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Number of Length Speed
Interface Format Devices (maximum, (maximum, Typical Use
(maximum) feet) bits/sec.)
16 (or up Mouse,
USB asynchronous 127 to 96 ft. 1.5M, 12M, | keyboard, disk
serial with 5 480M drive, modem,
hubs) audio
RS-232 asynchronous 20k (115k Modem, mouse
(EIA/TIA- Sefial u 2 50-100 | withsome | .- & F 1 t‘ilon’
232) hardware)
32 unit
RS-485 asvnchronous 10ad§ 5(16113 to Data acquisition
(TIAEIA- | Y . 4000 10M and control
serial devices
485) . systems
with some
hardware)
asynchronous Printers, hand-
IrDA serial 2 6 115k held computers
infrared
Microwire synphronous g 10 M Mlcrocor.ltro}ler
serial communications
Pl synphronous 3 10 2 1M Mlcrocor'ltro.ller
serial communications
1,C syn_chronous 40 13 34M Mlcrocogtro}ler
serial communications
IEEE- serial 64 15 400M Video, mass
1394 (Fire (increasing | storage
Wire) to 3.2G
with
IEEE-
1394b
E EE IIE|3_§'88 parallel 15 60 &M Instrumentation
Ethernet serial 1024 1600 } (C)}M/l 00M/ Networked PC
2 (more
MIDI serial current | with flow- 50 31 5Kk Music, show
loop through control
mode)
Parallel 2 (8 with Printers,
Printer parallel daisy-chain 10-30 &M scanners, disk
Port support) drives
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Series "A" Connectors

Series "B" Connectors

+ Beries "A" plugs are
always ariented upstream
towards the Hast Sysfem

"A" Plugs
(From lhe
LISHE Device)

"A" Receptacles

(Drawnslream COulpul

Jirom the USH Host or
)

+  Serjes!
always

UISE Devie

downstream towards the
USB Device

"B" Receptacles
{Ulpsiream Inpud lo the

'B" plugs are
oriented

"B" Plugs
(From the
Host Svstem)

¢ o Hul)
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&0 Du
=0 On

aAZETE - 12

Paobywinyl Chloride (PVC) Jacket
> 65% Tinned Copper Braided
Shield

28 AWG STC Drain Wire
Rad (Veus)

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

ser Specified
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Length Dimansion Paint

USB aul, S3u9, Uud £95 95 5l (oBlg Slos 1 5 g

USB LB &5l (ol sy iwlos 1 6 g
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osls « USB s> Jlail SYU GuwilS )9 ,bls ay whgail 5ue 5> uwl i 0 5l i 1o USB LIS Jgb
Job 55 wleMbl sgls> JUS w Ulgi Uas s 5l (il ol aS g (s Jasio Uas b olod o
Olxangi aolsl j3.59 i (o JLEw Sy, L a9 glosil )18 0l el enlps )y aS cwl LIS

ol adlgs> p)Sig,y 9 W osls Jlail a9z 3,90 ,5 Sy (waaxi

use SlelSg »

02w 05lizw,d sla osly B Lpil 55 aS Jb,w Slas,lulicwl ulw b RS-232 5,lilowl @M
woowl oauw aislw JSig,n S iV w51 USB (s wwl 0ain oy,
5l cowl 0w Jola USB Jlawl L8

(Sasy S @ Wy Sl sl ,w) Token Packet o

(220 ;U Jolaw) Optional Data Packet e

(o> puai wubB Us,S pal,9 9 ACK Jlail jghhio a,) Status Packet e

Jeaio Ol a4 wlgi (s HOSt S bhiad (susy ol a0 S 018,38 S5 USB owisS od W aS jghiosd
Host Ja_wgi aS awl Token aiouw Ulod aiwy gl 35S (s S5Lw oslel Host |, oVl olod.sgui
0w Lyl cwldoc Usgy (suiig b (sudilss xile (sdyiuS wleMbl Spw S5 U sgui (s szl
aS cwl a0 U Jo> j9daio au 63l @i o Vgose Saws S diwn.dguib J1 9 5 ... 9 labo
L Jolso oKiws curog U sgui (sw 05licw,9 Handshake aiuy o d duw ¢l 5l puy aloloy

