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CIRRUS LOGIC”

CS49300 Family DSP

Multi-Standard Audio Decoder Family

Features

©® CS4930X: DVD Audio Sub-family

PES Layer decode for A/V sync

DVD Audio Pack Layer Support

Meridian Lossless Packing Specification (MLP)™
Dolby Digital™, Dolby Pro Logic II™

MPEG-2, Advanced Audio Coding Algorithm (AAC)
MPEG Multichannel

DTS Digital Surround™, DTS-ES Extended Surround™

©® CS4931X: Broadcast Sub-family

PES Layer decode for A/V sync

Dolby Digital

MPEG-2, Advanced Audio Coding Algorithm (AAC)
MPEG-1 (Layers 1, 2, 3) Stereo

MPEG-2 (Layers 2, 3) Stereo

L] CS4932X AVR Sub-family

Dolby Digital, Dolby Pro Logic Il

DTS & DTS-ES decoding with integrated DTS tables
Crystal Original Surround (C.O.S.)

MPEG-2, Advanced Audio Coding Algorithm (AAC)
MPEG Multichannel

MP3 (MPEG-1, Layer 3)

® CS49330 General Purpose Audlo DSP
THX® Surround EX™ and THX® Ultra2 Cinema
General Purpose AVR and Broadcast Audio Decoder

Description

The CS493XX is a family of multichannel audio decoders
intended to supersede the CS4923/4/5/6/7/8/9 family as the
leader of audio decoding in both the DVD, broadcast and
receiver markets. The family will be split into parts tailored for
each of these distinct market segments.

For the DVD market, parts will be offered which support Meridian
Lossless Packing (MLP), Dolby Digital, Dolby Pro Logic II,
MPEG Multichannel, DTS Digital Surround, DTS-ES, AAC, and
subsets thereof. For the receiver market, parts will be offered
which support Dolby Digital, Dolby Pro Logic Il, MPEG
Multichannel, DTS Digital Surround, DTS-ES, AAC, and varlous
virtualizers and PCM enhancement algonthms such as HDCD®,
DTS Neo:6™, Logic 7€, and SRS Circle Surround I1®. For the
broadcast market parts will be offered which support Dolby
Digital, AAC, MPEG-1, Layers 1,2 and 3, MPEG-2, Layers 2 and
3.

Under the Crystal brand, Cirrus Logic is the only single supplier
of high-performance 24-bit multi-standard audio DSP decoders,
DSP firmware, and high-resolution data converters. This
combination of DSPs, system firmware, and data converters
simplify rapid creation of world-class high-fidelity digital audio
products for the Internet age.

Ordering Information: See page 82

(MPEG Multichannel, MPEG Stereo, MP3, C.0.S.) APPLICATION CORE DECODER FUNCTIONALITY
— Car Audio CS49300 DVD Audio MLP, AC-3, AAC, DTS, MPEG 5.1, MP3, etc.
L] Features are a super-set of the CS4923/4/5/6/7/8/9 Cs49310 Broadcast AAC, AC-3, MPEG Stereo, MP3, etc.
8 channel output, including dual zone output capability CS49311 Broadcast AAC, MPEG Stereo, MP3, etc.
— Dynamic Channel Remapability CS49312 Broadcast AC-3, MPEG Stereo, MP3, etc.
— Supports up to 192 kHz Fs @ 24-bit throughput CS19305 R AC-3, COS. MPEG 5.1 MP3. otc.
— Increased memory/MIPs N
— SRAM Interface for increased delay and buffer capability | 549326 AVR AC-3, DTS, COS, MPEG 5.1, MP3, efc.
— Dual-Precision Bass Manager CS49329 AVR AC-3, AAC, DTS, MPEG 5.1, MP3, etc.
— Enhance your system functionality \ﬂa firmware CS49330  Car Audio DSP Car Audio Code
LI_Jipgrr?diﬁS tIID1rr0urg;r1rnthe Crystal Ware '™ Software CS49330 General Purpose  MPEG 5.1, MPEG Stereo, MP3, C.O.S., etc
censing Frogra CS49330 Post-Processor DPP, THX Surround EX, THX Ultra2 Cinema
RD, WR,  ScCDIO,
DATAT7:0, R/W, DS, SCDOUT,
EMAD?7:0, EMOE, EMWR, PSEL, A0, Al, ABOOT,  EXTMEM,
RESET GPIO7:0 CS GPIO11 GPIO10 GPJO9 SCCLK SCDIN INTREQ GP108
CMPDAT, |3 DD
SDATAN2 Compressed 4—‘ Parallel or Serial Host Interface «—d DC
Data Input +
CMPCLK, l¢»| Interface Framer
SCLKN2 ™| Shifter |m 24-Bit - - | €md MCLK
CMPREQ, | ] ot DSP Processing A
LRCLKN2 npu
! Buffer RAM | RAM | > SCLK
SCLKN1, o Controller Program| Data Output
STCCLK2 [~ Iiﬁljﬁzl Memory | Memory RAM porﬁqgﬁer < LROLK
LRCLKN1{<*|  |nput ROM | ROM output |3 AUDATA[2.0]
SDATAN1 y—| Interface Program| Data Buffer
Buffer Memory | Memory
CLKIN PLL sTC |4 XMT958/AUDATA3
Ll 11l
FILT2 FILTL VA AGND DGND[3:1] VD[3:1]
This document contains information for a new product.
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1. CHARACTERISTICSAND SPECIFICATIONS

1.1. Absolute Maximum Ratings
(AGND, DGND = 0 V; all voltages with respect to 0 V)

Parameter Symbol Min Max Unit
DC power supplies: Positive digital VD -0.3 2.75 \%
Positive analog VA -0.3 2.75 \%
[[VA] - [VD|| - 0.3 \Y,
Input current, any pin except supplies lin - +10 mA
Digital input voltage VIND -0.3 3.63 \Y
Storage temperature Tstg —65 150 °C

CAUTION: Operation at or beyond these limits may result in permanent damage to the device. Normal operation

is not guaranteed at these extremes.

1.2. Recommended Operating Conditions
(AGND, DGND = 0 V; all voltages with respect to 0 V)

Parameter Symbol Min Typ Max Unit
DC power supplies: Positive digital VD 2.37 2.5 2.63 \%
Positive analog VA 2.37 25 2.63 V
[[VA] - [VD|| - - 0.3 Y
Ambient operating temperature Ta 0 - 70 °C
1.3. Digital D.C. Characteristics
(TA=25°C; VA, VD[3:1] = 2.5 V #5%; measurements performed under static conditions.)
Parameter Symbol Min Typ Max Unit
High-level input voltage ViH 20 - - Vv
Low-level input voltage VL - - 0.8 \Y
High-level output voltage at o = —2.0 mA VoH VD x 0.9 - - Y
Low-level output voltage at 15 = 2.0 mA VoL - - VD x 0.11 \
Input leakage current lin - - 1.0 MA
1.4. Power Supply Characteristics
(Tao=25°C; VA, VD[3:1] = 2.5 V £5%; measurements performed under operating conditions)
Parameter Symbol Min Typ Max Unit
Power supply current: Digital operating: VD[3:1] - 200 310 mA
Analog operating: VA - 1.7 4 mA
6 DS339PP3
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1.5. Switching Characteristics — RESET
(TAo=25°C; VA, VD[3:1] = 2.5 V #5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C| = 20 pF)

Parameter Symbol Min Max Unit
RESET minimum pulse width low (-CL) (Note 1) Trstl 100 - s
RESET minimum pulse width low (-IL) (Note 1) Trstl 530 - s
Al bidirectional pins high-Z after RESET low (Note 2)|  Tretny - 50 ns
Configuration bits setup before RESET high Trstsu 50 - ns
Configuration bits hold after RESET high Trsthid 15 - ns

Notes: 1. The minimum RESET pulse listed above is valid only when using the recommended pull-up/pull-down
resistors on the RD, WR and PSEL mode pins. For Rev. D and older parts, pull-up/pull-down resistors
should be 4.7 k. For Rev. E and newer parts, pull-up/pull-down resistors should be 3.3 k.

2. This specification is characterized but not production tested.

RESET /

" RD, WR,
PSEL, ABOOT
All Bidirectional m |
Pins T Trstsu Trsthld
rst2z/ € -« <«

Yy

rstl [T

Figurel. RESET Timing

1.6. Switching Characteristics— CLKIN
(TA=25°C; VA, VD[3:1] = 2.5 V #5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C| = 20 pF)

Parameter Symbol Min Max Unit
CLKIN period for internal DSP clock mode Teki 35 3800 ns
CLKIN high time for internal DSP clock mode Telkin 18 ns
CLKIN low time for internal DSP clock mode Teikil 18 ns
CLKIN
Telkin Telki
Telki

Figure2. CLKIN with CLKSEL =VSS=PLL Enable
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1.7. Switching Characteristics— Intel® Host Mode
(TAo=25°C; VA, VD[3:1] = 2.5 V 5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C| = 20 pF)

Parameter Symbol Min Max Unit
Address setup before CS and RD low or CS and WR low Tias 5 - ns
Address hold time after CS and RD low or CS and WR low Tiah 5 - ns
Delay between RD then CS low or CS then RD low Ticar 0 ® ns
Data valid after CS and RD low (Note 3) Tidd - 21 ns
CS and RD low for read (Note 1)|  Tirpw DCLKP + 10 - ns
Data hold time after CS or RD high Tidhr 5 - ns
Data high-Z after CS or RD high (Note 2) Tidis - 22 ns
CS or RD high to CS and RD low for next read (Note 1) Tirg 2*DCLKP + 10 - ns
CS or RD high to CS and WR low for nextwrite ~ (Note 1)|  Tygw  |2*DCLKP + 10 - ns
Delay between WR then CS low or CS then WR low Ticdw 0 ® ns
Data setup before CS or WR high Tidsu 20 - ns
CS and WR low for write (Note 1)|  Tiwpw DCLKP + 10 - ns
Data hold after CS or WR high Tidhw 5 - ns
CSorWR highto CS and RD low for nextread ~ (Note 1)|  Tiwrg  |2*DCLKP + 10 - ns
CS or WR high to CS and WR low for next write  (Note 1) Ting 2*DCLKP + 10 - ns

Notes: 1. Certain timing parameters are hormalized to the DSP clock, DCLKP, in hanoseconds. DCLKP =
1/DCLK. The DSP clock can be defined as follows:

External CLKIN Mode:
DCLK == CLKIN/4 before and during boot
DCLK == CLKIN after boot

Internal Clock Mode:
DCLK == 10MHz before and during boot, i.e. DCLKP == 100ns
DCLK == 65 MHz after boot, i.e. DCLKP == 15.4ns

It should be noted that DCLK for the internal clock mode is application specific. The application code
users guide should be checked to confirm DCLK for the particular application.

2. This specification is characterized but not production tested.
3. See Tjqq from Intel Host Mode in Table 6 on page 43
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A1:0
Tian
DATAT7:0
Tias T
Tug idhr P
CSs ‘
Ticadr Tidis
WR
Tirpw Tird Tirdtw
RD /
Figure 3. Intel® Parallel Host Mode Read Cycle
Al:0 J
Tian
DATA7:0 T
- Tidhw
CSs ‘
Ticdw Tidsu
RD
Tiwpw Tiwd Tiwtrd

wR

Figure4. Intel® Parallel Host Mode Write Cycle
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1.8. Switching Characteristics— Motorola® Host M ode
(TAo=25°C; VA, VD[3:1] = 2.5 V 5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C| = 20 pF)

Parameter Symbol Min Max Unit
Address setup before CS and DS low Tmas 5 - ns
Address hold time after CS and DS low Trmah - ns
Delay between DS then CS low or CS then DS low Tmedr 0 ® ns
Data valid after CS and RD low with R/W high (Note 3)|  Trmad - 21 ns
CS and DS low for read (Note 1)|  Trrpw DCLKP + 10 - ns
Data hold time after CS or DS high after read Tmdhr 5 - ns
Data high-Z after CS or DS high low after read (Note 2)|  Tgis - 22 ns
CS or DS high to CS and DS low for next read (Note )|  Tprg  |2*DCLKP + 10 - ns
CS or DS high to CS and DS low for next write (Note 1)| T |2*DCLKP + 10 - ns
Delay between DS then CS low or CS then DS low Trncdw 0 0 ns
Data setup before CS or DS high Trmdsu 20 - ns
CS and DS low for write (Note 1)|  Trmwpw | DCLKP +10 - ns
R/W setup before CS AND DS low Trnwsu 5 - ns
R/W hold time after CS or DS high Trrwhid 5 - ns
Data hold after CS or DS high Trndhw 5 - ns
CS or DS high to CS and DS low with R/W high for next read| Tmwya  |2*DCLKP + 10 - ns
(Note 1)
CS or DS high to CS and DS low for next write (Note )|  Tmwg  |2*DCLKP + 10 - ns

Notes:

External CLKIN Mode:
DCLK == CLKIN/4 before and during boot
DCLK == CLKIN after boot

Internal Clock Mode:

DCLK == 10MHz before and during boot, i.e. DCLKP == 100ns
DCLK == 65 MHz after boot, i.e. DCLKP == 15.4ns

1. Certain timing parameters are normalized to the DSP clock, DCLKP, in nanoseconds. DCLKP =
1/DCLK. The DSP clock can be defined as follows:

It should be noted that DCLK for the internal clock mode is application specific. The application code
users guide should be checked to confirm DCLK for the particular application.

2. This specification is characterized but not production tested.

3. See Tqq from Motorola Host Mode in Table 7 on page 45

10
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Al:0 J
Tman
DATAT7:0
Tmas
Tmdhr
€S Trmrwsu e

»

Ve L

Figure5. Motorola® Parallel Host Mode Read Cycle

D

wn

Tmcdr Tmdis Trmrwhid
RIW
Tm rpw Tmrd Trrdtw

Al:0 <—J
Tmas Tmah
DATAT:0
Tmdsu > Tmdhw
CS
L—' Tmecdw Tmwpw P Tmrwhid
R/W
Tmrwsu Tmwd Tmwtrd
DS/ l

Figure6. Motorola® Parallel Host Mode Write Cycle
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1.9. Switching Characteristics— SPI Control Port
(Ta=25°C; VA, VD[3:1] = 2.5 V #5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C_ = 20 pF)

Parameter Symbol Min Max Units

SCCLK clock frequency (Note 1) fsck - 2000 kHz
CS falling to SCCLK rising tess 20 - ns
Rise time of SCCLK line (Note 7) t, - 50 ns
Fall time of SCCLK lines (Note 7) t - 50 ns
SCCLK low time tecl 150 - ns
SCCLK high time tseh 150 - ns
Setup time SCDIN to SCCLK rising tedisu 50 - ns
Hold time SCCLK rising to SCDIN (Note 2) tedin 50 - ns
Transition time from SCCLK to SCDOUT valid (Note 3)|  tgcdov - 40 ns
Time from SCCLK rising to INTREQ rising (Note 4) tserh - 200 ns
Rise time for INTREQ (Note 4) ty - (Note 6) ns
Hold time for INTREQ from SCCLK rising (Note 5, 7) tserl 0 - ns
Time from SCCLK falling to CS rising tscesh 20 - ns
High time between active CS tesht 200 - ns
Time from CS rising to SCDOUT high-Z (Note 7)|  tescdo 20 ns
Notes: 1. The specification fg indicates the maximum speed of the hardware. The system designer should be

aware that the actual maximum speed of the communication port may be limited by the software. The

relevant application code user’s manual should be consulted for the software speed limitations.

2. Data must be held for sufficient time to bridge the 50 ns transition time of SCCLK.

3. SCDOUT should not be sampled during this time period.

4. INTREQ goes high only if there is no data to be read from the DSP at the rising edge of SCCLK for the
second-to-last bit of the last byte of data during a read operation as shown.

5. IfINTREQ goes high as indicated in (Note 4), then INTREQ is guaranteed to remain high until the next
rising edge of SCCLK. If there is more data to be read at this time, INTREQ goes active low again. Treat
this condition as a new read transaction. Raise chip select to end the current read transaction and then
drop it, followed by the 7-bit address and the R/W bit (set to 1 for a read) to start a new read transaction.

6. With a 4.7k Ohm pull-up resistor this value is typically 215ns. As this pin is open drain adjusting the pull
up value will affect the rise time.

7. This time is by design and not tested.

12
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1.10. Switching Char acteristics — 1°C® Control Port
(Ta=25°C; VA, VD[3:1] = 2.5 \V +5%: Inputs: Logic 0 = DGND, Logic 1 = VD, C, = 20 pF)

Parameter Symbol Min Max Units

SCCLK clock frequency (Note 1) fscl 400 kHz
Bus free time between transmissions touf 4.7 ps
Start-condition hold time (prior to first clock pulse) thdst 4.0 Us
Clock low time tiow 1.2 ps
Clock high time thigh 1.0 Hs
SCDIO setup time to SCCLK rising tsud 250 ns
SCDIO hold time from SCCLK falling (Note 2) thad 0 ps
Rise time of SCCLK (Note 3), (Note 7) t, 50 ns
Fall time of SCCLK (Note 7) t 300 ns
Time from SCCLK falling to CS493XX ACK tsca 40 ns
Time from SCCLK falling to SCDIO valid during read operation tsesdy 40 ns
Time from SCCLK rising to INTREQ rising (Note 4) tserh 200 ns
Hold time for INTREQ from SCCLK rising (Note 5) tserl 0 ns
Rise time for INTREQ (Note 6) ty ** ns
Setup time for stop condition tsusp 4.7 ps
Notes:. 1. The specification fg indicates the maximum speed of the hardware. The system designer should be

aware that the actual maximum speed of the communication port may be limited by the software. The

relevant application code user’s manual should be consulted for the software speed limitations.

2. Data must be held for sufficient time to bridge the 300-ns transition time of SCCLK. This hold time is by
design and not tested.

3. This rise time is shorter than that recommended by the 1°c specifications. For more information, see
Section 6.1, “Serial Communication” on page 33.

4. INTREQ goes high only if there is no data to be read from the DSP at the rising edge of SCCLK for the
last data bit of the last byte of data during a read operation as shown.

5. If INTREQ goes high as indicated in Note 8, then INTREQ is guaranteed to remain high until the next
rising edge of SCCLK. If there is more data to be read at this time, INTREQ goes active low again. Treat
this condition as a new read transaction. Send a new start condition followed by the 7-bit address and
the R/W bit (set to 1 for a read). This time is by design and is not tested.

6. With a 4.7k Ohm pull-up resistor this value is typically 215ns. As this pin is open drain adjusting the pull
up value will affect the rise time.

7. This time is by design and not tested.
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1.11. Switching Characteristics— Digital Audio I nput

(TAo=25°C; VA, VD[3:1] = 2.5 V 5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C| = 20 pF)

Parameter Symbol Min Max Unit

SCLKN1(2) period for both Master and Slave mode (Note 1)| Tsci 40 - ns
SCLKNZ1(2) duty cycle for Master and Slave mode (Note 1) 45 55 %
Master Mode (Note 1, 2)

LRCLKN1(2) delay after SCLKN1(2) transition (Note 3)| Tgs - 10 ns
SDATAN1(2) setup to SCLKN1(2) transition (Note 4)| Tsgsum 10 - ns
SDATAN1(2) hold time after SCLKN1(2) transition (Note 4)| Tsghm 5 - ns
Slave Mode (Note 5)

Time from active edge of SCLKN1(2) to LRCLKNZ1(2) transition Tsr 10 - ns
Time from LRCLKN1(2) transition to SCLKN1(2) active edge Tirts 10 - ns
SDATAN1(2) setup to SCLKN1(2) transition (Note 4)| Tsgsus 5 - ns
SDATANL1(2) hold time after SCLKN1(2) transition (Note 4)| Tesgns 5 - ns

Notes: 1. Master mode timing specifications are characterized, not production tested.
Master mode is defined as the CS493XX driving LRCLKN1(2) and SCLKN1(2). Master or Slave mode

can be programmed.

3. This timing parameter is defined from the non-active edge of SCLKN1(2). The active edge of

SCLKN1(2) is the point at which the data is valid.

4. This timing parameter is defined from the active edge of SCLKN1(2). The active edge of SCLKN1(2) is

the point at which the data is valid.

