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Change Notice
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= 2009/06/22 Add IQ 5100hm
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MT6516 Main Feature

Separate Application (ARM9) and hard real-time =  High Performance Memory controller @
Modem (ARM7) 104MHz, support

Multi-Cores with HW coprocessors SoC — 32-bit/ 16-bit LP-DDR SDRAM

—  Application: ARM926EJS 416MHz T e selects : support up to 4 DRAM
— Modem: ARM7 (52MHz/104MHz) + 2 NAND-b rted
DSP(104MHz) - -boot supporte
— CEVA DSP (312MHz) for video and — NAND data storage supported
unpredictable multimedia application on . .
Smartphone Penpgi;?lguw
65nm process. Ultra low power design. — 3xSDIO, 3x12C, 1x12S, 4 x UART
Graphics, Display, Image, Camera, Video — 1-wire interface, 7 x PWM
multimedia hardware accelerators. — 8 x 8 Key Matrix
— 2D Graphics - support Window Mobile Bitblt — Touch panel interface
function — USB 2.0 high speed integrate with PHY.
— 3D Graphics - Support OpenGL ES 1.1 G N

PSRAM,  BR Quany SR 45305
T Kol B

Common/Common Lite profile

— 3D Performance: fill rate = 32M, triangle rate =
3.7M

Wide range of resolution up to WVGA size

Various display Interface Support
— 8080 host IF (MIPI DBI)
— 8/9/16/32-bit Serial IF
— RGB interface (MIPI DPI)
— MIPI DSl interface

VDS

MT651€
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%
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MT6516 Design Package Building Blocks

' MT6611 & MT5921 MT3326 MT5151 ' MT6140D+SKY 77344

WIiFi/BT Co-module GPS Receiver DTV Receiver EDGE Transceiver

DvrAroccenAr 0 Mode

ARM926EJS
416Mhz ARM7 104Mhz

AR1000 FM

Multimedia ASIC

3D Scaler

Internal

Memory ﬂ27500
JPEG codec Smart battery
r (Optional)

FMemory

2D 3D
1G DDR — . i
2G NAND MP3 H.264

Parallel Camera I/F

ma n';h Card mnerface

5MP Autofocus (UERSIY
capable)

MEDINTEK
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MT6516 Package

MT6516 MT6516
Top View Bottem View
(Balls Facing Down)
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A (Max.)

A1

C

15 | 15

o564

0.378 /0.535

0.3

1.2

0.21

0.26
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Schematic Notice (1/7): Boot-up selection

IONEJTAG Enable one JTAG functior| Disable

IBOOT boot from external memor boot from bootrom
SECU_EN Enable secure booting  |Disable

|ADMUX ADMux memory device |AD-Demux memory device
ICORESIGHT |Coresight enable, Coresight disable
FSOURCE burn efuse / Normal

eMT6516 currently only support DDR memory, sq this selection always choose GND
eConnect FSOURCE to GND by Oohm, otherwise the UUID number will be unstable.

Copyright © MediaTek Inc. All rights reserved. 8
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Schematic Notice (2/7)

= F00@1EHz L2049 TO0@E13H=

AVDD O = ] \ E?g AWDD23_AFE

ANDD2E_PLL
213 FO0@ GHz \ A7 D025 MELF
ANDD2E RFE
AWDD2E TWDAC

YWODS3_CAMERA
YWODE3_CAMERA

M TES 16

C
L
=

The AVDD Power must follow the connection show above
to avoid the influence between AFE, RFE and MBUF

I e S /1 = DI/ TEK
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Schematic Notice (3/7)

4 AU _MILHLAS AL_MICBRIAS P

Connect AU _ VCM_NO
to GND

AL WCR_MO

T TVCN_PO

i Al Poo—e5g ] AU_VIND_P
A1 N o aae| ALU_VIND_M

T ur @mﬁﬂ_\ﬂm-“ P AUV M

SNt P oD AL WP

7 BDLADP )5% BOL AR
7 BDLADN o—poe—| BOLAGN
7 BDL&IN }:}W BOL AN
7 OoBOLAP —REC oL agp

7 APC l‘ﬁ% APC
7 OAFC —=— AFC

- -y Rk
DO33_Use P18 J_I:244

1030 WSIM —gaas 1 VSIM_S

Add 2 capacitors (1uF, 0.1uF)
in AVDD12_PLL J_ J_

WwF ] otoon

0402

Copyright © MediaTek Inc. All rights reserved. M E D IATEK



Schematic Notice (4/7)

*For better interoperability
and stability, please
reserve 47k ohm in each
memory card interface
line.

Confidential B

OVDD

SD_CARD_SOCKET (SKT SD/MMC Standard Ty

R502 |R503 |R504 |R505  [RS06  RS07
M7K M7K M7K M7K H7K H7K
8
1 MCDA1 % g
1 MCDAO z
1 MCCK ) 451
3
1 MCCMO % 2
1 MCDA3
1 MCDA2 1
T503 T504 T505 T508 T507 T501 T502
[a1] m m o [a1] m m
0 &0 &0 20 &0 & £ v
= = = = = = =
o o o o o o o —_—
<o) (<o} [ <o) <o) [<e) [ —_
o o o o o o o 1U
(&) (@] (&) (&) (&) (@] Q
v Yo} v wn v Yo} [Tel
[} o o o [} o (=3
o o o o o o ‘9
b= s s s b= s =

DAT1

DATO

VSS2 9

CLK Shield 1715

VDD Shield 17
Shield 13

CMD Shield

CD/DAT3

DAT2

F_5015880801-A
- J501
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Schematic Notice (5/7)

Add a diode between MT6516 PWR KEY

and MT6326 PWRKEY

KEY Eoard P'a.rfU"I”:

D—Eég KROT KCOLF a3 o
KR OWE g5 KROWE KCOLG g ™
O—gg| KROWMS KCOLS PR e YOOl
KR O S———Fe— KR O KCOLY Ry
KR DS o———pe—| KROWS KCOLE [gip—e KROL2
KROWE J———pe—| KROWE RCOLE [ag 5w K
KROWT S——p 5 kRO KCOL Fga—
B KR KCOW o

PUNR_KEY [

hATES 16-G64 PO A3B0 2701 S G0 LAC thEd_13

MT6516

Add a diode and a EINT
to MT6326 PWRKEY

Power Key Bottom

Copyright © MediaTek Inc. All rights reserved.
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Add a 1k resistor to avoid ESD damage.

ISEMSE
BATSMS
BAT_ON

B OUT
ISEMSE_OUT

SCE
S0
PUrRBEE
SRCLEEN
INT

RESET
PirR KEY

bl SEL
WLORE SEL
Pé SEL
2fihd_ExT

“WREF

MT6326 PMIC

MEDINTEK
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Schematic Notice (6/7) :Debug Port

ARM7 (Modem side) JTAG

U100E
1 JTRST B 2 \ﬁggg JTRST B J2TRST B ﬁ% § JZTRST B
16 JTCK JTCK J2TCK JZTCK 16
< B36 AN33 >
16 JTDIY c33 ] JTDI J2TDI [Ap3s —<SIZTDI 16
16 JTMS>—3c35 ] JTMS J2TMS aR3s <SS JZTMS 16
16 JTDO>—/Ag34 ] JTDO J2TDO [ACap—$$JZTDO 16
6 JRTCK)) JRTCK J2RTCK < JZRTCK 6
6518 15N EJTAG(] IONEJTAG 16

MT6516-564/P0.53/B0.27(15X1 7!73(6\

ARMS9 (AP side) JTAG
Use only one JTAG to control AP and modem side MCU

I R /1 = D1/ TEK
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Schematic Notice (7/7) : NFI Interface

« To support 1.8 V NAND MCP, you need to

— Connect VDD33 LCD of BB partto 1.8V

— Check if LCM module 10 can support 1.8V first. Connect LCM 10 power pin
(VDDIO) to 1.8 V (see LCM Selection Guide to 1.8 V LCM section)

-
Main LCM Conn.
gg
|:r:|:::E o 8 o O 589 = - EEEEEE
'_I'_|E| g| E| E| E| zIzlzl r-ﬁ‘l EIalalalalal
WWWWWWWW s o L) Ll Do oyl o vl R iar lay ]
SE8E8E8BE8 g .8 8. 8 228 . .8 g28858 Wt Ehd
EERRRERR .88 8. gRy. .§ BERERE
Aol CA1T
PEEE SR * & N FEEREE <J 230F 100n
1] e I ~
G AT AT WG Uit i
[da)
i g RAd 7 i i
-y Ao b B Ih
voo . % 2 o2 H ] Sy 0 LEMEEE uno
R0 ¢ ¢ s 03 g B o g L
i . Re26 . P14 o4 amn?® GHD
m 2 _ o ]
£l ! ] - @] Jpamanzinz B NPE LChd_RESET 5
N a RESET
b
0 . - o s
NN ] Eusé
JPI402H1-2) | ] L P [
\d L4 Iy o |2
3 7
e hEM K ez 02
- - 15 03| 1 w0l
0. "
BB -

- Beware that NAND flash, parallel LCM, and VDD33_NLD must use same power domain !
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RF 1Q Connection ( Remember add 510o0hm
Between Baseband and MT6140D)

Must add series 510R when using MT6516 or MT6268
This is also applied when PA is changed to RF3159

rrR714 810 ]
|
| R71E 610 i <l
R71E 610 | N
iR‘H 10 | <a
| QB
o o = A A <
LE
-2 C r————— —— — — ¢
GHD L*‘h'
: SVave : {Bs
a0 —— 775 R723
e | _I_ni: o |
En |22 | = o |

I e Y /1 = DI/ TEK
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Reset Button Design Suggestion

1. Basically, the MT6516 phone don’t need reset button.
(Users remove battery when system hang)

2. There are two kinds of suggestion design of reset
button.

1. Only add a pull low button on SYSRST_B pin
1. Advantage : cost effective
2. Disadvantage : User must press pwrkey to restart system

SW702

2 fg\ 1 ¢
q 0, ((SYSRST_B

KSwW

2. Add a reset chip on pwrkey pin and SYSRST_B pin.
1. Advantage : User can press reset then direct restart the phone.
2. Disadvantage : Need a extra reset chip
Reset chip that only
S0z reset chip  ’ generate one pulse
<}—2Q 1 ( SYSRST_B

KSW

{ PWRKEY

Copyright © MediaTek Inc. All rights reserved. 16 m E D l/lTE K
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Default UART Dispatch Notice

'U ART1 Download Bootloader, META Link, Production Line
Test Point
A User Define, Default Use for AGPS
'U ART3 User Define, Default Use for Bluetooth

Data Log for Debugging, Boot-Up Selection and
Setting. Modem side META link.

'USB sryed Download Image BIN file, Active Sync, Mass Storage,
RNDIS

HEEEE

Copyright © MediaTek Inc. All rights reserved. 17 M E D I/ITEK



Reference Power Distribution Confidential ®
- MT6326  .MTE516

Core Power > VDDK (52 Balls)
“ ,—USB—GOTe—Power—:> TS

General 10 |
MIPI Power | T
SPI Power >
%

[ _
TEC| = = = EviPoverPoOR) >

PRTCAV A G oo cve
S SousAtRoer - R

ﬂwm—>
VSIM AVDD30_VSIM

TANA
11

[
Vi

m
@)

ower

SIMZ2 Power

B = USB PHY Power EK

AVDD33_USB
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MT6516 reference phone PCB layer define

-10%mm

L:‘n(:t-ar Name Define | Material Suggestion g;ﬁ thicskungegsess(fni N Via
SolderMask [SolderMask 04
Add Plating |plating
1|{COMP(L1) | RF Trace |Copper foil |0.5 0z H oz+plating 14| ¢
PP PP 1080 65% 4.3 2.82 I
2|L2 Signal Copper foil |1.0 oz 0.50 oz+plating 1.3 1 ¢
CORE PP 1080 65% 4.3 2.82
3|L3 GND Copper foil |1.0 oz Copper 1.0 oz 1.3
PP FR-4 Core 4mil 4.3 4
4|1L4 RF Trace |Copperfoil |1.0 0z Copper 1.0 oz 1.3
CORE PP 7628 50% 4.3 8.38
5|L5 GND Copper foil |1.0 oz Copper 1.0 oz 1.3
PP FR-4 Core 4mil 4.3 4
6|L6 Signal Copper foil 1.0 oz Copper 1.0 oz 1.3
CORE PP 1080 65% 4.3 2.82
7|L7 Signal Copper foil [1.0 oz 0.50 oz+plating 13| ¢ @
PP PP 1080 65% 43 2.82| |
8|SOLD(L8) | RFTrace |Copper foil [0.5 0z |
Add Plating |plating H oz+plating 14| &
SolderMask [SolderMask 04
Board
Thickness
=1.00mm 39.06
+/-
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MEDINTEK

MT63526 PMIC Design Notice
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MT6326 PMIC

12C

>| Analog Switch
Current Sink *8
fueli>-| (Current sharing)
LCM (MUX)
Module
Boost Converter
1. Back Light
@= 2. Flash Light
3. USB OTG
UsB | _
Device [ -
%%% B KP LED Driver
QO™ (Open Drain)
POD

Vibrator Driver
(Open Drain)

Control

Reset
Generator

Audio Switch

Class-D
Audio Amplifier 1

2-in-1 }
Receiver
)i
Charger PMOS
In ™ +Rsense

Class-D
Audio Amplifier 2

+

Charger
Controller

MT6326

(Fg-%'ggA) VPA 1.3~3.4V/600mA - 3G PA
3G Transceiver |_|VGP1 1.8./2.8/10.0mA — » .
LDOs SR VTt >|3G Transceiver
>DCDC Backup Battery|
(For Vcore) \Voorel 1.2(09_1.8V(15)600mA
DVFS Vcore2 1.2(0.9 1.8V(1.5)600mA
Base Band
DC-DC (For Processor
Vmem) [Vm 1.8 2.8V/600 mA
Essential LDOs
VA VA »[Flash
VIO [Vricl 28V/2mA Memory,|
VRTC]. Vrtc2 1.2 1.5V/0.1mA > | RAM |
VRTC2 VSIM1 1.8 3V/100mA o
VSIiM1 »ISIM1
VGP2

VSIM2 1.8 3V/100mA

Basic Feature
LDOs
VUSB, VBT
VCAM_D
VCAM_A

[VUSB 3.3V/100mA

VBT 2.8 3V/100mA

ﬁ

BlueTooth

VCAM D 1.3 15 1.8 2.8V/100mA

[VCAM_A 138 2.5 2.8V/250mA

Y

\ A j

Camera Sensor

2G Transceiver
LDOs
VRF, VTCXO

VRF 2.8V/250mA

(AF)

TCXO 2.8V/S0mA

\A

2G Transceiver

Extra LDOs
WIFI
General Purpose

[VWIFI2V8 2.8 3 3.3V/150mA

WIFI3V32.8 3 3.3V/300mA

Yy

WIFI

VSDIO 2.8 3.3V/350mA

\

SDIO Device

Confidential B
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MT6326 PMIC LDO

Confidential B

Regulator Output Voltage Output Current|Output Components Notes
VCORE 0'9;]535 600 2.2uH + 4.7uF Max. output current = 100mA when set to < 1.1V
0.9~1.35
VCORE 2 18 600 2.2uH + 4.7uF Max. output current = 100mA when set to < 1.1V
VM ;2 600 2.2uH + 4.7uF Max. output current = 450mA when set to 2.8V
AT sh k hi, PA
V3GPA 1.3-3.4 600 22w+ a7up | DAT should keep 600mV higher than V3GPA to
keep good regulation.
V3GTX 2.5/2.8/3/3.3 200 4.7uF
V3GRX 2.5/2.8/3/3.3 100 4.7uF
VRF 2.8 250 4.7uF
VTCXO 2.8 50 1uF
VA 2.8 150 4.7ukF For AVDD, FM power requirement
VCAMA 1.5/1.8/2.5/2.8 250 4.7uF
VWIFI3V3 2.5/2.8/3/3.3 300 4.7uF
VWIFI2VS8 2.5/2.8/3/3.3 150 4.7uF
VIO 2.8 150 1uF For VDD and peripheral 1/O requirement
VSIM 1.8/3.0 100 1uF
VUSB 3.3 100 1uF
VBT 1.3/1.5/1.8/2.5/2.8/3.0/3.3 100 1uF
VCAMD 1.3/1.5/1.8/2.5/2.8/3.0/3.3 100 1uF
VSDIO 2.8/3 300 4.7uF
VGP1 1.3/1.5/1.8/2.5/2.8/3.0 100 1uF
1.3/1.5/1.8/2.5
VGP2 5 8/3.0 100 1uF
VRTC 1.5/1.2 0.1 1uF
BAT BACKUP 2.8 2 1uF Backup battery




VBAT Input Filter Confidential B

AT 1235 BLM1BPG2215H] 14 | ygar ave2
W ygaT AMP
L237 yrBLM1BPG221SH 1 50 | \mat veoRE!
44| BAT YCOREZ
42 1 ypaT i
AT R228_ . 0 L238 ~~~~BLM1BPG2215H 1 70—
25 | ymaT BOOST
VBAT i) L B8 veaT A1
L2 VBAT A2
03 VBAT A3
VBAT Ad
,
CH7 WIF  C214 B o = o w o 2 g 8 @ £ VBAT D1
— — el | | e el | | e ol P Al WBAT_ D2 [
[ Y N I o] o] o] o ] ] YEAT MISC %
| wl w| w wl o w| ow| o w L W <
s | s | = o } = s | Pl farl s | =
o i e T T I ™~ I I MTB326_a0FN _].
- a
.
T eln red frame , all component should be

in shielding case.
= VBAT input should reserve enough filter to prevent interference to

RF performance.

