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PREFACE

This is the 1992 version of the Sony semiconductor IC data book. This book covers all the
semiconductor products manufactured and marketed by Sony.

In preparation of this data book, as much characteristic and application data as possible have
been collected and added with a view of making this book a convenient reference for users of
Sony products. If, however, you are dissatisfied with this book in any way, please write: we
welcome suggestions and comments.

Sony reserves the right to change products and specifications without prior notice.

Application circuits shown are typical examples illustrating the operation of the devices.
Sony cannot assume responsibility for any problems arising out of the use of these circuits or
for any infringement of third party patent and other right due to same.

Unauthorized reproduction of the contents, even partial, is prohibited.




Sony Semiconductor Data Books

The following data books are available for the respective products applications.

TV Devices
Video Recorder ICs
CCD Image Sensors & Peripheral ICs
Compact Discplayer ICs
Digital Audio ICs
Analog Audio ICs
Floppy Disk/Hard Disk Drive ICs
Radio Communication System ICs
A/D, D/A Converters

. ECL Logic/ASSP ICs

. Microcomputers
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. Memories

—
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. Discrete Semiconductors

._.
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. Laser Diodes

In addition, a List of Semiconductor Products covering all manufacutured device on the
market, is issued twice a year.
Data books offer information pertaining to the listed products.
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1. List of Model Names

' Page

Type Page Type Type Page
CXD1160AP/AQ 107 H-CXD2552Q 77 -CXDZSGOM 49
i’ CXDl2_11.P” = 205 CXD2554MKF‘" ;8 i CXD2561BM 85
-_CX_D1244S 2_5 CXD2555Q | 94 . CX.I:-)_2701QW a 179
CX[JlBSSAQ -“159 CXD2557M | 67




2. Index by Usage

1) Digital Filter IC

Type Functions Page
For middle class and sophisticated versions, 4/8fs.
CXD1244S Filter length 213, 16/18-bit output. Attenuate deemphasis o
CXD2554M For popular version, 4/8fs, Filter length 57, 38
CXD2554P l?{ 18-bit o]utnut‘ Attenuate deemphasis
8fs, Filter length 213, 18/20-bit output. Attenuate,
CXD2560M Pl s 49
CXD2557M Audio data zero detection 67

2) A/D, D/A Converter

Type '| Functions Page
CXD2552Q 1-bit D/A converter 77
CXD2561BM | 1-bit D/A converter, 3rd order noise shaper 85

1-bit A/D+D/A converter, Built-in digital filter,
CXD2555Q 2nd order noise shaper 94

3) ADSP (Audio Digital Signal Processor)

Type Functions Page
CXD1160AP Software realized various digital audio data. 107
CXD1160AQ Double accuracy arithmetic possible _ =4
CXD1355AQ | E)rroiﬂ?rn;{in:g:]e DSP and 8fs over sampling digital filter 159

Programmable DSP—+Equalizer for surround
CXD2701Q | Characteristics realized by fixing algorithm at equalizer 179
| and giving coefficient from exterior

4) Digital Audio Interface IC

Type Functions | Page

CXD1211P Digital audio data modulation, Transmission 205




3. IC Nomenclature

1) Nomenclature of IC product name

Currently, both the conventional and new nomenclature systems are mixed in naming IC

products.
(1) Conventional nomenclature system

[Example] CX 20 M‘-i- A
T F —r— ----- — Improvement mark

(2) New nomenclature
[Example] CX A 1 001 AP

Z0wOoOr=zoo

“A" is affixed when specifications are partially
improved.
—— Product number
Identifies individual product.
| SRS - Category number

Indicates the product category in one or two digits.
Bipolar IC: 0, 1, 8, 10, 20, 22
MOS IC: 5, 7, 23, 79

- — Sony IC mark

T —|7—- Package mark

: Plastic Dual In-line Package

: Ceramic Dual In-line Package

: Small Outline L-Leaded Package

: Single In-line Package

: Quad Flat L-Leaded Package

. Shrink Dual In-line Package

| : Very Small Qutline Package (SSOP)

i R:

L Improvement mark

“A" is affixed when specifications are improved.

———— Product number
Identifies the individual product.

Product category mark
A
B:
D:
K:

Very Small Quad Flat Package

Bipolar IC

Bipolar digital IC
MOS logic IC
Memory, Mask ROM

P, Q: Microcomputer, Microprocessor

L
—— Sony IC mark

CCD signal processor




(3) Memory nomenclature
(Example] CX K 5464 A T—DD im[m]

— Standby current
L——— Access time
t——————— Package mark

P : Dual in-line package

D : Ceramic Dual In-line Package

SP : Skinny type dual inline package

M : Small outline package

J : Small outline J-leaded package
Quad Flat J-Leaded package

TM : Thin small outline package (Normal)

YM : Thin small outline package (Reverse)

(Mirror image pin out)

Improvement mark
| Improvement mark is affixed when specifications
are partially improved.
I— —————— Product number
Identifies the individual product.
Product category mark
K: Memory
Sony IC mark

(4) Microcomputer nomenclature
[Example] CX P 506 8—0000
; ! Package mark (P, Q. S)
‘~—————— OEM code
Product number
Indentifies the individual product.
b-—-- ——————— Product category mark
P: Microcomputer
e — — Sony IC mark

(5) Hybrid IC nomenclature
[Example] S BX OOOO-00

| —— Classification
' —————— Product's number |dentifies individual product.
e — Sony hybrid IC mark




4. Precautions for IC Application

1) Absolute maximum ratings

The maximum ratings for semiconductor
devices are normally specified by “absolute
maximum ratings’. The values shown in the
maximum ratings table must never be ex-
ceeded even for a moment.

If the maximum rating is ever exceeded,
device deterioration or damage will occur
immediately, Then, even if the affected
device can operate, the life will be consider-
ably shortened.

IC maximum ratings

The following maximum ratings are used
for ICs.

(1) Maximum power supply voltage Vcc
(Vob)

The maximum voltage that can be applied
between the power supply pinand ground pin.

This power supply voltage rating is directly
related to the dielectric voltage of transistors
in the internal circuit. The transistors may be
destroyed if this voltage is exceeded.

(2) Allowable power dissipation Pp

The maximum power consumption allowed
in IC.

Usage beyond the Allowable power dissipa-
tion will cause ultimate destruction through
the IC's heat generation.

(3) Operating ambient temperature Topr

The temperature range within which IC can
operate satisfactorily.

Even if this temperature range is exceeded
and some deterioration in operating charac-
teristics is noted, the IC is not always
damaged.

For some ICs, the electrical characteristics
at Ta=25°C are not guaranteed even in this
temperature range.

(4) Storage temperature Tstg

The temperature range for storing the IC
which is not operating.

This temperature is restricted by the pack-
age material, and the intrinsic properties of
the semiconductor.

(5) Other values

The input voltage Vin, output voltage Vout,
input current lin, output current lout and
other values may be specified in some IC's,

Supply voltage (V)
©
t

A general example on the relation with
Absolute Maxium Ratings.

Vee
16

Assurance of

non-destruction No assurance

L Assurance of

operation
10 / 4
o 74

£
| Assurance of electrical
| characteristics

=55 _ 4o 25 60 125]

opr
Tstg '
Ambient temperature (‘C)

Po-Ta curve

N

Main points on Circuit design.

In the circuit design the absolute maximum
ratings must not be exceeded, and it must be
designed only after considering the worst
situations among the following :

® Fluctuation in source voltage

® Scattering in the electrical characteris-

tics of electrical parts (transistors, resis-
tors, capacitors, etc.)

® Power dissipation in circuit adjustment

® Ambient temperature

® Fluctuation in input signal

® Abnormal pulses

If this allowable power dissipation is ex-
ceeded, electrical and thermal damage may
result.

This value varies with amount of IC inte-
gration in package types.




2) Protection against
electrostatic breakdown

There have been problems concerning
electrostatic destruction of electronic devices
since the 2nd World War. Those are closely
related to the advancement made in the field
of semiconductor devices; this is, with the
development of semiconductor technology,
new problems in electrostatic destruction
have arisen. This situation, perhaps, can be
understood by recalling the case of MOS FET.

Electrostatic destruction is again drawing
people's attention as we are entering the era
of LSI, VLSI, and ULSI. Here are our sugges-
tions for preventing such destruction in the
device fabrication process.

Factors causing electrostatic
generation in manufacture process

A number of dielectric materials are used in
manufacture process. Friction of these mate-
rials with the substrate can generate static
electricity which may destroy the semicon-
ductor device.

Factors that can cause electrostatic des-
truction in the manufacture process are
shown below :

Causes of electrostatic destruction of
semiconductor parts in manufacture
process

Input Itern
semi- ® belt conveyer
conductor | Parts ® work table
resistor mounting ® human body
capacitor e Parts box
i

solder dipping * dipping machine

* work table
® human body
® soldering iron

visual correction

lead cutting ® cutting machine

e sand blasting

sand blasting M

soldering correction

-

® belt conveyer

rear side mounting e work table
of parts ® human body
frame assembly ® parts box

® soldering iron

inspection and repair

i
Output

1l




Handling precautions for the prevention of
electrostatic destruction
Explained below are procedures that must
be taken in fabrication to prevent the
electrostatic destruction of semiconductor
devices.

The following basic rules must be obeyed.

(DEqualize potentials of terminals when tran-
sporting or storing.

@Equalize the potentials of the electric
device, work bench, and operator's body
that may come in contact with the semi
conductor device.

@Prepare an environment that does not
generate static electricity.

One method is keeping relative humidity in
the work room to about 509%.

Operator
(1) Clothes

Do not use nylon, rubber and other mate-
rials which easily generate static electricity.
For clothes, use cotton, or antistatic-treated
materials. Wear gloves during operation.

protective clothing for static electricity

grounding mat

cotton gloves

| conductive

\shoes \i\
— G

conductive gown

(2) Grounding of operator's body
The operator should connect the specified
wrist strap to his arm.

example of grounding band

. cotton glove

wrist strap-—_

snap -~ ; .
P grounding wire

When using a copper wire for grounding,
connect a 1MQ resistance in series near the
hand for safety.
(3) Handling of semiconductor device

Do not touch the lead. Touch the body of
the semiconductor device when holding.
Limit the number of handling times to a
minimum. Do not take the device out of the
magazine or package box unless it is abso-
lutely necessary.

holding of semiconductor device

can type

Equipment and tools

(1) Grounding of equipment and tools
Ground the equipments and tocls that are

to be used. Check insulation beforehand to

prevent leakage

[Check point]

® measuring instrument

® conveyer

e electric deburr brush

e carrier

® solder dipping tank

® lead cutter

e shelves and racks




grounding of carrier Transporting, storing and packaging
methods
(1) Magazine

Use conductive, or antistatic-treated plas-
tic IC magazines.

conductive sheet

magazine

conductive
rubber

conductive magazine
(2) Grounding of work table

Ground the work table as illustrated. Do
not put anything which can easily generate (2) Bag
static electricity, such as foam styrol, on the

Use a conductive bag to store ICs.

work table.
bag
grounding of work table
conductive sheet
FHL
Py
oy
oy
_grounding wire =
=
S
e Al

I
conductive bag

(3) Semiconductor device case
Use a conductive case.
(4) Insertion of semiconductor device
Insert the semiconductor device during the
mounting process or on the belt conveyer.
The insertion should be done on a conductive
sheet.
(5) Other points of caution
Take note of the kind of brush material
used for removing lead chips. Use metal or
antistatic-treated plastic brushes.




(3) Handling of delivery box

The delivery box used for carrying sub-
strates must be made of conductive plastic.
Do not use a vinyl chloride or acrylic delivery
box, otherwise static electricity will be gener-
ated.

handling of delivery box

conductive plastic

grounding plate

(4) Treatment after vehicle transport
After truck transport, place the magazine,
package box or delivery box on the grounded
rack, work table for discharging.
(5) Handling of mounted substrates
Wear cotton gloves when handling. As far
as possible, avoid touching soldered faces.
When handling mounted substrates individu-
ally, be sure to use a conductive bag. Do not
use a polyethylene bag.

handling of mounted substrate

cotton glove
P g

conductive bag —

Soldering operation
(1) Soldering iron

Use a soldering iron with a grounding wire
and an insulation resistance greater than
10MQ (DC 500V) after five minutes from
energizing.

example of solder iron tip grounding

i??;""dmg voltage adjuster

output voltage \%}
6 to 24V 2

(2) Operation

After inserting the semiconductor device
into the substrate, solder it as quickly as
possible. Do not carry the substrate with the
inserted semiconductor device by car.

(3) Correction

When correcting parts (semiconductor
device and CR parts) after solder-dipping, be
sure to wear cotton gloves.

(4) Manual soldering

Solder with wrist strap connected to the
hand.

(5) Removing semiconductor device

Do not use the Solder-Pult when removing
the semiconductor device. Use a Solder-wick
or equivalent.

solder remover

solder-wick

soler pult

SR P e



3) Mounting method
Soldering and solderability
(1) Solderability by JIS

JIS specifies solderability of an IC terminal
(lead) in “JIS-C7022 Test Procedure A-2".
An abstract of this standard follows:

® Rosin flux must be used, and the terminal
must be dipped in it for 5-10 seconds.

® H63A or equivalent solder must be used,
and the terminal must be dipped in the
solder which been heated to 230°Cx5°C
for 51 seconds.

e Using a microscope, measure the area
(%) deposited with solder. JIS specifies
that more than 95% of the total area
should be coated with solder.

(2) Area for soldering warranty

Soldering is warranted for a specific por-
tion of the terminal. The warranted portion is
shown in the following figure.

The tie-bar cut portion also serves as a
dam to prevent the sealing resin flowing out
during device fabrication; it is cut off at the
end of the process. Since the terminal is
exposed at the cut-off end, the area for sol-
dering is restricted. The portion near the
resin is often covered with burrs when sealing
with resin; it is not in the soldering warranty
area.

warranty area for soldering

device main body l

Resistance to soldering heat
(1) Specification of JIS
JIS specifies the method for testing the
resistance to soldering heat. This method is
used for guaranteeing the IC resistance
against thermal stresses by soldering. An
abstract of this standard is as follows:
® Dip the device terminal only once for
10*1 seconds in a solder bath of
260°Cx5°C, or for 3£5° seconds in a
solder bath of 350°Cx£10°C, for a dis-
tance of up to 1 to 1.5 mm from the
main body.

tie-bar cut portion

device main body l

For the solder flow system temperature
should be 260°Cx5°C. To solder by
soldering iron temperature should be
350°Cx10°C.

e Leave the device for more than two
hours after dipping, then measure the
device characteristics.

® Normally, the warranty is limited to 10
seconds at 260°C+5°C. The distance
between the device main body and solder
bath is 1.6 mm.




(2) Resistance to soldering heat when
mounting infrared reflow.

When surface mount devices (SOP, QFP
etc) are dipped directly into a solder pot,

the device moisture resistance may deteri-
orate and thermal stress generate cracks in
the pallet.

Carefully observe the mounting conditions.

Recommended temperature profile when
mounting infrared reflows is shown in the
figure below.

235°C max 10 sec.

@
S
§g 3 to 4°C/sec.
§ E . 170'C
g 120°C
o 50 to 300sec.

;
/ \\
Al

preheated part reflow part — time




5. Quality Assurance and Reliability

The Concept to Quality Assurance

There are 2 fundamental principles guiding
Sony Semiconductors.

1. Customer satisfaction

2. Top level performance

What comes first is the ability to respond

convincingly to given requirements in terms
of Quality, Delivery, Cost and Servicing. This
involves all operations involved in the proc-
ess. The second requisite is the quest for
superior accomplishment. Here, talent is
demanded to fulfill customer expectations,
where quality is concerned, and pursue relat-
ed activities.

To this effect an elaborate system of qual-
ity assurance is firmly established. From the
early stages of research and development
well into production, sales and servicing,

orderly control is applied for the maintenance
of high standards and further improvement.
Systematization and automation are pushed
ahead to provide a stable output of high
quality production.

In this respect, the force in charge of im-
plementing the program is nonetheless sub-
ject to constant polishing. Gifted people well
aware of the problems inherent to their tasks
are at the core of the excellence reflected on
their yield.

With the aim of providing the most eco-
nomical, the most useful and at the same
time the most gratifying products where
quality is the criterion, Sony keeps fueling a
relentless urge for achievement.

T =




Quality assurance system

of semiconductor products

Planning and l

Manufacturing Dept.

Quality Assurance

Customar Sales Dept. Control Dapt. Technical Dept. Dept.
i {
Requirments = Market survey —I-Jl Praduct planning
O () Product planning
reviEw
urvey stage Decisicn on
specification planning
Davelopment planning
- |
lbtvnlnpmenl design |
Design review (O O O
[ Trer T S 1
macufacturing |
H Quabity approval (1) |
} Sl 2
Developmant i
and
expermental — Material approval |
preduction H M o
stage ' t 3
| Trial f n s ® :
review O hd i O
Experimental mass production —®  Evaluation |
Quality approval (11}
" e
! O —L O
;L
| | o Materials
{ Sales nlsrjmns ] Materals I |__acceptance test
i
Wafer process I"
Mass —_L—L ] e
production Assembly -]q-——- 1PQC ]=
stage ?
Final test Iq-‘
L } :
A = [arroaesy
SOOI [
i " st
ustomar 1
__acceptance o Port sale service
[ TR Inf :
N »] clain . nformaton samole
Usage : :
stage O O — Aralyss
| Repont Corrective measures

#1, IPQC: In Pracess Quality Control
*E, QAT Quality Assurance Test

EER G



Quality assurance criteria and

reliability test criteria

1) Quality assurance in shipping
Establishing quality in the design and in

fabrication is essential to keep the quality

and reliability levels of the semiconductor

devices at a high level. This is done by the

“Zero-defect’” (ZD) movement. Further sam-

pling checks, in units of shipping lot, is done

on products that have been ‘totally-

Periodic Reliability Test

inspected'’ at the final fabrication stage, thus
ensuring no detective items. This sampling
inspection is done in accordance with MIL-
STD-105D.

2) Reliability
The reliability test is done, periodically, to
confirm reliability level.

Item

Testing time \‘ LTPD

Electrical Characteristics Test

| In order to know the initial quality |
| level, some types are selected and |

tested again.
> N =1 ——

Life Test high temperature operation up to 1000 h 10%

high temperature and high |
humidity with bias up to 1000 h j 10%
pressure cooker upto 200h I 10%
Environmental Test soldering heat resistance 10s 15%
heat cycle 100 cycles 159
Mechanical Test solderability Japan Industrial 15%
| length strength Standard (JIS) 15%

Other Tests

If necessary, tests are selected according to
JIS C7021 C7022 and EIAJ SD121 IC121.

*These tests are selected by sampling standard.
LTPD: Lot Tolerance Percent Defective

These tests and inspection data are useful not only to improve design and wafer processes, but
also serve to forecast reliability at the consumer level.

o=




Reliability Test Standards

i Supply ; .
Types of test Condition voltages Testing time LTPD
High temperature phis 5 ;
B 1 Ta=125°C, 150°C Typical 1000h 5%
High temperature = . ; |
wifh las Ta=1257C, 150°C Typical 1000h . 5%
High temperature L
storage Ta=150C 1000h . 5%
Low temperature p—— I
slorage Ta=—65C 1000h 5%
High temperature and o
high humidity storage Ta=85'C 8536RH 20008 5%
High temperature and e ;
high humidity with bias Ta=85C 85%RH Typical 1000h 5%
Ta=121"C 100%RH |
Pressure cooker 203kPa 96h 5%
| Temperature cycle Ta=—65C to+150'C 100c 10%
Heat shock Ta=—65C to+150°C 100c 10%
| Soldering heat resistance | T solder=260'C 10s 10%
Solderability T solder=230"C (rosin type flux) 5s 10%
X, Y,Z 15,000m/s? 3times for
Mestmmiest shock Half part of sinusoidal wave of 0,5ms each direction 10%
X, Y, G 200m/s* :
Vibration 10Hz to 2000Hz to 10Hz (4min) Yoeninutes for 10%
i : 1 : each direction
Sinusoidal wave vibration
i X, Y, Z 200,000m/s? | Iminute
Constant acceleration Centrifugal acceleration for each direction 10%
| Free fall Free fall from the height of 75¢cm to maple 3times 10%
plate
Lead strength
(bend) based on JIS 10%
| (pull)

Electrostatic strength

Device must be designed again, when electrostatic
strength below standard supplying surge voltage to each pin

under the condition of C=200pF and Rs=00.

LTPD: Lot Tolerance Percent Defective

T




Flow Chart from Development to Manufacturing

Sony attains high quality and high reliability of semiconductor products by designing
devices with quality and reliability from the initial steps of development and evaluating
them sufficiently in each step of the development.

Product Planning
|
i Business Planning ‘

ST

Product Planning Review
s | |
Examination of : - ; Ll
Desired Specification }‘— Function, Characteristics, Quality and Reliability

D ~agf—— Schedule, Quantity and Cost

| evelopment Planning

| |
. Development Design I-‘——— Circuit, Mask, Wafer Process and Packaging
S SrTTE [T
Design Review
H

Small Scale Fabrication ‘

Evaluation )‘— Characteristics, Quality and Reliability

N

1
Acceptance of Quality | . R ;
and Reliability (1) alf—— Acceptance of Quality and Reliability for Design

|
Trial Manufacturing Review | - v
‘ Customer Evaluation
Large Scale Trial J
Manufacturing
| |
’7 Evaluation J‘—- Characteristics, Quality and Reliability
| |

& Acce i '
ptance of Quality | . b ;
[ and Reliability (II) :-(—-— Acceptance of Quality and Reliability for Production

Production Approval
| |
‘ Production ]
W
‘ Shipping ]

g




Package Name

|

Ty Package name i Paini Features I
pe r -
Symbol Description Mueais| Lead pitch |Lead shape| Le2dpell
DUAL S Sinm Through
D1P | INLINE S ooadity- | Hote 2-direction
PACKAGE c : Lead
| SINGLE | ; Through
S1P | IN-LINE o | p 2'*‘:]?‘]"‘MIU Hole 1-direction
| PACKAGE [ | Lead
| 2.54mm
| ZIG-ZAG (oomiy | Through
Standard Z1P | INLINE S e Hole 1-direction
PACKAGE it Lead
in-line
T PIN - Through | Package
E PGA | GRID g 2"’:!%‘&1“ Hole under
| B ARRAY | Lead side
PIGGY | PIGGY c | 254mm ;:;:“‘h Siiia
BACK | BACK (100MIL)
Lead
3 SHRINK
5 - Through
soip [N p | T, | Hole |2direction
. | PACKAGE waed
rinl e
| [ "SHRINK 1.778mm Theoogh
SZIP ]Z\IJGI ?ﬁ‘; P ?i;Tg?;LJ Haole l-direction
| PACKAGE in-line Ean
QUAD
1.0mm
FLAT P Gull- -
QFP L-LEADED g:g;nmmm Wing 4-direction
Standard flat PACKAGE i
| package SMALL
OUTLINE A 1.27Tmm Gull- i ’
SOP | | EADED e P (50MIL) Wing , | - Oireckon
PACKAGE
| SMALL I
Standard |
e OUTLINE 1.27mm o
24 ti g A »
:,::E:a:':?er SOJ | jLEADED E (somity | TEaAds, 2 diection
| 3 PACKAGE
§ VERY |
| 8 B SMALL ; Gull- ——
QFP QUAD P 0.5mm L 4-direction
8 FLAT Wing
g PACKAGE |
& | VERY
Shrink flat ems | SMALL Gull- s
Stics VSOP | CUTLINE « P | 0.65mm | “Wing | direction
PACKAGE
| THIN |
| SMALL ! 0.5mm Gull. ——
TSOP | outLiNe | ' P (055mm) Wing | Zdirection
PACKAGE
} QUAD
| FLAT , | 1.2Tmm -
QFJ | LeapED . : (simrLy | Trlead jAdirection
Standard chip PACKAGE - - |
| carrier QUAD |
S Package
e a4y .| 127mm
‘ QF N | NON.LEADED Q € | Conmy. | | e
| PACKAGE i
&P Plastic. C------Ceramic
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1) Digital Filter IC

Type Functions Page
| For middle class and sophisticated versions, 4/8fs. &
CXD1244S | Eilier length 213, 16/18-bit output. Attenuate deemphasis 25
CXD2554M | For popular version, 4/8fs, Filter length 57, 38
CXD2554P | 16/18-bit output. Attenua}te deemphasis
| 8fs, Filter length 213, 18/20-bit output. Attenuate,
8 CXD2560M <" daeisniiasts 49"
CXD2557M Audio data zero detection 67
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SONY. CXD1244S

Digital Filter for CD Player

Description Package Outline Unit: mm

CXD1 24_48 is a digital filter LS| with lHimels.’B-times 40 pin SDIP (Plastic)
over sampling rate, developed for compact disc player.
Features %.:'u
¢ Built-in 4-times/8-times sampling digital filter for 2 =

channels. ¥ 3
+ Ripple within 0.00001dB 3l Il o
« Attenuation within -100dB(24.1k ). b
« Noise shaping, Attenuator 5
« Soft muting, de-emphasis and a wide variety of built-in aaetes

functions. N
Application é a

Compact disc player L

-

St"_'lf:lure cagrooell  1zuax| 3

Silicon gate CMOS IC 102wl b

SDIP-40P-121
Absolute Maximum Ratings (Ta=25°C)
« Supply voltage Voo -05 to +6.5 v
« |nput voltage Vi -0.5 to Voo+05 V
« Storage temperature Tstg -55 to +150 °C
« Allowable power dissipation  Pp 500 mW (Ta=60°C)
Recommended Operating Conditions
« Supply voltage Voo 475 to 525 A
« Operating temperature Topr -10 to +60 °C
« OSC frequency fx 120 to 185 MHz
B1114-YA

25 —



SONY: CXD12448
Block Diagram
W
&
I
4 ) le— &5 CUTTE 18
X INE—={TIMING ~—IN.S. g;ga‘ﬁ-— SONT/ 14 S
— MUTE
EMPEE- - — —— ~ — — g 1
MPY
INPUT DATA
0roL (3 ~eipey 4 RAM / :
i
|
] ) 1
| | [
—0G —Be
58 &
gdocx & g
Pin Configuration (Top View)
eno (1] TESTS
TEST1 L2 TESTT
a1t [3] TEST6
sHIFT [4] TESTS
LATcH [5] EMP
sofFT [&] NS
INIET Z APT/WS
nc.  [8] BCKO
xin [3] DATAL
voo  [10] GND
voo  [11] GND
sck  [i2] DATAR
pata [13] LRCKO
Lrek  [14] 27) LE/WS
opoL  [15] 28] ouTiE /18
INaF  [18] 25] OFsT
Lrs 17 2q] oPoL
Sonve s [18] 23] MuTE
ne  [19] 22| TESTA
TEST2 [20] 21] TEST3

A
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Pin Description

e

No. Symbol o Description
1 GND —

2 TEST1 | Test pin (Normally fixed to "L." level)

3 ATT | Attenuate data input

4 SHIFT | Attenuate data shift clock input

5 LATCH | Attenuate data latch clock input

6 SOFT l Soft muting ON/OFF active at “H".

0 INIT | Synchronous again with the rising edge of this signal.
8 NC

9 XIN I | Master CLK input (f=384 Fs)

10, 11 Voo — | Supply (+5V)

12 BCK I BCK input

13 DATA | Serial data input (2's complement)

14 LRCK I LRCK input

15 DPOL | Output data polarity “L” : non inversion “H" : inversion.
16 INAF O When I/O sync is missed “H" is output.

17 LFS | 4Fs mode ON/OFF available at “H" only during I°S.
18 SONY/I’S I Output format specified at “L": Sony, at "H": S

19 NC ™

20to 22 TEST2to 4 I Test pin (Normally fixed to 'L’ level)

23 MUTE | Turns output to 0 or offset value. Active at ‘H'.

24 DPOL | Offset polarity “L": (=) ‘H": (+)

25 OFST i Offset ON/OFF Active at ‘H'

26 ouT16/18 | | Output data word length specified at ‘L": 16 bit at ‘H": 18 bit
27 LE/WS o LE output (Sony format)/WS output (IS format)

28 LRCKO 0] LRCKO output

29 DATAR o] Rch serial data output (2's complement)

30, 31 GND -

32 DATAL o} Lch serial data output {2's complement)

83 | BCKO O | BCKO output

34 |  APTWS 0] APT output (Sony format)/WS output (I*S format)
35 NS | Noise shaping ON/OFF Active at ‘H’
36 EMP I | Deemphasis ON/OFF Active at ‘H’

37 to 40 TESTS5t0 8 I | Testpin (Normally fixed to 'L’ level)

L T T
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Electrical Characteristics
DC characteristics

Item Symbol } Conditions |  Min. Typ. Max. Unit |
‘H' input voltage (Except Shift, Laich) ViH — 0.76 Vob v
‘H' input voltage (Shift, Latch)
‘L' input voltage (Except Shift, Latch) Vi - 0.24 Voo v
‘L' input voltage (Shift, Latch)
Input leak voltage Iu — %5 HA
‘H' output voltage | Von lo=-2mA Voo-0.5 \
'L’ output voltage [ Vo lo= 2mA | 0.4 Vv
AC characteristics
Item Symbol Conditions Min. Typ. Min. Unit
OSC frequency Fx 12.0 16.9 18.5 MHz
Input BCK frequency Feex 2.31 MHz
Input BCK pulse width fwis Defined at Duty 40° 50 60 Y%
Input data set up time tios 20 ns
Input data hold time tiDH 20 ns
Input LRCK set up time tiLrs 50 ns
Input LRCK hold time . (T 50 ns
Output BCK pulse width twos Fx=16.9MHz 40 ns
Output data set up time tons gg;\y ;g:f;‘: Hode 25| ns
Output data hold time tooH | CL=50pF 25 - | ns
Output BCK pulse width twos Fx=16.9MHz 60 | ns
Output data set up time tons I;gsvoutput i 35 [ ns
Output data hold time toon | CL=50pF 35 | ns
Output BCK pulse width twos | Fx=18.5MHz 40 ns
Output data set up time tops g?;y ;g:?;; axe 20 ns
Output data hold time tooH | CL=50pF 20 ns
Output BCK pulse width twos Fx=16.9MHz 60 ns
Output data set up time to0s :ES.QUtpm ot 32 ns
Output data hold time tooH | CL=50pF 32 ns
Qutput signal  Rise/Fall time tR, tr | CL=50pF 30 | ns

Note) Duty defined at 1/2 VDD, see the Timing Chart.

g
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Timing Chart

* Input

twis
BCK _\ ~[Von/2 X- .k
/ twis
tios tiow
DATA Voo/2 X
= tiLen | tiLrs
| |
e TV«:D/2
* Output
- . tr twos
] - = 2
BCKO  VooxO. W‘—x_ rf_—_
Voox0,1 |} g twos 5
% toos g toom fgm‘_
DATAO [sz j
LRCKO

: 4 Voo /2
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twise
SHIFT / \ /
Voo/2 1 1
twisF
lfms tian  tias
ATT
Voo/2
tiLas | fwiLa
LATCH
Voo /2
Item E Symbol [ Conditions Min. Typ. Max. | Unit
Shift pulse width | Twse | 600 ns
ATT set up time Tias 300 ns
ATT hold time TiaH | 600 ns
Latch pulse width TwiLa | 400 ns
Latch set up time Tias 500 ns
Schmitt input characteristics (SHIFT, LATCH)
Min. Typ. Max. Unit
V. 0.54xVoo 3.0 0.76xVoo \'
Vr 0.24xVoo [ 2.0 0.43xVoo v
HYST | o052 10 | v

1
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Functions
Conceptual block diagram
An outline block diagram of this LSl is shown below.

oroL NS OFST
r ; ?
RS T iR A el oy i 1
! ! l . ! v !
. : i L]
INO—DPOLI FIR1 : FIR2 W FIR3 FJorsTHOouT
L} 3 ’
: j*, = ,
| |
s - |
1 ] I
R 27 6
EMP SOFT ATT LFS

1. Noise shaping

For respective outputs FIR 1 to 3, IIR, SOFT/ATT figures are usually rounded off. However, by
turning NS to "H" noise shaping can be applied.
NS register is cleared when INIT is at “L" or NS at "L"

2. Soft muting
By turning SOFT to "H"/"L", data can be smoothly muted or demuted.

Output amplitude

s

1.0
: I
i l
| |
: |
]

0 : : 45 . i '
r.———c-l — —
H i) 1 | T 1
| |
7 'l T=256/FS (S)
SOFT

3. Digital attenuator
Can attenuate output data by means of transfer data from an external microcomputer.

s
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1) Command and Audio output

2)

Attenuate data is in 12 bit and can be set in 1024 steps.
The relationship between command and output is shown in the chart below.

