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ML675200/ML67Q5200
Digital Audio Controller

Description

The Oki ML675200 and ML67Q5200 Application Specific Standard Products (ASSP) devices are targeted at the growing
market for applications using the MP3 audio processing compression protocol. Available in two versions, ROM-less or
Flash ROM, the ML675200 and ML67Q5200 devices incorporate an advanced dual processor core architecture featur-
ing an ARM7TDMI™ 32-bit RISC CPU core and a Teak™ 16-bit DSP core.

The CPU-DSP architecture offers system developers both performance and flexibility. The ARM7TDMI RISC core pro-
vides 32-bit performance for application level software with access to general purpose 1/0. The DSP core offers the nu-
merical processing power dedicated to repetitive tasks such as MP3 encoding/decoding.

In addition to the two processor cores, the ML675200 and ML67Q5200 devices offer a wide variety of integrated pe-
ripherals, allowing system designers to implement a complete MP3 system requiring minimum external devices. Among
these useful features are a USB 1.1 device controller, 32 Kbytes of SRAM, serial UART ports, GPIO, timers, and analog
channels. Other powerful features include a 4-channel DMA controller for efficient data movement, a PLL circuit, a built-
in controller for external memory, and a built-in voice Codec.

Features

e ARM7TDMI 32-bit RISC CPU

¢ 30 MHz CPU frequency, 60 MHz DSP frequency
e 256 Kbyte internal Flash ROM (ML67Q5200)

e 32 Kbyte internal RAM

¢ Audio Codec: MP3 encoder/decoder

Voice Codec: 4-bit ADPCM2
4-channel DMA controller
4-channel A/D converter

USB controller (version 1.1)

Applications
e Digital audio players (Portable MP3/WMA player, etc.) e Personal Digital Assistants (PDA)
e Educational toys Home audio systems

ML675200/Q5200 Digital Audio Controllers

Part Number Clock Frequency Built-in Flash Size Packages
ML675200-LA 30 MHz CPU, None 144-pin plastic LFBGA (P-LFBGA144-1111-0.80)
60 MHz DSP (External Max 1 Mbyte)
ML67Q5200-NLA 30 MHz CPU, 256 KB 144-pin plastic LFBGA (P-LFBGA144-1111-0.80)
60 MHz DSP




ML675200/ML67Q5200
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1. ML67Q5200 only. The MI675200 does not contain a built-in Flash ROM.

f=)
o]
oc
w
=
<)
o
|

2

2 < Oki Semiconductor



Functional Description

High-Performance ARM-based CPU

e Instructions: ARM (32-bit length) and Thumb (16-bit length) can be
mixed.

e General register bank: 31 x 32 bits

e Built-in barrel shifter: ALU and barrel shift operations can be executed
by one instruction.

e Multiplier: 32 bits x 8 bits (Modified Booth Algorithm)

o Cache: 8 Khyte, 4-way copy back unified cache

e Built-in debug function: JTAG interface

DSP Module

The Teak DSP decodes MP3/WMA digital audio data. Also encodes/decodes
voice data as Oki ADPCM.
e X-RAM: 16 Kwords (32 Kbytes)
e Y-RAM: 16Kwords (32 Kbytes)
e Z-RAM: 16 Kwords (32 Kbytes)
e P-program RAM: 32 Kwords (64 Kbytes)
e Built-in debug function: JTAG interface
¢ MP3 decoder;
- MPEG-1 layer3, MPEG-2 layer3, MPEG-2.5
e WMA decoder:
- Bit rate: 64 kbps, 96 kbps, 128 kbps, 160 kbps, 192 kbps
- Sampling rate: 32 kHz, 44.1 kHz, 48 kHz
¢ MP3 encoder;
- 64 kbps/96 kbps/128 kbps @ 44.1kHz

USB Control

The USB controller is compliant with the USB specification (version 1.1) and
can transfer data at 12 Mbps.

The controller has 6 types of endpoints for control/bulk/isochronous/interrupt
transfers.
NAND Flash Memory Control

The NAND Flash memory circuit automatically reads data from and writes
data to an external 528-byte NAND Flash Memory.

Also includes an ECC circuit that detects and corrects multiple-bit data errors.

DMA Control
The 4-channel DMA controller transfers data between:

e Memory and memory
* |/0 and memory
® |/0and /0

External Memory Control

The external memory controller provides access to externally-connected
devices such as ROM (FLASH), SRAM, SDRAM and 1/0.

Connect 16-bit data bus length device and byte unit access device which have
byte select function.

Power Management

The HALT, STOP, and SLEEP functions are supported as power-save functions.

Switching the CPU clock to the 1/2, 1/4, or 1/8 of the main clock enables
operation in a low power consumption mode.

e HALT mode: Stops the ARM7TDMI and AHB/APB bus.

ML675200/ML67Q5200

e STOP mode: Stops the DSP module clock first, then the clock for the

entire device.

e SLEEP mode: Stops the power supply to the DSP module first, then

stops the clock for the entire device.