= All above component should be as close to MT6326 IC as possible
Copyright © MediaTek Inc. All rights reserved. 23 MED |/'|TEK



Class-D Audio Amplifier Output Filter

15

Close to IC

InF | |C257

—_

1223 ~,~~—BLM18PG2215

1nF | [C252

InF | [C283

1nF | |C254

D

Close to SPK

L231 ~———BLM1BPG2215H 1

SPK2_P =

(234 - ~,~,—~BLMIBFG2215H1

SPK2_M

16

Pad

1nF | |C2585
1nF | |C258

InF | |C257

1nF | |C258

Confidential B

(232~~~ ~BLM1BPG2215H 1

| LS201

1225 ~—~——BLM1BPG2215H1

1233 ~———BLM1BPG2215H 1

SPKI_P ¢

[238 -~~~ —~BLMIBFG2215H1

SPRT_M

- Reserve 2 stage filter at output stage of Class-D to prevent

Louder SPK connector

L234,—~,~~BLM18PG2215H 1

| L&200

interference to RF performance.

to loud speaker.

Speaker

1st stage filter should be close to IC, 2" stage filter should be close

= All the traces from IC to 2" stage filter should not exposed to
prevent interference to RF performance.

I e s Y /1 = D1/ TEK



i

VBAT_AMP2

RECIN

MP3 OUTL | |
lAUD2 P

| AUD2 N

)

—— — — R W & ——

E—

SPK2_P

—AM—o
.—E-E———E'E-

SPK2 N

MP3 OUTR
AUDI P

VBAT AMPI R3
w8 - [E]

I

xSPKI_P |

o
_[[AUDIN / SPKI N

I

— -

IR

I e Y //|= D1/ TEK

— e— —— e— a—)

Confidential B

MT6326 has 2 in 1 receiver
function , when use external

amplifier , must connect
RECIN_P and RECIN_N.

The typical value of R1 and
R2 are 20 ohm each , and
suggest R3 and R4 to be 4
ohm (32-20-8=4)

Due to value variation of R1
and R2 are higher , so maybe
suffer audio volume.
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Class-D : Audio Amplifier Power Output

MT6326 Class-D Ampilifer TI TPAZOLGDZ Class-D Ampilifer

THD+N = 10%, VDD =4.2 V,RL =8 & 12W ATHD+N =10%, VDD =5 V,RL =88 |LT2W
Pomaxz Mazimum output power [THD+N = 10%, VDD =33 V,RL=88& | 720mW |THD+N =10%, VDD =35 V,RL =8 Q |750mW
THD+N = 1%, VDD =42 V,RL =8 & IW ITHD+N = 1%, VDD =5V,RL =88  [l4 W
THD+N =1%,VDD =33 V,RL =88 600 mW [THD4N =1%,VDD=36V,RL =88 [630mW

OUTPUT POWER

- Although MT6326 class-D power . surPLyVoLTace
outputis 1TW at 8 Q , because =
congenital power source limitation is Z . ]
4.2V from VBAT , but compare with < R s
. . = 10
other discrete amplifiers , MT6326 v PB= g TR
0/ . & os
equal other amplifier in performance. = |
G.GZ.E 3.0 35 4.0 4.5 5.0 5.5
Yoo — Supply Voltage — W

I S S /1 = DI/ TEK



Boostl For Parallel Backlight LCM or other SVt e
requirement

b T S I O

Lz00 LAMZHPNZR2ZMGO L2071 0 ohm
WBOOST! SW 25 VBOLSTI W LN YT O WRAT
VBOOSTT PR %g ) D;DD >| Hgﬁﬁw-SDTE-*IT

VBODSTT ¢ @ VBOOST c208 c2749

VBUE&%E:% 208 263 i Ty

4 7UF 100nF
VBL_ouT ¥
~ ~

- Reserve filter at input/output to prevent interference to RF
performance.

= L200/L201/C205/C279 should be in shield case and close near
MT6326

I e S Y /1 = DI/ TEK



Boost2 For Serial Backlight LCM confidential®
VEAT
L210 47 uH
cus0z
R
c523 ""1DUF DAk,
B 1)1 2 . .
] oD L H 1 CE3d (B OLED_P_0O
SPK2_P ﬁ REOT O T 220
SPRZ N LM _BL 5——C— A EN  ovp 2 ==
=]
R505 RSDE O J
SPK1_Pj§ 100 2loND - FB E—t— T : WLED_N_O
=1L SIS RT92845-20FJ6
WBAT 525
. Lz201 0 ohm g R&03
i00ST1_Sw [0 ) ) | NG | L 125 )
JOSTI - PWR :% JJ”T e|n this red frame,
YEOOST e ey Z0ma @ 0,25
S all components are
YBUS_USB :%
S T LaM2ZHPNARTMGO 2 reserved only.
29 VBL_OUT
VBL_OUT P 1 H 5 VHOOSTZ | 1
RES5TV-30 @ 2 s o
D218 . oms | 038 o 3 |*
NTR4503N T U533 [ turrzsv [ tonF 240 ;
1] J—
Feedbatk voltage| G‘h]i 182K $ G R11 31
=0.4v [20mA) % VAL _OUT | iSINKT 1
32 ISINKI] ~ EI E YLED-
Siicy 2 —15NKZ R228 For BL OVE  WLED_N_O 3T —
>1 .2V OFF
:g:mﬁ R231 | c138 12k <1.0V ON o
ISINIE e
ISINKE 20 A
ISINKZ
ISINKE v

- Reserve discrete B/L driver to prevent any improper design
causing interference to RF performance.

I e S /1 = DI/ TEK



IC Protection: PWRKEY and BAT_ON confidential ®

Reserve 1k resistorl,hone
MT6326 (Close to |C) "V BAT

|

|
PWRKEY @ —II : .

L

Please reserve 1k resistor on phone PCB to protect PWRKEY no matter if PWRKEY
connect to any I/O connector or not.

1/0 Cable

Reserve 1k

resistor.

M16326 (Close to IC) —
. VBAT ]
Please reserve 1k resistor on phone BATID
PCB to protect BAT_ON pin if BAT ON _@_j :__

BAT _ON is used to detect battery. GND N BAT-

Phone

I e N S //|= D1 /1 TEK



IC Protection: VBAT confidential &

Phone 1/0 Cable

VBAT

V+
MT6326 | 2 | Power Supply

\/-

Reserve

1000uF or above capacitor at the
output of power supply, and at the
end of connector cable.

Reserve

1. 22uF Capacitor
2. Zener diode

on phone.

MT6326 has lower VBAT voltage rating. (Max. 4.3V.) Some protection should reserve to
prevent the damage by voltage surge.

*Design notice in Phone side:

1. At least 22uF capacitor.

2. Add Zener diode (5.1V) to protect the IC against low frequency voltage surge. Put it
between battery connector and MT6326.

Notice: If using 10 connector or test point to supply VBAT for download, manufacture, or
repair, should let VBAT trace passing zener diode and 22uF capacitor before entering IC.
Notice: Using 5.1V zener will introduce some leakage when VBAT =4.2V.

*Design notice in Power Supply side:

Add 1000uF (or above) capacitor at the output of the power supply to reduce the voltage
bounce caused by long power cable. And the power cable should be as short as possible.
Also add 1000uF (or above) capacitor at the end of power cable (near phone side).

I s S /1 = DI/ TEK




Confidential B

IC Protection: CHRIN

MT6305 MT6223/35/38 External
/MT6318 IMT6326 OVP/OCP
Max. Charger Input 15V oV 30V
Charger OVP Point A% N 6.8V
External OVP/OCP: OVP/OCP Qualified Vendor :
R201 NC 1. TI - BQ24314
AN
U202
F201 TO CHRIN
VeHG 0——0\ o LN out 2 ¢ CHRIN
FUSE(1A0603) @
§:C:235 2lvss M - g g Notice :
g— ﬁ— NC VBAT 6 3 .
=7 al . s Jok You can get better charger protection by
— ' using external OVP/OCP device.
N
4 VA O vBaT

R202 220K

Copyright © MediaTek Inc. All rights reserved. 31 M E D |/|TEK




IC Protection: OVP + Charger confidential ®

MT6305 MT6223/35/38 External
/MT6318 IMT6326 OVP/OCP
Max. Charger Input 15V oV 30V
6.17V(APL3206)
Charger OVP Point A% v 6.8V(APL3206A)

External OVP + Charger :

OVP/OCP + Charger Qualified Vendor :

veie 1.  ANPEC - APL3206 QBI
204
1
7 | ACIN 6 CHRIN
ﬁEINGi:DHFli 5 GATDRW Notice :
uT |E—ISENSE .
i o _1—1 I You can get better charger protection by
& wpar SABAT . .
T Tl using external OVP/OCP device.
APL3ZO0G QBI

5-POS0-NE/P0.A

Copyright © MediaTek Inc. All rights reserved. Ky m E D |/ITEK



Bypass Capacitor

' Vcore and VM

A

.8 5. 8 5. 8 3

d d 8 d d 4 og el

- T T T T - =T _—

Ty 77 o

- ) ) ) . " ™

a [ [ [ =] T Kl

[x] ol ] ) ] [u] ] o D 2 o

k=l = = =1 (=] (=] (=] VCDRE
bl Exgﬁﬁuuw%qtm bl e 'Tnhﬁfuvmmﬂg e R e P S P ot I
EHIE E R R e e e e o

D@lGHe , \yqpe

EY Y YYNEYYYYY NEMVEYYYYYNMYYYYNEYYY MY YYYY MEMMEYY ¥Y¥Y 0603
oo ooodoodooooo odoodadodoodoooooooon dooddo odoooood aoaod
25 92939883992 299229025908899050900 998297 2529980 9983

* Reserve enough bypass capacitors bothat 777
4.?uF—J|_ 100n —Jl_n:u:un —i_

Vcore and VM to obtain g
stability.

Confidential B

wODE3_EM

WDD3E3_EM

WDD3E3_EM

Lol oy e L |

AWDDNZ

Ak
=]
Ak1g

czas czar

4.7uF 0.AuF

LW EM

L30s

ood system

57 “O00

o] vooa

o7 ~ooe

& vODo

i vooo

A o0

hg | ~000

mi ] vODo

Fr| vooa

WOoo

Fi |00

oo
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DVDD12_MIPI Power Connection confidential &

oz facd Egglﬂﬂﬂ'mmgﬂgﬁg
Uio0s IE R REREREEEEE
xxxxxxxxxxxxx
WCORE 7 pooiz_ Co Coococooooooo
| I =2 - EE ERERERERERR
1—;:3 OOO2E_MIP IR
w00 Ho—| CwDDZEhIPITH
Jlj v CEEATRIE
D028 Tl PITH SCECE N
BAT_BACKUPo—— 2830 | oonp pre
WTERD & TOhi@ GHz DGO
?nn@mmHz = B30 | mumpze_sFE
A0 — 1 Z0g o | D028 _PLL
T i = foe—| D DzE WMBUF
- FuDD028_RFE w
—|_1C|5?|£I4|-?F Ffie L FongmisHz 0603 EiEOm(ln s T (1=
0402 e EEE
2 oo caveERE BREESSEEISER
U‘Cﬂhﬂ_ﬁlq:__: WODEE_C AR A [ e el e e e e e e o e e
oo 3 ==l = =
g 20 ol mmnﬁ'gg:ﬁsss#mssmn rrosxisias Bz EEEEEEEEES
= = - o gre QEEEdEErsdEs
= T =
= = = ? - FSOURCE ¥

= MT6326 Vcore1 default is 1.3V , and MIPI_1.2V power spec. is
1.1~1.3V, so if need to use MIPI could connect Vcore2(if not used).
Besides , must add external LDO for MIPI_1.2V.
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Confidential B

Bypass Capacitor: Layout Rule For Vcore
W

» eCurrent Source

. =

-

L}
L J

L J

-
LR

LN N ] L ] L ]
L J * 8

[ ] . * " ®
* ® *

L] L
- L

- a & & 8
s & 0
] * ®
[ ] * &
[ R B B

. & & @

* 8 & @
L J * »

L] LI BN ]

L I B

f

eCurrent Source .
N N

= Due to MT6516 have many Vcore (VDDK) balls , and these balls
scatter around package of MT6516. Please put bypass capacitor
around MT6516 to increase system reliably.
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Confidential B

Bypass Capacitor: AVDD and VDD

Lz0g FOO@1GH: L2098 FO0@ GHz = 1 1 1
won o - O Reserve rqulred Input filter for
WTExO © L21s  700@1GH= A7 iﬁgg%g:ﬂﬁm ABB as SpeCIerd N |eft
~ dgg AYDO2E_RFE .
* D028 TWDAC SCh em at| CS.
A9
co1 | cava | CETEJ co7e | cavr | g@ xgggg:gmg;i " AVD D28_MBUF SuggeSt tO
D.1uF__4.?uF__D.1uFT WwE | a7uF | Wg Connect to VTCXO
mE !
e .
S EBES = Reserve 1uF for I/O power input.
i
£DD
czez |
1uF T
N

I e Y /1 =D/ TEK



Confidential B

Layout Notice: Charging Path

§

High Current Path

E F200 FUSE(1A 0603

.
ACIN i HRN {0 A~ e 090900 1
2 | ACIN cHRiN &6mil e o PCB
GATDRY |5 6mil GATORV | | Trace e
8
ouT ¢ 2
3 ouT -~ 0.2
GND = = . i
& par L4 R219 10K__ 6mil 6mi I BATSNS Kelvin Sense Resistor
| APL3206 QBI Sense
] aomiR /) VBAT Traces

= Charging related component (U204, Rsense, R219) should be close
to battery connector.

= Minimum trace width are marked on the schematics above.
= |ISENSE and BATSNS should be connected as the figure above.

= The trace from Rsense to battery connector (Marked in Red) should
not share with other VBAT traces.

= ISENSE/BATSNS should be routed as differential traces which are
away from noisy signals.

I e Y //|= D1/ TEK



Layout Notice: Charger OVP IC Confidential B

= The exposed pad of the charger OVP IC should connect to a large
copper ground plane to get good thermal performance.

= The exposed pad should has at least 6 GND via connecting to
inner layer.

Exposed pad to a
large copper ground

VCHG
o

FUSE(1A 0603)

= U204 40mil 6mil ISENSE
&
’
2 | ACIN 6 6mil CHRIN
T | ACIN CHRIN o
5 6mil GATDRV
GATDRV Rsense
8
ouT =
5 ™ out HL—-- 0-2
GND . .
& ygar L4 R219, \ A10K  6mil 6mil BATSNS
o[ APL3206 QBI
— A e VBAT
R W ANV

I L Y /EDINTEK



Layout Notice: VBAT Traces R
Class-D - 1» Boost1 Converter

SPKITN

L200 LGMZHPNIRZMGD  L201 0 ohrm
25 WEOOSTT S T
YEOOSTI Sy + —+—VBAT
VBAT 0s_L236 BLM18PG221SH1 T . - 1 ]
YEODST! PYWR H 2
il R ST DM 28] Do RES51Y-30TEA7 . VBOOST] o0 caa
C214 W.7uF 2 @ I =8 c208_| 283 ——= =
- g & & & veus use 4 1o 1y
ol 9l ol Ol FLAZH 47uF 100nF
I YEL_OUT 2
3 7 g s 7

Boost2 Converter  on

L201 0 ohrn &

%(—‘
Buck Converter sostt w L :
237 BLM1BFG2215H1 50 CST1 PYWR
— P YBAT_VCORET \,-"BO_OSH :% LDS g ch.{,

Lz02

VBAT_VCOREZ 1uF
wBUS USE
42 | oAt s 2 e four LOM2ZHPNARTMGO
VAT , R2% . 0 L2238 BLM1BPG2215H 1 52 | \ymaT Ve VBL OUT 29 YBLoUT
) o i H 2 VEOOSTZ | N
. o o o RESE1V-20 -y 336
27 BIUF e ol ol o ™ R
2 w| wl ol NTR4503M U533 1uFi25% | 10nF
=3 = =3
3 3 3 P
‘ N Feedbag¢k Voltage ; ‘h“ 183k
H
=0.4vV [Z0mA) I b VBL OUT
C 32 iSINKI1
ISINKI 37 TEmRs - o R228 For BL OVE

Analog LDOs .