Attenuate data Audio output
400 (H) 0 dB
3FF (H) -0.0085 dB
3FE (H) -0.017 dB .
001 (H) -60.206 dB
000 (H) S

The attenuate value from 001 (H) to 3FF (H) can be obtained through the following formula.

Input data ]

ATT=20log [
1024 J

Example: Attenuate data for 3FA (H)

1018 |
ATT=20log | ————— | dB=-0.051dB
L 1024 3

Attenuator operation

Suppose that there are pieces of attenuator data ATT1, ATT2 and ATT3 and that
ATT1>ATT3> ATT2 and that the place of attenuator data ATT1 is transferred first and ATT2
transferred next. If ATT2 is transferred before. The value of ATT2 is reached (during the state
of A in Fig.1)the attenuation directly approaches the value of ATT2. If ATT3 is transferred
before the value of ATTZ2 is reached (during the state of B or C in Fig.1), the attenuation is
carried on from the value at the time (B or C) to approach the value of ATT3. Transition from
one piece of aftenuator data to another is the same as in the case of softmuting.

1.0(0dB)

Fig.1 Transition from one attenuator value to another

30—
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3) Input data timing
Attenuate function can be activated by means of ATT, Shift and Latch.
Transfer format is indicated as follows.

i 12 bit |
s !

IS8 11 10 9 8 7 6 5 ] 3 2 MSB

LATCH

(1) ATT data is a 12 bit word length and LSB first transfer ATT data is available 000(H) to
400(H).

(2) When Latch is at “L", ATT cannot be transferred.

(3) With INIT at §, 400 (H) is set as ATT data.

ATT

400(H)

0001H)

POWER ON
SOFT

e The transition from ATT1 to ATT2 takes place in soft muting operation.
« During attenuate operation SOFT is set to either ON or OFF, it turns back to the original ATT data.
« When ATT data =400 (H) Noise shaping is not applied regardless of NS ON or OFF.

When ATT data =400 (H) Noise shaping is applied regardiess of NS ON or OFF.

4, Digital deemphasis
By turning EMP to “H", deemphasis can be applied by means of IIR filter.
Time constant of de-emphasis are t=50us and t2=15us at fs-44.1kHz.

LR
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5.

6.

Ofiset

Offset can be applied to the output data by means of OFST and OPOL.

Pos/Neg selection of the offset value is possible as indicated in the following chart.
OFST | OPOL | OUT 76118 | Offset value
0000 (H)
00000 (H)
02AA (H)
02AA8 (H)
FD55 (H) -
FD554 (H) |

b ed e il ol ool
g wih ol g A
T e s

|
|
L

Muting
By turning MUTE to “H" or INIT to “L", the output can be muted. Then, the offset value set at

the offset is output. When INIT is at “L", 0 data is input to this LS.

7.

8.

Data polarity

Inversion and non inversion of the output data can be selected by means of DPOL.
When DPOL is at "H", non inversion.
when DPOL is at “L", inversion.

IY0 synchronizing circuit
1) Principle

A window featuring 10 internal system clocks (XIN/2) is set. The sync circuit observes whether
the rising edge (LRCK f) of LRCK that is input, has entered the window or not. When the power
supply is turned on, should LRCKZ be out of the window the sync circuit stops the internal
processing in timing with the center of the window. Synchronously with the appearance of the next
LRCK{ the processing is started. Through this operation synchronization between the exterior
system and this LSl is established.

2) Resynchronization by means of INIT

Even when LRCK{ is inside the window but located close to one of the 2 edges of the
window, the sync may miss with the mingling of external noise or other Re sync operation. To
this effect it is necessary to apply resync, without fault, after supply is turned on. ReSync
operation is executed with the INIT f timing. Sync. circuit is initialized and LRCK is located in the
center of the window.
Moreover, when the sync falls out of the window, INAF output turns to "H" level.

3) Non synchronous MUTE
When INAF is at H, 0 data is output regardless of offset ON/OFF.

=
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9. Output format
The output format of this LS| can be selected as shown in the chart below.

8Fs 4Fs

SONY 1S 1S
{Control pin)
‘SONY/I2S €1 H =
LEFS _ no effet | ‘L' ‘H
OuUT16/18 At will no effect —
(Output pin) 8LRCK 4LRCK
LACKO 24BCK |y 16BCK e
BCKO DATAL }Staggered MIX data
DATAL DATAR DATA i
DATAR APT | WS “
APT/WS 1
LEWS LE | WS »

10. /O signal latch timing
1) Input =
DPOL, SOFT, MUTE, OFST, OPOL, INIT, SONY/I’S, LFS, OUT16/18, NS, EMP
The above indicated input signals are latched by means of internal clocks equivalent to LRCK.

2) Output By
LRCKO, DATAL, DATAR, APT.WS, LEWS
The above indicated output signals are latched by means of internal clocks equivalent to BCKO.

= e
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Filter characteristics (for 4Fs)

Response (dB)

Response (dB)

Response(dB)

Frequency characteristics

Filter characteristics (for 8Fs)

Frequency characteristics

-0.1990 - -0.1630 | y
R - 1 4
-0.1995 & -0.1995 t
‘E' |
—0.2000 % -0.2000
-0.2005 . o« -0.2005 %
{ | !
-0.2010 l | ~0.2010 1
0.0 5.0 10.0 15.0 20.0 0.0 50 10.0 15.0 20.0
Frequency (KHz) Frequency (KHz)
Ripple characteristics Ripple characteristics
0.0002 0.0002
0.0001 - F 00001 -
=
0.0000 e ] 0.0000 e -
-0.0001 t ;% -0.0001
-0.0002 . . -0.0002 I |
0.0 5.0 100 15.0 20.0 0.0 5.0 10.0 15.0 200
Frequency {(KHz) Frequency (KHz)
Attenuate Attenuate
[
0.0 0.0
) |
T
-50.0 @  -500
| i
-100.0 T = o -100.0
]
i ’L e e ..n Loass L l h A il .l NY.
0.0 44.1 88.2 132.3 176.4 0.0 88.2 176.4 264.6 352.8
Frequency (KHz) Frequency (KHz)
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Digital Filter for CD

Description

The CXD2554M/P is a 4- and 8-times
oversampling digital filter LS| for a compact disc
player.

Features

* A 4- and 8-times digital filter

+ Filter characteristics

Ripple: £0.15 dB or less

Attenuation: -40 dB or less

De-emphasis function

Attenuating function (Built-in 1st noise shaper)

Digital offset function

I/O format

Input: 2's complement MSB first (serial)

Output: 2's complement MSB first (serial)
(16- or 18-bit slot selectable)

Applications
Compact disc player

Structure
Silicon gate CMOS IC

CXD2554M 24 pin SOP (Plastic)

CXD2554P 18 pin DIP (Plastic)

Absolute Maximum Ratings (Ta = -20 to +75°C)

+ Supply voltage Vee -05 to
« Input voltage Vi -0.5 to
+ Allowable power dissipation Po 500
+ Storage temperature Tstg -55 to
Recommended Operating Conditions

« Supply voltage Voo 45 to
+ Operating temperature Topr -20 to
« QOSC frequency fx 10 to

+6.5
Voo +0.5

mW (Ta = 75°C)

+150

5.5
+75

20 MHz (Duty 50 £10%)

E90330B0Z-YA

b g
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Block Diagram

() [ —— B
it I : 1 LATCH I LATCH l
SHIFT ()~ ATTENATOR | T
o i, [ aoven |
vools, o } I 4
w® [ -.
{ {
COEFFICIENT [ |
ROM |
¢ RAM FOR
3 | 43RD FIR
| & MPY
M — A
xor (D4 N ,% |
xin (@ G
AAM FOR
o € | Feemmommmmeeed {
sfsrafs(@e N RAM FOR e —1
11TH FIR ey
T }E 5 || oFFseT || ADDER !
test(q T RAM
R FOR i

BUFFER RAM

LIMITTER f

s}—l :‘1"-'5[!

NOISE SHAPER &
FRACTION NORMALIZER

LRCKO
BCKO

oatAL ()

paTar (R

Pin Configuration

TESTL_‘I__-
afs/ﬂ?E
xour 3
me
wo [5]
voo 6
wver [7]
INCIE
sck[s]

DATA | 10

LRCK E

INIT| 12

24] sLoT

23 | LRCKO

22 | DATAL

21| DATAR

20| (NC)

4 |SHIFT

13 |LATCH

30 %
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CXD2554P
Block Diagram
e
Larcn @ I ’ LATCH j [ LATCH —|
SHIFTGY) aTTEnaToR | | |
ATT (12 |
| |
voo (3) = \
COEFFICIENT
ROM RAM FOR
L 43R0 FIR
T 2 MEY
" H
xour (2} N a
*im (&) G
RAM FOR :
sor@ ¢ | _aROFR | =
aivatelzel W RAM FOR ( \ 4 3
11THFIR W
wwe- 8 {oFFsET|| ADDER |
TEST (1) 3 RAM
R FOR IIR

Pin Configuration

—id

—]

TesT [1]
8fs/afs[2]
x ouT [3]

X IN[4]
Voo [5]
Bck (€]
DATA[7]
LRCK [&]

T3]

18] SLOT
77]LRCKO
18] DATAL
15] DATAR
[14] vss (GND)

EBCKO

12] ATT
[ SHIFT

[1o] LATCH

DATA

BCK
LRCK (m

BOR7 s e
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Pin Description

ERa symbol. | 10 Description
CXD2554P | CXD2554M
i, 1 TEST ! Test pin. Fixed at 'L’ level in normal operation mode.
2 2 8fs /afs I | To specify FIR 3. 'H": 8fs ‘L 4fs
3 | 3 XOuT O | Master clock output (f = 384fs)
4 4 XIN | Master clock input (f = 384fs)
5 6 Voo - Power supply (+5 V)
6 ] BCK I | BCK input
7 10 DATA I i Serial data input (2's complement)
8 11 LRCK | LRCK input
9 12 INIT I Re-synchronized by rising edge of this signal
10 13 LATCH I | Latch clock input
11 | 14 SHIFT | Shift clock input
D AUR] ELE ATT | | | Attenuate data input
13 16 | BCKO O BCK output
14 19 Vss (GND) - Power supply (0 v)
i . o EMCEAH @ g:: mggg; ‘Fl'%vg: ::rtigrtdata output (2's complement)
' ' 4fs mode: LCH and RCH time division serial data
16 22 DATAL o) output (2's complement)
| 8fs mode: LCH serial data output (2's complement)
17 23 LRCKO (0] LRCK output
18 24 SLOT | |To specify output slot. ‘H: 18-bit slot ‘L": 16-bit slot
= l ?'7‘7'15’ 00| (NC) — | No connection

#* TEST, 8fs /4fs and SLOT pins: Pull down resistance

e I
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Electrical Characteristics
DC characteristics (Voo = 4.5 to 55 V, Ta = -20 to +75°C)

Pin ltem Symbol Condition Min. Typ. Max. Unit |
All inputs ; x i
except XIN Input capacitance Cm —_— 3 5 pF
“H" input voltage Vin —_ 0.76 Voo - -
Note 1 Vv
'“L"” input voltage Vi — - - 0.24 Voo
Note 2 Input leak current 1 I Vi = Voofov | — — 5 uA
TEST,  |Pull down resistance | Reo —_ | 75 15 30 kQ
8fs /afs, T
SLOT “L" input leak current I Vi=ov | — - 5
A
XIN Input leak current 2 likz Vi = Voolov - - +20 i
BCKO e |
’ = - A | Voo-0. — -
DATAR. H" output voltage Vou lo 4 m | Veo 05 | g
DATAL, _— | | {
LRCKO L"” output voltage Vou lo = 4 mA R =ty 0.4 .
When no load is . | i
Consumption current lpo placed Vi = Vooiov - - | 40 | mA
‘ fx = 16.9344 MHz | |

Note 1) TEST, 8fs /4fs, BCK, DATA, LRCK, INIT, LATCH, SHIFT, ATT, SLOT
Note 2) BCK, DATA, LRCK, INIT, LATCH, SHIFT, ATT

AC characteristics (Voo = 45 to 55 V, Ta = -20 to +75°C)

Item Symbol | Condition Min. Typ. Max. Unit

Oscillation frequency | fx 10 | 16.9344 20 MHz
Input BCK frequency fack - - 4.0
Input BCK pulse width twi _— 100 - -
Input data set-up time tos —— 20 = -
Input data hold time tiow = 20 — -
Input LRCK set-up time tas —_— 50 - -

| Input LRCK hold time tias —_ 50 - - ~
Output BCKO pulse width twos 8fs 40 - -
Output data set-up time toos fx = 16.9344 MHz 25 = -
Output data hold time took C1 = 50 pF 25 - -
Program input base time ter 250 - -

Latch input pulse width pag | ISRMEWZ 50 | = . |

Rise time (SHIFT, LATCH) tr - — | 200
Fall time (SHIFT, LATCH) tr - - 200

Set-up time (ATT) tser = 500 - - ns
Hold time (ATT) thoLo 500 — -
Interval tint 1000 - —
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Timing Chart

Audio input

twig | wis |

BCK \ 71—*—_/-[F

tios tioH
5 a—

i

liLAS | tiLARH
o o |
LRCK
Audio output twoB e twos o
soko  \ w
I toos {oDH
(DATA e <
DATA R
\<
LRCK O '
/!

Program input

ATT X X - )
|
SHIFT _W \ /
10% 10% l

- tiNT

LSB

AT

90% S0%
LATCH |

tt tr
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Description of Functions

A. Soft muting

The soft mute function mutes or demutes output data on the basis of a muting time of 1024/fs
(CD: fs = 44.1 kHz).

C.

Digital attenuator

Output data can be attenuated by use of data transferred from an external micro computer. The
ATT data comprises 8 bits. Bit D7 is the digital de-emphasis control bit, whereas bits Ds through Do
constitute attenuator data.

(1)

l[o}

2)

Command input and audio output
The attenuator data is in 7 bits, allowing selection of 127 different settings. The relation
between a command and output is shown in the following table.

Attenuator data Audio output i
Dsto Do
TFmy 0 dB
TEm -0.13dB
to to
01 -42.144dB
00, —oo

An attenuator value between 01w and 7Ew can be calculated by the following equation.
s 5
Input data
ATT = 20 log | =5z — |dB
9 1\ 128 J

Example) Suppose that attenuator data is 7A.

128

synchronizing circuit

Theory of operation

The synchronizing circuit opens a window for six internal system clocks, CK2 (fx/4), to monitor
whether the differentiated signal of the rise of LRCK (LRCK f) that may be input exists in it: If
the LRCK f is out of the window when the power supply is turned on, the synchronizing circuit
holds the CK2 at the time it is in the center of the window, and lets it start as soon as the
next LRCK { arrives. This operation synchronizes an external system and this IC, and lines up
the phases of serial input data.

ATT = 20 log [@} dB = -0.417 dB

Re-synchronization by INIT

If the LRCK f is in the window when the power supply is turned on, a fluctuation of LRCK
could cause de-synchronization during operation of the IC (particularly when it is at either end
of the window).

For this reason, re-synchronization must always be achieved after the power supply has been
turned on. The operation for re-synchronization is performed at the time the TNIT rises. The
operation initializes the synchronizing circuit to cause a temporary de-synchronization and then
achieves re-synchronization, thereby positioning the LRCK { in the center of the window.

S P o
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D. Attenuator operation
Suppose that there are three pieces of attenuator data, ATT1, ATT2 and ATT3 and that their
relations are ATT1>ATT3>ATT2. Assume that ATT1 is transferred first, followed by ATT2.
If ATT2 is transferred before the value of ATT1 is reached (during the state of A in Fig. 1), the
attenuation directly approaches the value of ATT2. If ATT3 is transferred before the value of ATT2
is reached (during the state of B or C in Fig. 1), the attenuation is carried on from the value at
the time (B or C) to approach the value of ATT3. Transition from one piece of attenuator data to
another is the same as in the case of soft muting.

1.010aB)

Fig. 1 Transition from one attenuator value to another

E. Input data timing

LS8 MSB
DT

SHIFT _‘:__‘—IL_FL_[_' J‘L“Lﬂ_‘" f

LATCH Lr

Fig. 2 Timing of ATT, SHIFT and LATCH

(1) ATT data is configured on the LSB first basis.
(@ ATT data
D : Digital de-emphasis control bit
H: Emphasis ON
L: Emphasis OFF
Note that emphasis time constants are ©: = 50 pus and 72 = 15 us at fs = 44.1 kHz.
Do to Ds: Attenuator data

F. About INIT pin is f
After INIT is £, the counters and registers for the attenuators in the IC are set at 7Fum.
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SONY

G. Digital offset
An offset value is added to the digital filter output. The value is 02AAw in the 16-bit slot mode

and 02AAQw in the 18-bit siot mode.
In the muting mode, this offset value triggers muting.

1/0 timing
<INPUT>
|
DATA B D00 S ©.0 0 0.0 8.0.0,0.0.0.5,0.5.0. M 0.0.0.0.0.0.0.0.0.0 56 00,0 M
BCK ".IUUU]J‘ Byt kpkyaphp R R AR nn kb gt gt Rp SRRy R phyipbphabptatphphgiphaigil
LRCK Il L R
' ! T=1sts Sm——

<4fs mode output>

DATAL
16-bit slot mode

DATAR
(WCKO)

oo AR AR anananannanan

LRCKO L R —
|

' T=1/4fs -

<8fs mode output> s

B Ls8
TAL LIS D.8.60680800000E0TET D0000000000EETED

DA
*16-bit slot mode
18-bit slot mode _. KKiEX ) 99095000@0@@9@ B8 000000000EDTIETET

AR DBEEE 15090000006 E 0 c: NG 6 5000000¢0 L EDE

16-bit slot mode

18-bit slot mode

s =

ML LA L L A U UL UL UL

BCKO

' [ T=1/8fs -

By
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Operation in POWER ON/OFF state

oN

VDO e g bGER

an LUt

CXD2554M/P

|
INIT :
Note) Dort_core
______“—E_ — ]
DATA-IN ‘o —_— B ——
LRO,BCK A&
DATA-QUT 0"

Dodl care

Filter Characteristics

Frequency Characteristics 1 (Pass band)
RESPONSE (dB)

| s
Note) To initialize first turn on power. After Voo reaches 4.5V and the IC stabalizes (Voo levels off),
input at least 12 CKs to XIN. Bringing INIT “H" completes initialization.

Quadrupled oversampling mode

Freguency Characteristics 2 (Stop band)
RESPONSE (dB)
25.0
0.400
0
0.000 ¢ f
-0.400 -25.0
" 2 Y
-0.800 . _/-\‘-‘ _ \‘ L ]
50.0 i
5 ma
=1.200 —1
-75.0 1 11
0.0 5.0 10.0 15.0 20.0 0.0 50.0 100.0 150.0 200.0
FREOUENCY (KHz) FREQUENCY (KHz)
Octupled oversampling mode
Frequency Characteristics 1 (Pass band) Frequency Characteristics 2 (Stop band)
RESPONSE (dB) RESPONSE (dB)
250
0.400
00
0.000
-0.400 -25.0
el el L A
-0.800 - -~ N -50.0 _1[ ‘{ ," :
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Package Outline Unit: mm
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Digital Filter for Audio Applications

Description

The CXD2560M is an 8-times oversampling digital 24 pin SOP (Plastic)
filter LS| for digital audio applications. It features built-in
dual filters for both left and right channels as well as a
noise shaper, attenuator, soft-muting, and de-emphasis
controls.

Features

e Built-in 8-times oversampling digital filters for both

channels.
® Filter characterisics Absolute Maximum Ratings (Ta=25C)
Ripple: = 0.00001dB or less (0 to 20k) e Supply voltage Voo -03t0o+7.0 \'
Attenuation: —100dB or less (24.1k to) o Input voltage VI -03toVop+0.3 V
e Noise shaper, attenuator, sort-muting and o Allowable power dissipation
de-emphasis functions Po 500 mW
e |/O format

(Ta=+75°C)

Input : 2's complement MSB/LSB first (serial) o Storage temperature  Tstg 50 to +150 °c

(16-bit or 18-bit slot selectable)
Output: 2's complement MSB/LSB first (serial)
(18-bit or 20-bit slot selectable)

Recommended Operating Conditions

e Supply voltage Voo 4.75t05.25 Vv
Operating temperature Topr -20to +75 c

Applications ¢
PP e OSC frequency fx 15t0 27 MHz

CD, DAT, BS tuner, and digital amplifiers

Structure Block Diagram

Silicon-gate CMOS IC
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Pin Configuration (Mini-flat package)

vss(1) O @49FLGR
sYsM(2) @IFLGL
ATT(G) (22LRCKO
SHIFT(4) (2)DR
LATCH(s) o)pL
CTL(s) Top (19) BCKO
INIT (7) View (18) VoD
BCKI(8) (17)MCLK
DATAI(9) (1e) INVO2
LRcKI(19 (5)INVO
TEST(Y) QI
Vss(12) (13)128Fs
Pin Description
Pin No. | Symbol o | Description
1 Vss | — | Power supply (OV)
2 SYSM I System mute input. “H": FLGL and FLGR outputs active.
3 ATT I When CTL “L": ATT data input. CTL *H™: EMP input.
4 SHIFT I When CTL “L": shift clock input. CTL “H™: FS32 input. i
5 LATCH | When CTL “L™: latch clock input. CTL *H": FS48 input.
6 CTL | Fixed internally at “L" level. "H": direct input mode. “L™: serial transfer mode.
7 INIT | Re-synchronized by rising edge of this signal
8 BCKI | BCK input
9 DATAI | Data input
10 LRCKI | LRCK input
11 | TEST | | | Testpin.Fixed at"L" level in normal operation mode.
12 | Vss [ — | Power supply (0V)
13 128 Fs O | 128Fs clock output
14 | INVI I | Inverter input .
15 INVO O | Inverter output (INVI)
16 | INVO2 O | Inverter output (INVO)
17 MCLK | Master clock input (f=512Fs)
18 Voo —— | Power supply (+5V)
19 | BCKO O | BCK output a
20 DL o] L-channel data output
21 DR O R-channel data output
22 LRCKO * O LRCK output
23 FLGL | ©O L-channel zero muting flag output
24 FLGR | O | R-channel zero muting flag output 1

AT
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Electrical Characteristics

DC Characteristics (Voo= 4.75 to 5.25V, Ta=-20 to +75 °C, GND=0V)

Item Symbol Condition | Min. Typ. Max. | Unit

i .mpul voltage ViH Allinputs | 0.8Voo v

“L" input voltage Vi | 0.2Voo

“L" input leak current i All inputs, Vin=0V 5 +5

“H” input leak current o CTL, all pins except 6, Vin=VoD ' =5 A

“H" input current CTL, pin 6 only, Vin=VoD 80 200 530

Input capacitance Cin All outputs 5 10 pF

“H" output voltage VoH All outputs, lo=-2mA Voo-0.5 Voo v

“L" output voltage Vou All outputs, lo=+2mA 8. 0.4

Power supply current lop | | 66 mA

AC Characteristics (Vop=4.75 to 5.25V, Ta=—-20to +75 °C, GND=0V)
Item Symbol Condition Min. Typ. Max. Unit

Master clock input frequency fmeLk 15 27 - MHz

Master CK pulse width twmk 185 _ | ns

BCKI frequency fack 35 | MHz

BCKI pulse width twei 100 | I

DATAI set-up time tois 20 & i

DATA hold time toiH 20

LRCKI set-up time tLRis 50

LRCKI hold time tLRIH 50

ATT set-up time tats [ 20 B

ATT hold time tath ' 20

LATCH effective time tsLe 0 ns

SHIFT pulse width twsF CTL="L" ' 100

LATCH “L" interval width tWiA | s 420

SHIFT remover time tsr | fM?:u( +60

Data delay time terp DL, DR, LRCKO | 20

Inverter delay time tipD1 | INVO : 20

Inverter delay time troz | INVO2 30

o
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Input/Output Timing Chart (When no other specification threshold level is 0.5Voo)

Tk tvaa

MCLK 5‘ A~ 5<

twai i -]

BCKI y A 5.( 74

-'-— tois —=r=—tom—=
DATAI ):( ><

tLRH tiris
LRCKI *
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Mode data bit 1 >< >< Mode data bit 16 ><Moce data bit 15
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| i |
= tats —=e— tath —=

SHIFT
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Description of Functions

(1) Conceptual block chart

The conceptual block diagram for this LSI is shown below. Cascading of FIR1, 2, and 3 produces 8-times
oversampling operation.

CTL ATT SHIFT LATCH

o

MODE &)

1
X
IN(L— FIR1 FIR2 ATT FIR3 OFST O 0UT

IR

(2) Operating mode setting
The operation mode is set between ATT, SHIFT, or LATCH by transferring mode data. Mode data format is in
the following format.
Bit-1 is always set to “0".

ATT DECRERDES0N08AE6A0 0!

LATCH |_J

When bit-2 is “0" attenuate mode is set;
when set to “1” system mode is set.
When LATCH is “L” data cannot be transferred.
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(3) Attenuate Mode
This mode is used to set either attenuate or de-emphasis mode.

Mode flag Function T = T
! “H . "

1 MODET1 Mode switch Test mode Normal mode
2 | MODE2 Mode switch System mode Attenuate mode
3 | EMP De-emphasis ON OFF
4 | MUTE Output zero data ON OFF
5 | ATT1 Attenuate data (MSB)
6 | ATT2 Attenuate data
7 | ATT3 Attenuate data
8 | ATT4 | Attenuate data
9 | ATTS Attenuate data
10 | ATT6 Attenuate data
11 | ATT7 Attenuate data
12 : ATTS8 Attenuate data
13 | ATT9 Altenuate data
14 | ATT10 | Attenuate data
15 | ATT11 | Attenuate data
16 | ATT12 | Attenuate data (LSB)

When the INIT pin is “L", MODE1, MODEZ2, EMP, and MUTE are re-set to “L". Setting LATCH pin to “L", enables
the internal resistor.

o
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O Attenuator
ATT data is a 12bits information transferred by bit-5 (MSB) through bit-16 (LSB). The size is 000H (0.0) to
400H (1.0). ATT data is set to 400H by INIT going “L".
ATT data
(output amplitude)
1.0

I
000H transfer 400H transfer T=1024/Fs (S)

The soft mute function is performed when ATT data is 000H. De-muting is performed by transferring 400H
before the ATT data. (Chart above is for the case of 400H.)

ATT data
1.0
A
(ATT1)
5 (ATT3)
\(
S (ATT2)
0 t

Take the case of three attenuator data, ATT1, ATT2 and ATT3 and when their relations are ATT1 > ATT3 >
ATT2. Assume that ATT1 is transferred first, followed by ATT2. If ATT2 is transferred before the ATT1 value
is reached (during state A shown in the figure), attenuation directly approaches the value of ATT2. If ATT3 is
transferred before the ATT2 value is attained (during state B or state C, the attenuation proceeds from the
value attained at state B or state C to approach the value of ATT3. The transition from one attenuator datum
to another is the same as in the case of soft muting.

ATT data= 400H  System mode NS="High": Noise shaping OFF
System mode NS="Low": Noise shaping ON
#400H case, noise shaping can operate whether or not NS is on or off.

5
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Command input and audio output
Attenuator data consists of 12-bit, thus there are 1,024 various settings. The relationship between command
and output is shown in the chart below.

Attenuator data Audio output
400 ) 0dB
3FF my -0.0085dB
3FE n) -0.017dB

to to
001 1y -60.206dB
000 —o0

An attenuator value between 001 (H) and 3FF (H) can be calculated by the following equation.
)y input data )
ATT=20log ( 1024 dB
Example: Suppose the attenuator data is 3FA (H).

ATT=20l0g (%) dB=-0.051dB

@ De-emphasis
De-emphasis can be set by two methods which are selected by the CTL pin: by a serial transfer of mode
data, or direct input pin.
CTL: “H": direct input method
“L": serial transfer
e Serial transfer of mode data (CTL: “L")
Emphasis ON/OFF is performed by the attenuator mode EMP

EMP: “H™: ON
“L": OFF
Fs Selection  System mode Fs 32 and Fs 48.
Fs
| sk [ 44k a8k
Fs32 | H | E L
Fs48 H [ L H

e Direct input (CTL: “H")
Emphasis ON/OFF is performed at the ATT pin.

ATT: “H": ON
“L": OFF
Fs Selection  Performed at SHIFT, LATCH pin
Fs
32k | 441k | 48K
SHIFT | H L ; L
LATCH | H L H

@ Mute
Output is muted when MUTE is raised “H". In this case the output is zero data.
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(4) System mode
This mode sets the 1/O data format, offset, and so forth.
Mode flag Function
" o
1 | MODE1 Mode switch Test mode Normal mode
2 | MODE2 Mode switch System mode Attenuate mode
3 i IFORM Input data format LSB first MSB first
4 | IBIT Input data word length 18-bit 16-bit
5 | OFORM Output data format LSB first MSB first
6 | OBIT Output data word length  20-bit 18-bit
7 | OFST Append offset ON OFF
8 | TESTH Test mode setting During normal use, fixed at “L"
9 | TEST2 Test mode setting During normal use, fixed at "L”
10 | NS Noise shaping OFF ON
11 | MT1 | Zero data detect time 60ms 300ms
12 | MT2 Zero muting flag polarity ~ "H" sets mute “L" sets mute
13 | FS32 32K 441K 48K
Selects de-emphasis Fs
14 | FS48 FS32 H L E
15 | SYNC 1fO synchronize FS48 H L n
16 | STAT Stop output clock

When the INIT pin is “L”*, all the above are reset to “L".
Setting LATCH pin to “L", enables the internal resistor.

1 i
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0]

®

Input data format
The input data format is set by IFORM.
IFORM: “H": LSB first
“L": MSB first

Input data word length
The input data word length is set by IBIT.

IBIT: "H": 18-bit

“L": 16-bit

Output data format
The output data format is set by OFORM.
OFORM :"H": LSB first
“L": MSB first

Output data word length
The output data word length is set by OBIT

OBIT: “H": 20-bit

“L": 18-bit

Offset

When OFST is raised “H", output data will have an offset value appended depending on how OBIT is set.

