AsahiKASEI [AK1594]

AKM AK1594

Bluetooth® Low Energy transmitter

| General |

The AK1594 is a low power consumption transmitter IC that supports Bluetooth® 4.2. The AK1594 is a
simplest Bluetooth® Low Energy transmitter without the need for a microcontroller, providing advertising
data in the on-chip EEPROM.

| Features |

e Single Chip Bluetooth® Low Energy Transmitter
> Only the AK1594 and a few passive components are required to complete Bluetooth® Low
Energy advertising transmission function.

e  Microcontroller-less(MCU-less)
> Bluetooth® Low Energy advertising transmissions can be broadcasted using the AK1594’s
on-chip EEPROM data. This MCU-less architecture eases system design without a
complicated development environment.

e Functional Switches
» 4-hardware switches works as on-off, interval and power controller for advertising transmission.

e Programmable Output Power

»  Support wide range output power from -32dBm to +6dBm.

e Data whitening and CRC
>  Build—in data whitening feature and CRC that are compliant with Bluetooth® Low Energy.
»  Support GFSK(1Mbps)

e  Security
» AES-128 Hardware Encryption

e Package
»  28-pin QFN (4.0mm x 4.0mm x 0.70mm, 0.4mm pitch)
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2. Notation

The following notations are used for specific signals and register names:
[Name]: Internal signal name

<Name>: EEPROM address name

{Name}: EEPROM bit name

The numerical values are expressed as follows

0x63A: Hexadecimal numbers
0d1594 or 123: Decimal numbers
0b11000111010: Binary numbers

Terms and acronyms

AdvVA
AES
BLE
CRC
EEPROM
GFSK
IRK
LDO
LSB
MCU
MSB
PDU
PLL
POR
PPM
RF
SPI
SW
Tx

Advertiser's Device Address
Advanced Encryption Standard
Bluetooth® Low Energy

Cyclic Redundancy Check
Electrically Erasable Programmable Read-Only Memory
Gaussian Frequency Shift Keying
Identity Resolving Key

Low Drop Out

Least Significant Bit

Micro Controller Unit

Most Significant Bit

Protocol Data Unit

Phase Locked Loop

Power On Reset

Part Per Million

Radio Frequency

Serial Peripheral Interface
Switch

Transmit

These 3 words mean data packet of Bluetooth® Low Energy Advertising channel. The data format is
shown in Figure 1.

e Payload
e AdVA
e AdvData
PDU
Access
Preamble Payload CRC
Address Header y
AdvA AdvData
loctet [4octetsf2octets|6octets 0 to 31octets 3octets

018003497-E-00

Figure 1 Bluetooth® Low Energy Advertising Channel packet format
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3. Block Diagram

Power supply and ground pins are not included.

- TESTO
RF Transmitter Controller DATA
PALDOC | e DATA2
PLL 1 Bluetooth®
RFOUT | Svnthesizer i Low Energy Battery
I 1 Controller | .
LPFO Lol L. ; Monitor
LED LED Driver i g:::g?g | AUTO
[ H swich Swi1
R — . witc L sw2
SWITCH DCDC ! CRC | Scanner [—||sws
POR || ' Generator | —I swa
VDD18 LDO Reset | | =—zzzzzzzoo:o !
ooc H—] LDO | Reset o ZTTTTTIITTI | T ]scLk
| AES-128 ! UFE  H{Jcs
Clock Clock it L ISDAT
Generator Generator | Register |
32MHz 32.768kHz B : EEPROM
G

0SCl1  0OsC2 LOSC1 LOSC2
Figure 2 Overall Block Diagram
-RF Transmitter

This block outputs RF signal after GFSK modulation.

-Switch Scanner
This block detects switch actions.

-EEPROM
EEPROM holds AK1594 setting and TX data.

-Register
EEPROM read data is stored temporary to the register. It's not accessible to users.

-Battery Monitor
This block monitoring VDD voltage

-LED Driver
This block lights LED.
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4. Pin/Function

<The meaning of abbreviations used in the “I/O” column of the pin table is shown below>

Al: Analog input pin DO: Digital output pin
AO: Analog output pin DIO: Digital 1/0 pin
AlO: Analog 1/O pin P: Power supply pin
DI: Digital input pin G: Ground pin
Max.
i Pin name 110 Pin Functions sEme ey el ) il Remarks
No. POR capac | pulldown
itance
TX Section
22 RFOUT AO | RF signal Output
Connection for an external TX output
23 PALDOC AO adjustment inductor to RFOUT pin.
External Interface
Switch 1 Input
6 sSwi DI (Start trigger signal input for burst Notel
transmission )
Switch 2 Input
9 SW2 DI (Stop trigger signal input for burst Notel
transmission )
Switch 3 Input
16 sSw3 DI (Transmission power control signal Notel
input)
Switch 4 Input
(Advertising interval control signal
17 SW4(RXD) DI | input) o Notel
RXD : Bluetooth™ Certification test input
pin
LED Output
5 LED AO (Leave this pin open if a LED is not
used)
19 DATA DI | This pin is not use. Tie to ground
20 DATA2 DI | This pin is not use. Tie to ground
For AKM Test
(Leave this pin open)
18 TESTO(TXD) DO TXD Bluetooth® Certification test L 15pF
output pin
Common Section
o4 LDOC AO E:Snonectlon for an external capacitor for
7 0OsC1 Al | 32MHz Crystal oscillator
8 0sC2 AO | 32MHz Crystal oscillator
15 LOSC1 Al | 32.768kHz Crystal oscillator
14 LOSC2 AO | 32.768kHz Crystal oscillator
EEPROM access mode when CS pin="H"
12 CS DI Normal mode when CS pin ="L" Pull down
EEPROM access clock input when CS
11 SCLK DI | pin="H" Pull down
Normal mode when CS pin ="L"
EEPROM access data in/output when Input mod
13 SDAT DIO | CS pin="H" 15pF | Pullup | TROTOR
Normal mode when CS pin ="L"
4 LPEO AlO Connecthn for an external capacitor for
the loop filter
28 SWITCH AO | DCDC converter output
Power supply
26 VDD18 Al | Connect to SWITCH pin via an external
inductor.
018003497-E-00 -6 - 2018/3
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Max.
Pin . . . State after, load | pullup/
No. Pin name 1/10 Pin Functions POR capac | pulldown Remarks
itance
Selection of AUTO mode.
AUTO pin = 7"L”, Switch action
transmission mode
= AUTO DI AUTO pin = "H”, Automatic transmission
mode
Do not leave this pin open.
Power supply
2 AVDD P Power supply
1 DCVDD P Power supply for DCDC converter
21 RFVSS G Ground for RFAMP
3,10 VSS G Ground
27 DCVSS G Ground for DCDC converter
Note 1 Must be connected to VDD or pull up if the pin is unused.
0 o —
0N < < |9 < o O
> FE E 0 0
L < < Ww = = O
@r oo r nun un 4
21 20 19 18 17 16 15
RFOUT | 22 14 | LOSC2
PALDOC | 23 (TOP VIEW) 13 | SDAT
LDOC | 24 12 | CS
AUTO | 25 11 | SCLK
VDD18 | 26 10 [ VSS
DCVSS | 27 . 9 | SwW2
SWITCH | 28 8 | OSC2
1 2 3 4 5 6 7
o o v A o
SS¢EHED
o < ~ = !
0
Figure 3 Pin configurations
018003497-E-00 -7 - 2018/3
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| 5. Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Remarks

Supply Voltage VDD -0.3 6.0 V | Notel

Ground Level VSS 0 0 V

Input Voltage Vin VSS-0.3 VDD+0.3 V | Notel

Input Current lin -50 +50 mA

Output Current lout -50 +50 mA

Storage Tstg -55 +125 °C

Temperature

Note 1 All voltages with respect to the ground level as OV

WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

| 6. Recommended Operating Range

The specifications are applicable within operating range (supply voltage/operating temperature)
specified below.

