DATASHEET

synaptics

SYN207/08 Datasheet

Dual-Radio Bluetooth 5.4 and IEEE 802.15.4

1.1. Description

The Synaptics SYN20708 is a multiprotocol, dual- radio Bluetooth 5.4 system on a chip (SoC) that
supports the Bluetooth Classic, Bluetooth Low Energy, Zigbee, Thread, and Matter protocols. The
SYN20708 has two BT/BLE/IEEE 802.15.4 cores that can simultaneously function as either a receiver
or transmitter. It supports concurrent BT/BLE and IEEE 802.15.4 (Thread and Zigbee) operation on
both cores. The SYN20708 also integrates an Arm Cortex-M4 CPU running at 160 MHz and has a high-
speed UART interface for connection with an external host processor.

1.2. Features

1.2.1. Key Features
e Complies with BT Core Specification Version 5.4 with support for future 6.0 specifications such as high
accuracy distance measurement (HADM).
e Supports two 2.4 GHz band radios concurrently.
e Supports Bluetooth Class 1 and Class 2 TX operation.
e Supports Electronic Shelf Label (ESL).
e Supports HADM/channel sounding (BT 6.0 compliance expected).
e Supports BLE-LR, angle of departure (AoD), angle of arrival (AoA), and HW-capable ISOC.

1.2.2. Interfaces
e High-speed UART.
e Synaptics-proprietary Serial Enhanced Coexistence Interface (SECI) for Wi-Fi and BT coexistence.
e 3-wire IEEE 802.15.2 coexistence interface for Wi-Fi and BT coexistence.
e Optional Serial Peripheral Interface (SPI) for direct connection with local external flash.

e 12C master to control external sensors.
e Debug UART.

1.2.3. General Features
e Fabricated using a 16 nm FinFET Compact (16FFC) process.
e Supports BLE Zephyr open-source software stack.
e Supports IEEE 802.15.4 (OpenThread and ZBOSS) up to version 2.
e Contains integrated 2.4 GHz power amplifiers and low-noise amplifiers.
e Supports external 2.4 GHz power amplifiers.
e Contains integrated Transmit/Receive (TR) switch.
e Supports external TR switch.
e Supports firmware download over UART for shared flash with a host processor, or from local, dedicated
serial flash over an SPI.
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e Four GPIO and antenna-selection pins for AoD and AoA determination or HADM (channel sounding).

e Supports secure boot.
e Package: 103-pin FCBGA,
5.5 mm x 5.5 mm, 0.4 mm pitch.
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1.Introduction

1.1.System Overview
Figure 1shows a SYN20708 functional block diagram.
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* Each of the radio blocks includes internal PAs and TR switches.

Figure 1. SYN20708 functional block diagram

1.2.Bluetooth and IEEE 802.15.4 System Overview

The BT system is a dual-radio Bluetooth 5.4+ compliant baseband processor and 2.4 GHz transceiver.
It also has tightly-coupled support for IEEE 802.15.4 (Thread, Zigbee, etc.) using the 2.4 GHz Bluetooth

radio.
121 Standards Support
The BT system supports all mandatory SIG BT 5.4+ features. In addition, it supports ranging

technologies such as high-accuracy distance measurement (HADM), which is expected to be
included in Bluetooth standards greater than BT 5.4+. The SYN20708 also supports worldwide
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regulatory requirements and the latest publicly-available revisions of the Thread, Zigbee, and Matter
standards.

122 Interfaces

The Bluetooth system supports a standard Host Controller Interface (HCI) via a high-speed UART. It
also supports a coexistence interface.

12.3.Processor and Memory

The BT system includes an Arm core (running at 160 MHz) paired with 1640 KB of ROM memory for
program storage and boot ROM, 544 KB of system-data RAM, and 1664 KB of code RAM. It also has
256 bytes of user-accessible OTP for storing wafer ID, RF/analog calibration settings, and other
system configuration settings.
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2.DC Characteristics

Note:
characterization.

2.1.Absolute Maximum Ratings

Caution:

Values in this data sheet are design goals and are subject to change based on the results of device

The absolute maximum ratings in Table 1 indicate levels where permanent damage to the device

can occur, even if these limits are exceeded for only a brief duration. Functional operation is not
guaranteed under these conditions. Operation at absolute maximum conditions for extended
periods can adversely affect long-term reliability of the device.

Table 1 Absolute maximum ratings

Rating Symbol Value Unit

DC supply voltage for digital logic VDDC -0.5t0 0.828 \Y,
BT_VDD_MISCLDO, _

DC supply voltage for baseband PLLs VDDOUT_MISCLDO 0.5t0 0.9844 V
BT_LDO_VDD1PO5, _

DC supply voltage for RF analog XTAL_VDDIPO5 0.5t01.2075 \Y

DC supply voltage for MISCLDO LDO_VDD1PO5 -0.5t012075 \%
BT_VDD1PS,

DC supply voltage for analog I/O OTP_VDD1PS, -0.5t02.07 \Y
PMU_VDD1P8
BT_VDD3P3_COREO, | _

DC supply voltage for Bluetooth PA BT_VDD3P3_CORE] 0.5t0 3.795 \%

. PMU_VDDIO, _

DC supply voltage for digital I/O VDDIO (VDDO pin) 0.5to0 3.795 \Y

External TSSI input TSSI -0.5to0 15

Maximum undershoot voltage for 1/0? Vundershoot -0.5

Maximum overshoot voltage for 1/0? Vovershoot VDDIO + 0.5

Maximum junction temperature T; no °C

a. Duration not to exceed 25% of the duty cycle.

2.2.Environmental Ratings

The environmental ratings are shown in Table 2.

Table 2. Environmental ratings

Characteristic

Value

Unit

Conditions/Comments

Ambient Temperature (T,)?

-40 to +85 (industrial part) °C

Functional operation®?

Storage Temperature

Relative Humidity

-40 to +125 °C —
Less than 60 % Storage
Less than 85 % Operation

www.synaptics.com |
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a. See Table 26. Ordering information.

b. Functionality is guaranteed across this temperature range. Optimal RF performance specified in the data sheet,
however, is guaranteed only for —10°C to +55°C without derating performance.

2.3.Recommended Operating Conditions and DC Characteristics

Caution: Functional operation is not guaranteed outside of the limits shown in Table 3, and operation
outside these limits for extended periods can adversely affect long-term reliability of the device.

Table 3. Recommended operating conditions and DC characteristics

Value uni
Parameter Symbol t
Minimum Typical Maximum
DC supply voltage for digital logic VDDC 0.6912 0.72 0.7488 \
DC supply voltage for baseband BT_VDD_MISCLDO,
PLLs VDDOUT_MISCLDO 08218 0856 089 v
BT_LDO_VDD1PO5,
DC supply voltage for RF analog XTAL_VDDIPO5 1.008 1.05 1.092 \Y
DC input supply voltage for
MISCLDO LDO_VDD1PO5 1008 105 1092 \
BT_VDD1PS,
DC supply voltage for analog I/O OTP_VDD1PS, 171 1.8 1.89 \
PMU_VDD1P8
BT_VDD3P3_COREO
DC supply voltage for Bluetooth PA | , 3.135 33 3.465 \Y,
BT_VDD3P3_CORE1
- PMU_VDDIO,
DC supply voltage for digital I/O VDDIO (VDDO pin) 3.135 3.3 3.465 \Y
External TSSI input TSSI 0.30 — 11 \Y
Internal POR threshold Vth_POR 04 — 0.7 \
Digital I/O Pins
For 3.3V supply:
. 0.65 x
Input high voltage VIH VDDIO — — \
0.35 x
Input low voltage VIL — — VDDIO \
Output high voltage @ 2 VDDIO _ _
mA VOH -0.40 v
Output low voltage @ 2 VOL _ _ 0.40 Vv
mA
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2.4.Electrostatic Discharge Specifications

Extreme caution must be exercised to prevent electrostatic discharge (ESD) damage. Proper use of
wrist and heel grounding straps to discharge static electricity is required when handling these
devices. Always store unused material in its antistatic packaging.

Table 4. ESD specifications?

Condition ESD Rating

> 1.5 kV (margin capability)

Human body model (HBM) contact discharge 10 KV (minimum capability)

> 350V (margin capability)

Charged device model (CDM) contact discharge 250V (minimum capability)

a. ESD specifications only apply to production parts. Applicable test specifications: ANSI/ESDA S20.20 2014 JS-001-

2014 and
ANSI/ESDA S20.20 2014 JS-002-2014.
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3.Power Supplies and Power Management

3.1.Power Supply Topology

The SYN20708 contains a power management unit (PMU) and several LDO regulators. All regulators
are programmable via the PMU. The PMU is powered by external 3.3V, 1.8V, and 1.05V supplies. All
other voltages are provided by internal SYN20708 LDO regulators.

