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CS4334/5/6/7/8/9

8-Pin, 24-Bit, 96 kHz Stereo D/A Converter

Features

e Complete Stereo DAC System: Interpolation,
D/A, Output Analog Filtering

e 24-Bit Conversion

¢ 96 dB Dynamic Range

¢-88 dB THD+N

e Low Clock Jitter Sensitivity

e Single +5 V Power Supply

e Filtered Line Level Outputs

e On-Chip Digital De-emphasis

° Popgaurd® Technology

e Functionally Compatible with CS4330/31/33

Description

The CS4334 family members are complete, stereo digi-
tal-to-analog output systems including interpolation, 1-bit
D/A conversion and output analog filtering in an 8-pin
package. The CS4334/5/6/7/8/9 support all major audio
data interface formats, and the individual devices differ
only in the supported interface format.

The CS4334 family is based on delta-sigma modulation,
where the modulator output controls the reference volt-
age input to an ultra-linear analog low-pass filter. This
architecture allows for infinite adjustment of sample rate
between 2 kHz and 100 kHz simply by changing the
master clock frequency.

The CS4334 family contains on-chip digital de-empha-
sis, operates from a single +5V power supply, and
requires minimal support circuitry. These features are
ideal for set-top boxes, DVD players, SVCD players, and
AlV receivers.

ORDERING INFORMATION

See page 23
DEM/SCLK AGND VA
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3 £ /
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SDATA }
v v
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Interpolator ] DAC —  Low-Pass —=7AOUTL
Modulator Filter 8
Y A )
Az i AOUTR
Interpolator Modulator DAC Lovlgillt’:rss :
44
MCLK

Preliminary Product Information

This document contains information for a new product.
Cirrus Logic reserves the right to modify this product without notice.

== CIRRUS LOGIC"

P.O. Box 17847, Austin, Texas 78760
(512) 445 7222 FAX: (512) 445 7581
http://www.cirrus.com
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1. CHARACTERISTICS/SPECIFICATIONS

ANALOG CHARACTERISTICS (T, =25 °C; Logic "1" = VA = 5 V; Logic "0" = AGND;

Full-Scale Output Sine Wave, 997 Hz; MCLK = 12.288 MHz; Fs for Base-rate Mode = 48 kHz, SCLK = 3.072 MHz,
Measurement Bandwidth 10 Hz to 20 kHz, unless otherwise specified; Fs for High-Rate Mode = 96 kHz,

SCLK = 6.144 MHz, Measurement Bandwidth 10 Hz to 40 kHz, unless otherwise specified. Test load R = 10 kQ,
C, = 10 pF (see Figure 1))

Base-rate Mode High-Rate Mode
Parameter Symbol | Min Typ Max [Min Typ Max  Unit
Dynamic Performance for CS54334/5/6/7/8/9-KS
Specified Temperature Range Ta -10 - 70 -10 - 70 °C
Dynamic Range (Note 1)
18 to 24-Bit unweighted 88 93 - - 90 - dB
A-Weighted 91 96 - 91 96 - dB
16-Bit unweighted 86 91 - - 88 - dB
A-Weighted 89 94 - 89 94 - dB
Total Harmonic Distortion + Noise (Note 1)| THD+N
18 to 24-Bit 0dB - -88 -83 - -88 -83 | dB
-20 dB - -73 -68 - -70 -65 | dB
-60 dB - -33 -28 - -30 -25 | dB
16-Bit 0dB - -86 -81 - -86 -81 | dB
-20 dB - -71 -66 - -68 -63 | dB
-60 dB - -31 -26 - -28 -23 | dB
Interchannel Isolation (1 kHz2) - 94 - - 95 - dB
Dynamic Performance for CS4334/5/6/7/8/9-BS
Specified Temperature Range Ta -40 - 85 -40 - 85 °C
Dynamic Range (Note 1)
18 to 24-Bit unweighted 85 93 - - 90 - dB
A-Weighted 88 96 - 88 96 - dB
16-Bit unweighted 83 91 - - 88 - dB
A-Weighted 86 94 - 86 94 - dB
Total Harmonic Distortion + Noise (Note 1)| THD+N
18 to 24-Bit 0dB - -88 -82 - -88 -82 | dB
-20 dB - -73 -65 - -70 -62 | dB
-60 dB - -33 -25 - -30 -22 | dB
16-Bit 0dB - -86 -70 - -86 -80 | dB
-20 dB - -71 -63 - -68 -60 | dB
-60 dB - -31 -23 - -28 -20 | dB
Interchannel Isolation (1 kHz) - 94 - - 95 - dB