.b)gi)b |).>_-| LV |) [ VISR VY. W) _)..'J|9.I.g Sg G .ULuJ).g 9| LV \S)ip dlg_w Jus

USB S diu 30 5 puino sl
1Sync
sskiio 4 S il a8 2 ol s b i b o SYNC alid Sy b b 1 atauy ke
Slaald g9, 53] o 935000 s 03lasiwl 015,89 oxiw,d w Clock s3Lw Ulojod
> s wbaws |, PID

VPID
w55 whgo Al 5> S Suslao. s 05,5 Wbl wesST e aS Sl A

Group | PID Value | Packet Identifier

Token 0001 OUT Token
1001 IN Token
0101 SOF Token
1101 SETUP Token
Data 0011 DATAOQ
1011 DATA1
0111 DATA2
1111 MDATA
Handshake 0010 ACK Handshake
1010 NAK Handshake
1110 STALL Handshake
0110 NYET (No Response Yet)
Special 1100 Preamble
1100 ERR
1000 Split
0100 Ping

5 payload
é Synchro field
7 Packet ID field
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PIDO | PID1 | PID2 | PID3 | nPIDO | nPID1 | nPID2 | nPID3

" ADDR

L o&iws 127 ,iSlas Olgi (s bl e (swou 031 s (s dEiwd gud U 400 L)l
Lol @ csmwdl gud (sJg Jiiwd Joaio 08,38 @y aS sulpalKiws awdl 5,5 (sds gl
b Ewly Jiow) w300 Gyl b aS (uld a4 b cowl 48,55 3le

Y ENDP
L cvlealSiws.s,S sbaul bl o atass 16 0ls5 sop orlylr ol a4 218 ool Jsb
ool acwls (bl abss 4 Sl U 2 had awles (s Low cue,w

'* CRC
Token sla aiw plod.>eui (w0 plil duso ,U S i > 0315 Slgixo Sg, CRC wldoc
Aisoawd CRC oy 5 Jolw wwl (saw 16 Lpsl osls @iy aS (il

" EOP
95 Uloy Wi @ Luysi (sues cowl "7 SED S bab> 53,068 (s uasi | ainaw LG Al ol
3940 (s i JLSw

UsB S 4w E1g9

osls iy g Jlsil 9 uasei jekhino @, Token aiuy.caowl lizo aww £95 ,lp> SLIs USB JSGg 0
9 Lalbs iu)l3S Gusxod ACK g dewl @ bgso wleMbl Jola Handshake asuw 9 auso LU Jol
RGOW) IEVET ) ViU N 2 SO LY SRUWE VYLV VIR T SUVIL LOWERE ST LW Y]

Token Packets

15,05 sg>9 Token a5l walizxo g9 aLw

Aibw,y o 0wy @ | ol&iws 5l wleMbl wxles 5 (svuo |, Host cewlgs,s :In
ik, v 0w i | olSiiws @y wleMbl Uslicw,d 51 (suwo |, Host cwlgs > :0ut

i ine Olisabl ohio @ (sJs cauwl < 4 Vgomo PID sLd Job

9 (s oslawl TS Jsul g9 g9, ki @ :Setup

1S caes 5 JB 5l b Token g 5l Sla aiuw

Sync PID | ADDR | ENDP | CRC5 | EOP

Data Packets

Ao 03l> wul 1023 U 0 Jlasl ay 558 plasS ;o aS 51> sg>9 o5l a5l g9 9>
DATAO
DATA1

Sync PID DATA | CRC16 | EOP

8 Address field

° Endpoint field

10 Cyclic Redundancy Check
1 End of Packet

12 Single Ended Zero

13 Control Transfer
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Handshake Packets o
5505 59>9 Mg (s (83,20 sSsluu PID U aS Handshake sla aiuw 5l £95 auw
395 50 Sy Ay Zuxo Wl Gidai 9 GunliS Hshaio a4 :ACK
S0 Eewl s (ilgil i3S b ey Ll Lo Lot wcwles s Ued aSiyl Giv,l5S sl :NAK
0315 zud ,ol> Jls s aS Host @y wiilopd jghio @y Fasdy Jaul 95 )5 Guixod.d9, Lo
S5l 39>9 wsliow,d sy sl
ol b 3,080 ouonai 393 Sl 1lgi (swu aS syl L8 (sanmog > oBiiws aS (siloy :STALL
Sl zlasl g alslae a4 aS 1,68 (s Host @y als
1w 5 B @, Handshake sl aiuw

