Semiconductor Corporation

CS4216

16-Bit Stereo Audio Codec

Features

® CMOS Stereo Audio Input/Output System
Delta-Sigma A/D Converters
Delta-Sigma D/A Converters
Input Anti-Aliasing and Output
Smoothing Filters
Programmable Input Gain and
Output Attenuation

® Sample Frequencies of 4 kHz to 50 kHz

® CD Quality Noise and Distortion
< 0.01 %THD

® Internal 64X Oversampling

® L ow Power Dissipation: 80 mA
1 mA Power-Down Mode

General Description

[wave

The CS4216 Stereo Audio Codec is a monolithic
CMOS device for computer multimedia, automotive,
and portable audio applications. It performs A/D and
D/A conversion, filtering, and level setting, creating 4
audio inputs and 2 audio outputs for a digital computer
system. The digital interfaces of left and right channels
are multiplexed into a single serial data bus with word
rates up to 50 kHz per channel. Up to 4 CS4216 de-
vices can be attached to a single hardware bus.

Both the ADCs and the DACs use delta-sigma modula-
tion with 64X oversampling. The ADCs include a digital
decimation filter which eliminates the need for external
anti-aliasing filters. The DACs include output smoothing
filters on-chip.

The CS4216 is an Mwave '™
audio codec.

Ordering Information:

CS4216-KL 0° to 70°C 44-pin PLCC
CS4216-KQ 0° to 70°C 44-pin TQFP
CDB4216 Evaluation Board
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RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, all voltages with re-
spect to 0V.)

Parameter Symbol Min Typ Max Units
Power Supplies: Digital VD 4.75 5.0 5.25 \%
Analog VA 4.75 5.0 5.25 \Y,
Operating Ambient Temperature TA 0 25 70 °C

ANALOG CHARACTERISTICS(Ta = 25°C; VA, VD = +5V; Input Levels: Logic 0 = 0V,
Logic 1 = VD; 1 kHz Input Sine Wave; CLKIN = 24.576 MHz; SM1; Conversion Rate = 48 kHz; SCLK =
12.288 MHz; Measurement Bandwidth is 10 Hz to 20 kHz; Unless otherwise specified.)

Parameter * ‘ Symbol ‘ Min ‘ Typ ‘ Max ‘ Units
Analog Input Characteristics - Minimum gain setting (0 dB); unless otherwise specified.
ADC Resolution 16 - - Bits
ADC Differential Nonlinearity (Note 1) - - +0.9 LSB
Instantaneous Dynamic Range IDR 80 85 - dB
Total Harmonic Distortion THD - - 0.01 %
Interchannel Isolation - 80 - dB
Interchannel Gain Mismatch - - 0.5 dB
Frequency Response (Note 1) -0.5 - +0.2 dB
Programmable Input Gain Span 21 22.5 24 dB
Gain Step Size - 15 - dB
Absolute Gain Step Error - - 0.75 dB
Gain Drift - 100 - ppm/°C
Offset Error DC Coupled Inputs - +10 +100 LSB

AC Coupled Inputs - +150 +400 LSB

Full Scale Input Voltage 25 2.8 3.1 Vpp
Input Resistance (Notes 1,2) 20 - - kQ
Input Capacitance (Note 1) - - 15 pF

Notes: 1. This specification is guaranteed by characterization, not production testing.
2. Input resistance is for the input selected. Non-selected inputs have a very high (>1MQ) input resistance.

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

™

Mwave '™ is a trademark of the IBM Corporation.

Specifications are subject to change without notice.
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ANALOG CHARACTERISTICS (Continued)

Parameter * ‘ Symbol ‘ Min ‘ Typ ‘ Max ‘ Units
Analog Output Characteristics - Minimum Attenuation; Unless Otherwise Specified.
DAC Resolution 16 - - Bits
DAC Differential Nonlinearity (Note 1) - - +0.9 LSB
Total Dynamic Range TDR - 93 - dB
Instantaneous Dynamic Range IDR 80 83 - dB
Total Harmonic Distortion (Note 4) | THD - - 0.02 %
Interchannel Isolation (Note 4) - 80 - dB
Interchannel Gain Mismatch - - 0.5 dB
Frequency Response (Note 1) -0.5 - +0.2 dB
Programmable Output Attenuation Span (Note 3) -45 -46.5 - dB
Attenuation Step Size (Note 3) - 15 - dB
Absolute Attenuation Step Error (Note 3) - - 0.75 dB
Gain Drift - 100 - ppm/°C
REFBUF Output Voltage (Note 5) 1.9 2.2 2.5 \%

Maximum output current= 400 pA
Offset Voltage - 10 - mV
Full Scale Output Voltage (Note 4) 25 2.8 3.1 Vpp
Deviation from Linear Phase (Note 1) - - 1 Degree
Out of Band Energy (22 kHz to 100 kHz) - -60 - dB
Power Supply
Power Supply Current  (Note 6) Operating - 80 100 mA
Power Down - - 1 mA

Power Supply Rejection (1 kHz) - 40 - dB

Notes: 3. Tested in SM3, Slave sub-mode, 128 BPF.
4. 10 kQ, 100 pF load.
5. REFBUF load current must be DC. To drive dynamic loads, REFBUF must be buffered.
AC variations in REFBUF current may degrade ADC and DAC performance.
6. Typically current: VA = 30mA, VD = 50mA. Power supply current does not include output loading.

* Parameter definitions are given at the end of this data sheet.
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SWITCHING CHARACTERISTICS (Ta = 25°C; VA, VD = +5V, outputs loaded with 30 pF; Input
Levels: Logic 0 = 0V, Logic 1 = VD)

Parameter Symbol Min Typ Max Units

Input clock (CLKIN) frequency SM1: | CLKIN | 2.048 24.576 25.6 MHz

SM2, SM3, SM4: | CLKIN 1.024 12.288 12.8 MHz
CLKIN low time tekl 15 - - ns
CLKIN high time tckh 15 - - ns
Sample Rate (Note 1) Fs 4 - 50 kHz
DI pins setup time to SCLK edge (Note 1) ts2 10 - - ns
DI pins hold time from SCLK edge (Note 1) th2 8 - - ns
DO pins delay from SCLK edge tpd2 30 - - ns
f?gnngCirlgNSﬁ;rl:lgc output delay Master Mode (Note 1) | tpd3 - - 50 ns
SCLK period Master Mode (Note 7) | tsckw - 1/(Fs*bpf) - s
Slave Mode 75 - - ns
SCLK high time Slave Mode | tsckh 30 - - ns
SCLK low time Slave Mode | tgck] 30 - - ns
SDIN, SSYNC setup time to SCLK edge Slave Mode ts1 15 - - ns
SDIN, SSYNC hold time from SCLK edge Slave Mode th1 10 - - ns
SDOUT delay from SCLK edge tpd1 - - 28 ns
Output to Hi-Z state bit 64 (Note 1) thz - - 12 ns
Output to non-Hi-Z bit 1 (Note 1) thz 15 - - ns
RESET pulse width low 500 - - ns
CCS low to CCLK rising SM4 (Note 1) | tcsice 25 - - ns
CDIN setup to CCLK falling SM4 (Note 1) | tdiscc 15 - - ns
CCLK low to CDIN invalid (hold time) SM4 (Note 1) | teedih 10 - - ns
CCLK high time SM4 (Note 1) | tcclhh 25 - - ns
CCLK low time SM4 (Note 1) | teclhl 25 - - ns
CCLK Period SM4 (Note 1) | teclkw 75 - - ns
CCLK rising to CDOUT data valid SM4 (Note 1) | tcedov - - 30 ns
CCLK rising to CDOUT Hi-Z SM4 (Note 1) | tcedot - - 30 ns
CCLK falling to CCS high SM4 (Note 1) | tccesh 0 - - ns

Notes: 7. When the CS4216 is in master mode (SSYNC and SCLK outputs), the SCLK duty cycle is 50%.
The equation is based on the selected sample frequency (Fs) and the number of bits per frame (bpf).

4 DS83F2
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Frame Sync *Word Sync *Word Sync
SSYNC ¢
[SML, SM2\ sl
sekl Usckh tht ts1 | th
SCLK ‘\ \
[SM1,5M2\
Usckw
SCLK
[SM3sma /| \ /
Usckh | tsckl
ts1 L
SSYNC
[SM3,5M4\
lg tht
- Bt 33 - -
SDIN [SM1,SM2,SM3\ Bit 1 Bit 2 B.n 32 I. B.It 63 B'n 64
(SM4) (Bit 32) (Bit 1) (Bit 31) (Bit 32)
ool el > the
[SM1,5M2,SM3\ it Bit2 X Bit 32 X Bit 33 Bit 63 Bit 64
SDOUT ! ! i ' Bit 31 i
(SM4) (Bit 32) (Bit 1) (Bit 31) (Bit 32)
> €t
nz
* Optional
Seial Audio Port Timing
MF4:CCS
MFLCDOUTAA ADV LCL

Leslee teelkh Leclkl «— teedoy
MF3:CCLK AN

disce *Lecdin Leclkw
ME2:CDIN 0 MSK DO1 LAtt4 LAtt3 LAtt2 LAttl LAtt0 RAtt4 RAtt3 RAtt2
1 2 3 4 5 6 7 8 9 10 11
MF4:CCS
ecesh

MF1:.CDOUT 0 0 1 Errl Err0 LCL RCL DI1 ADV h
ecdot

MF3:CCLK
MF2:CDIN (RGain2 {RGainl \RGain0 0 0 0 0 0 0 0 0
22 23 24 25 26 27 28 29 30 Kl 32
Serial Mode 4 Control Data Serial Port Timing
DS83F2
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SCLK* L T
‘2 g ekl tekh
Dix CLKIN
'pd2 < 'pd3
T

* SCLK is inverted for SM1 and SM2

DI/DO Timing

(Master Mode)

SCLK & SSYNC Output Timing
(Master Mode)

DIGITAL CHARACTERISTICS (Ta = 25°C; VA, VD = 5v)

Parameter Symbol Min Typ Max Units
High-level Input Voltage VIH VD-1.0 - - \%
Low-level Input Voltage VIL - - 1.0 \Y
High-level Output Voltage at Ip = -2.0 mA VOH VD-0.3 - - \Y
Low-level Output Voltage at Ip = +2.0 mA VOL - - 0.1 \/
Input Leakage Current (Digital Inputs) - - 10 A
Output Leakage Current (High-Z Digital Outputs) - - 10 A
Output Capacitance CouT - - 15 pF
Input Capacitance CIN - - 15 pF
6 DS83F2
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A/D Decimation Filter Characteristics

Parameter Symbol Min Typ Max Units
Passband (Fs is conversion freq.) 0 - 0.45Fs Hz
Frequency Response -0.5 - +0.2 dB
Passband Ripple - - +0.2 dB
Transition Band 0.45Fs - 0.55Fs Hz
Stop Band > 0.55Fs - - Hz
Stop Band Rejection 80 - - dB
Group Delay - 16/Fs - S
Group Delay Variation vs. Frequency - 0.0 us

D/A Interpolation Filter Characteristics

Parameter Symbol Min Typ Max Units
Passband (Fs is conversion freq.) 0 - 0.45Fs Hz
Frequency Response -0.5 - +0.2 dB
Passband Ripple - - 0.1 dB
Transition Band 0.45Fs - 0.55Fs Hz
Stop Band > 0.55Fs - - Hz
Stop Band Rejection 74 - - dB
Group Delay - 16/Fs - S
Group Delay Variation vs. Frequency - - 0.1/Fs ps

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

Parameter Symbol Min Typ Max Units
Power Supplies: Digital VD -0.3 - 6.0 \%
Analog VA -0.3 - 6.0 \%

Input Current (Except Supply Pins) - - +10.0 mA
Analog Input Voltage -0.3 - VA+0.3 Y
Digital Input Voltage -0.3 - VD+0.3 \%
Ambient Temperature (Power Applied) -55 - +125 °C
Storage Temperature -65 - +150 °C

Warning: Operation beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.
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i a e i inE CS4216

Ferrite Bead 20
+5V

P L <8V
Supply - L |1uF JoapF + |1pF 0.1 pF Analog
;I; ;I; ;I; ;I; If a separate +5V

Analog supply is used, remove

4 24
VD VA

N .
) 15 112 10 pF Right
Line In 2 26 ROUT Audio
Right RIN2
Y 600 40 k Output

0.0022pF
NPO

the 2.0 ohm resistor

See Analog Inputs section
Left

for suggested input ciruits. 16 + || 210 pF
LOUT Audio
600 40 k Output

0.0022uF
i 28
tg]f? In 2 LIN2 %’7 NPO

2

REFBYP
—ou WF ﬁlo uF

22
CS4216 REFGND
LineIn 1 25

RIN1
Right

CLKIN |[¢—

RESET

PDN |+

To Optional _ 20 | REFBUF 43
h —
Input Buffers SDOUT 1 Controller

0.47[.1F SDIN <+—
SCLK [**

SSYNC |+
27

Linen1 LIN1 33
Left < DIl

—* DO1

40

MF1:D04/F1/CDOUT
_ 41
Parallel Bits 1,39, \1F2:p03/F2/CDIN SMODE3 [*
or

35 . SMODE2
Sub-Mode MF3:DI3/F3/CCLK 29 Mode

. 36 — SMODE1 )
Settings MF4:DI4/IMAICCS 31 Setting
or 38 — MF7:SFS1
MF5:DO2/INT 30

Control Port 34 MF8:SFS2

MF6:DI2/F1

AGND DGND Refer to the Analog Inputs

23 5 section for terminating
unused line inputs.

All other unused inputs
Note: AGND and DGND pins MUST be on the same ground plane should be tied to GND. AlINC

pins should be left floating.

Figure 1. Typical Connedion Diagram
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OVERVIEW

The C34216 contais wo analog-¢-digital con-
verters, two digital-to-anabg corverters

adjugable input gan, and adjusble outputlevel

contol. Since he corverters contan all the re-
quired flters n digital or ssampled anabg form

the filters’ frequenyg reponsestrack he sample
rate ofthe CS1216. Only a imgle-pole RC filter
is requiredon the anabg inputsandoutpus. The
RC filter acts as a dharge reserve for the
switched-capacdr input and luffers op-amps
from a swiched-capator load. Communicaton

with the C34216 B via a seal port with sepa-
rate pns for da& into the deice, and da& from

the device. The filters and conwerters operate
over a sarple rae range of 4 kHz to 50 kHz.