Notes: 1. One-half LSB of triangular PDF dither added to data.
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ANALOG CHARACTERISTICS (continued)

Base-rate Mode High-Rate Mode
Parameter Symbol | Min Typ Max Min Typ Max Unit
Combined Digital and On-chip Analog Filter Response (Note 2)
Passband (Note 3)
to -0.05 dB corner 0 - .4780 - - - Fs
to -0.1 dB corner - - - 0 - 4650 | Fs
to -3 dB corner 0 - .4996 0 - 4982 | Fs
Frequency Response 10 Hz to 20 kHz -.01 - +.08 -.05 - +.2 | dB
Passband Ripple - - +.08 - - +2 | dB
StopBand .5465 - - 5770 - - Fs
StopBand Attenuation (Note 4) 50 - - 55 - - dB
Group Delay tgd - 9/Fs - - 4/Fs - S
Passband Group Delay Deviation 0 - 40 kHz - 10.36/Fs - - %1.39/Fs - S
0-20 kHz - 10.23/Fs - S
De-emphasis Error Fs =32 kHz - - +1.5/+0 dB
Fs =44.1 kHz - - +.05/-.25 (Note 5) dB
Fs =48 kHz - - -2/-4 dB
Parameters Symbol Min Typ Max ‘ Units
dc Accuracy
Interchannel Gain Mismatch - 0.1 0.4 dB
Gain Error - 5 - %
Gain Drift - 100 - ppm/°C
Analog Output
Full Scale Output Voltage 3.25 3.5 3.75 Vpp
Quiescent Voltage Vo - 2.2 - VDC
Max AC-Load Resistance (Note 6) RL - 3 - kQ
Max Load Capacitance (Note 6) CL - 100 - pF

Notes: 2. Filter response is not tested but is guaranteed by design.

3. Response is clock dependent and will scale with Fs. Note that the response plots (Figures 17-24) have
been normalized to Fs and can be de-normalized by multiplying the X-axis scale by Fs.

4. For Base-Rate Mode, the Measurement Bandwidth is 0.5465 Fs to 3 Fs.
For High-Rate Mode, the Measurement Bandwidth is 0.577 Fs to 1.4 Fs.

5. De-emphasis is not available in High-Rate Mode.
6. Refer to Figure 2.

DS248PP3 5
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POWER AND THERMAL CHARACTERISTICS
Parameters Symbol Min Typ Max Units

Power Supplies
Power Supply Current normal operation I - 15 19 mA

power-down state I - 40 - HA
Power Dissipation (Note 7)

normal operation - 75 104 mwW

power-down - 0.2 - mwW

Package Thermal Resistance 8;a - 110 - °C/Watt
Power Supply Rejection Ratio (1 kHz)| PSRR - 79 - dB

Notes: 7. Referto Figure 3. Max Power Dissipation is measured at VA=5.5V.

10 pF

AOUTX ( ° » Vout

AGND :;

NS

Figure 1. Output Test Load

1257

1001
751

50; Safe Operating
1 Region

Capacitive Load -- C L (pF)
Power (mW)

251

2.5‘ 5 10 15 20 50—

3 30 40 50 60 70 80 90 100

Resistive Load -- R|_ (kQ) Sample Rate (kHz)

Figure 2. Maximum Loading Figure 3. Power vs. Sample Rate
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DIGITAL CHARACTERISTICS (T, =25°C; VA =4.75V - 5.5V)

Parameters Symbol Min Typ Max Units
High-Level Input Voltage ViH 2.0 - - \%
Low-Level Input Voltage VL - - 0.8 \Y,
Input Leakage Current (Note 8) lin - - +10 HA
Input Capacitance - 8 - pF
Notes: 8. I, for CS433X LRCK is #20pA max.
ABSOLUTE MAXIMUM RATINGS (AGND = 0v; all voltages with respect to ground.)

Parameters Symbol Min Max Units
DC Power Supply VA -0.3 6.0 \%
Input Current, Any Pin Except Supplies lin - +10 mA
Digital Input Voltage V\ND -0.3 VA+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 = 0V; all voltages with respect to ground.)

