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Portable USB Host
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Dr.Kasin Vichienchom Advisor

Academic Year 2007

Abstract

This report describes a design of the portable USB host. The host composes of a microcontroller
and two USB bus interface chips. It allows two USB devices to communicate to each other without
computer, In this prototype the data transfer between two USB thumb drives is demonstrated by IC
VNCIL. This portable USB Host can be developed further to use with other USB devices such as mobile

phone and digital camera by adding some hardware and firmware.
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FATI12 FAT16 FAT32
Developer Microsoft
Full Name File Allocation Table
(12-bit version) (16-bit version) (32-bit version)
Introduce 1977 (Microsoft Disk | July 1988 (MS- August 1996
BASIC) DOS 4.0) (Window 95
OSR2)
Structures
Directory Table
contents
File allocation Linked List
Bad blocks Linked List
Limits




Max file size 32 MB 2GB 4GB
Max number of 4,077 65,517 268,435,437
files
Max file name 8.3 or 255 when using LFNs
size
Max volume size 32 MB 2GB 2TB
4 GB with some
implementation
Features

Dates recorded

Creation, modified, access

January 1, 1980 — December 31, 2107

Date range
Forks Not natively

Attributes Read-only, hidden, system, volume label, subdirectory, archive
Permissions No
Transparent Per-volume, stacker, DoubleSpace, No
compression DriveSpace
Transparent Per-volume only with DR-DOS No

encryption

2.1.4 Tnsaa313ve@anndn (Main disk structures)

o 1 :s' T ar a dy
seuvlvduuy FAT dsznoulddae 4 daufuanarsdu @9il Ao 1). Reserved

sectors , 2). FAT Region , 3). Root Directory Region , 4). Data Region éimmiﬂuﬁm
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BPB TotSeclé 0x13 2 Ihnudawed TaianuavenTHnan finsy
FAT32filvziflugud
BPB_Media 0x15 1 | fussnwiite

0xF8 MUIAYLY, 80 NINADAIY, 9 LBAADSAD
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UNIn
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9 2.1-2.2
10 2.2-23
11 2.3-24
12 24-25
13 2.5-2.6
14 2.6-2.7
15 2.7-2.8
16 2.8-2.9
17 2.9-3.0
18 3.0-3.1
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2.2.2 uamsanaeuuy SPI (Serial Peripheral Interface)
= P = VA 3 o L] -] N
SPI Wudnnite Inuenisanaonlddmsy SDC uaz MMC usnimiieain Native
A ¥ ) t q Qr . 4
mode #lnua SPI HazlFau1dteniuvovusiuIvue Native tiasnniu’lulasnou-
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Tnsawmesamlngezdl port SPI 3o GPIO #AlddmiumsiFoude nuailogluawda
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2.2.2.1 Insaad19v049 SPI
Tnssardeveama¥ouasuuy SPI waaafegiin 2.3 @1 Master uazd Slave s
Aerofiusrnaodugrneiundy As SCLK (Serial Clock), MISO (Master-In Slave-Out)
' 44 4 -
ez MOSI (Master-Out Slave-In) duaiy SS# (Slave Selected) Mrnduumiuvz 19
o (%) A ar d‘ = T o al
Mud s uaenalSlaveNzinaanonudi Master

TuTnua SPI # msdedoyaszinisads MSB (Most Significant Bit) oon linsw

Master Slave
MOosi
MSB LSB MSB LSB
—1 Shift Register ][‘ MISO lF Shift Register \—J
Clock SCLK
Gen.
{(MCU.DSP etc) 25 > {ADC,DAC,Comm,
. Le1¢)

Memory,etc)

7107 2.3 TnssadreetaiwvesmsindeiuInun SPI
2.2.2.2 faaznanlunisoe Teudeynves Tnua SPI
lulnua SPI msshift oz latch vosdoyavensziilugaefiasstuduveson
Foygnos clock Fevzansoutionnldiu 4 Tnuadeglii 2.4
§w3y SDC iefinsareuuy SPE A151% ‘SPT Mode 0° udd iy MMC v
annsoldlnualadld fuiulaeilfainesld ‘SPI Mode 0° (positive clock, front

edge latch, back edge shift) lumsaaaeasy SDC/MMC adhselsfa1y *SPI Mode 3° A

ansalFau ldaundeniy
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SPI Transfer Timing

SPI Mode Timing Diagram
# S L S ;_ S L B L S Iq_ S !{. S L S
Mode 0 b > ¢ > - - ¢ > - - -
SCLK
Positive Pulse. __J’_I_J_U’—Lr_u FL
Latch, then Shift. MOSI,
e M!SBK }( :]{ }E ! J LS8
S L B LL' S {L S L S L S L S JL S .JL
Mode 1 A (et Gt St S dik Bl o, B ol
SCLK
Positive Pulse. JT J n_F ;_F j IJTL____
Shift, then Latch. MOSI,
MISO | i_ﬂl.}{_i LS8
L S 'I S z_ S L SL SL SL SL S
MOdez r > - r - i i e A -
Negative Pulse. L_P
Latch, then Shift.
M }{ LE’SB
L S L S L

Mode 3
Negative Pulse.
Shift, then Latch.,

S
r]
=

J(: LSB

517 2.4 Timing diagram veamsAAReUUUSPIVA4 THuA

2.2.2.3 Mdwaznsaounay
z o 9 Y

TuTnum SPI i Tnssadevestidsezgnimun B1danuoneludduwandlug

4 4 o o 1 { 3 o =
#1 2.5 diegaidagadslilfinisa sziinsaeunduainmisa lili lsailugluuy R1, R2 wie
A v g/ g o a ¢ 9 J o g <
R3 tilveminmismeloudayariuszgnivlavclockunuoynsui laavadnvu daluTean
3 9/ J A T L) Qs 4 ' 1 = o
wzdesadiaclockan lilosqauniaz ldunsaeundunnmin - saeszsznaneuiinmise

seppundunasnn ldsusidaninTamy (NCR) Ao 0 69 8 lud dwsy SDC uay 1 63 8
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v 1
lud dm3u MMC luzefiimsleunodeyadl u1 SS ezdesgndmualiiaonizaein

{0’ 1erue

*

L Command Frame ;Ji NCcR . Riresp.
| | | |

l
scwe [N A AR U UL L o

f l l l | l I
DI 0(1] Index L L Argument o CRC 71
[ b5 bop3t | | | bojG o | |

DO |0| Flags

51J# 2.5 command frame N9 zan ldvinmsa

«°

2.2.2.4 gafdsiildluTnua SPI

o o =] H P=1 o @ P A o as v =} N
mdsdauaasldriutishufiosdida laeda lWRlFdvsuniseu @ouuay initial

o ' 3
ANIA NIUU

Command
Argument  Response Data Abbreviation Description
Index
CMDO None(0) R1 No GO_IDLE STATE Software reset.
Initiate initialization
CMDI1 None{(0) Rl No SEND_OP_COND
process.
CMDS None(0) R] Yes SEND_CSD Read CSD register.
CMDIO None(0) R1 Yes SEND_CID Read CID register.
CMD12 None(0) R1b No STOP_TRANSMISSION Stop to read data.
CMDI17 Address[31:0] R1 Yes READ _SINGLE_BLOCK Read a block.
CMD18 Address[31:0] R1 Yes READ_MULTIPLE _BLOCK Read multiple blocks.
CMD23 Number of Ri No SET_BLOCK_COUNT For only MMC. Define

82437
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blocks[15:0]

Number of
ACMD23(*1) R1
blocks[22:0]

CMD24 Address[31:0] R1

CMD25 Address[31:0] R1

CMD55 None(0) Rl

CMD58 None(0) R3

number of blocks to
transfer
with next multi-block

read/write command.

For only SDC. Define

number of blocks to pre-
No SET_WR_BLOCK_ERASE_COUNT erase

with next multi-block

write command.

Yes WRITE BLOCK Write a block.

Yes WRITE_MULTIPLE_BLOCK Write multiple blocks.

Application specific
No APP_CMD
command.

No READ_OCR Read OCR.

*1:ACMD<n> means a command sequence of CMD55-CMD<n>.

2.2.2.5 Command Response 11 TnuaSPI

ar <1 ' [ d‘ J '
msapundululnua SPT ssfiegawgruuy fie R1, R2 uaz R3 degili 2.6 4uey

]
w9 o

fudidaileaidun uafdsdnnnwdnsaeunduiuguun R1 dwin R1 dduily

1 19 a = J 1 n’/‘ Qs
0x00 LLﬂﬂQ’J‘IthIJ‘UBNﬂWﬂ'Iﬂ!ﬂﬂim MIUMIADUATUOMUY  R3  HUIZADUNALRNIZ

CMD58 Lﬁﬁfu
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R1 Response

R3 Response
IOIIIIIIIIL [R1] _ ocr |
Erase Resor L ocr @abiy
IHigal Command Same as R1
Command CRC Error

Erase Sequense Error
Address Error
Parameter Error

JUM 2.6 msmeundunuuaIen

2.2.3 msmeloudoyo
2.2.3.1 Data Packet tia® Data response

TumsaroTeudeya szlinsawlounasniniinisdicommand responseidn vdon
: 4
YeyaszgnaeloulngiData Packetiailsznon1udan Data Token, Data Block 1azCRC

o { o ] = [} P :; (") v 0o a At
Aaeraeluglf 2.7 vzifiu 1dd1Data Token szfiogauuuy dsiusgiuunasmdaids

Data Packet

|Data Token| Data Block | cre |
1 byte 1-2048 bytes 2 bytes
Data Token Error Token
[1[1]1]1]1]1]1]0] Data roken for cMD17/18/24  [0]0[0] Flags ~ |
1{1[1(1{1|1]| 0|0 Data token for CMD23 L Error
CC emror
1|1|1|1[1{1]|0]1! Step Tran token for CMD25 Card ECC failed
Qut of range
Data Response Card is locked
[x]x]x]| o] status [1]
0 1 0—— Data accepted
1 0 1 —— Datarejected due to a CRC error
110 Data rejected due to a write error

714 2.7 Tassa$raveaData Packet
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2.2.3.2 #1d1 Single Block Read

Di AT

/ Resp.
DO L] |  DataPacket |

gﬂﬁ 2.8 timing diagram “umﬂ"ﬁ%ﬁ Single Block Read
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4 a4
1ununuaeanvoya

2.2.3.3 fd1 Multiple Block Read

1-8hyte
- e
DI [cmp1g cmd [ cmp12 cmd
/ Res). /Resp.
DO L] [ Datapacket | |  DaaPacket | ] Busy
Data Packet

51 2.9 timing diagram ¥83f1#1 Multiple Block Read
o @ dy:]:j o & ] o 1 = o ¥ 1
ATETIUL ufnsa']u‘llﬂiﬁlﬁﬂsQﬁzﬂﬁ']U”]Uﬁ'i]ﬂ%']ﬂﬂ']llﬂuquﬂﬂlﬂsﬂﬂfnﬁuﬂ ﬂ'n‘l']ﬂllll
= o o =] ' 1 £ 3 1 ' o o )
umsfimuaswiuvaenlunmsouaenilings 1) AszuumMsomtlezauiuneiiosly

y
Lsauqﬂumwwum‘smmm cMD12 ldiimsa msmmmuau ITHYAAI

2.2.3.4 f1d Single Block Write

> 1yte
=
Dl | cmD24 | ] Data Packet
DO Cmd /l_' Data J_B“il
Resp: Resp:

gﬂﬁ 2.10 timing diagram vasf1da Single Block Write
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Tavdulnajezamsodoudoyaldvaenas 512 lud

