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1.  General Description

1.1 Overview:

Fortemedia iM501 integrates a Tensilica Hi-Fi Mini DSP core to provide voice-triggered wakeup function
and post-wakeup voice processing. Working in conjunction with the Fortemedia microphone processor,
iM205, iM501 can provide an ultimate power saving solution. There exists a total 474 Kbytes of on-chip
memory such that multiple voice-trigger engines, smart microphone controls, and a minimum of 3
seconds of voice buffer could co-exist in the system. Together with the Fortemedia advanced microphone
voice-enhancement technology, iM501 is a versatile Voice Interface Device improving both human-to-
machine and human-to-human voice communications. The iM501 firmware framework also implements
a VOS (Voice Operating System) for easy data path plug-in of 3rd-party algorithms.

1.1.1 Hardware Features

e 128 Kbytes IRAM (Instruction RAM), 250 Kbytes DRAM (Data RAM), 96 Kbytes SRAM
(System RAM) with Auto Voice Buffer Scheme
o Provide more than 3 seconds of dual voice buffer for seamless operation
o Hardware assisted auto-buffers for MICs, DAC/TXs and RXs data to reduce system

overhead

e Programmable LDO (0.9~1.32V) and PLL (1MHz ~ 150MHz), for MIPS and power efficiency
requirements

e Support various sampling rates: 8K/16K/24K/32K/44.1K/48KHz

e Two PDM_DATA Input (support up to 4 Digital MICs) and two PDM_DATA Output pins

e Two TX (microphone) and one RX (AEC reference) of 12S are supported

¢ Microphone output can be 12S or PDM format

o 32K/512K/768K/1MHz PDM_CLKO with 16KHz sampling rate at power saving mode

e SPI/I2C for program and acoustic model download at speed up to 20MHz/400KHz

e AVD function to provide ultra-low current for wakeup function

e  (iM501+iM205) can be SIP-integrated to provide 1 Analog MIC (AMIC) and 3 Digital MICs
(DMIC) System-On-Chip (SoC).

1.1.2  Software Features

e VOS (Voice Operating System) for always-on ambience monitoring
e Programmable speech detection and voice triggers

¢ Beamforming, noise suppression and acoustic echo cancellation

e Acoustic ambience analysis

1.2 Typical Application

e Voice triggering applications for mobile devices

e Voice processing and analysis for wearable devices
e IoT voice control

e  Smart Microphone system

e Automotive voice input processing

V1.3 Confidential 7
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2. Block Diagram

2.1 Functional Block Diagram
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Figure 1. Functional Block Diagram of iM501
2.2 System Application Diagram
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Figure 2. iM501 System Application Diagram with Microphones and Host
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3. PIN Layouts

3.1 QFNB32 Package
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Figure 3. PIN Assignment of iM501 in QFN Package

3.2 CSP Package
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Figure 4. PIN Assignment of iM501 in CSP Package
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4. PIN Description

Table 1. PIN Function Description

Pin Name 10 QFIEm# H&SP Description

PDM_DATAIO I 30 C7 | PDM data from MIC0 and MIC1

PDM_DATAI1 I 29 A7 | PDM data from MIC2 and MICS3.
PDM clock output to microphone. PDM_CLKOO is
for always on microphone and can’t be turned off.
Frequency of PDM_CLKOO can be 32K, 512K, 768K

PDM_CLKOO © 31 b7 or 1?0241\/¥Hz during power saving mode.
PDM_CLKOQO is directly from PDM_CLKIO pin when
DSP is bypassed in normal mode

PDM_CLKO1 o 3 D7 2nd PDM clock to microphone. This clock can be
turned off.

GPO1 O 1 B6 General purpose output

TEST I 5 A6 Test pin ff)r scan test. This pad has internal pull
down resister

AVD I 3 C6 AVD input from iM205 miFrophone, otherwise no
connection or connect to high
I2C clock to Fortemedia DMIC (iM205), otherwise no

SCL_H O 4 D6 connection. This pad has internal pull up resister at
95K
12C data to Fortemedia DMIC (iM205), otherwise no

SDA_H/GPO0 10 5 D5 connection. This pad has internal pull up resister at
95K

RTC I 6 C5 32K clock input as reference in power saving mode.

RST_ I 7 A5 Res:et, active low. This pad has internal pull up
resister

LDO P 3 B5 LDO output for internal core power and test
purpose.

VDDIO P 9 B4 Power supply 1.6~3.6V

VSSIO G | 10/11 A4 | Double bounded ground pads.

N.C. 12

SPI_MISO O 13 D1 Data from SPI slave to SPI master

SPI_CLK I 14 Al | SPIclock.

SPI_MOSI I 15 C1 Data from SPI master to SPI slave

SPI_SS_ I 16 Bl SPI chip select. Active low

IRQ ©) 17 B2 Wake-up trigger. Polarity is selectable.

SDA 10 18 D2 12C data connected to host.

SCL I 19 C2 | I2C clock connected to host. Up to 400 KBPS.

FRAME_RX/GPO4 10 20 A2 Frame of RX of I2S or GPOA4.

BCLK_RX/GPO3 10 21 A3 | BCLK of RX of I2S or GPO3

RX/GPO2 10 22 D3 | RX of I2S or GPO2

FRAME_TX I 23 C3 | Frame of TX of 125
PDM clock from CODEC or BCLK of 12S. PDM clock

PDM_CLKI/BCLICTX | 1 24 B3 range is from 1.024~4.096MHz.

V1.3 Confidential 10
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Pin Name 10 Pin# in Description

PDM_DATAO1/TX1 25 C4 MIC2 and MIC3 to CODEC or TX1 of 12S.
PDM_DATAOO0/TXO0 26 D4 MICO and MIC1 to CODEC or TXO0 of 12S.
N.C. 27

N.C. 28

V1.3
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5. On-Chip Major Function Description

5.1 I2C Interfaces

iM501 implements two 12C interfaces, one is used as 12C slave connected to host processor(AP/MCU),
the other one is used as 12C host and connected to Fortemedia DMIC.

I’C slave bus (SCLK, SDA) is mainly used to download software and necessary initial configuration
parameters during reset and power-up, and to transmit and receive control commands at run-time. The
I2C slave bus can transfer up to 400 Kbps, its ID is OxE2.

51.1 I2C master

I2C master implemented inside iM501 is to control Fortemedia DMIC only. The read/write operations of
master I2C have been implemented by software inside iM501.

5.1.2 I2C Slave Command Format

The standard byte format of I2C data line must be 8-bit long. Each byte consists of 8 bits plus 1
acknowledge bit, with 1 bit per clock cycle. If operating as a receiver, it will return an Acknowledge (ACK)
bit after each successful byte transfer, otherwise it returns a NOACK signal. Data transfer can be aborted
if the master device generate a STOP condition to terminate a transfer. Each data transfer frame must
start with a START or a RESTART symbol and ends by a STOP symbol.

Table 2. I2C START and STOP data transition

S: START SDA transition from 1 to 0 when SCL=1
P: STOP SDA transition from 0 to 1 when SCL=1

Within the data transfer frame, multiple command sequences are allowed and the maximum numbers of
bytes per frame is 64K. Each command sequence starts with a command entry byte (e.g. 0x2B, as
DRAM_WRITE), and a number of bytes per specific command. The following figures and tables
summarize the details for the I2C command sequence.

Table 3. I2C Command Names

Gamismnd Gy Commsinmd ey #Bytes for each functional bytes —
name byte Address byte Data byte (e ned i)

IRAM_WRITE 0x0D 3 4 8
IRAM_READ 0x07 3 0 4
DRAM_WRITE 0x2B 3 2 6
DRAM_READ 0x27 3 0 4
REG_WRITE_1 0x48 1 1 3
REG_WRITE_2 0x4A 1 2 4
REG_READ 0x46 1 0 2
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Table 4. Bit Definition for I2C Command Entry Byte

Data Length
Field Name 1 Byte
Bit# Value Description
Data only Command. The transfers after the bit set are data
D7 1 . . .
only, no address bytes, until the byte count register is zero.

