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A DIVISION OF =2 CIRRUS LOGIC®

Low Cost, 2 0-Bit, Stereo , Audio D/A Conv erter

Features Descriptio n

e 20-Bit Conversion The CS4327 is a complete stereo digital-to-analog out-

® 108 dB Signal-to-Noise-Ratio (EIAJ) put system. In addition to the traditional D/A function, the
. CS4327 includes a digital interpolation filter followed by

100 dB Dynamic Range an 128X oversampled delta-sigma modulator. The mod-

e Single-Ended Outputs ulator output controls the reference voltage input to an

e Complete Stereo DAC System ultra-linear analog low-pass filter. This architecture al-

- 128X Interpolation Filter lows for infinite adjustment of sample rate between 1 and
} 50 kHz while maintaining linear phase response simply
- Delta-Sigma DAC by changing the master clock frequency.

- Analog Post Filter . . .
9 The CS4327 also includes an extremely flexible serial

® Low Clock Jitter Sensitivity port utilizing mode select pins to support multiple inter-
e Filtered Line-Level Outputs face formats.

- Linear Phase Filtering The master clock can be either 256, 384, or 512 times

- Zero Phase Error Between Channels the input sample rate, supporting various audio
e Digital De-emphasis for 32 kHz, 44.1 kHz & | environments.

48 kHz ORDERING INFO

CS4327-KS -10to70°C 16-pin Plastic SSOP
CDB4327 CS4327 Evaluation Board

DIFO DIF1 DEMO DEM1 VA+ VD+
llS ill ll Lz 3 6
LRCK ¢~ .
Il t .
SCLKE SlenrtISrf;cpeu —1 De-emphasis Voltage Reference 16 CMFILT
SDATA
. Analog
- 14
Interpolator |—» DeNa-Sigma DAC % Low-Pass ———» AOUTL
Modulator .
Filter
AUTO_MUTE § 12 i T i
- Delta-Sigma Analog 13
Interpolator | g DAC —» Low-Pass [—* AOUTR
Modulator .
Filter
5 It 4
DGND MCLK AGND
Cirrus Logic, Inc. ) _ '
Crystal Semiconductor Products Divisio n Copyright O Cirrus Logic, Inc. 1997 DEC ‘97
P.O. Box 17847, Austin, Texas 78760 (All Rights Reserved) DS190F1
(512) 445 7222 FAX: (512) 445 7581
http://www.crystal.com 1

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5902813/CS4327-KS.html

y 4 Y I17 J J [/ &
F P CS4327

1
ANAL OG CHARACTERISTICS (T4 = 25°C; Internal SCLK; Full-Scale Output Sine wave, 997 Hz;

12.288 MHz MCLK; Fs = 48 kHz; Input Data = 20 Bits; SCLK = 3.072 MHz; R = 10 kQ; VD+ = VA+ =5V,
Logic 1 = VD+, Logic 0 = DGND; Measurement Bandwidth is 10 Hz to 20 kHz, unweighted, unless otherwise spec-

ified.)
Parameter Symbol Min Typ Max Unit
Specified Temperature Operating Range Ta -10 - 70 °C
Dynami ¢ Performance
Dynamic Range (Note 1)
20-Bit 93 97 - dB
(A-Weighted) 96 100 - dB
18-Bit - 97 - dB
(A-Weighted) - 100 - dB
16-Bit - 93 - dB
(A-Weighted) - 95 - dB
Total Harmonic Distortion + Noise (Note 1)| THD+N
20-Bit 0dB -87 -93 - dB
-20 dB - =77 - dB
-60 dB -33 -37 - dB
18-Bit 0dB - -93 - dB
-20 dB - =77 - dB
-60 dB - -37 - dB
16-Bit 0dB - -93 - dB
-20 dB - =77 - dB
-60 dB - -37 - dB
Idle Channel Noise / Signal-to-Noise-Ratio (Note 2) - 108 - dBFS
Interchannel Isolation (1 kHz) - -105 - dB
Combined Digital and Anal og Filter Characteristics
Frequency Response 10 Hz to 20 kHz Fs =48 kHz - +0.1 - dB
Deviation from linear phase - 0.5 - deg
Passband: to -0.1 dB corner 0 - 0.4535 Fs
Passband Ripple - - +0.002 dB
StopBand 0.5465 - - Fs
StopBand Attenuation 72 - - dB
Group Delay (Note 3) - 25/Fs - S
De-emphasis Error - - 0.2 dB

Notes: 1. Triangular PDF Dithered Data
2. Auto-mute enabled. See parameter definitions.

3. Group Delay for Fs = 48 kHz
25/48 kHz = 520 ps

2 DS190F1
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ANAL OG CHARACTERISTICS (Continued)

Parameter ’ Symbol ’ Min | Typ ‘ Max ’ Unit
dc Accur acy
Interchannel Gain Mismatch - 0.1 - dB
Gain Error - +2 15 %
Gain Drift - 200 - ppm/°C
Analog Output
Full Scale Output Voltage 0.95 1.0 1.05 Vrms
Load Resistance 6 - - kQ
Load Capacitance - - 100 pF
Output Common Mode Voltage - 2.3 - \%

POWER AND THERMAL CHARACTERISTICS (Ta =25°C; Internal SCLK; Full-Scale Output
Sine wave, 997 Hz; 12.288 MHz MCLK; Fs = 48 kHz; Input Data = 20 Bits; SCLK = 3.072 MHz; R| = 10 kQ;

VD+ =VD+ =5V, Logic 1 = VD+, Logic 0 = DGND; Measurement Bandwidth is 10 Hz to 20 kHz, unweighted,
unless otherwise specified.)