FUNCTIONAL SPECIFI CATI ONS
Analog I nputs and Outputs

Figure 1 ilustrates the suggeted connecton dia-
gram to dtain full performancefrom the
CHA216. The e kvel inpus, LIN1 o LIN2
and RN1 or RIN2, are setcted byan inernal
input multiplexer. This mutiplexer is a source
seletor and is rot designed for switchig be
tween nputsat he sanple rae.

Unused analog inpsitthatare not selcted hae
a very high input impedance, so they may be
tied to AGND directy. Unu®d analog nputs
that are sed¢cted $&ould be ted to AGND
through a0.1 uF capador. This prerents ag
DC current flov.

The amalog inputs ae sngle-ended and iet-
naly biased ¢ the REFBUF wiltage (nonmally
2.2 V). The REFBUF output pn canbe ugd D
level shift an inputsignal cenéred around
0 Wlts asshown in Figure 2.The nput buffers
shavn have a gain of 0.5, yieding afull scaé
input sendivity of 2 Vims with the C1216 pro-

) 0.47uF 20k
Line In
Right RINX

> (PLCC pin 25 or 26)

NPO g
Example 5k
Op-Amps AL—”—W\/—< REFBUF
are 0.47 uF
MC34072 g
or
LT1013
0.47uF 20k > L.INX
Lineln o }_/VW_‘ (PLCC pin 27 or 28)
Left 0.01 uF g
NPO
Op-amps are run P!
from VA+5V and
AGND

56 pF

Figure 2. DC Coupled Input.

0.47 uF

Line In ~ RINX
Right

150 (PLCC pin 25 o 26)

0.01 uF

I NPO

NPO

0.01 uF
Line In 150 LINX
Left (PLCC pin 27 or 28)

0.47 uF

Figure 3. AC Coupled Input

gramnable gan set to 0. If the source irped-
ance s very low, then the inpts can be AC
coupled wih a sries 0.47 uF capacior, elimi-
nating the needor external op-anps (seeFigure
3). However, the use of &£ couplng capadors
will increase DC d$et at 0dBgain (see Analog
Characterstics Table).

The aralog ouputs ae also singe-ended and
centered arounch¢ REMBUF pin. AC coupling
capacdiors of >1uF are recomranded.

DS83F2
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Offset Calibration

Both input andoutput ofset wltages are mi-
mized by internal calbraton. Ofset calibration
occurs akr exiting a resebr pover davn condi
tion. During calibration, which taks 194 frames
outputdata fromthe ADGs will be allzeros,and
will be flagged as walid. Also, the DAC outputs
will be muted. After power davn mode or paer
up, REET shoudl be held dw for a mnimum
of 50 ns to allow the wltage reference to skett

Input Gain and Output Level Setting

Input gan is adjusable from 0 dB to +22.5 dB
in 1.5 dBsteps. In srial modesSM1 andSM2,
the autput level attenwation is adjsteble from
0 dB b -22.5 dB. In srial modesSM3 ard
SM4, the output level attenuaton is adjusable
from 0 dBto -46.5 dB Both input and output
gain adustmerts are nterrally made on zeo-
crossngs of the anabg signal, b minimize
"zipper" nose. The gin change awmaticdly
takes effect if a zero crosing does nb occur
within 512 franes.

Muting and the ADC Valid Counter

The mute functon allbows the ouput channed
be slenced.lIt is the contolling proceser’s re-
spongbility to reduce theignal level to a low
value before muing, to aoid an audik@ click.
The outpts shoudd be muted beore changing
the smple frequeng.

The seral data seam contais a"Valid Dat@"
indicabr for the A/D corverters whih is false
until enoughclocks have pased since rest, or
low-power (paver dovn mode) operatn to hae
valid A/D data fromthe flters, ie., unti calibra-
tion time plus tre full latency of the digital
filtershas pased.

SSYNC

SCLK 1 ;
(SM3) : T T

Start of :
DI pins DO pins
Frame
latched update

Figure 4. Digital Input/Output Timing

Parallel Digital I nput/Output Pins

Parallel digital inputs are general purpespins
whosevalue isreflected in the seaml dataoutput
stream © the procesor Parallel digital oufputs
provide a way to contol external devices using
bits in the srial dak input stream.All paralel
digital pins, with the excepton of DI1 andDO1,
are multifunction andare deined by the aial
mode slected. Ser@l modes 1 and 2lefine all
multifunction pins as genergburpose djital in-
puts and output. In Seria mode 3 ony two
digital inputs and two digital ouputs are avail-
able. In srial mode 4 on} one digial inputand
digital output «ists. Fgure 4 shars when e DI
pins are lathed, and whenthe DO pinsare up-
dated n SM3 and SM.

Reset and Power Down Modes

Rest placesthe C$4216 inb a knavn stte and
mud be hetl low for at keast50 ms after power-

up or ahard paver dawvn. Regt must alo occur
whenthe codeds in master node anda change
in sanple frequeng is desred. Inrest, the digi

tal outputsare drven lon. Ret ses all control

data rgister bis to zero.

Hard paver down mode may be nitiated by
bringing the PDN pin low. All analog ouputs
will be driven b the REFBUF wvoltage which

will then decayto zero. Al digital outputs wil

be driven lov and then wil go to a high inped-
ance stae. Minimum pawver consimpion will

occu if CLKIN is held low. After leaving the
power davn state, RESET $ould beheld low

for 50 ms to allow the analogvoltage reference
to sttle before calibration is sarted.

10
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CS4216

Alternatively, soft powver davn may be nitiated,
in dave mode, by reducg the £LK frequeny
below the minimum CLKIN/12. In soft power
down the analog oytutsare muéd and the evial
data from the codec wil indicateinvalid daa
and the approprate error code. The patal bit
I/0O is sill functional in softpover dowvn mode.
This is, in effect, a low powver mode wih only
the pardkl bit I/0O unit funcioning.

Audio Serial Interface

In serial modes 1,2, and3, the aud seral port
uses4 pins SDOUT, SDIN, SCLK and SSNC.
SDIN carriesthe D/A corverters’ input dah and
control bits. Input data s ignored for framesot
allocated ¢ the €lected CS4216. SDOUTar-
ries the A/D corverters’ output dat and status
bits. SDOUT goesd a high-mpedance tate
during frames nd allocated to the selected
CHA216. £LK clocks dat in to and out of the
CHA216. The risng edgeof SCLK clocks daa
out on SDOUT The #lling edgelatchesdataon
SDIN into the port (SCLK pdarity is inverted in
Seral Modes1&2). SSYNC indicatesthe sart of
a frame and/orub-frame. SALK and S¥NC
mug be ynchronousd the naster clock.

Seral mode 4 issimilar to seral mode 3with
the xcepton of the contol informaion. In srial
mode 4 the cmtrol information is entered
through a seprate asynchronouws contol port
Therefore, the audio seral port only contains

audio dah which reduceghe nunber of bis on
the audb port from64 to 32 per codec.

The serial port probcol is bagd on framescon-
sisting ofl, 2,or 4 sub-framesThe frame rate is
the sysem sample rate. Eachub-frame is usd
by one CR216device. Upto 4 CS1216s may be
atachedto the same serial contol lines. SB1
and $ are ted lov or high b indicak to each
C$4216 which swb-frame isallocated for it to
use.

Serial Data Format

In seial modes 1, 2, and 3, a sub-frame is
64 bits in lengh and congs of two 16-bitaudb
values ard two 16-bit control fields. In rial
mode 4a sub-framas 32 bitsin length and only
contans the tw 16-bitaudp values the control
datais loaded hrough aseparat port Theaudb
data 8 MSB first, 2's compkment format. The
sub-frame bit asgnmentsfor serial modesl, 2,
and 3, are numberedthrough 64and areshavn
in Figures 5and 6. Conbl dat bits all rest to
zero.

CS4216 &ERIAL | NTERFACE MODES

The C4216has4 =rial port modes,selected by
the SMODE1, SMODE2 andSMODES3 pins In
all modes, CLKIN, SCK and S¥NC mug be
derived from the sam clock source. SM is an
easy hterfaceto ASICs that use a changenithe
SCLK-to-CLKIN ratio to deermine the sample

SMODE PINS | Serial | SCLK Bit | Sub-frame Bits per SCLK & Master

3 2 1 | Mode Center Width Frame (BPF) SSYNC Frequency

0 0 0 SM1 Rising 64 bits 256 Slave CLKIN = 512xFs

0 0 1 SM2 Rising 64 bits 256 Slave SCLK = 256x%xFs

0 1 0 SM3 Falling 64 bits 64/128/256 |Master/Slave | CLKIN/SCLK = 256xFs
0 1 1 Factory Test mode

1| x| x | sma Falling 32 bits" | 32/64/128" |Master/Slave | CLKIN = 256xFs

TContains audio data only. Control information is entered through a separate serial port.
Table 1. Seial Port Modes

DS83F2 11
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INPUT DATA BIT DEFINITIONS

Sub-frame bits 1 to 16
Left DAC Audio Dak, MSB first, 2's complke-

Sub-frame Bits 33 to 48

Right DAC audp data MBB first, 2’'s compk-
mentcoded.

mentcoded. Sub-frame Bits 49 to 50
Sub-frame Bits 17 to 24 Must be zero.
Sub-frame Bits 51 to 60
17 18 19 20 21 22 23 24
0 0 0 0 |EXP/MUTE]ISL | ISR 51 52 53 54 55 56 57 58 59 60
EXP  Expand bit *LA4 LA3 LA2 LAl LAO|RA4 RA3 RA2 RAL RAO|
Reserved. Must be set to zero. t| 0 0| LA3 LA2 LAL LAO RA3 RA2 RAL RAO
MUTE Mute D/A Outputs i
0 - Normal Outputs LA4-LAO  Sets left output attenuailon
1 - Mute Outputs _ tSM1, 2 _*SM3 4
LA3 is the MSB. LA4 is the MSB.
ISL Select Left Input Mux 0000 = no attenuation 00000 = no attenuation
0 - Select LIN1 1111 = -22.5dB 11111 = -46.5 dB
1- Select LIN2 LAO represents 1.5 dB.
ISR Select Right Input Mux RA4-RAO Sets right output attenuation
0 - Select RIN1 TSML 2 *SM3 4
1 - Select RIN2 RA3 is the MSB. RA4 is the MSB.
Sub-frame Bits 25 to 32 0000 = no attenuation 00000 = no attenuation
o5 26 27 o8 29 30 31 32 1111 = -22.5dB 11111 = -46.5 dB
LG3 LG2 LG1 LGO |RG3 RG2 RG1 RGO RAQ represents 1.5 dB.
LG3-LGO Sets left input gain. Sub-frame Bits 61 to 64
LG3 is the MSB. LGO represents 1.5 dB. 61 62 63 64
0000 = no gain. = D01 DO2 DO3 DOA4
1111 = +22.5 dB gain
L . DO1-DO4  Set the logic level on the 4 digital output
RG3-RGO Sets right input gain. pins. In SM3 DO3 and DO4 are not
RG3 is the MSB. RGO represents 1.5 dB. available. In SM4 DO2. DO3. & DO4
0000 = no gain are not available.
- Sub-frame >
- Word A > Word B »
38\ LTI e [T Rl [RS8 [T [s8@8 [88E | [gs [ ]3]
o] o 3 0 |3 Ri 0‘ m . 3 0|3Rj 0 ‘H N <r‘
‘2 DAC - Left Word ﬁ‘o 00 O‘E‘M i DAC - Right word ﬁ‘o 000 ‘ DiAAL ‘D?Agzit. ‘8‘8‘8‘8‘
: SMlandSMZ ' '
o i @ . o ‘ i ‘-'N ‘
‘ § DAC - Left Word 9‘0 00 o‘%‘M Slgl i/DLgﬂaino i/g.gr;no S DAC - Right Word 9‘0 0‘40/5-5%. 0‘4 DT/I\QZEL 0‘8‘8‘X‘X‘
SM3
Figure 5. Seial Data Input Format - SM1, SM2, and SM3
12 DS83F2

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6109645/cs4216.html

-S>y /= CS4216
OUTPUT DATA BIT DEFINITIONS Sub-frame Bits 25 to 32
QUb-frame Bits 1 to 16
25 26 27 28 29 30 31 32

Left ADC Audio Data, M8 first, 2's compé-
mentcoded.

Sub-frame Bits 17 to 24

17 18 19
| RESERVED

ADV  ADC Valid data bit.
0- Invalid ADC data
1- Valid ADC data
Indicates ADC has completed initialization
after power-up, low power mode,
or mute.

20 21 22 23 24

| 0 | ADv | LCL | RCL

LCL Left ADC clipping indicator
0- Normal

1- Clipping

Right ADC clipping indicator
0- Normal

1- Clipping

RESERVED bits can be 0 or 1

RCL

‘ER3 ER2 ER1 ERO | Ver3 Ver2 Verl Ver0O
ER3-ERO Error Word

0000 - Normal — No errors.
0001 - Input Sub-frame Bit 21 is set.
Control data will not be loaded
0010 - Sync Pulse is incorrect.
Causes the analog output to mute.
0011 - SCLK is outside the allowable
range. Analog output mutes.
Ver3-Ver0 CS4216 Version Number
0000 = "A" (see Appendix A)
0001 ="B", "C", ... (This data sheet)
Sub-frame Bits 33 to 48

Right ADC Audio Data, M8 first, 2's compé-
mentcoded.

Sub-frame Bits 49 to 60

These Wi are resered, and can be 0 or 1.
Sub-frame Bits 61 to 64

61
| DI

DI1-Di4

62
DI2

63
DI3

64
D4

These bits follow the state of the Digital

Input pins. In SM3 DI3 and DI4 are used
and unavailable. In SM4 DI2, DI3, & Dl4
are not available as input bits.