»1 .2V OFF
ISINK3 R231 236 12k <
R240 0 65 |S M4 % 1.0V ON

VBAT

VBAT_A1 | IS
@ ;g VBAT A2 ISINKE ¢ e
S 75| VBAT_A3 ISINKZ ~
ol VBAT_A4 ISIMKE
L
5 a

- The VBAT for the 5 blocks show above (Class-D, Buck converter,
Boost1, Boost2 converter and Analog LDOs) should star-connect to the
bulk capacitor near battery connector.



Layout Notlce VBAT Traces Confidential B
‘ _________ 7 i, O Nl = Star-connect different

VBAT group to BATTERY
Connector directly

Boost2

—— Class-D Amplifier

Analog LDOs
Charging path

---------------

Buck and boost
converters

Bulk capacitor near
Battery Connector

RF PA
MCDI/ITEK



GND merge, other GND (Mark by  Cenfidential B
CIaSS D GND Black) should be isolate._

The GND for
Class-D should
isolated carefully.

Copyright © MediaTek Inc. All rights reserved. M E D I/ITEK




Layout Notice: GND VREF Traces Confidential B
Pin67 (GND_VREF) Capacitor for VREF
/

= VREF capacitor
(1uF) should be
close to IC.

- GND_VREF (GND
for VREF) should
isolate carefully.

The trace should
Isolated and protected
by GND

The trace should
connect to GND of

battery connector
MCDI/ITEK




Confidential B

Layout Notice: Class-D Output

Close to IC D Close to SPK Pad D
—| o | = | | r=| o
L L L Lo L L L L
[t} L] (] (] (] [t} (] L]
il ea] iy o ] ey i
L LL LL LL LL L LL L
o = = = = o = o
SpKo P 15| L2 BLM1BPG2215H1 L2231 ~~—~—~BLM18PG2215H1 ~
- 137224 BLM1BPG2215H1 232 BLM1BPG2215H1 T~ | L5201
SPKZ_M 77
Louder JFK connectar
spKi P WL 225 - BLMTBPG2215H 1 L2233 ,~~—~—~BLM18PG2215H1
- 19 [ LTt —BLMTBPG2215H1 L234 BLM1BPG2215H1 ~ | L=200
SPET M ——— —
— Speaker

2 2 . = The output trace (Marked in above
schematics) should be differential, and
; protected by GND.

= 1stfilter should be as close to IC as
possible. (As the left figure showed.)
= The trace width should be
— 8 ohm speaker: 25 mil.
— 4 ohm speaker: 40 mil.
Copyright © MediaTek Inc. All rights reserved. 43 MEDINATEK
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Confidential B

Layout Notice: Boostl

“H

5 WBODSTI Sl PR, ) o
WBODSTI_SW 500 T0H, LDMIHTHEMGD G010 ehm S
VBODST!_PuiR 32 A ] i H REEETTE)y LOMIHPNZRIMGD 05
WBOOST] o WBOOETI T 0603
3n 0402 pans RBSS 1430(IMDZ) 10u
WBUS_USE
N i 3 i
FLASH
. (4 OG0
WBL_OUT N SVEL OUT CLIGDY G
C207 PADMID 552 C208
B

WAL bapE

Components should be as close to IC
as possible.

L.200/D200/L201/C205/D200/C208
should be close and parallel to each
other.

The direction of L200/D200 should
arrange as the arrowhead in left figure.

Must add D204 to prevent feedback of
VBUS when turn off boost1.
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Confidential B

MEDINTEK

MT6516 Design N
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Confidential B

Outline

= Analog gain setting
= RC value
= PCB layout

= Audio feature
— MP3 decoder
— 3D surround effect
— EQ2.0

— Audio AGC
— Audio Compensation Filter

For audio features, please refer to
— L1_Audio_Design_and_Interface.pdf
— Audio_Post-Processing_Interface V1.13.pdf
— Audio Customization v1.0.pdf

I e S //|= D1/ TEK



Confidential B

Audio Block Diagram

Audio Buffer

N Audio Amp-L
— ClE~ >
Lcl?}l?)iic > = AU_MOUTL
L
Audio Signal :\
<=IN AUMOUTR | |
Audio 4 » ]
»|  RCHDAC > ﬂ
V] Audio Amp-R
AUFMINL
(_] - N .
Stereo-to- FM/AM radio
Mono (—l Chip
— |
ice Si AU_FMINR
Voice Signa _ i
= Voice DAC VOlCG BUffer
Voice Amp-1
P AU EUTO_P
Microphone PGA L/> AU_UTO_N
RUVINOP |
& N Q
PGA ]
b e oy
—— Voicc ADC [ S _VINO_
AU_VINL_N
—— N Ly
— jMEDI/ITEK

AU_VIN1_P



Confidential B

Audio Buffer Gain encicesng | Buffr | Buttr
mode [dB] [dB]
240 23 8
= Analog gain setting 74 0 5
— LoudSPK mode 208 17 4
-Audio buffer 192 14 2
-112=-1dB 176 11 0
—Positive gain results distortion 160 ] P
‘External amplifier 144 s Py
—increasing external amplifier gain for louder volume
— Earphone mode ﬁi 21 2
-Audio buffer % 4 10
—112=-1dB
—Positive gain results distortion 80 ol 12
‘External RC trade-off o4 10 14
43 -13 -16
32 -16 -18
16 -19 -20

-22 -22

0
I S /1 DI/ TEK



Confidential B

C 47u(4V

External RC value P3_ ouTL S| LSRRI 1P ack
MP3_OUTR )>——H 3 R1 g_/\ R2
C  47u (4V 1
= RC value on mp3_out path C R - "
1) Bandwidth: ; _ | R=R1+R2
°  2zRC
2) Amplitude degradation: amplitude [dB]= 20 log — 2
R1+R2

3) Larger resistance, better bass, smaller volume;
4) Larger capacitance, better bass, higher cost, larger PCB area.
5) Pout < Earphone speaker rated power . V...’

6) example: out R2
(R1, C, Fc, Amplitude)
_ (1000hm, 47uF, 25.65Hz, -12.3dB)

I e Y /1 = DI/ TEK



Confidential B

External RC value

= Different types of capacitors have different distortion.
— distortion: Tantalum cap. > MLCC X5R > MLCC Y5V
— Don’t use MLCC Y5V in audio path/ micO/ FM_IN

- Capacitors’ THD+N vs. Frequency are showed as below:

- green: X5R (+/-10%); Audio Precision Analyzer Rin=100kohm

« red: X5R (+/-10%); Audio Precision Analyzer Rin=100kphm

* blue: Y8V (+80%. -20%): Audio Precision Analvzer Rin=3000hm

MediaTek EXTERNAL SOURCE THD+N VS FREQUENCY 02/21/08 21:55:08

¢ cyan:Y{ r Rin=300o0hm
g D)
-20-
-40 ;
d T~
5 -60 T S Sw——
-80 f I —— || N
-100 f \ |
-120 £ \T

20 50 100 200 500 1k 2k 5k 10k 20k
Hz

Sweep Trace Color Line Style Thick Data Axis Commen it ‘

1
1 1 Blue Solid 3 DSP AnIr. THD+N Ratio A Left 6238EVB (200mVrms, AA=10(
2 1 Cyan  Solid 3 DSP AnIr. THD+N Ratio A Left 6238EVB (200mVrms, AA=30(
5 1 Green  Solid 3 DSP AnIr THD+N Ratio A Left 6235EVB (200mVrms, AA=10(]
7 1 Red Solid 3 DSP AnIr. THD+N Ratio A Left 6235EVB (200mVrms, AA=30(|

cap_THD+NvsFreq.at27

|
Copyright © MediaTek Inc. All rights reserved. 50 m E D IATEK




External RC value

= Tantalum capacitor
— Can’t be operated under reverse bias,
« HP EINT can’t be on earphone path.

— Permissible reverse voltage:

Confidential B

Ambient Temperature 25°C 55°C 85°C 125°C
- V.X10% | RV.X6% | RV.X3°
Permissible Reverse Voltage R‘R ------ 1 -q--? ----- R\H ------ -6-_--(3 ----- R \ ------------- RV X 1%
or 0.5V whichever 1s greater.

— The reason of damage by reverse voltage
- Reverse voltage will damage Ta205,
- After Ta205 is broken, there is large current passed through

tantalum capacitor.

Copyright © MediaTek Inc. All rights reserved.

| Tantalum

Ta20s
(dielectrics)
MnO2

—— Graphite

— Silver paste

Cathode layer - M ED l/ITEK



Confidential B

External RC value

= HP EINT suggestion
— 18-pin I/O
- An extra pin for HP EINT and accessory need a pull-low resister.
— 6-pin earphone jack
- Two extra pull-low resistors on CH-L/R

L306
MIC_HP BLM18BD252SN1

100
R30 C322 J302
23 MP3_OUTLY, B300~~~~BLM18BD252SN 1 enp earphone
0402 B307, BLM18BD2525N1 o 2 g:m_
 B302560%~~\BLM18BD2525N1
0603 QTR
23  AU_MOUTR MP3 OUTR 23 0603 o [N
23 AUMOUTL MP3_OUTL 23
100
R31 c325
23 MP3_OUTR), Vv VRY1Y VR! VR*ﬁbVRsm PHONEJACK(AJR4R-6KXXX1)
0402 CAP-0805
c326 | €327 | C329
[ e I
1nF 1nF 1nF
CFM_ANTOH02 0402 0402 04p2 0402
0402 0402 0402
2 EINT7_HEADSET ) . R3IA A 1K
0402

EINT7_HEADSET:
H= earphone plug in
L= earphone plug out

I S /1 = DI/ TEK
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Audio Traces

Crosstalk issue

— avoid CH-L and CH-R's signal interfering to each other
— (1) PCB layout
protected audio R & L stereo trace by GND(separately.

i—

I

OIOCICAECIENIY SupermanZ9 V2

In headset mode, please separate L/R channel and microphone trace by GND.

Crosstalk=45dB

Superman?9 V1

AN e e g
W MEDINTEK




Confidential B

Audio Traces

= Crosstalk issue

— (2) earphone accessory:
- Separated GND of CH-L and CH-R.

- connect the GND of CH-L and CH-R at the end of earphone jack.
Not connect the GND at earphone microphone.

<mic+ <mic+

NV
HP X_E »HP{

N\ YT R
U

— (3) The bead at FM ANT on earphone path may degrade
crosstalk about 15dB.

« Choose bead with low DRC bead and good THD+N
* ltis a trade-off between FM feature and crosstalk performance.

I N /1 = DI/ TEK



Confidential B

/O connector (10pins)
- UART + USB + Earphone

VDD T907
o AVSC18S05E007
[a1]
% % TP906 TP9O5  TP9O1
916 Ik 2
TN904 2
K Q Jooz = °
S 1
1 UTXD1 > = - ™X0 8§ &
VCHG/USB_PWR O L0 2 | yonoe® O
A SDM20U40-7/RB5205-30
1 URXD1 > L : 3 1 RxD
1 USB_.DM > 41 b
7 FM_ANT (K—¢ 5 | GND_FM
6
1 UsBDP [902BLM18BD2525N1 D+
Y Y YN 7
L901 3 XMP3_L), [903BLM18BD252SN1 MP3_L
BLM18BD252SN1-(9403 ~Y A 8
)3 xmic D [904BLM18BD252SN1 MIc
3 XMP3_R) Y Y YA 9 MP3_R8 N
pd z
¢ 909 0—| l_ 10_ AccDet © (O]
__fcoos €903 1n o
3p f
€904 1n
|| N
Mini 10pin 11O A
ESDOX5.0ST5G ESDIX5.0ST5G €905 1n P
1 EINTO_ACC_DET RSy il
HEADSET DETECTION

Copyright © MediaTek Inc. All rights reserved.

MEDINTEK



Confidential B

Case Study (1)

= Audio pop noise
— LoudSPK mode

« Tuning external audio amplifier ON/OFF delay time

« mp3_outlL/R to external amplifier input must add coupling
capacitor to avoid voltage drop.

— Earphone mode
« Turn on de-pop function by software
- Tantalum capacitor +/- reverse mounting.

I e S /1 = DI/ TEK
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Case Study (2)

= Loudness without distortion

— LoudSPK mode
+ Audio buffer gain <112
- Increase external audio amplifier gain

— Earphone mode
+ Audio buffer gain <112
- decrease resistance on earphone path
— Increase capacitance for good bandwidth

— Microphone PGA

- uplink speech volume

— nvram_default_audio.c: #define GAIN_NOR_MIC VOL3

— Engineering mode: audio, normal mode. microphone, volume3
- sound recorder/video recording volume

— nvram_default_audio.c: #define GAIN_NOR_MIC_VOL4

— Engineering mode: audio, normal mode. microphone, volume4
- FMrecorded file playback

— Increase FM_record PGA if FM playback volume is small.
— mcu\laudio\afe2.c: #define FM_RADIO_RECORDING_ VOLUME

I e Y /1 = D1/ TEK
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MEDINTEK
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New Proposed Microphone Circuit

= Advantage
— 10uf capacitor is not needed any more
— Less passive components are needed

= Circuit: Normal mode

2 AU_MICBIAS_P )>—

R302 R300
2K 2K

0402 0402

L300

VR300

2 MICPOY)

C30q f|__100nF oo ~~ MIC/OD4/ID1
1] - - e -
0402 2000@1GHz 0402 i

Copyright © MediaTek Inc. All rights reserved.
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New Proposed Microphone Circuit

= Circuit: Headset mode

AU_MICBIAS_P
R303
2K
C314 100nF N .
2 MICNTY H .- 0402
0402 33pF
R306 = C332 R317
C311 2k 10k
100pF 0402
c318 100nF o
2 MICP1) H I e { MIC_HP
0402 gggg
R318
1k
0402 43
<7 <7 Headset GND

2 AUXADINS >

Copyright © MediaTek Inc. All rights reserved. 60 M E D |/|TEK
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New Proposed Microphone Circuit

= Layout consideration-Normal mode

2 AU_MICBIAS P>
[] R302 R300
] 2K 2K
Should be routed in
differential N U
“ VR300
L300
2 MICPO>> CWH 100nF ~ . MIC/OD4/ID1
0402 00@1GHz 0402
33pF MIC
C306 == MIC+1
2
N MIC300
N\ N\ v/
33pF
== (305 = 10K
‘ [r R301
0402 \

Should be routed in

_ _ _ differential
Copyright © MediaTek Inc. All rig} = saummm——
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New Proposed Microphone Circuit

= Layout consideration-Headset mode

2 MICP1 ) mmt318 [ 100nF o< MIC_HP

i
0402 ﬁ Cc321
33pF

R318

Should be routed in 1k 0402 2N
differential W e ~

AU_MICBIAS_P
o)
Should be routed in
differential
ﬂ H R303
2K
2 MICN1Y C314 H 100nF i i _L g;;;

0402 _L [ R306 == C332 [l] R317
C311 2k 10k
I 100pF 1 o

0402

Headset GND

2 AUXADINS >

Copyright © MediaTek Inc. All rights reserved.
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How to Optimized Rload

= The Rload can be calculated by the follow procedure

— Measure the voltage on the microphone MIC_P in a quite
environment

— Select a Rload to let Vr has almost the same voltage as MIC_P

I e e S /1 = D1/ TEK
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Camera Design Note — Parallel Interface

= All camera pins are dedicated

= Layout notice
— CMMCLK, CMPCLK need to be well shielded by GND plane

- BB side power level
— VDD33 CAMERA (AJ9, AK10) = Camera side |0 level DOVDD

MT6516 (Pin definition) Camera side
CMVREF AH8 VSYNC _— Ay
VCAM_DO § DVDD
CMHREF AT2 HSYNC 47 00voo
CMSTROB 2 AGND
CMPCLK AG9 PCLK RINGLK_—SDA 1500 penp |28
RN 3 sioc MDP1 {20 — 2RDP1
CMMCLK AR3 MCLK : CUVREE [0 JE0CT® 0N [22 o
2 VDN ; HSYNC MCP 5? §RCP
SDA1 AP2 SIoD -t CUWCLC {3 PWON N i
o gmg% g PCLK MDPO gi éﬁgﬁg
SCL1 AG5 sloc T2 | DaTAS DeND |5
VCAM_AVCAM D CMDATG 3 Bﬂﬁg
CMRST AJ7 RESETB CNDATI—| 30| DATAS
CNMDAT3 71 Bﬂﬁg
CMPDN AM4 PWDN CHDATT 2| DATA?
CMDATO | 4 Bﬂﬁé
AV2,AL9,AT4,AM8,AU3 25 beND
CMDATO~CMDAT9 DATAO ~ DATA9 58 FXTZEAP0ASY
AN7 ,AN5,AK8,AP4 AL7 \v4 <~
CAM_STROBE AN3 STROBE

I e e Y /1 = DI/ TEK
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Camera Design Note — MIPI (CSI-2) Interface

All MIPI DSI pins are dedicated that connect from BB to LCM
— 1 CLK Lane + 2 Data Lanes

BB side TVRT (pin G5) connect 1.8K 1% resistor to GND and close to BB

Layout notice
— All signal pairs need to 50ohm impedance matching for single end and 100ohm for differential
— All signal length need be equal and well shielded by GND plane

