CS464
——=="C IRRUS LOGIC Preliminary Produc Bulletin

FEATURES CrystalClear™
m 255 MIPs SLIMD™ DSP Architec ture SoundF usion ™ PCI Audio
m DirectX"" 5.0 3D Positional Audio Accelerator
m FatlLabs Approved 64-Voice Wavetabl e Synth esis
with Effects DESCRIPTION

m NetMeeting ~ AEC Hardw are Acceleration The CS4614 is a high performance pin-compatible

m High Quality Hardw are Sample Rate Conversion upgrade to the 100-pin CS4610/11 PCI audio ac-

(90+ dB Dynamic Range) celerator. With the added legacy compatibility
m PC/PCI Legacy Support modes, the CS4614 enables real mode DOS com-
m DDMA Legacy Support patibl_e PCI—any aud.io s_ubsystems_. This device,
m CrystalClear Legacy Support (CCLS™) coml_alned with application and _drlver software,
_ provides a complete system solution for hardware
= PCI2.1 Compliant PCl Interface acceleration of Windows 95® DirectSound®,
® 96 Stream DMA Interface with Hardw are Scat- DirectSound3D®, Directinput, and Wavetable Syn-
ter/Gather Support thesis. WDM drivers provide support for both
m PCIl Power Management (DO throu gh D3 Hot), Windows 98 and Windows NT 5.0.

APM 1.2, and ACPI 1.0 Sup port . . ]
‘ _ The CS4614 is based on the Cirrus Logic Crystal-
" ACT9720 I::Ank Codec Interface Clear Stream Processor (SP) DSP core. The SP
m Directinput = Joy stick Interface core is optimized for digital audio processing, and
m MPU-401 MIDI Input/Output Interfac e is powerful enough to handle complex signal pro-
m 3.3V Power Supply (5 V tolerant 1/O) cessing tasks with ease. The SP core is supported

by a bus mastering PCI interface and a built-in
dedicated DMA engine with hardware scatter-
gather support. These support functions ensure
extremely efficient transfer of audio data streams
to and from host-based memory buffers, providing
a system solution with maximum performance and
minimal host CPU loading.

The all-digital CS4614 supports a variety of audio
I/O configurations including direct connection to
the CrystalClear CS4297 AC ‘97 Codec.

PC/PCI, DDMA, and CrystalClear Legacy support
provide PCl-only legacy games compatibility.

ORDERING INFORMATION
CS4614-CM  100-pin MQFP 20x14x3.07 mm
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CS4614
CrystalClear™ SaundFusion™ PCl Audio Accderator

CIRRUS LOGIC
ABSOL UTE MAXIMUM RATINGS

(PCIGND = CGND = CRYGND = 0V, all voltages with respect to 0 V)

Parameter Symbol Min Typ Max Unit
Power Supplies PCIVDD - - 4.6 \%
CVvDD - - 4.6 \Y,
CRYVDD - - 4.6 Y,
VDDSREF - - 55 \Y
Total Power Dissipation (Note 1) - - 15 W
Input Current per Pin, DC (Except supply pins) - - 10 mA
Output current per pin, DC - - 10 mA
Input voltage (Note 2) -0.3 - 5.75 Vv
Ambient temperature (power applied) (Note 3) -45 - 85 °C
Storage temperature -55 - 150 °C

Notes: 1.

Includes all power generated by AC and/or DC output loading.

2. The power supply pins are at recommended maximum values. XTALI & XTALO are at 3.6 V maximum.
3. At ambient temperatures above 70° C, total power dissipation must be limited to less than 0.4 Watts.

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

RECOMMENDED OPERATING CONDITIONS
(PCIGND = CGND = CRYGND =0V, all voltages with respect to 0 V)

Parameter Symbol Min Typ Max Unit
Power Supplies PCIVDD 3 3.3 3.6 \%
CvDD 3 3.3 3.6 \Y
CRYVDD 3 3.3 3.6 Y
VDD5REF | 4.75 5 5.25 \Y

Internal DSP Frequency - - 85 MHz
Operating Ambient Temperature Ta 0 25 70 °C

Specifications are subject to change without natice.

Windows, Windows 95, DirectSound, and DirectSound3D are registered trademarks of Microsoft Corporation.
Directinput, DirectX and NetMeeting are trademarks of Microsoft Corporation.

Sound Blaster and Sound Blaster Pro are trademarks of Creative Technology, Ltd.

Crystal, CrystalClear, CCLS, SLIMD and SoundFusion are trademarks of Cirrus Logic, Inc.

All other names are trademarks, registered trademarks, or service marks of their respective companies.
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AC CHARACTERISTICS (PCI SIGNAL PINS ONLY) (Ta=70° C;

PCIVDD = CVDD = CRYVDD = 3.3 V; VDD5REF =5 V; PCIGND = CGND = CRYGND =0V,
Logic 0 =0V, Logic 1 = 3.3 V; Reference levels = 1.4 V; unless otherwise noted; (Note 4))

Parameter Symbol Min Max Unit
Switching Current High (Note 5) lon
O<Vout<14 -44 - mA
1.4 <Vout < 2.4 44 Vout-14 - mA
0.024
3.1<Vout<3.3 - Note 7
Switching Current Low (Note 5) loL
Vout > 2.2 95 - mA
2.2>Vout > 0.55 Vout/0.023 - mA
0.71>Vout >0 - Note 8
Low Clamp Current -5<Vin<-1 lcL _op 4 Vintl - mA
0.015
Output rise slew rate 0.4V -2.4V load (Note 6)| slewr 1 5 V/ns
Output fall slew rate 2.4V -0.4V load (Note 6)| slewf 1 5 V/ns

Notes: 4. Specifications guaranteed by characterization and not production testing.

5. Referto V/I curves in Figure 1. Specification does not apply to PCICLK and RST# signals. Switching
Current High specification does not apply to SERR# and INTA# which are open drain outputs.

