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3 Device Comparison

Table 3-1. CC2538 Family of Devices Available
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DEVICE FLASH (KB) RAM (KB) SECURITY HW AES/SHA | SECURITY HW ECC/RSA
CC2538SF53 512 32 Yes Yes
CC2538SF23 256 32 Yes Yes
CC2538NF53 512 32 Yes No
CC2538NF23 256 32 Yes No
CC2538NF11 128 16 Yes No

6 Device Comparison Copyright © 2012-2015, Texas Instruments Incorporated
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4 Terminal Configuration and Functions
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Connect the exposed ground pad to a solid ground plane, as this is the ground connection for the chip.
Figure 4-1. 56-Pin RTQ Package (Top View)

4.1 Signal Descriptions
Table 4-1. Signal Descriptions

NAME NUMBER PIN TYPE DESCRIPTION
AVDD 33, 36, 39, 40, 41 | Power (analog) 2-V-3.6-V analog power-supply connection
AVDD_GUARD 43 Power (analog) 2-V-3.6-V analog power-supply connection
DCOUPL1 56 Power (digital) 1.8-V regulated digital-supply decoupling capacitor
DCOUPL2 32 Power (digital) ;L)i.rB]-glelfegulated digital-supply decoupling capacitor. Short this pin to
DGND_USB 1 Ground (USB pads) USB ground
DVDD 10, 15, 24,55 | Power (digital) 2-V-3.6-V digital power-supply connection
DvDD_USB 4 Power (USB pads) 3.3-V USB power-supply connection
JTAG_TCK 47 Digital I/O JTAG TCK
JTAG_TMS 46 Digital I/O JTAG TMS
PAO 16 Digital/analog /10 GPIO port A pin 0. ROM bootloader UART RXD
PA1 17 Digital/analog /10 GPIO port A pin 1. ROM bootloader UART TXD
PA2 18 Digital/analog /10 GPIO port A pin 2. ROM bootloader SSI CLK

Copyright © 2012-2015, Texas Instruments Incorporated
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Table 4-1. Signal Descriptions (continued)

NAME NUMBER PIN TYPE DESCRIPTION

PA3 19 Digital/analog 1/10 GPIO port A pin 3. ROM bootloader SSI SEL

PA4 20 Digital/analog /0 GPIO port A pin 4. ROM bootloader SSI RXD

PA5 21 Digital/analog /0 GPIO port A pin 5. ROM bootloader SSI TXD

PA6 22 Digital/analog /0 GPIO port A pin 6

PA7 23 Digital/analog /0 GPIO port A pin 7

PBO 5 Digital I/O GPIO port B pin 0

PB1 54 Digital I/0 GPIO port B pin 1

PB2 53 Digital I/0 GPIO port B pin 2

PB3 52 Digital I/O GPIO port B pin 3

PB4 51 Digital I/O GPIO port B pin 4

PB5 50 Digital I/O GPIO port B pin 5

PB6 49 Digital /0 GPIO port B pin 6, TDI (JTAG)

PB7 48 Digital /0 GPIO port B pin 7, TDO (JTAG)

PCO 14 Digital I/O GPIO port C pin 0, 20 mA output capability, no pull-up or pull-down
PC1 13 Digital I/O GPIO port C pin 1, 20 mA output capability, no pull-up or pull-down
PC2 12 Digital I/O GPIO port C pin 2, 20 mA output capability, no pull-up or pull-down
PC3 11 Digital I/O GPIO port C pin 3, 20 mA output capability, no pull-up or pull-down
PC4 9 Digital I/0 GPIO port C pin 4

PC5 8 Digital I/0 GPIO port C pin 5

PC6 7 Digital I/0 GPIO port C pin 6

PC7 6 Digital I/0 GPIO port C pin 7

PDO 25 Digital I/O GPIO port D pin 0

PD1 26 Digital I/0 GPIO port D pin 1

PD2 27 Digital I/0 GPIO port D pin 2

PD3 29 Digital I/O GPIO port D pin 3

PD4 30 Digital I/0 GPIO port D pin 4

PD5 31 Digital I/O GPIO port D pin 5

PD6/XOSC32K_Q1 44 Digital/analog /0 GPIO port D pin 6 / 32-kHz crystal oscillator pin 1
PD7/XOSC32K_Q2 45 Digital/analog /0 GPIO port D pin 7 / 32-kHz crystal oscillator pin 1

