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1 Introducing EZ-USB

11

I ntroduction

Like a welldesigned automola or applance, dJSB perpheral’s ouward simplicity
hides interal complexty. Therésa lot going on tinder the hood”of a USBdevice,
which gives the ger anew levelof conveniere. For example:

A USB devicecan be pluggein anytime, even hen the FCis turned on.

When thePC detects thaa USB device has been plughe, it automaticHy inter-
rogates the deviceo learn its capabilities and requirementsorf ths informa-
tion, the PC automaticalljoads the dsice’s driver into the operéng system.
When he devices unplugged, the @pating ystem automaticdy logs it off and
unloads its drier.

USB devices do natse DIPswitches, jumpers, or corguration programs. There
is never anlRQ, DMA, MEMORY , o 10 conflict with a USBdevice.

USB expansion huidmake the bus available to dozenslefices.

USB isfast enough for printers, CD-quality audand scanners.

USB is defined in th&niversal ®rial Bus Specifigtion Version 1.Xhttp://usb.org), a
268-page document thaestribes all aspects ofdSB device in elabate detdi. This
EZ-USB Techncal Reference Manual @scribes the E-USB chipalong with USB topics
that should provide help in understanding the Specification.

The Cypras Semicondctor EZ-USB is a compact integrated cuit that provides a
highly integrated solution fa USB peripheral dewic Three key EZUSB features are:

The EZ-USB family providea soft(RAM-based) solution thaéllows unlimited
configuration and upgoes.

The EZ-USB famiy ddiversfull USB thoughpu. Designsthat use EZ-USB are
not limited by number of endpds, bufer sizes, or transfepeeds.

The EZ-USB famiy does much of th&#SB housekeepinign the EZ-USB core,
simplifying codeand accelerating theSB learnng curve.
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This chaper introduces some key USB camts and termindogy that shouldnake read-
ing therest of thisTechncal Reference Manualeasie.

1.2 EZ-USBBIlock Diagrams

+5V

\
D+ Serial [ Ve P ygp Progren & o Por
) Interface Interface ata ors

Engine [4—bytes — RAM
(SIE)
GND

General

USB USB ) PUrpOSe
Connector Transceiver Microprocessor

EZ-USB

Figure 1-1. AN2131S(44 pin) Smplified Block Diagram

The Cypras Semicondctor EZ-USB chip packs the inteflencerequired by a USB
peripheral interface into a conpact integraté circuit. As Figurd-1 illustrates, an inte-
grated USB tansceiver connects to the USB bussfp+ andD-. A Serial Interface
Engine(SIE) decods and encoeb the seriatlata and performs enrgorrecton, ht stuff-

ing, and other signaling-level @gs required by USB, and ultimately transfers data bytes
to andfrom the USB nterface.

The internal micropcesor is enhanced 8054ith fastexeaition time and added fea-
tures. It uses internal RM for progam and datastorage, making th&Z-USB family a
softsolution. The USB host downloads 805hgsam coe and devce personality into
RAM over the USB busand then the EZ-8B chip re-conrects as the ustom dewe as
defined by thdoaded code.

The EZ-USB family uses an enhandeSIE/USB irnterface (cakd the “USB Core”) which
has the intelligence to fution as &ull USB device een before the 8051. The enhanced
coresimplifies 8051 code by impmenting much ofthe USB protocol itself.

EZ-USB chips operate at3/. This simplifies he design of bupowered USB evices,
since the 5V power available in the US&necior (which theUSB specification allows
to be asdw as 4.4V) can drive a 3.3V refaior to deliver clean eated power to the EZ-
USB chip.
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Figure 1-2. AN2131Q (80 pin) Simplified Block Diagram

Figure 1-2 illustrates the An2131Q, an 80-pin version of the EZ-USB family. In addition
to the 24 10 pins, it contains a 16-bit address bus and an 8-bit data bus for external mem-
ory expansion.

A specialfast transfemode moves data directly between external logic and internal USB
FIFOs. The fast transfer mode, along with abundant endpoint resources, allows the EZ-
USB family to support transfer bandwidths beyond the maximum required binther-

sal Serial Bus Specification Version 1.1

1.3  The USB Specification

TheUniversal Serial Bus Specification Version ik hvailable on the Internet fattp://
usb.org Published in January 1998, the specification is the workaifradfng commit-
tee of seven industry heavyweights: Compaq, DEC, IBM, Intel, Microsoft, NEC, and
Northern Telecom. This impressive list of implementers secures USB as the low to
medium speed PC connection med of the future.

A glance at the USB Specification makes it immediately apparent that USB is not nearly
as simple as the customary serial or parallel port. The specification uses new terms like
“endpoint,” isochonous,” and “enumeratn,” and finds new uses for old terms like “con-
figuration,” “interface,” and “interrupt.” Woven into the USB fabric is a software abstrac-
tion model that deals with things such as “pipes.” The specification also contains detall
about the connector types and wire colors.
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1.4 Tokens and PIDs

In thismanual, you wilread statements likBNVhen the host sends IN token...”or “T he
devieresponds with an AK.” What do tleseterms mean? A BB transaction consists
of data packis idertified by speciatodes calledPacket IDs or PIDs A PID signifies
what kird of packet is beigtransmitted. Therere four PID ypes, aslsownin Tablel-1.

Table1-1. USB PIDs

PID Type PID Name

Token Data |IN, OUT, SOF, SETUP, DATAQ, DATAL
Handshake | ACK, NAK, STALL

Special PRE
D C D C
AllE]|| C AllE|l C
0 A
M| o|[n| R | Payload i A ¥l 0|~ R|[|RMl| Payload || E|[ [
| D1/ D11 C Iy Data 1 K | O] Cf Data 1 K
RI|P]| 5 RI| P|| 5
1 6 0 6
Token Packet Data Packet H/S Pkt Token Packet Data Packet H/S Pk

Figure1-3. USB Packet

Figure 1-3 illustrates dJSB tranger. Packe® is an QJT token, indicated by the OUT
PID. The OUT token sigfies hat daafrom the host islaou to be transmitted over the

bus. Packet @ containgdata, as indicated by tHRATAL PID. Pa&et @ is a handshake
packetsent ly the device ging theACK (acknowledgePID to signify to the host thathe
deviereceived the data mr-free.

Continuing with Figure 1-3, a second traattion begins with anothe€OUT token @, fol-
lowed by moe data®, thistime using tle DATAO PID. Firdly, the device again indi-
cates gccess by transmithg the ACK PID in a handhake packe®.

Why two DATA PDs, DATAO and DATA1? It's becawse the USB echitects took error
comrection very seriously. As mentioned preousl, the ACK handsHee is a signal to the
host that the ripherd receiveddata without error (the CRC portion of the packet is
used to dexct erors). But what if a handshake patksdf is garbled intansmission?
To deect this,each side, host and d&e maintansadata togglebit, which is toggled
between data packethsers. The state othis internal togte bit is compared with the
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PID that arrives with the data, eitli@ATAO a DATAL1. When sading datathe host or
device sads alterningDATAGDATAL PIDs. By omparing the Dda PID with the
state 6 the inernal togde bit, thehost or dvice can étect a corrupted handdteapacket.

SETUPtokensare uniqueto CONTROL transfers. They prefaeight bytes of data from
which the periphel deamdeshost Device Requets.

SOF tokens occuonce pe millisecond, denoting a WBSframe
There are three handite PIDs: ACK, NAK,andSTALL.

« ACK means “sacess;” the dawasreceved aror-free.

* NAK means busy, try again.”It's temptingto assumehat NAK mens “error,”
but it doesn’t. A USBdevice indcates an erronfnotrespondig.

» STALL meansthat something unfeseen went wrong (probably as suieof mis-
communicatio or ladk of cooperation betwan the software and firmwarewriters).
A deuce sends the BALL handshake to indicate that it ésn’t understand a
devicereques that something went wrong on the peripheral end, or thatoste
tried to &cess a resource thasn't there It's like “halt,” but better, because USB
providesa way to recovefrom a stall.

A PRE (PreamblefpID preacdes a low-speed (1M bps) USB transmission The EZ-
USBfamily supports lgh-speed (1®1bps)USB transfersonly, soit ignares PHE packets
and the susequent lev-speed trasfer.

15 Host is Master

Thisis a fundamert USB concept. Thers exactly one master in a USB system: the
host compter. USB dewesrespond tchost requests. USB devies cainotsend iiorma-
tion between thesalves, as they could if L$B were gpeer-to-peer topdogy.

Actualy, there is onecase where a USB device manitiatesignaling without pompting
from the host.After being put into éow-power suspend mode by the host, a device can
signal a remote wakeup. But tigathe only way to “yank thieost's chain” Everything
else happens bause the hs&h makes deice reqests and the deee responds to them.

Therés an excellet reason for thiiost-centricmodel The USB architectaere keenly
mindful of cost, and the bestvay to nake low-costperipherals iso put mostof the snarts
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into the hosside, the . If USB had been defied aspeer-to-peer, every USB device
would hare requred more intelligenceaisng cost.

Hereare two important coregjuences of théhost is maser” concept:

1.5.1 Receiving Daa from the Host

To senddata toa USB peripbra, the host issues &@UT token followed by thelata. If
the peripheal has space for the tig and acepts itwithou error, itreturns an ACK to the
host. If itis busy, it instead ends a MK. If it findsan eror, it sends nothing back. For
the latte two cases, the e re-sends thelata at a dter time.

1.52 Sendng Data to the Host

A USB device never spontaously ®ndsdata to thehost. Neverthkess, inle EZ-USB
chip, therés nothing tostop the 8051 from loading data for the host into an endpoint
buffer (Secion 1.13,"EZ-USB Endpoint$) andarmingit for transfer. But the data will
sit in the buffer until the host seds an IN token tohat particular endpoit If the het
neversends the IN token, the datassihere indefinately.

1.6 USB Direction

Once youaccept thathe host ishe busmader, it's easy to rememb&¥SB direction:
OUT maeans from he host to the @ice, and IN neans from the device to thest. EZ-
USB nomeaglature u®s this naming convention. For example, an endpbattsends
data to the hai is an IN endpoint. This can be confusing at filstcause the 8Q5%ends
data by loading an IN endpointfiber, but keeping in mind & an 803 outis IN to the
host, it makessense.

1.7 Frame

The USB host provides ime kase to all USB deviceby transmittinga SOF (Start Of
Frame) packeevery milisecond The SOF packet itludes anncrementing11-bit frame
count. The 8051 ceread ths frame coun from two EZ-USB registers. SOfime has
significance for isochronous endpts; it's the time that th ping-pongingouffers switch
places. TreEZ-USB core provides the 8051 with an SOF intgirrequest or sewicing
isochronous endpoint data.
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1.8 EZ-USBTransfer Types

USB definesfour transfer type These match theequrements of diferent dita types
delivered over the bugSectionl.13, 'EZ-USB Endpoing’ explains how th&Z-USB
family suppots the four transfer types.)

1.81 Bulk Transfers

Payload é
Data K

Token Packet Data Packet IS Pk

Payload
Data

EEErY

= X>->»0
RN el Nel
0>

AllE|IC
8 D||N||R
T D||D|| C
R|| P|| 5
Token Packet

Figure 1-4. Two Buk Transfers, IN and OUT

Data Packet /S Pk

Bulk data igoursty, traveling n packesof 8, 16 32, or 64 bytes Bulk daahasguaanteed
accuacy, due to an automatic re-try rhacism for erroneouslata. The host schedules
bulk packets when there is availebbus time. Bulk transfers are typically used for
printer, scanne, ormodem data. Bulk dataak built-in flow control provided by hand-
shake palcets.

1.8.2 Interrupt Transfers

Payload
Data

T OO0 >
a0OxTO

Toz=zm

0O >

|
N

Token Packet Data Packet /S Pkt,

ErErY

Figure 15. An Interrupt Transfer

Interrupt data is like buldata, but exsts only forIN endpoints in the “Univers&eial
Bus Specificdon Version 1.1.” Interruptlata @n havepacket sizesf 1-64 byes. Inter-
rupt endpoints have amssociated polling interval that sures that they will Bpinged
(will receive an IN token) by the host on a regbiasis.
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1.8.3 Isochronous Transfers

Payload
Data
P 5
Data Packet

Token Packet

ozm
o P ODTO

T OO >
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o >» >0

Figure 1-6. AnlsochronousTransfer

Isochronous data tsme-critical and used fostreaming data lke audio and videoTime

of delivery isthemaostimportant requremert for isochronosdata. Inevery USBframe,a
certain amounef USB bandwidth is allocated to isodmous trasfers. To lghten the
overhead, isochronoursansfers have no handsie (ACK/NAK/STALL), and no retries.
Error detedton is limitedto a 16bit CRC. Isochronoustrarsfers do not use the data tog-

gle mechanism; isochronodatauses only taDATAO PID.

1.8.4 Control Transfers

(—— — —\ C\ J—
S D
AllE|lC
E A|| 8 bytes || R A
T g g (R: T|| Setup C © SETUP
u A Data 1 K Stage
PP (e o) | L] ‘
\Token Packet J Data Packet ) \H/S Pkt
(—  —— —(— (
D C
AllE|lC
i D||N||IR ? Payload 2 é DATA
Nj ojioji el Data . M Stage
RPN ] 6 (optional)
\Token Packet ) {_ Data Packet \H/S Pkt,
 ————\ —
of AlLE[ <[l IRIIRIl| |a
ol NIRRT eI e STATUS
D||D|| C
TIIrlP|ls i\ é K Stage
| Token Packet ) (Data Pkt (H/S Pk

Figure1-7. A Control Transfer

Contrd transfers ee used to cdigure axd send comrands to a dvice. Being mission
critical, they employ the most ext@we eror checking BB offers Control trangers are
delivered on dest effort basis by the hostoest effortis defined by @ix-step praess in
theUniversal Seial Bus Speification \ersion 1.1,“Section 5.5.4). The hosteservesa

partof ead USB frame time for Contrd transfers.
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Control transfers consist of two or three stages. The SETUP stage contains eight bytes of
USB CONTROL data. An optional DATA stage contains more data, if required. The
STATUS (orhandshakpstage allows the device to indicate successful completion of a
control operation.

1.9 Enumeration

Your computer is ON. You plug in a USB device, and the Windoag'sor switches to

an hourglass, and then back to a cursor. And magically, your devmenetd and its
Windowd] driver is loaded! Anyone who has installed a sound card into a PC and had to
configure countless jumpers, drivers, and 10/Interrupt/DMA settings knows that a USB
connection can be like a miracle. We'vehahrdabout Plug and Play, but USB delivers

the real thing.

How does all this happen automatically? Inside every USB device is a table of ‘descrip-
tors’ that are the sum total of the device’s requirements and capabilities. When you plug
into USB, the host goes through a ‘sign-on’ sequence:

1. The host sends a “Get_Descriptor/Device” request to address zero (devices must
respond to address zero when first attached).

2. The device dutifully responds to this request by sending ID data back to the host
telling what it is.

3. The host sends the device a “Set_Address” request, which gives it a unique address
to distinguish it from the other devices connected to the bus.

4. The host sends more “Get_Descriptor” requests, asking more device information.
from this, it learns everything else about the device, like how many endpoints the
device has, its power requirements, what bus bandwidth it requires, and what
driver to load.

This sign-on process is call&humeration
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1.10 The USB Core

D D
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Figure 1-8. What the SE Does

Every USB device &5 a Serial Interface ikgine (SIE). The SIEconnects to the USB data
lines D+ and D-, ad delivers byes to and from the USB diee. Figure 1-8 illustrates a

USB bulk tander, with time movngfrom left toright. The SE decodes #packe PIDs,
performs eror checking on the data using the transmitted CRC bits, and delivers payload
data to thaJSB deviee. If the SIE encounters amrer in the datait automatically indi-
catesnoresponsenstead of supplying a handshd®®. This instructs the hosto re-

trarsmit the dita at a déter time.

Bulk trarsferssuch aghe one ilustrated in Figure 1-8 arasynchonous, meaning that
they includeaflow control meclanism using ACKand NAK handshke PIDs The SIE
indicatesbusyto the host bgending a NAK handshakeagket. When he peripheral
device haswccessfuly transferred the data, it comandsthe SIE to send an ACK hand-
shake palet, indicating sLceess.

To senddata to the host, th8IE accepts bytes and control signals from the USB device,
formats it for USBtranskr, and sends it over the two-wetUSB. Becase the USRises a
self-clocking datdormat (NRZI), the SIE alsansets bits atappropriateplaces in the bit
stream to guaraed a certain number of transitions in tsexial dad. This is called “bit
stufing,” and is transparenthandledby the SIE.

Page 1-10 Chapter 1. Introducing EZ-USB EZ-USB Series 2100 TRM v1.8



One d the mat importart featres of he EZ-USB famly is that it 5 soft Instead of
requring ROM or other fixed memmg, it contains internal jpgram/data RAM that is
downloaded over the USB it$¢d give thedeviceits unique pesonality. This make mod-
ifications, speification revisions, and updates a snap.

The EZ-USB family can onnectas a USB déce and download code intoténnal RAM,

all whileitsinternal 8051 is helchiRESET. This is dondy an enhaced SIE, which does

all of the work shown in Figurel-8, ancbra. It contains additional logiotperform a

full enumerationpsing an internal table ofescriptos. It dso responds to a vendor spe-
cific “Firmware Download” device equest to loadits internalRAM. An addel bonusis

that the add#@SIE functionality is also made available to the 8051. This saves 8051 code
and preessngtime.

Throughout this mandiathe SIE and its enhancesntsare referred to athe “USB Core.”

111 EZ-USBMicroprocessor

The EZ-USB microprocesr is an enhanced 8051 coreseldbf an 8051 compatible pro-
cessor maks extensive softwee suppat toolsimmediately available tde EZ-USB
designe Thisenhanced 8051 core, @ebed inChapter 2, "Z-USB CPU" and Appen-
dices A-C, hashe following festures:

* 4-clock cycle, as compared tdw 12-clock cycle of atandard 8051, giving a 3X
speed impsvement.

* Dual data pointers fordster memoy-to-memorytransfers.

 Two UARTSs.

* Three courgr-timers.

* An expanded inteupt system.

* 24-MHz clock.

* 256 bytes of interfaegster RAM.

» Standard 8051 siruction set—if you know the 8051, yémow EZ-USB.

The enhana®8051 core uses on-chip RAM as progam and daa memoy, giving EZUSB
its softfeature. Chapter 3EZ-USB Memory" decribesthe variousnemory options.
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The 8051 communicates with the SIE using a set of registers, which occupy the top of the
on-chip RAM address space. These registers are grouped and described by function in
individual chapters of this reference manual, and summarized in register order in Chapter
12, "EZ-USB Registers."

The EZ-USB 8051 has two duties. First, it participates in the protocol definedUmithe
versal Serial Bus Specification Version 1.1, “Chapter 9, USB Device Framework.”
Thanks to EZ-USB enhancements to the SIE and USB interfadg)3tdirmwareasso-
ciated with USB overhead is simplified, leaving code space and bandwidth available for
the 8051’s primary duty, to help implement your device. On the device side, abundant
input/output resources are available, including 10 ports, UARTS, arf€dus master
controller. These resources are described in Chapter 4, "EZ-USB Input/Output.”

1.12 ReNumeratio/

Because it isoft the EZ-USB chip can take on the identities of multiple distinct USB
devices. The first device downloads y80561 firmwareand USB descriptor tables over

the USB cable when the peripheral device is plugged in. Once downloaded, another
device comes on as a totally different USB peripheral as defined by the downloaded infor-
mation. This two-step process, called ReNumeratidmappens instantly when the

device is plugged in, with no hint that the initial load step has occurred.

Chapter 5, "EZ-USB Enumeration and ReNumeration" describes this feature in detall,
along with other EZ-USB boot (startup) modes.

1.13 EZ-USB Endpoints

TheUniversal Serial Bus Specification Version diefines an endpoint as a source or sink

of data. Since USB is a serial bus, a device endpoint is actually a FIFO which sequentially
empties/fills with USB bytes. The host selects a device endpoint by sending a 4-bit
address and one direction bit. Therefore, USB can uniquely address 32 endpoints, INO
through IN15 and OUTO through OUT15.

From the EZ-USB point of view, an endpoint is a buffer full of bytes received or to be
transmitted over the bus. The 8051 reads endpoint data from an OUT buffer, and writes
endpoint data for transmission over USB to an IN buffer.

Four USB endpoint types are defined as: Bulk, Control, Interrupt, and Isochronous.
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1.13.1 EZ-USB Bulk Endpoints

Bulk endpoints are unidirectional—one endpoint address per direction. Therefore end-
point 2-IN is addressed differently than endpoint 2-OUT. Buatkpeints use aximum

packet sizes (and therefore buffer sizes) of 8, 16, 32, or 64 bytes. EZ-USB provides four-
teen bulk endpoints, divided into seven IN endpoints (endpoint 1-tuddhr7-N), and

seven OUT endpoints (endpoint 1-OUT through 7-OUT). Each of the fourteen endpoints
has a 64-byte buffer.

Bulk data is available to the 8051 in RAM form, or as FIFO data using a special EZ-USB
Autopointer(Chapter 6, "EZ-USB Bulk Transfers").

1.13.2 EZ-USB Control Endpoint Zero

Control endpoints transfer mission-critical control information to and from the USB

device. TheJniversal Serial Bus Specification Version fefjuires every USB device to

have a default CONTROL endpoint, endpoint zero. Device enumeration, the process that
the host initiates when the device is first plugged in, is conducted migoiat zero. The

host sends all USB requests over endpoint zero.

Control endpoints are bi-directional; if you have an endpoint O IN CONTROL endpoint,
you automatically have an endpoint 0 OUT endpoint. Control endpoints alone accept
SETUP PIDs.

A CONTROL transfer consists of a two or three stage sequence:

« SETUP
» DATA (If needed)
« HANDSHAKE

Eight bytes of data in the SETUP portion of the CONTROL transfer have special USB
significance, as defined in thniversal Serial Bus Specification Version 1.1, “Chapter

9.” A USB device must respond properly to the requests described in this chapter to pass
USB compliance testing (usually referred to as the USB “Chapter Nine Test”").

Endpoint zero is the only CONTROL endpoint in the EZ-USB chip. The 80pands to
device requests issued by the host over endpoint zero. The EZ-USB core is significantly
enhanced to simplify the 8051 code required to service these requests. Chapter 7, "EZ-
USB Endpoint Zero" provides a detailed roadmap for writing USB Chapter 9 compliant
8051 code.
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1.13.3 EZ-USB Interrupt Endpoints

Interrupt endpoints are almost identical to bulk endpoints. Fourteen EZ-USB endpoints
(EP1-EP7, IN, and OUT) may be used as interrupt endpoints. Interrupt endpoints have
maximum packet sizes up to 64, and contain a “polling interval” byte in their descriptor to
tell the host how often to service them. The 8051 transfers data over interrupt endpoints in
exactly the same way as for bulk endpoints. Interrupt endpoints are described in Chapter
6, "EZ-USB Bulk Transfers."

1.13.4 EZ-USB Isochronous Endpoints

Isochronous endpoints deliver high bandwidth, time critical data over USB. Isochronous
endpoints are used to stream data to devices such as audio DACs, and from devices such
as cameras and scanners. Time of delivery is the most critical requirement, and isochro-
nous endpoints are tailored to this requirement. Once a device has been granted an isoch-
ronous bandidth slot by the host, it is guaranteed to be able to send or receive its data
every frame.

EZ-USB contains 16 isochronous endpoints, numbered 8-15 (8IN-15IN, and 80UT-
150UT). 1,024ytes of FIFO memory are available to the 16 endpoints, and may be
FIFO memory to provide double-buffering. Using double buffering, the 8051 reads OUT
data from isochronous endpoint FIFOs containing data from the previous frame while the
host writes current frame data into the other buffer. Similarly, the 8051 loads IN data into
isochronous endpoint FIFOs that will be transmitted over USB during the next frame
while the host reads current frame data from the other buffer. At every SOF the USB
FIFOs and 8051 FIFOs switch, ping-pong

Isochronous transfers are described in Chapter 8, "EZ-USB Isochronous Transfers."

1.14 Fast Transfer Modes

The following versions of the EZ-USB have a fast transfer mode: AN2125SC,
AN2126SC, AN135SC, AR136SC, and AN2131QC, that is, those versions that have a
data bus (see Tablel-2). The fast transfer mode minimizes the transfer time from EZ-USB
core also supplies external FIFO read and write strobes to synchronize the transfers.

Using the fast transfer mode, the 8051 transfers a byte of data between an internal FIFO

and the external bus using a singl®b1 MOVX instruction, which tees two cycles or
333 ns. Both Isochronous and Bulk endpoints can use this fast transfer mode.
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1.15 Interrupts

The EZ-USB enhanced 8051 adds seven interrupt sources to the sgéi&lhrderrupt

system. Three of the added interrupts are used internally, and the others are available on
device pins. INT2 is used for all USB interrupts. INT3 is used by’@aterface. A

third interrupt is used for remote wakeup indication.

The EZ-USB core automatically supplies jump vectors (Autovectors) for its USB inter-
rupts to save the 8051 from having to test bits to determine the source of the interrupt.
Each BULK/CONTROL/INTERRUPT endpoint has its own vector, so when an endpoint
requires service, the proper interrupt service routine is automatically invoked. The 8051
services all isochronous endpoints in response to a SOF (Start Of Frame) interrupt request.
Chapter 9, "EZ-USB Interrupts" describes the EZ-USB interrupt system.

1.16 Reset and Power Management

The EZ-USB chip contains four resets:
* Power-On-Reset (POR)
* USB bus reset
* 8051 reset
» USB Disconnect/Re-connect

The functions of the various EZ-USB resets are described in Chapter 10, "EZ-USB
Resets."

A USB peripheral may be put into a low power state when the host signeigendper-

ation. TheUniversal Serial Bus Specification Version &tates that a bus powered device
cannot draw more than 500 mA of current from the Vcc wire while in suspend. The EZ-
USB chip contains logic to turn off its internal oscillator and ergé¥epstate. A special
interrupt, triggered by a wakeup pin or wakeup signaling on the USB bus, starts the oscil-
lator and interrupts the 8051 to resume operation.

Low power operation is described in Chapter 11, "EZ-USB Power Management.”

EZ-USB Series 2100 TRM v1.8 Chapter 1. Introducing EZ-USB Page 1-15



1.17 EZ-USB Product Family

The EZ-USB family is available in various pinouts to serve different system requirements
and costs. Table 1-2 shows the feature set for each member of the EZ-USB Series 2100
Family.

Table 1-2. EZ-USB Series 2100 Family

e i Key Features Max UART Power B
Number | Size | SO Endpoints DataBus | l/ORate |Prog| Package (AS)(/}QE)aig;ed g?)‘t’:gg STOP
Support or Port B | Bytes/s Max | 1/0s

AN2121S | 4KB Y 32 Port B 600K 16 | S=44PQFP 115.2 N N
AN2122S | 4KB N 13 Port B 600K 16 | S=44 PQFP 230.4 N Y
AN2122T | 4KB N 13 Port B 600K 19 | T=48TQFP 230.4 Y Y
AN2125S | 4KB Y 32 Data Bus 2M 8 | S=44PQFP 115.2 N N
AN2126S | 4KB N 13 Data Bus 2M 8 | S=44PQFP 230.4 N Y
AN2126T | 4KB N 13 Data Bus M 11 | T=48TQFP 230.4 Y Y
AN2131Q | 8KB Y 32 Both 2M 24 | Q=80 PQFP 1152 N N
AN2131S | 8KB Y 32 Port B 600K 16 | S=44PQFP 115.2 N N
AN2135S | 8KB Y 32 Data Bus 2M 8 | S=44PQFP 115.2 N N
AN2136S | 8KB N 16 Data Bus 2M 8 | S=44PQFP 115.2 N N

1.18 Summary of AIR122, AN2126 Features

This section summarizes the features of the AN2122 and AN2126 packages. These fea-
tures are not available in the other packages of the EZ-USB family.
Power Saving Option

To reduce power, the 8051 processor can be run at half speed. When the CPU12MHZ pin
is tied high, the 8051 processor core runs at 12 MHz. When tied low, the 8051 runs at the
normal 24 MHz. The logic state of this pin should never be changed while the 8051 is
running.

230 Kbaud UART Operation

Two control bits in a register, UART230, allow 230-Kbaud operation by UARTO and
UART1 (see Section 12.8, "230-Kbaud UART Operation - AN2122, AN2126").
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48-pin Variants

There are two 48-pin des8s:

AN2122T
AN2126T

The fou extra pins are sed as follovs:

* PA7, PA6, andPAQ are GPIO pia. Thismakesfive o theeight PORTA pins
availabk (all except PA1-PA3).
* CPU12MHZ- This input controls the spdef the 8051

- tied highl2 MHz
- tied low24 MHz

Bulk Endpoints

The AN2122 and AN2126 have a reddcet of hirteen bulk endpats (see Section 6.1,
"Introductior!’).

Inter rupts

The AN2122 and AN2126 contain two interrupts noseng in the other AN21xxamily
members.

* AnIBN (In-Bulk NAK) interrug request activi@s when anN packetis NAKd by
the SE beause the 8051 has not loadéeé buffer (and byte count register) for an
IN endpoint. This is useful f@pplications tht need to know whethe host is
pinginganIN endpoint (See Section 9.13, "In Bulk NAK Interrupt").

e An I2C interruptsoure is added to théC interrupt (INT3), indicating hat trans-

missonof a STOP bits complete (see Section 9.14,2T STOP Compkte Inter-
rupt- (AN2122/AN2126 only)").

1.19 Revision ID

The Revision ID foeach part is sivan in Table 1.2. The wsion valueis reported in the
interral DID (Device D), which is the vale read by the host dag erumeration if no
EEPROM isconnected to théC bus. This value alsompears in he CPUCS ragister bits.
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1.20 Pin Descriptions

Figures 1-9 through 1-13 are pin descriptions by package type. Table 1-3 describes the

pins by pin function.
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Figure 1-9. 80-pin PQFP Package (AN2131Q)
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Figure 1-10. 44-pin PQFP Package with Port B (AN2121S, AN2122S, and AN2131S)
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Figure 1-11. 44-pin Packagewith Data Bus(AN2125S,AN2126S, AN2135S, and AN2136)
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Extra pins in 48-pin package

Figure 1-12. 48-pin TQFP Package (AN2122T)
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Extra pins in 48-pin package

Figure1-13. 48-pin TQFP Package (AN2126T)
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Table 1-3. EZ-USB Series 2100 Pinous by Pin Function

2131Q

2121S
2122S
2131S

2125S
2126S
2135S
2136S

21227

2126T

Name

Type

Default

Description

21

10

10

1

AvCC

Power

N/A

Analog Vcc. This signal provides power to the ana-
log section of the chip.

18

AGND

Power

N/A

Analog Ground. Connect to ground with as short a
path as possible.

43

43

47

47

DISCON#

Output

HI

Disconnect. This pin is controlled by two bits,
DISCOE and DISCON. When DISCOE=0, the pin
floats. When DISCOE=1, it drives. When
DISCOE=1, the driven logic level is the inverse of
the DISCON bit.

77

41

41

45

45

USBD

I/0/z

USB D- signal. Connect to the USB D- signal
through a 24-ohm resistor.

79

42

42

46

46

USBD

I/0/z

USB D+ signal. Connect to the USB D+ pin through
a 24-ohm resistor.

7-12,
15, 16,
26-29,
34-37

N/A

N/A

N/A

N/A

AO0-A5, A6,
A7, A8-All,
Al12-A15

Output

0x0000

8051 Address bus. This bus is driven at all times.
Whenthe 8051 is addressing internal RAM it reflects
the internal address.

48-51,
57-60

N/A

24-21,
28-31

N/A

26-29,
30-33

DO0-D3, D4-
D7

I/0/z

8051 Data bus. This bi-directional bus is high-
impedance when inactive, input for bus reads, and
output for bus writes. The data bus is also used to
transfer data directly to and from internal EZ-USB
FIFOs under control of the FRD# and FWR#
strobes. D0-D7 are active only for external bus
accesses, and are driven low in suspend.

80

N/A

N/A

N/A

N/A

PSEN#

Output

Program Store Enable. This active-low signal indi-
cates a code fetch from external memory. Itis active
for program memory fetches above 0x1B40 when
the EA pinis LO, or above 0x0000 when the EA
pinis HI.

61

32

32

35

35

BKPT

Output

Breakpoint. This pin goes active (high) when the
8051 address bus matches the BPADDRHIL regis-
ters and breakpoints are enabled in the USBBAV
register (BPEN=1). If the BPPULSE bit in the
USBBAV register is HlI, this signal pulses high for
eight 24-MHz clocks. If the BPPULSE bit is LO, the
signal remains high until the 8051 clears the BREAK
bit (by writing 1 toit) in the USBBAV register.

25

13

13

14

14

RESET

Input

N/A

Active High Reset. Resets the 8051 and the USB
SIE. This pinis normally tied to ground through a
10K-ohm resistor and to Vcc through a 1 pF capaci-
tor.

EZ-USB Series 2100 TRM v1.8
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Table 1-3. EZ-USB Series 2100 Pinous by Pin Function

21215 | 2293
2131Q | 2122S 21355 21227 | 2126T Name Type | Default Description
2131S 21365
24 N/A N/A N/A N/A EA Input N/A | External Access. Ifthis signal is active (high), the
8051 fetches code from external memory instead of
the internal program RAM. If EA=0, the 8051
fetches code from external memory starting at
0x1B40 (AN2131).
19 8 8 9 9 XIN Input N/A | Crystal Input. Connect this signal to a 12-MHz

series resonant, fundamental mode crystal and 22-
33-pF capacitor to GND. This pin may also be
driven by a 12-MHz clock.

20 9 9 10 10 XOouT Output | N/A | Crystal Output. Connect this signal to a 12-MHz
series resonant, fundamental mode crystal and 22-
33-pF capacitor to GND. If XINis driven by a 12-
MHz clock, this pin should not be connected.

68 N/A N/A | N/A 34 PAO or 110 I Multiplexed pin whose function is selected by the
TOOUT (PAO) | TOOUT hit of the PORTACFG register. If TOOUT=0,
the pin s the bi-directional 1/0 port bit PAQ. If
TOOUT=1, the pin is the active-high TOOUT signal
from 8051 Timer/Counter0.

TOOUT outputs a high level for one CLK24 clock
cycle when Timer0 overflows. If Timer0 is operated
in mode 3 (two separate timer/counters), TOOUT is
active when the low byte timer/counter overflows.

69 N/A N/A | N/A N/A PA1 or 110 I Multiplexed pin whose function is selected by the
T10UT (PAL) | T10UT hit of the PORTACFG register. If TLOUT=0,
the piniis the bi-directional 1/0 port bit PAL. If
T10UT=1, the pin is the active-high TIOUT signal
from 8051 Timer-counterl.

T10UT outputs a high level for one CLK24 clock
cycle when Timerl overflows. If Timerl is operated
in mode 3 (two separate timer/counters), TLOUT is
active when the low byte timer/counter overflows.

70 N/A N/A | N/A N/A | PA2orOE# | /O I Multiplexed pin whose function is selected by the OE
(PA2) | bit of the PORTACFG register. If OE=0, the pinis
the bi-directional 1/O port pin PA2. If OE=1, the pin
is an active-low output enable for external memory.
If the OE# pin is used, it should be externally pulled
up to Vcc to ensure that the write strobe is inactive
(high) at power-on.
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Table 1-3. EZ-USB Series 2100 Pinouts by Pin Function

2131Q

2121S
2122S
2131S

2125S
2126S
2135S
2136S

21227

2126T

Name

Type

Default

Description

71

N/A

N/A

N/A

N/A

PA3 or CS#

10

(PA3)

Multiplexed pin whose function is selected by the CS
bit of the PORTACFG register. If CS=0, the pin is
the bi-directional /O port pin PA3. If CS=1, the pin
is an active-low chip select for external memory. If
the CS# pin is used, it should be externally pulled up
to Vcce to ensure that the write strobe is inactive
(high) at power-on.

73

39

39

N/A

N/A

PA4 or FWR#

I0

(PA4)

Multiplexed pin whose function is selected by the
FWR (Fast Write) bit of the PORTAFCG register. If
FWR=0, the pin is the bi-directional I/O port pin PA4.
If FWR=1, the pin is the write strobe for an external
FIFO. If the FWR# pin is used, it should be exter-
nally pulled up to Vcc to ensure that the write strobe
is inactive (high) at power-on.

74

40

40

N/A

N/A

PAS or FRD#

10

(PA5)

Multiplexed pin whose function is selected by the
FRD (Fast Read) bit of the PORTAFCG register. If
FRD=0, the pin is the bi-directional 1/0 port pin PA5.
If FRD=1, the pin is the read strobe for an external
FIFO. If the FRD# pin is used, it should be exter-
nally pulled up to Vcc to ensure that the write strobe
is inactive (high) at power-on.

75

N/A

N/A

44

44

PAG or
RXDOOUT

I0

(PAG)

Multiplexed pin whose function is selected by the
RXDOOUT bit of the PORTAFCG register. If
RXDOOUT=0 (default), the pin is the bi-directional
I/0 port bitPA6. If RXDOOUT=1, the pin is the
active-high RXDOOUT signal from 8051 UARTO.

If RXDOOUT iis selected and UARTO is in mode 0,
this pin provides the output data for UARTO only
when itis in sync mode. Otherwise, itisa 1.

76

N/A

N/A

PA7 OR
RXD10OUT

I0

(PA7)

Multiplexed pin whose function is selected by the
RXD1OUT bit of the PORTAFCG register. If
RXD10OUT=0 (default), the pinis the bi-directional
I/0 port bitPA7. If RXD1OUT=1, the pin is the
active-high RXD10OUT signal from 8051 UART1.

When RXD1OUT is selected and UART1 is in mode
0, this pin provides the output data for UaRT1 only
when itis in sync mode. In modes 1, 2, and 3, this
pinisa 1.
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Table 1-3. EZ-USB Series 2100 Pinous by Pin Function

2121S
2131Q | 2122S
2131S

2125S
2126S
2135S
2136S

21227

2126T

Name Type

Default

Description

44

24

N/A

26

N/A

PBO or T2 110

(PBO)

Multiplexed pin whose function is selected by the T2
bit of the PORTBFCG register. If T2=0, the pin is
the bi-directional I/O port bit PBO. If T2=1, the pin is
the active-high T2 signal from 8051 Timer2, which
provides the input to Timer2 when C/T2=1. When
CIT2=0, Timer2 does not use this pin.

45

25

N/A

27

N/A

PBlor T2EX | 1/O

(PB1)

Multiplexed pin whose function is selected by the
T2EX bit of the PORTBCFG register. If T2EX=0, the
pin is the bi-directional I/O port bit PB1. If T2EX=1,
the pinis the active-high T2EX signal from 8051
Timer2.

46

26

N/A

28

N/A

PB2 or RXD1| /0

(P{B2)

Multiplexed pin whose function is selected by the
RXD1 bit of the PORTBCFG register. If RXD1=0,
the pin s the bi-directional 1/0 port bit PB2. If
RXD1=1, the pinis the active-high RXD1 input sig-
nal for 8051 UART1, which provides data to the
UART in all modes.

47

27

N/A

29

N/A

PB3or TXD1| 1O

(PB3)

Multiplexed pin whose function is selected by the
TXD1 bit of the PORTBCFG register. If TXD1=0,
the piniis the bi-directional 1/0 port bit PB3. If
TXD1=1, the pin is the active-high TXD1 output pin
for 8051 UART1 which provides the output clock in
async mode.

52

28

N/A

30

N/A

PB4 or INT4 | 1/O

(PB4)

Multiplexed pin whose function is selected by the
INT4 bit of the PORTBCFG register. If INT4=0, the
pin is the bi-directional I/O port bit PB4. If INT4=1,
the pinis the 8051 INT4 interrupt request signal.
The INT4 pin is edge-sensitive, active high.

53

29

N/A

31

N/A

PB5 or INT5# | 11O

(PB5)

Multiplexed pin whose function is selected by the
INTS bit of the PORTBCFG register. If INT5=0, the
pin is the bi-directional I/O port bit PB5. If INT5=1,
the pinis the INT5# interrupt register signal. The
INT5# pin is edge-sensitive, active low.

54

30

N/A

32

N/A

PB6 or INT6 | 1/O

(PB6)

Multiplexed pin whose function is selected by the
INT6 bit of the PORTBCFG register. If INT6=0, the
pin is the bi-directional I/O port bit PB6. If INT6=1,
the pin s the INT6 interrupt request signal. The
INT6 pin is edge-sensitive, active high.

Page 1-26

Chapter 1. Introducing EZ-USB

EZ-USB Series 2100 TRM v1.8



Table 1-3. EZ-USB Series 2100 Pinous by Pin Function

2131Q

2121S
2122S
2131S

2125S
2126S
2135S
2136S

21227

2126T

Name

Type

Default

Description

55

31

N/A

33

N/A

PB7 or
T20UT

10

(PBT7)

Multiplexed pin whose function is selected by the
T20UT bit of the PORTBCFG register. If T20UT=0,
the pin is the bi-directional 1/0 port bit PB7. If
T20UT=1, the pin is the active-high T20UT signal
from 8051 Timer2.

T20UT is active (high) for one clock cycle when
Timer/Counter 2 overflows.

30

14

14

16

16

PCO or RXDO

10

(PCO)

Multiplexed pin whose function is selected by the
RXDO bit of the PORTCCFG register. If RXD0=0,
the pin is the bi-directional 1/0 port bit PCO. If
RXDO0=1, the pinis the active-high RXDO from 8051
UARTO, which provides data to the UART in all
modes.

31

15

15

17

17

PC1 or TXDO

10

(PC1)

Multiplexed pin whose function is selected by the
TXDO bit of the PORTCCFG register. If TXD0=0,
the pin is the bi-directional 1/0 port bit PC1. If
TXDO0=1, the pin is the active-high TXDO signal for
8051 UARTO, which provides the output clock in
sync mode, and the output data in async mode.

32

16

16

18

18

PC2 or INTO#

I0

(PC2)

Multiplexed pin whose function is selected by the
INTO bit of the PORTCCFG register. If INT0=0, the
pin is the bi-directional I/O port bit PC2. If INTO=1,
the pinis the active-low 8051 INTO interrupt input
signal, which is either edge triggered (IT0=1) or level
triggered (IT0=0).

33

17

17

19

19

PC3 or INT1#

I0

(PC3)

Multiplexed pin whose function is selected by the
INT1 bit of the PORTCCFG register. If INT1=0, the
pin is the bi-directional I/O port bit PC3. If INT1=1,
the pinis the active-low 8051 INT1 interrupt input
signal, which is either edge triggered (IT1=1) or level
triggered (IT1=0).

38

18

18

20

20

PC4orTO

I0

(PC4)

Multiplexed pin whose function is selected by the T0
bit of the PORTCCFG register. If T0=0, the pin is
the bi-directional 1/0 port bit PC4. If T0=1, the pin is
the active-high TO signal for 8051 Timer0, which pro-
vides the input to Timer0 when C/TO is 1. When C/
TOis 0, Timer0 does not use this bit.

39

19

19

21

21

PC50rT1

I0

(PC5)

Multiplexed pin whose function is selected by the T1
bit of the PORTCCFG register. If T1=0, the pin is
the bi-directional 1/0 port bit PC5. If T1=1, the pin is
the active-high T1 signal from 8051 Timerl, which
provides the input to Timerl when C/T1is 1. When
C/TOis 0, Timerl does not use this bit.
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Table 1-3. EZ-USB Series 2100 Pinous by Pin Function

2131Q

2121S
2122S
2131S

2125S
2126S
2135S
2136S

21227

2126T

Name

Type

Default

Description

40

20

20

22

22

PC6 or WR#

10

(PC6)

Multiplexed pin whose function is selected by the
WR bit of the PORTCCFG regjister. If WR=0, the pin
is the bi-directional I/O port bit PC6. If WR=1, the
pin is the active-low write signal for external mem-
ory. Ifthe WR# signal is used, it should be exter-
nally pulled up to Ve to ensure that the write strobe
is inactive at power-on.

41

21

21

23

23

PC7 or RD#

10

(PCT)

Multiplexed pin whose function is selected by the RD
bit of the PORTCCFG register. If RD#=0, the pin is

the bi-directional 1/O port bit PC7. If RD#=1, the pin

is the active-low read signal for external memory. If
the RD# signal is used, it should be externally pulled
up to Ve to ensure that the read strobe is inactive at
power-on.

CLK24

Output

24-MHz clock, phase locked to the 12-MHz input
clock. It operates at 12 MHz in 12-MHz mode (48-pin
package). Output is disabled by setting the
OUTCLKEN bit = 0 in the CPUCS register.

66

37

37

40

40

WAKEUP#

Input

N/A

USB Wakeup. Ifthe 8051 is in suspend, a high to
low edge on this pin starts up the oscillator and inter-
rupts the 8051 to allow it to exit the suspend mode.
Holding WAKEUP# LOW inhibits the EZ-USB chip
from entering the suspend state.

65

36

36

39

39

SCL

oD

1C Clock. Pull up to Vec with a 2.2K-ohm resistor,
even if no I2C device is connected.

64

35

35

38

38

SDA

oD

12C Data. Connect to Ve with a 2.2K-ohm resistor
even if no I2C device is connected.

2,22,
42,62

11,22,
33,44

11,22,
33,44

12,24,
36, 48

12,24,
36, 48

Vce

N/A

Vice. 3.3V power source.

3,5,6,
13,14,
17,23,
43,56,
63,72,
78

1,34,
5, 6,
12,23,
34,38

1,3,4,
5,6,
12,23,
34,38

1,34,
5,6,
13,25,
37,41

1,3,4,
5, 6,
13,25,
37,41

GND

N/A

Ground. Note: On the 80-pin package, pins 5, 6, 13,
14, and 72 are test pins that must be grounded for
normal operation. Driving pin 72 high floats all func-
tional pins for automated board test.

The corresponding pins on the 44-pin package are
pins 3, 4, 5, 6, and 38. Driving pin 38 high floats all
functional pins for automated board test.

The corresponding pins on the 48-pin package are
pins 3, 4, 5, 6,and 41. Driving pin 41 high floats all
functional pins for automated board testing.

N/A

N/A

N/A

15

15

CPU12MHZ

N/A

This input controls the speed of the 8051:
- Tied High - 12 MHz
- Tied Low - 24 MHz

67

N/A

N/A

N/A

N/A

NC

N/A

This pin must be left unconnected.
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2 EZ-USB CPU

2.1 Introduction

The EZ-USB built-in microprocessor, an enhanced 8051 core, is fully described in Appen-
dices A-C. This chapter introduces the processor, its interface to the EZ-USB core, and
describes architectural differences from a standard 8051.

2.2 8051 Enhancements

The enhanced 8051 core uses the standard 8051 instruction set. Instructions execute faster
than with the standa@051due to two features:

» Wasted bus cycles are eliminated. A bus cycle uses four clocks, as compared to 12
clocks with the standard 8051.

e The 8051 runs at 24 MHz.

In addition to the speed improvement, the enhanced 8051 core also includes architectural
enhancements:

1. A second data pointer.

2. A second UART.

3. A third, 16-bit timer (TIMER2).

4. A high-speed memory interface with a non-multiplexed 16-bit address bus.
5. Eight additional interrupts (INT2-INT5, PFI, T2, and UART1).

6. Variable MOVX timing to accommodate fast/slow RAM peripherals.

7. 3.3V operation.
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2.3 EZ-USB Enhancements

The EZ-USB chip provides additional enhancements outside the 8051. These include:
» Fast external transfers (Autopointer, Fast Transfer Mode)
» Vectored USB interrupts (Autovector)
» Separate buffers for SETUP and DATAportions of a CONTROL transfer.

» Breakpoint Facility.

2.4  EZ-USB Register Interface

The 8051 communicates with the EZ-USB core through a set of memory mapped regis-
ters. These registers are grouped as follows:

» Endpoint buffers and FIFOs
» 8051 control

* 10O ports

» Fast Transfer

e 12C Controller

* Interrupts

* USB Functions

These registers and their functions are described throughout this manual. A full descrip-
tion of every register and bit appears in Chapter 12, “EZ-USB Registers.”
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25 EZ-USB Internal RAM

FF Upper 128

bytes
80 Indirect Addr

SFR Space
Direct Addr

Lower 128
bytes
00 Direct Addr

Figure 2-1. 8051 Regsters

Like the standard 8051,akEZ-USB 8051 ore contails 128 bytes of register RAM at 00-
7F, and a parélly populatel SFR register space&0-FF. An aditional 128 indirectly
addresed registrs (sometimes callel “IDATA”) are also availale at 80-FF.

All internal EZ-USB RAM, which includes pgranydata menory, bulk endpoinbuffer
memay, and the EZ-USBegster set, is addessed g add-on8051memory. The 8051
reads @ writes these bytes as data using the MR (move external)nstruction. Even
though the MOVX instruction implies extetmaenory, the EZ-USB RAM and register
set is actuallynsidethe EZ-USB chip. Extemal memory attached to the AN2131Q
addresand data bssescan dsobeaccessedy theMOVX instrugion. The EZ-USB
core encodes itiemory stobe and dect sgnals (RD#,WR#, CS#, and OE#) to elimi-
nate the needf external logic to g@rate the intenal and extenal memoryspaces.

2.6 /O Ports

A standrd 8051 commurates with itdO ports0-3 through fourSpecial Function Regis-
ters (SFRs). Standad 8051 10 pns aequasi-bidrectionalwith weak pllups thet briefly
drive high only when the pin rkas azero-teone transition.

The EZ-USB core implemenss |0 ports differently than a standard 803l as described
in Chapter 4"EZ-USB Input/Output. Instead of using the 8051 garts andSFRs, the

EZ-USB core implements flexible 10 system tét is controll@lvia EZ-USB register set.
Each Z2-USBIO pin functions ideticdly, having the following resauaes:

* An outpu latch. Used when the pin is an outgort.

* A bitthat indcates the statef the 10pin, regadless ofits configuration (input or
outpu).
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* An output enable bit that asesthe 10 pin to be driven frorine output latch.

* An alternate function bit that d®inines whether the pin is general #0a special
8051 orEZ-USB function.

The SFRs associated with 8051 ports @e3ret implemerad in EZ-USB. These SFR
addreses include PO (0x80), P1 (0XQ®2 (OxAO0), and P3 (0xB0 Because P2 is not
implemented, the MOVX®@RO0/R1 instruction takes the ugpaddres byte from an added
Special Funebn Registe(SFR atlocation 0x92. Thisregister is caled “MPAGE” in the
Appendies.

2.7 Interrupts

All standard 8051 inteupts are supported in the enhanced 8051 cdigble 2-1 shows
theexisting and added 8051 interrisp and indicates how the addawues are used.

Table 2-1. EZ-USB Interrupts

Standard 8051 | Enhanced 8051
Interrupts Interrupts e

INTO Device Pin INTO#

INT1 Device Pin INT1#

Timer 0 Internal, Timer 0

Timer 1 Internal, Timer 1

Tx0 & Rx0 Internal, UARTO
INT2 Internal, USB
INT3 Internal, IC Controller
INT4 Device Pin, PB4/INT4
INT5 Device Pin, PB5/INT5#
INT6 Device Pin, PB6/INT6
PF1 Device Pin, USB WAKEUP#
Tx1 & Rx1 Internal, UART1
Timer 2 Internal, Timer 2

The EZ-USB chip uses 8051NT2 for 21 differert USB interrupts: 16 bulk endpoiaplus
SOF, Suspend, BTUP Data, &ETUP Token, and USB Bus Ret. To help th&051deter-
mine which interupt is active the EZ-USB core povides a feature called Autovectoring.
The coremserts an adéss bye into the low bytef the 3-byte jump instructiofound at
the 8051NT2 vector addrss This scond level ofvedoring automatically transfers con-
trol to the appropriate USB ISR. The Autovectorchamism, asvell asthe EZ-USB
interrupt system ishie subject of Chapter 9,EZ-USB Interrupts.”
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2.8 Power Control

The EZ-USB core implements a power-down mode that allows it to be used in USB bus
powered devices that must draw no more thanu20@hen suspended. Power control is
accomplished using a combination of 8051 and EZ-USB core resources. The mechanism
by which EZ-USB powers down for suspend, and then re-powers to resume operation, is
described in detail in Chapter 11, “EZ-USB Power Management.”

A suspend operation uses three 8051 resourcesllémode and two interrupts. Many
enhance@051 architectxes provide power control similar (or identical) to the EZ-USB
enhanced 8051 core.

A USB suspend operation is indicated by a lack of bus activity for 3 ms. The EZ-USB

core detects this, and asserts an interrupt request via the USB interrupt (8051 INT2). The
ISR (Interrupt Service Routine) turns off external sub-systems that draw power. When
ready to suspend operation, the 8051 sets an SFR bit, PCON.0. This bit causes the 8051 to
suspend, waiting for an interrupt.

When the 8051 sets PCON.0, a control signal from the 8051 to the EZ-USB core causes
the core to shut down the 12-MHz oscillator and internal PLL. This stops all internal
clocks to allow the EZ-USB core and 8051 to enter a very low power mode.

The suspended EZ-USB chip can be awakened two ways: USB bus activity may resume,
or an EZ-USB pin (WAKEUP#) can be asserted to activate a R&Bote Wakeup
Either event triggers the following chain of events:

e The EZ-USB core re-starts the 12-MHz oscillator and PLL, and waits for the
clocks to stabilize

* The EZ-USB core asserts a special, high-priority 8051 interrupt to signal a
‘resume’ interrupt.