Parameters

Symbol

Min

Typ

Max

Units

DC Power Supply

VA

4.75

5.0

5.5

\Y,

DS248PP3



Yy 4 YI17 J J I B
-S>y CS4334/5/6/7/8/9

SWITCHING CHARACTERISTICS (T, =-40to 85°C; VA = 4.75V - 5.5V; Inputs: Logic 0 = 0V,
Logic 1 = VA, CL = 20pF)

Parameters Symbol Min Typ Max Units
Input Sample Rate Fs 2 - 100 kHz
MCLK Pulse Width High MCLK/LRCK =512 10 - 1000 ns
MCLK Pulse Width Low MCLK/LRCK =512 10 - 1000 ns
MCLK Pulse Width High MCLK /LRCK = 384 or 192 21 - 1000 ns
MCLK Pulse Width Low MCLK /LRCK =384 or 192 21 - 1000 ns
MCLK Pulse Width High MCLK /LRCK = 256 or 128 31 - 1000 ns
MCLK Pulse Width Low MCLK /LRCK =256 or 128 31 - 1000 ns
External SCLK Mode
LRCK Duty Cycle (External SCLK only) 40 50 60 %
SCLK Pulse Width Low tscikl 20 - - ns
SCLK Pulse Width High tscikh 20 - - ns
SCLK Period MCLK /LRCK =512, 256 or 384|  teqkw (Tzé—)ﬁé - - ns
SCLK Period MCLK / LRCK =128 or 192 tsclkw (641)FS - - ns
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
LRCK Duty Cycle (Internal SCLK only) (Note 9) - 50 - %
SCLK Period (Note 10) tselkw 1 - - ns
SCLK
SCLK rising to LRCK edge tsclkr - tsclkw - us
2
SDATA valid to SCLK rising setup time tsdirs L - - ns
(—5—12—)':—5 +10
SCLK rising to SDATA hold time tsdh - - ns
MCLK / LRCK = 512, 256 or 128 St 18
SCLK rising to SDATA hold time tsdh - - ns
MCLK / LRCK = 384 or 192 Gt 1

Notes: 9. InInternal SCLK Mode, the Duty Cycle must be 50% +/— 1/2 MCLK Period.

10. The SCLK/ LRCK ratio may be either 32, 48, or 64. This ratio depends on part type and MCLK/LRCK
ratio. (See figures 10-15)

8 DS248PP3
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LRCK

‘ m slrs tsclkh
slrd sclkd

e L T

oo H x

Figure 4. External Serial Mode Input Timing

|
LRCK x tscikr
|
SDATA X

*INTERNAL SCLK \\//j\ﬂ/ﬁ&_j/wk
I I

Figure 5. Internal Serial Mode Input Timing
* The SCLK pulses shown are internal to the CS4334/5/6/7/8/9.

>
——

LRCK

AV WAUAWAWA
L/

*INTERNAL SCLK \
144

C C

—— |

Figure 6. Internal Serial Clock Generation
* The SCLK pulses shown are internal to the CS4334/5/6/7/8/9.
N equals MCLK divided by SCLK
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2. TYPICAL CONNECTION DIAGRAM
-I -I +5V
0.1 pF . 1 pF
T
VA
SDATA
Audio 8 3.3 uF 560 Q
Data DEM/SCLK AOUTL Left Audio
Processor + Output
LRCK 1
267 k 10 kQ ~1~C RL
CS4334
CS4335
CS4336
CS4337
CS4338
CS4339
3.3 pF 560 Q
5
AOUTR " Right Audio
Output
External Clock MCLK 267 k 10 kQ ——cC RL
_ R*560
AGND ~ 4rFs(R| 560)
J;
Figure 7. Recommended Connection Diagram
10 DS248PP3
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3. GENERAL DESCRIPTION filter eliminates images of the baseband audio sig-

The CS4334 family of devices offers a completd'@ Which exist at multiples of the input sample
stereo digital-to-analog system including digital in-&t€- The resulting frequency spectrum has images

terpolation, fourth-order delta-sigma digital-to-an-°f the input signal at multiples of 4 Fs. These imag-

alog conversion, digital de-emphasis and analo§S @€ €asily removed by the on-chip analog low-

filtering, as shown in Figure 8. This architectureP@SS filter and a simple external analog filter (see
provides a high tolerance to clock jitter. Figure 7).

The primary purpose of using delta-sigma modula3.2 Delta-Sigma Modulator

tion techniques is to avoid the limitations of resisThe interpolation filter is followed by a fourth or-
tive laser trimmed digital-to-analog converterger delta-sigma modulator which converts the in-

architectures by using an inherently linear 1-biterpolation filter output into 1-bit data at a rate of
digital-to-analog converter. The advantages of a 1r28 Fs in BRM (or 64 Fs in HRM)

bit digital-to-analog converter include: ideal differ-

ential linearity, no distortion mechanisms due to re3:3 Switched-Capacitor DAC

sistor matching errors and no linearity drift overThe delta-sigma modulator is followed by a digital-
time and temperature due to variations in resistab-analog converter which translates the 1-bit data
values. into a series of charge packets. The magnitude of

The CS4334 family of devices supports two moded1€ charge in each packet is determined by sam-
of operation. The devices operate in Base Rafding of a voltage reference onto a switched capac-

Mode (BRM) when MCLK/LRCK is 256, 384 or itor, where the polarity of each packet is controlled
512 and in High Rate Mode (HRM) when by the 1-bit data. This technique greatly reduces the

MCLK/LRCK is 128 or 192. High Rate Mode al- sensitivity to clock jitter and provides low-pass fil-
lows input sample rates up to 100 kHz. tering of the output.

