Philips Semiconductors Linear Products Preliminary specification

Dual top-performance bitstream DAC TDA1547
FEATURES |Illl|||||
* Top-grade audio performance l l

- very low harmonic distortion W

* 1igh signal-to-noise ratio ln...... BITSTREAM CONVERSION

- wide dynamic range of

approximately 108 dB8 (not

_ A-weighted) ORDERING INFORMATION
¢ High crosstalk immunity
+ Bitstream concept EXTENDED PACKAGE
- high over-sampling rate up to TYPE NUMBER | piNs | PIN POSITION | MATERIAL CODE
1921, TDA1547 32 SOIL plastic SOT232A

- pulse-density modulation

- inherently monotonic

- NO zero-crossing distortion
GENERAL DESCRIPTION

The TDA1547 is a dedicated one-bit

digital-to-analog converter to DGND E U 32] Vsug
facilitate a high fidelity sound . v v
reproduction of digital audio. The boo (2] 31] Vsso
TDA1547 is extremely suitable for iNR [3] [30] INL
use in high quality audio systems T

such as Compact Disc and DAT e ‘: 5] ne.
players, or in digital amplifiers and cer 5] 28} CLx L
digital signal processing systems, Vpooa [ 27] Vooo
The TDA1547 is used in Le] 27l t
combination with the SAA7350 Vsson [7] 28] VsspL
bitstream circuit, which includes the VretR [2] 25] Veatt
third-order ncise shaper. The TDA1547

excellent performance of the AGNODAC R [9] 24| AGND DACL
SAA7350 and TDA1547 bitstream -DACR [10 23] -pACL
conversion system is obtained by

separating the noise shaping circuit +bach (1 2] +osct
and the one-bit conversion circuit AGND R EE_' 21] AGNDL
over two IC's, thereby reducing the 3 P
crosstalk between the digital and ne. (13 0] ne.
analog parts. The TDA1547 one-bit +QUTR |14 E +0uUTL
converter is processed in BIMOS. In -ouTrR 15 18] -ouTL
the digitai logic and drivers bipolar v
transistors are used to optimize Vssa [16] [17] Vooa
speed and to reduce digital noise MCO29¢

generation. In the analog part the
bipolar transistors are used to obtain
high performance of the operational
amplifiers. Special layout
precautions have been taken to
achieve a high crosstaik immunity.
The layout of the TDA1547 has fully  and supply voltage lines between
separated left and nght channels the digital and analog sections.

Fig.1 Pinning diagram.
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Philips Semiconductors Linear Products
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Dual top-performance bitstream DAC TDA1547
PINNING
SYMBOL PIN DESCRIPTION

DGND 1 0 V digital supply

Vooo 2 5 V digital supply for both channels

INR 3 serial one-bit data input for the right channel

n.c. 4 pin not connected; should preferably be connected to digital ground

CLKR 5 ciock input for the right channel

Vooo R 6 5 V digital supply for the right channel; this voltage determines the intermal
logic HIGH level in the right channel

Veso n 7 —3.5 V digital supply for the right channel; this voitage determines the internal
logic LOW level in the right channel

Vel 8 8 _4 V reference voltage for the right channel switched capacitor DAC

AGND DAC R 9 0 V reference voltage for the right channel switched capacitor DAC; this pin
should be connected to analog ground

-DACR 10 output from the right negative switched capacitor DAC; feedback connection
for the right negative operational amplifier

+DACR 1 output from the right positive switched capacitor DAC; feedback connection
for the right positive operational ampfifier

AGND R 12 0 V reference voitage for both right channel operational amplifiers

n.c. 13 pin not connected:; should preferably be connected to analog ground

+OUTR 14 + autput of the switched capacitor operational amplifier

~-QUTR 15 — output of the switched capacitor operational amplifier

Vesa 16 -5 V analog supply

Vooa 17 5 V analog supply

-OuUT L 18 — output of the switched capacitor operational amplifier

+OUT L 19 + output of the switched capacitor operationai amplifier

n.c. 20 pin not connected; should preferably be connected to analog ground

AGND L 21 0 V reference voltage for both ieft channel operational amplifiers

+DAC L 22 output from the left positive switched capacitor DAC; feedback connection for
the left positive operational amplifier

