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CS4237B

CrystalC lear[] Advanced Audio System with 3D Sound

Integrated SRS® (@) 3D Sound Technology

Compatible with Sound BIasterTM, Sound Blaster
Pro™, and Windows Sound SystemT'VI

Advanced MPC3-Compliant Input and Output Mixer

Enhanced Stereo Full Duplex Operation
Dual Type-F DMA Support
Industry Leading Delta-Sigma Data Converters

Fully Plug-and-Play ISA Compatible
3.3V or 5V ISA Bus Operation
Programmable Power Management

Hardware Master Volume Control

Enhanced Digital Gameport

CS9236 Wavetable Digital Audio Interface
MPU-401 MIDI Interface

Consumer IEC-958 Digital Output (S/PDIF)
CS4236/CS4232/CS4231 Register Compatible

General Descriptio n

The CS4237B is a single chip multimedia audio system
that provides compatibility with the Microsoft Windows
Sound System standard and will run software written to
the Sound Blaster and Sound Blaster Pro interfaces.
The CS4237B is fully compliant with Microsoft's PC’ 97
and WHQL audio requirements. The product includes
an internal FM synthesizer and Plug-and-Play external
interfaces for Wavetable, CD-ROM, and modem de-
vices. In addition, the CS4237B includes hardware
master volume control pins as well as extensive power
management and SRS 3D sound technology.

SRS (@)

everything else is only stereo™

ORDERING INFORMATION:
CS4237B-JQ 100 pin TQFP, 14x14x1.4mm
CS4237B-KQ 100 pin TQFP, 14x14x1.4mm
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ANALO G CHARACTERISTICS Ta=25°C; VA, VD1, VDF1-VDF4 = +5V

Input Levels: Logic 0 = 0V, Logic 1 = VD1; 1 kHz Input Sine wave; Sample Frequency, Fs = 44.1 kHz;
Measurement Bandwidth is 20 Hz to 20 kHz - unweighted, 16-bit linear coding.)

CS4237B-JQ CS4237B-KQ
Parameter* Symbol Min Typ Max Min Typ Max Units
Analog Input Characteristics - Minimum Gain Setting (0dB); unless otherwise specified.
ADC Resolution (Note 1) 16 - - 16 - - Bits
ADC Differential Nonlinearity (Note 1) - - +0.5 - - +0.5 LSB
Instantaneous Dynamic Range Line Inputs IDR - 80 - 80 85 - daB
(Note 2) Mic Inputs - 75 - 72 79 - daB
Total Harmonic Distortion Line Inputs THD - 0.05 - - 0.006 0.02 %
Mic Inputs - 0.05 - - 0.01 0.025 %
Interchannel Isolation Line to Line Inputs - 80 - - 80 - daB
Line to Mic Inputs - 80 - - 80 - dB
Line-to-AUX1 - 90 - - 90 - daB
Line-to-AUX2 - 90 - - 90 - dB
Interchannel Gain Mismatch Line Inputs - - +0.5 - - +0.5 dB
Mic Inputs - - +0.5 - - +0.5 dB
Programmable Input Gain Span Line Inputs 215 225 - 215 225 - dB
Gain Step Size 1.3 15 1.7 1.3 15 1.7 dB
ADC Offset Error 0 dB Gain - - - - +10 100 LSB
Full Scale Input Voltage: (MGE=1) MIC Inputs 0.26 0.28 - 0.26 0.28 - Vpp
(MGE=0) MIC Inputs 2.6 2.8 - 2.6 2.8 - Vpp
LINE, AUX1, AUX2, MIN Inputs 2.6 2.8 - 2.6 2.8 - Vpp
Gain Dirift - +100 - - +100 - ppm/°C
Input Resistance (Note 1) Mic Inputs 8 11 - 8 11 - kQ
Other Inputs 20 23 - 20 23 - kQ
Input Capacitance (Note 1) - - 15 - - 15 pF

Notes: 1. This specification is guaranteed by characterization, no production testing.
2. MGE =1 (see WSS Indirect Reg 10, 11).

*Parameter definitions are given at the end of this data sheet.

Specifications are subject to change without notice.

DS213PP4 3
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ANALO G CHARACTERISTICS (Continued)

CS4237B-JQ CS4237B-KQ
Parameter* Symbol Min  Typ Max Min Typ Max Units
Analog Output Characteristics - Minimum Attenuation (0dB); unless otherwise specified.
DAC Resolution (Note 1) 16 - - 16 - - Bits
DAC Differential Nonlinearity (Note 1) - - +0.5 - - +0.5 LSB
Dynamic Range -Total All Outputs  TDR - - - - 95 - dB
-Instantaneous IDR - 85 - 80 85 -
Total Harmonic Distortion (Note 3) THD - 0.01 - - 0.01 0.02 %
Interchannel Isolation  Line Out (Note 3) - 95 - - 95 - dB
Interchannel Gain Mismatch Line Out - +0.1 05 - 0.1 05 dB
Voltage Reference Output - VREF 2.0 2.2 2.5 2.0 2.2 2.5 \
Voltage Reference Output Current - VREF - 100 400 - 100 400 HA
(Notes 1,4)
DAC Programmable Attenuation Span 100 106.5 - 100 106.5 - daB
DAC Attenuation Step Size +12 dB to -81 dB 1.3 15 1.7 1.3 15 1.7 dB
-82.5 dB to -94.5 dB 1.0 15 2 1.0 1.5 2 dB
DAC Offset Voltage - - - - 1 +10 mv
Full Scale Output Voltage: OuUT, MOUT 2.6 2.8 3.2 2.6 2.8 3.2 Vpp
(Note 3)
Gain Drift - 100 - - 100 - ppm/°C
Deviation from Linear Phase (Passband) - - 1 - - 1 Degree
(Note 1)
External Load Impedance (Note 1) 10 - - 10 - - kQ
Mute Attenuation 80 - - 80 - - dB
Total Out-of-Band Energy  0.6xFs to 100 kHz - - - - - -45 dB
(Note 1)
Audible Out-of-Band Energy 0.6xFs to 22 kHz - - - - - -70 dB

(Fs=8kHz) (Note 1)
Power Supply

Power Supply Current Digital, Operating - 80 - - 80 91 mA
Analog, Operating - 25 - - 25 31 mA

Total Operating - 105 - - 105 122 mA

Total Power Down - 100 - - 100 400 HA

Power Supply Rejection 1 kHz (Note 1) 40 - - 40 - - dB

Notes: 3. 10 kQ, 100 pF load.
4. DC current only. If dynamic loading exists, then the voltage reference output must be buffered
or the performance of ADCs and DACs will be degraded.

4 DS213PP4
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MIXERS (Ta = 25°C; VA, VD1, VDF1-VDF4 = +5V; Input Levels: Logic 0 = 0V, Logic 1 = VD1;
1 kHz Input Sine wave, Measurement Bandwidth is 20 Hz to 20 kHz - unweighted.)
CS4237B-JQ CS4237B-KQ
Parameter* Min  Typ Max Min Typ Max Units
Mixer Gain Range Span LINE, AUX1, AUX2 - - - 45 46.5 - dB
MIC, MIN - - - 42 45 - dB
Hardware Master - - - 44 48 - dB
(Digital) Wavetable, Monitor, PC Wave, DSP, FM - - - 90 94.4 - dB
Step Size MIC, LINE, AUX1, AUX2 - - - 1.3 1.5 1.7 dB
MIN - - - 2.3 3.0 3.7 dB
Hardware Master - - - 1.6 2.0 2.4 dB
(Digital) Wavetable, Monitor, PC Wave, DSP, FM - - - 0.9 15 2.0 dB
Dynamic Range -Total - - - - 94.5 - dB
(Analog Mixers) -Instantaneous - 88 - - 91 - dB
Total Harmonic Distortion (Note 3) - 0.005 - - 0.002 - dB

(Analog Mixers)

ABSOLUT E MAXIMUM RATINGS (AGND, DGND, SGND = 0V, all voltages with respect to 0V.)

Power Supplies:

Total Power Dissipation
Input Current per Pin
Output Current per Pin
Analog Input Voltage
Digital Input Voltage:

Ambient Temperature
Storage Temperature

Parameter Symbol

Digital VD1
VDF1-VDF4
Analog VA

(Supplies, Inputs, Outputs)
(Except Supply Pins)
(Except Supply Pins)

SA<11:0>, IOR, IOW, AEN
SD<7:0>, DACK<A:C>

All other digital inputs
(Power Applied)

Min
-0.3

-0.3
-0.3

Warning: Operation beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

RECOMMENDED OPERATING CONDITIONS (AGND, DGND, SGND = 0V,

all voltages with respect to 0V.)

Parameter Symbol Min
Power Supplies: Digital VD1 4.75
(Note 5) 3.0
Digital Filtered VDF1-VDF4  4.75
Analog VA 4.75
Operating Ambient Temperature Ta

Typ

5.0
3.3
5.0
5.0

25

Max

6.0
6.0
6.0

1
+10.0
+50
VA+0.3

VD1+0.3

VDF+0.3
+125
+150

Max

5.25
3.6
5.25
5.25

70

Units

°C
°C

°C

Note 5. When VD1 is powered from 3.3 Volts, all ISA bus input pins, except DRQA, must also be 3.3 Volts.
DRQA is internally powered from the VDF supply and must have a 5 Volt interface. To use DRQA in
a 3.3 Volt application, a level translator is needed.

DS213PP4
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DIGITAL FILTER CHARACTERISTICS (Note 1)

Parameter
Passband
Frequency Response
Passband Ripple (0-0.40xFs)
Transition Band
Stop Band
Stop Band Rejection

Group Delay 8- and 16-bit formats
Stereo ADPCM format
Mono ADPCM format

Group Delay Variation vs. Frequency ADCs
DACs

DIGITAL CHARACTERISTICS (Ta = 25°C; VA, VDF1-VDF4 = 5V, VD1 = 5V/3V;

AGND, DGND1, SGND1-SGND4 = 0V.)

Parameter

High-level Input Voltage Digital Inputs
XTALI

Low-level Input Voltage

High-level Output Voltage:
ISA Bus Pins (except DRQA) 10 =-24.0 mA

DRQA 0 = -24.0 mA

IOCHRDY, SDA/XDO (Note 6)

All Others I0=-1.0 mMA

Low-level Output Voltage: ISA Bus Pins 10 =24.0 mA
o =18.0 mA

IOCHRDY Io =8.0 mA

All Others 0 =4.0 mA

Input Leakage Current (Digital Inputs)
Output Leakage Current (High-Z Digital Outputs)

Symbol

Symbol
VIH

VIL

VoH

VoL

Min
0
-1.0
0.40xFs
0.60xFs
74

Min
2.0
VD-1.0

24
24
2.4
2.4

Max Units

0.40xFs Hz
+0.5 dB
+0.1 dB
0.60xFs Hz
- Hz
- dB
10/Fs S
14/Fs S
18/Fs S
0.0 Us
0.1/Fs us
Max Units
- \Y
- V
0.8 \/
VD1 \Y
VDF \Y
VDF \Y/
VDF V
0.55 \Y
0.4 V
0.4 \Y/
0.4 \Y/
10 A
10 MA

Note 6. Open Collector pins. High level output voltage dependent on external pull up (required) used and

number of peripherals (gates) attached.
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TIMING PARAMETERS (1A =25 °C; VA, VD1, VDF1-VDF4 = +5V; outputs loaded with 30pF
Input Levels: Logic 0 = 0V, Logic 1 = VD1)

Parameter Symbol Min Max Units

E?PROM Timing (Note 1)

SCL Low to SDA Data Out Valid taa 0 35 ps
Start Condition Hold Time tHD:STA 4.0 - VIS
Clock Low Period fLscL 4.7 - us
Clock High Period tHscL 4.0 - us
Start Condition Setup Time tsu:sTA 4.7 - s
(for a Repeated Start Condition)

Data In Hold Time tHD:DAT 0 - us
Data In Setup Time tsu:DAT 250 - ns
SDA and SCL Rise Time (Note 7) tr - 1 Js
SDA and SCL Fall Time te - 300 ns
Stop Condition Setup Time tsu:sto 4.7 - s
Data Out Hold Time tDH 0 - ns

Notes 7. Rise time on SDA is determined by the capacitance of the SDA line with all connected gates and the
external pullup resistor required.

CscLr | fscu

— <—tF
XA0/SCL Jﬁ
tsu:sTA 'HD:STA  'HD:DAT |« >
XDO/SDA (IN)
«»/tAA tDH

XDO/SDA (OUT) %

E°PROM 2-Wire Interface Timing

DS213PP4 7
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TIMING PARAMET ERS (Continued)

Parameter Symbol Min Max Units
Parallel Bus Timing
IOW or IOR strobe width tsTw 90 - ns
Data valid to IOW rising edge (write cycle)  twbsu 22 - ns
IOR falling edge to data valid (read cycle) tRDDV - 60 ns
SA <> and AEN setup to IOR or IOW falling edge tADSU 22 - ns
SA <> and AEN hold from IOW or IOR rising edge tADHD 10 - ns
DACK<> inactive to IOW or IOR falling edge (DMA cycle tsubki 60 - ns
immediately followed by a non-DMA cycle) (Note 8)
DACK<> active from IOW or IOR rising edge (non-DMA tsubk2 0 - ns
cycle completion followed by DMA cycle) (Note 8)
DACK<> setup to IOR falling edge (DMA cycles) tDksua 25 - ns
DACK<> setup to IOW falling edge (Note 8) tbksub 25 - ns
Data hold from IOW rising edge tDHD2 15 - ns
DRQ<> hold from IOW or IOR falling edge DTM(110) =0 tprHD - 45 ns
(assumes no more DMA cycles needed) DTM(110) = 1 -25 -
Time between rising edge of IOW or IOR to next falling tBWDN 80 - ns
edge of IOW or IOR
Data hold from IOR rising edge tDHD1 0 25 ns
DACK<> hold from IOW rising edge tDKHDa 25 - ns
DACK<> hold from IOR rising edge tDKHDb 25 - ns
RESDRYV pulse width high (Note 1) tRESDRV 1 - ms
Initialization Time (Note 1, 9) tiNniT 130 1200 ms
EEPROM Read Time (Note 1, 10) teeprom 1 420 ms
XTAL, 16.9344 MHz, frequency (Notes 1, 11) 16.92 16.95 MHz
XTALI high time (Notes 1, 11) 24 - ns
XTALI low time (Notes 1, 11) 24 - ns
Sample Frequency (Note 1) Fs 3.918 50 kHz
Serial Port Timing
SCLK rising to SDOUT valid (Note 1)  tpp1 - 60 ns
SCLK rising to FSYNC transition (Note 1) tPD2 -20 20 ns
SDIN valid to SCLK falling (Note 1) ts1 30 - ns
SDIN hold after SCLK falling (Note 1) tH1 30 - ns

Notes: 8. AEN must be high during DMA cycles.
9. Initialization time depends on the power supply circuitry, as well as the the type of clock used.
10. EEPROM read time is dependent on amount of data in EEPROM. Minimum time relates to no
EEPROM present. Maximum time relates to EEPROM data size of 2k bytes.
11. The Sample frequency specification must not be exceeded.

8 DS213PP4
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FSYNC sF1,0=01,10

pd2

t
d2
FSYNC sriom0 "

SCLK \

pd2

-~ —>
tSCkW sl t
hl
SDIN MSB, Left
SDOUT MSB, Left ><
tpdl<—>
DSP Serial Port Timing
DRQ<>
tpksua — PT¢ tDRHD
DACK<>
«—— lg1w tDKHDb
IOR
- tRDDV —» tDHD:I.
SD<7:0>
8-Bit Mono DM A Read/Capture Cycle
'RESDRV
RESDRV

UINIT e tegprOM >
XDO/XAO0

F EEPROM read

SD<7:0>

Codec responds to ISA activity

Reset Timing

DS213PP4
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CS4237B
DRQ<> /
tpksup — P IpRHD
DACK<>
* tSTW —’HtDKHDa
IoW
———— tywpsy tpHD2
SD<7:0>
8-Bit Mono DMA Write/Playback Cycle
DRQ<>
DACK<>
IOR/IOW
tewDN
) LEFT/LOW RIGHT/HIGH
SD<7:0> BYTE BYTE
8-Bit Stereo or 16-Bit Mono DMA Cycle
DRQ<>
DACK<> L5533 A3
IOR/IOW
tswDN
SD<7:0> LEFT/LOW LEFT/HIGH RIGHT/LOW RIGHT/HIGH
. BYTE BYTE BYTE BYTE
16-Bit Stereo or ADPCM DMA Cycle
10 DS213PP4
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DRQ<>

| I— tsupki —————>

tsubk2

DACK<>

A

tapsu

A

tRoDV

tbHD1

A

> tADHD

SA<>

AEN

I/0 Read Cycle

DRQ<>

D tSUDKl E—

tsubk2

DACK<>

IOW

 sw————*

SD<7:0>

tADsU

<+—tywpsu >

toHD2

tADHD

SA<>

AEN

/0 Write Cycle

DS213PP4
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GENERAL DESCRIPTION

This device s comprised of 9x phydcal devices

along with PlugandPlay suppart for two add-
tiond extemal devices The internal devicesare:
Windows Sownd System Cockc
Saund Blaster Pro @mpadible Interface
Game Port (Jowtick)
Control
MPU-401
FM Synthesizer
The wo exemal devicesare:
IDE CDROM
Modem

A full I1SA interface with Plug and Play compati-
bility and an External Peripheral Port for
interfacing to externd devices (ie. Wave-Table
Synthesizer, CDROM, and Madem) isincluded.
Since the Wave-Tale Synthesizer and CDROM
aralog inpus are extemal, mapping as shown in
Figure 5, on page 58, mug be used b mairtain
Sownd Blager conpatibility, i.e. CDROM analog
must becomeded to the AUX2 aralog inputs of
the mixer.

On power up, this part requires a RESDRV Sg-
nd to initialize the internal configuraion. When
initially powered up, the part is isolated from the
bus, ard eah device supported by the part mud
be adivated via sditware. Once adivatel, eat
device repondsto the rewurcesgiven (Address,
IRQ, and DMA chamels). The eight devices
listed above are grouped into six logical devices,
asshown in Figure 1 (bracketed feauresare sup-
ported but typicaly not used) The sk logicd
devices are:

LOGICAL DEVICE 0:
Windows Soud Systen Codec (WSS WdeQ
Adlib/Sourd Blager-compatible Synheszer
Sound Blager Pro Campatible Interface

LOGICAL DEVICE 1: Gane Port

LOGICAL DEVICE 2: Control

LOGICAL DEVICE 3: MPU401
LOGICAL DEVICE 4: CDROM

LOGICAL DEVICE 5: Modem

Logicd Device 0 congsts of three phydcal de-
vices. The WSS dec and the Synhesizer are
grouped togetherisce thke oiginal Windows
Sound System board expeded an FM synthesizer
if the codec was preent The Sound Blager Pro
Compatible interface SBPro, is alo grouped to
alow the WSS Codec ard the BPro to share
Interrupts and DMA chanrels. The Synthesizer
device could be the internal FM syntheszer, or a
synthesizer exerrally located on thePerpheal
Port. The exernal synthesizer interface supports
bath FM and waveabe synthesze's such asthe
CS923. The WSS dec, FM syrthesize, and
the SBPro compatible devices are internal to the
pat.

Logicd Device 1 isthe Gane Port that supports
up to two joydgick devices

Logicd Device 2 is the Control device that sup-
ports global feaures of the part This device uses
/O locations to control power management,
joydick rae, ard PnPresurce daa loadng.

Logicd Device 3 is the MPU-401 interface The
MPU-401 MIDI interface includesa 16byte
FIFO for data transmited out the MIDOUT pin
and a16-byte FIFO for daa receved from the
MIDIN pin.

Logicd Device 4 supports an IDE CDROM ®n-
neced b the perphed port. This interface, on
the exernal peripheral port, can suport
CDROMs with up © 8 I/O locaions and sup-
ports both the bese addressard the atemate bag
address, an interrupt, and a DMA chamel. Al-
though this logical device is listedas a CDROM,
any external device tha fits within the resources
listed above may be subdgituted.
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PnP ISA Bus
Interface

| | |

Logical Device 0 Logical Device 1

! ! !

Logical Device 2 Logical Device 3

| | |

Logical Device 4 Logical Device 5

! . !

Logical Device 5 suppats a moden connected
to the peipheral port. This interface on the ex
ternal peipheral pot, supports modems with 2
to 256 I/O locations (ony SA2-SAOare buffered
through the part) andupports a bae addess
and an interrupt. Although this logical device is
listed & a modem, any exerral device tha fits
within the resaurces listed abore mey be sibsti-
tuted

| SA Bus Interface

The 8-bit paralel 1/0 ard 8bit paaled DMA
ports provide an interface which is compatible
with the Indusry Standard Achitecture (ISA)
bus. The ISA Interfaceenaldes the hos$ to com

WSS Codec: Game Port: Control: MPU-401: CDROM: Mod em:
I/0: WSShase 1/0: GAMEbase 1/0: CTRLbase I/0: MPUbase I/0: I/O: COMbase
2 DMA Chan. [1 Interrupt] 1 Interrupt CDbase [1 Interrupt]
1 Interrupt ACDbase
[1 Interrupt]
[1 DMA Chan]
Synthesis: Figure 1. Logical Devices
1/0: SYNbase
[1 Interrupt]
municat with the vaious functional blocks
SBPro: within the pat via two types of acceses Pro-
1/0: SBbase
(DMA shared) grammed I/O (PIO) access and DMA acess.
(Interrupt shared)

A number of configuration registers must be pro-
grammed prior to any accessedy the host
computer The confguration regiders are pro-
grammed via a Plug-and-fPay confguration
sequerce or via @nfiguraion ftware provided
by Crystal Semiconductor.

I/O CYCLES

Every device tha is embled, requires I/0O space

An 1/O cycle begns when the pat decales a
valid address on the bus while the DMA ac

knowledge signds are inacive ard AEN is low.

The IOR and IOW sgnals determine the direc-
tion of the data transfer. For read cycles, the part

will drive dda onthe SD<70> lines while the
host asserts the IOR strobe Write o/cles reguire

the host to asert daa an the SD<7:0> linesand

strobe the IOW signal. Datais latched onthe ris-

ing edgeof the IOW srobe

DS213PP4
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I/O ADDRESS DECODING

The logicd devicesuse 10-ht or 12-bt address
decodng. The Synthesizer, Saund Blagter, Game
Port, MPU-401, CDROM, and Modan devices
support 10-bit address demding, while the Win-
dows Sownd Sysem ard Control devices suppart
12-bit addres decoding. Devices that support
10-bit addres decodng, requre A10 and A1l be
zero for prgoer demde therefae, no diasng oc-
curs through the 12-bit addres space

To prevent aliasng into the uper addres space,
a "16-bit demdé' option may beused, where thre
upper addess bits SA12 thraugh SA15 are con-
nected to the part SA12SA15 arethen deoded
to be 00,00 for dl logicd device address de-
coding. When he yppe addes bis are usd,
the CDROM and Modem interfaces ae no
longe available since the uppe address pins are
multiplexed with the CDROM ard Modem inter-
faces (Se Reset and Power Down section). If
the CDROM or Modem is neeled, the crcuit
shown in Figure 2 can replace the SA12 through
SA15 pins and provide the same functiondity.
Fou cazaded OR gdes udng a 74ALS32, can
replace the ALS138 in Figure 2, but causes a
greater delby in addres demding.

ISA Bus 74ALS138

sa2 > A yop® AEN
A3 > 218 yip—
SAlU 3o y2p—
Y3
Y4 Hh—
SAls > Ydon Y5
AEN [ 4GB Y6 0—
VG S S R S

Figure 2. 16-bit Decode Circuit

DMA CYCLES

The part supports up to thre 8-bit ISA-compat-
ible DMA channds. The default hardware
conrecions, which canbe changed thraugh the
hardware configuration da, are:

DMA A = ISA DMA channel 0

DMA B = ISA DMA channd 1

DMA C = ISA DMA channd 3

The typical configuration would equire two
DMA chainds. One br the WSS Codecand
Saund Blader playback, and the other fa WSS
Codec captue (to support full-duplex). The
CDROM, if used, can dso support aDMA chan-
nel, although this is not typical.

DMA cydes are dstinguished from cortrol reg-
ister cycles by the generdaion of a DRQ (DMA
Requed). The hog acknowledges the request by
gererating a DACK (DMA Acknowledge sig-
nd. The transfer of audio daa occurs during the
DACK cycle. During the DACK cycle the ad-
dress lines are ignored.

The digita audo data interface uses DMA re-
gqued/grart pins to trander the digital audio data
between the pat and the ISA bus. Upon receipt
of a DMA requed, the host procesor responds
with an acknowledgeignal and a comand
strobe which transfers dat to and from the part
eight bits at a time. The reqed pin stays adive
until the agoropriate number of 8-bit cycles have
occured. The number of 8bit trarsfers will vary
depending oan the digital audio daa format, bit
resolution, and qoeraion mode

The DMA request Sgnd can be aserted at any
time. Once aserted, the DMA requeg will re-
main asserted until a complete DMA cycle
occus. A conplete DMA cyde onssts of one
or more bytes depending on which device inter-
na to the pat is generding the reqied.

14
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INTERRUPTS

For Plug-and-Play flexibility, six interrupt pins
aresupported, although oy one or two are typ
cdly used The default hadware connections,
which can be modified through the hadware
configuration dat, are:

IRQ A =ISA Interrupt 5

IRQ B =ISA Interrupt 7

IRQ C =ISA Interrupt 9

IRQ D =ISA Interrupt 11

IRQ E = ISA Interrupt 12

IRQ F =ISA Interrupt 15

The typicd configurdion would support two in-
terrupt sources: one shared betveen theWSS
Codecard the Sourd Blager Pro compdible de-
vices ard the other for the MPU401 device
Interrupts ae aso supprted for the Syntheszer,
Control, CDROM devices, but are typicdly not
used If the nodem logicd device (LD5) is used,
it would typicaly support an interrupt.

PLUG AND PLAY

The Plug-and-Play (PnP) inérface logic is com-
patible with the Intel/Microsoft Plug-and-Play
spedafication, veasion 10a for an 1SA-bus de
vice. Sincethe part is an ISA-bus de\vice, it only
supports ISA-compatible IRQs and DMA chan-
nds. Plug ard Ply conpatibility allows the PC
to auomaticdly configure the pat into the g/s-
tem upon power up. Plug and Pay capability
optimally resolves conflicts between Rig and
Play and non-Plug and Play devices within the
system. Alternatively, the P feature an be by-
pased See theBypassing PnP section for more
information. For a dediled Plg-and-Play proto-
col description, plea® refer to théPlug and Play
I SA Specification.

To support Pug-and-Phy in ISA systemsthat do
not have a PnP BIOS or a PnP-awae operating
system the Configuraon Manage (CM) TSR
and an ISA Corfiguration Uitlity (ICU) from In-
tel Corp. ae u®d to provide thes functions

The CM isolates the cads, asigns Cad Select
Numbers, reads PP cad resource requiremerts,
and allocaes resources to the cardsbasd on
system resource awilability. The ICU is used to
keepthe BIOS andthe CM informed d the cur
rent system configurdion. It also aids users in
determining canfigurations for non-PnP ISA
cads A more thorough discusson of the Con-
figuration Manager and the I1SA Configuration
Utility can be found in the Product Devel opment
Information doawument of the Plug ard Play Kit
by Intel Cormp. In a AP BIOS system, the BIOS
is respongble for canfiguring at leag all system
board PnP devices. Some gstems require adli-
tional software to aid the BIOS in configuring
PnP ISA cads. The PnP BIOS can exeaute all
PP functions indepewertly of the type of oper-
ating system However, if a FhP awae opeating
system is preent, the PnPregponsbilities are
shared béween the BIOS and the opeating §/s-
tem. For moreinformation regarding PrP BIOS,
please refer to the latest revision of tre Plug and
Play BIOS Specification published by Compaqg
Computer, Phoenix Techmologies ard Intd.

The Plug and Play configuraion sequencee mayps
the vaious functiond blocks of the part(logical
deviceg into the host system addes gace and
configures bath the DMA andinterrypt chands.
The hog has aces © the pat via three 8bit
auto-corfiguration ports:  Address port (0279h),
Write Dda port (0A79h), and relocatable Read
Data port (020Bh - 03FFN. The rea dat portis
relocated auomaticaly by PrP software when a
conflict ocaurs.

The corfiguration squence is as follows:

1. Hodg sends a software key which places al
PP cards in he slegp stde (or Plugand
Play mock).

2. The Crystal pat is isolated from the system
using an isolation squerce.

DS213PP4
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3. A unique dentifier (handle) isasigned © the
pat ard the resource cita is read

AN

. After all cards resaurce requiremerts are de-
termined, the host usesthe handle to asign
confli ct-free resouces

ol

. After the canfiguration regstershawe been
programmed,each cnfigured logical device
is adivated.

6. The part is then removed from Plugand-Play
mode

Upon power-up, the chip is inactive and must be
enabled via softwae. The Crystd part moniors
writes to the PnP Auto-Configuaton Address
port (0279). If the hod sends a PnPinitiation
key, congsting of a series of 32 predefined byte
writes, the hardware will detect thekey and
place thepat into the Rug-andPlay (PnP)
mode Another method to program the pat is to
use a special Crystal initiation key which func-
tions like the PnPinitiation key but canbe
invoked by the u®r at anytime. Howe\er, the
Crysta Key only supports one Crystal part per
system. The Crytal key and gedal commands
are detiled in the Crystal Key and Bypassing
PnP sections

The isolation squence uses a wique 722-bit se-
rial identifier. The host p&forms 72 pairs of I/O
read accesses to the Read Data port. The identi-
fier determines what data is put on the daa bus
In responge to thoxe read acesss. When the iso-
lation squence is conplete, the CM asigns a
Card Slect Number (CSN) to the pat. This
number dstinguishes the Qystal part from the
other PnP devicesin thesystem The Corfigura-
tion Manager (CM) then read the resource dat
from the Qystal part The 72-ht identifier ard
the resource dita is either stored n an external
user-programmable EZPROM, or loadal via a
"hostload" procedure from BIOS before PnP
software isiniti ated.

The CM determines the recess;ary resource re-
quirenerts for the system ard then programs the
part through the configuraion registers. The @n-
figuration register dat is written one logical
device d a time. After all logicad devices hare
been configured, CM activates each device indi-
vidually. Eachlogical device isnow aailable on
the ISA bus and regpondsto the programmed
addressrange DMA chamels, ard interrupts that
have been allocated to tha logica device.

PnP Data

Hardwaere Corfiguraton and Rug-and-Play re-
source dda nust be lcadea into the part’s RAM.
The data may be stored in an exemal E°PROM
or may be downoadedfrom thehog.

To load the data, refer to the Loading Resource
Data section. The following is the Pug-and-Phy
resource da&

The firgt nine bytes of the PrP resource dda are
the Plu-and-Play ID, which uniquely idenifies
the Crydal part from other PnPdevices. The
Crystal default is broken cdown as follows:

OEh, 63h- Crystd ID - 'CSC’ in compressd
ASCII. (See the PrP Spe for more
information)

42h- OemID. A unique Oan ID must be ob-
tained from Crydal for eachunique
Crydal produd used

37h- Crygal produa ID for the C34237B

FFh, FFh, FFhFFh - Seal numbe. This @an
be modffied by eath OBM to uniquely
identify their card.

??h- Checksum.

Of the 9-byte serial number listed above, Crystal
software uses the first two bytes to indicae the
presence of a Crystal pat, ard the fourth byte,
0x37, to indicake the CHA237B; therefore, these
three bytes must not be dtered.
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The next 3 bytes are the P version number.
The default is version 1.0a: 0Ah, 10h, 01h

The next sequence of bytes are the ANSI ident-
fier string. The default is 82h, OEh, 00h,
'‘Crystal Codec’, 00h

The logica device dal mud be engred usng
the P ISA Spedficaton format Typica logicd
device values are found in Table 1. The
E°PROM version for this data is found in Ap-
pendix A.

Loading Resource Data

A serid E°PROM interface dlows use-program-
mable <erial number and resource dat to be
stored in an exérna E°PROM. The interface is
compatible with devices from a number o ven-
dors andthe sze may vary accarding to spedfic
custonmer requirements. The meximum size for
reource dat supported by the pat’s intermal
RAM is 384 bytes of combined Hardware Con-
figuration and PnP resource data. With the
addition of the 4-byte heada, the maximum
amowt of E?PROM gace wed would be 38
bytes. However, the pat also sippats firmware
gz)grades via the E'PROM. The maimum size
E“PROM suppated i |s 2k bytes. After power-up,
the exsterce d an E°PROM is checked by real-
ing the first two bytes from the EPROM
interface. F the dad from the EPROM port
read355h and BBh then the rest of the
E°PROM daa is loaced into the internad RAM.
If the first two bytes aren't carrect, the EPROM
is assumed not to exist and a "hogload' proce-
dure must beused D load te internal RAM. The
Hogload procedure canbe ound in the Hostload
secton. For motherboard designs an EPROM
shoud till be includad, to allow fager integrat-
ing of resource and firmware patch data. This
allows updaes withou regiring BIOS cale. If
the partis ingtalled on a plug-in card then an
extemal E°PROM s required to ersure that the
proper PnP resource data is loaded into the inter-
nal RAM prior to a P sequence. 8e the

External EZPROM section for more informaion
on the rial E2PROM inerface and EZPROM
progranming.

The forma for the dda storel in the EZPROM is
as follows:

(HardwareCorflguratlon Dda)
2 bytesE PROM \dlidaion: 55h, BBh

2 bytes length of resource daa in E°PROM

19 bytesHardvare @nfiguraion

(Plug and Phy Resource Daia)
9 bytesPlug andPay ID

3 bytes Plug and Play verson number

Variable number of bytes of user defined
ASCII ID string

Logicd Device 0 (Wndows Sourd System,
FM Synthesizer, Saund Blaster Pro) dita

Logicd Device 1 ( Gane Pat) daa
Logicd Device 2 ( Caontrol) data
Logicd Device 3 ( MPU-4) daa
Logicd Device 4 ( CD-ROM) daa
Logicd Device5 (Modem) data

End of Resource byte & checksum byte

Firmware pach code.

A typicd E°PROM dita load, in asembly for-
mat can be found in Apperdix A.

Loading Firmware Patch Data

An externd E°PROM is read during the powe-
up sequence that stores Hardware Configuration
and P data, ard firmware pach data. The part
contains RAM and ROM to run the coe proces-
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sor. The RAM dlows updates to the core praes
sor furctiondity. Placing the firmware patches
in E2PROM,gives the meximum fundionality at
power-up without the reedfor a ©ftware driver.

The firmware patch dat is typicaly included at
the end of the PnP resaurce data. Crystal pro-
videsa utiity that will read in path daafrom a
file, ard append it to the PnP resource daa The
pach file must be dotained from Crystal.

The Crystal Key

NOTE: The Cryda Key canna differentide be-
tween multiple Crystal Codecs in a g/stent
therdore, ONLY ONE Crystal part is allowed in
systems udang the Crystal Key. To allow multiple
parts in a system, the Plug-and-Play isolation se
guence must be used snce it supports multiple
pats via the seaial idertifier used in the isolation

sequerce.

