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¢

<&

Two Full-Bridge Channels, 20 W each
(@ 10% THD+N)

One Parallel Full-Bridge Channel, 40 W
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<0.3% THD+N at 12 W

¢ Thermally Enhanced QFN Package Requires
No Heat Sink

CS44600 Spread Spectrum Modulation
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> 85% Amplifier Efficiency

Can be operated as a Stand-Alone Board
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CIRRUS LOGIC* CRD44130-FB

General Description

The CRD44130-FB PWM amplifier demonstrates the CS44600 and CS44130 Cirrus Logic’s multi-channel all-digital
PWM controller and power stage. This reference design implements a multi-channel amplifier that delivers 20 W per
channel into 8 Q loads and 40 W into a 4 Q load using a single +18 V supply (at 10% THD+N). The CRD44130-FB
comes equipped with a 120 W Switch Mode Power Supply (SMPS) for quick demonstration. The CS44130 can op-
erate with power supply levels up to 21 V, delivering up to 32 W into 8 Q at 10% THD+N or 57 W into 4 Q when
configured as a parallel full-bridge. Additional thermal enhancements may be necessary for continuous power output
at voltages greater than +18 V.

As shown in the block diagram on the front page, the CS44600 IC takes three stereo digital audio PCM inputs and
converts them to PWM outputs. This 64-pin LQFP PWM controller provides an integrated sample rate converter,
volume up/down, speaker load compensation, peak limiting to prevent amplifier clipping, and AM frequency inter-
ference elimination. The CRD44130-FB makes use of only 3 of the CS44600's 6 PWM outputs.

This reference design showcases the CS44130, an integrated power stage back-end for digital amplifiers. There are
a total of two CS44130’s on the CRD44130 board, one configured for full-bridge operation and another for parallel
full-bridge. The CS44130 incorporates internal protection circuitry for over-current, under-voltage, and thermal error
conditions.

The inductor/capacitor 2" order low-pass filter (LPF) removes high-frequency components from the output signal
effectively converting it from digital to analog.

For complete ordering information, please refer to “Ordering Information” on page 39.
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CIRRUS LOGIC CRD44130-FB
1. SYSTEM OVERVIEW

The CRD44130-FB reference design is an excellent means for evaluating the CS44130 dual full-bridge power stage.
This design includes analog and digital input capability, an FPGA for stereo to 2.1 conversion, a digital Class-D
PWM modulator, one stereo full-bridge power stage, and one parallel full-bridge power stage- all on a two-layer
board.

The CRD44130-FB schematic set is shown in Figures 5 through 10 and the board layout is shown in Figures 11
through 13.

1.1 CS44600 PWM Modulator

A complete description of the CS44600 is included in the CS44600 product data sheet, located at
http://www.cirrus.com.

The CS44600 converts linear PCM data to pulse width modulated (PWM) output. It uses a crystal-based
sample rate converter (SRC) to eliminate serial audio interface jitter and maintain a constant PWM switching
rate of 384 kHz, resulting in high-quality sound output.

PCM data and clocks are input from either the CS8416 (S/PDIF Receiver) or CS5341 (Stereo ADC).

1.2 CS44130 Power Stage

A complete description of the CS44130 is included in the CS44130 product data sheet, located at
http://www.cirrus.com.

The CS44130 is a high-voltage PWM amplifier power stage. It integrates four half-bridge drivers and fault
protection. For the CRD44130-FB, one of the CS44130 parts is configured with full-bridge outputs and one
is configured with a single parallel full-bridge output. Care should be taken to not connect the black speaker
connectors to ground as these outputs are driven.

1.3 Stereo to 2.1 Conversion

The CRD44130-FB includes an FPGA programmed to convert stereo PCM audio data to 2.1 audio. The 2.1
conversion capability is enabled and disabled by pressing push-button S1, and is indicated by LED D14.

When 2.1 is enabled, the J1 speaker outputs will produce midrange and high-frequency audio content for
left and right channels. The J2 speaker output will produce low-frequency mono content with a crossover
frequency of 120 Hz for use with a subwoofer. Figure 14 on page 28 shows the system frequency response
with 2.1 enabled.

When 2.1 is disabled, the J1 speaker outputs will produce full-range audio content for left and right chan-
nels, and the J2 speaker output will produce full-range audio content for the left channel only. Figure 15 on
page 29 and Figure 16 on page 30 show the system frequency response with 2.1 disabled.

1.4 CS8416 Digital Audio Receiver

The operation of the CS8416 receiver and a discussion of the digital audio interface are described in the
CS8416 data sheet, located at http://www.cirrus.com.

The CS8416 converts the S/PDIF data stream into PCM data, which is then supplied to the CS44600. The
CS8416 operates in master mode with RMCK = 256*Fs. The digital interface format is set to Left-Justified
(24-hit).

D17 (RERR) indicates a S/PDIF receiver error, such as loss of lock or a non-PCM data input.
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S/PDIF input is applied through J11 or J8 (both J11 and J8 cannot be driven simultaneously). When valid
S/PDIF data is not applied through J11 or J8, the board will switch to use of the analog inputs through J9
and J10.

CS5341 Analog-to-Digital Converter
The operation of the CS5341 ADC is described in the CS5341 data sheet, located at http://www.cirrus.com.

The CS5341 converts analog audio into PCM data for the CRD44130-FB. The CS5341 operates in slave
mode, and the digital interface format is set to Left-Justified (24-bit).

Analog input is applied through J9 and J10 and is activated only if valid S/PDIF data is not applied through
J11 or J8. See Figure 5 on page 15 for analog and digital audio input schematics.

When analog inputs are used, full scale output is achieved when the analog input level is 2.0 Vrms.

Power Stage Output Filter

The CRD44130-FB includes a 2" order low-pass filter to remove high-frequency content from the PWM
output of each CS44130 device. The output filters for the left and right speaker outputs present at J1 are
optimized for 8 Q speaker loads. The output filter for the low-frequency (LFE) speaker output present at J2
is optimized for 4 Q loads.