2.2.3.5 f1df1 Multiple Block Write

2 1hyte 1hyte
> il
DI [ cmp2s | { Data Packet | DataPacket stop ] |
Tran
bo Cmd Data Busy I Data Busy Busy
Resp/LJ Res‘p. Re;u./

‘1_h=’il 2.11 timing diagram vaafda Multiple Block Write
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Amuadnnundenlumsdelon  msawleuiifwzdulivde lliFeun wuninzgavgalae

A o <= ‘g ) 1
Stop Tran Token Fanvzihlvifa Busy flag Judugeszes1 Tuddenn Stop Tran Token

2.3 m‘séaammu UART

] o 1 . . . A
UART 99319190121 Universal Asynchronous Receiver Transmitter FIMANYD

S g Y Ao 1
punsafimifsunasdedoyauuuezdalasia  (Asynchronous) Wuins dmiums

o o ) @ LY
domsoynsvvunsuameiudl UART ﬁmwﬂumhmﬂmmmmsﬁammwﬂgﬂ‘m

4 [ o P A = o
windnues UART dskmiiulasdayaneglugiuvuvuanaeuiunesv

[] = o 9 (] ] 9 d' L7
aglugduuveynsuuuuerdenstiaudrdwen i wazihmihinlasdgaaeynsunuves

3
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-y L) ﬂ. -7 1 =3 A
Falasvaniowdw1ds UART I idunvvvuiunouiiszdutinouniines $iuensin

¥ &

] % = 4 o o = 4 ]
UART azdatoya lunaunumoiuds foinsudedoyaduy Mneuiaunoinsiudae iwu

U

as o a 1 1 = i a ¥ '
Sasnnuiilunsiudadeya (venise), Juvumsdedeya, anuAawaeiifiadiusznig

J 3/ = Ad, 3 (57 ¥
msawmentoyn (Aanaine1nm3a, msudeya, Tenesiu) fudu
moulu UART azlidanvedrsssadndnsinisaronendeyauvulisunsyld

(Programmable Baudrate Generator) Tagn1sfiinuasiaivmis IMduAgaIsuIRnves

b
v &H o

UART lagdamsiifivung 16 Gadenudsimuad s Idedluge 10 - 65,535
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UART aaninfudsdioyaldviuuedarqing (Half Duplex) uazyaqman (Full

v 3 o 1 = ~ 1 ] =1 g
Doplex) Tasmsdauuy srdWgmandumsdauuieniufion daunsdauudagmantiu

annsafuuazdedoya @ luasiaudeadu
2.3.1 myaedoyaluszuy UART
r g A = r : a' (Y | Y

msdedeyaluszuy  UART  Fsfluuuuezdslnsiminssiudetoyalnodaia
a v . ] by 3/ = 3 . kg = ]
ITHAY (Start Bit) "I.ﬂﬂauummnmuumaya (Data Bits) 91171 5-8 Ua lawezas LSB

3 3 v = d g9 . . b4 ¥ d ! s .
vonlunou nniuszdidadadoya (Parity Bit) udrgaiienvzdsiiovign (Stop bits)
$u 1, 1.5 450 2 U

a a’;’ P=1 ¥ o/ A' [} -

UAYDY start  bit UHITVADIUZATINIWAUAMUSUIRY 1A stop bit zVUaaIUE
= L] A‘ ; (% ¥ 1 [] J 1 1 3 Qs al
ReafuanIuziuny wenInil stop bit dsadienmunnauneumsasluaiadaldezdu
4y
YA

4 ¢
Wiosnindayalululns Tdswawefilfudeyauuuuuim &rdesnisToutedoya

o ¥ o ¥ d aa o A ] A
wuneynsy muisesitla lasmsideyasvuvuuyunuluitamestinounild nmsitou

3 o 4 8 o = A 9/ o3 ) a 9
magaiummﬂai%ﬂ‘vﬁmﬂpmu1Wﬂ1LﬁﬂﬂMﬂyaBaﬂu1ﬂa:Uﬂ q]'l_l'guﬂ'lﬁl.ﬂﬁﬂuﬁ]ﬂll”ﬂllﬂﬂ

vumdunuveynsy uaas Iduaasdeglii 2.12

PARALLEL DATA (IN)
D7 Be HE B4 B3 DX DI OB

g IR} |
o)== T T T T T T T 1= [ITTTTTT]

CLOCK SHIFT RIGHT

317 2.12 ugmsmisnfasudeyauvuvnuiiuuuneynsy
d Yy oy a "o & @
anuialumiloudwdoynves UART Suniidasiuea (Baud rate) Fsaediud
o = g = U a s v (] 'y 3 4 o
vondwutnvesdoyanvedeenn lylu 1 Jund dredrasu msTeubredeyadesa
Baud 1200 vineanu dad28nus 14 120 damedufl dvidnusuaazdafivuia 10 Ta

(Jizneuday Start 1 1in, Yoyavuia 8 0 uaz Stop 1 Ta) Aauraslumaen 2.7
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mad 2.7 uasaueaisail ¥ luns Teuaedoyavesszaiy UART

Baud Rate Byte / Second
110 10
150 15
300 30
600 60
1200 120
2400 240
4800 480
9600 960
19200 1920
38400 3840

UART aztlszaenlddisnsdaudnmdn 9 sy 4 wiae Taun misodsdeya,
miwsvdeya, MilsanIug HaYMLIWNINILAY
1 3 o o
msdadeyaves UART uaasuden laszunsuIfiiulddsgaléi 2.13

DATA INPLT
ps DY DI D2 DI

Jgggnagy

TRANSMITTED-DATA OUTPUT BUFFER DATA INPUT STROBE
S e e s Y QN -
CONTROL -
ol TG0 0000 | N
T T T T T T T T Ts] |50
TRANSMIT REGISTER |

16x BALUD CLOCK

-.J-I_ /
-_—:ﬁ O ITITIITO

317 2.13 uamaudenlaozunsumsdsdayaves UART
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1 9 A
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U
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=y od v g . . ] ¥ o ot Y A @
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Y
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L SSN e N
ITTTLTLT e
A0S || [T T T T T T T e
REGISTER TRANSMIT REGISTER DATA QOUTPUT STROBE
DATA QUTPUT
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9000
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0x03 |hrUNDEF (reserved)

0x04 [hrNAK Peripheral returned NAK
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//*************#***********l*l********l*****************#***********************

//Developer Blackswan & AntiMaew
//Institute  King Mongkut's Institute of Technology Ladkrabang
//Major Electronics

//*********************#******i*t******tt******ttt*tt*******ttt*****ttttt*******

//Declaration PIN
/ ¢ 30 o ok ok ok 3 ok ok ok ok K K A ok ok ok ok ok ok ok ok 3k o 3 o ok 3k ok ok ok o ok ok ok ok ok ok ok ok ke 3 ak 3 ok o ok o ko ok ok kK ok ok ol ol 3 ok ok ok o 3 ok ok ok 3 ok ok ok ok ok ak ok ok Xk o
#include <18F8722.h>

#define CLOCK_SP 10000000

#fuses HS

#fuses NOLVP,NOWDT
#fuses NOPROTECT

#use delay (clock=CLOCK_SP}

#tuse
rs232(baud=9600,UART1,XMIT=PIN_C6,RCV=PIN_C7,DISABLE_INTS,stop=1, TIMEOUT=10,stream=vnc

1)

#use rs232(baud=9600,UART2 XMIT=PIN_G1,RCV=PIN_G2,DISABLE_INTS,stop=1,stream=vnc_2}

#include "lcd.c”
#include "string.h"

#include "input.c”

#define resetvncll_1 PIN_E3
#define resetvncll_2 PIN_E2
#define RTS2 PIN_C5
#tdefine CTS2 PIN_C4

#define RTS1 PIN_GO



#define CTS1 PIN_G3
#define swil PIN_F7
#define sw2 PIN_F6
#tdefine sw3 PIN_F5
#idefine sw4 PIN_F4
#idefine led_red  PIN_Al
#define led_yellow PIN_A2
#define led_green PIN_A3
#define CTS_1 PIN_HB6
#define RTS_1 PIN_H5
#define CTS_2  PIN_FO

#define RTS_2 PIN_H7

void blink_y ();
void blink_g {);
void blink_r ();
void g_file ();
void name_file();

void calfilesize(); N

//****tt**#*t#t**tt***t**t*********#t**t**t*t***tt*tt*t***#**#*t*t**********#**#

//Declaration GLOBAL Variable

//**t****!*****************************t*****t**tt****t*********t***************

unsigned char Data[2000],cname[1000];
unsigned int16 a,b,c,d,ef.gh,i,j,k,m,n,x,y,z,size{10];
int i;

boolean as;



int32 filesize;

//#***********#**#********************tt##**#*****#******#t*********#**##*t*#t##

//interrupt Function
//**tt*tt*tt**********#*t**##*#*##*t***************************t*t***#**#***#***
H#INT_RDA
void serial_isr()
{

Data[m)=fgetc(vnc_1);

Data[m+1]=fgetc(vnc_1);

m=m+2;

//******#*#**************#**t***#t*#t******t##t**tt#*#t*#************#*tt**t*#tt

//Functions Prototype

//******t***********tt*****tt*tttt*t***tt*#t**t*t**#*******#*#t*****#*##*#******

void lcd_start({void)

{
lcd_putc('\f'});
lcd_gotoxy(1,1);
led_putc("@@@_USB HOST_@@@");
lcd_gotoxy(1,2);
led_putc("....Blackswan...");
delay_ms(1000};
lcd_gotoxy(1,2);
led_pute("<<< PUSH SW1 >>>");
led_gotoxy(1,1);

led_putc(" VIEW FILES NAME");



/****t**t#tt***=|l*********####*******###****t**t*****t****tt*t*****t***t******#*/

[[HARHBUBHHRHHUR B RU RS RHHE. Main Program  HHERBRURELRBRBSRBBRIRRHERHEH I

SR F R RO KRR R KRR RO RO RO R R R R R

#zero_ram

void main(void)

{
begin:
disable_interrupts(GLOBAL);
disable_interrupts(INT_RDA);
output_low(CTS_1);
output_low(CTS_2);

delay_ms(10);

led_init();

led_start();

i=0;

m=0;
output_high{led_veliow);
output_high(led_green);

output_high(led_red);

while(true)

{



if(linput(sw1}}{delay_ms(10);goto copy;}

blink_y();

copy:

fPrintf{vnc_1,"ipa\r");

fPrintf(vnc_1,"ipa\r");

delay_ms(100);//*****very important in recieving 1st data bit//

//*****Can not change//

output_high{CTS_1);
delay_ms(10};
enable_interrupts(GLOBAL);
enable_interrupts(INT_RDA),
fPrintf(vnc_1,"dir\r"};
output_low(CTS_1);

delay_ms(500);

//#*##*******#*do not use but importanttll*****#t*****#*###**###
for{n=0;n<128;n++)