» The 8051 vectors to the resume ISR, and upon completion resumes executing code
at the instruction following the instruction that set the PCON.O bit to 1.
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29 SFRs

The EZ-USB family was designed to keep 8051 coding as standard as possible, to allow
easy integration of existing 8051 software development tools. The added 8051 SFR regis-
ters and bits are summarized in Table2-2.

Table 2-2. Added Registers and Bits

8051 Enhancements SFR Addr Function

Dual Data Pointers DPLO 0x82 | Data Pointer 0 Low Addr
DPHO 0x83 | Data Pointer 0 High Addr
DPL1 0x84 | Data Pointer 1 Low Addr
DPH1 0x85 | Data Pointer 1 High Addr
DPS 0x86 | Data Pointer Select (LSB)

MPAGE 0x92 | Replaces standard 8051 Port 2 for indirect
external data memory addressing

Timer 2 T2CON.6-7 | 0xC8 | Timer 2 Control
RCAP2L | O0xCA | T2 Capture/Reload Value L
RCAP2H | 0xCB | T2 Capture/Reload Value H

T2L 0xCC | T2 CountL
T2H 0xCD | T2 Count H
IE.5 0xA8 | ET2-Enable T2 Interrupt Bit
IP.5 0xB8 | PT2-T2 Interrupt Priority Control
UART1 SCON1.0-1 | 0xCO | Serial Port 1 Control
SBUF1 0xC1 | Serial Port 1 Data
IE.6 0xA8 | ES1-SIO1 Interrupt Enable Bit
IP.6 0xB8 | PS1-SIO1 Interrupt Priority Control
EICON.7 |0xD8 |SMOD1-SIO1 Baud Rate Doubler
Interrupts
INT2-INT5 EXIF 0x91 | INT2-INTS Interrupt Flags
EIE OXE8 | INT2-INT5 Interrupt Enables
EIP.0-3 0xF8 | INT2-INT5 Interrupt Priority Control
INT6 EICON.3 | 0xD8 |INT6 Interrupt Flag
EIE4 OXE8 | INT6 Interrupt Enable
EIP.4 0xF8 | INT6 Interrupt Priority Control
WAKEUP# EICON.4 | 0xD8 |WAKEUP# Interrupt Flag
EICON.5 |0xD8 | WAKEUP# Interrupt Enable
Idle Mode PCON.0 0x87 | EZ-USB Power Down (Suspend)
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2.10 Internal Bus

Members of the EZ-USB family that provide pins to expand 8051 memory provide sepa-
rate non-multiplexed 16-bit address and 8-bit data busses. This differs from the standard
8051, which multiplexes eight device pins between three sources: 10 port 0, the external
data bus, and the low byte of the address bus. A standard 8051 system with external mem-
ory requires a de-multiplexing address latch, strobed by the 8051 ALE (Address Latch
Enable) pin. The external latch is not required by the non-multiplexed EZ-USB chip, and
no ALE signal is needed. In addition to eliminating the customary external latch, the non-
multiplexed bus saves one cycle per memory fetch cycle, further improving 8051 perfor-
mance.

A standard 8051 user must choose between using Port 0 as a memory expansion port or an
IO port. The AN2131Q provides a separate 10 system with its own control registers (in
external memory space), and provides the 10 port signals on dedicated (not shared) pins.
This allows the external data bus to be used to expand memory without sacrificing 10

pins.

The 8051 is the sole master of the memory expansion bus. It provides read and write sig-
nals to external memory. The address bus is output-only.

A specialfast transfermode gives the EZ-USB family the capability to transfer data to
and from external memory over the expansion bus using a single MOVX instruction,
which takes only two cycles (eight clocks) per byte.

2.11 Reset

The internal 8051 RESET signal is not directly controlled by the EZ-USB RESET pin.
Instead, it is controlled by an EZ-USB register bit accessible to the USB host. When the
EZ-USB chip is powered, the 8051 is held in reset. Using the default USB device (enu-
merated by the USB core), the host downloads code into RAM. Finally, the host clears an
EZ-USB register bit that takes the 8051 out of reset.

The EZ-USB family also operates with external non-volatile memory, in which case the

8051 exits the reset state automatically at power-on. The various EZ-USB resets and their
effects are described in Chapter 10, "EZ-USB Resets."
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3 EZ-USB Memory

3.1 Introduction

EZ-USB devices divide RAM inttwo regons, one for code and data, and the other for
USB buffers and control registers.

7FFF
Registers/Bulk Buffers
7B40
USB Control Registers | 1FFF/7FFF
(192 bytes) 1F40/7F40
1F3F/7F3F
715 T Data (ROIWR) RAM | 16 x 64-byte
| If ISODISAB=1 I Bulk Endpoint Buffers
2000 Lo oo ! (1,024 bytes)
1FFF
Registers/Bulk Buffers 1B40/7B40
1B40 7
1B3F
Data (RD/WR) RAM
Code(PSEN) RAM i
EA=0
(6,976 bytes)
0000

Figure 3-1. EZ-USB 8-KB Memory Map - Addresses are in Hexadecimal

TFFF , > "USB Control Registers | 7FFF
Registers/Bulk Buffers (192 bytes) 2640
7B40 7F3F

13 x 64-byte

Bulk Endpoint Buffers

(832 bytes)

7C00
OFFF

Code(PSEN) and
Data (RD/WR) RAM
(4096 bytes)

0000

Figure 3-2. EZ-USB 4-KB Memory Map - Addresses are in Hexadecimal
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3.2 8051 Memoy

Figure 3-1 illustrates the two iternal EZ-USB RAM regions. 6,976 bytes ajeneral-pur-
pose RAM occupy addrsss 0x0000-0x1BRB ThisRAM is loadable by the EUSB
core or ¥C busEEPROM, and contains 8051 codad data.

TheEZ-USB EA (Extermal Access) pin controls iaere the bottom segmetrof code
(PSEN) memory idocated—insi@ (EA=0) or ouside (EA=L) theEZ-USB chip. If the
EZ pin istied low, the EZ-USB cae internally ORs te two 803 readsignalsPSEN and
RD for thisregion so that codand data share the 0x0000-0x1B3F memoryepHe
EA=1, all coet (PSEN) memory is external.

About 8051Memory Spaces

The 8051 pditions its menory spaces ito code memory andatamemory. The 8051
reads code memorysing the signaPSEN# (Program t8re Enable), reads data memory
using the signaRD# (Data Read) andntesdata memoryusing the sigad WR# (Data
Write). The 8051 MOVXrfhove external)nstruction generes RD# or WR# strobes.

PSEN# is a ddicated pin, whilehe RD# and WR# signals shamas with two 10 port
signals: PC7/RD anBC6/WR. Therefee, if expandednemoryis used, the pd pins
PC7 andPC6 are nbavailable to theystem.

1,024 bytes of RAM at 0x7B40-0x7F3F imm@ment the sixteen bulk endpoitbuffers. 192
additiond bytes at 0x7F40-0x7FF contain he USB contrdregisters The 8051 readsand
writes thismemoryusing theMOVX instruction In the8-KB RAM EZ-USB version, the
1,024 bulk endpoirbuffer bytesat 0x7B40-0x7F3F also appear at 0x1B40483R This
aliasing allows unused bulk endpbbuffer memory to be added contigushyuto the data

memay, asillustrated Figue 3-3. The memorgpace at Ox1F40-0x1FFF should not be
used.

Even though the 8051 cancass EZ-USB endpoinbuffers at either 0x1B40 or 0x7B40,
thefirmwareshout be written toaccess thisnemog only at 0x7B40-0xFFF to maintain
compatiblity with future versions PEZ-USBthat contairmore than 8 1B of RAM.
Future versions will have the ubuffer space at Ox7B40x7F3F only.
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1F40
1F00
1ECO
1E80
1E40
1E00
1DCO
1D80
1D40
1D00
1CCO
1C80
1C40
1C00
1BCO
1B80
1B40
1B3F

0000

Figure 33. Unused Bulk Endpoint Buffers (Shaded) Used as Data Memory

EPOIN

EPOOUT

EP1IN

EP10OUT

EP2IN

EP20UT

EP3IN

EP30UT

EP4IN

EP40UT

EPSIN

EP50UT

EPGIN

EPO6UT

EP7IN

EPO70UT

Code/Data
RAM

In the example shown iFgure 3-3, only endpoirgt0-IN through 3IN are used for the

USB function, so tadataRAM (shaded) can be extendedax1D7F.

If an applicéion usesnoneof the 16EZ-USB isochronous endpdis, the 8051 an set the
ISODISAB bt in thelSOCTL regider to disble all 16 isobronous endpoints, and make
the 2-KB d isochronousFIFO RAM available as 8051 dat®AM at 0x2000-0x2A.

Setting BODISAB=1 is a all or nothingchoice, as &l16 isochranous endpoirns are dis-
abled. An application thakets this bit must never attentpttransfer data over an isochro-

nous endpoint.

The memory mafigures in theemainder of this chaptessume that ISOCSAB=0, the

default (and normal) case.
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3.3  Expanding EZ-USB Memory

The 80-pin EZ-USB package provides a 16-bit address bus, an 8-bit bus, and memory
control signals PSEN#, RD#, and WR#. These signals are used to expand EZ-USB
memory.

ceer Inside EZ-USB Outside EZ-USB
External
Data
Memory
(RD,WR)
External
Code
8000 . ’tdpesmEOI\g
7840 Registers(RD,WR) (Note 1)
External
Data
Memory
(RD, WR)
2000
1FFF
1F3F Unused Bulk Buffers
1B40 (RD,WR) (Note 1)
Code & Data (Note 2)
0000 (PSEN,RD,WR)

Note 1. OKto populate data memory here--RD#, WR#, CS# and OE# pins are inactive.
Note 2: OKto populate code memory here--no PSEN# strobe is generated.

Figure 3-4. EZ-USB Memory Map with EA=0

Figure 3-4 shows that when EA=0, the code/data memory is internal at 0x0000-0x1B40.
External code memory can be added from 0x0000-OxFFFF, but it appears in the memory
map only at 0x1B40-OxFFFF. Addressing external code memory at 0x0000-0Ox1B3F
when EA=0 causes the EZ-USB core to inhibit the #PSEN strobe. This allows program
memory to be added from 0x0000-OxFFFF without requiring decoding to disable it
between 0x0000 and Ox1B3F.
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The internal block 80x7B40-0x7FFKlabeled “Registers”) cortains the bulk bdfer mem-
ory andEZ-USB control registers. Aggviously mentioned, they ardiased at 0x1B40-
Ox1H-F to allow adding unusebk buffer RAM to geneal-purpoememory. 8051 code
shout access thismemory ony at the 0x7B40-0x7BF addesss. ExternalRAM may be
added from 0x0000 to GFH-, but the regions shown by Noted Figure 34 are ignored;
no external strobeg eelect signals are generated when the 8051 exeswt MOVX
instruction that ddressesthese regons.

3.4 CS# and OE# Signals

The EZ-USB core automaticallgateghe standard 8051 RD#d WR# signakto exclude
selection of externdmemory that ®ists intena to the EZ-USB pat. The PSEN#signd is
also available on a pimif connection to external code mery.

Same 8051 systemisnplement extaral memory that is used as both data and program
memay. These systemsnust logicaly OR the PSEN# and RD#gnals to qualify the

chip enable and output ebke sgnals ofthe exteral menory. To sve this logic, tle EZ-
USB core provideswo additional cotrol signals, CS# and OE#. The equations for these
signals ae asfoll ows:

o CS# =RD# or WR# 0 PSEN#
* OE# = RD# o PSEN#
Because th&D#, WR#, and°P'SEN# signals ardready qulified by theaddresses allo-

cated to externanemay, these stroles are active only when &tnal memory is
accessed.
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FFFF

8000
7B40

2000
iFFF
1F3F

1B40

0000

Outside EZ-USB

Inside EZ-USB
External
Data
Memory
(RD,WR)
Registers(RD,WR) (Note 1)
External
Data
Memory
(RD, WR)
Unused Bulk Buffers
(RD,WR) (Note 1)
Data (RD,WR)

Externa
Code
Memory
(PSEN)

Note 1: OK to populate data memory here--RD#, WR#, CS# and OE# are inactive.

Figure 3-5. EZ-USB Memory Map with EA=1

When EA=1 (Figure 3-5), all code (PSEN) memory is external. All internal EZ-USB
RAM is data memory. This gives the user over 6-KB of general-purpose RAM, accessible
by the MOVX instruction.

Note

Figures 3-4 and 3-5 assume that the EZ-USB chip uses essmasendpoints, and thet
fore that the ISODIAB bit (ISOCTL.0) is LO. If ISODISAB=1, additional data RAN
appears internally at 0x20@27FF,and the RD#, WR#, CS#, and OE# signals are|
modified to exclude this memory space from external data memory.
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35 EZ-USB ROM Versions

The EZ-USB 8-KB Masked ROM and 32-KB Masked ROM memory maps are shown in
Figures 3-6 and 3-7.

Inside EZ-USB Outside EZ-USB
FFFF
External
Data
Memory
(RD,WR)
External
Code
Memory
8000 Registers(RD,WR Note 1 (PSEN)
7840 egisters(RD,WR) (Note 1)
External
Data
Memory
(RD, WR)
2000
Internal Code
8%?: Memory(PSEN) (Note 2)
0000 Data (RD,WR) | (Note 1)

Note 1: OK to populate data memory here, but no RD# or WR# strobes are generated.
Note 2: OK to populate code memory here, but no PSEN# strobe is generated.

Figure 3-6. 8-KB ROM, 2-KB RAM Version

EZ-USB ROM versions contain program memory starting at 0x0000. In these versions,
the internal RAM is implemented as data-only memory.

Code for this ROM version can be developed and tested using the AN2131Q with an
external code memory (EA=1, Figure 3-5). As long as the 8051 limits internal RAM
access t@x000600x07FF and accesses the EZ-USB registers and bulk data at 0x7B40-
Ox7FFF, the code in the external memory will be the identical image of the code that will
ultimately be internal at 0XOOO0@x1FFF in the ROM wusion.
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FFFF

8000
TFFF
7B40

1000
OFFF

0000

Inside EZ-USB

Outside EZ-USB

External External
Data Code
Memory Memory
(RD,WR) (PSEN)
Registers(RD,WR) (Note 1)
External
Internal Code Data
Memory(PSEN) Memory (Note 2)
(RD, WR)
Data (RD,WR) (Note 1)

Note 1: OK to populate data memory here, but no RD# or WR# strobes are generated.
Note 2: OK to populate code memory here, but no PSEN# strobe is generated.

Figure 3-7. 32-KB ROM, 4-KB RAM Version

The EZ-USB 32-KB ROM version contains program memory from 0x0000 through

Ox7FFF, and data memory from 0x0000othghOxOFFF.

Code for this ROM version can be developed and tested using the AN2131Q with an
external code memory (EA=1, Figure 3-5). As long as the 8051 limits internal RAM
access t@x00000x0FFF and accesses the EZ-USB registers and bulk data at 0x7B40-
Ox7FFF, the code in the external memory will be the identical image of the code that will
ultimately be internal at 0xO00@«7FFF in the ROM wusion.
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4 EZ-USB Input/Output

4.1 Introduction

The EZ-USB chip provides two input-output systems:
* A set of programmable 10 pins
» A programmable?C Controller
This chapter begins with a description of the programmable 10 pins, and shows how they

are shared by a variety of 8051 and EZ-USB alternate functions such as UART, timer and
interrupt signals.

The PC controller uses the SCL and SDA pins, and performs two functions:

* General-purpose 8051 use

* Boot loading from an EEPROM

Note
2.2-KB to 4.7-KB pullups are required on the SDA and SCL lines.

This chapter describes both the programming information for the 805dtérface, and

the operating details of théd boot loader. The role of the boot loader is described in
Chapter 5, "EZ-USB Enumeration and ReNumeratidn
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42 10 Ports

ouT e

PINS I

Figure 4-1. EZ-USBInput/Output Pin

The EZ-USB family implenentsits 10 pats using menory-mapped registersrThis is in
contast to a standard, whialses SFRbits forinput/output.

Figure 4-1 showsghe basicstructure of an E-USBIO pin. Twenty-four IO pins are
grouped into three 8-tports namedPORTA, PORTB, andPORTC. The AN2131Q has
all three ports, while the AN131S has PORTB, PORTC, and two PORTA bits. The 8051
accesses 10 pins using @three contl bits shown in Figure4: OE, OUT,and PINS.
The OUT bit writes output data to a registéhe OE bit turns on the outpbffer, and the
PINS Wt indicates the stabf the pin.

To configure a piras an input, th8051 sés OE=0 to tum off the ouput buffer. To con-
figure a pin as an output, tB851 set OE=1 to turn on the outpbuffer, and writes data
to the OUT regisr. The PINShit reflects the actualip valueregardless of the value of
OE.

A fourth control bit (in ®RTACFG, FORTBCFG, PORTCCFG regiters) deternmes
whether a port pin is general-pugednput/Output (GRD) as shown in Fige 4-1, or
connected to aalternate 8051 or EZ-USB function. Table4-1lists thealternate functions
available on telO pins Figure 4-1 shas theregisters and s associated witthe 10
ports.
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Table 4-1. 10 Pin Functions for PORTXCFG=0 and PORTXCFG=1

PoRIXee PORTXCFG bit = 1
Signal Signal Direction Description Figure
PAO TOOUT ouTt Timer 0 Overflow Pulse 4-2
PA1 T10UT ouTt Timer 1 Overflow Pulse 4-2
PA2 OE# out EZ-USB Output Enable 4-2
PA3 CS# out EZ-USB Chip Select 4-2
PA4 FWR# ouTt EZ-USB Fast Write Strobe 4-2
PA5 FRD ouT EZ-USB Fast Read Strobe 4-2
PA6 RxDOOUT ouT UARTO Mode 0 Data Out 4-2
PA7 RxD10OUT out UART1 Mode 0 Data Out 4-2
PBO T2 IN Timer 2 Clock Input 4-3
PB1 T2EX IN Timer 2 Capture/Reload 4-3
PB2 RxD1 IN UART1 Receive Data 4-3
PB3 TxD1 ouTt UART1 Transmit Data 4-2
PB4 INT4 IN Interrupt 4 4-3
PB5 INTS IN Interrupt 5 4-3
PB6 INT6 IN Interrupt 6 4-3
PB7 T20UT ouTt Timer 2 Overflow Pulse 4-2
PCO RxDO IN UARTO Receive Data 4-3
PC1 TxDO ouTt UARTO Transmit Data 4-2
PC2 INTO# IN Interrupt O 4-3
PC3 INT1# IN Interrupt 1 4-3
PC4 TO IN Timer 0 Clock Input 4-3
PC5 T1 IN Timer 1 Clock Input 4-3
PC6 WR# ouTt Write Strobe 4-2
PC7 RD# ouTt Read Strob 4-2

Depending on whether the alternate function is an input or output, the 10 logic is slightly
different, as shown in Figure 4-2 (output) and Figure 4-3 (input). The last column of
Table 4-1 indicates which figure applies to each pin.
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‘ Alternate Function Output H( | Alternate Function Output ‘—[>7
OE OE
1
ouT reg ouT reg ‘@

PINS <} PINS <}

PORTCFG=0 (port) PORTCFG=1 (alternate function)

&
Bk

Figure 4-2. Alternate Functionisan OUTPUT

Refering to Figue 4-2, whenPORTCFG=0, thelO part is selected. In tis caseahe dter-
nate function (shadk is dsconnected and the pin functions exactly as shown in Figure
4-1. When P@TCFG=1, the alternate funot isconnected to the 10 pin and the output
regster andbuffer are digonnected. Nte that he 8051can still read the state of the pin,
and thughe alternate furion value.

| Alternate Function Input ‘—<F | Alternate Function Input Mﬁ

OE
L
ouT reg {ﬁ— ouT reg ‘
PINS <l] PINS <]l
PORTCFG=0 (port) PORTCFG=1 (alternate function)

Figure 4-3. Alternate Function isan INPUT

Refering to Figue 4-3, when P®TCFG=0, thelO portis selected. This is thexgeral
O pott shown in Figue 4-1 with one importandifference—the alternate function is
alwayslistening Whether the p pin isset for output or input, the pin sighalso drives
thealternate fuction. 8051 fimware should ensure that if the alternate function is not
used(if the pin isGPIO only), thealternate input function is didted.

For example, suppse thePB4/INT4 pin is confyured for PB4. Thepin signal is also
routed to INT4. INT4is not used by the applicationsitould not be enabled. Alterna-
tively, enabling INT4 could baseful, allowing 10 it PB4 totrigger an intetupt.

When PRTXCFG=1, thelternate function isebected. The outputegiste and buffer are

disconneted. The PINS bicanstill read the pin, anthus thenput to the alternate func-
tion.
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4.3 IO Port Registers

PORTACFG | RxDlout | RxDOout FRD FWR CS OE Tlout TOout
OUTA D7 D6 D5 D4 D3 D2 D1 DO

PINSA D7 D6 D5 D4 D3 D2 D1 DO

OEA D7 D6 D5 D4 D3 D2 D1 DO

PORTBCFG | T20UT INT6 INTS INT4 TxD1 RxD1 T2EX T2

OUTB D7 D6 D5 D4 D3 D2 D1 DO

PINSB D7 D6 D5 D4 D3 D2 D1 DO

OEB D7 D6 D5 D4 D3 D2 D1 DO
PORTCCFG RD WR T1 TO INT1 INTO TxDO RxDO

OuUTC D7 D6 D5 D4 D3 D2 D1 DO

PINSC D7 D6 D5 D4 D3 D2 D1 DO

OEC D7 D6 D5 D4 D3 D2 D1 DO

Figure 4-4. Registers Associated with PORTS A, B, and C

Figure 4-4 shows the registers associated with the EZ-USB IO ports. The power-on
default for the PORTCFG bits is 0, selecting the 10 port function. The power-on default
for the OE bits is 0, selecting the input direction.
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4.4  |12C Controller

TheEZ-USB core contains aidC@ controlle for boot loading and generplirposeC bus
interface. This antroller uses the SCL (Serial Clocand $A (SerialData) pins. Chap-
ter 5, "EZUSB Enumeratin and ReNumeation[] ," describes haev the boot load operates
at power-on toread the contentsf an externakerial EEPROM in order to déemine the
initial EZ-USB configuration. The boot loader operates automayiedtile the 8051 is
held inreset. The last sdon of this chaptedescibes the opeiting details of the boot
loade.

After the boot sequee comple¢s and the 8051 is brought outreket, the gneral-pur-
pose ¥C controler is available to the 805bif interface b external PC devices sth as
otha EEPRQMS, 10 chips, audio/video control chips, etc.

4.5 8051 BC Controller

start stop
SDA D7><D6><D5><D4><D3><D2><D1><D0><AC_K

SCL 1 2 3 4 5 6 7 8 9

Figure4-5. General I2C Transfer

Figure 4-5 illustrates the waveforms for af transfe. SCL andSDA are open-drain
EZ-USB pins, whch must be pulled up to Vcc with extermasistors. e EZ-USB chip

is an PC busmaster onl, meaning thait synchronizeslata transfers by generating clock
pulses orSCL by driving low. Once the masteairives SCL bw, external slave devices
can als drive SCL low to extend clockycle times.

To synchronizd?C data,serial data (SDA) is prmitted to change state only while SCL is
low, ard must be valid while SCL is high Two exceptons to his mle aeused b geneate
START and SOP conditions. A START condition is defied as SDA going low while
SCQL is high,and a STOP condition isdefined as SDA going high whil&CL is high. Data
is sent M3 first. During the bst bt time (clock #9in Figue 4-5)the nester (EZ-USB)
floatsthe SDA line to allovthe slave to acknowleddlee ransfer by pulihg SDA low.
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Multiple 1°C Bus Masters

The EZ-USB chipacts oty as an ¥C bus maste never alave. Hovever, the 8051 can
detect a second nster by chrecking for BERR=1 (Section 4.5, "805%Q Controller").

start

SDA SA3 >< SA2 >< SA1 >< SAO >< DA2 >< DA1 >< DAO RIW ACK D7 | D6

SCL 1 2 3 4 5 6 7 8 9 10 11

Figure4-6. General FC Transfer

The first byte d an PC bustransaction contians the address of the desiperipheral.
Figure 4-6 showghe format for thidirst byte, which is sometimes calledortrol byte.

A master sends he bitsequene shown in Figure4-6éfter sending &TART condition.
The mastr usesthis 9-bit sequence tedect an C peripheal at a particular adéss, to
establish theransfer drection (usng RWH#), andto determine ifthe peripleral is present
by testing for ACK#.

The fou mostsignificant bis SA3-SAOare the ripheral chp's slave adress. #C
devices are pre-asigned slave addresses ly device typefor exampeslave address 1010 is
asigned toEEPROMS. The ttee bits DA2-DAO usually rélect the states ofC device
address pins. Dews with tree addess pns can be strapped to allow eight distinct
addreses for thesame dewe type. The eighthit (RMW#) ts thediredion for the ensu-
ing datatransgr, 1 for master read, and O faraster write. M&t address transfers ae fol-
lowed by oneor more datdaransfers, with tre STOP condtion generate afterthelad data
byte istransfered.

In Figure 4-6,a READ transfer follows the addresbyte (at clock 8the master sets the R/
W# bit high, indcating READ). At clock 9, theeripheral dvice responds tostaddress
by assertingACK. At clock 10, themaster floats A and issues SCL psés to clock in
SDA data supplied byhis slave.

Assuming the 2-MHz crystal used by the E-USB family, the SCL frequency is 90.9
KHz, giving an fC transfer ratef 11 ms pebit.
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12CS |2C Control and Status TFAS

| b7 b6 b5 b4 b3 b2 bl bo |
I START STOP LASTRD ID1 IDO BERR ACK DONE I
12DAT 12C Data 7FAG6
| b7 b6 b5 b4 b3 b2 bl bo |
I D7 D6 D5 D4 D3 D2 D1 DO I

Figure 4-7. FC Registers

The 8051 uses the two registers shown in Figure4-7 to conéiDdtdnsfers. The 8051
transfers data to and from ti€Ibus by writing and reading the I2DAT register. The
12CS register controldQ transfers and reports various status conditions. The three con-
trol bits are START, STOP, and LASTRD. The remaining bits are status bits. Writing to
a status bit has no effect.

4.6 Control Bits

4.6.1 START

The 8051 sets the START bit to 1 to prepare’@rbus transfer. If START=1, the next
8051 load to I2DAT will generate the start condition followed by the serialized byte of
data in I2DAT. The 8051 loads data in the format shown in Figure 4-5 after setting the
START bit. The #C controller clears the START bit during the ACK interval (clock 9 in
Figure 4-5).

46.2 STOP

The 8051 sets STOP=1 to terminate Zhbus transfer. ThéQ controller clears the

STOP bit after completing the STOP condition. If the 8051 sets the STOP bit during a
byte transfer, the STOP condition will be generated immediately following the ACK
phase of the byte transfer. If no byte transfer is occurring when the STOP bit is set, the
STOP condition will be carried out immediately on the bus. Data should not be written to
I2CS or I2DAT until the STOP bit returns low. In 2222126 only, an interrupt

request is available to signal that STOP bit transmission is complete.
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4.6.3 LASTRD

To read data over théd bus, anaC master floats the SDA line and issues clock pulses on
the SCL line. After every eight bits, the master drives SDA low for one clock to indicate
ACK. To signal the last byte of the read transfer, the master floats SDA at ACK time to
instruct the slave to stop sending. This is controlled bg@a4 by setting L&TRD=1
before reading the last byte of a read transfer. Zedntroller clears the LASTRD bit at
the end of the transfer (at ACK time).

Note

Setting LASTRD does not automatically generate a STOP condition. The 8051 should
also set the STOP bit at the end of a read transfer.

4.7 Status Bits

After a byte transfer the EZ-USB controller updates the three status bits BERR, ACK, and
DONE. If no STOP condition was transmitted, theywgrdated at ACK the. If a STOP
condition was transmitted they arpdated after the STOBmdition is transmitted.

4.7.1 DONE

The PC controller sets this bit whenever it completes a byte transfer, right after the ACK
stage. The controller also generates?@niniterrupt request (8051 INT3) when it sets the
DONE bit. The4C controller clears the DONE bit when the 8051 reads or writes the

I2DAT register, and the’C interrupt request bit whenever the 8051 reads or writes the
I2CS or I12DAT reqgister.

4.7.2 ACK

Every ninth SCL of a write transfer, the slave indicates reception of the byte by asserting
ACK. The EZ-USB controller floats SDA during this time, samples the SDA line, and
updates the ACK bit with the complement of the detected value. ACK=1 indicates
acknowledge, and ACK=0 indicates not-acknowledge. The EZ-USB core updates the
ACK bit at the same time it sets DONE=1. The ACK hitdd be ignored for read trans-
fers on the bus.
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4.7.3 BERR

This bit indcates an4C buserror. BERR=1 indicdes that thee was bis contention,

which resuis when an outside dewdrives thebus LO when it soddn’t, or when

another busnaster wins arbitration, taking control of the bus. BERR is cleared when the
8051 reads or writes th&DAT register.

4.7.4

ID1, IDO

These bits are &t by the boot loagt (Section 4.10;1°C Boa Loader")to indicaie whether
an 8-bitaddress or 16-bit addss EBEPROM at $ave addres800or 001 was detected at
power-on. They are normallysed only for debug pposes. Table 4-3 shows the encod-
ing for these bits.

4.8

Sending PC Data

To send amultiple byte data recd over the4C bus, follow thessteps:

1

2.

6.

7.

Set theSTART bit.

Write the peipheral addresand drection=0 (forwrite) to I2DAT.

Wait for DONE=L*. If BERR=1 or ACK=0,go to step 7.

Load I12DAT with a data byte.

Wait for DONE=L*. If BERR=1 or ACK=0 go to step 7.

Repeait steps 4 and 5 feach byte until all bytes ka beentransferred.

Set STOP=1.

* If the 1°C interrupt (8051 INT3 is enabled, eachWait for DONE=1" step can bénter-
rupt driven, and handled by an interrgpnice rouine. See Section 9.122d Inter-
rupt” for more dtails regarding the?C interrupt.
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4.9 ReceivingiC Data

To read a multiple-byte data record, follow these steps:

1. Setthe START bit.
2. Write the peripheral address and direction=1 (for read) to I2DAT.
3. Wait for DONE=1*. If BERR=1 or ACK=0, terminate by setting STOP=1.

4. Read I2DAT and discard the data. This initiates the first burst of nine SCL pulses
to clock in the first byte from the slave.

5. Wait for DONE=1*. If BERR=1, terminate by setting STOP=1.
6. Read the data from I2DAT. This initiates another read transfer.
7. Repeat steps 5 and 6 for each byte until ready to read the second-to-last byte.
8. Before reading the second-to-last I2DAT byte, set LASTRD=1.

9. Read the data from I2DAT. With LASTRD=1, this initiates the final byte read on
the PC bus.

10. Wait for DONE=1*. If BERR=1, terminate by setting STOP=1.
11. Set STOP=1.

12. Read the last byte from 12DAT immediately (the next instruction) after setting the
STOP bit. This retrieves the last data byte without initiating an extra read transac-
tion (nine more SCL pulses) on tR€Ibus.

* If the 12C interrupt (8051 INT3) is enabled, each “Wait for DONE=1" step can be inter-
rupt-driven, and handled by an interrupt service routing. See Section CLtdr-
rupt” for more details regarding th&Cl interrupt.
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4.10 I2C Boot Loader

When the EZ-USB chip comes out of reset, the EZ-USB boot loader checks for the pres-
ence of an EEPROM on it3d bus. If an EEPROM is detected, the loader reads the first
EEPROM byte to determine how to enumerate (specifically, whether to supply ID infor-
mation from the EZ-USB core or from the EEPROM). The various enumeration modes
are described in Chapter 5, "EZ-USB Enumeration and ReNumetation

Prior to reading the first EEPROM byte, the boot loader must set an address counter inside
the EEPROM to zero. It does this by sending a control byte (write) to select the
EEPROM, followed by a zero address to set the internal EEPROM address pointer to zero.
Then it issues a control byte (read), and reads the first EEPROM byte.

The EZ-USB boot loader supports twW€ IEEPROM types:

 EEPROMSs with address A[7..41810that use an 8-bit address (example:
24L.C00, LCO1/A, LCO2/A).

» EEPROMSs with address A[7..41810that use a 16-bit address (example:
24L.C00, LCO1/A, LCO2/A).

EEPROMs with densities up to 256 byteguiee loading a single address byte. Larger
EEPROMs require loading two address bytes.

The EZ-USB 1C controller needs to determine which EEPROM type is connected—one

or two address bytes—so that it can properly reset the EEPROM address pointer to zero
before reading the EEPROM. For the single-byte address part, it must send a single zero
byte of address, and for the two-byte address part it must send two zero bytes of address.

Because there is no direct way to detect which EEPROM type—single or double
address—is connected, tH€ Icontroller uses the EEPROM address pins A2, A1, and A0
to determine whether to send out onénar bytes ofaddress. This algorithm requires that
the EEPROM address lines are strapped as shownin Table4-2. Single-byte-address
EEPROMs are strapped to address 000cautble-byte-address EEPROMs aragped

to address 001.
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Table 4-2. Srap Boot EEPROM AddressLinestoThese Values

Bytes EEEE‘,'SS'& A2 Al A0
16 | 24LC00* | NIA N/A N/A
128 | 24Lcot | 0 0 0
25 | 24LC02 | 0 0 0
K | 24C32 | 0 0 1
8K | 24LC64 | 0 0 1

* ThisEEPRQOM doesnot have address pins

The PC cortroller performs athree-step test at power-ondetermine whether ane-byte-
address or a two-byimldressEEPROM is attached. This testqueedsas follows:

1. The PC contoller sends oua*“readcurrent addess” command to’C sub-addres
000 (10100001).I1f no ACK isreturned, lte controller proceeds step 2. If ACK
is returned, the one-bsdaddress devices indiated. The controllediscards the
data and preceeds to step 3.

2. The PC contoller sends ou&“readcurrent addess” command t*C sub-addrss
001 (10100@1). I ACK isreturnedthe two-byte-address dewits indicated.
Thecontroller discards the data andqmeeds tostep 3. If no ACK is returned, the
controller assumes that a \hEEPROM is not conneedd, asumes thé No Serial
EEPROM” mode, and teninates the bootdad.

3. The PC cortroller resés the EEPROM address poirt to zero (using the apmpri-
ate numler of address by®, then reads the fir@EPROM byte. If it does not
read 0xBO or 0xB2the contrder assumethe “No SerihEEPROM” mode. If it
reads either 0xBO or 0xB2, the controller copies the next six bytesietmal
storage, and it reads 0xB2, it ppceeds to loathe EEPROM cortents inb inter-
nal RAM.
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The results of this power-on test are reported in the ID1 and IDO bits, as shown in
Table 4-3.

Table 4-3. Results of Power-GiCITest

ID1 IDO Meaning

0 0 No EEPROM detected

0 1 One-byte-address load EEPROM detected
1 0 Two-byte-address load EEPROM detected
1 1 Not used

Other EEPROM devices (with device address of 1010) can be attached?® Ithus For

general purpose 8051 use, as long as they are strapped for address other than 000 or 001.
If a 24LC00 EEPROM is used, no other EEPROMS with device address 1010 may be
used, because the 24LCO0O0 responds to all eight sub-addresses.
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5 EZ-USB Enumeration and ReNumeration[]

51 I ntroduction

The EZ-USB chip ssoft 8051 coderad data is stored in intead RAM, which isloaded
from the host usindhe USB inerface. Peripbral deves that usehe EZ-USB chp can
operate without ROM, EPR®, or FLASH memoy, shortening production lead times
and makindgirmware updges a breee.

To suppat the ®ft feaure, he EZ-USB chip automaticallgnumerates as a USB device
withoutfirmware, so theUSB intaface itself may be used to downlo&051 code and
de<riptor tables. TheEZ-USB core performs thisnitial (power-or) enuneration and code
download while the 8051 is heldreset. Thismitial USB device, which supports code
download, is called #h"Default USB Device."

After the code dscriptor tdles havéoeen downloaded froné hosto EZUSB RAM,
the 8051 is brought out ofse and begins executing the device eodhe EZ-USB
device enumerates agathistime as the loaded device. This second enumeration is
called "ReNumeratia] ," which theEZ-USB chipaccomplishes by electally
simulating a phsical disconnection and re-connegtito the USB.

An EZ-USB control bit called "BNum” (ReNumerated) determines whsitity, the core
or the 8051, handk device requsts over endpointero. At powe-on, the FENUM bit
(USBCS.1) iszero, indicatingthatthe EZ-USB core atomatically handles device
requess. Once the 8051 is running,cianset ReNum=1 to indicatéat user 8051 code
handles subsequent device ressi using its downloadHirmware. Chaptef7, "EZ-USB
EndpointZero" desribes how the 8051 handles derequsts while ReNum=1.

It is also possil@for the 8051 to run with ReNum=#hd hawe the EZ-USB core handle
certain endpoint zero geests (see the texbox, “Another Use fa the Default USB
Device” on page 5-2).

This chapter dealwith the variousEEZ-USB statup modesand decribes the deult USB
device that is created at itienumeration.
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Another Usefor the Default USB Device

TheDefaut USB Devieis established at peer-on tosetup a USB device capable of
downloadingfirmware into Z-USB RAM. Another useful feature of tHeZ-USB
default devicasthat 8051 code can be writtéo supportthe already-configured Generic
USB device. Before bringing the 8051t ofireset,the EZ-USB core enables certain
endpointsandrepats them to thehost via decriptors. By utilzing the USB default
machine(by keepingReNum=0), tle8051 can, with v littl e code perform meaningfu
USBtransferghat usehesedefaut endpoins. This accelerates he USB learnimg curve
To seean example of how littleode isactually necessary, take a look at Section 6.1
"Polled Buk Transfer Example."

5.2 The Ddault USB Device

The Default I8B Device mnsistsof a singleUSB configuration contaimg one inerface

(interface 0) with threealternate settings 0, 1, and 2. The endpoints reported for this
device are showim Table 5-1.Note that akrnate setthg zero uses no interrupt or isoch-
ronous bandidth, as ecommeneéd by theUSB Speification.

Table 5-1. EZ-USBDefault Endpoints

Endpoint Type Alternate Setting

0 ‘ 1 ‘ 2
Maximum Packet Size (Bytes)

0 CTL 64 64 64
1-IN INT 0 16 64
2-IN BULK 0 64 64
2-0UT BULK 0 64 64
4-IN BULK 0 64 64
4-0UT BULK 0 64 64
6-IN BULK 0 64 64
6-OUT BULK 0 64 64
8-IN ISO 0 16 256
8-0UT ISO 0 16 256
9-IN ISO 0 16 16
9-0UT ISO 0 16 16
10-IN ISO 0 16 16
10 OUT ISO 0 16 16
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For purpses of downloading 8051 code, the Default USB Bevejures only CON-
TROL endpoint zro. Nevertheles the USB default mache is enhanced to support
othe endpoints as shown Figure 5-1 (note the @tate setthgs 1 and2). This enhance-
ment is provided to allow the developer to get a headgeadrating (3B traffic and
learning thaUSB system. Allthe descripts are automaticéy handed by the EZ-USB
core, so the developean immediathy start writing code o transfer dataover USB using
these precorfigured endpoirg

When theEZ-USB cae establishes the Default USB Device, it also sets the proper end-
point configuation bits to match thdescriptor data suppliedby the EZ-US core. For
example, bulk endpoints 2, 4, and 6 enplemented in the Dault USB Dewvice, so the
EZ-USB core setshe carespondingePVAL bits. Chapter 6*EZ-Bulk Transfers” con-
tains a @tailled explanabtn of theEPVAL bits.

Tables 5-9 through 5-13 show the varidescripbrs returned to the host byeteZ-USB
core when BNum=0. These tables d&ibe the USB endpoints defined iTable 5-1,
along with otler USB details, and shoulse useful tchelp undestand the structure of
USB descriptas.
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5.3

EZ-USB Core Response to ERlevice Regests

Table 5-2 shows how theZUSB cae respondgo endpoint zeyrequests when

ReNum=0.

Table 5-2. How the EZ-USBCore HandesEPO Requests When ReNum=0

bRequest Name Action: ReNum=0
0x00 Get Status/Device Returns two zero bytes
0x00 Get Status/Endpoint Supplies EP Stall bit for indicated EP
0x00 Get Status/Interface Returns two zero bytes
0x01 Clear Feature/Device | None
0x01 Clear Feature/Endpoint | Clears Stall bit for indicated EP
0x02 (reserved) None
0x03 Set Feature/Device None
0x03 Set Feature Endpoint | Sets Stall bit for indicated EP
0x04 (reserved) None
0x05 Set Address Updates FNADD register
0x06 Get Descriptor Supplies internal table
0x07 Set Descriptor None
0x08 Get Configuration Returns internal value
0x09 Set Configuration Sets internal valu
0x0A Get Interface Returns internal value (0-3)
0x0B Set Interface Sets internal value (0-3)
0x0C Sync Frame None
Vendor Requests
0x0A Firmware Load Upload/Download RAM
0xA1-OxAF |Reserved Reserved by Cypress Semiconductor
all other None

The USB host enumates by issuing:

Page 5-4

Set_Addess

Get_Descriptor

Set_Configuratiorfto 1)
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As shown nTable5-2 after enuneration, theEZ-USB wreresponds to the foll owing
hostrequests.

» Set or clar an endpointall (Set/Ckar FeatureEndpoinj.

* Read the stastatus for an endpat (Get_Status_Endpat).

» Set/Read an 8-bit configuration number (Set/Getfiguration).
* Set/Read a 2-bit interfa alternde setting (Set/G¢_Interface).

* Download or upload 8051 RAM.

To ensure proper operation of the déféieil Monitor, which usesSIO-1 (RXD1 and
TXD1), never change thellowing Pot Config bitsfrom “1”:

« PORTBCFGhbits 2 (RXD1) and 3(TXD1).

To ensue the 8051 proes®r canaaess the extern&fRAM (including the KdiMonitor),
do not change the followingtsifrom “1":

« PORTCCFGhits 6 (WR#) and 7 (RD#).

To ensure that no bits are unintentionally changh writes othe PORTXEG registers
should use a read-modify-ite series ofinstructions.

54 Firmware Load

The USB Specification prides fa vendar-specific requess to be sent over GNTROL
endpoint zro. TheEZ-USB chip u®s ths featured transfer data between theost and
EZ-USB RAM. TheEZ-USB cae responds to two “Bnware Load” requestss shown
in Tables 5-3 and 5-4.

Table 5-3. Firmware Download

Byte Field Value Meaning 8051 Response

0 |bmRequest| 0x40 |Vendor Request, OUT | None required

bRequest O0XAO | “Firmware Load”
wValueL AddrL | Starting Address
wValueH AddrH
windexL 0x00
windexH 0x00
wLenghtL LenL | Number of Bytes
wLengthH LenH

~N[o|lo| WD
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Table 5-4. Firmware Upload

Byte Field Value Meaning 8051 Response
0 |bmRequest| OxCO |Vendor Request, | None required
1 |bRequest O0XAO | “Firmware Load”

2 |wValueL AddrL | Starting Address
3 |wValueH AddrH
4 | windexL 0x00
5 |windexH 0x00
6 |wLengthL LenL | Number of Bytes
7 |wLengthH LenH

These requests are always handled by the EZ-USB core (ReNum=0 or 1). This means that

OxAO isreservedby the EZ-USB chip, and therefore should never be used for a ve
request. Cypress Semiconductor also reserves bRequest values 0xAl through 0
your system should not use these bRequest values.

ndor
XAF, so

A host loader program typically writes 0x01 to the CPUCS register to put the 8051 into
RESET, loads all or part of the EZ-USB RAM with 8051 code, and finally reloads the

CPUCS register with 0 to take the 8051 out of RESET. The CPUCS register is th
USB registerthat can be written using the Firmware Download command.

Firmware loads are restricted to internal EZ-USB memory

e only

When ReNum=1 at Power-On

requests over CONTROL endpoint zero. This allows the core to download 8051
ware and then reconnect as the target device.

At power-on, the EZ-USB core checks th@ bus for the presence of an EEPROM.

EEPROM into internal RAM, sets the ReNum bitto 1, and un-RESETS the 8051.
8051 wakes up ready-to-run firmware in RAM. The required data form at for this
module is described in the next section.

At power-on, the ReNum bit is normally set to zero so that the EZ-USB handles device

firm-

If it

finds one, and the first byte of the EEPROM is 0xB2, the core copies the contents of the

The
load
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55 Enumeration Modes

When theEZ-USB chip comes owof reset, tre EZ-USB cae makesa decsion abouhow

to enumerate based on thentents of an externaBPROM on its EC bus. Table 5-5
showsthe choces In Table 55, PID means Rduwct ID, VID meansVersion ID, and DID
means Device ID.

Table5-5. EZUSB Core Action at Power-Up

First EEPROM byte EZ-USB Core Action

Not 0xBO or 0xB2 Supplies descriptors, PID/VID/DID from EZ-USB
Core. Sets ReNum=0.

0xBO Supplies descriptors from EZ-USB core, PID/VID/DID
from EEPROM. Sets ReNum=0.
0xB2 Loads EEPROM into EZ-USB RAM. Sets ReNum=1,

therefore 8051 supplies descriptors, PID/VID/DID.

If no EEPROM is present, or if ones present but thigrst byte is neither 0xBO nor 0xB2,
the EZ-USB core enumeratesing interndly storeddescriptor data, which coans the
CypressSeamiconducte VID, PID, and DID. Thesé&D bytescausethe hat opeaating sys-
tem to load a Cypes Semiconductor aece driver. TheEZ-USB core also estaighes
the Default USB devie. Thismode is only usedf code development and debug.

If a serial EEPROM is attached to théd busand tsfirst byte is 0xBO, the E-=USB cae
enumerates with the same internally stored descriptor data the ho-EEPRM case,
but with one dference. It sipdiesthe PID/VID/DID datafromsix bytesin the external
EEPROMratherthan from thre EZ-USB core. Thecusom VID/PID/DID in the EEPROM
causes thenost operating system to load a device drivat ts matchedo the EEPROM
VID/PID/DID. This EZUSB operating mode providessoft USB devce wsing ReNu-
meration[] .

If a serial EEPROM is attached to théd busand tsfirst byte is 0xB2, the E-=USB cae
trarsfers the contentsf the EEPROM into internal ;AM. TheEZ-USB wre dso sets the
ReNum bit to 1 to indicate that the 805hdaoct the EZ-USB cae) responds to device
requests ove€CONTROL endpointzero (see the text boXx When ReNum=1 at Power-
On” on page ). Therebre, all descriptor data, including VIDID/PID values, are sup-
plied by theB051 firmware. The last byte loadedfrom the EEPROM (to the CPUG reg-
ister) releasesthe 8051 eset signal, allowing theEZ-USB chip to come us afully
custom device withifmware in RAM.

The fdlowing sectons disass heseenumeation methods in detail.
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The Other Haf of the I°C Story

The EZ-USB I°C controler serveswo purposs. Fist, asdescribed in this chaptet
marages the serial EEPROMinterface that operates automatig at powe-on to deter-
mine the enumet@n method. Second, once the 8051 is upranding, he 8051 can
access the ¥C controller for general-purposesa. Themakes a wideange é standard
I2C peripherals available toreEZ-USB system.

Other PC devies can be attackao the SCL and BA lines of the ¥C busas long as
there is no addres®rflict with theserid EEPROM ascribed n this chapte Chager 4,

"EZ-USB InpufOutput” describes the gearal-purpase natue of the 1C inteface.

5.6 No Serial EEPROM

In thesimplest @se, noserid EEPROM B present on the?’C bus, or an EPROMis
present but itdirst byte is not 0xBO or OxB2. bhis cag, descriptor data is supplied by a
table internal to th&Z-USB core. TheEZ-USB chip comes oms the USB Default

Device, with the ID byes shown inTable 5-6.

Table 5-6. EZ-USB Dewe Characteristics, No Serial EEPROM

Vendor ID 0x0547 (Cypress Semiconductor)
Product ID 0x2131 (EZ-USB)

Device Release |0xXXYY (depends on revision)

The USB host geriesthe deviceduring enumeratn, reads the devicgescriptor, and

usesthe Table 5-6 byes todetermine which software driver to load into the operating sys-
tem. Thissamajor USBfeatwe—divers are dynansally matched with daees and
automatically loaded when a device is plugged in.

The no EEPROMcase is he simpest coniguration, but also the ast limiting. This

mode is sed only for ode derelopment, utilizng Cypress softwaréols matched to the
ID valuesin Table 5-6.
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Reminder

The EZ-USBcore ugsthe Table 5-6 dahfor enumeration only f the ReNum bit is zera
If ReNum=1, enumeration data is supplied by 8051 code.

5.7 Seial EEPROM Present, First Byteis 0xB0

Table 5-7. EEPROM Data Format for “ BO” Load

EEPROM
Address

0 0xBO
1 Vendor ID (VID) L
2 Vendor ID (VID) H
3 Product ID (PID) L
4 Product ID (PID) H
5
6
7

Contents

Device ID (DID) L
Device ID (DID) H
Not used

If, at power-onthe EZUSB core detects aBEPROM connected to it$C port with the
valueOxBO a addres 0, the EZ-USB core copesthe Venda ID (VID), Product ID (PID),
andDevice D (DID) from the EEPROM (Table 5-7) into intend storage The EZ-USB
core then supps these byes to thehost as part oftte Get_[&scripor-Device request.
(These six bytes replace onlytie VID/PID/DID bytes in the default USB deviadescrip-
tor.) This caisesadriver matched to taVID/PID/DID valuesin the EERROM, ingead of
those in thé=Z-USB core,to be loaded into the OS.

After initial enumeration, the driver downloads 8051 code and WS&igtor data into
EZ-USB RAM ard startsthe 8051. The code theReNumerat&] to come on athe fully
custom device.

A recommendd EEFRROM for this applietion is the Microchip 24LC00, a small (5-pin
SOT package) inexpensive 16-bgeeial EEPROM. A 24L.CO01 (128 bytesy 24LC02
(256 bytes) may bsubstituted for the 24LCO00, bats with the 24LCO00, onlyhe first
seven bys are used.
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5.8 Seial EEPROM Present, First Byteis 0xB2

If, at powe-on, the EZUSB core detects aBEPROM connected to it$C port with the
value OxB2 at address 0; theZ-USB cae loadsthe EEPROM data intoEZ-USB RAM.
It also setsthe ReNum bt to 1, causing device rpiests tobefielded by the 8051 insteal of
the EZ-USB core. The EPROM data format is showm Table 5-8.

Table 5-8. EEPROM Data Format for “ B2” Load

EEPROM

Address Contents

0xB2

Vendor ID (VID) L
Vendor ID (VID) H
Product ID (PID)
Product ID (PID)
Device ID (DID) L
Device ID (DID) H
Length H

Length L
StartAddr H
StartAddr L

Data block

O 0| Npg o g | W| N | O

[N
o

Length H
Length L
StartAddr H
StartAddr L
Data block

0x80
0x01
0X7F
0x92

Last 00000000

Thefirst bytetellsthe EZ-USB coreto copy EEPROM d#ainto RAM. The nexsix bytes
(1-6) are ignced(see the text box,VID/PID/DID in a “B2” EEPROM” on page 5-11).

Page 5-10 Chapter 5. EZ-USB Enumeration and ReNumeration EZ-USB Series 2100 TRM v1.8



One or more data records follow, starting at EEPROM address 7. The maximum value of
Length H is 0x03, allowing a maximum of 1,023 bytes per record. Each data record con-
sists of a length, a starting address, and a block of data bytes. The last data record must
have the MSB of its Length H byte setto 1. The last data record consists of a single-byte
load to the CPUCS register at 0x7F92. Only the LSB of this byte is significant—

8051RES (CPUCS.0) is set to zero to bring the 8051 out of reset.

Serial EEPROM data can be loaded into two EZ-USB RAM spaces only.

» 8051 program/data RAM at 0x0000-0x1B40.

» The CPUCS register at 0x7F92 (only bit 0, 8051 RESET, is host-loadable).

VID/PID/DID in a “B2” EEPROM

Bytes 1-6 of 882 EEPROM can be loaded with VID/PID/DID bytes if it is desired at
some point to run the 8051 program with ReNum=0 (EZ-USB core handles device
requests), using the EEPROM VID/PID/DID rather than the Cypress Semicondugtor val-
ues built into the EZ-USB core.

59 ReNumeratioJ

Three EZ-USB control bits in the USBCS (USB Control and Status) register control the
ReNumeratiofl process: DISCON, DISCOE, and RENUM.

USBCS USB Control and Status 7FD6
b7 b6 b5 b4 b3 b2 bl b0
DISCON DISCOE RENUM
R/W R R/W R/W R/W R/W
0 0 0 0 0 1 0 0
Figure 5-1. USB Control and Status Register
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—» Internal Logic

DISCON

DISCOE

Figure 5-2. Disconnect Pin Logic

DISCON#
pin

The logic for the DISCON and DSCOE bts is shown in Figure5:-2To smulate a USB
disconnet, the 8051 wites the value 0000101@tJSBCS. Thisfloats the DISCON# pin,
and provies an nternal DSCON signal tothe USB core thatawses it b perform discon-

nect lousekeeping.

