A Cirrus Logic Company

CS4328

18-Bit, Stereo D/A Converter fo r Digital Audio

Features

® Complete Stereo DAC System
8x Interpolation Filter
64x Delta-Sigma DAC
Analog Post Filter

® Adjustable System Sampling Rates

including 32kHz, 44.1kHz &
® 120 dB Signal-to-Noise Ratio

® | ow Clock Jitter Sensitivity

Linear Phase Filtering

Zero Phase Error Between Channels

48kHz

Completely Filtered Line-Level Outputs

No External Components Needed

® Flexible Serial Interface for Either 16

General Descriptio n

The CS4328 is a complete stereo digital-to-analog out-
put system. In addition to the traditional D/A function,
the CS4328 includes an 8x digital interpolation filter fol-
lowed by a 64x oversampled delta-sigma modulator.
The modulator output controls the reference voltage in-
put to an ultra-linear analog low-pass filter. This
architecture allows for infinite adjustment of sample
rate between 1 kHz and 50 kHz while maintaining lin-
ear phase response simply by changing the master
clock frequency.

The CS4328 also includes an extremely flexible serial
port utilizing two select pins to support four different
interface modes.

The master clock can be either 256 or 384 times the
input word rate, supporting various audio environ-
ments.

ORDERING INFORMATION:

or 18 bit Input Data CS4328-KP 0to 70 °C 28-pin Plastic DIP
CS4328-KS 0to 70 °C 28-pin Plastic SOIC
CS4328-BP -40 to +85 °C 28-pin Plastic DIP
CS4328-BS -40 to +85 °C 28-pin Plastic SOIC
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ANALOG CHARACTERISTICS (Ta = 25°C for K grade, Ta = -40 to +85 °C for B grade; VA+,VD+
=5V; VA- =-5V; Logic "1" = VD+, Logic "0" = DGND; Full-Scale Output Sinewave, 991 Hz; Input Word Rate =
48 kHz; Input Data = 18 Bits; BICK = 3.072 MHz; R. = 10kQ; Measurement Bandwidth is 10 Hz to 20 kHz, un-
weighted; unless otherwise specified.)

Parameter* CS4328-K CS4328-B
Symbol | Min Typ Max Min Typ Max Units

Specified Temperature Range Ta 0 +70 -40 +85 °C
Resolution 16 - - 16 - - Bits

Dynamic Performance

Signal-to-Noise Ratio (A-weighted) (Note 1) SNR 120 - - 120 - - dB
Total Harmonic Distortion + Noise  (A-Weighted)] THD+N

0 dB Output, - -93 -90 - -88 -85 dB

-20 dB Output, - =77 -73 - -75 -70 dB

-60 dB Output, - -37 -33 - -35 -30 dB
Deviation From Linear Phase (Note 2) - - +0.5 - - +0.5 - deg
Passband: to -3 dB corner (Notes 3, 4) - 0 to 235 0 to 235 kHz

to 0.00025 dB corner (Notes 3, 4) 0 to 21.6 0 to 21.6 kHz

Frequency Response 10 Hz to 20 kHz (Note 2) - -0.05 +0.1 +0.2 -0.05 +0.1 +0.2 dB
Passhand Ripple (Note 4) - - - 0.00025 - - 0.00025| dB
StopBand (Note 3) - 26.4 - - 26.4 - - kHz
StopBand Attenuation (Note 2) - 90 - - 90 - - dB
Group Delay (IWR = Input Word Rate) tgd - 33/IWR - - 33/IWR - s
Interchannel Isolation (1 kHz) - -100 -110 - -95 -105 - dB
dc Accuracy
Interchannel Gain Mismatch - - 0.1 - - 0.1 - dB
Gain Error - - - +5 - - +5 %
Gain Drift - - 150 - - 150 - ppm/°C
Offset Error (after calibration) - - - +1 - - +1 mV

Analog Outp ut

Full Scale Output Voltage ‘ VOuUT ‘ 38 40 42 | 38 40 42 | vpp

Power Supplies

Power Supply Current:  VA+ 1A+ - 40 55 - 40 55 mA
VA- IA- - -40 -55 - -40 -55 mA
VD+ ID+ - 50 60 - 50 60 mA

Power Dissipation - - 650 850 - 650 850 mwW

Power Supply Rejection Ratio (1 kHz) PSRR - 50 - - 50 - dB

Notes: 1. Idle channel, digital input all zeros.
2. Combined digital and analog filter characteristics.
3. The passband and stopband edges scale with frequency. For input word rates, IWR, other than
48 kHz, the 0.00025 dB passband edge is 0.45xIWR and the stopband edge is 0.55%IWR.
4. Digital filter characteristics.

* Definitions are at the end of this data sheet. Specifications are subject to change without notice.

2 DS62F3
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DIGITAL CHARACTERISTICS
(TA = 25 °C; VA+ ,VD+ = 5V + 5%; VA- = -5V + 5%)

Note: 5. TST, DIFO & DIF1 have internal pull-down devices, nominally 90kQ.

Parameter Symbol Min Typ Max Units
High-Level Input Voltage VIH 70%VD+ - - \%
Low-Level Input Voltage VIL - - 30%VD+ \
High-Level Output Voltage at o = -20pA VoH 4.4 - - \%
Low-Level Output Voltage at lo = 20pA VoL - - 0.1 \%
Input Leakage Current (Note 5) lin - - 1.0 HA

ABSOLUTE MAXIMUM RATINGS (AGND1-3, DGND = 0V, all voltages with respect to ground.)