< Sub-frame »

« Word A 2 Word B »

gL e [ ] sl [ [l [ LI g ] e [ase | €l | 2

2 ADC - Left Word A x x x/0/322° e || verson” Z ADC - Right Word BX X xx/00010000/a35a
SMland$M2

2 ADC - Left Word Ay x X x/0 <Z:§§3Error0 3Version0 E ADC - Right Word B x xx10 001000 055X
SM3

Figure 6. Serial Data Output Format - SM1, SM2, and SM3.
DS83F2 13
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frequeng. SM2 is simila to SM1 except that
CLKIN is notused and SLK becones the mas
ter clock and is fixed at 256xFs. SM3 was
designedas an easy istface to genergburpose
DSPs and provides extra feaures seh as me
more bit of aenuaton, a naster node, andvari-
able frane sizs. SM4is simila to SM3 but
splits the awlio data from the ®ntrol data
thereby reducing the audio sdrbus bandwidh
by haf. The controldata § ransnitted trough a
control seral portin SV4.

Table 1 lists the sdal port modes available,
along with same of the dfferences between
modes. Theifst three caimnsin Table 1 sekct
the serialmode. The "€LK Bit Cener" coumn
indicates whether SCLK is rising or #lling in
the cerer of abit period. The "Sub-frame
Width" column indicaes hev mary bits are n
an individual codecs aub-frame. SM4 difers
from al other modesby separanhg the control
data fromthe auddp data. In bdt SM1 and SN2,
there are 256 t8 per frane which alows up ©
four codecsto occupy the sane bus. In M3 and
SM4, the nunber of bits per frane is program
mabk. In SML and SM2, SCLK amd SSYNC
mud be generad externaly; whereasin SM3
and SM4 the (4216 can opbnaly generas
thoe sgnals In all modes SCLK and SYNC
mug be synchronous to the mts clock. The
lag colunm in Table 1 lists the maser frequeng
used by the codec. In SM1, the master fre
gueng, input on CLKIN, is 512 times tk
highes$ sanple frequeng available. In SM2, the
mager frequeng is fixed at 256 itmes the sam
ple frequeng and, in his mode, €£LK is te
mager cbck. In SMB, the naster frequeng is
256 timesthe highes frequeng available and is
input on CLKIN or SCLK, basd on the ab-
mode used. '®8M4, the mater frequeng is alo
256 timesthe highes frequeng available and is
input on CLKIN.

SERIAL MODE 1, SM1

Serial Mode 1lis aslave node setcted by set-
ting SMODE3 = SMODE2 = SMDE1 = 0.
SCLK and SYNC must be synchronoughe mas

ter clock. SML usesa two bit wide (mnimum)

frame ync with an optonal word sync. In this

mode, SYNC low for one SCLK peiod fol-

lowed by SSYNC high for a mnimum of wo

SCLK periods indcates the beginning of a
frame. Thefirst bit of the frame warts with the
rising edge of SYNC. An optonal word sync,

being oneSCLK period high, may be usedt
indicate he sart of anew 32-bit word. Figuresb

and 6 contan the serial dat format for SML. In

this seral mode, the rati of two clocksare ugd

to selectsampé frequenyg. These arehe master
clock CLKIN and the seial clock SCLK.

CLKIN should be set to 512Fsna, where

Fsnax is the maximum required sample rate
SCLK must be externdly set to a value of

CLKIN/N, suchthat SCLK equals256 timesthe

desred smple raie. Thecodec ussthe ratio be-

tween CLKIN and SQ.K to set the internal

sanple frequeng and caugs the 4216 b go
into soft power dawvn mode 1 the SCLK fre-

queny dropsto <CLKIN/12. Even if only 1

CHA216is used, the thing for 4 deices nust be
maintained. Tble 2shawvs sonme exampke sample

ratesfor SM1.

Sample Rate SCLK CLKIN N
kHz MHz MHz
48 12.288 24,576 2
32 8.192 24,576 3
24 6.144 24.576 4
19.2 4.9152 24.576 5
16 4.096 24.576 6
12 3.072 24,576 8
9.6 2.4576 24,576 10
8 2.048 24.576 12
7.2 1.843 22.116 12
44.1 11.2896 22.5792 2

Table 2. SM1 - Example Clock Frequendes
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- £ -

FRAME n
256 SCLK Periods
Sub-frame 3

Sub-frame 1 Sub-frame 2

> FRAME (n+1)

Sub-frame 4 Sub-frame 1

0
1
1

WordA ' WordB WordA ' WordB WordA ' WordB

DATA

WordA ' WordB WordA ' WordB

] ] -

FS= Frame Sync
Low followed by
Two High Bits

SSYNC ﬂ H H H H H

ws ws Fs ws

WS= One High

ks ws ws ws ws ws
SSYNC J N

Optional

|\

Not Needed

Figure 7. SM1, SM2 - 256 Bits per Frame

SERIAL MODE 2, SM2

Seral Mode 2 $ enabéd by seting SMODE3 =
SMODE2 = 0, and BIODE1 = 1. SM2 is simi-
lar to SM1 exceptthat SCLK is fixed at 256 x
Fs and s the master ack instead of CLKIN.
The CLKIN pin is ignored in this moce and
should be tied lonv. In SM2, thesample fre-
queng will scak linearly with the frequeng of
SCLK. Up to four codecs ray occupy the seral
bus shce each codec requires only 64 feriods
and a frames fixed at 256 bit perods. The &
rial data format is the sme & SM1 and is
illustrated in Hgures5 and 6.

The multifunction pinsin SM2 are deiined den-
ticaly to SM1. See Serial Mode 1, SM1 secion
for more details.

SERIAL MODE 3, SM3

Serial Mode 3 is enalded by seting
SMODE3= 0, SMODE2 =1 and SIM@DEL1 = 0.
This mode is designed to interface easily to
DSPs and haghe added ersatlity of a program
mabk number of lis perframe,a nmester node,
and one atra bt of D/A attenuaton. In SMVB,
two of the pardél digital input bits and wo of
the pardkl digital outputbits are aailable.

Master Clock Frequency

In SM3, the master cbck, CLKIN, must be
256 x Fsnax. For exanple, gven a48 kHz maxr
mum sample frequencgy, the maste clock
frequeny must be 12.288 MHz. GSLK ard
SSYNC must be synchronouto CLKIN.

D/A Attenuation

SM3 hasone more bitper channel &caed for
D/A attenuation which doubes the atteuation
range. Figure 5 illustrates the seal data in,
SDIN, sub-frame for dl SM3 swb-modes. The
upper porton of ths figure fiows modes SM1
and SM2where the D/A ad@nuatonis locaedin
Word B, bits 53 trough 60.Four bis allow at
tenuaton on each channefrom 0 dB down to
-22.5 dBusgng 1.5 dB geps In SM3 the attenu-
ation bits are stil locatedin Word B, bu startat
bit 51 of the sub-frame. Thiallows five bits of
attenuaton per channeingead of four produc-
ing an anuaton range foreach channel from
0 dB davn to -46.5 dB

In SM3 MF5:DO2 isa general purpose output
and MF6:DI2 is a geeaa pupose inpu. The
other six multifunction pins areusd to slect
sub-nodes under 43.

SM3 is divided into two sub-modes Master and
Slave. In Master sub-node, the &4216 gener-
ates SSYNCand LK, while in Slave
sub-node SSYNC and SCK mus be generatd

DS83F2
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extemally. In Maste sub-mode, he seral port
signal transitons are contrééd with respect to
the nternal analogsanpling clock © minimize
the amounbf digital noise coupled it the ana-
log section. Snce SSYNC and SCLK are
externally derved in Slave sub-mode,optimum
noise managementannotbe obtaned; herefore,
Mager sub-nodes showl be used whewer pos
sible.

Master Sub-Mode (SM3)

Master sub-mode is sekcted by sding
MF4:MA = 1, which confgures SSYNC ard
SCLK as outputs from the CS4216 During
power davn, SYNC and £LK are drven hgh
impedanceand dumg resethey both are dxen
low. In Mader saib-mode e nunber of bits per
frame deternines hev many codecs caroccupy
the ®rial bus and s illustrated n Figure 8.

Bits Per Frame (Master Sub-Mode)

MF8:SX2 sdlects the nurber of bis per frane.
The two optons are MB:SFX = 1 which &
lects P8 bits per frame, and MF8:SFS2= 0
which slects 64 bis per frame.

Sekcting 128 bis perframe(MF8:SFX =1) at
lows wo C3A216s b operate fromthe @me
serial bus snce each codecequres 64bit peri-
ods. The sub-frame used by an indwal codec
is selected usng MF7:SFS1. MF7.SFS1 = 0 &
lects sib-frame 1 whichis the first 64 bits
following the SSYNC pulse. MF7:SFSL = 1 se-
lects sib-frame 2 which ighe last 64its of the
frame.

Sekcting 64 bis per frane (MF8:SF2 = 0) al
lows only oneC34216 to occuyp the seral port
Since there 3 only one ab-frame (which is
equalto one frane), MF7:SFS1is deineddiffer-
ently in this mode MF7:3S1 selects the format
of SSYNC. MF7:SFS1 =0 slects an SYNC
pulse one SCLK period high, directy precedng
the data as shown in the center poxn of Fig-

ure 8. Thisformat is used for all other Master

and Slave sub-modesn SM3. If MF7:SFS1 = 1,

an aternae SYYNC formatis chosen in which
SSYNC is high during he entre Word A

(32 bits), which includes he left sanple, ard

low for the entire Wird B (32 bitg, which in-
cludes he rightsampé. This alternate formaffor

SSYNC is illustratel in the botom portion of
Figure 8 andis ony available in Master sub-

mode with 64 bts per frame. A more detiled

timing diagram for the 64its-perframe Master
sub-node isshavn in Fgure 9.

Sample Frequency Selection (Master Sub-Mode)

In SM3, Maste submode, tke multifunction
pins MF1:F1, MF2:F2, andMF3:F3 are usedto
sekct the sample frequenyg divider. Table 3 lsts
the decodig for the ample frequeng select
pins where the ample frequeng selected is
CLKIN/N. Also shavn arethe sanple frequen-
cies obtaned by usig ore o two example
master clocks: either 12.288 Mz or
11.28% MHz. The @dec must be reset when
changingsample frequences to albw the codec
to calibrate to the new sample frequency.

Slave Sub-Mode (SM3)

In SM3, Skve sub-mode $ sdlected by seting
MF4:MA = 0 which conifgures SSYNC ard
SCLK as nputsto the CS1216. Thesewo sg-
nals must beexternally derwed from CLKIN. In
Slave aib-mode, lhe phase relationshp betveen
SCLK/SSYNC and CLKIN cannot beontolled
since SCK and S¥NC areexternaly derived.
Therefore, he noseperformancamay be dightly
worse han when usig the naster sub-node.

The number of wb-frameson the srial port is
sdected usng MF1:F1 and MF2:F2. In Save
sub-node MF3:F3 works asa general purpes
input Figures 10 Hrough 12 ilustrate the Save
sub-node formas.

16
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«— FRAMEN > FRAME (142) —»—— FRAME (143
‘ 128 SCLK Periods ‘ (12 (3
Sub-frame 1 Sub-frame 2 ‘ Sub-frame 1 Sub-frame 2 ‘ Sub-frame 1 Mes: | ME7: Isub-
opra | WordA | WordB | WodA | WodB | WordA | WordB | WordA | WordB | WodA | WordB SFS2_| SFS1 |frame
| 1 1
‘ 1 2
ssne || I |
- FRAME n — FRAME (n+1) —»<«— FRAME (n+2) —»<«— FRAME (n+3) —»e— FRAME (n+4)
64 SCLK Periods j j j
. Sub-frame 1 . Sub-frame 1 . Sub-frame 1 " Sub-frame 1 . Sub-frame 1 MFS: | MF7: |Sub-
WordA ° WordB | WordA = WordB | WordA ' WordB | WordA ' WordB | WordA ' WordB SFS2 | SFS1 | rame
DATA ' ' ' ' : 0 0 1
SSYNC ﬂ H H H H l
«—— FRAMEN e  FRAME (1+1) —»«— FRAME (n+2) —><— FRAME (1+3) —»<—— FRAME (n+4)
64 SCLK Periods ‘ ‘ ‘
. Sub-frame 1 . Sub-frame 1 . Sub-frame 1 " Sub-frame 1 " Sub-frame 1 MF8: | MF7: | Sub-
paTa | WordA - WordB | WordA  WordB | WordA | WordB | WordA | WordB | WordA = WordB SFS2 SFSI frame
0 1 1

SSYNC |

Figure 8. SM3, Master Sub-Mode.

«— WordA  — =L WordB — ———»

\
|
i
| MSB LS8 | MsB LSB
\
|

| 32 CLOCKS 32 CLOCKS |

(MF7:SFS1=0) ‘ ‘

|
\
SSYNC |
\
|

SSYNC |

(MF7:SFS1=1)

Figure 9. Detailed Master Sub-Mode, 64BPF.
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Bits per Frame (Save Sub-Mode)

In Slave s1b-mode,MF1:F1 and MF2:F2 select
the nunber of bis per frane which deternines
how many CS42165 can occup one serl port
Table 4 lists the deoding for MF1:F1 ad
MF2:F2.

When st for 64 SCLKs per frang, one device
occupiesthe entireframe; therefore, aub-frame
Is equvalent to a frame. MF7.SFS1 ad
MF8:SFS2 mug be t to zero. See igure 10.

When seffor 128 ST Ks per frang, two devices
can occup the seral port with MF7:SFS1 se-
lecting the particularub-frame. MF8:SFS2 must
be setto zero. e Fgure 11.

When setfor 256 SCLKs per frame (MF1:F1,
MF2:F2 = 10), four deices can occup the -
rial port. In this format boh MF8:SF and
MF7:SFS1 are used to selettie paricular sub-
frame. e Fgure 12.

In all three of the dowe Slave sub-mock for-
mats, the frequeng of the incomng SCLK
signal, in redtion to he maser clbck provided
on the CLKIN pin, deternmes the smple fre-
quengy. The C34216 ddermines the ratio of
SCLK to CLKIN and sts the internd opeating

frequeny accordngly. Table 5 lists the SA.K to
CLKIN frequeny ratio used ¢ deternine te
codec’s sample frgueng. To oltain a gven
sanple frequenyg, SCLK mug equal CLKIN di-
vided by he numbern the #ble, basedon the
number of kis perframe.As an ekampk, asum
ing 64 BPF (bits per frame) and
CLKIN = 12.288 MHz, if asample frequeng of
24 kHzis desred, SCLK must equalCLKIN di-
vided by 8 or 1.536 Mz.

