Philips Semiconductors

20-bit input bitstream conversion
DAC for digital audio systems

FEATURES

e Up to 20-bit input

e Variety of interface formats
(Japanese and 12S)

» Choice of two system clock
frequencies

» Sampling frequency from 16 kHz
to 53 kHz

e Third order noise shaping to
increase signal-to-noise ratio

« Bitstream conversion, using
switched capacitor one-bit DAC

+ Ditterential mode output
configuration

e Single power supply operation
(+5V)

e —10 to +70 °C operating
temperature range

e Output interface for TDA1547

GENERAL DESCRIPTION

The SAA7350 is a CMOS
digital-to-analog converter using
Philips bitstream conversion
technigue. The device is designed
for mid/high performance digital
audio systems (particularly compact
disc). The device also can be used
with the TDA1547 device for top
performance digital audio systems.
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Preliminary Specification

SAA7350
i l|| w
Wm “In "
ITSTREAM CONVERSION
QUICK REFERENCE DATA
SYMBOL| PARAMETER MIN. TYP. MAX. UNIT
supply voltage
Voo range 45 5.0 55 v
crystai frequency N
fxras (256 1,) 11.2896 MHz
crystal frequency N
txra (384 1,) 16.9344 MHz
DR dynamic range 93 98 - dB8
total harmonic
THD distortion -96 -2 o8
digital silence . -103 -100 dB
ORDERING INFORMATION
EXTENDED TYPE PACKAGE
NUMBER PINS | PIN POSITION | MATERIAL | CODE
SAA7350GP 44 QPF plastic SOT205AG
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20-bit input bitstream conversion

L . SAA7350
DAC for digital audio systems
PINNING
SYMBOL PIN DESCRIPTION
crystal frequency select; this pin is used to select the master crystal frequency
XSEL 1 as foliows: XSEL HIGH = 384 f,, XSEL LOW = 256 {,; if unconnected the pin
will default HIGH
GOEN 2 one-bit digital output enable; when LOW, the one-bit code outputs are made
available for TDA1547; if unconnected the pin will default HIGH
IDF3. IDF2 input data format; these three pins determine the input format the device is to
\DF 1' ! 3,45 operate in (see functional description); if unconnected these pins will defauit
HIGH (i.e. burst clock mode)
TEST4 6 test 4; this pin should be left open-circuit
sDI2 7 serial data input; used in simultaneous mode only (for the right channel
signal); when not used, this pin will be internally pulled HIGH
SDI 8 serial data input; this should be a 16, 18 or 20-bit linear 2's compiement PCM
signal; in simuitaneous mode this pin is used for the left channel signal
serial input word select signal; signifies whether data word is for the left or
WSI 9 right channel; can be either f,, 21,, 4 f, or 8 t, where f, is the system sampling
frequency; f, can be between 16 kHz and 53 kHz
SCKi 10 bit clock input for the serial input interface
TEST1 1" test 1; this pin should be left open-circuit
Vooo 12 +5 V power supply for the digital section
Vssp 13 ground connection for the digital section
XIN 14 crystal oscillator input
XOuT 15 crystal oscillator output
XSYS1 16 buffered oscillator output
TESTS 17 test 5: in normal operation this pin should be tied LOW
Vooar 18 analog 5 V supply for right channel
output from the right positive switched-capacitor integrator; input to differential
INTR+ 19 . -
operational amplifier
FBR+ 20 feedback connection for the right positive switched-capacitor integrator
Vssar 21 0 V supply for right channel
FBR- 22 feedback connection for the right negative switched-capacitor integrator
INTR- 23 output from the right negative switched-capacitor integrator; input to differential
operational amplifier
Vaca 24 high impedance voltage reference for right channel inputs; typically Vooar/2
v 25 reference voltage supply for right channel DAC's; normally this will
DACR beconnected to Vss
Vaos 26 right channel voltage reference output; typically Vpoan/2
Vooamm 27 5 V supply for right channei analog timing
Vssar 28 0 V supply for left and right channel analog timing
Vooan 29 5 V supply for left channel analog timing
IRR 30 24 k§2 bias resistor connection for the reference current generator circuit
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20-bit input bitstream conversion