Figure 2 shows the typical SYN20708 power topology. The gray areas are external to the SYN20708.
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Figure 2. Typical power topology
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3.2.Power Sequence

The SYN20708 provides a low-power shutdown feature that allows the device to be turned off while
the host, and any other devices in the system, remain operational. When the SYN20708 is not needed
in the system, VDDC is shut down via BT_REG_ON while VDDIO remains powered. This allows the
SYN20708 to be effectively off while keeping the 1/O pins powered so that they do not draw extra
current from any other devices connected to the 1/0.

During a low-power shutdown state, provided VDDIO remains applied to the SYN20708, all outputs
are tristated, and most input signals are disabled. Input voltages must remain within the limits defined
for normal operation. This is done to prevent current paths or create loading on any digital signals in
the system.

When the SYN20708 is powered on from this state, it is the same as a normal power-up and the
device does not retain any information about its state from before it was powered down.

Figure 3 shows the power sequence diagram.

3.3V
(VDDIO)

1.8V

1.05V
—» <4— 140 ps (( —» <4 <2ms
2

BT_REG_ON \
—» < 260 ps ((

0.72v

(VDDC) )

VDDC_OK ((
(Power-on Reset) JJ

Figure 3. Power sequence diagram

3.3.Power and Reset Control
Table 5 provides the BT_REG_ON electrical specification.

Table 5. BT_REG_ON electrical specification

Parameter Symbol Conditions Min. Tyarilc Max. Unit
Input high voltage Viy For BT_REG_ON 1.08 — 3.465
Input low voltage ViL - VSS - 0.3
Pull-down resistance Rpp — — 100 — kQ
REG OFF time TREG OFF Creg_on < 10 pF — — 2 ms
www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-0T1REV 3
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3.4.Power Management Unit Electrical Specification

Table 6 provides the PMU electrical specification.

Table 6. PMU electrical specification

Parameter Pin Name Conditions Min. Typical Max. Unit
I/O supply voltage 1 PMU_VDD1P8 - 17 1.80 1.89 \
I/O supply voltage 2 PMU_VDDIO — 3.135 3.3 3465 |V
I/O supply voltage 3 LDO_VDD1PO5 | — 1008 105 1.092 \Y,

CLDO output
reaching 0.72V with

- i T — —

Power-up time PU respect to BT_ 7 ps
REG_ON

PMU_VDD1P8 and

PMU_VDDIO power- - From 3.3V to 0.3V - - 10 ms

down time

Table 7 provides the electrical specification of the internal regulators.

Table 7. Internal regulators electrical specification

Input Supply Voltage (V) Output Current (mA) Nominal
Regulator Output
Minimum Typical Maximum | Minimum Typical Maximum | Voltage (V)
CLDO 0.9312 1.02 115 01 — 60 0.72
MISCLDO 0.9312 1.02 115 01 — 60 0.856
www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-0T1REV 3
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4.Frequency References

An external crystal is used for generating all radio frequencies and normal-operation clocking.

4.1.Crystal Interface and Clock Generation

The SYN20708 uses an external crystal to provide a frequency reference. The recommended
configuration for the crystal oscillator including all external components is shown in Figure 4. Consult
the reference schematics for the latest configuration.

C
I I * XTAL_XOP
= 80 MHz
C
I I . XTAL_XON

Figure 4. Recommended oscillator configuration

The recommended default frequency reference is an 80 MHz crystal. The signal characteristics for
the crystal oscillator interface are provided in Table 8.

Note: Although the synthesizer can support alternative reference frequencies, frequencies other than the
default require support to be added in the driver, plus additional extensive system testing. Contact
Synaptics for further details.

Table 8. Crystal oscillator requirements?®

CrystalP
Parameter Conditions/Notes
Min. Typical Max. Unit
Frequency — — 80 - MHz
Frequency tolerance over
the lifetime of the With . 20 20
equipment, including ithout trimming B o Ppm
temperature®
Crystal load capacitance — — 8 — pF
ESR - - — 50 Q
www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-0T1REV 3
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Table 8. Crystal oscillator requirements? (continued)

Crystal®
Parameter Conditions/Notes
Min. Typical Max. Unit
. External crystal must be able to
Drive level tolerate this drive level. 150 W

a. The parameter values in this table apply when using an 80 MHz crystal.
b. Use XTAL_XOP and XTAL_XON.

c. ltis the responsibility of the equipment designer to select oscillator components that comply with these specifications.
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5.Bluetooth System Interfaces

5.1.UART Host Interface

The SYN20708 UART host interface is a standard 4-wire interface (RX, TX, RTS, and CTS) with
adjustable baud rates from 9600 bps to 12 Mbps. The baud rate may be selected through a vendor-
specific UART HCI command.

The UART has a 2600-byte receive FIFO and a 2600-byte transmit FIFO to support host-transport
traffic. Access to the FIFOs is conducted through the AHB interface through either DMA or the CPU.
The UART supports the Bluetooth 5.4 UART HCI specification: H4, a custom Extended H4, and H5, as
well as the OpenThread Spinel protocol. The default baud rate is 115.2 Kbaud.

The UART supports the 3-wire H5 UART transport, as described in the Bluetooth specification ( 7Aree-
wire UART Transport Layer). Compared to H4, the H5 UART transport reduces the number of signal
lines required by eliminating the CTS and RTS signals.

The SYN20708 UART can perform XON/XOFF flow control and includes hardware support for the
Serial Line Input Protocol (SLIP). It can also perform wake-on activity. For example, activity on the RX
or CTS inputs can wake the chip from a sleep state.

Normally, the UART baud rate is set by a configuration record downloaded after device reset. Support
for changing the baud rate during normal HCI UART operation is included through a vendor-specific
command that allows the host to adjust the contents of the baud rate registers. The SYN20708
UARTSs operate correctly with the host UART as long as the combined baud rate error of the two
devices is within +2%.
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Table 9. Example of common Baud rates

Desired Rate Actual Rate Error (%)
12000000 12000000 0.00
9600000 9600000 0.00
8000000 8000000 0.00
6000000 6000000 0.00
4000000 4000000 0.00
3692000 3692308 0.01
3000000 3000000 0.00
2000000 2000000 0.00
1500000 1500000 0.00
1444444 1454544 0.70
921600 923077 0.16
460800 461538 0.16
230400 230796 0.7
115200 15385 0.16
57600 57692 0.16
38400 38400 0.00
28800 28846 0.16
19200 19200 0.00
14400 14423 0.16
9600 9600 0.00

]
]
)
BT_UART_CTS_N N /!
] |

L}
: Midpoint of STOP bit Midpoint of STOP bit
___________ /
BT_UART_RXD X Y

BT_UART_RTS_N

Figure 5. UART timing
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Table 10. UART Timing specifications

Reference Characteristics Minimum Typical Maximum Unit
[ st ors e |
2 [ S v cpe e |
s | eyt mapoieof stp it | _

5.2.Peripheral/Debug UART Interface

The peripheral/debug UART has the following features:
e 256-byte RX and TX FIFOs.
e A 4-pininterface.
The PUART_RXD and PUART_TXD signals can be multiplexed to one of the following three pairs of
pins, respectively:
e ETRSW_CTRLO and ETRSW_CTRL1
e ANT_SEL2 and ANT_SEL1
e TX_CONFX2 and BT_STATUS2

Table 11 shows the rates supported by the peripheral/debug UART.

Table 11 Peripheral/Debug UART supported rates

Desired Rate Actual Rate Error (%)
3000000 3000000 0.00
2000000 2000000 0.00
1500000 1500000 0.00
1444444 1454544 0.70
921600 923077 0.16
460800 461538 0.16
230400 230796 0.7
115200 115385 0.16
57600 57692 0.16
38400 38400 0.00
28800 28846 0.16
19200 19200 0.00
14400 14423 0.16
9600 9600 0.00
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5.3.Serial Flash Interface

The serial flash interface supports the following features:
e A SPl-compatible serial bus.
e A maximum serial flash size of 64 MB.
e A 24 MHz (maximum) clock frequency.
e Support for either x1 or x4 addresses with two data lines (one input and one output).
e 3-byte and 4-byte addressing modes.
e A configurable dummy-cycle count that is programmable from 1 to 15.
e Programmable instructions output to serial flash.
e An option to change the sampling edge from rising-edge to falling-edge for read-back data when in high-
speed mode.

Note: To minimize ripple at the SYN20708 SPI_CLK port to within +20% of VDDIO due to transmission-line
effects, use a series resistor on the SPI_CLK line to the serial flash, preferably close to the serial flash
port.

5.3.1.8erial Flash Timing

5.3.1.1.Read-Register Timing
Figure 6 shows the serial flash extended read-register timing.