Physical Device Logical Device  Best Choice Acceptable Sub optimal Sub optimal
Choice 1 Choice 1 Choice 2
WSS 0 ANSI ID = WSS/SB
16-bit address WSSbase 534h-534h 534-608h 534-FFCh
decode Length/Alignment 4/4 4/D4h 4/4
high true IRQ 5 5,7,9,11,12,15 5,7,9, 11, 12, 15
edge sensitive (SB share) (SB share) (SB share)
8-bit, count by DMA 1 0,3 01,3
byte, type A (SB share) (SB share) (SB share)
same DMA 0,3 0,1,3
Synthesis 0
16-bit address SYNbase 388h 388h 388-3F8h
decode Length/Alignment 4/8 4/8 4/8
IRQ
SB Pro 0
16-bit address SBbase 220h 220-260h 220-300h
decode Length/Alignment 16/16 16/32 16/32
Game Port 1 ANSI ID = GAME
16-bit address GAMEbase 200h 208h
decode Length/Alignment 8/8 8/8
Control 2 ANSI ID = CTRL
16-bit address CTRLbase 120-3F8h
decode Length/Alignment 8/8
IRQ
MPU401 3 ANSI ID = MPU
16-bit address MPUbase 330h 330-360h 330-3E0h
decode Length/Alignment 2/8 2/8 2/8
IRQ 9 9,11,12,15

---- Fedure nd supported in the listed configuration, bt is supported through customization.

Table 1. Typical Motherboard Plug-and-Play Resour ce Data
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The Qystal key placesthe pat in the corfigura-
tion mode Once the Crystal key has been
initiated, new P resource dita can be davn-
loaded by a hatload sequence or an aternae
method of progranming the corfiguration regis-
ters may be used. This alternate method is
referred to as the "SLAM" method The SLAM

method allows the user to directly access the

configuration registers, configure, andactivate
the chip, ard then optiordlly, disable the PnP
andor Crystal key feature. The SLAM method
uses commands that are similar to the PP com
mands; howeve, they are dfferent snce the user
has direct aces to thecorfiguration registers.
To use the SLAM method, see theBypassing
PnP section.

The following 32 bytes in hex, are the Ciystal

key:
96, 35, 9A, CD, E6, F3, 79 BC,

SE, AF, 57, 2B, 15, 8A, C5, E2
F1, F8, 7C, 3E 9 4F, 27, 13
09, 84, 42 A1, DO, 68, 34, 1A

Bypassing Plug and Play

The SLAM method dlows the user to bypass the
Plug and Play feaures ard, as an option, allows
the partto actlike a ron-Pug andPlay or legag
device, howeve, the SLAM method only sup-
ports one Cystal IC per system. The user
direcly programs the resourcesinto the part, ard
then opionally disables the PnPard/or the Crys
tal Key, which forces the part to dsregad ary
future PnP or Crystal initiation key sequences
(All activated logical devices appear as legag/
devices to PnP).The Crysta and PnPkeys can
also be dsabled trough the EEPROM.

To use the S AM method, tre fdlowing =
guernce nust be foll owed:

1. Host sends 32-byte Ciystal key to 1/O
027%, chip erntersconfiguraion mode.

2. Host programs CSN (Card Select Number)
by writing a 06 ard OCh to I/0O 0279h

3. Hod praogramsthe canfiguraton registers of
each logicd device by writing © I/O 0279h
The following data is the maximum amount
of information pe device All current devices
only neal a subset of this daa:

Logicd Device ID (15h xxh)
xxh is logical device numbe: 0-5

I/O Port Bae Addres 0 (47h, xxh, xxh)
high byte , low byte

I/O Port Baze Addres 1 (48h, xxh, xxh)
high byte , low byte

I/O Port Bae Addres 2 (42h, xxh, xxh)
high byte , low byte

Interrupt Sedect 0 (22h, xxh)
Interrupt Sdect 1 (27h, xxh)
DMA Sdect 0 (2Ah, xxh)
DMA Sdect 1 (5h, xxh)

Activate Device (3h, 01)
(33h, 00h deacivatesa cevice)

4. Repeat #3 for each logical device to be en-
abled. (Not dl devicesnead ke emabled.)

5. Host acivateschip by writing a 7% to 27.

6. (Optional) Hog disables PrP Key by writing
a 55h to CTRLbase+5. The part will not par-
ticipaie in any future PnP cycles The Cysa
Key can dso be disabled by writing a 5h to
CTRLbaset5.
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NOTE: To enalde the PnP/Gystal Keys after
they have been disbled by the SIAM
method, bring the RESDRV pin to alogic
high a removepowe from thedevice

The following illustrates typicd data sent usng

the SLAM method.
006h, 001h ; CSN=1

015h, 000h ; LOGICAL DEVICE 0

047h, 005h, 034h ; WSSbae = 0x534

048h, 003h, 088h ; SYNbag =0x388

042h, 002h, 020h ; SBhase = 0x220

022h, 005h ; WSS & SBIRQ =5
02Ah, 00Lh ; WSS & SB DMAO =1
025h, 003h ; WSS cpture DMAL = 3
033h, 001h ; acivate logical device 0
015h, 001h ; LOGICAL DEVICE 1

047h, 002h, 000h ; GAMEbas = k200
033h, 001h ; actvate logical device 1

015h, 002h ; LOGICAL DEVICE 2
047h, 001h 020h ; CTRLbas = 0x120

033h, 001h ; actvate logical device 2
015h, 003h ; LOGICAL DEVICE 3
047h, 003h, 030h ; MPUbag=0x330

022h, 009h ; MPUIRQ =9

033h, 001h ; acivate logical device 3
079h ; acivate Qystal device

If all the alove daais sent, after the Qrystal key,
all devices excepg the CDROM andviodem wil |
respond 1o the appropriate resourcesgiven

Hardware Configuration Data

The Hardware Configuraion daa cortains map-
ping information that links interrypt and DMA
pins with actual interryot numbers used by PnP
and SLAM procedures. This data al® cortrols
the XCTLO/XAZ2 pin functionality. The Hard
ware Configuraion data precedes the PnP
Resource daa.

The Hardwae Cafiguraion dat is either 19 or
23 byteslong andcontains the dat neessry to
configure the part If an E°PROM is nat used
(Hostload), the first four bytes are nd neealed,
which means the corfiguration dda is only 19
bytes long. The configuration data naps the
many functionsof the logical devices to the
physcal pins of the chp. Table 2 lists the Hard-
ware Configuation bytes The ddailed bit
desaiptions for ech byte follows béow.

HW Config. Byte 5. ACDbase Address Length

Mask, Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
res res res res res CM2 CM1 CMO

Address bit masks for the Alternate
CDROM address decode, ACDbase.
See the CDROM Interface section
for more details on ACDbase

CM2-CMO0

000 - ACDCS low for 1 byte
001 - ACDCS low for 2 bytes
011 - ACDCS low for 4 bytes
111 - ACDCS low for 8 bytes
xxx - all others, RESERVED
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BYTE Default

Description

1

© 00 N O O~ WDN

10*
11*
12+
13*
14*
15*
16*
17

18*
19

20
21
22

23

55h

BBh
00h
DDh
00h
03h
80h
00h
0Bh
20h
04h
08h
10h
80h
00h
00h
00h

48h
75h

B9h
FCh
10h

03h

E2PROM validation byte 1.
The first two bytes tell the Crystal Codec that the E2PROM exists.

E2PROM validation byte 2
High byte for length of resource data in E2PROM
Low byte for length of resource data in E’PROM
Alternate CDROM (Logical Device 4), ACDbase, Address length mask
Modem (Logical Device 5), COMbase, Address length mask
Misc. Configuration Bits: Interrupt Pin Polarities, Key Disables, VCEN, & LD4 features
Global Configuration Bits: IFM, VCF1 and VCFO, WTEN, SPS
Code Base Byte - Must be 0x0B
RESERVED - Must be 0x20
RESERVED - Must be 0x04
RESERVED - Must be 0x08
RESERVED - Must be 0x10
RESERVED - Must be 0x80
RESERVED - Must be 0x00
RESERVED - Must be 0x00

External Peripheral Port I/O Decode Address Length 00 = 4 bytes, 08 = 8 bytes
08h causes XCTLO/XA2 pin to change to peripheral port address bit XA2.

RESERVED - Must be 0x48

IRQ A/B Selection: Lower nibble = A, Upper nibble = B.
Along with next two bytes - specify hardware interrupts tied to IRQA-IRQF pins

IRQ C/D Selection: Lower nibble = C, Upper nibble = D.
IRQ E/F Selection: Lower nibble = E, Upper nibble = F.
DMA A/B Selection: Lower nibble = A, Upper nibble = B.

This byte and the next byte - specify hardware DRQ/DACKSs tied to the DMAA-DMAC pins

DMA C Selection: Lower nibble = C, Upper nibble = reserved (must be 0).

NOTE:The firgt four bytes areexclusve to the E’PROM ard ae not used in the Hostload mode
* Currently not syppated. Must be sd to default vaduesgiven in the table.

Table 2. Hardware Configuration Data
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HW Config. Byte 6: COMbase Address Length

Mask, Default = 00000011

Dr D6 D5 D4 D3 D2 D1 DO
MM7  MM6 MM5 MM4 MM3 MM2 MM1  MMO

Address bit masks for Logical Device
5, typically a modem address,
COMbase. See the Modem Interface
Section for more details on
COMbase.

00000000 - MCS low for 1 byte
00000001 - MCS low for 2 bytes
00000011 - MCS low for 4 bytes
00000111 - MCS low for 8 bytes
00001111 - MCS low for 16 bytes
00011111 - MCS low for 32 bytes
00111111 - MCS low for 64 bytes
01111111 - MCS low for 128 bytes
11111111 - MCS low for 256 bytes
XXxXxXxxxx - all others, RESERVED

NOTE: The part only buffers the lower three address
bits onto the peripheral port. When setting the ad-
dress decode greater than 8 bytes, the upper
address bits should be buffered externally.

HW Config. Byte 7: Misc. Configuration Bits,

Default = 10000000

D7 D6 D5 D4 D3 D2 D1 DO
IHCD IHS PKD CKD IHM VCEN  SDD ACDB7D

ACDB7D Alternate CDROM, data Bit 7 Disable.
When set, SD7 is held in a high
impedance state when reading from
ACDbase+1 (only this one address).
This bit provides support for IDE al-
ternate base address sharing with

the floppy disk controller.

SDD SD Disable. When set, SD<7:0> are
high impedance on reads from any
peripheral port address: External syn-
thesis, CDROM or Modem devices.
Allows external buffers to bypass the
part while still allowing PnP address
support. This bit is also internally
forced on whenever WTEN or SPS
in HW Config. byte 8, or C8, is set.

VCEN Volume Control Enable. When set,

the UP, DOWN, and MUTE pins be-

come active and provide a hardware
master volume control.

IHM Interrupt High - Modem (LD5). When
set, MINT is active high. When clear,
MINT is active low.

CKD Crystal Key disable. When set, blocks
the part from receiving the Crystal
key. Note that if both CKD and PKD
are set, software will be unable to re-
configure the part.

PKD PnP Key disable. When set, blocks
the part from receiving the Plug-and-
Play key. Note that if both CKD and
PKD are set, software will be unable
to reconfigure the part.

IHS Interrupt High - Synthesizer. When
set, SINT is active high. When clear,
SINT is active low.

IHCD Interrupt High - CDROM. When set,
CDINT is active high. When clear,
CDINT is active low.
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HW Config. Byte 8: Global Configuration Bits,

Default = 00000000

Dr D6 D5 D4 D3 D2 D1 DO
IFM VCF1 VCFO SLAD WTEN SPS  res res

res Must be set to zero to allow compat-
ibility with future upgrades.

SPS DSP Serial Port Switch. When
set, switches the DSP serial port
pins from the second joystick to the
XD4-XD1 pins. Then, when SPE in
116 is set, the XD4-XD1 pins convert
to the DSP serial port pins. Once
this bit is enabled, the SD bus will
not be driven when accesses occur
to peripheral port devices. This func-
tion is also available in C8.
WTEN WaveTable Serial Port Enable. When
set, forces XD7-XD5 pins to convert
to the CS9236 Single-Chip Wave-
table Music Synthesizer serial port
pins. Once this bit is enabled, the
SD bus will not be driven when ac-
cesses occur to peripheral port
devices. This function is also avail-
able in C8.
SLAD Soundblaster Alternate Line Disable.
When clear, Sound Blaster (SB)
Synthesizer Volume changes affect
the LINE Alternate (X0/X1) volume.
When set, SB Synthesizer Volume
changes do not affect X0/X1 regis-
ters.
VCF1,0 Hardware Volume Control Format.
These bits control the format of the
hardware volume control pins UP,
DOWN, and MUTE. The volume con-
trol is enabled by setting VCEN in
the previous Hardware Configuration

byte.

00 - MUTE is a toggle switch. When

MUTE is low, the volume is muted.

01 - MUTE is a momentary switch.
MUTE toggles between mute and
un-mute. Pressing the up or down
switch always un-mutes.

10 - MUTE is not used. Two button
volume control. Pressing the up
and down buttons simultaneously
causes the volume to mute.
Pressing up or down un-mutes.

11 - UP pin is not used. The
MUTE pin functions as the Up
function. With this exception, this
mode functions similarly to the
pervious two-button mode. This
mode provides backwards
compatibility with the CS4236.

IFM Internal FM. When set, the internal
FM synthesizer is enabled. When
clear, FM must be provided on the
external LINE analog inputs.

HW Config. Byte 9: Code Base Byte,

Default = 00001011

D7 D6 D5 D4 D3 D2 D1 DO
CB7 CB6 CB5 CB4 CB3 CB2 CBl CBO

CB7-CBO Code Base Byte. Determines the code

base located in the E°PROM. If not
correct, the Firmware code after the
PnP resource data is not loaded.

0x0B - CS4237B
0x43 - CS4236

The next 7 hytes are reseved for future expan-
sion ard mug be st to thdr default vaues as
listed in Table 2

The net byte of hadware configuration data is
byte 17 in Table 2. This byte determines the
function of the XCTLO/XA2 pin. The ddault of
0, forcesthe pn to the corrol function XCTLO,
and the externd peripheral port supparts only 4
I/O locations through XAO-XAL. If this byte is
set to 08h the pinswitches to the XA2 function
and the perpheal pat suppats 8 I/0O locatons
through XA2-XAO0.

The rext byte, listed as byte 18, is resaved for
future expanson ard mug be set to 0x48.
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Bytes 19 through 21map the interrupt number b
the actual interrupt pins A - E As shown in the
table, the byte 20 default is 0xB9; therefore,
IRQC, which is the lowe nibble, maps to the
ISA interrupt 9. Likewise IRQD, which is the
upper nibble, maps to the ISAinterupt 11
(0Bh).

Bytes 22 am 23 map thd©MA chamel number
to the acual DMA pins A-C. As shown in the
table, thebyte 22 ddault is 0x10; therefore,
DRQA/DACKA is the lower nibble which maps
to the ISA DMA channel 0. Likewise
DRQB/DACKB is the upper ribble which maps
to the ISA DMA chand 1.

Hostload Procedure

This procedue is provided for bakwards com-
patibility with the CS423. Since the EEPROM
allows dl resource and firmware patch data to ke
loaded at powa-up, this procedure is typicaly
not used To download PnP resource daa from
the host to the pat’s internal RAM, use the fol-
lowing sequence

1. Configure Control 1/O bas addres,
CTRLbase, by one of two metlods regular
PnPcyde a Crydal Key method.

a. The host can use the regular PnP cyde
program the CTRLbase ard then place the
chip in the wat_for_key date

b. If the Crystal Key mettod is used:

First, send the 32-byte Crydal key to I/O
addres 02@h. (The Cystal Key only
supports one Crystal part per system)

Seond, corfigure logical device 2 base
addres, CTRLbas, by wrting to /O
0279h (15h,02h, 47h xxh, xxh, 33h
01h, 79h.

Note: The two xxh regesentthe base ad-
dress high and base address low
regedively. The ddault is: 01h 20h.

2. Write 57h (Jump to ROM) command to
CTRLbaset5.

3. Download the PP resource dita.

a. Senddownload commandby writing AAh
to CTRLbase+5.

b. Send staring download address (4000h)
by writing low byte (0(h) first, and then
high byte (4(th) to CTRLbas+5.

c. Send the Hardvare Camfiguraion and re-
source data in successive bytes to
CTRLbaset5. This includes the Hardware
Configuraion and the PnP resurce dita.
The PnPresurce format is described in
the PnP Data section. The resaurce header
should not contan the flrst four bytes
which are anly used for E°PROM loads.

4. End download by writing 00Gh to
CTRLbaset6.

5. If any of the Hardwae Configurdion Daa
(first 19 byteg has changed,5Ah nust be
written to CTRLbaset5 to force the part to
internally updée tis information.

The newv PnPdat is loaded ard the pat is ready
for the next PnPcycle.

External E2PROM

The Rug and Play spedfication ddines 32 bits
of the 72-bit Serial Identlfler ashbdng a wer de-
fined ®rial nurber The E°PROM is use to
change the use sedion of the idenifier, store
default resource daa for PnR Hardware Con
figuraion dat specfific to the Crysta part, and
firmware patches to upgrade the core processor
functionality.

24

Downloaded from Elcodis.com electronic components distributor

DS213PP4


http://elcodis.com/parts/6109636/cs4237b.html

i

CIRRUS LOGIC”

CS4237B

The E°PROM inerface uses an industry standad
2-wire interface casising of a h-diredional
daa line and a dock line driven from the part.
After power-on the part looks for the existence
of an E"PROM device and loads the user de-
fined data. The exsterce is deermined by the
first two bytes read (0x55 fdlowed by OxBB). If
the first two bytes are correct, the pait reads the
next two bytesto deermine the lemgth of data in
the E°PROM. The length bytes indicate the
number of bytes left to be read (not including
the two vdidation bytesor two length bytes). As
shown in Figure 3, the E°PROM is read usng a
start bit followed by a dummy write, to initialize
the adires to zero. Then another gart bit and
device addess, followed by allthe data. Sine
the part usesthe squental readproperties of the
E°PROM only one EPROM, is suppoted
(gangad EQPROMS are nd supported).

Same E?PROMs that are compatible with this
interface ae:

Atmel AT24Cxx series
MicroChip 241 CxxB series
National NM24CxxL series
Ramtron FM24Cxx seaies
SGS hompon ST24Cxx series
Xicor X24Cxx series

where the xx is replaced by 02, 04, 08, or 16
based on tre sze ofthe EPROM deaired. The
size of 16 (2k lytes) is preferred snce it alows
the maximum flexibility for upgading firmware
paches, Other EPROMSs corpatible with Fig-
ure 3 and the tming paraneters listed in the
front of the data sheetmay also be sed.

The maximum Hardware Configuration and PnP
resource RAM daa supported is 384 bytes and
a four byte heacer; therefore, the maximum
amount of dala storage, without firmware
paches, in E? PROM would be 388 bytes. The
maximum s$ze E°PROM sipported is 2k bytes
This allows the inclusion o firmware patches af-
ter the PnPresurce daa.

If an externd E°PROM «ists it is accessed by
the srial interface am is connecied tothe XDO
and XAO pins The twowire interface iscontrol-
led by three hts in the Cortrol logica device
Hardwae Control Register (CTRLbasetl). The
serial data can be written to or real from the
E’PROM by sequentialy writing or reading that
register. The three register bits, DO, D1, D2are
labded CLK, DOUT, and DIN/EEN respecively.
The DIN/EEN bit, when written to a ore, en-
ables the EPROM seial inteface. When the
DIN/EEN bit is writtento a zerg the rial inter-
face is dsalled The DIN/EEN bit is also the
Data In (DIN) signd to read back data from the
E’PROM. The XDO pn is a bi-directona open-
drain data linesupporting DN and DOUT;
therdore, to read he rred daa, the DOUT hit
must ke sd to a one prior to paforming a read
of the register. Othawise, the data ead back
from DIN/EEN will be all zeros. The E°PROM
data canthen be read from the DIN/EEN hit.
The CLK bit timing is controlled by the host
software. This is the seial clock for the
E’PROM. The DOUT bit is used to write/pro-
gram the daa out to the EPROM. An exemal
pull-up regstor is required on XDO becawse it is
an open-dran output Use the guidelines in the

Part _ Bank Part Read No
Crystal IC > Start apgqress V\irlte Address St'I\rt Address T‘ Acknowledge Acknovxiledge
v y v v

Stop
T T T T T T T T T T T T T T T T T T
lg

\
(ﬂ T T T 11
S11010000/0AO0000000|/AS1010000|1|A Data A \ Data
Ll Ll [ I I I LAV

t t b 1 7
EEPROM Acknowledge Data
Figure 3. EEPROM Format
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spedfic E°PROM dda sed to sdect the value
of the pul-up resstor (a typcd value woul be

3.3kQ).

Programming the E°PROM:

1. Configure Qntrol 1/O ba® address by ore
of two mettods regular PnPcyde a Crydal
Key method

a. The host can use the regular PnP cyde o
program tre logical device 21/0O base ad-
dress and then placehe chip inthe
wait_for_key date

b. If the Cnystal Key method is used:

First, write to YO 027%, =nd the 32
byte Crystal key. (The Crystal Key only
supports one Crystal part per system)

Secand, canfigure the Caotrol 1/0 bese
addres by writing 15h 02h, 4h, 01h,
20h, 33h 01h, 7% to 027h.

2. Rebr to the speciic data sheet for the
E°PRQM you ae usng for timing require-
ments and data format. Also, refer to the
Loading Resource Data sedion of this da@
sheet for the E2PROM resource data format.

3. Serd the EPROM dat in successive bis to
CTRLbase+1 (Hardwae Control Regiger)
while following the FPROM dita shed for-
mat.

The EPROM row containsthe PnPresource
data. For ths new data to take effect, the part
must be reset, causing the part to read the
E°PROM during initializaton. Crygal can pro-
V|de a tility, RESOURCE.EXE, to progam
E? PROMSs through the Control logical devicein-
terface

WINDOWS SOUND SYSTEM CODEC

The WSS Codec softwae interface consists 6 4
I/O locaions darting at the Plug and Play ad-
dress 'WSSkas’, and supports 12-ht addess
decaing. If the upper aldress bits, SA12SA15
are used, they mug be 0 to demde a vaid ad-
dress The WSS dec also requires one
interrupt and ore or prefeably two DMA chan-
nels, onefor playback and onefor capgure. Snce
the WSS @dec and Sownd Blaster device are
mutually exdusive, thetwo devices shar the
same nterrupt and DMA playback chamel.

The WSS Codec/Mixer is regster compatible
with the Microsoft Windows Sourd System.
Functons include stereo Analog-to-Digital ard
Digita-to-Analog corverters (ADCs andDACS),
andog mixing, ani-aliasng and remngruction
filters, line and microphonelevel inpus, optiorel
A-Law/p-Law aoding, smultareows capture and
playback (at independent sample frequencie9
and a paralel bus interface. Five aralog inputs
are provided and four can bemixed to the ADC
mixer. All five an be mixed with the output of
the DAC with full volume control. Seveal daa
modes are supported including 8- and 16-hit lin-
ea as wdl as 8-bit compaded, 4-bit ADPCM
compresed, and 16-bit big Endian.

Enhanced Functions (MODEY)

The initial state is labeled MODE 1 ard forces
the partto appea asa CS4248 The more pgu-
lar second mode, MODE 2, forces the part to
appear asa CA4231 wper €t ard is compdible
with the CS£232 To switch from MODE 1 to
MODE 2, the CMS10 hits, in the MODE and
ID regider (112), $ould be %t to 10 repec
tively. When MODE 2 is sdleciked, the bit I1A4 in
the Index Address register (RO) wil be decoded
as a valid index panter providing 16 adlitional
regiders and ircreagd functionality over the
CA248.

To reverse the procedurg set the CMS10 bits to
00 and the part will resume operation in
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MODE 1. Except for the Copture Daa Format
(128), Capure Base Count (130/31), ard Alter-
nae Feaure Satus (124) registers, all other
Mode 2 functions retain their values when re-
turning to Mode 1. The WSS Codec is
backwards compatible with the CS4236,
CS232 CS4231 ard CS248

The aditional MODE 2 fundions are: full-du-
plex suppot, a progammable timer, Mono In
and Mono Out suppart.

MODE 3 is selected by setting CMS10 to 11
MODE 3 allows aces to new bits in the indi-
red registers 10-131, andalows aces to a thrd
set of "exterded registers’ which are designated
X0-X17+X25. The eterded registes ae ac
cesed throughl23. The addtiond MODE 3
functionsare

1. A full symmetrical mixer. This changesthein-
put multiplexer to ainput mixer.

N

Independent sample frequencycortrol on the
ADCs ard DACs.

w

Programmabé Gan and Attenuation an the
Microphoneinputs.

4. Independent cortrol ove the volume of nter-
nd FM synthess ard exerral wavetable.

5. Volume cortrol on the DSP<serial portinput
daa.

6. Steeo wlume on the mortor feedbadk pah.

FIFOs

The WSS dec contains 16-sanple FIFOs in
both the daybadk ard cature digita audio daa
paths. The FIFOs are transparert and hawe no
programming ascciated with them.

When playback is enabed, the playback FIFO
continudly requests data until the FIFO is full,

and then makes reqeds as pasitions inside the
FIFO are emptied, thereby keeping the playback
FIFO asfull as possible. Thus when he g/stem
cannot respond within a sample period, the FIFO
starts to empy, avoiding a momenary loss of
audio da. If the FIFO runs out of déa, the lagt
vaid sample can be ®ntinuoudy oufput to the
DACs (if DACZ in 116 is set) which will eimi-
nate pops from occurring.

When capture is enaled, the cgpture FIFOtries
to continually gay enpty by making requeds
every sample peiod. Thus when he g/stem can-
nat respond within a sample period, the cgpture
FIFO arts filling, thereby avading a Iess of
data in the audio daa gream.

WSS Codec PI1O Register Interface

Four 1/0 mepped locations are available for ac-
cessng the Codec fundions and mixer. The
control registers allow acess to satus, audio
data, and all indired registers via the imex reg-
isters. The IOR and IOW signals are usd to
define the readand wiite cydes respedively. A
PIO aces to the Codec bedgns whenthe hos
puts an adires on to the ISAbus which matches
WSShae and drives AEN low. WSSbage is pro-
gramnmed duing a Plugand Plgy corfiguration
seqene. Orce a véid base address ha been
decaledthen the assetion of IOR will cause the
WSS Codec to drive daa on the ISA data bus
lines. Write gyclesreguire the host to aset daa
on the ISA daa bus lines and srobe the IOW
signd. The WSS Codec will latch dda into the
PIO register on the rising edge of the IOW
strobe.

The audio daa interface typically uses DMA re-
gqued/grart pins to trander the digital audio data
between the WSS Codec and the bus. The WSS
Codet is reporsible for aserting areqed sg-
na whenever the Calecs intemal bufers ned
updaing. The bus responds with an acknowledge
signal and strobes data to and from the Codec, 8
bits a& atime. The WSS dec kegos the request
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pin actve urtil the apprgoriate number of 8-bt
cycles hawe occured to trarsfer one autb sam-
ple. Nde that diferent audio data types will
require a diferent numbe of 8-kt tranders

DMA Interface

The second type of pamllel bus cycle from the
WSS decis aDMA transfer. DMA cycles are
distinguished from PIO register cyclesby the as
sertion of a DRQ followed by an
adknowledgmentby the host by the asertion of
DACK (with AEN high). While the acknow-
ledgment is recaeved from the hos the WSS
Codec assunes that ary cydes ocuring are
DMA cycles aml ignaes te addresses o the
addres lines

The WSS Codec may asst the DMA requed
signal atany time. One aseated, the DMA re-
qued will remain asserted until a complete DMA
cycle occus to the part. DMA transfers may be
terminated by restting the PEN and/or CEN bits
in the Interface Configuraion registe (19), de-
pending onthe DMA that isin progress
(playback, capture, or both). Termination of
DMA transfersmay only happen letween sample
transfers on the bus. If DRQ goes adive while
restting PEN andor CEN, the reqes must be
adknowledgel with DACK and a fina sampe
transfer completed.

DMA CHANNEL MAPPING

Mapping of the WSS dec’'s DRQ and DACK
onto the ISA busis acomplished by the Plug
and Play corfiguration registers. If the Plug and
Play resource daa spedfies only one DMA
chanrel for the Codec (r the codec s placed n
SDC moa) then both the plasback and capture
DMA requess should be routed tothe same
DRQMDACK pair (DMA Chawnd Sdect 0). If
the Plug andPlay resource daa fedfies two
DMA chamels for the Codec, then he gaybadk
DMA requeg will be routed to the DMA par
spedfied by the DMA Channd Select 0 remurce

data, and the capture DMA requeds will be
routed to the DMA par spedfied by the DMA
Chamel Selet 1 reurce dda.

DUAL DMA CHANNEL MODE

The WSS Codec aupports a snge and adual
DMA channd mode. In dualIDMA channel
mode, playback and cpture DMA requeds and
adknowledges occur on indepgendent DMA chan-
nels. In dual DMA mode SDC $oud be st to
0. The Raybak- and Cature-Enables (PEN,
CEN, 19) can be changedavithout a Male
Change Enable (MCE, RQ. This allows for
prope full duplex control whereapplicatons are
indepewlerntly usng playback and capture.

SINGLE DMA CHANNEL (SDC) MODE

When two DMA channds are rot available, the
SDC mode forces all DMA trangers (cgpture or
playbadk) to occur on a single DMA channel
(playbadk channel) The tadeoff is that the
WSS dec will no longer be able to peform
simultaneows DMA capture and daybad.

To enale the SDCmode, set the SDChit in the
Interface Corfiguration egister (19). With the
SDC bhit asseted, the internd workings of the
WSS dec remain exadly the same as dud
mode, except for the manner in which DMA re-
gqued and aknowledges are handled.

The phyback of awio data will ocair on the
playbadk chanrel exadly asdud chanrel opera-
tion; however, the cgpture awio chamel is now
diverted to the pgaybadk chamel. Alternaively
stated, the cgpture DMA request ocaurs on DMA
channel select 0 for the WSS Codec.(In
MODEs 2 and 3, the capture daa format is al-
ways st in register 128.) If both playbadk and
cgpture ae erabled, the ddault will be phyback
SDC does na have any affed when using PIO
accesEes
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Sound System Codec Register Interface

The Windonvs Sownd Sydem ®dec is mappead
via four locations The I/O bas addres,
WSShae, is determined by the Plug and Play
configuraion. The WSSbhae supports four direct
registers, shown in Table 3. The first two direct
registers are used to access 32 indirect registers
shown in Table 4. The Index Addess register
(WSShbaet0) pants to the indirect register tha
is accesxd through the Indexed Data reger
(WSShaet1).

This sedion describes all the direct and indired
registas for the WSS dec Table 5 ddails a
summary of each hit in each register with Ta-
bles6 through 15 illustrating the maority of
decodng neeckd when programming the WSS
logical device and ae included for reference
When enabled, the WSS Calec default state is
defined asMODE 1. MODE 1 is backwards
compatible with the C3$4248 and only allows ac-
cessto the first 16 indirect registers. Puting the
pat in MODE 2 or MODE 3, usng CMS10 hits
in the MODE and ID register (112), dlows ac-
cess to indired regsters 16 through 31 Puting
the pat in MODE 3 aso allows access to the
extended regters through IZ and other ex
tended fedures in the indirect registers.

DIRECT MAPPED REGISTERS

The first two WSS @dec registas provide indi-
red accessing to more codec registers via an
index register. The oher two regsters provide
status information and abbw audio dat to be
transferred to and from the WSS dec withou
usng DMA cycles or indexing.

Note that regi®r defaults are liged in binary
form with resened bits maked with 'x’ to indi-
cate unknown.To maintain conpatihility with
future pats, these reseved bits mustbe written
as 0, and mug be nmasked of when the reggter
is read The curent value readfor reserved bits
IS nat guararteed on future revsions.