5. Slave mode is defined as SCLKN1(2) and LRCLKN1(2) being driven by an external source.

16
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MASTER MODE

SCLKN1
SCLKN2
Tiras e Tscki

LRCLKN1
LRCLKNZ2

Tsdsum| Tsdhm

SDATAN1
SDATAN2

SLAVE MODE
SCLKN1
SCLKN2
Tsclki‘J
r—p-n"s «—p| Tstr
LRCLKN1
LRCLKN2

Tsdsus Tsdhs
L

SDATAN1
SDATANZ2

Figure9. Digital Audio Input Data, Master and Slave Clock Timing
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1.12. Switching Characteristics— CMPDAT, CMPCLK
(TAo=25°C; VA, VD[3:1] = 2.5 V 5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C| = 20 pF)

Parameter Symbol Min Max Unit
Serial compressed data clock CMPCLK period Tempelk - 27 MHz
CMPDAT setup before CMPCLK high Tempsu 5 - ns
CMPDAT hold after CMPCLK high Temphid 3 - ns

CMPCLK \

CMPDAT

Tcmpsu < Tcmphld

Tcm pclk

Figure 10. Serial Compressed Data Timing

1.13. Switching Characteristics— Parallel Data I nput
(Ta=25°C; VA, VD[3:1] = 2.5 V #5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C, = 20 pF)

Parameter Symbol Min Max Unit
CMPCLK Period Tempolk 4*DCLK + 10 ns
DATA][7:0] setup before CMPCLK high Tempsu 10 ns
DATA[7:0] hold after CMPCLK high Temphid 10 ns

Notes: 1. Certaintiming parameters are normalized to the DSP clock, DCLK, in nanoseconds. The DSP clock can
be defined as follows:

External CLKIN Mode:

DCLK == CLKIN/4 before and during boot
DCLK == CLKIN after boot

Internal Clock Mode:

DCLK == 10MHz before and during boot, i.e. DCLK == 100ns
DCLK == 65 MHz after boot, i.e. DCLK == 15.4ns

It should be noted that DCLK for the internal clock mode is application specific. The application code
users guide should be checked to confirm DCLK for the particular application.

CMPCLK \

DATA[7:0]

Tcmpsu < g d Tcmphld

Tcmpclk l

Figure1l. Parallel Data Timing (when not in a parallel control mode)
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1.14. Switching Characteristics — Digital Audio Output

(TA=25°C; VA, VD[3:1] = 2.5 V 5%; Inputs: Logic 0 = DGND, Logic 1 = VD, C| = 20 pF)

Parameter Symbol Min Max Unit
MCLK period (Note 1) Trnelk 40 - ns
MCLK duty cycle (Note 1) 40 60 %
SCLK period for Master or Slave mode (Note 2) Tscik 40 - ns
SCLK duty cycle for Master or Slave mode (Note 2) 45 55 %
Master Mode (Note 2, 3)
SCLK delay from MCLK rising edge, MCLK as an input Tsdmi 15 ns
SCLK delay from MCLK rising edge, MCLK as an output Tsdmo -5 10 ns
LRCLK delay from SCLK transition (Note 4) Tirds 10 ns
AUDATA2-0 delay from SCLK transition (Note 4)|  Tadsm 10 ns
Slave Mode (Note 5)
Time from active edge of SCLKN1(2) to LRCLKN1(2) transition Tstir 10 - ns
Time from LRCLKNZ1(2) transition to SCLKN1(2) active edge Tirts 10 - ns
AUDATA2-0 delay from SCLK transition (Note 4, 6) Tadss 15 ns

Notes: 1. MCLK can be an input or an output. These specifications apply for both cases.
2. Master mode timing specifications are characterized, not production tested.

3. Master mode is defined as the CS493XX driving both SCLK and LRCLK. When MCLK is an input, it is

divided to produce SCLK and LRCLK.

4. This timing parameter is defined from the non-active edge of SCLK. The active edge of SCLK is the

point at which the data is valid.

5. Slave mode is defined as SCLK and LRCLK being driven by an external source.

6. This specification is characterized, not production tested.

DS339PP3
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MCLK (npuy /. i T \
Tmclk

SCLK (Output)
Tsdmi
MCLK (Output) J—\— i j \
Tmelk

SCLK (Output)
Tsdmo

MASTER MODE

SCLK }< ><
[ E— Y
» Tirds
LRCLK
Tadsm
AUDATA2:0
SLAVE MODE
SCLK 3< ><
Ti [ — P
Irts
< > Tstir
LRCLK
Tadss
AUDATA2:0

Figure 12. Digital Audio Output Data, Input and Output Clock Timing
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2. FAMILY OVERVIEW

The CS49300 family contains system on a chip
solutions for multichannel audio decompression
and digital signal processing. The C$49300 family
is split into 4 sub-families targeted at the DVD,
broadcast and audio/video receiver (AVR), and
effects and post processing markets.

This document focuses on the electrical features
and characteristics of these parts. Different features
are described from a hardware design perspective.
It should be understood that not all of the features
portrayed in this document are supported by all of
the versions of application code available. The
application code user’ s guides should be consulted
to confirm which hardware features are supported
by the software.

The parts use a combination of internal ROM and
RAM. Depending on the application being used, a
download of application software may be required
each time the part is powered up. This document
uses “download” and “code load” interchangeably.
These terms should be interpreted as meaning the
transfer of application code into the interna
memory of the part from ether an external
microcontroller or through the autoboot procedure.

2.1. Multichannel Decoder Family of Parts

C$49300 - DVD Audio Decoder. The CS49300
deviceistargeted at audio decoding inthe DVD via
ESor PESin aseria or parallel bursty fashion for
MLP or for DVD Audio Pack Layer Support. (All
the other decoding/processing algorithms listed
below require delivery of PCM or IEC61937-
packed compressed data via 1°S or LJ formatted
digital audio to the CS49300). Specifically the
C9300 will support al of the following
decoding/processing standards:

+ Meridian LosslessPacking™ (MLP™)* (for ES
and PES data delivery only)

* DVD Audio Pack Layer Support* (for ES and
PES data delivery only)

« Dolby Digital ™ (ﬁc-s"”) with
Dolby Pro Logic

« Dolby Digita™ with Dolby Pro Logic™ plus
Crystal Extra Surround "

« Dolby Digital ™ with Dolby Pro Logic II™

« Dolby Digital ™ with Dolby Pro Logic Il plus
Crystal Extra Surround "

« Virtual Dolby Digital™

» MPEG-2, Advanced Audio Coding Algorithm
(AAC)

MPEG Multichannel
« MPEG Multichannel with Dolby Pro Logicll ™

e MPEG Multichannel plus Crystal Extra
Surround ™

. MPEG-1, Layer 3 (MP3)
« DTS Digital Surround ™

« DTS Digital Surround™" with
Dolby Pro LogicIl™

« DTS Digital Surround™ plus Crystal Extra
Surround ™

« DTSES Extended Surround
Discrete 6.1 & Matrix 6.1)

« DTSNeo6

« Logic 5% (5.1 Channel, Max Fs=48kHz and
Logic 7% (7.1 Channel, Max Fs=96kHz)

«  VMAX Virtua Theater® (Virtual Dolby Digital)

« SRS TruSurround™ (Virtual Dolby Digital and
DTS Virtual 5.1™ Versions)

« SRSCircle Surround™ I/11

« HDCD®

» Crystal P.D.F. (Dolby Pro Logic 2Fs Decoder
and PCM Upsampler)

e Crystal PL2 2FS (Dolby Pro Logic Il 2Fs
Decoder and PCM Upsampler)

Please refer to the CS4932x/CS49330 Part Matrix
vs. Code Matrix (PDF) document available from
the C$49300 Web Site Page for the latest listing of
audio decoding/processing algorithms. The part

(DTS-ES
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will aso support PES layer decode for audio/video
synchronization and DVD Audio Pack layer
support. The CS49300 will support all of the above
decoding and PCM processing standards.

C4931X - Broadcast Sub-family. The CS4931X
sub-family is targeted at audio decoding in the
broadcast markets in systems such as digital TV,
HDTV, set-top boxes and digital audio broadcast
units (digital radios). Specifically the CS4931X
sub-family will support the following decode
standards:

» Dolby Digital ™ (AC-3™) with Dolby Pro
Logic

MPEG-2, Advanced Audio Coding Algorithm
(AAC)

* MPEG-1, Layers1, 2 Stereo

* MPEG-1, Layers 3 (MP3) Stereo

* MPEG-2, Layer 2 Stereo

» MPEG-2, Layer 3 (MP3) Stereo

The part will aso support PES layer decode for
audio/video synchronization. The CS49310 will
support al of the above decode standards while

other partsin the C$4931X sub-family will decode
subsets of the above audio decoding standards.

C932X - Audio/Video Receiver (AVR) Sub-
family. The CS4932X sub-family is targeted at
audio decoding in the audio/video receiver
markets. Typical applications will include
amplifiers with integrated decoding capability,
outboard decoder pre-amplifiers, car radios and
any system where the compressed audio isreceived
in an IEC61937 format. Specifically the CS4932X
sub-family will support the following decode
standards:

« Dolby Digital ™ (ﬁc-s"”) with
Dolby Pro Logic

« Dolby Digita™ with Dolby Pro Logic™ plus
Crystal Extra Surround "

« Dolby Digital " with Dolby Pro Logic Il ™

« Dolby Digital ™ with Dolby Pro Logic Il plus
Crystal Extra Surround "

« Virtual Dolby Digital™

 MPEG-2, Advanced Audio Coding Algorithm
(AAC)

*  MPEG Multichannel

«  MPEG Multichannel with Dolby Pro Logicll ™

» MPEG M ultichannel plus Crysta Extra
Surround

e MPEG-1, Layer 3 (MP3)

« DTS Digital Surround ™"

« DTS Digital Surround™ with
Dolby Pro Logic I1™

« DTS Digital Surround™ plus Crystal Extra
Surround ™

« DTSES Extended Surround™
Discrete 6.1 & Matrix 6.1)

« DTSNeo6

« Logic 5% (5.1 Channel, Max Fs=48kHz and
Logic 7® (7.1 Channel, Max Fs=96kHz)

«  VMAX Virtua Theater® (Virtual Dolby Digital)

« SRS TruSurround™ (Virtual Dolby Digital and
DTS Virtual 5.1™ Versions)

« SRSCircle Surround™ I/11

« HDCD®

» Crystal P.D.F. (Dolby Pro Logic 2Fs Decoder
and PCM Upsampler)

e Crystal PL2 2FS (Dolby Pro Logic Il 2Fs
Decoder and PCM Upsampler)

The CS49326 will support al of the above decode
standards while other parts in the CS4932X sub-
family will decode subsets of the above audio
decoding standards.

Except for the CS49329 which offers AAC support
this subfamily will offer integrated ROM support
for the AC-3 code, DTS code, Crystal Original
Surround code and DTS tables. The CS49329 will

(DTSES
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require an external download for al applications
but will still support the DTS tables on chip.

C49330 - General Purpose, Car Audio
Processor, PCM Effects & Multichannel Post-
Processing Device. The C349330 sub-family is
targeted at any system that may require post
processing or multichannel effects processing, a
general  purpose MPEG  Stereo, MPEG
Multichannel, MP3, decoder or PCM effects
processor or mixer, or for car audio applications.
Typical applications will include multichannel
amplifiers, outboard pre-amplifiers, HDTVs and
car radios. Specificaly the CS49330 sub-family
will support the following:

» Crystal Digital Post-Processor, Home THX
Cinema® and THX Surround EX " 5.1 and 7.1
Channel Post-Processors

e Any genera purpose application which only
requires MPEG Multichannel; MPEG-1, Layer
3; MPEG-2, Layer 3*, or C.0.S. PCM Effects
Processor. (MPEG-1, Layer 3 and MPEG-2,
Layer 3 are only available for applications
where serial or paralel bursty elementary
stream data is available. MPEG-1, Layer 3

audio decoding isonly availablefor IEC61937-
packed M P3 data.)

e Multichannel Effects Processing

» General purpose broadcast application that
only requires MPEG-1 Stereo (Layers 1, 2, or
3) and MPEG-2 Stereo (Layers 2 or 3)

» Car Audio Post-Processor

This sub-family will continue to grow as more post
processing algorithms are supported.

This data sheet covers the C$49300, CS4931X,
C$4932X and C49330 sub-families and devices.
These partsareidentical from an external electrical
perspective. Internally, each part has been tailored
for supporting different decoding standards. For
this document individual part numbers have been
replaced by CS493X X if the description appliesto
the entire CS49300 Family DSP. If a description
only applies to a particular sub-family, CS49300,
CS4931X, CHA932X or C49330 will be used.
When C$49300, CS4931X, C4932X or CS49330
isused, this should be interpreted as applying to all
parts within the particular sub-family or a
particular device.

DS339PP3
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3. TYPICAL CONNECTION
DIAGRAMS

Six typica connection diagrams have been
presented to illustrate using the part with the
different communication modes available. They
are asfollows:

Figure 13, "12C® Control" on page 26

Figure 14, "1°C® Control with External Memory"
on page 27

Figure 15, "SPI Control" on page 28

Figure 16, "SPI Control with External Memory" on
page 29

Figure 17, "Intel® Parallel Control Mode" on page
30

Figure 18, "Motorola® Parallel Control Mode" on

page 31

The following should be noted when viewing the
typical connection diagrams:

The pins are grouped functionally in each of the
typical connection diagrams. Please be aware that
the CS493XX symbol may appear differently in
each diagram.

The external memory interface is only supported
when a serial communication mode has been
chosen.

The typical connection diagrams demonstrate the
PLL being used (CLKSEL is pulled low). To use
CLKIN as the DSP clock, CLKSEL should be
pulled high. The system designer must be aware
that certain software features may not be available
if external CLKIN is used as the DSP must run
slower when external CLKIN is used. The system
designer should also be aware of additional duty
cycle requirements when using external CLKIN as
aDSP clock. It is highly suggested that the system
designer use the PLL and pull CLKSEL low.

3.1. Multiplexed Pins

The CH493X X family of digital signal processors
(DSPs) incorporate a large amount of flexibility
into a 44 pin package. Because of the high degree

of integration, many of these pins are internaly
multiplexed to serve multiple purposes. Some pins
are designed to operate in one mode at power up,
and serve a different purpose when the DSP is
running. Other pins have functionality which can
be controlled by the application running on the
DSP. In order to better explain the behavior of the
part, the pins which are multiplexed have been
given multiple names. Each name is specific to the
pin’s operation in a particular mode.

An example of this would be the use of pin 20 in
one of the seria control modes. During the boot
period of the CS493XX, pin 20 is called ABOOT.
ABOQOT is sampled on the rising edge of RESET.
If ABOOT is high the host must download code to
the DSP. If ABOOT is low when sampled, the
CHA93X X goesinto autoboot mode and loadsitsel f
with code by generating addresses and reading data
on EMAD[7:0]. When the part has been loaded
with code and is running an application, however,
pin20iscaled INTREQ. INTREQisanopendrain
output used to inform the host that the DSP has an
outgoing message which should be read.

In this document, pins will be referred to by their
functionality. Section 12, “Pin Descriptions’ on
page 77 describes each pin of the CS493XX and
lists al of its names. Please refer to this section
when exact pin numbers are in question.

The part has 12 general purpose input and output
(GPIO[11:0]) pins that al have multiple
functionality. While in one of the pardle
communication modes (Section 6.2, “Parallel Host
Communication” on page 41), these pins are used
to implement the parallel host communication
interface. While in one of the serial host modes
these pins are used to implement an external
memory interface. Alternatively whilein one of the
serial host modes these pins could be used for
another general purpose if the application code has
been programmed to support the special purpose.
In this document the pins are referenced by the
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name corresponding to their particular use.
Sometimes GPIO[11.:0], or some subset thereof, is
used when referring to the pinsin a general sense.

3.2. Termination Requirements

The CS493X X incorporates open drain pins which
must be pulled high for proper operation. INTREQ
(pin 20) isaways an open drain pin which requires
a pull-up for proper operation. When in the 1°C
serial communication mode, the SCDIO signal (pin
19) is open drain and thus requires a pull-up for
proper operation.

Dueto theinternal, multiplexed design of the pins,
certain signals may or may not require termination
depending on the mode being used. If a pardlel
host communication mode is not being used,
GPIO[11:0] must be terminated or driven as these
pins will come up as high impedance inputs and
will be prone to oscillation if they are left floating.
The specific termination requirements may vary
since the state of some of the GPIO pins will
determine the communication mode at the rising
edge of reset (please see Section 6, “Control” on
page 32 for more information). For the explicit
termination requirements of each communication
mode please see the typical connection diagrams.

Generally a4.7k Ohm resistor is recommended for
open drain pins. The communication mode setting
pins (please see Section 6, “ Control” on page 32 for
more information) should also be terminated with a
4.7k resistor. A 10k Ohm resistor is sufficient for
the GPIO pins and unused inputs.

3.3. PhaseLocked Loop Filter

The internal phase locked loop (PLL) of the
CH93X X requires an external filter for successful
operation. The topology of this filter is shown in
the typical connection diagrams. The component
values are shown below. Care should be taken
when laying out the filter circuitry to minimize
trace lengths and to avoid any close routing of high
frequency signals. Any noise coupled on to the

filter circuit will be directly coupled into the PLL,
which could affect performance.

Reference Designator Value
C1 2.2uF
c2 220pF
C3 10nF
R1 200k Ohm

Table 1. PLL Filter Component Values

4. POWER

The C$493XX requires a 2.5V digital power
supply for the digital logic within the DSP and a
2.5V analog power supply for the internal PLL.
There are three digital power pins, VD1, VD2 and
VD3, adong with three digital grounds, DGND1,
DGND2 and DGND3. There is one analog power
pin, VA and one analog ground, AGND. The DSP
will perform at its best when noise has been
eliminated from the power supply. The
recommendations given below for decoupling and
power conditioning of the CS493XX will help to
ensure reliable performance.

4.1. Decoupling

It is good practice to decouple noise from the
power supply by placing capacitors directly
between the power and ground of the CS493XX.
Each pair of power pins (VDLDGND,
VD2/DGND, VD3/DGND, VA/AGND) should
have its own decoupling capacitors. The
recommended procedure is to place both a 0.1uF
and a 1uF capacitor as close as physically possible
to each power pin. The 0.1uF capacitor should be
closest to the part (typically 5mm or closer).

4.2. Analog Power Conditioning

In order to obtain the best performance from the
CH93X X’ sinternal PLL, the analog power supply
(VA) must be as clean as possible. A ferrite bead
should be used to filter the 2.5V power supply for
the analog portion of the CS493XX. This power

DS339PP3
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+2.5 Supply (+2.5VD)

NOTE: A capacitor pair (1 uF and 0.1 uF) must be supplied for each power pin.
NOTE: +2.5VA is simply +2.5VD after filtering through the ferrite bead. Pin 32 must be referenced to +2.5VA

FERRITE BEAD +2.5VA

tL1 uF LUIMF tLl uF LOIMF -tLl uF Lo.l uF tL1 uF LOIMF th uF

+2.5VD +2.5VD
g 5
2 DD 3 3 2 N 33
g s s 3 veik FU€—>AIN—————
oe ve 5 3
scik FA€—>
w Le N
e O INTREQ RS T DAC (S)
L E <€<—> 1% scoi0
<
1 o . AUDATAD 4L
P~ w scom AUDATAL [0
o E s a9
o = > scowk AUDATA2
= g >—361 ReseT
= o CMPDAT <
(@] cmpeLk HE—€—>
<>
o cs493xx LSS DIR or
) ~ ADC [S]
o
<
O >—41 WR__GPI010 SOATAN 2 : -~
= -~ & SCLKN <> oPT TX
z > RD__GPIO11 SLRCLKN a< > _/I/
5 ]
erios xMT958 [ v
——> 1 cpio7
——> 1 cpios . 33
G oLkin OSCILLATOR
——> 1 6rioe
——> 14 crios cLkseL [F—€
——> 15 cri02 -
——> 18 cpi01 38 8 R *2.5VA 5
o
——> 1 cpioo 888 ¢ FLTI im
EMAD _GPI0 [8:0] =
R1
* = c2 g g c3
j * Industrial temperature requires

3.3Kohm pull-up/down resistors
on WR/RD lines.

Figure 13. 1°C® Control
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+2.5V Supply (+2.5VD)

NOTE: A capacitor pair (1 uF and 0.1 uF) must be supplied for each power pin.
NOTE: +2.5VA is simply +2.5VD after filtering through the ferrite bead. Pin 32 must be referenced to +2.5VA

FERRITE BEAD +2.5VA

o Tow e Lo sl o e Tow dlow

+2.5VD +2.5VD

470K

Resistor Pack 10k

3
1

vo1 H—nr]

VA J_‘

o g8 e |4 X
scuk (4
SYSTEM é o e DACs
P e AupATAO 41
MICRO i AvpATAL [0
= 18 fcs .
=2 AUDATA2
_ SCCLK
CONTROLLER o 6 peser
I’
— cmpeLK > DIR or
cmpREQ [ > ADCs
EXTERNAL CS493XX
ROM i soATAN
WR_Gpi010 o
ICE < OPT_TX
. WV
/OE|< ExTMEM o Y
OCTAL FIF OCTAL FIF EMADs CLKIN OSCILLATOR
[ [ EMAD3 CLKSEL
A[15:8] Q[7:0] Q[7:0] EMAD2 o +2.5VA =
EMAD1 2 38 8 o
o(7:0) —— L) Jo
A[7i0] EMAD[7:0]
D[7:0] * Industrial temperature requires L . s "
|_ #< 3.3Kohm pull-up/down resistors ) g g
on WR/RD lines.
Figure 14. 12C® Control with External Memory
DS339PP3
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+2.5V Supply (+2.5VD)

NOTE: A capacitor pair (1 uF and 0.1 uF) must be supplied for each power pin.
NOTE: +2.5VA is simply +2.5VD after filtering through the ferrite bead. Pin 32 must be referenced to +2.5VA

FERRITE BEAD +25VA

iilu; LDIUF -fium LOluF ‘IiluF LOIUF ‘IiluF LOluF ‘IiﬂuF

+2.5VD +2.5VD
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(@] o >0 scoim
o [T AUDATA1 (40
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— = AUDATA2 [-52
= = > SCCLK
o >0 ReseT
O %) CMPDAT <
8 cmpeLKk FE—€—> DIR or
9
o CS493XX cupreQ H—K—2> ADCs
O
= SDATAN <
= >S5 RD__GPIO11 cen 12 : -
>—41 WR__GPIO10 S 7 OPT_TX
- SLRCLKN 25—€—>>
WV
erios xMT958 WV
——&€&—> 81 cpi07
——&€—> 2 crio6 . 33
——€—> 10 cpios cLen OSCILLATOR
——&€—> 11 cpios
———&—> 14 cpios cLkseL H—<€
— &> 151cri02 o +2.5VA 3
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* Industrial temperature requires 1 1 ’1
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4Tk g

3.3Kohm pull-up/down resistors g g
on WR/RD lines.