-DACL 23 output from the left negative switched capacitor DAC; feedback connection
for the Ieft negative operational amplifier

AGND DAC L 24 0 V reference voltage for the left channel switched capacitor DAC; this pin
should be connected to analog ground

Ve L 25 —4 V reference voltage for the left channel switched capacitor DAC

Vseot 26 ~3.5 V digital supply for the left channel; this voitage determines the intemal
logic LOW level in the left channel

Vooo ¢ 27 5 V digital supply for the left channel; this voitage determines the internal
logic HIGH ievel in the left channel
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Philips Semiconductors Linear Products Pretiminary specification

Dual top-performance bitstream DAC TDA1547
SYMBOL PIN DESCRIPTION ]

CLK L 28 clock input for the left channei

n.c. 29 pin not connected: should preferably be connected to digital ground

INL 30 serial one-bit data input for the left channe)

Vsso 31 -5 V digital supply for both channels

Vsus 32 -5 V substrate voitage

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITION MIN TYP MAX UNIT

Supply voltages

Vooo L 8 positive digital supply voitage 45 5.0 55 v
for one channei;
pins 27 and 6

Vooo digital supply voitage for both 45 5.0 5.5 Vv
channels; pin 2

Vssot a negative digital supply —4.0 -3.5 -3.0 v
vaitage for one channel;
pins 26 and 7

Vsso negative digital supply -5.5 -5.0 4.5 v
volitage for both channels; pin
31

Vooa positive analog suppiy 45 5.0 6 \
voltage; pin 17

Vssa negative analog supply -6.0 -5.0 -4.5 A
voitage ; pin 16

Supply current

looo L. A positive digital supply current - 0.1 - mA
for one channel;
pins 27 and 6

looo digital supply current for both - 29.0 - mA
channeis; pin 2

lsso L R negative digitat supply - -0.1 - mA
current for one channel;
pins 26 and 7

lsso negative supply current for - -28.0 - mA
both channels; pin 31

looa positive analog supply B 51.0 - mA
current; pin 17

lasa negative analog supply - -51.0 - mA
current; pin 16

Pt total power dissipation - 800 - mw

Vourrms) output voltage (RMS value) fow = 8.46 MHz; 0.85 1.0 1.15 \

notes 1 and 2
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Dual top-performance bitstream DAC TDA1547
symeoL | PARAMETER CONDITION MIN P | Max | uwT
Supply current
(THD + N)/S | THD + Noise; 0 aB 1 kHz; - -101 -96 dB
notes 2 and 3 - 00009 |0.0016 |%
(THD + NY¥S | THD + Noise; 0dB f=20Hzto 20 - -101 - ds
kHz; notes2and 4 |. 0.0009 _ %
(THD + NY/S | THD + Noise; -20dB f=1kHz; - -88 -84 dB
notes 2 and 3
(THD + NYS | THD + Noise; -60dB f=1kHz; - —48 —44 d8
notes 2and 3
SN signal-to-noise ratio pattern 0101..; 109 111 - dB
notes 2 and 5
S/N signal-to-noise ratio; patten 0101..; - 113 - de
“A‘-weighting notes 2 and 5
forx maximum clock frequency - - 10 MHz
o channel separation =1 kHz 101 115 - dB
Tamo operating ambient -2C - 70 °C
temperature

Notes to the quick reference data

1. Output level tracks linearty with both the clock frequency and the reference voltage (Vo | Of Viu 5)
2. Device measured in differental mode with extemnal components as shown in Fig.5.

3. Measured with a one-bit data signal generated by the SAA7350 from an 8 f, (352.8 kHz), 20-bit, 1 kHz digital
sinewave. Measured over a 20 Hz to 20 kHz bandwidth.

