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1. Introduction

This user manual describes how to use SmartRF® Studio. This software is developed by
Texas Instruments to the courtesy of our customers.

This software is made to configure the RFICs on the Evaluation Board for the CC400, CC900,
CC1000, CC1050, CC1010, CC1020, CC1021, CC1070, CC2400, CC2420, CC2430,
CC2431, CC1100, CC1101, CC1100E, CC1110, CC1111, CC1150,. CC2500, CC2510,
CC2511, CC2520, CC2530, CC2550 and CC430. By giving out this software the designers of
radio systems can easily evaluate the RFICs at an early stage in the design-process. It is
further a useful tool during the generation of the configuration data and for finding optimized
external component values.

Itis also a helpful tool to get to know the RFICs from Texas Instruments.

Distribution and disclaimer:

This software may be distributed freely under the condition that no profit is gained from its
distribution, nor from any other program distributed in the same package. All files that are part
of this package have to be distributed together and none of them may be changed in any way
other than archiving or crunching.

This program is distributed as freeware (and giftware). This package is provided “as is”
without warranty of any kind. The author assumes no responsibility or liability whatsoever for
any damage or loss of data caused by using this package.

General information:

Texas Instruments believes the furnished information is correct and accurate at the time of
this printing. However, Texas Instruments reserves the right to make changes to this product
without notice. Texas Instruments does not assume any responsibility for the use of the
described product. Please refer to Texas Instruments web site for the latest update.

SmartRF® is a registered trademark of Texas Instruments. SmartRF is Texas Instruments RF
technology platform with RF library cells, modules and design expertise. Based on SmartRF
Texas Instruments develops standard component RF-circuits as well as full custom ASICs
based on customers' requirements.

2. Installation

A SmartRF® Studio set-up file is available from the Texas Instruments web-site at
www.ti.com. Make sure that you have the newest version available before you start the
installation. To begin the installation: Run the set-up file and follow the instructions.

SmartRF® Studio communicates with the evaluation boards through the USB port
(SmartRF®03/04/05) or the parallel port (SmartRF®01/02). Up to eight USB devices are
supported on a single computer. The platform you can use SmartRF® Studio will for this
reason depend in the device you want to evaluate.

USB port devices (SmartRF®03/04/05) are supported on the following platforms:
Windows 98

Windows 2000

Windows XP

Parallel port devices (CCX00/CC10XO0) are supported on the following platforms:
Windows 98

Windows 2000

Windows NT

Windows XP
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Other system parameters are not critical.
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3. Overview of SmartRF® 01/02 Studio

3.1 Starting SmartRF® Studio for CCX00/CC10XX

Before you can start to use SmartRF® Studio for the SmartRF® 01 or 02 productline
(CCX00/CC10XX), you must select a device to evaluate. This is done by activating the
SmartRF® 01 or SmartRF® 02 tag in the device manager of SmartRF® Studio. Double-click
on the device to open the SmartRF® Studio for this device. You can also mark the device and
click on the start button.

} SmartRE®@ Studio

SmartRF® 01 Development Kit
SmartRF® 01 [ CC400 ® 03 DK ] SmartRF® 04 DK
{P £C300
TeExAs

Device

INSTRUMENTS o
CCa00

} SmartRF® Studio

SmartAF® 02 Development Kit:
® SmartRF& 0g CC1000 ®
¢ SmartRF® 01 DK amar 4 coi0I0 FFe 04 DK
TeExAs —_— CCin20
INSTRUMENTS it EEI00
ccioio CC1070
CC1020
CC1050
CC1021
CClo7a
Productinfo: SmartAF® productline Start
File wersions. .. |

The file version button will list up the version of all files included in this version of SmartRF®
Studio.

3.2 Pull-down menus

SmartRF® Studio simplifies access to its features through the use of pull-down menus. The
SmartRF® Studio menus are shown below.

./ €C1020 - SmartRF Studio (=3

File Wiew Configuration Tools Help

_IDD"HE

¥ 7,
EXAS
INSTRUMENTS  6/122



3.2.1 File
The File menu contains items that create files and set up printing options.

Hiew Configuration  Tool:  Help

Mew Clrl+H
Open... Ctrl+0
Save Chil+5
Save bz

Print zettingz ta file
Print registers to file
LCaad reaister from ke

Beszet zettings

EezentEHe

E xit

New allows you to create a new SRF-file and set default settings.

Open... displays a file selection dialog box that asks you for the name of an SRF-file and
opens it.

Save saves all the entered system parameters in the current SRF-file.

Save As... displays a file selection dialog box that asks you for the name of an SRF-file in
which to save the entered system parameters.

Print setting to file displays a dialog box that enable you to save the entered system
parameters together with the calculated component values in a TXT-file.

Print registers to file displays a dialog box that enable you to save the register values to a
*.txt file in Normal View and *.eep file in Register View. In Normal View the values will be
shown in hexadecimal code for all possible modes available for the selected transceiver, for
easy inclusion in micro-controller code. In Register View this selection displays a dialog box
that enable you to dump the present register values to a file. This is useful if the register
settings are different from the default values given in the Normal View.

Load registers from file displays a dialog box that enables you to open the register values
from a previous generated *.eep file. This option is only activate in Register View

Reset settings will set the system parameters to default and update the configuration
registers.

Exit quits SmartRF® Studio.

Note: When in ‘Register’ window only the Exit, Print register to file and Load registers
from file entries will be available.

{i’
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3.2.2 View
The view menu allows you to set Window options.

File Help
L |
5 Toolbar
’7 v Statug Bar
i1 v s I_

Normal shows you the system parameter entry screen.

Register shows you the configuration register screen.

Toolbar displays the SmartRF® Studio toolbar when selected.

Status Bar displays helpful tips at the bottom of the window when you hold the mouse pointer

over a feature.

3.2.3 Configuration

Filz ‘ies | Configuration Tools  Help

Dl M | G IIpdate Device FS
| Select Part, .,
— Snzharn MEFSFAERET

The configuration menu allows you to change port address or device, and download the data
to the device.

Update Device downloads the chosen settings to the transceiver device via the parallel port
at the back of your computer.

Select Port... displays a window in which you can choose between different I/O addresses for
the parallel port (‘0x278’, ‘0x378’ or ‘0x3cb’). The default address is ‘0x378'. A ‘Set as default’
button makes the program store the new default value.

You can find the address in Windows NT by choosing ‘Windows NT Diagnostics’ under
‘Administrative Tools’ in the Windows ‘Start Menu’, and choose ‘Resources’ and ‘I/O ports’. If
you have more than one parallel port, contact your local IT manager.

{i’
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3.24 Tools

File  iew Configuration [l Help
Dlalmﬂ-lnl -?l EBrogramming I_

The Tool menus have an option to select programming. This is a small program that let you
program the CC400 and CC900 Demonstration Board. For more information on how this
program works see chapter 4.3.

3.25 Help

File View Configuration Tools

M@ @ Rewision hiskory:

Help Topics
System parameters About SmartRF Studio
info s-tal frequency Contact Texas Instruments |
i

The help menu provides access to useful information about the product.
Help Topics brings up a message box stating where you can find further help.

About SmartRF® Studio brings up a message box with the software revision and copyright
information.

Contact Texas Instruments brings up a message box where you can find Texas Instruments
contact information and links to our web-site and mail.

{i’
TEXAS
INSTRUMENTS  9/122



3.3 The SmartRF® Studio toolbar

In addition to the pull-down menus, the toolbar provides you with simplified access to useful
SmartRF® Studio and Windows features:

Icon Name Description

Reset settings:Sets the system parameters to default and updates the configuration
registers.

New: Allows you to create a new SRF-file.

Open: Displays a file selection dialog box that asks you for the name of an
SRF-file and opens it.

oupD |

Save: Saves all the entered system parameters in the current SRF-file.

Help ? | topics: Brings up a message box stating where you can find further
help.

3.4 The status information

You will find status information at the bottom of the program window. This is shown in the
figure below.

Statusz information g
i

Typical cument consumption|  19.90000  mé “”{-'.' @TEXAS INSTRUMENTS

Lock, indicatar In lack: O £ deslaz s www. ti. com/Ipw

Ready

The user can observe the current consumption of the transceiver in the different settings in
the Normal View. SmartRF® Studio also monitors the lock pin of the transceiver.

The Update device button downloads the chosen settings to the transceiver device via the
parallel port (F5 can be used as a shortcut).

The bitmap of Texas Instruments is a link to the Texas Instruments homepage. By clicking on
this picture, your default browser goes to our website, where you can find more information
about our RF transceivers and us.

At the bottom of the window, there is a status bar, which provides hints about the various
features in the program.
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4. SmartRF® Studio for CC400/CC900

When CC400/CC900 is used, the program has two configuration views. The parameter entry
screen is the default window and can be chosen by pressing F2 or selecting Normal from the
View menu. In this window you can change the system parameters, get status information
and component values.

The other configuration window is the “register” configuration, which is selected by pressing
F3 or selecting Register from the View menu. It gives you the possibility to change the bits in
the configuration registers directly. This window is mainly used to give additional information
and we dissuade you to change the bits.

To send the configuration data to the transceiver chip, press F5 or select Update Device from
the Configuration menu or press the Update device button at the bottom of the screen.

Note: When pressing Enter the parameters will be checked and component values will be
calculated, but the transceiver will not be programmed until Update device is activated.
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4.1 The Normal configuration window for CC400/CC900

When you have chosen the Normal configuration window, the SmartRF® Studio appears as
shown in the picture below.

-1 CC400 - SmartRF Studio

File Views Configuration Toaols Help

CEEER

Suztem parameters Component walues

Infor | s¢-tal requency N2.000000 pH2 Info | PLL loop filter
C121 | 1800 nF
Infa | s-tal accuracy i 50 ppm

C12z2 | 1000 pF

Info | RF frequency 433.920000 pH=»
Ciz3| 180.0 pF

[i50]

M IF stage 200 - | kHz A121 [ 82 K0k
M Frequency separation ’—10 kHz r2 B Lok
M D ata rate ’—1200 khit/s F1230 2k Ohm
M Power amplifier class m m Inpuat/output match
Info | RF output power 10 dBim 51 [ 220 pF
Info | Mode Fix = Ls1| 12 mH
Info | Receiver mode Dptimurm sensitivity :‘v LE1 | 1000 nH
M LOCK. indicator Continuous hd CE1 | M4 pF
M WCO cument 000 [Maxinnunn) -

Statuz information

P i

Typical current consumption|  18.00000  md “" | ¢TEXA5 INSTRUMENTS
device ;

Lock, indicator Mot Locked www. ti. com/Ipw

Ready

You can get information about the different parameters by clicking on the info button to the
left of the parameter. In addition to this, a tool-tip message appears when you move the
mouse over a feature.

After you have changed some or all of the parameters, the external component values are
calculated after pressing Enter or Update device. Component values for the Phase Lock
Loop (PLL) filter and the input/output match to the antenna are shown to the right of the
window. The values are given to you in terms of the standard E12-series. When you have
changed the default parameter settings, use these values on the new external components.
The component reference numbers refer to the application circuit shown in the datasheet.
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Using the specified component values for the PLL loop filter will give an optimum loop
bandwidth for the selected system parameters. If you need a faster PLL settling time, i.e. a
larger loop bandwidth, the data rate can be set to a higher value and the corresponding
component values can be used.

Using the specified component values for the input/output match will give an optimum match
at the specified operating frequency. Minor tuning of the component values may be necessary
to compensate for layout parasitics.

4.1.1 System parameters

This chapter describes the different parameters and the options you have when changing
them. The default parameter list is given at the end of the chapter. For detailed information on
parameter setting of CC400 and CC900 see Application note ANOO5.

X-tal frequency

The crystal frequency of your Development Kit evaluation board is 12.000000 MHz. Do not
change the X-tal frequency parameter when using this module unless the crystal is being
replaced. If you are using this program to generate configuration data for your special
application, use a crystal frequency between 4.000 and 13.100 MHz and replace the crystal
on the printed circuit board. The crystal should be designed for 12pF load capacitance. The
frequency value is rounded to 6 digits after the MHz decimal point, i.e. 12.000000 MHz.

X-tal accuracy

Enter the total crystal accuracy between 0 and 500 ppm, including initial tolerance,
temperature stability, loading and ageing. If you are using a trimming capacitor to adjust the
crystal oscillator, the initial tolerance will be zero. The crystal accuracy is very important for
narrow-band applications (i.e. 25 kHz-channel separation). For applications using wider
bands crystal accuracy is not that important. The crystal stability has an influence on the
minimum possible IF filter bandwidth and the maximum frequency separation that can be
used. For highest possible sensitivity it is an advantage to use a crystal with high frequency
accuracy (<20 ppm). For low cost applications, however, this can be a trade-off. The default
value is 30 ppm.

RF frequency

The CC900 can operate at frequencies between 800 and 1000 MHz. The Development Kit
evaluation board is optimised for operation in the ISM band at 868-870 MHz. However, it is
possible to use the evaluation board for frequencies between approximately 850 and 910
MHz restricted by the VCO tank tuning range.

The CC400 can operate at frequencies between 300 and 500 MHz in 250 Hz steps. The
Development Kit evaluation board is optimised for operation in the ISM band at 433.920 MHz.
However, it is possible to use the evaluation board for frequencies between approximately
400 and 460 MHz restricted by the VCO tank tuning range.

Choosing frequencies outside this range will not work for this evaluation board and should
only be done for generation of configuration data to be used in other applications.

Note: Depending on the crystal frequency, some RF frequencies are not allowed and an error
message will pop up.

{i’
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IF stage

For the CC900 and the CC400 there are four possible choices of IF-stage frequency: 60, 200,
455 kHz internal filter, or 455 kHz using an external ceramic filter. The default value is 200
kHz. The IF frequency is selected from a pull down menu.

|200 =]

Internal 455
E sternal 455

The best sensitivity is obtained using the internal 60 kHz IF-filter and offers a cost optimised
solution. If the operating temperature range shall be large, a relative stable reference crystal
may be required when using the 60 kHz internal IF-filter. Optionally the initial crystal accuracy
can be tuned using a trimming capacitor.

Using the 200 kHz internal IF-filter gives a very low cost solution that does not require a very
stable crystal or a tuning capacitor. This is however obtained at the expense of lower
sensitivity.

The best selectivity is obtained with an external 455 kHz ceramic filter, but at the cost of lower
sensitivity. However, this can increase the cost of your system due to the external ceramic
filter cost, and because of the narrow bandwidth of the external filter (typically 30 kHz) which
requires a reference crystal with high accuracy (<+10-20 ppm). Note: When selecting the
external 455 kHz filter, the user must ensure that the crystal accuracy together with the signal
bandwidth (depend on data rate and deviation) stays inside the filter bandwidth. The total
occupied signal bandwidth can be approximated by Carson’s rule: BW = Af + 2 f,, where f, is
the modulation frequency. Using Manchester coding the modulation frequency (in kHz) will be
equal to the bit rate (in kbit/s). A message-box opens when selecting 455 external filter. This
messagebox can be useful to calculate the bandwidth of the filter according to Carson’s rule
and the crystal accuracy.

{i’
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Frequency separation

The frequency separation, Af, is the difference between the frequency transmitted for a ‘0’ (fo)
and a ‘1’ (f;). Thatis, fo = fc - Af/2 and f; = fc + Af/2 where f¢ is the carrier frequency entered
in the ‘RF frequency’ field.

The frequency separation can be adjusted between 1 and 200 kHz in 1 kHz steps. The
default value is 20 kHz.

Depending on the chosen IF stage the recommended frequency separation is
5 - 40 kHz for IF = 60 kHz,

10 - 100 kHz for IF = 200 kHz.

5 — 20 kHz for IF = 455 kHz with external filter

The sensitivity depends slightly on frequency separation.

Data rate

The data rate can be set between 0.3 and 9.6 kbitps. The default setting is 1.2 kbitps. The
data signal transmitted to the DIO pin must be Manchester encoded. The noise bandwidth of
the receiver will be optimised to the selected data rate. Note that the baud rate is twice the bit
rate when using Manchester coding.

Power amplifier class

You can chose between four possible choices of PA-class: ‘Class A, ‘Class AB’, ‘Class B’
and ‘Class C'. The default choice is ‘Class C'. The different classes are selected from a pull-
down menu.

Clazz B :I

Clazs &
Clazz &B

The selection of power amplifier operation class is a trade-off between output power,
efficiency and harmonic generation. In class A or AB the amplifier is working more linear, and
the harmonics will be low. However, the efficiency and the output power will also be low. For
increased output power and efficiency, class B or C should be used, with the cost of
somewhat higher harmonics.

{i’
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RF output power

For the CC900 case, the output RF power can be setin 1 dB steps between -20 and up to 4
dBm depending on the PA operating mode.
Class A: -20 to -12 dBm (not recommended due to low efficiency)

Class AB: -15t0 -5 dBm (recommended -12 to -8 dBm)
Class B: -8to 1 dBm (recommended -8 to -3 dBm)
Class C: -8to 4 dBm (recommended -8 to 4 dBm)

For the CC400 case, the output RF power can be set in 1 dB steps between -5 and up to 14
dBm depending on the PA operating mode.
Class A: -5to 0 dBm (not recommended due to low efficiency)

Class AB: -4 to 6 dBm (recommended -4 to 3 dBm)
Class B: 0to 12 dBm (recommended 3 to 12 dBm)
Class C: 0to 14 dBm (recommended 12 to 14 dBm)

The default value is 0 dBm for CC900 and 10 dBm for CC400. Power in dBm is 10 log (P)
where P is in mW.

Mode

The operation mode can be selected from a pull down menu. The chip can be set in RX
(receive), TX (transmit) or PD (power down) mode. In PD you can select between complete
power down (osc. off), or power down with the crystal oscillator running (osc. on).

[ =
%
TH

FD [osc. on)

PD [0z, aff)

Fie, precharging

Leaving the crystal oscillator running gives a shorter turn-on time at the expense of higher
current consumption in the power down mode. RX precharging can be used to reduce the
demodulator turn-on time. Please refer to the data sheet for further information on
demodulator precharging. The default value is RX.

Receiver mode

Optirum sensitivitp j

I:Iptimum linearity

The receiver mode can be selected from a pull down menu. The receiver can be configured
for optimum sensitivity (low noise figure) or optimum linearity (high input intercept point).
When inter-modulation due to several transmitters in the same area is expected to be a
problem, choose the optimum linearity option. Choose optimum sensitivity when maximum
range is needed. The default value is optimum sensitivity.

{i’
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LOCK indicator

The synthesiser PLL lock indicator can be set in one of three modes: ‘Continuous’, ‘One-shot’
or ‘Disabled’ using the pull down window. Choosing ‘Continuous’ the lock indicator will
monitor the PLL lock continuously also after an initial lock has occurred. Choosing the ‘One-
shot’ mode the lock pin will stay high after an initial lock has occurred, even if the PLL
occasionally should fall out of lock. If ‘Disabled’ is selected, the lock signal will be active
regardless of the PLL status. The default value is ‘Continuous’.

Caontinuous j

Dne-shn:ut
Dizabled

Important; The ‘One-shot’ lock signal is used internally in the CC900 to enable the transmitter.
If the lock signal is not active (high) the transmitter will not be enabled. This is done in order to
avoid the transmitter to emit out-of-band signals. If ‘Disabled’ is chosen this function is
overridden and care should be taken, as the transmitter will transmit even when the PLL is not
in lock.

VCO current

The VCO current can be set in 8 steps; ‘000’ being the maximum and ‘111’ being the
minimum. The VCO current can be adjusted in order to check the gain margin of the VCO.
Reducing the VCO current will decrease the amplitude of the VCO signal, and eventually the
oscillator will cease to oscillate. In receive mode the LO leakage can be reduced by reducing
the current, and hence the amplitude. However, the current should always be minimum two
steps above where the oscillator stops, in order to have some start-up margin.
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4.2 The register configuration window for CC400/CC900

When you have chosen the register configuration window, the SmartRF® Studio will look like
the picture below.

-1/ CC900 - SmartRF Studio

File Views Configuration Toaols Help

B[ 0|w|E] 2

Configuration registers
Frame & [Address 000)

Al A1 A10l A9 anal™ A07[ ADEM ADSlW ADd[ AD3W ADZ[ AW ADDI  hex D024

Frame B [Addresz 001]
B12[C B11W Bl0lv BO9lW BOBM BO7W BOGI BOSI BO4W BO3W BOZM BOIC BODI  hex| 2FS8

Frame C [Address 010]
12l cnl ool cosl cosl co?l coel cosl cod4l cozl cozl cCcOil Coolb hex| 4041

Frame D [bddressz 011]
oz D11 D10l pod DoB DO7FC Doel DoS Do Do30 Dozl Dol Dooke o hes| YE33

Frame E [Addresz 100]
E12] EN1W E100 EO0S9W EOSh EOF[ EOS[ EOS[ EO040 E030 EC2[ EM[ EOO[  hex| 8BOO
Frame F [Address 101]
Flzv F11 F10l FO9lw FOST FOFI FOe[ FOS[ FO40 FO3T FO20 FO10w FOOI  hex| BADZ

Frame G [bddressz 110]
Glz2l G G100 Goalw Gosh GO7I Goelv GOolv GO4I GO3W GOz GO GOOI hex| CBEC

Frame H [&ddressz 111]
H12l™ H11 HI0l™ Ho9 Hosl™ HO? HOBlW HOSW HO4 HO3C HOZ HO1 HOOI  hex| EOF2

Statuz information

—,

Typical current consumption mé, ml_., %TEXAS INSTRUMENTS

Lock indicator Mat Locked www. ti. com/Ipw

device g

Ready

In this mode you can change the 13 different bits in the 8 registers directly by clicking on the
white squares. These bits are used to program the transceiver chip on the printed circuit
board (PCB) that follows Development Kit. We dissuade you to change the bits without
contacting our company first.

When changing the values and pressing Enter in the Normal configuration window described
in chapter 4.1, the frames will change automatically. At the right side of the window, you can
see the hex codes used to configure the transceiver. Here is the 3 bit address added to the 13
bit data-frames, giving the hex-value of the 16-bit frame normally stored in an micro-controller.
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4.3 Description of the Tools for CC400/CC900

Tools in the SmartRF® Studio are small independent software programs that are accessible
from the Tools menu.

