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Why" e

INTI = 3

« We develop embedded systems that

usually*éonnect to a PC. e

* Parallel and serial ports obsoletedn.—

~ favor of USB.
g e 3o SR B —
| —Plug & pﬁay 3 Fres=mry




Obj etlves L=t

INTI

e Slnthetlzable for most of the" FPGAs
available In the market (even AS‘ICS) =>
VHDL93 SRR

* Low cost, compared with an external

~ solution => < Cypress EX-USB-EX2 ~=
FPGA 200k | =

« 'Allow for Very compact conﬁguratlons with
minimal area and external components

- requn’ements ==to allow the use of S2Proto
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INTI | _ T
Electriclayer: voltage-and/or-current level

e

Layers ... -

conversion.— i
Physical layer or PHY: parallel <=> serlal

encoding, clock, start/end packet(UT'MI) "
Handshake layer or SIE (Serial Interface
Engine): basic USB-protocol transactions.

S1k adaptation layer: thislayer adapts the SIE

signals for the upper layer.

Protocol layer: higher part of the USB protocol

i 1nclud1ng plug & play. |
= Application‘lavyer: here we puit the appllcatlon

.. _thls ;s our dev1ce




Electric layer. .

INTI | = __

« LS (1.5 Mb/s) and FS (12 Mb/s):
compatible'with FPGA 1/0, but net
compliant. External driver-to be -
compliant. |

-+ HS (480 Mb/s); currents for signaling
== external drlver IS mandatory.




PHY layer .. —

. Implemented for LS/FS, dlscarded the Optlon
to implement=a-HS PHY.

« UTMI compliant.

» 8/16 bits interface.

e I.S: 6 MHz ES: 48 MHz

. * Reception: clockrecovery and sync(DPLL);

bit decodlng (NRZI & bitstuffing), serial to
parallel and start/end of packet detection.

o Transmitter: parallel to serial, start/end of
packet s1gnallng and bit encoding.

. Errors bltstufﬁng, aligning land sync.
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PHY layer ... el

= T IWS'2009
PHY — UTMI 8/16 bits Tk

. |«— TxValid
FSM

—» TxReady

SEO\ stopf endfrdyf *hold

Differential 2 NRZI D D Input ~<— TxValidH

Encoder Encoder I EESUTET Register

TxData

- Differential NRZI D D output — RxValidH

PIRLE ’D'. Decoder ’_>\ Decoder . Unotuffer _> Register > RxData

- sto P
*SEO empty* *hOId

| EOP detected —> RxActive
EOP - Rx |
Detector FSM » RxValid
\ _— RxError

Err Y \7 Err
Stuf Align
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SIE layer S8 —mih

——lig
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« Basic USB transactmns* 2 or 3 packets
exchanged between device and-heost.
* Fast response. e
* Implemented: control, 1nterrupt and
_ bulk modes, not isochronous:
. USB 1y O features 1mplemented



CRC16

Data f Control

TxValid <¢—  cRC '« EP Tx Data
TxValidH <e— y N -
TxReady —p Packer < Count total/curr

TxData < —> Ready

PID fTransmut
 Bus Turn- ﬂm > Token Info
around T-0— EP Control

Reset/ \M_Od: Main Bus Status

Suspend/ FSM — got_token
HSFSM
4 < EP Status
* Reset | < EP Mode
Timers  EP/PID/. t ok ?E
~ ADDR ? got_picError
RxActive —= " EPRx Data

RxValid — Valid

vaa“d — Unpacker ’ )

RxError —» — ValidH

RxData

Data * fControI

CRC5/16
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SIE: packer_

INTI

. AsSémbles packets to be

transmitted. RS e
e Supports: DATA(/]1 data _ . s o

OOOOO

packets and the ACK,
-NAK, STALL and NYET
handshake packets. ,

» CRC16 computed for data
packets.l 35——__—;
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SIE: unpackﬂ:__a