When MF1F1 = MF2F2 = 1, £LK is used as
the mater clock and isassimed b be 256 tines
the samle frequeng. In this mode, CKIN is

ignored and the sample frequeng is linearly

saled with SCLK. (The CQLKIN pin must be

tied bw.) This mode asofixes SCLK at 256 bits

per frame wih MF7:S-S1 andMF8:SF2 sdlect

ing the particular wh-frame.

MF1: | MF2: | Bits per Sample Frequency/
F1 F2 Frame SCLK
0 0 64 ratio to CLKIN sensed
0 1 128 ratio to CLKIN sensed
1 0 256 ratio to CLKIN sensed
1 1 256  |fixed". = 256xFs

T SCLK is master clock. CLKIN is not used.

Table 4. SM3-Slave, Bits per Frame.

Fs (kHz)
MF1: | MF2: | MF3:| N with CLKIN SCLK to CLKIN Ratio| Fs (kHz) | Fs (kHz)
F1 F2 F3 12.288 | 11.2896 BPF | BPF | BPF | with CLKIN | with CLKIN
MHz MHz 256 | 128 64 | 12.288 MHz |11.2896 MHz
0 0 0 256 | 48.00 44.10 1 2 4 48.00 44.10
0 0 1 384 32.00 29.40 1.5 3 6 32.00 29.40
0 1 0 512 24.00 22.05 2 4 8 24.00 22.05
0 1 1 640 | 19.20 17.64 25 5 10 19.20 17.64
1 0 0 768 16.00 14.70 3 6 12 16.00 14.70
1 0 1 1024 | 12.00 11.025 4 8 16 12.00 11.025
1 1 0 1280 9.60 8.82 5 10 20 9.60 8.82
1 1 1 1536 8.00 7.35 6 12 24 8.00 7.35
Table 3. SM3-Master, Fs Selet Table 5. SM3-Slave, Fs Sded.
18 DS83F2
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SERIAL MODE 4, SM4

Serial mode 4 is enabled by setting

SMODE3 = 1. Bth Maser and Slave sub

modes are \ailable and are setted byseting

the SMODE2 and SNDDE1 pinsas &own in

Table 6. In Mester sub-node, the phasrelation-

ship ketween SCLK/SSYNC and CLKIN is

controlled to mnimize digtal noise coupling

into the analog seiin. Therefore,Master sub-

mode may yeld dightly bettr nois

performanceltan Shkve sib-mode. In Bwve sub-
mode, £LK and SSYNC mug be synchronous
to the master clock.

In serial mode 4, SM4, the CLKIN frequency
mud be 256 itmes the highet sample frequeng
needed.Also, SM} hasfive atenuaton bis for

— FRAMEN  ——»e— FRAME(n+1)  —»4— FRAME (n+2)

each DA outputchannel. $14 differs from $13
in that SM4 lits the audio daa from the con-
trol data with the control data input on an
independentseral port This reduces e audo
seral bus bandwidh in haf, providing aneaser
interface o low-costDSPs. The audio seal port
sub-frame igllustrated in Figure 13 for SM4.

Interrupt Pin - MF5:INT

Seral Mode 4also defnesthe multifunction pn
MF5:INT as an open-codéictor nterrupt pin. In
SM4, this pin requresa pulup resstor and will
go low whenthe ADV bit or DI1 pn change, or
a rising edge on lte LCL or RCL bits, or by
exiting an SCLK out of range cordition (Er
ror = 3). The inérrupt may be maked byseting
the MSK bit in the control serial daa port

—»e— FRAME (43)  —¥

| 64 SCLK Periods
Sub-frame 1 Sub-frame 1 Sub-frame 1 Sub-frame 1
MF8: | MF7: | Sub-
DATA Word A Word B WordA ' WordB Word A Word B WordA ' WordB SES2 | SESL |frame
| | | | | 0 011
sse || I I I I

Figure 10. SM 3-Slave - 64 BPF; MF 1:F1, MF2:F2 = 00

4«————— FRAMEn »e

FRAME (n+1) ——»¢— FRAME(n+2)
128 SCLK Periods
Sub-frame 1 Sub-frame 2 Sub-frame 1 Sub-frame 2 Sub-frame 1
DATA Word A Word B Word A Word B Word A Word B Word A Word B Word A Word B
sse || I l
Figure 11. SM3-Slave - 1B BPF; MF1:F1, MF2:F2 =01
h FRAME n > FRAME (n+1)
256 SCLK Periods ‘
Sub-frame 1 Sub-frame 2 Sub-frame 3 Sub-frame 4 Sub-frame 1
DATA Word A WordB | WordA ' WordB | WordA ' WordB | WordA = WordB | WordA = WordB
sstcﬂ H
Figure 12. SM3-Slave - 2% BPF; MF1:F1, MF2:F2 =10
DS83F2 19
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MF5:INT is rest by readingthe control serial
port.

Master Sub-Mode (SM4)

Mader sub-node configures SYNC and SCK
as ouputs from the CS1216. During pwer
down, SYNC and SCLK are driven high im
pedance,and dumg resetthey both are dxien
low. There arewo SM4 Mager aub-modesOne
allows 32 bits perframeand he oter alows 64
bits per frame. As shown in Table 6, the
SMODE1 and SNDDE2 pinssekct te partcu-
lar Maser sub-node (as wdl as the Save
sub-mode). When SMODE1 is set to zero,
SMODEZ2 selects eiter Master sb-mode wih
32-bit frames or Shve aub-mode.

SMODE1,SMODE2 = 00 selects Master dor
mode where a frame =uls-frame = 32 bitsThis
sub-node allows only one codec on the aadi
seral hus, with the first 16 bits being the left
channel andhe second16 bits being the right

channel The Applications of SM4 section con-
tains more information on lov-cost
implementatons of this sub-mode.

SMODE1 = 1 sdects Mager sub-node with a
frame width of 64 bis. This sub-node alows up
to two codecsd occupy the sane bus. SVODE2
is now used b seect the paricular ime dot. If
SMODE2 = 0 the mdec selets time slot 1,
which is the first 32 bis. If SMODE2 =1 the
codec sedctstime dot 2, which 5 the fcond
32 bits.

In Master s1b-mode multifunction pins MF6:F1,

MF7:F2, and MF8:F3 sekct the sanple fre-

gueny asshavn in Table 7.This table indicates
how to obtan seandard audioanple frequencies
given one of two CLKIN frequences:

12.288 MH o 11.2896 MHz. Othe CLKIN

frequenciesmay be used with the corresponaig

sanple frequencieseing CLKIN/N. The codec
mud be rest whenchangingsanple frequencies
to allow a nev calibration to occur

Slave Sub-Mode (SM4)

SMODE1 | SMODE2 SM4, Sub-Mode _ _
0 0 Master. 32 BPF In SM4, Skve sub-Tode $ gelected by s_etlng
0 1 Slave, 128/64/32 BPF SMODE1,SMODE2 = O;. This mode confyjures
1 0 Master. 64 BPF, TS1 SSYNC and. ELK as inputs o the CS4216.
1 1 Master. 64 BPE 152 Thes two sigrels muwst be aterrally derived
: : from CLKIN. Since the CS4216 hasno control
Table 6. SM4 Sub-Modes. over the phas relaionship of SSYNC amnd
h Sub-Frame =
(master) ﬂ ﬂ
SSYNC ‘ ‘
(slave) [\ ‘ [\ ‘ [\

SCLK

R A A R AR AR A R AR

™ o ©|r~ <[ | <

sbouTt

MSB

ADC - Right Word ADC - Left Word

LSB

@
%)
=

MSB

ADC - Right Word ADC - Left Word

@
%]
=

“mss

SDIN DAC - Right Word DAC - Left Word

@
%]
-

MSB

DAC - Right Word DAC - Left Word

MSB

@
%)
]

“Imss

Figure 13. SM4-Audio Serial Port, 32 BPF
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SCLK to CLKIN, the noise perfanance in
Slave sub-moce may ke slightly worse than
whenudng Master sub-nede. The C8216 iner-
nally sets the smple frequeng by sensng the
ratio of SCLK to CLKIN; therefore, fora given
CLKIN frequeng, the sanple frequeny is se-
lected by changinghe SQ.K frequeng.

SM4-Slave allows up to four codecsto occupy
the ame audp seral port. Table 8 lists the pn
configurdions rejuired to st the saia audio
port up for 32, 64, or 128 tsiperframe (BPP.
Since each codec requires one sub-frame of
32 bits, 64 bis-perframe allows up to two
codecs to occypthe sane audio serialport, and
128 bis-perframe allows up to four codecsto
occupy the sane audop serialport Whenset up
for more han one codec on thaus, other pins
are neededotsekct te partcular ime slot (TS)
ascciated with egh codc. MF8SFS2 selets
the time dot when in 64 BPF male, and
MF8:SF2 and MF:SFS1 sded one d four
time sbts when in 128bits-perframe node. B
ble 8 ists the decodig for time $ot sekction.

In SM4-Slave, the frequeng of the ncoming
SCLK signd, in reation to CLKIN, determines
the sanple frequeng on the CS4216. The
CHA216 deternmesthe raio of SCLK to CLKIN
and sets the internal sampd frequency accord-

ingly. Table 9 lists the SCLKto CLKIN fre-
gueng/ ratio uwsed to determine the codec’s
sanple frequeng. SCLK mug equal CLKIN di-
vided by he numbern the #&ble, basedon the
seleced bis per frame. As anxanple, assunmg
32 BPF and CLKIN =11.2896 MHz, if asample
frequeny of 11.025 kHz 3 desred, SCLK must
equal @.KIN divided by 32 or 352.8 kHz.

Serial Control Port (SM4)

Seral Mode 4 separes the audio dat from the
control data. $hce control dat such asgain and
atienuaton do not change @, this modere-
duces the bandwidineeded to suppothe audo
seral port

The control information is entered hrough a
separat port that can be aschronousto the
audio portand ony needsto be updatedwhen
changes inhe controldat are neededAfter a
resetor pover davn, the control port nmust be
written orce toinitialize t if the port will be ac-
cesgd to read or wrié controlbits. This initial
write is considereda "dunmy" write shce the
data & ignoredby the codec. A second wrie is
neededto configure e codec as desired. Then,
the control port only needsto bewrittento when
a changas desred, or to obfain thestatusinfor-
maion. Thecontol port does not funain if the
mager clock isnot operaing. When le control

Fs (kHz)
MF6: | MF7: | MF8:| N with CLKIN MF6: | MF7: | MF8:] Bits Per Time
F1 F2 F3 12.288 | 11.2896 F1 | SFS1 | SFS2| Frame Slot
MHz MHz (BPF) (TS)
0 0 0 | 256 | 48.00 44.10 0 0 0 32 1
0 0 1 | 384 | 32.00 29.40 0 0 1 Reserved
0 1 0 512 24.00 22.05 0 1 0 64 1
0 1 1 | 640 | 19.20 17.64 0 1 1 64 2
1 0 0 | 768 | 16.00 14.70 1 0 0 128 1
1 0 1 | 1024 | 12.00 11.025 1 1 0 128 2
1 1 0 1280 9.60 8.82 1 0 1 128 3
1 1 1 | 1536 | 8.00 7.35 1 1 1 128 4
Table 7. SM4-Master, Fs Selet Table 8. SM4-Slave, Audio Port BPF & TS Sded
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port is use asynchronousy to the audio port
the noie performancemay be sightly degraded
due to his asynchronousligital noise.

Since control dat does notneed to be accessed

each audi frame, anriterrupt pin, MF5:INT, is
included in this mode and will go low when
status haschanged. Theontrol port serial dag
forma is illustratel in Figure 14. The cortrol
port uses one of the mutifunction pins as ahip
sekct line, MF4:CCS, that must be low for en
tering control data Although orly 23 hits
contan usefuldata on NF2:CDIN, a minimum
of 31 bits mug be writen. If nore than 31 lis
are writen without toggling MF4:CCS, only he
first 3L are recognized. MF1:CDOUT conains

SCLK to CLKIN Ratio| Fs (kHz) Fs (kHz)
BPF | BPF | BPF | with CLKIN | with CLKIN
128 64 32 | 12.288 MHz |11.2896 MHz

2 4 8 48.00 44.10
3 6 12 32.00 29.40
4 8 16 24.00 22.05
5 10 20 19.20 17.64
6 12 24 16.00 14.70
8 16 32 12.00 11.025
10 20 40 9.60 8.82

12 24 48 8.00 7.35

Table 9. SM4-Slave, Fs Sded.

MF4:CCS I

status information thatis output on the rising
edge of MB:CCLK. Status information is re-
peaed at the end of the frame, bits 25
through 30,to allov a simple 8-Hi shift and
latch register to sbre the most important status
information using the risng edge of NF4:CCS &
the kbtch contol (see Fgure 17).

Applications of SM4

Figure 15 illustrates onemethod of usng <rial
mode 4 wher& a DSP contols the audo rial
port and amicrocontoller contro$ the control
port. Each controller is run independently and
the mcro updaes the conbl informaton only
when needed or when an interrupt from the
CHA216 occurs.

Figure 16 illustrates the minimm interface to
the C&216. In this application, the DSP sends
and receies stereo BC and ADC informaiton.
The C$4216 isconfiguredfor 32 bits per frane,
Mader sib-mode. The coml data reses to all
zeros, which comjuresthe C34216 asa smple
stereocodec:no @gin, no atenuaton, ine nputs
#1, and not mited.

Figure 17 illustrates haw to use dlthe C31216
featureswith a low costDSP that cannotsupport
the nterrupt rate of $13. Usng M4 (32 bis

AR AU AR AU AR AL

MF3:CCLK
SRl DL fesl DR L] ]
ME2-CDIN 5S|4 et 0|4 Right O In |3 Left O3 Right O
0|=]2] DAAt DIA Att. Sel. | ADGain | ADGain [0 0 0.0 0000
MF1:CDOUT ‘ _|Zlalolz] |t 03 0 Loslal=zlalL
' ‘ L= |2 Err | Version Jlx|o|<

000 1]|Em

Figure 14. SM4 - Control Seial Port
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per frame, Master sub-mode) reduces the DS

interrupts in haf since the combl dat is spit
from the audiodata.This circuit is comprsedof
three ndependentestions whch may individu-
ally be elminated if notneeded.