R_BIAS 42 Analog /O External precision bias resistor for reference current

RESET_N 28 Digital input Reset, active-low

w REio e R oo o 1

RF_P 37 RF 1/0 Egz:::x: EIE ruptl;LtSisgi;ilatlofrlt_)xAP%rc;rl]?in%XTX

USB_P 2 USB I/0 USB differential data plus (D+)

USB_N 3 USB I/0 USB differential data minus (D-)

XOSC32M_Q1 34 Analog I/O 32-MHz crystal oscillator pin 1 or external-clock input
XOSC32M_Q2 35 Analog I/O 32-MHz crystal oscillator pin 2
8 Terminal Configuration and Functions Copyright © 2012-2015, Texas Instruments Incorporated
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5 Specifications

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

MIN MAX UNIT
Supply voltage | All supply pins must have the same voltage -0.3 3.9 \%
Voltage on any digital pin -0.3 Vpp +0.3,<3.9 \%
Input RF level 10 dBm
Tstg | Storage temperature range -40 125 °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 Vgg, unless otherwise noted.

(3) 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.

5.2 ESD Ratings

VALUE UNIT

o Human body model (HBM), per ANSI/ESDA/JEDEC JS001 () +1 kv
Vesp Electrostatic discharge (ESD) Charged device model (CDM)
erformance: [¢] Vi ) :
p per JESD22-C101@) All pins +500 \Y

(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
over operating free-air temperature range (unless otherwise noted)

MIN MAX | UNIT
Operating ambient temperature range, Tp -40 125 °C

Operating supply voltage ) 2 36| V

(1) The CC2538 contains a power on reset (POR) module and a brown out detector (BOD) that prevent the device from operating under
unsafe supply voltage conditions. In the two lowest power modes, PM2 and PM3, the POR s active but the BOD is powered down,
which gives a limited voltage supervision.

If the supply voltage is lowered to below 1.4 V during PM2/PM3, at temperatures of 70°C or higher, and then brought back up to good
operating voltage before active mode is re-entered, registers and RAM contents that are saved in PM2, PM3 may become altered.
Hence, care should be taken in the design of the system power supply to ensure that this does not occur. The voltage can be
periodically supervised accurately by entering active mode, as a BOD reset is triggered if the supply voltage is below approximately
1.7V.

Copyright © 2012-2015, Texas Instruments Incorporated Specifications 9
Submit Documentation Feedback
Product Folder Links: CC2538


http://www.ti.com.cn/product/cn/cc2538?qgpn=cc2538
http://www.ti.com.cn
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=ZHCSAU4D&partnum=CC2538
http://www.ti.com.cn/product/cc2538?qgpn=cc2538

CC2538
ZHCSAU4D —~DECEMBER 2012-REVISED APRIL 2015

13 TEXAS

INSTRUMENTS

www.ti.com.cn

5.4 Electrical Characteristics

Measured on TI's CC2538 EM reference design with T, = 25°C, Vpp = 3 V, and 8-MHz system clock, unless otherwise noted.
Boldface limits apply over the entire operating range, T, = —40°C to 125°C, Vpp =2 V t0 3.6 V, and f, = 2394 MHz to