Power Supply

The CRD44130-FB uses a 120 W Switch Mode Power Supply (SMPS). The supply provides a regulated
+18 V for the CS44130 power stages and +5 V for the digital logic.
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CIRRUS LOGIC CRD44130-FB
2. BOARD CONTROL

The CRD44130 can be used either in Software Mode or Stand-Alone Mode. In Software Mode, the board is con-
nected to a computer via a standard 9-pin RS-232 or a USB Cable. In this mode, all settings on the board are con-
trolled by a Graphic User Interface. In Stand-Alone Mode, the board is controlled by on-board hardware controls
including push-buttons, volume knobs, and jumpers.

2.1 Graphic User Interface (GUI) Control

The CRD44130-FB is shipped with a Microsoft Windows-based GUI that allows control over the CS8416
and CS44130 registers. The software can also be downloaded from the Cirrus website at http://www.cir-
rus.com. Interface to the CRD44130-FB control port is provided using either a RS-232 serial cable or USB
cable.

Once the CRD44130-FB is connected to the host PC, and power is connected to the board, FlexLoader.exe
is loaded from the directory into which it was installed. Once loaded, all registers are set to their default reset
state. The GUI File menu provides the ability to save and restore (load) register settings in the form of script
files. Sample script files are provided for basic functionality. The GUI serial port interface is set up by default
for 115.2 Kbps operation on COM1. To change these settings, edit the “CRD44130-FB Communications”
section of the flexconfig.ini file or change the system communications setting in the Windows control panel.

For more information regarding the GUI interface including operation, version release, and troubleshooting
advice, please refer to the flexloader.chm help file located in the Flexloader install directory.
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CS44600 Dialog Tab

The CS44600 Dialog tab provides high-level control over the CS44600's registers. Controls are provided

to enable the power stages, control the volume, enable and adjust the limiter function, and configure the
GUI for various user preferences.

Cirrus FlexGUI System
Eile Options Help

C544600 Dialog | Register Maps |

QOutput Controls
Master Left R LFE
[-s0de [5d8 0ds 0ds
1= 1 =11 o
"
Master Mute | Mue | mute | mute |
Invert I Invert I Invert [
Fraction Fraction Fraction Fraction
o | fos8 | fosB | fo& ~|

Power Stage Control

[¥ Enable PWR Stage Ch1/2 (L/R)
[v Enable PWR Stage Ch3 (LFE)
Limiter Control

[ Limiter Enable

Attack Rate: [TF——— [15
Release Rate: [“F——— [32

Preferences

™ Gang Yolume Controls Together
[v Enable "S0/50" Style Mute

[V Enable Auto-Mute

[ Enable Master-Mute

Volume changes occur:
|wnth a soft ramp on zero crossings LI

o X

N

1.2 Advanced Register Debug Tab

Figure 1. CRD44130-FB Dialog Tab

The Advanced Register Debug tab provides low-level control over the CS44600 and CS8416 individual
register settings. Each device is displayed on a separate tab. Register values can be modified bitwise or
bytewise. For bitwise, click the appropriate push-button for the desired bit. For bytewise, the desired hex

value can be typed directly into the register address box in the register map.

(o]
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Cirrus FlexGUI System o ] 5
File Help

544600 Dislog  Advanced Register Debug |

CS44600 |csaq15|
Joo ™ oz Jos o4 Jos Joe [ov Jos Jos Joa [oe Joc Joo [ [oF
o [ 8 FF |20 01 |44 00 00 00 00 00 |00 |00 |00

10 o0 o0 o0 00 00 (10 20 00 |00 00 00 0d 00 00 00
20 (oo oo o o N oo [ oo 7F oo oo

30 uli] oo uli] uli}

Grid Legend
’7 ReadWrite Register m Read Only Register . Undefined Register

Reset | Update |

Figure 2. CS44600 Advanced Register Debug Tab

Cirrus FlerGUI System o ] 1
File Help

544600 Diglog  Advanced Regisker Debug |

oz foz Jo4 Jos Jos Joz Jos Joo Joa e Joc Joo [oE ok
o0 o0 o0 |0t o0 00 ol 00 00
o oo foo oo joo joo oo joo  joo [oo joo [oo [0 joo oo |
o joo foo Joo Jeo Jeo | | | | | [ | | | |

Req: 00 Control0

Io o =0 o e =l =ljle =Je 4

| Fswok | | | PDUR | TRUNC | | |

Grid Legend
’7 Readjwrite Register m Read Only Register . Undefined Reqgister Reset all I Reset I Update |

Figure 3. CS8416 Advanced Register Debug Tab
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Hardware Board Control

The CRD44130-FB provides labeled push-buttons to control mute, Left/Right Channel enable/disable, LFE
enable/disable, 2.1 enable/disable, 0 dB gain, and a variable volume control knob. LED’s provide user feed-
back for current board settings.

Volume is controlled by either R35 or J4. If a shunt is placed on J4, the CS44600 master volume register
will be forced to 0 dB and volume control R35 will have no effect. If the shunt is removed from J4, R35 will
control the CS44600 master volume register, which can be varied from -127 dB to +24 dB in 1 dB incre-
ments.

See Table 1 on page 10 for push-button descriptions

Description
Push-Button |LED Label
LED On LED Off
J1 speaker outputs provide midrange . )
ar g requency Lt and g chan 1 P21 0P Pl arge ot
S1 D14 |2.1 Enable/Disable [nel audio content. J2 provides mono, 9 e P

vides full-range, Left channel audio con-

low-frequency audio content (see tent.

Figure 14 for filter response).