Figure 15. SPI Control
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+2.5V Supply (+2.5VD)

NOTE: A capacitor pair (1 uF and 0.1 uF) must be supplied for each power pin.
NOTE: +2.5VA is simply +2.5VD after filtering through the ferrite bead. Pin 32 must be referenced to +2.5VA

FERRITE BEAD +2.5VA

Tow Tow sl Tow how Tow T Tow low

+2.5VD +2.5VD
3 R = ew fae ”
oc soux e 33
SYSTEM W o, ek M2
2 e DACs
LL N AUDATAO =
MICRO i e aupTas |0
=z sce
CONTROLLER Y 36 eser
o —
cmpcik FA—€—> DIR or
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EMAD6 0 33
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| ewaos
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A[15:8] al7:0) Ql7:0) cuao2 o +2.5VA s
D[7:0] fmet D[7:0] et 228 l
emano §5%¢ an o
A[710] EMAD[7:0]
* Industrial temperature requires
b(7:0] 3.3Kohm pull-up/down resistors L “ " "
jon WR/RD lines. i g

Figure 16. SPI Control with External Memory

DS339PP3 29



!

——== CIRRUS LOCIC" CS49300 Family DSP

+2.5V Supply (+2.5VD)

NOTE: A capacitor pair (1 uF and 0.1 uF) must be supplied for each power pin.
NOTE: +2.5VA is simply +2.5VD after filtering through the ferrite bead. Pin 32 must be referenced to +2.5VA

FERRITE BEAD +25VA
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Figure 17. Intel® Parallel Control Mode
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+2.5V Supply (+2.5VD)

NOTE: A capacitor pair (1 uF and 0.1 uF) must be supplied for each power pin.
NOTE: +2.5VA is simply +2.5VD after filtering through the ferrite bead. Pin 32 must be referenced to +2.5VA
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Figure 18. Motorola® Parallel Control Mode
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scheme is shown in the typical connection
diagrams.

4.3. Ground

For two layer applications, care should be taken to
have sufficient ground between the DSP and parts
inwhich it will be interfacing (DACs, ADCs, DIR,
microcontrollers, external memory etc). If thereis
not sufficient ground, a potential will be seen
between the ground reference of the DSP and the
interface parts and the noise margin will be
significantly  reduced  potentially  causing
communication or dataintegrity problems.

4.4. Pads

The CS493X X incorporate 3.3V tolerant pads. This
means that while the CS493XX power supplies
require 2.5 volts, 3.3 volt signals can be applied to
the inputs without damaging the part.

5. CLOCKING

The CS493XX clock manager incorporates a
programmable phase locked loop (PLL) clock
synthesizer. The PLL takes an input reference
clock and produces all the internal clocks required
to run theinternal DSP and to provide master mode
timing to the audio input/output peripherals. The
clock manager also includes a 33-bit system time
clock (STC) to support audio and video
synchronization.

The PLL can be internally bypassed by connecting
the CLKSEL pin to VD. This connection
multiplexes the CLKIN pin directly to the DSP
clock. Care should be taken to note the minimum
CLKIN requirements when bypassing the PLL.

ThePLL reference clock hasthree possible sources
that are routed through a multiplexer controlled by
the DSP. SCLKN2, SCLKN1, and CLKIN.
Typically, in audio/video environments like set-top
boxes, the CLKIN pin is connected to 27 MHz. In
other scenarios such asan A/V receiver design, the
PLL can be clocked through the CLKIN pin with

even multiples of the desired sampling rate or with
an aready avallable clock source. Typicaly a
12.288 MHz CLKIN isused in this scenario so that
the same oscillator can be used for the DSP and
ADC.

The clock manager is controlled by the DSP
application software. The software user’ s guide for
the application code being used should be
referenced for what CLKIN input frequency is
supported.

6. CONTROL

Control of the CS493XX can be accomplished
through one of four methods. The CS493XX
supports 1°C® and SPI seriad communication. In
addition the CS493X X supports both a Motorola
and Intel byte wide parallel host control mode.
Only one of the four communication modes can be
selected for control. The states of the RD, WR, and
PSEL pinsare sampled at therising edge of RESET
to determinetheinterfacetypeasshownin Table 2.

RD WR PSEL Host Interface Mode
(Pin5) | (Pin 4) | (Pin 19)
1 1 1 8-bit Motorola®
1 1 0 8-bit Intel®
0 1 X Serial 12C®
1 0 X Serial SPI

Table 2. Host M odes

Whichever host communication modeis used, host
control of the CS493XX is handled through the
application software running on the DSP.
Configuration and control of the CS493XX
decoder and its peripherals are indirectly executed
through a messaging protocol supported by the
downloaded application code. In other words
successful  communication can only be
accomplished by following the low level hardware
communication format and high level messaging
protocol. The specifications of the messaging
protocol can be found in any of the software user’s
guides.
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Only the subsection describing the communication
mode being used needs to be read by the system
designer.

6.1. Serial Communication

The CH493XX has a serial control port that
supports both SPI and 1°C® forms of
communication.

The following sections will
communication mode in more detail.
diagrams will illustrate read and write cycles.

explain  each
Flow

Timing diagrams will be shown to demonstrate
relative edge positions of signal transitions for read
and write operations.

6.1.1. SPI Communication

SPI communication with the CS493XX is
accomplished with 5 communication lines: chip
select, serial control clock, serial datain, serial data
out and an interrupt request line to signal that the
DSP has data to transmit to the host. Table 3 shows
the mnemonic, pin name, and pin number of each
of these signals on the C493X X.

Mnemonic Pin Name Pin Number
Chip Select cS 18
Serial Clock SCCLK 7
Serial Data In SCDIN 6
Serial Data Out SCDOUT 19
Interrupt Request INTREQ 20

Table 3. SPI Communication Signals

6.1.1.1.Writing in SPI

When writing to the device in SPI the same
protocol will be used whether writing a byte, a
message or even an entire executable download
image. The examples shown in this document can
be expanded to fit any write situation. Figure 19,
"SPI Write Flow Diagram” on page 33 shows a
typical write sequence:

The following is a detailed description of an SPI
write sequence with the CS493X X.

( SPI START: CS (LOW)>

Y

WRITE ADDRESS BYTE
WITH MODE BIT
SET TO 0 FOR WRITE

( SEND DATABYTE >

MORE DATA?

N

( CS (HIGH) >

Figure19. SPI Write Flow Diagram

1) An SPI transfer is initiated when chip select
(CS) isdriven low.

2) This is followed by a 7-bit address and the
read/write bit set low for a write. The address
for the CS493X X defaults to 0000000b. It is
necessary to clock this address in prior to any
transfer in order for the CS493X X to accept the
write. In other words a byte of 0x00 should be
clocked into the device preceding any write.
The 0x00 byte represents the 7 bit address
0000000b, and the least significant bit set to 0
to designate awrite.

3) The host should then clock datainto the device
most significant bit first, one byte at atime. The
databyteistransferred to the DSP on thefalling
edge of the eighth serial clock. For this reason,
the seria clock should be default low so that
eight transitions from low to high to low will
occur for each byte.

4) When al of the bytes have been transferred,
chip select should be raised to signify an end of

DS339PP3

33



!

CIRRUS LOGIC"

~———

CS49300 Family DSP

write. Once again it is crucia that the serial
clock transitions from high to low on thelast bit
of the last byte before chip select israised, or a
loss of datawill occur.

The same write routine could be used to send a
single byte, message or an entire application code
image. From a hardware perspective, it makes no
difference whether communication is by byte or
multiple bytes of any length as long as the correct
hardware protocol is followed.

6.1.1.2.Reading in SPI

A read operation is necessary when the CS493X X
signals that it has data to be read. The CS493XX
does this by dropping its interrupt request line
(INTREQ) low. When reading from the device in
SPI, the same protocol will be used whether
reading a single byte or multiple bytes. The
examples shown in this document can be expanded
to fit any read situation. Figure 20, "SPI Read Flow
Diagram” on page 34 shows a typica read
sequence;

The following is a detailed description of an SPI
read sequence with the CS493XX.

1) An SPI read transaction is initiated by the
CH93X X dropping INTREQ, signaling that it
has data to be read.

2) The host responds by driving chip select (CS)
low.

3) This is followed by a 7-bit address and the
read/write bit set high for a read. The address
for the CS493XX defaults to 0000000b. It is
necessary to clock this address in prior to any
transfer in order for the CS493XX to
acknowledge the read. In other words a byte of
0x01 should be clocked into the device
preceding any read. The OxO1 byte represents
the 7 bit address 0000000b, and the least
significant bit set to 1 to designate aread.

4) After thefalling edge of the serial control clock

5)

6)

NO

YES

a

CS (LOW) )

Y

WRITE ADDRESS BYTE
WITH MODE BIT
SET TO 1 FOR READ

‘4
( READ DATA BYTE )

YES

INTREQ STILL LOW?

< CS (HIGH) >

Figure 20. SPI Read Flow Diagram

(SCCLK) for the read/write bit, the data is
ready to be clocked out on the control data out
pin (CDOUT). Data clocked out by the host is
valid on the rising edge of SCCLK and data
transitions occur on thefalling edge of SCCLK.
The serial clock should be default low so that
eight transitions from low to high to low will
occur for each byte.

If INTREQ is still low, another byte should be
clocked out of the CS493XX. Please see the
discussion below for a complete description of
INTREQ behavior.

When INTREQ hasrisen, the chip select line of
the C$493X X should be raised to end the read
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transaction.

Understanding therole of INTREQ isimportant for
successful communication. INTREQ is guaranteed
to remain low (once it has gone low) until the
second tolast rising edge of SCCLK of thelast byte
to be transferred out of the CS493X X. If thereisno
more data to be transferred, INTREQ will go high
at this point. For SPI thisis the rising edge for the
second to last bit of the last byte to be transferred.
After going high, INTREQ is guaranteed to stay
high until the next rising edge of SCCLK. Thisend
of transfer condition signalsthe host to end the read
transaction by clocking the last data bit out and
raising CS. If INTREQ is still low after the second
to last rising edge of SCCLK, the host should
continue reading data from the serial control port.

It should be noted that all data should be read out of
the seria control port during one cycle or aloss of
data will occur. In other words, all data should be
read out of the chip until INTREQ signals the last
byte by going high as described above. Please see
Section 6.1.3, “INTREQ Behavior: A Specia
Case” on page 39 for amore detailed description of
INTREQ behavior.

Figure21, "SPI Timing" on page 36 timing
diagram shows the relative edges of the control
lines for an SPI read and write.

6.1.2. 12C Communication

1°C communication with the CS493XX is
accomplished with 3 communication lines: serial
control clock, a bi-directional serial data
input/output line and an interrupt request line to
signal that the DSP has data to transmit to the host.
See Figure 4, "1°C® Communication Signals’ on

page 35 shows the mnemonic, pin name, and pin
number of each of these signals on the CS493X X.

Mnemonic Pin Name Pin Number

Serial Clock SCCLK 7
Bi-Directional Data SCDIO 19
Interrupt Request INTREQ 20

Table 4. 12C® Communication Signals
Typicaly in 1°C® communication SCDIO is an
opendrain linewith apull-up. A logic oneisplaced
on the line by three-stating the output and allowing
the pull-up to raise the line. At this point another
device can drive the line low if necessary. Three-
stating SCDI O can have two effects. 1. To send out
a one when writing data or sending a “no
acknowledge’; 2. release the line when another
chip iswriting data.

6.1.2.1.Writing in 12C®

When writing to the device in 1°C® the same
protocol will be used whether writing a byte, a
message or even an application code image. The
examples shown in this document can be expanded
to fit any write situation. Figure 22 shows atypical
write sequence:

The following is a detailed description of an 1°C®
write sequence with the CS493XX.

1) AnI%C® transfer isinitiated with an 1°C® start
condition which is defined as the data (SCDI10O)
line falling while the clock (SCCLK) is held
high.

2) Next a 7-bit address with the read/write bit set
low for awrite should be sent to the CS493X X.
The address for the CS493XX defaults to
0000000b. It is necessary to clock this address
in prior to any transfer in order for the
CH93X X to accept the write. In other words a
byte of 0x00 should be clocked into the device
preceding any write. The 0x00 byte represents
the 7 bit of address (0000000b) and the
read/write bit set to O to designate awrite.
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SCCLK

SCDIN [AD6 [AD5 [AD4[AD3[AD2]AD1[ADO|R/W [D7 [D6 [D5 [D4 [D3 [D2 [D1 [D0 [D7 [D6 [D5 [D4 [D3 [D2 [D1 [DO [D7 [D6 [ D5 [D4 [D3 [D2 [D1 [DO |

cs |

| H

SPI Write Functional Timing

SCCLK

SCDIN [AD6 [AD5 [AD4 [AD3 [AD2 [AD1 [ADO |R/W |

|
|
—

SCDOUT | [D7 [D6 [D5 [D4 [D3 [D2 [D1 [DO [D7 [D6 [ D5 [D4 [D3 [D2 [D1 [DO [D7 [D6 [D5 [D4 [D3 [ D2 [ D1 [ DO |
cs
INTREQ | A

Notes:

1.

SPI Read Functional Timing Note 1

INTREQ is guaranteed to stay LOW until the rising edge of SCCLK for bit D1 of the last byte
to be transferred out of the CS493XX.

INTREQ is guaranteed to remain HIGH until the next rising edge of SCCLK at which point it
may go LOW again if there is new data to be read. The condition of INTREQ going LOW at this
point should be treated as a new read condition. After a stop condition, a new start condition
and an address byte should be sent

Figure21. SPI Timing

Note 2
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3) After each byte (including the address and each
data byte) the host must release the data line
and provide a ninth clock for the CS493X X to
acknowledge. The CS493XX will drive the
data line low during the ninth clock to
acknowledge. If for some reason the CS493X X
does not acknowledge, it means that the last
byte sent was not received and should be resent.
If the resent byte falls to produce an
acknowledge, a stop condition should be sent
and the device should be reset.

4) The host should then clock datainto the device
most significant bit first, one byte at atime. The

SEND I2C START:
DROP SCDIO LOW
WHILE SCCLK IS HIGH

v

WRITE ADDRESS BYTE
WITH MODE BIT
SET TO 0 FOR WRITE

Y

GET ACK

¢<

SEND DATABYTE

Y

GET ACK

N

o
N

Ve NNe
o U

MORE DATA?

N

12C STOP:
RAISE SCDIO HIGH
WHILE SCCLK IS HIGH

Figure 22. 12C® Write Flow Diagram

CHA93XX will (and must) acknowledge each
bytethat it receives which meansthat after each
byte the host must provide an acknowledge
clock pulse on SCCLK and release the data
line, SCDIO.

5) At the end of a data transfer a stop condition
must be sent. The stop condition is defined as
the rising edge of SCDIO while SCCLK is
high.

6.1.2.2.Reading in 1°C®

A read operation is necessary when the CS493XX
signals that it has data to be read. It does this by
dropping its interrupt request line (INTREQ) low.
When reading from the device in I°C®, the same
protocol will be used whether reading asingle byte
or multiple bytes. The examples shown in this
document can be expanded to fit any read situation.
Figure 23 shows a typical 12C® read sequence

1) An I?C® read transaction is initiated by the
CH93X X dropping INTREQ, signaling that it
has data to be read.

2) The host responds by sending an 1°C® start
condition which is SCDIO dropping while
SCCLK isheld high.

3) The start condition is followed by a 7-bit
address and the read/write bit set high for a
read. The address for the CS493XX defaultsto
0000000b. It is necessary to clock this address
in prior to any transfer in order for the
CHA93XX to acknowledge the read. In other
words abyte of 0x01 should be clocked into the
device preceding any read. The Ox01 byte
represents the 7 bit address 0000000b and a
read/write bit set to 1 to designate aread.

4) After thefalling edge of the serial control clock
(SCCLK) for the read/write bit of the address
byte, an acknowledge must be read in by the
host. The C493XX will drive SCDIO low to
acknowledge the address byte and to indicate
that it is ready for a read operation. If an
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acknowledge is not sent by the CS493XX, a
stop condition should be issued and the read
sequence should be restarted.

5) The data is ready to be clocked out on the
SCDIO line at this point. Data clocked out by
the host is valid on the rising edge of SCCLK
and datatransitions occur on the falling edge of
SCCLK.

YES

SEND I2C START:
DROP SCDIO LOW
WHILE SCCLK IS HIGH

WRITE ADDRESS BYTE
WITH MODE BIT
SET TO 1 FOR READ
GET ACK )

READ DATABYTE

R

(o £

e

INTREQ STILL LOW? SEND ACK

< SEND NACK )
Y

SEND I2C STOP:
RISING EDGE OF SCDIO
WHILE SCLK IS HIGH

Figure 23. 12C® Read Flow Diagram

6) If INTREQ isstill low after a byte transfer, an
acknowledge (SCDIO clocked low by SCCLK)
must be sent by the host to the CS493XX and
another byte should be clocked out of the
CHA93XX. Please see the discussion below for
a complete description of INTREQ' s behavior.

7) When INTREQ has risen, a no acknowledge
should be sent by the host (SCDIO clocked
high by the host) to the CS493XX. This,
followed by an 1°C® stop condition (SCDIO
raised, while SCCLK is high) signals an end of
read to the CS493XX.

Understanding therole of INTREQ isimportant for
successful communication. INTREQ is guaranteed
to remain low (once it has gone low), until the
rising edge of SCCLK for thelast bit of thelast byte
to be transferred out of the CS493XX (i.e. the
rising edge of SCCLK beforethe ACK SCCLK). If
there is no more data to be transferred, INTREQ
will go high at this point. After going high,
INTREQ is guaranteed to stay high until the next
rising edge of SCCLK (i.e. it will stay high until the
rising edge of SCCLK for the ACK/NACK hit).
This end of transfer condition signals the host to
end the read transaction by clocking thelast databit
out of the C493XX and then sending a no
acknowledge to the CS493XX to signal that the
read sequenceis over. At this point the host should
send an 1°C® stop condition to complete the read
sequence. If INTREQ is still low after the rising
edge of SCCLK on the last data bit of the current
byte, the host should send an acknowledge and
continue reading data from the serial control port.

It should be noted that all data should beread out of
the seria control port during one cycle or aloss of
data will occur. In other words, all data should be
read out of the chip until INTREQ signals the last
byte by going high as described above. Please see
Section 6.1.3, “INTREQ Behavior: A Special
Case” on page 39 for amore detailed description of
INTREQ behavior.
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The timing diagram in Figure 24, "12C® Timing"
on page 40 shows the relative edges of the control
lines for an 1°C® read and write.

6.1.3. INTREQ Behavior: A Special Case

When communicating with the CS493X X there are
two types of messages which force INTREQ to go
low. These messages are known as solicited
messages and unsolicited messages. For more
information on the specific types of messages that
require aread from the host, one of the application
code user’ s guides should be referenced.

In general, when communicating with the
CHA93XX, INTREQ will not go low unless the
host first sends a read request command message.
In other words the host must solicit aresponse from
the DSP. In this environment, the host must read
from the CS493X X until INTREQ goes high again.
Once the INTREQ pin has gone high it will not be
driven low until the host sends another read
request.

When unsolicited messages, such as those used for
Autodetect, have been enabled, the behavior of
INTREQ is noticeably different. The CS493XX
will drop the INTREQ pin whenever the DSP has
an outgoing message, even though the host may not
have requested data.

There are three ways in which INTREQ can be
affected by an unsolicited message:

1) During normal operation, while INTREQ is
high, the DSP could drop INTREQ to indicate an
outgoing message, without a prior read request.

2) The host is in the process of reading from the
CH93X X, meaning that INTREQ is already low.
An unsolicited message arrives which forces
INTREQ to remain low after the solicited message
isread.

3) The host isreading from the CS493X X when the
unsolicited message is queued, but INTREQ goes

high for one period of SCCLK and then goes low
again before the end of the read cycle.

In case (1) the host should perform aread operation
as discussed in the previous sections.