2507 MHz.
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Digital regulator on. 16-MHz RCOSC running. No radio,
crystals, or peripherals active. 7 mA
CPU running at 16-MHz with flash access
32-MHz XOSC running. No radio or peripherals active. 13 mA
CPU running at 32-MHz with flash access,.
32-MHz XOSC running, radio in RX mode, -50-dBm input 20 mA
power, no peripherals active, CPU idle
32-MHz XOSC running, radio in RX mode at —100-dBm input
e . A ! . 24 27| mA
power (waiting for signal), no peripherals active, CPU idle
32-MHz XOSC running, radio in TX mode, 0-dBm output 24 mA
lcore Core current consumption power, no peripherals active, CPU idle
32-MHz XOSC running, radio in TX mode, 7-dBm output
- : . 34 mA
power, no peripherals active, CPU idle
Power mode 1. Digital regulator on; 16-MHz RCOSC and
32-MHz crystal oscillator off; 32.768-kHz XOSC, POR, BOD 0.6 mA
and sleep timer active; RAM and register retention
Power mode 2. Digital regulator off; 16-MHz RCOSC and
32-MHz crystal oscillator off; 32.768-kHz XOSC, POR, and 1.3 2| pA
sleep timer active; RAM and register retention
Power mode 3. Digital regulator off; no clocks; POR active; 0.4 1 A
RAM and register retention ’ H
Peripheral Current Consumption (Adds to core current I o for each peripheral unit activated)
General-purpose timer Timer running, 32-MHz XOSC used 120 HA
SPI 300 pA
12C 0.1 mA
| UART 0.7 mA
e | Sleep timer Including 32.753-kHz RCOSC 0.9 A
USB 48-MHz clock running, USB enabled 3.8 mA
ADC When converting 1.2 mA
Erase 12 mA
Flash -
Burst-write peak current 8 mA
10 Specifications Copyright © 2012-2015, Texas Instruments Incorporated
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5.5 General Characteristics
Measured on TI's CC2538 EM reference design with T, = 25 °C and Vpp = 3 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Wake-Up and Timing
Powe e 1 acve ‘ s
Power mode 2 or 3 — actve ocllator bff. Startup of toguisior anc 16- M2 RCOSC.. 136 ps
. Initially running on 16-MHz RCOSC, with 32-MHz XOSC off 0.5 ms
Active — TX or RX - 0
With 32-MHz XOSC initially on 192 us
RX/TX and TX/RX turnaround 192 us
USB PLL start-up time With 32-MHz XOSC initially on 32 us
Radio Part
RF frequency range E)’;’gé%’gﬂ‘aﬂg \il'citﬁ'z"l,Hz steps, 5 MHz between channels 2394 2507| MHz
Radio baud rate As defined by 250 kbps
Radio chip rate As defined by 2 MChip/s
Flash Memory
Flash erase cycles 20| k Cycles
Flash page size 2 KB

(1) |EEE Std. 802.15.4-2006: Wireless Medium Access Control (MAC) and Physical Layer (PHY) Specifications for Low-Rate Wireless
Personal Area Networks (LR-WPANSs)
http://standards.ieee.org/getieee802/download/802.15.4-2006.pdf

Copyright © 2012-2015, Texas Instruments Incorporated
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5.6 RF Receive Section

Measured on TI's CC2538 EM reference design with T, = 25°C, Vpp = 3V, and f, = 2440 MHz, unless otherwise noted.
Bold limits apply over the entire operating range, T, = —40°C to 125°C, Vpp =2 V t0 3.6 V, and f, = 2394 MHz to 2507 MHz.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
PER = 1%, as specified by (), normal operating conditions
gS °C, 3V, 2440 MHz) -97 -92 dBm
Receiver sensitivity ) requires —85 dBm
PER = 1%, as specified by (), entire operating conditions
@ requires -85 dBm —88| dBm
. , . PER = 1%, as specified by @
Saturation (maximum input level) @ yequires —20 dBm 10 dBm
. N Wanted signal —82 dBm, adjacent modulated channel at
Adjacent-channel rejection, 5 MHz, PER = 1%, as specified by ©. 44 dB
5-MHz channel spacing o)) :
requires 0 dB
. N Wanted signal —82 dBm, adjacent modulated channel at
Adjacent-channel rejection, —_5 MHz, PER = 1%, as specified by @, 44 dB
—5-MHz channel spacing )] :
requires 0 dB
S Wanted signal —82 dBm, adjacent modulated channel at
fg?&”ﬁgegﬁ';ﬁﬂgf';i{gﬁ'O“' 10 MHz, PER = 1%, as specified by @ 52 dB
pacing @ requires 30 dB
S Wanted signal —82 dBm, adjacent modulated channel at
Alismats-channel rejection, —10 MHz, PER = 1%, as specified by @) 52 dB
pacing @ requires 30 dB
Channel rejection Wanted signal at —82 dBm. Undesired signal is an IEEE
> 20 MHz 802.15.4 modulated channel, stepped through all channels 51 dB
< —-20 MHz from 2405 to 2480 MHz. Signal level for PER = 1%. 51
Blocking/desensitization
5 MHz from band edge Wanted signal 3 dB above the sensitivity level, CW jammer, -35
10 MHz from band edge PER = 1%. Measured according to EN 300 440 class 2. -34
20 MHz from band edge =37
50 MHz from band edge -32 dBm
-5 MHz from band edge =37
—10 MHz from band edge -38
—20 MHz from band edge -35
—50 MHz from band edge -34
Spurious emission. Only largest spurious . .
emission stated within each band. Conducted measurement with a 50-Q single-ended load.
Suitable for systems targeting compliance with EN 300 328, dBm
30 MHz-1000 MHz EN 300 440, FCC CFRA47 Part 15, and ARIB STD-T-66. -80
1 GHz-12.75 GHz -80
Frequency error tolerance @ @ requires minimum 80 ppm +150 ppm
Symbol rate error tolerance ® @ requires minimum 80 ppm +1000 ppm