Data Only

0 Normal Command.
D6 - D5 00 IRAM Access.
Source/Destination 01 DRAM Access

10 12C Internal Register Access

11 Reserved
D4 Reserved
D3 0 Read
Read/Write 1 Write

00 1 byte data write, or in Data Port Read mode.
D2-D1 -

01 2 bytes data write
Number of Bytes of -
Data 10 4 bytes data write

11 0 byte data (in Data Memory Read mode).
DO 0 1 address byte for 12C Register Write, or 1 address byte for
Number of Bytes of reading Data Port
Address 1 3 address bytes for accessing IRAM or DRAM

s 170

\ U s e s LR L s W
55 5 =SS 5

o e KA SR s s /\/\/\/
éé = e Y s s

(L8

I 'b"“ o
Jo
T
'.--- —- -.l

S (|

I
.|

scL

SDA

=
I'U

S:START; P: STOP; Sr: RESTART
ACK: ACKNOWLEDGE; NO ACK: NON-ACKNOWLEDGE

Figure 5. 1°C Data Transfer Command Protocol
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5.1.3

Command #1 (6 Bytes) Command #2 Command #N (end)
-
1 1 L
2B | FC _1E 34 |56 78] 2B | XX XX XX XX XX | === == [ 2B | XX XX XX ] XX XX
1 J L
S| E2 P
L DRAM_WRITE - Data, 2Bytes

DRAM_WRITE - Address, 3Bytes

Command Entry Byte - DRAM_WRITE (0x2B)
Total 6 Bytes in this command

12C Device ID

I12C START Symbol 12C END Symbol

Figure 6. 12°C Command Sequence

I2C Burst Modes

The burst mode provides very efficient data transfer between host and iM501. For example, transferring
64 Kbytes data (upload or download) only takes about 0.58 second (64K * 9/1M). To enable this mode:

Register 0x12 must be set to 0x04 after power up, for host (I?C, not SPI) to access iM501.
Register 0xOF is set to 0x05 for initial downloading when host is I2C.

The burst mode can be applied to both IRAM and DRAM, and for both upload (Read) and download
(Write) operations.

514

I2C Burst Write

12C burst write is implemented toward IRAM and DRAM only, but not for I12C registers.

I2C Bust Write of DRAM

The sequence to issue an I12C burst write of DRAM is:

1.

Program byte counter: Byte counter indicates number of bytes to be written, its value must be
multiple of 2 for burst write mode in DRAM. For instance, if 0x20 is written to byte counter, 32-
byte will be written.

Sample sequence to program byte counter with value 0x20 is: I12C_start -> ID W (0xE2) ->
Command (0x4A, write I12C register with 1 byte address and 2-byte data) -> Address (0x08, byte
counter) -> Data (0x20) -> Data (0x00) -> stop

Write one word to generate starting address of burst write (assuming 0xXOFFC_6040 of DRAM,
LSB of address is sent first): [2C_start -> ID W (0xE2) -> Command (0x2B, DRAM write, 3-address
byte) -> address_1 (0x3E) -> address_2 (0x60) -> address_3(0xFC) -> Data_1 (0xCD, low byte for
0xOFFC_603E) -> data_2 (0xAB, high byte, 0xFFC_603F) - Stop

Issue command to setup burst mode: [2C_start -> ID W (0xE2) -> Command (0xAS8, data only,
DRAM, Write) -> stop

Issue 12C Write (DRAM write is 2-byte operation, and LSB of data is written first): [2C_start ->
ID W (0xE2) -> data0 (OxOFFC_6040) -> datal (OXOFFC_6041) -> data2 (0xOFFC_6042) -> ... ->
data30 (0xOFFC_605E) -> data31 (0xOFFC_605F) -> Stop

V1.3

Confidential 14



for'l'émecﬁg iM501 Datasheet

*Note: Data written in step 2 is not considered as part of byte counter

I2C Bust Write of IRAM

The sequence to issue an I2C burst write of IRAM is:

1.

5.1.5

Program byte counter: Byte counter indicates number of bytes to be read, value of byte counter
must be multiple of 4 for burst write mode of IRAM. For instance, if 0x20 is written to byte
counter, 32-byte will be read out.

Sample sequence to program byte counter with value 0x20 is: 12C_start -> ID W (0xE2) ->
Command (0x4A, write 12C register with 1 byte address and 2-byte data) -> Address (0x08, byte
counter) -> Data (0x20) -> Data (0x00) -> stop

Write double words (4 bytes) to generate starting address of burst write (assuming 0x1000_5344
of DRAM, LSB of address is sent first): [2C_start -> ID W (0xE2) -> Command (0x0D, IRAM write,
3-address byte) -> address_1 (0x40) -> address_2 (0x53) -> address_3(0x00) -> Data_0 (OxEF,
lowest byte, 0x1000_5340) -> data_1 (0xCD, 2~ low byte, 0x1000_5341) -> Data_2 (0xAB, 2nd
highest byte, 0x1000_5342) -> data_3 (0x89, highest byte, 0x1000_5343) -> Stop

Issue burst read and indicate memory type, IRAM or DRAM (setup burst mode): [2C_start -> ID
W (0xE2) -> Command (0xA8, data only, DRAM, Write) -> stop

Issue I2C Write (IRAM write is 4-byte operation, data of lowest byte is written first): 12C_start ->
ID W (0xE2) -> data0 (0x1000_5344) -> datal (0x1000_5345) -> data2 (0x1000_5346) -> ... ->
data30 (0x1000_5362) -> data31 (0x1000_5363) ->Stop

*Note: Data written in step 2 is not considered as part of byte counter

I2C Burst Read

I2C burst read is implemented toward IRAM and DRAM only, but not for I2C registers.

I’C Bust Read of DRAM
The sequence to issue an I2C burst read of DRAM is:

1.

Program byte counter: Byte counter indicates number of bytes to be read, its value must be
multiple of 4 for burst read mode. For instance, if 0x20 is written to byte counter, 32-byte will be
read out.

Sample sequence to program byte counter with value 0x20 is: 12C_start -> ID W (0xE2) ->
Command (0x4A, write I12C register with 2-byte data and 1 byte address) -> address (0x08, byte
counter) -> Data (0x20) -> Data (0x00) -> stop

Send first address of burst read (assuming OxOFFC_6040 of DRAM, LSB of address is sent first):
I2C_start -> ID W (0xE2) -> Command (0x27, DRAM read, 3-address byte) -> address_1 (0x40) ->
address_2 (0x60) -> address_3(0xFC) -> Stop

Issue burst read and indicate memory type, IRAM or DRAM (setup burst mode): 12C_start ->
ID W (0xE2) -> Command (0xAO0, data only, DRAM) -> stop

Issue I2C burst read command (DRAM): 12C_start -> ID R (0xE3)

V1.3
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5.

Data will show serial on SDA pin, data in lowest address shows first: 0x01 (address
0xOFFC_6040) -> 0x02 (address 0xOFFC_6041) -> 0x03 (address OxOFFC_6042) -> ... -> 0x20
(address 0xOFFC_605F)

I°C Bust Read of IRAM
The sequence to issue an I2C burst read of IRAM is:

1.

Program byte counter: Byte counter indicates number of bytes to be read, its value must be
multiple of 4 for burst read mode. For instance, if 0x20 is written to byte counter, 32-byte will be
read out.

Sequence to program byte counter with value 0x20: 12C_start -> ID W (0xE2) -> Command (0x4A,
write 12C register with 2-byte data and 1 byte address) -> address (0x08, byte counter) -> Data
(0x20) -> Data (0x00) -> stop

Send first address of burst read (assuming 0x1000_5340 of IRAM, LSB of address is sent out first):
I2C_start -> ID W (0xE2) -> Command (0x07, IRAM read, 3-address byte) -> address_1 (0x40) ->
address_2 (0x53) -> address_3(0x00) -> Stop

Issue burst read command: 12C_start -> ID W (0xE2) -> Command (0x80, data only, DRAM) ->
stop

Issue I12C burst read command (IRAM): 12C_start -> ID R (0xE3)

Data will show serial on SDA pin, data in lowest address shows first: 0x01 (address
0x1000_5340) -> 0x02 (address 0x1000_5341) -> 0x03 (address 0x1000_5342) -> ... -> 0x20 (address
0x1000_535F)

V1.3
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5.2 I2S Interface

There are TX0 and TX1 pins to support up to 4 microphone output. TX0 and TX1 pins are shared with
PDM_DATAOO and PDM_DATAL1, respectively. When bit 1:0 of 0xOFFF_FF16 are set to “10”, TX0 and
TX1 of IS are selected. Each TX pin (TX0, TX1) can support 2 channels (microphones).