431 Programming

It is possible to program the microcontroller on the Demonstration Board for the CC400 and
the CC900 from SmartRF® Studio. Selecting Programming in the Tools menu (Alt+T+P)
open a new window tool for this demonstration board programming. This window is as shown
below.

Programming the Demozstration Board

—EEPROM-programming

" fram file... Bz I SEVE I program EEPROM

€ from board... Head |

— FLASH-pragramming

e | FLASH: Mo data in buffer
fram file... Load | pragrar ELAEH

The interface communicates with the Evaluation Board. Before programming can start, you
must plug the Demonstration Board into the edge connector on the CC400/900 Evaluation
Board. The software will inform you if you have not installed the Demonstration Board
correctly on the demonstrator before programming. Please see the User Manuals for the
Development Kit for details regarding the Evaluation Board and Demonstration Board.

Before programming the demonstration board the battery should be removed, because the
Evaluation board gives power to the MCU during programming.
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4.3.2 EEPROM-programming

The register setting for the transceivers is stored in the EEPROM of the microcontroller. The
idea is that the user can change the settings of the transceivers on the demonstrator by
changing the data in the EEPROM.

Before you can program the EEPROM, you must load valid data into the EEPROM-buffer.
This can be done by either using the default setting, load from file or read from board.

If default setting is selected, then the EEPROM-buffer is filled with default values that
correspond to the data in the demonstration board when you got it. This is a proper selection
when you want to go back to the recommended settings after testing the demonstrator using
other settings. To use the correct default setting for the demonstrator board, the user must
ensure that the selected device in SmartRF® Studio is the same as the transceiver on the
demonstration board. If CC400 is selected the default setting is according to the EEPROM
setting given in CC400DBK User Manual, and if CC900 is selected the default setting is
according to the EEPROM setting given in CC900DBK User Manual. If CC1000 is selected
before the programming tool is opened, the default setting radio button will not give a default
setting, because we have for the moment not implemented a demonstrator for CC1000.

If from file is selected, then the load and the save buttons are enabled. Here you can either
load data from a file to the EEPROM-buffer, or save the EEPROM-buffer to a file. There are
two types of files that are allowed to load. That is the *.eep and *.txt. The eep-format is the
normal file type for the EEPROM data. The txt-file is the text-file that is generated under
SmartRF® Studio when print register to file is selected in Normal View. If another text-file is
loaded an error message will open. When saving the buffer to a file, the format will be of
*.eep.

If from board is selected, then the read and save buttons are enabled. By clicking on this
button, the software starts to read the EEPROM of the connected demonstration board, into
the EEPROM-buffer. The Progress bar at the bottom of the EEPROM-programming frame
starts to go, and indicate the progress of the reading. An error message will open if no
demonstrator is connected to the evaluation board. The buffer data can now be used to either
program to another board or store to a *.eep file.

When the EEPROM-buffer contains useful data, the program EEPROM button is enabled.
This button writes the data from the EEPROM-buffer to the EEPROM of the microcontroller.
The Progress bar at the bottom of the EEPROM-programming frame indicates the progress of
the programming. An error message will be shown if no demonstrator is connected to the
evaluation board.
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4.3.3 FLASH-programming

The main program of the microcontroller is stored in the FLASH memory. This program can
be loaded into the FLASH-buffer. The file-format is generic Hex Format (ASCII-file). Please
have in mind that not all types of hex format can be used in SmartRF® Studio. The format
SmartRF® Studio can handle is given below:

000000:c005
000001:c115
000002:c125
000003:c0a9
000004:c001
000005:c000

the generic hex format is of the type:
AAAAAA:DDDD
Where:

A = Address
D = Data

When the FLASH-buffer contains useful data, the program FLASH button is enabled. This
button writes the data from the FLASH-buffer to the FLASH memory of the microcontroller.
The Progress bar at the bottom of the FLASH-programming frame indicates the progress of
the programming. An error message will be shown if no demonstrator is connected to the
evaluation board.

Please have in mind that the EEPROM is erased during the FLASH-programming, and must
manually be updated by the user with the program EEPROM button (see 8.1.1).

Please also have in mind that the FLASH programmer in SmartRF® Studio can only be used
on a CC400/CC900DB v.2.00 or newer, due to the new Atmel MCU (tiny12) on this board.

Note: To generate a generic hex file in AVR Studio (use version 3.5 or newer), click on
'Project Settings' in the 'Project' menu, and select 'Generic' in the 'Output File Format' combo
box. For further information, see Atmel's documentation.
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5. SmartRF® Studio for CC1000

The CC1000 has two configuration views. The parameter entry screen is the default window
and can be chosen by pressing F2 or selecting Normal from the View menu. In this window
you can change the system parameters, get status information and component values.

The other configuration window is the “register” configuration, which is selected by pressing
F3 or selecting Register from the View menu. It gives you the possibility to change the bits in
the configuration registers directly. This window is mainly used to give additional information
and we dissuade you to change the bits.

To send the configuration data to the transceiver chip, press F5 or select Update Device from
the Configuration menu or press the Update device button at the bottom of the screen.

Note: When pressing Enter the parameters will be checked and component values will be
calculated, but the transceiver will not be programmed until Update device is activated.
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5.1 The Normal configuration window for CC1000

When you have chosen the Normal configuration window, SmartRF® Studio appears like the
picture below.

.4/ €C1000 - SmartRF Studio
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Ready

You can get information about the different parameters by clicking on the info button to the
left of the parameter.

After you have changed some or all of the parameters, the external component values are
calculated after pressing Enter or Update device. Component values for the input/output
match to the antenna and the VCO Inductor are shown to the right of the window. The values
are given to you in terms of the standard E12-series. When you have changed the default
parameter settings, use these values for the new external components. The component
reference numbers refer to the application circuit shown in the datasheet.

Using the specified component values for the input/output match will give an optimum match
at the specified operating frequency. Minor tuning of the component values may be necessary
to compensate for layout parasitics.
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51.1 System parameters

This chapter describes the different parameters and the options you have when changing
them.

Crystal frequency

The crystal frequency of your Development Kit evaluation board is 14.7456 MHz. Do not
change the X-tal frequency parameter when using this module unless the crystal is being
replaced. If you are using this program to generate configuration data for your special
application, use a crystal frequency between:

3 -4 MHz
6 -8 MHz
9—-16 MHz

Recommended frequencies are 3.6864, 7.3728, 11.0592 and 14.7456 MHz giving exact data
rates. The recommended frequencies can be selected in the drop-down list. The frequency
value is rounded to 6 digits after the MHz decimal point, i.e. 11.059200 MHz.

Hetal frequenu:yl”-mEEDD "I MHz & Int © Ext

You can also choose to use an external crystal reference oscillator by selecting ‘External’ in
the radio button.

The crystal frequency must be higher than 12 MHz in order to use higher data rates than 19.2
kbaud in SmartRF® Studio.

Crystal accuracy

Enter the total crystal accuracy between 0 and 500 ppm, including initial tolerance,
temperature stability, loading and ageing. If you are using a trimming capacitor to adjust the
crystal oscillator, the initial tolerance will be zero. The crystal stability has an influence on the
maximum data rate and frequency separation that can be used to stay in the passband of the
internal IF filter bandwidth. For highest possible data rate or separation it is an advantage to
use a crystal with high frequency accuracy (<20 ppm). For low cost applications, however,
this can be a trade-off. The default value is 20 ppm.
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RF frequency

CC1000 has two separate frequency settings making it possible to select between Frequency
A and B. A radio button is used for selecting the active frequency. There is further a radio
button on each frequency, which informs the software, whether to calculate RX or TX
frequency.

RF freq A( [E68.300000 | MHz & Rx O T
B [BEB300000 | MHz O Re @ T

If the active frequency is different from the operation mode (see section 5.1.1.12), error
messages will popup informing you to synchronise the active frequency with the operation
mode.

The CC1000 can operate at frequencies between 300 and 1000 MHz. The Development Kit
evaluation board is optimised for operation in either the ISM band at 868-870 MHz or the ISM
band at 433.050 — 434.790 MHz . However, it is possible to use the evaluation board for
frequencies outside this ISM band with restriction on the VCO Inductor. Choosing frequencies
outside this range will not work for this evaluation board and should only be done for
generation of configuration data to be used in other applications.

RX Mode

In RX mode you can optimise the sensitivity and current consumption.

R Mode | Low Curert [ Optimal freq [ Low LO

The CC1000 have some RF frequencies that gives a more optimal sensitivity than others. By
selecting the optimal frequency, SmartRF® studio will find the closest RX channel that gives
this optimal sensitivity frequency. When optimal frequency is selected, SmartRF® Studio sets
the selected RF frequency A to the closest optimal frequency, and forces frequency B to be
equal to frequency A. The RF frequency B is disabled in optimal frequency mode.

SmartRF® Studio use low side LO when mixing down to the intermediate frequency in RX
mode. When low LO is disabled, this down converting is based on high side LO. The data on
DIO in RX mode is inverted using high side LO.

In order to use CC1000 in a battery operation system, it is important to reduce the current
consumption in RX mode. By activating the Low Current consumption, the current
consumption in RX mode is reduced. The sensitivity will drop 1-2 dB when the low current
mode is used.

Default setting is low current and optimal frequency.
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Frequency separation

The frequency separation, Af, is the difference between the frequency transmitted for a ‘0’ (fo)
and a ‘1’ (f;). Thatis, fo = fc - Af/2 and f; = fc + Af/2 where f¢ is the carrier frequency entered
in the ‘RF frequency’ field.

The frequency separation can be adjusted between 0 and 200 kHz in 1kHz steps. The
default value is 64 kHz. A warning will pop-up if CC1000 is unable to modulate with the
selected separation. The maximum value for the separation depends on the crystal frequency
and RF frequency input, and will for all settings be larger than 64 kHz.

Data rate

The data rate can be set between 0.3 and 76.8 kbaud. The default setting is 2.4 kbaud. If
synchronous mode and recommended crystal frequencies is selected, SmartRF® Studio will
find the closest accurate data rate. If synchronous mode is selected without using
recommended crystal frequencies, a warning will pop-up informing you that the data rate will
differ from the one given in the Data rate input.

To get a higher data rate then 19.2 kbaud, the crystal frequency must be higher than 12 MHz
in SmartRF® Studio. If the selected recommended frequency is 3.6864, 7.3728 or 11.0592
MHz in synchronous mode the maximum data rate is forced down to 19.2 kbaud (a pop-up
message will inform the user). For a 14.745600 MHz crystal however the data rate is rounded
to the closest accurate data rate up to 76.8 kbaud.
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Data format

The CC1000 can be used with NRZ (Non-Return-to-Zero) data or Manchester (bi-phase-level)
encoded data. The UART mode bypasses the on-chip synchronisation feature in CC1000.

The fast and accurate sets the preamble time needed in RX mode, before valid data can be
received.

[ ata Format ™ Faztl® Accurate

Please see data sheet of CC1000 for details.

RF output power

For the CC1000 the output RF power can be set in 1 dB steps between -20 to 10 dBm. For
frequencies higher than 500 MHz the upper limitis 5 dBm.

Power in dBm is 10 log (P) where P is in mW. The default value is 0 dBm.

Lock

Lack |ndicator Im = I

One-shot

External P4 contral
External LMA cantral
Digabled

The synthesiser PLL lock indicator can be set in one of three modes: ‘Continuous’, ‘One-shot’
or ‘Disabled’ using the pull down window. Choosing ‘Continuous’ the lock indicator will
monitor the PLL lock continuously also after an initial lock has occurred. Choosing the ‘One-
shot’ mode the CHP_OUT (lock) pin will stay high after an initial lock has occurred, even if the
PLL occasionally should fall out of lock. If ‘Disabled’ is selected, the lock signal will not be
sent to the CHP_OUT pin to give PLL status. ‘External PA control’ is selected if an external
Power Amplifier is needed, and ‘External LNA control’ is selected if an external LNA is
needed. The CHP_OUT pin can then control the external LNA/PA, based on the setting of the
TX_PD and RX_PD in the MAIN register of CC1000. Please see datasheet for details. The
default value is ‘Continuous’.

Important; The ‘One-shot’ lock signal is used internally in the CC1000 to enable the
transmitter. If the lock signal is not active (high) the transmitter will not be enabled. This is in
order to avoid the transmitter to emit out-of-band signals. If ‘Disabled’ is chosen this function
is overridden and care should be taken, as the transmitter will transmit even when the PLL is
not in lock.
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IF/RSSI

The IF/RSSI pin on CC1000 can be configured to give out the IF frequency or RSSI.
Choosing external IF, an 10.7 MHz IF signal will be available at the IF/RSSI pin. Using RSSI,
an analogue voltage inversely proportional to the received signal strength is available at the
pin. See datasheet for details. The default value is RSSI enable.

IF/R5S5I R55] Enables

External 10.7Hz IF
Dizabled

Operation Mode

The type of operation mode can be selected from a pull down menu. The chip can be set in
RX (receive), TX (transmit) or PD (power down) mode. In PD you can select between
complete power down (osc. off), or power down with the crystal oscillator core, bias and/or
frequency synthesiser running. Leaving the crystal oscillator running gives a shorter turn-on
time at the expense of higher current consumption in the power down mode. The default
value is RX.

b ode

#05C Care, Biaz & Synth
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5.2 The register configuration window for CC1000

When you have chosen the register configuration window, SmartRF® Studio will look like the
picture below.
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In this mode you can change the Register values. You can enter the hex values directly or
use the implemented control boxes for each register. These control boxes give detailed
information on the bits to be controlled in the specified register. Please see the data sheet for
detailed information on the register settings. When a hex value is written to a register and
enter is pushed, the control boxes for the specific register will be updated and visa versa for
changes made in the control boxes. The bits are used to program the transceiver chip on the
CC1000EB, and the CC1000 will be programmed with the register information when Update
device (F5) is pushed. We dissuade you to change the bits without first study the datasheet
or contacting our company.

When changing the values and pressing Enter in the Normal configuration window described
in chapter 5.1, the frames will change automatically. Changing view to Register View the
optimised register values for the Normal View is given.
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5.3 Evaluation Board Control

In the CC1000 mode of SmartRF® Studio, you will find Evaluation board Control buttons
(Calibrate, Reset and Read). The function of these buttons is given in this chapter.

— Board Cantrol——

Calibrate

Bezet

i

Fead

Calibrate activates the on-chip calibration feature of the VCO and PLL on the CC1000.
Reset performs a hardware reset of CC1000 setting all the register to default values.

Read starts to read back the register information on the CC1000 chip. The information is

given in a dialog box together with the register name. This button is only active in register
view.
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6. SmartRF® Studio for CC1050

The CC1050 has two configuration views. The parameter entry screen is the default window
and can be chosen by pressing F2 or selecting Normal from the View menu. In this window
you can change the system parameters, get status information and component values.

The other configuration window is the “register” configuration, which is selected by pressing
F3 or selecting Register from the View menu. It gives you the possibility to change the bits in
the configuration registers directly. This window is mainly used to give additional information
and we dissuade you to change the bits.

To send the configuration data to the transmitter chip, press F5 or select Update Device from
the Configuration menu or press the Update device button at the bottom of the screen.

Note: When pressing Enter the parameters will be checked and component values will be
calculated, but the transmitter will not be programmed until Update device is activated.
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6.1 The Normal configuration window for CC1050

When you have chosen the Normal configuration window, SmartRF® Studio appears like the
picture below.

.4/ €C1050 - SmartRF Studio

File Wiew Configuration Tools Help

B|D[=|d] 2

Syztem paraneters Component values
- | MHz ™ Int " Ext info | ¥CO inductar

info | #-tal frequency

info | BF Frequency & ¢ |968.300000 MHz i EE
B  [see.300000 MHz ey [N
info | Frequency separation B4 kHz L2 25 rH
F
info | Data rate 2400 kbaud C1 47 p
c2 RE F
info | Data format |Manchester j P
i Ewvaluation Board Contral
info | RF output pover IDi . valuation Board Contral
inf LCalibrate
M Lol | Contiruous |
Rezet
info | Mode |T>< j

Statusz information

Typical curent consumption|  14.20000  md “" @TEXAS INSTRUMENTS
device (RS

Lock, indicator Mot Locked www. ti. com/Ipw

Ready

You can get information about the different parameters by clicking on the info button to the
left of the parameter.

After you have changed some or all of the parameters, the external component values are
calculated after pressing Enter or Update device. Component values for the input/output
match to the antenna and the VCO Inductor are shown to the right of the window. The values
are given to you in terms of the standard E12-series. When you have changed the default
parameter settings, use these values for the new external components. The component
reference numbers refer to the application circuit shown in the datasheet.

Using the specified component values for the output match will give an optimum match at the
specified operating frequency. Minor tuning of the component values may be necessary to
compensate for layout parasitics.
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6.1.1 System parameters

This chapter describes the different parameters and the options you have when changing
them.

Crystal frequency

The crystal frequency of your Development Kit evaluation board is 14.7456 MHz. Do not
change the X-tal frequency parameter when using this module unless the crystal is being
replaced. If you are using this program to generate configuration data for your special
application, use a crystal frequency between:

3 -4 MHz
6 -8 MHz
9—-16 MHz

Recommended frequencies are 3.6864, 7.3728, 11.0592 and 14.7456 MHz giving exact data
rates. The recommended frequencies can be selected in the drop-down list. The frequency
value is rounded to 6 digits after the MHz decimal point, i.e. 11.059200 MHz.

#-tal frequency IM-?‘EEDEI "I bHz % Int € Ext

You can also choose to use an external crystal reference oscillator by selecting ‘External’ in
the radio button.

RF frequency

CC1050 has two separate frequency settings making it possible to select between Frequency
A and B. A radio button is used for selecting the active frequency.

RF Frequency & IEEE.EDDDDD MH 2
B 868300000 MHz

The CC1050 can operate at frequencies between 300 and 1000 MHz. The Development Kit
evaluation board is optimised for operation in either the ISM band at 868-870 MHz or the ISM
band at 433.050 — 434.790 MHz . However, it is possible to use the evaluation board for
frequencies outside this ISM band with restriction on the VCO Inductor. Choosing frequencies
outside this range will not work for this evaluation board and should only be done for
generation of configuration data to be used in other applications.

{i’
TEXAS
INSTRUMENTS  33/122



Frequency separation

The frequency separation, Af, is the difference between the frequency transmitted for a ‘0’ (fo)
and a ‘1’ (f;). Thatis, fo = fc - Af/2 and f; = fc + Af/2 where f¢ is the carrier frequency entered
in the ‘RF frequency’ field.

The frequency separation can be adjusted between 0 and 200 kHz in 1 kHz steps. The
default value is 64 kHz. A warning will pop-up if CC1050 are unable to modulate with the
selected separation. The maximum value for the separation depends on the crystal frequency
and RF frequency input, and will for all settings be larger than 64 kHz.

Data rate

The data rate can be set between 0.6 and 76.8 kbaud. The default setting is 2.4 kbaud. If
synchronous mode and recommended crystal frequencies is selected, SmartRF® Studio will
find the closest accurate data rate. If synchronous mode is selected without using
recommended crystal frequencies, a warning will pop-up informing you that the data rate will
differ from the one given in the Data rate input.

Data format

The CC1050 can be used with NRZ (Non-Return-to-Zero) data or Manchester (bi-phase-level)
encoded data. The UART mode bypasses the on-chip synchronisation feature in CC1050.

Diata farmat b anchester

MRS

LART

Please see data sheet of CC1050 for details.

RF output power

For the CC1050 the output RF power can be set in 1 dB steps between -20 to 12 dBm. For
frequencies higher than 500 MHz the upper limit is 8 dBm.

Power in dBm is 10 log (P) where P is in mW. The default value is 0dBm.
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Lock

Lock Im j

Orie-shat
Esternal Pé cantral
Dizabled

The synthesiser PLL lock indicator can be set in one of three modes: ‘Continuous’, ‘One-shot’
or ‘Disabled’ using the pull down window. Choosing ‘Continuous’ the lock indicator will
monitor the PLL lock continuously also after an initial lock has occurred. Choosing the ‘One-
shot’ mode the CHP_OUT (lock) pin will stay high after an initial lock has occurred, even if the
PLL occasionally should fall out of lock. If ‘Disabled’ is selected, the lock signal will not be
sent to the CHP_OUT pin to give PLL status. ‘External PA control’ is selected if an external
Power Amplifier is needed. The CHP_OUT pin can then control the external PA, based on the
setting of the TX_PD in the MAIN register of CC1050. Please see datasheet for details. The
default value is ‘Continuous’.

Important: The ‘One-shot’ lock signal is used internally in the CC1050 to enable the
transmitter. If the lock signal is not active (high) the transmitter will not be enabled. This is in
order to avoid the transmitter to emit out-of-band signals. If ‘Disabled’ is chosen this function
is overridden and care should be taken, as the transmitter will transmit even when the PLL is
not in lock.

Mode

The type of operation mode can be selected from a pull down menu. The chip can be set in
TX (transmit) or PD (power down) mode. In PD you can select between complete power
down (osc. off), or power down with the crystal oscillator core, bias and/or frequency
synthesiser running. Leaving the crystal oscillator running gives a shorter turn-on time at the
expense of higher current consumption in the power down mode. The default value is TX.

tode
PD
#05C Core Only
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6.2 The register configuration window for CC1050

When you have chosen the register configuration window, SmartRF® Studio will look like the
picture below.
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In this mode you can change the Register values. You can enter the hex values directly or
use the implemented control boxes for each register. These control boxes give detailed
information on the bits to be controlled in the specified register. Please see the data sheet for
detailed information on the register settings. When a hex value is written to a register and
enter is pushed, the control boxes for the specific register will be updated and visa versa for
changes made in the control boxes. The bits are used to program the transmitter chip on the
CC1050EB, and the CC1050 will be programmed with the register information when Update
device (F5) is pushed. We dissuade you to change the bits without first study the datasheet
or contacting our company.

When changing the values and pressing Enter in the Normal configuration window described
in chapter 6.1, the frames will change automatically. Changing view to Register View the
optimised register values for the Normal View is given.
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6.3 Evaluation Board Control

In the CC1050 mode of SmartRF® Studio, you will find Evaluation board Control buttons
(Calibrate, Reset and Read). The function of these buttons is given in this chapter.

