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The QM35825 is a fully integrated Ultra-Wideband
SoC compliant with IEEE 802.15.4™-2024.

The SoC is optimized for all applications supporting FiRa™,
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Aliro and Omlox ranging schemes with an accuracy of +/- §
cm and AoA at +/- 2°. And features on-chip computing for
ranging, angle of arrival, radar and data transfer functions.

It integrates 4 flexible RF ports, LNAs, PA and RF switches, a Cortex-M33 with
Secure Enclave and a wealth of security features and communication peripherals.

1 Key Features

3 Applications

Full support for UWB HRP, BPRF & HPRF modes
Supports channels 5 and 9 (6.5 GHz and 8 GHz)
Supporting common data rates, incl. 31.2 Mbps and
proprietary 62.4 Mbps

Designed for worldwide UWB
compliance, and FiRa 3.0 certified
-98 dBm 1% RX sensitivity (BPRF-3)
104 dBm link budget

4-antenna flexible configuration solution
Rx diversity with automatic switching

Radar support

Secure ranging/distance measurement using STS
(Scrambled Time Stamp) and enhanced Time-of-
Flight security options without external secure
element

ARM M33-Core with Secure Boot, Secure Debug,
Secure Enclave

HW support for RSA, ECC, SHA, AES, TRNG

2x Hi-Speed SPI slave, 2x SPI Master, 1x SPI Slave,
2x I°C (master & slave) and 2x UART

25x GPIO, GPIO 1.2 V and 1.8 V support.

radio

2 Functional Block Diagram

regulatory

Enterprise and Industrial:

e Asset tracking and indoor navigation
enabled by Precise Real Time Location
Systems (RTLS) using TWR, TDoA or
AoA schemes in a variety of mobile and
loT applications

e Secure Identification & logical access
(payment console, barcode readers,
laptops)

e Low latency wireless data comm

e Geofencing for safety

e Radar for Motion Detection, vital sign
monitoring, people counting, gesture
detection.

Consumer loT:

e Enhanced user experience with location
aware sensing based on FiRa 3.0 (TV
and Air Mouse, Speakers and Smart
Thermostats)

e Seamless Aliro Door Lock access.

4 Key Benefits
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e High accuracy Secure Asset location:
+/- 5 cm ranging, +/- 2° Angle-of-Arrival

o Flexible radar use cases, secure UWB
positioning with radar sensing, 2D-A0A,
360°-A0A, 3D-AocA

e Bestin class RF Performances with up
to 104 dB of link budget, high multipath
fading immunity

o Ease of design-in using only SPI
interface and Qorvo drivers supporting
multiple host processors & OS

e Low power consumption suitable for
coin cell applications
(2 uA DeepSleep, no retention)

e Supports high tag densities in RTLS

e  On-chip and off-chip computing for
secure ranging and radar applications.
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5 Description

The QM35825 is a fully integrated low-power CMOS RF 6.5 GHz - 8 GHz
IR-UWB SoC (System-on-Chip), compliant with IEEE 802.15.4-2024.

It integrates UWB LNAs, PA and RF switches, 4 RF ports with highly
flexible configuration, a Cortex-M33 with TrustZone and a wealth of
security features and communication peripherals.

The QM35825 embeds NVM (RRAM), RAM and on-chip One-Time Programmable (OTP) memory. RRAM can
be used to store data such as antenna calibration data, Tx power level and crystal initial frequency error
adjustment. These adjustment values can be automatically retrieved when needed.

74-ball BGA
typical dimensions:
4.08 x 3.38 x 0.63 mm

The QM35825 consists of an analog front end (both RF and baseband) containing a receiver and transmitter and
a digital back end. The latter interfaces to an external host processor, controls the analog front end, accepts data
from the host processor for transmission and provides received data to the host processor over an industry
standard SPI interface.

6 Key Features

6.1 Full Support for IEEE 802.15.4z BPRF and HPRF Modes

The QM35825 supports all mandatory and optional packet formats and modes (BPRF and HPRF) as first
introduced in IEEE 802.15.4z.

6.2 High Accuracy AoA, TDoA and ToF

The Time-of-Flight (ToF) function enables +/- 5 cm ranging accuracy, supporting most indoor localization use-
cases. The QM35825 supports Time Difference of Arrival (TDoA) and Angle of Arrival (AoA) with a +/- 2° accuracy
over a single frame. Note: the ranging accuracy will also depend on the used firmware protocol.

See also section 8.9.

6.3 Security

Applications requiring High Security grade leverage an integrated secure link in the application processor to an
external secure element, e.g., a standalone embedded secure element (eSE) or an integrated Secure Element
(iSE), to reach compliance with the Common Criteria (CC) standard.

Using its integrated Secure Enclave with hardware cryptographic accelerators, the QM35825 can also manage
non-CC-graded secure use cases standalone, without the support of an external secure element,

Access is enabled through additional interfaces such as a second high-speed SPI.

6.4 Performance and Power Consumption

Next to the standard data rates, the QM35825 also supports the higher proprietary data rate of 62.4 Mbps.

Power optimization gains come not only from the RF front end and channel impulse response data computing
logic, but also on the whole system level by offloading the lower layers of the UWB stack directly in the chip itself.

6.5 Ease of Integration and Extensibility

The QM35825’s software is built on a split protocol stack where the lower layer runs directly on the QM35825
itself, exposing a clean and highly abstracted interface (UCI API) to the upper layers running on an application
processor. This two-tier split of work also allows a better power efficiency by offloading the most often used UWB
MAC layers in the chip and allowing operations without any external application processor (AP) support.

The stack and firmware are extensible by means of plugins for adapting the software to the customer's needs
and providing turn-key SW services such as advanced Tx power control, “Air Mouse” or advanced positioning
“indoor GPS”.

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
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7 Pin Configuration and Descriptions

The QM35825 is supplied in a BGA (74 balls) package. The pin assignments with descriptions are given in the
figure and tables below.

A A
B B
C C
D D
E E
F F
G G
H H
) )

11 10 9 8 7 6 5 4 3 2 1
Figure 1: BGA-74 Ball Configuration — Bump Up / Bottom View

Symbol Meaning
pin for GPIOx

pin is dedicated for power supply VDDx
(vDD1-5, RRVDD)

° VSSx (ground return) for VDDx, or

VSSANT_X (ground return for antenna)
general ground

RF port for antenna x

other
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7.1 Pin Functions — GPIO

QM35825
UWB Low-Power SoC

Table 1: Pin Functions — GPIO

Pin
Name
GPIOO0

GPIO1

GPIO2

GPIO3

GPIO4

GPIO5

GPIO6

GPIO7

GPIOS8

GPIO9
GPIO10
GPIO11
GPIO12
GPIO13

GPIO14

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc

Ball
Nr

A7

B7

c7

B8

E9

A6

B6

C6

A5

A4
B5
C5
D9
C4

C3

All rights reserved

Supply

VDDIO

VDDIO

VDDIO

VDDIO

VvVDDIO

vVDDIO
vDDIO

VDDIO

VvDDIO

VvDDIO
VDDIO
VDDIO
VDDIO
vVDDIO

VDDIO

/0 Type Description
(default)
Dig. /0 General Purpose I/O pin
Dig. Input  HSSPIO_CLK — High Speed SPI Peripheral, HSSPIO
Clock signal
Dig. /0 General Purpose I/O pin
Dig. Output HSSPI0_PDO - High Speed SPI Peripheral, SPI0 Data
output. This pin will float in SLEEP and DEEPSLEEP mode
preventing the host from receiving a predictive message when
trying to communicate with the QM35825.
HSSPIO_PDO defaults to an input when SPI is inactive, this allows
it to be shared among other devices on the bus. When
HSSPIO_CSn goes active (active low), then switch HSSPI0_PDO
to be an output and drive the required data on it. HSSPIOO0 can also
be used for programming.
Dig. 110 General Purpose I/0 pin
Dig. Input  HSSPI0_PDI — High Speed SPI Peripheral, HSSPIO Data
input. HSSPIOO can also be used for programming.
Dig. 110 General Purpose I/O pin
Dig. Output HSS_IRQ — High Speed SPI Peripheral, interrupt
request.
Notification to Host in HSSPIO mode. This pin will float
in DEEP and DEEPSLEEP states and may cause
spurious interrupts unless pulled low.
Dig. /0 General Purpose I/O pin
Dig. Output = SPI3_CSn — SPI Controller, SPI3 Chip Select Signal,
Active Low. The high-to-low transition on SPI_CSn
signals the start of a new SPI transaction.
Dig. /0 General Purpose I/0 pin
Dig. Output = SPI3_CLK — SPI Controller, SPI3 Clock Signal
Dig. I/0 General Purpose I/0 pin
Dig. Input  SPI3_CDI — SPI Controller, SPI3 Data Input
Dig. 110 General Purpose I/0 pin
Dig. Output  SPI3_CDO - SPI Controller, SPI3 Data Output.
SPI3_CDO defaults to an input when SPl is inactive, this
allows it to be shared among other devices on the bus.
When SPI3_CSn goes active (active low), then switch
SPI3_CDO to be an output and drive the required data
on it.
Dig. /0 General Purpose I/0 pin.
Dig. Output = Interrupt 1 request output from the chip to the host
processor.
Dig. I/0 General Purpose I/0 pin
Dig. 110 General Purpose I/O pin
Dig. /0 General Purpose I/0 pin
Dig. 110 General Purpose I/0 pin
Dig. Output = General Purpose /O pin.
Interrupt 2 request output from the chip to the host
processor.
Dig. /0 General Purpose I/O pin