Note: Regarding Figure 6, all Read Register commands except Read Lock Register are supported. A Read
Nonvolatile Configuration Register operation will output data starting from the least significant byte.

Extended

w )\ S S

LSB |

DO Command )D
SB

M | LSB

D1 7High-zﬁ)H Dour Dour Dour Dour Dour Dour Dour Dour X Dour
' MSB
|:| Don’t care

Figure 6. Serial flash read-register timing

5.3.1.2.Write-Register Timing
Figure 7 shows the serial flash extended write-register timing.
Note: Regarding Figure 7:

e All write-register commands except Write Lock Register are supported.

e The waveform must be extended for each protocol to 23.

e A Write Nonvolatile Configuration Register operation requires data to be sent starting from the least
significant byte.
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Extended 9 10 1 12 13 14 15
CLK )) ‘
Lss' LsB |
DO Command ;D Din Din Din Din Din Din Div Din Diy

MSB | MSB

Figure 7. Serial flash write-register timing

5.3.1.3.Memory Fast-Read Timing
Figure 8 shows the serial flash extended memory fast-read timing.
Note: Regarding Figure 8:

e 24-bit addressing is used, so AIMAX] = A[23] and A[MIN] = A[O].
e For an extended SPI protocol, Cy = 7 + (AMAX] + 1).

Extended

S /—\\_//—\ u@@muq() SN\ S S
LSB| AMIN]
‘ )
DO - CommanﬂD — X{ (( 7
o1 ()(Lngh—Z () {1(’ - BDW Dour o B Dour B Dour Oar (D

Dummy Cycles

Figure 8. Memory fast-read timing

5.3.1.4.Memory-Write Timing

Figure 9 shows the serial flash extended memory-write (Page Program) timing.
Note: Regarding Figure 9, for an extended SPI protocol, C, = 7 + (A[MAX] + 1).

Extended

WMM/ SN\ S\ 1

LSB | AMIN] |

Do Command /D YK i Dw on Dn On D D O O ‘K O
AIMAX] ! !

MSB { ' MSB

Figure 9. Memory-write timing

5.3.2 Serial Flash Parameters

The combination of Figure 10 and Table 12 provides the serial flash timing parameters.

www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-0T1REV 3
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1 1
[} [}
1 1
i i i
Data out (Doyr) from serial flash device !
(D1 in Serial [Extended] mode) i ! A
o :
] 1 1
i | : _cLa
| [}
] 1
i i
Data in (Dy) to serial flash device i
(DO in Serial [Extended] mode) ! il
| ! |
i N
IT_CLQV !

Figure 10. Serial flash timing parameters diagram

Table 12. Serial flash timing parameters

Parameter Description Minimum Maximum Unit
T_DVCH Data setup time 2 - ns
T_CHDX Data hold time 3 - ns
T_CLQX Output hold time 1 - ns
T_CLQV Output valid time (with a 10 pF load) - 5 ns

5.3.3.Serial Enhanced Coexistence Interface

An external handshake interface is available to enable signaling between the device and an external
co-located wireless device, such as a Wi-Fi IC, to manage wireless medium sharing for optimum
performance.

Figure 11 shows the Wi-Fi coexistence interface. See Table 10, “UART Timing specifications,” on page 17
for UART baud rate.

Wi-FiIC
SECI_OUT UART_IN
BT ** GClI
SECI_IN UART_OUT

NOTE: SECI_OUT and SECI_IN are multiplexed on the GPIOs.

Figure 11. Serial enhanced coexistence interface
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5.4.12C Interface

The SYN20708 supports a I°C master interface. The Standard, Fast, and Fast-mode Plus modes are
supported.

The I2C interface is a 2-wire serial bus that is compatible with the 12C Specification (version 2.1). The
SYN20708 I°C interface supports the following features:
e Parallelto-12C bus protocol converter and interface.
e Standard mode (100 kbps), Fast mode (400 kbps), and Fast-mode Plus (1 Mbps).
e Single-master capability.
e Support for both 7-bit and 10-bit addressing.
e Available as a GPIO alternate function.
e Clock and data glitch filtering.
The SCL and SDA signals can be multiplexed to one of the following four pairs of pins, respectively:
e TDO and TDL.
e EPA_CTRL1 and EPA_CTRLO.
e ANT_SEL1 and ANT_SEL2.
e SPI_MISO and SPI_MOSI.

The I°C interface timing specifications are defined in Table 13 and Figure 12.
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Table 13. PC timing specifications

Fast-mode Plus®® .
Parameter Symbol Minimu | Typica | Maximu U‘cnI
m I m
SCL clock frequency fscL 0 — 1000 kHz
Egiaz?fntimes between a stop and start tur 500 _ _ ns
Holq time (rgpeated) start qondition. After this tHoSTA 260 _ _ ns
period, the first clock pulse is generated. '
Low period of the SCL clock tLow 500 - — ns
High period of the SCL clock tHiGH 260 — — ns
Set-up time for a repeated start condition tsu:sTA 260 - - ns
Data hold time tho.paTr | OC — 4509 ns
Data setup time tsu;paT | 260° - - ns
Setup time for stop condition tsusto 260 - — ns
;’nl;;e width of spikes suppressed by the input tep 0 _ 10 ns

a. Alltiming values are referenced to minimum (V) and maximum (V,, ) levels and were obtained over process,
voltage, and temperature.

b. For Fast-mode Plus, the hardware currently supports the 4th mode, not the 3rd mode.

c. A device must internally provide a hold time of at least 300 ns for the serial data (SDA) signal to bridge the
undefined region of the serial clock line (SCL).

d. This must be met because the SYN20708 does not stretch the low period of the SCL signal.

e. A Fast-mode Plus device can be used in Fast mode or Standard mode, but the Tgy par > 100 ns (Fast mode)
or Tsy.paT > 250 ns (Standard mode) requirement must be met. This automatically applies because the
SYN20708 does not stretch the low period of the SCL signal for Fast-mode Plus.

| - - —
SDA} / / / /
Tauri™| == i i
™ thp; sTA
tlow '
SCL \
—> thp; sTA ‘ [ tsu;sTa tsu; sto -
SU; DAT
p s > P

Figure 12. Clock and data timing

The SDA and SCL lines can source and sink 2 mA and have internal 45 kQ pull-up resistors. To drive

the capacitive load of the I°C interface, external pull-up resistors will be required to keep the rise
time less than 300 ns between 30% of VDD_IO and 70% of VDD_IO. The rise time is modeled by a
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simple RC circuit where R is the total pull-up resistance (the parallel combination of the internal and
external resistors) and C is the total capacitance of the signal line, the trace capacitance, and all
connected pins.

V(t) = VDD_IO x (1- e YRC)

Since the rise time from 30% to 70% of VDD_IO must be less than 300 ns, the maximum value of R is:
Rmax < (300 x 109)/(0.8473 x C)

The minimum value of R is limited by the 2 mA pull-down capability of the SDA and SCL drivers:

Rmin > (VDD_IO / 2 mA)

This gives minimum R values of 900Q when VDD_IO is 1.8V. Taking into consideration the minimum
value of the internal 35 kQ pull-up (R;t), the value of the external resistor (Rgy) is:

Rext = (R * Rint)/(Rint = R)

Thus, if the calculated total pull-up value of R is 900Q, then the minimum value of Rgy; is 924Q for a
line with very high capacitance. A value of 1.8 kQ for Rgy is usually sufficient.

5.5.Antenna Selection Interface

The SYN20708 supports up to four pins (ANT_SELO—-ANT_SEL3) that can be used to connect to a 16-
antenna array for AoA, AoD, or channel sounding (CS). (CS uses a maximum of four antennas.) These
pins are programmed as outputs when they are used to control an external RF switch, and they are
designed to support switching speeds as fast as one ps.

Table 14 describes the four pins when they're used as antenna-switching control signals.

Table 14. Antenna switching control pins

Pin Name Description
ANT_SELO Defaults as bit O of an AoA, AoD, or CS antenna selection.
ANT_SEL1 Defaults as bit 10of an AoA, AoD, or CS antenna selection.
ANT_SEL2 Defaults as bit 2 of an AoA or AoD antenna selection.
ANT_SEL3 Defaults as bit 3 of an AoA or AoD antenna selection.
www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-01REV 3
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6.Bluetooth and IEEE 802.15.4 RF Specifications

6.1.Introduction
Note: Values in this data sheet are design goals and are subject to change based on device characterization
results.

Unless otherwise stated, limit values apply for the conditions specified in Table 2, “Environmental
ratings,” on page 7 and “Recommended Operating Conditions and DC Characteristics” on page 8.

Typical values apply for an ambient temperature of +25°C.

Figure 13 shows the Bluetooth RF port configuration. Separate RX and TX can be accommodated for
external PAs and LNAs.