Parameter Symbol Min Typ Max Unit
Power Supply Current Normal Operation 1A+ - 25 - mA
ID+ - 12 - mA
(IA+) + (ID+) - 37 43 mA
Power Down|(IA+) + (ID+) - 300 - A
Power Dissipation Normal Operation - 185 215 mw
Power-down - 15 - mw
Power Supply Rejection Ratio (1 kHz) PSRR - 60 - dB
Allowable Junction Temperature - - 135 °C
Junction to Ambient Thermal Impedance Oia - 120 - °C/W
DS190F1 3
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. ______________________________________________________________________________________________________________________|
SWITCHING CHARACTERISTICS (TA=25°C; VA+=5.0V; Inputs: Logic 0 =0V, Logic 1 = VD+,

C_ =20 pF)
Parameter Symbol Min Typ Max Unit

Input Sample Rate Fs 1 - 50 kHz

MCLK Pulse Width High MCLK/LRCK =512 10 - - ns

MCLK Pulse Width Low MCLK/LRCK =512 10 - - ns

MCLK Pulse Width High MCLK/LRCK = 384 21 - - ns

MCLK Pulse Width Low MCLK/LRCK = 384 21 - - ns

MCLK Pulse Width High MCLK/LRCK = 256 31 - - ns

MCLK Pulse Width Low MCLK/LRCK = 256 31 - - ns

External SCLK Mode

SCLK Pulse Width Low tsciki 20 - - ns

SCLK Pulse Width High tseikh 20 - - ns

SCLK Period tsclkw _1 - - ns

128(Fs)

SCLK rising to LRCK edge delay tsirg 20 - - ns

SCLK rising to LRCK edge setup time tsirs 20 - - ns

SDATA valid to SCLK rising setup time tsdirs 20 - - ns

SCLK rising to SDATA hold time tsah 20 - - ns

Internal SCLK Mode

SCLK Period SCLK/LRCK = 64|  tgokw _1 - - ns

64(Fs)
SCLK rising to LRCK edge tseikr - ol - ns
2
SDATA valid to SCLK rising setup time tsdirs _1 10 - - ns
512(Fs)

SCLK rising to SDATA hold time MCLK/LRCK = 256 or 512 tsah gﬁlﬁ_)+ 15 - - ns
S,

SCLK rising to SDATA hold time MCLK/LRCK = 384 tsdn é@zl(_F_)+ 15 - - ns
S,

4 DS190F1
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\
LRCK {
tslrs
sciki Usclkh

tsird H
|

SoATA >< X X ><

External Serial Mode Input Timing

\
tsclkr

\
SDATA >< >K ‘ >K >K
\ —
t sdirs t sdh
— |

“INTERNAL SCLK W
|

Internal Serial Mode Input Timing.

LRCK

tsclkw

*  The SCLK pin must be terminated to ground.
The SCLK pulses shown are internal to the CS4327

DS190F1 5
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DIGITAL CHARACTERISTICS (T, =25°C; VD+ =5V 5%)

CS4327
_____________________________________________________________________________________________________________|

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage \m 2.0 - - Vv
Low-Level Input Voltage VL - - 0.8 \Y
Input Leakage Current - - +10.0 HA
Digital Input Capacitance - 10 - pF

ABSOLUTE MAXIMUM RATINGS (AGND = DGND = 0 V; all voltages with respect to ground.)

Parameter Symbol Min Max Unit
DC Power Supply: Positive Analog VA+ -0.3 6.0 \%
Positive Digital VD+ -0.3 6.0 \%
[VA+ - VD+| 0.0 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
(AGND = DGND = 0 V; all voltages with respect to ground.)
Parameter Symbol Min Typ Max Unit
DC Power Supply: Positive Analog VA+ 4.75 5.0 5.25 \%
Positive Digital VD+ 4.75 5.0 5.25 Vv
[VA+ - VD+| - - 0.1 \%
DS190F1
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/\N\/ +5V
+ |1 pF 0.1 yF +| 1pF | 0.1 uF > Analog
6 3
VD+ VA+
15
Mode ——» DIFO
Select 11 14 ANALOG
— »DIFl AOUTL —»
CS4327 FILTER
— " »LRCK
9 scikr 16
CMFILT
Audio 10 spaTa +|1uF
Data 41> DEMO
Processor 2 g
——— ®» DEM1
12 U E—
—» AUTO_MUTE
AOUTR | > »  ANALOG
8 FILTER
» MCLK
DGND AGND
External Clock 5 4
* SCLK must be connected to DGND
for operation in Internal SCLK Mode
Figure 1. Typical Connection Diagram
DS190F1 7
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CS4327

GENERAL D ESCRIPTION

The CS827is a canplete staeo digital-to-andog
system including dgital interpolation, 128« fourth-
order ddta-sigmadigital-to-andog canversion,and
amalog filtering, see Figure 2 Thisarchitedurepro-
vides a hi insensitivity to clock jitter. The DAC
converts digital data at any input sample rate be-
tween 1 and 50 kHz, including the standard audio
ratesof 48, 44.1 and 32 kHz.

The primary purposeof using ddta-sigma modula-
tion techniques is to avoid the limitations of laser
trimmed resisive DAC architedures by using an
inherently linea 1-bit DAC. The advantages d a1-
bit DAC include:ided differential lineaity, no ds-
tortion mechanisms due to resistar matching erors
and nolinearity drift over time ard temperature due
to variationsin resistor vaues

Digital Interp olation Filter

The digital interpolation filterincreases the sample
rate by afactor of 4 ard isfoll owed by a32x dgital
sanple-and-hdd to effectively adieve a 128x in-
terpolation filter. This filter eliminaes imayes of
the baseband audio sgnd which exist at multiples
of theinput sample rate, Fs. This allows for the se-
lection of aless canplex analogfilter based onout-
of-band nase attenuaion requirements rather than
arti-image filtering. Following the interpolation
fil ter, the resuting frequengy spedrum has images
of the input signal at multiples of 18x the input
sample rate. These imagesare removed by the e-
ternal aralog filter.