All speaker outputs are muted. PWM

S2 D13 Mute/Unmute outputs are 50% duty cycle. Speaker outputs are not muted.
CS44130 power stage Ul is held in reset.
S3 D16 L/R On/Off CS44130 power stage Ul is enabled.  |Left and right channels on J1 will not out-
put audio.
CS44130 power stage U2 is held in reset.
S4 D19 LFE On/Off CS44130 power stage U2 is enabled.  |Subwoofer channel on J2 will not output

audio.

2.3

23.1

2.3.2

Table 1. Push-Button Descriptions

Board Error Handling

Software Mode

If an error condition occurs while the board is operating in Software Mode, the interrupts will not be ser-
viced by the micro-controller as they are in Stand-Alone Mode. If a thermal warning event occurs, it will
be ignored, and the board will continue to work as specified by the GUI controls. An over-current, under-
voltage, or thermal error condition will cause the CS44130 devices to reset themselves in an attempt to
clear the error. If the devices cannot clear the error within a fixed amount of time (approximately 0.5 sec-
onds), they will shut off permanently and will require the user to toggle their reset signals via the power
stage enable check-boxes on the GUI. Clicking on the “Display Error” push-button on the GUI allows the
user to determine which of the error conditions, if any, is present at any given time.

Stand-Alone Mode

The CS44130 provides signals indicating thermal warning, thermal error, over-current, and under-voltage.
A thermal warning will cause the CS44600 to attenuate the audio signal in an attempt to remove the ther-
mal warning condition, after which it will gradually restore the volume to the original setting. An over-cur-
rent, under-voltage, or thermal error condition will cause the CS44130 devices to reset themselves in an
attempt to clear the error. If the devices cannot clear the error within a fixed amount of time (approximately
0.5 seconds), they will shut off permanently and will require the user to toggle their reset signals through
push-buttons S3 and S4.

10
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2.4 Board Connections

2.4.1 Audio Inputs

The CRD44130-FB provides stereo analog and digital inputs. The Analog inputs are J9 (left input) and
J10 (right input). When analog inputs are used, full scale output is achieved when the analog input level
is 2.0 Vrms. S/PDIF digital input can be either the optical receiver J8 or the RCA connector J11. When a
valid PCM S/PDIF digital audio signal is present on J8 or J11 (cannot be present on both simultaneously),
the CRD44130-FB outputs the program material present on that digital input. When a valid PCM S/PDIF
digital audio signal is not present on either J8 or J11 (or both are mistakenly driven simultaneously), the
CRD44130-FB outputs the program material present on its analog inputs. Due to the timing constraints of
the FPGA, digital audio inputs must be limited to a sample rates of 32-96 kHz.

2.4.2 Speaker Outputs

The CRD44130-FB provides speaker-level left, right, and low-frequency speaker outputs. Left and right
channel output connections are made through speaker terminal J1; and the low-frequency speaker output
connection is made through speaker terminal J2. Refer to Figure 4 for speaker connection details.

Figure 4. Speaker Output Connections

When LED D14 is lit, this indicates that 2.1 is enabled. This means that the left, right, and low-frequency
channels will be filtered according to the frequency response shown in Figure 14. In this mode, the low-
frequency channel will be the filtered sum of the left and right channels. When 2.1 is disabled (by pressing

push-button S1), the board provides no filtering and the low-frequency output produces full bandwidth left-
channel audio.
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3. POWER SUPPLY

3.1

Power Supply Ratings

The required power supply current rating can be estimated as follows. The 12 W (full-bridge) and 24 W (par-
allel full-bridge) is used as the reference output power per channel because this represents the typical full-
scale output with no clipping. Assume the efficiency, n, is approximately 85% (this accounts for power-to-
supply control electronics and overhead), then for 12 W x 2 channels + 24 W x 1 channel:

Pou  48W
n 0.85

= 56.5W

Prota =

Proa _ 56.5W

= 28.25W

PSJppIy =

Consequently, the supply current is:

PS.JppIy _ 2825W
VSUppIy 18V

=157A

[ supply =

The factor of 2 in the denominator of Pg,,,, arises from the fact that for typical consumer applications in
digital televisions, the power supply should be capable of providing %2 the total requirement for all channels
operating at full power. This design guide is still quite conservative, and it provides more than adequate
headroom in real applications.

Power Supply Decoupling

Proper power supply decoupling is one key to maximizing the performance of a Class-D amplifier. Because
the design uses an open loop output stage, noise on the power supply rail will be coupled to the output.
Referring to Figure 11 on page 21, the top side of the CRD44130-FB PWM amplifier board, good decoupling
practice is shown. Notice that the 0.1 uF ceramic capacitors are as close as physically possible to the power
pins of the CS44130. The ground side of the capacitors is connected directly to top side ground plane, which
is also used by the power supply return pins. This keeps the high-frequency current loop small to minimize
power supply variations and EMI. 330 pF electrolytic capacitors are also located in close proximity to the
power supply pins to supply the current locally for each channel. These are not required to be expensive
low ESR capacitors. General-purpose electrolytic capacitors that are specified to handle the ripple current
can be used.

12
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4. ELECTROMAGNETIC INTERFERENCE (EMI)

This reference design from Cirrus Logic is a board-level solution which is meant to control emissions by min-
imizing and suppressing them at the source, in contrast to containing them in an enclosure. Utilizing spread
spectrum modulation techniques to reduce the overall switching energy, along with a low internal modulator
clock frequency of 24.576 MHz, greatly reduces the radiated emissions. These features allow the use of
very inexpensive components for coupling the high-frequency noise-to-chassis ground. No common mode
chokes, inductors, or power line filters were required.

The EMI requirements for an amplifier have added dimensions beyond those imposed on power supplies.
Audio amplifiers are usually located in close proximity to radio receivers, particularly AM receivers which are
notoriously sensitive to interference. Amplifiers also need to operate with speaker leads of unpredictable
length and construction which make it possible for any high-frequency currents that appear on the outputs
to generate nuisance emissions.