(1) |EEE Std. 802.15.4-2006: Wireless Medium Access Control (MAC) and Physical Layer (PHY) Specifications for Low-Rate Wireless

Personal Area Networks (LR-WPANSs)

http://standards.ieee.org/getieee802/download/802.15.4-2006.pdf
(2) Difference between center frequency of the received RF signal and local oscillator frequency
(3) Difference between incoming symbol rate and the internally generated symbol rate
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5.7 RF Transmit Section

Measured on TI's CC2538 EM reference design with T, = 25°C, Vpp = 3 V and f, = 2440 MHz, unless otherwise noted.
Boldface limits apply over the entire operating range, T, = —40°C to 125°C, Vpp =2 V t0 3.6 V, and f, = 2394 MHz to 2507

MHz.
PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
Delivered to a single-ended 50-Q load through a balun using
Nominal output power maximum-recommended output-power setting 7 dBm
@ requires minimum —3 dBm
Programmable output-power 30 dB
range
Spurious emissions Maximum recommended output power setting(z)
P Measured according to stated regulations.
25-1000 MHz (outside restricted bands) -56
25-1000 MHz (within FCC restricted bands) -58
. o 25-1000 MHz (within ETSI restricted bands) -58
gg'é('ja\:ﬁtisi;Se'igjcrr':’gznedm'ss'on 1800-1900 MHz (ETSI restricted band) -60 dBm
’ 5150-5300 MHz (ETSI restricted band) -54
1-12.75 GHz (except restricted bands) -51
At 2483.5 MHz and above (FCC restricted band), f.= 2480 MHz® 42
Measured as defined by @ using maximum-recommended output-
Error vector magnitude (EVM) | power setting 3%
@ requires maximum 35%.
Optimum load impedance Differential impedance on the RF pins 66 + j64 Q

(1) |EEE Std. 802.15.4-2006: Wireless Medium Access Control (MAC) and Physical Layer (PHY) Specifications for Low-Rate Wireless
Personal Area Networks (LR-WPANSs)
http://standards.ieee.org/getieee802/download/802.15.4-2006.pdf

(2) TI's CC2538 EM reference design is suitable for systems targeting compliance with EN 300 328, EN 300 440, FCC CFR47 Part 15, and

ARIB STD-T-66.

(3) To improve margins for passing FCC requirements at 2483.5 MHz and above when transmitting at 2480 MHz, use a lower output-power
setting or less than 100% duty cycle.
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5.8 32-MHz Crystal Oscillator
Measured on TI's CC2538 EM reference design with T, = 25°C and Vpp = 3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Crystal frequency 32 MHz
Crystal frequency accuracy
requirement® —40 40| ppm
ESR Equivalent series resistance 6 16 60 Q
Co Crystal shunt capacitance 1 1.9 7| pF
CL Crystal load capacitance 10 13 16| pF
Start-up time 0.3 ms
The crystal oscillator must be in power down for a
guard time before using it again. This requirement
Power-down guard time is valid for all modes of operation. The need for 3 ms
power-down guard time can vary with crystal type
and load.
(1) Including aging and temperature dependency, as specified by IEEE Std. 802.15.4-2006: Wireless Medium Access Control (MAC) and

Physical Layer (PHY) Specifications for Low-Rate Wireless Personal Area Networks (LR-WPANSs)
http://standards.ieee.org/getieee802/download/802.15.4-2006.pdf

5.9 32.768-kHz Crystal Oscillator
Measured on TI's CC2538 EM reference design with T, = 25°C and Vpp = 3 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Crystal frequency 32.768 kHz

40 w0 o
ESR Equivalent series resistance 40 130 Q
Co Crystal shunt capacitance 0.9 2 pF
CL Crystal load capacitance 12 16 pF
Start-up time 0.4 S

(1) Including aging and temperature dependency, as specified by IEEE Std. 802.15.4-2006: Wireless Medium Access Control (MAC) and
Physical Layer (PHY) Specifications for Low-Rate Wireless Personal Area Networks (LR-WPANSs)
http://standards.ieee.org/getieee802/download/802.15.4-2006.pdf

5.10 32-kHz RC Oscillator

Measured on TI's CC2538 EM reference design with T, = 25°C and Vpp = 3 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Calibrated frequency® 32.753 kHz
Frequency accuracy after calibration +0.2%
Temperature coefficient® 0.4 %/ °C
Supply-voltage coefficient® 3 %IV
Calibration time® 2 ms

(1) The calibrated 32-kHz RC oscillator frequency is the 32-MHz XTAL frequency divided by 977.