Parameter | Symbol Voltage Ground pin Remarks

Ground pin VSS ov VSS, DCVSS,
RFVSS

Parameter | Symbol | Min. Typ. Max. Unit Remarks
Operating Ta -40 85 °C
Temperature
Supply VDD 2.0 3.0 3.7 vV AVDD, DCVDD pin
Voltage Note 1,2

Note 1 When VDD voltage falls below 2V and the AK1594 is needed to be power-up, please reset the
AK1594. Performance is not guaranteed for power-on without the AK1594 reset.

Note 2 This specification in case of {POWR_MODE[1]} = “0b0”, Minimum value is 2.3V in case of
{POWR_MODE[1]}= “0b1”

Note 3 All voltages with respect to the ground level as 0V

Note 4 AKM assumes no responsibility for the usage beyond the conditions in this data sheet.

018003497-E-00 -8- 2018/3
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7.

Electric Characteristics

The specifications are applicable within recommended operating range (supply voltage/operating

temperature), using the Test schematic.

7.1. Characteristics of RF output
Parameter Min. Typ. Max. | Unit Remarks

Channel Frequencyl 2402 MHz
Frequency | Frequency?2 2426 MHz
Note 1 Frequency3 2480 MHz

Power setting 1 +6 dBm {POWRDI[4:0]} = “0d31”

for high power mode {POWR_MODEJ1]} =“1"

Power setting 2 0 dBm {POWRDI[4:0]} = “0d28”
Output for normal power mode {POWR_MODE][1:0]}="0b00”
Power Power setting 3 3 dBm {POWRDI[4:0]} = “0d16”

for normal power mode {POWR_MODE]1:0]}="0b00”

Power setting 4 32 dBm {POWRDI4:0]} = “0d0”

for normal power mode {POWR_ MODE[1:0]}="0b00”
Adjustable step for output power 0 dB Note 3

Average frequency

deviation for 00001111 +225 +250 1275 | kHz

sequence(Af)

Ratio average Frequency

deviation

(10101010 sequence / 80 %
GESK 00001111 sequence)

Minimum frequenc
Note2 deviation(Af (rqnin) / +185 KHz

Bit rate 1.0 Mbps

BT(Bandwidth-Time) 0.5

Modulation index(m) 045 | 050 | 055 m=(27|Af]) / (bit rate)

Spurious -20 dBm | IMHzBW @2MHz offset

-30 dBm | 1IMHzBW @>3MHz offset

Note 1 Channel frequency means center frequency of modulation.
Note 2 GFSK characteristics based on Bluetooth® Low Energy test specification(RF-PHY.TS.4.2.3)
Note 3 Guaranteed by design ( Not tested )

018003497-E-00
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7.2.  Current Consumption
Parameter Symbol Condition min. typ. max. | Unit
Full Power down | SIDD1 | OW Pins:VDD, LED:open, 15 | 100 | nA
Note 1
IDD1la | LED pin:open, Note 2 5 8 mA
IDD1b | LED pin: open, Note 3 5 13 mA
TX ON :
IDD1_2a | LED pin : open, Note 4 11 18 mA
IDD1_2b | LED pin: open, Note5 11 30 mA
IDD2a | LED pin : open, Note 6 0.9 1.2 UA
Sleep
IDD2b | LED pin : open, Note 7 0.9 15 UA
LED pin voltage : 1.6V(typ)
LED Current ILED1 Notel Note8 3.0 5.0 mA
(Drivability) ILED2 LED pin voltage : 1.6V(typ) 10 20 mA
Notel Note9

Note 1 VDD=3.0V, Room Temperature (25 °C.).
Note 2 VDD=3.0V, Room Temperature (25 °C.),
TX_ch:2426MHz, RFOUT: 0dBm(typ.), {POWRDI[4:0]}=0d28, {POWR_MODE[1:0]}="0b0”
Note 3 VDD=VSLEEPN to 3.7V, Temperature range = -40 to 85 °C,
TX_ch:2426MHz, RFOUT: 0dBm(typ.), {POWRDI[4:0]}="0d28”, {POWR_MODE[1:0]}="0b0”
Note 4 VDD=3.0V, Room Temperature (25 °C.),
TX_ch:2426MHz, RFOUT: +6dBm(typ.), {POWRD[4:0]}="0d31", {POWR_MODE[1]}="0b1”
Note 5 VDD=VSLEEPH to 3.7V, Temperature range = -40 to 85 °C,
TX_ch:2426MHz, RFOUT:+6dBm(typ.), {POWRD[4:0]}="0d31”, {POWR_MODE[1]}="0b1”

Note 6 VDD=3.0V, Room Temperature (25 °C.), RFOUT: off, LOSC: active.

Note 7 VDD=VSLEEPN to 3.7V, Temperature range = -40 to 85deg, RFOUT: off, LOSC: active.

Note 8 {I_LED} ="0b1”
Note 9 {|_LED} ="0b0”

018003497-E-00
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7.3. Characteristics of Battery monitor

Parameter Symbol Min. Typ. Max. | Unit Remarks
Detect Voltagel VALERT 2.3 \% For LED
Release Voltagel | VRELEASE 2.46 \Y, For LED release voltage

For full power down

Detect Voltage2N | VSLEEPN 2.05 \Y, Normal power mode
Detect Voltage2H For full power down
Note 1 VSLEEPH 2.3 v High power mode

Note 1 When High power mode {POWR_MODE[1:0]} is “Ob11”or “0b10”, the AK1594 goes into full
power down. LED pin function does not work. Refer 10.7 Battery monitor.

Note 2 VSLEEPN release voltage is VSLEEPN

Note 3 VSLEEPH release voltage is VRELEASE

|
Battery Voltage ! Battery Voltage
1

1
1
|
VRELEASE AN /
\ / VSLEEPN or
1
1
|
1
1
|
1
1

VALERT \ / VSLEEPH
Detect “r Release

[VDET1] [VDET2]
(Internal signal) _«g~ (Internal signal) “? Reset

Figure 4 Battery monitor function

7.4, Characteristics of EEPROM

Parameter Conditions Min. Typ. Max. Unit
Number of rewrite times 100,000 times
Notel
Endurance Notel Ta =85°C 10 years

Note 1 Guaranteed by design ( Not tested )

018003497-E-00 -11- 2018/3
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7.5. Characteristics of Crystal Oscillator 32MHz
Parameter Min. Typ. Max. | Unit Remarks
Oscillator
frequency 32.000 MHz
Frequency i
tolerance 50 +50 ppm
Stabilization time > msec Notel
after startup
Note 1 Guaranteed by design ( Not tested )
7.6. Characteristics of Crystal Oscillator 32.768kHz
Parameter Min. Typ. Max. | Unit Remarks
Oscillator 32 768 KHz
frequency
Frequency -500 +500 | ppm
tolerance
Stabilization time
after startup 1 sec Notel
Note 1 Guaranteed by design ( Not tested )
7.7. Characteristics of Power On Timing
Operating conditions for POR (Power On Reset) function.
Parameter Symbol Min. | Typ. Max. Unit Remarks
Voltage of OFF state Voff 0.05 vV Notel
Interval of under Voff Tvoff 500 msec | Notel
Rising time Tr 10 msec | Notel
Stabilized state VDD VDDSTB 2.0 3.7 \% Notel
Note 1 Guaranteed by design ( Not tested )
V] Reset Release Note2
Tr 1sec
<>
\/
VDDSTB [T\~ AR P ’%&“‘""""""‘7
Reset Signal
|:> Reset Release
Vot [secl
Figure 5 Power on timing
Note 2 Reset release timing is follows,
AUTO pin ="H", the first rising edge of LOSC clock
AUTO pin ="L”, the falling edge of SW1 pin
018003497-E-00 -12 - 2018/3
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7.8. Characteristics of Timer

[AK1594]

Parameter Min. Typ. Max. | Unit Remarks
Tch_int (8+{PDULENI5:0]}) * 8 + 30 psec
advinterval 0.10 10.24 | sec | 15 control bits which
is programmed by
EEPROM
advDelay 0 10 msec | Randomly generated
4 control bits.
Advertising Event Advertising Event
RFOUT 37ch | 38ch | 39ch | 37ch | | 38ch | | 39ch |
Tch_int  Tch_int

018003497-E-00
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v

T_advEvent = advinterval + advDelay

Figure 6 Interval of Advertising Event
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8. Electric Characteristics of Digital Interface

The specifications are applicable within recommended operating range (supply voltage/operating
temperature).