2.4 GHz RX/TX

LNA
Core0

&

2.4 GHz RX/TX

LNA
Corel

&

1

Chip ports

Figure 13. Bluetooth RF port configuration

Note: Unless otherwise specified, all Bluetooth specifications are measured at the chip port.

6.2.Bluetooth 2.4 GHz Receiver Performance Specification

Note: Table 15 applies to each radio, and unless otherwise defined, all values are measured at the chip RF
input port.

Table 75. Bluetooth 2.4 GHz receiver specification (derived from simulation)

Paramete o . . .
r Conditions Min Typical | Max Unit
General
Frequenc 248
quency - 2402 | — MHz
Range 0
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Table 15. Bluetooth 2.4 GHz receiver specification (derived from simulation)

Para;nete Conditions Min Typical | Max Unit
Receive 1Mbps, GFSK BDR, 0.1% BER — -925 -90
sensitivity 2 Mbps, 11/4-DQPSK EDR-2, 0.01% BER | — ~95 ~92
with dirty
. Normal-Power
transmit mode
off MR;C 3 Mbps, 8-DQPSK EDR-3, 0.01% BER
(8DRand | - -89 -86
EDR
modes)
1Mbps, GFSK BDR, 0.1% BER — -95 —
Normal-Power
mode with 2 Mbps, 1/4-DQPSK EDR-2, 0.01% _ o8 _
MRC BER
3 Mbps, 8-DQPSK EDR-3, 0.01% BER — -92 —

125 kbps — -108.5 106 dBm
37-byte payload, 500 kbps — -1035 -101 | dBm
standard
modulation index, 1Mbps - - 975 -95 | dBm
30.8% PER

2 Mbps — -945 -92 | dBm

125 kbps — -108.5 106 dBm
255-byte payload, | 500 kbps - -1025 1'00 dBm

Normal-Power standard

h modulation index, _ _ _
mode, 30.2% PER 1Mbps 96.5 94 | dBm
no MRC

2 Mbps - -935 -91 dBm

125 kbps — -m5 — dBm

500 kbps — -106.5 — dBm
37-byte payload,
standard
modulation index, 1Mbps 1005 dBm
30.8% PER 2 Mbps — -975 — dBm

Receive 125 kbps -ms5 — | dBm
sensitivity —
with dirty
transmit 255_byte payload, 500 kbpS - -1055 - dBm
off standard
(BLE Normal-Power | modulation index, | 1Mbps - - 995 - dBm
modes) mode with 30.2% PER

MRC 2 Mbps — -965 — dBm

www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-0T1REV 3
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Table 75. Bluetooth 2.4 GHz receiver specification (derived from simulation)

Paramete

r Conditions Min Typical | Max Unit

Receive
sensitivity
degradatio | php EpR-2, EDR-3

non - — 2 dB
spurious BLE (125 kbps, 500 kbps, 1Mbps, and 2 Mbps)

Input in- Maximum LNA gain =12 - - dBm
band IIP3 Minimum LNA gain 0 — — dBm

Maximum

. BDR, EDR-2, EDR-3 -17 — —
receive

BLE (125 kbps, 500 kbps, 1Mbps, and 2 Mbps) -10 - — dBm

No
damage
max.

RXLO BDR, EDR-2, EDR-3, BLE modes - - -50 dBm/
leakage MHz

RSSI
accuracy
with
calibration | BLE scan mode (when listening to BLE advertisement
channels)

BDR, EDR-2, EDR-3, BLE modes 13 — — dBm

Connected modes -2 — 2 dBm

-2 — 2 dBm
@ system
level.

See
section
12.4.3 of BLE connected mode -2 — 2 dBm
the
requireme
nts
General
spurs (LO,
AFE, VCO, — — — -50
XTAL+LO),

dBm/
MHz

Returnloss | Zp=50Q across the RX dynamic range — 10 - dB

Interference Performance @

C/l co- GFSK, 0.1% BER — — n dB

C/ITMHz
adjacent
channel

C/12 MHz
adjacent
channel

C/1=3MHz
adjacent
channel

GFSK, 0.1% BER - — 0 dB

GFSK, 0.1% BER — — -30 | dB

GFSK, 0.1% BER — — -40 | dB

C/limage

GFSK, 0.1% BER — — -9 dB
channel
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Table 15. Bluetooth 2.4 GHz receiver specification (derived from simulation)

Para;nete Conditions Min Typical | Max Unit
C/I1MHz
adjacent | o o 19 BER — — -20 | dB
to image
C/lco- /4-DQPSK, 0.1% BER — — 13 dB
C/I1MHz n/4-DQPSK, 0.1% BER - - 0 dB
C/l 2 MHz n/4-DQPSK, 0.1% BER - — -30 | dB
C/I23MHz | =n/4-DQPSK, 0.1% BER — - -40 | dB
C/limage n/4-DQPSK, 0.1% BER — — -7 dB
C/I1MHz n/4-DQPSK, 0.1% BER - - -20 | dB
C/lco- 8-DPSK, 0.1% BER — — 21 dB
C/I11MHz 8-DPSK, 0.1% BER — - 5 dB
C/12 MHz 8-DPSK, 0.1% BER — — -25 | dB
C/I=23MHz | 8-DPSK, 0.1% BER - - -33 | dB
C/limage 8-DPSK, 0.1% BER — — 0 dB
C/ITMHz 8-DPSK, 0.1% BER — - -13 dB
Out-of-Band Blocking Performance (CW)

30-2000MHz  0.1%BER — -10 — dBm
Normal- 2000-2399 MHz 0.1% BER - -27 — dBm
Power
mode 2498-3000 MHz 0.1% BER - =27 — dBm

3000 MHz-12.75

GHz 0.1% BER - 27 — | dBm

Out-of-Band Blocking Performance, Modulated Interferer be
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Table 75. Bluetooth 2.4 GHz receiver specification (derived from simulation)

Para:nete Conditions Min Typical | Max Unit
600-960MHz | LB1with LTE and WCDMA signal -25 -15 — dBm
333_2025 MB with LTE and WCDMA signal -25 =15 — dBm
824-849MHz | GSMB850 with GSM signal -23 -15 — dBm
880-915 MHz E-GSM with GSM signal -23 =15 — dBm
1710-1785 MHz | GSM1800 with GSM signal -25 =15 — dBm
333'1910 GSM1800 with GSM signal -25 -25 - dBm

Normal- | 239072370} 540 with LTE signal _ 25 — | dBm
MHz

Power

mode 2330-2370 B4OB with LTE signal - TBDM — dBm
MHz

Applies to -

GFSK (1 543|—|720 2400 B40B with LTE signal - -35 - dBm

Mbps),

1("/4‘DPSK f/ﬁ;o—MSS.S ISM with WLAN reference signal -46 TBD - dBm

2

Mbps), 2496-2510 , ,

and 8- MHz B41with LTE signal - -25 - dBm

DPSK (3
2510-2690 . .

Mbps) MHz B41with LTE signal - =15 — dBm
3400-3800 B42/43 w/LTE signal -25 -15 - dBm
MHz
3300-4200 5G NR n77 -25 -15 — dBm
MHz
4400-5000 | 55 \Rn79 -25 -15 — dBm
MHz
332_5925 WLAN HT20 MCSO signal -30 =15 — dBm
6240-7987 UWB CH5-CHS8 signal -30 =15 - dBm
MHz
/4888736 UWB CH9-CHIO signal -30 -15 - dBm
MHz

Spurious Emissions
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Table 15. Bluetooth 2.4 GHz receiver specification (derived from simulation)

Para;nete Conditions Min Typical | Max Unit
30 MHz-1GHz — -90 — dBm
1-12.75 GHz — -90 — dBm
851-894 MHz — 165 — dBm/ Hz

E(())vrvn;?:qode 925-960 MHz _ 165 _ | dBm/Hz
1805-1880 MHz — -165 — dBm/ Hz
1930-1990 MHz — _165 _ dBm/ Hz
2110-2170 MHz _ _165 _ | dBm/Hz

a. The rRa;(imumfyalltJ.e represents the actual Bluetooth Low Energy specification required for Bluetooth Low Energy qualification as defined in the ver-
sion 4.7 specification.

b. ForLTE bands, measure 3 dB RX sensitivity degradation with 16-QAM 1 RB, 12 RB, 25 RB, and 100 RB uplink si%\nals. Use 200 RB where applicable.
For 2.4 GHz ISM band, measure 3 dB RX sensitivity degradation with a WLAN HT20 MCSO jammer signal. The WLAN jammer is set for 2437 MHz; the
desired Bluetooth signal is offset +30 MHz (typical), £15 MHz (minimum).

c.Blocking level for 3 dB RX sensitivity degradation at the chip input for the modulation indicated with a 0.01% BER and without external filtering.

d. Due to a notch filter limitation, this can’t be measured accurately.

