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NIPPON PRECISION CIRCUITS INC.

 

QSurround™ 3D Virtual Audio Processor
for Dolby AC-3 and ProLogic

 

OVERVIEW

 

The QS7777PF/CF is an audio processor IC which
implements the QSurround™ technology developed
and licensed by QSound Labs, Inc. It processes
Dolby Digital (AC-3) and Dolby Surround audio sig-

nals to produce enhanced virtual 3D sounds, even for
2-speaker systems. It can generate 2, 3, 4, and 5-
channel speaker configurations, all with enhanced
surround signal outputs.

 

FEATURES

 

■

 

Enhanced surround signal from Dolby Digital
(AC-3) and Dolby Surround (ProLogic) input sig-
nals

 

■

 

2-step adjustable sound enhancement

 

■

 

Supported speaker configurations
• Dolby Digital (AC-3) 6-channel signals to 2, 3,

4, 5-channel speaker QSurround signal configu-
rations

• Dolby Surround (ProLogic) 4-channel signals
to 2, 3, 4-channel speaker QSurround signal
configurations

 

■

 

Monaural to virtual stereo conversion

 

■

 

Parallel and 2 serial interface control modes
selectable
• QS7777CF: I

 

2

 

C bus 2-wire serial interface

 

1

 

• QS7777PF: 3-wire serial interface (Data, Clock,
Strobe)

 

■

 

5 to 13V analog supply

 

■

 

4.5 to 5.5V digital supply

 

■

 

48-pin QFP package

 

1. NPC employs I

 

2

 

C bus serial interface components
under license from Philips, and conforms to the Phil-
ips I

 

2

 

C bus specifications.

 

APPLICATIONS

 

■

 

DVD and laser disk players

 

■

 

TV and AV equipment

 

■

 

Multimedia products (including sound cards)

 

■

 

Car audio

 

ORDERING INFORMATION

PINOUT

 

QS7777PF

QS7777CF

 

I

 

2

 

C  bus is a registered tra d e m a r k of Phil ips Electronics N.V.
Do lby and the double-D symbol are registered tra d e m a r ks of Dolby Laborator ies Licensing Corporation.

 

D e vice P a ck ag e

 

Q S 7 7 7 7 P F 48-p in  QFP

Q S 7 7 7 7 C F 48-p in  QFP
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PACKAGE DIMENSIONS

 

Unit: mm
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PIN DESCRIPTION

 

N u m b e r
N a m e

I/O Descr ipt ion
P arallel Serial

 

1 V R E F O U T O V

 

C C

 

/2 reference voltage output

2 V R E F I N I V

 

C C

 

/2 reference voltage input (biased internally to V

 

C C

 

/2)

3 M S C 3 I Mono/s tereo conversion filter capacitor 3

4 M S C 2 I Mono/s tereo conversion filter capacitor 2

5 M S C 1 I Mono/s tereo conversion filter capacitor 1

6 G N D – G r o u n d

7
P S AV E – I P ow er save control  (HIGH: pow er save on,  LOW : pow er save off)

– S T R B I Ser ial data strobe (not used on I

 

2

 

C  bus dev i ce  QS7777CF)

8
M U T E – I Mute signal  control  (HIGH: mute on, LOW : mute off)

– S C L I
Ser ial data shift clock  input  (QS7777CF: CMOS input ,  no protect ion diode connected 
be tween this pin and V D D )

9
S P R E A D – I Enhancement  cont ro l  (HIGH: max imum spread,  LOW : min imum spread)

– S D A I/O
Ser ial data input (and ACK signal output for I

 

2

 

C  bus dev i ce  QS7777CF: n-channel 
open-drain pin, no protect ion diode connected between this pin and V D D ) .

1 0 A C I Center  speaker control (HIGH: actual center,  LOW : virtual center)

1 1 A R I Rear  speaker control (HIGH: actual rear,  LOW : virtual rear)

1 2 M O I Mono- to-s tereo conver t select (HIGH: ON,  LOW : OFF)

1 3 B Y P I Bypass/QSurround select  contro l  (HIGH: bypass,  LOW : QSur round)

1 4 P /S I Interface method se lect  (HIGH: parallel input, LOW : ser ial input)