Delta-Sigma Modulator

The interpolation filter is followed by a fourth-or-
der ddta-sigma moduator which converts the 24
bit interpolation fil ter output into 1-hbit data at 128x
Fs.

Switched-Capmacitor Filter

The ddta-sgmamoduator is foll owed by adigital-
to-analog canverter which transhtes the 1-bt daa
into a series of charge padkets. The magnitude o
the charge in ead paket is degermined by sam-
pling of avoltage reference mto a swiched capac-
itor, where the pdarity of ead packetis controll ed
by the 1-bit signal. This technique greatly reduces
the sensitivity to clock jitter and is a magr im-
provement over ealier generations d 1-bit digital-
to-analog caowverters where the manitude of
charge in the D-to-A process is determined by
switching a arrent reference for a period of time
defined by the master clock.

SYSTEM DESIGN

Master Clock

The Master Clock, MCLK, is used to operate the
digital interpolationfilter and the delta-sigmamod-
ulator. MCLK must be either 256x, 384xor 512x
the desired Input Sample Rate, Fs. Fs is he fre-
quency a which digital audio sanples for each
chamel are inpu to the DAC ard is equa to the
LRCK frequeng/. The MCLK to LRCK frequency
ratio is degecedauomdically during theinitializa-
tion sequence by counting the number of MCLK

. Analog
Delta-Sigma
—> - >
Interpolator Modulator DAC Loglg?ss AOUT
Figure 2. Block Diagram
8 DS190F1
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CS4327

transitions during a single LRCK period. Interrel

dividers ae then se to generate the prope clocks
for the digital filter, dekta-sigma moduator and
switched-capecitor filter. Once the MCLK to
LRCK frequency ratio has bee detcted, the phase
and frequency relationship betveen the two clocks
must remain fixed. If during any LRCK this rela-

tionshp is changed, the CS4327 will rese. Table 1
illustrates the sandard audio sample rates and the
required MCLK frequercies

Fs MCLK (MHz)
(kHz) 256X 384x 512x

32 8.1920 12.2880 16.3840
44.1 11.2896 16.9344 22.5792

48 12.2880 18.4320 24.5760

Table 1 Common Clock Frequencies

Serial Data Interface

The srial daainterface is accomplished via the s-
rial daa inpu, SDATA, seial dda clock, SCLK,
and the left/right clock, LRCK. The C$4327 sup
ports fourseaial daaformats which are sdectedvia
the dgital input format pins DIFO and DIF1. The
different formats control the rdationship of LRCK
to the wrial daa ard the edje of SCLK used to
latch the data into the input buffer. Table 2 lists the
formats, along with the asscciated figure number.
The seral daa is represerted in 2’s-complemert
format with the MSB-first in all four formats.

DIF1 DIFO Format Figure
0 0 0 3
0 1 1 3
1 0 2 4
1 1 3 5

Table 2 Digital Input Formats

Formets 0 and 1 ae shown in Figure 3. The audio
dataisright-justified, LSB aligned with the traili ng
edge of LRCK, and latched into the seial inpu
data buffer on tre risingedge of SCLK. Formats 0
and 1are 16 and 20-bit versions and differ only in
the nunber of data bits required

Formet 2 is 20-bit left jusified, MSB digned with
the leading edge of LRCK. Datais latched on te
falling edge of SCLK. The format will suppart 16
and 18-ht inpus if the data is followed by four or
two zeos to simulate a 20-hit input as shownin
Figure4. A very small offset will resultif the 18 or
16-bit datisfoll owed by static nonzero daa.

Format 3 is conpatible with the 1°S seral daa pro-
tocol as shown in Figure5. Noticethat the MSB is
delayed 1 period of SCLK following the leadng
edgeof LRCK and LRCK is inverted compared to
the previous formats. Data is latched on the rising
edgeof SCLK. Format 3 is a 26bit 1°S format 18-
bit or 16-hit 12S @n beimplemented if the daa is
followed by two or four zeros to simulate a 20-hit
inputas shown in Figure 5. A very smell offsetwill
result if the 18 or 16-hit data is followed by static
non-zero data

Serial Clock

The seial clock controls theshifting of data into
the input data buffers. The CS427 sipparts both
externd and internal seral clock generation nodes.

External Serial Clock

The CS427 will erter the externd seral clock
modeif 15 or more high\ow transitions ae detect-
edon the SCLK pin during ary phase d the LRCK
period. When this mock is eralded, internal seral
clock mode cannot be aaccessal without returning
to the paver down made

Internal Serial Clock

In the Internal Seral Clock Mode, the seial clock
is internally derived and syndronous with MCLK.
The internd SCLK / LRCK rato is always 64 and
opeaation inthismodeis identcd to operation with
an external serial clock synchronized with LRCK.
The SCLK pin must beconreded to DGND for
proper operation.