OBIT: “H": 02AAA (H)
“L": 02AA8 (H)

Zero data detect time

The input data’s zero detect time is set by MT1. (Refer to the section on (5) zero detect functions for details.)

MT1: “H" : 60ms
“L" : 300ms

Zero muting flag polarity

The zero muting flag (FLGL, FLGR) polarity is set by MT2. (Refer to the section on (6) muting circuit functions

for details.)
MT2: “H" : zero mute flag is active when raised "H".
“L" : zero mute flag is active when pulled “L".

o
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® Input/Output synchronization

When SYNC goes "H", |/O synchronization is reset.

Example with SYNC flag raised "H".

LATCH —I—l
SYNC —l l
internsl LROK __+ & | . | } |

(Fs) e
i Internal LRCK 3 cycle

||1\

@ From here the SYNC flag
returns to "L".

/——l--—

@ 170 synchronization

@ Transferred from uCOM to SYNC "H" reset

Output clock stop

When the STAT signal is raised “H", the internal LRCK 3 cycle output clock (LRCKO, BCKO) and the output
data (DL, DR) are pulled “L".

Example with STAT flag raised "H".

LATCH _Ll
STAT 4 |

Internal LRCK —'J M WL G N A T | l \
LE |
i |

@ Internal LRCK 3 @ From here the STAT flag
cycle section. retums to "L .
LRCKO, BCKO,
DL, and DR are
@ Transferred from pCOM to STAT "H". pulled “L".

Mode settings are not limited to SYNC and STAT. Whether Attenuate mode or System mode is active, is
determined by the final data transferred.

L BG
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(5) Zero detect function
(D Operation
The input data controls the operation of zero detection and when continuing for zero data detect time *,
zero mute flag (FLGL, FLGR) ** is active.

* Note 1: See section on System mode (6) zero data detect period.
** Note 2: See section on (6) Mute circuit control.

@ Zero detect method

The zero data detect section consists of a low-level detect and a DC detect section. When both Low-level
and DC conditions are present, zero detect occurs.

LsB
Input d
15 O | 1 lzlal4lslslTl81gIm“1112[13l14!15[3i<15§;118]

: Low-leval detect section | section

Zero data detect section structure

The low-level detect section senses whether the input data’s first 14-bit are ALLO or ALL1.
The DC detect section senses the input data doesn't change.

When 16-bit data is input, DC detection section consists of bit-15 and bit-16.

When 18-bit data is input, DC detection section consists of bit-15 through bit-18.

(6) Mute circuit operation
(D Zero mute flag (FLGL, FLGR) operation

The zero mute flag operations according to the block diagram below. The mute circuit controls this
operation.

(CXDSEFBOM) DAC [ Mute circuit ———> Analog out

[}

FLGL, FLGR

Mute flag block diagram
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@ Zero muting flag construction
As shown in zero mute flag block diagram, zero mute flag is active by not only zero detect but also MUTE

and INIT of system mute (SYSM) and attenuate mode.

MT1 ‘When signal goes

“H", zero detect is
activated.

MT2

Zero

DAI0 detection

FLGL or FLGR

SYSM
Internal MUTE

Internal INIT

Zero mute flag block diagram

@ Zero mute flag operation
e The zero mute flag is active during the zero detect cycle.
e When the SYSM signal goes “H", the zero mute flag is made active.
e When the MUTE ON function in Attenuate mode is used, the zero mute flag becomes active.

LATCH 1

Max

1./64Fs

Internal MUTE _ _,

FLGL, FLGR X Active

Zero mute flag output timing for the MUTE ON function.
(MUTE OFF operates in the same way.) =

e [NIT re-synchronization
The zero mute flag is active during INIT re-synchronization. When INIT is pulled “L" the zero mute
flag is active. Also, after INIT is raised “H" (zero) the signal is held active for approximately 100us
(Fs=44.1k).

INIT _‘_|___

40 1
Internal INIT | B iaEm Y Sn e

FLGL, FLGR :x Active K

Zero mute flag output timing for INIT re-synchronize cycle

La7 o}
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(7) 1/O synchronization circuit
(@ Theory of operation
The synchronizing circuit opens a window for eight internal system clocks (one clock=256Fs) to monitor
whether the differentiated signal of the rise of LRCKI (LRCKI _{") that may be input is present. If the LRCKI
_f is out of the window when the power supply is turned on, the synchronizing circuit holds it at the time it
is in the center of the window, and lets it start as soon as the next LRCKI I~ arrives. This process
synchronizes both an external system and this LS| itself.

@ INIT re-synchronization cycle
If the LRCKI _f is in the window when the power supply is turned on, a fluctuation of LRCKI could cause
re-synchronization during operation of the IC, particularly when it is at either end of the window. Thus it is
important to re-initialize the system after turning the power on. Re-synchronization is performed at the time
that INIT goes high (_f"), initialize synchronization circuit and then positions LRCKI _I” in the center of the
window.

@ Operation when INIT is pulled “L",
Set input data to zero data.
Set output data to zero data.
Output clocks (LRCKO, BCKO, 128Fs) are continuously output.
Noise shaper register is cleared.
lIR register is cleared.
zero mute flag (FLGL, FLGR) becomes active.

@ Initialization process after power ON.
After Voo reaches over 4.75V and the MCLK stabilizes, input 8 CK or more. Then bring INIT “H" to
complete the initialization.

(8) I/O signal latch timing
@ Input
ATT, SHIFT, LATCH: when INIT and CTL are pulled “H",
These input signals are latched to LRCKI by the appropriate internal clock .

@ Output
LRCKO, DL, DR:
These output signals are latched to BCKO by the appropriate internal clock.

(9) 384Fs oscillation synchronized by 128Fs
In CD applications utilizing DSP, it is possible to supply the master CK (384Fs).

S 8D
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Application Circuit

384Fs

At Fs = 44,1kHz,

R=1kQ
L=33uH
CXD2560M C = 24pF

Application circuits shown are typical examples illustrating the operation of the devices. Sony cannol assume responsibility for
any problems arising out of the use of these circuits or for any infringement of third party patent and other right due lo same.
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Filter Characteristics (8Fs example)

Frequency characteristics
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Package Outline Unit : mm
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Digital Audio Signal Silence Detector

Description

The CXD2557M is an LSI that detects silence in 16 pin SOP (Plastic)
digital signals and outputs a muting signal if the silence
continues for a fixed period of time.

Features

e [nput format
Two's complement MSB first
16-bit serial data
48 slots

® Silence detection time
16,382 samples

» Silence detection level
Upper 12 bits

Structure
Silicon gate CMOS IC

Application
Digital audio components

Absolute Maximum Ratings

e Supply voltage (see note) Voo —-05t07.0 V'
® |nput voltage Vi -05toVoo+05 V
* Qutput voltage Vo -05toVoo+05 V
¢ Input protection diode current I —20to20 mA
e Qutput protection diode current lok -20t020 mA
® Output current lo +50 mA
e Package allowable power dissipation

Po 08 w
e Storage temperature Tstg -65t0150 °C

Note) Unless otherwise specified, voltage values are
in reference to GND.

Recommended Operating Conditions
® Supply voltage Vop 4.5t055(Typ.5.0) V
® High-level input voltage ~ Vin Voo X 0.7 to Voo v
® Low-level input voltage ~ ViL GNDtoVopx02 V
e Input rise and fall imes (see note)

Tt — to 300 ns
e Operating temperature ~ Ta 0to+70 .

Note) Excluding schmitt trigger points.

ES0823 - ST
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Block Diagram and Pin Configuration (Top View)

DaTA
BCK
LRCK

DMUT

0X=-Window
DETECT
CONTROLLER

DATA Wi~ W4

0X-Data 0X-Timing
SOUND DETECTER
DETECTER TIMER ——QqMuT-L
Leh Leh
OX-Data 0X -Timin
SOUND DETECTE L Awmut-r
DETECTER TIMER
Rch Rch

W1 =All O or 1 DET bits Window, L : Active

W2 = 13~16bits Load Window, L : Active

W3 =0X and DIF DET Load Window, L : Active
W4 = MUT Timing Count Window, L : Active

Electrical Characteristics

(Vop=5.0 + 10%, Ta=0to +70°C)

: Measurement i ;

Item Signal conditions Min. | Typ. | Max. | Unit
“H" output voltage Vo lon=—4mA 3.7 v
“L" output voltage Vou loL=4mA 04 | V
Schmitt input AT
hysteresis range VT*VT 0.85 255 | V
Input leakage current | lu Vi=Voo or GND +1 | pA
Static current Vi=Voo or GND,
consumption Ky all outputs open 100 1 WA

L
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Pin Description

52‘_ Symbol | I/O Description
1 | TESTH | Test input. Normally set to “L".
2 | TEST2 | Test input. Normally set to “L".
3 | TEST4 1 Test input. Normally set to “L".
4 | LRCK I LR 2ch word clock (fs) signal. (48BCK=1 cycle)
5 | SDATA | Serial data signal
6 | BCK I Bit clock signal
7 | DMUT | “H" forces MUT ON. “L" is set during normal operation.
8 | Voo —— | Power supply (+5 volts)
9 | TSO4 O | Testoutput
10 | TSO2 O | Testoutput
11 | MUT-R O | Rch MUT output
12 | MUT-L O | Lech MUT output
13 | TSO3 O | Test output
14 | TSO1 O | Testoutput
15 | TEST3 1 | Testinput. Normally set to “L".
16 | GND — | Ovolt

—69 -
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Description of Functions

1. System Configuration

This silence data detection IC is compatible with the data formats of the CDL-30, 35 and 40 series CD-use LSls,
and consists of a silence data detection circuit (0X-Data), a window generator (0X-Window), and a timer circuit
(0X-Timer) which measures how long the silence continues.

2. Function and Operation of System Circuits
(1) Silence data detection circuit (0X-Data)

The silence data detection circuit is divided into two sections: a low-level detection circuit and a direct current
detection circuit. Simultaneous detection of both the low-level state and direct-current state is treated as detection
of silence data.

e Low-level detection circuit:
Detects whether the absolute value of the signal is sufficiently small. Since the signal is two’s complement
data, the circuit checks whether the upper 12 bits are all 0's or all 1's.

® Direct current detection circuit:
Detects whether the signal value changes. Since all bits up to bit 12 are either all 0's or all 1's, this circuit
checks only bits 12 through 16 of each word for each channel. Also, for reading in data, both detection
circuits use the no-change edge of the bit-clock data.

(2) Window generator (0X-Window)
The window generator generates the various latch pulses and load pulses necessary for the silence data

detection and timer circuits.

 Window generator circuits:
These circuits generate the following windows and pulses: (1) W1 (Lch, Rch), a load window used by the
low-level detection circuit; (2) W2 (Lch, Rch), a latch pulse used by the direct current detection circuit:
(3) W3 (Leh, Rch), the silence data latch pulse; and (4) W4 (Lch, Rch) the timer count load pulse and
MUT-T mute timing pulse.

(3) Timer circuit (0X-Timing)
This circuit checks whether the silence state continues for a time equivalent to 16,382 samples and outputs the
muting signal.

B



SONY CXD2557TM

3. MUTE Output When Silence Is Detected
If data judged as “silence” is input continuously for 16,382 cycles (16,382 fs cycles of LRCK), the mute signal is
output (“L" level) on the rising edge of the second subsequent LRCK cycle.

LRCK sl Rl | S—— | —
16.382nd 16,382nd
silence data L silence data R

MUTL, R \
The mute signal is reset as shown in the diagram below. If, for example, sound data is detected in the Lch
signal, the internal TRST L signal goes to “L" on the rising edge of the fourth BCK cycle following the falling edge
of LRCK, and the internal counter loads the initial value. As a result, the MUTE signal is reset on the rising edge
on the next LRCK; the same occurs withrthe Rch signal.
Note) The TRST L and R signals are flags showing whether the input data is silence or sound.
Silence: “H"; sound: “L".

T I s SR T i, W o R TSR 555 T, ey

Silence data Silence data Sound data Sound data Silence data Silence data Silence data Silence data

L R L R L R i R
TRST L \ f

MUT-L /

TRST R \ S i s
MUTR A

4, Forcing a MUTE Output Using the DMUT Input

When “H” is input to the DMUT pin, a MUTE signal is forcefully output to both L and R channels on the rising
edge of the next LRCK. The MUTE signal is reset in the same manner.

1) When DMUT is turned ON while sound data is continuing:
LRCK _/—\—/——\—_/—\_

DMUT Ty

MUTL, R ' \ /—

2) When DMUT is turned OFF while sound data is continuing:
ToC e Cadaoniiany . WSS, QRSN SERERNTS TS NUNONCT < SN

DMUT Y

MUTL, R i

ok o
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2) A/D, D/A Converter

Type Functions Page
CXD2552Q ' 1-bit D/A converter 77
CXD2561BM i 1-bit D/A converter, 3rd order noise shaper 85
CXD2555Q 1-bit A/D+D/A converter, Built-in digital filter, 94

2nd order noise shaper
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SONY: CXD2552Q

1 Bit D/A Converter

Description

The CXD2552Q is 1 bit type D/A converter developed 44 pin QFP (Plastic)
for digital audio products; compact disc player and
others,

Features

® PLM pulse converter
e 3rd order noise shaper
e Direct digital sync

e Master clock 1024Fs

e 2 channel built in

Absolute Maximum Ratings Structure
e Supply voltage Voo -05t0465  V Silicon gate CMOS IC
e Inputvoitage Vi —0.3toVoo+03 V
® Allowable power dissipation Applications
Po 500 mW (Ta=60°C) Compact disc player, digital amplifier, BS tuner

® Storage temperature
Tstg -55t0+150 °C

Recommended Operating Conditions

® Supply voltage Voo 475t05.25 '/

e Operating temperature Topr -10to 60 C

e OSC frequency fx 320t049.7 MHz

» Supply voltage difference
Voo-Vooz, Voo-DVoo, Voo—-XVoo + 0.1V
Vss—Vssz, Vss-DVss, Vss—XVss +0.1V

Block Diagram and Pin Configuration

2 : i 3 =0
s gag g . B i D ER
§3 3= % i [&@—@—@-a—a—fsne—s—@-
17 9 | |
1t | cLoex e (T
BINITS TIMING CIATUIT 1 cenimstca
- | } -
Tt 4
-
——Dv—huu \--.a:aE
[-—' WTERPOLATOR w?‘,t’;'wjl-—-— L e cxpzs520
L“‘l'—ﬂ Li=) Lsene
oL i— |
ori—  BF e
—F__J , = R
o m':.:..ur—l ne i
: ] T B> LR
i H S-8-0-0-0-0-08
5k * 3 B

Sony Corparation developed CXD2552Q and designed the LS| circuitry that incorporates the Multi Stage Noise Shaping technique
originated by NTT (Nippon Telegraph and Telephone Corporation).

EB985BA0Y — ST
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CXD25520

Pin Description

Pin No. Symbol Ifo Description

1 Vopz —— | Analog power supply

2 Vss —— | Analog GND

3 R{-) o] Rch PLM output (Opposite phase)

4 Voo —— | Analog power supply

5 Vss2 —— | Analog GND

6 Vsus | — ! Sub straight. Connect to GND.

7 LRCKO | O | LRCK output

8 DM2 Lo Dither polarity

9 DM1 I Dither designation

10 POL | PLM output polarity “L" : Positive phase “H" : Opposite phase
1 DVoo —— | Digital power supply

12 TEST3 | Test pin. Fixed at "L" level in normal operation mode.
13 MUTE | Turns interpolator output into 0 data. Effective at “H".
14 LRCKI | LRCK input

15 DRI | Rch data input

16 DLI | Leh data input

17 BCKI I BCK input

18 TEST1 I Test pin. Fixed at “L" level in normal operation mode.
19 TEST2 | Test pin.Fixed at “L" level in normal operation mode.
20 SYNC | Sync control pin

21 INIT I Resynchronized by rising edge of this signal
22 128Fs (0] 128Fs output

23 Vsus —— | Sub straight. Connect to GND.
24 512Fs (0] 512Fs output
25 DINIT 0 Delay INIT signal output

26 INAF o When I/O sync is missed “H" is output.

27 DVss —— | Digital GND

28 Vsus —— | Sub straight. Connect to GND.

29 Vssz —— | Analog GND

30 Voo —— | Analog power supply

31 L(-) | O Leh PLM output (Opposite phase)

32 Vss —— | Analog GND

33 Vo2 —— | Analog power supply

34 Vss —— | Analog GND
35 L(+) o] Lch PLM output (Positive phase)

36 Vop —— | Analog power supply

37 Vsus —— | Sub straight. Connect to GND.

TR




SONY CXD25520

Pin No. Symbol [o] Description
38 XVss —— | Clock GND
39 XIN | Crystal oscillation input pin (1024Fs)
40 XOouT o] Crystal oscillation output pin
41 XVoo —— | Clock power supply
42 Voo —— | Analog power supply
43 R (+) O | Rch PLM output (Positive phase)
44 | vss — | Analog GND

Electrical Characteristics
DC Characteristics (Voo=Voo2=DVop=XVp0=5.0V * 5%, Vss=Vss2=DVss=XVss=0V, Topr=—10 to 60°C)

Item Symbol Condition Min. Typ. Max. Unit
“H" input voltage Vi - 0.76Voo \'4
“L" input voltage Vi — 0.24Voo A
Input leak current Iu _ +5.0 HA
“H" output voltage (DINIT, INAF) Vor lo=—1mA Voo-05 | v
“L" output voltage (DINIT, INAF) Voo | lo=1 mA 0.4 v
“H" output voltage (512Fs, LRCKO) | Vo | lo=-0.4mA Voo-0.5 Vv
“L" output voltage(512Fs, LRCKO) | Vou | lo=0.4mA ' 0.4 v
“H" output voltage (128Fs) Vou lo=—0.3mA Voo-0.5 v
“L" output voltage (128Fs) VoL lo=0.3mA 0.4 \'
“H" output voltage (R+, R—, L+, L-) Vo lo=—15mA Veo-0.5 v
“L” output voltage (R+, R—, L+, L-) Vou lo=15mA 05 v
“H" output voltage (XOUT) Vo lo=—2.0mA Voo—0.5 A"
“L" output voltage (XOUT) VoL lo=2.0mA 0.4 v
Current consumption loo —— 55 80 mA

AC Characteristics (Voo=Vop2=DVop=XV0o0=5.0V £ 5%, Vss=Vss2=DVss=XVss=0V, Topr=—10to 60°C)

Item Symbol Conditon | Min. Typ. Max. Unit
BCKI pulse width tw 38 nsec
DATAL, R set up time tsud 18 nsec
DATAL, R hold time thdd 18 nsec
LRCKI set up time tsulr 18 nsec
LRCKI hold time thdir 18 nsec
PLM output rise/fall time tr,tf | CL=300pF 10 | nsec

TR
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SONY CXD25520

Analog Characteristics (Voo=Vopz=DVoo=XVpp=5.0V, Vss=Vssz2=DVss=XVss=0V, Ta=25C)

Item Symbol Condition Min. Typ. Max. Unit
Total harmonic 1kHz, 0dB data
distortion THD | (Fs=44.1kH2) 00030 | 9%
1kHz,
< 0dB/- oo dB data
S/N ratio S/N (Fs=44.1kHz) 96 dB
(A filte used) |
Electrical Characteristics Testing Method
The testing of total harmonic distortion and S/N ratio is shown in Fig. 1. and 2.
L 100P
|__
94K 4; R-ch
PLM = | AW i y
SHIBASOKUIADT25C)
Lo 220P 100 2.2 ey
L.R-ch
took3 SELECTER
91K ATK
PLM+ W AN W
l 100P
—
384Fs |3 muttiplier |128F% 0sc
CIRCUIT
1024Fs
3 A SHIBASOKU(ADT25C)
1Fs BFs
DIGITAL PLM ANALOGH
SIONAL | i foe  DAc T'T fanaLo AWAESC! [pisToRTION
DATA 5520sLm| CI ANALYZER
(168IT) ot s Adicudd BOX
Fig. 2.
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SONY CXD25520

Description of Function
1/0 Synchronizing Circuit

1) Theory of operation
A window featuring 8 internal clocks (256Fs) is set. The sync circuit observes whether the rising edge
(LRCK _f") of the LRCK input has entered the window or not.
When power supply is turned on, should LRCK _f~ be out of the window, the sync circuit stops the internal
processing in timing with the center of the window. The processing is started synchronously with the
appearance of the next LRCK _I" . Synchronization between the exterior system and this LS| is established
through this operation.

2) Resynchronization by means of INIT
Even when LRCK f is inside the window but located close fo one of the two edges of the window,
synchronization may be upset by the mingling of external noise. To this effect, it is necessary to apply resync
without fail after power supply is turned on. Resync operation is executed from the rising edge of INIT and
timed after 4 periods of Fs rate LRCK. The sync circuit is initialized and LRCK _f is located at the center of the
window.
Moreover, when synchronization falls out of the window, INAF output turns to "H" level.

{c

-
l

Here resynchronization is applied.

AL
: l—
[

HE SN |

Internal INIT
signal

DINIT output

e
f

4 periods of Fs rate LRCK

Input Timing (8fs rate)

LRCKI __ | | |

sck UL UUI VU UV UUyUUvuvvvrdyuyuut

MS

B LS8
oLt X\ 266060006 00568 0000 LXOCK
or1 X 2.60.60000000 0800800 XXX
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SONY

CxD26520

Package Outline Unit : mm
44pin QFP (Plastic) 1.1g
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SONY. CXD2561BM

1-Bit D/A Converter for Audio Applications

Description

The CXD2561BM is a 1-bit stereo D/A converter using
a 3rd-order noise shaper, in which DA conversion with
superior characteristics can be achieved by employing an
8% oversampling digital filter. (By using two chips
configuration, etc.)

Characteristics
e Distortion : 0.0035% and below
e S/N ratio : Atleast 95dB

28 pin SOP (Plastic)

Features

e 2-channel D/A converter on a single chip
® 3rd-order noise shaper

* PLM-method pulse conversion output

® Master clock of 512fs

Structure
Silicon gate CMOS

Applications
Compact-disc players, digital amplifiers, satellite-broadcast tuners, etc.

Pin Configuration (Top View)

(28) AvooL
@DLit+)
AVssL
EOEIS
Ra)Lz2(+
@L2(-)
AVss

1) avoo

@) r21-)
(9)r2(+)
(i8)Ri(-)
(7) Avssr
(i8) RiC+)
(1s) aveor

E91Y36 - ST
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SONY

CXD25618M

Block Diagram

DVoo

@ Dvss
6 X¥ss
e XVoo
6 Vsus
6 AVooR
e AVssR
9 avoo
&) avss
(@) avssi

—-@) 512Fs

R||+l
rit-1(i6) E
R2t+1(19) ——__Q_ |
R2(-1(20) ——Q- | =
3rd- ORDER
PLM <! NOISE SHAPER
x v EO—+ cLock

% ouT (i0}a—— GENERATOR

TIMING
CIRCUIT

'-l INTERPOLATER

S/P

PLM E ucﬁ??sgggg INTERPOLATER b
L21-1(23 ——Q.‘
L2141 a) —q._.l
Lii-1(29) *q__‘
|
Lit116r) ﬁﬂ——l
Absolute Maximum Ratings
Item TSyml:cut Conditions Min. Typ. Max. Unit
- Supply voltage Voo -0.5 6.5 A
Input voltage Vi -03 Voo+03 | V
Allowable power dissipation | Po Ta=60°C 500 | mw
Storage temperature Tstg -55 150 | C
Recommended Operating Conditions
Item Symbol| Conditions | Min. Typ. Max. | Unit
Supply voltage Vop 4,75 5.00 5.25 A
Operating temperature Ta -10 60 ©
OSC frequency Fx 512fs 16.0 25.0 MHz
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SONY CXD2561BM

Pin Description

Ifl'l:. Symbol | /O ! Description
1 DVoo —_— | Digital power supply
2 | TEST I ' Test pin. Fixed at “Low” in normal use.
3 |INIT | | Signal that activates resynchronization at rise
4 [LRCK | 1| | LRCKinput (8fs)
5 |DATAR| | | Rightchannel data input (8fs); 16 to 18-bit data, LSB-first
6 | DATAL | Left channel data input (8fs); 16 to 18-bit data, LSB-first
7 | BCK i BCK input
8 | DVss | — | Digital GND
9 |512fs | O | 512fs Clock output
10 | XVss —— | Clock GND
11 | XIN I | Crystal oscillator input (512fs)
12 [x0UT | O | Crystal oscillator output (5121s)
13 | XNoo | —— | Clock power supply
14 | Vsub [ —— | Connected to substrate GND
15 | AVooR | — | Analog power supply for right channel
16 | R1(+) O | Right-channel PLM output (in-phase)
17 | AVssR | — | Analog GND for right channel
18 | R1(-) O | Right-channel PLM output (opposite phase)
19 | R2 (+) O | Right-channel PLM output (in-phase)
20 | R2(-) O | Right-channel PLM output (opposite phase)
21 | AVop —— | Analog power supply
22 | AVss —— | Analog GND
23 | L2 (-) O | Left-channel PLM output (opposite phase)
24 | L2 (+) O | Left-channel PLM output (in-phase)
25 |L1( | O | Left-channel PLM output (opposite phase)
26 | AVssL | —— | Analog GND for left channel
27 |L1(+) | O | Leftchannel PLM output (in-phase)
28 | AVooL | — | Analog power supply for left channel

=
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SONY

Electrical Characteristics

DC Characteristics

(DVop=XVpp=AVop=AVopR=AVo0L=5.0V * 5%, DVss=XVss=AVss=AVssL=AVssR=0V, Ta=—101t0 60°C)

Iltem Symbol Conditions Min. Typ. Max. Unit
“High"” level XIN ViH 0.9Vop v
inputvoltage | Otherpins | Vi 0.76Vop v
“Low” level | XIN | v 0.10Voo | V
input voltage Other pins ! ViL 0.24Vop V'
Input leakage current | b -5.0 5.0 HA
512FS Vou | lo=—0.4mA Voo-0.5 Vv
“High" level R (+1)
output L (o) Vor | lo=—15mA Voo-0.5 v
voltage ) 3
XOuT VoH | lo=—2.0mA Voo-0.5 v
512FS VoL lo=0.4mA 0.4 v
“Low” level R (+/-), s
input voltage | L (+/-) VoL | lo=15mA 0.5 v
XOouT Vou lo=2.0mA 0.4 v
Current consumption Iop 40 60 mA

AC Characteristics

(DVpo=XVop=AVop=AVDDR=AVDDL=5.0V * 5%, DVss=XVss=AVss=AVssL=AVssR=0V, Ta=—-10to 60°C)

Item Symbol Conditions Min. Typ. Max. Unit
BCK pulse width tw 38 40 nsec
DATAL, DATAR setup time tsu 18 20 nsec
DATAL, DATAR hold time th 18 20 | nsec
LRCK setup time tsu 18 20 nsec
PWM output rise time tr CL=150pF 10 | nseé :
'PWM output fall time tf CiL=150pF 10 | nsec
XIN duty cycle duty | Voo/2 at 25MHz 50 %

AR
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CXD2581BM

Input/Output A/C Timing (8fs, data, BCK24 or BCK32)

. tw (BCK) | tw (BCK) |

BCKI Voo 2
;tsu (DATAD th (DATAID f
DATA L, R
tsu (LRCKI)
LRCKI
90 % Voo
PLM OUTPUT

10% Voo

r (PLM) = =

ch it
|

tr (PLM) “"‘

Analog Characteristics
(DVbp=XY00=AVDoR=AVooL=5.0V * 5%, DVss=XVss=AVss= AVssL=AVssR=0V, Ta=25C)

ltern |Symbol|  Conditions Min. | Typ. | Max. | Unit
Total harmonic | 1kHz, 0dB data ,
distortion factor | THD | (Fs=44.1kHz) 0.0035 '. %
1kHz, 'j
S/N ratio S/N 0/~ 0 0dB data 95 | dB
(Fs=44.1kHz) |

G,
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CXD2561BM

Electrical Characteristics Test Method

The total harmonic distortion factor and S/N ratio are tested by the circuits shown in Figures A and B.

Figure A
Rch
220p 100p 4700p
{ ADT25C)
_ SHIBASOKU
?.Ik 4Tk L,R=ch DISTORTION
Yo " Selecter | | ANALYZER
J_ 220P
PLM g'.‘.k T ok 330k
1| -j wy ry
L=ch
pag e 287 . ETh
Rt o _[
220P
8 [ T 5
z I _l wy - oy
»r
Figure B
3 128Fs
] MULTIPLIER
=5 512Fs
; SHIBASOKU (AD725C)
1Fs 8Fs PLM
DIGITAL ANALOG -
SIGNAL o/E  |PU|  pac L [ anaLoG 2’&?@ DISTORTION
GENERATOR | para | €XD2560 |pmi| CXD2561 |piyy| CIRCUIT i ANALYZER
(168IT)
R
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SONY CXD25618M

Description of Functions
I/O Synchronization Circuit

@ Theory
The synchronizing circuit has a window for monitoring the input LRCK signal to determine whether there is a
rising edge (LRCK _{") within it.
If the LRCK _f is outside the window when power is switched on, the synchronizing circuit stops internal
processing at timing centered on the window, and restarts in synchronization with the occurrence of the next
LRCK _I . This operation synchronizes this LSl to external systems.

@ Resynchronization by INIT
If the LRCK _I is within the window, but is too close to either sides of the window, synchronization may be
affected by factors such as external noise. Thus, it is always necessary to resynchronize after power is
switched on. Resynchronization is done at a timing of approximately four cycles of LRCK at the Fs rate from
the rising edge of INIT, and it initializes the synchronizing circuit to center the LRCK _{" in the window.

45
INIT input 4

P W Resynchronization ooccurs at this point

/

if
Internal INIT signal

o

Approx. 4 cycles of Fs-rate LRCK

Input Timing (8fs Rate)

LrReKd ] L [

scxi ULV UUUU VUL U U VUV UUUUiyuUUudL

oeh
pRI A\ DEOSEEECND00996006040 B.& 8
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CXD2s81BM

Package Outline  Unit: mm

2Bpin -50P (Plastic) 375mil

1775 %

3
HAARARARARRARAN — 1

O

FEgEEgE

l1.2 th.ié

(-
(-
(==
b
(1
td -
ESTEROTEE (.
—

24504

]

. M PR

(8.9)

£02
26
!
[
i B 1
I-\J.
o
-
i'\S‘.
7
——
’DL.i
H |
=
ol

SONY NAME

SOp-28P~1 121

E1AJ NAME

*S0P028-P-0300-AX

JEDEC CODE

268




SONY. CXD2555Q

1Bit AD/DA Converter for Audio Application Preliminary

Description
The CXD2555Q, which features a 2nd order AZ g R
noise shaper, is an extremely cost-effective 1-bit, 1 | 48pin QFP (Plastic)
~-chip stereo AD/DA converter with on-chip digital
filters.
Features

¢ 2-channel AD and DA converters, plus digital fil-
ters for decimation and over-sampling for each
converter, all on a single chip.

® Use of internal peripheral analog circuits for AD
converter greatly simplifies external elements.

