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1 Introduction

SIM5360 provides some AT commands for audio tuning. This document describes how to design
and tune the audio part for best performance of SIMCOM WCDMA wireless module. (SIM5360

represents the series which is stated below.)

2 Scope of the document

This document is intended for the following versions of the SIMCom modules
*SIMS5360

3. Audio Application

3.1 PCM interface

Table 1: PCM mode

The default PCM interface on power up is the auxiliary PCM interface. Under PCM, the data is
output on the rising edge of PCM_CLK and sampled at the falling edge of PCM_CLK. Primary
PCM is disabled at power up or when RESET is asserted, but you can use AT command to enable

the primary PCM mode.

PCM Interface can be operated in Master and Slave mode. When the PCM interface is configured,
PCM Tx data will be routed from the external codec Mic through the DSP encode path in the
Module. PCM Rx data will be routed through the DSP decode path to the external codec
speaker. When using the PCM Interface, the Module can be set either into Master Mode or Slave
Mode.

In Master Mode, the Module drives the clock and sync signals that are sent out to the external codec
via the PCM Interface. When in Slave Mode, the external codec drives the clock and sync signals
that are sent to the Module.

AN SIM5360 Audio Application Note 6 2014.06.20
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Configuration Mode can be selected either primary or auxiliary. Primary configuration mode uses
2.048MHz clock and 8kHz short sync clock, and auxiliary configuration mode uses 128kHz clock
and 8kHz long sync clock. One important consideration is that Slave mode is only available for
use with Primary configuration Mode. PCM formats can also be chosen by AT command.

Note:
1. PCM interface can be control by AT command. For more details please refer to

SIM5360_ATC_EN_V1.xx.doc
2. Timing of SIM5360 pcm please refer to SIM5360_Hardware_Design_V1.xx.doc

3.2 Block diagram of codec

The block diagram of the SIM5360 and external audio codec is described in the figure below. .

oy I CInput PGY |y

Speech FR | A
Coder <:> Filter D i U

attctxvol  attetxftr

SIMD360  cium
DSP attsidet

rxVold <rxFilty

Speech FIR
Decoder Filter

attevlvl attelvl at+erxfir
attcrxvol

PCM

poM_syne | interface WM8 9 6 O
PCM_DIN oM

PCM_DOUT N} p

~ | CODEC

Speaker/

Receiver
A D {ﬁ@
oChus | |D
——

Figure 1: block diagram
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3.3 External Audio Codec Application

The following figure is the reference design of SIM5360 PCM interface and external codec IC.

1.8V

NC
10K
— 1.8V

10K

Figure 2: Reference Circuit of PCM Application with Audio Codec

3.4 Audio channel overview

The table below shows the u

Table 2: Audio channel

AN SIM5360 Audio Application Note

A

els of SIM5360 wireless module.

3V_VBAT 1.8V
26MHz CXO
10KR © VDD OUT © o MCLK AVDD
SPKVDD1
GPIO42 ¢ VCONT GND & SPKVDD2
DCVDD
PCM DIN DBVDD
2. 2K
ADCDAT  y1cB1AS
PCM_DOUT DACDAT
MODULE LINPUT2
PCM_SYNC DACLRCK ~ LINPUTI
c
POM CIK BoLK
22 ohm
12C_SCL o SCLK SPK_LP
}Izc SDA _ SDIN SPK_LN
WM8960 SPR
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4 Hardware Design

4.1 Speaker interface configuration

WM8960

Thelines in bold type should

/These components should
be placed to speaker as
close as possible

be accorded to differential
signal layout rules ESD
Ferrite bead 10pF 33pF T
SPK_LP
Ferrite bead 10pF—— 33pF
SPK_LN |
ESD
10pF—— 33pF:
ANTI

||l
|

Figure 3: Speaker interface configuration

Because SPK_LP and SPK LN are outputs of Class-D audio amplifier, optional EMI filtering is

shown at Figure 1; these components (two ferrite beads and two capacitors) can be added to reduce

electromagnetic interference.

If used, they should be located near the SPK LP and SPK LN.

Considerable current flows between the audio output pins and the speaker, so wide PCB traces are
recommended (~ 20 mils). 80hm speaker is suggested. And the SPK LP and SPK LN should
layout differential, and they should be far away from VBAT, RF signals, clock and other high power

or high frequency signals.

