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3 Device Comparison

Table 3-1. Device Family Overview

DEVICE PHY SUPPORT FLASH (KB) | RAM (KB) | GPIO PACKAGE
CC2650MODAMOH Multiprotocol (V) 128 20 15 MOH

(1) The CC2650 device supports all PHYs and can be reflashed to run all the supported standards.

3.1 Related Products

TI's Wireless Connectivity The wireless connectivity portfolio offers a wide selection of low-power RF
solutions suitable for a broad range of applications. The offerings range from fully
customized solutions to turn key offerings with pre-certified hardware and software
(protocol).

TI's SimpleLink™ Sub-1 GHz Wireless MCUs Long-range, low-power wireless connectivity solutions
are offered in a wide range of Sub-1 GHz ISM bands.

Companion Products Review products that are frequently purchased or used in conjunction with this
product.

SimpleLink™ CC2650 Wireless MCU LaunchPad™ Development Kit The CC2650 LaunchPad™
development kit brings easy Bluetooth® low energy connectivity to the LaunchPad kit
ecosystem with the SimpleLink ultra-low power CC26xx family of devices. This LaunchPad
kit also supports development for multi-protocol support for the SimpleLink multi-standard
CC2650 wireless MCU and the rest of CC26xx family of products: CC2630 wireless MCU for
ZigBee®/6LoWPAN and CC2640 wireless MCU for Bluetooth low energy.

Reference Designs for CC2650MODA TI Designs Reference Design Library is a robust reference design
library spanning analog, embedded processor and connectivity. Created by Tl experts to
help you jump-start your system design, all TI Designs include schematic or block diagrams,
BOMs, and design files to speed your time to market. Search and download designs at
ti.com/tidesigns.

6 Device Comparison Copyright © 2016-2019, Texas Instruments Incorporated
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4 Terminal Configuration and Functions

Section 4.1 shows pin assignments for the CC2650MODA device.

4.1 Module Pin Diagram
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(1) The following I/O pins marked in bold in the pinout have high-drive capabilities:

+ DIO2
. DIO3
. DIO4
. JTAG_TMS

« DIO5/TAG_TDO
e DIO 6/JJTAG_TDI

(2) The following I/O pins marked in italics in the pinout have analog capabilities:

« DIO7
« DIO8
« DIO9
- DIO10
« DIO11
- DIO12
« DIO13
« DIO14

GND
NC
VDD
VDD
DIO 14
DIO 13
DIO 12
DIO 11

DIO 10

Figure 4-1. CC2650MODA MOH Package
(16.9-mm x 11-mm) Module Pinout

Copyright © 2016-2019, Texas Instruments Incorporated
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4.2 Pin Functions

Table 4-1 describes the CC2650MODA pins.

Table 4-1. Signal Descriptions — MOH Package

PIN NAME PIN NO. PIN TYPE DESCRIPTION

DIO 0 4 Digital I/O GPIO, Sensor Controller

DIO_1 5 Digital I/O GPIO, Sensor Controller

DIO_2 6 Digital I/O GPIO, Sensor Controller, high-drive capability
DIO_3 7 Digital I/O GPIO, Sensor Controller, high-drive capability
DIO 4 8 Digital I/O GPIO, Sensor Controller, high-drive capability
DIO_5/JTAG_TDO 11 Digital I/O GPIO, high-drive capability, JTAG_TDO
DIO_6/JTAG_TDI 12 Digital I/O GPIO, high-drive capability, JTAG_TDI
DIO_7 14 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

DIO_8 15 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

DIO_9 16 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

DIO_10 17 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

DIO_11 18 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

DIO_12 19 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

DIO_13 20 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

DIO_14 21 Digital I/O, Analog I/0 | GPIO, Sensor Controller, analog

EGP G1, G2, G3, G4 | Power Ground — Exposed ground pad

GND 1,3,25 — Ground

JTAG_TCK 10 Digital I/O JTAG TCKC

JTAG_TMS 9 Digital I/O JTAG TMSC, high-drive capability

NC 2,24 NC Not Connected—TI recommends leaving these pins floating
nRESET 13 Digital input Reset, active low. No internal pullup

VDD 22,23 Power 1.8-V to 3.8-V main chip supply

8 Terminal Configuration and Functions Copyright © 2016-2019, Texas Instruments Incorporated
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
VDD  Supply voltage -0.3 4.1 \%
Voltage on any digital pin©) -0.3 VDD + 0.3, max 4.1 \Y
Voltage scaling enabled -0.3 VDD
Vin Voltage on ADC input Voltage scaling disabled, internal reference -0.3 1.49 \%
Voltage scaling disabled, VDD as reference -0.3 VDD /2.9
Input RF level 5 dBm
Tstg Storage temperature -40 85 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to ground, unless otherwise noted.

(3) Including analog capable DIO.

5.2 ESD Ratings

VALUE UNIT
?ggg)irzlg)ody model (HBM), per ANSI/ESDA/JEDEC All pins +1000
VEesp Electrostatic discharge . , RF pins +500 \
Charged device model (CDM), per JESD22-C101@ -
Non-RF pins +500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
5.3 Recommended Operating Conditions
MIN MAX | UNIT
Ambient temperature -40 85 °C
For operation in battery-powered and 3.3-V systems
Operating supply voltage (VDD) (internal DC-DC can be used to minimize power 1.8 3.8 \Y
consumption)
Copyright © 2016-2019, Texas Instruments Incorporated Specifications 9
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5.4 Power Consumption Summary
T, = 25°C, Vpp = 3.0 V with internal DC-DC converter, unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Reset. RESET_N pin asserted or VDD below Power-on- 100
Reset threshold nA
Shutdown. No clocks running, no retention 150
Stand_by. With RTC, CPU, RAM and (partial) register 1
retention. RCOSC_LF
Stand_by. With RTC, CPU, RAM and (partial) register 12
retention. XOSC_LF
Sta_ndby. With_ Cache, RTC, CPU, RAM and (partial) o5 A
leore (Ctgrzgu(?grr)rt?grt] register retention. RCOSC_LF
Sta_ndby. With_ Cache, RTC, CPU, RAM and (partial) 57
register retention. XOSC_LF
Idle. Supply systems and RAM powered. 550
Active. Core running CoreMark 311115A/n|:/IAI-|;
Radio RX 6.2
Radio TX, 0-dBm output power 6.8 mA
Radio TX, 5-dBm output power 9.4
Peripheral Current Consumption (Adds to core current lgore for each peripheral unit activated)®
ggrrrigilr?ral power Delta current with domain enabled 20
Serial power domain | Delta current with domain enabled 13
RE core Eﬁgaec&:’rlggtc\;\gtrz ﬁ)((j)l\ger domain enabled, clock 237
Iper uUDMA Delta current with clock enabled, module idle 130 LA
Timers Delta current with clock enabled, module idle 113
1’c Delta current with clock enabled, module idle 12
12S Delta current with clock enabled, module idle 36
SSI Delta current with clock enabled, module idle 93
UART Delta current with clock enabled, module idle 164
(1) Iperi is not supported in Standby or Shutdown.
5.5 General Characteristics
T, = 25°C, Vpp = 3.0 V, unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
FLASH MEMORY
fSaLiJIEFr)grted flash erase cycles before 100 k Cycles
Flash page/sector erase current Average delta current 12.6 mA
Flash page/sector erase time® 8 ms
Flash page/sector size 4 KB
Flash write current Average delta current, 4 bytes at a time 8.15 mA
Flash write time® 4 bytes at a time 8 us

(1) This number is dependent on flash aging and will increase over time and erase cycles.
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5.6 Antenna