Oki Semiconductor « 3



ML675200/ML67Q5200

Pin Configuration

NC AIN3 PI0DY/ GND PIOD5/ | PIOD2/ WSD GND | vDD_IO GND | VDD_IO | VDD_ NC
EXINT2 TXDO SDA CORE
AIN2 AGND | VDD_IO | PIOD4/ | PIOD1/ | PIODO/ | DSPOUT | VDD_ GND | OSC3_N | OSC1_N | TESTO TEST1
SCLA | CKOUTA |PWMOUT 1 CORE
AINO TCKT AIN1 PIOD7/ | PIOD6/ SCLD SDD | DSPOUT | 0SC2 0sco GND GND TEST2
EXINTO | RXDO 0
TMST TINTP AVDD PIOD8/ | PIOD3/ | VDD_ | CKOUTD | DSPTXD | VDD_ | RES_N | PIOD14/ | PIOD11/ | PIOD15/
EXINT1 WSA CORE CORE RXD2 RXD1 SI0CK2
TDOT GND TDIT | SDRAM PI0C10/ | PIOC13/ | PIOC8/ | PIOC12/
MOD TXD1 TXD2 | XBSO_N | SIOCK1
VDD_ PIOEO/ | VDD_IO | PIOE1/ GND | VDD_IO | VDD_ Pl0CY/
CORE FDO FD1 CORE | XBS1_N
Ploc4/
PIOE4/ GND PIOE3/ PIOE2/ 144-Pin LFBGA PIOCS5/ PIOC6/ RAMCS PIOC7/
FD4 FD3 FD2 (TOP VIEW) I0CS_N | XOE_N N XWE_N
PIOC3/
PIOEY/ | PIOE7/ | PIOES/ | PIOE6/ PlOC2/ ROMCS PIOC1/ | PIOCO/
FWR_N FD7 FD5 FD6 XA19 N XA18 XA17
PIOE12/ | PIOE8/ | VDD_IO | PIOE10/ PIOB15/ | PIOB12/ | GND PIOB14/
FRB FRD_N FCLE XA16 XA13 XA15
PIOE14/ | PIOE11/ | PIOE13/ | VBUS GND PIOA5/ | PIOAS/ GND PIOA14/ | PIOB2/ | PIOBY | PIOB13/ | PIOB11/
SCL FALE SDAT XD5 XD8 XD14 XA3 XA10 XA14 XA12
PUCTL | PIOE15/ | TCKA | TRSTA_ | PIOAO/ | PIOA6/ | PIOAY/ | VDD_IO GND VDD_ PIOB7/ | PIOB10/ | PIOB8/
VBUSIN N XDO XD6 XD9 CORE XA8 XAN XA9
D+ D- TDIA PIOA1/ | PIOA2/ | PIOA4/ | PIOA7/ | PIOAT11/ | PIOA12/ | PIOA15/ | PIOB1/ | PIOB4/ | PIOB6/
XD1 XD2 XD4 XD7 XD11 XD12 XD15 XA2 XA5 XA7
NC GND TMSA TDOA | VDD_IO | PIOA3/ | PIOA10/ | PIOA13/ | VDD_IO | PIOBO/ | PIOB3/ | PIOBS/ NC
XD3 XD10 XD13 XA1 XA4 XA6
13 12 1" 10 9 8 7 6 5 4 3 2 1

Notes:

Figure 1. 144-Pin LFBGA

1. For pins that have multiple functions, the signals are noted by their pri-

mary / secondary functions.
2. Leave NC pins unconnected.
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Pin Descriptions

In the Type column, an

uln

indicates the signal is an input, an “0" indicates

the signal is an output, and an “I/0" indicates the signal is bi-directional.

Pin Descriptions

ML675200/ML67Q5200

Signals with a “_N" suffix are active low.

Primary Function Secondary Function

Classification | Symbol | Type Description Symbol Type Description
Port PIOAO I/0 | 16-bit I/0 port A. XDO I/0 | External access data 1/0 port.

PIOA1 110 XD1 1/0

PIOA2 110 XD2 110

PIOA3 110 XD3 110

PIOA4 110 XD4 110

PIOAS 110 XD5 1/0

PIOA6 110 XD6 110

PIOA7 1/0 XD7 110

PIOA8 110 XD8 110

PIOA9 110 XD9 110

PIOA10 110 XD10 110

PIOAT1 110 XD11 110

PIOA12 110 XD12 110

PIOA13 110 XD13 110

PIOA14 1/0 XD14 110

PIOA15 110 XD15 110
Port PIOBO I/0 | 16-bit I/0 port B. XA1 0 External access address output port.

PIOB1 110 XA2 0

PIOB2 110 XA3 0

PIOB3 110 XA4 0

PIOB4 110 XAS 0

PIOB5 110 XA6 0

PIOB6 110 XA7 0

PIOB7 110 XA8 0

PIOB8 110 XA9 0

PIOB9 110 XA10 0

PIOB10 110 XA11 0

PIOB11 110 XA12 0

PIOB12 110 XA13 0

PIOB13 110 XA14 0

PIOB14 110 XA15 0

PIOB15 1/0 XA16 0

Oki Semiconductor * 5



ML675200/ML67Q5200

Pin Descriptions

Primary Function

Secondary Function

Classification | Symbol | Type Description Symbol Type Description
Port PIOCO 1/0 | 16-bit I/0 port C. XA17 0 External access address output port.
PIOCT 110 XA18 0
PIOC2 o] XA19 0
PIOC3 110 ROMCS_N 0 External ROM chip select output pin.
PIOC4 110 RAMCS_N 0 External RAM chip select output pin.
PIOC5 110 I0CS_N 0 External I/0 chip select output pin.
PIOC6 110 XOE_N 0 External access read strobe output pin.
PIOC7 110 XWE_N 0 External access write strobe output pin.
PIOC8 1/0 XBSO_N 0 External access byte select (LSB) output pin.
PIOC9 110 XBS1_N 0 External access byte select (MSB) output pin.
PIOC10 110 TXD1 0 SI01 transmit data output pin.
PIOCT1 110 RXD1 | SI01 receive data input pin.
PIOC12 110 SI0CK1 I/0 | SI01 clock 1/0 pin.
PIOC13 110 TXD2 0 SI02 transmit data output pin.
PIOC14 110 RXD2 | SI02 receive data input pin.
PIOC15 110 SI0CK2 I/0 | SI02 clock 1/0 pin.
Port PIODO I/0 | 10-bit I/0 port D. PWMOUT PWM output pin.
PIOD1 110 CKOUTA External ADC interface system clock output pin.
PIOD2 110 SDA I External ADC interface serial data input pin.
PIOD3 110 WSA 0 External ADC interface channel select signal output
pin.
PIOD4 110 SCLA External ADC interface serial clock output pin.
PIOD5 110 TXDO SI00 transmit data output pin.
PIOD6 110 RXDO | SI00 receive data input pin.
PIOD7 110 EXINTO | External interrupt 0 input pin.
PIOD8 110 EXINT1 I External interrupt 1 input pin.
PIOD9 110 EXINT2 | External interrupt 2 input pin.