{

delay_ms{10);

}

disable_interrupts(GLOBAL};



disable_interrupts(INT_RDA);

i=0;
for(i=3;i<1000;i++)
{
if(datali]==0x2E){j=j+1;}

if(data[i]==0x3E){Q_file();}//i stop count that can know how many DATA

name_file();

check:

fcd_putc('\f');

lcd_gotoxy(1,1);

lcd_putc(” WAIT FOR COPY ");
fcd_gotoxy(1,2);
lcd_putc("Push SW1 to copy");

delay_ms(1000);

lclelelelalelelelalelelelelalalalalelalalalaalalaaalaaalaalalaealalalalalcialaleieles
elalalclalaelalalcalaaaalaaalaaalacealceaalcleacieaciele

J/ARAAAARAARAARAAAAAAAAAAAAAAAAAAAAAAAAAAANAAARARARAARAAAAAAAANANARAAANAARAAAAAAA
while(input(sw1)){blink_y();}
led_putc('\F');
lcd_gotoxy(1,1);

led_pute("/// Copying /// ");



led_gotoxy(1,2);

Icd_putc(" Please Wait....");

fOr(n=0;n<1000;n++) /u o ok ok *Copy caname**************/
{

cname|[n]=Data[n};

delay_us{1);

}

fPrintfivnc_1,"ipa\r");

fPrintfivnc_1,"ipa\r");

delay_ms(100);//*****very important in recieving 1st data bit//
//*****Can not change//

m=0;

output_high{CTS_1);

delay_ms(10);

enable_interrupts(GLOBAL);

enable_interrupts(INT_RDA);

fPrintflvnc_1,"dir );

for(c=3;c<1000;c++)

{

if(cname[c]==0x0d){goto enterfilename;}

enterfilename:



for(b=3;b<c;b++)

{
fPrintf(vnc_1,"%c",cname]b]);
}

fPrintf(vnc_1,"\r");
output_low(CTS_1);

delay_ms(10);

for(n=0;:n<128;n++)
{
delay_ms{10);

}
disable_interrupts(GLOBAL);

disable_interrupts(INT_RDA);

for{k=0;k<40;k++)
{
if(data[k]==0x24){goto next;} /**** Scan for parameter k *****/

}

next:

calfilesize(); JERERERRRRRRRERK Caley|ate file size **F** R ERRRR Rk Rk [

fPrintf(vnc_1,"ipa\r");

fPrintf(vnc_2,"ipa\r");

delay_ms(1);

fPrintf(vnc_1,"opr ");



for(b=3;b<c;b++)

{
fPrintf(vnc_1,"%c",cname[b]);
}

fPrintfivnc_1,"\r");
fPrintf(vnc_1,"ipa\r");

delay_ms(10);

fPrintflvnc_2,"opw ");
for{b=3;b<c;b++)

{
fPrintflvnc_2,"%c",cnamel[b]);
}

fPrintf(vnc_2,"\r");
fPrintf(vnc_2,"ipa\r");

delay_ms(10);

output_high{CTS_1);
delay_ms{10);

m=0;
enable_interrupts(GLOBAL);

enable_interrupts(INT_RDA);

if(filesize<1000)

e=filesize;

goto small;



else if{filesize>=1000)

I=filesize/1000;
e=filesize%1000;

goto large;

Iarge- /#t#t##t#tt*t#t# Filesize > 1000 #******************/

for(f=0;f<l:f++)

m=0);
fPrintflvnc_1,"rdf 1000"); /*******+*Read Data****+***+*+/
fPrintf(vnc_1,"\r");

delay_ms(10);

fPrintf(vnc_2,"wrf 1000"); /*********\Wrjte Data*******++*/
fPrintfvnc_2,"\r");

delay_ms(10);

output_low(CTS_1); /********xxsy

delay_ms(1200); [rrsees delay for get data HEHEEE

for(n=0;n<m-6;n++)

{

fPrintf(vnc_2,"%c",Data[n]);



delay_ms{2);

}

small: /t******tt#t***# Filesize < 1000 **t#tt*t*ttttt*t****l

output_high(CTS_1);
delay_ms{10});

m=0;

fPrintf(vnc_1,"rdf "); /*********Read Data**********/
fPrintf(vnc_1,"%ld",e);
fPrintf(vnc_1,"\r");

delay_ms(10);

fPrintf(vnc_2,"wrf "); /* ********Write Data*********/
fPrintfvnc_2,"%Id",e);
fPrintf(vnc_2,"\r");

delay_ms(10);

output_low(CTS_1); /uuuu*u/

delay_ms(1100); /****** delay for get data ******/

for(n=0;n<m-6;n++)
{
fPrintf{ivnc_2,"%c",Data[n]);

delay_ms(2);



blink_g();

disabie_interrupts(GLOBAL);

disable_interrupts(INT_RDA);

fPrintf(vnc_z,"clf "); /*t*#*#m***** Close File tttt*mm**t*tt*l
for{b=3;b<c;b++)
{

fPrintf(vnc_2,"%c",cname[b]);

}

fPrintf(vnc_2,"\r");

FPrintfivnc_1,"CIf "); /¥ *** ¥ %k %% k%% Clogp Filg ¥ *¥***xxsxshs/
for(b=3;b<c;b++)

{

fPrintf(vnc_1,"%c",cnamel(b));

}

fPrintf(vnc_1,"\r");

fcd_putc('\f');

lcd_gotoxy(1,1);
lcd_putc("@@@_Complete_@@ @");
lcd_gotoxy(2,2);

lcd_putc("*** ANTIMAEW ***");

delay_ms(2000);



goto begin;

}

/************************#1#***#*#*********t**#***#*#****#**##****#**#*********/

(BB SRR RS R R HHEE END Program  HHBHESSREHHHHEHSEEHRHHHHBBGHH

/1-au-**it*t*t****mn'nrnr*t*****nrnrtmn*nrttttt***tnm-nu-**tttt**#t*ttttt*****tt/

void blink_y (void)

{
output_low(led_yelow);
delay_ms(30);
output_high(led_yellow);

delay_ms(30);

void blink_g (void)

{
output_low(led_green);
delay_ms(30);
output_high(led_green);

delay_ms(30);

void blink_r (void)

{
output_low(led_red);
delay_ms(30);
output_high(led_red);

delay_ms(30);



}
void Q_file(void)
{

led_putc(\f'};

lcd_gotoxy(1,1);

lcd_putc("Files Detect=");

led_gotoxy(14,1);

delay_ms(300);
if(j==0){lcd_putc("0");}else if(j==1){lcd_putc("1");}else if(j==2){lcd_putc("2");}
else if(j==3){lcd_putc("3");}else if(j==4){lcd_putc("4");}else if(j==5){lcd_putc("5");}
else if(j==6){lcd_putc("6");}else if(j==7){lcd_putc("7");}else if(j==8){lcd_putc("8");}
else if(j==9){lcd_putc("9");)etse if(i==10){lcd_putc("10");}else if(j==11}lcd_putc("11");}
else if(j==12){lcd_putc("12");}else if(j==13){lcd_putc("13");}else if(j==14){lcd_putc("14");}
else if(i==15){{lcd_putc("15");}else if(j==16){lcd_putc("16");}else if(j==17}{icd_putc("17");}
else if(j==18){lcd_putc("18");}else if(j==19){lcd_putc("19");}else if(j==20){tcd_putc("20");}
else if(j==21){lcd_putc("21");}else if(j==22}lcd_putc("22");}else if(j==23){led_putc("23");)
else if(j==24){lcd_putc("24");}Jelse if(j==25){lcd_putc("25");}else if(j==26){lcd_putc("26");}
else if(j==27}{lcd_putc("27");Jelse if(j==28){tcd_putc("28");}else if(j==29){lcd_putc("29");}
else if{j==30}{lcd_putc("30");}
else {

led_putc("!1");

lcd_gotoxy(1,2);

lcd_putc(" More than 30 ");

}

delay_ms(1500};



void name_file(void)

{

a=3;

y=1;

lcd_putc('\Ff');

as=1;

while(a<1000 && as)

{

write:

if(data[a)==0x3E}{as=0;}

if(data[a)==0x30){lcd_gotoxy(y,1);lcd_putc("0");}
if(datala}==0x31){lcd_gotoxy(y,1);lcd_putc("1");}
if(datala]==0x32){lcd_gotoxy(y,1);lcd_putc("2");}
if{data[a]==0x33){lcd_gotoxy(y,1);lcd_putc("3");}
if{data[a)==0x34){lcd_gotoxy(y,1);lcd_putc("4");}
if(data[a)==0x35}{lcd_gotoxy{y,1);lcd_putc("5");}
if(data[a)==0x36){Icd_gotoxy{y,1);lcd_putc("6");}
if(data[a}==0x37}{lcd_gotoxy(y,1);lcd_putc("7");}
if(data[a)==0x38){lcd_gotoxy{y,1);lcd_putc("8"};}
if(data[a)==0x39){lcd_gotoxy{y,1);lcd_putc("9");}
if(data[a)==0x41){icd_gotoxy(y,1);lcd_putc{"A");}
if(data[a}==0x42){lcd_gotoxy(y,1);lcd_putc("B"};}
if(data[a}==0x43}{lcd_gotoxy(y,1);lcd_putc("C");}
if(data[a)==0x44){lcd_gotoxy(y,1);lcd_putc{"D");}
if(datala]==0x45){lcd_gotoxy(y,1);icd_putc({"E");}

if(datala]==0x46){lcd_gotoxy(y,1);lcd_putc("F");}



if(data[al==0x47){}cd_gotoxy(y,1);lcd_putc("G");}
if(data[a]==0x48){lcd_gotoxy(y,1);lcd_putc("H");}
if(datala]==0x49){lcd_gotoxy(y,1);lcd_putc("1"};}

if(data[a)==0x4A}{lcd_gotoxy(y,1);lcd_putc{"J"};}

if(datala]==0x48){icd_gotoxy(y,1};lcd_putc("K"};}
if(data[a)==0x4C){lcd_gotoxy(y,1};lcd_putc("L");}

if(datafa)==0x4D){lcd_gotoxyly,1);lcd_putc("M");}
if(data[a]==0x4E){lcd_gotoxy(y,1);lcd_putc("N");}
if(data[a)==0x4F){lcd_gotoxy(y,1);lcd_putc("0");}
if{data[a]==0x50){lcd_gotoxy(y,1);lcd_putc("P");}
if(data[a)==0x51)}{lcd_gotoxy(y,1);lcd_putc("Q");}
if(datala)==0x52){lcd_gotoxyly,1);lcd_putc{"R");}
if(data[a]==0x53){lcd_gotoxy(y,1};lcd_putc("S");}

if(data[a]==0x54){lcd_gotoxy(y,1);lcd_putc{"T");}
if(datafa]==0x55Hlcd_gotoxyly,1);lcd_putc("U"});}
if(data{a]==0x56){lcd_gotoxy{y,1);lcd_putc({"V");}
if{datala)==0x57){lcd_gotoxy(y,1);lcd_putc("W");}
if(data[a]==0x58){lcd_gotoxy(y,1);icd_putc("X");}
if(data[a)==0x59){lcd_gotoxy(y,1);lcd_putc("¥"};}
if(datala)==0x5A){lcd_gotoxy(y,1);lcd_putc{"Z");}
if(data[a]==0x2E){lcd_gotoxy(y,1};lcd_putc{".");}

if(data[a]==0x0D)