7 of 48
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Pin Ball
Name Nr
GPIO15 A3
GPIO16 B4
GPIO23 D2
GPIO24 C2
GPI025 D1
GPI1026 C1
GPIO27 E1
GPIO28 A8
GPI029 D8
GPIO30 E2

Supply
VDDIO
VDDIO
VDDIO
VDDIO

VvDDIO

vDDIO

VDDIO

VDD5

VDD5
VvVDDIO

1/0 Type
(default)

Dig. I/O
Dig. I/O
Dig. I/O
Dig. Input
Dig. I/0
Dig. Input
Dig. I/0
Dig. Output
Dig. I/0
Dig. Input
Dig. I/O
Dig. Input
Dig. I/O
Dig. Input

Dig. 1/0
Dig. 1/0

QM35825
UWB Low-Power SoC

Description

General Purpose I/O pin

Reserved — Do not connect.

General Purpose I/O pin

SWDIO/TMS - SWD/JTAG Select signal
General Purpose I/O pin

TRST/JRSTn — JTAG Reset, Active low.
General Purpose I/O pin

SWO/TDO — SWD/JTAG Data Output signal
General Purpose I/O pin

SWCLK/TCK — SWD/JTAG Clock signal
General Purpose I/O pin

TDI — JTAG Data Input Signal

General Purpose I/O pin

HSSPIO_CSn — High Speed SPI Peripheral, HSSPIO
Chip Select Signal, Active Low
General Purpose I/0 pin

General Purpose I/O pin

Note 1: Warning: There shall be no signals on any GPIO (including the RTCI) when the VDD1 / VDD5 is set to OV.
Note 2: Max. acceptable voltage level on any GPIO pin should be: VDD5 + 0.7 V.
Note 3: Min. acceptable voltage level on any GPIO pin should be GND - 0.7 V.

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
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7.2 Pin Functions — non-GPIO

QM35825
UWB Low-Power SoC

Table 2: Pin Functions — Mode Independent

1.2 V configuration.

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
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. 1/0 Type Ar
Pin Name BallNr Supply (default) Description
- Reset pin. Active Low. May be pulled low by external open-drain driver to reset
RSTn A9 vDD5 Digital In the chip. Must not be pulled high by external source.
When asserted into its active high state, the WAKEUP pin brings the chip
WAKEUP B9 VDD5 Digital In  out of SLEEP or DEEPSLEEP states into operational mode. Connect to
ground if not used.
External devices enable. Asserted during wake-up process and held active until
EXTON c8 VDD5 Digital Out device entfars §Ieep mode. It can be_ used to control extgrngl DC-DC converters
or other circuits that are not required when the device is in sleep mode to
minimize power consumption.
XTO G11 VDD2 Analog Out 384 MHz reference 'crystal output. Requires 1 pF to ground, only if external
clock is used, otherwise leave open.
XTI H11 VDD2 Analog In  38.4 MHz reference crystal input or external reference overdrive pin.
RTCO B11 VDDA1 Analog Out 32.768 kHz reference crystal outpyt for RTQ Note: Requ[res off-chip fegdback
resistor. If an ext. reference clock is used, tie to ground with 1 pF capacitor.
32.768 kHz reference crystal input for RTC. Note: Requires off-chip feedback
RTCI Cc11 vbb1 Analog In resistor. Warning: there should be no signal when VDD1/VDD?5 is set to OV.
VSSTX J2 VDD2 GND RF ground pin for TX
VSSTXBAL J1 VDD2 GND RF ground pin for TX balun
ANT1 J3 VDD2 RF Tx/Rx  RF Input/Output 1. Connect to GND if not used.
ANT2 J5 VDD2 RF Tx/Rx  RF Input/Output 2. Connect to GND if not used.
ANT3 J7 VDD2 RF Rx RF Input 3. Connect to GND if not used.
ANT4 J9 VDD2 RF Rx RF Input 4. Connect to GND if not used.
VSSANT_A J4 VDD2 GND RF ground pin for antenna
VSSANT_B J6 VDD2 GND RF ground pin for antenna
VSSANT_C J8 VDD2 GND RF ground pin for antenna
VDD1 B10 VDD1  Power supply VDD1 power supply (1.62 - 1.98 V)
VDD2 F11 VDD2 Power supply VDD2 power supply (2.4 - 3.6 V)
VDD2a H1 VDD2  Power supply VDD2a power supply (2.4 - 3.6 V)
VvDD3 D11 VDD3 Power supply VDD3 power supply (1.5-3.6V)
VDD3a F1 vDD3  Power supply vDD3a power supply (1.5 - 3.6 V)
VDD4 E11 VDD4  Power supply VDD4 power supply (1.8 V +/-10%)
VDD5 A10 VDD5  Power supply AON supply: 1.8 V +/- 10% for 1.8 V 10, 1.2 V +/-56% for 1.2 V IO
Power . .
VDD2TX G1 VDD2 decoupling TX supply decoupling (2.2 V). Requires 220 nF cap. to GND.
10 power supply decoupling. Internally connected to VDD5 with 2.5 Q (typ.)
VDDIO A2 VDD5  Power supply switch to allow disconnect for ultra-low leakage mode. Requires 0.1 pF
capacitor to ground.
VDDIO VDDIO for 1.8V configuration. VDD1 for
AR = or VDD1 Foniar eV See chapter 12.
Ground return for internal digital core supply (VDDDIG). Star connect to
VSsbiG B3 vbb1 GND VSS1. Recommended to bring out digital ground for noise isolation.
VSSIO A1,B1,B2 VDD1 GND Ground return for VDDIO. Normally (star) connected to VSS1.
VSS1 A:J1111‘J|_1|g’ VDD1 GND Ground return for VDD1, also PSUB connection.
F9,F10,H2
VSS2 G10,H10 VDD2 GND Ground return for VDD2
C9,C10,
VSS3 D10.G2 VDD3 GND Ground return for VDD3
VSS4 E10 VDD4 GND Ground return for VDD4
GND E%I;Sligs, VDD4 GND Connect to RF ground for functional (normal) mode
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8.1 Absolute Maximum Ratings

Table 3: Absolute Maximum Ratings

Parameter

Supply voltage VDD1, VDD2 and VDD3

Supply Voltage VDD4 and VDD5
Maximum input level on RF pins

Storage temperature
Operating temperature
Junction temperature (Ty)

MSL (Moisture Sensitivity Level) for

WLCSP packages (JEDEC-JSTD-020)

Tsol (Reflow soldering temperature)

ESD HBM (Human Body Model)

A

Min.

-0.3
-0.3

Max.
4.0
2.5

15
+150
+85
+125

+260

all pins: 1750 V (Class 1C)

ESD CDM (Charged Device Model) Al all pins: 1000 V (Class C3)

8.2 Nominal Operating Conditions

Units

dBm

level

Table 4: Nominal Operating Conditions

Parameter
Operating temperature
Supply voltage VDD1
Supply voltage VDD2
Supply voltage VDD3
Supply voltage VDD4

Supply voltage VDD5
Supply voltage VDD5

Min.

-40
1.62
2.4
15
1.62

1.62
1.14

Typ.

1.8
3.0
1.8
1.8

1.8
1.2

Max.

85
1.98
3.6
3.6
1.98

1.98
1.26

Units

< < << <K<

Condition / Note

Vmax limits of the RF circuit

connected to VDD1 for 1.8 V support

for1.2VI10

Note 1: Operation is guaranteed by design when operating within these ranges.
Note 2: Sufficient headroom for any power supply voltage ripple should be considered in system designs.