T. = 25°C, Vpp = 3.0 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Polarization Linear
Peak Gain 2450 MHz 1.26 dBi
Efficiency 2450 MHz 57%
5.7 1-Mbps GFSK (Bluetooth low energy) — RX
RF performance is specified in a single ended 50-Q reference plane at the antenna feeding point with T, = 25°C,
Vpp = 3.0V, fge = 2440 MHz, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Receiver sensitivity BER = 107° -97 dBm
Receiver saturation BER = 107° 4 dBm
Frequency error tolerance Difference between center frequency of the received RF signal _350 350| KHz
and local oscillator frequency.
Data rate error tolerance —750 750 | ppm
Co-channel rejection® Want(_ad sgnal at —67 dBm, modulated interferer in channel, 6 dB
BER = 10
Selectivity, +1 MHz® Wantgd S|_g3nal at —67 dBm, modulated interferer at +1 MHz, 7/3@ dB
BER =10
Selectivity, 2 MHz® Want(_ad sgnal at —67 dBm, modulated interferer at +2 MHz, 29/ 23@ dB
BER = 10
Selectivity, +3 MHz® Want(id S|_g3nal at —67 dBm, modulated interferer at +3 MHz, 38/ 26@ dB
BER =10
Selectivity, +4 MHz® Want(_ad sgnal at —67 dBm, modulated interferer at +4 MHz, 42 129 dB
BER = 10
Selectivity, +5 MHz or more® Wantgd 5|_g3nal at —67 dBm, modulated interferer at =2 +5 MHz, 32 dB
BER =10
- @) | Wanted signal at —-67 dBm, modulated interferer at image
Selectivity, Image frequency frequency, BER = 10°3 23 dB
Selectivity, Wanted signal at =67 dBm, modulated interferer at +1 MHz from 3/26@ dB
Image frequency +1 MHz® image frequency, BER = 1073
Out-of-band blocking©® 30 MHz to 2000 MHz —-20 dBm
Out-of-band blocking 2003 MHz to 2399 MHz -5 dBm
Out-of-band blocking 2484 MHz to 2997 MHz -8 dBm
Out-of-band blocking 3000 MHz to 12.75 GHz -8 dBm
) Wanted signal at 2402 MHz, —64 dBm. Two interferers at 2405
Intermodulation and 2408 MHz respectively, at the given power level —34 dBm
. o Conducted measurement in a 50-Q single-ended load. Suitable
gg llj\;llggsthcl)%S(;ol\r)laz for systems targeting compliance with EN 300 328, EN 300 440 -71 dBm
class 2, FCC CFRA47, Part 15 and ARIB STD-T-66
: . Conducted measurement in a 50-Q single-ended load. Suitable
f%{:gﬁ i??g'%ﬁg for systems targeting compliance with EN 300 328, EN 300 440 -62 dBm
’ class 2, FCC CFRA47, Part 15 and ARIB STD-T-66
RSSI dynamic range 70 dB
RSSI accuracy +4 dB
(1) Numbers given as I/C dB
(2) X1Y,where Xis+N MHz and Y is —N MHz
(3) Excluding one exception at Fyanted / 2, per Bluetooth Specification
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5.8 1-Mbps GFSK (Bluetooth low energy) — TX

RF performance is specified in a single ended 50-Q reference plane at the antenna feeding point with T, = 25°C,
Vpp = 3.0V, fge = 2440 MHz, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Output power, highest setting 5 dBm
Output power, lowest setting -21 dBm
f <1 GHz, outside restricted bands —43
Spurious emission conducted | f <1 GHz, restricted bands ETSI —58
measurement (! f < 1 GHz, restricted bands FCC -57 dBm
f > 1 GHz, including harmonics -45

(1) Suitable for systems targeting compliance with worldwide radio-frequency regulations ETSI EN 300 328 and EN 300 440 Class 2
(Europe), FCC CFR47 Part 15 (US), and ARIB STD-T66 (Japan)

5.9 |EEE 802.15.4 (Offset Q-PSK DSSS, 250 kbps) — RX

RF performance is specified in a single ended 50-Q reference plane at the antenna feeding point with T, = 25°C,
Vpp = 3.0 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Receiver sensitivity PER = 1% -100 dBm
Receiver saturation PER = 1% -7 dBm
Adjacent channel rejection Wantgd signal at —82 dBm, modulated interferer at +5 MHz, 35 dB
PER = 1%
Alternate channel rejection Wanttid signal at —82 dBm, modulated interferer at +10 MHz, 52 dB
PER = 1%
_ Wanted signal at —-82 dBm, undesired signal is IEEE 802.15.4
r(T:]r;:?gnel rejection, +15 MHz or modulated channel, stepped through all channels 2405 to 57 dB
2480 MHz, PER = 1%
Blocking and desensitization, Wanted signal at -97 dBm (3 dB above the sensitivity level), 64 dB
5 MHz from upper band edge CW jammer, PER = 1%
Blocking and desensitization, Wanted signal at -97 dBm (3 dB above the sensitivity level), 64 dB
10 MHz from upper band edge CW jammer, PER = 1%
Blocking and desensitization, Wanted signal at -97 dBm (3 dB above the sensitivity level), 65 dB
20 MHz from upper band edge CW jammer, PER = 1%
Blocking and desensitization, Wanted signal at =97 dBm (3 dB above the sensitivity level), 68 dB
50 MHz from upper band edge CW jammer, PER = 1%
Blocking and desensitization, Wanted signal at -97 dBm (3 dB above the sensitivity level), 63 dB
-5 MHz from lower band edge CW jammer, PER = 1%
Blocking and desensitization, Wanted signal at -97 dBm (3 dB above the sensitivity level), 63 dB
—10 MHz from lower band edge CW jammer, PER = 1%
Blocking and desensitization, Wanted signal at -97 dBm (3 dB above the sensitivity level), 65 dB
—20 MHz from lower band edge CW jammer, PER = 1%
Blocking and desensitization, Wanted signal at =97 dBm (3 dB above the sensitivity level), 67 dB
—50 MHz from lower band edge CW jammer, PER = 1%
Conducted measurement in a 50-Q single-ended load.
Spurious emissions, Suitable for systems targeting compliance with EN 300 328, 7 dBm
30 MHz to 1000 MHz EN 300 440 class 2, FCC CFR47, Part 15 and ARIB STD-T-
66
Conducted measurement in a 50-Q single-ended load.
Spurious emissions, Suitable for systems targeting compliance with EN 300 328, _62 dBm
1 GHz to 12.75 GHz EN 300 440 class 2, FCC CFR47, Part 15 and ARIB STD-T-
66
Frequency error tolerance D_|ﬁerence between center frequency of the received RF >200 ppm
signal and local oscillator frequency
RSSI dynamic range 100 dB
RSSI accuracy +4 dB
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5.10

IEEE 802.15.4 (Offset Q-PSK DSSS, 250 kbps) — TX

RF performance is specified in a single ended 50-Q reference plane at the antenna feeding point with T, = 25°C,
Vpp = 3.0 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output power, highest setting 5 dBm
Output power, lowest setting =21 dBm
Error vector magnitude At maximum output power 2%
f <1 GHz, outside restricted bands —43
Spurious emission conducted f <1 GHz, restricted bands ETSI -58
measurement (! f < 1 GHz, restricted bands FCC -57 dBm
f > 1 GHz, including harmonics -45

(1) Suitable for systems targeting compliance with worldwide radio-frequency regulations ETSI EN 300 328 and EN 300 440 Class 2
(Europe), FCC CFR47 Part 15 (US), and ARIB STD-T66 (Japan)

5.11 24-MHz Crystal Oscillator (XOSC_HF)®
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Crystal frequency 24 MHz
Crystal frequency tolerance @ -40 40 ppm
Start-up time® 150 ps

(1) Probing or otherwise stopping the XTAL while the DC-DC converter is enabled may cause permanent damage to the device.