4. Measured with a one-bit data signal generated by the SAA7350 from an 8 f, (352.8 kHz), 20-bit, 20 Hz to 20 kHz
digital sinewave. Measured over a 20 Hz to 20 kHz bandwidth.

5. The specified signal-to-noise ratio includes noise introduced by the application components as shown in Fig.5.

FUNCTIONAL DESCRIPTION - Switched capacitor network, this - Two high performance
forms the actual DAC function, it operational amplifiers, that
Both channels are completely | ’
separated to reach the desired high supplies charge packets (o the perform the charge packet to
. low-pass filter, under control of voltage conversion and deliver a
crosstalk suppression level. incomi i differential output signal. The first
Each channel consists of the the incoming one-bit code. tput signal. 1he M
following functional parts: pole of the tow-pass filter is built
) around them.
. One-bit input, which latches the
incoming data to the system THERMAL RESISTANCE
clock.
. . o . SYMBOL PARAMETER MAX. [ UNIT
- Switch driver circuit, which _ - -
generates the non-overlapping R e from junction to ambient 60 Kw
clock- and data-signats that
control the DAC switched
capacitor networks.
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Dual top-performance bitstream DAC
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Philips Semiconductors Linear Products Preliminary specification

Dual top-performance bitstream DAC TDA1547
LIMITING VALUES
1n accordance with the Absolute Maximum System (IEC 134)
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
Vaua negative substrate voltage; pin 32 note 1 -7.0 - Y
Vooo L R positive digital supply voitage; - 55 v
pins 27 and 6

Vooo positive digital supply voltage; - 5.5 \
pin 2

Vsso L R negative digital supply voltage; -4.0 - A
pins 26 and 7

Vsso negatve digital supply voltage; -5.5 - v
pin 31

Vooa positive analog supply voitage; - 6.0 v
pin 17

Vssa negative analog supply voitage; -5.0 - Vv
pin 16

Voo L A - supply voltage difference between - 9.0 \

Veso L r pins 27, 6 and pins 26, 7

Pyt total power dissipation Torts = 70 °C - 1300 mw

VeLn input reference voitage; pins 25 -8.0 \
and 8

Ve L. R input voltage clock; pins 28 and 5 -0.5 Vooo+0.5 Vv

Vi input voltage channel; pin 30 -0.5 Vpopt+0.5 v

Via input voltage channel, pin 3 -0.5 Vopo+0.5 "

Tamb operating ambient temperature -20 70 °C

Tao storage temperature -40 150 °C

TxtaL maximum crystal temperature - 150 °C

Ves electrostatic handling note 2 - 2000 v

Notes to the limiting values

1. The substrate voltage must be lower than or equal to the lowest supply voltage.
2, Equivalent to discharging a 100 pF capacitor through a 1.5 kQ series resistor.
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Dual top-performance bitstream DAC TDA1547

CHARACTERISTICS
Vooo- Vooo L ar Vooa =+5 Vi Vs, Vses = =5 V, Voo r=-3.5V;V a=—4V; Teme = 25°C; T« = 8.46 MHz; unless
otherwise specified

SYMBOL PARAMETER conomions | miN | Tve | max [ unmr

SUPPLY

Veus negative substrate voltage; note 1 -7.0 - —4.5 Vv
pin 32

VoooL & positive digital supply voltage for one 45 5.0 55 v
channef; pins 27 and 6

Vooo digital supply voltage for both 4.5 5.0 55 v
channels; pin 2

Vsso L r negative digital supply voltage for one -4.0 -35 -3.0 v
channel; pins 26 and 7

Vsso negative digital supply voitage for -5.5 -5.0 -4.5 v
both channels; pin 31

Vooa positive analog supply voltage; pin 17 4.5 5.0 6.0 v

Vssa negative analjog supply voltage; pin 16 -6.0 -5.0 —45 v

Vooo L s - supply voltage difference between N - 9.0 v

VesoL r pins 27, 6 and
pins 26, 7

Vssou r- Vsso |Supply voltage difference between 1.3 - - \
pins 26, 7 and pin 31

looo L & positive digital supply current for one - 0.1 - mA
channet; pins 27 and 6

