


AD1939

T T T T B
ALRCLK | | 1 1 1 1 1 | I
D T A R ]

AUXILIARY DAC CHANNELS
1 1 1 APPEAR AT 1
! UNUSED SLOTS ! 8 ON-CHIP DAC CHANNELS ! AUX DAC PORTS !
DSDATA1
(TDM_IN) | EMPTY | EMPTY | EMPTY | EMPTY I DAC L1 | DAC R1 | DAC L2 IDAC R2 | DAC L3 IDAC R3 | DAC L4 | DAC R4 I AUX L1 |AUX R1 IAUX L2 |AUX R2 |
I
I

1 1 1
: 4 ON-CHIP ADC CHANNELS ' AUXILIARY ADC CHANNELS ! UNUSED SLOTS !
ASDATA1

(TDM_OUT) I ADC L1 IADC R1 I ADC L2 I ADC R2 I AUX L1 I AUX R1 I AUX L2I AUX R2 IUNUSEDIUNUSEDIUNUSEDIUNUSEDIUNUSEDIUNUSEDIUNUSEDIUNUSEDI

DLRCLK
AURESS LEFT [ RIGHT |_

(AUXPORT) [ S I I T 1
BT X wse X Koo X Kowse X XX
A X wse X K. X Kwe X XX
o X s X Koo X Kowe X XX
bz o X wss X Koo X Kowse X XX

Figure 17. Combined AUX DAC and ADC Mode
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DAISY-CHAIN MODE

The AD1939 also allows a daisy-chain configuration to expand
the system to 8 ADCs and 16 DACs (see Figure 18). In this
mode, the DBCLK frequency is 512 fs. The first eight slots of the
DAC TDM data stream belong to the first AD1939 in the chain
and the last eight slots belong to the second AD1939. The second
AD1939 is the device attached to the DSP TDM port.

To accommodate 16 channels at a 96 kHz sample rate, the
AD1939 can be configured into a dual-line, TDM mode as
shown in Figure 19. This mode allows a slower DBCLK than
normally required by the one-line TDM mode.

Again, the first four channels of each TDM input belong to the
first AD1939 in the chain and the last four channels belong to
the second AD1939.

The dual-line TDM mode can also be used to send data ata
192 kHz sample rate into the AD1939 as shown in Figure 20.

There are two configurations for the ADC port to work in
daisy-chain mode. The first one is with an ABCLK at 256 fs
shown in Figure 21. The second configuration is shown in
Figure 22. Note that in the 512 fs ABCLK mode, the ADC
channels occupy the first eight slots; the second eight slots are
empty. The TDM_IN of the first AD1939 must be grounded in
all modes of operation.

The I/O pins of the serial ports are defined according to the
serial mode selected. See Table 13 for a detailed description of
the function of each pin. See Figure 26 for a typical AD1939
configuration with two external stereo DACs and two external
stereo ADCs.

Figure 23 through Figure 25 show the serial mode formats. For
maximum flexibility, the polarity of LRCLK and BCLK are
programmable. In these figures, all of the clocks are shown with
their normal polarity. The default mode is I’S.

L
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Figure 18. Single-Line DAC TDM Daisy-Chain Mode (Applicable to 48 kHz Sample Rate, 16-Channel, Two-AD1939 Daisy Chain)
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Figure 19. Dual-Line DAC TDM Mode (Applicable to 96 kHz Sample Rate, 16-Channel, Two-AD1939 Daisy Chain); DSDATA3 and DSDATA4 Are the Daisy Chain
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Figure 20. Dual-Line DAC TDM Mode (Applicable to 192 kHz Sample Rate, 8-Channel Mode)
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Figure 21. ADC TDM Daisy-Chain Mode (256 fs ABCLK, Two-AD1939 Daisy Chain)
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Figure 22. ADC TDM Daisy-Chain Mode (512 fs ABCLK, Two-AD1939 Daisy Chain)
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NOTES
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Figure 23. Stereo Serial Modes
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Rev. E | Page 22 of 32

06071-014

06071-015



AD1939

Table 13. Pin Function Changes in TDM and AUX Modes (Replication of Table 12)