{

a++;y=1;delay_ms(1500);lcd_putc('\f');

goto write;

}

at+;



y++;

void calfilesize(void)

{
z=0;
d=k+1;
for(x=0;x<16;x++)
{
if(data[d]==0x30){size[z]=0; z++;}
if{datad)==0x31){size[z]=1; z++;}
if(data[d]==0x32){size[z])=2; z++;}
if(data[d]==0x33){size[z]=3; z++;}
if(datald]==0x34){size[z]=4; z++;}
if(data[d]==0x35){size[z]=5; z++;}
if(data[d)==0x36){size[z)=6; z++;}
if(data[d]==0x37){size(z])=7; z++;}
if(data[d)==0x38){size[z]=8; z++;}
if(data[d)==0x39){size[2)=9; z++;}
if(data[d]==0x41}{size[z]=10; z++;}
if(data[d)==0x42){size[z)=11; z++;}
if(data[d]==0x43){size[z]=12; z++:}
if(data[d]==0x44){size[z]=13; z++;}
if(data[d}==0x45){size[2]=14; z++;}
if{data[d]==0x46){size[z]=15; z++;}

d++;



filesize=0;
filesize=size[6];
filesize=filesize<<4;
filesize=filesize+size[7];
filesize=filesize<<4;
filesize=filesize+size[4];
filesize=filesize<<4;
filesize=filesize+size[5);
filesize=filesize<<4;
filesize=filesize+size[2];
filesize=filesize<<4;
filesize=filesize+size[3];
filesize=filesize<<4;
filesize=filesize+size[0];
filesize=filesize<<4;

filesize=filesize+size[1];



MICROCHIP PIC18F8722 FAMILY

64/80-Pin, 1-Mbit, Enhanced Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology

.
Peripheral Highlights: Power-Managed Modes:
« Two Master Synchronous Serial Port (MSSP) * Run: CPU on, peripherals on
modules supporting 2/3/4-wire SPI™ (all 4 + Idle: CPU off, peripherals on
modes) and I2°C™ Master and Siave modes « Sleep: CPU off, peripherals off
* Two Capture/Compare/PWM (CCP) modules + Idle mode currents down to 15 pA typical
* Three Enhanced Capture/Compare/PWM (ECCP) + Sleep current down to 0.2 pA typical
modules: - Timer1 Oscillator: 1.8 pA, 32 kHz, 2V
- One, two or four PWM outputs + Watchdog Timer: 2.1 pA
- Seleciable polarity
- Programmable dead time Special Microcontroller Features:
- Auto-Shutdown and Auto-Restart + C compiler optimized architecture:
* Two Enhanced Addressable USART moduies: - Optional extended instruction set designed to
- Supports RS-485, RS-232 and LIN 1.2 optimize re-entrant code

= 100,000 erase/write cycle Enhanced Flash
program memory typical

» 1,000,000 erase/write cycle Data EEPROM

memory typical

Ftash/Data EEPROM Retention: 100 years typical

- Auto-Wake-up on Start bit
- Auto-Baud Detect

» 10-bit, up to 16-channel Analog-to-Digital
Converter module (A/D)

i Auio-acquasmon. wpab""_y + Self-programmable under software control
- Conversion available during Sleep « Priority levels for interrupts

+ Dual analog comparators with input multiplexing . 8x 8 Single-Cycle Hardware Multiplier

* High-current sink/source 25 mA/25 mA - Extended Watchdog Timer (WDT):

* Four .programmablt_a external interrupts - Programmable period from 4 ms to 131s

* Four input change interrupts Single-Supply In-Circuit Serial Programming™
(ICSP ™) via two pins

* In-Circuit Debug (ICD) via two pins

+ Wide operating voltage range; 2.0V to 5.5V

Fail-Safe Clock Monitor

Two-Speed Oscillator Start-up

External Memory Interface
(PIC18F8527/8622/8627/8722 only):

» Address capability of up to 2 Mbytes
* B-bit or 16-bit interface

* 8,12, 16 and 20-bit Address modes + nanoWatt Technology
Program Memory Data Memory MSSP - g .| 8
) 10-bit| CCP/ o R+ 1=
Device | Flash | # Single-Word | SRAM|EEPROM| VO | A/D | ECCP Master| © g 2| &
(bytes) | instructions |(bytes) (bytes) (ch) |(PWM) SPI™ e | B E @ l-%

%)

PIC18F6527| 48K 24576 3936 1024 54 12 2/3 2 Y Y 2 2 2/3 N
PIC18F6622| 64K 32768 3936 1024 54 12 2/3 2 Y Y 2 2 2/3 N
PIC18F6627| 96K 49152 3936 1024 54 12 2/3 2 Y Y 2 2 2/3 N
PIC18F6722| 128K 65536 3936 1024 54 12 2{3 2 Y Y 2 2 213 N
PIC18FB8527| 48K 24576 3936 1024 70 16 2/3 2 Y Y 2 2 2/3 Y
PIC18F8622| 64K 32768 3936 1024 70 16 2/3 2 Y Y 2 2 2/3 Y
PIC18F8627] 96K 49152 3936 1024 70 16 213 2 Y Y 2 2 2/3 Y
PIC18F8722| 128K 65536 3936 1024 70 16 2/3 2 Y Y 2 2 2/3 Y

© 2004 Microchip Technology Inc. Preliminary DS39646B-page 1



PIC18F8722 FAMILY

Pin Diagrams (Continued)

80-Pin TQFP
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Note 1: The ECCP2/P2A pin placement is determined by the CCP2MX configuration bit and Processor mode settings.
2: P1B, P1C, P3B and P3C pin placement is determined by the ECCPMX configuration bit.
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1. Features

1.1 Hardware Features

Single chip embedded USB host / slave controller
I.C. device
Entire USB protocol handled on the chip

8/ 32 bit V-MCU Core

Twin DMA controllers for hardware acceleration
integrated 12 MHz to 48 MHz clock multiplier
Integrated power-on-reset circuit with optional
RESET# input pin

64k byte embedded Flash ROM program memory
4k byte internal data SRAM

Standard USB firmware library supplied by FTDI
Program or update firmware via USB Flash disk or
UART interface

Firmware easily upgradable in the field

PROG# firmware programming control pin

Two independent USB 2.0 Low speed / Full speed
USB Host / Slave ports with integrated pull-up and
puli-down resistors

Four fully configurable data 1/0 and control Buses
UART interface mode for data I/Q, firmware
programming, and command monitor interface
FIFQ interface mode with 8 bit bi-directional data
bus and simple 4 wire handshake for data 1/0O and
command monitor interface

1.2 Standard Firmware

SPI slave interface mode for data 1/0 and
command monitor interface

Up to 28 GPIQ interface pins for data /O and
command monitor interface

Interface to MCU / PLD / FPGA via UART, FIFO, or
SPlinterface

Legacy PS/2 keyboard and mouse interfaces
Multi-processor configuration capable

Support for USB suspend and resume

Support for bus powered, self powered, and high-
power bus powered USB device configurations
3.3V operation with 5V safe inputs

Low operating and USB suspend current (25mA
running / 2mA stnadby)

Fully compliant with USB 2.0 specification - USB
full speed {12 Mbps) and low speed (1.5 Mbps)
USB host and slave device compatible

0°C to 70°C operating temperature range

Full driver support for target / slave applications
Available in compact Pb-free and green 48 Pin
LQFP package (RoHS compliant)

Full range of reference designs and evaluation kits
available

USB slave device and USB Flash disk interface with selectable UART / FIFQ / SPI interface or USB slave

device as the command monitor port (VDIF firmware)

FTDI USB slave device and USB Flash disk interface with selectable UART / FIFO / SP! interface as the

command moenitor port (VDAP firmware)

USB Flash disk to USB Flash disk with GPIO command monitor interface (VDFC firmware)

FTDI USB slave device and USB Flash disk interface with selectable UART / FIFO / SPI interface as the
command monitor port with audio piayback command extensions (VMSC firmware)

1.3 Typical Applications

Vinculum VNC1L Embedded USB Host Controller 1.C. Datasheet Version 0.97

Add USB host capability to embedded products
Interface USB Flash drive to MCU / PLD / FPGA
USB Flash drive to USB Flash drive file transfer
interface

Digital camera to USB Flash drive or other USB
slave device interface

PDA to USB Flash driver or other USB slave
device interface

MP3 Player to USB Flash drive or other USB slave
device interface

USB MP3 Player to USB MP3 Player

Mobile phone to USB Flash drive or other USB
slave device interface

GPS to mobile phone interface

Instrumentation USB Flash drive or other USB
slave device interfacing

Datalogger USB Flash drive or other USB slave
device interface

Set Top Box - USB device interface

®© Future Technology Devices Intl Ltd. 2006-2007
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2. Bleek Diagram

2.1 Simplified Block Diagram

] ] ]
USB10P —p» — b ——! -
USB Host / Slave USB Host / Stave UART UART & FIFO
Transceiver 1 SIE 1 — PRESCALER IF LOGIC
USB1DM —p»| F—— [ rI.V
48 MHz
USB2DP 4— _ rj
USB Host / Slave USB Host / Slave SPI UF
USB2ZDM Transceiver 2 SIE 2 LOGIC
SYSTEM INT —
TIMER »
XTOUT _ —
A DMA Controfler |
— 12 MHz -
T Oscillator 1 24 MHz GPIO O
XTIN UF LOGIC
—p
P INT
——] ——
—
24 MHz | DMA Controller Vinculum MCU
_ Clock |—> 2 core NM _ GPIO 1
PLLALTER ol mMuttiplier R - IF LOGIC
PLL — + + P
48 MHz
_ 64k x 8
4kx8 x r.' ——p
PROG# » DATA SRAM E-FLASH GPIO 2
— PROGRAM ROM UF LOGIC
H.m..lmu.[' Program and
Test Logic +
RESET#  —— STRAP —.
—_— _
Vinculum mn_v.nnwWUmw GPIO 3
32-
2-Bit NPU ROM I'F LOGIC |
INTERNAL 10 BUS INTERNAL 10 BUS EXTERNAL 10 BUS

ADBUS[0...7]

ACBUSI[0...7]

BDBUS[0...7]

BCBUS[0...3]

Figure 1 - Simplified Block Diagram

© Future Technology Devices Intl Ltd. 2008-2007
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2.2 Functional Block Descriptions

USB Host / Slave Transceivers 1 and 2 - The two USB transceiver cells provide the USB host / slave physical USB
1.1/ USB 2.0 full-speed device interface. On each the output drivers provide 3.3V level slew rate control signalling,
whilst a differential receiver and two single ended receivers provide USB data in, SEO and USB Reset condition
detection. These cells also incorporate internal USB pull-up or pull down resistors as required for host or siave mode.

USB Host / Slave Serial Interface Engine ( SIE ) - These blocks handle the parallel to serial and serial to paraliel
conversion of the USB Physical layer including bit suffing / unstuffing, CRC generation / checking, USB frame

generation and error checking.

12 MHz Oscillator - The 12MHz Oscillator cell generates a 12MHz reference clock input to the Clock Multiplier PLL
from an exteral 12MHz crystal.