8.1. Digital DC Characteristics

Parameter Symbol Pin Conditions Min. Typ. Max. Unit
High level input Vih Note 1 0.8xvDD - - \%
voltage
Low level input Vil Note 1 - - 0.2xVDD \%
voltage
High level input lih Note 3 Vih = VDD -10 - +10 LA
current
Low level input lil Note 4 Vil = VSS -10 - +10 uA
current
High level output | Voh Note 2 | loh =-100pA | 0.8xVDD - - \%
voltage
Low level output Vol Note 2 lol = 100pA - - 0.2xVDD \%
voltage
Pull up Rpu Note 5 10 20 30 kohm
Pull down Rpd Note 6 15 30 45 kohm

Note 1 Digital input pins: SW1, SW2, SW3, SW4, CS, SCLK, SDAT, AUTO, DATA, DATA2 pins
Note 2 Digital output pins: SDAT, TESTO pins

Note 3 Digital input pins: SW1, SW2, SW3, SW4, SDAT, AUTO, DATA, DATAZ2 pins

Note 4 Digital input pins: SW1, SW2, SW3, SW4, CS, SCLK, AUTO, DATA, DATAZ2 pins

Note 5 Digital input pins: SDAT pin

Note 6 Digital input pins: CS, SCLK pins

8.2. Digital AC Characteristics

Switchover timing of digital AC characteristics are specified at 1/2VDD level unless otherwise noted.

8.2.1. Serial Interface Timing

Parameter Symbol | Min. | Typ. | Max. | Unit Remarks
SCLK tSKP | 1000 - - nsec
SCLK pulse width tSKW 500 - - nsec
CS high level to
SCLthigh level Delay | ©©SS | 100 | - - |nsec
SCLK low level to tCSLW 5 - msec |@Write access
CS low level Delay tCSL 100 - - nsec |@Read access
Setup time tDIS 100 - - nsec
Hold time tDIH 100 - - nsec
Transient time (rise) tr 100 |[nsec |Notel
Transient time (fall) tf 100 |[nsec |Notel
Output delay tDLY - - 300 |nsec |OutputLoad CL<15pF

Note 1 Guaranteed by design ( Not tested )
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/L
7/
tSKP ; tcsL
> < tSKW
90%
SCLK =~ e .
10%
{DIS
/
Sfereeanens /
SDAT(Input) 7 "><50%
““““““ /

SDAT (Output) 50%

Figure 7 AC timing of serial interface

8.2.2. Timing chart of EEPROM ACCESS

a. EEPROM Write Mode

SW1-4pin(H) Note2 ,_Nq&
cs — (i
SCLK /,
SDAT _,_| ] |A5|A4|A3|A2|A1 |Ao|r)15|m¢|ma| |Dz |D1|D0| Asl A4| A3|A2|A1|A!)L15|U14|D13r/—bjz |D1|Do|

| Write | | Address | Write Data | | Address | Write Data |
osC

Sleep Statet

Notel
b. EEPROM Read Mode
SW1-4pin(H) Note3
cs L

sck — UL

SO =S e e oo M 1 A S A A MY ARV A Y AR B WA

| Read | | Address | [Read Data Read Data|Read Data| Read Data| /// [Read Data|read Datal
osc e T T T T T T T T T T T T T LTI
Sleep Statet —— (Address+1) (Address+2) (Address+3) (Address+n) (Address+n+1)

Notel

Note 1 Need to wait for OSC 32.768kHz and OSC 32MHz stabilization time (more than 1002msec). Set SCLK pin = “L” during this period.
Note 2 Need to wait for “Write Time to EEPROM Memory Cell” (more than 5msec). Set SCLK pin = “L” during this period.

Note 3 As read time from EEPROM, 4 cycles of SCLK clock are needed.

Note 4 Need to EERPROM access when AUTO pin = “L” and Full power down state. EEPROM cannot access when burst transmission.

Figure 8 Timing chart of EEPROM access
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8.2.3. SW1 pin, SW2 pin, SW3 pin, SW4 pin timing
Parameter Symbol | Min. | Typ. | Max. | Unit Remarks
Low Pulse width tSWL 25 - - msec
High Pulse width tSWH 25 - - msec
SW1pin, SW2pin N
50%
tSWL tSWH
SW3pin, SW4pin N
50%
Figure 9 AC timing of Switch Pin
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| 9. Operation State

9.1. State Description

The AK1594 has 5-state.

State Description

Full Power Down All blocks are powered down.

32.768kHz clock stabilization The AK1594 is in stand-by state in order to stabilize 32.768KHz
clock.

32MHz clock stabilization The state that the AK1594 is reading EEPROM data during the

+ Read EEPROM 32MHz clock stabilization state.

Transmitter ON (TX ON) RF transmissions followed by TX data generation from the
EEPROM, PLL and RFAMP power up.

Sleep Stand-by status for next advertising event after RF
transmissions.

The term “burst transmission” means following 3-state transition.

32MHz clock 32MHz clock
stabilization Transmitter ON stabilization Transmitter ON
" —>| (xon)y | Sleep —> + —>| " (TXON)
Read EEPROM Read EEPROM

Figure 10 Burst transmission
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10. Function Description

10.1. TX MODE
There are two transmission modes “Continuous Burst Mode” and “Configured TX Mode”.

Continuous Burst Mode: {MODE} = “0b0”
The AK1594 continues RF transmission until the AK1594 detects SW2 pin falling edge.
SW2 pin falling edge valid only AUTO pin ="L" and {SW2_DIS} = "0b0".

Configured TX Mode: {MODE} = “Ob1”

The AK1594 automatically stops transmission and goes to power down status after configured number
of transmission is attempted. The AK1594 can configure 1 to 5 transmissions that is set by {EVENTNUM
[2:0]}

The AK1594 automatically stops transmission triggered on SW1 falling edge. After the AK1594 detects
SW1 pin falling edge, the AK1594 does advertising transmission configured number of time (Note), and
then goes into power down status.

Note: The AK1594 can configure 1 to 5 transmissions that is set by {EVENTNUM [2:0]}

(Reset) Burst transmit Burst transmit
‘ouT

swi L] LI
sw2 L]

notel: SW2 pin falling edge is valid when AUTO pin = "L" and {SW2_DIS} = "0b0".

Figure 11  Continuous Burst Mode {MODE}= “0b0”

Output No.1  Output No.2 Output No.3 Output No.4  Output No.5

wr_ [ [ M 1

e e e e e e

\:/ Burst transmit r--~"" Burst transmit Burst transmit
1
! 1
(Reset) | '
RFOUT ! !
! |

swi 1 L L L

Figure 12 Configured TX Mode {MODE} = “Ob1”and {EVENTNUM]2:0]} = “0d5”
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Burst transmit Burst transmit Burst transmit
(Reset) r—M r—H
RFOUT |||||| ||||||
Swi [ L |

Figure 13 Configured TX Mode {MODE} = “Ob1”and {EVENTNUM]2:0]} = “0d3”

10.2. POWER MODE

There are two mode based on output power, Normal Power Mode and High Power Mode by setting
{POWR_MODE[1:0]}. Normal Power Mode has a benefit to save power. High Power Mode supports
+6dBm (Typ.) output.

10.3. Auto Operation mode

When AUTO pin set to “High”, the AK1594 starts burst transmission automatically after the AK1594
powered-on. {MODE} register is “Ob0” automatically when AUTO pin = “H”. {SW2_DIS} value is “0Ob1”
automatically when AUTO pin = “H”.

AK1594 EEPROM cannot access when AUTO pin = “H”. AK1594 EEPROM access valid AUTO pin = “L”
and “Full power down” state.
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10.4. Switch Action

10.4.1. SW1 pin

The AK1594 starts burst transmission triggered on SW1 pin input falling edges.

