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T}, USB2.0 @ OTG 2| B} W2 7uka} A4
3 9& e [P FF2kl UTMI (USB2.0
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(B 1) ¥ 2Hmola g&

e Y Bit & | EHYZ(MB/s) | S2IFH(MHzZ) g
IDE 1986 8 1,3 1,3 HDD
EIDE 1994 16.6 16.6 HDD
SCSI 1986 5 5
SCSI2 1994 10 10
16 20 FH7(7]
SCSI3 1996 8 20 20
16 40
ISA 1987 16 05,5 0.5, 1.25 286 PC Bus
EISA 1988 32 33 8.25 386 PC Bus
VL 10 1992 32 132, 167 33, 50 486 PC Bus
V6L 20 1994 64
PCl 1992 32 132, 264 33, 66 Pentium PC Bus
AGP 1997 32 266~2,100 66~533 Graphic card
(7 2) 2 oEHo)A #FE
JHYAE | Bit SHE&E gx
RS232-C 1969 1 20kbps 2 PCY 28 o1
ACCESS. Bus | 1985 1 100kbps X9 /0 device 9
IrDA 1993 1 9.6Kbpstypical PDA, notebook PC, printer 2| HIOlE{ X%
USB 1.1 1994 1.5/12Mbps
1 PC F#H7|7|
USB 2.0 2000 480Mbps
[EEE1304 1995 1 100/200/400Mbps | Digital TV, Digitalcamera, DTV -+

IRQE A3l PCI 7h=9] ko] 7156
HAck

CPUY FAF37F 5 GHzE FolMA
WA, CPUSL = 713 2] A E7He] W&
e dlol8 A& fste] 7]€8 tfxF<l
4 QIE|H o] A WA F<] IDE(ATA), SCS
PCI W52 MEE A Adgdjoj~ 5

2 e of ox M

|

>

SATA(serial ATA), SAS(serial attached SCSI),
PCI—Express £+ W37} AR5 Tk
SATA+ U233 54 St Ad QB Hlo]|A 7]
=<l IDE(ATA) ol &7 3L Sl WHE SASE
Ao F2 AL EE SCSI9) F4 7)&olt).
SATAE 20013 1.5Gbps?] 14t} 528 n}&
$He) ©]od, 2007'd7HA] 6Gbps 2 5= 34
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{ 72 : Universal Serial Bus(USB) Transceiver Chip 4%

3GIO
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3GI0

HOD Serial ATA use2.0
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Docking
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[Croains }i5i0

(33 2) PCl Express 7[€te| XMk PC S2H=E

=
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flane

O 222 AR o goj, SASE 3Gbps?] 14
tiol] o]0} 6Gbps?] 24t EF& FH|ska Q)
t}. 3GIO2 & &8+ PCI Expressd 7 &
2A 0 g7 Ao R8¢ PCIE YAl 13
ojt}. E| = multi—drop) T2 ¥H A
A1) PCIE thAl3l, A u) 4 (point~to—point)
ukAlo] 214 ole]Hjo]| A F28) 25 BT dlo]
H A%S F3l XET 2.5Gbpsd] MEEEE
A H?} PCI Express= A& 2] X|Yotaf} 1 7Y

ol 7143tE 1 led), <8 259 PCI
ExpressE 714EO. 2 sh= <l=9] 2] PC 2
AE2] gt o E Bk

Qe £ 2] PCI Expressol] $A & & ThE 2}
Al HA TEQ O] H-ERAXE
(HyperTransport) 7]&2 AMDE
HEYA, o}F, AT, dbjto}, A, ERA)
Bt 50l 71 A de T dd Zlsel o
& Hol g dsiA Jsta glow, o] Zieg
Z2H8) nForce2/3, AMD 8111/8131/8151 £2]
HAlg ofn] Adro)a Qlk o} gfo s, dA of
A WA 1A PCL 14 & A EAA
524 0 2, PCI-SIG(Special Interest Group) = 1|
Y PCL, PCI-X 7H4& A=), 7id vl

FHOF APl

j=
AL B o3 gir 8k th¥Z Q1 PLD gAIF4

- B4l LatticeAls=, backplane &85 $3f

RapidlO9] ¥ &3 ¥y EF& vhdsty

P E DECER Lo
Al2E B0 Ak QS HlolE Ao
o AFZHO] Ao} 3% Hold] H% BHel

A 8) Als BEA o] oy, B} 2hAstd A
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o) ¥FPC EREFY MEL ZF2F AEd
7FsAo) Atk <X 30 PC F 7|9 24
t QB Fo]lx 7&2 F5 v 9l tlEFQ
Wy 9 2y ejdlolA W e 54
=l sl Azl sisick

PC F 7]3 Aol A Q) CPUS ¥ AXE A}
ojo] A4 W= g, PC & FR71718)

o] AAL south bridge chipserd &3l o] Fo] 21
o 88 o) HoleE Aok BUHY 2
H, 270 §2 B8 TE(ZUEXE) 9 SCSI

HAE B3 PCol AAH =, QIEHo[AE 2

o AT ANFE Zola g 7§19 PCol| A48T
F Qe 9 FAY Mg F7H717] S8
daisy chain 4] 2] 21¥ QIE]Ho| A Bl o] F
2 g ok o5& <3 250 BQl ACCESS.
bus, USB, IEEE 13945°]t}.

