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*  “Memory Stick Information for Developers,” ver. 1.3, 2000, Sony Corp.
e “TheMultiMediaCard system specification,” ver. 3.0, /2001, MMCA Technical Committee.
» “SD Memory Card Specifications,” ver. 1.0, March 2000, SD Group.

* “Smart Media Electrical Specifications,” ver. 1.0, May 19, 1999, SSFDC Forum Technical
Committee.

* “Universal Serial Bus Specification,” rev. 2.0, 27 April 2000, Compaqg, Hewlett-Packard, Intel,
Lucent, Microsoft, NEC, Philips.

Part Number

Figure 0-1 provides an ordering number example.

MC9S12 UE32 FU Package Options

PB = 64LQFP
\—> Package Option PU = 100?:@P
Device Title

»  Controller Family

Figure 0-1 Order Part Number Coding

Table 0-2 lists the part number coding based on the package.
Table 0-2 Part Number Coding

Part Number Package Description
MC9S12UF32PB 64LQFP MC9S12UF32
MC9S12UF32PU 100LQFP MC9S12UF32

18 Freescale Semiconductor
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Section 1 Introduction

1.1 Overview

The MC9S12UF32 microcontroller unit (MCU) is USB2.0 device for memory card reader and
ATA/ATAPI interface applications. This device is composed of standard on-chip modulesincluding a
16-bit central processing unit (HCS12 CPU), 32k bytes of Flash EEPROM, 3.5k bytes of RAM, USB2.0
interface, Integrated Queue Controller (IQUE) block with 1.5k bytes RAM buffer for USB Bulk data
transport, ATAS interface, Compact Flash interface, SD/MMC interface, SmartMediainterface,
Memorystick interface, a 16-bit 8-channel timer, Serial Communication Interface, 73 discrete digital 1/0
channels and 2 input only channelst. The MC9S12UF32 has full 16-bit internal data paths throughout.

1.2 Features

e HCS12 Core

16-bit HCS12 CPU
i. Upward compatible with M68HC11 instruction set

ii. Interrupt stacking and programmer’s model identical to M68HC11
iii. Instruction queue
iv. Enhanced indexed addressing

Multiplexed Externa Bus Interface (MEBI)

Memory Mapping Control (MMC)

Interrupt Control (INT)

Single-wire Background Debug Mode (BDM)

On-chip hardware Breakpoints (BKP)

» Clock and Reset Generator (CRG_U)

Clock Throttle to prescale the oscillator clock or 60Mhz clock from USB20D6E2F.
COP watchdog
Real Time Interrupt

*  Memory

NOTES:

32K Flash EEPROM

- Internal program/erase voltage generation
- Security and Block Protect bits

3.5K byte RAM

1. Not all functions are available simultaneously.

Freescale Semiconductor 19



System on a Chip Guide — 9S12UF32DGV1/D V01.05

1.4 Block Diagram

1/O Driver 3.3/5V i
32K Byte Flash EEPROM 1/O Driver 3.3/5V PHY Analog 3.3V
VDDX —> VDD3X —> VDDA -=-—
VSSX
3.5K Byte SMRAM 1 VSsX — VSSA T —]
VDDR—»
VSSR —» Voltage Regulator 5V & I/O
VREGEN —»]
VDD Voltage Regulator \\//222 > I <> PT0
— | PT1
VDDA < 1 S
= Q|o f=PT2
REF3V << (] < PT3
BKGD~e»]Single-wire Background Internal Logic 2.5v
Debug Module CPU12 VDD --— <> PPO
<> PP1
Clock and > pp2
EXTAL—> Reset o
: Q | PP3
Generation Periodic Int t 10C0O x|
et it ey cal | 78[5 e
_____ ALt l0c2 <> PP5
RESET <> Breakpoints 1003 <> PP
PEO—» > XIRQ | Timer 50, [ [~ PP7
PE1—» —{ IRQ 10CS <> PQO
PE2<>] w RIW | ?yStetm 10C6 <.>p81
PE3w» LU [ [«»] LSTRB n,v?gé‘al'gn loc7 <> PQ2
[a]
PE4<>{ o ECLK (SIM) g:)‘ O |- PO3
PE5 <> <> MODA O | | Poa
PE6-> l<>| MODB RX e <> PQ5
PE7 < »| SCI >
> <> NOACC TX <> PQ6
TEST—>[___ 5 <> PQ7
I
TIVIVINY YVVVYNYY OB o s| [S] |~ roo
X o I % il )
Multiplexed Address/Data Bus @ =f16 = I D
- %) Q = o > PJ2
Port Multiplexer =] © S
< 0 =
YIEEVVYY GvvvIvey ¢ F swy = <= Mo
a SALH o <> PM1
DDRA DDRB 16 ® I SCLH = S | pm2
o) o [
PTA PTB i = SMHC WA Q |a == Pm3
@ nig SCH>] <> PM4
EEEERERE R RERR Y . <n s
SRH
KERZFSFE REEPEREER Pl on
23998800 ~owsooogo |15Kbyte SDATI[0-7
rrorrity XrrCeel .
O0oo00000 ooooaaaa |Endpoint PUO
22898222 2298282828 oy - = e
P e L ulter 1 16 MSHC SDIOj> 5| Py
' . 1 aiad
Mutiplexed 33395322 ze23vygel i scLy Al s
WideBus Tk iiy Thkkkkkk =Y k=
, 00000000 O0000A40A4daAar VD <> PU4
el s LK <> PU5
Muliplexed X £ 2222 2" 16 e
! EEEEEEEE DAT <> PRO
' < << <! SDHC e
'NarowBusE £ S S XL Z &, Integrated [P DATL <> PRI
"""""""""" ! DAT2 l<> pR2
Queue DAT3 g [« prs
Module 8 o | PrRa4
IOUE 16 [ <> PR5
(QUE) | | ATASHC  |en <> PR6
RPU €——>] <> PR7
RREF <— oo | USB2.0 16 bso
DPF < >| Physical [ Seria Q-bus (60MH2) 16 <> ps1
DMF-——>{ Interface IEnter_face D < ps2
DPH <«———| (PHY) (S[‘IQE')”G CRHC D | |« pos
DMH--t———> - > > > 8 E ps4
> PS5
) i ) i ) i ) <> PS6
* This block diagram shows only one particular module to port routing. Detail module routing for different <> PS7
applications can be found in Signal Description Section. | — PWROFFSV

* Some pins are not available in 100-pin package.

» PWROFF3V

* |Pbus runs at 1/2 frequency of S12 core bus, which is controlled by REFDV register of CRG_U module.
*Qbus refers to the data transfer channel's between IQUE and USB/ATA5HC/CFHC/M SHC/SDHC/SMHC.

Figure 1-1 MC9S12UF32 Block Diagram

Freescale Semiconductor
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$00C8 - $00CF SCI (Asynchronous Serial Interface)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
s00cD  scisrz  Read| 0 0 0 0 0 BRK13 | TXDIR —nar

Write:
$00CE ~ SCIDRH  ead:| RS T8 0 0 0 0 0 0

Write:

Read: R7 R6 R5 R4 R3 R2 R1 RO
$00CF SCIDRL Write: T7 T6 T5 T4 T3 T2 T1 TO
$00DO - $00FF Reserved
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$00DO0 - Reserved Read: 0 0 0 0 0 0 0 0
$00FF Write:
$0100 - $010F Flash Control Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0100 FCLKDIV \Ij\/erizi FDIVLD PRDIVS8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
$0101 FSEC Refid: KEYEN1 [ KEYENO NV5 NV4 NV3 NV2 SEC1 SECO

