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1 Reference Design

1.1. Introduction

This document provides the reference design for Quectel EM12 module.

1.2. Schematics

The schematics illustrated in the following pages are provided for your reference only.
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Note 1
U101
[6] USB_DM_TEST <
%CONHG; vccb—» vee
[6] USB_DP_TEST - " GND veelnvo——-=>
) s GND FULL_CARD_POWER OFF#[® 7 pwR ON/OFF “[2.36] __ Note 3
[2] USB DP 2&?@82 71ysB_DP W_DISABLE1#{E8—————— w pisABLET# [2] Note 4 vee vee
[2] USB_DM T 191 USB_DM WWAN LED#I0 —  — wwaAN LED# -] Note 5
) ——(C )
Note 2 D101 D102
el 2LcoNFIG 0 PCM_CLK{Z > pcM cLk  [5] 3 3
[2] 'WAKEUP_HOST <% Z: WAKE_ON_WAN# PCMJN%:I PCM_IN [5] LED-3.5X2.8 LED-3.5X2.8
22ppR PCM OUTE:——— 1 pcM_oUT 8]
27 i Y -
2 “}729 GND W_DISABLE2 2> R105 R106
USB3.0_TX- USB3.0_TX- PCM_SYNC£8———— > pPCcM_SYNC  [5] 200R 200R
121 UsB3.0_TX+ <3 31 ysB3.0_TX+ UsSIM1_RESETPPS — [ USIMI_RST 4]
N ——33anD USIM1 CLK[32 > usiM1_cLk  [4]
12 UsB3.0_RX- > 35sB3.0_RX- USIMI DATARA — & UsIM1_DATA [4] L -
121 USB3.0_RX+ > g7 USB3.0_RX+ USIM1_VDD3:4D USIM1_VDD  [4] - a
i GND Nes8 =
[2] PCIE_TX- <3 AUpciE_TX- UsM2 DETQ 5 usIM2_DET [4] z
12 pCiE_TX+ < :: PCIE_TX+ usmz_omxx% USIM2_DATA [4] %
w\}ieND USIM2_CLK[**—————————— > USIM2_CLK [4] -
f] PCIE_RX- 47 bCIE_RX- USIM2_RESETH® — — ysiM2_RsT K] =
2 PCIE_RX+ 4591 PCIE_RX+ USIM27VDD‘;§4D USIM2_vDD  [4]
I——"2lanD PCIE RST NP PCIE_RST_N [2]
[? PCIE_REFCLK- — 531 pCIE_REFCLK- PCIE_.CLKREQ NP2 (JPCIE_CLKREQ_N [2]
2l PCIE_REFCLK+ — 55/ pCIE_REFCLK+ PCIEWAKE NP4 1 PCIEWAKEN [2]
N ——3TaND cspAPS — & cspa [l
S9ANTCTLO ecscLP®—  ypcscl [5]
SUANTCTL RESERVED 6
83 ANTCTL2 RESERVED (62
85 ANTCTLS RESERVED 24
121 RESET# [ 67 RESET# UsIM1_DETI®® — ) usIm1_DET K]
591 conFiG_1 Ncfs8
‘\}—ENGND vocl
731 GND vee|Z2
5/CONFIG._2 veelZ4 vee
EM12
Notes:
1. It is recommended to reserve the test points for upgrading the firmware over USB interface and minimize
the stub length of USB test signals.
2. The WAKE_ON_WAN# signal is an open drain signal, and requires a pull-up resistor on the host.
3. FULL_CARD_POWER_OFF# is controlled by MCU. The signal is used to turn on/off the module.
When it is at low level, the module will be turned off. When it is at high level, the module will be turned on.
4. W_DISABLE1# signal is used for airplane mode control. It is pulled up by default,
and driving it to low level will make the modue enter airplane mode. Q | Wirel Soluti
. - . . o uectel Wireless Solutions
5. WWAN_LED# is used to indicate RF status of the module, and its typical current consumption is up to 16mA.
DRAWN BY PROJECT TITLE
When WWAN_LED# is at low level, it indicates the RF function is turned on. When the pin is at high level, Jim HAN EM12 Reference Design