6. Cumulative edge rate across specified range. Rise slew rates do not apply to open drain outputs.
7. Equation A: lgy = 11.9 * (Vout - 5.25) * (Vout + 2.45) for 3.3 V > Vout > 3.1 V
8. Equation B: 1o, = 78.5 * Vout * (4.4 - Vout) for 0 V < Vout<0.71 V

voltage 4 Pull Up voltage 4 Pull Down
3.3 7 33T .
AC drive
point
24 1€ N EUTRURRRRRRTRTOIORD__ 3 S
' 2.2
;DC DC drive
14 __drlvep;nt]/‘ point
. Acdive | 0.55 | test |
i point i H H "
i i : i point
I | > 1 1 1 »
2 -44 Current(mA) _176 3,6 95 Current (MmA) 380
Equation A: Equation B:
loH = 11.9* (Mout-5.25)* (Mout+ 2.45) loL = 78.5*Vout* (4.4-\out)
for 3.3V > Vout > 3.1V for OV < Vout < 0.71V

Figurel. AC Chaacteristics
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CrystalClear™ SaundFusion™ PCl Audio Accderator

CIRRUS LOGIC

DC CHARACTERISTICS (1, =70° C; PCIVDD = CVDD = CRYVDD = 3.3 V; VDD5REF =5 V;
PCIGND = CGND = CRYGND = 0 V; all voltages with respect to 0 V unless otherwise noted)

Parameter Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit
PClI Interface Signal Pins
High level input voltage A\ 2 - 5.75 \%
Low level input voltage Vi -0.5 - 0.8 \Y,
High level output voltage lout =-2 mA VoH 2.4 - - Y
Low level output voltage lout =3 mA, 6 mA (Note 9) VoL - - 0.55 \%
High level leakage current Vin=27V (Note 10) hH - - 70 A
Low level leakage current Vin = 0.5 V(Note 10) I - - -70 HA
Non-PClI Interface Signal Pins ( Except XTALO)
High level input voltage XTALI Viy 2.3 3.3 4.0 \%
Other Pins 2 - 5.75 \%
Low level input voltage XTALI VL -0.5 0 0.8 \%
Other Pins -0.5 - 0.8 \%
High level output voltage lout = -4 mA (Note 11) VoH 2.4 - - \%
Low level output voltage lout =4 mA VoL - - 0.4 \%
High level leakage current Vin=5.25V hH - - 10 MA
Low level leakage current Vin=0 m - - -10 MA
Parameter | Min Typ Max Unit
Power Suppl y Pins (Out puts Unl oaded)
Power Supply Current: VDD5REF - 0.6 - mA
PCIVDD/CVDD/CRYVDD Total (Notes 4,12) - 164 TBD mA
Low Power Mode Supply Current - 10 - mA

Notes: 9. The following signals are tested to 6 mA: FRAME#, TRDY#, IRDY#, DEVSEL#, STOP#, SERR#,
PERR#, and INTA#. All other PCI interface signals are tested to 3 mA.

10. Input leakage currents include hi-Z output leakage for all bi-directional buffers with three-state outputs.

11. For open drain pins, high level output voltage is dependent on external pull-up used and number of
attached gates.

12. Typical values are given as average current with typical SP task execution and data streaming. Current
values vary dramatically based on the software running on the SP.
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PCI INTERFACE PINS (T,=0t070° C; PCIVDD = CVDD = CRYVDD = 3.3 V; VDD5REF = 5 V;

PCIGND = CGND = CRYGND =0 V; Logic 0 =0V, Logic 1 = 3.3 V; Timing reference levels = 1.4 V)

Parameter Symbol Min Max Unit
PCICLK cycle time teye 30 - ns
PCICLK high time thigh 11 - ns
PCICLK low time tiow 11 - ns
PCICLK to signal valid delay - bused signals tyal 2 11 ns
PCICLK to signal valid delay - point to point tyal(p+p) 2 12 ns
Float to active delay (Note 13) ton 2 - ns
Active to Float delay (Note 13) tost - 28 ns
Input Set up Time to PCICLK - bused signals tsy 7 - ns
Input Set up Time to PCICLK - point to point tSu(p+p) 10, 12 - ns
Input hold time for PCICLK th 0 - ns
Reset active time after PCICLK stable (Note 14) trst-clk 100 - ps
Reset active to output float delay (Notes 13, 14, 15) trst-off - 40 ns

Notes: 13. For Active/Float measurements, the Hi-Z or “off” state is when the total current delivered is less than or

equal to the leakage current. Specification is guaranteed by design, not production tested.
14. RST# is asserted and de-asserted asynchronously with respect to PCICLK.

15. All output drivers are asynchronously floated when RST# is active.

—5 § )
PCICLK \ NS NN
trst-clk
) §
RST# ; « toff
ton trst-off
OUTPUTS
Hi-Z
tyal ¢
OUTPUTS >L
Valid
tsu th
Valid
INPUTS - In?)lut
Figure 2. PCI Ti ming M easurement Conditions
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CrystalClear™ SaundFusion™ PCl Audio Accderator
CIRRUS LOGIC Y

AC ’97 SERIAL INTERFACE TIMING (T4 =0to 70° C; PCIVDD = CVDD = CRYVDD = 3.3 V;

VDD5REF =5 V; VDD5REF =5 V; PCIGND = CGND = CRYGND =0 V; Logic 0 =0V, Logic 1 =3.3 V;
Timing reference levels = 1.4 V; unless otherwise noted)

Parameter Symbol Min Typ Max Unit
ABITCLK cycle time taclk 78 81.4 - ns
ABITCLK rising to ASDOUT valid tods - 17 25 ns
ASDIN valid to ABITCLK falling tss 15 - - ns
ASDIN hold after ABITCLK falling ths 5 - - ns
PCICLK rising to ARST# valid tode - 10 - ns

ABITCLK wo[ L[V e L]

ASYNC A < toss o
ASDOUT g ete
O

ASDIN >< X

ARST# Uhs T
—» tpdG
PCICLK

Figure 3. AC’'97 Configuration Timing Diagram
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INDEPENDENT TIMING ENVIRONMENT (T, =0to 70° C; PCIVDD = CVDD = CRYVDD = 3.3 V;
VDDSREF = 5 V; VDD5REF = 5 V; PCIGND = CGND = CRYGND = 0 V; Logic 0 = 0V, Logic 1 = 3.3 V;
Timing reference levels = 1.4 V; XTALI = 12.288 MHz; unless otherwise noted)