To re-connect to USB, the 8051 writée tvalue 00000110 tdSBCS. This presents a
logic HI to the DISCON# pin, enéds the outpubuffer, andsets the RENM bit HI to
indicate hat the 8051 (and ndhe USB coe) is now in control foUSB transfers. This
arangement allows connectiig the 1,500-om resista directly between th DISCON pin

and the USB D+ ling¢Figure 5-3).

1500

(=
=
[

VCC

D-

D+
GND

USB-B

I lbwl\)

Figure5-3. Typical Disconnect Circuit (DISCOE=1)
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5.10 Multiple ReNumerationg]

The 8051canReNumerat{] anytime. Onceuse for this capability might be tine ture
an isochronous endpoiatbandwidth rquests by trying various desiptor valuesand
ReNumerating.

5.11 Default De<riptor

Tables 5-9 through 5-19 show thescigptor data but into the EZ-USB core. The tables
are praeented in the order théte byes are stored.

Table 5-9. USB Default Device Descriptor

Offset Field Description Value
0 |bLength Length of this Descriptor = 18 bytes 12H
1 | bDescriptorType Descriptor Type = Device 01H
2 |bcdUSB (L) USB Specification Version 1.00 (L) 00H
3 | bcdUSB (H) USB Specification Version 1.00 (H) 01H
4 | bDeviceClass Device Class (FF is Vendor-Specific) FFH
5 | bDeviceSubClass Device Sub-Class (FF is Vendor-Specific) FFH
6 | bDeviceProtocol Device Protocol (FF is Vendor-Specific) FFH
7 | bMaxPacketSize0 Maximum Packet Size for EPO = 64 byte 40H
8 |idVendor (L) Vendor ID (L)  Cypress Semiconductor = 0547H 47H
9 |idVendor (H) Vendor ID (H) 05H
10 |idProduct (L) Product ID (L) EZ-USB =2131H 31H
11 |idProduct (H) Product ID (H) 21H
12 | bedDevice (L) Device Release Number (BCD,L) (see individual data sheet) 21H
13 | bedDevice (H) Device Release Number (BCD,H) (see individual data sheet) YYH
14 | iManufacturer Manufacturer Index String = None 00H
15 | iProduct Product Index String = None 00H
16 | iSerialNumber Serial Number Index String = None 00H
17 | bNumConfigurations | Number of Configurations in this Interface = 1 01H

The DeviceDescriptor specifies dMaxPacketSize 064 bytes for endpoint O, contains
CypressSemiconductovenda, Product andRelease NumbetDs, and uss no string
indices Release Number IDs (XX ard YY) arefound in individud CypressSemicondudor
data shets. The EZ-USB core returnsg shinformaton reponseto a“Get_Descrigior/
Device” hat request.
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Table 5-10. USB Default Configuration Descriptor

Offset Field Description Value
0 |bLength Length of this Descriptor = 9 bytes 09H
1 | bDescriptorType Descriptor Type = Configuration 02H
2 | wTotalLength (L) Total Length (L) Including Interface and Endpoint Descriptors DAH
3 | wTotalLength (H) Total Length (H) 00H
4 | bNuminterfaces Number of Interfaces in this Configuration 01H
5 | bConfigurationValue | Configuration Value Used by Set_Configuration Request to 01H

Select this Configuration
6 |iConfiguration Index of String Describing this Configuration = None 00H
7 | bmAttributes Attributes - Bus-Powered, No Wakeup 80H
8 | MaxPower Maximum Power - 100 mA 32H

The configuraibn desciptor includes a totalength fidd (offset 2-3) that ecompasses all
interface and endpointescriptors that follow the cdiguration desgptor. This configu-
ration descriles a single interfece (offset 4). The hostselectsthis corfiguration by issuing

a Set_Confuration requsts specifying congjuration #1 ¢ffset 5).

Table 5-11. USB Default Interface 0,Alternate Setting O Descriptor

Offset Field Description Value
0 |bLength Length of the Interface Descriptor 09H
1 | bDescriptorType Descriptor Type = Interface 04H
2 | binterfaceNumber Zero-based Index of this Interface = 0 00H
3 | bAlternateSetting Alternate Setting Value =0 00H
4 | bNumEndpoints Number of Endpoints in this Interface (Not Counting EPO) = 0 00H
5 | binterfaceClass Interface Class = Vendor Specific FFH
6 | binterfaceSubClass |Interface Sub-class = Vendor Specific FFH
7 | binterfaceProtocol Interface Protocol = Vendor Specific FFH
8 |ilnterface Index to String Descriptor for this Interface = None 00H

Interface 0, alernate setting O desbes endpmt 0 only. Thisisazero bandvidth setting.

The inteface has no string index.
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Table 5-12. USB Default Interface 0, Alternate Stting 1 Descriptor

Offset Field Description Value
0 |bLength Length of the Interface Descriptor 09H
1 | bDescriptorType Descriptor Type = Interface 04H
2 | binterfaceNumber Zero-based Index of this Interface = 0 00H
3 | bAlternateSetting Alternate Setting Value =1 01H
4 | bNumEndpoints Number of Endpoints in this Interface (Not Counting EPO) = 13 | ODH
5 | binterfaceClass Interface Class = Vendor Specific FFH
6 | binterfaceSubClass |Interface Sub-class = Vendor Specific FFH
7 | binterfaceProtocol Interface Protocol = Vendor Specific FFH
8 |ilnterface Index to String Descriptor for this Interface = None 00H

Interface O, dbrnate seting 1 has thirteerendponts, whose indiidual desriptors follow

the interface desgtior. Thealternae settings haveno string indices.

Table 513, USB Default Interface 0, Alternate Setting 1, Interrupt Endpoint Desciiptor

Offset Field Description Value
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN1 81H
3 | bmAttributes XFR Type = INT 03H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds = 10 ms 0AH

Interface 0, alterate setting 1 has emnterrupt endpoint, 14, which has a maximum

packet size of 16 and a polling interval of 10 ms.
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Table 5-14. USB Default Interface 0, Alternate Seting 1, Bulk Endpoint Descriptor

Offset Field Description Value
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN2 82H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = OUT2 02H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN4 84H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = OUT4 04H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = IN6 86H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
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Table 5-14. USB Default Interface 0, Alternate Sdting 1, Bulk Endpoint Descriptor

Offset Field Description Value
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = OUT6 06H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 00H

Interface O, alterate setting 1 has six bulk endpoints with max packet sizes of 64 bytes.
Even numbered endpagwere choseto allow endpointpairing. For more on endpoint
paring, see Chapter 6'EZ-USB Bulk Transfers."
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Table 5-15. USB Default Interface 0, Alter nate Setting 1, | sochronous Endpoint Descriptor

Page 5-18

Offset Field Description Value
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = IN8 88H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = OUT8 08H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 01H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = IN9 89H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 01H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = OUT9 09H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 01H
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN10 8AH
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = OUT10 0AH
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
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Interface 0, alterate seting 1 has six isdaronous endpoints with maximupacket sizes
of 16 byes. This is dow bandwidthsetting.

Table 5-16. USB Default Interface 0, Alternate Stting 2 Descriptor

Offset Field Description Value
0 |bLength Length of the Interface Descriptor 09H
1 | bDescriptor Typ Descriptor Type = Interface 04H
2 | binterfaceNumber Zero-based Index of this Interface = 0 00H
3 | bAlternateSetting Alternate Setting Value = 2 02H
4 | bNumEndpoints Number of Endpoints in this Interface (Not Counting EPO) =13 | ODH
5 | binterfaceClass Interface Class = Vendor Specific FFH
6 | binterfaceSubClass |Interface Sub-class = Vendor Specific FFH
7 | binterfaceProtocol Interface Protocol = Vendor Specific FFH
8 |ilnterface Index to String Descriptor for this Interface = None 00H

Interface 0, dbrnate seting 2 has thirteerendponts, whose indiidual desriptors follow
the interface desqtior. Alternate séihg 2 differs fom alternate setting 1 in the maxi-
mum pa&et sizesof its interrupt endpoint and twaj its isochronas endpoits (EP8IN
and EP8QIT).

Table5-17. USB Default Interface 0, Alternate Setting 1, Interrupt Endpoint Desciiptor

Offset Field Description Value
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN1 81H
3 | bmAttributes XFR Type = INT 03H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds = 10 ms 0AH

Alternate setting 2 for thenterrupt 1-IN ncreaseshe maximum packet ze for the inter-
rupt endpoint to 64.
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Table 5-18. USB Default Interface 0, Alternate Seting 2, Bulk Endpoint Descriptor

Offset Field Description Value
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptor Typ Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN2 82H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = OUT2 02H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN4 84H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 |bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = OUT4 04H
3 | bmAttributes XFR Type = 1SO 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = IN6 86H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H
0 [bLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = OUT6 06H
3 | bmAttributes XFR Type = BULK 02H
4 | wMaxPacketSize (L) | Maximum Packet Size = 64 Bytes 40H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 | binterval Polling Interval in Milliseconds (1 for iso) 00H

The bulkendpointsfor alternatesetting 2 are identical to alternate setting 1.
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Table 5-19. USB Default Interface 0, Alternate Setting 2, 1sochronous Endpoint Descriptor

Offset Field Description Value
0 |DbLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = IN8 88H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 256 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 01H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
0 |DbLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = OUT8 08H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 256 Bytes 00H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 10H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
0 | bCength Length of this Endpoint Descriptor O7H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = IN9 89H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
0 | bCength Length of this Endpoint Descriptor O7H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress | Endpoint Direction (1 is in) and Address = OUT9 09H
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
0 |DbLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = IN10 8AH
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H
0 |DbLength Length of this Endpoint Descriptor 07H
1 | bDescriptorType Descriptor Type = Endpoint 05H
2 | bEndpointAddress Endpoint Direction (1 is in) and Address = OUT10 0AH
3 | bmAttributes XFR Type = 1SO 01H
4 | wMaxPacketSize (L) | Maximum Packet Size = 16 Bytes 10H
5 | wMaxPacketSize (H) | Maximum Packet Size - High 00H
6 |binterval Polling Interval in Milliseconds (1 for iso) 01H

The only dfferences between alteate settings 1 and 2 are the maximpaoket sizes for
EP8IN andEP8CQUT. This is ahigh-bandwidthseting using 256 bytes each.
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6 EZ-USB Bulk Transfers

6.1 Introduction

Ak SN - A A R
NI R Payload C C N D T Payload C
D||C Data D Data
Pls L K RI|P A 1
6 1 6
Token Packet Data Packet H/S Pkt Token Packet Data Packet

Figure 6-1. Two BULK Transfers, IN and OUT

EZ-USB provides sixteen endpoints for BULK, CONTROL, and INTERRUPT transfers,
numbered 0-7 as shown in Table 6-1. This chapter describes BULK and INTERRUPT
transfers. INTERRUPT transfers are a special case of BULK transfers. EZ-USB CON-
TROL endpoint zero is described in Chapter 7, "EZ-USB Endpoint Zero."

Table 6-1. EZ-USB Bulk, Control, and Interrupt Endpoints

Endpoint | Direction | Type | Size
0 Bidir Control | 64/64

1 IN Bulk/int | 64
1 ouTt Bulk/int | 64
2 IN Bulk/int | 64
2 ouTt Bulk/int | 64
3 IN Bulk/int | 64
3 ouT Bulk/int | 64
4 IN Bulk/int | 64
4 ouTt Bulk/int | 64
5 IN Bulk/int | 64
5 ouT Bulk/int | 64
6 IN Bulk/int | 64
*6 ouT Bulk/int | 64
7 IN Bulk/Int | 64
7 ouTt Bulk/Int | 64

* The highlighted endpoints do not exist in the AN2122 or AN2126. Seealso Table 1-2.
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The USB specification allows maximum packet sizes of 8, 16, 32, or 64 bytes for bulk
data, and 1 - 64 bytes for interrupt data. EZ-USB provides the maximum 64 bytes of
buffer space for each of its sixteamlponts 0-7IN and 0-7 OUT. Six of the bulk end-
points, 2-IN, 4-IN, 6-IN, 2-OUT, 4-OUT, and 6-OUT may be paired with the next consec-
utively numbered endpoint to provide double-buffering, which allows one data packet to
be serviced by the 8051 while another is in transit over USBer®Ipoint pairing bits
(USBPAIR register) control double-buffering.

The 8051 sets fourteemdpoint valid bitgINO7VAL, OUTO7VAL registers) at initializa-
tion time to tell the EZ-USB core which endpoints are active. The default CONTROL
endpoint zero is always valid.

Bulk data appears in RAM. Each bulk endpoint has a reserved 64-byte RAM space, a 7-
bit count register, and a 2-bit control and status (CS) register. The 8051 can read one bit
of the CS register to determiradpoint busyand write the other to force an endpoint
STALL condition.

The 8051 should never read or write an endpoint buffer or byte count register while the
endpoint’s busy bit is set.

When an endpoint becomes ready for 8051 service, the EZ-USB core sets an interrupt
request bit. The EZ-USB vectored interrupt system separates the interrupt requests by
endpoint to automatically transfer control to the ISR (Interrupt Service Routine) for the
endpoint requiring service. Chapter 9, "EZ-USB Interrupts" fully describes this mecha-
nism.

Figure 6-2 illustrates the registers and bits associated with bulk transfers.
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Registers Associated with a Bulk IN endpoint
(EP2IN shown as example)

Data transfer

Initialization
worva [+ [ [s [« [+ [a]1]o]
Endpoint Valid (1=valid) 64 Byte
Endpoint
USBPA|R‘ 067 | 045 | 023 | i67 | i45 izs‘ Buffer
Endpoint Pairing (1=paired)
orien [+ Te s [+ s [2]1 o] zsc [ |
Interrupt Enable (1=enabled) Byte Count

Interrupt Control

Busy and Stall

IN2CS | BB

Control & Status

INO7IRQ | 7 [ s[5 [4 |3 ]2 [1]0]
Interrupt Request (write 1 to clear)

Registers Associated with a Bulk OUT endpoint
(EP40OUT shown as example)

Data transfer

Initialization
ourorvar [+« [s [4]s[+]1[o] || OUT4BUF
Endpoint Valid (1=valid) 64 Byte
Endpoint
USBPAIR ‘ 067 | 045 | 023 | i67 | i45 | i23 ‘ Buffer
Endpoint Pairing (1=paired)
OUTOTIEN [ [ [s[e[s[2]1]o] OUT4BC| |
Interrupt Enable (1=enabled) Byte Count

Interrupt Control

Busy and Stall

0UT4CS | [8]s]

Control & Status

outorir |7 e [s [«]s ]2 ]1]0]
Interrupt Request (write 1 to clear)

Figure 6-2. Registers Associated with Bulk Endpoints
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6.2 Bulk IN Transfers

H D H H D
AllE| C 2 g A AllE| C \
I || D||N||R T Payload c c I ||D|[N|IR A .
- N|| D|[DICll|] Data : K N||D||D|l C K (c,q
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Token Packet Data Packet /S Pkt Token Packet ) \H/S Pk A
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(INnBC loaded) EPnIN Interrupt, INnBSY=0 3
o
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® & © @ a
H D H D H B
T
Al el |y AllEllC 2 g A T
. I||D||N|[R A I [|D||N||R i Payload c c g
N|[D||D|lC K - N|[D||D|| C A Data : K g
RI[P|5 RI|P|5 0
6
Token Packet /S Pkt T Token Packet Data Packet /S Pkt
Load INnBC EPnIN Interrupt, INnBSY=0 J

Figure 6-3. Anatormy of a Bulk IN Transfer

USB buk IN data travels from device to hosthe host equestsan IN trander by issuing
an IN token to th&Z-USB cae, which respondsvith data whent isready. The 8051
indicates readyby loading the endpait's byte count regiger. If the EZ-USB core receives
anIN token foran endpoint that is noeady, it respondsdthe IN token witha NAK hand-
shale.

In the bulkIN transfer illustrated inilgure 6-3, the8051 tas previously loaded an end-
point buferwith a data packet, drthen loadd the endpoitisbyte countegiste with the
number of bytes the packet to arm the ndX trander. This sets the endmt's BUSY
bit. Thehost issuesn IN token @, to which the EZ-USB core respondsy transmitting

the daain the N endpoirt buffer @. When tle host isstes an ACK @, indicatingthat the
datahas been eceived eror-free, the EZ-LSB coreclears thendpont’s BUSY bit and
setsits interrup request bit. Thisdifies the 8051 that the endpbbufer isempty. If

this is a multi-paket transfer, the hosthenissuesanother IN token to get the next packet.

If the second IN toke® arrives before the 8051 haaditime to fill the endpant buffer,
the EZ USB core issues NAK handshakendcatigbusy®. The host contiuesto send
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IN tokers @ and@ until the datais ready. Eventialy, the 8051 fills theendpoint buffer
with data, and then loadsa endpoitis byte @untregister (INNBC) with the number of
bytes in the pack&®. Loading the byte cowne-armsthe given endpointWhen the next
IN token arives @ theEZ-USB coretrarsfers the next data pack®.

6.3 Interrupt Transfers

Interrupt transfers are handled just like bulnsfers.

The only dfferencebetween a bulk endptd and an interrupt endpointists in the end-

point desriptor,wherethe endpoirt is idertified as tygeinterrupt, andapolling intervd is

speified. The pding intenal determines how often the B304 issuedN tokensto the
interrupt endpoint.

6.4 EZ-USBBulk IN Example

Suppose 220 bgs are to btransferred to théwostusing endpoint 6-IN. Fthier assume
thatMaxPacketSize of 64 bysfor endpoint 6-IN has been reportedte host during
enumeration.Because thetotal trander size exceedthe maximum packet size, the 8051
divides the 220-byte trafer into four trasfers of 64, 64, 64, and 28 bytes.

After loading thefirst 64 byes into INBUF (at 0x7C00), the 8051 loads thetéygount
regster INGBC with the value 64Writing the bye court register instructhe EZ-USB
core torespond to the next ha#tl token by tansmitting the 64 bytes thebuffer. Until
the byte count regier isloaded ® armthe IN trarsfer, anyIN tokens issued by the $to
are answered byZUSBwith NAK (Not-Acknowledgég tokens, telling theUSB hog that
the endpoint is notg ready with data. The host doruesto issue IN tokens to endpoint
6-IN until datais ready ér transfer—whereupon teEZ-USB core refaces NAKs with
valid data.

When the 8051nitiates an IN transfer by loading the enay byte count egiger, the
EZ-USB coresetsa busy It to instruc the 8051 to hold off loadng IN6BUF until the USB
trarsfer is finished. When théN transferis complete and sieessfully acknowledged, the
EZ-USB coreresets the endpointBN busybit and generates an endpob-IN interrupt
request.If the endpoint 6-IN interrupt is enabledpgram conbl automattally vectors

to the data trasfer routine for furter action (Autovecoring isenabled by setting
AVEN=1; refer to Chapter 9 EZ-USB Interrups").
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The 8051 now loads the next 64 bytes into IN6BUF and then loads the EPINBC register
with 64 for the next two transfers. For the last portion of the transfer, the 8051 loads the
final 28 bytes into IN6BUF, and loads IN6BC with 28. This completes the transfer.

Initialization Note

When the EZ-USB chip comes out of RESET, or when the USB host issues a bus reset,
the EZ-USB coreinarms IN endpoint 1-7 by setting their busy bits to 0. Any IN trans-

fer requests are NAKd until the 8051 loads the appropriate INXBC register(s). The end-
point valid bits are not affected by 8851 reset or a USBget. Chapter 10, "EZ-USH
Resets" describes the various reset conditions in detail.

The EZ-USB core takes care of USB housekeeping chores such as handshake verification.
When an endpoint 6-IN interrupt occurs, the user is assured that the data loaded by the
8051 into the endpoint buffer was received error-free by the host. The EZ-USB core auto-
matically checks the handshake information from the host and re-transmits the data if the
host indicates an error by not ACKing.

6.5 Bulk OUT Transfers

USB bulkOUT data travels from host to device. The host requests an OUT transfer by
issuing an OUT token to EZ-USB, followed by a packet of data. The EZ-USB core then
responds with an ACK, if it correctly received the data. If tiwpeint buffer imot ready

to accept data, the EZ-USB core discards the host's OUT data and returns a NAK token,
indicating “not ready.” In response, the host continues to send OUT ke matato

the endpoint until the EZ-USB core pesidswith an ACK.
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Figure 6-4. Anatomy of a BulkOUT Transfer

Each EZ-USB bulk OUT endpoint has a byte countissy, whichserves two purposes.
The 805Teadsthe bye court register to detemine hav mary bytes weregeceivedduring
the last OUT transfer from the host. The 805Arites the byte coutregster (with any
value) totell the EZ-USB core that idas finished rading bytes fom the buffer, making
the bufer available taccept the ng OUT transfer. The QT endpants come up (after
rese) armed so the byt count registewritesare required ony for OUT trangers after the
first one.

In the bulk OUT transfer illustrated Figure 6-4. Anatomy of a Bk OUT Transfer, the
8051 has previously loadelget endpoitis byte ountregister with any vdueto arm
receipt of the nex OUT transfer. Loading tle byte countegider causesthe EZ-USB core
to set theOUT endpoit’s busy bit to 1, indcating that the8051 should not use the end-
points biffer.

The hosissuesan OUT token®@, followed by apacke of data®, which the Z-USB core
acknowledgs, clears the endpdirs busy bit and genates annterruptreques @. This
notfies the 8051 that the endpbbuffercontansvalid USB data. The 8051 reads the
endpoints bytecountregister to find out how many bytes we sent in the packet, and
trarsfers that many bytes dwf theendpoirt buffer.
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In a multi-packet transfer, the host then issues another OUT @ledong with the next
data packe®. If the 8051 has not finished emptying the endpoint buffer, the EZ-USB
host issues a NAK, indicatingusy®. The data a® is shaded to indicate that the EZ-
USB core discards it, and does not over-write the data in the endpoint’'s OUT buffer.

The host continues to send OUT toke®@s ®, and®) that are greeted by NAKs until the
buffer is ready. Eventually, the 8051 empties thgpeint bufferdata, and then loads the
endpoint’s byte count regist@r with any value to re-arm the EZ-USB core. Once armed,
when the next OUT token arrivé& the EZ-USB core accepts the next data pa@ket

Initializing OUT Endpoints

When the EZ-USB chip comes out of reset, or when the USB host issues a bus reset, the
EZ-USB corearmsOUT endpoints 1-7 by setting their busy bits to 1. Therefore, they

are initially ready to accept one OUT transfer from the host. Subsequent OUT transfers
are NAKd until the appropriate OUTNBC register is loaded to re-arm the endpoint.

The EZ-USB core takes care of USB housekeeping chores such as CRC checks and data
toggle PIDs. When an endpoint 6-OUT interrupt occurs and the busy bit is cleared, the
user is assured that the data in the endpoint buffer was received error-free from the host.
The EZ-USB core automatically checks for errors and requests the host to re-transmit data
if it detects any errors using the built-in USB error checking mechanisms (CRC checks
and data toggles).

6.6  Endpoint Pairing

Table 6-2. Endpoint Pairing Bits (in theUSB PAIR Register)

Bit 5 4 3 2 1 0
Name PR60OUT | PR4OUT | PR20OUT PR6IN PR4IN PR2IN
Paired 6 OUT 40UT 20UT 6IN 41N 2IN
Endpoints | 7 OUT 50UT 30UT 7IN 5IN 3IN

The 8051 sets endpoint pairing bits to 1 to enable double-buffering of the bulk endpoint
buffers. With double buffering enabled, the 8051 can operate on one data packet while
another is being transferred over USB. The endpoint busy and interrupt request bits func-
tion identically, so th&051code requires little code modification to support double-buff-
ering.
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When an endpoinspaired, the8051uses only the even-numbered endpoi thepair.
The 8051 should not use the paired odd endpoint. Forpteasuppee it isdesired to
use endpoint 2-INis a doublduffered endpoint. This pairs the2BUF and N3BUF
buffers, although #ta8051accesses the IN2BUF bufferonly. The8051 set$¥R2IN=1 (in
the UBPAIR registe) to enabé pairing, sets IN2VAL=1 (in the INO7VAL register) to
malkethe endpoitivalid, and themuses thdN2BUF buffer for all da&atransfers. Te8051
shouldnat write the IN3VAL bit, enable IN3 interupts, accesshe BP3IN buffer, or load
the IN3BC byte count regs.

Note
Bits 2 and 5 must &t to “0” in theAN2122 and AN212@levices.

6.7 Paired IN Endpoirt Status

INNBSY=1 indicdes tat bothendpoint btfers are in ug and theB051should not load
newlIN data into the endpoitffer. When INNBSY=0, ether one or both ot buffers
is avalable fa loading by the 8051. The 8051 can keep @&rmal count that increments
on EPnIN interruptsand decrements on byte colméids b determine whether one or two
buffers are ffee. Or, the 8051 an simplycheck br INNnBSY=0 after loadingabuffer (and
loading its byte count registey te-arm the endpointio detemine if the dgher buffer is
free.

Important Note

D

If an IN endpoint is paired andii¢ desired to cleare busy bitfor that endpoint, do the
following: (a) write any value to the even endpdmbyte count registawice, and (b)
clear the busy Hifor both endpoitsin the pair. This is the only coédifference between
paired and unpaired @sf an IN endpoint.

A bulk IN endpoint intenrupt request is generated whenever a paskaiccessfully trans-
mitted over USB. Theinterrupt request isndependst of the busy bit If both buffers are
filled and one $sent, thebusy bit transitions fron 1-0; if one buffer ifilled and then sent,
the busy I starts and remains at 0. In @itlcase an interrupequest is generated to tell
the 8051 that a liter is free.
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6.8  Paired OUT Endpoint Status

OUTNnBSY=1 indicates that both endpoint buffers are empty, and no data is available to
the 8051. When OUTNnBSY=0, either one or both of the buffers holds USB OUT data.
The 8051 can keep an internal count that increments on EPnOUT interrupts and decre-
ments on byte count loads to determine whether one or two buffers contain data. Or, the
8051 can simply check for OUTnBSY=0 after unloading a buffer (and loading its byte
count register to re-arm the endpoint) to determine ibtherbuffer contains data.

6.9  Using Bulk Buffer Memory

Table 6-3. EZ-USB Endpoint 0-7 Buffer Addresses

Endpoint Buffer Address Mirrored
INOBUF 7F00-7F3F 1F00-1F3F
OUTOBUF TECO-7EFF 1ECO-1EFF
IN1BUF TE80-7EBF 1E80-1EBF
OUT1BUF TE40-7TETF 1E40-1E7F
IN2BUF 7E00-7E3F 1E00-1E3F
OUT2BUF 7DCO-7DFF 1DCO-1DFF
IN3BUF 7D80-7DBF 1D80-1DBF
OUT3BUF 7D40-7D7F 1D40-1D7F
IN4BUF 7D00-7D3F 1D00-1D3F
OUT4BUF 7CCO-7C3F 1CCO-1CFF
INSBUF 7C80-7CBF 1C80-1CBF
OUT5BUF 7C40-7CTF 1C40-1C7F
IN6BUF 7C00-7C3F 1C00-1C3F
OUT6BUF 7BCO-7BFF 1BCO0-1BBF
IN7BUF 7D80-7BBF 1B80-1BBF
OUT7BUF 7B40-7B7F 1B40-1B7F

Table 6-3 shows the RAM locations for the sixteen 64-byte buffers for endpoints 0-7 IN
and OUT. These buffers are positioned at the bottom of the EZ-USB register space so that
any buffers not used for endpoints can be reclaimed as general purpose data RAM. The
top of memory for the 8-KB EZ-USB part is at 0Ox1B3F. However, if the endpoints are
allocated in ascending order starting with the lowest numbered endpoints, the higher num-
bered unused endpoints can effectively move the top of memory to utilize the unused end-
point buffer RAM as data memory. For example, an application that uses endpoint 1-IN,
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2-IN/OUT (paired, 4-IN and4-OUT can use 0x1B40x1CBF as data emory. Chapter
3 gives full details of the E-USB memory map.

Note

AN2122 endpoint memy starts at Ox1C00 and AN2126 endpointmay starts at
address 0x7CO0O.

Note

Uploads or Downloads to unused bulk meyncan be done only atétMirrored (low)
addresses shownnTable 6-3.

6.10 DataToggle Catrol

The EZ-USB cae automaticlly maintains the data togglats during bulk, control and
interrupt transfers. As explained in Cipger 1, "Introduang EZ-USB," thetogde bits are
used to desct certan transmission errors so that erronealeta ca be re-sent.

In certaincircumstances, the heb reets its datadoggleto “DATAQ”:
» After sending &lear Featue: EndpointStall request to an endpoint.
» After setting a new i@face.
» After selecting a new alternate setting.

In thesecases, the 8051 can directly clear the ditggle for each of the bulk/interrupt/
control endpoints, usg theTOGCTL register(Figure 6-5).

TOGCTL Data Toggle Corirol 7FD7
b7 b6 b5 b4 b3 b2 b1 b0
Q S R 10 0 EP2 EP1 EPO
R RIW RIW RIW RIW RIW RIW RIW
X X X X X X X X
Figure 6-5. Bulk Endpoint Togde Control
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The 10 bit selects the endpoint direction (1=IN, 0=0UT), and the EP2-EP1-EPO bits select
the endpoint number. Tl bit, which is read-only, indicates the state of the data toggle
for the selected endpoint. Writing R=1 sets the daggle toDATAOQ, and writing S=1

sets the data toggle to DATAL.

Note

At the present writing, there appears to be no reason to set a data toggle o DATAL. The
Shit is provided for generality.
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To clear an endpoint’s data toggle, the 8051 performs the following sequence:

» Select the endpoint by writing the value 000DOEEE to the TOGCTL register,
where D is the direction and EEE is the endpoint number.

» Clear the toggle bit by writing the val0®@1DOEEE to the TOGCTL register.

After step 1, the 8051 may read the state of the data toggle by reading the TOGCTL regis-
ter checking bit 7.
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6.11 Polled Bulk Transfer Example

The following code illustrates the EZ-USB registers used for a simple bulk transfer. In
this example, 8051 register R1 keeps track of the number of endpoint 2-IN transfers and
register R2 keeps track of the number of endpoint 2-OUT transfers (mod-256). Every
endpoint 2-IN transfer consists of 64 bytes of a decrementing count, with the first byte
replaced by the number of IN transfers and thersioyte replaced by the number of

OUT transfers.

1 start mov SP.#STACK-1 ; set stack

2 mov dptr,#IN2BUF ; fill EP2IN buffer with

3 mov r7,#64 ; decrementing counter

4 Aill: mov a,r7

5 movx @dptr,a

6 inc dptr

7 djnz r7,rill

8

9 mov rl,#0 ; rlis IN token counter

10 mov r2,#0 ; 2 is OUT token counter

11 mov dptr,#IN2BC ; Point to EP2 Byte Count register
12 mov a,#40h ; 64-byte transfer

13 movx @dptr,a ; arm the IN2 transfer

14 ;

15 loop: mov dptr,#IN2CS ; poll the EP2-IN Status

16 movx a,@dptr

17 jnb acc.1,servicelN2 ; not busy--keep looping

18 mov dptr,#0UT2CS

19 movx a,@dptr

20 jb acc.1,loop ; EP20UT is busy--keep looping
21 ;

22 serviceOUT2:

23 inc r2 ; OUT packet counter

24 mov dptr,#0UT2BC ; load byte count register to re-arm
25 movx @dptr,a ; (any value)

26 sjmp loop

27

28 servicelN2:

29 inc rl ; IN packet counter

30 mov dptr,3IN2BUF ; update the first data byte

31 mov a,rl ;in EP2IN buffer

32 movx @dptr,a

33 inc dptr ; second byte in buffer

34 mov a,r2 ; get number of OUT packets
35 movx @dptr,a

36 mov dptr,#IN2BC ; point to EP2IN Byte Count Register
37 mov a,#40h

38 movx @dptr,a ; load bc=64 to re-arm IN2
39 sjmp loop

40 ;

41 END
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The code at lines 2-7 fills the endpoint 2-IN buffer with 64 bytes of a decrementing count.
Two 8-bit counts are initigded to zero at lines 9 and 10. An endpoint 2-IN transfer is
armedat lines 11-13, which load the endpoint 2-IN byte count register IN2BC with 64.
Then the program enters a pollirapp at ines 15-20, where it checks two flags for end-
point 2 servicing. Lines 15-17 check the endpoint 2-IN busy bit in IN2CS bit 1. Lines 18-
20 check the endpoint 2-OUT busy bit in OUT2CS bit 1. When busy=1, the EZ-USB core
is currently using the endpoint buffers and the 8051 should not access them. When
busy=0, new data is ready for service by the 8051.

For both IN and OUT endpoints, the busy bit is set when the EZ-USB core is using the
buffers, and cleared by loading the endpoint’s byte count register. The byte count value is
meaningful for IN transfers because it tells the EZ-USB core how many bytes to transfer
in response to the next IN token. The 8051 can load any byte count OUT transfers,
because only the act of loading the register is significant—loading OUTNBC arms the
OUT transfer and sets the endpoint’s busy bit.

When an OUT packet arrives in OUT2BUF, the service routine at lines 22-26 increments
R2, loads the byte count (any value) into OUT2BC to re-arm the endpoint (lines 24-25),
and jumps back to the polling routine. This program does not use OUT2BUF data; it sim-
ply counts the number of endpoint 2-OUT transfers.

When endpoint 2-IN is ready for the 8051 to load another packet into IN2BUF, the polling
loop jumps to the endpoint 2-IN service routine at lines 28-39. First, R1 is incremented
(line 29). The data pointer is set to IN2BUF at line 30, and register R1 is loaded into the
first byte of the buffer (lines 31-32). The data pointer is advanced to the second byte of
IN2BUF at line 33, and register R2 is loaded into the buffer (lines 34-35). Finally, the
byte count 40H (64 decimal bytes) is loaded into the byte count register IN2BC to arm the
next IN transfer at lines 36-38, and the routine returns the polling loop.

6.12 Enumeration Note

The code in this example is complete, and runs on the EZ-USB chip. You may be won-
dering about thenissing stepwhich reports the endpoint characteristics to the host during
the enumeration process. The reason this code runs without any enumeration code is that
the EZ-USB chip comes on as a fully-functional USB device with certain endpoints
already configured and reported to the host. Endpoint 2 is included in this default config-
uration. The full default configuration is described in Chapter 5, "EZ-USB Enumeration
and ReNumeration"
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6.13 Bulk Endpoint Interrupts

All USB interruptsactivate the 8051 INT 2interrupt. If enabled INT2 interrugs cause the
8051 to pushhe curent pogram counter ontdie stack, and then exete a jump todca-
tion 0x43, where therpgrammer has insexdl a jumpinstruction to thenterrupt sevice
routine (ISR). If theAVEN (Autovector Enablebit is set the EZUSB core inserts a spe-
cial byte atbcation 0x45, wheh directs the jump instructiom & table of ymp instruc-
tions which transfer control the endpd-specific ISR.

Table 64. 8051 INT2 hterruptVedo

Location Op-Code Instruction
0x43 02 LIMP
0x44 AddrH
0x45 AddrL*

* Replaced by EZ-USB Coreif AVEN=1.

The byte iserted by the E-USB cae at address 0x45 depends on which bulk endpoint
requressenice Table 6-5 shows all INT2 vectors, with the bulk endpoint vectors un-
shaded. The shaded interrupts applsiitthe bulk endpoints.

Table 65. ByteInseted by EZ-USBCore atLocation 0x45 if AVEN=1

Interrupt Inserted Byte at 0x4
SUDAV 0x00
SOF 0x04
SUTOK 0x08
SUSPEND 0x0C
USBRES 0x10
IBN 0x14
EPO-IN 0x18
EPO-OUT 0Xx1C
EP1-IN 0x20
EP10UT 0x24
EP2IN 0x28
EP20UT 0x2C
EP3-IN 0x30
EP3-OUT 0x34
EP4-IN 0x38
EP4-OUT 0x3C
EP5-IN 0x40
EP5-OUT 0x44
EP6-IN 0x48
EP6-OUT 0x4C
EP7-IN 0x50
EP7-OUT 0x54
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The vectowvaluesare four bytes apart. This alls the pogrammer to build a jump table
to each of the inérrupt service rounes. Note that the jump t@must begin on a page
(256 byte) boundargecauselte first vector starts at 00If Autovectoring isnot used
(AVEN=0), thelVEC registermay be drectly inspected to deerminethe USB interrupt
sour@ (see Secton 9.11, "Autovector Coding").

Each bulk endpai interrupt has aassociated interrupt enablatl(in INO7IEN and
OUTO7IEN), and an nterrupt request bit (in INO7IRQ and OUTO07IRQ). The interrupt
service routine IRQ bts ae cleared bywriting a “1.” Because all USBregisters are
accesed using “novx@dptr” instructons, USB interrupt serviceutinesmust save and

restore both data pointgrthe DPS regtsr, andthe accunulator before clearing interrupt
request s.

Note

Any USBISRshoutl clear the 805 INT2 interrupt requesbit beforeclearing ary of the

EZ-USB endpoint IRQ bg to avoid losing interrupts. Interrupase discgsed in more
detil in Chapter 9, EZ-USB Interrupts.”

Individual interrup request lis are cleared by writing “1” to them to simplify code. For
example, to clea the endpoin2-IN IRQ, simply write “0000100to INO7IRQ. Thiswill
not disturb the ofér interrupt requet bits. Do not read the conents of INO7IRQ, logi-
cal-OR thecontents with 01, and write it back. Thisclearsall other pendirg interrupts|
because yoware writing “1”s to them.

6.14 Interrupt Bulk Transfer Example

Thissmple (ut fully-functional) exanple illustates the bulk transfer mechanism using
interrupts. In the example program, BULK endpoint 6 is used to loopbdatato the
host. Dataent by the hst over endpoint 6-OT is sent lack over endpait 6-IN.
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1. Set up the jump table.

CSEG AT 300H ; any page boundary
USB_Jump_Table:

limp SUDAV_ISR ; SETUP Data Available

db 0 ; make a 4-byte entry

limp SOF_ISR ; SOF

db 0

limp SUTOK_ISR ; SETUP Data Loading

db 0

limp SUSP_ISR ; Global Suspend

db 0

limp URES_ISR ; USB Reset

db 0

limp SPARE_ISR

db 0

limp EPOIN_ISR

db 0

limp EPOOUT_ISR

db 0

limp EP1IN_ISR

db 0

limp EP1OUT_ISR

db 0

limp EP2IN_ISR

db 0

limp EP20UT_ISR

db 0

limp EP3IN_ISR

db 0

limp EP30OUT_ISR

db 0

limp EP4IN_ISR

db 0

limp EP4OUT_ISR

db 0

limp EPS5IN_ISR

db 0

limp EP50UT_ISR

db 0

limp EP6IN_ISR ; Used by this example

db 0

limp EP60OUT_ISR ; Used by this example

db 0

limp EP7IN_ISR

db 0

limp EP7OUT_ISR

db 0

Figure 6-7. Interrupt Jump Table

This table contains all of the USB interrupts, even though only the jumps for endpoint 6
are used for the example. Itis convenient to include this table in any USB application that
uses interrupts. Be sure to locate this table on a page bourxa®y. (
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2. Write the INT2 interupt vedor.

org 43h ; int2 is the USB vector
limp USB_Jump_Table ; Autovector will replace byte 45

Figure 6-8. INT2 Interrupt Vector

3. Write the interrupt sevice routine.

Pu it anywhere in memory and theimp table in step 1 will automatically jump to it.

; USB Interrupt Service Routine

EP60OUT_ISR  push dps ; save both dptrs, dps, and acc
push dpl
push dph
push dpll
push dphl
push acc
mov a,EXIF ; clear USB IRQ (INT2)
clr acc.4
mov EXIF,a

mov dptr,#0OUTO07IRQ

mov a,#01000000b ; a“1” clears the IRQ bit
movx  @dptr,a ; clear OUTG int request
setb got_EP6_data ; set my flag

pop acc ; restore vital registers
pop dph1

pop dpll

pop dph

pop dpl

pop dps

reti

Figure 6-9. Interrupt Service Routine (ISR) for Endpoint 6-OUT

In thisexample, the ISRimply sets the 8051 flag “got_ EP&atd’ to indicate to the back-
ground program that the endporatjuires service. Note that botetdpointers and the
DPS (Data Pointer Selérregistersmustbe saved andstored in additon to the accumu-
lator.
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4. Write the endpoint 6 &nsfer program.

1 loop: jnb got_EP6_data,loop

2 clr got_EP6_data ; clear my flag

3

4 ; The user sent bytes to OUT6 endpoint using the USB Control Panel.

5 ; Find out how many bytes were sent.

6 -

7 mov dptr,#OUT6BC ; point to OUT6 byte count register
8 movx a,@dptr ; get the value

9 mov r7,a ; stash the byte count

10 mov r6,a ; save here also

11 ;

12 ; Transfer the bytes received on the OUT6 endpoint to the IN6 endpoint

13 ; buffer. Number of bytes in r6 and r7.

14 ;

15 mov dptr,#OUT6BUF ; first data pointer points to EP20UT buffer
16 inc dps ; select the second data pointer

17 mov dptr,#IN6BUF ; second data pointer points to EP2IN buffer
18 inc dps ; back to first data pointer

19 transfer: movx movx get OUT byte

20 inc dptr ; bump the pointer

21 inc dps ; second data pointer

22 movx @dptr,a ; put into IN buffer

23 inc dptr ; bump the pointer

24 inc dps ; first data pointer

25 djnz r7 transfer

26 ;

27 ; Load the byte count into IN6BC. This arms in IN transfer

28 ;

29 mov dptr,#IN6BC

30 mov a,ré ; get other saved copy of byte count
31 movx @dptr,a : this arms the IN transfer

32 ;

33 ; Load any byte count into OUT6BC. This arms the next OUT transfer.

34 ;

35 mov dptr,#0UT6BC

36 movx @dptr,a ; use whatever is in acc

37 sjmp loop ; start checking for another OUT6 packet

Figure6-10. Background ProgramTransfers Endpoint 6-OUT Data to Endpoirt 6-IN

The main programloop teststhe“got_EP6_d#a” flag, wating until it is set by the end-
point 610UT interruptservice routine in Figure 6-10. Thindicdes that anew data
packet hasraived in OUT@UF. Then ke sevice routne is enteed, where the flag is
cleared in line 2. The number oftbgreceivedin OUT6BUF is retrieved from the
OUT6EBC registe (Endpoirt 6 Byte Coun) and saved inegsters R6 and R7nilines 7-10.

The dualdatapointersareinitialized to the ®urce(OUTEBUF) and destination (IN6BUF)
buffers fa the dataransfer in lines 15-18. Ele ldes represet the start of the 64-byte
buffers fa endpoint 6-QT and endpoint 6N, respectiely. Eachoyte is ead from the
OUT6BUF buffer and written to theIN6BUF buffer in lines 125. Thesaved value of
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OUT6BC is used as a loop counter in R7 to transfer the exact number of bytes that were
received over endpoint 6-OUT.

When the transfer is complete, the program loads the endpoint 6-INduwyteregiser

IN6BC with the number of loaded bytes (from R6jatan the next endpoint 6-IN transfer

in lines 29-31. Finally, the 8051 loads any value into the endpoint 6 OUT byte count reg-
ister OUT6BC to arm the next OUT transfer in lines 35-36. Then the program loops back
to check for more endpoint 6-OUT data.

5. Initialize the endpoints and enable the interrupts.

start: mov SP,#STACK-1 ; set stack

; Enable USB interrupts and Autovector

mov dptr,#USBBAV ; enable Autovector
movx a,@dptr,a
setb acc.0 ; AVEN bit is bit 0

movx @dptr,a

mov dptr,#OUTO7IEN ; ‘EPO-7 OUT int enables’ register
mov a,#01000000b ; set bit 6 for EP60UT interrupt enable
movx @dptr,a ; enable EP60OUT interrupt

; Enable INT2 and 8051 global interrupts

setb ex2 ; enable int2 (USB interrupt)
setb EA ; enable 8051 interrupts
clr got_EP6_data ; clear my flag

Figure 6-11. Initialization Routine

The initialization routine sets the stack pointer, and enables the EZ-USB Autovector by
setting USBBAV.0 to 1. Then it enables the endpoint 6-OUT interrupt, all USB interrupts
(INT2), and the 8051 global interrupt (EA) and finally clears the flag indicating that end-
point 6-OUT requires service.

Once this structure is put into place, it is quite easy to service any or all of the bulk end-
points. To add service for endpoint 2-IN, for example, simply write an endpoint 2-IN
interrupt service routine with starting address EP2IN_ISR (to match the address in the
jump table in step 1), and add its valid and interrupt enable bits to the “init” routine.
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6.15 Enumeration Note

The code in this example is complete, and runs on the EZ-USB chip. You may be won-
dering about thenissing stepwhich reports the endpoint characteristics to the host during
the enumeration process. The reason this code runs without any enumeration code is that
the EZ-USB chip comes on as a fully-functional USB device with certain endpoints

already configured and reported to the host. Endpoint 6 is included in this default config-
uration. The full default configuration is described in Chapter 5, "EZ-USB Enumeration
and ReNumeration"

Portions of the above code are not necessary for the default configuration (such as setting

the endpoint valid bits) but the code is included to illustrate all of the EZ-USB registers
used for bulk transfers.
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6.16 The Autopointer

Bulk endpoint data is available in 64-byte buffers in EZ-USB RAM. In some cases it is
preferable to access bulk data as a FIFO register rather than as a RAM. The EZ-USB core
provides a special data pointer which automatically increments when data is transferred.
Using this Autopointer, the 8051 can access any contiguous block of internal EZ-USB

RAM as a FIFO.
AUTOPTRH Autopointer Address High 7TFE3
b7 b6 b5 b4 b3 b2 bl b0
A15 Al4 A13 A12 A1l A10 A9 A8
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
AUTOPTRL Autopointer Address Low 7FE4
b7 b6 b5 b4 b3 b2 bl b0
A7 A6 A5 A4 A3 A2 Al AO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
AUTODATA Autopointer Data 7FE5
b7 b6 b5 b4 b3 b2 bl b0
D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure 6-12. Autopointer Registers

The 8051 first loads AUTOPTRH and AUTOPTRL with a RAM address (for example the
address of a bulk endpoint buffer). Then, as80&l eads or writes data to the data reg-

ister AUTODATA, the address is supplied by AUTOPTRH/L, which automatically incre-
ments after every read or write to the AUTODATA register. The AUTOPTRHI/L registers
may be written or read at anytime. These registers maintain the current pointer address, so
the 8051 can read them to determine where the next byte will be read or written.
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The 8051 codexamge in Figure 6t3uses the Autopoiter to transfer a blockf eight
data byesfrom the endpoint 4 OT buffer to irternal 8051 nemory.

Init: mov dptr, ZAUTOPTRH
mov a,#HIGH(OUT4BUF) ; High portion of OUT4BUF buffer
movx @dptr,a ; Load OUTOPTRH
mov dptr, #AUTOPTRL
mov a,#LOW(OUT4BUF) ; Low portion of OUT4BUF buffer address
movx @dptr,a ; Load AUTOPTRL
mov dptr, #AUTODATA ; point to the fifo’ register
mov r0,#80H ; store data in upper 128 bytes of 8051 RAM
mov r2,#8 ; loop counter
loop: movx a,@dptr ; get a ‘fifo’ byte
mov @r0,a ; store it
inc r0 ; bump destination pointer
; (NOTE: no ‘inc dptr’ required here)
djnz r2,loop ; do it eight times

Figure 6-13. Use of the Autopointer

As the conment in the pertimate lne indicates, the Autopimter saes an “inc dptr”
instruction that would beecessary if one of the 8051 datanters were gedto access
the OUT4BUF RAM data. Tik improves the transfer time.

Note

Fagest bulk tansfer sped in and out bEZ-USB bulk buffers is achieved when the
Autopointer is ged in conjunction with taEZ-USB Fat Transfer mode.

As desribed in Chapte8, "EZ-USB Isochronous Tansfers," the EZUSB core provides a
method fo transfering data diretty between an internal FIFO and external memory in
two 8051 cycles333ns). The fasttanger mode isactive for bulk data when:

» The 8051sets FBLK=1 in theFASTXFR regster, enalting fast kulk transfes,
* The 8051 [PTR ponts to the AUTODATA regiger, and
* The 8051 executes a “movx ad@” or a “movx @dptr,a” instruction.

The 8051 code gample n Figure 6-14 showatransfer loop for moving @ bytes of exer-
nal FIFO data into thendpoint 4IN buffer. TheFASTXFR regster bits are explained in
Chapter 8;EZ-USB Isochronoudransfers."
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Note

The Autopointer works only with internal program/data RAM. It does not work with
memory outside the chip, or with internal RAM that is made available when 1SO-
DISAB=1. See Section 8.9.1, "Disable ISO" for a description of the ISODISAB bi.

mov dptr, #FASTXFR ; set up the fast BULK transfer mode

mov a,#01000000b ; FBLK=1, RPOL=0, RM1-0 = 00

movx @dptr,a ; load the FASTXFR register
Init: mov dptr, #AUTOPTRH

mov a,HIGH(INABUF) ; High portion of INABUF

movx @dptr,a ; Load AUTOPTRH

mov dptr, #AUTOPTRL

mov a,LOW(IN4BUF) ; Low portion of INABUF buffer address

movx @dptr,a ; Load AUTOPTRH

mov dptr #AUTODATA ; point to the ‘fifo’ register

mov r7,#8 ; I7 is loop counter, 8 bytes per loop
loop: movx @dptr,a ; (2) write IN ‘fifo’ using byte from external bus

movx @dptr,a ; (2) again

movx @dptr,a ; (2) again

movx @dptr,a ; (2) again

movx @dptr,a ; (2) again

movx @dptr,a ; (2) again

movx @dptr,a ; (2) again

movx @dptr,a ; (2) again

djnz r7,loop ; (3) do eight more, ‘r7’ times

Figure 6-14. 8051 Code to Transfer External Data to a Bulk IN Buffer

This transfer loop takes 19 cycles per loop times 8 passes, or 22 ms (152 cycles). A USB
bulk transfer of 64 bytes takes more that 42 ms (64*8*83 ns) of bus time to transfer the
data bytes to or from the host. This calculation neglects USB overhead time.

From this simple example, it is clear that by using the Autopointer and the EZ-USB Fast
Transfer mode, the 8051 can transfer data in and out of EZ-USB endpoint buffers signifi-
cantly faster than the USB can transfer it to and from the host. This means that the EZ-
USB chip should never be a speed bottleneck in a USB system. It also gives the 8051
ample time for other processing duties between endpoint buffer loads.

The Autopointer can be used to quickly move data anywhere in RAM, not just the bulk
endpoint buffers. For example, it can be used to good effect in an application that calls for
transferring a block of data into RAM, processing the data, and then transferring the data
to a bulk endpoint buffer.
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7 EZ-USB Endpoint Zero

7.1 Introduction

Endpoint Zero has special significance in a USB system. Itis a CONTROL endpoint, and

is required by every USB device. Only CONTROL endpoints accept special SETUP

tokens that the host uses to signal transfers that deal with device control. The USB host
sends a repertoire of standard device requests over endpoint zero. These standard request:
are fully defined in Chapter 9 of the USB Specification. This chapter describes how the
EZ-USB chip handles endpoint zero requests.

Because the EZ-USB chip can enumerate without firmware (see Chapter 5, "EZ-USB
Enumeration and ReNumeratiat), the EZ-USB core contains logic to perform enumer-
ation on its own. This hardware assist of endpoint zero operations is make available to the
8051, simplifying the code required to service device requests. This chapter deals with
8051 control of endpoint zero (ReNum=1, Chapter 5), and describes EZ-USB resources
such as the Setup Data Pointer that simplify 8051 code that handles endpoint zero
requests.

Endpoint zero is the only CONTROL endpoint in the EZ-USB chip. Although CON-

TROL endpoints arbi-directional, the EZ-USB chip provides two 64-byte buffers,

INOBUF and OUTOBUF, which the 8051 handles exactly like batkpeint bufers for

the data stages of a CONTROL transfer. A second 8-byte buffer, SETUPDAT, which is
unique to endpoint zero, holds data that arrives in the SETUP stage of a CONTROL trans-
fer. This relieves the 8051 programmer of having to keep track of the three CONTROL
transfer phases—SETUP, DATA, and STATUS. The EZ-USB core also generates sepa-
rate interrupt requests for the various transfer phases, further simplifying code.

The INOBUF and OUTOBUF buffers have two special properties that result from being
used by CONTROL endpoint zero:

* Endpoints 0-IN and 0-OUT are always valid, so the valid bits (LSB of INO7VAL
and OUTO7VAL registers) are permanently set to 1. Writing any value to these
two bits has no effect, and reading these bits always returns a 1.

* Endpoint 0 cannot be paired with endpoint 1, so there is no pairing bit in the USB-
PAIR register for endpoint O or 1.
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7.2  Control Endpoint EPO

<+—SETUP Stage—»

S allell ¢ D C

E A R A
D||N|IR

T T C C
D||D|C

u Rllpl s A 1 K

P 0 6

Token Packet Data Packet H/S Pkt

L SUTOK Interrupt T—

Core sets HSNAK=1

SUDAYV Interrupt

< DATA Stage >
REIE </l [ RRE <l [
D|| N||R T Payload c C DIIN||R T Payload c C
D||D|C Data D||ID|| C Data
RI[p| 5|2 ! S rRllp|ls |l A ! S
1 6 0 6
Token Packet Data Packet /S Pk Token Packet Data Packet /S Pkt
L EPO-IN Interrupt EPO-IN Interrupt J
< STATUS Stage >
D|| C Di|C
o AIENC allrI]IS]IN of A EI S Al R A
D||N|IR Y D||N|IR
U T||C A eas U T||C C
T D||D|C Al 1 N K T D||D|C All1 K
RI|P|5 1|6 C RI|P|5 1|6
Token Packet ) Data Pk /S Pkt I Token Packet ata Pky \H/S Pk

8051 clears HSNAK bit (writes 1 to it)
or sets the STALL bhit.