TX0/TX1 and RX have independent FRAME and BCLK pins, so their clock rates of BCLK and FRAME
can be different. 125 of iM501 supports TDM format from 2 to 8 slots. Data can be placed into any two
slots of TX0 and TX1. RX data also supports 2 to 8 slots, the main purpose of RX is for AEC reference.

The setting of format of TX and RX is through register OxOFFF_FF76 and 0xOFFF_FF78, respectively.

The format of TX and RX can be programmed. I12S provide a wide range of formats as below:
e Support 2 to 8 slots
¢ Slot length can be 16, 20, 24, 28, 32-bit
e Word length can be 16, 20, or 24-bit
e  First-bit data delay can be 0 or 1
¢ Frame(LRCK) can be started with low or high
o Left/right alignment of word inside slot
e Bit order can be MSB first or LSB first
e FRAME(LRCK) width can be 1 to (slot number) * (slot length) - 1 cycles of BCLK
e Data can be transmitted /received at both rising or falling edge of BCLK

TX and RX can support up to 2 slots. Slot length can be 16-, 20-, 24-, 28-, 32-bit, it must be larger or equal
to word length, which can be 16-, 20-, or 24-bits. The serial ports in iM501 can only be in slave mode (no
master mode). The transmit data is padded with “0” when slot length is larger than word length.
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5.3 PDM Data Input (Microphone Interface)

iM501 uses PDM interface (PDM_CLKOO, PDM_DATAIO, PDM_CLKO1, PDM_DATAIl) to
communicate with external digital microphone(s). Please refer to the below diagram for more details.

PDMDAT‘AO‘Vl‘BO‘Wl‘CO‘Xl‘DO‘Yl‘EO‘Zl‘

overk | L0 [

MICO DATA A0->B0->CO0->D0->EQ->---.

MIC1 DATA V1->W1->X1->Y1->Z1->---,

Figure 7. iM501 Digital Microphones Interface Clock and Data

The iM501 has capability to provide Fortemedia microphone or regular DMIC. The interface and clock
rate (PDM_CLKO) to Fortemedia or regular DMIC are different.

5.3.1 Fortemedia DMIC

The major difference between Fortemedia DMIC and regular DMIC are the existence of I2C and AVD pins:
e Fortemedia DMIC can be programmed through I2C host of iM501,
e AVD pinis indicator to signal that there is an incoming voice stream during power saving mode.

After power up, host can initialize Fortemedia DMIC through iM501. Registers O0xOFFF_FF00,
0xOFFF_FF02 and OxOFFF_FF04 are used for I2C communication with Fortemedia DMIC, or the host can
ask DSP to do initialization of Fortemedia DMIC.

In normal operation, PDM_DATAOO0/PDM_DATAO1 can directly come from DMIC or from DSP of
iM501 by setting bit [1:0] of OxOFFF_FF16. The clock rates of PDM_CLKOO/PDM_CLKOL1 is same as
PDM_CLKI when bit [1:0] of 0XOFFF_FF16 are set to 00 (DMIC bypass) or 2.048MHz when bit [1:0] are set
to 01 (from DSP).

In Power Saving mode, clock rate of PDM_CLKOO0/PDM_CLKOL1 is either 32 KHz when AVD is not
activated, or 1.024MHz when AVD is activated. When 32 KHz of PDM_CLKOQ is provided, PLL inside
iM501 is powered down.

Hi-Fi Mini DSP and all digital filters are reset for around 33us (one cycle of 32 KHz clock) when AVD is
activated. Memory-mapped registers or host registers (12C, SPI) are not reset by AVD. Fortemedia DMIC
takes about 4096 cycles of PDM_CLKOO after AVD is activated to send out the 1st valid data.

Firmware will start from the vector at reset. Firmware should do minimum initialization when it is
resumed from AVD to be able to execute “wakeup” function right away.

PDM_CLKOQO is for always-on DMIC, and PDM_CLKO1 can be turned off.
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5.3.2 Regular DMIC

Regular DMIC has no I2C and no AVD. Only PDM_CLKOO/PDM_CLKO1 and PDM_DATAIO/
PDM_DATALI1 are used between iM501 and microphone.

In normal operation, PDM_CLKOO0/PDM_CLKO1 can be same rate as PDM_CLKI when bit [1:0] of
OxOFFF_FF16 are set to “00”, or 2.048MHz when bit [1:0] are set to “01” during system.

In Power Saving mode, PDM_CLKOO can provide 512K, 768K, or 1.024MHz by setting PLL to generate
CODEC_CLK at 2.048M, 3.072M, or 4.096MHz.

For Low Power mode when DMIC supports 512K, 768K or 1.024MHz, bit [13:12] of OxOFFF_FF22 must be
set accordingly to get 16 KHz sampling rate of PCM to DSP.

For regular DMIC with no AVD pin, PLL and digital filter of ADC are not powered down.

5.3.3 PDM Data Output (CODEC/Host Interface)
iM501 can send out up to 4 channels of microphone signal to CODEC or host, through PDM_CLKI,
PDM_DATAOO, and PDM_DATAO1 pins. These pins are shared with BCLK_TX, TX0, and TX1,

respectively.

The range of PDM_CLKI is from 1.024MHz to 4.096MHz. Both PDM_DATAOO and PDM_DATAO1 can
be tri-stated.

5.34  Clock Detector

There is a built-in clock detector in iM501. When frequency PDM_CLKI or BCLK_RX is less than 8 KHz,
iM501 automatically enters Power Saving mode.

5.3.5 Interrupt to Host

iM501 generates IRQ to host. The IRQ signal can be level or pulse: IRQ can be high to low or low to high
when level is selected, or high-low-high or low-high-low transitions when pulse is selected. Host needs to
clear IRQ when level trigger is selected. IRQ’s polarity is also programmable.
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5.4 SPI Interface

The iM501 provides high speed data transfer between host and iM501 with speed up to 20 Mbps. The

transfer protocol follows the sequence of “command (1 byte), address (3 bytes), and data counter (2 bytes)
when IRAM or DRAM are read / written.

For SPI register access, the transfer protocol is:

e Memory: command (1 byte) -> address (3 bytes) -> data counter (2 bytes) -> data (n)
e Register: command (1 byte) - address (1 bytes) -> data (1 byte)

The maximum block for data transfer is 64K word and minimum is 1 word.

iM501 provides two hosts, 12C or SPI, to internal DSP. Bit [2] of host register of I2C at 0x12 is used to
select which one as host of DSP.

Bit [1:0] of host register of I2C at 0x12 are used to configure the SPI interface:

e CPOL, at bit[0] of 0x20, determines polarity of SPI_CLK

e CPHA is to select clock edge for latching or transmitting SPI_MISO/SPI_ MOSI.
SPI module must be reset when bit [1:0] is changed.

CPOL=0
SPI_CLK
CPOL=1
SPI_SS
Pl Mosy | CPHASD [2X T 3 5 3 4 5 6 7 B WNKKZ
SPI_MISO N
CPHA=1 [Z>(X (1 (2 3 (4 (5 (6 X7 <8 <Z
seelk | A AN AN N
SPI_Ss |\ /]
SPI_MOSI |ZXXA1XAZXA3 X A4 < A5 X AB X AT X A8 XD1<D2<D3 <D4 < D5 X D6 D7 D8 xX X Z
SPI_MISO z <{D1XD2xD3xD4 xD5xD6 D7 XD8 <X Z

Figure 8. SPI Timing Sequences
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54.1

SPI Protocol

COMMAND:

SPI supports read and write operations of IRAM and DRAM.

Table 5. Bit Definition for SPI Command Byte

Bits Reset | Description
Reserved 7:2
Write 2 0 “0”: read, “1”: write
REG_SEL 1 0 “0”: DSP memory, “1”: SPI register
IRAM 0 0 “0”:IRAM, “1”: DRAM.
ADDRESS:

DRAM and IRAM have 3 address bytes, and SPI register has only 1 address byte. These 3 address bytes
follows the command byte, with the least significant byte (LSB) at first and the most significant byte (MSB)
at last. They define the first memory location to be read or written.