— Board Contral——

Calibrate

Bezet

el

Fead

Calibrate activates the on-chip calibration feature of the VCO and PLL on the CC1050.
Reset performs a hardware reset of CC1050 setting all the register to default values.
Read starts to read back the register information on the CC1050 chip. The information is

given in a dialog box together with the register name. This button is only active in register
view.
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7. SmartRF® Studio for CC1010

The CC1010 has two configuration views. The parameter entry screen is the default window
and can be chosen by pressing F2 or selecting Normal from the View menu. In this window
you can change the system parameters, get status information and component values.

The other configuration window is the “register” configuration, which is selected by pressing
F3 or selecting Register from the View menu. It gives you the possibility to change the bits in
the configuration registers directly. This window is mainly used to give additional information
and we dissuade you to change the bits.

To send the configuration data to the transceiver chip, press F5 or select Update Device from
the Configuration menu or press the Update device button at the bottom of the screen. In
order to configure the CC1010EB, you first need an embedded software

(SmartRF® _adapter.hex) inside CC1010 that communicate with the SmartRF® Studio.
SmartRF® Studio will check the embedded software the first time Update device is activated.
If the CC1010 embedded software differs from the required software (SmartRF_adapter.hex),
a programming application (ccprog.exe) will be activated, allowing the user to configure
CC1010 with the software SmartRF®_adapter.hex. The user only need to click on the Do it
button in order to update the CC1010 core with the required embedded software. After
verifying the programming the user can exit this programming window and work with the
SmartRF® Studio window. For additional information regarding the programming application
(ccprog.exe), please study the IDE User Manual.

Note: When pressing Enter the parameters will be checked and component values will be
calculated, but the transceiver will not be programmed until Update device is activated.
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7.1 The Normal configuration window for CC1010

When you have chosen the Normal configuration window, SmartRF® Studio appears like the
picture below.

.1 CC1010 - SmartRF Studio

File Views Configuration Toaols Help

CEEER
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info | ¥-tal frequency | 14745600 MHz € Int € Ext imfio WCO:
info | s¢-tal accuracy +- B ppm Lo 33 nH

info | AF freq. A% BE8.277200 MHz & RBu (" Tu info hatch:
BO MHz " Bx f* Tu 132 Hzg rH

L41 |25 nH
infia | B Mode ¥ Optimal freq W Low LO

cxn |2 i
i : 4 kHz
infa | Freq. separation ooy NA  eF

info | Diata rate 2.400 kB aud caz A00 PR
info | Data Fomat  |Manchester « | Fast®™ Accurate

Built i best
infa | RF Output Poweer . dBm

info | IF/RSS| |RSSI Enabled =] infa | T enable

info | Lock Indicator |Disable ﬂ errar bits

infa | Mode ||:|>< ﬂ EEF [10E-3]
BERWIN | 1024 bits -]

Ewaluation Board Control
Hw Reset. | Colbrate | | SIGTYPE |2 bit perind square v |

Statuz information

—,

Typical current consumption| 27.00000  ma ml_., %TEXAS INSTRUMENTS

Lock indicator Disabled www. ti. com/Ipw

device g

Ready

You can get information about the different parameters by clicking on the info button to the
left of the parameter.

After you have changed some or all of the parameters, the external component values are
calculated after pressing Enter or Update device. Component values for the input/output
match to the antenna and the VCO Inductor are shown to the right of the window. The values
are given to you in terms of the standard E12-series. When you have changed the default
parameter settings, use these values for the new external components. The component
reference numbers refer to the application circuit shown in the datasheet.

Using the specified component values for the input/output match will give an optimum match
at the specified operating frequency. Minor tuning of the component values may be necessary
to compensate for layout parasitics.
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7.1.1 System parameters

This chapter describes the different parameters and the options you have when changing
them.

Crystal frequency

The crystal frequency of your Development Kit evaluation board is 14.7456 MHz. Do not
change the X-tal frequency parameter when using this module unless the crystal is being
replaced. If you are using this program to generate configuration data for your special
application, use a crystal frequency between:

3 -4 MHz
6 -8 MHz
9—24 MHz

Recommended frequencies are 3.6864, 7.3728, 11.0592, 14.7456, 18.4320 and 22.1184
MHz giving exact data rates. The recommended frequencies can be selected in the drop-
down list. The frequency value is rounded to 6 digits after the MHz decimal point, i.e.
11.059200 MHz.

Hetal frequenu:yl”-mEEDD "I MHz & Int © Ext

You can also choose to use an external crystal reference oscillator by selecting ‘External’ in
the radio button.

The crystal frequency must be 14.7456 MHz in order to use the maximum data rate of 76.8
kbaud in SmartRF® Studio. For 22.1184 and 7.3728 MHz the maximum data rate is 38.4
kbaud. The other recommended crystal frequencies will give a maximum data rate of 19.2
kbaud.

Crystal accuracy

Enter the total crystal accuracy between 0 and 500 ppm, including initial tolerance,
temperature stability, loading and ageing. If you are using a trimming capacitor to adjust the
crystal oscillator, the initial tolerance will be zero. The crystal stability has an influence on the
maximum data rate and frequency separation that can be used to stay in the passband of the
internal IF filter bandwidth. For highest possible data rate or separation it is an advantage to
use a crystal with high frequency accuracy (<20 ppm). For low cost applications, however,
this can be a trade-off. The default value is 20 ppm.
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RF frequency

CC1010 has two separate frequency settings making it possible to select between Frequency
A and B. A radio button is used for selecting the active frequency. There is further a radio
button on each frequency, which informs the software, whether to calculate RX or TX
frequency.

RF freq A( [E68.300000 | MHz & Rx O T
B [BEB300000 | MHz O Re @ T

If the active frequency is different from the operation mode (see section 5.1.1.12), error
messages will popup informing you to synchronise the active frequency with the operation
mode. This check is performed on Update device.

The CC1010 can operate at frequencies between 300 and 1000 MHz. The Development Kit
evaluation board is optimised for operation in either the ISM band at 868-870 MHz or the ISM
band at 433.050 — 434.790 MHz . However, it is possible to use the evaluation board for
frequencies outside this ISM band with restriction on the VCO Inductor. Choosing frequencies
outside this range will not work for this evaluation board and should only be done for
generation of configuration data to be used in other applications.

RX Mode

In RX mode you can optimise the sensitivity.

i Mode ¥ Optimalfreg W Low LD

The CC1010 have some RF frequencies that gives a more optimal sensitivity than others. By
selecting the optimal frequency, SmartRF® studio will find the closest RX channel that gives
this optimal sensitivity frequency. When optimal frequency is selected, SmartRF® Studio sets
the selected RF frequency A to the closest optimal frequency, and forces frequency B to be
equal to frequency A. The RF frequency B is disabled in optimal frequency mode.

SmartRF® Studio use low side LO when mixing down to the intermediate frequency in RX
mode. When low LO is disabled, this down converting is based on high side LO. The data on
DIO in RX mode is inverted using high side LO.

Default setting is optimal frequency and low LO.
Frequency separation

The frequency separation, Af, is the difference between the frequency transmitted for a ‘0’ (fo)
and a ‘1’ (f;). Thatis, fo = fc - Af/2 and f; = fc + Af/2 where f¢ is the carrier frequency entered
in the ‘RF frequency’ field.

The frequency separation can be adjusted between 0 and 200 kHz in 1kHz steps. The
default value is 64 kHz. A warning will pop-up if CC1010 is unable to modulate with the
selected separation. The maximum value for the separation depends on the crystal frequency
and RF frequency input, and will for all settings be larger than 64 kHz.
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Data rate

The data rate can be set between 0.3 and 76.8 kbaud. The default setting is 2.4 kbaud. If
synchronous mode and recommended crystal frequencies is selected, SmartRF® Studio will
find the closest accurate data rate. If synchronous mode is selected without using
recommended crystal frequencies, a warning will pop-up informing you that the data rate will
differ from the one given in the Data rate input.

To get a higher data rate then 19.2 kbaud, the crystal frequency must be higher than 12 MHz
in SmartRF® Studio. If the selected recommended frequency is 3.6864, 11.0592, 18.4320
MHz in synchronous mode the maximum data rate is forced down to 19.2 kbaud (a pop-up
message will inform the user). For a 14.745600 MHz crystal however the data rate is rounded
to the closest accurate data rate up to 76.8 kbaud and for 7.3728 and 22.1184 MHz the
maximum data rate is 38.4 kbaud.

Data format
The CC1010 can be used with NRZ (Non-Return-to-Zero) data or Manchester (bi-phase-level)
encoded data. The UART mode bypasses the on-chip synchronisation feature and the

Transparent mode bypass both the synchronisation and oversampling algorithm in CC1010.

The fast and accurate sets the preamble time needed in RX mode, before valid data can be
received.

D ata Format M anchester = ™ Fast(® Accurate

Tranzparent
UART

Please see data sheet of CC1010 for details.

RF output power

For the CC1010 the output RF power can be set in 1 dB steps between -20 to 10 dBm. For
frequencies higher than 500 MHz the upper limit is 4 dBm.

Power in dBm is 10 log (P) where P is in mW. The default value is 0 dBm.
Lock
The synthesiser PLL lock indicator can be read from an internal register. This read operation

is done each second and can be disabled if the constantly reading of the register influences
testing parameters.

Lock Indicatar

j
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IF/RSSI

The AD2 pin on CC1010 can be configured to give out the IF frequency or RSSI. Choosing
external IF, a 10.7 MHz IF signal will be available on the AD2 pin. Using RSSI, an analogue
voltage inversely proportional to the received signal will then be available on this pin. See
datasheet for details. The default value is RSSI enable.

IF/R5S5I R55] Enables

External 10.7Hz IF
Dizabled

Operation Mode

The type of operation mode can be selected from a pull down menu. The chip can be set in
RX (receive), TX (transmit) or PD (power down) mode. In PD you can select between
complete power down (osc. off), or power down with the crystal oscillator core, bias and/or
frequency synthesiser running. Leaving the crystal oscillator running gives a shorter turn-on
time at the expense of higher current consumption in the power down mode.

tode

#0O5C Care Only
#OSC Core & Bias
#05C Care, Biaz & Sunth

The default value is RX.
Built in test

A built-in BER-estimator and signal generator is implemented in the SmartRF® Studio
adapter program.

— Build ir kest

infa [~ enable

I error bits
I BEFR [10E-3]

BERWIN | 1024 bits =
SIGTYPE I 2 bit period square j

In RX mode the BER-estimator can be used in conjunction with an RF signal generator
connected to the DIO connector. The selected signal type (SIGTYPE) is then provided on the
DIO pin and is used as a reference sequence. The BER-estimator locks onto the received
signal and then compares it to the signal transmitted on DIO, measuring the BER over a
configurable number of transmitted bits given by BER window (BERWIN). When this
measurement window is complete, the numbers of bits in error are transferred to SmartRF®
Studio together with the estimated BER. The maximum data rate for the BER estimator is 4.8
kbaud. In TX mode the selected signal type is transmitted over the RF link.
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7.2 The register configuration window for CC1010

When you have chosen the register configuration window, SmartRF® Studio will look like the
picture below.

.1 CC1010 - SmartRF Studio

File Views Configuration Toaols Help

A|n|e=| 2
RFMAIN register =

i T RsT®X [ FREG [ RXPD W TZPFD [ Fs.PD | CORE_FD |~ BI&S_FD
Configuration Registers Test Registers
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MODEM1 | 2F | AvG_IN AvG_MODE[ &VG|3 SETTLING W PEAKDET v R| | TEST3 | 04
MODEMO | 48 |2 BAUDRATE 1 DAaT&_FORMAT [3 XOSC_FREQ TEST4 | 25
MATCH | D0 [0 FAX_MATCH [0 T _MATCH TESTS | 08
CURRENT [6C [ ~]vco 3 +|Lo 0 ~|Pa TEsTs | 1B
Pa_POW | A0
PLL [40 |8 REFDIV(223) [ ALARM_DISABLE Pseudn Registers
Lock [0 “SIGBER [ o0
AL | 25 [ START[ DUAL W WAIT [ CURRENT |6 ITERATE [0-7)
PRESCALE | 00 Board Control
. ,T Iﬁ Hw Reset
FSCTRL | 01 [ EXT_FILTER ¥ FS_RESET_N Calibrate
FREND | 32 ¥ BUF 27 LNA_CURRENT (03] |~ IF_EXT ¥ RSSI Read
=l

Status information SRR\
Typical curment consumption mé ml__r-"::: %TEXAS INSTRUMENTS
Lock indicator Disabled - devics / www.ti.com/lpw

Ready

In this mode you can change the Register values. You can enter the hex values directly or
use the implemented control boxes for each register. These control boxes give detailed
information on the bits to be controlled in the specified register. Please see the data sheet for
detailed information on the register settings. When a hex value is written to a register and
enter is pushed, the control boxes for the specific register will be updated and vice versa for
changes made in the control boxes. The bits are used to program the transceiver chip on the
CC1010EB, and the CC1010 will be programmed with the register information when Update
device (F5) is pushed. We dissuade you to change the bits without first study the datasheet
or contacting our company.

When changing the values and pressing Enter in the Normal configuration window described
in chapter 7.1, the frames will change automatically. Changing view to Register View the
optimised register values for the Normal View is given.

¥ 7,
EXAS
INSTRUMENTS  44/122



7.3 Evaluation Board Control

In the CC1010 mode of SmartRF® Studio, you will find Evaluation board Control buttons
(Calibrate, Reset and Read). The function of these buttons is given in this chapter.

— Board Cantral

Hwf Reset

LCalibrate

il

Bead

Calibrate activates the on-chip calibration feature of the VCO and PLL on the CC1010.
HW Reset performs a hardware reset of CC1010 setting all the register to default values.
Read starts to read back the register information on the CC1010 chip. The information is

given in a dialog box together with the register name. This button is only active in register
view.
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8. SmartRF® Studio for CC102X

The CC102X has two configuration views. The parameter entry screen is the default window
and can be chosen by pressing F2 or selecting Normal from the View menu. In this window
you can change the system parameters, get status information and component values.

The other configuration window is the “register” configuration, which is selected by pressing
F3 or selecting Register from the View menu. It gives you the possibility to change the bits in
the configuration registers directly. This window is mainly used to give additional information
and we dissuade you to change the bits.

To send the configuration data to the transceiver chip, press F5 or select Update Device from
the Configuration menu or press the Update device button at the bottom of the screen.

Note: When pressing Enter the parameters will be checked and component values will be
calculated, but the transceiver will not be programmed until Update device is activated.
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8.1

The Normal configuration window for CC102X

When you have chosen the Normal configuration window, SmartRF® Studio appears like the

picture below.

.1 CC1020 - SmartRF Studio
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You can get information about the different parameters by clicking on the info button to the

left of the parameter.

After you have changed some or all of the parameters, the external component values are
calculated after pressing Enter or Update device. The values are given in terms of the
standard E12-series. When you have changed the default parameter settings, use these
values for the new external components. The component reference numbers refer to the
application circuit shown in the datasheet and the CC102XDK User Manuals.

Using the specified component values for the input/output match will give an optimum match
at the specified operating frequency. Minor tuning of the component values may be necessary
to compensate for layout parasitics.
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8.1.1 System parameters

This chapter describes the different parameters and the options you have when changing
them.

Crystal frequency

The crystal frequency of your Development Kit evaluation module is 14.7456 MHz. Do not
change the X-tal frequency parameter when using this module unless the crystal is being
replaced. If you are using this program to generate configuration data for your special
application, use a crystal frequency between:

4 - 20 MHz

Recommended frequencies are 4.9152, 7.3728, 9.8304, 12.288, 14.7456, 17.2032 and
19.6608 MHz giving exact data rates. The recommended frequencies can be selected in the
drop-down list. The frequency value is rounded to 6 digits after the MHz decimal point, i.e.
14.745600 MHz.

#-tal frequency IH-NEEDEI "I MHz &+ |t © Est

You can also choose to use an external crystal reference oscillator by selecting ‘External’ in
the radio button.

Crystal accuracy

Enter the total crystal accuracy between 0 and 100 ppm, including initial tolerance,
temperature stability, loading and ageing. If you are using a trimming capacitor to adjust the
crystal oscillator, the initial tolerance will be zero. The crystal stability has an influence on the
maximum data rate and frequency separation that can be used to stay in the passband of the
internal programmable IF filter bandwidth. The default value is 5 ppm.
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RF frequency

CC102X has two separate frequency settings making it possible to select between Frequency
A and B. A radio button is used for selecting the active frequency. There is further a radio
button for each frequency, which informs the software, whether to calculate RX or TX
frequency.

RF Frequency & 4 IEEEI.3125EIEI MHz ™ Bx T
B |asa.3125m MHz O Fix (5 Ta

If the active frequency is different from the operation mode (see section 8.1.1.12), error
messages will popup informing you to synchronise the active frequency with the operation
mode.

CC102X can operate at frequencies between 424 — 470 MHz and 848 - 940 MHz. Your
Development Kit test module is optimised for operation in the ISM band at 868 or 433 MHz.
However, it is possible to use the test module for frequencies outside this ISM band with the
restriction of the external components.

Frequency separation

The frequency separation dF can be between 0 and 108 kHz at 424 — 470 MHz, and between
0 and 216 kHz at 848 — 940 MHz.. This is the difference between the frequency transmitted
fora ‘0’ (FO) and a ‘1’ (F1). Thatis, FO = Fc- dF/2 and F1= Fc+ dF/2, where Fc is the carrier
frequency entered in the ‘RF frequency’ field. The total occupied signal bandwidth can be
approximated by Carson’s rule: BW = dF + 2 Fm, where Fm s the modulation frequency.
Using NRZ coding the baud rate is equal to the bit rate. Using Manchester coding the
modulation frequency (in kHz) will be equal to the bit rate (in kbit/s) and the baud rate is twice
the bit rate.

Data rate

The data rate can be set between 0.45 and 153.6 bBaud. Using NRZ mode, the data rate in
kbits/s is equal to the Baud rate. Using Manchester code, the Baud rate is twice the bit rate.
The demodulator, data slicer and bit synchroniser is optimised according to the selected data
rate.

In synchronous mode using recommended crystal frequencies, the data rate will be rounded
to the closest accurate data rate given in the data sheet.
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Data format

CC102X can be configured for three different data formats: Synchronous ‘NRZ’, Synchronous
‘Manchester’ or ‘Asynchronous UART’. The data formats refer to the encoding used when
modulating the signal, either NRZ (Non-Return-to-Zero) data or Manchester encoded data
(also known as bi-phase-level) can be used. In the synchronous modes CC102X provide the
data clock at DCLK.

When Manchester mode is selected, the output signal will be modulated even if no signal is
connected to the DIO line. This is because the Manchester coding of the data is done by the
CC102X. Therefore the DIO signal should be NRZ coded even when Manchester mode is
selected.

Drata farmat Manchester = | Fast O Accurate

i anchester

UART

The selection between Fast and Accurate controls the settling time of the averaging filter in
the demodulator. Please see the data sheet for details.

RF output power

For the CC102X the output RF power can be set in 1 dB steps between -20 to 2 dBm. For
frequencies lower than 500 MHz the upper limit is TBD dBm.

Power in dBm is 10 log (P) where P is in mW. The default value is 0 dBm.
Channel spacing
The 6 dB IF bandwidth is programmable according to the channel spacing needed. In narrow

band operation the IF bandwidth is critical in order to get good adjacent channel rejection.
Further the AGC in CC102X will be optimised based on the channel spacing selection.

Channel spacing 28 kHz - I

125kHz

50 kHz
100 kHz
150 kHz
200 kHz
500 kH=

Note that CC1021 cannot be configured to 12.5 and 25 kHz narrow band operations.
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Modulation

CC102X can modulate FSK, GFSK or OOK/ASK. Using GFSK the data is shaped, using a
Gaussian filter before FSK modulation, in order to improve the occupied bandwidth. OOK is a
type of amplitude modulation used in digital systems where the RF carrier is turned on and off
in order to modulate the data.

Madulation IFSK v| ¥ Dithering

FCf

GFSEK

O0OkAASK

In a fractional-N synthesizer, spurious signals can occur at certain frequencies depending on
the division ratios in the PLL. To reduce the strength of these spurs the Dithering can be
enabled.

Lock

The synthesiser PLL lock indicator can be set in one of three modes: ‘Continuous’, ‘One-shot’
or ‘Disabled’. Choosing ‘Continuous’ the lock indicator will monitor the PLL lock continuously
also after an initial lock have occurred. Choosing the ‘Instant’ mode the LOCK pin will stay
high after an initial lock has occurred, even if the PLL occasionally should fall out of lock. If
‘Disabled’ is selected, the lock signal will be fixed to high or low regardless of the PLL status.
The LOCK pin can also be used as a Carrier Sense indicator or be set to a fixed level. In
synchronous mode the data in RX mode can be given on the LOCK pin when Data output is
selected. In asynchronous mode the data output is always provided on DCLK.

Laock Continuous j

‘Continuous
[nztant
Carrier Senze
[rata output
Dizabled high
Digabled ow

Note that the Lock indicator pin on CC102X is active low.
Carrier sense

The carrier sense signal is based on the RSSI value and the programmable carrier sense
level. The Carrier sense signal is high as long as the RSSI is stronger than the given
threshold. The threshold is given by the sensitivity in RX mode and adding the carrier sense
offset.

Carier sense offset IU dE [ DCLK Squelch

The DCLK pin on CC102X can be used to give an interrupt signal to the MCU when the RSSI
level exceeds the given threshold level. This function can be used to wake or interrupt the
MCU when a strong signal is received. The DCLK Squelch enables this feature.
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Operation Mode

The chip can be set in RX (receive), TX (transmit) or PD (power down) mode. You can also
power up selected parts of the chip; the crystal oscillator core, the bias module and the
synthesiser. These modes can be used to evaluate performance during a power up
sequence.

