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Abstract

This application note demonstrates the setup and use of the Z8F6482 microcontroller’s
Universal Serial Bus (USB) peripheral to create a USB device to communicate with a
Windows PC.

} Note:  The source code file associated with this application note, AN0411-SCO01.zip, is available
free for download from the Zilog website. The source code in these files has been tested
with ZDSII version 5.2.2 for the Encore! XP Series of MCUs. Subsequent releases of ZDS
Il may require you to modify the code supplied with this application note.

Features
The Z8F6482 MCU USB module provides USB full-speed device functionality with eight
USB endpoints. Features include:
*  Full-speed (12 Mbps) USB device
* IN endpoint 0 and OUT endpoint O control endpoints
* IN endpoints 1-3 and OUT endpoints 1-3 capable of bulk and interrupt transfers
e USB Suspend, host-initiated Resume, and device-initiated Resume (remote wake-up)
* USB clock of 48 MHz from internal PLL or external clock source
» 512 bytes of dedicated USB endpoint buffer memory; each endpoint buffer memory
can be configured as 8, 16, 32, or 64 bytes
» Integrated full-speed USB PHY with integrated pull-up resistor
e Support for two DMA channels
Discussion

The Z8F6482 MCU’s USB module is a USB 2.0 compliant full-speed device (12 Mbps)
with an integrated Physical Layer Transceiver (PHY) and dedicated buffer memory space.
The USB module handles serial-to-parallel conversion for received data and parallel-to-
serial conversion for transmitting data.

This USB module requires an accurate 48 MHz clock, which can be supplied through the
Z8F6482 MCU’s internal PLL with an external clock source. Ensure that the clock is con-
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figured correctly as described in the Clock System section of the Z8 Encore XP F6482
Series Product Specification (PS0294).

Terminology

Host (or USB Host). Acts as the master in a USB communication (i.e., PC). All commu-
nications are initiated by the host.

Device (or USB Device). Acts as the slave in a USB communication (i.e., mouse, key-
board)

USB Module. Refers to the Z8F6482 MCU’s USB peripheral

Interrupts

The Z8F6482 MCU’s interrupt controller is responsible for handling all interrupts trig-
gered by each peripheral, including the following two interrupts for the USB module:

e USB Interrupt Request (USBI)

e USB Resume Interrupt Request (USBRI).

Additionally, the USB module contains its own interrupt registers to describe the source of
the USB interrupt.

USBRI is triggered by a resume event from the USB module, which can be either a host-
initiated resume or a device-initiated resume. A host-initiated resume is always enabled
and cannot be disabled by software whereas a device-initiated resume can be enabled or
disabled by software. Table 1 lists the registers that affect a USB resume interrupt.

Table 1. USB Resume Interrupt Registers

Register Bit Description

IRQOENH/L [1] USBRENH/L USB Resume Interrupt Request Enable High/Low Bit
IRQO [1] USBRI An interrupt request from USB Resume is awaiting service
USBIRQCTL [1] RIRQE Enable or disable device-initiated resume

USBI is triggered by several sources from the USB module, including:
» Error-free Setup Data Packet Received (SUDAVIRQ)

» Start of Frame Received (SOFIRQ)

e Setup Token Received (SUTOKIRQ)

e USB Suspend Detected (SUSPIRQ)

» USB Reset Bus State Detected (URESIRQ)

e IN/OUT Endpoint 0-3 Interrupt (INXIRQ, OUTXIRQ)

Table 2 lists the registers that affect a USB interrupt.
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Table 2. USB Interrupt Registers

Register Sub-Register Bit Description
IRQOENH/L [2] USBENH/L USB Interrupt Request Enable High/Low Bit
[1] USBRENH/L USB Resume Interrupt Request Enable High/Low Bit
IRQO [2] USBI USB Interrupt Request
[1] USBRI USB Resume Interrupt Request
USBIEN 2Eh [4] URESIEN  Enable or disable interrupt on USB reset bus state detected

[3] SUSPIEN  Enable or disable interrupt on USB suspend detected
[2] SUTOKIEN Enable or disable interrupt on USB setup token received

[1] SOFIEN Enable or disable interrupt on USB start of frame packet
received

[0] SUDAVIEN Enable or disable interrupt on Error Free Setup Data
Packet received

USBINIEN 2Ch [3] INSIEN Enable or disable interrupt on IN3 endpoint
[2] IN2IEN Enable or disable interrupt on IN2 endpoint
[1] INLIEN Enable or disable interrupt on IN1 endpoint
[0] INOIEN Enable or disable interrupt on INO endpoint

USBOUTIEN 2Dh [3] OUT3IEN Enable or disable interrupt on OUT3 endpoint

[2] OUT2IEN Enable or disable interrupt on OUT2 endpoint
[1]OUT1IEN  Enable or disable interrupt on OU1 endpoint
[0] OUTOIEN Enable or disable interrupt on OUTO endpoint

USBIID 28h [6:2] IID Interrupt identification source

USBIRQ 2Bh [4]URESIRQ  USB reset bus state detected
[3] SUSPIRQ  USB suspend detected
[2] SUTOKIRQ USB setup token received
[1] SOFIRQ USB start of frame packet received
[0] SUDAVIRQ USB error-free setup stage data packet received

USBINIRQ 29h [3] IN3IRQ Interrupt request from IN3 endpoint
[2] IN2IRQ Interrupt request from IN2 endpoint
[1] IN1IRQ Interrupt request from IN1 endpoint
[0] INOIRQ Interrupt request from INO endpoint

USBOUTIRQ 2Ah [3] OUT3IRQ Interrupt request from OUT3 endpoint

[2] OUT2IRQ Interrupt request from OUT2 endpoint
[1] OUT1IRQ Interrupt request from OUT1 endpoint
[0] OUTOIRQ Interrupt request from OUTO endpoint
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Endpoints

The Z8F6482 MCU’s USB module includes four endpoint pairs, including endpoint 0.
Endpoints act as a buffer on USB devices that are used for sending or receiving data. Data
received by the USB module can be read from the OUT endpoint buffer, while data trans-
mitted by the USB module must be written to the IN endpoint buffer. Endpoint 0 is the
default endpoint for all USB devices and is used by the host to control USB devices.
Therefore, Endpoint 0 must always be enabled. Table 3 lists the registers that affect end-

point access.