DATA Counter:

The 2-byte data counter specifies number of words to be read or written in IRAM or DRAM.

54.2

The data counter must be multiple of 2 for IRAM (IRAM in Hi-Fi Mini is 32-bit access).
The minimum number of memory access is 2 for IRAM and 1 for DRAM.

The maximum transfer block is 128K byte for IRAM and DRAM.

Don’t need data counter if SPI register is read or written.

SPI Register Read/Write Sequence

Write SPI Register

To write an 8-bit data to SPI register at address ADD with data DAT, the sequence is:
0x06 (command) -> ADD (address) -> DAT (data)

For instance, the sequence to write 0x59 to SPI interrupt DSP register is:
0x06 (command) -> 0x01 (address) -> 0x59 (data)

Read SPI Register

To read an 8-bit data to SPI register at address ADD with data DAT, the sequence is:
0x02 (command) -> ADD (address) -> DAT (data)

For instance, the sequence to read SPI interrupt DSP register is:
0x02 (command) -> 0x01 (address) -> 0xXX (data)

V1.3

Confidential 21



fOI"l'émedTo iM501 Datasheet

5.4.3  SPI Burst Modes

iM501 provides SPI burst mode for both upload (Read) and download (Write) operations. Burst mode
provide very efficient data transfer between host and IRAM/DRAM of iM501, for example, transferring
192 Kbytes data at SPI speed of 20Mbps only takes less than 100ms second.

To enable burst mode, the SPI host needs to set CPHA and CPOL bits at register 0x12 (Default of CPHA
and CPOL are all “0”), and the Register 0x00 of SPI must be set to 0x05 for initial download.

5.4.4  SPI Burst Write

SPI Burst Write of IRAM
The sequence to issue a SPI burst write of 16-word of IRAM with contents as table below is:

ADDRESS of IRAM Data of IRAM
0x1001_9803, 0x1001_9802, 0x1001_9801,0x1001_9800 0x04030201
0x1001_9807, 0x1001_9806, 0x1001_9805,0x1001_9804 0x08070605
0x1001_980B, 0x1001_980A, 0x1001_9809,0x1001_9808 0x0COBOAQ9
0x1001_980F, 0x1001_980E, 0x1001_980D,0x1001_980C 0x100FOEOD
0x1001_9813, 0x1001_9812, 0x1001_9811,0x1001_9810 0x14131211
0x1001_9817, 0x1001_9816, 0x1001_9815,0x1001_9814 0x18171615
0x1001_981B, 0x1001_981A, 0x1001_9819,0x1001_9818 0x1C1B1A19
0x1001_981F, 0x1001_981E, 0x1001_981D,0x1001_981C 0x201F1E1D
0x1001_9823, 0x1001_9822, 0x1001_9821,0x1001_9820 0x24232221

04 (command) -> 00 (address, low) -> 98 (address, middle) -> 01 (address, high) -> 10 (low byte of word
counter) -> 00 (high byte of word counter) -> 01 (data of 0x10019800) -> 02 (data of 0x10019801) -> ... ->
1E (data of 0x1001981D) -> 1F (data of 0x1001981E) -> 20 (data of 0x1001981F) ->

SPI Burst Write of DRAM

The sequence to issue a SPI burst write of 16-word of DRAM with contents as table below is:

ADDRESS of DRAM Data of DRAM
0xFCCO0_9803, 0xOFFC_9802, O0xOFFC_9801,0x0FFC_9800 0x04030201
0xFCC0_9807, 0xOFFC_9806, 0xOFFC_9805,0x0FFC_9804 0x08070605
0xFCC0_980B, 0xOFFC_980A, 0x0FFC_9809,0x0FFC_9808 0x0COB0OA09
0xFCCO0_980F, 0xOFFC_980E, 0xOFFC_980D,0x0FFC_980C 0x100FOEOD
0xFCCO0_9813, 0xOFFC_9812, OxOFFC_9811,0x0FFC_9810 0x14131211
0xFCCO0_9817, 0xOFFC_9816, 0xOFFC_9815,0x0FFC_9814 0x18171615
0xFCCO0_981B, 0xOFFC_981A, 0xOFFC_9819,0x0FFC_9818 0x1C1B1A19
OxFCCO0_981F, 0xOFFC_981E, 0xOFFC_981D,0x0FFC_981C 0x201F1E1D

05 (command) -> 00 (address, low) -> 98 (address, middle) -> FC (address, high) -> 10 (low byte of word
counter) -> 00 (high byte of word counter) -> 01 (data of 0xOFFC9800) -> 02 (data of OxOFFC9801) -> ... ->
1E (data of 0OxOFFC981D) -> 1F (data of OxOFFC981E) -> 20 (data of OxOFFC981F) ->
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5.4.5  SPI Burst Read

SPI burst read is implemented toward IRAM and DRAM only, but not for SPI registers.

SPI Burst Read of IRAM

The sequence to issue an I2C burst read of 16-word of IRAM from address 0x10019800 is: (Assuming
IRAM address and contents are table below)

ADDRESS of IRAM Data of IRAM
0x1001_9803, 0x1001_9802, 0x1001_9801,0x1001_9800 0x04030201
0x1001_9807, 0x1001_9806, 0x1001_9805,0x1001_9804 0x08070605
0x1001_980B, 0x1001_980A, 0x1001_9809,0x1001_9808 0x0COBOAQ9
0x1001_980F, 0x1001_980E, 0x1001_980D,0x1001_980C 0x100FOEOD
0x1001_9813, 0x1001_9812, 0x1001_9811,0x1001_9810 0x14131211
0x1001_9817, 0x1001_9816, 0x1001_9815,0x1001_9814 0x18171615
0x1001_981B, 0x1001_981A, 0x1001_9819,0x1001_9818 0x1C1B1A19
0x1001_981F, 0x1001_981E, 0x1001_981D,0x1001_981C 0x201F1E1D
0x1001_9823, 0x1001_9822, 0x1001_9821,0x1001_9820 0x24232221

00 (command) -> 00 (address, low) -> 98 (address, middle) -> 01 (address, high) -> 10 (low byte of word
counter) -> 00 (high byte of word counter) -> 01 (data of 0x10019800) -> 02 (data of 0x10019801) -> 03

(data of 0x10019802) -> ... -> 1E (data of 0x1001981D) -> 1F (data of 0x1001981E) -> 20 (data of 0x1001981F)
->

SPI Burst Read of DRAM

The sequence to issue a SPI burst read of 16-word of DRAM with contents as table below is:

ADDRESS of DRAM Data of DRAM
0xFCCO0_9803, 0xOFFC_9802, 0xOFFC_9801,0x0FFC_9800 0x04030201
0xFCCO0_9807, 0xOFFC_9806, 0xOFFC_9805,0x0FFC_9804 0x08070605
0xFCC0_980B, 0xOFFC_980A, 0xOFFC_9809,0x0FFC_9808 0x0CO0BOA09
0xFCCO0_980F, 0xOFFC_980E, 0xOFFC_980D,0x0FFC_980C 0x100FOEOD
0xFCCO0_9813, 0xOFFC_9812, 0xOFFC_9811,0x0FFC_9810 0x14131211
0xFCCO0_9817, 0xOFFC_9816, 0xOFFC_9815,0x0FFC_9814 0x18171615
0xFCCO0_981B, 0xOFFC_981A, 0xOFFC_9819,0x0FFC_9818 0x1C1B1A19
0xFCCO0_981F, 0xOFFC_981E, 0xOFFC_981D,0x0FFC_981C 0x201F1E1D

01 (command) -> 00 (address, low) -> 98 (address, middle) -> FC (address, high) -> 10 (low byte of word
counter) -> 00 (high byte of word counter) -> 01 (data of OxOFFC9800) -> 02 (data of OxOFFC9801) -> ... ->
1E (data of 0xOFFC981D) -> 1F (data of OxOFFC981E) -> 20 (data of OXOFFC981F) ->
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5.5 LDO control

Given the feature of programmable LDO voltage and PLL, the iM501 provides a mechanism to adjust
MIPS in terms of power consumption for various user applications. As shown in the following table, the
iM501 can operate under distinct MIPS by setting the LDO register bits, LDO_CTL, in the bit [9:6] of
OxOFFF_FF22. Note that in order to control LDO, both PD_LDO in the bit 13 of 0xOFFF_FF1A and
LDC_EN in the bit 10 of OxOFFF_FF22 shall be set as 0. Also, an external cap at 2.2uF is required to add at
the pin, VDDC when the targeting MIPS is higher than 120.