In case (2) an unsolicited message arrives before
the second to last SCCLK of the final byte transfer
of aread, forcing the INTREQ pin to remain low.
In this scenario the host should continue to read
from the CS493XX without a stop/start condition
or datawill be lost.

In case (3) an unsolicited message arrives between
the second to last SCCLK and the last SCCLK of
the final byte transfer of a read. In this scenario,
INTREQ will transition high for one clock (asif the
read transaction has ended), and then back low
(indicating that more data has queued). This final
case isthe most complicated and shall be explained
in detail.

There are two constraints which completely
characterize the behavior of the INTREQ pin
during a read. The first constraint is that the
INTREQ pin is guaranteed to remain low until the
second to last SCCLK (SCCLK number N-1) of the
final byte being transferred from the CS493XX
(not necessarily the second to last bit of the data
byte). The second constraint is that once the
INTREQ pin has gone high it is guaranteed to
remain high until the rising edge of thelast SCCLK
(SCCLK number N) of the final byte being
transferred from the CS493X X (not necessarily the
last bit of the data byte). If an unsolicited message
arrives in the window of time between the rising
edge of the second to last SCCLK and the final
SCCLK, INTREQ will drop low on the rising edge
of the final SCCLK asillustrated in the functional
timing diagrams shown for 1°C® and SPI read
cycles.

INTREQ behavior for 12C® communication is
illustrated in Figure 24, "12C® Timing" on page
40. When using 1°C® communication the INTREQ
pinwill remain low until therising edge of SCCLK
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SCCLK !

|
NTREQ | |

12C Start 12C Sl‘op %
scmo“ [AD6 [AD5 [AD4 JAD3 [AD2 [AD1 JADO |RIW ACK [D7 [D6 [ D5 [D4 [D3 [D2 [D1 [DO |ACK[ D7 [ D6 [D5 [D4 [ D3 [D2 [ D1 [ DO | ACK[D7 [D6 [ D5 [ D4 [D3 [D2 [ D1 [DO | ACK jf &
| ! —
I2C Write Functional Timing 8
P—
(@)
12C Start 12C Stop °
SCDIO 4‘ [AD6 [ADS5 [ AD4 [ AD3 [AD2 [ AD1 JADO [R/W |ACK[ D7 [D6 [D5 [D4 [D3 [ D2 [D1 [ DO |ACK[ D7 [D6 | D5 [ D4 [ D3 [D2 [ D1 [ DO | ACK] D7 [D6 [D5 [ D4 [ D3 [ D2 [ D1 [ DO NACK] |
Note 1 Note 2 Note 3 Note 5
Note 4
I2C Read Functional Timing
Notes: 1. The ACK for the address byte is driven by the CS493XX.
2. The ACKs for the data bytes being read from the CS493XX should be driven by the host.

3. INTREQ is guaranteed to stay LOW until the rising edge of SCCLK for bit DO of the last byte
to be transferred out of the CS493XX. 8
4. A NACK should be sent by the host after the last byte to indicate the end of the read cycle. N
5. INTREQ is guaranteed to stay HIGH until the next rising edge of SCCLK (for the ACK/NACK 8
bit) at which point it may go LOW again if there is new data to be read. The condition of o
INTREQ going LOW at this point should be treated as a new read condition. After a stop o
condition, a new start condition followed by an address byte should be sent. T
Q
3
Figure 24. 12c® Timing <
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for the databit DO (SCCLK N-1), but it can go low
at the rising edge of SCCLK for the NACK bit
(SCCLK N) if an unsolicited message has arrived.
If no unsolicited messages arrive, the INTREQ pin
will remain high after rising.

INTREQ behavior for SPI communication is
illustrated in Figure 21, "SPI Timing" on page 36.
When using SPI communication, the INTREQ pin
will remain low until therising edge of SCCLK for
the data bit D1 (SCCLK N-1), but it can go low at
the rising edge of SCCLK for data bit DO (SCCLK
N) if an unsolicited message has arrived. If no
unsolicited messages arrive, the INTREQ pin will
remain high after rising.

Ideally, the host will sample INTREQ on the
faling edge of SCCLK number N-1 of the find
byte of each read response message. If INTREQ is
sampled high, the host should conclude the current
read cycle using the stop condition defined for the
communication mode chosen. The host should then
begin a new read cycle complete with the
appropriate start condition and the chip address. If
INTREQ is sampled low, the host should continue
reading the next message from the CS493XX
without ending the current read cycle.

When using automated communication ports,
however, the host is often limited to sampling the
status of INTREQ after an entire byte has been
transferred. In this situation a low-high-low
transition (case 3) would be missed and the host
will see a constantly low INTREQ pin. Since the
host should read from the CS493XX until it detects
that INTREQ has gone high, this condition will be
treated as a multiple-message read (more than one
read responseisprovided by the CS493X X). Under
these conditions a single byte of 0x00 will be read
out before the unsolicited message.

The length of every read response is defined in the
user’s manual for each piece of application code.
Thus, the host should know how many bytes to
expect based on the first byte (the OPCODE) of a

read response message. It isguaranteed that no read
responses will begin with 0x00, which meansthat a
NULL byte (0x00) detected in the OPCODE
position of a read response message should be
discarded. Please see an Application Code User’'s
Guide for an explanation of the OPCODE.

It is important that the host be aware of the
presence of NULL bytes, or the communication
channel could become corrupted.

When case (3) occurs and the host issues a stop
condition before starting a new read cycle, the first
byte of the unsolicited message is loaded directly
into the shift register and 0x00 is never seen.

Alternatively, if case (3) occurs and the host
continues to read from the CS493XX without a
stop condition (a multiple message read), the 0x00
byte must be shifted out of the CS493XX before
the first byte of the unsolicited message can be
read.

In other words, if a system can only sample
INTREQ after an entire byte transfer the following
routine should be used if INTREQ is low after the
last byte of the message being read:

1) Read one byte

2) If the byte = Ox00 discard it and skip to step 3.
If the byte = 0x00 then it is the OPCODE for
the next message. For this case skip to step 4.

3) Read one more byte. This is the OPCODE for
the next message.

4) Read therest of the message asindicated in the
previous sections.

6.2. Parallel Host Communication

The parallel host communication modes of the
CH93XX provide an 8-bit interface to the DSP.
An Intel-style parallel mode and a Motorola-style
parallel mode are supported. The host interface is
implemented using four communication registers
within the CS493XX asshownin Table 5, “Parall el
Input/Output Registers,” on page 42.
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Host Message (HOSTM SG) Register, A[1:0] = 00b

7 6 5 4 3 2 1 0
HOSTMSG7 | HOSTMSG6 | HOSTMSG5 | HOSTMSG4 | HOSTMSG3 | HOSTMSG2 | HOSTMSG1 | HOSTMSGO
HOSTMSG7-0 Host data to and from the DSP. A read or write of this register operates handshake bits between

the internal DSP and the external host. This register typically passes multibyte messages car-
rying microcode, control, and configuration data. HOSTMSG is physically implemented as two
independent registers for input and output (read and write).

Host Control (CONTROL) Register, A[1:0] = 01b

7 6 5 4 3 2 1 0
Reserved CMPRST PCMRST MFC MFB HINBSY HOUTRDY Reserved

Reserved Always write a O for future compatibility.

CMPRST When set, initializes the CMPDATA compressed data input channel. Writing a one to this bit
holds the port in reset. Writing zero enables the port. This bit must be low for normal operation.
(Write only)

PCMRST When set, initializes the PCMDATA linear PCM input channel. Writing a one to this bit holds the
port in reset. Writing zero enables the port. This bit must be low for normal operation. (Write
only)

MFC When high, indicates that the PCMDATA input buffer is almost full. (read only)

MFB When high, indicates that the CMPDATA input buffer is almost full. (read only)

HINBSY Setwhen the host writes to HOSTMSG. Cleared when the DSP reads data from the HOSTMSG
register. The host reads this bit to determine if the last host byte written has been read by the
DSP. (Read only)

HOUTRDY Set when the DSP writes to the HOSTMSG register. Cleared when the host reads data from
the HOSTMSG register. The DSP reads this bit to determine if the last DSP output byte has
been read by the host. (read only)

Reserved Always write a 0 for future compatibility.

PCM Data Input (PCMDATA) Register, A[1:0] = 10b

PCMI;ATAY PCMSATAG PCMI;SATAS PCMSATA4 PCMSATAS PCMI§ATA2 PCMI;ATAl PCMI(D)ATAO
PCMDATA7-0 The host writes PCM data to the DSP input buffer at this address. (Write only)
Compressed Data I nput (CMPDATA) Register, A[1:0] = 11b
7 6 5 4 3 2 1 0
CMPDATA7 | CMPDATA6 | CMPDATAS | CMPDATA4 | CMPDATA3 | CMPDATA2 | CMPDATA1 | CMPDATAO
CMPDATA7-0 The host writes compressed data to the DSP input buffer at this address. (Write only)

Table 5. Parallel Input/Output Registers
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When the host is downloading code to the
CS493XX or configuring the application code,
control messageswill be written to (and read from)
the Host Message register. The Host Control
register is used during messaging sessons to
determine when the CS493X X can accept another
byte of control data, and when the CS493X X hasan
outgoing byte that may be read.

The PCM Data and Compressed Data registers are
used strictly for the transfer of audio data. The host
cannot read from these two registers. Audio data
written to registers 11b and 10b are transferred
directly to the internal FIFOs of the CS493XX.
When thelevel of the PCM FIFO reachesthe FIFO
threshold level, the MFC bit of the Host Control
register will be set. When the level of the
Compressed Data FIFO reachesthe FIFO threshold
level, the MFB bit of the Host Control register will
be set.

It is important to remember that the parallel host
interface requires the DATA[7:0] pins of the
CH93XX. The externa memory interface aso
requires the DATA[7:0] pins so the Parallel host
control modes can only be used if external memory
isnot required.

A detailed description for each parallel host mode
will now be given. The following information will
be provided for the Intel mode and M otorolamode:

* Thepins of the CS493XX which must be used
for proper communication

* Flow diagram and description for a paralel
byte write

* Flow diagram and description for a paralel
byte read

The four registers of the CS493XX’s parallel host
mode are not used identically. The agorithm used
for communicating with each register will be given
asafunctional description, building upon the basic
read and write protocols defined in the Motorola
and Intel sections. The following will be covered:

* Flow diagram and description for a control
write

* How diagram and description for acontrol read

6.2.1. Intel Parallel Host Communication
Mode

The Intel paralel host communication mode is
implemented using the pins given in Table 6.

The INTREQ pin is controlled by the application
code when aparallel host communication mode has
been selected. When the code supports INTREQ
notification, the INTREQ pin is asserted whenever
the DSP has an outgoing message for the host. This
same information is reflected by the HOUTRDY
bit of the Host Control Register (A[1:0] = 01b).

INTREQ is useful for informing the host of
unsolicited messages. An unsolicited message is
defined as amessage generated by the DSP without
an associated host read request. Unsolicited
messages can be used to notify the host of

Mnemonic Pin Name | Pin Number
Chip Select [ 18
Write Enable WR 4
Output Enable RD 5
Register Address Bit 1 Al 6
Register Address Bit 0 A0 7
Interrupt Request INTREQ 19
DATA7 DATA7 8
DATAG6 DATAG 9
DATAS DATAS 10
DATA4 DATA4 11
DATA3 DATA3 14
DATA2 DATA2 15
DATA1 DATA1 16
DATAOQ DATAQ 17

Table 6. Intel Mode Communication Signals

conditions such as a change in the incoming audio
datatype (e.g. PCM --> AC-3).
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6.2.1.1.Writing a Byte in Intel Mode

Information provided in this section is intended as
a functional description of how to write control
information to the CS493X X. The system designer
must insure that al of the timing constraints of the
Intel Parallel Host Mode Write Cycle are met.

The flow diagram shown in Figure 24 illustrates
the sequence of events that define a one-byte write
in Intel mode. The protocol presented in Figure 24
will now be described in detail.

1) Thehost must first drivethe A1 and AO register
address pins of the CS493XX with the address
of the desired Paralel 1/0 Register.

Host Message:  A[1:0]==00b.
Host Control: ~ A[1:0]==01b.
PCMDATA: A[1:0]==10b.
CMPDATA:  A[1:0]==11b.

2) Thehost then indicatesthat the sel ected register
will be written. The host initiates a write cycle
by driving the CS and WR pins low.

3) Thehost drivesthe databyte to the DATA[7:0]
pins of the CS493XX.

4) Once the setup time for the write has been met,
ADDRESS A PARALLEL I/0 REGISTER
(A[1:0] SET APPROPRIATELY
CS (LOW)
WR (LOW)
WRITE BYTE TO
DATA [7:0]
CS (HIGH)
WR (HIGH)

Figure24. Intel Mode, One-Byte Write Flow Diagram

the host ends the write cycle by driving the CS
and WR pins high.

6.2.1.2.Reading a Byte in Intel Mode

Information provided in this section is intended as
a functional description of how to write control
information to the CS493X X. The system designer
must insure that al of the timing constraints of the
Intel Parallel Host Mode Read Cycle are met.

The flow diagram shown in Figure 25 illustrates
the sequence of events that define a one-byte read
in Intel mode. The protocol presented in Figure 25
will now be described in detail.

1) Thehost must first drivethe A1 and AO register
address pins of the CS493X X with the address
of the desired Parallel 1/0O Register. Note that
only the Host Message register and the Host
Control register can be read.

Host Message:  A[1:0]==00b.
Host Control: A[1:0]==01b.

2) Thehost now indicatesthat the selected register
will be read. The host initiates a read cycle by
driving the CS and RD pins low.

3) Once the data is valid, the host can read the
value of the selected register from the
DATA[7:0] pins of the CS493XX.

ADDRESS A PARALLEL 1/O REGISTER
(A[1:0] SET APPROPRIATELY
CS (LOW)
RD (LOW)

READ BYTE FROM
< DATA [7:0] >
CS (HIGH)
RD (HIGH)

Figure25. Intel Mode, One-Byte Read Flow Diagram
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4) The host should now terminate the read cycle
by driving the CS and RD pins high.

6.2.2. Motorola Parallel Host
Communication Mode

The Motorola parallel host communication modeis
implemented using the pins given in Table 7. The
INTREQ pin is controlled by the application code
when aparallel host communication mode has been
selected. When the code supports INTREQ
notification, the INTREQ pin is asserted whenever
the DSP has an outgoing message for the host. This
same information is reflected by the HOUTRDY
bit of the Host Control Register (A[1:0] = 01b).

INTREQ is useful for informing the host of
unsolicited messages. An unsolicited message is
defined as a message generated by the DSP without
an associated host read request. Unsolicited
messages can be used to notify the host of
conditions such as a change in the incoming audio
datatype (e.g. PCM --> AC-3)

Mnemonic Pin Name | Pin Number
Chip Select cS 18
Data Strobe DS 4
Read or Write Select R/W 5
Register Address Bit 1 Al 6
Register Address Bit 0 A0 7
Interrupt Request INTREQ 19
DATA7Y DATA7 8
DATAG DATAG6 9
DATAS DATAS 10
DATA4 DATA4 11
DATA3 DATA3 14
DATA2 DATA2 15
DATAL DATAL 16
DATAQ DATAQ 17

Table 7. Motorola Mode Communication Signals

6.2.2.1.Writing a Byte in Motorola Mode

Information provided in this section is intended as
a functional description of how to write control
information to the CS493X X. The system designer

must insure that al of the timing constraints of the
Motorola Parallel Host Mode Write Cycle are met.

The flow diagram shown in Figure 26 illustrates
the sequence of events that define a one-byte write
in Motorola mode. The protocol presented in
Figure 26 will now be described in detail.

1) The host must drive the A1 and AO register
address pins of the CS493X X with the address
of the address of the desired Parallel 1/0
Register.

Host Message:  A[1:0]==00b.
Host Control:  A[1:0]==01b.
PCMDATA:  A[1:0]==10b.
CMPDATA: A[1:0]==11b.

The host indicates that this is a write cycle by
driving the R/W pin low.

2) The host initiates a write cycle by driving the
CSand DSpins low.

3) Thehost drivesthe databyteto the DATA[7:0]
pins of the CS493XX.

4) Once the setup time for the write has been met,

R/W (LOW)
ADDRESS A PARALLEL /0 REGISTER
(A[1:0] SET APPROPRIATELY
CS (Low)
DS (LOW)
WRITE BYTE TO
DATA [7:0]
CS (HIGH)
DS (HIGH)

Figure26. Motorola Mode, One-Byte Write Flow
Diagram
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the host ends the write cycle by driving the CS
and DS pins high.

6.2.2.2.Reading a Byte in Motorola Mode

The flow diagram shown in Figure 27 illustrates
the sequence of events that define a one-byte read
in Motorola mode. The protocol presented
Figure 27 will now be described in detail.

1) The host must drive the A1 and AO register
address pins of the CS493XX with the address
of the desired Parallel 1/0O Register. Note that
only the Host Message register and the Host
Control register can be read.

Host Message: A[1:0]==00b.

Host Control: A[1:0]==01b.

The host indicates that this is a read cycle by
driving the R/W pin high.

2) The host initiates the read cycle by driving the
CSand DS pins low.

3) Once the data is valid, the host can read the
vaue of the selected register from the
DATA[7:0] pins of the CS493XX.

R/W (HIGH)
ADDRESS A PARALLEL I/O REGISTER
(A[1:0] SET APPROPRIATELY
CS (LOW)
DS (LOW)
READ BYTE FROM

DATA [7:0]

CS (HIGH)

DS (HIGH)

Figure 27. Motorola M ode, One-Byte Read Flow
Diagram

4) The host should now terminate the read cycle
by driving the CS and DS pins high.

6.2.3. Proceduresfor Parallel Host Mode
Communication

6.2.3.1.Control Writein a Parallel Host Mode

When writing control data to the CS493X X, the
same protocol is used whether the host iswriting a
control message or an entire executable download
image. Messages sent to the CS493XX should be
written most significant byte first. Likewise,
downloads of the application code should aso be
performed most significant byte first.

The example shown in this section can be
generalized to fit any control write situation. The
generic function ‘Read Byte *()’ is used in the
following example as a generalized reference to
either Read Byte MOT() or Read Byte INT(),
and ‘Write Byte *()’ is a generic reference to
Write Byte MOT() or  Write Byte INT().
Figure 28 shows a typica write sequence. The
protocol presented in Figure28 will now be
described in detail .

1) When the host is communicating with the
CHA93X X, the host must verify that the DSPis
ready to accept a new control byte. If the DSP
isinthe midst of an interrupt service routine, it
will be unable to retrieve control data from the
Host Message Register. Please note that
‘Read Byte *()’ and ‘Write Byte *() are
generic references to either the Intel or
M otorola communication protocol.

If the most recent control byte has not yet been
read by the DSP, the host must not write a new
byte.

2) In order to determine whether the CS493XX is
ready to accept anew control byte the host must
check the HINBSY bit of the Host Control
Register (bit 2). If HINBSY is high, then the
DSP is not prepared to accept a new control
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byte, and the host should poll the Host Control
Register again. If HINBSY islow, then the host
may write a control byte into the Host Message
Register.

3) Thehost knowsthat the DSPisready for anew
control byte at this point and should write the
control byte to the Host Message Register
(A[1:0] = 0Qb).

4) If the host would like to write any more control
bytes to the CS493X X, the host should once
again poll the Host Control Register (return to
step 1).

6.2.3.2.Control Read in a Parallel Host Mode

When reading control datafrom the CS493XX, the

same protocol is used whether the host isreading a
single byte or a 6 byte message.

During the boot procedure, a handshaking protocol
is used by the CS493X X. This handshake consists
of a 3 byte write to the CS493X X followed by a 1

—>< READ_*(HOST CONTROL REGISTER) >

YES

NO

QVRITE_*(HOST MESSAGE REGISTE@

MORE BYTES
TO WRITE?

< FINISHED >

Figure28. Typical Parallel Host Mode Control
Write Sequence Flow Diagram

byte response from the DSP. The host must read the
response byte and act accordingly. The boot
procedure is discussed in Section 8.1, “Host Boot”
on page 52.

During regular operation (at run-time), the
responses from the CS493XX will aways be 6
bytesin length.

The example shown in this section can be used for
any control read situation. The generic function
‘Read Byte *()’ is used in the following example
as a generaized reference to  either
Read_Byte MOTY() or Read Byte INT().
Figure 29 shows a typical read sequence. The
protocol presented in Figure29 will now be
described in detail.

1) Optionally, INTREQ going low may be used as
an interrupt to the host to indicate that the
C3A93XX has an outgoing message. Even with
the use of INTREQ, HOUTRDY must be
checked to insure that bytes are ready for the
host during the read process. Please note that
INTREQ does not go low to indicate an
outgoing message during boot.

2) The host reads the Host Control Register
(A[1:0] = 01Db) in order to determine the state of
the communication interface. Please note that
‘Read Byte *()’ is a generalized reference to
either Read Byte MOT() or
Read Byte INT().