INTI @ =
Dlsassembles recelved

packetss =" L T
* Supports IN, OUT and = _ PSR- T

OOOOO

SETUP tokens, DATA(/1
~data packets and ACK,
NAK and STALL

handshake packets.' '
. Verlﬁes G-_RCS and CRC16 :

ttttt

it |G [ e 1
" ;"'.'.'.1.'.:::': .'.e.:”._!i' }
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SIE: Main E

INTI = e ian

* Ensures a transaction is; -

* Control
e ' TxValid <— CRC EP Tx Data
S TxValidH €—
c O mp ° . TiRee;dy —> Packer Count total/curr
TxData —p Ready
Ti it
e Selects the proper repl - frrner
- Bus Turn- <€— Token Info
e | dT oT'O
: . around g EP Control
Mode
for each token | esey Mose sus stotus
: Ayt r i Suspend/ — got_token
: - - HS FSM
i ] ] EP Status
=5 — i * Reset EP Mode
: £ b S—— Timers  EP/PID/ b ok fE
- 5 % ADDR f got_p rror

RxActive —> EP Rx Data
RxValid =9

RxValid — Unpacker » Valid
RXError —> — ValidH

RxData Ok
Data * *Control

CRC5/16

i eEEPTTRLEE R
amirmEarmnaen:
o A -
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& SIE: other blogks

. Another FSM detects
Resetand™Suspend

signaling. Also negotiates

~ KS to HS.
* A special tlmer detects

“bus turn around” time-

ransmi

OOOOO
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SIE layer S8 _=ch

INTI =
¢ 8 and 16 blts 1nterface Wlth the! PHY

and upperiayer. -
* Clock can be the same used in theuPHY

or only half. I.e. 24 MHz for FS

i b s f
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SIE adaptation layer_.,;: D

INTI

« Most cores implements reglsters and
FIFOS™ere. Versatile and suitable for a
microcontroller.

* Many cases doesn't need a CPU

_ * In many cases data is volatile;-ne
buffers needed.

* We Opted for a simplified layer that
only includes the multiplexors used to
select the endpomts

"'—"T‘-r‘epeal-l—l—-—ﬂﬂrrq.—.- i



Protocol layer..: —

INTI

» Solves the high levél features: plug & play,
multipleseontigurations. Etec.

* Contains the descriptors used by the host to
know. how to handle the device (using requests):.

* Some cores lets it to software, others implement

~ alimited number of endpoints and features.

« We déveloped a full hardwareidimplementation:

» A modular approach provides flexibility and
allows extensions.

* The most ¢omImon requests were identified and

| encapsulated in one extensible module.

© 2005-2009HNT—-T0Opeam———— Q,_




Protocol laygr%__i

INTI

Descriptors
ROM

EPO

Base Request

Device
Mux

(control) Descriptor

Request

Function 1 handler 1

Function N

G | (R Request
A handler N
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Apphcatlon laj\]

--.——lu.
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« Our device goes here. :

o Can beVeEry simple thanks to the —
hardware implementation of the-—=
protocol, i.e. just some registers.

o If the endpomt needs butfering-the
buffers goes here, otherwise avoided.




. Validation & Tools ==ich

‘ Usmg automatic testbenches to test the
individdal'modules and then blg— sk
blocks. i

* Modular test using the UNIX

~ approach.

o C/C++ tools, usmg pipes for
communlcatlon

INTI



PHY Validation toolsm: h

. gen dpll-diff; random data with clock
drift (fer"DPLL+Differential decoder)

e nrzi en/nrzi de/bitsuffer/bitunstuffer:
golden models for the bit encoding.

* ush- make- packet ‘dis/assemble-packets

using the other tools (for the whole
PHY) 1

INTI




& SIE Validation tOle S—

. Cre: computes CRCS and CRC16.