BB side power level
— VDD33_CAMERA (AJ9, AK10) = Camera side 10 level DOVDD
— DVDD12_MIPI (J7, K8) connect to VCORE(1.2V)
— DvDD28 MIPITX (H8, J9), DVDD28 MIPIRX(J5), AVDD28 MIPITX (G7), and VDD33_MIPI (L11) connect to

VDD (2.8V)
MT6516 (Pin definition) Camera side .
VCAM_AO- 11 avoD
RDP1 H2 MDP1 VCAM_DO 21 bvop
e
RDN1 G1 MDN1 CMSTROB g AGND
’—“ vals IS L gEDOBE DGND =
RCP G3 MCP ot —— 1 SIoC el m—
CNVREF | RESETB MDN1 55
RCN F2 MCN 1, Tomm o eewe  Cwoe [0 e
+ CMMCIK | 13 | PWDN MCN 137 hs
- CWFCIK |14 | DO Siopo [ 2 RDPO
RDPO E3 MDPO 8”3?% g DATA9 MDNO gg éRDNO
CVOAT? —| DATA8 DGND
DATA7
RDNO E1 MDNO VEAMLAVERILD R —To oATap
CMDAT4 20
DATA4
CMRST AJ7 RESETB CNDATZ | —57| DATAS
CWDATT |25 | DATA2
CMPDN AM4 PWDN SR a0
DGND
irose FX12B-40P-0.4SV
CAM_STROBE AN3 STROBE

A4 A4
Copyright © MediaTek Inc. All rights reserved. 66 M E D l/ITEK
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Display Interfaces

= Various Interface Support
— 8080 host IF (MIPI DBI)
— 8/9/16/32-bit Serial IF
— RGB interface (MIPI DPI)
— MIPI DSl interface

= High performance LCD controller enable wide range of display resolution

— Landscape or Portrait mode.
— From 128x96(SubQCIF) ~ 852x480(WVGA)

= Advance color processing
— Embedded LCD Gamma correction table.
— Color correction matrix.
— true color support.
— Contrast, brightness adjustment.
— 6 overlay layers with per-pixel alpha channel and gamma table
— 2x or 4x temporal dithering

I e S /1 = DI/ TEK



LCM side must have FMARK(F _Sync) frame update HW pin
and need to connect to LPTE(W3) for tearing free Tier-1

performance

LCM side IOVCC reserve VMEM(1.8V) & VDD(2.8V) option for

1.8V NAND application
BB side power level

— VDD33_NLD (pin AA9, AC9, W9) = LCM side IOVCC level

MT6516 (Pin definition) LCM side
LPCEOB WA ICS
LWRB AA1 /WR
LPAO Y4 RS
LRDB Y2 /RD

LRSTB W7 /IRESET

AAS, AF2, AP6, AE3, AB8, AD4,
NLD17~NLDO AC7, AJ1, AH2, AL1, AG3, AF4, D17~DO0

AC5, AK2, ADG6, AJ3, AD8, AN1

LPTE W3

FMARK /F_Sync

Copyright © MediaTek Inc. All rights reserved.
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LCM Design Note — CPU (Host) Interface

VMEMO———3 4+
il 2
VDDO M
C501
0 2.2u
J500
VR501 1 1ovee
el
LED_CA6 4| GND1
CED_CA5 tgggﬁ
==Cs500 TED_CAZ 6
2.2u T TED CA3 7 | LED4A
TED CA2 m||LEDSA
TED_CAT o | LED2A
VR500 R513 70 | LEDIA
11 GND2
ADC2_LCMID — LCM_ID
LPCEOB_MAIN_LCM = ics
LWRB = WR
LPAO RS
LRDB /RD
LRSTB JRESET
NLD17 17
NLD16 5 D16
NLD15 o D15
NLD14 D14
NLD13 D13
NLD12 D12
NLD11 =— D11
NLD10 9o————————22- D10
NLD9 §o—————————52- D9
NLD8 go——————————5-— D8
NLD7 99————————5¢- D7
NLD6 go————————55- D6
NLD5 go——————————27- D5
NLD4 37 D4
NLD3 9o————————37 D3
NLD2 90— 35 D2
NLD1 31 D1
NLDO 571 DO
LPTE FMARK
D% M3
0—=- IMo
GPI029_MAIN_LCM_BLC )>—R204—NC | 38 1 gLc
. —32 1 GNDs3
TP_X- 1 XL
TPY- 251 YD
TP_X+ XR
TP_Y+ YU
GND4
CD-44PIN-C

N

MEDINTEK
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LCM Design Note — RGB (DPI) Interface

= RGB (DPI) interface separated into two groups
— 3 wire (or 4 wire) SPI interface for LCM initial code setting
— Image databus (Dedicated pins and connect from BB to LCM directly)

= Layout notice
— DPICK, LSCK must well isolated by GND plane
— All Image signal length need to be equal as best.

- BB side power level
— VDD33_NLD (pin AA9, AC9, W9) = LCM side IOVCC(VDDI) level

MT6516 (Pin definition) LCM side i
LSCEOB V4 SPI_CS o0 |4 oavo0, L
LSDA U1 SPI_SDI LoV ST oo |3 ovoio. L
LSCK us SPI_CLK ——u:ﬂ o
DPIVSYNC AA3 VSYNC o HETNG ves fr—3
DPIHSYNC W5 HSYNC | -
DPIDE AB2 DENB Ei | P
DPICK ACT DCK @ i) éﬁ
NLD8 ~ NLD13 AL1,AH2,AJ1,AC7,AD4,AB8 BO ~ B5 | b ; '
NLD14 ~ NLD19 AE3,AB6,AF2,AA5 AG1,Y8 GO ~ G5 | e =1L
NLD20 ~ NLD25 AC3,AA7,AD2,AE1,AB4,Y6 RO ~ R5 Eﬁ B o
LRSTB W7 RST

Copyright © MediaTek Inc. All rights reserved. M E D IATEK
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LCM Design Note — MIPI (DSI) Interface

= All MIPI DSI pins are dedicated that connect from BB to LCM
— 1 CLK Lane + 2 Data Lanes

= F_Sync for MIPI DSI command mode connect to dedicated pin LPTE
= BB side TVRT (pin G5) connect 1.8K 1% resistor to GND and close to BB

= Layout notice
— All signal pairs need to 50o0hm impedance matching for single end and 100ohm for differential
— All signal length need be equal and well shielded by GND plane

- BB side power level
— VDD33_NLD (pin AA9, AC9, W9) = LCM side IOVCC(VDDI) level
— DVDD12_MIPI (J7, K8) connect to VCORE(1.2V)
— DVDD28_MIPITX (H8, J9), DVDD28_MIPIRX(J5), AVDD28_MIPITX (G7), and VDD33_MIPI (L11) connect to VDD (2.8V)

MT6516 (Pin definition) LCM side
VCIfI)_CM i
PAD_TDPO C1 TDPO ;
q TDPO 2u(ls .
PAD_TDNO D2 TDNO = 8 | Darate
PAD_TDP1 A3 TDP1 ont 51 DATANT
e o oo,
PAD_TDN1 B4 TDN1 e 3 9 Clkn
1 GND
PAD_TCP B2 TCP LoM RS 17 ecer
LEDA 4| GND
PAD_TCN Cc3 TCN B : LEDR
F_Sync
LRSTB w7 RESET | oo
LPTE W3 F_Sync/TE N

I R /1 = D1/ TEK
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Outline

= Qverview

= High speed memory layout considerations
— Placement
— Suggested routing order
— Ground/Power plane
— Signal layout
— Other general layout considerations

= Check list

I S /1 = DI/ TEK



Overview
DDR SDRAM signals

Confidential B

We can categorize DDR SDRAM interfaces into 4 groups as

follows.

Signal quality could be degraded by any PCB layout issue.
We must take care of different groups of DDR SDRAM.

Group Signal Name Description
DQ[0:15] Data Bus
Data DQS[0:1] Data Strobe
DM[Q:1] Data Mask
Clock CLK Memory Differential Clock
CLK# Memory Inverted Differential Clock
A[0:15] Address Bus
BA[O:1] Bank Select
Command RAS Row Address Select
CAS Column Address Select
WE Write Enable
Control CKE Clock Enable
CS Chip Select

e Y /1 = D1/ TEK
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High Speed Memory Layout Considerations

= |t is recommended that the PCB layout of memory
interface is the first priority for your design.

= We can check memory PCB layout characteristics in
the following order:

1.

oK~ LN

Placement

Suggested routing order
Ground/Power plane

Signal layout

Other general layout considerations

I Y /1 = DI/ TEK
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High Speed Memory Layout Considerations

=  Placement

Memory device must place as close to BB Chip as possible
Avoiding extra long trace (Max trace1500mil)
Avoiding other high frequency devices place close to Memory

Route these traces smoothly, reduce the via counts and avoiding traces
interlace if possible

You can swap byte in order to reduce traces interlace if there has restriction in
placement (only for SD/DDR RAM)

Bytel ByteO Bytel Byte

“Swap byte” means to connect DQSO0 from BB chip to memory DQS1 in order
to Ege1duce the interlacing of data traces, e.g. D[0:7] from BB chip to memory
D[8:15].

Note: Swap the corresponding DQS ,DQM and DQx at the same time.

Copyright © MediaTek Inc. All rights reserved. M E D IATEK
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High Speed Memory layout considerations

= Layout routing

— Please route traces by the following order:
1. Power/GND plane
2. Data group
3. Clock group
4. Command/Address/control groups

— Because high frequency signal integrity is highly related to
solid ground and power plane, data groups are operating at
twice the clock frequency.

— Itis recommended that the designer takes care of the layout
routing in the very beginning of the design.

I Y /1 = D1/ TEK
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High Speed Memory Layout Considerations

=  Ground/Power plane

— A solid power/ground plane must be provided near all traces routing layers.
— It will minimize the ground return current to get better performance.

— There are 2 methods for reference:

1. Itis recommended all traces are routed above a solid GND plane, and there is a power
plane (memory power domain) under the GND plane if possible.

e.g. 1st layer : Traces

2"d/31d |ayer: Trace (strongly recommended - the same group of traces routed on the

same layer)

4rd layer: GND

5th layer: Power plane (VMEM) if possible, which is under the traces of memory interface.

Traces

— =

Power plane (VMEM)

Copyright © MediaTek Inc. All rights reserved.
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Memory

78

VMEM power trace

Bypass cap of VMEM should be
connected to the power plane.
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High Speed Memory Layout Considerations

2. All traces are routed above a solid GND plane , and under a DC
power plane (VBAT domain) to provide good shield (the traces
of memory interface protected by VBAT and GND)

e.g. 1stlayer: VBAT

2nd layer: Trace (strongly recommended - the same group
of traces routed on the same layer)
3rd layer: Trace

4th layer: GND
Note: All power trace bypass capacitors must be placed as close to the

devices' power pins as possible, and all capacitor's GND should have
the shortest and widest trace to the GND plane.

I e N /1 = DI/ TEK
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Suggested Layer Definition

= Layer definition

6 Layer for EVB

L1 | Signal (vertical)

L2 | Signal (horizontal)
L3 | GND

L4 | Power

LS | Signal (vertical)

L6 | Signal (horizontal)

= Stack-up PP/ i, L1 L2j1uSignal 2
’

HipY return path

& HHCOREEE I g H
HPPEL

PP/EI, ¥, L5 W L6[1uSignal ? | fit
[V return path

I e e S //= D/ TEK
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High Speed Memory Layout Considerations

- If we take a good power plane under traces, we can get good
power trace impedance performance.

1000.00-,

] No power plane
100.00 \

l

10.00

There are: a power plane {Jnder memory
Interface fraces
_ The impedance reduce to h
1.00-] yan

When added powerplane

Impedance [ohm]

0.10

10 ' 100 ' 1000
Freq [MHz]

UM YIIYIIL T IVIVMIU T VI 1. gl g 1




High Speed Memory Layout Considerations <" ®

Add a power plane on PCB to enhance performance (reducing signal jitter)

—

of receiver (i of receiver @ Stfobe ji of receiver

Only power trace e _— Added a small o Added power
Not good el power plane plane under BB
ol ' under BB chip SEiEEN. &8l chip and DRAM

Better b0 S o A Best \

Copyright ©
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High Speed Memory Layout Considerations

Signal layout

= We categorized all signals into 4
groups, prioritized as follows:

— 1st priority: Data group

— 2nd priority: Clock group

— 3rd priority: Control/Command
groups

- If possible, control trace
impedance between BB chip and
DRAM, trace impedance is
related to PCB dielectric constant,
trace width, trace thickness, and
routing method (using microstrip
or stripline).

= The performance will get better if
signal trace impedance is under
control.

I S /1 = DI/ TEK

Group Signal Name Description
DQ[0:15] Data Bus
Data DQS[C:1] Data Strobe
DMI[0:1] Data Mask
Clock CLK Memory Differential Clock
CLK# Memory-inverted Differential Clock
A[0:15] Address Bus
BA[0:1] Bank select
Command RAS Row Address Select
CAS Column Address Select
WE Write Enable
Control CKE Clock Enable
CS Chip Select
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High Speed Memory Layout Considerations

1. Data group (1/2)

— DQx and DQS must be routed in a group and routed in the same layer
and reduce via counts if possible.
e.g.
D[0:7] is aligned to DQSJO0];
D[8:15] is aligned to DQS[1].
So, D[0:7] must be routed in a group with DQSJO0],
and D[8:15] must be routed in a group with DQS[1].

Group Signal Name Description
DQ[0:15] Data Bus

Data DQS[0:1] Data Strobe
DM[O0:1] Data Mask

I S /1 = DI/ TEK
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High Speed Memory Layout Considerations

1. Data group (2/2) (Remind : power/GND plane is the most important)

— Within)the same data group: (Max. trace length — 500 mil )< Trace length < (Max. trace
length

- Fetwre])en different data group: (Max. trace length — 500 mil )< Trace length < (Max. trace
engt

| DQS - Clock trace length | < 300 mil

— If possible, control data trace impedance to ensure it meets the requirement
(please check input impedance of memory).

—  Within the same group if DQx trace width is W, the space between DQx is 1.5 W.
— Toreduce the crosstalk on DQSx , GND shielding is required.

— If the trace width is W, the trace space between DQSx and GND is at least 1.5W, and the
width between DQS0 and DQS1 is at least 3W.

— Do not route data group traces in parallel for a long distance.

DQSx_ Serpentine Spacing > GND Via required on entire GND shield

12j' 1

S oo

. . DQS1 trace width: W
DQSO0 trace width: W space width: 1.5W

Copyright © MediaTek Inc. All rights reserved. 85 M E D l/lTEK
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High Speed Memory Layout Considerations

2. Clock group (1/2)

— There are a differential pair of high speed clocks in the DDR SDRAM memory
device, so we need to take care of these traces to ensure the clock integrity.

— Route these 2 clock traces in parallel and keep equal trace length.

— Control clock trace impedance (please check memory device). If clock trace is W the
space between clk and /clk is at least 1.5W and there need GND shield wrap around
the clock differential pair. The space GND and Clock trace at least 1.5W , and the
GND shield need enough GND via if we can not give enough GND via , we would
rather take GND shield off , and the space to adjacent signals is at least 2W.

—> Differential clock pair (trace width: W)

GND need GND VIA on whole GND shield

/

Space width 1.5W 1.5W 1.5W

I e S /1 = D1/ TEK
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High Speed Memory Layout Considerations

2. Clock group (2/2)

— Away from other high frequency traces

— Each clock trace must have solid power and ground plane
near the entire route.

— Each clock trace is recommended to route on the same layer
to reduce Via number, and to keep the same trace
characteristics.

I S Y /1 = DI/ TEK
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High Speed Memory Layout Considerations

3. Control/Command groups

Every trace must have solid power and ground plane near the
entire route.

Every trace is recommended to route on same layer to reduce Via
number, and to keep the same trace characteristics.

Route address traces from priority AO (most toggled ) to
A15 (less toggled), and AO should be close to ground if possible.
|Trace length - Clock trace length| < 500 mil

Within CMD/ADR group:
IMax. (CMD/ADR trace length) — Min. (CMD/ADR trace length)|
<250 mil

Remind : power ground is the most important , you just need to
meet the traces match criterion as possible

If serpentine is needed , the spacing is at least 12mil

I S /1 = DI/ TEK
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Check List

= Placement
— Memory device must placed as close to the BB chip as possible.
— Avoid extra long trace (Max. trace: 1500 mil) and other high frequency devices placed close to memory
— Route these traces smoothly, reduce the Via counts and avoiding traces interlacing if possible

= Considerations on ground/power plane (power/GND plane is the most important )
— ltis recommended all traces to be routed above a solid GND plane, and there is a power plane (memory
power domain) under GND plane if possible.
e.g. 1stlayer: Traces
2nd layer: Trace (strongly recommended — the same group of traces routed on the same layer)
3rd layer: GND
4th layer: Power plane (VMEM) if possible, the plane is under the traces of memory interface.
— Or all traces are routed above a solid GND plane, and under a DC power plane (VBAT domain) to provide
a good shield (the traces of memory interface protected by VBAT and GND).

e.g. 1stlayer: VBAT
2nd layer: Trace (strongly recommended — the same group of traces routed on the same layer)
3rd layer: Trace
4th layer: GND

= Trace length is as match as possible , All traces refer to clock , within 500mil length difference is
acceptable (DDR , DQS and DQ is a group , and DDR clock ,/clock are within 100mil)

= If serpentine is needed , the spacing is at least 12mil
DQSx Serpentine Spacing
‘12r—r|' i
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MTK USB2.0 Solution Introduction

This document introduces MTK USB2.0 design and some points for
attention.

