
CRD4201-2
CrystalClear™ AC '97 Six Channel Primary ACR Audio Reference Design 
Features

�Six Channel Analog Audio Output
�Built-in Headphone Amplifier
�CS4201 audio codec and CS4334 DACs
�20-bit D to A conversion (DAC)
�18-bit A to D conversion (ADC)
�S/PDIF (IEC-958) optical digital output
�Complete suite of Analog I/O connections:

– Line, Mic, CD, Video  and Aux Inputs
– Line Front, and Line  Rear Outputs

�2-layer low cost PC board
�Meets Intel ® AC ‘97 version 2.1 specification 
�Exceeds Microsoft’s® PC 99 and PC-2001 

audio performance requirements.

Description
The CRD4201-2 Advanced Communications Riser
(ACR) reference design features six channel analog au-
dio outputs and a optical S/PDIF digital output. This
board uses the CS4201 audio codec which has several
advanced features such as a built-in headphone ampli-
fier, up to 30 dB of microphone boost, and serial digital
audio outputs. 

The CRD4201-2 reference design is available by order-
ing  the CMK4201-2 manufacturing kit. This kit includes
a full set of schematic design files (OrCAD® 7.2 and Or-
CAD® 9.1 formats), PCB job files (PADS® ASCII), PCB
artwork files, and bill of materials. This reference design
offers significant cost savings over competing solutions
and can be easily modified to meet your specific design
goals.  

ORDERING INFO
CMK4201-2 (Manufacturing Kit)
Preliminary Product Information This document contains information for a new product.
Cirrus Logic reserves the right to modify this product without notice.
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1. GENERAL INFORMATION

The CRD4201-2 reference design is an ACR card
that features six channel CD quality analog audio
outputs. The card includes a  CS4201 AC ’97 audio
codec and two CS4334 24-bit serial stereo DACs.
This combination gives the  CRD4201-2 a rich fea-
ture set and industry leading audio performance. 

The CS4201 on this card is configured as the pri-
mary AC ‘97 audio codec. If there is an  AC ‘97 au-
dio codec on the motherboard, it must be disabled. 

The CS4201 audio codec has a stereo 20-bit DAC,
a stereo 18-bit ADC, and a very flexible analog au-
dio mixer.  The serial data outputs are paired with
two CS4334 DACs to provide four additional chan-
nels of analog audio. The CS4201 also features
three stereo pairs of line level analog inputs, a mi-
crophone input, and a stereo pseudo-differential
CD input. The input signals can be routed to the
ADC for recording or mixed together for recording
and direct playback. The CS4201 has internal reg-
isters that are used to control  its various features
such as volume levels, audio muting, and signal
routing.  The CS4201 maintains high audio quality
and exceeds the Microsoft®   PC-99 and PC-2001
audio performance specification. 

The CS4201 audio codec communicates to the au-
dio controller  across the ACR interface through the
AC-Link. The AC-Link is a 5-wire serial digital in-
terface that transfers digital audio between the two
devices and also sends commands from the audio
controller to the CS4201’s registers. For more in-
formation on the AC-Link, see  the Intel®  AC’97
version 2.1 specification. 

2. SCHEMATIC DESCRIPTION

The block diagram in Figure 1 illustrates the inter-
connections between the schematic pages found at
the end of this document. Sections 2.1 through 2.8
describe the circuitry contained in these schemat-
ics. 

2.1 CS4201 Audio Codec

The CS4201 audio codec is shown in Figure 2. The
input signals to the CS4201 originate from  the an-
alog inputs in Figure 3, and the analog outputs are
shown in Figure 5.  AFLT1 and AFLT2 (pins 29,
30) require 1000 pF NPO/COG capacitors con-
nected to analog ground. These capacitors provide
a single pole lowpass filter at the inputs of the
ADC. No other input filtering is required. 