Table 3. Endpoint-Related Registers

Register Sub-Register Bit

Description

USBOUTVAL

5Fh

[3] OUT3VAL

Defines if OUT3 endpoint is valid or not

[2] OUT2VAL

Defines if OUT2 endpoint is valid or not

[1] OUT1VAL

Defines if OUT1 endpoint is valid or not

[0] OUTOVAL

Defines if OUTO endpoint is valid or not

USBINVAL

5Eh

[3] IN3VAL  Defines if IN3 endpoint is valid or not
[2] IN2VAL  Defines if IN2 endpoint is valid or not
[1] INIVAL  Defines if IN1 endpoint is valid or not
[0] INOVAL  Defines if INO endpoint is valid or not
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Table 3. Endpoint-Related Registers (Continued)

Register Sub-Register Bit

Description

USBEPOCS 34h [5] CHGSET

Setup Buffer Contents Changed

0: No change to the setup buffer contents.

1: Setup buffer contents changed. Software must clear this
bit after reading by writing a 1 to this bit.

Automatically set to 1 when the USB module receives a
setup data packet.

[4] DSTALL

Endpoint 0 Data Stall

0: Do not send a STALL handshake for any IN or OUT token
in the Data stage.

1. Send a STALL handshake for any IN (IN endpoint) or OUT
(OUT endpoint) token in the Data stage.

(3]
OUTBUSY

Endpoint 0 OUT Busy Status

0: Buffer access is enabled for software.

1. Buffer access is exclusive to the USB module.
Automatically set when software writes to BC.

[2] INBUSY

Endpoint O IN Busy Status

0: Buffer access is enabled for software. Automatically
cleared when a setup token is received.

1: Buffer access is exclusive to the USB module.
Automatically set when software writes a value to BC.

[1] HSNAK

Endpoint 0 Handshake
0: Do not send a NAK handshake
1: Send a NAK handshake

[0] STALL

Endpoint 0 Stall
0: Do not send a STALL handshake
1: Send a STALL handshake

USBOXCS  46h, 48h, 4Ah [1]
OUTBUSY

OUT 1-3 Endpoint Busy Status (Read-Only)

0: Buffer access is enabled for software. Automatically
cleared when the USB module receives an error-free data
packet.Buffer ready to read by software.

1: Buffer access is exclusive to the USB module.
Automatically set when software writes to BC. Buffer is
empty. USB Interrupt is generated.

[0] STALL

OUT 1-3 Stall
0: Do not send a STALL handshake
1: Send a STALL handshake

USBOXBC  45h, 47h, 49h, [6:0] BC
4Bh

OUT 0-3 Byte Count
Contains the number of bytes to read from the OUTx buffer.
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Table 3. Endpoint-Related Registers (Continued)

Register Sub-Register Bit

Description

USBIXCS 36h, 38h, 3Ah [1] INBUSY

IN 1-3 Endpoint Busy Status (Read-Only)

0: Buffer access is enabled for software. Automatically
cleared when the USB module finishes transmitting the BC
length data packet.

1: Buffer access is exclusive to the USB module. Buffer is
empty and automatically set when software writes a value to
BC.

[0] STALL

IN 1-3 Stall
0: Do not send a STALL handshake
1: Send a STALL handshake

USBIXBC  35h,37h, 39h, [6:0] BC
3Bh

IN 0-3 Byte Count
Contains the number of bytes loaded onto the INx buffer.

Endpoint Buffer Memory

The USB module provides a total of 512 bytes of endpoint buffer space, giving up to 64
bytes of memory for each endpoint. Endpoint allocation is arranged sequentially in the
memory starting from OUTO endpoint, followed by endpoints OUT1, OUT2, and OUT3.
IN endpoints are placed after OUT3 endpoint in a similar order — INO, IN1, IN2, and IN3.
OUTO endpoint starts at a fixed location at address 000h. Table 4 lists the registers that
define the start addresses of each endpoint.

Table 4. Endpoint Buffer Memory Allocation Registers

Register Buffer Address Description

USBOXADDR USBOXADDR <<1 starting address for OUTx endpoint
USBISTADDR USBISTADDR << 2 starting address for INO endpoint
USBIXADDR (USBISTADDR << 2) + (USBIXADDR << 1) starting address for INx endpoint
USBISPADDR (USBISPADDR << 4) -1 ending address for the last numbered IN

endpoint (IN3, if enabled)

The firmware for this application note uses software DAC Triggering, which indicates that
DAC conversion is started when data is written to the DACD_H Register.

Figure 1 shows the endpoint buffer memory allocation, depending on the assigned values

for the registers.
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--------------- 0x 000 Endpoint Buffer Memory
ouTo Start Address (Fixed)
_______________ Ox03F
Ox 040 USBO1ADDR =0x20
OuUT1
_______________ 0x07F
Ox020 USBO2ADDR = 0x40
ouT2
_______________ Ox0BF
O0x0C0 USBO3ADDR =0x60
ouT3
_______________ Ox0FF
Ox100 USBISTADDR = 0x40
INO
_______________ Ox13F
0x140 USBI1ADDR =0x20
IN1
_______________ Ox17F
Ox120 USBI2ZADDR = 0x40
IN2
_______________ Ox1BF
O0x1C0 USBI3ADDR =0x60
IN3
Ox1FF
--------------- 0x200 USBISPADDR =0x20

Figure 1. Example Endpoint Buffer Memory Allocation

Data Transfer via Endpoint 1-3

Endpoints 1-3 are capable of bulk and interrupt transfers. Both transfer types use IN and
OUT transactions in a similar fashion. The difference lies in the manner in which the host
carries out the transactions —in an interrupt transfer, the host issues an IN or OUT transac-
tion at regular intervals, whereas in a bulk transfer, the host issues an IN or OUT transac-
tion only as required.