To load control data into the mdec three
HC5975s are utlized. Thes are bothdichesthat
store he DSP-ent control dak, and shift regis-
ters that shift the daa into the codec. Thecodec
uses an inverted SSYNC signal to copy the
latches to he shit registers every frame In this
diagramthe DS is asuned to hae a data bs
bandwidh of at lkeast24 bis. If the DSPhas &ss
than 24 _bis, the tree HC597snug be lit into
two addreses Since the HG97 inernal latches
are coped to he shft registers,the latchescon-
tinually hold the DSP-set data therefore the

SDOUT 43

42

SDIN

Y

A

SSYNC
DSP

S
V_J>

SCLK

CS4216
SM4

VD+

Micro-
Controller

MF1:CDOUT 40

MF2:CDIN 3

' HAM+

Serial

36 Port

MF4:CCS
35

MF3:CCLK

38 RQ

MF5:INT

RESET 2
34 General
MF6:F1 a1 Purpose

MF7:F2 Port
30 Pins
MF8:F3

Figure 15. SM4 - Microcontr oller Inte rf ace

DSPonly needso write data to theatcheswhen
a change islesred.

The ®cond sction is comprsed of an HC595
shift register and lath thatis clocked by an n-
verted SCLK The dat shifted into the HG95 is
tranderred to he HC595s latch by he SSYNC
signal. ThisHC595 captureghe 8 bis prior ©
the SYNC signal (whth is also MF4:CCS) go-
ing high. Asshavn in Figure 14, andassiming
the MF4:CCS (SSWNC) signal rises at bit 32,
the 8-bis prior to MH:CCS rising area cojy of
all the important statusbits. This allows one hift
register to capture alhe important informaton.
The nterrupt pin cannotreliably be usedin this
configuraion dnce he interrupt pn is clearedby
reading ke controlport whch occurs agchro-

SDOUT 43
SDIN 42
1 DSP
SSYNC > <
44
SCLK > <
CS4216
SM4
32 BPF VD+
35 m
MF3:CCLK ‘j
MFaccs |8
MESINT |-
40
MF1:CDOUT —
39
MF2:CDIN ‘j
2 .
RESET 2 Hard Wired or
MFEFL DIP Switch
MF7:F2
30 selectable
MF8:F3

Figure 16. SM4 - Minimum DSP Interface
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spouT | 43
SDIN 42
1
SSYNC > -
44 DSP
SCLK <>* -
VD+
MF3:CCLK &
MF4:CCS 36
— 38
MFS5:INT
[} HC597 HC597 HC597
MF2:CDIN 39 pouT DIN
LOAD ‘ 9 ‘ 9 1
CS4216 .,Dj . | ! =
SM4 A 0
32 BPE {>©4> SCLK DV CS_CONTROL
LCLK g 22,_ 24+ bit DSP Data Bus
MF1:CDOUT 40 AIN E LCL
F ERRO
HC595 ERR1
HF—— 0
OE
- PA— CS_STATUS
RESET 2 CS_FS
MF6:F1 34
MF7:F2 31
MF8:F3 30
HC574
Figure 17. SM4 - Enhanced DSPInterface
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nousy (every audio frame) wh regect to he
interruptoccurrence.

The third secton is only needed if ample fre-
quencies reed tobe dianged. This sectionis
comprsed of an HB74 octallatch that can be
replaced bygeneralpurposeport pns i avail-
able. Thissection contro$ the sanple frequeng
selection bits: MF6F1, MF7:F2, MR:F3 and
the RESET pin. The codec ost be rest when
changing ample frequencies

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (5612)445-7222

Power Supply and Grounding

The C3216, along wh as®ciated anabg cr-
cuitry, should be pogioned in angolated gction
of the circuit board, and hae its ovn, separag
ground pane. Onthe C3216, he anabg and
digital grounds ae internally connected;there-
fore, the AGND and DGND pmns nust be
externaly conneced with noimpedance between
them The bestsolution is to pace the eite
chip ona sold ground phne as lsown in Fig-
ure 18. Preferaly, it should ako hae its ovn
power plne. Thet5V supply mug be connead
to the CS4216 va a ferrite bead, positioned
closer than 1"to the device. TheVA supply can
be derived from VD, asshavn in Hgure 1. Al
ternatvely, a separat+5V anabg supply may be
used for WA, in which ca®, he 2.0Q resstor
between X and VD should be remaved. A sh-
gle connecthn betweenhe C$1216 gound

(analog ground ard the board digital ground
shoull be podioned asIsown in Figure 18.

Figure 19 ilustrates the optmum ground and de-
coupling layout for the CS4216 assuming a
surface-nount ©cket and éaded decoujplg ca-
pacibrs. Surbce-mountsoclets are ugful since
the padlocatons areidenical to the chip pads;
therefore, assuimg space for the soek is left
on the boardthe soclet canbe optonal for pro-
duction. Figure 19 depats the top layer,
containing signaltraces, and asswes the botbm
or inter-layer contains a fairly solid ground
plane. Thamportantpoints arethat there b solid
ground plane undehé codec on theane layer
as the codeand itconnectsall ground pinswith
thick traces preiding the absalte lowvestimped-
ance between ground nd. The decoupling
capaciors areplaced as close as pdssi © the
device which, in ths case, isthe socket bound-
ary. The lbwestvalue capador is placed absest
to the codec. Vas areplacednear the &ND and
DGND pins, underthe IC, and bould atach b
the ®lid ground plane o ancther layer. The
negative side of the decouplg capaciors shoutl
also atach b the samesolid ground plane.
Traces and s brhging paver to the codec
shoul be lage, which minimizesthe mpedance.

Although not Bown in the figures the tace ay-
ers (top layer in theigured should hae ground
plane fll in-between lte traces to mmimize cou-
pling into the analog extion. See e CDB4216
evaluaton board asn &anple.

If uang al surface-mountcomponerd, he de-
coupling capaciors should be phced o the

same layer as the codec and in the paitions

shavn in Figure 20. The ds $iown are asuned

to attach to the gpropriate paver and ground
layers. Taces and vias bringg paver to the

codecshould beaslarge aspossble to nmnimize

the mpedance.

If using a through-h@ soclet, effort shoutl be
made to find a saket with minimum height,

DS83F2
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which will minimize the soc&t impedance.

When usng a throughhole soclet, the vias un-

der the codec n Figure 19 arenot needed since
the pns ®rve the sane function.

ADC and DAC Filter Resporse Plots

Figures 21 - 26 lows the overal frequeng re-
spong, paskand rippé and tranton bandfor
the C3216 ADCs andDACs. Figure 27 $ows
the DACs' deviation from linear phase.

Fs is deined asthe slected smple frequeng
and is alsothe SSYNC frequeng. Since he
sanple frequenyg is programrable, he filters
will adjust 6 the sele@d sarple frequeng.

i

Cs4216
[ J
C il O

Note that the CS4216

is oriented with its
digital pins towards the
digital end of the board.

I N NS

CPU & Digital Codec Codec
Logic digital analog
signals signals &
Components

Figure 18 CS4216Board Layout Guideline

26 DS83F2
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*  Analog
Supply

Digital _*
Supply

Digital
Supply

Figure 20. CS4216 Surface Mount Decoupling Layout
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PIN DESCRIPTIONS

SSYNC
RESET
CLKIN
VD
DGND

u

o R

P O OO ~NOOUOR~WNEPR

e

12

14

CS4216
44-PIN
TQFP
Q)

Top View

16 18

20

33
32
31

29
28
27
26
25
24

22

CS4216

SCLK

SDOUT

SDIN

SMODE3

MF1:DO4/F1/CDOUT

MF2:DO3/F2/CDIN

MF5:DO2/INT

. /D01

1/ —MF4:DI4/MA/CCS

| —MF3:DI3/F3/CCLK

H— MF6:DI2/F1

S —Di

.\ SMODE2

i MF7:SFS1/F2
MF8:SFS2/F3

\\

//

L s s o

NC SMODE1
NC% %um
NC LIN1
REFBUF RIN2
REFBYP RIN1
REFGND VA
AGND
SM MF1 MF2 MF3 MF4 MF5 MF6 MF7 MF8
1 DO4 DO3 DI3 DI4 DO2 DI2 SFS1 SFS2
2 DO4 DO3 DI3 DI4 DO2 DI2 SFS1 SFS2
3 F1 F2 F3 MA DO2 DI2 SFS1 SFS2
4-SL CDOUT | CDIN CCLK ccs INT F1 SFS1 SFS2
4-MA CDOUT | CDIN CCLK ccs INT F1 F2 F3
30 DS83F2
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SSYNC
RESET
CLKIN
VD

DGND
NC\
NC\

SCLK
SDOUT
SDIN

SMODE3
%MFL DO4/F1/CDOUT
MF2:DO3/F2/CDIN

ch 6 4 2 144
0
—

42

40

MF5:DO2/INT

\\

NC—\iy  CS4216 g5/, DOL
NC 0o 44-AN 370 MF4:DI4/MA/CCS
NC— % PLCC o —MF3:DI3/F3/CCLK
NC——012 (L) 34p)——MF6:DI2/F1
PON-—— {5 % —on
NC— 115 Top View 317, SMODE2
ROUT /E o 23?\MF7:SF81/F2
LOUT/ 18 20 22 24 26 28 \MFSSFSZ/F?)
NC OO0 OO0 O oo g SMODE]_
NC% %um
NC LIN1
REFBUF RIN2
REFBYP RIN1
REFGND VA
AGND
SM MF1 MF2 MF3 MF4 MF5 MF6 MF7 MF8
1 DO4 DO3 DI3 DI4 DO2 DI2 SFS1 SFS2
2 DO4 DO3 DI3 DI4 DO2 DI2 SFS1 SFS2
3 F1 F2 F3 MA DO2 DI2 SFS1 SFS2
4-SL CDOUT | CDIN CCLK [ INT F1 SFS1 SFS2
4-MA CDOUT | CDIN CCLK ccs INT F1 F2 F3

Power Supply

VD - Digital +5V Supply, PIN 4(L), 42(Q).
+5V digital suppy.

VA - Analog +5V Supply, PIN 24(L), 18(Q).
+5V analog apply.

DGND - Digital Ground, PIN 5(L), 43(Q).

Digital ground. Mus be connecedto AGND with zero inpedance.

DS83F2
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AGND - Analog Ground, PIN 23(L), 17(Q.
Analog ground. Mst be connectecbtDGND with zero inpedance.

Analog I nputs

RIN1 - Right Input #1, PIN 25(L), 19(Q.
Right anabg input#1. Ful scak input,with nogain, is 1 Vrms, centerecat REFBUF.

RIN2 - Right Input #2, PIN 26(L), 20(Q.
Right anabg input#2. Ful scak input,with nogain, is 1 Vrms, centerecat REFBUF.

LI N1 - Left Input #1, PIN 27(L), 21(Q.
Left anabg input#1. Ful scak input,with nogain, is1 Vrms, centerecht REFBUF.

LI N2 - Left Input #2, PIN 28(L), 22(Q.
Left anabg input#2. Ful scak input,with nogain, is1 Vrms, centerecht REFBUF.

Analog Outputs

ROUT - Right Channel Output, PIN 15(L), 9(Q).
Right channelanalogoutput Maximum signalis 1 Vrms centered atREFBUF.

LOUT - Left Channel Output, PIN 16(L), 10(Q).
Left channelanalogoutput Maximum signalis 1 Vrms cenered atREFBUF.

REFBYP - Analog Refeence Decopling, PIN 21(L), 15(Q).
A 10 uF and 0.1uF capacior mug be atached beteen REFBYP and REFGND.

REFGND - Analog Reference Ground Connection, PIN 22(L), 16(Q.
Connectto AGND.

REFBUF - Buffered Reference Out, PIN 20(L), 14(Q).
A nominal +2.2V output for setting the biaslevel for externalanabg crcuits.

Serial Digital Audio Interface Signals

SDIN - Serial Port Data In, PIN 42(L), 36(Q.
Digital audb dat to the DACs andlevel control informaion is receved by the C8216 va
SDIN.

SDOUT - Serial Port Data Out, PIN 43(L), 37(Q).

Digital audio da& from the ADCs and satus information is output from the C4216 va
SDOUT.

SCLK - Serial Port Bit Clock, PIN 44(L), 38(Q).
SCLK controls the digtal audio da&t on DOUT and &tichesthe daa on DIN.

32 DS83F2
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SSYNC - Serial Port Sync Signal, PN 1(L), 39(Q).

Indicates he sart of a dgital audio frame n SM3 and SM, and als the start of a word in
SM1 & SM2.

SMODEL1 - Srial Mode SHect, PIN 29(L), 23(Q.
One of three mis hat lect the ®rial mode and funobn of he mutifunction pins

SMODE? - Srial Mode Sect, PIN 32(L), 26(Q.
One of three mis hat €lect the ®rial mode and funobn of he mutifunction pins

SMODES3 - Srial Mode Sect, PIN 41(L), 35(Q.
One of three pis hat slect the grial mode andunction of the multifunction pns. This pin
has aninternal pull-down making this revision backvards compaible with a preious \ersion
(Revision A or \ersion3-\ersion0 bis = 0000).

Multifunction Digital Pins

MF1:DO4 - Parallel Digital Bit Output #4 in SM1/SM 2, PIN 40(L), 34(Q).
In serial modes 1 and 2 thien reflectsthe \alue of the DO4 bit in the sub-frame.

MF1:F1 - Format bit 1 in SM3, PIN 40(L), 34(Q).
In serial mode 3 this pin isa formatbit andis used as onef three saiple frequeng sekct pins
when in master mode, or ase of two bitsperframe glect pinswhen in $ave mode.

MF1:CDOUT - Control Data Output in SM4, PIN 40(L), 34(Q.
In serial mo@ 4 this pn is the data ouput for the cortrol port which cortains status
information.

MF2:DO3 - Parallel Digital Bit Output #3 in SM1/SM 2, PIN 39(L), 33(Q).
In serial modes 1 and 2 thien reflectsthe \alue of the DOS3 bit in the sub-frame.

MF2:F2 - Format bit 2 in SM3, PIN 39(L), 33(Q).

In serial mode 3 this pin isa formatbit andis used as onef three sample frequeng sekct pins
when in master mode, or ase of two bitsperframe glect pinswhen in $ave mode.

MF2:CDIN - Control Data Input in SM4, PIN 39(L), 33(Q).
In serial mode 4 ths pin is the contol port data hput whch contans dah such asgan and
attenuaton setings aswell as nput ®lect, mui, and digial outputbits.