Figure 7-1. AUSBContral Transfer (This One Has aData Stage)

Endpoint zeraccepts a spea SETUP packet, which contains an 8-bgisgastructure
that provides host information ababe CONTROL transation. CONTROL transfers
include afinal STATUS phae, constructetrom standard PDs (IN/OUT, DATA1, and
ACK/NAK).

Same CONTROL trarsactions inadlide all required data in their 8-b@tSETUP Data
packet. Othe€CONTROL trarsactions requiremore OUT data thawill fit in to the eight
bytes, or require IN data from the devicene$e trasactons use standard bulkke trans-
fersto move the data. Note in Figure 7-1 the tDATA Stage” looks gactly like a bulk
trarsfer. As with BULK endpoints, the endpadirero bytecountregisters mug be loaded
to ACK the data trasfer stage ba CONTROL transf.
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The STATUS stage ansistsof anempty data packet with thapposite diection of the
data stage, or an IN if there was no dadge. This empty data packet gives thedea
chanceto ACK or NAK the entre CONTROL transfer. The 8051writes a “1” toa bit call
HSNAK (Handsh&e NAK) to clear it and instruct the EZ-USB corgo ACK the STATUS
stage.

The HSNA bit is useda hold off compléingthe CONTROL transfer until the device
has hadime to respond ta request. & example, if the hosssues a Setinterface
requestthe 8051 pdorms various housekeeping chores such as aajusternal modes
and reinitializing endpoints. Dung this time the host issuesittsheke (STATUS stage)
packes to which theEZ-USB coreresponds wititNAKSs, indicaing “busy.” When the
8051 completeghe desird operation, it sets HSNAK=1(by writing a “1” to thebit) to ter-
minate the CONTROL trafer. This handshake prews the host from attempting to use
a partially configured interface.

To peform an endpoint stall for@dDATA o STATUS stage of an edpant zero transfer
(the SETUP stagecan nevestdl), the 8051 must set bothhe STALL and HSNAK bits for
endpoint ero.

Same CONTROL trarsfers do not have BATA stage. Therefe the 8051 code that pro-
cesses the SETUP data should chethe length field ithe SETUP data (in the 8-byte
buffer at SETUPDAT) and am endpoint ero for theDATA phase(by loadingINOBC or
OUTOBC) onlyif the length is non-zero.

Two 8051 interupts provide natication thata SETUP packet &s arrived, as shown in
Figure 7-2.

8 bytes SETUPDAT
Setup 8 RAM
Data bytes

Y sutok *  supav

Interrupt Interrupt

Figure 7-2. TheTwo Interrupts Associated with EPO CONTROL Transfers

The EZ-USB cae ststhe SUTOKIR bit (SETUP Token Inerrupt Request) when thEZ-
USB cae detets theSETUP token at the beginning of a CONTR®ansfer. This inter-
rupt isnormally used only for debug.

The EZ-USB cee ststhe SWDAVIR bit (Setup Bita Available Interrupt Requ when
theeight bytes 6 SETUP data have beeeceived eror-free and transferred toeight EZ-
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USB regsters starting atSETUPDAT. The EZ-USB core t&kescare ofany re-triesif it
findsany errors in the SETUP data. Bheéwo interrupt rquestbits are set by the EZ-
USB cae, and must belearedby firmware.

An 8051 progren responds to #8aSUDAYV interrupt reqest by either directlynspecting
the eight bygs atSETUPDAT or by transfering them to a lodabuffer for further pocess-
ing. Servicing the SBJP data should ba high 805Jpriority, sincethe USBSpecifica-
tion stipulaes that CONTROL transfersust alwaysoe acceptedrad neve NAKd. It is
therefore possible thass CONTROL transfer could arrive while the 8055 still servicing
a previous one. In this satheprevious CONTROL transfer service should be aborted
and the new one serviced. TBdTOK interrupt gives advance warningatla new CON-
TROL trarsfer is about taver-write the eght SETUPDAT bytes.

If the 8051stalls endpoint zerdbfy setting the ERSTALL and HSNAK bits to 1), the EZ-
USB cae automatically clea this stall bit whethe next SEUP token arrives.

Like al EZ-USB irterrupt reuests, he SUTOKIR andSUDAV IR bits can ledirectly
tested andeset by theCPU (they arereset by writing a “1”). hus, if the corresponding
interrupt enable lt¢ are zerothe interupt requestconditionscan still be directly polled.

Figure 7-3 showshe EZ-UBB registerghatdeal with CONTROL tranactions ovelEPO.

Registers Associated with Endpoint Zero
For handling SETUP transactions

Initialization Data transfer ——————
USBIEN | | 1] o] SETUPDAT 8 Bytes of
Globa/ Enable: BT D
T=Setup Token SUTOKIE
D=Setup Data SUDAVIE
Interrupt Control
SUDPTRH ‘15‘14‘13 ‘12‘11‘10‘9 ‘ 8 ‘
USBIRQ‘ ‘T‘ ‘D‘
InterruptRequest SUDPTRL ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 ‘
T=Setup Token SUTOKIR
D=Setup Data SUDAVIR

Figure 7-3. Regsters Associated with EPO Control Transfer

These registers augment thee associated with normal biitransfers over endpat zero,
which are described in Chapter 6, "E-USB Buk Transfers."
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Two hits inthe USBIEN (USB Interrupt Enableregster enable the STUP Token
(SUTOKIE) andSETUP Data interrups. Theactual interapt requesbitsare in the
USBIRQ USB Interupt Requestsyegiste. They ae called STOKIR (SETUP Token
Interrupt Request) andJBAVIR (SETUP Data Interrupt Request).

The EZ-USB cae transfers theeight SHUP bytes into eight bytes &AM at SETUP-
DAT. A 16-bit poiner, SUDPTRH/L giveshardwareassistace for hanting CONTROL
IN trarsfers, in paticular, the USB Get_Bscriptor requestsedcribed later in this chagr.

7.3 USB Requsts

The Universal Serial Bus Specdtion Vesion 1.1, ChapteB, "USB Device Framework"
defines aset of Standad DeviceRequests. When the 8051is in control(ReNum=1), the
EZ-USB core handles one of thesmjuestgSet Addressilirectly, and relies on the 8051
to suppat the others. The 805%kts on device requests by decoding tlydtddytes con-
tained in the SEUP packet Table 7-1 shows the meaning bése eight bytes.

Table 7-1. The Eight Bytes ina USB SETUP Packet

Byte Field Meaning
0 | bmRequestType Request Type, Direction, and Recipient
1 | bRequest The actual request (see Table 7-2)
2 |wValueL Word-size value, varies according to bRequest
3 |wValueH
4 | windexL Word-size field, varies according to bRequest
5 |windexH
6 |wLengthL Number of bytes to transfer if there is a data phase
7 |wLength

The Byte column in tte previoustable showshe byte offset from ETUPDAT. TheField
column showsle different bytes in terequest, where the “bmefix mears bit-map,
“b” means byte, and “wimeans word (16 bits)Table 7-2 shows the ¢fierent values
defined for bReqgest, and how the 8051 spondsto each request The remainder of this
chapter dscribes eeh ofthe Table 7-2equests in detalil.

Note

Table 7-2 applies wheReNum=1, whichsignifies that the 8051, and nthte EZ-USB
core, handles dese requess. Teble 5-2 shows how theore handles eaof these
device requsts whenReNum=0, for example when the chgfirst powered and the
8051 is norunning.
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Table 7-2. How the 8051 Handles USB Device Requests (ReNum=1)

bRequest Name Action 8051 Response
0x00 Get Status SUDAV Interrupt Supply RemWU, SelfPwr or Stall bits
0x01 Clear Feature SUDAV Interrupt Clear RemWU, SelfPwr or Stall bits
0x02 (reserved) none Stall EPO
0x03 Set Feature SUDAV Interrupt Set RemWU, SelfPwr or Stall bits
0x04 (reserved) none Stall EPO
0x05 Set Address Update FNADDR register | none
0x06 Get Descriptor SUDAV Interrupt Supply table data over EPO-IN
0x07 Set Descriptor SUDAV Interrupt Application dependent
0x08 Get Configuration | SUDAV Interrupt Send current configuration number
0x09 Set Configuration | SUDAV Interrupt Change current configuration
0x0A Get Interfac SUDAV Interrupt Supply alternate setting No. from RAM
0x0B Set Interface SUDAV Interrupt Change alternate setting No.
0x0C Sync Frame SUDAV Interrupt Supply a frame number over EPO-IN
Vendor Requests
0xAQ (Firmware Load) Up/Download RAM --
0xAl - OXAF SUDAV Interrupt Reserved by Cypress Semiconductor
All except 0XAO SUDAV Interrupt Depends on application

In the ReNumerated condition (ReNum=1), the EZ-USB core passes all USB requests
except Set Address onto the 8@%d.the SUDAV interrupt. This, in conjunction with the
USB disconnectnnect feature, alvs a completely new and different USB device
(yours) to be characterized by the downloaded firmware.

The EZ-USB core implements one vendor-specific request, namely “Firmware Load,”
0xAO0. (The bRequest value of OxAO is valid only if byte O of the request, bmRequest-
Type, is also “x10xxxxx,” indicating a vendor-specific request.) The load request is valid
at all times, so even after ReNumeration the load feature maybe ugedr dppication
implements vendor-specific USB requestsq you daot wish to use the Firmware Load
feature, be sure to refrain from using the bRequest value 0xAOQ for your custom requests.
The Firmware Load feature is fully described in Chapter 5, "EZ-USB Enumeration and
ReNumeratiofnl ."

Note

To avoid future incompatibilities, vendor requests AO-AF (hex) are reserved by Cypress
Semiconductor.
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7.3.1 Get Status

The USB Specification version 1.0 defines three USB status requests. A fourth request, to
an interface, is indicated in the spec as “reserved.” The four status requests are:

* Remote Wakeup (Device request)

Self-Powered (Device request)

Stall (Endpoint request)

Interface request (“reserved”)

The EZ-USB core activates theSUDAYV interrupt request to tell the 8051 to decode the
SETUP packet and supply the appropriate status information.

8 bytes SETUPDAT
Setup 8 RAM
Data bytes

*  supav

Interrupt

Bytes

INOBUF
64-byte
Buffer
INOBC

Figure 7-4. Data Flow for a Get_Status Request
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As Figure 7-4 illustraes, theB051 responds to theSUDAYV interrupt by decoding the eight
bytes the E-USB core hasopied intoRAM at SETUPDAT. The 8051 answers a
Get_Statusequest (bRequest=0) by loading two bytes into tNeBUF buffer and load-
ing the byte courregister INOBC with the value “2.”The EZ-USB cae transmits these
two bytes in response to ad token. Findly, the8051clears the HSNAK bit (by writing
“1” toit) to instruct the EZ-USB core to ACKthe status stae of the trader.

The fdlowing tables show thaght SETUP bytedor Get_Statuseguests.

Table 73. Get Satus-Device (RenoteWakeup and Salf-Powered Bits)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x80 | IN, Device
1 | bRequest 0x00 |“Get Status” Load two bytes into INOBUF
2 | wValueL 0x00
3 | wValueH 0x00 Byte 0 : bit 0 = Self Powered bit
4 | windexL 0x00 - bit 1 = Remote Wakeup
5 | windexH 0x00 Byte 1: zero
6 | wLengthL 0x02 | Two bytes requested
7 | wLengthH 0x00

Get_Statudevicequeries thestate ¢ two bits, RemoeWakeup and SelPowered. The
RemoteWakeup bit indtates whether or not thdevice is curently erabled to request
remotewakeup. Remote wakeup is explained in ChaptefEZ-USB Power Manag
ment." The SePowered bit intctates whether or not the degisself-powered (as
opposed to USB bus-powered).

The 8051 returns these two bits by loading two bytesINOBUF,and then loading a
byte countof two into INOBC.

Table 7-4. Get Satus-Endpoint (Sall Bits)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x82 | IN, Endpoint Load two bytes into INOBUF
1 | bRequest 0x00 |“Get Status” Byte 0 : bit 0 = Stall bit for EP(n)
2 |wValueL 0x00 Byte 1: zero
3 | wValueH 0x00
4 | windexL EP | Endpoint Number EP(n):
5 | windexH 0x00 0x00-0x07: OUTO-OUT7
6 |wLengthL 0x02 | Two bytes requested | 0x80-0x87: INO-IN7
7 | wLengthH 0x00
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Eadh bulk endpoirt (IN or OUT) hasa STALL hitinits Control ax Statugegister (bit0).
If the CPU setghis bit, any regests to the endpot retun a STALL handshake rather

than ACK or NAK. The Get Status-Endpoint request retumSTALL stae for the end-

point indicated n byte 4 of therequest Note that bit7 of the endpoihnumber EP (byte 4)
speifies direction.

Endpoint zero is a CONTROL endpoint, which by USB dé&tn is bi-directional.
Therefore, it has onlgne stall bit.

About STALL

TheUSB STALL handshake indates that smething unexpected has happened. Fo
instancg, if the host regests an invalid alteriasetting or attempts to send data to a
existent endpointthe devieresponds with STALL handshake over endptizero
instead of ACK or NAK.

Stalls aredefined for dl endpoint ypes except ISCHRONOUS, which do not employ
handshake Every Z-USB bulk endpoint hags own stall bit. Tie 8051 setthe stall
condition for an endpoirily setting the stall bit inHe endpant’'s CSregister. The host
tells the 8051 tosé or clear thestal conditionfor an endpoint usothe Set_Feature/Sta
and Cler_Feature/Stall recgsts.

An example bthe 8051 settig a stall bit would be in a réme thathandles endpoint
zero devce requestslf an undefine or nonsupported request is decoded, the 8051
should stll EPO. (EPO las a single sthbit because it isabi-directional endpoint.)

Once the 805Htalls an endpoint, it should not remave stall until he host issues a
Clear_Feature/Stallrequest. An excetion to ths rukeis endpoint O, whicheports astall
condition ony for the currentransaction, and then autatitally clears the stall condi-
tion. This preventgndpoint 0, the default@\NTROL endpoint, fron locking out device
requests.

non-

=
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Table 7-5. Get Staus-Interface

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x81 | IN, Endpoint Load two bytes into INOBUF
1 | bRequest 0x00 | “Get Status” Byte 0 : zero
2 | wValueL 0x00 Byte 1: zero
3 | wValueH 0x00
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL 0x00 | Two bytes requested
7 | wLengthH 0x00

Get_Status/Intéace is easy: the 8051 tehs two zerdoytes through INOBUFNd clears
the HSNAK bit. The requested bytes are shoam‘Reseved (Resetto zero)” nthe USB
Speification.

7.3.2 SetFeature

Set Feature is ed to enableamote wakeup or stl an endpoih Nodatastage is
requred.

Table 7-6. Set Feature-Device (Set RemdeWakeuw Bit)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x00 | OUT, Device Set the Remote Wakeup bit
1 | bRequest 0x03 | “Set Feature”
2 | wValueL 0x01 | Feature Selector:
Remote Wakeup
3 | wValueH 0x00
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL 0x00
7 | wLengthH 0x00

The only Set_Feature/Device requesspntly defined in the USB specifitan is to set
the remote wakeupit. This is the sameibreported back to the host as a result of a Get
Status-Devierequest(Table 7-3). The host &s this bit to enabler diseble remote
wakeup by the device.
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Table 7-7. Set Feature-Endpoint (Stall)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x02 | OUT, Endpoint Set the STALL bit for the
1 | bRequest 0x03 | “Set Feature” indicated endpoint:

2 | wValueL 0x00 | Feature Selector:
STALL
3 | wValueH 0x00
4 | windexL EP EP(n):
5 | windexH 0x00 0x00-0x07: OUTO-OUT7
6 | wLengthL 0x00 0x80-0x87: INO-IN7
7 | wLengthH 0x00

The only Set_Feature/Endpoietjuest pesently defined in theJSB Spedfication is to
stall an endpoint. The 8051 should respond sxéguesby setting he stall bit in the
Contrd and Statusregister for the ndicated endpoirEP pyte 4of therequest).The 8051
can eiher stall an endpoint on its owm, ia response to the diee request. Endpoint
stals are cleared by¢ hostClear Feature/Stalleguest.
The 8051 should respond to the Settte'Stall request by performing the following

stes:

1. Set the stabit in theindicated endpaot’ s CSregiger.

o~ DN

Set_Feture/Stall CONTROL transfe.

Reset the data todg for the indcated endpoint.

For an IN endpoit) clear the bugbit in theindicated endpat’s CSregider.
For an QJT endpoirt, load any value into the endptis byte count regisr.
Clear he HSNAK bit in the EPOCS register (by wrihg 1 to it) to terminate the

Steps 3 and 4 restore th@lled endpoint to its defit condtion, readyd send or accept
data after the stall condition is removgdthe host (using a Clear_Fature/Stdl request).

These stepsre ale required when the hostreds a Set_Intesce request.

DataToggles

e Set_Inteface

The EZ-USB core autmatically maintains the endpoitdggle bits to ensure data integ-
rity for USBtransfers. The 8051 shodldirectly manipulate e bits only for a very
limited sebof circumgances:

e Set_Feature/Stall
» Set_Configuration

EZ-USB Series 2100 TRM v1.8
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7.3.3 Clear Feature

Clear Feture is used to disable remote wakeup or tarcestalled endpoint.

Table 7-8. Clear Feature-Device Clear RemdeWakeuw Bit)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x00 |OUT, Device Clear the remote wakeup bit
1 | bRequest 0x01 | “Clear Feature”
2 |wvaluel 0x01 |Feature Selector:
Remote Wakeup
3 | wValueH 0x00
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL 0x00
7 | wLengthH 0x00

Table 7-9 Clear Feature-Endpoint (Clear Stall)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x02 |OUT, Endpoint Clear the STALL hit for th
1 | bRequest 0x01 | “Clear Feature” indicated endpoint:

2 |wValuel 0x00 | Feature Selector:
STALL
3 | wValueH 0x00
4 | windexL EP EP(n):
5 | windexH 0x00 0x00-0x07: OUTO-OUT7
6 |wLengthL 0x00 0x80-0x87: INO-IN7
7 | wLengthH 0x00

If the USB device suppostemote wakap (asreported in its descripr table when the
device is enumrated), the Clear_Feature/RetsdNaleup request disdbs the wakeup
capaliity.

The Cler_Feature/Stall removes tistall condtion from an endpoint. The 8051 should
respond by clearing the stall bit in the indicagadpoints CS register.

7.3.4 Get Descriptor

During enumeration, thirost queries &SB devce o learn its capabilities and require-
ments usingset_Descriptor requés Using tables bdesaiptors, the device sends back
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(over EPO-IN) such information as what device driver to load, how many endpoints it has,
its different configurations, alternate settings it may use, and informative text strings about
the device.

The EZ-USB core provides a spectdtup Data Pointeto simplify 8051 service for
Get_Descriptor requests. The 8051 loads this 16-bit pointer with the beginning address of
the requested descriptor, clears the HSNAK bit (by writing “1” to it), and the EZ-USB

core does the rest.

<+«—SETUP Stage ———

S D C
AllE|| C
Ello|(n| Rl 4 By 1% ] SETUPDAT
u Dy Dy C A Dea?ap 1 K 8 RAM
p R||P|| 5 0 6 bytes
Token Packet Data Packet H/S Pkt
T—SUDAV Interrupt
< DATA Stage P
EEIE Nl T2 EAE N s
D|| N|| R T Payload c c D|[ N|| R T Payload c c
D||D|l C Data D||D|l C Data
rRI[P| 5|2 L a rRi[P( 5[ A L a
1 6 0 6
Token Packet Data Packet \ H/S Pkt Token Packet Data Pakket /S Pkt
EPOIN EPOIN
Interrupt Interrupt
D(|C
ol Al EIICI Al R A ~ 64 bytes
D[N R
U T||C c
D||D|l C
T rlilplls All1l K
1]|6 27 bytes/
Token Packet ata Pky \H/S Pk

Figure 7-5. Using the Setup Data Pointer (SUDPTR) for Get_Descriptor Requests

Figure 7-5 illustrates use of the Setup Data Pointer. This pointer is implemented as two
registers, SUDPTRH and SUDPTRL. Most Get_Descriptor requests involve transferring
more data than will fitinto one packet. In the Figure 7-5 example, the descriptor data con-

sists of 91 bytes.
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The CONTRQ transction starts in tausuad way, with the EZ-USB cae transfering the
eight bytean the SETUP packet into RAM at ETUPDAT and activatingthe SIDAV
interrupt request. The 8051 decodeshie Get_[@scriptor reuest and respongby clearing

the HSNAK bit (by wriing “1” to it), and then ladingthe SUDPTR registers with the
address of theequested deriptor. Loading he SUDPTRL registercauseshe EZ-USB

core to automatally respond to twol transfers with 64 bytes and 27 bytes of data using
SUDPTR as a base adsds, and then to respond(®®CK) theSTATUS stage.

The usal endpointzero interupts, SUDAV and ERIN, remain active duringhis auto-
mated tragfer. The 8051 normallgisableshese interrupts because the transfer requires
no 8051 itervention.

Three types of escriptors are definedDevice, Conifguration, andString.

7.3.4.1 Get Descriptor-Device

Table 7-10. Get De<riptor-Device

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x80 |IN, Device Set SUDPTR H-L to start of
1 | bRequest 0x06 | “Get_Descriptor” Device Descriptor table in RAM
2 | wValueL 0x00
3 | wValueH 0x01 | Descriptor Type:
Device
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL LenL
7 | wLengthH LenH

As illustrated n Figure 7-5, the 8051 laols the 2-byte BDPTR with the startingddress
of theDeviceDescriptr table. When BDPTRL is loaded,ite EZ-USB cae performs
the following operations:

1. Reals the requested number oftéy for he transfer from bytes 6 and 7 of the
SETUP pa&et (LenL ard LenH in Table 7-11).

2. Reals the requested stgs descripor to determinethe atual string length.

3. Sends thermaller of (a) therequested number of bytes or (b¢ actual number of
bytes in the string, @ INOBUF wsing theSdup Data Pointer as atdatable

Page 7-14 Chapter 7. EZ-USB Endpoint Zero EZ-USB Series 2100 TRM v1.8



index. This constitutesi¢ second phase dfethree-phase CONTROL #nsfer.
The core Packetizes tldata into multiple data transfeasnecessary.

4. Automaticallychecksfor errors ande-transmts datgpackets ifnecessary.

5. Responds to the third (handshake)sghaf theCONTROL trarsfer to terminate
the operation.

The Setup Dia Pointer can be used for any Geedaripor request; forexample,
Get_Desagptor-String. It can also be used fandor-specific requests (that you dime),
as long as bytes 6-7 contain the enof bytes in theransfe (for step 1).

It is possibldor the 8051 to d manual CONTROL transfers, directly loading the
INOBUF bufer with the various pckets andkeeping trak of which SETUP phase is in
effect. This would beagoodUSB training exercise, btnat necessay due to the hardware
support built intahe EZ-UI corefor CONTROL transfers.

For DATA stage transfes of fewer than 64 byts moving tre datinto the INOBUF buffer
and thendading the EPONBC regster with the byte count woud be equivalert to loading

the Setup Data PointeHoweve, this would wase 8051 overéad kecause th Setup
Data Pointer requires no byte transfers into the INBBuffer.

7.3.4.2  Get Descript or-Configuration

Table 7-11. GetDescriptor-Configuration

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x80 | IN, Device Set SUDPTR H-L to start of
1 | bRequest 0x06 | “Get_Descriptor” Configuration Descriptor table in
2 |wValueL CFG | Config Number RAM
3 | wValueH 0x02 | Descriptor Type:
Configuration
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL LenL
7 | wLengthH LenH
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7.3.4.3

Get Descript or-String

Table 7-12. Get Degriptor-String

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x80 | IN, Device Set SUDPTR H-L to start of
1 | bRequest 0x06 | “Get_Descriptor” Configuration Descriptor table in
2 |wValueL CFG | String Number RAM
3 | wValueH 0x02 | Descriptor Type:
String
4 | windexL 0x00 |(Language ID L)
5 | windexH 0x00 | (Language ID H)
6 |wLengthL LenL
7 | wLengthH LenH

Configuration and strirg descriptorsare handled similaylto devicedescriptors. The 8051
firmware reads byte 2 dfi¢ SETUP daa todetermine whi® configuraionor string is
being requsted, loads the eeesponding table pointer in®JDPTRH-L, and the EZ-
USB cae doegherest.

7.3.5 SetDe<riptor

Table 7-13 Set De<riptor Device

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x00 |OUT, Device Read device descriptor data over
1 | bRequest 0x07 |“Set_Descriptor” OUTOBUF
2 | wValueL 0x00
3 | wValueH 0x01 | Descriptor Type:
Device
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL LenL
7 | wLengthH LenH
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Table 7-14. Set Descriptor-Configuration

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x00 |OUT, Device Read configuration descriptor
1 | bRequest 0x07 |“Set_Descriptor” data over OUTOBUF
2 | wValueL 0x00
3 | wValueH 0x02 | Descriptor Type:

Configuration
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL LenL
7 | wLengthH LenH
Table 7-15. SetDescriptor-String

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x00 | IN, Device Read string descriptor data over
1 | bRequest 0x07 | “Get_Descriptor” OUTOBUF
2 | wValueL 0x00 | Config Number
3 | wValueH 0x03 | Descriptor Type:

String
4 | windexL 0x00 |(Language ID L)
5 | windexH 0x00 | (Language ID H)
6 |wLengthL LenL
7 | wLengthH LenH

The 8051 hades Se_Descripta requests by clearing th#SNAK bit (by writing “1” to

it), then readingdescriptordata directly fronthe QJTOBUF bufer. TheEZ-USB core
keepstrad of the numbeof byestransfered from the hosinto OUTOBUF, and compares
this numler with thelenghfield in bytes 6 and 7. When the proper number of bytes has
been transferred, tre EZ-USB ®re automattally respondgo the statuspha®, whichisthe
third and finalstage & the CONTROL transfer.

Note

The 8051 contris the flow of data in the Datat&)je of aControl Transfe. After the
8051 pra@esseseach OUT packeif loads any valueto theOUT endpoint’s byte count

regiser to rearm the endpoint.
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Configurations, Interfaces, and Alternate Settings

Configurations, Interfaces, and Alternat-
A USB device has one or mazenfigu-
ration. Only one configuration is active Config 1 Config 2
at any tlme High Power Low Power
A configuration has one or moiater- /\
face all of which are concurrently active.
: . . Interface O Interface 1 Interface 2 Interface 3

Multiple interfaces allow different host- | corow || 7207 s o
side device drivers to be associated wit
different portions of a USB device. /\

. Alt Setting Alt Setting Alt Setting
Each interface has one or maiernate 0 ! T
setting. Each alternate setting has a co ® &

lection of one or more endpoints.

This structure is a software model; the EZ-USB core takes no action when these [settings
change. However, the 8051ust re-initialize endpointswhen the host changes config-
urations or interfaces alternate settings.

As far as 8051 firmware is concernecatoafigurationis simply a byte variable that ind
cates the current setting.

The host issues a Set_Coniguration request to select a configuration, and a
Get_Configuration request to determine the current configuration.
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7.3.6 SetConfiguration

Table 7-16. Set Corfiguration

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x00 |OUT, Device Read and stash byte 2, change
1 | bRequest 0x09 | “Set_Configuration” | configurations in firmwar
2 | wValueL CFG | Config Number
3 | wValueH 0x00
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL 0x00
7 | wLengthH 0x00

When the hetissues the Set_Cagtiration requs, the 805Isavesthe configuration
numbe (byte 2 n TableTable 7-16), performs any internal eations neessary to sup-
port the configuration, andinally clears the HSNAK bit (by writing “1” to it) to terminate
the Set_Cofiguration GONTROL trarsfer.

Note

After setting aconfiguration the host issusSet_Interface&eommands to set up theavi-
ousinterfaces contained in thenfiguration.

7.37 Get Configuration

Table 7-17. Get Configuration

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x80 | IN, Device Send CFG over INOBUF after
1 | bRequest 0x08 | “Get_Configuration” | re-configuring
2 | wValueL 0x00
3 | wValueH 0x00
4 | windexL 0x00
5 | windexH 0x00
6 |wLengthL 1 |LenL
7 | wLengthH 0 |(LenH

The 8051 returnthe current configuration number. It loadsthe configuation number into
EPOIN, loads a byteount of one intd&aPOINBC, and fnally clears he HSHAK bit (by
writing “1” to it) to terminate the Set_Ctiguration CONTROL tansfer.
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7.3.8 Setlnterface

This confusingly named USB ocamard actually sets andeads bak alternate settinggor
a specified interface.

USB devices can have multgdoncurent interfeces. For example a dece may have an
audp system thatigppatsdifferent sanplerates, and a grapleicortrol pané that supports
different languageskach intefacehas a ollection of endpoints. Exapt for endpoint O,
which each interfacaises for device contreendpoints mayot be shared between inter-
faces.

Interfacesmay report atemate ®ttings in thér descriptors. For example, the audio inter-
face may have setting 0, 1, and 2 for 8-KB2;KHz, and 44-KH sample rates, and the
panel inerface ma have settings 0 and 1 for English and SganThe Set/Ge Interface
requestselect betveen the variouslternatesettingsin an interface.

Table 7-18. Set Interface (Actually, Set Alternate Setting ASfor Interface IF)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x00 |OUT, Device Read and stash byte 2 (AS) for
1 | bRequest 0X0B | “Set_Interface” Interface IF, change setting for
2 |wValueL AS | Alt Setting Number | Interface IF in firmware
3 | wValueH 0x00
4 | windexL IF | For this interface
5 | windexH 0x00
6 |wLengthL 0x00
7 | wLengthH 0x00

The 8051 should respond to a Set_tifstee request by perming the dllowing steps:

» Pefform the inérnal operation requested (such as adjgséi sampling rate).
* Reset the data todgs for @ery endpoint irthe inerface.
* Foran IN endpoif clear the bugbit for every endpoint in the interface.

* Foran QJT endpoir, load any value into the byte count retgir for every end-
point in the inteface.

* Clear he HSNAK bit (by writing “1” to it) to terminate the Set_Feature/Stall
CONTROL trangér.
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7.3.9 Get Interface

Table 7-19. GetInterface(Actualy, Get Alternate Setting AS for interface IF)

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x81 | IN, Device Send AS for Interface IF over
1 | bRequest 0x0A |“Get_Interface” OUTOBUF (1 byte)
2 | wValueL 0x00
3 | wValueH 0x00
4 | windexL IF | For this interface
5 | windexH 0x00
6 |wLengthL 1 |LenL
7 | wLengthH 0 |(LenH

The 8051simply retumns the alterate seting for therequestednterface IF, and clears the
HSNAK bit by witing “1” to it.

7.3.10 SetAddress

When a USB devicssfirst plugged in, it responds to device asldrO umtil the host

asigns t a uniqueaddress wsing the Set_Addsss request. TheZUSB cae copes this
device addsss into the FNADDR (Funin Address) register, and subsequently responds
only to requsts to this addres This addess is ineffect unil the USB device is
unplugged, the sbisstes a USBReset, or the het powers down.

The FNADDR registeran be read, buhat written by the 8051. W&meve the EZ-USB
coreReNumeratd], it automatielly resetsiie FNADDR to zero allowing thdevice to
comeback as new.

An 8051 program does not need to knowdbeace addres, becausehe EZ-USB core

automatically responds only to the hassigned FNADR value The EZUSB core
makes it readable by the 8051 for debumgdostic puposes.
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7.311 Sync Frame

Table 7-20. Synd-rame

Byte Field Value Meaning 8051 Respons
0 | bmRequestType 0x82 | IN, Endpoint Send a frame number over
1 | bRequest 0x0C | “Sync_Frame” INOBUF to synchronize endpoint
2 | wValueL 0x00 EP
3 | wValueH 0x00
4 | windexL EP | Endpoint number
5 | windexH 0x00 EP(n):
6 | wLengthL 2 LenL 0x08-0x0F: OUT8-0UT15
7 | wLengthH 0 LenH (0x88-0x8F: IN8-IN15

The SyncFrame requs is used toestablis a marker in time sthe host and USB device
can synchronize niti-frame transfers over isochronous endpoints.

Supmse an isochwnous trasmission consistsf a repeating sequence of five 300 byte
packes transntted from haost to device over EP8-OUT. Both hosténd device maintain
sequenceaurtersthat count repeatdgt from 1 to 5 to keep track ofi¢ pa&ets inside a
tramsmission. To start up in synbothhost and device need to reset their cowto 1 at the
same time (in theameframe).

To get in sync, thaost issues the $nc_Frame request wih EP=E-OUT (byte4). The
8051 firmware responds by loading INOBUWith a two-byte fraracount for some future
time; for example, theurrent frame plus 20. fis marksframe “current+20” as the sync
frame during which both sides will initiakie their sequace counterso 1. The 8051 reads
thecurrent framecount in the USBRAMEL and USBFRAMEH registers.

Multiple isochronous endpats can be synchronized in timanner. The051 keeps sep-
arate internal sequenceuntsfor each endpoint.

About USBFrames

The USB host issuea SOF(Start Of Frame) packet one evely millisecond Evely SOF
packet containan11-bit (mod-2048)rame numbr. The8051sewicesall isochronous
transfers at SOfme, wsing a single S@ interrupt requet and vetor. If the EZ-USB
core detects missing SOF packet, it uses aneimal counter to genaathe SOF inter-
rupt.
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7.3.12 Firmware Load
The USB endpoint zero protocol provides a mechanism for mixing vendor-specific

requests with the previously described standard device requests. Bits 6:5 of the bmRe-
guest field are set to 00 for a standard device request, and to 10 for a vendor request.

Table 7-21. Firmware Download

Byte Field Value Meaning 8051 Response
0 | bmRequestType 0x40 | Vendor Request, OUT | None required
1 | bRequest OXAO0 | “Firmware Load”
2 |wValueL AddrL | Starting address
3 |wvalue AddrH
4 | windexL 0x00
5 |windexH 0x00
6 |wLengthL LenL | Number of bytes
7 | wLengthH LenH
Table 7-22. Firmware Upload
Byte Field Value Meaning 8051 Response
0 | bmRequestType 0xCO |Vendor Request, IN None Required
1 | bRequest OXAO0 | “Firmware Load”
2 |wValueL AddrL | Starting address
3 |wvalue AddrH
4 | windexL 0x00
5 |windexH 0x00
6 |wLengthL LenL | Number of Bytes
7 | wLengthH LenH

The EZ-USB core responds to two endpoint zero vendor requests, RAM Download and
RAM Upload. These requests are active in all modes (ReNum=0 or 1).

Because bit 7 of the first byte of the SETUP packet specifies direction, only one bRequest
value (OxAO) is required for the upload and download requests. These RAM load com-
mands are available to any USB device that uses the EZ-USB chip.

A host loader program typically writes 0x01 to the CPUCS register to put the 8051 into
RESET, loads all or part of the EZ-USB internal RAM with 8051 code, and finally reloads
the CPUCS register with O to take the 8051 out of RESET. The CPUCS register is the
only USB register that can be written using the Firmware Download command.
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8 EZ-USB Isochronous Transfers

8.1 Introduction

Isochronous endpoints typically handle time-critical, streamed data that is delivered or
consumed in byte-sequential order. Examples might be audio data sent to a DAC over
USB, or teleconferencing video data sent from a camera to the host. Due to the byte-
sequential nature of this data, the EZ-USB chip makes isochronous data available as a sin-
gle byte that represents the head or tail of an endpoint FIFO.

The EZ-USB chips that support isochronous transfers implement sixteen isochronous end-
points, IN8-IN15 and OUT8-OUT15. (24 bytes of FIFO memory may be distributed

over the 16 endpoint addresses. FIFO sizes for the isochronous endpoints are programma-
ble.

8051 FIFO

A

OUTNnDATA Register

(n=8-15) SOFT
USB

USB FIFO ouT
Data

INNDATA Register }—» 8051 FIFO

(n=8-15) SOFl
USB

USB FIFO IN
Data

Figure 8-1. EZ-USB Isochronous Endpoints 8-15

The 8051 reads or writes isochronous data using sixteen FIFO data registers, one per end-
point. These FIFO registers are shown in Figure 8-1 as INNDATA (Endpoint n IN Data)
and OUTNnDATA (Endpoint n OUT Data).

The EZ-USB core provides a total of 2,048 bytes of FIFO memory (1,024 dgtdsde-
buffered) for ISO endpoints. This memory is in addition to the 8051 program/data mem-
ory, and normally exists outside of the 8051 memory space. The 1,024 FIFO bytes may be
divided among the sixteen isochronous endpoints. The 8051 writes sixteen EZ-USB reg-
isters to allocate the FIFO buffer space to the isochronusiats. The 8051 also sets
endpoint validbits to enable isochronous endpoints.
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8.2 | sochronousl N Transfers

IN transferdravelfrom device to hostFigure 8-2 shows the EZ-USB registerand bits
associated with istronousIN transfers.

Registers Associated with an ISO IN endpoint
(EP8IN shown as example)
~—— Initialization ——— ———— Data transfer ————
INISOVAL‘15‘14‘13‘12‘11‘10‘9‘8‘ |N8DATA‘7‘6‘5‘4‘3‘2‘1‘0‘
Endpoint Valid (1=valid) Data to USB

INSADDR ‘Ag ‘AS ‘A7 ‘AG ‘AS ‘A4‘ 0 ‘ 0 ‘
FIFO Start Address (see text)

usiRQ [+ [+ +]s 2 4]0
SOFIR (1=clear request)
\ /

USBPAIR |7 6 |s|afs]2]1 0]
ISOSENDO (see text)

USBIEN‘?‘G‘SM
SOFIE (1=enabled)

2] ]o]

Figure 8-2. Isochronous IN Ehdpoint Registers

8.2.1 Initialization
To initialize an isochronoudNlendpointthe 8051performsthe following:

» Sets theendpoint valid bit for the endat.

» Sets theendpoints FIFO size by loading atarting addresgSection 8.4, "Setting
Isochronou$IFO Sizes").

» Sets thdSOENDO bit in the UBPAIR registerfor thedesired regponse.

» Enabks theSOF interrupt. All isoclanouws endpoirts are serviced in sponse to
the SOF interrupt.
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The EZ-USB coe useghe ISOSENDO bit to determine tat to do if:

* The 8051doesnot load anybytes to anNNDATA register during the previous
frame, and

* An IN token fa thatendpoint arivesfrom thehost.

If ISOENDO=0 (the @fault value), he EZ-USB cre does not respond tieet IN token.
If ISOSENDO=1, the EZ-USB o®sends aero-lengthdata packein response tde IN
token. Which action to take depends on the overall system dédgnSOSENDO bit
applies to dlof the isochronous IN endpdgh EP8IN through P15IN.

8.2.2 IN DataTransfers

When an SOF interrupt occurs, the 8051respnted with empty IIRIFOsthat it fills
with datato be transfered to the hosturing the nexframe The 8051 hasl msto transgr
data into theselFOs before the next SOF eéntupt arrives.

To respond to the SOF interrupt, the 805hrsléhe USB interrupt (8051 INT2), and
clearsthe SOFIR (Sart Of Frame Interrupt Request}hiritinga“1” to it. Then, the 8051
loads dainto the appropriatisochronos endpoint The EZ-USB core keepsrad of the
number of byteshe 8051 loadto eat INNDATA regster, and subsequdy transfers the
correct number of bytes responseo the USBIN token during the next frame.

The EZ-USB FIFO swap occurs eveSOF, even ifduring the previousframe the host did
not issue an IN token to read the isochronous Fl&@Q,or if the host encountered an
error in the dat USB isochronous dates ro re-try mechanism like bulldata.

8.3 IsochronousOUT Transfers

OUT transferstravel fromhost to device. Figure 8-3showsthe EZ-USB registesand bits
associated with isochrono@UT transfers.
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Registers Associated with an ISO OUT endpoint
(EP150UT shown as example)

—  Initialization Data transfer

OUTISOVAL |15 |1 ]13 12 [u]w0 ]9 m OUT15DATA |7 |s |s|e|a]2]1]0]
Endpoint Valid (1=valid) Data from USB

OUT15ADDR ‘AQ ‘AB ‘A7 ‘AG ‘A5 ‘A4 ‘ 0 ‘ 0 ‘
FIFO Start Address (see text)

useirg [ ¢ [+ [+ s ]2 [1]o]
SOFIR (1=clear request)

USBIEN |7 s [s[4]a2]1]0]
SOFIE (1=enabled) OUT15BCH \ 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 0 \ 8 \
Received Byte Count (H)

OuT15BCL |7 [6 |5 |a|s|2]1]0]
Received Byte Count (L)

ISOERR ‘15‘14 ‘13‘12‘11 ‘10‘9 ‘ 8 ‘
OUT15 CRC Error (1=error)

Figure 8-3. Isochronous OUT Registers

8.3.1 Initialization
To initialize an isochronous OUT endpoint, the 8051:

» Sets the endpoint valid bit for the endpoint.

» Sets the endpoint’s FIFO size by loading a starting address (Section 8.4, "Setting
Isochronous FIFO Sizes").

* Enables the SOF interrupt. All isoomousendpoints are serviced in response to
the SOF interrupt.

8.3.2 OUT DataTransfer

When an SOF interrupt occurs, the 8051 is presented with FIFOs containing OUT data
sent from the host in the previous frame, along with 10-bit byte counts, indicating how
many bytes are in the FIFOs. The 8051 has 1 ms to transfer data out of these FIFOs before
the next SOF interrupt arrives.
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To respond to the SOF interrupt, the 805hrsléhe USB interrupt (8051 INT2), and
clears the SOFIR bit by writing one to it. Then, the 805dseata fron the appropriate
OUTNDATA FIFO register(s). The 8051 can check anmribin the ISOERR register to
determinef a CRC error occurrel for the endpoint da. Isoclhonous data is never
present,so thefirmware mustlecide what to do witbadCRC data.

8.4  Setting Isochronous-IFO Sizes

Up to sixtea EZ-USB isochonous endpoirts hare an EZ-USB 1,024-bytdRAM which
can be configureds oneto sixeen FIFOs. The 8051itralizes te endpait FIFO sizes
by specifying the starting adadress for eachFIFO within the 1,024 byts, starting at address
zero. The isochronous FIFOs can exist anywhere in the by@d& but theusermust
take care to ensutbat there ssufficient space betweestart addressesd accommodate
the endpoint FFO size.

Sixteenstart addressegistersset the isochronosiFIFO sizes(Table 8-1). heEZ-USB

core onstructs the addsss writing the 1,024 bgtrange from the regiat value as shown
in Figure 8-4.

Address

A9 | A8 | A7 | A6 | A5 | A4 0 0 0 0

Register

Figure 8-4. FIFO Start Address Format
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Table 8-1. IsochronousEndpoint FIFO Starting AddressRegisters

o
_
o
o

Register Function b7 | b6 | b5 | b4 | b3 | b2
OUTBADDR | Endpoint 8 OUT Start Address Ad | A8 | A7 | A6 | A5 | Ad
OUT9ADDR | Endpoint 9 OUT Start Address Ad | A8 | A7 | A6 | A5 | Ad
OUT10ADDR | Endpoint 10 OUT Start Address | A9 | A8 | A7 | A6 | A5 | Ad
OUT11ADDR |Endpoint 11 OUT Start Address | A9 | A8 | A7 | A6 | A5 | Ad
OUT12ADDR | Endpoint 12 OUT Start Address | A9 | A8 | A7 | A6 | A5 | Ad
OUT13ADDR |Endpoint 13 OUT Start Address | A9 | A8 | A7 | A6 | A5 | Ad
OUT14ADDR |Endpoint 14 OUT Start Address | A9 | A8 | A7 | A6 | A5 | Ad
OUT15ADDR | Endpoint 15 OUT Start Address | A9 | A8 | A7 | A6 | A5 | Ad
INSADDR Endpoint 8 IN Start Address Ad | A8 | AT | A6 | A5 | Ad
IN9ADDR Endpoint 9 IN Start Address A9 | A8 | AT | A6 | A5 | Ad
IN1IOADDR Endpoint 10 IN Start Address A9 | A8 | A7 | A6 | A5 | Ad
IN11ADDR Endpoint 11 IN Start Address A9 | AB | A7 | A6 | A5 | Ad
IN12ADDR Endpoint 12 IN Start Address A9 | AB | AT | A6 | A5 | Ad
IN13ADDR Endpoint 13 IN Start Address A9 | AB | A7 | A6 | A5 | Ad
IN14ADDR Endpoint 14 IN Start Address A9 | AB | A7 | A6 | A5 | Ad
IN15ADDR Endpoint 15 IN Start Address A9 | AB | A7 | A6 | A5 | Ad

ol ol ol Ol O] ©O| O]l O] Ol Ol O] ©O| O] ©O| ©Of ©
ol ol ol Ol O]l O| O]l O] Ol Ol O] ©O| O] ©O|] ©Of ©

The size of an isochronous endpoint FIFO is determined by subtracting consecutive
addreses inTable 8-1, and multiplying byour. Values writtento these registers should
have thewo LSBs <t to zero. Thedst endpoint, EP15IN, hassize of 1,024 minus
IN15ADDR timesfour. Because t#10-bit effective addess has tefour LSBssd to zero
(Figure 8-4), the FFO sizs ae allocated in increments of 16 bytdsor example, if
OUT8BADDR=0x00 and OO9ADDR=0x04, EBOUT has a FIFO sizef the difference
multiplied by four orl6bytes.

An 8051 asembler or Ccompiler may beised ¢ translde FIFO szes nto garting
addreses. Theassembler ganple in Figure 8-5 shows a block efuates for the 16 iso-
chronous FIFGizes, followedoy assembler equains to compute theorresponding
FIFOrelative address \aes. To inialize all sixeen FFO sizes, the 8051 merely copies
the table stamig at 8OUTAD to thesixteen EZUSB registers starting &®DUTSADDR.
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0100 EP8SINSZ equ 256 ; 1'so FIFO sizes in bytes
0100 EP8OUTSZ equ 256

0010 EP9INSZ equ 16

0010 EPOOUTSZ equ 16

0010 EP10INSZ equ 16

0010 EP100UTSZ equ 16

0000 EP11INSZ equ 0

0000 EP110UTSZ equ 0

0000 EP12INSZ equ 0

0000 EP120UTSZ equ 0

0000 EP13INSZ equ 0

0000 EP130UTSZ equ 0

0000 EP14INSZ equ 0

0000 EP140UTSZ equ 0

0000 EP15INSZ equ 0

0000 EP150UTSZ equ 0

0000 8OUTAD equ 0 ; Load these 16 bytes into ADDR regs starting OUT8ADDR
0040 90OUTAD equ 8OUTAD + Low(EP8OUTSZ/4)
0044  100UTAD equ 90UTAD + Low(EP9OUTSZ/4)
0048 110UTAD equ 100UTAD + Low(EP100UTSZ/4)
0048 120UTAD equ 110UTAD + Low(EP110UTSZ/4)
0048 130UTAD equ 120UTAD + Low(EP120UTSZ/4)
0048 140UTAD equ 130UTAD + Low(EP130UTSZ/4)
0048 150UTAD equ 140UTAD + Low(EP140UTSZ/4)
0048  8INAD equ 150UTAD + Low(EP150UTSZ/4)
0088  9INAD equ 8INAD + Low(EP8INSZ/4)

008C  10INAD equ 9INAD + Low(EP9INSZ/4)

0090  11INAD equ 10INAD + Low(EP10INSZ/4)
0090  12INAD equ 11INAD + Low(EP11INSZ/4)
0090  13INAD equ 12INAD + Low(EP12INSZ/4)
0090  14INAD equ 13INAD + Low(EP13INSZ/4)
0090  15INAD equ 14INAD + Low(EP14INSZ/4)

Figure 8-5. Assmbler TranslatesFIFO Sizego Addresses

Theassembleccompues serting addesses in Fyure 8-5 by adding #yprevious end-
points addess to the desiredze shifted right twice. fis digns A9 with bit 7 as shown
in Table 8-1. The LOW perator takes the low byte of the resulting 16 ®&ipression

The uer of this code m& ensuie that he szes given intie first equate blockare all mul-
tiples d 16. Thsiseasy to tell by ingection—theleast significart digit of the lex values
in thefirst column should be zero.
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8.5 IsochronousTransfer Speed

The amount bdata USB catransfer duringa 1-msframe is slightly more than 1,000
bytes pefframe (1,500 bytes #oretical, without accounting for USB overhead and bus
utilization). A dewié s actual isochonous transfer bamddth is usually étermined by
how fest the CPU can move data in and otitts isochronous endpdigIFOs.

The 8051 codexamge in Figure 8-6 shows ggical transfer loop for moving eathal
FIFO data into an IN endpointFO. This code assumes that 81is moving data
from an externgFIFO attached b the EZ-USB data b and strobed by #1RD signal, into
an internaisochronous$N FIFO.

mov dptr,#8000H ; pointer to any outside address

inc dps ; switch to second data pointer

mov dptr,#INSDATA ; pointer to an IN endpoint FIFO (IN8 as example)

inc dps ;  back to first data pointer

mov r 7, #nBytes ;1 7is loop counter—transfer this many bytes
loop: movx a, @dptr ;. (2) read byte from external bus to acc

inc dps ;. (1) switch to second data pointer

movx  @lptr,a ; (2) write to ISO FIFO

inc dps ;. (1) switch back to first data pointer

djnz r 7,loop ;. (3) loop ‘nBytes’ times

Figure 8-6. 8051 Code to Transfer Data toan Isochronous HFO (INSDATA)

The numbers in parentses indcate 8051 cyes. One cycle isdur clocks, and teEZ-
USB 8051is clocked at 24 MHz (2ns). Thus, an 8051 cycle takes 4*4268 ns, and the
loop takes 9 cycles or3us. Thisloop can transfer about 660 tegtinto an N FIFO
every millisecond (1 ms/3yus).

If more speed irzqured,the loop can &unrolled by in-line coding théirst four instruc-
tions in the loop. Then, a byte isrisierred in 6cycles (24 clocks) whickquates to lus
per byte. Using thismethod, the 8051 couldarsfer 1,000 bytes intoralN FIFO every
millisecond.In practice,a bette solution is to indine code ont aportion of theloop code,
which deceasesfull in-line peformanceonly slighty and usesar fewer bytes of program
code.
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8.6 Fast Transfers

EZ-USB hasa special fast transfer mode for applicgons tret use exemal FIFOs con-
nected to te EZ-USB data bus. Tdse gplications ypically require veryhigh transfer
speeds in and out &Z-USB endpoinbuffers.

EZ-USB

Registers
(Addressed
DPTR > as external
RAM)

| I

movx a,@dptr movx @dptr,a

! |

Accumulator

Figure 8-7. 8051 MOVX Instructions

The 8051 transfers data and fromEZ-USB regsters and RAMusing the MOVX (move
externa) instruction (Figure 8-7). The 8051 loads ahés two 16-bit data pokers
(DPTR) with an addresimn RAM, and then executes a@¥ X instruction to transfer data
between th@accumulaor and the byte@ddressedbyDPTR. The “@” symbdindicates
that the addsss is supplidindirectly, by the DPTR.

The EZ-USB cae monibrs MOVX transfers betweethe accurnlator andany of thesix-
teenisochronous-IFOregisters. If an enableibis =t (FISO=1 in be FASTXFR regis-
ter), anyread or write to aisochionous FFO register causes the EZ-USB core to connect
the citato theEZ-USB dhta busD[7..0], and generate external read/wrg&gobes One
MOVX instruction thus transfers a byte of data inaut of an endpot FIFOand gener-
atestiming strobes for amoutside FIFO or remory. The 2-cycleMOVX instruction takes
2 cycles or 33ds. Fgures 8-8 and 8-9 show thetddlow for fast writesand reds over
the EZ-USB data ba
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Fast Bulk Transfers

The EZ-USB core provides a special auto-incrementing data pointer that makes the fast
transfer mechanism available for bulk transfers. The 8051 loads a 16-bit RAM address
into the AUTOPTRHY/L registers, and then accesses RAM data as a FIFO using the
AUTODATA register. Section 6.16, "The Autopointer" describes this special pointer

and register.