6 < Oki Semiconductor




Pin Descriptions

ML675200/ML67Q5200

Primary Function

Secondary Function

Classification | Symbol | Type Description Symbol Type Description
Port PIOEO I/0 | 16-bit I/0 port E. FDO/CAS_N | /0 or O | (SDRAMMOD = "H" (SDRAMMOD = "H"
level) level)
PIOET Vo FDI/RAS N V0 or0 NAND flash memory SDRAM control signal
PIOE2 110 FD2/SDCLK I/0 or O | access data I/0 port. output port.
PIOE3 110 FD3/SDCS_N | 1/0or O
PIOE4 110 FD4/SDCKE | /0 or O
PIOES 110 FD5/DQMO I/0or O
PIOE6 110 FD6/DQM1 I/0 or O
PIOE7 110 FD7/PIOE7 110 Prohibit setting.
PIOE8 110 FRD_N 0 NAND flash memory Prohibit setting
access read strobe out-
put pin.
PIOE9 110 FWR_N 0 NAND flash memory Prohibit setting.
access write strobe out-
put pin.
PIOE10 110 FCLE 0 NAND flash memory Prohibit setting.
access command latch
enable output pin.
PIOE11 110 FALE 0 NAND flash memory Prohibit setting.
access address latch
enable output pin.
PIOE12 110 FRB NAND flash memory Prohibit setting
access Ready/Busy Input
pin.
PIOE13 110 SDAT I/0 | 12C data I/O pin.
PIOE14 110 SCL 0 12C clock output pin.
PIOE15 110 VBUSIN I Vbus detect external interrupt input pin.
DAC I/F CKOUTD 0 External DAC interface system clock output pin.
SDD 0 External DAC interface serial data input pin.
WSD O | External DAC interface channel select signal output pin.
SCLD 0 | External DAC interface serial clock output pin.
DSP port DSPOUTO 0 DSP external control output pin.
DSPOUT1 O | DSP external control output pin.
DSPTXD O | DSP debug serial data output pin.
A/D port AVDD VDD | Analog reference voltage input pin (Connect to the VDD pin
when the A/D converter is not used).
AINO to I A/D converter analog input port (Connect to the AVDD or
AIN3 AGND pin when the A/D converter is not used).
AGND GND | Analog GND pin (Connect to the GND pin when the A/D con-
verter is not used).
USB I/F D+ I/0 | USB D+ pin.
D- I/0 | USB D- pin.
PUCTL O | External control output pin.
Reset RES_N | Reset input pin.

Oki Semiconductor « 7




ML675200/ML67Q5200

Pin Descriptions

Primary Function

Secondary Function

is enabled. This pin must not change state when power is
supplied.

Classification | Symbol Type Description Symbol Type Description
Oscillation 0SCo | Main clock oscillator input pin. Connect to a crystal or

ceramic oscillator of f = 8 MHz. When an external clock is

used, this pin is configured as the clock input.

OSC1_N 0 Main clock oscillator output pin. Connect to a crystal or
ceramic oscillator of f = 8 MHz. The clock output is opposite
in phase to 0SCO. Leave this pin unconnected when an exter-
nal clock is used.

0SC2 | Audio clock oscillator input pin. Connect to a crystal or
ceramic oscillator of f = 16.9344/ 11.2896 MHz.When an
external clock is used, this pin is configured as the clock
input.

0SC3_N 0 Audio clock oscillator output pin. Connect to a crystal or
ceramic oscillator of f = 16.9344/ 11.2896 MHz. The clock
output is opposite in phase to 0SC2. Leave this pin uncon-
nected when an external clock is used.

CPU JTAG TCKA | ARM JTAG clock input pin. Leave this pin unconnected for
normal operation.

TMSA | ARM JTAG mode select input pin. Leave this pin unconnected
for normal operation.

TRSTA_N ARM JTAG reset input pin. Leave this pin unconnected for
normal operation.

TDIA | ARM JTAG data input pin. Leave this pin unconnected for
normal operation.

TDOA 0 ARM JTAG data output pin. Leave this pin unconnected for
normal operation.

DSP JTAG TCKT Teak-DSP JTAG clock input pin. Leave this pin unconnected
for normal operation.

TMST | Teak-DSP JTAG mode select input pin. Leave this pin uncon-
nected for normal operation.

ToIT | Teak-DSP JTAG data input pin. Leave this pin unconnected for
normal operation.

TINTP 0 Teak-DSP JAM interrupt output pin. Leave this pin uncon-
nected for normal operation.

TDOT 0 Teak-DSP JTAG data output pin. Leave this pin unconnected
for normal operation.

Power supply["! | VDD_CORE | VDD | Core power supply pin. Connect all the VDD_CORE pins.

VDD_IO VDD | 10 power supply pin. Connect all the VDD_IO pins.

VBUS VDD | USB power supply pin (Vbus input pin).

GND GND | CORE and I/0 GND pin.

Others TESTO I Test pin. Connect to GND pin for normal operation.

TEST1 | Test pin. Connect to VDD_IO pin for normal operation.

TEST2 I Test pin. Leave this pin unconnected for normal operation.