(2) Frequency drift when temperature changes after calibration

(3) Frequency drift when supply voltage changes after calibration

(4) When the 32-kHz RC oscillator is enabled, it is calibrated when a switch from the 16-MHz RC oscillator to the 32-MHz crystal oscillator
is performed while SLEEPCMD.OSC32K_CALDIS is 0.
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5.11 16-MHz RC Oscillator

Measured on TI's CC2538 EM reference design with T, = 25°C and Vpp = 3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Frequency® 16 MHz
Uncalibrated frequency accuracy +18%

Calibrated frequency accuracy +0.6% +1%
Start-up time 10 us
Initial calibration time ) 50 ps

(1) The calibrated 16-MHz RC oscillator frequency is the 32-MHz xtal frequency divided by 2.

(2) When the 16-MHz RC oscillator is enabled, it is calibrated when a switch from the 16-MHz RC oscillator to the 32-MHz crystal oscillator
is performed while SLEEPCMD.OSC_PD is set to 0.

5.12 RSSI/CCA Characteristics

Measured on TI's CC2538 EM reference design with T, = 25°C and Vpp = 3 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
RSSI range 100 dB
Q(I:)Csl:)rlggluncalibrated RSSI/CCA +4 dB
RSSI/CCA offset® 73 dB
Step size (LSB value) 1 dB
(1) Real RSSI = Register value — offset
5.13 FREQEST Characteristics
Measured on TI's CC2538 EM reference design with T, = 25°C and Vpp = 3 V, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
FREQEST range +250 kHz
FREQEST accuracy +10 kHz
FREQEST offset® 15 kHz
Step size (LSB value) 7.8 kHz

(1) Real FREQEST = Register value — offset

5.14 Frequency Synthesizer Characteristics
Measured on TI's CC2538 EM reference design with T, = 25°C, Vpp = 3 V and f, = 2440 MHz, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
At +1-MHz offset from carrier -111
Phase noise, unmodulated carrier At +2-MHz offset from carrier -119 dBc/Hz
At +5-MHz offset from carrier -126
5.15 Analog Temperature Sensor
Measured on TI's CC2538 EM reference design with T, = 25°C and Vpp = 3 V, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output at 25°C 1422 12-bit ADC
Temperature coefficient 4.2 /1°C
Voltage coefficient o . 1 /0.1V
— - - - Measured using integrated ADC, using
Initial accuracy without calibration internal band-gap voltage reference and +10 °C
Accuracy using 1-point calibration (entire maximum resolution 5 e
temperature range)
Current con_sumption when enabled (ADC 03 mA
current not included)
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5.16 ADC Characteristics
T =25°C and Vpp = 3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input voltage Vpp is voltage on AVDD5 pin 0 Vpp Y
External reference voltage Vpp is voltage on AVDD5 pin 0 Vb \%
External reference voltage differential Vpp is voltage on AVDD5 pin 0 Vpp \%
Input resistance, signal Using 4-MHz clock speed 197 kQ
Full-scale signal® Peak-to-peak, defines 0 dBFS 2.97 v
Single-ended input, 7-bit setting 5.7
Single-ended input, 9-bit setting 7.5
Single-ended input, 10-bit setting 9.3
1 . . Single-ended input, 12-bit setting 10.8 .
ENOB®  Effective number of bits - — - - Bits
Differential input, 7-bit setting 6.5
Differential input, 9-bit setting 8.3
Differential input, 10-bit setting 10.0
Differential input, 12-bit setting 11.5
Useful power bandwidth 7-bit setting, both single and differential 0-20 kHz
1 o . Single-ended input, 12-bit setting, -6 dBFS -75.2
THD® Total harmonic distortion - — : - dB
Differential input, 12-bit setting, —-6 dBFS -86.6
Single-ended input, 12-bit setting 70.2
. . - Differential input, 12-bit setting 79.3
Signal to nonharmonic ratio® - - - . dB
Single-ended input, 12-bit setting, -6 dBFS 78.8
Differential input, 12-bit setting, -6 dBFS 88.9
I ) Differential input, 12-bit setting, 1-kHz sine (0
CMRR Common-mode rejection ratio dBFS), limited by ADC resolution >84 dB
Single-ended input, 12-bit setting, 1-kHz sine (0
Crosstalk dBFS), limited by ADC resolution <-84 dB
Offset Midscale -3 mV
Gain error 0.68%
1 . ) . . 12-bit setting, mean 0.05
DNL® Differential nonlinearity - - - LSB
12-bit setting, maximum 0.9
1 . . 12-bit setting, mean 4.6
INLD Integral nonlinearity - - - LSB
12-bit setting, maximum 13.3
Single-ended input, 7-bit setting 354
Single-ended input, 9-bit setting 46.8
Single-ended input, 10-bit setting 57.5
@ Single-ended input, 12-bit settin 66.6
SINAD Signal-to-noise-and-distortion - g — P - - 9 dB
(=THD+N) Differential input, 7-bit setting 40.7
Differential input, 9-bit setting 51.6
Differential input, 10-bit setting 61.8
Differential input, 12-bit setting 70.8
7-bit setting 20
o 9-bit setting 36
Conversion time - - us
10-bit setting 68
12-bit setting 132
Current consumption 1.2 mA
Internal reference voltage 1.19 Y
Internal reference VDD coefficient 2 mvV/V
(1) Measured with 300-Hz sine-wave input and VDD as reference
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ADC Characteristics (continued)