3) In order to determine whether the CS493XX
has an outgoing control byte that is valid, the
host must check the HOUTRDY hit of the Host
Control Register (bit 1). If HOUTRDY is high,
then the Host Message Register containsavalid
message byte for the host. If HOUTRDY is
low, then the DSP has not placed a new control
byte in the Host M essage Register, and the host
should poll the Host Control Register again.

4) The host knows that the DSP is ready to
provide a new response byte at this point. The

DS339PP3
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—

-~ ~
-7 ~
<\ |NTREQ=0/>
~ -
~ -

IYES
4>< READ_*(HOST CONTROL REGISTER) >

NO

YES

GEAD_*(HOST MESSAGE REGISTE@‘f

MORE BYTES
TO READ?

( WAIT 100 uS )
Y

< READ_*(HOST CONTROL REGISTER) >

YES

#NO
( FINISHED )

Figure29. Typical Parallel Host Mode Control Read
Sequence Flow Diagram

host can safely read a byte from the Host
Message Register (A[1:0] = 00Db).

5) If the host expects to read any more response
bytes, the host should once again check the
HOUTRDY bit (return to step 1). Please refer
to one of the application code user’s guides to
determine the length of messages to read from
the C$493XX. Typicaly thislengthis 1, 3 or 6
bytes, and can be deduced from the message
OPCODE.

6) After the response has been read the host
should wait at least 100 uS and check
HOUTRDY one fina time. If HOUTRDY is
high once again this means that an unsolicited
message has come during the read process and
the host has another message to read (i.e. skip
back to step 4 and read out the new message).

7. EXTERNAL MEMORY

If using one of the serial modes, i.e. SPI or 1%C, the
system designer has the option of using external
memory. The externa memory interface is not
compatible with the parallel modes since there are
shared pins that are needed by each mode.

The external memory interface was designed for
autoboot and to extend the data memory range of
the DSP during runtime. The application user’s
guide for a particular code load will inform the
system designer if memory is required. If no
mention is made of external memory, then external
memory is not required for that application.

The external memory interface is implemented on
the CS493XX with the following signals:
EMAD[7:0], EXTMEM, EMOE, and EMWR.
Table 8 shows the pin name, pin description and
pin number of each signal on the CS493XX.
EMADI7:0] serve as a multiplexed address and
data bus. EMOE is an active-low external-memory
data output enable as well as the address latch
strobe. EMWR is an active low write enable.
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EXTMEM serves as the active low chip select
output.

Pin
Pin Name Pin Description Number
/EMOE * External Memory Output Enable 5
& Address Latch Strobe

/EMWR * External Memory Write Strobe 4
[EXTMEM External Memory Select 21
EMAD7 Address and Data Bit 7 8
EMAD6 Address and Data Bit 6 9
EMADS5 Address and Data Bit 5 10
EMAD4 Address and Data Bit 4 11
EMAD3 Address and Data Bit 3 14
EMAD2 Address and Data Bit 2 15
EMAD1 Address and Data Bit 1 16
EMADO Address and Data Bit 0 17

* - These pins must be configured appropriately to select ase-
rial host communication mode for the CS493XX at therising
edge of RESET

Table 8. Memory | nterface Pins

Figure 30, "External Memory Interface” on page
51 illustrates one possible external memory
architecture for the C$S493XX. Figure3l,
"External Memory Read (16-bit address)" on page
51 shows the functional timing of a 16 bit address
memory read and Figure 32, "Externa Memory
Write (16-bit address)" on page 51 shows the
functional timing of a 16 bit address memory write.
It should be noted that this memory example gives
the DSP visibility to up to 64 kilobytes of memory.

The external memory address is capable of
addressing up to 16 megabytes total through a 24
bit addressing scheme. The address comesfrom the
DSP writing three initial bytes of address
consecutively on EMAD[7:0]. Each byte of
addressis externally latched with the rising edge of
EMOE while EXTMEM is high. After the 3-byte
address is latched externally, the CS493XX then
drives EXTMEM and EMOE low simultaneously
to select the external memory. During thistime the
dataisread by the CS493X X.

To extend the example shown in Figures 30 to 32
to allow for a 24-bit address, the system designer
would add another latch to the system. The DSP

always places the most significant address bitsfirst
(see Figures 30, 31, and 32 for details).

It should be noted that there are currently no
applications for the CS493XX that use more than
32 kilobytes of external memory (RAM or ROM),
which corresponds to only 15 address lines.

7.1. Non-Paged Memory

Non-paged memories can be used for autobooting
a single piece of full download application code
such as MP3, HDCD, or SRS CircleSurround. A
non-paged memory architecture should be used in
systems which will need to access a single dsp
application code image (32 Kilobyte maximum),
which meansthat only 15 bits would be required to
access the entire application code image. The 16th
address bit coming from the DSP should be left
unconnected. Figure 35 shows the functional
timing of an autoboot sequence in which three
address cycles areillustrated.

The DSP always considers its address space to
range from 0x0000 to OxFFFF. This means that the
decoder is unaware of any data which falls outside
of this 64 Kilobyte range. When the DSP is
performing an autoboot, the process aways begins
with address 0x0000. This means that the host
microcontroller must be involved in memory
accesses which exceed the 32 Kilobyte scope of the
CHA93X X, and the host must also manage accessto
all pieces of autoboot code which do not physically
reside at location 0x0000. The limitations of anon-
paged memory are easily seen, and they can be
circumvented using paged memory designs as
discussed in the next section.

7.2. Paged Memory

Sometimes it is desirable for the external memory
to be paged by the host controller. One application
where this is useful is the autoboot mechanism
(discussed in Section 8.2, “ Autoboot” on page 56).
Using paged memory allowsmultiple dsp firmware
applications to be stored in the same memory, with
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one application code image residing in each 32
kilobyte page.

Paging of the external memory is handled entirely
by the host controller. The host controller should
directly control al address bits outside of the
memory space to be used by the DSP. As 32

kilobyte pages are desired to hold each application
code, the DSP would need 15 bits for the address
space. The system designer would connect the 15
address signals from the address latches while the
host would directly control al address signals
above 15 bits to page the memory accordingly.
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R1

3.3V
8
ADDR[7:0]
EMAD[7:0] D 0Q -
a3V 8Bt LD ADDR[14:8]
574
s |
CS493XX i
EMOE i
EXTMEM
EMWR

ADDR([7:0] DATA[7:0] J

ADDR[14:8]

32K X 8

ROM/RAM

OE
cs
WE (RAM Only)

3.3V Only one of R1 and R2 should be stuffed.
Only one of R3 and R4 should be stuffed.
The state of EMOE and EMWR at the
rising edge of RESET will determine the

R3

serial mode that the part comes up in

while using external memory. Please see
section 2, Serial Communication for
R4 more details.

Figure 30. External Memory Interface

EXTMEM __ |

EMOE |

—

EMWR |

EMAD7:0

{(MA23:16 X _MA15:8 X MA7:0 X Data7:0 )}—

Figure 31. External Memory Read (16-bit address)

EXTMEM |

EMOE |

I

EMWR |

I

EMAD?7:0

{MA23:16 X MA158 X MA7:0 X Data7:0 )—

Figure 32. External Memory Write (16-bit address)
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8. BOOT PROCEDURE & RESET

In this section the process of booting and
downloading to the CS493XX will be covered as
well as how to perform a soft reset. Host boot and
autoboot and reset are covered in this section.

8.1. Host Boot

A flow diagram of a typical serial download
sequence and atypical parallel download sequence
will be presented, as well as pseudocode
representing a download sequence from the
programmers perspective. The pseudocode is
written in a general sense where function calls are
made to Write * and Read *. The * can be
replaced by 1°C or SPI for the serial download
sequence, and INTEL or MOTO for the parallel
download sequence, depending on the mode of host
communication. For each case the genera
download algorithm is the same.

The download and boot procedure is accomplished
with RESET (pin 36), and the communication pins
discussed in Section 6, “Control” on page 32. The
flow diagrams in Figure 33. Typical Serial Boot
and Download Procedure, and Figure 34. Typica
Parallel Boot and Download Procedure, illustrate
typical boot and download procedures. When
reading in serid mode, you must check that
INTREQ is low to start reading. Similarly, in
parallel mode you must check HOUTRDY .

Table9 defines the boot write messages and
Table 10 defines the boot read messages in mne-
monic and actual hex value. These messages will
be used in the boot sequence.

Hardware configuration messages are used to
define the behavior of the DSP's audio ports. A
more detailed description of the different hardware
configurations can be found in the Section 11,
“Hardware Configuration” on page 69.

The software configuration messages are specific
to each application. The application code user’s
guide for each application provides a list of all

pertinent configuration messages. Writing the
KICKSTART message to the CS493X X beginsthe
audio decode process. The KICKSTART message
will also be described in the user’s guide for each
application. Until the KICKSTART has been sent,
the decoder isin await state.

MNEMONIC VALUE
SOFT_RESET 0x000001
RESERVED 0x000002
RESERVED 0x000003
DOWNLOAD_BOOT 0x000004
BOOT_SUCCESS_RECEIVED 0x000005
Table 9. Boot Write M essages
MNEMONIC VALUE
BOOT_START 0x01
BOOT_SUCCESS 0x02
APPLICATION_FAILURE O0xFO
BOOT_ERROR OxFA
INVALID_MSG OxFB
BOOT_ERROR OxFC
INIT_FAILURE OxFD
INIT_FAILURE OXFE
BAD_CHECKSUM OxFF

Table 10. Boot Read M essages

8.1.1. Serial Download Sequence

The following is a detailed description of a serial

download sequence for the CS493X X.
Note: When reading from the chip in a serial
communication mode, the host must wait for the
interrupt request (INTREQ) to fall before
starting the read cycle.

1) A download sequence is started when the host

issues a hard reset and holds the mode pins
appropriately (WR, RD, and PSEL).

2) The host should then send the boot message
DOWNLOAD_BOOT  (0x000004).  This
causes the C493XX to initialize itself for
download.

3) If

the initidization was successful the
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WRITE_*(DOWNLOAD_

(2

BOOT, MSG_SIZE)

( RESET(LOW) (NOTE 1) )—»( RESET(HIGH) (NOTE 2) >—>< WAIT 500 us >

Y

< READ_*(MESSAGE) )

TIMEOUT AFTER
20MS (NOTE 3)

MESSAGE ==

EXIT(ERROR) >

BOOTSTART?2

WRITE_*(.LD FILE,
DOWNLOAD FILE SIZE)

N

Y

( READ_*(MESSAGE) )

TIMEOUT AFTER

20MS (NOTE 3) >

MESSAGE ==
BOOT_SUCCESS?

EXIT(ERROR) >

WRITE_*(BOOT_
SUCCESS_RECEIVED,
MSG-SIZE)

L]

( WAIT 5 MS (NOTE 4)

WRITE_*(HW_CONFIG_MS
HW_MSG SIZE)
(NOTE 5)

WRITE_*(SW_CONFIG_MS
SW_MSG SIZE)

(NOTE 5)

RESET must be held LOW for
trstl-

It should be noted that mode
pins are used to configure the
CS493XX serial communication
mode. These mode pins are
latched internally on the rising
edge of reset. The pins can be
set dynamically by a
microprocessor or can be
statically pulled HIGH or LOW.
If these pins are driven
dynamically, setup and hold
times must be satisfied as
stated in the CS493XX Data
Sheet. More information about
the function of the mode pins
can be found in the CS493XX
Data Sheet and in Section 6,
“Control” on page 32.

Time-out values reflect worst
case response time for the
CS493XX. The values shown
may be used for the host’s time-
out control loop.

5 ms is typical but this time is
application code specific and
may be as high as 10 ms. Wait
times should be verified by the
designer.

Hardware configuration
messages are covered in
Section 6, “Control” on page 32.
Application configuration
messages are covered in each
application code user’'s manual.

QDOWNLOAD COMPLETE)

WRITE_*(KICKSTART,
MSG_SIZE)
(NOTE 5)

Figure 33. Typical Serial Boot and Download Procedure
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— — WRITE_*(DOWNLOAD
( RESET(LOW) (NOTE 1) }C RESET(HIGH) (NOTE 2) )*C WAIT 500 s >—> BOOT, (MSG_S|ZE) —>

READ HOSTCTL
REGISTER

\ Notes: 1. RESET must be held LOW for

N trstl-
HOUTRDY LOW? < Tu\zﬂgl\(/?gLéTFeTsE)R > 2. It should be noted that mode
pins are used to configure the
v Y CS493XX serial communication
mode. These mode pins are
( READ_*(MESSAGE) ) latched internally on the rising

edge of reset. The pins can be
set dynamically by a
microprocessor or can be
EXIT(ERROR) > statically pulled HIGH or LOW. If
these pins are driven
dynamically, setup and hold
times must be satisfied as stated
< WRITE_*(LD FILE, ) in the CS493XX Data Sheet.
DOWNLOAD FILE SIZE) More information about the
function of the mode pins can be
found in the CS493XX Data
( READ HOSTCTL > Sheet and in Section 6, “Control”
REGISTER on page 32.

3. Time-out values reflect worst
case response time for the
N ) CS493XX. The values shown

HOUTRDY LOW? TIMEOUT AFTER

20MS (NOTE 3) may be used for the host’s time-
out control loop.
* Y 4. 5 ms s typical but this time is

application code specific and

C READ_*(MESSAGE) ) may be as high as 10 ms. Wait
times should be verified by the
designer.

MESSAGE == 5. Hardware configuration
BOOT_SUCCESS? EXIT(ERROR) messages are covered in

Section 6, “Control” on page 32.
Application configuration
messages are covered in each

WRITE_*(BOOT_ application code user’s manual.
SUCCESS_RECEIVED
MSG- SIZE)
QDOWNLOAD COMPLETE)
WAIT 5 MS (NOTE 4)
WRITE_*(HW_CONFIG_MSG, WRITE_*(SW_CONFIG_MSG, WRITE_*(KICKSTART,
HW_MSG_SIZE) — SW_MSG_SIZE) MSG_SIZE)
(NOTE5) (NOTE 5) (NOTE 5)

Figure 34. Typical Parallel Boot and Download Procedure
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8)

CH93XX sends out the boot message
BOOT_START (0x01) and the host should
proceed to step 5.

If initialization fails, the CS493XX sends out
an INIT_FAILURE boot message byte (OxFD
or OXFE), INVALID_MSG byte (OxFB), or
BOOT_ERROR byte (OxFA or OxFC) and
spins waiting for a hard reset. The host should
re-try steps 1 through 3 and if failure is met
again, the serial communication timing and
protocol should be inspected.

After receiving the BOOT_START byte, the
host should write the downloadable image
(fromthe .LD file).

The end of the .LD file contains a three byte
checksum. If the checksum is good after
download, the C$S493XX will send a
BOOT_SUCCESS message (0x02) to the host.
If the checksum was bad, the CS493XX
responds with the BAD_CHECKSUM
message byte (OxFF) and spins, waiting for
hard reset.

After reading out the BOOT_SUCCESS byte,
the host should send the
BOOT_SUCCESS RECEIVED message
(Ox000005) which will cause an internd
application code reset and alow the
downloaded application to run.

After waiting 5ms to allow the downloaded
application to initialize, the host can send
configuration messages for both hardware and
software configuration.

8.1.2. Paralldl Download Sequence

Thefollowing isadetailed description of aparallel
download sequence for the CS493X X.

1)

Note: When reading from the chip in a parallel
communication mode, the host must read the
HOSTCTL register and test the HOUTRDY bit
before starting the read cycle.

A download sequence is started when the host

2)

3)

4)

5)

6)

7)

8)

issues a hard reset and holds the mode pins
appropriately (WR, RD, and PSEL).

The host should then send the boot message
DOWNLOAD BOOT  (0x000004).  This
causes the CS493XX to initialize itself for
download.

If the initidization was successful the
CH93XX sends out the boot message
BOOT_START (0x01) and the host should
proceed to step 5.

If initiaization fails, the CS493XX sends out
an INIT_FAILURE boot message byte (OxFD
or OXFE), INVALID_MSG byte (OxFB), or
BOOT_ERROR byte (OxFA or OxFC) and
spins waiting for a hard reset. The host should
re-try steps 1 through 3 and if failure is met
again, the serial communication timing and
protocol should be inspected.

After receiving the BOOT_START byte, the
host should write the downloadable image
(fromthe .LD file).

The end of the .LD file contains a three byte
checksum. If the checksum is good after
download, the C$493XX will send a
BOOT_SUCCESS message (0x02) to the host.
If the checksum was bad, the CS493XX
responds with the BAD_CHECKSUM
message byte (OxFF) and spins, waiting for
hard reset.

After reading out the BOOT_SUCCESS byte,
the host should send the
BOOT_SUCCESS RECEIVED message
(Ox000005) which will cause an interna
application code reset and alow the
downloaded application to run.

After waiting 5ms to allow the downloaded
application to initialize, the host can send
configuration messages for both hardware and
software configuration.
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8.2. Autoboot

Autoboot is a feature available on al DSPs in the
CH93XX family which gives the decoder the
ability to load application code into itself from an
external memory. Because external memory is
accessed through the external memory interface,
autoboot restricts the host control modes to serial
communication (I2C or SPI). For this section the
external memory interface shown in Figure 30,
"External Memory Interface” on page 51 can be
referenced.

RESET and ABOQOT are the control pinswhich are
used to initiate an autoboot operation by the host
controller. It is important to be aware that the
ABOOT pin aso serves asthe INTREQ pin, which
meansthat it will be driven by the CS493XX when
not in reset. Due to this constraint, ABOOT should
be connected to an open-drain output of the
microcontroller so asto allow the specified pull-up
resistor to generate a logic high level. At the
completion of a successful download, INTREQ
(ABOQOT) becomes an output and the host should
no longer driveit.

The timing for an autoboot sequence is illustrated
in Figure 35. The sequence is initiated by driving
RESET low and placing the decoder into reset. At
the rising edge of RESET, the ABOOT, WR, and
RD pins are sampled. If ABOOT is low when
sampled, and the WR and RD pins are set to
configurethe devicefor serial communications, the
device will begin to autoboot (PSEL isadon’t care
for serial communications modes). Section 6.1,

“Serial Communication” on page 33 discusses the
procedurerequired for placing the CS493X X into a
serial communication mode in more detail. For a
more thorough description of ABOOT’s behavior
after the rising edge of RESET please refer to
Section 8.2.1, “Autoboot INTREQ Behavior” on

page 57

The EMOE pin of the CS493XX is used for two
purposes. It generates clock pulses for the latches,
and it is used in conjunction with EXTMEM to
enable the outputs of the ROM. The first three
rising edges of EMOE are used to latch address
bytes, as shown in the diagram. The fourth low
pulse of EMOE is used to enable the ROM outputs.
When both EXTMEM and EMOE go low, the
EMADI7:0] pins of the DSP become inputs and
await the data coming from the ROM.

When comparing the memory system in Figure 30,
"External Memory Interface” on page 51 to the
timing diagram of Figure 35, "Autoboot Timing
Diagram™ on page 56 there may appear to be a
discrepancy. The timing diagram shows three
address cycles, but there are only two latchesin the
illustration of the memory architecture. This
difference is a result of code size limitations. The
application code is guaranteed to fit into a 32
Kilobyte space, which means that only 15 address
bits will actually be used for retrieving code from
the ROM. Thus, the two latches catch the least
significant bytes, and the most significant byte is
dropped.

ressr [

soor | ]

e | —
evoe | | I N e N o
e |

EMAD7:0

MA23:16

MA15:8 MA7:0 Data7:0

Figure 35. Autoboot Timing Diagram
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In autoboot mode, latching the most significant
byte would be perfectly valid since the most
significant bits are guaranteed to be zeros (the three
bytes represent atrue 24-bit address).

The flow chart given in Figure 36, "Autoboot
Sequence” on page 58 demonstrates the interaction
required by the microcontroller when placing the
DSP into autoboot mode. The host must first drive
the RESET line low.

After waiting for 175 ms, the application code
should be fully downloaded to the DSP, however
the designer should notethat thistimeistypica and
may vary for each application code. During the
wait period, the host should ignore all INTREQ
behavior (mask the INTREQ interrupt). The host
can then verify that the code has successfully
initialized itself by sending a solicited read
command to the DSP to check for a known default
value. For example, by sending
Rd_Audio_Mgr_Request (0x090003) the host will
receive Rd Audio Mgr_Response (0x890003,
0x000000). If the first read attempt returns an
incorrect value, a 5ms wait should be inserted and
the read should be repeated. If a second invalid
response is read, the entire boot process should
then be repeated. When the number returned
matches the default value for the variable read, the
host can be confident that the application isresident
in the DSP and awaiting further instructions. An
application code user’s guide should be consulted
for information about reading a variable from the
part.

Hardware configuration messages are used to
define the behavior of the DSP's audio ports. A
more detailed description of the different hardware
configurations can be found in Section 11,
“Hardware Configuration” on page 69.

The software configuration messages are specific
to each application. The software user’s guides
(AN163, AN163x, AN162, AN162x) for each
application code provides a list of all pertinent

configuration messages. Writing the KICKSTART
message to the CS493X X begins the audio decode
process. The KICKSTART message will aso be
described in the user’s guide for each application.
Until the KICKSTART has been sent, the decoder
isinawait state.