Iooo digital supply current for both 29.0 46 mA
channels; pin 2

lsso L negative digital supply current for one - -0.1 - mA
channel; pins 26 and 7

Isso negative supply current for both —45 -28.0 |- mA ]
channels; pin 31

=lppa positive analog supply current; pin 17 - 51.0 63 mA

lssa negative analog supply current; pin 16 -63.0 [-51.0 |- mA

Pssre power supply rejection ratio Voop o g Note 6 50 - - dB

Pssre power supply rejection ratio Vopo; Note 6 50 - - dB

Pssaa power supply rejection ratio Vsso L a» NOte 6 60 - - dB

Psspa power supply rejection ratio Vo NOte 6 50 - - dB

Pssrs power supply rejection ratio Vooai Note 6 60 - - dB

Pssas power supply rejection ratio Vsgas NOtE 6 60 - - aB

P total power dissipation - 800 - mw

Clock - Input

Vy input voltage LOW - - 0.5 v

Vm input voitage HIGH 45 - - Vv

Iy input current LOW V,=05V -10 - 10 A
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Dual top-performance bitstream DAC TDA1547

SYMBOL PARAMETER CONDITIONS | MIN | TYP [ MAX | UNIT

Clock - Input

[ input current HIGH V, =45V -10 - 10 HA

C, clock input capacitance - 5 - pF

fok clock input frequency - - 10 MHz

Channel left/right inputs

Vo input voltage LOW - - 0.5 v

Vi input voltage HIGH - 4.5 - \

I input current LOW V,;=05V -10 - 10 pA

" input ¢urrent HIGH V, =45V -10 - 10 pA

C, channef input capacitance; - 5 - pF

-1 pins 3, 30
Vit reference input voitage; note 2 - -4 1404 |- \'
pins 8, 25
Audio outputs
Voutiams) output voltage (RMS value); pins notes 2 and 3 0.85 1.0 1.15 \
14, 19; pins 15, 18

(THD + N)/S THD + Noise; 0 dB f=1kHz; - -101 -96 dB
notes 3 and 4 - 0.0009 {0.0016 |%

(THD + NY/S THOD + Noise; 0 dB 20 Hz - 20 kHz; - -101 - dB
notes 3 and 5 . 0.0009 |- o,

(THD + NS THD + Noise; -20 dB f=1kHz; - -88 -84 dB
notes 3 and 4

(THD + N)/S THD + Noise; —60 dB f=1kHz; - -48 —44 d8
notes 3and 4

SN signai-to-noise ratio pattern 0101; 109 111 - dB
notes 3and 7

SN signal-to-noise ratio; "A"-weighting | pattem 0101; - 13 - dB
notes 3and 7

a channel separation f=1kHz 101 115 - dB

Timing

t, rise time clock input C, =20pF - 5 10 ns

t falt time clock input C_=20pF - 5 10 ns

tow L clock input LOW time 45 - - ns

tox K clock mput HIGH time 45 - - ns

t, channel input rise time C, =20 pF - 10 15 ns

t channel input fall time C. =20pF - 10 15 ns

Yo channel input hold time 25 - - ns

tsu channel input set-up time 0 - - ns
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Dual top-performance bitstream DAC TDA1547

Notes to the characteristics

. The substrate voltage must be lower than or to equal than the fowest supply voltage.
- Output leve! tracks linearly with both the clock frequency and the reference voltage (V4 or V. r).
. Device measured in differential mode with extemal components as shown in Fig.5.

- Measured with a one-bit data signal generated by the SAA7350 from an 8 f, (352.8 kHz), 20-bit, 1 kHz digita
sinewave. Measured over a 20 Hz 1o 20 kHz bandwidth.

5. Measured with a one-bit data signal generated by the SAA7350 from an 8 t, (352.8 kHz), 20-bit, 20 Hz to 20 kHz
digital sinewave. Measured over a 20 Hz to 20 kHz bandwidth.