- - SIZE VER
it indicates the RF function is turned off. CHECKED BY A2 10
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e e e e e e
! I ! I
! . I ! I
! | ! 1 |
: USB2.0 and USB3.0 Designs ; : USB2.0 and PCle Designs ;
! I ! I
! U201 ! ! U202 !
! I ! I
i VDD|—————————p VCC ! i vDDf——+————» VCC !
i GND|—— " ! i GND———{I" !
i USB_D+————————<O USB_DP [1,2] ! i USB_D+————— USB_DP [1,2] !
i USB_D-———————————~ USB_DM[1,2] ! i USB_D-—————————— USB_DM[1,2] !
i USB_ID (32014{ K ! i USB_ID !
| USB3.0_TX-~ 22 [1000F USB3.0_Rx-  [1] ! | USB3.0_TX- !
! USB3.0_TX+ 100nF USB3.0_Rx+ [1] ; ! USB3.0_TX+ VCC [1,2,3.6] ;
| USB3.0_RX-——————————~1 USB3.0_TX- [1] ! | USB3.0_RX- !
| USB3.0_RX+[—————< 1 USB3.0_Tx+ [1] ! | USB3.0_RX+ s Az Az !
i vee 1,236 | ! S HS HS !
i GPIO_01————————{> PWR_ONIOFF[12.36][ | ! i GPIO_01 > PWR_ON/OFF  [1,2,3,6] !
i GPIO_02{— ! i GPIO_02(— !
| GPIO_03—— > w_DIsABLE1# [1,2] HR201 ; 1 GPIO_03 — w_DIsABLE1# [1.2] !
i GPIO_04——————— [ RESET#  [12] ! 1 GPIO_04 > RESET# 1.2 ;
| GPIO_05 <JWAKEUP_HOST12] ! ! GPIO_05 <JWAKEUP_HOST [1,2] !
i GPIO_06— ! i GPIO_06— !
i GPIO_07— ' " GPIO_07 > PCIE_CLKREQ_N [1] !
i GPIO_08|— ! i GPIO_08 > PCIE_WAKEN  [1] !
i GPIO_09|— ! ' GPIO_09f—— > PCIE_RST_N M1 !
| PCIE_TXP— ! | PCIE_TXP Co0a 100nF. PCIE_RX+ M !
| PCIE_TXM{— ! | PCIE_TXM 100nF PCIE_RX- ] :
i PCIE_RXP — ! i PCIE_LRXP———————————J PCIE_TX+ ! !
i PCIE_RXM — ! i PCIE_LRXM{———————J PCIE_TX- 1 !
1 ! 1 !
1 PCIE_REFCLK_P|— | 1 PCIE_REFCLK P> PCIE_REFCLK+ [1] |
1 PCIE_REFCLK_M|— VCC [1,2,3,6] ! 1 PCIE_REFCLK_M{—————————————{> PCIE_REFCLK- [1] !
1 ! 1 !
I ! I !
I ! I !
I ! I !
: ! : !
i CONFIGO < CONFIGO  [2] ! i CONFIGO———————— CONFIGO  [2] !
3 CONFIG1 <7 CONFIGT  [2] ! 3 CONFIGI—————< CONFIGT  [2] !
| CONFIG2 <1 conFiG2 [ ! | CONFIG2————J CONFIG2  [2] ;
! CONFIG3 <J CONFIG3 [2] ! ! CONFIG3—— < CONFIG3  [2] !
i ! i !
i MCU ! i MCU !
! I ! I
! I ! I
! I ! I
——————————————————————————————————————————————————————————————————————————————————————————————— i !
Notes:
1. U201 represents customers' MCU. It is used to reset the module.
2. EM12 provides one USB interface (USB2.0/USB3.0) and one PCle interface. > RESET
For super speed data transfer (up to 5Gbps) applications, please choose USB3.0/PCle design solution.
. . RESET_MCU
3. Please keep capacitors ( C201/C202 for USB2.0 and USB3.0 designs, and C203/C204 for USB2.0 and - Rl
PCle designs) as close to the MCU as possible.
4. The differential impedance of USB 2.0 and USB 3.0 signal lines needs to be controlled as 90 ohm.
5. If USB connector is used, please keep the ESD protection components to the USB connector = Quectel Wireless Solutions
as close as possible. DRAWN BY PROJECT TITLE
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Power Supply Design