4.2 Receiver interface configuration

WM8960

The lines in bold type should be

be placed to speaker as
close as possible

“GND” close to AGND of WM8960

Figure 4: Receiver interface configuration

AN SIM5360 Audio Application Note 9
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i 10pF 33pF ESD
| ANTI
100uF i | |
HP L Y Ferrite bead | T T }
Il 1 L 1
110pF 33pF 3
Ferrite bead ! T !
oL L yEsp
10pF 33pF X ANTI
— GND |
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33p and 10p are suggested to be added beside the 32 Ohm receiver to reduce RF interfere. The
width of HP_L line is typical 6 mils to reduce impedance. They should be far away from VBAT, RF
signals, clock and other high power or high frequency signals. HP L and it’s return path lines
should be layout pseudo-differential.

4.3 Microphone interfaces configuration

" These components
should be placed to
microphone as close as
possible

’

MICBIAS

ESD 10p
ANTI F

33pF

2.2k ohm
1uF
MIC_P 0

LINPUT2

Electret
Microphone

LINPUT1

WM8960

-
o
ko]

A
PP

0 ohm
The lines in bold type should be
accorded to pseudo-differential

signal layout rules

||H

Figure 5: Microphone interface configuration

WM8960 CODEC has integrated internal MIC bais circuit. There is no need to pull the MIC_P and
MIC M up to the external power, because they have been pulled up in the Module. MIC P and
MIC N should be layout pseudo-differential.

4.4 External MIC bias circuit configuration

" These components )
should be placed to
microphone as close as

’

I |l
1 I
| |
I I
} possible i VDD_2.5V
! _
- = = MICBIAS
| |
ESD L 10pF| 33pF| | 2.2k ohm
ANTI | 1uF

! 1 MIC_P [ LINPUT2 WM8960
| | I

Electret | 1 0pi33pi i

Microphone ! i MIC M 1‘l‘JF LINPUTA
| | I
. 10pF| 33pF i
ESD y, =L 7P | 0 ohm
ARHTI !

i i The lines in bold type should be
i i accorded to pseudo-differential
| - r— |
[} I

signal layout rules

Figure 6: External MIC bias circuit configuration
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External MIC bias circuit is described in the figure above. MIC P and MIC N should be layout

pseudo-differential.

4.5 Referenced electronic characteristic

Table 3: MIC Input Characteristics

Table 5: Speaker Out racteristics
P
‘Parameter ~ Min  Typ  Max  Unit
W
A\
<...3
5 Audio Tuning

The audio programming model shows how the signal path can be influenced by varying AT
command parameters. Parameters <txVol>, <txFilter>, <stGain> ,<rxVol> and <rxFilter> can be
adjusted with corresponding AT commands. For more information on the AT commands and
parameters please refer to SIMCOM_SIM5360 ATC EN V1.xx.doc
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Speech | B
Coder (:: > Filter
att+ctxvol
SIM5360
DSP
{rxVol>

Speech
Decoder (::j

attevlvl attelvl gt+erxftr
attcrxvol

<txFilt

{txVol»

FIR

attcetxftr

{stGainy
attsidet

<rxFilty
FIR
Filter

PCM

PCM_SYNC
PCM_DIN
PCM_DOUT
PCM_CLK

interface

{Input PGA>

— PCM

12C bus

—

WM8960
CODEC

Figure 7: Audio programming model

—J-a

Speaker/

Receiver
A {ﬁ@
D

Main audio parameters can be changed to satisfy users’ requirement. Here primary register

parameters and related description are listed. User can adjust them through AT command. For more

detail please refers to Audio Application Document.

Table 6: Audio parameter

Parameter

txVol

txFilter

rx\Vol

stGain

rxFilter

Influence to

Digital gain of input
signal after ADC

Input PCM 13-tap
filter parameters, 7
values

Digital Volume of
output signal after
speech decoder,
before summation of

sidetone and DAC

Digital attenuation

of sidetone
Output PCM 13-tap

filter parameters, 7

values

AN SIM5360 Audio Application Note

Range

0,
1...65535

0...65535

-300...300

0, 1...65535

0...65535

12

Gain range

Mute,
-84...+12dB

dbm

Mute,
-96...0dB

Calculation AT command
20 * log
(txVol/ AT+CTXVOL
16384)
MATLAB

AT+CTXFTR
calculate

AT+CLVL
-300...300d
b AT+CVLVL
m

AT+CRXVOL
20 * log
(stGain/ AT+SIDET
16384) -12
MATLAB

AT+CRXFTR
calculate
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5.1 MIC volume and frequency response

In figure7, one can turn adjust codec part or DSP part parameters to get desired MIC volume or
frequency response.