Clock Multiplier PLL - The Clock Multiplier PLL takes the 12MHz input from the Oscillator Cell and generates 24dMHz
and 48MHz reference clock signals, which is used by the USB SIE Blocks, the MCU core, System Timer and UART

Prescaler blocks.

Program and Test Logic - this block provides a means of programming the onboard E-Flash memory. When PROG#
is pulled low and the device is reset, the onboard E-Flash memory is bypassed by an internal hard coded BootStrap
Loader ROM which contains code to allow the E-Flash memory to be programmed via commands to the UART
interface. FTDI provides a software utility which allows the VNC1L to be programmed using this method. The TEST
pin is used in manufacturing to enhance the testability of the various internal blocks and should be tied to GND.

DMA Controller 1 and 2 - The twin DMA controllers in the VNC1L greatly enhance performance by allowing data
from the two USB SIE controllers, UART, FIFQ and SP! to be transferred between each other via the data SRAM with

minimal MCU intervention.

Data SRAM - This 4k x 8bit block acts as the data ( variable ) memory for the Vinculum MCU, though it can also be
accessed transparently to the MCU by the twin DMA controliers.,

NPU ( Numeric CoProcessor ) - Most Vinclum MCU operations are 8-bit, however there are some scenarios such as
transversing disk FAT tables which involve extensive 32 bit arithmetic. In order to speed up these operations, the MCU
has a dedicated 32 bit co-processor block.

UART Prescaler - this block provides the master transmit / receive clock for the UART block. By varying the prescalar
value, the baud rate of the UART can be adjusted over a range of 300 baud to 1M baud.

SYSTEM TIMER - The system timer provides a regular interrupt to the Vinculum MCU, typically at 1mS intervals. This
is used by the MCU to provide timeouts and other timing functions.

VINCULUM MCU CORE - The "heart” of the VNC1L is the VMCU core based on FTDI’s proprietary 8-bit embedded
MCU ( EMCU ) architectiure. VMCU has a Harvard architecture i.e. separate code and data space and supports

64k byes of program code, 64k byes of ( paged } data space and 256 bytes of IO space. It uses “enthanced CISC”
technology - typically VNCU instructions would replace several lines of code in conventional CISC or RISC processors
giving RISC like performance in a CISC architecture with the advantage over both of excellent code compression in
the program ROM space.

E-FLASH Program ROM - The VNCL1L has 64k bytes of embedded Flash ( E-Flash ) memory. No special
programming voltages are necessary for programming the onboard E-FLASH as these are provided internally on-chip.
Common methods of programming the E-FLASH ( both under control of the VMCU ) are via the UART by pulling the
PROG# pin low and resetting the device OR by using the programming via a USB FLASH drive feature provided in
many of the VNC1L firmware packages.

BOOTSTRAP LOADER ROM - This is a small block of hard encoded ROM ( 512 x 8 bits ) whivh bypasses the main
e_FLASH memory when PROG# is pulled low. This provides a means of programming the entire E-Flash memory via
the UART interface.

UART and FIFO Logic - These provide optional serial and parallel interfaces to the VNC1L equivalent to the
interfaces on FTDI's FT232 and FT245 USB UART and FIFO products.

GPI0 Blocks - general purpose 10 pins. See the tables below to determine which are available for any specific
configuration.

Vincutum VNC1L Embedded USB Host Controller |.C, Datasheet Version 0.97 © Future Technology Devices intl Ltd. 2006-2007
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2. Deviee Pin Out and Signal Descriptiens

2.1 48 Lead LQFP Pin Out

wYe MmN O = o 2 o
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Figure 2 - 48 pin LQFP Package Pin Out
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Figure 3 - VNC1L Pin Out - Schematic
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2.2 48 Lead LQFP Package Signal Descriptions

Table 1 - Pin Out Description

Pin No. Name

USB interface Group

Type Description

25 USB1DP | WO USB host / slave port 1 - USB Data Signal Plus with integrated pull up / pull down resistor.

26 USB1DM | i/O USB host / slave port 1 - USB Data Signal Minus with integrated pul! up / pull down resistor.

28 usB2DP | HO USB host / slave port 2 - USB Data Signal Plus with integrated pull up / pull down resistor.

.29 USB2DM | 11O USB host / slave port 2 - USB Data Signal Minus with integrated pull up / pull down resistor.

Power and Ground Group

1,24,27,39 | GND PWR | Device ground supply pins i

2 VCC PWR | 3.3V supply to the device core. 1

3 AVCC PWR | +3.3V supply to the internal clock multiplier. This pin requires a 100 nF decoupling capacitor. I

6 AGND PWR | Device analog ground supply for intemal clock multiplier I

17, 30, 40 VCCIO PWR [ +3.3V supply to the ADBUS, ACBUS, BDBUS and BCBUS Interface pins (11...16, 18...23, 31...38, 41...48).

Miscellaneous Signal Group

4 XTIN input Input to 12MHz Oscillator Cell. Connect 12 MHz crystal across pins 4 and 5, with suitable loading capacitors
to GND. This pin can also be driven by an extemnal 12 MHz clock signal. Note that the switching threshold of
this pin is VCC/2, so if driving from an extemal source, the source must be driving at 5V CMOCS level, or a.c.
coupled to centre around VCC/2.

5 XTOUT Qutput | Output from 12MHz Oscillator Cell. Connect 12 MHz crystal across pins 4 and 5, with suitable loading
capacitors to GND. XTOUT stops oscillating during USB suspend, so take care using this signal to clock
external logic.

PLLFLTR | input | Extemmal PLL filter circuit input. RC filter circuit must be fitted on this pin.

8 TEST Input | Puts the device into I.C. test rnode. Must be tied to GND for normal cperation.

RESET# | Input | Can be used by an extemal device to reset the VNC1L. This pin can be used in combination with PROG#
and the UART interface to program firnware into the VNC1L. If not required pull up to VCC via a 10 kQ
resistor.*

10 PROG# Input | This pin is used in combination with the RESET# pin and the UART interface to program firmware into the
VNC1L.*

Data and Control Bus Signals

Interface Mode
UART inter- | Parallel FIFO | SPI Slave | /0 Port
face Interface Interface

1 BDBUSO | /O 5V safe bidirectional data / control bus, BD bit 0 PortBDO

12 BDBUS1 | 1/O 5V safe bidirectional data / control bus, BD bit 1 PortBD1

13 BDBUSZ | 1/0 5V safe bidirectional data / control bus, BD bit 2 PortBD2

14 BDBUS3 | 1/0 5V safe bidirectional data / control bus, BD bit 3 PortBD3

15 BDBUS4 | /O 5V safe bidirectional data / controf bus, BD bit 4 PortBD4

16 BDBUSS /O 5V safe bidirectional data / control bus, BD bit 5 PortBD5

18 BDBUSE | 1/O 5V safe bidirectional data / control bus, BD bit 6 PortBD6

19 BDBUS? | 1/O 5V safe bidirectional data / control bus, BD bit 7 PortBD7

20 BCBUSO | 1/O 5V safe bidirectional data / control bus, BC bit 0 PS2CIk1** | PS2Clkt** PS2Clk1™* | PortBCO

21 BCBUS1 |10 5V safe bidirectional data / control bus, BC bit 1 PS2Data1** | PS2Data1*™ | PS2Datat** | PortBC1

22 BCBUS2 | 1O 5V safe bidirectionat data / control bus, BC bit 2 PS2CIk2** | PS2CIk2* PS2CIk2™* | PortBC2

23 BCBUS3 | /O 5V safe bidirectional data / control bus, BC bit 3 PS2Data2** | PS2Data2™ | PS2Data2** | PortBC3

31 ADBUSO | 110 5V safe bidirectional data / control bus, AD bit 0 TXD Do SCLK PortADO

32 ADBUS1 | /O 5V safe bidirectional data / control bus, AD bit 1 RXD D1 SDI PortAD1

33 ADBUS2 IO 5V safe bidirectional data / control bus, AD bit 2 RTS# D2 SDO PortAD2

34 ADBUS3 | IO 5V safe bidirectional data / control bus, AD bit 3 CTS# D3 CS PortAD3

35 ADBUS4 | 1/O 5V safe bidirectional data / control bus, AD bit 4 DTR# D4 PortAD4

36 ADBUSS | WO 5V safe bidirectional data / contro! bus, AD bit 5 DSR# D5 PortAD5

37 ADBUSE | /O 5V safe bidirectional data / control bus, AD bit 6 DCD# D6 PortAD6

38 ADBUST7 | 1O 5V safe bidirectional data / control bus, AD bit 7 RI# D7 PortAD7 l

41 ACBUSO0 | IO 5V safe bidirectional data / control bus, AC bit 0 TXDEN# RXF# PortACO I

Vinculum VNC1L Embedded USB Host Controller |.C. Datasheet Version 0.97
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Table 1 continued - Pin Out Description

42 ACBUS1T (/O 5V safe bidirectional data / control bus, AC bit 1 TXE# PortAC1
43 ACBUS2 | /O 5V safe bhidirectional data / control bus, AC bit 2 RD# PortAC2
44 ACBUS3 | 1/O 5V safe bidirectional data / control bus, AC bit 3 WR PortAC3
45 ACBUS4 | VO 5V safe bidirectional data / control bus, AC bit 4 PortAC4
46 ACBUSS [ I/O 5V safe bidirectional data / control bus, AC bit 5 PortAC5
47 ACBUSE ] /O 5V safe bidirectional data / control bus, AC bit 6 PortACE
48 ACBUS? | IO 5V safe bidirectional data / control bus, AC bit 7. PortAC7

To use a 12 MHz crystal with the VNC1L fit a 47

k) pull-down resistor. Alternatively, fitting a 47 k)

pull-up resistor on this pin will switch off the inter-

nat clock rmuitiplier, aflowing the device to be fed

with an external 48Mz clock signal into XTIN.

* These pins are pulled to VCC via intemal 200k resistors.
** PS/2 Ports can be available while UART, FIFQ, or SPI interface is enabled.

2.3 UART Interface Signal Descriptions

Table 4 - Data and Control Bus Signal Mode Options - UART Interface

F 0 ame Vel De ptio

31 TXD Output Transmit asynchronous data output

32 RXD Input Receive asynchronous data input

a3 RTS# Output Request To Send Control Output / Handshake signal

34 CTS# Input Clear To Send Control input / Handshake signal

35 DTR# Cutput Data Terminal Ready Control Output / Handshake signal

36 DSR# Input Data Set Ready Control input / Handshake signal

37 DCD# Input Data Carmrier Detect Control input

38 RI# Input Ring Jndicator Control Input. When the Remote Wake up option is enabled in the EEPROM, taking RI#
iow can be used to resume the PC USB Host controller from suspend.

41 TXDEN Qutput Enable Transmit Data for RS485 designs

2.4 Parallel FIFO Interface Signal Descriptions and Timing Diagrams

Table 5 - Data and Control Bus Signal Mode Options - Parallel FIFO interface

Pin No. Name Type Description

31 Do e} FIFO Data Bus Bit 0

32 D1 f[e] FIFQ Data Bus Bit 1

33 D2 Ile; FIFQ Data Bus Bit 2

34 D3 1[e; FIFO Data Bus Bit 3

35 D4 o] FIFO Data Bus Bit 4

36 D5 o FIFO Data Bus Bit 5

a7 D6 o FIFO Data Bus Bit 6

38 D7 1O FIFO Data Bus Bit 7

41 RXF# OUTPUT | When high, do not read data from the FIFO. When low, there is data available in the FIFO which can
be read by strobing RD# low, then high again.