Write:
$0102  FTsTMop Read| g 0 0 WRALL 0 0 0 0

Write:
$0103 FCNFG \Ij\/erizi CBEIE CCIE KEYACC 0 0 0 BKSEL1 | BKSELO
$0104 FPROT \Ij\/erizi FPOPEN NV6 FPHDIS | FPHS1 FPHSO | FPLDIS | FPLS1 FPLSO
$0105 FSTAT \Ij\lerizi CBEIF CCIF PVIOL |ACCERR 0 BLANK 0 0
$0106 FCMD \Ij\/erizi 0 CMDB6 | CMDB5 0 0 CMDB2 0 CMDBO

Reserved for Read: 0 0 0 0 0 0 0 0
$0107 Factory Test  Write:

Reserved for Read: 0 0 0 0 0 0 0 0
$0108 Factory Test  Write:

Reserved for Read: 0 0 0 0 0 0 0 0
$0109 Factory Test  Write:

Reserved for Read: 0 0 0 0 0 0 0 0
$010A Factory Test  Write:

Reserved for Read: 0 0 0 0 0 0 0 0
$0108 Factory Test  Write:
$010C - Reserved Read: 0 0 0 0 0 0 0 0
$010F Write:

32 Freescale Semiconductor



$0110 -

Address

$0110 -
$011B

$011C

Address
$011C

$011D

$011E -
$011F

$0120 -

Address
$0120 -

$01BF
$01CO

Address
$01CO

$01C1
$01C2
$01C3
$01C4
$01C5
$01C6
$01C7
$01C8
$01C9
$01CA

$01CB

$011B

Name

Reserved

- $011F

Name

SMRAMCFG
SMRAMSTAT

Reserved

$01BF

Name

Reserved

- $01FF

Name

HCFG (hi)
HCFG (lo)
HSR (hi)
HSR (lo)
HPIO1. (hi)
HPIO1 (lo)
HPIO2 (hi)
HPIO2 (Io)
HPIO3 (hi)
HPIO3 (lo)
HPIO4 (hi)

HP104 (o)

Freescale Semiconductor

Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
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Reserved
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
SMRAM Control Register
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 SMMODE
0 0 0 0 0 0 0 PSMBA
0 0 0 0 0 0 0 0
Reserved
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
ATA Host Controller (ATA5HC)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR FR 0 0 CLK_EN| XNW IE 'OREY—E
0 0 0 0 0 0 0 0
TIP UREp |_DRAB 0 FF FE RERR | WERR
0 0 0 0 0 0 0 0
0 PIO_TO
0 0 PIO_T2 8
0 0 PIO_T2_ 16
0 0 0 0 PIO_T2I
0 0 0 0 0 PIO_T4
0 0 0 0 PIO_T1
0 0 0 0 0 PIO_TA
0 0 0 0 0 0 0 0

33



$01CO - $01FF

Address
$01E5

$O1E6 -
$01ED

$01EE

$01EF

$01F0

$01F1

$01F2

$01F3

$01F4

$01F5

$01F6

$01F7

$01F8

$01F9

$O1FA

$01FB

$01FC

$01FD

$01FE

$01FF

NOTES:

Name

HUDMASY (lo)

Reserved

DCTR/DASR!
(hi)
DCTR/DASR?
(lo)

DDR (hi)!
DDR (lo)*
DFR/DER (hi)!
DFR/DER (lo)!
DSCR (hi)t
DSCR (lo)!
DSNR (hi)t
DSNR (lo)*
DCLR (hi)!
DCLR (lo)!
DCHR (hi)*
DCHR (lo)*
DDHR (hi)?
DDHR (lo)*
DCR/DSR (hi)!

HDMAM (lo)

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

ATA Host Controller (ATAS5HC)

System on a Chip Guide — 9S12UF32DGV1/D V01.05

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

BSY DRDY # DRQ obs ERR

SRST | nIEN | ZERO

0 0 0 0 0 0 0 0

BYTE_E

BYTE_O

#rl | ABRT | #r2

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

obs #1 obs DEV #2
0 0 0 0 0 0 0 0

BSY DRDY #r DRQ obs ERR

PIE HUT AF 0 IE UDMA RD WR

1. These registers are mapped to the registers on an external ATA/ATAPI device, for detail explanation of the #, #r1,
#r2, #w, #1,#2 field, please refer to the ATAHC block guide and ATA/ATAPI standards.