FLT3D, FLTI, and FLTO (pins 32, 33, 34) form the
internal analog 3D enhancement filter. The FLT3D
pin requires a 0.01 µF capacitor to analog ground.
The FLT0 and FLT1 pins require a NPO/COG
1000 pF series capacitor. 

The AC-Link may require series termination resis-
tors to prevent reflections. These are normally
placed as close as possible to the transmitting end
of a particular AC-Link signal. Both SDATA_IN
(pin 8) and BIT_CLK (pin 6) are outputs of the
CS4201 and each have a 47 Ω series termination
resistor. 

The CS4201 is powered by separate analog and
digital power supplies, each with their own respec-
tive grounds. The AGND symbols refer to  analog
ground, and DGND symbols refer to digital
ground.  The analog and digital grounds must be
connected together. For best results, connect them
together at a single point with a 0.050 inch trace un-
derneath the CS4205. Each power pin needs sepa-
rate decoupling capacitors. The CS4201 audio
codec uses a  0.1 uF ceramic capacitor for each of
the 3.3 V digital and 5 V analog supply pins.  These
decoupling capacitors are placed as close as possi-
ble to their  respective pins.

2.2 Analog Inputs 

The LINE_IN, VIDEO, and AUX_IN stereo input
jacks in Figure 3 are connected to a 6 dB voltage
divider and AC coupled to the CS4201. The volt-
age divider allows input signal levels of up to
DS483RD2A2 3
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2 Vrms.  The 2.2 µF AC coupling capacitor values
are used  to minimize  low frequency roll-off. 

The microphone circuit is AC coupled by a 1 µF ca-
pacitor to minimize low frequency roll-off.  The
microphone circuit provides low voltage phantom
power for electret microphones. Phantom power is
derived from the +5 V analog supply and provides
a maximum of 4.2 V under no load and a minimum
of 2.0 V under a 0.8 mA load. These parameters are
required by PC-99 and PC-2001. 

The CS4201 features a pseudo-differential CD in-
put that minimizes common mode noise and inter-
ference. Each CD signals acts as one side of the
differential input and CD_COM acts as the other
side. CD_COM is used as the common return path
for both the left and right channels. 

2.3 Rear, Center, and Sub-Woofer 
Outputs

The outputs in Figure 4 drive the rear speakers
(surround), center speaker (CNT), and sub-woofer
(LFE) in a six channel audio application. These
four outputs are driven digitally from the CS4201
through two serial output ports and converted to an-
alog audio through two high-performance CS4334
24-bit stereo DACs. 

2.4  Front Channel and Headphone 
Outputs

Figure 5 details the Headphone Output and Line
Output circuits.  The Line Outputs are the main an-
alog outputs in a two channel system or the Front
Outputs in a six channel audio system. 

The Line Outputs of the CS4201 (pins 35 and 36)
are buffered by a  Motorola MC34072 dual op-
amp. The MC34072 is  a high performance low
noise op-amp well suited for audio applications.
Line Out is designed to drive high impedance loads
of 10 KΩ  or higher.

The CS4201 has a built in headphone amplifier on
pins 39 and 41. These outputs are capable of driv-

ing headphones with impedances as low as 32 Ω.
The headphone outputs are AC coupled through
220 µF capacitors. These large capacitor values
create excellent low frequency response even under
32 Ω loads. 

2.5  S/PDIF Optical Output

The S/PDIF (IEC-958) digital output shown in
Figure 6, is compatible with digital outputs on con-
sumer devices such as Mini Disk recorders and
consumer stereo receivers.  The S/PDIF output op-
erates at a fixed sampling frequency of 48 kHz. It
uses an industry standard TOSLINK digital optical
transmitter, the Toshiba TOTX-173.  

2.6 ACR Connector and EEPROM

The ACR connector is shown in Figure 7. ACR is a
motherboard interface that supports audio, modem,
LAN, and DSL subsystems. ACR applications are
targeted at OEMs, system manufacturers, and sys-
tem integrators who wish take advantage of physi-
cally separating their audio, modem, or LAN
circuitry from the PC motherboard. ACR accom-
plishes this without the additional cost associated
with the  interface circuitry required for a PCI bus
add-in card.  