The IN and OUT transactions consist of the following three packets:
»  Token packet

o Data packet

* Handshake packet
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A token packet acts as the header of a transaction which defines the target endpoint and
details of what follows next. A token packet can either be a SETUP, OUT, or IN token to
indicate the type of transaction being performed. A data packet contains the payload, and a
handshake packet is used to ACK, NAK, or STALL transactions. The token and hand-
shake packets are handled by the USB module. Therefore, there is no need to process these
packets via software. The USB module sends interrupts and sets the necessary flags in the
USB registers for processing by the software.

IN Transaction

When the host requests data from the device, it issues an IN token. Figure 2 shows the
communication flow during an IN transaction.

TUSE Host I Toleen USE Module USE Registers
P

(Error-Free IN Token)

= DATA Packet

(Error Case 1)

MAF. Handshake

-t

(Error Case 2 & 3)
- BTALL Handshale

(Error Case 4)
Wo Fesponise

Continuation from
Error-Free IMN Token)

ACE Handshake
> INKIRQ = 1
INBUSY =0
-
Software st service
—- ’
IMBURY =1 IN¥IRQ interrupt
ot}

Figure 2. IN Transaction Communication Flow

Notice that communication ends with a NAK/STALL/No Response when the module
detects an error. Table 5 shows the conditions to determine an error case.
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Table 5. Error Conditions —IN Transaction

USBIXCS
Error Case Error in Token INBUSY STALL Module Response
1 NO 0 0 NAK
2 NO 0 1 STALL
Error-free NO 1 0 BC bytes data packet
3 NO 1 1 STALL
4 YES X X No response

If the host receives an error-free data packet, it sends an ACK handshake to the module.
Upon receiving an ACK handshake, the USB module clears INBUSY to indicate that the
software is allowed access to the IN endpoint buffer memory. The module also sets
USBINIRQ.INXIRQ, in which software must respond with the following steps:

1. Write new data into the INx endpoint buffer memory

2. Write USBIXBC.BC with the number of bytes written in the INx endpoint buffer
memory (The USB module automatically sets USBIXCS.INBUSY to 1 when
USBIXBC.BC is written with a new value).

OUT Transaction

When the host sends data to the device, it issues an OUT token. Figure 3 shows the com-
munication flow during a bulk OUT transfer.
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USE Host USE Module USB Registers
OUT Token
|
DATA Packet -

(Error-Free OUT Toleen)
- ACKE Handshake

(Error Case 1)

- MAK Handshake

(Error Case 2 & 3)
STALL Handshalze

it

(Error Case 4)
Mo Eesponsge

(Continuation from
Error-Free OUT Token)

COUTBUSY =0
OUTHIEQ =1
USBOXBEC = bytes recejved._

Software rmust service

®™OUTKIRQ interrupt
OUTBUSY =1

Figure 3. OUT Transaction Communication Flow

Note that communication ends with a NAK/STALL/No Response when the module
detects an error. Table 6 shows the conditions to determine an error case.

Table 6. Error Conditions —OUT Transaction

USBOXCS
Module

Error Case Error in Token OuUTBUSY STALL Response
1 NO 0 0 NAK
2 NO 0 1 STALL
Error-free NO 1 0 ACK
3 NO 1 1 STALL
4 YES X X No response

If no error is detected, the USB module sends an ACK handshake to the host. Addition-
ally, the module clears USBOXCS.OUTBUSY to indicate that the software can now
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access the OUT endpoint buffer memory. The module also sets OUTXIRQ in which the
software must respond with the following steps:

1. Read the received data packet from the OUTx endpoint buffer memory

2. Write a dummy value to USBOxBC.BC (The USB module automatically sets
USBOxCS.OUTBUSY to 1 when USBOxBC.BC is written with a new value).

Control Transfer via Endpoint 0

A control transfer is used during USB enumeration so that the host can identify the type of
device attached to it, and the type of transfer to use for succeeding communications.
Therefore, it is mandatory that a device implements a control transfer. Control transfers
always occur on Endpoint 0 and are divided into the following three stages:

e Setup stage
e Data stage

e Status stage

Setup Stage

During the setup stage, the host issues a SETUP token. Upon receiving a SETUP token,
the module sets HSNAK and SUTOKIRQ. At this point, no processing is required for
software; therefore, SUTOKIEN can be disabled. The host then sends an 8-byte DATA
packet, SETUP DATA PACKET, which defines the type of request issued by the host.
Upon receiving this packet, the USB module stores it in the USBSUx subregister and then
sets CHGSET to indicate that it already contains the SETUP DATA PACKET. Figure 4
displays the communication flow during the setup stage of a control transfer.

CONTROL TEANSFER (SETUP STAGE}

USE Host USE Lodule USE Registers
SETUP Token

- HENAK =1
SUTOKIRQ = 1

DATA Packet - USBSUx = setup data

CHGSET =1
SUDAVIRQ =1
Software must service
CHGSET=0 SUDAVIRQ interrupt
HSNAK =0

ACE Packet

Figure 4. Control Write Transfer Communication Flow
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If the SETUP DATA PACKET is received error-free, the module will set SUDAVIRQ, in
which software must respond with the following steps:

1. Read data packet in USBSUx

2. Clear CHGSET (write 1) to indicate that the setup data packet is read
3. Clear HSNAK (write 1) to ACK the status stage

4. Clear the interrupt (SUDAVIRQ, SUTOKIRQ, SOFIRQ)

5

Process the setup data packet received. Depending on request type (GET or SET), this
may involve writing to the INO endpoint buffer memory (GET) or reading from the
OUTO endpoint buffer memory (SET)

Data Stage

The data stage can either be an IN or an OUT transaction, depending on request type. A
GET request indicates that the host has requested reading data from the device. In this sit-
uation, the data stage contains an IN transaction. The software must process this request in
a manner similar to an IN transaction.

A SET request indicates that the host wishes to write data to the device. In this situation,
the data stage contains an OUT transaction. Software must process this request in a man-
ner similar to an OUT transaction.

Status Stage

The status stage can also be an IN or an OUT transaction. It is always in the opposite
direction of the data stage. Thus, a GET request will have an OUT transaction performed
in the status stage, and a SET request will have an IN transaction as the status stage.