Direct Registers. (RO-R3)

Address Reg.
WSShase+0 RO
WSShase+1 R1
WSShase+2 R2
WSShase+3 R3

Register Name
Index Address register
Indexed Data register
Status register
PIO Data register

Table 3. WSS Codec Direct Register

Index Register Name
10 Left ADC Input Control
11 Right ADC Input Control
12 Left Aux #1 Volume
13 Right Aux #1Volume
14 Left Aux #2 Volume
15 Right Aux #2 Volume
16 Left DAC (PC Wave) Volume
17 Right DAC (PC Wave) Volume
18 Fs & Playback Data Format
19 Interface Configuration
110 Pin Control
111 Error Status and Initialization
112 MODE and ID
113 Monitor Loopback Volume
114 Playback Upper Base Count
115 Playback Lower Base Count
116 Alternate Feature Enable |
117 Alternate Feature Enable I
118 Left Line (Synthesizer) Volume
119 Right Line (Synthesizer) Volume
120 Timer Low Byte
121 Timer High Byte
122 Alternate Sample Frequency
123 Extended Register Access (X regs)
124 Alternate Feature Status
125 Compatibility ID
126 Mono Input & Output Control
127 Reserved
128 Capture Data Format
129 Reserved
130 Capture Upper Base Count
131 Capture Lower Base Count

Table 4. WSS Codec Indirect Registers

DS213PP4

Downloaded from Elcodis.com electronic components distributor

29


http://elcodis.com/parts/6109636/cs4237b.html

i

CIRRUS LOGIC® CS42378
Direct Registers. WSShase (RO-R3)

ADDRESS D7 D6 D5 D4 D3 D2 D1 DO
WSSbase+0 RO INIT MCE TRD IA4 IA3 IA2 IAL IAO
WSSbase+1 Rl ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
WSSbase+2 R2 CU/L CLR CRDY SER PUIL PL/IR PRDY INT
WSSbase+3 R3 CD7/PD7  CD6/PD6  CD5/PD5  CD4/PD4  CD3/PD3  CD2/PD2  CD1/PD1  CDO/PDO
Indirect Registers. (10-131)

IA4-1A0 D7 D6 D5 D4 D3 D2 D1 DO
0 LSS1 LSS0 LMGE - LAG3 LAG2 LAG1 LAGO
1 RSS1 RSSO RMGE . RAG3 RAG2 RAG1 RAGO
2 LX10M LX1IM LX1BM LX1G4 LX1G3 LX1G2 LX1G1 LX1G0
3 RX10M RX1IM RX1BM RX1G4 RX1G3 RX1G2 RX1G1 RX1GO
4 LX20M LX2IM - LX2G4 LX2G3 LX2G2 LX2G1 LX2G0
5 RX20M RX2IM - RX2G4 RX2G3 RX2G2 RX2G1 RX2G0
6 LDOM LDG6 LDG5 LDG4 LDG3 LDG2 LDG1 LDGO

LPM res LPAS LPA4 LPA3 LPA2 LPAL LPAO
7 RDOM RDG6 RDG5 RDG4 RDG3 RDG2 RDG1 RDGO
RPM res RPA5 RPA4 RPA3 RPA2 RPAL RPAO
8§ FMT1 FMTO ciL SIM CFS2 CFs1 CFS0 c2sL
98§ CPIO PPIO - CAL1 CALO sbc CEN PEN
10 XCTL1 XCTLO osm1 OSMo DEN DTM IEN .
1 COR PUR ACI DRS ORR1 ORRO ORL1 ORLO
12 1 CMS1 CMS0 - ID3 ID2 ID1 IDO
13 LBA5 LBA4 LBA3 LBA2 LBAL LBAO . LBE
14 PUB7 PUB6 PUB5 PUB4 PUB3 PUB2 PUB1 PUBO
15 PLB7 PLB6 PLB5 PLB4 PLB3 PLB2 PLB1 PLBO
16 OLB TE CMCE PMCE SF1 SFO SPE DACZ
17 TEST TEST TEST TEST APAR - XTALE HPF
18 LLOM LLIM LLBM LLG4 LLG3 LLG2 LLG1 LLGO
LR7 LR6 LR5 LR4 LR3 LR2 LR1 LRO
19 RLOM RLIM RLBM RLG4 RLG3 RLG2 RLG1 RLGO
RR7 RR6 RR5 RR4 RR3 RR2 RR1 RRO
20 TL7 TL6 TL5 TL4 TL3 TL2 TL1 TLO
21 TU7 TU6 TUS TU4 TU3 TU2 TU1 TUO
22 SRE DIV5S DIV4 DIV3 DIV2 DIV1 DIVO cs2
23 XA3 XA2 XA1 XAO XRAE XA4 - ACF
24 - I cl PI cu co PO PU
25 0 0 0 0 0 0 1 1
26 MIM MOM MBY - MIA3 MIA2 MIAL MIAO
27 - - - - - - - -
28 FMT1 FMTO ciL SIM - - - -
29 - - - - - - - -
30 CuB?7 CUB6 cuBs CUB4 CUB3 CuB2 CUB1 CUBO
31 CLB7 CLB6 CLB5 CLB4 CLB3 CLB2 CLB1 CLBO
Table 5. WSS Codec Direct & Indirect Register Bits
30 DS213PP4
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bit5 bit4 bit3 bit2 bitl bit0

bit3 bit2 bitl bit0

0 0 0
1 0 0
2 0 0
3 0 0
8 0 0
60 1 1
61 1 1
62 1 1
63 1 1
0 0 0
1 0 0
2 0 0
3 0 0
12 1 1
13 1 1
14 1 1
15 1 1

0

0
0
0

PR

e

PP, OO

PR OO-

0

0
0
0

. o -

B e

0

0
1
1

- o -

R OO -

0

1
0
1

.o -

P OoOROo-

WG5-0 (X16,17)

12.0 dB
10.5 dB
9.0 dB
7.5dB

0dB

-78.0 dB
-79.5 dB
-81.0 dB
-82.5 dB

LBAS5-0, PA5-0, SPA5-0, FMA5-0

0.0 dB
-1.5dB
-3.0dB
-4.5 dB

-12.0 dB

-90.0 dB
-91.5 dB
-93.0 dB
-94.5 dB

Table 6. Wavetable, L oopback, PC Wave, DSP Serial, & FM

R OFrOo

ROrRoOo-

Input Gain Mono In

(10,11)

0.0 dB
1.5dB
3.0dB
45 dB

18.0 dB
19.5 dB
21.0dB
22.5dB

(126)
0.0dB
-3.0 dB
-6.0 dB
-9.0 dB

-36.0 dB
-39.0 dB
-42.0 dB
-45.0 dB

Table 7. Input ADC Gain and Mono In Levels

LIS1 LISO LEVEL
RIS1 RISO
0 0 0dB
0 1 -6 dB
1 0 -12 dB
1 1 -18 dB

Table 8. Input Mixer Attenuation

CFS
2 1 0 C25L =0 C2sL=1
0 0 0 8.0 kHz 5.51 kHz
0 0 1 16.0 kHz 11.025 kHz
0 1 0 27.42 kHz 18.9 kHz
0 1 1 32.0 kHz 22.05 kHz
1 0 0 N/A 37.8 kHz
1 0 1 N/A 44.1 kHz
1 1 0 48.0 kHz 33.075 kHz
1 1 1 9.6 kHz 6.62 kHz

Table 9. Sample Frequencies

©Co~NOUDMWNEO

10

24
25
26
27
28
29
30
31

FMT1 FMTO C/L

Q)
N
®
w
9]
N
()
[y
)
o

N eNeoNeoNoNoNeoNolNolNoNoNolNoeNe)

PR RPRRRRER -

PR RPRPRPOO0OO0OO0OO0OOOO

POOOORRRLRRPROOOO
. OrPPrPOORROORPROO
. OrPORORORORORO

RPRRRRRERRE-
RPRPRRPRRPROOOO-
PP OORRLROO-
RFPORORORO-

Table 10. AUX1, AUX2, LINE

Data Format
0 Linear, 8-hit unsigned

Level
12.0 dB
10.5 dB
9.0 dB
7.5dB
6.0 dB
45dB
3.0dB
1.5dB
0.0 dB
-1.5dB
-3.0dB
4.5 dB
6.0 dB

-24.0 dB
-25.5 dB
-27.0 dB
-28.5 dB
-30.0 dB
-31.5dB
-33.0dB
-34.5 dB

1 p-Law, 8-bit companded

1 0 Linear, 16-bit two’s

complement, Little Endian
1 1 A-Law, 8-bit companded
0 1 ADPCM, 4-bit, IMA compatible

Linear, 16-bit two's

complement, Big Endian

Table 11. WSS Codec Data For mat

DS213PP4
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Decimal  Hex Digital Analog LEVEL Decimal Sample Rate Divider
Value Value Atten. Atten. Value

64 40 0dB  12.0dB 12.0dB 0 50.40 KHz 16 X 21

65 41 0dB  105dB 10.5dB 1 48.00 KHz 353

66 42 0dB 90dB 9.0dB 2 32.00 KHz 529

67 43 0dB 75d8 7.5dB 3 27.42 KHz 617

68 44 0dB 6.0dB  6.0dB 4 16.00 KHz 1058

69 45 0dB 45dB8  45dB 5 9.600 KHz 1764

70 46 0dB 30dB  3.0dB 6 8.000 KHz 2117

71 47 0dB 15dB  15dB 7 6.620 KHz 2558

72 48 res res res 8 50.40 KHz 16 X 21

127 7F res res res 21 50.40 KHz 16 X 21

0 0 0dB 00dB 0.0dB 22 48.10 KHz 16 X 22
1 1 0dB -1.5dB  -15dB 23 46.01 KHz 16 X 23
2 2 0dB -3.0dB  -3.0dB 24 44.10 KHz 16 X 24
3 3 0dB -45dB  -45dB 25 42.36 KHz 16 X 25
4 4 0dB -6.0dB  -6.0dB 26 40.70KHz 16 X 26
5 5 0dB -75dB  -7.5dB - - -

6 6 0dB -9.0dB  -9.0dB 189 5600 KHz 16 X 189
- - - - - 190 5570.5 KHz 16 X 190

23 17 0dB  -345dB -34.5dB 191 5541.4 KHz 16 X 191

24 18 -6dB  -30.0dB -36.0 dB 192 5512.5 KHz 16 X 192

25 19 -6dB  -31.5dB -37.5dB - - -

26 1A -6dB  -33.0dB -39.0 dB 255 5512.5 KHz 16 X 192

27 18 6dB  -34.5dB -40.5dB Table 14. A/D Sample Rate (SRAD7-SRADO)

28 1c -12dB  -30.0dB -42.0 dB

29 1D -12dB  -31.5dB -43.5dB

30 1E -12dB  -33.0dB -45.0 dB

31 1F -12dB  -345dB -46.5 dB

32 20 -18dB -30.0dB -48.0dB Decimal  Sample Rate Divider

- - - . . Value
62 3E -60dB  -33.0dB -93.0 dB 0 50.40 KHz 16 X 21
63 3F -60dB  -345dB -94.5dB 1 48.00 KHz 353
2 32.00 KHz 529
Table 12. Master DIgIta' Gain 3 27.42 KHz 617
4 16.00 KHz 1058
MG4 MG3 MG2 MGl MGO LEVEL 5 9.600 KHz 1764

0 0 0 0 0 0  225dB 6 8.000 KHz 2117
1 0 0 0 0 1 210dB 7 6.620 KHz 2558
2 0 0 0 1 0 10.5 dB 8 50.40 KHz 16 X 21
3 0 0 0 1 1 18.0 dB - - -

i i . i i i X 21 50.40 KHz 16 X 21
1 0 1 0 1 1 6.0 dB 22 48.10 KHz 16 X 22
12 0 1 1 0 0 45 dB 23 46.01 KHz 16 X 23
13 0 1 1 0 1 30 dB 24 44.10 KHz 16 X 24
14 0 1 1 1 0 15dB 25 42.36 KHz 16 X 25
15 0 1 1 1 1 0dB 26 40.70 KHz 16 X 26
. N . . . . . 27 39.20 KHz 16 X 27
o8 1 1 1 0 0  -195dB 28 37.80 KHz 16 X 28
29 1 1 1 0 1 -210dB - - -

30 1 1 1 1 0  -225dB 255 4.150 KHz 16 X 255
31 1 1 1 1 1 -240dB

Table 13. Microphone Gain

Table 15. D/A Sample Rate (SRDA7-SRDAO)
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Index Address Register

(WSShase+0, RO)
D7 D6 D5 D4 D3 D2 D1 DO
INIT MCE TRD 1A4 1A3 1A2 1A1 IAO

During initialization and software power down
(PM1,0 = 01), this regster AANNOT be written
and dways reads10000000(80h)

Indexed Data Register
(WSShaset 1, R1)

IA3-1A0 Indddex Addfrers]s:'TQ'ese bits.define the D7 D6 D5 D4 D3 D2 D1 DO
address of the indirect register ac- ID7 D6 ID5 D4 ID3 D2 ID1  IDO
cessed by the Indexed Data register

R1). These bits are read/write.
(RL) ID7-1D0 Indexed Data register: These bits are
o ; the indirect register referenced by
1A4 Allows access to indirect registers 16 )
- 31. In MODE 1, this bit is re- the Indexed Address register (RO).
served and must be written as zero. . e e
During initialization and software power down

TRD Transfer Request Disable: This bit, of the WSS Codec, thisregister can NOT be
when set, causes DMA transfers to written ard is alwaysread 10000000(80h)
cease when the INT bit of the Status
Register (R2) is set. Independent for .
playback and capture interrupts. Satus Register

(WSShaset 2, R2, Read Only)
0 - Transfers Enabled (playback and D7 D6 D5 D4 D3 D2 D1 DO
capture DRQs occur uninhibited) CUL CLR CRDY SER PUL PLR PRDY INT
1 - Transfers Disabled (playback and
icsag;ure DRQ only occur if INT bit INT Interrupt Status: This indicates the
status of the internal interrupt logic
o of the WSS Codec. This bit is

MCE Mode Change Enable: This bit must cleared by any write of any value to
b]?tzet\\l/vvgeSméVj th? cuhrrent rgo_?ﬁ this register. The IEN bit of the Pin
ofthe odec IS changed. 1he Control register (110) determines
Data. Form_at (8, I28)_and Interface whether the state of this bit is re-
Configuration (19) registers CANNOT flected on the IRQ pin assigned to
be changed unless this bit is set. the WSS Codec
The exceptions are CEN and PEN '
which can be changed "on-the-fly".

i R
The DAC output is muted when ead States
MCE Is set 0 - Interrupt inactive
INIT WSS Codec Initialization: This bit is 1 - Interrupt active
g:tde ?r? v%/t:livchhe;: Lgifocidrzg ":')r']r:j ?o PRDY Playback Data Ready. The Playback
) ponat Data register (R3) is ready for more
parallel interface cycles. This bit is data. This bit would be used when di-
read-only. rect programmed I/O data transfers
. are desired.

Immediately after RESET (and once the WSS

regster is: 010x00® (binary - where’x’ indi- 1 - Data stale. Ready for next host

caesunknown). data write value.

DS213PP4 33
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PL/R Playback Left/Right Sample: This bit
indicates whether data needed is for
the Left channel or Right channel in
all data formats except ADPCM. In
ADPCM it indicates whether the first
two or last two bytes of a 4-byte set
(8 ADPCM samples) are needed.

0 - Right or 3/4 ADPCM byte needed
1 - Left, Mono, or 1/2 ADPCM byte
needed

PU/L Playback Upper/Lower Byte: This bit
indicates whether the playback data
needed is for the upper or lower
byte of the channel. In ADPCM it in-
dicates, along with PL/R, which one
of the four ADPCM bytes is needed.

0 - Lower or 1/3 ADPCM byte needed
1 - Upper, any 8-bit format, or 2/4
ADPCM byte needed.

SER Sample Error: This bit indicates that a
sample was not serviced in time and
an error has occurred. The bit indi-
cates an overrun for capture and
underrun for playback. If both the
capture and playback are enabled,
the source which set this bit can not
be determined. However, the Alter-
nate Feature Status register (124)
can indicate the exact source of the
error.

CRDY Capture Data Ready. The Capture

Data register (R3) contains data

ready for reading by the host. This

bit would be used for direct pro-
grammed |/O data transfers.

0 - Data is stale. Do not reread the
information.

1 - Data is fresh. Ready for next
host data read.

CL/R Capture Left/Right Sample: This bit
indicates whether the capture data
waiting is for the Left channel or
Right channel in all audio data for-
mats except ADPCM. In ADPCM it
indicates whether the first two or last
two bytes of a 4-byte set (8 ADPCM
samples) are waiting.

0 - Right or 3/4 ADPCM byte available
1 - Left, Mono, or 1/2 ADPCM byte
available

CU/L Capture Upper/Lower Byte: This bit
indicates whether the capture data
ready is for the upper or lower byte
of the channel. In ADPCM it indi-
cates, along with CL/R, which one of
four ADPCM bytes is available.

0 - Lower or 1/3 ADPCM byte
available

1 - Upper, any 8-bit format, or 2/4
ADPCM byte available

Note on PRDY/CRDY: Thesetwo hits are de-
signed to be real as one when ation is required
by the hod. For exarmple, when PRDY is st to
one, the device is realy for more d&a; or when
the CRDY is st to one data is avalable to the
host. The ddinition of the CRDY andPRDY bits
are therebre cangstert in this regard.

I/O DATA REGISTERS

The PIO Dda ragister is two ragisters mapped to
the same address Writes to this register sends
data to the Rayback Data register. Reads from
this register will receive daa from the Capture
Data raiste.

During initialization and software power down
of the WSS Codec, this register CANNOT be
written ard is alwaysread 10000000(80h)
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Capture 1/0 Data Register

(WSShaset+ 3, R3, Read Only)

Dr D6 D5 D4 D3 D2 D1 DO
CD7 CD6 CD5 <CD4 CD3 CD2 CDl1 CDO

CD7-CDO Capture Data Port. This is the control

register where capture data is read
during programmed I/O data trans-
fers.

The readng of this register will incremert the
state machine © tha the following read wil be
from the nextappopriate bytein the sample.
The exact byte whch is nex to be read @n be
determired by reading the Staus regster (R2).
Once all relevant bytes have been red, the tate
machne will point to thelast byte of thesample
until a new ample is recived from the ADCs.
Once the Status register (R2) is read ard a rew
sample is recaved fom the AFO, the tate me-
chine and Staus register (R2) will paint to the
first byte of the nev sample.

During initializaion and software powe down
of the WSS Codec, this register can NO' be
written andis always read10000000 (8h)

Playback /0O Data Register

WSShase+ 3, R3, Write Only)

D7 D6 D5 D4 D3 D2 D1 DO
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

PD7-PDO Playback Data Port. This is the control

register where playback data is
written during programmed IO data
transfers.

Writing deta to this regster will increment the
playback byte tracking state machine so tha the
following write will be to the corret byte of the
sample. Once all bytes of a sample have bee
written, subsequert byte writes to this port are
ignored. The date machine isrest after the
Status register (R2) is read, andthe curent sam-
ple issent to the DACs va the HFOs.

INDIRECT MAPPED REGISTERS

These registers are accesed by paang the ap-
propriate index in the Index Address register
(RO) and then aaesing the Indexed Data regis-
ter (R1). A ddailed de<ription d ead indirect
register is given below. All reserved bits shoud
be written zero and may be 0 or 1 whe read
Note that indred registers 16-3L are not aval-
able whenin MODE 1 (GMS10 in MODE and
ID registe 112 ae bath zero).

Left ADC Input Control (10)

Default = 000x0000
D7 D6 D5 D4 D3 D2 D1 DO
LSS1 LSSO LMGE res LAG3 LAG2 LAGL LAGO
LAG3-LAGO Left ADC Gain. The least significant
bit represents +1.5 dB, with
0000 = 0 dB. See Table 7.

res Reserved. Must write 0. Could read
asOorl.

This bit has no function in MODE 3.
In MODEs 1 & 2 it controls the

20 dB gain boost for the left MIC in-
put to the ADC.

LMGE

LSS1-LSS0O Left output loopback. In MODE 3,
setting these bits to 11 enables the
left output loopback into the input
mixer. Bit combinations of 01, 10,
and 00 disable the loopback.

In MODEs 1 & 2, the input mixer is
used as a multiplexer where these
bits select the left ADC input source.
00 - LLINE

01 - LAUX1

10 - LMIC

11 - Left Output Mixer Loopback

DS213PP4
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Right ADC Input Control (11)

Default = 000x0000

D7 D6 D5 D4 D3 D2 D1 DO
RSS1 RSSO RMGE res RAG3 RAG2 RAGl RAGO

RAG3-RAGO Right ADC Gain. The least significant
bit represents +1.5 dB, with
0000 = 0 dB. See Table 7.

res Reserved. Must write 0. Could read
as Oor 1.
RMGE This bit has no function in MODE 3.

In MODEs 1 & 2 it controls the
20 dB gain boost for the right MIC in-
put to the ADCs.

RSS1-RSS0  Right output loopback. In MODE 3
setting these bits to 11 enables the
right output loopback into the input
mixer. Other bit combinations dis-
able the loopback.

In MODEs 1 & 2, the input mixer is
used as a mux. where these bits se-
lect the right ADC input source.

00 - RLINE

01 - RAUX1

10 - RMIC

11 - Right Output Mixer Loopback

Left Auxiliary #1 Volume (12)

Default = 11101000

D7 D6 D5 D4 D3 D2 D1 DO
LX1IOM LX1IM LX1BM LX1G4 LX1G3 LX1G2 LX1G1l LX1GO

LX1G4-LX1GO Left Auxiliary #1, LAUX1, Mix Gain.
The least significant bit represents
1.5 dB, with 01000 = 0 dB.
See Table 10.

LX1BM Left Auxiliary #1 Bypass Mute. In
MODE 3, when set, the left Auxiliary
#1 input, LAUX1, (bypassing the
gain) to the input mixer, is muted. In
MODEs 1 & 2, this bit is not avail-
able and is internally controlled by
LSS1,0 in IO.

LX1IM Left Auxiliary #1 Mute. In MODE 3,
when set, the left Auxiliary #1 input,
LAUX1, to the input mixer through

the gain stage, is muted.
In MODESs 1 & 2, this bit is not avail-
able and internally forced on (muted).

LX1OM Left Auxiliary #1 Mute. When set to 1,
the left Auxiliary #1 input, LAUX1, to
the output mixer through the gain
stage, is muted.

To Output

LAUX1 LX10OM Mixer
(Line In) To Input
LX1IM Mixer
+12t0 -34.5 dB
A
LX1BM

Right Auxiliary #1 Volume (13)

Default = 11101000

D7 D6 D5 D4 D3 D2 D1 DO
RX1OM RX1IM RX1BM RX1G4 RX1G3 RX1G2 RX1G1 RX1GO

RX1G4-RX1G0 Right Auxiliary #1, RAUX1, Mix Gain.
The least significant bit represents
1.5 dB, with 01000 = 0 dB.
See Table 10.

RX1BM Right Auxiliary #1 Bypass Mute. In
MODE 3, when set, the right Auxil-
iary #1 input, RAUX1, (bypassing
the gain) to the input mixer is muted.
In MODESs 1 & 2, this bit is not avail-
able and is internally controlled by
RSS1,0 in I1.

RX1IM Right Auxiliary #1 Mute. When set to 1,
the right Auxiliary #1 input, RAUX1,
to the input mixer through the gain
stage, is muted.
In MODEs 1 & 2, this bit is not avail-
able and internally forced on (muted).

RX10M Right Auxiliary #1 Mute. When set to 1,
the right Auxiliary #1 input, RAUX1,
to the output mixer through the gain
stage, is muted.

To Output

RAUX1 RX10M Mixer
(Line In) To Input
RX1IM Mixer
+12 t0 -34.5 dB
A
RX1BM
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Left Auxiliary #2 Volume (14)

Default = 11x01000

D7 D6 D5 D4 D3 D2 D1 DO
LX20M LX2IM res LX2G4 LX2G3 LX2G2 LX2G1 LX2GO

LX2G4-LX2GO0 Left Auxiliary #2, LAUX2, Mix Gain.
The least significant bit represents
1.5 dB, with 01000 = 0 dB.
See Table 10.

res Reserved. Must write O.

Left Auxiliary #2 Mute. In MODE 3,
when set to 1, the left Auxiliary #2 in-
put, LAUX2, to the input mixer
through the gain stage, is muted.

In MODESs 1 & 2, this bit is not avail-
able and internally forced on (muted).

Left Auxiliary #2 Mute. When set to 1,
the left Auxiliary #2 input, LAUX2, to
the output mixer through the gain
stage, is muted.

To Output

LAUX2 LX20M Mixer

(Line In) To Input

LX2IM Mixer
+12t0-34.5dB

Right Auxiliary #2 Volume (15)

Default = 11x01000

D7 D6 D5 D4 D3 D2 D1 DO
RX20M RX2IM res RX2G4 RX2G3 RX2G2 RX2G1l RX2GO

CS4237B
RX20M Right Auxiliary #2 Mute. When set to
1, the right Auxiliary #2 input,
RAUX2, to the output mixer through
the gain stage, is muted.
To Qutput
RAUX2 Rx2om  Mixer
(Line In)

To Input

RX2IM Mixer
+12to -34.5dB

Left DAC (PC Wave) Volume (16)

Default = 10000000

D7 D6 D5 D4 D3 D2 D1 DO
LDOM LDG6 LDG5 LDG4 LDG3 LDG2 LDGL LDGO
LPM res LPA5 LPA4 LPA3 LPA2 LPAl LPAO

If both IFM (X4 or Global Config. byte) and WTEN
(C8 or Global Config. byte) are cleared, this register
is the master digital audio volume for the left channel
with the following bit definitions:

LDG6-LDGO Left DAC Master Volume. The least
significant bit represents 1.5 dB, with
0000000 = 0 dB. The total range is
+12 to -94.5 dB. See Table 12.

LDOM Left DAC Master Mute. When set, the

left DAC to the output mixer is
muted.

If IFM or WTEN is set, this register controls the left
channel volume for data coming from the ISA bus
only (and X14 is the left channel digital audio master
volume) with the following bit descriptions.

LPA5-LPAO Left PC Wave Attenuation. The least
RX2G4-RX2GO0 Right Auxiliary #2, RAUX2, Mix Gain. significant bit represents -1.5 dB,
The least significant bit represents with 000000 = 0 dB. The total range
1.5 dB, with 01000 = 0 dB. is 0 to -94.5 dB. See Table 6.
See Table 10. )
res Reserved. Must write 0. Could read
res Reserved. Must write 0. Could read as0or 1.
as Oor 1.
LPM Left PC Wave Mute. When set, the
RX2IM Right Auxiliary #2 Mute. In MODE 3, left PCM input to the digital mixer
when set, the right Auxiliary #2 in- summer will be muted.
put, RAUX2, to the input mixer
through the gain stage, is muted.
In MODESs 1 & 2, this bit is not avail-
able and internally forced on (muted).
DS213PP4 37
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Right DAC (PC Wave) Volume (17)

CFS2-CFS0
Default = 10000000
D7 D6 D5 D4 D3 D2 D1 DO
RDOMRDG6 RDG5 RDG4 RDG3 RDG2 RDGl RDGO
RPM res RPA5 RPA4 RPA3 RPA2 RPAl RPAO
If both IFM (X4 or Global Config. byte) and WTEN
(C8 or Global Config. byte) are cleared, this register
is the master digital audio volume for the right chan-
nel with the following bit definitions:
RDG6-RDG0O Right DAC Master Volume. The least DIVIDE
significant bit represents 1.5 dB, with 0 - 3072
0000000 = 0 dB. The total range is 1 - 1536
+12 to -94.5 dB. See Table 12.
2 - 896
RDOM Right DAC Master Mute. When set, 3-768
the right DAC to the output mixer is 4 - 448
muted. 5-384
6 - 512
If IFM or WTEN is set, this register controls the right 7 - 2560
channel volume for data coming from the ISA bus
only (and X15 is the right channel digital audio mas-
ter volume) with the following bit descriptions. siv
RPA5-RPAO Right PC Wave Attenuation. The least
significant bit represents -1.5 dB,
with 000000 = 0 dB. The total range
is 0 to -94.5 dB. See Table 6.
res Reserved. Must write 0. Could read
as 0 or 1.
RPM Right PC Wave Mute. When set, the

right PCM input to the digital mixer
summer will be muted.

Fs and Playback Data Format (18)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
FMT1 FMTO C/L  S/M CFS2 CFS1 CFSO C2SL

C2sL Clock 2 Source Select: This bit selects
the clock base used for the audio
sample rates for both capture and
playback. Note that this bit can be
disabled by setting SRE in 122 or by
setting IFSE in X11.

CAUTION: C2SL can only be

changed while MCE (RO) is set.

See Table below.

Clock Frequency Divide Select: These
bits select the audio sample fre-
quency for both capture and
playback. The actual audio sample
frequency depends on which clock
base (C2SL) is selected. Note that
these bits can be disabled by setting
SRE in 122 or IFSE in X11.
CAUTION: CFS2-CFSO0 can only be
changed while MCE (RO) is set.

C2SL=0 ca2sL=1
8.0 kHz 5.51 kHz
16.0 kHz 11.025 kHz
27.42 kHz 18.9 kHz
32.0 kHz 22.05 kHz
N/A 37.8 kHz
N/A 44.1 kHz
48.0 kHz 33.075 kHz
9.6 kHz 6.62 kHz

Stereo/Mono Select: This bit deter-
mines how the audio data streams
are formatted. Selecting stereo will
result in alternating samples repre-
senting left and right audio channels.
Mono playback plays the same
audio sample on both channels.
Mono capture only captures data
from the left channel. In MODE 1,
this bit is used for both playback and
capture. In MODEs 2 and 3, this bit
is only used for playback, and the
capture format is independently se-
lected via 128. MCE (RO) or PMCE
(116) must be set to modify S/M.
See Changing Audio Data Formats
section for more details.
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0 - Mono
1 - Stereo

C/L, FMT1, and FMTO bits set the audio data format
as shown below. In MODE 1, FMT1,
which is forced low, FMTO, and C/L
are used for both playback and cap-
ture. In MODEs 2 and 3, these bits
are only used for playback, and the
capture format is independently se-
lected via register 128. MCE (RO) or
PMCE (116) must be set to modify
the upper four bits of this register.
See Changing Audio Data Formats
section for more details.

FMT1T FMTO C/L
D7 D6 D5

Audio Data Format

0 0 0 Linear, 8-bit unsigned
0 0 1 p-Law, 8-bit companded
0 0 Linear, 16-bit two's

complement, Little Endian

0 1 1 A-Law, 8-bit companded

1 0 0 RESERVED

1 0 1 ADPCM, 4-bit, IMA compatible

1 1 0 Linear, 16-bit two's
complement, Big Endian

1 1 1 RESERVED

T FMT1 is not available in MODE 1 (forced to 0).

Interface Configuration (19)

Default = 00x01000

Dr D6 D5 D4 D3 D2 D1 DO
CPIO PPIO res CALL CALO SDC CEN PEN

PEN Playback Enable. This bit enables
playback. The WSS Codec will
generate a DRQ and respond to
DACK signal when this bit is en-
abled and PPIO=0. If PPIO=1, PEN
enables PIO playback mode. PEN
may be set and reset without setting
the MCE bit.

0 - Playback Disabled (playback DRQ
and PIO inactive)
1 - Playback Enabled

CEN

SDC

CAL1,0

PPIO

CPIO

Capture Enabled. This bit enables the
capture of data. The WSS Codec

will generate a DRQ and respond to
DACK signal when CEN is enabled
and CPIO=0. If CPIO=1, CEN en-
ables PIO capture mode. CEN may
be set and reset without setting the
MCE bit.

0 - Capture Disabled (capture DRQ
and PIO inactive)
1 - Capture Enabled

Single DMA Channel: This bit will force
BOTH capture and playback DMA re-
quests to occur on the Playback

DMA channel. This bit forces the

WSS Codec to use one DMA chan-
nel. Should both capture and

playback be enabled in this mode,
only the playback will occur. See the
DMA Interface section for further ex-
planation.

0 - Dual DMA channel mode
1 - Single DMA channel mode

Calibration: These bits determine
which type of calibration the WSS
Codec performs whenever the Mode
Change Enable (MCE) bit, RO,
changes from 1 to 0. The number of
sample periods required for calibra-
tion is listed in parenthesis.

0 - No calibration (0)

1 - Converter calibration (321)
2 - DAC calibration (120)

3 - Full calibration (450)

Playback PIO Enable: This bit deter-
mines whether the playback data is
transferred via DMA or PIO.

0 - DMA transfers
1 - PIO transfers

Capture PIO Enable: This bit deter-
mines whether the capture data is
transferred via DMA or PIO.

0 - DMA transfers
1 - PIO transfers

DS213PP4
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Caution: This register, except bits CEN and
PEN, can only be writenwhile in ModeChange
Enable (ether MCE or PMCB. See the Chang-
ing Sampling Rate secion for more details.

Pin Control (110)

Default = 0000000x

D7 D6 D5 D4 D3 D2 D1 DO

00 - 12kHz < Fs < 24kHz
01 - Fs > 24kHz

10 - Fs < 12kHz

11 - reserved

XCTL1-XCTLO XCTL Control: These bits are reflected
on the XCTL1,0 pins of the part.
NOTE: These pins are multiplexed
with other functions; therefore, they
may not be available on a particular

XCTL1 XCTLO OSM1 OSMO DEN DTM IEN res design.
res Reserved. Must write 0. Could read 0 - TTL logic low on XCTL1,0 pins
asOor 1. 1 - TTL logic high on XCTL1,0 pins
IEN Interrupt Enable: This bit enables the ST
interrupt pin. The Interrupt pin wil re- Error Satus and Initialization (111, Read Only)
flect the value of the INT bit of the Default = 00000000
Status register (R2). The interrupt D7 D6 D5 D4 D3 D2 D1 DO
pin is active high. COR PUR AClI DRS ORR1 ORRO ORL1 ORLO
2 ) :n'ierrup: dlsatl;)lleéj ORL1-ORLO  Overrange Left Detect: These bits
- Interrupt enable determine the overrange on the left
- ADC channel. These bits are up-
DT™M DMA Timing Mode. MODE 2 & 3 only. dated on a sample by sample basis.
When set, causes the current DMA
request signal to be deasserted on ) )
the rising edge of the IOW or IOR 2 i Iéi?\,svetgﬁn.lléSngand 0dB
strobe during the next to last byte of > - Between 0 ;:IB and 1.5 dB
a DMA transfer. When DTM = 0 the overrange '
DMA request is released on the fall- )
ing edge of the IOW or IOR during 3 - Greater than 1.5 dB overrange
the last byte of a DMA transfer. ORR1-ORR0O Overrange Right Detect: These bits
DEN Dither Enable: When set, triangular g(ieéi;nxgitzﬁa?]\aeerlrange on the
pdf dither is added before truncating '
the ADC 16-bit value to 8-bit, un-
signed data. Dither is only active in 2 Ié:i,égﬁn.ilés ngan 40dB
the 8-bit unsigned data mode. > - Between 0 dB and 1.5 dB
. overrange
0 - Dither enabled
1 - Dither disabled 3 - Greater than 1.5 dB overrange
OSM1-OSMO These bits are enabled by setting DRS EuF:r(gnSttstt;tsu: ST:;Sthkzténlggstggstigﬁ ed
SRE = 1in 122, These bits in com- to the WSS Codec
bination with DIV5-DIVO and CS2 '
(122) determine the current sample i
rate of the WSS Codec when 0 ;igjrzﬁypi‘r’:la[étlrvl:yba(:k DRQs are
SRE = 1. Note that these bits can
be disabled by setting IFSE in X11. 1- pizzteur:ﬁyglztil\j:aaybmk DRQs are
40 DS213PP4
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>

Cl Auto-calibrate In-Progress: This bit
indicates the state of calibration.

0 - Calibration not in progress
1 - Calibration is in progress

T

UR Playback underrun: This bit is set
when playback data has not arrived
from the host in time to be played.
As a result, if DACZ = 0, the last
valid sample will be sent to the
DACs. This bit is set when an error
occurs and will not clear until the
Status register (R2) is read.

COR Capture overrun: This bit is set when
the capture data has not been read
by the host before the next sample
arrives. The old sample will not be
overwritten and the new sample will
be ignored. This bit is set when an
error condition occurs and will not
clear until the Status register (R2) is
read.

The SER hit in the Staus regster (R2) is simply
a logical OR of the COR and PUR bits. This
erables a paling host CPU to detect an error
condition while dhedking other gatus bits.

MODE and ID (112)

Default = 100x1010

D7 D6 D5 D4 D3 D2 D1 DO
1 CMS1 CMSO res ID3 ID2 D1 IDO

00 - MODE 1
01 - Reserved
10 - MODE 2
11 - MODE 3

Monitor Loopback Volume (113)

Default = 000000x0

Dr D6 D5 D4 D3 D2 D1 DO
LBA5 LBA4 LBA3 LBA2 LBAl LBAO res LBE

LBE Loopback Enable: When set to 1, the
ADC data is digitally mixed with data
sent to the DACSs. This bit controls
the loopback enable for both chan-
nels regardless of how SLBE in X10
is set.

0 - Loopback disabled
1 - Loopback enabled

res Reserved. Must write 0. Could read
as Oor 1.
LBA5-LBAO Loopback Attenuation: These bits

determine the attenuation of the loop-
back from ADC to DAC. The least
significant bit represents -1.5 dB,
with 000000 = 0 dB. See Table 6.

LBA5-LBAO control left and right
channels when SLBE in X10 is
clear. When SLBE = 1, these bits
only control the left channel and
RLBA5- RLBAO in X10 control the

right.
ID3-ID0 Codec ID: These four bits indicate the
ID and initial revisions of the codec.
Further revisions are expanded in in- Playback Upper Base (114)
direct register 125 through the Default = 00000000
CS4236 and C1 for newer ChipS. D7 D6 D5 D4 D3 D2 D1 DO
These bits are read only. PUB7 PUB6 PUB5 PUB4 PUB3 PUB2 PUBL PUBO
28% Eﬁ\&ﬁeﬁgzgﬁsﬁfl arts PUB7-PUBO  Playback Upper Base: This register is
See Registers ;/('2'5 or C1. parts. the upper byte which represents the
9 ' 8 most significant bits of the 16-bit
res Reserved. Must write 0. Could read ng:’ ea(ils(teBrarS ;angltitsré ;r?:?/salflzzm
as O or 1. 9
CMS1,0 Codec Mode Select bits: Enables the
Extended registers and functions of
the part.
DS213PP4 41
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which was written. The Current
Count registers cannot be read.
When set for MODE 1 or SDC, this
register is used for both the Play-
back and Capture Base registers.