® Distortion: within 0.01% (both AD and DA) ® The 32 slot serial data interface enables in-
©S/N ratio: DA converter: At least 90dB dependent selection of data forward-packing/
AD converter: At least 80dB rearward-packing and MSB-first/LSB-first,
e Applicable to four master clocks: 256Fs,
Structure 512Fs, 768Fs, and 1024Fs
Silicon-gate CMOS * Applicable to low Fs frequencies of 16k, 8k and

etc in addition to usual Fs frequencies of 48k,
44.1k, and 32k

" » Qutputs different divisi locks according to
. e = . utpuis dirteren Ivision cio a rai
* On-
Or; chx::n 1d|g|tal filter enables data input/output at the t £ LSI chi ¢

* Simple connection of multiple CXD2555Qs enable
multi-channel system

Block Diagram
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SONY CXD2555Q

Pin Configuration

g3
DB

pasLe (37 249 CLR

DASL1 @8 @3 TesT
wo (39 22) wac2
Voo @D ves
NC @) @9 NC
NC (@2 (19 sue
08 G CXD2555Q S
Voo (29 (17 Voo

AINT (@5 (1) alnz
Vas (9 Vas
Vs (37) (9 Vas

ADUT1(-) (a8) ) (13 aout2(~)

0,0 0,020,060 ala:
3233322223
3 3
Pin Description
Pin No. Symbol | 1/0 | Description
1 Voo — | Analog power supply for Channel 1 DA converter .
2 AOUT1 (+) | O | Analog in-phase output for Channel 1 DA converter ]
3 . — | Analog GND for Channel 1 DA converter
4 UCLK | o QOutput for 1/2 of clock frequency input through oscillator pin XTLI (Pin 7).
- User clock output for externally connected IC.
5 | XCLK 0 Master clock output for ICs in slave mode, when the 256Fs clock Putput and
gl | _more than one connections of CXD2555Qs are used. (XSL2 = “Low” ) |
6 Voo . — | Power supply for master clock
Crystal oscillator circuit input. Connect the crystal oscillator selected by the
7 XTLI | | crystal oscillator selection pins, XSL0 to XSL2 (Pins 34, 35, and 36).
| Input for external master clock i
XTLO | Crystal oscillator circuit output. Connect the crystal oscillator selected by the
| | crystal oscillator selection pins, XSLO to XSL2 (Pins 34, 35, and 36).
| o [ Vss — | GND for master clock |
10 | Vg | — | Analog GND for Channel 2 DA converter B EN
11 AQUT2 (+}_L 0 | Analog in-phase output for Channel 2 DA converter p S|
12 || Ve | — | Analog power supply for Channel 2 DA converter W
13 AOUTZ( ) 0O | Analog opposite phase output for Channel 2 DA convartar
| 14 | Vs — | Analog GND for Channel 2 DA converter
15 | 7 — | Analog GND for Channel 2 AD converter .
16 | AIN2 |1 | Analog input for Channel 2 AD converter o
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Pin No. ‘ Symbol | 1/0 Description
T Vs | — | Analog power supply for Channel 2 AD converter
18 ‘ NC ...... o —_— . - - -
19 SUB _ | Connected to circuit board (same potential as power supply) within the IC.
Falls to GND through a capacitor on the printed circuit board.
20 NC —_— ) o
o1 VG — | GND for digital circuits ]
22 XMCK2 kT test pin. Always outputs at "Low' under normal conditions.
23 TEST | | Test pin. Usually fixed at "Low”. Connected with pull- -down resistor. )
24 CLR | System-clear input. Usually at ngh" clear at “Low”. Connected with pull- up
2 | resistor.
25 Voo — | Power supply for dlgstal circuits
26 MS I Master/slave mode switching input. “High” = master mode; “Low” = slave
| mode. Connected with pull-up resistor. _ |
Sampling frequency clock pin for serial I/O system. Output when in master
27 LRCK 1/0 | mode (Pin 26 = “High” ), input when in slave mode (Pm 26 = *Low”). Trans-
fers Channel 1 data at “High” ; Channel 2 data at “Low”.
Serial bit transfer clock pin (64Fs) for serial lnput data SIN and serial output
28 | BCK 1/0 data SOUT. Output when in master mode (Pin 26 = “High"); input when in
slave mode (Pin 26 = "Low"). Serial input data is fetched at rising edge;
| serial output data is transmitted at falling edge.
29 SIN | 2-channel per 1 sample serial data input. Data format is based on the
complement of 2; 32-bit slot. ) ]
30 SouT o | 2-channel per 1 samplg serial data output. Data format is based on the
i complement of 2; 32-bit slot. )
31 | Vs — | GND for digital circuits. =
For serial 1/0 with 16-bit serial data, selects either the first 16-bit slot or the
32 MASL I | last 16-bit slot of the 32-bit slot. “*High” means forward packing; “low”
| means rearward packing. _
33 MLSL | With _seria! 1/0, sela“ctls eiEher LSEl-filrst or“MSB-first for i_nputfoutput to put in
il | 16-bit serial data. “"High” = MSB-first; “Low" = LSB-first. |
34 XLSO | ) ) . .
35 XSL1 0 Crystal selection pin. #5973-hlt. XSLO to XSL2, to select the clock input
3% XSL2 I_ frequency from XTLI (Pin 7).
37 DASLO I | IC test pin. Normally fixed at “High”.
38 DASL1 I | IC test pin. Normally fixed at “Low”.
39 wo | Synchronization window open input. *High” = window masked; “Low” =
= window open (forced synchronization). Connected with pull-up resistor.
40 Voo — | Power supply for digital circuits.
a _[ne - [ =]
42 NC = y i ]
| sus _ | Connected to a circuit board (same potential as power supply) within the IC.
2 Falls to GND through a capacitor on the printed circuit board. .
44 Voo — | Analog power supply for Channel 1 AD converter
45 }‘\Ih_‘,l___ | | Analog input for Channel 1 AD converter
46 Vss — | Analog GND for Channel 1 AD converter
47 Ves — [ Analog GND for Channel 1 DA converter
48 AOUT1 (=) | Analog opposne phase uutput for Channel 1 DA converter

- 96



SONY CXD2555Q

Electrical Characteristics
Absolute Maximum Ratings (T, = 25°C, Vss = OV)

ltem Symbol Ratings } Unit
Supply voltage Voo Vss—0.5~7.0 [ v
Input voltage v, Ve —0.5~Vpp+0.5 ? v
Output voltage Vo ~ V5s—0.5~Vpp+ 0.5 v
Operating temperature Y oow —20~+75 ‘C
Storage temperature Taiz —55~+150 C
Recommended Operating Conditions
Item Symbol Min. Typ. Max. | Unit
Supply voltage Vi 4.5 5.0 55 ' v
Oparsting e LR s | +75 '
temperature
Sampling Fe A = KkHz
frequency

(Note) The analog power supply (Pins 17 and 44) must be turned on at either the same time or before the
power sources. Turning this power on after the other power sources may cause latch-up. There are no
specific limitations on the order in which power supplies are turned off.

Input/Output Capacitance

Item | Symbol | Min. | Typ. Max. | unit
Input pin (85 | ' 9 pF
Qutput pin | Cour | 11 pF
Bi-directional pin | o | i 11 pF

Test conditions: Vpp =V, =0V, f = 1MHz
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SONY ‘CXD2555Q
DC Characteristics
Item Symbol|  Condition Min. Max Unit App:f:b“’
| Vi 1 07V g d
Input voltage Vio - 0.3Vyp
Ve Analog input | Vss Voo Vv * 2
| Vou lon=2mA Vop—0.5 Vbp v %3
Vor . low =4mA.....- 0 0.4
Vou lon=—4mA Vop—0.5 Voo ) v * 4
Output voltage Vou gt 2 o s
VOH |0H= —12mA _Y{)n)’g VDD v * 5
Vor lop,=16mA 0 . VDD}'Z
Vi lon="—2mA Vop—0.8 Vics o o
Vou lor. =imA 0 0.4
Input leakage S
current (1) IL:’___ ];0 — ph i
Input leakage _
birbres: bk 3 40 40 KA * 8
Output leakage _
current lss B ___4__'9 ) " | #A 9
Feedback resistance| R, |V = Vs or Vpp 250k 2.5M | o * 10

* 1 During input to all input pins except AIN1 and AIN2, and bi-directional pins (BCK and LRCK)
* 2 AINI and AIN2

* 3 XCLK, XMCK2, and SOUT
* 4 AOUTI (+), AOUT1 (=), AOUT2 (+), AOUT2 (—), and UCLK

* 5 XTLO

* 6 During output from bi-directional pins (BCK and LRCK)
* 7 All input pins except AIN1 and AIN2
* 8 During input to bi-directional pins (BCK and LRCK)
* 9 SOUT, AOUT1 (+), AOUTL (=), AOUT2 (+), AOUT2(-), and UCLK

# 10 Resistance between XTLO and XTLI (reference value = 1MQ)

L0



SONY CXD2555Q

Description of Functions
@ Serial data interface
[Related pins] LRCK, BCK, SOUT, SIN, MASL, MLSL

The serial data format is the same for both SIN (DA converter input) and SOUT (AD converter output) ; it
is 2-channel per 1 sample serial data based on the complement of 2. Each channel is divided into 32-bit slots
of which 16 bits are handled as data.
Within the 32-bit slot, valid data can be selected independently by MASL to be either the first 16-bit or the
last 16-bit.
The serial data arrangement can also be selected independently by MLSL to be either MSB-first or LSB-first,

MASL MLSL
High Forward packing High MSB-first
Low Rearward packing Low LSB-first

(@) Master mode/slave mode
[Related pins] MS, LRCK, BCK
When either connecting several CXD2555Qs together or pairing one CXD2555Q with a CXD2558M, put one
of the CXD2555Qs in use to master mode to act as the supply source to LRCK and BCK.
The other CXD2555Qs are used in slave mode to receive data from the master through LRCK and BCK.

MS Mode LRCK and BCK 1/0
High __Master mode Output
Low Slave mode Input

[Connection example]

Lrex f2uteet Input}, ek
“High' —ims CXD2555Q W CXD2555Q msp——Low
(Master mode) Output prat (Slave mode)
BCK BCK
st LRCK
Input ECKCXDZSSBM
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@ Crystal oscillator frequency selection (Fs = 32 to 48kHz)
[Related pins] XTLI, XTLO, XSLO, XSL1, XSL2, UCLK, XCLK
The frequency of a crystal oscillator connected externally to XTLI and XTLO can be selected by fixing XSL2
at "Low” and combining XSLO and XSL1 settings. In this case, the output from XCLK is always 256 times the
amount of Fs, and the clock output from UCLK is 1/2 the crystal oscillator frequency.
Note that if input is to be done by an external master clock and not a crystal oscillator, input will be through
XTLI and XTLO should be left open.

XSL2 XSL1 XSLO Chysta) Gacltafor XCLK UCLK
Frequency
Low Low Low 256Fs 256Fs 128Fs
Low Low High 512Fs ! 256Fs 256Fs
Low High Low | 768Fs | 256Fs 384Fs
Low High High 1024Fs 256Fs 512Fs
[Selection example]
“Low® —=| XSL2 verk 2225 1o externat IG, eg. DSP
*High*—=1 xs11 CXD2555Q
. 256Fs .
*High* —=] XSLO XCLK To CXD2555Q in siave mode, etc.
XTLl  XTLO

Lo

1024Fs

@ Crystal oscillator frequency selection (Fs = 8 to 24kHz)
[Related pins] XTLI, XTLO, XSLO, XSL1, XSL2, UCLK, XCLK
When XSL2 is fixed at "High”, the CXD2555Q can be set to operate at 1/2 or 1/4 of the usual Fs frequency.
In this case also, the frequency of the crystal oscillator can be selected by a combination of XSLO and XSL1
settings.

Crystal Oscillator . Frequency Division Example:at Usus|
XSL2 XSL1 XSLO XCLK | UCLK ? Frequency of

Frequency * Ratio of Usual Fs

32 kHz

High Low Low 512Fs 512Fs | 256Fs 1/2 Fs=16kHz
High Low High 1024Fs 1024Fs | 512Fs 1/4 Fs=8kHz
High | High Low 1024Fs 512Fs | 512Fs 1/2 Fs=16kHz
High | High High 2048Fs 1024Fs | 1024Fs 1/4 Fs=8kHz

*If the usual frequency is 32 kHz, its value at 1/2 and 1/4 would be 16kHz and 8kHz respectively. Given
the same calculations, the low Fs frequencies of 44.1kHz and 48kHz are 22.05kHz/11.025kHz and 24kHz/
12kHz respectively.

— 100 -



CXD2555Q

SONY

K - L IRIBTIEOB0000C00 IDIINDECAOO000 00T
asH 881

Ml e e E e e E e et S MEODHDODEEAEDA006 00l

MIH, = ISYIN ' M0, = ISTN

| OIE0008088 00| prioAul G e e e s e prioaut G ws

asw

-

G e e e e s v e et ot

e .@ 1n0%

LMOT, =TSV ' MO, = 1SN

[ [T

IE0EE0E80B00MMIIDT

e EEEEER e NiS

857 asn

e EEmE—  wos

(o T e e o e e e s

2=1H Z='H
LUBIH, = ISV ' LUBIH, = = 1SN
00BEEe000A00DNDNDD FrioAv] R EER R e
as1 a5
D0AE000E00 00D DD — —

LMOT, = ISYIN ' LY3IH, = 1SN

= L e iy

2 1suueyy L w0

LU UL U U UL U U U UL U UL U UL U U U UL UL UL U UL U U UL UTUUUUTULL e

Sujw ] adeyiaju] eleq |elsas

— 101 -



CXD2555Q

SONY

aNg (epdig -

anNg Sojeuy :

Addns Jamod |enBip AG+

ZLnoy oy Addns samod pg 4 :

1LNOY 40} Aiddns samod pAG+

ZNIY 1o} Aiddns samod pG+

NIV 10} Aiddns semod a4 ¢

SN2 Jo1e)50 |Bshaa Joj Aiddns samod AG+
Apddns samod dwe 4o ¥a AZT- ¢

Aiddns samod dwe 40 Qv AZL-

fiddns samod dwe 40 va AZT+

Addns semod dwe 40 Qv AZT+
siaydwe [euoesado Se pasn st BSGHIMT Ul

SCISEENE RS |

d30 EidEv

066520aX0

awes o} anp JyBu seyio pue juated Aued poy) jo uawsBuugu Kue Joj Jo SPN2ND 3saYY Jo 95N syl Jo N0 Buisue sweigod Aue
J0p KAupqisuodsa) sunsse jouued fuog saoimap syl jo uoneisdo syl Buensn)) sajdwexs |endf) e LmMoYs SEN2UID LOLEJddY

1%
A

( LUBIH, = SIN) spow Jeysely  }1nd41) uonjedljddy

- 102 -



SONY £XD2555Q

Package Outline Unit: mm

48pin QFP (Plastic) 0.7¢g

SONY NAME| QFP-48P-L04 |
EIAJ NAME|*QFP04B-P-1212-8 |
JEDEC CODE







ADSP :
(Audio Digital Signal Processor)




3) ADSP (Audio Digital Signal Processor)

and giving coefficient from exterior

Type Functions Page
CXD1160AP Software realized various digital audio data. 107
CXD1160AQ | Double accuracy arithmetic possible _ S —

CXD1355AQ Earfiﬂigfdme DSP and 8fs over sampling digital filter 159
Programmable DSP+ Equalizer for surround
CXD2701Q Characteristics realized by fixing algorithm at equalizer 179
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Digital Audio signal processing LSI

Description
CXD1160AP/AQ is a digital audio signal processing
LSl

Features

This LS| features built-in instruction RAM,
coefficient RAM, multiplier, barrel shifter and others.
With regards to peripheral interface usage, serial 'O,
delay I/O (stereo delay for a max. of 1024 samples
possible) and microcomputer interface provide
excellent system cost performance.

Structure
Silicon gate CMOS

Functions
(1) Hardware
» Master clock 30.72MHz max.
(during MCK1 input)
15.36MHz max.
(during MCK2 input)
« Machine cycle 130ns min.

(160 cycle max./fs=48KHz)
1 to 3 cycle (single precision/
double precision)
Instruction RAM
24bitx64w
coefficient RAM 16bitx64w
data RAM 16bitx64w
16bitx16bit
built-in multiplier
data coefficient
(1) 16x16 (1 cycle)
(2) 16x32 (2 cycle)
(3) 32x16 (2 cycle)
(4) 32x32 (3 cycle)
« Adder-Subtractor 34bit+34bit
Acc 34bit with 2bit shifter
For adder-subtractor R (H/L)
Serial 1O 11 (H/) 12 (HAL)
O1(H/ML)O 2 (HL)
Delay /O D1 (H/L) DO (H/L)
Every register 32bit
H/L can be used
independently

« Instruction

= Built-in RAM

» Multiplying part

« Register

CXD1160AP  28pin DIP (Plastic)

CXD1160AQ 80pin QFP (Plastic)

» Barrel shifter Positive floating point Type
conversion
Arithmetic left shift
Arithmetic right shift

32bit IN 16bit OUT

shift max. 15bit
« Address stack double

»Loop counter 4bit

(2) Interface
» Serial I/O Time-shared 2ch input

2ch output

Every channel data format

32bit, (16bit+16bit),

24bit, 16bit,

Every channel bit clock

format

32ck, 24ck MSB first

Every channel variable

delay (1 to 1024 samples)

Usage also possible as

serial 'O

« Microcomputer interface

«Delay I/O

E8BZ02A15-YA
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Absolute Maximum Ratings (Ta=25°C)

: B Ratings 0
tem mbol nit
2k Min. Max. :
Note 1
Supply voltage Voo Vss -05 7.0 \'
Note 1
I |
DR voloes Vi Vss 0.5 Voo +05 v
Note 1
O I
utput voltage Vio Vss -0.5 Voo  +0.5 v
Operational temperature Topr -20 75 °C
Storage temperature Tstg -55 . 150 °C

Note 1) Vss=0V

Block Diagram

XOVF (1

D-addr I-addr Loop
Count. Stack Count,

K-addr D-oddr

GEN. GEN.
* 1 Clock 9 MeK 1
GEN. ? MCK 2

K=RAM D-RAM | - RAM
G4wxi6hb 64w x16b Gdwx24b
I t I !
¥ - o am
I '.a‘ﬁectot | | s.uclar
Reglster
Reqlsler Rag}s!er 502
c: Register S
| AUA S it
| Selectur Slloctor Register 1
170
CNTL
| 00 I

I Reglster

ol
Reglster Delay
170
DRAM oddr| _[DRAM odar]
Shifrer Count. GEN.

Note) Pin numbers are those of CXD1160AP
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Pin Configuration and Descripion (CXD1160AP)

Pin Configuration 28 27 26 25 24 23 22 21 20 19 18 17 16 15
1 B i T e e

(TOP VIEW)

(]
| I 3 I 0 P 0 0 0 g W 0 G I O G
.2 3.4 35 6 7 8.9 101121319

Pin Description
No. | Symbol | /O | Description

1 SDT | Serial data input pin that receives commands, coefficient and /O control
transfer from the microcomputer. In each transfer modes, single 40-bit block
is transferred at a time.

2 SCK | SDT serial clock input pin. Takes in data with the rising edge.

3 XSLD | Latch input pin that serves to latch inside the IC 1 block of serial data 40bit
in length active at 'L

4 Slo2 | Input pin. Sets the number of BCK clocks used for data transfer per channel

(ch1 and 2) in one sampling section. When fixed to GND it turns to 32bit
clock mode. When fixed to +5V it turns to 24bit clock mode.

5 DYSL | Delay /O mode select input pin. When GND is fixed it turns to serial mode.
Operates similarly as serial I/O. Fixed at +5V it turns to delay mode.
Connected to an external DRAM (64kbit) composes a delay line for 2

channels.

6 TST | Test pin. Normally fixied to GND.

7 Vss - GND pin.

8 MCK1 1 Master clock input 1. Master clock ACK inside the IC is half this frequency.
To input the master clock through MCK1 fix MCK 2 to +5V.

9 MCK2 | Master clock input 2. Master clock ACK inside the IC has the same
frequency. To input the master clock through MCK2 fix MCK1 to +5V or to
GND.

10 Sl | Input pin for 1 sampling 2ch serial data. Data format complement on two.
At last LSB, various modes 32/24/16bit available.

11 SO O | 1 sampling 2 channel serial data output pin. Data format complement on
two. At last LSB, various modes 32/24/16bit available.

12 | BCK | Serial bit clock input pin of serial input data Sl and serial output data SO.

With the rising edge of this BCK serial input data is taken in and with the
falling edge serial output data is sent out.

13 LRCK l Serial /O sampling frequency clock input pin. Transfers ch1 data when level
at ‘H' and ch 2 data when level at L.

14 | XOVF O | Adder-subtracter overflow detection output. Outputs ‘L' during overflow
detection.

15 AB O | External DRAM address output A6

16 A3 O | External DRAM address output A3

17 | Ad O | External DRAM address output A4

18 | A5 O | External DRAM address output A5
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No. | Symbol | I/O Description

19 | A7 O | External DRAM address ol tput A7

20 | XCLR | Test pin. Normally fix to +£V

21 Voo - | +5V Supply pin

22 | A1 O | External DRAM address output A1

23 | A2 O | External DRAM address output A2

24 | AO O | External DRAM address output AQ

25 XRAS O | External DRAM low address strobe output pin

26 XWSO O | When DYSL is at ‘L', turns to serial data output pin, and operates
according to the various serial /O modes. When DYSL is at 'H' turns into
the write enable output pin of the external DRAM.

27 DIO /O | Turns to serial data input pin when DYSL is at ‘L' and takes in according
to the various serial /O modes. Turns into external DRAM data /O pin
when DYSL is at 'H’ to assume a common bus with DRAM data input Din
and data output Dour.

28 XCAS O | External DRAM column address strobe output pin

Pin Configuration and Pin Description (CXD1160AQ)

Pin Configuration 64 41
65t fr ——40
=1 ]
L me—
L |
[ |
C et
L f—]
= (TOP VIEW) =
| e
[ —
s ]
I [
I —
I O =
. THEH R TE A AuANaanaRaee, )
1 24
Pin Description
No. | Symbol | IO Description
1-3 | N.C
4 TST | Test pin. Normally fixed to GND.
5-8 | N.C
9 Vss - | GND pin
10-15| N.C
16 MCK1 | Master clock input 1. Master clock ACK inside the IC is half this frequency.

To input the master clock through MCK 1 fix MCK2 to +5V.
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No. | Symbol | l/O- Description

17-20| N.C

21 MCK2 I Master clock input 2. Master clock ACK inside the IC has the same
frequency. To input the master clock through MCK2 fix MCK1 to +5V or to
GND.

22-26| N.C

27 | 8 I Input pin for 1 sampling 2ch serial data. Data format complement on two.
At last LSB various modes 32/24/16 bit available.

28 SO o] 1 sampling 2 channel serial data output pin. Data format complement on
two. At last LSB, various modes 32/24/16bit available.

29 | BCK I Serial bit clock input pin of serial input data S| and serial output data SO.
With the rising edge of this BCK serial input data is taken in and with the
falling edge serial output data is sent out.

30 LRCK I Serial /O sampling frequency clock input pin. Transfers ch1 data when level
at ‘H' and ch 2 data when level at ‘L'

3 XOVF O | Adder-subtracter overflow detection output. Outputs ‘L' during overflow
detection.

32-33| N.C
34 AB O | External DRAM address output A6
35 A3 O | External DRAM address output A3
36 | A4 O | External DRAM address output A4
37 A5 O | External DRAM address output A5
38 | A7 O | External DRAM address output A7
39-43| N.C

44 | XCLR | Test pin. Normally fixed to SV.
45-48| N.C

49 | Voo - | +5V supply pin
50-55/ N.C

56 Al O | External DRAM address output A1
57-60| N.C

61 A2 O | External DRAM address output A2
62-66| N.C

67 | AO O | External DRAM address output AQ

68 XRAS O | External DRAM low address strobe output pin.

69 XWSO O | When DYSL is at ‘L, turns to serial data output pin, and operates according

| to the various serial I/O modes. When DYSL is at 'H' turns into the write
enable output pin of the external DRAM.

70 | DIO /O | Turns to serial data input pin when DYSL is at ‘L' and takes in according
to the various serial 'O modes. Turns into external DRAM data IO pin
when DYSL is at ‘H to assume a common bus with DRAM data input Din
and data output Dour.

71 XCAS O | External DRAM column addess strobe output pin.

72-73| N.C
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No | Symbol | 1O | Description
74 | SDT | | Serial data input pin that receives commands, coefficient and IO control
transfer from the microcomputer. In each transfer modes, single 40-bit block
is transferred at a time.
75 | SCK | SDT serial clock input pin. Takes in data with the rising edge.
76 | XSLD | Latch input pin that serves to latch inside the IC 1 block of serial data
40bit in length active at 'L'.
77 | sloz | Input pin. Sets the number of BCK clocks used for data transfer per
channel (ch1 and 2) in one sampling section. When fixed to GND it turns
| to 32bit clock mode. When fixed to +5V it turns to 24bit clock mode.
78 DYSL | Delay /O mode select input pin. When GND is fixed it turns to serial mode.
Operates similarly as serial I/O. Fixed at +5V it turns to delay mode.
Connected to an external DRAM (64kbit) composes a delay line for 2
channels.
79-80 NC |

Recommended Operating Conditions

ltem ["Symbol | Min. | Typ. | Max. | Unit
Supply voltage Voo 4:5) | :5:0 | 55 \'
Operating ¥ °
temperature Ao 0 | 7 | ®

Electrical Characteristics
DC Characteristics (Vop=5V+10%, Vss=0V, Topr=-20 to 75°C)

[

ltem Symbol | Conditions Min. Max. | Unit

[ Output voltage (1) | H level (1) Vou (1) loH=-2mA Voo -0.5V Voo v
e L level (1) VoL (1) loL= 4mA Vss 0.4 W
Note1 Hlevel (1) | Vi (1) 2, 2 v

| Input voltage (1) L level (1) Vi (1) 0.8 \'
Note 2 Hlevel (2) | Vi (2) | 0.7 Voo vV
Input voltage (2) L level @) | Vi (2) 0.3 Voo v
Input leak current Iu VOV to Voo -10 10 pA
Input leak current Note3 Iz | | -40 40 uA

Note 1) TTL input pin (CXD1160AP-27 pin, CXD1160AQ-70 pin)
Note 2) CMOS input pin
Note 3) During tristate pin input

Input/Output Capacitance

ltem Symbol Min. Typ. Max. Unit |
_Input pin CIN 12 pF
Output pin | COUT i | 12 pF
IYO pin clio | 12 | ©pF

Test Conditions Vop=Vi=0V, f=1MH:
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Operation
Block Diagram Description

(1) I-RAM
[-RAM Instruction RAM with command word length of 24bit x 64 word. Write in from the exterior
possible through microcomputer interface. Commands are divided into 1/2/3/ cycle
commands according to type. Jumps to No. 0 every sampling cycle.

1-address stack 6bit address 2-stage stack. Combination with double sub routine or leop jump is
possible.

Loop Counter 4bit loop counter. Loop jump possible from 0 to 15 times.

(2) K-RAM
K-RAM 16bit x 64 word coefficient RAM. Write in from the exterior can be performed through the
microcomputer interface as well as write through execution command coefficient is in the
format of complement on two while single precision (16b) and double precision (32b) are
handled concurrently.

(3) D-RAM
D-RAM 16bit x 64 word data. Address space is ring shaped while the method adopted is for
users to make access without knowledge of the physical address. Data is in the format of
complement on two with single (16b) and double precision (32b) are handled concurrently.

D-address Counter 6bit long address counter counted up every sampling cycle. Users are aware
of the address relative to that of the address counter value. The counter
indicates the actual physical address and can be handled as a delay tap fixed
address.

(4) Data Register (all in complement on two format)
SI1 Register This register (32b) stores CH1 data input from serial /O used for read only.
Upper 16bit (I1H) and lower 16bit (I1L) can be handled independently.

Si2 Register This register (32b) stores CH2 data input from serial /O used for read only.
Upper 16bit (I2H) and lower 16bit (I2L) can be handled independently.

SO1 Register This register (32b) stores CH1 data output from serial I/O. Beside read/write, can
also be handled as a temporary register. upper 16bit (O1H), and lower 16bit
(O1L) can be handled independently.

SO2 Register This register (32b) stores CH2 data output from serial /0. Beside read/write, can
also be handled as a temporary register. Upper 16bit (O2H) and lower 16bit
{02L) can be handled independently.

DI Register This register (32b) stores CH1 or CH2 data input from delay /0. Used for read
only. Upper 16bit (DIH) and lower 16bit (DIL) can be handled independently.

DO Register This register (32b) stores CH1 or CH2 data output from delay 1/O. Used for write
only. Upper 16bit (DOH) and lower 16bit (DOL) can be handled separately.

P Register This register 33bit in length, stores the multiplied results of various bit lengths.

R Register Data set in this register (32b) through the transfer command can be utilized as
one sided input to AV. Upper 16bit (RH) and lower 16bit (RL) can be set
independently.
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ACC Register
(5) MPY
MOA _Selector
MOB_Selector
MPY
(6) AU

AOA Selector

AOB_Selector

AU

Clipper

Barrel Shifter

This 34bit long register stores AU operation results. However during comparison
commands ('ACC-R’ or 'ACC-4R’) values are not renewed.

Selects either K-RAM data or data from various registers called out through the
bus, by means of the multiplying command.

Selects either D-RAM data or data from various registers called out through the
bus, by means of the multiplying command.

Data selected by means of the above 2 selectors is multiplied together. There
are 4 ways of multiplying KD, K&X, XD and X#&X. Also 4 multiplying modes
16b#%16b, 16b%32b, 32b%16b and 32b%32b.

Selects either ACC or O by means of AU command
Selects either P (33b) or R (32b) to convert into 34 bit length

Data selected by means of the above 2 selectors is either added, subtracted,
turned into absolute value or compared together.

When ACC data is transferred or multiplied, or sent to the below mentioned
barrel shifter via the bus, clip processing is executed on the 34bit length to
obtain a 32bit length. During transfer or multiplying the upper 16bit of this output
(ACCH) and the lower 16bit (ACCL) can be handled independently

ACC value passed through the clipper can be handled as follows 1) converted
into positive value floating point form 2) arithmetic left shift executed 3) arithmatic
right shift executed.
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Internal RAM structure

I-RAM

Instruction RAM (I-RAM) integrated in CXD1160AP/AQ is composed e 0]
of address 0 to 63 (24b%64w) with a command word length of 24bit. [23—~—10
Commands are transferred one (24bit) at a time through the T o
microcomputer interface mode 1, from the exterior. Each transfer can | -RAM
be sent to the desired address. 64

External interrupt is executed at serial /O LRCK and BCK. Every w 24bx64w
sampling cycle a jump is forcibly made to 0 address. That is, at l
every sampling the command is repeatedly executed from 0 address. 63

For executive commands there are, forced jump (JMP), condition
jump, sub routine call (CAL), sub routine turn (RTN) and loop jump
(LPJ). They all fly to the absolute address.
There are 2 stack stages and usage in conjunction with double sub routine or loop jump is
possible.
Loop counter is conposed of 4bit and loop jump can be executed up to 15 times.
Command execution cycle is given according to MPY mode in 1/2/3/ cycle time.

The number of cycles that can be executed within 1 sampling section depends on the
sampling frequency (fs) and the cycle clock (fkck=fick). Let's assume that at sampling section 1
we have L cycle (cycle 0 to cycle L-1). Here, the last cycle (L-1) called KSH cycle cannot be
executed because of the command or coefficient transfer section of the microcomputer interface.
Cycle (L-2) called KSL cycle can be executed with the exception of K-RAM handling.