Parameter Symbol Min Typ Max Units
SCLK output cycle time tseik 312 326 - ns
FSYNC output cycle time (@SCLK falling edge) ttsync 20000 | 20833 - ns
SCLK falling to FSYNC transition tod7 -45 2 45 ns
LRCLK output cycle time (@ SCLK rising edge) tirclk 20000 | 20833 - ns
SCLK rising to LRCLK transition tods -45 2 45 ns
SCLK falling to SDOUT/SD0O2/SDO3 valid todo - 2 45 ns
SDIN/SDIN2 valid to SCLK rising (SI1F2-0: 010, SI2F1-0: 00) tsg 30 - - ns
SDIN/SDIN2 hold after SCLK rising the 30 - - ns
(SI1F2-0: 010, SI2F1-0: 00)
SDIN/SDIN2 valid to SCLK falling ts7 30 - - ns
(SI1F2-0: 011, SI2F1-0: 01)
SDIN/SDIN2 hold after SCLK falling thy 30 - - ns
(SI1F2-0: 011, SI2F1-0: 01)
XTAL frequency 12.287 | 12.288 | 12.289 MHz
XTALI high time (Note 4) 35 - - ns
XTALI low time (Note 4) 35 - - ns
MCLK output frequency (Note 4) 12.287 | 12.288 | 12.289 MHz

—b,_\ < tscik
SCLK l_l [ X X ' ~ ’ (XX ] ’ ~ , \ [ XX ] ' ~ ’ ~
tod7 R > ttsync >
FSYNC \
toas | It tirclk >

—> «—fpdg

SDOUT/SD02/SD03 X15X: 0 >\ ><15><:... o M

tse

SDIN/SDIN2 - 16 ...< 0 >\ ><17 >< 16 "'< 0 >\ /<

> —1he

ts7

SDIN/SDIN2 i0 il ig < 0 >\ ><19 X18 < 0 >\ /<

th7

Y.

Figure 4. Independent Timing Configuration
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CIRRUS LOGIC

EEPROM TIMING CHARACTERISTICS Note 4. (T, =0to 70°C, PCIVDD = CVDD = CRYVDD =
3.3 V; VDD5REF =5 V; VDD5REF =5 V; PCIGND = CGND = CRYGND =0V; Logic0 =0V, Logic 1 =3.3V;
Timing reference levels = 1.4 V; PCI clock frequency = 33 MHz; unless otherwise noted)

Parameter Symbol Min Max Units
EECLK Low to EEDAT Data Out Valid tan 0 7.0 us
Start Condition Hold Time tHp:sTA 5.0 - &
EECLK Low t EECLK 10 - ps
EECLK High tHEECLK 10 - us
Start Condition Setup Time (for a Repeated Start Condition) tsy:sTA 5.0 - ps
EEDAT In Hold Time tHD-DAT 0 - ps
EEDAT In Setup Time tsu:DAT 250 - ns
EEDAT/EECLK Rise Time (Note 16) tr - 1 Hs
EEDAT/EECLK Fall Time te - 300 ns
Stop Condition Setup Time tsu:sTo 5.0 - V&
EEDAT Out Hold Time toH 0 - Us

Notes: 16. Rise time on EEDAT is determined by the capacitance on the EEDAT line with all connected gates and
the required external pull-up resistor.

et L theecik tieecik e tg
EECLK
tHD:DAT i lsypar
EEDAT (IN)
tsusra J‘ thosta tsu:sto
t
EEDAT (OUT) - t
S bH |

EEDAT (OUT)

Figure 5. EEPROM Timing
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96-Stream Parameter ,
DMA Controller RAM Algt 9rf7 2.0
with Hardware erface
Scatter/Gather Sample
RAM
PC/PCI &
PCI CCLS Legacy Program | SLIMD GPIO
|nte|fface RAM SP Core
Program
MPU-401
MIDI Interface ROM
Coefficient «—»  PLL Clock
Joystick ROM
Interface

Figure 6. CS4614Block Diagram

OVERVIEW

The CS4614is ahigh peformanceaudio accdera-
tor DSP for the PCI tus. This device, combined
with application and driver software, provides a
complete systemsolution for cost effective accder-
ation of Windows DiredSaund, Dired-Sound3D,
Directinpu, MIDI playback via Wavetalde Syn-
thess with reverberaton and chorus efects pro-
cessirg, andmore. The CH4614is compatible with
the CS41011 with thefollowing added features:

» AC ‘97 Interface now 20 campatible

» CrystalClea Legacy Suport

» PCPQ Legacy Support

» DDMA Legacy Swpat
There ae three nain fundiond blocks within the
CS4%14 the Stream Processor.the PA Interface
and the DMA Engine A block diagram of the
CS4614deviceis show in Figure6.

The Stream Proessor(SP) b a high speed custom
Digital Signa Proessa (DSP) ore speificdly
desigred for audio signal processig. The Stream
Proassao is capable of rumning a number of differ-
ernt sgnd procesing dgorithms smultaneady.
This high concurrency cgpability is valuale for ap
plications sich as mmesive 3D games, wich may
play a numbea of DirectSoundstreams, a nmbe of
DiredSound® streams, ad a MIDI musc se
guence simutaneously.

Seprate RAM memories are included on-chip for
the SP pogram code (PROGRAM RAM), paam-
eter data (PARAMETER RAM), ard audio sanple
daa (SAMPLE RAM). Two ROM memories store
coefficients for sanple rate converson and audio
decanpresson algorithms (CCEFFICIENT ROM)
and common dgorithm code(PRCGRAM ROM).

The RAM-based DSP architedure of the CS4614
ensures meximum system fiexibility. The software
function/feaure mix can be adapted to meet the re-
guirements of a vaiety of different applications,
sud as DirectX™ games or DOS aplicaions.
This RAM-based architedure ako provides a
means for future sysemupgades,allowing thead
dition of new or upgraded functiondity through
software updates.

The C34614 provdes anextremely efficient bus
mastering interface to the PCI bus. The PCI Inter-
face function allows economicd burst mode trans-
fers of audo daa beween host systan memory
buffers and theCS4614 devce Progamcode ard
paameter data are also ransferred to the CS4614
over the RCl interface.

The DMA Engine provides dedicated hardware to
manage transkr of up to 96 concurent audio/daa
streams to and from host memory buffers. The
DMA Engine provides hardware sciter-gather
support, dlowing sinple buffer allocaion ard

DS292PP3
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CrystalClear™ SaundFusion™ PCl Audio Accderator

management. This implementation improves sys-
tem efficiency by minimizing the number d hog
interrupts.