Playback Lower Base (115)

Default = 00000000

Dr D6 D5 D4 D3 D2 D1 DO
PLB7 PLB6 PLB5 PLB4 PLB3 PLB2 PLB1 PLBO

PLB7-PLBO Lower Base Bits: This register is the
lower byte which represents the 8
least significant bits of the 16-bit
Playback Base register. Reads from
this register return the same value
which was written. When set for
MODE 1 or SDC, this register is
used for both the Playback and Cap-
ture Base registers.

Alternate Feature Enable | (116)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
OLB TE CMCE PMCE SF1 SFO SPE DACZ

1 - 64-bit. Figure 10.

2 - 32-bit. Figure 11.

3 - ADC/DAC. Figure 12.
PMCE Playback Mode Change Enable.
When set, it allows modification of
the stereo/mono and audio data for-
mat bits (D7-D4) for the playback
channel, 18. MCE in RO must be
used to change the sample fre-
guency.
CMCE Capture Mode Change Enable.
When set, it allows modification of
the stereo/mono and audio data for-
mat bits (D7-D4) for the capture
channel, 128. MCE in RO must be
used to change the sample fre-
guency in 18.

TE Timer Enable: This bit, when set, will
enable the timer to run and interrupt
the host at the specified frequency
in the timer registers.

OoLB Output Level Bit: Provided for back-
wards compatibility with the CS4236.
This bit does nothing on this chip.

DACz DAC Zero: This bit will force the out-
put of the playback channel to AC Alternate Feature Enable Il (117)
zero when an underrun error occurs Default = 0000x000
1 - Go to center scale D7 D6 D5 D4 D3 D2 D1 DO
0 - Hold previous valid sample TEST TEST TEST TEST APAR res XTALE HPF
SPE DSP Serial Port Enable. When HPF High Pass Filter: This bit enables a
set, audio data from the ADCs is DC-blocking high-pass filter in the
sent out SDOUT and audio data digital filter of the ADC. This filter
from SDIN is sent to the DACs. forces the ADC offset to 0.
MCE in RO must be set to change
this bit. 0 - disabled
1 - enabled
1 - Enable serial port
0 - Disable serial port. ISA Bus XTALE Crystal Enable. Provided for back-
used for audio data. wards compatibility with the
CS4231A. This bit does nothing on
SF1,SFO Serial Format. Selects the format of the this part.
the serial port when enabled by
SPE. MCE in RO must be set to res Reserved. Must write 0. Could read
change these bits. as O or 1.
0 - 64-bit enhanced. Figure 9.
42 DS213PP4
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APAR ADPCM Playback Accumulator Reset.
While set, the Playback ADPCM
accumulator is held at zero. Used
when pausing a playback stream.

TEST Factory Test. These bits are used for

factory testing and must remain at 0
for normal operation.

Left Line (Synthesizer) Volume (118)

Default = 00000
D7 D6 D5 D4 D3 D2 D1 DO
LLOM LLIM LLBM LLG4 LLG3 LLG2 LLG1 LLGO
LR7 LR6 LR5 LR4 LR3 LR2 LR1 LRO

This register controls either the left LINE input or is
remapped to control the internal FM (X6) or external
CS9236 Wavetable synthesizer (X16), or both. When
no remapping occurs, the bit definitions are:

the input mixer is muted.

In MODEs 1 & 2, this bit is not avail-

able and internally forced on (muted).
LLOM Left LINE Output Mute.
When set to 1, the Left Line Input,
LLINE, from the volume control to
the output mixer is muted.

When IFM=1 (X4 or Global Config. byte) and
FMRM=1 (X4), FM remapping is enabled. When
WTEN=1 (C8 or Global Config. byte) and
WTRMD=0 (X4), Wavetable remapping is enabled. If
either synthesizer remap is enabled, left LINE ana-
log volume is controlled through X0. With remapping
the bit definitions are:

LR7-LRO Left Remapped Register.

When IFM=1 and FMRM=1, writes
to 118 will write the Internal FM regis-

LLG4-LLGO  Left LINE Volume. This register is ter X6.
used to control the LLINE analog in- _ _
put volume to the mixers. The least When WTEN_.l anq WTRMD=0,
significant bit represents 1.5 dB, with writes to 118 \.N'” write the Wavetable
01000 = 0 dB. See Table 10. synthesis register X16.
LLBM Left LINE Bypass Mute. In MODE 3, Right Line (Synthesizer) Volume (119)
when set to 1, the analog Left Line _
Input, LLINE, (bypassing the gain Default = 3000000
block) to the input mixer is muted. D7 D6 D5 D4 D3 D2 D1 DO
In MODEs 1 & 2, this bit is not avail- RLOM RLIM RLBM RLG4 RLG3 RLG2 RLG1 RLGO
able and is internally controlled by RR7 RR6 RR5 RR4 RR3I RR2Z RR1 RRO
LSS1,0in 0.
This register controls either the right LINE input or is
LLIM Left LINE Input Mute. In MODE 3, remapped to control the internal FM (X7) or external
when set to 1, the Left Line |nput, CS9236 Wavetable synthesizer (Xl?), or both. When
LLINE, from the volume control to no remapping occurs, the bit definitions are:
RLG4-RLGO  Right LINE Volume. This register is
To Output used to control the RLINE analog in-
S Mixer put volume to the mixers. The least
LLINE __, LLOM significant bit represents 1.5 dB, with
(Synthesis) To Input 01000 = 0 dB. See Table 10.
LLIM Mixer
+12 to -34.5 dB
A
LLBM
DS213PP4 43
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when set to 1, the analog Right Line
Input, RLINE, (bypassing the gain
block) to the input mixer is muted.

In MODESs 1 & 2, this bit is not avail-
able and is internally controlled by
RSS1,0 in I1.

RLIM Right LINE Input Mute. In MODE 3,
when set to 1, the Right Line Input,
RLINE, from the volume control to

r_ To Output

RLINE __, RLOM Mixer

(Synthesis) To Input

RL||\/| Mixer
+12 to -34.5 dB

RLBM

the input mixer is muted.
In MODEs 1 & 2, this bit is not avail-
able and internally forced on (muted).

Right LINE Output Mute.

When set to 1, the Right Line Input,
RLINE, from the volume control to
the output mixer is muted.

When IFM=1 and FMRM=1, FM remapping is en-
abled. When WTEN=1 and WTRMD=0, Wavetable
remapping is enabled. If either synthesizer remap is
enabled, right LINE analog volume is controlled
through X1. With remapping the bit definitions are:

RR7-RR0O Right Remapped Register.

When IFM=1 and FMRM=1, writes
to 119 will write the Internal FM regis-
ter X7.

When WTEN=1 and WTRMD=0,
writes to 119 will write the Wavetable
synthesis register X17.

Timer Lower Base (120)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
TL7 TL6 TS TL4 TL3 TL2 TL1L TLO

Right LINE Bypass Mute. In MODE 3,

into the internal timer; therefore, the
upper timer register should be
loaded before the lower. Once the
count reaches zero, an interrupt is
generated, if enabled, and the timer
is automatically reloaded with these
base registers.

Timer Upper Base (121)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
TU7 TU6 TU5 TU4 TU3 TU2 TUlL TUO

TU7-TUO Upper Timer Bits: This is the high
order byte of the 16-bit timer. The
time base is determined by the fre-
guency base selected from either

C2SL in I8 or CS2 in 122.

C2SL = 0 - 24.576MHz / 245
(9.969 ps)

C2SL =1 -16.9344MHz / 168
(9.92 ps)

Alternate Sample Frequency Sdlect (122)

Default = 00000000

Dr D6 D5 D4 D3 D2 D1 DO
SRE DIV5 DIv4 DIV3 DIV2 DIVl DIVO CS2

CSs2 Clock 2 Base Select. This bit selects
the base clock frequency used for
generating the audio sample rate.
Note that the part uses only one
crystal to generate both clock base
frequencies. This bit can be disabled
by setting IFSE in X11.

0 - 24.576 MHz base
1- 16.9344 MHz base
DIV5 - DIVO  Clock Divider. These bits select the
audio sample frequency for both cap-
ture and playback. These bits can
be overridden by IFSE in X11.

Fs = (2*XT)/(M*N)

TL7-TLO Lower Timer Bits: This is the low order
byte of the 16-bit timer base register.
Writes to this register cause both
timer base registers to be loaded
44 DS213PP4
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XT=24576 MHz CS2=0
XT=16.9344 MHz CS2=1

N = DIV5-DIVO
16 < N <49 for XT = 24.576 MHz
12 < N < 33 for XT = 16.9344 MHz

(M set by OSM1,0 in 110)

M = 64 for Fs > 24 kHz

M = 128 for 12 kHz < Fs < 24 kHz
M = 256 for Fs <12 kHz

SRE Alternate Sample Rate Enable. When

this bit is set to a one, bits 0-3 of 18
will be ignored, and the sample fre-
quency is then determined by CS2,
DIV5-DIVO, and the oversampling
mode bits OSM1, OSMO in 110. Note
that this register can be overridden
(disabled) by IFSE in X11.

Extended Register Access (123)

Default = 00000xx0

D7 D6 D5 D4 D3 D2 D1 DO
XA3 XA2 XAl XA0 XRAE XA4 res ACF

ACF ADPCM Capture Freeze. When set,
the capture ADPCM accumulator
and step size are frozen. This bit
must be set to zero for adaptation to
continue. This bit is used when
pausing a ADPCM capture stream.

res Reserved. Must write 0. Could read
as Oor 1.
XA4 Extended Register Address bit 4.

Along with XA3-XA0, enables ac-
cess to extended registers X16,
X17, and X25. MODE 3 only.

XRAE Extended Register Access Enable.
Setting this bit converts this register
from the extended address register

to the extended data register. To con-

vert back to an address register, RO
must be written. MODE 3 only.

XA3-XA0 Extended Register Address. Along
with XA4, sets the register number
(X0-X17+X25) accessed when
XRAE is set. MODE 3 only. See the
WSS Extended Register section for

more details.

Alternate Feature Status (124)

Default = x0000000

D7 D6 D5 D4 D3 D2 D1 DO
res Tl Cl PI cuU co PO PU

PU Playback Underrun: When set,
indicates the DAC has run out of
data and a sample has been missed.

PO Playback Overrun: When set,
indicates that the host attempted to
write data into a full FIFO and the
data was discarded.

CcO Capture Overrun: When set,
indicates that the ADC had a sample
to load into the FIFO but the FIFO
was full. In this case, this bit is set
and the new sample is discarded.

Cu Capture Underrun: Indicates the host
has read more data out of the FIFO
than it contained. In this condition,
the bit is set and the last valid byte
is read by the host.

PI Playback Interrupt: Indicates an
interrupt is pending from the play-
back DMA count registers.

Cl Capture Interrupt: Indicates an
interrupt is pending from the capture
DMA count registers.

TI Timer Interrupt: Indicates an interrupt
is pending from the timer registers

DS213PP4
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Reserved. Must write 0. Could read
as 0 or 1.

_‘
@
(2]

The PI, CI, andTI bits are reset by writing a"0"
to the particular interrupt bit or by writing ary
value to the Satus register (R2).

res

Compatibility 1D (125) MBY

Default = 00000011

Dr D6 D5 D4 D3 D2 D1 DO
V2 Vi VO CID4 CID3 CID2 CID1 CIDO

CID4-CIDO Chip Identification. Distinguishes
between this chip and previous
codec chips that support this register
set. This register is fixed to indicate MOM
code compatibility with the CS4236.
X25 or C1 should be used to further
differentiate between parts that are
compatible with the CS4236.

All Chips: 00011 - CS4236, CS4237B
00010 - CS4232/CS4232A
00000 - CS4231/CS4231A

V2-VO0 Version number. As enhancements
are made to the part, the version MIM
number is changed so software can
distinguish between the different ver-
sions.

000 - Compatible with the CS4236

These bits are fixed for compatibility
with the CS4236. Register X25 or

C1 may be used to differentiate be-
tween the CS4236 and newer chips.

Mono Input and Output Control (126)

Default = 101x0000

D7 D6 D5 D4 D3 D2 D1 DO
MIM  MOM MBY res MIA3 MIA2 MIAL MIAO

MIA3-MIAO Mono Input Attenuation. When MIM
is 0, these bits set the level of MIN

summed into the mixer. MIAO is the
least significant bit and represents
3 dB attenuation, with 0000 = 0 dB.
See Table 7.

Reserved. Must write 0. Could read
as 0 or 1.

Mono Bypass. MBY connects MIN
directly to MOUT with an attenuation
of 9 dB. When MBY =1, MIM
should be set to 1.

0 - MIN not connected directly to
MOUT.
1 - MIN connected directly to MOUT.

Mono Output Mute. In MODE 3, MOM
will mute the left Line Out to the
mono mix output, MOUT. The right
Line Out mute, MOMR, is in X5. In
MODE 2, MOM mutes left and right
Line Out to MOUT. This mute is inde-
pendent of the line output mute.

0 - no mute
1 - mute

Mono Input Mute. In MODE 3, MIM
mutes the MIN analog input to the
left output mixer channel. MIMR in
X4 mutes MIN analog input to the
right output mixer channel. In
MODE 2, MIM mutes both left and

46

Downloaded from Elcodis.com electronic components distributor

DS213PP4


http://elcodis.com/parts/6109636/cs4237b.html

i

——= CIRRUS LOGIC"

CS4237B

right channels. The mono input pro-
vides mix for the "beeper" function in
most personal computers.

0 - no mute
1 - muted

Reserved (127)

Default = x00000x
D7 D6 D5 D4 D3 D2 D1 DO

res res res res res res res res
res Reserved. Must write 0. Could read
as Oor 1.

Capture Data Format (128)

Default = 0000x00cx

D7 D6 D5 D4 D3 D2 D1 DO
FMT1 FMTO ciL SIM res res res res

res Reserved. Must write 0. Could read
as Oor 1.
SIM Stereo/Mono Select: This bit deter-

mines how the capture audio data
stream is formatted. Selecting stereo
will result with alternating samples
representing left and right audio
channels. Selecting mono only cap-
tures data from the left audio
channel. MCE (RO) or CMCE (116)
must be set to modify S/M. See
Changing Audio Data Formats sec-
tion for more details.

0 - Mono
1 - Stereo

C/L, FMT1, FMTO set the capture data format in
MODEs 2 and 3. See Table 11 or
register 18 for the bit settings and
data formats. The capture data for-
mat can be different than the
playback data format; however, the

sample frequency must be the same
and is set in I8. MCE (RO) or CMCE
(1126) must be set to modify this regis-
ter. See Changing Audio Data
Formats section for more details.

Reserved (129)

Default = x000000x
D7 D6 D5 D4 D3 D2 D1 DO

res res res res res res res res
res Reserved. Must write 0. Could read
as Oor 1.

Capture Upper Base (130)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
CUB7 CUB6 CUB5 CUB4 CUB3 CUB2 CUB1 CUBO

CUB7-CUBO  Capture Upper Base: This register is
the upper byte which represents the
8 most significant bits of the 16-bit
Capture Base register. Reads from
this this register returns the same

value that was written.

Capture Lower Base (131)

Default = 00000000

Dr D6 D5 D4 D3 D2 D1 DO
CLB7 CLB6 CLB5 CLB4 CLB3 CLB2 CLB1 CLBO

CLB7-CLBO Lower Base Bits: This register is the
lower byte which represents the 8
least significant bits of the 16-bit
Capture Base register. Reads from
this register returns the same value

which was written.

DS213PP4
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WSS EXTENDED REGISTERS

The Windows Sourd System codec contains
three sets of registers: RO-R3, 10-131, and XO-
X25. RO-R3 are diredly mapped to thelSA bus
through WSSba&e+0 through WsJase8 re-
spedively. RO and R1 povide acces to the
indirect registers 10-131. The third sé of registas
are extended regsters X0-X25 that areindirectly
mgpped through the WSS rgiste 123. 123 ads
as both the extended addess ard exended daa
register. Thee extendal registers are only avail-
able when h MODE 3.

Accessingthe X registess requires witing the
register adlress to 123 with XRAE sd. When
XRAE is st, 123 changes from an adres regis-
ter to a d#éa register. Subsequert acesss to 123
aces the extended data register. To convert 123
back to the exended addess register, RO must
be written which interally cleas XRAE. As
suming the pat is in MODE 3, the following
steps acessthe X registers:

1. Write 1/ to RO (to aces 123).
R1 is now the exéended address register.
2. Write the desred X regster addess to R1
with XRAE = 1.
R1 is now the exénded data register.
3. Write/Read X regster dda fromR1.

To readwrite a dfferert X register.
4. Write 17hto ROagain. (resets XRAE)
R1 is now the exénded address register.
5. Write thenew X regster adires to R1
with XRAE = 1.
R1 is now the new etended data register.
6. Read/Write new X registe data from R1.

Address Reg. Register Name
WSSbase+0 RO Reset Address
WSSbase+1 R1 Address/Data access

123 Indexed Address/Data

Extended Register Access (123)

D7 D6 D5 D4 D3 D2 D1 DO
XA3 XA2 XAl XAO XRAE XA4 res ACF

Table 16. WSS Extended Register Control

Index Regist er Name

X0 Left LINE Alternate Volume

X1 Right LINE Alternate Volume

X2 Left MIC Volume

X3 Right MIC Volume

X4 Synthesis and Input Mixer Control
X5 Right Input Mixer Control

X6 Left FM Synthesis Volume

X7 Right FM Synthesis Volume

X8 Left DSP Serial Port Volume

X9 Right DSP Serial Port Volume
X10 Right Loopback Monitor Volume
X11 DAC Mute and IFSE Enable

X12 Independent ADC Sample Freq.
X13 Independent DAC Sample Freq.
X14 Left Master Digital Audio Volume
X15 Right Master Digital Audio Volume
X16 Left Wavetable Serial Port Volume
X17 Right Wavetable Serial Port Volume

X18-X24 Reserved
X25 Chip Version and 1D

Table 17. WSS Extended Registers
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Contra Registas for the Extended Registas
ADDRESS D7 D6 D5 D4 D3 D2 D1 DO
WSSbase+0 RO INIT MCE TRD I1A4 IA3 IA2 IA1 IAO
WSSbase+1 R1 ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
123 XA3 XA2 XAl XAO0 XRAE XA4 - ACF
Extendad Ragisters: (X0-X17, X25)
XA4 - XAO D7 D6 D5 D4 D3 D2 D1 DO
X0 LLAOM LLAIM LLABM LLAG4 LLAG3 LLAG2 LLAG1 LLAGO
X1 RLAOM RLAIM RLABM RLAG4 RLAG3 RLAG2 RLAG1 RLAGO
X2 LMIM LMOM LMBST LMG4 LMG3 LMG2 LMG1 LMGO
X3 RMIM RMOM RMBST RMG4 RMG3 RMG2 RMG1 RMGO
X4 MIMR LIS1 LISO IFM WTRMD FMRM - -
X5 MOMR RIS1 RISO - - - - -
X6 LFMM - LFMA5 LFMA4 LFMA3 LFMA2 LFMAL1 LFMAO
X7 RFMM - RFMA5 RFMA4 RFMA3 RFMA2 RFMA1 RFMAO
X8 LSPM - LSPAS LSPA4 LSPA3 LSPA2 LSPA1 LSPAO
X9 RSPM - RSPA5 RSPA4 RSPA3 RSPA2 RSPA1 RSPAO
X10 SLBE - RLBA5 RLBA4 RLBA3 RLBA2 RLBA1 RLBAO
X11 LDMIM RDMIM IFSE - - - - -
X12 SRAD7 SRADG6 SRAD5 SRAD4 SRAD3 SRAD2 SRAD1 SRADO
X13 SRDA7 SRDAG6 SRDA5 SRDA4 SRDA3 SRDA2 SRDA1 SRDAO
X14 LDMOM LDMG6 LDMG5 LDMG4 LDMG3 LDMG2 LDMG1 LDMGO
X15 RDMOM RDMG6 RDMG5 RDMG4 RDMG3 RDMG2 RDMG1 RDMGO
X16 LWM - LWG5 LWG4 LWG3 LWG2 LWG1 LWGO
X17 RWM - RWG5 RWG4 RWG3 RWG2 RWG1 RWGO
X25 V2 V1 VO CID4 CID3 CID2 cip1 CIDO
Table 18. Extended Register Bit Summary
DS213PP4 49
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Left LINE Alternate Volume (X0)

Default = 11101000

Dr D6 D5 D4 D3 D2 D1 DO
LLAOM LLAIM LLBAM LLAG4 LLAG3 LLAG2 LLAG1 LLAGO

LLAG4-LLAGO Left LINE Alternate Volume. This
register is used to control the LLINE
analog input volume to the mixers
when 118 is remapped to control FM
and/or Wavetable Serial Port vol-
ume. The remapping bits are FMRM
and WTRMD (X4). The least signifi-
cant bit represents 1.5 dB, with
01000 = 0 dB. See Table 10.

Left LINE Alternate Bypass Mute.
When set to 1, the analog Left Line
Input, LLINE, (bypassing the gain
block) to the input mixer is muted.

LLAIM Left LINE Alternate Input Mute.
When set to 1, the Left Line Input,
LLINE, from the volume control to
the input mixer is muted.

LAOM Left LINE Alternate Output Mute.
When set to 1, the Left Line Input,
LLINE, from the volume control to
the output mixer is muted.

7, __To Output
LLINE __, LLAOM Mixer
(Synthesis) To Input
LLA;}TMixer

+12 to -34.5 dB
X

LLABM

Right LINE Alternate Volume (X1)

Default = 11101000

D7 D6 D5 D4 D3 D2 D1 DO
RLAOM RLAIM RLABM RLAG4 RLAG3 RLAG2 RLAG1 RLAGO

RLAG4-RLAGO Right LINE Alternate Volume.
This register is used to control the
RLINE analog input volume to the
mixers when 119 is remapped to con-
trol FM and/or Wavetable Serial Port
volume. The remapping bits are
FMRM and WTRMD in X4. The
least significant bit represents
1.5 dB, with 01000 = 0 dB.
See Table 10.
RLABM Right LINE Alternate Bypass Mute.
When set to 1, the analog Right Line
Input, RLINE, (bypassing the gain
block) to the input mixer is muted.
RLAIM Right LINE Alternate Input Mute.
When set to 1, the Right Line Input,
RLINE, from the volume control to
the input mixer is muted.
RLAOM Right LINE Alternate Output Mute.
When set to 1, the Right Line Input,
RLINE, from the volume control to
the output mixer is muted.

To Output

RLINE . RLAOM Mixer

(Synthesis) To Input

RLAIM Mixer
/':

RLABM

+12t0 -34.5dB

DS213PP4
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To Qutput
Left MIC Volume (XZ) RMIC RMOM RMW Mixer
Default = 11001111 neut To Inpur
RMIM Ixer

bDr D6 D5 D4 D3 D2 D1 DO
LMIM LMOM LMBST LMG4 LMG3 LMG2 LMG1 LMGO

+22.5t0-22.5dB

LMG4-LMGO  Left Microphone Gain. Synthesis and Input Mixer Control (X4)
The least significant bit represents _
1.5 dB, with 01111 = 0 dB. Default = 100001xx
See Table 13. D7 D6 D5 D4 D3 D2 D1 DO
MIMR LISl LISO IFM WTRMD FMRM res res
LMBST Left Microphone 20 dB boost.
When set to 1, the signal to the out- res Reserved. Must write 0. Could be
put mixer is given a 20 dB boost. read as O or 1.
LMOM Left Microphone Output Mixer Mute. FMRM FM Volume Control Remap. This bit
When set to 1, the signal to the out- only functions when IFM = 1.
put mixer is muted.
If FMRM = 1, internal FM Synthesis
LMIM Left Microphone Input Mixer Mute. volume is controlled by 118/119
When set to 1, the signal to the in- (writes to 118/119 get remapped to
put mixer is muted. X6/X7). Analog LINE volume is con-
trolled by X0/X1.
Wi
LMIC ivom | o—{+20a8 et If FMRM = 0, internal FM synthesis
Input To Input volume is controlled by X6/X7 only.
LMIM Mixer
*22510-225dB WTRMD WaveTable Volume Remap Disable.
This bit only functions when
. WTEN = 1 (C8/Global Config. byte).
Right MIC Volume (X3) ( 9. byte)
Default = 11001111 If WTRMD :_0, the Wavetable Serial
D7 D6 D5 D4 D3 D2 D1 DO Por_t volume is controlled by 118/119
RMIM RMOM RMBST RMG4 RMG3 RMG2 RMG1 RMGO (writes to 118/119 get remapped to
X16/X17). Analog LINE volume is
RMG4-RMGO Right Microphone gain. controlled by X0/X1.
The least significant bit represents If WTRMD = 1. the Wavetable Serial
ég’ed%b\;\gtg301lll =0dB. Port volume is controlled by
' X16/X17 only.
RMBST Right Microphone 20 dB boost. NOTE: If EMRM = 1. and
When set to 1, the signal to the out- WTRMD = 0, 118/119 control both in-
put mixer is given a 20 dB boost. ternal FM and Wavetable Serial Port
. . . volume.
RMOM Right Microphone Output Mixer Mute.
When set to 1, the signal to the out- IFM Internal FM enable. When set to 1,
put mixer is muted. the internal FM synthesis engine is
) ) ) enabled. Setting this bit also
RMIM Right Microphone Input Mixer Mgte. changes 16/7 from the master digital
When set to 1, the signal to the in- audio volume to the ISA bus wave
put mixer is muted. volume control. X14/15 becomes the
52 DS213PP4
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master digital audio volume. This bit res Reserved. Must write 0. Could read
can be set through the Hardware as 0 or 1.
Configuration data in the EEPROM.
LFMM Left FM mute. When set to 1, the
LIS1-LISO Left Input Mixer Summer Attenuator. left internal FM input to the digital
This attenuates the inputs to the left mixer is muted.
input mixer to enable overload pro-
tection when multiple input sources
are utilized. The least significant bit 'S”terrr]‘a' M 5 To Digital Mixer
represents 6 dB of attenuation, ynthesizer LFMM  Summer
where 00 yields 0 dB of attenuation.
See Table 8. 0t0-94.5dB
MIMR Mono Input Mute to the Right Output

mixer. When set to 1, the MIN signal
to the right output mixer is muted.

Right Input Mixer Control (X5)

Default = 000x000cx

D7 D6 D5 D4 D3 D2 D1 DO
MOMR RIS1 RISO res res res res res

res Reserved. Must write 0. Could be
read as O or 1.

RIS1-RISO
This attenuates the inputs to the
right input mixer to enable overload
protection when multiple input
sources are utilized. The least signifi-
cant bit represents 6 dB of
attenuation, where 00 yields 0 dB of
attenuation. See Table 8.

MOMR Mono Output Mute from the Right

Line Out, ROUT, to the mono output

mixer. When set to 1, the signal to

the mono output mixer from the

Right Line Out is muted.

Left FM Synthesis Volume (X6)

Default = 1x000000

bDr D6 D5 D4 D3 D2 D1 DO
LFMM res LFMA5 LFMA4 LFMA3 LFMA2 LFMA1 LFMAO

NOTE: This FM volume register can also be control-
led through 118 when IFM = 1 and FMRM = 1.

LFMAS5-LFMAO Left Internal FM Synthesis Volume.
The least significant bit represents
1.5 dB, with 000000 = 0 dB.
See Table 6.

Right Input Mixer Summer Attenuator.

Right FM Synthesis Volume (X7)

Default = 1x000000

D7 D6 D5 D4 D3 D2 D1 DO
RFMM res RFMA5 RFMA4 RFMA3 RFMA2 RFMA1 RFMAO

NOTE: This FM volume register can also be control-
led through 119 when IFM = 1 and FMRM = 1.

RFMA5-RFMAORIght Internal FM Synthesis Volume.
The least significant bit represents
1.5 dB, with 000000 = 0 dB.

See Table 6.

res Reserved. Must write 0. Could read
as Oor 1.

RFMM Right FM mute. When set to 1, the
right internal FM input to the digital
mixer is muted.

Internal FM - .

Synthesizer RFMA5-AQ RFMOiM 'Sl'znl?rlggﬁl Mixer
0t0-94.5dB

Left DSP Serial Port Volume (X8)

Default = 0x000000

D7 D6 D5 D4 D3 D2 D1 DO
LSPM res LSPA5 LSPA4 LSPA3 LSPA2 LSPAl LSPAO

LSPA4-LSPAO Left DSP Serial Port Attenuation.
The least significant bit represents
1.5 dB, with 000000 = 0 dB.
See Table 6.

res Reserved. Must write 0. Could read
asOorl.

DS213PP4
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LSPM Left DSP Serial Port Mute. When set SLBE Stereo LoopBack Enable. When set to
to 1, the Left DSP Serial Port input 1, control over the Left and Right
(SDIN) to the digital mixer is muted. loopback volume is separated.
RLBA5-RLBAO (X10) control the
_ Right channel, and LBA5-LBAO (I113)
Sertal LSPA5-AQ . To Digital Mixer control the Left channel.
ort LSPM  Summer When set to 0, LBA5-LBAO (113) con-
trol both channels.
0to-94.5dB

Right DSP Serial Port VVolume (X9)

Default = 0x000000

D7 D6 D5 D4 D3 D2 D1 DO
RSPM res RSPA5 RSPA4 RSPA3 RSPA2 RSPAL RSPAO

RSPA4-RSPAO Right DSP Serial Port Attenuation.
The least significant bit represents
1.5 dB, with 000000 = 0 dB.

See Table 6.

res Reserved. Must write 0. Could read
asOor 1.

RSPM Right DSP Serial Port Mute. When
set to 1, the Right DSP Serial Port
input (SDIN) to the digital mixer is
muted.

Sle:,”al RSPA5-A0 o——— To Digital Mixer

ort RSPM Summer
0to -94.5dB

Right Loopback Monitor Volume (X10)

Default = 0x111111

bDr D6 D5 D4 D3 D2 D1 DO
SLBE res RLBA5 RLBA4 RLBA3 RLBA2 RLBA1 RLBAO

RLBA5-RLBAO Right Channel Loopback Attenuation.
These bits determine the attenuation
of the loopback from the right ADC
to the right digital mixer. LBE in 113
must be set to enable loopback. The
least significant bit represents -1.5

dB, with 000000 = 0 dB. See Table 6.

res Reserved. Must write 0. Could read
as Oor 1.

DAC Mute and IFSE Enable (X11)

Default = 110x00¢x

D7 D6 D5 D4 D3 D2 D1 DO
LDMIM RDMIM IFSE res res res res  res

res Reserved. Must write 0. Could read
as O or 1.
IFSE Independent Sample Freq. Enable.

When set to 1, the extended
registers X12 and X13 are used to
set the sample rate, and registers 18,
110 (OSM1,0), and 122 are ignored.
X12 and X13 cannot be modified un-
less this bit is set to 1.

RDMIM Right Digital Master Input Mixer Mute.
When set to 1, the output from the
Right DAC is Muted to the Right in-
put mixer. See Figure 4.

LDMIM Left Digital Master Input Mixer Mute.

When set to 1, the output from the
Left DAC is Muted to the Left input
mixer. See Figure 4.

Independent ADC Fs (X12)

Default = x000000x

D7 D6 D5 D4 D3 D2 D1 DO
SRAD7 SRAD6 SRAD5 SRAD4 SRAD3 SRAD2 SRAD1 SRADO

SRAD7-SRADO Sample Rate frequency select for
the A/D converter. This register is
only in effect (and can only be writ-
ten) while IFSE=1 in X11.

See Table 14.
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Independent DAC Fs (X13)

Default = x00000x

D7 D6 D5 D4 D3 D2 D1 DO
SRDA7 SRDA6 SRDA5 SRDA4 SRDA3 SRDA2 SRDA1 SRDAO

SRDA7-SRDAO Sample Rate frequency select for
the D/A converter. This register is
only in effect (and can only be writ-
ten) while IFSE=1 in X11. See Table
15.

Left Master Digital Audio Volume (X14)
Default = 00000000

Right Master Digital Audio Volume (X15)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
RDMOM RDMG6 RDMG5RDMG4RDMG3RDMG2RDMG1RDMGO

This register becomes the master digital audio vol-
ume control for the left channel when either IFM or
WTEN is set to one.

RDMG6-RDMGO Right Digital Master Mixer Attenu-
ation. The least significant bit
represents 1.5 dB, with 000000 =
0 dB. See Table 12.

D7 D6 D5 D4 D3 D2 D1 DO RDMOM Right Digital Master Output Mixer Mute.
LDMOM LDMG6 LDMGS5 LDMG4 LDMG3 LDMG2 LDMG1 LDMGO When set, the Right DAC output is
muted to the Right output mixer.
This register becomes the master digital audio vol- e reister oty
ume control for the left channel when either IFM or bidi
. igital Analog
WTEN is set to one. To Input
From Digital RDMIM Mixer
.. . . Mixer DAC
LDMG6-LDMGOLeft Digital Master Mixer Attenuation. Summer r,__To Output
The least significant bit represents 010608 T ot0.305qp OMOM  Mrer
1.5 dB, with 000000 = 0 dB.
See Table 12. — RDMGB-GO
LDMOM Left Digital Master Output Mixer Mute.
When set to 1, the output of the Left
DAC is muted to the Left output
mixer.
Note: This bit is controlled
by register (X11)
Digital Analog
To Input
From Digital LDMIM Mixer
Mixer DAC
Summer ¢,____To Output
LDMOM Mixer
0 to -60dB +12 to -34.5dB
LDMG6-GO
DS213PP4 55
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Left Wavetable Serial Port Volume (X16)

Default = 00000000

bDr D6 D5 D4 D3 D2 D1 DO
LWM res LWG5 LWG4 LWG3 LWG2 LWGL LWGO

This Wavetable volume register can also be control-
led through 118 when WTEN=1 (C8 or Global Config.
byte) & WTRMD=0 (X4).

LWG5-LWGO Left Wavetable Serial Port Gain.
Least significant bit represents
1.5 dB, with 01000 = 0 dB.

See Table 6.

res Reserved. Must write 0. Could read
as Oor 1.

LWM Left Wavetable Serial Port Mute.
When set, the Left Wavetable Serial
Input to the digital mixer is muted.

Right Wavetable Serial Port Volume (X17)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
RWM res RWG5 RWG4 RWG3 RWG2 RWG1l RWGO

This Wavetable volume register can also be control-
led through 119 when WTEN=1 (C8 or Global Config.
byte) & WTRMD=0 (X4).

RWG5-RWGO0 Right Wavetable Serial Port Gain.
Least significant bit represents
1.5 dB, with 01000 = 0 dB.

See Table 6.

res Reserved. Must write 0. Could read
as Oor 1.

RWM Right Wavetable Serial Port Mute.

When set, the Right Wavetable Se-
rial Input to the digital mixer is
muted.

Chip Version and ID (X25)

Default = 11001000

D7 D6 D5 D4 D3 D2 D1 DO
V2 vl V0O CIb4 CID3 CID2 CID1 CIDO

This register was added to Revision C silicon. In revi-
sion B, this register read 0x00.

CID5-CIDO Chip Identification. Distinguishes
between this chip and other codec
chips that support this register set.
This register is identical to C1 and
replaces the ID register in 125.

00000 - CS4237B, Revision B
01000 - CS4237B

V2-V0 Version Number. As enhancements
are made, the version number is
changed so software can distinguish
between the different versions of the
same chip.

