+ 48-pinplagicQFP
+ FPT-48P-M15

TheMB86660A isasingle-chip demodulator for digital satellite
broadcaging receiversand iscompliant with DVB-Sand DSS

It featurestwo A/D convertersfor I-input and Q-input, aQPSK
demodulator and aforward-error correction (FEC) block,
whichiscomprised of aViterbi decoder, deinter|eaver,
Read-Solomon decoder and descrambler.

+ DVB-Sand D SS-compliant single-chip demodulator * Read-Solomon decoder:

« Operation rateup to 62 Mbps n= 204, k= 188

+ Integrated dual A/D convertersfor I-input and Q-input * Denterleaver: depth | = 12

- Analog 1V p-p and up to 31 Msymbol/sinput + Energy-digpersal removal: PRBSpolynomial
= x5+ x4+ 1
+ QPSK demodulator
- Gray-coded QPSK demodulation with absolute + C/N monitoring output via 12C interface
mapping ,
— On-chip multi-rateVCO (36 to 62 MHzoperation)  1%Cbusinterface
- Automaticcarrier capturerange= 15 MHz + Power supply voltage: + 3.3V

Half-Nyquist filtersroll-off factor o= 0.35

Automatic gain control (AGC ): PWM output  Package QFP-48

+ Process: 0.35um CMOS

+ Viterbi decoder
- Congraint lengthK = 7
- Viterbi rateR = 1/2, 2/3, 3/4, 5/6,7/8
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Pin Assignment
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M IN QPSK analog QPSK analog in-phase input:
l-input Analog 1V p-p input. The maximum input rateis 31 Msymbol/s.
m QN QPSK analog QPSK analog quadrature-phase input:
Qinput Analog 1V p-p input. The maximum input rateis 31 Msymbol/s.
37 VRHI A/D high A/D high-reference input for lIN:
reference High-reference voltage input. The typical voltageis 1.4V.
10 VR AD low A/D low-reference input for lIN:
reference Low-reference voltage input. The typical voltage is OV.
48 VRHQ A/D high A/D high-reference input for QIN:
reference High-reference voltage input. The typical voltageis 1.4V.
5 VR.Q A/D low A/D low-reference input for QIN:
reference Low-reference voltage input. The typical voltage is OV.
AGC output:
35 ACC AGC output 0 PWM (Pulse Width Modulation) or ‘H/L level output. This output pin s fed to an external analog
filter that controls an AGC amplifier of the tuner.
Crystal oscillator input:
Connect a 27.0 MHz crystal oscillator between these pins. It is used to set the frequency of the
3 CLKI Crystal | internal multi-rate VCO. This crystal oscillator is not required when the EXTCLK pin inputs 27.0
4 CLKO oscillator input /0 MHz clock.
When the crystal oscillator is not used, CLKI and CLKO must be ‘L and ‘OPEN’, respectively.
When the crystal oscillator is used, EXTCLK must be set to ‘L.
External clock input:
5 EXTCLK External clock input This pininputs a27.0 MHz clock to set the frequency of the internal multi-rate VCO. The crystal
oscillator is not required when this pin is used. When this EXTCLK is not used, it must be set to ‘L.
Transport data output:
Transport packet These pins are the transport stream packet data. The user can select the output mode, either from
22t015 TS7 to TSO data oput u’: 0 8-bit parallel data or serial data output. When parallel output is selected, the user can select the
P MSB position to be TS7 or TS0. When serial output is selected, the user can select the output pin
position, TS0 or TS7. All selections are done by setting an internal register.
Transport clock output:
o5 TCLK Transport packet 0 This pinis the transport stream packet clock for TS7 to TS0. The user can select the output mode
clock output that is parallel or serial clock, and can select the clock polarity. All selections are done by setting the
appropriate internal register.
Transport enable output:
Tr ke
27 TEN e::jzon packet 0 This pin outputs ‘H’ when valid packet datais present, and outputs ‘L’ during other times, such as
the parity bytes.
Error indicator output:
28 TR Error indicator 0 This pin outputs ‘H for a period of a packet that the Reed- Solomon decoder could not correct, and
outputs 'L for a period of a packet that it could correct.
Frame Frame synchronous output:
2 FSYNC synchronous o] ame sy i put:— i
This pin outputs ‘H’ when the frame is synchronized.
output
R SCL 12C bus clock | Serial clock input for 12C bus
33 SDA [2C bus data o] Serial data 1/0 for 12C bus
9 ADR2
Address ID input for 12C bus:
2
1? 23;1) FC bus address These are the lower 3-bit of I°G bus address. The upper 4-bitis fixed with “0001".

Fujitsu Microelectronics, Inc.
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Reset input:
29 RESET Reset input The MB86660A is reset when this pin is ‘L. The LS| must be reset when the power is turned on.
Refer to the “Power-on Reset” section for timing details.
Bit clock output:
8 BCLK Bit clock 0 This pin can output a clock signal at twice the symbol rate, a clock signal at the symbol rate, or a
output packet start signal. All selections are done by setting an internal register. This pin outputs ‘L at the
initial stage.
. Test pin:
12 TESTI Te
estpin This input test pin must be connected to 'L’ for normal operation.
Analog Vpp:
3,462 AVoo Andlog Vop Analog Vip for theinternal A/Ds and VCO
Analog Vgs:
3,47.1 AVss Andlog Vss Analog GND for theinternal A/Ds and VCO
7,14, 24, - -
31,36, 43 Vb Digital Vpp — Digital Vpp
6,13, 23, - -
30, 34, 42 Vss Digital Vss — Digital Vsg