Pin Mnemonic

Stereo Modes

TDM Modes

AUX Modes

ASDATA1
ASDATA2
DSDATA1
DSDATA2
DSDATA3
DSDATA4
ALRCLK
ABCLK
DLRCLK
DBCLK

ADC1 Data Out

ADC2 Data Out

DAC1 Data In

DAC2 Data In

DAC3 DataIn

DAC4 Data In

ADC LRCLK In/ADC LRCLK Out
ADC BCLK In/ADC BCLK Out
DAC LRCLK In/DAC LRCLK Out
DAC BCLK In/DAC BCLK Out

ADCTDM Data Out

ADCTDM Data In

DACTDM Data In

DACTDM Data Out

DACTDM Data In 2 (Dual-Line Mode)

DAC TDM Data Out 2 (Dual-Line Mode)
ADCTDM Frame Sync In/ADC TDM Frame Sync Out
ADCTDM BCLK In/ADC TDM BCLK Out

DACTDM Frame Sync In/DACTDM Frame Sync Out
DACTDM BCLK In/DAC TDM BCLK Out

TDM Data Out

AUX Data Out 1 (to Ext. DAC 1)

TDM Data In

AUX Data In 1 (from Ext. ADC 1)

AUX Data In 2 (from Ext. ADC 2)

AUX Data Out 2 (to Ext. DAC 2)

TDM Frame Sync In/TDM Frame Sync Out
TDM BCLK In/TDM BCLK Out

AUX LRCLK In/AUX LRCLK Out

AUX BCLK In/AUX BCLK Out

30MHz [ SHARC IS RUNNING IN SLAVE MODE
? SHARC® (INTERRUPT-DRIVEN)
3
s
a —~
12.288MHz 6 ¢ ) < <
2 J4 < ~ ] <
» 28 2 S R
L & = - -
D, O O O—
A A
LRCLK ‘ ¢—»() LRCLK
aux BOLK O L L L f =) BCLK ,x
ADC1 pATA el bt Al ‘: »() DATA DAC1
ASDATA1 ALRCLK ABCLK DSDATA1
— MCLK Q= »() MCLK =
DBCLK
DLRCLK AD1939
LRCLK L m(LRCLK
— [
aux BCLK DSDATA2 TDM MASTER ASDATA2 ——OBCLK | x
ADC 2 DATA DSDATA3 AUX MASTER DSDATA4 ———»() DATA DAC 2
— MCLK MCLKUXI L »(MCLK = g

Figure 26. Example of AUX Mode Connection to SHARC (AD1939 as TDM Master/AUX Master Shown)
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CONTROL REGISTERS
DEFINITIONS

The global address for the AD1939 is 0x04, shifted left one bit due to the R/W bit. All registers are reset to 0, except for the DAC volume
registers that are set to full volume.

Note that the first setting in each control register parameter is the default setting.

Table 14. Register Format

Global Address R/W Register Address Data

Bit 23:17 16 15:8 7:0

Table 15. Register Addresses and Functions

Address Function

0 PLL and Clock Control 0
1 PLL and Clock Control 1
2 DAC Control 0

3 DAC Control 1

4 DAC Control 2

5 DAC individual channel mutes
6 DAC L1 volume control
7 DACR1 volume control
8 DAC L2 volume control
9 DAC R2 volume control
10 DAC L3 volume control
11 DAC R3 volume control
12 DAC L4 volume control
13 DAC R4 volume control
14 ADC Control 0

15 ADC Control 1

16 ADC Control 2

PLL AND CLOCK CONTROL REGISTERS
Table 16. PLL and Clock Control 0 Register

Bit Value Function Description
0 0 Normal operation PLL power-down
1 Power-down
2:1 00 INPUT 256 (x 44.1 kHz or 48 kHz) MCLKI/XI pin functionality (PLL active), master clock rate setting
01 INPUT 384 (x 44.1 kHz or 48 kHz)
10 INPUT 512 (x 44.1 kHz or 48 kHz)
11 INPUT 768 (x 44.1 kHz or 48 kHz)
4:3 00 XTAL oscillator enabled MCLKO/XO pin, master clock rate setting
01 256 x fs VCO output
10 512 x fs VCO output
1 Off
6:5 00 MCLKI/XI PLL input
01 DLRCLK
10 ALRCLK
1 Reserved
7 0 Disable: ADC and DAC idle Internal master clock enable
1 Enable: ADC and DAC active
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Table 17. PLL and Clock Control 1 Register