000 - Revision B
110 - Revision C/D
111 - Revision E
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SOUND BLASTER INTERFACE

The Sound Blader Pro compatible interface is
the third physical devce in logical dewvce O.
Since the WSS Mdec and the Sound Blaster are
mutually exclusive, the WSS Codec interrupt
and playback DMA chaand are shared with the
Souwnd Blader interface. To map volume controls
propety, the exemal devices synthesizer (when
used), CDROM, etc.,, must be caonected to the
proper analog inpus asillugrated n Figure 5

Mode Switching

To facilitate switching beween different func
tiond modes (i.e. Saund Blager and Windows
Sownd Sysem), logic is included to hadle the
switch transparently to the host. No spedal soft-
ware is required on the host sde to perform the
modeswitch.

Sound Blaster Direct Register Interface

The Sourd Blader oftware nterface utilizes 10-
bit address demding andis conpatible with
Saund Blaster ard Sourd Blaster Pro inerfaces.
10-bit addressng requires that the upper addes
bits be O to decocke a vdid addres, i.e. no dias
ing ocurs This device requres 16 1/O lccatons
locaed atthe MP address 'SBbase’. The foll ow-
ing regsters shown in Table 19, are provided
for Sourd Blager compatibility.

Left/Right FM Registers,

Bbaset+0 - Bbaset+3

The registers are mapped diredly to the appro-
priate FM synthesizer registers.

Mixer Address Register,

Bbaset+4, write only

This register is used to secify the index addess
for the mixer. This register must be written be-
fore any datais accesed fom the mixe
registers. The mixer indirect register map is
shown in Table 20.

Address Description Type
SBbhase+0 Left FM Status Port Read
SBbase+0 Left FM Register Status Port Write
SBbhase+1 Left FM Data Port Write Only
SBhase+2 Right FM Status Port Read
SBhase+2 Right FM Register Status Port Write
SBbhase+3 Right FM Status Port Write Only
SBbase+4 Mixer Register Address Write Only
SBbhase+5 Mixer Data Port Read/Write
SBbhase+6 Reset Write Only
SBbase+8 FM Status Port Read Only
SBbase+8 FM Register port Write
SBbase+9 FM Data Port Write Only
SBbhase+A Read Data Port Read Only
SBbase+C Command/Write Data Write
SBbase+C Write Buffer Status (Bit 7) Read
SBbase+E Data Available Status (Bit 7) Read
Table 19. Sound Blaster Pro Compatible /O Interface
DS213PP4 S7
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MIC
MIC ————="~ % A
AUX1
LINE LINE 0 D
CD DIG
- ATTN
VoL
A
U
X
1
A
u — )
¥ A\\Z/ LINE OUT
2]
m
I
N
LE]
o D v
DIG VOICE > A o}
MONO IN V]
PC SPEAKER o
L]
Figure 5. SBPro Mixer Mapping
Regis ter D7 D6 D5 D4 D3 D2 D1 DO
OOH DATA RESET
02H RESERVED
04H VOICE VOLUME LEFT VOICE VOLUME RIGHT
06H RESERVED
08H RESERVED
OAH X X X X X MIC MIXING
OCH X X X INPUT SELECT X
OEH X X X X X X VSTC X
20H RESERVED
22H MASTER VOLUME LEFT MASTER VOLUME RIGHT
24H RESERVED
26H FM VOLUME LEFT FM VOLUME RIGHT
28H CD VOLUME LEFT CD VOLUME RIGHT
2AH RESERVED
2CH RESERVED
2EH LINE VOLUME LEFT LINE VOLUME RIGHT
Table 20. SBPro Compatible Mixer Interface
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Mixer Data Register,

Bbaset+5

This register provides read/write acess  a -
ticular mixer register deperding on the index
addres spedfied in the Mixer Address Regster.

Reset

PBbase+6, write only

Whenbit D[O] of this register is set to a one and
then sd to a zeo, a esd of the Sund Blader
interface wil occu.

Read Data Port

BbasetA, read only

When bit D[7] of the Dat Available Regster,
SBbasetE, is set =1 then vaid data is available
in this register. The dda mey be he result of a
Command that wasprevioudy written to the
Command/'Write Data Register or digital audio
daa.

Command/Write Data

PBbase+C, write only

The Command/Write Data register is used to
send Sourd Blager Procommandg.

Write Buffer Satus,

PBbase+C, read only

The Write Buffer Staus register bit D[7] indi-
cates when the BPro interface isready to
aaccept another command to the Canmand/Write
Data register. D[7]=1 indicates ready. D[7]=0 in-
dicaiesnot read,.

Sound Blaster Mixer Registers

The Sound Blager mixe registers are shown in
Table 20. The Sound Blager mixer to WSS
Codecmixer maing is shownin Figure5.

Reset Register,

Mixer Index OOH

Writing any vaue to this regster will rest the
mixer to default values

\oice Volume Register,

Mixer Index 04H, Default = 99H

This register provdes 8 geps of voice vdume
control each for the right and left channds.

Microphone Mixing Register,

Mixer Index OAH, Default = O1H

This register provides4 steps of microphone \vol-
ume ontrol.

Input Control Register,
Mixer Index OCH
This regster slects theinpu source to theADC.
D2,D1- 00 - Microphonre
01 - CD Audo
10 - Microphore
11 - Lineln

Output Control Register,
Mixer Index OEH
VSTC - 0 - Mono Mode
1 - Steeo Made

Master \Volume Register,

Mixer Index 22H, Default = 99H

This register provides 8 seps of master vdume
control eadh for the right and left channds.

FM \olume Register,

Mixer Index 26H, Default = 99H

This register provdes 8 steps of FM volume
control eadh for the right and left channds.

CD \olume Regigter,

Mixer Index 28H, Default = O1H

This register provides 8 geps of CD volume
control eadh for the right and left channds.

Line-In Volume Register,

Mixer Index 2EH, Default = 01H

This register provides 8 geps of line-in volume
control eadh for the right and left channds.
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GAME PORT INTERFACE

The Game Port logicd device software interface
utili zes 10-bit addess decading ard is located a
PnP address’GAMEbas’. 10-bit addressing re-
quires that the wppe addres bits be O to decode
avalid address i.e. no aliasing occurs For badk-
wards compatbility, the Gane Portconssts of 8
I/O locations wherethe lowe 6 alias to the same
location, which congsts of one read and one
write register.

Plug and Play corfiguration apability will allow
the joydick 1/0O bag address GAMEbas, to be
located anywhere within the host I/0O addess
space Currently most games Sftware assaume
that the joydick 1/0O portis located at 20(h.

A write to the GAMEbase register triggers four
timers. A read from the same register returns
four gatus bits careponding to the joystick fire
buttons and four hits that crregpond o the ou-
put from the fou timers

A button value of O indicatesthe button is
presed or adive. The buton ddault gateis 1.
When GAMEbas is written, the X/Y timer lts
go high. Once GAMEbase is written, each timer
output remans high for a peiod of time deér-
mined by the current joystick pcsition. The
number in parenthess below is the joystick con-
nector pin numbe:.

GAMEDbase+0 - GAMEbaset5

Dr D6 D5 D4 D3 D2 D1 DO
JBB2 JBB1 JAB2 JAB1 JBCY JBCX JACY JACX

JAB1 Joystick A, Button 1 (pin 2)
JAB2 Joystick A, Button 2 (pin 7)
JBB1 Joystick B, Button 1 (pin 10)
JBB2 Joystick B, Button 2 (pin 14)

Two bits, JR1 ard RO, are located in the Con-
trol register space CTRLbase+0) for defining
the speed of the Game Port Inerface Four dif-
ferent rates ae softwae selectable for usewith
various joysticks and to suppat older software
timing loops with aliasing (roll-over) prodems

GAMEbase+6

D7 D6 D5 D4 D3 D2 D1 DO
res res res res res res res res
res Must not write any value to this

register. May read any value.

GAMEbase+7

D7 D6 D5 D4 D3 D2 D1 DO
res res res res res res res res
res Must not write any value to this

register. May read any value.

The Gane Port hadware interface casiss of
8 pins that connect directly to the standard gane
port comedor. Buttons mug have a 47 kQ pu-
lup resistor ard a 000 pF caadtor to graund
X/Y coordinates must hawe a 56 nF cgpecitor to
ground ard a 22 kQ seaiesresisor to the appro-
priate joystick connector pin. For a detailed
hardware description, see the Reference Design
Data Sheet

JACX Joystick A, Coordinate X (pin 3)

JACY Joystick A, Coordinate Y (pin 6)

JBCX Joystick B, Coordinate X (pin 11)

JBCY Joystick B, Coordinate Y (pin 13)
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CONTROL INTERFACE

The Control logical device includes registers for
contralling vaious functions of the part tha are
not included in the aher logical dewvice blocks.
The= functions include game port rate control
and progamneble power mangemen, as well
asextra mixing fundions

Control Register Interface

The Contradl logical device software interface oc-
cupies 8 1/O locatons, utilizes 12-bit addres
decoding, and is located at PnP address
'CTRLbas’. If the upper addresbits, SA12-
SA15 are used, they nust be 0 to decoce a \aid
addres. This device can alko support an inter-
rupt. Table 21 ligts the eght Control regsters

Address Regist er
CTRLbase+0 Joystick & Power Control
CTRLbase+1 E2PROM Interface
CTRLbase+2 Block Power Down
CTRLbase+3 Control Indirect Address Reg.
CTRLbase+4 Control Indirect Data Register
CTRLbase+5 Control/RAM Access
CTRLbase+6 RAM Access End
CTRLbase+7 Global Status

Table 21. Control Logical Device Registers

Joystick and Power Control
CTRLbase + 0, Default = 00000000
D7 D6 D5 D4 D3 D2 D1 DO

PDM Power Down Mixer. When set, the
analog mixer is powered down and
all mixer control registers (in
WSSbhase space) are reset to de-
fault values.

PDP* Power Down Processor. When set,
places the internal processor in an
idle state. This effects the PnP inter-
face, MPU-401, and SBPro devices.
PDC* Power Down Codec. When set,
ADCs and DACs are powered down.
CONSW controls host interrupt generation
when a context switch occurs

0 - no interrupt on context switch
1 - Control interrupt generated on
context switch

PM1,0 Power Management. These bits are
provided for backwards compatibility.
For new designs, the bits in

CTRLbase+2 should be used.

00 - All functions active.

01 - A/D and D/A powered down.
Mixer still active, but volume reg-
isters are frozen. Disables PDC
and PDM bits.

10 - Full part power down. All
functions are disabled except
reads and writes to this register.
All internal logic, including PnP
config. registers are reset. To exit
this power-down mode, PM1/0
must be reset, through CTRLbase+
0, and then the entire chip must be

PM1 PMO CONSW  PDC PDP PDM JR1 JRO reinitialized.
11* - WSS Codec, SBPro, MPU-401,
JR1,0 Joystick rate control. Selects operating and PnP interfaces, and the analog
speed of the joystick (changes the mixer are powered down.
trigger threshold for the X/Y coordi-
nates). .
* NOTE: The SBPro, PnP, and MPU-401 interfaces
00 - slowest speed are linked together. Setting PM1,0 or PDP will power
01 - medium slow speed all three interfaces down; however, if any one of the
10 - medium fast speed interfaces is written to, they will all power back up
11 - fastest speed automatically. PM1,0 and PDP always reflects the
value written, not whether the three devices are pow-
ered up or not.
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EZPROM Interface
CTRLbase+1, Default = 10000000

D7 D6 D5 D4 D3 D2 D1 DO

ICH ISH ADC1 ADCO IMH DIN/ DOUT CLK
EEN

CLK This bit is used to generate the clock
for the Plug and Play E2PROM.
EEN must be set to 1 to make this
bit operational.

10 - Codec Input mux is mixed into
output mixer. A/D input is from
line outputs. This facilitates the Mic
mixed to output, and the output
recorded by the ADCs.

11 - reserved.

LFILT RFILT
DOUT This bit is used to output serial data AD ot Gain " 5 LLINE
to the Plug and Play E?PROM. EEN | RLINE
must be set to 1 to make this bit op- Lo MUX
erational. l . LAUX1
AD ey Gain «— RAUX1
DIN/EEN When read (DIN), this bit reflects T ‘T
the XDO pin, which should be serial Lo
data output from the Plug and Play | J
E2PROM. EEN and DOUT must be » Mix <
1 for this bit to function. ADCT1 | Ga.n ]
- | p—
When written (EEN), enables the ADCO, | 919 gla'::]
EPROM interface: CLK and DOUT T
onto the peripheral port pins. Writing:
D/A Atten Z Atten % LOUT
0 - E2PROM interface disabled
1 - E2PROM interface enabled - MOUT
IMH* Interrupt polarity - Modem. When set,
the MINT pin is an active high sig- D/A Atten ROUT
nal. When low, MINT is an active
low signal. I Mix [t LAUX2
Gain Gain ¢——RAUX2
ADC1,0 These two bits are used to control T oMIN
an additional A/D mux and enable
for an analog loopback path. These
two mixing paths provide Karaoke
support. These bits are provided for . ) o
backwards compatibility. New soft- Figure 6. MODE 2 Mixer Addition
ware should use the MIC volume
control in MODE 3 registers X2/X3 ISH* Interrupt polarity - External Synthe-
to support MIC mix to the output sizer. When set, the SINT pin is an
mixer. See Figure 6. active high signal. When low, SINT
is an active low signal.
00 - Normal. A/D input from the input
mux. ICH* Interrupt polarity - CDROM. When set,
01 - Codec Input mux is mixed into the CDINT pin is an active high sig-
output mixer. A/D input is from nal. When low, CDINT is an active
the input mux. This facilitates the low signal.
Mic mixed to output, but only Mic
recorded. * Note: These bits can be initialized through the
Hardware Configuration data.
62 DS213PP4

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6109636/cs4237b.html

i

——= CIRRUS LOGIC"

CS4237B

Block Power Down
CTRLbase+2, Default = 00000000

Dr D6 D5 D4 D3 D2 D1 DO
PDWN SRC VREF MIX ADC DAC PROC FM

FM Internal FM synthesizer powered down
when set.
PROC Processor set to idle mode. When set,

places the internal processor in an
idle state. This effects the PnP inter-
face, MPU401, and SBPro devices.
Any command to any one of these
interfaces will cause the processor
to go active.

PDWN Global Power Down. When set, the
entire chip is powered down, except
reads and writes to this register.
When this bit is cleared, a full cali-
bration is initiated. All registers retain
their values; therefore, normal opera-
tion can resume after calibration is
completed. When clearing this bit,
the internal processor stays in power-
down until accesses occur to
processor interface (Sound Blaster,
MPU, or PnP accesses). If hardware
volume control is enabled, this bit
should be written to O twice causing
the processor to go active (which
reenables the hardware volume).

NOTE: Software should mute the DACs and Mixers

DAC DAC power down. When set, powers and FM volume when asserting any power down
down the D/A converters, serial modes to prevent clicks and pops.
ports, and internal FM synthesizer.
The DACs should be muted prior to . :
setting this bit to prevent audible Control Indirect Address Register
pops. CTRLbaset+3
D7 D6 D5 D4 D3 D2 D1 DO
ADC ADC power down. When set, powers res  res res res CA3 CA2 CAlL CAO
down the A/D Converters.
. , CA3-CAO0 Address bits to access the Control
MIX Mixer power down. All analog input Indirect registers CO-C8 through
and output channels are powered CTRLbase+4
down, except MIN and MOUT (as-
suming VREF is not powered down). res Reserved. Could read as 0 or 1.
If MIX is 1 and VREF is 0, the MBY Must write as O.
bit in the WSS 126 register is forced
on. The outputs should be muted
prior to setting this bit to prevent Control Indirect Data Register
audible pops. CTRLbase+4
VREF VREF power down. When set, powers D7 D6 D5 D4 D3 D2 D1 DO
down the entire mixer. Since CD7 CD6 CD5 CD4 CD3 CD2 CDl1 CDO
powering down VREF, powers down ) ) )
the entire analog section, some audi- CD7-CDO Corjtrol Indlrgct Data register. T!’IIS.
ble pops can occur. reglster.prowdes access to the indi-
rect registers C0-C8, where
SRC Internal Sample-Rate Converters are CTRLbase+3 selects the actual reg-
ple frequency is allowed when this Register section for more details.
bit is set.
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Control/RAM Access Global Satus
CTRLbaset+5, Default = 000000« CTRLbaset 7, Default = x000000(K

D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO

CR7 CR6 CR5 CR4 CR3 CR2 CRl1 CRO
CR7-CRO This register controls the loading of
the part’s internal RAM. RAM sup-
port includes hardware configuration
and PnP default resource data, as
well as program memory. See the
Hostload Procedure section for more
information. Commands are followed
by address and data information.

Commands: 0x55 - Disable PnP Key

0x56 - Disable Crystal Key
0x57 - Jump to ROM

0x5A - Update Hardware Configura-
tion Data.

OxAA - Download RAM. Address
followed by data. (Stopped by writ-
ing 0 to CTRLbase+6)

RAM Access End

CTRLbaset+ 6, Default = x00000ax

D7 D6 D5 D4 D3 D2 D1 DO
RE7 RE6 RE5 RE4 RE3 RE2 RE1 REO

CWSS ICTRL ISB IWSS IMPU res res res

res Reserved. Could read as 0 or 1.
IMPU MPU-401 Interrupt status.

0 - no interrupt pending
1 - an interrupt is pending

IWSS Windows Sound System Interrupt
status.

0 - no interrupt pending
1 - an interrupt is pending

ISB Sound Blaster Interrupt status.

0 - no interrupt pending
1 - an interrupt is pending

ICTRL Control Logical Device 2 Interrupt
status. Interrupts are generated on
a context switch between WSS and
SBPro modes.

0 - no interrupt pending

1 - an interrupt is pending
CWSS Context - WSS. Indicates the current
context.

RE7-REO A 0 written to this location resets the .
previous location, CTRLbase+5, 0 - Sound Blaster Emulation
from data download mode to com- 1 - Windows Sound System
mand mode.
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Address Regist er Name
Control Indirect Registers CTRLbase+3 Control Indirect Address

The Control Indirect registers are accessel CTRLbase+4  Control Indirect Data

through CTRLbase+3 and CTRLbaset+4.
CTRLbaset+3 is the address register and
CTRLbaset4 is the chta register used to access

CO through C8 indirect registers Table 22. Control Indirect Access Registers

Ind ex Register Name
WSS Magter Control (CO) Co WSS Master Control
Default = 0x0000K C1 Version / Chip ID
D7 D6 D5 D4 D3 D2 D1 DO Cc2 3D Space and Center
RWSS res res  res res res res res C3 3D Enable
Cc4 Consumer Serial Port Enable
res Reserved. Must write 0. Could read C5 Lower Channel Status
asOor 1. C6 Upper Channel Status
. . . c7 Reserved
RWSS Reset WSS registers. Setting this bit cs CS9236 Wavetable Control

forces the WSS registers to zero,
then clearing this bit forces the WSS

registers to their default state. . .
g Table 23. Control Indirect Registers

Version / Chip ID (C1)

Default = 11001000

D7 D6 D5 D4 D3 D2 D1 DO
V2 vVl VO CIb4 CID3 CID2 CID1 CIDO

CID4-CIDO Chip Identification. Distinguishes
between this chip and other codec
chips that support this register set.
This register is identical to the WSS
X25 register.

01000 - CS4237B

V2-V0 Version number. As enhancements
are made, the version number is
changed so software can distinguish
between the different versions of the
same chip.

100 - Revision A
101 - Revision B
110 - Revision C/D
111 - Revision E
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3D Space and Center (C2)

Default = 00000000

D7 D6 D5 D4 D3 D2 D1 DO
SPC3 SPC2 SPC1 SPCO CTR3 CTR2 CTR1 CTRO

CTR3-CTRO SRS processed "Center" gain term.
The least significant bit represents
1.5 dB attenuation, with 0000=0 dB.
See Table 24. When 3DM is on, this
value is forced to 0000.
SPC3-SPCO SRS processed "Space" gain term.
The least significant bit represents
1.5 dB attenuation, with 0000=0 dB.
See Table 24. When 3DM is on, this
value is forced to 0010.

3D Enable (C3)

Default = 000x00xx
D7 D6 D5 D4 D3 D2 D1 DO

3DEN 3DM 3DSO res res res res res

res Reserved. Must write 0. Could read
as 0 or 1.

3DSO 3D Serial Output. When set, SDOUT

data comes from the DAC inputs
which includes 3D effects. Typically
used when CSPE in C4 is set and
determines the data used on the
Consumer Serial Port output pin.

0 - The output is from the ADCs.
1 - The output is from the SRS DSP.

3DM 3D Mono Enable. When set, the SRS
Mono-to-Stereo DSP is enabled.
(3DEN must also be enabled). This
allows a mono signal to be SRS
processed into a pseudo stereo im-
age.

3DEN 3D Enable. Must be set to enable the

SRS 3D Sound DSP.

Consumer Serial Port Enable (C4)

Default = 0000xxxx
D7 D6 D5 D4 D3 D2 D1 DO

CSPE CSBR U \% res res res res

Y The Validity bit in a sub-frame of
digital audio data.

U The User bit in a sub-frame of digital
audio data.

CSBR Channel Status Block Reset. When
set, resets the channel status block
boundary.

CSPE Consumer Serial Port Enable. When

set, the serial port output format, on
SDOUT, converts to the consumer
standard for digital audio transmis-
sion, compatible with the consumer
portion of IEC-958. An older version
of the standard is also called
S/PDIF. Note that the serial port is
still enabled using the SPE bit in
WSS 116. For more information on
the consumer digital audio transmis-
sion format see Crystal's Application
Note 22 titled Overview of Digital
Audio Interface Data Structures.

bit3 bit2 bitl  bit0

Space (SPC3-SPCO0)

Center (CTR3-CTRO)

0 0 0 0 0 0.0 dB 0.0 dB

1 0 0 0 1 -1.5 dB -1.5dB
2 0 0 1 0 -3.0dB -3.0 dB
3 0 0 1 1 -4.5 dB -4.5 dB
8 1 0 0 0 -12.0 dB -12.0 dB
12 1 1 0 0 -18.0 dB -18.0 dB
13 1 1 0 1 -19.5dB -19.5 dB
14 1 1 1 0 -21.0dB -21.0dB
15 1 1 1 1 -22.5 dB -22.5dB

Table 24. SRS 3D Sound Control
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Lower Channel Status (C5)

Dr D6 D5 D4 D3 D2 D1 DO
CS9 CS8 CS5 CS4 CS3 CS2 CS1 res

res Reserved. Must write 0. Could read
as Oor 1.
Csi Channel Status bit 1: Audio. When

clear, indicates that the transmitted
data is digital audio and suitable for
conversion to an analog signal.

0 - Digital Audio
1 - Non-Audio Data

CSs2 Channel Status bit 2: Copy/Copyright

This bit, along with the L bit and the
category codes, form the SCMS
copy protection scheme.

0 - copy inhibited/copyright asserted
1 - copy permitted/copyright not
asserted.

CS4, CS3

00 - None
01 - 50/15ps - 2 channel audio

CS5 Channel Status bit 5: Lock

0 - Source Fs Locked

1 - Source Fs Unlocked.
CS8, CS9 The first two bits of the Category
code. See the next register
description for more details.

NOTE: More information on copy protection can be
found in the Sanchez AES paper titled An Under-
standing and Implementation of the SCMS Serial
Copy Management System for Digital Audio Trans-
mission.

CS8-CS14

Channel Status bits 4,3: Pre-emphasis

CS25, CS24

Upper Channel Satus (C6)

D7 D6 D5 D4 D3 D2 D1 DO
CS25 CS24 CS15 CS14 CS13 CS12 CSl1l CS10

Category Code channel status bits.
Note: CS8 and CS9 are in the pre-
vious register. These bits define the
type of product transmitting and are
used in the SCMS copy protection

scheme to interpret the L bit.

0000000 - General

0000001 - Experimental

0001xxx - Solid State Memory
001xxxx - Broadcast

010xxxx - Digital/Digital Converters
01100xx - ADCs w/o copy protection
01101xx - ADCs with copy protection
0111xxx - Broadcast

100xxxx - Laser-Optical

101xxxx - Musical Instruments
110xxxx - Magnetic Tape or Disk
111xxxx - Reserved.

CS15 L or Generation Status. This bit

changes polarity based on the cate-
gory codes above. For most
categories:

0 - No indication, 1st generation or
higher.

1 - Original/Commercially pre-
recorded data.

The above definition is reversed for
category codes:

001xxxx - Broadcast

0111xxx - Broadcast

100xxxx - Laser-Optical

Channel Status bits 25, 24. Sample
frequency.

00 - 44.1 kHz Sample Frequency.
This is the only Fs supported.

Reserved (C7)
D7 D6 D5 D4 D3 D2 D1 DO

res res res res res res res res

res Reserved. Must write 0. Could read
as 0 or 1.
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C0236 Wavetable Control (C8)

Default = x0<0000

D7 D6 D5 D4 D3 D2 D1 DO
res res res res WTEN SPS DMCLK BRES

Force BRESET low. When set, the
BRESET pin is forced low. Typically
used for power management of pe-
ripheral devices.

Disable MCLK. When set, the MCLK
pin of the CS9236 Wavetable Syn-
thesizer serial interface is forced low
providing a power savings mode.

SPS DSP Serial Port Switch. When set,
switches the DSP serial port pins
from the 2nd joystick to the XD4-
XD1 pins. When SPE in 116 is set,
XD4-XD1 convert to the DSP serial
port pins. Once SPS is enabled, the
SD<7:0> bus will not be driven when
accesses occur to peripheral port de-
vices. SPS can also be set in the
E2PROM Hardware Configuration
data, Global Configuration byte.

Wavetable Serial Port Enable. When,
set, forces XD7-XD5 pins to convert
to the CS9236 Single-Chip Wave-
table Music Synthesizer serial port
pins. Once WTEN is enabled, the
SD<7:0> bus will not be driven when
accesses occur to peripheral port de-
vices. WTEN can also be set in the
E2PROM Hardware Configuration
data, Global Configuration byte.
Setting this bit also changes 16/17
from the master digital audio volume
to the ISA bus wave volume control.
X14/15 becomes the master digital
audio volume.

res Reserved. Must write 0. Could read
as 0 or 1.

SRS 3D Sound Overview

The RS 3D Sereo DI engne is desgned to
retieve and resore spacial information, direc
tiond cues and other sonic nuances which ae

either mising or altered by the dedronic repro-
duction of stereo ard/or the microphorne mixing
process SRS ® Mono proesing, when usedin
conjunctionwith the SRS 3D Stereo system,
synthesizesa P stereo sgnal from a nonaual
source.

SRS dands for Sourd Rdrieval Sygem. It dif-
fers from stereo and oher sound exmnson
techniques becaise it is based on the human
hearing system. The eals are mmplex instru-
ments that allow us to hear in three dimensons
Microphores and tradtiond stereo playbadk sys-
tems only produce flat, two dimensonal sound
images which are samewhat limited compared to
"real live und". SRS compensites for these
limitations by re-esabli shing the neaessary infor-
mation tha allows us to hear in three
dimendons The results are surprisingly close to
real live sound

SRS isunique beause it does not rely on special
rewrding tediniques. It works with ary audo
signal whether it is mono, gereo, surround
sound, or even Sgnds encoded with a und-en-
hancementproces. Most importantly, SRS doe
nat dter the original program material by adding
any form of time dday, phas ift, or harmonc
distortion.

With SRS 3D soundthere is no criticd listening
pogtion or sweet spot. The listener can move
arourd the roan ard cortinue tobe immersed in
full three-dmendona sound. Speakes are no
longer the discernible point source d sound

SRS is a paented pioces that differs from se-
reo and surround sound in tha it works with any
existing recorded material: mong, stereo, su-
round-enmded, or other encoding tecmologies
SRS is not required in therecording proces
This mears a Isteng’s enire aulio library can
be enhanced by SRS by simply playing it
through the CS4237B Crydal chip. Like gereq
any two-gedker gereo ystem is adequate.
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Hearing Basics

It has long been known that the hearing system
uses several mehods to determire from whid
directon a particular soundis coming. Sine hu-
man heaing is binaural (two ears), these
methods include reldive phae shift for low fre-
queng/ sounds reldive intersity for sounds in
the wice range and relative time of arival for
sounds having fad rise times ard high frequeng
components

The auter ear plays a significant role in the de-
termination of direction. Due to the complex
naure of the ears shape, sound is subject to re-
fledion, reinforcement and cacdlation at
various frequendes Effectively, the human hear-
ing system functions as a multiple filter,
emplagzing some frequercies, attenuaing oth-
ers and letting some get through with no
change. The reporse changeswith both azimuth
and elevdion, and tagether with the binaural ca
pabilities helps determine whether a sound is
coming from up, down, left, right, ahead, ar be-
hind.

The frequency response of microphones is nat
deperdert on azimuth in the ssme way as the
ea. Omi-direcional microphonesexhibit flat
regporse in all diredions Cadioid microphanes
exhibit flat response o sounds comirg from the
front ard 9des and ae dead atthe rea. As no
microphone belaves like the hunan ear the
sounds picked up by a microphore areacaraie
asfar asthe microphore is concemed but are not
the sme & the ounds impinging an the human
eadrum urde similar circumstances.

When the sound is reproduced by spedkers the
situation is further altered by speaker location. If
sounds which originally came from one sde or
the aher are reproduced by spedakers which ae
frontally located, theee sde sainds ae head
with the incorred spedral response The sane is
true for frontal sourds whch are coming from

side-mounted loudspedkers. The result is spacial
distortion of the sound field which prevents the
user from heaing what wasoriginally peformed
with the prope spatia cues

The SRS 3D Stereo Process

The Crysal SRSDSP, illustrated in Fgure 7,
processes the signd in such a manner that the
gpadal cues log in the record/playback proess
are restored Snce the human hearing system is
involved aml is acualy pat of the loop, its
tranger fundion is made pat of the system
tranger function. At the sane time, SRS 3D Ste-
reo processing avads an objectionable buldup
of frequencies of increaed phase senstivity and
is effedive over a wide area so that the listener
IS not regricted to a favorable listening position
(swed spot) betveentwo pekers.

In the steregphonc signal, frontal sounds pro-

duce equal amplitudesin the left and right
chamels and ae therebre present in the "sum"

or L+R sgnd. Ambient sounds, which include

reflected and isle ®unds produce aconplex

sound field and do not appear equdly in the left

and right chamels. They are therefore preentin

the "difference” or L-R ggnal. Although these

two dgnals are nomaly head as a conposte

signal, it is possible to separate and process them

indepexertly and then remixthem inb a new
composite sigral which cortains therequired

gpatial cues tha the dereo recording and ply-

back processes do not provide. The direcional

cues are mostly contained in the diferene sg-

nds, 0 these can be processed, (L-R)p, to bring

the mssng dreciona cuesback to ther normal

levels. The piocesed difference signal canthen
be increased in amplitude, usng SPC3-0Q in or-

der to increag gpaentimagewidth.

SRS Space Control

The SRS Spae adjustmet, SPC3-0 in C2, con-
trols the anmount of procesed dfference sgnal,
(L-R)p, that is added to the final left and right
digital sgnals going to the DACs. The dfference

DS213PP4

Downloaded from Elcodis.com electronic components distributor

69


http://elcodis.com/parts/6109636/cs4237b.html

i

——= CIRRUS LOGIC"

CS4237B

L
L+R J}ﬂ GE)
=
Stereo | £
Digital SRS(@)  CTR30 16bit | | g
Mixer | L-R Perspec.tlve (L-R)p A2 13 | Mixers
Correction DAC | g
@
= ,
R

Figure 7. SRS Block Diagram

signal contans the gatal information that alt
lows us to perceive sunds from coming all
around and the directiond cues that we ug to
determine the Iealizaion of thoe unds

Turning up the Space ntrol increasesthe
anmount of corected directona information, re-
stores the proper loclization of the original
sounds, and expards the width of the overall
sound gage. Turning downthe Shace cantrol re-
sults in having no procesed difference signal
component ard thus limits the intengty of these
effeds.

When SRS 3D souwnd is first turned on (3DEN in
C3), the Space control (SPQG-SP®@) shauld be
adusted before the Center control. Space should
be st to approximately 75% (SPC3-0= 0011, or
-45 dB) with the Ceter cortrol st to 50% As
the level of Space isincreased, the sound gage
expards both in width and degh. The proper lis-
tening level is subjective and program
deperdent. If centered ®und information (such
asvocals) sean too low asa resut of the Sace
control setting, they can be adjusted usng the
Center cortrol.

If adjusting the Space control yields no change
in the sound image the input signal is prokably
mono and the Mono-to-Stereo switch, 3DM,
shoud be erabled.

SRS Center Control

The SRS Certer adjustment, CTR3-0in C2, de-
termines the anmount of sum signal (L+R) thatis
adddad to the final left and right digital signals
going to the DACs. The sam dgnal cantans in-
formation common to bothchannelsthat is
intended to appear in front or a the eenter of the
sourd dage. \ocds, dialog, solo instruments,
bas, and kick drums are examles of sounds
that are dten placedat the eenter.

When SRS 3D eundis first turned on (3DEN in
C3), the Sace catrol should be adjsted before
the Center control (CTR3-0). Space shoud be
set to approximatdy 75% with the Center con-
trol set to 50% (CTR3-0 = 1000, or -120 dB).
Turning up the Center control epinasizes the
centered sounds so that ther perceved level is
increased and they are brought out and into the
center of the mom. Onee Space isset, the Cener
control shoud be ajusted © provide a peasant
balancebetween the anbient sourds andthe
centeredsounds.
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SRS Mono-to-Stereo Synthesis

In addition to creding 3D Sereo images from
stereo program materia, the 3DM bit in C3 ex-
pands monairal Sgnds to awider imageformat.

The first gep in the mnversion of a nonaural
awlio signd to 3D sourd is the credion d a
syntheic stereo sgnal. This is acomplished in
the SRS ® Mono system (3DM=1) through a
technque that males use of caongant phase fil-
ters The original mono signd is applied to two
banks of filters which creste two outputs with
one difted 90 dgrees relative to theother Due
to the precaderce efed, the ea will perceive the
leading signd as the dred sound (arelogous to
L+R) and the lagging sgnal as anbience infor-
mation (analogousto L-R or difference sgnd).

The lead ard lag dgnals are dematrixed usng
conventiond sum and difference techniques into
syntheic left and right gereosignals. These sg-
nals are then applied to the SRS 3D Ster®
proces. Becaie the synthetic L, R, L+R, ard
procesed L-R signds are generated synthetically
from a nono input, their relationships remain
condgant, and user caitro of the L+R and L-R
sigral levels ("Center" and "Spacé€') are not re-
quired andare internally fixed

Consumer |EC-958 Digital Output

The C3A237B supportsthe indistry standad
IEC-958 conaumer digital interface Sametimes
this dandard is referred to S/PDIF whit refers
to an obler vesion of ths standad. This output
provides an interface, external to the RC, for
storing digital audio (as in a DAT or recorcable
CD-ROM) or paying digital audio from digital
spekers.

The interfaceis enabled by turning on the CSFE
bit in C4 and SPEin 116. The dda is sent ou
the SDOUT DSP serial interface pin. The other
DSP serial interface pins ill function properly
when SDOUT is used for the IEC-958 interfece.