Sync PID EOP

'° Start of Frame Packets o
Host laawgi 1mS + 500nS ;8 5 aS cowl 4,9 0,lonis jehhio @y e 11 SLls SOF S asiuw
g (s 05liw,d

Sync PID Frame Number CRC5 EOP

"1 -
usB &dlgd

UTGSJ.ASMQ\;‘))SULNMM_ASLN)SSLS@OJSUSBQQS@&KJMbuS,{Q.;proQ\J.‘)g
ol vl Siow 3wl USB JSig,n L ad,b g5 blo)l S shyls cauwndlS bhiad aal ax olKiws
bl Slasli U sillas aS el USB gilgi ppo 1l 3805 a5 b g ssiun oiSowl S5 oSiws
g oo Ll o&inws

L bl adass S ay 80 0 aS ol wob 8 Ll Jgb Vgoso aS 11> 18U Syw S gilgi i
woly Slolss S Host Jlio Ulgic @y .3g0 adlgs> aiwuly ... g EPO OUT g EPO IN _su=s endpoint
aLd ol s 9 Wl (s | Setup aeun S &b 18] cow bwsi 0w il ainw,d sw Y oliws
9 Blo> (0 Aoy aS oo |, Saws S aiwn purw 390 9l U Bleio Guysl SIS (o S |, ADDR
aLd 5y bl adass ol wlaxiw 1S w 0,035 bl adass ;8L S s | osly @i wg,s Auao)l
L e S s Wio Gung> Givg,y 4 (s3> aade Sy slal U O Sl gy 46S (5o oMl o9
ol AsS oo gdbao Givslsay Sl ooui b,y wleMbl Usgs oslol 5l 1) Saws S (g, H,iSe,Suo
owlb b bl adasi 19U Sleixo b L1381 o5 V5900 (o bl L1381 e 5> Vsazo a0 W)l
Sl acals 1 o3V 5,8lee g 03,8l wowy | Ol wasly Slolss U ass

endpoints lg GJQQ bl

bl JULS slpsil s axdl USB @il o s asilgs e bl blss . aiiws W osls golio (il blas
o3l cululiu.sliuw,8 ol&iws ay EP1 Jio aiun S, Ulgi s saulys Jio 51581 0,0 @V 55.05,.8 1,9
o Sl 5308 firmware Guu—w. a0l o bl EP1 OUT ,80 > b sw ul,> Host (a>g,5 > ol
abo LS g, 15,3 50 1) Sl esls adlgy ol JS1aiS sl wds @y g ulgz L9051 1, 0sls ul wn,9
L, o&ws L firmware Sgw 5l o3l Jlw,l Slolss Host aS (silo; U.cuows 05l Host 5l osls 29,5
g 03lol 9 Lolas Wil Laxo @ Ad> (sw ,1L8 EPT IN ,0L 5 |, Lk 5,00 0sls firmware cowl 03,55

Ao Adlgs> JLus,l EPT IN (80 wg,s ol firmware

 Interrupt transaction
15 SOF Packet

16 USB Functions

17 Device Descriptor
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Host

USE Device
[Addri[Endpoint][Direction] "—

Addr=2 My Function

—{_eroouw |
— e Jo
Addr=3 My Function
—| EF1 Qut -
—{_epm Je]
—| EF.. Qut  |—

bl bl U USB gilgi bls,l o9 1 7 ugai

Mlb‘\"’

