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Target Products &_/

» Target product list for this training material

Family Category Series Code Flash Memory Size
Traveo™ [l Automotive Cluster CYT3DL Up to 4160KB
Traveo™ Il Automotive Cluster CYT4DN Up to 6336KB
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Introduction to Traveo |l Cluster

)

The Audio DAC is part of Peripheral blocks

CPU Subsystem

GFX Subsystem

L

9

DeepSleep

Hibernate

CYT4DN
MXS40-HT 64 KB 64 KB
ASIL B SWIETMATMICTT CRYPTO SWJIMTB/CTIT
Arm Cortex-M7 o L FLASH || SRAMO || sRAMI || SRAM2 | (3 D[2 Bl= = | 4eS s cac Am ROM vRaM || §
ooloo e : =3
320 MHz + 128 KB Work Flash 256 KB 256 KB 128ke | 1222 8|5 g TRNG, RSA, Cortex-M0+ 64 KB 4096 KB g
System Resources (Sl:;éj”) IS:B lslskB 8KB$ SRAM SRAM SRAM i )O> i E i g 100 MHz g
4 AFBP | NVE. MPU AX [AHBS FLASH Controller Controller_| | _controller | |_controller InifatorMMIO | g Rvic, wpg | |_ROM Controller VRAM Controller
Power
ot Cori 1L 797 37 1033 J°T 1T 1L 1t 1L 1T
geﬁ ‘ ?85 System Interconnect (Multi Layer AXI/AHB, IPC, MPU/SMPU) GFX Interconnect (AXI) |
e ] 1T JL 1°F L 1T
PWRSYS-HT
DO [CPcik ] Peripheral Interconnect (MMIO, PPU) | » o
e I3 x
5 x 2
1L 1t N Oooot oF IENEE
2XIL0_|_ WDT Prog. o 5] 53 @ E o
MO | _ECO Analo = 5 03 2 m
FLL | csv 9 N 3 s S o o <3 25 3 7 =
8xPLL | LPECO SAR > X o o o o PN @ gl les® 5 o 3
ADC =l o INBER x| | [} oR| 2 X s m m ox| 158 3 <
Reset — - S I EIRE X R [= loll N ENeY "ﬁ mm| (2o < g
o | azbv Slz|0l2]5]3 s 8 zol [E2|lco|lcal 22 gall &l [i%|(¢z2 Sl g
2 1516|2(5(2] |5 2 i3l 135] 29| 28| 5 2 28l g [T |57
Test @) ol = 3 8~ = = Pl |z o 3 Z ¥ gg
) S £ z z ® e 2 %
o 2 ® |22
s} &
123
SARMUX b A t 4 E
48 ch
Y N N
Power Modes [ High-Speed I/O Matrix, Smart I/O, Boundary Scan
Active/Sleep ‘ 1x Smart I/0

52x GPIO_STD, 8x GPIO_ENH, 26x GPIO_SMC, 70x HSIO_STD, 22x HSIO _ENH, 4x HSIO ENG DIFF

1/0 Subsystem

002-27874 *B  2020-12-21

Copyright © Infineon Technologies AG 2020. All rights reserved.

infineon

Hint Bar

Review TRM chapter 33 for
additional details
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Audio DAC Overview &—/

> Audio digital-to-analog converter (DAC) converts the PCM data to
analog and drives to both left and right pins respectively Review TRM section 33.6

for additional details
> Features

— Programmable sampling rate (from 8 kHz to up to 48 kHz) and
frequency control

— 64 entry TX FIFOs with interrupt and trigger support
— Two 16-bit PCM data each for left and right to form a stereo

— Cascaded Integrated-Comb (CIC) filter, Finite Impulse Response (FIR)
filter, Interpolation filter, and delta-sigma modulator (DSM)

— Test mode for analog block
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Audio DAC Block Diagram