LDO_CTL hex value LDO voltage* Maximum MIPS*
4 1.10V 65
5 1.15V 80
6 1.20V 95
7 1.25V 110
8 1.30V 125
9 1.35V 140
A 1.40V 155

*Note: What defines in the table shall be referred to a typical value and subject to change upon chip
variation.
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6. Register Descriptions

6.1 I2C Registers

6.2 SPI Register

Host Address: 0x12
DSP I/O Address: N/A
Power-on Value: 0x00
Description: SPI setting

3 2 1 0

D3: SPIL_RST

“1”: reset SPI. This bit has to be written to “1”, then to “0” whenever “CPHA” or “CPOL” are changed.

D2: 12C_mode

"0": Source of PIF master is from SPI. It means the memory down load and upload is through SPI interface.
"1": Source of PIF master is from I2C. It means the memory down load and upload is through I2C interface

D1: CPHA, or Clock phase of SPI.
D0: CPOL, or Clock polarity of SPL

Note: 0x12 needs to be programmed to “0x0B”, then 0x03 if system likes to set both “CPHA” and “CPOL” to “1”s.

6.3 DSP Register

6.3.1 TX of I2S configuration (0xOFFF_FF76)
Bits | Read/Write | Reset | Description

Reserved 15:14

TX_tri 13 Read/Write | 0 “0”: TX pin is driven, “1”: TX pin is tri-stated.

Ocd_TX 12 Read/Write | 0 “0”: No delay. “1”: one cycle delay.

R_latch_TX 11 Read/write | 0 “0”: Data is latched by falling edge of BCLK.
“1”: Data is latched by rising edge of BCLK.

Low_F_TX 10 Read/Write | 0 “0”: Frame starts at “high”, “1”: Frame starts at
“low”.

LSB_F_TX 9 Read/Write | 0 “1”: LSB first. “0”: MSB first.

R_align_TX 8 Read/Write | 0 “1”: Right alignment, “0”: Left alignment.

Word_lenth TX | 7:6 Read/Write | 00 Length of word. “00”: 16-bit, “01”: 20-bit, “10”:24-
bit.

slot_lenth_TX 5:3 Read/write | 000 Length of slot. “011”: 16-bit, “100”: 20-bit,”101":24-
bit,
“110”: 28-bit, “111": 32-bit

Slot_num_TX 2:0 Read/Write | 000 TX slot number. Number of slots = Slot_num][2:0] +
1,

6.3.2

RX of 12S configuration (0xOFFF_FF78)

‘ Bits ‘ Read/Write ‘ Reset ‘ Description

V1.3
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Reserved 15:13
Ocd_RX 12 Read/Write “0”: No delay. “1”: one cycle delay.
R_latch_RX 11 Read/write “0”: Data is latched by falling edge of BCLK.
“1”: Data is latched by rising edge of BCLK.
Low_F RX 10 Read/Write “0”: Frame starts at “high”, “1”: Frame starts at “low”.
LSB_F 9 Read/Write “1”: LSB first. “0”: MSB first.
R_align 8 Read/Write | 0 “1”: Right alignment, “0”: Left alignment.
Word_lenth 7:6 Read/Write | 00 Length of word. “00”: 16-bit, “01”: 20-bit, “10”:24-bit.
slot_lenth_RX | 5:3 Read/write | 000 Length of slot. “011”: 16-bit, “100”: 20-bit,”101":24-
Eitl,O”: 28-bit, “111”: 32-bit
Slot_num_RX | 2:0 Read/Write | 000 RX slot number. Number of slots = Slot_num[2:0] + 1;
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7. Voice Interface Device Functionalities

7.1 Software Components

The iM501 is a Voice Interface Device that integrates programmable feature sets including;:

e VOS (Voice Operating System) for always-on ambience monitoring
e Supports programmable speech detection and voice triggers

¢ Noise suppression and acoustic echo cancellation

e Acoustic ambience analysis

In the following sections we shall describe each function briefly:

711 Voice Operating System

The iM501 design targets hosting of advanced voice processing technologies developed by Fortemedia, as
well as easy integration of Third Party voice processing technologies - as firmware - onto the processor.

The runtime operating framework aims at providing flexibility and facilitates easy third party firmware
integration. It manages the voice data I/O and speech history buffering, and prioritizes task executions.
The operating environment is “voice-conscious” in a sense that it minimizes the delay incurred by
buffering, yet maintains voice data history intelligently for performing ambience audio scene analysis.

71.2 Voice Trigger Function

The Voice-Trigger is for system wakeup or for signaling to a voice recognition engine the beginning of a
session of man-machine dialogues. The iM501 system firmware allows for easy drop-in and integration
of any Third-Party voice trigger and wake-up algorithms. After the iM501 reports the voice trigger event
to the host processor, the host processor can retrieve the stored voice history for further voice analysis
and recognition processing.

7.1.3 Voice Enhancement Function

The iM501 contains Fortemedia Advanced Microphone Array Processing (AMAP) algorithm for
enhancing the incoming voice signal. The enhanced voice can benefit Voice Recognition functions to
achieve higher recognition rates when man-machine interaction mode is on, and it will provide better
voice quality in human-to-human conversation mode ambient noise and acoustic echoes eliminated.

The AMAP software components built into iM501 includes acoustic echo cancellation, multi-microphone
beamforming, noise suppression, and intelligent voice enhancements.

71.4  Acoustic Ambience Analysis Function

The iM501 contains the Fortemedia Acoustic Ambience Analysis algorithm that analyzes the ambient
sound signal in the voice buffer and reports higher level cues to upstream for sensor fusion or other
applications.
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8. Electrical Characteristics

8.1 7.1 DC Characteristics

Table 6. Absolute Maximum Ratings

Parameter Symbol Minimum Typical Maximum Units
Power supply voltage VDDIO 1.6 3.6 \
Ambient Operating Ta -20 - +85 °C
Temperature
Storage Temperature Ts -40 +125 oC
‘ HBM ESD (Electrostatic Discharge)
Susceptibility Voltage
All pins 2000
‘MM ESD (Electrostatic Discharge)
Susceptibility Voltage
All pins 200
‘ CDM ESD (Electrostatic Discharge)
Susceptibility Voltage
All pins 500
Table 7. Static Characteristics
For 1.8V I/O For 2.5V I/O For 3.3V I/O Uni
Parameter Symbol Min. Typ. | Max. | Min. | Typ. | Max. Min. | Typ. | Max. | t
10 power VDDIO | 1.62 18 | 198 | 225 | 25 | 275 | 297 | 33 | 363 | V
supply
Hysteresis - 0.17 0.3 0.2 0.3 0.22 0.3 \Y
Input low VIL 0.6 0.7 08 | Vv
voltage
Input high VIH 12 17 2.0 v
Voltage
Outputlow |y, 0.4 0.4 04 | v
voltage
Output high VDDIO- VDDIO VDDIO
voltage VOH 0.4 -0.4 -0.4 M
Inputleakage | ; 10 #10 | -10 0 | -10 10 | uA
current
Output
leakage ILO -10 +10 -10 +10 -10 +10 | uA
current
OutputHigh | o)) 24 38 5 mA
current
Output low Tol 24 3.8 5 mA
current
Pull-up Pull-up 90 57 20 kQ
resistor
Pul.l-down Pull- 97 59 " KO
resistor down
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8.2 AC Timing Characteristics