The internd saial clock modeis advantageous in
that there ae stuations where imprope serial

DS190F1
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Figure 3. Digital Input Format O and 1

() () (> )
LRCK J Left Channel ngr;t ()Channel )

SDATA \15\14\15 f;u\m\ ols|7|6|5]4]3]2]1]0] W 151413012[11]10] o | 8| 7\ \ 2]1/0] W \15\5
SOATAT [ [y7lae]| aahzlualad ol sl 7]6]s]4]al2]1lo]  []] | Turheashaislizlusols] Talal2[a[o] [/ /Tad,
SOATA[ [ [d1g] 4sadsdadudad o s 7] s[4 3] 2[1]o] /|  hohdarheshdadica] [s[s[lsl2[1l0l/ /| | /d|

Figure 4. Digital Input Format 2.

s <
LRCK - Left Channel , eJ Right Channel

¢ ( (

sowk T, JUULUU LU U UUUUL, SUTTUUUUUUUT WU UL, (U,

) ) ) ) ) 8 )
SDATA[ 5], 110/ 0] 8] 7] 6] 5[ a]3]2]1]0] W—/ ./ /hsl1ahslrohalad o] 8], | 2] 1]o] i
) ) ) ) ) ) )
SOATAT /" Tyr[| ‘saalualao o[ sl 7] 6] ]sl2]1lo] [/ '/ [hdashsasslizluslio] Talal2[a[o] [/} /7T
SOATAT'[ [ [lao]| ashelssazuad o[ s| 7]6]5]alal2[a[0]/ /| |/ [ hdasarhelaslualislsz) Tolsalal2[xlol/ [} /]
Figure 5. Digital Input Format 3.
10 DS190F1

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5902813/CS4327-KS.html

y 4 Y I17 J J [/ &
a 4 A Wy /i
1 4 1) 4 a8/ /7 4

CS4327

clock routing on the printed circuit boad can de-
grade systen peformance The use & the internal
serial clock mode simplifies the routing of the
printed drcuit boad by allowing the seral clock
traceto bedeleted and avoidspossble interference
effeds.

Auto Mute

An auo-mute furction is uséul for applications,
such ascompad disk players, where the idle chan
ne noise must be minimized. The C4327 will au
tomaticdly initiatea mue for anidle channel input,
where idle channé is ddiined as aninpu of gatic
1's orstdic 0's duing 812 conseutive LRCK cy-
cles The mute will be immediately released when
nortridle channd datis applied to ether the Left or
Rightchannels. This featureissdedableand adive
only if the AUTO_MUTE pin is low.

De-Emphasis

Implementation of digital de-.emphasisrequiresre-
configurdion of the digital filterto maintain the fil -
ter resppnseshown in Figure 6 atmultiple sanple
rates. The CS427 is cgpable of digital deempha
sis for 32, 44.1 or 48 kHz sample rates. Table 3
showsthe de-emphasis @ntrol inpus for DEM 0
and DEM 1.

Gain
dB

0dB

-10 dB

F1 F2
3.183 kHz 10.61 kHz

Frequency

Figure 6. De-emphasis Fiter Respase

DEM1 DEMO De-emphasi s
0 0 32 kHz
0 1 44.1 kHz
1 0 48 kHz
1 1 OFF

Table 3 De-EmphasisFilter Selection

Initialization , Calibration and Power-Down

Uponinitial power-up, the DAC enters the paver-
downmode. The interpolation filtersand ddta-sig-
ma modulators ae reset ard the internd voltage
reference, one-bit D/A converters and swiched-ca-
pecitor low-passfilters are poweaed down. The de-
vice will remain in the power-down mode until
MCLK ard LRCK are preserted. OnceMCLK and
LRCK are detected MCLK occurrengs are count-
edover oneLRCK peiod to determine the MCLK
/ LRCK frequeny rato. Power is applied to thein-
ternd voltage reference, the DJ/A converters,
switched-capecitor filtersand the DAC will begina
common mode bias voltage cdibréion. This ini-
tialization and cdibraion sequence requires ap
proximately 2700 cycles of LRCK. The C4327
will enter the powea-down node, within 1 period o
LRCK, if either MCLK or LRCK is renoved. The
initiali zation sequence, as described abowe, occus
when MCLK and LRCK are restored

An offset cdibraion can be invoked by changing
the sate o Digital Input Formet pins, DIFO andor
DIF1, for a least3 LRCK cycle. During calibra
tion, a ommon-mode voltage of approximately
1.8V appeas at the autputs, with approximately a
16 kohm output impedane. Following cdibration,
the analog output impedarte becomes less than
10 ohms and the common mode voltage will move
to approximately 2.3 V.

DS190F1
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dependent ard will scae with Fs. Note that the re-
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Figures 7, 8, and 9. The overall respmseis clock
Figure7. CS427 Combined Digtal and Analog Filter

The frequency resporse of the canbined analog
switched-capecitor and dgita filters is shown in
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Figure 9. CS4827 Canbined Digital and AnalogFilter
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CS4327

Analog Output and Filtering

The C4327 contains a on-chip buffer amplifi er
produdng single-enced outputs. Each output will
produce anominal 2.83 Vpp (1 Vrms) output with
a 23 vdt common mode for a full scde digital in-
put

The CHA3Z7 filter isa linea phasedesgnand does
not include phase o anplitude compensaion for
anexternal filter. Therefore, the DAC systemphase
and anplitude respanse will be dgendent on the

externd analog circuitry. The seond-order low-
passfil ter with a-3 dB frequencyof 50 kHz shown
in Figure 10 will give goodresults in most applica-
tions.The design ofthisfil ter isdisaussedn AN55,
the Crystd Applications Noe "Design Notes for a
2-pole Filter." Figurell displays the the output
spectrum of the CS4327. Figure 12 dispays the
output spedrum following the 2-pole filter. Notice
the atenuation beyond50 kHz.