« usb_to™bits: generates whole USB-
transactions. o
—Uses a language
—Can inject errors

~Uses usb-make-packet and cre
.—For the unpacker and the Whole SIE




INTI

« Tools also useful for developlng USB
devicesmmmmm i

* hid-report: interpreter for the language
used in the HID spec. Generates the '
descriptor, """

e 'ush- descrlptor interprets a language used
to describe our device and generates the
VHDL ROM. |

¥ Slmphﬁmne of the most annoylng steps.
i — Uses hld report for HID, descrlptors



Valldatlon

--.——lu.

INTI

. Usmg a keyboard we decoded a full
initialiZation sequence (oscilloscope).
* Translated it to usb _to bits and usb--
descriptor languages.
*» We tested our _cores with real—
initialization sequences based on it
> We also tested injecting errors.

L
e




Implementation.:

INTI

. VHDL93 avoiding Vendor spec1ﬁc
stuff. — iHiaid

« GHDL 0.27 (+FPGALibre tools) for -
validation.
- * Hardware Valldatlon using Spartan-1
and Spartan 3 (ISE 9.2) :
o LS/FS: ISP1106 driver (cost 5%), also
ok W1thou:t:1t'




Implementatlon CQnt.._ h

INTI

« HS: CY7€68000 UTMI 16 bits (@ 30
MHZ(€65t15%). e
 Host: PC running Debian GNU/Lmux
* Language for the tests: C++
¢ LinuxAPlIs: -
~hiddev '

. —libusb'




Demonstration devs —

e ul-£ F

INTI

. Analog joystick to USB: adapter (2 external
comparatendoer-the A/D). HID, 1 ep. 708 LUTs
427 EKs (493 slices). [Einux+XP]

e Generic HID (LEDs and switches) HID, 2 eps.
692 LUTs 402 FFs (488 slices) [hiddey]

e+ Generic USB (LEDs and switches+ROM)-3-eps
584 LUTs’ 349 FFs.(418slices); HS —
1mplementat10n 860 LUTSs 347 FFs (511 slices)
|libusb}

» USB to WISHB()NE brldge ES 716 LLUTs 404
FFS (496 slices) "

o All Qf them consume 1 BRAM
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Comparisons

INTI _ |
« With jotheér full implementation:
« QpenCores usbhostslave project.—
e Device: mouse ot

OpenCores mouse vs our joystick

B OpenCores usbhostslave
(mouse)

B Joystick

1000 1500 2000 2500 3000
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@ Comparison conts -

INTI | WS 2009

- With [USB cores (only S-IE and CPU
interfa€e™no protocol or app.)-HS-

USB cores (SIE+CPU interface)

B OpenCores usb
FFs B Xilinx LogiCORE

Aeroflex/Gaisler
GRUSBDC

B Generic HS

LUTs _

——————————————————————————————————
==

0 500 1000 1500 2000 2500 3000 3500 J
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Comparison conts -=ch

INTI | || | T T
« With a fixed (6 ep) implementation
thatineludes a protocol. No appl-ES

Generic FS vs Fixed eps

Generic FS

B OpenCores usbl_fun

~

900 1000
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Conclusions . i

INTI

e Very compact, a full USB device takes
just3s% "ot a Spartan 11100 .

* Needs few external components (o.nly_
resistors for not fully compliant LS/KS)

*» Cost effective compared with-an-

external chip.

» Using UTMI enabled HS

. hld-report and usb-deseriptor reduced
 the develepment time of the
demonstratlon devices.

:l'-i-—--T-r-(-)peau—-—-—mr-_-L




Conclusions cont.

INTI |
« The use of small modular testlng tools

enabléd*a"good code reuse. = -
e The FPGALibre tool chain was -
effective for this development
* Very small when compared to-other
solutions. We think the main reason is
the 81mpllﬁed interface between the
SIE ‘and the application. It also =
";Lié'égsnnpllfies the appllcatlon layer.

"'—"T‘-r‘epeal-l—l—-—ﬂﬂrrq.—.- i
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”
<brengi@intiigov.ar>
PEASEIICIO a’r>
ypeasSalvador E. <salvador@intizgov.ar>
e http://uticimti.gov.a1 P

FPGALibre o
* http://fpgalibre.sf.net/

iThank you!
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