6. Power supply rejection ratio measured with f., = 1 kHz and v,., = 100 mV.
7. The specified signal-to-noise ratio includes noise introduced by the application components as shown in Fig.5.

W

TIMING
tr PCLKH ty toLKL 1
Vin
Vppp-10V
CLK
Y v
LSy ——n ~ tHD -
Vin
3 Vooo - 10V
000D
DATA INPUT
CHANNEL L, DATA STABLE
CHANNEL R
ViL vip Y 10v
MCD205
Fig.3 Timing waveform.
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TDA1547

APPLICATION INFORMATION

system clock system clock
f= 169 MHz f=16 9 MHZ
1 l D L channel
OGITAL 7 ———,
e — S oTeR SAA7350 TOA1547
16-btt 20-bat, 1-ot,
audio data, tg=352.8 kHz tg= 847 MHz
fg = 44 1 kHz . L > O Achannel
8 x upsampling digital 24 x upsampimng by 1-bt wgh-performance
fiter, Astop > 110d8 zero-order hold, DAC converter 3rd order anaiog
3rd order noise shaping, pastfilter, f, = 56 kHz
1-bt end quantization Butterworth response
MCD296
Fig.4 CD-range bitstream reconstruction systemn ( 192 {, over-sampling).
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ot xsvsz sterec 1 bit data
aal 1-81T DAC
Samn )y INTERFACE 1 43 cLx 10
soiz ouTPUTS TOA1S47
oF =low | o - DOR
DF2=HIGH | |, [ INeUT DATA
MODE SELECT
DF3I=HIGH | 4
SAA7350
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2l | 2 I
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5V (m'—:Tj_h { —_’—T-:;- +5V (chgrtal)
I c 6 27 I <
15k | i; g 15ka
=5V (dowh) —~- _L 7 26 _L T3~ -5V (dgw)
33k [ ) < 33k
T SWITCHED SWITCHED
£ - 8 | CAPACITOR l CAPACITOR | 25 ps
> 3a[] 2204 c NETWORK NETWORK e o ,Lzzo 33
560U MW T T T Twlhw 60 1
-5V (aneiog) ,;, 9 , 24 917 -5V (anmiog)
[ 3 l 2
1] II 22
12 I 21
] 7‘7 > - EY ;’ o analog
DUt stage I oulp stage
- 1 0 _;
14 l 19
15 II 18
470 47U
-SV(M)-—Q—:L——M TOA1547 \7ﬁ-¢:}~.svw~b§,
c c
I_ RIGHT CHANNEL  LEFT CHANNEL I
C = 100 nF {clvwp capecwor) oy
Fig.5 Application diagram.
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Dual top-performance bitstream DAC TDA1547

-80 SO 0.0t
{THO + N}/ S {THD + N}/ S
(dB) (%)
- 100 ~ 0001
i T T | | Iy
-120 00001
10 Hz 100 Hz 1 kHz 10 kHz 100 kHz
! signal
Fig.7 (THD + N)/S as a function of signai frequency.
Note : Graph constructed from
average measurements values of a
small amount of engineering
samples. No guarantee for typical
values is implied.
MCD300
-110
(THD+ N} /S A
{48
-%0 L]
/]
y
-70 ,/
//
-50 /,
/] f
- 30 L
/]
"4
-10 .
-0 -80 -8 -0  —20 o Note : Graph constn.xctedlfrom .
signal Jevel (dB) average measurement values of a
smail amount of engineering
Fig.8 (THD + N)/S as a function of test signai level. samples. No guarantee for typical
valuss is implied.
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- 115
crosstalk / L—*R
(dB8) ]
»
-120 \\J\ Y "//’ b/
] R-»L

-125
s
™~ L]
N\__(L)_ L1
e
- 130
10Hz 100 Hz 1 kHz 10 kHz 100 kHz

frest signal

Fig.9 Inter-channei crosstalk as a function of signal frequency.

Note : Graph constructed from
average measurements values of a
small amount of engineering
samples. No guarantee for typical
values is implied.
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