 2 tarp2 | FDouT — 0 — 1 Hs
SCK “L" level width twes | SCK — 195 208 222 Ms
SCK “H” level width twHs | SCK — 195 208 222 Ms
SEND setup time tsuse | SEND — 1 — — Ms
SEND hold time thse SEND — 1 — — Ms
SD setup time tsusp | SD — 1 — — Hs
SD hold time thsp SD — 1 — — Ms
Souyr delay time 1 tagso1 | Sout — 0 — 20 Us
Sour delay time 2 taiso2 | Sout — 0 — 20 Us
Sour delay time 3 tasos | Sout — 0 — 10 Us
MSK input disable time | tygri DEM,, DEM, — 0 — 10 ms
Number of shift bits N — No noise for DEM; and DEM — — 15 bit
Demodulator delay time | tqgp | RD N =215 761 975 1189 Hs

*Typical value when Vpp =3.0 V
Note: See Basic Circuits for RC constant for external parts.
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(Continueq) (Vpp =3.0t0 5.5V, A.GND = D.GND, Ta = -30° to +70°C)
Values
Parameter Symbol Pins Conditions Unit
Min. Typical* Max.
RD timing taro | RD — -1 — 1 s
. ) N=15
RCK “L” level width twer | RCK No noise for DEM; and DEM, 169 208 248 MUs
Wy : N=15

RCK"H" level width twir [ RCK No noise for DEM; and DEM; 169 208 248 Ms

RST “L” level width twic | RST — 20 — — Hs
RCK, SEND,

Digital input rise time tr SD, DCK, — — — 100 ns
DSTB, Diy
RCK, SEND,

Digital input fall time t¢ SD, DCK, — — — 100 ns
DSTB, Diy

D)y setup time tsuD Din — 100 — — ns

Dy hold time thp Din — 100 — — ns

Strobe setup time tsuT DSTB — 100 — — ns

DCK “L" level width twip | DCK — 100 — — ns

DCK period twwD DCK — 2 — — MUs

Strobe “L” level width twLT DSTB — 100 — — ns

*Typical value when Vpp = 3.0 V
Note: See Basic Circuits for RC constant for external device.
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TIMING CHARTS

1. MSK Modem Timing
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2. Serial Interface Timing

Din

DCK

twwp

29



MB86468

BASIC CIRCUITS

1. AMP1

2. AMP2

3. AMP3

R2

1/2Vpp

R1=22kQ
R2 =22 kQ
R3 =22 kQ
C1 =3300 pF
C2 =820 pF
C3=0.1WF

R7 =68 kQ
R8 = 150 kQ
R9 =47 kQ
C4=0.1WF
C5=0.1[F

R4 =47 kQ
R6 = 47 kQ
C6=0.1JF
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4. AMP4

AFout

5. AMP5

1/2Vpp

6. Crystal oscillator circuit

OSCin
Cco

D.GND

N o

T
|

1
D.GND /J7 co

OSCour

——O——O——

R13 =47 kQ
R14 = 47 kQ
R15 = 47 kQ

R10 = 47 kQ
R11 =47 kQ

CO0=22pF

31



MB86468

7. Compressor

CT1

A.GND /J;

CMPoyut l_SCRIN

9. 1/2 Vpp Generator

-

C10 /J; A.GND

1/2 Vpp
generator

AF N2 CAP-C
- 00— O0O0—-—0———-
SwW3
Compressor ——8—O-w=—0—
|
8. Expander
. 0 .
] Posts—)fllte — Expander —DCh\ Sw3
O—O ) -
DSCout | EXPin| CAP-E AFout

[
(:) 1/2Vppout
|

1/2VppiN

o

C12

A.GND

CT1=0.1WF
C7=0.047 UF

CT2=0.1lF
C10 = 0.047 UF

Cl2=1WF
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10. DC-cut Capacitor
c8
CCy l l CC»
CcCs ; ; CCs
C9

! CCs

| cu

> DEM2

CCs

C8=0.047 UF

C9 =0.047 UF

C11=0.047 UF
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PACKAGE DIMENSIONS

48-LEAD PLASTIC FLAT PACKAGE

(CASE No.: FPT-48P-M02) .106(2.70)MAX
6774016 g (MOUNTING HEIGHT)
(17.20+0.40) Q .002(0.05)MIN
(STAND OFF HEIGHT)
@\I:[E [ I— —
— I — gj
—] —— j:§
— — a72 t 88‘% E] .535+.016
— T (12007030, SQ — (13.60£0.40)
Y .346(8.80
— INDEX — 0.10 E% R(EF )
— — ]
@ I — —t
.012£.002
.0315(0.80) L +.002 +0.05
TYP (0:30%0.06) | 006(0.16) (| “>f{=— 006 570,(0.15 7°57)

ffffffffff e
‘ Details of “A” part | Details of “B” part ‘
Ar

gy | Y ‘ | |
TR | b= ] |
Jﬁuuuuuuuuuu‘uu‘ '\&I‘ } A “ ‘
SN ‘ “ 0°1010°
} | -00352)-(15) } | ‘ ‘ 071£012 |
/| .006(0.15) | 20(0.50 a T (1.80£0.30)|
.020(0.50) L ’

‘ MAX | Dimensions in
(11992 FUJITSU LIMITED F48002S-9C L —— - inches (millimeters)
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MEMO

All Rights Reserved.

Circuit diagrams utilizing Fujitsu products are included as a means of illustrating
typical semiconductor applications. Complete information sufficient for construction
purposes is not necessarily given.

The information contained in this document has been carefully checked and is
believed to be reliable. However, Fujitsu assumes no responsibility for inaccuracies.

The information contained in this document does not convey any license under the
copyrights, patent rights or trademarks claimed and owned by Fujitsu.

Fujitsu reserves the right to change products or specifications without notice.

No part of this publication may be copied or reproduced in any form or by any means, or
transferred to any third party without prior written consent of Fujitsu.
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North and South America

FUJITSU MICROELECTRONICS, INC.
Semiconductor Division

3545 North First Street

San Jose, CA 95134-1804, USA

Tel: 408 -922-9000

FAX: 408-428-0640
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FUJITSU MIKROELEKTRONIK GmbH
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Asia
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0 FUJITSU LIMITED 1993

36

Printed in Japan WV0088-934W1.0