The SDOUT pin can either beon joygtick B’s
CX pin or it can be on the periphaal port daa
bus pin XD3, controlled by the SPS It in the
Hardware Configuration daa or register C8.

The dat gang out SDOUT can came from the
ADC or from the DAC interface (which includes
QSaund 3D Sound if endled). This functionality
is controlled by the 3DSO lit in regster C3.

For the receiving device b function propely, the
Chamel Status bits in C5 ard C6 mus be st
propely. Seethe Sarchez AES paper An Under-
standing and Implementation of the SCMS Serial
Copy Management System for Digital Audio
Transmission for more detailson <tting the
Chamel Staus information.

Figure8 illudrates the crcuit neessry for im-
plemertaton of the IEC-958 corsumer interface
An external buffer is required to drive the cur-
rent nealed to drive the 75 Q interface (415 Q
or 12 mA).

374 Q
SDOUT > C >
RCA
9090 % g Phono
-

Figure 8. IEC-958 Consumer Interface

The transformers can be obtained from:
Pulse Engineering
Telecom Prodwts Groy
San Diego, CA
(619 2682400
or
Schdt Corporation
Wayzaa, MN
(612 4751173
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MPU-401 INTERFACE

The MPU-401 is an intelligert MIDI interface
that was introduced by Rdand in 1984. \oyetra
Techndogies subsequently introduced anIBM-
PC plug in cad that incorporated the MPU-401
functiondity. The MPU-40L has become he de-
facto standard for controlling MIDI devices via
IBM-PC conpatible persond computers.

Although the MPU-401 does hawe some inelli-
gence, anon-intelligentmode is available in
which the MPU-401 peratesasa basic UART.

By incorpording hardvareto emulate the MPU-
401 in UART mode, MIDI capabhility is
supported.

MPU-401 Register | nterface

The MPU401 logicd device software interface
occupes 2 1/0 locations utilizes 10-hbit address
decoding, and is located at PnP addrss
"MPUba%’. 10-bit addresing requires that the
upper addres bits be 0to decade avdid ad-
dress i.e. no diasing ocaurs. The sandard base
addres is 330h This device also uses an inter-
rupt, typically 9. The PnPalignment for the
MPU-401 mug be a muliple of 8.

MPUbas+0 is the MIDI Trarsmt/Recave port
and MPUbae+1 is the Command/Staus port. In
addition to I/0O demdes the only addtiond func-
tiondity requred from an ISA bus viewpant is
the generation of a hardware interrupt whenever
daa hes bean recaived nto the recave buffer.

MIDI Transmit/Receive Port,
MPUbase+ 0, default = x000000c«

Dr D6 D5 D4 D3 D2 D1 DO
TR7 TR6 TR5 TR4 TR3 TR2 TRl TRO

All MIDI transmit daa is transferred through a
16-byte FIFO ard receive data through a 6-byte
FIFO. The FIFO gves the ISA interface time to
respond to the asynchronous MIDI transfer rae
of 3125K baud.

The Command/Satus Regsters occypy the same
address and are used to send instructions to and
receive gatus information from the MPU-41.

Command Register, write only
MPUbaset+ 1

D7 D6 D5 D4 D3 D2 D1 DO
CS7 CS6 CS5 CS4 CS3 CS2 CSl1 CSo

CS7-CS0 Each write to the Command/Status

Register must be monitored and the
appropriate acknowledge generated.

Satus Register, read only
MPUbaset 1, Default = x000000(x

Dr D6 D5 D4 D3 D2 D1 DO
RXS TXS CS5 (CS4 CS3 CS2 CS1 CsO

CS5-Cs1 DO-D5 are the 6 LSBs of the last
command written to this port.
TXS Transmit Buffer Status Flag.
0 - Transmit buffer not full
1 - Transmit buffer full
RXS Receive Buffer Status Flag

0 - Data in Receive buffer
1 - Receive buffer empty

When in "UART" mode, daa isreceived inb the
recave buffer FIFO and a hadware interrupt is
generated. Data can be eceived fom two
sources MIDI data via the UART serial input or
adknowledge daa tha is the result of a write to
the Command Reista (MPUbaset1). The inter-

TR7-TRO The MIDI Transmﬂ/Reqewe Port is rupt is cleared by a read of the MIDI Receive
used to send and receive MIDI data
as well as status information that Pat (MPUwa)'
was returned from a previously sent
command.
72 DS213PP4
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MIDI UART

The UART is used to canvert pardlel data to the
saial daa required by MIDI. The seial dda rate
is fixed at 3125K baud (+x1%). The seial daa
formatis RS-232 like: 1 gtart bit, 8 data bits, ard
1 dop bit.

In multimedia systerms, the MIDI pins are typ-
cdly connected to the joystick connector. See the
Reference Design Data Shet for dedailed infor-
mation.

MPU-401 " UART" Mode Operation

After power-up reset, the interface is in "non-
UART" mode. Nan-UART mode operation is
defined asfollows

[ERN

. All writesto the Trarsmit Pat, MPUbase+0,
are ignaed.

N

All reads of the Reseive Port, MPUbas+0,
return the last recaeved bufer data

w

All writesto the Command Port, MPUbas+1,

are monitored andacknowledged & follows:

a. A write of 3Fh sets the interfaceinto
UART operaing mode An acknowledge
is generded by putting an F into the
recive bufer FIFO whid generdesan
interrypt.

b. A write of AO-A7, ABh, ACh, ADh, AFh
places an FEh into the receive kuffer
FIFO (which generates an interrupt) fol-
lowed by a e byte write to the receive
buffer FIFO of 0t for AO-A7, ard ABh
commands, 15h for ACh,01hfor ADh,
and 64 for AFh commang.

c. All other writesto the Command Port ae
ignored and anacknowledge is gener-
ated ly putting an FEh into the receive
buffer FIFO which generaesan interrupt.

UART mode qeraion is ddined asfollows

1. All writesto the Transmit Port, MPUbas+0,
are placd in the traremit buffer FIFO.
Whenever the transmit buffer FIFO is not
empty, the rext byte isreal from the bufer
and sem out the MIDOUT pin. The Stdus
Register, MPUbag+1, bit 6, TXSis updatd
to refled the transmit bufier FIFO staus.

2. All reads d the Receive Port, MPUbas+0,
return the nex byte in the re@ve bufer
FIFO. When seial dat is received from the
MIDIN pin, it is placedin the rext recave
buffer FIFO locaton. If the kuffer is full,
the last locaion is ovewritten with the rew
data. The Satus Regster, MPUbas+1,
bit 7, RXS is updated to reflect the new re-
cave buffer FIFO date.

3. A write to the Command Register,
MPUbas+1, of FFh will return the interface
to non-UART moce.

4. All othe writes to the Canmand Reyister,
MPUbase+1, are ignored.

FM SYNTHESIZER (Internal)

This part contains a ganes-compatible intemal
FM synthesizer When endled, this internal FM
synthesis engne repondsto both the SBPro FM
synthesis addresses as well asthe SYNbas ad-
dresss.

To emable the internal FM synthess engine, the
IFM bit in the Hadware Configuration dda,
byte 8 (Glokal Configuraion Byte) must be set.
This bit is dso avail able in WSSregiste X4.

Volume contral for the internal FM g/nthesizer s
supported thraugh X6 and X7 in the WSS ex-
tended register space. The volume range is 0 dB
to -944 dB with 00000 egud to O dB. After
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volume is appliedto the POM FM daa, it is
summed into the digital mixer which is then
summed into the analog autput mixer.

For backwards compatibility with aralog-mixed
exterral FM devices, 118 ard 119 in the WSS
logical device can be remapped to control the
volume of internd FM. Remapping is controlled
through the AMRM bit in X4 register. When
IFM =1, ard FMRM = 1, writesto 118 ard 119
are remapped b X6 and X7 respedively. When
remapping is endaled, the LINE aralog input
volume is controlled through X0/1. When
FMRM = 0, internd FM volume is only control-
led through X6/7.

The g/nthesizer interface is compatible with the
Adlib and Sound Blader standards. The typicd
Adlib I/O addess is SYNbae = 38h

Standad Adlib Synthesizer I/O Map

Address Name Type
SYNbase+0 FM Status Read Only
SYNbase+O0 FM Address O Write Only
SYNbase+1 FM Data 0 Write Only
SYNbase+2 FM Address 1 Write Only
SYNbase+3 FM Data 1 Read Only

EXTERNAL PERIPHERAL PORT

An externd peiphead port is provided for inter-
facing devices external to the pat. These may
include the C®233 Wavetabe syrthesizer,
CDROM interface modem interface and Plug
and Aay E2PROM.

The External Peripheral Port corsists of the fol-
lowing signds: 8-bit dat bus 2 or 3 adaess
lines readdgrobe write grobe, aml rest sgnd.

External Synthesizer Interface

This pat contans an irtermal FM g/nthesis en-
gine. For bakwards compatbility the ddault is
to use an exemal FM-type g/nthesizer chip such

as the Yamaha OPL3LS, or the Crygal Semcon-
ductor CS233 wavetabe synthesizer dip. This
interface congsts of:

SCS - dip sdect
SINT - Syrthesizer Interrupt

The oher signals suh as addres bits, data
strobes data, and reset are provided by the Ex-
ternal Peripheral Port. The interfface dlows the
host compuier o acces up  eight I/O maped
locations. When using an exemal FM synthe-
sizer, SCS will repond to theSYNba® decale
addresses aswell as the SBPromaped FM syn-
theszer addresses. The PnP synthesizer
alignmentmust be amultiple of 8.

The polarity of SINT is progranmabe via Hard-
ware Configuration data|HS in byte7, or
through CTRLbaset1. The default is adive low
(IHS =0).

Sincethetypicd FM interface anly requres four
I/O addres ard does not use an nterrupt, the
XA2 addes ard the SINT pins ae multifunc-
tion pins that default to XCTLO ard XCTL1. To
use XCTLO/XA2 asan address pin, the hardvare
resaurce data nmust be changed. See the Hard-
ware Configuration Data section for more
information. To use XCTL1/SINT/ACDCS/
DOWN as an interrupt forthe g/ntheszer,
VCEN (in the Hardware Configuration data)
must be zero, a puldown resistor must be placed
on the XIOW pin. Since XCTL1 and SINT ae
rarely used he pin hasa thrd multiplexed func-
tion, ACDCS, which is de<ribed in the
CDROM secion below. The fourth multiplexed
function is the hardvare volune control pin
DOWN which is controlled trough the VCEN
bit. Seethe Volume Control Interface section for
more details. Note that ACDCS t&kes pecealerce
over XCTL1/SINT. Also DOWN, when VCEN
is set, takes precalerce over dl other fundions
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CDROM Interface

An IDE CDROM cortroller interfaceis provided
that supports Enhanced & well as Legacy IDE
CDROM drives. This interfaceincludestwo pro-
grammable chip selects and on-chip hardware to
map DMA and interrupt sgnds to the ISAbus.

There are five pins tha make up he CDROM
interface whch corsist of:

CDCS - chip sdlect, COMbas adires
CDINT - interrupt, COMint

CDRQ - DMA request, COMdma
CDACK - DMA acknowledge, COMdma
ACDCS - alternate chip select, ACDbas

The four basic CDROM interface pins are muli-
function pins that default to the upper aldress
bits SA12 - SA15 To use thepins asa CDROM
interface, a puldown resstor must be placed on
XIOR (XIOR mug be buffered if driving TTL
logic). Orce he CDROM interface is selecied,
the CDROM DMA pins are further multiplexed
with the Modem pins Therefore, a fifth logicd
device, typicaly a modem, can be used if the
CDROM doesnt support DMA. See the Modem
Interface secton for more ddtails.

The fifth CDROM pin ACDCS is multiplexed
with XCTLLY/SINT/DOWN. This chip select sup-
ports the dternae CDROM chip select used for
status in legagy IDE drives. The volume catrol
pin DOWN has the highest precalerce there-
fore, the VCEN bit must be zro to use this pin
for the CDROM interface Given that VCEN is
zero, if the base address for ACDCS, which is
ACDbas, is progamned to a nm-zeo vale,
this pin corverts to ACDCS. ACDbase,base d-
dress 1 in LD4, is programmed va PnPor via
the SLAM method. Once this pin is set to
ACDCS, the aly way b revert to XCTL1 or
SINT is to reset the part. The range of addresses
that ACDCS will respond to is progranmable
via the Hardware Configuration data, byte 5,

from ore to eght bytes. The default is 1 byte. In
legacy IDE CDROM drives, the altenate
CDROM addess plus 1, ACDbaset+1, is typi-
cally shared with the floppy controllemwhich
only drives data hit 7. Therefore, a hit in the
Hardware Configuréaion data keepsthe SD7 pn
from driving daa bit 7 whentha addres is de-
coded. This bit is labeled ACDB7D andis
locaed in the Hardvare @nfiguraion daa, byte
7. When usng ACDCS, the SINT function
shoud be selected and a pulup placed on this
ling, which will allow this pin to poweup inac-
tive. If XCTL1 is seleced, it will poweup low;
therefore, ACDCS will be low until ACDbase $
progranmedto anonzerovalue.

The default addres space for the peripheral port
is 4 1/0 locaions where XCTLO/XA2 defaults to
the cntrol pin XCTLO. To use XCTLO/XA2 as
the XA2 address pin, thereby increasng the ad-
dressrange of the peripheral port to 8 locations,
the hardwareresource data mug be changed See
the Hardware Configuration Data section. Even
though the default addess space s only 4 loca-
tions, the alignment for CDbase must be a
division d 8.

To make the CDROM interface nore flexible,
two global bits, located in the Hardwae Con-
figuration data sdion - byte 7, alow cortrol
over the polarity of the CDROM in&rrupt pin
CDINT, and wheher the SD<70> pirs drive the
ISA bus or nat. The first bit is IHC which de-
faults to 1 indicaing that CDINT is an active
high interrupt. IHC is dso controllable through
CTRLbase+1. The ®oond bit is SDD - SD<70>
bus Disable. When this bit is set, the pat will
nat drive the ISA Data bus SD<70> pins on
readsfrom either CDbaseor ACDbas adireses.
This bit allows external dai@ buffers to be used
for a CDROM that bypasse the XD<7:0> bus
and caonects directly to the ISA bus. Note that
SDD affects any peripheral port device which in-
cludesthe exérnal FM ard modan interfaces.
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Modem I nterface

The modem interface Logicd Device 5 (LD5)
congst of:

MCS - Madem Chip Sdect
MINT - Modem Interrupt

The other signals such asaddres bits, daga
strobes, daa, and rest are provided by theEx-
ternd Peiphaa Port. The interface dlows the
host computer to acess W to eight 1/0 mapped
locaions.

The Modem ggnals are multiplexed with both
the upper ISAaddess pins andthe CDROM
DMA pins To enalde the Moden, first a pul-
down resstor mug be plaed on XIOR which
disables the upper ISA addess pirs. Secord, the
Modan base addres, COMbase, must be pro-
granmedto a non-zero value which will convert
the SA13CDACK/MCS pin to themodem chip
sded MCS, ard the SA15CDRQMINT pin to
the moden interrupt pin MINT. Oncethese two
pins switch to nmodem pins, they can ony be
changed by resetting the pat. COMbase, Logicd
Device 5 base addressO, is progranmed via PnP
or the SLAM method.

The polarty of MINT is progranmable via
Hardware Cafiguraion data, IHM in byte 7, or
through CTRLbaset+1. The default is acive low
(IHM = 0).

DSP SERIAL AUDIO DATA PORT

The WSS dec includes a DSPseial audio in-
terface for transferring digital audio data
between the part and an extemal seial device
swch as a DSP procesa. The DSP serid port
pins are multiplexed with either the # joystick
inputs of the Game Pd interface or a portion of
the XD peripheal bus The selection is mack via
the SPShit located in Control registe C8, or the
Global Config. byte in the Hadware Corfigura-
tion chta. If SPS is Othe joystick B pins convert

to the DS serial port when $E is st (MCE
must ke 1 to change SPE).If SPS & 1, XD<4:1>
convert to the DSP serial port when SPE is set.
In this ca®, SD<7:0> is disabled on read of pe-
riphaal port addreses (CDROM, modem, etc)
since XD<7:0> is no longer available.

The DSP audio serial port is software enabled
via the SPEDbit in the WSS Codec indirect regis-
ter 116. The ISA interfece is fully adive in this
mode. While the srial port is enabled,audio
data may ill be read from the ADCs over the
ISA bus, and the DACs will sum dda from the
SDIN pin, the paallel ISA busdat, and the in-
ternal FM syntheszer engine. The serial port
sample frequency is always 44.1 kHz regardless
of the ISA bus sample frequeng, ard the dda
format is alwaystwao’'s complement 16-bit linea.

FSYNC and SCIK are alvays output from the
part when the serial pot is emabled. The srial
port canbe cafigured in one d four seria port
formats, shownin Figures 9-12. SF1 ad SFO in
116 seded the particular format. MCE in RO must
be st to change SF1/0 Both left andright audo
words are aways 16 bit two’s complement.
When the mono audo format is selectedthe
right channel output is set to zeo and the left
chamel input is summed b bath DAC channds.

The first forma - SPFO,shown in Figure 9, is
cadled 64-bit enhanced. This format has64
SCLKs per frame with a one bit peod wide
FSYNC that precalesthe frame. The first 16 bits
occupy the left word ard the cand 16 bits oc-
cupy theright word. The lag 32 bits cortain four
status bits ard 28 zeos This is the oy mode
that cortains status informaton.

The seond serial format - SPF1 shownin Fig-

ure 10, is cdled 64-bit mode. This format has 64

SCLKs per frame, with FSYNC high transtions

at the start of the left data word ard low trans-

tions at the start of the right daa word. Both the

left and right data wordsare followed by 16 ze-
ros.
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vt D@@@E(-@@EC

JubyUyyL

o)\8 zeros@? Zeros (CENYPEN OVR>\13 zeros,

| 32 Bits |

INT = Interrupt Bit

| 16 Bits | 16 Bits
Left Data Right Data
son 7/ ashaaa - (o)amia - (o)
16 Bits 16 Bits
Left Data Right Data

CEN = Capture Enable

PEN = Playback Enable

OVR = Left Overrange or
Right Overrange

Figure 9. 64-bit Enhanced Mode (SF1,0 = 00)

FSYNC |
SCLK

SDOUT/ .
SDIN ‘431445} 7

JUUUUL

1514 X13) --- (O
| | |

‘ 16 Clocks ‘
Left Data

16 Clocks

‘ 16 Clocks ‘ 16 Clocks ‘
Right Data

Figure 10. 64-bit Mode (SF1,0 = 01)

FSYNC | |

—

stk LD - PP EPL - )

32 No-Clock bit periods

Wi w
oo 1423 15)14)
16 Clocks 16 Clocks \ \
Left Data Right Data Left Data
Figure 11. 32-bit Mode (SF1,0 = 10)
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The third seia format - SPF2,shownin Fig-
ure 11, is caled 32-bit mode. This format has32
SCLKs pe frame and FSYNC is high for the
left chanrel and low for the right channd. The
absolute time is amilar to the oher wo modes
but SCLK is sopped dter the right chaand is
finished SCLK is held stoppead until the start of
the nex frame (sopped for 32 bitperiod times).

This mode is useful for DSPsthat do not wart
the interrupt overhead of the 32 unused bit peri-

ods. As an exanple, if a DSP seial word length

is 16 bts, then four interrupts will occur in SPFO
and SPF1 mods. In moce SPF2the DSP will

only be interrupted twice.

The fourth seial forma - SPF3,showvn in Fig-
ure 12, is cdled ADC/DAC mode. This format
has 64 SCLKs per frame, with FSYNC high
transitions at the gart of the left ADC dat word
and low trarsitions at the sart of the right ADC
data wad. For serial dada in, SDIN, bath the left
ard right 16-lit DAC daa word shoud be fol-
lowed by zercs. For serial data out, SDOUT,
both the left and right ADC daa wads are fa-
lowed by 16 bits of the DAC dita words The
DAC data words are tepped off the cita Sream
right before the daa enters the Codec DACs (d-
ter all digital summing is done) Having the

ADC and DAC data on the SDOUT alows ex-
temal modem DSPs to cancelthe local audio
source from the loca microphane sgnal.

CS0236 WAVETABLE SERIAL PORT

A digitd interface to theCrystal CS9236 Sinde-
Chip Wavetable Music Syrthesizer is provided
that dlows the CS923% PQM audio dda to be
summed dgitaly into the output digital mixer.
The Wavetable Serial port pins are multiplexed
with the XD7-XD5 exterral bus pirs; thereforg
whenthis seial interface is erabled, ary extemal
peripheral (CDROM, modem, etc) will need an
external buffer to the ISA bus. This seial port is
enabledvia the WIEN bit located in Contil
register C8 or in the Glokal Canfiguraion byte
in the Hardware Configuraion data. The hard-
ware oonrectons to the CS@36 areillustrated in
Figure 13.

Volume contral for the seia port is suported
through X16 and X17 in the WSS a&tended reg-
ister space. The volume range is +12 dB to
-82.5 dB with 001000equal to O dB. After vol-
ume is agpplied to the POV data, it is summed
into the digital mixer which is then summed into
the analog autput mixer.

FSYNC |

SDIN

(15)14)13) -~ (o

DAC 16 Clocks

| -
JUUUUL

15X14 X13) --- (O 15

DAC 16 Clocks

SDOUT @ @ 0@@@

ADC 16 Clocks \ DAC 16 Clocks

Left Data

ADC 16 Clocks \ DAC 16 Clocks
Right Data

Figure 12. ADC/DAC Mode (SF1,0 = 11)
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For baclkwards compatibility with aralog-mixed
wavetable devices 118 and 119 in the WSSlogi-
cal devie can be remapped to control the
volume ofthe Wavetable serial port Remajping
is contralled through the WTRMD bit in X4 reg-
ister. When WTEN = 1, and WTRMD = 0,
writesto 118 and119 ae remapped to X16 ard
X17 respedively. When remgpping is erabled,
the LINE analog input volume is controlled
through X0/1. When WTRMD = 1, the
Wavetade Seral Port volume is only controlled
through X16/17.

100Q CS9236
MCLK » MCLKS5I
LRCLK |« LRCLK
SDATA |« SOUT
BRESET RST
> PDN
100k Q 100k Q
MIDOUT MIDI_IN
MIDIN |« R XTAL3I
Midi In Midi Out -

Joystick Connector

Figure 13. CS9236 Wavetable Serial Port Interface

WSS CODEC SOFTWARE DESCRIPTION

The WSS Codec must be n Mode Change En-
able Mode (MCE=1) before any changes to the
Interface Configuraion regista (19) or the Sam-
ple Frequency (loer four bit§ in the Fs &
Playback Daa Forma registas (I18) are allowed.
The adud audo dda formats, which ae the up-
per four bits of I8 for playback and 128 for
capture, @n be changed by setting MCE (RO) or
PMCE/CMCE (116) high. The exceptions are
CEN and PEN which can be chaged "on-the-
fly" via progammed I/O writes All outstanding
DMA trarsfers mgt be completed before new
values of CEN or PEN are recognized.

Calibration

The WSS Cadec has four different cdibration
modes. The selected caibration occu's whenerer
the Mode Change Enable (MCE, RO) bit goes
form 1to O

The completion of cdibration can be determined
by polling the Auto-Calibrate In-Progress bit in
the Error Staus and Initialization registe (ACI,
[11). This bit will be high while the cibraton is
In progress and low once cmplded Trarsfers
endled during calbration will not begin until
the calibetion cyde has completed. Since the
part always opeates & 44.1 kHz internally, dl
cdibraton timesare based on 441 kHz sample
periods.

The Caibration pracedure s as follows:

1) Placethe WSS decin Mode Change
Enable using the MCE hit of the Index Ad-
dressregiste (RO).

2) Set the CAL1,0 hits in the Interface Configura-
tion register (19).

3) Return from Mode Change Ehable by reset-
ting the MCE bit of the Index Addres
register (RO).

4) Wait until 80h NOT returned
5) Wait until ACI (I11) clearedto proceal

NO CALIBRATION (CAL1,0 = 00)

This is the fastes mode since no calibration is

performed. This mode is uséul for games which

require the sample frequency bechanged
quickly. This mode is also useful when the codec
Is opaating full-dupex and @ ADC data format
changeis desired. This is the only calibration

mode that does not affect the DACs (i.e mute
the DACs). The No Cdibraion mode takes zero

sample peiods.
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CONVERTER CALIBRATION (CAL1,0 = 01)

This calibraion mode calbrates the ADCs ard
the DACs but does nat calbrate anyof the ama-
log mixing chanrels. This is the secand longed
cdibration mode, taking 321 sample peaiods at
44.1 kHz. Because the aralog mixer is not cali-
brated in this mode any sgnals fed through the
mixer will be unaffeded The calbration se-
guenee is asfollows

The DACs are nuted

The ADCs are cdibrated

The DACs are &ibrated

The DACs are tnmuted

DAC CALIBRATION (CAL1,0 = 10)

This calibraton mode only clearshe DACs
(playback) interpolaton filters leaving the ADC
unaffecied. This is the seoond fastest caibration
mode (no cd. is the fageg) taking 120 sample
periods at 44.1 kHz to complete. The calibration
sequene is asfollows

The DACs are nmuted

The DAC filters are cleared

The DACs are tnmuted

FULL CALIBRATION (CAL1, 0= 11)

This calibration node calibratesall offsets
ADCs, DACs, and aalog mixers Full cdibra-
tion will aubmaticaly be initiated on power up
or anytime the WSS Codec exits from a full
power down state This is the longest calbration
mode ard takes 450 sample periods at 44.1 KHz
to complete. The cdibration squernce s as fol-
lows:

All outputs are muéd (DACs and mixer)

The mixer is cdibrated

The ADCs are cdibrated

The DACs are cibrated

All outputs are unmuted

Changing Sampling Rate

The intemal sttes of the WSS Codec are syn-
chronized bythe slected sampling frequency
The sample frequeng/ canbe sd in ore of three
fashions The gandard WSS Codec method uses
the Fs & Phybadk Data Format regista (18) to
set the sample frequency The charnging of either
the dock souree or the clock frequencydivide
requires a special seuence for proper WSS
Codec operation:

1) Placethe WSS decin Mode Change En-
able using the MCE bit of the Index Addres
register (RO).

2) During a sngle write cyde, change the Clock
FrequencyDivide Séect (CFS) and/or
Clock 2 Base Sekct (C2SL) bits of the Fs&
Playbadk Data Formd registe (I18) to thede
sired vdue. (The data formatmay also be

changed.)

3) The WSSCode: resynchrotizes its internal
statesto the new fraquency During this time
the WSS dec will be unale to respord.
Writes to the WSS dec will not be recog-
nized ard reals will always retun the vdue
80 hex.

4) The hat now polls the WSS Calecs Index
Addres regster (RO untl the value 80 hex
is no longe returned. On dow pracessor sys-
tems, 80h may occur to fast; therebre, it
may never be seen by software.

5) Oncethe WSS dec is no longer reponding
to reads with a vdue of 80 hex normal qo-
eration an resume and the WSSCodec can
be removed from MCE.

A s=mond method of charging the sample fre-
guercy is to disable the sample frequencyhbits in
I8 (lower four bits) by sdting SRE in 122. When
this bit is set, OSM1 andOSMO in 110, along
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with the rest of the bits in 122, are sed to st the
sample frequency Orce enaled, thee hts can
be changad withou dang an MCE cycle.

The third mehod supports independen sample
frequencies (Fs) for @pture and payback. The
independent sample frequency mode is endled
by setting IFSEin X11. Once enaled, the otler
two mehods for sedting Fs (18, 110, and 122) are
disabled. The capure (ADC) Fs is st in X12
and the plyback (DAC) Fsis sd in X13.

Changing Audio Data Formats

In MODE 1, MCE mug be ued to slect the
auwlio daa format in 18. Snce MCE causes a
cdibration cycle, it is not ided for full-duplex
operaion. In MODE 2 and 3, individud Mode
Change Enalde hits for capture and playback are
provided in registe 116. MCE (R0O) must sti be
used to slect the sample frequeng, but PMCE
(playback and CMCE (capure) allow changing
the respecive daa formats without causng a
cdibration to ocaur. Seting PMCE (116) clears
the playbackFIFO and allowsthe upper four
bits of 18 to be changed. Seting CMCE (116)
cleass the captue FIFO and allows the upgr
four bits of 128 o be changed.

Audio Data Formats

In MODE 1 operdion, all data formats of the
WSS dec ae in "little endian™ forma. This
format ddines the byte ordeaing of a multibyte
word ashaving the leag signifi cart byte occupy-
ing the lowest memory adlress. Likevise, the
most significant byte of a little endan word oc-
cupies the highes memory adress

The smple frequercy is dways selected in the
Fs & Playback Data &rmat register (18). In
MODE 1 the same registe, 18, dgermines the
auwdio dat formatfor boh playback and cature
howeve, in MODE 2 and 3, 18 only selects the
playback dat format andthe capure data format
is independently selectabe in the Capure Data
Formd register (128).

The WSS dec dways ades the left channel
data bedre the iight channel.Note that these
definitions gply regardless of the spedfic for-
mat of the daa. For exanple, 8-hit linear dda
streams look exactly like 8-bt companded daa
streans. Alsq, the left sample always comes first
in the dak steamregardless of whether the sam-
ple is 16-bit or 8-bit in sze

There ae four data formats suppoted by the
WSS dec during MODE 1 operation: 16-ht
sigred (little erdian), 8-bit unsigned, 8-bit com-
panced p-Law, and 8-bit corpanded A-Law.
See Figures 14-17.

Additional data formats are supported in MODE
2 ard 3 4-bt ADPCM, and 16-bit sgned Hg
Endian SeeFigures 18 through 21. With the ad-
dition d the Big Endian aml ADPCM audo daa
formats, the WSS dec is compliant with the
IMA recommendations for dgital audio daa for-
mas (and sanple frequencies).

16-BIT SGNED

The 16-bit signed format (als caled 16-bt 2's
complement) is the sandard rethod of repre-
senting 16-bit digital audio. This format gwves
96 dB thearetical dynamic range and is the
standad for conpact dik audbp players. This
format usesthe vdue -32763 (80M®h) to repre-
sent maximum negaive aralog ampitude, O for
center scale, and 32767 (7FFFh) to rpresent
maxmum pogtive andog amplitude.

8-BIT UNSIGNED

The 8-bit unsigned format iscommonly used in
the persond computer industry. This format de-
livers a theoreticd dynamic ramge of 48dB. This
format usesthe vdue 0 (00h) to repreent maxi-
mum n@aive andog amplitude 128 for certer
scak, and255 (FFh) to represent maximum
positive analog anplitude The 16-kt signed and
8-bit unsigned transfer functions are shown in
Figure22.
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32-bit Word Time
/_/\'
sample 6 ‘ sample 5 ‘ sample 4 ‘ sample 3 ‘ sample 2 ‘ sample 1 ‘
| MONO | MONO | MONO |  MONO
31 2423 1615 8 7 0
Figure 14. 8-bit Mono, Unsigned Audio Data
32-bit Word Time
N '
sample 3 ‘ sample 3 ‘ sample 2 ‘ sample 2 ‘ sample 1 ‘ sample 1 ‘
| RIGHT | LEFT | RIGHT | LEFT
31 2423 1615 8 7 0
Figure 15. 8-bit Stereo, Unsigned Audio Data
32-bit Word Time
/J\
sample 6 sample 5 ‘ sample 4 ‘ sample 3 ‘ sample 2 ‘ sample 1 ‘
. MONO | MONO
31 24‘23 1615 8 | 7 0
Figure 16. 16-bit Mono, Signed Little Endian Audio Data
32-bit Word Time
N
sample 3 sample 3 ‘ sample 2 ‘ sample 2 ‘ sample 1 ‘ sample 1 ‘
| RIGHT | LEFT
31 24‘23 1615 8 | 7 0
Figure 17. 16-bit Stereo, Signed Little Endian Audio Data
82 DS213PP4
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32-bit Word Time
//_/\'
‘ sample 8 ‘ sample 7 ‘ sample 6 ‘ sample 5 ‘ sample 4 ‘ sample 3 ‘ sample 2 ‘ sample 1 ‘
MONO MONO | MONO | MONO | MONO | MONO | MONO | MONO
31 2827 2423 2019 1615 1211 8 7 4 3 0
Figure 18. 4-bit Mono, ADPCM Audio Data
32-bit Word Time
//_/\'
‘ sample 4 ‘ sample 4 ‘ sample 3 ‘ sample 3 ‘ sample 2 ‘ sample 2 ‘ sample 1 ‘ sample 1 ‘
RIGHT LEFT | RIGHT | LEFT | RIGHT | LEFT | RIGHT | LEFT |
31 2827 2423 2019 1615 1211 8 7 4 3 0
Figure 19. 4-bit Stereo, ADPCM Audio Data
32-bit Word Time
/—/\
sample 4 ‘ sample 4 sample 3 ‘ sample 3 ‘ sample 2 ‘ sample 2 ‘ sample 1 ‘ sample 1 ‘
| MONOLO | MONOH | MONOLO | MONOHI
23 1631 24 7 0 15 8
Figure 20. 16-bit Mono, Signed Big Endian Audio Data
32-bit Word Time
//_/\
sample 2 ‘ sample 2 sample 2 ‘ sample 2 ‘ sample 1 ‘ sample 1 ‘ sample 1 ‘ sample 1 ‘
| RIGHTLO | RIGHTHI | LEFTLO | LEFTHI
23 1631 247 0 15 8
Figure 21. 16-bit Stereo, Signed Big Endian Audio Data
DS213PP4 83
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8-BIT COMPANDED

The 8-bit companded formats (A-Law and p-
Law) come from theelephone irdudry. p-Law
is the standard for the United Sates/Japan while
A-Law is used in Europe. Comparded audio al-
lows either 64 dB or 72 dB of dynamic range
usng ony 8-bits per sample. This is accom-
plished usng a non-linear compading transfer
fundion which assgns more digital codes to
lower anplitude analog sgnals with the saaifice
of precison an highe ampliude sgnals The p-
Law and A-Law formats of the WSS Codec
conform to the CCITT G.711 spedfications Fig-
ure 23 illustrates the transfer functon for both
A- and p-Law. Please refer to thestandards men-
tioned alove for anexact definition.

ADPCM COMPRESS ON/DECOMPRESS ON

In MODE 2 and 3 the WSS dec dso ©n-
tains Adaptive Differental Pulse Code
Modulation (ADPCM) for improved perform-
ance andcompression ratios over p-Law or
A-Law. The ADPQM format is compliant with
the IMA standad and provides a 4to-1 cam-
presion ratio (i.e. 4 bits are swved for each
16-bit sample captured). For more information

+FS

ANALOG VALUE
o

-FS T T

8-bit o 65 128 191 255
unsigned:
216'”‘ -32768 -16384 0 16384 32767
's comp:
DIGITAL CODE

Figure 22. Linear Transfer Functions

on the gedfics of the format, cortad the IMA
at (410) 626-1380. Figures 18 ard 19 illustrate
the ADPCM dda flow.