RS232C U Access Bus ¥A1-& hostth T
219 P27} B3dekA] dotbA A7kE ol 7t
S8R9 20~ 100Kbps S} W2 T Z 0 2 Q13
F1HEY ahe-Ae) 2 G2 gl Eo] Tt
2o A-gE ATt 400Mbps?] o FE Zte
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(& 3) RMICH /O QUE{H|OA

-
Function/ HyperTransport PCI-X PCl Express Radio |/O(serial)
Feature .
Physical dual, unidirectional, bidirectional, dual, unidirectional, dual, unidirectional,
interiace paralle! parallel serial parallel, serial
point to point, Muiti-drop, PC point to point, point to point,
Topology
daisy chain tree PCl tree Any
) . . ] 1,2,4,812,16 Boribbits—parallel
Link Width 2,4.8,16, or 32bits 32 or 64 bits
or 32 bits (lor4bits—serial®)
250-1000MHz
Frequency 400-1600 MHz 86/266/533 MHz 2500 MHz
(1.25, 2.5, or 3.15 GHz")
Distance Short Short Moderate Long
Data Up to 8GB/s
Up to 12.8GB/s Up to 4GB/s Up to 16GB/s
Throughput (Up to 2.5GB/s")
Max, payload 64B 40968 40968 256B
Signaling LVDS CMOS LVDS LVDS
Memory coherent and coherent and
non—coherent non-coherent
Model non—coherent non-coherent
Compatibility ]
software only fully compatible software only No
to PCl
o chip—to—chip chip—to—chip chip—to—chip )
Applications o chip~to—chip
Limited backplane | Limited backpiane backplane

o] F7FstaL, W& HlolH AL ES Zh=vheA 12Mbps(FS:Full Speed), 480Mbps (HS:High

o e 73&%]-‘5— of Hgat7lols e Fe] U7 Speed)] Al 7H4 REEZ 2| YslE g Yotst
oMM AL 8ol "ol dol 1 I PC W AX o] MEF o Hgo] Fhs
th. DA °1E1Jﬂ 122 BalE A9Mg AFEE FlT) <E 4>0) BQ) uhe) o), LT 28
A o7 A A4l 9600kbps L] Bl 9 AR 55 18]S o, USB AlAE
£EZ dojelE desitt gy ol W22 2 PC 3 FX B e b A Ad oy
e 4L 4~6TE o] ZAEMT  wolA o] B8 ok Qrh

dlolei7} A 73 vdo) Qi) USB Al AH)

o] A, thd Fo) 1.5Mbps(LS:Low Speed),

= =18 Al TgeA s PC

PCS} FW|71E o

Ak ¥4 AEelE o] A E241 USB2.0 A
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r'77é§ Universal Serial Bus(USB) Transceiver Chip

(H 4) 2oz 236t PC FHI(Y|

Performance

Application

Attributes

keyboard, mouse,
game peripherals,
monitor configuration

low speed : 1~100Kb/s

Lower Cost Ease of use
Dynamic attach
Multiple peripherals

Phone, Digital Audio,
Compressed Video
Broadband

mid. speed : 0.5~10Mbps

Low speed support
Guaranteed latency
Guaranteed bandwidth

Video, Hard Disk,

Memory Stick,
Digital camera,

high speed : 25~500Mbps

Medium speed support
High Bandwidth

Scanner, Broadband

2Hlo] B4 9l Ao s AR, A 380
M= USB20 PHYS} 8t 0] B33 53
of sl F8E Fof Flshd, 45221 USB2.0
PHY 7]&8] 71 |3l ojzl] 7] &St

ll. Universal Serial Bus

F9 AAEL CPUS J/O address & Poﬂ s
=o] 7 IRQ line, 2 P 4$-oll= DMA
Ado] aggjgjom T mo A YL A
2317 H9 1, configurationAlo]] dofrt= zh
AN FE YT FF 1AEE 95
St &

.J

e} T O 0 =1
gl PC g FHol A~
parallel) of| A
U PCI 7=

rﬁ.

(serial or

=

HN

2

ke A8 ISA/EISA 7H=

3
o) #7h49l AT S TR

L

PCI BUS

T
{
{

A
v

2.0 Host Controﬂer

(
|
E
z 1.x HubJ Ls Dev l FS Dev—l 2.0 Hub HS Dev
T

| I—
IHS Dev 1 ] LS Dev i FS Dev

|
{38 3) USB Topology

{ LS Dev

[Foowr]

w, 7} AA)ult N2 O A
o1 A|AENS :[11\1-3]'_51 g2

ol 4 gl Sadge

U 2 AojER
AE o]

o] B}E USB(Universal Serial 2
<% 550 USB AJARIE] 2 —E—%% L
ok F7171E viet 42 u}~ A2 4—42
AR Feie pC @3 2]
Ol PC F¥7A]9) QIE]Fo] & %9& x}a}@
S0l e} W FELSCSI Qg Ao AS A&

N
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(& 5) USB2.0 Al2”IY 2 EF

g 3 4 3
Hot Pluggable PC e It elo) x| HEE0| 7k
Plug & Play FA| dZat ZAol OSol 2t XbEXQl Hx|QA 2 configuration 7Hs
¢ H4UE 2E HXjof SYst AHolZ AR
Sixo| 8ojM ZEY 1277§7HX] USB deviceE A& 7ts

Low Speed(1.5Mbps),Full Speed(12Mbps) High Speed(480Mbps)2l

S AR g
M7tx| 82 2 X9
08t MAZS Z|cf 500mA7IX|Cableg £ MY 230! 75
S22 AAS oj=Y PC2l MemoryLt I/O address, 2|2 IRQ line2 AME3IX| &S
S8y USB1LIEXIS S84 RXIsIH, 22 FHUEQL H0IE AR
CHISH T&HMA AZtX| HSDEXIHBuUIk(HISZIA), Control, Interrupt, Isochronous(&AIZH

3 t)8% FDD, A, ZUE 5 943 F

WA Eo| USB 402 wAld] SAlHe F

A, PCY T ERL 22 SCSI QUE|Ho]AE
71202 FaAsd M7 EAL 949 §lo] USB

QEIHo]AE A st glth

2. USB Topology

2

HE 7171E0] ‘peer—to—peer YHOZ
Z¥= [EEE13949b 92, <T9 3> 5 v}
9} 7o), USBE PCE SAEZ 319 ‘tired %
2 425 Zerh F7HEQ B9 4-E Hub
E Foto] o]FX |, IAERYE FHA
Z|7FR] €] turn—around A|7F Aok wlFof A H 2
@ Jhsd Ao slBe = STIE AgtE,
b Hubs ARS8l Aol 127709 A 42
o] 7bsstA Aok