The CS4614suortsavariety of audio I/O config-
uraions including a CS497 CrystdClea AC 97
Codec The systen’s flexibility is further enhanced
by the inclusion of a bi-directiond serial MIDI
port, ajoystck port, ahardwarevolume control in-
terface, and a serial daa portwhich dlows connees-
tion ofan optond externd EEPROM device

Stream Proceser DSP Core

The C4614 Stream Processor (SP) is austom
DSP oredesignwhich is optmized for processng
and syntesizing digital audio data streams. The SP
features a Somewhat Long Instruction Multiple
Data (SLIMD) modifieddud Harvardarcitedure.
The deviceusesa40-bit instruction word and qper-
ates on 32-bit data words The SP includes two
Multiply-Accumulate (MAC) blocks and ore 16
bit Arithmetic and Logic Unit (ALU). The SPcore
is cansewatively rated at255 Million Instructions
per second (55 MIPS) wha running ata 85 MHz
internd clock speed. The MAC units peform dual
20-bit by 16-bit multi plies ard have 40-bit acaimu-
lators, providing highe qudity than typicd 16-ht
DSP achitedures.

A programmable Phasel. ocked Loop (PLL) circuit
geneates the high frequency internal SP ¢ock
from a lower frequency inpu clock. The input to
the PLL may befrom a crystd oscil ator circuit or
the seial port clock ABIT CLK/SCLK. Clock con-
trol circuitry dlows gaing o clocks o various in
ternd functional blocks to conseve power during
powe conseavation nodes, as well as during nor
mal modes of operaton when no tesks are beng
exeauted

Legacy Support

Legacy gamnes aresuppated byCrystaClear Leg-
acy Syppott (CCLS), DDMA, or by the PQPCI in-
terface

In both mothermoad and ad-in cad designs,
CCLS and DDMA provide suppat for legacy
games by poviding a hadwareinterface that sup
ports a Soud Blaster Pro conpatble interface as
well as supprt for FM, MPU-401, and joystick in-
terfaces. These hadware interfaces praoide PCH
only games cmpaibility for real-modeDOS and
Windows DOS-bx supmrt.

For notherboard designs, PCPCI can be usal by
connecting the PGGNT# and PCREQ# pins tothe
appropriate pins on the sotth bridge motherboard
chip. The PC/PCI interface is compliart with In-
tel’s PC/PCI spe. (version 1.2). The BIOS must
enalte the PC/PCI mechanism at boot time on toth
the CS4614 and the sauth bridge.

SYSTEM ARCHITECTUR ES

A typicd system diag-am depicting conredion of
the C34614 to the CrystalClea CS4297 AC'97
Codecis given in Figure 7.All analogaudio inputs
and outputs are oonreded to the C$4297. Audio
datais passel between the C4297 andthe CS4614
ove the seial AC-Link. The CS46.4 provides a
hardware interface forconnedion of ajoystick ard
MIDI devices.

HOST INT ERFACE

The CS4614hostinterfaceis comprisedof two sep
arate interface Hocks which are memory mapped
into hostaddress spce. Theinterface blocks can be
located anywhere in the host 3-bit physicd ad
dressspace. The interface block locaions ae de
fined by the addesses progammed into the two
Base Address Ryisteas in the PA Configuration
Space Thesebaseaddressesarenaormally se up by
the system’s Plug and Phy BIOS. The first inter-
faceblock (located by Base AddressO0) is a4 kByte
register block containing general purpose onfigu-
ration, cortrol, andstatus regsters for the device
The seond interfaceblock (located by Base Ad
dress ) is a1 MByte block which maps al of the
internd RAM memories SP Progam RAM, Pa
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Host
Bridge — V| Memory
< PCI Bus >
iy
South Audio Out
Bridge CS4614 || csa297
Accel eratof Audio In

PC/PCI (if used)

Figure 7. AC ‘97 Codec Interface

rameter RAM, and Sanple RAM) into hostmemo-
ry space This allows the hast to diredly peek ard
poke RAM locaions onthe device The relation
ship béween the Base Address Rgisters in the
CS4614 PCI Configuraion Spae and the host
memory map is deictedin Figure 8.

The bus mastering PCI bus interface complieswith
the PA Locd Bus Spedfication (version 2.1).
PCI bus transactions

As atarget of a PCI bus trarsadion, the CS4614
supports the Memory Read (from internal registes
or memory), Memory Write (to internal registe's

Device PCI Config. Space
00h Device ID / Vendor ID
04h Status / Command

08h Class Code / Revision
0Ch Misc. Control
10h | Base Address Register 0

14h | Base Address Register 1

or memory), Corfiguraion Read (from C34614
configuration registas), Configuraion Write (to
CS4%14 configuraion registas), Memory Read
Multiple (diasedto Memory Read), Memay Read
Line (aliased to Memory Read), and the Memory
Write ard Invalidae (diasa to Memory Write)
transer cycles.The I/0O Read, 1/0 Write, Interrupt
Acknowledge Special Cycles, and Dud Address
Cycle transectionsare nd supported

As Bus Maste, the CS4614 generates the Memory
Read Multiple and Memory Write transections
The Mamory Read, Configuraion Read, Configu-
ration Write, Memory Read Line, Memory Write

- Direct I/O Registers
(Memory Mapped, 4 kByte)

Direct Memory Interface
(Memory Mapped, 1 MByte)

Figure 8. Host InterfaceBaseAddress Registers
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and Invalidate, I/0 Read, 1/0O Write, Interrupt Ac-
knowledge, Spedal Cycles and Dual AddressCy-
cle ransadions ae nd generated.

The PClI bus trarnsadionssupprted by the CHA614
device are summarized in Tabde 1 Note that no
Target Abort condtions are sgnalled by the de-
vice Byte, Word, and Daubleward trarsfers are
supported for Configuraion Spae aacesses.Only
Doubleword transkrs ae supprted for Register ar

Memory area accesses.Bursing is not supported
for host-initiated transfers to/from the CS46L4 in-
ternd registe spae, RAM memory space or PA
configuraton spae (discomect after first phase d
transacton is completed).

Configuration Space

The content and format of the PCI Configuration
Space isgivenin Table 2.