Parameter Symbol Min Max Units
DC Power Supplies: Positive Digital VD+ -0.3 6.0 \%
Positive Analog VA+ -0.3 6.0 \%
Negative Analog VA- 0.3 -6.0 \%
[VA+ - VD+| - 0.4 \Y
Input Current, Any Pin Except Supplies lin - +10 mA
Digital Input Voltage VIND -0.3 (VD+)+0.4 \Y
Ambient Operating Temperature (power applied) Ta -55 125 °C
Storage Temperature Tstg -65 150 °C
WARNING: Operation at or beyond these limits may result in permanent damage to the device
Normal operation is not guaranteed at these extremes.
RECOMMENDED OPERATING CONDITIONS
(AGND1, AGND2, AGND3, DGND = 0V; all voltages with respect to ground)
Parameter Symbol Min Typ Max Units
DC Power Supplies: Positive Digital VD+ 4.75 5.0 5.25 \%
Positive Analog VA+ 4.75 5.0 5.25 \%
Negative Analog VA- -4.75 -5.0 -5.25 \%
[VA+ - VD+| - - 0.4 \%
DS62F3 3
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SWITCHING CHARACTERISTICS
(Ta =25 °C; VA+, VD+ =5V +5%; VA-=-5V £5%; Inputs: Logic 0 = 0V, Logic 1 = VD+, CL =20 pF)

Parameter

Master Clock Frequency using Internal Oscillator:
CKS=H
CKS=L

Master Clock Frequency using External Clock:
CKS=H
CKS=L

XTI/XTO Pulse Width Low

XTI/XTO Pulse Width High

BICK Pulse Width Low

BICK Pulse Width High

BICK Period

BICK rising to LRCK edge delay

BICK rising to LRCK edge setup time
SDATAI valid to BICK rising setup time
BICK rising to SDATAI hold time

RST Minimum Pulse Width Low

Symbol Min Typ Max Units

XTI/XTO 10.7 - 19.2 MHz

- 7.1 - 13.9 MHz

XTI/XTO 0.384 - 19.2 MHz

- 0.256 - 13.9 MHz
- 21 - - ns
- 21 - - ns
thickl 30 - - ns
thickh 30 - - ns
thickw 80 - - ns
(Note 6) toird 35 - - ns
(Note 6) thirs 35 - - ns
(Note 6) tsphs 35 - - ns
(Note 6) thsh 35 - - ns

2 periods of XTI/XTO

Note: 6. "BICK rising" refers to modes 0, 1, and 3. For mode 2, replace "BICK rising" with "BICK falling."

LRCK 4
‘—" tolrs

third H ‘ tpicg L IcKN
aiavaby

t
tshs k—H bsh

LRCK ﬁ/ ‘_%blrs
third ‘ thickd thickh
e S

o |

t
tsbsm bsh
SDATAI | X MSB >K MSB-1 ><

Seial Input Timing (Modes 0, 1, &3)

Serial Input Timing (Mode 2)
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_ +5V
+5V Digital A . Analog
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L L
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‘ . . 28 &
optional crystal oscillator VREF- T
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‘ 23 NC D/A CONVERTER g %
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‘ 22 AOUTR
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DIF1 AL
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Power Up/ 9.0 —
Cal. Control RST
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_ _
Figure 1. Typical Connection Diagram
DS62F3 5
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GENERAL DESCRIPTIO N

The C4328 isa compéte gereo dgital-to-ana-
log system desgned for dgital audio. The
sysem acce data at stndardaudio frequen-
cies such as 4&Hz, 44.1kHz, and32 kHz; and
producesihe-level ouputs

The architecture ncludes an 8 oversampling fil-
ter followed by a @x oversamplked one-bit
delta-sgma modudtor The output from the one
bit moduhtor contols the polarity of areference
voltage which $ then passd trough anultra-
linear analoglow-pass ilter. The result is
line-level outpus with no need for fuhter flter-

ing.

SYSTEM DESIGN

Very few external componerg are requed to
supportthe DAC. Normal pover supply decou-

pling conponentsand wltage reference bypass

capadors are allthats requred.

System Clock Input

The master clock (XTI/XTO) input b the DAC
Is used to operate the digl interpohtion filter
and he deta-sgma nodulabr. The mager clock
canbe ethera crystalplaced acrosthe XTI and
XTO pins or an aternal clck inputto the XTI
pin with the XTO pin left floating.

The frequeng of XTI/XTO is deternined by he
desred InputWord Rat, IWR, andthe seting of
the GQock SHect pin, KS. IWRIs the frequeng
at which vords foreach channehre inputto the
DAC andis equal to LR& frequeng. Seting
CKS low sekcts an XTI/XTO frequency of
256x IWR while setting CKS high sdects
384x IWR. The ACKO pin will always be
128x IWR andis usd by the analy low-pass
snoothing filter. Table 1 ilustratesvarious audb
word rates and corrgsonding frequenes ugd
in the DAC.

CS4328

LRCK CKS XTI/XTO ACKO
(kHz) (MHz) (MHz)
32 low 8.192 4.096
32 high 12.288 4.096
44.1 low 11.2896 5.6448
44.1 high 16.9344 5.6448
48 low 12.288 6.144
48 high 18.432 6.144

Table 1. Common Clock Frequendes

The remaining system clocks LRCK and BIK,
mug be gnchronous) derved from XTI/XTO.
If the C4328 inernal oscllator isused, the at
cuit must be configured and XTO huffered as
shavn in Fgurel. XTI/XTO canbe dvided b
produceLRCK and BIK usng a synchronous
counter sch as 74HG90. Notce thatthe value
of the capador on XTO is 10 pF and he XTI
capacior is 15 pF which allows for 5 pF of gae
and stray capatance.

It is also posile to dvide ACKO, 128x IWR,
to deive BICK and LRCK. However, external
circuitry mug be ued to app) a "kick-start"
pulse to LRCK in order to advate ACKO. The
sequence forhe cancebtion of REET, bagin-
ning of cdibration and actiation of ACKO is
shavn in Figure 2 wih the requied trangions
indicated by arrovs. A momentary loss of
XTI/XTO or paver will requre a "kck-start'
pulse to resime operabn.