DC-DC Application Supply Power for PCM Codec

U302
SGM2019-ADJYNSG/TR

When the input voltage is above 7V, a DC-DC converter should be used to convert the high input voltage VDD_3V3 = (R305/R308+1)*1.207 = 3.3V

< 1
to 5V output, and then the LDOs will generate 3.7V, 3.3V and 1.8V typical voltages. DC_Sv < l l IN outfs -~ » vDD_3v3
C307 |C308 3
EN 2 BP 732K C309 |C310 |C311
1uF  [100nF % 1%
R R307 4.7uF [100nF |33pF
42.2K
1%
4@ DC 3.3V CODEC_POWER_EN 5 L - = =
Codec z i
oo |DC1:8v g
L =2° S
= o)
0,

U303
SOIIARINEPTR  VDD_1V8 = (RO310/R0312+1)*1.207 = 1.8V

i |
i |
i |
i |
i |
i |
i |
i |
i |
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| i
| DC_5V IN ouT »VDD_1V8 |

T T N= N SR T [ T c312 |C313 R309 c314 |

LDO Application | HEN o epd 30K_1% == |
! 100nF (S 4.7uF ;
It is used when the input voltage is below 7V. " h |
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i
| i
| i
| i
| i
| i
| i
| i
| i
| i
i i
i i
i i
i i
i i
i i
i i
i i
i i
i i

! .g.DC12V IN DC5VOUT [~ ] D :
| €.g. DCIZVIN | DC-DC Lpo |DC3.7V 2.0A EM12 !

—

U301 = R308 R310 =
| MIC29302WU | 100K 75K_1%

! 2 4 VCC = (R302/R304+1)*1.24 = 3.7V ! [126] PWR ONOFF >——— | -

| DC_5V IN ouT| » vCe | il

| D301 +lc301 JQSOZ = 2 3 R302  4|c306 |C303 MR303 |c304 _|C305 |

! — [O] — |

i T\/Sjp “Ta70uF TOOnF =) lﬁfK “T470uF T100nF E330R TT33pF “TT0pF !

3 R304 J i :

| 51K | Note:

i VCC EN 1 CODEC_POWER_EN must be at low level in order to ensure normal output voltage of VDD_3V3.
| - = = ! When it is at high level, VDD_3V3 will be cut off.

i Notes: = |

i 1. The load current of MIC29302WU is recommended to be greater than 10mA. |

i 2. The power supply must be able to provide sufficient current up to 2A or more. |

| 3. The recommended operating voltage of VCC is 3.135V™4.4V. |
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(U)SIM Interface Design

(U)sim1 (U)SIM2

USIM1_vDD  USIM1_VDD

A USIM2 VDD USIM2_VDD
A
c401
} }100nF C405} }100nF
R401
15K 1401 | R;lgli e
Vi ND .
ce @ ! vee GND 1k
RA04 _ 29R [ usimz_RsT >— 208 —122R RST VPP—
1
[ USIM1_CLK > I CLK 10 [l usivz oLk >R07 2R . o
m usmipger¢+———fH+———F——————— - fe-zon ,
_ M USM2DET &y ]
cb swW [11 USIM2_DET 3 5 S ﬂ
R405 _ 22R B =
1
[1]1 USIM1_DATA [ I vz |caos Toros [1] USIM2_DATA > R408D:D22R
=T i | c406 | C407 |C408 d < W
33pF | 33pF | 33pF AARNEE “[33pF [33pF [33pF 'Y Y Y Y
N
U401 ESDA6V8AV6 0402 N ESDAGVBAVE

;
! I
! I
! I
! I
' I
' I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! I
! 1
! ]
! ]
! ]
i :
! ]
!
! [11 USIM1_RST > R403 122R RST VPP— |
!
! ]
! I
! I
! I
! I
! I
! I
! I
' 1
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' ]
' 1
! I
! I
! I
! I
!

Notes:

1. The decoupling capacitors of USIM1_VDD and USIM2_VDD must be near to (U)SIM card connectors.

2. EM12 provides USIM1_DET and USIM2_DET for (U)SIM card insertion detection, and rising edge on the pins indicates the presence of (U)SIM card .
The circuits above show the reference designs for (U)SIM interface with normally short-circuited (U)SIM card connectors.

3. R4037R408 are applied to suppress the EMI spurious transmission and enhance the ESD protection.

4. It is recommended to take electrostatic discharge (ESD) protection measures near the (U)SIM card connectors.
A TVS diode with junction capacitance less than 10pF must be placed as close as possible to each (U)SIM card connector.

5. R401 and R402 can improve anti-jamming capability of the (U)SIM card circuit and they should be placed close to the (U)SIM card connectors.

