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CRD4281-15

CrystalClear™ AC '97 2 Channel Low Cost PCI Audio Reference Design

Features

e 2 Channel Low Cost High Performance PCI
Audio Accelerator add-in card

@ CS4281 PCI Audio Controller and CS4297A
Audio Codec ‘97

e Complete suite of Analog I/O connections:
— Line, Mic, CD, and Aux Inputs
— Line and Headphone Outputs

e S/PDIF (IEC-958) digital output

e ZV Port Input

e Joystick/MIDI Interface

e 2-layer low cost adapter board

e Exceeds Microsoft's® PC 99 audio
performance specifications.

e Complies with the AC ‘97 version 2.1
specification

Description
The CRD4281-15 is a low cost PCI add-in board refer-
ence design that showcases Cirrus Logic's

CS4281 audio controller and the CS4297A audio co-
dec. The card features two channel 20-bit DACs, two
channel 18-bit ADCs, an optional ZV port digital input,
and a S/PDIF digital output.

The CRD4281-15 reference design is available by or-
dering the CMK4281-15 manufacturing kit. Use this kit
to help you develop high quality PCI add-in cards and
PC motherboard audio designs. The CMK4281-15 in-
cludes a full set of schematic design files (OrCAD® 7.2
format), PCB job files (PADS® ASCIl), PCB artwork
files, and bill of materials. This design is production
ready. It can also be easily modified to meet your spe-
cific requirements.

ORDERING INFO
CMK4281-15 (Manufacturing Kit)
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1. GENERAL INFORMATION 2. SCHEMATIC DESCRIPTION

The CRD4281-15isaPCl add-in card that features  The block diagram in Figure 1 illustrates the inter-
the CS4281 PCI audio controller and the C$4297A  connections between the schematic pages. The fol-
AC-97 audio codec. The CRD4281-15isalowcost lowing are descriptions of the other pages
board with a rich feature set and industry leading  contained in the schematics.

audio performance. In order to maintain high audio

quality, careful consideration has been given to 21 Analog Inputs

component selection and PC layout. The inputs for AUX, CD, and LINE shown in

The CSA297A is a mixed-signal serial audio codec Flgure 2 are att_enuated 6dB by a voltage dividers.
This allows for input levels up to 2 Vrms. Each of

based on the Intel AC ‘97 2.1 specification. Theh inouts has 220 bE EMI : .
CS4297A features a 20-bit stereo DAC, an 18-bitt ese Inputs has P _suppression capaci-
. tors. These may be removed if EMC testing deter-
stereo ADC, a digital S/PDIF output, and a very . th ; ired
flexible analog audio mixer. The CS4297A hag "eS (NEY are notrequired.

four line-level stereo inputs, two mono line-levelThe CS4297A analog inputs and outputs need to
inputs, two switchable microphone inputs, and &€& AC coupled because of internal bias voltages.
stereo pseudo-differential CD input. The input sig10 UF AC coupling capacitors are used on the Line,
nals can be routed to the ADC for recording, oD, Aux, and Internal Modem inputs to minimize
mixed together for recording and direct playbacklow frequency roll-off. The CS4297A CD input is
The CS4297A has 64 registers that are used to capseudo-differential. The CD signal acts as one side
trol its various features such as volume levelsf the differential input and CD_COM as the other.
mutes and signal routing. The CS4297A maintain&D_COM is a common return path for both the left
high audio quality throughout its signal chain andnd right channels. For good common mode rejec-

exceeds the Microsoft PC-99 audio performancéion performance, the voltage divider resistors for
specification. CD_COM have been set to half the value of those

The CS4281 controller streams digital audio dat];:{)r CD L and R inputs.

and MIDI over the PCI bus. It also performs hardThere are provisions for two types of analog audio
ware-controlled signal processing and sample rafeD connectors. J1 is for the standard ATAPI con-
conversion. The CS4281 features several periphetector and J2 is for the legacy 2 mm Mitsumi con-
al interfaces including MIDI output, joystick and nector. You can install only one of the two
game controller input, hardware volume controfonnectors because the footprints of J1 and J2 are
and several General Purpose 1/Os. placed on top of each other.

The CS4297A and the CS4281 communicatdhe CRD4281-15 has circuitry to accommodate
through a 5-wire serial digital interface known aghe audio from a modem. The modem connection
the AC-Link. The AC-Link is used to transfer dig-uses the CS4297A’s MONO_OUT and
ital audio between the two devices. Its is also usddHONE_IN. The MONO_OUT circuit has a volt-
to send commands from the CS4281 to th@ge divider that can be adjusted to accommodate
CS4297A’s registers. For more information on thesmall output levels.