Block Diagram

______ QPSK Block - - - - -
RESET — > ! l
AGC : AGC « |
VRHI > | e FECBlock -----------
1 1 , , 8
! ! Ll
VRLI » aDc | | el L > TS7 10 TS0
— 1 Nyguist ' @ m|
' 30 b o 5 o o a3 | o
! c 9 to o< T S @5 €< |
T | B3 v | 88 P Red e 80 | 24 | ——» TEN
LB C | ag o o o= 2@ |
QIN > Ll e N 2 0 €9 89 |
T Half- ' 3 8 3 e |
—> > Nyquist : Lt - 5 = QU’_J :——b- TER
VRLQ » ADC | ! filter Lo = | FSYNG
| Co —_
' A A [ 1
VRHQ > Cos 0 Sin 6 e S
o . e | |
, Carrier recovery ,
*— 1
: nanill
: > 12C
: CLK recovery :
BCLK - . B . 4 4 *
| [y [y [} |
A3
 J
CLKI CLKO EXTCLK SCL SDA ADR

Fujitsu Microelectronics, Inc.
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Absolute Maximum Ratings (See WARNING)

Power supply voltage Vb, AVpp -0.5 +.0

Input voltage V| -05 Vpp+05

Qutput voltage Vo -05 Vpp+0.5

Storage temperature Ter -55 +125 °C

WARNING:  Semiconductor devices can be permanently damaged by the application of stress (voltage, current, temperature, etc.) in excess of absolute maximum
ratings. Do not exceed these ratings.

Recommended Operating Conditions (See WARNING)

Power supply voltage Voo, AVpp 30 33 36

High-level input voltage ViH Vpp % 0.65 — Vpp +0.3

Low-level input voltage ViL -0.3 — Vpp % 0.25

Operating temperature Ta 0to+70 °C

WARNING:  Recommended operating conditions are normal operating ranges for the semiconductor device. All the device's electrical characteristics are warranted
when operated within these ranges.

Always use semiconductor devices within the recommended operating conditions. Operation outsidethese ranges may adversely affect reliability and could
result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented on the data sheet. Users considering application outside
the listed conditions are advised to contact their Fujitsu representative beforehand.

Fujitsu Microelectronics, Inc.
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Electrical Characteristics

DC Characteristics
(Vpp = +3.3£0.3V, Ta= 0to + 70°C unlessotherwise ecified)

Logic input
Input high voltage Viy — Vpp % 0.65 — Vpp+0.3 v
Input low voltage ViL — -0.3 — Vpp % 0.25 v
12C bus input (SDA and SCL)
Input high voltage Viy — 30 — 55 v
Input low voltage ViL — -05 — 15 v
A/Dinput (VRHI, VRHQ, VRLI, VRLQ, lIN and QIN)
Input reference high voltage (for VRHI and VRHQ) VR4 — VR +1.0 14 Voo v
Input reference low voltage (for VRLI and VRLQ) VRL — 0 0 Vry—1.0 \Y
Differential reference voltage Vaw Vey- VAL 1.0 1.4 25 '
Reference input resistance Rrw Vryto VR — 5 — kQ
Analog input voltage (for IIN and QIN) Vi — VR — VR4 \Y
Analog input capacitance (for |IN and QIN) Cin — — 15 — pF
Logic output
Qutput high voltage Vou loy=—4 mA Vpp-05 - - v
CQutput low voltage VoL loL=4 mA — — 04 '
12C bus output (SDA)
Qutput low voltage VoL loL =3 mA — - 04 v
Power supply current (Vpp and AVpp)
IIN, QIN =

Average power supply current Ibp 31 Mbaud/s — 300 TB.D. mA

Vpp=36V

*1 Typical values assume that Vpp = +3.3 V and Ta= +25°C.

Fujitsu Microelectronics, Inc.




Register Table
Register Map

<I2Caddress {0 |0 |0 1| ADR2 | ADR1 | ADRO |>

]

P
[
7

o

00000000 MOD7 Reserved MOD5 MOD4 MOD3 MOD2 MOD1 MODO
RW MODE-1
) ] (0 ] ] (0 0 0 ]
00000001 Reserved Reserved Reserved BCLK1 BCLKO R N RS_EN DIEN
RW MODE-2
() ] (0 0 0 (0 (1) (1) (1)
00000010 AW AGC Reserved AGCP AGCM AGC4 AGC3 AGC2 AGC1 AGCO
@) 0 (0 ] (1) (0) ] ] 0
VCo7 VCO6 VCO5 (oo} VCOo3 VCOo2 VCO1 VCOo0

00000011 AW Veo
() 0 (0 0 (1) (0) (1) (1) 0
00000100 RW Viterbi LvVCO 0 0 VIR4 VIR3 VIR VIR1 VIR0
) VCO expansion 0 ] (0) (1) ] (0)
00000101 AW Frame SYT3 SYT2 SYT1 SYTO0 SYA3 SYA2 SYA1 SYAO
() synchronization (1) (1) (1) (1) (0 0 (1) (0
00000110 AW Carrier recovery CA_SW CA_BZ CA_B1 CA_BO 0 CA_QZ CA_oc1 CA_QO
(6) loop filter coefficient ) (0) (1 (0) () () (1)
00000111 AW Clock recovery 0 CL p2 CL_p1 CL_po 0 CL_o2 Cl_at CL_a0
(7 loop filter coefficient (0) (1 (1 (0) (1 (0)