— MTK USB2.0/ OTG device can operate at USB2.0 High-Speed (HS)
mode (480Mb/s) and Full-Speed (FS) mode (12Mb/s).

General HS eye diagram is shown as below. The output swing is
differential 0.4V. Bad eye diagram will lead to certification fail or signal
integrity problem.

= Time (x10%-9)3
I e Y /1 = D1/ TEK
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USB Pin Definition
= USB2.0 pin out description.

— General pins

Pin Symbol Type Description

1 PAD _USB_VBUS 10 * Comparator used for detecting changes of VBUS voltage.
2 PAD _USB DM 10 USB serial differential bus (minus)

3 PAD_USB_DP 10 USB serial differential bus (positive)

4 AVDD3_USB VDD | Analog 3.3V supply

5 AVSS33 USB GND | Analog 3.3V ground

6 PAD_USB_VRT 1O Analog 5.1K reference resistor

7 AVDD12_USB VDD | Analog 1.2V supply.

8 AVSS12 _USB GND | Analog 1.2V ground

— Optional pins for supporting OTG

Pin

Symbol

Type Description

PAD_USB_ID

10 Optional function for USB OTG ID pin for detecting
slave plug in.

I e S //| = D1/1TEK
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Schematics Design for USB2.0 Device (2/2)

= MT6516 (Device Only)

Must be 5.1K ohm, 1%

USB_VRT
5415 P ) |« Place closeto IC
A5 | USB_VBUS , R4D3
UsB. DM > O-13 | USBD Don’t have to e
% 5. T
USETOP S Bl | Sppp ~connect VBUS/ID s

usB_VRT>—H18 1 ysg vRT

D14 1 yse DRWBUS

o
VDDK_EMI Y3

AVCC12_PLL
AVDD12 USB 12 Cs.Ls piny chleal. VCORE
F3
VRTC
AVDD33D_UsB 422 L304~~700@1GHz VUSB
AVDD33PLL_USB = -
«© ©
a9 333 s c333
I 2= s —
w| 1o0n/10v w[ ¥ 100n10v 100n/10V

Reserve bead and bypass capacitor
for USB 1.2, 3.3V Power

I e S /1 = DI/ TEK
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Schematics Design for USB2.0 High Speed

= Beware of USB_VRT pin should keep away from noise source and
high speed clock data like camera databus.

= Reserve 0402 cap (NC) on DP/DM for ESD protection and rise
time/fall time tuning for USB-IF compliance test.

= If want to get USB-IF OTG logo, should use micro-AB connector.

I e S /1 = DI/ TEK
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USB/ Charger Detection

= Used for MT6516 and later on MTK ICs (MT6268/MT6516/MT6253)

= When charger interrupt happens, turn on D- pull high 100K ohm
resistor and check the polarity of D-

— If the D-is LOW, it is USB charger, otherwise it is a standard or a non-
standard charger

. . . Standard charger . Non-standard
Inside MTK USB | USB side Inside MTK USB side Inside MTK USB charger side
D+ data line D+ data line D+ data line
VUSB R VUSB vUsB
% R4 % R4 R4
15K ohm
100K ohm 100K ohm 100K ohm
D- data line D- data line D- data line

R2

15K ohm

I e S /1 = DI/ TEK
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USB/ Charger Detection (Cont.)

= Then check whether it is standard or non-standard charger. Turn
on D+/D- internally 15K ohm pull low resistor and D+ 1.5K ohm
pull high resistor at the same time.

— Check D- polarity. If the D- is HIGH, it is standard charger, otherwise it
is a non-standard charger.

. Standard charger . Non-standard
Inside MTK USB side Inside MTK USB charger side
VUSB VUSB
% R3 % R3
™ | b+ data line "™ | D+ data line

D- data line D- data line

R2 R2
15K ohm 15K ohm

I e S /1 = DI/ TEK
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High Speed USB Layout Checklist (1/2)

= General design and layout rules

—  With minimum trace lengths, route clock source and HS USB
differential pairs first. Keep maximum possible distance between
clocks/periodic signals to USB differential pairs to minimize crosstalk.

— Route HS USB signal pairs together with equal length by using a
minimum vias and corners. This reduces signal reflections and
impedance changes.

— Maintain parallelism between USB differential signals with the trace
spacing needed to achieve 90 ohms differential impedance.

— When it becomes necessary to turn 90<, use two 45< turns or an arc
instead of making a single 90< turn. This reduces reflections on the
signal by minimizing impedance discontinuities.

— Do not route USB traces under crystals, oscillators, clock synthesizers,
magnetic devices or ICs that use and/or duplicate clocks.
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High Speed USB Layout Checklist (2/2)

= General design and layout rules (Conti.)

— Stubs on HS USB signals should be avoided, as stubs will cause
signal reflections and affect signal quality.

— Avoid crossing over anti-etch if possible. Crossing over anti-etch
(plane splits) increases inductance and radiation levels by forcing a
greater loop area. Likewise, avoid changing layers with high-speed
traces as much as practical.

— Keep HS USB signals away from high current area. The current
transient during state transitions could induce noise to USB.

I e S /1 = DI/ TEK
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Stubs

= Avoid creating unnecessary stubs on data lines, if a stub is
unavoidable (for example: ESD issue), please keep the stub as
short as possible.

Avoid creating stubs if possible \

Proper way to connect __—

resistors or varistors

I e S /= D1/ TEK



Confidential B

Poor Routing Techniques

= Cross a plane split.
= Creating a stub with a test point.

= Failure to maintain parallelism.

Failure to maintain parallelism
of USB2.0 data lines

Proper routing te
maintainsgSpacinglguidel

Ground or
Power plane

SN

Don’t cross
plane splits

Copyright © MediaTek Inc. All rights reserved.
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Case Study (1/5)

= (Case 1:

— 2A36/2A37 should be removed. Large cap at USB_DP/USB_DM will
lead to bad jitter performance.

— Measured eye at board is shown below. It will occur turn-around error
at system application.

a4

oz

L2436 N 100 RES ANA |2
2837 ...E’ 1n0 RTS [z R

USB_DM . AES Jhoi 0

s Seeny at
F +3IV3_SW 5ADL e J0R — o SDD
| %g lggn igg AVDD33 USB g

svzsw  MEaps AR I——Rcr|rvssisusa + &

> AVDDIZ USB + £
e L —A2% avssiouss 02

12230 100n L

-0.3 e

-04
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Case Study (2/5)

=  Case 2:

— After bead, at least 0.1uF capacitor between VDD33 USB,
VDD12_USB and ground must be added as follows.

— Measured eye diagram has bad jitter performance.

05
P ; FEHRKR 13 o o o
H oy o
I BLM1BP62215||~.||1 L2 b Gecdsie =
, 16
0.1uFy e vnaav | icEeHpE 7| VSS33UP
BUM1BPG221SN1 120 DOz 18 | /D032
o L %—3 usB xTALI 3
"o X517 US8 XTALO o Eoo
_ | 47uFMOvXBEDO12 USB nloe i =e g B
= T ,||I W.m. % 03 | AT onr oo 99 B
| 24 fyss33 use ¥x@SS 8
VOC MD33V P 05 | D LUSE 13000 -2
HSN i) davT T b
L= Jd-—1 03
D|D|j|j|u|}<|xl"
[ o o o o e 04|
w ) ) < <L <L L <
2o oooat
B TN R =0

0o 0.z o4 06 L] 1.0 17 14 16 1.8 2.0
- Time (x10%-9 )5
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Case Study (3/5)

= Case 3:

— Some time we got worse jitter due to poor layout, then VUSB33 and
VUSB12 are coupled by noise.

— Itis improved by increasing bypass capacitor C221 and C235.

vusB12 L203 00@1GH=z AB21
L % VDDC_USB

VYUSB33 L204| 7 00@1GHz AC22 VDD33_USB

. 5

o 8 Chip side

=l =

o (=]

g g

_L_ :

q. Improved after modification |

= Differential Signal, v

0z 04 06 08 10 o 14 16 18 20
= Time (x10%-95

Before modification
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Case Study (4/5)

= Case 4:

— Customer wants to share USB data pins with audio/UART pins through the
same 5-wire USB connector by using analog switch.

— Different analog switches cause different attenuation of signals; please make
sure component and layout will get proper eye diagram.

— No suggestion on using analog switch, 11-pin USB connector could be used
instead. -

irchild FSUSB42

Original design without analog switch

Copyright © MediaTek Inc. All rights reserved. 104
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Case Study (5/5)

= Case 5:

— Sometimes customer may design a special connector for USB, such
as 18-pin 1/0O.

— Poor cable will cause poor performance.
— Please follow USB cable design guide.

ﬁ 1 " Cable with large series resistance

Design with normal USB cable

'K = - gg—F
H Cable with proper series resistance

Copyright © MediaTek Inc. All rights reserved.
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Conclusions

= Layout and component selection are critical for USB2.0
high speed performance

— Need to follow the design rule or there might be compatibility
issue happens

= Grounding and shielding are both critical when design
USBZ2.0 high speed capable cables

— It can maintain USB signal quality with little jitter/ signal
distortion caused by cable design

« Please refer to “"MTK USB2.0/ OTG Design Guide “ for
more detalil.
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MEDINTEK

MT6516 Factory Mode &
Engineer Mode Notice

Copyright © MediaTek Inc. All rights reserved
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Engineer Mode and Factory mode

E;ijr Mode @@ @ X fZ 12:02 x
= Factory mode b

A¥ Enginesring I M e X7 2 12:11 X

Netwurk Settings

— Enter phone menu
— Enter “ ” then

5| ersan i
A e

LD GPRS ACT
Keny

5 fibr ator

Emeam
Miscellaneous

,_
m
[}

,_
]
[}

=S| (D Contrast

= Engineer mode

— Enter phone menu
— Enter “ ” then

Mernory Card

Parallel Line Test

Fr Redlio '
% —=nc ‘
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Yargion

Audio

Factory Mode Menu Tree

Key

“ibrator

LED

Yersion Info Summary
CEWA Imag e Version
WCLL 34 DSP Code:2009.03.17
Serial Mo DSP Patch:1.11.00
- DEP Infa:
BB Chip Protect:MTBE16. ...
WS Board
Build Mo

LCD

FWW “Warsion:

07 11:36

SWW Version:
DLIRtA W08 15
SW Build Mo:

MALLWYDE 15 2005,/04/

2009/04/07 07:54:35

Confidential B

LCD Contrast

ADC

RTC

MTEF

UART

flemary Card

= e

Status LED R Ol UP
— DWON LEFT

RIGHT

Status LED
Status LED B

N

Loud Speak

Receiver

Headset

Echa Loap

Key Pad LED
oo feo ]
Parallel Line
Auto Display
M cross Ml Paoint
. ) RED
Fhi Radio Charger valtage:Omy
GRS Charger current:Oma GREEM
Battery voltage:1355my BLUE
Carnera Shading calibration
WHITE
Shading werification
2 BLACK

Defact White calibration

Defect YWhite verification Channel 1
Defact Black calibration Channel 2
Defact Black werification Channel 3

Copyright © MediaTek Inc. All rights reserved.
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Engineer Mode Menu Tree
] etworkseting |

Metwnrk Infn

Metwrarls Setting Cell Lock _
GPRS ACT Cell Info Touch Screen
Mizcallanaous Auto answer
Dewice Battery Log
Audio speech Logger
PYWR Nionwn Cnntenl Terminal AFF
L ol asetng ]
Bluztooth
BT Celog
— foovee ]
DVE-T Mew log
Meta log PhIC
GRS
Fi Hadio
WIFI e
GPo
——>[vioeopse | —
YIDEQDSP Debug On Sleep Mode
WVIDECDSP Test DC I
Sel Uarl

Memory Dump

I L N Y /IEDINTEK




Flash Tool Download Flow

Flash Tool

Download Bootloader

Flash Tool

Copyright © MediaTek Inc. All rights reserved.

Download Image

UART cab]ﬁ

Handse

DOWNLOAD
SIGNAL

UART cabl

Confidential B

Bootloader Download

— Use UART1 to
download bootloader

Windows Mobile image
download
— Connect both UART1

and USB to download
full WinMo image

Flash tool can combine
the two steps above.
(Must connect both
UART1 and USB to PC
first 1)

Please refer to flash
tool document in detail.

MEDIATEK
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Download tool

¥ Smart Phone Download Tool

File Action Ophton: Wimdow Help
Download l Fead back ] b ermaory Test]

= = = = & = o
Download Agent  Scatterloading  Flazh bin File Auth File Farrnat Dowrload Al DL Flazh bik

Dowrload Agent |

Scatter-lnading File

Flazh.bir File

Authentication File \
hame region address | begin addresz | end address lozation H
widr 0=00000000 000000000  Ow0000D0S7 | \Amtkfs025Public?D UM loadyDLUMA 0091 MEWETE V2vetaibMTES & midmandiortd TE, nbd
eboot 0=00020000 000020000 O<0007REFF

Lhmntkrfs 0 Publics O b, In‘_d'\DUM.&.D%\WDEJSKGW’E'IE Whetail M TESTE EROOTHMAND. nb0

215 Load | ISy

Flash.Bin
I\/IT6516_mIdrnandfori&__/ITK.nbO
MT6516_EBOOTNAND,nbO
Then press Download all

I TR /1 = D1/ TEK



META Link (AP Side)

= Install Smartphone META tool.

= How to enter META mode (UART1)
— If target have not been in META mode, click “Reconnect” button, then connect

phone;

— Phone will power on and enter into META mode automatically

= UART can support up to 115200bps baud rate

Confidential B

. Mani NETA [T]IE|[‘>_<]
Action Optien Help
| J |EEII'-.-15I j . Flow comtral Suppart M
e Software | | [ Auto Control Power Supply
| Please reset target s T
Auto -
BE chip E st clock, WWiFi BB chip "iFi BF chip BT BE Chip Fid Target Baudrate
Flash Tool
Or META Tool ™
META
SIGNAL
UART cable > . Handset
Copyright © MediaTek Inc. All rights reserved. 113
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. Link UART4 on handset to PC

= Open hyper terminal on PC and set correct
COM port and parameters.

= Press “send key” and “end key” to power on.

INFO:SPAR2: [fdcel. ..

INFO: enable wake_up pmic. ..

INFO: g_bootContext.rebootFlag = @
INFO: OEMPreDownload: CONFIG. .
INFO:BootLoadMandCfg: Found Cc

Hit space to enter configuration menu 5. ..

Hit space to enter configuration menu &. ..

Hit space to enter configuration menu 3. ..

. Set boot to META mode: Enter 9->3->1

. Enter 0->0, continue to boot to META mode

= Close hyper terminal, switch UART4 to
UART1. (UART1 link to PC)

= Wait about 12 seconds.
. Execute META tool

= Choose UART and enable “connect target
already in META mode” in option menu.

= Can backup/restore calibration data in
“‘update parameter” as feature phone.

.\w}m;~ coms

D &5 OB & _
THFO: Enler PowerDonitais
THFO: pl=aFn = AB=HRE ;
INFO: pInlsobn = GuB el
INFD: pPuclff = [AuBE
INFQ
WOEE |
INFO: \
LHE0O:
THF( - sra e [
THIFD
INFD ERGa: |a - -
i '
o LT TR 3
THFO ;
INFD BIEE ) |2 -
0 || | ppuene 3 :
INFO -
INFO AR W ’.r
© — -
li [ Wil

JIiL Bani NETA

- —
hams Chen Cenliane T ME

—
Eﬂuuﬂ Flaass resssber to calibrate B0 oo

fetion MEREEWEM Help
Baseband chip y low control Suppaort Disconhect
’— External clock p P Software | [ Auto Control Power Supply FlermaeR
v Commect target alveady in META mode B audrate
115200 -
BE chip Ext.clock Wik BE chip “WiFi RF chip BT EB Chip Ftd Target Baudrate
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EDGE Smart

Phone

Confidential B

Segment

EDGE Smart Phone

Platform

MT6516

MCP

(2G/1G) +1G (x32)
NAND + MobileDDR MCP

MCP Type

NAND(SLC, 2K page) + 133/166MHz MobileDDR

Memory P/N

(Week available)

Samsung K522F1GACM-A060 (2G+1G, 1.8V*, BGA137) > W0919
Elpida EHD013011MA-60 (2G+1G, 1.8V, BGA137) > W0921
Toshiba TYA000B801CFLP40 (2G+1G, 1.8V, BGA137) - W0922
Numonyx NANDBAR4NSBZBCSE (2G+1G, 1.8V, BGA137) > W0923
Micron MT29C2G24MAKLAJA-6 (2G+1G, 1.8V, BGA137) > W0924
Hynix H8BCSOPJOMCP-56M (1G+1G, 1.8V, BGA137) - W0925
Samsung K522H1GACD-A060 (2G+1G, 1.8V, BGA137) > W0926
Micron MT29C1G24MAVLAJA-6 (1G+1G, 1.8V, BGA137) > W0927
Micron MT29C1G24MACLAJA-6 (2G+1G, 1.8V, BGA137) - W0928

* Voltage supply of NAND flash.