Initializing the USB Module

The software must perform the following basic steps to initialize the USB module:

1. Select port alternate function for USB pins

2. Configure the endpoint buffers” memory

3. Enable the IN endpoints to be used and enable corresponding endpoint interrupt
4. Enable the OUT endpoints to be used and enable corresponding endpoint interrupt
5

Write a dummy value to each enabled OUT endpoints byte count register, USBOXBC,
to enable data reception

6. Enable interrupts from the USB module
7. Enable interrupts from the MCU’s interrupt controller
8. Clear DISCON to connect the USB module to the USB bus

USB Suspend/Resume

Suspend is a mechanism for reducing power consumption from the USB device when
there is no traffic. The host initiates SUSPEND by idling the bus for at least 3msec. When
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the USB device is in SUSPEND state, either the USB device itself or the USB host can
cause a Resume state by changing the bus state to non-idle.

Suspend

When the module detects an idle condition for at least 3msec, SUSPIRQ is generated. The
software reacts to this interrupt by going into a reduced power suspend state with the fol-
lowing steps:

1. Read USBIRQ to determine if the interrupt is caused by a Suspend request.

2. Write any value to USBCLKGATE to gate off the USB clock and power down the
USB PHY.

3. Ifusing PLL and the USB clock source is dedicated to USB (not selected as system
clock source), disable the PLL.
Host-Initiated Resume

The USB host initiates a Resume by driving the Data K bus state for 20 msec. When the
USB module detects this action, it generates a USB Resume Interrupt. The software
responds to this interrupt with the following steps:

1. If not running, configure USB PLL for 48 MHz, then enable PLL and wait until it
becomes stable.

2. Clear the RIRQE hit.

Device-Initiated Resume (Remote Wake-Up)
To perform a device-initiated Resume, the software must perform the following steps:
1. Initiate a wakeup

a If not running, configure USB PLL for 48 MHz, then enable PLL and wait until it
becomes stable.

b Setthe USBIRQCTL.RIRQE bit in the USBIRQCTL register to enable device-ini-
tiated Resume.

¢ Set the WAKEUP bit to initiate the Resume.

d The USB module will count 0-5msec and a USB Resume interrupt will be gener-
ated after 5msec of continuous USB bus idle state, clearing the WAKEUP bit.

2. Attend to the Resume interrupt:

a Read the DEVRESUME bit in USBCS to determine if the Resume is device-initi-
ated.

b Set and then clear the FORCEJ bit in USBCS.

c Set the SIGRESUME bit in USBCS to initiate remote wake-up signaling to the
host.

d Wait for 1-15msec before clearing SIGRESUME.
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Firmware Design

The Z8F6482 Development Board includes a USB interface that provides power to the
board and a connection to a USB host. This application note uses this USB interface with
no additional components. The main application initializes the clock for the USB module
(48 MHz) and the system clock (16 MHz).

The USB firmware is divided into the following two modules:
» USB driver
» Device Class Driver.

The USB driver refers to the set of routines necessary to control the Z8F6482 MCU’s USB
peripheral. The device class driver provides a framework for implementing a virtual serial
port that is able to communicate with a host PC using a serial terminal program.

} Note:  The endian converter, endpoint data handler, and USB device request functions can be
found in the usb.h file. The device information block, CDC device class driver, device
descriptor, and configuration descriptor functions can be found in the cdc_conf.c file.

USB Driver

The USB driver module includes basic routines to drive the USB peripheral to communi-
cate with a host USB. Table 7 lists routines included in this module.

Table 7. USB Driver Module Routines

Function Name Returns Description

USB_Init void Initializes the USB module

USB_Eplnit void Initializes an endpoint buffer

USB_ResetAllEp void Resets all endpoint buffers to their invalid state,
leaving endpoint 0 which should always be valid.

USB_Receive UINT8 Enables and endpoint for data reception

USB_Transmit UINT8 Initiates data transmission on an endpoint

Endian Converter

The USB protocol is defined in little endian format. Therefore, all hosts are implemented
in little endian format. The Z8F6482 is in big endian format. To maintain compatibility,
the USB driver module defines the following macros for easier byte order swapping.

// Changes byte order from Big Endian (Zilog MCU) to Little Endian
// (USB)

#define SWAP(w) (W) & OXFF) << 8) | (((w) >> 8) & OxFF))

// High and Low byte is according to Little Endian (USB) format
#define GET_LOWBYTE(w) ((UINT8)((w) & OxFFO0) >> 8)
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#define GET_HIGHBYTE(W)  ((UINT8)((w) & OxOO0FF))

Endpoint Data Handler

An endpoint data handler is used to temporarily store OUT/IN transaction data for soft-
ware usage. In an OUT transaction, data read from the module’s endpoint buffer memory
gets stored in the endpoint data handler by the interrupt routine for use by software. In an
IN transaction, this handler is used by the software to temporarily store the data to be
transmitted before it writes to the module’s endpoint buffer memory when it becomes
available. The endpoint data handler is defined as part of the device information block.

typedef struct USBEP_DATA

{
UINT8 ucEpStatus; // EP Status
UINT8 ucEpBufferSize; // EP Buffer Size
UINT8 *aucBuffer; // EP Buffer Data
UINT16 ucEpLen; // EP Buffer Data Length

// Function to call when EP is done processing Rx/Tx
void (*afTxDone)(struct USBEP_DATA *pEplnfo);
JUSBEP_DATA;

USB Device Request

During a control transfer, the host sends a SETUP DATA PACKET via Endpoint 0. This
8-byte data packet is stored in the USBSUO-7 registers of the USB module. The software
reads these registers and stores the data in the USB device request data structure for easier
access.

typedef struct

{
UINT8 bmRequestType; // Characteristics of request
UINT8 bRequest; // Specific request
UINT16 wVvalue; // Varies depending on request
UINT16 wlndex; // Varies depending on request
UINT16 wLength; // Number of bytes to requested

//from device
JUSBDVC _RQST;

This application note supports the following USB requests:
GET_STATUS

SET_ADDRESS

GET_DESCRIPTOR

SET_CONFIGURATION
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Device Information Block

The device information block contains the device address (given by the host during enu-
meration), the device state, endpoint buffer table, and a series of pointers to the descriptor
tables as specified in USB 2.0 specifications. The device class driver (Communications
Device Class, CDC driver, in this application note) is responsible for declaring and initial-
izing the device information block.