MF3:DI3 - Parallel Digital Bit Input #3 in SM1/SM2/SV 3 (Skve), PIN 35(L), 29(Q.
In serial modes 1 and 2 thpén value is reflected in the DI3 bit in theils-frame.

MF3:F3 - Format bit 3 in SM3 (Master), PIN 35(L), 29(Q.
In serial mode 3 this pin isa formatbit andis used as onef three sample frequeng sekct pins
when in naster mode. In leve mode, he pin reverts © being a genergurpose nput.

MF3:CCLK - Control Data Clockin SM4, PIN 35(L), 29(Q.
In serial mode 4this pin is the contol port serial bit clock which latchesdat from CDIN on
the flling edge, and outpaidad onto CDOUT on the sing edge.
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MF4:Dl4 - Parallel Digital Bit Input #4 in SM1/SM 2, PIN 36(L), 30(Q).
In serial modes 1 and 2 thpén value is reflected in the DI4 bit in theils-frame.

MF4:MA - Master Sub-Mode in SM3, PIN 36(L), 30(Q).
In serialmode 3 lis pin selecs eiher master or skve mode. WheiMF4:MA = 1, the codecgs
in mager mode and optts SSYNC and £LK. When MF4:MA = 0, the codec isin dave
mode andreceves SSYNC andSCLK from an eternalsource lhat must be frequeng locked to
CLKIN.

MF4:CCS - Cortrol Data Chip Sekct in SM4, PIN 36(L), 30(Q.
In serial mode4 this pin isthe contol port chip €lect signal. When dw, the controlport dah is
clocked in CDIN andstatus data s output on CDOUT WhenCCS goes high, contrala@ is
latched inernally. This data remains actve untl nev datais clocked in. Thecontrol port may
also be asynchronou® the audio dat port.

MF5:DO2 - Parallel Digital Bit Output #2 in SM1/SM2/SV 3, PIN 38(L), 32(Q).
In serial modes 1, 2, and 3 tlpm reflectsthe \alue of the DO2 bit in the sub-frame.

MF5:INT - Interru pt in SM4, PIN 38(L), 32(Q).
In serial mode4 this pin isan actve low interrupt sgnal hat is maskabk using the MK bit in
the contol port seral dat steam.INT is an open-cdecor ouput and requies and eternal
pull-up resstor. Assuming the nask bt is not set andinterruptis triggeredby achangemn ADV
or DI1, o a rising edge on LCL or RCL, or a «iting an SCIK ou of range cndtion
(Error = 3)

MF6:DI2 - Parallel Digital Bit Input #2 in SM1/SM2/SM 3, PIN 34(L), 28(Q).
In serial modes 1, 2, and 3 tlps value is reflected in the DI2 bit of the sub-frame.

MF6:F1 - Format Bit 1 in SM4, PIN 34(L), 28(Q).
In serial mode4 this pin isa formatbit andis used as onef three sample frequeng sekct pins
whenin mastemrmode.In slare mode, MF6:Fhelps determine the number of sub-frames within
a frame.

MF7:SFS1 - Sub-Frame Sdect 1 in SM1/SM2/SM3/SM4-SL, PIN 31(L), 25(Q).
In serial modes 1.2, and 3, MF7:S61 helpssekct he sub-frane thatthis paricular CS4216 is
allocated. Indave sub-mode ofserial mode4, this pin isone oftwo pins used as sub-frame
sekct whenMF6:F1 =1 (128-bitframes). WhenMF6:F1 =0, this pin is used ¢ sekct te
frame $zesof 32 or 64 bs.

MF7:F2 - Format Bit 2 in SM4-MA, PIN 31(L), 25(Q).
In master sub-mode ofserial mode 4, this pin is used as one of three anple frequeng select
pins

MF8:SFS2 - Sub-Frame SHect 2 in SM1/SM2/SM3/SM4-SL, PIN 30(L), 24(Q).

In serial modes 12, 3,and slae sub-modef 4, MF8:SFX2 helps slect the sib-frame that this
particular C34216 b allocatd.

MF8:F3 - Format Bit 3 in SM4-MA, PIN 30(L), 24(Q).
In mager s1b-mode of erial mode 4, his pin is a format bt andis one of three smple
frequeng select pins
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Miscellaneous

RESET - Reset hput, PIN 2.(L), 40(Q.
Rests the C34216 nto a knavn state, andmud be nitiated after powverup or power-down
mode. Retashg RESET caused the @816 1to initiate a calbration squence RESET shoudl
also be intiated when changg sanple frequenass in ary master sub-node.

CLKIN - Master Clock, PIN 3(L), 41(Q).
CLKIN is the master clock hat operaés the internal logic. In seial mode 1,
CLKIN = 512xhFs where hFsis the hghestsanple frequeng needed. Dierert sample
frequenciesare obtanedby changing the rasiof SCLK to CLKIN. In serial mode 2, CKIN is
not ued and musbe ted bw. In serial modes3 and4, CLKIN is 256xhFs, wheredifferent
sanple frequenciesre obtanedby either changng the rato of SCLK to CLKIN in slave node,
or changinghe formatpin values (F2-F0) in master mode.

PDN - Power Down, PIN 13(L), 7(Q.
This pin, when lav, caugs the C8216t0 go intb a paver davn state. RESET s$ould be hed
low for 50 s when «iting the paver davn state b allow time for the \wltage reference to
settle.

DI1 - Parallel Digital Bit Input #1, PIN 33(L), 27(Q.
This pin value is reflected in the DI1 bit in theils-frame.

DOL1 - Parallel Digital Bit Output #1, PIN 37(L), 31(Q.
This pin reflectsthe \elue of the DO1 bit in the sub-frame.

NC - No Conrection, PINSSG, 7, 8, 9, 10, 11, 12, 14, 17, 18, 19(L)
PINS44, 1, 2, 3, 4, 5, 6, 8, 11, 12, 13(Q).
These pinshould beleft floating with no trace atiched to &#bw backwards conpatibility with
future revisions They should notbe used aa cowenientpah for signaltraces
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PARAMETER DEFINI TIONS

Resoltion
The number of lb$ in the inputwordsto the DACs, and n the ouput words from the ADCs.

Differ ential Nonlinearity
The worst case deation from te idealcodevidth. Unts in LSB.

Total Dynamic Range
TDR isthe rato of the rms value of a full scak sgnal b the bwed obtainabk noi floor. It is
measired by compang a full scak sgnal b the bwed noise floor posible in the codec (ie.
attenuaton bits for the DACs at ful atenuaton). Unisin dB.

Instantaneous Dynamic Range
IDR is the raib of a ful-scale rng signalto the rmsnoise &ailable at ary instant in tme,
without changing the inpugain or output atenuaton settings It is measired usng S(N+D)
with a 1 kHz, -60dB input sgnal with 60 dB addedto compenate for the snall input sgnal
Use ofa snall input sgnal reduces the harmaenilistortion componentsto insignificance when
compared to lhe noise. Un#d in dB.

Total Harmonic Distortion
THD is the raito of the rnms value of a sgnals first five harmonc conponentsto the rns value
of the signak fundamerdal componentTHD is calulatd usng aninput sgnal which s 3dB
below typical full-scak, and is referenced tgpical full-scak.

Interchannel Isolation
The amount of 1 kHz signal preent on he outputof the groundednput channelwith 1 kHz
0 dB sgnal presenion the dber channel. Uts in dB.

Inter channel Gain Mismatch
For the ADGs, the difference in mput \ltage that generates the full scale cade for eadh
channel For the DACs, te differencein output voltages for each channel tvia ful scale
digital input Units in dB.

Frequency Reponse
Worst casevariation in outputsignal level versus frequeng over the pasband. Ested over the
frequeng band of 10 Hzd 20 kHz, wih the smple frequenyg of 48 kHz. Unis in dB.

Step Size
Typical deta betveen two adpcent gain or &nuaton values. Unis in dB.

Absolute Gain/Attenuation Step Error
The deviation of a gan or atenuation sep from a &aight line pasing through he
no-gan/atenuaton value and he full-gain/atenuaton \alue (i.e. end poirg). Unis in dB.

Offset Error
For the ADGs, he deviation of theoutput codefrom the mid-scaé with the sekctedinput at
RERBUF. For the DACs, the deviation of the ouput from REFBUF with mid-scaé input code.
Units in LB’s forthe ADCs andvolts for the DACs.
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Out of Band Energy

The rato of the rns sum of the enegy from 0.46&Fsto 2.1xFs compared to the rmfsill-scale
signal \alue. Tested with 48 kHz Fsgiving a outof-band enagy range of 22 kHzo 100 kHz.
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APPENDIX A

This data beet desribesverson 1 of he CS1216. Therefore, thiappendx is included b de<ribe te
differences beteen wrson 0 and ersion 1. Thisinformation is only ueful for usersthat still have
version 0 shceversion 1 devices wil suppant the earér version. The wersion number iscontinedin
the ®rial data ine, bts 29 - 32 on SDOUTn SM1-SM3 and, bis 17 - 20 on ©OOUT in SM4.The
verson number caralso beidentified bythe revision leter samped orthe top of the aatal chip. The
revision leter immediately precedeshe dah code on the exond Ihe of he packagenarking (See
General Information secion of the Crygal Data Bok). \ersion O correpondsto chip revision A, and
version 1 correponds ¢ chip revisions B, andC. The functonaly and performance ofrevisionsB
and C are idenical. Likewise, futire chip reisions(i.e. D, E, . . .) may 8ll be \ersion 1 sincethe
version nunber only changes there isa softvare change tohe part.

Functional Differences Between Version O (Rev. A) and Version 1 (Revs. B, C)

1. In version 0, rial mode 4 (M4) doesnot «ist; the IMODES3 ph is a noconnect.n version 1the
SMODE3 pin cordins an inernal pul-down resstor makng this version backvards conpatible with
verson 0 ©ckets

2. SSYNC on version 0 mug be ONLY one SCLK period high in SM8 or 2 SCLK periods high in
SM1 and SM to indicae the start of a frame. Also, on \erson 0 in SM1 or SM2, SSYNC must be
EXACTLY one SLK period hgh, at he bainning of each wrd. In version 1, SYNC can be hgh
for an arbitary nunmber of SCLKs beyond the onan SM3 ortwo in SM1 andSM2. Also n SM1 and
SM2, the one-SCK-wide SSYNCs at each verd are not neededn version 1,SM3 and SM4, the
codec only doks for a déw-to-high edge of SYNC to dart a frame;in SM1 andSM2 a low-to-high
edge of SSNC, beng high for wo SA_K periods strtsa frame.
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Semiconductor Corporation

CDB4216

CS4216 Evaluation Board

Features

® Easy DSP Hook-Up

® Analog-in To Analog-out Loopback

Mode
® Correct Grounding and Layout
® Microphone Pre-amplifier
® Line Input Buffer

® Digital and Analog Patch Areas

General Description

The CDB4216 and CDB4218 evaluation boards allow
easy evaluation of the CS4216 and CS4218 audio mul-
timedia codecs. Analog inputs provided include two
BNC line inputs for LIN1 and RIN1, and two 114" micro-
phone jacks on the LIN2 and RIN2 lines. Analog
outputs are available on two BNCs.

Digital interfacing is facilitated using one to three of the
buffered ribbon cable headers. All four serial modes of
the CS4216 and all three modes of the CS4218 are
supported using a simple DIP switch which is decoded
to select the proper mode and sub-mode.

ORDERING INFORMATION: CDB4216 or CDB4218

Digital Patch Analog Patch
Area Area
Configuration
- S%vitch LINZ 1 Microphone
Digital |2 - A=14dB Jacks
IO Port |2 ¢ ¢
- I CS4216
Control |32 Digital LINL
port |oc & IO A=-6dB . Line Inputs
oo Buffers | g—» RIN] ¢
. [o}Ne) &
Audio 00 g > MUX LOUT
Port  [o¢ .
0
osc —» » t Line Outputs
(+5V) (+5V)
CLKIN VD DGND VA
Crystal Semiconductor Corporation ) _ . JUN '93
P.O. Box 17847, Austin, TX 78760 Copyright O Crystal Sfem/conductor Corporation 1993 CS83DB4
(512) 445 7222 Fax: (512) 445 7581 (Al Rights Reserved) 39
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GENERAL DESCRIPTIO N

The CDB4216/8 was designed to provide an
easy patform for evaluaing the performance of
the C2216 and CR218 Stereo Audio Codecs
Since the ealuation board cordinsa proper &y-
out and is grformance tested the user can
concentate on engneering be restof the sysm
therebyreducng the deelopment tme. Thelay-
out should abo ke used as a guideline for
obtaning the bestpossble perfornance fromthe
C$4216 or C4218 Lastly, the board can be
used as benchmark and detging toolfor user
developed FCBs.

The evaluation board suppost all serial modes
and includesdecode aicuitry to ease the selec-
tion of the seml mode and sub-pde of inerest
All serial interfacesare ffered for eag connec-
tion to e seral port of a DS or other rial
device. The board caalso beplacedin a loop
back mode wherené digtal data s loopedback
allowing an analg in to anabg outtesting vehi-
cle without an eternal proceser. A single +5V
suppy is all thatis needed to peer the board.

Analog inpus consst of a pair of ine nput huff-
ers (LIN1,RIN1) designed to acceptraaximum
audio sgnal of 2Vrms and BNC-to-phono
adaptersare incuded o supportvariousted con-
figuratons The ®cond pair of nputs contan a
exanmple microphone nmput luffer suppord by
two /4" mono jacksthat are degined to accept
standard sigle-ended dynaio or condersr mk
crophones.

The line outpus are applied via BNC connec-
tors with two more BNGto-phono adaggts.

The flm plots d the evaluation boad ae in-
cluded to provide an eanple of he optmum
layout, groundng, and decoupig arrangement
for the C34216 or G4218.

SELECTI NG A SERIAL MO DE

The CS8I216 supposd four rial modes ard
mary sub-nodes, andhe C31218 suppod three
seral modes andsub-nodes.Sekcting the nost
appropria¢ mode for a gien applcation canbe
time conaming. The CDR216/8 cordinsa DIP
switch that simplifies his sekction. Sine the
C$4216/8 contais may multifunction pins the
DIP switch lets the user sett the confuraion
and two FLDs decode lte propermultifunction
pin values. $nce tese RDs are on} used to
simpify the onfiguration of the deice they
would notbe neededh an endapplication which
would hardwire the confguraion pins. Table 4
describes the multifunction pin values for a
given DIP swich seting. The RL equatonsfor
DIP switch decoding are gen in Hgures8 and
9.