o MS 55 518l o0 (auS o @bl 9 xiw,d sw ) W esly bl bl si,b 5l oBiws aS (silo;
bl g Host w (séhrio bl)l 1 alg).asS (s <dl,s 9 3iwyd sw W adg) (a0,b 5l ) W osls uod
a oo oy Lolaisl Bl Sligy Ulue 1a6le dsowd el Sl acgexo Shhls W ag). s il
30w 5S> ¢ W osls Jlawl > « (Control, Isochronous, Bulk or Interrupt) USB Jlaul ggi 0l
a0 bl ahsi SO L Mad,bes s adg) SU 0,8 G S ds) Jlio Llgic @ o 8L 5 b aiuy
J,S g95 31 USB Jlssil S oly0d @y EPO OUT L 7' (s>9)5 180 (il adnsi 9 EPO IN | "' (Sng9
wowl oo aslw
15,0 algl 95 95 USB lowlg
Stream Pipes o
Bulk, Isochronous, Jlswl glgsl ;s lhsd o alg) g95 ¢ul.5)l5 Sl oonis cpued Giuw 51 B
g JyiaS o&iws b Host (g, 5l auilgi (sw 9 6l eauis way i Interrupt

i Message Pipes o
So L g Mg (oo IS Host o 5l Lpslas,ls sleas wayyei B s alg) g95 ol
03 03w Dinwles> wp> 55 osly w259 (s S;Lw o3lel host 1 oo osliow,d Slolss

o 185 (s |y ap> 95 50 53 il 0351 o o5l @ 1 alg) (ul.sess o e Lolis ol
S (o ol |y JyS Jlsl ggi bags

18 pipes

19 Bj - Directional

2 endpoint zero in
2! endpoint zero out
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uss 8 JUH &1 b bl bl &g
el bl blas U Jawl g5 4 slls USB ol8,48

Control Transfer
Interrupt Transfer
Isochronous Transfer
Bulk Transfer

Control Transfer lg J}:-‘ Jm' 63‘

€95 55 Lo aiw Job.5guis (s 03laiuwl cunog i aobd Uslind Sl Vgase JyusS Jlawl ggi
Shls JyuS Jiil ggi.cowl el 64 hiad b aiuw Jgb Full cac,w U (ulpaBiws 5> Guixod 1S

Setup Stage
as Token s aiww lasul.cwl aiws aw Joli aS g0 (5w 05liow,9 lolss asds ¢l >
o3l aiww Ul 3l Gugedgai Lo 03liw,d Caowl (ol adass S o,lonis 9 Lwysl Slaals Syl>
ol 5l Setup asww S Jolss uizzod 9 wwl DATAO gg5 51 PID Sljls aivoes as
padlg > zusngi |, Setup s aiuww axlsl 3.5 0 (8o 03Liw,8 wwl Lolssi g9 ay bgy o
So uwbS U wdl)s o (asrai jghio @ Handshake o aiuw pgw U L3l S aiuw.sls

g (s 05liw,9 Uns

—= SETUP | DATAD - ACK  [—=
Sefup Token Bror

Token Packet Cata Facket Handshake Packet

. Setup s asb a; bg o S Gy auw Uslow,d g, 1 8 uea

Data Stage (Optional)
o=l 5> aS sl osls Ul Setup sSlolss.cwl OUT L IN Jol aix b S Jols asds ¢l
0315 5,5 59l o wounsSlo Hlado 5l Ulsao Gl JS1AUS (w0 asuito douis Jdiio U asb
o s Aians o> 53 031> Ul 5l plaSHs 9 Nig b Jiie al>se 4z b b

owl wlizxo Sgy5low 95 SLIs W oy Jail wp> (sub 50 03ls s asdb. oS

o s—iuiio IN Token & cwl oslol (sJ,iS 03l wdly,s sl Host aS (silo; :IN
Slpsiw U PID aS 59 (50 pgdeo 5,5 wdl,s Uas U |, IN Token ¢l &iU ,31.0S
wdl,> pu=.0 Token )._<|>_9_~u ww Ignore diuy (ul Gusw diicwws ulu PID GwgSeo
stall aiuw U oo d,iS osls Joliws ol aiuw S wslicw,;8 U wilgi s 0w d9.0
&lho Hghio @ NAK aiwy S b cowl oauiw plel Uas ggi Ol s aS subly abiss Jolio
A Fuwly o 39>90 WSLLw,9 Sy Slesls asiul 51 Host w8