SDRAM- I When this pin is “L" level, the NAND Flash memory interface

MOD is enabled. When this pin is “H" level, the SDRAM interface

1. Connect all VDD_IO pins, all VDD_CORE pins, and all GND pins. If a device has one or more unconnected VDD_IO, VDD_CORE, or GND pins, proper device operation is not guaranteed.

8 ¢ Oki Semiconductor




Electrical Characteristics

Absolute Maximum Ratings [/

ML675200/ML67Q5200

Parameter Symbol Conditions Rating Unit
Power supply | Power supply for internal cell Vbp_CoRre Tj=25°C -0.3t0+2.5 %
voltage Power supply for I/0 circuit Vop_ 10 Reference GND = 0V -0.3to+4.5
Analog power supply for A/D Avpp -0.3t0+4.5
converter
Power supply for USB bus Vaus -0.3t0+4.5
Input voltage V| 0.3 10 Vpp 1o+0.3 %
Output Current lo 4 mA buffer 16 mA
Power dissipation Po Ta = 70°C per package 595 mW
Storage temperature Ts1g — -55t0 +150 °C
1. These are maximum ratings not for general operation. Exceeding these maximum ratings could cause damage or lead to permanent deterioration of the device.
Recommended Operating Conditions
(GND=0V)
Item Symbol Conditions Minimum Typical Maximum Unit
Digital power supply voltage (core) Vbp_core 1.65 1.80 1.95 v
Digital power supply voltage (I/0) Vbp_10 2.70 3.00 3.60
Analog power supply voltage (A/D) Avpp 2.70 3.00 3.60
Analog power supply voltage (USB) Vaus 3.00 3.30 3.60
Analog input voltage N 0 - Avpp v
Operating frequency fosco - 8.00 - MHz
fosca 256 x fs - 11.2896 -
384 xfs - 16.9344 -
Ambient temperature Ta — -30 +25 +70 °C
During writing to flash ROM 0 +25 +70

Oki Semiconductor * 9



ML675200/ML67Q5200

DC Characteristics

(Vob_core = 2-25 to 2.75V, Vpp 1o = 3.0 to 3.6V, Ta = -40 to +85°C)

Item Symbol Conditions Minimum Typical Maximum Unit Notes
High level input voltage Viy TTL Input 22 — Vpp_i0+0.3 v (
Low level input voltage Vi -0.3 — 0.8
Schmitt input buffer threshold voltage Vi, TTL Input — 1.5 22 2 (2
Vi 0.6 1.0 —
Vs Vr, - Vr — 04 —
High level output voltage Von lon = -100 pA Vpp—0.2 — = v Bl
low = -4 mA 2.2 — —
Low level output voltage VoL lo, = 100 pA — — 0.2 v
oL = 4 mA — — 04
High level input current m Vi =Vop_jo — — 10 pA “
Vi =Vpp_jo (50 kQ pull-down) 10 66 200 sl
Low level input current I Vi.=GND -10 — — pA 4
V) = GND (50 kQ pull-up) -200 66 -10 [6]
3-State output leakage current lozH Von =Voo_io — — 20 pA 7
lozL Vo, = GND -20 — —

Nowv kW=

10 < Oki Semiconductor

Applicable to the TESTO to TEST2 pins, SORAMMOD pin and the JTAG input pins.
Applicable to the RES_N pin when inputting to the PIOA to PIOE ports.
Applicable when outputting from the PIOA to PIOE ports. Applicable to the CKOUTD/SDD/WSD/SCLD pins, DSPOUT1/DSPOUTO pins and DSPTXD pin. Applicable to the JTAG output pins (TDOA, TDOT, and TINTP).
Applicable to the TESTO/TEST1 pins and SDRAMMOD pin.

Applicable to the pull-down pins (TEST2 pin and TCKA/NTRSTA/TCKT pins of JTAG).
Applicable to the pull-up pins (RES_N pin and TMSA/TDIA/TMST/TDIT pins of JITAG).
Applicable when inputting to the input-output pins (PIOA to PIOE ports).




AC Characteristics

External RAM/RAM Read Cycle ]

(VDDjORE =1.65Vt0o1.95V, VDDJO =27Vto3.6V, TA =-30°Cto +70°C)

ML675200/ML67Q5200

Parameter Symbol Condition Min Typ Max Units
ROMCS_N setup time tYROMCS CL =50 pF (ng+ny)Tc- 10 — — ns
RAMCS?N setup time tXRAMCS (n0+n1)Tc - 10 — — ns
ROMCS_N output hold time 1 tXROMCSH1 Tc — — ns
RAMCS_N output hold time 1 tXRAMCSH1 Tc — — ns
XA[19:1] setup time tyas (ng+ny)Tc- 10 — — ns
XA[19:1] hold time 1 tAHT -5 — — ns
XBS_N[1:0] setup time tygs (ng+ny)Tc- 10 — — ns
XBS_N[1:0] hold time 1 txgH1 -5 — — ns
XOE_N pulse width txorw niTc- 10 — — ns
XD[15:0] input setup time typis 40 — — ns
XD[15:0] input hold time txpiH 0 — — ns
1. ng = address setup time, ny = XOE_N/XWE_N pulse width, Tc = HCLK cycle.
Address setup time and XOE_N/XWE_N pulse width are parameters that can be set by the ROMAC/RAMAC registers.
txromcs: txraMCS 1 txROMCSH1, tXRAMCSH1
ROMCS_N/PIOC(3]
RAMCS_N/PIOC[4] \
txaH2
txas i
XA[19:1]/PI0C[2:0]
PIOB[15:0]
txss tgH1
XBS_N[1:0]/P10C[9:8]
txoew
XOE_N/PIOC[6] —\ /
\ /

XD[15:0]/PI0A[15:0]

§r'ﬁxms = tom ?