4.1 Suppression of EMI at the Source

Several techniques are used in the circuit design and board layout of the CRD44130-FB to minimize high-
frequency fields in the immediate vicinity of the high power components. Specific techniques include the fol-
lowing:

« Aswas mentioned in Section 3.2, effective power supply decoupling of high-frequency currents and min-
imizing the loop area of the decoupling loop is one aspect of minimizing EMI.

« Each output of the CS44130 includes “shubbing” components. For example, the PWM outputs of U1 and
U2 include snubber components R7, R8, and R9 (20 Q); and C32, C34, and C36 (330 pF). These com-
ponents serve to damp ringing on the switching outputs in the 30-50 MHz range. The snubbing compo-
nents should be as close as practical to the output pins to maximize their effectiveness. Again, refer to
Figure 11 for the preferred component layout.

« A separate ground plane with a capacitively coupled electrical connection to the chassis and which sur-
rounds the speaker output connector should be implemented. This allows the speaker outputs to be AC
coupled to the chassis just before they exit the chassis from the speaker connector. Again, refer to
Figure 11 for the preferred component layout.

« Make use of source termination resistors on all digital signals whose traces are longer than approximate-
ly 25 mm (1 inch).

It is extremely critical that the layout of the power amplifier section of the Cirrus Logic CRD44130-FB refer-
ence design be copied as exactly as possible to assure best RF/EMI performance.
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6. CRD44130-FB SCHEMATICS

+5VA_ADC

ADC_MeLk 111

{7 SPDIF_LRCK 1111

> SPDIF_SCLK (11

{ > SPDIF _SDOUT (111

<ISYS_CLK 11,121

[ sPoiF_RMck 1111

+33V0

+5v0 +5VA_ADC
RsS
uiz-A
NUM2140R
AINR +5VA_ADC
4
cizs
X7R43.3v0 +3.3v0
c121 c120 u
R AR I
o oo =
= 1 aoc_soout tm
,
T I e s
JAociRCk  m
e Jons cize e
TR xR 06 —-cot o
o0 o 23000F 29006 RS
o5 RESET =
00w
X7R
S/PDIF INPUTS -
Pull-Up Selects
" Control_Port
TORX142| REE Made
. ok
; 8
veo ANty 15 5v0
1 OLRCK 28 R70. 20
2 osok 122 RIA AN
5 oot |28 REY A AN 2D
4 OMCK 25
= s ek |24 R7Z A A A0
6 23
e e 7
Z DGND 22
8 T VL 21
2 5T G002 R 201 |
0 POt 18— Apc/SPOF (m 126 |cizs
= sl i e} X7R
u A02/GRog [1B—AD2=0 000pr o108
| z soa/coour o spini215)
R92
a2 30K s 13 scL/cok B ] " scUlL12.151 =
[P s
Tour [odr [1000F 508 /CS_ avt/con o
C148 —
R S8416-C22/E -SOF TWARE_MOOE = ws W RERR
— 0.022UF Chip Address = '0010000" 10K -
= RBB
&4
0,112,151 RESET O—

NOTES: UNLESS OTHERWISE SPECIFIED;
1. ALL RESISTOR VALUES ARE IN OHMS.

Figure 5. Audio Inputs

i

IIDOT ST,

d4-0€TvrAdo


http://www.cirrus.com

91

2ado069sd

g

+25v0

Enable: Left/Right is high-pass filtersd, LFE is
Disables Left/Rignt is full bondwidth, LFE is copied from left chonnel

2.1 Enabled
71

o1

a0 e— A |
GReEN

| SERRHRRR
72 S gozesanad
55i=nse B8MRRRES
JoRtEeded Jdzetld
_ dean 4
Le%o L = I Tia_Lomw_e +
e[ R
[
lo Loy 5 1
R
joiop e [ RS
xe3sa00-svasioor ooy 7
I3gr o
I8 =
Ity -
S
A e m— R
[ A m— -
LR A ———
10ZL01PZ7 [F—————<"J ADC/SFOTF

——— TS

42500 43.3VD
'y 'y

Figure 6. FPGA

[ FROA-DIN

+3.3v0

FPGA
JTAG
4 o1 HO0 1 rpaa-Tor 1
e S Rkt on
Tiis H5———< urAc-Twis [
F————C1uTAG-TCK (1]
=
2.5
A
2.5 v

RS Sez
499k S 495K
ot /B

ey
[

87
Pui-p < Pul-p EX‘;R’ T
veey [

cee
X7R
v

Used

it
I
j1ch
OE /RESET
paliit

(o

o
XCFOTSVa20T

FPA-TOI 111

IIDOT ST,

d4-0€TvrAdo


http://www.cirrus.com

2ay069sda

LT

+3.3V0

Shunt 1, | tion —>
unt for normal operation Tl s

5 R26A AN20

NO POP

— 24.576MHZ
~ NO POP; REQUIRES SOCKETS

R16 A A A ,80.9 —
PWM_LEFT+
® & & Rl
ANNLL{ pwM_LEFT-
& M
& ol AAN2LL pwi_RIGHT+
!
RIOANNAALL > pwm_RIGHT-
&b .,
ANNLL pwm_LFE-
® ey |
& &% ANNLL pwi_LFE+
e o Cable here for _y _T7F
- - external sources -
£ %
QnN,omlmhmlnman H
b e R
TiBEL2R B L2092
SETEECEETRROUNLS
32 33 22 22 ¢ 101
22 22 33 33 e
$2 23 33 23 pUgC
, 5% EF 52 2= 2°%
—%—PSR_EN
—{PS_SYNC '
il C544600-CQZ
T0
+3.3V0 S ag DX
010,11 SYS_CLK < —F2ZAAARL YS_CLK
o MCLK > il Cl NC
Y2 1 SCLK - 7 VDP P +3.3v0
24.576MHz o LRCK [ 7 NC 55
o SDINT > i) NC 35
on SDINZ > T GND 55—*
$—+|DAIZSDINS GPIO0
R‘ANC GPIO1
+3.3v0 s x GPI02 22—
g
B g 4&} 3
5 s
23
Y CJERROC (13,14]
< WR (13,141
ERRUVTE [13,14]
= vvww
o oo > RST1 (131
3 &m > (14
R
tons)  scL [—————————— 4
[10,1115] oA >— w36 -
Chip Address = 98h 0K 10K
10,151 R
£10,11,151 RESET >
Place Decoupling Capacitors as Close
to CS44600 Voltage Pin as Possible
+3.3VD +3.3VD +3.3V0 +3.3VD +2.5V0
VDX Decoupling VLS Decoupling VLC Decoupling VOP Decoupling VD Decoupling
c76 |c7s c77 |c78 c79 c66 c68 _|ce7 c8s |ces |cs1 |cs2
X