The CDC device class modules defines the data for the device information block, leaving
ucDeviceAddress and tEpBuffer[] as NULL. These parameters will be initialized during
the USB enumeration process.

USBDVC_BLOCK tUSB_Device = {

o, // ucDeviceAddress

DVCSTATE_IDLE, // ucDeviceState

{ // tEpBuffer
{ USBEP_INVALID, EPIDX_INO, NULLPTR, O, NULLPTR },
{ USBEP_INVALID, EPIDX_IN1, NULLPTR, O, NULLPTR },
{ USBEP_INVALID, EPIDX_IN2, NULLPTR, O, NULLPTR },
{ USBEP_INVALID, EPIDX_IN3, NULLPTR, O, NULLPTR },
{ USBEP_INVALID, EPIDX_OUTO, NULLPTR, O, NULLPTR 1},
{ USBEP_INVALID, EPIDX_OUT1, NULLPTR, O, NULLPTR 1},
{ USBEP_INVALID, EPIDX_0OUT2, NULLPTR, O, NULLPTR 1},
{ USBEP_INVALID, EPIDX_OUT3, NULLPTR, O, NULLPTR 1},

3,

// USB Configuration

&DeviceDescr,

&ConfigDescr,

&PackedStrDescr,

1,

// Function to call when a class-specific device request is
// received

CDC_ClassRequest,

// Function to call when a SET_CONFIGURATION device request is

// received
CDC_SetConfig

¥

CDC Device Class Driver

The CDC device class driver module includes basic endpoint handler routines to imple-
ment a virtual serial port. It also includes wrapper routines for getch() and putch() to
enable use of printf() and scanf() with the CDC device class. Table 8 lists the routines
included in this module.
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Table 8. CDC Device Class Driver Routines

Function Name Returns Description

CDC_ClassRequest void Handles class-specific USB device
request/s

CDC_SetConfig void Handles class-specific endpoint
configuration

CDC_OutlHdIr void Processes received data

ucCDC IsConnected  UINTS8 Returns CDC status (connected/
disconnected)

putch UINT8 Wrapper routine to use CDC for printf()

getch UINT8 Wrapper routine to use CDC for scanf()

Device Descriptor

The device descriptor describes general information about the USB device. This includes
the product ID, vendor ID, USB specification release number, device class code, and other
general information. The host requests this information during the enumeration process
when the host sends a GET_DESCRIPTOR request with a DEVICE descriptor type.

The device descriptor used in this application note specifies CDC as the device class.

const USBDVC_DESCR DeviceDescr =

{
sizeof(USBDVC_DESCR), // blLength
USBDESCR_DEVICE, // bDescriptorType = 0x01
SWAP(USB_SPECIFICATION), // bcdUSB = 0x0200
CDC_DEVICE_CLASS, // bDeviceClass = 0x02
CDC_SUBCLASS_ACM, // bDeviceSubClass = 0x02
CDC_PROTOCOL_NONE, // bDeviceProtocol = 0x00
EPO_PACKETSIZE, // bMaxPacketSize0 = 0x40
SWAP(USB_VENDOR_1D), // idvendor = OxFFFF
SWAP(USB_PRODUCT_1D), // idProduct = OxFFFF
SWAP(USB_RELEASE_NUMBER), // bcdDevice = 0x0001
USB_MANUFACTURER_IDX, // iManufacturer
USB_PRODUCT_IDX, // iProduct
USB_SERIALNUMBER_1DX, // iSerialNumber
1 // bNumConfigurations

}:

Configuration Descriptor

The configuration descriptor describes the device’s configuration and interface settings,
alternate settings, and their endpoints. The host requests this information during the enu-
meration process when the host sends a GET_DESCRIPTOR request with a CONFIGU-
RATION descriptor type.
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The USB specification defines a set of standard configuration descriptors; while the CDC
specification defines additional class-specific descriptors. Table 5 shows the sequence of a
configuration descriptor for a generic CDC device that functions as a virtual serial port.
This configuration descriptor is a combination of the USB and CDC specifications.

The configuration descriptor used in this application note shows a typical CDC device that
can be used as a virtual serial port.

Configuration

Interface Interface
{Communication) (Data)
Header Endpoint
Functional (Bulk IN)
ACM Endpoint
Functional (Bullk OUT)
Union
Functional

SakMatancii USB Standard | | Class-Specific
Descriptars Descriptors
Endpoint

{ Interrupt M)

Figure 5. Communications Device Class Configuration Descriptor
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// Configuration Descriptor
const USBDVC_CONFDESCR ConfigDescr =

{
sizeof(USBDVC_CONFDESCR), // blLength
USBDESCR_CONFIG, // bDescriptorType
SWAP(CONFIG_TOTAL_LEN), // wTotallLength
2, // bNumlnterfaces
1, // bConfigurationValue
o, // iConfiguration
0x80 | (USB_SELF POWER << 6) | (USB_REMOTE WU << 5),

// bmAttributes

250 // bMaxPower

};

// Interface Descriptor (Communication)
const USBDVC_IFDESCR InterfaceDescr =

{
sizeof(USBDVC_IFDESCR), // blLength
USBDESCR_ INTERFACE, // bDescriptorType
0, // blnterfaceNumber
o, // bAlternateSetting
1, // bNumEndpoints
CDC_DEVICE_CLASS, // blnterfaceClass
CDC_SUBCLASS_ACM, // blnterfaceSubClass
CDC_PROTOCOL_NONE, // blnterfaceProtocol
0 // ilnterface

};