DSP part
<txFilt>: ATH+ctxftr (Detail description refer to table 7)
<txVol>: AT+ctxvol (Detail description refer to table 8)

Note: From figure7, user can see that AT+ctxftr, AT+ctxvol can influence sidetone.

511 AT+CTXFTR Set TX filter

Description

This command is used to set audio path parameter — TX filter, and refer to related hardware
design document to get more information.

SIM PIN References

NO Vendor
Syntax

Test Command Responses

AT+CTXFTR=? +CTXFTR: (list of supported <tx_ftr N>s)
OK

Read Command Responses

AT+CTXFTR? +CTXFTR: <tx_ftr 1><...><tx_ftr 7>
OK

Write Command Responses

AT+CTXFTR= OK

<tx_fir 1><..><tx_ftr 7>

Defined values

<tx_ftir N>

TX filter level which is from 0 to 65535. (N is from 1 to 7)
Examples

AT+CTXFTR=1111,2222,3333,4444,5555,6666,7777
OK

5.1.2 AT+CTXVOL Set TX volume

Description
AN SIM5360 Audio Application Note 13 2014.06.20



SIM5360 Audio Application Note

This command is used to set audio path parameter — TX volume, and refer to related hardware

design document to get more information.

SIM PIN References

NO Vendor
Syntax

Test Command Responses

AT+CTXVOL=? +CTXVOL: (list of supported <tx_vol>s)
OK

Read Command Responses

AT+CTXVOL? +CTXVOL: <tx_vol>
OK

Write Command Responses

AT+CTXVOL=<tx_vol> OK

Defined values

<tx_vol>

TX volume level which is from 0 to 65535.

Examples

AT+CTXVOL=1234
OK

5.2 Receiver or Speaker volume and frequency response

In figure7, one can only turn adjust DSP part parameters to get desired receiver or speaker
volume and frequency response. The parameter of codec part of module can not be adjusted.

DSP part

<rxFilt>: AT+crxftr (Detail description refer to table 9 )

<rxVol>: AT+cvlvl, (Detail description refer to table 10)
AT+clvl, (Detail description refer to table 11)
AT+crxvol (Detail description refer to table 12)

AT+crxvol is used for fine tuning for <rxVol>. AT+CLVL and AT+CVLVL are used for
coarse tuning for <rx\Vol>. Although we provide some AT for adjust the volume such as
CRXVOL. These commands can change the voice levels together, that is to say, all the levels are
promoted by these two parameters. But if you want to change each sound level value, you should
use command CVLVL.

AT+CVLVL This command changes the sound level values of the command CLVL. Now we
provide 8 levels for each audio channel. The level 0 is muted and it can not be changed by CVLVL.
Levels 1 to 7 are supported to change the value of sound level. CVLVL command could let you

AN SIM5360 Audio Application Note 14 2014.06.20
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change these four levels. The bigger the number presents the louder the voice. And the range of each
level is -5000 to 5000.

5.2.1 AT+CRXFTR Set RX filter

Description

This command is used to set audio path parameter — RX filter, and refer to related hardware
design document to get more information.

SIM PIN References

NO Vendor
Syntax

Test Command Responses

AT+CRXFTR=? +CRXFTR: (list of supported <rx_ftr N>s)
OK

Read Command Responses

AT+CRXFTR? +CRXFTR: <rx_ftr 1>,<...><rx_ftr 7>
OK

Write Command Responses

AT+CRXFTR= OK

<rx_ftr 1>,<..><rx_ftr 7>

Defined values

<rx_ftr N>

RX filter level which is from 0 to 65535. (N is from 1 to 7)

Examples

AT+CRXFTR=1111,2222,3333,4444,5555,6666, 7777
OK

5.2.2 AT+CVLVL Set value of sound level

Description

This command is used to set audio path parameter — RX volume. This command is different
from CRXVOL (command CRXVOL will modify the values of all sound levels offset we
provided together). You can change the value of each sound level based on your design

separately through this command. Please refer to related hardware design document for more information.
SIMPIN  References

AN SIM5360 Audio Application Note 15 2014.06.20
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NO Vendor

Syntax

Test Command

AT+CVLVL=?