70 65
7R -X7R X7R Z—X7R X7R [4 X7R
uF

LEC X7R X7R Z—X7R
0. [0.01WF 0.0uF  [0.01uF Q.1uF 10uF 0 0.0WF [0.wF [0.0WF

Figure 7. CS44600

X7R X7R
TuF 0.1uF

X7R X7R
0. 0.01uF 0.01uF

131
031
031
031
141
141

i

IIDOT ST,

d4-0€TvrAdo


http://www.cirrus.com

8T

2ado069sd

+3.3v0

Place Decoupling Capacitors as Close

to CS44130 Voltage Pin as Possible
v

A

lew len e Jose Joss o7 Jess
54 125

X7R =-X7R =-X7R X7R =—XTR

E
Ta.mr Tn.mr Twur Tn.mr Tamr Tmur 330uF

+3.3VD
4
-4
112 RSTT (> RSTI/Z
112,141 ERROC FRROCT/Z
tia,i51 NI [
s w2_FE [ 2
nsl N3ZFB '
36|V
o )
—3{vo
121 PUM_RIGHT- > I
——33-[chD
—2Zvo
1121 PWM_RIGHT+ >
Ri2 Lvo
i 21 PWM_LEFT- [ [0:3
—Hvo
55 |CND
021 PWM_LEFT+ [ i
RAWP.
RST37%
Irmucs T
Ramp R13 1 o
Enapled >D0 NOT POPULATE —n
112,141 ERRUVTE ERRUVTE
2,141 TWR TWR
RI0
= 604K C544130-CNZ.

u-g
Cs44130-CN,
18

Place Decoupling Capacitors as Close
to CS44130 Voltage Pin as Possible

+3.3V0

csn
X7R
TuF

cso
X7R
0.1uF

T"_T_T_T_i

* Output Filter Optimzed
for 8ohm Load.

w
o
2
v
"
w
A RGHT+
"
| .
[ —
i =
Vet
B
b e
ponD HO—
Vi D2
pouo [y Zhcssan
sas %
¢
n
o
0

VD Decoupling

5
X7R
0.F

cs2
XTR
0.10F

Figure 8. CS44130, Left/Right Channel Outputs

51

s

11

11s1

i

IIDOT ST,

d4-0€TvrAdo


http://www.cirrus.com

2ay069sda

6T

Place Decoupling Capacitors as Close
to CS44130 Voltage Pin as Possible

e
A
cas Joas  [cas [cas oless
X7R TX7R  T-X7R T—X7R “RELEC
O.0uF JLOUF  [O.uF JLOUF | 330uF
* QOutput Filter Optimzed
for 4ohm Load.
vp
012
ziics+00
+3.30 7 et
A
010
. Ziicseoo
(121 RS2 > ponn B3 5
023 ERROC P ¢ oG
s, [ \ 1000pF
{15)  M2_PFB > VP Hr—¢ —
RE R outi [£ 7 =
PGND H 4
+3.3v0 c vt 4 ez
21 PUN_LFE+ > out2 [2 -
I PGND 4 (s
Vo
PGND H—4 e ve
Vo out3 [B oo
R4 21 PWN_LFE- [ 3 ve [ —4
251w ca
pon 10| ¢ 06
outa H1 on 1000pF
s ez Hosson
AVP.
RSTI/Z N H3—9 LFE.
ERROCI/F PGND [1E—9 -
Ramp RIS GND PGND H2—¢
Enabled >DO NOT POPULATE 20w PGND HE—¢ 09
OCREF POND [£5—¢ essoo
12131 ERRUVTE ERRUVTE penD 25—
012,131 TWR TR POND [£2—¢
n POND
= 504K C544130-CNZ =

u2-8

=
= Cs4aT30-ONZ

Place Decoupling Capacitors as Close
to CS44130 Voltage Pin as Possible

+3.3V0 +3.3VD
VD Decoupling VL Decoupling

cs6 [cs5 |57 |cse [cas c59

X7R ——X7R T—X7R —_X7R —_X7R X7R

O0F [O.00F [OIUF [0.0uF [0.F 0.10F

Figure 9. CS44130, LFE Channel Output

051

iB]

IIDOT ST,

d4-0€TvrAdo

j


http://www.cirrus.com

0¢

2ado069sd

Voltage
evel

Serial EEPROM for Board ID

+3.3VD

4330

s
X7R
o

— 2#0600-1/0T

o

HIIVD HBIVD 433VD

Rs4 oD
oz em semo

69.8¢ Co6 X7k ELEC
T000pF_0.1uF 005F

AANA >3

cr36
o
ReB PR4T RS2
186 S186k 186K o129
0.1 b7

Serial Port Connector

i R55 us CiZ8
Detection 10K 5 B g2+ RIN 17— 55 70
Fault voo REGIN c2- RIOUT
£ ton ! oo B sox
o e m X P00 [ = S04 011121 = = i
13310 P02 ST Toan
= P wn Jor ] — SN o WAXSZSZECAE +3.3v0
+3.3v0 i) POt t I
]
cou
5]
we
wa o ros
o neMaster Volume
e
S [ow
15— 4
UsB \ s & o 0_dB Gain Select
y 47 In - 0 d8 Gain Set
1/0 | B ’ . J7 Out - Use Master Volume
4 Microcontroller =
s

oL
: [V Y S

B
= 3 All Channels
Iﬁ@;{ Mute/Unmute

s
E : Left/Right Channels
[—”“3 f—t On/Off
s4 =

VP = +8 V to +18 V
100 Power A 4510
377 — T
i o5 Lo LX;;’;

coc
100057 N0 PO

+3.3V0 v
LuST7ENR.