8.2.1. Autoboot INTREQ Behavior

It is important to note that ABOOT and INTREQ
are multiplexed on pin 20 of the CS493XX.
Because this pin servesasan input before reset, and
an output after reset, the host should release the
ABOOT line after RESET has gone high. As
shown in Figure37, "Autoboot [INTREQ
Behavior" on page 59, the host must drive ABOOT
low around the rising edge of RESET.

After the host has released the ABOOT line, it will
remain high while the DSP prepares to load code
from the external memory. INTREQ should be
ignored during download, i.e. interrupts should be
masked on the host. The download time will vary
according to the size of the download image and
the frequency of the main DSP clock. The autoboot
sequence is specified to complete within 200 ms
(from the rising edge of RESET). Note: Thistime
has been tested using the ac3 493263 13.ld
application code release, however other application
codereleasesMAY takelonger than 200mS asthey
have may an increased image size and may take
longer toinitialize all of theinternal state variables.
It is up to the designer to verify the actual times
required for each application codein their system.

8.3.

Certain applications are stored in the ROM of the
C$493253, C$493254, CA93263 and CS493264.
To enabl e these applications a special loader called
an internal boot assist program must be used. This
internal  boot assist (or IBA) code can be
downloaded using either host boot or autoboot
methods. After the IBA program has been
downloaded, it enables the internaly stored

I nternal Boot
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RESET(LOW) (NOTE 1)
ABOOT(LOW)

< RESET(HIGH) (NOTE 2)

'

C RELEASE ABOOT

v

( WAIT 200 MS (NOTE 3)

!
C

)
)
)

READ_*(VARIABLE)
(NOTE 4)

><7

CS49300 Family DSP

CORRECT VALUE? WAIT 5 MS
( AUTOBOOT COMPLETE >
WRITE_*(HW_CONFIG_MSG, Notes: 1.
HW_MSG_SIZE)
(NOTE 4) 2.

v

WRITE_*(SW_CONFIG_MSG,
SW_MSG_SIZE)
(NOTE 4)

v

WRITE_*(KICKSTART,
MSG_SIZE)
(NOTE 4)

3
25

N
v

RESET must be held LOWT .

The RD and WR pins must be configured to select a
serial communication mode as defined in the
CS493XX Datasheet. The setup (T,gt,) and hold
(T,sthig) times must be observed for the RD, WR, and
AUTOBOOT pins.

INTREQ should be ignored during this period. 200 ms
is typical but this time is application code specific and
may be higher. Wait times should be verified by the
designer.

The READ_* and WRITE_* functions are
placeholders for the READ_I2C/READ_SPI and
WRITE_I2C/WRITE_SPI functions defined in Section
6.1, “Serial Communication” on page 33.

Figure 36. Autoboot Sequence
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application code. The IBA codes are typically
around 350 bytes in size and hence can easily be
stored in ahost controller.

8.4. Application Failure Boot M essage

Each piece of application code is specificaly
tailored for an individua part in the CS493XX
family. Although it is possible to load a piece of
code into the wrong chip and receive a
BOOT_SUCCESS byte, the code will not initialize
itself. In order to facilitate the debug of designs
which can accept many members of the CS493XX
family, an APPLICATION_FAILURE message is
provided.

Asmentioned earlier, the host must wait for at least
5ms after download before sending configuration
messages to the CS493X X. This provides time for
the code to initialize itself. If the INTREQ pin is
low after the download process has completed, the
host should read from the CS493XX. The byte
OxFO indicates APPLICATION_FAILURE. This
byte informs the host that the application code was
loaded into an incompatible DSP.

Although most of the messages listed in Tables 9
and 10 are essentially ignored for autoboot, it
should be noted that the
APPLICATION_FAILURE message is applicable
whether host boot or autoboot is used.

8.5. Resetting the CS493X X

Resetting the CS493XX uses a combination of
software and hardware. To reset the device, a
previous application must have been downloaded.

Trstsu

The flow diagram in Figure 38, "Performing a
Reset" on page 60 shows the procedure for
performing areset.

The following is a detailed description of a reset
sequence to the CS493XX. All writes and reads
with the CS493XX should follow the protocol
given in Section 6, “ Control” on page 32.

1) Reset begins when the host issues a hard reset
and holds the mode pins appropriately (WR,
RD, and PSEL) as described in Section 6,
“Control” on page 32. It is assumed that the
communication protocol is followed for
whichever communication mode is chosen by
the host.

The host should then send the message
SOFT_RESET (0x000001). Thiswill reset the
previously downloaded application with all of
the hardware configurations in their default
states. The application code user’s guide for
each application lists those parameters which
are affected by a SOFT_RESET.

After waiting 5 ms to allow the downloaded
application to initialize, the host can send
configuration messages for both hardware and
software configuration.

This method of resetting the DSP is usualy
referred to as a“ soft reset” even though it involves
toggling the reset pin.

2)

3)

Table 11 lists some possible external memory
configurations for each DSP, in conjunction with
IBA codes stored in the host microcontroller. The
table providesalist of the ROM content, the size of

% Driven Low by Host
m Driven Low by CS492X

RESET

ABOOT

I

Trsthid

SOOI IO IO ISP OO I DI OO OIS
e e o oot
R IRIRIRIRIARIARANRS

%%
%%

%%
%%

Download in Progress

b0
X

Figure 37. Autoboot INTREQ Behavior

DS339PP3

59



!

——== CIRRUS LOCIC"

CS49300 Family DSP

the combined memory images, the recommended
page size, and the number of discrete pages
required. The examplesalso include several figures
which present the different ROM configurations as
composite memory images.

The C$49292, C$493102, and CS493112 all have
special memory requirements since they must have
access to external SRAM (70nS or faster) during
the decoding of AAC Multichannedl (5.1 Channel)
audio. More specifically thisSRAM requirement is
ONLY required for AAC application code whichis
capable of outputting 5.1 discrete channels, but is
not required of application code that offers a 2
channel downmixed output.

Also, for the CS49330, there are certain releases
THX Surround EX (5.1 Channel and 7.1 Channel
versions), and THX Ultra2 Cinema (7.1 Channel
version only) application codes that offer
additional all-channel delay, and for thisa 1Mbit or
2Mbit, 70nS SRAM is also required. The THX
Surround EX application codes (5.1 Channel or 7.1

C RESET(LOW) (NOTE 1) ) Notes: 1.
* 2.

( RESET(HIGH) (NOTE 2) )

Channel) nor the THX Ultra2 Cinema code do not
require external SRAM. Please refer to the
CA932X/CHA9330 Part Matrix vs. Code Matrix
for more detail about each particular application
code.

The speed of external ROM or Flash Memory need
only be 330nS (or faster) which stores the
application codes, while the speed of the SRAM
must be 70nS or faster.

8.6. External Memory Examples

8.6.1. Non-Paged Autoboot Memory

The most rudimentary memory design discussed
above is the non-paged memory. In a non-paged
design, the DSP can only access one item in
memory which could be either a single full
download code load. The memory image given in
Figure 39 is an example of a non-paged memory
image.

Only 15 of the 16 output bits of the address latches
would be connected to address bits A0-A14 of the

RESET must be held LOW for t,g.

It should be noted that mode pins are used to configure
the CS493XX communication mode. These mode pins
are latched internally on the rising edge of reset and

* can be set dynamically by a microprocessor or can be

( WAIT 500 ps )

statically pulled HIGH or LOW. If these pins are driven
dynamically, setup and hold times must be satisfied as

stated in the CS493XX Datasheet. More information
* about the function of the mode pins can be found in the

WRITE_* (SOFTRESET,

CS493XX Datasheet and in Section 6, “Control” on
page 32.

MSG_SIZE) 3. 5 msis typical but this time is application code specific
and may be as high as 10 ms. Wait times should be
* verified by the designer.

C WAIT 5 ms (NOTE 3) ) 4.

Configuration messages determine both hardware and
software configuration. Hardware configurations are

* described in Section 11 of this manual. Software

WRITE_*

(CONFIGURATION_MESSAGES,
CONFIG_MSG_SIZE)
(NOTE 4)

application configuration messages are described in
the Application Code User’s Guide for the code being
used.

Figure 38. Performing a Reset
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Number of Pages IBA Code(s)
ROM Content Image Size Required Stored in Host | Type of Design
CS493254
N/A, All IBA codes are loaded | N/A, All IBA codes | N/A, All IBA codes |Dolby Digital with | Dolby Digital with
using Host Boot technique are loaded using are loaded using PL I, Pro Logic 11 5.1
Host Boot technique | Host Boot technique C.0.s. Channel System
Dolby Digital with PLII + 32 + 32 = 64 Kbytes 2 C.0.s. Enhanced
Cinema Re-EQ, Dolby Digital with
HDCD Pro Logic 11 5.1
Channel System
CS493264
N/A, All IBA codes are loaded | N/A, All IBA codes | N/A, All IBA codes |Dolby Digital with Enhanced
using Host Boot technique are loaded using are loaded using PL II, Dolby Digital/
Host Boot technique | Host Boot technique | C.0.S., DTS |DTS 5.1 Channel
System
Dolby Digital with C.E.S., MPEG 32 * 4 pages = 4 C.0.s. Basic 6.1
Multichannel with C.E.S., DTS 128 Kbytes Channel System
with C.E.S., MP3
Dolby Digital with PLII with 32 * 4 pages = 4 C.0.s. Enhanced 6.1
C.E.S., MPEG Multichannel with 128 Kbytes Channel System
PLII with C.E.S., DTS-ES, DTS
Neo:6
Dolby Digital with PLII with 32*8= 8 C.0.Ss. Premium
C.E.S., MPEG Multichannel with 256 Kbytes 6.1/7.1 Channel
PLII with C.E.S., DTS-ES with System
PLII, DTS Neo:6, HDCD, Logic
7, MP3, Virtual Dolby Digital with
VMAX VirtualTheater
CS493292
Dolby Digital with PLII with 32*8 = 8 N/A, No IBA | Premium 6.1/7.1
C.E.S., MPEG Multichannel with 256 Kbytes Codes not avail- | Channel System
PLII with C.E.S., DTS-ES with able for the with AAC
PLII, DTS Neo:6, HDCD, SRS CS493292 Support
CircleSurround 11, C.O.S., AAC

Table 11. Memory Requirementsfor Example 5.1, 6.1 and 7.1 Channel Systems

0x00000 Dolby Digital with
Pro Logic Il Code
or

another Full Download Code

OXOFFFF

Figure 39. Non-Paged Memory

external ROM, in order to have access to the single
application code stored in the 32 kilobyte non-
paged memory. The host is completely isolated
from memory accesses in this situation. Once the
hardware has been designed, the DSP itself will be
responsible for all communication with the ROM.

8.6.2. 32 Kilobyte Paged Autoboot Memory

An externa memory architecture which is paged
on 32 Kilobyte boundaries offers the higher end
system the ability to store several full download or
IBA application codes in each 32 Kilobyte page.
Figure 40 shows an example of a 32 Kilobyte
paged memory image for a the premium 6.1/7.1
channel system describein Table 11 above.

The flow diagram given in Figure 36 demonstrates
the interaction required by the microcontroller
during autoboot. After placing the decoder into a

DS339PP3
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0x00000 Dolby Digital with

Pro Logic Il with Crystal

Extra Surround

OX07FFF
0x08000 MPEG Multichannel with

Pro Logic Il with Crystal
OXOFFEE Extra Surround
0x10000 | prs-ES Extended Surround

with
OX17EEE Pro Logic Il
0x18000
DTS-ES Neo:6
Ox1FFFF
0x20000
HDCD
Ox27FFF
0x28000
Logic 7
Ox2FFFF
0x30000
MP3

Ox37FFF
0x38000

Virtual Dolby Digital with

VMAX VirtualTheater

Ox3FFFF

Address line uC15, uC16, and
uC17 used for paging

Figure40. Example Contents of a Paged 32 Kilobytes
External Memory (Total 256 Kilobytes)

reset state, the host selects the page in memory
containing first code by drivinguC15to alow state.
The host also drives ABOOT low and holdsitina
low state until the rising edge of RESET to initiate
autoboot. As noted in the autoboot section, the
ABOQT pin should be connected to an open-drain
output of the microcontroller so as to allow the
specified pull-up resistor to generate the high
value. The open-drain driver is required because
the DSP will begin using the pin as an output after
a successful download (INTREQ and ABOOT are
multiplexed on the same pin).

After waiting for 175 ms, the download should
have completed. During the wait period, the host
should ignore al INTREQ behavior (mask the
INTREQ interrupt). The host can then verify that
the code has successfully initialized itself by
reading a variable from the application and

checking the returned value against the default
value. Any variable can be used for the verification
step, but a robust design will select a variable
whose valueisneither all 0'snor al 1's. If thefirst
read attempt returns an incorrect value, a5 mswait
should be inserted and the read should be repeated.
If a second invalid number is read, the entire boot
process should be repeated. When the number
returned matches the default value for the variable
read, the host knows that the application is resident
in the DSP and awaiting further instruction. Please
see Section 8.2, “Autoboot” on page 56 for more
information.

For systems that would prefer to store all
application codes in an externa paralel Flash
Memory (vs. a OTP EPROM) in order to redlize a
“field-upgradable” system, please contact
dsp_support@crystal.cirrus.com for information
about how to control the GPIO pins of the DSP via
messaging to the SPI or 12C port.

8.7. CDB49300-MEMA.O

The CDB49300-MEMA.O is an external memory
adapter card designed for use with the
CDB4923/CDB4930 REV-A.0 Evauation Board.
The schematic for the CDB49300-MEMA.O is
shown in Figure 41. This board is an example of
one possible external memory configuration.

In addition to autobooting from external EPROM,
certain application codes require real-time access
to externa SRAM, such as decoding of AAC
Multichannel streams, which have a 5.1 channel
output. These applications require that the DSP has
real-time access to 70nS (or faster) 32 Kilobyte
SRAM. The 128 Kilobyte SRAM on the
CDB49300-MEMA.O is made accessible by the
DSP when the host drives uC18 high. The external
256 Kilobyte EPROM is accessible to the DSP
when the host controller drivesuC18 low. Thewith
uC15, uC16, and uC17 lines are used to page
between the various code images.
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9. HARDWARE CONFIGURATION

After download or soft reset, and before
kickstarting the application (please see the Audio
Manager in the Application Messaging Section of
any Application Code User's Guide for more
information on kickstarting), the host has the
option of changing the default hardware
configuration. Hardware configuration messages
are used to physically reconfigure the hardware of
the audio decoder, as in enabling or disabling
address checking for the serial communication
port. Hardware configuration messages are also
used to initialize the data type (i.e, PCM or
compressed) and format (e.g., 1°S, left justified,
etc.) for digital data inputs, as well as the data
format and clocking options for the digital output
port.

In general, the hardware configuration can only be
changed immediately after download or after soft
reset. However, some applications provide the
capability to change the input ports without
affecting other hardware configurations after
sending a special Application Restart message
(please see the Audio Manager in any Application
Code User's Guide to determine whether the
Application Restart message is supported). Section
11.4 at the end of this chapter will describe how to
construct a hardware configuration message.

10. DIGITAL INPUT & OUTPUT

The CH93XX supports a wide variety of data
input and output mechanismsthrough variousinput
and output ports. Hardware availability is entirely
dependent on whether the software application
code being used supports the required mode. This
data sheet presents most of the modes available
with the C$493XX hardware. This does not mean
that al of the modes are available with any
particular piece of application code. The
application code user’'s guide for the particular
code being used should be referenced to determine
if a particular mode is supported. In addition if a

particular mode is desired that is not presented,
please contact your sales representative as to its
availability.

10.1. Digital Audio Formats

This subsection will describe some common audio
formats that the CS493XX supports. It should be
noted that the input ports use up to 24-bit PCM
resolution and 16-bit compressed data word
lengths. The output port of the CS493X X provides
up to 24-bit PCM resolution.

10.1.1.1%S

Figure 42, "1°S Format" on page 65 shows the 12S
format. For 12S, data is presented most significant
bit first, one SCLK delay after the transition of
LRCLK and is valid on the rising edge of SCLK.
For the 12S format, the left subframe is presented
when LRCLK is low and the right subframe is
presented when LRCLK is high. SCLK isrequired
to run at afrequency of 48Fsor greater on the input
ports.

10.1.2.Left Justified

Figure 43 shows the left justified format with a
rising edge SCCLK. Data is presented most
significant bit first on the firts SCLK after an
LRCLK transition and isvalid on therising edge of
SCLK. For the left justified format, the left
subframeis presented when LRCLK ishigh and the
right subframe is presented when LRCLK is low.
The left justified format can also be programmed
for data to be valid on the falling edge of SCLK.
SCLK isrequired to run at a frequency of 48Fs or
greater on the input ports.

10.1.3.Multichannel

Figure 44 shows the multichannel format. In this
format up to 6 channels of audio are presented on
one data line with M bits per channel. Channels O,
2, and 4 are presented whilethe LRCLK ishigh and
channels 1, 3, 5 are presented while the LRCLK is
low. Datais valid on the rising edge of SCLK and
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is presented most significant bit first. It should be
noted that in the multichannel modes the SCLK
rate must be greater than the number of bits per
channel multiplied by the number of channels. In
the example SCLK must be greater than M * 6.

Because each of the ports is fully configurable
(SCLK polarity, LRCLK polarity, Word Width,
SCLK Rate) not all modes have been presented.

10.2. Digital Audio Input Port

The digital audio input port, or DAI, is used for
both compressed and PCM digital audio datainpuit.
In addition this port supports a special clocking
modein which aclock can beinput to directly drive
the interna 33 bit counter. Table12, “Digital
Audio Input Port,” on page65 shows the pin

names, mnemonics and pin numbers associated
with the DAL.

Pin Name Pin Description Pin Number
SDATAN1 Serial Data In 22
STCCLK2 Secondary STC clock
SCLKN1 Serial Bit Clock 25
LRCLKN1 Frame Clock 26

Table 12. Digital Audio Input Port

The DAL isfully configurableincluding support for
I2S, left justified and multichannel formats. In
addition the DAI can be programmed for dave
clocks, where LRCLKN1 and SCLKN1 are inputs,
or master clocks, where LRCLKN1 and SCLKN1
are outputs. In order for clocks to be master, the
internal PLL must be used.

STCCLK2 can also be programmed to drive the
internal 33 bit counter. This counter would
typically be driven by a 90kHz clock. The internal

LRCK | Left | Right |
s LT LALL T saninunin
SDATA wse[ Lse wse|  fuse|

LRCK | Left | Right
SCLK Pl ot S I
SDATA msB| LSB MsB[  [LsB MSB

Figure43. Left Justified Format (Rising Edge Valid SCLK)

LRCLK |

| [

eSS e S e B e 1 e e e O

SDATA

[vse| _ [tse[mss[  [tse[mss| [ise| [msB[ [ise[wmss| [ise[mss| [isB| [msg]

T e ..

M Clocks
Per Channel

M Clocks
Per Channel

M Clocks
Per Channel

M Clocks
Per Channel

M Clocks
Per Channel

M Clocks
Per Channel

Figure 44. Multichannel For mat
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counter is used by certain application code for
audio/video synchronization purposes.

10.3. Compressed Data Input Port

The compressed data input port, or CDI, can be
used for both compressed and PCM data inpuit.
Table 13 shows the mnemonic, pin hame and pin
number of the pins associated with the CDI port on
the CS493X X.

Pin Name Pin Description Pin Number
SDATAN2 Serial Data In 27
CMPDATA Compressed Data In

SCLKN2 Serial Bit Clock 28
CMPCLK

LRCLKN2 Frame Clock 29
CMPREQ Data Request Out

Table 13. Compressed Data Input Port

The CDI isfully configurableincluding support for
I2S, left justified and multichannel formats. The
CDI can aso be programmed for slave clocks,
where LRCLKN2 and SCLKN2 are inputs, or
master clocks, where LRCLKN2 and SCLKNZ2 are
outputs. In order for clocks to be mastered, the
internal PLL must be used.

In addition the CDI can be configured for bursty
compressed data input. Bursty audio delivery is a
special format inwhich only clock (CMPCLK) and
data (CMPDAT) are used to deliver compressed
data to the CA93XX (i.e. no frame clock or
LRCLK). A third line, CMPREQ), isused to request
more data from the host. It is an indicator that the
CA93XX interna FIFO is low on data and can
accept another burst. Typically this mode is used
for compressed data delivery where asynchronous
data transfer occurs in the system, i.e. in a system
such as a set-top box or HDTV. PCM data can not
be presented in this mode since data is interpreted
as a continuous stream with no word boundaries.

10.4. Byte Wide Digital Audio Data Input

Two types of byte wide parald delivery are
supported by the CS493XX. If using one of the
parallel control modes described in Section 6.2,
“Parallel Host Communication” on page 41, then
the parallel interface can also be used for delivering
data. If using 12C or SPI control, then paralel
delivery can still be used using CMPCLK and
GPIQ[7:Q].