8.21 I?C Control Interface
Table 8. I?C Timing Parameters

Parameter Symbol Minimum Typical Maximum Units
Clock Low pulse duration Tw) 480 - - ns
Clock High pulse duration Twqo) 450 - - ns
Clock Frequency f 100 - 400 KHz
Re-Start Setup Time Tsuge) 260 - - ns
Start Hold Time Ths) 260 - - ns
Data Setup Time Tsu@) 50 - - ns
Data Hold Time Ths) 0 - ns
Rising Time T; - - 60 ns
Falling Time Tt - - 60 ns
Stop Setup Time Tsus) 240 - - ns
Bus free time between a Tous 500 i ) ns
STOP and START condition
Pulse Width of Spikes Tsp ns
Suppressed Input Filter 10 ) )

two) —L—»k—»:— tw(o) ISP_’: :‘_

SCLK |

> the
|

SDA —\i /

l— tsu() te——1»|

tsu 8) lrle—- tsu(G)

Figure 9. 12C Timing Diagram
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8.2.2 PDM Control Interface

Table 9. Digital Microphone Interface Timing

Parameter Symbol MIN TYP MAX UNIT
PDM_CLKOn cycle time TCY_M 1.024 2.048 4.096 Mhz
PDM_CLKOn rise/fall time TR M, TF_ M 5 30 ns
PDM_CLKOn duty cycle 45 55 %
PDM_DATIn (left) setup time TLSU M 15 ns
PDM_DATIn (left) hold time TLH M 10 ns
PDM_DATIn (right) setup time TRSU M 15 ns
PDM_DATIn (right) hold time TRH_ M 10 ns
|-— Tey m —»
Il Wl
PDM_CLKOn ! !
—» ja—TLsu_m TRSUM—>|  |a—
PDM_DATAIn —< >—< >——<Ieft_data >—< >——< >—<right_dala>—< >——
—»| |—T LH_M TRHM—  |a—

Figure 10. PDM Timing Diagram

Table 10. PDM (CODEC) Interface Timing

Parameter Symbol MIN TYP | MAX UNIT
PDM_CLKIn cycle time Tcy c 1.024 2.048 | 4.096 Mhz
PDM_CLKIn rise/fall time Tr c, TF C 10 ns
PDM_CLKIn duty cycle 45 55 %
PDM_DATORn (left) setup time TLsu ¢ 30 ns
PDM_DATORn (left) hold time TLH C 15 ns
PDM_DATORn (right) setup time TRrsU_C 30 ns
PDM_DATOn (right) hold time TrH C 15 ns
PDM_DATOn data valid from rising edge of TREN 30 ns
PDM_CLKIn

PDM_DATOn data valid from rising edge of TLEN 30 ns
PDM_CLKIn
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j-— Tey ¢ —»

I | |
TW\__/—\—/—
PDM_CLKIn ! !

|—TREN TLEN =

—»] k=
PDM_DATAON —< >—< >—<rightidata>——< >—< >—<eﬂ7data >7

—»| l—TLsu_c Trsu_c —»| |a—
—»| |4—TLH C TrRH.C —» |
Figure 11. PDM (CODEC) Timing Diagram
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8.2.3  SPI Control Interface
Table 11. SPI Timing Parameters

Parameter Symbol | MIN TYP MAX UNIT
SPI_SS_ falling edge to SPI_CLK rising edge tssu 2 ns
SPI_CLK falling edge to SPI_SS_ rising edge tsHo 0 ns
SPI_CLK cycle time tscy 50 ns
SPI_CLK pulse width low tscL 10 ns
SPI_CLK pulse width high tscu 10 ns
SPI_MOSI to SPI_CLK set-up time tosu 3 ns
SPI_MOSI to SPI_CLK hold time tbHo 3 ns
SPI_CLK falling edge to SPI_MISO transition toL 9 ns
tssy
SPL.SS: =N
(input) alls
Ly tscy I
s R
-t o L e >
SPI_MOSI \ \I: 44 ,
(ir:put) \< = __,T — \ \<
toro
SPI_SS
(input)

SPI_CLK % = e p—
Ayt Sl o g WISy WY pu S pu "N

SPI_MISO - S -
(output) R S m— X J \:f(\
-

o —»

Figure 12. SPI Timing Diagrams
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8.24  Power Up Sequence
Table 12. Power-up Sequence Timing Parameters
Parameter Symbol Minimum Typical | Maximum | Units
VDDIO to VDDC delay time Td_viozve 200 - us
VDDC to internal power on reset Tvdde2por_ 1024 - cycle
PDM_CLKI off to power saving| Td_ckof2psm 130 us
mode activated
PDM_CLKI on to resume normal Tekon2psm 3 i cycle
mode
LDO settle time from low to high Tidos_12h 200 - us
LDO settle time from high to low Tidos_n21 2 - ms
12C ready after PDM_CLKI on Teonc - ms
PLL lock in time - ms
PDM_CLKI
VDDIO |
|<- Td_vio2vc ->|
VDDC |
POR_
|
|<— Td_vddc2por_ —>|
Parameter >—
|<_ Telk212C _>|
PDM_CLKI
// g
/77
PSM (power saving mode) |
|<— Td_ckon2psm —>|
Td_ckof2psm
vDDC
LDO_CTLI3:0] | Tidos_i2h | f— Tidos_hz! —»]
XXXX YYYY 77277

Figure 13. Power-up Sequence Timing Diagram
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9. Circuit for iM501 Application Example

-

\\Aﬂ

vCC
LDo Enable

=
<
a
o
=
[=}

CODEC

DMICDATO
DMICO CLK

SLIMBus

| 128 TX

(o)==l

D-MIC #3

PDM_DRATO1

PDM_DIATOO

PDM_dLKI
GPO1

Echo Ref

A

y

1KO1

D-MIC #2

PDM_DATAII

VBATT

PDM_CLKOO

—p
PDM_DATAIO
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PDMioutor][ 125 TX ] (125 rx)

-

xSD

SD (Google, Sensory, iFlytek)

NS/AEC + more SW
Always on, Acoustic
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SPL

—
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IRAM (128KB) DRAM(250kB)

Auto Voice Buffer

Host

SLIMBus

12C
12C

Always On
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0

Figure 14. iM501 uses 3 DMICs for Mobile Device Wake-up and (AEC/NS) via PDM
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Figure 15. iM501 uses 3 DMICs for Mobile Device Wake-up and (AEC/NS) via 12S
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10.Mechanical Dimensions

10.1 QFN Package (QFN32, 5mmx5mm):

J
— [£]eee]c]A[B]
(2] o 25 | 2 PIN 1 1D,
] @ TOOoOoooy
| 24 | ]
B = | .
VAR = | =
_____ | | — : O 2 hn
FIN 1 CORNER = K :l _E_ —r '
[ [eee[c[A[B] _i‘ T P ~ E__ T ;
T T T - - | ]
1 1?—| ! Ca
| ONOOA00D N oo o
186 | 9 ATTACH PAD
| ] o] I
o Seaald] [&]ddd@]c]ale]
ToP ViEW BOTTOM VIEW
7 o
. |
ﬁ = zg
7?15 | e
—+— ?l‘_fﬂ_EF_‘\j:\__]T\j:\;f‘_:EEL‘f? r ] L
. <y
2 | !