Initiator Target Type PCI Dir
Host Registers (BAO) Mem Write In
Host Registers (BAO) Mem Read Out
Host Memories (BA1) Mem Write In
Host Memories (BA1) Mem Read Out
Host Config Space 1 Config Write | In
Host Config Space 1 Config Read | Out
DMA Host System Mem Write Out
DMA Host System Mem Read In

Table 1. PCI Interface Transaction Summary

Byte 3 Byte 2 Byte 1 Byte O Offset
Device ID: R/O, 6003h Vendor ID: R/O, 1013h 00h
Status Register, bits 15-0: 04h

Bit 15 Detected Parity Error: Error Bit
Bit 14 Signalled SERR: Error Bit

Command Register, bits 15-0:
Bit 15-10: Reserved, R/O 0

Bit 13 Received Master Abort: Error Bit
Bit 12 Received Target Abort: Error Bit
Bit 11 Signalled Target Abort: Error Bit

Bit 10-9 DEVSEL Timing: R/O, 01b (medium)

Bit 8
Bit 7
Bit 6

Data Parity Error Detected: Error Bit
Fast Back to Back Capable: R/O 0
User Definable Features: R/O 0
Bit5 66MHz Bus: R/O 0

Bit 4 New Capabilities: R/O 1

Bit 3-OReserved: R/O 0000

Reset Status State: 0210h

Write of 1 to any error bit position clears it.

Bit 9
Bit 8
Bit 7
Bit 6
Bit 5
Bit 4
Bit 3
Bit 2
Bit 1
Bit O

Fast B2B Enable: R/O 0

SERR Enable: R/W, default 0

Wait Control: R/O 0

Parity Error Response: R/W, default O
VGA Palette Snoop: R/O 0

MWI Enable: R/O 0

Special Cycles: R/O 0

Bus Master Enable: R/W, default 0
Memory Space Enable: R/W, default O
IO Space Enable: R/O 0

Table 2. PCI Configuration Spae
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Byte 3 Byte 2 Byte 1 Byte O Offset
Class Code: R/O 040100h Revision ID: R/O 01h 08h
Class 04h (multimedia device), Sub-class 01h (audio), Interface 00h
BIST: R/O 0 Header Type: Latency Timer: Cache Line Size: 0Ch
Bit7: R/O0 Bit 7-3: R/W,default 0 | R/O 0

Bit 6-0: R/O O (type 0) | Bit 2-0: R/O 0

Base Address Register O 10h
Device Control Register space, memory mapped. 4 kByte size

Bit 31-12: R/W, default 0. Compare address for register space accesses
Bit 11 - 4: R/O 0, specifies 4 kByte size

Bit 3: R/O 0, Not Prefetchable (Cacheable)

Bit 2-1: R/O 00, Location Type - Anywhere in 32 bit address space

Bit 0: R/O 0, Memory space indicator

Base Address Register 1 14h
Device Memory Array mapped into host system memory space, 1 MByte size
Bit 31-20: R/W, default 0. Compare address for memory array accesses

Bit 19 - 4: R/O 0, specifies 1 MByte size

Bit 3: R/O 0, Not Prefetchable (Cacheable)

Bit 2-1: R/O 00, Location Type - Anywhere in 32 bit address space

Bit 0: R/O 0, Memory space indicator

Base Address Register 2: R/O 00000000h, Unused 18h
Base Address Register 3: R/O 00000000h, Unused 1Ch
Base Address Register 4: R/O 00000000h, Unused 20h
Base Address Register 5: R/O 00000000h, Unused 24h
Cardbus CIS Pointer: R/O 00000000h, Unused 28h
Subsystem ID Subsystem Vendor ID 2Ch
R/O 0000h if EXTEE not present, otherwise R/O 0000h if EXTEE not present, otherwise

R/W, loaded from EEPROM R/W, loaded from EEPROM

Expansion ROM Base Address: R/O 00000000h, Unused 30h
Reserved: R/O 00000000h 34h
Reserved: R/O 00000000h 38h
Max_Lat: R/O 18h Min_Gnt: R/O 04h Interrupt Pin: Interrupt Line: 3Ch
24 x 0.25uS = 6 uS 4 x 0.25uS = 1uS R/O 01h, INTA used R/W, default 0

Table 2.PCI Configuration Spae (cont.)
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Byte 3 Byte 2 Byte 1 Byte O Offset
PMC
Bit 15: PME# from D3cold: R/O 0
Bit 14: PME# from D3hot: R/O 1
Bit 13: PME# from D2: R/O 1
Bit 12: PME# from D1: R/O 1
Bit 11: PME# from DO: R/O 1
Bit 10: D2 support: R/O 1 Next Item Pointer: Capability ID: 40h
Bit 9: D1 support: R/O 1 R/O 0Oh R/O 1h
Bit 8-6: Reserved: R/O 000
Bit 5: Device Specific init: R/O 1
Bit 4: Auxiliary power: R/O 0
Bit 3: PME# clock: R/O 1
Bit 2-0: Version: R/O 001
PMCSR
Bit 15: PME# status: R/W 0
Bit 14-13: Data scale: R/O 00 44h
Data: R/O 0 PMCSR_BSE: R/O 0 Bit 12-9: Data select: R/O 0000
Bit 8: PME_En: R/W 0
Bit 7-2: Reserved: R/O 000000
Bit 1-0: Power state: R/W 00

Table 2.PCI Configuration Spa@ (cont.)

Subsystem &hdor ID Fields

The Sibsysem ID and Sulsystem Vendor ID
fields n the PCI Configuraion Space default to
value 000h unlessan external EEPROM deviceis
deteciedor unlessthe host has written to the appro-
priate internal register to programthe vdues.

Interrupt Signal

The C+4614 PCI Interface includes aninterrupt
controller function which receives interrupt re-
guests fom multiple soure@s within the C31614
device, and presents a sirgle interrupt line INTA)
to the hostsysem Interrupt control regstersin the
CS4614 provide the hostinterrupt sewice routine
with the alility to identify the saurce of the inter-
rupt and o clea the interrupt soures. In the
CS4614, the sirgle externd interrupt is expanded
by the u® of “virtual channels’. Each dda stream
which isread from or written to amodular buffer is
assgnead a virtud channd number. This virtual
channd number is signalled by the DMA sub-
system arytime the associated modulo buffer

pointer passeshe mid-pant or wraps arourd. Vir-
tual chamels are dso wsedfor message passimg be-
tween the CS46.4 and the host.