Serial Data Interface

Data s input b the C34328 va three erial input
ping SDATAI is the seml data inputBICK is
the serdl data clock anlRCK deinesthe chan-
nel anddelineaton of dat. The DAC supports
four serialdata fornats which are selestl via
the digtal input formatpins DIFO and DIA. The
different fornats control the relationship of
LRCK to SDATAI and the edge of BIK used ¢

6
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RST « 40ns
minimum m
LRCK
"Kickstart"

40 ns
inimum ﬂ

XTI/XTO

N

ACKO

Li Reset Status —L Exit Reset

(¢

UYL
=

Figure 2. RESET Cancdlation Timing

latch data. @&ble 2 lists the four formats along
with the associaed fgure numberFormat 0 &
compdible with existing 16-bt D/A conwerters
and digital filters. Format 1 5 an 18-bi version
of format0. Format 2 is smilar to Crystal ADCs
and mary DSP seral ports Format 3is compat
ible with the I°S srial data pradcol. Format 2
and 3 supportl8-bit input or 16-ki followed by
two zeros. Inall four serial input modes the &
rial data is MSB-first and 2s-complement
format.

Format 0,2 and3 will operate wh 16-bt dat
and 16 BIX pulsesas well. SeeFigure 6for
16-bit timing. However, the us of
BICK = 64x IWR is recomnended & minimize
the posibility of performance dgadaton resilt-
ing from BICK coupling inb VREF-.

Reset and Offset Calibration

RST is an active low signd that resets the digital

filter and the delta-signa nodulabr, synchro

nizes LRCK with internd control signds and

startsan ofset calbration g/cle upon ®iting re-
set. WhenRST goeslow, CALO goes hjh and
stays hgh untl the endof an offset calibration

cycle. An offset calibration g¢/cle tales 1024
IWR ¢ycles to conplete. CALO must be con-
neced b CALI and CMPO must be connected
to CMPI for offset calibration. During an dbet

calibraton the analog ouydut is forced b zero.

Power-Up Considerations

Upon intia applcation of power o the DAC,
offset calbration and digtal filter registers wil
be indeérminate. RST shauld be lov during
powerup t acivate aninternal mute and pre-
vent this eroneous information from bemng
output from the DAC. Bringing RST high wil

DIF1 DIFO Mode Figure begin a calbration cycle andinitialize these @
0 0 0 3 :
isters
0 1 1 3
L 0 2 4 Muting
1 1 3 5 ,
N Thereare tvo types of nutes thatcan be imple-
Table 2. Digital Input Formats mened with the C328. The ifst is a -50 dB
DS62F3 7
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Figure 3. Digital Input Formats 0 & 1

LRCK J Left Channel ! ‘ Right Channel ‘

sucxwmmmﬁﬂmmmw
soaTAl [/ fishalisfizlufiol o s 7 6] 4[s[2[1]o] [/ T/ fishalishelufio]s s 7]6[s[4[s[[1[o] /) Jhs],

16 Bit 7
()
)
¢

s islualislz o] a7 65 [a[a [2[a o] |

SDATAI 7 e 1s]14]13]12)11]10[ o[ 8] 7|6 5] 4[3]2]1]0] )
[

18 Bit

)
(

Figure 4. Digital Input Format 2

LRCK Left Channel : EJ Right Channel ‘LL
¢
sck U yyuyyL W (LLR
SDATAI 15)141312)11]10] 9| 8] 7] 6] 5] 4] 3] 2] 1] 0] /—ii 1514]1312[12]10] 9| 8] 7] 6] 5] 4] 3] 2] 1] 0] /—iZi
I ( ¢
SDATAI 17h61514)13)12)11)10] 9| 8] 7] 6] 5] 4[3]2]1]0] i i 17 h6]1s14[13)12)11]10] 9] 8] 7] 6] 5] 4] 3] 2] 1]0] i iZ:
I [ ¢

Figure 5. Digital Input Format 3

i :
LRCK J Left Channel ‘ Right Channel ’—?
sek [Ty, »

;22;/;' Jashalizizi110] o8] 7]6]5]4]3]2]1]0[15]14]13[12[11)0] 9] 8] 7[6[5]4]3]2]1]0] | ] ; i
yesnnniphhnnhphphphpnhhnnhphnhnnnnig
;22;/3' Jashalizizf1110] 08| 7]6]5]4]3]2]1]0[15]14]13]12]12]10] o8] 7]6|5]4]3]2]2]0] || 8 i
* SDATAI 15[14]13)12[11/10] 9| 8| 7| 6] 5] 4] 3] 2] 1] 0 [15]14]1312[11]10[ o[ 8] 7] 6] 5[ 4] 3| 2] 1] 0] /() ¢
Mode 3 L
* LRCK must be inverted.
Figure 6. Digital Input Formats 0, 2 and 3 with 16 BICK Peiods
8 DS62F3
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CS4328

21 ‘
CALO |

27 ,
CALI
MUTE ,

Figure 7. -50dB Muting

mute which can be adivated by forcing he
CALI pin high. Rgure 7 shows how to imple-
ment a -50 dB mute usng an ORgae. The
propagabon of he gae will be te only dedy in
moving the CS1328 to a mted gate.

CS4328 !

DATA

Figure 8. -120dB Muting

The secondmute opton is a twvo stge operatin
which involves forcing SDATAI to 0 ushg an
AND gate as shan in Figure 8. Theifst mute
occurs folowing 33 LRCK cycleswhen te 0 in-
put daa propagats  the ouput of the DAC.
The rmsnoise presentat he ouput will typically
be 93 dB baw fullscale. Pllowing a btal of
4096 LR cycles wth 0 input da& the output
of the CG34328 wil mute and bwer the output
rms noie to a mnimum of 120 B bdow
fullscak. Upon releas of the MUTE comnand
andnon-zero inpudata he CS1328 outputmute
will immediately rdease. However, 33 LRXK
cycles arerequred for input daa to propagte
the ouput of he CS1328.

Grounding and Power Supply Decoupling

As with arny high resoltion corverter, the
CA328 requies careful attention o paver sup-
ply and grounding arrangeamts to optimiz
performance. Fgure 1shaws the recommended
power arrangerents with VA+ conreded to a
clean +5 wlt supply and WA- connectd D a

clean -5 vdt supply. VD+, which pavers he
digital interpohtion filter anddelta-sgmamodu-
lator, may bepowered from the system +5 \olt
logic suppy. Decouplng capacitrs $ould be
locaked as neartthe C34328 agpossble.