8.6.1 Fast Writes

DPTR » ISO OUT FIFO
=
% PR External FIFO
E D[7.0] or ASIC
S
1yl

Accumulator

Figure 8-8. Fast Transfer, EZ-USB to Outside Memory

Fast writes are illustrated in Figure 8-8. When the fast mode is enabled, the DPTR points
to an isochronous OUT FIFO register, and the 8051 executes the “movx a,@dptr” instruc-
tion, the EZ-USB core broadcasts the data from the isochronous FIFO to the outside world
via the data bus D[7..0], and generates a Write Strobe FWR# (Fast Write). A choice of
eight waveforms is available for the write strobe, as shown in the next section.
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8.6.2 Fast Reads

DPTR > ISO IN FIFO

=
<
_‘g. FRD#
@/1 External FIFO
g D[7..0] or ASIC
=l

<

N

Accumulator

Figure 8-9. Fast Transfer, Outside Memory to EZ-USB

Fast eads aeillustrated in Figure 8-9. When thasf modeis enabled, thBPTR points
to an isochronous OUMIFO regiser, and the 8051 executdgt*movx @dptr,a” instruc-
tion, the EZ-USB re breaks theata p&h from the accumulator the IN FIFOregister,
and insteadvrites te IN FIFO usingoutsdedata from D[7..0]. TREZ-USB core syn-
chronizes thistransfer by geerating a HFO Rea Strobe FRD# (FastRead). A choice of
eight waeform is availdle for the read strobe, as shown in the next section.

8.7  FastTransfer Timing

The 8051 sets bits ineéFASTXFR register teded the fest ISO andor fast BULK mode
and to adjust the timing and polaraf the ead and witie strobes FRD# and FWR#.

FASTXFR Fast Transfer Control 7TFE2
| b7 b6 b5 b4 b3 b2 bl bo |
I FISO FBLK RPOL RMOD1 RMODO WPOL WMOD1 | WMODO I

Figure 810. The FASTXFR Register Controls FRD# and FWR# Strobes

The 8051sets ASO=1 toselectthe fast ISO mode and FBLK=1 tcekectthe fast Bulk
mode. The 805lekctsread and wte strobepusepdarities with the RPOL and WPOL
bits, where O=acte low, and 1=acte high. Rad and wite strobe timings are set by
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RMOD1-RMODO for read sbbes and WMO1-WMODO forwrite strobes, as shown in

Figure 8-11 (write) and fgure 842 (read).

Note

Whenusing the &st transfer feature, be sure to enable the #&1d FWR# strobe sig-

nalsin the PGRTACFG regster.

8.7.1 Fast Write Wavefams

’47 tCL ﬂ
41.66 ns
CLk24 | | |

D[7.0] — Output )

stretch=000

stretch=000

FWR#[00]

stretch=000

|

FWR#[01]

stretch=000

FW R#[10]
_\ / stretch=000
FWR#[11] | /

D[7..0] —( Output stretch=001 )—
FWR#00] | stretch=001
FWR#[01] \ stetch=001 [
FWR#[10] | | stretch=001
FWR#[11] stetch=001 |

[nn] = WMOD1:WMODO, WPOL=0
Note: If WPOL=1 the waveforms are inverted

Figure 8-11. Fast WriteTiming
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The tming dhaices fa fast write plses (FWR#) are shown in FigBel1l. The 8051 can
extend the output datnd widths of thespulses by setting cychltretch values greater
thanzero in the 805Llock ControlRegisterCKCON (at SFR bcaion Ox8E). The top
five waveforms showhe fasest write tmings,with astretch value of 00@yhich per-
forms the writan eight 8051 cldks. The bottom five wa¥erms show the same wave-
forms with a stretch value of 001.

8.7.2 Fast Read Wavefams

tCL
41.66 ns

0sC24 | I e I S N
D[7..0] {in})

FRD#[00] \ / stretch=000, 001

D[7..0] @}

FRD#[01] \ / stretch=000, 001

D[7..0] G@

FRD#[10] \ / stretch=000

FRD#[10] \ | streteh=001

D[7..0] {In)

FRD#[11] \ / stretch=000

FRD#[11] \ stretch=001 |

[nn] = RMOD1:RMODO, RPOL=0
Note: If WPOL=1 the waveforms are inverted

Figure 8-12. Fast Read Timing

The timing doices fa fastread pulses (FRD#) areshown in Figure 8-12Read Strobe
wavefamsfor stretch values of 000 and 0@de indicated. Although twof the read
strobe widths an be extended ugy stretch values greatehan 00Qthetimes that the
input data is sampled by th&@BJSB core remans the sme as shown.
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FRD#strobes [0 and [01], along with th€©SC24 clock signadre typicaly used to con-
nect to an exteal synchonous FFO. The on-clock-wide read strobe ensures that the
FIFO addess advances only @a per clock. Thesecondstrobe [01] isfor FIFOs that put
data on the bus oratock afte the read strobeStretch values abov@0 serve only to
extend the 8051 cyclentes, wthou affecting the width of the RD# grobe.

FRD#strobes [10] and 1] are typically connected to an exteraggnctronows FIFO,
where no clocksrequired. Strobe [13amges the data athe same time as strobe [11],
but provides a widgpulse width (for strech=000), which isrequired bysome audio
CODECS Timing values forthesestrobesignals are given in Chapt 13, “EZ-USB AC/
DC Paameters.”

8.8  FastTransfer Speed

The 8051 codexamge in Figure 8-13 showsteansfer loop for moving externeFIFO
data into the endpoint®N FIFO. This code mass data fom an extemal FIFO attached
to the Z-USB diata bus andtrobed by the FRD# signal, into theF&l regster INSDATA

(init) mov dptr, #FASTXFR ; setup the fast ISO transfer mode
mov a, #10000000b ; FISO=1, RPOL=0, RM1-0 = 00
movx  @lptr,a ; load the FASTXFR register
mov dptr,#INSDATA ;  pointer to IN endpoint FIFO
mov r7,#80 ; r7isloop counter, 8 bytes per loop

loop: movx  @lptr,a ;. (2) write IN FIFO using byte from external bus
movx  @ptr,a ; (2) again
movx  @lptr,a ; (2) again
movx  @ptr,a ; (2) again
movx  @ptr,a ; (2) again
movx  @ptr,a ; (2) again
movx  @ptr,a ; (2) again
movx  @ptr,a ; (2) again
djnz r 7,loop ;. (3) do eight more, ‘r7’ times

Figure8-13. 805L Code to Transfer 640 Bytesof External Data to an IsochronousIN FIFO

Thisroutineuses a combiation of in-line and looped code to transfer 640 bytes into the
EP8IN FIFO from an exernal HFO. The loop transfers eight byiesl9 cycles, and it
takes 80 tnes through the loop toansfer 640bytes. Therefore, theotal transfer time is
80times 19 cycles, or 1,520 dgs. The 640 byte transfer thus takes 1,520*166r252
us, or approximetely one-fourthof the 1-ms USB frame time.

Using thsroutine, the time to compldy fill one isochronows FIFO with 1,024 bytes
(assuming all 1,024 isochronskIFO bytesare assiged to one endpoint) would be 128
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times 19 cycles, or 2,432 cycles. The 1,024 byte transfer would taks, #33 than half
of the 1-ms USB frame time.

If still faster time is required, the routine can be modified to put more of the MOVX
instructions in-line. For example, with 16 in-line MOVX instructions, the transfer time
for 1,024 bytes would be 35 cycles times 64 loops or 2,240 cycles, @8, 3f18% speed
improvement over the eight instruction loop.

8.9  Other Isochronous Registers

Two additional registers, ISOCTL and ZBCOUT, provide additional isochronous end-
point features.

8.9.1 Disable ISO

ISOCTL Isochronous Control 7FA1
| b7 b6 b5 b4 b3 b2 bl bo |
I - - - - PPSTAT MBZ MBZ ISODISAB I

Figure 8-14. ISOCTL Register

Bit zero of the ISOCTL register is called ISODISAB. When the 8051 sets ISODISAB=1,
all sixteen of EZ-USB endpoints are disabled. If ISODISAB=1, EP8IN=EP15IN and
EP8OUT-EP150UT should not be used. ISODISAB is cleared at power-on.

When ISODISAB=1, the 2,048 bytes of RAM normally used for ismebus buflers is
available to the 8051 as XDATA RAMdt program memory), from 0x2000 to Ox27FF in
internal memory. When ISODISAB=1, the behavior of the RD# and WR# strobe signals
changes to reflect the additional 2 KB of memory inside the EZ-USB chip. This is shown
in Table 8-2.

Table 8-2. Addresses for RD# and WR# vs. ISODISAB bit

ISODISAB RD#, WR#
0 2000-7B40,
(default) | 8000-FFFF
1 2800-7B40,
8000-FFFF

EZ-USB Series 2100 TRM v1.8 Chapter 8. EZ-USB Isochronous Transfers Page 8-15



ISOCTL register lits shownas MBZ (mustbe zero)must ke written with zeros. The
PPSTAT bit toggles ever SOF, and may bwritten with ary value (no effect). Therefore,
to disabé the isochronousndpointsthe 8051 should wrie the value 0x01 to tke ISOCTL
regster.

Caution!

If you use this option, be absolutely certaiat the hosinever sends isochronous data to
your devce. Isochronous datardcted to a diabled isochronousndpoint sgtem will
cause ungedctable operation.

Note

The Autopointer is not usabteom 0x2000-0x27FF (the rectaed ISO buffer RAM)
when ISODISAB=1.

8.9.2 Zero Byte Caunt Bits

When theSOF interupt is asserted, th&051normally checks the isoalmnous OUT end-
point HFOsfor data. Before reading the byte count registers and unloading an isochro-
nousFIFO, the firmwae may wish to check for aero byte count. In this ea, the 8051

can check bits in th&BCOUT regder. Any endpait bit set to “1” hdicates that no OUT
bytes were reeived br thatendpointduring the previousrame. Fjure 8-15 shws this
regster.

ZBCOUT Zero Byte Count Bits TFA2
| b7 b6 b5 b4 b3 b2 bl bo |
I EP15 EP14 EP13 EP12 EP11 EP10 EP9 EP8 I

Figure8-15. ZBCOUT Register

The EZ-USB cae updateshese bits every SF.
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8.10 1SO IN Response with No Data

The ISOSENDO bit (bit 7 in the USBPAIR register) is used when the EZ-USB chip
receives an isochronous IN token while the IN FIFO is empty. If ISOSENDO=0 (the
default value) the EZ-USB core does not respond to the IN token. If ISOSENDO=1, the
EZ-USB core sends a zero-length data packet in response to the IN token. Which action to
take depends on the overall system design. The ISOSENDO bit applies to all of the isoch-
ronous IN endpoints, IN-8 through IN-15.

8.11 Using the Isochronous FIFOs

There is a window of time before and after each SOF (Start of Frame) when accessing the
Isochronous FIFOs will cause data corruption or loss of data.

This is because each isochronous endpoint is actually a pair of FIFOs, and the FIFOs are
swapped at SOF time. The swap occurs abous b@fore the SOF interrupt signals the

8051 code. (Between SOFs, one FIFO of the pair is accessible to the 8051, while the other
FIFO of the pair transfers data to or from the USB.)

Workaround#1: If you can pre-assemble the data into a buffer, blast the data (in a tight
loop) into the new FIFQust afterthe SOF interrupt, typically inside the SOF ISR (Inter-
rupt Service Routine).

Workaround#2: If you can’t pre-assemble the data into a buffer, prevent access during
SOFs by setting a time (in the SOF ISR) to time out and halt access just befaxtthe
SOF. Set the timer for about 95® (ms minus 5Qs).

Be careful of interrupt latency delaying the timeout ISR. That is, the timeout ISR may be
prevented from halting access by getting preempted by a higher priority interrupt(s), made
worse by the necessary practice of disabling interrupts to manage shared resources,
resources that are shared between the ISRs and baokigsocess.

To prevent drift of the timer relative to SOFs, restart the timer after each SOF (typically in
the SOF ISR).

EZ-USB Series 2100 TRM v1.8 Chapter 8. EZ-USB Isochronous Transfers Page 8-17



Page 8-18 Chapter 8. EZ-USB Isochronous Transfers EZ-USB Series 2100 TRM v1.8



9 EZ-USB Interrupts

9.1 I ntroduction

The EZ-USB enhanced 8051 m@snds to the interrupts shownin Table 9-1. Interrupt
soures thatare not pesent in he standed 8051 are shon as checked ithe “New” col-
umn. The threenterrupts used by thEZ-USB core are showmibold type.

Table 9-1. EZ-USB Interrupts

New [ 8051 Interrupt (IRQ name) Source Vector (hex) | Natural Priority
IEQ INTO# Pin 03 1
TFO Timer 0 Overflow 0B 2
IE1 INT1# Pin 13 3
TF1 Timer 1 Overflow 1B 4
RLO&TILO UARTO Rx & Tx 23 5
v | TR2 Timer 2 Overflow 2B 6
v | Resume (PFI) WAKEUP# Pin or USB Core 33 0
v |RIL1&TIL1 UART1 Rx & Tx 3B 7
v" | USB (INT2) USB Core 43 8
v | C (INT3) USB Core 4B 9
v | IE4 IN4 Pin 53 10
v |IE5 INT5# Pin 5B 1
v |IE6 INT6 Pin 63 12

TheNatural Priority column inTable 9-1 shows the 8051 interruptigrities. As
explained in Appendix C, the 8051 cassigneach interrupt to a high oo priority
group. The 8051 resolvesqrities within the groups using threatura priorities.

9.2 USB Qore Interrupts

The EZ-USB cae provices three ingrrupt request types, wheh aredescribed in thefol-
lowing sections:

Wakeup - After the Z-USB chip detects USB suspend and the 8051 has entered
its ide sate, theEZ-USB core responds to an éxmal signal onits
WAKEUP# ph or resumgion of USB bus actiity by re-starting the EZ-
USB aoscillator and resunmg 8051 operation.
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USB Signaling- These include 16 bulkndpoint interrupts, three interrupts not
specific to a particular endpoint (SOF), Suspend, USB Reset), and two
interrupts for CONTROL transfers (SUTOK, SUDAV). These interrupts
share the USB interrupt (INT2). The AN2122/26 versions have an inter-
rupt indicating that a bulk packet was NAKd.

12C Transfers - (INT3).

9.3  Wakeup Interrupt

Chapter 10, "EZ-USB Resets" describes suspend-resume signaling in detail, along with a
code example that uses the Wakeup interrupt.

Briefly, the USB host puts a device into SUSPEND by stopping bus activity to the device.
When the EZ-USB core detects 3 ms of no bus activity, it activates the USB suspend inter-
rupt request. If enabled, the 8051 takes the suspend interrupt, does power management
housekeeping (shutting down power to external logic), and finishes by setting SFR bit
PCON.0. This signals the EZ-USB core to enter a very low power mode by turning off the
12-MHz oscillator.

When the 8051 sets PCON.0, it enters an idle state. 8051 execution is resumed by activa-
tion of any enabled interrupt. The EZ-USB chip uses a dedicated interrupt for USB
Resume. When external logic pullsWAKEUP# low (for example, when a keyboard key

is pressed or a modem receives a ring signal) or USB bus activity resumes, the EZ-USB
core re-starts the 12-MHz oscillator, allowing the 8051 to recognize the interrupt and con-
tinue executing instructions.

T_EICON.S
D—» 8051

Resume signal "RESUME"
from EZ-USB core S Interrupt
R EICON.4(rd)
EICON.4(0)

Figure 9-1. EZ-USB Wakeup Interrupt

Figure 9-1 shows the 8051 SFR bits associated with the RESUME interrupt. The EZ-USB
core asserts the resume signal when the EZ-USB core senses a USB Global Resume, or
when the EZ-USB WAKEUP# pin is pulledlow. The 8051 enables the RESUME inter-
rupt by setting EICON.5.
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tb  EICON.5 ;enable Resume interrupt

The 8051 reads the RESUME interrupt request bit in EICON.4, and clears the interrupt
request by writing a zero to EICON.4.

Resume_isr: clr EICON.4 ; clear the 8051 W/U
; interrupt request
reti
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9.4  USB Signaling Interrupts

Figure 9-2 shows the 21 USB requests that share the 8051 USB (INT2) interrupt. The bot-
tom IRQ, EP7-OUT, is expanded in the diagram to show the logic associated with each
USB interrupt request. Vector 05, not shown in the diagram, exists only in the AN2122/
AN2126, and is described later in this chapter.

EZ-USB | 8051

[

00 [SUDAV ] !
01 [SOF___] |
02 [SUTOK ] I
03 [SUSP__] |
04 [URES ] |
[

[

[

8051 "USB"
Interrupt

05 [IBNTnt
06 [EPO-IN
08 [EPLIN
09 [EPT-0U ) S
oA [EP2IN
R
oc [EP3-IN_]
EXIF.4(0)
ob [EP3-0U
oF [EPZ-0U0
10 [EP5IN
12 [EP6-IN
13 [EP6-OU

07 | EPO-OU

0B | EP2-OU

OE | EP4-IN -
11 [ EP5-OU

14 | EP7-IN

: OUTO7IEN.7
115 [EP7-0U s
INO7IRQ.7(1) R

INO7IRQ.7 (rd)

V4 | IV3 | IV2 | IV1 | VO 0

Figure 9-2. USB Interrupts
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Refering to the logc insidethe ddted lines,each USB interrupt source has an interrupt
request latchThe EZ-USB core ats anlRQ bit, and the 8051 clearan IRQ hit by writing
a“l” toit. The outpubf each latchis ANDed with anEN (Interrug Enalde) bit and then
ORd with all the other USB interpt requestsources.

The EZ-USB cae prioriizes he USB interrupts, and constructs aru#dvector, which
appears in #AVEC regisér. The nterrupt vector valuesliV[4..0] are showndthe leftof
the interupt souces (shadetioxes) 00 is the highg priority, 15 is theloweg. If two
USB intarupts occusimultaneouly, the prioritiztion affects which one is first indicated
in theAVEC regster. If the 8051has enabled Awatvectoring, be AVEC byte replaces
byte 0x45 in 8051 program mery. This @usesthe USB interrupt autoratically to vec-
tor to dfferent addesses for ach USB irterrupt soure. This me&hanism is explained in
detailin Section 9.10, "USB Autoveats."

Due to theOR gate in Figure 9-2, anyof the USB interrupt souces sets the 803JB
interrupt requet latch, whose state appears as an internegtiest in the 8051 SFR bit
EXIF4. The 8051 enables the USBerrupt bysetting SFR bt EIE.O. To clear the USB
interrupt requst the 8051 writes a zero the EXIF.4 bit. Note thathisis the opposite of
clearng anyof the individudUSB interrupt sowes which the 8051 does by writing a “1”
to thelRQ bit.

When aUSB resoucerequresservice (for example, aSOF token arrivesor an OUT token
arrives on aBULK endpoinj, two things happen. First, the cegsponding Inteupt
Requet Latchisset. Second, a pd is generated, ORd with the other USB interrupt
logic, and routed to the 8051 INT2 inputhelpuse is reqiredbecaise INTZ2is edg trig-
gered.

When the 8051inishes servicing a USBnterrupt, it clears tle partiaular IRQ bitby writ-
inga*“l” to it. If any otherUSB interupts are pending, theet of clearing the IRQCauses
theEZ-USB corelogic to generaanoter pulsgor the highest-priority pendirg interrupt.
If more that one is pending, they are serviced irptizgity order shown in Figure 9-2,
starting witt SUDAYV (priority 00) as thénighest piority, and endagwith EP7-OUT (pri-
ority 15) as thedwest.

Important

It is important in any USB Interrupt Servideoutine (ISR) toclear tie 8051 INT2 inter-
ruptbefore clearing the paicular USB interrupt reqest latch. This is beause as soor
asthe USB irterruptis cleared, any pendig USB interrupt willpulse the 8051 INT2

input,and T the INT2 interrupt request latch has nbbeenpreviously clearéthe pending
interrupt will be lost.
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Figure 9-3 illustrates a typical USB ISR for endpoint 2-IN.

USB_ISR: push dps

push  dpl

push  dph

push  dpll

push  dphl

push  acc

mov a,EXIF ; FIRST clear the USB (INT2) interrupt request
clr acc.4

mov EXIF,a ; Note: EXIF reg is not 8051 bit-addressable

mov dptr,#INO7IRQ ; now clear the USB interrupt request
mov a,#00000100b  ; use IN2 as example
movx  @dptr,a

; (perform interrupt routine stuff)

pop acc
pop dph1
pop dpll
pop dph
pop dpl
pop dps

reti

Figure 9-3. The Order of Clearing Interrupt Requests is Important
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INO7IRQ Endpoints 0-7 IN Interrupt Requests 7FA9
| b7 b6 b5 b4 b3 b2 bl bo |
I IN7IR IN6IR INSIR IN4IR IN3IR IN2IR IN1IR INOIR I
OUTO7IRQ Endpoints 0-7 OUT Interrupt Requests 7TFAA
| b7 b6 b5 b4 b3 b2 bl bo |
I OUT7IR | OUTBIR | OUTSIR | OUT4IR | OUT3IR | OUT2IR | OUTLIR | OUTOIR I
USBIRQ USB Interrupt Request 7FAB
| b7 b6 b5 b4 b3 b2 bl bo |
I USESIR | SUSPIR | SUTOKIR | SOFIR | SUDAVIR I
INO7IEN Endpoints 0-7 IN Interrupt Enables 7TFAC
| b7 b6 b5 b4 b3 b2 bl bo |
I IN7IEN INGIEN INSIEN IN4IEN IN3IEN IN2IEN INLIEN INOIEN I
OUTO7IEN Endpoints 0-7 OUT Interrupt Enables 7FAD
| b7 b6 b5 b4 b3 b2 bl bo |
I OUT7IEN | OUTBIEN | OUTSIEN | OUT4IEN | OUT3IEN | OUT2IEN | OUTLIEN | OUTOIEN I
USBIEN USB Interrupt Enables TFAE
| b7 b6 b5 b4 b3 b2 bl bo |
I URESIE | SUSPIE | SUTOKIE | SOFIE | SUDAVIE I

Figure 9-4. EZ-USB Interrupt Registers

Figure 9-4 shows the registers associated with the USB interrupts. Each interrupt source
has an enable (IEN) and a request (IRQ) bit. The 8051 sets the IEN bit to enable the inter-
rupt. The USB core sets an IRQ bit high to request an interrupt, and the 8051 clears an
IRQ bit by writing a “1” to it.
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The USBIBEN and USBIRQ registers control thed five interrupts shown in Figure 9-2.
The INO7EN and OUTO7 reigters control the remaining 16 USB @ntupts, whch corre-
spond to the 16 bulk endp®nING-IN7 and OUTO-OUT?.

The 21USB interruptsare now dscribed in detail.

9.5 SUTOK, SUDAYV Interrupts

<+«—SETUP Stage ——»

c
8 bytes || R A
Setup C C
Data 1 K
6

Token Packet Data Packet H/S Pkt

SUTOK J SUDAV J

Interrupt Interrupt

cHmw
T OO0 >
Toz=zm
a0OxTO
o» H4>» 0

o

Figure 9-5. SUTOK and SUDAV Interrupts

SUTOK and SUDAYV are suptied to the 805by EZ-USB CONTROL endpointzero.

The frst portion of a USBCONTROL trander is theSETUP stage shown inigfure 9-5.
(A full CONTROL transfensthe SETUP stage shown n Figure 7-1.) When $hEZ-USB
core decodes a SJEP packetit assertsthe SUTOK (SETUPToken) interupt request.
After the EZ-USB cae hasreceived the eighiyteserror-free and copied them into eight
interrel registers at SBUPDAT, it asserts he SUDAV interrupt request.

The 8051 program rpsnds to the SUDAV interrupt by readingheeight SETUP data
bytes in order talecodethe USB request (Chapter 7, EZ-USB Endpoint Zero").

The SUIOK interrupt is provided to give advance warningttihe eight register bytes at
SETUPDAT are about to be e+written. It is useful for ebug and diagnstic purposes.
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9.6 SOF Interrupt

Token Pkt

Figure 9-6. A Sart Of Frame (S®) Packet

USB Start of Frame tarrupt requets occur evermillisecond. Whethe EZ-USB core
receives a SOF packet, it copiedie eleven-bit frame number (FRNO in Figure 9-6) into
the UBFRAMEH and USBFRAMELregistes, and actvates the SOF interruptquest.
The 8051services all isobronous endpoint data asesult of the SOF interrupt.

9.7  Suspend Interupt

If the EZ-USB detects 3 ms of no budigity, it activates the SUSP (Suspend) interrupt
request. A full descriptioaf Suspend-Resue signaling appers in Chaptedl,"EZ-USB
Powe Management.”

9.8 USBRESET Interrupt

The USB signals a buseset by driving both D+4and D- low for at least 10 ms. When the
EZ-USB core detects thensd of USB bus reset, it activates theURES interuptrequest.

9.9 Bulk Endpoint Interrupts

The remaining 16 BB interrupt requets are indexed to thE5 EZ-USB bulk endpaits.
The EZ-USB core activaes a bulk interrupt piest when the endpdibuffer requiresser-
vice. For anOUT endpoint, the inteapt request sigifiesthat OUT data hasden sent
from the hostvalidated by te EZ-USBcore, and isitting in the endpant buffer memory.
For an IN endpoif theinterruptrequest signifiesthat thedata previously loaded by the
8051 into thdN endpoint bifer has keen read ad validatedby the host, making the IN
endpoint bifer ready to accept new data.

EZ-USB Series 2100 TRM v1.8 Chapter 9. EZ-USB Interrupts Page 9-9



The EZ-USB core sets an endpoint’s interrupt request bit when the endpoint’s busy bit (in
the endpoint CS register) goes low, indicating that the endpoint buffer is available to the
8051. For example, when endpoint 4-OUT receives a data packet, the busy bit in the
OUTACS register goes low, and OUT07IRQ.4 goes high, requesting the endpoint 4-OUT
Interrupt.

9.10 USB Autovectors

The USB interrupt is shared by 21 interrupt sources. To save the code and processing time
required to sort out which USB interrupt occurred, the EZ-USB core provides a second
level of interrupt vectoring, called “Autovectoring.” When 8851 takes a USBiter-

rupt, it pushes the program counter onto its stack, and then executes a jump to address 43,
where it expects to find a jump instruction to an interrupt service routine. The 8051 jump
instruction is encoded as follows:

Table 9-2. 8051 JUMP Instruction

Address | Op-Code | HexValu

0043 Jump 0x02
0044 AddrH OxHH
0045 AddrL OxLL

If Autovectoring is enabled (AVEN=1 in the USBBAV register), the EZ-USB core substi-
tutes its AVEC byte for the byte at address 0x0045. Therefore, if the programmer pre-
loads the high byte (“page”) of a jump table address at location 0x0044, the core-inserted
byte at 0x45 will automatically direct the JUMP to one of 21 addresses within the page. In
the jump table, the programmer then puts a series of jump instructions to each particular
ISR.
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Table 9-3. A Typical USB Jump Table

Table
Offset

00 |JMP SUDAV_ISR
04 |JMP SOF_ISR

08 |JMP SUTOK_ISR

0C | JMP SUSPEND ISR
10 [JMP USBRESET ISR

14 | IMP IBN_ISR (2122/2126
only, otherwise NOP)

18 [JMPEPOIN ISR
1C | JMP EPOOUT ISR
20 [JMPINIBUF_ISR
24 |IJMPEP1OUT_ISR
28 [IJMPEP2IN_IS

2C | JMP EP20UT ISR
30 [IMPEP3IN_IS

34 [IMPEP30UT ISR
38 [IMPEP4IN_IS

3C  |JMPEP4OUT ISR
40 [IMPEPSIN_IS

44 | IMP EP50UT ISR
48 [ IMPEPS6IN_IS

4C |IJMP EP6OUT_ISR
50 [JMPEP7IN_IS

54 [JMPEP7OUT_ISR

Instruction

9.11 Autovector Coding

A detailed example of a program that uses Autovectoring is presented in Section 6.14,
"Interrupt Bulk Transfer Example." The coding steps are summarized here. To employ
EZ-USB Autovectoring:

1. Inserta jump instruction at Ox43 to a table of jump instructions to the various USB
interrupt service routines.
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2. Code the jumpable with jump instructions to each individual USiBeirupt ser-
vice routine This tabk hastwo impatart requremens, arising from the forma of
the AVEC byte (zero-bsed, with 2 LSBs setto 0):

* It must begin on a page boundary (address 0xNNOQO).

* The jump irstructions must be four bgg apart.

* The interrupt service rounes can be placed anywhéngnemory.

* Write initialization code to enable tHéSB interrupt (INT2),and Autovector-

ing.

8051 USB

Interrupt

Vector USB_Jmp_Table:
0043 Lawp 0400
0044 04
0045 (oo>zc}\ \
USB/core 042C | LIMPEP20UT_ISR
AVEC 2/ 042D 01
042E 19 EP20OUT_ISR:
\ 0119

Figure9-7. The Autovector Mechanismin Action

Figure 9-7 illustrates an IR that senices endpoint-®UT. When endpoint 2-OUT
requresservice, the&eZ-USB core advates the USB imetrupt requet, vectoring the 8051
to location 0x43. The jumimstruction atthis location, which waseriginally coded as
“LIMP 0400’ becornes “LIMP 042C” dueto theEZ-USB cae sulstituting 2C as the
Autovector byte for Endpoir-OUT (Table 9-3). The 8051 jonps to 042Cwhere it exe-
cutes the jump instruction to the endpoint 2-OUT ISR shown in thisggaahaddress
0119. Once the 8051 takes tle vector at 0043 initiation of the endpmt-specific ISR takes
only eight 8013 cycles.
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9.12 IPC Interrupt

EZ-USB I8051

[ EEL ]
— 8051 12C
> S :)—V Interrupt

[ s

RD or WR I (lNTB)
I2DAT register R I » R {_EXIF.5(rd)
12C Interrupt
Request I EXIF.5§0§
|12CS | START STOP LASTRD D1 D0 BERR ACK DONE
12DAT D7 D6 D5 D4 D3 D2 D1 DO

Figure 9-8. PC Interrupt Enable Bits and Registers

Chapter 4, "EZ-USB Input/Output” describes the 8051 interface to the EZ2038Bri-
troller. The 8051 usewvo registers, I2CSAC Control and Status) and 12DAPQ Data)

to transfer data over théQ bus. The EZ-USB core signals completion of a byte transfer
by setting the DONE bit (I2CS.0) high, which also setg@rirterrupt request latch
(Figure 9-8). This interrupt request is routed to the 8051 INT3 interrupt.

The 8051 enables théd interrupt by setting EIE.1=1. The 8051 determines the state of
the interrupt request flag by reading EXIF.5, and resets the INT3 interrupt request by writ-
ing a zero to EXIF.5. Any 8051 read or write to the 2DAT or I2CS register automatically

clears theaC interrupt request.

9.13 In Bulk NAK Interrupt - (AN2122/AN2126 only)

The EZ-USB family responds to an IN token from the host by loading an IN endpoint
buffer and thermrmingthe endpoint by loading a byte count for the endpoint. After the
host successfully receives the IN data, the 8051 receives an EP-IN interrupt, signifying
that the IN endpoint buffer is once again ready to accept data.
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In some situations, the host msend IN tokens bfore the 8051 has loaded and armed an
IN endpoint. To alet the 8051 that an IN endpoint is bgipinged the AN2122/26 add a
set of interrup, one pelN endpoint, that indicate that an IN endpqgurt sent a NAK to
the host This happens/henthe hossendsan INtoken and tBIN endpoirt doesnot have
data (yet) for the host.

The new iterruptiscalled “IBN,” for IN Bulk NAK. Its INT2 Autovector is 05, which

was previously reerved in theEZ-USB family.

The IBN interrupt reques and enableare contolled by two new registers. Note that
beause the IBN interrupbasts only in the AN2122/AN2126, wth has 6 bulk IN end-
points, therare IRQ and IEN bits endpoits INO throughlIN6.

IBNIRQ IN Bulk NAK | nterrupt Requests 7FBO
b7 b6 b5 b4 b3 b2 bl b0
EP6IN EPSIN EPAIN EP3IN EP2IN EP1IN EPOIN
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
Figure9-9. INBulk NAK Interrupt Requests Register
IBNEN IN Bulk N AK Interrupt Enables 7FB1
b7 b6 b5 b4 b3 b2 bl b0
EP6IN EPSIN EPAIN EP3IN EP2IN EP1IN EPOIN
R/W R/W R/W R/W R/W R/W R/W R/W
X 0 0 0 0 0 0 0

Figure 9-10. IN Buk NAK Interrupt EnablesRegster

Ead of theindividual IN endpointanay be enabled for alBN interrug using the IBNEN
regster. The 805Xkets an inteupt enabé bitto “1” to enabé the corresponding interrupt
The ISR tests thelBNIRQ bits to determingvhich endpoint oendpoints geerated the
interrupt requst. Aswith all other EZ-USB iterrupt reqeests, the 8051 cées an

IBNIRQ bit by writing a “1” to it.
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9.14 12C STOP Complet Interrupt - (AN2122/AN215 only)

I2CMODE [2C Mode TFA7
b7 b6 b5 b4 b3 b2 bl bo
STOPIE
RIW
0 0 0 0 0 0 0 0

Figure 9-11. PC Mode Register

The PC interrupt includes onedaitional interrug source in the AN2122/AN2126, a 1-0
trarsition of the STOP bit. To enable this interrysd the STAPIE bit in the I2CMODE
regster. The 8051 detmines the iterrupt source by checkinbe DONE and STOP bits
in the IACSregiste.

12CS 12C Control and Status TFAS
b7 b6 b5 b4 b3 b2 bl b0
START STOP LASTRD ID1 IDO BERR ACK DONE
R/W R/W R/W R R R R
0 0 0 X X 0 0 0
Figure 9-12. PC Control and Status Register
I2DAT |2C Dat 7TFAG
b7 b6 b5 b4 b3 b2 bl b0
D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
Figure9-13 1°C Data
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The two registers that the 8051 uses to cométriansfers are shown above. In the EZ-
USB family, an #C interrupt request occurs on INT3 whenever the DONE bit (12CS.0)

makes a 0-to-1 transition. This interrupt signals the 8051 thatiGheohtroller is ready
for another command.

The 8051 concludesQ transfers by setting the STOP bit (12CS.6). When the STOP con-
dition has been sent over ti€Ibus, theaC controller resets 12CS.6 to zerburing the

time the fC controller is generating the stop condition, it ignores accesses to the 12CS
and I12DAT registers.The 8051 code should therefore check the STOP bit for zero before

writing new data to 12CS or I2DAT. In the EZ-USB family, it does this by polling the
12CS.6 bit.
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10 EZ-USB Resets

10.1 Introduction

The EZ-USB chip has three resets:

* A Power-On Reset (POR), which turns on the EZ-USB chip in a known state.
* An 8051 reset, controlled by the EZ-USB core.
* A USB bus reset, sent by the host to reset a device.

This chapter describes the effects of these three resets.

10.2 EZ-USB Power-On Reset (POR)

RES
8051
Vcce
l CPUCS.0
(1 atPWR ON)
| RESET |——» RES
EZ-USB Core 24 MHz
[ USB Bus !
| _Reset
L T XIN__ | | 48TH2
N}Ii (E— Oscillator —» PLL —e—» =2
t L | v
' XOUT | CLK24

Figure 10-1. EZ-USB Resets

When power is first applied to the EZ-USB chip, the external R-C circuit holds the EZ-
USB core in reset until the on-chip PLL stabilizes. The CLK24 pin is active as soon as
power is applied. The 8051 may clear an EZ-USB control bit, CLK240E, to inhibit the
CLK24 output pin for EMI-sensitive applications that do not need this signal. External
logic can force a chip reset by pulling the RESET pin HI. The RESET pin is normally
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connectedd Vcc throudh a1l uF capacitor and to GND through d.0-K resistor (Figure10-
1). The acillator and PIL are undfected by the statef the RESET pin.

The CLKZ sigrdl is active whieRESET = HI. When RESET retums LO, te activity on

the CLK24 pin depends on whether or nlo¢ tEZ-USB clp is in susped state If in sus-
pend, CLK24 stopsResumpbn of USBbusactivity or asseing the WAKEUP# pin LO
re-starts the CLK24 signal.

Powe-on dfault values for all EZ-USB register bits are shown in Chapter 1£2-USB
Regsters." Table 101 summaries resetstatesthat affect USB device operation Note
that the tem “PowerOn Regt” refers to a reset itiated by applicatiomf power, or by
asertion of the RESET pin.

Table10-1 EZ-USB Sates After Power-On Reset (POR)

Item Register Default Value Comment
1 | Endpoint Data XXXXXXXX
2 | Byte Counts XXXXXXXX
3 |CPUCS rrrr0011 rrrr=rev number, b1 =CLK240E, b0=8051RES
4 | PORT Configs 00000000 10, not alternate functions
5 | PORT Registers XXXXXXXX
6 | PORT OEs 00000000 Inputs
7 | Interrupt Enables | 00000000 Disabled
8 | Interrupt Regs 00000000 Cleared
9 |BulkINC/S 00000000 Bulk IN endpoints not busy (unarmed)
10 | Bulk OUT C/S* 00000000 Bulk OUT endpoints not busy (unarmed)
11 | Toggle Bits 00000000 Data toggles =0
12 |USBCS 00000100 RENUM=0, DISCOE=1 (Discon pin drives)
13 |FNADDR 00000000 USB Function Address
14 | INO7VAL 01010111 EPO0,1,2,4,6 IN valid
15 | OUTO7VAL 01010101 EPO0,2,4,6 OUT valid
16 | INISOVAL 00000111 EP8,9,10 IN valid
17 | OUTISOVAL 00000111 EP8,9100UT valid
18 |USBPAIR 0x000000 ISOsend0 (b7) = 0, no pairing
19 |USBBAV 00000000 Break condition cleared, no Autovector
20 | Configuration 0 Internal EZ-USB core value
21 | Alternate Setting 0 Internal EZ-USB core value

* When the 8051 is releasedrimoeset, te EZ-USB automaticly arms the Bulk OUT
endpoints by setting tireCS registers to 000000010b.
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From Table 10-1, at power-on:

* Endpoint data buffers and byte counts are un-initialized (1,2).

* The 8051 is held in reset, and the CLK24 pin is enabled (3).

» All port pins are configured as input ports (4-6).

* USB interrupts are disabled, and USB interrupt requests are cleared (7-8).

* Bulk IN and OUT endpoints are unarmed, and their stall bits are cleared (9). The
EZ-USB core will NAK IN or OUT tokens while the 8051 is reset. OUT end-
points are enabled when the 8051 is released from reset.

» Endpoint toggle bits are cleared (11).

e The ReNum bit is cleared. This means that the EZ-USB core, and not the 8051,
initially responds to USB device requests (12).

* The USB function address register is set to zero (13).

* The endpoint valid bits are set to match the endpoints used by the default USB
device (14-17).

» Endpoint pairing is disabled. Also, ISOSend0=0, meaning that if an Isochronous
endpoint receives an IN token without being loaded by the 8051 in the previous
frame, the EZ-USB core does not generate any response (18).

» The breakpoint condition is cleared, and autovectoring is turned off (19).

» Configuration Zero, Alternate Setting Zero is in effect (20-21).

10.3 Releasing the 8051 Reset

The EZ-USB register bit CPUCS.0 resets the 8051. This bit is HI at power-on, initially
holding the 8051 in reset. There are three ways to release the 8051 from reset:

» By the host, as the final step of a RAM download.
* Automatically, as part of an EEPROM load.

* Automatically, when external ROM is used (EA=1).
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10.3.1 RAM Download

Once enumerated, the host can download code into the EZ-USB RAM using the “Firm-
ware Load” vendor request (Chapter 7, "EZ-USB Endpoint Zero"). The last packet loaded
writes 0 to the CPUCS register, which clears the 8051 RESET bit.

Note

The other bit in the CPUCS register, CLK240E, is writable only by the 8051, so the host
writing a zero byte to this register does not turn off the CLK24 signal.

10.3.2 EEPROM Load

Chapter 5 describes the EEPROM boot loads in detail. Briefly, at power-on, the EZ-USB

core checks for the presence of an EEPROM oAGtdulis. If found, it reads the first
EEPROM byte. Ifit reads O0xB2 as the first byte, the EZ-USB core downloads 8051 code
from the EEPROM into internal RAM. The last byte of a “B2” load writes 0x00 to the
CPUCS register (at 0x7F92), which releases80tl from reset.

10.3.3 External ROM

EZ-USB systems can use external program memory containing 8051 code and USB
device descriptors, which include the VID/DID/PID bytes. Because these systems do no
require andiC EEPROM to supply the VID/DID/PID, the EZ-USB core automatically
releases 8051 reset when:

1. EA=1 (External code memongnd

2. No “B0/B2” EEPROM is detected on the€Ibus.

The EZ-USB core also sets the ReNum bit to “1,” giving USB control to the 8051.

10.4 8051 Reset Effects

Once the 8051 is running, the USB host may reset the 8051 by downloading the value
0x01 to the CPUCS register. The host might do this in preparation for loading code over-
lays, effectively magnifying the size of the internal EZ-USB RAM. For such applications
it is important to know the state of the EZ-USB chip during and after an 8051 reset. In this
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section, this paticular resetis called an “808 Reset; and shoutl not be confused wih the
POR cascribed n Section 10.2, "E-USB Pover-On Reset (POR)." This dscussion
applies only to the condition whethe EZ-USB chip is powered, antié¢ 8051 igeset by
the hat setting theCPUCS regiter to 0.

The baic USB device configuttgon remains intact through an 8051%¢. Valid end-
points remain valid, the USB function adds rerains the same, arttie|O ports retain
their configurations and values. Stalled endpts renain stalled, and datadgdes don't
change. The onlgffects of an 8051 resetesas follows:

* USB interruptsre disdled, but pending interrupt requssemain pending.

* During the 8051 Reet, all bulk endpoits are urermed, @using he EZUSB core
to NAK and IN or OUT bkens.

» After the 8051 Rsetisremoved, the OUT bulk endpagiare automatically
amed. OUT endpoits are thus rely to accep oneOUT packet before 8051
intervertion isrequired.

» The breakpoint conton is cleared.

The ReNum bit isiot affected by arB8051 reset.

When the 8051 comes out @set,the pendingnterrupts are kept pending, but disabled
(1). This gives the frmware witer the daice of acting on @-8051-reset USB events, or
ignoring them by clearing the pending interrupt(s).

During the 805Tesettime, the EZ-USB wre holdsoff any USB taffic by NAKing IN
andOUT tokens (2). Th&Z-USB core autmatically arms the OUT endpais when the
8051 exis thereset state (3).

USBBAV.3, thebreakpointBREAK bit, is cleared(4). The other bits in theSBBAV
regster are untected.

10.5 USB BusReset

The hostsignals a USBBusReset by driving an SE6tate (boh D+ and D- da lineslow)
for a minimum of D ms. The EZ-USB core seses his condition, requests the 8051 USB
Interrupt(INT2), and suplesthe interrupt vectofor a USB Reset.A USB reset affects
the EZ-USB resourcesas shownm Table10-2.
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Table10-2 EZ-USB Sates After a USB Bus Reset

Item Register Ezf;ﬁ:gt Comment
1 | Endpt Data uuuuuuuu | u = unchanged
2 Byte Counts uuuuuuuu
3 | CPUCS uuuuuuuu
4 | PORT Configs uuuuuuuu
5 | PORT Registers uuuuuuuu
6 PORT OEs uuuuuuuu
7 | Interrupt Enables uuuuuuuu
8 Interrupt Regs uuuuuuuu
9 |BulkINC/S 00000000 | unarm
10 | Bulk OUT CIS uuuuuuuu | retain armed/unarmed state
11 | Toggle Bits 00000000
12 | USBCS uuuuuuuu | ReNum bit unchanged
13 | FNADD 00000000 | USB Function Address
14 | INO7VAL uuuuuuuu
15 | OUTO7VAL uuuuuuuu
16 | INISOVAL uuuuuuuu
17 | OUTISOVAL uuuuuuuu
18 | USBPAIR uuuuuuuu
19 | Configuration 0
20 | Alternate Setting 0

A USB bisreset lavesmaost EZ-USB resources unchangdérom Tablel0-2, after USB

busreset:

» The EZUSB coreunamsall Bulk IN endpointg9). Datloaded by the 8051 into
anIN endpoin bufferremainghere,and the 8051 fmware can either re-send it by
loading the endpoihbyte court registerto re-arm tle transfer, or serd new data by
re-loading the IN bifer before re-aning the endpint.

» Bulk OUT endpoirs retain treir busy stateg10). Dalsent by the hosb an OUT
endpoint bifer remains in the Wifer, and the 8051 fimware can either read the
data o regjectit as stalesimply by not reading it. Ireither case, the 8051 loads a
dummy value to the endpoint byte count registeetarm OUT transfers.

» Toggle bts are cleared (11).

* The device add@ssis reset tozero (13).
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Note from item 12 that the ReNum bit is unchanged after a USB bus reset. Therefore, if a
device has ReNumeratedand loaded a new personality, it retains the new personality
through a USB bus reset.

10.6 EZ-USB Disconnect

Table 10-3. Effects of an EZ-USB Disconnect and Re-connect

Item Register Ezf;ﬁ:gt Comment
1 | Endpt Data uuuuuuuu | u = unchanged
2 Byte Counts uuuuuuuu
3 | CPUCS uuuuuuuu
4 | PORT Configs uuuuuuuu
5 | PORT Registers uuuuuuuu
6 PORT OEs uuuuuuuu
7 | Interrupt Enables uuuuuuuu
8 Interrupt Regs uuuuuuuu
9 |BulkINCIS 00000000 | unarm, clear stall bit
10 | Bulk OUT CIS 00000000 | Arm, clear stall bit
11 | Toggle Bits 00000000 | reset
12 | USBCS uuuuuuuu | ReNum bit unchanged
13 | FNADD 00000000 | USB Function Address
14 | INO7VAL uuuuuuuu
15 | OUTO7VAL uuuuuuuu
16 | INISOVAL uuuuuuuu
17 | OUTISOVAL uuuuuuuu
18 | USBPAIR uuuuuuuu
19 | Configuration 0
20 | Alternate Setting 0

Although not strictly a “reset,” when the EZ-USB simulates aatisect-reonnect in
order to ReNumerale, there are effects on the EZ-USB core:

* Bulk IN endpoints are unarmed, and bulk OUT endpoints are armed (9-10).
* Endpoint STALL bits are cleared (9-10).

» Data toggles are reset (11).
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* The function addssis resetto zero(13).

» The confgurationisreset to zero (19).

» Alternate settings are reseto zero (20).

10.7 Reset Smmary

Table 10-4. EffectsofVarious EZUSBResets (‘U” Means“ Unaffected”)

Resourc RESET pin | USB Bus Reset | Disconnect | 8051 Reset
8051 Reset reset U U N/A
EPO-7 IN EPs unarm unarm unarm unarm
EPO-7 OUT EPs unarm V] arm unarm/arm
Breakpoint reset U U reset
Stall Bits reset U reset U
Interrupt Enables reset U U reset
Interrupt Reqgs reset U U U
CLK24 run U U U
Data Toggles reset reset reset U
Function Address reset reset reset U
Configuration 0 0 0 u
ReNum 0 u u v;

Table 10-4 summarizese effects of tle four EZ-USB resets.

Note

The PC controller is noreset for ay of theconditions lad out in Table 10-4. Only th¢

EZ-USB RESET pin esesit.

A\1”4
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11 EZ-USB Power Management

11.1 Introduction

The USB hostan suspend a device to put itaa powerdown mode. When the USB
signalsa SUSPEND operation, theEZ-USB chip goes tfough a sequena# steps to
allow the 8051dfirst turn off exiernal power-consumg subsystems, anddh enter an
ultra-low-power mode by turngoff its osdlator. Once susperd, the EZ-USB chip is
awakened eitlrdoy resunption of USB busactmty, or by asertond its WAKEUP# pin.
This chaper describes tsuspendesune mechaism.

12 MHz

[

WAKEUP pin :[>_1
p———START—p )
USB Resume STOP Oscillator

PLL

Restart 48 i’le
Delay
div by
2
q CLK24

L—PCON.0—
Signal
------ Resume INT----p 8051 ——»  Resume

(USBCS.0)
o USB
No USB activity "SUSPEND"
for 3 msec.
Interrupt

Figurell-1. Suspend-Resume Control

Figure 11-1 illustrates ta EZ-USB logic thatmplements USB suspend ane@sume.
These opeationsare explained in the nesgections.
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11.2  Suspend

12 MHz

i

——STOP —»| Oscillator

- USB |
"SUSPEND"
for 3 msec.
Interrupt
Figure 11-2. EZ-USB Suspend Sequence

A USB device recognizes SUSPEND as 3 ms of a bus idlegtdtg. The EZ-USB core
alerts the 8051 by asserting the USB (INT2) interrupt and the SUSPEND interrupt vector.
This gives the 8051 code a chance to perform power SUSPEND interrupt vector. This

gives the 8051 code a chance to perform power conservation housekeeping before shut-
ting down the oscillator.
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The 8051 code responds to the SUSPEND interrupt by taking the following steps:

1. Performs any necessary housekeeping such as shutting off external power-con-
suming devices.

2. Sets bit 0 of the PCON SFR (Special Function Register). This has two effects:
» The 8051 enters iidle mode, which is exited by any interrupt.

» The 8051 sends an internal signal to the EZ-USB core which causes it to turn
off the oscillator and PLL.

These actions put the EZ-USB chip into a low-power mode, as required by the USB Spec-
ification.

11.3 Resume

12 MHz

[

WAKEUP# pin )
USB Resume START Oscillator
PLL
[
Restart 483/“"2
Delay
div by
2
[ CLK24
Signal
L——Resume INT—p| 8051 —P Resume
(USBCS.0)

Figure11-3. EZ-USB Resume Sequence
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The EZ-USB scillator re-starts when:

USB busactivity resunes (shown as “USB Rame” in Figurell-3), or
External logicasserts the E-USB WAKEUP# pinlow.

After anoscillator stabilzation time, the Z-USB core asserts the 8051 Resume interrupt
(Figure 9-1). Thiscauseghe 8051 to exitsidle mode. The Resuneinterrupt isthe high-
est piority 8051 nterrupt It is always enaded, undfected by tle EA bit.

Theresume ISRclears thenterrupt reqest flag, and exectes a “reti” (return from nter-
rupt) instruction. Ths cuses the 8051 tmontinueprogram execution at the instruction
following the one thates PCONO to initate the suspend operation.

About the ‘Resime’ Interrupt

The 8051 enters the idle mode when PCOB et to “1.” Although the 805Xi¢s its
idle staewhenanyinterrug occurs, thd&=Z-USB logic supports only thRESUME inter
rupt for the LBB resume operation. This is bagse tle EZ-USB cae asserts this partic
ular interrupt after restartinpe 8051 clock.

11.4 RemoteWakeup

USBCS USB Control and Status 7FD6
| b7 b6 b5 b4 b3 b2 bl bo |
IWAKESRC - - - SIGRSUMEI

Figurell4. USB Control and Staus Register

Two hits inthe USBCS register are usedrfremote wakeg WAKESRC and SIGR-
SUME.

After exiting the dle state, thre 8051 readshe WAKESRC bit nthe USBCSegister to
discover how the wakeup wastiaied. WAKESRC=1 indcates asationof the
WAKEUP# pin, adWAKESRC=0 indcates a resuntmn of USB bus atvity. The
8051 clarsthe WAKESRC bit by witing a “1” to it.
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Note

If your design does notse remote wakup, tiethe WAKEUP# pin high. Holding the
WAKEUP# pin low inhbits the EZUSB chp from suspending.

When a USB device is suspended, the minedis tri-stated, and the bus pullup and pull-

down resstors cause tle busto assunethe®J,” or idle state. A suspended dese signals a
remotewakeup byasserting the*K” state for 10-15 ms. The 8051 canié this using the
SIGRSUME bit in the USBCS registr.

If the 8051finds WAKESRC-=1 &fter exting the idle mode, it drivesi¢ “K” state for 10-
15 msto signal the UB remote wakeuplt does this bysetting SSIGRSUME=1, waiting
10-15 ms, adthen tting SGRSUME=0. WherBIGRSUME=0, the EZ-USB bs buffer
revats to normal ogeration. The resumeautine should also vite a “1” to the
WAKESRC bit to clear it.

J and K Sates

TheUSB Specificdion uses differental data signals D+ and D-. Instead of defining

logical “1” and“0,” it defines he “J” and“K” states For a high speedettice, the “J”
state means (D+ > D-).

je2)

The USB Default device does refppat remote wakeup.This fact is reported at enu-
meration time in bye 7 of the built Configuration Desdptor (Table 5-10).

RemoteWakeup: The Big Picture

Additional factorsbesides te EZ-USB suspnd-resume metanismdescribed in this
seciondetermine whetheramote waleup is possible.These are:

1. The device rust repat that itis capal® of signding a renote wakeup inte “bAt-
tributes” field of its ConfgurationDescriptor. See Tabé 5-10for an exanple of
this descriptor.

2. The hat must issuea “Set_Feature/Devicaequest with thefeature selecbr field
set to 0x01 to enable remote wakepee Table 7-6 for the detailed reqest.
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12 EZ-USB Registers

12.1 Introduction

This section describes the EZ-USB registers in the order they appear in the EZ-USB mem-
ory map. The registers are named according to theniolijoconventions.

Most registers deal with endpoint¥he general register format is DDDnFFF, where:
DDD is endpoint direction, IN or OUT with respect to the USB host.
n is the endpoint number, where:
* “07” refers to endpoints 0-7 as a group.
* 0-7 refers to each individual BULK/INTERRUPT/CONTROL endpoint.
* “ISO” indicates isoclwnousendpoints as a group.
FFF is the function, where:
» CSis a control and status register
* IRQ is an Interrupt Request bit
* |E is an Interrupt Enable bit

* BC, BCL, and BCH are byte count registers. BC is used for single byte counts,
and BCL/H are used as the low and high bytes of 16-bit loytets.

» DATA is a single-register access to a FIFO.