(2) Includes initial tolerance of the crystal, drift over temperature, aging and frequency pulling due to incorrect load capacitance. As per

Bluetooth and IEEE 802.15.4 specification
(3) Kick-started based on a temperature and aging compensated RCOSC_HF using precharge injection

5.12 32.768-kHz Crystal Oscillator (XOSC_LF)
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Crystal frequency 32.768 kHz
:g\i,biaelncg;)tla;g&?%etzir:%/stoIerance, Bluetooth | T, =25°C 20 20 ppm
Crystal aging -3 3| ppml/year
5.13 48-MHz RC Oscillator (RCOSC_HF)
T. = 25°C, Vpp = 3.0 V, unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Frequency 48 MHz
Uncalibrated frequency accuracy +1%
Calibrated frequency accuracy® +0.25%
Start-up time 5 ps
(1) Accuracy relatively to the calibration source (XOSC_HF).
5.14 32-kHz RC Oscillator (RCOSC_LF)
T, = 25°C, Vpp = 3.0 V, unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Calibrated frequency 32.8 kHz
Temperature coefficient 50 ppm/°C
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5.15 ADC Characteristics

T, = 25°C, Vpp = 3.0 V and voltage scaling enabled, unless otherwise noted

sampling time

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Input voltage range 0 Vbp \%
Resolution 12 Bits
Sample rate 200 | ksps
Offset Internal 4.3-V equivalent reference® 2 LSB
Gain error Internal 4.3-V equivalent reference? 2.4 LSB
DNL® Differential nonlinearity >-1 LSB
INL® Integral nonlinearity +3 LSB
Internal 4.3-V equivalent reference®, 200 ksps, 0.8
9.6-kHz input tone '
ENOB Effective number of bits | VDD as reference, 200 ksps, 9.6-kHz input tone 10 Bits
Internal 1.44-V reference, voltage scaling disabled, 111
32 samples average, 200 ksps, 300-Hz input tone :
Internal 4.3-V equivalent reference®, 200 ksps, 65
9.6-kHz input tone
THD gic;ttilrt?;:momc VDD as reference, 200 ksps, 9.6-kHz input tone -69 dB
Internal 1.44-V reference, voltage scaling disabled, o
32 samples average, 200 ksps, 300-Hz input tone
Internal 4.3-V equivalent reference®, 200 ksps, 60
9.6-kHz input tone
SINAD Signal-to-noise and .
and SNDR _ distortion ratio VDD as reference, 200 ksps, 9.6-kHz input tone 63 dB
Internal 1.44-V reference, voltage scaling disabled, 69
32 samples average, 200 ksps, 300-Hz input tone
Internal 4.3-V equivalent reference®, 200 ksps, 67
9.6-kHz input tone
SFDR I’Sa?%r(leous-free dynamic VDD as reference, 200 ksps, 9.6-kHz input tone 72 dB
Internal 1.44-V reference, voltage scaling disabled, 32 73
samples average, 200 ksps, 300-Hz input tone
Conversion time Serial conversion, time-to-output, 24-MHz clock 50 g/?:ﬂe(s
Current consumption | Internal 4.3-V equivalent reference ? 0.66 mA
Current consumption VDD as reference 0.75 mA
Equivalent fixed internal reference (input voltage
scaling enabled). For best accuracy, the ADC
Reference voltage conversion should be initiated through the TI-RTOS™ 4.3@06) \%
API to include the gain or offset compensation factors
stored in FCFG1.
Fixed internal reference (input voltage scaling
disabled). For best accuracy, the ADC conversion
Reference voltage should_ be initiated through th_e TI-RTOS API to include 1.48 v
the gain or offset compensation factors stored in
FCFGL1. This value is derived from the scaled value
(4.3 V) as follows: Vg = 4.3 V x 1408 / 4095
VDD as reference (Also known as RELATIVE) (input
Reference voltage voltage scaling enabled) vbb v
Reference voltage VDD as refe_rencg (Also known as RELATIVE) (input VDD / 2.820) v
voltage scaling disabled)
200 ksps, voltage scaling enabled. Capacitive input,
Input Impedance input impedance depends on sampling frequency and >1 MQ

(1) Using IEEE Std 1241™-2010 for terminology and test methods.

(2) Input signal scaled down internally before conversion, as if voltage range was 0 to 4.3 V.
(3) No missing codes. Positive DNL typically varies from +0.3 to +3.5 depending on device, see Figure 5-24.
(4) For atypical example, see Figure 5-25.

(5) Applied voltage must be within absolute maximum ratings (see Section 5.1) at all times.
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5.16 Temperature Sensor

T. = 25°C, Vpp = 3.0 V, unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 4 °C
Range -40 85 °C
Accuracy 5 °C
Supply voltage coefficient® 3.2 °CIV
(1) Automatically compensated when using supplied driver libraries.
5.17 Battery Monitor
T, = 25°C, Vpp = 3.0 V, unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Resolution 50 mV
Range 1.8 3.8 \%
Accuracy 13 mv
5.18 Continuous Time Comparator
T, = 25°C, Vpp = 3.0 V, unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input voltage range 0 Vbbp \%
External reference voltage 0 Vpp \%
Internal reference voltage DCOUPL as reference 1.27 \%
Offset 3 mV
Hysteresis <2 mV
Decision time Step from =10 mV to +10 mV 0.72 ps
Current consumption when enabled® 8.6 PA
(1) Additionally, the bias module must be enabled when running in standby mode.
5.19 Low-Power Clocked Comparator
T, = 25°C, Vpp = 3.0 V, unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input voltage range 0 VDD \Y
Clock frequency 32 kHz
Internal reference voltage, VDD / 2 1.49-1.51 \%
Internal reference voltage, VDD / 3 1.01-1.03 \%
Internal reference voltage, VDD / 4 0.78-0.79 \%
Internal reference voltage, DCOUPL / 1 1.25-1.28 \%
Internal reference voltage, DCOUPL / 2 0.63-0.65 \Y
Internal reference voltage, DCOUPL / 3 0.42-0.44 \%
Internal reference voltage, DCOUPL / 4 0.33-0.34 \%
Offset <2 mV
Hysteresis <5 mV
Decision time Step from —50 mV to +50 mV <1 clock-cycle
Current consumption when enabled 362 nA
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5.20 Programmable Current Source
T. = 25°C, Vpp = 3.0 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Current source programmable output range 0.25-20 HA
Resolution 0.25 pA
) Including current source at maximum
Current consumption programmable output 23 HA
(1) Additionally, the bias module must be enabled when running in standby mode.
5.21 DC Characteristics
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ta =25°C, Vpp =18V
GPIO VOH at 8-mA load IOCURR = 2, high-drive GPIOs only 1.32 1.54 \%
GPIO VOL at 8-mA load IOCURR = 2, high-drive GPIOs only 0.26 0.32 \%
GPIO VOH at 4-mA load IOCURR =1 1.32 1.58 \
GPIO VOL at 4-mA load IOCURR =1 021 0.32 \
GPIO pullup current Input mode, pullup enabled, Vpad =0V 71.7 HA
GPIO pulldown current Input mode, pulldown enabled, Vpad = VDD 211 HA
GPIO high/low input transition, _ o . .
no hysteresis IH = 0, transition between reading 0 and reading 1 0.88 Y
GPIO low-to-high input transition, IH = 1, transition voltage for input read as 0 — 1 1.07 \Y,
with hysteresis
GPIO high-to-low input transition, _ o .
with hysteresis IH = 1, transition voltage for input read as 1 — 0 0.74 \%
GPIO input hysteresis IH = 1, difference between 0 — 1 and 1 — 0 points 0.33 \%
TA = 25°C, VDD =30V
GPIO VOH at 8-mA load IOCURR = 2, high-drive GPIOs only 2.68 \Y
GPIO VOL at 8-mA load IOCURR = 2, high-drive GPIOs only 0.33 \%
GPIO VOH at 4-mA load IOCURR =1 2.72 \Y
GPIO VOL at 4-mA load IOCURR =1 0.28 \Y
TA = 25°C, VDD =38V
GPIO pullup current Input mode, pullup enabled, Vpad =0V 277 HA
GPIO pulldown current Input mode, pulldown enabled, Vpad = VDD 113 HA
GPIO hlghllpw Input transition, IH = 0, transition between reading 0 and reading 1 1.67 \%
no hysteresis
GPIO low-to-high input transition, _ o .
with hysteresis IH = 1, transition voltage for input read as 0 — 1 1.94 \Y
GPIO high-to-low input transition, IH = 1, transition voltage for input read as 1 — 0 1.54 \Y,
with hysteresis
GPIO input hysteresis IH = 1, difference between 0 — 1 and 1 — O points 0.4 \%
Ta =25°C
VIH Lowest GPIO input voltage reliably interpreted as a 0.8 VDD
«High»
VIL Highest GPIO input voltage reliably interpreted as a 0.2 VDD
«Low»
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5.22 Thermal Resistance Characteristics for MOH Package

