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CONVENTIONS

1,2,3,4 Number without annotation are decimal
Dh, 1Fh, 39h Hexadecimal numbers are followed by an “h”
0101b, 010101b Binary numbers are followed by a “b”
bRequest, n Word in italics indicated terms defined by USB Specification or by this Specification
SL11 or SL11T?? SL11 is for 28-pin PLCC and SL11T is for 48-pin LPQFP, which is the same

funtionality.   When we refer SL11’s term, which also indicates for SL11T.

DEFINITIONS

USB Universal Serial Bus

SL11H The SL11H is a Scanlogic Host USB Controller, which provides multiple functions on a single
chip.

Note: This chip does not include the CPU core.

SL11 The SL11 is 28-Pin PLCC Packet, a Scanlogic Peripheral USB Device Controller, which provides
multiple functions on a single chip.

Note: This chip does not include the CPU core.

SL11T The SL11T is 48 LPQFP Packet, a Scanlogic Slave USB Device Controller, which provides
multiple functions on a single chip.

Note: This chip does not include the CPU core.

LSB Least Significant Bit

MSB Most Significant Bit

REFERENCES

[Ref. 1] USB Specification 1.1
[Ref. 2] SL11_HW: SL11 Hardware Specification
[Ref. 3] SL11_SWP: SL11 Software Packet
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1. SL11 CIRCUIT APPLICATION

A typical application for the SL11 USB Controller requires a minimum of external components.  The
Block Diagram shown below illustrates such an application to interface to a standard microprocessor.

BLOCK DIAGRAM- TYPICAL SL11-MICROPROCESSOR APPLICATION

• R1: pull-up terminator is a 1.5K resistor ±5% and is required for full speed devices (see USB
Specification Ver. 1.0 and 1.1 Section 7.1.3).

• R2 and R3 are typically 24-36 Ω (see USB Specification Ver. 1.0 and 1.1 Section 7.1.1).
• +5.0 Volt supplied by USB is capable of source 500 mA Max.
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2. CRYSTAL OSCILLATOR BUFFERS

There are three IO buffer types for oscillator circuitry in KZ300 series (Table 5.6.9).  “XIVC” is for a real
time clock application, and “XIV2” is for higher frequency from 2MHz to 20MHz range.  “XIV4/XIV6”
are for over 20MHz up to 50MHz.  These buffers require at least two IO pads (“XIN” and “XOUT”).  The
dedicated VSS pad is highly recommended in general for stable oscillation (see Figure 5.6.9).

Table 5. 6. 9: Crystal Oscillator Buffer and Passive Device Parameters.

Parameters XIVC XIV2 XIV4/XIV6
Rf ≈ 8MΩ ≈ 1MΩ ←
Rd 100kΩ-200kΩ 0-200Ω ←
Cl 5-30 pF 5-30 pF ←
CO 5-30 pF 5-30 pF ←
C1 5-30 pF 5-30 pF 0.01 µF
L 5-30 pF 5-30 pF 2.2-3.3 µH

The “XIN” and the “XOUT” pins must be assigned next to each other and “XIN” must be assigned to the
lower pad location than “XOUT.”  Also, placing dedicated VSS pin next to either “XIN” or “XOUT” is
highly recommended.

To achieve a stable operation, the oscillator must be kept far enough from noise source.  High frequency
switching output buffers or high driving output buffers should not be assigned near the oscillator.

Fig. 5. 6. 9 1: XIV4/XIV6 (20-50MHz)

XOUTXIN

Dumping

XTAL1

Feed-back Resistor

X1 =48 MHz
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3. PROGRAMMING INFORMATION

3.1 DEVICE PROGRAMMING

  REG/MEMORY ADDRESS

       REG/MEMORY DATA

D7 D6 D5 D4 D3 D2 D1 D0 A0

'0'

'1'

A0D7 D6 D5 D4 D3 D2 D1 D0

SL11 Register/Memory  I /O Operations.

WRITE

ADDRESS

READ/WRITE

1.

2.

REGISTER
O R

M E M O R Y

1. W rite Address to I/O location with A0 = '0'.

2. Read/Write data  from/to location. A0 = '1'.

The SL11 provides access to programming and data registers through an 8 bit data port using the
appropriate control signals. The device may be utilized with processors that support multiplexed address
and data buses or with processors that support separate address and data buses. When used with
processors that require multiplexed address and data bus support, the device utilizes the ALE control
input, along with the Read and Write inputs to access internal registers or memory .

In non multiplexed interface applications, shown in diagram above,  the internal register address is input
to the device in a normal I/O or memory mapped I/O write operation with the A0 address select input
driven low ('0'). This operation results in the address being latched internally so that a following Read or
Write operation with A0 driven high ('1') will result in a data transfer.

3.2- PROGRAMMING ENDPOINTS

The SL11 supports Endpoints, 0 - 3.  Endpoint 0 is the default pipe, and supports control transfers.
Endpoints 1 - 3 can support bulk, interrupt, or isochronous transfers. Each endpoint has two sets of
control, the 'a' and 'b' set. This allows overlapped operation, where one set of parameters is being set up,
while the other is transferring. Upon completion of a transfer to an endpoint, the 'next data set' bit
indicates whether set 'a' or set 'b' will be in effect next.  The 'armed' bit of the next data set will indicate
whether the SL11 is ready for the next transfer without interruption.

Each endpoint has an associated set of registers, described in previous section, which must be
programmed in order initiate or respond to transactions on the USB. Endpoint EP0 transactions are
initiated by the host during setup and configuration.  Typically the host will request information from the
device during setup to determine the device's characteristics, and will also assign a USB ID to the device.
The complete definition of control messages and transactions are defined in Chapter 9 of the USB
Specification 1.1.