> Audio DAC components
— Clock
- TXFIFO
— DAC core

CLK_GRy' —»

tr_dbg_freeze —

Audio DAC

A
v

AHB-Lite interface

0SS

Xi€<—— DAC_AOUTS L«
Xl€<—— DAC_AOUTS_R <
Xi-—— DAC_COM L «
Xl¢-—— DAC_COM_R <«
X——» DAC_MCK

CLK_IF_SRSSI[3:0]*

1 See the device datasheet for assigned clocks to CLK_IF_SRSS[3:0] and CLK_GRy

002-27874 *B  2020-12-21

YY

Registers

_________________________ |
i
Analog . |
block Filter DAC :
|
|

Clock J SRAM | SRAM
select & |
div :
|

Copyright © Infineon Technologies AG 2020. All rights reserved.

|
FIR sample buffer |CLK_IFI CLK_GRy!
|

» interrupts
» tr_tx_req

TX FIFO

(infineon

Review TRM section 33.6.2
for additional details
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Audio DAC Components - Clock L/

— Clock Selection and Divider Review TRM section 33.6.3
. for additional details
— Oversampling Rate

Audio DAC ¢
CLK_GRy* »
_GRy" —» AHB-Lite interface
tr_dbg_freeze — Registers
e e I ! :
[K€——— DAC_AOUTS_L < l > i
r re
pe—omcsare T am | e o] T
— = | < l
[Ki¢-+—— DAC_COM_R < l
DAC_MCK —— |
E—_>LK g _R - Clock SRAM ! SRAM
CLK_IF_SRSS[3:0] — select & :
___________ div |

|
FIR sample buffer |CLK_IFI CLK_GRy' | TXFIFO
|

1 See the device datasheet for assigned clocks to CLK_IF_SRSS[3:0] and CLK_GRy
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Clock Selection and Divider

»  PWM interface clock can be derived from one of these clock
signals

Signal Description
CLK _IF_SRSSJ[3:0]* K One of the SRSS clocks
‘ DAC_MCK ‘ External master clock

» The divided clock will be used as the DAC core system clock

CLK_IF_SRSS[3:0]" ————»|

CLK_IF Clock divider | » CLK_IF DIV
DAC_MCK ——— T
CLOCK_SEL CLOCK_DIV

1 See the device datasheet for assigned clocks to CLK_IF_SRSS[3:0]
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Review TRM section 33.6.3
for additional details

Review the Clock System
Training section for
additional details about
high-frequency clocks

DAC core system clock
frequency is the function
of CLK_IF/(CLOCK_DIV+1)
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Oversampling Rate L/

»  System clock frequency can be used to perform oversampling on
the DAC components to achieve the required sampling rate (FS) [ review TR section 33.6.3

for additional details

»  Recommended Fs with system clock frequency configuration

Fs and system clock can
only be configured when
there is no in-flight PCM

System Clock

= = Frequency = e Ao DAG
01 128 256 x Fs 32, 44.1, 48 1ee
FS_SEL: Sample
10 256 256 x Fs 16, 22.05, 24 frequency select
1 512 512 x Fs 8, 11.05, 12, 12.8
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Audio DAC Components — TX FIFO

> Audio DAC components
- TXFIFO

Audio DAC

A
v

CLK_GRy' —3¢

AHB-Lite interface

tr_dbg_freeze —»t

» interrupts

Registers

fosst oo !

Xl¢——— DAC_AOUTS_L « }

[Xi——— DAC_AOUTS_R < Analog Filter DAC |

Ke-——— DAC_COM L block I

i« DAC_COM R < :
DX » DAC_MCK > Clock 4 | sram Bl srav

.N11

CLK_IF_SRSS[3:0]'—» sclect & |

div |

|

1 See the device datasheet for assigned clocks to CLK_IF_SRSS[3:0] and CLK_GRy
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|
FIR sample buffer |CLK_IFI CLK_GRy'
|

» tr_tx_req

TX FIFO

(infineon

Review TRM section 33.6.5
for additional details




TX FIFO Operation

> TX FIFO operation follows these steps:
SW writes to TX FIFO and HW reads from TX FIFO to transfer PCM data to DAC core
When SW writes to a full TX FIFO, HW sets INTR_TX.FIFO_OVERFLOW interrupt