Read Command

AT+CVLVL?

Write Command

AT+CVLVL=<IvI><lvl value>

Defined values

<lvl>

Responses
+CVLVL: (list of supported <lvl>s),(list of supported <lvl v-alue>s)
OK

Responses
+CVLVL: <lvl valuel>,<lvl value2>,<lvl value3>,<lvl value4>
<lvl value5>,<lvl value6>,<lvl value7>,<lvl value8>

OK

Responses

+CVLVL: lvl value

OK
ERROR

Sound level number which is from 1 to 8.

<lvl_value>

Sound level value which is from -5000 to 5000.

<lvl valuel>

Sound level value that sound level number equals 1.

<lvl value2>

Sound level value that sound level number equals 2.

<lvl value3>

Sound level value that sound level number equals 3.

<lvl_value4>

Sound level value that sound level number equals 4.

<lvl value5>

Sound level value that sound level number equals 5.

<lvl value6>

Sound level value that sound level number equals 6.

<lvl value7>

Sound level value that sound level number equals 7.

<lvl value8>

Sound level value that sound level number equals 8.

5.2.3 AT+CLVL Loudspeaker volume level

Description

AN SIM5360 Audio Application Note
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Write command is used to select the volume of the internal loudspeaker audio output of the device.

Test command returns supported values as compound value.

SIM PIN References

NO 3GPP TS 27.007
Syntax

Test Command Responses

AT+CLVL=? +CLVL: (list of supported <level>s)
OK

Read Command Responses

AT+CLVL? +CLVL: <level>
OK

Write Command Responses

AT+CLVL=<level> OK
ERROR

Defined values

<level>
Integer type value which represents loudspeaker volume level. The range is from 0 to 7, and O represents the lowest
loudspeaker volume level, 2 is default factory value.

NOTE: <level> is nonvolatile, and it is stored when restart.

Examples

AT+CLVL?
+CLVL:2
OK
AT+CLVL=3
OK

5.2.4 AT+CRXVOL Set RX volume

Description

This command is used to set audio path parameter — RX volume, and refer to related hardware
design document to get more information.

SIM PIN References
NO Vendor

Syntax

AN SIM5360 Audio Application Note 17 2014.06.20
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Test Command Responses
AT+CRXVOL=? +CRXVOL: (list of supported <rx_vol>s)
OK
Read Command Responses
AT+CRXVOL? +CRXVOL: <rx_vol>
OK
Write Command Responses
AT+CRXVOL=<rx_vol> OK

Defined values

<rx_vol>

RX volume level which is from -100 to 100.

Examples

AT+CRXVOL=12
OK

5.3 AT+SIDET Digital attenuation of sidetone

Description

The command is used to set digital attenuation of sidetone. For more detailed information, please refer to relevant

HD document.

SIM PIN References

NO Vendor
Syntax

Test Command Responses

AT+SIDET=? +SIDET: (list of supported <st>s)
OK

Read Command Responses

AT+SIDET? +SIDET:<st>
OK

Write Command Responses

AT+SIDET= <st> OK
ERROR

Defined values

<st>

AN SIM5360 Audio Application Note 18 2014.06.20
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Digital attenuation of sidetone, integer type in decimal format and nonvolatile.
Range: from 0 to 65535.
Factory value: HANDSET:2034, HEADSET:1024, SPEAKER PHONE: 0.

Examples

AT+CSDVC=1
OK
AT+SIDET?
+SIDET: 2304
OK

5.4 Echo canceller

SIM5360 has AT command“AT+ CECM? to adjust echo canceller.