SERIAL PORT CONFIGU RATIONS

A flexible sera audio interface is provided which
allows conredion to external Analog-to-Digital
Converters (ADCs), Digital-to-Andog Converters
(DACs) or Calecs (ombined ADC and DAC
functions) in several different configuraions. The
seilial audio interfaceincludes a pimary inputout-
put port with dedicated seral data pins (SDIN,SD-
OUT), two auxiliary audio output ports (SDO2,
SDO3)which share pins with thejoystick interface
button input functions, and oneauxiliary audio in-
put port (SDIN2). Each of these dgital audio input
and ouput pins carry two chanels of audio data.
Thesetwo channds may comprise tre left and right
channés of a staeo audio signal, or two indepen-
dent monaural audio signals.

Eadh digital audio channd is interndly buffered
through a 16sanple x 20-bit FIFO.The dataformat
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ABITCLK 12.288 MHz BIT_CLK
ASYNC 48 kHz SYNC ©
ASDOUT »| spata out| &
ASDIN SDATAIN | £
ARST# » RESET# S
g
CS4614 24576 MHz =3 CS4297 <
MIDIIN |«
MIDIOUT .| Joystick/
JACX, JACY, JBCX, JBCY |« | MIDI Port
JABL, JAB2, JBBL, JBB2 |«

Figure9. AC ‘97 Cadec Connection Diagram

for the seral digital audio pats varies dpending
on the canfiguraion. The primary configuration ir-
cludes a CS814plus aC34297.

The C31614 communicates with the CS4297 over
the AC-link as spedfied in the Intel® Audio Codec
‘97 Speeification (version 1.03) with support for
the 20 extensions.A block diagram for the AC'97
Controller configuration is given in Figure7. The
signal connections béween the CS414 and the
AC 97 Codec are indicaed in Figure9. In this
configuration, the AC '97 Codecis the iming mas-
ter for the digital audio link. The ASDOUT output
supports ddatransmission onal ten posside san-
ple sbts (atput dots 3-12). The ASDIN input
supports re@iving of audio sanpledataon al input
sanple slots (input slots 3- 12). The SDO2 ad
SDO3 seid outputs ae not suppated in this con-
figuration.

MIDI Port

In the AC "97 controller configuration, a bi-direc
tional MIDI interface is provided to allow conrec
tion of externd MIDI devices. The MIDI interface
includes 16-tyte FIFOs for he MIDI transmit and
recelve pdhs.

Joystick Pat

In the AC’97 caontroller configuration, a joystick
port is provided. The joystick port suports four
“coordinae” chanrels and four “button” channds.
The aordnate chanrels providejoystick position-
al information to the host, andthe button chamels
provide user button event information. The joystick
interface is capable of operding in the tradtiona
“polled” mode, but aso provides a“hardware ac
cderated” mode of opeation wheein internal
countersare povided to assst the hostwith coordi-
nate position degerminaton. The Joystick sclemat-
ic isillustrated in Figure 1Q
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DSP A A +5T_V|: .
U O
4.7 kQ 4.7 kQ 9 \
JAB1 2 .
j JBB1 10 ;
Q JACX 22kQ 3
<J—y— 98X . %@KQ 11 i
ﬂii 5.6 nF_L_ 1 56nF L | 1nF 4
g g 1 an g b O
O
N 47 kgé 4.7 m% 5
IBCY 22kQ s
< JACY 22kQ ©
< 61
JBB2 14 .
j JAB2 7).
ii 47kQ 15 .
E> MIDIOUT |56nF|56nF |1nF |1nF Ski////
<1 [MiDIN T < < L 4

Figure 10. Jbydick Logic

EEPROM IN TERFACE

The EEPROM configuration interface alows the
connection of anoptiond externd EEPROM de
vice to provide paver-up nfiguraton informa-
tion. The exernd EEPROM is not required for
proper operation; howeve, in some applicatons
powe-up configuration setingsother than the de-
fault values may be required to sugport specfic
Operating System compatibility requirements.

After ahardware reset, aninternal state machinein
the CS4614 will aubmaticdly dekect the presence
of anexternal EEPROM device ard load the Sub-
systen ID and Subsystm Vendor ID fields, along
with two bytes of general configuration informa-
tion, into internal registes. At powea-up, the
CS4614 will atempt to read from the externd de-
vice, and will chedk the data receved from the de-
vicefor avalid signature healer. If the heackrdaa
is invdid, the datatransfer is aborted. After power-

up, the host can read or write from/to the EEPROM
device by accesshg spedfic registas in the
CS4%14. Cirrus Logic provides sdfivare to read
and write the EEPFOM.

The two-wire interface for the optional external
EEPROM device is depicted in Figure11. During
data transfers, the data line (EEDAT) can change
state only while the dock signd (EECLK) is low.
A date dhangeof the dataline while the dock sig-
nd is highindicates astart or stop condition to the
EEPROM device

SLIMD SP
Core
4.7 kQ
EEDAT <—L> 2-wire
Serial
EECLK »| EEPROM

Figure 11. External EEPROM Connection
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The EEPROM device read access seuence is
shownin the Figure 12. The timing foll ows tat of
a random read sguene. The CS414 first
peforms a “dummy” write operaion, then
geneates astart condtion followed by the slave
device address ad the byte address & zero. The
CS4%14 aways bains acessat byte addresszero
and continues acess abyte a a time, using a
sequertial read, untl all needed bytes in the
EEPROM are read Sinceonly 7 bytes are needed,

Part . Bank
ED> StfrtAddresé’\I”te Address Stflrt Part Read
v v v

Address l

CIRRUS LOGIC

the snallest EEPROM available will suffice

GENERAL PURPOSE I/OPINS

Many of the C34614signal pins ae interndly mul-
tiplexedto save differentfunctions depending on
the ervironment in which the deviceis being used.
Sewera of the CS4614 signd pins nay be usel as
geneal purpose 10 pinswhen nat requiredfor oth-
er speific functionsin agiven application.