All referencesto SM1 and SM2 apply only to
the C3216. All referenceso SM3-MM, SM3-
MS, and &S apply ony to the CS1218.

Serial Port Format

Table 1 lists the DIP swithes used to ssit the
seral mode. SF2 and $FL sekct onethe four
seral modesof the C32160r oneof three srial
modes for the CS1218. MA <slects master
(MA = 1) or dave and isonly usful in erial
modes3 and 4. The mayity of uses select

SPF2 |SPF1 |MA Serial Mode
0 0 X SM1 Slave
0 1 X SM2 Slave
1 0 0 SM3 Slave
1 0 1 SM3 Master
1 1 0 SM4 Slave
1 1 1 SM4 Master

Table 1. DIP Switch, Seial Mo des
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either serial mode 3, SM3, or seria mode 4,
SM4. Seral modes 1 and 2,1 and 312, are
primarily desgned for ASIG and ardess flex-
ible. SML and SM are not wailable on he
CHA218. The C&218 hasaddiional SM3 aub-
modes: Multiplier Master (SM3-MM) and
Multiplier Slave (SM3-MS). These h-modes
are dentical b the SM3Maser and Séve sub-
modes except that the master ack, CLKIN,
mud be 16xFsmax indead of 256xkgax. The
CHA218 ato provides a master 1°’S made. In
mager sib-modesthe C542168 outputSSYNC
and SCLK. In dave sub-nedes, SYNC and
SCLK must be externally generaéd andmug be

BPF SM1 SM3 SM4
2 1 SM2 SL MA SL MA
0 O 256 64 64 32 32
0 1 256 128 128 64 64
1 0 256 256 128 128 64
1 1 256 256* 128 128 64

* SCLK is master clock.

Table 2. DIP Switch, Bits per Frame

synchronougo CLKIN.
Bits per Frame Selection

The net decison is selecting the numberof bits
per frame whih defnes hov many codecscan
sit onthe same seridlus. Each codec occlgs a
sub-frame and 1 to 4 subframes mak up a
frame. A sub-frame 64 bits in $11, M2, and
SM3; and 32 lis in SM4. Table 2 lists the posi-
ble seéctions. If the evaluation board seal port
is sharedwith other deices, SDOUTUB rast be
used nstead of SDOUT since DOUTUB,
driven diredly from the chip, nust only drive
the tme slot asigned to i. See theAudio Port
Header section for more information.

Time Slot Selection

If the number of ks per frame dected albws

tual time slot a sub-frame usd by the eal
board must be setcted. Ths is done wih the
TS2and TS1 DIP swiches If the number obits
per frame allows only one codec on theesal
bus, hen TS2 and TS5 are gnored. &ble 3list
the decodig forTS2and TS. Time dot 1 is the
first sub-frame afér SSYNC goeshigh, ime
slot 2 is the ne sub-frame, and so on.

Sample Frequency Selection - Master Mode

The last dedsion is seleting the sanple fre-

TS2 TS1 Available Sub-frames
4 2 1

0 0 1 1 1
0 1 2 2 1
1 0 3 2 1
1 1 4 2 1

Table 3. DIP Switch, Time Slots

guency in mager sub-mode. If confyured for
slave sub-node, the ample frequeng is the ratb
of SCLK to CLKIN as described in the
CHA216/8 Data Shewt In mager nodes, hree
pins are used to sett the saple frequeng di-
vide. The DIPswitcheslabekd DIV1, DIV2, and
DIV3 selet the saple frequency and are
equvaent to F1, F2, and B, regectively. The
actualF1-F3 pinson the C8216/8 aredifferent
between $13 and $14 asshavn in Table 4 at
the endof the data sheet Table 3 and #ble 9 of
the C34216 Dah Sheetdescrbe te sample fre-
guenciesobtaned usng the on-board cdlator
of 11.2896 MHz. Asan «anple, if dl DIV
switches are df the sampe frequency is
44.1 kHz. With only DIV2 on, the ample fre-
gueny is 22.05 kHz. © obtain a ample
frequeny of 44.1 kHzusng the CDRBI218, all
DIV switches shald be sé¢ to zero and a
705.6 kHz dock should be conneced to he
BNC jack (2). The shunbn J1 kould be st to
EXT.

for more than one codec sub-frame, then the ac-
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DIP SWITCH MAPPING TO MULTI-FUNC-
TION PINS

The two PALs on the waluation board decode

the DIP switches © conigure he codecinto a

paricular node. ThesePALs are not necessary

in a degyn shce only one mde is usudy used
and can be hard wired. igure 9 and fgure 10
listthe AL equatons ugd for decoding.

Table 4 shows the C342168 multi-function pin
settings for eaclpossble DIP swich confgura-
tion. Rder to the CSR168 ddaa shests ©
determne pn setings for smple frequencis.
Once a suable mode hasdeen chosensing the
evaluaton board, his table will shav the hard
wire confguraion for each milti-function pn.

Example Mode Settings

Following are tvo exampks of hov to st a &
rial mode with the DIP switches rad then
deternine the mui-function pin setings for he
codec. These mdeswere chosen foil lustraton
only, not to sugged that they are better than
other nodes.

A commonly used mode isSM3 Mader (SM3-M
on the (54218), 64 BF, 44.1kHz samling rag,
and bitlong SSYNC. To conigure te codecn
this mode, setSHF2=MA=1 and all other DIP

switchesto zero. FromTable 4, he SMODES3,
SMODEZ2, and SNDDEL1 pinsare seto 010,re-

spedively. The DIV1, DIV2, and DIV3 DIP

switcheswill setthe sampling frequeng by di

rectly mapping to the ME, MF2, and MR pins
as000. The MA DIP switch sts the MF4 pin

high for maester mode. malti-function pns MF5

and MF6 becone the generalpurpose D pins
DO2 and DI2, respeictely. In this paticular

mode, MF7 determines the high time for the
SSYNC signal. The MF7 pin is st low by the

TS1 switch to generate the bibng SNC. In

all other applcable caseshé TS1 swith is used
for timeslot confguraton. 64 BR is slected
by seting the MF8 pin low with the BPFL

switch.

SM4 is a paverful mode which reduces daa
trarsfer bandwidth to facilitate easer use with
low costDSPs. As an xampk, consider B4,
Slave, 64 BPF, Time-slot 2, and a22.05 Kz
sanpling rate. Set
SPF2ZSPFEDIV1=TSIBPF1=1 and all othe
DIP switches to zero. Table 4 shaws that the
SMODE3,SMODEZ2, and $1ODE1 pns wil be
setto 110, repectively. The multi-function pins
MF1-4 will become the ontrol port interface
MF5 srves asthe interruptpin INT. BPR2 and
BPF1 wil setthe codedo 64 BPF by mappng
directy to the MF6 andMF7 pinsas01, repec-
tively. The second me-dot is chosenwith TS1

DIP SWITCHES SMODE SMODE SMODE CS4216 Multifunction Pins
SPF2' SPF1' MA 3 ‘ 2 ‘ 1 MF1L = MF2 . MF3 . MF4 . MF5 . MF6 . MF7 . MF8
6 0o x, 0_,_0 . 0 | DO4 ' DO3  DI3_' D4 ' DO2 ' DI2 ' TSl ' TS2_ |
-0 -1 x; 0 + 0 - 1 | DO4  DO3 DIB - D4 . DOZ - DI2 . TS1 - TSZ2 |
0 .1 0| 0 ., 1 . 0O |BPF2 | BPF1L . DI3 L, MA=0 , DO2 . DI2 , TSl . TS2
-0 -1 1/ 0 ' 1 °~ 0 |DiVI ' DIV2 ' DIV3 MA=1 ' DO2 ' DI2 ' TS1 ' BPF1 |
1.1 .0 ] 1 . 1 0 |CDOUT. CDIN . CCLK . CCS . INT .BPF2=0. BPF1 . TS1
1.1 o0 | 1 1. 0 |CDOUT K CDIN _CCLK | CCS | |INT BPF2=1 6 TS1 TS2
1.1 1] 1 BPF=0._ 0 |CDOUT K CDIN _ CCLK , CCS | INT DIVl , DIVZ . DIV3
1 1 1 1 BPF>0 TS1 |CDOUT' CDIN ' CCLK * CCS ' INT ' DIV1 ' DIV2 ' DIV3
Table 4. CS4216 Pin Decode
42 DS83DB4
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Figure 1. CS4216 and Power Supplies
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seting the M8 pin high. Since the partis in
slave node, the ampling rat mug be ®t by the
ratio between CLKIN and SCLK. Assauming
that CLKIN has a frequeng of 11.2896MHz,
this ratio mug be eght o give a smpling rae of
22.05kHz (refer to the C8%216 dat sheet). In
all slave mades, SSYNC and SCLK must be
synchronougo the maser clck.

LOOPBACK MODE

The CDB1216/8 nay be conigured n a simple
loop back nede thatonly requires a power
source to operateNo controler of ary type is
necessary This mode albws a quick and sipie
verificaion of codec operabn by sampling the
LIN1 and RIN1 input, then doping he digtal
data backd the LOUT and FOUT line ouputs
Set SPF2=SPF1=MA=1 and shu8DOUT b
SDIN on sake header J15. Téimode usesSM4
with all control settings setto zero, ® no gan or
attenuaton isavailable.

POWER SUPPLY CIRCUI TRY

Figure lillustrates a porton of the CDB42168
schenatic and incldes the C&16/8 abng with
power aupply decouphg and crcuitry. The
evaluaton boardsupportsvarious paever suppy
arrangemeist The factory conifguraion powers
the analog pontin of the C31216/8, abng with
input buffers from the VA binding post which
needs a clean +50ls. The digial portons of
the CS426/8 are &dory configured to ohtain
power through a 2 resstor from the \A suppl.
The digtal buffersand PLDsobtan paver from
the VD binding postwhich al® needs +5 bdits.
Althoughbinding poss$ exist for both digtal and
analog groundsonly one needsto be connead
if a 9ngle supply is used for both VA and VD.
Note hat the CS1216/8 s entirely on the anabg
ground plane, dse b the ground @ne spt as
requiredby the C&216/8 Data Shegt Al note
that the wo ground planesare connectednear
the wo ground bindig poss.

Space fora ferrte bead, L1, is praded so hat
the board may be modiied to pever the codec
from the digtal supply. Sekction of L1 will de-
pend on e nose charactestics of the digital
suppy used.

ANALO G INPUTS

The anabg inputsconsst of a pair of line level

inputs anda pair of1/4" mono jacksfor two mi

crophones. BN@o-phono adapterare incuded
to allow teging of the ine nputsusnhg coax or
standard audio caéd.

The line-level inputs are conaded to the
C4216/85 LIN1 and RIN1 pns. Asshavn in
Figure 2, theihe-level inputsgo througha huff-
er setto a @in of 0.5 whth allows inputsignals
of up © 2VRMs. When placedn seral mode4
with loop back, the LINl1land RIN1 nputsare
used for analg inputs.

The mcrophone inpwg are conaded to the
CA216/85 LIN2 and RIN2 pins The two mi
crophone inpus are sngle-ended and are
desgned to vork with boh condener anddy-
namic microphores. The microphone input
buffer, shown in Figure 3, has aan of 23 dB
thereby dehing a full-scak input \ltage to he
microphone jack®f 71 mVRwMs. Another 22 dB
of programmabe gain is &ailable on the
CS£2168 to amplify smaller microphone -
nals

An analog pach area with amlog paver and
ground, inchded on he CDB42168, provides
space to develop other input huffer circuts.
Space for headers areaciuded, 19 and J20,a
conred to the LIN2 and RN2 inpus. To use
these headers, the mcrophore traces must be
cut

ANALO G OUTPUTS

The C342168 drivesthe line ouputsinto an R
C filter andthen toa pair of BNCs labeld
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Figure 2. Micr ophone Input Buffer
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Figure 3.Line Input Buffer
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LOUT and ROUT. As with the line inpus, BNC-
to-phono adapters ae provided for flexibility.
The line outpus can dnve an inpedance of
10 kQ or more, wheh is the ypical inputimped-
ance of nost audio gear

AUDIO PORT HEADER

The CDB1216/8is primarily desgned b evalu-
ate the C8216/8 in sgle chip node, i.e. ont
one codec onthe serialbus. Ths is he factory
default siate of he CDB4216/8.

The audib port header J15 pkades al buffered
signalsnecesary to connect to the sakiport of

TUB can proide an umuffered version of
SDOUT which can beused when conreding
multiple codecson the ame bus. The default
configuration does not connectSDOUTUB
which may be connected to the BOUT of the
C3$A216/8 brough J17 ymper

The eval board suppost both mater and ke
sub-nodes. In master sub-modes, SSYNC ard
SCLK are output (and bufered) from the
CHA2168. In slave aub-modes, SSYNC ard
SCLK must be pravided externaly and nust be
synchronougo the maser clock CLKIN.

a DSP or other conbller (see Figure 4). SDOU-

U6
74HC243

1
SSYNC
Ra4 OEA E{ CFSIN
OEB
1 10 8 6
SSYNC B3 A3
44 9 5
SCLK 10| B2 A2 [
R10 B1 Al
scik  © 1% BO AO 73 R3l R3z
20 20
J15
CS4216 R39 5.
6060 17 Qb SDOUTUB
20 SDOUT
43 7 13 R4°J ¢
SDOUT Eam—VAVAY ' SDIN
42 J16 20 SCLK
SDIN 1000 4p 9 ' SSYNC
1
§R41 =
33 18 2 20k
DI1 =
MFla MF1b
40 5 15 49
MF1 \i 13 W 4
MF2 AL
39 3 17
MF2 I
J18 - -B A
05— MF5 TVVY,
38 6 14| TOGEMPS 09 L
MF5 T ra6 AL
13 12| |8 _ R42 475k
PDN |
u7 28k
37 4|16 “PDN
DO1 ‘
—_ 74HC541 RO o2
M Q1
Jah) | 74HCsa1

Figure 4. Seial Port Headers
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CONTROL PORT HEADER

The Control Port HeaderJ14 contans he control
port pins available only n SM4, and thePDN
andRESET pins

Serial mode 4, SM4, splits the werial data to the
cocec into two separate serial ports the audio
port and the control port. Thecontol port pins
are avalable o this header. Snce CDOUT is
buffered andalways driven, itcannotbe ugd on
a sharedeaial port. Athough be INT pin on the
codec isopen drainthe default facory confgu-
ration for the eval boardis an on-board pulup
resistor and @uffer. Therefore, thdNT header
pin cannot share amterruptpin on a process
sinceit is bufferedand wil always be drven. By
cutting a trace in the J18 juper, the untuffered
INT signal, labeled U, can be suplied to the
header. When usig the contl port the LB

VD

1 R1
. CS4216 p

47.5
2 8 9 12 R8
RESET ° 10 11 — RESET
S QNEE 100
Ve 74HUClll32
R2 RA

—/\\}—>0
47.5k 100 SWlE

D1
1N4148

C1

e
1w

Figure 6. Reset Circuit

switch nust be of or the control serial port will
be blocled.