The disabled ‘Start mode’ button will be activated in “TX Pseudo Random’ and ‘Automatic
power up sequence’ selection and the caption will change to respectively ‘Start PN9’ and
‘wake-up’.

tode IHX | | [Start mu:u:lel

R Pzeuda Randam
T

T Pzeudo Randaom
FD

#O5C core anly
#05C core and biaz
#05C core, biaz and sunth
Automatic power Up sequence

When Automatic power up sequence is selected, the CC102X wakes up in RX mode and
check the carrier sense signal. The power up sequencing is initiated by a negative transition
on PSEL. Pushing the ‘wake up’ button does this. Please refer to the data sheet for further
information on power-on sequencing.

If pseudo random sequence is selected, the DIO is XOR’ed with this predefined sequence
both in TX and RX. BER can easily be found by having DIO low in TX and count the number
of ‘1’ received on the DIO in RX and devide by 3. The pseudo random sequence in TX mode
is initiated by a negative transition on PSEL. Pushing the ‘Start PN9’ button does this.

Diagnose

By enabling the diagnose feature, the averaging value of the RSSI, AFC and IF offset is
calculated and updated each second. The RSSI signal is given in dBm and the AFC and IF
Offset is given in kHz. For optimum sensitivity the crystal loading, or the RX frequency should
be tuned until AFC indicates 0 kHz.

Diagnose
i | [~ Enable
RS51 I dBm
AFC I kHz
IF offzet I kHz
"
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8.2 The register configuration window for CC102X

When you have chosen the register configuration window, SmartRF® Studio will look like the
picture below.

.1 CC1020 - SmartRF Studio
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Ready

In this mode you can change the Register values by enter the hex values. Please see the
data sheet for detailed information on the register settings. The registers are used to program
the transceiver chip on the CC102XEM, and the CC102X will be programmed with the
register information when Update device (F5) is pushed. You can also configure each register
by pushing the update button for the respective register entry. We dissuade you to change
the bits without first study the datasheet or contacting our company.

When changing the values and pressing Enter in the Normal configuration window described
in chapter 5.1, the frames will change automatically. Changing view to Register View the
optimised register values for the Normal View is given.
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8.3 Evaluation Board Control

In the CC102X mode of SmartRF® Studio, you will find Evaluation board Control buttons
(Calibrate, Reset and Read). The function of these buttons is given in this chapter.

Board control
|7 Rezet | Calibrate | Rezad | Diagnosze Calibrate IR

Calibrate activates the on-chip calibration feature of the VCO and PLL on the CC102X.
Reset performs a hardware reset of CC102X setting all the register to default values.

Read starts to read back the register information on the CC102X chip. The information is
given in a dialog box together with the register name. This button is only active in register
view.

Diagnose performs a read-back of the status registers. In normal view the read-back values
are provided in signed format (when needed) and the value of each bit in the STATUS
register is listed up. Further the CC102X version is given in this window. In register view the
read back value of the status register is provided as register value in hex format.

Calibrate IR is only active in Register view, and performs a calibration algorithm that
improves the image rejection feature on CC102X. In order to use this feature you need to
connect a signal generator operation on the image frequency. Please see data sheet for
details.
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9. SmartRF® Studio for CC1070

The CC1070 has two configuration views. The parameter entry screen is the default window
and can be chosen by pressing F2 or selecting Normal from the View menu. In this window
you can change the system parameters, get status information and component values.

The other configuration window is the “register” configuration, which is selected by pressing
F3 or selecting Register from the View menu. It gives you the possibility to change the bits in
the configuration registers directly. This window is mainly used to give additional information
and we dissuade you to change the bits.

To send the configuration data to the transceiver chip, press F5 or select Update Device from
the Configuration menu or press the Update device button at the bottom of the screen.

Note: When pressing Enter the parameters will be checked and component values will be
calculated, but the transceiver will not be programmed until Update device is activated.
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9.1 The Normal configuration window for CC1070

When you have chosen the Normal configuration window, SmartRF® Studio appears like the
picture below.

.1 CC1070 - SmartRF Studio

File Views Configuration Toaols Help

D= 2

Suztem parameters Component walues

> | MHz & |nt " Ext

info #-tal frequency infa | Mateh and LC-filter:

C3 o0 pF L2 BB  nH

info RF Frequency @& a |869.312500 tHz
C2 15 pF RE g2 Obm

©op [8E9312800 .

infa Frequency separation  |4.950 kH

i = : 71 [i20 nH  CTIE3  oF
k3 rat .

info ata rate kBaud 172 120 nH

info [ata format MNRZ -

infa RF output power 0 dBm

info | Modulation GFSK ~| v Dithering

info Lock |Cnntinuous j infa | PLL loop filter:

Rz 22 kOhm CE 1000 nF
| ods T =] Statmac] R3 B8  kOhm C7 33000 pF
Board Cortral C& 10000 pF

Beset | Lalibrate | | Liagnoze |

Statuz information

Typical current consumption) 2040000  ma& n”' %TEXAS INSTRUMENTS
device J

Lock indicator Inlock: 0 www. ti. com/Ipw

Ready

You can get information about the different parameters by clicking on the info button to the
left of the parameter.

After you have changed some or all of the parameters, the external component values are
calculated after pressing Enter or Update device. The values are given in terms of the
standard E12-series. When you have changed the default parameter settings, use these
values for the new external components. The component reference numbers refer to the
application circuit shown in the datasheet and the CC1070DK User Manuals.

Using the specified component values for the input/output match will give an optimum match
at the specified operating frequency. Minor tuning of the component values may be necessary
to compensate for layout parasitics.
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9.1.1 System parameters

This chapter describes the different parameters and the options you have when changing
them.

Crystal frequency

The crystal frequency of your Development Kit evaluation module is 14.7456 MHz. Do not
change the X-tal frequency parameter when using this module unless the crystal is being
replaced. If you are using this program to generate configuration data for your special
application, use a crystal frequency between:

4 - 20 MHz

Recommended frequencies are 4.9152, 7.3728, 9.8304, 12.288, 14.7456, 17.2032 and
19.6608 MHz giving exact data rates. The recommended frequencies can be selected in the
drop-down list. The frequency value is rounded to 6 digits after the MHz decimal point, i.e.
14.745600 MHz.

#-tal frequency IH-NEEDEI "I MHz &+ |t © Est

You can also choose to use an external crystal reference oscillator by selecting ‘External’ in
the radio button.

Crystal accuracy

Enter the total crystal accuracy between 0 and 100 ppm, including initial tolerance,
temperature stability, loading and ageing. If you are using a trimming capacitor to adjust the
crystal oscillator, the initial tolerance will be zero. The crystal stability has an influence on the
maximum data rate and frequency separation that can be used to stay in the passband of the
internal programmable IF filter bandwidth. The default value is 5 ppm.
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RF frequency

CC1070 has two separate frequency settings making it possible to select between Frequency
A and B. A radio button is used for selecting the active frequency.

RF Frequency & 4 |BEE|.31 2500 MHz
fal: IBEEI.3125IJEI MHz

If the active frequency is different from the operation mode (see section 9.1.1.10), error
messages will popup informing you to synchronise the active frequency with the operation
mode.

CC1070 can operate at frequencies between 402 — 470 MHz and 804 - 940 MHz. Your
Development Kit test module is optimised for operation in the ISM band at 868 or 433 MHz.
However, it is possible to use the test module for frequencies outside this ISM band with the
restriction of the external components.

Frequency separation

The frequency separation dF can be between 0 and 108 kHz at 424 — 470 MHz, and between
0 and 216 kHz at 848 — 940 MHz.. This is the difference between the frequency transmitted
fora ‘0’ (FO) and a ‘1’ (F1). That is, FO = Fc- dF/2 and F1= Fc+ dF/2, where Fc is the carrier
frequency entered in the ‘RF frequency’ field. The total occupied signal bandwidth can be
approximated by Carson’s rule: BW = dF + 2 Fm, where Fm s the modulation frequency.
Using NRZ coding the baud rate is equal to the bit rate. Using Manchester coding the
modulation frequency (in kHz) will be equal to the bit rate (in kbit/s) and the baud rate is twice
the bit rate.

Data rate

The data rate can be set between 0.45 and 153.6 bBaud. Using NRZ mode, the data rate in
kbits/s is equal to the Baud rate. Using Manchester code, the Baud rate is twice the bit rate.

In synchronous mode using recommended crystal frequencies, the data rate will be rounded
to the closest accurate data rate given in the data sheet.
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Data format

CC1070 can be configured for three different data formats: Synchronous ‘NRZ’, Synchronous
‘Manchester’ or ‘Asynchronous UART’. The data formats refer to the encoding used when
modulating the signal, either NRZ (Non-Return-to-Zero) data or Manchester encoded data
(also known as bi-phase-level) can be used. In the synchronous modes CC1070 provide the
data clock at DCLK.

When Manchester mode is selected, the output signal will be modulated even if no signal is
connected to the DI line. This is because the Manchester coding of the data is done by the
CC1070. Therefore the DI signal should be NRZ coded even when Manchester mode is
selected.

FF output power

iManchester

LART

RF output power

For the CC1070 the output RF power can be set in 1 dB steps between -20 to 10 dBm. For
frequencies higher than 500 MHz the upper limit is 8 dBm.

Power in dBm is 10 log (P) where P is in mW. The default value is 0 dBm.
Modulation

CC1070 can modulate FSK, GFSK or OOK/ASK. Using GFSK the data is shaped, using a
Gaussian filter before FSK modulation, in order to improve the occupied bandwidth. OOK is a
type of amplitude modulation used in digital systems where the RF carrier is turned on and off
in order to modulate the data.

todulation IFSK v| ¥ Dithering

Fok
GFSEK,
00OkAA5K

In a fractional-N synthesizer, spurious signals can occur at certain frequencies depending on
the division ratios in the PLL. To reduce the strength of these spurs the Dithering can be
enabled.
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Lock

The synthesiser PLL lock indicator can be set in one of three modes: ‘Continuous’, ‘One-shot’
or ‘Disabled’. Choosing ‘Continuous’ the lock indicator will monitor the PLL lock continuously
also after an initial lock have occurred. Choosing the ‘Instant’ mode the LOCK pin will stay
high after an initial lock has occurred, even if the PLL occasionally should fall out of lock. If
‘Disabled’ is selected, the lock signal will be fixed to high or low regardless of the PLL status.

Lock, Continuous j
Continuous

Dizabled high
Dizabled low

kode

Note that the Lock indicator pin on CC1070 is active low.

Operation Mode

The chip can be set in TX (transmit) or PD (power down) mode. You can also power up
selected parts of the chip; the crystal oscillator core, the bias module and the synthesiser.

These modes can be used to evaluate performance during a power up sequence.

The disabled ‘Start mode’ button will be activated in “TX Pseudo Random’

fode ™ j Shart mu:u:lel
ihitrol T Pzeudo B andam
zzet | EEWDSE care only laghoze |
#05C core and biaz
#05C care, biaz and sunth

If pseudo random sequence is selected, the DI is XOR’ed with this predefined sequencein TX.
The pseudo random sequence in TX mode is initiated by a negative transition on PSEL.
Pushing the ‘Start PN9’ button does this.
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9.2 The register configuration window for CC1070

When you have chosen the register configuration window, SmartRF® Studio will look like the
picture below.

.1 CC1070 - SmartRF Studio

File Views Configuration Toaols Help

B[ 0|w|E] 2

Configuration registers Test regizters
MAIN Update IO [ 44 Update TESTY 40 Update
INTERFACE | 04  Update MODEM [ 00 Update
RESET | 2D Update DEVIATION (8B Update TEST2 |10 Update
FREO_24 [ 34 Update LOCK | 20 Update TEST (06 Update
FRED_14 | 34 Update ANALDG (87 Update
FRED_04 [ 3B Update BUFF_SWANG | 00 Lpdate TEST4 00 Update
CLOCK.& |34 Update BUFF_CURRENT | 04  Update
FREQ_2E |34 Update PLL_BW 82 Update TESTS |40 Update|
FREQ_1B | 3¢ Update CALIBRATE [3C Update
FREQ_OB 3 Updat P4_POWER 70 Updat

E [ Update - |70 Updao TEST_NFC [ 15  Updats
CLOCKE [ 3  Update FOWERDOWN [ 00 Update
Board control

d

Rezet LCalibrate Read Diagnoze

Statuz information

Typical current consumption mids .nl %TEXAS INSTRUMENTS
device

Lock indicator Inlock: 0 www. ti. com/Ipw

Ready

In this mode you can change the Register values by enter the hex values. Please see the
data sheet for detailed information on the register settings. The registers are used to program
the transceiver chip on the CC1070EM, and the CC1070 will be programmed with the register
information when Update device (F5) is pushed. You can also configure each register by
pushing the update button for the respective register entry. We dissuade you to change the
bits without first study the datasheet or contacting our company.

When changing the values and pressing Enter in the Normal configuration window described
in chapter 5.1, the frames will change automatically. Changing view to Register View the
optimised register values for the Normal View is given.
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9.3 Evaluation Board Control

In the CC1070 mode of SmartRF® Studio, you will find Evaluation board Control buttons
(Calibrate, Reset and Read). The function of these buttons is given in this chapter.

Board contral
|7 Beset | Lalibrate | Fead | Diagnoze |

Calibrate activates the on-chip calibration feature of the VCO and PLL on the CC1070.
Reset performs a hardware reset of CC1070 setting all the register to default values.

Read starts to read back the register information on the CC1070 chip. The information is
given in a dialog box together with the register name. This button is only active in register
view.

Diagnose performs a read-back of the status registers. In normal view the read-back values
are provided in signed format (when needed) and the value of each bit in the STATUS
register is listed up. Further the CC1070 version is given in this window. In register view the
read back value of the status register is provided as register value in hex format.
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10.SmartRF® Studio for CC2400

10.1  Starting SmartRF® Studio and selecting a CC2400 device

To use SmartRF® Studio for CC2400, click the SmartRF® 03 DK tab in the device manager
window. The device manager of SmartRF® Studio will every other second search for
available (connected) CC2400 evaluation boards. All devices and a calculation window will be
displayed in the device list as given bellow. The calculation window allows for parameters to
be configured, but does not communicate with a CC2400 chip. Select the device, and push
the start button to activate it. An alternative is simply to double-click on it. All devices can be
opened simultaneously (return to the device manager to select another).

& SmartRF® Studio X
SmartRF® 03 Development Kit: . P
{,,’ SmartRFe 01 DK | SmarFF® 020K SmartAF® EESiSS Device list:
]NS’III-{EmENTS Current Status [USEID  [FPGATD  [CC240( MANFID [ All CC2400DK C_On_neCted
At =1 of I to the USB port s listed
Caleulation \Windaw - CC2400 here . The Ca|CU|atI0n

Calculation \wWindow - CC2420 8 ; X
1 | Window is for register

calculations only.

Start:
The SmartRF® Studio
window launches with the
Froductinfa: SmartRF® productine K Selected deV'Ce
Load USE Firmware Load FPGA Configuration I Start
< A X
/ File wersions... |

Load USB firmware: Load FPGA Configuration:

The default USB firmware is loaded The FPGA firmware is loaded automatically

automatically by a Windows driver when the together with the USB firmware. Manual

board is connected to the computer. It is, download is possible by clicking this button

however, possible to update the USB and selecting the desired file.

firmware manually by clicking this button and

selecting the desired file.

If a device is unplugged by accident or by intent while the SmartRF® Studio window is open,
the window title will display "Lost Device". It is possible to reunite the device with the
SmartRF® Studio window by right-double-clicking on one of them in the device manager, and
then left- double-click the other.

The file version button will list up the version of all files included in this version of SmartRF®
Studio.
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10.2  Overview of SmartRF® Studio for CC2400

All opened devices will be displayed in separate windows, and will be available on the
Windows task bar (at the bottom of the screen). The SmartRF® Studio for CC2400 window
can be divided into two sections: Register Status and System configuration.

&1, - CC2400 - SmariRF® Studio

Mormal View | Register View | Notes |

SCTAL [0x07] 00010 Radio / Modem Register values:
FSDIV [0+02]: 00961 DIV - D090

MDMLTAL 003, 0:0040 Crystal accuracy: ppm Dataformat.  |NRZ - RF Frequency -> FREQ
AGCCTRL [0x04]: 0=F700 R mode - Subtract 1 [1 MHz IF)
FREMD [0x05]. 0:000F RF frequency: 2433 MHz Modulation: FSK +|  |MANAND = 0+7FFF

Should always wite this valug
MDMCTRL = 00040

Deviation -» MOD_DEY
MDMTSTO = 01348

Data rate -» AFC_DELTA,

RSS! [0W0BL Ox7FF2
FREQEST [0x07]; 0x0000 FiF data e
|OCFG [0+08], 041 7E0 é

FSMTC [0x0B]. 0794

Bandwidth | Deviation

1 MHz 350 kHz General /0

|l 1 MHz Hz Data Souice > TH_PRNG

MSNAND (040D i I G107 pire [(601LOCK_STATUS ~|  |MDMTSTY = 00048
FIMSTALE [BRUE 10000 Data rate > BSYNC_THRESHOLD
ADETST [00F]: 0x0000 oUtpLt power: 1] - | dBm GIOB pin: |(11) CRC_OK hd FREND = 0xD00F
FRBRFTST (0410}, 0:0000 RF output power -> PA_LEWEL
FAMTST [0x11]: 040803 All other zettings are configured automatically in each test mode (Simple and Packet Bx/T=) e _Ux_1 iy
LMTST [412): 02822 i I

3 The registers that need to be modified after reset in a microcontroller program, are displayed to GIOE pin -> GIOG_CFG
MANDR [0x1 3] 00000 the right and in the test tahs below GRMDM =0x__ O
MOMTSTO [0x714]: 00348 Modulation -> TX_GAUSSIAN_FILTER &
MOMTST1 [0415], 0x0048 Copy seftings to Fegister Yiew | MUDULATION_FORMAT

Data format -> DATA_FORMAT
DACTST [0x16]: 0x0000 GRDEC = 0x0000

AGECTSTO (0417 03110 Reset CC2400 and wite setfings | Data rate -» CHANNEL_DEC & DEC_WaL
AGCTSTT [0218]: 0x4010
AGCTSTE [0413]: 0x0000

FSTSTO (0414} 0x8210 Simple FiX | Simple T3¢ | Packet R | Packet Tt | FH Network
FSTST1 (D418} 0x1002
FSTST2 [041C} 040520 GRMDM = D4D1F

FSTST3 [0410] 1+0200 Urbuifered mode -+ PACKET_MODE & PIN_MODE

MANFIDL [0x1E] 01330

N e e O e < e e N A SN e e I I E SR A RS

| - MANFIDH [0:1F : Dz4000
GRMDM [0x20): 0x0DF1
GRDEC [0x21]; 00000
Shd state;
0] OFF [~ CRCO)
Sl: 73 dBm ™ Sync fix
ARC: 0.0 kHz [ Loo

it @y Control Register

tart unbuffered R |

Last executed cammand: Date: 208§,2007, Time: 11:11:02

{lDavicaID:D
Register Status: System Configuration:
Register value information on the System parameter and register values
CC2400 connected to the PC. input entry.

10.2.1 Register Status

The Register status at the left displays the most recently read register values. For a
calculation window all values will be displayed as 0x0000.
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Current chip values:

=) MAIN [0x00]; 0x0000 -
W - [15]RESET M- 0

T~

- FSCTRL [0x01]: 0=0000
-FSDM [0%02]: 020000
-MDMCTRL [0:03] 0x0000
-AGCCTRAL [0+04]: 0x0000
-FREMD [0%05]: 020000
-RSS! [0x0E]: 00000
-FREQEST [0+07]: 020000

- I0CFG [0x08]: 020000
FSMTC [040B] 0x0000
[0C]: 00000
(- MANAND [0x00]: D206
- FSMETATE [0<0E ] 0x0000
G- ADCTST [0=0F]: O0x0000
G- FBPFTST [0x10]: 020000
G- PAMTST [0x11]: 020000
G- LMTST [0x12]; 00000

G- MANDR [0x13]: 020000
¥

b MDMTSTO [0x14] 020000
b MOMTSTT [0x15]; 020000
b DACTST [0x16] 020000
b AGCTSTO [017]: 0<0000
b AGCTSTT [018]: <0000
b AGCTST2 [019]: 0<0000
A FSTST MxlAl

[~ CRCOK
[~ Swnc B
[ Lock

Register Name (Address): Value

[Bit nr] bit name: value

Click (-) to hide bit information in
this register

Click (+) to show bit information in
this register

Polled status information (adjustable interval, 100
msecs by default). This feature is deactivated
during some tests.

Info about the register/bit currently
highlighted with the mouse cursor

Chip-wide reset, active-low ﬂ
—
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10.2.2

System Configuration

The system configuration view has a tab selection that enables either Normal View or
Register View. The user can also enter personal notes during testing in the Notes tag.

Marmal Yiew | Fieqgizter ‘Jiewl Miotes I

\

\

Enter normal
View. See
corresponding
section for
details.

Enter

View.

Register

correspondi
ng section
for details.

See

Normal View selection

Enter the Notes to stored
additional information about
the test set-up, procedures
to follow, etc.

Normal view allows for simple device configuration, and provides in addition various modes
for RF performance testing, and a frequency-hopping file sharing network.

Hormal Yiew I FRegister Viawl Notes |

the right and in the test tabs below.

Copy settings to Register Vie

Register values:
Required register
value changes after
resetting CC2400.

R adio / Modem Register values: /
FSOIY = 0x09580 a|
Crystal accuracy: |2U PRM Data Format: NRZ RF Frequency -» FREQ
R maode -» Subtract 1 [1 MHz [F]
RF frequency o4z MHz  Moduation:  [Fsk MANAND = 0<7FFF
Should alwaps write this valu;
MDMCTRL = 0x0040
AF datarate Dievistion > MOD
[ ata rate | Bandwidth | Deviation G /0 MOMTSTO = 0x]
250 kH. SR ‘ TTala rate T_DELT
280 kHz i Data rce -» TX_PRNG
10kbps  B00KHz  125kH=z GIO1 pin: |[B0) LOCK_STATUS MO T = 020048
ata rate > BSYNC_THRESHOLD
RF output power: ID 'l dBm GIOE pin: FREND = 0x000F

RF output power -» Pa_LEVEL
IOCFG = Ox17ED
GI07 pin -» GIO1_CFG
GI0E pin -> GIOE_CFG
GRMDM =0x__ 0
Modulation -» T#_GAUSSIAN_FILTER &

A T

System parameters

Feset CC2400 ayﬁ@tings

‘_Qrate > CHANMEL _DEC & DEC_vaAL |

Data format -> DATA_FORMAT
GROEC = 0x0000

Simple X | Simple T | Pack/ata»(]{mkat Tt | FH Metwork | -

GRMDM = D:01F

Unbuffered mode -%KET_MD DE & PIN_MODE

Start unbuffered R

it |

Copy system
parameters to
Register view

Update the
connected CC2400
with the system
parameters

Test modes

The controls display a tool-tip text when the cursor is held in the same position for about half
a second. This text disappears automatically upon keyboard and mouse button activity.