« BUF is the start address of a buffer.

Examples:
* IN7BC is the Endpoint 7 IN byte count.
* OUTO7IRQ is the register containing interrupt request bits for OUT endpoints 0-7.

* INISOVAL contains valid bits for the isochronous INdpoints (EP8IN-EP185!).
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USB
ADDR
VAL
FRAME
PTR

Other Conventions

Indicates a global (not endpoint-specific) USB function.
Is an address.
Means “valid.”
Is a frame count.
Is an address pointer.

Register Name Register Function Address
b7 b6 b5 b4 b3 b2 bl b0
bitname bitname bitname bitname bitname bitname bitname bitname
R, W access| R, W access| R, W access| R, W access| R, W access| R, W access| R, W access| R, W access
Default val Default val Default val Default val Default val Default val Default val Default val

Figure 12-1 illustrates the register description format used in this chapter.

» The top line shows the register name, functional description, and address in the

Figure 12-1. Register Description Format

EZ-USB memory.

* The second line shows the bit position in the register.

* The third line shows the name of each bit in the register.

* The fourth line shows 8051 accessibility: R(ead), W(rite),or R/W.

» The fifth line shows the default value. These values apply after a Power-On-Reset

(POR).
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12.2 Bulk Data Buffers

INNBUF,OUTnBUF Endpoint 0-7 IN/OUT Data Buffers 1B40-1F3F*
b7 b6 b5 b4 b3 b2 bl b0
D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

* See Table 12-1 for individual endpoint buffer addresses.

Figure 12-2. Bulk Data Buffers

Address Address Name Size
1F00-1F3F 7F00-7F3F INOBUF 64
1ECO-1EFF TECO-7EFF OUTOBUF 64
1E80-1EBF 7E80-7EBF IN1BUF 64
1E40-1E7F TEAQ0-TETF OUT1BUF 64
1E00-1E3F 7E00-7E3F IN2BUF 64
1DCO-1DFF 7DCO-7DFF OUT2BUF 64
1D80-1DBF 7D80-7DBF IN3BUF 64
1D40-1D7F 7D40-7D7F OUT3BUF 64
1D00-1D3F 7D00-7D3F INABUF 64
1CCO0-1CFF 7CCO-7CFF OUT4BUF 64
1C80-1CBF 7C80-7CBF INSBUF 64
1C40-1C7F 7C40-7CTF OUT5BUF 64
1C00-1C3F 7C00-7C3F IN6BUF 64
1BCO-1BFF 7BCO-7BFF OUT6BUF 64
1B80-1BBF 7B80-7BBF IN7BUF 64
1B40-1B7F 7B40-7B7F OUT7BUF 64

Table 12-1. Bulk Endpoint Buffer Memory Addresses

Sixteen 64-byte bulk data buffers appear at Ox18#0D0x7B40 in the 8K version of EZ-

USB, and only at 0x7B40 in the 32K version of EZ-USB. The endpoints are ordered to
permit the reuse of the buffer space as contiguous RAM when the higher numbered end-

points are not used. These registers defauihkmown stees.

EZ-USB Series 2100 TRM v1.8
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12.3 Isochronous Data FIFOs

OUTNnDAT EPBOUT-EP150UT FIFO Registers 7F60-7F67*
b7 b6 b5 b4 b3 b2 b1 bo
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R R R R
X X X X X X X X
INNDATA EP8IN-EP15IN FIFO Registers 7F68-7F6F*
b7 b6 b5 b4 b3 b2 b1 bo
D7 D6 D5 D4 D3 D2 D1 DO
w w w w w w w w
X X X X X X X X

* See Table 12-2 for individual endpoint buffer addresses.

Figure 12-3. Isochronous Data FIFOs

Table 12-2. Isochronous Endpoint FIFO Register Addresses

Address Isochronous Data Name
7F60 Endpoint 8 OUT Data OUT8DATA
7F61 Endpoint 9 OUT Data OUT9DATA
TF62 Endpoint 10 OUT Data OUT10DATA
TF63 Endpoint 11 OUT Dat OUT11DATA
TF64 Endpoint 12 OUT Data OUT12DATA
TF65 Endpoint 13 OUT Data OUT13DATA
TF66 Endpoint 14 OUT Data OUT14DATA
TF67 Endpoint 15 OUT Data OUT15DATA

7F68 Endpoint 8 IN Data INS8DATA
7F69 Endpoint 9 IN Data IN9DATA
TF6A Endpoint 10 IN Data IN1ODATA
7F6B Endpoint 11 IN Dat IN11DATA
7F6C Endpoint 12 IN Data IN12DATA
7F6D Endpoint 13 IN Data IN13DATA
TF6E Endpoint 14 IN Data IN14DATA
TF6F Endpoint 15 IN Data IN15DATA
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Sixteen addressable data registers hold data from the eight isochronogptihes and
the eight isochronous OUT endpoints. Reading a Data Register reads a Receive FIFO
byte (USB OUT data); writing a Data Register loads a Transmit FIFO byte (USB IN data).
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12.4 Isochronous Byte Counts
OUTnBCH OUT(8-15) Byte Count High TF70-7TF7F*
b7 b6 b5 b4 b3 b2 bl b0
0 0 0 0 0 0 BC9 BCS
R R R R R R R R
X X X X X X X X
INNnBCL OUT(8-15) Byte Count Low TF70-7TF7F*
b7 b6 b5 b4 b3 b2 bl b0
BC7 BC6 BC5 BC4 BC3 BC2 BC1 BCO
R R R R R R R R
X X X X X X X X

* See Table 12-3 for individual endpoint buffer addresses.
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Figure 12-4. Isochronous Byte Count

Table 12-3. Isochronous Endpoint Byte Count Register Addresses
Address Isochronous Data Name
7F70 Endpoint 8 Byte Count High OUT8BCH
7F71 Endpoint 8 Byte Count Low OuUT8BCL
7F72 Endpoint 9 Byte Count High OUT9BCH
7F73 Endpoint 9 Byte Count Low OUT9BCL
TF74 Endpoint 10 Byte Count High OUT10BCH
TF75 Endpoint 10 Byte Count Low OUT10BCL
7F76 Endpoint 11 Byte Count High OUT11BCH
TF77 Endpoint 11 Byte Count Lo OUT11BCL
7F78 Endpoint 12 Byte Count High OUT12BCH
TF79 Endpoint 12 Byte Count Low OUT12BCL
TF7A Endpoint 13 Byte Count High OUT13BCH
7F7B Endpoint 13 Byte Count Low OUT13BCL
TF7C Endpoint 14 Byte Count High OUT14BCH
7F7D Endpoint 14 Byte Count Low OUT14BCL
7F7E Endpoint 15 Byte Count High OUT15BCH
TF7F Endpoint 15 Byte Count Low OUT15BCL
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The EZ-USB cae useghe byte count registers to report isochronous data payload sizes
for OUT data transfeed from the host tolte USB core. Ten bitsof byte count data allow
payloadsizes up to 1,023 bytes. Bytecountof zerois valid, meaning thatthe host sent

no isochronous data dugthe peeviousframe. The dfault valuesof these registers are
unknown.

Byte countsare valid ony for OUT endpoints. The byte counitsd cate the number of
bytesremaining in the endpoits Reeive FIFQ Evey time the 8051 reds a byte from
the ISADATA regster, the byte count decrements by one.

To read USBOUT dag, the 805%irst reads byteount registers QUTnBCL and OUTn-
BCH to determine how many bytes to transtait ofthe OUT FIFO. (TheB051 can also
quickly test ISO output endpoint®r zero byte counts using tZEBCOUT regster.)
Then, theCPUreads that number of bytéom the ISODATA regider. Seprate byte
counts are maintained for each endpointheoCPUcan readhe FIFOs in a discontinu-
ous manne For example, if EP8 indicdes a byte count df00, and EP9 indicatea byte
count of 50, the CPU could read 5Gdxy flom EP8, tlen real 10 bytes from EP9, and
resumereadingeP8. At this moment the byteant for EP8 would read 50.

There are no byte couregisters fothe IN endpoirts. The USB core autamatically tracks
the number of bigs loaded by the 8051.

If the 8051 doesat load an IN isochroous endpoinFIFO during al-ms frame, and the
hostrequests datdrom that endpoint during the neixame(IN token), the 3B Core
responds according th¢ setting 6the ISCSENDObit (USBPAIR.7). If ISOSENDO=1,
the coereturnsa zeo-length data packet iresponse tthe host IN tokn. If ISOS-
END=0, the core does not respondtie N token.

It is the reporsihility of the8051 pogrammer to ensure that the numbébytes written
to the IN FIFO does not exceed the maximum pasiketasrepoted duringenumeration.
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12.5 CPU Registers

CPUCS

CPU Control and Status

7F92

b7

b6

b5

b4

b3

b2

bl

b0

RV3

RV2

RV1

RVO

0

CLK240E

8051RES

R

R

R/W

R

RV3

Rv2

Rv1

RVO

0

0

1

1

Figure 12-5. CPU Control and Status Register

This register enables the CLK24 output and permits the host to reset the 8051 using a
Firmware Download.

Bit 7-4: RV[3..0] Silicon Revision
These register bits define the silicon revision. Consult individual Cypress Semiconductor

data sheets for values.

Bit 1: CLK240E  Output enable - CLK24 pin

When this bit is set to 1, the internal 24-MHz clock is connected to the EZ-USB CLK24
pin. When this bitis 0, the CLK24 pin drives HI. This bit can be written by the 8051
only.

Bit O: 8051RES 8051 reset
The USB host writes “1” to this bit to reset the 8051, and “0” to run the 8051. Only the
USB host can write this bit.
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12.6 Port Corfiguration

PORTACFG IO Port A Configuration 7F93
b7 b6 b5 b4 b3 b2 bl b0
RxD1OUT | RxDOOUT FRD FWR cs OE T10UT TOOUT
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
PORTBCFG IO Port B Configuration 7F94
b7 b6 b5 b4 b3 b2 bl b0
T20UT INT6 INT5 INT4 TXD1 RXD1 T2EX T2
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
PORTCCFG 1O Port C Configuration 7F95
b7 b6 b5 b4 b3 b2 bl b0
RD WR T1 TO INT1 INTO TXDO RXDO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 12-6. 10 Port Configuration Registers

These three registers control the iree IO ports on tie EZ-USB chip. Theysdect between

IO potts and various a#rnate functions. They are read/write by the 8051.

WhenPORTNCFG=0, the port pin funatins as |10, using the OT, PINS, and OEantrol
bits. Data written toan QJTn registers appeaon anlO Port pin ifthe corresponding
output enable bit (OBns HI.

WhenPORTNCFG=1, the pin assumes the alternfataction shownn Table 12-4 on the
following page.
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Table 12-4.

10 Pin Alternate Functions

I/0 Name Alternate Functions
PAO TOOUT Timer 0 Output
PAL T10UT Timer 1 Output
PA2 OE# External Memory Output Enable
PA3 CS# External Memory Chip Select
PA4 FWR# Fast Access Write Strobe
PA5 FRD# Fast Access Read Strobe
PA6 RXDOOUT Mode 0: UARTO Synchronous Data Output
PA7 RXD10OUT Mode 0: UART1 Synchronous Data Output
PBO T2 Timer/Counter 2 Clock Input
PB1 T2EX Timer/Counter 2 Capture/Reload Input
PB2 RxD1 Serial Port 1 Input
PB3 TxD1 Mode 0:  Clock Output
Modes 1-3: Serial Port 1 Data Output
PB4 INT4 INT4 Interrupt Request
PB5 INTS# INTS Interrupt Request
PB6 INT6 INT6 Interrupt Request
PB7 T20UT Timer/Counter 2 Overflow Indication
PCO RxDO Serial Port 0 Input
PC1 TxDO Mode 0:  Clock Output
Modes 1-3: Serial Port 0 Data Output
pPC2 INTO# INTO Interrupt Request
PC3 INT1# INT1 Interrupt Request
PC4 T0 Timer/Counter 0 External Input
PC5 T1 Timer/Counter 1 External Input
PC6 WR# External Memory Write Strobe
PC7 RD# External Memory Read Strobe

Chapter 12. EZ-USB Registers
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12.7

Input-Output Port Registers

ouT Port A Outputs 7F96
b7 b6 b5 b4 b3 b2 bl b0
OUTA7 OUTA6 OUTAS5 OUTA4 OUTA3 OUTA2 OUTA1 OUTAO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
ouTB Port B Outputs 7F97
b7 b6 b5 b4 b3 b2 bl b0
OUTB7 OuUTB6 OUTB5 OUTB4 OouUTB3 OUTB2 OUTB1 OUTBO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
ouTC Port C Outputs 7F98
b7 b6 b5 b4 b3 b2 bl b0
ouTC7 OUTC6 OUTCS ouTC4 ouTC3 ouTC2 ouTC1 OUTCO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 12-7. Output Port Configuration Registers

The OUTn registers provide the data that drives the port pin when &tethe PORT-
NCFG pin is 0. If the port pin is selected ampui (OE=0), the valueated in the corre-
sponding OUTNn bit is stored in an output latch but not used.
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PINSA Port A Pins 7F99

b7 b6 b5 b4 b3 b2 bl b0
PINA7 PINAG6 PINA5 PINA4 PINA3 PINA2 PINAL1 PINAO
R R R R R R R R
X X X X X X X X
PINSB Port B Pins 7TF9A
b7 b6 b5 b4 b3 b2 bl b0
PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO
R R R R R R R R
X X X X X X X X
OouTC Port C Pins 7F98
b7 b6 b5 b4 b3 b2 bl b0
PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO
R R R R R R R R
X X X X X X X X

Figure 12-8. PINSn Registers

The PINSnh registers contain the current value of the port pins, whether they are selected as
IO ports or alternate functions.
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OEA Port A Output Enable 7FOC
b7 b6 b5 b4 b3 b2 bl b0
OEA7 OEA®6 OEA5 OEA4 OEA3 OEA2 OEAl OEAO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
OEB Port B Output Enable 7FOD
b7 b6 b5 b4 b3 b2 bl b0
OEB7 OEB6 OEB5 OEB4 OEB3 OEB2 OEB1 OEBO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
OEC Port C Output Enable 7FOE
b7 b6 b5 b4 b3 b2 bl b0
OEC7 OEC6 OECS5 OEC4 OEC3 OEC?2 OEC1 OECO
R/W R/W R/W R/W R/W R/W R/W R/W

X

X

X

The OE registers control the output enables on the tri-state drivers connected to the port
pins. When these bits are “1,” the port is an output, unless the corresponding PORTNnCFG

bitis settoa “1.”
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12.8 230-Kbaud UART Operatian - AN2122,AN2126

UART230 230-Kbaud UART Control 7TFOF

b7 b6 b5 b4 b3 b2 bl b0
UART1 UARTO
R/W R/W
0 0 0 0 0 0 0 0
Figure12-10. 230-Kbaud UART (peration Register
Bit 1: UART1 Universal 115230 Kbaud operaon for UART1
Bit O: UARTO Universal 115230 Kbaud operabn for UARTO

These [ts, when set to “1,” annect anintemal 3.69-MHz clockto UARTO and/or
UART1. TheUARTs divide thsfrequency by 16, giving 230-KHz baud clak if the
comrespondig SMOD bit is set or 115 baud clo& if the corresponding SMODiIt is clear
(NOTE: SMODQO s bit 7 or SFR 0x87, SMODL1 isit7 or SFR 0xD§. Whenthe UARTO
or UART1 Wt isclear, the nonal UART clock soutes are used.

12.9 Isochronous Control/Statugkegisters

ISOERR Isochronous QJT EP Error 7FAQ
b7 b6 b5 b4 b3 b2 bl b0

ISO15ERR | ISO14ERR | ISO13ERR | ISO12ERR | ISO11ERR | ISO10ERR | ISO9ERR ISO8ERR
R R R R R R R R
X X X X X X X X

Figure 12-11. Isochronous OUT Endpoint Error Register

The ISOERR lisareupdated at evy SOF. They ndicate thaia CRC eror was received
on a data packet for thercent frame. The ISOERR bit statarefers tothe USB data
received in tke previousframe, ard which is curently in the endpot’ sOUT FIFO. If the
ISOERR It =1, indicatirg a badCRC check, te datais stil| availabkin theOUTNnDATA
regster.
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ISOCTL Isochronous Control TFA1
b7 b6 b5 b4 b3 b2 bl b0
PPSTAT MBZ MBZ ISODISAB
R R R R/W R/W R/W
0 0 0 0 0 0 0 0
Figure 12-12. Isochronous Control Register
Bit 3: PPSTAT Ping-Pong Status

This bit indicates the isochronous buffer currently in use by the EZ-USB core. It is used
only for diagnostic purposes.

Bits 2,1: MBZ Must be zero

These bits must always be written with zeros.

Bit O: ISODISAB  ISO Endpoints Disable
ISODISAB=0 enables all 16 isochronous endpoints

ISODISAB=1 disablesll 16 isochronous endpoints, making the 2,048 bytes of isochro-
nous FIFO memory available as 8051 data memory at 0x2000-0x27FF.

ZBCOUT Zero Byte Count Bits TFA2
b7 b6 b5 b4 b3 b2 bl b0
EP15 EP14 EP13 EP12 EP11 EP10 EP9 EP8
R R R R R R R R
X X X X X X X X

Figure 12-13. Zero Byte Count Register
Bits 0-7: EP(n) Zero Byte Count for ISO OUT Endpoints

The 8051 can check these bits as a fast way to check all of the OUDrsmasendpoints
at once for no data received during the previous frame. A “1” in any bit position means
that a zero byte Isochronous OUT packet was received for the indicated endpoint.
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12.10 PC Registers

I12CS |2C Control and Status TFA5
b7 b6 b5 b4 b3 b2 bl b0
START STOP LASTRD ID1 IDO BERR ACK DONE
R/W R/W R/W R R R R R
0 0 0 X X 0 0 0
I2DAT |2C Data 7TFAG
b7 b6 b5 b4 b3 b2 bl b0
D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure 12-14. iC Transfer Registers

The 8051 uses these registers to transfer data over the EZC 88sl

Bit 7: START Signal START condition

The 8051 sets the START bit to “1” to prepare @ lus transfer. If START=1, the next
8051 load to I2DAT will generate the start condition followed by the serialized byte of
data in I2DAT. The 8051 loads byte data into I2DAT after setting the START bit. The
I2C controller clears the START bit during the ACK interval.

Bit 6: STOP Signal STOP condition

The 8051 sets STOP=1 to terminate Zhbus transfer. ThéQ controller clears the

STOP bit after completing the STOP condition. If the 8051 sets the STOP bit during a
byte transfer, the STOP condition will be generated immediately following the ACK
phase of the byte transfer. If no byte transfer is occurring when the STOP bit is set, the

STOP condition will be carried out immediately on the bus. Data should not be written to
I2CS or I2DAT until the STOP bit returns low.
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Bit 5: LASTRD Last Data Read

To read data over théd bus, anaC master floats the SDA line and issues clock pulses on
the SCL line. After every eight bits, the master drives SDA low for one clock to indicate
ACK. To signal the last byte of the read transfer, the master floats SDA at ACK time to
instruct the slave to stop sending. This is controlled bg®ad. by setting LstRD=1

before reading the last byte of a read transfer. Zhedntroller clears the LastRD bit at
the end of the transfer (at ACK time).

Note

Setting LastRD does not automatically generate a STOP condition. The 8051 shpuld
also set the STOP bit at the end of a read transfer.

Bit 4-3: ID1,1D0 Boot EEPROM ID

These bits are set by the boot loader to indicate whether an 8-bit address or 16-bit address
EEPROM at slave address 00006r1 was detected at powen. Normally, they are used
for debug purposes only.

Bit 2: BERR Bus Error

This bit indicates arfC bus error. BERR=1 indicates that there was bus contention,
which results when an outside device drives the bus LO whbauids't, or when

another bus master wins arbitration, taking control of the bus. BERR is cleared when
8051 reads or writes the IDATA register.

Bit 1: ACK Acknowledge bit

Every ninth SCL or a write transfer the slave indicates reception of the byte by asserting
ACK. The EZ-USB controller floats SDA during this time, samples the SDA line, and
updates the ACK bit with the complement of the detected value. ACK=1 indicates
acknowledge, and ACK=0 indicates not-acknowledge. The EZ-USB core updates the
ACK bit at the same time it sets DONE=1. The ACK hitdd be ignored for read trans-
fers on the bus.
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Bit O: DONE 12C Transfer DONE

The PC controller sets this bit whenever it conhgtes a bie trardfer, right after the ACK
stage. Theontroller also geneitas an 4C interruptreguest (8051 INT3 whenit setsthe

DONE bit. The iC controller autmatically clears the DONE bit and théQ interrupt
request b whenever the 805%kads owrites the PDAT regiser.

I2CMODE [2C Mode TFA7
b7 b6 b5 b4 b3 b2 bl bo
STOPIE
RIW
0 0 0 0 0 0 0 0

Figure 12-15. 1°C Mode Register

The PC interrupt includes onedaitional interrug source in the AN2122/AN2126, a 1-0
trarsition of the STOP bit. To enable this interrysd the STAPIE bit in the I2CMODE
regster. The 8051 detmines the iterrupt source by checkirtbe DONE and STOP bits
in the IXCSregiste.
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1211 Interrupts

IVEC Interrupt Vector 7TFA8
b7 b6 b5 b4 b3 b2 bl b0
0 V4 V3 V2 V1 IVO 0 0
R R R R R R R R
0 0 0 0 0 0 0 0

Figure12-16. InterruptVector Register

IVEC indcates the sourcaf an interrupfrom theUSB Core. When thedSB coregener-
ates ariNT2 (USB) interruprequestjt updates IVEC to indicate the source tfe inter-

rupt. The interrupt sources are encoded on IV[4..@hasvn in Figue 9-2.
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INO7IRQ Endpoint 0-7 IN Interrupt Request 7FA9
b7 b6 b5 b4 b3 b2 bl b0
IN7IR IN6IR INSIR IN4IR IN3IR IN2IR IN1IR INOIR
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
OUTO7IRQ Endpoint 0-7 OUT Interrupt Requests 7TFAA
b7 b6 b5 b4 b3 b2 bl b0
OUT7IR OUT6IR OUTSIR OUT4IR OUT3IR OUT2IR OUTI1IR OUTOIR
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure 12-17. IN/OUT Interrupt Request (IRQ) Register

These interrupt request (IRQ) registers indicate the pending interrupts for each bulk end-
point. An interrupt request (IR) bit becomes active when the BSY bit for an endpoint
makes a transition from one to zero (the endpoint becamsisy giving access to the
8051). The IR bits function independently of the Interrupt Enable (IE) bits, so interrupt
requests are held whether or not the interrupts are enabled.

The 8051 clears an interrupt request bit by writing a “1” to it (see the following Note).

Note

Do not clear an IRQ bit by reading an IRQ register, ORIng its contents with a bit mask,
and writing back the IRQ register. This will clear ALL pending interrupts. Instead, sim-
ply write the bit mask value (with the IRQ you want to clear) directly to the IRQ repister.
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USBIRQ USB Interrupt Request 7FAB
b7 b6 b5 b4 b3 b2 bl b0
IBNIR* URESIR SUSPIR SUTOKIR SOFIR SUDAVIR
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

* AN2122/AN2126 only.

Figure 12-18. USB Interrupt Request (IRQ) Registers

USBIRQ indicates the interrupt request status of the USB reset, suspend, setup token, start
of frame, and setup data available interrupts.

Bit 5: IBNIR IN Bulk NAK Interrupt Request

This bit is in the AN2122 and AN2126 versions only. The EZ-USB core sets this bit when
any of the IN bulk endpoints responds to an IN token with a NAK. This interrupt occurs
when the host sends an IN token to a bulk IN endpoint which has nadripeedby the

8051 writing its byte count register. Individual enables and requesta(fj@iet)are

controlled by the IBNIRQ and IBNIEN registers (7FBO, 7FB1).

Bit 4: URESIR USB Reset Interrupt Request

The EZ-USB core sets this bit to “1” when it detects a USB bus reset.

Because this bit can change state while the 8051 is in reset, it may be active when the 8051
comes out of reset, although it is reset to “0” by a power-on reset. Write a “1” to this bit to
clear the interrupt request. See Chapter 10, "EZ-USB Resets" for more information about
this bit.

Bit 3: SUSPIR USB Suspend Interrupt Request
The EZ-USB core sets this bit to “1” when it detects USB SUSPEND signaling (no bus

activity for 3 ms). Write a “1” to this bit to clear the interrupt request.

Because this bit can change state while the 8051 is in reset, it may be active when the 8051
comes out of reset, hlbugh it isreset to “0” by a power-on reset. See Chapter 11, "EZ-
USB Power Management" for more information about this bit.
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Bit 2: SUTOKIR  SETUP Token Interrupt Request

The EZ-USB core sets this bit to “1” when it receives a SETUP token. Write a “1” to this
bit to clear the interrupt request. See Chapter 7, "EZ-USB Endpoint Zero" for more infor-
mation on the handling of SETUP tokens.

Because this bit can change state while the 8051 is in reset, it may be active when the 8051
comes out of reset, hlbugh it isreset to “0” by a power-on reset.

Bit 1: SOFIR Start of frame Interrupt Request

The EZ-USB core sets this bit to “1” when it receives a SOF packet. Write a “1” to this bit
to clear the interrupt condition.

Because this bit can change state while the 8051 is in reset, it may be active when the 8051
comes out of reset, Albugh it isreset to “0” by a power-on reset.

Bit O: SUDAVIR  SETUP data available Interrupt Request

The EZ-USB core sets this bit to “1” when it has transferred the eight data bytes from an
endpoint zero SETUP packet into internal registers (at SETUPDAT). Write a “1” to this

bit to clear the interrupt condition.

Because this bit can change state while the 8051 is in reset, it may be active when the 8051
comes out of reset, hlbugh it isreset to “0” by a power-on reset.
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INO7EN Endpoint 0-7 IN Interrupt Enables 7TFAC
b7 b6 b5 b4 b3 b2 bl b0
IN7IEN INGIEN INSIEN IN4IEN IN3IEN IN2IEN INLIEN INOIEN
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
OUTO7IEN Endpoint 0-7 OUT Interrupt Enables 7FAD
b7 b6 b5 b4 b3 b2 bl b0
OUT7IEN | OUTBIEN | OUTSIEN | OUT4IEN | OUT3IEN | OUT2IEN | OUTLIEN | OUTOIEN
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure 12-19. IN/OUT Interrupt Enable Registers

The Endpoint Interrupt Enable registers define which endpoints have active interrupts.
They do not affect the endpoint action, only the generation of an interrupt in response to
endpoint events.

When the IEN bit for an endpoint is “0,” the interrupt request bit for that endpoint is
ignored, but saved. When the IEN bit for an endpoint is “1,” any IRQ bit equal to “1” gen-

erates an 8051 INT2 request.

Note

The INT2 interrupt (EIE.O) and the 8051 global interrupt enable (EA) must be ena
for the endpoint interrupts to propagate to the 8051. Once the INT2 interrupt is &
must be cleared by software.

bled
ctive, it
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USBIEN USB Interrupt Enables TFAE
b7 b6 b5 b4 b3 b2 bl b0
IBNIE* URESIE | SUSPIE | SUTOKIE | SOFIE | SUDAVIE
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

* AN2122/AN2126 only.

Figure 12-20. USB Interrupt Enable Registers

USBIEN bits gate the interrupt request to the 8051 for USB reset, suspend, SETUP token,
start of frame, and SETUP data available.

Bit 5: IBNIE IN bulk NAK Interrupt Enable

This bit is in the AN2122 and AN2126 versions only. The 8051 sets this bit to enable the
IN-bulk-NAK interrupt. This interrupt occurs when the host sends an IN token to a bulk
IN endpoint which has not beanmedby the 8051 writing its byte count register. Indi-
vidual enables and requests (per endpoint) are controlled by the IBNIRQ and IBNIEN reg-

isters (7FBO, 7FB1).

Bit 4: URESIE USB Reset Interrupt Enable
This bit is the interrupt mask for the URESIR bit. When this bit is “1,” the interrupt is

enabled, when it is “0,” the interrupt is disabled.

Bit 3: SUSPIE USB Suspend Interrupt Enable
This bit is the interrupt mask for the SUSPIR bit. When this bit is “1,” the interrupt is

enabled, when it is “0,” the interrupt is disabled.

Bit 2: SUTOKIE  SETUP Token Interrupt Enable

This bit is the interrupt mask for the SUTOKIR bit. When this bit is “1,” the interrupt is
enabled, when it is “0,” the interrupt is disabled.
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Bit 1: SOFIE Start of frame Interrupt Enable

This bit is the interrupt mask for the SOFIE bit. When this bit is “1,” the interrupt is
enabled, when it is “0,” the interrupt is disabled.

Bit O: SUDAVIE SETUP data available Interrupt Enable

This bit is the interrupt mask for the SUDAVIE bit. When this bit is “1,” the interrupt is
enabled, when it is “0,” the interrupt is disabled.
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USBBAV Breakpoint and Autovector TFAF
b7 b6 b5 b4 b3 b2 bl b0
BREAK | BPPULSE | BPEN AVEN
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Figure 12-21. Breakpoint and Autovector Register
Bit 3: BREAK Breakpoint enable

The BREAK bit is set when tH#051 aldress bus matches the address held in the bit
breakpoint address registers (next page). The BKPT pin reflects the state of this bit. The
8051 writes a “1” to the BREAK bit to clear it. It is not necessary to clear the BREAK bit
if the pulse mode bit (BPPULSE) is set.

Bit 2: BPPULSE Breakpoint pulse mode

The 8051 sets this bit to “1” to pulse the BREAK bit (and BKPT pin) high for 8 CLK24

cycles when the 8051 address bus matches the address held in the breakpoint address reg-
isters. when this bit is set to “0,” the BREAK bit (and BKPT pin) remains high until it is
cleared by the 8051.

Bit 1: BPEN Breakpoint enable

If this bit is “1,” a BREAK signal is generated whenever the 16-bit address lines match the
value in the Breakpoint Address Registers (BPADDRH/L). The behavior of the BREAK
bit and associated BKPT pin signal is either latched or pulsed, depending on the state of
the BPPULSE bit.

Bit O: AVEN Auto-vector enable

If this bitis “1,” the EZ-USB Auto-vector feature is enabled. Ifitis O, the auto-vector fea-
ture is disabled. See Chapter 9, "EZ-USB Interrupts” for more information on the auto-
vector feature.
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IBNIRQ IN Bulk NAK Interrupt Requests 7FBO
b7 b6 b5 b4 b3 b2 bl b0
EP6IN EPS5IN EP4IN EP3IN EP2IN EP1IN EPOIN
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

* AN2122/AN2126 only.

Figure 12-22. IN Bulk NAK Interrupt Request Register

These bits are set when a bulk IN endpoint (0-6) received an IN token while the endpoint
was notarmedfor data transfer. In this case the SIE automatically sends a NAK response,
and sets the corresponding IBNIRQ bit. If the IBN interrupt is enabled (USBIEN.5=1),
and the endpoint interrupt is enabled in the IBNIEN register, an interrupt is request gener-
ated. The 8051 can test the IBNIRQ register to determine which of the endpoints caused
the interrupt. The 8051 clears an IBNIRQ bit by writing a “1” to it.

IBNIEN IN Bulk NAK Interrupt Enables 7FB1
b7 b6 b5 b4 b3 b2 bl b0
EP6IN EPSIN EP4IN EP3IN EP2IN EP1IN EPOIN
R/W R/W R/W R/W R/W R/W R/W R/W
X X 0 0 0 0 0 0

Each of the individual IN endpoints may be enabled for an IBN interrupt using the IBNEN
register. The 8051 sets an interrupt enable bit to 1 to enable the corresponding interrupt.

Figure 12-23. IN Bulk NAK Interrupt Enable Register
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BPADDRH Breakpoint Address High 7FB2
b7 b6 b5 b4 b3 b2 bl b0
A15 Al4 A13 A12 A1l A10 A9 A8
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
BPADDRL Breakpoint Address Low 7FB3
b7 b6 b5 b4 b3 b2 bl b0
A7 A6 A5 A4 A3 A2 Al A0
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure 12-24. IN/OUT Interrupt Enable Registers

When the current 16-bit address (code or xdata) matches the BPADDRH/BPADDRL
address, a breakpoint event occurs. The BPPULSE and BPEN bits in the USBBAV regis-
ter control the action taken on a breakpoint event.

If the BPEN bit is “0,” address breakpoints are ignored. If BPEN is “1” and BPPULSE is
“1,” an 8 CLK24 wide pulse appears on the BKPT pin. If BPEN is “1” and BPPULSE is
“0,” the BKPT pin remains active until tl8951 clears the BREAKit by writing “1” to it.
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12.12 Endpoint O Control and Status Registers

EPOCS Endpoint Zero Control and Status 7FB4
b7 b6 b5 b4 b3 b2 bl b0
OUTBSY INBSY HSNAK EPOSTALL
R R R/W R/W
0 0 0 0 1 0 0 0
INOBC Endpoint Zero IN Byte Count 7FBS
b7 b6 b5 b4 b3 b2 bl b0
BC6 BC5 BC4 BC3 BC2 BC1 BCO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
OuTOBC Endpoint Zero OUT Byte Count 7FC5
b7 b6 b5 b4 b3 b2 bl b0
BC6 BC5 BC4 BC3 BC2 BC1 BCO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Figure 12-25. Port Configuration Registers

These registers control EZ-USB CONTROL endpoint zero. Because endpoint zero is a bi-
directional endpoint, the IN and OUT functionality is controlled by a single control and
status (CS) register, unlike endpoints 1-7, which have separate INCS and OUTCS regis-
ters.

Bit 3: OUTBSY OUT Endpoint Busy

OUTBSY is a read-only bit that is automatically cleared when a SETUP token arrives.
The 8051 sets the OUTBSY bit by writing a byte count to EPOUTBC.
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If the CONTROL transfer uses an OUT data phase, the 8051 must load a dummy byte
count into OUTOBC to arm the OUT endpoint buffer. Until it does, the EZ-USB core will
NAK the OUT tokens.

Bit 2: INBSY IN Endpoint Busy

INBSY is a read-only bit that is automatically cleared when a SETUP token arrives. The
8051 sets the INBSY bit by writing a byte count to INOBC.

If the CONTROL transfer uses an IN data phase, the 8051 loads the requested data into the
INOBUF buffer, and then loads the byte count into INOBC to arm the data phase of the
CONTROL transfer. Alternatively, the 8051 can arm the data transfer by loading an
address into the Setup Data Pointer registers SUDPTRH/L. Until armed, the EZ-USB

core will NAK the IN tokens.

Bit 1: HSNAK Handshake NAK

HSNAK (Handshake NAK) is a read/write bit that is automatically set when a SETUP
token arrives. Th8051 clears HSNAK by writing d” to the register bit.

While HSNAK=1, the EZ-USB core NAKs the handshake (status) phase of the CON-
TROL transfer. When HSNAK=0, it ACKs the handshake phase. The 8051 can clear
HSNAK at any time during a CONTROL transfer.

Bit O: EPOSTALL Endpoint Zero Stall

EPOSTALL is a read/write bit that is automatically cleared when a SETUP token arrives.
The 8051 sets EPOSTALL by writing a “1” to the register bit.

While EPOSTALL=1, the EZ-USB core sends the STALL PID for any IN or OUT token.
This can occur in either the data or handshake phase of the CONTROL transfer.

Note

To indicate an endpoint stall on endpoint zero, set both EPOSTALL and HSNAK hits.
Setting the EPOSTALL bit alone causes endpoint zero to NAK forever because the host
keeps the control transfer pending.
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12.13 Endpoint 1-7 Control andStatus Regsters

Endpoints 1-7 IN and OUT are used forlkbat interrupt dataTable 12-5 shows the
addreses for thecontrol/status rad byte cuntregisters asociatedwith these endpoints.
The bi-directional CONTROL endpoint zero registanes described in Section 12.12,
"Endpoint 0 Control and Status Rstgrs."

Table 12-5. Control and Satus Rejister Addresses for Bdpoints 0-7

Address Function Name
7FB4 | Control and Status - Endpoint INO EPOCS
7FB5 | Byte Count - Endpoint INO INOBC
7FB6 | Control and Status - Endpoint IN1 INICS
7FB7 | Byte Count - Endpoint IN1 IN1IBC
7FB8 | Control and Status - Endpoint IN2 IN2CS
7FB9 | Byte Count - Endpoint IN2 IN2BC
7FBA | Control and Status - Endpoint IN3 IN3CS
7FBB | Byte Count - Endpoint IN3 IN3BC
7FBC | Control and Status - Endpoint IN4 IN4CS
7FBD | Byte Count - Endpoint IN4 IN4BC
7FBE | Control and Status - Endpoint IN5 IN5CS
7FBF | Byte Count - Endpoint IN5 INSBC
7FCO | Control and Status - Endpoint IN6 IN6CS
7FC1 | Byte Count - Endpoint IN6 IN6BC
7FC2 | Control and Status - Endpoint IN7 IN7CS
7FC3 | Byte Count - Endpoint IN7 IN7BC
7FC4 | Reserved
7FC5 | Byte Count - Endpoint OUTO OuTO0BC
7FC6 | Control and Status - Endpoint OUT1 ouTiCS
7FC7 | Byte Count - Endpoint OUT1 OUT1BC
7FC8 | Control and Status - Endpoint OUT2 ouT2Ccs
7FC9 | Byte Count - Endpoint OUT2 OuUT2BC
7FCA | Control and Status - Endpoint OUT3 0u37Cs
7FCB | Byte Count - Endpoint OUT3 OUT3BC
7FCC | Control and Status - Endpoint OUT4 ouT4Cs
7FCD | Byte Count - Endpoint OUT4 OUT4BC
7FCE | Control and Status - Endpoint OUT5 OuUT5CS
7FCF | Byte Count - Endpoint OUT5 OUT5BC
7FDO | Control and Status - Endpoint OUT6 OuUT6CS
7FD1 | Byte Count - Endpoint OUT6 OuT6BC
7FD2 | Control and Status - Endpoint OUT7 0ouT7CS
7FD3 | Byte Count - Endpoint OUT7 OuT7BC

EZ-USB Series 2100 TRM v1.8

Chapter 12. EZ-USB Registers

Page 12-31




INNCS Endpoint (1-7) IN Control and Status 7FB6-7FC2*
b7 b6 b5 b4 b3 b2 bl b0
INnBSY INNSTL
R R/W R/W
0 0 0 0 0 0 0 0

* See Table 12-5 for individual control/status register addresses.

Figure 12-26. IN Control and Status Register

Bit 1: INNBSY IN Endpoint (1-7) Busy

The BSY bit indicates the status of the endpoint’s IN Buffer INnBUF. The EZ-USB core
sets BSY=0 when the endpoint’s IN buffer is empty and ready for loading by the 8051.
The 8051 sets BSY=1 by loading the endpoint’s byte count register.

When BSY=1, the 8051 should not write data to an IN endpoint buffer, because the end-
point FIFO could be in the act of transferring data to the host over the USB. BSY=0 when
the USB IN transfer is complete and endpoint RAM data is available for 8051 access.
USB IN tokens for the endpoint are NAKd while BSY=0 (8@51 isstill loading data

into the endpoint buffer).

A 1-to-0 transition of BSY (indicating that the 8051 can access the buffer) generates an
interrupt request for the IN endpoint. After the 8051 writes the data to be transferred to
the IN endpoint buffer, it loads the endpoint's bydert registewith the number of bytes

to transfer, which automatically sets BSY=1. This enables the IN transfer of data to the
host in response to the next IN token. Again, the CPU should never load endpoint data
while BSY=1.

The 8051 writes a “1” to an IN endpoint busy bit to disarm a previously armed endpoint.
(This sets BSY=0.) The 8051 program should do this only after a USB bus reset, or when
the host selects a new interface or alternate setting that usesiploneé Thigprevents

stale data from a previous setting from being accepted by the host’s first IN transfer that
uses the new setting.

Note:

Even though the register description shows bit 1 as “RAW,” the 8051 can only clear this
bit by writing a “1” to it. The 8051 can not directly set this bit.

To disarm a paired IN endpoint, write a “1” to the busy bitokmth endpoints in the pair.
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Bit O: INNSTL IN Endpoint (1-7) Stall
The 8051sets this It to “1” to stall an endpoint, and to “0” to clearstall.

When the stall v is “1,” the EZ-USB core rettns aSTALL Handshake fodll requests to
the endpoint. This nidtes the host that somethingeMpected has happened.

The 8051sets an endpotis stall bit under two circumstaes:

1. The host sends“Set_Feature—Endpointt&l” request to the sp#ic endpoint.

2. The 8051 encounteany show stoppe error on the endpoingnd ts the stall bit
to tell the host tdalt traffic to the endpoint.

The 8051clears an endpoiig stall bit under two otumstances:

1. The host sends*“Clear_Fe#&ure--Endpoint Stallrequest to the specific endpoint.

2. The 8051 reeives somether indication fronthe hosthat the stall should be
cleareal (this isreferred to as “host integertion” in the USB Specification). This
indication couldbe a UB busreset.

All stall bits are autortically cleared vinen the EZ-USBchip ReNumerate! by pulsing
the DISCON bit HI.
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INNBC Endpoint (1-7) IN Byte Count 7TFB7-7TFC3*
b7 b6 b5 b4 b3 b2 bl b0
D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

* See Table 12-5 for individual byte count register addresses.

Figure 12-27. IN Byte Count Registers

The 8051 writes this register with the number of bytes it loaded into the IN endpoint
buffer INNBUF. Writing this register alsrmsthe endpoint by setting the endpoint BSY
bit to 1.

Legal values for these registers are 0-64. A zero transfer size is used to terminate a trans-
fer that is an integral multiple of MaxPacketSize. For example, a 256-byte transfer with
maxPacketSize = 64, would require four packets of 64 bytes each plus one packet of O
bytes.

The IN byte count should never be written while thépint's BUSYhbit is set.

When the register pairing feature is used (Section 6, "EZ-USB Bulk Transfers") IN2BC is
used for the EP2/EP3 pair, INABC is used for the EP4/EPS5 pair, and IN6BC is used for the
EPG6/EP7 pair. In thpaired (double-buffered) mode, after the first write to the even-num-
bered byte count register, the endpoint BSY bit remains at 0O, indicating that only one of
the buffers is fulland the other is still empty. The odd numbered byte count register is not
used when endpoints are paired.
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ouTnCS Endpoint (1-7) OUT Control and Status 7FC6-7FD2*

b7 b6 b5 b4 b3 b2 bl b0

OUTnBSY | OUTNnSTL

R/W
0 0 0 0 0 0 0 0

* See Table 12-5 for individual control/status register addresses.

Figure 12-28. OUT Control and Status Registers

Bit 1: OUTNnBSY  OUT Endpoint (1-7) Busy

The BSY bit indicates the status of the endpoint’'s OUT Buffer OUTnBUF. The EZ-USB
core sets BSY=0 when the host data is available in the OUT buffer. The 8051 sets BSY=1
by loading the endpoint's byte count register.

When BSY=1, endpoint RAM data is invalid--the endpoint buffer has been emptied by the
8051 and is waiting for new OUT data from the host, or it is the process of being loaded
over the USB. BSY=0 when the USB OUT transfer is complete and endpoint RAM data
in OUTnBUF is available for the 8051 to read. USB OUT tokens forntdpantare

NAKd while BSY=1 (theB051 is stl reading data from the OUT endpoint).

A 1-to-0 transition of BSY (indicating that the 8051 can access the buffer) generates an
interrupt request for the OUT endpoint. After the 8051 reads the data from the OUT end-
point buffer, it loads the endpoint’s byte count register with any value to re-arm the end-
point, which automatically sets BSY=1. This enables the OUT transfer of data from the
host in response to the next OUT token. The CPU should never read endpoint data while
BSY=1.

Bit O: OUTnSTL  OUT Endpoint (1-7) Stall

The 8051 sets this bit to “1” &tall an endpoint, and to “0” to clear a stall.

When the stall bit is “1,” the EZ-USB core returns a STALL Handshake for all requests to
the endpoint. This notifies the host that something unexpected has happened.

The 8051 sets an endpoint’s stall bit under two circumstances:

1. The host sends a “Set_Feature—Endpoint Stall” request to the specific endpoint.
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2. The 8051 encountearny showstoppe error on the endpoingnd ts the stall bit
to tell the host tdalt traffic to the endpoint.

The 8051clears an endpoiig stall bit under two otumstances:
1. The hatsends a “Clear_Feature—Endpdatall” request to tke specifc endpoint.

2. The 8051 reeives somether indication fronthe hosthat the stall should be
cleareal (this isreferred to as “host inteertion” in the USB Specification).

All stall bits are automatically cleared wheime EZ-USB chip ReNumerasg! .

OuUTnBC Endpoint (1-7) OUT Byte Count 7FC7-7FD3*
b7 b6 b5 b4 b3 b2 bl b0
D6 D5 D4 D3 D2 D1 DO
R/W
0 0 0 0 0 0 0 0

* See Tabe 12-5 for individual control/statusregister addreses

Figure 12-29. OUT Byte Count Registers

The 8051 reds ths register to determe the number of bytesnt to an OUT endpoint.
Leca sizes are 0 - 64 bgs.

Each EZ-USB bulk OUT endpoithas a byte count régler, whichserves two purposes.
The 805Teadsthe bye court register to detemine hav mary bytes wee receivedduring
the last OUT transfer from the host. The 8054rites the byte coutregster (with any
value) totell the EZ-USB core thait has finshed reathg bytes fom the bufer, making
the bufer available taccept the ng OUT transfer. Writing the byte countregister sets
theendpoints BSY bit to “1.”

When theregister-paingfeaure is usedDUT2BC is useddr the EPZEP3pair,
OUT4BC is used for tle EP4/EPS gir, and OU'6BC is usd for the BP6/EP7 pair. The
odd-numbered bgtcourt regsters shout not be used. When the 8051 rites a lyte to the
even numbered bymunt regster, the EZ-USB cae switches buffers. If the aher buffer
already caontains data to be read by the 8051, the OUTnB3it remains at0.”

All OUT tokens are NAKd unit the 8051 is releasedom REET, whereupon the ACK/
NAK behaviolis based on pairing.
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12.14 Global USBRegisters

SUDPTRH

Seup Data Pointer High 7FD4
b7 b6 b5 b4 b3 b2 bl b0
Al5 Al4 Al3 Al12 All Al10 A9 A8
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
SUDPTRL Setup Data Ponter Low 7FD5
b7 b6 b5 b4 b3 b2 bl b0
A7 A6 A5 A4 A3 A2 Al AO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure12-30. Setup Data Pointer High/Low Regsters

When theEZ-USB chip receies a “Get Descrigor” request on endpoint zgrit can
instruct he EZ-USB core to handlthe multi-packet IN transfer by loadg these registers
with the aldress of an interal table containing thdescriptor data. Theescripor data
tables mg be placedn internal ppgrambdat@aRAM or in unusd Endpoint 0-7RAM. The

SUDPTR does not operate withtexnal menory. The SUDPTR registers should be
loaded in HIGHLOW orde.

In addition to loadingUDPTRL, the 8051 must also clear tHSNAK bit in the EPOCS
regster (by writing a “I to it) to canplete the CONTROLransfer.

Note

Any hod requestthatusesthe EZ-USB Setup Data Pointer t@nser IN data must indit
cate the number of bytds trarsfer in bytes 6 (wLenght) and 7 (wLengthH) of the
SETUP paket. These byteare pre-asigned nthe USB Specfication tobe lengh bytes
in all standard dewe requests sch as‘Get_Descrptor.” If vendor-specificrequests arg
used to tarsfer large blocks of da wsing the Sdup Data Pointethey must include this

pre-defined length field ibytes6-7 to tellthe EZ-USB core how may bytes to transfe
using theSdup Data Pointer.

-
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USBCS USB Control and Status 7FD6
b7 b6 b5 b4 b3 b2 bl b0
WAKESRC DISCON | DISCOE | RENUM |SIGRSUME
R/W R R/W R/W R/W R/W
0 0 0 0 0 1 0 0

Figure 12-31. USB Control and Status Registers
Bit 7: WAKESRC Wakeup source

This bit indicates that a high to low transaction was detected onthe WAKEUP# pin. Writ-
ing a “1” to this bit resets it to “0.”

Bit 3: DISCON Signal a Disconnect on the DISCON# pin
The EZ-USB DISCON# pin reflects the complement of this bit. This bit is normally set to
0 so that the action of the DISCOE bit (below) either floats the DISCON# pin or drives it

HI.

Bit 2: DISCOE Disconnect Output Enable
DISCOE controls the output buffer on the DISCON# pin. When DISCOE=0, the pin

floats, and when DISCOE=1, it drives to the complement of the DISCON bit (above).

DISCOE is used in conjunction with the RENUM bit to perform ReNumefati@hap-
ter 5, "EZ-USB Enumeration and ReNumeratioi.
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Bit 1: RENUM ReNumerate

This bit controls which entity, the USB core or the 8051, handles USB device requests.
When RENUM=0, the EZ-USB core handles all device requests. When RENUM=1, the
8051 handles all device requests except Set_Address.

The 8051 sets RENUM=1 during a bus disconnect to transfer USB control to the 8051.
The EZ-USB core automatically sets RENUM=1 under two conditions:

1. Completion of a “B2” boot load (Chapter 5, "EZ-USB Enumeration and ReNumer-
ation]").

2. When external memory is used (EA=1) and no bl@®BEPROM is used (see
Section 10.3.3, "External ROM").
Bit O: SIGRSUME Signal remote device resume
The 8051 sets SIGRSUME=1 to drive the “K” state onto the USB bus. This should be
done only by a device that is capable of remote wakeup, and then only during the SUS-

PEND state. To signal RESUME, the 8051 sets SIGRSUME=1, waits 10-15 ms, then sets
SIGRSUME=0.
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TOGCTL Data Toggle Control 7FD7
b7 b6 b5 b4 b3 b2 bl b0
Q S R 10 0 EP2 EP1 EPO
R R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
Figure 12-32. DataToggle Control Register
Bit 7: Q Data Toggle Value

Q=0 indicates DATAO and Q=1 indicatesDATAL, for the endpoint selected by the IO and
EP[2..0] bits. The 8051 writes the endpoint select bits (10 and EP[2..0]), before reading
this value.

Bit 6: S Set Data Toggle to DATAL

After selecting the desired endpoint by writing the@int select bits (I@nd EP[2..0])
the 8051 sets S=1 to set the data toggle to DATAL. The endpoint selection bits should not
be changed while this bit is written.

Note

At this writing there is no known reason to set an endpoint dgtde to 1. This bit is
provided for generality and testing only.

Bit 5: R Set Data Toggle to DATAO

After selecting the desired endpoint by writing the@int select bits (I@nd EP[2..0])

the 8051 sets R=1 to set the daiggte to DATAOQ. The endpoint selection bits should not

be changed while this bit is written. For advice on when to reset the data toggle, see Chap-
ter 7, "EZ-USB Endpoint Zero."

Bit 4: 10 Select IN or OUT endpoint
The 8051 sets this bit to select an endpoint direction prior to setting its R or S bit. 10=0
selects an OUT endpoint, I0=1 selects an IN endpoint.
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Bit 2-0:

The 8051 sets these bits to select an endpoint prior to setting its R or Sbhit. Valid values

EP

Select endpoint

are 0-7 to correspond to bulk endpoints INO-IN7 and OUTO-OUT?7.

USBFRAMEL USB Frame Count Low 7FD8
b7 b6 b5 b4 b3 b2 bl b0
FC7 FC6 FC5 FC4 FC3 FC2 FC1 FCO
R R R R R R R R
X X X X X X X X
USBFRAMEH USB Frame Count High 7FD9
b7 b6 b5 b4 b3 b2 bl b0
0 0 0 0 0 FC10 FC9 FC8

R

R

R

X

X

X

Every millisecond the host sends a SOF token indicating “Start Of Frame,” along with an
11-bit incrementing frame count. The EZ-USB copies the frame count into these registers

Figure 12-33. USB Frame Count High/Low Register

at every SOF. One use of the frame count is to respond to the USB SYNC_FRAME
reques(Chapter 7, "EZ-USB Endpoint Zero").

If the USB core detects a missing or garbled SOF, it generates an internal SOF and incre-

ments USBFRAMEL-USBRAMEH.

EZ-USB Series 2100 TRM v1.8
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FNADDR

Function Address

7/FDB

b7

b6

b5

b4

b3

b2

bl

b0

FA6

FAS5

FA4

FA3

FA2

FA1l

FAO

R

R

R

R

X

X

X

X

Figure 12-34. Function Address Registe

During the USB enumeration process, the host sends a device a unique 7-bit address,
which the EZ-USB core copies into this register. There is normally no reason for the CPU
to know its USB device address because the USB Core automatically responds only to its

assigned address.

Note
During ReNumeratiod the USB Core sets register to 0 to allow the EZ-USB chip

respond to the default address 0.

o
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USBPAIR USB Endpoint Pairing 7FDD
b7 b6 b5 b4 b3 b2 bl b0
| SOSENDO PR60OUT | PR4OUT | PR20OUT PR6IN PRA4IN PR2IN
R/W R/W R/W R/W R/W R/W R/W R/W
0 X 0 0 0 0 0 0
Figure12-35. USB Endpoint Pairing Register
Bit 7: ISOSENDO Isoctlronous Send Zero Length Data Peck

The ISOSENDO bit is used wimthe EZ-USB chipeceives an ischronous IN token

while the IN AFO is empy. If ISOSENDO=0 (thedefault value), he EZ-U3 core does

not respond to thiN token. If ISOSENDO=1,the EZ-USB core s@&ds azero-length data
packet in rgponse to the IN token. Which action to take depends on the overall system
design. The3OSENDO bit appliesa all of the imchronous N endpants, INSBUF
throughIN15BUF.

