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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.
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Pin Definition (1/2)

= USBZ2.0 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 1O 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 10 Analog 5.1K reference resistor

7 AVDD12_USB VDD | Analog 1.2V supply.

8 AVSS12_USB GND | Analog 1.2V ground

— Optional pins for external crystals

Pin Symbol Type Description
9 PAD_USB_XTALI 10 Reserved. Currently replaced by internal PLL.
10 PAD USB_ XTALO 10 Reserved. Currently replaced by internal PLL.
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Pin Definition (2/2)

— Optional pins for supporting OTG

Pin Symbol Type Description

11 PAD_USB_ID 10 Optional function for USB OTG ID pin for
detecting slave plug in.
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Schematics Design for USB2.0 OTG

= Take MT6238 for example

E Must be 5.1K ohm, 1%
USBDM ) AS1| USB_DM g Ra03 « Place close to IC

AD1 - :
USE_DP o=~ USB_DP ;
USBLVRT 00— A2 VRT USB 2.0
— A2 s

USB_ID > g ] D HS : %7
VBUS 00> VBUS :
AE% USB_GPIOO/USB_XTALO |

2| USB_GPIO1/USB_XTALI

pRwveus  ——A312 pRVTUSE/GPIOES VoD
R404
10K
4402
EINT27USB>>—1 :| 5 7
USB_ID X ag t g IDNE.’ (73
USB_DP
VDDK_EMI {55=— Use DM S5 2o |
AVCC12_PLL "~ VBUSO VUS|
- Y2 L303~700@1GHz
AVDD12_USB VCORE USB min-AB conn
F3
VRTC
AVDD33D_USB (482 L304=~700@1GHz VUSB
AVDD33PLL_USB =+ -
«© ©
3 £332 a8 c333 ?
. ) _— A 22(3346r ) _— U401~ R401  0ohm
Ej 100n/10V 5 v\wv 100n/10V VBATO 3 N 2 vout OVBUS_5V
5 o (:401
DRVVBUS EN  CFi+ 05 T O00F
L N S 1 s 73 N @/mv (Y5V) 0805
H 1U/16V 5
Reserve bead and bypass capacitor N i T|C4o4 o
GND CF2-
for USB 1.2, 3.3V power close to IC < /v s
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Schematics Design for USB2.0 Device (1/2)

= Take MT6238 for example

No need to connect ID

USB_DM A/ 5

USB_DM ACl |
USB DP > AD1 | (3B DP i 2z ymT Y Must be 5.1K Ohm, 1%
- AD2 - ; EEAT
USBLVRT > A2 | R USB 2.0 ... 4« Place close to IC
VBUS © 2’21 VBUS HS ? 51K 13

USB_GPIOO/USB_XTALO |
e | USBZGPIOT/USB_XTALI | v
% | DRVVUSB/GPIOS3 '

VDDK_EMI %
AVCC12_PLL

AVDD12_USB |12 L303~~[00@1GHz VCORE
F3
VRTC
AVDD33D_USB [-452 L304~~700@1GHz VUSB
AVDD33PLL_USS = -
B 3 c331 3 c333
i
- L 2= L f— J402
5 100n/10v E 100n/10V 100n/10V q ; oY ¢
> 1D .
Nz USB_DP i I 4
v USB_DM S = g
. vBUs o VUS|
Reserve bead and bypass capacitor USB min-AB conn

for USB 1.2, 3.3V Power
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Schematics Design for USB2.0 Device (2/2)

= Take MT6235 for example

USB_VRT > AT g Must be 5.1K ohm, 1%
' ... « Place closeto IC
s O No VBUS, Different ?

RS €L
Qggye  from MT6238
233%E
Mm =< = i
82,3
m |
- T 8g7 For USB/ standard
USB charger detection,
"""""""""" Different from MT6238
VDDK_EMI %
psE R R g ycons v e
VRTC F3 1 g1 s| 6 R425 0 ohm < USB_DETECT
AB2 L304[——700@1GHz
AVDD33D_USB ACD (R VUSB ) 5
AVDD33PLL_USB 1 - < |—GND | O VUSB
a C332 g C333
— T —(C34s I 3 4 R424 100K J404
4| 100n/10v 5l WJ_1oon/1ov 100n/10V I a— < |—§_ GNDY 4
\ USB_DP §< 5 I[?ar : g
NSNS NS veus & ] Jusp?
Reserve bead and bypass capacitor vsemn-AB com - L

for USB 1.2, 3.3V Power
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USB/ Charger Detection

= Used for MT6238 and later on MTK ICs

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

— If the D- is HIGH, 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
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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
"™ |+ data line "™ | D+ data line

D- data line D- data line

R2 R2
15K ohm 15K ohm
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MT6235 USB/ Charger Detection Proposal

= For MT6235, R4 and analog switch are not integrated into IC.