X X X X X X QP_RST LS|_RST
00001000 W RESET _ a
® ] (0 0 0 (0 0 0 ]
?;001 001 R Status X X X STM STA3 STA2 STA1 STAD
?108)01 010 R AFC AFC7 AFC8 AFC5 AFC4 AFC3 AFC2 AFC1 AFCO
?1010)01 ot R CIN CN7 CN6 CN5 CN4 CN3 CN2 CN1 CNO
00001100 — Reserved X X X X X X X X
(12)
00010000 — Reserved X X X X X X X X
(16)
00010001 AW Start carrier X CAS_p2 CAS_p1 CAS_p0 X CAS_ o2 CAS_ad CAS_ol
{7 coefficient 0 (0 (1) (1) (0 ] (1) 1
00010010
(18) R Unused 1 1 1 1 1 1 1 1

X AGC_p2 AGC_P1 AGC_P0 X AGC_o2 AGC_oa AGC_ol
00010011 RW ACC coefficient B b . - - -

(19

(1)

(1)

Note: X Don'tcare

(0) or (1): Default value

Fujitsu Microelectronics, Inc.
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Functional Description

MODE-1
+ Theuser can sdect theoutput polarity of TCLK, theoutput modeof TS7to TS0, and 0 on by setting theregister.

* Register value 12C address= 0001ADR [2:0]. Register address= 00000000¢).

. 0 (default) TS7 to TS0 are latched at the falling edge of the TCLK.
MODO TCLK polarity
1 TS7 to TS0 are latched at the rising edge of the TCLK.
0 (defalt The error indicator flag of the transport stream packet is set to ‘H when the Reed-Solomon decoder cannot
MOD1 Error indicator correct the error.
1 The error indicator flag of the transport stream packet is not changed.
MOD? Output mode of TS7 to 0 (default) Peralld output
TS0 1 Serial output. Unused TS bits output ‘L.
MOD3 Output order of TS7 to 0 (default) TS7 is MSB when parallel. TS0 outputs when in serial mode.
TS0 1 TS0 is MSB when parallel. TS7 outputs when in serial mode.
0 (default) FSYNC outputs the frame synchronous signal.
MOD4 FSYNC output mode
1 FSYNC outputs the Viterbi synchronous signal.
MOD5 Frame 0 (default) ‘B8(h)’ of the frame sync-byte valueis changed to ‘47(h)".
sync-mode 1 ‘B8(h)’ of the frame sync-byte valueis not changed.
bite Reserved 0 Don't change
0 (default) Normal operation
MOD7 Data reverse switch
1 Recdved data is reversed in LSI.
[MODO function]
MODO =0 MODO = 1
710 | ] ] rsrts0 | ] ] ]

ew UL e UL LS L

Fujitsu Microelectronics, Inc.
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MODE-1 (continued)
[MOD1 function]
Thedructureof thetrangort packe

< 188 byte

\J

< Packet header (32 bits = 4 bytes) >

Sync.- Transport
Transport byte error | Data
packet indicator
8 bit 1 bit

T

MOD1 = 0: This bit is set to ‘H’ when the Reed-Solomon decoder cannot correct the error.
MOD1 = 1: This bit is not changed.

[MODS5 function]
MOD5= 0
:é ———————— 8 packet - ------- %é———- 8 packet ————%é———— 8 packet ————%
< 1packet = : : :
ZL rzi Vs
T 77 [T 77 I 77 U
Frame Packet Packet Frame Packet Frame Packet Frame

sync. | o203 [ sync. | op3 |sync.| op3 |sync. | op3 [sync. | 203 |sync. ¥ op3 [sync. | 203 | sync.
TS7t0 TSO Toyte| pyte |Tbyte] byte |10vte] byte [Tbvte] byte |Tbvte] byte [1Dyte| byte |Tbyte| Byte |1byte
= 47h B8h = 47h = Boh

=Bsh =47h =47h =Bgh =
1 V74 ZL £l
| 77 : 77 : 77 j
: Complemented : Complemented : Complemented . [Complemented
! : 2L ! Vi ! 2L !
L 77 [ 77 [ 77
| Frame Packet Packet Frame Packet Frame Packet Frame

TS71to0 TSO sync. | o3 |sync. | o203 [sync. | 203 | sync. | 203 [sync. | 203 |sync. | 203 |sync. | 203 | sync.
Toyte] pyte [Toyte]l byte J10Yte] byte |Tb¥E]l byte ”Zgﬁ byte 13)%? byte 133%? byte 13)%?

=47h =47h =47h =47h
V74 2L 2L
77 77 77
MOD5 = 1
:e ———————— 8 packet - ------- %é———- 8 packet ————%é———— 8 packet ————%
< 1packet = : : :
L1 rai ZL
U 77 I 77 T 77 a
Frame Packet Packet Frame Packet Frame Packet Frame
sync. | o203 | sync. 203 sync. | o203 | sync. 203 sync. 203 | sync. 203 sync. 203 | sync.
TS710 TS0 1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte
=B8h =47h =47h =B8h =47h = B8h =47h =B8h
L V74 2L ZL
77 77 77

Not Complemented Not Complemented

: Not Complemented

: Vi V7 74
! 77 ¥ 77 ¥ 77
Frame Packet Packet Frame Packet Frame Packet Frame
TS7t0o TSO sync. 203 sync. 203 sync. 203 sync. 203 sync. 203 | sync. 203 sync. 203 | sync.
1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte byte 1 byte
= B8h =47h =47h =B8h =47h = B8h =47h = B8h

Ll LL LL
77 77 77

Fujitsu Microelectronics, Inc.
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MODE-2
+ Deinterleaver, Read-Solomon and Energy dispersal removal functions may bebypassed by setting thisregister.

* Register value 12C address= 0001ADR [2:0]. Register address= 00000001 = 1¢10).