USB9] 3t=4¢lol=, PC mother board®l £33
3= Host controller®} root hub, FH7]7]5 2]
&g 44 S AFsk= Hub, 18] 49

HOST SYSTEM HOST DEVICE
—
! I r . I lFunction
Client Seoftware Function |
k I1Layer
I Logical 1
Sys‘ergssiﬂware yommeeton USB i Device
(USB Drv & Host Gaat! Drv) L Logical Device [ i{ ayer
I Physicgﬂ i BUS
USB Host Controller/ [ ="

Root HUB USB Bus Interface i Interface

[ i ] IHiayer
i

(& 4) communication flow of the USB system

FA 52 Deviced] AIZIA R o]Fo} XM, Az
Efojs 47e 77 s d == USB
device driver(client driver), OSoA] XY= += A]
AE AT EH0IQl USB driver(USBD) 9} host
controller driverf(HCD)E A Et} PCY F
221219 B2 client driverol] o) %7]3} 5]
T H), <18 4>+ USB A|AELS FAJSE= A=
7] EelAl Ad4 32 U =3 dATx4
thato] B3l
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7% | Universal Serial Bus(USB) Transceiver Chip 44

Device ™ Device
Driver #1 Driver #2
1/0 Request Packet 1 1/O Request Packet 2
usB
i Transaction | | Transaction | | Transaction Transachon Transachon Transacﬂon Transaction
Driver 1-0 _ 1-2 2-3
Host \ Frame 1 >ﬁ@2‘ \i\wﬁ
Controller - g - . .
. Transaction || Transaction Transaction || Transaction Transaction || Transaction
Driver 1-0 2-0 2-1 -1 2-2 1-2
Token Handshake Token Handshake
Host Packet ‘,' Data Packet ] Packet ’ ] Packet l Data Packet Packet I
Controller
Endpoint
stcl PID lAddre. ot ] CRC ' sync | PID
svnc! PID “ DATA iCRCJ

{23 5) The layers involved in USB fransfers

3. 8 &d

<71% 5> frame®} transaction, packet®] 3
9 client software| A HiolE{E AFT A,
USBD, HCDE AAl= &4+ data F4) M3
Bt} Client softwares 2 IRP(IO Request
Packet) & ©]-&3|A USBD] request E By,
o}2}gk IRPE0] slF USB AXE7HY dlolH
S50 BES 2718 ) 988 B,
Client softwarex JZE FA 52 F7H ol
w2} ojg] JR7t FAlel. EAfR FH AL
AE 7Vs &5, 7€ 7@ dole & 0E
gl o]k USB ARG off- ol i K.
HlE O 2 USBDE client driverd) IRPE @Y
frame oA =38 = ol AAst 3719 o
# transaction G & Utk HCD = 2:8)¢ 2+
o} &} frame A3} LH"ﬂ Feg

—

«:>N 1o

1.

mlm

Z}e] ‘transaction’

= - z
@l % kS Stereo zlgiz Bulkc
RITIFTIEIE|  Auwo £ g€ Teansters
8 G
ims frame

(a3 6> USB devices performing transfers
during frame

T Us
M 7¥ A% (Isochronous transfer)©] Z

tlo} A9 B ol

= i gshs 715 = Jﬂr G5 =0, 4
a3t ‘QEM

ol frame™}t} ‘transaction’
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(7 6) TS 7ts8 20 dlofgy mislel 27 dlw

USB1.1(byte) ' UsB2.0(byte)

: : 1

Periodic transfer Interrupt FS: 8,16,32,64 LS: 8 024
Isochronous 1023(one per frame) 1024(1,2 or 3 per u—frame)
FS: 4
Control S 816,326 8,16,32,64

Non—periodic transfer LS8

FS:

Bulk S: 8,16,32,64 512
LS: not allowed

o o] 0]d 4 Q=S 3, 7|RES dlofelS
Wolzol= 3¢9 2ol F7134< pollingo] &
3 AAEY B¢ niA T Udniet s
M “transaction’ ©] 7R = Q=S w3}
USBo|A 9] BAIE Y] B9] g o] Fojx] &=
dl, FSe] A9 & ZH|Yelle 1ms7t EdH,
HS2 739 125us &9 vio]=2 mQlo] &
FATh HS S04, 125us F¢F A% 7153t
o] Y= 60,000bit, = 60MB/se]| 0] &t} HS
9 & AFEL wiel, 3Lt Aol & x|<dol
WS A9 overhead7} FSoll 8]l AAtjaA o5
ol HEE AT ES W i, B9 A
Tl A% 7Fsgk vlolH ko] S7sH, uebA]
Az oz HSY dlolE tfeFo] Fretrt
USB—IF(Implementers Forum)of|A] 3§k A off
w2, 1024Byte Isochronous H|O|E1& Z‘j—)a\—
g A%, HSOA & 13.6%9 WA 9 ES £~
B3k W, FSell A= 87%2] W tldZ-g A
£tk HS A% olejgt EAL 54 =<l
el Az} 7hsst 9 AR Q) 5 T2
B B0 BE FH7)V)ES USB 94
Al 3 o <TH 6> ofF] FHEo] FAl
USB HIAE 378 499 2 749 ¢ 4
£ Hl 3lolt}. pCofl AEIF o)A H= T8

N

|
284 A7 o=l o, o] 2 sl
AE e PC EREME 7Y TAEE A
o

Be
do il E

=2

19 7} S7rgel wel, A ol e
o3 (o]

¢ |

O

1o

vl
&

T 47)2] USB £EE root—hubolA 7]
2 AFsta ik

i

lii. USB2.0 =D} X 0102 3
1. USB2.0 EZ
7). 22 eEe) H3

719} PC A}o]9] ©lole] Al Al sl )
ole] HE dAig Al SlsiM, SHAEEE
400} Z7HAA 480Mbps?] 3 FEE 243t
Ak T FAE Y, USB2.0E Ao &3}
AuEl 9] mA) glo] 14 $2E A@s] R
of AMEAFEERE F7F || Fhg Solf
ot} 3 USB1.16)A= Al galA] 9gha A4
7+ glo)8] A% (Isochronous Transfer) & $HA] A
A3ro 24 [EEE 1394°] vja) @02 x| vt
olew m&e] HElm|to] $4A% 715
Sttt USBL.17} ¥l Z3lel S o, HS tielg 2