When TX_FIFO_STATUS.USED < TX_FIFO_CTL.TRIGGER_LEVEL, HW sets
tx_tx_req trigger and INTR_TX.FIFO_TRIGGER interrupt

When HW reads from an empty FIFO, HW sets INTR_TX.FIFO_UNDERFLOW

® @O6

mterrupt i
Software writes
DACx_TX_FIFO_WR.
DATA @
- , DACx_INTR_TX.FIFO_OVERFLOW
------------------ » “overflow event” -----» .
interrupt cause
|- - eeeeeeev 32-Dit---------- >
A :Uppgrlﬁ;;LowgrlG;
DACx_TX_FIFO_STATUS.USED bits bits
DACX_TX_FIFO_STATUS.RD_PTR <— . I
DACx_TX_FIFO_STATUS.WR_PTR Tpom | rRpom [& DACX_TX_FIFO_CTL.TRIGGER_LEVEL
g data data "4 “trigger event” < DACX_INTR_TX.FIFO_TRIGGER
S [ LPcm R PCM @ 99 interrupt cause
X 9 data data
tr_dbg_freeze trigger 3| LPcm R PCM M tr_tx_req
DACx_TX_FIFO_CTL.FREEZE data data trooel
- - - LPCM R PCM ngger
data data
LPCM R PCM
data data
DACx_TX_FIFO_CTL.ACTIVE o | 3 “Underflow event” —» DACX_INTR_TX.FIFO_UNDERFLOW
DACx_TX_FIFO_CTL.MUTE i\ " interrupt cause
Hardware
reads
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Review TRM section 33.6.5
for additional details

Review the Registers TRM
for additional details
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Audio DAC Components — DAC Core L/

— Test mOde Review TRM section 33.6.4

for additional details

A
Audio DAC ¢

CLK_GRy' —3
-y AHB-Lite interface

tr_dbg_freeze —» Registers

I0SS
Xl€<—— DAC_AOUTS_L <« — interrupts
Xl¢——— DAC_AOUTS_R <« Filter —» tr_tx_req
Xi——— DAC_COM_L <—
Ki¢~—— DAC_COM R <]
A .
E__:LKE:I/:CS_QASCSI?&OF > cock | 4| sram SRAM
— = ) ”| select &
div

|
|
|
|
|
|
T
|
FIR sample buffer CLK_IHI CLK_GRy'| TxFFO

1 See the device datasheet for assigned clocks to CLK_IF_SRSS[3:0] and CLK_GRy
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DAC Core Process

> DAC processing path

Audio DAC receives the processed two-channel data from TX FIFO

The data goes through the FIR filter with a series of delays, multiplier, and adder
The data is fed through the CIC filter with comb-type filters and integral filters

The interpolator converts PCM data to PDM bitstream and feeds it to DSM for noise

@ POOO

shaping
Output of the DSM drives the multi-level DAC after synchronization and level shifting
16 bit pcm
data each ) ;
for loft and 24 bit pcm 24 bit pcm data
right. data G Fs)
Padded with (L Fs) ‘ ,
o } | 24 bit pcm data ) Analog block
PCMvalue . SRAM | FIR filter - ) (512 or 256 Fs), 10 bit pdm > Left
FIFO (:E Fs) 64x64 L 5 @ 24 bit pcm data (512 or 256 Fs
64x32 (lower 48 (512 0r 256 Fs) 3
| bits are T || Delta Sigma
—| used. Upper @ @ > CIC filter interpolator —»__Modulator 5
16 bits are CTff ¥ Delta Sigma
irrelevant;
: vant) > Modulator
FIR filter y
». 24 bit pcm data )
512 0? 256 Fs) 10 bitpdm | Analog block
| | (512 or 256 Fs) > Right
H 24 bit pcm T |
: data ff 24 bit pcm data
clk_sys + clk_if (1 Fs) coe 1 Fs
: @ DAC core
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Review TRM section 33.6.4
for additional details

The processing of the FIR
filter, CIC filter,
interpolator, and DSM
cannot be configured by
the user

Review the Appendix
section for additional
details about FIR filter, CIC
filter, and Delta-Sigma
Modulator (DSM)