DAC for digital audio systems SAA7350
PINNING
SYMBOL PIN DESCRIPTION
Vao 31 left channel voltage reference output; typically Vooa/2
reference voitage supply for left channel DAC; normally this will be connected
VoacL 32 10 Ves
Vac a3 high impedange voltage reference for left channel inputs and for bias current
generator; typically Vooa/2
INTL- a4 output_from the Igft negative switched-capacitor integrator; input to differential
operational-amplifier
FBL- 35 teedback connection for the ieft negative switched-capacitor integrator
Vssa. 36 0 V supply for left channel
FBL+ 37 feedback connection for the left positive switched-capacitor integrator
INTL- a8 outpux.from the lgﬁ positive switched-capacitor integrator; input to ditferentia!
operational-amplifier
Voou 39 analog 5 V supply for left channel
TEST2 40 test 2; this pin should be left open-circuit
TEST3 41 test 3; this pin should be left open-circuit
DOL a2 dfgitall output. left; left channel one-bit code for TDA1547; when disabled this
pin will be driven LOW
XSYS2 43 output clock at a frequency of half the master clock frequency
DOR a4 d‘!gna! outpug right; right channel one-bit code for TDA1547; when disabled this
pin will be driven LOW
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SAA7350

FUNCTIONAL DESCRIPTION
General

The SAA7350 bitstream conversion

CMOS DAC contains a flexible
interface supporting a variety of

formats. This enables it to be used

with a number of availabie digital

filters with wordiengths of up to 20

bits and upsampling up to 8 f,. The
system sampling frequency ({,) can

be between 16 kHz and 53 kHz.
The analog section contains four

one-bit DACs operated in differential
mode to achieve high performance

signal-to-noise ratio, channel
separation and total harmonic
distortion.

Input data formats

Input interface

The SAA7350 supports the following
modes:

12S with dataword rates of f,, 2,
or 4 f, with wordlengths of up to
20 bits (see Fig. 3). A minimum
of 16 bit-clock cycles per word is
required.

Sony serial format for dataword
rate of f,, 21, or 4 f, with
wordiengths of 16, 18 or 20 bits
(see Fig. 4). As this format idles
on the MSB it is necessary to
know how many bits are being
transmitted.

Simultaneous mode for
dataword rates of f,, 2 f,, 4 f, or
8 {, with wordlengths of up to 20
bits idling on the least significant
bit (see Fig. 5). A minimum of 16
bit-clock cycles per word is
required. ’

Simultaneous mode for
dataword rates of f,, 2 f,, 4 f, and
8 f, with wordlengths of 18 or 20
bits idling on the MSB (see Fig.
6). As this format idles on the
MSB it is necessary to know
how many bits are being
transmitted.

Simultaneous mode for
dataword rates of f,, 2 f,, 4 f, or
8 f, with wordiengths of up t0 20
bits using burst clocks (see Fig.
7). A minimum of 16 bit-clock
cycles is required. This mode is
restricted to having the bit clock
at less than or equal to half the
master clock frequency supplied
to the SAA7350.

The choice of these formats is given
by the pins IDF1 to IDF3 as shown
below.

IDF3 IDF2

iDF1

format

128 format up to 20 bits

Sony serial format 16 bits

Sony serial format 18 bits

Sony serial format 20 bits

simultaneous format idling on LSB up to 20 bits

simultaneous format idling on MSB 18 bits

simultaneous format idling on MSB 20 bits

sl alalalOo|lO|lO|lO

“jlo|2|lOo|=|O|—=j0O

simultaneous format burst clock up to 20 bits

The transfer on the serial input has to be synchronous to the master clock.
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SAA7350

Clock frequency

The device can run at an input clock
frequency of either 384 f, or 256 1,
(pin XSEL) outputting a system
clock at the same frequency on
XSYS1 and half input clock
trequency on XSYS2. f, can be
between 16 kHz and 53 kHz.

Noise shaping

Third order noise shaping is
implemented on the SAA7350 to
give an improved signal-to-noise
ratio. DC offset and out-of-band
dither is added to prevent idle
pattems in the audio band.

Bitstream conversion DAC

The digital-to-analogue conversion
in the SAA7350 is performed using
the Philips bitstream conversion
technique. The input from the digital
filter is oversampled to 8 f, by
means of a digital sample and hold
and converted to a 1-bit pulse
density modulated (PDM) sigrial. A
switched capacitor technique is
used for the bitstream conversion to
convert the PDM signal to an analog
signal. A fixed charge is either
added or subtracted from the virtual
earth node of an integrator . As this
output is a continuous time output a
highly symmetrical operational
amplifier is used to give a low
distortion figure.

In order to increase the output
signal-to-noise ratio and THD
performance, internal
operational-amplifiers are provided
so that the device is operated in
differential mode. With this
technique, any common mode
signals cance! thus improving the
signal-to-noise ratio and total
harmonic distortion.

TDA1547 interface

The SAA7350 can also be used to
provide oversampling and noise
shaping for the TDA1547. One-bit
codes and clock outputs are
supplied for inputs to the TDA1547.