Figure 2. External ROM/RAM Read Cycle Timing
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ML675200/ML67Q5200

External RAM/RAM Write Cycle [/

(Vop_core = 1.65 V10 1.95 V, Vpp 10 = 2.7 V 10 3.6 V, Tp = -30°C to +70°C)

Parameter Symbol Condition Min Typ Max Units
ROMCS_N pulse width tXROMCSW CL =50 pF (ng+ny+M)Tc- 10 — — ns
RAMCS_N pulse width tYRAMCSW (ng+nq+1M)Tc- 10 — — ns
ROMCS_N output hold time 2 tXROMCSH2 Tc — — ns
RAMCS_N output hold time 2 tXRAMCSH2 Tc — — ns
XA[19:1] hold time 2 tyaH2 -5 — — ns
XBS_N[1:0] hold time 2 txgH2 -5 — — ns
XWE_N output delay time tywep 12 nglc- 10 — — ns
XWE_N output delay time pulse width tWEw niTc- 10 — — ns
XD[15:0] output delay time txpop gl — — noTc + 10 ns
XD[15:0] output hold time txpoH Tc-5 — — ns

1. ng = address setup time, ny = XOE_N/XWE_N pulse width, Tc = HCLK cycle.
Address setup time and XOE_N/XWE_N pulse width are parameters that can be set by the ROMAC/RAMAC registers.
2. typop and tyygp are defined as a time period that starts from the point of change in ROMCS_N/RAMCS_N, XA[19:0], or XBS_N[1:0], whichever signal changes last.

ROMCS_N/PIOC[3]
RAMCS_N/PI0OC[4]

XA[19:11/PI0C[2:0]
PIOB[15:0]

XBS_N[1:0/PI0C[9:8]

XWE_N/PIOC[7]

~~txpop—>|
XD[15:0]/PI0A[15:0]

12 < Oki Semiconductor

txromcsw: txRAMCSW

txRomCsH2 tRAMCSH2

/

~— txane —;k

- IBHZ -

txwep gy\

txwew

- tXDUH -

Figure 3. External ROM/RAM Write Cycle Timing




External SDRAM Bus Timing [1]

(Vop_core = 1.65 V10 1.95 V, Vpp 10 = 2.7 V 10 3.6 V, Tp = -30°C to +70°C)

ML675200/ML67Q5200

Parameter Symbol Condition Min Typ Max Units
SDCKE output delay time tSDCKED CL =50 pF 0 — 10 ns
XA[19:1] output delay time tspxAD -5 — 10 ns
SDCS_N “L" output delay time tspesip -10 — 10 ns
RAS_N “L" output delay time tSpRASLD -10 — 10 ns
RAS_N “H" output delay time tSDRALHD -10 — 10 ns
CAS_N “L" output delay time tspcastp -10 = 10 ns
CAS_N "H" output delay time tSDCALHD -10 — 10 ns
RAS/CAS minimum delay time tspRCD nSD1Tc — — ns
RAS active time tSpRAS nSD2Tc — — ns
RAS precharge time tsprp nSD3Tc — — ns
XWE_N "L" output delay time tSDWELD -10 — 10 ns
XWE_N “H" output delay time tSDWEHD -10 — 10 ns
DQM[1]/DQMIO] “L" output delay time thomp -10 — 10 ns
DQM[1]/DQMI0] "H" output delay time thomd -10 — 10 ns
XD[15:0] input setup time tspxDIS 15 — — ns
XD[15:0] input hold time tSDXDIH 0 — — ns
XD[15:0] output delay time tspxDOD -10 — 10 ns
XD[15:0] output hold time tSDXDOH -10 — — ns

1.

nSD1 = tcp, NSD2 = taas, NSD3 = tgp.

trep tras, and tpp are parameters that can be set by the DRPC register. Refer to the User's Manual for more information on these timings.

Oki Semiconductor ¢ 13
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SDCLK/PIOE[2]

SDCKE/PIOE[4]

XA[19:1)/PI0G[2:0]
PIOB[15:0]

SDCS_N/PIOE[3)]

RAS_N/PIOE[1]

CAS_N/PIOE[0]

XWE_N/PIOC[7]

DQM[1:0}/PIOE[6:5]

XD[15:0]/PI0A[15:0]
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Figure 4. SDRAM Read Cycle Timing
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Figure 5. SDRAM Write Cycle Timing
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External 1/0 Bus Read Cycle [/
(Vop_core = 1.65 V10 1.95 V, Vpp 10 = 2.7 V 10 3.6 V, Tp = -30°C to +70°C)

Parameter Symbol Condition Min Typ Max Units
IOCS_N setup time txiocs CL =50 pF (ng+ny)Tc- 10 — — ns
IOCS_N output hold time 1 tY0CSH1 Tc — — ns
XA[19:1] setup time ty10AS (ng+ny)Tc- 10 — — ns
XA[19:1] hold time 1 tI0AHT -5 — — ns
XBS_N[1:0] setup time tx108s (ng+n¢)Tc- 10 — — ns
XBS_N[1:0] hold time 1 tx10BH1 -5 — ns
XOE_N output delay time tX100ED nglc- 10 — ns
XOE_N pulse width t100EW niTc- 10 — ns
XD[15:0] input setup time tyi001s 40 — ns
XD[15:0] input hold time tX10DIH 0 — ns

1. ng = address setup time, ny = XOE_N/XWE_N pulse width, Tc = HCLK cycle
Address setup time and XOE_N/XWE_N pulse width are parameters that can be set by the IOAC register.

txn)csmj

txiocs
10CS_N/PI0C[5] 3\
txi0As | txi0AH1
XA[19:1/PI0C[2:0]
PIOB[15:0]
txioBs txi08H1
XBS_N[1:0]/PIOC[9:8]

1 4 1,
XOE_N/PIOC[6] ﬂw& XI00EW

txiopis —>
XD[15:0]/PI0A[15:0]

*&mnm?