This AT command is used to select the echo cancellation mode. Each audio channel has it’s
own default echo cancellation mode.

at+cecm=0 : disable EC mode

attcecm=1 : EC mode recommended for Handset

attcecm=2 : EC mode recommended for Headset

attcecm=3 : EC mode recommended for HANDSFREE

attcecm=4 : EC mode recommended for SPEAKER

at+cecm=5 : EC mode recommended for BT HEADSET

attcecm=6, EC mode recommended for Speaker phone aggressive echo arithmetic
attcecm=7, EC mode recommended for Speaker phone medium echo arithmetic
attcecm=8, EC mode recommended for Speaker least aggressive echo arithmetic

5.5 TDD noise

Making sure the module connect to ground well can help to reduce the TDD noise and improve
ESD.

Filtering capacitors and beads are suggested to be added in the audio lines, 33p and 10p can help
reduce the 850Mhz/900Mhz and 1800Mhz/1900Mhz RF interfere. If it is signal, the filtering
capacitors and beads are suggested to add beside the module pins. If it is output trace, the filtering
capacitors and beads are suggested to add beside the handset/ headset/speaker connector.

5.6 Sending and receiving distortion

There are many factors which may influence the sending and receiving distortion.
1. Unsuitable FIR parameters. They can be adjust by AT+CTXFTR, AT+CRXFTR.
2. Too large TDD noise.

3. Unsuitable AGC parameters.
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5.7 DTMF distortion

Too large sending and receiving gain may result in DTMF distortion.

If one find DTMF sending distortion which can be measured by the oscillograph in receiving
end, one can decrease the codec gain and try again. Other sending parameters can also be
adjusted to get better DTMF performance.

If one find DTMF receiving distortion, on can adjust receiving parameters to get better DTMF

performance.

6 Layout guide

The audio signals are sensitive to RF signals and power sources (for example Vbat). Please make
sure that the audio signals are far away from the RF signals and Vbat. And the output signals and
input signals should be kept away from each other by ground. The differential lines should be layout
together. And HPL and HPR are not differential signals, so they should be layout separately.
Filtering capacitors and beads are suggested to be added in the audio lines, 33p and 10p can help
reduce the 850Mhz/900Mhz and 1800Mhz/1900Mhz RF interfere. If it is signal, the filtering
capacitors and beads are suggested to add beside the module pins. If it is output trace, the filtering
capacitors and beads are suggested to add beside the handset/ headset/speaker connector.

One can send design to us for checking.
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7 Appendix