6. The (U)SIM card connectors should be placed near the M.2 interface, because a long trace may lead to waveform distortion, thus affecting signal quality.
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Audio Design
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i AR\W@ovesgn_ .
! — — — I
! :
|
! 501 C502_| C503 :
| TNm RS01 or| M M !
| 11 PCM_OUT > |
" )| PCM_IN [ RS02 R !
: 1 eouovie 008 ;
| ; 5
! v 10K[ 1 PCM_CLK >~ T ST NWOR T :
| VDD_1V8 4——{_T—— 3
i The reset delay circuit after power-up [11 12c_spA = |
|
! 50411 126_SCL :
! I
| 100nF é’%wm 5| | o o 0] « :
I © ~ ¥ |
QX o [a) =< F XX X2z
= 2% 2lS 5 583 @ g 3 g § a _|cs08 | cso9 | G510 |c511 | C512 | C513 | C514
| e 100nF [ 1y [100nF |1, [100nF[1uF [10uF !
| VDD_1v8 - !
i AVDD !
1 MICBIAS > ‘ 15 micBIAS bRVDD 24 !
|
: 10 DRVDD 8 AR 4 !
| C505 -——{MICILP/LINE1LP VDD 1v8 M
| R508 3oup  TMICILMILINETLM 501 . : !
! - I
! 1 TLV320AIC3104 1ovbD -~ !
| 14 DVDD M
| —MIC2L/LINE2L/MICDET M
| R509 16 MIC2RILINEZR DVSS Gj !
! I
1 1.5K 100nF AvssidZ_— c515 |C516 |c517 |C518 !
! C506, 1 100nF 12 - = = = i
I [5] MiCc_P = MIC1RP/LINE1RP 26 !
! 5 Mo N cso7l l100nF 13] I GIRMLINERM AVSS2 8 100nF [ 14F 100nFT1u,: :
i c523 . s DRSS !
| R510 = $2.s i
‘ 15K 10uF EZ:ch 2=99 4 = Note: |
! [ = .
I 0Q0Q I Ik I
| P v v R X . |
| RS11 oR % % Tx [ UTJ UTJ To make sure the audio function works normally, please follow the power-on and !
! 1K R517 o of o o o of N
! ISURMIEH RN Q| o il X |
| R-0805 C519) | 1uF 5 ower-off sequences of TLV320AIC3104's power supply. For more details please |
i €520 [1uF DSPKN [] P !
| — OSPK P [5] i
! H refer to TLV320AIC3104 datasheet. :
I C521, | 22uF S SPKR 5] !
i C522| [22uF
| l l u S SPK L [5] 3
|
O
"' ;
| . . . . . . 1
| Audio - Earphone Application Audio - Handset Application |
! - I
———————————————————— - -
| [5] MIC_N> ; ; T ESDOX5.0ST5G !
‘
i i ! ; c536 0537L i lc54o L:sm D504 | D505 !
! | 77ur | Close to earphone interface. C538 _|C539 e !
| : = =
! ! 3 —FOpF 33pF [10pF —FBPF 10pF [33pF 3
i O E—— 5] Mic_p «——F501 ~~0R ‘1‘ !
- 0R
: 151 MIc_N < —E202 |
! RO18 R 501 [5] SPK_p [o——FE503 pvs0R 3 !
! 5] MIC_P RE19 ;—, NM-OR 2 [5] SPK N (> F504 ms0R 2 :
| (5] SPK_L [ ‘5‘ T CTIA_| OMTP ) l l l l D506 | D507 !
! g
! 3 R519/R521 NM M ::542 <3:354s c544 254: :§§46 :%3354F7 :
w 5] SPK_R[> pF pF “[T0pF p pF p !
! mee 1 R518/R520 M NM T T |
' I
| C530 |C531 D502 4 D503 : !
i - igsm :2532 ::C 533 }E :253 :2535 }E 4 RS20, —0R ~ —micp 5l L PESD5V0S1BL 3
! 10pF " [33pF 10pF " [33pF 10pF [33pF RE21 NM-0R = !
L rp——{> i
: ——.———————————— ;
1 ESDOX5.0ST5G PESD5V0S1BL PESD5V0S1BL !
i : L — = . .
. Notes: = - - 3 Quectel Wireless Solutions
| 1 H 1 1 I
1. The analog output only drives earphone and headset. For devices which need larger power loads, such as speakers, the design for an 1 DRAWN BY PROJECT p—
| i g )
: I Jim HAN EM12 Reference Design
| audio power amplifier should be added. 3 s VER
i
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Test Points Design

J601

1 » vce

2 “‘

3 = USB_DM_TEST [1]
4 £ USB_DP_TEST [1]

> PWR_ON/OFF [1.2.3]

‘\1

2]
=
=23
=]
)
S
&
=3
&

g

ESD9X3.3ST5G") §

‘oo
g

ESDIL5.0ST5G" 9

g

“.D
SESD3z5v 1)gQ

ESDIL5.0ST5G" 9

Notes:
1. USB interface can also be used to upgrade firmware.
2. Keep USB test points as close as possible to USB pins.
Please pay attention that the junction capacitance of ESD protection components on USB data lines might influence the signal.

Typically, the capacitance should be less than 1pF.
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