Deinterleaver is bypassed.

DIEN Deinterleaver enable
1 (default) Normal operation. Deinterleaving is performed.
Read- Solomon decoder is bypassed.
RS_EN Reed-Solomon enable
1 (default) Normal operation. Reed- Solomon decoding is performed.
Energy 0 Energy dispersal removal is not performed.
ER EN dispersal
removal enable 1 (default) Normal operation. Energy dispersal removal is performed.

+ BCLK output may bechanged by stting theregigter.
* Register value 12C address= 0001ADR [2:0]. Register address= 00000001 = 1¢10).

00 (default) 'L level output
01 Packet start signal output

BCLK BCLK output select : g e ;

[1:0] 10 Clock signal with frequency = twice the symbol rate
1 Clock signal with frequency = symbol rate

+ Bit 5tobit 7 should not bechanged.
* Register value 12C address= 0001ADR [2:0]. Register address= 00000001 = 1)

0 (default) Don't change.
Reserved 0 (default) Don't change.
0 (default) Don't change.

Fujitsu Microelectronics, Inc.




Status

+ Theuser can monitor theinternal gatusby reading thegatusregiger.

+ Register value 12C address= 0001ADR [2:0]. Register address= 00001001 = 910, Read only.
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STAD Frame 0 Shows Frame s not in synchronization.
synchronization 1 Shows Frameis in synchronization.
STA1 Viterbi decode 0 Shows the Viterbi decoder is not in synchronization.
synchronization 1 Shows the Viterbi decoder is in synchronization.
000 Shows the Viterbi decoder is not in synchronization.
001 Shows the Viterbi rateis 1/2.
STA[42] Viterbi rale dletection 010 Shows the Viterbi rateis 2/3.
011 Shows the Viterbi rateis 3/4.
100 Shows the Viterbi rateis 5/6.
101 Shows the Viterbi rateis 7/8.
A/D Converter

« | and Qanalog input dataareautomatically sampled by theinternal clock.

Nyquist Filter

« Digital half-Nyquig filtering isperformed for thel and Qinput signal. Theroll-off factor is0.35.

Fujitsu Microelectronics, Inc.
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AGC

« Theamplitudeof | and Qinput dataiscompared with thereferencevalueAGC[4:0] st by theuser. Thecompared result isoutput tothe
AGCpinin PWM (PulssWidth Modulation) formor ‘H/L’ levd. It adjuststheamplifier gain of thetuner viaan external analog filter.

« Thepulsewidth of thePWM output ischanged at 1/(2Fs) x n (us) ¢ep (n=010 255, Fs: ymbol rate (Msymbol/s)). Thefrequency is

Fg/128 (MH2).

+ Thepulsswidth of the‘H/L’ leve output ischanged a minimum 4/Fs(js) step (Fs: symbol rate (Msymbol/s)). Thefrequency ismaxi-
mum F/8 (MHz). Astheresponssisfager than PWM, it isusdful if quick responseisrequired.

+ ThereferencevalueAGC[4:0] and theAGC output polarity areprogrammable
* Regigter value 12C address= 0001ADR [2:0]. Regiter address= 00000010 = 2(10).

00000
fo

Reference value for 10000
AGC (default)

fo
1111

AGC [40]

Minimum reference value

The amplifier gain of the tuner is adjusted to equal the reference value.

Maximum reference value

0 (default)
AGCM ACC output mode

PWM output

1

‘H/L level output

0 (default)

AGCP ACC output polarity

When AGC [4:0] > Amplitude of | and Qinput data:
If AGCM = 0 (PWM output), it repeatedly outputs pulses with ‘H’ period longer than ‘L period.
If AGCM =1 ('H/L’ level output), it outputs ‘H'.

When AGC [4:0] < Amplitude of | and Qinput data:
If AGCM = 0 (PWM output), it repeatedly outputs pulses with ‘L period longer than ‘H’ period.
If AGCM =1 ('H/L level output), it outputs ‘L.

When AGC [4:0] > Amplitude of | and Qinput data:
If AGCM = 0 (PWM output), it repeatedly outputs pulses with ‘L period longer than ‘H’ period.
If AGCM =1 ('H/L level output), it outputs ‘L.

When AGC [4:0] < Amplitude of | and Qinput data:
If AGCM = 0 (PWM output), it repeatedly outputs pulses with ‘H’ period longer than ‘L period.
If AGCM =1 ('H/L’ level output), it outputs ‘H'.

Bit7 Reserved 0 (default)

Do not set this bit.

Fujitsu Microelectronics, Inc.




AGC (continued)

+ Someexter nal AGC-loop configuration in user systems may need to adjust thefilter valueusing thefollowing regiger.
+ Register value 12C address= 0001ADR [2:0]. Regigter address= 000100112 = 1910).

000 o=20(=1)

001 o=21(=2)

010 o=22(=4)

o 011 0=2(=8)

AGC o oc-Coeﬁldenc.y (default =2 (=
[2:0] of AGC loop-filter

100 o=24(=16)

101 0=25(=32)

110 o =26 (=64)

111 —

000

=0

(default) P

001 B=21(=2)

010 B=22(=4)
AGC_pB B-Coeﬁiciency.l 011 B =23(=8)
[2:0] of AGC loop-filter

100 B=24(=16)

101 B=25(=32)

110 B =26(=64)

111 B=27(=128)

Block Diagram of AGC:

AGC Detector

PWM

Fujitsu Microelectronics, Inc.
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AGC (continued)

PWM AGCoutput waveform:  Thepulsewidth ischanged at 1/(2Fs) x n (s) step (n= 0to 255, Fs symbol rate(Mgymbol/s).