3.1 Digital Interpolation Filter 3.4 Analog Low-Pass Filter

The digital interpolation filter increases the samplé e final signal stage consists of a continuous-time
rate, Fs, by a factor of 4 and is followed by dOoW-Ppass filter which serves to smooth the output

32x digital sample-and-hold (16x in HRM). This @nd attenuate out-of-band noise.

- . Analog
Digital Delta-Sigma Analog
Input Interpolator Modulator | | PAC LO;’:Vi-ItPe?SS Output

Figure 8. System Block Diagram

DS248PP3 11
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4. SYSTEM DESIGN 4.2.1 External Serial Clock Mode

The CS4334 family accepts data at standard audithe CS4334 family will enter the External Serial

sample rates including 48, 44.1 and 32 kHz "Clock Mode when 16 low to high transitions are

BRM and_ 96, 88.2_and 64 kHZ in '__IRM' Audio da‘tadetected on the DEM/SCLK pin during any phase
is input via the serial data input pin (SDATA). TheOf the LRCK period. When this mode is enabled,

Left/Right Clock (LRCK) defines the channel a‘ndthe Internal Serial Clock Mode and de-emphasis

delineation of data, and the Serial Clock (SCLK)fiIter cannot be accessed. The CS4334 family will

clocks audio data irlto the inp_ut data buffer. Th"aswitch to Internal Serial Clock Mode if no low to
CS4334/5/6/7/8/9 differ in serial data formats aSﬁigh transitions are detected on the DEM/SCLK

shown in Figures 10-15. pin for 2 consecutive frames of LRCK. Refer to

4.1 Master Clock Figure 16.
MCLK must be either 256 384x or 51X the de- 4.2.2 Internal Serial Clock Mode

sired input Sa_mp"? rate in BRM and _elther>12)8 In the Internal Serial Clock Mode, the serial clock
192« the desired input sample rate in HRM. The . . )
LRCK frequency is equal to Fs. the frequenc aItS internally derived and synchronous with MCLK

. 9 y g C d Y 8nd LRCK. The SCLK/LRCK frequency ratio is ei-
which words for each channel are input to the de;

vice. The MCLK-to-LRCK frequency ratio is de-ether.sz’.48’ or o4 dep_en_dlng_upon data for_mat. Qp-
eration in this mode is identical to operation with

tected automatlca_lly during the |n|t|aI|zat|on_an external serial clock synchronized with LRCK.
sequence by counting the number of MCLK transis

: ) : ) . Thi de all to the digital de- hasi
tions during a single LRCK period. Internal divid- 'S MOGe alows access fo the digital de-emphasts

ers are set to generate the proper clocks. TablefLinCtlon' Refer to Figures 10 - 16 for details.

illustrates several standard audio sample rates aM¢hile the Internal Serial Clock Mode is provided
the required MCLK and LRCK frequencies. Pleasd0 allow access to the de-emphasis filter, the Inter-
note there is no required phase relationship, bip@l Serial Clock Mode also eliminates possible
MCLK, LRCK and SCLK must be synchronous. clock interference from an external SCLK.

MCLK (MHz) 4.3 De-Emphasis

LE,_C,:K HRM BRM The CS4334 family includes on-chip digital de-em-
(kHz) ["128x [ 102x | 256x | 384x | 512x

35 120960 | 61420 | 8 1920 1122880 16 3840 phasis. Figure 9 shows the de-emphasis curve for

441 | 5.6448 | 8.4672 |11.2896|16.9344|22.5792| S equal to 44.1 kHz. The frequency response of
48 | 6.1440 | 9.2160 |12.2880|18.4320|24.5760| the de-emphasis curve will scale proportionally
64 | 8.1920 [12.2880 - - - with changes in sample rate, Fs.

88.2 |11.2896 |16.9344
96 |12.288018.4320

The de-emphasis filter is active (inactive) if the
DEM/SCLK pin is low (high) for 5 consecutive

Table 1. Common Clock Frequencies falling edges of LRCK. This function is available
4.2 Serial Clock only in the internal serial clock mode.