NAME DESCRIPTION ec/w® @ AIR FLOW (m/s)®
RO;c Junction-to-case 20.0

RO;5 Junction-to-board 15.3

RO;A Junction-to-free air 29.6 0

RO;jvA Junction-to-moving air 25.0 1

Psiyt Junction-to-package top 8.8 0

Psijg Junction-to-board 14.8 0

(1) °C/W = degrees Celsius per watt.

(2) These values are based on a JEDEC-defined 2S2P system (with the exception of the Theta JC [R®;c] value, which is based on a
JEDEC-defined 1SOP system) and will change based on environment as well as application. For more information, see these
EIA/JEDEC standards:

» JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)
» JESD51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
» JESD51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
» JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements
Power dissipation of 2 W and an ambient temperature of 70°C is assumed.
(3) m/s = meters per second.

5.23 Timing Requirements

MIN NOM MAX| UNIT

Rising supply-voltage slew rate 0 100 | mV/ps
Falling supply-voltage slew rate 0 20| mVlius
Falling supply-voltage slew rate, with low-power flash settings(l) 3| mVips

No limitation for negative
Positive temperature gradient in standby @ temperature gradient, or 5 °Cls
outside standby mode

CONTROL INPUT AC CHARACTERISTICS®)
RESET_N low duration 1 us
SYNCHRONOUS SERIAL INTERFACE (SSI)©®

5 : System
S1 (SLAVE)® tolk_per SSIClk period 12 65024 | o
82(5) tclk_high SSICIk hlgh time 0.5 t(:Ik_per
530 tolk_low SSICIk low time 0.5 telk_per

(1) For smaller coin cell batteries, with high worst-case end-of-life equivalent source resistance, a 22-uF VDD input capacitor (see
Section 7.1.1) must be used to ensure compliance with this slew rate.

(2) Applications using RCOSC_LF as sleep timer must also consider the drift in frequency caused by a change in temperature (see
Section 5.14).

(3) Ta=-40°C to +85°C, Vpp = 1.7 V to 3.8 V, unless otherwise noted.

(4) T.=25°C, Vpp = 3.0V, unless otherwise noted. Device operating as slave. For SSI master operation, see Section 5.24.

(5) Refer to the SSI timing diagrams Figure 5-1, Figure 5-2, and Figure 5-3.

5.24 Switching Characteristics
Measured on the TI CC2650EM-5XD reference design with T, = 25°C, Vpp = 3.0 V, unless otherwise noted.

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
WAKEUP AND TIMING
Idle — Active 14 us
Standby — Active 151 us
Shutdown — Active 1015 us
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Switching Characteristics (continued)
Measured on the TI CC2650EM-5XD reference design with T, = 25°C, Vpp = 3.0 V, unless otherwise noted.

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT

SYNCHRONOUS SERIAL INTERFACE (SSI) ®
S1 (TX only)@ tyy_per (SSICIk period) One-way communication to SLAVE 4 65024 SC)I/;t:ekrsn
S1 (TX and RX)@ tgy_per (SSICIk period) Normal duplex operation 8 65024 Sc:)l/;t:ekrg
S2@ tyy_pigh (SSICIK high time) 0.5 teik_per
S3@ tgy 0w (SSICK low time) 0.5 telk_per
(1) Device operating as master. For SSI slave operation, see Section 5.23.
(2) Refer to SSI timing diagrams Figure 5-1, Figure 5-2, and Figure 5-3.

l——S1—>»

[ S2

ssick /" N\ __/ C N W N N
S3 >

SSIFss / ,\/

SSIT
oSIRx MSB X X : < LsB

< 4 to 16 bits >

Figure 5-1. SSI Timing for Tl Frame Format (FRF = 01), Single Transfer Timing Measurement

S2 S1

SSICIk

S3

SSIFss  \ A A yan

SSITx A
8-bit control
SSIRx A, \ 0
4 to 16 bits output data ———»
Figure 5-2. SSI Timing for MICROWIRE Frame Format (FRF = 10), Single Transfer
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A

Figure 5-3. SSI Timing for SPI Frame Format (FRF = 00), With SPH =1
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5.25 Typical Characteristics

This section contains typical performance plots measured on the CC2650F128RHB device. They are published in the

CC2650 data sheet, and the plots relevant for the CC2650MODA device are repeated here. RF performance is specified in a

single-ended 50-Q reference plane at the antenna feeding point with T, = 25°C and Vpp = 3.0 V, unless otherwise noted.

2400 2410 2420 2430 2440 2450 2460 2470 2480
Frequency (MHz)

Figure 5-8. IEEE 802.15.4 Sensitivity
vs Channel Frequency
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Figure 5-9. Bluetooth low energy Sensitivity
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Typical Characteristics (continued)

This section contains typical performance plots measured on the CC2650F128RHB device. They are published in the
CC2650 data sheet, and the plots relevant for the CC2650MODA device are repeated here. RF performance is specified in a
single-ended 50-Q reference plane at the antenna feeding point with T, = 25°C and Vpp = 3.0 V, unless otherwise noted.
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Typical Characteristics (continued)

This section contains typical performance plots measured on the CC2650F128RHB device. They are published in the
CC2650 data sheet, and the plots relevant for the CC2650MODA device are repeated here. RF performance is specified in a
single-ended 50-Q reference plane at the antenna feeding point with T, = 25°C and Vpp = 3.0 V, unless otherwise noted.
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Typical Characteristics (continued)

This section contains typical performance plots measured on the CC2650F128RHB device. They are published in the
CC2650 data sheet, and the plots relevant for the CC2650MODA device are repeated here. RF performance is specified in a
single-ended 50-Q reference plane at the antenna feeding point with T, = 25°C and Vpp = 3.0 V, unless otherwise noted.
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6 Detailed Description

6.1 Overview
Figure 6-1 shows the core modules of the CC2650MODA device.
6.2 Functional Block Diagram
24-MHz Crystal 32.768-kHz
Oscillator Crystal
Oscillator RF Balun
Main CPU
ARM .
Cortex-M3 Digital PLL
DSP Modem
ARM
Cortex-M0
General Peripherals / Modules Sensor Controller
I-C 4x 32-bit Timers Sensor Controller Engine
UART 2x SSI (SPI, pWire, TI)
12-hit ADC, 200 ks/s
128 Watchdog Timer
2x Analog Comparators
15 GPIOs TRNG
SPI / 12C Digital Sensor IF
AES Temp. / Batt. Monitor
Constant Current Source
32 ch. uDMA RTC
Time-to-Digital Converter
Copyright © 2017, Texas Instruments Incorporated
Figure 6-1. CC2650MODA Functional Block Diagram
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6.3 Main CPU

The SimpleLink CC2650MODA wireless MCU contains an ARM Cortex-M3 32-bit CPU, which runs the
application and the higher layers of the protocol stack.