Example 1)  fs=48kHz Fren=tTucki =5 Tucxa=6, 144MH2(=48k X 128)

In this case frcw/fs=128. There are 128 cycles (cycle 0 to 127).
Cycle 0 to cycle 125......Execution cycle

OYOI6 128 oinssavstuivusesassrd Execution possible with the exception of K-RAM
handling.
Cycle 127 ......ccocovevennnenn. ExecUtion impossible

Example 2) fs=44. 1k  [u.x=6. 144M

In this case at fkck/fs=139.3... both 139 cycle (cycle 0 to cycle 138) and 140
cycle (cycle 0 to cycle 139) exist.
Cycle 0 to cycle 136......Execution cycle

Cycle 137 ......ccco.coonnennn. Execution possible with the exception of K-RAM
handling
Cycle 188, 189...auiii Execution impossible.

The sequencial execution address of 63 address is 0 address.
When Power is ON the contents of I-RAM are not determined.
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K-RAM
Coefficient RAM (K-RAM) built-in CXD1160AP/AQ is composed of 16bit x 64 word (address 0 to
address 63). Single precision coefficient 1w (16b), double precision coefficient are expressed by 2w
(32b) in succession, and can coexist on K-RAM. In the operation system both are complement on 2
and MSB can be handled as 1 > K z - 1 at Sign bit.

Ks=Kis+ % 2'Kis- Kds-Ke + 3 27 'Kssos

Coefficient transfers from the exterior in the microcomputer interface K mode the required
successive 2 addresses (32b) at one time. As there is also inside the execution command a
command that serves to write in K-RAM, one part can be used as a temporary register. At Power
ON K-RAM contents are undetermined.

i6b
Referring to the fig on the right the storage position can be defined
as follows.
* When m address single precision is specified, the single m Ks
precision coefficient Ks in m address can be used. 64
* When n address double precision is specified, the double n W
precision coefficient kd in n address n® address 1 can be used. 1™ Kd=men
Here low word Ku is stored in n address and high word KH is
stored in n® 1 address.

K-RAM address specify can be mentioned in the command that actually handles K-RAM.
There are 2 types of K-RAM address specify absolute address specify and relative address
specify.

- Absolute adderss specify  Absolute address—addr

- Relative address specify  addr®relative address—addr

During commands that do not handle K-RAM, the present address addr does not change.
(addr—addr)

At the forced 0 address jump every sampling cycle, reset is executed to addr=0. Accordingly and
for the first time only, both the absolute address specify and relative address specify indicate the
same physical address.

When double precision command is utilized with addr, after the command execution,
addr+1-saddr is obtained. Note that the present address obtained is 1 increment over that of the
address specified from the user side.

Address 63 and address 0 are ring addresses. (08-1=63, 63&1=0)

As a total of 2 cycles, the last cycle of the sampling section and the cycle before that, are
coefficient transfer sections, K-RAM cannot be utilized.
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D-RAM
Data RAM(D-RAM) built-in CXD1160AP/AQ is organized in 16 bit x 64 word (address 0 to
address 63). Single precision data is indicated in 1W (16b) and double precision data at a 32
address distance in 2W (32b). Both can be disposed on D-RAM. For operations both are used
with complement on two. MSB is at Sign Bit to be handled as 1>Dz-1. D-RAM contents is
unspecified at Power On,

Ds=-Dys+ 5 27Dy Dd=-Dss+ £ 27 Dar-
16b
Referring to the fig. on the right the storage position can be defined [
as follows. == Ds
« When m address single precision is specified, single precision
data Ds can be used. 64
e When n address double precision is specified, double precision A w
data Dd in n @ address 32 can be used. Here high word Du >»Dd
is stored in n address and low word DL in n @ address 32. n®32

D-RAM address specification by users is a logical address and not a physical one.
Inside the IC there is a 6 bit ring address counter that is incremented every /O sampling. The
logical address addr which is modulo added to this counter value DAC because the physical

address.
Physical address=DAC @ addr
Example) Logical address is assigned to formula: y(n)=k,y(n-1) +k:X(n) +ksX{(n-1)
the respective data in the formula ! t t %

at right. addr: 3 2 ] 0

If y(n) is entered in addr=3

and X(n) in addr=1 Physical address=> 4 B, [« 1A 1 o |

then y(n-1) is constantly in [ | .

addr=2 and X(n-1) in addr=0 | DAC=0 LI v y(n-1) W XD
DAC-L 1l = | y@  yarD X XD ¥

D-RAM address specify can be mentioned in the command that actually handles D-RAM.
There are 2 types of address specify, absolute address specify and relative address specify.

« Absolute address specify Absolute address — addr

« Relative address specify addr @ relative address — addr
With commands where there is no D-RAM address specify, the present address addr remains
unchanged. (addr — addr).
Reset to addr=0 is effected at address 10 forable jump every sampling cycle. Accordingly and for
the first time only, absolute address specify and relative address specify indicate the same logical
address.
Address 63 and address 0 are ring addresses (0@-1=63, 63@1=0)

Note that double precision data low word side is far away to determine all the data location.

The last cycle in the sampling section is a command transfer section and commands cannot be
executed .
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Interface

Clock circuit
There are 2 methods to generate the master clock ACK in this IC.
(1) The clock input from MCK1 input pin is frequency divided by 2 internally to be ready for

use.
(2) The clock input from MCK2 input pin is directly used.

—=IMCK 1
: ; : : +5V
(1) When the input is from input pin MCK1 Ldmck 2
Fix input pin MCK2 to +5V
fmcm: 2f.-\CK
(2) When the input is from input pin MCK2 +5[i.
Fix input pin MCK1 to +5V or to GND MCK 1
—IMCK2
fuckz=facx
In any case the maximum frequency of master clock ACK is —MCK 2

facx =15, 36MHz (=48K x 320)

Moreover as this IC makes use of a dynamic F/F internally, it is not possible to stop the the
master clock and keep the internal condition as it is.

Cycle clock ICK (or KCK) inside the IC is twice ACK master clock.

ficx=la r.k:%fu'.k

Commands differ according to type. There are 1 cycle/2 cycle and 3 cycle commands.
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Microcomputer interface
There are 3 input pins used for microcomputer control. Those are used to rewrite in part or
totally K-RAM or I-RAM inside the IC, as well as to execute the various settings of serial o

and delay I/O.
« SDT 40 bit in length of serial data per transfer.
* SCK This serial clock transfers serial data to the internal shift register at the rising
edge.
e XSLD This gate pulse (active low level) latches in a lump the 40 bit serial data input
to the shift register. At the same time and with this rising edge processing inside
the IC is requested.

* When this IC is used as a multi-processor, all SDT pins or SCK pins on the respective IC's
may be linked.

The transfer format (shown later on) timing system features serial data from SO (top bit) to S39
as shown in the big below.

soT XSOOGTX(| XEZBEBX  X30X

+H=tds |e»] tan
sck — LfLFL

fs] 1cwL tewh || LS '
XSLD 23 i

! tds >0 tewe = 1ACK te =0 tuwe >2ACK

tdh >1ACK Lews > 1ACK toc>3ACK

tewn >2C n+1)ACK=(n+ DKCK, for ¢ n—1)KCK <LRCK=nKCK

By applying the below conditions to XSLD the above twn conditions can be prevented and the
max. Transfer rate of 40 bit/LRCK realized.

|
LRCK =——d ' i
e Ly S T o 1
e 1BL se—sfe— 18—
XSLD Ll
tuy >65ACK tie > 1 ACK

The setting contents transferred through this microcomputer interface are undetermined inside the
IC when Power is ON.
SDT, SCK and XSLD timing is regulated inside the IC before usage.
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Transfer format

K mode | mode R mode
S0 |Ko (LsB®) 10 RO (LSB)
s1 | K1 1 RI
sz | Kz 12 [ R2
$3 | K3 13 R3
s4 | K4 14 R4
S5 | K5 15 R5
s6 | Ks 16 R6
s7 | K7 17 R7
s8 | ks 18 RS
S9 | K9 19 RO (MSB)
S10| K10 110
s11| K11 [ _—
s12 | K12 112 ST
S13| K13 113 _
S| K1 114 | ——
S15| K15 115 o —
S16| K16 16 S100
s17| K17 117 S101
s18| K18 118 ==
S19| K19 [ 119 DIO
S20 | K20 | 120
s21 | K21 121 _
S22 | K22 122
S23 | K23 23 MUTE

= 1

S24 | K24 —_— | ——
$25 | K25 _— _—
S26 | K26 —_— | —
so7 | K27 —_ |
$28 | K28 —_——
S29 | K29 — —
$30 | K30 | —
$31| K31 (MSB) <L> ; <H>
532 | KA0O (LSB) | 1A0 (LSB) T
$33| KA1 1Al _
S31| KA2 1 A2 _—
S35 | KA3 1 A3 —_
S36 | KA4 1A4 S —
S37|KA5 (MSB) | 1A5 (MSB) ————
538 T
539 <L> <H> <H>

# In brackets < > respective
modes proper value
* Between "—"=don't care
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(1) K mode
This mode transfers the coefficient (complement on 2 and MSB at sign bit) to K-RAM (16bit
x 64w). S39 is at ‘L.
With the 6 bits of KA5 (MSB) to KAO K-RAM address (address 0 to 63) is specified. 16 bits,
K15 to KO are input from MSB side to KA address. 16 bits, K31 to K16 are input from
MSB side to KA®1 address. When KA specifies address 63, KA®1 goes to O address.
When K31 to KO are at double precision coefficient (32bits), handie through the low word
side KA address for instructions.

18
Kxa=-Kar + ;I 27 'Ka -

Then,
If K15 to KO or K 31 to K 16 are at single precision coefficient(16bit)

KK.-\=_K|.'\ __‘)::'I 2 'Rys= or Kxa,"‘ﬁ‘l(n@lzﬁl Ly 2

Then,
Whatever the contents be, there is no change as far as the transfer of a 2 word part to an

address where KA and KA®1 are in succession, is executed each time.
Moreover,note that there are write in commands to K-RAM in the instructions too.

(2) | mode
This mode transfers instructions to I-RAM (24 bit x 64W) S39 is at 'H' and S 31 at ‘L'

IA5 (MSB) to IAO (LSB) 6 bit specify I-RAM address IA (address 0 to 63). To this IA
address 123 to 10 24 bit are input.

(3) R mode
This mode transfers information relative to the setting of serial VO and Delay I/O.
S39 is at *H' and S31 at ‘H’' too.
Beside this, setting is executed at pins DYSL and SIO2 of the IC according to requirements.

DYSL Delay /O S102 i Bit clock (BCK)
Fix to GND | Serial mode Fix to GND | 32 bit clock mode
Fix to +5V | Delay mode Fix to +5V | 24 bit clock mode

O MUTE
Controls serial /O output (SO) and output (XWSO) during delay 1/O serial mode.
When delay I/O is in delay mode, only serial IO is controlled.
The actual MUTE switching is synchronous with the rising edge of LRCK and serial output
data. In any case, serial output data doesn't change in the middle of a bit.

MUTE ‘ Serial /O output Delay /O (Serial mode) output

0 (all L) 0 (all L)
Serial out register value | Delay out register value

“L" Mute ON
“H" Mute OFF
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O DIO
Sets the bit length of delay sample data during Delay /O delay mode.

DIO ’ Delay data ] Conditions to be met for proper operation

i ‘ 30 bit length LRCKz128KCK=256ACK

"H" 32 bit length LRCKz136KCK=272ACK
[J Ssio1, Sioo
In combination with IC Pin SI02, select /O format of serial /O and Delay /O (Serial
mode)
$102 | SI01 | SI00 i Bit clock  IN data Out data
GND X X 32 clock 32 bt —— 32 bit
+5V L E 24 clock 16 bit —— 24 bit
G Y H 4 24 bit —— 24 bit
" | H L 3 24 bt —— 16 bit
" '| H H ! 16 bit —— 16 bit
0 R9 to RO
Sets the delay sample quantity common to Delay I/O (delay mode) 2ch number of delay
samples.

RO R8 R7 R6 RS R4 R3 R2 RI RO |Numberofde|ay samples

L L'L'L L L E L L L 1
HHHHHHUBHUHUHH 2
H HHHHHBH H HH 3
HH H B H B H BH H | 1

§ §
EL L LiE . L.E BB 1022
L L Lol B:LL B L 1023
L. L L L EL L L L R 1024

Control bits not in usage may be set to either H or L.
For Serial /O and Delay VO see different paragraph for details.

- 122 -



SONY: CXD1160AP/AQ

Serial /0

Serial data interface I/O corresponding to 16 bit stereo D/A converter (CX20152) format.

One each for input and output, Gperate in common synchronously with external LRCK and BCK.
Each inputs and outputs data for 2ch at every sample cycle. For bit clock BCK there are 2
kinds, 32 bit clock mode and 24 bit clock mode.

Data format is in complement on 2 positive logic binary fixed decimal point type.

There is 32 bit/24 bit/16 bit data according to the various modes. Transfer order for each and
all is at the last LSB.

Pin l{e] Contents
LRCK IN Serial mode clock (Sampling cycle clock).
Transfers channel 1 at H level and channel 2 at L level.
BCK IN Serial data bit clock.
Features for each channel 32 bit clock mode and 24 bit clock mode.
Sl IN Serial data input. Takes in synchronously with BCK rising edge.
SO ouT Serial data output. Outputs synchronously with BCK falling edge.

Inside the IC the following registers are compatible with Serial 0. Handling is possible in 16
bit or 32 bit units.

Reg. Contents bit length| R/W |Bit expression for later mention
11H Channel 1 input high word register 16 R Azt A0 A7 As
L Channel 1 input low word register 16 R As A A Ao
12H Channel 2 input high word register 16 R Ba: Bis
12L Channel 2 input low word register 16 R B1s Bo
O1H | Channel 1 output high word register 16 RW | Ca Cis
O1L | Channel 1 output low word register 16 RW | Cis Co
02H | Channel 2 output high word register 16 RW | Dai Dis
O2L | Channel 2 output low word register | 16 RW | Dis Do

For Instructions read only available for input register. For output register either read or write
available. For use as single precision (16 bit) register, the above 8 registers can all be
handled independently. For instance when I1H is specified the numerical expression becomes,
A3zt at MSB (sign bit) and A1s at LSB

As =-Aa, + I;l 27 'Agi-,
For use as double precision (32 bit) register, I1H/L, I2H/L, O1H/LL and O2H/L come in pairs.

For instance when I1H is specified the numerical expression becomes, A31 at MSB (sign bit)
and A0 at LSB.

Aa Z—ﬁ“-i-!};_ll 27 Az

This is not usual but when I1L is specified at double precision, numerical expression
becomes A15 at MSB (sign bit) and A16 at LSB.

(K]

1
Ai ==Ais+Z 27" Apn- |'I}.: 27187 Mgy
im T
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QOutline of Serial /O timing

e e e,

S| )chidata ') ch2data \lf:,-—-- for~ v
S0 I, -——:\;)Lch Tdata )_oh 2 data )
LRCK / 1
{| =Calculating operations* )
1 8¢+ ch 1 input register T

(s ch2input register ) ! |
{ ch 1 output register «” |
{ ch 2 output register «)-*

First, during 1LRCK period, chi1/ch2 serial data that is input from Sl is latched at chi/ch2
input register with the rising edge of the following LRCK. Also,during 1LRCK, if the results of
the calculating operations are enclosed into chi/ch2 output registers, those are latched by the
shift register at the following rising edge of LRCK to be respectively output as serial data from

SO.
Detailed timing between Serial I/O and /O register is as follows.

LRCK  _
pe L.t ol L.
B S e T S S—

S1/S0 -
-— Period during which gate latch is applied to ch1/ch2 input registers.

T chi/ch2 output registers value latched at shift register.

Serial IO and IO register are dependent on the timing with LRCK and BCK from the
exterior. Also the only interrupt is executed between this LRCK and BCK on the Instructions.
The IC operates on the master clock. Now, should the operation be going on in 1LRCK

period at cycle 0 to cycle L (L+1 cycle), the following restrictions would apply to the /O
register handling.

<Input register read command:>
Cycle (L-3), (L-2), (L-1), L cannot read.
Cycle 0 to cycle (L-4) can read.

<Qutput register write command>
The following are standards of cycles where write cannot be executed in the output
register. This is because of the frequency relationship between bit clock BCK and cycle clock

KCK (ICK).
Order of cycle| 24 clockmode | 32clock mode |
| L-3 | 12KCK =LRCK= 0 16KCK =LRCK= 0 j
L-2 [6OKCK ~ 0 80KCK ~ 0 |
L-1 | 108KCK 0 144KCK  ~ 0
L | all all
0 LRCK = 132KCK LRCK= 176KCK
1 LRCK = 180 LRCK = 240
2 |LRCK = 228 LRCK = 304
n ILRCK = 132+48n LRCK = 176+64n

| T
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(1) 32 bit clock mode 32 bit IN-32 bit OUT e

Timing

S102|{SI0O1|S100

GND

X

LRCK |

Lo
Yo o g N O g 7 O O e T e O 7 4 iy

Sl

Register

MSB (LSB) (MSB) LSB

1 l” A.!I A.!u """ .‘\17 A]B l lL pnn -Il\|4 A1 .Aa

I2H,B;183n B1" E|a | IZL Bu Bu' p Bl Ba:

MSB (LSB) (MsB) LSB

FORH | G Giom=-Ba sl DAL | €is €ram5C G

O2H | Das Dao - Di7 Dis ijOZL Dis Dya =D Do

If all data is handled as 32 bit data then, we have 2ch IN 2ch OUT.
It all data is handled as 16 bit data, then we have 4ch IN 4ch OUT.
Mixed handling in single precision (16 bit) and double precision is possible.

Example of Single precision numerical expression

15 LK
I11H -A‘I_—E_bg_..iE'.—' I |L:'.5|‘.1“}::I2_'.'\=;-

Example of Double precision numerical expression

I 1H=A+ 2 2 e

&0\ EEES) (EoBE30) \ (BB
SO Ci16 ) Ci5 ((Co Y D31) (8%)
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(2) 24 bit clock mode 16 bit IN-24 bit OUT
=102 5101 | 8100
Timing
+5V L L
LRCK = |

|
Bk LI LT L) L1
s X)) =EXED) | B\ =XEE)\ 3D
S0 Calczs |

Register
MSB 1.SB
T P PP e
e PO T MR
MSB LSB BLSB
| 0 1H |Cor Cas ~Civ C1s |O1 I Cis Cyy wooCaX —oeeeX
O 2H | Ds: Dso ~Dir Dys L | bbb

Input register enters on low word register side. Output register is at lower 8 bit don't care.

Example of single precision numerical expression

EELEGGEE WG
i=1

Example of double precision numerical expression

31 23
01 H=--C3|+‘E 27 g = _CSI+II 27'Car-
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(3) 24 bit clock mode 24 bit IN-24 bit OUT

Timing

LReK | =
daC Ly L L 5l L 'L_I"L.J‘L(L_I"l
S| EEES) \ EeED |\ EEEE) | EEX
SO (Ce YD31) (e} o) / B8

Register
MSB LSB 8L5B
1 1H [Asi Aso Air Ao llL‘AMAH ------ Ag 0 oo 0 |
| 1 2H |Bs: Bso ~—Bss B:I | 2L | Bis Bys ~-Bs 0 W
L SR et |
MsB LSB
|| . o 11
O1H |Cs Cso0 Cir Cio ,l OLL | Cis Cyy Ei 50 rardu e
i
O2H | Dsy Dgo Dys Dya JO2L | Dys Dia Dg X oooeeees X

0 is input in the lower 8 bit of the input register, while the output register lower 8 bit are
at don't care.

24 bit 2ch IN-24 bit 2ch OUT.

Can be handled as the data between 16 bit and 8 bit.

Example of single precision numerical expression

I1H=An+E 2% T1L=An+E 2 =hie+ 2 27 A

Example of double precision numerical expression

a

I LH=An+3 27As-0 = -An+ L 27 A
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(4) 24 bit clock mode 24 bit IN-16 bit OUT

| ]

s $102|S101/S100 |
Timing i

LRCK [ - |
ecki L Lg L L L L L L LT LT L LT |
si @D\ EEE) \ EEED \ BEES

1

so XX/ =3 (CIe o) o5y
Papter
M5B L.SB 8LSH
F] 1H | Asy Aso - Air Ais . I LN G, A -‘.Il\ls {E ) |
L 2H | Bor Bao <ur Bur | 121 | Brs Bue e 0 j
| .
) 158
!om PRTREENNP (O [V ————
[0211 Bei: s i i %021. —. |

In the input register lower 8 bit there are eight 0's. The output register uses the high word
side. Accordingly O1L and O2L are used as temporary registers.

Example of single precision numerical expression

15
01 H=-C31+2 o by

Example of double precision numerical expression

a1 3
I 1H=-As:+ZX 27'45: = -A,|+£‘2":\:|-

w138~
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(5) 24 bit clock mode 16 bit IN-16 bit OUT :
e S102 (8101|8100
Timing |
+5V H H
LRCK | b |
o Wl b1y L.IL p Ty B G S P
Sl =E3 =EE) ) (B
so =) X ) B/ =e3) /) TR
Register
MSB LSB
[ 1H | Asr Ao Air Are o MR e *
I 2H | Bay Bao Bis Bio ]QLEX """"""""" X
MSB LSB
O1H |Cai Cso -Cis Cio HOIL W e e b g P X
OZH | D Dyo s Dis [ OL | XX

As the input register uses high word register only.
Accordingly 11L and I2L are not use. O1L and O2L are used as temporary registers.

Example of single precision numerical expression.

1 1H=—A:..—L;'2' Al
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Delay /O

There are 2 modes. When input pin DYSL is grounded serial mode is on. When it is set to +5V
delay mode is ON.

Here serial mode means delay /O operates similarly as serial I/O. Also, in delay mode DRAM is
connected to the exterior and sample delay executed at will.

The following registers correspond to delay I/O inside the IC. Handling is either in units of 16 bit

or 32 bit.

Reg. Contents ' bit length | R'W Bit expression for later mention
DIH Input high word register 16 R E3i | S — Eis
DIL Input low word register 16 R Eis | ST R— Eo
DOH Output high word register 16 w Fat B0 s nssn F17 Fis
DOL Output low word register 16 i W Fis [ — F1 Fo

In the Instructions, input register is for read only while output register is for write only.

When used as single precision register (16 bit), the 4 registers shown above may be used
individually. That is when DIH is specified, numerical expression turns out as MSB at Ea1 and
LSB at Ess.

15 .
for Bs=-EBs:+ X 27'B;.-
=1

When used as double precision register (32 bit), DIH/L and DOH/L come in pairs. That is
when DIH is specified, numerical expression turns out as MSB at Es: and LSB at EO.

for B.=-Ea: +E 2 'Bar-

as much as similarity with serial I/O register is concerned. However there is a decisive
difference where the following points are concerned.

In serial I/O register two 32 bit stereo for ich each, are available. The 2 input registers
maintain the same value for about 1LRCK. That is from the time both are input near LRCK
rising edge until around the next LRCK rising edge. During this period read is possible any
time. Move over after both the 2 output registers are output to S/R around LRCK rising edge,
until the following LRCK rising edge and for about the period of 1LRCK, the next value to be
output should be input. During this period, usage as temporary register is possible.

On the other hand, delay /O register has only 32 bit 1ch. to stereo operate that, the input
register has to be input twice during 1LRCK period.

Similarly the output register is output twice. Accordingly programs have to be written along
those lines.
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Delay I/O serial mode

By fixing input pin DYSL to GND delay I/O turns to serial mode.

In this case delay I/O operates as serial /0. That is the timing system is regulated by LRCK and
BCK and the format by S102, SIO1 and SIO0. Also, serial input data is input and output from DIO/
S| pin, and serial output data, from XWSO pin.

Delay /O register is monoral. When it is input/output twice to 1LRCK, stereo operation is
executed. An outline of delay I/O input/output system timing is as follows.

piotsn JX__ch2data__« _chidata ef

XWSO(SO! Ir Ifs_chzdaa ); _chidaa
LRCK J 7 !
S rada | =—— Calculating operation —— II
register A g | h
DO register ‘< ke / >r‘
< X ¥

The detailed timing of delay I/O input/output register is as follows.

LRCK _ el ol —
= ARG ] FIRETE i AR g i O e S gy B
D10/ XWSO 2SB LSB 2SB L.SB
(S (s0) <— Section where gate latch is =~ +—
? applied to DI register. f

DO register value is latched to shift register.

DI register value contained in the first half of 1LRCK calculating operations is the serial input
data of the second half of the preceding LRCK. DI register value is similarly the serial input data of
LRCK first half.

Also, the value entered to DO register in the first half becomes the serial output data of the
same LRCK latter half in the 1LRCK calculating operations. The value entered in DO register during
the second half becomes the serial output data in the first half of the following LRCK. :

DI register read prohibit cycle around LRCK falling edge and DO register write prohibit cycle
change in relation to LRCK, BCK and the original oscillation. DI or DO registers handling around
this area should be performed after due confirmation.

During delay /O serial mode, turn open the external DRAM pins for delay mode, that is XRAS,
XCAS and A7 to AQ, 10 in all.
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Delay /O delay mode
By fixing input pin DYSL to +5V, delay I/O turns to delay mode. L
In this case, delay I/O composes the delay space by utilizing the 64K bit x 1 DRAM connected to
the exterior.
64K x 1=1024 sample x (32 bit + 32 bit)

That is, 32 bit data 1 to 1024 sample stereo delay is performed. This stereo delay sample
volume is set through the microcomputer interface R mode (R9 to R0).

RS R8 R7 R6 R5 R4 R3 R2 RI RO No. of delay sample r

LLLLLLLLLL‘ 1
HHHHHHIHHHH 2
HHHHHHHHHL| 3
HHHHHHHHLHU 4

§ !
I L L I Ly L L H 1022
Lo T howl LBl L L 1028
L. L

LLLLLLLH‘ 1024

Outline of the timing system is as follows.

e o Y GESRBEINEES S5 e ) amg; SUSRSRCLCI SO s il SR

XWEOIWEY: L0 78l ™ b -
i L i b
U U U u
DO register ~ CHzin-10_____ X_ CHi(n) __X____ CH2(n) X_CHitn-1__X
Dl register CH2In-1-1) THI(n-1) CH2(n-r) CHItNt1-r

~—— Calculating operations ——
*DO register indicates data entered in the last part of that space.

That is if data CH1 (n) is written in DO register of 1LRCK (calculating operations) first half, then
data CH1 (n-r) can be read from DI register. If data CH2 (n) is written in DO register at the second
half, then data CH2 (n-r) can be read from DI register.

fixed

Connection to the external DRAM is as seen on the fig at right — A8
fixed. A7~AQ F—— A7~ AOD

Fix addresses over A8 to +5V or GND. XRAS 2 RAS

Moreover, for addresses that move frequently the order is: XCAS _C_&S
Column A0 to A4, Row A0 to A7, and column A5 to A7. XWSO WE

DIO T__ DI

There are 2 kinds of data bit length for delay 32 bit and 30 bit. DO

Timing system differs according to type. D"is L
+5Vv
CXD1160AP DRAM
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(1) 32bit delay mode
By turning DIO, of the microcomputer interface R mode to ‘H', 32bit delay mode is set
on. To realize this, the following hardware conditions should be met.

LRCK2136KCK=272ACK

With 32bit delay mode, delay for all 32bit DI/DO registers is possible.

'DIH By BaeBis E.JDLL Bis BrawoooBy Bo

i

DOH [Py FsoFir Fie[DOL |Fis FrueFy Fo
|

Timing (LRCK=136KCK Example)

134135 0 31 32 33 34 65 66 67 68 99 100101102 133134135 O

KCK
KSL [ s
XRAS _1 () M ] 1
. xcas U U U PO e SO s TH) U
et o g NS AT I B 5 ) e
A7-A5 XX ] 574 5 T i s 57 0 Gl
A4-A0 XX
DO B | i ; % |
DI D=t} O O :
[ [

Calculating operations -

Should the data written last between cycle 0 to 66 in DO register be at CH1(n), data
CH1(n-r) from the previous cycle 134 up to the present cycle 65 in DI register can
perform read.

Similarly, should data written last between cycle 68 and last cycle 1 in DO register be at
CH2(n), data CH2(n-r) between cycle 66 to 133 in DI register can perform read.
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(2) 30bit delay mode
By turning DIO, of the microcomputer interface R mode to ‘L', 30bit delay mode is set
on. To realize this, the following hardware conditions should be met.

LRCK=128KCK=256ACK

That is, 512 fsmesfmckr or 256 fsmpsimcke
30bit delay mode can perform the delay of DVDO register upper 30bit.

DIH B Bumsilir BialDILBe BB B 0 0

‘DOH‘F;: Fag--~Fy2 Fis|DOL |Fis Fig-F3 F2 X X

Here, DOL register lower 2bit are at don't care, DIL register lower 2bit contain 0.

Timing (LRCK=128KCK Example)

126127 O 29 3 32 61 62 63 64 93 94 95 96 125126127 O
kek U FUUUL AU AUy Ry
1

KsL [ 1
XRAS _ | o s T B I
XeAS T UE U U A W u
XWSO(WE)
A7-A5 XX ) 574 I 4 X XX =XC
A4-p0 XX
DO 6 @ & | | O : 25
DI 0 0 9 B
4 4 '

Calculating operations

Should the data written last between cycle 0 to 62 in DO register be at CH1(n), data
CH1(n-r) from the previous cycle 126 up to the present cycle 61 in DI register can
perform read.

Similarly, should data written last between cycle 64 and last cycle 1 in DO register be at
CH(n), data CH2(n-r) between cycle 62 to 125 in DI register can perform read.
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Instructions

Outline
In one 24bit word length command the following can be executed in parallel. () K-RAM and D-RAM
address setting, @ MPY Command, 3 AU Command @ Transfer Command & Jump Command.
Data handled include, single precision (16b), double precision (32b) or through a combination of the
2, from 1 cycle to 3 cycle commands are available.

(DK-RAM and D-RAM address setting
Sets the RAM address to be handled by a given command. For address setting there are, absolute

address specify and relative address specify.

«K-RAM Single precision coefficient and double precision coefficient (2W in succession) can be
used in this order or otherwise. Write is also enabled through a command allowing for use as a
temporary register

«D-RAM Ring address. The modulo added value of the address counter value incremented at
each serial I/O sampling cycle and that of the address set by the user becomes the actual
value. Single precision data and double precision data (2W mutually separated by 32
addresses.) can be used in this order or otherwise.

@MPY Command
4 Types (K*D, KX, X*D, XX) and 4 kinds of modes (16b*16b, 16b#32b, 32b%16b, 32b*32b)
can be handled. Through the respective modes the execution cycle of the command is determined.

K...K-RAM value D...D-RAM value
X....From the register related ones hanging to the main bus, those that can
output Acc.

(@ AU Command
Can perform addition, subtraction, absolute value and comparison. A 2bit shifter is also

biult-in.

(® Transfer Command
Single precision data internally transfers double precision data via the main bus. Barrel shifter

operations are executed through this transfer command.