20k

10k 3.4k

>JVW—»—/W/V4¢H : : o

—F 100 pF
4

150 pF

=

N

Figure 10. 2-pole Butterworth Fill ter
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Figure 11 CS427 Output Spectrum
Fs =48 kHz
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Figure 12. 2pole Filtered Output Spectrum
Fs =48 kHz
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Grounding and Power Supply Decoupling

As with any high resolution converter, the CS4327
requires @reful attention to powea sugly and
grounding arrangements to optimize performance.
Figure 1 showsthe recommended power arange-
ments with VA+ conneded to a ckean +5 volt sup
ply. VD+ shauld be deived from VA+ through a
2 ohmresistor. VD+ shoud not be usedto power
additional digital circuitry. All mode pinswhich re-
quire VD+ shoud be conreded to pin 6 of the
CS4327. All mode pins which require DGND
shoud be conreded to pin 5 of the CS4327. Pins 4
and 5, AGND and DGND, shoud beconneded to-
gether at the CS4327. DGND fa the CS4327
shoud not beconfusedwith the groundfor the dig-
ital section of the systen. The C$4327 should be
postionad over the analog ground dane near the
digital / analog ground planespit. The analog and
digital ground planes nust beconnectedelsevhere
in the sysem The CS4327 evaluaion loard,
CDB4327, demonstrates this layout tedhnique.
This techniqgue minimizesdigital noise ard insures
proper power syply matching and sequencing.
Dewouding cgpadtors shold belocated as nar to
the CS4327 as possilde.

Performance Plds

The following cdledion of CHA327 meadurement
plots wee taken from the CDB4327 evaluaion
boad using theAudio Predsion Dual Domain Sys-
tem One.

Figure 13 shavs the frequency resporse & a
48 kHz sanple rate. The resporse isflat to 20 kHz
+0.1 dB asspeafied.

Figure 14 sltows THD+N versus siga amplitude
for al kHz 20-bit dithered npu signal. Notice that
the thereis noincrease in distortion & the signal
level deaeases. This indicaes very goodlow-level

linearity, one of the key benefits of ddta-signma
digital to analog corversion.

Figurel5shows a 16K-FT of a 1 kHZull-scaein-
put Sgnal. The signd has been filtered by a noth
fil ter within the Sysém Oneto renove the furda
mental comporent of the sgnal. This minimizes
the distartion aeded in the analyzer amalog-to-dig-
ital converter. Thistechniqueisdiscussedby Audio
Precision in the 10th amiversary addition of AU-
DIO.TST.

Figure 16 stows al6kFFT d al kHz-20 dBFS in
put sgnal. The signd has been filtered by a noth
fil ter within the Sysém Oneto renmove the furda
mental component of the sigal.

Figurel7 stows al6kFFT o al kHz-60 dBFS in
put sgnal.

Figure18 shows tle fade-to-noise Inearity. The in-
put signal is a dithered 20-bit 500 Hz sine wave
which fadesfrom -60 t -120 dBFS. During the
fade, the output from the CS4327 is measured and
compared D the ided level. Notice the very close
tracking of the output level to theided, even at low
level inpus. The gadud shift of the plot away
from zero at signals levels <-110 dB is causal by
the bakground nose statingto dominate the mea-
surament.

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)4456-7222

14

Downloaded from Elcodis.com electronic components distributor

DS190F1


http://elcodis.com/parts/5902813/CS4327-KS.html

y 4 Y I17 J J [/ &
a 4 A Wy /i
1 4 1) 4 a8/ /7 4

CS4327

C84327 Frquency Response €S4327 THD_N vs Amplitude at 1kHz
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Figure 13. Frequency Response Figure 14. THD+N vs. Amplitude
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PIN DESCRIPTIONS

DEMO || 1e 16 | | CMFILT

DEM1 | | 2 15| | DIFO
VA+[]3 14 || AOUTL

AGND | | 4 13| ] AOUTR

DGND | |5 12 | | AUTO_MUTE
VD+| | 6 11 || DIF1

LRCK | | 7 10 | | SDATA

MCLK [ | 8 9|]scLK

Pow | nnection

VA + - Positive Analog Power, PIN 3.
Positive analog supdy. Nomindly +5 volts.

VD+ - Positive Digital Power, PIN 6.
Postive sipply for the dgital sedion. Nominally +5 valts.

AGND - Analog Ground, PIN 4.
Analog ground reference.

DGND - Digital Ground, PIN 5.
Ground for the dgital sedion.

Analog Outputs

AOUTR - Right Channd Analog Output, PIN 13.

Analog output connedion for the Right chaanel output. Nominally 1 Virms for full-scale digital
input sigral.

AOUTL - Left Channel Analog Output, PIN 14.

Analog output connection for the Left channel outputs. Nomindly 1 Vrms fa full-scale digital
input sigral.

16 DS190F1
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_____________________________________________________________________________________________________________|
Digital In

MCLK - Clock Input, PIN 8.
The frequercy must ke ether 256x, 384x or 512x the input sanple rate (Fs).

LRCK - L eft/Right Clock, PIN 7.

This input deermines whch channd is curertly beng input on the Seral Data Input pin,
SDATA. The format of LRCK is cortrolled by DIFO and DIF1.

SCLK - Serial Bit Input Clock, PIN 9.

Clocks theindividual bits of the seial data in from the SDATA pin. The elge usal to latch
SDATA is controlled by DIFO and DIF1

SDATA - Seial Data Input, PIN 10.

Two’s complement MSB-first saial data of either 16, 18 or 20 bits is input on this pin. The
data is clocked into the CS4327 via the SALK clock, and the chamel is deermined by the

LRCK clock The format for the previous tvo docks is deermined by the Digital Input Format
pins, DIFO and DIF1.

DIFO, DIF1 - Digital Input Format, PINS 15, 11
Thesetwo pins sekct one of four formats for the incoming seial data stream. These pins set

the format of the SCLK and LRCK clocks with respect to SDATA. The formats ae listed in
Table 2.

DEMO, DEM1 - DeEmphasis Séect, PINS 1, 2.