6.3.Bluetooth 2.4 GHz Transmitter Performance Specification

Note: Table 16 applies to each core, and unless otherwise defined, all values are measured at the chip RF
input port.

Table 16. Bluetooth 2.4 GHz transmitter RF specification (derived from simulation)

Parameter Conditions Min. Typical Max. Unit
General
Frequency range - ‘ 2402 ‘ - ‘ 2480 ‘ MHz
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Table 16. Bluetooth 2.4 GHz transmitter RF specification (derived from simulation) (continued)

Parameter Conditions Min. Typical Max. Unit
BDR, GFSK — 14 — —
EDR-2, /4~ _ - _ _
DQPSK
EDR-3, 8-
Normal- DPSK - n - -
Power mode
BLE (1Mbps, 2
Mbps,
TX output power 500 kbps,and | — 14 - dBm
125 kbps),
(TX power at chip GFSK
output that meets — — —
Bluetooth Test BDR, GFSK 20
Specification RF.75.4.0.0 EDR-2, /4~ _ 15 _ _
ACP/EVM requirements. DQPSK
Also, all TX output power EDR-3. 8-
requirements shall be Beamforming DPSK ' — 15 — —
met for 2:1 VSWR for all mode
phase angles over VT. BLE (1Mbps, 2
Mbps,
500 kbps,and | — 20 - dBm
125 kbps),
GFSK
BLE (1Mbps, 2
High-Power Mbps, 500
mode (with kbps, and gﬁgi@iﬁgtdgithne external PA dBm
ePA) 125 kbps), gn-
GFSK
Output power variation
with 3:1VSWR
(Chip shall meet all ACP/
EVM requirements
specified in Bluetooth — -2 — 2 dB
Test Specification
RF.75.4.0.0 under 3:1
VSWR for all phase
angles.)
Power control step — 2 4 8 dB
Power control accuracy
Over process BDR, EDR-2, EDR-3BLE modes | -1 - 1 dB
(Output power will
include calibration.)
TX power control Applies to both the BT normal-
. : - 30 - dB
dynamic range power and high-power modes
Gain control step For setting output power — — 0.25 dB
Return loss at chip TX Zy = 50Q), across the TX _ 8 _ dB
port dynamic range
BDR GFSK TX output ~20 dBc BW (20 dB bandwidth) | — 0.93 1 -
spectrum
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Table 16. Bluetooth 2.4 GHz transmitter RF specification (derived from simulation) (continued)

Parameter Conditions Min. Typical Max. Unit
In-Band Spurious Emissions 2
: M — N = the frequency range for
15 MHz < |M - | which the spurious emissionis | _30 -0 _
N| < 2.5 MHz measured relative to the
IM—N| 25 transmit center frequency ~ 43 0 ~
MHz
15MHz <IM - | M- N = the frequency range for | — -45 -20 dBm
NI < 2.5 MHz which the spurious emission is
BLE .
IM =N measured relative to the — -50 -30 dBm
>925MHzP transmit center frequency.
z'f('\iHSZlfAm B -~ -50 ~20 dBm
: M — N = the frequency range for
4.5 MHz <M= | which the spurious emission is _ _ _
BLE2 N| < 5.5 MHz measured relative to the 50 20 dBm
M - N| transmit center frequency.
> 5.5 MHz - =55 30 dBm
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Table 16. Bluetooth 2.4 GHz transmitter RF specification (derived from simulation) (continued)

Parameter Conditions Min. Typical Max. Unit
Out-of-Band Emissions 2@
HD2 with TX 15 _ dBm/
at full power MHz
Normal- HD3 with TX _18 _ dBm/
Power mode at full power MHz
TX harmonics (HD2, HD3, HD4 with TX a0 ~ dBm/
HD4) at full power MHz
Chip Pout = 14 dBm, BDR HD2 with TX 9 _ dBm/
and BLE modes at full power MHz
Beamforming | HD3 with TX 14 _ dBm/
mode at full power MHz
HD4 with TX 25 _ dBm/
at full power MHz
VCO spur at
fundamental
frequency _50 _ dBm/
over the full MHz
TX dynamic
range
Normal- 30 MHz to 1 _47 _ dBm/
GHz MHz
Power mode
1GHz to 12.75 _35 _ dBm/
GHz MHz
1.8 GHz to 1.9 c _ dBm/
GHz N/A MHz
515 GHz t dB
TX spurs zto N/AC _ m/
5.3 GHz MHz
Chlp Pout =14 dBm, BDR VCO spur at
and BLE modes fundamental
frequency _45 _ dBm/
over the full MHz
TX dynamic
range
. 30 MHzto1 dBm/
Beamforming GHz -43 — MHz
mode
1GHz to 12.75 _29 _ dBm/
GHz MHz
1.8 GHz to 1.9 dBm/
GHz N/A B MHz
5.15 GHz to dBm/
5.3 GHz N/A MHz
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Table 16. Bluetooth 2.4 GHz transmitter RF specification (derived from simulation) (continued)

Parameter

Conditions

Min.

Typical

Max.

Unit

Noise floor

ww.synaptics.com |

Copyrigh

Normal-
Power mode

600-960
MHz

-163

dBm/Hz

170-184 MHz
(GPS L5)

-158

dBm/Hz

1570-1610
MHz (GPS +
GLONASS)

-153

dBm/Hz

1440-1520
MHz (BM, B21,
B32)

-154

dBm/Hz

1805-1880
MHz (GSM +
WCDMA)

-148

dBm/Hz

1900-1920
MHz (GSM +
WCDMA)

-148

dBm/Hz

1930-1990
MHz (GSM +
WCDMA)

-147

dBm/Hz

2010-2025
MHz
(TDSCDMA)

-146

dBm/Hz

2110-2170
MHz
(WCDMA)

-143

dBm/Hz

2300-2370
MHz (B40
TDD)

-128

dBm/Hz

2510-2690
MHz

-128

dBm/Hz

3400-3800
MHz (B42,
B43)

-148

dBm/Hz

3800-4200
MHz (5G NR
n77)

-148

dBm/Hz

4400-5000
MHz (5G NR
n79)

-148

dBm/Hz

5150-5925
MHz

-156

dBm/Hz

5925-6525
MHz
(UNII-5-6,
UWB CH5)

-160

dBm/Hz

7737-8237
MHz (UWB
CH9)

-160

dBm/Hz
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a. Applicable to BT normal-power mode TX.
b. The typical number is measured at +3 MHz offset.
c. No visible spurs above the noise floor.

6.4.Bluetooth Local Oscillator Performance

Table 17. Local oscillator performance

Parameter Minimum Typical Maximum Unit

LO Performance

Lock time — 72 — us

Initial carrier frequency tolerance — +25 +75 kHz

Frequency Drift

DH1 packet — +8 +25 kHz
DH3 packet — +8 +40 kHz
DH5 packet — +8 +40 kHz
Drift rate — 5 20 kHz/50 ps

Frequency Deviation

00001 sequence in payload? 140 155 175 kHz
10101010 sequence in payload® 15 140 - kHz
Channel spacing — 1 — MHz

a. This pattern represents an average deviation in payload.

b. Pattern represents the maximum deviation in payload for 99.9% of all frequency deviations.

6.5.IEEE 802.15.4 Receiver and Transmitter RF Performance

Table 18. IEEE 802.75.4 receiver and transmitter RF specification

Parameter Conditions Min. Tyarilc Max. Unit

Frequency range - 2402 — 2480 MHz

Receiver Specification

Receive sensitivity with -

o) J— —

dirty transmit off 250 kbps, OQPSK, 1% PER 106 1035 dBm
Adjacent channel 1% PER 0 . . dB
interference

Alternate adjacent channel 1% PER 30 _ _ dB
interference

Transmitter Specification
www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-0T1REV 3
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Table 18. IEEE 802.15.4 receiver and transmitter RF specification (continued)

Parameter Conditions Min. Tyaﬁlc Max. Unit

TX output power at the chip | OQPSK.
output that meets the IEEE | 2:1 VSWR for all phase angles over 13 - - dBm
802.15.4 EVM requirement. voltage and temperature.

If — fol > 3.5 MHz (relative) — — -25 dBc
TX output spectrum mask
If — f5l > 3.5 MHz (absolute) — - -35 dBm
www.synaptics.com | Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-0T1REV 3
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7.Power Consumption

Note:

The BLE power consumption measurements are shown in Table 19.

Table 19. Bluetooth and BLE power consumption?

Values in this data sheet are design goals and are subject to change based on the results of device
characterization. Unless otherwise stated, these values apply for the conditions specified in Table 3.