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134)
SYMBOL PARAMETER MIN. MAX. UNIT
Vooa analog supply voltage; note 1 -0.5 +6.5 v
Vi DC input voitage -0.5 +6.5 v
™ DC input diode current - +20 mA
Vo DC output voltage 0.5 +6.5 v
o DC output source or sink A +20 mA
current
lop OF lss DC Vpp or Vss current (total) | - +0.5 A
Tug storage temperature range -65 +150 °C
operating ambient _ o
Tame temperature range 10 +70 ¢
Ve electrostatic handling: note 2 |-1000 +1000 \

Notes to the limiting values

1. All Voo and Vg pins must be connected externally to the same power supply unit.

2. Equivalent to discharging a 100 pF capacitor through a 1.5 kQ

November 1991
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20-bit input bitstream conversion

DAC for digital audio systems SAA7350
CHARACTERISTICS
Voo =5V; Vgg =0 V; Ty = 25 °C; fqs = 384 1, f, = 44.1 kHz unless otherwise specified
SYMBOL | . PARAMETER conomons|  MIN. | TYP. MAX. UNIT

Supplies

Vooa supply voltage (analog) 45 5.0 55 \'
looa supply current (analog) - 45 70 mA
Vooo supply voltage (digital) 45 5.0 55 v
looo supply current (digital) - 30 50 A
Digital part:

Inputs: SCKI, WSI, SDI1

Ve :;,.Opg ":)"’g ” note 1 05 . +0.8 v
Vm HIGH level input voltage note 1 2.0 - Vop + 0.5 v

Iy input leakage current note 2 -10 0 +10 nA
Ci input capacitance - - 10 pF
:gp:;ts: XSEL, SD12, DOEN, IDF1, IDF2, note 3

Ve J;‘Opt’ﬂv :‘:;'ge note 1 05 . +0.8 v
Vi HIGH level input voitage note 1 2.0 - Voo + 0.5 \

Z pull-up impedance - 50 - kQ
C input capacitance - - 10 pF
Crystal oscillator input: XIN

A :;‘op:/nv :nge note 1 05 . +1.5 v
Vi HIGH leve! input voltage note 1 35 - Voo + 0.5 A

Iy input leakage current note 2 -10 0 +10 pA
Ci input capacitance - - 10 pF
Outputs: XSYS1

Vo LOW level output voitage | note 1 -0.5 - +0.4 \'
Vou HIGH level output voltage | note 1 24 - Vpo + 0.5 \'

C. load capacitance - - 35 pF
Outputs: XSYS2, DOL, DOR

Voo LOW level output voitage - - 0.5 \
Vou HIGH levei output voltage Voo - 0.5 - - v

C. load capacitance - - 20 pF
Crystal oscillator: input XiN/output XOUT

hera operating frequency XTAL | note 4 4.09 ggi ;: of l20.35 MHz
Gm mutual conductance 100 kHz 1.5 - - mA/V
G, smali signal voltage gain |G, =GmxR, |35 - - VN
C input capacitance - - 10 pF
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DAC for digital audio systems SAA7350
SYMBOL | PARAMETER | CONDITIONS [ wn. | TV MAX. | UNIT
Crystal oscillator: input XIN/output XOUT
Crm feedback capacitance - - 5 pF
Co output capacitance - - 10 pF
Iy input leakage current note 2 -10 - +10 A |
Timing J
External clock input: XIN
fc input frequency 4.096 ggi :: or 12035 MH2z
t input rise time note 5 - 10 ns
t input fall time note 5 - 10 ns
Yoo "';"c‘fog('(;:ﬁw (relative | 4145V 30 . 70 %
System ciock output: XSYS1 note 6
t output nise time note 5 - - 10 ns
t output tall time note 5 - - 10 ns
v oy e |note 7 : 50 . %
Data outputs: DOL, DOR see Fig.8; note 8
t data output rise time - 10 15 ns
4 data output fall ime - 10 15 ns
tsu data output set-up time 0 - - ns
to data output hold time 25 - - ns
Data clock output: XSYS2 see Fig. 8; note 8
t clock output rise time - 5 10 ns
Y clock output fall time - 5 10 ns
tuigH clock output HIGH time note 9 40 - - ns
tlow clock output LOW time note 9 40 - - ns
Input timing see Fig.9
Clock input: SCKI
fo input clock frequency 0.256 - 20.35 MHz
msr mark space ratio 40:60 - 60:40
Word select input: WSI
f, [input trequency | 14.4 (- {424 { kHz
Data inputs: SDI1, SDi2/word seiect input: WS
tsu0at input set-up time . 20 N s
Yo 0T ggx;tl)hold fime (relative to 0 N ) '_’s
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- . SAA7
DAC for digital audio systems 350
SYMBOL | PARAMETER __ |CONDmONS| MiN. | TvP. MAX. | UNIT