Freescale Semiconductor
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2.4.8 DPF - USB Full Speed D+ data line

DPF isthe D+ analog input output line for full speed data communication in the USB physical layer
module. Thislineis also used for D+ termination during high speed operation. Refer to USB20D6E2F
block guide for further information.

2.4.9 DPH - USB High Speed D+ data line

DPH isthe D+ analog input output line for high speed data communication in the USB physical layer
module. Thislinewill be high impedance during full speed operation. Refer to USB20D6E2F block guide
for further information.

2.4.10 DMF - USB Full Speed D- data line

DMF isthe D- analog input output line for full speed data communication in the USB physical layer
module. Thislineisalso used for D+ termination during high speed operation. Refer to USB20D6E2F
block guide for further information.

2.4.11 DMH - USB High Speed D- data line

DMH isthe D- analog input output line for high speed data communication in the USB physical layer
module. Thislinewill be high impedance during full speed operation. Refer to USB20D6E2F block guide
for further information.

2.4.12 PWROFF5V - power off 5V supply

PWROFF5V is used for turning off 5V supply to external chips or memory card in conjunction with an
external PMOS device, thissignal is controlled by CFPMR register in CFHC module. Refer to CFHC
block guide for further information.

2.4.13 PWROFF3V - power off 3V supply

PWROFF3V is used for turning off 3V supply to external chips or memory card in conjunction with an
external PMOS device, thissignal is controlled by CFPMR register in CFHC module. Refer to CFHC
block guide for further information.

2.4.14 REF3V - 3.3V reference for external regulator

REF3V aregulator reference for driving an external NMOS device to provide the system with aregulated
3.3V supply. Thefeedback path for the REF3V isthe VDD3X supply pin. Refer to VREG_U block guide

for further information.

2.4.15 PA[7:0] / ADDR[15:8] / DATA[15:8] / CFD[15:8] / ATAD[15:8] — Port A

58 Freescale Semiconductor
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2.4.21 PE3/LSTRB /TAGLO — Port E I/O Pin 3/ Low-Byte Strobe (LSTRB)

PE3 can be used as a general-purpose 1/0 in all modes and is an input with an active pull-up out of reset.
PE3 can also be configured asa L ow-Byte Strobe (LSTRB). The LSTRB signal isused inwrite operations,
so external low byte writes will not be possible until this function is enabled. LSTRB can be enabled by
setting the LSTRE bit in the PEAR register. In Expanded Wide and Emulation Narrow modes, and when
BDM tagging is enabled, the LSTRB function is multiplexed with the TAGL O function. When enabled a
logic zero on the TAGLO pin at the falling edge of ECLK will tag the low byte of an instruction word
being read into the instruction queue.

2.4.22 PE2/R/W — Port E I/O Pin 2 / Read/Write

PE2 can be used as ageneral-purpose I/O in al modes and is configured an input with an active pull-up
out of reset. If theread/writefunctionisrequired it should be enabled by setting the RDWE bitinthe PEAR
register. External writes will not be possible until the read/write function is enabled.

2.4.23 PE1/IRQ — Port E input Pin 1/ Maskable Interrupt Pin

PE1 isalways an input and can always be read. The PE1 pin is also the IRQ input used for requesting an
asynchronousinterrupt to the MCU. During reset, the | bit in the condition code register (CCR) is set and
any IRQ interrupt is masked until software enablesit by clearing the | bit. The IRQ is software
programmable to either falling edge-sensitive triggering or level-sensitive triggering based on the setting
of the IRQE bit in the IRQCR register. The IRQ is always enabled and configured to level-sensitive
triggering out of reset. It can be disabled by clearing IRQEN bit in the IRQCR register. Thereisan active
pull-up on this pin while in reset and immediately out of reset. The pull-up can be turned off by clearing
PUPEE in the PUCR register.