10.4.2. SW2 pin

The AK1594 sets to full power down state triggered on SW2 pin input falling edges during burst
transmission.
{SW2_DIS} enables or disables this function. This function is ignored when AUTO pin = “H”.

10.4.3. SW1 and SW2 Simultaneous Control(Reset)

When SW1 pin and SW2 pin are status “low” simultaneously more than 2 seconds, the AK1594 resets
internal digital blocks.

10.4.4. SW3 pin
SW3 provides two functions, Power Step Adjustment and High Power Switch.

- Power step adjustment ({SW3_FUNC} = “0b0”)

TX power is changed every SW3 pin input triggered on falling edges. The AK1594 supports 6-state
power transition (SW3State) and power step size is defined by {SW3STEP[2:0]}. The AK1594 LED
function helps to determine which power state is configured monitoring number of LED blinks. When the
AK1594 doesn’t detect another SW3 falling edge for more than 4 seconds after the SW3 falling edge
detection, the AK1594 finishes internal process and begins burst transmission with the latest power state
setting.

- High power switch({SW3_FUNC} = “0b1”)

The AK1594 switches transmission power to maximum by SW3 pin input. The maximum power is
programmed by register ({(POWR_MODE [1:0]} ="0b11”, {POWRD [4:0]} =”31"). After maximum power is
set by this function, the AK1594 transmission power will not go down from maximum power setting
unless powered off (POR) or SW1 and SW2 simultaneous control.
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4 sec
RFOUT | I
SW3 | | [ | | | |
SW3State Statel State2 State3 State4 State5 State6 Statel State2 State3
TX Gain code
POWERDI[4:0
[ 401 SW3STEP[2:0]¢ t SW3STEP[2:0]
SW3STEP[2:0] t SW3STEP[2:0] 5 I
swasTeP[2:01§
swasTeP[2:01§

SW3STEP[2:0]}

Figure 14  Transmission Power Step Adjustment

RFOUT I

SW3

Power mode Normal

Hi Power Switch

TX power code

POWR_MODE[1:0] : EEPROM value
POWERDI5:0] : EEPROM value

Figure 15

POWR_MODE[1:0] = “11” High power mode

POWERDI[5:0] = “111111”

High power switch

018003497-E-00 -21-
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10.4.5. SW4 pin

Advertising interval is changed every SW4 pin input triggered on falling edges. The AK1594 supports
6-state advertising interval (SW4State) and advertising interval length is defined by {SWA4STEP[2:0]}.
The AK1594 LED function helps to determine which advertising interval length is configured monitoring
number of LED blinks. When the AK1594 doesn’t detect another SW4 falling edge for more than 4
seconds after the SW4 falling edge detection, the AK1594 finishes internal process and begins burst
transmission with the latest advertising interval length setting.

4 sec

A
Y

RFOUT [ ]

Sw4 | | | | | | | |

SW4State Statel State2 State3 State4 State5 State6 Statel State2 State3

Advertising

Interval

SWASTEP[2:0]

SWASTEP[2:0]

SWASTEP[2:0]

ADVINTVL[4:0]

Figure 16  Advertising interval Step Adjustment

10.5. Reset
In order to reset the AK1594 all functional blocks, following conditions are required.

-meet Power on Reset conditions; please refer7.7Characteristics of Power On Timing.
-SW1 pin and SW2 pin are status “low” simultaneously more than 2 seconds; please refer 10.4.3.
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10.6. Switch Detector

The AK1594 samples status of SW2, SW3 and SW4 falling edges by 7.8125ms cycle. When the AK1594
detects same status for the second time in a low, the switch status is updated at the next sampling timing.

Refer Figure 18 Timing chart of SW2/SW3/SW4 Detector.

ecision SW*

SW* I:

PI'e decision SW*

Figure 17 Circuit of SW2/SW3/SW4 Detector

7.8125 msec cycle
,

E )
SW2-4 pin off —| / |_—| | | |

on

.
A A A LA A A A A A Ar A 4

Samp | ing

. on
Pre switch status SWk off .
\ \ \

‘1 sample clock delay \
\
\ ) \

Switch status SWk on
off

Figure 18 Timing chart of SW2/SW3/SW4 Detector
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10.7. Battery monitor
The battery monitor controls LED and can set the AK1594 in power down.

LED Control
The battery monitor controls LED light ON or blinks when AVDD voltage drops below Detect Voltagel
(VALERT).

Power down controller
The battery monitor sets the AK1594 in full power down status when AVDD voltage drops below Detect
Voltage 2N or Detect Voltage2H. (VSLEEPN or VSLEEPH)

This function is controlled by {BAT_EN}. Detect voltagel is not available when {POWR_MODE} = “0b10”,
or “Ob11”.
Refer to 7.3 Characteristics of Battery monitor.

10.8. LED

The AK1594 has handy LED functions to know device status. LED pin drives 1mA or 3mA setting by
{I_LED}. To disable LED function for saving power consumption, LED pin should be set to open or
disable all registers listed below. ({SW1LED_EN} = {SW2LED_EN} ={SW3LED_EN} = {SW4_LED_EN}

= {BAT_LED_EN} = “0b0")

LED Blink Mode

EEPROM Setting

LED Status

SWpin falling

{SWILED_EN} = “Ob1” : LED enable
({SWI1LED_EN} = “Ob0” : LED disable)

Normally on during SW1 pin = “L”

SW2pin falling

{SW2LED_EN} =“0b1” : LED enable
({SW2LED_EN} = “0b0” : LED disable)

Normally on during SW2 pin = “L”

SW3pin falling and
{SW3_FUNC}="0b0”

{SW3_FUNC]}= “0b0” and
{SW3LED_EN} =“0b1” : LED enable
({SW3LED_EN} = “0b0” : LED disable)

As many state when SW3 pin
Falling

SW3pin falling and
{SW3_FUNC}="0b1”

{SW3_FUNC}= “Ob1” and
{SW3LED_EN} = “Ob1” : LED enable
({SW3LED_EN} = “0b0” : LED disable)

Cyclic 9.750s sleeps and 0.25s
blinks after SW3 pin falling

SWdpin Falling

{SW4_LED_EN} = “0b1”: LED enable
({SW4_LED_EN} = “0b0”: LED disable

As many state when SW4 pin
falling

AVDD voltage drops below
Detect voltagel at Normal
Power Mode

{BAT_EN} = “Ob1” and
{BAT_LED_EN} = “Ob1” : LED enable
({BAT_LED_EN} = “0b0” : LED disable)

{BAT_SEL1} = “0b0” :LED On
{BAT_SEL1} = “0Obl”: Cyclic
9.750s sleeps and 0.25s blinks.

018003497-E-00
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11. Power-up Sequence

AK1594 Power-up sequence is below.

DCVDD pin

AVDD pin

AUTO pin | AUTO pin = "L"

SW 1 pin falling edge

SW1 pin

SW2 pin falling edge

SW2 pin

[POR]

POR Release

[32.768KkHz

32.768kHz stabiliztion start

Clock]

kHz OSC Stabilization time (1sec max.)

[32MHz

32MHz stabiliztion start|
i

Clock]

[RF

MHz clock Stabilization time (2msec max.)

Transmitter]

|
32MHz stabilization staft

MHz clock Stabilization time  (2msec max.)

State

TX ON

2.1 msec 2.1 msec
Advertising Interval = 100 ms to 10.24 s + delay
MHz clock BLE data transmit | BLE data transmit | BLE data transmit MHz clock BLE data transmit | BLE data transmit | BLE data transmit
quency = quency = q = quency = quency = qf =
. ull power down) kHz clock cerroM | {ADVCH1[2:0]} | {ADVCH2[2:0]} | {ADVCHa[2:0]} Sleep cerroM | {ADVCHL[2:0]} | {ADVCH2[2:0]} | {ADVCHa[2:0]} sleep Full Power Down
Read Read  [TXON

018003497-E-00

Figure 19 Power-up sequence (AUTO pin = “L")
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DCVDD pin
AVDD pin

AUTO pin

SW1 pin

SW2 pin

[POR]

[32.768KkHz
Clock]

[32MHz
Clock]

[RF
Transmitter]

State

[AK1594]

AUTO pin

SW2 pin folling edge is invalid
when AUTO pin = "H"

POR Release: Automaticaly

32.768kHz stabiliztion start
il

kHz OSC Stabilizationtime (Lsec max.)