The Cortex-M3 processor provides a high-performance, low-cost platform that meets the system
requirements of minimal memory implementation, and low-power consumption, while delivering
outstanding computational performance and exceptional system response to interrupts.

Cortex-M3 features include:

» 32-bit ARM Cortex-M3 architecture optimized for small-footprint embedded applications

» Outstanding processing performance combined with fast interrupt handling

« ARM Thumb®-2 mixed 16- and 32-bit instruction set delivers the high performance expected of a 32-bit
ARM core in a compact memory size usually associated with 8- and 16-bit devices, typically in the
range of a few kilobytes of memory for microcontroller-class applications:

— Single-cycle multiply instruction and hardware divide

— Atomic bit manipulation (bit-banding), delivering maximum memory use and streamlined peripheral
control

— Unaligned data access, enabling data to be efficiently packed into memory
» Fast code execution permits slower processor clock or increases sleep mode time
» Harvard architecture characterized by separate buses for instruction and data
» Efficient processor core, system, and memories
» Hardware division and fast digital-signal-processing oriented multiply accumulate
» Saturating arithmetic for signal processing
» Deterministic, high-performance interrupt handling for time-critical applications
» Enhanced system debug with extensive breakpoint and trace capabilities
» Serial wire trace reduces the number of pins required for debugging and tracing
* Migration from the ARM7™ processor family for better performance and power efficiency
» Optimized for single-cycle flash memory use
» Ultra-low-power consumption with integrated sleep modes
* 1.25 DMIPS per MHz

6.4 RF Core

The RF core contains an ARM Cortex-M0 processor that interfaces the analog RF and base-band
circuitries, handles data to and from the system side, and assembles the information bits in a given packet
structure. The RF core offers a high-level, command-based API to the main CPU.

The RF core can autonomously handle the time-critical aspects of the radio protocols (802.15.4 RF4CE
and ZigBee, Bluetooth low energy) thus offloading the main CPU and leaving more resources for the user
application.

The RF core has a dedicated 4-KB SRAM block and runs initially from separate ROM memory. The ARM
Cortex-MO processor is not programmable by customers.
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6.5 Sensor Controller

The Sensor Controller contains circuitry that can be selectively enabled in standby mode. The peripherals
in this domain may be controlled by the Sensor Controller Engine, which is a proprietary power-optimized
CPU. This CPU can read and monitor sensors or perform other tasks autonomously, thereby significantly
reducing power consumption and offloading the main Cortex-M3 CPU.

The Sensor Controller is set up using a PC-based configuration tool, called Sensor Controller Studio, and
typical use cases may be (but are not limited to):

Analog sensors using integrated ADC

Digital sensors using GPIOs and bit-banged I12C or SPI
UART communication for sensor reading or debugging
Capacitive sensing

Waveform generation

Pulse counting

Keyboard scan

Quadrature decoder for polling rotation sensors
Oscillator calibration

The peripherals in the Sensor Controller include the following:

The low-power clocked comparator can be used to wake the device from any state in which the
comparator is active. A configurable internal reference can be used with the comparator. The output of
the comparator can also be used to trigger an interrupt or the ADC.

Capacitive sensing functionality is implemented through the use of a constant current source, a time-
to-digital converter, and a comparator. The continuous time comparator in this block can also be used
as a higher-accuracy alternative to the low-power clocked comparator. The Sensor Controller will take
care of baseline tracking, hysteresis, filtering and other related functions.

The ADC is a 12-bit, 200-ksamples/s ADC with eight inputs and a built-in voltage reference. The ADC
can be triggered by many different sources, including timers, 1/O pins, software, the analog
comparator, and the RTC.

The Sensor Controller also includes a SPI/I’C digital interface.

The analog modules can be connected to up to eight different GPIOs.

The peripherals in the Sensor Controller can also be controlled from the main application processor.
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Table 6-1 lists the GPIOs that are connected to the Sensor Controller.

Table 6-1. GPIOs Connected to the Sensor Controller®

ANALOG CAPABLE 16.9 x 11 MOH DIO NUMBER
Y 14
Y 13
Y 12
Y 11
Y 9
Y 10
Y 8
Y 7
N 4
N 3
N 2
N 1
N 0

(1) Upto 13 pins can be connected to the Sensor Controller. Up to eight
of these pins can be connected to analog modules

6.6 Memory
The flash memory provides nonvolatile storage for code and data. The flash memory is in-system
programmable.
The SRAM (static RAM) can be used for both storage of data and execution of code and is split into two
4-KB blocks and two 6-KB blocks. Retention of the RAM contents in standby mode can be enabled or
disabled individually for each block to minimize power consumption. In addition, if flash cache is disabled,
the 8KB of cache can be used as a general-purpose RAM.
The ROM provides preprogrammed embedded TI-RTOS kernel, Driverlib and lower layer protocol stack
software (802.15.4 MAC and Bluetooth low energy Controller). The ROM also contains a bootloader that
can be used to reprogram the device using SPI or UART.

6.7 Debug
The on-chip debug support is done through a dedicated cJTAG (IEEE 1149.7) or JTAG (IEEE 1149.1)
interface.
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6.8 Power Management

To minimize power consumption, the CC2650MODA device supports a number of power modes and
power-management features (see Table 6-2).

Table 6-2. Power Modes

SOFTWARE-CONFIGURABLE POWER MODES RESET PIN

MODE

ACTIVE IDLE STANDBY SHUTDOWN HELD
CPU Active Off Off Off Off
Flash On Available Off Off Off
SRAM On On On Off Off
Radio Available Available Off Off Off
Supply System On On Duty Cycled Off Off
Current 1.45 mA + 31 yA/MHz 550 pA 1pA 0.15 pA 0.1 pA
Wake-up time to CPU active® - 14 us 151 ps 1015 ps 1015 ps
Register retention Full Full Partial No No
SRAM retention Full Full Full No No
High-speed clock );%%CS—(';'_FH%r )I;%%Cs—gjg Off Off Off
oy | oesiy [essy | o or
Peripherals Available Available Off Off Off
Sensor Controller Available Available Available Off Off
Wake up on RTC Available Available Available Off Off
Wake up on pin edge Available Available Available Available Off
Wake up on reset pin Available Available Available Available Available
Brown Out Detector (BOD) Active Active Duty Cycled® Off N/A
Power On Reset (POR) Active Active Active Active N/A

(1) Not including RTOS overhead

(2) The Brown Out Detector is disabled between recharge periods in STANDBY. Lowering the supply voltage below the BOD threshold
between two recharge periods while in STANDBY may cause the BOD to lock the device upon wake-up until a Reset or POR releases
it. To avoid this, TI recommends that STANDBY mode is avoided if there is a risk that the supply voltage (VDD) may drop below the
specified operating voltage range. For the same reason, it is also good practice to ensure that a power cycling operation, such as a
battery replacement, triggers a Power-on-reset by ensuring that the VDD decoupling network is fully depleted before applying supply
voltage again (for example, inserting new batteries).

In active mode, the application Cortex-M3 CPU is actively executing code. Active mode provides normal
operation of the processor and all of the peripherals that are currently enabled. The system clock can be
any available clock source (see Table 6-2).

In idle mode, all active peripherals can be clocked, but the Application CPU core and memory are not
clocked and no code is executed. Any interrupt event will bring the processor back into active mode.

In standby mode, only the always-on domain (AON) is active. An external wake event, RTC event, or
sensor-controller event is required to bring the device back to active mode. MCU peripherals with retention
do not need to be reconfigured when waking up again, and the CPU continues execution from where it
went into standby mode. All GPIOs are latched in standby mode.