=YY A7HS 125us2] micro—frame O F $HO.
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76 | Universal Serial Bus(USB) Transceiver Chip 44

ms 1ms

<
¥—i Classic USB Frame Ticks

High Speed Micro Frames (125us)

oo

A USB 2.0 Micro Frame Ticks
(1/8™ Classic Frame)

] ]

~ Full Speed Isochronous
Data Payload

IpIgoloniopiapiop

L‘l High Speed Isochronous Data Payload

(2 7) FS framedt HS micro—frame?l <= diw

24 devicedl| M ] o8 M FE & FAAIA 2
212 744318191 10, <3 650 K91 upel o) H
i A% a3 packerd] FHE E0jM TAE
TZE A3 et T3k bulk, interrupt,
isochronous packet®] A7]& F7IAAM HA &
&5 N 28 AAHQ throughpurE 5
7} A7k UsBLIZH) &84 442 954
HS Hub FS&H 15§ tujo] 29 4 ks
A8k, ES/LS Ao 41 2] USB2.0 bus®] &&
Fj3lE $lste, TEEF AeA= A ‘ping
transaction’ I} ‘split transaction’ 2 &7} 519t
Ping transaction<> bulk/interrupt %2 OUT
transaction®) 73-$- AH8-E T}, Bulk$} interrupt
$LE FSEER FAlo] o]F0] Xt} HS hubZ %
B 1% 9 ol Holele] Azlr} BuA e
Al A B T2 dlo]ElE WA =W, tlujelA
= Hubol] NAKE handshake 3t} o] 314 o)A
T WA FAE dolHE 8 He EA7 A
& 4 glon diolg] Sl oW A7) 22
2 7 vk PING dHjoleje] $A1 Zeofl, vie)
token packetTHE Hujjo] 219 gty o F-& &

QI b= WkAlolt} <77 850l 9} o), Hrf
512Byte®] interrupt HolE & w7 9sto]
OUT transactions & 7351+, 530Byte 2] bus
timeZ} 7 8)9] inter—packet A 0] EA| 5=
B &ll, PING transactions A& 73 $-of =
4Byte9] bus time¥} 1 inter—packer X A7t0] &
AsHA HEE bus G FS &0 A
4 3ich

<19 3> H<l topologyll A2t Zo] HS
Hubol] FS/LS tjulo] A7 (2= 7S root 3
HO HS $]|B= HSE §Alghk= Wh, HS 8B
¢} FS/LS Tuto] 2819 T2 FS/LS $EZ ©f
—?—O‘] A B Z, BS/LS 2 EZ ¥ transaction®] ©|F
o] A& FRt o AR 9] WA T Al g of
AA WA g&o] "ol A "t Splic
transaction<= root 31H.¢} HS & H. Alo]of} A&
He B Z2EZZ) roor S| HoA 42
ES/LS tiuto] A0} F218 749, HS Hubell Q1=
TT(transaction translator) 7} 015 348ty 22
8O M root 31 E9) bus £8AS BANFA
Aot
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s

High Speed Micro Frames {125us})

U]’BUHUM

u‘} USB 2.0 Micro Frame Ticks
1/8" Classic Frame)

|

*" 090

Full Spegd Isochronous
Data Payload

]

i

T

High Speed Isochronous Data Payload

|
!

-

it
R

{213 8) PING Transaction versus OUT Transaction

Down Stream Port
(PG, HUB)

27~3BV
T

S

4
use Cable \\4_—_._..Ruu selector

Up Stream Port
{Device)

Difterential Receiver
(HS/FS/LS)
Div. sefector

(D Diflerentiat Receiver
W oo (HS/FS/LS)
7 Osv. seleclor

Dltg';sr;ml Xmit Data VWY ‘)—‘ 1 Xmit Data DI':;,'}?IZ‘[IHI
- SEQ SE0 A
(FS/LS) Enable ~— o ~J tf:nable (FSN.8)
O+ ~1 ™ >0+
Singte-Ended ~J L Single-Ended
Receivers Receivers
o- 4—4—« >__—{ S>——p 0~

Diffesential HS Xit Dats —
HS Cunent Ep
Driver (HS) 77,550 2o

:

\/ :: :fm 5 D' ‘E“ Ditferential
urient En
1 Orv. En Driver (HS)

Transmission
Erwelope Detector

e R -
Transmission
iJ > Envelope Detector

Disconnection
Envelope Delecto

wM

(I3 9) Analog front-end(AFE) of USB2.0 PHY

& ARRE 3

. E2A4159) A5 A 8t7] Yk HS =9 signaling
USB209] 7 QIR WS T E AT A% BAE A9 A5 <18 1050)
= 480Mbps®] 11 dlolE] o] Adel k. H<) nhe} @’01 HS dlole] d52 AsiMe

USB2.09] analog front—end(AFE) 2] 742 <1 17.78
g 950 BTt 71& USBL.1T 728 Ao) &7 9] <
AE] #7304 480Mbps?] WEETE B4 Fty !

r:l §>

S i AFdo] ARgsEd, AolE
°! USB*“"‘ o JeEag) 45008
ol +/—400mV e} A% At

|

2 Fo]E



Universal Serial Bus(USB) Transceiver Chip 47

High Speed
Signaling Current

1,=17.78mA é '
[ 1] Z0=9042, differential 1
RTERM R'I'ERM
AN~ VWA—P
"""’W‘v vAvH
450 450
=4nH
5;)F‘E(?;m12p/—‘
High Speed I I High Speed
Receiver Receiver
400mYy