Ta = 25°C and Vpp = 3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Interr_w}I reference temperature 0.4 MV/10 °C
coefficient
5.17 Control Input AC Characteristics
Ta =-40°C to 125°C, Vpp =2 V to 3.6 V, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
System clock. f The undivided system clock is 32 MHz when crystal oscillator is used.
; Y = 1/ SYSCLK The undivided system clock is 16 MHz when calibrated 16-MHz RC 16 32| MHz
SYSCLK = ISYSCLK oscillator is used.
@) See item 1, Figure 5-1. This is the shortest pulse that is recognized
RESET_N low duration as a complete reset pin request. 1 HS
. See item 2, Figure 5-1.This is the shortest pulse that is recognized as
Interrupt pulse duration an interrupt request. 20 ns
(1) Shorter pulses may be recognized, but might not lead to a complete reset of all modules within the chip.
((
)]
RESET_N
i I | |
—1—P :4— 2 —P:
55 ' '
| |
Px.n I I
(c | |
)] I I
T0299-01
Figure 5-1. Control Input AC Characteristics
5.18 DC Characteristics
T =25°C, VDD =3V, drive strength set to high with CC_TESTCTRL.SC = 1, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Logic-0 input voltage 0.5 \%
Logic-1 input voltage 2.5 \%
Logic-0 input current Input equals 0 V -300 300 nA
Logic-1 input current Input equals Vpp -300 300 nA
I/O-pin pullup and pulldown resistors 20 kQ
Logic-0 output voltage, 4-mA pins Output load 4 mA 0.5 \%
Logic-1 output voltage, 4-mA pins Output load 4 mA 2.4 \%
Logic-0 output voltage, 20-mA pins Output load 20 mA 0.5 \%
Logic-1 output voltage, 20-mA pins Output load 20 mA 2.4 \%
5.19 USB Interface DC Characteristics
Ta =25°C, Vpp =3V to 3.6 V, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
USB pad voltage output, high VDD 3.6 V, 4-mA load 34 \%
USB pad voltage output, low VDD 3.6 V, 4-mA load 0.2 \%
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5.20 Thermal Resistance Characteristics for RTQ Package

NAME DESCRIPTION ec/w® @ AIR FLOW (m/s)®
RO;ct0p Junction-to-case (top) 8.9 0.00
RO Junction-to-board 3.1 0.00
RO;A Junction-to-free air 25.0 0.00
Psiyt Junction-to-package top 3.1 0.00
Psijg-pottom Junction-to-board (bottom) 0.4 0.00

(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 [R0;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
(3) m/s = meters per second.
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6 Applications, 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.

Few external components are required for the operation of the CC2538xFnn. Figure 6-1 is a typical
application circuit. For a complete USB reference design, see the CC2538xFnn product page on
www.ti.com. Table 6-1 lists typical values and descriptions of external components. The USB_P and
USB_N pins require series resistors R21 and R31 for impedance matching, and the D+ line must have a
pullup resistor, R32. The series resistors should match the 90-Q +15% characteristic impedance of the
USB bus. Notice that the pullup resistor and DVDD_USB require connection to a voltage source between
3V and 3.6 V (typically 3.3 V). To accomplish this, it is recommend to connect the D+ pull-up to a port/pin
that does not have an internal pullup (that is, PCO..3), instead of connecting it directly to a 3.3 V supply

(that is, software control of D+ pullup recommended).

