Build a
USB 2.0 device
from scratch

Friday 15, July 2016
Philémon "PhilGekni® Gardet
<phil@lse.epita.fr>



[Al 845 + 0.10—+

8.68 £ 0.20+ .
<8.38 + 0.08» [C| {4560 +0.101=| g3 0.05(2)
Receptacle Contact 5 2
/;W//ff 4451D5{2}
= B ¥
|30+ 2°(4) ! ' \;] 7.78+0.10
B[ C tertmjx / //<| 1 S 31*8 0.05
en Ll 3 = 1 REEE
e E -
'—Rﬁé’ (T &D uTau D+DB
Eg{;i____t:i}tf x 3.67 + 0.08 = *
——H0.38 + 0.13 (4) Y
| : ; ;
| R038 (68— - 487 Center Line
498 + 0.25—=— — Contact Point
1.00 £ 0.05 (4)—=| {== 1.25+ 0.10 (4)

[C] Center Line |

2/34



e The Overview

e The Protocol layers

e Implementation considerations
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Topology
7 levels
HOSt Hub
- Manages exchanges [m
Hubs AN

- Plug / Unplug bev Dev
notifications IS

Power management ‘
N
- Offer functions

Dev
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Endpoints and pipes
device

Basic types
- Input

- Output

- Control

Full-speed
- 1 Control endpoint O
- 15in endpoints max
- 15 out endpoints
min

cccccccc
SSSSSS

Device #7?

Control endpoint ©

Interface 1 Interface 2

Access by device + endpoint address
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Endpoints/pipes types

Interrupt transfer (<e4pytes) Isochronous transfer (s ea sytes)
Regular queries Constant bandwidth
Bulk transfer (s 1023 Bytes) Control transfers (<64 sytes)
Large packet Device setup / Hubs management / Status

Interrupt 5%
Isochronous up to 69% Bulk 5%
Control 7%

Full-speed bandwidth
E 7134
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Class Base Descriptor

Device Class ® Jsage eserpren
00h Device Refer to Interfaces
- Bass Class 01h Interface Audio
- Subclass 02h Both Communication and CDC
- Protocol

Device

Both Miscellaneous

Interface Application Specific

Both Vendor specific
E 8/34
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Vendor ID / Product ID

Device signature
vid:pid

Vendor ID
Delivered by the USB-IF

Product ID

Chosen by vendor

L-E

Security
System

12d2
12d6

12d7

1l2ds

www.linux-usb.org/usb.ids

LINE TECH INDUSTRIAL CO., LTD.
EMS Dr. Thomas Wuensche

0444 CPC-USB/ARM7

o] CPC-USB/M16C
BETTER WIRE FACTORY CO., LTD.

Araneus Information Systems Oy

8081 Alea I True Random Number Generator
Waldorf Music GmbH

0013 Blofeld
Tapwave, Inc.

0108 Tapwave Handheld [Tapwave Zodiac]

Dynamic System Electronics Corp.
Memorex Products, Inc.

1a0® TD Class 0O3B

1223 TravelDrive 2007 Flash Drive
AIN Comm. Technology Co.,

1001 AWU2000b 802.11b Stick
Fascinating Electronics, I

101 Advanced RC Servo Controller
Transcend Information, Inc.

0163 256MB/512MB/1GB Flash Drive

p165 2GB/4GB/8GB Flash Drive

p199 Ut190 8 GB Flash Drive with MicroSD reader

@310 SD/MicroSD CardReader [hamal

@330 63-in-1 Multi-Card Reader/Writer

8361 CR-75: 51-in-1 Card Reader/Writer [Sakar]

1169 TS2GJF210 JetFlash 210 2GB

1171 Fingerprint Reader
Shuttle, Inc.

pOO3  VFD Module

cBol eHome Infrared Transceiver
Roper

0001 Class 1 Bluetooth Dongle
ICS Electronics
ThorLabs

0018 LC1 Linear Camera (Jungo)

9011 SP1 Spectrometer (Jungo)
pB12 SP2 Spectrometer (Jungo)
@118 LC1 Linear Camera (VISA)
8111 SP1 Spectrometer (VISA)
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The Protocol
PV
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Signals - The connector

Voltage Domain
USB Standard B

Standard A 4+ D-

5V

- D+ D- + L2

D+ 3.3/0V

D- 3.3/0V

Ground

E 11/34
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Signals - The link between a hub and a device