I. SIM5360 external audio code schematic

AN SIM5360 Audio Application Note 21 2014.06.20



0€--¥T02 S JO S 133HS
<343H FINVN>
TO'TA [A"4 A9 d3axXd3IHD
d3A 3ZIS
olany’ sd dAI-09ESNIS <343H FINVN>
ERIREN 103rd0d A9 NMVYHd
ABojouyda] NIS _ —_—
4d00T
5250 lﬁ
< d dv3
_ e el 1
_ | |
i | _
| I
I
= - = . J10103UU09 J8spuRY 0} 8S0|2 !
& @ g _ _
S O 3 ] = e
< g < 19 | |
S < S | | _
17} [ 173 9 - |
2 I A (I ) | | | |
= 2 & 2 | I I
. NN 2[R g N I I I “
- - S Py & | | 1
— = - - G (g|N el |2 o | ! e —— !
- - 3 S 2 | 00T I8 T 4door ——ddse —— [
. - F g8 ! | ¥esd e T re ——Teso —— _
o 4do0T —  4d€E — d4d00T ——  ddee —— | | _
x “oumo 6150 8150 175D “ _ NOOTOYZT | -
) _ | 4doot L >
g 5 £86D 4d00T NOOLISANVH | | | Ao |
o MN N -
2 2 50 e M S _ . !
S a — — |
2 s LR - = ! 9150 — ST —— |
= b NOOT®YZ'T - m __ I
N MdSdL <] \AAUZITT <INAS - . m WOOTOMZ'T | Som
TOSC _ _ P Hmmb C.m | 9|npow 0] aso|) At |
— — —I_ I
o T " !
v e el e e e e e e e e e e e e e e e e e e e e e e e e e = — ——
= T
b
N [4 4d00T — 1d00T
B olpny Hojeuy
NOOT®YZ'T .
d MdSdL{ \AA l < d MdS
1151
O sATT20A
= = r
o [=]
P = (=
po = o
aNL'v anLv — Ad/14390968NM
2150 1150 —T—
NIGS g7 03000 vas all
A0S 177 230027195 Il -
SYIS0IN [ > ‘ 1 svigoIn B
77| QINA 1vaoav |gp (__]8ATNIG WOd
TOIdONOEI0AY |—
_ Lvaova |y 8AT_LNOQ WOd
Ldl T NI S HoH10va gy 8AT ONAS WOd 4N0OT — —
9dL zz| dd AdS A8 1= 8AT W10 WOd £V50 ~T—
e i 1 MW 41 TN TT00009ZM8
| - 1 SYIOIN
I _ - -
| s | ne B TS R o i A— R P
| | d AdS 4 TLAANIY 9 | ] T 79050 m _ 14 - -
I _ NOOT®Z'T 6051 _ g | ] — N"2oIN ] 8ATTNT 39 WOd
| Nuv3 ! —5¢| ¥ dH
I €150 €1n0 Zdc/eLNdNIT
[ - . 9noot | U= ¢ 7| | 608D — —
y dwalo AN t f — Te| TdH M%M__ﬂm € | [ 377 [80% yg—=x15d son [ ———————{1N0 INOOA|< { ]
b woot@eT 051 _ ! — v f R
— — 205N
ce| 370Qvd aND aanga |-yr———— T —1 (] SYISOIN O
5 anea aandd g | 4064 O -
oz ZaNoYdS 2aaMidS |1z m A 8AT 00A
7| TANDMdS TAAMNS [-g7 = N OIN
anov aanvy
8 & N’y —4NOOT —
rosn 1050 0059 —TsE
NOOT®YZ'T
J— — — — — BAT NI MO Wod [ > 1 (] e0Ido
W_T-.oum_w_
8AT 00A
&8 » 03009 12S 2l ™ by |
= = = 230097 vas ali a— =
S| 5| S wij—Te5s vas ol
4N0OT Ly 4N0OT
s T ST ¥00 £050 2050
ol (@] al — — —
] I & 8AT Y10 WOd v 05 312 WOd
= NOOT®YZ'T 8AT_ONAS WOd o 05Y ONAS_WOd
y y : VAN 8AT"1NOA_WOd o 05T 1N0a Wod
0051 8AT NIG WOd ud Jojst3 NId WOd
wyo g'9
AN
8051 uu
1van

93d02 INOd

AO'€ AdA




SIM5360 Audio Application Note

Contact us:

Shanghai SIMCom Wireless Solutions Ltd.

Add: Building A, SIM Technology Building, No.633, Jinzhong Road, Changning
District, Shanghai,P. R. China 200335

Tel: +86 21 3235 3300

Fax: +86 21 3235 3301

URL: www.sim.com/wm

AN SIM5360 Audio Application Note 22 2014.06.20


http://www.sim.com/wm

	SIM5360_Audio_Application_Note_V1.01(140620).pdf
	Contents 
	 Version history
	 1 Introduction 
	2 Scope of the document 
	3. Audio Application 
	3.1 PCM interface 
	3.2 Block diagram of codec 
	3.3 External Audio Codec Application 
	3.4 Audio channel overview 
	4 Hardware Design 
	4.1 Speaker interface configuration 
	4.2 Receiver interface configuration 
	4.3 Microphone interfaces configuration  
	4.4 External MIC bias circuit configuration 
	4.5 Referenced electronic characteristic 

	5 Audio Tuning 
	5.1 MIC volume and frequency response 
	5.1.1 AT+CTXFTR  Set TX filter 
	5.1.2 AT+CTXVOL  Set TX volume 

	5.2 Receiver or Speaker volume and frequency response 
	5.2.1 AT+CRXFTR  Set RX filter 
	5.2.2 AT+CVLVL  Set value of sound level 
	5.2.3 AT+CLVL  Loudspeaker volume level 
	5.2.4 AT+CRXVOL  Set RX volume 

	5.3 AT+SIDET  Digital attenuation of sidetone 
	5.4 Echo canceller 
	5.5 TDD noise 
	5.6 Sending and receiving distortion 
	5.7 DTMF distortion 

	6 Layout guide 
	7 Appendix 
	I. SIM5360 external audio code schematic 



	codec_DL.pdf
	Contact us.pdf