In shutdown mode, the device is turned off entirely, including the AON domain and the Sensor Controller.
The 1/Os are latched with the value they had before entering shutdown mode. A change of state on any
I/O pin, defined as a wake from Shutdown pin, wakes up the device and functions as a reset trigger. The
CPU can differentiate between a reset in this way, a reset-by-reset pin, or a power-on-reset by reading the
reset status register. The only state retained in this mode is the latched 1/O state and the flash memory
contents.
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The Sensor Controller is an autonomous processor that can control the peripherals in the Sensor
Controller independently of the main CPU, which means that the main CPU does not have to wake up, for
example, to execute an ADC sample or poll a digital sensor over SPIl. The main CPU saves both current
and wake-up time that would otherwise be wasted. The Sensor Controller Studio enables the user to
configure the sensor controller and choose which peripherals are controlled and which conditions wake up
the main CPU.

6.9 Clock Systems
The CC2650MODA device supports two external and two internal clock sources.
A 24-MHz crystal is required as the frequency reference for the radio. This signal is doubled internally to
create a 48-MHz clock.
The 32-kHz crystal is optional. Bluetooth low energy requires a slow-speed clock with better than
+500-ppm accuracy if the device is to enter any sleep mode while maintaining a connection. The internal
32-kHz RC oscillator can in some use cases be compensated to meet the requirements. The low-speed
crystal oscillator is designed for use with a 32-kHz watch-type crystal.
The internal high-speed oscillator (48 MHz) can be used as a clock source for the CPU subsystem.
The internal low-speed oscillator (32.768 kHz) can be used as a reference if the low-power crystal
oscillator is not used.
The 32-kHz clock source can be used as external clocking reference through GPIO.

6.10 General Peripherals and Modules
The 1/O controller controls the digital I/O pins and contains multiplexer circuitry to allow a set of peripherals
to be assigned to I/O pins in a flexible manner. All digital I/Os are interrupt and wake-up capable, have a
programmable pullup and pulldown function and can generate an interrupt on a negative or positive edge
(configurable). When configured as an output, pins can function as either push-pull or open-drain. Five
GPIOs have high-drive capabilities (marked in bold in Section 4).
The SSIs are synchronous serial interfaces that are compatible with SPI, MICROWIRE, and TI's
synchronous serial interfaces. The SSls support both SPI master and slave up to 4 MHz.
The UART implements a universal asynchronous receiver/transmitter function. It supports flexible baud-
rate generation up to a maximum of 3 Mbps.
Timer 0O is a general-purpose timer module (GPTM), which provides two 16-bit timers. The GPTM can be
configured to operate as a single 32-bit timer, dual 16-bit timers or as a PWM module.
Timer 1, Timer 2, and Timer 3 are also GPTMs. Each of these timers is functionally equivalent to Timer O.
In addition to these four timers, the RF core has its own timer to handle timing for RF protocols; the RF
timer can be synchronized to the RTC.
The I°C interface is used to communicate with devices compatible with the I>C standard. The I°C interface
is capable of 100-kHz and 400-kHz operation, and can serve as both I1°C master and 1°C slave.
The TRNG module provides a true, nondeterministic noise source for the purpose of generating keys,
initialization vectors (IVs), and other random number requirements. The TRNG is built on 24 ring
oscillators that create unpredictable output to feed a complex nonlinear combinatorial circuit.
The watchdog timer is used to regain control if the system fails due to a software error after an external
device fails to respond as expected. The watchdog timer can generate an interrupt or a reset when a
predefined time-out value is reached.
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6.11

6.12

The device includes a direct memory access (UDMA) controller. The uDMA controller provides a way to
offload data transfer tasks from the Cortex-M3 CPU, allowing for more efficient use of the processor and
the available bus bandwidth. The uDMA controller can perform transfer between memory and peripherals.
The uDMA controller has dedicated channels for each supported on-chip module and can be programmed
to automatically perform transfers between peripherals and memory as the peripheral is ready to transfer
more data. Some features of the uDMA controller include the following (this is not an exhaustive list):

» Highly flexible and configurable channel operation of up to 32 channels

» Transfer modes: memory-to-memory, memory-to-peripheral, peripheral-to-memory, and peripheral-to-
peripheral

» Data sizes of 8, 16, and 32 bits

The AON domain contains circuitry that is always enabled, except in Shutdown mode (where the digital
supply is off). This circuitry includes the following:

» The RTC can be used to wake the device from any state where it is active. The RTC contains three
compare and one capture registers. With software support, the RTC can be used for clock and
calendar operation. The RTC is clocked from the 32-kHz RC oscillator or crystal. The RTC can also be
compensated to tick at the correct frequency even when the internal 32-kHz RC oscillator is used
instead of a crystal.

» The battery monitor and temperature sensor are accessible by software and give a battery status
indication as well as a coarse temperature measure.
System Architecture

Depending on the product configuration, CC26xx can function either as a Wireless Network Processor
(WNP—an IC running the wireless protocol stack, with the application running on a separate MCU), or as
a System-on-Chip (SoC), with the application and protocol stack running on the ARM Cortex-M3 core
inside the device.

In the first case, the external host MCU communicates with the device using SPI or UART. In the second
case, the application must be written according to the application framework supplied with the wireless
protocol stack.

Certification
The CC2650MODA module is certified to the standards listed in Table 6-3 (with IDs where applicable).

Table 6-3. CC2650MODA List of Certifications

REGULATORY BODY SPECIFICATION ID (IF APPLICABLE)

Part 15C:2015 + MPE FCC 1.1307 RF Exposure (Bluetooth)
FCC (USA) FCC ID: ZAT26M1
Part 15C:2015 + MPE FCC 1.1307 RF Exposure (802.15.4)

IC (Canada) RSS-102 (MPE) and RSS-247 (Bluetooth) D: 451H-26M1
anada : -
RSS-102 (MPE) and RSS-247 (IEEE 802.15.4)

ETSI/CE (Europe)

EN 300 328 V2.1.1 (Bluetooth)

EN 300 328 vV2.1.1 (802.15.4)

EN 62479:2010 (MPE)

Draft EN 301 489-1 V2.2.0 (2017-03)

Draft EN 301 489-1 V3.2.0 (2017-03)

EN 55024:2010 + A1:2015

EN 55032:2015 + AC:2016-07

EN 60950-1:2006/A11:2009/A1:2010/A12:2011/A2:2013

ARIB STD-T66 No: 201-160413/00
Japan MIC
JATE D 16 0093 201/00
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6.12.1 Regulatory Information Europe

Hereby, Texas Instruments Inc. declares that the radio equipment type CC2650MODA is in compliance
with Directive 2014/53/EU.

The full text of the EU Declaration of Conformity (DoC) is available on the CC2650MODA technical
documents page. The compliance has been verified in the operating frequency band of 2400 MHz to
2483.5 MHz. Developers and integrators that incorporate the CC2650MODA RF Module in any end
products are responsible for obtaining applicable regulatory approvals for such end product.

NOTE
The CC2650MODA has been tested in the 2400-GHz to 2483.5-GHz ISM frequency band at
3.3 V with a maximum peak power of 5.056-dBm EIRP across the temperature range —40°C
to +85°C and tolerance.

6.12.2 Federal Communications Commission Statement

You are cautioned that changes or modifications not expressly approved by the part responsible for
compliance could void the user’s authority to operate the equipment.

This device complies with Part 15 of the FCC Rules. Operation is subject to the following two

conditions:

1. This device may not cause harmful interference and

2. This device must accept any interference received, including interference that may cause undesired
operation of the device.

FCC RF Radiation Exposure Statement:

This equipment complies with FCC radiation exposure limits set forth for an uncontrolled environment. End
users must follow the specific operating instructions for satisfying RF exposure limits. This transmitter
must not be colocated or operating with any other antenna or transmitter.

6.12.3 Canada, Industry Canada (IC)
This device complies with Industry Canada licence-exempt RSS standards.

Operation is subject to the following two conditions:

1. This device may not cause interference, and

2. This device must accept any interference, including interference that may cause undesired operation of
the device

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio

exempts de licence

L'exploitation est autorisée aux deux conditions suivantes:

1. l'appareil ne doit pas produire de brouillage, et

2. l'utilisateur de I'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est
susceptible d'en compromettre le fonctionnement.