The serial clock controls the shifting of data into4.4 Initialization and Power-Down
the input data buffers. The C54334 family SUPPOI§ 6 |nitialization and Power-Down sequence flow

both external and internal serial clock generatioghart is shown in Figure 16. The CS4334 family en-
modes. Refer to Figures 10-15 for data formats. ters the Power-Down State upon initial power-up.

12 DS248PP3
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Gain capacitor to charge togy effectively blocking the
98 quiescent DC voltage.

T1=50 ps To prevent transients at power-down, the device
must first enter its power-down state. This is ac-
complished by removing MCLK or LRCK. When
this occurs, audio output ceases and the internal
! output buffers are disconnected from AOUTL and

F1 F2  Frequency AOUTR. A soft-start current sink is substituted in
8183 kHz 10.61 kHz place of AOUTL and AOUTR which allows the

Figure 9. De-Emphasis Curve (Fs = 44.1kHz) DC-blocking capacitors to slowly discharge. Once

The interpolation filters and delta-sigma modulathis charge is dissipated, the power to the device
tors are reset, and the internal voltage referencmay be turned off, and the system is ready for the
one-bit digital-to-analog converters and switchednext power-on.

capacitor low-pass filters are powered down. Theg, prevent an audio transient at the next power-on,

device will remain in the Power-Down mode unt”the DC-blocking capacitors must fully discharge
MCLK and LRCK are present. Once MCLK andpetore turning off the power or exiting the power-

LRCK are detected, MCLK occurrences are Coumdown state

ed over one LRCK period to determine thegjent will occur when the audio outputs are initially
MCLK/LRCK frequency ratio. Power is then ap- clamped to AGND. The time that the device must

plied to the internal voltage reference. Finally, pow: o qin in the power-down state is related to the

eris gpplif-:-d to the D/A converters and _S’WitChed\'/alue of the DC-blocking capacitance. For exam-
capacitor filters, and the analog outputs will ramp t?)le, with a 3.3uF capacitor, the time that the device

the quiescent voltage ¢/ must remain in the power-down state will be ap-
4.5 Output Transient Control proximately 0.4 seconds.

The CS4334 family uses Popgalitgéchnology to 4.6 Grounding and Power Supply
minimize the effects of output transients duringDecoupling

poOWer-up and_power-_down. This technique eliming it any high resolution converter, the CS4334
nates the audio transients commonly produced By iy requires careful attention to power supply
single-ended single-supply converters when it IShd grounding arrangements to optimize perfor-
implemented with external DC-blocking capacitors,,ance. Figure 7 shows the recommended power ar-
connected in seneg with the _agdlo outputs. T?angement with VA connected to a clean +5V
make best use of this feature, it is necessary to Uipply. For best performance, decoupling capaci-
derstand its operation. tors should be located as close to the device pack-
When the device is initially powered-up, the audiage as possible with the smallest capacitor closest.
outputs, AOUTL and AOUTR, are clamped to
AGND. After a short delay of approximately 1000
sample periods, each output begins to ramp td-he analog filter present in the CS4334 family is a
wards its quiescent voltage,qV Approximately switched-capacitor filter followed by a continuous
10,000 sample cycles later, the outputs reagh vtime low pass filter. Its response, combined with
and audio output begins. This gradual voltagéhat of the digital interpolator, is given in Figures
ramping allows time for the external DC-blockingl17 - 24.

0dB

-10dB

If full discharge does not occur, a tran-

4.7 Analog Output and Filtering

DS248PP3 13
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( C C C
J )

LRCK ) Left Channel ) A J Right Channel ’ L}
)T )

scik LU UL, U U LU A,
) ) ) ) ) ) ) )

SDATA st -1[-2|-3]-4]-5" | [+8[+a]+3+2]+1]i58] 0 /sda-2]-a]a ! .

) )
T C

)2 ) 3‘ +5‘ +4‘ +3‘ +2‘ +1‘LSB‘

) ) )
[QIN¢ T

Internal SCLK Mode

External SCLK Mode

I°S, 16-Bit data and INT SCLK = 32 Fs if
MCLK/LRCK =512, 256 or 128

12s, Up to 24-Bit data and INT SCLK = 48 Fs if
MCLK/LRCK = 384 or 192

I°S, up to 24-Bit Data
Data Valid on Rising Edge of SCLK

Figure 10. CS4334 Data Format @S)

(C

)
Left Channel

LRCK

se  JUUFLMUUT U UL, w gmmm*

) )
T C

( Right Channel

[ (
) )

RM

SDATA ss-1[-2|-3]-4]-5" | [+8[+a]+3[+2]+1]is8]

) )
T C

? ¢ ‘MSB‘-l ‘_2 ‘_3 ‘_4 0 ()‘+5‘+4‘+3‘+2‘+1‘|_53‘ S 0
() () () ()