= Same as MT6238, but use external 100K ohm pull high resistor

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

Inside MTK i Inside MTK Standard charger Inside MTK Non-standard
USB USB side USB side USB charger side
D+ data line D+ data line D+ data line
VUSB R1 VuUsB VUSB
R4 R4 R4
15K ohm
100K ohm 100K ohm 100K ohm
D- data line D- data line D- data line
R2
15K ohm
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MT6235 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
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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.

Copyright © MediaTek Inc. Al rights reserved 2008/5/26 13 MEDINTEK
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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

Copyright © MediaTek Inc. All rights reserved 2008/5/26 14 MEDINTEK
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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 TP

Copyright © MediaTek Inc. All rights reserved 2008/5/26 15 MEDINTEK
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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.

o4

oz [

[|_2A36 N 1n0 RES ANA | 2
2837 |\~ 1n0 RES AF2 luss VRT ¢
USB DM A~ 1 AE3 {158 ’
1 USB. D AE{USBDM  AVT
o s = uUse pp }
- i YTYVTY A %DD
| zzizzg }ggn igg AVDD33USB g
Pt | |——SAvSs33 USB /&
g +1V2 SW S0~ J0R igj AVDD1Z USB / &
| .|}7 AVSS12_USB e
12230 100n N

-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.

045
TR M s w74 | :
» VDD12UP
I BLM1BP|(|;221S||~.||1 2 12 ST e -
0. 1uF s T V35333UP
/CC MD33V | ICBEgHE{uF 4 17 e 02
BUMIBPG221SN1 120 DQIZ 18 | ‘5570 )1
o L %—3 usB xTALI o
: w201 ysEXTALO =
g 21 | 5372 USB =g B
_ | 47uFMDEXSED0O12 USB 22 — 53 om B
—_— — | 1K 1% 979 VDD12_USB ww TR75] S
= = 1 = - [ i | | &
g Si|PALVRT @9 it §
.\'.l'r"\c h’lD?ﬁ‘v" :”:l ESSBB_USB Kl g %d d -0.2
DD33 USB Q9 "1S 1k
1SN MOy aqgac F
LE=2UWd=EL 03
D]D‘jljlulxlxlb
w mmooooot -04 |8
WOI LT LLI
2o oooat
B TN R L

04 0.z o4 06 oA 1.0 12 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@1GHz AB21
L % VDDC_USB
VUSB33 L204 700@1GHz AC22 VDD33_USB

2 5

. o 8l Chip side
=l =
[=] (=3

04 2 2

0.3 L :

q Improved after modification F

a
=}

o

&
X

- Differential Signal, ¥

=1
=

fi

=
=1
=1

a

a
o

Lot Differential Signal, v
; & 3
i

00 0z 04 06 08 10 1 14 16 18 20
- Titng (¥ 10%-9)5

[=}
5

o
IS

Before modlflcatlon

=}
o
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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 FSUSB30

DINTEK
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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.

“| Cable with large series resistance

Design with normal USB cable

Copyright © MediaTek Inc. All rights reserved 2008/5/26 20
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USB/ OTG Cable Design

Copyright © MediaTek Inc. All rights reserved 2008/5/26 21 MEDINTEK
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High Speed USB Cable Design

Besides PCB layout, the cable design affects USB 2.0
performance much.

If using standard USB HS/FS cables for front panel support ensure
they meet all cabling requirements called out in Chapter 6 of the
USB 2.0 Specification .

If custom cables are used, verify the requirements of USB 2.0
cable specification of the design guideline are followed.

Copyright © MediaTek Inc. Al rights reserved 2008/5/26 22 MEDINTEK
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USB Cable Design Concept

= There are two type of cables need to be designed for the purpose of
passing the specification of USB2.0 OTG
— One is used for connecting to PC, normally mobile phone acts as a
slave.

— The other is used for connecting to external devices such as mass
storage devices, normally mobile phone acts as a host.