The ADPQM format is unique with reged to
the FIFO deph ard the DMA Base register
value. The ADPCM format fill s the FIFOs com-
pletely (64 byteg; therefore the FIFOs hold 64
stereo amples and 128 mno samples When
samples are beng trarsferred using DMA, the
DMA requed days acive for four bytes similar
to the 16-ht stereodaa mode. In PIO mode the
Status register (R2) indicates which of the four
bytes is being transferred

When CEN is O (@pture disebled), the ADPCM
block’s accumulator and step siz are cleared.
When CEN is erabled, the ADPCM block will
start converting. Care should be taken to insure
that the "overrun" condition never cccus, other-
wise the data may nat be condructed propely
upon playback. If pawsing the capure sequerce
Is desired, the ADPCM Capture Freee bi (ACF,
123) should be %t. When this bit is set, the
ADPCM algorithm will cortinue © operate untl
a complete word (4 bytes) is written to the FIFO.
Then the ADPRCM'’s block accunmulator and step
size will be frozen. The softwae must ontinue

+FS

ANALOG VALUE
o

-FS T T

A-Law: 2Ah 15h 55h/D5h 95h AAh
u-Law: 00h 3Fh 7Fh/FFh BFh 80h
DIGITAL CODE

Figure 23. Companded Transfer Functions
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reading unil the FIFOis enpty, at whidh time
the requeds will sop. When ACF is cleared, the
ADPCM adapation will cortinue.

When PEN is cleared (playback disabled), the
ADPCM block’s acawmulaor ard dep sze are
cleaed When HFEN is set the ADPCM block
will start converting. When pausng the gaybadk
stream is desired, audio daa shoud not be sent
to the codec which will cawse a dat underun.
This can be acomplished by disbling the DMA
contraller or nd sending data in PIO node. The
underun will be detected byhe WSS Cadec
and the adaptation will freez. When dda is sent
to the cadeg adapttion will resume. It is critical
that al playback ADPCM samples aresent to the
codeg since dropped samples will cause errors
in adapation. Whereas togding PEN resets the
accumulator and step size the APAR bit (117)
only resets the accumulator without affecting the
step size.

DMA Registers

The DMA registersdlow easy integration of this
pat into ISA systems. Pealiarities of the ISA
DMA controller require an external count
mechanisn to notify the hos CPU of a full
DMA buffer via interrypt. The programmable
DMA Base registers provide this service.

The aa of writing a vaue to the Uppe Base
regster cases loth Base regsters o load the
Currert Cowunt register DMA transfers are en
abled bysetting the PEN/CEN bit while
PRAO/CRHO is clear (PAO/CHO can onlybe
changed while the MCE bit is set.) Oncetrans
fers are enalded, eah sample that is trandermred
by a DMA cycle will decement the Curent
Count regiser (with the exceptin of the
ADPCM format) untl zem is reached. The nex
sanple after zero generates an interrupt and re-
loadsthe Curent Count registers with the valies
in the Bae registers.

For al data formats except ADPCM, the DMA
Base registers must be loaded with the number
of samples, minus ore, to be transferred beween
"DMA Interrupts’. Stereo dda cantans twice as
mary samples asmono dat; however, 8-bit daa
and 16-bit daa @ntain the same numbe of sam-
ples Symbolically:

DMA Baseregisterig = Ns - 1

Where Ns is the number of samples trarsferred
between interruptand the "DMA Bas regis-
ter1e' congsts of the cnatenaton of the upper
ard lower DMA Baseregisters.

For the ADPCM data format, the contents of the
DMA Bas registers is calculated diferently
from any othe daa forma. The Base registas
mud be loaded with the number of BY TES to be
tranderred between "DMA interrupts’, divided
by four, minus ore. The sme egaion is usd
whether the data format is stereo or mono
ADPCM. Symbolically:

DMA Baseregisteris = Np/4 - 1

Where Np is the numbe of BYTES trarsferred
between interruptand the "DMA Bas regis-
ter1e' congsts of the cnatenaton of the upper
ard lower DMA Baseregisters.

PLAYBACK DMA REGISTERS

The playback DMA registers (114/15) are used
for sending playback data to th&®ACs in
MODE 2 and 3 In MODE 1, these registers
(124/15) areused fa both playback and capture;
thereore, full-duplex DMA operaion is nat pos-
sible.

When the playbadk Current Caunt regster rolls
unde, the Rayback Interrupt bit, PI, (124) is st
causng the INT bit (R2) to be set. The interrupt
Is cleaed by a wite of any value to the Status
register (R2), or writing a "0' to the Playback
Interrupt bit, PI (124).
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CAPTURE DMA REGISTERS

The Capture DMA Base registers (130/31) po-
vide asecord par of Bas regsters tha allow
full-duplex DMA operdion. With full-duplex qo-
eration capture and playback can occur
simultaneausly. Thes registers ae piovided in
MODE 2 ard 3 aly.

When the captue Current Count register rolls
under, the Capture Irterrypt bit, ClI, (124) is set
causng the INT bit (R2) to be &t. The interrupt
Is cleared by a write of any value to theStaus
register (R2), or writing a "0" to the Capture In-
terrupt bit, ClI (124).

Digital Loopback

Digital Loopbad is emabled via the LBE bit in
the Looplkadk Control register (113). This loop
back routes the digital data from the ADCs to
the DACs There ae two Metlods of control-
ling this loopback. The first metrod des nat
allow separate corirol over the atenuation level
of the It and right chamels. Chargesto the
attenuation kg of register 113 will simultane
oudy affect both the left and the right chamels.
The other mehod of controlling loopback, is to
set the SLBE bit in regster X10. This separdes
the dtenudion levels of the left and right chan-
nds. With SLBE enaled, the ateruation bits of
regster 113 only control the left chanrel, ard the
attenuation bits of regster X10 catral the right
channel.The LBE bit in regiger 113 dill en
ables, or disables digital loopback forboth
channels Loopbak is then simmed into the
digital mixer. The dgital loophack is illustrated
in Figure4. Since the WSS Mdec alows sdlec-
tion of different dah formats beiwveen cgture
and playback,if the capture chanhes set to
mono and the daybadk chanrel set to dereo, the
mono inpu (mic) dai will be mixed into boh
chanrels of the autput mixer.

If the sum of the digital mixer inputs is greder
than full scde, WSS dec will send the gppro-
priate full scale vdue to the DACs (clipping).

Timer Registers

The Timer rayisters are provided for synchroni-
zdion, watch dog and other functions whee a
high resoluion time reference is required. This
courter is 16 bits andthe exad time base, listed
in the register description, is determined by the
clock bese frequeng/ selected.

The Timer regster is set by loading the high and
low registers to the appropriate values and t-
ting the Timer Enalde bit, TE, in the Alternate
Featue Enable register (116). This value will be
loaded into an internal Current Coumntegister
and will deadementat appoximately a 10 psec
rate. When tre valie of the Curent Count regis-
ter reades zeo, an interrupt will be posted to
the hat and the Timer Interrupt bit, TI, is st in
the Alternate Feaure Status registe (124). On
the next timer dock the value of the Timer regis-
ters will be loaded into the internal Current
Court register ard the process will begin again.
The interrupt is clearel by any write to the
Status register (R2) a by writing a "0" to the
Time Interrupt bit, Tl, in the Alternate Festure
Status register (124).

WSS Codec I nterrupt

The INT bit of the Status register (R2) always
reflects the stdus of tte WSS @decs interna
interrupt date. A roll-over from any Curment
Coun register (DMA playbadk, DMA cgpture, or
Timer) sets the INT bit. This bit remains set until
cleaed by a writeof ANY value to St#us regis-
ter (R2), or by ckaring the apprapriate bit or bits
(PI, CI, TI) in the Alternae Feature Staus reyis-
ter (124).
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The Interrupt Enable (IEN) bit in the Pin Control
regiger (I110) deternmes whether the interupt
assigred to the WSS Codec respords to the in-
terrupt event. When the IEN bit is low, the
interrypt is masked and the IRQ pin asigned D
the WSS dec is hdd low. However, the INT
bit in the Staus register (R2 always regponds to
the cainter.

Error Conditions

Data overrun or urderrun cauld ocaur if data is
not supgied to or rea from the WSS Calecin
an appragoriate amout of time. The amouwnt of
time for such deta trarsfers depends on the fre-
queng/ selected within the WSS Calec

Shald an overrin candition oacur during dai
cepture, the last whole sample (before the over-
run candition) will be read by the DMA
interface. A sample will nat be overwritten while
the DMA interface isin the proess of transfer-
ring the sample.

Shaild an underrin condtion accur in a play-
back cage the last vaid sample will be output
(assuming DACZ = 0) tothe dgital mixer. This
will magk short duation erra condtions When
the next complete sanple arrives from the host
computer the data stream will resume on the
next sample clock

The overrun and urderrun eror bits in the Alter-
nate Feature Satus register, 124, are cleaed by
first cleaing the condition that caused the over-
run or urderrun erra, followed by writing the
particular bit to a zero. As an example, to dea
the playback urderun bt PU, first a sample
must be sent to the WSS Codec, andthen the RU
bit must be written b a zro.

DIGITAL HARDWARE DESCRIPTION

The best exampleof hardvare conection for the
different gctions of this part such as joygick
connector, ISA bus, and peripherd pat connec-
tions is the Reference Design Data Sheé¢. The

Reference Design Data $eet contains althe
schematics, layout plots and aBill of Materials
therdby providing a @mmplde exampk.

Bus I nterface

The ISA bus interface is cpalde of driving a
24mA dat bus load and therdore daes naot re-
quire any exemal dat bus buffering. See the
Reference Design Daita Sheet for a typical con-
necton diagram.

Volume Control Interface

Three hardware masta volume control pins ae
suppated: volume up, volume down, and mute.
Hardware volume control is endled by tting
the VCEN bit in the Hardwae Configuration
data, byte 7 (Mis. Corfig. Byte). One VCEN
is set, the SCSUP pinconvertsto the volume up
function and the XTAL 1/SINT/ACDCSDOWN
pin converts to the voume downfunction. The
volume control pins affect the master volume
control output after the andog output mixer. The
UP ard DOWN pins when low, incremert and
decement the master volume. Thesetwo pins
would use SFST momentary switches The
MUTE pin supparts three options. push-onfpush-
off, momentary (similar to the up/down
functons), ard nonexistent where pressng up
and down smultaneoudy mutes the output vol-
ume. As shown in Hgure 24, the three pins
require external pullups ard ae acive low. The
circuit also contains an optona RC for EMI and
ESD pratedion.

The volume cottrol rangeis +12 to -36dB in
2 dB deps. Presing the up button, incremens
the volume. Presing the down button, decre
ments the volume. Holding either of these
buttonsin the low state causes the volume toto
continue changng.

The mute function is supported usng three for-
mats. These formats are selected using the VCF1
and VCFO bits in the Hadware Configuration
data, Globd Config. byte.
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VDF
g 10kQ élom 10kQ
100Q 100Q

DOWN Down

100 Q
MUTE ®—0 | Mute

100pF _|  100pF _L_ 100 pF
T 1 & 0| GND

Figure 24. Volume Control Circuit

In the first forma, where VCF10 = 00, the mute
function is a toggeé or push-or/push-off style.
When the MUTE pin is low, the master out vol-
ume is muted Presing the yp or down buttons
have o effect while the mug switch is on.

In the secand format, where VCF1,0 = 01, the
mute function is a momenéary switch (Imilar
up and down). When MUTE goeslow the mas-
ter out volune nutes if it was unimuted and
viseversa the mute button atemates béween
mute and un-mute). If the master volume is
muted andup or downis presed, the voume
auomaticdly un-mutes.

In the third format, where VCF1,0 = 10, the
MUTE pin is not used. This is a twobutton for-
mat where pressing Yo ard downsimultaneowsy
mutes the mester volume. If the mager volume
is muted ard up or dowvn is individually presed,
the vdume automatically un-mutes

The three formats listed above as ill ustrated in
Figure 25.

A fourth format for mute exists, where
VCF1,0 = 11, which is backwards compatible
with the CS123. This mode is smilar to the
two buton mode, except the MUTE pin is used
as the p function and the UP pin is nat used

Crystal / Clock

Two pins have keenallocaed to dlow the inter-
facing of a crystal oscillator: XTALI and
XTAL O. The cryda shoud be designad asfun-
darental node, parallel resnant, with a lcad
cgoecitor of betveen10 and 2 pF The @peci-
tors comeded to eah of the ciystal pins shoud
be twice theload cgpadtance specified to the
crystal manufecturer.

An external CMOS dock may be connected to
the crydal input XTALI in lieu of the aystal.
When using an external CMOS clock, the
XTAL O pin mug be ldt floating with no trace
or external connection d any kind.

General Purpose Output Pins

Two general purpose oufputs are provided D en-
able control of extemal circuitry (i.e. mute
function). XCTL1 and XCTLO in the WSS
Codec register 110 ae output direcly to the ap-
propriate pin whenendled.

Pin XCTLO/XA2 becames an outputfor XCTLO
whenever the resource dda for the CDROM or
Synthesizer spedfies a logica device addess

1 1 1
1 1 1
Down | O—4—O Down | O—4—O Down | O—4—0
Mute | 0+——o0 Mute m—oj‘ Mute | o
GND | O GND | O GND | O
VCF1,0=00 VCF1,0 =01 VCF1,0=10

Figure 25. Volume Control Formats
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range that is four bytes If the addess range is
spedfied to be eight bytes then XA2 becomes
an output for SA2 fram the ISA bus.

Pin XCTL1/SINT/ACDCSDOWN is initially
controlled by the VCEN hit in the Hardware
Configuration dat. If VCEN is zerq this pin be-
comes anoutput for XCTL1 when the state of
the XIOW pin is sampled high during a high to
low transtion of the RESDRV pin. This pin dso
becomesan output for ACDCS if ACDbase is
progammed to a no-zewo vdue. If XIOW is
sampled low and ACDbas is never progamned
to a nm-zeo vdue, SINT becanes an inpu for
the external Synthesizer interrupt. XIOW has an
internal pullupresistor. ACDCS tkes prece
dence over the other two functions. The first
time ACDbas is programmed to a non-zero
value, the pn convertsto ACDCS. The only way
to corvert back to XTAL1 or SINT is to reset
the pat. VCEN hasthe highest precederce aml
will cause this pin to covert to the DOWN
function whenever VCEN s st.

Reset and Power Down

A RESDRY pin places the pat into maximum
power corservation moce. When RESDRV goes
high, the PrP registers arerest - dl logicd de-
vicesare dsabled, all analog outputs are nuted,
and the voltage reference then dowly decays ©
ground When RESDRV is brought low, an in-
itialization proedue begns which causes a full
cdibration cycle to ocar. When initialization is
completed, the registers will cortain ther resd
value ard the part will be isolated from the bus.
RESDRYV s required whenever the part is pow-
ered up. The intializaion time varies based on
whether an EPROM s pregnt or notand the
size of the daa in theE’PROM. After RESDRV
goes low, the C34236 shoud nat be writen to
for approximately one aml one half secand to
guarantee that theat is read/ to respond to
commands The exact timing is specified in the
Timing Section in the frort of this daa $ed.

Software low-powea sates are available trough
bits in the Corrol logical device regster gace
This part supports the same power down bits
contained in the CS432 however, new power
down modes are provded in CTRLbaset+2 that
allow for a nore efficiet power managemnent
routine. This regider allows individual blocks
within the part to be poweed down. See the
CONTROL INTERFACE settion for more infor-
m&tion.

Multiplexed Pin Configuration

On the hgh to low transtion of the RESDRV
pin, the pat samples the gate o the XIOR and
XIOW pins. Both of these pins have internal
100kQ pullups to +5V. If dther of these pins is
puled low externally, they must be hiffered be-
fore canecting toa TTL input (asin a CDROM
port) snce TTL cannot bepuled low.

The stae d XIOR at the time RESDRV is

brought low deternines the function of the
CDROM interface pins If XIOR is sampled

high, then CDCS, CDACK, CDINT, CDRQ are
used to input SA12, SA13, SA14 SA15respec

tively. If XIOR is sampled low (external

pulldown) then CDCS CDACK, CDINT, CDRQ
becone the sancard CDROM interface pins.

Since mary CDROM drives do not use DMA,

the CDRQ andCDACK pins are furthe multi-

plexed with MCS and MINT respectvely. MCS

is the Mademchip select tha respondsto COM-
base addresss, and MINT is the modem

interrupt input. These two pins comprie logica

device 5. The first time COMbase is pro-

grammed to non-zero (assuming XIOR was

sanpled low), CDACK/MCS ard CDRQMINT

switch to MCS and MINT respedively. Once
this switch occurs the only way to revert to the

CDROM DMA pins is to rest the partor re-

move powe.

The XCTL1/SINT/ACDCSDOWN pn state is
first deermined by VCEN. If VCEN is sé this
pin is forced to the DOWN volume cantral pin.
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If VCEN is zeo, then if ACDbas is eve pro-
grammed to a non-zeo vaue, this pin converts
to the ACDCS pn and keers this function until
the part is reseg (or VCEN is seé to one). If
ACDbas is never programmed non-zero, then
the sta¢ of XIOW at the time RESDRV is
brought low determines whether the pin is
XCTL1 or SINT. If XIOW is sampled low (ex-
ternal pulldown) then XCTL1/SINT/
ACDCSDOWN functions as an inpu for the
synthesze interrupt If XIOW is sampled high
(pin left unconnected) then XCT1/SINT/
ACDCSDOWN beomes an atput for XCTL1.

This part contains another multiplexed pin,
SCSMUP. This pin providesthe FM g/ntheszer
chip select or the hardware wlume contral "vol-
ume up" feature. Since an internal FM
syntheszer exists, this pin would nomally be
used for the volume control feature. Setting
VCEN forces this pin to theUP wolume contral
function. When VCEN is clear, this pin is the
SCS ¢tip select function.

ANALOG HARDWARE DESCRIPTION

The analog hardware comsist of an MPC
Level 2-compatible mixer (four stereo mix
sources), three line-level stereo inputs, a sereo
microphane npu, a Nobno input, a monooutput,
and a dereo line aitput. This secion degribes
the aralog hardware needed to interface with
thee pns

Line-Level Inputs Plus MPC Mixer

The andog inputs corsist of four stereo amalog
inputs, ard ore monoinpu. As shown in Fig-
ure 4, theinput to the ADCs comes from the
Input Mixer that selects any conmbination of the
following: LINE, AUX1, AUX2, MIC, the DAC
output, and the output from the andog output
mixer. Unused amalog inputs should becon
nected togetherand then connected tlough a
cgoadtor to analog gound.

The analog input interface is designed to accom-
modate four dereo npus and ore nono input
Four of these sorces ae mxed to the ADC.
These inputs are: a stereo line-level input
(LINE), a stereo microphore input (MIC), a ge-
reo CD-ROM input (AUX2), and a steeo
auxiliary line-level inpu (AUX1). The LNE
and AUX1 inpus hae two pats to the Input
Mixer. One p#h is dired with no volme con-
trol. The othe pah goes through an inverting
anplifier, which enales volume contol. Care
shoud be taken to select only one of these dual
paths beause the inverting path will cancd the
signal of the non-inverting path at tHepu
Mixer. The LINE, MIC, AUX1, and AUX2 in-
puts have pahs after ther volume controls, to
the ouput mixer. The ouput mixer has the addi-
tional inpu of a mono inpu chanrel. All audo
inputs should be capacitively cowpled.

To obtain Saund Blaster mixer conpatibili ty, the
mapping of extemal devices © aralog inputs is
important. An external FM o Wavetable g/nthe-
sizer analog output must be connectedto the
LINE inpu. The internal FM’s volume cortrol,
when aenabled, maps to the LINE aralog mixer
registers. The CODROM aralog outputs must be
conrected to the AUX2 inputs, ard the exerral
Line Inputs must becomeded to the AUX1 ana-
log inpus.

Since same andog inpus canbe as brge as
2 VRMSs, the circuit shown in Figure 26 can be
usedto attenuate the amalog input to 1 VRMS
which is the maximum voltage allowed for the
line-level inpus.

6.8 kQ

H

Figure 26. Line I nputs
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The AUX2 line-level inputs have an extra pan,
CMAUX2, which provdes a psedo-dfferentid
inpu for bath LAUX2 ard RAUX2. This pin
takes tle canmon-mode roise ait of the AUX2
inpus when connected to the ground coming
from the AUX2 aralog source Connecting the
AUX2 pins asshownin Figure 27 prowdes extra
noise attenuaion comng from the CDROM
drive, theréby producing a higher quality sgnal.
Since the beter the resisiors match, the ketter the
commornmode dtenudion, one pecert resstors
are recanmerded If CMAUX2 is not used, it
shoud be conrecied through an AC capto am-
log graund

| RAUX2
CMAUX2

O @

O 3.4kQ 1.0JuF || |

ol ® ’ N

O | LAUX2

—_

Figure 27. Differential CDROM In

Microphone Level Inputs

The miaophone level inpus, LMIC ard RMIC,
include a ®lectable -225 dB to +225 dB gan
stage for interfacing to an external microphane.
An adlitional 20 dB gan block is available in
the path to the output mixer. The 20 dB gain
block can be switched off to provide andher ge-
reo linedevel input. Figure28 illustrates a
single-ended micrgohone npu buffer circuit tha
will suppat lower gan mics If a nono micro-
phone isall thatis desred, the RMIC input
shoud be ®nrecied b the ouput of the moro
op amp, used for LMIC, through its own AC
coupling capecitor. The circuit in Figure 28 sup-
ports dynamic mics and phantom-poweral mics
that u® the right chamel of the jack for power.

47 kQ

VREF

7K@ = T 14F
MC33078 or
0.1 uF MC33178

] }—ﬁ«»ﬁjg}i» LMIC

4.7 kQ
»— > RMIC

2.7nF
NPO
600 Q

@ 10 pF

Figure 28. Left or Mono Microphone I nput

Mono I nput

The mono input, MIN, is useful for mixing the
output of the "beger" (timer chp), provided in
al PCs, with the res$ of the audio dgnds. The
attenuaion control allows 16 levels in -3dB
sters. In addition, a mute control is provided.
The atenudor is a single dhamel block with the
resulting sgnal sent to theoutput mixer where it
is mixed with the left and right outputsFig-
ure 29 illudrates a typical inpu circuit for the
Mono In. If MIN is driven from a CMOS gate,
the 47kQ shoud be ied to AGND insteal of
VA+. Althoudh this input is described for a low-
quality beepe, the input is of the same
high-qudity asall other amalog inputs and may
be used for other purposes. At power-up, the
MIN line is connected direcly to the MOUT pin
(with 9 dB of atenuation) allowing the initial
beers, head when the conputer is initializing, to
passthrough

+5VA (Low Noise) or
AGND - if CMOS Source

4.7kQ
1 47kQ
| } MIN

Figure 29. Mono Input
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Line Level Outputs

The aralog output section provides a stereo line-
level output. The other output types (heedphore
and eaker) @n be implemened with externd
circuitry. LOUT and RQUT oufputs shoud be
cgoacitively couped to external circuitry. Both
LOUT and ROUT need1000pF NPO capacitors
betweea the pin ard AGND.

Mono Output with Mute Control

The monooutput, MOUT, is a aum of the left
and right output chamels, attenuaed by 6dB to
prevent clipping atfull scak. The nono out
chanrel can be usd to drive the PC-internal
mono spe&ker using an appragoriate drive drcuit.
This approach allows the tradtiond PC-unds
to be ntegrated with the rest of the audio sys-
tem. Figure 30illugtrates a typical spedker driver
circuit. The mue contra is independent of the
line aitputs allowing the nono chanrel to mute
the gedker without muting the line autputs. The
power-up default has MIN conrecied to MOUT
providing a pas-through for the beepsheard a
power-up.
+5V

T Ferrite Bead
- 1 ]
0.1 },lF /\N\/—u
10 kQ 6 . 16kQ
MOUT g - 2 O
0.22 uF g ©
PR s | ol e —o
— < °
RESDRV[ > | MC34119
or LM4861

Figure 30. Mono Output

Miscellaneous Analog Signals

The LFILT andRFILT pins mug hawe a 1000 pF
NPO cagagator to analog giound Thes cgpad-
tors, along with an irtema resista, provide a
single-pole low-pass filter used & the inpus to

the ADCs. By placing the< filters at theinput to
the ADCs, low-pas filters at each andog input
pin are awided.

The REFFLT pin is used tolower the nose of
the interna voltage reference. A 1uF (must ot
be greaer than 1uF) and 0.1uF cgadtor to ana-
log ground should be conrected with a short
wide trace to this pin. No other connection
shoud be made, as any cougding ono this pin
will degrade theanalog perdrmance of the
codec. Likewise, digital signds shoud be kept
away from REFFLT for similar reasons.

The VREF pinis typicaly 2.2 V ard provdes a
common mode sgnd for single-supply exterral
circuits. VREF only supports light DC loadsand
shoud be buffered if AC loading is needel. For
typical use, a 01 pF in parallel with a 10 pF ca-
pacitor shoud be caonected to VRE-

GROUNDING AND LAYOUT

Figure31l is a suggeded layout for motterbaard
designs and Figure 32 isa suggested layout for
add-inn cads For optimum noise perfarmance,
the device $i.odd be bcaed acioss a $lit ana-
log/digital ground plare. The dgital ground
plane dioud extend across the ISA bus pins as
well as the internal digital interface pins.
DGNDL1 is grond far the dat bus and shold
be electicdly conreced to the digital ground
plane which will minimize the effeds of the bus

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222
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interface due to transient currents during bus
switching. SGND1-4 awre the subdrate grounds
and $ould al® be comeded to the digital
ground plane © minimize caipling into the ara-
log secion. Figure 33 shows the recommended
positioning of the demuging cgadtors. The &
pacitors must be on the same layer as and close
to, the pat. The vias shown go thraigh to the
ground ard power plane layers. Vias powea sup-
ply traces and REFFLT tracesshoud be aslarge
asposside to minimize he impedance

POWER SUPPLIES

The power wupply providirg andog power
shoud be as cleanas possibde to minimize cou-
pling into the analog =dion and degradng
amalog paformanc.

The VD1 is isolated from therest of the powver
supply pinsand povide digital power for the
asynchronous pardlel ISA bus (except for
DRQA). The VD1 pin can be comeded directly

to the system duital powea supdy. VD1 can also
be conrected to a 3.3V supply providing a 33V
ISA interface When connected to a 3.3V supply,
al ISA bus input pins (SA150, SD7-Q DACKS,
etc.) must be at 33V leves (not 5V), with the
exception of the DRQA pin. DRQA is internally
comeded to the VDF supplies andremains a
5 VoIt pin evenwhen the ISA bus is un at
3.3 Volts. When the ISA bus is powered from
3.3 Volts, DRQA canbe beused through aleve
transldor, or DRQA canremainused.If DRQA
is not used, all references to this pin shoud be
removed in the PrP Resource data. Even though
the ISAbusis at 3.3V, the peripherd portis still
at a 5/ potentia including XD7-0 andall chip
selectand addess gns

VDF1 through VDF4 provide power to interna

digital sections of the codec ard shoud be qui-
eter than VD1. This canbe ahieved by usng a

1]

Digital
Ground

Digital Ground Noise

Analog
Ground

000000000000000 |
000000000000000]

Power
Connector

Figure 31. Suggested Motherboard L ayout

DS213PP4

Downloaded from Elcodis.com electronic components distributor

93


http://elcodis.com/parts/6109636/cs4237b.html

i

CS4237B

——== CIRRUS LOGIC"
Speaker Out CD-ROM
\ | [ | )
Speaker In
‘s {9714 Analog G round
" J7 0 7 ary77 4
Crystal
Part
-
ARt :
Digital Grou nd
| TUDUCOOMUOOOCY OO
Figure 32. Suggested Add-In Card Layout
1pF
9 oD PIN 79
ol L PIN 51
PIN1 L
XD7 '
\l Joooooooooooooo
| ]
— — PIN 71
— — TEST
— [
1 A/
] ]
— [
— [
— [
g ApF
] ]
PIN 17 — —
VDF1 — —
— [
O © = vias through to ™
0 power/ground plane -
ApF —
— [
1 —
PIN 18 [ .
SGND1 | [
—
—
—
VoI 00 [onp:
ApF
Figure 33. Recommended Decoupling Capacitor Positions
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ferrite bea to the VD1 supgdy as shown in the
Reference Design Data Shed. Thes @ns must
be comededto a5V supply.

VA provides power to the sendtive analog sec-
tions of the chip and should have a clean,
regulated supgy to minimize powea supply cou-
pled roise in the aralog inputs and autputs

ADC/DAC FILTER RESPONSE PLOTS

Figures 34 thraugh 39 show the overall fre-
queng/ responge, pasdand ripple, and trarsition
band for the ADCsard DACs Figure 40 shows
the DACS devation from linear phase Snce tre
fil ter respone <des based on sample frequeng
sdeded dl frequency response plots x-axis are

10

. . -10
shown from O to1, where 1 isequivalent to Fs 20 \
Therdore, for any given sample frequengy, mul- =0 \
tiply the x-axis values by the smple frequency g . \\
sdededto get the actua frequency. % o
% -60
= -70
-80
9% [VRTAY /\/\ A
IRARAEAY
0.0 01 02 03 04 05 06 07 08 09 1.0
Input Frequency ( x Fs)
Figure 34. ADC Filter Response
0.2 0
0.1 A\ -10 \
0.0 /’//\ /-\ \ -20
01V / / e -30 \\
g 02 \ S 40 \
[}
3 03 \ 3 0 \
S 04 % -60
g \ g
-0.5 \ -70
-06 -80
\ LA A
\ WA
0.00 005 010 015 020 025 030 0.35 040 045 050 0.40 0.45 0.50 055 0.60 0.65 0.70
Input Frequency ( x Fs) Input Frequency ( x Fs)
Figure 35. ADC Passhand Ripple Figure 36. ADC Transition Band
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CIRRUS LOGIC C542378
PIN DESCRIPTIONS
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Smc»c»mc»mmc»c»c»oooooooooo OO0 WWMNSNMNIMNSIDN
XD7/SDATA=] 1 (O 75 = LAUX1
XD6/LRCLK ™ 2 74 = RAUX1
XD5/MCLK —| 3 . 73 = LouT
XD4/FSYNC —! 4 72 = ROUT
XD3/SDOUT =1 5 71 = TEST
XD2/SDIN—| 6 70 = JAB1
XD1SCLK ] 7 =.' 69 = JBB1*/FSYNC
SDA/XDO™ 8 68 — JACX
SCS/UP— 9 ( ’ 67 = JBCX*/SDOUT
XIOR ™ 10 I. gg — SGND2
XIOW — 11 - — VDF2
XCTLO*/XA2 = 12 — O m . 64 = JBCY*/SDIN
XA1—] 13 QO © .h 63 — JACY
SCL/XA0—! 14 T "U N \' 62 = JBB2*/SCLK
BRESET— 15 T = 61 — JAB2
XCTL1*SINT/ACDCS/DOWN — 16 Z w . 60 — MIDOUT
VDF1— 17 59 — MIDIN
SGND1—] 18 \] .| 58 = DACKA (DACKO*)
(INT15% IRQF— 19 . 57 — DACKC (DACK3*)
(INT12%) IRQE =] 20 o . 56 — DACKB (DACK1Y)
(INT11*) IRQD =5 21 55 — DRQA (DRQO*)
(INT9%) IRQC — 22 . 54 — VDF4
(INT7*) IRQB—] 23 . 53 = SGND4
(INT5%) IRQA 24 (TOP VIEW) 52 — DRQC (DRQ3%
SA0O—] 25 51 = DRQB (DRQ1%)
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* Defaults - Seei ndividual pin des criptions for more de tai Is
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| SA Bus Interface Pins

SA<11:0> - System Address Bus, Inputs
These sgnals are deoded duing /O cycles to determine acess to the various functional
blocks within the pat as ddined by the coriguration dda written during a Plugand Ply
configuraion sequence

SA<15:12> - Upper System Address Bus, Inputs
These sigrals ae multi-fundion ping shared with the CDROM armd modem interface that
default to the upper addrasbits SA12 through SAS5. Thes pinsare genedly used for
motherboard desgns that want to eliminate addess demde aliasing. Usng these pins as upper
address bits forcesthe pat to only acep vaid address demdes when A12-A15 = 0. If these
pins are ot used for address decodes (or for MROM supprt), they shalld be tedto SGND.

SD<7:0> - System Data Bus, Bi-directional, 24mA drive
Thes signds are used to transfer data to and from the pat ard asociated peaipheral devices.
Reads from peripheal devices can be disabled (the pat does not drive the SD<70> pins) by
setting the SDD bit in the Hadware Configuraion daa. Reads from peipheral devices are
automadicdly disabled whenever the XD pins ae usel as seid port pins (SPS/SPEroNTEN
sd to one).

AEN - Address Enable, Input
This signd indicaeswheter the curent bus cycleis anl/O cycle ora DMA cycle. This signd
is low during an 1/0O cycle ard high during a DMA cycle.

IOR - Read Command Strobe, I nput

This adive low signd defines aread cyde to the pat. The cycle may be a register read or a
read from the pat's DMA registers.

IOW - Write Command Strobe, Input

This adive low signd indicates awrite cyde o the pat. The cycle may be a wite to a catrol
register or a DMA register.

IOCHRDY - I/O Channel Ready, Open Drain Output, 8mA drive
This dgnal is driven low by the part during ISA bus cycles in which the pat is naot alde to
respond within a minimum cycle time. IOCHRDY is forced lov to exterd the curent bus
cycle. The buscycle is extended wtil IOCHRDY is brought high.

DRQ<A,B,C> - DMA Requests, Outputs, 24mA drive

Thes acive high ouputs ae gemrated whenthe part is requeding a DMA transfer. This
signal remairs high until all the bytes have bee transferred as defined by the airrent transfer
data type. The DRQ<AB,C> outputs mug be conrecied to 8-bit DMA channd request sgnals
only. The defaults an the ISA bus are DRQA = DRQO, DRQB = DRQ1, and DRQC = DRQ3.
The defaults can be changed by modifying the Hardwae Resource data. Note that DRQA is a
5 Volt-only pin. Whenthe ISA bus is run & 3.3 Volts, DRQA caneither ke used with the proper
level trardatar, or DRQA can beleft uncnrecied and ot used.
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DACK<A,B,C> - DMA Acknowledge, Inputs
The assrtion of theseactive low signals indicatehat the curent DMA reques is being
adknowledged and the partwill respond by either lathing the daa preernt on thedaa bus
(write) or putting daa on the bus (red). The DACK<A,B,C> inputs mug be connected to 8-bit
DMA chanrel acknowledge lines only. The defaults on the ISA bus are DACKA = DACKO,
DACKB = DACK1, and DACKC = DACK3. The ddaults can be changed by nodifying the
Hardwvare Resource dda.

IRQ <A:F>- Host Interrupt Pins, Outputs, 24mA drive
These signals are used to notify the host of events which needservicing. They are connected to
specifc interupt lineson the BA bus. The RQ<A:F> are indvidudly enabed as per
configuraion data tha is gererated during aPlug andPlay corfiguration sgquence. The defaults
on the ISA bus ae IRQA = INT5, IRQB = INT7, IRQC = INT9, IRQD = INT11,
IRQE = INT12, IRQF = INT15. The defaults can be changed by modiying the Hardwae
Configuration dat loadeal from the EPROM.

Analog Inputs

LLINE - Left Line Input
Nomindly 1 VrRms max aralog inpu for the Left LINE chamel, centered around VREF. A
programmabé gan block provides volume catrol and is locaed n either 118 or X0 baed on
how g/nthess is mapped. LLINE is typically used for Left Channel Synthess (FM or
Wavetable).