Operating Mode VDDrail = 3.3V | VDDrail = 1.05V VDDrail = 1.8V
(mW) (mW) (mW)
Idle mode TBD TBD TBD
Receive Modes
Normal mode BDR 2.48 27.72 0.30
Normal mode EDR 2.48 28.04 0.30
Normal mode BLE 272 26.88 0.30
Concurrent mode
maximal ratio BDR 2.64 35.91 0.32
combining (MRC)
Concurrent mode
maximal ratio EDR 2.67 36.44 0.32
combining (MRC)
Concurrent mode
maximal ratio BLE 2.63 33.92 0.32
combining (MRC)
Transmit Modes
Normal mode BDR(14 dBm output 135.83 475 0.30
power per core)
Normal mode EDR(T1 dBm output 104.18 42.41 0.30
power per core)
Normal mode BLE (14 dBm output | s 5 46.66 0.30
power per core)
Concurren't mode BDR (20 dBm. output 22770 62.97 032
beamforming power, combined)
Concurren_t mode EDR (17 dBm gutput 190.08 56.18 0.32
beamforming power, combined)
Concurren't mode BLE (20 dBm.output 22994 65.30 032
beamforming power, combined)

a. The power consumption is estimated assuming typical operating conditions at 25°C.
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8.Package Information

8.1.Pin Map

1 2 3 4 5 6 7 8 9 10 11 12 13
ETRSW_ | ETRSW_

A| ANT_SELO | ANT_SEL2 EPA_CTRL1 SECLIN TCK g Ao A

BT_
B| ANT_SEL3 | ANT_SEL1 | RFACTIVE2 | BT_GPIO_2 JTAG.CE | SECLoUT ™S TRST 00 oI ANALOG_ | B

10_CORET
w_ HW_ svs_
c ReseT e | SPLOLK | TX.CONPX2 | BTSTATUS | vssc RestTe | Resere vssC vssC vssC RFVSS RFVSS | C
BT_TX_
) SPI_MISO VssC vssC RFVSS | o
E| spLcsB | sPLmosI vssc VDDO BTVDISC|  Reuss RFVSS | E
BT_RF_
F UART_TXD VSsC RFVSS o |
BT_LDO_
G UART_RXD |  VssC VSSC vDDC S0 RFVSS RFVSS | G
H| UART_CTS | UART RTS vssC vbbe vssc RFVSS BTRF |y
- - COREQ
BT TEST_ BT_VDD3P3_C
Y| statis2 | EnBlE vsse ORED RFVSS RFVSS 1 J
VDDOUT_ BT_TX_
K EPACTRLO | PMU_Avss | DO RFVSS A
VDDOUT_ BT_VDD_
L| mopE_seL |  vssc PuU_Avss | PDOUT D RFVSS RFVSS RFVSS RFVSS | L
BT_
M| PMU_AVSS | PMU_AVSS | PMU_AVSS | PMU_AVSS | PMU_AVSS | BT_REG_ON | ANALOG_ | RFVSS RFVSS | XTALXOP | XTALXON | RFVSS | BT_vDD1P8 | M
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Figure 14. SYN20708 FCBGA pin map

8.2.Signal Descriptions

Table 20 provides the signal name, type, and description of each pin in the SYN20708. The symbols
shown under Type indicate pin directions (I/O = bidirectional, | = input, O = output) and the internal
pull-up/pull-down characteristics (PU = weak internal pull-up resistor and PD = weak internal pull-
down resistor), if any.

Table 20. SYN20708 FCBGA signal descriptions

Signal Name Pin (Bump) sz Description
RF Signal Interface
BT_ANALOG_IO_COREO M7 Bluetooth.core 0 external TSSI
or analog input
BT_ANALOG.|IO_CORE] B13 Bluetooth.core 1external TSSI
or analog input
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Table 20. SYN20708 FCBGA signal descriptions (continued)

Signal Name Pin (Bump) sz Description

BT_RF_COREO H13 /0 Bluetooth core O 'radlo receiver
input and transmitter output

BT_RF_CORET F13 /0 !3Iuetooth core 1 r.adlo receiver
input and transmitter output

BT_TX_COREO K13 o Bluetoqth core O radio
transmitter output

BT_TX_CORE] D13 0 Bluetoqth core 1radio
transmitter output

Coexistence Interface
SECI_IN when used with
another Synaptics device;
otherwise,

SECI_IN A7 TX confirmation (TX_CONFX)
input of a primary 3-wire
Bluetooth coexistence
interface.

SECI_OUT when used with
another Synaptics device;
otherwise,

SECI_OUT B7 © RF active (RF_ACTIVE) output
of a primary 3-wire Bluetooth
coexistence interface.

Crystal (XTAL) Interface
XTAL_XON M O XTAL oscillator output
XTAL_XOP M10 | XTAL oscillator input
Grounds

PMU_AVSS E‘; L3, M1, M2, M3, M4, M5, NI GND | Analog ground

C12, C13, D12, E12, E13, F12, G12,
RFVSS G13, H12, J12, J13, K12, L10, L1, GND | RF ground

L12, L13, M8, M9, M12, N8, N13

Co, C9, C10,C1, D4, D5, E3, F3,
VSSC G3. G5, H3, H6, J3, L2 GND | Core ground
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Table 20. SYN20708 FCBGA signal descriptions (continued)

Typ

Signal Name Pin (Bump) Description

Miscellaneous Signals

Defaults as bit O of an angle of
arrival (AoA), angle of departure
(AoD), or channel sounding
(CS) antenna selection.

Defaults as bit 1of an AoA, AoD,
or CS antenna selection. Also
usable as the PUART RTS_N
signal.

ANT_SELO Al @)

ANT_SEL1 B2 0]

Defaults as bit 2 of an AoA or
AoD antenna selection. Also
usable as the PUART CTS_N
signal.

ANT_SEL2 A2 I/O

Defaults as bit 3 of an AoA or
ANT_SEL3 B1 I/O AoD antenna selection. Also
usable as GPIO_3.

GPIO_2. Usable as an external
interrupt source.

O: Turn internal PMU off.
1. Turn internal PMU on.

BT_GPIO_2 B4 I/O

BT_REG_ON M6

STATUS output line of a primary
BT_STATUS C5 0] 3-wire Bluetooth coexistence
interface

Usable as the PUART TXD signal.
Also usable as the STATUS
BT_STATUS2 J1 O output line of a secondary 3-
wire Bluetooth coexistence
interface.

Defaults as an external PA
(ePA) control output for core O.
Also usable as the PUART
RTS_N signal or GPIO_4.

Defaults as an ePA control
output for core 1. Also usable as
the PUART CTS_N signal or
GPIO_5.

External TR switch control for
core O.

EPA_CTRLO K2 I/O

EPA_CTRL1 A4 I/O

ETRSW_CTRLO A12 @)

External TR switch control for

ETRSW_CTRL1 A13 0]
core 1.

External active-low hardware
HW_RESET_B C7 reset. Warm reset that triggers
a FW download.

JTAG_CE B6 JTAG chip-enable input
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Table 20. SYN20708 FCBGA signal descriptions (continued)

Signal Name Pin (Bump) sz Description

Mode selection:

MODE_SEL L1 0: MCM mode
1: Standalone mode
RF_ACTIVE output line of a

RF_ACTIVE2 B3 0 secopdary 3.-W|re Bluetooth
coexistence interface or usable
as a debugging port
External active-low software

SW_RESET_B C2 reset. Warm reset that does
not trigger a FW download.

SYS_RESET_B cs | External active-low system
reset

TCK A10 I TCK signal

TDI B12 I TDI signal

TDO B 0] TDO signal

TEST_ENABLE 9 | 0: Normal operating mode
1: Test mode.

™S B9 I TMS signal

TRST B10 I Test reset
Usable as the PUART RXD signal.
Also usable as the TX

TX_CONFX2 ca ponflrmatlon (TX_CONFX?
input of a secondary 3-wire
Bluetooth coexistence
interface.

Serial Peripheral Interface

SPI_CLK C3 ¢} SPI clock

SPI_CSB E1 0 SPI chip select

SPI_MISO D3 I SPI main in, subnode out

SPI_MOSI E2 ¢} SPI main out, subnode in
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Table 20. SYN20708 FCBGA signal descriptions (continued)

Signal Name Pin (Bump) Tgp Description
Supplies

BT_VDD_MISCLDO L8 pwr | 0-856V input supply pin for
radio

BT_VDD1P8 M13 PWR | 1.8V input supply pin for radio

BT_VDD3P3_COREO Jn PWR | 3.3V input supply pin for radio

BT_VDD3P3_CORE1 ET PWR | 3.3V input supply pin for radio

OTP_VDD1P8 N6 PWR | 1.8V input supply pin for OTP

VDDC G6, H5 PWR 0:72V input supply pin for
digital core logic

VDDO £7 PWR 3.3V input supply pin for digital

padring

Internal power supply for radio
XTAL_VDDOP9 N9 PWR | XTAL. Requires a 1pF off-chip
capacitor for stability.