The CRD4201-2 uses a 24LC09 EEPROM to store
configuration data for plug-and-play enumeration.
The 24LC09 is designed specifically for ACR ap-
plications.  The base address of the device is inter-
nally wired to 0xB0. The EEPROM holds the
Subsystem Vendor ID and Subsystem ID. For ACR
design specifications, programming utilities, and
information on programming the EEPROM see the
Advanced Communication Riser Special Interest
Group (ACR SIG) homepage at http://www.acr-
sig.org/. 

Note: an ACR signal called PRIMARY_DN# is
normally tied to ID0# on the CS4201. This signal is
used to set the AC ’97 codec on the ACR card as ei-
ther the primary or secondary audio codec.  The
CRD4201-2 is designed to have the only audio co-
4 DS483RD2A2
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dec in the system so the  PRIMARY_DN# signal
trace has been removed. 

2.7 Component Selection

Great attention was given to the particular compo-
nents used on the CRD4201-2 board with cost, per-
formance, and package selection as the most
important factors. Listed are some of the guidelines
used in the selection of components:

• No components smaller than 0805 SMT pack-
age.

• Only single package passive components. No
resistor packs. This reduces the risk of crosstalk
between analog audio signals. 

• All components except connectors, jumpers
and the 24.576 MHz crystal are in surface
mount packages.

• Dual  footprints are used for the 24.576 MHz
crystal.

2.8 EMI Components

Optional capacitors and inductors are included to
help the board meet EMI compliance tests, such as
FCC Part 15.  Choose these component values ac-
cording to  individual requirements.

3. GROUNDING AND LAYOUT

The component layout and signal routing of the
CRD4201-2 provides a good model for laying out
your own ACR add-in card.  

3.1 Partitioned Voltage and Ground 
Planes

It is critical for good audio performance  to separate
digital and analog sections to prevent digital noise
from effecting the performance of the analog cir-
cuits. The analog section of the CRD4201-2 is

completely isolated from the digital section with a
100 mil partition. Partitioning is defined as the ab-
sence of copper on all signal layers. The analog and
digital sections each have their own separate
ground planes. All analog components, power trac-
es, and signal traces are routed over the analog
ground plane. Digital components, power traces
and signal traces are not allowed to crossover into
the analog section. 

The  CS4201 audio codec is placed at the transition
point between the analog and digital ground planes.
The pins are arranged on the CS4201 so that the an-
alog and digital signals are separated from each
other. The analog and digital ground planes must
be tied together for the CS4201 to  maintain proper
voltage references. For best results, the two ground
planes are tied together with a single 50 mil trace
under the CS4201 near its digital ground pins.   

Data converters are generally susceptible to noise
on the crystal pins. In order reduce noise from cou-
pling onto these pins, the area around the 24.576
MHz crystal and its signal traces is  filled with cop-
per on the top and bottom of the PCB and attached
to digital ground. 

A separate chassis ground provides a noise-free
reference point for all of the EMI suppression com-
ponents. The chassis ground plane is connected to
the analog ground plane at the external jacks.   

3.2 CS4201 Layout Notes

Refer to the CS4201 Data Sheet for analog and dig-
ital partitioning guidelines and bypass capacitors
placement. Pay special attention to the bypass ca-
pacitors on REFFLT, AFLT1, AFLT2 and the
power supply capacitors. 
DS483RD2A2 5
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Figure 8.  PCB Layout: Top Assembly Drawing
14 DS483RD2A2



CRD4201-2
Figure 9.  PCB Layout: Top Layer
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Figure 10.  PCB Layout: Bottom Layer
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Figure 11.  PCB Layout: Drill Drawing
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Figure 12.  PCB Layout:  Top Silkscreen
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