2.4.24 PEO/ XIRQ — Port E input Pin 0/ Non Maskable Interrupt Pin

PEO is always an input and can always be read. The PEO pin is also the XIRQ input for requesting a
non-maskabl e asynchronous interrupt to the MCU. During reset, the X bit in the condition code register
(CCR) is set and any XIRQ interrupt is masked until MCU software enables it by clearing the X bit.
Because the XIRQ input is level sensitive triggered, it can be connected to a multiple-source wired-OR
network. Thereisan active pull-up on thispin whilein reset and immediately out of reset. The pull-up can
be turned off by clearing PUPEE in the PUCR register.

2.4.25 PJ2 | MSSCLK/ROMCTL - Port J I/O Pin 2

PJ2 isageneral purpose input or output pin. 1n expanded modes the PJ2 pin can be used to determine the
reset state of the ROMON bit in the MISC register. At the rising edge of RESET, the state of the PJ2 pin
islatched to the ROMON bit. When the MSHC module is enabled it becomes the serial clock line
(MSSCLK) for the MSHC module. Whilein reset and immediately out of reset the PJ2 pin is configured
as ahigh impedance input pin. Consult the Port Integration Module (PIM) PIM_9UF32 Block Guide and
the MSHC Block Guide for information about pin configurations.

60 Freescale Semiconductor
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on-chip seria ports. After the backdoor sequence has been correctly matched, the microcontroller will be
unsecured, and all Flash commands will be enabled and the Flash security byte can be programmed to the
unsecure state, if desired.

Please note that if the system goesthrough areset condition prior to successful configuration of unsecured
mode the system will reset back into secured mode operation.

4.4.3.2 Unsecuring the Microcontroller (full FLASH erase)

In order to unsecure the microcontroller, theinternal FLASH must be erased. This can be done through an
external program in expanded mode.

Once the user has erased the FLASH, the part can be reset into special single chip mode Thisinvokes a
program that verifies the erasure of the internal FLASH. Once this program completes, the user can erase
and program the FL A SH security bitsto the unsecured state. Thisisgenerally done through the BDM, but
the user could also change to expanded mode (by writing the mode bits through the BDM) and jumping to
an external program (again through BDM commands). Notethat if the part goesthrough areset before the
security bits are reprogrammed to the unsecure state, the part will be secured again.

45 Low Power Modes

There are two low power modes available on the MC9S12UF32: Stop and Wait

Please see Table A-8 for device operating characteristics in Stop and Wait modes. Consult the CRG_U
Block Guide and the respective Block Guide for information on the module behavior in Stop and Wait
Mode.

4.5.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator, thus putting the chip infully static
mode. Wake up from this mode can be done viareset or external interrupts.

4.5.2 Wait

Thismode is entered by executing the CPU WAL instruction. In this mode, the CPU will not execute
instructions. The internal CPU signals (address and data bus) will be fully static. All peripherals stay
active. So, for example, data can still be transferred from ATASHC to USB vialQUE. For further power
consumption, the peripherals can individually turn off their local clocks.

4.5.3 Run

Although thisisnot alow power mode, unused peripheral modules should not be enabled in order to save
power.

84 Freescale Semiconductor
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P I RY

INT ~ 'DDR “VDDR

|ppr IS the current shown in Table A-8 and not the overall current flowing into VDDR, which
additionally contains the current flowing into the external loads with output high.

2
PiA = E R l
10 | DSON IOi

Which isthe sum of all output currents on 1/0O ports associated with VDD3X, VDDX and VDDR.
Table A-5 Thermal Package Characteristics?!

Num | C Rating Symbol Min Typ Max Unit
Thermal Resistance LQFP100, single layer PCB 0 o
1 T natural convection A 56 Cw
Thermal Resistance LQFP100, four layer PCB 9 o
2 T natural convection A 46 Ciw
Thermal Resistance LQFP64, single layer PCB 9 ) o
3 T natural convection. A 64 Ciw
4 T Therma_l Resistance LQFP64, four layer PCB natural R ) 48 oW
convection.
NOTES:

1. The values for thermal resistance are achieved by package simulations
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A.2 NVM, Flash

NOTE: Unless otherwise noted the abbreviation NVM (Non Volatile Memory) is used for
Flash.