42 TXE# OUTPUT | When high, do not write data into the FIFO. When low, data can be written into the FIFQ by strobing
WR high, then low,

43 RD# INPUT Writes the data byte on the D0...D7 pins into the transmit FIFO buffer when WR goes from high to low.

44 WR INPUT Enables the current FIFC data byte on D0...D7 when low. Fetched the next FIFQ data byte (if avail-
able) from the receive FIFO buffer when RD# goes from high to low

Vinculum VNC1L Embedded USB Host Controller 1.C. Datasheet Version 0.97 ® Future Technology Devices Intl Ltd. 2006-2007




Figure 4 - FIFO Read Cycle

D[7...0] <

RXF#

Page 8
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RD#
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Table 6 - FIFO Read Cycle Timings

i o De o tio a
T RD Active Pulse Width 50 - ns
T2 RD to RD Pre-Charge Time 50 + T6 - ns
T3 RD Active to Valid Data* 20 50 ns
T4 Valid Data Hold Time from RD Inactive* | ¢ - ns
T5 RD Inactive to RXF# 0 25 ns
T6 RXF Inactive After RD Cycle 80 - ns
* Load = 30pF
Figure 5 - FIFO Write Cycle
< _T12
—> T1fe— ’ 7
j -
TXE#
< T7 ple T8 >
WR J/
i< 19 »ie— T10 —-’
D[7...0] { Valid Data N
\ /

Table 7 - FIFO Write Cycle Timings

Wl Time  Description Min Max Unit
T7 WR Active Pulse Width 50 - ns

T8 WR to RD Pre-Charge Time 50 - ns
19 Data Setup Time before WR Inactive 20 - ns
T10 Data Hold Time from WR Inactive - ns
T11 WR Inactive to TXE# 25 ns
T12 TXE Inactive Afiter WR Cycle 80 - ns

Vinculum VNC1L Embedded USB Host Controlier 1.C.
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2.5 SPl Interface Signal Descriptions and Timing Diagrams

Table 8 - Data and Control Bus Signal Mode Options - SPI interface

Pin No. Name Type  Description

3 SCLK Input SPI Ciock input, 12MHz maximum.
32 SDI Input SP| Serial Data Input

33 sSDO Output SPI Serial Data Qutput

34 Cs Input SPI Chip Select Input

Figure 6 - SP! Siave Data Read Cycle

SPICLK I_L_lJ
SPI CS _/
/

RWIADD; D7 D6 | D5 | D4 | D3} D2 | D1 D0

Uyyuuuiyyuyy U
\

SPI Data In

/
SPi Data Out CXX X XX}

From Start - SPI CS must be held high for the entire read cycle, and must be taken low for at least one clock period
after the read is completed. The first bit on SPi Data In is the R/W bit - inputting a ‘1’ here allows data to be read from
the chip. The next bit is the address bit, ADD, which is used to indicate whether the data register (‘0’) or the status

- register (‘1) is read from. During the SPI read cycle a byte of data will start being output on SPi Data Out on the next
clock cycle after the address bit, MSB first. After the data has been clocked out of the chip, the status of SPI Data
Out should be checked to see if the data read is new data. A ‘0’ level here on SP| Data Out means that the data read
is new data. A ‘1" indicates that the data read is old data, and the read cycle should be repeated to get new data.
Remember that CS must be held low for at least one clock period before being taken high again to continue with the
next read or write cycle.

START

STATUS

Figure 7 - SPI Slave Data Write Cycle

R/WIADD| D7 [ D6 |D5 | D4 D3 | D2 | D1 DO

e T HUU U YYU UL

UL
/

s |/ \
o1/ INL_LADXDXDXXIXIXDX
SPI Data Out e ..->

START

STATUS Y * I'—I

From Start - SPI CS must be held high for the entire write cycle, and must be taken low for at least one clock period
after the write is completed. The first bit on SPI Data In is the R/W bit - inputting a ‘0’ here allows data to be written
to the chip. The next bit is the address bit, ADD, which is used to indicate whether the data register (‘0’) or the status

Vinculum VNC1L Embedded USB Host Controller 1.C. Datasheet Version 0.97 © Future Technology Devices Intl Ltd. 2006-2007



Page 10

register (‘1') is written to. During the SPI write cycle a byte of data can be input to SPI Data In on the next clock cycle
after the address bit, MSB first. After the data has been clocked in to the chip, the status of SPI Data Out shouid be
checked to see if the data read was accepted. A ‘0’ level on SPI Data Out means that the data write was accepted. A
‘1" indicates that the internal buffer is full, and the write should be repeated. Remember that CS must be held low for at
least one clock period before being taken high again to continue with the next read or write cycle.

Figure 8 - SP! Slave Data Timing Diagrams

¢

3

T3

T1
SPICLK T2
SPICS /
SPI DATA IN T6 |
T4 T5
SPI DATA OUT
E T7
Table 9 - SPI Slave Data Timing
Time  Description Min Typical Max Unit
T SPICLK Period 83 - - ns
T2 SPICLK High 20 - - ns
T3 SPICLK Low 20 - - ns
T4 Input Setup Time 10 - - ns
T5 input Hold Time 10 - - ns
T6 Output Hold Time 2 - - ns
T7 Output Valid Time - - 20 ns

Table 10 - Status Register (ADD = '1)

Bit Description
0 RXF#

1 TXE#

2 -

3 .

4 RXF IRQEN

5 TXE IRQEN

& -

7 -

Vinculum VNC1L Embedded USB Host Controlier .C. Datasheet Version 0.97
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2.6 PS/2 Keyboard and Mouse Interface

Page 11

Table 11 - Data and Control Bus Signal Mode Options - PS/2 Keyboard and Mouse Interface

| Pin No. Name Type  Description
20 PS2CIk1 o PS/2 Keyboard or Mouse interface 1 clock signal
21 PS2Datal []e] PS/2 Keyboard or Mouse interface 1 data signal
22 PS2CIk2 o P5/2 Keyboard or Mouse interface 2 clock signal
23 PS2Data2 10 PS/2 Keyboard or Mouse interface 2 data signal

Vinculum VNC1L Embedded USB Host Controller 1.C. Datasheet Version 0.97
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8. Deviee Configuraticns

5.1 Example VNC1L Schematic ( MCU - UART interface )
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AVAILABLE

General Description

The MAX3421E USB peripheral/hast controller contains
the digital logic and analog circuitry necessary to
implement a full-speed USB peripheral or a fuil-/low-
speed host compliant to USB specification rev 2.0. A
buiit-in transceiver features +15kV ESD protection and
programmable USB connect and disconnect. An inter-
nal serial interface engine (SIE) handles low-level USB
protocol details such as error checking and bus retries.
The MAX3421E operates using a register set accessed
by an SPI™ interface that operates up to 26MHz. Any
SPI master {microprocessor, ASIC, DSP, etc.) can add
USB peripheral or host functionality using the simple 3-
or 4-wire SPJ interface.

The MAX3421E makes the vast collection of USB
peripherals available to any microprocessor, ASIC, or
DSP when it operates as a USB host. For point-to-point
solutions, for exampie, a USB keyboard or mouse inter-
faced to an embedded syster, the firmware that oper-
ates the MAX3421E can be simple since only a
targeted device is supported.

Internal level transiators allow the SPI interface to run at
a system voltage between 1.4V and 3.6V. USB-timed
operations are done inside the MAX3421E with inter-
rupts provided at completion so an SPI master does not
need timers to meet USB timing requirements. The
MAX3421E includes eight general-purpose inputs and
outputs so any microprocessor that uses /O pins to
implement the SP! interface c¢an reclaim the /O pins
and gain additional ones.

The MAX3421E operates over the extended -4G°C to
+85°C temperature range and is available in a 32-pin
TQFP package (5mm x 5mm) and a 32-pin TQFN pack-
age (5mm x 5mmj.

MAXI/V

USB Peripheral/Host Controller

with SPI Interface

Features

¢ Microprocessor-independent USB Solution

¢ Software Compatible with the MAX3420E USB
Peripheral Controller with SPI Interface

¢+ Complies with USB Specification Revision 2.0
(Full-Speed 12Mbps Peripheral, Full-/Low-Speed
12Mbps/1.5Mbps Host)

¢ Integrated USB Transceiver

¢ Firmware/Hardware Control of an Internal D+
Pullup Resistor (Peripheral Mode) and D+/D-
Pulldown Resistors (Host Mode)

¢ Programmable 3- or 4-Wire, 26MHz SPI interface

¢ Level Translators and V| Input Allow Independent
System Interface Voltage

¢ Internal Comparator Detects Vgus for Self-
Powered Peripheral Applications

¢ ESD Protection on D+, D-, and VBCOMP

4 Interrupt Output Pin {Level- or Programmable-
Edge) Allows Polled or interrupt-Driven SPI
Interface

¢ Eight General-Purpose Inputs and Eight General-
Purpose Outputs

¢ Interrupt Signal for General-Purpose Input Pins,
Programmable Edge Polarity

+ Intelligent USB SIE

¢ Automatically Handles USB Flow Caontrol and
Double Buffering

¢ Handles Low-Level USB Signaling Detaiis

4+ Contains Timers for USB Time-Sensitive
Operations so SPI Master Does Not Need to Time
Events

Applications  + space-Saving Lead-Free TQFP and TQFN
Embedded Systems Desktop Routers Packages (Smm x 5mm)
Medical Devices PLCs . .
Microprocessors and Set-Top Boxes Ordering Information
DSPs PDAs PIN-
Cameras Instrumentation MAX3421EEHJ+ -40°Cto +85°C 32 TQFP H32-1
MAX3421EETJ+ -40°Cto +85°C 32 TQFN-EP* 13255-4
*EP = Exposed paddle, connected to ground.
+Denotes lead-free package.
SPl is a trademark of Motorola, Inc.
MAXIMN Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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USB Peripheral/Host Controller

with SPI Interface

Features in Host Operation

4+ Eleven Registers (R21-R31) are Added to the
MAX3420E Register Set to Control Host Operation

4+ Host Controlier Operates at Full Speed or Low
Speed
¢+ FIFOS
SNDFIFQ: Send FIFO, Double-Buffered 64-Byte
RCVFIFO: Receive FIFO, Double-Buffered 64-Byte

¢+ Handles DATAO/DATA1 Toggle Generation and
Checking

¢ Performs Error Checking for All Transfers

4+ Automatically Generates SOF (Full-Speed)/EOP
{Low-Speed) at 1ms Intervals

¢ Automatically Synchronizes Host Transfers with
Beginning of Frame (SOF/EOP)

¢+ Reports Results of Host Requests
4 Supports USB Hubs
4 Supports ISOCHRONOUS Transfers