PDN and RESET

PDN is bufered andcontols the PDN pin on
the C34216. PDN contans anon-board pulup
resistor defining the default state as powered.
This pin only needs @ be contrdied when he
power davn feature $ used.

RESET b also huffered andcontols the REET
pin on the codec (see Bure 6). RESET hasa
pull-up resstor on theboard dehing the default
state as not re&s or actve. Ths pin only needs
to be controled when the reset feate on the
codecis neededSince te codecequires a reset
at paver up,a paver-up resefircuit is included
on the board. A res switch is al® included b
allow reseting the device without haing to re-
move the paver supply. The paver-up rest plus
switch are logtally ORed wih the RESET pn
on header J14.

DIGITAL | /O HEADER

The Digtal 1/0 Header J13shovn in Figure 4,
contans te four digtal inputs, DI1-DI4,and te
four digital outpus, DO1-DO4. No¢ tha all
digital I/O exceptDI1 and DO1 aremultifunc-
tion pinsand may not bevailable in aparicular
mode. $hce DOL1 is always a digital output, an
LED is conneaotd b DOL1 providing a visualin-
dicaion that ftware is writing tis bit correctl,.
When the LED s on, DOL1 s high.

In SM1 and SN2 all four digital inputs and out
puts are &ailable. In SM3 mager sub-nodes,
only the first two inputs and ouputs are func-
tional. INSM3 skve sub-nodes, threeniputsand
two ouputs are functonal. In SM4 only DO1
and Dllare funcitonal See he C342168 Dana
Sheet for more details.

CLOCKS

The CDB4216/8 prwides an on-board defilt
clock ogillator of 11.2896 MHz (se Fgure 7).
This allows all 44.1 kHz and devative sample
frequenciesin SM3 Master sub-node, 3
Slave sib-mode, $4, and ke ’S mode. The
CHA218 SM3-MM and 3 3-MS modes reque
a mester clbck of 16xFsnax. If usng SML, a
mager clock wit a frequeng thatis 512xFsnax
mud be supplied. SM2 usesSCLK as the naster
clock ant itmust be 256xBmax. A CLKIN BNC
allows the gal boardto be drven from anexter-
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VD VD

14
} 11.2896 MHz |g s
Cc2 — Oscillator
0.1 uF+ 71 “Module a1 47.5k CS4216
INT.06-

= EXTLTQ‘ '
4 R8 :

1 6 3 ,
3 5}Mﬁ* CLKIN

2| 7 pa—sl P |

U11B
R ULIA
475k 74HC132

Figure 7. Default Clock Circuit

nal source. © selectthe G.KIN BNC, the J1 HCUO4 ora crystl oscilator, and can a@érnae

jumper mwst be plaed in the EXT podion. betwween thewo.

Whenthe J1 ymper B in the INT pogion, the

on-boardogcillator is used as the mis clock. LAYO UT ISSUES

Both clock sources areulfered b guarantee a

clean sgnaland proper clockelels to the codec.  Figure 11 contains the slk screen, Figure 12
confains the cmpament-side copper layer, ard

If sample frequences other than the ones pro- Figure 13 contas te soberside copper dyer

vided areneeded, e oscilator can be replaced of the CDB42168 evaluation board. These qiis

with the proper frequenc oscllator The board are included b provide an eanple of hav to

acceps crystak and preidesthe soclet Y1 (refer correcty layouta P@ for the codec.

to Figure8). Whenusng a crysél, U8 must con-

tain an HQJO4 unluffered QMOS inverter. The  Grounding and Power

U8 saocket is despgned to accepeither the

C44 r'—{U}L‘j C43

33pF L, RS T 33pF

13 12 11> 10 9{>08 - CLKIN-J1

us
74HCUOA4

Figure 8. Optional Clock Circuit
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CDB4216

Notice in Figure 12 and Fure 13 hw the
ground pane spt is postioned. The split is
next to the part- NOT UNDER IT. The AGND
and DGND pins are conreded to he ground
plane fll insde the codc pad layout on the
componenside layer. This is recomnended be-
cause ASND and DGND are connected onet
codec die and ost have a zero mpedancebe-
tween them

Notice how each grounctonnedbn has atéast
four points in thermal relief. The mai board

grounds atthe trminal connedbns have eight

points in thermalrelief. This helps minimize tre

impedanceo the main ground terrmal from ary

particular ground pin, reducing the chance of
noise couplng.

Another important design condderaton is the
groundplane fil between tracesn both layers
which minimizes ouping of radided energy.
Ground fll onthe digital sde of the boardhelps
reducethe anmount of noisy dgital enegy radk
ated D the sensive anabg sde and to a host
sydgem Ground ill onthe analogside heps re-
ducethe amountbof radiaed digtal enegy thatis
coupled nto the aralog circuitry. All ground
plane fils mustbe connectedotther respedve
grounds- floating groundfill is worse than no
fill.

All powver and groundraces are athick as he
surface nount padsthey connect. Thick traces
minimize impedance,thereby reducing the
chance of noiscouplng.

Decoupling

Notice hav the decouphg capacirs are phced
as cbseaspossibk o the codec. The OUF ca-
pactors areplacedcloser han the 1QF or 1uF
capaciors. Ths reducedead nductance ahigh
frequencies and albws the smadér valued ca
pacitors to atteuate unwanted sigrals mae
effectively.

Sockets

The CDB4216/8was desgned b acconmodat

either the 44-mi PLQC package orhe 44-pn

TQFP pakage. Each evaluation baard is

shipped wih a R.CC codec loaded inta sur-

face mountsoclet Noice how the soclet pads
match thefootprint of the PLQOC package. Using
this socket inadesign allows for teging with the

socket mounted, andhe opton to sirface mount
the codec directly for cost redution duing

board productn.
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;PALASM DesignDescrption

; Dechraton Segmernt ------------
TITLE CDB4216

PATTERN 4216S B

REVISION 4.0B

AUTHOR C. Sanchez, M. Jadan
COMRANY Crystal Semconductor

DATE 5/28/93

CHIP _42%s b PALCE16V8

; PIN Declaraipns -------=-==----
PIN

1 ISPR2 COMBINATORIAL ; INPUT
PIN 2 /SPA COMBINATORIAL ; INPUT
PIN 3 IMA COMBINATORIAL ; INPUT
PIN 4 /BPR2 COMBINATORIAL ; INPUT
PIN 5 /BPFL COMBINATORIAL ; INPUT
PIN 6 ITS2 COMBINATORIAL ; INPUT
PIN 7 /TS1 COMBINATORIAL ; INPUT
PIN 8 /DIV3 COMBINATORIAL ; INPUT
PIN 9 /DIV2 COMBINATORIAL ; INPUT
PIN 10 GND
PIN 11 NC
PIN 12 /ICFSN COMBINATORIAL ; OUTPUT
PIN 13 NC
PIN 14 NC
PIN 15 SMODE3 COMBINATORIAL ; OUTPUT
PIN 16 SMODE2 COMBINATORIAL ; OUTPUT
PIN 17 MF7 COMBINATORIAL ; OUTPUT
PIN 18 MF8 COMBINATORIAL ; OUTPUT
PIN 19 SMODE1L COMBINATORIAL ; OUTPUT
PIN 20 VCC
; BooleanEquation Segmert ------
EQUATIONS

/CFSIN = SHF2 * MA
SMODES = SH2 * SPFL

SMODE2 = SH2 * /SPRL
+ SHF2 * SPFL * IMA
+ SH2* SPFL * MA * BPF1* TS1
+ SH2* SPFL * MA * BPF1* TS2
+ SH2* SPFL * MA * BPF2* TS1
+ SHF2* SPFL * MA * BPF2* TS2

SMODEL1 =/SPR2 * SFF1
+ SH2* SPFL * MA * BPFL
+ SH2* SPFL * MA * BPR2

MF8 = /SPR2 * TS2
+ SHF2* /SPA * MA * BPF2
+ SH2* /SPR * MA * BPF1
+ SHF2* /SPHR * IMA * BPF2* TS2
+ SHF2* SPFL * /MA * /IBPR2 * BPF1* TS1

Figure 9. PALCE16V8H PAL Equations.
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+ SHF2* SPFL * IMA * /BPR2 * BPF1* TS2
+ SPR2 * SHF1* /IMA * BPF2* TS2
+ SHF2* SPFL * MA * DIV3

MF7 = /SPR2 * TS1
+ SH2* /SPA * /IMA * /IBPR2 * BPFL * TS1
+ SHF2* /[SPR * /IMA * |BPR2 * BPFL * TS2
+ SHF2* /[SPR * IMA * BPF2* TS1
+ SH2* /SPA * MA * TS1
+ SHF2 * SPFL * /MA * /|BPR2 * BPFL
+ SPR2 * SFF1* /MA * BPF2* TS1
+ SHF2* SPFL * MA * DIV2

Figure 9. Continued.
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;PALASM DesignDescrption

' Dechratbn Sgmert ------------
TITLE CDB4216

PATTERN 42161 B

REVISION 2.0B

AUTHOR C. Sanchez

COMPANY Crystal Semconductor

DATE 4/27/93

CHIP _42%l_b PALCE22v10Z

; PIN Declaraions -------=-==----
PIN

1 /SPR2 COMBINATORIAL ; INPUT
PIN 2 /SPHRL COMBINATORIAL ; INPUT
PIN 3 MA COMBINATORIAL ; INPUT
PIN 4 /BPR2 COMBINATORIAL ; INPUT
PIN 5 /BPFL COMBINATORIAL ; INPUT
PIN 6 /DIV3 COMBINATORIAL ; INPUT
PIN 7 /DIV2 COMBINATORIAL ; INPUT
PIN 8 /DIV1 COMBINATORIAL ; INPUT
PIN 9 Dl4 COMBINATORIAL ; INPUT
PIN 10 DI3 COMBINATORIAL ; INPUT
PIN 11 DI2 COMBINATORIAL ; INPUT
PIN 12 GND
PIN 13 CDIN COMBINATORIAL ; INPUT
PIN 14 CCLK COMBINATORIAL ; INPUT
PIN 15 NC
PIN 16 MF6 COMBINATORIAL ; OUTPUT
PIN 17 MF3 COMBINATORIAL ; OUTPUT
PIN 18 MF4 COMBINATORIAL ; OUTPUT
PIN 19 MF2 COMBINATORIAL ; OUTPUT
PIN 20 /ICCS COMBINATORIAL ; INPUT
PIN 21 MF1 COMBINATORIAL ; OUTPUT
PIN 22 NC
PIN 23 NC
PIN 24 VCC
; BooleanEquation Segmert ------
EQUATIONS

MF1 = SPR2 * /SPFL * MA * DIV1
+ SHF2* /SPHR * /IMA * BPR2

MF1.TRST = SH2 * /SPR
MF2 = SPR2 * /SPFL * MA * DIV2
+ SHF2* /SPHR * /MA * BPFL
+ SH2* SPFL * CDIN
MF2.TRST = SH-2
MF3 =/SPR * DI3 + SHF2* /SPHL * /IMA * DI3
+ SHF2* /SPA * MA * DIV3
+ SHF2* SPFL * CCLK

MF4 =/SPR * DI4

Figure 10. PALCE22V10Z PAL Equations.
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+ SHF2* /SPR * MA
+ SH2* SPFL * /CCS

MF6 =/SPR * DI2 + /SPFL * DI2

+ SH2* SPFL * MA * DIV1
+ SHF2* SPFL * IMA * BPF2

Figure 10. Continued.
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44 pin
PLCC

NO. OF TERMINALS
MILLIMETERS INCHES
DIM | MIN | NOM | MAX | MIN | NOM | MAX
A | 4.20 | 4.45 | 4.57 |0.165|0.175|0.180
Al | 2.29 | 2.79 | 3.04 |0.090|0.110{0.120
B |0.33|0.41|0.53(0.013/0.016|0.021

- 9 - D/E |17.40|17.53|17.65|0.685|0.690|0.695
1 D1 D1/E1|16.51|16.59|16.66|0.650(0.653|0.656
| D D2/E2|14.99|15.50|16.00{0.590(0.610|0.630
e 1.19 | 1.27 | 1.35 |{0.047|0.050(0.053
1
[ O 1
1
o ]
Al A
D2/E2
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44 PIN TQFP
D
D1 44 LEAD TQFP
MILLIMETERS INCHES
H H H H H H H H H H H DIM | MIN [ NOM [ MAX | MIN | NOM | MAX
A 1.60 0.063
i —— Al | 0.05 0.15 | 0.002 0.006
— — A2 | 1.35 | 1.40 | 1.45 | 0.053 | 0.055 | 0.057
— T b 0.30 | 0.37 | 0.45 | 0.014 | 0.016 | 0.018
— —— ElE c 0.09 | 0.145 | 0.20 | 0.004 | 0.006 | 0.008
— E— D/E | 11.75 | 12.0 | 12.25 | 0.462 | 0.472 | 0.482
— - D1/E1 9.90 | 10.0 | 10.10 | 0.390 | 0.394 | 0.398
— E— e 0.70 | 0.80 | 0.90 | 0.026 | 0.031 | 0.036
— — L 0.45 | 0.60 | 0.75 | 0.018 | 0.024 | 0.030
O 0 o° 35° 7 0° 35° 7

LOHBHHHEEHEY 0.10 0.004
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