105V input supply pin for radio

XTAL_VDD1PO5 N12 PWR XTAL oscillator circuit

Integrated Voltage Regulators

BT_LDO_VDD1PO5 G9 I 105V input supply pin
LDO_VDD1PO5 N2 I 1.05V input supply pin
PMU_VDDIO N4 I VDDIO input supply pin
PMU_VDD1P8 N5 I 1.8V VDDIO input supply pin
VDDOUT_CLDO Ka 0 Nominal 0.72V digital core

supply from the PMU

VDDOUT_MISCLDO L4 o Nominal 0.856V supply from

the PMU
UART Interface
UART_CTS H1 I UART clear-to-send.
UART_RTS H2 0] UART request-to-send.
UART_RXD G2 I UART serial input.
UART_TXD F2 O UART serial output.

8.3.GPIO Signals and Strapping Options

The pins listed in Table 21 are sampled at power-on reset (POR) to determine the various operating
modes. Sampling occurs a few milliseconds after an internal POR or deassertion of the external POR.
After the POR, each pin assumes the GPIO or alternative function specified in the signal descriptions
table. Each strapping option pin has an internal pull-up (PU) or pull-down (PD) resistor that
determines the default mode. To change the mode, connect an external PU resistor to VDDIO or a PD
resistor to GND, using a 10 kQ resistor or less.

Note: Refer to the reference board schematics for more information.
Table 21 provides the SYN20708 GPIO strapping options.
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Table 21 SYN20708 GPIO strapping options

Pin Name Default Pull Description
During Strapping® P

GPIO configuration during test mode (TEST_ENABLE = 1):

0: Shared GPIOs are used as needed.

1. All GPIOs are configured as inputs. Typically not used for the
SYN20708.

ANT_SEL3 0

a. The default pull-up and pull-down conditions indicated in this table apply only during strap sampling, which occurs shortly
after an internal POR or deassertion of an external POR. For VDDIO, the pull-up and pull-down ranges are 35-65 kQ
(50 kQ, typical).

8.4.GPIO Alternative Signal Functions

Table 22. Core-level Mux selection

Function Number
Pin
(0] 1 3 4 5 6 7 n 12 13 14 15

BT_UART_CT | UART_CT | _ _ _ Uég 2 _ A_GPl | _ SPI_CS | _ _
S_N S_N N - o] B

BT_UART_RT | UART_RT | _ _ _ Uéﬂ? _ A_GPl | _ _ SPI_MI | _
S_N S_N N - o[o] SO

BT_UART_RX | UART_RX | _ SDA UART2 | GPIO[5 | _ _ SPILM | _
D D _RXD ] oSl

BT_UART_TX | UART_TX | _ _ scL UART2 | GPIO[4 | _ SPI_CL | _ _
D D _TXD ] K
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Table 22. Core-level Mux selection

Function Number
Pin
(0] 1 3 4 5 6 7 n 12 13 14 15

BT_CORE_SI | A_GPIO[O | _ _ _ _ _ _ _ _ _ SPI_CL
G_O ] K
BT_CORE_SI _ _ _ _ _ _ _ _ _ _ SPI_CS
G.1 A_GPIO[1] B
BT_CORE_SI | A_GPIO[2 | _ _ _ _ _ _ _ _ SPI_M
G_2 ] SDA oSl
BT_CORE_SI | A_GPIO[3 | _ _ _ _ B B scL B B SPI_MI
G_3 ] SO
BT_CORE_SI | A_GPIO[5 | _ _ _ _ _ _ Uég 2 soL _ _ SPI_M
G_4 ] = - osl

N
BT_CORE_SI | A_GPIO[6 | _ _ _ _ _ Uéﬂ? _ SDA _ SPI_MI
G_5 ] N - SO

N
BT_CORE_SI _ _ _ _ _ _ UART2 | _ _ _ SPI_CS
G_6 GPIO[7] _RXD B
BT_CORE_SI UART2 SPI_CL
G_7 GPIo[6] N N N N N N _TXD N N N K
BT_CORE_SI . . . . . . . . . . .
G.8 GPIO[1]
BT_CORE_SI | _ _ _ _ _ _ A_GPl | _ _ _ _ _
G_9 o[71]
BT_CORE_SI . . . . . . . . . . .
G 10 GPIO[0]

UART2
BT_GPIO5 GPIO[5] - - - - - — _CTs_ | — - - SCL

N

UART2
BT_GPIO4 GPIO[4] - - - - - - _RTS_ - - - SDA

N

UART2
BT_GPIO3 GPIO[3] _TXD — — — — — — — — — —
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Table 22. Core-level Mux selection

Function Number
Pin
0 1 3 4 5 6 7 n 12 13 14 15

UART2
BT_GPIO2 GPIO[2] - _RTS_ — — — — — — — — —

N
BT_AJTAG_T | AJTAG_T . . SPI_MI | GPIO[5 | GPIO[6 | GPIO[7 . A_GPI A_GPI A_GPI SDA
DI DI SO ] ] ] 0[4] o[5] o[6]
BT_AJTAG_T | AJTAG_T _ _ SPI_M GPIO[5 | GPIO[6 | GPIO[7 _ A_GPI A_GPI A_GPI sCL
DO DO osl ] ] ] 0[4] o[5] o[e]
BT_AJTAG_T | AJTAG_T . . SPI_CS | GPIO[5 | GPIO[6 | GPIO[7 . A_GPI A_GPI A_GPI .
MS MS B ] ] ] 0[4] o[5] o[e]
BT_AJTAG_T | AJTAG_T _ _ SPI_CL | GPIO[5 | GPIO[6 | GPIO[7 _ A_GPI A_GPI A_GPI _
CK CK K ] ] ] 0[4] o[5] o[e]

www.synaptics.com |  Copyright © 2023-2024 Synaptics Incorporated. All Rights Reserved | 505-001427-01REV 3

44



SYN20708 Datasheet

Table 23. Top-level Mux selection

Function Number

Pad Name

0 (Default) 1 2 3
TDI BT_AJTAG_TDI BT_AJTAG_TDI BT_AJTAG_TDI BT_AJTAG_TDI
TDO BT_AJTAG_TDO BT_AJTAG_TDO BT_AJTAG_TDO BT_AJTAG_TDO
TMS BT_AJTAG_TMS BT_AJTAG_TMS BT_AJTAG_TMS BT_AJTAG_TMS
TCK BT_AJTAG_TCK BT_AJTAG_TCK BT_AJTAG_TCK BT_AJTAG_TCK
UART_CTS | BT_UART_CTS_N BT_UART_CTS_N BT_UART_CTS_N BT_UART_CTS_N
UART_RTS | BT_UART_RTS_N BT_UART_RTS_N BT_UART_RTS_N BT_UART_RTS_N
UART_RXD | BT_UART_RXD BT_UART_RXD BT_UART_RXD BT_UART_RXD
UART_TXD | BT_UART_TXD BT_UART_TXD BT_UART_TXD BT_UART_TXD
SPI_CLK BT_CORE_SIG_O BT_CORE_SIG_O BT_CORE_SIG_O BT_CORE_SIG_O
SPI_CSB BT_CORE_SIG_1 BT_CORE_SIG_1 BT_CORE_SIG_1 BT_CORE_SIG_1
SPI_MISO BT_CORE_SIG_2 BT_CORE_SIG_2 BT_CORE_SIG_2 BT_CORE_SIG_2
SPI_MOSI BT_CORE_SIG_3 BT_CORE_SIG_3 BT_CORE_SIG_3 BT_CORE_SIG_3
SECI_IN SECI_IN — TX_CONFX -
SECI_OUT | SECI_OUT — RF_ACTIVE —
ET—STATU BT_CORE_SIG_9 — — BT_STATUS
;)Q(‘CONF BT_CORE_SIG_6 — — TX_CONFX2
E;‘ACTIV BT_CORE_SIG_8 - - RF_ACTIVE2
g;—STATU BT_CORE_SIG_7 — — BT_STATUS2
ANT_SELO | ANT_SELO BT_CORE_SIG_10 - —
ANT_SEL1 ANT_SEL1 BT_CORE_SIG_4 BT_CORE_SIG_7 ANT_SEL1
ANT_SEL2 | ANT_SEL2 BT_CORE_SIG_5 BT_CORE_SIG_6 ANT_SEL2
ANT_SEL3 | ANT_SEL3 BT_GPIO3 - —
EPA—CTRL EPA_CTRLO BT_GPIO4 - —
EPA‘CTRL EPA_CTRL1 BT_GPIO5 - -
ETRSW_C
TRLO ETRSW_CTRLO BT_CORE_SIG_6
E;Efw‘c ETRSW_CTRLI1 BT_CORE_SIG_7 - -
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8.5.1/0 States