Once configuration has been completed, the device can be programmed to send or receive data using
EndPoint1-EndPoint3.
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3.3 SL11 MEMORY MAP

Table 1: SL11 and Host PC address

Register Name Address Register Function

SL11_ADDR 0x390 SL11 Address
PC_ADDR 390h Host PC Address

Table 2 EndPoint 0 uses for configuration and Vendor Specific command interface

Register Name Address Register Function

EP0Buf 0x40 Endpoint 0 Buffer where SL11 memory start
EP0Len 0x40 Length of config buffer EP0Buf
EP1Buf 0x60 EndPoint 1 Buffer
EP1Len 0x40 Length of config buffer EP1Buf

Table 3: DATA0/DATA1

SL11 memory from 80h-ffh use as ping-pong buffer for EndPoint 1- EndPoint 3.  These buffers are
shared for EndPoint 1- EndPoint 3. For DMA, EndPoint3 will be used

Register Name Address Register Function

uBufA 0x80 Buffer A address for DATA0
uBufB 0xc0 Buffer B address for DATA1

uXferLen 0x40 Xfer Length
sMemSize 0xc0 Total SL11 memory size

Table 4: SL11 Register Control Memory Map

Register Name Address Register Function

CtrlReg 0x05 Control Register
IntStatus 0x0d Interrupt Status
USBAdd 0x07 USB Address
IntEna 0x06 Interrupt Enable

DATASet 0x0e DATA Set
sDMACntLow 0x35 DMA Count Low
sDMACntHigh 0x36 DMA Count High

InMask 0x57 Rest|DMA|EP0|EP1|EP2 for IntEna
HostMask 0x47 Host request command for IntStatus
ReadMask 0xd7 Read mask interrupt for IntStatus
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Table 5: EndPoint0 –EndPoint3 Registers

Register Name Address Register Function
EndPoint 0
EP0Control 0x00 EndPoint 0 Control Register
EP0Address 0x01 EndPoint 0 Address Register
EP0XferLen 0x02 EndPoint 0 xfer length Register
EP0Status 0x03 EndPoint 0 Status Register

EP0Counter 0x04 EndPoint 0 Counter Register
EndPoint 1 A and B

EP1AControl 0x10 EndPoint 1A Control Register
EP1AAddress 0x11 EndPoint 1A Address Register
EP1AXferLen 0x12 EndPoint 1A xfer length Register
EP1ACounter 0x14 EndPoint 1A Counter Register

EP1BControl 0x18 EndPoint 1B Control Register
EP1BAddress 0x19 EndPoint 1B Address Register
EP1BXferLen 0x1a EndPoint 1B xfer length Register
EP1BCounter 0x1c EndPoint 1B Counter Register

EndPoint 2 A and B
EP2AControl 0x20 EndPoint 2A Control Register
EP2AAddress 0x21 EndPoint 2A Address Register
EP2AXferLen 0x22 EndPoint 2A xfer length Register
EP2ACounter 0x24 EndPoint 2A Counter Register

EP2BControl 0x28 EndPoint 2B Control Register
EP2BAddress 0x29 EndPoint 2B Address Register
EP2BXferLen 0x2a EndPoint 2B xfer length Register
EP2BCounter 0x2c EndPoint 2B Counter Register

EndPoint 3 A and B
EP3AControl 0x30 EndPoint 3A Control Register
EP3AAddress 0x31 EndPoint 3A Address Register
EP3AXferLen 0x32 EndPoint 3A xfer length Register
EP3ACounter 0x34 EndPoint 3A Counter Register

EP3BControl 0x38 EndPoint 3B Control Register
EP3BAddress 0x39 EndPoint 3B Address Register
EP3BXferLen 0x3a EndPoint 3B xfer length Register
EP3BCounter 0x3c EndPoint 3B Counter Register
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Table 6: Standard USB Device Request

Device Request Support Address Function

GET_STATUS Yes 0x00 Return device, interface, or EndPoint Status
CLEAR_FEATURE Yes 0x01 Allows the DEVICE_REMOTE and

ENDPOINT_STALL features to be cleared
SET_FEATURE Yes 0x03 Allows the DEVICE_REMOTE_WAKEUP

and ENDPOINT_STALL features to be set
SET_ADDRESS Yes 0x05 Set the device address for devices

GET_DESCRIPTOR Yes 0x06 Uses to retrieve Device, configuration, string
descriptors from the device

SET_DESCRIPTOR Yes 0x07
GET_CONFIG Yes 0x08 Returns the current device configuration.
SET_CONFIG Yes 0x09 Sets the device configuration.

GET_INTERFACE Yes 0x0a Returns the selected alternate setting for the
specified interface.

Table 7: Descriptor Types

Descriptor Types Address

DEVICE 0x01
CONFIGURATION 0x02

STRING 0x03
INTERFACE 0x04
ENDPOINT 0x05



ScanLogic Corporation
SL11 and SL11T Application Notes

 1996-1999 ScanLogic Corporation. All rights reserved.  SL11 and SL11T USB Controller is Date: 08/16/99
a trademark of  ScanLogic Corporation.  The information and specifications contained in this Version: 1.14
document are subject  to change without notice.  Page: 10

4. APPLICATION NOTES INFORMATION

4.1- SCANNER APPLICATION BLOCK DIAGRAM

Replacing EPP with USB makes
a lot of sense from cost stand
point of view and being
supported by a standard OS such
as Microsoft WIN 95/98.

MUX

80C31, PIC
or

any other Embedded
Processor

Scanner
ASIC

Scanner
RAM or DRAM

ScanLogic
SL11

28 pin PLCC

  USB Port
12 Mbits/sec

A
/
D

C
C
D

Image Data moves
to SL11 utilizing
DMA mode;
nREQ, nDACK
and nWR

I/O data is required to
initialize the SL11.  Fast
I/O port is used to move
either scanner commands
or data to the peripheral
from an USB host PC.
Peripheral can access the
SL11, in I/O mode, at rates
over 10 Mbytes/sec.

+5V
D+
D-
GND

ScanLogic Corporation – SL11 USB Interface Chip
            Scanner Application Block Diagram

    Eliminate Existing Interface – EPP

 1- No need for 2 – DB25 connectors
 2- No Need for IC’s, buffers, mux,
     EMI filters etc., to support Printer
     By Pass Port and Scanner EPP port
 3- No need for expensive Printer /
     By Pass port.
 4- SW for printer by pass port is not part
     of Standard OS. USB is supported by
     WIN95/98 OS.
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4.2- PRINTER, MODEM, AND EXTERNAL STORAGE DEVICE APPLICATION BLOCK
DIAGRAM

ScanLogic Corporation – SL11 USB Interface Chip
Printer, Modem, Ext. Storage Device Application

Block Diagram

80C31, PIC, RISC
or

any other Embedded
Processor

Printer
ASIC

or
External

Storage Device

Memory Buffer
RAM or DRAM

ScanLogic
SL11

  USB Port
12Mbits/sec

Printer Device

Fast I/O port is used to move
either Peripheral
initialization commands or
data from/to an USB host
PC.  Peripheral can access
the SL11 data bus at rates
over 10 MBytes/sec.