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
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8.3 DC Characteristics — Current Consumption

Conditions: Tamb = 25 °C, MCU clock speed is 95 MHz.
Table 5: DC Characteristics - Current Consumption

Parameter Min. Typ. Max. Units Condition / Note
Supply current DEEP SLEEP
mode (S4)
VDD1 = 1.8V 1
VDD2 = 3.0V 0 HA
VDD3 = 1.8V 0
VDD4 = 1.8V 1
vVDD5=12V,1.8V 0
Supply current SLEEP mode
(S3A)
VDD1 = 1.8V 38
VDD2 = 3.0V 0 MA  SRAM Retention active
VDD3 = 1.8V 0
VDD4 = 1.8V 1
VvDD5=12V,1.8V 0
Supply current SO (UWB Off)
VDD1 = 1.8V 1
vDD2 = 3.0V 16
VDD3 = 1.8V 17 mA
VDD4 = 1.8V 0
vDD5=12V,1.8V 0
SRAM retention S1 (UWB Off)
VDD1 = 1.8V 1
VvDD2 = 3.0V 1.6 mA
VvDD3 = 1.8V 12
VDD4 = 1.8V 0
vVDD5=12V,1.8V 0
Supply current IDLE_PLL
CH5, CH9
VDD1 = 1.8V 1
VDD2 = 3.0V 26 mA | SO+IDLE_PLL
VDD3 = 1.8V 24
VDD4 = 1.8V 0
VvDD5=12V,1.8V 0
Supply current IDLE_RC mode
VDD1 = 1.8V 1
VDD3 = 1.8V 18 -
VDD4 = 1.8V 0
vDD5=12V,1.8V 0

TX CH5 (max power)

Peak Current Continuous Tx/Rx

BPRF-03 mode. Continuous TX

VDD1 = 1.8V 4.6 MA  only used as test mode. In
vDD2 = 3.0V 30 typical operation TX is powered
VDD3 = 1.8V 30* up for frame transmission then
VDD4 = 1.8V 90 powered down.
vDD5 = 1.8V 0 *PA On. In the case of PA Off;
current @ VDD4 = 0 mA.
TX CH9 (max power)
VDD1 = 1.8V 4.6 mA | * see comment above
VDD2 = 3.0V 29
QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
11 of 48 www.gorvo.com
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Parameter
VDD3 =1.8V
VDD4 =1.8V
VDD5 = 1.8V
RX CHS5 (single RX)
VDD1 =1.8V
VDD2 = 3.0V
VDD3 = 1.8V
VDD4 = 1.8V
VDD5 = 1.8V
RX CH9 (single RX)
VDD1 =1.8V
VDD2 = 3.0V
VDD3 =1.8V
VDD4 =1.8V
VDD5 = 1.8V
Dual RX CH5
VDD1 =1.8V
VDD2 = 3.0V
VDD3 =1.8V
VDD4 = 1.8V
VDD5 = 1.8V
Dual RX CH9
VDD1 =1.8V
VDD2 = 3.0V
VDD3 =1.8V
VDD4 = 1.8V
VDD5 = 1.8V

Digital input voltage High
Digital input voltage Low
Digital output voltage
Digital output voltage
Digital output drive current
Digital output drive current
EXTON

VDD1
VDD2/VDD2a

VDD3/VDD3a

VDD4
VDD5

Min. Typ. Max.

27
90*

4.5

85
9.9*

4.5

81
9.9*

4.5

137
18.5*

4.5

137
18.5*
0.7*vDD5
0.3*VDD5
0.7*VDD5
0.3*"VDD5
8
4
3 4
Maximum Current
5
110

140

110
5

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
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mA

mA

mA

mA

mA
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Condition / Note

Measured
mode.

*LNA On. In the case of LNA Off;
current @ VDD4 = 0 mA.

in preamble hunt

Measured
mode.
*LNA On. In the case of LNA Off;
current @ VDD4 = 0 mA.

in preamble hunt

Dual RX mode.
*LNA On. In the case of LNA Off;
current @ VDD4 = 0 mA.

Dual RX mode.
*LNA On. In the case of LNA Off;
current @ VDD4 = 0 mA.

assumes 500 Q load
assumes 500 Q load
VDD5= 1.8V
VDD5=1.2V

applies to TX CW test mode only

applicable in dual RX active

mode
nominal value when PA is active

output pins shorted to ground
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8.4 Receiver AC Characteristics

Conditions: Tamb = 25 °C, VDD2 = 3.0 V, VDD1=VDD3=VDD4 = 1.8 V unless otherwise stated.

Table 6: Operating Frequencies

Parameter Min. Typ. Max. Units Condition / Note
Center Frequency - channel 5 6489.6 MHz

Center Frequency - channel 9 7987.2 MHz

Channel Bandwidth 499.2 MHz programmable

Table 7: RX Blocking - Channel 5

Parameter Min. Typ. Max. Units Condition/Note
Low Band
617 - 960 MHz 0 dBm
Medium Band 7 dBm LTE Signal.
1427 — 2200 MHz Bandwidth: 20 MHz (100 RB)
High Band
2300 — 2690 MHz 0 dBm
Ultra High Band (n77/n78) dBm .
3300 — 4200 MHz -30 ’;R 3'9.23'1 -
andwidth: z
Ultra High Band (n79) } dBm
4400 — 5000 MHz 17 (30 kHz SCS, 51 RB)
Wi-Fi
5150 — 5500 MHz -28 dBm \viEi Signal.
Wi-Fi 34 4Bm Bandwidth: 20 MHz (802.11ax)

5500 — 5850 MHz

Note: Chip referred (power at the pin) to give 1% PER with useful signal 3 dB above reference sensitivity level.
Note: please refer to the plots in section 9.2 for details.

Table 8: RX Blocking - Channel 9

Parameter Min. Typ. Max. Units Condition/Note
Low Band
617 - 960 MHz 4 dBm
Medium Band 0 dBm LTE Signal.
1427 — 2200 MHz Bandwidth: 20 MHz (100 RB)
High Band
2300 — 2690 MHz -4 dBm
Ultra High Band (n77/n78) 32 dBm .
- NR Signal
3300 — 4200 MHz
Ultra High Band (n79) dpm  Dandwidth: 20 Mz
4400 — 5000 MHz -20 (30 kHz SCS, 51 RB)
Wi-Fi
5150 — 5500 MHz 24 dBM \i-Fi Signal
Wi-Fi 33 dBm Bandwidth: 20 MHz (802.11ax)

5500 — 5850 MHz

Note: Chip referred (power at the pin) to give 1% PER with useful signal 3 dB above reference sensitivity level.
Note: please refer to the plots in section 9.2 for details.
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8.5 Receiver Sensitivity Characteristics

Conditions: Tamb =25 °C, VDD2 = 3.0 V and VDD1=VDD3=VDD4 = 1.8 V.
LNA ON. 20-byte payload. Carrier frequency offset = 10 ppm. Reference Frequency = 38.4 MHz.
Sensitivity is measured at the 1% Packet Error Rate (PER). Applies to all antenna ports.

With reference frequency clock @ 26 MHz, RX sensitivity levels are degraded by 1 dB.
Note: For STS packet configuration 3 (SP3) where there is no PHY header and no payload, Rx Sensitivity is the

same”.
Table 9: Reference Sensitivity Level

HPRF/ Typical Receiver

Channel BPRF IEEE Subset/ LNA State/ RX Mode Sensitivity Level
[dBm / 500 MHZ]
Set#03 (FiRa TC) Single RX mode -98
e Set#03 (FiRa TC) Dual RX mode -101
Set#04 (FiRa TC) Single RX mode -103.5
CH5 Set#04 (FiRa TC) Dual RX mode -103.5
Set#06 (FiRa TC) Single RX mode -98
HPRF Set#06 (FiRa TC) Dual RX mode -101.3
Set#14 (FiRa TC) LNA ON Single RX mode -94.5
Set#14 (FiRa TC) LNA ON Dual RX mode -97
Set#03 (FiRa TC) Single RX mode -97.5
e Set#03 (FiRa TC) Dual RX mode -100.5
Set#04 (FiRa TC) Single RX mode -103.5
CHo Set#04 (FiRa TC) Dual RX mode -103.5
Set#06 (FiRa TC) Single RX mode -98
HPRE Set#06 (FiRa TC) Dual RX mode -101.3
Set#14 (FiRa TC) Single RX mode -94
Set#14 (FiRa TC) Dual RX mode -96.5
Parameter Min. Typ. Max. Units
Rx Sensitivity variation over temperature 0.025 dB/°C
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Conditions: Tamb =25 °C,VDD1 =18V, VDD2=3.0V,VDD3=18V,VDD5=1.2 V.
Here VDD2 is both VDD2 and VDD2a combined. VDD3 is both VDD3 and VDD3a combined.

Table 10: Reference Clock Characteristics

Parameter Min.

Crystal oscillator
reference frequency

Crystal specifications
Load capacitance 10

Shunt capacitance 0
Drive level

Equivalent Series
Resistance (ESR)

Frequency tolerance
Crystal trimming range -20

External Reference (e.g.: TCXO)
Amplitude 0.8

SSB Phase Noise Power

Density
Duty Cycle 40
External RTC clock 32.768 kHz
Temperature range -40
Nominal Frequency
. 0.65*

Input High Voltage

P g 9 VDD1

Input Low voltage
Duty Cycle 40

Frequency Tolerance

Internal Fast and Slow Oscillators
Slow RC - default freq.

32 kHz RC - default freq.

32 kHz RC Frequency

Tolerance

32 kHz RC frequency

over temp.