{12! 10y Current mode HS signaling scheme with dual termination & eye diagram at both ends

of USB cable

Ao} Az ol sl FS/LSE TF3| 22 pull-
down EHAAE onAF 3 AE A AP
glo} 45 Q0] H =% A @t} HS driver/receiver
9} B8] USB2.0 AFESIA 3718 55202+,
Aol B AANFHEE detectiond}7] 3
‘disconnection envelope detector’ 7} TAE Zof]

Z7bEglon, woj= @HofA el Frald|olE

AL RAST] 98t
envelope detector’ 7} EAESL tiujo] A S0 F

7t = A

‘transmission

2. UTMI(USB2.0 Transceiver Macrocell
Interface) BEZ

7} UTMIY) 54 2 71&

H]Z USB7} PC 7]4Ee] ¥ 24 Qe go] A
2 waretar ek PC FH A AL dAE9)
AollA B, 71 FHEAE USBE A4
2 Agsl7) Yelir= USB A28 Autol| st
olaje} o9 Fdoleh Waldt FAlel Skt
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UTMI(USB2.0 Transceiver Macrocell Interface)
|

Serial
Interface
Engine

D+
D-

usB2.0
Transceiver

Peripheral Component

Integrated Microprocessor

Real
S 1] e
ontro In/Out

Custom ASIC

(3@ 11) USB device architecture

Shared Logic | HS
3 NEZL Interface [ Q O-
Seratizer stuttfer
encoder D+
Data| | paraflel < ,
intertace Da unstuffer NAZI qf‘!— |y
seralizer decoder U v AN
v —
FS

Control |
I Control

interface L E
L
.

(38 12) UTMI compatible USB2.0 PHY block diagram

A At} 3] 480Mbps 2 EZehe 144 o)
21 32EE USB ZREZS @Al TR
4 22 9 tjuto) A9} B Eo] one—chipC &&=
TSR AL 2 Fgo] old 4 Qivk. wat
A ALAAES, 1408 FZe= opdg g
BEZolu USB 2283} #HE BEES 1P §
B2 33 0L low, oldg mlaine
WA R 9] 7] FHTOZH USB A
2H18) Ty Fhgsirta wekslglt)

71&8 FHAAA 2y a2 FAshEA

= TR71717} USB B #o] Ao B} 4] o
24 7 UEE ) Y510, Q22 20014 3¢
UTMI(USB2.0 Transceiver Macrocell Interface)
revision 1.05 55 &7 X3tk USB 51
BA Y T2 2 715HA Holl A B w), <3
153} 0] T7) 4749} BZO7 o] B 5
AUk B AlZ? USB2.0 transceiver= USB 7
ole#d A FAE 223t SIE(Serial
Interface Engine)= USB ZZEZE A& oA
ok AR AN Ne s FEY 220
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Universal Serial Bus(USB) Transceiver Chip 47

(H 7) 42 USB2.0 PHYZIS| A1 H|m

Genesys GL800 SMSC GT3200 Cypress CY7C68000 Gawasaki KL5KUSB201

process 0.35um CMOS 0.18um CMOS
supply 3.3V 3.3v/1.8v
power 96mA 72mA
package 48pin 64pin
interface 16 bit 16/8bit
Isuspend 16uA 123uA
termination on chip on chip
Xstal 12MHz 12MHz

0.35um CMOS 0.18um CMOS

3.3V 3.3v/1.8v
175mA 90mA
56pin 64pin
16/8bit 16bit
150A 50uA

on chip | off chip

24MHz 48MHz

protocol controllero]™, 24 tjHto] 222 QIE

Ho| A FE-2 real world infout EF2.F )}

Ak o)F %, USB 7153 ¥4 Sl UTM
SIE Aol el QE{#jo] A mFo] UTMIH,
UTM3} SIE= ASIC vendor S0] IP He|Z /i
B2 a1, AX] LA AEL devicedt HHHA
Ak gl 4= o) o2 Wt A% AF
Ffato] 7153HA H ATt USB2.0 transceivers
Aol E7= 480Mbpse] AHFAE st SIES
= 16/8bit8] HE FAE gtk Aol M 9w
olg] BAE A3k bit stuffing D NRZI JEE2
s, SIEQ] A|oJAlZE HIEFO Z resume,
suspend, reset, speed signaling?} 2> TEEES

A28 4 YES A Hlojo} ek

. UTMI W 53

ZY =, vnd 1 F27F dEky
FPGA 3l A 7€ 9 750] 7Fs38h USBL.1
o] zHA 7 E-2 license AlFe] FE| 2 thfet
Aol 2go] AlpE 1 glom, RIeA 1P 5
2 HE)Q) SIPAC Y IpCosell = 247} 19, 8%
o] USB & 1PEol 5EH gtk 22

USB2.03+ B3 7|&7hike 58] vz s 44
oldl], ETRI U Altek 5ol A+ USB2.0 device
controller # [PE W3} Y= HAOF FAL
3 Qo) FuollA USB 2.0 transceiver chip
of hgt g3t =32 N o}x Bud u)-
ok =] A9, on| 2002 FEFH 2
YA Ao = A, 7FAAH] 59 IC vendorE©|
UTMIES PHY IPS histo) A4S AAs
T Yok <E 7500 markerolX HT AL

UTMI &3+ PHY chipSoll thdt 545

9‘1

3. USB OTG(On-the-Go) EZ

7}. USB OTG 54 2 7%

USB M{Ao 9] BE HlolE $7AE 32
EQl PCE wiA R 3lo] oo A&, PDAY
mp3 player, mobile phone¥} Z+Z portable 2]
So] BR¥A 07 Alg-gol e, o)5 AHE
o B4 £& TRE 9 22 F7)7)9ke] T
o glof, AFHA AL elM= PCY 7Y =
dlole] 5] gig 277t F7HeHA H ATk
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OTG Device in
Peripheral mode | [:

i1 Same device in
| ditferent mode

| OTG Device in
Host mode

Printer
Peripheral

(23 13) USB OTG(ONn-the-Go) System configuration

USB OTG(On—the—Go) Revision 1.0a 0]
3 ool B-3-317] H3te] 2003d 7€) HF
FEEbo] B ==, AA 12Mbps] DS
TE Holx AFeol AR £417] DAl H,
480MbpsS A 3}7] 91 BFo| whaEe] A
F el 18] 3 gk