Replacing EPP with USB makes
a lot of sense from cost stand
point of view and being
supported by a standard OS such
as Microsoft WIN 95.

+5V
D+
D-
GND
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4.3- IMPLEMENTATION OF SL11- USB INTERFACE TO A SCANNER DESIGN EXAMPLE.

2
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26 27 28
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1 43
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     USB
Connector
 "B" type

1

4

2

3

+5V/500MA

D7

X2
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D4 ALE

VDD2

nRD

nCS

nWR
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D1

nDACK

D2

VDD1N/C

D3
DATA+
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GND

INTRQ
nRST

D5
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 48Mhz CLK or
      Crystal
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    REV 1.1

ScanLogic

18

VDD2
+3.3V

2SC1623

RLZ3.9
3.9V, Zener

4K

1K

  SCSI [ D0..D7 ]
To/From ASIC

    12MHz
MasterCLK,
 To  CPU

Q~

Q
C
D

Q~

Q
C
D

RESET, From CPU I/O pin,
or from Master Reset

    IRQ, To ASIC,
        or to CPU

A0, From CPU I/O pin

    DACK~, From ASIC

   REQ~, To ASIC

   IOR~, From ASIC

   IOW~, From ASIC

   CS~, From ASIC

NOTES:

1. Pins    7,11,17, 22    = GND
2. Pin      27                     = N/C
3. Pins   12, 28               = +5v
4. Pin      8                       = +3.3v

  SL11 USB -  USB Scanner Implementation

       ( Replacment for SCSI Chip )

   CPU-8051/6805/PIC

     SRAM
IMAGE MEMORY

  SCANNER
       ASIC

Motor
CNTL

   A/D, VD,
   CCD

   USB Connector

   ScanLogic
     SL11

  D+
   D-

  Motor, sensors

  CS~
   IOR~
   IOW~
   REQ~
   DACK~
  IRQ

  SCSI[D0..D7]

NOTES:
1.  SL11 Architucure optimaly designed to replace SCSI
      Chips for Scanners.
2.  ScanLogic Developed SCSI to USB translator- Translates SCSI
      firmwae and host SCSI commands to SL11/USB commands

 Option

 +3.3 V
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4.4- EPP TO USB APPLICATION

This is an example of how to design an interface between EPP to the SL11/USB (see Figure below).  The
GAL16V8 is used as an optional translator between EPP timing to SL11 DMA timing requirements.   For
the sake of HW debugging, it is suggested that designer should use the GAL16V8 for initial HW
development.

The 74HC245 can be removed, if the Firmware correctly controls the common data bus.

The GAL16V8 can be replaced by any conventional available gates, which may reduce overall cost. User
can choose any Micro controller.  In this example, the 8051 family is used to demonstrate the flexibility
of the SL11 chip.

Equation example in the GAL16V8:
      Enable = ! P2.3;    (nCS)   ; which mean whenever CPU accessing the SL11 the Output of
        ; 74HC245 should be tri-state.

     ; When CPU accessing the Scanner EPP, the 74HC245 will be
      ; changed from B->A.
See the SL11 specification for detail of DMA timing requirement.

Note: This buffer is not required if
          It is available inside the ASIC

    XDSTB

               EPP DATA0..7
WRITE
ADRSB
DATSB
WAIT
INIT

Scanner EPP/ASIC
Interface

    P3.0

    P3.4

    P3.1

    P3.3

19                          B1..B8
74HC245 (Optional)

1                            A1..A8
 P3.3

  Enable

CLK
                      P3.0-P3.6
                      P2.1-P2.5

8051 Family

P0..P7

12MHz

PX
GAL16V8

(Optional)

P3.0-P3.6
P2.1-P2.5 Enable

48MHz

XDSTB

XDACK

XWR

nDRQ

WAIT

12MHz

     P2.3

D0..D7                      A0

nDACK              INTRQ
nDRQ                   nRST
                                nCS
                              nWR
                               nRD

SL11

     P2.0

    P3.2

     P2.2

    XWR

RD (P3.7)

    nDRQ

nDACK
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5. SOFTWARE APPLICATION NOTES:

5.1- OVERVIEW

The purpose of this document is to provide a basic guide to programming the SL11 USB Controller.
The next section will illustrate how a Micro-controller might communicate with the SL11.  In successive
sections, examples will be shown for three possible operations to be performed with the SL11:

••  TTrraannssmmiitt  DDaattaa
••  RReecceeiivvee  DDaattaa
••  DDMMAA  TTrraannssffeerr

5.2- TALKING TO THE SL11

The exact hardware interface used to communicate with the SL11 is beyond the scope of this document,
and can vary depending on what device the SL11 is connected to.  This section describes the process only
in general terms.

The process to initialize function of the SL11 Chip is setup USB addresses, EndPoint0, EndPoint1,
Endpoint2, enable USB, and clear all the interrupt status flags.

Example in C-language:

vvooiidd  SSLL1111IInniitt(())
{{
        ddCCoonnff  ==  ddAAddddrreessss  ==  00;;
        SSLL1111WWrriittee((UUSSBBAAdddd,,00xx0000));;                      ////uussbb  aaddddrreessss
        SSLL1111WWrriittee((EEPP00AAddddrreessss,,EEPP00BBuuff));;          ////ddaattaa  aaddddrr

  ////  EEPP00RReecceeiivvee
  SSLL1111WWrriittee((EEPP00XXffeerrLLeenn,,EEPP00LLeenn));;

        SSLL1111WWrriittee((EEPP00CCoonnttrrooll,,00xx0033));;              ////sseett  RReecceeiivvee  ddaattaa  ffrroomm  hhoosstt

  SSLL1111WWrriittee((EEPP11AAAAddddrreessss,,EEPP11BBuuff));;        ////ddaattaa  aaddddrr
        SSLL1111WWrriittee((EEPP11AAXXffeerrLLeenn,,EEPP11LLeenn));;
        SSLL1111WWrriittee((EEPP11AACCoonnttrrooll,,00xx33));;