Fast RC — Default

Frequency

Typ. Max.
38.4
4
200
60
120
+20
vVDD2
-107
-127
-137
-142
-147
60
25 85
32.768
VDD1
0 0.4
50 60
21
32.768
150
250
95

Units

MHz

pF

pF
nW

ppm

ppm

Vpp

dBc/Hz

%

°C
kHz

\

\
%
+/- 100
ppm

kHz
kHz

ppm

ppm/°C

MHz
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Condition / Note

A reference frequency can be provided

from an external reference in place of a
crystal if desired. Also supports 19.2, 26
and 52 MHz reference frequencies.

depends on crystal used and PCB
parasitics

depends on crystal & load
capacitance used

QM35825 includes circuitry to trim
the crystal oscillator to reduce the
initial frequency offset.

Trimming range provided by on-
chip circuitry. Value depends on the
crystal used and PCB design.

Must be AC coupled. A coupling
capacitor value of 10 nF is
recommended.

@100 Hz offset

@1 kHz offset
@10 kHz offset
@100 kHz offset
@1 MHz offset

buffer checked at nominal
frequency +/- 10% across PVT

over all conditions (initial frequency
tolerance aging and temperature)

over 5ms
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8.7 Transmitter Characteristics

Conditions: Tamb = 25 °C, VDD2 = 3.0 V, VDD1=VDD3=VDD4 = 1.8 V, VDD5 = 1.2 V.

Table 11: Transmitter AC Characteristics

Parameter Condition / Note Min. Typ. Max. Units
Center Frequency channel 5 6489.6 MHz
channel 9 7987.2 MHz
Channel Bandwidth 499.2 MHz
Maximum Mean Power channel 5, 19.6
Spectral Density for BPRF-3 (Fira TC) '
channel 9, 20.8
for BPRF-3 (Fira TC) ' dBm /
channel 5, 155 MHz
for HPRF-14 (Fira TC) '
channel 9, 18
for HPRF-14 (Fira TC)
Maximum Output channel 5, 6
Channel Power for BPRF-3 (Fira TC)
channel 9, 45
for BPRF-3 (Fira TC) ' dBm/
channel 5, 9 500 MHz
for HPRF-14 (Fira TC)
channel 9, 75
for HPRF-14 (Fira TC) '
Peak Power BPRF Set #3 13 dBm
Load Impedance single ended 50 Q
Power Level Range 30 dB
O_utput Power Variation 0.025 dB/°C
with temperature
Output Power Variation internally regulated 0 dB/V
with voltage
Transmit Bandwidth with internal calibration 0.2 MHz / °C

enabled

Variation with temperature
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8.8 Temperature and Voltage Monitor Characteristics

Table 12: Temperature and Voltage Monitor Characteristics

Parameter Min. Typ. Max. Units
VDD1 Voltage Monitor Range 1.62 1.98 \Y
VDD1 Voltage Monitor Accuracy 5 %
Temperature Monitor Range -40 85 °C
Temperature Monitor Accuracy +-4 °C
(using customer’s single point
calibration)
8.9 Location Accuracy Characteristics
Table 13: Location Accuracy Characteristics
Parameter Min. Typ. Max. Units  Condition / Note
Ranging mean accuracy 5 5 cm
(after applied calibration) BPRF3 and BPRF4 packets.
. o In line-of-sight conditions.
Ranging standard deviation 3 cm
PDoA accuracy (*) )
low power, single RX mode 12.5 125 deg
PDoA standard deviation 5 de .
low power, single RX mode 9 tested in conducted mode
. across full dynamic range of
PDoA accuracy (*) 4 4 deg the receiver
low power, dual RX mode
PDoA standard deviation 4 deg

low power, dual RX mode

Note (*): in a typical PDoA based system the computed Angle of Arrival (AoA) accuracy is better than the PDoA accuracy
by a factor of ~ 2, i.e., if PDoA accuracy is + 12.5° then AoA accuracy is + 6.25°.

See also section 6.2.
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9 Typical Performance

9.1 Transmit Spectra

The maximum transmit spectra for channel 5 and channel 9, for BPRF03 and HPRF 14, are shown in
the plots below.

MultiView Spectrum .

Ref Level 10.00 dBm  Offset 180 dB ® RBW 1 MHz
Att 16 dB & SWT 2s ® VBW 1 MHz Mode Auto Sweep

1Rm Clrw
M1[1]| -19.61 dBm
6.414 600 GHz
T T
-10 dBm
M1
-20 dBm ~
30 dBm \\\\Mm
—40 derm W\"‘WM/ P
o ]
fMM WM
60 d o
-70 dBm
-80 dBm
CF 6.4896 GHz 2001 pts 200.0 MHz/ Span 2.0 GHz

2 Result Summal MNone
Tx1 (Ref) 500,000 MHz 5.71 dBm
5.71 dBm

| Tx Total
Figure 2: Tx spectrum BPRF3 — ch5

MultiView Spectrum .

RefLevel 10,00 dBm Offset 1,98 dB & RBW 1 MHz S5GL
Att 16 dB & SWT 2s® VYBW 1 MHz Mode Auto Sweep

1Rm Clrw

M1[1]| -21.34 dBm
7.866 300 GHz

-10 derm

-70 dem

-80 dem

CF 7.987 2 GHz 2001 pts 200.0 MHz/ Span 2.0 GHz
2 Result Summal None

Tx1 (Ref) 500.000 MHz 3.96 dBm
| Tx Total 3.96 dBm |

Figure 3: Tx Spectrum BPRF3 — ch9
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iew Spectrum -

Ref Level 10,00 dBm Offset 1.80 dB ® RBW 1 MHz SGL
Att 16 dB ® SWT 2z ® VBW 1 MHz Mode Auto Sweep

Mu

M1[1]| -15.69 dBm
6.404 600 GHz

0 dBrm - : T
-10 d&m
M1
b4
I
-20 dam T
}fl‘

- N L%
N W W“\
F bl N,

-60 dBm v

-70 dBm
-80 dBm
CF 6.4896 GHz 2001 pts 200.0 MHz/ Span 2.0 GHz
2 Result Summa None
Tl (Ref) 500,000 MHz 9.21 dBm
| Tx Total 9.21 dBm |

Figure 4: Tx spectrum HPRF14 — ch5

o 7‘J‘L‘ . -

Ref Level 10.00 dBm Offset 1,98 dB & RBW 1 MHz SGL
ALt 16 dE ® SWT 23 ® VBW 1 MHz Mode Auto Sweep

1Rm Clrw
M1[1]| -17.63 dBm
7,902 200 GHz

0 dBm I T
-10 dém
M1
¥
N sty | o A
-20 dém w

-30 dBm
P e W // \

-40 dem
-50 dim AT *”M/ : i
/ Wl [T

le \
-70 d&rmn
-80 dém
CF 7.987 2 GHz 2001 pts 200.0 MHz/ Span 2.0 GHz
2 Result Summal None
Txl (Ref) 500.000 MHz 7.37 dBm
| T Total 7.37 dBm |
Figure 5: Tx spectrum HPRF14 — ch9
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Snactriim

Ref Level 10.00 dBm Offset 1.93 dB ® RBW 1 MHz 5GL
Att 16 dB ® SWT 25 ® VBW 1 MHz Mode Auto Sweep

MI1[1] -13.80 dBm
17,991 200 GHz

0 dem

THL
-10 dBm 11
h

U— WM\

[ . N\
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7 T N\'\
-80 dem
CF 7.9872 GHz 2001 pts 200.0 MHz/ Span 2.0 GHz
2 Result Summal None
Txl (Ref) 500,000 MHz 9.23 dBm
| Tx Total 9.23 dBm |

Figure 6: Tx Spectrum HPRF14 — ch9 — Japan

crram -

Ref Level 10.00 dBm Offset 1.92 dB @ RBW 1 VMHz SGL
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Mi[1]| -17.44 dBm
7.991200 GHz

0 dBrm

-10 dBm
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-40 dBm ] i,
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-70 dBm ‘*W"'NM
a0 dam
CF 7.987 2 GHz 2001 pts 200.0 MHz/ Span 2.0 GHz
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Figure 7: Tx Spectrum BPRF3 - ch9 — Japan
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9.2 Receiver Blocking

The following plots show typical blocking levels to give 1% UWB PER at 3 dB back-off from the sensitivity point.
Note that the flat responses are due to test limitations.
For more information regarding the measured bands please refer to section 8.4.
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Figure 11: Rx Blocking HPRF14 — Ch9
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9.3 Ranging Performance

The Range Error Histogram shown below is based on 4000 samples (BPRF4 configuration).

1000

800 4

600 -

Count

400 -

200 4

-8 -6 —4 -2 1] 2 4 6 8
Error (cm)

Figure 12: Range Error Histogram
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10 Functional Description

QM35825

UWB Low-Power SoC

10.1 Physical Layer Modes

Please refer to [3] and [4] for the PHY specification.

10.2 Supported Channels and Bandwidths

The QM35825 supports the following IEEE 802.15.4 UWB channels:

Table 14: Supported Channels and Bandwidth

uwB Center Frequency  Bandwidth
Channel Nr [MHZ] [MHZz]
5 | 6489.6 | 4992
9 7987.2 499.2

10.3 Supported Bit Rates

The QM35825 supports IEEE 802.15.4-2011 and IEEE 802.15.4-2020 UWB standard bit rates.