Bit 5-3: PRNOUT Pair Bulk OUT Endpoints

Set the endpoint pairingtbi(FRXOUT) to “1” to enable doub-buffering of the bulk
OUT endpointbuffers. With doubk buffering enabled, th8051 can operate on one
buffer while another is beinggansferredover USB. The endpoint busy andearrupt
request bs function idenically, so the 8051 codeqares no codenodification to sup-

port double bifering.

When an endpoinspaired, the8051uses only the even-numbered endpoi thepair.
The 8051 should not use the paired odd endmdRQ, IEN, VALID bits or the bifer
associated with the odd numbered endpoint.

Bit 2-0: PRnIN Pair Bulk IN Endpoints
Set the endpoint pairingtbi(PRXIN) to “1” to enable doulgtbuffering of the bulk IN
endpoint béfers. With doubk buffering enabled, the 8051 can operaiene buffer

while andheris being transérred overUSB.

When an endpoinspaired, the 8051 shoulatcess only the even-numbered endpoint of
the pai. The 8051 should not usiee IRQ, IEN, VALID hitsor the buffer associated with
the odd numéred endpoint.
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INO7VAL

Endpoints 0-7IN Valid Bits 7FDE
b7 b6 b5 b4 b3 b2 bl b0
IN7VAL INGVAL INSVAL IN4VAL IN3VAL IN2VAL IN VAL INOVAL
R/W R/W R/W R/W R/W R/W R/W R/W
0 1 0 1 0 1 1 1
OUTO7VAL Endpoints 0-7 OUT Valid Bits 7FDF
b7 b6 b5 b4 b3 b2 bl b0
OUT7VAL | OUTBVAL | OUTSVAL | OUT4VAL | OUT3VAL | OUT2VAL | OUTLVAL | OUTOVAL
R/W R/W R/W R/W R/W R/W R/W R/W
0 1 0 1 0 1 0 1

Figure 12-36. IN/OUT Valid Bits Register

The 8051 ets VAL=1 for any active endpatsand VAL=0 for inactiveendpoirts. These

bits instrud theEZ-USB core toetun a “no reponse’if an invalidendpant isaddressed,
insteal of aNAK.

The default valugof these egisters are setto supportll endpoinsthatexist in the default
USB device ¢eeTable 5-1).
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INISOVAL

Isochronous IN Endmint V alid Bits 7FEO
b7 b6 b5 b4 b3 b2 bl b0
IN1SVAL IN14VAL IN13VAL IN12VAL INI1IVAL IN1IOVAL IN9VAL IN8VAL
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 1 1 1
OUTISOVAL Isochronous OUTI Endpoint Valid Bits 7FE1
b7 b6 b5 b4 b3 b2 bl b0
OUTI15VAL | OUT14VAL | OUT13VAL | OUT12VAL | OUTI11VAL | OUT10VAL | OUT9VAL | OUT8VAL
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 1 1 1

Figure 12-37. IsochronousIN/OUT Endpoint Valid Bits Register

The 8051 ets VAL=1 for active endpmtsand VAL=0 for inactiveendpoirnts. These bits
instruct theEZ-USB core to return a “no spon’ if an invalid endpointisaddressed.

The déault valuesof theseregisters are se to suppot all endpointghat exist in the default
USB device gee Table 5-1).
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12.15 FastTransfers

FASTXFR Fast Transfer Control TFE2
b7 b6 b5 b4 b3 b2 bl b0
FISO FBLK RPOL RMOD1 RMODO WPOL WMOD1 | WMODO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure 12-38. Fast Transfer Control Regster

The EZ-USB cae provices afasttranser mode hat improves the 8051transfer speed
between external logic and the isochronous and bulk emtdmaifers. The FASTXFR
regster enalds themodesfor bulk and/or isochronousansfers, andefects the timing
wavefamsfor theFRD# and FWR# signals.

Bit 7: FISO Enable Fat ISOTransfe's
The 8051sets FISO=1 to enabledasochronous transfersifall 16 isochronougndpoint

FIFOs. When F50=0,fast transfersare disabled foall 16 isochronous endpoints.

Bit 6: FBLK Enable Fat BULK Transfe's
The 8051sets FBLK=1 to enabléast bulk trarsfers wsing the Autopointef{seeSection
12.16,"SETUP Data") with BULK endpoirts. When FBLK=0fast transfers areidabled

for BULK endpoints.

Bit 5: RPOL FRD# Pulse Polaty

The 8051sets RPOL=0 for active-loWwRD#pulses, andRPOL=L1 for active high FRD#
pulses.

Bit 4-3: RMOD FRD# Pulse Mode

These lits select theohasing and width of the FRDgtise. See Fgure 8-12.
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Bit 2: WPOL FWR# Pulse Polarity

The 8051 sets WPOL=0 for active-low FWR# pulses, and WPOL=1 for active high
FWR# pulses.

Bit 1-0: WMOD FWR# Pulse Mode

These bits select the phasing and width of the FWR# pulse. See Figure 8-11.
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AUTOPTRH Auto Pointer Address High 7FE3
b7 b6 b5 b4 b3 b2 bl b0
Al5 Al4 A13 Al12 All A10 A9 A8
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
AUTOPTRL Auto Pointer Address Low 7FE4
b7 b6 b5 b4 b3 b2 bl b0
A7 AB A5 A4 A3 A2 Al A0
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
AUTODATA Auto Pointer Data 7FE5
b7 b6 b5 b4 b3 b2 bl b0
D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

Figure 12-39. Auto Pointer Registers
These registers implement the EZ-UB Autopointe.

AUTOPTRH/L

The 8051 loads 16-bt addressnto the AUTOPTRH/L regsters. Subequent reads or
writes to the AUODATA register increment the 16-bit value theseegisters. The
loaded adokss must be in irnal EZ-USB RAM. The 8051 anread hesregisters to
determinethe aldress must be in intelal EZ-USBRAM. The 8051 can read these regis-
ters to determme theaddress of the next byte toe accessed aithe AUTODATA register.

AUTODATA

8051 data readr written ©DtheAUTODATA regster accesses the mery addressed by
the AUTOPTRHY/L registersand increments thaddress after the read pwrite.

These regsters allav FIFO access to the bulk endpwibuffers, aswell asbeing usefu for
interrel data movement. Chapter 6,ZBJSB Buk Transfes' and Chapter 8 EZ-USB
Isochronoudrarsfers"exdain how to wse the Autopointer fofast transfersotand from
the EZ-USB endpoint bifers.
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12.16 SETUP Data

SETUPBUF SETUP Data Buffer (8 Bytes) 7FE8-7FEF
b7 b6 b5 b4 b3 b2 bl b0
D7 D6 D5 D4 D3 D2 D1 DO
R R R R R R R R
X X X X X X X X

Figure 12-40. SETUP Data Buffer

This buffer contains the 8 bytes of SETUP packet data from the most recently received
CONTROL transfer.

The data in SETUPBUEF is valid when the SUDAVIR (Setup Data Available Interrupt

Request) bit is set. The 8051 responds to the SUDAV interrupt by reading the SETUP
bytes from this buffer.
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12.17 Isochronous FIFO Sizes

OUTNnADDR ISO OUT Endpoint Start Address TFFO-7FF7*
b7 b6 b5 b4 b3 b2 bl b0
A9 A8 A7 A6 A5 A4 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X
INNADDR ISO IN Endpoint Start Address TFF8-7FFF*
b7 b6 b5 b4 b3 b2 bl b0
A9 A8 A7 A6 A5 A4 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
X X X X X X X X

* See Table 12-6 for individual start address register addresses.
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Table 12-6. Isochronous FIFO Start Address Registers

Address Endpoint Start Address
7FFO Endpoint 8 OUT Start Address
7FF1 Endpoint 9 OUT Start Address
7FF2 Endpoint 10 OUT Start Address
7FF3 Endpoint 11 OUT Start Address
TFF4 Endpoint 12 OUT Start Address
7FF5 Endpoint 13 OUT Start Address
7FF6 Endpoint 14 OUT Start Address
TFF7 Endpoint 15 OUT Start Address
7FF8 Endpoint 8 IN Start Address
7FF9 Endpoint 9 IN Start Address
TFFA Endpoint 10 IN Start Address
7FFB Endpoint 11 IN Start Address
7FFC Endpoint 12 IN Start Address
7FFD Endpoint 13 IN Start Address
7FFE Endpoint 14 IN Start Address
TFFF Endpoint 15 IN Start Address

EZ-USB Isochronous endpoints use a pool of 1,024 double-buffered FIFO bytes. The
1,024 FIFO bytes can be divided between any or all of the isochrondpargs. The

8051 sets isochronous endpoint FIFO sizes by writing starting addresses to these registers,
starting with address 0. Address bits A3-A0 are internally set to zero, so the minimum
FIFO size is 16 bytes.

See Section 8.8, "Fast Transfer Speed" for details about how to set these registers.
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13 EZ-USB AC/DC Parameters

13.1 Electrical Characteristics

13.1.1 Absolute Maximum Ratings

Storage Temperature. . ... ... °C.t653-1506C
Ambient Temperature UnderBias .................. °C-4D+85C
Supply Voltage to Ground Potential . . ................. -0.5V to +4.0V
DC Input Voltageto Any Pin . . .. ... L. -0.5V to +5.8V

13.1.2 Operating Conditions

Ta (Ambient Temperature Under Bias). . ............. °C t®d+70C
SupplyVoltage . . ... .. . +3.0V to +3.6V
Ground Voltage. . . . ... ov
Fosc (Oscillator or Crystal Frequency) . ............. 12 MHz +/- 0.25%

13.1.3 DC Characteristics

Table 13-1. DC Characteristics

Symbol Parameter Condition Min | Max | Unit Notes
Vee Supply Voltage 30| 36 v
ViH Input High Voltage 2 | 525 | V
ViL Input Low Voltage -5 | .8 \Y

Iy Input Leakage Current 0<V|N<Vee +10 | pA
Vou Output Voltage High loyT=1.6 MA 24 \
Vou Output Low Voltage loutr =-1.6 MA 8 \%
Cin Input Pin Capacitance 10 pF
Isysp Suspend Current 275 | pA
lec Supply Current 8051 running, 50 | mA

connected to USB
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13.1.4 AC Electrical Characteristics

Spedfied Conditiors. Capacitive load on all pins = 30 pF

13.1.5 General Memory Timing

Table 132. General Memory Timing

Symbol Parameter Min | Typ | Max | Unit Notes

tCL 1/CLK24 Frequency 41.66 ns

tAV Delay from Clock to Valid Address 0 10 ns

tCD Delay from CLK24 to CS# 2 15 ns

tOED | Delay from CLK24 to OE# 2 15 ns

tWD | Delay from CLK24 to WR# 2 15 ns

tRD Delay from CLK24 to RD# 2 15 ns

tPD Delay from CLK24 to PSEN# 2 15 ns

13.1.6 Program Memory Read
Table 13-3 Program Memory Read
Symbol Parameter Formula Min Max Unit Notes
tAAL | Address Access Time 3tCL-tAV-TDSUL | 103 ns
tAH1 | Address Hold from CLK24 tCL+1 42 ns
tDSU1 | Data setup to CLK24 12 ns
tDH1 | Data Hold from CLK24 0 ns
13.1.7 DataMemory Read
Table 13-4. Data Memory Read
Symbol Parameter Formula Min Max Unit Notes

tAA2 | Address Access Time 3tCL-tAV-TDSU1 | 103 ns
tAH2 | Address Hold from CLK24 tCL+1 42 ns
tDSU2 | Data setup to CLK24 12 ns
tDH2 | Data Hold from CLK24 0 ns
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13.1.8 Data Memory Write

Table 13-5. Data Memary Write

Symbol Parameter Formula Min Max Unit Notes
tAH3 | Address Hold from CLK24 tCL+2 43 ns
tDZV | CLK24 to Data Valid 15 ns
tbvZ | CLK24 to High Impedance tCL+16 57 ns
13.1.9 Fast DataWrite
Table 13-6. FastData Write
Symbol Parameter Conditions | Min Max Unit Notes
tCDO | Clock to Data Output Delay 3 15 ns
tCWO | Clock to FIFO Write Output 2 10 ns
Delay
tPFWD | Propagation Delay Differ- 1 ns
ence from FIFO Write to
DATA Out
13.1.0 Fast Data Read
Table 13-7. Fast Data Read
Symbol Parameter Conditions | Min Max Unit Notes
tCRO | Clock to FIFO Read Output 2 10 ns
Delay
tDSU4 | Data Setup to Rising CLK24 12 ns
tDH4 | Data Hold to Rising CLK24 0 ns
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Figure 13-1. External Memory Timing
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CLK24
AV
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<«0ED “t0ED»]
OE#
«tWD-» «tWD-»
WR#
“tRD-»| “+tRD-]
RD#
“tPD- «tPD-»
PSEN#
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CLK24
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Ccs#
OE#
A[15.0]
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RD#

OE#

A[15.0] ——nH2
N
_/

DSU2 DHZW
D [7.0]

Figure 13-3. Data Memory Read Timing

CLK24
cs#
WR#
tAH3
A[15.0] >
" tDZV. R « DV »
D [7.0]

Figure 13-4. Data Memory Write Timing
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EZ-USB
Fast Transfer Block Diagram

EZ-USB
AN2131Q ASIC
CLK24 FIFO Clock
80 D [7:0] «§ P D [7:0]
PQFP
FWR# FIFO Write Stob
FRD# FIFO Read Stob

Figure 13-5. Fast Transfer Mode Block Diagram
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CLK24

tDH4
Fmsm»

Input

D[7..0]

<ICROﬂ

FRD#[00] o \ /

Figure 13-6. Fast Transfer Read Timing [Mode 00]

CLK24
47{CD04+ 47{CD04+
D[7..0] | Output
—» tCWO —» tCWO
FWR#[00]

Figure 13-7. Fast Transfer Write Timing [Mode 00]
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CLK24

tDH4
FtDSU4» ‘ ;

Input

D[7..0]

‘tCROﬂ

FRD#[01] o \ /

Figure 13-8. Fast Transfer Read Timing [Mode 01]

CLK24
_ktCDO% €00 _]
D[7..0] — Output —
—»| tCwo F— —| ICWO [€4—
FWR#[01] X B
«—

tPFWD

Figure 13-9. Fast Transfer Write Timing [MODE 01]
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CLK24

tDH4
FtDSU4» ¢ R

Input
D[7..0] P

<tCROﬁ
FRD#[10] o \

Figure 13-10. Fast Transfer Read Timing [Mode 10]

CLK24

ktCDO% ktCDO%

D[7.0] — Output

—» tCWO F— —» tCWO F—

FWR#[10] \ /

Figure 13-11. Fast Transfer Write Timing [Mode 10]
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CLK24

tDH4
FIDSM»

Input

D[7..0]

‘ICROﬂ

FRD#[11] o \ /

Figure 13-12. Fast Transfer Read Timing [Mode 11]

CLK24
€ICD04+ l¢_tCD0_ ]
D[7..0] — Output —
—p| {CWO |q— — tCWO
FWR#[11]
tPFWD
—>

Figure 13-13. Fast Transfer Write Timing [Mode 11]
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14 EZ-USB Packaging

14.1 44-Pin PQFP Package

13.45
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Figure 14-1. 44-Pin PQFP Package (Top View)

See Lead Detail

[
2.35 MAX \—L

0.45
0.30

e

Figure 14-2. 44-Pin PQFP Package (Side View)
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Lead Detail: A(S=N/S)

Figure 14-3. 44-Pin PQFP Package (Detail View)
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14.2 80-Pin PQFP Package
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Figure 14-4. 80-Pin PQFP Package (Top View)

See Lead
$ Detalil
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Figure 14-5. 80-Pin PQFP Package (Side View)
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Detail "A"

Figure 14-6. 80-Pin PQFP Package (Detail View)
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14.3 48-Pin PQFP Package

See Lead
L Detail

Figure 14-7. 48-Pin PQFP Package (Side View)

1RRRARRRAARA| |
= © e
% 48 PQFP %jmgso
- =
SEELULLLLE

Figure 14-8. 48-Pin PQFP Package (Top View)
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Figure 14-9. 48-Pin PQFP Package (Detail View)
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Appendix A: 8051Introduction

Al

Introduction

The EZ-USB contains an 8051 eethat is binary compatible with thadusty standard 8051
instructionset. This appendix proges an overview of th@05L core features. the topics are:

New 8051 Features
Peformance Overaw
Sdtware Compatibility
803x/805x Feature Compson
8051/DS80C320 Difrences

A.2

8051 Featues

The 8051 core provides the followingsig features and enhancemento thestandard 8051
micro-contrdler:

Compatiblewith industrystandard 803x/805x:

- Standard 8051 istruction set
- Two full-duplexserial ports

- Threetimers

High-speed ahitedure:

- 4 clocks/instruction cycle

- 2.5X average improvement in instruction exemutime over the standard 8051
- Runs DCto 25-MHz clock

- Wastedbus cydeseliminated

- Dual data pointers

256 Bytes internal dataRAM

High-gpeed external memory infece with 16-bit address bus

Variable lendt MOV Xo acess fad/slow RAM peripherals
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* Fully static synchronous design

» Supports industry standard compilers, assemblers, emulators, and ROM monitors

A.3 Performance Overview

The 8051 core has been designed to offer increased performance by executing instructions in
a 4-clock bus cycle, agppcsed to the 12-clock bus cycle in the stan@@%1 (see Figure A-

1.). The shortened bus timing improves the instruction execution rate for most instructions by
a factor of three over the standard 8051 architectures.

Some instructions require a different number of instruction cycles @d8ieore than they

do on the standard 8051. In the stand&81, all instrugons except foMULandDIV take

one or two instruction cycles to complete. In the 8051 core, instructions can take between one
and five instruction cycles to complete. The average speed improvement for the entire instruc-
tion set is approximately 2.5X, calculated as follows:

Number of Opcodes | Speed Improvement
150 3.0X
51 1.5X
43 2.0X
2 2.4X
Total: 255 Average: 2.5X

Note: Comparison is for 8051 and standard 8051
running at the same clock frequency.
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8051 Timing
single byte single cycle instruction
<+—>
ALE ] [ [ [ ] [ [ [ ] [
PSEN# 1 [ 1| [E N I I A R SO R S
ADO-AD7 X XX XXX XXX XXX
PORT2 X X X X X X X X
XTAL1L «
nmuiivyvrrivrryrriyvryyuyy
< 12 >
ALE [ [ [ [ [
PSEN# _ [ 1] [ | | | | [
ADO-AD7 X X X X X X X X X X
PORT2 X X X X X
) single byte single cycle in:truction
Standard 8051 Timing

Figure A-1. Comparative Timing of 8051 and Industry Standard 8051

A.4  Software Compatibility

The 8051 cee is object code compatible with the industry standard 8051 micretient
That is, object code cqumied with an industy standard 8051 compiler assembler will exe-
cute o the 803 core and willbe functionally equivalent. Hosver, be@use the 8051 core
usesa different ingruction timing han the standard 8051, esting code with timing loops
may require modification.

The “Instructon Set” in TableB-2 on page B-5 #is the numbr of instruction cyclesequired
to peform eachnstruction on tle 8051 core. The 8051 instruction cycle timing and number
of instruction cycles reqred fa each nstruction are compalile with the Dallas Semiconduc-
tor DS80C320.
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A.5

803x/805x Feature Comparison

Table A-1 provides aefture-by-eature comparison of the 805bre and seeral common

803x/805x configtetions.

Table A-1. Feature Summary of 8051 Core and Common 803x/805x Configurations

Intel Dallas Anchor
Feature DS80C3 8051
8031 8051 | 80C32| 80C52 20
Clocks per instruction |12 12 12 12 4 4
cycle
Progam / DataMemoly | - 4 KB - 8 KB - 8 K RAM
ROM ROM
InternalRAM 128 128 256 256 256 256 bytes
bytes | bytes bytes | bytes bytes
Data Pointers 1 1 1 1 2 2
Seia Ports 1 1 1 1 2 2
16-bit Timers 2 2 3 3 3 3
Interrupt soures (total |5 5 6 6 13 13
of int. and ext.)
Stretch nemory cycles | no no no no yes yes
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A.6 8051 Cor/DS80C320 Diferences

The 8051 core isimilar to the DS80C32Miterms of hardwagfeaures and instruction cycle
timing. Howew, there are some importadifferences between the 8051 core and the
DS80C320.

A.6.1 Serial Ports

The 8051 cee does not imigmentserial port framing errordetection and does namplement
slave addrss conparison for mutiprocessor commuuations. Tlerefore, he 8051 core also
does not implemerhe folowing §Rs: SADDRO, SADDR1, SADEN, and SADENI1.
A.6.2 Timer 2

The 8051 cee does not implenme Timer 2 downcounting mode or the downcount enable bit
(TMOD2, [t 0). Also, the 8051 core does notpremert Timer 2 output ernae (T20E) bit
(TMOD2, bt 1). Therefoe, theTMOD2 SFR is also not implemented in the 8051 core.
Also, the 8051 cor&imer 2 oveflow output is active for one clock cycle the DS80C320,
theTimer 2overflow output is a square wave with a 50% duty cycle.

A.6.3 Timed AccessProtection

The 8051 coreaks not implementimed access protection and thefore, does not implement
the TA SFR.

A.6.4 WatchdogTimer

The EZ-USB/8051 does not ptement a watchdogimer.
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Appendix B: 8051 Architectural Overview

B.1 Introduction

This appendix provides a technical overview and description @Gb& core arclecture.

PC4/TO, PC5/T1
805
PAO/tO_out,
” PA1/t0_out
8051_cpu
8051_ram_128 8051_timer 8051_timer2 :: PBO/T2
Timers 0 and 1 Timer 2 -, PB1/tZex
(80..FFh indirect PB7/20ut
A
8051_ram_128
(lower 128 Byte RAM)
(0..7Fh direct/indirect)
4 ; 8051 serial [ PCL/TxDO
8051t Serial Port 0 4 PCO/rxdOin
or
PAB6/rxdOout
¥ |8o51 al 8051_intr_1 > PABIxd0ou
al L .
Interrupt Unit
<« 5051 A 8051_serial [ PB3/ixdl
= [d— PB2/rxdlin
8051_control i
- main_regs Serial Port 1 —» PA7/rxdlout
d 1"
)l Ll .
interrupts
8051 _biu
port_control
< A15-A0
D7 - DO
8051_op_decoder <4— CLK24
<4— RESET#

Figure B-1. 8051 Block Diagram
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B.11 Memory Organization

Memory orgaruation in the 8051 core ismilar to tret of theindustry standard 8051. There
arethree distincmemory aeas: pogram memory(ROM), data memory (externaRAM), and
regsters(internd RAM).

B.1.1.1 Program Memory

TheEZ-USB provides 8K of data that is mappesiboth prograrand data memory at
addreses 0x0000-0x1BF. In addition, tle bulk endpoint bufersmay be use asexternal data
memory if thg are not usd as endpoint bifers. See€Chapte 3, "EZ-USB Menory" for more
details.

B.1.1.2 External RAM

The EZ-USB chip has dedicated adds and data pins, so port 2 gudt O are not used to
access fie memorybus. As shown in Chapt8&r "EZ-USB Memory' the EZ-USB is expand-
able to over 100Kf external program and ttemenory.

B.1.1.3 Internal RAM
The internal RM (Figure B-2) conssts of:

» 128 bytes of regters and scratched memory accesdib through diect or indirect
addresing (addesses 00h—7Fh).

» A 128register space for special ttironregiders(SFRs) accesble through direct
addresing (addesses 80hfFh).

* Upper 128ytesof scratch pad menmg accessible through in@ct addressing
(addesses 80h—FFh).

Although theSFR space and the uppdr28 bytes of RAM sharethe sime address range, the
actual addessspaceis separate and dfferentiated by thetype ofaddressing. Directaddress-
Ing accesses the BRs, and indireicaddresing accesses the upper 12ges of RAM.

The lower 128 bytes are organized as showngarEiB-2. The laver 32 bytes (0x00-0xIF)
form four banls of eight register§R0-R7). Two hitson the program situs word (PSW select

which bank isin use.The next 16 bytes(0x20 - 0x2F) érm ablock of bit-addressdb memory

spae atbit addresses Oh-7Fh. All of the byes in the lower 128 bytesra accessible through
direct or indirect adressing.
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The SFRs occupy adslises 80h—FFhandare oty accessible througdirectaddressing. Most

SFRs ae reserved fa specific functons aglescribed irthe“Speca Function Registes’ on
page B-13.

SFR addressesending in Oh or 8h ardtbaddressable.

B.12 Instruction Set

All 8051 instructions are binay code compatible andeorm the same functions as they do
with the industy standard 8051. Tle effeds of hese instructionsn bits, flags,and other sta-
tus functons is identical to théndustry standard 8051. Mever, the timing of the instruc-
tions is dfferent, both in terms of number of clock cycles pestrinction cycle and timing
within the irstruction cycle.

Figure B-2 liststhe 8051 istruction set and the number of instruction B3 required to com-
pleteeach nstructon Teble B-1 defines the symbols and mnemonics usé&ebie B-2.

Lower 128 bytes Indirect addressing only
7Fh
Direct RAM FFh 4 Feh
Upper 128
bytes SFR space
30h (optional)
Bank 2Fh|7E e 78
Select . 80h LN 80h
(PSW bits B|t-Add'essabIe 7Eh
43) Registers
’ Lower 128 Direct addressng only
i 20n |07 -~ 00 bytes
1Fh
Bank 3
11 18h v\
10 i(7)h Bank 2 00h
o1 OFh Bank 1 Direct or indirect addressing
08h
07h
00 0oH Bank 0

Figure B-2. Internal RAM Organization
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Table B-1. Legend for Instruction Set Table

Symbol Function
A Accumulator
Rn Register R7-R0
direct Internal register address
@Ri Internal register pointed to by RO or R1 (exgept
MOVX)
rel Two’s complement offset byte
bit Direct bit address
#data 8-bit constant
#data 16 16-bit constant
addr 16 16-bit destination address
addr 11 11-bit destination address
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Table B-2. 8051 Instruction Set

Mnemonic Description Byte é;i:;s g:o)l(e
Arithmetic
ADD A, Rn Add register to A 1 1 28-2F
ADD A, direct Add direct byte to A 2 2 25
ADD A, @RI Add data memory to A 1 1 26-27
ADDC A, #data Add immediate to A 2 2 24
ADDC A, Rn Add register to A with carry 1 1 38-3F
ADDC A, direct | Add direct byte to A with carry 2 2 35
ADDC A, @RI Add data memory to A with carry 1 1 36-37
ADDC A, #data Add immediate to A with carry 2 2 34
SUBB A, Rn Subtract register from A with borrow 1 1 98-9F
SUBB A, direct Subtract direct byte from A with bog 2 95
row
SUBB A, @Ri Subtract data memory from A with 1 1 96-97
borrow
SUBB A, #data Subtract immediate from A with bp2- 2 94
row
INC A increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC direct Increment direct byte 2 2 05
INC @ Ri Increment data memory 1 1 06-07
DECA Decrement A 1 1 14
DEC Rn Decrement Register 1 1 18-1F
DEC direct Decrement direct byte 2 2 15
DEC @RI Decrement data memory 1 1 16-1y
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Table B-2. 8051 Instruction Set

Mnemonic Description Byte é;i:;s g:o)l(e

INC DPTR Increment data pointer 1 3 A3

MUL AB Multiply A by B 1 5 A4

DIV AB Divide A by B 1 5 84

DA A Decimal adjust A 1 1 D4

Logical

ANL, Rn AND register to A 1 1 58-5F
ANL A, direct AND direct byte to A 2 2 55
ANL A, @RI AND data memory to A 1 1 56-57
ANL A, #data AND immediate to A 2 2 54
ANL direct, A AND A to direct byte 2 2 52
ANL direct, #data| AND immediate data to direct byte 3 3 53
ORL A, Rn OR register to A 1 1 48-4F
ORL A, direct OR direct byte to A 2 2 45
ORL A, @RI OR data memory to A 1 1 46-47
ORL A, #data OR immediate to A 2 2 44
ORL direct, A OR A to direct byte 2 2 42
ORL direct, #data| OR immediate data to direct byte 3 3 43
XORL A, Rn Exclusive-OR register to A 1 1 68-6F
XORL A, direct Exclusive-OR direct byte to A 2 2 65
XORL A, @RI Exclusive-OR data memory to A 1 1 66-67
XORL A, #data Exclusive-OR immediate to A 2 2 64
XORL direct, A Exclusive-OR A to direct byte 2 2 62
XORL direct, Exclusive-OR immediate datato |3 3 63
#data direct byte
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Table B-2. 8051 Instruction Set

Mnemonic Description Byte é;i:;s g:o)l(e
CLRA Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap nibbles of a 1 1 C4
RL A Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RRA Rotate A right 1 1 03
RRC A Rotate A right trough carry 1 1 13

Data Transfer
MOV A, Rn Move register to A 1 1 E8-EF
MOV A, direct Move direct byte to A 2 2 E5
MOV A, @RI Move data memory to A 1 1 EG-E7
MOV A, #data Move immediate to A 2 2 74
MOV Rn, A Move A to register 1 1 F8-FF
MOV Rn, direct Move direct byte to register 2 2 A8-AF
MOV Rn, #data Move immediate to register 2 2 78-7F
MOV direct, A Move A to direct byte 2 2 F5
MOV direct, Rn Move register to direct byte 2 2 88-8F
MOV direct, directt Move direct byte to direct byte 3 3 85
MOV direct, @Ri | Move data memory to direct byte 2 2 86-87
MOV direct, #datay Move immediate to direct byte 3 3 75
MOV @RI, A MOV A to data memory 1 1 F6-F7
MOV @RI, direct | Move direct byte to data memory 2 2 AG-A7
MOV @RI, #data | Move immediate to data memory 2 2 76-77
MOV DPTR, Move immediate to data pointer 3 3 90
#data

EZ-USB Series 2100 TRM v1.8
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Table B-2. 8051 Instruction Set

Mnemonic Description Byte é;i:;s g:o)l(e
MOVC A, Move code byte relative DPTRto A 1 3 93
@A+DPTR
MOVC A, Move code byte relative PC to A 1 3 83
@A+PC
MOVX A, @RI Move external data (A8) to A 1 2-9* E2-E3
MOVX A, Move external data (A16) to A 1 2-9* EO
@DPTR
MOVX @RI, A Move A to external data (A8) 1 2-9* F2-F3
MOVX @DPTR, |Move A to external data (A16) 1 2-9* FO
A
PUSH direct Push direct byte onto stack 2 2 Co
POP direct Pop direct byte from stack 2 2 DO
XCH A, Rn Exchange A and register 1 1 C8-GF
XCH A, direct Exchange A and direct byte 2 2 C5
XCH A, @Ri Exchange A and data memory 1 1 C6-C7
XCHD A, @RI Exchange A and data memory nibble 1 1 D6-D7
* Number of cycles is user-selectable. See “Stretch Memory Cycles (Wait States)’ on
page B-11

Boolean

CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 2 Cc2
SETB C Set carry 1 1 D3
SETB bit Set direct bit 2 2 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 2 B2
ANL C, bit AND direct bit to carry 2 2 82
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Table B-2. 8051 Instruction Set

Mnemonic Description Byte é;i:;s g:(;(e
ANL C, /bit AND direct bit inverse to carry 2 2 BO
ORL C, bit OR direct bit to carry 2 2 72
ORL C, /bit OR direct bit inverse to carry 2 2 A0
MOV C, bit Move direct bit to carry 2 2 A2
MOV bit, C Move carry to direct bit 2 2 92

Branching

ACALL addr 11 | Absolute call to subroutine 2 3 11-F1
LCALL addr 16 Long call to subroutine 3 4 12
RET Return from subroutine 1 4 22
RETI Return from interrupt 1 4 32
AJMP addr 11 Absolute jump unconditional 2 3 01-E
LIJMP addr 16 Long jump unconditional 3 4 02
SIMP rel Short jump (relative address) 2 3 80
JC rel Jump on carry =1 2 3 40
JNC rel Jump on carry =0 2 3 50
JB bit, rel Jump on direct bit =1 3 4 20
JNB bit, rel Jump on direct bit =0 3 4 30
JBC bit, rel Jump on direct bit = 1 and clear 3 4 10
JMP @ A+DPTR | Jump indirect relative DPTR 1 3 73
JZ rel Jump on accumulator =0 2 3 60
JINZ rel Jump on accumulator /=0 2 3 70
CJINE A, direct, re] Compare A, direct JNE relative 3 4 B5
CJINE A, #d, rel Compare A, immediate JNE relative 3 4 B4
CJINE Rn, #d, rel | Compare reg, immediate JNE relg3 4 B8-BF

tive

EZ-USB Series 2100 TRM v1.8
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Table B-2. 8051 Instruction Set

Mnemonic Description Byte (I:;(S:Irés g:o)l(e

CINE @RI, #d, ré | Compardnd, immediae JNE rela- |3 4 B6-B7
tive
DJINZ Rnrel Decrement reigter, JNZ relative 2 3 D8-DF
DJINZ dired, rel Decrement direct byte, INZ relative3 4 D5
Miscellaneous

NOP No operation 1 1 00
There isan additonal reserved opcodeAp) that peforms the same fution as NOP.
All mnemonics areapyrighted. Intel Corporation 1980.

B.1.3 Instruction Timing

Instruction cyclesin the 8051 cre are 4 clock cycles length,as opposed to the 12 clock
cycles per instructionycle in thestandard 8051.1is translées to a 3X improvemeimh execu-
tion time formost instructions.

Same instructiongequre adifferent nunier of instruction cyteson the 8051 @re than thg do
on the standard 8051. In the standard 8051, all ingingexcept foMULard DIV take one or
two instuctioncyclesto complde. Inthe 8051 core, insictionscan take between onenalfive
instruction cyaés to complete.

For example, in the staadd 8051, thenstructionrs MOVX A, @DPTRandMOQV direct,

direct each take 2 istruction cyces (24 clock cyas) to execute. In the 8051 coMOVX
A, @DPTRtakestwo instruction cycle$8 clock cydes) anl MOV direct, direct takes
threeinstruction cyos (12 clock g/cles). Both instructiasexecut faste on the 8051 core than
they do on the standard 8051} begure different nuniers of clock cydes.

For timing of real-time eents, use the nubers of instruabn cydes from Tal# B-1 to calcu-
late the timingof softwareloops. The bytes columimdicates the numbef memory accesses
(bytes) needed to executke instruction. In m& cases, the number of bytes is equal to the
number of instruction cycsrequired to complete thenstructon. However, as indcated,there
are some igtructions (for exampleDIV andMUL) that require a greater number os$truction
cyclesthan memory ecesses.
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By default, the 8051 ore imer/counters run at 12 clock cycles perement so that timer-
based events hatke sameiming as with the stadard 8051. Théimers can also be config-
ured to run at 4 clock cycles per increment to take advanofaye higher sged of the 8051
core.

B.14 CPU Timing

As previously stated, an 8051 core instruction cyclesistnof4CLK24 cycles. Eath CLK24
cycle forms a&CPU cycle. Therefae, an irstruction cycle consists of 4 CPU cyclest,C2,
C3, and C4, aslustrated in fFgure B-3.Variousevents occuin each CPU cycle, depending
on the type of igruction being e&ecuted. Tie labés C1, C2, C3, and C4 in timg descrip-
tions refer to the 4 CPU cycles within afpcular indruction cycle.

The exeation for instruction n is perbrmed during the feth of instruction n+1. Data writes
occur during fetl of instruction n+2. The leel sensitive intempts ae sampled with he ris-
ing edge ofCLK24 at theendof C3.

Clk24 [ L[ L[ L[ [ LI+ 0 ©L_I I

Instruction cycle ¥ n+1 X n+2 X

CPU cycle \CT X C2 X_C3 X_C4 X_C1 X_C2 X_C3 X_C4 X_CIL X

Figure B-3. CPU Timing for Single-Cycle Instruction

B.15 Stretch Memory Cycles(Wait States)

The stretch memory cycfeatue enalds appication software to adjust the speed of data
memory &cess. The 8051 core can execusMI®OVXnstruction in asfew as 2 istruction
cycles. Howevae, it is sometines desirableto stretch this valudpr exanple to access slow
memoryor slow memory-mapped peherals sichasUARTSs or LCDs.

The thre LSBs of the Clock Control Regster (at SFR location 8Eh) controlthe stretd value.
You canusestretch values deveenzero and seven. A stretchvalue of zero adds zermstruc-
tion cycles, resulting in MOV Xnstructions executing in tw instructioncycles.A streth value
of seven addseven mstruction cycles, resulting inMOVXnstructions executing in nine
instruction cyats. The stretch valuecan be changed dynardily under program control.
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By default, the stretch valueesetsa one (three cye MOVX For ful-speed data memory
access, the softwarmust set the strieh value to zero. The strétealue afects only data
memory &cess (noprogram memory).

The stretch valueffects the width of tle read/wite strobe andil related timing. Using a
highe stretch value rests in awider read/wiite strobe, which allow$i¢ memory or periph-
eral more time to respond.

Table B-3 listshe data memorycaess sjgeds for stretch values zetfroughseven. MD2-0
are the thee LSBs ¢ the Clock Control Regisr (CKCON.2-0).

Table B-3. Data Memay Sretch Vdues

MD2 | MD1 | MDO I\Ace):/r;g;y sF:r%%d\aNNirgteh Sgpogjmﬁ'tzh
(Clocks)

0 0 0 2 83.3ns

0 0 1 3 (defaut) |4 166.7 ns

0 1 0 4 8 333.3 ns

0 1 1 5 12 500 ns

1 0 0 6 16 666.7 ns

1 0 1 7 20 833.3 ns

1 1 0 8 24 1000 ns

1 1 1 9 28 1166.7 ns

B.16 Dual Data Ponters

The 8051coremploys dual data poiats to accelerate datememay block noves. The stan-
dard 8051 data poimtéDPTR) is a 16-bit value used to adds external dataAM or periph-
erals. The 8051 maintains te&ndard data poier asDPTRO & SFR locatons 82h (DPLO)
and 83h ([PHO). It is not recessary to modify ebsting codeo use DPTRO.

The 8051 cre adds aexond data poter (DPTR1)at SFRlocations 84h (O0PL1) and 85h
(DPH1). The SEL bit in theDPTR Seletregistr, DPS (SFR 86h), setcts the actiepointer.
WhenSEL = 0, imstructionsthat use th®PTR will useDPLO and 0PHO. When SE =1,
instructions hat uise theDPTR will use DPL1 and DPH SEL is the bit 0 of SFR location
86h. No other bits of SFR loib@an 86hare used.
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All D PTR-relatedinstructions use the mently selected data pater. To switchthe active
pointe, toggle theSEL bit. The fasest way to do st tousethe incremeninstruction(NC
DPS. Thisrequres only onenstruction to swith from a ource addres to adestination
addres, saving applicatin code from having to save see and destetion addresses when
doing a block move.

Using dual data pointers proeslsignificanky increaed efficiency wha moving large
blocks of data.

The SFR loations related to the dual data pointars:

82h DPLO DPTRO low byte
83h  DPHO DPTRO high byte
84h DPL1 DPTR1 low byte
85h  DPH1 DPTR1 high byte
86h DPS DPTR Select(Bit 0)

B.1.7 Special Function Registers

The Special Function Regissd 6FR9 contol severaof thefeatues of the 8051. Md of the
8051 coreSFRs aeidentical to the standdB051 SFRs However, there are addtional SFRs
that control features thate not aailable in he ssandard 8051.

Table B-4 ists the 8051@e SFRs and indiateswhich SFRs ae not included irthe standard
8051 SFR sgce.

In Table B-5, SFR bipacsitions that contain a 0 or acannot bewritten to and, when read,
alwaysreturn tlevalue shown (00l). SFR bt positions thacontain “” are availabk but not
used. Tale B-5 liststhe reset values fothe SFRs.

The fdlowing SFRsare related to CPU operation and program execution:
81h SP Stack Pointer
DOh PSW  Program Statugvord ()

EOh ACC  Accumulator Register
FOh B B Regigder

Table B-6 Ists the functions ofthe bitsin the PSW SR. Detaileddescriptions & the remain-
ing SFRs apgar with the associatl hadwaredescriptions in Appenic C.
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Table B-4. Special Function Registers

Register | Bit7 | Bit6 | Bit5 | Bit4 Bit3 | Bit2 | Bitl | BitO | Addr
SP 81h
DPLO 82h
DPHO 83h
DPL1® 84h
DPH1v 85h
DPSv 0 0 0 0 0 0 0 SEL | 86h
PCON SMOD, - 1 1 GF1 GFO STOP| IDLE| 87h

0
TCON TF1 TR1 TFO TRO IE1 IT1 IEO ITO 88h
TMOD GATE | C/T M1 MO GATE | CIT M1 MO 89h
TLO 8Ah
TL1 8Bh
THO 8Ch
TH1 8Dh
CKCON®D | - - T2M | T1M TOM |MD2 |MD1 |MDO |8Eh
SPC_FNG |0 0 0 0 0 0 0 WRS | 8Fh
)
EXIF® IES IE4 I2CIN |USBIN |1 0 0 0 91h
T T
MPAGE® 92h
SCONO SMO_|SM1_ |SM2_ |REN_O| TB8 0l RB8 0 TILO | RILO| 98h
0 0 0
SBUFO 99h

IE EA ES1 ET2 ESO ET1 EX1 ETO EXO A8h
IP 1 PS1 PT2 PSO PT1 PX1 PTO PX0 B8h
SCONI |SMO_ [SM1_ |SM2_ |REN_ 1| TB8 1| RB8. 1 TI. 1| RI_1| COh

1 1 1
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Table B-4. Special Function Registers

Register | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO | Addr
SBUFW Cilh
T2CON TF2 EXF2 | RCLK| TCLK | EXEN|TR2 CIT2 C_P/ C8h

2 RL2
RCAP2L CAh
RCAP2H CBh
TL CCh
TH2 CDh
PSW CY AC FO RS1 RSO oV F1 P DOk
EICON® SMOD|1 ERESI| RESI INT6 | O 0 0 D8h
1
ACC EOH
EIE® 1 1 1 EWDI | EX5 EX4 EI2C | EUSB| ES8h
B FOh
EIP® 1 1 1 PX6 PX5 PX4 PI12C | PUSB F8h
(@ Not part of standard 8051 architecture.
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Table B-5. Special Function Register Reset Value

Register | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO | Addr
SP 0 0 0 0 0 1 1 1 81h
DPLO 0 0 0 0 0 0 0 0 82h
DPHO 0 0 0 0 0 0 0 0 83h
DPL1® 0 0 0 0 0 0 0 0 84h
DPH1® 0 0 0 0 0 0 0 0 85h
DPSv 0 0 0 0 0 0 0 0 86h
PCON 0 0 1 1 0 0 0 0 87h
TCON 0 0 0 0 0 0 0 0 88h
TMOD 0 0 0 0 0 0 0 0 89h
TLO 0 0 0 0 0 0 0 0 8Ah
TL1 0 0 0 0 0 0 0 0 8Bh
THO 0 0 0 0 0 0 0 0 8Ch
TH1 0 0 0 0 0 0 0 0 8Dh
CKCON» |0 0 0 0 0 0 0 1 8Eh
SPC_FNG |0 0 0 0 0 0 0 0 8Fh
)

EXIF® 0 0 0 0 1 0 0 0 91h
MPAGE» |0 0 0 0 0 0 0 0 92h
SCONO 0 0 0 0 0 0 0 0 98h
SBUFO 0 0 0 0 0 0 0 0 99h
IE 0 0 0 0 0 0 0 0 A8h
IP 1 0 0 0 0 0 0 0 B8h
SCON |0 0 0 0 0 0 0 0 COh
SBUF® |0 0 0 0 0 0 0 0 Clh
T2CON 0 0 0 0 0 0 0 0 C8h
RCAP2L |0 0 0 0 0 0 0 0 CAh
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Table B-5. Special Function Register Reset Value

Register | Bit7 | Bit6 | BitS | Bit4 | Bit3 | Bit2 | Bitl | BitO | Addr
RCAP2H | O 0 0 0 0 0 0 0 CBh
TL 0 0 0 0 0 0 0 0 CCh
TH2 0 0 0 0 0 0 0 0 CDh
PSW 0 0 0 0 0 0 0 0 DOh
EICONY |0 1 0 0 0 0 0 0 D8h
ACC 0 0 0 0 0 0 0 0 EOH
EIE® 1 1 1 0 0 0 0 0 E8h
B 0 0 0 0 0 0 0 0 FOh
EIPD 1 1 1 0 0 0 0 0 F8h

(@) Not part of standard 8051 architecture.
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Table B-6. PSW Register - SFR DOh

Bit

Function

PSW.7

CY - Carry flag. This is thensignedcarry bit. The
CY flag is set when an arithmetic operation resu
in a carry from bit 7 to bit 8, and cleared otherwis
In other words, it acts as a virtual bit 8. The CY f
is cleared on multiplication and division.

PSW.6

AC - Auxiliary carry flag. Set to 1 when the last

arithmetic operation resulted in a carry into (duri
addition) or borrow from (during subtraction) the
high order nibble, otherwise cleared to 0 by all a
metic operations.

PSW.5

FO - User flag 0. Bit-addressable, general purpa
flag for software control.

PSW.4

RS1 - Register bank select bit 1. used with RSQ
select a register bank in internal RAM.

PSW.3

RSO - Register bank select bit 0, decoded as:
RS1 RSO Banks Selected

0 0 Register bank 0, addresses 00h-07h

0 1 Register bank 1, addresses 08h-0Fh

1 0 Register bank 2, addresses 10h-17h

1 1 Register bank 3, addresses 18h-1Fh

ts
5€.
lag

rith-

se

to

PSW.2

OV - Overflow flag. This is tregnedcarry bit.
The OV flag is set when a positive sum exceeds
or a negative sum (in two'®mpliment notation)
exceeds 80h. On a multiply, if OV =1, the result
the multiply is greater than FFh. On a divide, OV
1 on a divide by 0.

7fh,

of

PSW.1

F1 - User flag 1. Bit-addressable, general purpd
flag for software control.

se

PSW.0

P - Parity flag. Set to 1 when the modulo-2 sum
the 8 bits in the accumulator is 1 (odd parity),

of

cleared to O on even parity.
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Appendix C: 8051 Hardware Description

C1l Introduction

This chapter provides technical data about the 8051 core hardware operation and timing. The
topics are:

Timers/Counters
» Serial Interface

* Interrupts

* Reset

* Power Saving Modes

C.2 Timers/Counters

The 8051 core includes three timer/counters (Timer O, Timer 1, and Timer 2). Each timer/
counter can operate as either a timer with a clock rate based©bKRé pin, or as an event
counter clocked by the0 pin (Timer 0),T1 pin (Timer 1), or tha'2 pin (Timer 2).

Each timer/counter consists of a 16-bit register that is accessible to software as two SFRs:

e TimerO-TLO and THO
e Timer1l-TL1and TH1

e Timer2-TL2 and TH2
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C.2.1 803x/805x Compdibility

The implementation of the timers/courtersissimilar to that othe Dallas Semiconductor
DS80C320.Table C-1 summarizes thefidrences in timegbunter implemetation between
the Intel 8051the Dalbs Semiconductor DS8@20, and the 8051 core.

Table C-1. Timer/Counter Implemertation Comparison

Dallas
Feature Intel 8051 DS80C320 8051

Number of timers 2 3 3
Timer O/1overflow not imple- | not imple- | TOOUT, T1OUT
available aoutputsig- | merted merted (one CLK24
nals pulse)
Timer 2 output enable| n/a imple- not implemented

merted
Timer 2 downcount | n/a imple- not implemented
enable merted
Timer 2overflow awail- | n/a imple- T20UT
able as output signal merted (one CLK24

pulse)

C.22 TimersOand 1

Timers 0 and 1 each operate in fonodes, as controlled ttoughthe TMOD SFR(Table C-
2) and the TON SRR (Table C-3). The fourmodes are:

* 13-bittimer/counter (mode 0)
* 16-bittimer/counter (mode 1)
» 8-bit counter with auto-reload (mode 2)
* Two 8-bit couners (mode3, Timer 0 only)

C.2.21 ModeO

Mode 0 operationjlustrated in Figue C-1, is tle same foTimer Oand Timer 1. In mode O,
the timeris confguredas a 12vit counter that uses bits 0-4 of Tidr TL1) and all 8 bits of
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THO (or TH1). Thetimer enabé bit (TRO/TR1) in he TQON SR starsthetimer. The C/T bit
selects the timer/courter clock source, CLK24r the TO/TL pins

The timer counts transitions frothne selead source asong a the GATE bit is O, or the
GATE bit is 1 and theorresponding interruptip (INTO# or INT14 is 1.

When the 13-bit counhcrements from 1FFh (all ones), the counteawlls over to all zeros,
the TFO (0 TF1) btis set in the TON SFR,and tre TOOUT (or T1OUT) pin goes high for
oneclock cycle.

The upper 3 bitef TLO (or TL1) areinddgerminate in mode 0 and must be masked when the
software evaluates the register

TOM (or T1M)

Divide by 12 jo

CLK24 1 *0 B CLK TLO (orTLl)
CIT
Divideby4J P D—NIIIIIIII
ModeO
TO (or T1) pin
TRO (or TR1) Mode lT

0 THO (or TH1)7

- Do —»EI:I:I:EEI:I:I—|

INTO# pin
(or INT1#) TFO (or TF1) |—p INT
|

|
e — To Serial Port

(Timer 1 only)

FigureC-1. Timer 0/1 - Modes0 and 1

C.2.2.2 Mode 1l

Mode 1 opration is the same fdimer O and Timer 1. hmode 1, tletimeris configured as a
16-bit coungr. As illustratedin Figure C-1, all 8 its of the LSBregister (TLOor TL1) are
used. The couatrolls over to 8l zeros when the count incremeritem FFFFh. Otherwise,
mode 1 operation i$¢ same as mode 0.
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Table C-2. TMOD Register - SFR 8%

Bit Function

TMOD.7 GATE - Timer 1 gate conbl. WhenGATE =1,
Timer 1 will clock only when INT1# = 1 and TRL
(TCON®) = 1. WhenGATE = Q Timer 1 will
clock only when TR1 = 1,agardless of thestate of
INT1#.

TMOD.6 c/T - CountefTimer select. Whenc/T =0,
Timer 1 is clocked by CLK24/dr CLK24/12,
depending on thstate of TIM (CKCON4). When
c/T =1, Timer 1is clocked byhe T1 pin.

TMOD.5 M1 - Timer 1 modeselect bit 1.

TMOD.4 MO - Timer 1 modeselect bit 0, decodeak:
M1 MO Mode

0 0 ModeO : 13-bit counter

0 1 Mode1 : 16-bit counter

1 0 Mode 2 : 8-bit counter with auto-reload
1 1 Mode 3 : Timer 1 stopped

TMOD.3 GATE - Timer O gate conbl, WhenGATE =1,
Timer O will clock only when INTO = 1 and TRO
(TCON4) = 1. WhenGATE = Q Timer O will
clock only when TRO = 1,agardless of thestate of
INTO.

TMOD.2 c/T - CountefTimer selet. Whenc/T =0,
Timer O is clocked by CLK24/dr CLK24/12,
depending on thstate of TOM (CKCON.3). When
c/T =1, Timer Ois clocked byhe TO pin.

TMOD.1 M1 - Timer O modeselect bit 1.

TMOD.O MO - Timer 0 modeselect bit 0, decodeak:
M1 MO Mode

0 0 ModeO : 13-bit counter

0 1 Mode1 : 16-bit counter

1 0 Mode 2 : 8-bit counter with auto-reload
1 1 Mode 3 : Two 8-bit counters
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Table C-3. TCON Register - SRF 88h

Bit

Function

TCON.7

TF1 - Timer 1 overflow flag. Set to 1 when the
Timer 1 count overflows and cleared when the
processor vectors to the interrupt service routif

ne.

TCON.6

TR1 - Timer 1 run control. Set to 1 to enable
counting on Timer 1.

TCON.5

TFO - Timer O overflow flag. Set to 1 when the
Timer O count overflows and cleared when the
processor vectors to the interrupt service routif

ne.

TCON.4

TRO - Timer O run control. Set to 1 to enable
counting on Timer 0.

TCON.3

IE1 - Interrupt 1 edge detect. If external interru
1 is configured to be edge-sensitive (IT1 = 1),
is set by hardware when a negative edge is
detected on the INT1 pin and is automatically
cleared when the CPU vectors to the correspo
ing interrupt service routine. In this case, IE1 ¢
also be cleared by software. If external interruy
is configured to be level-sensitive (IT1 = 0), IE]
set when the INT1# pin is O and cleared when
INT1# pin is 1. In level-sensitive mode, softwa
cannot write to IE1.

TCON.2

IT1 - Interrupt 1 type select. INT1 is detected
falling edge when IT1 = 1; INT1 is detected as
low level when IT1 = 0.