        SSLL1111WWrriittee((EEPP22AAAAddddrreessss,,uuBBuuffAA));;          ////ddaattaa  aaddddrr
        SSLL1111WWrriittee((EEPP22BBAAddddrreessss,,uuBBuuffBB));;
        SSLL1111WWrriittee((EEPP22AACCoonnttrrooll,,00xx33));;
        SSLL1111WWrriittee((EEPP22AAXXffeerrLLeenn,,uuXXffeerrLLeenn));;    ////ddaattaa  aaddddrr

        SSLL1111WWrriittee((CCttrrllRReegg,,11));;                          ////eennaabbllee  UUSSBB
        SSLL1111WWrriittee((IInnttSSttaattuuss,,00xxffff));;                ////  CClleeaarr  tthhee  iinntteerrrruupptt  aallll  ffllaaggss
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Example in Scenix Assembler-language:

SSLL1111IInniitt ;;  SSLL1111  IInniitt  ffuunnccttiioonn
bbaannkk bbaannkk1100 ;;UUSSBB  ssttaannddaarrdd  ccoommmmoonndd  ppaacckkeettss
ccllrr ddAAddddrreessss ;;cclleeaarr  aaAAddddrreessss
ccllrr CCoonnffiiggRReegg
mmoovv bb,,##UUSSBBAAdddd ;;aa,,bb  aarree  llooccaall  vvaarriiaabbllee
ccllrr aa                 ;;sseett  aaddddrreessss  ==  00
ccaallll @@SSLL1111WWrriittee
mmoovv bb,,##EEPP00CCoouunntteerr
ccaallll @@SSLL1111WWrriittee                          ;;sseettuupp  EEnnddPPooiinntt00
mmoovv bb,,##EEPP00AAddddrreessss
mmoovv aa,,##EEPP00BBuuff ;;SSeettuupp  EEPP00  BBuuffffeerr
ccaallll @@SSLL1111WWrriittee
ccaallll @@EEPP00RReecceeiivvee
mmoovv bb,,##EEPP11AAAAddddrreessss
mmoovv aa,,##uuBBuuffAA    ;;DDAATTAA00  ffrroomm  00xx8800
ccaallll @@SSLL1111WWrriittee
mmoovv bb,,##EEPP11BBAAddddrreessss
mmoovv aa,,##uuBBuuffBB ;;DDAATTAA11  ffrroomm  00xxcc00
ccaallll @@SSLL1111WWrriittee
mmoovv bb,,##CCttrrllRReegg
mmoovv aa,,##11hh ;;eennaabbllee  UUSSBB
ccaallll @@SSLL1111WWrriittee
mmoovv bb,,##IInnttEEnnaa
mmoovv aa,,##IInnttMMaasskk ;;sseett  iinntteerruupptt  mmaasskk
ccaallll @@SSLL1111WWrriittee
mmoovv bb,,##IInnttSSttaattuuss
mmoovv aa,,##00ffffhh ;;CClleeaarr  tthhee  iinntteerrrruupptt  aallll  ffllaaggss
jjmmpp @@SSLL1111WWrriittee ;;ccaallll  SSLL1111WWrriittee  aanndd  rreett

;;  SSeettuupp  ttoo  rreecceeiivvee  EEPP00LLeenn  ffrroomm  hhoosstt
EEPP00RReecceeiivvee
mmoovv bb,,##EEPP00XXffeerrLLeenn
mmoovv aa,,##EEPP00LLeenn
ccaallll SSLL1111WWrriittee
mmoovv  bb,,##EEPP00CCoonnttrrooll                  ;;  sseett  RReecceeiivvee  ddaattaa  ffrroomm  hhoosstt
mmoovv      aa,,##0033hh
jjmmpp      SSLL1111WWrriittee

Writing a byte to the SL11 involves two writes cycles: First, the application must write a register address
into the SL11's Address Pointer Register.  Second, the actual data is written to the chip in a second write.
Reading a byte from the SL11 involves a write cycle followed by a read cycle: First, as in a data write, the
application writes a register address into the SL11's Address Pointer Register; Second, the data is read
from the chip in a read cycle.

In memory-mapped or I/O-mapped applications, the A0 pin on the SL11 is used to select the Address
Register or the Data register.  In Micro-controllers that multiplex the address and data buses, the ALE pin
is used to de-multiplex the address and data buses.  For a detailed description of the hardware interface,
please refer to the SL11 USB Controller Specification.
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In an I/O mapped application, a function to write a byte and write a buffer to an SL11 register might read
like this:

  ////  BByyttee  WWrriittee  ttoo  SSLL1111
  ////  IInnppuutt::    aa  ==  aaddddrreessss  ooff  SSLL1111  rreeggiisstteerr  oorr  mmeemmoorryy,,  dd  ==  ddaattaa

vvooiidd  SSLL1111WWrriittee((BBYYTTEE  aa,,  BBYYTTEE  dd))
{{
##iiffddeeff  UUSSEECC
      oouuttppoorrttbb((SSLL1111__AADDDDRR,,aa));; ////  SSLL1111__AADDDDRR  ==  00xx339900
      oouuttppoorrttbb((SSLL1111__AADDDDRR++11,,dd));;
##eellssee
      __aassmm  {{

mmoovv  eeddxx,,PPCC__AADDDDRR ////  PPCC__AADDDDRR  ==  339900hh
mmoovv  aall,,aa
oouutt  ddxx,,aall
iinncc  ddxx
mmoovv  aall,,dd
oouutt  ddxx,,aall

    }}
##eennddiiff
}}

////  BBuuffffeerr  WWrriittee    ttoo  SSLL1111
////  IInnppuutt::    aa  ==  aaddddrreessss  ooff  SSLL1111  rreeggiisstteerr  oorr  mmeemmoorryy
////                  cc  ==  bbyyttee  ccoouunntt,,  ss  ==  cchhaarr  bbuuffffeerr

vvooiidd  SSLL1111BBuuffWWrriittee((BBYYTTEE  aa,,  BBYYTTEE  **ss,,  sshhoorrtt  cc))
{{
      iiff((cc<<==00))  rreettuurrnn;;
##iiffddeeff  UUSSEECC
      oouuttppoorrttbb((SSLL1111__AADDDDRR,,aa));;
      wwhhiillee  ((cc----))  oouuttppoorrttbb((SSLL1111__AADDDDRR++11,,**ss++++));;
##eellssee
      __aassmm  {{
      mmoovv      eeddxx,,PPCC__AADDDDRR
      mmoovv      aall,,aa
      oouutt      ddxx,,aall
      iinncc      ddxx
      cclldd
      mmoovv      eessii,,ss
      mmoovvzzxx  eeccxx,,cc
      rreepp      oouuttssbb
      }}
##eennddiiff
}}
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And a function to read an SL11 register might look like this:

////  BByyttee  RReeaadd  ffrroomm  SSLL1111
////  IInnppuutt::    aa  ==  aaddddrreessss  ooff  SSLL1111  rreeggiisstteerr  oorr  mmeemmoorryy
////  OOuuttppuutt::  rreettuurrnn  ddaattaa

BBYYTTEE  SSLL1111RReeaadd((BBYYTTEE  aa))
{{
##iiffddeeff  UUSSEECC
      oouuttppoorrttbb((SSLL1111__AADDDDRR,,aa));;          ////  SSLL1111__AADDDDRR  ==  00xx339900
      rreettuurrnn  ((iinnppoorrttbb((SSLL1111__AADDDDRR++11))));;
##eellssee
      __aassmm  {{
      mmoovv  eeddxx,,PPCC__AADDDDRR            ////  PPCC__AADDDDRR  ==  339900hh
      mmoovv  aall,,aa
      oouutt  ddxx,,aall
      iinncc  ddxx
      iinn    aall,,ddxx
      }}
##eennddiiff
}}

////  BBuuffffeerr  RReeaadd  ffrroomm  SSLL1111
////  IInnppuutt::    aa  ==  aaddddrreessss  ooff  SSLL1111  rreeggiisstteerr  oorr  mmeemmoorryy
////                  cc  ==  bbyyttee  ccoouunntt,,  ss  ==  cchhaarr  bbuuffffeerr

vvooiidd  SSLL1111BBuuffRReeaadd((BBYYTTEE  aa,,  BBYYTTEE  **ss,,  sshhoorrtt  cc))
{{
      iiff((cc<<==00))  rreettuurrnn;;
##iiffddeeff  UUSSEECC
      oouuttppoorrttbb((SSLL1111__AADDDDRR,,aa));;
      wwhhiillee  ((cc----))  **ss++++  ==  ((BBYYTTEE))iinnppoorrttbb((SSLL1111__AADDDDRR++11));;
##eellssee
      __aassmm  {{
      mmoovv      eeddxx,,PPCC__AADDDDRR
      mmoovv      aall,,aa
      oouutt      ddxx,,aall
      iinncc      ddxx
      cclldd
      mmoovv      eeddii,,ss
      mmoovvzzxx  eeccxx,,cc
      rreepp  iinnssbb
      }}
##eennddiiff
}}
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5.3- TRANSMIT DATA TO USB HOST

In this example, we want to send a packet of 8 bytes from Endpoint 1-a to the host.

5.4- SENDING A PACKET

Assuming that the data we want to send is already loaded into the SL11's buffer, starting at address 68
hex, the sequence would be:

bbaassee  ==  00xx1100 ////    hheexx  1100  iiss  bbaassee  rreeggiisstteerr  ffoorr  eennddppooiinntt  11--aa
SSLL1111wwrriittee  ((bbaassee++11,,00xx6688)) ////    llooaadd  bbaassee  aaddddrreessss  rreeggiisstteerr  wwiitthh  ddaattaa  aaddddrr
SSLL1111wwrriittee  ((bbaassee++22,,88)) ////    llooaadd  ddaattaa  lleennggtthh  iinnttoo  lleennggtthh  rreeggiisstteerr
xx  ==  SSLL1111rreeaadd((00xx0066)) ////    ggeett  ccoonntteennttss  ooff  iinntteerrrruupptt  eennaabbllee  rreeggiisstteerr
SSLL1111wwrriittee  ((00xx0066,,xx  ||  22)) ////    OOPPTTIIOONNAALL::  eennaabbllee  eennddppooiinntt  11  ddoonnee  iinntteerrrruupptt
SSLL1111wwrriittee  ((bbaassee,,77)) ////    sseettss  tthhee  ffoolllloowwiinngg  bbiittss::

////    bbiitt  00  ==  11::  AArrmm  tthhiiss  eennddppooiinntt
////    bbiitt  11  ==  11::  EEnnaabbllee  tthhiiss  eennddppooiinntt
////    bbiitt  22  ==  11::  DDiirreeccttiioonn  iiss  TTrraannssmmiitt
////    bbiitt  33  ==  00::    NNeexxtt  ddaattaa  sseett  wwiillll  aallssoo  bbee  11--aa
////    bbiitt  66  ==  00::  SSeeqquueennccee  iiss  DDAATTAA00

For subsequent transmissions, bit 6 should get toggled between “1” and “0” to ensure that the USB Host
sees correct data sequencing.

5.5- HANDLING THE “DONE” INTERRUPT

If the interrupt is enabled, the application must include an interrupt handler that would process the
interrupt, possibly in this manner:

xx  ==  SSLL1111rreeaadd  ((00xx00DD)) ////  rreeaadd  tthhee  iinntteerrrruupptt  ssttaattuuss  rreeggiisstteerr
iiff  ((xx  &&  22))   ////  iinntteerrrruupptt  ccaauusseedd  bbyy  EEnnddppooiinntt  11  ddoonnee
{{

ssttaattuuss  ==  SSLL1111rreeaadd  ((bbaassee  ++  33))  ////  rreeaadd  tthhee  ppaacckkeett  ssttaattuuss
iiff  ((ssttaattuuss  &&  11)) ////  TTrraannssmmiissssiioonn  aacckknnoowwlleeddggeedd

////  eevveerryytthhiinngg  sshhoouulldd  bbee  OOKK
////  ttooggggllee  tthhee  sseeqquueennccee  bbiitt  ffoorr  tthhee  nneexxtt  sseenndd

eellssee
////  eexxaammiinnee  ootthheerr  bbiittss  ttoo  ddeetteerrmmiinnee  eerrrroorr  ccoonnddiittiioonn

}}

5.6- HANDLING ERRORS

The Packet Status register (base+3) defines several bits for various error conditions.  The error condition
most likely to be encountered on a packet send is “Timeout,” bit 2 of the Packet Status Register.  A
Timeout would indicate that the USB host encountered an error, and did not acknowledge the sent packet.
In this case, the most appropriate action would be just to re-arm the endpoint, so that the packet will be
retransmitted.  To continue the above code fragment:

iiff  ((  ssttaattuuss  &&  44  )){{
xx  ==  SSLL1111rreeaadd  ((  bbaassee  ))  ////  ggeett  tthhee  ccoonntteennttss  ooff  tthhee  ccoonnttrrooll  rreeggiisstteerr
SSLL1111wwrriittee  ((  bbaassee,,  xx  ||  11  ))////  rreesseett  tthhee  ‘‘aarrmmeedd’’  bbiitt