4+ Simple Programming
SIE Automatically Generates Periodic SOF
{Full-Speed) or EOP (Low-Speed) Frame
Markers
SPI Master Loads Data, Sets Function Address,
Endpoint, and Transfer Type, and Initiates the
Transfer
MAX3421E Responds with an Interrupt and
Result Code Indicating Peripheral Response
Transfer Request Can be Loaded Any Time
SIE Synchronizes with Frame Markers
For Multipacket Transfers, the SIE
Automatically Maintains and Checks the
Data Toggles

__Features in Peripheral Operation

¢+ Built-in Endpoint FIFOS
EPO: CONTROL (64 bytes)
EP1: OUT, Bulk or Interrupt, 2 x 64 Bytes
{Double-Butfered)
EP2: IN, Bulk or Interrupt, 2 x 64 Byles (Double-
Buftered)
EP3: IN, Bulk or Interrupt (64 Bytes)

4 Double-Butfered Data Endpoints Increase

Throughput by Allowing the SPI Master to
Transfer Data Concurrent with USB Transfers

4 SETUP Data Has its Own 8-Byte FIFO, Simplifying
Firmware

Typical Application Circuits

33v

REGULATOR
-«
[ M |3
uP
>  MAXI2IE (L

Figure 1. The MAX3421E Connects to Any Microprocessor
Using 3 or 4 Interface Pins

The MAX3421E connects to any microprocessor (uP)
using 3 or 4 interface pins (Figure 1). On a simple
microprocessor without SPi hardware, these can be
bit-banged general-purpose IO pins. Eight GPIN and
eight GPOUT pins on the MAX3421E more than
replace the pP pins necessary to implement the inter-
face. Although the MAX3421E SPI hardware includes
separate data-in (MOSI, master-out, slave-in) and data-
out (MISO, master-in, slave-out) pins, the SPI interface
can also be configured for the MOSI pin to carry bidi-
rectional data, saving an interface pin. This is referred
to as half-duplex mode.
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USB Peripheral/Host Controller
with SPI Interface

Functional Diagram
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USB Peripheral/Host Controller
with SPI Interface

Pin Description

INPUT/
A
PIN NAME OUTPUT FUNCTION
1 GPIN? Inout General-Purpose Input. GPIN7-GPINQ are connected to V| with internal pullup resistors.
P GPIN7-GPINOD logic levels are referenced to the voltage on V.
P Vi Inout Level-Translator Voltage Input. Connect V( 1o the system’s 1.4V to 3.6V logic-level power
L P supply. Bypass V| to ground with a 0.1uF capacitor as close to VL as possible.
3,19 GND Input Ground
4 GPCUTO
5 GPOUT1
6 GPOUT2
7 GPOUT3 Outout | Genera-Purpose Push-Puli Outputs. GPOUT7-GPOUTO logic levels are referenced to the
8 GPOUT4 PUl | voltage on V.
9 GPOUTS
10 GPOUTSE
11 GPOUT7
Device Reset. Drive RES low to clear all of the internal registers except for PINCTL (R17),
12 RES Input | USBCTL (R15), and SP! iogic. The logic level is referenced to the voltage on V.. (See the
Device Reset section for a description of resets available on the MAX3421E.)
SPI Serial-Clock Input. An external SPI master supplies SCLK with frequencies up to 26MHz.
13 SCLK Input The logic level is referenced to the voltage on V. Data is clocked into the SP1 slave interface
P on the rising edge of SCLK. Data is clocked out of the SPI slave interface on the falling edge of
SCLK.
SPI Slave Select Input. The 535 logic level is referenced to the voltage on V.. When 55 is driven
14 5T Input high, the SPI slave interface is not selected, the MISO pin is high impedance, and SCLK
transitions are ignored. An SP} transfer begins with a high-to-low 5SS transition and ends with a
low-to-high S35 transition.
15 MISO Output SPI Serial-Data Output (Master-In Slave-Out). MISO is a push-puli cutput. MISO is tri-stated in
half-duplex mode or when S5 = 1. The MISO logic leve! is referenced to the voltage on VL.
Input or | SPI Serial-Data Input (Master-Out Slave-In). The logic level on MOSI is referenced to the
16 MOSI input/ | voltage on V. MOSI can also be configured as a bidirectional MOSIMISO input and output.
Output | (See Figure 15.)
General-Purpose Multiplexed Push-Pull Output. The internal MAX3421E signal that appears on
17 GPX Output GPX is programmable by writing to the GPXB and GPXA bits of the PINCTL (R17) register and
the SEPIRQ bit of the MODE {R27) register. GPX indicates one of five signals (see the GPX
section).
Interrupt Output. In edge mode, the logic level on INT is referenced to the voltage on Vi and is
18 INT Output | a push-pull output with programmable polarity. In level mode, INT is open-drain and active low.
Set the IE bit in the CPUCTL (R16) register to enable INT,
20 D- Input/ | USB D- Signal. Connect D- to a USB connector through a 3302 +1% series resistor. A
Output | switchable 15k D- puildown resistor is internai to the device.

M AXEMN
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USB Peripheral/Host Controller
with SPI Interface

Pin Description (continued])

INPUT/
PIN NAME OUTPUT FUNCTION
21 D+ Inputy | USB D+ Signal. Connect D+ 10 a USB connector through a 33Q +1% series resistor. A
Output | switchable 1.5k} D+ pullup resistor and 15kQ D+ pulldown resistor is internal to the device.
Veus Comparator input. VBCOMP is internally connected to a voltage comparator tc allow the
22 VBCOMP inout SPI master to detect (through an interrupt or checking a register bit) the presence or loss of
P power on Ypys. Bypass VBCOMP to ground with a 1.0uF ceramic capacitor. VBCOMP is pulled
down to ground with RN (see Eiectrical Characteristics).
USB Transceiver and Logic Core Power-Supply input. Connect Ve to a positive 3.3V power
23 Vee Input | supply. Bypass V¢ to ground with a 1.0uF ceramic capacitor as close to the Vo pin as
possible.
24 Xi Input Crystal Oscillator input. Connect Xl to gne side of a parallel resonant 12MHz +0.25% crystal
P and a load capaciter to GND. XI can also be driven by an external clock referenced to V.
Crystal Oscillator Output. Connect XO to the other side of a parallel resonant 12MHz +0.25%
25 X0 Qutput | crystal and a load capacitor to GND. Leave XO unconnected if Xl is driven with an external
source.,
26 GPINQ
27 GPIN1
28 GPIN2
29 GPIN3 Input Generai-Purpose Inputs. GPIN7-GPINQ are connected to Vi with internal puliup resistors.
P GPIN7-GPINQ logic levels are referenced to the voltage on V.
30 GPINg
31 GPINS
32 GPING
Exposed Paddle, Connected to Ground. Connect EP to GND or leave unconnected. EP is
EP GND Input [ located on the bottom of the TQFN package. The TQFP package does not have an exposed
paddie.
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USB Peripherail/Host Controller

Register Description
The SPI master controls the MAX3421E by reading and
writing 26 registers in peripheral mode (see Table 1) or
reading and writing 23 registers in host mode (see Table
2). Setting the HOST hit in the MODE (R27) register con-
figures the MAX3421E far host operation. When operating
as a USB peripheral, the MAX3421E is register-compati-
ble with the MAX3420E with the additional features listed
in Note 1b below Table 1. For a complete description of
register contents, refer to the MAX3421E Programming
Guide on the Maxim website.

A register access consists of the SPl master first writing
an SPI command byte followed by reading or writing the
contents of the addressed register. All SP! transfers are
MSB first. The command byte contains the register
address, a direction bit (read = 0, write = 1), and the
ACKSTAT bit (Figure 5). The SPl master addresses the
MAX3421E registers by writing the binary value of the
register number in the Reg4 through RegO bits of the
command byte. For example, to access the IOPINS1
(R20) register, the Reg4 through Reg0 bits would be as
follows: Reg4 = 1, Reg3 = 0, Reg2 = 1, Reg1 = 0, Reg0
= 0. The DIR (direction} bit determines the direction for
the data transfer. DIR = 1 means the data byte(s) are
written to the register, and DIR = 0 means the data
byte(s}) are read from the register. The ACKSTAT bit sets
the ACKSTAT bit in the EPSTALLS {R9) register (periph-
eral mode only). The SPI master sets this bit to indicate
that it has finished servicing a CONTROL transfer. Since
the bit is frequently used, having it in the SP] command
byte improves firmware efficiency. The ACKSTAT bit is
ignored in host mode. In SPI full-dupfiex mode, the
MAX3421E clocks out eight USB status bits as the com-

with SPI Interface

mand byte is clocked in (Figures 6, 7). In half-duplex
mode, these status bits are accessed as register bits.

The first five registers (R0-R4) address FIFOs in both
peripheral and host modes. Repeated accesses to these
registers freeze the internai register address so that mul-
tiple bytes may be written to or_read from a FIFO in the
same SP! access cycle (while SS is low). Accesses to
registers R5-R19 increment the internal register address
for every byte transferred during the SPI access cycle.
Accessing R20 freezes access at that register, access-
ing R21-R31 increments the internai address, and
repeated accesses to R31 freeze at R31.

The register maps in Table 1 and Table 2 show which
register bits apply in peripheral and host modes.
Register bits that do not apply to a particular mede are
shown as zeros. These register bits read as zero values
and should not be written to with a logic 1.

Register Map in Peripheral Mode
The MAX3421E maintains register compatibility with the
MAX3420E when operating in USB peripheral mode
{(MAX3421E HOST bit is set to 0 (default)). Firmware
written for the MAX3420E runs without modification on
the MAX3421E. To support new MAX3421E features,
the register set includes new bits, described in Note 1b
at the bottom of Table 1.

Register Map in Host Mode
As Table 2 shows, in host mode (HOST = 1), some
MAX3420E registers are renamed (for exampie R1
becomes RCVFIFQ), some are not used (shown with
zeros), and some still apply to host mode. In addition, 11
registers {R21-R31) add the USB host ¢capability.

b7 bé bs b4

b3 b2 b1 b0

Reg4 Reg3 Reg2 Reg1

Reg0 0 DIR ACKSTAT*

*The ACKSTAT bit is ignored in host mode.
Figure 5. SPI Command Byte

STATUS BITS (PERIPHERAL MODE)

b7 b6 b5 b4

b3 b2 b1 b0

SUSPIRQ URESIRQ SUDAVIRQ IN3BAVIRQ

IN2BAVIRQ | OUT1DAVIRQ | OUTODAVIRQ | INOBAVIRQ

Figure €. USB Status Bits Clocked Qut as First Byte of Every Transfer in Peripheral Mode (Full-Duplex Mode Only)

STATUS BITS (HOST MODE)

b7 b6 b5 b4

b3 b2 b1 b0

HXFRDNIRQ FRAMEIRQ CONNIRQ SUSDNIRQ

SNDBAVIRQ

RCVDAVIRQ | RSMREQIRQ | BUSEVENTIRQ

Figure 7. USB Status Bits Clocked Out as First Byte of Every Transfer in Host Mode (Full-Duplex Mode Only)
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USB Peripheral/Host Controller
with SPI Interface

Table 1. MAX3421E Register Map in Peripheral Mode (HOST = 0) (Notes 1a, 1b)