1 5 V D D – 4.5 to 5.5V DC digital supply

1 6 R R O U T O Rear r ight-channel signal output

1 7 R L O U T O Rear left-channel signal output

1 8 C O U T O Center signal output

1 9 F R O U T O Front right-channel signal output

2 0 F L O U T O Front left-channel signal output

2 1 Q X A C 1 I QExpande r  fi lter A capacitor 1

2 2 Q X A C 2 I QExpande r  fi lter A capacitor 2

2 3 Q X A C 3 I QExpande r  fi lter A capacitor 3

2 4 Q X A C 4 I QExpande r  fi lter A capacitor 4

2 5 Q X A C 5 I QExpande r  fi lter B capacitor 5

2 6 Q X B C 1 I QExpande r  fi lter B capacitor 1

2 7 Q X B C 2 I QExpande r  fi lter B capacitor 2

2 8 Q X B C 3 I QExpande r  fi lter B capacitor 3

2 9 Q X B C 4 I QExpande r  fi lter B capacitor 4

3 0 Q X B C 5 I QExpande r  fi lter B capacitor 5

3 1 V C C – 5 to 13V DC analog supply

3 2 Q X C C 1 I QExpande r  fi lter C capacitor 1

3 3 Q X C C 2 I QExpande r  fi lter C capacitor 2

3 4 Q X C C 3 I QExpande r  fi lter C capacitor 3

3 5 Q X C C 4 I QExpande r  fi lter C capacitor 4

3 6 Q X D C 1 I QExpande r  fi lter D capacitor 1

3 7 Q X D C 2 I QExpande r  fi lter D capacitor 2

3 8 Q X D C 3 I QExpande r  fi lter D capacitor 3

3 9 Q X D C 4 I QExpande r  fi lter D capacitor 4

4 0 F L I N I Front left-channel signal input

4 1 F R I N I Front right-channel signal input

4 2 C I N I Center-channel s ignal input

4 3 S U B I N I S u b - w oofer signal input

4 4 R L I N I Rear left-channel signal input

4 5 R R I N I Rear r ight-channel signal input

4 6 M S C 4 I Mono/s tereo conversion filter capacitor 4

4 7 M S C 5 I Mono/s tereo conversion filter capacitor 5

4 8 M S C 6 I Mono/s tereo conversion filter capacitor 6
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SPECIFICATIONS

 

Absolute Maximum Ratings

Recommended Operating Conditions

DC Characteristics

 

V

 

CC

 

 = 9V, V

 

DD

 

 = 5V, T

 

a

 

 = 25

 

°

 

C

 

P arameter S y m b o l Rat ing Unit

 

Supply  voltage range (analog) V

 

C C

 

−

 

0.3 to 15 V

Supply  voltage range (digital) V

 

D D

 

−

 

0.3 to 7 V

Input voltage range (analog) V

 

I A N A

 

−

 

0.3 to V

 

C C

 

 + 0.3 V

Input voltage range (digital) V

 

ID IG

 

−

 

0.3 to V

 

D D

 

 + 0.3 V

I

 

2

 

C signal input vol tage (SDA,  SCL) V

 

I O P E N

 

1 0 V

P ow er dissipation P

 

D

 

2 5 0 m W

Storage  temperature ra n g e T

 

stg

 

−

 

40 to 125

 

°

 

C

Solder ing temperature T

 

sld

 

2 5 5

 

°

 

C

Solder ing t ime t

 

sld

 

1 0 s

 

P arameter S y m b o l Rat ing Unit

 

Supply  voltage range (analog) V

 

C C

 

5 to 13 V

Supply  voltage range (digital) V

 

D D

 

4.5 to 5.5 V

O p e rat ing temperature ra n g e T

 

opr

 

−

 

20 to 70

 

°

 

C

 

P arameter S y m b o l Condi t ion
Rat ing

Unit
m i n typ m a x

 

Analog input  impedance Z

 

A I N

 

FL IN,  FRIN,  RLIN,  RRIN,  CIN,  COUT 1 6 2 0 2 4 k

 

Ω

 

Re ference voltage output V

 

R E F O U T

 

– V

 

C C

 

/2 – V

HIGH- level input vol tage V

 

IH

 

0 .7V

 

D D

 

– – V

L O W -level input vol tage V

 

IL

 

– – 0 .3V

 

D D

 

V

Input leakage current I

 

L E A K

 

−

 

3 – 3 µ A

Input leakage current (I

 

2

 

C input) I

 

L O P E N

 

S D A, SCL, 10V input vol tage

 

−

 

3 – 3 µ A

L O W -level output vol tage V

 

O L

 

A CK signal  output  on SDA, 3mA sink 
current

0 – 0.4 V

Supply  voltage (analog) V

 

C C

 

5 – 1 3 V

Supply  voltage (digital) V

 

D D

 