}}
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5.7- RECEIVE DATA FROM USB HOST

In this example, we expect a packet of up to 64 bytes (40 hex) to be sent to endpoint 0-a from the USB
host.

vvooiidd  EEPP00RReecceeiivvee(()){{
        SSLL1111WWrriittee((EEPP00XXffeerrLLeenn,,EEPP00LLeenn));;
        SSLL1111WWrriittee((EEPP00CCoonnttrrooll,,00xx0033));;
}}

5.8- RECEIVING A PACKET

Assuming that we want the data to be placed in the SL11's buffer starting at address 60 hex, the sequence
would be:

bbaassee  ==  00 ////  tthhiiss  iiss  tthhee  bbaassee  aaddddrreessss  ffoorr  eennddppooiinntt  00--aa
SSLL1111wwrriittee  ((  bbaassee  ++  11,,  00xx6600  ))    ////  bbuuffffeerr  aaddddrreessss  iinnttoo  wwhhiicchh  ttoo  ppllaaccee  ddaattaa
SSLL1111wwrriittee  ((  bbaassee  ++  22,,  00xx4400  ))    ////  mmaaxxiimmuumm  lleennggtthh  ooff  ddaattaa  ttoo  bbee  rreecceeiivveedd
xx  ==  SSLL1111rreeaadd  ((  00xx0066  ))     ////  ggeett  ccoonntteennttss  ooff  iinntteerrrruupptt  eennaabbllee  rreeggiisstteerr
SSLL1111wwrriittee  ((  00xx0066,,  xx  ||  11  ))    ////  OOPPTTIIOONNAALL::  eennaabbllee  EEnnddppooiinntt  00  iinntteerrrruupptt
SSLL1111wwrriittee  ((  bbaassee,,  33  ))     ////  sseettss  tthhee  ffoolllloowwiinngg  bbiittss::

    ////  bbiitt  00  ==  11::  AArrmm  tthhiiss  eennddppooiinntt
    ////  bbiitt  11  ==  11::  EEnnaabbllee  tthhiiss  eennddppooiinntt
    ////  bbiitt  22  ==  DDiirreeccttiioonn::  llooww  ==  rreecceeiivvee  ffrroomm  hhoosstt
    ////  bbiitt  33  ==  00::  NNeexxtt  ddaattaa  sseett  iiss  aallssoo  00--aa
    ////  bbiitt  66  ==  00::    wwee  eexxppeecctt  DDAATTAA00  sseeqquueennccee

For alternate packets, bit 6 should be toggled between “1” and “0” to ensure correct data sequencing.

5.9- DATA TOGGLE

If you use "A" Endpoint for DATA0 and DATA1 packet then wait for the transfer done before you toggle
the bit. For example: SL11Write (EP0Control, 3), which is arm to send DATA0 on endpoint 0
Note: the B endpoint Control should no be enabled.

You will receive the interrupt and the ARM bit on the EP0Control will be cleared. You should check
error, timeout etc. on Packet Status.

SL11Write (EP0Control, 0x43) ; arm to send DATA1 on endpoint 0

If you use the A endpoint for DATA0 and the B endpoint for DATA1 packet then you also need to wait
for the transfer done before you set ARM on the other endpoint See "sl11.c" example source code.

5.10- HANDLING THE “DONE” INTERRUPT

If the interrupt is enabled, the application must include an interrupt handler to process the interrupt,
possibly in this manner:

xx  ==  SSLL1111rreeaadd  ((00xx00DD)) ////  rreeaadd  tthhee  iinntteerrrruupptt  ssttaattuuss  rreeggiisstteerr
iiff  ((  xx  &&  11  ))  ////  yyeess,,  iinntteerrrruupptt  ccaauusseedd  bbyy  EEnnddppooiinntt  00  ddoonnee
{{

ssttaattuuss  ==  SSLL1111rreeaadd  ((  bbaassee  ++  33  ))////  rreeaadd  tthhee  ppaacckkeett  ssttaattuuss
iiff  ((  ssttaattuuss  &&  11  )) ////  TTrraannssmmiissssiioonn  aacckknnoowwlleeddggee

////  eevveerryytthhiinngg  OOKK
////  fflliipp  tthhee  sseeqquueennccee  bbiitt  iinn  ccoonnttrrooll  rreeggiisstteerr  ffoorr  nneexxtt

eellssee
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////  eexxaammiinnee  ootthheerr  bbiittss  ttoo  ddeetteerrmmiinnee  eerrrroorr  ccoonnddiittiioonn
}}

For packets received from the host, the application can also poll the Transfer Count Register at (base + 4)
to determine the number of bytes actually received.  Because the Transfer Count register contains the
number of bytes left in the buffer at the end of a transfer, the calculation would look like this.

aaccttuuaall__bbyytteess__rreecceeiivveedd  ==  00xx4400  ––  SSLL1111rreeaadd((bbaassee  ++  44))

If the amount of data received is not what the application expected, the application will have to take
appropriate action.

5.11- HANDLING ERRORS

Again, we will want to examine the Packet Status Register (base+3) to determine the cause of the error.
For a received packet, the most likely error is a CRC error, which would cause bit 2 to be set.
To continue the above code fragment:

iiff  ((  ssttaattuuss  &&  22  ))
{{

xx  ==  SSLL1111rreeaadd  ((bbaassee))       ////  ggeett  tthhee  ccoonnttrrooll  rreeggiisstteerr  ccoonntteennttss
SSLL1111wwrriittee  ((  bbaassee,,  xx  ||  11  ))    ////  aanndd  rreeaarrmm  tthhee  eennddppooiinntt

}}

The host will re-send the same packet if it does not receive an Acknowledge within a certain period of
time.

5.12- USING THE “PING-PONG” BUFFERS

The SL11 provides two sets of registers for each endpoint.  They are referred to in this document and in
the SL11 USB Controller Specification as endpoints n-a and n-b.  This allows overlapping operation,
where one set of registers can be set up while data is being transferred under control of the other set.