A full list is shown on the table below.

Table 15: Supported Bit Rates
Preamble

Bit Rate Mode Code Remark

850 kbps BPRF <25

6.8 Mbps BPRF <25 K=3 Viterbi and RS for ECC
6.8 Mbps HPRF >=25 K=3 Viterbi and RS for ECC
7.2 Mbps HPRF >=25

27 Mbps HPRF >=25 K=3 Viterbi and RS for ECC
31.2 Mbps HPRF >=25

62.4 Mbps = Proprietary = >=25

In general, lower data rates give; increased receiver sensitivity, increased link margin and longer range but due
to longer frame lengths they result in increased air occupancy per frame and a reduction in the number of

individual transmissions that can take place per unit time.
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10.4 Frame Format IEEE 802.15.4-2015 and IEEE 802.15.4-2020

Frames, as initially defined in IEEE 802.15.4-2015 and IEEE 802.15.4-2020, are structured as shown in Figure
12 below. Detailed descriptions of the frame format are given in the standards. The frame consists of a
Synchronization header (SHR) which includes the preamble symbols and Start Frame Delimiter (SFD), followed
by the PHY header (PHR) and data. The data frame is usually specified in number of bytes and the frame format
will include 48 Reed-Solomon parity bits following each block of 330 data bits (or less).

While zero length payloads and zero length PHR is supported, the maximum frame length is 1023-bytes, including

the 2-byte FCS.

8or16 21
16,64,1024 or 4096 Preambles  Symbols ~ Symbols

Synchronisation Header (SHR) | PHY |
Header

(PHR)

8*Frame Length + Reed-Solomon Encoding bits

Start Frame
Preamble Sequence | Delimiter PHR
(SFD)

PHY Service Data Unit (PSDU)

PHY Protocol Data Unit (PPDU)

Figure 13: IEEE 802.15.4-2015 PPDU Structure Frame

10.5 Formats of IEEE 802.15.4z-2020

The 4z amendment added new packet formats to HRP UWB PHY incorporating a Scrambled Timestamp
Sequence (STS) into the packet structure, defining four STS Packet Configurations as shown in Figure 14 below.

e Packet configuration SP0 is a standard |IEEE 802.15.4-2015 UWB packet structure. This ensures
backward compatibility with Qorvo’s DW1000 chip, see frame format above.

e Packet configuration SP1 includes Scrambled Timestamp Sequence (STS) between the start of frame

delimiter (SFD) and the PHY header (PHR).

e Packet configuration SP2 contains the STS after the payload is complete (there is a short configurable
gap between the end of the payload and the start of the STS). The gap can be any integer value from 1

to 127 symbols.

o Packet configuration SP3 is when there is no PHR and no payload.

The STS is a random sequence of positive and negative pulses generated using an AES-128 based Deterministic
Random Bit Generator (DRBG). Only valid transmitters and receivers have the correct seed (e.g., the key) to
generate the sequence for transmission and to validly cross correlate in the receiver to determine the receive
timestamp. The STS provides secure receive timestamping and secure ranging.

STS packet configuration 0 (SPQ)

SYNC SFD | PHR PHY Payload
STS packet configuration 1 (SP1)

SYNC SFD STS PHR PHY Payload
STS packet configuration 2 (SP2)

SYNC SFD | PHR PHY Payload STS
STS packet configuration 3 (SP3)

SYNC SFD STS

Figure 14: IEEE 802.15.4z-2020 HRP UWB PHY PPDU Formats
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10.6 Proprietary Long Frames

The QM35825 offers a proprietary long frame mode where frames of up to 1023 bytes may be transferred.

10.7 No Data Frames

The QM35825 offers zero-length payloads and zero-length PHR. This is for use cases where an alternative
method of data communication is available.

10.8 Reference Crystal Oscillator

With the addition of an external crystal and appropriate loading capacitors, the on-chip crystal oscillator generates
the reference frequency for the integrated frequency synthesizer's PLL. A trim facility is provided which can be used
to trim out crystal initial frequency error. Typically, a trimming range of £ 20 ppm is possible using a 6-bit trim value.
This trimming, in 0.125 pF steps, provides for up to 8 pF additional capacitance on the XTI and XTO crystal
connections.

10.8.1 Calculation of External Capacitor Values for Frequency Trim

Ideally, the value of external loading capacitors (Cext) should be

calculated to give an equal trim range about the center trim value. M cM RM
To do this, one needs to estimate the parasitic capacitance (Cpar) AN
between the crystal pads XTI/XTO and the crystal pads.

A good starting estimate for Cext is approximately 3.6 pF.

However, some trial and error may be required initially. The

values of Cm, Lm, Rm and Co, obtained from the crystal

manufacturer, are also required (see Figure 15). ©

. N . . Figure 15: Crystal Equivalent Model
A typical crystal trimming plot is shown in Figure 16.

Using the following formula, the required Cext and
trim range can be estimated where:

1

f = —
§ 21T1/CMLM 10

Cy
fpzfs 1+C_0

\\
’ Cuy = N
f L= fS 1+ I 0 10 20 30 a0 50 60
L XTAL Trim Code

Figure 16: Crystal Trim Plot

Fraquancy Enor {ppm)
=

1
€, =C+ > (Crrim + Cpar + Cexr)

fo = frnom

anom

Afyppm = 10° X

f; = series frequency
fp = parallel frequency
f1. = loaded (desired) frequency
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11 Operational States

QM35825
UWB Low-Power SoC

11.1 Overview

The QM35825 has several basic operating states as described in the table below.

Table 16: Operational States

ACPI state UWB state Description

S5 OFF All the device blocks are powered off, the digital core and CPU is off.

(OFF) The reset line is held low.

BOOT OFF After power up, the secure ROM boot image starts executing and
following image verification will execute the application image in NVM.

S0 * The CPU is active, clocks are not gated. FCLK at 64 MHz or 100 MHz

(CPU_ON/ ACTIVE) XTAL (38.4 MHz)/FOSC enabled.

81 (SUSPENDED - WAIT @ * The CPU has gated clocks (WFI). The wake-up time is very fast. In S1,

FOR INTERRUPT) the UWBS remains in the same state it was when the CPU enters the
S1 state. As an example, if UWBS is in IDLE_PLL when the CPU enters
S1, it remains in IDLE_PLL while the CPU is in S1.

S3a OFF The CPU retention sleep (S3a) state. The S3a mode is entered under

(SLEEP/ RETENTION) command from the AON driver. The CPU is powered down. The content
of the I-cache and the CPU context is lost. XTAL (38.4 MHz) is shut
down. Only the data in SRAM is saved. The wake-up time can be long
and can involve restoring some CPU context from the SRAM.

S4 OFF CPU and SRAM are powered off, Always On (AON) memory is still

(SLEEP without powered. The sleep timer is running and configured to wake up the

RETENTION) device. As the SRAM is off the application will be fully restarted on
wakeup.

S4 OFF CPU and SRAM are powered off, AON memory is still powered. When

(DEEP SLEEP) entering S4, the CPU is powered off by the AON. It means the firmware
context is totally lost and the user code must be reloaded from the NVM.
It comes with a big exit latency which makes this S4 usable only when
the UWB subsystem is not used for long periods.

S0/$1 RESET UWB system is held in reset, UWB clock is turned off.

S0/S81 UWB_RC . -

(IDLE_RC) UWB system is clocked at FOSC (~120 MHz).
S0/81 UWB_IDLE .
(IDLE_PLL) UWB system is clocked from the PLL at 124.8 MHz

S0/81 UWB_LPTB ‘ UWB system is clocked from the XTAL (38.4 MHz), PLL is off.

S0/81 TX_WAIT TX blocks are sequenced on as required. Includes DELAYED_TX
mode.

S0/81 X ‘ Active TX state. Automatically reverts to IDLE_PLL after transmission.

S0/51 RX_WAIT RX blocks are sequenced as required. Includes DELAYED RX mode.

S0/51 RX Active RX state. Can revert to IDLE_PLL if packet received or timeout
triggers.

S0/81 TRX Both receiver and transmitter are enabled. Used in sensing use cases.

S5 OFF All the device blocks are powered off, the digital core is off, CPU is off.

(OFF) The reset line is held low.

Note (*): WARNING: there shall be no signals on any GPIO (including the RTCI in this case) when VDD1/VDD5

issetto0 V.

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc

All rights reserved

27 of 48 www.gorvo.com


http://www.qorvo.com/

Q 0 p\lO@ QM35825

UWB Low-Power SoC

11.2 Operating State Transitions

‘ Power States ‘ ‘ UWB Radio States ‘

QM35825 states

Figure 17: Operating State Transitions
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12 Peripheral Description

12.1 UART Interface
Table 17: UART Configuration Summary

Parameter Value / Comment

UART FIFO depth | 16 bytes

Maximum Baud rate 115.2 kBd

Baud rate ‘ Serial Clock Frequency / (16 * Divisor)
9-bit Mode Support not supported
Asynchronous Clock ‘ supported

RTC Flow Control Trigger RX FIFO Threshold Trigger
FIFO Access Mode ‘ supported

Fractional Baud rate Divisor Support supported

Fractional Divisor Width ‘ 6

Additional DMA signal on I/F supported

DMA signal ‘ supported - active high
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12.2 SPI Controller and Peripheral Interface

SPI peripheral timing parameters are stated in the tables and figure below.