The Register values will automatically be updated on changes of the system parameters.
This simplifies the conversion between system parameters and register values. Simple and
Packet RX and TX configures the CC2400 for its different operation modes, using the

common system parameters combined with parameters from the active mode.
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The available modes are:

Simple RX/TX:
Configures CC2400 for constant RX/TX mode. These modes are suitable for measuring RF
parameters.

Packet RX/TX:

Configures CC2400 for buffered RX/TX operation. Random hexadecimal strings or text can
be transferred from one chip to another. CRC errors and lost packets are reported for the
receiver. All received packets can be dumped to file if so desired.

FH Network:

The frequency hopping network allows for up to eight CC2400DK nodes to simultaneously
transfer one file to another node in the network. More help on this and the other features is
available through tool-tips.
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Register View selection

The register view allows for manual configuration and operation of the CC2400. Please note
that parameter changes made in this view could lead to a non-valid configuration. Such errors
will, however, not affect Normal View.

It is recommended that you always begin the configuration in Normal View, and then transfer
the settings to Register View and the device by clicking the Copy and Write buttons. The
necessary changes can then be made with a highly reduced risk of introducing errors.

The view consists of a number of so-called register bars, and a command and board
operation panel. The register bars display the 16-bit register value, and the individual bit fields
in various formats (i.e. on-off buttons, value input boxes and lists). Registers can be selected
for a single bar in the left list box, and for all bars simultaneously by using the scroll bar to the
right. The horizontal scroll bars allow for bit field selection. Shortcuts are available for efficient
keyboard operation of the register bars:

Press [Ctrl] + [«], or [Ctr]] + [-] to scroll bit fields.

Press [Enter] or [Alt] + [the number on the Write button] to write to this register on the
connected CC2400.

Press [Esc] to reset the register bar to the default value.

Click to update the Type the new Select the Change

register value on the register value in register to individual bit

connected CC2400 hex format confiaure fields
Nomalvipw Register View | Notes |
wiited] | 0x[ 3000 W [B] FE<M_T [2] XDSC32K_EN [1]1X0SC18M_BYPAS i’
e W0 ~|&— 1 0 [OFoperation =] 0 | 0
Read valus 08000 g | |
m‘ x| 00\ [5:4] LOCK_THRESHOLD [11LOCK_LENGTH

[(17128 clock periods | [ 2 cinck pre periods =
Fiead value: 0x0018 4] I ’If;l
sgnscnw% SR | 5T mgxnsmﬁ / |

v DIO s’
™ R¥pin
| =

Pin made select; R unbuffered |

“witite FIFD | Read FIFO

Lengh: [

T# pin

Reset CC24{0
\

\
sage: |DTESTT: GIO1 [NTESTZ2: GIOG [see IDFCG) j

Test port 1: CC2400 pire

\

The most recently read value, also
found in the status view.
Updated after register writing

Additional features are
described in tool-tip

popups

/

Scroll all registers
simultaneously

When the device has been configured properly, the command strobe buttons and the FIFO
access field can be used to operate the device. Please make sure that the "FPGA pin mode
select" value is correct before entering RX or TX mode (see tool-tips).
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10.2.3  Pull-down menus and toolbar

SmartRF® Studio simplifies access to the rest of its features through the use of pull-down
menus and a tool bar. The SmartRF® Studio menus are shown below.

21 - CC2400 - SmartRF® Studio
File Settings Help

03 W &%

File

The File menu allows for settings to be imported and exported.

} 1 - CC2400 - SmartRE® S5tudio
Settings  Help

Reset configuration. ..
Open configuration, .,
Save configurakion, .., —

Load CC2400 skatke, .,
Save CC2400 skake, ..

Export CC2400 regiskers. ..
Import CCT2400 registers. ..

Export CC2400 code. ..

Close
W T T MunE T M 7AGA

Reset configuration- This command will reset all fields in SmartRF® Studio. The connected
device is not affected. The command is also available from the toolbar (white sheet).

Open configuration- This command will open the configuration file *.srfs2400 including Normal
View, Register view and Notes settings. The command is also available from the toolbar
(open folder).

Save configuration - This command saves the Normal View, Register view and Notes settings
in a *.srfs2400 configuration file. The command is also available form the toolbar (floppy disk).

Load CC2400 state - This command will load register values from a *.stat2400 file into
CC2400.

Save CC2400 state - This command will save all register values in CC2400 to a *.stat2400
file.

Export CC2400 registers - This command will save all CC2400 register values entered in
Register View to a standard text file.

Import CC2400 registers - This command will copy all CC2400 register values listed in a
preformatted external text file into the associated register fields in CC22400 Register View.

Export CC2400 code - This command will copy all applicable registers into a C compatible
software structure. The structure format is based on corresponding templates which can be
changed/added by the user. The code export feature is supported by an associated intuitive
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windows pup-up dialog. The register values changed in register view must be written to the
chip before they will be taken into account by the export function.

Close - Exit the SmartRF® Studio window for this device. You can also use the top-right X-
button.

The refresh button on the toolbar reads all registers. The values are displayed in the status
view to the left and the bars in Register view.
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Settings

The Settings menu contains options mainly used to compensate for slow computers. This
includes "Polling interval" and "Packet RX/TX speed".

.1 - €C2400 - SmartRF® Studio

Polling interyal
Packet RxiTx speed ¢

v 100 milliseconds

Curre

T 500 milliseconds

+] Foerererepemrerrerrre 1 second }
+- FSDI [0=02] 0=0361 £ seconds
+

FDMCTRL [0=03]: 0=0040 10 seconds |

ACCTDE INOATL ML E700

Polling interval - Defines the status view update interval (for the six fields between the register
tree and the yellow help box.

£ 1 - CC2400 - SmartRF® Studio

1

Max 20 packets | second
v Max 10 packets | second

+
+-F =TT

+- FSDIY [0=02]: 0x0961

Max 5 packets | second

Max 2 packets | second

Packet RX/TX speed - Defines the minimum transmission interval for packet transfer in
Normal View. Reduce this value in RX and TX (both!) if the number of lost packets seems
unreasonably high.

Select EM and SPI divider are settings that are implemented to simplify the CC2400
characterisation. These settings are unavailable for the user.
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Help

Contact information and disclaimer is available in the help menu.

‘:": 1 - CC2400 - SmartRE® S5tudio
File Settings

="

Current chip wall

Revision Hisktary

Contack Texas Instruments
Abouk SmarkRF Studio

CorTDl Mol nannEn 1 [

10.2.4  Online help

SmartRF® Studio for CC2400 provides online help through so-called tool-tips. By moving the
cursor over a field (e.g. a button or a text field) and holding it in the same position for about
half a second, the text will appear in a yellow box slightly below the cursor.

Simple Fix | Simple T3¢ | Packet Fixt | Packet T FH Netwark |

Select node: Il:l "I 5 et destination falder: | IE:"-.TEMF'H Tool-tip on how to

transfer files in the FH

ID | Status | Progress | Link. quality Network mode
0 OMLIME Idle

1 OMLIME Idle

2 Offline Idle

3 Digplays the statug for the FH Metwark. Double-click o an

4 OMLIME node to open a file selection dialog, and then transmit

3 the file automatically.

B = TarE

7 Offline Idle

Reqister settingz are hardocoded into the LSE micracontroller firmware!

Warnings are indicated by turning the relevant control(s) yellow. One such warning will
appear when choosing a sync word smaller than 32 bits in the Packet RX/TX tests in Normal
View.

Errors are indicated by turning the relevant control(s) red. Try for instance to enter a packet
size larger than 252 in the Packet RX/TX tests in Normal View.
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11.SmartRF® Studio for CC2420/2430/2431/2530

11.1  Starting SmartRF® Studio and selecting a CC2420/2430/2431 device

To use SmartRF® Studio for CC2420, click the SmartRF® 03 DK tab (for CC2430/2431/2530
click the SmartRF® 04 DK tab or SmartRF® 05 DK depending on the type of Evaluation
Board (SmartRFO4EB or SmarRFO5EB ) in the device manager window. The device
manager of SmartRF® Studio will every other second search for available (connected)
evaluation boards. All devices and a calculation window will be displayed in the device list as
given bellow. The calculation window allows for parameters to be configured, but does not
communicate with a CC2420/2430/2431/2530 chip. Select the device, and push the start
button to activate it. An alternative is simply to double-click on it. All devices can be opened
simultaneously (return to the device manager to select another).

For the rest of this chapter, all descriptions and notes for CC2430 will also be applicable for
CC2431 and CC2530.

. SmartRF® Studio Device "

SmatRF® 01 DK | SmatRF® 02 DK SmatRFe E{grl:nza:ttg{ SRR All CC2420/2430DK
Q‘ TEXAS e 20 connected to the

INSTRUMENTS

Current Status

0 New

- USB port is listed
1 - New Device - CC2400 0=EBT11 Oxd2 here. The
Calculation Window - CC2400 . .
Calculation window - CC2420 Calculation Window
is for register
calculations only.

Start:

The SmartRF®
Studio window
executes with the
selected device.

Productinfo: SmatAF® productine /
Load USE Firmware Load FPGA Configuration nl Start
4 LN
/ File wersions.... |
Vi
Load USB firmware: | Load FPGA Configuration (not
The default USB firmware is loaded CC2430/2431/2530):
automatically by a Windows driver when the The FPGA firmware is loaded automatically
board is connected to the computer(CC2420 together with the USB firmware. Manual
only). It is, however, possible to update the download is possible by clicking this button
USB firmware manually by clicking this button and selecting the desired file.
and selecting the desired file.
Note: CC2430/2431/2530EM should be
unplugged before loading the USB firmware.

If a device is unplugged by accident or by intent while the SmartRF® Studio window is open,
the window title will display "Lost Device". It is possible to reunite the device with the
SmartRF® Studio window by right-double-clicking on one of them in the device manager, and
then left- double-click the other.

The file version button will list up the version of all files included in this version of SmartRF®
Studio.
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Note that some of the view captures in this section might differ between CC2420 and
CC2430. However, this should not pose any ambiguity to the understanding and operation of
SmartRF® Studio for CC2420/2430/2431/2530.
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11.2

Overview of SmartRF® Studio for CC2420/2430/2431/2530

All opened devices will be displayed in separate windows, and will be available on the
Windows task bar (at the bottom of the screen). The SmartRF® Studio for CC2420/2430
window can be divided into two sections: Register Status and System configuration.

40 - CC2420 - SmariRF® Studio

DMCTRLY [0x12]: 00500
RSSI[0413] 0xEDSO
SYNCWORD [0x14) O=BEEF
THCTRL [0215]: DxADFF
RXCTRLO [0x16]: 0:12E7
RXCTRLT [0217]: 0x0B56
FSCTRL [0x18] 04765
SECCTRLO [0x13]: 0x03C4
SECCTRLT [0x14] D=0000
BATTMON [0x1B] 00040
I0CFGO [041C]: 0x0040
I0CFGT [0x1D]: 0=0000
MANFIDL [0x1E] 0x2330
MANFIDH [0x1F]: 0x2000
FSMTC [0:20]: Dx7ADT
MANAND [0x21]: OsFEEF
MANOR [0x22] Dx0104
AGCCTRL [0:23] 0x07F3
AGCTSTO [Dx24]: 0x3643
AGCTSTI [0x25]: 0x0854
AGCTSTZ [0x26]: 0x0124
FSTSTO [0x27] 0x0350
FSTSTT [0x28] 0:5002
FSTST2 [0x29] Dx2E20
FSTST3 [0x2A] 0x820D
RXBPFTST (028} 020200
FSMSTATE [0x2C]: 00000
ADCTST [0:2D]: 0x0440

E N e e e O e e N e I RN R e I I E SN S E RN IE S

- DACTST [052E] 0x0000 .

F5h state:

(0)FD [~ FIFO

[~ Offset RSSE: MY [~ FIFOP
Cca I~ Lock

{ain Control Register

®i Deee ID: 0000

Radio / Maodem

RF frequency: MHz |IEEE B02.15.4 AF channel. 0x |0B -

RF output pawer/] 0 +| dBm

A&l ather seffings are configured automatically in each test mode
[T test #hd Packet RXATH)]

The rghisters that need to be modified after reset in a microcontroller pragramm,
are gisplayed to the right and in the test tabs below.

Copy settings to Register View

Reset CC2420 and wiite seftings

T Test modes | Packet Fix | Packet T |

Urmodulated Camier

Test mode:

Register values:

FSCTRL = Ox4165

RF frequency - FREQ = 357
TRLCTRL = 0=A0FF

RF Output power -» Péy_LEYEL = 31

MDMCTRLT = 0-000C
T mode -» TX_MODE =3
DACTST = 0x1800
Unmodulated carier -» DAC_SRC=1
> DAC_ILD =32
> DAC_OQ_0=0

Start i test

=

Last executed cm\

Date: 20.08,2007, Time! 11:2‘35/

NIZN

*-

11.2.1

Register Status:
Register value information on the
CC2420/2430 connected to the PC.

System Configuration:
System parameter and register values
input entry.

Register Status

The Register status at the left displays the most recently read register values. For a
calculation window all values will be displayed as 0x0000.
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Current chip values:

[ER MAIN [0x10] 0<FE00
151 RESETn: 1
J4]ENC_RESETre 1

- MDMCTRLY [0x12]:
[+~ RSS! [013] 0xE080
- SYMOWORD [0=14] 0xAFOF
[+ TACTRL [0x15]): Ox60FF

[+ RACTRLO [Dx16]: Ox12E5
- RHCTRLY [0x17]: 0x0456

[+ FSCTRL [0x18]: 0x4165

[+ SECCTRLO [0x19]: Dx03C4
[+ SECCTRLY [Dx1A]: Qw000
e Dx1B] 0=0040
[+ I0CFGO [0x1CY

[+ IOCFGT [0x1D]: Ox0000

[+~ MANFIDL [0x1E]; 022330

[+~ MANFIDH [0x1F]: 0x0000

[+ FSMTC [0x20} Dx7A34

[ MAMAND [0x21]; 0xFFFF

[+~ MANOR [0x22]: 0x0000

[+ AGCCTRL [Dx23]: Ox07F3
- AGCTSTO [0x24] 023649

- AGCTST [0x25]: 0x0854

[+ AGCTST2 [Dx26]: 00124,
- FSTSTO [0x27] 0x0210

[+ FSTSTT [0x28] 0x5002

- FATST2 IMx29F NeNR2N

FSM
dBm R55I: 128 ™ FIFOP
CCA [ LOCK

Register Name (Address): Value

N

[Bit nr] bit name: value

Click (-) to hide bit information in
this register

Click (+) to show bit information in
this register

Polled status information (adjustable interval, 100
msecs by default). This feature is deactivated
during some tests.

A ctive low TETetob-ertire-srewt Should
be apphed before doing anpthing else.

Equivalent to pin reset, +— ||

e,

Info about the register/bit currently
highlighted with the mouse cursor

[
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11.2.2 System Configuration

The system configuration view has a tab selection that enables either Normal View, Register
View or Memory View. The user can also enter personal notes during testing in the Notes tag.

Momnal Wiew ] Reagister ‘\.-"iew] b emorny Wiews

I Motes I

Enter normal Enter

View. See Register

corresponding View. See

section for correspondi

details. ng section
for details.

Enter Memory View. See
corresponding section for
details. Not available for
CC2430.

Normal View selection

\
Enter the Notes to stored

additional information about
the test set-up, procedures
to follow, etc.

Normal view allows for simple device configuration, and provides in addition various modes

for RF performance testing.

Harmal Yiew |F|eg\ster view | Memoryview | Notes |

Radio / Modem

Register values:

Register values:

% Required register

All other settings are configured automatically in each test mode
[T test and Packet R/Tx)

The registers that need to be modified after reset in a micracantroller pragram,
are displayed to the right and in the test tabs below.

Copy settings to Register Yiew

RF frequency: |24U5 MHz IEEE 802154 RF channel: 0= | 0B 'l RF frequency > FREQ = 357

RF output power: IU vl dBm \ RF Dutput power > P4_LEVEL = 31

FSCTRL = 0x4165
THCTRL = OxAQFF

1

Reset CC2420 and write settings

value changes after
resetting
CC2420/2430.

| System parameters

-:\l \ Copy system

T Test modes | Packet Fix | Packet T |

——| parameters to
Register view

Test mods: IUnmodulated Carrier 'l
MOMCTRLT = 0:000C ;I
Update t
=0k
Unmodulated carrier » DAC_SRC =1 q p ate the
JDaClC-32 ~] connected
5 DAC_G_0=0 .
CC2420/2430 with
the system
parameters
N
™~ Test modes
[
Start T test Stop T test I

The controls display a tool-tip text when the cursor is held in the same position for about half
a second. This text disappears automatically upon keyboard and mouse button activity.

The Register values will automatically be updated on changes of the system parameters.
This simplifies the conversion between system parameters and register values. TX test
modes and Packet RX/TX configures the CC2420/2430 for its different operation modes,
using the common system parameters combined with parameters from the active mode.

{i’
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The available modes are:

TX Test modes:

Configures CC2420/2430 for constant TX mode. These modes are suitable for measuring RF
parameters.

Packet RX/TX:

Configures CC2420/2430 for buffered RX/TX operation. Random hexadecimal strings or text
can be transferred from one chip to another. CRC errors and lost packets are reported for the
receiver. All received packets can be dumped to file if so desired.

Manual init:

T Test modes] Packet B Facket Tx ]

Packet payload size: a0 Packet count: {100

The check box for “Manual init” can be used to ensure that current register settings will not be
overwritten with default values when starting one of the test functions. If any registers has
been manually set in the Register View, this check box should be checked to keep the
register settings when starting one of the test functions.

Range extender:

Marmal Views lHegister yiew | Motes |

Radio / Modem

RF frequency: 2405 MHz IEEE 802154 RF channel: 0= |0E -

Range extender

i i s
RF output power: m dEm MHaone CC2830 CC2531
[v High GainMode [F] W EMrey. 2

The Range extender mode is only applicable with the CC2591 and CC2590 Combo Board.
The Combo Board is an Evaluation Module that combines both a CC2430 SoC and the front
end CC2591 or CC2590.

There are three possible choices:

1) None: No Combo Board is used.

2) CC2590: A Combo Board with the front end CC2590 is used.
3) CC2591: A Combo Board with the front end CC2591 is used.

SmartRF Studio has no other means to know that a Combo Board is connected. The RF
output power will be different for CC2590 and CC2591.

The Combo Board with CC2591 exists in two versions. The difference is how the CC2591 is
connected to the CC2430. If the Combo Board is marked with version 2.0 or higher, the
checkbox for “EM rev. 2.x” should be checked.

The check box for “High Gain Mode” can be used to reduce the LNA gain. See Data Sheet for
further details.

Register View selection

The register view allows for manual configuration and operation of the CC2420/2430. Please
note that parameter changes made in this view could lead to a non-valid configuration. Such
errors will, however, not affect Normal View.

It is recommended that you always begin the configuration in Normal View, and then transfer
the settings to Register View and the device by clicking the Copy and Write buttons. The
necessary changes can then be made with a highly reduced risk of introducing errors.

The view consists of a number of so-called register bars, and a command and board
operation panel. The register bars display the 16-bit register value, and the individual bit fields
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in various formats (i.e. on-off buttons, value input boxes and lists). Registers can be selected
for a single bar in the left list box, and for all bars simultaneously by using the scroll bar to the
right. The horizontal scroll bars allow for bit field selection. Shortcuts are available for efficient
keyboard operation of the register bars:

Press [Ctrl] + [«], or [Ctr]] + [-] to scroll bit fields.

Press [Enter] or [Alt] + [the number on the Write button] to write to this register on the
connected CC2420/2430.

Press [Esc] to reset the register bar to the default value.

{i’
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Click to update the
register value on the
connected CC2420/2430

Type the new
register value in
hex format

Select the
register to
configure

Change
individual bit
fields

Mormgal View Fedister Yiew | Mem

white 0 | 0| FEO00 [14] ENC_RESETh [13] DEMOD_RESEFh i’
|MaIN (0:10) e g 1 [ 1 [ 1
Read walue: 0xFER0 < | ]
rite 1 | 0« [ OREZ [13] RESERVED_FRAME_MODE [12] PAH_COORDINATOR [11] ADDR_DECODE
|MDMCTRLO (0s11) =] |(0): Reserved frame types (100, 1.7 | ] ||[1]: irddress decading s enabled |
Fiead value: 0x04E 4 | | ﬂ
szusgu/\— STHCAL SRXON STHOM STHOMCCA, SRFOFF NSKD@F/
/SﬂSHHx \[  srLusHTX SACK SACKPEND SRXDEC STHENC 585 [

¥ RESET_M pin

¥ WREG_EM pin

»

The most recently read value, also
found in the status view.