Each cable design is based on the specification defined in
— “Universal Serial Bus Specification” Revision 2.0, April 27, 2000

— “USB 2.0 Specification Engineering Change Notice # 1. Mini-B
connector”, 10/20/2000

— “On-The-Go Supplement to the USB 2.0 Specification” Revision 1.0a,
June 24, 2003

Copyright © MediaTek Inc. Al rights reserved 2008/5/26 23 MEDINTEK
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General USB Cable for USB2.0 (Mobile as Slave)

= Enhance grounding to minimize clock skew

on-Twisted Power Pair: Polyvinyl Chleoride (PVC) Jacket
Red: Vaus

Black: Power Ground

Quter Shield > 65% Interwoven
Tinned Copper Braid

el The DC resistance from
plug to plug must be less
than 0.6 ohms.

[~ Twisted Signaling Pair:
White: D-
Green: D+

28 AWG Tinned
Copper Drain Wire

C-C Cross-section View Detail B - B (Typical Terminations)

A \ B Blunt Cut Termination Prepared Termination

Polyvinyl Chloride (PVC) Jacket Polyvinyl Chiloride (PVC) Jacket
-------------- > 65% Tinned Copper Braided
Shield

Blunt Cut Termination
(Length Dimension Point)

O

=]
O
ﬁ )

28 AWG STC Drain Wire
Red (Veus)

Black (Ground)
Green (D +)
White (D -)

Overmolded Series "A” Plug Series "Mini-B” Plug

User Specified
Length Dimension Paint

(—
Connect metallic %4-0
mechanical parts to - General A to mini-B
Ground Signal. USB 2.0 cable




Confidential A

General USB Cable for USB2.0 (Mobile as Host)

= Enhance grounding to minimize clock skew

on-Twisted Power Pair:

Red: Veus

Black: Power Ground

Connect Pin4
(USB_ID) to
Ground.

28 AWG Tinned
Copper Drain Wire

Polyvinyl Chloride (PVC) Jacket

[ Outer Shield > 65% Interwoven
Tinned Copper Braid

I Inner Shield Aluminum
Metallized Polyester

— Twisted Signaling Pair:
White: D-
Green: D+

C-C Cross-section View

Max cable length = shorter of 4.5m or 25nsec electrical length

Mini-A Plug

Mini-B Plug

Connect metallic

mechanical parts to C——C

Ground Signal.

The DC resistance from
plug to plug must be less
than 0.6 ohms.

Detail B - B (Typical Terminations)

Blunt Cut Termination Prepared Termination

Palyvinyl Chloride (PVC) Jacket Palyvinyl Chioride (PVC) Jacket
-------------- > 65% Tinned Copper Braided
Shield

Blunt Cut Termination
(Length Dimension Point) -
28 AWG STC Drain Wire

Red (Veus)
L-—- User Specified

Green (D +)
White (D -)

Black (Ground)
Length Dimension Paint

Mini-A to mini-B
USB 2.0 cable
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18-pin USB Cable for USB2.0 (Mobile as Slave)

= Enhance grounding to minimize clock skew

Polyvinyl Chloride (PVC) Jacket

The DC resistance from plug to
kvt plug must be less than 0.6 ohms.

Tinned Copper Braid

Black: Power Ground

Red (R): VBUS Connect metallic
Black (B): Ground mechanical parts to

Green (G): D+ _
- (VV Ground Signal.

Cross-section View

18pin connector to
type-A connector
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18-pin USB Cable for USB2.0 (Mobile as Host)

= Enhance grounding to minimize clock skew

on-Twisted Power Pair: Polyvinyl Chloride (PVC) Jacket
Red:  Veus

Black: Power Ground

The DC resistance from plug to
kvt plug must be less than 0.6 ohms.

Tinned Copper Braid

I
Red (R): VBUS Connect metallic
Black (B): Ground mechanical parts to
28 AWG Tinned - Twisted Signaling Pair: Green (G) D+ Ground Slgnal .
Copper Drain Wire

s o White (W): [/

Connect USB_ID pin
to Ground.

Cross-section View

18pin connector to
type-A connector
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Why Emphasize on Grounding (full speed)

= One of customer’s phone design uses 18-pin connector as USB 1/O, and
there is only one ground pin.
— USB performance is poor even it’s full speed USB
— Jitter large
— Eye diagram marginally pass

= Enhance grounding as shown in last page
— Pass the USB-IF certification

Copyright © MediaTek Inc. All rights reserved 2008/5/26 28
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Why Emphasize on Grounding (high speed)

= Uses 18-pin connector as USB /O, with two ground pins and no
shielding on data pins

— USB performance is poor
— Jitter large

— Eye diagram fail

— Rise time longer

series resistor.
— Pass the USB-IF certification

Copyright © MediaTek Inc. All rights reserved 2008/5/26 29
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Conclusion

= 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 USB2.0
high speed capable cables

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