(5)Jump Command
There are unconditional jump, conditional jump, subroutine call and return, loop jump. Stack
features a 2-stage structure and combination with double sub routine or loop jump is possible.
Loop counter can perform loop jump 0 to 15 times at 4b. At every serial /O sampling cycle
forced 0 address jump is executed.
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Points in Execution Commands
Each execution command with a 24 bit word length can, widely speaking, process the following
in parallel. RAM address setting, MPY command AU command, transfer command and jump
command. Specially through MPY command, data to be handled is defined as single precision or
double precision. According to what the execution cycle is determined.

Data register and data format

The following data resgisters relate to command execution

Symbol | bit |R/W | functions

11H 16 | R : . : ;

L 16 1R Serial /O channel 1 input high word register and low word register
12H 16 R | g 4 ) ) )

1oL % R Serial /O channel 2 input high word register and low word register
O1H 16 |R/W , : , 2
oiL 16 [RW Serial I/O channel 1 output high word register and low word register
O2H | 16 |[RW| _ _ _ _ _ ]
oL 16 [RW Serial I/O channel 2 output high word register and low word register
D1H 16 | R N ] ] .

DiL B R Delay I/O input high word register and low word register

DOH | 16 | W : ‘ _

DOL TSR] Delay /O output high word register and low word register

RH 16 | W . _ . )

AL B W High word register and low word register for AU operations

P 33 | — | Register where multiplication results are entered

Acc 34 | — | Register where AU operation results are entered

AH 16 | R | High word and low word from the 32 bit that passed

AL 16 | R | Clipper in Acc register value

BSI 31 | —

BSO 16 | r | Barrel shufter input register and output register

From the above commands that can execute Read become the source of transfer of the transfer
command through the main bus or the multiplicator input data of MPY command.

In single precision (16b) commands, respective registers are handled independently. In double
precision commands (32b) high word registers and low word registers are handled in pairs.

At power ON the respective registers data value become indefinite.
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RAM address setting

(1) K-RAM address setting

Absolute address specify oK {dl —-addr

112 | 111 110 18 18 [7 16 | At absolute
: expression
| H |a5 a4 a3 a2alao | 01063

Relative address specify « addr@Ke {r} —addr

112 {111 110 19 18 17 16 | At complement on
T 2 expression
| L |a5 ad a3 a2 al a0 | =3210 +31

« addr®K,—~addr i
19 18 17 16 = At complement on

- 2 expression
a3 a2 al a0 | —810+7

» addr@K, —addr
IT 18 | At complement on
2 expresion

lal a0 | =2to+1

« addr@X.—~addr K=t1
During single precision command, 1 word of K (addr) is handled.

ih
K_z 7‘d|5"2 2"dls-.
L=

During double precision command, 2 word (32b) of K (addr) and K (addr @ 1) are handled.
Here,

K. "_dsn“agl.' 27da1-

With K (addr) at low word, K (addr ® 1) at high word, 1 increment from the addr specified
by the user, (addr ® 1 — addr) execution is completed.
For commands where K-RAM is not handled, the present address remains unchanged.

At the forced 0 address jump every sampling cycle, reset is performed to addr=0.
K-RAM address space is shaped as aring. (63 @ 1 — 0, 0 ® (-1) — 63).
During Power ON K-RAM contents are not defined.
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(2) D-RAM address setting
D-RAM address specify by the user is a logical address and not a physical address.
At the forced 0 address jump every sampling cycle, the ring address counter DAC is
incremented by 6 bit.
The logical address addr modulo added to the ring address counter DAC is the physical
address that actually points.

Physical addr=DAC®addr
What follows is all about logical address addr.

Absolute address specify  « Dy ld —addr | s,
112 (15 14 13 12 11 10 | At absolute
™ expression
[ H |a5a4a3a2ala0 |Ot063

Relative address specify s addr@®Dq Ir] —addr

12 (1514 1312 11 10 At complement on
- 2 expression
L |a5 a4 a3 a2 al a0 | -32to +31

+ addr®Ds—~addr e
13 12 11 10 | At complement on
—— 2 expression
| a3 a2 a1 a0 | 810 +7

i

* addr@®D, —~addr

[ 11 10 | At complement on
!—- 2 expression
lal a0 | -2t0 +1

« addr®D.—~addr D=+1

During single precision command, 1 word of D (addr) is handled
Ds ==dys+ I}fl 27 'dya-
During double precision command, 2 word (32b) of D (addr) and D (addr @ 1) are handled.

Do ==dy, I'I“}EI 27 dy -

D (addr) is high word and D (addr @ 32) is low word.
When there is no D-RAM address specify command the present address remains
unchanged. (addr — addr)

At the forced 0 address jump every sampling cycle, reset is executed to addr=0.
Address space between D-RAM is ring shaped. (63 ® 1 — 0, 0 ® (-1) —» 63)
At Power ON, D-RAM contents are undefined.
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MPY Command

With the 2 bit of instructions 123 and 122, data length that . Execution
is input to the multiplicator, is determined. Through this 4 | 123 122| bhit*bit cycle
types of MPY mode can be handled. Also, the command —
execution cycle is regulated by each mode.

L L | 16 %18 1
With the 2 bit of instructions 121 and 120, the type of data | | 1| 0% % A
input to the multiplicator is determined. Here K indicates that | 1 L | 32 % 16 :
the address specified with this command is from K-RAM | B H | 82 % 32 3

data. Similarly, D indicates the address specified with this
command is from D-RAM data.

X indicates this is the register assigned by the command. It | 12 120 typetype

|
is input to the multiplicator through the main bus. |
|

When X is double precision specified, respective H/L ksl Sk K% D
registers are handled in pairs. In this case the resister H H k4
assigned is handled in high word and the corresponding " C ey

) 36 28 Il

[ u H.Ii*i]

register in low word.

A more detailed table will turn out as follows.

lietio | L v | L m | ow L{H 0| 19 18 17 18|
¢ | 5 — X
123 122 K*n‘l(*x_x*a!x*x |18 12 11 10
| L L |KI6 %DI6 |KI6 *XI6 | XI6 *DI6 | XI6 *X16 LLLL|IH
| L H |KI6 *D32 | K16 *X32 | X16 *D32 — | L L L HIIL
H L K32 %DI6 | K32 %X16 |¥32 %D16 | —— L L H L I2H
H H | K32 %D32 | K32 %X32 |X82 D32 [xaz % §32 Lisk: B Ml 2k
| AR ST T L HL L|OIH
For X#X with MPY command, either 16b#%16b or 32b%32b L HL HOIL
is used. However for transfers where double precision X is L HH L|O2H
at the source, X16%X32 type can be used. L H H H{O2L
S ] ) HL L LIDIH
Multiplication results enter register P and can be used with HLLHIDIL
the next command.
P bit length is at 33 bit and (-1) % (-1)=+1 can also be H L H L|BOIH
stored, H'L HHIBOLL
H H L L|{BO2H|
P -gd_‘,__._hz: L T +1 =P =-1+2 - H H L H{BOI1IL
H H H L|AH
HHHH ‘ AL

The multiplicator itself operates all the time. P is renewed —
with every command.

In save commands where there is no X16%X32, X32#%X16

or MPY command, P is undefined.
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AU Command
| 1
119 118 117 | 116=1, | 116=H Zero Nz Plus Minus OVF | XOVF
| CO 0+P —Acc | O+4P=acc |O O © ©O O] O
LYL H Acc+P —hAce | Acc+4P—Ace | X X O 0 Qe
L'H L 0—P —Acc 0-4P=acc |O O O O Q| O]
L HH Acc—P —Acc | Acc—dP—=Acc | O O O © O] O
HLL 0+R -»Acc 0+dk=acc 1O O O © Of O
H L H Acc+R —Ace | Acc+dR—Acc (X X O O OQf ©
HHL | R | —Acc | 4R | -4c¢ |G O O O 0O}, 0O
H H H Acc—R Acc—dR &) @, O @] C @]

For the 4bit of Instructions 119 to 116 AU command is provided |R |and |4R lare absolute values.
‘Acc-R’ and ‘Acc-4R' are absolute values. ‘Acc-R' and 'Acc-4R' are comparison commands. Multiplication
resulis are not stored in Acc, and Acc holds the previous value.

Acc bit length is at 34bit.
RBC=*4daa"f'a}:l 27 'ds1-, 4-2"%"2Acc -4 Min. resolution capability 2 -**
im=1

P is at 33bit of multiplication results from the previous command. It is code expanded to 34bit for use.
R stands at a 32bit value as entered in R register by transfer commands from the commands received
up to that. It is similarly code expanded to 34bit for use.

There are 5 Flags for the multiplication results of AU commands to be used when the following
command is a conditional jump command. However where X mark is shown on the above char, it is

undefined, so exercise care. Terg - Aog = 0
Non Zero - Acc ¥ 0
Plus -ooeeeeAee 2 0
Minug -+ Ace < 0
Over Flow - Acc =1 or Acc<-l

Only for comparison commands Flag is raised for ‘Acc-R' and Acc-4R.
XOVF output pin turns to active L during the command in execution after OVF has turned to true.

When Acc value is used for MPY, transfer or barrel shifter, it passes through clipper to be used in
32bit length.
Assuming clipper output=A, we have:

IF Ace 2 1 then A=1-27"
else 1 >Acc =-1 then A=Acc
else -1>Acc Lhen A=-1
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Transfer command

(1) Source and Destination
For the origin (source) of Transfer

command K-RAM, D-RAM and X 19 18 I7 16 19 18 17 16
are provided. e s ellE VN Y
Similarly, for the destination of 0 |
transfer command K-RAM, D-RAM R4 | | i
and Y are provided. |
Accordingly, K-RAM and Serial 1/0 LLLLjiIlH ||L L LL ey
output registers (O1H~02L) can be I E L HlTEL PR B Ll _—
used as temporary registers. L. L H L|T1T2H | L. .. H LIRH
gﬁronx;nations are provided as i1 B o mbign. Ll &l HEiRL
{K-RAM, D-RAM} — Y L: /B Ix 100 H bl L L O H
X=Y L H'E HEOLL Y| LsHLE Il OkL
X — {K-RAM, D-RAM} L HHL|O2H ||L HH L|O2H
In between RAM there is no direct L. H H HIO2L L HHH|O2L
transher. HLLL|DIH |[HLL L|DOH
Even if there is a transfer HLLHDIL HLL HDOL
command to Y, incase it is not H LHL|BOIH||/HLHL|BILIH
actually used, Y assignment uses H L HH|BO1L H L 'H HIBI1L
gg:}}- i o R HHLL|BO2H||H H L L[BIZ2H
to or X an 1H to |

H L. HY oL gty A A k )
BI2H for Y, relate to the barrel : : Eg L iy Ek s p)
shifter and will be referred to later H H . 9an
on. X and Y assignment can be H HH H|AL HHHH| (keep)

set independently for the transfer
command of single precision data.
For the transfer command of
double precision data, X and Y
came in pair as H/L registers. The
one assigned is processed as high
word register.

Whether the transfer command is
of single precision or double
precision depends on the transfer
origin (source). That is determined
through 123 and 122bit of MPY
command.

MPY command uses for X#X,
16b%16b (123, 122=LL, 1 cycle) or
32b%32b (i23, 122=HH, 3 cycle). Should the multiplication be ignored, double precision transfer
can be executed at 16b#%32b (123, 122=LH, 2 cycle).

Be careful with 2 the following types of transfer commands that are prohibited.
(?)Between serial I/O output register of the same register (EX) O1H — O1H
(@ Respective registers relating to the barrel shifter B2H — BiL

Y =
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(2) Barrel Shifter
Barrel shifter operation command is inserted in the transfer commands.
There are 3 types of barrel shifter operation commands depending on the transfer destination

Y register.
5 hi ! Transfer destination Transfer data (16b)
arrel shifter operaiton command Y Register dis dis dia diz dit dio ~ do
(D Positive value floating-point type conversion| BI1H | — — — — — — Ee—
(@ Arithmetic left shift I BI1L — 83 8 5 S0 — ~ —
@ Arithmetic right shift | BI2H — 53 82 51 S — ~ —

As a rule those are single precision transfer commands. As for transfer data in the case of
(1) Positive value floating-point type conversion, anything will do. For (@) Arithmetic left shift
and (@ Arithmetic right shift the amount of shift S is specified in the 4 bit di to di1.
Conversion scale is, for () also included, 0 to 15 bit .

$-% 28, 1528 &0

Input data to be converted is 31 bit data A°, excluding LSB, taken from value A (32b) or the
result value Acc from the previous command, passed through a clipper.

A'=-as +I 27'a4- 1-27%° 2A"2-1

The converted results can be observed from the following 4 registers. The value is kept until
the following barrel shifter operation command is issued.
BO1H is the respective data converted value. [ ]
! | Output data (16b!
B dh g oS _ Output. p (16b)
=i xl’QgISth.dn dyv dia dy2 dyy dyo ~ de
BO1L shows input A with the exclusion of sign v

bit, where the upper 4 bit are inverted and the BOIH |bis bie bis byz bys bro ~ be

rest is filled with zero. BOYL |5 555 8asan: B 55 /0

BO2H and BO2L apply a only during floating- BO2H ;' = gy

point type conversion. The amount of shift Q is ;T

included. | BOZ2L 0 0 g2 q: q 0 ~ 0
Q=X 2'q 15 2Q =0 e e
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(D Positive value floating-point type conversion

Case I A" =27'F

Positive value A" ( 20, as1=0) is converted to floating-point type (A*=~BO1He29).

A = -0+¥ 2van for 1520 2 0.4 @t ]

39-a .
{£27'821-0-
1=

¢29 {—0 +32 ‘asi-a=} *2 “%=BO1H + 2
=1

Case I

This, to turn into the regular form BO 1 H & 4 (b =1)
9 =10 >AV

A= 0+ 82 e = 320 = 10 +52a) <2 'SBOIH -2
This becomes+>BO0 1 H(d\.= 0. §=15
(@ Arithmetic left shift

With sign bit fixed, S bit of A" is shifted left

18
01 H=-aa.+IE[2”aa|-\

Case 1 , 27*>A"2 0
a0 E1] A0-3
APe28 = {0 +XZ2 'asi~} * 2%= {E27'asi-4} 2 ' = E2 'agi-.-
=1 rmsl =1
15
= -0 +§2"aa|-s--=BOIH
Case Il 0 >A'=z-2°°
30 io
Aot = (=1 +I2 a5} ¢ 2= = (22785, 277 02
e =1
a0 . ELET .
= (B2 'ag:-i #2720 25 = — -._22' Bajog=+2 0TS
3o-s

= =] +E27'23-5-12=~1 ’12?2_'321--,--’30 1H

Caselll A'z2""

or =2>4

In this case conversion cannot be executed correctly
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@ Arithmetic right shift
With sign bit fixed, S bit of A” is shifted right.

BO1H= "a:ll+i|2-'3.1|"'|§‘.2__|'3.!|-a-|

However, Vb
=0 BOI1H= -as TEF- 831-15=A7

(X
$=15 BO1H= 'anr+2%"ﬂsi='2""”aa.

ae

A" e 2°5: '.'83:4'..2:‘.2-'3‘:-.! ¢ gri=-0 "‘3.1|‘:‘I£2 "=

TTE

= -a:.+5:2“a,. + L2 'a3148-
- w8

. 3
~—an+ 22 'an+ 22 '8114+5- *BO 1 H

Ity

Flag BSQ

This flag is renewed with every barrel shifter operation command. This applies only
during positive floating-point conversion.
When positive value floating-point conversion is executed, from that bit shift Q

Q=£za

g: becomes the Flag BSQ.

That flag value is kept until the following barrel shifter operation command comes.
When condition jump command and barrel shifter operation command are on the same
command, Flag BSQ that is utilized for condition jump, is the flag value of the previous
barrel shifter operation command.

BSQ=0ON The bit shift amount of the positive value floating-point conversion is
an odd number
BSQ=0FF The bit shift amount of the positive value floating-point conversion is
an even number
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Jump system command

Jump commands for the instruction address include: conditional -—

jump, unconditional jump and sub routine call. They all jump to [ A5 A4 A3 A2 Al A0 |
addresses expressed in 6bit and containing an A. }

Sub routine call and loop jump can stack instruction address. They
are formed by a 2-address FILO and can execute up to a double
conbination. When stack performs a forced 0 address jump, it also

14 13 12 11 10
111 110
14 [9 I8 111 110

AZ2A 63ZA 20 .

oo oo
e
>
=

keeps the previous condition.

(1) Conditional
jump | 115 114 113 {12 111 10| Flag Conditions
JP(F) — L L L [2zero Results of previous commands Acc=0
| H # # |L L H | Non zero| Results of previous commands Acc=0
Lo JLE G H L | Plus Results of previous commands Accz0
When the condition is met, |L H H | Minus Results of previous commands Acc<0
the following command H L L | Over flow| Results of previous commands Accz1 or
executes the command of Acc<-1
the address ahead of the H L H |BSQ Barrel shifter operation command (positive
jump. value floating-point type conversion) up to
When the condition is not the previous command is odd numbered
met, the command after shift bit
that executes the H H L | (keep) }Actual!y same value as unconditional
command of the address H H H | (keep) jump
in the order.
T o | * Below zero and Non zero cannot be used
(2) Non conditional | I15 114 113 112 Acc+P —Acc Acc+4P—Ace
jump ——W — Acc+R —Acc Acc+dR—Acc
JMP ¥ 1kl ‘
e ot T R
Elements from this ct-)mmand‘ execl}e the command of the address ahead of the jump,
unconditionally
(3) Sub 115 114 113 112 | This command executes the command of address ahead
routine | | of the jump for the sub routine. Also it pushes to the
call | stack the address following this command.
CAL %l
o HLL
Return fs Next this command pops out the address from the stack
RTN 115 | 111 110 | and executes the command of that address.
s {15 14
L i L
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(4) Loop jump

Sets the number of loops (0 to 15) in the 4 bit loop counter to repeatedly execute a certain
group of commands (1 to 16 times).

Loop counter set

LCS.(C) 15 114 113 112 |11 1015 14 | Number of loops
Bl Lo cnt | c=£2°'C.  15=C 20
Sets the number of loops in the loop counter
Loop counter and ’7 r
loop address set 15114 113 | 112 |11 r0 15 14 Number of loops
LTS (C) : ‘ A
C=227'C:  15&2C =0

‘HLL

Ca C:Cy Co

Sets the number of loops in the loop counter and also pushes into the
stack the next instruction address (loop head address)

Loop address set

Pushes the next instruction address (loop head

LPS 115 | 111 1o | address) into the next instruction address
15 14 |
;-—-—-—l
{0 G e
E |
Loop jump Decrements the loop counter value
LPJ 115 | 111 110 (D Cz0 jumps to the address in the stack
| 5 14 | (@ C<0 Pops out the stack and proceeds in order to
the command of the following address
‘ 7 L. R
Example) Program Execution
LTS (1) LTS 1-C
Command group A Command group A
LPJ LPJ C-1=0-C (20)
Command group B Command group A
LPJ C-1=-1-C (<0)

Command group B

The stack has a double structure. Accordingly, the following can be executed.
¢ The subroutine inside the subroutine
e The loop jump inside the sub routine
« The subroutine inside the loop jump

The loop jump inside the loop jump cannot be executed
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Execution command and machine language

123 122 121 120‘ 119 118 117 ‘ 116=0 ‘ [16=1
0 0 [16%x16 0 o0 \ KkD 0 0 0 [ iag | 0+4p
0 1 |16%32 0 1 | KX 0 0 1 | Acc+P | Acc+4P
1 0 |32%16 1 0|t o 1 0 0-P | 0-4p
1 1 |82%32 15-F eioet 0 1 1 Acc—P | Acc—4P
£ 0-40 0+R 0+4R
1 0 1 Acc+R Acc+4R
1 41 40 | | (4R
S T ¢ ‘ Ace—R | Acc—4R - Acc Without latching
KD KX XD XX
121 120 121 120 121 120 121 120
00 01 10 1o
115 114 113 12 0 12 0 12 o 12 0
0 00l i edker o] o8- BE ixd T fal oxid (kR Ds J] x Ds
Ko id.rl *D, Ko (d.r} *X KD (d. 1) LK KDy {d,
(LPJ. RTN, LPS) (LPJ. RN, LPS) (LPJ, RTN, LPS) (LPJ. RTN, LPS)
0 01 BTk o ] mlﬁs [T 0a ] o] ks | os i Ds
Ki*kDe {d, r} Ke id.r} *Acc Acc—Dy AcckDs (d.r} Ace—H: Acc*Acc Acc =V
_ Ds {d. r] setting
(LPJ. RTN, LPS) (LPJ, RTN, LPS) (LPJ, RTN, LPS) (LPJ, RTN, LPS)
o1 0 eI B % flv] Bw lx] KIx X ]
Ke {d.r} %D+ K=Y Ks {d.r! ®Acc Acc—Y 1D+ X—=Ke .1} XkX X—=Y
(LPJ, RTN, LPS) (LPJ, RTN, LPS) (LPJ, RTN, LPS) (LPJ, RTN, LPS)
011 FRIY T ] BRI x [ o) BLv 1l ve ] BLTYT o ]
K+*Ds id.r) D—Y Ki#k% §—Ds id.rf  AcckDs idrl Acc—Y  Ds {drl setting D—Y
(LPJ. RTN, LPS) (LPJ. BTN, LPS) (LPJ, RTN, LPS) (LPJ, RTN, LPS)
1 00 [EElwlcloa] [elxlclx] [l x Jcloe] BElelx el ¥
Koy Ky X XDy IxX K=Y
LCS € .LTS (O } {LCS (C) .LTS (C) } {LCS (C) LTS (C) } {LCS CC) LTS (€Y}
1 01 [ ATelAl o] B A laloe] Halwal s Jod XY T & |
K2 %Dy Ky * Acc Acc—=D Acc*D: Acc—K: Acc¥Acc Acc —Y
{JMP (A) ,CAL [A) ! {JMP (A) . CAL (A) | {JMP CA) . CAL [A) | {JMP CA) ,CAL (A) }
1 10 PIal v aJoo] B awelal x ] Bl xT aloe] EIXITX] & |
KexD, D~V Ko *X X%D; i)
{JNP TA) .CAL (A) } {JMP TA) .CAL (A) | {IMP (A .CAL (AD } {JMP [A) .CAL (A) !}
T B NS TR T R e B A O B R L T
K+ %D+ K—Y K+%X X*D+ AcckAce Acc—>Y
JP R (A) P QA PPE W IPwE

SN
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X X
0 0 0 0 I1H | Serial VO CH1 N t’:saf‘ggrr"::r;m?& &
0 0 0 1{I11L | Inputregister — | notto be given
¢ 0 1 o0|I2H Serial /O CH2
0 0 1 1]I2L Input register 1 0|RH R register
| 0 1 1|RL
0 1 0 0|O1H Serial IYO CH1
T R R & e T B Output register 0 1 0 0/ OlH | Seriall/OCHI
0 1 1 0/02H Serial /0O CH2 01 0 1|0LE Output register
@ 1 I .0ZE Output register 06 1 1 0|O2ZH Serial I/0 CH2
0t A I G2E Output register
1 0 0!DI1H | Delay O
0 1|DIL Input register 1 DOH | Delay /O
DOL Qutput register
1 0 1 0!BOI1H  Barrelshifter output data :
e e | Posmve value
1 0 1 1 BO1L |al5al4at3al2zail 0—0 B 1 1H |floating point type
1 1 0 0{BO2H 0 g3 g2 qi B 1 1L | Arithmetic left shift |
1 1 0 1|BO2L| 0 0 g3 g2 qif 0—0| BIZH Arithmeticrightshiﬂ
|
0| AH ACC data output (keep)
1{AL (keep) unused
(keep)
- — =
112 111 110 !.FIag I 110 : nz |/
0 0 0 | Zero 0 0 LGS 0 | JAp
ot Non zero 01 | LTS 1 CAL
D oL vy Plus {10
| T | Minus [
1 & 0 Over flow e
1 0 1 ,|BSQ
1 1 0 | Ckeep)
e o g (keep)
C (15=C =0) 1 2 I l0| W
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‘K 112 [11 11019 18 17 16| address —! I} %12 111 110 19 18 17 16| address

|
KeCd) | 1 Rs Ry R: Rz Ry Ro| Oto63 | |[Deld) | 1 ds di ds d; d, do| Ot0B63

| Ke(r) 0 Re Re Rz R: Ry Ro

=

|=3210+431] [ De(r) | 0 d5 dy ds d: di do[—3210+31

l
R: Ry Ro | —8to+7 Dy dy d» dy do -8 t0 +7

%/ RRRR /R

Points on Execution Commands

Execution cycle
A command can be repeatedly executed from the command O address by means of the
forced 0 address jump every Serial /O sampling cycle.
Now, Assume that from the time 0 address has started, up until just before 0 address jump
the number of cycles is N. [Cycle 0 to cycle (N-1)]

() Cycle 0 to cycle (N-3) ......... Normal cycle: Execution possible

@ Cyela D) . iha i KSL cycle: with the exception of K-RAM access,
execution possible

@ Cycle (N-1) ...cooccereerecerenne. KSH cycle:  Execution impossible (Any command will do)

* To provide time for K-RAM, I-RAM and the micro computer to interface @ and @ are
available.

The number of cycles N is given through the following formula, with fs for sampling frequency
and fkck as cycle clock frequency.

Tkek
f

f “;h fucx

-1<K < +1 for kaI(:‘é‘f_a\cx =

fkek
fs

i Tlf:zc.-\t

If fkck is a whole number N=fkck/fs=N1. Cycle 0 to cycle (N:-1)
If fkek is not a whole number there are 2 cycle patterns

Na { N1, Cycle 0 to Cycle (Ni-1)
~ L N1+1, Cycle 0 to Cycle N1

General expression N Cycle 0 to cycle (N-3) Cycle (N-2) Cycle (N-1)
Normal cycle KSL cycle KSH cycle
fkek/fs whole number N=N1 Cycle 0 to cycle (Ni-3) Cycle (Ni-2) Cycle (Ni-1)
fkek/fs is not a whole  N=Ni Cycle 0 to cycle (N1-3) Cycle (N1-2) Cycle (Ni-1)
number Ni+1 Cycle 0 to cycle (Ni-2) Cycle (Ni-1) Cycle N1
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Therefore when fkck/fs is a whole number

(D Cycle 0 to cycle (N1-3) ........ Normal cycle: Execution possible

@ Cycle (N1-2) .oooeeccccaennns KSL cycle: with the exception of K-RAM access,
execution possible

@ Cycle: (N=1) i KSH cycle:  Execution impossible (Any command will do)

Or when fkckifs is not a whole number

A Cycle 0 to cycle (N1-3) : Execution always possible at normal cycle.

B cycle (Ni-2) : Turns into normal cycle or KSL cycle.
Execution possible with the exception of K-RAM
C cycle (Ni-1) : Turns into KSL cycle or KSH cycle.

A command that does not use transfer command.
(In fact, execution impossible)

D cycle Ni : Turns into KSH cycle or does not exist.
Execution impossible (Any command will do)

Example 1) When fkck=6.144 MHz fs=48 KHz

—f-‘fﬂ‘— -128 ~. N=Ni=128 Cycle 0 to cycle 127
5

@ Cycle 126

{ (@ Cycle 0 to 125
® Cycle 127

Example 2) When fkck=6.144 MHz fs=44.1 KHz

fhck . ima 5 Ne= {I\h = 139 cycle 0 to cycle 138
Y ~ LN1+1 = 140 cycle 0 to cycle 139
A Cycle 0 to cycle 136
B Cycle 137
C Cycle 138
D Cycle 139
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Serial VO and Register
(1) Serial I/O input register

The conditions for transfers with serial I/O input register as source or for cycle n without
MPY are:

1 3 :
H-4~4— <n < ‘.\'-2—4— & | SIN delay from M -+ BCK falling edge
3
As M=2T [KCK)

N-4% <p <N ..N-4 =n =N-1

» lﬁ%: for whole number n= {N-4 sn sN-1} = (N,-4=n =N,-1)

Cycle 0 to cycle (N1-5) ........... Serial input data transferred to the previous
sampling space is in this space register and can
be handled freely.

Cycle (N1-4) to cycle (Ni-1) ... In this space usage of serial I/O input register is
prohibited.

* |n certain cases cycle (N:-2) can be used. Check when necessary.

- L?.EK— = for whole number n= (N-4 Sn =8-1) = (N,-4d=n =N}

Cycle 0 to cycle (N1-5) ....... Serial input data transferred to the previous
sampling space is in this space register and can be
handled freely.

Cycle (Ni-4) to cycle Ni ......In this space usage of serial I/O input register is
prohibited.

(2) Serial I/O output register
Cycle n conditions for transfers that can not be executed with serial I/O output register as
destination

e R sy T

== ... bit clock f
1 m 1 n B bit clock frequency

is a delay margin to be ignored here _\HL " fKCK by i N—zl . _IKCK
4 B 4 fB
24 bit clock system
1 1 fKCK 3 1 fKCK
- } — —— i s T —_— —
e et S TR
32 bit clock system
1 1 fKCK 3 1 fKCK
fm f —— ——<p < N-2— 4 —
et Tl e R

= As no margin is taken for the left side, in certain cases prohibited cycles are
not included. Check when necessary.
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Example 1) fkck=6.44 MHz fs=48 KHz N=N:=128 (Cycle 0 to cycle 127)

Serial /O input register n= (N;-d=n sN-1} = {124 =n =127}

. [ Cycle 0 to cycle 123 ..............usable
| Cycle 124 to cycle 127 ..........unusable
A . 1 1 3 1
- Serial /0 output register 24 clock system _!HT iy 128<n < N—QT 4 Ta|28

T 1
N-1—<n <N- —
12

12
N-1an =N-1
n=N-1=N,-1=127
. | Cycle 0 to cycle 126 .............. usable
L CYele e shhnanananasatinusable

3
Serial /O output register 32 clock system N-4~i~ + é—d. 128<n < N_ET + ;_4123

1
N-2— <n <N\- 3
4 4

N-2sn sN-1
n= { N-2Snp SN-1} = | N;-2 =n =N;-1} = {126 =n 5127 }
5 { Cycle 0 to cycle 125 .....c...... usable
" | Cycle 126 to cycle 127 ..........unusable
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Example 2) fkck=6.144 MHz fs=44.1 KHz N1 =139 (Cycle 0 to cycle 138)

= {N1+1 =140 (Cycle 0 to cycle 139)

Serial I/O input register ~ n= N:-4=n =N} - {135 =n =139}
_ [ Cycle 0 to cycle 134 .............. usable
-1 Cycle 135 to cycle 139.......... unusable

’ . 1 1 ] 1
Serial /O output register 24 clock system PH_&_ ¥ _48_(139' 3. d 8N [\—2—4~ b E—cws. S

N-13.. <un< M0l ..

n= (N-LO} = {N,-1 N,.0} = {138,139,0}
. [Cycle 1 to cycle 137 .............. usable
“* ] Cycle 137, 139, cycle 0 ........unusable
‘ 1 P a1
Serial /0 output register 32 clock system N R (138.3...0<n < 5‘27 t a—(139- 3..)