Cortrols the ativation of the standard 50/15 pus deemphasis filter for either 32, 44.1 or 48 kHz
sanple rates.

AUTO_MUTE - Automatic Mute on Idle Channél Input, PIN 12.

When AUTO_MUTE is low the aralog outputs are mued following an idle channé detedion.

ldle channd is ddined as aninpu of static 1's or static 0's during 8192 consecutive LRCK
cycles. Mute is canceled with the return of active channel input data.

CMFILT - Common Mode Filter, PIN 16

Used to filter the common mode output voltage with a 1 puF capacitor. This pin is not intended
to supply any current and should not be used for the generation of an external bias voltage.

DS190F1 17
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PARAMETER DEFINITION S
Dynamic Range

The ratio of the ful scale rmsvalue of he sgnd to the rms sum of all other pedral
components over the spedfied bardwidth. Dynanic range is a sigal-to-noise measurement
over the speified bandwidth made with a-60 dBFSsignal. 60 dB is then added to the resuting
measurement to refer the measurement to full scale. This technique ersures that the dstortion
comporents are below the nase level and do nat effed the measirement. This measirement
technique has beae acepted by he Audio Engneering Soiety, AES17-1991, and the
Eledronic Industries Assaiation of Jgan, EIAJ CP-37.

Total Har monic Distortion + Noise

The ratio of the ms value of the signal to the rms sum of all other spedral comporents over
the spedfied bandvidth (typically 10Hz to 20kHz), including distortion components.
Expressd in decibds.

Idle Channd Noise / Signd-to-NoiseRatio

The ratio of the rms analog output level with 1 kHz full sale digital inpu to the rms analog
outputlevel with al zeros into the digital input Measured A-weighted over a 10 Hzto 20 kHz
bandwidth. Units in decibels. This specification has been standadized by the Audio
Engineeing Sockety, AES17-1991, ard referred to asldle Channd Noise This spedfi caton has
aso ben standardized by the Eledronic Industies Assocation of Jgan, EIAJ CP-37, and
referred to as Signal-to-Noise Ratio.

Interchannd |solation

A measure of crosstdk beween the left and right channels. Measured for each chanrel at the
converters output with all zeros to the input unde test ard a ful-scde signd applied to the
other chanrel. Units in decibds.

Frequency Response

A measue of the amplitude resporse varation from 10 Hz to 20 kHzelative to the amplitude
respnseat 1 kHz. Units in decibds.

De-Emphasis Err or

A measure of the dfference beéween the ided de-enphass filter and the adual de-emphass
fil ter respanse. Measued from 10 Hz to 20 kHz. Units in decibds.

Interchannel Gain Mismatch
The gain difference between left and right chamels. Units in decibds.

Gain Error
The ceviation from the rominal full scale analog output for afull scale dgita input.

Gain Drift
The change in gain value with temperature. Units in ppm/°C.

18 DS190F1
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PACKAGE DIMENSIONS
L
C
E SSOP Package
Q Dimensions
J
1
TOP VIEW
C
|2 | |
A2 A ' i
WL \ |
JU A Y
Al
b2 Seating END VIEW
Plane
SIDE VIEW
MILLIMETERS INCHES
DIM | MIN |[NOM | MAX | MIN |NOM | MAX [Note
’IIOD-IIII\E/ISE:NSIONS D AND E1 ARE REFERENCE DATUMS A - -_213 - -_0.084
" AND DO NOT INCLUDE MOLD ELASH OR Al |0.05 | 0.15 | 0.25 0.002/0.006/0.010
PROTRUSIONS, BUT DO INCLUDE MOLD MISMATCH A2 11.62|1.75|1.88 |0.064/0.070/0.074
AND ARE MEASURED AT THE PARTING LINE. MOLD b 1022 0.30] 0.38 0.009/0012/0.015 2. 3
FLASH OR PROTRUSIONS SHALL NOT EXCEED :
0.20mm PER SIDE. D see other table see other table | 1
2. DIMENSION b DOES NOT INCLUDE DAMBAR E |7.40|7.80]|8.20 |0.291/0.307|0.323
PROTRUSION/INTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13mm TOTAL IN EXCESS OF El |5.005.30 | 5.600.197/0.209/0.220| 1
b DIMENSION AT MAXIMUM MATERIAL CONDITION. e | 0.61]0.65]0.69 |0.024/0.026|0.027
DAMBAR INTRUSION SHALL NOT REDUCE DIMENSION L |[0.63/0.90| 1.03 |0.025/0.035|0.040
b BY MORE THAN 0.07mm AT LEAST MATERIAL
CONDITION. N S(:,\e otht;:-r tabltz soee othoer tabc!e
3. THESE DIMENSIONS APPLY TO THE FLAT SECTION (1] o \ 4 \ 8 0 \ 4 \ 8
OF THE LEAD BETWEEN 0.10 AND 0.25mm FROM LEAD
TIPS.
D
MILLIMETERS INCHES
N | MIN [NOM | MAX | MIN |[NOM | MAX |Note
16 | 5.90 |6.20 | 6.50 |0.232/0.244/0.256| 1
20 | 6.90|7.20 | 7.50 |0.272/0.283|0.295| 1
28 [9.90 /10.20/10.50|0.390|0.402|0.413| 1
DS190F1 19
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A DIVISION OF =2 CIRRUS LOGIC

CDB4327

Evaluation Board for CS4327

Features

® Demonstrates recommended layout

and grounding arrangements

® CS8412 Receives AES/EBU, S/PDIF,
& EIAJ-340 Compatible Digital Audio

® Digital and Analog Patch Areas

® Requires only a digital signal source
and power supplies for a complete
Digital-to-Analog-Converter system

General Descriptio n

The CDB4327 evaluation board is an excellent means
for quickly evaluating the CS4327 20-bit, stereo D/A
converter. Evaluation requires an analog signal ana-
lyzer, a digital signal source and a power supply.
Analog outputs are provided via RCA connectors for
both channels.