The printed drcuit board &yout dould hae
separat analog and gjital regions with individ-
ual ground mnes. The 64328 shoutl dradde
the ground dane break as st on the
CDB4328 Evaluation board. Optinal umpers
for conneding theg planes shoul be incuded
near the B.C, where paver is broughton b the
board andnear he regulabrs. All sgnak, ege-
cially clocks, #ould be kept avay from the
VREF pin to avoid unwanied couping into the
CHA328.The VREF decouping capacibrs, par-
ticularly the 0.1 pF, must le positioned to
minimize the electical path from VREF to
Pin 1 AGND and 6 minimize he pah betveen
VREF- and the capadtors. Extensve use of
ground planefill on both the analog and digi
sectons of the circuit board wil yield large re-
ductions n radiaed noig effects An application
note 'Layout and Design Rules for Data Con-
verters' is printed in the Applcaton Note
secton of this book.

Analog Output and Filtering

Full scaleanalogoutputfor each channekitypi-
cally 4V peak-to-peak. Thanalogoutpus can
drive load mpedances asw as 6002 andare
shortcircuit protected ® 20mA.

The CS4328 aalog filter is a 5th order
switched-capator filter followed by a scond-
order continuous-tme filter. The
switched-capaaitr filter is clock dependent and
will scale wih the IWR frequeng. The contnu-
ous-tme filter is fixed andnotrelaed to IWR. A
low-passfilter conssting of a51Q resstor and a
.01 uF NPO capadgtor is recommendd on the
analog oyputs

DS62F3
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Performance Plots

The following collection of CS1328 measre
ment plots (IWR = 48 kHz) were tken with an
Audio PrecisionDual Dorain System One. Al
FFT plots are 16,384 pot.

Figure 9 shwrs the frequency response with a
48 kHz inputword rate. Theegonse $ very flat
out © half the inputword rate.

Figure 10 shavs themuted noise with all zeros
data inb the C$4328. Thisplot is doninated by
the nose floor of the $stem One.

Figure 11 shws the unmuted noise This dagt
was aken by feeding te CS4328 continuousze-
ros, bu pulling CALI low. This umtmutes the
outputstage of the &4328. Ths plot shows the
noise shaping charactsics of the dela-sgma
moduktor contined wth the analogifter.

Figure 12 shas the A-weghtedTHD+N vs sg-
nal amplitude for a dithered 1kHzinput signal
Notice that there is no increase in dortion as
the spnal level decreases. Thiindicaes \ery
good lav-level lineariy, oneof the key beneits
of the defa-sgma technjue.

Figure 13 shas the fade-to-noise linearity ted
resut usng track 20 of theCBS CD-1. The n-
put test sgnal is a dthered500 Hz sine wave
which gradudl fadesfrom -60 dB level to -120
dB. During the &ding, he ouput level from the
CHA328 ismeasired and compared tthe ideal
level. Notice he wery close tacking of the out-
put level to theideal evenatlow level inputs of
-90 dB. The graduadhit of the plotawvay from
zero at gynal levels < -100 dBis causedby the
background naie starting © domnate the meas
urement.

Figure 14 shows the impulse resporse taken
from the singé posiive full scak value on track
17 of the (D-1 teg disk. Notce te high dgree
of symmetry, indicating good phaserearty.

Figure 15 shavs al6K FFT plot result, with a
1 kHz -90 dBdithered input. Notice the com-
plete lack of dstortion componerst and ones.

Figure 16 shows a bandmited, 10 Hz to
22 kHz,time domain plot of the C54328 output
with a1l kHz, -90 dB dithered input. Notice he
clearresdual sine wave shape,n the presence of
noise.

Figure 17 shas the monotonicity test result
plot. The inputdata b the C4328 5 +1 LB, -1
LSB four times, then +2 LSB, -2 LSB four times
and so onuntil +10 LB, -10 LSB. This daa
patern istaken from track 21 of he CD-1 test
disk. Notce the ncreasng shircase evelope,
with no decreasing einens. Notice also tk
clear resdution of the LSB. For this test, one
LSB is a 16-bitLSB.

The following tests were done byiltering he
analog ouput of the CS4328 wih the Sysem
One analyzer kHz notch ilter to reducethe
peak synal kevel. The resiting sgnal was then
amplified and appkd to the DS nodule, aoid-
ing digortion in he Sysem One A/D conert.

Figure 18 shaovs al6K FFT Plot with a 1 kHz,
0 dB input Notice the éw order harronic dis-
tortion at< -100 dB.

Figure19 shevs al6K FFT Plot with a 1 kHz,
-10 dB input. Notice the almost omplete ab-
sence of ditortion, with a snall resdual 2rd
harmonc at -110 dB

10
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Figure 14. Impulse Response

Figure 11. Unmuted Idle Ndse
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Figure 19. 1 kHz, -10dB Input FFT Plot
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CS4328

_ Digital Delt

Audio 8x 2 e
— Sigma

Data Interpolator 8 X S/H Modulator

’Ewitchedj ’a)ntinuoua
DAC [ ‘ Cap " Time >
! LPF ‘ Filter ‘

Analog
Output

Analog Filter

Figure 20. CS4328Ar chitedure

THEORY OF OPERATION

The CS428 architecture @an be conglered n
five blocks Interpolaton, sample/hold, dela-
sigma nodulaton, D/A corversbn, and analg
filtering.

Audio data isinput to he C3t328 digtal inter-
polaion filter which remues imagesof the input
signal thatare presenat nultiples of te input
sanple frequeny, Fs(Figure 21). Following the
interpolaion gage, he resuling frequeng spec-
trum hasimagesof the input sgnal at multiples
of eighttimesthe nput smple frequeng, 8x Fs
(Figure 22).Eliminating the imagesbetveenFs
and & Fs grealy relaxes the requiemens of the
analog fitering, allowing the suppreson of im-
ages while leaving the audio band of ingrest
unalered.