RLINE - Right Line Input
Nominadly 1 VRms max analog input for the Right LINE chanrel, centered around VREF. A
programmabé gan block provides volume cantrol and is locaed n either 119 or X1 baed on
how synthesis is mapped. RLINE is typically used for Right Chanrel Synthess (FM or
Wavetable).

LMIC - Left Mic Input
Microphone input for the Left MIC chamel, certered aound VREF. A progammeble gain
block providesvolume cortrol and is located in X2. In MODE 3, the output mixer has an extra
selectable 20 B of gain cortrolled by the LMBST bit.

RMIC - Right Mic Input
Microphone input for the Right MIC chanrel, centered aound VREF. A progammeble gain
block providesvolume cortrol and is located in X3. In MODE 3, the output mixer has an exta
selectable 20 B of gain cortrolled by the RMBST bhit.

LAUX1 - Left Auxiliary #1 Input
Nominadly 1 VrRMms max analog input for the Left AUX1 chanrel, centeredarond VREF. A
programmabé gain block providesvolume contral and is located in 12. Typically used for an
external Left line-level input.
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RAUX1 - Right Auxiliary #1 Input
Nomindly 1 VRms max andog inpu for the Right AUX1 channd, centeredaraund VREF. A
programmabé gain block providesvolume control and is located in 13. Typically used for an
external Right line-levd input

LAUX2 - Left Auxiliary #2 Input
Nominadly 1 VrRMms max analog input for the Left AUX2 chanrel, centeredaround VREF. A
programmabé gain block provides volume cortrol andis located in 14. Typically used for the
Left chamel CDROM inpu.

RAUX2 - Right Auxiliary #2 Input
Nominally 1 VRMms max amalog input for the Right AUX2 chanrel, centered aourd VREF. A
programmabé gain block provides volume cortrol andis located in 15. Typicaly used for the
Right channd CDROM input.

CMAUX2 - Common Mode Auxiliary #2 Input
Common mode ground input for the LAUX2 and RAUX2 inputs. Typicaly comeded to the
CDROM ground inpu to proMde common-mod naise repcion. The impedance on this pin
shoud be ore hdf the impalarce an the LAUX2 and RAUX2 inputs.

MIN - Mono Input
Nominally 1 VRmMs max analog input, centered around VRE-, that goesthrough a
programmabé gain stage(126) into bath channds of the output mixer. This is a general purpose
mono analog input that is normally used to mix the typical "begper” sgnd on mog compuers
into the audio system.

Analog Outputs

LOUT - Left Line Level Output
Anaog output from the mixer for the left chamnel. Nominaly 1 VrRms max centered around
VREF. This pin neals a 100 p- NPO capcitor atached ard tied to aralog ground.

ROUT - Right Line Level Output
Analog output from the mixer for the Right chanrel. Nomindly 1 VrRms maxcertered arourd
VREF. This pin neals a 100 p- NPO capcitor atached ard tied to aralog ground.

MOUT - Mono Output
MOUT is nominaly 1 VRms max analog output certerad aound VREF. This oufput is a
summed andog output from boh the left and right output chamels of the mixer. MOUT
typicaly is connectedto a speker driver that drivesthe internd spegker in mod computers In
MODE2, MOM in 126 mukes bath channds going into MOUT. In MODE 3, MOM in 126
mutes the left chamel andMOMR in X5 mutes the right chaand.
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MIDI Interface

MIDOUT - MIDI Out Transmit Data, Output, 4mA drive
This output isused to nd MIDI data srially out to a external MID deviee. Namally
connected to pin 12 d thejoystick comedor for use with breakout boxes.

MIDIN - MIDI In Receive Data, | nput
This input is used toreceive serial MIDI daa from an external MIDI device. This pin sould

have a 47 kQ pulup atached aml is normally comededto pin 15 of the joygick comedor for
use with brealout boxes

External FM Synthesizer Interface

SCS - Synthesizer Chip Select, Output, 4 mA drive
By ddault, SCSUP is an ative low ouput forced low when a vald addres decode to an
external FM g/ntheszer, as ddiined in the Plugand Play corfiguration regsters has occured.
When the internal FM synthesizer is emabled, this pin is no longe used & an FM synthesze
chip sdlect. This pin can be used for a hardware volume p pin by setting VCEN in the
Hardware nfigurdion daa.

SINT - Synthesizer Interrupt, Input

This pin, XCTL1/SINT/ACDCSDOWN, defaults to the XCTL1 output which is controlled by
the XCTL1 bit in the WSS reister 110. If VCEN in the Hardwae Corfiguration dda is st, this
pin canvets to the DOWN vdume cortrol function. If VCEN is zeo, and ACDbase is newr
programmed ® a ron-zero value, this pin canbe changed to SINT input by canecting a 10 K
resistor betwveenthe XIOW pin ard SGND. Te pdarity of SINT can be prgrammed though
CTRLbase+1 register, the ISH bit, or the Hardware Configuraion dat. SINT defaults to an
adive low input that shoud be driven bythe exernal FM g/nthesizer interrupt ouput pin. This
pin can alo be configured at a #cand CDROM Chip Sdect, ACDCS, to suppart the alternate
IDE CDROM decode. (See the CDROM sestion for moreinformation.) The pin is switched to
the CDROM dternate (higz) select whenVCEN is zeo ard the base addess is first programmed
to nonzerothrough the ESPROM data or PnPcommands.

External Peripheral Port

XD<7:1> - External Data Bus bits 7 through 1, Bi-directional, 4mA drive

Thes pins are used to transfer data beween the ISA bus and extemal devices such as the
modan and CDROM. Thes gdns are dso multiplexed with two serial ports. A DSPserial port
can be conrected through the XD4-XD1 pins This interface is multiplexed onto these externd
data bus pirs OR the 2nd Joystick pins b&ed on the SPS (Seal Port Swich) bit. The ssaond
serial port connects to the CS@36 Single-Chip Wavetable Music Syrthesizer and uses pins
XD7-XD5. This ®rial port is enabled via the WTEN bit. Both SPSand WTEN are located in
either C8 in the Control logicd device, or the Glbbd Configuraion byte in the EPROM
Hardware nfigurdion daa.
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SDA/XDO - External Data Bus bit /E2PROM Data Pin, Bi-directional, Open Drain,4mA sink
This open-drain pin must hawe anexternal pullup (33 kQ) and is used to trarsfer data between
the ISA bus bit 0, SDO, and externd devices such & a modem or OROM. SDA/XDO is aso
used in conjundion with SCL/XAO to accessan externa seial EPROM. When an E°PROM is
used, the SDA/XDO pin shoud be conreced to the dda pin of the E’PROM device and
providesa btdirectiond data port The EPROM is usd b st the Plg and Phy resource daia.

XCTLO/XA2 - XCTLO or External Address SA2, Output, 4mA drive
This pin either outputsiSA bus address SA2 or XCTLO deperding on thke Hadware
Configuration daa. The default is XCTLO which is controlled by the XCTLO bit in the WSS
regster 110 This pin changesto adires bit XA2 if the Hardware Configuraion daa indcates
that the peripheral port requires morethan four 1/0 addresses.

XAL1 - External Address, Output, 4mA drive
This pin ouputs ISA busaddres SAL.

XAOQ/SCL - External Address, Output/Serial Clock, Output, 4mA drive
This pin ouputs the ISA bus addes SAO0. When EPROM aces is enaled, via EEN in
CTRLbaset+1, then SA is used & a clock output to the EPROM.

BRESET - Buffered Reset, Output, 4mA drive
This acive low signd goes low whenever the RESDRVY pin goes high. This pin is also software
controllable through the BRES bit in register C8 inthe Cantral Logica Device space. BRES
provides a saftware power down and reset control over devices comeded to the Ciystal Codec
such asthe CS9236 Sirgle-Chip Wavetable Musc Syrthesizer

XIOR - External Read Strobe, Output, 4mA drive (SA12-SA15/CDROM selection)
This active low sgnal goes low whenever (SCS, CDCS, or MCS) ard IOR goes low. When
RESDRV goes low, this pin aso selects either the CDROM/Modem part or SA12 - SA15 and
contains an irternal pulup of appoximately 100 kQ. When XIOR is left high (defaut), pins
91-94 are SA15-SA12 respecively. To enade the CDROM ard Modem potts, an externa 10kQ
resisto must be ted betweenthis pin and SGND.

XI0OW - External Write Strobe, Output, 4mA drive (XCTLLSINT/ACDCSDOWN selection)
This adive low sgnd goes low whenever (SCS or CDCS or MCS) ard IOW goes low. When
RESDRV goes low, this pin dso sdlecss either XCTL1 or SINT and contains an internal pulup
of approximately 100 K2. When XIOW is left high (defadt), pin 16 is the XCTL1 fundion (or
ACDCS, tesed on a ron-zro vaue beng pragrammed imo the alernae CDROM address
registe). To change the pin to SINT, an exemal 1kQ resstor mug be ted béween this pin
and SGND.
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Joystick/DSP Serial Port Interface

JACX, JACY - Joystick A Coordinates, Input
Thes pns ard arethe X/Y coadinates for Joygick A. They should hawe a 56nF cgadtor to

ground anda 22kQ resstor to the joystick connector pins 3 and6, repedively.

JAB1, JAB2 - Joystick A Buttons, Input
Thes pins are the switch inputs for Joystick A. They shoud be comeded to joystick connecbor

pins 2 ard 7, repedively; as wel as have a 1 camcitor to ground and a 4.7kQ pulup
resisor.

JBCX/SDOUT - Joystick B Coordinate X/Serial Data Output, I nput/Output
When this pin is used as a £cad joystick, it is the X coardinates input for Joystick B; and
shoud have a 56nF capecitor to ground and a 22kQ resistor to the joystick connector pin 11.
When the serial port is endled, SPE= 1 in 116, this pin is the srial dat output The DSP
saial pot SDOUT pin can be switched to XD3 via the SPS bit This would facilitate usng the
DSPserial port and the ®oond joystick Smultaneausly.

JBCY/SDIN - Joystick B Coordinate Y/Serial Data Input, Input
When this pin is used as a secand joystick, it is the Y coordinates inpu for Joystick B; ard
shoud hawe a 5.6nF cgadtor to ground and a2.2kQ resstor to the joystick connector pin 13.
Whenthe srial port is enabded, SPE= 1 in 116, this pin is the serial dat input The DSP serial
port SDIN pin can be switched to XD2 via the SPS hi. This would facilitate usirg the DSP
serial port ard the cand joygick smultareowdly.

JBBY/FSYNC - Joystick B Button 1/Frame Sync, I nput/Output
Whenthis pin is usedasa fcad joydick, it is the switch 1 input for Joygick B; ard shoud be
connected to joydick comedor pin 10, as well ashave a 1nF capacitor to ground, and a 47kQ
pullup resstor. When the srial port is erabled, SPE= 1 in I16, this pin is the srial frame gnc
output. The DSP seia port FSYNC pin can be switched to XD4 via the SPS hi. This would
fadli tate usng the DSPserial port and the soond joystick Smultaneaudly.

JBB2/SCLK - Joystick B Button 2/Serial Clock, Input/Output
Whenthis pin isusedasa fcad joydick, it is the switch 2 input for Joygick B; ard shoud be
connected to joygick comedor pin 14; as well ashave a 1nF capacitor to ground, and a 47kQ
pullup regstor. When the serial port is enaled, SPE= 1 in 116, this pin is the serial clock
output. The DSP seia pat SALK pin can be switched to XD1 via the SPS bit This woul
fadli tate usng the DSPserial port and the s2oond joystick smultaneaudly.
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CS9236 Wavetable Serial Port | nterface

A digital interfaceto the Qystal CS®36 Single-Chip Wavetable Music Synthesizer is provided
that allows the CS9236 PQM audio dat to be simmed dlgitally on the Crystal Codec without
the need for an eternal DAC. The Wavetalde Serial Port interfacepins are multi plexed with the
XD7-XD5 external bus pins. This serial port is emabled via theWTEN bit which is located in
the Globd Configuration byte in the E2PROM Hardware Configuration datapr C8. The
interface ypicaly congsts of the three pins listed below aswell as

connecting the Qrystal Codec MIDOUT pin to the CS9236 MIDI_IN pin, ard

connecting the Qrystal Codec BRESET pin to the CS9236 PDN ad RST pins.

(The BRES bit in C8 providesa maxmum software pwer-down mode for tle

CS@36 by diving the BRESET signal low whenever BRES is sgt.)

SDATA - Wavetable Serial Audio Data, Input
This pin is multiplexed with the XD7 eternal dag bus pin. When use asSDATA, this inpu
suppies the serial audio PCM dhta to be digitally mixed to the DACs of the Crystal codec. The
data corsists of left and right channd 16-bit data ddineatd by LRCLK. This pin shoud be
connected to the SOUT output pin onthe CS9236. This pin shoud aso have aweak pull-down
resstor of agorox. 100 kQ to minmize powea-down aurrents andallow for guffing gotions

LRCLK - Wavetable Serial Left/Right Clock, Input
This pin is multiplexed with the XD6 externd data bus pin. When ug as LRCLK, this inpu
suppies the serial data alignment signd that ddineaes left from right daa. This pin shoud be
connected to the LRCLK output pin on the CS®36. This pin shoud also have a weak
pull-down regstor of apprax. 100 kQ to minimize powe-down currents and dlow for duffing
options

MCLK - Wavetable Master Clock, Output
This pin is multiplexed with the XD5 ecternal da& bus pin. When use asMCLK, this output
suppies the 169344 MHz matser clock that controls all the timing on theCS®36. This pin
shoud be connected to the MCLKSI input pin on the CS236. MCLK can be disabled in
software usng the DMCLK bit in C8 inthe Caotrd logicd device space. DMCLK providesa
patial software paver-down mode fa the CS936.

104 DS213PP4

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6109636/cs4237b.html

i

CIRRUS LOGIC” CS4237B

CDROM and Modem Interface

The four CDROM pins are multi-function and default to ISA uppea addres bits SA12SA15.
To enabe the CDROM port, an exemal 10kQ resisor must be tied between XIOR amd SGND.
XIOR is sampled on the falling edye of RESDRV. If the CDROM interface doesnt suppart
DMA, the wwo CDROM DMA pins can be onvertad to suppat Logical Device 5 a modem
interface.

CDCS - CDROM Chip Select, Output, 4mA drive

This output goeslow whereve an aldressis decoded that matches the valie programmed into
the CDROM base address raister.

ACDCS - Alternate CDROM Chip Select, Output, 4mA drive

This pin, XCTLL/SINT/ACDCSDOWN, is multiplexed with three other functions, anddefaults
to the XCTL1 output which is @ntrolled by the XCTL1 bit in the WSS 110 This pin can dso
be configured at a seconrd CDROM Chip Sdlect ACDCS to support the dternate IDE CDROM
decode. The pin is switched tothe CDROM altemate chipselect when thébase add¥ss
ACDbas is first progranmed to non-zeo through the E°PROM dati or PrP commards This
output then goes low whenever an addressis demdal that matdesthe value programmed into
the CDROM alemate base addess register, ACDbase. This pin can also be used asthe volume
up pin DOWN by setting VCEN in Contral register CO or tle Hardwae Corfiguration dda.
VCEN has the higheg precedene over the oher pn functions.

CDINT - CDROM Interrupt, Input
This pin is used to input an interrypt signd from the CDROM interface. The part can be
programmed,through the plug-and-pay reurce daa, to ouput this sgnal to the agpropriate
ISA bus interrypt line. The polarity if this input can be pogrammed through CTRLbas+1
regster, bit ICH, or the Hadware Corfiguration data; the ddault is adive high.

CDRQ/MINT - CDROM DMA Request, or Modem Interrupt, Input

This pin can beused to input the DMA reques sgnd from the CDROM interface The partcan
be programmed, through the plug-and-play resource dat, to ouput this signal to the
appropriate ISA bus DRQ line.

This pin can ako be wsed to input an interrupt signal from a moden. The pinis switched to
MINT when te LD5 base addres, COMbase, is first progranmedto non-zero through the PnP
daa or a hostload. The polarity of MINT can be progranmed through CTRLbaset1 regster,
IMH bit, or the Hardvare @nfiguraion dda; the default is acive low.

CDACK/MCS - CDROM DMA Acknowledge, or Modem Chip Select, Output, 4mA drive
This pin can be used to output the ISA bus-generated DMA acknowledge sgnal to the CDROM
interface. Alternately, this pin can beused to ouput an adve low Modem chip slect, MCS.
The pin is switchal to the modem chip select when the LD5 base addess, COMbas, is first
programmed ® non-zeo through the PnPdat or ahogload
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Volume Control

The volume control pins are enbled by setting VCEN in the Hardware Configuraion daa,
Misc. Hardvare @nfig. byte. The VCF10 bits in the Hardvare nfigurdion dat, Globd
Configuraton byte, set the formatfor the vdume ®ntrol pins Each gn mug have an externd
pullup resistor (10kQ) and either amomentary or toggle syle switch bagd on famat. Typicaly
a 100Q series resstor and a camacitor to ground, camacitor on the switch sde of tre wries
resstor, would be ncludead onead pin for ESD pratedion ard to help with EMI emissions

UP - VolumeUp
The SCSUP pn is multiplexed with the externd Syntheszer chip sdect. This pin is switched
to the UP function whenVCEN is st. When UP is low, the master volume output for left and
right chamels are incremented

DOWN - Volume Down
The XCTL1/SINT/ACDCSDOWN is a multiplexed pin that can be used as XCTL1, the
extemal AM synthesizer interrupt, the atemate CDROM chip sded, or the \blume Down pin.
This pin is switched to the DOWN fundion whenVCEN is st. When DOWN is low, the
master volume output for left and right chamels are deeremernted

MUTE - Volume Mute
The MUTE pin fundion canbe toggle, momenary, or nonexistent based on the VCF10 bits.
The MUTE fundion is erabled when VCEN is .

Miscellaneous

XTALI - Crystal Input
This pin will accept dther a crystal, with the other pin atached to XTALO, or an external
CMOS clock. XTAL mug hawe a crystal or dock sourae atacdhed for proper qoerdion. The
crystal frequency mug be 169344 MHz and deggned for fundamenél mode, parallel resonance
operation.

XTALO - Crystal Output
This pin is used for a cryga placed betveenthis pin and XTALI. If an external clock is used
on XTALI, this pin mug be left floating with no tracesor comporent conrecied D it.

RESDRYV - Reset Drive, Input
Placesthe part in lowed power corsumption mode. All sections of the part are stut downamnd
consuming minimal power. The part is reset and in powe down mocde when this pin is logic
high. The falling edge also latches the gate of XIOR and XIOW to detrmine the functiondity
of dual mode pns This dgnd is typicaly connected to the ISAbussgnd RESDR/. RESDR/
must be aserted whereve the pat is powered up toinitialize the intemal registers to a knovn
state. This pin, when hgh, alsodrives the BRESET pin low.
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VREF - Voltage Reference, Output
All analog inputs ard outpus are centered araund VREF which is nomindly 2.1 Volts. This
pin may @ usedto level shift externd circuitry, although ary AC loads shoud be buffered.

REFFLT - Reference Filter, Input

Voltage referaceused interral to thepart. A 0.1 pF ard a 1uF (mug not be bigger than 1 pF)
cgpadator with dhort fat traces mug be connected tothis pin. No other conrecions should be
madeto this pin.

LFILT - Left Channel Antialias Filter Input
This pin needsa 1000 pF NPO cpadtor atiacted and tied to analog gourd.

RFILT - Right Channel Antialias Filter Input
This pin needsa 1000 pF NPO cpadtor atiacled and ted to analog gound.

TEST - Test
This pin mug betied to ground fao proper ogeraion.

Power Supplies

VA - Analog Supply Voltage
Supply to the analog sdion of the adec.

AGND - Analog Ground
Ground reference D the aralog secion of the calec This pin shoud be placed on an amlog
ground pin separae from other chip grouncs.

VD1 - Digital Supply Voltage
Digital suppy for the pardlel data hus section d the codec.

DGNDL1 - Digital Ground
Digital ground refererce for the paralld data bus section d the part These pins are ilated
from theother grounds and $houd be conrected tothe digital ground sedion of theboard (®e
Figure 33).

VDF1, VDF2, VDF3, VDF4 - Digital Filtered Supply Voltage
Digital suppy for the interral digital sedion of the mdec (excep for the perallel dag bus).
These pins shold be fil tered, usinga ferrite bead, from VDL1.

SGND1, SGND2, SGND3, SGND4 - Substrate Ground
Substrate ground reference for the cadec. These pins are canected to the subgrate of the de.
Optimum layout is achieved by placing SGNDX2/3/4 on the dgital ground plane with the
DGND pin as shownn Figure 33.
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PARAMETER DEFINITIONS

Resolution
The rumber d bits in the input wordsto the DACs, andin the output words in the ADCs

Differential Nonlinearity
The wast ca® ceviation from the ided code width. Units in LSB.

Total Dynamic Range
TDR isthe ratio of the RMSvalue of a full sale signal to thelowed obtainable noise floor. It
is measured by comparing a ull scde sgnal to the lowed noise floor possble in the codec (i.e.
atteruation bits for the DACs at ful attenudion). Units in dB.

I nstantaneous Dynamic Range
IDR is the ratio of a full-scale RMS sgnal to the RMS noise avdlable at any instart in time,
withou changing the input gain or output attenudion settings It is meaured wsng S(N+D)
with a 1 kHz, -60 dB input signal, with 60 dB added to compensate for the gnall inpu signal.
Use of a small input signd reduces the harmonic didortion conporens to insgnificarce when
compared to the mise. Units in dB.

Total Harmonic Distortion (THD)
THD is the ratio of the test sgnal amplitude to the RMS 2um of all the in-bard harnonics of
the test sgnal. THD is measurd using an input signd which is 3dB below typica full-scde,
and referenced to typical full scale.

Interchanne Isolation
The anount of 1 kHz dgnal present on the ouput of the grounded inpu channd with 1 kHz
0 dB dsgnal preenton the aher chaand. Unitsin dB.

Interchannel Gain Mismatch
For the ADCs, the differencein input voltage that generates the ful scde cale for each
chanrel. For the DACs, the difference in output voltages for each chanrel with a full scale
digital inpu. Unitsin dB.

Offset Error
For the ADCs the deviation in LSBs of the ouput from mid-scale with the slected inpu
grounded. For the DACs, the devation in volts of the autput from VREF with mid-scale input
code.
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PACKAGE PARAMETERS

§§o
O —
Ll

100-pin TQFP - Package Code 'Q’

Symbol Description MIN \ NOM \ MAX
N Lead Count 100
A Overall Height 1.66
Al Stand Off 0.00
b Lead Width 0.14 0.20 0.26
c Lead Thickness 0.077 | 0.127 | 0.177
D Terminal Dimension | 15.70 | 16.00 | 16.30
D1 Package Body 14.0
E Terminal Dimension| 15.70 | 16.00 | 16.30
E1l Package Body 14.0
el Lead Pitch 0.40 0.50 0.60
L1 Foot Length 0.30 0.50 0.70
T Lead Angle 0.0° 12.0°
Notes:

1) Dimensions in millimeters.

2) Package body dimensions do not include mold protrusion,
which is 0.25 mm.

3) Coplanarity is 0.004 in.

4) Lead frame material is AL-42 or copper, and lead finish
is solder plate.

5) Pin 1 identification may be either ink dot or dimple.

6) Package top dimensions can be smaller than bottom
dimensions by 0.20 mm.

7) The "lead width with plating" dimension does not include
a total allowable dambar protrusion of 0.08 mm (at
maximum material condition).

8) Ejector pin marks in molding are present on every package.
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APPENDIX A: TYPICAL MOTHERBOARD E?PROM DATA

; EEPR OM Validation Bytes
DB 055 H, 0 BBH ; EE PROM Validati on B yte s: C S4237B
DB 001 H ; EEPR OM data len gth upper b yte
DB O00F H ; lowe rby te, Lis ted Siz e=2 71
; Hardwar e Co nfigurati on D ata
DB 000 H ; ACDbase Addr. M ask Len gth = 1 byte S
DB 003 H ; COMbase Addr. M ask Len gth = 4 byte S
DB 0 80H ; MCB: IHCD
DB 0 80H ; GCB1: IFM
DB 0 0BH ; Code Base Byte
DB 0 20H ; RESERVED
DB 0 04H ; RESERVED
DB 0 08H ; RESERVED
DB 0 10H ; RESERVED
DB 0 80H ; RESERVED
DB 0 OOH ; RESERVED
DB 0 O00H ; RESERVED
; Hardwar e Mappi ng D ata
DB 000 H ; 00=4/08 =8 p eripheral port si ze, XCTLO/XA2
DB 0 48H ; RESERVED
DB 075 H ;| RQ selecti on A &B- B=7 , A=5
DB 0B9 H i RQ selecti onC &D- D=11, C =9
DB OFC H ;| RQ selecti onE &F- F=15 E =12
DB 010 H ; D MA selecti on A &B- B=1, A=0
DB 0 03H ; DMA selection C - C =3
; P nP Resourc e Header-P nPID fo r CS 4237B IC, OEM ID = 42
DB 00E H, 0 63H, 04 2H, 037H, 0 FFH,0FFH,0FFH,0FFH,03 OH ; CSC4237 FF FFFFFF
DB 00A H, 0 10H, 00 1H ; PnP ver sio n 1.0,V enderv ersion 0.1
DB 082 H, 0 09H, 00 OH, 'CM B4237B’, 0 O0OH ; AN SI ID
; LOGICAL DEVICE 0 (W indows Sound S yst em & SBP ro)
DB 015 H, 0 OEH, 06 3H, 000H, O O0OH, O00H ; EISA ID: CS C0000
DB 082 H, 0 O7H, 00 OH, 'WS S/SB’, 000 H; A NSI ID
DB 031 H, 0 OOH ; DF Best Ch oic e
DB 02A H, 0 02H, 02 8H ; DMA: 1 - WSS & SB Pro
DB 02A H, 0 09H, 02 8H ; DMA: 0, 3 -W SS & SBPro c apture
DB 022 H, 0 20H, 00 OH ; IRQ : 5 Interru ptS ele ctO
DB 047 H, 0 01H, 03 4H, 005H, 0 34H, 00 5H, 004H, 0 04H ;16b WS Sbase: 534
DB 047 H, 0 01H, 08 8H, 003H, O 88H, 00 3H, 008H, 0 04H ;16b SY Nbase: 388
DB 047 H, 0 01H, 02 OH, 002H, 0 20H, 00 2H, 020H, 0 10H ;16b SB base: 220
DB 031 H, 0 O1H ; DF Acc eptabl e Ch oice 1
DB 02A H, 0 OAH, 02 8H ; DMA: 1, 3 -W SS & SBPro
DB 02A H, 0 OBH, 02 8H ; DMA: 0, 1,3 -WS S & S BPro ca ptu re
DB 022 H, 0 AOH, 09 AH ; IRQ: 5, 7,911,12,15 Int errupt Sel ect 0
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DB 047 H, 0 01H, 03 4H, 005H, 0 FCH 00 FH, 004H, 0 04H ;16b WS Sbase: 534 -FFC
DB 047 H, 0 01H, 08 8H, 003H, 0 88H, 00 3H, 008H, 0 04H ;16b SY Nbase: 388
DB 047 H, 0 01H, 02 OH, 002H, 0 60H, 00 2H, 020H, 0 10H ;16b SB base: 2 20-260
DB 031 H, 0 02H ; DF Sub optima | Ch oice 1
DB 02A H, 0 OBH, 02 8H ; DMA: 0, 1,3 -WS S & S BPro
DB 022 H, 0 AOH, 09 AH ; IRQ: 5, 7,9,11,12,15 Int errupt Sel ect 0
DB 047 H, 0 01H, 03 4H, 005H, 0 FCH 00 FH, 004H, 0 04H ;16b WS Sbase: 534 -FFC
DB 047 H, 0 01H, 08 8H, 003H, 0 F8H, 00 3H, 008H, 0 04H ;16b SY Nbase: 388 -3F 8
DB 047 H, 0 01H, 02 OH, 002H, 0 O0OH, 00 3H, 020H, 0 10H ;16b SB base: 2 20-300
DB 038 H  E nd of DF for Log ica | De vice O
; LOGICAL DEVICE 1 (G ame Port)
DB 015 H, 0 OEH, 06 3H, 000H, 0 O01H, 000H ; EISA ID: CS Coo01
DB 082 H, 0 05H, 00 OH, 'GA ME’, 000H ; ANSI ID
DB 031 H, 0 OOH ; DF Best Ch oic e
DB 047 H, 0 01H, 00 OH, 002H, O O0OH, 00 2H, 008H, O 08H ;16b GA MEbase: 200
DB 031 H, 0 O1H ; DF Acc eptabl e Ch oice 1
DB 047 H, 0 01H, 00 8H, 002H, 0 08H, 00 2H, 008H, 0 08H ;16b GA MEbase: 208
DB 038 H  E nd of DF for Log ica | De vice 1
; LOGICAL DEVICE 2 (C ontrol )
DB 015 H, 0 OEH, 06 3H, 000H, 0 10H, OOOH ; EISA ID: CS C0010
DB 082 H, 0 05H, 00 OH, 'CT RL’, O0OH ; ANSI ID
DB 047 H, 0 01H, 02 OH, 001H, 0 F8H, 00 FH, 008H, 0 08H ;16b CT RLbase: 12 0O-F F8
; LOGICAL DEVICE 3 (M PU-401)
DB 015 H, 0 OEH, 06 3H, 000H, 0 O03H, 000H ; EISA ID: CS C0003
DB 082 H, 0 04H, 00 OH, 'MP U, 000 H; A NSI ID
DB 031 H, 0 OOH ; DF Best Ch oic e
DB 022 H, 0 OOH, 00 2H ; IRQ : 9 Interru ptS ele ctO
DB 047 H, 0 01H, 03 OH, 003H, 0 30H, 00 3H, 008H, 0 02H ;16b MP Ubase: 330
DB 031 H, 0 O1H ; DF Acc eptabl e Ch oice 1
DB 022 H, 0 O0H, 09 AH ; IRQ: 9, 11,12, 15 | nterru ptS ele ct0
DB 047 H, 0 01H, 03 OH, 003H, 0 60H, 00 3H, 008H, 0 02H ;16b MP Ubase: 330 -36 0
DB 031 H, 0 O2H ; DF Sub optima | Ch oice 1
DB 047 H, 0 01H, 03 OH, 003H, 0 EOH, 00 3H, 008H, 0 02H ;16b MP Ubase: 330 -3EO
DB 038 H  E nd of DF for Log ica | De vice 3
DB 079 H, 0 9FH ; En d of Res our ce D ata , Ch ecksum
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APPENDIX B: DIFFERENCES BETWEEN THE CS4236 AND THE CS4237B

This part is designed to be hardware and software backwards compdible with the C34236 ard will
drop into an existing CS4236 socket without any hadwaremodfications Properly written cale for tre
CS4£36 will run an the ths Codec. Howewr, the CS237B hasentancemens over theC$4236 tha
provide exra functionality.

The differences are as follows:

. CTRLbase+3 is redefinedto be anindired addres register ard CTRLbaset+4 is redefinedto be an
indirect data register. These registers allows aces to Q0 through C8indired registers.

. CDSDD n the Gldbal Corfiguration byte of the Hardvare nfiguraion daa hes bean reramed
SDD ard its function expanded. On tis pat, setting SDD dsables perpheal port readsfrom driv-
ing the ISA dda hkus for ALL peripherd port devices, eg. CDROM ard MODEM. On the CS4236,
sdting CDSDD dsables peripheral port reads for the CDROM device ONLY.

. The Seial Port waks cortinuously once enabled. CEN and PEN do not haw ary effect on the &
rial pat. On tre CS4£236, CEN and PEN disabled their respecive partof the srial port when set to
zero.

. The GAME Logical Device {oystick) only aliases from GAMEbae+0 to GAMEbas+5 GAME-
baset6 and GAMEbase+7 ae regrved. This Codecal contains support for Digital Assist of
amalog joysticks to support the Microsoft Direct Input initiative.

. 125 wasdefinedasa Verson ard Chp ID register in the CS4236. This register isnow reddined as
a Compatibility regster and is idertical to the CS£236to dlow software written © the CS£236 to
work properly on tis pat. The Verson ard Chp ID for this chip hasbeen mowed to Contral indi-
rect regista C1 and WSS indrect regista X25 (Revision C or greater).

.127 and 129 in the WSS paceare reserved.

. WhenIFM is endled (ard remgpping is emabled) 118/119 reurn the ssme value written whenmute
is emabled. On the C34236, 118/19 reurns OXBF when mug is erabled.

8 The OLB bit in 116 is no longer functional and internally is set asif OLB is on.

[ERN

N

-l> w

ol

~N O

9. The MIC input impedanceis now 8kQ minimum.
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The added features over the CS4236 are as follows:
10. SRS 3D Somd Techndogy is added andis cortrolled through C2 and C3 regsters

11. A Wawetable Serid Portinterface is addedfor caonnection to the CS236 Sinde-Chip Wavetable
Music Synhesze. The pns are muliplexed with the XD7-XD5 pins andare ontrolled by the
WTEN bit in C8 a the Global Configuraion byte in the Hardvare Mnfiguraion daa.

12. The DSP saial port canbe multiplexed to the XD4-XD1 pins to allow the DS serial port and the
second joystick to be usal simukaneoudy. The multiplexing is controlled by the SPS ki in C8 or
the Globa Configuration byte in the Hardware Configuration daa.

13. Hardwarevolume catrol supports 4 formats.

14. New bits are adledto the Globd Configuraion byte of he Hadware Corfiguration chta:
VCF1 andVCFO HadwareVolume Cortrol Format lits
SLAD which disables Saund Blaster Syrthesis volume changes from affecting LINE volume.
WTEN to endle the Wavetable Seral Pat
SPS toswitch the DSP erial port pins from the second joystick to the XD4-XD1 pins

15. The Corsumer digital audio trarsmission format sipported on the DSP srial port through the C4
C6 regitersis new.

16. Seial Port Fomat 3 (116) is anew DSP seal port formd.

17. A symmetrcal mixer (he npu mixer is new) sincluded ard is supported by a nev mode,
MODE 3. This mode is enabled by séting the CMS1,0 bits in WSS 112 6 11 Note that the
CS4£36 MODE2 bit hasbeen renamedCMS1 (dec Mode Sekct 1). CMS1 s backwardscompat-
ible with the C34236 MODE2 bit.

18. The MIC can bemixed directly to the output mixer with full volume cortrol.

19. Hardware Corfiguration byte 9 wasresrved in the CS£236 (at k43) andis now wsed asa Gode
Base Byte that determinesthe firmware code compatibility in the E’PROM. When firmware code
for this pat is loadel in the E2PROM tis byte mus be changed to OXOB. This provides badkwards
compatibility by ignaring CS4236-based firmware cade, which has this byte set to 0x43, while dill
reading the Hardvare @nfiguraion ard PnP dta from CS436-progranmed E2PROM.

20. 3.3 Volt ISA bussupport is added. This includesall ISA pins except DRQA (which il runs at
5 Valts). When te VD1 pin is poweed fran a 3.3 Volt suppy, the ISA bis connecied D it must
also run & 3.3 Volts.
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