3.3V

1.5KQ

Half-Duplex

Full-speed link (D+ pull-up)
L E 12/ 34
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Signals - Decoding them - Differential level
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Signals - Decoding them - NRZI encoding

0 1 1 0 1 6 ©6 0 1 1 1 0 1 1

e e e s
T T e B A e
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Signals - Decoding them - Bit stuffing

E 15/34
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Signals - Patterns
Sync / SOP EOP Reset

Start of packet End of packet

Idle K J K J K J'K K

DE:

D-

Full-speed: J=1 and K=0 S >
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Packets - A classical exchange

Token package Data package Handshake package

IN : Upstream IN : Downstream
OUT : Downstream OUT : Upstream

Upstream

Timeout : 6.5 - 7.5 bit times

(total window : 16 bit times)
E 17 / 34
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Packets - PID/Types

Token Data Handshake
ouUT DATAO ACK
IN DATAT NAK
SETUP STALL
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1" complement
/_\ p

PID Check
code code

4 bits
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Packets - The formats

8 bits 8 bits 7 bits 4 bits 5 bits 2 bits

roen ace | I I I I
ata packe SYNC PID Data CRC16 EOF
Data packet |[CE IR T K B
\—%)
16 bits
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Configuration - Descriptors

Device
descriptor

I
v R

Configuration

descriptor
Interface Interface Interface
descriptor descriptor descriptor

Endpoint Endpoint
descriptor descriptor

Ei’i.":.'.f’ 20134

Configuration
descriptor




Configuration - Descriptors data

Device Class - Subclass - Protocol - VID - PID
i Max packet size endpoint 0

Configuration Power attributes - Max power

descriptor

Interface Class - Subclass - Protocol
descriptor Alternative setting

Endpoint Endpoint address - Endpoint type

descriptor
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VR
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Configuration / A

-Device status sl

D mg red Con lg d

Attached
Powered
Default
Address
Configured
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Configuration - .
- Hub configured

Internal hub
registers updating

Hub Reset
or Hub

Deconfigured Configured

Bus
Inacti

Bus Ag

Powered

Nyer
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Configuration
-Reset

- Only one device
- Adressesetto 0
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Configuration
-Set address

- Only one device
with 0 address
- Host -> Endpoint O

\\\fff?uﬂ

Address
Assigned

\
Bug
Inact

Bus Ac

Bus

Inact

Bus Ac
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Configuration
- Configure device

- Gets
Descriptors

- Choses
descriptors
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Implementation
considerations
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Hardware role

- Differential

level
- NRZI o
- Bit stuffing e
- Bit stuffing

error detection
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MEGES

Rx NRZI & Bit Shlft I Buffer
reglster

I RRDY

RACK

T™MT
——— TRDY

stuffing

T NRZI & Bit Shift Buffer
stufflng register +

ERR

ssssssss
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Internals

S— Rx

I RRDY

NRZI & Bit Shlft I Buffer
stuffing register RACK
TMT
NRZI & Bit Shift )
stufflng register +

D+

Status Manager

TOE
- RESET

BS - 30/34
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PLL and
resynchronization

- ALTPLL

- ALTPLL_RECONFIG D+_i [_ inln
| |

L D : : | | | | |
ynamic adjustment of the

charge-pump current and loop- D' ' ‘ ‘ ‘ ,
filter components to facilitate | |
| |

dynamic reconfiguration of the 1 1 1
PLL bandwidth. This feature is
available only in Arria GX,

HardCopy II, Stratix II, Stratix II GX, Syn C patte '

11
Stratix III, and Stratix IV devices.

Poecuriey 31/34
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Deviation : PHY USB

REFCLK XO REFSEL[2:0]

Low Jitter
Integrated
PLL

RBIAS

fRESETB

Integrated
VBAT

H |‘Sp eed Power
UsB Management
Transceiver ULPI
Reqgisters
and State
Machine

ESD Protection

DP/DM
Switch

DATA[7:0]

E Microchip USB3320 254



Conclusion
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Bibliography & links

e Universal Serial Bus Revision 2.0 specification

e Universal Serial Bus System Architecture
ANDERSON Don, DZATKO Dave. Addison-Wesley,
2001

e USBin a NutShell
http://www.beyondlogic.org/usbnutshell

e USB class specifications
http://www.usb.org/developers/docs/devclass_docs

e Open Sources PID/VID
http://pid.codes/
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