Figure 16. Top, Bottom and Side View of iM501 QFN Package
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Table 13. Detailed Dimensions for iM501 in QFN Package

Svmbol Dimension in millimeter (mm)
ymbo Min Nom Max
Total Thickness A 0.8 0.85 0.9
Stand Off Aq 0 0.035 0.05
Mold Thickness Ao - 0.65 0.67
L/F Thickness As 0.203 REF
Lead Width b 0.2 | 0.25 | 03
. X D 5 BSC
Body Size Y 5 5 BSC
Lead Pitch e 0.5 BSC
. X ] 34 35 3.6
EP Size Y K 34 35 3.6
Lead Length L 0.35 0.4 0.45
Package Edge Tolerance aaa 0.1
Mold Flatness bbb 0.1
Coplanarity ccc 0.08
Lead Offset ddd 0.1
Exposed PAD Offset eee 0.1
10.2 CSP (4x7 Ball 0.4mm Pitch):
1725
1704 D 0252 D1 0252 A1
A1 «— 168 —> je— —> 'ln 2515
e 000 GﬂﬁIr
O O00O0
28788 O .28 O00O0C o4 E1
0288 ¢ QQO G—'—T-
o1 O0CO0O0 l
0QQOot+—+
TOP VIEW > € 2104 le— Tozsts
(Ball Side Down) B2 0od0  0s4 B3 BOTTOM VIEW
0030 0174 (Ball Side Up)
Figure 17. Top, Side and Bottom View of iM501 CSP Package
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Table 14. Detailed Dimensions for iM501 in CSP Package

Symbol Dimension in millimeter (mm)

Min Nom Max

Total Thickness B 0.494 0.544 0.594

Wafer Thickness B1 0.290 0.310 0.330

Stand Off Bs 0.174 0.194 0.214

Film Thickness B 0.030 0.040 0.050

Body Size X D 1.679 1.704 1.729

Y E 2.8788 2.9038 2.9288

Edge Ball Center X D 1.175 1.2 1.225

to Center Y E1 2.375 2.4 2.425
Ball/ Bump Pitch e 0.4

Ball Diameter (Size) c 0.248 | 0.268 0.288
Ball/ Bump Count 28
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11.0Order Information

Table 15. Ordering Information

Part Number Package Status
iM501NE QFN-32 (5mmx5mm) Available
iM501CE CSP 4x7 ball 0.4mm pitch Available

Note: See page-9 for package and version identification.

V1.3 Confidential 38



for'l'émecﬁg iM501 Datasheet

12. Appendix-A: Example Code for iM501’s I2C Communication

This chapter presents several pre-defined communication methods between iM501 and optional external
components or other hosts.

12.1 Brief of iM501’s I2C Protocol

I2C serial interface uses command protocol to communicate between host and iM501. There are two types
of commands: address/data, and data-only. Each transfer will have one command byte, one or three
address bytes, and up to four data bytes. If it's a data-only transfer, there is one command byte and up to
64k bytes of data, when byte counter is programmed to ‘FFFF’. There is a command parser in iM501,
which will interpret the command and access registers or memory as commanded.

The sequence of address and data is lowest byte first and highest byte last:
Command -> address_0 (lowest byte) -> address_1 (middle byte) -> address_2 (highest byte) -> Data_0

(lowest byte) -> Data_1 (2nd lowest byte) -> data_2 (2nd highest byte) -> data_3 (highest byte)

12.2 Example: writes 1 byte to internal register from I12C interface

Start;

IDW; --E2

Write_byte 0x48  -- command byte, writes to internal register with 1 address bytes,
1 data bytes and indicates a write cycle

Write_byte 0xOE  -- address byte of internal register

Write_byte 0x0B  -- data byte of internal register

Stop;

(Write 0x0B to register 0x0OE)

12.3 Example: writes 2 byte to internal register from 12C interface

Start;
IDW; --E2
Write_byte 0x4A  -- command byte, writes to internal register,
1 address byte, 2 data bytes, write cycle
Write_byte 0x08 -- address byte of internal register - byte counter
Write_byte 0x20  -- LSB of internal register
Write_byte 0x00 -- MSB of internal register
Stop;

(Write 0x0020 to register 0x08)

12.4 Example: reads 1 byte to internal register from I12C interface

Start;

IDW;

Write_byte 0x46  -- command byte, read internal register with 1 address byte,
no data byte and indicates a read cycle

Write_byte 0x0E  -- address byte of internal register

Stop;

Start;

IDR; --E3

Read_byte

Stop;
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(Internal register can only be read by 1 byte at a time)

12.5 Eexample: writes IRAM from I12C interface

(IRAM rage is from 0x1000_0000 to 0x1001_FFFF) ---Write OXEFCDAB89 to 0x10013F80

Start;

ID; -E2

Write_byte 0x0D  -- command byte, writes to IRAM with 3 address bytes,
4 data bytes and indicates a write cycle

Write_byte 0x80  --IRAM lowest address byte

Write_byte 0x3F  --IRAM 2nd Jowest address byte

Write_byte 0x01 -- IRAM 2nd highest address byte

Write_byte 0x89 -- IRAM data, LSB

Write_byte 0xAB  --IRAM data, second byte

Write_byte 0xCD  -- IRAM data, third byte

Write_byte OxEF  -- IRAM data, fourth byte

ADDRESS of IRAM Data of IRAM

0x1001_3F83, 0x1001_3F82, 0x1001_3F82, 0x1001_3F80 O0xEFCDABS9

12.6 Example: reads IRAM from I2C interface

Start;
IDW;
Write_byte
Write_byte
Write_byte
Write_byte
Stop;

Start;
IDW;
Write_byte
Write_byte
Stop;

Start;

IDR;
Read_byte
Stop;

Start;
IDW;
Write_byte
Write_byte
Stop;

Start;

IDR;
Read_byte
Stop;

Start;
IDW;
Write_byte
Write_byte
Stop;

Start;

IDR;
Read_byte
Stop;

0x07
0x80
0x3F
0x01

0x46
0x0D

0x46
0x0C

0x46
0x0B

-E2

-- command byte, read IRAM with 3 address bytes, no data bytes
-- IRAM lowest address byte

-- IRAM 2rd Jowest address byte

-- IRAM 2nd highest address byte

- E2
-- command byte, read internal with one address byte
-- address, IDMA data register

--E3

-E2
-- command byte, read internal with one address byte
-- address, IDMA data register

—E3

-E2
-- command byte, read internal with one address byte
-- address, IDMA data register

-E3
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Start;
IDW,;
Write_byte
Write_byte
Stop;

Start;

IDR;
Read_byte
Stop;

0x46
0x0A

-E2
-- command byte, read internal with one address byte
-- address, IDMA data register

-E3

12.7 Example: writes DRAM from I2C interface

Start;

IDW; -E2

Write_byte 0x2B --Command byte, write DRAM with 3 address bytes and 2 data bytes.
Write_byte 0x00 -- LSB address byte
Write_byte 0x00 --MSB address byte
Write_byte OxFE --Third address byte
Write_byte 0xCD  --LSB data byte
Write_byte OxAB  --MSB data byte

Stop;

ADDRESS of DRAM Data of DRAM
0x0FFE_0001,0x0FFE_0000 0xABCD

12.8 Example: reads DRAM from I2C interface

Start;
IDW;
Write_byte
Write_byte
Write_byte
Write_byte
Stop;

Start;
IDW;
Write_byte
Write_byte
Stop;

Start;

IDR;
Read_byte
Stop;

Start;
IDW;
Write_byte
Write_byte
Stop;

Start;

IDR;
Read_byte
Stop;

0x27
0x00
0x00
0xFE

0x46
0x0D

0x46
0x0C

--E2

-- command byte, read IRAM with 3 address bytes, no data bytes
-- DRAM lowest address byte

-- DRAM 2nd Jowest address byte

-- DRAM 2nd highest address byte

--E2
-- command byte, read internal with one address byte
-- address, IDMA data register

--E3

--E2
-- command byte, read internal with one address byte
-- address, IDMA data register

--E3
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12.9 Example: download 32-byte data to IRAM using burst mode.