H-2.0... €< < K05

N-2=n =N-1
n= {N-2, N-1} = (N,-2.N,-L N} = (137,138, 139}
: {Cycbe 0 to cycle 136.............. usable
' | Cycle 137 to cycle 139......... unusable

Delay VO (Serial mode) and register
(1) Delay VO input register
Delay /O input register is input twice during 1 sampling period. For one of those 2
instances the timing is the same as for serial /0. For the other instance the conditions for
the transfer with this register as source or the cycle n when MPY cannot be executed are:

1Mk 1 1 KK 1
2 s 4 2 fS 4
i = | !m-n{—i— B —dL }
accordingly ny® imaxn: 2 s 7|
Cycle 0 to cycle Nz .................. data transferred during LRCK L level of the
previous sampling level is in the register and can
be handled freely.
Cycle (nz+1), cycle (N2+2) ........... Usage prohibit cycle
Cycle (nz+3) to cycle (N1-5).......... data transferred during LRCK H level of the
present sampling period is in the register and can
be handled freely
Cycle (Ni-4) to cycle (Ni-1) ... Usage prohibit cycle

*In certain cases cycle (nz+3) also becomes usage prohibit cycle.
Please check when necessary.
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(2) Delay /O output register
Delay I/O output register outputs twice during 1 sampling period. For one of those 2
instances the timing is the same as for serial I/O. For the other instance, the conditions for
cycle n where transfer with this register as destination can not be executed are

fKCK 1 . fKCK 1 IKCK 3 fKCK

__4__...__ — — e e

M< }
T R R T

as M=0 [KCK]
LOfKCK 1 fKCK 1 fKCK 3 TKCK

2 1S "4 Y2’ "4 M

24 bit clock system
25 MKk 1 %5 fKK 3

#® 84 "t w T’

32 bit clock system

ERC 3 MK 3

REDURE: W
B4 s 4 64 fS 4

*In certain cases, as the left side margin is not included, cycles that become
prohibited are not included. Please check when necessary.

Example 1) fkck=6.144 MHz fs=48 kHz N-N:=128 (Cycle 0 to cycle 127)

1 1 1
Delay I/O input register n: €? 128-4—4— = 60- TS 5.n2=39
(o7l - e ST TR (R —— usable
Cycle 60 to cycle 61 .. .. unusable
Cycle 62 to cycle 123 ... .. usable
Cycle 124 to cycle 127 .................. unusable
4 25 1 25 3
Delay I/O output register 24 clock system — 128-4— <p <—— 128-2—
48 4 48 4
5 11
2—< —
6 2 n <63 n
N=63
Cycle 0 to cycle 62 ........................ usable
Cycle 63... .. unusable
Cycle 64 to cycle 126 .. usable
Cycle 127.. .. unusable
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Delay YO output register 32 clock system —gj’— 123—4—i- <n <-§% 128—2-—3—
3 1 : ’
SIT <n <51=;T n= {62, 63}
Cycle 0 to cycle B1 ... usable

Cycle 62 to cycle 63 ......... ... unusable

Cycle 64 to cycle 125 ....... ... usable

Cycle 126 to cycle 127 ......ccceeeeune unusable
Example 2) fkck=6.144 MHz fs=44.1 KHz Ne N1 =139 (Cycle 0 to cycle 138)

1 Ni1+1=140 (Cycle 0 to cycle 139)

Delay /O input register Dz‘(‘é— 139.3 ...-4 -Ti- =65.4... ..n=65

Cycle 0 to cycle 65 .........ccoevvivinnne usable

Cycle 66 to cycle 67 ... .... unusable

Cycle 68 to cycle 134 ... .... usable

Cycle 135 to cycle 139 ................. usable

; 25 1 25 3
Delay /0 output register 24 clock system Ty 139.3...-4 5 <n <E--139. 3...—2—4-
68.3... <nm <69.8... 3 n=69

Cycle 1 to cycle 68 ........................ usable

CYole B9 s .... unusable

Cycle 70 to cycle 137 ... .... usable

Cycle 138 to cycle 0............c.cr...... UNUSEDlE

; 33 1 33 3
Delay I/O output register 32 clock system o 138.3...-4 e <—63-139. 3..,—2T
67.5... <n <60.0... n= (68, 69}

Cycle 0 to cycle 67 ..., usable

Cycle 68 to cycle 69 ..... .... unusable

Cycle 70 to cycle 136 ... .... usable

Cycle 137 to cycle 139 ..., unusable

B



SONY:

CXD1160AP/AQ

Delay 1/O (delay mode) and register

(1) 32 bit delay mode
32 bit Conditions where delay mode can be realized

1 ;
B that is N, 2136
fS§ = 138 fKCK !

The relation between data to write in DO register and data to read from DI register is.

*DO register
Cycle 0 to cycle 66 : data written last in this period is set as CH1 (n)
Cycle 67 : write prohibit
Cycle 68 to cycle (Ni-2) : data written last in this period is set as CH2 (n)
Cycle (N1-1), (N1) : write prohibit

« Dl register

Previous cycle 134 to cycle (N1-2), cycle 0 to cycle 65

:In this period CH1 data (n-r) can read
Cycle 62 to cycle 125 :In this period CH2 data (n-r) can read.
Cycle (N1-1), (N1) :read prohibit

(2) 30 bit delay mode
30 bit Conditions where delay mode can be realized

1
f§ £ — that is )
128 fKCK N, 2128

The relation between data to write in DO register and data to read from DI register is.
+DO register

Cycle 0 to cycle 62 : data written last in this period is set as CH1 (n)

Cycle 63 : write prohibit
Cycle 64 to cycle (N1-2) : data written last in this period is set as CH2 (n)
Cycle (Ni-1), (N1) : write prohibit

«Dl register

Previous cycle 126 to cycle (N:-2), cycle 0 to cycle 61

: In this period CH1 data (n-r) can read
Cycle 62 to cycle 125 :In this period CH2 data (n-r) can read.
Cycle (N1-1), (N1) :read prohibit

(N
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Application example 1

,—; CAS
SDT Do
SCK D1 DRAM for
Microcomputer XSLD WE Delay
RAS
AO~ A7
GND
22.5792MHz s
DA16
cD
CXD1125Q a5 BCK DAC
LRCK LRCK
' +5v
(TOP VIEW)
Application example 2 oS
15  oramior
ol
1 | =, o
= RAS
i) | r-_—‘__—,_._._-- AO~AT
GND —1

22.5792MHz

CAlG B R ST
[:[=3
cxoifesa o] I3 Ak
(TOP VIEW)
CXD1160AQ
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Package Outline  Unit: mm

CXD1160AP 28pin DIP (Plastic) 600 mil 4.2g

g
22\
w|
)
3?3: 1"o"tms'
3 :“t?i
DIP-28P-04
CXD1160AQ 80pin QFP (Plastic) 1.6 g
23,904
20001 045005
64 41 | [’]
HARAAAAARARARARARARARARAR 1 A~
65 =y e a0 |
== == |
o =}
= =1
| 1 YRR
= O O E 12
== ==
= S -
== O = _ 'F
s I==FF 04’86
LLGEEEELLERLEEELELLLGE S— o
0.8 CEYTER 035°01° 275°888 | ?gg
QFP-80P-LO1
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Audio Digital Signal Processing LSI with Built-in Digital Filter

Description

The CXD1355AQ is an ADSP (Audio Digital Signal
Processor) LS| incorporating an audio digital signal
processor with programmable DSP features and an
8-times oversampling filter.

Features

Software programmable digital signal processing
features (1/2)xfs down-sampling with post processing
using 64-times multiply/add operations possible.

Through the use of external delay DRAM (64kX4-bit/
256kx 4-bit selectable), sound field processing attributes
such as delay, echo and reverberation can be controlied.
By cascading the internal filters—107th, 19th, and 3rd FIR
filters—8-times or 4-times oversampling filters is possible.

In addition this LS| incorporates aftenuator functions
and a host of other features into a single chip solution for
enhancing the performance of audio systems.

Functions

e Programmable sound field processing, pre-processing
down-sampling (fs—=1s/2), and post-processing
up-sampling (fs/2 —fs).

e External delay RAM, 64kX4bit or 256k X 4bit.

e Internal coefficient RAM for DSP functions and
command RAM.

e Delays up to a maximum of 64k samples for both L
and R channels.

e Built-in 2-channel oversampling digital filters for
handling 8-times/4-times oversampling.

 Filter characteristics
Ripple : % 0.001 dB or less (0 to 20kHz)
Attenuation : -70 dB or less (24.1 to 150kHz)

e Digital de-emphasis function

# Digital attenuation function

© Built-in 1st-order noise shaper

# Digital offset (+1%) function

e |nput data inversion

e |/O format
Input : 2's complement MSB first serial
(16-bit slot)
Output : 2's complement MSB first serial

(16-bit or 18-bit slot selectable)

"44 pin QFP (Plastic)

Structure
Silicon gate CMOS

Absolute Maximum Ratings

(Ta=25°C , Vss=0V)
® Supply voltage Voo Vss-0.5t06.5 v
e Inputvoltage Wi Vss—0.5 to Voo+0.5 \'
e Operating temperature Topr -20to 75 3
e Storage temperature  Tstg -55to 150 c

Recommended Operating Conditions

s Supply voltage Voo 4.5t0 5.5 (Typ. 5.0) v
e Operating temperature Topr -20to 75 C
* OSC frequency fxt 10 to 20 MHz

E92137 - ST
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Block Diagram and Pin Configuration (Top View)

FRGO

4
]

7,
4

La

2

G

FIR Ramz

FIR RaMI

FiR RAM

ADD - GENCRATOR

Pin Description

r’:i:_ Symbol | I/O | Description
|
1 INIT I | Initialize. Active when set “L". Re-synchronized by the rising edge of this signal.
2 | DATA || 1sampling, 2-channel serial data input. Data is in 2's complement MSB first format.
3 BCK — Serial data input for serial bit clock. Serial input data is latched by the rising edge of
| | | this signal.
4 LRCK | | Serial /O for the sampling frequency clock input. “L": Channel 2 data transfer
: active; “H": Channel 1 data transfer active.
5 | BCKO2 (o] Bit clock output with weak-output signal of 192fs frequency.
6 Vssi —— | GND
|BCKO1 | © Bit clock output. 192fs frequency.
8 DATA L o | Serial data output. Data format is 2's complement MSB first. 8fs mode: L channel
output. 4fs mode: L channel + R channel output.
Serial data output. Data format is 2's complement MSB first. 8fs mode: R channel
9 DATAR o}
, g% output. 4fs mode: rnacf_e active by setting to L_ _____
10 | WCKO o] Word clock output of serial data.
11 | LRCKO o Serial data sampling frequency clock output.
12 | APT (@] Aperture clock output.
13 | 8/4 | 8fs/4fs input select. "H™: 8fs; “L": 4fs.
14 | SCK O System clock output. fsck=fxt=384fs.
15 | XOUT (o] Liquid crystal display oscillation circuit output.
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Ei(: Symbol 110 Description
16 | XIN B Liquid crystal display oscillation circuit input. fxt = 384fs.
17 | Vooi —— | Power supply (+5 V)
18 | 18/16 ; I Input for selecting output data bit-length. “H": 18-bit; “L™: 16-bit.
19 | /01 /O | External DRAM data I/O1.
20 | /o2 /O | External DRAM data 1/O2.
21 | CAS o] External DRAM column address strobe output.
22 | 1/03 /O | External DRAM data 1/O3.
23 | l/04 /O | External DRAM data 1/04.
24 | WE 0 External DRAM write-enable output. Active when set “L".
25 | AO (@) External DRAM address output AQ.
26 | RAS (o] External DRAM low-address strobe output.
27 | A1 (o] External DRAM address output A1.
28 | Vss2 —— | GND
29 | A2 o} External DRAM address output A2.
30 | A3 O External DRAM address output A3.
31 | A4 0] External DRAM address output A4.
32 |AS (0] External DRAM address output A5.
33 | A6 o] External DRAM address output A6.
34 | A7 (0] External DRAM address output A7.
35 | A8 0] External DRAM address output A8.
36 | TEST 1 Test pin. Fixed at GND in normal operation mode.
37 | OFST | Offset select input. “H™ offset; “L": non-offset.
38 | DPOL | Input data for invenedfnon-in\;rf;i select. "H™ inverted; "L": non-inverted.
39 | Voo2 —— | Power supply (+5V)
40 | PRGD I Serial data_input for receiving instructions, coefficients, and operators transferred
from the microprocessor.
41 | PRGCK | Serial clock input for PRGD. Data is latched by the rising edge of this signal.
42 | PRGL | Latch input for internally latching serial data set from the microprocessor, Active
when set “L".
43 | DSP l Input select for DSP operations. “H": DSP ON; “L": DSP OFF.
44 | MUTE | Mute input. Active when set “H".
Input Capacity
ltem Symbol| Conditions Min. Typ. Max. | Unit
Input pin *1 i CT‘T_ 3 5 pF
Input pin*2 | Cin ; Input mode 4 6 pF

*1 All pins except for the I/O.
*2 /O pin
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Electrical Characteristics

DC Characteristics (Voo=5V % 10%, Vss=0V, Topr=—20to 75°C)
item Symbol| Conditions Min. Typ. | Max. | Unit | Applied pin
T
| “"H" level | Vi 0.76Voo I
Input voltage (1) - A" *1.,%2.%3
| “L” level ViL 0.24Voo |
| “H"level | Vin | Input mode S0l
Input voltage (2 \' *7
P s “L" level ViL Input mode 0.8
T “H"level | Vou | low=—2mA Voo-0.5 v 5
ut voltage 1
e gHn “L" level VoL | lot=2mA | 04
“Hlevel | Von | V00=50% 45
Qutput voltage (2) Vooo5.0V ' *8
i pD=5.
L" level VoL lot=1rmA 0.4
|
“Hlevel | Vou | OupUmOde | 54 '
Output voltage (3 1 -~ t -V *7
STRRRERLY “Llevel | Vo | QutPutmode 0.4
| | loL=1mA )
o vt " | “H" level Von | lon=—2mA 2.4 v .8
utput voltage I
'p Age1s) “L" level VoL | lot=1mA 04
AR “H"level | Vou | lon=—4mA | 24 ' s 5
voltage + :
. 9 “L" level VoL | loL=2mA 04 |
Input leak current (1) Iu Vi=Voo/0V +5 HA *1.%3
Input leak current (2) Iu Vi=Vop/0V +10 A *2
Input leak current (3) I Vi=Voo/0V +20 uA *4
Input mode | .
Input leak current (4) Iu Vi=Voo/OV +10 uA _ 7
Hysteresis voltage VH I vV *5
Pull-up resistance value | Rmn bt e = 30 kQ *2

*1 DATA, BCK, LRCK, TEST, PRGD, PRGL

*2 8/4,18/16, OFST, DPOL, DSP

*3 INIT, PRGCK, MUTE

*4 XIN

*5 BCKO1, DATA L, DATA R, WCKO, LRCKO, APT, SCK
*6 BCKO2

*7 /0110 1/O4

*8 WE,A0to A8

*9 CAS, RAS
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AC Characteristics

DATA input

tios r——‘———’ tion l

oata 77777777726 | Y7707k | Rz
L——ht.ﬁu——-i-—tu_ns 4-1

l
LRCK P4

don't care 77

tov
foH
DATAL l

DATAR

w

C

Undefined [

PRG input

PRGD X B ¢ A

tPoS L—T—J tPoH

PRGCK Y 7L| *1 5 “JLﬂ—"

tPR iPR tPR twiLT—™| tPr

PRGL

A-h"— tfL -’““— tro

PRGL U \_/

! fuo "I
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AC Characteristics

Item Symbol | Conditions Min. Typ. Max. | Unit
Oscillator frequency fxr fxr=384fs 10 —— 20 _—
Input BCK frequency feck = —— a5
Input BCK pulse width twis 100 e ——
Input data set-up time tios 20 e —
Input data hold time | tion 20 — - ns
Input LRCK set-up time | tirs 50 e —
Input LRCK hold time tiLRH 50 e e
Output BCKOI pulse width twos T-15 T T +15
Output signal hold time ton 5;;3';} 0 e 1 m
Output signal define time tov 15 _ —
PRG input base timing ter 100 s s
PRGD set-up time teps 100 — —_—
PRGD hold time | teoH 100 —_— —— ns
PRGL rise time [ tn — — 200
PRGL fall time l i e e 200
PRGL pulse width | twar 4T - —
PRGL pulse interval |t T 96 1 === =g ns
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Description of Functions

Signal Flow

Input

L e o B L
DE-EMPH

107th FIR
fs—=2fs

18th FIR
2is—>4fs

k

3rd FIR

(4fs—Bfs)
&

ATT*

11rd FIR 11rd FIR
Coefficients is— --;- fs _15- fs—=fs Noise shaper DOFF
| e e
5 *
1.F. = D PS-PRG DSP - M2 LIMITTER
l £ Y
y COM D-RAM PI/SO
l Qutput

¢ ltems marked with asterisk (* ) are data transferred from the microprocessor. o

— DPS-PRG: DPS program
— LPF-1 ao, a1, az, as, as, LPF-2 bo, b1, bz, bs, ba: IIR filter coefficients
— mo, mi: Mixing coefficients
— ATT: Attenuator value
— Mo, M1, M2: MODE (de-emphasis, noise shaping, DRAM select)
e At power on, all values are undefined.
® Z-1; 1 sampling cycle delay
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1/0 Mode by Pin Settings
i) Input polarity setting (@ DPOL)

Input DATA Internally received DATA
Level HEX DPOL="L" DPOL="H"
+FS 7FFFH 7FFFH 80001
to to to to
+0 0000 0000 FFFFH
= FFFFH FFFFH 0000w
to to to to
g i 8000H 8000 7EFFH

ii) Offset settings

OFST | 18/16 Offset value Qutput DATA bits | Offset amount
| H 02AAH008 18
H +1%
L 02AAH 16
H 0000+008 18
E 0%
L 0000+ | 16 |

Note that the upper 16bits of the 18-bit DATA word represent 4-digit hexadecimal numbers; whereas the lower
2bits represent 2-digit binary numbers.

ii) Output mode settings
Output DATA | Output pin
o i contents DATAL | DATAR
™) H 8fs 18-bit LCH RCH
| L 8fs 16-bit LCH RCH
: H 4fs 18-bit LCH+RCH o
L 4fs 16-bit LCH+RCH L
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Microcomputer Interface

Suppose that the microprocessor sends input to the pins shown in the figure below. The CXD1355AQ's internal
DSP program, IIR filter coefficient, MIX coefficient and attenuation values can be re-written partially or totally
depending on which of the various operating modes is selected.

e PRGDT :-+++ 24-bit length serial data transferred in one cycle

e PRGCK +++++ The serial clock. When triggered by the rising edge of this signal, the serial data is transferred to
the internal shift register.

e PRGL----- The entire contents of the 24-bit length serial data in the shift register is latched by the gate pass
(active low level). At the same time, the rising edge of this signal initiates an internal request for
processing.

& DSP:esrorions When set “L", the DSP program and K-RAM data transfer function is disabled. MIX coefficient is

fixed at mO=1, m1=0.

This transfer format (next item) timing are shown in the figure below.

o 1 L Sl-—

PRGD m o1 02 X 03 04 Xos Xoe X207 Xo8 X o3 {00011 Xp1z )Xo 3 D1amisXio Xu1 XLz a@@@a

MSBLSS

e UL AL

14 13 16 '@ 19 20 21 2W 23 24

PRGL !

S (1-bit) :When set “L", transfers DSP information; when "H", transfers non-DSP information.
L (7-bit) :Identification label for transfer data or transfer address information.
D (16-bit) : Transfer data; not used in MODE transfer operations.

L and D are in LSB first format
PRGD is triggered by the rising edge signal of PRGCK. The falling edge of PRGL latches the internal register.

Description of Modes

1) DATA RAM address
External DRAM"s relative address

2) DSP coefficient instructions
DSP program and coefficient
The multiplication coefficient K (8-bit) of the DSP portion is equal to 7FH 5 X1, 80H = X (-1).
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3) Filter coefficients

IIR filter coefficients and MIX coefficients.

When DSP mode is set "L", the following fixed values apply: m0 = X 1 (4000H), m1 = X 0 (0000H). Data may
be set within the range -2 = DATA <2.

Add
A4 A3 A2 Al A0 D15to DO .
1 mi
1 X X X
0 mo
1 b4 X b4
0 1 1 b3
1 0 1 0 b2
0 0 1 b1
0 0 0 b0
0 1 X X a4
0 1 1 a3
0 0 1 0 a2
| 0 0 1 al
_ | o 0 0 a0
DATA range
7FFFH : =42
4000H : +1
0000H : O
COO0OH : -1
8000H : -2
4) ATT

ATT is the attenuation value. ATT data is made up of 16-bit. Bits DO and D15 are ignored and processed as “0"

data. Any data greater than 4000H is set to 4000H.

ATT setting value

D15 to DO Sefting value

4000 4000 | X1

| r |

0003 0002 |

0002 0002 |

0001 0000 |
0000H 0000H x0

5) MODE

MO : De-emphasis select. "H™: ON, “L": OFF.
M1 : Noise shaping setting. “H": normal noise shaping ON.
“L" when ATT = x 1 (4000H), noise shaping is OFF.

M2: External DRAM capacity select.

“H": 1M (256k x 4-bit) DRAM; “L": 256k (64k x 4-bit) DRAM. (Use page-mode DRAMS.)
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Transfer Format

I

D:I:mﬁszm DSP coeffiient | Eiger coefticient | ATT MODE

DO | rO(LSB) 10 (LSB) DO (LSB) | <L> —_—

D1 r ] D1 D1 (LSB) ——

D2 r2 12 D2 D2 —_—

D3 |13 13 D3 D3 R

D4 | ra 14 | D4 D4 e

D5 (4] 15 D5 D5 —_

D6 ] 16 D6 D6 _—

D7 |7 17 (MSB) D7 D7 s

D8 r8 KO (LSB) D8 D8 —_—

D9 r9 K1 D9 D9 J—

D10 | r10 K2 D10 D10 —_—

D11 ri1 K3 D11 D11 —_—

D12 | ri2 K4 D12 D12 —_

D13 | r13 K5 D13 D13 —_—

D14 | r14 K6 D14 D14 (MSB) —_—

D15 | r15 (MSB) K7 (MSB) D15 (MSB) <L> —_—

LO <L> <H> a0 (LSB) — MO (LSB)
L1 | at(LSB) a1 (LSB) | at s M1

2 |a2 a2 a2 L M2 (MSB)
L3 a3 a3 |-a3 — e

L4 a4 a4 a4 (MSB) <L> <L>

LS a5 a5 <L> <H> <L>

L6 a6 (MSB) a6 (MSB) <L> <L> <H>

S <L> | <L> <H> <H> | <H>

* |tems within angle brackets "< >" are fixed values.
* |tems marked “——" are “Don't care.”
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ATT Operation

—————————————————————————————— x I
b {4000H)
ATT setting value
C
_______________________________ X0
H
7 7t { O000H)
Transition point Transition point
BMUTE
————————————————————————————— x ‘
{ 4000H)

ATT operation

[OOO0OH)
——————————————————————————— +FS
| I
D/A OUT l l ' ’
(Full scale signal) ‘ !| | ‘
i
————————————————————————————————— Fs

Mute area

The time period during the ATT operation”s rising and falling signal is equal to 23.22mS/FS.
(fs=44.1kHz) FS: Full scale.
Continuous input of Input DATA occurs even during mule operations.
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Synchronization

i) INIT re-synchronization
Re-synchronization is triggered by the rising edge timing of INIT. After the synchronization circuit clears out the
previous synchronization timing, synchronization is reset. By this means the differential signal of the rising
LRCK signal (LRCK ") is placed in the center of the synchronization window (WINDOW).

i) LRCK rising signal position
The synchronization circuit is controlled by clock signal CK1 (fx/2). Depending on external IC conditions,

LRCK is triggered by clock SCK (fxt). During synchronization, the rising edge of LRCK is valid between the two
points shown in the diagram below.

L e o |

sex UUUUUUUUIUUUnyUuy Uy
)

NEPTRTON 1 B 3 g 8 P o 0
| v

({WINDOW)

({LRCK.A)

LRCK i 4
-—--\ «—— LRCK rising signal position
Operation at POWER ON/OFF
VDD
INIT 1f | Svhe N
|
MUTE __/—‘l—} [ IR
PRG input interval ~
DATA 1
‘T' Re-synchronization ||
Qutput timing clock TRV [ l
DATA Undefined Undefined
oy . e e e

C T LI gy B4 HE

Y (s
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Description of DSP

% DSP Block Diagram
|
1 P '

ASD Leh A/D Reh R1
Register Register Register
J N Acc
MOP
Selector
|
1
R MOP R2 D/A Leh D/A Reh [ | =
Register Register Register Register
. <5
I ! - o »
< 8 w
| 83 % .
CRELSEET Y [, ToRIrE, | | = ;
i s
MPY ! a
o | | r
|
P AOP
Register Selector

oo

Acc |
Register

l
'

Clipper
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Explanation of DSP Block Diagram

FIR 1
FIR 2
A/D Lch Register
A/D Rch Register

D/A Lch Register

D/A Rch Register

R1 Register
R2 Register
K-RAM

MOP Register

MPY
P Register

AOP Selector

ADDER
Acc Register

Clipper

1/2fs down-sampling performed by 11th FIR filter.

Original fs up-sampled signal undergoes DSP signal processing to 1/2fs by 11th FIR filter.
Register (ADL) stores L channel 16-bit data input from FIR1.

Register (ADR) stores R channel 16-bit data input from FIR1.

Register (DAL) stores L channel 16-bit data output from FIR2.
Also used as addition 1st register.

Register (DAR) stores R channel 16-bit data output from FIR2.
Also used as a temporary register fordata output during I/O command operations.

Register (R1) stores the received 16-bit value during data I/O operations.
Register (R2) stores the R1 register data 16-bit by register transfer command.
RAM (K) stores 2's complement format, 8-bit multiplication coefficients.

Register (MOP) stores the 16-bit data instruction selected from the multiplication instruction
command, ADL, ADR, R1, Acc (16).

Executes each operation in sequence: MOP (16) X K (8) =P (20).
Register (P) for storing 16-bit x 8-bit length results of multiplication 20-bit,

Selects DAL, R2, Acc or zero from the additional instructions.
Data is converted to 22-bit length format. (AOP)

Executes each operation in sequence: AOP (22) + P (20) — Acc (22),

Register for storing 22-bit X 20-bit length results of addition 22-bit (Acc (22), Acc(16)).

The 22-bit length addition result in Acc (22) is used as is by the subsequent addition
command. In other operations, when there are 16-bit length operands and an overflow

occurs, clipper processing is performed to make 16-bit length data which is then output to Acc
(16).
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Explanation of Instruction

A single instruction word is 8-bit length can handle parallel execution the following five instructions.

1. Multiplication instruction
Depending on the setting of the multiplicand select bits (10, 11), either R1, ADL, ADR or ACC * is used as the
16-bit multiplicand. This is multiple by the multiplication coefficient K and the product is latched to P. The
resultant product P is used in the next addition instruction step. Equations such as (-1) x (-1) - + 1 will be
calculated correctly.
* Note that Acc contains 16-bit data resulting from overflow processing.

1 10 MPY

0 0 ADR % K
0 1 Acc X K
1 0 ADL X K
R1 x K

2. Addition instruction
Depending on the setting of the augend select bits (I4, 15), either Acc (22), R2, DAL or zero value is used as
the augend. The multiplication result P from the previous step is added to this and the addition result is latched

to Acc (22).
15 14 Adder

0 0+P
1 R2+P
0 |

; |

Acc+P
DAL+P

=00

3. Data l/O instruction
During a read cycle (I7 = “H"), input data is latched to R1. During a write cycle (I7 = L"), either Acc or DAR are
selected, depending on the setting of 12 and I3, and the data is output. During write cycles, data in R1 does not

change.

7 13 12 DRAM DATA

0 0 O DAR -» DRAM
o 0 1 WRITE Acc —DRAM
0 1 X Acc—>DRAM
e X READ DRAM—R1

4. Acc transfer instruction
Depending on the setting of the Acc transfer bits (12, 13), Acc can transfer to either DAL or DAR.

1312 Acc transfer

0 X —_—
1 0 | Acc—DAL
1 1 | Acc—DAR

5. R1 transfer instruction
Depending on the setting of the register transfer bit (16), R1 data transfer to R2 is selected. 16 = "H": R2 value
remains unchanged.

16 R1 transfer
0 R1-+R2

1 SRIL
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1/0 Timing
i) 4fs timing

INPUT

16 -nit

ats
ouTPUT
tare. L™y

16=biv

18 =bit

ii) 8fs timing
[

INPUT
16 -bit
18=-nit
Bl
QUTPUT
1Bea "W

16-bie

18-git

| rmwcy | Tobg |

[
[

[ | e T,

[

158 30

DATA
[ 143
LACK

DaTAL
DATAR
DATAL
DaTam

weKo
LRCKD

DATAL
DATAR

DATAL
DaTaR

Bcxo

WEKD
LRCKD
APT

DATA
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LRCK

DATAL
DATAR
DATAL

DATAR

weKD
LRCxe

DATAL
DATAR
DATAL
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[ 14.1:]

wee g
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Filter Characteristics
Octupled oversampling mode
Frequency characteristics 1 (Pass band) Frequency characteristics 2 (Stop band)
{11 T
0 30000 !
I 1] +
© 000000
D Pl
-8, 800000 — \‘ "! 1
= 1.000000 Il
1000 K A ” [
=1,800000 ILI IIII!i 1' If Tl : ig‘
-130.0 1 L B | L) 1
a.0 20 (LX) 15,0 200 o0 88,2 1764 2646 3sze
Quadrupled oversampling mode
Frequency characteristics 1 (Pass band) Frequency characteristics 2 (Stop band)
300
€. 300000
0.000000 0 1l T
1
I
-0 300000 -30.0 ll
I
] a A
1.600000 L] 1T
- T
ey
-1,500000 1' l'ld 4 .!l'!l
-130.0 1 I
L =0 2.0 120 LR .0 sl [TF3 132, 1 TR
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SONY: CXD2701Q

Digital Signal Processing LSI for Audio

Description

The CXD2701Q digital signal processing LSl 44 pin QFP (Plastic)
incorporates both reverb and equalizer functions into a
single IC capable of handling 2-channel digital audio
signals.

Features

e Uses external DRAM for delay signal processing.
Sound field processing features such as delay, echo,
and reverb are software programmable.

e Frequency response of the parametric equalizer can
be dynamically changed by using the program setting Structure
to vary the coefficient value. Silicon gate CMOS IC

Functions
® 2 channels
® 24-bit word-length data processing
e Programmable sound field processing
Pre-sound field processing using down-sampling (fs— fs/2),
Post-processing with up-sampling (fs/2 — fs)
® Uses external DRAM, either 64Kx4-bit or 256Kx4-bit for
delay control.
e Delay amount for L and R channels can be set to a
maximum of 64K delay samples
e Built-in 32-bit equalizer register
e Digital de-emphasis function (32K, 44.1K, 48K)
o Input/Output format
Input : Two's complement MSB first, LSB first
(24-bit or 16-bit)
Qutput : Two's complement MSB first, LSB first
(24-bit, 20-bit, 18-bit or 16-bit)

Absolute Maximum Ratings (Ta=25"C, Vss=0V)

e Supply voltage Voo Vss-0.31t0 +7.0 \"
® Input voltage Vi Vss—0.3 to Voo+0.3 v
® Operating temperature Topr -20to +75 <
e Storage temperature ~ Tsig -55 to +150 c
e Qutput current lo -10to +10 mA

Recommended Operating Conditions

® Supply voltage Voo 45t055(50VTyp) V
® Operating temperature Topr -20to +75 c
® OSC frequency xt 15to 25 MHz

ESOYOT - ST
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Block Diagram and Pin Configuration (Top View)

| L2 BATA MAM

564 '
B1a¥E 3 I r i o HHT
E-;'é E— g x z 83 - £
Pin Description
PinNo. | Symbol | /O | Description
MOD | Input data format select pin.
1 ! - ' Data format toggled by "High" and “Low" position.
2 DIR | Input data format select pin.
When set “High", MSB first; when set "Low”", LSB first.
Single sampling, 2-channel serial input pin.
3 DATAI | Data is in two's complement format.
4 BCKI I Serial bit clock input for serial input data.
5 LRCKI | Serial input/output sampling frequency clock input pin. When set “High”, L-channel
data is transferred; when set "Low", R-channel data.
6 Vssi —— | Ground pin
g DATAO o] Serial data output pin. Two's complement data format.
8 BCKO O | Bitclock output pin. 64 slot.
9 LRCKO o] ' Output for sampling frequency clock's serial data.
|

| Output data, bit select pin.