0L iwes LS ool aitun U oKiLws Caouw W adlgs (5w Host aS sulo; :OUT
o3l Ulod Ul abo ;L aS osls aiww Su Ol ,w iy 9 OUT Token asiu Sy lawl
Gamiols Uas 000,58 55 aiaw 95 ol wligizo 5l olaS 5o S| w8 cwl sJyiS
osls 395 s il ahiai ;8L 5,51 5,8 (sw 0usb 9 35S Lsw Ignore |, Ll o&iiws
Host wow ay ACK @iy JLw,)l b olSi_ws U 5SS w8 Ui)b 03 bl
Joe o olSiws 9 30 s bl abnsi ,8L ,S1.00S (s pMcl | wldoc wuxo
Host a NAK abiuw So sbicw,d U | 595 g o3lal 591 (sdud Sl aiwn Jivsls
Qi USLw,8 U | Uns ol 00l g0 sgu Uas Jolis (il adnss [S1.06S (s oMel
.S pMel Host a, STALL
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— ] | DATA x = ACH L
CasbBror
e STALL -
- AR L
n Tcken Smor -
Key
—  OUT | DATA x - ACK ——-
| AR —-
e STALL |—=
CaaBmor
Token Facket Data Packet Handshake Packst

osls s asb > W auww wslicw,9 09 1 9 g5

Status Stage o

JLasl g Sline 5 Al @S 394 (w0 s 39250 Slalolas plos oy aisb ¢l )3
o w pMel U lawgi aiod cueoy GiuylsS . cowl welasio

Morrrd

Conplsion | DATAD

osl> wdly,s u>,> Host ,S1:IN

»  ACK

™ J- | Zera Length
Error _
Sill
Processing
= NAK

IN S asb s
b,y o L sliew,8 Token

STALL |——=

ol&iw> au ACK L |, La osls ol
S wslicwys U LIS ool S oMel
Qi S o, 0 @y OUT Token
w—o pl=l ;80 o Jg b a, o>l

. IN g9 Cumiog s > & aswy UsLLw,d g, 1 10 g0

oy Dilgi (s &b wesSlisgl
Handshake a_s.b bb_wgi |, 59>
wo Uliv ACK S.a8s u..u)LS

Ulo,d s>l &)U Vs as aas

Ulo,d ol Sl (b 5 531wl Saces Ulo,d ud,iy 0slol 9 05,5 ploi | (sugiS
wdy cwl Ll s s 598 gl as 81068 dusie STALL &G b iU ads &) cullas
OS50S 550 g KU s | g asub aS 1S Lsw Host @ NAK wsliow,d U

MNorme
DATAD | Cordstion

* Zery Length

L

ACK —

Y

OUT ..> L, &, Host ,SI:0UT
a_a o 5> osls JLswl > ;> Token
[, osls wdl,)y o iU slicw,d osls
Qo Su L IN Token S @ guwly 5o

STALL |-+ ulhs ,31a5S o oMel je0 Jgb b

L

531 9 xiwes STALL S aub sls &)

Nak e SS9 bidgsosls Giusls,y I s Olizes

o9 5B aS 1gS s Host ay NAK

. OUT g9 cumiog aiub 5> 1 aiuww Uslicw,d 39, 1 11 905
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S JES £ i 55 5 3 i

g 0wy 5l sl S cwlgs)s 5500 55 (sl wdlho Wil gy Sl il 5
PS> UTCL_; |) UL.ng as >)|> >9=>9 ‘)lS o> > Host

w9 (s lsl s aS sl aiuw aS 1S &b 4 U w9 s Setup Token S, Host
slolss of 51 Host as' el d\&lil_wb u,u)bT Jolo U.u)bT . cowl Setup @ S
L w9 Gy S adg) 5l oslaiwl aS wwl o0 (oLl adnss S o locw.cwl 05,5 woly
A @8, Czeo USB &b Of 5l Gawe 3wl (s cacwl csswle>)s waoly g9 aS (sl
538 5o 025U | Ol 0w i @)y Uas b iy ol SIS (sw oMl |, Setup
Aiow,d (s | Ol 0,Ugy S>9S Syl 5l Gy HOSE Guipw