LT

24 Fs 2Fs f (kHz)

Figure 21. Input Data Spedrum

(dB) ‘ \ / \ / \
16Fs f(kHz)

Flgure 22 8X Interpolated Data Spedrum

The C34328 inerpolaion stgeis followed by a
sanple-and-hotl function where e daa points

from the inerpolabr are held for ght (64x F9
clock gicles The resulng frequeng respons
is a sinxk characgristic with zeros a8x Fsmul

tiples. The sinx/x zeros mmpletely attenuae
signalsat 8 Fs andlargely suppres the remau-
ing enegy of the images (kgure 23). The 8
interpolation followed by the 8x sanple-and-

ﬂmm

16Fs  f(kHz)
F|gure 23 Spe:trum After S/H

(dB)

hold resilts in data ata rate of 64 Fs

The dela-sgma nodulabr takes in the 64x Fs
data (3.072 MHz for 48kHz sampled g/stemg
and performsfifth-order nase shapng. In the
digital modulator of the CS4328, 18bit audio
datais modulaed b a 1-bit, 64x Fssignal The
5th-order nois shaper albws 1-bit quantzation
to supportl8-bit audio procesag by suppress
ing quanization nase in the bandwidth of

|

24 f(kHz)

Figure 24. Modulator Output Sped¢rum

interest Hgure 24 fows the frequeng spec-
trum of the nodulabr output

The C33285s dgital modulaor is followed bya
D-to-A corverter that translaés he 1-bit signal
into a series ofthage packts. The magtude
of the chage in each pack is deermined by
samping of a wltage referencento a swiched

DS62F3
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CS4328

capadior, where the pdalrity of each paocst is
controled by the 1-bit sgnal The resilt is a
1-bit D/A corverson proces tat is very insensk

tive to clock jitter. Thisis a mgor improvement

over previous generatns of 1-Bt D/A corvert

ers where the magnide of chage in the D/A
processs deternined by svitching a currentef-
erencefor a period of time defned byperiods of
the master dck.

The final sageof the C2328is made up of a
5th order svitched-capaair low passfilter anda
2nd order contiuous tme flter. The switched-
capadior filter eliminates out-of-band ergy re-
sulting from the noise shaping process
(Figure 25). The switched-capaair stage scals
with the mater clock sgnal being appéd to the

"L
D) [

24 B 64Fs  f (kHz)
Figure 25. Spectrum After Switched-Capadtor Filter

L

24 f (kHz)

Figure 26. Spectrum After Continuous Time Filter

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222

CHA328. Thefinal sageis a 2nd order confiu-
ous time flter that eliminates high frequeny
enepgy that appears at utiples of the 64x Fs
sanple rae (Figure 26).

Figures 27-30 are compudr smulations of he
combned respors of the (54328 dgita ard
analog fiters wth an nput word rae of 48 kHz.

Figure 27 shas the indvidual am combined
phase rgzonse ofthe C$4328 flters. Notice e
digital filter equakzation of the analg filter
produce a hear phase rpsnse.

Figures 28-30 are plstof he CSI328 magni
tude reponse.

124 -

Analog Filter

Phase (degre es)
o

0 2 4 6 8 10 12 14 16 18 20
Frequency (kHz)

Figure 27. Deviation From Linear Phase

14
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Magnitude (dB)
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-100
-110+
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Figure 28. Combined Digital and Analog
Filter Frequency Respose

Magnitude (dB)

© o NS h ANk o e
ey Iy —

'
=
o

N

o
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Figure 29. Combined Digital and Analog
Filter Frequency Response
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Figure 30. Combined Digital and Analog
Filter Transition Band
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Y J4 Y r7 4 4 /14
-S>y = CS4328

PIN DESCRIPTIONS

CLOCK SELECT CKS

DIGITAL INPUT FORMAT 1 DIF1
DIGITAL INPUT FORMAT 0O DIFO
CRYSTAL OR CLOCK INPUT XTI

SDATAI SERIAL DATA INPUT

DGND DIGITAL GROUND

VD+ DIGITAL POWER

XTO CRYSTAL OSCILLATOR OUTPUT

i
[

18

=
N

17

i
w

16

i
IS

15

ANALOG GROUND AGND1 (1 28 [ VREF- VOLTAGE REFERENCE OUTPUT
ANALOG LEFT CHANNEL OUTPUT AOUTL (]2 27 [ CALI  CALIBRATION INPUT
ANALOG POWER VA+ []s3 26 [ AOUTR ANALOG RIGHT CHANNEL OUTPUT
ANALOG GROUND AGND2 ([]4 25 [ AGND3 ANALOG GROUND
NEGATIVE ANALOG POWER VA- s 24 1 ACKI  ANALOG CLOCK INPUT
COMPARATOR OUTPUT CMPO (]s 23 [] NC NO CONNECT
NO CONNECT NC O~ 22 [J ACKO ANALOG CLOCK OUTPUT
COMPARATOR INPUT CMPI (s 22 [] CALO CALIBRATION OUTPUT
RESET RST (s 20 [J LRCK LEFT/RIGHT CLOCK INPUT
TEST TST [ 19 [ BICK  SERIAL BIT CLOCK INPUT
U [
L] [
L] [
L] [

Power Supply Connections
VA+ - Podgitive Analog Power, PIN 3.
Postive anabg suppy. Nominally +5 wolts.

VA- - Negative Analog Power, PIN 5.
Negative analog spply. Nominaly -5 wolts.

AGND1, AGND2, AGND3 - Analog Grounds, PINS 1, 4, 25.
Analog ground reference.

VD+ - Posttive Digital Power, PIN 16.
Postive supply for he digtal secion. Noninaly +5 \olts.

DGND - Digital Ground, PIN 17.
Digital ground for the d@jital section.

Analog Outputs

VREF- - VoltageReference Ouput, PIN 28.
Nominally -3.68 wlts. Normally conneotd © a 0.1uF cerami capadior in paralel with a
10uF or larger electolytic capadior. Note the ngative oufput pohrity.

AOUTL - Analog Left Channel Output, PIN 2.
Analog ouput for te left channel. ypically 4V peak-to-peak foa full-scaleinput sgnal

AOUTR - Analog Right Channel Output, PIN 26.
Analog ouput for te rightchannel. ypically 4V peak-to-peak foa full-scaleinput sgnal

16 DS62F3

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6109663/cs4328.html

Y J4 Y r7 4 4 /14
-S>y = CS4328

. _______________________________________________________________________________________________________________________________________________|
Digital Inputs

XTI - Crystal or Clock Input, PIN 14.
A crystd oscilator canbe connected between ghpin andXTO, or an external CMOS clock
can be inpubn XTI. The frequencmud be ether256x or 384« the hput word rae basedon
the cbck seéct pn, CKS

ACKI - Analog Clock Input, PIN 24.