B e BS2=H, BS1=H 24bit

BS2=H, BS1=L 20bit

| BS2=L, BS1=H 18bit

11| BS2 I | BS2-L, BS1=L 16bit
12 ODIR | Output data format select pin.

When set “High", MSB first, when set “Low”, LSB first.
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Pin No. | Symbol | /O Description

13 Vss3 —— | Ground pin.

14 SCK o askt:fg :Isc.;czlgautput pin.

15 XOouT o] Crystal oscillator output pin.

16 XIN | fCildrigt1aéfi:;st:iIIz-xtc«r input pin,

17 Voo1 —— | +5V power supply pin

18 /04 /O | External DRAM data input/output I/O4.

19 103 /O | External DRAM data input/output I/O3.

20 CAS o} Column address strobe output for external DRAM.

21 /o2 /0 | External DRAM data input/output 1/02.

22 /o1 /O | External DRAM data input/output I/O1.

23 WE o E#:;E\?; Izm “:'.*-nte enable output pin.

24 A0 (o] External DRAM address output AQ.

25 RAS (0] External DRAM row-address strobe output pin.

26 Al O | External DRAM address output A.

27 A2 O | External DRAM address output A2.

28 Vss2 —— | Ground pin.

29 A3 0] External DRAM address output A3.

30 Ad (o] External DRAM address output A4.

31 A5 (0] External DRAM address output A5.

32 A6 O | External DRAM address output AB.

33 A7 O | External DRAM address output A7.

34 A8 o] External DRAM address output A8.

35 TEST1 | Test pin. Normally set to Ground.

36 TEST2 | Test pin. Normally set to Ground.

37 TEST3 | Test pin. Normally set to Ground.

38 TESTO o] Test pin.

39 Voo2 —— | +5V power supply pin.

40 PRGD | Receives serial input sent from microprocessor including instructions, coefficients,
and control data.

41 PRGCK | Serial clock input for PRGD signal. Data are accepted at rising.

42 PRGL | Latph input pin used to internally latch serial data sent from microprocessor.
Active when set “Low”.

o [wr | e

44 OVF o Overflow flag output for 5-bit; DSP, L-channel MIX, R-channel MIX, L-channel EQ,
and R-channel EQ.
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Electrical Characteristics

Input Capacitance

Itern Symbol | Conditions Min. Typ. Max. Unit
Input pin *1 Cin 3 5 pF
Input pin *2 CN Input mode 4 | 6 pF
*1. All except Input/Output pins
*2. Input/Output pins
DC Characteristics (Voo=5V £ 10%, Vss=0V, Tor=—20 to +75°C)
Item Symbol| Conditions Min. Typ. Max. Unit AppFI:ic;abIe
H level ViH 0.76Vop
Input voltage (1 - 1 {1 Vv *1,.%2
" tage (1) L level ViL | 0.24Vop |
T —_— Hlevel | Vik | Input mode 24 | v 5
A 9 L level Vi Input mode 0.8 ]
Hlevel | Vou | lon=—2mA Vo0o-0.5
Qutput voltage (1 *
" o () L level VoL | lot=2mA 0.4 v i
Hievel | Vou | Ouiputmode | 24
Output voltage (2) S — ; v =5
utput mode
L level VoL lolatrmA 04
H level Vou | lon=—2mA 24
Output voltage (3 - :
. ge 3) Llevel | Vor | lot=1mA | 04 B #
Hlevel | Vou | lon=—4mA 24 | '
Output voltage (4 i *

o hegets) L level Vou | lo=2mA 04 L . i
Input leak current (1) Iu Vi=Voo/0V +5 uA s 4 B i
Input leak current (2) Iu Vi=Voo/0V +40 uA *3

Input mode
Input leak current (3) Iui Vi=Voo/0V +10 uA *5
Hysteresis voltage VH 1 V' *2
*1. DATAI, BCKI, LRCKI, PRGD, PRGL, IMODE, IDIR, BS1, BS2, ODIR
*2. INIT, PRGCK
*3. XIN
*4, BCKO, DATAO, LRCKO, SCK, OVF
*5. /O1 to 1/O4
*6. WE, A0 to A8
*7. CAS, RAS
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AC Characteristics

AC Characteristics | (Vop=4.5 to 5.5V, Ta=—20to +75°C)
Item Symbol | Conditions | Min. | Typ. | Max. | Unit
Oscillator frequency fxr fxr=512fs 15 25 MHz
BCKI frequency fack 3.5
BCKI pulse width twai 100
DATAI setup time tois 20
DATAI hold time toH 20 nS
LRCKI setup time tLris 50
LRCKI hold time tLRIH 50
PRG input base timing | ter 100
PRGD setup time tros 50
PRGD hold time troH 50 nsS
PRGL rise time L 200
PRGL fall time i 200
PRGL pulse width twir 81
- T =1/fxr
PRGL pulse interval te 512 1
OVF defined time tov 40 nS

* Timing specified level: 0.5Voo
ti=0.1Voo, trL=0.9Voo
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DATA Input

PRGCK
{
‘\_{tl’ﬁ L, e X tra teR
PRGL E I
¥ tL o -~ ’-o— t —-4 ~—  tOV —-l ’-— t
OvF jﬁ |
) A

PRGL !
o
p WL

Timing specified level : 0.5VoD
tfL = 0.1Voo, trL = 0.9Voo
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AC Characteristics Il (Voo=4.5 to 5.5V, Ta=—20to +75°C)
Item Symbol Min. Typ. Max. Unit

RAS pre-charge time tap 3t-12 3t
CAS pre-charge time ter T-12 T nS
CAS pulse width tcas 21t-12 2T
Low address hold time traH T-20
Column address setup time tasc T -20 T nS
Column address hold time tcan T -18 T
Read data setup time trRos 20
Read data hold time tROH 5 nS
Write data hold time twoH T-18 T

1 1
® T=% T Bigls

e CL=30pF
¢ Timing specified level: 2.4V/0.8V
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Description of Functions

Signal Flow Diagram

0%
! [sreELvinG o] ! e o
i [sHELVING 1] Wce* —
e 5. [ |
' i 11th order FIR 11th order FIR
i [ PEAKING O | | il e
[ PEAKING 1 | ! T !
PEAKING 2 | | l - [0 oRaM
H [
PEAKING 3 | ™ t
! PRG
o
Output uCOM

e * Asterisk items represent data transferred from the microprocessor.
— EQ: Equalization coefficient
— DSP: DSP program, coefficient
— lIRoa, lIRob, lIRia, lIRib: IIR filter coefficients
— m0, m1: mixing coefficient
— 10, 11, 12: coefficients
e All above values for current charging times are undefined.
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Microprocessor Interface

Control instructions from the microprocessor are carried out under the three assumptions list below (PRGD,
PRGCK, PRGL). Depending on how these factors are setup internally for DSP program, IIR filter and MIX
coefficients can be partially or globally changed. Each mode is program selectable.

¢ PRGD +-+«+-- DATA RAM ADDRESS transfer case 1 cycle transfer, 24-bit serial data
DSP coefficient, Instruction transfer case 1 cycle transfer, 24-bit serial data
K-RAM transfer case 1 cycle transfer, 28-bit serial data
MODE transfer case 1 cycle transfer, 12-bit serial data

e PRGCK -+ A serial clock. Serial data (PRGD) is transferred to the internal shift register activated by the rising
edge signal.

® PRGL:+«++++ When serial data PRGD is input to the shift register, data is globally latched by the gate pulse
(active when set low). Concurrently with the rising edge, a processing request is sent internally to
the IC.

The transfer format and timing are shown below:
S (1-bit) : When set “Low”, DSP transfers active; when set “High", non-DSP transfers.

L (7-bit/3-bit) : Discrimination label and transfer address of transfer data
D (16-bit/20-bit/8-bit) : Transfer data

L and D use LSB first format
PRGD is accepted at rising PRGCK and the internal register is latched at faling PRGL.

Explanation of Each Mode

1) DATA RAM, ADDRESS
External DRAM relative address

2) DSP coefficient INSTRUCTION
DSP program and coefficient.
DSP section multiplication coefficient K (8-bit) is equal to 7FH % X 1, 80H= X (-1).
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Transfer Formats

i
ADDRESS | INSTRUCTION K-RAM MODE

Do | r0(LSB) [ 10 Do | DO Do | Mo (LSB)
D1 r | h] D1 D1 D1 M1
D2 r2 S D2 D2 Dz M2
Ds | 13 | B8 Ds | D3 Ds | M3
Ds | ra | 14 D« | D4 Ds | M4
Ds s 15 Ds D5 Ds M5
Ds 4] 16 De D6 Ds M6
Dr | 7 17 D: | D7 Dr | M7 (MSB)
Ds 8 KO Ds D8 Lo <L>
Ds r9 K1 Ds D9 L <L>
D1o r10 K2 D1e D10 L2 <H>
D11 ri1 K3 D11 | D11 8 <H>
D12 ri2 K4 Dz | Di2
D13 ri3 K5 Dis | D13
Dis ri4 K6 D1 D14
Dis | r15(MSB) K7 Dis | D15
Lo <L> <H> Dis { D16
L1 a0 (LSB) a0 (LSB) Di7 | D17
Lz al al Dis D18
Ls a2 a2 D | D19
Le | @3 a3 Lo | a0 (LSB)
Ls ad a4 Eq a
La a5 (MSB) a5 (MSB) L a2
S <> <L> La a3

La a4

Ls | a5(MSB)

Le <l>

S <H>

*

Items in brackets < > are characteristic values

— 189 —



CXDZ701Q

SONY

viva M3N viva 070 13538 ———]
[eyEEayia)oa va Y(£4 Y24 X1 X 0d | A0
o= N T94d
B g e Nt R gy S o 5 1 1 o 0 6 O y % 0 |y SR
1 3 | ‘_ (4] ,
4A0 dSQ ! 04 [F) e N an o 4A0
A0 HD =7 XIW ¢ 14 = T | ML qou
ZAgES e = S— Mt R W g lp Ry & gl - p SENS=Tr
HD -1 :
4A0 HD 03 - &4 1 fo o Tawx(sw (X v en ) 2w In X O aoud
AAOHD —H 03 ! ¥4 D
300W
va X(€a W24 )4 (o4 | 4A0
1 H ) S

NS 1 g e B 1O o 00 T e 0 0 O e B 8 i 6 N>

aoud
_ .__,quiz

ENl]

1944

H29Hd
(10944

(A 09d

Buywy indinp/indul HHd

— 190



SONY cxo27010

3) K-RAM
Parametric equalizer coefficients
as as as az ai ao DATA
1 1 PGa1 R
1 0 PGao L PEAKING
0 1 Bs = T
1 0 Fa
1 1 PGa1 R
0 PGzo L PEAKING
0
0 1 B2 2
0 Fz
: 1 1 PG R
1 0 PGio E PEAKING
0 1 B1 1
1 0 0 Fi
1 1 PGo1 R
0 0 PGoc L PEAKING
0 1 Bo 0
0 Fo
1 1 X SGii R
) 0 % SGio L SHELVING
0 1 X PH1 1
0 0 X L1
1 1 ¥ SGot R
0 0 X SGoo L SHELVING
0 1 X PHo 0
0 X Lo
1 1 b4
1 1 ? $ IR
£ 0 b1 o
0 X X be
1
1 1 a4
1 g = IR
0 1 az
¢ 0 ai A
- 0 X X ao
1 *® by
1 |21 R
1 ; 0 l2o L LEVEL
0
1 l11 R
9 0 lo 5
9 1 X X lo
| 1 1 mii R
0 0 mio i MIX
0
0 1 mo1 R
| 0 moo L 43w
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4) MODE settings

Mz: EMPH1
Ms: EMPHO

Ms: DC-CUT

M2: TEST MODE

Mi: 1M/256

Meo: Not used.

M7 Me Settings

1 1 48 kHz de-emphasis “ON"

0 44,1 kHz de-emphasis "ON"
0 1 32 kHz de-emphasis "ON"
0 De-emphasis “OFF"

Ms Settings

1 DC-CUT “ON"

0 DC-CUT “OFF"

M Settings

1 DSP operation “ON"

0 DSP operation “OFF"
Ma Settings

1 EQ operation “ON"

0 EQ operation “OFF"

Mz Settings

1 Test mode

0 Normal mode
M1 Settings

1 1M-bit external DRAM for DSP use

0 256K-bit external DRAM for DSP use
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DSP Explanation
DSP Section Block Diagram
FIRi
! I i
A/D Lech A/D Rch R1
Register Register Register
l l Ace
MOP
Selector
! .
1 1
K-RAM MOP R2 D/A Lch D/A Rech
z Register Register Register Register 5
<
= ‘3’ &
< =
i o3 | 2=
| o
MPY |
0
™)
1
P AQP
Register Selecter
|
ADDER Al
|
1
Acc
Register
Clipper
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DSP Block Diagram Explanation

FIRi

FIRo

A/D L-ch Register
A/D R-ch Register

D/A L-ch Register

D/A R-ch Register

R1 Register
R2 Register
K-RAM

MOP Register

MPY
P Register

AOP Selector

ADDER

Acc Register

Clipper

11th-order FIR filter, using 1/2fs down-sampling.

11th-order FIR filter, with DSP signal processing by 1/2fs signals, the original fs is done by
up-sampling.

Register for storing L-channel data 16-bit input from FIR1. (ADL)
Register for storing R-channel data 16-bit input from FIR1. (ADR)

Register for storing L-channel data 16-bit output from FIR2. It can also be used as the
1st-degree addition register. (DAL)

Register for storing R-channel data 16-bit output from FIR2. It can also be used as the
1st-degree I/O instruction data output register. (DAR)

Register for storing accepted data 16-bit during the I/O process. (R1)
Regiister for storing R1 register data 16-bit by transfer instructions. (R2)
RAM for storing two's complement format multiplication coefficient 8-bit. (K)

Register for storing the multiplication data 16-bit selected from the various multiplication
instructions, ADL, ADR, R1, Acc (16). (MOP)

Executes each operation in sequence: MOP (16) XK (8)— P (20).
Register for storing result of multiplication 20-bit of a 16-bit multiplied by an 8-bit. (P)

Selector for selecting from DAL, R2, Acc, or Null, and converting to 22-bit format according
to the addition instruction of each step.

Executes each operation in sequence: AOP (22)+P (20) — Acc (22).

Register for storing result of addition 22-bit of a 22-bit multiplied by a 20-bit.
(Acc (22), Acc (16))

The result of addition 22-bit Acc (22) is used unchanged by the following 22-bit addition
instruction. In other instructions, that is 16-bit. When an overflow occurs, the clipper
processing outputs 16-bit Acc (16).
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Explanation of Instruction

Among the 8-bit word-length instructions, the following five types of instructions are capable of paraliel
execution.

1. Multiplication instructions

Depending on the multiplicand select bits (10,11), one of the 16-bit data from R1, ADL, ADR, ACC * is selected
as the multiplicand (16-bit). To this is multiplied the multiplication coefficient K. The result of multiplication is
latched to P. The result P is used by the next addition instruction. This process also will correctly execute the
problem (—=1)X(=1) = +1.
* Acc is 16-bit data, overflow processing performed.

1 10 MPY

0 0 ADRXK
0 1 Acc XK
L E *. ADLXK
s O R1xK

2. Addition instructions
Depending on the augend select bits (14, 15), one of the data from Acc (22), R2, DAL, or Null is selected as the
augend. The multiplication result of pre step, P is added to this augend and the result laiched to Acc (22).

5 14 Adder

g -0 0+P
03 R2+P
1 0 Acc+P
3 EAPE DAL+P

3. Data input/output instructions
During Read time (I7 is High), the input data is latched to R1. During Write time (17 is Low), either Acc or DAR is
selected (12, 13) and this data is output. R1 remains unchanged during Write.

iz B 2 DRAM DATA

0O 0 0 DAR—DRAM
0O 0 1 WRITE Acc—DRAM
8 1. X Acc—DRAM
T XA READ DRAM—R1

4. Acc transfer instructions
Depending on Acc transfer bits (12, I13), Acc can be transferred to either DAL or DAR.

1312 | Acc transfer
g %) =
1 0 | Acc—DAL
1 1 | Acc—~DAR

5. R1 transfer instructions
Depending on the register transfer bit (16), R1 data can be transferred to R2. If 16 is High, R2's value remains

unchanged.
16 R1 transfer
0 R1—=R2

1 —
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Cautions when using DRAMs

DRAM Address
The DRAM address generation section has a 16-bit binary counter incremented during 2/fs (program cycles).
Absolute address (bis to bo) are generated.
The DRAM addresses (a1s to ao).assume the value calculated by adding the absolute addresses (b1s to bo) and
the DSP programming relative addresses (r1s to ro).
(a1s to ao) = (b1s to bo) + (r1s to ro)
Carry-over is ignored.

In the case of 256K DRAMSs, in order for the upper 2 bits (a1s and aws) not to be used among relative
addressing, addresses ris and ri4 are made invalid.

<IM D-RAM>
Pin Name
AB A7 AB A5 Ad A3 | A2 Al A0
Add |
Row R as ar as as as as az ai ao
Co 0 0
Ci 0 1
Column ais an a3 an an amn as
Cz 1 0
Cs 1 1
<256K D-RAM>
Pin Name ‘- |
AB A7 | A6 A5 A4 | A3 AZ | Al A0
Add [
Row 1| R — ar as as as as a2 | a ao
Co 0 0
| Cf | 0 1
| Column —_— ais aiz an ar as | as
Cz | 1 0
Csa | 1 1

ms_,—] |
ws [ LJILJTL KL I

VI G ©) D &3 8

Fast page mode
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DRAM Refresh
Normal DRAM refresh timings are as follows:
256K DRAMSs: 4 msec/256 times
1M DRAMSs: 8 msec/512 times
As the row address of the DRAM in DSP in DSP mode is incremented each program cycle 2/fs, the number (N)
of refresh times during 2/fs is calculated as follows:

ey 4mS _ 8mS
s <N ® 258 = 512
128
N oz 2
fs=32kHz fo=44.1kHz fs=48kHz
N= 4.0 NZ29 NZ27

In order that all low address refresh is completed within the defined time so that all low address delay periods
are equal to N time accesses (leading), be sure to set relative address (ris to ro).

Example: When N=4 times, set following addresses:

<256K D-RAM> <1M D-RAM>
* 0000H * 0000H
® 00404 * 0080+
* 0080H © 0100H
* 00COH e 01804
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Input/Output Timing
DATA Input Timing (48BCK)
LRCKI — 1
BCKI Jnnuuuunonnuiinduuuunnan W&TWJNM’;JLWMJ}H_WU
[} 8 8 [ I
IMODE: — IDIR "H" | ‘ ‘
|
DATAI (24) | L=ch 24-bit R=ch 2a4-bin |
¥ Lw | | L
DATAI(18) [ L-ch 16-bit R-ch 16-bit | [t
M L L L I
1
1 IMODE:— IDIR :"L" I
DATAL (24) I L-en_24-pit 1 R-th 24 -bit |
v I | Ujs *
DATAL (18] | | L-ch 16=dit 1 | R-ch 16-bit |
L L] ;% L
DATA Input Timing (64BCK)
CREKT: ] 1
BCKI Ui AUy L
0 ' ] ] ' ' . ]
1 MB0E """ IDIR 1" K" | l I | i
DATAI(24) 1] [ e Za-eit 1 [ T T 1
| Im | ‘-! ™ | | Ll
DATAN16) | T T T — | — T T T | :
[ |.] 1 - L
[eemme) N
DATAI( 28) | L=th 24-bh 1 | B-gh  24-pit
| |‘- o) e ] 1 |
DATAI 1S ] TN Y T — | [ " te-m ]
1 ! L L | - ]
o) | | | | I
) i
DATA {241 L T I 1 [ T LT =
Im | | I.| v | | L| i
DATAI (16) T T o R
= L L [a- |
I MBDE:"H" IDIR-"L" | [ l | | [ l
CATAI (24) Loen Za-wn 1 { A-tr 3&-bir ] 3 I——
|L ] | | e | | M| l
DATA! 1§6) | T T T T | | [ Aot TE-b.
L L L L
DATA Output Timing
LRCKD T —

BCKO JUrrivrrirrirrrini AT

g;.if e [ Togh faapir ] o | A-tn 2d-bit i
' M k M L
ggf e Tech 20-8l [ R-¢h  FO-bir |
DATAD L i " -
S Canam| — e a1
L L - 8

Lsgf . s T T T — F-ch tE-nil
* " 9 M L

r S i
I ggf 5_:_ — |L (TR XTI _ul 1‘- A-ch_za-pi u'.
gg? :E: —— YT TET [ R-ch_20-pn 1
DATAO e C [ [ )
B2 1t — —c ! — o ra—
L

ggf :l-l:: p—— [ [T T TR [ R-cn 16-oi1 1
L " [ ™
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Input/Output Phases

MOBES B BT o a g
LRCKI 24-BCK i
IMODE:"L" 1 Roch I L-eh it
| |
BCKI - -- - - - - ~SUTUUUUU UL U U U UUUwuLnT - - -

—-f 0T
— e 0] R=ch 1
Post re-sync *‘i"‘" S _qi‘_“ —fl—sz
LRCKO f =AY i
B 16T |-—|—[|st :
ring power —
—] T 1
supply "ON” l =
WINDOW width T =1/
Operation during Power Supply ON/OFF
Voo
By SRR
INIT i l
DATA| 5 A
v Resync I
Output m
timing clock | |
Undefined I | Undefined
DATAD i L
eiil
PRG initial value
input interval
& etbboen
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Application Circuit
3V
CXD 27010
PRI |_
"EK
PROL |_
”r.HD
f1i
0,00,
DATAI J LECKD
cD [ 4.9} BCKO DAC
LRCKI SND DATAD
CXD25000 _@
safs L0 siete
(TOP VIEW)
Application circuits shown are typical examples illustrating the operation of the d ibility for

Sony
any problems arising out of the use of these circuits or for any infringement of third party patent and other right due to same.
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Package Outline Unit : mm

44pin QFP (Plastic) 1.1g

0184204
0140288

+01
—.0:15-005

33 23

TOTOOO |

34T 22
e
{ et 1
{om =
[
==
-
e
=
| i
44010 O 12
4
0at8i® 275838

@l 2012 [@)

SONY NAME| QFP-44P-L01
EIAJ NAME|*QFP044-P-1414-A
JEDEC CODE
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4) Digital Audio Interface IC

Type

Functions

Page

CXD1211P

Digital audio data modulation, Transmission

205
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Digital Audio Data Modulation and Transmission IC

Description

CXD 1211P is an LSI to be used in con-

sumer use for transmitting digital audio data.

Features

* Channel Status Data can be set in parallel at
the input terminals, permitting the LS| to be
easily connected to various digital audio
system.

* Four different frequencies, 128Fs, 192Fs,
256Fs and 384Fs, can be selected for the
master clock.

¢ Dual inputs are provided for each of Digital Au-
dio Data and Channel Status Data C2 bit.

Structure
Silicon gate CMOS IC

Application Maximum Ratings (Ta=25°C)

* Supply voltage Voo* Vss—-0.5
* |nput voltage Vi* Vss—0.5
¢ QOutput voltage Vo* Vss—0.5
* Operating temperature Topr -20
* Storage temperature Tsig -55

*Note) Vss =0V

Recommended Operating Conditions
* Operating voltage Voo
* Operating temperature Topr

4.75
-20

to
to
to
to
to

to
to

28 pin DIP (Plastic)

+7.0 V
Voo+0.5 V
Voo+0.5 V
+75 °C
+150 °C
5.25 V(5.00V Typ.)
+75 °C

E91793-YA
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2 SMD 1 SMD wix3

8 4
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lojpiauag Bujwi |
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Pin Configuration (Top View) and Description

1 E1E]
2
),
Ve BN L LIRS LY LT LY LA
1 2 3 4 5 67 B 910 11 12 13 14
No Symbol | 110 Description
1 J' BCK | Bit clock input. Data is taken in at rising edge.
2 | DATA | Digital audio data input 1 (NRZ).
3 |DATB | Digital audio data input 2 (NRZ).
4 ] LRCK | LR clock input. ''H'": L channel “L': R channel
5 | VRDTY | Validity flag input. "'H'’ is input when data is processed for interpolation, etc.
6 | CKS1 | Frequency selection input 1 for clock to EXTAL. 192Fs, 384Fs/128Fs, 256Fs
7 Vss = GND
8 [ CKS2 | Frequency selection input 2 for clock to EXTAL. 256Fs, 384Fs/128Fs, 192Fs
9 | MSBF 1 MSB first/LSB first selection input for DATA and DATB.
10 | C8 I Preset input of channel status data bit 8.
1 c9 | Preset input of channel status data bit 9.
12 | €10 I Preset input of channel status data bit 10.
13 | MUTE 1 Muting input. “H'’: Only the audio data on TX will be 0.
14 EXTAL I_ Clock input. The frequency is selected from 128Fs/192Fs/256Fs/384Fs at
| CKS1 (pin 6) and CKS2 (pin B).
15 1 TX o} ]. Output of transmitting data converted in digital audio interface format.
16 | ABSL I | Selection input of DATA (pin 2)/DATB (pin 3) and C2 (pin 22)/C2B (pin 19)
17 | TEST I | Test mode set input. Fixed to ‘L' in normal use.
18 XRST | | Reset input. Fixed to ""H"’ during operation.
19 c2e I | Preset input 2 of Channel Status Data bit 2.
200§ C3 I | Preset input of Channel Status Data bit 3.
21 Voo - + 5V
22 | C2A | Preset input 1 of Channel Status Data bit 2.
23 |C1 [ = Preset input of Channel Status Data bit 1.
24 | C29 ' | Preset input of Channel Status Data bit 29.
26 Jezs . | - Preset input of Channel Status Data bit 28.
26 | C25 | | Preset input of Channel Status Data bit 25.
27 |C24 | - | Preset input of Channel Status Data bit 24.
28 | UBIT l | B User Data input.
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Electrical Characteristics

DC characteristics
Voo =5V + 5%, Vss =0V, Topr=—20 to +756°C

Item Symbol Condition Min. Typ. | Max. Unit
loo 16
A
VPl ot Ioss Static condition Vi1 =V oo 0.1 i
Vi =Vss 2
High level Vou lon = — 0.4mA 4.0 Voo v
Output voltage
Low level Vou low=2.0mA Vss 0.4 v
High level Vin 2.4 v
Input voltage
Low level Vi 0.8 v
Input leak current u Vi=0V to Voo -10 | 10 pA

/0 capacitances

Ta=25°C,Voo=V1=0V, fM = 1MHz

Item Symbol Min. Typ. Max. Unit
Inputs (=™ 9 pF
Outputs Cour 9 pF

AC characteristics

Item Symbol Min. : Typ. Max. Unit
LRCK to BCK set-up time Tusu 50 : ns
LRCK to BCK hold time tuo 50 ns
DATA/DATE to BCK set-up time tasy 50 ll ns
DATA/DATB to BCK hoid time tano 50 : ns
BCK pulse width torw 100 | ns
EXTAL frequency fixr | . 18.5 MHz

LRCK )

}._ tino —ote nsu.l - toew -{— topw ...|

DATA,DATB ( { X
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Description of Functions

Digital audio data input
Two input formats, MSB first mode and LSB first mode, provided for digital audio data and can be
selected at the MSBF input (pin 9). (See Fig. 2.)
1) MSB first mode (MSBF=""H"")
BCK: 16 clocks/word or more
DATA, DATB: MSB first, 16 bits from the last
2) LSB first mode (MSBF="L"")
BCK: 24 clocks/word or more
DATA, DATB: LSB first, 16 bits from the last

Validity flag and user data
As the validity Flag and User Data are taken in at the last BCK of each word of Digital Audio Data,
input the value correponding to each word at VRDTY (pin 5) or UBIT (pin 28) as shown in Fig. 2.
The recieved user data can be transmitted as it is by connecting the UBIT input of this IC to the

UBIT output of a receive/demodulation IC, CX230563 or CXD1076P.

Channel status data
In Channel Status Data, bit 0, 6 and 7 are fixed to 0, corresponding to Mode O of consumer use.
In bit O to 191, this IC permits the following 10 bits to be set; Bit 1, 2, 3, 8, 9, 10, 24, 25, 28 and
29. Set these bits in parallel at the respective inputs.
With these bits, the following items can be determined.
Digital data/Audio data
Emphasis On/Off
Digital copy enable/disable
Category codes (up to 8 kinds)
Sampling frequency 44.1 kHz/48 kHz/32 kHz
Clock accuracy level III/III

o Q00w

Dual input selection
This IC is equipped with pairs of inputs for Digital Audio Data (DATA/DATB) and Channel Status
Data bit 2 (C2A/C2B). These inputs can be switched at the ABSL input (pin 18). As the input at ABSL
is sampled with LRCK in the IC, Digital Audio Data is not switched within the same single sample.
This function is especially effective when inputting TV main audio and additional sub audio to the
two different inputs of satellite broadcast tuners.

Muting function

By setting the input at MUTE (pin13) to’'H;’ the audio data on the TX output (pin15) can be set
to O while keeping the Channel Status Data and User Data unchanged. As the input at MUTE is also
sampled with LRCK inside the IC, the data is muted with 1 LRCK as a unit.
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EXTAL (pin 14) frequency
The clock to be input to EXTAL can be selected from four frequencies at CKS2 (pin 6), CKS2 (pin8)

as shown below.

Table 1 Clock frequency

CKS1 | CKS2 [|EXTAL frequency
0 0 128Fs
1 0 192Fs
o] 1 256Fs
1 1 384Fs

When inputting 192Fs to EXTAL, note that the output at TX may have jitters depending on the
clock duty. (See Fig. 1)

L N G A A .

Fig. 1. TX when inputting 192Fs clock to EXTAL
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Application Circuit

TM4218N

6.144MH z

.
CKeM 2/,

BCK UBIT (28)
2)DATA ca4
(3)paTB c25
(4) LRCK c28
s 2 e 0 Clock accuracy
5)VRDTY  C29
(6) cxst ct L
Sub audio data digital copy
o Vss ?_' Caa enable/disable
(8)cks2 N voo .
[a)
(9)mseF X C3 H
TV audio data digital copy
(10) ce c28 enable/disable
Gy @es st (9
(12) c10 TEST L
Muting ON/OFF (13) MUTE ~ ABSL DATA/DATA B, C2A/C2B
EXTAL TX
1) STRB a1 (4)
o
2)DATA @ OF “
S (19
J)CLK ©
&
o
vk

Connection example with Toshiba TM4218N audio signal processing IC

for B.S. Tuner.
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