REG NAME . b7 b6 b5 b4 b3 b2 b1 b0 acc
RO | EPOFIFO b7 b6 bS b4 b3 b2 b1 [¢0] RSC
R1 | EP1OUTFIFO b7 b6 b5 b4 b3 b2 b1 b0 RSC
R2 | EP2INFIFO b7 bé b5 b4 b3 b2 b1 bo RSC
R3 | EP3INFIFO b7 b6 b5 b4 b3 b2 b1 b0 RSC
R4 | SUDFIFO b7 b6 b5 b4 b3 b2 b1 bo RSC
R5 | EPOBC 0 b6 b5 b4 b3 b2 b1 bo RSC
R6 | EF1IOUTBC 0 b6 b5 b4 b3 b2 b1 b0 RSC
R7 | EP2INBC 0 b6 b5 b4 b3 b2 b1 bo RSC
R8 | EP3INBC 0 b6 b5 b4 b3 b2 b1 b0 RSC
RO | EPSTALLS 0 ACKSTAT | STLSTAT | STLEP3IN | STLEP2IN | STLEP1OUT | STLEPOCUT | STLEPOIN | RSC
R10 | CLRTOGS EP3DISAB | EP2DISAB | EP1DISAB | CTGEP3IN | CTGEP2IN | CTGEP10UT 0 0 RSC
R11 | EPIRQ 0 0 SUDAVIRQ | IN3BAVIRQ [ IN2BAVIRQ| OUT1DAVIRQ | OUTODAVIRQ| INOBAVIRQ| RC
R12 | EPIEN 0 0 SUDAVIE | IN3BAVIE | IN2BAVIE | OUT1DAVIE | OUTODAVIE | INOBAVIE | RSC
R13 | USBIRQ URESDNIRQ| VBUSIRQ |NOVBUSIRQ| SUSPIRQ | URESIRQ | BUSACTIRQ | RWUDNIRQ {OSCOKIRQ| RC
R14 | USBIEN URESDNIE| VBUSIE NOVBUSIE | SUSPIE URESIE BUSACTIE RWUDNIE | OSCOKIE | RSC
R15 | USBCTL HOSCSTEN| VBGATE CHIPRES [PWRDOWN/| CONNECT| SIGRWU 0 0 RSC
R16 | CPUCTL PULSEWID1| PULSEWIDO 0 0 0 0 0] IE RSC
R17 | PINCTL EP3INAK | EP2INAK EPOINAK | FDUPSPI | INTLEVEL POSINT GPXB GPXA [RSC
R18 | REVISION 0 0 0 1 0 0 1 0] R
R19 | FNADDR 0 b6 b5 b4 b3 b2 b1 b0 R
R20 | IOPINS1 GPIN3 GPIN2 GPIN1 GPINO GPOUT3 GPOUT2 GPOUT1 GPOUTO |RSC
F21 | IOPINS2 GPIN7 GPING GPINS GPIN4 GPOUT? GPOUTS GPOUTS GPOUT4 | REC
R22 | GPINIRQ GPINIRQ7 | GPINIRQE | GPINIRQS | GPINIRQ4 | GPINIRQ3 | GPINIRQ2 GPINIRQ1 | GPINIRQO | RSC
R23 | GPINIEN GPINIEN7 | GPINIENG | GPINIENS | GPINIEN4 | GPINIEN3 | GPINIEN2 GPINIEN1 | GPINIENO | RSC
R24 | GPINPOL GPINPOL7 | GPINPOLG | GPINPOLS | GPINPCL4 | GPINPOL3| GPINPOL2 GPINPOL1 | GPINPOLO | RSC
R25 | — 0 0 0 0 0 0 0 0 —
R26 | — 0 0 0 0 0 0 0 o] —
R27 | MODE 0 0] 0 SEPIRQ 0] 0 0 HOST =0 | RSC
R28 | — 0 0 0 0 0] 0] o] 0 —
R2G | — 0 0 0 0 0 0] 0 0 —
R30 | — 0 0 0 0 0] 0 0 0 —
R31 | — 0 0 0 0 0] 0 0 0 —
Note 1a: The acc (access) column indicétes how the SPI master can access the register.
R = read, RC = read or clear, RSC = read, set, or clear.
Writing to an R register (read only) has no effect.
Writing a 1 to an RC bit (read or clear) clears the bit.
Writing & zero to an RC bit has no effect.
8 MAXIMN




USB Peripheral/Host Controller
with SPI Interface

Table 1. MAX3421E Register Map in Peripheral Mode (HOST = 0) (Notes 1a, 1b} (Continued)
Note 1b: In peripheral mode, the MAX3421E performs identically to the MAX3420E with the following enhancements:
1) R16 adds the PULSEWIDO and PULSEWID1 bits to control the INT pulse width in edge interrupt mode
{see Figure 12.) These bits default to the MAX3420E setting of 10.6us.
2) R21 adds four more GPIQO bits.

3) R22 and R23 add general-purpose input pins to the interrupt system. R24 controls the edge polarity.
4) R27 controls the peripherai/host mode and the SEPIRQ bit.
5) When [GPXB:GPXA] = [1:0] and the bit SEPIRQ = 1 (R27 bit 4), the GPX output replaces the BUSACT

signal with a second IRQ pin dedicated to the GPIN pin interrupts.

Table 2. MAX3421E Register Map in Host Mode (HOST = 1) (Note 2)

REG| NAME b7 b6 bS b4 b3 b2 b1 acc
RO |— 0 0 0 0 0 0 0 0 —
A1 | RCVFIFO b7 b6 bs bé b3 b2 b1 bo RSC
Rz | SNDFIFO b7 b6 bS b4 b3 b2 b1 ) RSC
R3 |— 0 0 0 0 0 0 0 o —
R4 | SUDFIFO b7 b6 bS b4 b3 b2 b1 b0 RSC
RS |— 0 0 0 0 0 0 0 0 —
Re | RCVBC 0 BC6 BCS BC4 8C3 BC2 BC1 BCO RSC
R7 | SNDBC 0 BC6 BCS BC4 BC3 BC2 BCH BCO RSC
r8 | — 0 0 0 0 0 0 0 0 —
RO |— 0 0 0 0 0 0 0 0 —
R10 |— 0 0 0 0 0 0 0 0 —
R11 | — 0 0 0 0 0 0 0 0 —
R12 |— 0 0 0 0 0 0 0 0 —
R13 | USBIRQ 0 VBUSIRQ |NOVBUSIRQ| 0 0 0 0 OSCOKIRQ | RC
R14 | USBIEN 0 VBUSIE | NOVBUSIE 0 0 0 0 OSCOKE | RSC
R15 | USBCTL 0 0 CHIPRES | PWRDOWN 0 0 0 0 RSC
R16 [ CPUCTL | PULSEWID1 | PULSEWIDO 0 0 0 0 0 E RSC
R17 | PINCTL EP3INAK | EP2INAK | EPOINAK | FDUPSPI | INTLEVEL POSINT GPXB GPXA RSC
R18 | REVISION 0 0 0 1 o 0 ] P =
19 | — 0 0 0 0 0 0 0 0 —
R20 | IOPINS1 GPIN3 GPINZ GPIN1 GPINO | GPOUT3 | GPOUT2 GPOUT1 GPOUTO | RSC
Re1 | IOPINS2 GPIN? GPING GPINS GPIN4 | GPOUT? | GPOUTE GPOUTS GPOUT4 | RSC
Re2 |GPINIRQ | GPINIRQ7 | GPINIRQ6 | GPINIRQS | GPINIRQ4 | GPINIRQ3 | GPINIRQ2 | GPINIRQ1 | GPINIRQO | RC
R23 |GPINIEN | GPINIEN7 | GPINIEN6 | GPINIENS | GPINIEN4 | GPINEN3 | GPINIEN2 | GPINIEN1 GPINIENO | RSC
Re4 { GPINPOL | GPINPOL7 | GPINPOL6 | GPINPOLS | GPINPOL4 | GPINPOL3 | GPINPOL2 | GPINPOL1 | GPINPOLO | RSC
F25 | HIRQ HXFRDNIRQ | FRAMEIRQ | CONNIRQ | SUSDNIRQ | SNDBAVIRQ | RCVDAVIRQ | RSMREQIRQ | BUSEVENTIRQ | RC
A26 | HIEN HXFRDNIE | FRAMEIE | CONNIE | SUSDNIE | SNDBAVIE | RCVDAVIE | RSMREQIE | BUSEVENTIE | RSC
Rz7 | MODE DPPULLDN | DMPULLDN | DELAYISO | SEPIRQ | SOFKAENAB | HUBPRE SPEED HOST=1 | RSC
Ros | PERADDR 0 b6 b5 b4 b3 b2 b1 b0 RSC
Reg | HCTL SNDTOG1 | SNDTOGO | RCVTOG1 | RCVTOGO | SIGRSM | BUSSAMPLE | FRMRST BUSRST (s
R30 | HXFR HS SO OUTNIN | SETUP EP3 EP2 EP1 EPO LS
R31 | HRSL JSTATUS | KSTATUS |SNDTOGRD|RCVTOGRD| HRSLT3 HRSLT2 HRSLT1 HRSLTO A
MAXI/V 9
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USB Peripheral/Host Controller
with SPI Interface

Table 2. MAX3421E Register Map in Host Mode (HOST = 1) (Note 2) (Continued)

Note 2: The acc (access) column indicates how the SP| master can access the register.
R = read; RC = read or clear; RSC = read, set, or clear; LS = load-sensitive.
Writing to an R register {read only) has no effect.
Writing a 1 1o an RC bit (read or clear) clears the bit.
Writing a zero to an RC bit has no effect.

Writing to an LS register initiates a host operation based on the contents of the register. . . .
Pin Configurations

o
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X0 25] 16 | most xo ]2t 16} Mos)
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Figure 21. MAX3421E in a Host Application

eight GPOUT pins turns the Vays switch on and off.
Seven MAX3421E GPIN and GPOUT pins are available
to the system.

Short-Circuit Protection

The MAX3421E withstands Vgug shorts to D+ and D-
on the USB connector side of the 33Q series resistors.

ESD Protection

D+, D-, and VBCOMP possess extra protection against
static electricity to protect the devices up to +15kV. The
ESD structures withstand high ESD in all operating
modes: narmal operation, suspend mode, and pow-
ered down. VBCOMP and V¢ require 1yF ceramic
capacitors connected to ground as close tc the pins as
possible. D+, D-, and VBCOMP provide protection to
the following limits:

* +15kV using the Human Body Model

* +8kV using the Contact Discharge method specified
in IEC 61000-4-2

* +12kV using the IEC 61000-4-2 Air Gap Method

26

ESD Test Conditions
ESD performance depends on a variety of conditions.
Contact Maxim for a reliability report that documents
test setup, test methodology, and test results.

Human Body Model
Figure 22 shows the Human Body Model, and Figure 23
shows the current waveform generated when dis-
charged into a low impedance. This model consists of
a 100pF capacitor charged to the ESD voltage of inter-
est, which then discharges into the test device through
a 1.5kQ resistor.

IEC 61000-4-2
The IEC 61000-4-2 standard covers ESD testing and
performance of finished equipment. 1t does not specifi-
cally refer to integrated circuits. The major difference
between tests done using the Human Body Model and
|[EC 61000-4-2 is a higher peak current in IEC 61000-4-
2, due to lower series resistance. Hence, the ESD with-
stand voltage measured to IEC 61000-4-2 generally is
lower than that measured using the Human Body
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