TXON

i
32MHz stabiliztion 32MHz stabiliztion start |
l ||||\|\|\||\|||\|\||\|\|i|\||\||\||||\|\|\|\|||H\Hll||\|\|\|\||||\|\|\||\|||\|\||\|\||\|\||\|\|\||\||\|\|\|\|||HH||\||\|\|\||||\|\|\|\||\||\|\|\||\|||\|\||\|\|||\||\|\|\||||\H|\| o O
MHz clock Stabi time ( 2msec max.) / / MHz clock Stabi time ( 2msec max.)
2.1 msec 2.1msec typ.
Advertising Interval = 100 ms to 10.24's + delay
MH; C‘DFk BLE data transmit | BLE data transmit | BLE data transmit MHZ‘C‘DCK BLE data transmit| BLE data transmit| BLE data transmit
Unknow KHz clock oo | (ADVCHLZIO} | (ADVCH2I20) | {ADVCHAROD Sleep oo | {ADVCHL2:0]} | {ADVCH2[2:0]} | {ADVCHa[2:0]} sleep
Read  [TxoN Read

018003497-E-00
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Figure 20 Power-up sequence (AUTO pin = “H")

2018/3




AsahiKASEI [AK1594]

| 12. Power up flow

AK1594 power up flow is below.

Power ON

’

POR
(Power On Reset)

Note4
Release SW1 pin or SW2 pin AUTO p|n—\ Yes
"low" status /
N
Reset °
SW1and SW2 are status Full Powm
“low” simultaneously EC _/
2 seconds (Note2) SW2 pin Detect
falling edge SW1 pin
(Notel) falling edge
Stand-by for
32.768KHz clock
stabilization
{MODE} = "0b1"
and
\ Output No = {EVENTNUM[2:0]}
RF Transmit
Finish the advertising Finish the advertising
interval event
A 4
Sleep
Not detect Detect
SW3 pin or SW4 pin SW3 pin or SW4 pin
falling edge falling edge
for 4 sec | (Note3)
Transmit power change (SW3 pin)
or
Advertising interval change(SW4 pin)

Notel) It becomes valid only AUTO pin ="L" and {SW2_DIS} ="0b0".
Note2) The AK1594 is reset when SW1 and SW2 setto “L” more than 2 seconds at the same time.
The AK1594 goes to full power down if SW1 and SW2 are kept “L” state simultaneously after the reset.
Note3) SW3 pin function becomes valid only {SW3_FUNC}="0b0". When {SW3_FUNC} = "0b1",
the transmission power will not be changed by SW3falling edge after the AK1594 sets transmitter gain to maximum.
Note4) The AK1594 set Output No ="1" after the reset.

Figure 21 AK1594 power up flow
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RF transmit
Start

Stand-by for
32MHz clock
stabilization

and
EEPROM Read

4

BLE data transmit
Frequency =
{ADVCHL1[1:0]}

{ADVCH2[1:0]}
="0b11"

BLE data transmit
Frequency =
{ADVCH2[1:0]}

{ADVCH3[1:0]}
="0b11"

BLE data transmit
Frequency =
{ADVCH3[1:0]}

{MODE} = "0b1"
and
Output No = {EVENTNUM[2:0]}

No
Yes (MODE}:"Ob/
Yes
_ Output No =
Output No = 1 Output No +1

Full Power down @

Figure 22 AK1594 RF transmit flow
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13. EEPROM Function

13.1.

EEPROM access

The AK1594 supports EEPRM access via the serial interface.
The value (0) or (1)or 0x06, 0x07, 0x08 address in the EEPROM map below is fixed. Please set
values listed in the EEPROM map.

Ex. 0x08 = 0x0000.

Access to other EEPROM address listed in the table below is prohibited.

13.2. EEPROM map
<Name> laddr |—DP15(MSB) D14 D13 D12 D11 D10 D09 D08
: D07 D06 D05 D04 D03 D02 DO1 DOO(LSB)
AKM1 0x00 AKMTEST
AKM2 J0x01
MODEL, |, - BAT_EN BAT_LED EN BAT SEL1 BAT SEL2 |_LED (0 (0) MODE
FIXED |™* ADVCH1[1] ADVCH1[0] ADVCH2[1] ADVCH2[0] ADVCH3[1] ADVCH3[0] | TXDATA_LOOP | TXDATA_CW
MODE2, |, (- (0) POWR_MODE[1]|POWR_MODE[0]| POWRD[4] POWRD[3] POWRD[2] POWRDI[1] POWRDIO]
FIXED (0) (0) (0) (1) (0) (1) (0) (0)
swWACT loxoa (0) SWILED EN | EVENTNUM[2] | EVENTNUM[1] | EVENTNUM[O] SW2_DIS SW2LED_EN SW3_FUNC
SW3LED EN | SW3STEP[2] | SWB3STEP[1] | SW3STEP|0] | SWA4LED EN | SW4STEP[2] SWA4STEP[1] | SWA4STEP[0]
ADVINT loxos (1) ADVINTVL[14] | ADVINTVL[13] | ADVINTVL[12] | ADVINTVL[11] | ADVINTVL[10] | ADVINTVL[9] | ADVINTVL[8]
ADVINTVL[7] | ADVINTVL[6] | ADVINTVL[5] | ADVINTVL[4] | ADVINTVL[3] | ADVINTVL[?] ADVINTVL[1] | ADVINTVL[0]
FIXED |Ox06 (0x0800)
FIXED |Ox07 (0x010C)
FIXED |ox08 (0x0000)
Preamble 10x09 CRC_EN WHITE_EN PDULEN[5] | PDULENE& | PDULEN[4] | PDULEN[3] | PDULEN[2] | PDULEN[1]
reamble
Access Addressl
Access Ox0A Access Address2
Address Access Address3
0x0B Access Address4
PDU1
0x0C PDU2
PDU3
0x0D PDU4
PDU5
O0x0E PDUG
PDU7
Ox0F PDUS
PDU9
0x10 PDU10
PDU11
Ox11 PDUL2
PDU13
0x12 PDU14
PDU15
0x13 PDU16
0x14 PDU17
PDU18
PDU
0x15 PDU19
PDU20
PDU21
0x16 PDU22
PDU23
Ox17 PDU24
PDU25
0x18 PDU26
PDU27
0x19 PDU28
PDU29
Ox1A PDU30
PDU31
0x1B PDU32
PDU33
0x1C PDU34
PDU35
0x1D PDU36
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<Name> lAddr. D15(MSB) D14 D13 D12 D11 D10 D09 D08
D07 D06 D05 D04 D03 D02 D01 DOO(LSB)
Ox1E PDUss
Ox1F oL
CRC 1ox20 CRC?

Note 1 When AK1594 status is EEPROM Read in 11.Power-up Sequence Figure 19 or Figure 20, the
EEPROM setting is valid. The AK1594 just stores raw data in the EEPROM. The EEPROM
setting becomes valid once the raw data is transferred to the internal register.

Note 2 All internal register values are set to 0 after reset.

Note 3 When the AK1594 goes into Full Power Down state, all internal register values are set to O
except {I_LED}, {SW1LED_EN}, {SW2_DIS} and {SW2LED_EN}.
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13.2.1. AKM1, AKM2 (0x00, 0x01)
Do not access these address.