AC-Link, see the AC’97 version 2.1 specification.

4 DS308RD15A1
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2.2  ZV Port Digital Input

The ZV port in Figure 3, accepts PCM audio data
in 1S serial format and routes it to the C$4334
DAC. The analog output of this DAC is connected
tothe VIDEO _IN audio inputs of the CS4297A.

2.3 LineOutput

The LINE_OUT circuit in Figure4 consists of a
Motorola MC1458 dual op-amp. Thisdeviceisca
pable of driving high impedance line level signals,
such as powered speakers, and stereo headphones
with impedances greater than 32 Q. Thiscircuit has
again of 6dB. The output of the op-amp is con-
nected to an anti-pop circuit that is described in
Figure 5. This anti-pop circuit suppresses power-
on transient pops.

24  Headphone Output and Anti-Pop
Circuitry

The headphone output circuit in Figure 5 consists
of a Motorola MC1458 dual op-amp connected to
the ALT_LINE OUT of the CS4297A. The
MC1458 circuit hasagain of 6 dB and is capable
of driving stereo headphones with impedances
greater than 32 Q.

The headphone output is connected to an anti-pop
circuit. During power up, transistors Q5-Q8 in the
anti-pop circuit suppress power-on transients by
temporarily muting the audio output.

25 C$4281 PCIl Controller

The C34281, in Figure 6, has 0.1 uF decoupling
capacitors connected to each of its power pins. All
of these capacitors are located physically close to
the device. L3, C56, and C57 are used to filter the
power supply for theinternal PLL circuit.

The AC-Link requires series termination resistors
to prevent reflections. The resistors are placed as
close as possible to device originating the signal.
The C$4281 generates SYNC and SDATA_OUT
and each has a 47 ohm series termination resistor,
R19 and R20.

All unused inputs and bi-directional pins on the
CHA281 are tied to their respective inactive levels
through a 10 kQ resistor.

26 C$4297A Audio Codec

The audio codec is shown in Figure 7. All analog
inputs are sent to the codec from the circuitry in
Figure 2 (Audio In) and Figure 8 (Microphone In).
All of these signalsare AC coupled. Unused analog
input should betied to Vref (pin 28) or AC coupled
to ground through a capacitor to prevent noise. Mic
2 isthe only unused input on the CRD4281-15 and
istied directly to Vref.

The CS4297A generates two AC-Link signals,
BITCLK and SDATA_IN. Both outputs have a
47 Q series termination resistor to prevent reflec-
tions on the AC-Link.

2.7 MicPre-amp and Phantom Power

The microphone pre-amp in figure 8 usesa Motor-
olaMC33078D low noise dual op-amp. One of the
op-amps provides 18 dB gain stage for the micro-
phone. The other op-amp buffersthe phantom pow-
er supply for the mic. The phantom power is
derived from the +5 V analog supply and buffered
by U10A to provide a maximum of +4.2 V with no
load and a minimum of +2.0V under a 0.8 mA
load, as required by PC 99. The microphone circuit
also has 3 dB rolloffsat 60 Hz and 15 kHz as spec-
ified in PC-99.

2.8  MIDI and Joystick Connection

The MIDIOUT buffer driver circuit in Figure 9 is
used to provide+5 V TTL compatible output onthe
DB-15 connector. Thiscircuit can be removed, and
R37 populated to bypass the buffer circuit if a
+3.3V compatible output is sufficient. L4, C72,
C77, C78, C79 are provided for EMI suppression
and can be removed if EMC testing showsthey are
not required. In this case, replace L4 witha0 Q re-
sistor. C73- C76 and C80 - C83 arerequired for the

DS308RD15A1
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joystick circuitry to be functional and must not be
removed.

29 S/PDIF Output

The S/IPDIF (IEC-958) digital output, in Figure 10,
Is compatible with digital inputs on consumer de-
vices such as consumer stereo receivers and
MiniDisk recorders. The CS4297A S/PDIF output
is coupled to J16 through an isolation transformer.
This design uses a low cost industry standard de-
vice, the PE65612 by Pulse Engineering.

The S/PDIF and DAC outputs are derived from the
same 48 KHz PCM signal. This means that what-
ever digitally effects LINE_OUT, such as sample
rate conversion, also effects the S/PDIF output.