2.0 V-3.6 V power supply
3.3V power supply

Optional 32 kHz crystal

|
| C451 !
| | !
C561 '
o sy | B
—— T |
—
| |
I 1 | c441 |
L |
8 8 3 8 88 5 8 2 8 5¢ ¢ 3 2
S0 - 8 @° % w @ N Yo N = g
% s g2 8 &8 28 8 & 8 [ MV
3 | El
8 ge 889 Ra21
i} 1DGND_USB E 5 @ 2 2 RBas4
R31 \ - 2%z
D+ - 2USB_P 5 8 AVDD 41 [—¢
g g
D - 3USBN AVDD 40 [—9
R21 4 DVDD_USB AVDD 39 |[—9
PBI
H R32 c31 c21 5PBO RF_N 38
6PCT RF_P 37
= - 7 PC6 AVDD 36 [—
CC2538
8PC5 DIE ATTACH PAD: X0SC32M_Q2 35 L372
9pC4 XOSC32M_Q1 34
+—1{ 10 VDD = AVDD 33 [—
11 PC3 DCOUPL2 32
12 PC2 PD5 31
13 PC1 PD4 30 c321
14 PCO PD3 29 D }_4
2
@
§¥232222¥2E3332 - X
5% X% %X & 35 %5 8RR = C341 —— C351
a3 3 ®» 3 8 X 8B R R B NGB
J‘ C281

Power supply decoupling capacitors are not shown

Digital I/0 not connected

R281

RESET_N

Figure 6-1. CC2538xFnn Application Circuit

Antenna
(50 Q)
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Table 6-1. Overview of External Components (Excluding Supply Decoupling
Capacitors)

Component Description Value
c21 USB D- decoupling 47 pF
C31 USB D+ decoupling 47 pF
C341 32-MHz xtal-loading capacitor 12 pF
C351 32-MHz xtal-loading capacitor 12 pF
C371 Part of the RF matching network 18 pF
C381 Part of the RF matching network 18 pF
C382 Part of the RF matching network 1pF
C372 Part of the RF matching network 1pF
C441 32-kHz xtal-loading capacitor 22 pF
C451 32-kHz xtal-loading capacitor 22 pF
C561 Decoupling capacitor for the internal digital regulator 1pF
C321 Decoupling capacitor for the internal digital regulator 1pF
Cc281 Filter capacitor for reset line 1nF
L372 Part of the RF matching network 2nH
L381 Part of the RF matching network 2nH
R21 USB D- series resistor 330
R31 USB D+ series resistor 330
R32 USB D+ pullup resistor to signal full-speed device presence 1.5kQ
R281 Filter resistor for reset line 22Q
R421 Resistor used for internal biasing 56 kQ
6.1 Input, Output Matching
When using an unbalanced antenna such as a monopole, use a balun to optimize performance. One can
implement the balun using low-cost, discrete inductors and capacitors. The recommended balun shown in
Figure 6-1 consists of L372, C372, C382 and L381.
If a balanced antenna such as a folded dipole is used, omit the balun.
6.2 Crystal
The 32-MHz crystal oscillator uses an external 32-MHz crystal, XTAL1, with two loading capacitors (C341
and C351). See the 32-MHz Crystal Oscillator section for details. Calculate the load capacitance across
the 32-MHz crystal by Equation 1.
1
CL= 1 1 + Cparasitic
[ + [
Ca41  Cssy 1)
XTAL2 is an optional 32.768-kHz crystal, with two loading capacitors (C441 and C451) used for the
32.768-kHz crystal oscillator. Use the 32.768-kHz crystal oscillator in applications where both low sleep-
current consumption and accurate wake-up times are needed. Calculate the load capacitance across the
32.768-kHz crystal by Equation 2.
1
CL = 1 1 + Cparasitic
Caa1  Cysy )
Use a series resistor, if necessary, to comply with the ESR requirement.
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6.3 On-Chip 1.8-V Voltage-Regulator Decoupling

The 1.8-V on-chip voltage regulator supplies the 1.8-V digital logic. This regulator requires decoupling
capacitors (C561, C321) and an external connection between them for stable operation.

6.4 Power-Supply Decoupling and Filtering

Optimum performance requires proper power-supply decoupling. The placement and size of the
decoupling capacitors and the power supply filtering are important to achieve the best performance in an
application. TI provides a recommended compact reference design for the user to follow.