) ) )
[QIN¢ T

Internal SCLK Mode

External SCLK Mode

Left Justified, up to 24-Bit Data
INT SCLK =64 Fs if MCLK/LRCK =512, 256 or 128
INT SCLK =48 Fs if MCLK/LRCK = 384 or 192

Left Justified, up to 24-Bit Data
Data Valid on Rising Edge of SCLK

Figure 11. CS4335 Data Format

)
C (SIS
LRCK F Left Channel

Right Channel

S il ipipipinipiyasipipipinipigipipipt *mmfuruw MM

q () (
> 23]22]21]20[10 18] )

[7]6lsla]z]2]a]o]

) T T Tlealeloslzoliolia] " [7]els[a[a]2[1]0]/ /]

Internal SCLK Mode

External SCLK Mode

Right Justified, 24-Bit Data
INT SCLK =64 Fs if MCLK/LRCK =512, 256 or 128
INT SCLK =48 Fs if MCLK/LRCK = 384 or 192

Right Justified, 24-Bit Data
Data Valid on Rising Edge of SCLK
SCLK Must Have at Least 48 Cycles per LRCK Period

Figure 12. CS4336 Data Format
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)
¢ .
LRCK Left Channel L{ ) Right Channel
¢
scw LI %TlfljwjgLTLJIJTAFLTIJTJALTLJIJTAFLJIJTJALfljljwj% %Lf1JTJ4Lf1J1J74TLf1JTJ4Lf1J1JTAFLJIJTJALTLJ1JTAFb

) D
[SI¢

SDATA ‘ 1‘ 0‘ ) ) A19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9‘ 8 ‘ 7 ‘ 6 ‘ 5 ‘ 4‘ 3‘ 2 ‘ 1 ‘ OV i ‘ 19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9‘ 8‘ 7 ‘ 6 ‘ 5 ‘ 4‘ 3‘ 2‘ 1 ‘ OV i
Internal SCLK Mode External SCLK Mode

Right Justified, 20-Bit Data Right Justified, 20-Bit Data

INT SCLK =64 Fs if MCLK/LRCK =512, 256 or 128 Data Valid on Rising Edge of SCLK

INT SCLK =48 Fs if MCLK/LRCK = 384 or 192 SCLK Must Have at Least 40 Cycles per LRCK Period

Figure 13. CS4337 Data Format

)
¢ .
LRCK F Left Channel . Right Channel t
(
serk J1J° ﬁ4FLJIJTAFLjTJ‘LJIJTAFLJIJ‘LFLJTJ‘LJIJTAFLJIJ‘LFIJTj ﬁAFlJTJ‘LfIJTAFLJIJTAFLJIJ‘LFLJTJ‘LFIJTAFLJIJ‘LFb

)
T

() () () ()
SDATA ) ‘15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1‘0‘ ) ‘15‘14‘13‘12‘11‘10‘9‘8‘7‘6‘5‘4‘3‘2‘1‘0V )
Internal SCLK Mode External SCLK Mode
Right Justified, 16-Bit Data Right Justified, 16-Bit Data
INT SCLK =32 Fs if MCLK/LRCK =512, 256 or 128 Data Valid on Rising Edge of SCLK
INT SCLK =48 Fs if MCLK/LRCK = 384 or 192 SCLK Must Have at Least 32 Cycles per LRCK Period

Figure 14. CS4338 Data Format

Q¢ . rf
LRCK Left Channel L{ . Right Channel

(
scek [T %FLfIJTJ‘LFLJIJTJ‘LFLJIJTJ‘LFLJIJTJ‘LFLJIJTJ%

) )
(G

) )
T (

SDATA ‘ 1 ‘ 0‘ ) Al7‘16‘15‘14‘13‘12‘11‘10‘ 9‘ 8‘ 7‘ 6‘ 5 ‘ 4 ‘ 3 ‘ 2‘ 1 ‘ OV ) 17‘16‘15‘14‘13‘12‘11‘10‘ 9 ‘ 8 ‘ 7 ‘ 6‘ 5‘ 4‘ 3‘ 2‘ 1 ‘ OV S
Internal SCLK Mode External SCLK Mode
Right Justified, 18-Bit Data Right Justified, 18-Bit Data
INT SCLK =64 Fs if MCLK/LRCK =512, 256 or 128 Data Valid on Rising Edge of SCLK
INT SCLK =48 Fs if MCLK/LRCK = 384 or 192 SCLK Must Have at Least 36 Cycles per LRCK Period
Figure 15. CS4339 Data Format
DS248PP3
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USER: Apply Power