T

No pop

7R = oo
P TaF Tho Pop T000pF[NO POP 0.1

.
Lo Loas g5 Jow
2 |

: LFE Channel
Lesaigge 1 onyort

A;I Channels Muted
s

or

1290

+5v0

us
Lu17ENP.

p
Jore Lo SN vy = DUy
EoniieX R A= e s TR S S T
e To po )

2
e e CO—2 R k- oa

SPKR TERM 2P

lesz _[os
ELEC R
oo ot

4250

[
>

cos [cos |ear
ElEc X7k —-cOc
T0uF [O.MuF [10005F

Figure 10. Micro-Controller and Power

c25
Cos
T00apr

249 o ¢ » 43300
oReEn
L?:t/Right Channels On
o
BIANASL_ g 330
LFE Channel On
o bt
Reg prmi) | » 43300

i
25
o

i

IIDOT ST,

d4-0€TvrAdo


http://www.cirrus.com

2ay069sda

T¢

7. CRD44130-FB LAYOUT
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8. CRD44130-FB BILL OF MATERIALS

Item Description Qty Reference Designator MFG MFG P/N
1 CAP 1000pF 5% 50V COG NPb 0603 16 | creacscecociz Clscclﬁ (c::ii5064 €94 C112 C126 C142 PANASONIC ECJ1VC1H102J
C2C3C6 C7 C10 C11 C17 C18 C19 C20 C21 C22 C28 C31 C38
C39 C40 C41 C44 C45 C48 C49 C50 C51 C52 C53 C54 C55 C56
2 CAP 0.1uF 10% 25V X7R 0603 69 %587 1(305885C§§QC§§5C§917C§0§6&%3%?33 gﬁlcg 51(3:7071(1:; 90(1358 KEMET C0603C104K3RAC
C123 C125 C127 C128 C129 C130 C131 C132 C136 C137 C138
C146 C147 C152
3 NO POP CAP 0603 7 C14 C16 C29 C30 C144 C150 C151 NO POP NP-CAP-0603
4 CAP 0.68UF 5% 63V POLY RAD 2 c23C24 ROEDERSTEIN | MKT 1817-468-064
5 CAP 1UF 5% 50V MTL FLM RAD 1 co7 PANASONIC ECQV1H105JL
6 CAP 330PF 5% 50V COG 0603 3 €32 C34 C36 KEMET C0603C331I5GAC
7 CAP 330UF 20% 25V ELEC RAD 2 C33C35 PANASONIC ECALEM331B
8 CAP 1uF 10% 25V X7R 0805 7 C37 C42 C43 C46 C102 C114 C121 TDK C2012X7R1E105K
9 CAP 100UF 20% 10V ELEC RAD 5X11 3 C47 C110 C122 PANASONIC ECA1AM101
10 CAP 10uF 20% 50V ELEC RAD 9 C62 C70 C74 C84 C96 C139 C140 C141 C154 PANASONIC ECA1HM100I
C66 C67 C75 C78 C82 C83 C86 C87 C88 C90 CI1 CI2 CI3 CI8
11 CAP 0.01uF 10% 25V X7R 0603 27 | €99 C100 C101 C104 C105 C106 C107 C116 C117 C118 C119 KEMET C0603C103K3RAC
C149 C153
12 CAP 10pF 0.5pF 50V COG 0603 1 c71 PANASONIC ECJ1VC1H100D
13 CAP 39pF 5% 50V COG 0603 1 c72 KEMET C0603C390J5GAC
14 CAP 2200pF 5% 50V COG 0805 2 C124 C133 KEMET C0805C222J5GAC
15 CAP 470pF 5% 50V COG 0603 2 C134 C135 KEMET C0603C471I5GAC
16 CAP 0.022UF 5% 50V X7R NPb 0603 1 c148 KEMET CO603C223J5RAC
17 DIODE SCHTKY 40V 6.75A SOD323 12 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 ZETEX ZHCS400
18 “LED CLR GRN, 2.1V 1ImA .16MCD, SMD" 4 D13 D14 D16 D19 CH'%ﬁgé’"N' 21v%'\él/3T2F§é -
19 | LEDCLRSUPRED1.7V1mA16MCDSMD | 2 D15 D17 CH'mﬁgé’"N' le%'\é'/)TZSélTl