ZZ2EF WA & uf, USB OTGE 71&4]
USB2.0 30 F 7Hx] Z2EES 371 3151+
b, F87171% 1+ A3 (point—to—point) &
o) FVsstEE zF AR 7} Al 9] o]
X IXE 7)15E T3 4 U 3= HNP(host
negotiation protocol) 7} PFAE| o, At 7]
719] @40] A& ALt AES FATgeR
» uige S ARehe A AEAR
£ Z0]7] 93} SRP(session request protocol) 7}
vlAE Tk 71& USB2.0 PHY 529 ¥3lE
23} 317) Y3k, 7 F ZREZ| g
£ AZoM e AL M2 DAY (Vbus)H
pull—up A ZHE AHE-3}o 0] F0] Xt

OTGE 3 AEE Alo) &3 AYEE 7|&

o} 4pin AYEE A3 5749 pind 2T, &
AE T Syo)n 75 FYTAE 2y
E ID’ pin®] F7HHSAT OTGE Alole2
‘XEA 9 ‘YEBR & & Eo Feta e,
Z} XE9] ID’ pin®] A0 AR TEA AHY
o} gith. gy, IAE/EYo|BY FAHPL
Aol &2l 1A Wl ojsl 2AHEH, ‘XE
A o) AFY BAA T} TAES) AIE ZHA Hv,
AAd) w2 A7)H] A5 AolE AEFO
24 o] gt AolES Fo

=]
31
[e]

AT &

o ZAeje] AR e A9E T} 52
BT Aol FEA' & I
Fi Aol ZRA AL 7Fss

tlo
2 E‘L\-_‘, 1o

OTG PHY*= 71&2] USB2.0 PHYl 7182
2 3 7= 3|28 a3l 941, HNP/SRP &
c 2 2¢st7] 98 Vbus Agt #l-E A7t
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: t Universal Serial Bus(USB) Transceiver Chip 4%

(¥ 8) Possible USB OTG configurations & applications

Host Peripheral Application
Mobile phone Exchange contact info,
) Camera Email/upload pictures
Mobile phone MP3 player Transfer music
PDA ' Exchange contact info.
Camera Exchange pictures
Camera Mobile phone Email/upload pictures
Printer Print pictures
Camera Print pictures
Printer Scanner Print Scanned irhage

Mass storage

Print files stored on device

MP3 plaver MP3 player Exchange songs
playe Mass storage Up/downioad songs

Oscilloscope Printer Print screen image
PDA Exchange contact info.
Printer Print files

PDA Mobile phone Up/downiload files
MP3 player Up/download songs
Camera Upload pictures
Keyboard User interface
PDA Hot sync, file transfers

PC Mobile phone Hot sync, edit directories
Camera Upload pictures

o2t AlojskA HEw), ©o1F e charge pump
3271 2 Q3hH, Vbus A4S thekst e iS4
Z3517] Y% comparator, 712]3 Alo]Eo] XE
of AZAHYEAE AESte oldR2I 32 Y
gxg 220] HQsm, ID AElE A&
At 327 9 A} olF 3 =& USB2.0
PHYS| ®7 glo] #717t 7Fs3tE 2 OTGH
PHY 2AIE B} 47 &l v} <& 8- OTG
AA FH 77]E Atold & 7ted

configuration 23} 53-& Qo s}tk

Y. USB OTG 7]& 74 53

A ALEHI JE OTG 71&NE FA4= 2
A 5 A, A AlE OTGE IP3) gl 55
sk o), T g 7HX= OTGE v A
o7 ZF3H= 9ol OTGS) IPER= SoC9
A SEolM AAY fAE FoFH AA
o Az R SR T Ao SEE 7}
2 4= 91tk SoC A A¥o] F-E8t F/7]7) 7|
zle] A4, OTGHE Y H& ARl AlA
B8 Ao 24 OTG AAle wE Jsg
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L 7+ 4 9o TTM(time— to— market)
oA f2& 4= gick USB OTG 71% 7]
FZojsla e 7195 S04, SoC(System On
Chip)d 2l 2+ OnSpec, ARC, In—Silicon
(Synopsis), NEC7} 3loH, a2 3 QA=RE
TransDimension, FZ A, dl& Alo]| ZH A AL
OTG SW 7l A £+ SofitConnex, OTG 7]&
& AR E QAEE HE B, vZbA, ¢E
&, w70k B4, REEE 59 AP gl

A A, TransDimension®] OTG243, YHA9)
ISP1362, §4<=2] S1R72005, AFo] Z g A9
CY7C67200 R E0] processors X &3t
OTG core ¥ PHY S T F 0= AAgle] YAk
311 it} o] & RS B 12Mbps?] FS H$
< A @3h=ul, oy 480Mbps?] HS 242 A
sh= OTG A& A& HolA] &1 Jlth OTG
T A A A drEE 2 1T 71950
OTG 7|&& oA A Wo} Aprte] o 483}
T x8S 3 Jlon, R I, 13
I ATT 7222 A9 499+ TransDimension ©.
EHE OTGE SoC FHZE A2 FHoll 7}
g oS Wold OTG Al A AFGA7} =71
el =shm ek

FE, OTG 71&S YHTE A A=
E4E WAFA 2 Aotk PCof 2JEZ 0] o}
d b s O QA EA FH7)719 3 &
T QA BoEA Yt Bopr} Fol g
T AE 7FsAF A SR olofx| g} 7]
oo ‘

4. UTMI+ &

HSZ E&3h= OTGS] Mg 71453817] ¢
A, terst Fele] OTG 1P A3} ok

usB2.0 N Host Transceiver |
Host Core R Additions
coee | e |USB2.0
USB2.0 HS LUTMI | UTMI fi‘ie
Device Core ; ,' | Transceiver
OTG Control -\ OTG Analoy
\_7 i
HS OTG Core \ UTMI+ Transceiver
A
UTMI+