A.2.1 NVM timing

The time base for all NVM program or erase operations is derived from the oscillator. A minimum
oscillator frequency v moscisrequired for performing program or erase operations. The NVM modules
do not have any means to monitor the frequency and will not prevent program or erase operation at
frequencies above or below the specified minimum. Attempting to program or erase the NVM modules at
alower frequency afull program or erase transition is not assured.

The Flash program and erase operations are timed using a clock derived from the oscillator using the
FCLKDIV register. The frequency of this clock must be set within the limits specified as fyymop-

The minimum program and erase times shown in Table A-9 are calculated for maximum fyyvop and
maximum f, . The maximum times are cal culated for minimum fy,/\op and a fy,,s of 2MHz.

A.2.1.1 Single Word Programming

The programming time for single word programming is dependant on the bus frequency as awell ason
the frequency frvmop and can be calculated according to the following formula

t =9 L +25 1

swpgm
Pg NVMOP bus
A.2.1.2 Burst Programming
Thisappliesonly to the Flash where up to 32 wordsin arow can be programmed consecutively using burst

programming by keeping the command pipeline filled. The time to program a consecutive word can be
calculated as:

1 1
t =4 +9 h
b
wpgm NVMOP bus

The time to program awholerow is:

tbrpgm = tswpgm +31 Ijbwpgm

Burst programming is more than 2 times faster than single word programming.
A.2.1.3 Sector Erase

Erasing a 512 byte Flash sector takes:
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1
[P 4000
NVMOP

The setup time can be ignored for this operation.

A.2.1.4 Mass Erase

Erasing aNVM block takes:

1
thass = 20000
NVMOP

The setup time can be ignored for this operation.
A.2.1.5 Blank Check

Thetimeit takesto perform ablank check on the Flash is dependant on the location of the first non-blank
word starting at relative address zero. It takes one bus cycle per word to verify plus a setup of the
command.

teheck = lOcation I:tCyc +10 II'[Cyc

Table A-9 NVM Timing Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
1 D | External Oscillator Clock fnvMosce 0.5 601 MHz
2 D | Bus frequency for Programming or Erase Operations | fnvmsus 1 MHz
3 D [ Operating Frequency fnvmor 150 200 kHz
4 | P |Single Word Programming Time tswpgm 462 7453 ps
5 | D |Flash Burst Programming consecutive word towpgm 20.42 313 Us
6 | D |Flash Burst Programming Time for 32 Words thrpgm 678.4 2 103553 HS
7 | P | Sector Erase Time tera 204 26.7 3 ms
8 | P |Mass Erase Time tmass 100 4 1333 ms
9 D | Blank Check Time Flash per block teheck 115 32778 6 teye

NOTES:

1. Restrictions for oscillator in crystal mode apply!
2. Minimum Programming times are achieved under maximum NVM operating frequency fyymop @nd maximum bus frequency

fbus-

3. Maximum Erase and Programming times are achieved under particular combinations of fyywmop and bus frequency fys.
Refer to formulae in Sections Section A.2.1.1 Single Word Programming- Section A.2.1.4 Mass Erase for guidance.

. Minimum Erase times are achieved under maximum NVM operating frequency fyymop-

. Minimum time, if first word in the array is not blank

. Maximum time to complete check on an erased block

o O A
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A.4.2 Oscillator
The device features an internal Pierce oscillator. The XCLKS signal of the OSC moduleistied internally

that the Pierce oscillator/external clock mode is always selected. Pierce oscillator/external clock mode
allows the input of a square wave.