IC RF Radiation Exposure Statement:

To comply with IC RF exposure requirements, this device and its antenna must not be co-located or
operating in conjunction with any other antenna or transmitter.

Pour se conformer aux exigences de conformité RF canadienne I'exposition, cet appareil et son antenne
ne doivent pas étre co-localisés ou fonctionnant en conjonction avec une autre antenne ou transmetteur.

Copyright © 2016-2019, Texas Instruments Incorporated Detailed Description 31
Submit Documentation Feedback
Product Folder Links: CC2650MODA


http://www.ti.com.cn/product/cn/cc2650moda?qgpn=cc2650moda
http://www.ti.com.cn
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=ZHCSFF6D&partnum=CC2650MODA
http://www.ti.com.cn/product/cc2650moda?qgpn=cc2650moda
http://www.ti.com/product/CC2650MODA/technicaldocuments
http://www.ti.com/product/CC2650MODA/technicaldocuments

13 TEXAS

CC2650MODA INSTRUMENTS
ZHCSFF6D —AUGUST 2016—REVISED JULY 2019 www.ti.com.cn

6.12.4 Japan (JATE ID)

6.13

6.14

JATE ID is D 16 0093 201

For units already sold and marked with JATE ID: D 16 0086 201, please publicize to users that the JATE
ID: D 16 0086 201 should be read as D 16 0093 201 (for example, clients web page, by software update,
or similar).

End Product Labeling

This module is designed to comply with the FCC statement, FCC ID: ZAT26M1. The host system using
this module must display a visible label indicating the following text:

"Contains FCC ID: ZAT26M1"

This module is designed to comply with the IC statement, IC: 451H-26M1. The host system using this
module must display a visible label indicating the following text:

"Contains IC: 451H-26M1"

Manual Information to the End User

The OEM integrator must be aware not to provide information to the end user regarding how to install or
remove this RF module in the user's manual of the end product that integrates this module.

NOTE
Operation outside of test conditions as documented in this datasheet is not supported and
may void TI's warranty. Should the user choose to configure the CC2650MODA to operate
outside of the test conditions, the device must be operated inside a protected and controlled
environment, such as an RF shielded chamber and user must ensure compliance with
regulatory requirements.

The end user's manual must include all required regulatory information and warnings as shown in this
document.
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6.15 Module Marking

Figure 6-2 shows the marking for the SimpleLink™ CC2650MODA module.

FCC

Model:
CC2650MODA
LTC:YMWLLLC

C: é@ﬁ]H ?@M‘ﬂ

ID:ZAT26M1

Figure 6-2. SimpleLink CC2650MODA Module Marking

Table 6-4. Module Descriptions

MARKING DESCRIPTION
CC2650MODA Model
LTC (lot trace code):
YMWLLLC :\{A i:ﬂe;:th
WLLLLC = Reserved for internal use
ZAT26M1 FCC ID: single modular FCC grant ID
451H-26M1 IC: single modular IC grant ID

&

MIC compliance mark

[R|201-160413

JATE ID: Japan module grant ID

D1 60093201 ARIB STD-T66 ID: Japan modular grant ID
@ Bluetooth compliance mark
CE CE compliance mark

Copyright © 2016-2019, Texas Instruments Incorporated
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7 Application, Implementation, and Layout

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

NOTE
Tl does not recommend the use of conformal coating or similar material on the module. This
coating can lead to localized stress on the solder connections inside the module and impact
the module reliability. Use caution during the module assembly process to the final PCB to
avoid the presence of foreign material inside the module.

7.1 Application Information

7.1.1 Typical Application Circuit

No external components are required for the operation of the CC2650MODA device. Figure 7-1 shows the
application circuit.

VDDS
o)
U1
—B:g? ‘5‘ DIO_0 VDDS 35
Dioz—4 DIo_1 VDDS
DIO3 7 | D102
DI04 3 | D103
DIO5 11 | DIO_4
Dioe—tz| DIO_5WTAG_TDO
Bio7—1a| DIO_6/JTAG_TDI
Dlos 15 | DIO_7
DIO9 16 3:8*3
VBDs —8:8]? ]; DIO_10 NC_2 ;%4
D615 DIO_11 NC_24
R28 DIO13__20 g:gflg
100k DIO14 21 DIO 14
nReset 13
JTAG-TCK 10 1| "RESET
TTAGTNS 5% JTAG_TCKC
JTAG_TMSC 26
y EGP 57
5 GND EGP |55
52— GND EGP |59
GND EGP
CC2650MODAMOH e

Copyright © 2016, Texas Instruments Incorporated

Figure 7-1. CC2650MODA Application Circuit
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7.2 Layout

7.2.1 Layout Guidelines

Use the following guidelines to lay out the CC2650MODA device:

The module must be placed close to the edge of the PCB.

Tl recommends leaving copper clearance on all PCB layers underneath the antenna area, as shown in
Figure 7-2 and Figure 7-3.

Tl recommends using a generous amount of ground vias to stitch together the ground planes on
different layers. Several ground vias should be placed close to the exposed ground pads of the
module.

No external decoupling is required.

The reset line should have an external pullup resistor unless the line is actively driven. Placement of
this component is not critical.

Tl recommends leaving a clearance in the top-side copper plane underneath the RF test pads.

PCB Edge

Figure 7-2. Top Layer Figure 7-3. Bottom Layer
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8 Environmental Requirements and Specifications

8.1

8.2
8.2.1

8.2.2

8.3
8.3.1

8.3.2

8.4

PCB Bending
The PCB follows IPC-A-600J for PCB twist and warpage < 0.75% or 7.5 mil per inch.

Handling Environment

Terminals

The product is mounted with motherboard through land-grid array (LGA). To prevent poor soldering, do
not make skin contact with the LGA portion.

Falling

The mounted components will be damaged if the product falls or is dropped. Such damage may cause the
product to malfunction.

Storage Condition

Moisture Barrier Bag Before Opened

A moisture barrier bag must be stored in a temperature of less than 30°C with humidity under 85% RH.
The calculated shelf life for the dry-packed product will be 12 months from the date the bag is sealed.

Moisture Barrier Bag Open

Humidity indicator cards must be blue, < 30%.

Baking Conditions

Products require baking before mounting if:
e Humidity indicator cards read > 30%
e Temp < 30°C, humidity < 70% RH, over 96 hours

Baking condition: 90°C, 12 to 24 hours

Baking times: 1 time
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8.5 So

F

Idering and Reflow Condition
Heating method: Conventional convection or IR convection

Temperature measurement: Thermocouple d = 0.1 mm to 0.2 mm CA (K) or CC (T) at soldering
portion or equivalent method

Solder paste composition: Sn/3.0 Ag/0.5 Cu
Allowable reflow soldering times: 2 times based on the reflow soldering profile (see Figure 8-1)

Temperature profile: Reflow soldering will be done according to the temperature profile
(see Figure 8-1)

250
240 =

217
200 =

5150 —

Degrees (°

100 =~

50 —

RT =

| | | | |
0 60 120 180 240 300 360

Seconds

igure 8-1. Temperature Profile for Evaluation of Solder Heat Resistance of a Component
(at Solder Joint)

Table 8-1. Temperature Profile

Profile Elements Convection or IR®
Peak temperature range 235 to 240°C typical (260°C maximum)
Pre-heat / soaking (150 to 200°C) 60 to 120 seconds
Time above melting point 60 to 90 seconds
Time with 5°C to peak 30 seconds maximum
Ramp up < 3°C/second
Ramp down < -6°C / second

(1) For details, refer to the solder paste manufacturer's recommendation.