The following notations are used in Table 24:

e i Inputsignal
O: Output signal

e Hold: Last value on input is held
e 1/0: Input/Output signal

e PU: Pulled up
e PD: Pulled down

e No Pull: Neither pulled up nor pulled down

Table 24. Bluetooth system I/O states

Power Applied (BT_REG_ON =

Keep - Out-of-Reset;
| DgavomiosremertsT | g ase:

BT_REG_ON N I, PD (of 100 kQ) I, PD (of 100 kQ)
ANT_SELO Y I, No Pull, input disable |, PD

ANT_SEL1 Y I, No Pull, input disable |, PD

ANT_SEL2 Y I, No Pull, input disable |, PD

ANT_SEL3 Y I, No Pull, input disable I, No Pull

BT_STATUS Y I, No Pull, input disable |, PD

BT_STATUS2 Y I, No Pull, input disable |, PD

BT_UART_CTS Y I, No Pull, input disable |, PU

BT_UART_RTS Y I, No Pull, input disable I, PU

BT_UART_RXD Y I, No Pull, input disable I, PU

BT_UART_TXD Y I, No Pull, input disable |, PU

EPA_CTRLO Y I, No Pull, input disable |, PU

EPA_CTRLI1 Y I, No Pull, input disable |, PU

ETRSW_CTRLO Y I, No Pull, input disable I, PD

ETRSW_CTRL1 Y I, No Pull, input disable I, PD

HW_RESET_B Y |, PU |, PU

MODE_SEL Y I, No Pull I, No Pull

RF_ACTIVE2 Y I, No Pull, input disable I, No Pull

SECI_IN Y l, No Pull, input disable |, PD

SECI_OUT Y I, No Pull, input disable |, PD

SPI_CLK Y I, No Pull, input disable |, PD

SPI_CSB Y I, No Pull, input disable I, PU

SPI_MISO Y I, No Pull, input disable |, PD

SPI_MOSI Y I, No Pull, input disable |, PD

SW_RESET_B Y I, PU I, PU
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Table 24. Bluetooth system /O states (continued)

Power Applied (BT_REG_ON = o ,
Name e 1) and VDDIOs Present; BT OUE=gi=esEt
er . Before FW Boot
Subsystem Is in Reset
SYS_RESET_B Y I, PU I, PU
TEST_ENABLE Y I, PD I, PD
TX_CONFX2 Y I, No Pull, input disable |, PD

8.6.Package Drawing
Figure 15 is a mechanical outline drawing (MOD) for the SYN20708 FCBGA.
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Figure 15. SYN20708 FCBGA mechanical outline drawing
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8.7.Package Thermal Characteristics

Table 25. SYN20708 package thermal characteristics

Characteristic Value
0, (°C/W) (value in still air) 321
0,5 (°C/W) 13.33
0,c (°C/w) 2161
¥ (°C/W) 3.99
¥5 (°C/W) 13.38
Maximum Junction Temperature T; (°C) 98.8
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9.0rdering Information

Table 26. Ordering information

Ambient
Part Number Package Description OpEEring
Temperatur
e
Pre-Production Ordering
5.5 mm x 5.5 mm, 103-pin 2.4 GHz, 2x2 (or 1+1) dual-radio —-40°C to
SYN20708AOIFFBG FCBGA Bluetooth 5.4 and IEEE 802.15.4 | 85°C
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10.Revision History

Revision Description
1 Initial Synaptics Release
2 Updated Ordering Information table
3 Updated RF specification
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	The SYN20708 UART can perform XON/XOFF flow control and includes hardware support for the Serial Line Input Protocol (SLIP). It can also perform wake-on activity. For example, activity on the RX or CTS inputs can wake the chip from a sleep state.
	Normally, the UART baud rate is set by a configuration record downloaded after device reset. Support for changing the baud rate during normal HCI UART operation is included through a vendor-specific command that allows the host to adjust the contents...
	Table 9. Example of common Baud rates
	Figure 5. UART timing
	Table 10. UART Timing specifications

	5.2. Peripheral/Debug UART Interface
	The peripheral/debug UART has the following features:
	The PUART_RXD and PUART_TXD signals can be multiplexed to one of the following three pairs of pins, respectively:
	Table 11 shows the rates supported by the peripheral/debug UART.
	Table 11. Peripheral/Debug UART supported rates

	5.3. Serial Flash Interface
	The serial flash interface supports the following features:
	5.3.1. Serial Flash Timing
	5.3.1.1. Read-Register Timing
	Figure 6 shows the serial flash extended read-register timing.
	Figure 6. Serial flash read-register timing

	5.3.1.2. Write-Register Timing
	Figure 7 shows the serial flash extended write-register timing.
	Figure 7. Serial flash write-register timing

	5.3.1.3. Memory Fast-Read Timing
	Figure 8 shows the serial flash extended memory fast-read timing.
	Figure 8. Memory fast-read timing

	5.3.1.4. Memory-Write Timing
	Figure 9 shows the serial flash extended memory-write (Page Program) timing.
	Figure 9. Memory-write timing


	5.3.2. Serial Flash Parameters
	The combination of Figure 10 and Table 12 provides the serial flash timing parameters.
	Figure 10. Serial flash timing parameters diagram
	Table 12. Serial flash timing parameters

	5.3.3. Serial Enhanced Coexistence Interface
	An external handshake interface is available to enable signaling between the device and an external co-located wireless device, such as a Wi-Fi IC, to manage wireless medium sharing for optimum performance.
	Figure 11 shows the Wi-Fi coexistence interface. See Table 10, “UART Timing specifications,” on page 17 for UART baud rate.
	Figure 11. Serial enhanced coexistence interface


	5.4. I2C Interface
	The SYN20708 supports a I2C master interface. The Standard, Fast, and Fast-mode Plus modes are supported.
	The I2C interface is a 2-wire serial bus that is compatible with the I2C Specification (version 2.1). The SYN20708 I2C interface supports the following features:
	The SCL and SDA signals can be multiplexed to one of the following four pairs of pins, respectively:
	The I2C interface timing specifications are defined in Table 13 and Figure 12.
	Table 13. I2C timing specifications
	Figure 12. Clock and data timing
	The SDA and SCL lines can source and sink 2 mA and have internal 45 kΩ pull-up resistors. To drive the capacitive load of the I2C interface, external pull-up resistors will be required to keep the rise time less than 300 ns between 30% of VDD_IO an...
	V(t) = VDD_IO × (1 – e–t/RC)
	Since the rise time from 30% to 70% of VDD_IO must be less than 300 ns, the maximum value of R is:
	Rmax < (300 × 10-9)/(0.8473 × C)
	The minimum value of R is limited by the 2 mA pull-down capability of the SDA and SCL drivers:
	Rmin > (VDD_IO / 2 mA)
	This gives minimum R values of 900Ω when VDD_IO is 1.8V. Taking into consideration the minimum value of the internal 35 kΩ pull-up (Rint), the value of the external resistor (Rext) is:
	Rext = (R × Rint)/(Rint – R)
	Thus, if the calculated total pull-up value of R is 900Ω, then the minimum value of Rext is 924Ω for a line with very high capacitance. A value of 1.8 kΩ for Rext is usually sufficient.


	5.5. Antenna Selection Interface
	The SYN20708 supports up to four pins (ANT_SEL0–ANT_SEL3) that can be used to connect to a 16- antenna array for AoA, AoD, or channel sounding (CS). (CS uses a maximum of four antennas.) These pins are programmed as outputs when they are used to co...
	Table 14 describes the four pins when they’re used as antenna-switching control signals.
	Table 14. Antenna switching control pins


	6. Bluetooth and IEEE 802.15.4 RF Specifications
	6.1. Introduction
	Unless otherwise stated, limit values apply for the conditions specified in Table 2, “Environmental ratings,” on page 7 and “Recommended Operating Conditions and DC Characteristics” on page 8.
	Typical values apply for an ambient temperature of +25°C.
	Figure 13 shows the Bluetooth RF port configuration. Separate RX and TX can be accommodated for external PAs and LNAs.
	Figure 13. Bluetooth RF port configuration
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	8.2. Signal Descriptions
	Table 20 provides the signal name, type, and description of each pin in the SYN20708. The symbols shown under Type indicate pin directions (I/O = bidirectional, I = input, O = output) and the internal pull-up/pull-down characteristics (PU = weak inte...
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	8.3. GPIO Signals and Strapping Options
	The pins listed in Table 21 are sampled at power-on reset (POR) to determine the various operating modes. Sampling occurs a few milliseconds after an internal POR or deassertion of the external POR. After the POR, each pin assumes the GPIO or alterna...
	Table 21 provides the SYN20708 GPIO strapping options.
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	8.5. I/O States
	The following notations are used in Table 24:
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	8.6. Package Drawing
	Figure 15 is a mechanical outline drawing (MOD) for the SYN20708 FCBGA.
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