Analog part

Reference voltage source: VRC
high-impedance reference

Ve voltage level ) 25 ) v

Outputs: INTL+, INTL-, INTR+, INTR- notes 10 and 11

Vaows) 3::8:)1 ievel at 0 dB (RMS note 12 ) 0.9 N Vv
appiication output level at

VorrRams) 0 dB (RMS value) note 13 1.62 1.80 1.98 v

DAC performance note 12

DR dynamic range 93 98 - dB

THD + N total harmonic distortion at 0dB/1 kHz |- -86 -93 aB
digital silence - -103 -100 dB

a channel separation 1 kHz - 100 - a8
power supply rejection . ;

RR ratio to Voo 60 g8
channel matching note 14 - . +0.25 dB

le linearity 0to-100dB |- 1 - dB

Notes to the characteristics

1. Minimum V., Vo and maximum V,,, Vo are peak values to allow for transients.
2.l @8N0 [ oun Measured at Vv, =0 V; ljuax and | ouax Measured at V, = Vpo.

3. Pins XSEL and SDI2 are intemally pulled high when not connected. XSEL HIGH indicates a crystal frequency of
384 t,.

4. 1.TALis a multiple of the system sampling frequency f,. f, can be between 16 and 53 kHz.
5. Reference levels=0.8Vand2.0V.

6. Output times are measured with a capacitve load of 35 pF. XSYS2 is half the master clock frequency. See Fig.10
for relative clock timings.

7. 1o valid only when used with XTAL, with 50% input mark space ratio. XSYS1 tg, is measured at Voo/2.

8. Output times are measured with a capacitive load of 20 pF. XSYS2 is half the master clock frequency. Data
output hold time is relative to XSYS2.

9. XSYS2 output HIGH/LOW times are for 20.35 MHz. Minimum value for 16.934 MHz is 49 ns.

10. Device measured in differential mode with extemal components shown in recommended application diagram
(see Figs 13 and 14). It should be noted that for 1.80 mV output, feedback resistors R16a, R17a, R16b, R17b
should be 31.6 kQ. Application diagram shows preferred type range values of 30 kQ2 which give 1.80 x 30/31.6 =
1.70 mV.

11. Maximum load (excluding feedback) is 10 kQ2, 100 pF to VRO (V,,,). Dynamic output impedance is typically 150 Q.
12. Output level tracks linearly with sampling frequency (f,). DAC performance quoted for 18-bit, 4 f, input.

13. Application output level measured at output from first operational-amplifier stage in Figs 13 and 14.

14. With matched external components.
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Fig.10 Relative clock timing.

November 1991 4-67



Philips Semiconductors

Preliminary Specification

20-bit input bitstream conversion
DAC for digital audio systems

SAA7350

\ SAATISS
l 12

13
Vooo an Ve
;{]l
—
&THF 777
1w
v IXAOST

Fig.11 Digital voltage supply.

SAATISO

(1

e

11.2096MH2

16.9344MHZ

Fig.12 Crystal oscillator.

November 1991



Preliminary Specification

Philips Semiconductors

20-bit input bitstream conversion
DAC for digital audio systems

SAA7350

44 6€ = I =MD
~!=-3—¢-m.¢-_um~8u ON

£00V N

@ 1 b 'S ¥BE) jeuueyd Wybu uoies Bofeue - YOI uvoneoydde oseLvvS €164

.H. quir
-. _ L, 13

_- Ed

31D

Youp

-4@d

+HLN

*uad

r ,
uvSS) HVaO

0SELYVS

4-69

November 1991



Preliminary Specification
SAA7350

20-bit input bitstream conversion
DAC for digita! audio systems

Philips Semiconductors

(ZHX 1'pb 'S} YBE) (PUUBLO YBj uoudas Bojeue - N uoyeoydde 0seLVVS vi i3

J06€ - 9€0 = 41D
ALY = Q9IY ~ OSIH Y 952 0 SON

.
ASI —C—— “
v Paucy
Y T L o s lans
wio T - 0810 B

“‘ oot 9% [

m.
JTiy L sy A o N N WSS 1waa,
wn P T w0 arey ™ auv ] = vaG,

osELYVYS
-84

~UN
UM

4099 4.
Wiy a2

o e

4-70

L2

November 1991