Thefrequency isF128 (MHz).

<AGCP =0> <AGCP=1>
1/(2Fs) (us) 1/(2Fs) x 255 (us) 1/(2Fs) (us) 1/(2Fs) x 255 (us)
AGC[4:0]<1,Q Pt - m- - - » B »
When the difference
between | and Q
amplitude and AGC [4:0] o [ \ /i ]
IS maximum 1/(2Fs) x 2 (us) 1/(2Fs) x 254 (us) 1/(2Fs) x 2 (us) 1/(2Fs) x 254 (us)

1/(2Fs) x 127 (us) " 1/(2Fs) x 129 (us) 1/(2Fs) x 127 (us) 1/(2Fs) x 129 (us)

¢------ Pt - - >, - re---------- »

AGC[4:0]<1,Q . ) ! _\—I[ \
1/(2Fs) x 128 (us)  1/(2Fs) x 128 (us) 1/(2Fs) x 128 (us)  1/(2Fs) x 128 (us)
oo Lo REEEEEE > ARREEEEEE Yoo o-o--- »

amplitude = ' ! ' ' h !

AGC [4:0]. 1/(2Fs) x 129 (us) 1/(2Fs) x 127 (us) 1/(2Fs) x 129 (us) 1/(2Fs) x 127 (us)
#eo-o-o-o-- LOREEEEE » A Yoo »

AGC [4:0]>1,Q _/—\—/_ _\—l—\_

1/(2Fs) x 254 (jis) 1/(2Fs) x 2 (us) 1/(2Fs) x 254 (us)  1/(2Fs) x 2 (us)
Tl Y- AR e e
1/(2Fs) x 255 (us) 1/(2Fs) (us) 1/(2Fs) x 255 (us)  1/(2Fs) (us)

Tttt Lid ARREREEREREEEEEEE e

AGC [4:0] > 1, Q _\_/ —

When the difference

between AGC [4:0] and

| and Q amplitude is

maximum ‘H level (fixed) ‘L’ level (fixed)

Fs: symbol rate (Msymbol/s)

Fujitsu Microelectronics, Inc.
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AGC (continued)

‘H/L’ levd AGC output waveform:  Thepulseischanged a minimum4/Fs(s) gep (Fs: symbol rate).
Thefrequency isF8 (MHz).

AGC [4:0] < |, Q amplitude

AGC [4:0] > |, Q amplitude

Fs: symbol rate (Msymbol/s)

<AGCP =0 >

‘H’ level (fixed)

<AGCP =1>

L’ level (fixed)

o

]

P
[
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Carrier Recovery
+ Thedifferencebetween theactual and expected carrier frequency isautomatically recovered upto £ 5 MHzintheLSl.

« Theloopfilter coefficient for thecarrier recovery operateswith CAS_ o [2:0] and CAS 3 [2:0] at first and then automatically switches
to CA_o[2:0] and CA_ [2:0] after thelock-up. However, when CA_SW is* 07, thefilter coefficient alwaysoperateswith CA_ o [2:0]
and CA_ [2:0].

+ Theloopfilter isvariable

* Register value 12C address= 0001ADR [2:0].

<Regiger address= 00010001(2) = 17(10)>. <Regiger address= 00000110(2) = 6(10)>.
000 o=21(=2) 000 o=21(=2)
001 o =22 (=4) 001 (default) o =22 (=4)
CAS o a-factor f.or 010 o= 23(=8) CA o-factor f.or 010 o= 23(=8)
2 0]— the loop filter . [ 2'(;] the loop filter .
[2: at first 011 (default) o =24(=16) : after lock-up 011 o =24(=16)
100 o=25(=32) 100 0=25(=32)
101 to 111 o =26 (=64) 101to 111 o =26 (=64)
000 [ = 28 (=256) 000 P =28 (=256)
001 B=29(=512) 001 B=29(512)
p=210 p=210
f f 010 (=1024) o 010 (default) (<1024)
CAS B B-factor .or Pt CAB B-factor .or B oon
[20] the loop filter 011 (default) o048 [20] the loop filter 011 o048
’ atfirst (=2048) ’ after lock-up ( )
B=212 B=212
100 (=4096) 100 (=4096)
B=213 B=213
101 to 111 (=8192) 101 (=8192)
0 Auto SW: off
CA_SW Loop filter SW
1(default) Auto SW: on

Carrier Recovery Block Diagram:

CAS_B[2:0]
or
CA_B[2:0]

Phase Detector Sin/Cos table

CAS_o.[2:0]

or
CA_o.[2:0]

Fujitsu Microelectronics, Inc.




AFC

+ Theuser can monitor thedifferencebetween theactual recovered carrier frequency and thenominal local oscillator frequencyin
thetuner.

+ Thedifferent frequency of thetuner may becalculated by reading theAFCregiger:
Af (kHz) = (128 - AFC[7:0]) x 82.474 x (n/42.192) (n: Receiving bit rate (Mbps))

Ex1: WhenAFC[7:0] = 01111100 and Receiving bit raten = 40 (Mbps),
AFC(pEcy= 22+ 28+ 244254+ 26= 124
Af = 312.8 (kHz) — showsthelocal ocillator frequency inthetuner is312.8 kHz higher.

Ex2: WhenAFC[7:0] = 10000101 and Recaiving bit raten = 60 (Mbps),
AFC(DEC)= 204+ 224+ 27=133
Af= -586.4 (kHz) — showsthelocal osdillator frequency inthetuner is586.4 kHz lower.