{22 14) UTMH+ definition

UTMI+ Level3
Peripheral, Host, OTG
(HS. FS, LS. FS Hub support)
UTMi+ Level2
Peripheral. Host, OTG
(HS. FS, LS)

UTMI+ Levell
Peripheral, Host, OTG
(HS, FS)

UTMI+ Level0
Peripheral Only
(fully compa\tible to UTMiv1.05)

\

(g 15) UTMI+ levels

ol Fgo| "Aolt}, USB2.0 Al A
7191819 ™ UTMI %59 983 npzi7ix| 2,
HS OTG core®} OTG PHYS] QIE]#|o] 2] tf
st B e Q77 s, YA FX o}
Z UTMI+ revision 1.0 £30] 2004'd 29 &3
g9tk 71&¢] UTMI B2 HS tlulo] Avt
At FFO0E PCY FHE & OTG EF
A DA 47| wlgofl, AFHEQ FAE 7S
FYsh= OTGE A Hsk] YaiME <13 14>
o] 5]l ule} o] 3AE 71% 9 OTG 7|5 A
4e 93t AEFHo) A7} 7]E9] UTMI EF)
F71 08 A Qs @k,

U

1
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Universal Serial Bus(USB) Transceiver Chip 47|

L oT1G
. L
Charge pump VBUS
Bias 1| 4g0MHz 2 e
Vbus monitor P
| 1D detector l D
: HS AFE] i
U |y Tx ., 4
T Procesing v
¢ Mg || B e o
HSCDOR ey
| Control Butfer
State
+ machine FS AFE | llg—p
> drv -
"
«| . ™ MUX FSCOR | <} rev
Procesing r_
<] single
endad
<J rev

(a2 16) CH2295ug block diagram with UTMI+
interface

<23 1559 BQ vpe} UTMI+& AlF 72
o|Fi, olgj gt AFTRE v 1 &
Sol &) 71 A3 Qe FHo) 2~ 7] 5E Al
F YEE fF Levelo: 712 UTMI
7} 5Ag Ao F HYFSE FAsHs W
-8 2| A5hH, levell S HS/FSE F3teh=

TGE A Y3} Level2E OTGO] AH
A LS tupo]As}e] FAlE ek, full
speed(12Mbps) hubE 2 Q4% LS tujol A
9lo] ENL level3 S E3) 7155t} o] ul, Z+
level 2 3}9] level 2= 535 A ES T4
o] ik

<13 16> In-Silicon AbollA 7fst
CI12295ug 299 B tho]oja ot}
UMCO.18um 3322 AABIAN ™ UTMI+
EF level3E AL} OTG 715 ALS 94l
Vbus-& ‘charge pump’ E=23 ‘Vbus monitor’
2 ID detector’ 0] F7} HAH 01, level2¢]]
A A Qb LS BE FA9Y AL VE
UTMI AFE(analog front end) 2] FS driver$}
receiver7} B33}

o Bt ool X
N ek

-
%z}
es]

5. ULPI(UTMI+ Low Pin Interface)

8bit bi—directional QIE]H| o] AE AME-3H=
UTMIS 7%, PHY?] H7|X] = 48~56pin,
16bit bi—directional Q1E{H o] A 9] A=
56~ 64pin 2| 37127} AREA o)™, full speed
PHY IC9] A%+ 16pin U929 #71X& F=&
ARSI UTMIs 252 9ol pin 7} H
9 Z7)5ke, 8bit X 16bit QJE|H 0|22 A%
1 pin = 22} 64~72pin Z 72~80pine]] 0] &
t}. o]&f g B pin & OTG PHYE 94
O 2 boardo]] AA k=] glo] H]E L A AH
BRACE 771 HEE, @A s §
= UTMI+ 33+ PHY+= A9 macrocell HEY
o) 3ol BHH o] gl Aol

g, B2 AE/HELS OTG PHYS &Y
A Fgo) thekst OTG A AHY F3 S 7153}
A W 4 9le 7107 Awasta 9k o]of wh
2}, UTMI+ PHY IPZ 0|2 ARS8, AH9
link layer 2 2] QIE{F|0] 2 pin T2 AANA G
o H FHE golaHA BE7] $15k, 2004d 2
€ ULPI (UTMI+ Low Pin Interface) revision 1.0
o] WrE ¥]girh ULPI o) W2, <17 17>
o] BQl e} 7o oF 3k 8bir HAE AFE-3}LL
Aoy AF 9 5 3712 Sl wet AA| UE
FHo| A AT Ao $F 12712 ZAaAF oH, o]

2 Qg 9 A A= 329 olFtE £Y
2 Holtk AEdY FAHe Fak
A

UTMI+ PHY®) th&ll wrappergh= QlE]H|o]
B22 F71 0 2N 75kt Wrapper
flip—flopE-2 £ 45, UTMI+ PHY 9| Ao
A FE4Q) TxValid, TxReady, RxActive, Rxvalid,
LineStates 5 2] A %ol A1+ M| A& F7| =&,
old 7%, USB2.0 EFolA 1748 latency &
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clock
. ULPI PHY
Data[7:0] Wrapper USB2.0
UTMI+ ULPI Link < B UTMI+ Cable
LINK Core [ Wrapper dir PHY Core
nxt Register
Map
stp
ULPI LINK ULPI ULPI PHY