Table 18: SPI Timing Specifications (High Speed / Peripheral)
Conditions: VDDIO @ 1.8 V +/-10%, typical drive strength, Tamb = 25 °C.

Parameter Min. Typ. Max. Units Condition / Note
Frequency ‘ - ‘ - ‘ 35 ‘ MHz ‘ dependent on load capacitance
SCLK High 14.28 - - ns
SCLK Low 1428 - | - | ns |
trSCLK - - 5 us
CSn - ‘ - - ns ‘ Firmware dependent
CS Lead 7 - - ns
CS Traill ‘ 0 ‘ - ‘ - ‘ ns ‘
MOSI Setup 0 - - ns
MOSI Hold 2 0 - | - | ns |
CSn to MISO Driven, tACCESS 16.5 - - ns
CSn to MISO disabled, tDISABLE | - | - | 100 | ns |
MISO Data Valid Time, tVD - - 14.28 ns
trSCLK
CS Lead MOSI Hold MOSISetup i, SCLKHigh SCLKLow AL msTail g, Csn
cs oo e

A e R Y N I S 90%VDDIo\ |
""" 70% VDDIO f..rvenns 5096 VDDIO... X ........50% VDDIO...... § i
SCLK - 30svDDIO \caewvoow S J o e DDIO
e —_— —"TTT10% VDDIO
AV AV
MOSI Undefined Y /0% vODI0 ¥ Undefined
state A #\--30% vODIO /N state

1 IACCESS wD tDISABLE

- e T - =
HighImpedance State /~—70%VDDIO [-~—-70%voDIO '@';?:;;32.‘& Stote
MISO T ATy, S 30% VDDIO 4

Figure 18: SPI Timing Diagram (mode 0)

Table 19: SPI Timing Specifications (Low Speed / Peripheral)
Conditions: VDDIO @ 1.2 V +/-5%, max. drive strength, Tamb = 25 °C.

Parameter Min. Typ. Max. Units Condition/Note
Frequency ‘ - ‘ - ‘ 25 ‘ MHz ‘ dependent on load capacitance
SCLK High 20 - - ns

SCLK Low 20 | - | - | ns |

trSCLK - - 5 us

CSn ’ - ‘ - ‘ - ‘ ns ‘ firmware dependent
CS Lead 7 - - ns

CS Trail 0 | - | - | ns |

MOSI Setup 0 - - ns

MOSI Hold 3 | - | - | ns |

CSn to MISO Driven, tACCESS 28 - - ns

CSn to MISO disabled, tDISABLE | - | - | 200 | ns |

MISO Data Valid Time, tVD - - 20 ns
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12.2.1 Clock SPI Clock Sources
Table 20: SPI Clock Sources

Clock Frequency

‘ Min. ‘ Typ. ‘ Max. ‘ Unit
SPI_CLK (Controller) 30
SPI_CLK (Peripheral) | 3 | 10|

12.2.2 SPI Operating Modes
SPI mode 0/0 (POL=0/PHA=0) is supported as defined in the Motorola SPI protocol.

SPIPOLD

SPIPOL1
oo |— mse) —"'1”_— C 'J__S f’:f__.-\-i—__\-fss )

—— \aabn

seicol [ MSB_/ _}f__>/_ ” _L_ c‘,-_"j::
weo | L[ g [

Figure 19: Timing Diagram for SPI Transfer with SPIPHA=0

|
.l

12.3 I2C Interface

12.3.1 I°C Configuration Summary
Table 21: I’C Configuration Summary

Parameter Comment

High Speed Mode supported (I2C bus loading 100 pF)
10-bit addressing in both Master and Slave Mode @ supported

Depth of both transmit and receive buffer 8 bytes

Asynchronous FIFO Mode supported

Status bit included

12.3.2 I?C Clock Frequencies
Table 22: IC Clock Frequencies

Parameter Min. Typ. Max. Unit Conditions
0 - 100 kHz Standard Mode
0 - 400 kHz Fast Mode
SCL clock frequency 0 ) 1 MHz Fast Mode Plus
0 - 3.4 MHz High Speed Mode

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc

Al rights reserved 31 0f 48 www.gorvo.com


http://www.qorvo.com/

/ QM35825
Q 0 r\\ o@ UWB Low-Power SoC

12.3.3 12C Protocol

For 7-bit Address

S | Slave Address | RAW | A| DATA|A| DATA|A|P

|
‘1" (read)

For 10-bit Address
Slave Address rwla Slave Address als Slave Address Hn_\rA|DATA|I P

S N 5
First 7 bits Second Byte First 7 bits
| | | |
11110000 0" (write) “1110xx’ ‘1" (read)
[ From Master to Slave A = Acknowledge (SDA low) R = RESTART Condition
A = No Acknowledge (SDA high) P = STOP Condition
|:| From Slave to Master S = START Condition

Figure 20: Master Receiver

For 7-bit Address

S| Slave Address | R/W (A | DATA |A| DATA|A/A| P

|
0" (write)
For 10-bit Address

s Slave Address RW | A Slave Address Al paTalalp

First 7 bits Second Byte
111 1I0x><x' o (x:arite}
|:| From Master to Slave 2 : QCDKRE:::;SV?: d(:eD(‘Zg:Ligh}
D From Slave to Master E - g;’gﬁgﬁggﬁgﬁn

Figure 21: Master Transmitter
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12 QM35825 Powering

QM35825 is designed such that it can be powered in several different configurations depending on the
application. When the external power source is applied to the QM35825 for the first time, the internal Power On
Reset (POR) circuit compares the externally applied supply voltage (VDD1) to an internal power-on threshold
and once this threshold is passed, the AON block is released from reset and the external device enable pin
EXTON is asserted.

After that, the VDD2a/b and VDD3 supplies are monitored and once they are above the required voltage, as
specified in the datasheet, the fast RC oscillator (FAST_RC) and crystal (XTAL Oscillator) will come on within
500 ps and 1 ms, respectively. Once the digital reset is de-asserted, the digital core wakes up and enters the
BOOT state and starts to execute the primary boot ROM image.

12.1 Powering Diagrams

A
§ — PORn/RSTn & o
EXTON / Y
8 — VDD2/3 .1
Fast Oscillator ‘ i[ 125MHz
AON State OFF /_\ )( WAIT SPLY NUL\IT [L ON
:; ] . <1ms_
P JTAL Oscillator e ,/\/\/\/\/\/\/\/\/\/\/
[¥]
: LLRRRARALRAALLRAA LR A ARERAbL A
DIG_IO_SW_EN 1/ Ramp_/ o ov
\_  DIG_CORE_RSTn i/ o
g SOC PWR State OFF X POWER UP X ON
:g,_ SOC Core State / RESET X PR Yicscreck Y Rov Y app
a
e IRQ +

Host Interrupt (SPI Ready, Command Mode etc.)

Cold Boot ACTIVE States

Figure 22: QM35825 Powering Diagram Cold Start
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>= 500 us
(o
E Csn \ M _ov
a3 i~
= WakeUp ov
58 |
2 £ Internal Sleep Timer A
Y]
E L Event
vDD1 .
< B
- PORN/RSTn .
EXTON _ov
e
ov
2
55— VDD2/3 ., Optional ] _ov
F
4 Fast Oscillator \ J 125MHz
4 h A |
E AON State ON SLEEP WAITSPLY  XWAIT cu< ON
& XTAL_En \ ‘< 1m5
2 ===
Iv] optional
o ARAEEREETT 4000 AR ARLARRA 444400000 b b
DIG_IO_SW_EN 1/ Rarhp / .
\ DIG_CORE_RSTn \ ‘ Vv "
g ( SOC PWR State ON : SRAM RETENTION X ON
o "
T SOC Core State  ACTIVE X pwR DOWN X OFF W oreseT Y RESTORE X ACTIVE Y
- L
g IRQ A Under SW control
K A
N A
|
Go to retention Retention Wakeup Restore Active

Figure 23: QM35825 Powering Diagram Warm Start
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SS RDY | | 7

WAKE | f\
RST ! f_\

ss_IRQ | | 7)1 | 7 7

HSSPI_CSn i

HSSPI

VDD1

vDD2/3

EXTON

FW ACTIVITY / \ 1 . /—

‘- FW vérsion .
check
(~2ms)

- | - - ‘ _/"‘ \\_ ‘ ‘_/". “"‘_ | / I\ ‘
FW flashing FW o | 54
(~200ms) booting 115
(~300ms)

Figure 24: MCU Power State Timing Diagram after Device Boot
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12.2 Internal Power Supply Distribution

QM35825
UWB Low-Power SoC

The following block diagram shows the power distribution within the QM35825 SoC.