10.4.1.Parallel Delivery with Parallel Control

If using the Intel or Motorola Parallel host interface
mode, the system designer can also choose to
deliver data through the byte wide parallel port.
The delivery mechanism is identica to that
discussed in  Section 6.2, “Parallel Host
Communication” on page 41.

The compressed data input register (CMPDAT)
receives bytes of data when the host interface
writes to address 11b (A1 and AO are both high).
The host should check level of the Compressed
Data FIFO before sending data. The CS493XX has
two means of indicating the Compressed Data
FIFO level. The MFB bit in the Host Control
Register is one indicator of the Compressed Data
FIFO level. The MFB hit remains low until the
FIFO threshold has been reached. Thedternativeis
to use the CMPREQ pin of the CS493XX. The
CMPREQ pin aso remains low until the FIFO
threshold has been reached. The host has the option
of using either CMPREQ or the MFB bit.

Datashould be delivered to the CS493X X in blocks
of data. Before each block is delivered, the host
should check the MFB bit (or the CMPREQ pin). If
the MFB bit (CMPREQ) is low, then the host can
deliver a block of data one byte at a time. If the
MFB bit (CMPREQ) is high, no more data should
be sent to the CS493XX. Once the MFB bit
(CMPREQ) has gone low again, the host may send
another block of compressed audio data.
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During delivery of a block of data the FIFO
threshold should not be checked. In other wordsthe
FIFO indicatorsarelevel sensitive and indicate that
a block can be delivered when they are low. They
may return high during the datadelivery. Whenthis
happens there is ill room for the remaining bytes
of the block.

The PCM data input register (PCMDAT) receives
bytes of data when the host interface writes to
address 10b (A1 high, A0 low). The MFC bit in the
Host Control Register is an indicator of the PCM
FIFO level. The MFC hit remains low until the
FIFO threshold has been reached.

The PCMRST bit of the CONTROL register
provides absolute software/hardware
synchronization by initializing the input channel to
uniquely recognize the first write to the byte-wide
PCMDATA port. Toggling PCMRST high and low
informs the DSP that the next sample read from the
PCMDATA port is the first sample of the left
channel. In this fashion, the CS493XX can
translate successive byte writes into a variable
number of channels with a variable PCM sample
size. In the most simple case, the CH493XX can
receive stereo 8-bit PCM onebyte at atimewith the
internal DSP assigning the first 8-bit write (after
PCMRST) to the left channel and the second 8-bit
write to the right channel. For 24-bit PCM, it
assigns the first three 8-bit writes (after PCMRST)
to the left channel and the next three writes to the
right channel. Before starting PCM transfer, or to
initiate anew PCM transfer, the PCMRST bit must
be toggled as described above to insure data
integrity.

Data must be delivered to the CS493XX in blocks
of data. The block size is set through a hardware
configuration message. Before each block is
delivered, the host should check the MFC bit. If the
MFC bit islow, then the host can deliver ablock of
data one byte at atime. If the MFC bit is high, no
more data should be sent to the CS493XX. Once

the MFC bit has gone low again, the host may send
another block of PCM audio data. The MFC hit is
FIFO level sensitive. In other words, it may change
during the transfer of a block. The host should
complete the block transfer and ignore the MFC bit
until the block transfer is complete.

10.4.2.Parallel Delivery with Serial Control

When using I2C or SPI control, bytewide delivery
of data can stll be achieved using
SCLKN2(CMPCLK) and GPIQ[8:0]. In thismode
the bytewide paralel datais clocked into the part
on the transition of CMPCLK.

In this mode CMPREQ can be used as the FIFO
threshold indicator. When CMPREQ is low it
meansthat the CS493X X can receive another block
of data.

10.5. Digital Audio Output Port

The Digital Audio Output port, or DAO, isthe port
used for digital output from the DSP. Table 14
shows the signals associated with the DAO. As
with the input ports the clocks and data are fully
configurable via hardware configuration.

Pin Name Pin Description Pin Number
AUDATA3, Serial Data Out 3
XMT958 IEC60958 Transmitter
AUDATA2 Serial Data Out 39
AUDATA1 Serial Data Out 40
AUDATAO Serial Data Out 41
LRCLK Frame Clock 42
SCLK Serial Bit Clock 43
MCLK Master Clock 44

Table 14. Digital Audio Output Port

MCLK is the master clock and is firmware
configurable to be either an input or an output. If
MCLK isto be used as an output, the internal PLL
must be used. As an output MCLK can be
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configured to provide a 128Fs, 256Fs or 512Fs
clock, where Fsis the output samplerate.

SCLK is the bit clock used to clock data out on
AUDATAO, AUDATA1l, AUDATA2 and
AUDATA3. LRCLK is the data framing clock
whose frequency is typically equal to the sampling
frequency. Both LRCLK and SCLK can be
configured as either inputs (Slave mode) or outputs
(Master mode). When LRCLK and SCLK are
configured as inputs, MCLK isadon’t care as an
input. When LRCLK and SCLK are configured as
outputs, they are derived from MCLK. Whether
MCLK is configured as an input or an output, an
internal divider from the MCLK signal is used to
produce LRCLK and SCLK. The ratios shown in
Table15 give the possible SCLK vaues for
different MCLK frequencies (all valuesin terms of
the sampling frequency, Fs).

MCLK SCLK (Fs)

(Fs) | 32 | 48 | 64 | 128 | 256 | 512
128 X X

384% X X X

256 X X X X

512 X X X X X

** For MCLK as an input only
Table 15. MCLK/SCLK Master Mode Ratios

AUDATO is configurable to provide six, four, or
two channels. AUDATALl, AUDATA2 and
AUDATAS3 can both output two channels of data.
Typically the AUDATAO, AUDATAL,
AUDATAZ2 and AUDATAS3 outputs are used in
left justified, 12S or right justified modes.
AUDATAO, AUDATAL and AUDATAZ2 are used
for 5.1 output, presenting al six channels of
surround sound (Left, Center, Right, Left
Surround, Right Surround and Subwoofer).

AUDATA3 can be used with AUDATAO,
AUDATA1 and AUDATA2 to support 7.1 outpui.

Alternatively AUDATA3 can beused for dual zone
support. AUDATAS3 is multiplexed with the
XMT958 output so only one can be used at any one
time.

Table 16 shows the mapping of DAO channels to
actual outputs when not in a multichannel mode.

DAO_Channel Subframe Signal
0 Left AUDATAO
1 Right AUDATAO
2 Left AUDATA1
3 Right AUDATA1
4 Left AUDATA2
5 Right AUDATA2
6 Left AUDATA3
7 Right AUDATA3

Table 16. Output Channel Mapping

Please consult the application code user’ s guidesto
determine what modes are supported by the
application code being used.

10.5.1.1EC60958 Output

The XMT958 output is shared withthe AUDATA3
output so only one can be used at any onetime. The
XMT958 output provides a CMOS level bi phase
encoded output. The XMT958 function can be
internally clocked from the PLL or froman MCLK
input if MCLK is 256Fs or 512Fs. All channel
status information can be used when using software
which supports this functionality. This output can
be used for either 2 channel PCM output or
compressed data output in accordance with
IEC61937. To be fully IEC60958 compliant this
output would need to be buffered through an
R$422 device or an optocoupler as its outputs are
only CMOS. Please consult software user’s guide
to determine if this pin is supported by the
download code being used.
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11. HARDWARE CONFIGURATION

After download or soft reset, and before
kickstarting the application (please see the Audio
Manager in the Application Messaging Section of
any application code user's guide for more
information on kickstarting), the host has the
option of changing the default hardware
configuration. Hardware configuration messages
are used to physically reconfigure the hardware of
the audio decoder, as in enabling or disabling
address checking for the serial communication
port. Hardware configuration messages are also
used to initialize the data type (i.e, PCM or
compressed) and format (e.g., 12S, Left Justified,
Parallel, or Serial Bursty) for digital datainputs, as
well asthe dataformat and clocking optionsfor the
digital output port.

In general, the hardware configuration can only be
changed immediately after download or after soft
reset. However, some applications provide the
capability to change the input ports without
affecting other hardware configurations after
sending a special Application Restart message
(please see the Audio Manager in any Application
Code User's Guide to determine whether the
Application Restart message is supported).

Serial digital audio data bit placement and sample
alignment is fully configurable in the CS493XX
including left justified, right justified, delay bits or
no delay bits, variable sample word sizes, variable
output channel count, and programmable output
channel pin assignments and clock edge polarity to
integrate with most digital audio interfaces. If a
mode is needed which is not presented, please
consult your saes representative as to its
availability.

11.1. Address Checking

When using one of the serial communication
modes, 1°C or SPI, as discussed in Section 6.1,
“Serial Communication” on page 33, it isnecessary

to send a 7-bit address along with aread/write bit at
the start of any serial transaction. By default,
address checking isdisabled in the CS493XX. See
below for how to enable address checking.

The following 4-word hex message configures the
address checking circuitry of the CS493XX: It
should be noted that this will alow the host to
enable address checking and change the address of
the device. If address checking disabled is
acceptable, then these messages do not need to be
sent.

0x800252
OXOOFFFF
0x800152
OxHHO0000

In the last word the following bits should replace
HH:

Bits 23:17 - New Address to use for checking (if
enabling address checking)

Bit 16 - 1= Addresscheckingon

0 = Address checking off

11.2. Input Data Hardware Configuration

Both data format (12S, Left Justified, Parallel, or
Seria Bursty) and data type (compressed or PCM)
are required to fully define the input port's
hardware configuration. The DAI and the CDI are
configured by the same group of messages since
their configurations are interrelated. The naming
convention of the input hardware configuration is
asfollows:

INPUT ABCD

where A, B, C and D are the parameters used to
fully define the input port. The parameters are
defined as follows:

A - Data Type

B - Data Format (Thisis a don’t care for parallel
modes of data delivery)

DS339PP3

69



!

CIRRUS LOGIC"

CS49300 Family DSP

C - SCLK Polarity

D - FIFO Setup (only valid for parallel modes of
data delivery)

The following tables show the different values for
each parameter as well as the hex message that
needs to be sent. When creating the hardware
configuration message, only one hex message
should be sent per parameter. It should be noted
that the entire B parameter hex message must be
sent, even if one of the input ports has been defined
as unused by the A parameter.

Hex
A Value Data Type Message
0 DAI - PCM 0x800210
(default) |CDI - Compressed O0x3FBFCO
0x800110
0x80002C
1 DAI - PCM and Compressed |0x800210
CDI - Unused O0x3FBFCO
0x800110
0xC0002C
2 DAI - Unused 0x800210
CDI - PCM 0x3FBFCO
0x800110
0x800020
3 DAl - PCM 0x800210

CDI - Bursty Compressed (for [0x003FCO
Broadcast-based Application |0x800110
Codes Only) 0xOE002C

Hex
A Value Data Type Message
7 DAI - Not Used 0x800210
0x003FCO0
CDI - PCM 0x800110
0x0E0023
Parallel Port - Compressed
(FIFO B)
(for Broadcast-based application codes
only)
8 DAI - Not Used 0x800210
0x003FCO0
CDI - Not Used 0x800110
0xOE0013
Parallel Port - PCM (FIFO C)
and Compressed (FIFO B) with
Intel or Motorola Parallel Host
Control
(for Broadcast-based application codes
only)
9 DAI - Not Used 0x800210
0x003FCO0
CDI - Not Used 0x800110
0x0EO0002
Parallel Port - Compressed 0x800118
(FIFO B) with 12C or SPI 0x000800
Serial Control
10 DAI - Not Used 0x800210
0x003FCO0
CDI - Not Used 0x800110
0xOE0010
Parallel Port - PCM (FIFO C) |0x800118
with 12C or SPI Serial Control |0x000800

4 DAI - Multichannel PCM 0x800210
(for Post-Processing Codes that can Ox3FBFCO
accept 2, 4 or 6 channels on one line) |0x800110

Table 17. Input Data Type Configuration
(Input Parameter A) (Continued)

0x80002C
CDI - PCM
5 DAI - PCM 0x800210
O0x3FBFCO
CDI - Multichannel PCM 0x800110

(for Post-Processing Codes that can 0x800025
accept 2, 4 or 6 channels on one line)

Hex

B Value Data Format Message

0 PCM - I°S 24-hit 0x800217

(default) 0x8080FF
Compressed - 12S 16-bit realtloz i
(Compressed meaning any type of 0x8080FF
compressed data such as IEC61937- 0x800117
packed AC-3, DTS, MPEG 0x011100
Multichannel, AAC or MP3 elementary |Ox80011A
stream data from a DVD or IEC60958- 0x011900

packed elementary stream DTS data
from a DTS-CD)

6 DAl - PCM 0x800210

0x003FCO0

CDI - Not Used 0x800110
0Ox0E002B

Parallel Port - Compressed

(FIFO B)

(for Broadcast-based application codes

only)

Table 17. Input Data Type Configuration
(Input Parameter A)

Table 18. Input Data Format Configuration

(Input Parameter B)
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Table 18. Input Data Format Configuration

Table 18. Input Data Format Configuration
(Input Parameter B) (Continued)

(Input Parameter B) (Continued)

Hex Hex
B Value Data Format Message B Value Data Format Message
1 PCM - Left Justified 24-bit 0x800217 32 PCM - Left Justified 24-bit 0x800217
0x8080FF 0x8080FF
Compressed - Left Justified |0x80021A Multichannel PCM (2 Channel) [0x80021A
16-bit 0x8080FF - Left Justified 24-bit 0x8080FF
(Compressed meaning any type of 0x800117 (used only by special post-processing |0x800117
compressed data such as IEC61937- 0x001000 application codes) 0x0018C0O
packed AC-3, DTS, MPEG
Multichannel, AAC or MP3 elementary Ox80011A 0xB0011A
stream data from a DVD or IEC60958-|0X001800 0x0018C0
packed elementary stream DTS data 34 PCM - Left Justified 24-bit 0x800217
from a DTS-CD) 0x8080FF
2 PCM - IS 24-bit 0x800217 Multichannel PCM (4 Channel) |0x80021A
0x8080FF - Left Justified 24-bit 0x8080FF
Multichannel PCM (6 Channel) 0x80021A (used only by special post-processing |0x800117
- Left Justified 24-bit PCM 0x8080FF application codes) 0x0030C0
(for Post-Processing Codes that can |0x800117 0Ox80011A
accept 6 channels on one line like 0x0048C0 0x0018C0
THX Surround EX application code) [Ox80011A 4.6 Not Used
0x0119C0 7 PCM - I2S 24-bit 0x800217
22 PCM - IS 24-bit 0x800217 0x8080FF
_ Ox8080FF Multichannel PCM (6 Channel) |0x80021A
Multichannel PCM (2 Channel) |0x80021A - Left Justified 20-bit 0x8080FF
- Left Justified 24-bit PCM 0x8080FF (used by standard post-processing 0x800117
(used only by special post-processing |0X800117 application codes like THX Surround [0X003CCO
application codes) 0x0018C0 EX) 0x80011A
0x80011A 0x0119C0
— 0x0119C0 72 PCM - I2S 24-bit ULy
24 PCM - IS 24-bit 0x800217 0x8080FF
_ OxBOBOFF Multichannel PCM (2 Channel) |0x80021A
Multichannel PCM (4 Channel) |0x80021A - Left Justified 20-bit 0x8080FF
- Left JUStIerd 24'b|t PCM 0X8080FF (used 0n|y by 5pecia| post-processing 0X800117
(used only by special post-processing |0X800117 application codes) 0x0014CO0
application codes) 0x0030C0 0x80011A
0x80011A 0x0119C0
0x0119CO0
74 _ 2 _bi 0x800217
3 PCM - Left Justified 24-bit 0x800217 PCM - 1S 24-bit OX8080FF
0x8080FF . 0x80021A
Multichannel PCM (6 Channel) |0x80021A ML‘":c'tCha”r}.e';%"é“ Channel) | = S080rF
- Left Justified 24-bit 0x8080FF - Left Justified 20-bit
. (used only by special post-processing |0x800117
(for Post-Processing Code; thgt can |0x800117 application codes) 0x0014C0
e onre e e 0100480 ora0011A
0x80011A 0x0119C0
0x0018C0
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D Value

FIFO Size & Blocksize (no
default - only applicable to
parallel delivery modes)

Hex
Message

0x800014
0x280D00

Compressed FIFO B Size -
6kbyte
Blocksize - up to 2kbyte

PCM FIFO C Size - 6kbyte 0x800014
Blocksize - up to 2kbyte 0x820300

Hex
B Value Data Format Message
8 PCM - Left Justified 24-bit 0x800217
0x8080FF
Multichannel PCM (6 Channel) [0x80021A
- Left Justified 20-bit 0x8080FF
(for Post-Processing Codes that can  |0x800117
accept 6 channels on one line like 0x003CCO0
THX Surround EX application code) OXx80011A
0x0018C0
82 PCM - Left Justified 24-bit 0x800217
0x8080FF
Multichannel PCM (2 Channel) |0x80021A
- Left Justified 20-bit 0Ox8080FF
(used only by special post-processing |0x800117
application codes) 0x0014C0
0Ox80011A
0x0018CO0
84 PCM - Left Justified 24-bit 0x800217
0Ox8080FF
Multichannel PCM (4 Channel) |0x80021A
- Left Justified 20-bit 0Ox8080FF
(used only by special post-processing |0x800117
application codes) 0x0028C0
0Ox80011A
0x0018CO0
Table 18. Input Data Format Configuration
(Input Parameter B) (Continued)
SCLK Polarity (Both CDI & Hex
C Value DAI Port) Message
0 Data Clocked in on Rising 0x800217
(default) |[Edge OxFFFFDF
0x80021A
OXFFFFDF
1 Data Clocked in on Falling 0x800117
Edge 0x000020
0x80011A
0x000020

11.2.1.

1)

Table 19. Input SCLK Polarity Configuration
(Input Parameter C)

I nput Configuration Considerations

24-bit PCM input requires at least 24 SCLKS
per sub-frame. The DSP always uses 24-hit
resolution for PCM input. Systems having less
than 24-bit resolution will not have a problem
asthe extra bits taken by the DSP will be under
the noise floor of the input signa for left
justified and 1%S formats. For compressed

2)

Table 20. Input FIFO Setup Configuration
(Input Parameter D)
input, data is aways taken in 16 bit word
lengths.

If the clocks to the audio ports are known to be
corrupted, such aswhen a S/PDIF receiver goes
out of lock, the DSP should undergo an
application restart (if applicable), soft reset or
hard reset. All three actions will result in the
input FIFO being reset. Failure to do so may
result in corrupted data being latched into the
input FIFO and may result in corrupted data
being heard on the outputs. Thisis not an issue
when compressed data is being delivered, as it
has sync words embedded in the stream which
the DSP can lock to, but only when PCM data
is being delivered. Certain application codes
that are capable of processing PCM may now
have a gpecid feature caled “PCM
Robustness’ which does alleviate the above
problem, however you should still follow the
above recommendation.
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11.3. Output Data Hardwar e Configuration

The naming convention for the DAO configuration
isasfollows:

OUTPUTABCDE
where the parameters are defined as:

A - DAO Mode (Master/Slave for LRCLK and
SCLK)

B - Data Format

C - MCLK Frequency
D - SCLK Frequency
E - SCLK Polarity

The following tables show the different values for
each parameter as well as the hex message that
needs to be sent. When creating the hardware
configuration message, only one hex message
should be sent per parameter.