** For devices not included in the weeks available, please contact with MTK PM for status update.
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MEDINTEK

Appenaix

Copyright © MediaTek Inc. All rights reserved.
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MEDINTEK

MT6516
WIFI/BT Co-moaule Application Note

2009/4

Copyright © MediaTek Inc. All rights reserved. WCP/RP1/W.Wei
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Outline

e Module function block and reference design
Module function block
Module reference design
Reference interface assignment
Key component list

eSchematic and layout design guide

Schematic design guide
Layout design guide
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WI-FI/BT Combo Module Product Definition

= Full-featured Wi-Fi 802.11b/g and BT 2.1 + EDR combo module
= Small-size package: 9.5x10.5x1.4 mm LGA (< 10x10 mm)

= MTK’s proprietary superior Wi-Fi/BT co-existence performance
= Wi-Fi and BT co-existence shares the 26 MHz clock frequency.
= Metal EM interference shielding

= Antenna: Dual antenna (mandatory)/Single antenna (optional)

= RoOHS complaint

Sample: Sep. 2008

IR [ o

MP: 2009/02

Copyright © MediaTek Inc. All rights reserved. M E D IATEK
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MTK Combo Module Block Diagram

3.3V | 1.8V \
ANT1
Switch— Balun [_
| Wi-Fi SoC <«— GPIO
(MT5921P WLCSP) «—— 32k Sleep Clock
— BPF PA — d
ANT2 | |
Coexistence EEPROM
< » Ref Clock
Combo Bluetooth SOC ﬁ UART Interface
Filter (MT6611 WLCSP) PCM Interface
Tx/Rx D VBAT

Copyright © MediaTek Inc. All rights reserved. M E D IATEK
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WIi-FI Features

=  Advanced Wi-Fi features
— 802.11b/g/eli/ln/k/w compatible
— |EEE 802.11e QoS (WMM/WMM-PS)
— Background scan for specific SSID networks
— |EEE 802.11i advanced security (WEP/TKIP/AES/WPA/WPA2)
— 802.11e optional U-APSD, DLS
— 802.11 power saving mode
— Wakeup by specific packet (pattern search)
— Thermo-sensor to resist temperature change

= Voice over WLAN (VoWLAN)
— UMA (Unlicensed Mobile Access) technology
— VoIP over WLAN

- Software support 3 st ne Gtz St M e s EEDS0
—  Win CE 5.0 ’ ' —
—  Win Mobile v5.0/6.1
— Win Mobile v7.0 (planning)
— Linux v2.6 (planning)

. Wi-Fi certified

I:e‘l ® RS I
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Bluetooth Features

. Radio features

Fully compliant with Bluetooth 2.1+EDR Ml Ve PCM
Low-IF Architecture with high performance linearity

Supports Bluetooth class 2 and 3 -~ o }“
Tx transmit power: 4 dBm e JTAG

90 dBm sensitivity with excellent interference rejection ' 1 - 1
performance - Bluetooth radio " 3 3
3.5 x 3.5 x 0.6 mm (max.), 0.5 mm pitch WLCSP - baseband bridge
Eran Ged wir ADC DAC P'rmnr 3 ROM RAM
. Baseband features

EINT
control [~
GFSK, =4 DOPSK, 85K P

Up to 7 simultaneous active ACL links

— Supports 3 simultaneous SCO and eSCO links SCO and T
scatternet
— Supports lower power mode MT6611
(Sniff, Hold and Park mode)
— Ultra low power consumption in sleep mode SRELREN BT A
— Supports AFH and PTA for WLAN/BT coexistence
= Software features MT6611 Function Block

Supports standard HCI interface
Supports more than 15 profiles in MediaTek platform

I S /1 = DI/ TEK
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INPUT Power

o-module Reference Design

0 R923

Confidential B
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25  SDIO_CMDI————<K MCICMO 25 2 DAIPCMIN BT_PCMOUT
2 DAISYNC BT_PCMSYNC 2
} 25  SDIO_DOYy———— MCIDAO 25
E K OSC_EN 25 SDIO_D3Y)———<K MCIDA3 25
cot1
oo 25  SDIO_CLK}—————— & MCICK 25 0R Re27
cot2 RTS
P WLAN_CLK 26MHZ 25  SDIO_D2 Yp————K MCIDA2 25 2 GPIO132 )—AAA—KBT_GPIOT
B s . 0402
oo | o2 Oscillator
= srok §
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Interface Assignment

Confidential B

Type Pin Function Type Pin Function
1O GPI10133 WIFI RSTB 1O GPI10122 BT RSTB
GPIO116 WLAN 32K GPIO115 BT 32K
MC1CMO UTXD3
MC1DAO URXD3
MC1DA1 DAICLK
IF MC1DA2 SbIo DAIPCMOUT
MC1DA3 DAIPCMIN
MC1CK DAISYNC
I/0 INTS WiFi_interrupt I/O INT1 BT interrupt

eMT6611 PCM/UART power domain support 2.8~3.3v,
not support 1.8V

26MHz Oscillator List

Item Part number Vendor Designator
(fxﬁ%i%?gfg\%g\?) Aker Y900
26MHzZ (Loag \{\éﬁ?gc.?\}}&sw TXC Y900
Oscillat ]
o (LoadS fsSéo ig\'/\lis.sw EPSON Y900
q (LoadFEi?:?g(.);\is.sV) Bl Y900 1TEK




WIiFi interface Selection

Confidential B

eFixed

TRSW_N TRSW_N ANT_SEL_P
SDIO 0 0 0
SPI 0 0 1
Main Clock Frequency Selection
WLAN_ACT ANT_SEL_P OSC_FREQO
20MHz 0 0 0
26MHz 0 0 1
40MHz 0 1 0

I e Y /) =D/ TEK



Schematic Design Guide(1)_Power Supply Confidentlal &

®PAVDD33 is a dedicated input pin for module internal PA power supply and please connect it to 3.3V.

eDVDD28, DVDD33 and DVDDMIO are the WiFi portion digital IO power source, please connected to 3.0V
for optimum Tx performance.

®\/DD18 is the WiFi RF/analog/digital LDO input pin and can be connected to DC/DC 1.8V power source

without degrading the module performance.

g 8 2
o o =
o Qo a
> > [a]
o Ao >
IEEERERREREEE
w0 wn w Yol w0 < < < < < < < <
c8=zZc§288 %2327
6 a g o203 8@z2alh b
(DI 7] Z > > U)l ) (D| ¥ =
o S o o > 4 O
1 = z = z ° =K 41
PAVDD33 PAVDD33 SD_ D1 [—4
0—21 GND sp_cwp 2o
o—2{ WLAN_LED sp_po 22—
o— 6ND sp_p3 20
o—2{ GND SD_CLK 21—
6 36
0— GND - - Sb_D2 =0
L% WiFi/BT MODULE %[
8 | BT vecasouT WLAN_CLK P40
o—21{ enD GND 2o
o—19 BT CLK vDD18 2 VDD18
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BT Power Domain (2) confidential B

= Distributed into two domains: V_BAT and 2.8V

— V_BAT power source could come from phone battery and BT _VCC28 is
the internal LDO output pin.

— The BT 2.8V internal LDO was controlled by BTLDO28EN pin connected

to host GPIO.
5 37
L——| GND SD_CLK {——
6 36
— ==
BT_VCC280UT . GND Sb_bz N
—' BT_GPIO1 .. 0SC_EN 211
8 WIiFI+BT MODULE 34
BT_VCC280UT WLAN _CLK —
IZZUF []—9 GND GND i[]
= 10 32
s 0— e
V_BAT N BT_CLK VDD18 .
- BTLDO28EN )| BT_LDO28EN SRCLKENA ———X
1 121 g1 vBAT GND 001
| 13 BT_GPIO4 BT_ANT 122 o
—T4.7uF ” o
0—— GND o m GND =0
E x b4 !
1 - >
= = © 0 Z 2 oo 8 Y S &
< S = 2 2 X X 2 9 (. 9 4
>! O O 0O 0o £ aa § o >
< o & %0 0 25 25 O O 5 00
4 Z2 - F FE E E E E E E B E
< O m m m M M M M M M m m
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Confidential B

Schematic Design Guide(3) Clock Source

®The WIFi/BT device can share a same clock with a daisy chain function .This mechanism allows Bluetooth can
work normally without extra power consumption even WiFi operating in the sleep mode.
®The oscillator with 2.8~3.3V operated voltage , 20ppm tolerance and 15pF load capacitance is recommended

900

Ao Eo —(1 { OSC_EN

p— = T

! TuF

WLAN_CLK
= VNA—T 3o GND 24||I'
R916 OR
TCWCXO 2BMHz
BT_CLK
RO17 810R

e 32KHz clock for device sleep mode
- The 32KHz source come from BB GPIO output..

(GPIO115) BT 32K )» 25 | BT 32K

50

(GPIO116) WLAN_32K>> WLAN_32K
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Schematic Design Guide(4) Interface

®Please add 100K pull resistors for the SDIO data pin except SD_CLK pin.
®For BT UART interface, please note to connect the MT6516 host UART CTS pin to GND.

BT UART Interface WiFi SDIO Interface

[ % =
= 2 o z & = W oo = & e
= =)
E, = 2 FE 2 = = 2 2 . 2 = E
o0 0 0 o E Eoxoox 5o = 2.z o
% fou] o o o o o} = i) i) o ) e | |
= EoE +3.0v
= ] m m m m m m m m m m m Eﬁ = —
AN
w - oo =3 =] — o4 o = ol w =
= [ | | |
t2 i Q05 Q06 a0y a0s
g
DR N e e 0ok 0ok 0ok 0ok 0ok
E o= = I = o = r =z
2 2= =] | UL
2.2 Z w B T EoE
E o= £ &9 & i
Stk - g £ £ I
E B T & @ i
@ g E oo A d CS0IO_D1 25
& 40
OR RO 0402 30 CMD SEDIO_CMD. 25
T A TES16_URXDE 50 b a0 (SDIO_DD 25
oR ReTe banz 5D D3 & CEDIO_D3 24
CMTESIG_UTXDE S - '
Sh_CLK Sl SEDIO_CLK - 25
36
Ho=st UART CTS pin connect to GHD o S0 Dz LEDIO_DZ 25
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MT5921 Power Sequence

IO power:
includes DVDD33 & DVDD28

— 1.8V power

1.8V leading 10 power for power stable

1.8V 90% — —————4 _

In order to prevent from the 10 driving unpredictable signals, it is
recommended that the 1.8V is applied before 10 power or they are applied

at the same time.

I S /1 = D1/ TEK



Confidential B

MT5921 Power On /Reset Timing

| Device reset |
i finished

I
|<— 2.5ms

1.8V /I

EXT RST N

131072T OSC_IN CLK +
200ns

Internal reset_n
signal

T

€ The power on reset time is related to the frequency of main reference clock
source. The normal functions are not ready until the power-on-reset was done.

I S /1 = D1/ TEK



Confidential B

MT6611 Power On Initialization

= Hardware reset sequence & timing requirement
— (1) Set BT_LDO_EN to high
— (2) Wait for at least
— (3) Set BT_RESET to high
— (4) Wait for at least
— (5) MT6611 is ready for receive HClI command

(5)
(4)

3)

BT RESET )

BT LDO EN

I T N /1 = DI/ TEK



Module Layout Guide —1/4 Confidential B

e Please place the bypass capacitors to the Layerl
3.3/2.8/1.8V power rail as close as possible.

e Please keep 50 ohm transmission for The
WIFi/BT RF trace.

ePlease isolate the WIiFi/BT main clock
trace with GND

ePlease reserve the 9 square GND PAD for TIIIN
better performance for module

O O C

INERHannnng)

BT _ANT :500hm trace WLAN_CLK
Copyright © MediaTek Inc. All rights reserved. M =D |/|TEK




Reference Layout — 2/4 Confidential B

Layer2

)

|:Il_IIIIIIIIIIIIII

a
5

§

D?
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Reference Layout — 3/4 Confidential B

Layer3 Layer4
) *s e o
se T s
'.I : -
* @ - L
c@f @ ..@ .... .l.l. ? L0
| L
QO+ O .
i~ * O
& b PP © .
o . - - . o
b L] -. :." L
- .-l » I.:: .0 .
. * s * . % é.
L * -
.é ? - O © :@ & . @
. @ ®o0 @
@l
.
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Reference Layout — 4/4 Confidential B

Layer5 Layer6

e L N /N EDINTEK
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Module Footprint Layout Guide

—-| £67 |-

2547

= == OS5

WL LI
8151
294

1

- ' W MEDINTEK




Confidential B

Module SMT Reflow profile

A TOHRIE FREHEAT TEMP)  C it 1B % (FEAK TEF)
B S (PRE-HEAT TIME) D:T'C LM% OWELLTIME AT T T VARIAELE)

TARABLES THE | A 5 - - T
LeadFree rop
+ 4 + +
omipgicos) | HIC | A0 ) 200 5 H0 e me

(d) AHE

1 | i i . | 1 ] 1 i L I

000 030100 1.30 200 230 300 330 4:.00 430500 530 600
FrRH s
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Agenda

= MTK GPS Overview
— MT3326 GPS Feature
— MT3326 System Block

- MTK GPS Reference Design
— MT3326 Schematic Design Note
— MT3326 PCB Design Note
— MT3326 QVL
— MT3326 Debug SOP
— MT3326 ATE Tool

= MTK GPS Tier One Performance
= Summary
= Q&A
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MT3326 Features

= Dimensions: = Low Power Consumption:

— 48-pin QFN lead-free package (6 x 6 x 0.85 mm) — Acquisition mode : 39 mA
— Tracking mode : 26 mA

= Specification: Meare Bgine 05F) I
— Host-based GPS receiver ﬁ* e ninminm
— 22 tracking/66 acquisition channel GPS receiver Doppler <:> A|| Main ool | 11§
— Supports WAAS/EGNOS/MSAS/GAGAN —funcdue f JA— f;‘) | ; ;"
— Supports up to 210 PRN channels : s 1{ N1V
— Jammer detection and reduction e e | [
— Indoor/outdoor multi-path detection and C—er L (L&

compensation Y reat

— Supports A-GPS with FCC E911 compliance RF HOST CPU
— Maximum fix update rate up to 10 Hz

= Reference Clock Support:
— TCXO Frequency : 12.6 MHz ~ 40.0 MHz
MT3326
= |nterfaces:
— 2 UARTs, SPI, I12C, GPIO

Compact Layout Area: 12 x 12 mm

MEDIANATEK
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MT3326 Functional Blocks

A
UART2_TX
Passive Antenna y _ Hig
29 RX0 <+— MT6516
26_TXO0
EXEErAna' - BPI_BUS6
MTK GPS IC Sriig
MT3326 =
yy SYNG GPS_PWR_EN

PMIC

Optional: If 2.8V voltage can be provide by PMIC, the external LDO
can be eliminated.

* GPIO Pull Low = GPS Receiver Off
* GPIO Pull High = GPS Receiver On

28v MT6326

I e S /1 =D/ TEK
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MEDINTEK
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MTK GPS Phone Total Solution cenfidentiae

GPS Antenna Review

Tier-1 Field Trial

Reference Design

Copyright © MediaTek Inc. All rights reserved. MEDIATEK



MT3326 Reference Circuit confidential &
TPE-Q? ERTIENERTREE] RF_iv

o OmpaCt O
GPS RF front end Tue and |
iz;:‘ [ ayout Aregl
— -
UART
TCXO E
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MT3326 Reference Circuit (2/4) """
GPS RF Front End

Passive Antenna : Decoupling Capacitor for
Noise filtering

/ Is recommend ‘
N . )
7 a0 Mixer Input Matching :
( \ LNA Input Matching :
\ / ] Please place these components
~ -~ Please place these l close to MT3326_Pin 46
L components close to LNA
¢ DS Input \ 7
!mm N \ N ‘ ﬁ j
‘R C1035 ' s -~ P — u\ External LHA l__ mﬁ ¢ '1
_| l__[> / opr | oremostenn | “2pr amHy M A 19pF | e =
\ HE | 1 ‘ 4l > a 4 -~ ~
[ IM ouT b ||_ 5| FFIH WEE g L1z \
N / LL cos | J i | GND SHON g 1| |22pF . e
| I L5 GHDO RFOUT [
\ B Iy N I —]— 40 47nH \
T \ %7 bl 2659 T 47pF
B GuDFHSkAD ,
— N & P
Antenna Matching — SN - -

SAW Filter :

For filtering jamming

I T Y /= D1/ TEK




MT3326 Reference Circuit (3/4)

Frequency :16.368 MHz

Frequency Stability : +/- 0.5ppm

/7 ~ TCXO
RAKON/IT3205BE/16 368MHz

2v8 3 C1011 | [10nF
[ 573 vec oyt G101 169
]

y - NC  GND -2

TCXO VCC:

Avoid the noise interference for
frequency stability

/ i XC6221A182NR

GPIO from MT6516 to control
LDO On/ OFF

Confidential B

Reserve 0 ohm to isolate the
impact of PCB GND

temperature variation on TCXO.