VDDl

(VDDAON) .

1.8V

VDD2
(VDDHV)
2.4V 3.6V

VDD3
(VDDMV)
1.5V -3.6V

VDDA
(VDDRF)
1.8V

VDDS
(VDDIOAON)
1.2V - 1.8V

=
=

"B

N

VDDHY_LDO
22v

VDDIO
Decoupling

Digital logic
(ARM, UWSB)

@

KTAL_OSC

—

VDDTXRF
LoO

TXRF

RFFE (LNA/PA/SW) |

Figure 25: Internal Power Distribution
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13 Application Information

QM35825
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13.1 Application Circuit Diagram — VDDIO =1.2V

L

ANTI

ANT4
T 50R BPF4 50R Q
RI 47M i
< RICI RICO I Ill
= o
X1 =
= EARE E
H44 gl o = o 1 4B 44 49 J o A
@ |Ees-32r-n253arRTR] 03
T T 000 9o Qs UM m aaQQ oS3 9 9 b1
2007 20pF [ 2892 8% E 2E o EBE 2 292892 <t 97 9 § &3
Shonr 222 -~ g K< z <2 2 eeEy z< > > > g
E— E— I 0201 @ 4 4 4
= = = VDD |2 RRVDD E- 2 2
voD2} Gld vpporx
Lo Lo | L
22uF 47nF L4 vbD2a
i} | — | e ] vess
L s
gl,OF cn VDD3a
2u 4.7nF
N 0402 0201 )
voD3} -|| GPIO30 M 5 5
SWD-JTAG  dp—=E ow
o >—Caas > Ll GPI026/TCK.
GPIO27/TDI
oo >—CTaans > L2 Grio23mms
o+ Tomo 1 R Gpio2s/Tpo 5 e £
o &
=
e > TiaRsT =] GPI024/TRST E\ "‘}E\ o
g 22 5 .
. T o= & 88 2. 5
Optional ext.clock ., 82 ¢ g5ss 5 358888.88s
5 R2_DNF 8E = EZEx E EEEEEEh=xa
> ] Clelele] S CU00O0rEM>

e 0
38.4 MHz XTAL _
X2 38.4MHz 0 Ohm
8Y38472012 0201
8Q38472002

R4

c1g 0Ohm
Sapp 0201

XT1
XT0

VDDI: 1.8V=10%
VDD2: 2.4V.3.6V

VDD3: 1.5V.3.6V

VD! 8V £ 10%

VDD5: 1.8V =10%
or 1.2V+5%

C5
== 1.0pF | Place C5 only if external 38.4MHz
clock is used, leave empty otherwise

{vDD2
<)
2.2uF
0402
|||- GND
2.2uF
0402 .
{vpD3

(&
AS

-|||—&L VSSDIG
A2
(&)
)(l GPIO16

O
=
=)
==
Z

Figure 26: QM35825 Typical Application Circuit Diagram, VDDIO =1.2V
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13.2 Application Circuit Diagram — VDDIO =1.8 V

QM35825
UWB Low-Power SoC

ANT3 ANT2
T 50R BPF3 50R 50R BPF2 50R T
E E ANTI
ANT4 I l S0R BPF2 S0R
T 50R BPF4 SR = = % Q
32.768 kHz RTC XTAL R
R 4.7M |
L aiom, oM | l = ,
= '||| - {VvDD4 VDDI: 1.8V £ 10%
“ i ¢l VDD2: 2.4V.3.6V
4 AL EREE 44 l 0201 VDD3: 1.5V.3.6V
5 = o o A 99 o FPRE 4o FH FJ g 5 L VDDA4: 1.8V +10%
2 |Ecs-327-12534RRTR| 3 = VDDS: 1.8V=10%
= = X R or 1.2V +5%
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Figure 27: QM35825 Typical Application Circuit Diagram, VDDIO = 1.8 V
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14 Packaging and Packing Information

QM35825
UWB Low-Power SoC

14.1 Package Dimensions (74-Ball BGA)

0.626+0.015
] 4.08:0.05
PINT- (0.585)
. I
i o000
o000
! CIC RO )
i CRCRC N ]
3.38=0.05 I o000
o000
| CRC RO
- | MOLD o0 0 0
i XXX
H T
(0.145 (4x))l
= +l (0.135 (4x))
TOP SIDE
VIEW VIEW

Figure 28: Package Dimensions [mm]
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14.2 Recommended Land Pattern and Land Pattern Mask
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Figure 29: Recommended Land Pattern and Land Pattern Mask [in mm]

14.3 Device Package Marking

The image and table below shows the package markings for the QM35825.

+— 4. 0&mn —m8™»

Legend
. Q 5825 ‘ Part number
582 5 Tr(ace) Code XXXXXX
' L 3.38mm

Tr Code
® Pin 1 Indicator
Figure 30: Device Package Marking
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14.4 Tape & Reel Packaging Information
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Figure 31:

Packaging reels are used to prevent damage to devices during shipping and storage, loaded carrier tape is
typically wound onto a plastic take-up reel. The reels are made from high-impact injection-molded polystyrene

10 SPROCKET HOLE PITCH CUMULATIVE TOLERANCE 0.2
POCKET POSITION RELATIVE TO SPROCKET HOLE MEASURED AS TRUE POSITION OF POCKET, NOT

POCKET HOLE.
Ao AND Bo ARE MEASURED ON A PLANE AT A DISTANCE "R" ABOVE THE BOTTOM OF THE POCKET.

Tape & Reel Orientation with Dimensions [mm]

(HIPS), which offers mechanical and ESD protection to packaged devices.

Table 23: Reel Dimensions

TAPE SLOT IN CORE
___ FORTAPE START.
| 2.5 MIN. WIDTH
| 10 MIN DEPTH

JLwa

W1
MEASURED AT HUB

N

. w2
MEASURED AT HUB

(ARBOR HOLE —
DIAMETER)

Figure 32: Reel Dimensions

Feature Measure Symbol Size (mm) Size (in)
Diameter A 330 12.992
Flange Thickness w2 18.4 724
Space Between Flange W1 12.4 488
Outer Diameter N 102.0 4.016
Hub Arbor Hole Diameter C 13.0 0.512
Key Slit Width B 2.0 0.079
Key Slit Diameter D 20.2 .795
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LEADER SECTION
— MIN4QD mm

TRAILER SECTION COMPONENT
r T MIN180 mm B

SECTION ~

QM35825
UWB Low-Power SoC

Note 2

Figure 33: Tape Sections and Label Placement

Note 1: Empty part cavities at the trailing and leading ends are sealed with cover tape. See EIA 481.
Note 2: Labels are placed on the flange opposite the sprockets in the carrier tape.

Table 24: Other Data

Package Size Units per Reel
3.38 x4.08 mm 3000

14.5 Thermal Characteristics

Table 25: Thermal Characteristics
Symbol Parameter Conditions

Theta JA'  Thermal resistance from
(Rgya)  junction to ambient

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
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16 Recommended PCB Layout

QM35825
UWB Low-Power SoC

16.1 PCB Technology

The following technology has been implemented in the QM35825 evaluation boards,
Table 26: PCB Stack-up Example

Parameter Notes
Number of layers 6 layers
Substrate material FR4
Minimum trace width 0.125 mm
Minimum line spacing 0.125 mm

QM35825 pad
geometry
Via

Micro via

Pad finish

QM35825 Data Sheet Rev. D | Sep 2025 | © 2024-2025 Qorvo US, Inc
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L4-Ground
1SO-4

L5-Power

MName

Top Overlay

Top Solder
L1-Top
ISO-1

L2

L5-Power
ISO-5
L6-Bottom

SMD (Solder Mask Defined - the solder mask opening is smaller than the metal
pad). See dimensions in section 16.2 (Recommended Land Pattern).

L1 to L6: drill hole diameter: 0.254 mm, pad diameter: 0.61 mm.

L1 to L2, L2 to L3 (see Figure 35Figure 35 below).

Drill hole diameter: 0.1 mm, pad diameter: 0.2 mm,
via in pad and via filling under the BGA.

ENIG (Electroless Ni Immersion Gold)

Overlay

Solder Mask Solde 0.02mm
Signal 0.035mm
Prepreg 51000HB (3313) 0.094mm
Signal 0.035mm
Prepreg 3) 0.092mm
Signal 0.035mm
Core 51000 1.03mm
Signal 0.035mm
Prepreg 0.094mm
Signal 0.035mm
Prepreg $1000 3313) 0.094mm
0.035mm
0.02mm

Figure 34: QM35825 HDK Stack-up

Type Thickness . Thru 1:6
Overlay

Solder Mask 0.02mm
Signal 0.035mm
Prepreg 0.094mm
Signal 0.035mm
Prepreg 0.092mm
Signal 0.035mm
Core 1.03mm
Signal 0.035mm
Prepreg 0.094mm
Signal 0.035mm
Prepreg 0.094mm
Signal 0.035mm
Saolder Mask 0.02mm

Overlay

Figure 35: QM35825 HDK Via Structure
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16.2 Recommended PCB Layout and Pad Geometry

In the areas shown below, copper, tracks and via’s should be removed to a depth of 100 ym from the bottom of
the chip once soldered. In most of the case, this means removing copper from the top layer in the area in question.