The control register for each endpoint includes a ‘next data set’ bit, which specifies which endpoint the
next data set will be sent to, as well as a ‘sequence’ bit, which specifies whether this endpoint should
receive DATA0 or DATA1 packets.  If you are going to use the ping-pong buffers, the ‘next-data-set’ bit
in each endpoint’s control register should be set to point to the other endpoint.

Refer to the SL11 USB Controller specification for a precise definition of these bits.

Note that use of the ping-pong buffers is optional.  The decision to use this feature depends on the precise
nature of the application, and the performance of the Micro-controller in use.
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5.13- DMA OPERATION

The SL11 will support DMA transfers on the 8 bits data bus. The two signals, nDRQ and nDACK, are
used along with the nWR signal to move data into the SL11 from the microprocessor data bus.

Note: DMA read transfers from the SL11 to the microprocessor bus are currently not supported.

Internally, DMA utilizes Endpoint 3 to move data out on the USB. Both data sets, 3a and 3b, must be set
up, and must have the same length specified. Both data sets must be armed and enabled, with the 'next
data set' bit pointing to the opposite data set. DMA total count must be loaded in the DMA total count
registers.

For DMA writes, a dreq will be issued, and data will be stored in the first data set until full. This data set
will now be ready for USB transfer. Next, data will be stored in the second data set until full. If the
transfer of the first data set on USB is not complete, DMA operation will be suspended until it is.  DMA
will continue, without program I/O intervention required, until DMA total count has been reached. Then
the DMA done bit will be set in the status register, and, an interrupt will occur if enabled
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5.14- DMA SETUP AND OPERATION

The following flowchart represents a typical DMA setup and sequence of SL11’s operation:

Write control register

Set USB enable  =1
Set DMA enable =1

Write EP3a base register
Point to memory buffer

Write EP3a base length register
set packet size

Write EP3b base register point
to memory buffer

Write EP3b base length register
set packet size same as EP3a

Set Interrupt Enable Register

1- Set dir = 1 transmit to host
2- Set next data set = 1 for
     EP3b and enable bit

Set EP3a control register

1- Set dir = 1 transmit to host
2- Set next data set = 1 for
    EP3a and enable bits.

Set EP3b control register

Write Low Counter register
Write High Counter register

Wait for Interrupt, “DMA Done”

Read Interrupt Status Register, but 4 DMA
done.  Keep polling for bit 7 to clear, only

than disable DMA
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5.15- SETTING UP A DMA TRANSFER

In this example, we want to set up a DMA transfer from application memory to the SL11, with the data to
then be sent to the host.  In the SL11, endpoint 3 is used for DMA operations. This example also uses the
SL11’s ping-pong buffers, which were ignored in the first two examples for the sake of simplicity.

5.16- A SIMPLE “EVEN” DMA TRANSFER

In this example, endpoint 3-a is used as DATA0 and endpoint 3-b is used as DATA1.  For the sake of
simplicity, we are assuming that the amount of data to be sent is evenly divisible by the data size set for
the SL11’s endpoint length registers.  Assuming that we want to send 256 (100 hex) bytes, we might set
the data length register for endpoints 3-a and 3-b to 64 (40 hex) bytes each.

bbaassee__33aa  ==  00xx3300 ////  bbaassee  aaddddrreessss  ffoorr  EEPP  33--aa
bbaassee__33bb  ==  00xx3388  ////  bbaassee  aaddddrreessss  ffoorr  EEPP  33--bb
xx  ==  SSLL1111rreeaadd  ((  55  )) ////  rreeaadd  ccoonnttrrooll  rreeggiisstteerr
SSLL1111wwrriittee  ((  55,,  xx  ||  22  )) ////  mmaakkee  ssuurree  DDMMAA  eennaabbllee  bbiitt  iiss  sseett
SSLL1111wwrriittee  ((  bbaassee__33aa++11,,  00xx8800  )) ////  ddaattaa  aaddddrreessss  ffoorr  EEPP  33--aa
SSLL1111wwrriittee  ((  bbaassee__33bb++11,,  00xxCC00  )) ////  ddaattaa  aaddddrreessss  ffoorr  EEPP  33--bb  ((EEPP  33--aa  ++  4400hh))
SSLL1111wwrriittee  ((  bbaassee__33aa++22,,  00xx4400  )) ////  ddaattaa  ssiizzee  ffoorr  EEPP  33--aa    ((6644  bbyytteess))
SSLL1111wwrriittee  ((  bbaassee__33bb++22,,  00xx4400  )) ////  ddaattaa  ssiizzee  ffoorr  EEPP  33--bb    ((6644  bbyytteess))
SSLL1111wwrriittee  ((  bbaassee__33aa,,      00xx00EE  )) ////  EEPP  33--aa  ccoonnttrrooll  rreeggiisstteerr::

////  bbiitt  00  ==  11::  AArrmm  tthhiiss  eennddppooiinntt
////  bbiitt  11  ==  11::  EEnnaabbllee  tthhiiss  eennddppooiinntt
////  bbiitt  22  ==  11::  DDiirreeccttiioonn  iiss  ttrraannssmmiitt
////  bbiitt  33  ==  11::  NNeexxtt  DDaattaa  SSeett  wwiillll  bbee  ‘‘BB’’
////  bbiitt  66  ==  00..    SSeett  SSeeqquueennccee  bbiitt  ffoorr  DDAATTAA00

SSLL1111wwrriittee  ((  bbaassee__33bb,,  00xx4466  )) ////  EEPP  33--bb  ccoonnttrrooll  rreeggiisstteerr
////  bbiitt  11  ==  11::  EEnnaabbllee  tthhss  eennddppooiinntt
////  bbiitt  22  ==  11::  DDiirreeccttiioonn::  iiss  ttrraannssmmiitt
////  bbiitt  33  ==  00::  NNeexxtt  DDaattaa  sseett  wwiillll  bbee  ‘‘AA’’
////  bbiitt  66  ==  11::  SSeett  SSeeqquueennccee  bbiitt  ffoorr  DDAATTAA11

SSeettuupp__DDMMAA ////  aapppplliiccaattiioonn  ddooeess  iittss  DDMMAA  sseettuupp  rroouuttiinnee  hheerree
xx  ==  SSLL1111rreeaadd  ((  00xx0066  )) ////  ggeett  ccoonntteennttss  ooff  iinntteerrrruupptt  eennaabbllee  rreeggiisstteerr
SSLL1111wwrriittee  ((  00xx0066,,  xx  ||  00xx1100  )) ////  eennaabbllee  DDMMAA  DDoonnee  iinntteerrrruupptt
SSLL1111wwrriittee  ((  00xx3355,,  00  )) ////  LLooww  BByyttee  ooff  DDMMAA  TToottaall  CCoouunntt
SSLL1111wwrriittee  ((  00xx3366,,  11  )) ////  HHiigghh  BByyee  ooff  DDMMAA  TToottaall  CCoouunntt

////  ttoottaall  nnuummbbeerr  ooff  bbyytteess  ==  225566  ((110000hh))

Writing to the DMA total count high-byte register initiates the SL11’s DMA transfer process.  The SL11
will automatically initiate DMA cycles to fill each buffer as required, until the Total Count number of
bytes has been transferred.