Figure 6. External I/0 Bus Read Cycle Timing
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External 1/0O Bus Write Cycle [1]

(Vop_core = 1.65 V10 1.95 V, Vpp 10 = 2.7 V 10 3.6 V, Tp = -30°C to +70°C)

ML675200/ML67Q5200

Parameter Symbol Condition Min Typ Max Units
IOCS_N pulse width txiocsw C =50pF (ng+ni+1)Tc-3 — — ns
I0CS_N output hold time 2 tY10CSH2 Tc — — ns
XA[19:1] hold time 2 tx10AH2 -3 — — ns
XBS_N[1:0] hold time 2 ty108BH2 -3 — — ns
XWE_N output delay time tyowep 2 noTc-5 — — ns
XWE_N output delay time pulse width toWEw niTc-3 — — ns
XD[15:0] output delay time tyonop 2 — — nglc+ 5 ns
XD[15:0] output hold time t10DOH Tc-3 — — ns

1. ng = address setup time, ny = XOE_N/XWE_N pulse width, Tc = HCLK cycle

Address setup time and XOE_N/XWE_N pulse width are parameters that can be set by the IOAC register.

2. tyopop and tyowep are defined as a time period that starts from the point of change in I0CS_N, XA[19:0], or XBS_N[1:0], whichever signal changes last.

10CS_N/PI0C[5] \

XA[19:1]/PI0C[2:0]
PIOB[15:0]

XBS_N[1:0]/PI0C[9:8]

XWE_N/PIOC[7]

< txiowep =
txionon
XD[15:0]/PI0A[15:0]

txiocsw
~=txiocsH2 >
/—
\ /
W}(IOAHZ
“txmsuzq
txiowew

*tXIODUH?

Figure 7. External 1/0 Bus Write Cycle Timing
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Synchronous Serial Interface Timing

The synchronous serial interface operate in master mode or slave mode. It also
allows the user to set the polarity of the serial clock.

When the polarity of the serial clock is set to positive, as shown in the figure
below, transmit data (TXD) is driven on the falling edge of SIOCK. Receive
data is sampled on the rising edge of SIOCK. Once the transmission/reception
of the 8-bit data is completed, the clock stops at a high level, and the data
output holds the last data.

When the polarity of the serial clock is set to negative, transmit data is driven
on the rising edge of SIOCK, and receive data is sampled on the falling edge
of SIOCK. Once the transmission/reception of 8-bit data is completed, the
clock stops at a low level, and the data output holds the last data.

Master Mode

Parameter Symbol Condition Min Max Units

Serial clock cycle T C_=50pF 66.67 — ns

Output data delay time tMssop — 20 ns

Input data setup time tMssis 40 — ns

Input data hold time tvssiH 0 — ns

T
VH=20V
1
~—tmssop
XD ><
tmssis [*—* tmssiH
RXD >< ><
1. Indicates the case where the polarity of the serial clock is positive.
Figure 8. Synchronous Serial Interface — Master Mode Timing
Slave Mode
Parameter Symbol Condition Min Max Units

Serial clock cycle T C, =50 pF 66.67 — ns
Output data delay time tss50D — 40 ns
Input data setup time tsssis 20 — ns
Input data hold time tsssin 20 — ns

T |
VH=20V
(1
SI0CK Z—QK—7ZZVL:O.8V
~—tsssop
XD ><
tsssis tsssiH
- X X

1. Indicates the case where the polarity of the serial clock is positive.

Figure 9. Synchronous Serial Interface — Slave Mode Timing
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I2C Bus Timing

ML675200/ML67Q5200

Standard Mode Fast Mode
Parameter Symbol Min Max Min Max Units

SCL clock frequency fscL — 100 — 400 kHz
SCL clock “L" period tLow 4.7 — 1.3 — ps
SCL clock “H" period tHiGH 4.0 — 0.6 — ps
Hold time (repetitive) “START" condition tHD:STA 4.0 — 0.6 — ps
(After this period, the first clock pulse is

generated.)

Setup time for repetitive “START" condition | tg.s1a 4.7 — 0.6 — ps
Data hold time tHD:DAT 5.0 — — — ps
Data setup time tsu:paT 250 — 1001 — s
Setup time for “STOP" condition tsy:sTO 4.0 — 0.6 — ps

1. Although 12C bus devices in Fast mode can be used in a standard 12C bus system, it is necessary to satisfy the required condition tgy.pat = 250 ns. This means that such devices do not automatically extend the “L" period of the SCL

signal.

If a device does not extend the “L" period of the SCL signal, the next data must be output to the SDA pin at least “trmax + tgy.par = 1000 + 250 = 1250 ns” (output the data bits that are in effect in the Standard mode according

to the 12C Bus Specification) earlier than the time the SCL pin is opened

PIOE[13]/SDAT

<~ tsu:pAT

PIOE[14)/SCL

tsu:sTA

/N

Figure 10. 12C Bus Timing

thp:sTA
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SAI Transceiver/Receiver Timing