Updated after register writing popups

Additional features are
described in tool-tip

/

Scroll all registers
simultaneously

When the device has been configured properly, the command strobe can be used to operate

the device.
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Memory View selection (not available for CC2430)

The memory view allows access to the CC2420 RAM, which contains a TXFIFO (128 byte),
RXFIFO (128 byte) and a so-called security bank (112 byte). Besides examination/editing of
the RAM contents the memory view also supports single packet TX/RX by simply setting up
MDMCTRLO, MDMCTRL1 and pressing SXOSCON on two CC2420 units. Then press
SRXON (receiver) on one unit, write a text string into the TXFIFO field on the other unit
(transmitter) and press STXON. As a result the text string should be transmitted from the
TXFIFO of the transmitter and into the receivers RXFIFO. In addition to LOCK information,
the receiver unit should also indicate FIFO status (FIFO, FIFOP) on the status display at the

1. 0.- CC2420 - SmartRF® Studio

[ Cument chip vishies: =
SN DT BFi0 - ngiste | ey Vi | oot |
¥ MOHCTRLD M1 1] (=N2E2 ‘wited | e[ (2F [13] RESERVED_FRAME_MODE [12] PAN_CODRDMATOR [11]A00R_BECODE -
+ MDMCTAL1 0x1 2} (500 i - - - - :!
¢ BESH [l 3} BE0RD [MonCTRLI T =] [10) Rewerved liame boes (1001 = | 0 101 fckbess deodbnyg & hsabled =
CWOND (14} EEEF
AL DR P b OnE2 | ¥
1 :IU‘l g:?: :Jﬂb:m? witnl | @[ 0500 [10:6] CORR_THA[:0) 5] DEMOD_AVG_MODE [4]MODULATION_MODE
TAL [416F Q165 R -] | E] 10 Lok D beved 1o b semarved =] [[0F IFEF 07 16 4 compliant moc_=|
o AR 9| e a0 a1 |
F5M state: r
ek g SH05CO0N STHCAL sman | STHON STHONCCA SAFORF SHOSCOMT
I~ Oitsnt RSSHH AT e e .
(== 1 - CC2420 - SmartRF® Studio
[Main Contiol Regis Fde Sellings el
Dadle®m
Curert chip vabuss 1 o
Mo i
+ HAIN [G10] GFE00 - | v e o |
= MDMCTALD 1 vAE2 Wials T FIFD Leghe [ 3 Fesd F FIFO
B 10 oo * HUMLTRLY (04121 U200
e 100008 <+ nsst [02 0000 SCOCF123 (0005 050505050505 050505050505 0505050505 =~
+ SYNCWURD [0x14] BATDF 05 D5 D% D5 D5 D% D46 D% 05 D% D5 D5 0% 04 0% 05 D5 D5 D5
© THCTRL 0415} DuA0FF 30505 DS D5 D8 DS D D505 D8 D2 D2 DS DS DS D D
CTRLD (016, (] 265 _
BLY [0 7] 02455 NOTE: Activate SHOSEON to enable Memen View
2 [ TRL [018] (i1
it b 9| vk | Aeans |
oM stk OB 0& 0B OC 0D [lE UF l]l 02 D3 09 0A OB DC 0D UE TEFIFO (first) =
GrGhsora T | [t Al R R R
- 5
I Ollest. RSS1S5dEm [ FIFOF 4E 01 52 B3 13 66 6F CO 30 10 FC DA 6C 06 25 €2
=i 7 ook & EE BA HE F3 73 AR BY 05 BE AD FH 72
SC 67 D2 91 FC BD 73 53 FS 40 9F
[ Msin Certrol Ragisie 7C SB 28 22 3E BE EY A0 EA A4 EC »~
P
EIEIX

L Vi
AN 10x10 07000 Hotmal View | Fegalen Ve Momoty View | ot |
* MUMCTRLD (0611 GGEZ Wiks TR FIFD I e
& MOMCTALY [0412} 00800 eroth [ [ Fiad Fi FIFTY)
# RSSI [N13] REDCE
£ EYNCWIIRD [l 4} 708

0B U 08 OC 00 (& OF N (RS 1ZEE M S0E 45 B MET318 27 0 A

‘rnzq: 7 2141 77 C3BF 88 F2 34 70 7E A3DC BAR3 84 D2 03
CIEZATF225CD 271314 I5 1617 18191418 1C 1000 &0

1?FI"??mﬂ| 0203 04 06 06 07 08 09 04 DB OC 0D 0F IF 101112

= TMCTRL [0415] DuhDFT
o FACTALD (16} D265

HOTE: Actvate SXOSCON 0 ensble Memon View

‘wiite i Peend M

0x070° 36 22 IE AD 73 63 48 04 A0 1B FD EE 86 0F IF B7 THFIED (last} -
Ux0B0 OB UA OB OC 0D OE OF 01 02 03 12 EB 78 90 6l 45 KREFIFO (lirst)
0x0%0 32 03 73 18 ?? m\ Qf‘ 'D‘! B'F 9? 7n HI ?J f"! 'RF ']ﬂ

I~ Oliset ASSL 51 b & FFOP 0=0AD F2 34 70 70
I oo W LOK D0B0 F5 3% oD 25 13 34 18 12 17 5a 13 14 B ie in a0
0x0C0 GO 12 EC 22 00 01 02 03 04 05 06 07 00 09 0a 0D
U=0D0 OC OD OE OF 10 11 12 13 14 15 16 17 18 19 14 1B »
snseon | STHCAL | SRAON | STHON |  smowcca | SRFOFF | sinscore |
SFLUSHRA | SPLUSHTE | SALK | sacxeewn | swenec | smEwc | SAES |
Quwuu.xuw Last mxecuted command: Wiite MOMCTRLO (0x11) = UxZEZ Daste: J0.08, 2007, Tene: 11:5%:12

{’ TEXAS

INSTRUMENTS  81/122



Transmitting IEEE 802.15.4 compliant packets
This section describes how to send a simple IEEE 802.15.4 compliant packet.

First of all, the IEEE 802.15.4 standard is now available for download through this program:
http://standards.ieee.org/getieee802/802.15.html.

Please note that the terms and conditions according to this web site apply
(http://standards.ieee.org/getieee802/terms.html).

If you have not downloaded the IEEE 802.15.4 standard yet it is recommended that you do so
now.

An IEEE 802.15.4 packet is built in the following way:
[Frame control 2 bytes (FCF)]

[Sequence number 1 byte]

[Address field 0-20 bytes]

[Payload XX bytes]

[Frame check sequence 2 bytes (FCS)]

The frame control field is built in the following way:
[bit 0-2 frame type]

[bit 3 security enabled]

[bit 4 frame pending]

[bit 5 ACK request]

[bit 6 intra pan]

[bit 7-9 reserved]

[bit 10-11 dest addr mode]

[bit 12-13 reserved]

[bit 14-15 src addr mode]

There are 4 different frame types:
000 Beacon

001 Data

010 ACK

011 MAC command

100-111 Reserved

There are 3 different addressing modes:

00 PanID and address fields are not present
01 Reserved

10 16-bit short address

11 64-bit extended address

The address field is built in the following way:
[Destination PanID 0/2 bytes]

[Destination address 0/2/8 bytes]

[Source PanID 0/2 bytes]

[Source address 0/2/8 bytes]
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Let us assume that we want to send a frame with the following settings:

Frame type . data

Security . disabled

Frame pending © no

ACK request I yes

Intra pan . yes (destination on the same pan. PanID 2420 is used in this
example)

Destination address mode : 16-bit short address (Destination address 0x1234 is used in
this example)

Source address mode . 16-bit short address (Source address OXCAFE is used in this
example)

Sequence number : 0x01 (Ox00-0xFF)

Data : Ox01 0x23 0x45 0x67 0x89 (Max length of data is 127-length

of packet header-2 bytes FCS)
In order to send this frame the following has to be written to TXFIFO:
106188 01 2024 34 12 FE CA 01 23 45 67 89

First byte is length of the packet including an FCS of 2 bytes, excluding the length byte itself.
Next 2 bytes are FCF, please note that these are sent with least significant byte first. After
that there is the sequence number. Next there is the PanID, destination address and source
address all with least significant byte first.

Following the addresses is the data.

If you own a CC2420DK you can send IEEE 802.15.4 packets using SmartRF® Studio and
monitor them in the packet sniffer.

To send this packet with SmartRF® Studio you have to:

1)  Make sure that the same channel is used in "SmartRF® Studio" and "Packet sniffer".To
ensure correct register settings, the “PACKET TX” panel in normal view should be
selected when “Reset CC2420 and write settings” are performed.

2)  Write "61 88 01 20 24 34 12 FE CA 01 23 45 67 89" into the "Write TX FIFO"-field in
"Memory view". (SmartRF® Studio will add the length automatically).

3)  Start the crystal oscillator by pressing "SXOSCON". Now you can write to the TXFIFO.

4)  Press "Write TX FIFO".

5)  Make sure that the TXFIFO is correct by pressing "Read RAM". The length byte (0x10)
should have been added by SmartRF® Studio.

6) Press "STXON" and you should be able to see the packet in the "Packet sniffer".

NmdeEleegﬂaVEw MBmUWVEWINomsl

WriteTXFIFDl Length: | 15
10618201 2024 34 12 FE CA 01 22 4567 89 =] O0OCERERS00CESERES 0SF5EC 27 2514 EGG00D EBER 24 =
B9 8E 000D 94 ES ED FO 41 63 B8 50 B4 EC 58 DB 09 5F CB A1
COEC BC 60 D850 BA C3 2F EB 62 06 C8 DI AD OC 07 EA ER 80
i (T C8 83 AC 42 FC 38 BF IC B4 1565 FIEB20ACOD CBD2BE |

MOTE: Activate S=0SCOM to enable Memarny View

Wfite R Fead Rakd

0=000 11 10 61 88 01 20 24 34 12 FE CA 01 23 45 67 89 THFIFO (first) .
0x010 9SE EF 3F FE 0C 04 E8 E8 EF EB CO E3 F3 55 C3 61
0=020 09 25 E8 10 2C 09 EC F3 9E A5 F4 44 AB 41 53 A3
0=030 2C 6E E6 70 BE 44 A& 4C FB 84 5E 6C AC 25 68 EB
0x040 OF 3E 52 AC 4F 0D E8 E8 61 BE 72 8C 2C 0C 25 D7
0x050 B3 F3 3C 28 4C 0C F3 4B 1% 4D ES BE CE 08 DA 38

O=060 B8E 07 FD 7C 89 7D EB EB 0% 0OC ES 30 BA 0C EB EB ‘:J
SHOSCON STHCAL SHAON STHOM STHOMCCA SRFOFF S#05COFF
SFLUSHR:= SFLUSHT= SACK SACKPEMD SE=DEC ST=EMC SAES

"
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Sending of IEEE 802.15.4 compliant packets can also be done in “Normal View” from the
“PACKET TX" panel. This is valid both for CC2420 and CC2430.

1) Make sure that the same channel is used in "SmartRF® Studio" and "Packet sniffer".

2) Write "61 88 01 20 24 34 12 FE CA 01 23 45 67 89" into the "Write TX FIFO"-field

3) Check IEEE 802.15.4 compliant.

4) Press “Start packet TX” and you should be able to see the packet(s) in the packet
sniffer.

Ti Test modesl Packet Fps  Packet TH |

Packet papload size: |15 Packet count: |1D [~ Manual init ¥ |EEE 202.15.4 compliant [hex mode anly)
" Randam: |DD 01 020304050507 08090408 0C 00 0EOF10111213141 Initializel FSCTRL = 0=417E -
RF frequency -> FREQ = 382
 Text: 1061 B3 01 2024 34 12 FE CA 01 23 45 67 89 =] T#CTRL = D=A0FF
' Hew RF Output power -» P&_LEVEL = 31
M aoke:
LI it iz paszible to apply same register values for LI
Start packet TH Stop packet T I
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Pull-down menus and toolbar

SmartRF® Studio simplifies access to the rest of its features through the use of pull-down
menus and a tool bar. The SmartRF® Studio menus are shown below.

‘:f: 1 - CC24 20 - SmartRF® Studio
File Settings Help

=N NS 0

File

The File menu allows for settings to be imported and exported.

{1 - CC2420 - SmartRF® St
Setkings  Help

Reset configuration. ..
Open configuration, .
Save configuration. .. -

Load CC2420 skake, .,
Save CC2420 skate, ..

Export C0C2420 reqiskers. ..
Irnport CC2420 reqiskers. ..

Export CC2420 code. ..

Close
W ETT TR MOl M A

Reset configuration- This command will reset all fields in SmartRF® Studio. The connected
device is not affected. The command is also available from the toolbar (white sheet).

Open configuration- This command will open the configuration file *.srfs2420/2430 including
Normal View, Register view and Notes settings. The command is also available from the
toolbar (open folder).

Save configuration - This command saves the Normal View, Register view and Notes settings
in a *.srfs2420/2430 configuration file. The command is also available form the toolbar (floppy
disk).

Load CC2420/2430 state - This command will load register values from a *.stat2420/2430 file
into CC2420/2430.

Save CC2420/2430 state - This command will save all register values in CC2420/2430 to a
* stat2420/2430 file.

Export CC2420/2430 registers - This command will save all CC2420/2430 register values
entered in Register View to a standard text file.

Import CC2420/2430 registers - This command will copy all CC2420/2430 register values
listed in a preformatted external text file into the associated register fields in CC22420/2430
Register View.
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Export CC2420/2430 code - This command will copy all applicable registers into a C
compatible software structure. The structure format is based on corresponding templates
which can be changed/added by the user. The code export feature is supported by an
associated intuitive windows pup-up dialog. The register values changed in register view must
be written to the chip before they will be taken into account by the export function.

Close - Exit the SmartRF® Studio window for this device. You can also use the top-right X-
button.

The refresh button on the toolbar reads all registers. The values are displayed in the status
view to the left and the bars in Register view.
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Settings

The Settings menu contains options mainly used to compensate for slow computers. This
includes "Polling interval" and "Packet RX/TX speed".

S5tudio

v 100 milliseconds .
h SO0 milliseconds !
e —— 1 second r
MOMCTRLY [0:12]: 0=0500 5 seconds [
RSSI 01 3] O=EDE0 10 seconds
SYMOWMRD Ne1 AT Nwd TOF T T

Polling interval - Defines the status view update interval (for the six fields between the register
tree and the yellow help box.

k, 1 - CC2420 - SmartRE® Studio
File

D { Paolling inkerval L
Packet Rx(Tx speed  # Max 20 packets | second

Settings WaE)

Curre

b Max 5 packets | second
# M g e Max 2 packets | second

+- MOMCTRLY [0:12]: 00500

v Max 10 packets | second

I

Packet RX/TX speed - Defines the minimum transmission interval for packet transfer in
Normal View. Reduce this value in RX and TX (both!) if the number of lost packets seems
unreasonably high.

Select EM and SPI divider are settings that are implemented to simplify the CC2420
characterisation. These settings are unavailable for the user.
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Help

Contact information and disclaimer is available in the help menu.

{1 - CC2420 - SmartRF® Studio
File Settings

O3

Current chip wall  Conkact Texas Inskrumants

¥ MAIN [0x10  About SmartRF Studio [
O AT RATTOD N M1 Ml T .

Fevision Histary

11.2.3  Online help

SmartRF® Studio for CC2420/2430 provides online help through so-called tool-tips. By
moving the cursor over a field (e.g. a button or a text field) and holding it in the same position
for about half a second, the text will appear in a yellow box slightly below the cursor.

T# Test modes | Packet R Packet T |

Packet payload size: I'ID Packet count: |ll][l

& Random: [AE 529049 F1 F1 "I'Jllelzng‘t-'h‘?i the transmitted packet. This value m,lst_he helw?en1 and‘i28m

C Text TEST123 -l

Tool-tip for Packet TX

Start packet TH |

Warnings are indicated by turning the relevant control(s) yellow. One such warning will
appear when choosing a non - IEEE 802.15.4 frequency channel in Normal View. As a result

only TX Test mode will work in Normal View.

Errors are indicated by turning the relevant control(s) red. Try for instance to enter a non -
IEEE 802.15.4 frequency channel (e.g.: 2407 MHz) in Normal View and select Packet RX/TX.
As a result the status window for Packet RX/TX will turn red to inform the user that the

selected frequency does not support IEEE 802.15.4.
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12.SmartRF® Studio for CC11xx, 25xx and CC430

12.1 Starting SmartRF® Studio and selecting a CC111x/251x device

To use SmartRF® Studio for CC111x/251x, click the SmartRF® 04 DK tab in the device
manager window. The device manager of SmartRF® Studio will every other second search
for available (connected) SmartRF® 04 evaluation boards. All associated devices and a
calculation window will be displayed in the device list as given bellow. The calculation window
allows for parameters to be configured, but does not communicate with a CC111x/251x chip.
Select the device, and push the start button to launch it. An alternative is simply to double-
click on it. All devices can be opened simultaneously (return to the device manager to select
another).

Note: The CC2511/1111 USB Dongle must be powered from the SmartRFO4EB board. For
detailed description of how to connect the USB Dongle to SmartRFO4EB, see “CC2511 USB
Dongle User Manual”. The "CC2511/1111 — new device” will be shown in the device list when
correctly connected. Because of a known problem, the CC2511 device must be switch off/on
one extra time before start execution of device. .

& SmartRF® Studio 3
SmatfiF® 01 DK | SmatfiF® 02 DK | SmatAF® 03DK SmartRF® 04 DK |
TeEXAS P
Current Stat USBDID [FwWID .
INSTRUMENTS CE3TT - rew dovics l 040060 ! 040400 (0+0036) | Device list:
CITIO-rewderce {10050 nxnm@unas]\ All SmartRF® 04 DK
i :
Calelaton Window - CC2430 connected to the USB
Calculation \window - CC2511 . .
Ealculaton window - CC2510 port is listed here. The
Calculation WwWindow - CC1110 . . .
Caleulation window - CC2550 Calculation Window is
Calculation ‘windaw - CC1150 . .
Calculalon Window - CC2500 for register calculations
Calculation \window - CC1107
Caleulation Windaw - CC1100 on Iy.
|
Start:
The SmartRF® Studio
window executes with

the selected device.

Productinfa: SmartRF® productline
File versions... |

Load USB firmware: | Load MCU prototype firmware:
The USB firmware can be update manually Loads predefined DK MCU firmware via USB.
by clicking this button and selecting the Inactivates the interface between the DK MCU
desired file (normally srf04eb_fwid0400.hex). and SmartRF chip. Allows external MCU full
Note: CCxx10EM should be unplugged control over the SmartRF chip via a dedicated
before loading the USB firmware. EB pinrow.

If a device is unplugged by accident or by intent while the SmartRF® Studio window is open,
the window title will display "Lost Device". It is possible to reunite the device with the
SmartRF® Studio window by right-double-clicking on one of them in the device manager, and
then left- double-click the other.

The file version button will list up the version of all files included in this version of SmartRF®
Studio.
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Note that some of the view captures in this section might differ between CC11xx, CC25xx
and CC430. However, this should not pose any ambiguity to the understanding and operation
of SmartRF® Studio for CC11xx/25xx/CC430.
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12.2  Overview of SmartRF® Studio for CC11xx/25xx and CC430

All opened devices will be displayed in separate windows, and will be available on the
Windows task bar (at the bottom of the screen). The SmartRF® Studio for
CC11xx/25xx/CC430 window can be divided into two sections: Register Status and System
configuration.

Important notes:

All RX related features described in the following CC11xx/25xx sections does not apply to
CC1150/2550.

All PER test related features does not apply to CC430. Special handling related to CC430 is
described in chapter ...

& 0x0080 - CC1101 - SmartRF® Studio

File Settings” Help
O a/d & @
Current fhip values:

+- JOCFGT [0x07]: OxzE
+-AOCFGOD [0x02]: 0x3F
+f IOCFG0AT [O0x0Z) 0x3F

Hormal View 1 Register V\ewl Notes I
Chip revision: ‘

J Correlation:

Register | Components 1

{0CFO0A? (021 DeaF -tal frequency: RF output pawer:

[0A02]. O [25-000000 + MKz [o w|dBm [ Pasamping B valus < GhE0
FIFOTHR [0x03]: 0x07 RF output PATABLE
SYNCT [0x04] 0403 Deviation: D atarate: Madulstion; FF\EDUZlA-DHKSWUWEr *

I+ smco s vt [5157471 /kiz  [1133434  jgaud [GFSE -] ™ Manchester RF Frequercy -» FREQ[2:1]
PKTLEN [0:08], 0FF RF frequeficy: Channel Channel number. R filterbandwidth: FF;!EFQQI;EQEZJ > FREQMES]
PETCTRLY [0:07): 0:04 [see.2daee mH-  [199.951172 kHz D j SE035714  kHz  |FREQD OWEA
PKTCTRLD [(02): (45 RF Frequency - FREQ[70]

I ADDR [0x09]; 000 Preféied zettings: FSCTRLT = Ox06

CHANNR [D=x04]: 0=00
FSCTRLY [0x0B]. Ow=OF
FSCTRLD [0x0C]: =00

v IF Frequency -» FREG_IF[4:0] => 152 34 kHz
FSCTRLO = 0x00
RF Frequency offset -» FREQOFF[7:0]

D eviation

2
52 kHz  ASK 58 kHz Curment MDMCFG = 05

FREQ2 [040D]: Ox1E : Dista rate [expanent) -» DRATE_E
FREQT [OKOE D+C4 52Kz GRSK 5B kHz Sensiivily Channel bandwidth [exponent] > CHANEW_E
5.2 kHz GF5K 58 kHz Current
FREQO [0x0F]: OxEC 254 kHz GFSK 100 kHz Sersitivity Channel bandwidth [mantissa) -> CHAMEW_M
MOMCFGA [010] 0x80 254kHz  GFSK 100 kHz Curent MOMLFGS = D83
MDMCEG3 [0:11] 0522 10 kBaud 19 KHz  GFSK 100 kHz Senstivity v e T2 AT
- w
MOMCFG2 [0x12] D:02 Fieset CC1107 and wiite settings | Copy settings to Fegister Yiew
MOMOFGT [0413] 0:22
MOMOFGO [0414] 048
DEVIATH [0x15] wd7 Simple Fix | Simple ¢ | Packet x| Packet T | PER: test
MCSM2 [T} 007 )
MCSMT [0w1 7] 0x30 Data format: | Serial Synchronous made, - [~ Manual init
MCSMO D18} D4
FOCCFG [0619): 075 [CCT101.G000] = [SmartRFO4EE.DTESTO] = Data from CCT107 to evtemnal oeciloscope. ~
+- BSCFG [0x14]: Ox6C [CC01.GDO2] = [SmarntRFO4ER.DTEST] = Serial clock from CC1107 to external osciloscope.
Al ARCTTRE 2 Me1RTE Nel? b
MOMCFG2 = il
MARCSTATE: Sync mode -» SYNC_MODE[20]
[1]IDLE /IDLE TCTRLD = 0412
armat of AT data > PKT_FORMAT[1 0]
Frequency offset: 0.0 kHz [~ CRCOK T aperaton - CRC. EN
(EEEIRES LeAgth configuration -> LENGTH_COMFIG[1:0]
EW: 13.7 kHz I Lock Ak v

\gnal selection -» GDOO_CFG[S:0]
W]

— I0CFG2=
D02 cutput pin corfig.ration. D02 signMkgelection -» GDOZ_CFGIE0]
Start unbuffered B ‘

Ql DesNee 100 00080 Last executed cﬁm\ Date: 20,08,2007, Time: 13:2455/

¥_

Register Status: System Configuration:

Register value information on the System parameter and register values

CC11xx/25xx/CC430 connected to input entry. Note that RX related features

the PC. are not present in CC1150/2550 and PER
test is not present for CC430

12.2.1 Register Status

The Register status at the left displays the most recently read register values. For a
calculation window all values will be displayed as 0x00.
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Current chip values:

IOCFGOD [0x02): 03F
IOCFGO&T [0x02]; 03
IOCFGOA2 [0x02]: 03
FIFOTHR [0x03): 007
SYNCT [0x04]; 003
SYNCO [0x05): 0531
PKTLEN [0x08]: 0xFF
PKTCTRLT [0407): 0404
PKTCTRLO [0408]: 0x45
ADDR [0409]: 0x00

0044 000
FSCTALT [O0ET

FSCTALO [0 0x00
FREQZ [0x0D ] 01E
FREG [0x0E] 0:C4
FREQO [0x0F: 0xEC
MDMCFG4 [0} 0430
MDMCFG3 [0} (22
MDMCFG2 [012) 0402
MDMCFG [13} 022
MDMCFGO [014) 048
DEVIATH [Ox15]: 0xd7
MCSM2 [0x16]: 007

kA

] e e 3 e e e e e e 3 e 3 S

v

MARCSTATE:

[1]IDLE /IDLE

Frequency offset: 0.0 kHz [~ CRCOK
RSSI: Ma

OBW: 12.7 kHz I~ Lock

Register Name (Address): Value

[Bit nr] bit name: value

Click (-) to hide bit information in
this register

Click (+) to show bit information in
this register

Device 10 Uxuszg\

*? TEXAS
INSTRUMENTS

Polled status information (adjustable interval, 100 msecs
by default). In some cases the polling interval will be too
slow in order to catch all the intermediate MARCSTATES
of the chip.