This is the mater clock inputfor the analog seicn of the chip and mus be 12& the input
word rate. ACKI is typicaly connected to the Analog @tk Ouputpin, ACKO.

CALI - Calibration Input, PIN 27.
Input b the anabg seadbn that is useed during diset calibration. Nornally conneotd b the
Calibraion Ouput pn, CALO.

CMPI - Comparator In put, PIN 8
Input b the dgital section thatis usedduring offset calibration. Normally connectd b the
Conparator Ouyput pn, CMPO.

LRCK - Left/Right Clock, PIN 20.
This input deterrmes which channelis currenty being nput on he Seral Dat Input pn,
SDATAI. The formatof LRCK is controled by DIFO andDIF1.

BICK - Serial Bit Input Clock, PIN19.
Clocks te indvidual bis of the erial data n from the ATAI pin. The edgeusedto latch
SDATAI is controled by DI and DIF1.

SDATAI - Serial Data Input, PIN 18.
Two’s compément M SB-first seral data ofeither 16or 18 bits is input on his pin. The da is
clocked into the CS1328 via he BICK clock and he channeld deermined by the LEEK clock.
The format for the previous two clocks isdeermined by the Digtal Input Format pns, DIFO
and DIF1

DIFO,DIF1 - Digital Input Format, PINS 13, 12
These tw pinsselect one offour formas for the incoming seral dat steam. Thes pinsset
the formatof the BCK and LRCK clocks wih respect to SBTAI. The formas arelisted in
Table 2.

CKS - Clock Speed Slect, PIN 11.
Sekctsthe cbck frequeng input on he XTI pin. CKS low sekcts 256x the input word rae
(LRCK frequeng) while CKS high sekcts384x.

RST - Reset andCalibrate, PIN 9.
When resets low the flters and mdulabrs are hel in rest. When rest goeshigh, an ofset
cdibration isinitiated.

DS62F3 17
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. _______________________________________________________________________________________________________________________________________________|
Digital Outputs

XTO - Crystal Ostillator Output, PIN 15.

When a crystabscilator s used, itis tied betweenthis pin and XTI. When anexternalclockis
input, this pin shoutl be leftfloating.

ACKO - Analog Clock Output, PIN 22.

This outputis 128x the nput word rate (LRCK frequeng). Normally conneotd b the Anabg
Clock Input pn, ACKI.

CALO - Calibration Output, PIN 21.
Used dumg of'set caibration. Must be connectedtthe Glibration Input pn, CALI.

CMPO - Comparator Output, PIN 6.
Used dumg of'set calbration. Must be connectedtthe ®mparaor Input pn, CMPI.

Miscellaneous

NC - No Comection, PINS 7, 23.

Thesetwo pins are bonded outto test ouputs They must not be connectedto ary external
componenor ary length of PC ttace.

TST -Ted Input, PIN 10.

Allows accesdo the CS4328 tdsmodes, whth are resemd for factory ug. Mug be ted D
DGND.

18 DS62F3
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PARAMETER DEFINI TIONS

Total Harmonic Distortion + Noise - The raio of the rms @ue of the signato the rmssum ofall
other spectl componers over the specified bandwidt (typically 10 Hz to 20 kHz),ricluding
distortion conponents Expressd in decbels

Signal-to-Noise Ratio - Theratio of the full scalerms \alue of the signalto the rms sunof all other
spectal conponentsover the pecified bandwidt with an inputof all zeros.

Frequency Regponse- A measure othe anplitude resporesvariation from 10 Hz to 20 kHz relive
to the ampitude resporesat 1 kHz. Uris in decbels

Interchannel Isolation - A measure of cradalk betveen the dft and rght channels Measuredfor
each channel athe cownerter's ouput with all zerosto the input undertes and afull-scak
signal appled  the oher channel. Uts in decbels

Inter channel Gain Mismatch - The gan difference betweerft and rght channelsUnits in decbels

Gain Error - The deiation from he nomnal full scale anadg outputfor a ful scak digital input

Gain Drift - Thechangein gain value with temperature. Unitsin ppm/C.

Offset Error - The deiation of the nd-scale tanstion (111...111 to 000...000) frothe ided
(AGND). Unitsin mV.

DS62F3 19
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28 15 T
E1 28 pin
1 14 Plastic DIP
T o o ofF O o o o O &7 O G R T
i |
| 1
SEATING LT T 1A
PLANE L ﬁt
AL o / )
Bl J 0 Cm=
~eA—

NOTES:
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25mm (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.