Transceiver (for master only)
(Vob_core = 1.65 V10 1.95 V, Vpp 10 = 2.7 V t0 3.6 V, TA = -30°C to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit Remarks
Master clock frequency (256*fs) 0 CL =50 pF 2.0480 11.2896 12.2880 MHz Division ratio = 1/1, 1/2, 1/4
Master clock frequency (384*fs) [1] 3.0720 16.9344 18.4320 MHz fs=44.1,32, 48 kHz
Serial clock frequency — 32%fs — kHz
Sampling frequency fs 32 441 48 kHz
CKOUTD period (256*fs) tr Mk 488 88.6 81.4 ns
CKOUTD period (384*fs) 325 59 54.3 ns
CKOUTD “L" period (256*fs) tr MoK 244 443 40.7 ns
CKOUTD “L" period (384*fs) 162.5 29.5 27.15 ns
CKOUTD “H" period (256*fs) 1 Mk 244 44.3 40.7 ns
CKOUTD “H" period (384*fs) 162.5 29.5 27.15 ns
Serial clock period (fs = 44.1 KHz) tr sck — 708 — ns
SCLD “L" period (fs = 44.1 KHz) tr scL — 354 — ns
SCLD “H" period (fs = 44.1 KHz) 11 scH — 354 — ns
WS output delay time tr wsp — — 50 ns
Serial data (SDD) output delay time tr spp — — 50 ns
1. Typ.:fs = 1/1 division of 44.1 kHz, Min. fs = 1/4 division of 32 kHz, Max.: fs = 1/1 division of 48 kHz

t_mekL
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CKOUTD

tr_sck
VH=20V
WSD
VL=08V

SCLD

WSD

SCLD

SDD

Figure 11. SAI Transceiver Timing




Receiver (for master only)

(Vob_core = 1.65 V10 1.95 V, Vpp 10 = 2.7 V t0 3.6 V, TA = -30°C to +70°C)

ML675200/ML67Q5200

Parameter Symbol Condition Min. Typ. Max. Unit Remarks
Master clock frequency (256*fs) 0 CL =50 pF 2.0480 11.2896 12.2880 MHz Division ratio = 1/1, 1/2, 1/4
Master clock frequency (384*fs) [1] 3.0720 16.9344 18.4320 MHz fs=44.1,32, 48 kHz
Serial clock frequency — 324s — kHz
Sampling frequency fs 32 441 48 kHz
CKOUTA period (256*fs) t_mCLK 488 88.6 81.4 ns
CKOUTA period (384*fs) 325 59 54.3 ns
CKOUTA “L” period (256*fs) tR_mckL 244 443 40.7 ns
CKOUTA “L" period (384*fs) 162.5 29.5 27.15 ns
CKOUTA "H" period (256*fs) TR_MCKH 244 44.3 40.7 ns
CKOUTA "H" period (384*fs) 162.5 29.5 27.15 ns
Serial clock period (fs = 44.1 KHz) 1R sck — 708 — ns
SCLA "L" period (fs = 44.1 KHz) TR scL — 354 — ns
SCLA “H" period (fs = 44.1 KHz) tR_scH — 354 — ns
WS output delay time tR_wsp — 50 ns
Serial data (SDA) setup time 1R_spis 50 — ns
Serial data (SDA) hold time tR_spH 0 — ns
1. Typ.:fs = 1/1 division of 44.1 kHz, Min. fs = 1/4 division of 32 kHz, Max.: fs = 1/1 division of 48 kHz

TR_mcKL

CKOUTA

1

VH=20V
VL=08V

TR_SCKK
VH=20V
WSA
VL=08V

SCLA

tR_scH

tR_scL

VH=20V
VL=08V

WSA

SCLA

R_wsA

SDA

Figure 12. SAl Receiver Timing
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NAND Flash Interface '/
(Vpp_core = 1.65 V10 1.95 V, Vpp o = 2.7 V t0 3.6 V, TA = =30°C to +70°C)
Parameter Symbol Condition Min. Max. Unit

FWR_N pulse width trwp CL =50 pF (0.5w1 + 1)Tc—=10 — ns
FWR_N “H" output hold time trwH (0.5w1 + 1)Tc-10 (0.5w1 + 1)Tc +10 ns
Data (FD[7:0]) setup time trps w2-Tc— 20 — ns
Data (FD[7:0]) hold time trpH w3-Tc—10 — ns
FRD_N pulse width trRp r-Tc-10 — ns
FRD_N “H" output hold time tFREH r2-Tc-10 — ns
FRD_N access time trRen r-Tc—20 — ns
Data output hold time (FRD_N) trRHz 0 — ns

1. Tc=HCLK cycle

To calculate, use the following w1, w2, and w3 values during sequencer write and the following r1 and r2 values during sequencer read:

w1: 0 for “no write wait” mode; 1 for "1 write wait” mode; 2 for “2 write wait” mode

w2: 1.5 for "no write wait” mode; 2 for "1 write wait” mode; 3 for "2 write wait” mode
w3: 0.5 for “no write wait” mode; 1 for “1 write wait” mode; 1 for “2 write wait” mode

r1: 1.5 for “no read wait” mode; 2 for "1 read wait” mode; 3 for “2 read wait” mode
r2: 0.5 for “no read wait” mode; 1 for “1 read wait” mode; 1 for “2 read wait” mode

trwp
PIOE[9)/FWR_N J& 7

.
!

PIOE[7:0]/FD[7:0]

PIOE[8]/FRD_N

PIOE[7:0/FD[7:0]
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Figure 13. Write Transfer

Figure 14. Read Transfer




USB Pins

USB — DC characteristics

(Vgys =3.0 V10 3.6 V, Vpp cope = 1.65 V to 1.95 V, TA = -30°C to +70°C)