1. Setup Token Address & Endpoint Number

Sync PID | ADDR | ENDP | CRC5 | EOP

2. DATAO Packet Device Descriptor Request
Sync PID DATAO CRC16 | EOP
3. ACK Handshake Device Ack. Setup Packet

Sync PID EOP

L, 00> b 8 aub Lol wdl)s 5l Gy osws. auds (o JuSoiwi |, USB Jlaisl ¢l B899 aian aw
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1. IN Token Address & Endpoint Number

Sync PID | ADDR | ENDP | CRC5 EOP

2. DATA1 Packet First 8 Bytes of Device Descriptor
Sync PID DATAO CRC16 | EOP
3. ACK Handshake Host Acknowledges Packet

Sync PID EOP

1. IN Token Address & Endpoint Number

Sync PID | ADDR | ENDP | CRC5 EOP

2. DATAO Packet Second 8 Bytes of Device Descriptor
Sync PID DATA1 CRC16 | EOP
3. ACK Handshake Host Acknowledges Packet

Sync PID EOP
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1. IN Token Address & Endpoint Number

Sync PID | ADDR | ENDP | CRC5 EOP

2. DATA1/0 Packet Last 8 Bytes of Device Descriptor
Sync PID DATAO/1 CRC16 | EOP
3. ACK Handshake Host Acknowledges Packet

Sync PID EOP

ay IN Token &S5 wsbizw,d U Host.owl wub 8 auan jU plbw xSl aS wowl S5 @y o3V el 5o
sl popauSlo aS jghinod. diwyey (il s gl Sl 1) 031> Wlgi swo V> aS 19 (o olBiws
iy b wleld Ul g pusS puwsi (slehd @ | sl 12 woly SO 0L b Gy wowl wul 8 asuuw
v ACK o5l @iun ,d Sl Host. il col 8 U Jail gussl 5 5> @y ashd ,a. oxicw, i od yuw
a0l Caaddgo Jlaul Slaails adlgs (s s Cueog Jail So auh 05liow,d oBiws woly aS silos
ot Gl 0395 5ol Cuddge GVl plad 1S U diw,d sw b0 Job @ aiuw S Host sl

A5 (o gl Juiueog Uslow,d b acww ool @ U

1. OUT Token Address & Endpoint Number

Sync PID | ADDR | ENDP | CRC5 EOP

2. DATAO Packet Zero Length Packet
Sync PID DATAO CRC16 | EOP
3. ACK Handshake Function Ack. Entire Transactions

Sync PID EOP
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Offset Field Size Value Description

0 bmRequestType 1 Bit-Map D7 Data Phase Transfer Direction
0 = Host to Device
1 = Device to Host
D6..5 Type
0 = Standard
1 =Class
2 = Vendor
3 = Reserved
D4..0 Recipient

0 = Device

1 = Interface

2 = Endpoint

3 = Other

4..31 = Reserved
1 bRequest 1 Value Request
2 wValue 2 Value Value

Index or
4 windex 2 Offset Index
Number of bytes to transfer if there

6 Wlength 2 Count is a data phase

use 48 by holg E193
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Sl cselgil ax 9 ol Has> Ol ol bl slasi osgui oulais
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Device Descriptor L 6w Slpanly
Configuration Descriptor L wlouhis Slpansly
Interface Descriptor L alaswly Slpanslg
Endpoint Descriptor L (siLl, adass Slpanolg
String Descriptor L, asisi, Slpanslg
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DeviceDescriptor

bMumCenfigurations l
Configuration Configuration
De=scrptor Dreeseri phor
|bNumIn1erfaues |bN..|mIr1tE rfaces
Interface Interfacs Interface Inteface
Cizscriptor Descriptor Descriptor Cescriptor
bMumEndpeoints oMumEndpoints bMumEndpoints bBRumEndpeoints
¥

Endpoint Endpaint Endpaoint Endpoint Endpaint Endpoint Endpaoint Endpoint
Diescriptor Descriptor Descripior Dizscriptor Deeseri ptor Descriptor Descrptor Die=criptor
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