> Power-Down State »

I

USER: Apply MCLK and LRCK

v

128/192/256/384/512
MCLK/LRCK Determination

'

USER: set SCLK mode

USER: Remove Clocks USER: Remove Clocks
or change MCLK/LRCK or change MCLK/LRCK

v R

internal external
Normal Operation Normal Operation

De-emphasis De-emphasis
available not available
SCLK Y Y SCLK
Stops Starts

Analog Output Analog Output
T is Generated is Generated [

Figure 16. CS4334/5/6/7/8/9 Initialization and Power-Down Sequence
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4.8 Overall Base-Rate Frequency Response

0 ~ 0
-10 10
-20 \ -20 \
-30 \ -30
B 40 \ B 40
3 \ g \
2 50 £ -50
Q [=%
) /\\/ N \\I/ \
-70 -70 v
-80 -80 T A
-90 -90
-100 -100
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 040 042 044 046 048 050 052 054 056 058 0.60
Frequency (normalized to Fs) Frequency (normalized to Fs)
Figure 17. Stopband Rejection Figure 18. Transition Band
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Figure 19. Transition Band Figure 20. Passband Ripple
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4.9 Overall High-Rate Frequency Response
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-100 -100
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Figure 21. Stopband Rejection Figure 22. Transition Band
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Figure 23. Transition Band Figure 24. Passband Ripple
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4.10 Base Rate Mode Performance Plots
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Hz Hz
(16k FFT of a 1 kHz input signal) (16k FFT of a 1 kHz input signal)
Figure 25. 0 dBFS FFT (BRM) Figure 26. -60 dBFS FFT (BRM)
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H 2k 4k 6k 8k 10k 12k 14k 16k 18k 20k
Hz
(16k FFT with no input signal) (16k FFT of intermodulation distortion using 13 kHz and 14 kHz input signals)
Figure 27. Idle Channel Noise FFT (BRM) Figure 28. Twin Tone IMD FFT (BRM)
60 "
E Ap
B Ap -1
70F -2
g -3
8ok -4
E- <5
° C o
901 © -8
i VWM A T W -7
-100€ -8
E -90
o el L 100
-60 -50 -40 -30 20 -10 +0 110
d8Fs 20 50 100 200 500 1k 2K 5k 10k 20k
Hz
(THD+N plots measured using a 1kHz 24-bit dithered input signal) (THD+N plots measured using a 1kHz 24-bit dithered input signal)
Figure 29. THD+N vs. Amplitude (BRM) Figure 30. THD+N vs. Frequency (BRM)

All measurements were taken from the CDB4334 evaluation board using the Audio Precision Dual Domain
System Two Cascade.
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. _________________________________________________________________________________________________________________________________|
4.11 High Rate Mode Performance Plots
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Figure 31. 0 dBFS FFT (HRM) Figure 32. -60 dBFS FFT (HRM)
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Figure 33. Idle Channel Noise FFT (HRM) Figure 34. Twin Tone IMD FFT (HRM)
-60
E A +OE
E P -10F Ap
_70‘2 -202
£ -30F
80 -402
- < -50%
T E 2} E
E T -60F
-90 E
W maac W W) W v—v -70F
F -80F
-100'F E
E -90F
gHH\HH L e L 100
110" -110E
60 -50 -40 -30 20 10 0 20 50 100 200 500 1k 2k 5k 10k 20k
dBFS Hz
(THD+N plots measured using a 1kHz 24-bit dithered input signal) (THD+N plots measured using a 1kHz 24-bit dithered input signal)
Figure 35. THD+N vs. Amplitude (HRM) Figure 36. THD+N vs. Frequency (HRM)

All measurements were taken from the CDB4334 evaluation board using the Audio Precision Dual Domain
System Two Cascade.
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5. PIN DESCRIPTIONS

SERIAL DATA INPUT SDATA
DE-EMPHASIS / SCLK DEM/SCLK
LEFT / RIGHT CLOCK LRCK

MASTER CLOCK MCLK

ANALOG LEFT CHANNEL OUTPUT
ANALOG POWER

ANALOG GROUND

ANALOG RIGHT CHANNEL OUTPUT

No.| Pin Name [I/O

Pin Function and Description

1 SDATA | |Serial Audio Data Input - two's complement MSB-first serial data is input on this pin.
The data is clocked into the CS4334/5/6/7/8/9 via internal or external SCLK, and the
channel is determined by LRCK.

nal serial clock input.

2 | DEM/SCLK | | |De-Emphasis/External Serial Clock Input - used for de-emphasis filter control or exter-

Data Input pin, SDATA.