- —— S

2 GP019_GPS_PWR_ENK—N

Stabilize the LDO output Voltage

LDO

1uF

POWER

U1005

2V8

4

Town
Il

VBAT O
—_y 1

CE

VIN VOUT |
[

n
>

1018 \

C

-

R1002

100K

1uF (X})

I T S /= D1/ TEK




MT3326 Reference Circuit (4/4) Confidential B

4_. — - arE_1Y2
MT3326 Supply voltage : T
*Analog Voltage : RF_1V5
* Digital Voltage : Core_1V2 o GPS_UARTO connect to
N r o MT6515 UART interface
‘ /_’l\_x. -ijETt|T|g T'J -] ErﬂTHIFi
5 VR I E
= TIMIM .M§§=§ §§I=§§§§ meovcnr 2 -0 rrm

<]——”L—ﬂw:u . ATHT AR 3 1] TK I:ulmm ;‘m / -y
<]__a :L:::m = % m-nv::c:m -l “'mm%—@:n_urm 2 \
FF_I'va >\I_:'\I"U:_'5¥. . ﬂ E - : EI WWWWWWW Il? :: \
— o = = % % § % E § g § = woacme 2 e = ‘ (R LFDE I
Eims luluIz VIO g g E - o -Q- = = ﬁ .ﬁ- won 2 L=
i wo T Tom cisEBEaf s i g;m\ y,
\ i g o 2 | 2 = B El HJ( ﬁJ( H A & Mgsmmmmm = -
/ i ROE - ] E EE
\"r T o o T I E b
- S vt SRS W T
] \u;lé I [4aF wlm@l:ﬁ:ﬂry E E ’ ——
LDO I/0 P Capacitor: _~~ T = — = s A
7’
Place these Capacitors close to the / - -
MT3326 LDO input Pin and Optional : Connect to MT6516 BPI_BUS.
output Pin for stabilizing voltage

Copyright © MediaTek Inc. All rights reserved. M E D IATEK
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PCB Design Flow
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PCB Component Placement (1/3)
The route of reference clock is

the shortest to avoid interfering
by other noise

.0
*
.
“
4

*

.
P
ws®
o®
o
L.
"R xmmwyy
LN ]
Ty

The Capacitors close to analog
and digital voltage output
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PCB Component Placement (2/3) confidential B

If the location of GPS function block is far away from GPS antenna Pad, please
place the first-stage SAW filter and external LNA close to GPS antenna port for
reducing RF path loss.

GOOD I

MEDINTEK

Copyright © MediaTek Inc. All rights reserved.
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GPS Antenna Placement (3/3)

GPS Antenna

12X12X7 Active Patch BT Antenna

Metal PIFA is recommended.

It can be mounted on Speaker

. A ° Holder. Chip antenna is also
= N | an option.
% o1
GPS Placement Y 3
10.5mmX10.4mm 3
Near GPS Antenna /
90mm GND Length
for triple band
Pen
GSM Antenna Material is plasti. near GSM ANT.
Metal monopole on bottom. Place GSM Cal Kit below pen. It
Avoid GSM TX interfere with occupy less GSM ANT Area.

GPS RX.

15mm clearance
for triple band

opyright © MediaTe ghts reservec : MEDINTEK
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Proposal of GPS Patch Antenna for Slim Phone

® Probe-Feed RHCP Patch (Fig.1) LA
Patch Size: 12X12X4, 13X13X4
Vendors: Whayu, Yageo, CIRO, Microgate, Amotech i3

| ® Probe-Feed LP Patch (Fig.2) § §
: Patch Size: 15X10X4, 16X6X5 ' ' !
I i
e e e e e e e e e e e e = = = = = = = = = = = = = = —

Vendors: Whayu, Yageo, CIRO, Microgate, Amotech

Fig.1

1'§mm / 16mm

12X12X4 15X10X4 16X6X5

Fig.2

Copyright © MediaTek Inc. All rights reserved. 155
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PCB Layout Design Note (1) Confidential B
("« REPart: )

= RF Path keep as short as possible for reducing RF signal transmitted loss.

All RF traces have to do impedance control (50 Ohm) for good sensitivity.

RF traces route on the surface layer and far away from other high speed signal trace are
recommended.

= Isolate external LNA input and output pin by copper plane.

To keep the digital signal trace far away from the GPS layout area.

K = Clear the metal below all matching component area to reduce the parasitic capacitancy

Clear the metal below
the RF trace and Pad !!!

High Parasitic capacitance couldn’t
reach optimal RF match

Copyright © MediaTek Inc. All rights reserved. 156 m E D l/lTE K
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PCB Layout Design Note (2)

4 )
= TCXO Part:

= Keep TCXO clock trace as short as possible.

= Keep the noisy traces far away from TCXO clock traces.
= TCXO clock traces enclosed by PCB copper is recommended.

= Position TCXO far away from any high temperature component like as GSM_PA to
avoid the frequency drift.

- J

GPS signal Input

4
@ e, @ v TCXO Clock Input
wonk @

R
.
.
.
.
A d
A d
A d
.
.
.
A d
.
.
Ad
\d
A d
.
.
.
A d
A d
.
*
L

el N
* e

q *
% Pin11 i<
*

LR "1
%] o0
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PCB Layout Desian Note (3)
~

& Power Line Part

Power trace should keep as low impedance and adequately add de-coupling capacitor

for noise filtering.

- Recommended width of power trace : Main Trace: 20 mils at least
Branch into IC pin/ball: 10 mils at least

Keep de-coupling capacitors close to the power pin of GPS chipset and external LDO.

Use many, many via holes to connect the power traces between layers. j

L L EE E XL

Q L ol OO JH ‘.'
& 2

oy
@

Use many via holes to
connect the power traces

between layers

ooy

L
L
L
L
L

MEDINTEK
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Qualified Vender List -- TCXO

Component Part number Manufacturer Vendor
IT3205BE/IT3205CE Rakon Aurum Tech Inc.
TTS14NSB-A8 TEW Unifirst Enterprise
TG-5005CE-21G EPSON TOYOCOM | EPSON TOYOCOM
TCXO (16.368 MHz) | 1300269-16-16.368MHz ITTI ITTI
+/- 0.5ppm
KT3225F16368ACW28TAO Kyocera Kyocera
ENG3090B NDK NDK
7Q16300001-16.368MHz TXC TXC
TCXO (16.368 MH2) | 10 5869 EPSON TOYOCOM | EPSON TOYOCOM
+/- 2.0ppm
TCXO 2520 IT2205BE 16.368 MHz Rakon Aurum Tech Inc.
(16.368 MHz ) KT2520Y16368ACW28TMA | Kyocera Kyocera

Copyright © MediaTek Inc. All rights reserved. 159 f =) __}a?":ii'T EK
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Qualified Vender List -- LNA & LDO

Component Part number Manufacturer Vendor
NJG1117HAS8 JRC
External LNA UPCB8231 NEC NEC
MAX2659 MAXIM MAXIM
XC6215/XC6401 Torex
LDO_2Vv8 AMES8801CEEVZ AME AME
TK71728 TOKO

Copyright © MediaTek Inc. All rights reserved. f iﬂ E ﬂ | ﬁ TE K
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Qualified Vender List --GPS Antenna

Circular-Polarized Patch
Antenna Vendor Size (mm?3)
Whayu 12X12X4, 13X13X4, 15X15X4
Yageo 12X12X4, 15X15X4
Mag.layers 15X15X4
CIRO 12X12X4, 13X13X4, 15X15X4
Amotech 13X13X4

Copyright © MediaTek Inc. All rights reserved. m E {:3 ] ﬁ TE K
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MT3326 HW Debug SOP

Verify voltage level of all power
Supplies

Check Connection of UART
TXD & RXD

Check GPS HW Configuration
GPIO Setting & PMIC 2.8V

GPS Function Ok!

I S S //1 D1/ TEK



MTK GPS Phone Manufacture Flow cenfidentiaie

4 I
Radiation
MiniGPS

Multi- Channel

/

FW
Download

-

Com poft
Baud 55126 3

1
IyI:ILSS%Neﬂe%d -

-

. \
Download OK?

/

1T

Conductive
ATE

Single Channel

CNR

\ Current is good?

~

)

1T

a

Antenna

Or Open Sky g

Unit

TTFF and Hot Start
K are good?

1T

/

Repalr station £
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Mini GPS Tool (PC Version)

& = = ] r
Hini GPS = |[BX] Mini GFS
Status lSetup ] Ehannel] Test ] About ] Statyz  Setup l Channel] Test ] Aoyt ]

Date :  2006/9/21 NME2 Output Settings

LSRR 2] 1 G <] muc[t | vie[i ]

Lat : M 2477282°
Lon : E121.02270° G5A |1 x| G fr | GEAN -
204 m MCHN m rsZSf b:|r;dwith

& Feature
GPS Status
TTFF Test

Al 173.9m
Fix Type: 3D SPS

NMEA Output M Default | 5.6%
FDOF: 1.3 Fix Update Rate Baudrate
U pd ate Rate cggi gg 1T = Set B0 | Sel

Baudrate
WAAS

Log NMEA

32 Channel
Firmware Ver.

WALS
Enable Dizable

2EVTI4N 2101360177 E 1440570004, A
-3 280204717 241013.05.20.1.43.0781
0.17.66.034.43 04 52 350 42 24 42013 46
013.33.098.44.10.22 222 41 23 20,063 43
0.05,12,317,40,20,05,040 36*7C

A057.000,4,2446.367734 N, 12101360177 E

17 23 24

Hat Start | ‘wharm Start | ColdH

MME& output

Output NMEA sentences when you click the button,
The function iz designed for GPS mouse, avoid PC

migunderstanding it as a mouse. Wake Up

[The feature also needs firmware support 1]

hd

¥

Cuirrent

€ Usage
Customers
Production line
End users

[ Test Maode [rapidly drop current while Fiu

SBaS
Some WAAS JEGMOS /MSAS SWs are under
test, in order to avoid zome experimental 5V affect
owr performance, only stable SWs allow to apply to
our system. |f you want to test some experimental
SWs, please set ''Test" mode.

{* Inteqrity " Test et

MEDINTEK
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Test Instruments (1/2)

Multi-Channel GPS Satellite Simulation System

Spirent STR4500
—

Spirent GSS6560

I e N Y /= D1/ TEK
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Test Instruments (2/2)

Areoflex
Single channel GPS-101 GPS Satellite Simulator

i priz 3 ;
= now -
= | e T b Y

SG NFA
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MEDINTEK

DTV Application Note
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QOutline

e DTV function block and reference design
DTV function block
DTV reference design

eReference interface assignment and key component
Reference interface assignment
Key component

eSchematic and layout design guide

Schematic design guide
Layout design guide
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DTV Function Block Confidential &

e DTV solution consists of MT5151, MT5162 tuner and one low-power SDRAM. It's
integrated in MCM TFBGA-124 package to provide high integration level and high
performance solution.

e MTK DTV solution provides worldwide DVBT compliant standard in VHF and UHF
reception via the common SDIO/SPI interface.

..................................

I .
Q | 1/Q ADC & Time Domain Freq. Domain TSIF
Silicon AGC » RF Interface Processing Processing
Tuner
TZSCPD Demod &
» Time Slicing
Control
Low-Power M Host
SDRAM »[ emory MPE-FEC oS

Controller Interface

Copyright © MediaTek Inc. All rights reserved. L IATEK



DTV Reference Design (Dual-Band: VHF & UHE)"fdential®

RF 2.8V

LDO
fﬁmm POWER

o U200 oJv_DvDD28
4 o vourl2 vee RE
VBAT 003 j s R1225 R1202
2 GPIO121 DTV_PWR_ENY (1208 a7 L
™ 0.1UF
XC6221A282NR 1123
UF OR) JTAG DO ToP_wODEIO
SSOT-24-4/x0p221 ooz 0Pz E—
R1211 DO2A
N ToP_WoDEB
| R1208 R1210 Strap Pin
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DTV Reference Design (UHF band only) ©onfidentil®
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Reference Interface Assignment

Type

Pin

Function

GPIO

GPI0128

RSTB

GPIO121

LDO EN

MCOCMO

MCODAO

MCODA1

MCODA?2

MCODA3

MCOCK

SDIO

Confidential B

MT5151 BGA

SDIO (4-bit)

>

RSTB
|

L

2.8V
RF LDO

|

LDO EN

PMU

Example in MT6516
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Key Com ponent Confidential B

e There are four key components on DVBT reference design, SAW filter,

crystal, Balun, and high Q wirewround inductor.

Item Part number Vendor Designator
Filter B8763 (LP92H) EPCOS u1202
Crystal FL2600025 eCERA X1200
Balun DLP11SN90OHL?2 Murata 21206, 21207
: L1212,01210,L1214,1.1239,L1241,.1240
Inductor LQW15A series Murata L1213.L1217.L1218

I Y /) = D1/ TEK
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MEDINTEK
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Schematic Design Guide FREREHAS S

e The ESD protection of RF input is poor, ESD device should be added to
protect RF circuit.

e UHF SAW filter & VHF hybrid filter should be added in RF path to filter
out-band and GSM interference signal.

e To ensure good performance, the frequency accuracy of crystal should
meet +/- 30 ppm requirement with loading capacitance SPEC of 10pF.

e In order to have better power noise immunity, RF 2.8V supply voltage is
provided by stand-alone LDO.

e |O-2.8V and SDRAM-1.8V should be provided by linear regulation power.
Core-1.2V could be DC-DC power.

e RF Balun is strongly suggested to use for optimal RF performance

I Y /) =D/ TEK



DTV Layout Guide — 1/3 bl

BT+WLAN

e DTV placement should keep away
from GSM and CDMA related
circuits.

DTV

GPS

e Don't place DTV near noisy

components, such as PMIC, MT6516
memory or other clock-wise/ high-

swing signal.

e RF trace of DTV should keep
away from high speed signal, such
as LCD and camera data bus.

e ||| Rk Al
v TR o]

PMIC

e To avoid any other noisy layout GSM
closer to RF ANT port RF

e Put solid ground polygon and
ground via surround layout area for
metal casing.

I S /1 =D/ TEK




DTV Layout Guide — 2/3 Confidential B

e Keep RF trace on same layer, don't use

via on RF trace as possible as you can. RF
RE Front-end
e To avoid interference, use shielding case Balun
to cover DTV related circuits.
e Put RF Balun as closer as possible to chip c Bypgfzsm
input. And Make routing symmetrically. SVfpEEE ap.
Cap. C1203
e Put RF front-end routing in 500hm trace ’ Shielding
and let those inductors in orthogonal case
direction with each others. RFAGC out
R-C

e Place 2.8V RF LDO and crystal near to
MT5151 as possible as you can. Bypass TEa

) _ Cap. C1209 & FlEER
e Dig out the copper plating under Crystal eI

i inin i RFAGC In PPt
pad output (pin3) to chip in inner layer . e [ . ,,.,., e I —
e RF trace should keep 50ohm impedance 1
and as short as possible. Bypass _l
Cap. C121

e Place bypass capacitors close to power
pin.

e Put DTV’s off-chip components surround
by it in sequence to minimize rounting.

e Put RFAGC in/ out R-C network as closer
as possible to pin

I e T N /1 = D1/ TEK



DTV Layout Guide — 3/3 Confidential &

e As below shown, make a dig-out clearance _
Dig-out

gap (>= 6mil) to cut ground plane from
layer 2 to layer 6 to isolate RF and digital
GND.

Layer2

e Dig out layer 2 ploygon under RF front-end

network = Balls inside this RF

Start to cut 91293116015 S EaLa End to cut
GND plane G13:D12~H12;E11~L11:F10~K10 GND plane
-G9~L9;F8~K8

f )
&
-
-

.
L -
K Rddvi L
s

* g
-.'l'.'l' LB
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Reference Layout — 1/4 Confidential B

Layerl Layer2
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Reference Layout — 2/4 Confidential B

Layer4

AR & GO 8

o
)

I e . R /M EDINTEK



Confidential B

Reference Layout — 3/4

Layer6

Layerb

L

183
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Reference Layout — 4/4 Confidential B

Layer’

Layer8

.
4
.
I-..
E
»
) (other function
placement

instead of DTV)

Copyright © MediaTek Inc. All rights reserved.
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Confidential B

MTK FM Solution Connection

FM audio BCH GO
output | |

: _ ”»
MTK BB series LCh o Mic
MT6188 or (except MT6205) | ‘
MT6189CN

System audio
output

Control interface
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FM Design
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Confidential B

Layout Guidelines

= Placement
— Place the FM chip near the earphone jack. Avoid high-speed digital devices, such as
memory devices, near the RF signal area.
— Bypass cap for power should be placed beside the VCCVCO pin (MT6188 pin 9; MT6189
pin 13).