13.2.2. MODEL1 (0x02)
13.2.2.1. BAT_EN

Battery monitor enable
BAT_EN Function

0 Battery monitor function disable

Battery monitor function enable

13.2.2.2. BAT_LED_EN
LED function enable

BAT_LED_EN Function
0 LED disable
1 LED enable

Note 1 This setting is valid only when {BAT_EN} = “0b1”.
Note 2 Detect voltagel is 2.3V Typ.
Note 3 Refer to 10.7Battery monitor

13.2.2.3. BAT_SEL1
LED ON/BIlink selector

BAT_SEL1 Function
0 LED On
1 LED Blink Note3

Note 1 This setting is valid only when {BAT_EN} = “Ob1” and {BAD_LED_EN} = “Ob1”.
Note 2 Detect voltagel is 2.3V Typ.

Note 3 9.750sec sleeps and 0.25sec blinks

Note 4 Refer to 10.7Battery monitor

13.2.2.4. BAT_SEL2
Full power down mode enable for battery monitor

BAT_SEL2 Function
0 Full power down disable
1 Full power down enable

Note 1 This setting is valid only when{BAT_EN} = “Ob1”

Note 2 When power mode is normal, Detect Voltage2 = 2.0V Min. When power mode is high, Detect
Voltage2 = 2.225V Min.

Note 3 Refer to 10.7Battery monitor

13.2.2.5. I_LED
LED current setting

| LED Function
0 1.0 mA
1 3.0 mA

Note 1 All internal register values of the AK1594 are “0” right after resetting. {I_LED} setting becomes
valid after the process that the AK1594 transfers EEPROM data to the internal register. {I_LED}
is 0 during this transfer process even if {|_LED} is setto 1.
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13.2.2.6. Beacon operating mode setting

MODE Function

0 Continuous Burst Mode
1 Configured TX Mode

Note 1 When AUTO pin is “H”, The AK1594 keeps Continuous Transmission, which is {MODE} ="0b0”,
even if (MODE} is set to “Ob1”.

13.2.2.7. Advertising channel 1st setting
Advertising channel 1st setting

ADVCH1[1] | ADVCH1[0] | Function
0 0 37ch
0 1 38ch
1 0 39ch
1 1 37ch

Note 1 This value is used as advertising channel index for data whitening

13.2.2.8. Advertising channel 2nd setting

Advertising channel 2nd setting
ADVCH2[1] | ADVCH2[0] Function

0 0 37ch
0 1 38ch
1 0 39ch
1 1 OFF

Note 1 This value is used as advertising channel index for data whitening

Note 2 In case of {ADVCH2[1:0]} = “O0b11”, the AK1594 doesn’t output 2nd, 3rd advertising channel
output.

13.2.2.9. Advertising channel 3rd setting
Advertising channel 3rd setting

ADVCH3[1] | ADVCH3[0] |

0 0 37ch
0 1 38ch
1 0 39ch
1 1 OFF

Note 1 This value is used as advertising channel index for data whitening
Note 2 In case of {ADVCH3[1:0]} = “0b11”, the AK1594 doesn’t output 3rd advertising channel.
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Setting Example 1)

Advertising channel 1st:

Advertising channel 2nd:

Advertising channel 3rd:

Advertising Event

[AK1594]

37ch
38ch
39ch

Advertising Event

RFOUT

37ch|

ESEEN azeh|  ssen]  [aoen]

Register name | Value
ADVCH1[1:0] | 0b0O (37ch)
ADVCH2[1:0] | 0bO1 (38ch)
ADVCH3[1:0] | 0b10 (39ch)

Setting Example 2)

Advertising channel 1st:  39ch

Advertising channel 2nd: 37ch

Advertising channel 3rd:  38ch

Advertising Event

RFOUT

390h| |37ch| |38ch|

Advertising Event

39ch| |37ch| |38ch|

Register name |

value

ADVCH1[1:0] | 0b10 (39ch)
ADVCH2[1:0] | 0b0O (37ch)
ADVCH3[1:0] | 0b01 (38ch)

Setting Example 3)

Advertising channel 1st:  37ch

Advertising channel 2nd: 38ch

Advertising channel 3rd:  OFF

Advertising Event

37ch| |38ch|

RFOUT

Advertising Event

37ch|

|380h|

Register name |

Value

ADVCH1[1:0] | 0b00 (37ch)
ADVCH2[1:0] | 0bO01 (38ch)
ADVCH3[1:0] | Ob11(OFF)
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Setting Example 4)
Advertising channel 1st:  37ch

Advertising channel 2nd: OFF
Advertising channel 3rd: OFF

Advertising Event Advertising Event

RFOUT [s7er] [s7er]

Register name | Value

ADVCH1[1:0] | 0b0O (37ch)
ADVCH2[1:0] | Ob11(OFF)
ADVCH3[1:0] | Ob11(OFF)
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13.2.2.10. TXDATA_LOOP

TXDATA_LOOP Function
0 Burst Transmission
1 Continuous Transmission

Please set {TXDATA_LOOP} ="0b0” except regulatory testing. This register is enabled when CS pin is
="H". The AK1594 transmits continuous signal via RFOUT pin. Channel frequencies are set by
{ADVCH1[1:0]}. Data whitening is done by based on {ADVCH1[1]} setting when {WHITE_EN} = “Ob1".

13.2.2.11. TXDATA_CW
Modulation Mode Select

TXDATA_CW Function
0 GFSK
1 Continuous Wave

Please set {TXDATA_CWs} ="0" except regulatory testing. The AK1594 transmits fixed frequency signal
via RFOUT when {TXDATA_CW?} =1. The frequency setting is set by {ADVCH1[1:0]} to {ADVCH3[1:0]}
that are 37ch=2402MHz, 38ch=2426MHz, 39ch=2480MHz.

13.2.3. MODE2 (0x03)

13.2.3.1. POWR_MODE [1:0]
Power mode setting

POWR_MODE[1] ‘ POWR_MODEJ0] Function
0 0 Normal power mode
0 1 Prohibited
1 Don'’t care High power mode
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13.2.3.2. POWRDJ[4:0] (TX power setting)

For normal power mode

10

Output Power [dBm]

0 4 8 12 16 20 24 28 32
POWRD [4:0]

Figure 23 POWRD code vs Output power for normal mode

Note 1 The output power (Figure 23) is a reference value. Output power specification will be changed by
RF matching network and board design.
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For high power mode

10

Output Power [dBm]

0 4 8 12 16 20 24 28 32
POWRD [4:0]

Figure 24 POWRD code vs Output power for high power mode

Note 1 The output power (Figure 24) is a reference value. Output power specification will be changed by
RF matching network and board design.
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13.2.4. SWACT (0x04)

13.2.4.1. SWILED_EN
LED ON/OFF for SW1 pin

SWILED_EN | Function

0 LED OFF

1 LED ON
LED ON when SW1 pin = “L".

Note 1 All internal register values of the AK1594 are 0 right after resetting. {SW1LED_EN]} setting
becomes valid after the process that the AK1594 transfers EEPROM data to the internal register.
{SWI1LED_EN} is 0b0 during this transfer process even if {SW1LED_ EN}is set to Obl.

13.2.4.2. EVENTNUM[2:0]
The number of advertising event setting

EVENTNUM[2] EVENTNUM[1]| EVENTNUMI[0] Function
0 0 0 Prohibited
1ltime Advertising event
2 times Advertising event
3 times Advertising event
4 times Advertising event
5 times Advertising event
Prohibited
1 Prohibited
Note 1 {EVENTNUM]J2:0]} is enabled by setting {MODE} = “1”.

RP|R|P|IO|O|O

Rr|r|lolo|r|r]|o
Rlo|lr|lo|r|o]|r

13.2.4.3. SW2_DIS
SW?2 pin disable setting

SW2_DIS Function
0 SW2 pin enable
1 SW2 pin disable

Note 1 All internal register values of the AK1594 are 0 right after resetting. {SW2_DIS} setting becomes
valid after the process that the AK1594 transfers EEPROM data to the internal register.
{SW2_DIS} is 0 during this transfer process even if {SW2_DIS} is set to 1.

Note 2 {SW2_DIS} = “1” automatically when AUTO pin = “H”.