3 LRCK | |Left/Right Clock - determines which channel is currently being input on the Audio Serial

4 MCLK | |Master Clock -frequency m

either 128x or 192x the input sample rate in HRM.

ust be 256x, 384x, or 512x the input sample rate in BRM and

5 AOUTR O |Analog Right Channel Output - typically 3.5 Vp-p for a full-scale input signal.
6 AGND | |Analog Ground - analog ground reference is OV.

7 VA | |Analog Power - analog power supply is nominally +5V.

8 AOUTL O |Analog Left Channel Output - typically 3.5 Vp-p for a full-scale input signal.

DS248PP3
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6. PARAMETER DEFINITIONS

Total Harmonic Distortion + Noise (THD+N)- The ratio of the rms value of the signal to the
rms sum of all other spectral components over the specified bandwidth (typically 10Hz to
20kHz), including distortion components. Expressed in decibels.

Dynamic Range -The ratio of the full scale rms value of the signal to the rms sum of all other
spectral components over the specified bandwidth. Dynamic range is a signal-to-noise
measurement over the specified bandwidth made with a -60 dBFS signal. 60 dB is then added
to the resulting measurement to refer the measurement to full scale. This technique ensures that
the distortion components are below the noise level and do not effect the measurement. This
measurement technique has been accepted by the Audio Engineering Society, AES17-1991, and
the Electronic Industries Association of Japan, EIAJ CP-307.

Interchannel Isolation - A measure of crosstalk between the left and right channels. Measured
for each channel at the converter's output with all zeros to the input under test and a full-scale
signal applied to the other channel. Units in decibels.

Interchannel Gain Mismatch - The gain difference between left and right channels. Units in
decibels.

Gain Error - The deviation from the nominal full scale analog output for a full scale digital
input.

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

7. REFERENCES

1) "How to Achieve Optimum Performance from . : .
Delta-Sigma AID & DIA Converters' by Schematic & Layout Review Service
Steven Harris. Paper presented at the 93rd Con- R confirm optimum —
vention of the Audio Engineering Society, Oc- Schematic & Layout
tober 1992. Before Building Your Board.

2) CDB4334/5/6/7/8/9 Evaluation Board Datasheet For Our Free Review Service

Call Applications Engineering.

Call: (512)445-7222
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8. ORDERING INFORMATION:

Model Temperature Package Serial Interface
CS4334-KS -10to +70 °C 8-pin Plastic SOIC |16 to 24-bit, I12S
CS4335-KS -10to +70 °C 8-pin Plastic SOIC |16 to 24-bit, left justified
CS4336-KS -10to +70 °C 8-pin Plastic SOIC |24-bit, right justified
CS4337-KS -10to +70 °C 8-pin Plastic SOIC |20-bit, right justified
CS4338-KS -10to +70 °C 8-pin Plastic SOIC |16-bit, right justified
CS4339-KS -10to +70 °C 8-pin Plastic SOIC |18-bit, right justified, 32 F4 Internal SCLK mode
CS4334-BS -40to +85 °C 8-pin Plastic SOIC |16 to 24-bit, I12S
CS4335-BS -40to +85 °C 8-pin Plastic SOIC |16 to 24-bit, left justified
CS4336-BS -40to +85 °C 8-pin Plastic SOIC |24-bit, right justified
CS4337-BS -40 to +85 °C 8-pin Plastic SOIC |20-bit, right justified
CS4338-BS -40 to +85 °C 8-pin Plastic SOIC |16-bit, right justified
CS4339-BS -40to +85 °C 8-pin Plastic SOIC |18-bit, right justified, 32 F4 Internal SCLK mode

9. FUNCTIONAL COMPATIBILITY
CS4330-KS] CS4339-KS
CS4331-K9] CS4334-KS
CS4333-KS] CS4338-KS
CS4330-BS] CS4339-BS
CS4331-BS] CS4334-BS
CS4333-BS] CS4338-BS

DS248PP3
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10. PACKAGE DIMENSIONS
8L SOIC (150 MIL BODY) PACKAGE DRAWING

EHHHW

PLANE

INCHES MILLIMETERS
DIM MIN MAX MIN MAX
A 0.053 0.069 1.35 1.75
Al 0.004 0.010 0.10 0.25
B 0.013 0.020 0.33 0.51
C 0.007 0.010 0.19 0.25
D 0.189 0.197 4.80 5.00
E 0.150 0.157 3.80 4.00
e 0.040 0.060 1.02 1.52
H 0.228 0.244 5.80 6.20
L 0.016 0.050 0.40 1.27
O 0° 8° 0° 8°

JEDEC # : MS-012

24 DS248PP3
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