This feature is deactivated during some tests.

Frequency offset is calculated out of the register value
FREQEST. It gives the estimated Freq. offset value. See
data sheet for further details.

CRC reads the value from PKTSTATUS.CRC_OK

RSSI calculated from the RSSI register taking into
account the RSSI offset value. See data sheet for further
details.

OBW: Occupied Bandwidth

Lock will be set when the radio enter TX/RX state and the
PLL is in lock.

Info about the register/bit currently highlighted with the
mouse cursor
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12.2.2

System Configuration

The system configuration view has a tab selection that enables either Normal View or
Register View. The user can also enter personal notes during testing in the Notes tag.

Marmal Yiew | Renister Yiew | Notes |

\

\

Enter normal
View. See
corresponding
section for
details.

Enter

Register

View.

correspondi

ng se

for details.

See

ction

Normal View selection

Enter the Notes to stored
additional information about
the test set-up, procedures
to follow, etc.

Normal view allows for simple device configuration, and provides in addition various modes
for RF performance testing, and a frequency-hopping file sharing network.

Narmal View l Register \fiew] Notes ]

Register values:
Required register
value changes after

Chip rewision: Correlation: resetti n g
Fieqgist i
el Ve P e s eqister ] Attribuites ] Cormpopefts ] CC11xx/25xx/CC43
[26.000000 +|MHz [0 =|dBm T PAramping P value - i A = |
Deviation: D atarate: Modulatior: <+ H_?tFu‘:'Ut_DE;DIOWBT > PATABLE System parameters
[5.157471  KkHz  [1.1599484  ppps [2FSk v [~ Manchester RF Frequency -» FREQ[Z31E]
RF freguency: Channel Charinel number; Fi< filterbandwidth; FFIEHEFDIJr;qE;EEy > FREG[155]
366239866 MHz  [199.951172 kHz D S |BUBNe kHz FREQD- Dd6a ' L]
) RF Frequency -» FREG[F:0]
Freferred settings: FSCTRLT = 006 Copy SySte m
Dtaate Deviation | Modulation >< iltrhandwidth ptimization ~ F:“:lE"If;:?EEJTDCiDE FREGQ_IF[4:0] => 152.34 para—m ete r-S to
24 kbps £2 kHz IFSK 58 kHz RF Frequency offzet -> FREQOFF[7:0] Reg|ste|’ view
48 kbps  254kH:  2FSK 100 kHz MDMCFG4 = 045
10 kbps 19 kHz  2FSK 100 kHz et e (] 5 DR
8.4 khps 20 kHz IFSK 100 kHz Channel bandw!dth f ent] -» CHANBr—
7EBkbps 32 kHz 29K 232 kHz WE B A el B
100 kbpz 47 kHz 2F5K 325 kHz - Sl DRATE M
Slkbps 0 MSK 540 kHz Sensitivity v ata rate mantizza) -> d
Feset CC1100 and wite settings | ‘\Eop_l,l zettings to Register Wiew
connected
. : CC11xx/25xx/CC43
Simple FiX | Simple T4 | Packet Fixt | Packet T | PER test| .
0 with the system
Data format: |Serial Synchronous mode, ﬂ parameters
[EC1100.GDON] = [SmartRFO4EE DTESTO] = Data from CC1100 o external ozcillozcope. o
[CCI00.GDOZ] = [SmartRFO4EE DTEST1] = Serial clock from CC1100 o external ozcillozcope. Test modes
MOMCFGZ = 0x00
Sync made -» SYMC_MODE[2:0]
PETCTRLO=0412
Farmat of Fx/Tx data -> PET_FORMAT(1:0]
CRC operation -» CRC_EM
Length configuration -» LENGTH_CONFIG[1:0]
I0CFGO = 0«0C
G000 signal selection -» GDOO_CFG[E:0]
IOCFGZ = 0«08
G002 signal selection -» GDOZ_CFG[E:0] e
Start unbuffered R

*? TEXAS
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The controls display a tool-tip text when the cursor is held in the same position for about half
a second. This text disappears automatically upon keyboard and mouse button activity.

The Register values will automatically be updated on changes of the system parameters.
This simplifies the conversion between system parameters and register values. Simple and
Packet RX and TX configures the CC11xx/25xx/CC430 for its different operation modes,
using the common system parameters combined with parameters from the active mode.
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The available modes are:

Simple RX/TX:
Configures CC11xx/25xx/CC430 for constant RX/TX mode. These modes are suitable for
measuring RF parameters.

Packet RX/TX:

Configures CC11xx/25xx/CC430 for buffered RX/TX operation. Random hexadecimal strings
or text can be transferred from one chip to another. CRC errors and lost packets are reported
for the receiver. All received packets can be dumped to file if so desired.

PER test (only available for CC1100/CC1101/CC1100E/2500):

This is the same feature as the stand-alone SmartRF®04EB PER test, described in the
SmartRF®04DK User Manual. However, instead of using the SmartRF®04EB joystick to
browse a SmartRF®04EB LCD menu, all associated parameters are remote set/configured
from SmartRF® Studio at the PC. SmartRF®04EB Preset 3 (stored in the SmartRF®04EB
FLASH) will be overwritten by the new selected SmartRF® Studio settings, so even if the
SmartRF®04EB is disconnected from SmartRF® Studio, it is still possible to run the
SmartRF®04 PER test in stand-alone mode with other settings than the ones pre-defined in
the SmartRF®04EB-firmware. As with the stand-alone SmartRF®04EB PER-tester, the slave
unit should be started before the master unit.

Note that the PER test should be started at least one time from SmartRF® Studio in order to
get Preset 3 settings on SmartRFO4EB. Only the settings of the master unit will be stored in
preset 3. When the PER test is started, the settings of the master unit will be transferred to
the slave unit (over the air). It doesn’t matter what ever settings has been defined for the
slave unit in SmartRF Studio.
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Marmal View l Register \u"iew] Hates l

Chip rewvizion: Comelation:
Regist i

#-tal frequency: RF output power: S lAtt"bUtes Conmprmils

|26.000000 ~[MHz [0 ~|dBm T P ramping P& valis = OxGE 3
Phase: D atarate: M odulation: FIEEFQD;EDELS'IUWE[ > PATABLE
|0 |249.938965  kbps  |MSK v I~ Manchester RF Frequency -» FREG[2316]

. . : . FREG = 0465
RF frequency: Channel Channel nurmber: Fi filterbandwidth: :
= RF F -» FREQ[15:8

|858.299888 MHz |‘I 99.951172  kHz |D j 541.6666E7  kHz FHEQ&?EE&?‘ g HLSiE]

RF Frequency -» FREG[F:0]

Frefered settings: FSCTRLT = Ox04

Datarate | Deviation  |Modulation | R fiterbandwidth | Optimization [~ F%E_’F{:?EEJEHS}EE FREG_IF[4:0] =» 253.91 kHz
¥ : =0

48 tﬁﬁz R 1o ki : RIF Frequency offset -» FREQOFF[Z.0]

SE4kbps 20 kHz  2F5K 100 kHz - MDMCFG4 = 0:2D

768kbps 32 kHz  2FSK 232 kHz - Data rate [exponent] > DRATE_E

100 kbps 47 kHz 2F5K 195 kHz . Channel bandwidth [exponent] -» CHANBW_E

2 - 0 3 Channel bandwidth [mantizssal -» CHANBW_M
" 0 C MOMCFGS = 0438

égg tggz 8 ng g?g EE: _Current v D ata rate [mantizsa) -> DRATE_M

| MOMCFG2 = 0473

Reget CC1100 and write zettings Copy settings to Register View

Simple F¢ | Simple T | Packet Fix | Packet T PER test |

Sync word: Preamble count: Mode:  |Master = v [ Manual init
Packet length:  |E1 bytes Packet count: 64 pack: v 10: o1 -

[Packet length: 61 bytes] [DOME] MOMCFGT = 0430 ~
M-»S: Sentl B4/ B4] Received: [ B4] creEmars: [ 0] PER=[0.00] Preamble count -> MUM_PREAMELE[Z:0]
Sk Sent] B4/ B4] Received: [ B4] crcEnore [ 0] PER=[0.00] Forward Eror Correction -» FEC_EN
MOMCFGZ = 0203
Spnc mode -> SYNC_MODE[2:0]
FPE.TCTRLO = 0x05
Packetformat -» PET_FORMAT[1:0]
C operation -» CRC_EM
onfig. -» LEMGTH_COMFIG[1:0]
05
reshold-> POT[7:5] w
| | Start PER\ | |
‘ A}
Represents: | Represents: | Represents: | PER Calculation M->S:
M->S => Master to Slave Received packets. Received (Rsiave-CRCgjave)/Esjave
S->M => Slave to Master For M->S it is the packets with
packets received CRC errors. Rsjave: Received Slave
by the Slave. CRCqave: CRC errors Slave
Eqlave: Expencted
packets Slave

The PER information/statistic is calculated both for the Master -and Slave unit, but will only be
displayed for the master unit.

Note that in order to retrieve the original SmartRF®04EB Preset 3 setting, please reload the
SmartRF® Studio firmware (srf04eb_fwid0400.hex) via the SmartRF® device/chip manager.
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Due to the implementation of the SmartRFO4EB firmware, some of the register values will be
forced to a given value even if tried changed from Register View by using Manual Init. In
these cases the register values will be indicated with “forced” in the information window at the
right side of the panel. This is applicable for the “Packet RX”, “Packet TX” and the “PER test”
panel. See example from the “Packet RX” panel below.

Simple ¢ | Simple T Packet B | Packet T | PER test |

Length config: Spnc word: | 30432 5 v Address config: |Mo addre « r [ Marual Init <
FPacket length: Packet count:  |200 Address: [ FIFD Autaflush
“iew format: PETCTRLY = 0404 ~
Preamble quality Threshald-> PAT[7:5]
Hex - Automatically synch. - WOR_AUTOSYNC[4]
FIFD autofluzh -» CRC_AUTOFLUSH[3]
Append status > APPEND_STATIS[Z]
Forced to enabled by P
fddress check —+ ADR_CHE[T.0]
|IOCFGO =
GO OO sighal selection -> GDO0_CFGE[5:0]
) Forcgd to output of pkt. on GDOO by Py,
File dump: J ADDR £ 0=00 e
Start bulfered X PKTCTRL1.APPEND_STATUS is
forced to 1.

This means that the user will not be able to change these values. If the user enters the
Register View and change PKTCTRL1.APPEND_STATUS to 0 and check the “Manual Init”
box, this value will be overwritten by the FW when “buffered RX” is started.

These limitations have been applied to ensure correct performance with current
implementation of the SmartRFO4EB Firmware. The firmware has been re-written to avoid
SPI access in active mode (TX and RX). The reason for this is that high rate SPI polling will
reduce the RX sensitivity. Furthermore, as explained in the Errata Notes, when using SPI
polling there is a small, but finite, probability that a single read from registers PKTSTATUS,
RXBYTES and TXBYTES is being corrupt. The same is the case when reading the chip
status byte.

Manual Init:
The check box for “Manual init” can be used to ensure that current register settings will not be
overwritten with default values when starting one of the test functions. If any registers has
been manually set in the Register View, this check box should be checked to keep the
register settings when starting one of the test functions.
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Register View selection

The register view allows for manual configuration and operation of the CC11xx/25xx/CC430.
Please note that parameter changes made in this view could lead to a non-valid configuration.
Such errors will, however, not affect Normal View.

It is recommended that you always begin the configuration in Normal View, and then transfer
the settings to Register View and the device by clicking the Copy and Write buttons. The
necessary changes can then be made with a highly reduced risk of introducing errors.

The view consists of a number of so-called register bars, and a command and board
operation panel. The register bars display the 8-bit register value, and the individual bit fields
in various formats (i.e. on-off buttons, value input boxes and lists). Registers can be selected
for a single bar in the left list box, and for all bars simultaneously by using the scroll bar to the
right. The horizontal scroll bars allow for bit field selection. Shortcuts are available for efficient
keyboard operation of the register bars:

Press [Ctrl] + [«], or [Ctr]] + [-] to scroll bit fields.

Press [Enter] or [Alt] + [the number on the Write button] to write to this register on the
connected CC11xx/25xx.

Press [Esc] to reset the register bar to the default value.

Be aware that the SmartRF®04EB PER tester firmware will overwrite some registers even if
these are tried changed from Register View. The SmartRF®04EB PER tester requires that
normal mode and variable packet length is used. Also that CRC check is enabled and that the
status bytes are appended to the RX FIFO.
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Click to update the Type the new Select the Change
register value on the register value in register to individual bit
connected hex format configure fields
CC11xx/25xx/CC430

Momal Wiews  Fegister Yiew I Mate:

wihite 0 | Dxl 04 : [4]'WOR_AUTOSYHC [ CRC_AJTOFLUSH ;l
r
[FrTCTRLI (007) > 4T 0 0 | 0 |
Read value; 0x04 A | |
wihite THFIFO | [T Inze ¥ Read R FIFO I
[
Fead PATABLE |
1&
SRES SHOFF SESTHON SCA SEx 5T 51D
SAFC \  swor SEWD SFF SFTH SwWORRST e
\ /
\ |

The most recently read value, also
found in the status view.
Updated after register writing

Additional features are
described in tool-tip
popups

Scroll all registers
simultaneously

When the device has been configured properly, the command strobe buttons and the FIFO +

PATABLE access fields can be used to operate the device.
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IOCFGO register:

The IOCFGO register in CC11xx/25xx/CC430 allows the user to configure which internal
CC11xx/25xx/CC430 signal to be output on an associated GDOO-pin. However, this register
also changes its parameter field representation depending on the state of
[[OCFGO.TEMP_SENSOR_ENABLE] and [IOCFG0.ADC_TEST_EN] bits (Not applicable for
CC430).

When temperature sensor is disabled the CC11xx/25xx presents the correct parameter fields
in a pseudo register called IOCFGOD:

Wirite 2 | R [7] TEMP_SENSOR_EMAELE 6] GOOO_INY [5:0] GDO0_CFG
IIDCFGUD [0w02) 7' (0] Dizable tsmperature sensor. IR I[D] Nor-inverted GDOO ll I[B3] CLE_#0SC/192 :I
Read wvalue: 043F 4 3|
white 2 | s 3F [7] TEMP_SENSOR_EMABLE 6] GDOO_INY [5:0] GDO0_CFG
{I0cFG0D (0:02) x| [(0) Disable temperature sensor. 7| [10) Norvinverted GDOD =] |ie3) cLk #oschae =
. [42] PWR_STABLE =
Read valus: 023F 4| (431X050 STABLE = :II
white 3 | 0s [ 3F [7]ATEST_FD_N [5] CHP_DISABLE {ié} EE’E—DP\;HENNH?J
4E] High impedance [3-state
IIDEFGDM [0202) j I[D] Disable temperature sensor. j I[D] Disable charge pump j {4?} H\,g\,r o Dp[Hw1 a[chievec} wiltk
, (48] CLK_%0SCA
Fiead value: 0x3F < | (49) CLK_XDSCA 5 -
50 CLK_X0SC/2 .
ke 4 I Dxl aF [F1ATEST_PD_M [E] CHF_DISABLE {51} ELK:XDSEJS
(52) CLK_<0SC/4
[I0CFG082(0:02) x| [(0) Disable temperature sensor. || [I0) Disable charge pump =1 |53 oLk xosCe
(54] CLK_%0SC/8
Fiead value: 043F 4 I I [55] CLK_XDSC.-"'I 2 _'I
(56) CLK_<0SCAH6 —
wiite§ | s 07 [7:4] Reserved [3:0] FIFO_THR [57) CLK_¥0SC/24
(58] CLK_X03C/32
[FFOTHR (0:03) | | 0 |1 71 TxFIFO=33 / RxFIFO=32 byt 7 | ([55] ELK_XOSC/4E
(B0) CLK_ <0364
Fiead walue: 0407 < (61) CLK_#0SC/96 _DI
£2] CLK_%0SC/128 |
¥ 1
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When temperature sensor is enabled and ADC test is disabled the CC11xx/25xx presents the
correct parameter fields in a pseudo register called IOCFGAL:

Arite 2 I DHI 9 [FIATEST_PD_M [E] CHP_DISABLE [B]ADC_TEST_EM
[locFaoet 2y = (R . [ [0) Disable charge pump | 101 Disable ADC test [
Fead value: 0x3F 4 | | _>|
“wirite 1 I O | 9 [FIATEST_PD_M [E] CHP_DISABLE [B]ADC_TEST_EM
[I0CFG04T (0x02) 7| |i1) Enable temperature sensor. ¥ |(0) Disable charge pump () Disable ADL test
Read value: 043F | |
Wiite 2 | o[ oF [E] CHP_DISABLE [5]ADC_TEST_EN [4:0] TEST_CTRL[4:0]
|locFaost (0w02) =] |i0) Disable charge pump | |10 Disable ADC test x| i@ Input 140" cuent ta ADC 4 x |
. [10) 0.5% charge pump UP current a
Ik ol W27 ﬂ ———[11) N/ [0.5x charge pump cune |_'|
12)Valt t ch 1
wiited | o[ 8 [7F1ATEST_FD_N [6] CHF_DISARLE {1 3{ Veltags o chatae b oulr
141 Yalt t ch I
IIDEFGDA2 (002 j I['I] Enable temperature sensor. j I[D] Dizable charge pump j {1 5} \;2“232 :t gh;gz Eamﬁ Eﬂtg:
i [1E] Prescaler regulated supply vo
Read value: 0x3F il I (171 Input current controls PA pow LI
- [18] LM& / P4 output stage requlz. |
Wiite 4 | 0w I o7 [V:4] Reserved [3:0] FIFO_THR [19] Miser / P4 input stage regulal
[20] LO dividers / buffers regulate:
[FFrOTHR(0:03) =] | 0 |[7) TxFIFO=33 / RFIFO=32 byt 7 | {{21] Input valtage ta ¥CO control
[221%CO requlated ground valtag:
Read value: 0407 4] (23] Output voltage from YO con _'I
[24] N |
Wwiite 5 | Ox I 03 [7:0] SMC[15:8] [25) Output 1* voltage from mixer
[26] Output Q" voltage from mixer
|5YNET [0x04) x| o D3 [27) Output ‘1+0° voltage from mis
[28] ADC requlated supply valtage
Read value: 0203 < [29] Input “1* current to ADC [AC o _’I
200 Input 07 current to ADC [AC —

When temperature sensor is enabled and ADC test is enabled the CC11xx/25xx presents the
correct parameter fields in a pseudo register called IOCFGA2:

wiite 2 | 0s [ BF [7]ATEST_PD_N [5] CHP_DISABLE [5]4DC_TEST_EN

IIEIEFG e [ E b fermperaire ~| |0 Disable charge pump =] |(1)Enable ADC test |
Fead walue: 0u3F 1 | | _>|
Write 2 | 0« BF [5] CHP_DISABLE [5]4DC_TEST_EM [4:0] TEST_CTRL[4:0]
[iocreoez(0x02) x| |[(0) Disable charge pump B[] Erable ADC test | Jinnea =l
Read value: 0x3F 4] | v
white2 | 0] BF [5] CHP_DISABLE [5]ADC_TEST_EN [4:0] TEST_CTRL4:0]
[IocFE0e2(0:02) x| [(0) Disable charge pump | | Enable ADC test [ i
. [T0] N7A, =
Fead value: 0x3F ll AN __|_>|
; 12) Output ‘11" [differential] fram fir
Wwrite 3 I UHI ov [7:4] Reserved [2:0] FIFO_THR {13% Dutgul 'm'[[differentielll From F
[14) Output 1" [differential] input to
[FFOTHR (0:03) =] | a |{ 71 T<FIF0=33 / RXFIFD=32 byt 7| |[15] Qutpot '@ [differential) input t
Read valus: 0x07 4| H % Hﬁi _>|
(18] M/A -

Write 4 | Dx| D3 [7:0] SYMC[1E:8] [19] N2

[20] Input current ta ‘11" (in parallel
BaEE I D3 [21] Input cunient to ‘01" fin parall

[22] Input current ta ' quartizer (i

Read value: 0:D 3 1] [23] Input current to ‘0" quantizer [ _'I
[24] MAa |

wite 5 | 0x[ 51 [7-0] SYNC7:0] (25) M2,

(26] N2,

[ SYNCD (0405) x| O« 91 [27] N4
28] H /4

Read value: 0x31 < [29] N2, i
(30] W /2,

"
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12.2.3  Pull-down menus and toolbar

SmartRF® Studio simplifies access to the rest of its features through the use of pull-down
menus and a tool bar. The SmartRF® Studio menus are shown below.