13.2.4.4. SW2LED_EN
LED ON/OFF for SW2 pin

SW2LED_EN | Function

0 LED OFF

1 LED ON
LED ON when SW2 pin = “L".

Note 1 {SW2LED_EN} is enabled by {SW2_DIS} = “Ob0”

Note 2 All internal register values of the AK1594 are 0 right after resetting. {SW2LED_EN} setting
becomes valid after the process that the AK1594 transfers EEPROM data to the internal register.
{SW2LED_EN} is 0bO0 during this transfer process even if {SW2LED_EN} is set to Ob1.
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13.2.4.5. SW3_FUNC

SW3 §in function settini

0 Power Step Adjustment is enabled

High power switch is enabled. Transmission power is set by {POWR_MODE[1]}="0b1”,
and POWRDI4:0]="31"

Refer to 10.4.4SW3 pin.

1

13.2.4.6. SW3LED_EN
LED ON/OFF for SW3 pin

SWS3LED_EN Function
0 LED OFF
1 LED ON Note 1,2

Note 1  When {SW3_FUNC} = “0b0”, LED blinks based on {SW3STEP [2:0]} setting.
Note 2 When {SW3_FUNC} = “0b1”, LED blinks 0.25s and 9.750s sleeps.

13.2.4.7. SW3STEP [2:0]
Transmission Power Step Adjustment

SW3STEP[2] SW3STEP[1]| SW3STEP[0] Step value[dec]
0 0 0 Prohibited
0 0 1 1
1 1 0 6
1 1 1 7

Note 1 {SW3STEP][2:0]} are enabled by {SW3_FUNC} = “0b0”

When {SW3_FUNC} = “0b0”, the AK1594 changes output power at the SW3 pin falling edge. TX power
is set by {POWRD [4:0]})

When SW3 pin set to High to Low, AK1594 changes status from burst transmission to TX power setting
mode. The AK1594 changes TX power every SW3 pin falling edge during the TX power setting mode.
The AK1594 changes status SW3statel — SWa3state2 — SWa3state3 — SWa3state4 — SWa3state5 —
SWa3state6 — SWa3statel — SWa3state2—, number of LED blinks shows status when
{SW3LED_EN}="0b1”. LED blinking cycle is 360 msec.

When the AK1594 doesn’t detect another SW3 pin falling edge for more than 4 seconds after the SW3
pin falling edge detection, the AK1594 finishes this power step adjustment process and returns to burst
transmission.

Refer to 10.4.4 SW3 pin.

SWa3State | TX power formula Note 1 Number of LED
blink times
(Note 2)

Statel | {POWRD[4:0]} — {SW3STEP[2:0]} x O
State2 | {POWRD[4:0]} — {SW3STEP[2:0]} x 1
State3 | {POWRD[4:0]} — {SW3STEP[2:0]} x 2
State4 | {POWRD[4:0]} — {SW3STEP[2:0]} x 3
State5 | {POWRD[4:0]} — {SW3STEP[2:0]} x 4
State6 | {POWRD[4:0]} — {SW3STEP[2:0]} x 5
Note 1 Minimum TX power code = “0b0”. If the calculation result is negative, the AK1594 just set TX
power code = “0b0”.as the result.
Note 2 LED function is enabled by setting {SW3LED_EN} = “Ob1”.

OO WINF
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13.2.4.8. SWALED_EN

SW4 pin LED ON/OFF setting

SWALED_EN Function

0 LED OFF
1 LED blinks as many SW4STEP[2:0] state when SW4 pin falling

13.2.4.9. SWASTEP[2:0]

Advertising Interval Step Adjustment

SWA4STEP[2:0] | Interval Step[msec]
000 0.625
001 10
010 20
011 50
100 100
101 200
110 500
111 1000

The AK1594 changes advertising interval at the SW4 pin falling edge. Advertising intervals are set by
{ADVINTVL [14:0]}

When SW4 pin set to High to Low, AK1594 changes status from burst transmission to advertising
interval setting mode. The AK1594 changes interval timing every SW4 pin falling edge during the
advertising interval setting mode.

The AK1594 changes status SW4statel — SW4state2 — SW4state3 — SWA4state4 — SW4state5 —
SWdstate6 — SWd4statel — SWdstate2 —, number of LED blinks shows status when
{SWALED_EN}="0b1”. LED blinking cycle is 360 msec.

When the AK1594 doesn’'t detect another SW4 falling edge for more than 4 seconds after the SW4
falling edge detection, the AK1594 finishes this advertising interval step adjustment process and returns
to burst transmission.

Refer to 10.4.5 SW4 pin.

SW4State | Advertising interval formula Note 1 Number of LED
blink times
(Note 2)

Statel | “ADVINTVL[14:0]” + “SWASTEP[2:0]” x 0
State2 | “ADVINTVL[14:0]” + “SWASTEP[2:0]” x 1
State3 | “ADVINTVL[14:0]” + “SWASTEP[2:0]” x 2
State4 | “ADVINTVL[14:0]” + “SW4STEP[2:0]” x 3
State5 | “ADVINTVL[14:0]” + “SWASTEP[2:0]” x 4
State6 | “ADVINTVL[14:0]” + “SWASTEP[2:0]” x 5
Note 1 Maximum value is 0x4000. If the calculation result is larger than 0x4000, the AK1594 just set
0x4000 as the advertising interval result.
Note 2 LED function is valid when {SW4LED_EN} = “Ob1”.

OO WNF-
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13.2.5. ADVINT (0x05)

13.2.5.1. Advertising Interval setting

ADVINTVL[14:0] Advertising interval[msec]
000 0000 0000 0000 Prohibited
~ ~ (Prohibited)

000 0000 1001 1111 Prohibited
000 0000 1010 0000 100.000
000 0000 1010 0001 100.625
000 0000 1010 0001 101.250
0111111 11111110 10238.750
0111111 112111111 10239.375
100 0000 0000 0000 10240.000

Other setting 10240.000

Advertising Interval setting example)

EEPROM 0x05 value Advertising Interval [msec]

0x80A0 100
0x8140 200
0x81E0 300
0x8280 400
0x8320 500
0x83CO0 600
0x8460 700
0x8500 800
0x85A0 900
0x8640 1000
0x8C80 2000
0x92C0 3000
0x9900 4000
O0x9F40 5000
0xA580 6000
O0xABCO 7000
0xB200 8000
0xB840 9000
OxBES8O 10000
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13.2.6. Preamble (0x09h[15:8])

[AK1594]

13.2.6.1. CRC_EN
CRC setting
CRC_EN Function
0 CRC disable
1 CRC enable

Note 1 Please set {CRC_EN} ="0b1” except regulatory testing.
Note 2 For details of CRC function, refer to Bluetooth™ specification

13.2.6.2. Whitening_EN

0

Data whitening disable

Data whiteninc!; settini

1

Data whitening enable

Note 1 Please set {CRC_EN} ="0b1” except regulatory testing.
Note 2 For details of whitening function, refer to Bluetooth® specification

13.2.6.3. PDU Length setting

PDULENI5:0] | Length[octet]
00 0000 Prohibited
00 0001 Prohibited
00 0010 2
00 0011 3
10 0101 37
10 0110 38
100111 39

Other setting 39

PDU length is the data length between access address and CRC.

Preamble Access Address (4 octets) PDU (2~39 octets) CRC (3 octets)
(1 octet)
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13.2.7. TX data (0x09 - 0x20)

Write TX data to the following addresses.
Preamble (0x09[7:0])

Access Address(0x0A,0x0B)

PDU(0x0C~0x1F[15:8])
CRC(0x1F[7:0], 0x20)

Notel Unused sectors value are “don’t care”.

The EEPROM maximum size for transmission data is 47octets.

[AK1594]

Preamble
(1 octet)

Access Address (4 octets)

PDU (2~39 octets)

CRC (3 octets)
Notel

Note 1 When {CRC_EN} ="0b1”, CRC(0x1F[7:0], 0x20) is not need be set.

The output order of the data bits is as follows.