Table 2. Bill of Materials
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Item Description Qty Reference Designator MFG MFG P/N
20 DIODE ARRAY 5V (TVS) ESD SOT143 1 D18 LITTLE FUSE SPO503BAHT
DRAGON CITY
21 CON 2x2 SPKR TERMINAL WITH BACK COV 1 J1 INDUSTRIES PT-422P-03
DRAGON CITY
22 CON 2X1 SPKR TERM RA TH 1 J2 INDUSTRIES PT-223
23 "HDR 6x3 ML .1"™ 062BD S GLD TH" 1 J3 SAMTEC TSW-106-07-G-T
24 "HDR 2x1 ML .1"™ CTR 062BD ST GLD TH" 1 J4 SAMTEC TSW-102-07-G-S
25 HDR 6x1 ML ST 2.54MM GLD TH 1 J5 SAMTEC TSW-106-07-G-S
26 "HDR 5x2 MLE .1"" CTR S GLD" 1 J6 SAMTEC TSW-105-07-G-D
27 CON RA USB BLK 1 J7 AMP 787780-1
28 OPT RCVR 192kHz 25Mb/s 3.3V 5M 1 J8 TOSHIBA TORX142L
29 JACK RCA RA-BLK PHONO GLD TABS 3 J9Ji10J11 AD ELEC;TRON- ARJ-2018-NIL-1-NIL
30 "CON DSUB 9P FML .318" W W/ BDLCK RA" 1 J12 AMP 747844-6
31 "HDR 4X1 ML .200™ TIN PWR RA TH" 1 J13 MOLEX 531130410
" " COMPONENTS
32 WIRE, JUMPER 2P, 0.1"™ CTR, BRASS 1 JP1 CORPORATION TP-101-10
TRANSTEK
0,
33 IND 22uH 3.5A 15% 413 DIA TH 4 L1L2L3L4 MAGNETICS TMP50612CT
TRANSTEK
0,
34 IND 10uH 7A 10% 400 DIA TH 2 L5L6 MAGNETICS TMP50626CT
35 IND 4.7uH 30mA@10MHz 10% 0805 1 L7 TDK MLF2012A4R7K
36 IND 47uH 10% 1210 1 L8 PANASONIC ELJFA470KF
37 "SPCR, STANDOFF 4-40 THR, 0.875™L" 6 MH1 MH2 MH3 MH4 MH5 MHG6 KEYSTONE 1809
R1 R2 R3 R4 R5 R6 R7 R8 R9 R25 R27 R34 R37 R41 R42 R43
0,
38 RES 20 OHM 1/10W 5% 0603 FILM 30 | 44 R4S RE3 R56 RE0 R64 RES RES R70 R71 R72 R73 R84 R85 DALE CRCWO0603200J
39 RES 120k OHM 1/10W 5% 0603 FILM 4 R10 R11 R90 R91 DALE CRCW0603124J
40 NO POP RES 0603 0 R12 R14 NO POP NP-RES-0603
41 RES 0 OHM 1/10W 5% 0603 FILM 4 R13 R15 C26 R29 DALE CRCWO0603000Z

Table 2. Bill of Materials (Continued)
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Iltem Description Qty Reference Designator MFG MFG P/N
42 RES 90.9 OHM 1/10W 1% 0603 FILM 8 R16 R17 R18 R19 R20 R21 R66 R67 DALE CRCWO060390R9F
43 RES 240 OHM 1/10W 5% 0603 FILM 2 R22 R28 DALE CRCW0603241J
44 RES 390 OHM 1/10W 5% 0603 FILM 1 R23 DALE CRCW0603391J
45 RES 10 OHM 1/8W 5% 0805 FILM 4 R24 R58 R59 R78 DALE CRCW0805100J
46 RES 20 OHM 1/10W 5% 0603 FILM 0 R26 DALE CRCW0603200J
47 RES 4.99k OHM 1/10W 1% 0603 FILM 5 R30 R31 R32 R80 R83 DALE CRCWO06034991F
48 RES 10k OHM 1/10W 1% 0603 FILM 15 R33 R36 R38 R39 R40 R46 R5é8R755 RS57 R68 R79 R81 R82 R86 DALE CRCWO06031002F
49 "POT, 10k LNR TAPER, 9MM ROTARY VERT" 1 R35 PANASONIC EVUE2JFK4B14
50 RES 1.96k OHM 1/10W 1% 0603 FILM 3 R47 R48 R52 DALE CRCWO06031961F
51 RES 649 OHM 1/10W 1% 0603 FILM 8 R49 R50 R62 R63 R76 R77 R88 R89 DALE CRCWO06036490F
52 RES 69.8k OHM 1/10W 1% 0603 FILM 1 R54 DALE CRCWO06036982F
53 RES 1k OHM 1/10W 5% 0603 FILM 3 R61 R74 R75 DALE CRCW0603102J
54 RES 3.01k OHM 1/10W 1% 0603 FILM 1 R92 DALE CRCWO06033011F
55 RES 75 OHM 1/10W 1% 0603 FILM 1 R93 DALE CRCWO060375R0F
56 SWT 0/1 TACT W/ESD 4 S1S2S3s4 C&K PTS645TL50
57 IC CRUS QUAD HALF DIG AMP NPb QFN48 2 Ul u2 CIRRUS LOGIC CS44130-CNZ/A0
NATIONAL
58 "IC LNR, 3TERM V REG ADJ SOT-223" 2 U3 u4 SEMICONDUC- LM317EMP
TOR
59 IC CRUS 6CH DIG AMP CTRL NPb LQFP64 1 us CIRRUS LOGIC CS44600-CQZ/B
60 IC DIG IN-SYS PROG PROM TSSOP20 1 u6 XILINX XCF01svO20C
NATIONAL
61 IC LNR VREG PWR 150MA 2.5V SOT23-5 1 u7 SEMICONDUC- LP2985IM5-2.5
TOR
62 IC DIG SPARTAN 3 NPb FPGA100 1 us XILINX 4);%3512880
63 IC PGM USB 16kB FLASH MCU LQFP32 1 U9 CYGNAL C8051F320