Start;
IDW; --E2
Write_byte Ox4A -- Command byte,
write I2C host register with one address byte and two data bytes
Write_byte 0x08 -- address, byte counter
Write_byte 0x20 -- data, LSB of byte counter
Write_byte 0x00 -- data, MSB of byte counter
Stop;
Start;
IDW; --E2
Write_byte 0x0D --Command byte, write IRAM with 3 address bytes and four data bytes.
Write_byte 0x00 -- Lowest address byte
Write_byte 0x00 -- 2nd Jowest address byte
Write_byte 0x00 -- 3rd Jowest address byte
Write_byte 0XAB -- lowest data byte
Write_byte 0xCD -- 2nd Jowest data byte
Write_byte OxEF -- 3rd data byte
Write_byte 0x01 --4th data byte
Stop;
ADDRESS of IRAM Data of IRAM
0x1000_0003, 0x1000_0002, 0x1000_0001,0x1000_0000 0x01EFCDAB
Start;
IDW; --E2
Write_byte 0x88 --Command, data only, write IRAM
Stop;
Start;
IDW; --E2
Write_byte 0x00 --data byte
Write_byte 0x01 --data byte
Write_byte 0x02 --data byte
Write_byte 0x03 --data byte
Write_byte 0x04 --data byte
Write_byte 0x05 --data byte
Write_byte 0x06 --data byte
Write_byte 0x07 --data byte
Write_byte 0x08 --data byte
Write_byte 0x09 --data byte
Write_byte 0x0A --data byte
Write_byte 0x0B --data byte
Write_byte 0x0C --data byte
Write_byte 0x0D --data byte
Write_byte 0x0E --data byte
Write_byte 0xOF --data byte
Write_byte 0x11 --data byte
Write_byte 0x12 --data byte
Write_byte 0x13 --data byte
Write_byte 0x14 --data byte
Write_byte 0x15 --data byte
Write_byte 0x16 --data byte
Write_byte 0x17 --data byte
Write_byte 0x18 --data byte
Write_byte 0x19 --data byte
Write_byte Ox1A --data byte
Write_byte 0x1B  --data byte
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Write_byte 0x1C  --data byte

Write_byte 0x1D --data byte

Write_byte Ox1E --data byte

Write_byte Ox1F --data byte

Stop;

ADDRESS of IRAM Data of IRAM
0x1000_0003, 0x1000_0002, 0x1000_0001,0x1000_0000 0x01EFCDAB
0x1000_0007, 0x1000_0006, 0x1000_0005,0x1000_0004 0x03020100
0x1000_000B, 0x1000_000A, 0x1000_0009,0x1000_0008 0x07060504
0x1000_000F, 0x1000_000E, 0x1000_000D,0x1000_000C 0x0BOA0908
0x1000_0013, 0x1000_0012, 0x1000_0011,0x1000_0010 0x0FOEODOC
0x1000_0017, 0x1000_0016, 0x1000_0015,0x1000_0014 0x13121110
0x1000_001B, 0x1000_001A, 0x1000_0019,0x1000_0018 0x17161514
0x1000_001F, 0x1000_001E, 0x1000_001D,0x1000_001C 0x1B1A1918
0x1000_0023, 0x1000_0022, 0x1000_0021,0x1000_0020 0x1F1E1D1C

12.10 Example: download 32-byte data to DRAM using burst mode

Start;

IDW; -E2

Write_byte O0x4A -- Command byte, write 12S host register with one address byte and two data

bytes

Write_byte 0x08 -- address, byte counter

Write_byte 0x20 --data, LSB of byte counter

Write_byte 0x00 --data, MSB of byte counter.

Stop;

Start;

IDW; - E2

Write_byte 0x2B --Command byte, write DRAM with 3 address bytes and 2 data bytes.
(Must be two byte data)

Write_byte 0x00 -- lowest address byte

Write_byte 0x00 -- 2nd Jowest address byte

Write_byte 0xFE -- 3rd lowest address byte

Write_byte 0xAB --lower data byte

Write_byte 0xCD --higher data byte

Stop;

ADDRESS of DRAM Data of DRAM

0x0FFE_0001,0x0FFE_0000 0xCDAB

Start;

IDW; --E2

Write_byte 0xA8 --Command, data only, write DRAM

Stop;

Start;

IDW; -E2

Write_byte 0x00 --data byte

Write_byte 0x01 --data byte

Write_byte 0x02 --data byte

Write_byte 0x03 --data byte

Write_byte 0x04 --data byte

Write_byte 0x05 --data byte

Write_byte 0x06 --data byte

Write_byte 0x07 --data byte

Write_byte 0x08 --data byte

V1.3 Confidential 43



fOI‘"l'émedTo

iM501 Datasheet

12.11

Write_byte 0x09 --data byte
Write_byte 0x0A --data byte
Write_byte 0x0B --data byte
Write_byte 0x0C --data byte
Write_byte 0x0D --data byte
Write_byte 0x0E --data byte
Write_byte 0xOF --data byte
Write_byte 0x11 --data byte
Write_byte 0x12 --data byte
Write_byte 0x13 --data byte
Write_byte 0x14 --data byte
Write_byte 0x15 --data byte
Write_byte 0x16 --data byte
Write_byte 0x17 --data byte
Write_byte 0x18 --data byte
Write_byte 0x19 --data byte
Write_byte Ox1A --data byte
Write_byte 0x1B --data byte
Write_byte 0x1C --data byte
Write_byte 0x1D --data byte
Write_byte 0x1E --data byte
Write_byte Ox1F --data byte
Stop;

ADDRESS of DRAM Data of DRAM
0xOFFE_0001,0x0FFE_0000 0xABCD
0xOFFE_0003,0x0FFE_0002 0x0100
0xOFFE_0005,0x0FFE_0004 0x0302
0xOFFE_0007,0x0FFE_0006 0x0504
0xOFFE_0009,0x0FFE_0008 0x0706
0xOFFE_000B,0x0FFE_000A 0x0908
0xOFFE_000D,0x0FFE_000C 0x0BOA
0xOFFE_000F,0x0FFE_000E 0x0D0C
0xOFFE_0011,0x0FFE_0010 0x0FOE
0xOFFE_0013,0x0FFE_0012 0x1110
0xOFFE_0015,0x0FFE_0014 0x1312
0xOFFE_0017,0x0FFE_0016 0x1514
0xOFFE_0019,0x0FFE_0018 0x1716
0xOFFE_001B,0x0FFE_001A 0x1918
0xOFFE_001D,0x0FFE_001C 0x1B1A
0xOFFE_001F,0x0FFE_001E 0x1D1C
0x0FFE_0021,0x0FFE_0020 Ox1F1E

Example: read voice command using burst read mode.

(Read 32-byte of DRAM from 0xOFFE_0000 to OxOFFE_001F)

Start;

IDW;

Write_byte O0x4A
Write_byte 0x08
Write_byte 0x20
Write_byte 0x00
Stop;

Start;

IDW;

-E2

-- Command byte, write I2C host register, one address byte, two data bytes

-- address, byte counter
-- data, LSB of byte counter
-- data, MSB of byte counter.

—~E2
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Write_byte
Write_byte
Write_byte
Write_byte
Stop;

Start;
IDW,;
Write_byte
Stop;

Start;

IDR;

read datal;
read data2;
read data3;
read data4;
read data5;
read data6;
read dataZ;
read data8;
read data9;
read datal0;
read datall;
read datal2;
read datal3;
read datal4;
read datal5;
read datalé;
read datal7;
read datals;
read datal9;
read data20;
read data2l;
read data22;
read data23;
read data24;
read data25;
read data26;
read data27;
read data28;
read data29;
read data30;
read data31;
read data32;
Stop;

0x27
0xFE
0x00
0x00

0xA0

-- Command byte, read DRAM with 3-address byte

-- address_3, OxFE
-- address_2, 0x00
-- address_1, 0x00

-- Command byte, “data only”, “DRAM” and “read” are set.

~E3
~-0xCD (OxOFFE_0000)
~-0xAB (0xOFFE_0001)
~-0x00 (0xOFFE_0002)
~-0x01 (0xOFFE_0003)
~-0x02 (0xOFFE_0004)
~-0x03 (0xOFFE_0005)
~-0x04 (0xOFFE_0006)
~-0x05 (0xOFFE_0007)
~-0x06 (0xOFFE_0008)
~-0x07 (0xOFFE_0009)
~-0x08 (0xOFFE_000A)
~-0x09 (0xOFFE_000B)
—0x0A (0XOFFE_000C)
~-0x0B (0xOFFE_000D)
~-0x0C (OxOFFE_000E)
~-0x0D (0xOFFE_00OF)
~-0xOE (0xOFFE_0010)
—0xO0F (OxOFFE_0011)
~-0x10 (0xOFFE_0012)
~0x11 (0xOFFE_0013)
~-0x12 (0xOFFE_0014)
~-0x13 (0xOFFE_0015)
~-0x14 (0xOFFE_0016)
~-0x15 (0xOFFE_0017)
( )
(
(
(

PSS

~-0x16 (OXOFFE_0018
--0x17 (0xOFFE_0019)
--0x18 (OxOFFE_001A)
~-0x19 (OXOFFE_001B)
--0x1A (OxOFFE_001C)
~-0x1B (0xOFFE_001D)
--0x1C (0xOFFE_001E)
--0x1D (OxOFFE_001F)
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