NOTE
TI does not recommend the use of conformal coating or similar material on the SimpleLink™
module. This coating can lead to localized stress on the solder connections inside the
module and impact the module reliability. Use caution during the module assembly process
to the final PCB to avoid the presence of foreign material inside the module.

fii © 2016-2019, Texas Instruments Incorporated Environmental Requirements and Specifications 37

PRI A
72 U CC2650MODA


http://www.ti.com.cn/product/cn/cc2650moda?qgpn=cc2650moda
http://www.ti.com.cn
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=ZHCSFF6D&partnum=CC2650MODA
http://www.ti.com.cn/product/cc2650moda?qgpn=cc2650moda

i3 TEXAS

CC2650MODA INSTRUMENTS

ZHCSFF6D —AUGUST 2016—REVISED JULY 2019 www.ti.com.cn

9 MRS R

9.1 #ar&FN
T ARSI R B SA = Y B TU T S-S AE H ARSI TR . B R A LR
SANHRBRIRF R —A: Xo P BE CERIZ) (i CC2650MODA IEfEfLEAEFE, KL A BT 4% /br
) .
PRAETT RS
X RIS A — B AR B 384 1 H SRR I ELAS T A 28 = 2 3 R
P JRAL A — 0 R B LS R I A — B 7 A s A& AR R
¥ SEA ARG IS R R R AR P RUAR
AR R O T AL, RS R E M B C LR A RUE. T SR HERBIEHE A .
T R R JE R g (X B P MR R K T AR AEAE P a4 . BT E TR T E i f 248 A s R AT R 5 S,
TEMAAS (T1) BB IR B TR A= RS . A A= iR s .
TI #fF Iy 2 NE B FE—A 1 B 2 RV GG S . XA E SRR (FHla, MOH) .
EIR1S MOH  HH:2RME)  CC2650MODA B iE S, 155 WA SR B RIE TR (T1 Wb
www.ti.com.cn) , BEBEREN TIAEREK.
CC2650 MOD A MOH

PREFIX PACKAGE DESIGNATOR
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DEVICE FAMILY

SimpleLink™ Multistandard ROM version 1

Wireless MCU Flash = 128KB
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MOD = Module
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The following links connect to TI community resources. Linked contents are provided "AS IS" by the

respective contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views;

see TI's Terms of Use.

TI E2E™ Online Community The TI engineer-to-engineer (E2E) community was created to foster
collaboration among engineers. At e2e.ti.com, you can ask questions, share knowledge,
explore ideas and help solve problems with fellow engineers.
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9.8 Ttr

IAR Embedded Workbench is a registered trademark of IAR Systems AB.

SmartRF, Code Composer Studio, SimpleLink, Z-Stack, LaunchPad, TI-RTOS, BoosterPack, E2E are

trademarks of Texas Instruments.

ARMY7 is a trademark of ARM Limited (or its subsidiaries).

ARM, Cortex, Thumb are registered trademarks of ARM Limited (or its subsidiaries).

Bluetooth is a registered trademark of Bluetooth SIG, Inc.

CoreMark is a registered trademark of Embedded Microprocessor Benchmark Consortium.

IEEE Std 1241 is a trademark of The Institute of Electrical and Electronics Engineers, Inc.

IEEE is a registered trademark of The Institute of Electrical and Electronics Engineers, Inc.

ZigBee is a registered trademark of ZigBee Alliance, Inc.

ZigBee RFACE is a trademark of Zigbee Alliance, Inc.

All other trademarks are the property of their respective owners.
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Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data
(as defined by the U.S., EU, and other Export Administration Regulations) including software, or any
controlled product restricted by other applicable national regulations, received from Disclosing party under
this Agreement, or any direct product of such technology, to any destination to which such export or re-
export is restricted or prohibited by U.S. or other applicable laws, without obtaining prior authorization from
U.S. Department of Commerce and other competent Government authorities to the extent required by
those laws.

Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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10.2 PACKAGE OPTION ADDENDUM

10.2.1 PACKAGING INFORMATION

. @ Package | Package . Package @ Lead/Ball MSL Peak o . (@) (5)
Orderable Device Status Type Drawing Pins Qty Eco Plan Finish Temp © Op Temp (°C) | Device Marking
CC2650MODAMOHR ACTIVE QFM MOH 29 1200 Greens('s/cl’;)s &no ENIG 3, 250°C _40to0 85 CC2650MODA

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.

(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest
availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the
requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified
lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used
between the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by
weight in homogeneous material)

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device

(5) Multiple Device markings will be inside parentheses. Only on Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a
continuation of the previous line and the two combined represent the entire Device Marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief
on information provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third
parties. Tl has taken and continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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10.3 PACKAGE MATERIALS INFORMATION

10.3.1 TAPE AND REEL INFORMATION

REEL DIMENSIONS

Reel
Diameter

v

t Reel Width (W1)

TAPE DIMENSIONS

|<—K0 — P1—»
L R R R T
@ & & Bo"l"
| |
Cavity —>|A0|<—

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length

KO | Dimension designed to accommodate the component thickness

W | Overall width of the carrier tape

P1 | Pitch between successive cavity centers

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

cC O O O O O O OO0

Sprocket Holes

|
T
Q1 : Q2
4-—-g-- _
Q3 1 Q4 User Direction of Feed
[ .8
T
N
Pocket Quadrants
All dimensions are nominal.
S Package | Package | o SPQ Di;ﬁ‘;'ter Reel Width | A0 BO | KO | PL | W Pinl
Type Drawing (mm) W1 (mm) (mm) | (mm) | (mm) | (mm) | (mm) Quadrant
CC2650MODAMOHR QFM MOH 29 1200 330 325 114 | 174 | 29 16 32 Q1
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TAPE AND REEL BOX DIMENSIONS

Device Package Type E?;\lf(v?r?g Pins SPQ Length (mm) | Width (mm) | Height (mm)
CC2650MODAMOHR QFM MOH 29 1200 352 348 56
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
CC2650MODAMOHR QFM MOH 29 1200 330.0 324 114 | 174 | 29 | 16.0 | 32.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
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Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CC2650MODAMOHR QFM MOH 29 1200 383.0 353.0 58.0
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Q @ PACKAGE OUTLINE
MOH0029A >

QFM - 2.69 mm max height

QUAD FLAT MODULE
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4222814/A 04/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
MOHO0029A QFM - 2.69 mm max height

QUAD FLAT MODULE

j
I

= (11)
.
| ‘ |
| | ;
NO TRACES, VIAS, GND PLANE : ‘ |
OR SILK SCREEN SHOULD BE | | :
LOCATED WITHIN THIS AREA | ! |
. | |
8.45
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LAND PATTERN EXAMPLE
SCALE:7X
0.05 MIN
0.05 MAX —»{j=— ALL AROUND r METAL UNDER
ALL AROUND (METAL o ) / SOLDER MASK
|
} |
SOLDER MASK ! !
OPENING (S J‘\SOLDER MASK
NON SOLDER MASK OPENING
DEFINED SOLDER MASK
PADS 1-25 DEFINED

PADS 26-29

SOLDER MASK DETAILS
4222814/A 04/2016

NOTES: (continued)

3. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments
literature number SLUA271 (www.ti.com/lit/slua271).
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MOHO0029A

EXAMPLE STENCIL DESIGN
QFM - 2.69 mm max height

QUAD FLAT MODULE

25X (0.55) —=

-
25X (0.9) 1
T

(2X 6.9)
Yoy
9

22X (1.15)

4X METAL
ALL AROUND

PKG

4X |
[1.383) &

¢
|
|
|
+
|
|
g
,ﬁ\% l
\

27

A
\

‘47
|
7

|
| (0.265)

(R0.05) TYP \‘

—— 3B 3

333

S EIE

(1.7) =
|
\
|

(10.1)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

PRINTED SOLDER COVERAGE BY AREA
PADS 26-29: 85%
SCALE:10X

1 |25

|17
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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