4.5 – 5.5 V

Current  consumpt ion (analog) I

 

C C

 

Quiescent input signal – 1 0 1 3 m A

Current consumption (digital) I

 

D D

 

– 0.3 0.5 m A

Standby current (analog) I

 

C C S AV E

 

– 0.1 0.2 m A
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Noise and THD Characteristics

 

V

 

CC

 

 = 9V, V

 

DD

 

 = 5V, T

 

a

 

 = 25

 

°

 

C

 

AC Characteristics

 

V

 

CC

 

 = 9V, V

 

DD

 

 = 5V, T

 

a

 

 = 25

 

°

 

C

 

P arameter S y m b o l Condi t ion
Rat ing

Unit
m i n typ m a x

 

Bypass noise vol tage N

 

B Y P

 

BYP =  AR  =  AC  =  H IGH,  MO =  SPREAD =  
L O W , “A” -wgt ,  FLOUT,  R L O U T, FRO U T, 
R R O U T,  C O U T

– 1 1 2 2 µ V

 

R M S

 

QSurround no ise voltage (front) N

 

Q S F

 

B Y P  =  M O  =  S P R E A D  =  L OW , AR = AC = 
HIGH,  “A” -wgt ,  FLOUT, FRO U T

– 1 6 3 2 µ V

 

R M S

 

QSurround no ise voltage (rear) N

 

Q S R

 

B Y P  =  M O  =  S P R E A D  =  L OW , AR = AC = 
HIGH,  “A” -wgt ,  RLOUT,  RRO U T

– 1 4 2 8 µ V

 

R M S

 

QSurround mono to ta l  har monic  
distor tion (front)

T H D

 

F

 

MO = HIGH, a l l  o ther  excluding MO = 
L O W , all inputs 1V

 

R M S

 

, f  = 1kHz, FRO U T, 
F L O U T

– – 0.1 %

QSurround mono to ta l  har monic  
distor tion (rear)

T H D

 

R

 

MO =  AR  =  AC =  H IGH,  BYP  =  SPREAD =  
A E  =  L OW , all inputs 1V

 

R M S

 

, f = 1kHz, 
R R O U T,  R L O U T,  C O U T

– – 0.1 %

 

P arameter S y m b o l Condi t ion
Rat ing

Unit
m i n typ m a x

 

F ront  max imum input vol tage 1 V

 

F I N 1

 

FLIN =  FRIN,  RLIN =  RRIN =  CIN =  SUBIN 
=  0V,  BYP =  LOW , f = 1kHz

1.4 – – V

 

R M S

 

Front  max imum input vol tage 2 V

 

F I N 2

 

FLIN = 

 

−

 

FRIN,  RLIN = RRIN = CIN = 
S U B I N  =  0 V,  BYP =  LOW , f = 1kHz

0.5 – – V

 

R M S

 

Rea r  max imum input vol tage 1 V

 

R I N 1

 

RLIN =  RRIN,  FLIN =  FRIN =  CIN =  SUBIN 
=  0V,  BYP = LOW , AR = LOW , f = 1kHz

1.4 – – V

 

R M S

 

Rea r  max imum input vol tage 2 V

 

R I N 2

 

RLIN = 

 

−

 

RRIN,  FLIN = FRIN = CIN = 
S U B I N  =  0 V,  BYP = LOW , AR = LOW , 
f  = 1kHz

0.3 – – V

 

R M S

 

Cen te r  max imum input vol tage V

 

C I N

 

FLIN =  FRIN =  RLIN =  RRIN =  SUBIN =  
0 V,  BYP =  LOW , AC =  LOW , f = 1kHz

1.7 – – V

 

R M S

 

S u b - w oofe r  max imum input vol tage V

 

S U B I N

 

FLIN =  FRIN =  RLIN =  RRIN =  CIN =  0V,
f  = 1kHz

2.2 – – V

 

R M S

 

F IN to  FOUT bypass gain G

 

F F B Y P

 

BYP = HIGH,  f  =  1kHz,  FLIN to  FLOUT, 
FRIN to  FRO U T

 

−

 

2 0 2 d B

RIN to RO U T  b ypass gain G

 

R R B Y P

 

BYP = HIGH,  AR = HIGH,  f  =  1kHz,  
R L I N  t o  R L O U T,  RRIN to  RRO U T

 

−

 

2 0 2 d B

RIN to  FOUT bypass gain G

 

R F B Y P

 

BYP =  H IGH,  AR =  LOW , f = 1kHz, 
RL IN  t o  FLOUT, RRIN to FRO U T

 