Bit Value Function Description
0 0 PLL clock DAC clock source select
1 MCLK
1 0 PLL clock ADC clock source select
1 MCLK
2 0 Enabled On-chip voltage reference
1 Disabled
3 0 Not locked PLL lock indicator (read only)
1 Locked
7:4 0000 Reserved
DAC CONTROL REGISTERS
Table 18. DAC Control 0 Register
Bit Value Function Description
0 0 Normal Power-down
1 Power-down
2:1 00 32 kHz/44.1 kHz/48 kHz Sample rate
01 64 kHz/88.2 kHz/96 kHz
10 128 kHz/176.4 kHz/192 kHz
11 Reserved
53 000 1 SDATA delay (BCLK periods)
001 0
010 8
011 12
100 16
101 Reserved
110 Reserved
111 Reserved
7:6 00 Stereo (normal) Serial format
01 TDM (daisy chain)
10 DAC AUX mode (ADC-, DAC-, TDM-coupled)
1 Dual-line TDM

Table 19. DAC Control 1 Register

Bit Value Function Description

0 0 Latch in mid cycle (normal) BCLK active edge (TDM in)
1 Latch in at end of cycle (pipeline)

2:1 00 64 (2 channels) BCLKs per frame
01 128 (4 channels)
10 256 (8 channels)
11 512 (16 channels)

3 0 Left low LRCLK polarity
1 Left high

4 0 Slave LRCLK master/slave
1 Master

5 0 Slave BCLK master/slave
1 Master

6 0 DBCLK pin BCLK source
1 Internally generated

7 0 Normal BCLK polarity
1 Inverted
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Table 20. DAC Control 2 Register

Bit Value Function Description
0 0 Unmute Master mute
1 Mute
2:1 00 Flat De-emphasis (32 kHz/44.1 kHz/48 kHz mode only)
01 48 kHz curve
10 44.1 kHz curve
11 32 kHz curve
4:3 00 24 Word width
01 20
10 Reserved
11 16
5 0 Noninverted DAC output polarity
1 Inverted
7:6 00 Reserved

Table 21. DAC Individual Channel Mutes

Bit Value Function Description

0 0 Unmute DAC 1 left mute
1 Mute

1 0 Unmute DAC 1 right mute
1 Mute

2 0 Unmute DAC 2 left mute
1 Mute

3 0 Unmute DAC 2 right mute
1 Mute

4 0 Unmute DAC 3 left mute
1 Mute

5 0 Unmute DAC 3 right mute
1 Mute

6 0 Unmute DAC 4 left mute
1 Mute

7 0 Unmute DAC 4 right mute
1 Mute

Table 22. DAC Volume Controls

Bit Value Function Description

7:0 0 No attenuation DAC volume control
1to 254 | —3/8 dB per step
255 Full attenuation
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ADC CONTROL REGISTERS
Table 23. ADC Control 0 Register
Bit Value Function Description
0 0 Normal Power-down
1 Power down
1 0 Off High-pass filter
1 On
2 0 Unmute ADC 1L mute
1 Mute
3 0 Unmute ADC 1R mute
1 Mute
4 0 Unmute ADC 2L mute
1 Mute
5 0 Unmute ADC 2R mute
1 Mute
7:6 00 32 kHz/44.1 kHz/48 kHz Output sample rate
01 64 kHz/88.2 kHz/96 kHz
10 128 kHz/176.4 kHz/192 kHz

1

Reserved

Table 24. ADC Control 1 Register

Bit Value Function Description
1:0 00 24 Word width
01 20
10 Reserved
11 16
4:2 000 1 SDATA delay (BCLK periods)
001 0
010 8
011 12
100 16
101 Reserved
110 Reserved
111 Reserved
6:5 00 Stereo Serial format
01 TDM (daisy chain)
10 ADC AUX mode (ADC-, DAC-, TDM-coupled)
11 Reserved
7 0 Latch in mid cycle (normal) BCLK active edge (TDM in)

Latch in at end of cycle (pipeline)
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Table 25. ADC Control 2 Register

Bit Value Function Description
0 0 50/50 (allows 32, 24, 20, or 16 bit clocks (BCLKs) LRCLK format
per channel)
1 Pulse (32 BCLKs per channel)
1 0 Drive out on falling edge (DEF) BCLK polarity
1 Drive out on rising edge
2 0 Left low LRCLK polarity
1 Left high
3 0 Slave LRCLK master/slave
1 Master
5:4 00 64 BCLKs per frame
01 128
10 256
1 512
6 0 Slave BCLK master/slave
1 Master
7 0 ABCLK pin BCLK source
1 Internally generated
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ADDITIONAL MODES

The AD1939 offers several additional modes for board level
design enhancements. To reduce the EMI in board level design,
serial data can be transmitted without an explicit BCLK. See
Figure 27 for an example of a DAC TDM data transmission
mode that does not require high speed DBCLK. This configura-
tion is applicable when the AD1939 master clock is generated
by the PLL with the DLRCLK as the PLL reference frequency.