No
AcknowledgeAcknowledge
| [ Stop

v
L I B B T T
S10100000A00000000AS10100001A Data ﬂ Data |1
[ \

' i

:‘]) 1 f
EEPRO Acknowledge

Data

Figure 12. EEPROM Red Sequence
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=N EXE) 1)

39 O8E o ed

QTN ETRENG S T o S

Se)aYaYalaYaYaYaYa XSRS ) - NaYaYaYaYaYa)s)

foc<<<<<<<<oa0cc<<<<a

COONOLULSSMNMANATOOOONOS MOAN A
Jacx | 52 29
Jacy | 53 28
Jecx | 54 27
Jecy | 55 26
JAB1/sDO2 | 56 25
JAB2/sDO3 | 57 24
JBBULRCLK | 58 23
JBB2MCLK | 59 ... 22
MIDIIN | 60 21
oo lz N = 2
ceND[2] | 62 N Q 19
MIDIOUT | 63 .. - o 18
CVvDD[3] | 64 E} 17
cGND[3] | 65 ’ < g 16
SDIN2/GPIO | 66 — - 15
cGND[4] | 67 N Je) 5 14
cvbD[4] | 68 N ‘ < g 13
CRYVDD | 69 S 12
VOLUP/XTALI | 70 l . ) V) 11
VOLDN/XTALO | 71 10
CRYGND | 72 . N O 9
VDDSREF | 73 .. 8
ABITCLK/SCLK | 74 7
ASDOUT/SDOUT | 75 6
ASDIN/SDIN | 76 5
ASYNC/FSYNC | 77 4
ARST# | 78 3
EECLK/PCREQ# | 79 2
EEDAT/PCGNT# | 80 daim <0 ©O~0mO o a®m<I00~00 S ®:

VOOMWWMOVMOWWWMAODIIODOOOODOOODOOOOO O

H* H# B e —— 1 —

2oz RS aRENERRRTeHs

zrjoxgzooooozgoaoolWog

a SO>S —S

o0 o0 © o

(nla [a WA [a

PCIGND[5]
AD[14]
AD[15]
C/BE[1]#
PAR
SERR#
PERR#
STOP#
PCIGND[4]
PCIVDD[4]
DEVSEL#
CVDDI0]
CGNDI0]
TRDY#
IRDY #
FRAME#
C/BE[2]#
CGND[1]
CVDD[1]
AD[ 16]
AD[17]
AD[ 18]
PCIVDDI[3]
PCIGND[3]
AD[19]
AD[20]
AD[2]]
AD[22]
AD[23]
PCIGND[2]
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A ‘#' sign suffix on a pin names indicates an active-low signal.

PCI Interface

AD[31:0] - AddressData Bus, I/O, Pins 88-92, 95-97, 2-6, 9-11, 28-29, 32-37, 41-48
Thesepins fom the multi plexed address /dat bus fa the PQ interface

C/BE[3:0]# - Command Type / Byte Enables, I/O, Pins 98 14, 27,38

Thesefour pins are the multiplexed command / byte enables for the PCI interface During the
address phae of a transadion, these pins indicate cycle type During the dita phasesof a
transection, active low byte emable information for the current data phaseis indicaed. These
pins ae inpus duing slave operaion ard they are outputs duing bus mestering goeration.

PAR - Parity, I1/0O, Pin 26

The Paity pin indicaes even paity across AD[310] and C_BE[3:0] for both address anl daa
phases. The signd is ddayed one PCI clock from ether the address or déa phasefor which
paity is generated.

FRAM E# - Cycle Frame, 1/O, Pin 15

FRAME# is driven by the current PCI bus naste to indicate the begnning and duraion of a
transaction.

IRDY# - Initiato r Ready, I/0O, Pin 16

IRDY# is driven by the current PCI bus master to indicae that as the initiator it is ready to
transmit or receive daa (complete the current daa phase)

TRDY # - Target Ready, I/O, Pin 17

TRDY# is driven by the curent PCI bustarget to indicae that as the taget deviceit is readyto
transmit or receive daa (complete the current daa phase)

STOP# - Trandtion Stop, I/0, Pin 23

STOP#is driven active by the current PA bus trget to indicate a requestto the master o st
the aurrent transation.

IDSEL - Initialize Device Sded, Input, Pin 99
IDSEL is usel as a dip sekct during PCI configuration read and write cycles.

DEVSEL# - Device Sdect, 1/0, Pin 20

DEVSEL# is driven bythe PO bus taget device to indicate tha it has decoded the address of
the aurrent transation & its own ¢ip sdect range
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REQ# - Master Request, Three-Sate Output, Pin 85
REQ# indicates to the system arbiter that this device is requeding access to the PCI bus. This

pin is Hgh-impedane when RST# is adive.
GNT# - Master Grant, Input, Pin 84

GNT# is driven by the systam arbiter to indicate to the device that the PCI bus has ben

granted

PERR# - Parity Error, I/O, Pin 24
PERR#is usel for reporting deta parity errors onthe PQ bus.

SERR#- Systen Error, Open Drain Output, Pin 25
SERR#is use for reporting address péty errors ard other catastrophic sysem errors.

INTA# - Host Interr upt A (for SP), Open Drain Output, Pin 81
INTA# is the level trggered interupt pin dedicated teervicing internal device interupt

SourCes.
PCICLK - PCI Bus Clock, Input, Pin 83

PCICLK is the PCI bus dock for timing al PCI transactions. All PCI syndironous sigials are
geneated ard sanpled rdative to the rising edge of this clock.

RST# - PCI Device Resd, Pin 82
RST# is the PQ bus naste reset

VDD5REF: Clean 5V Powea Supply, Pin 73
VDDS5REF is the power conredion pin for the 5V PCI psedo suppy for the PA bus divers.
The internd core logic rurs on 3.3 Volts. This pin endles the PCI inerface to supprt and be
tolerant of 5 Volt sgnals. Must be caneded to +5 Volts.

PCIVDD[7:0] - PCI Bus Driver Powea Supply, Pins 50, 39, 3121, 8, 10Q 94, 86
PCIVDD pins are the PQ driver power suyply pins. These pins mud have a nomimal

+3.3 Volts.
PCIGNDI[7:0] - PCI Bus Driver Ground Pins, Pins 49, 40, 30, 22, 7, 1,93, 87

PCIGND pins ae the PCI diver gound rderence pins.

L]
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External Interface Pins

TEST - Test Mode Strap, Input, Pin 51

This pin is samped at resetfor test male entry. If it is high at reset ted mock is erabled. This
pin must be pulled to ground for normal operétion.