DIM

MILLIMETERS

INCHES

MIN

NOM

MAX

MIN | NOM

MAX

3.94

4.32

5.08

0.155/0.170/0.200

Al

0.51

0.76

1.02

0.020|0.030/0.040

0.36

0.46

0.56

0.014|0.018|0.022

Bl

1.02

1.27

1.65

0.040|0.050/0.065

0.20

0.25

0.38

0.008|0.010/0.015

36.45

36.83

37.21

1.435]1.450|1.465

El

13.72

13.97

14.22

0.540/0.550/0.560

el

241

2.54

2.67

0.095|0.100/0.105

eA

15.24

15.87

0.600| - 0.625

3.18

3.81

0.125| - 10.150

0°

15°

0° -

15°

2. DIMENSION eA TO CENTER OF LEADS WHEN FORMED PARALLEL.

3. DIMENSION E1 DOES NOT INCLUDE MOLD FLASH.

- D—

fAAR AR

SOIC

T

1% “
T e 4

pins

MILLIMETERS

INCHES

MIN

NOM

MAX

MIN | NOM

MAX

16

9.91

10.16

10.41

0.390, 0.400

0.410

20

12.45

12.70

12.95

0.490| 0.500

0.510

24

14.99

15.24

15.50

0.590| 0.600

0.610

28

17.53

17.78

18.03

0.690| 0.700

0.710

DIM

MILL

IMETE

RS

INCHES

MIN

NOM

MAX

MIN | NOM

MAX

241

2.54

2.67

0.095| 0.100

0.105

0.127

0.300

0.005| -

0.012

2.29

241

2.54

0.090| 0.095

0.100

0.33

0.46

0.51

0.013/ 0.018

0.020

0.203

0.280

0.381

0.008/ 0.011

0.015

see

table above

m| O

10.11

10.41

10.67

0.398| 0.410

0.420

7.42

7.49

7.57

0.292| 0.295

0.298

1.14

1.27

1.40

0.040| 0.050

0.055

0.41

0.89

0.016| -

0.035

= rr|lo|Mm

(0

&

o° -

80
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i i CDBA4328

CS4328 Evaluation Board

Features General Description
The CDB4328 evaluation board allows fast evaluation
® Demonstrates recommended layout of the CS4328 18-bit, stereo D/A converter. The board
and grounding arrangements provides an analog output interface via BNC connec-

tors for both channels. Evaluation requires an analog
signal analyzer, a digital signal source, and a power
® (CS4328 Supports multiple input formats | Supply-

Also included is a CS8412 digital audio receiver I.C.,
which will accept AES/EBU, S/PDIF, and EIAJ-340
® CS8412 Receives AES/EBU, S/PDIF, compatible audio data. The CS8412 can provide the

& EIAJ-340 Compatible Digital Audio system timing necessary to operate the CS4328.

The evaluation board may also be configured to accept
o external timing signals for operation in a user applica-
® Digital and Analog Patch Areas tion during system development.

® QOperation with on-board CS8412 or
externally supplied system timing ORDERING INFORMATION: CDB4328

Block Diagram

Digital Audio Input -15V. GND +15V GND +5V
Digital ? ? Analog
Patch Patch
Area CcS8412 Area
Digital
Audio
Receiver Power Supply

Regulation and Conditioning

Ly Py

Error Info/ 6 Timing | 46 AOUTR
Channel <+ Signal C54328
Status Selector D/A Converter
o> <§> AOUTL
Offset
@ @ @ é Calibration
— Network
L/R SCLK SDATA MCLK
Crystal Semico nductor Corp oration AUG 93
P.O. Box 17847, Austin, TX 78760 DS62DB2
(512) 445 7222 Fax: (512) 445 7581 21

http://www.crystal.com
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CDB4328

Power Supply Circuitry

Figurel shavs the galuation board pwer sup-
ply circuitry. Power is supplied to the evaluation
board by five binding pats. The +5 V analog
power suppy inputs of he cormwerter are deved
from + 15 V using the wltageregulatorsU5 and
U6. The +5 V digita supply for the cowerter
and the dicree logic on the board & provided
by the +5 V and DGND biding poss. D1, D2,
and D3 areransent suppresorswhich ako pro-
vide protection from incorrecly conneced
power supply leads C1-C8 provide general
power sypply filtering for the anabg supples
As shown in Figure 2, C20-@4 provide locat
ized decouping for the cowerter \A+ and \A-
pins Note hat 22 is connectedbetweenVA-
and \VA+ and notVA- and AGND. The ealu-
ation boarduses bah an analog and adigital
grourd pare which ae conneded at J1. This
ground plane arrangesnt isoltesthe board
digital logic from the analog ccuitry.

Offset Calibration & Reset Circuitry

Figurel, shavs the ofset calbration circuit pro-
vided on he evaluaton board.Upon paver-up,
this circuit provides a pulse onthe Digtal to
Analog Conwerters RST pin initiating an ofset
calibration cycle. Ressing and reashg S2 ato
initiates an ofset calibration g/cle.

Serial Data I nterface

Figure 1 shas that there are tw optionsfor in-
puting seral dat into the C34328. Serial daga
canbe prwided via he SDATA BNC connector
on the evaluaion board. BNC mnnectorsfor
SCLK, the srial datainput clock, andL/R, the
clock thatdefines the channel ardeineaes te
data, arealso pravided on the ®aluaton board.
This information can a$o be prwided by the on-
board CS8412. JP3selets the urce of
SDATA, SCLK, and LR that will be provided to
the comwverter JP3 seleans are shwon in Ta
ble 1.

U5

+15V

COM

IN 78L0O5 OUT VA+
Cc7

—@.47 uF n

AGND

= A

AGND DGND

-15V

COM

C8
0.47 uF
IN 79L05 OUT VA-

ué

D2 = D3 = 1N6276A 1.5KE
D1 = P6KE-6V8P from Thomson

+5V VD+

C2
0.1 uF

DGND

oo RsT
CS4328
u7C

D13
1N148

u7B
74HC14

S2
CAL

7 C15

Figure 1. Power Supply and Rese Circuitry
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— 5 |INC 5 0.1uF
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4 c21 ,C20 vA-
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U3, Pin 6 TP? 19 Bick AGND3%7
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From 9 28
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10 17 11 13 )1z 01url 10ur [t
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j a7k =
VD+
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Figure 2. CS4328 DAC Connedions

The C34328 suppors four srial dat input for- System Timing

mats. The seéction d which is made via the

digital input formatpins DIFO andDIF1. The  The maste clock inputto the CS1328 can be
different fornats control the rektionshp of L/R provided by several sources. P3 <slects the

to SDATA and he edge of SCK used b latch source of he maser clock thatis to be sipplied

the data. Consut the C34328 dat sheetfor an  to the XTI pin of the comerter. When EXT

explanaton of the different fornats. CLK is sekcted, the master clock [sovided by
oneof two sources The 12.288 MHz abck sD-

Position Input Option Selected nal provided by U8 canbe used as the master
EXT CLK SDATA,SCLK, L/R provided clock for boh the C4328 andthe external sys
by an external source. tem that preides the seia daa to the boad.
8412 SDATA,SCLK, L/R provided The other option is for a mater dock tha is
by the CS8412 synchronzed to the eternal seral daa coming
into the board, be used as the mntas clock for
Table 1. JP3 Selectable Options the C34328 aswell. However, if an external
DS62DB2 23
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CDB4328

mader clock isto be used, U8 mude renoved
from it's soclet to prevent he two clock sgnals
from interfering with oneanother When 8412s
sekcted by JB, the naster clock for he CS1328
is provided by the MCK output of the CS3412.
The CKSpin of the CS1328 can be pudll either
high or bw via JR. Ths deternines wheher
the master clock frequenc has o be 384Xor
256X the nput word rae. Consut the CA4328
data sheetor the comnon maser cbck frequen
cies tble.