The interrupt handler to process the DMA done interrupt might look like this:

xx  ==  SSLL1111rreeaadd  ((00xx00DD)) ////  rreeaadd  iinntteerrrruupptt  ssttaattuuss  rreeggiisstteerr
iiff  ((  xx  &&  00xx1100  )) ////  iitt’’ss  tthhee  DDMMAA  ddoonnee  iinntteerrrruupptt

ddoo  wwhhaatteevveerr  iiss  nneexxtt
eellssee

hhaannddllee  ootthheerr  iinntteerrrruuppttss  aass  nneeeeddeedd
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5.17- AN “ODD” DMA TRANSFER

As mentioned in the SL11 USB Controller Specification, the DMA mechanism will only send a whole
number multiple of the packet size set in the SL11’s Endpoint Base Length register.  If you need to
transfer an “odd” number of bytes, the remainder has to be sent separately.  All of the data will be placed
in the SL11’s buffers by DMA, but the length of the “remainder” bytes must be set under program
control.

Suppose, for example, that you need to transfer 267 (10B hex) bytes to the USB.  Instead of
SSLL1111wwrriittee  ((  00xx3355,,  00  )) ////  LLooww  BByyttee  ooff  DDMMAA  TToottaall  CCoouunntt
SSLL1111wwrriittee  ((  00xx3366,,  11  )) ////  HHiigghh  BByyee  ooff  DDMMAA  TToottaall  CCoouunntt

You would need to write:
SSLL1111wwrriittee  ((  00xx3355,,  00xx00BB  )) ////  LLooww  BByyttee  ooff  DDMMAA  TToottaall  CCoouunntt
SSLL1111wwrriittee  ((  00xx3366,,  11  )) ////  HHiigghh  BByyee  ooff  DDMMAA  TToottaall  CCoouunntt

The first 256 bytes would be sent exactly as described in section 0.  However, when the DMA done
interrupt occurs, there are still 11 bytes remaining to be sent.

To handle this case, the interrupt handler would have to read like this.
iiff  ((  rreemmaaiinnddeerr  >>  00  )) ////  rreemmaaiinnddeerr  ==  nnuummbbeerr  ooff  bbyytteess  lleefftt
{{

ddoo
{{

            xx  ==  SSLL1111rreeaadd  ((00xx00DD)) ////  kkeeeepp  ppoolllliinngg  ssttaattuuss
}}  wwhhiillee  ((  xx  &&  00xx8800  )) ////  uunnttiill  ttrraannssffeerr  iiss  ddoonnee
SSLL1111wwrriittee  ((bbaassee__33aa  ++  22,,  rreemmaaiinnddeerr  )) ////  SSeett  ddaattaa  lleennggtthh
xx  ==  SSLL1111rreeaadd  ((bbaassee__33aa)) ////  ggeett  ccoonnttrrooll  rreeggiisstteerr
SSLL1111wwrriittee  ((  bbaassee__33aa,,  xx  ||  11  )) ////  aanndd  aarrmm  iitt

}}

Note that the application is responsible for keeping track whether the remainder data is in EndPoint 3-a or
3-b.  In this example, the endpoint is in 3-a.

5.18- SL11: AUTO-INCREMENT MODE:

SL11 has supported an 'auto-increment' mode, which the address is written with A0 =0, and each
subsequent with A0 = 1 goes to the next higher address in the SL11.  It’s is not support multiplexed
addresses and data buses.

Note: Look at section 6.1 for multiplexed mode (ALE).

Here is a part of SL11MemTest function within the SL11.C for auto-increment mode. It starts at 40h up
to C0h, which is total SL11 Memory size.

////  aauuttoo::  aaddddrr  ==  ddaattaa
      ffoorr  ((ii==EEPP00BBuuff,,  oouuttppoorrttbb((SSLL1111__AADDDDRR,,EEPP00BBuuff));;  ii<<ssMMeemmSSiizzee;;  ii++++))
              oouuttppoorrttbb((SSLL1111__AADDDDRR++11,,ii));;

      ////  aauuttoo::  aaddddrr  ==  ddaattaa
      ffoorr  ((ii==EEPP00BBuuff,,  oouuttppoorrttbb((SSLL1111__AADDDDRR,,EEPP00BBuuff));;  ii<<ssMMeemmSSiizzee;;  ii++++))
      {{
            iiff  ((((BBYYTTEE))ii  !!==  ((BBYYTTEE))iinnppoorrttbb((SSLL1111__AADDDDRR++11))))
                  eerrrroorrss++++;;
      }}
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5.19- APPLICATION NOTE FOR SUSPEND AND RESUME

5.19.1- HARDWARE REQUIREMENT FOR SUSPEND AND RESUME:

• The power consumption of the Microcontroller and SL11 can not be more than 500 µA
during the suspend mode.

• Requires low power consumption 3.3 regulator.
• Requires a slower clock switch from 48MHz to 1MHz-2MHz range.
• Microcontroller must be able to reduce the processor clock to save the power consumption.

5.19.2- SOFTWARE REQUIREMENT FOR SUSPEND AND RESUME:

• To detect the suspend mode, the Firmware must be check the SOF bit5 of the Interrupt status
register at address = 0x0D.  Within 3 mili-seconds of not seeing the SOF bit, the firmware
must switch to slower clock for SL11 and allow the CPU enter the power saving state.

• To detect the Resume mode, the CPU will receive an interrupt from the SL11 to indicate SOF
package receive, the firmware must switch back to 48MHz and setup the CPU to full
operating power.
Note: The Register 0x05 must have bit 5 enable, in order to receive an interrupt.
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