* Register value 12C address= 0001ADR [2:0], Register address= 00001010 (2, Read only

00000000 Shows the local oscillator frequency in the tuner is very high.
00000001
to
01111111
AFC[7:0 The diff f th i
[70) e difference of the carrier 10000000 Shows the local oscillator frequency in the tuner is almost correct.
frequency
10000001
to
11111110
11111111 Shows the local oscillator frequency in the tuner is very low.

Fujitsu Microelectronics, Inc.
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Clock Recovery

+ Thedock synchronized to thebasdoand dataisautomatically recovered in theL SI. Theinternal VCO mugt be set to therequired fre-
quency in advance Refer to Section 10 for setting theinternal VCO frequency.

+ TheLoopfilter isvariable

* Register value 12C address= 0001ADR [2:0]. Register address= 00000111 = 7(10).

CL o o-factor for the clock
[2:0] recovery loop filter

o0 =29 (=512)

o = 210 (=1024)

o =21 8

2048)
4096)
o =213 (=8192)

(=
(=
o =212 (=
(=
(=

o =214 (=16384)

Prohibited

CL_B [B-factor for the clock
[2:0] recovery loop filter

B=217(=131072

)
B =218 (=262144)
B =219 (=524288)

B =221(=2097152)

(
(
(
B =220 (=1048576)
(
(

B =222 (=4194304)

Prohibited

Clock Recovery Block Diagram:

Phase Detector

Fujitsu Microelectronics, Inc.
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VCO

+ Theinternal VCO frequency must beset to two timesthereceived data symbol rate. Becausethefrequency resolutionis 0.1 MHz, it
should besd tothenearest step.
Exp.: When thereceived data symbol rateis21.096 Msynvs, set 42.2 MHz as21.096 Msym/sx2 = 42.192 MHz.

* Regigter value 12C adress= 0001ADR [2:0]. Regiger address= 000000112 = 3(10) & 000001002 = 4(10).

00000000 Internal VCOis set to 40.0 MHz
00000001 Internal VCOis set to 40.1 MHz
to l
00000110 Internal VCOis set to 40.6 MHz
to l
00010110 Internal VCOis set to 42.2 MHz
(Initial value)
to l
01000100 Internal VCOis set to 46.8 MHz
to l
01110100 Internal VCOis set to 51.6 MHz
Vo VCO frequency to o
[70] (0.1 MHz step) 10010110 Internal VCOis set to 55.0 MHz
to l
10100010 Internal VCOis set to 56.2 MHz
to l
11001000 Internal VCOis set to 60.0 MHz
to l
11011000 Internal VCOis set to 61.6 MHz Set to 36.0 MHz
to l l
11100000 Internal VCOis set to 62.4 MHz Set to 36.8 MHz
to l l
11111110 Internal VCO s set to 65.4 MHz Set to 39.8 MHz
1111111 Internal VCOis set to 65.5 MHz Set to 39.9 MHz

Fujitsu Microelectronics, Inc.
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Reset

+ Thewholeblock of LSl or QPSK-block only isreset when LSl_RST or QP_RST bit issa to*1’.
* Register value 12C address= 0001ADR [2:0]. Register address= 00001000 = 8(10).

software reset e whole LS (including QP interface) is reset when
OP_RST ::ZK block software 1 QPSK block only is reset when QP_RST bitis set o ‘1"
Viterbi Decoder

+ Congraint lengthK = 7.
« Optionally, someViterbi ratesmay besdected fromR = 1/2, 2/3, 3/4, 5/6 and 7/8.

+ Therecdving Viterbi rateisautomatically detected from the selected Viterbi rates Thetimeit takesto detect theactual rateis
proportional to the number of sdlected rates 0 it isrecommended to sdlect onerateif therateisknown beforehand.

+ Thedetected Viterbi rateiswrittento the STA [4:2] regider (refer to thesection on Status page 13).
* Register value 12C address= 0001ADR [2:0], Register address= 00000100 = 410).

0 (default) Viterbi rate detection is not performed for R=1/2.
VIR0 R=1/2 setting

1 Viterbi rate detection is performed for R=1/2.

0 (default) Viterbi rate detection is not performed for R=2/3.
VIR1 R=2/3 setting

1 Viterbi rate detection is performed for R=2/3.

0 Viterbi rate detection is not performed for R=3/4.
VIR2 R=3/4 setting

1 (default) Viterbi rate detection is performed for R=23/4.

0 (default) Viterbi rate detection is not performed for R=5/6.
VIR3 R="5/6 setting

1 Viterbi rate detection is performed for R=5/6.

0 (default) Viterbi rate detection is not performed for R=7/8.
VIR4 R="7/8 setting

1 Viterbi rate detection is performed for R=7/8.

Fujitsu Microelectronics, Inc.
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C/N Monitor

+ Theapproximate C/N valueof theinput signal ismonitored.

+ Themonitored C/N value dependson theevaluation environment, LS| mounting conditions, and so on in the user application system.

Thereforg thevalue must becarefully checked. Thetypical characterigtic curveisshown below.

11109, Read only.

= 0001ADR [2:0]. Regiger address= 00001011

* Register value 12C address

Shows that the error of the receiving datais large.

00000000

fo

1111111

C/N monitor

CN[7:0]

Shows that the error of the receiving datais small.

C/N Monitor Characteristics

enfeA peey [0:2]1 NO

25

20

5

1

0

1

C/N (dB)

Note: CN[7:0] Read Value s translated to decimal value.
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Frame Synchronization
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+ Theframesynchronization signal (B8h) at thegdart of 8 packetsisdetected. Thenumber of statesfor acquisition andtracking ispro-

grammable

« TheLSlisconsderedto lock if thesynchronization signal iscontinuoudy detected for the st number of acquisition states and then
FSYNC ischanged to'H’ when ((MOD4 (Register address: 00000000) = ‘0’)). After lock, theL Sl isconsidered to beout of lock if the
gynchronization signal would not becontinuoudy detected for theset number of tracking states and then FSYNCischanging to‘L.