Analog Outputs

The anabg outpus are mailable at2 BNC con-
nectorslabeled AODUTL and AOUTR. R5 and
C18 renove the renaining very high frequeng
componerdg from the left channeloutput sgnal
while R6 and C19 do  for the right channel
outputsignal.

Digital Audio Standard Interface

Included on the evaluation board isa C®8412
Digital Audio Interface Recaver. This device
can receve and decode dat according @ the
AES/EBU, S/PDIF, and EIA3340 interface
standard.Figure 3 shows the shemaic for the
CSB412. The inpu is coupled to the device
through a transformer tha is included on he
board. The inputo the device canbe conigured
to accepteither profesional or consimer input
modes Congilt the CS8412 data sheetfor an
explanaton of the wo inputmodes

The LEDs, D4-D8, performtwo funcions
When Sl is in the ChanneBtatus pogion, the
LEDs display the channel atusinformaion for
the channelselecéd by JR. When S19 in the
Error Information position, the LEDs D4-D6,
display encoded errornformation that can be
decoded by consuting the CS842 dda shest.
Encoded saple frequeng information is dis-
played on LEDED7-D9 provided aproper cbck
is being appkd © the FCK pin of JPL. When
an LED is lit, this indicates a "1" on the corre-

sponding pin dcatedon the CS8412. Whenan
LED is off, this indcaes a "0" o the corre
spondng pn. Neither he L or R option shoutl
be sekcted f the FCK pin of JP1 is beng driven
by a clock ggnal

Serial Output Interface

The SDATA, SCLK, L/R, and MCLK BNC
connecbrs can ato be usedd provide a seal
outputinterface forthe CS3412. Wth JP3 in lhe
8412 postion, the outpwg from the C8412 can
be brought dfthe boardto an eternalevalution
sydgem This da@ can be conigured n one of
se/en selecableformats. These formts are out-
lined in he CB412 data lseet.

CDB5336/7/8/9 Interface to CDB4328

Many users find it informative to ealuate a
conmbined ADC and DAC sysem connedd to-
gether yelding analog nput andanalogoutput
This can be accomlishedby interconnedhg a
CDB5326/7/8/9 or CDB5336/78/9 to a
CDB4328 w@aluaton board. Théollowing in-
formation cortains several techniques to
acomplish this goal There are tw general
points which need ® be mentoned. An anabg
input of £ 3.68 V wil produce dull scaledigital
output from the CS536/7/8/9 and he
CH326/78/9. A full scak digtal input to the
CA328will produce dull scak outputof + 2V
resuting in an oerall loss d appoximately
5.2 dB from input to oufput. Also it is recom
mended hat the power connedions for each
board are brought dirett from the paver sup-
ply and notin a "daisy-chan™ manner from
board to board.

Connecing the MB4328 b the MB53367/89
can be accomghed using one of tvo methods
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CDB4328

the race at he DATA BNC conneodr ard
place a jumper betveen the BATA BNC and
U8 pin 11. ®IODE is set LOW for a naster
clock o 256 times the sample rate. P7 nust
have both the inérnal andexternal jumpers n-
stalled. Thiswill rout the naster clock b the
EXTCLKIN BNC for connection to the
CDB4328 MAK.

If a CSH336/8is installed an addiional modifi-
cdion is reguired to invert the SALK prior to
trangnisson  the AMB4328. Ths can beim-
plemenéd asfollows: cutthe trace atthe SCLK
BNC and nstall a junper between U7 pi 4 and
the SCLK BNC.

CDB5336/7/8/9 and CDB4328 Interconnection
for Method 2

Shielded coaxial cables wth BNC conneacbrs
shoutl be useda male the following connec-
tions: L/R to LR, SCLK to SCLK, SDATA to
SDATA, EXTCKIN to MCLK.

CDB4328 I nterfacing to the CDB5326/7/8/9

A method of interfacing the MB5326/7/8/9 and
the CDB4328requres adirect inerfacethrough
the EXTQKIN, SCLK, SDATA, and LR BNC
connectos. This technique requires modifica
tions b the ADB532677/80 to derive the proper
clock frequencies This is done by utlizing a
12.288 MHz clock andsuppying a clck to the
CDB5326/78/9 at6.144 MHz.

CDB4328 Configuration

The CA328 mus be set to receve data n for-
mat 2 (DIF1 high and DIFOdw). Modify the
jumpeas located near ms 12 and 13 ofhe
CHA328. JP2 sets the clock b sanple frequeng
ratio (CKS on the C$4328 andis et low for a
256 rato.

JP3 selects the surce of SIATA, SCLK and L/R
that will be provided b the comwverter andshout

be renoved to accesshe multiple clocks from
the DB5326/7/80. Renove the 12.288 Miz
oscilator (U8).

CDB5326/7/8/9 Configuration

Renove the clock source ymper (R2). Renove
the 6.144MHz o<illator (U2) and remce wih
the 12.288 Mz oscllator fromthe DB4328.

Install a divide by 2 functon on the
CDB5326/78/9 digital patch area Use a
74HC74 with the D irput connected to the Q
output Connectthe osillator output to the
74HC74 clock input Connectthe Q ouput ©
Ul pin 23.

Paosition P2 to connecthe osdilator ouput ©
the EXTQLKIN.

CDB5326/7/8/9 and CDB4328 Interconnection

Shielded coaxial cables with BNC connecbrs
shoutl be useda male the following connec-
tions: L/R to L/R, SOLK to SCLK, SDATA to
SDATA, EXTCLKIN to MCLK.

DS62DB2
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Figure 4. Top Ground Plane Layer (NOT TO SCALE)
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