<Name> |Addr D15(MSB) D14 D13 D12 D11 D10 D9 D8
) D07 D06 D05 D04 D03 D02 D01 DO(LSB)
Data[15:0] Data[15] | Data[14] | Data[13] | Data[12] | Data[11] | Data[10] | Data[9] | Data[8]
) Data[7] Data[6] Datal[5] Data[4] Data[3] Data[2] Data[1] Data[0]

Data[8] — Data[9] — Data[10] — Data[11] — Data[12] — Data[13] — Data[14] — Data[15] —

— Data[0] — Data[l] — Data[2] — Data[3] — Data[4] — Data[5] — Data[6] — Data[7]

018003497-E-00
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Factory EEPROM value

[AK1594]

Address Factory Code Address Factory Code
0x00 Don't care 0x16 0x5555
0x01 Don’t care 0ox17 OxAAAA
0x02 0x5555 0x18 0x5555
0x03 OxXAAAA 0x19 OxAAAA
0x04 0x5555 Ox1A 0x5555
0x05 OxAAAA 0x1B OXAAAA
0x06 0x5555 0x1C 0x5555
0x07 OxAAAA 0x1D OXAAAA
0x08 0x5555 Ox1E 0x5555
0x09 OxAAAA Ox1F OXAAAA
Ox0A 0x5555 0x20 0x5555
0x0B OXAAAA
0x0C 0x5555
0x0D OXAAAA
Ox0E 0x5555
OxOF OxAAAA
0x10 0x5555
0x11 OxAAAA
0x12 0x5555
0x13 OXAAAA
0x14 0x5555
0x15 OXAAAA
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14. LSl Interface Circuit

No Pin Name 1/0 Function
13 SDAT IO |Digital input / output pin

X %201@

i S

6 SW1 | |Digital input pin
9 SW2 |
16 SW3 |
17 SW4 |
25 AUTO |
19 DATA |
20 DATA2 |
11 SCLK | |Digital input pin
12 CS |

E %30“2
5 | LED O |Analog output pin

Constant
Current
22 | RFOUT O |Analog output pin
fF_
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No Pin Name /O Function
4 LPFO I0 |Analog input / output pin
s
T
7 0OSCl1 | Analog input pin
8 0SsCc2 @)
15 LOSC1 I
14 LOSC2 0]
18 TESTO O |Digital output pin
24 LDOC O [|Analog output pin
%t_ F_
23 PALDOC O |Analog output pin
28 SWITCH O
e
f [

018003497-E-00
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15. Recommended External Circuits

15.1. Recommended External Circuits

C40

4
——

C30

j q
C20
®
AVDD,DCVDD

Figure 25 Recommended External Circuits
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15.2. External component

Number Value Parts Number

C1 0.22pF GRM155R71C224KA12D

C2 680pF GRM1555C1H681JA01D

C3 6.8pF GRM1555C1H6R8CAQ1D

C4 6.8pF GRM1555C1H6R8CAQ01D

C5 1.8pF GJM1555C1H1R8BB01D

C6 10pF GRM1555C1H100JA01D

C7 10pF GRM1555C1H100JA01D

C8 100pF GRM1555C1H101JA01D

C9 10pF GRM1555C1H100JA01D

C10 1000pF GRM155R71H102KA01D

Cl1 0.047uF GRM155R71E473KA88D

C12 0.6pF GJM1555C1HR60BB01D

C20 10uF GRM188C81C106MA73D

C30 -

C40 10uF GRM188C81C106MA73D

L1 3.3nH LQWI15AN3N3D10

L2 2.7nH LQW15AN2N7C00D

L3 4.7uH, Avg DC resistance 0.44 ohm | LOM18PN4R7MFRL

L4 2.2nH LQG15HS2N2S02D

X01 32MHz, Load capacitance 6pF FA-128 6pF, Q22FA12800517xx
X02 32.768kHz, Load capacitance 9pF FC-135 9pF, Q13FC13500003xx
LED -

Reference value.

018003497-E-00

- 48 -

RF specification will be changed by RF matching network and board design.

2018/3




AsahiKASEI

[AK1594]

| 16. Package
16.1. Outline Dimensions
28-pin QFN (4.0 x 4.0 x 0.70, 0.4mm pitch)
(Unit: mm)
P’ 40£0.07 _ 2130
15 21
4 gUupoul
14_| — 22
A — —
S - — —
S| = =
b= — —
o v — —
o B :23‘ =
LA | LA 7
7 1 A st
C0.30

A

Y

PartA ™

20
= [ Ry # ;
L
s
8
=1

0.75MAX

>He{ o050

S|Al§]

0.18+0.05

-0.12~0.18

Figure 26 Package outer dimension

0.13~0.23

Detailed chart in part A

Note 1 Leave the exposed pad on the bottom surface of the package open.
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16.2. Marking
a. Style : QFN
b. Number of pins : 28pins
c. Al pin marking : Circle
d. Product number 11594
e. Date code : XXXX (4 digits)

XXX Xe)
O

Figure27 Marking

018003497-E-00 -50 - 2018/3



AsahiKASEI [AK1594]
17. Ordering Guide
-AK1594 28-pin QFN (4.0mm x 4.0mm x 0.70mm, 0.4mm pitch)
18. Revision History
Date (Y/M/D) | Revision | Reason Page | Contents
18/3/XX 00 First Edition
All trademarks and registered trademarks are the property of their respective owners.
Bluetooth® is a trademark of Bluetooth SIG, Inc.
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IMPORTANT NOTICE

0. Asahi Kasei Microdevices Corporation (“AKM”) reserves the right to make changes to the information
contained in this document without notice. When you consider any use or application of AKM ﬂro_duct
stipulated in this document (“Product”), please make inquiries the sales oftice of AKM or authorized
distributors as to current status of the Products. ) ] o

1. Allinformation included in this document are provided only to illustrate the operation and application
examples of AKM Products. AKM neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellecttal property rights or any other r_|g|hts of AKM or any third party with respect tothe information
in this document. You are fully responsible for use of such information contained in this document in
Eour\})roduct de&a_g or a&gllcatlons. AKM ASSUMES NO LIABILITY FOR ANY LOSSES INCURRED

Y YOU OR THIRD PARTIES ARISING FROM THE USE OF SUCH INFORMATION IN YOUR
PRODUCT DESIGN OR APPLICATIONS. _ _ _

2. The Product is neither intended nor warranted for use in equipment or systems that require
extraordlnanI%/ high levels of quallty and/or reliability and/or a malfunction or failure of which may
cause loss of human life, bodily injury, serious property damage or serious public impact, including
but not limited to, equipment used in nuclear facilities, equipment used in the aerospace industry,
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic
signaling equipment, equipment used to control combustions or explosions, safety devices, elevators
and escalators, devices related to electric power, and equipment used in finance-related fields. Do
not use Product for the above use unless specifically agreed by AKM in writing. )

3. Thou?h_ AKM works continually to improve the Product’s quality and re_Ilablllty,a/ou are responsible for
complying with safety standards and for providing adequate designs and safeguards for your
hardware, software and systems which minimize risk and avoid situafions in which a malfunction or
failure of the Product could cause loss of human life, bodily injury or damage to property, including
data loss or corruption. ] i )

4. Do not use or otherwise make available the Product or related technology or any information
contained in this document for any military purposes, including without limitation, for the design,
development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). When exporting the Products or related
technology or any information contained in this document, you shoul comﬁIY with the applicable
export control laws and regulations and follow the procedures required by such laws and regulations.
The Products and related technology may not be used for or incorporated into any Products or
systemls \t/_vhose manufacture, use, or Sale is prohibited under any applicable domestic or foreign laws
or regulations. _ _ .

5. Please contact AKM sales representative for details as to environmental matters such as the RoHS
compatibility of the Product. Please use the Product in compliance with all apﬁllcable_la\_/vs and
regulatlons that regulate the inclusion or use of controlled substances, including without limitation, the
EU RoHS Directive. AKM assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations. ,

6. Resale of the Product with provisions different from the statement and/or technical features set forth
in this document shall immediately void any warranty granted by AKM for the Product and shall not
create or extend in any manner whatsoever, anly liability of AKM. ) ) )

7. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior
written consent of AKM.
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