* Regigter value 12C address= 0001ADR [2:0]. Register address= 000001012 = 5(t0).

0000,0001 L . ) .
’ ’ The LSl is considered to lock if the synchronization signal is continuously detected two times.
Number of 0010 (default)
SYA[3:0] -
acquisition states to
1111 The LSl is considered to lock if the synchronization signal is continuously detected fifteen fimes.
0000 to 0010 The LSl is considered not to lock if the synchronization signal would not be continuously detected two
times.
Number of
SYT[3:] urmoer o o
tracking states
1111 (default The LSl is considered not to lock if the synchronization signal would not be continuously detected fifteen
times.
Timing
:e -------- 8 packets - - - - - - - - 9;4——— 8 packet ————9;4———— 8 packets ----;
'< 1 packet > ! ! !
s Sync 7 Sync Sync 7 Sync Sync 7 Sync ' Sync
ync. ync. . . . . .
SO -byte 203 -byte 203 -byte 203 -byte 203 -byte 203 -byte 203 -byte -byte
TS7t0 T X1 bya[ex byte | 1pyte ] byte )1byte] PYe h1byte) PYte f1byte) b¥te f1byte| byte |)4byte 1 byte
R R 7
 Frame (47h) 47h  Frame sync. 47h \ Frame syrc. (47h) : F
1 sync. @) . (B8h) @h)  (B8h) L synon
' (Bah) : ; | (B8h)
FSYNC | / | \
‘L’ — ‘H’ as the frame-sync was ‘H" — ‘L’ as the frame-sync was not
continuously detected for the set continuously detected for the set
number of acquisition states. number of tracking states.
Deinterleaver

+ Thedeinterleaving depth | = 12 on byte-stream.

« When DI_EN (Regiger address=00000001) = ‘0", deinterleaving ishot perfor med.
When DI_EN = ‘1’, deinterleaving isperfor med.

Fujitsu Microelectronics, Inc.




Reed-Solomon Decoder
* n=204,k=188,t=8
CodeGenerator Polynomial: g (x) = (x+ A0) (x + A1) (x+ A2) - - - (x+ A1)
Fied Generator Polynomial: p(x) = x8+ x4+ x3+ x2+ 1

+ If thetotal errorsarelessthan 8 bytesfor the204-byteblock, all errorscan becorrected. If thetotal errorsaremorethan 9 bytes
al errorsarenot corrected. The TER outputs‘L’ for apacket that all errorswerecorrected. TheTER outputs ‘H’ for a packet
that theerrorswerenot corrected.

+ Todiginguish theparity bytesof Reed-Solomon, theTEN outputs‘H’ for aperiod of thevalid data, and then outputs‘L’ for a
period of theparity bytes

+ When RS EN (Regigter address: 00000001) = ‘0", Resd-Solomon decoding isnot performed and all errorsarenot corrected.
TEN operatesnormally, but TER outputs‘L’.
When RS _EN = ‘1", Read-Solomon decoding isperfor med.

Timing
< - Corrected Packet - =< - Uncorrected packet > - Corrected Packet - >

' Sync. Data Parity ' Sync. Data Parity § Sync. Data Parity § Sync.
TS7 10 TSO -byte 187 16 -byte 187 16 | -byte 187 16 | -byte
1 byte byte byte 1 byte byte byte g1 byte byte byte 1 byte

PGP

TEN I/ \ /I \ /I ~ (
z i \ z

(when RSEN = ‘")

TER
(when RSEN = ‘0")

‘L level fix

Energy Dispersal Removal
« When ER_EN (Regiger address: 00000001) = ‘0’, Energy dispersal removal isnot perfor med.
When ER_EN =*1’, Energy dispersal removal isperfor med.

+ Psaudo-Random Binary Sequence (PRBS) Polynomial: x15 + x14 + 1
Thepolynomial isinitialized into the ssquence’ 100101010000000’ every eight packets

Fujitsu Microelectronics, Inc.
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12C Bus
+ Writeprotocol
(M) (M) (Lsi (M) (Lsh) (M) (Lsh (M) (Lsl) (M) (Lsh) (Lsh (M)
12C Register Register
S | address | ACK ACK Data-1 ACK ACK Data-2 |ACK | - ACK | P
+W address-1 address-2
\ A J
Y Y
Write to register address-1. Write to register address-2.
+ Read protocol
(M) (M) (Lsh) (M) (LSl (M) (M) (M) (Lsh) (Lsh) M) (M)
12C Register 12C
S | address | ACK ACK| P | S| address | ACK Data-1 ACK| P
+W address-1 +R
N J \ J
Y Y
Set the register address-1 Read the register address-1.
before reading.
(M) (M) (Lsi (M) (Lsh) (M) (M) (M) (Lsi (Lsh) M) (M)
12C Register 12C
S| address | ACK ACK| P | S| address | ACK Data-2 ACK | P
+W address-2 +R
\ J \ J
Y Y
Set the register address-2 Read the register address-2.
before reading.
Notes: S: Start condition

I2C address (7bit): 0001 (ADR2) (ADR1) (ADRO)
ADR [2:0]: User setting

R/W (1bit): 0 = write, 1 = read

Data-n (8bit): Data of register address-n

ACK: Acknowledge

P: Stop condition

(M) : Output from 12C master

(LSI): Output from MB86660A

Fujitsu Microelectronics, Inc.
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Output Signal Timing

< - Corrected Packet - =x< - Uncorrected packet >< - Corrected Packet - >

ISync. Data Parity ¥ Sync. Data Parity § Sync. Data Parity § Sync.