Noise shaping increases
the apparent S/N ratio of
the resultant signal by
lowering the noise present
in the audible range and
increasing the noise above
the audible range
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Test Mode

» Test mode for analog block (TEST_CTL.TEST_MODE_EN = 1)

— Analog block's input is connected to Review TRM section 33.6.8
TEST_ANALOG_DATA.TEST_ANALOG_DATAIN

Review the Appendix
section for additional
details about the analog
block
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Appendix
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FIR Filter

> FIR filter in DAC core
— Coefficient multiplication of 256 TAPs is carried with one multiplier
— Four multiplications are performed for one sample value with system clock/4 frequency (64 Fs)
— Result of the multiplication is accumulated in every system clock/4 frequency (64 Fs), which equals to
64 TAP multiplications of 4 (4 x 64) = 256 TAPs being executed

[ 4 system clocks to multiplication for 4 |
coefficients

—Coeff[2]
3system
clock

2system
clock

256 system
clock

4system

1system clock
clock

iti en
very 4 system clock

g

\/ v v 4

Accumulation of 256 taps in 256 x system
clock
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CIC

Filter

»  CIC filter in DAC core

First three stages: Comb-type filter
- Operates at system clock/64 (4 Fs)

Last three stages: Integral-type filter
— Operates at system clock/4 (64 Fs)
CIC-Interpolation is sequentially connected and outputs in 256 Fs rate

Comb type filter

[
4F1$ 'S complement 4F1$ 's complement
‘Data from previous stage : o | °
64Fs 64Fs 64Fs G4
O—12h—0 O—1h

| J
Integral type filter

> Advantage
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Has anti-aliasing and oversampling role
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Output
to next—»
stage

(infineon

Review TRM section 33.6.4
for additional details

Cascaded Integrated-
Comb (CIC)




Delta-Sigma Modulator (1/2)

> CIDF delta-sigma modulation circuit

— Set the quantizer to 11-level

— Quantization noise in passband is reduced by more than 1-bit delta-sigma
configuration

— Decode 11-level (4-bit) to 10-line (weight is equal to 1)
— Drive analog DAC block with PDM waveform

z z
T D NN | e
|— Z _\j U ‘ _\/ NI ‘ guantizer
Zl
il S .
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Review TRM section 33.6.4
for additional details

Pulse density modulation
(PDM)




Delta-Sigma Modulator (2/2)

> Dynamic Element Matching

— Averages the output voltage by sequentially changing the elements at
the “High” level

— To reduce the influence of the relative error that can increase noise and
distortion

» Dithering
— Suppresses idle tone generation
— Is added before DSM to improve S/N ratio

{

DOUT
— reg0 reg2l reg22 reg23 reg24 ]
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Review TRM section 33.6.4
for additional details

Signal-to-noise ratio (S/N
ratio)
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Analog Block &—/

> Output of the DSM passes through LSs, FFs, and BUFs, and finally
drives the DAC input resistors . .
. . Review TRM section 33.6.4
>  DAC resistors are summed at the input of opamp for additional details
> An active third-order LPF with cut-off frequency of 90 kHz is used Level-shifter (LS)
— To filter high-frequency quantization noise Flip-flop (FF)
— To provide low-impedance drive Logic buffer (BUF)
Low-pass filter (LPF)
VCCD VDDA VDDL VDDA
282.1k 172.4k
atal9:01s i | ||| d[9:0] <>—| 180 b
d ta[g.O] > » LS > FF BUF 36.06k 164.2k 197k
\ -
CLko- >—tdelyH LS E R »—/1\9/\7,~>—> ouT
‘ 36.06k 164.2k 197k + VDDD
> LS FF | BuF 450 E R 1724 = 1316k
L < —» COM
/—I—\llgp 131.6k
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Revision |ECN Submission | Description of Change
Date
*x 6638977 07/29/2019  Initial release
*A 6805412 02/12/2020  Added note descriptions in each slide
*B 7052598 12/21/2020 Updated 2,5, 6, 7,9, 11

002-27874 *B  2020-12-21

Copyright © Infineon Technologies AG 2020. All rights reserved.