ML675200/ML67Q5200

Parameter Symbol Condition Min. Typ. Max. Unit Applied pin
Differential input sensitivity V| |(D+) = (D-)] 0.2 — — v D+, D-
Differential common mode range Vem VDI included 0.8 — 2.5
Single-ended receiver threshold voltage Ve — 0.8 — 2
"H" output voltage Vou 15 kQ to GND 2.8 — — Vv D+, D-
lon = =100 pA Vys — 0.2 — — PUCTL
low = =4 mA 2.4 — —
“L" output voltage Vou 1.5kQt03.6V — — 0.3 Vv D+, D-
lg. = 100 pA — — 0.2 \% PUCTL
lou= 4 mA — — 0.4
Output leakage current lozn Voy = VBUS — — +10 pA D+, D-
lozL VoL =0V — — +10
USB - AC characteristics
(Vgys =3.0 V0 3.6 V, Vpp coge = 1.65 V to 1.95 V, TA = -30°C to +70°C)
Parameter Symbol Condition Min. Typ Max. Unit Applied pin
Rise time Tr CL =50 pF 4 — 20 ns D+, D-
Fall time Tf CL =50 pF 4 — 20 ns
Rise/fall time ratio TRFM (TR/TF) 90 — 11.1 %
Output signal crossover voltage VCRS — 1.3 — 2 V
Driver output resistance ZDRV During steady-state driving 28 — 44 Q
USB - ADC Characteristics
Parameter Symbol Condition Min. Typ. Max. Unit Remarks
Resolution n Analog input source impedance — — 8 bit
Linearity error INL Ri<5kQ — +0.5 — LSB
Differential linearity error DNL — +0.5 — LSB
Zero scale error Efs — +2 — LSB
Full scale error Ezs — -2 — LSB
Conversion time Tconv 6.7 — 26.7 Hs per 1 channel
ML675200
33V =T: =T: AVDD VDD_IO =T: =T: 33V
01pF| 10pF 01pF | 104F
Analog Input . 1 AIN[30] VDD_CORE 1T T 18V
AGND GND T I Y
ov

Figure 15. A/D External Filter Circuit
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ML675200 ML675200

5kQ 5kQ

i . AINO ’ #—| AINO
Analog Input + WV Analog Input + W
0.1 pF AIN1 0.1 F AIN1
AIN2 AIN2
I AIN3 I AIN3

Vger or AGND

Crosstalk is the difference between the A/D conversion results when the same analog input is applied to
AINO through AIN3 (right side of figure) and the A/D conversion results of the circuit on the left.

Figure 16. Crosstalk Measurements
JTAG Pins (ARM Side, Teak DSP Side)

AC characteristics
(VBUS =3.0Vto3.6V, vDDfCORE =1.65Vto 1.95V, TA =-30°C to +70°C)

Parameter Symbol Condition Min. Typ. Max. Unit Applied pin
NTRST input pulse width fw_NTRST CL =50 pF — — 1 s NTRSTA
TCK maximum frequency trek — — 5 MHz TCKA, TCKT
TDI input setup time ts I 25 — — ns TDIA, TDIT
TDIinput hold time tH_TDI 25 — — ns
TMS input setup time ts_ms 25 — — ns TMSA, TMST
TMS input hold time tH_Tms 25 — — ns
TDO output delay time tp_ 00 — — 100 ns TDOA, TDOT
TINTP output delay time tp_TINT — — 100 ns TINTP
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Development Environment
* SDT2.51

ARM Software Development Toolkit (C Compiler, C Linker, Assembler)
e Oki ADI board

Interface board for device having the same interface as ARM Multi-ICE.

Oki is selling it under license from ARM.
® ML675200 SDK (Under Development)

Digital audio player software development kit (Sample software and
board etc.)

ML675200/ML67Q5200
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Package Dimensions
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Notes for Mounting the Surface Mount Type Package
The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.

Therefore, before performing reflow mounting, contact the responsible Oki sales person for the product name, package name,
pin number, package code and desired mounting conditions (reflow method, temperature and times).

Figure 17. P-LFBGA144-1111-0.80
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Related Oki Documents for the ML675200/Q5200 [/
Document Date
ML675200 User's Manual April, 2003

1. Available on the Oki Semiconductor web site www.okisemi.com/us.
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Notice

The information contained herein can change without notice owing to product and/
or technical improvements.

Please make sure before using the product that the information you are referring
to is up-to-date.

The outline of action and examples of application circuits described herein have
been chosen as an explanation of the standard action and performance of the
product. When you actually plan to use the product, please ensure that the out-
side conditions are reflected in the actual circuit and assembly designs.

Oki assumes no responsibility or liability whatsoever for any failure or unusual or
unexpected operation resulting from misuse, neglect, improper installation, repair,
alteration or accident, improper handling, or unusual physical or electrical stress
including, but not limited to, exposure to parameters outside the specified maxi-
mum ratings or operation outside the specified operating range.

Neither indemnity against nor license of a third party's industrial and intellectual
property right,etc.is granted by us in connection with the use of product and/or the
information and drawings contained herein. No responsibility is assumed by us for
any infringement of a third party's right which may result from the use thereof.
When designing your product, please use our product below the specified maxi-
mum ratings and within the specified operating ranges, including but not limited to
operating voltage, power dissipation, and operating temperature.

The products listed in this document are intended for use in general electronics
equipment for commercial applications (e.g., office automation, communication
equipment, measurement equipment, consumer electronics, etc.). These products

are not, unless specifically authorized by Oki, authorized for use in any system or
application that requires special or enhanced quality and reliability characteristics
nor in any system or application where the failure of such system or application
may result in the loss or damage of property, or death or injury to humans. Such
applications include, but are not limited to: traffic control, automotive, safety, aero-
space, nuclear power control, and medical, including life support and
maintenance.

Certain parts in this document may need governmental approval before they can
be exported to certain countries. The purchaser assumes the responsibility of
determining the legality of export of these parts and will take appropriate and nec-
essary steps, at their own expense, for export to another country.

Oki Semiconductor reserves the right to make changes in specifications at any-
time and without notice. This information furnished by Oki Semiconductor in this
publication is believed to be accurate and reliable. However, no responsibility is
assumed by Oki Semiconductor for its use; nor for any infringements of patents or
other rights of third parties resulting from its use. No license is granted under any
patents or patent rights of Oki.

Trademarks:

uPlat is a trademark of Oki Semiconductor. ARM, ARM7TDMI, and the ARM Pow-
ered Logo are registered trademarks, and AMBA, ARM7, and Multi-ICE are
trademarks of Advanced RISC Machines, Ltd.
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