−

 

2 0 2 d B

CIN to  COUT ga in G

 

C C

 

A C = HIGH,  f  =  1kHz,  CIN to  COUT

 

−

 

2 0 2 d B

CIN to  FOUT ga in G

 

C F

 

A C  =  LOW , f  = 1kHz, CIN to FLOUT, 
CIN to  FRO U T

 

−

 

2.8

 

−

 

0.8 1.2 d B

SUBIN to  FOUT ga in G

 

S U B F

 

f  =  1kHz,  SUBIN to  FLOUT, SUBIN to 
F R O U T

 

−

 

8

 

−

 

6

 

−

 

4 d B

FIN to  FOUT ga in G

 

F F

 

S P R E A D  =  H I G H ,  B Y P  =  L OW , f = 1kHz, 
FL IN  to  FLOUT, FRIN to FRO U T

5.7 7.5 9.5 d B

FIN to FOUT crosstalk gain G

 

F X F

 

S P R E A D  =  H I G H ,  B Y P  =  L OW , f = 1kHz, 
FL IN to  FRO U T,  FRIN to  FLOUT

3.7 5.7 7.7 d B

RIN to ROUT ga in G

 

R R

 

B Y P  =  L OW , AR = HIGH, f  = 1kHz, 
R L I N  t o  R L O U T,  RRIN to  RRO U T

2.7 4.7 6.7 d B

RIN to ROUT crossta lk  gain G

 

R X R

 

B Y P  =  L OW , AR = HIGH, f  = 1kHz, 
RL IN  to  RRO U T,  RRIN to  RLOUT

 

−

 

1.2 0.8 2.8 d B
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Serial Interface Timing

 

3-wire (QS7777PF) timing

I

 

2

 

C 2-wire (QS7777CF) timing

 

R IN to  FOUT ga in G

 

R F

 

S P R E A D  =  H I G H ,  B Y P  =  L OW , AR = 
L O W , f  = 1kHz,  RLIN to FLOUT, RRIN to 
F R O U T

8 1 0 1 2 d B

RIN to FOUT crossta lk gain G

 

R X F

 

S P R E A D  =  H I G H ,  B Y P  =  L OW , AR = 
L O W , f = 1kHz, RLIN to FRO U T, RRIN to 
F L O U T

8.5 10.5 12.5 d B

SCL c lock pulse per iod t

 

0

 

Q S 7 7 7 7 P F 1 0 0 – – ns

SCL c lock  HIGH- level pulsewidth t

 

1

 

Q S 7 7 7 7 P F 4 0 – – ns

SCL c lock  LOW -level pulsewidth t

 

2

 

Q S 7 7 7 7 P F 4 0 – – ns

S D A setup t ime t

 

3

 

Q S 7 7 7 7 P F 1 5 – – ns

S D A hold t ime t

 

4

 

Q S 7 7 7 7 P F 3 0 – – ns

STRB se tup  t ime t

 

5

 

Q S 7 7 7 7 P F 5 0 – – ns

STRB c lock pulsewidth t

 

6

 

Q S 7 7 7 7 P F 1 0 0 – – ns

STRB ho ld  t ime t

 

7

 

Q S 7 7 7 7 P F 5 0 – – ns

SCL hold  t ime t

 

H D ; S TA

 

QS7777CF  ( I

 

2

 

C ) 4.0 – – µ s

SCL setup t ime t

 

S U ; S TO

 

QS7777CF  ( I

 

2

 

C ) 4.0 – – µ s

S D A hold t ime t

 

H D ; DAT

 

QS7777CF  ( I

 

2

 

C ) 5.0 – – µ s

S D A setup t ime t

 

S U ; DAT

 

QS7777CF  ( I

 

2

 

C ) 2 5 0 – – ns

SCL c lock  HIGH- level pulsewidth t

 

H I G H

 

QS7777CF  ( I

 

2

 

C ) 4.0 – – µ s

SCL c lock  LOW -level pulsewidth t

 

L O W

 

QS7777CF  ( I

 

2

 

C ) 4.7 – – µ s

SCL r ise t ime t

 

r

 

QS7777CF  ( I

 

2

 

C ) – – 1 0 0 0 ns

SCL fall time t

 

f QS7777CF  ( I 2C) – – 3 0 0 ns

AD6:0 represents  the QS7777CF I 2C slave address 0011110.