= Routing
— FM antenna trace should have a 50Q impedance.
— Power should be routed to the bypass cap and the VCCVCO pin first, then to all other
power pins on the FM chip. See the following pages for example.
— Apply a single solid ground for all FM block ground signals. See the following pages for
example.
— Protect the following areas with GND vias and planes:
RF signal from the earphone jack all the way to the FM chip;
32.768 kHz or 26 MHz signal;
VCO inductor (MT6188 pins 11,12; MT6189 pins 15,16);
Loop filter of MT6189 (connected to pin 17).

I T N /1 = DI/ TEK



Confidential B

Power Feeding Network Layout Guidelines

= Itis recommended to connect power of MT6189 and MT6188 sequentially, and
placing the capacitance beside VCCVCO. (Examples below.)

The FM power should be monopolized: do not connect other blocks to VCC_FM.

This capacitor cannot Do not connect to other
be placed here. blocks through FM block.

Good Good

Bad
aaﬁ VoD
@.
. . VCCAMP
@ GMD g

VCCS'P _('.30 o

@
VCCRF

®vccvco -ﬂ Il'

MT6188 MT6188 MT6189=
Copyright © MediaTek Inc. All rights reserved.
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Confidential B

Ground Layout

= Ground GNDVCO, the loop filter, and front-end matching on the same

ground plane.
— Using different ground planes connected by wire makes the FM signal
susceptible to interference with another signals on the system.
— This rule is applicable for both MT6189 and MT6188: all GND pins must be
located on the same ground plane.

All ground pins are connected by wires.

This design contains no ground plane.
Bad Good

u. ;:3- b0
MT6189 — “&wr 4y [T B
NTEK

Copyright © MediaTek Inc. All rights reserved.




Confidential B

Other System Considerations for FM

= Rule 1: Protect the BB 32.768kHz crystal layout
— If the 32.768kHz signal is corrupted by digital signals, FM channel locking may
be unstable.
— BB 32.768kHz crystal layout rules:
Place the 32.768kHz crystal unit close to the BB, and L2 beneath crystal
needs to be complete ground. The crystal must be protected by ground
vias and ground planes.

Do not route power, MCP, FM [2C traces near 32.768kHz crystal unit.
- The 32.768kHz traces between crystal unit and BB should be on top layer.

= Rule 2: Backlight driver adoption

— USE a charge pump backlight driver.

— DO NOT USE a DC-DC backlight driver in projects with FM application. Doing
SO may cause increased noise levels when the backlight is on.

I S /1 = D1/ TEK



Confidential B

Audio Interface Design

= 2.5mm/3.5mm Earphone
= Mini USB Earphone

I e S Y //1 D1/ TEK



Confidential B

Audio Interface Design Guidelines

= On earphone pins AFL, AFR, and MIC:

— Place 1 nF shunt capacitors (shunt to earphone GND pin) closest to the
earphone jack.
To improve earphone echo performance, connect the 3 capacitors from each
pin to the earphone GND pin separately. (See next page.)

— Place the BLM18BD252SN1 series bead second closest to the earphone
jack.

— No other components can be closer to the earphone jack.

= Place a series 150 nH inductor on earphone GND pin as antenna
matching.

= Earphone GND wire (FM_ANT) should not be connected to the
earphone connector shell.

= An earphone longer than 150 cm is recommended for better
performance.

Copyright © MediaTek Inc. All rights reserved. m E D IATEK



Confidential B

Audio Interface Design Concept

Add beads on headset related pins, to
avoid interference (or bypass) path.

These beads should be placed as close
to the phone jack as possible.

FM tuner
MT6188

Add caps on L, R paths, to
provide extra path for FM.

Earphone ;Connector

This point is the
earphone GND.

Matching
inductor

< D FM_ANT

22uH ﬁ

T MIC

——@g@—v—f E-L

(D, \} ER

% Tr others

PCB <«

Copyright © MediaTek Inc. All rights reserved.

195

Earphone_GND P :’
MIC
E-L —CD
E-R _®
NC

» Earphone
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Confidential B

Wireless Sensitivity Enhancement

= Each earphone suggestions improves wireless sensitivity
significantly. The following table shows the improvement amount
based on MTK’s experiments.

Improvement
amount
Serleg beads on earphone AFL, AFR, and 145 dB
MIC pins
1 nF shunt cap between earphone AFL, 2-3 dB
AFR, MIC, and GND pins
Earphone length > 150 cm 1~2 dB
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2.5mm/3.5mm Earphone Design
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Confidential B

Audio Interface Reference Circuit
(2.5mm or 3.5mm Earphone Jack)

Shunt these earphone Add beads on these lines. These beads should be
lines with 1nF caps. placed as close to the earphone jack as possible.

B401 2500 Oh 100 MHz

/ .
B402 2500 Q¥m @ 100 MHz ‘———»p To _aUd_lo amp,
B403 25000hm @ 100 MHz / micC Circults

> XMICP
J401
I: Y XSPK_R
vV 2 [ >XSPK_
N
—-—— 2 ® ” >XSPK_L
C405 ~_ESD400 ~_ESD401 ~_
MINT_JACK_6P 33pF—— —33pF : \/
/N
«VCE  VCE
FM_ANT {1}
Connect this 22uH inductor to mobile : :
phone ground. BLM18BD252SN1 can Series 150 nH inductor These caps cannot be closer to
be used instead of a 22 uH inductor. for antenna matching. the earphone jack than the beads.
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Mini USB Earphone Design

= With only 1 GND pin on IO connector
= With 2 GND pins on 10 connector
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Confidential B
Mini USB IO Connector Design Recommendation:

Only 1 GND Pin on IO Connector
Charger: Connect these pins.

Accessory interior design suggestion Earphone: DO NOT connect these pins.

= The earphone GND wire MUST be used for the FM
antenna. Inside the earphone, the GND wire CANNOT be
connected to any other wire or to the outer shell in any way.
Other wires inside the earphone CANNOT be connected to
PCB GND.

= The 22uH inductor cannot tolerate high current. For high
current application, such as a charger, connect the charger
GND wire inside the charger to both the GND/FM_ANT pin
and the charger outer shell.

WECH_GMD
hP3_OLITL MECH_GND |——
hiPZ_OLITR: WECH_GHD —=—
UTEDA ECH_GND
LD
GNO/FR_ANT
hAIC_IN
USE_Oh
USE_OR

WOHG

= In this example, the earphone GND wire is connected to 10
connector pin6, and the charger GND wire is connected to

pin6 and the charger outer shell. Earphone GND wire connection.
Charger GND wire connection.

hiini USB 10 Fin Plug

IO connector pin description

IO pin name Function Notes for PCB design

GND for all Mini USB accessories and FM CANNOT be directly connected to PCB ground. MUST be
GND/FM ANT antenna. connected to PCB ground through a 22uH inductor.

4 outer shell pins of the 1O connector. Mainly These 4 pins are directly connected to PCB ground.
MECH_GND used for better connector strength. Can also DO NOT connect these pins to the GND/FM_ANT pin.

serve as charger GND.

I e e S /1 = DI/ TEK



Confidential B

Audio Interface Reference Circuit:
Only 1 GND Pin on 10O Connector

Series 150 nH inductor
for antenna matching.

—
L J——
—_—

L B —
—
< — P -

To audio amp,
mic circuits

Connect this 22uH inductor
~7| to mobile phone ground.

Shunt these earphone lines with 1nF caps.

10200

12

MP3_OUTRO

%NC MECH_GND i
2 MP3_OUTL  MECH_GND
3

13

MP3_OUTR  MECH_GND
_J UTXD1 4 14

T204 \/
VCE

e

% ESD203

UTXD1 MECH_GND

URXD1 5
————> URXD1 "4

- GND/FM_ANT

MIC_IN
8

% Esozy

These caps cannot be
closer to the earphone
jack than the beads.

Copyright © MediaTek Inc. All rights reserved.

USB_DMO g
L)

USB_DM

USB_DP
R2ONAARR 191 vere

USB_DP0

VCHG O

ini USB 10 Pin Plug

L} \ R210\/\/{(§R
\

L\

\
\ Add beads on these lines. These
\ beads should be placed as close to
the earphone jack as possible.

MEDIATEK



Confidential B
Mini USB IO Connector Design Recommendation:

2 GND Pins on 10 Connector
Inside earphone, DO NOT

Accessory interior design suggestion SR

= The earphone GND wire MUST be used for the FM antenna. r— // }\
Inside the earphone, the GND wire CANNOT be connected to @
any other wire or to the outer shell in any way. Other wires et
inside the earphone CANNOT be connected to PCB GND.

ECH_GND
MECH_GHD [——
rAPZ_OUTR MECH_GND ——

UTHM ECH_GHD

= The 22uH inductor cannot tolerate high current. For high UKD

current applications, such as a charger, use another 1O
connector pin if available. The charger GND wire inside the
charger can also be connected to the charger outer shell.

EAR_GHOVFR_ANT

MIC_IN
L5E_Oh
USE_DP

= In this example, the earphone GND wire is connected to 10 WEHG

connector pin6, and the charger GND wire is connected to

hiini LISB 10 Pin Flug \

pin1 and possibly the charger outer shell as well. Charger GND Earphone GND
IO connector pin description wire connection wire connection
IO pin name Function Note for PCB design
Earphone GND, also FM antenna. CANNOT be directly connected to PCB ground. MUST be

EAR_GND/FM_ANT connected to PCB ground through a 22uH inductor.

GND for Mini USB accessory, with large GND This pin is directly connected to PCB ground.
CKT_GND current. DO NOT connect this pin to the EAR_GND/FM_ANT pin.
4 outer shell pins of the 1O connector. Mainly These 4 pins are directly connected to PCB ground.
MECH_GND used for better connector strength. Can also be DO NOT connect these pins to EAR_GND/FM_ANT.

served as charger GND.

WUNYIIYIIL Y IVIGUIA T CN 1HTU. MY 1GOTI1 Vou.




Confidential B

Audio Interface Reference Circuit:
2 GND Pins on 10 Connector

Series 150 nH
inductor for
antenna matching. F_ANT>—

<

To audio amp,
mic circuits

Connect this 22uH inductor
to mobile phone ground.

Shunt these earphone
lines with 1nF caps.

—

10200

Copyright © MediaTek Inc. All rights reserved.

1 CKT_GND MECH_GND i
04— 2 12
S MP3_OUTL MECH_GND
\ / %:23 3 | MP3_OUTR  MECH_GND {2
== » L205 ! J UTXDT 4 | jrxp MECH_GND -4
T204 % ESD203 BLM188D252SN':‘EF0225 URXD1 5 | \expy -
VCE 1nF N
A § GND/FM_ANT
‘ —§—C224 7 MIC IN
1nF -
. \ 8 | usB_pMm
% ESDZOS/ : 9 ! uss_ppP
USB_DMO“ R209\/\/{§R 10 VCH_G
USB_DPO
= \ (3‘/\/3\33 TUSE 10 Pin Plug
VCHG O
\ \
L\
These caps cannot be \ Add beads on these lines. These
closer to the earphone \ beads should be placed as close to
jack than the beads. ) the earphone jack as possible.

MEDIATEK



Confidential B

Component Replacement Suggestions

= Series beads on earphone pins AFL, AFR, and MIC

— Suggested: 0603-size BLM18BD252SN1 bead
However, if board space is limited, 0402-size bead BLM15BD182SN1 or
BLM15HD182SN1 can be used instead.

= Inductor connecting earphone GND wire to board GND

— Suggested: 22 uH inductor or BLM18BD252SN1 bead
However, if the earphone GND pin serves as the only GND path for the
charger, then this component must be able to tolerate high current. The
components in the table below can be used instead.

Murata Inductor . Self-resonant Rated
Size Notes
part number value frequency current

LQH2MCN1ROMO02 1.0 uH 0603 100 MHz 485 mA

LQM21PN1ROMCOD 1.0uH 0805 90 MHz 800 mA
Usable, but its wireless performance is the worst

LQM21PNR47MCOD 0.47 uH 0805 100 MHz 1100 mA among the three. Not recommended unless such a
high current is required.

Copyright © MediaTek Inc. All rights reserved.
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Item Done! Checkpoint

1 (| Series beads are placed on the AFL, AFR, and MIC pins of the earphone jack.

5 - 1 nF shunt caps are placed between the AFL, AFR, MIC, and GND pins of the earphone
jack.

3 (| The earphone is longer than 150 cm.

4 — The VCC bypass cap is placed beside the VCCVCO pin, and the VCC feeding network
routed is properly.

5 . Follow the FM system layout guide.

6 = The FM antenna path is routed using a 50Q RF trace, and a 150 nH inductor is used for
antenna matching.

7 [ MT6189 projects only: A high Q inductor is used (for the 15 nH VCO inductor).

8 - Mini USB earphones: Follow MTK'’s suggestion for GND connection on PCB and inside
earphone.

If you require MTK’s assistance in FM design, please prepare this checklist and submit it
along with schematics, layout files and earphone schematics/data sheet.
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More Detailed FM Earphone
Antenna lllustrations

= lllustration of FM earphone antenna
* FM earphone antenna pin definition
* FM earphone antenna troubleshooting
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lllustration of FM Earphone Antenna (1/2)

= On next page, there is an illustration to explain the respective purposes of each
components. It can help customers to know how to enhance FM wireless
performance.

= Besides FM schematics, wrong earphone pin definition also destroys FM wireless
performance.

= Notice that the only one path from Earphone GND to PCB_GND is via FM_ANT
Pin and 22uH. If there are another paths existing, FM receiving signal would
degrade seriously. This issues frequently happens on customers’ projects.

= Four pins are enough on earphone including R, L, MIC, and Earphone_GND.
=  Only Earphone_GND can be used as FM Antenna.

= Place all FM related components near earphone jack in PCB layout.
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lllustration of FM Earphone Antenna (2/2)

4. 150 nH 1. Serial Beads 2.5 kOhm @100MHz 5. Earphone length
Earphone antenna Avoid FM signal loss through R, L, 165 cm is recommended.
matching and MIC traces.
I I
———— I ———bL____
r r
4 3 1 : 2 : Earphone Connector : 5 :
— | 22uH . I ' . l
FM tuner |_ . .
MT6188 |< O IrT—o—l» FM_ANT : Earphone_GND ; P :‘ :
150 nH QD+ mc | | | mic Y :
— | | | |
@ — e | EL : ©
T rl T ]E . —Rr) ,
50 ohm ! Ti SRR i |
% ) others | | | NC . .
|
R |
PCB « - P> Earphone
3. 22 uH
e Earphone GND connects to 2. Parallel 1.0 nF CAP_short @100MHz
PCB GND only via this 22 uH. Conduct FM signal to FM input from R, L, and MIC
e RF choke @100MHz traces. FM receiving signal can be enhanced.
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FM Earphone Antenna Pin Definition (1/3)

= The following illustrates the correct pin definition for the FM
earphone antenna:

Earphone Connector
PCB Earphone

FM_ANT Earphone GND
MIC MIC
E-L E-L
E-R E-R
PCB_GND NC
others
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FM Earphone Antenna Pin Definition (2/3)

= Some incorrect pin definitions
— Case 1: Floating FM_ANT pin
PCB Earphone

FM_ANT
MIC MIC
E-L E-L
E-R E-R
PCB_GND Earphone_GND
others

— Case 2: Earphone_GND connects to both FM_ANT pin and PCB_GND

PCB Earphone

FM_ANT Earphone_GND ¢
MIC MIC
E-L E-L
E-R E-R
PCB_GND GND
others
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FM Earphone Antenna Pin Definition (3/3)

= Some incorrect pin definitions
— Case 3: Unnecessary GND pin used on the earphone side
PCB Earphone

FM_ANT Earphone_GND
MIC MIC
E-L E-L
E-R E-R
PCB_GND GND
others

— Case 4: Unnecessary signal pins used on the earphone side

PCB Earphone

FM_ANT Earphone_GND
MIC MIC
E-L E-L
E-R E-R
PCB_GND
others others
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FM Earphone Antenna Troubleshooting

= Simple troubleshooting techniques:
a. Check that only four earphone pins are used. (Case 3, Case 4)

b. Remove the 22 uH inductor.
c. Plug in the earphone.
d. Use a digital multimeter to check whether the connections between PCB_GND,

FM_ANT pin, and Earphone_GND pin are OPEN or SHORT.

FM_ANT FM_ANT PCB_GND
to to to Issue
Earphone_GND PCB_GND Earphone_GND
SHORT OPEN OPEN Correct
OPEN OPEN SHORT Case 1l
SHORT SHORT SHORT Case 2
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