An opening should also be created in the solder mask as indicated in the image below.

DETAIL

. = PAD MASK
Opening in solder mask OPENING

Tax
(0.210)

(0.100) DIE TO BGA
~ KEEP OUT (4x)

T- OO0 00l0O00
olo o
)
o)

Figure 36: Recommended Land Pattern Mask

Layer 1 (Top layer) Layer 2 Layer 3

® o
J oeeeee
LD I.I {h III 0 -

00000000
8 eocoe 00N

Figure 37: BGA Escape Routing Example
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17 Glossary

QM35825
UWB Low-Power SoC

Table 27: Glossary of Terms

Abbreviation

EIRP

BPRF
GPIO

IEEE

LoS

Open Drain

NLoS

PLL

PPM

RTLS
SFD

SPI

TWR

TDoA

PDoA

LNA
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Meaning

Equivalent Isotropic
Radiated Power

Base PRF mode

General Purpose Input /
Output

Institute of Electrical
and Electronic
Engineers

Line of Sight

Open Drain

Non-Line of Sight
Phase Locked Loop

Parts Per Million

Real Time Location
System
Start of Frame Delimiter

Serial Peripheral
Interface

Two Way Ranging

Time Difference of
Arrival

Phase Difference of
Arrival

Low Noise Amplifier

Explanation

The amount of power that a theoretical isotropic antenna (which
evenly distributes power in all directions) would emit to produce the
peak power density observed in the direction of maximum gain of
the antenna being used.

64 MHz PRF Mode.

Pin of an IC that can be configured as an input or output under
software control and has no specifically identified function.

The world’s largest technical professional society. It is designed to serve
professionals involved in all aspects of the electrical, electronic and
computing fields and related areas of science and technology.

Physical radio channel configuration in which there is a direct line
of sight between the transmitter and the receiver.

A technique allowing a signal to be driven by more than one device.
Generally, each device is permitted to pull the signal to ground but
when not doing so it must allow the signal to float. Devices should
not drive the signal high so as to prevent contention with devices
attempting to pull it low.

Physical radio channel configuration in which there is no direct line
of sight between the transmitter and the receiver.

Circuit designed to generate a signal at a particular frequency
whose phase is related to an incoming “reference” signal.

Used to quantify very small relative proportions. Just as 1% is one
out of a hundred, 1 ppm is one part in a million.

System intended to provide information on the location of various
items in real-time.

Defined in the context of the IEEE 802.15.4-2011 standard.

An industry standard method for interfacing between IC’s using a
synchronous serial scheme first introduced by Motorola.

Method of measuring the physical distance between two radio
units by exchanging messages between the units and noting the
times of transmission and reception.

More information available here:
https://www.gorvo.com/innovation/ultra-wideband/technology

Method of deriving information on the location of a transmitter. The
time of arrival of a transmission at two physically different locations
whose clocks are synchronized is noted and the difference in the
arrival times provides information on the location of the transmitter.
A number of such TDoA measurements at different locations can
be used to uniquely determine the position of the transmitter.

More information available here:
https://www.gorvo.com/innovation/ultra-wideband/technology

Method of determining the direction of propagation of an RF wave
incident on an antenna array using the phase difference between
the signal received on each antenna array element.

An amplifier designed to amplify very low-power signals without
significantly degrading their signal-to-noise ratio.
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19 Approvals and Compliance

19.1 Radio Regulatory Requirements

The QM35822S is compliant with relevant FCC (USA/Canada), ETSI (EU) and ARIB (Japan) radio regulatory
requirements (pending external testing).

19.2 Regulatory Approvals

All (end)-products developed by the manufacturer (or importer) incorporating the QM35825 must obtain
approval/certification from the relevant authority governing radio emissions, including spectrum usage, in any
given jurisdiction prior to the marketing or sale of such products in that jurisdiction.

19.3 Environmental Compliance

This part is compliant with 2011/65/EU RoHS directive (Restrictions on the Use of Certain Hazardous Substances
in Electrical and Electronic Equipment) as amended by Directive 2015/863/EU.

@ Lead Free
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Symbol Attribute Compliant
RoHS Restrictions on the Use of Certain Hazardous Substances in

Electrical and Electronic Equipment; Directives 2011/65/EU and v
2015/863/EU.

Halogen Free (Chlorine, Bromine)
Antimony Free

TBBP-A (C15H12Br402) Free
PFOS Free

SVHC Free

NENENENENERN
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20 Ordering Information

Part No. Description
QM35825TR13 13” T&R with 3000 pcs
QM35825SR 7" sample reel, 100 pcs

21 Contact Information
For the latest specifications, additional product information, worldwide sales and distribution locations:

Web: www.qorvo.com Tel: 1-844-890-8163 Support: https://www.qorvo.com/support

Qorvo develops semiconductors solutions, software, modules and reference
designs that enable real-time, ultra-accurate, ultra-reliable local area micro-
location services. Qorvo’s technology enables an entirely new class of easy Qorvo.
to implement, highly secure, intelligent location functionality and services for :
loT and smart consumer products and applications. "

all around you

Data Sheet Information Status

Data Information Product Life  Definition
Status Label Cycle Status
TARGET DATA SHEET Preview Data sheet contains early design specifications for a

product under development.

Data sheet contains preliminary specifications for a

PRELIMINARY DATA SHEET Preview
product under development.

PRODUCTION DATA SHEET Production Data sheet contains production product specifications.

Important Notice

The information contained in this Data Sheet and any associated documents (“Data Sheet Information”) is believed to be
reliable; however, Qorvo makes no warranties regarding the Data Sheet Information and assumes no responsibility or liability
whatsoever for the use of said information. All Data Sheet Information is subject to change without notice. Customers should
obtain and verify the latest relevant Data Sheet Information before placing orders for Qorvo® products. Data Sheet Information
or the use thereof does not grant, explicitly, implicitly or otherwise any rights or licenses to any third party with respect to
patents or any other intellectual property whether with regard to such Data Sheet Information itself or anything described by
such information.

DATA SHEET INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE PRODUCTS
DESCRIBED HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH RESPECT TO SUCH
PRODUCTS WHETHER EXPRESS OR IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE,
USAGE OF TRADE OR OTHERWISE, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE.

Without limiting the generality of the foregoing, Qorvo® products are not warranted or authorized for use as critical
components in medical, life-saving, or life-sustaining applications, or other applications where a failure would reasonably be
expected to cause severe personal injury or death. Applications described in the Data Sheet Information are for illustrative
purposes only. Customers are responsible for validating that a particular product described in the Data Sheet Information is
suitable for use in a particular application.

© 2024-2025 Qorvo US, Inc. All rights reserved. This document is subject to copyright laws in various
jurisdictions worldwide and may not be reproduced or distributed, in whole or in part, without the express written
consent of Qorvo US, Inc

Qorvo is a registered trademark of Qorvo US, Inc. Arm and Cortex are registered trademarks of Arm Limited (or its
subsidiaries) in the US and/or elsewhere. FiRa and FiRa Consortium are trademarks or registered trademarks of FiRa
Consortium or its licensor(s)/ supplier(s) in the US and other countries and may not be used without permission. All other
trademarks, service marks, and product or service names are trademarks or registered trademarks of their respective owners.
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Revision History

Revision Date Description
B3 Jun7-2024 SRversion-
A | Jul52024 | SRversion.
B1 Feb 20 2025 Block diagram updated.

| | IEEE 802.15.4 names updated.

T&R section updated. Figure 30: reel pin1 locations added.

‘ ‘ I3C section removed.

Mar 14 2025 Table 3: ESD test results updated.

‘ ‘ Section 12.1: UART Interface text updated.

Chapter 1: Key Features text updated.

B1a ‘ Mar 19 2025 ‘ Intermediate version

B Apr 25 2025 Released Version.

‘ ‘ Section 5: Package dimensions added.

Section 12.4: Timing Diagram for SPI Transfer with SPIPHA=1 removed.

‘ ‘ Section 15.1 and 15.2: format of drawings changed.

C Aug 5 2025 FiRa 3.0 certified stated (chapter 1).

| | Default levels (L/H) after Reset removed (Table 1).

Max. Tx channel Power, Peak Power and PSD updated (Table 11).

‘ ‘ Supported bit rates updated (chapter 1 and section 10.3).

Secure Asset location accuracy updated (page 1 and 5).

‘ ‘ Functional Block diagram updated (chapter 2).

UWB positioning with radar sensing methods updated (chapter 4).

| | RRAM text updated (chapter 5).

Note added for STS packet configuration 3 (section 8.5).

‘ ‘ Transmit spectra updated (section 9.1).

Transition State Diagram updated (section 11.2)

D ‘ Sep 19 2025 ‘ Receiver blocking plots and data updated (section 8.4 and 9.2).
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