The CS8412 digital audio receiver I.C. provides the
system timing necessary to operate the CS4327 and
will accept AES/EBU, S/PDIF, and EIAJ-340 compat-
ible audio data. The evaluation board may also be
configured to accept external timing signals for opera-
tion in a user application during system development.

ORDERING INFORMATION:  CDB4327
I/O for
Clocks
and Data
A A A
° —>
CS8412 >
Digital v > CS4327 Analog
Audio v > Filter
Interface v > -y
Cirrus Logic, Inc. DEC '95
Crystal Semiconductor Products Division _ _ , DS190DB1
P.O. Box 17847, Austin, Texas 78760 Copyright 0 Cirrus Logic, Inc. 1997 21

(512) 445 7222 FAX: (512) 445 7581
http://mvww.crystal.com
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CDB4327

CDB4327 System Overview

The CDB4327 evaluaion boad is an exelent
means of quickly evaluaing the CS1327. The
CS8&112 digital audio interface recver provides
an eay interface to digital audio signal sources
including the majority of digital awdio tes equip-
ment The evdudion baard ako allows the usr
to supply clocksand dda through a 10-pin
heade for system derelopmert.

The CDB4327 <hendtic has been partitioned
into 7 schemaics shownin Figures 2 through 8.
Each partitioned schematic is repreented in the
system diggram $iown in Figue 1. Notice tha
the the g/stem diagam aso includes the inter-
connections beween the patitioned schematics

CHA327 Digital to Analog Converter

A degription of tre CS427 is included in the
CS4327 dat shed.

CS8412 Digital Audio Receiver

The g/stem receives and deodes the gandad
S/PDIF daa format usng a CS8i12 Digital
Audio Receiver Figure 8. The outputs ofthe
CS8412 inclde a sria bit clock, serial data,
left-right clock (FSYNC), de-ermphass contol
and a 256Fs mager dock. The ogeraion of the
CS&12 and a dscussion of the digtal audio in-
terface are included in the 1994 Crystal
Semiconductor Audio Data Book.

During normal opeation, the CS812 opeates in
the Channel Status mode where the LED’s dis-
play channel status information for the channel
selected by the CSLR/FCK jumper. This allows
the CS8412 to decode and supply the de-empha-
sis bit from the digital audio interface for control
of the CS4327 de-emphasis filter via pin 3,
CC/FO, of the CS8412.

When the Error Information Switch is activated,
the CS8412 operates in the Error and Frequency

information mode. The information displayed by
the LED’s can be decoded by consulting the
CS8412 data sheet. If the Error Information
Switch is activated, the CC/FO output has no re-
lation to the de-emphasis bit and it is likely that
the de-emphasis control for the CS4327 will be
erroneous and produce an incorrect audio output.

Encoded sample frequency information can be
displayed provided a proper clock is being ap-
plied to the FCK pin of the CS8412. When an
LED is lit, this indicates a "1" on the corre-
sponding pin located on the CS8412. When an
LED is off, this indicates a "0" on the corre-
sponding pin. Neither the L or R option of
CSLR/FCK should be selected if the FCK pin is
being driven by a clock signal.

The evaluation board has been designed such
that the input can be either optical or coax, Fig-
ure 7. It is not necessary to select the active
input. However, both inputs can not be driven
simultaneoudly.

Data Format

The C$4327 must be configured to be compat-
ible with the incoming data and can be set with
DIFO and DIF1. The CS8412 data format can be
set with the MO, M1, M2 and M3. There are sev-
era data formats which the CS8412 can produce
that are compatible with C$4327. Refer to Table
2 for one possibility.

Power Supply Circuitry

Power is supplied to the evaluation board by
four binding posts, Figure 9. The +5 Volt input
supplies power to the C$4327 (through VA+),
the CS8412 (through VA+ and VD+), and the +5
Volt digital circuitry (through VD+). The +/- 12
Volt input supplies power to the analog filter cir-
cuitry.

22
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CDB4327

I nput/Output for Clocks and Data

The evaluaion boad hasbeen desgnedto allow
the inteface © extemal systems via the 10-pin
header, J1. This heade allows the evduation
board to accept extemally gererated clocks ard
data. The schematic for the clock/data I/O is
shown in Figure 6. The 74HC243 transeiver
functiors as an 1/0 bufer where the CLK
SOURCE jumper deermines if the transeiver
operatesasa transmitter or recaver.

The trarsceiver operatesasa transnitter with the
CLK SOURCE jumper in the 8412 posion.
LRCK, SDATA, and LK from the CS8412
will be available on J1. 22 must be in the O
position and J23 mug be in the 1 postion for
MCLK to be an output ard to avad bus conten-
tion on MCLK.

The transceiver operates as a recaver with the
CLK SOURCEjumpe in the EXTERNAL posi-
tion. LRCK, SDATA ard SCLK on Jl bemme
inputs. The CS&12 mug be removed from the
evaluation board for operation in this mode

There ae 2 qotions for the sarce of MCLK in
the EXT CLK saurce mode MCLK can be an
input with 123 in the 1 position ard 22 in the O
postion. However, the recanmended node of
operaion is to generae MCLK on the evauation
board. MCLK becanes an output with LRCK,
SCLK ard SDATA inputs. This techniqueinsures
that the CHA327 receves a jitter free dock to
maximize perbrmance. This can be accom-
plished by installing a crstal oscillator into U4,
see Kgure 8 (the sacket for U4 islocaed within
the fooprint for the CS8412) andplacing 22 in
the 1 msition and 23 in the O postion.