ANO041101-0318 Page 19 of 33



Z8F6482 MCU USB
Application Note

//

Functional Descriptors

UINT8 COM_FuncDesc[] =

{

//

// Header Functional

0x05, // bFunctionLength
CDC_DESCR_INTERFACE, // bDescriptorType
CDC_DESCRFUNC_HEADER, // bDescriptorSubtype
GET_HIGHBYTE(CDC_VERSION), // bcdCDC
GET_LOWBYTE(CDC_VERSION, // ACM Functional
0x04, // bFunctionLength
CDC_DESCR_INTERFACE, // bDescriptorType
CDC_DESCRFUNC_ACM, // bDescriptorSubtype
0x02, // bmCapabilities

// D7:D4 - Reserved

// D3 - 1: Supports NETWORK_CONNECTION
// notification

// D2 - 1: Supports SEND_ BREAK

// D1 - 1: Supports GET/SET_LINE_CODING,
// SET_CONTROL_LINE_STATE, and

// SERIAL_STATE notification

// DO - 1: Supports GET/SET_COMM_FEATURE,
// CLEAR_COMM_FEATURE

Union Functional

0x05, // bFunctionLength
CDC_DESCR_INTERFACE, // bDescriptorType
CDC_DESCRFUNC_UNION, // bDescriptorSubtype
0x00, // bControlInterface
//(Communication Class)
0x01, // bSubordinatelnterfaceO

//(Data Class)

// Call Management Functional

0x05, // bFunctionLength
CDC_DESCR_INTERFACE, // bDescriptorType
CDC_DESCRFUNC_CALLMGMT, // bDescriptorSubtype
0x01, // bmCapabilities

// D7:D2 - Reserved
// D1 - 1: Device sends/receives call
// mgmt info via Data Class Interface
// - 0: Device sends/receives call
// mgmt info via Communications Class
// Interface
// DO - 1: Device handles call mgmt
// itself
// - 0: Device does not handle call
// mgmt itself
0x01 // bDatalnterface

ANO041101-0318
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// Endpoint(Interrupt IN) Descriptor

USBDVC_EPDESCR EplIn2Descr =
{
sizeof(USBDVC_EPDESCR),
USBDESCR_ENDPOINT,
0x82,
3,
SWAP(EPO_PACKETSIZE),
100

¥

// Interface Descriptor (Data)

// blLength

// bDescriptorType

// bEndpointAddress: IN2
// bmAttributes: Interrupt
// wMaxPacketSize

// blnterval

USBDVC_IFDESCR DataClasslInterfaceDescr =

{
sizeof(USBDVC_IFDESCR),
USBDESCR_INTERFACE,
1,
0,
2,
CDC_DATACLASS_INTERFACE,
CDC_SUBCLASS_NONE,
CDC_PROTOCOL_NONE,
0

¥

// Endpoint (Bulk IN) Descriptor
USBDVC_EPDESCR EplnlDescr =
{
sizeof(USBDVC_EPDESCR),
USBDESCR_ENDPOINT,
0x81,
2,
SWAP(EPO_PACKETSIZE),
0

// Endpoint (Bulk OUT) Descriptor
USBDVC_EPDESCR EpOutlDescr =
{
sizeof(USBDVC_EPDESCR),
USBDESCR_ENDPOINT,
0x01,
2,
SWAP(EPO_PACKETSIZE),
0

// blLength

// bDescriptorType
// blnterfaceNumber
// bAlternateSetting
// bNumEndpoints

// blnterfaceClass
// blnterfaceSubClass
// blnterfaceProtocol
// ilnterface

// blLength

// bDescriptorType

// bEndpointAddress:
// bmAttributes: Bulk
// wMaxPacketSize

// blnterval

IN1

// blLength

// bDescriptorType

// bEndpointAddress: OUT1
// bmAttributes: Bulk

// wMaxPacketSize

// blnterval

ANO041101-0318
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Equipment Used

The following equipment is used to build and test this application:

Z8 Encore! XP Z8F6482 Development Board
Zilog USB (or Ethernet) SmartCable
USB A (Male) to Mini-B USB Cable

RealTerm terminal simulator (can be downloaded for free at https://sourceforge.net/
projects/realterm)

Testing and Demonstrating the Application

This section contains instructions for downloading, installing, and running the application.

Downloading Code to the Z8F6482 Development Board

1.

o ok~ w

8.
9.

Connect the USB SmartCable to the DBG terminal of the development board and con-
nect the USB side to the development PC’s USB port.

Connect the USB A (male) to Mini-B cable to P1 on the development board and con-
nect the cable’s other end to a PC’s USB port to apply power to the development
board.

Download and extract AN0411-SC01.zip from zilog.com.
Open ZDS Il — Z8 Encore v5.2.2 (or later) IDE.

From the File menu, select Open Project...

Navigate to the extracted folder, select the ANO411-DevKit.zdsproj project and
click Open to open the project.

From the Build menu, select Rebuild All to rebuild the project.
From the Debug menu, select Download Code to load the program to the MCU.

After programming is complete, from the Debug menu, select Stop Debugging.

10. Remove the USB A (male) to Mini-B cable to remove power from the board.

11. Disconnect the USB SmartCable from the DBG terminal of the development board.

ANO041101-0318
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Installing the Driver Software

1. Upon detecting the USB device, Windows attempts to install drivers for this device
but fails. Open the Device Manager and search for Unknown device.

File  Schon Help
ed | mm| Hom| ke

4 1 DX PRI
1B Comgiter
g Dk drives
B Dimplay adapters
k] DVDPCD-ROM drives
ﬂ",i Hignan Iterface Devices
.4 DE ATASATAR] controllers
= Keyboards
™ Mice and other pointing devices
K Monitors

s Metveark adapters
-5y Other devices

Fil
Jp Unknown dedice

s G A T
T Communications Port (CORML)
T ECP Printer Port (LFTH)
T Intel[F] Actron Management Techmelogy - SOL [COME)
B Processers
1y Sound, video and game controlars
{88 Syshem devices

¥ Universal Serisl Bus controlless

§ LEE Vidualizaticn
] Kbooks Usk Dedces (FL0G)

Figure 6. Device Manager

2. Verify that the Unknown device refers to the USB device in this application note.
— Select and right click the Unknown device, then choose Properties.
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] e
File Actson  Weew  Help

e m|E Hmlie &S

4 D_iﬂ-'QFR'.TI.‘l'L!

& Comguter

g Dk drives

B Dimplay adapters

ekl DYDWCD-ROM drives

3',5 Humnan teilace Devices

.4 1DE ATASATAR] controllers

= Keyboards

M Mice and other pointing devices

K Monitors

8 Hetweark adaphers

& -5 Other devices
! iy Unknown decal < R
& 55 Pars (COM B LF Upd ate Orver Software..