DLRCLK

To relax the requirement for the setup time of the AD1939 in
cases of high speed TDM data transmission, the AD1939 can
latch in the data using the falling edge of DBCLK. This effec-
tively dedicates the entire BCLK period to the setup time. This
mode is useful in cases where the source has a large delay time
in the serial data driver. Figure 28 shows this pipeline mode of
data transmission.

Both the BCLK-less and pipeline modes are available on the
ADC serial data port.

-t 32 BITS

INTERNAL
DBCLK

DSDATAXx

DLRCLK

INTERNAL
DBCLK

TDM-DSDATAxX

06071-059

Figure 27. Serial DAC Data Transmission in TDM Format Without DBCLK
(Applicable Only If PLL Locks to DLRCLK, This Mode Is Also Available in the ADC Serial Data Port)

DLRCLK |

DBCLK
1
! DATA MUST BE VALID

i AT THIS BCLK EDGE
|

DSDATAX :X X mss X
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Figure 28. S Pipeline Mode in DAC Serial Data Transmission
(Applicable in Stereo and TDM, Useful for High Frequency TDM Transmission,
This Mode Is Also Available in the ADC Serial Data Port)
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APPLICATION CIRCUITS

Typical application circuits are shown in Figure 29 through Figure 32. Figure 29 shows a typical ADC input filter circuit. Recommended
loop filters for LR clock and master clock as the PLL reference are shown in Figure 30. Output filters for the DAC outputs are shown in
Figure 31 and a regulator circuit is shown in Figure 32.

AUDIO .
INPUT 11kQ S :L 68pF
1@ | zo0ma | VO
DAC " oW
OUTN O—W WA
— 270pF | 2
ﬂ NPO 1| 6040 AUDIO
3 OUTPUT
47HF 2370 L seopF 0
—wv O ADCXN NPO 2.2nF
Ars _T_ DAC NPO
1nF ouTp O—W A
NPO 5.62kQ | 1.50kQ
== 100pF 5.62kQ 3 T )
5.76kQ inF 1 g
6N NPO S
7 | #7HF 2370 3
oP275 —ww O ADCxP
5 + o
: g
Figure 29. Typical ADC Input Filter Circuit Figure 31. Typical DAC Output Filter Circuit (Differential)
100nF o= == 100F =
LRCLK MCLK *
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$3.32kQ $ 5620 8 c
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AVDD2 O AVDD2 O g _L +J_
° 100nF I_T 10uF N
Figure 30. Recommended Loop Filters for LRCLK or MCLK PLL Reference Figure 32. Recommended 3.3 V Regulator Circuit
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OUTLINE DIMENSIONS
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Figure 33. 64-Lead Low Profile Quad Flat Package [LQFP]
(ST-64-2)
Dimensions shown in millimeters
ORDERING GUIDE
Model' 2 Temperature Range Package Description Package Option
AD1939YSTZ -40°C to +105°C 64-Lead LQFP ST-64-2
AD1939YSTZRL -40°C to +105°C 64-Lead LQFP, 13"Tape and Reel | ST-64-2
AD1939WBSTZ -40°C to +105°C 64-Lead LQFP ST-64-2
AD1939WBSTZ-RL -40°C to +105°C 64-Lead LQFP, 13" Tape and Reel | ST-64-2
EVAL-AD1939AZ Evaluation Board

' Z =RoHS Compliant Part.
2 W = Quialified for Automotive Applications.

AUTOMOTIVE PRODUCTS

The AD1939W models are available with controlled manufacturing to support the quality and reliability requirements of automotive
applications. Note that these automotive models may have specifications that differ from the commercial models; therefore, designers
should review the Specifications section of this data sheet carefully. Only the automotive grade products shown are available for use in
automotive applications. Contact your local Analog Devices account representative for specific product ordering information and to
obtain the specific Automotive Reliability reports for these models.
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