DAO Data Format Of

DAO Modes (LRCLK & Hex
A Value SCLK) Message
0 MCLK - Slave 0x80017F
(default) |SCLK - Slave 0x400000
LRCLK - Slave
1 MCLK - Slave 0x80027F
SCLK - Master OXBFFFFF
LRCLK - Master
2 MCLK - Master 0x80027F
SCLK - Master OxBFDFFF
LRCLK - Master

Table 21. Output Clock Configuration
(Parameter A)

AUDATAOQ, 1, 2 (or AUDATAO Hex
B Value| for Multichannel Modes) Message
0 12S 24-bit 0x80027F
(default) |(configuration of AUDATA3 as s/PDIF |OXFC7FFF
(IEC60958) or Digital Audio in the 0x80027C
format of IS or Left Justified is O0xFO1F00
covered in AN162 and AN163) 0x80027D
OxFO1F00
0x80027E
OxFO1F00
0x80017F
0x038000
0x80017C
0x000001
0x80017D
0x000001
0x80017E
0x000001
1 Left Justified 24-bit 0x80027F
(Configuration of AUDATAS as S/PDIF |OxFC7FFF
(IEC60958) or Digital Audio in the 0x80027C
format of 12S or Left Justified is OXFO1F00
covered in AN162 and AN163) 0x80027D
OxFO1FO00
0x80027E
OxFO1FO00
0x80017F
0x018000
2 Multichannel (6 channel) 0x80027F
20-bit Left Justified OxXFC7FFF
(SCLK must be at least 128Fs |0x80027C
for this mode) 0xF00000
(Configuration of AUDATA3 as S/PDIF {0x80017C
(IEC60958) or Digital Audio in the 0x001300
format of 12S or Left Justified is 0x80027D
covered in AN162 and AN163) 0xF00000
0x80017D
0x001300
0x80027E
0xF00000
0x80017E
0x001300

Table 22. Output Data Format Configuration

(Parameter B)
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DAO Data Format Of Hex

AUDATAOQ, 1, 2 (or AUDATAO Hex C Value MCLK Frequency Message

B Value| for Multichannel Modes) Message 0 256Fs 0x80027F

22 Multichannel (2 channel) 0x80027F (default) OXFFE7FF
20-bit Left Justified OXFC7FFF 1 512Fs 0x80027F
(SCLK must be at least 128Fs |0x80017F OXFFE7FF
for this mode) 0x018000 0x80017F
(Configuration of AUDATA3 as S/PDIF |Ox80027C 0x001000
(IEC609582) or Digital Audio in the OXFO1FO00 2 128Fs 0x80027F
format of 1°S or Left Justified is
covered in AN162 and AN163) gigggégg giggoE]_??FFF

24 Multichannel (4 channel) 0x80027F 0x001800
20-bit Left Justified OXFC7FFF 3 384Fs 0Ox80027F
(SCLK must be at least 128Fs |0x80017F (SCLK must be 64Fs in this OXFFE7FF
for this mode) 0x010000 mode and MCLK must be an  |0x80017F
(Configuration of.A.UDATA.3 ?S S/PDIF |0x80027C input) 0x000800
(IEC60958) or Digital Audio in the OXFO1F00 - -
format of I2S or Left Justified is OX80017C Table 23. Output MCLK Configuration
covered in AN162 and AN163) 0x001300 (Parameter C)

3 Multichannel (6 channel) 0x80027F Hex
24-bit Left Justified OXFC7FFF D Value SCLK Frequency Message
(SCLK must be at least 256Fs |0x80027C 0 64Fs Ox80027F
for this mode) O0xFO1F00 (default) OXFFF8FF
(Configuration of AUDATA3 as S/PDIF {0x80027D 0x80017F
(IEC609582) or Digital Audio in the OXFO1F00 0x000100
format of.l S or Left Justified is 0x80027E 1 128F X 27F
covered in AN162 and AN163) 0OXFO1E00 8Fs 8X|8:|0:(|):8FF

32 Multichannel (2 channel) 0x80027F 0x80017F
24-bit Left Justified OXFC7FFF 0x000200
(SCLK must be at least 128Fs |{0x80027C 2 256Fs 0x80027F
for this mode) O0xFO1F00 OXEFESFE
(EC60658) o Digtal AL m e |oncaoun LGN

or Digital Auaio In the

format of IS or Left Justified is 0x018000 0x000300
covered in AN162 and AN163) Table 24. Output SCLK Configuration

34 Multichannel (4 channel) 0x80027F (Parameter D)
24-bit Left Justified OXFC7FFF Hex
Sﬁtg nlg]lgzteg)e atleast 128Fs 8?3(1)8(1)85 E Value SCLK Polarity Message
(Configuration of AUDATA3 as S/PDIF | 0x80027C 0 Data Valid on Rising Edge 0x80027F
(IEC60958) or Digital Audio in the OXxEO1E00 (default) |(clocked out on falling) OXF7FFFF
format of I2S or Left Justified is 1 Data Valid on Falling Edge 0x80017F
covered in AN162 and AN163) (clocked out on rising) 0x080000

Table 22. Output Data Format Configuration

(Parameter B) (Continued)

Table 25. Output SCLK Polarity Configuration

(Parameter E)
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11.3.1. Output Configuration Considerations

1) All PCM output is 24-bit resolution

2) An SCLK frequency of at least 128Fs must be
selected for the 20-bit multichannel (6 channel)
mode.

3) An SCLK freguency of at least 128Fs must be
selected for the 24-bit multichannel (4 channel)
mode.

4) An SCLK frequency of at least 256Fs must be
selected for the 24-bit multichannel (6 channel)
mode.

5) If the clocks to the audio ports are known to be
corrupted, such aswhen aS/PDIF receiver goes
out of lock, the DSP should undergo an
application restart (if applicable), soft reset or
hard reset. All three actions will result in the
input FIFO being reset. Failure to do so may
result in corrupted data being latched into the
input FIFO and may result in corrupted data
being heard on the outputs. Thisis not an issue
when compressed data is being delivered, as it
has sync words embedded in the stream which
the DSP can lock to, but only when PCM data
is being delivered. Certain application codes
that are capable of processing PCM may now
have a gpecia feature caled “PCM
Robustness’ which does alleviate the above
problem, however you should still follow the
above recommendation.

11.4. Creating Hardwar e Configuration
M essages

The single hardware configuration message that
must be sent to the CS493XX after download or
soft reset should be a concatenation of the
messages in the previous sections. The complete
hardware configuration message should be created
by taking a message for each parameter (where the
default is not acceptable) and concatenating the
messages together. No messages need to be sent if
the default configuration for a particular parameter

isacceptable. Thisexample can be easily expanded
to fit other system requirements.

For example if the host system has the following
configuration:

Address Checking: Disabled

The above configuration is default so no
configuration message is required.

DAI: Left Justified
PCM and Compressed data
CDI: Not used

The above configuration corresponds to
INPUT A1B1
which corresponds to a configuration message of:

0x800210
Ox3FBFCO
0x800110
0xC0002C

0x800217
0x8080FF
0x80021A
0x8080FF
0x800117
0x001000
0x80011A
0x001800

DAO: Left Justified slave mode (LRCLK, SCLK
inputs)
MCLK @ 256Fs
SCLK @ 64Fs

The above configuration corresponds to
OUTPUT AOB1CODO
which has a configuration message of .

0x80027F
OXFC7FFF
0x80027C
OxFO1F00
0x80027D
OxFO1F00
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0x80027E
O0xFO1F00
0x80017F
0x018000

Concatenating the messages together gives the
following hardware configuration message that

should be sent after download or soft reset:

WORD# VALUE WORD# VALUE
1 0x800210 12 0x001800
2 0x3FBFCO 13 0x80027F
3 0x800110 14 OXFC7FFF
4 0xC0002C 15 0x80027C
5 0x800217 16 0xFO1F00
6 0x8080FF 17 0x80027D
7 0x80021A 18 O0xFO1F00
8 0x8080FF 19 0x80027E
9 0x800117 20 O0xFO1F00

10 0x001000 21 0x80017F
11 0x80011A 22 0x018000

Table 26. Example Valuesto be Sent to CS493XX After
Download or Soft Reset
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12. PIN DESCRIPTIONS

DGND1 MCLK
AUDATA3, XMT958 SCLK
WR,DS,EMWR,GPIO1 LRCLK
'RD,R/W ,EMOE, GPIOll AUDATAO
Al, SCDIN AUDATAl
A0, SCCLK AUDATA2

e T e o

DATA7,EMAD7,GPIO7 65432 14443424140 DC
DATA6,EMAD6 GPIO6%[ 8 38 B ; DD
DATAS EMADS,GPIO5— [ 9 37 1/ — RESET
DATA4EMAD4GPKM4\\E12 zg%/rfAGND
VD2 —0 12 CapnpLoe 34 [1— VA
DGNDZJ[ 13 3B~ FLT2
DATASEMADSGMOSA// p Top View ii NFILT2
DATAZEMAD26P|C)2J/E16 30]\¥—CLKSEL
DATA1,EMAD1, GPlOl 1819 2021222324252627 28 CLKlN
DATAO,EMADO, GPIOO e CMPREQ, LRCLKN2
CMPCLK, SCLKN2
SCDIO, SCDOUT,PSEL, GPIO CMPDAT, SDATAN2, RCV958
ABOOT, INTREQ LRCLKN1
EXTMEM, GPIO8 SCLKN1, STCCLK2
SDATAN1 DGND3
VD3

VA—Analog Positive Supply: Pin 34
Analog positive supply for clock generator. Nominally +2.5 V.

AGND—Analog Supply Ground: Pin 35
Analog ground for clock generator PLL.

VD1, VD2, VD3—Digital Positive Supply: Pins1, 12, 23
Digital positive supplies. Nominally +2.5 V.

DGND1, DGND2, DGND3—Digital Supply Ground: Pins2, 13, 24
Digital ground.

FILT1—Phase-L ocked L oop Filter: Pin 33
Connects to an external filter for the on-chip phase-locked |oop.

FILT2—Phase Locked Loop Filter: Pin 32
Connects to an external filter for the on-chip phase-locked |oop.

CLKIN—Master Clock Input: Pin 30

CH493XX clock input. When in internal clock mode (CLKSEL == DGND), this input is
connected to the internal PLL from which all internal clocks are derived. When in externa
clock mode (CLKSEL == VD), thisinput is connected to the DSP clock. INPUT
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CLKSEL—DSP Clock Select: Pin 31

This pin selects the clock mode of the CS493XX. When CLKSEL is low, CLKIN is connected
to the internal PLL from which &l internal clocks are derived. When CLKSEL is high CLKIN
is connected to the DSP clock. INPUT

DATA7, EMAD7, GPIO7—Pin 8

DATA6, EMADG6, GPIO6—Pin 9

DATAS5, EMADS5, GPIO5—Pin 10
DATA4, EMAD4, GPIO4—Pin 11
DATA3, EMAD3, GPIO3—Pin 14
DATA2, EMAD2, GPIO2—Pin 15
DATA1, EMAD1, GPIO1—Pin 16
DATAO, EMADO, GPIO0O—Pin 17

In parallel host mode, these pins provide a bidirectional data bus. If a serial host mode is
selected, these pins can provide a multiplexed address and data bus for connecting an 8-bit
external memory. Otherwise, in serial host mode, these pins can act as general-purpose input or
output pins that can be individually configured and controlled by the DSP.

BIDIRECTIONAL - Default: INPUT

AO, SCCLK—Host Parallel Address Bit Zero or Serial Control Port Clock: Pin 7

In parallel host mode, this pin serves as one of two address input pins used to select one of four
parallel registers. In serial host mode, this pin serves as the serial control clock signal,
specifically as the SPI clock input or the 12C clock input. INPUT

Al, SCDIN—Host Address Bit One or SPI Serial Control Data Input: Pin 6

In parallel host mode, this pin serves as one of two address input pins used to select one of four
parallel registers. In SPI serial host mode, this pin serves as the data input. INPUT

@, R/V_V, EMOE, GPIO11—Host Parallel Output Enable or Host Par allel R/W or External
Memory Output Enable or General Purpose Input & Output Number 11: Pin 5

In Intel paralel host mode, this pin serves as the active-low data bus enable input. In Motorola
parallel host mode, this pin serves as the read-high/write-low control input signal. In serial host
mode, this pin can serve as the external memory active-low data-enable output signal. Also in
serial host mode, this pin can serve as a general purpose input or output bit.

BIDIRECTIONAL - Default: INPUT

m, D_S, EMWR, GPIO10—Host Write Strobe or Host Data Strobe or External Memory Write
Enable or General Purpose Input & Output Number 10: Pin 4

In Intel parallel host mode, this pin serves as the active-low data-write-input strobe. In
Motorola parallel host mode, this pin serves as the active-low data-strobe-input signal. In serial
host mode, this pin can serve as the external-memory active-low write-enable output signal.
Also in serial host mode, this pin can serve as a general purpose input or output bit.
BIDIRECTIONAL - Default: INPUT
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CS—Host Parallel Chip Sdlect, Host Serial SPI Chip Select: Pin 18

In paralel host mode, this pin serves as the active-low chip-select input signal. In serial host
SPI mode, this pin is used as the active-low chip-select input signal. INPUT

RESET—Master Reset Input: Pin 36

Asynchronous active-low master reset input. Reset should be low at power-up to initialize the
C493XX and to guarantee that the device is not active during initial power-on stabilization
periods. At the rising edge of reset the host interface mode is selected contingent on the state of
the RD, WR and PSEL pins. Additionally, an autoboot sequence can be initiated if a seria
control mode is selected and ABOOT is held low. If reset is low all bidirectional pins are high
impedance inputs. INPUT

SCDIO, SCDOUT, PSEL, GPIO9—Serial Control Port Data Input and Output, Parallel Port
Type Select: Pin 19

In 12C mode, this pin serves as the open-drain bidirectional data pin. In SPl mode this pin
serves as the data output pin. In paralel host mode, this pin is sampled at the rising edge of
RESET to configure the parallel host mode as an Intel type bus or as a Motorola type bus. In
parallel host mode, after the bus mode has been selected, the pin can function as a general-
purpose input or output pin. BIDIRECTIONAL - Default: INPUT

In 1C mode this pin is an OPEN DRAIN I/O and requires a 4.7k Pull-Up

EXTMEM, GPIO8—External Memory Chip Select or General Purpose Input & Output Number
8: Pin21
In serial control port mode, this pin can serve as an output to provide the chip-select for an
external byte-wide ROM. In parallel and serial host mode, this pin can also function as a
general-purpose input or output pin. BIDIRECTIONAL - Default: INPUT

INTREQ, ABOOT—Control Port Interrupt Request, Automatic Boot Enable: Pin 20

Open-drain interrupt-request output. This pin is driven low to indicate that the DSP has
outgoing control data and should be serviced by the host. Also in seria host mode, this signal
initiates an automatic boot cycle from external memory if it is held low through the rising edge
of reset. OPEN DRAIN 1/O - Requires 4.7k Ohm Pull-Up

AUDATA2—Digital Audio Output 2: Pin 39

PCM multi-format digital-audio data output, capable of two-channel 20-bit output. This PCM
output defaults to DGND as output until enabled by the DSP software. OUTPUT

AUDATA1—Digital Audio Output 1: Pin 40

PCM multi-format digital-audio data output, capable of two-channel 20-bit output. This PCM
output defaults to DGND as output until enabled by the DSP software. OUTPUT

AUDATAO—Digital Audio Output O: Pin 41

PCM multi-format digital-audio data output, capable of two-, four-, or six-channel 20-bit
output. This PCM output defaults to DGND as output until enabled by the DSP software.
OUTPUT
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MCLK—Audio Master Clock: Pin 44

Bidirectional master audio clock. MCLK can be an output from the CS493XX that provides an
oversampled audio-output clock at either 128 Fs, 256 Fs, or 512 Fs. MCLK can be an input at
128 Fs, 256 Fs, 384 Fs, or 512 Fs. MCLK is used to derive SCLK and LRCLK when SCLK
and LRCLK are driven by the CS493XX. BIDIRECTIONAL - Default: INPUT

SCLK—Audio Output Bit Clock: Pin 43

Bidirectiona digital-audio output bit clock. SCLK can be an output that is derived from MCLK
to provide 32Fs, 64Fs, 128 Fs, 256 Fs, or 512 Fs, depending on the MCLK rate and the
digital-output configuration. SCLK can aso be an input and must be at least 48Fs or greater.
As an input, SCLK isindependent of MCLK. BIDIRECTIONAL - Default: INPUT

LRCLK—Audio Output Sample Rate Clock: Pin 42

Bidirectiona digital-audio output-sample-rate clock. LRCLK can be an output that is divided
from MCLK to provide the output sample rate depending on the output configuration. LRCLK
can also be an input. As an input LRCLK is independent of MCLK.

BIDIRECTIONAL - Default: INPUT

AUDATA3XMT958—SPDIF Transmitter Output, Digital Audio Output 3: Pin 3

CMOS level output that contains a biphase-mark encoded (S/PDIF) or 1°S or Left Justified
digital audio data which is capable of carrying two channels of PCM digital audio or an
IEC61937 compressed-data interface.

Note: Outputting of IEC61937 is only available for certain broadcast-based application codes which run on
the CS4931X family or CS49330 device.

This output typically connects to the input of an RS-422 transmitter or to the input of an optical
transmitter. OUTPUT

SCLKN1, STCCLK2—PCM Audio Input Bit Clock: Pin 25

Bidirectional digital-audio bit clock that is an output in master mode and an input in dave
mode. In slave mode, SCLKN1 operates asynchronously from all other CS493XX clocks. In
master mode, SCLKNL1 is derived from the CS493XX internal clock generator. In either master
or slave mode, the active edge of SCLKN1 can be programmed by the DSP. For applications
supporting PES layer synchronization this pin can be used as STCCLK2, which provides a path
to the internal STC 33 bit counter. BIDIRECTIONAL - Default: INPUT

LRCLKN1—PCM Audio Input Sample Rate Clock: Pin 26

Bidirectional digital-audio frame clock that is an output in master mode and an input in dave
mode. LRCLKNL1 typically is run at the sampling frequency. In slave mode, LRCLKN1
operates asynchronously from all other CS493XX clocks. In master mode, LRCLKNL1 is
derived from the CS493XX internal clock generator. In either master or slave mode, the
polarity of LRCLKNL1 for a particular subframe can be programmed by the DSP.
BIDIRECTIONAL - Default: INPUT

80 DS339PP3



!

CIRRUS LOGIC" CS49300 Family DSP

SDATAN1—PCM Audio Data Input Number One: Pin 22

Digital-audio data input that can accept from one to six channels of compressed or PCM data.
SDATANL1 can be sampled with either edge of SCLKNZ1, depending on how SCLKN1 has been
configured. INPUT

CMPCLK, SCLKN2—PCM Audio Input Bit Clock: Pin 28

Bidirectional digital-audio bit clock that is an output in master mode and an input in dave
mode. In slave mode, SCLKN2 operates asynchronously from all other CS493XX clocks. In
master mode, SCLKNZ2 is derived from the CS493XX internal clock generator. In either master
or slave mode, the active edge of SCLKN2 can be programmed by the DSP. If the CDI is
configured for bursty delivery, CMPCLK is an input used to sample CMPDAT.
BIDIRECTIONAL - Default: INPUT

CMPREQ, LRCLKN2—PCM Audio Input Sample Rate Clock: Pin 29

When the CDI is configured as a digital audio input, this pin serves as a bidirectional digital-
audio frame clock that is an output in master mode and an input in slave mode. LRCLKN2
typicaly is run at the sampling frequency. In slave mode, LRCLKNZ2 operates asynchronously
from all other CS493XX clocks. In master mode, LRCLKNZ is derived from the CS493XX
internal clock generator. In either master or slave mode, the polarity of LRCLKN2 for a
particular subframe can be programmed by the DSP. When the CDI is configured for bursty
delivery, or parallel audio data delivery is being used, CMPREQ is an output which serves as
an internal FIFO monitor. CMPREQ is an active low signa that indicates when another block
of data can be accepted. BIDIRECTIONAL - Default: INPUT

CMPDAT, SDATAN2—PCM Audio Data Input Number Two: Pin 27

Digital-audio data input that can accept from one to six channels of compressed or PCM data.
SDATANZ can be sampled with either edge of SCLKNZ2, depending on how SCLKN2 has been
configured. Similarly CMPDAT is the compressed data input pin when the CDI is configured
for bursty delivery. When in this mode, the CS493XX internal PLL is driven by the clock
recovered from the incoming data stream. INPUT

DC—Reserved: Pin 38
This pin is reserved and should be pulled up with an external 4.7k resistor.

DD—Reserved: Pin 37
This pin is reserved and should be pulled up with an external 4.7k resistor.

DS339PP3 81



!

CIRRUS LOGIC"

CS49300 Family DSP

13. ORDERING INFORMATION

CS493002-CL 44-Pin PLCC
CS493102-CL 44-Pin PLCC
CS493112-CL 44-Pin PLCC
CS493122-CL 44-Pin PLCC
CS493253-CL 44-Pin PLCC
CS493253-IL  44-Pin PLCC
CS493254-CL 44-Pin PLCC
CS493254-IL  44-Pin PLCC
CS493263-CL 44-Pin PLCC
CS493263-IL  44-Pin PLCC
CS493264-CL 44-Pin PLCC
CS493264-IL  44-Pin PLCC
CS493292-CL 44-Pin PLCC
CS493302-CL 44-Pin PLCC
CS493302-IL  44-Pin PLCC

Temp Range 0-70° C
Temp Range 0-70° C
Temp Range 0-70° C
Temp Range 0-70° C
Temp Range 0-70° C
Temp Range -40-85° C
Temp Range 0-70° C
Temp Range -40-85° C
Temp Range 0-70° C
Temp Range -40-85° C
Temp Range 0-70° C
Temp Range -40-85° C
Temp Range 0-70° C
Temp Range 0-70° C
Temp Range -40-85° C

14. PACKAGE DIMENSIONS

441 PLCC PACKAGE DRAWING

mlnlnd)] —
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]
]
/\j/ El E
NAT
]
\ - S\a — ‘
L
B P - A "
INCHES MILLIMETERS

DIM MIN MAX MIN MAX
A 0.165 0.180 4191 4572
Al 0.090 0.120 2.286 3.048
B 0.013 0.021 330 0.533
D 0.685 0.695 17.399 17.653
D1 0.650 0.656 16.510 16.662
D2 0.590 0.630 14.986 16.002
E 0.685 0.695 17.399 17.653
E1 0.650 0.656 16.510 16.662
E2 0.590 0.630 14.986 16.002
e 0.040 0.060 102 1,524
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