" Communical Desable
1‘,‘ ECP Prinker P Vsl
T Inbel[F) Actn

a Processors Scan for hardware changes

4 Sound, video ang -

B Syshem devices FProperties

.' Universal Seriel Bus controllers
§ LSE Virlualiaticn
'] Hbools Usk Devices (2405

Opens property sheet for the curent selection,

Figure 7. Displaying Properties of a Device

— A Device Properties dialog appears. Select the Details tab. Under Property,
choose Hardware Ids. If the values list USB\VID_FFFF&PID_FFFF&REV_0001
and USB\VID_FFFF&PID_FFFF, this is the correct device. Proceed to Step 3.
Otherwise, click Cancel and go back to Step 1 to search for other Unknown

devices.
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.UHIEHEW;HE;iEaE Properties | &2
General | Driver | Dietaits !

j}f_}l Unknown device

Propesty
I | |Hardware ids -

o | Value

| USE\ID_FFFFAPIO_FEFFAREV_DOO1
\USEVID_FFFFAPID_FFFF

oKk || cancal |

Figure 8. Displaying VID and PID of the Device

3. On the Driver tab, click Update Driver...
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CEpTrE )

| General | Driver | Detais | | Console Root\Device Manager on local co

"E Urémawn device

Diiwer Prawider; Unknown
Diiver Diate: Mot available
Diiver Version: Mt available

[igital Signes: Mot digitaly sgned

frefout the diver fles

To update the dnvar softwars for this davica.

If the device fails after updating the driver, rol
back to the previously instaled diver.

Dizables the selected device,

To uninstall the diver (Advanced).

Figure 9. Update Driver Software

4. The Update Driver Software wizard appears. In response to the How do you want to
search for driver software? question, choose Browse my computer for driver soft-
ware.

5. Onthe Browse for driver software on your computer screen, click the Browse but-
ton.

6. A Locate File dialog appears. Locate the folder where the ANO411-SC01.zip fileis
extracted and click OK.

7. The window returns to the Browse for driver software on your computer screen
with the directory path populated with the selected software. Click Next.
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Browse for driver software on your computer

Search for driver software in this location:
D Projects ANDA1T-UsbCde

[ Include subfolders

= Let me pick from a list of device drivers on my computer

This list will shiow installed driver sofbware compatible with the device, and all driver
software in the same category as the device.

Figure 10. Browse for Driver Software on Your Computer

8. Windows Security displays a warning: Windows can't verify the publisher of this
driver software. Click Install this driver software anyway.

Windows can't verify the publisher of this driver

= Don't install this driver software

You should check your manufacturer's website for updated driver software
for your device.

= Install this driver software anyway /’-

Only install driver software obtained from your manufacturer's website or

dise. Unsigned seftware from other sources may harm your computer or steal
infermation.

.:} See details

Figure 11. Windows Security Warning
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9. The window returns to the Update Driver Software window, which displays the mes-
sage, Installing driver software.... Wait for the installation to complete.

10. When Windows finishes installing the driver, it displays the message, Windows has
successfully updated your driver software.

11. Click Close. The Device Manager updates its display, showing AN0411 USB Serial
Port under Ports (COM & LPT), as shown in Figure 12. Note the COM number
assigned to this device.

} Note:  The name displayed on the Device Manager depends on the . inf file used. If the accom-
panying . inf file from the AN0411-SCO01 source code is used, the Device Manager dis-
plays ANO411 USB Serial Port. However, if Windows locates a previously-installed . inf
file that works with this Application Note or includes a built-in USB serial port driver (for
example, Windows 10) which automatically installs when a USB serial port device is
detected, a different name will appear.

Gop|m|Cl Hm| &S

A -ag DSG0-3PRCWLY

B Computer

s Disk drives

B Displry adapters

ey DVONCD-ROM ehrives

i“"n; Human [nterface Devices

Ca 1DE ATASATAPRT contrallen:

= Keyboerds

ﬂ Whioe and olher painting devices

K Monitors

S bigtwork sdrptcr

T3 Pars (COM & LPT)
T4 ANOMLL USE Serisl Port (EOMIL)
=W St
Y5 ECP Printer Pout {LPTI}
T IntelF) Actroe Mansgement Technelogy - SOL (COM3I)

B Processon

& Sound, vides and gome cordrellers

7 Sy=temn devices

b Universad Sanal Bus cantiollien
§ USE Virtualization
g ¥rools Ush Devices (ZiL0G)

Figure 12. USB Serial Port
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Running the Application

1. Ensure that the software code is programmed onto the development board by follow-
ing the steps listed in the the Downloading Code to the Z8F6482 Development Board
section on page 22.

2. Connect the USB A (male) to Mini-B cable to P1 on the development board. Connect
the other end of the cable to a PC’s USB port to apply power to the development board
and provide a USB serial connection to the PC.

3. For Windows 10, the driver is automatically installed when the USB device is
detected. Proceed to Step 4. For Windows 7 and Windows XP, follow the steps listed
in the Installing the Driver Software section on page 23 prior to proceeding.

} Note:  After the Development Board with the USB cable is connected to the PC, wait for about 6-
10 seconds before opening up the port in the RealTerm terminal.