Table 2. Bill of Materials (Continued)
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Item Description Qty Reference Designator MFG MFG P/N
64 IC CRUS 105dB 192kHz M-BIT AUD ADC 1 u10 CIRRUS LOGIC CS5341-CZZ/E
65 IC PGM 128 BIT SER EEPROM SOT23-5 1 U1l MICROCHIP 241.C00-I/0T
66 IC LNR DUAL OP AMP LOW V RRO VSP8 1 Uiz NJR NJM2140R
67 IC LNR 3-5V RS232 DVR/RCVR SSOP16 1 ui13 MAXIM MAX3232ECAE
68 IC CRUS DIG AUD RCVR NPb TSSOP28 1 ui4 CIRRUS LOGIC CS8416-CZZ/E
69 OSC 24.576MHz 50PPM 5V HALF DIP8 0 Y1 CAL CRYSTAL CX21AH-24.576 MHZ
70 XTL 24.576MHZ HC-49S 30ppm 20pF 1 Y2 ECS ECS-245.7-20-4
71 "SCREW 4-40X5/16"" PH STEEL" 6 XMH1 XMH2 XMH3 XMH4 XMH5 XMH6 BUI#E:\INE?QEAS- PMS 440 0031 PH
72 SCHEM CRD44130-FB AMP RFE CIRRUS LOGIC 600-00221-01
73 PCB CRD44130-FB 1 CIRRUS LOGIC 240-00221-71
74 ASSY DWG PWA CRD44130-FB RFE CIRRUS LOGIC 603-00221-01
75 "SKT 1P .100™L .041""'DIA GLD" 4 XY1 (4 PINS) AUGAT 8134-HC-5P2
76 KNOB CONVENTIONAL PUSH-ON 1 XR35 SEL%%_:?SOD- DCN-150006
77 KNOB COVER PUSH-ON 15MM W/ LINE 1 XXR35 SEL%%ESOD- C151
78 INSULATOR .312 x .145 FOR HC49U/US 1 XY2 ECS 700-9001

Table 2. Bill of Materials (Continued)
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9. TYPICAL PERFORMANCE PLOTS

These performance plots were taken with the CRD44130-FB powered from the described +18 V SMPS power supply.
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Figure 15. Frequency Response - J1, L/R Output (2.1 Disabled)
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Figure 16. Frequency Response - J2, LFE Output (2.1 Disabled)
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Figure 17. THD+N vs. Power at 1 kHz- J1, L/R Outputs (2.1 Disabled)
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Figure 18. THD+N vs. Power at 1 kHz - J2, LFE Output (2.1 Disabled)
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Figure 19. THD+N vs. Frequency, J1, L/R Outputs (2.1 Disabled)
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Figure 20. THD+N vs. Frequency - J2, LFE Output (2.1 Disabled)
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Figure 21. FFT at -60 dBFS and 1 kHz - J1, L/R Outputs (2.1 Disabled)
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Figure 22. FFT at -60 dBFS and 1 kHz - J2, LFE Output (2.1 Disabled)
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Figure 23. FFT at 0 dBFS and 1 kHz - J1, L/R Outputs (2.1 Disabled)

d4-0€TvrAdo


http://www.cirrus.com

8¢

=

8 ']
)
e

2ado069sd

"

IIDOT ST,

-100
-105
-110
-115
-120
-125
-130
-135
-140
-145
-150

—
T
—_—

o A 1
At LU LALRLEEE

50 100 200 500 1k 2k 5k 10k 20k
Hz

Figure 24. FFT at 0 dBFS and 1 kHz - J2, LFE Output (2.1 Disabled)
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CIRRUS LOGIC CRD44130-FB
10.ORDERING INFORMATION

Product Description Order#
CRD44130-FB 2x20 W + 1x40 W Reference Design for the CS44130 CRD44130-FB

11.REVISION HISTORY

Release Changes

RD1 Initial Release

Added Software Mode Operation Section.

RD2 Updated THD+N plots shown in Figures 17 through 20.

Contacting Cirrus Logic Support
For all product questions and inquiries, contact a Cirrus Logic Sales Representative.
To find the one nearest to you, go to www.cirrus.com.

IMPORTANT NOTICE

Cirrus Logic, Inc. and its subsidiaries ("Cirrus") believe that the information contained in this document is accurate and reliable. However, the information is subject
to change without notice and is provided "AS IS" without warranty of any kind (express or implied). Customers are advised to obtain the latest version of relevant
information to verify, before placing orders, that information being relied on is current and complete. All products are sold subject to the terms and conditions of sale
supplied at the time of order acknowledgment, including those pertaining to warranty, indemnification, and limitation of liability. No responsibility is assumed by Cirrus
for the use of this information, including use of this information as the basis for manufacture or sale of any items, or for infringement of patents or other rights of third
parties. This document is the property of Cirrus and by furnishing this information, Cirrus grants no license, express or implied under any patents, mask work rights,
copyrights, trademarks, trade secrets or other intellectual property rights. Cirrus owns the copyrights associated with the information contained herein and gives con-
sent for copies to be made of the information only for use within your organization with respect to Cirrus integrated circuits or other products of Cirrus. This consent
does not extend to other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROP-
ERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS"). CIRRUS PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED FOR USE
IN AIRCRAFT SYSTEMS, MILITARY APPLICATIONS, PRODUCTS SURGICALLY IMPLANTED INTO THE BODY, AUTOMOTIVE SAFETY OR SECURITY DE-
VICES, LIFE SUPPORT PRODUCTS OR OTHER CRITICAL APPLICATIONS. INCLUSION OF CIRRUS PRODUCTS IN SUCH APPLICATIONS IS UNDER-
STOOD TO BE FULLY AT THE CUSTOMER'S RISK AND CIRRUS DISCLAIMS AND MAKES NO WARRANTY, EXPRESS, STATUTORY OR IMPLIED,
INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE, WITH REGARD TO ANY CIRRUS PRODUCT
THAT IS USED IN SUCH A MANNER. IF THE CUSTOMER OR CUSTOMER'S CUSTOMER USES OR PERMITS THE USE OF CIRRUS PRODUCTS IN CRITICAL
APPLICATIONS, CUSTOMER AGREES, BY SUCH USE, TO FULLY INDEMNIFY CIRRUS, ITS OFFICERS, DIRECTORS, EMPLOYEES, DISTRIBUTORS AND
OTHER AGENTS FROM ANY AND ALL LIABILITY, INCLUDING ATTORNEYS' FEES AND COSTS, THAT MAY RESULT FROM OR ARISE IN CONNECTION
WITH THESE USES.

Cirrus Logic, Cirrus, and the Cirrus Logic logo designs are trademarks of Cirrus Logic, Inc. All other brand and product names in this document may be trademarks
or service marks of their respective owners.

Windows is a registered trademark of Microsoft Corporation.
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