(a8 17) ULPI system using wrappers around UTMIH+

CLOCK. ULPY

NTonh e USBDATA usB2.0
—’{ SERIALIZER }—’ DP
DO-D7- LOGIC ATX
TERMINATION
USB DATA RESISTORS DM
sTP DESERIALIZER

ULPI INTERFACE
S
o

MXT REGISTER
MAP

POWER ON
RESET

GLOBAL RESET) VBUS

CRYSTAL
OSCILLATOR

INTERFACE
VOLTAGE

INTERFACE POWER

VODIVE-a—

VOLTAGE
REGULATOR

VBAT -t

oT1G

{ 0 DETECTOR } ©n

COMPARATOR "
SRP CHARGE +—»VBUS
& DISCHARGE |
RESISTOR
HA
L4 PUMP CA
SUPPLY cB
ry
AGND

OVERCURRENT |e—1 R
DETECTOR ——
!> PSW.N
TNTERNAL

REFERENCE |
YOLTAGE

RREF

(3% 18) ISP1504 block diagram with ULP! interface

= IS 939 UTMI+ cored] A|AAIZT H A
3t F7 02 A Q5 I

ULPI 0] 2858 )82 < IHA A}
2] ISP15042] £5 cfolo] 7S <19 18>0
B3k UTMI+ level3-2 A 918h# ULPI Link 2}

£ 12bictl 2 QJEHo) A Fof HYXA AR T
Th2 ULPI PHY 2991 ISP15069] 9= ok}
L DR E ELERELIEE)
Ao 25 AZ235H= DDR(double data rate)
Ao R FEHORA AR o)~ W FF 8bit
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(® 9) ISP150x family épec comparison

Host ISP1504 ISP1505 ISP1506
charge pump Yes No Yes
LINK 1/O 1.65~3.6V 1.65~3.6V 1.65~1.96V
_OTG Support Full SRP Fuli
Link—PHY pins 12 12 8
Data bus 8bit 8bit 4bit DDR
Package 32pin 24pin 24pin

o2 Ztaazie, ol ¢ Aol H71A= 24
ol E3fsirt.

UTMI+ e #jo] 28] 3 5 Aftele]s &
T2 w82 d3oF CypressAtollA= HE
‘Super High PHY' QIEjgjo] X ¥4)& whu 3igl
o @Al A% B2 Ao] WA
High PHY %4]& USB o} 2lef 7]e} /0 =2 &

o FAREE Defsta Yok ok

Q1 Super

6. USB2.0 PHYS| IP&t Ag Q9

A3 UsB2.0 AES] 7 A

480Mbps . &
e dEetn 149 obd g 37 AAd u
2 Agvge 2083 Astel A

UTMI 23, USB2.0 Link9}9] dut ¢l <l
Ho]x BFO 2 Wolzoix] USB2.0 Al 3%
o 2A 7]J8}Sitk USB2.0 A3+ whE A%
& olnE=d) 719FH UTMIY Q&3 okl
22, Y2 Alo) 3 A UTMI+ EF2
HS OTGE #93h= PHY$} Link?) Q1E]H|0)
2 E708 A28 2o sk UTMI+ ¢}
T35 PHYSY IPSH= SoC AAIE 53 AIF
9 ASIC 78& 2ot 44 & Ao= 7|0} dck
HEol, UTMI+ & WHEshe 9 39 7

AL AZ L) Nl Z8 ]2 W8 Fga} 7)
ok YA AR ULPI’ EF3} Apo] T
(Cypress) AF9] ‘Super High PHY' ##&

UTMI+ 39 @ J Fd ol B2 pin 529 7

A2 Y3 ME AY w= ZEIo2H OTG

A /37l 7108t | o2 Helth

P = e

VEE

2 =EolMs, PCef FR7Y] QlEjHo| AR
ga] AME T Q) USB Al2H, 53] USB2.0
PHY S} #&A 3k thorst 2259] /) =8k 1) =+
HejellA ojFofx 11 Sl AFEelY e A&
H}-8ko]| ‘:H?SH Aby A Eol USB2.0 % OTGE &

& Q| 0] 29 %—?Jﬁ‘rt 2] PC F187)
71 B2 FUE, PDA, mp3 player 52 LEHE
717189 F& QEHe)Ag 1 7Nk W7t
13tk 53], PCE TR & F) USB &
Elslol 2% Woluh, F¥i7]717e] el B4
S 7Vs3HA 3 USB OTG E&9] 53, &
% USB AP Al 28] =) & ExlshaL Slvh
USB—IF(Implementers Forum) 9} ULPI working
group FolE 3, ¥ V&g AAsta A%

A2 sk Qe Y=Y Aeohs 2, &
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(1] hetp:/ Fwww.usb.org 20024 ZEiZatristy HMAGE A
. . 20024 -8 A ZyIaisty HMAZE SIANH
[2] USB2.0 Transceiver Macrocell Interface specification, mmasop T4 WE'_":? 3|24} USB 20 PHYRt
revision 105, March 29, 2001 & Digital Oversampling CDR Z24
. . o .. . 7, High Speed Analog to Digital

(3] Universal serial bus specification, revision 2.0, April Converter, 23 Distribution2! 82

27,2000

{4] On-the-Go supplement to the USB2.0 specification,
revision 1.0a, July 9, 2003

(5] UTMI+ specification, revision 1.0, Feb., 2, 2004

[6] ULP! specification, revision 1.0, Feb., 2, 2004

[7) Don Anderson, “USB System Architectrure(USB ] £ o 5
2.0)", MINDSHARE, INC, T —
20014 EYBU ST BRI A

20018 -8 x| mEZuiristy MAREE SEuby
ZFRAEO0} serial link |, USB 2.0 PHY

197949 AMErhsin MXAtH7|Zstat st

19813 St=mtsty|ad HXIMT|IBEa MA}

19894 University of California, Berkeley,
TRtBE ghAL

19984 ZiECystm MXIM7| 2 SA} 1981"5_‘—19845 SEHXEME TS O
2000k SRS TXKEE AA} 19894 ~19914  Intel AHU.S.A), senior engineer
2002 -3 A EHTakHSm TARDE WA foora-g A ﬁi*%ﬂ”"m HxHzIz s
FEAIR0 34 9EH 3B A : M} Qs
Frst gi\HAss L] HT}O%FJ g%;;kgﬁif? FEMEO CMOS 14 YEF 3|2 MA CMOS
mode CDR), XX /O QIE{mojA A OlgRT 3|2 47| M HEM 2 =M
APWM), 2 M4 U 24 32 a7 =48
(PLL/DLL)
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