TS7t0o TSO -byte 187 16 -byte 187 16 -byte 187 16 -byte
1 byte byte byte 1 byte byte byte f1 byte byte byte 1 byte

o AU U
ENZEEU:O]:‘OV) J_\ /_\ /_\ /_\_

TEN /I \ / \ / \_/

TER

FSYNC ‘H or 'L level fixed

Note: TCLK polarity may be changed by setting the register.

Fujitsu Microelectronics, Inc.
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Power-On Reset

TheMB86660A must beresst viatheRESET pin when thepower isturned on.

+ Apply arest sgnal totheL Sl at power-on, then removethereset 50 msafter theV pp andAVpp havereached 3.3V or haveinput a
resst pulsswidth of 50 msafter they reached 3.3V. Notethat the27.0 MHz dlock by thecrystal oscillator or theexternal clock of
EXTCLK must begtablebeforethereset isremoved. (Seethediagram below.)

Voo, AVpp (= 0V) = =smmmmmeme s

Vpp, AVpp (= 0V) 50 ms or more

< »
<% L

(inactive)

}—» Stable 27 MHz clock

Select either

(active)

RESET

(inactive) (inactive)
(active)

- »
50 ms or more

— stable 27 MHz clock

Fujitsu Microelectronics, Inc.




Application Example
+ Whena27 MHz crystal oscillator isused

——\W

7

o

]

P
[
7

Tuner AGC
8
! LPF » IIN TS7t0 TSO PP
Demultiplexer
4| >—1 MB86660A TcLk [ and
MPEGZ2 decoder
IFAGC > LPF [ » QIN TEN ]
90 deg.
<hiter [+ LO. CLKI CLKO
II:II
L L
27 MHz
Xtal ;
+ Whena27 MHz external clock isused.
Tuner AGC
8
v LPF » [|IN TS7 1o TSO A
Demultiplexer
TCLK [* and
4{ MB86660A MPEGZ2 decoder
IFAGC > LPF [ » QN TEN
90 deg.
shiter [+ L.O. EXTCLK
A
27 MHz clock

Fujitsu Microelectronics, Inc.
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Peripheral Circuit Example

}I2CBus Line
0.4 uk
] S=fe 01pF
o ) ”
ace < 1AW | 9%9% 1
& = O
o L = N
a5 2 %5 5 8 8 g8 85 8
B s e O e e e e
o oo nononnonmninin
36 35 34 33 32 31 30 29 28 27 26 25
VRHI [] 37 24 1Vpp - %
® 0.1k
%_._ AVes [ 38 23 Tves +—®@
01 pfL AVpp [ 39 22 [ ] 157
=100k | o = 40 21 [ 1s6
1oom§
I > | b IIN [ 41 20 [] 185
v
01;:—1— ss [] 42 <TOP VIEW > 19 ] 184
] vpp 48 18 [] TS3
Q >}t - QN[44 17 [ 182
100 k= To
= j00ko . VRLQ [] 45 16 [1
. . AV 180
Tl oo []46 15 H
E—-— AVgs [ 47 14 [3 Vob .
® 0.1uF
VRHQ [] 48 131 Vss +—@
\01 2 3 4 5 6 7 8 9 10 11 12
O m o ddnugig
ol =iy & 9 o o o - O
-l s
< < o & . =
i—e it : J’F o |
10uF 0.1 uF v o 10 pF
Analog GND 0 Digital GND
27 MHz
‘\ o xta & /’
AVAVAV i
1Q ; 1 uF

Vbp
I 10 uF

Notes: 1. Theanalog and digital power supplies should be separated and each GND pattern should be sufficiently wide. Connect the bypass capacitors with
good high-frequency characteristics for Vpp — Vg and AVpp — AVss. Connect the analog and digital power supply pattern at a point such as the
illustration above.

2. Connect the bypass capacitors with good high-frequency characteristics between the analog GND ‘AVsg' and VRHI, VRLI, VRHQ and VRLQ which
are the reference voltages of the A/Ds. It is very important to stabilize the reference voltages for the A/D. Furthermore, it is recommended to connect
alarge value of about 10 puF to AVgg,

3. Useaboard with 4 |ayers or more.

Fujitsu Microelectronics, Inc.
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Package Dimensions

48-pin plastic QFP
(FPT-48P-M15)

15.3040.40 SQ , 2.70(.106)MAX
(:602+.016)

12.00%% sQ _].0.05(.002)MIN

(47270%) @ (STAND OFF)
P —————————— = -
— ) _ | Details of "A" part |
@= =09 ! .
— — | 0.15(.008) |
— Fr— | ?_ |
] o ] | |

8.80
] o ] 13.6040.40 | I
p— - (346) i3ciote) | M 0.20(.008 |
f— — REF | | |
p— INDEX — | 0.15(.006)MAX |
== = I 0.50(.020)MAX I
| o | |
@ = =0 ] L |
Details of "B" part

TR LRI
e

— ] |
|
| -
|

0.80(.0315)TYP 0.3040.06 ® 0.15 S0t | "

- 0.16(.006) @ e —
(.012£.002) {.006 -0564) : # 0~10°

|
| l—
|
|

0.8510.30
(0331.012)

[[7]0.10(.004)

Dimensions in mm (inches)

Fujitsu Microelectronics, Inc.
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