TCON.1

IEO - Interrupt O edge detect. If external interru
0 is configured to be edge-sensitive (ITO = 1),
is set by hardware when a negative edge is
detected on the INTO pin and is automatically

ing interrupt service routine. In this case, IEO ¢

is configured to be level-sensitive (ITO = 0), IEQ
set when the INTO# pin is O and cleared when
INTO# pin is 1. In level-sensitive mode, softwa
cannot write to IEO.

pt
El

nd-
an
ot 1
IS
the
e

bn
a

pt
EO

cleared when the CPU vectors to the correspond-

an

also be cleared by software. If external interrupt O

is
the
e
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Table C-3. TCON Register- SRF 88h

Bit Function

TCON.O ITO - Interrupt O typeselect. INTO is detected on
falling edge wien ITO = 1; INTO is dedcted as a
low level when ITO = 0.

TOM (or T1M)

Divide by 12
Y 0

CLK24 ~____ °T

1 30 TLO (or TL1)
7
N ~__ | 0 RELOAD
Divide by 4 D—N 111111

1
HEEEEEE
CLK

[T T T T 111
TRO (or TR1) LTI T Il T]

0 THO (or TH1) 7
GATE DC

INTO# pin TFO (or TF1) |—3 |NT

(or INT1# pir? :
L___p To Serial Port

(Timer 1 only)

TO (or T1) pin

Figure C-2. Timer0/1 - Mode 2

C.2.2.3 Mode 2

Mode 2 operabn is thesamefor Timer Oand Timer 1. In mode 2, thigmer is configured as
an 8-bit couter, with asomatic reload of the dart value The LSB regster (TLO or TL1) is
thecountker and the MSB register (THO oHIL) staes he reload value.

As illustrated n Figure C-2, mode 2 counter daol is the sene as for mode 0 and mode 1.

Howeve, in mode 2, whe TLnincrementdrom FFh, the valwe storael in THn isreloaded into
TLn.

C-6 Appendix C: 8051 Hardware Description EZ-USB Series 2100 TRM v1.8



Divide by 12 ——

CLK24 0 = CLK
1
CIT TL 7
Divide by 4 1T

TO pin

TFO —> INT

TRO

TF1 — INT
GATE
INTO# pin

0 THO 7
TTTT1T1TT1T11
TR1 D—’

Figure C-3. Timer O - Mode 3

C.2.2.4 Mode 3

In mode 3,Timer O operates as two 8-bit coenstand Timer 1 stops countingnd holds its
value.

As shown in Fgure C-3, TLOis configurel as an8-bit counte controled by the normal
Timer O control bits. TLO can either count CL&Rycles(divided by 4 or by 12) or high-to-
low transitions orT0, as det¢rmined by the C/bit. TheGATE funcion can be used to give
counter eable control to he INTO# pin.

THO furnctionsas an independent 8tlzounte. Howeve, THO can only courCLK24 cycles
(divided by 4 or by 12)The Timer 1 control anddj bits (TR1 and TF1) aresed as the con-
trol and flagbits for THO.

WhenTimer 0 is in mode Jimer 1haslimited usage becase Timer 0 uses the Timer 1 con-
trol bit (TR1) and interruptlag (TF1). Timer 1 can still be usedf baud rate generation and
theTimer 1 count vales are still available in the TLand TH1registers.

Control of Timer 1 whe Timer O is in mode 3sthroughthe Timer 1 mode bitsTo turn
Timer 1 on,sd Timer 1 to mode 0, 1, or 2o turnTimer 1 off, set it to mode 3.TheTimer 1
C/T bit and T1M bit arestill available to Time 1. Therdore, Timer 1 can court CLK24/4,
CLK24/12, or highto-low transitions on the Tfin. TheTimer 1GATE funcion isalso
available whaTimer 0 is in node 3.
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C.23 Timer Rate Control

The default timer clock scheme for the 8@dders is 12 CLK24cycles pe& increment, the
samess in he standard 8051. Hower, in the 8051, thmstruction cyle is 4 CLK24cycles.
Using the default ratel clocks per timemcremaet) allows existingapplication code with
real-time dependenes, such asand rate, to operate prady. However, applications that
requre fast timing can &t the imers to increment every 4 CLKRycles by setting bits in the
Clock Controlregister (CKCON) at SFR locatioBEh (see Table C-4.).

The CKCON hits that controthe timer clock rates are:

CKCONBiItCourter/Timer
5 Timer 2
4 Timer 1
3 Timer O

When aCKCON register ht is setto 1, the associated counter rements at 4-A_K24 inter-
vals. When £KCON bitis cleaed, the associated countencrements atl2-CLK24 intervals.
The timer contrds are independérmf eadiother. The dfault setting for al three timers is 0
(12-CLK24 interval}. These bits have ndfect in counter mode.

Table C-4. CKCON Rgjister - SRF8Eh

Bit Function

CKCON.7,6 Resrved

CKCON.5 T2M - Timer 2clock select. Whed2M = 0,
Timer 2 1ses CLK24/12 (for compatibility with
80C32; when T2M = 1Timer 2uses CLK24/4.
This bit has n&ffect when Timer 2 is coniigured
for baud rate gesnation.

CKCON.4 T1M - Timer 1clock select. Whe@d 1M = 0,
Timer 1 1ses CLK24/12 (for compatibility with
80C32; when T1M = 1Timer 1uses CLK24/4.

CKCON.3 TOM - Timer Oclock select. WhedOM = 0O,
Timer 0 wses CLK24/12 (for compatibility with
80C32; when TOM = 1Timer Ouses CLK24/4.

CKCON.2-0 MD2, MD1,MDO - Control the number of cycle
to beused for &ternal MOVX instructions.

l°A)
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C.2.4 Timer 2

Timer 2 runs only in 16-bit mode and offers several capabilities not available with Timers 0
and 1. The modes available with Timer 2 are:

e 16-bit timer/counter
* 16-bit timer with capture
e 16-bit auto-reload timer/counter

* Baud rate generator

The SFRs associated with Timer 2 are:

* T2CON - SFR C8h (Table C-6.)

* RCAPZ2L - SFR CAh - Used to capture the TL2 value when Timer 2 is configured for
capture mode, or as the LSB of the 16-bit reload value when Timer 2 is configured for
auto-reload mode.

* RCAP2H - SFR CBh - Used to capture the TH2 value when Timer 2 is configured for
capture mode, or as the MSB of the 16-bit reload value when Timer 2 is configured for
auto-reload mode.

e TL2 - SFR CCh - Lower 8 bhits of the 16-bit count.

* TH2 - SFR CDh - Upper 8 bits of the 16-bit count.
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C.2.4.1 Timer 2 Mode Control

Table C-5. summarizes how the SFR bits determine the Timer 2 mode.

Table C-5. Timer 2 Mode Control Summary

RCLK | TCLK %32/ TR2 Mode

0 0 1 1 16-bit timer/counter with cap-
ture

0 0 0 1 16-bit timer/counter with autot
reload

1 X X 1 Baud rate generator

X 1 X 1 Baud rate generator

X X X 0 Off

X =Don't care.

C.2.5 16-Bit Timer/Counter Mode

Figure C-4. illustrates how Timer 2 operates in timer/counter mode with the optional capture
feature. The C/TBit determines whether the 16-bit counter counts CLK24 cycles (divided by
4 or 12), or high-to-low transitions on the T2 pin. The TR2 bit enables the counter. When the
count increments from FFFFh, the TF2 flag is set, and the T20UT pin goes high for one
CLK24 cycle.

Table C-6. T2CON Register - SFR C8h

Bit Function

T2CON.7 TF2 - Timer 2 overflow flag. Hardware will set
TF2 when the Timer 2 overflows from FFFFh.

TF2 must be cleared to 0 by the software. TF2 will
only be setto a 1 if RCLK and TCLK are both
cleared to 0. Writing a 1 to TF2 forces a Timer R
interrupt if enabled.

T2CON.6 EXF2 - Timer 2 external flag. Hardware will set
EXF2 when a reload or capture is caused by a
high-to-low transition on the T2EX pin, and
EXENZ2 is set. EXF2 must be cleared to 0 by the
software. Writing a 1 to EXF2 forces a Timer 2
interrupt if enabled.
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Table C-6. T2CON Register - SFR C8h

Bit

Function

T2CON.5

RCLK - Receive clock flag. Determines whethg
Timer 1 or Timer 2 is used for Serial Port O timi
of received data in serial mode 1 or 3. RCLK =
selects Timer 2 overflow as the receive clock.
RCLK =0 selects Timer 1 overflow as the recei
clock.

T2CON.4

TCLK - Transmit clock flag. Determines wheth
Timer 1 or Timer 2 is used for Serial Port O timi

of transmit data in serial mode 1 or 3. RCLK =1

selects Timer 2 overflow as the transmit clock.
RCLK =0 selects Timer 1 overflow as the transi
clock.

T2CON.3

EXEN2 - Timer 2 external enable. EXEN2 =1
enables capture or reload to occur as a result g
high-to-low transition on the T2EX pin, if Timer
is not generating baud rates for the serial port.
EXEN2 = 0 causes Timer 2 to ignore all extdr
events on the T2EX pin.

T2CON.2

TR2 - Timer 2 run control flag. TR2 = 1 starts
Timer 2. TR2 = 0 stops Timer 2.

T2CON.1

CIT2- Counter/timer select. C/T20 selects a
timer function for Timer 2. C/T2 1 selects a
counter of falling transitions on the T2 pin. Whe
used as atimer, Timer 2 runs at 4 clocks per tic
12 clocks per tick as programmed by CKCON.}
in all modes except baud rate generator mode
When used in baud rate generator mode, Time
runs at 2 clocks per tick, independent of the sta
of CKCON.5.

T2CON.O

CP/RLZ Capture/reload flag. When CP/REZL,
Timer 2 captures occur on high-to-low transitio
of the T2EX pin, if EXEN2 = 1. When CP/RL=
0, auto-reloads occur when Timer 2 overflows
when high-to-low transitions occur on the T2E)
pin, if EXEN2 = 1. If either RCLK or TCLK is se
to 1, CP/RL2will not function and Timer 2 will
operate in auto-reload mode following each ov|
flow.
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C.2.5.1 6-Bit Timer/Counter Mode with Capture

TheTimer 2capure mode (Fgure C-4.)is thesame asthe 16-ht timer/countemode, with
theaddition ofthe cagture registersrad contol signals.

The CP/RL2 bit inthe T2CON SFRmables be capture feature. When &2 = 1, a highto-
low transition on the T2EX pin whenXtEEN2 = 1 cages te Timer 2 value to be loaded into
thecaptue registers RCAP2L arfRCAP2H.

Divide by 12—
y 0¢

CLK2 N ‘—(w T2
~— cLk O 78 15
Divide by 4 1 3_" TL2 | TH2 |—
T HEREEREEEREEEEN
T2 pin
P [T T IT T T T T T T IT 117
TR2 | RCAP2L |  RCAP2H |
0 78 15

TF2 |«

EXENZ —I_ CAPTURE
) »  Exr2 @_’ INT
T2EX pin  >———] J d

FigureC-4. Timer2 - TimerCounter with Capture

C.26 16-Bit Timer/Counter M ode with Auto-Reload

When CP/RL2= 0, Timer 2 is configured forhe autereload mode ilstrated in Figue C-5.
Control of counter input i$ie sameas for the other 1b6it counter nodes. Wherthe count
increments fom FFH, Timer 2 sets th&F2 flag and the starting value is rebadedinto TL2
and TH2.The sdtware must preload théasting value into th&CAP2L and RCAPH regs-
ters.
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When Timer 2 is in auto-reload mode, a reload can be forced by a high-to-low transition on
the T2EX pin, if enabled by EXEN2 = 1.

Divide by 12 T2M
ivi y W
CLK24 ﬂ _
1 0 CLK

Y CIT2 0 78 15
Divide by 4 J 1 TL2 | TH2 -

T HEREEEEEEEEEREN

T2 pin

P [T TTT T T T TITTITIT 11T

TR2 | RCAP2L | RCAP2H |

0 78 15

TE2 |«

EXEN2 —I_
T2EX pin >———— "

Figure C-5. Timer 2 - Timer/Counter with Auto Reload

C.2.7 Baud Rate Generator Mode

Setting either RCLK or TCLK to 1 configures Timer 2 to generate baud rates for Serial Port O
in serial mode 1 or 3. In baud rate generator mode, Timer 2 functions in auto-reload mode.
However, instead of setting the TF2 flag, the counter overflow is used to generate a shift clock
for the serial port function. As in normal auto-reload mode, the overflow also causes the pre-
loaded start value in the RCAP2L and RCAP2H registers to be reloaded into the TL2 and TH2
registers.

When either TCLK =1 or RCLK =1, Timer 2 is forced into auto-reload operation, regardless
of the state of the CP/RLIL.

When operating as a baud rate generator, Timer 2 does not set the TF2 bit. In this mode, a

Timer 2 interrupt can only be generated by a high-to-low transition on the T2EX pin setting
the EXF2 bit, and only if enabled by EXEN2 = 1.
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The counter time base in baud rggéeerabr mode is CLK242. To use an external clock
soure, set CT2to 1 and apply the deed clock source to theZIpin.

TIMER 1 OVERFLOW

CLK24 | Divide |
] by2 Oy c/T2 Divide
~____| CLK by 2
1
| SMoD1
T2 pin 0 ! RX
RCLK CLOCK
TR2 0 78 15 c
Ly T2 | TH2 | |
NN 1] 0 Divide
AN AN iy
HEEIEEEEEEEEEEN TCLK

[ RCAP2L | RCAP2H | \40—
1 —
EXEN2 0 78 15 Divide
| by 16

EXF2 |—3 TIMER 2 INTERRUPT |_> TX
T2EX pin CLOCK

Figure C-6. Timer 2 - Baud Rate Generator Mode

C.3 Seiial Interface

The 8051 cee provicestwo serial pats. Saial Pat 0 is identical in operatioto thestandard
8051serial port. Serial Port 1 is iderdal to Seial Port 0, except thdimer 2 cannot be used
as the baud rate gemator for Serial Port 1.

Eachserial port can operate in synchrom®or asynchonous mode. In synchronoo®de,
8051 gmerates theserial clock and the serial poojperates in helf-duplex mode. In asynchro-
nous mode, theerial port operate# full-duplex mode. In alinodes 8051 bifersreceived
data na holdirg registe, enabling the UART to receiwe an incoming bye beforethe software
has read the previous value.

Eachserial port can operate in one of fourodes, as outled inTale C-7.
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Table C-7. Seial Port Modes

Sync/ Data 9th Bit

Mode Async Baud Clock Bits Stat/Stop Function

0 Sync | CLK24/4 or 8 None None
CLK24/12

1 Async | Timer 1 or 8 1 start, 1 stg| None
Timer 2*

2 Async | CLK24/32 or 9 1 dtart, 1 ste| O, 1, par-
CLK24/64 ity

3 Async | Timer 1 or 9 1 start, 1 ste| O, 1, par-
Timer 2* ity

(@ Timer 2 available for Serial Portddly.

The SFRs associated with the serial ports are:
* SCONO - SFR 98h -Seial Pat 0 control (Table C-8).
» SBUFO - SFR 99h - Serial Portiffer.
* SCONL- SFR COh - Serial Port 1 ctnol (Table C-9).
* SBUF1 - SFRC1h- Seial Port 1 buffer.

C.31 803x/805x Compéibility

The implementation ohe seri interface is isnilar to that of the Intel 8052.

C.32 Mode O

Seial mode 0 prowes synchronous, half-duplegrgl communicationFor Serial Port O,
serialdata output acurs on theRXDOOUT pin, serial datas receivedon the RXDO pin, and
the TXDO pin provideghe stlift clock for boh transnit and receive. & Serial Port 1,te cor-
responding pis are RXOOUT, RXD1, and TXD1.

The ®rial mode 0 baud rate istker CLK2412 or CLK24/4, depending on the state of the

SM2_0 bit (or SM2_Tor Seial Port 1). When SM2_0 = 0, the baud rate0sK24/12, when
SM2_0 =1, the baud rate i$.E24/4.

EZ-USB Series 2100 TRM v1.8 Appendix C: 8051 Hardware Description C-15



Mode 0 operation is id#ical tothe standard 8051. Datt@nsmissionbegins when an instruc-
tion writes to he SBUFO(or SBUF1) SFR. The UART shifts the dad&, LSB first, at the
selected baud rate, uithe 8-bitvalue has ban shifted out.

Mode Odata reception begins when th&R_0 (or REN_1) bit isset and the RI_0 (or RI_1)
bit is cleared intte correspondin@CON SFR. The shift clock is activatand the UART
shifts data in onaeh rising edge of thehift clock until 8 bits have beenceved. One
machine cyke after the 8th bis shifted in, he RI_O (orRI_1) bit is set and reception stops
untl the sdtware cleas the RI bit.

Figure C-7 through Figur€-10 illustrate Seial Port Mode O transmitand receve iming for
both low-speed (CLK24/12) and high-speed (CLK24/4) apen.

Table C-8. SCONO Register - SFR 98h

Bit Function
SCONO.7 SMO_0 - Serial Port 0 mode bit 0.
SCONO.6 SM1 0 - Serial Port 0 mode bit 1,aeled a.
SMO 0O SM1 0 Mode

0 0 0
0 1 1
1 0 2
1 1 3

SCONO0.5 SM2_0 - Mutiprocessor ommunication enable.

In modes 2 and 3,His bit enalbes the mulproces-
sor communicationegture. If SM2_0 = 1 in mod¢
2 or 3, then RI_O will not bactivated if the
received 9h bitis 0.

D

If SM2_0=1 in mode 1, then RI_O will only be
activated if a valid sip is received. In mode 0O,
SM2_0 establishes the baud rate: when SM2_0=0,
the baudateis CLK24/12; when SM2_0=1, the
baud rates CLK24/4.

SCONO0.4 REN_O - Receive enable. When REN_OF&cep-
tion is enabled.
SCONO.3 TB8_0- Defines thestate of the 9th datattrans-

mitted in modes 2 and 3.
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Table C-8. SCONO Register - SFR 98h

Bit

Function

SCONO.2

RB8_0 - In modes 2 and 3, RB8_0 indicates the

state of the 9th bit received. In mode 1, RB8 0

indicates the state of the received stop bit. In mode

0, RB8 0 is not used.

SCONO.1

T1_0 - Transmit interrupt flag. indicates that the

transmit data word has been shifted out. In mode O,
T1_Ois set at the end of the 8th data bit. In all other
modes, Tl_0 is set when the stop bit is placed on

the TXDO pin.TI_O must be cleared by firm-
ware.

SCONO.0

RI_O - Receive inteupt flag. Indicates that serig

data word has been received. In mode 0, RI_O0jis
set at the end of the 8th data bit. In mode 1, RI| 0 is

set after the last sample of the incoming stop bit,
subject to the state of SM2_0. In modes 2 and (3,

RI_O is set athe end of the last sample of RB8 |0.

RI_0 must be cleared by firmware.
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Table C-9. SCON1 Register - SFR COh

Bit

Function

SCON1.7

SMO_1 - Serial Port 1 mode bit O.

SCONL1.6

SMO 1 SM1.1 Mode
0 0 0
0 1 1
1 0 2
1 1 3

SCONL1.5

sor communication feature. If SM2_1 =1 in ma
2 or 3, then RI_1 will not be activated if the
received 9th bit is 0.

If SM2_1=1 in mode 1, then RI_1 will only be
activated if a valid stop is received. In mode 0,

the baud rate is CLK24/12; when SM2_1=1, th
baud rate is CLK24/4.

SCON1.4

tion is enabled.

SCON1.3

TB8 1 - Defines the state of the 9th data bit tr
mitted in modes 2 and 3.

SCON1.2

RB8_1 - In modes 2 and 3, RB8_0 indicates tk
state of the 9th bit received. In mode 1, RB8_1
indicates the state of the received stop bit. In m
0, RB8 1 is not used.

SCON1.1

T1_1 - Transmit interrupt flag. indicates that th
transmit data word has been shifted out. In moc
Tl _1is set at the end of the 8th data bit. Inall o
modes, Tl_1 is set when the stop bit is placed ¢
the TXDO pin. TI_1 must be cleared by the soff
ware.

SM1_1 - Serial Port 1 mode bit 1, decoded as;

SM2_1 - Multiprocessor communication enable.
In modes 2 and 3, this bit enables the multiprogces-

de

SM2_1 establishes the baud rate: when SM2_1=0,

4%

REN_1 - Receive enable. When REN_1=1, recep-

ans-

ode

D

e O,
ther
N
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Table C-9. SCON1 Register - SFR COh

Bit Function

SCONL1.0 RI_1 - Receive interrupt flag.Indicatesthatserial
data wordhasbeen eceived. In mod®, RI_1 is
set at theerd of the 8h databit. In mode 1RI_1 is
set after thelast sample of the incomingstop bit,
subject to thestateof SM2_1. In modes 2 and 3,
RI_1is set a the end of the last sanguf RB8_1.
RI_1 must be clared by thesoftware.

CLK24

PSEN

RXDO

RXDOOUT

txpo It JrJrJrrrefr— "
TI

RI

Figure C-7. Serial Port ModeO Receive Timing- Low Speed Operation
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CLK24 | L L

psen [ L L [ L L I [ LI I
RXDO X O EX T XBX T XBX L XB XXX

RXDOOUT

xpo - I I L [ [ L [

TI

RI

Figure C-8. Serial Port Mode 0 Receive Timing - High Speed Operation

CLK24

psen [UUUUTUTUUUTUTUUTUUTUTUUUUTUUUL

RXDO
RXDOOUT X D0 X b1 X D2 X D3 X D4 X D5 X D6 X D7 X
™xo0 L Jrr fr f_f ‘1’ "
TI [

RI

Figure C-9. Serial Port Mode 0 Transmit Timing - Low Speed Operation
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cucea [TUTTTUTTUTTTUTUUTUUTT Ui o
psen [ [ L[ L[ L[ L[ L LT LI LI 1

RXDO
RXDOOUT X_bo X b1 X D2 X b3 X D4 X D5 X D6 X D7 X
TXDO N A A O I O I

Tl

RI

Figure C-10. Serial Port Mode O Transmit Timing - High Speed Operation

C.33 Mode 1

Mode 1 provides shdard asynchronous, full-duplex communication, using a total of 10 bits:
1 stat bit, 8 dat bits, and 1stop bit. For recéve opeations, the ®p bitis storel in RB8_0 (or
RB8_1). Data ttsare receied and tensmttedLSB first.

C.3.3.1 Mode 1 Baud Rate

The mode 1 baudhteis a functon of timer overflow. Seial Port O @an use éherTimer 1 or
Timer 2 togenegate baud rates. Serial Port 1 can ordg Timer 1. The tweerial ports can
run at the same baud ratéhey bothuse Timer 1, odifferent baudates if Serial Por® uses
Timer 2 and Seaal Pot 1 usesTimer 1.

Eadh time thetimer increments from is maximum count(FFh for Timer 1 or FFFFh for Timer
2), aclock is set to the badrate circuit. The clok is then divided by @to generate the baud
rate.
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When usng Timer 1, the SMODOqr SMODL) bit selects whether or not tovitle the Timer
1 rollover rate by 2Therefore, when sing Timer 1, the baud rate ist@rmined by the equa-
tion:

SMODx

Baud Rate = x Timer 1 Overflow

32

SMODO is SFR bit PCON; SMOD1 isSFR bit EICON.7.
When usng Timer 2, the baud rate is ceminedby the equation:

Timer 2 Overflow
16

Baud Rate =

TouseTimer las the baud rate gentmait is besttouse Timer 1 mode 2 {8it counter with
autoreload), although any counter mode temused.The Timer 1 reload isstored nthe TH1
regster, which makeshe complete formula foifimer 1:

SMODx

CLK24
Baud Rate = X
32 12 x (256 - TH1)

The 12 nthedenomirator in the dove equation can be changed to 4 by segtihe T1M bit in
the CKCON SFR. To derive the requird TH1 value from a known baudte(when TML = 0),
use the equation:

SMODx
2 x CLK24

TH1= 256- — ~ ——
384 x Baud Rate

You can also acleve very lowserial pat baud rate$rom Timer 1 by enablinghe Timer 1
interrupt, configwing Timer 1 to mode 1,ral using he Timer 1 interrupt to initiate a 16-bit
software reloadTable C-10 lists saple reload \dues for a variety of ammon seriaport
baud ratse.
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Note that nore acurate laud rates are achieved bysing Timer 2 as the baud eafenerator

(nex section).

TableC-10. Timer 1 ReloadValues for Conmon Serial Port Mode 1 Baud Rates

Nominal | 24MHz | Reload | Actual Error
Rate Divisor | Vaue Rate

57600 6 FA 62500 |[8.5%
38400 10 F6 37500 |-2.3%
28800 13 F3 28846 |+0.16%
19200 20 EC 18750 |-2.3%
9600 39 D9 9615 +0.16%
4800 78 B2 4807 +0.15%
2400 156 64 2403 +.13%
Settings. SMOD =1, C/T=0, Timerl mode=2TIM=1
Note: Using rates that arefoby 2.3%or more will not
work in all systens.

TouseTimer 2 as the baud ratergeator, confgure Timer 2 in ato-reload node and set the
TCLK and/a RCLK bitsin the T2CONSFR. TCLK sekctsTimer 2 as the baud rate genera-
tor for the transmittr; RCLK sekcts Timer 2 as the baud rate generdtwrthereceiver. The
16-bit reload valuedr Timer 2 is stored in the RCAP2L an€R2H SFRs, whsh makes the
equation for teTimer 2baudrate:

CLK24
32 x (65536 - RCAP2H,RCAP2L)

Baud Rate =

whereRCAP2HRCAPZA isthe contehof RCAP2H ard RCAPZA. taken asa 16-bit unggned
numbe.

The 32 in the demuoinator isthe result ofCLK24 being divided by 2 andhéTimer 2 over-
flow being divided by 16. Setting TCL& RCLK to 1 automatidly causes CLK2to be
divided by2, as shownn Figure C-6jnstead of the 41012 determined by the T2M bit in the
CKCON SFR.
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To derive the requireRCAP2H aad RCAP2L valuesfrom a known baud rateise the equa-
tion:

CLK24
32 x Baud Rate

RCAP2H,RCAP2L = 65536 -

When either RCLK or TCLK is set, thel'F2flag will not be se ona Timer 2 roll over, and the
T2EX reload tigger is dsabled.

Table C-11. Time 2 Reload Values for Comnon Serial Port Mode 1 Baud Rates

N%rgtigal C/T2 Di)vris ReloadVal A;gi:' Error
57600 0 13 |F3 57692.3 | 0.16%
38400 0 20 |EC 37500 |-2.34%
28800 0 26 |E6 28846.5 | 0.16%
19200 0 39 | D9 19230.7 | 0.16%
9600 0 78 |B2 9615.3% | 0.16%
4800 0 156 |64 4807.62 | 0.16%
2400 0 312 |FECS8 2403.84 | 0.16%
Note: ugng ratestha are off by 2.3% or more will not work in all
systems.

C.3.3.2 Mode 1Transmit

FigureC-11 illustrates the mode 1 transtrtiming. In mode 1lthe UART begins transmitting
after the first roll overof the divide-by-16 counter after the softwavstes to he SBUFO (or
SBUF]) registe. The UART transmits data on the TXDO (or TXD1) pin in the following
order: start bit,8 data bts (LSB first),stop bit The Tl_0(or TI_1) bitis set 2 CLK24ycles
after thestop Lt is transmitted.

C.34 Mode 1 Reeive
Figure C-12. ilustratesthe node 1 receive tinmg. Reception begs at the falling edge of a

start bt received on théRXDO (or RXD1) pin, wken enabled byhe REN_O or REN 1) bit.
For this purpos, theRXDO (or RXD1) pin is sampled 16 times per bitrfanybaud rate.
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When a falling edge of a start bit is detected, the divide-by-16 counter used to generate the
receive clock is reset to align the counter roll over to the bit boundaries.

For noise rejection, the serial port establishes the content of each received bit by a majority
decision of 3 consecutive samples in the middle of each bit time. This is especially true for the
start bit. If the falling edge on the RXDO (or RXD1) pin is not verified by a majority decision
of 3 consecutive samples (low), then the serial port stops reception and waits for another fall-
ing edge on the RXDO (or RXD1) pin.

At the middle of the stop bit time, the serial port checks for the follononglitions:
* RILO(orRI_1)=0,and

 IfSM2_0 (orSM2_1
(If SM2_0 (or SM2_1

) = 1, the state of the stop bit is 1.

) =0, the state of tlstop bit doesn’t matter.)

If the above conditions are met, the serial port then writes the received byte to the SBUFO (or
SBUF1) register, loads the stop bit into RB8_0 (or RB8_1), and sets the RI_0 (or RI_1) bit. If
the above conditions are not met, the received data is lost, the®Bidter and RB8 bit are

not loaded, and the RI bit is not set.

After the middle of the stop bit time, the serial port waits for another high-to-low transition on
the (RXDO or RXD1) pin.

Mode 1 operation is identical to that of the standard 8051 when Timers 1 and 2 use CLK24/12
(the default).

Write to
SBUFO H

TX CLK I | | | | | | | |
SHIF [— | | [ I— | ] ]

TXDO sTART/ D0 X D1 X D2 X D3 X D4 X D5 X D6 X D7 STOP

RXDO

RXDOOUT

TILO
RI_O

Figure C-11. Serial Port 0 Mode 1 Transmit Timing
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RX CLK | N | | | | N U | A N | |

RXDO STARY o X D1 X D2 X D3 X b4 X D5 X D6 X D7 /STOP
Bit detector
sampling Wl [ - I 1 | o

ST TR 1 N A

RXDOOUT
TXDO

TILO

RI_O

Figure C-12. Serial Port 0 Mode 1 Receive Timing

C.3.5 Mode 2

Mode 2 provides asynabmous, fullduplex communication, using a total of 11 bits: 1 start

bit, 8 data bits, a programmable 9th bit, and 1 stop bit. The data bits are transmitted and
received LSB first. For transmission, the 9th bit is determined by the value in TB8_0 (or
TB8_1). To use the 9th bit as a parity bit, move the value of the P bit(SFR PSW.0) to TB8_0
(or TB8_1).

The mode 2 baud rate is either CLK24/32 or CLK24/64, as determined by the SMODO (or
SMOD1) bit. The formula for the mode 2 baud rate is:

SMODx
2 x CLK24

64

Baud Rate =

Mode 2 operation is identical to the standard 8051.

C-26 Appendix C: 8051 Hardware Description EZ-USB Series 2100 TRM v1.8



C.3.5.1 Mode 2Transmit

Figure C-13 ilustratesthe node 2 transmit thing. Transmission begins #dr the first roll
over of the divile-by-16 couter following a sdtware writeto SBUFO (orSBUF1). The
UART shfts data out on the TXDO (or TXD1) pin in the followingler: stat bit, data bits
(LSB first), 9th bit, sbpbit. The TI_O(or TI_1)bit is set when the gpbit is placed on the
TXDO (or TXD1) pin.

C.3.5.2 Mode 2 Reeive

Figure C-14 ilustratesthe node 2 receive tinng. Reception begs at the falling edge of a
start bt received on thdRXDO (or RXD1) pin, when enabled bix¢ REN_O or REN_1) bit.
For this purpos, theRXDO (or RXD1) pin is sampled 16 times per bit fmybaud rate.
When a falling edge of a start bit is elgted, thedivide-by-16 counter used to generate the
receive clockis resetto align the couater rdl over to the bit boundaries.

For noiserejection, he serial port estdlishes the ontent ofeach received bit by a majority
decisio of 3 consecuive samplesnithe midde of ead bit time. Thisis especially triefor the
start bit If thefalling edge orthe RXD0 (or RXD1) pin is noverified by a majaty decision
of 3 consecutive sarmgs (low), then the serial pgosiops reception and waits fomather fall-

ing edge on th&XDO (or RXD1) pin.

At the mdde of the sbpbit time, the serial port checks for the followingpndtions:
* RILO(orRI_1)=0,and

o If SM2_0 (a SM2_1) = 1, the statef thestop bit is 1.
(If SM2_0(or SM2_1) = 0,the state of thestop bit desn’'t matter.)

If the above contlons are met, the serial portethwrites thereceived byteo the SBUFO (or
SBUFJ]) register, loads thestop bit into RB8_0 (or RB8_1), ansktsthe RI_0 (or RI_}bit. If
the aboveconditions are not met, the received data i§ tbe SBUFegister and RB8 bit are
not loaded, and the RI bit st set. Ater the middk of the sbpbit time, the seial port waits
for another higko-low trarsition on the RXMD (or RXD1) pin.
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Write to
SBUFO

]

TX CLK
SHIFT

TXDO

RXDO
RXDOOUT
TI_O

RI_O

[ S A A N O |

[ N S S I |

STARY Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 X 188 /STOP

T—

Figure C-13. Serial Port 0 Mode 2 Transmit Timing

[ S | | S S |

RX CLKﬂ
RXDO
Bit detector

STARY po X b1 _XDp2 X D3 X D4 X D5 X D6 X D7 X RB8,/STOP
el Il | Il Il Il 1| I

sampling

[ NS S I R R

SHIF

RXDOOUT

TXDO

TILO

RI_O

-28

Figure C-14. Serial Port 0 Mode 2 Receive Timing
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C.36 Mode 3

Mode 3 provides asynabimous, full-duplex communicéion, usngatotal of 11 bits: 1 start
bit, 8 data bits, a programmable 9th bitda stop bit. Theda@bits are transmitted and
received LSB first.

The mode 3ransmit andoperations are identiced mode 2. The mode 3 ldrate generation

is identcal to mode 1. Thas, moa 3 is a combination of mode 2 protocol and mode 1 baud
rate. Figure C-15 illustrates the moddrarsmit timing. Figue C-16 ilustratesthe mode 3
receive timing.

Mode 3 operatia is identicd to thatof the standard 8051 wh&imers 1 and 2ise CLK24/12
(the defau).

Write to
SBUFO ﬂ

TX CLK . °r 0 @& @ [ f ;¢ q@ 1
SHIFT | | | | N | 0 1

TXDO STARY po X b1 X D2 X D3 X D4 X D5 X D6 X D7 X 788 /STOP

RXDO
RXDOOUT

TILO

RI_O

Figure C-15. Serial Port 0 Made 3 Transmit Timing

Rxeotk o

RXDO NTARY Do X' b1 XD2 X D3 X D4 X D5 X D6 X_D7 X RB8/STOP

Bit detector |l 1| B || I 1M | |
sampling

e RN e
RXDOOUT
TXDO
TLO

RI_O

Figure C-16. Serial Port 0 Mode 3 Receive Timing
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C.3.7 Multiprocessor Communications

The mutiprocessor commmnication feature is enabled in modes 2 and Bew the SM2 bit is
set in the SCON SRR for aserial port (SM2_0 for Serial Port 0, SM2_1 for Serial PQrtid
multiprocessor communican modethe 9thbit received is ®red in RB8_0 (or RB8_1) and,
after thestop hit is receied, the seial pat interruptisactivated only if RB8_0

(orRB8_1) =1.

A typical use ér the multprocessor communicationeature is when anaster wants to send a
block of datito ore of seved daves.The mastefirst transmits amddress bythat icentifies
the target slave. When transmitting an address bytepabiersets the 9th bit to 1; for data
bytes, the 9th bit is 0.

With SM2_0 (or SM2_1)= 1, nodavewill be interrupted by a datbyte. Howeveran address
byte interupts al slaves so that eachawe can examintne received addressteto deter-
mine wheher thatdave is being ddressed. Address decoding must be ddmgsoftwale dur-
ing the inerrupt servce routire. The addressed slave cleés SM2_0 (or SM2_1) bit and
prepaes to receiethe daabytes. The slaveshat are not beingddressed leavbe SM2_0 (or
SM2_1) bitset and ignore the incoming data bytes.

C.38 Interrupt SFRs

The fdlowing SFRs are associated with interrupt control:

IE - SFR A8h (Table C-12)

* |P-SFR B8h(TableC-13)

« EXIF - SFR 91hTableC-14)

« EICON - SFR D8HTableC-15)
* EIE- SFR Bh(Table C-16)

« EIP - SFR F8KTableC-17)

The [E and IP SFRs provide interrupt enable andrgy cortrol for the standard interrupt
unit, as with the standard 8051. Additily, these SFRs provide control bifer the Serial

Pat 1 interrupt. Thee bits(ES1 and B1) areavailable only when the extended interrupt unit
Isimplemented (ext_int1). Otherwise, téy are read as 0.

BitsESO, ES1, ET2, PS0, PShd PT2are present, but not used, when #tw@responding
modde is not implemented.
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The EXIF, EICON, EIE and EIP registers provide flags, enable control, and priority control
for the optional extended interrupt unit.

Table C-12. IE Register - SFR A8h

Bit Function

IE.7 EA - Global interrupt enable. Controls masking of
all interrupts except USB wakeup (resume). EA =
0 disables all interrupts except USB wakeup.
When EA = 1, interrupts are enabled or masked by
their individual enable bits.

IE.6 ES1 - Enable Serial Port 1 interrupt. ES1 = 0O dis-
ables Serial port 1 interrupts (TI_1 and RI_1). ES1
= 1 enables interrupts generated by the TI_1 or
TI_1 flag.

IE.5 ET2 - Enable Timer 2 interrupt. ET2 = 0 disables
Timer 2 interrupt (TF2). ET2=1 enables interrupts
generated by the TF2 or EXF2 flag.

IE.4 ESO - Enable Serial Port O interrupt. ESO = 0O dis-
ables Serial Port O interrupts (TI_O and RI_0).
ESO0=1 enables interrupts generated by the TI_|O or
RI_O flag.

IE.3 ET1 - Enable Timer 1 interrupt. ET1 = O disables
Timer 1 interrupt (TF1). ET1=1 enables interrupts
generated by the TF1 flag.

IE.2 EX1 - Enable external interrupt 1. EX1 = O dis-
ables external interrupt 1 (INT1). EX1=1 enable
interrupts generated by the INT1# pin.

IE.1 ETO - Enable Timer O interrupt. ETO = 0 disables
Timer O interrupt (TFO). ETO=1 enables interrupts
generated by the TFO flag.

IE.O EXO - Enable external interrupt 0. EXO = 0 dis-
ables external interrupt O (INTO). EX0=1 enable
interrupts generated by the INTO# pin.

124

S

124

S
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Table C-13. IP Register - SFR B8h

Bit

Function

IP.7

Reserved. Read as 1.

IP.6

PS1 - Serial Port 1 interrupt priority control.

PS1=0 sets Serial Port 1 interrupt (TI_1 or RI_1)

to low priority. PS1=1 sets Serial port 1 interrup
to high priority.

IP.5

PT2 - Timer 2 interrupt priority control. PT2=0
sets Timer 2 interrupt (TF2) to low priority. PT23
sets Timer 2 interrupt to high priority.

IP.4

PSO - Serial Port O interrupt priority control.

PS0=0 sets Serial Port O interrupt (TI_0O or RI_D)
to low priority. PS0=1 sets Serial Port O interrupt

to high priority.

IP.3

PT2 - Timer 1 interrupt priority control. PT1 = Q
sets Timer 1 interrupt (TF1) to low priority. PT13
sets Timer 1 interrupt to high priority.

IP.2

PX1 - External interrupt 1 priority control. PX 1
0 sets external interrupt 1 (INT1) to low priority

PT1 = 1 sets external interrupt 1 to high priority.

~t

1

1

IP.1

PTO - Timer O interrupt priority control. PTO = 0
sets Timer O interrupt (TFO) to low priority. PTOA
sets Timer O interrupt to high priority.

1

IP.0

PXO0 - External interrupt O priority control. PXO0
0 sets external interrupt O (INTO) to low priority

PX0=1 sets external interrupt O to high priority.

-32
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Table C-14. EXIF Register - SFR 91h

Bit

Function

EXIF.7

must be cleared by software. Setting IE5 in sof
ware generates an interrupt, if enabled.

IE5 - External interrupt 5 flag. IE 5= 1 indicates a
falling edge was detected at the INT5# pin. IES

[

EXIF.6

IE4 - External interrupt 4 flag. IE4 indicates a r

cleared by software. Setting IE4 in software ge
ates an interrupt, if enabled.

S-

ing edge was detected at the INT4 pin. IE4 must be

ner-

EXIF5

I2CINT - External interrupt 3 flag. The “INT3”
interrupt is internally ennected to the EZ-USBJ
controller and renamed “I2CINT”. 1I2CINT =1

an interrupt, if enabled.

indicates anz2C interrupt. I2CINT must be cleared
by software. Setting I2CINT in software generates

EXIF.4

USBINT - External interrupt 2 flag. The “INT2”
interrupt is internally connected to the EZ-USB
interrupt and renamed “USBINT”. USBINT =1
indicates an USB interrupt. USBINT must be
cleared by software. Setting USBINT in softwa
generates an interrupt, if enabled.

[€

EXIF.3

Reserved. Read as 1.

EXIF.2-0

Reserved. Read as 0.
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Table C-15. EICON Register - SFR D8h

Bit

Function

EICON.7

SMODL1 - Serial Port 1 baud rate doubler enak
When SMOD1 = 1 the baud rate for Serial Port
doubled.

e.
S

EICON.6

Reserved. Read as 1.

EICON.5

ERESI - Enable resume interrupt. ERESI = 0O dis-
ables resume interrupt (RESI). ERESI = 1 enables
interrupts generated by the resume event.

EICON.4

RESI - Wakeup interrupt flag. EICON.4 = 1 indj
cates a negative transition was detected at the
WAKEUP# pin, or that USB has activity resumed
from the suspended state. EICON.4 = 1 must be
cleared by software before exiting the interrupt
service routine, otherwise the interrupt occurs

again. Setting EICON.4=1 in software generates a
wakeup interrupt, if enabled.

EICON.3

174

INT6 - External interrupt 6. When INT6 = 1, the
INT6 pin has detected a low to high transition.
INT6 will remain active until cleared by writing a
0 to this bit. Setting this bit in software generates
an INT6 interrupt in enabled.

EICON.2-0

Reserved. Read as 0.
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Table C-16. EIE Register - SFR E8h

Bit Function

EIE.7-5 Reserved. Read as 1.

EIE.4 EX6 - Enable external interrupt 6. EX6 = 0 dis-
ables external interrupt 6 (INT6). EX6 = 1 enab
interrupts generated by the INT6 pin.

EIE.3 EX5 - Enable external interrupt 5. EX5 = 0 dis-
ables external interrupt 5 (INT5). EX5 = 1 enab
interrupts generated by the INT5# pin.

EIE.2 EX4 - Enable external interrupt 4. EX4 = 0 dis-
ables external interrupt 4 (INT4). EX4 = 1 enab
interrupts generated by the INT4 pin.

EIE.1 EI2C - Enable external interrupt 3. EI2C = 0 dis
ables external interrupt 3 (INT3). EI2C = 1 enak
interrupts generated by th€linterface.

EIE.O EUSB - Enable USB interrupt. EUSB = 0 disab
USB interrupts. EUSB = 1 enables interrupts g
erated by the USB Interface.

les

les

les

les

les
oN-
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Table C-17. EIPRegister- SFR F8h

Bit Function

EIP7-5 Resrved.Read as 1.

EIP4 PX6 - External interrupt 6 priority control. PX6 =
0 ssts external interrupt 6 (INT6) to low priority.
PX6 = 1 sts external interrupt 6 to gh priority.

EIRP3 PX5 - External interrupt 5 priority control. PX5 =
0 sets external interrupt 5(INT5#) to low priority.
PX5=1 &ts external interrupt 5 to hgh priority.

EIP2 PX4 - External interrupt 4 priority control. PX4 =
0 sets external interrupt 4(INT4) to low priority.
PX4=1 ®ts external interrupt 4 to hgh priority.

EIP1 P12C- Exterral interrupt 3 piority control. PRC =
0 setd?C interrupt to lav priority. P12C=1sets4C
interrupt tohigh priority.

EIPO PUSB- External interupt?2 priority control PUSB
= 0 setdJSB intearupt to low prority. PUSB=1
sets USB inérrupt to high prarity.

C.4 Interrupt Procesing

When an enabled ingrrupt occurs, the 8051 core vectarshie addess of the irterrupt service
routine (ISR) associated with bat interruptaslistedin Table C-18 The 8051 core executes
the ISRto completia unless anothr interrupt of higher prority occurs. EaelSR ends with a
RETI (returnfrom interupt) instuction. Afterexecuting tle RETI, the CPUreturnsto the
next nstructionthat would hae beerexecuted if thenterrupt hadhotoccurred.

An ISR can only be interrupted by aher priority interruptThat is, an ISR fioa low-level
interrupt can only binterrupted by high-level interrupt. ASR for a highlevel interrupt can
only be inerrupted by tle resume interrupt.

The 8051 cre alwayscompleteghe instruction in progredsefare servicing an ierrupt. If

the irstruction in pogress $ RETI, orawrite accesdo any dthelP, IE, EIP, or EIE SFRs,
the 8051 core completese additioral instrucion before seneing the interrupt.
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C.41 Interrupt Masking

The EA bit in tle IE SFR (IE.7) is a global enabl®r al interrupts exept the USB wakeup
(resumeinterrupt. WhenrEA = 1, each iterrupt is enabled or maskedy its individual enable
bit. When EA = 0, allnterrups are masked, except¢ USB wakeup interrupt.

Table C-19 provides summary of interrupt soges flags, enabes,and priorities.

Table C-18. Interrupt Natural Vectorsand Prioritie

Interrupt Degription Eﬁgrjisl Ir\];:étrgft
RESUME USB Wakeup(resume) 0 33h
interrupt
INTO External interrupt O 1 03h
TFO Timer O interrupt 2 0Bh
INT1 External interrupt 1 3 13h
TF1 Timer 1 interrupt 4 1Bh
TlI_OorRI_O Serd port O interrupt 5 23h
TF2or EXF2 | Timer 2 interrupt 6 2Bh
Tl _lorRI_1 Serd port 1 interrupt 7 3Bh
INT2 USB interrupt 8 43h
INT3 [2C interupt 9 4Bh
INT4 External interrupt 4 4 53h
INTS External interrupt 5 11 5Bh
INT6 External interrupt 6 12 63H

EZ-USB Series 2100 TRM v1.8 Appendix C: 8051 Hardware Description C-37



C.42 Interrupt Priorities

There are two stages of interrupt pity assignmaent, interrupt level and natal priority. The

interrupt level (highest high, a low) takes precedeeover naturapriority. The U wakeup
interrupt, if enabled, always has highesigpity andis the ony interrupt that ca have higlest
priority. All othe interruptscan beassigned eitheéhigh or lowpriority.

In addition to arassigred priority level (high or low)each interupt also has a natal prior-
ity, as listad in Tade C-18. Simultan®us interrupts with tle same priaity level (for example,
both hgh) are resolved according to theataral priaity. For example, if INTO and INT2 are
both pogrammed as high pority, INTO takes presdence due to its higher naturaiqpity.
Once an inteupt is keing srviced, only an iterrupt of hghe priority level @n interrupt the
service routie of the interrupt currently being serviced.

Table C-19. Interrupt Flags, Enables, and Priority Control
. Priority
Interrupt Description Flag Enable Control
RESUME | Resume inter- | EICON.4 EICON. | N/A
rupt 5
INTO External inter- | TCON.1 IE.O IPO
rupt O
TFO Timer O iner- | TCON.5 IE.1 IP1
rupt
INT1 External inter- | TCON.3 IE.2 IP2
rupt 1
TF1 Timer 1iner- | TCON.7 IE.3 IR3
rupt
TI_Oor Serial pot 0 SCONO0.0 IE.4 IP4
RI_O trarsmit or (RI.0),
receive SCONO0.1
(Ti_0)
TF2 or Timer 2 iner- | T2CON.7 IE.5 IP5
EXF2 rupt (TF2),
T2CON.6
(EXF2)
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Table C-19. Interrupt Flags, Enables,and Priority Control

. Priority
Interrupt Description Flag Enable Control
TI_1or Serial pot 1 SCONL1.0 IE.6 IP.6
RI_1 transmit or (RI_1),
receive SCON1.1
(T1_1)
USB USB interrupt | EXIF.4 EIEO |EIRO
12C [2C interrupt EXIT.5 EIE1 |EIP1
INT4 External inter- | EXIF.6 EIE.2 EIRP2
rupt 4
INTS External inter- | EXIF.7 EIE.3 EIP3
rupt 5
INT6 External INT 6 | EICON.3 EIE4 |EIP4

C.43 Interrupt Sampling

The internal timergnd serial ports generate interrupts by sehg their repective SFR inter-
ruptflag bits. Extenal interupts are samplednce per instruction cycle.

INTO and INT1 are both activew and can éprogrammned to be etter edge-sensitive or
level-semitive, through the ITO and IT1 bits ihnea TCON SFR For example, when ITO = 0,
INTO s level-sensitive and the 8051 core siis IEO flag when the INTO# pin is sampled
low. When ITO = 1,NTO isedge sensitive and thé8051 sets the I&Eflag when the INTO#
pin issampled high then low oroosecutve samples.

The remaining five inteupts (INT 4-6,USB & I?C Interrupts) are edgeessitiveonly. INT6
and INT4 are acte hghand INTS5 isactivelow.

To ensure that edge-sensgtiinterrupts are detected, ttmresponding portshould be held

high for 4CLK24 cyclesand then low for 4 CLKZcycles. Level-sesitive interrupts are not
latched and m#t remain ative unil sewiced.
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C.4.4 Interrupt Latency

Interrupt response time depends on the current state 8 %ie The fastest response time is 5
instruction cycles: 1 to detect the interrupt, and 4 to perforra@ad.L to the ISR.

The maximum latency (13 instruction cycles) occurs when the 8051 is currently executing a
RETI instruction followed by &ULor DIV instruction. The 13 instruction cycles in this case
are: 1 to detect the interrupt, 3 to completeRES |, 5 to execute thBIV or MUL and 4 to
execute th&.CALL to the ISR. For the maximum latency case, the response time is 13 x4 =
52 CLK24 cycles.

C.4.5 Single-Step Operation

The 8051 interrupt structure provides a way to perform single-step program execution. When
exiting an ISR with aRETI instruction, the 8051 will always execute at least one instruction

of the task program. Therefore, once an ISR is entered, it cannot be re-entered until at least
one program instruction is executed.

To perform single-step execution, program one of the external interrupts (for example,INTO)
to be level-sensitive and write an ISR for that interrupt the terminates as follows:

JNB TCON.1,$ ; wait for high on INTO# pin
JB TCON.1,$ ; wait for low on INTO# pin
RETI ; return for ISR

The CPU enters the ISR when the INTO# pin goes low, then waits for a pulse on INTO#. Each
time INTO# is pulsed, the CPU exits the ISR, executes one program instruction, then re-enters
the ISR.

C5 Reset

The 8051 RESET pin is internally connected to an EZ-USB register bit that is controllable
through the USB host. See Chapter 10, "EZ-USB Resets" for details.
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C.6  Power Saving Modes

C.6.1 Idle Mode

An instruction that sets the IDLE bit (PCON.0) causes the 8051 to enter idle mode when that
instruction completes. In idle mode, CPU processing is suspended, and internal registers
maintain their current data. When the 8051 core is in idle, the EZ-USB core enters suspend
mode and shuts down the 24 MHz oscillator. See Chapter 11, "EZ-USB Power Management"
for a full description of the Suspend/Resume process.

Table C-20. PCON Register - SFR 87h

Bit Function

PCON.7 SMODO - Serial Port 0 baud rate double enable.
When SMODO = 1, the baud rate for Serial Port O
is doubled.

PCON.6-4 Reserved.

PCON.3 GF1 - General purpose flag 1. Bit-addressable,
general purpose flag for software control.

PCON.2 GFO - General purpose flag 0. Bit-addressable,
general purpose flag for software control.

PCON.1 This bit should always be set to 0.

PCON.O IDLE - Idle mode select. Setting the IDLE bit
places the 8051 in idle mode.
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Features
(%] Single-chip, low

The Anchor Chips EZ-USB™ family (AN21XX) provides significant improvements over
other USB architectures including an enhanced 8051 core, 4 or 8 Kbytes of RAM, an
intelligent USB core, and high-performance 1/O ports. The family includes 16 different
products to accommodate the needs of different systems.

The enhanced 8051 core provides five times the performance of the standard 8051,
while maintaining complete 8051 software compatibility. With on-chip RAM, firmware
code can be downloaded from the host PC. This allows the peripheral manufacturer to
easily modify and transfer new code to current and new users. This on-chip memory
eliminates the need for external memory.

The EZ-USB family supports high-bandwidth transfers by providing an efficient
mechanism to move data between external memory and the USB FIFOs. Using this
“turbo mode,” the 8051 core can transfer 1024 bytes of data in or out of an isochronous
FIFO in 338 microseconds. This leaves a high percentage of the bandwidth for the
processor to service the application. The EZ-USB family also supports an equiva-lent
data transfer rate for bulk packets of over 2 Mbytes per second, which is more than the
USB bandwidth.

The EZ-USB family conforms to the high-speed (12 Mbps) requirements of USB
Specification version 1.0, including support for remote wake-up. The internal SRAM
replaces Flash memory, EEPROM, EPROM, or masked ROM that is conventionally
used in other USB solutions.

The EZ-USB familv offers two packaoes. a 44 POFP and an 80 POFP. All EZ-USB
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devices are pin- and software-é:ompaqtiblé. And, all RAM versions have ROM equivalents ANEI%ISE
to allow easy migration for high-volume applications. AN2135SC
AN2136SC
AN2131QC
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