2.10 PCI BusConnection

The PCI 2.1 specification requires that each unused
+3.3 V power pin should be connected with an av-
erage of 0.01 pF capacitor. In Figure 11, seven
0.1 pF capacitors in paralel provide the required
capacitance for the +3.3 V power pins.

Power Supplies

The CS$4297A requiresboth adigital +3.3 V and an
analog +5V supply. The digital power is supplied
from the PCI bus. A separate regulator is recom-
mended for the analog voltage supply to provide
good audio signal quality. In Figure 12, aMotorola
MC78MO05 regulates the +12V supply from the
PCI bus down to a clean +5V anaog supply. For
the best audio performance, the analog voltage reg-
ulator, should be located near the CS4297A. Op-
tionaly, U3, a 78L 05, can be used in applications
where LINE_OUT and ALT_LINE_OUT are only
going to drive high impedance loads (10 KQ or
greater). The-12 V power pinisdecoupled through

C29 and C30, and supplies power to the headphone
circuit.

The Micrel MIC2920A low dropout regulator is
provides the required +3.3 V to the C$4281 in the
absence of +3.3 V on the PCI bus. Two packaging
options are supported. U8 is a SOT-223 surface
mount package, and U9 is a TO-220 through hole
package. 0 Q resistors are provided as a build op-
tion if +3.3V isguaranteed to be available on the
PCI bus.

2.11 Component Selection

Great attention was given to the particular compo-
nents used on the CRD4281-15 board with cost,
performance, and package selection asthe most im-
portant factors. Listed are some of the guidelines
used in the selection of components:

* No components smaller than 0805 package.

* Only single package components; no resistor

packs.

« 8-pin devices are in surface mount packages.

Dual footprint for the 24.576 MHz. crystal.
Standard H49S, and small circular CA-301
through hole package.

Dual footprint for +5 V and +3.3 V regulators.
Surface mount and through hole packages are
supported.

2.12 EMI Components

A number of capacitors and inductors are included
to help the board meet EMI compliance tests, such
as FCC Part 15. Modifying this selection of compo-
nents without EMC testing could result in EMC
compliance failure.

DS308RD15A1
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3. GROUNDING AND LAYOUT pins are arranged on the CS4297A so that the ana-

The component layout and signal routing of the
CRD4281-15 provides agood model for laying out

log and digital signals are separated from each oth-
er. The analog and digital ground planes must be

your own PCI add-in card. PCl-bus based add-in tied together for the codec to maintain proper volt-

cards have explicit requirements on trace lengths
that are not imposed on motherboard designs.
Thesetracelength limitsfor add-in cardsare asfol-

age references. For best results, the two ground
planes are tied together with a single wide trace un-
der the codec near its digital ground pins.

lows: Data converters are generally susceptible to noise

Please refer to the PCI 2.1 Specification, Sectio
-6, for information on routing PCl bus signalsorg 2 ©$4297A L ayout Notes

4.3

Maximum trace length for 32-bit signals on 32-°0 the crystal pins. In order reduce noise from cou-
bit and 64-bit cards is 1.5 inches. pling onto these pins, the area around the crystal

and its signal traces is filled with copper on the top

Maximum trace lengths for signals on the 6444 pottom of the PCB and attached to digital
bit extension are 2 inches. ground.

Trace length for the PCICLK signal is 2.5 geparate chassis ground provides a reference
inches + 0.1 inch. plane for all of the EMI suppression components.
The PCI CLK signal must drive only one load. The chassis ground plane is connected to the analog
ground plane at the external jacks.

a motherboard.

31

Refer to theCSA297A Data Sheet for partitioning
Partitioned Voltage and Ground and bypass capacitors placement. Pay close atten-
Planes tion to bypass capacitors on REFFLT, AFLT1,

The CRD4281-15 is partitioned into separate digit*FLT2 and the power supply capacitors.

tal and analog sections to prevent digital noise from
affecting the performance of the analog circuits.
The analog section is completely isolated from the
digital section. The analog and digital sections each - - -
have their own separate ground plane. All analog Schematic & Layout Review Service
components, power traces and signal traces lie over Confirm Optimum f—

the analog ground plane. Digital components, pow- Schematic & Layout 6

er traces and signal traces are not allowed to cross- Before Building Your Board. -\ ;
over into the analog section. For Our Free Review Service

Call Applications Engineering.
The CS4297A is placed at the transition point be-
tween the analog and digital ground planes. The

Call: (5612)445-7222

DS308RD15A1 7
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