4. Open RealTerm. On the Display tab, select the Half Duplex and newLine mode set-
tings.

& RealTerm: Serisl Capture Program 2,0,0,70 ..-. = b

Dizplay |F'|:||l | Captie | Pins | Send | EchoPert | 12C | 1202 | 120Misc | Mise | m Clear| Freeze ﬂ
Dicpla '_f"s @ | ¥ Haf Duplex Statuz |
Iz j:ﬁ';l* ! W newline mode Cannected
[ 'Hea-ispﬁace] Irvent [ TBils IR
- Hemedzcif 7 .
T uirkB _IT=D i3}
Syt Uala Frames CTE (3
gl Bytas |2 % Deo )
[ & o
e diea [ Sige _Gu DSA (6
" Bnam Rirsg (9]
r H—hpls.‘ Rows  Cols EREAK
 Hestsy | Teminaifort| 167 3] [B0 2] I Scolback gl

You have to click in terminal window before you can type any cha | Char Count:0 CPED Port: 137600 8M1 None

Figure 13. Configuring RealTerm — Display Tab

5. On the Port tab, select the Port number assigned to the USB serial port, then click
Open.
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Hg RealTerm: Serial Capmre_ﬂmgram 200,70 [=_ra"

| Captuse | Pine | Send | EchoPet] 12C | 1202 | 12 An| Clear| Freeze| 7|

Display  Paoit

= Statuz
Baud [N | Port [11="USESERODD ~| Opefl Spw| | & Chenge |V Disconnect

_IR=D (2]
Panky Data Bitz ~Shop Bis Saltware Flow Ennllml THD (3
= i - [T Recere Xon Char |17 = i
L [l e i ghis (* 71 bt i 2hits 3 CT513)
-~ E?:"- " 7hils | ~Hardware Flow Control I Transmk Xoff Cher: {19 DCo )
 Mat | C BBits| | & Mone " RTS/TS GET DSR (6]
" Space| © Bhitz| |  DTR/DSRC R54364t: C Ram Fring (91
(F Telnet | BREAK

| Eman

You can use ActiveX automation to comtrol med Char Count:0 CP5:0 FPort: Closed

Figure 14. Configuring RealTerm — Port Tab
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6. RealTerm displays a welcome message from the USB device.

'n.- RealTer: Serial Capture Program 2.0.0.70 =

[FLF

ISB CDC Test Applicationiile
Type in a character and ohzerwve how it iz echoed back...|l

Disstay Pot | Coptwe | Pins | Send | EchoFot| 120 | 1202 | 12CMisc | Misc |

An| Clear| Freeze| ?|

- — Statuz
Baud |57600 = |Fon |11 | |Qpe:'| Sgw| | o Chenge |V | Dizconnect
A=D (2]
Saltware Flow Contrel 1]
Panty Diata Bitz ~Shop Bits : [ Aeceire Mon Char IT _ITHD 31
fi Mo o Ghits = 1 b " 2= CT519)
= Ef; O 7hils | Hardweare Elow Conirgt [ Tranzmit off Char |19 DED (1)
C Mak | © GBI | @ Mane " RISLTS e DS 6]
" Space || © Shits| |  DTR/DSR( AS435s C Raw _|Ring 91
# Telnet | BREAK
_|Enar
You can use Activell automation to control me! Char Count:168 CP5:0 Port: 11 57600 BMN1 Mon

Figure 15. Welcome Message

7. Typein a character and observe how it is echoed back to the terminal. In this example,
the red characters are from keyboard input and the yellow characters are data coming
from the USB device.

} Note:  To reset the application, prior to pressing the SW2 reset button on the Development Board,
ensure that you close the Real Term terminal port first by clicking the Open button on the
Port tab and clearing the display. Then, press the SW2 reset button and wait 6-10 seconds
before opening the RealTerm port again.
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B RealTerm: Serial Capture Program 2.0.0.70 =

[ElF
UEB CDC Test Applicationiile
Type in a character and obhzerve how it is echoed back... hce

Display | Port | Capture | Pins | Send | EchoFon | 120 | 1202 | 12CMise| Mise | An| Clear| Freeze| 7|
Display Az W Haf Duplex Shatuz

v Azca i i c
" Are W newline mode | Disconnect

" Hedzpaca) Irwveit [ Bt _|RED )
- g || m0e
: EﬂE [rata Frames CT5[8)
Butas |2 % Do (1)
I Sipgle _Gubp D5 (E]
_|Ring (4}

Rows Calz | BREAK

Teminal Fort| (16 2] [80 3] [ Scialback | Eman

You can use ActrveX automation to comtrol me Char Count178 CP5:0 Fort: 11 57600 ENL Mon

SRR RRREERR RS

Figure 16. USB CDC Application

Summary

This application note provides sample software for using the Z8F6482 MCU’s USB
peripheral as a virtual serial port. This software is modular and easy to customize for any
USB-based application.

References

The following documents/resources are associated with this Application Note:
e Z8 Encore XP F6482 Series Product Specification (PS0294)
e Z8 Encore XP F6482 Series Development Kit User Manual (UM0263)

*  www.ush.org
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Customer Support

To share comments, get your technical questions answered, or report issues you may be
experiencing with our products, please visit Zilog’s Technical Support page at
http://support.zilog.com.

To learn more about this product, find additional documentation, or to discover other fac-
ets about Zilog product offerings, please visit the Zilog Knowledge Base at http://
zilog.com/kb or consider participating in the Zilog Forum at http://zilog.com/forum.

This publication is subject to replacement by a later edition. To determine whether a later
edition exists, please visit the Zilog website at http://www.zilog.com.

A Warning: DO NOT USE THIS PRODUCT IN LIFE SUPPORT SYSTEMS.

LIFE SUPPORT POLICY

ZILOG’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION.

As used herein

Life support devices or systems are devices which (2) are intended for surgical implant into the body, or (b)
support or sustain life and whose failure to perform when properly used in accordance with instructions for
use provided in the labeling can be reasonably expected to result in a significant injury to the user. A
critical component is any component in a life support device or system whose failure to perform can be
reasonably expected to cause the failure of the life support device or system or to affect its safety or
effectiveness.

Document Disclaimer

©2018 Zilog, Inc. All rights reserved. Information in this publication concerning the devices, applications,
or technology described is intended to suggest possible uses and may be superseded. ZILOG, INC. DOES
NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY OF THE
INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO
DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED
IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED
HEREIN OR OTHERWISE. The information contained within this document has been verified according
to the general principles of electrical and mechanical engineering.

Z8 Encore! XP is a trademark or registered trademark of Zilog, Inc. All other product or service names are
the property of their respective owners.
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