EEDAT/PCGNT# - EEPROM Data Line/ PC/PCI Grant, I/0, Pin 80

For expansion card designs, this is the data line for external serial EEPROM containing device
configuration daa. When used with an externd EEPROM, a 4.7 kQ pullup resisbor is required.
In motherboad designs usirg PCPCI, this pinis the PCPCI seialized grant input. In designs
with nether of the above requiremerts, this pin can be usedas a general purposeinput or open
drain output (GPIO2).

EECLK/P CREQ# - EEPROM Clock Line / PC/PCI Request, Qutput, Pin 79

For expansion card desins, this is the clock line for external serel EEPROM containing device
configuration data. In maherboard designs using PCPCI, this pin is the PCPC serialized
request ouput. In designs with nather of the above requirements, this pin can be useal as a
genea purposeoutpu pin (GPOUT).

SDIN2/GPIO - Serial Data Input 2 / General Purposel/O Pin, 1/0, Pin 66

This dual function pin defaults as a geeral purpose I/O pin. In nonrAC’97 sydem
configurations, this pin can function & a seond sereo digital daa input pin if erabled.

VOLUP/XTALI - Volume-Up Button / Crystal In, Input, Pin 70

This dual function pn is ather the volume-up kutton control input or the crystal osdll ator input
pin, depending on sytem configuration. This pin may also beused as a general purpose input
if its primary fundion is not needed

VOLDN/XTAL O - Volume-Down Button / Crystal Output, 1/0, Pin 71

This dud function pin is either the volume-down button control input or the crystal osdll ator
output pin, depending on systam configuration. This pin may also beusal as ageneral purpose
input if its primary fundion is nat needed
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Clock / Miscellaneous
CRYVDD - Crystal & PLL Power Supply, Pin 69
Powe pin for crystal osdll ator and interna phaselocked loop. This pin must beconnected to a

nominal +3.3 Volts.

CRYGND - Crystal & PLL Ground Supply, Pin 72
Ground pn for aysta osdll ator ard internd phase bcked loop.

JACX, JACY, JBCX, JBCY - Joystick A and B X/Y Coordinates, I/0, Pins 52, 53, 5455
Thesepins ae the 4 axis coordnates fa the joysick port. These pins nay also beuseal as a

geneal pumposeinputs or @en dran outputs if thar primary fundion is nd needed.

JAB1/SDO2 - Joystick A Button 1/ Seial Data Output 2, I/O, Pin 56
This dual function pn defaults as JABL (button 1 input for joystick A). In non-AC '97 systen

configurations, this pin can fundion as a seond sereo digital data output pin if erabled. This
pin can dso be a general purpcse lled input if a second data output steam s not required

JAB2/SDO3 - Joystick A Button 2 / Seial Data Output 3, I/O, Pin 57
This dual function pn defaults as JAR (button 2 input for joystick A). In non-AC '97 systen

configurations, this pin can function & athird steeo digital data output pin if enabled. This pin
can dso be agenea purpose pdied input if a third data oufput stream is nd required.

JBB1/LRCL K - Joystick B Button 1 /L/R Framing Clock, 1/0, Pin 58
This dud function pin defaults as JBB1 (button 1 irput for joystick B). In non-AC’97 systen

configurations, this pin @n function & a left/right framing clock output pin for SDO2 and
SDO3. This pin can dso be used as a general purpose polled inpu if aternate data output

streams ae not required.

JBB2/MCLK - Joystick B Button 2 / Master Clock, 1/0, Pin 59
This dud function pin defaults as JBB2 (button 2 irput for joystick B). In non-AC 97 systen

configurations, this pin can function as a mster (256< sample rate) output clock if enabed.
This pin can alsobe usal as a geeral purpose pdledinpu if alternate dda output streams are
not required.

MIDIIN - M IDI Data Input, Pin 60
This is the seial inpu pin for the internd MI DI port.

MIDIO UT - MIDI Dat a Output, Pin 63
This is the seial output pin for the internd MIDI port.

CVDDI4:0] - Core Power Supply, Pins 68, 64,61, 12, 19
Core / Strean Proessorpowe pins. Thesepins nmust be comeded to anomind +3.3 Volts.

DS292PP3
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CGND[4:0] - Core Ground Suply, Pins 67, 65, 6213, 18
Core / Strean Proessorground reference pns.

Serial Codec Interface

ABIT CLK/SCLK - AC * 97 Bit Clock / Serial Audio Data Clock, I/O, Pin 74
Maste timing clock for seral audio daa. In AC 97 oconfigurations, this pin is a input which

drives the timing for the AC’97 inteface along with providing the surce clock for the
CS4%614. In externd DAC configurations, it an aitput, providing the seral bit clock.

ASYNC/FSYNC - AC ‘97 Frame Sync/ Seial Audio Frame Syng I/O, Pin 77
Framing clock for seial audio daa. In AC’97 corfiguraions, this pin is an output which

indicates the framing for the AC’97 link. In externa DAC configurations, ths pin is an
FSYNC output,providing the left/right framing dock.

ASDOUT/SDOUT - AC ‘97 Data Out / Seiial Audio Data Out, Output, Pin 75
AC '97 seial data out / Seial audo output daa.

ARST# - AC '97 Resd, Output, Pin 78
AC '97 link resetpin. This pin dso furctions as a eneral purposereseé output in nonAC '97
configurations ard will follow RST# to ground, but must beforced high by sotware.

ASDIN/SDIN - AC ‘97 Data In / Seial Audio Data In, Input, Pin 76
Seiial audio inpu data.

L]
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E

El

HAAAAAARAARAARARAAARAAAAAAAARAH

IREEEEREEEEEEREERER

D D1
Ol

RS 11 21 s L LR R
—f =

INCHES MILLIMETERS
DIM MIN MAX MIN MAX
A 0.000 0.134 0.000 3.400
Al 0.010 0.014 0.250 0.350
B 0.009 0.015 0.220 0.380
D 0.667 0.687 16.950 17.450
D1 0.547 0.555 13.900 14.100
E 0.904 0.923 22.950 23.450
El 0.783 0.791 19.900 20.100
e 0.022 0.030 0.550 0.750
0 0.000 7.000 0.000 7.00
L 0.018 0.030 0.450 0.750
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