Table A-13 Oscillator Characteristics

Conditions are shown in Table A-4 unless otherwise noted
Num |C Rating Symbol Min Typ Max Unit
1 | C|cCrystal oscillator range (Pierce) * fosc 0.5 12 40 MHz
2 | P | Startup Current iosc 100 PA
3 P | External square wave input frequency fexT 0.5 60 MHz
4 D | External square wave pulse width low tExTL 8 ns
5 D | External square wave pulse width high tEXTH 8 ns
6 D | External square wave rise time texTR 1 ns
7 D | External square wave fall time texTE 1 ns
8 D [ Input Capacitance (EXTAL, XTAL pins) Cin 7 pF
9 P | EXTAL Pin Input High Voltage VinextaL | 0.75*Vpp
T | EXTAL Pin Input High Voltage ViH,EXTAL Vpp +0.3
10 | P | EXTAL Pin Input Low Voltage VL EXTAL 0.25*Vpp
T | EXTAL Pin Input Low Voltage ViLexTaL | Vssa-0.3
11 | C | EXTAL Pin Input Hysteresis VHys, EXTAL 250 mVv
NOTES:

1. Depending on the crystal a damping series resistor might be necessary. Also, the oscillator frequency must be 12MHz in
order to have the USB interface and the storage interface to work properly.

A.4.3 USB PHY

The oscillator provides the reference clock for the USB PHY. The 122MHz oscillator clock is used for the
USB PHY to generate the 480bps USB traffic, 30MHz USB UTMI interface clock and the 60MHz internal
clock. Aninternal circuitry checks the generated 60MHz clock against the input 122MHz oscillator clock.
The generated 60MHz clock is assumed correct (locked) if there are exactly 15 clock cyclesin 3 oscillator
clock cycles.

For theelectrical characteristics of the USB PHY , pleaserefer to Chapter 7 “Electrical” of Universal Seriad
Bus Specification Revision 2.0.
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Table A-15 Expanded Bus Timing Characteristics

Conditions are shown in Table A-4 unless otherwise noted, C, opp = 50pF

Num |C Rating Symbol Min Typ Max Unit
1 P | Frequency of operation (E-clock) fo 0 30.0 MHz
2 P | Cycle time teye 33 ns
3 D | Pulse width, E low PWg, 16 ns
4 | D |Pulse width, E high! PWey 16 ns
5 D [ Address delay time taD 5 ns
6 | D |Address valid time to E rise (PWg —tap) tav 11 ns
7 | D [Muxed address hold time tMAH 2 ns
8 D | Address hold to data valid taHDS 7 ns
9 D | Data hold to address tDHA 2 ns
10 | D |Read data setup time tbsr 13 ns
11 | D | Read data hold time IDHR 0 ns
12 | D | Write data delay time toow 7 ns
13 | D | Write data hold time toHw 2 ns
14 | D | Write data setup time® (PWgp~topw) tbsw 12 ns
15 | D | Address access time™ (t,c~tap—tpsr) tacca 15 ns
16 | D |E high access time™ (PWg—tpsr) tacce 3 ns
17 | D | Read/write delay time trwD 4 ns
18 | D | Read/write valid time to E rise (PWg —trwp) tRwv 12 ns
29 | D | Read/write hold time tRWH 2 ns
20 | D |Low strobe delay time tLsp 4 ns
21 | D |Low strobe valid time to E rise (PWg —t, gp) tLsv 12 ns
22 | D |Low strobe hold time tLsH 2 ns
23 | D | NOACC strobe delay time tnoDp 4 ns
24 | D | NOACC valid time to E rise (PWg —tnop) tnov 12 ns
25 | D | NOACC hold time tNOH 2 ns
26 | D |IPIPOJ[1:0] delay time tpoD 2 4 ns
27 | D |IPIPO[1:0] valid time to E rise (PWg ~tpop) tpov 11 ns
28 | D |IPIPO[1:0] delay time!® (PWgy-tpay) tp1D 2 25 ns
29 | D |IPIPOJ[1:0] valid time to E fall tp1v 11 ns

NOTES:

1. Affected by clock stretch: add N X t¢,c where N=0,1,2 or 3, depending on the number of clock stretches.
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