P arameter S y m b o l Condi t ion
Rat ing

Unit
m i n typ m a x

SCL

X MO AR AC

STRB

SDA

3t 4t 7t
6t1t

0t
2t

SPRD AREA PSAVE

5t

BYP MUTE

SCL

BYP ARSDA ACAD0AD6

ft
rt

MO

HIGHt
LOWt

SPRD AREA PSAVE MUTE

HD;STAt SU;DATt
HD;DATt SU;STOt
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FUNCTIONAL DESCRIPTION

Operating Modes (BYP, MO, AR, AC)

The control pins BYP, MO, AR, and AC select the operating mode bypass/QSurround signal processing of the
FLIN, FRIN, RLIN, RRIN, CIN, and SUBIN input signals and determine the outputs on FLOUT, FROUT,
RLOUT, RROUT, and COUT. The relationship between the inputs and outputs as selected by the control pins
is shown in the following table.

Cont rol pins Output  s ignals1

1. Qx( ) ,  Q1( ) ,  and q( )  = QSurround processed signals. For examp le ,  Qx(FLIN) indicates a QSurround-processed signal  der ived from FLIN input.
R = RLIN + RRIN signal ,  and F = FLIN + FRIN signal .
M(  )  =  monaural to stereo conver ted signal. For examp le ,  M(R) indicates monaural to stereo conversion of  the RLIN+RRIN signal .
The SUBIN s ignal  is  normal ly  output  on both FLOUT and FRO U T.

B Y P M O A R A C F L O U T F R O U T R L O U T R R O U T C O U T

0 0 0 0 Qx(FL IN) +Q1(RL IN) + C I N Q x ( F R I N ) + Q 1 ( R R I N ) + C I N

0 0 0 1 Qx(FL IN) +Q1(RL IN) Qx (FRIN) + Q 1 ( R R I N ) C I N

0 0 1 0 Qx(FL IN) + C I N Qx(FR IN) + C I N q(RLIN) q(RRIN)

0 0 1 1 Qx(FL IN) Qx(FRIN) q(RLIN) q (RRIN) C I N

0 1 0 0 Qx(FL IN) +Q1(M(R) ) + C I N Qx(FR IN) +Q1(M(R) ) + C I N

0 1 0 1 Qx(FL IN) +Q1(M(R) ) Qx (FRIN) +Q1(M(R) ) C I N

0 1 1 0 Qx(FL IN) + C I N Qx(FR IN) + C I N q(M(R)) q(M(R))

0 1 1 1 Qx(FL IN) Qx(FRIN) q(M(R)) q(M(R)) C I N

1 0 0 0 F L I N + R L I N + C I N F R I N + R R I N + C I N

1 0 0 1 F L I N + R L I N F R I N + R R I N C I N

1 0 1 0 F L I N + C I N F R I N + C I N R L I N R R I N

1 0 1 1 F L I N F R I N R L I N R R I N C I N

1 1 0 0 Q1(M(F) ) Q1(M(F) )

1 1 0 1 Q1(M(F) ) Q1(M(F) ) q(M(F)) q(M(F))

1 1 1 0 Qx(FL IN) Qx(FRIN) q(FLIN) q(FRIN)

1 1 1 1 F L I N F R I N F L I N F R I N
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Controls (SPREAD, AREA)

The SPREAD input and AREA flag are used to con-
trol the FLOUT and FROUT signals in QSurround
mode. In QSurround mode, the total sound heard is
an enhanced version (virtual sound source) of the
actual sound sources (speaker). When SPREAD is
HIGH, the virtual sound source is widened, strength-
ening the surround enhancement effect. The AREA

flag is used to widen the surround sound effect
sweet-spot. This can be used for a larger listening
audience. Note that AREA is set by serial input data
only, and is therefore not available in parallel inter-
face mode. The SPREAD and AREA control func-
tions are shown in the following figure.

Front Left 
Speaker

Front Right 
SpeakerEnhanced FLIN 

Sound Source 
with SPREAD = L

Virtualized RLIN 
Sound Source 
with SPREAD = L

Enhanced FLIN 
Sound Source 
with SPREAD = H

Virtualized RLIN 
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with SPREAD = L

Virtualized RRIN 
Sound Source 
with SPREAD = L

Enhanced FRIN 
Sound Source 
with SPREAD = H

Virtualized RRIN 
Sound Source 
with SPREAD = H

Wider Listening Area 
(AREA = H)

Narrower Listening Area 
(AREA = L)
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TYPICAL APPLICATION CIRCUITS

QS7777PF Parallel Interface

QS7777PF Serial Interface
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QS7777CF Parallel Interface

QS7777CF Serial Interface
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