Analog Filter

The desgn of the second-orde Butterworth low-
pass filter, Figure 5, is discussed in the CS427
data shed and the applications note 'Design
Notes for a 2-pole Filter."

Grounding and Power Supply Decoupling

The CS427 rayuires cardul atention to power
suppdy and grounding arangemens to optimize
performance. Figure 2 dhows the recommended
power arangenents with VA+ connected to a
clean +5 VoIt suppy. VD1+ is derived from VA+
through a 2 ohm regstor. VD1+ shoud not used
for any addtiond digital circuitry.

Idealy, all mode pinswhich requie VD1+
shoud be @nrected b pin 6 d the CS827 and
al mode pirs which require DGND should con-
nected to pin 5 of the CS4327. AGND and
DGND, Pins 4 and 5, are camnected together at
the CS827. The ewluation bard ha sparde
analog and digital regions with individual
ground planesDGND for the CSI327 shoud
nat be confused with the ground for the digital
sedion of the system (GND)The CS427 is po-
stioned over the analog ground plane rear he
digital/analog ground plane split. These grownd
planes are connected elsewhere on the boad.
This layout technique is used b minimizing digi-
tal noise and to insure proper powersupply
matching/sequencing. The demuping cgadtors
are located as close to theCHA327 a possble.
Extensve use of ground plare fill on both the
analog and digital sctions of the evaluation
board yield large redudions in radiated noise ef
fects.

DS190DB1
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CONNECTOR INPUT/OUTPUT SIGNAL PRESENT
. +5 Volts for the CS4327, CS8412, and digital
+5V Input :
section
+- 12V input +/- 12 Volts for analog filter section
GND input ground connection from power supply
Digital input input digital audio interface input via coax
Optical input input digital audio interface input via optical
J1 input/output I/O for system clocks and digital audio data
AOUTL output left channel analog output
AOUTR output right channel analog output

Table 1.System Connedions

JUMPER PURPOSE POSITION FUNCTION SELECTED
Selects channel for L
CSLR/FCK CS8412 channel status See CS8412 data sheet for details
information R
Clock Select Selects source of system *8412 CS8412 clock/data source
clocks and data EXT External clock/data source
J22 Selects MCLK as 0 See Input/Output for Clocks an d
J23 input or output 1 Data section of text
MO *Low
M1 CS8412 mode select *_ow See CS8412 data sheet for details
M2 *Low
M3 *Low
auto_mute CS4327 Auto Mute *Low On
High Off
DEMO De-emphasis select *High See CS4327 data sheet for details
DEM1 *Low set for 44.1 kHz
DIFO CS4327 digital input *Low See CS4327 data sheet for details
DIF1 format *High
SCLK CS4327 SCLK Mode *INT Internal SCLK Mode
EXT External SCLK Mode
DEM 8412 Selects source of de- *Low CS8412 de-emphasis
- emphasis control High De-emphasis input static high

* Default setting from factory

Table 2. CDB4327 Jumper Sdedable Options

24 DS190DB1
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Digital
Audio
Input
fig7

/O for
Clocks
and Data

fig 6

Analog
Filter

fig 5

MCLK |
LRCK ¥
SCLK
SDATA |
CS8412
Digital
Audio | S
Interface .l
fig 8 fig 2
H é
: : f o
@ @
Dee, '1' pl'e'as's Auto Mute Select and
Selection Format Select
fig 3 fig 5

Figure 1. System Block Diagram and Signal Flow

DS190DB1
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VD+ [ >— DEMO
12
® - 5 | U7D < DpEMo
GiD 74HC 32
. 8
® o | U7C )< DEMI
DEM1 74HC32

Figure 3. De-Emphasis Mode Sdlection

DIFt [ D>——
AUTO MUTE DIFO
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B1—1® ‘
DGND TP4 DGND

Figure 4. Auto-Mute Sect and Format Select
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(C27)
C30
R4 c17 +12V X7R
(R14) L (c20) [
20K - cog =12V AuF
150pF -
TP €13 (C22) R1 (R1) R3 (R13) ( ; AGND
AOUTL ; 2)6 [>
(aouTR) D&V V\ AAAY 7. ()
10uF 10K ci8 3.4K 3)5 +
ELECT (ggé) 6B
1000pF MC33078
AGND AGND AGND

NOTE: Right Channd componets in parentheses

Figure 5. 2Pde Analog Filter

J22 J23
0
= ]
MCLK [ DO—&
& O |1
J1
74HC243 9 10
8 6 79 B
9 B3 A3s =9 % MCLK
SCLK 10182 A2[% 59 (% SCLK
LRCK Bl A3 © LRCK
SDATA BO A0 o o SDATA
0EB (2 =
OEA [o— GND
Us
VD+ 8412
CLK SOURCE
EXTERNAL
GND
Figure 6. 1/0O Interface for Clocks and Data
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1 C10] .OTuF
pIGITAL INPUT (3 | kT RxN
(COAX)

GND
OPT1
TORX173
6 1o
Ciyl.
Of—SIE e
17 e ¥
OPTICAL INPUT G 3 VYV v+
=7 . 47uH
516 O
GND

OPT1 Toshba TORX173 optical receiver available from Insight Eledronics

Figure 7. Digital Audio Input
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Note: U2 ard U4 cannat be instdled simdtaneaisly

Figure 8.CS8412 and Connections
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Figure 9. Power Supply Connections
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Figure 10. CDB4327 Component Side Silkscreen
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Figure 11 CDB4327 Component Side (top)
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Figure 12.CDB4327 Solder Side (bottom)
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