6.5 References

1. IEEE Std. 802.15.4-2006: Wireless Medium Access Control (MAC) and Physical Layer (PHY)
Specifications for Low-Rate Wireless Personal Area Networks (LR-WPANS)
http://standards.ieee.org/getieee802/download/802.15.4-2006.pdf

2. CC2538xFnn User's Guide

3. Universal Serial Bus Revision 2.0 Specification
http://www.usb.org/developers/docs/usb_20 052709.zip
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Code Composer Studio, SmartRF, E2E are trademarks of Texas Instruments.
Cortex is a registered trademark of ARM Limited.

ARM is a registered trademark of ARM Physical IP, Inc.

IAR Embedded Workbench is a registered trademark of IAR Systems AB.
ZigBee is a registered trademark of ZigBee Alliance.
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7.7 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

CC2538NF11RTQR Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF11
CC2538NF11RTQR.A Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF11
CC2538NF11RTQT Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF11
CC2538NF11RTQT.A Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF11
CC2538NF23RTQR Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF23
CC2538NF23RTQR.A Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF23
CC2538NF23RTQT Active Production QFN (RTQ) | 56 250 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF23
CC2538NF23RTQT.A Active Production QFN (RTQ) | 56 250 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF23
CC2538NF53RTQR Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF53
CC2538NF53RTQR.A Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF53
CC2538NF53RTQT Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF53
CC2538NF53RTQT.A Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538NF53
CC2538SF23RTQR Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF23
CC2538SF23RTQR.A Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF23
CC2538SF23RTQT Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF23
CC2538SF23RTQT.A Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF23
CC2538SF53RTQR Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF53
CC2538SF53RTQR.A Active Production QFN (RTQ) | 56 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF53
CC2538SF53RTQT Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF53
CC2538SF53RTQT.A Active Production QFN (RTQ) | 56 250 | SMALL T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 CC2538SF53

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

Addendum-Page 1


https://www.ti.com/product/CC2538/part-details/CC2538NF11RTQR
https://www.ti.com/product/CC2538/part-details/CC2538NF11RTQT
https://www.ti.com/product/CC2538/part-details/CC2538NF23RTQR
https://www.ti.com/product/CC2538/part-details/CC2538NF23RTQT
https://www.ti.com/product/CC2538/part-details/CC2538NF53RTQR
https://www.ti.com/product/CC2538/part-details/CC2538NF53RTQT
https://www.ti.com/product/CC2538/part-details/CC2538SF23RTQR
https://www.ti.com/product/CC2538/part-details/CC2538SF23RTQT
https://www.ti.com/product/CC2538/part-details/CC2538SF53RTQR
https://www.ti.com/product/CC2538/part-details/CC2538SF53RTQT
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 23-May-2025

® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl 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 Tl 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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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
CC2538NF11RTQR QFN RTQ 56 2000 330.0 16.4 8.3 8.3 225 | 120 | 16.0 Q2
CC2538NF23RTQR QFN RTQ 56 2000 330.0 16.4 8.3 83 | 225 | 120 | 16.0 Q2
CC2538NF53RTQR QFN RTQ 56 2000 330.0 16.4 8.3 8.3 225 | 120 | 16.0 Q2
CC2538SF23RTQR QFN RTQ 56 2000 330.0 16.4 8.3 83 | 225 | 12.0 | 16.0 Q2
CC2538SF53RTQR QFN RTQ 56 2000 330.0 16.4 8.3 83 | 225 | 120 | 16.0 Q2
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 5-Dec-2023
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

CC2538NF11RTQR QFN RTQ 56 2000 350.0 350.0 43.0
CC2538NF23RTQR QFN RTQ 56 2000 350.0 350.0 43.0
CC2538NF53RTQR QFN RTQ 56 2000 350.0 350.0 43.0
CC2538SF23RTQR QFN RTQ 56 2000 350.0 350.0 43.0
CC2538SF53RTQR QFN RTQ 56 2000 350.0 350.0 43.0
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GENERIC PACKAGE VIEW
RTQ 56 VQFN - 1 mm max height

8 x 8, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224653/A
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RTQO0056C

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA/
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0.3 s 4L’—Luo_05@

4224872/A 03/2019

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.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RTQO0056C VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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(PREFERRED)
SOLDER MASK DETAILS
4224872/A 03/2019

NOTES: (continued)

4. 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).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RTQO0056C VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 10X

EXPOSED PAD 57
62% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

4224872/A 03/2019

NOTES: (continued)

6. 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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