E 0x0060 - CC1101 - SmartRF®E Studio
File Settings Help

O &®

File

The File menu allows for settings to be imported and exported.

I 0x0060 - CC1101 - Smart
Setkings  Help

Reset configuration, ..
Cpen configuration, .
Save configurakion. .. L

Load CC1101 skate, .,
Save CC1101 skate, .,

Export ZC1101 registers. ..
Import CC1101 registers. ..

Export 21101 code...

Reset configuration- This command will reset all fields in SmartRF® Studio. The connected
device is not affected. The command is also available from the toolbar (white sheet).

Open configuration- This command will open the configuration file *.srfs11xx/25xx including
Normal View, Register view and Notes settings. The command is also available from the
toolbar (open folder).

Save configuration - This command saves the Normal View, Register view and Notes settings
in a *.srfs11xx/25xx/CC430 configuration file. The command is also available form the toolbar
(floppy disk).

Load CC11xx/25xx/CC430 state - This command will load register values from a
* statl1xx/25xx file into CC11xx/25xx.

Save CC11xx/25xx/CC430 state - This command will save all register values in
CC11xx/25xx/CC430 to a *.statl1xx/25xx/CC430 file.

Export CC11xx/25xx/CC430 registers - This command will save all CC11xx/25xx/CC430
register values entered in Register View to a standard text file.

Import CC11xx/25xx/CC430 registers - This command will copy all CC11xx/25xx/CC430
register values listed in a preformatted external text file into the associated register fields in
CC211xx/25xx/CC430 Register View.

Export CC11xx/25xx/CC430 code - This command will copy all applicable registers into a C
compatible software structure. The structure format is based on corresponding templates
which can be changed/added by the user. The code export feature is supported by an

¥ 1
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associated intuitive windows pup-up dialog. The register values changed in register view must
be written to the chip before they will be taken into account by the export function.

Close - Exit the SmartRF® Studio window for this device. You can also use the top-right X-
button.

The refresh button on the toolbar reads all registers. The values are displayed in the status
view to the left and the bars in Register view.

{:‘P
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Settings

The Settings menu contains options mainly used to compensate for slow computers. This
includes "Polling interval" and "Packet RX/TX speed".

./ 0x0060 - CC1101 - SmartRF® Studio

v 100 milliseconds

500 milliseconds

+
| ———— 1 second i
+- [OCFGOD [0=02]: 0«3F & seconds |
+- [OCFGEOAT [Ox02]: Ox3F 10 seconds

+ IMTEENA 2 M0 Nw3F T

Polling interval - Defines the status view update interval (for the six fields between the register
tree and the yellow help box.

‘ Calculation Window - CC1101 - SmartREE 5
Help

i Foling irterval  »
Facket T speed  + PRIIE| r
L S g— ¥ Receiver CCILIDEM |

+|I =
e Mevmm v

Packet TX speed - Sending of packets to other RF devices might require different time
interval between each packet. This is due to the packet handling of SmartRF Studio.
Packet TX/RX between two equal RF devices should use “Normal” setting.

“Receiver CC1110EM” should be used if sending packets to a CC1110EM device.

Settings

[ gl [

“ 0x0060 - CC1101 - SmartRE® Studio
Help

Settings

D Polling interwval K l

SPI speed ¥| v Fast speed
* Slow speed J

Li r.r

SPI speed - Defines the SPI communication speed between the SmartRF® 04 evaluation
board and CC11xx/25xx. This option is not available for CC430.
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Help

Contact information and disclaimer is available in the help menu.

‘:f: 0x0060 - CC1101 - SmartRE® Studio
File Settings

="

W Current chip wal

Revision Hisktary

Contack Texas Instruments
Abouk SmarkRF Studio

12.2.4  Online help

SmartRF® Studio for CC11xx/25xx/CC430 provides online help through so-called tool-tips.
By moving the cursor over a field (e.g. a button or a text field) and holding it in the same
position for about half a second, the text will appear in a yellow box slightly below the cursor.

Simple Fix | Simple T2 | PackstFix  Packet T | PER test |

Length config: Sencword: |32 bit - Preamble count: | 4 bytes + = [ Manual init
[The rumber of packets that will be sent.
Packet length: |10 Packet count: | 200 Addiess T | \

{* Random: |DD 01020304 050607080304 0B OCOD OEOF 1011 1213141 Initialize | (M

" Text or Comection :
 Hex c ud Tool-tip on how to

PKICTRLO=0:05 | operate the different test
Packetformat -» PKT_|

Forced to 0 by P/ functions.

CRC operation -» CRC_E|
Forced to 1 by P,

Sync mode -» 5

Packet config. -» LENGTH_CONFIG[T:O] ™

Stait buffered T |

Warnings are indicated by turning the relevant control(s) yellow. One such warning will
appear when choosing a sync word smaller than 32 bits in the Packet RX/TX tests in Normal
View.

Errors are indicated by turning the relevant control(s) red. Try for instance to enter a packet
size larger than 255 in the Packet RX/TX tests in Normal View.

12.3  Additional information CC430

12.3.1 Physical Interface.

The physical interface between the PC and the Evaluation board is different for CC430EM.
CC430 is a stand alone Evaluation Module with a JTAG connector. For the communication
with SmartRF Studio, it is required with a Flash Emulation Tool (MSP-FET430) to connect the
Evaluation board to the PC.

12.3.2  User Interface

The user interface for CC430 will be more or less the same as for any other RF Device. There
is a dedicated tab for any MSP based RF device. As can be seen from the figure below, there
are only a few differences on tab for

{ip
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MSP430.

Port name gives
the virtual COM

port used for the
PC interface.

- SmartRF® Studio ]

SmartRF® 01 DK SmartHF®D2DK] SmartRF® Q DK] SmartRF® 04 DK | SmartRiF® 05 DK M3P430

Current Status /| Port Mame "\ Device Name |
]NSTRUM ENTS CC430F:1 3 - new device COM1E CC430FE137
Calculation Wwindow - CC430Fx13x

Status: Productinfo: SmartRF® productline
1 connected device(s) Refresh Start ‘
b 4
File versions... I

A refresh button can be
used to refresh the list of
connected devices

12.3.3 MSP-FET430UIF FW.

If the firmware of the MSP-FET430UIF is not compatible with the interface software on the
PC, the dialog shown in the picture below will pop up. The communication between SmartRF
Studio and CC430 will not work unless the FW is updated. Press the update button to start
update of the MSP-FET430UIF. If more than one device is connected at the same time, each
of them will be updated.

FW update of MSP-FET430UIF &

The MSP-FET430UIF P is not compatible with the 5w an the PC.
A P update iz required to communicate with the dewice.
Click "Update" if you want to start P update.

Started update of device on port: COM1E. Please wait..

TR

Cancel | Done ‘

The Cancel button can only be used to interrupt update of more than one device.
Press the Done button when update is finished.

12.3.4 SmartRF Studio FW.

When starting a session with SmartRF Studio and CC430, the required FW will be loaded to
the CC430 flash memory. That means any program previously programmed on CC430 will be
overwritten when starting SmartRF Studio.

¥ 1
EXAS
INSTRUMENTS  106/122



The FW is required to handle special commands from SmartRF Studio.

12.3.5 Packet Handling.

The packet handling for CC430EM can be a bit slower than the other EM’s supported by
SmartRFO4EB and SmartRFO5EB. This is due to the different interface with the Evaluation
Board and has nothing to do with the CC430.

To send packets from a CC1101EM with SmartRF Studio and receive with CC430, the packet
TX speed must be slowed down in order to give CC430 and SmartRF Studio more time to
handle the received packet. This can be achieved from the Settings->packet TX/RX speed
menu. Select CC430 as receiver when sending packets from CC1101.

12.3.6 PER test.
The PER test from SmartRF Studio is not available for CC430.

{i’
TEXAS
INSTRUMENTSs  107/122



13.SmartRF® Studio for CC2520

13.1 Starting SmartRF® Studio and select a CC2520 device

To use SmartRF® Studio for CC2520, click the SmartRF® 05 DK tab in the device manager
window. The device manager of SmartRF® Studio will every other second search for
available (connected) SmartRF® 05 evaluation boards. All associated devices and a
calculation window will be displayed in the device list as given bellow. The calculation window
allows for parameters to be configured, but does not communicate with a CC2520 chip.
Select the device, and push the start button to launch it. An alternative is simply to double-
click on it. All devices can be opened simultaneously (return to the device manager to select
another).

. SmartRF® Studio 3
SmartAF® 01 DK | SmartRFE 02 DK I SmartAFe 03 DK] SmartAF® 04 DK SmartRF® 05 DK 1
EXAS Current Status Use DI P 1D
INSTRUM ENTS ECZEZ‘U -tntsw device | 00085 | 00500 [0x0002) |
Caleulation Window - CC2520 . .
+— | Device list:
Es:::cl:; devices will be shovin with the Chip 1D to the \F:!l. J A” SmartR F® 05 DK
e et st i bt ot o connected to the USB
port is listed here. The
Calculation Window is
for register calculations
only.
Productinfa: SmantRF® productline Start
St | The SmartRF® Studio
A — _ window executes with
A rhs s | the selected device.
/

Load USB firmware:

The USB firmware can be update manually
by clicking this button and selecting the
desired file (normally srf05eb_fwid0500.hex).

If a device is unplugged by accident or by intent while the SmartRF® Studio window is open,
the window title will display "Lost Device". It is possible to reunite the device with the
SmartRF® Studio window by right-double-clicking on one of them in the device manager, and
then left- double-click the other.

The file version button will list up the version of all files included in this version of SmartRF®
Studio.
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13.2

Overview of SmartRF® Studio for CC2520

All opened devices will be displayed in separate windows, and will be available on the
Windows task bar (at the bottom of the screen). The SmartRF® Studio for CC2520 window
can be divided into two sections: Register Status and System configuration.

0x0085 - CC2520 - SmartRF®@ Studio

Homal View

Register Yiew

|
FRMFILT (0401 ]: 078

Radio / Modem
RCMATCH [0x02]: 0207
SRCSHORTEND [0x04]: 0x00 RF frequency:

- SRCSHORTEMT [0x05): 0x00
SRCSHORTENZ [0<0E]: 0x00
SRCEXTEND [(x08] 000
SRCEXTENT [0x09]: 0=00
SRCEXTENZ [0x08] 0:00 I
FRMCTRLO [0=0C] Ox40
FRMCTRLT [0=0D]: 0=01
RXENABLED [0<0E ] 0=00
RENABLET [0R0F]: 000
EXCFLAGO [0x10]: 0x00

RF output pawwer:

Memany Wiew

Copy seftings to Register View

Register values:

FREQCTHRL = 008 -~
RF frequency control word -» FREQ[E:O]
T#POWER = 0x81
Pé Power control -» P4_POWER[F:0]
MOMCTRLO = 0485
Zeros before sunch - > DEM_NUM_ZERDS[7:5]
Awerage mode -» DEMOD_aYG_MODE[D]
Preamble length -> PREAMBLE_LENGTH[4:1]
T Filter -> T=_FILTER[0]
MOMCTRLY = 0414
Threshold usage - > COR_THR_SFDE]
Caorrelation threshald value -» CORR_THR[4:0] W
| AXCTRL = 0x3F
FSCTRL = 0x54

EXCFLAGT [0x11]: 000 =
EXCFLAG2 [0:12]: 000

Reset CC2520 and wiite settings

FSCALT = 042D
| AGCCTRLT = 011 a8

EXCMASKAD [C14]: 000
EXCMASKAT [15] 000
EXCHMASKAZ [0w1E] 000
EXCMASERO [Cx18]: 0x00
EXCMASKRT [:13]: 000
EACHMASKE2 [0 A] 0200

Test mode:

TH Testmodes | Packst Fix | Packet Ti |

Nomal operation, tan_«

EXCBINDXD [¥1C], 0400 ARLICRLD = D0

EXCBINDXT [051D] 0x12
EXCRINDYO [O:1E] Ox00
EXCBINDYT [O1F]: Ox12
GPIOCTRLO [0=20]: 000
GPIOCTRLT [0m21]: 027
GPIOCTRLZ [0m22]: Ox28
GPIOCTRLS [0=23]: 029

FRMCTRL1 = 000

e = < = < R = < 3 = e O < = e R S == < SR S

GPIOCTRLS [(x24]: 0x24 b
FSM state
(0)IDLE [~ FIFO
[~ dBm RSSI NV [ FIFOP
CCA [~ LOck

N Krame filtering

T mode -» TX_MODE[1:0]= 0
SET_RXENMASE_OM_Tx =0

Start T test

3 Deice ID; 0x0085

Last executed commsag:

Date: 19,12,2007, Time: 19:34:17

. X
Register Status:

CC2520 connected to the PC.

Register value information on the

System éonfiguration:
System parameter and register values
input entry.
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13.2.1 Register Status

The Register status at the left displays the most recently read register values. For a
calculation window all values will be displayed as 0x00.

Current chip val

[FIRESERVED : 0
4] FCF_RESERVYED_MASK[Z(

[1] PAN, COORDINATO
[0] FRAMB\FILTER_EM : 1

SRCSHORTENT [0x08]: Ox
SRCSHORTENZ [0x06]: 000
SRCEXTEMD [0=08]: 0=00
SRCEXTEMT [0=03]: 0=00
SRCEXTEMZ [0=04]: 0=00
FRMCTRLO [0=0C]: 0=40
FRMCTRLT [0=00]: 0x01
R=EMABLED [0<0E]: 0=00
R=EMABLET [0x0F]: O=00
EXCFLAGDO [0x10]: 0=00
EXCFLAGT [0x11] 0=00

ExCMASKAT [0215] 0=00
ExCMASKAZ [0<16] 0=00
ExCMASKRD [0218]: 0=00
ExCMASKRT [0213] 0=00
EXCMASKERZ [0<14] 0<00
EXCBIND<0 [0<1C]: 0=00
EXCBIND=T [0:1D]: 0:12
ExCBINDYO [0x1ET: 000

] o s O O O O s O O O o

L

SM state:
[0]IDLE

[ dBm RSSI MY
[~ CCA

I~ FIFD
I FIFOP
I LocK

Register Name (Address): Value

[Bit nr] bit name: value

Click (-) to hide bit information in
this register

/

Click (+) to show bit information in
this register

* Device ID: 020085

*ﬁ‘ TEXAS
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Polled status information (adjustable interval, 100
msecs by default). In some cases the polling
interval will be too slow in order to catch all the
intermediate MARCSTATES of the chip.

This feature is deactivated during some tests.

Info about the register/bit currently
highlighted with the mouse cursor




13.2.2 View Panels

Several view panels has been utilized in tab selection that enables either Normal View,
Register View or Memory View. The user can also enter personal notes during testing in the
Notes tag.

Nurmi‘v‘iew ] Hegisw Memnry\%.]\

Enter normal Enter Enter Enter the Notes to stored
View. See Register Memory additional information about
corresponding View. See View. See the test set-up, procedures
section for correspondi correspondi to follow, etc.
details. ng section ng section

for details. for details.

Normal View selection

Normal view allows for simple device configuration, and provides in addition various modes

for RF performance testing, and a frequency-hopping file sharing network.
Register values:

Required register

Marmal Yiew | Register i M i Mk
] egister |ew] emary |ew| otes ] value Changes after
Riadio / Modem i=msEr vl resetting CC2520
FREQLCTRL = 0x0B
RF frequency: 2405 MHz |EEE 802.15.4 BF channet  0x |0B - RF frequency contral word - EREQ[E:0]
g o TxPOWER = 0<E1 [
ange b xlender P4 Power cantrol -» P4 POWER[7:0]
I et peveer | NER | G5 IV CC2631 ¥ High Gain Mode MDMCTRLO = (85 System parameters
— Zerog before syhch - > DEM_MUM _FEROS[7:E]
- - . - ) Average mode -» DEMOD_AVG_MODE[S]
.tﬁ_«rllxother setctllr;gs Ere E&r}fﬁgred automatically in each test mode Freamble length -» PREAMELE. LENGTH[4:1]
(8=t e el ! T Fiter > T_FILTER[D] I
The regizters that heed to be modified after rezet in a microcontroller pragramm, MDMCTRLT = 0x14
are displayed to the right and in the test tabs below. Threshold uzage - > COR_THR_SFD(E] COpy System
Correlation threshold value -» CORR_THR[4:0]

RXCTRL = 0x3F parameters to

Copy zettings to Register Yiew < - ! ;
M Register view

Reset CC2520 and write settings | AGCCTRLT = 0411

o
|
T Test modes | Packet Fit | Packet T Update the
Testmode:  |Unmodulated carmier  + connected CC2520
with the system
FRMCTRLO = 0xd3
T3 mode > T%_MODE[:0] = 3 parameters
FRMCTRLT = 0x00
SET_RXEMMASK_ON_Tx =0 —
MDMTESTO = 0465
Test modes

Start T test
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The controls display a tool-tip text when the cursor is held in the same position for about half
a second. This text disappears automatically upon keyboard and mouse button activity.

The Register values will automatically be updated on changes of the system parameters.
This simplifies the conversion between system parameters and register values. TX Test
modes and Packet RX and TX configure the CC2520 for its different operation modes, using
the common system parameters combined with parameters from the active mode.

The available modes are:

TX Test modes:
Configures CC2520 for constant TX mode. These modes are suitable for measuring RF
parameters.

Packet RX/TX:

Configures CC2520 for buffered RX/TX operation. Random hexadecimal strings or text can
be transferred from one chip to another. CRC errors and lost packets are reported for the
receiver. All received packets can be dumped to file if so desired.

Manual init:

Tix Test modes] Packet By Packet T ]

Packet payload size: a0 Packet count: 100

The check box for “Manual init” can be used to ensure that current register settings will not be
overwritten with default values when starting one of the test functions. If any registers has
been manually set in the Register View, this check box should be checked to keep the
register settings when starting one of the test functions.

Range extender:

Marmal iews lHegislerViewl Motes |

Fadio / Modem

RF frequency: 2405 tHz |IEEE 80215 4 RF channel: 0w | 0B -

Range extender
RF output power. |19 *| dBm v CC2531 v High Gain Mode

The Range extender mode is only applicable with the CC2591 and CC2590 Combo Board.
The Combo Board is an Evaluation Module that combines both a CC2520 and the front end
CC2591 or CC2590.

The checkbox “CC2591” is only used to make SmartRF Studio aware of the fact that a
Combo Bard is used. SmartRF Studio has no other means to know that a Combo Board is
connected. When “CC2591" is selected it can bee seen that the RF output power changes.
The check box for “High Gain Mode” can be used to reduce the LNA gain. See Data Sheet for
further details.

Register View selection

The register view allows for manual configuration and operation of the CC2520. Please note
that parameter changes made in this view could lead to a non-valid configuration. Such errors
will, however, not affect Normal View.

It is recommended that you always begin the configuration in Normal View, and then transfer
the settings to Register View and the device by clicking the Copy and Write buttons. The
necessary changes can then be made with a highly reduced risk of introducing errors.

{:"
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The view consists of a number of so-called register bars, and a command and board
operation panel. The register bars display the 8-bit register value, and the individual bit fields
in various formats (i.e. on-off buttons, value input boxes and lists). Registers can be selected
for a single bar in the left list box, and for all bars simultaneously by using the scroll bar to the
right. The horizontal scroll bars allow for bit field selection. Shortcuts are available for efficient
keyboard operation of the register bars:

Press [Ctrl] + [«], or [Ctr]] + [-] to scroll bit fields.

Press [Enter] or [Alt] + [the number on the Write button] to write to this register on the
connected CC2520.

Press [Esc] to reset the register bar to the default value.

{:"
TEXAS
INSTRUMENTS  113/122



Click to update the
register value on the
connected CC2520

Type the new
register value in

hex format

Select the
register to
configure

Change
individual bit
fields

|FRMFILTO [0x00] ~|
Read value: 0x00

~

[7] RESERVED
0 | x|

ull

The most recently read value, also
found in the status view.
Updated after register writing

[6:4] FCF_RESERYED_MASK[2:0]

0

=

7,/

Scroll all registers
simultaneously

When the device has been configured properly, the command strobe buttons and the Chip

instructions can be used to operate the device

The strobe commands are described
in tool-tip pop ups

STHCAL

SR=0M

STHON

STHONCCA,

SIBUFEX

5#05COFF

S¥0SCON SRFOFF

SSAMPLECCA,

SFLUSHR

SFLUSHT:

SACK

SACKPEND

SNACK.

SAXMASKBITSET|SR=MASKBITCLR

SRES

Reset CC2520 | ¥ RESET_Mpin W WREG_EN pin

Chip Instructions: |§

ﬂ Send

Instruction Dutput:

Chip Instructions:

The Chip Instruction command field can be used to execute all the instructions defined for
CC2520. Click on the send button when the instruction command is complete. The instruction
will be transferred to the USB MCU on SmartRFO5EB and written on the SPI interface of the

CC2520 chip.

There are two different ways of giving the instructions.

1. Raw input:

Command given as a sequence of hex digits formatted as described in the data sheet.

The command should always be preceded with a “>”

The example below can be used for the MEMWR instruction.

Chip Instructions: |>22EIEIEI‘I 02030405

j Send

This instruction will be parsed according the following binary format:

00l10aaaa aaaaaaaa dddddddd dddddddd ...
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OpCode: 4 bits
Address: 12 bits
Data: 40 bits

In this example the Operation Code is 0x2 and the address is 0x200.
2. Using a template:

The syntax is defined by the selected template. Each instruction is given with a template
that indicates the required parameters.

Chip Instructions: |MEMWH[<address>, mz3.] ﬂ Send

The template should be replaced with real values:

Chip Instructions: [MEMW/R(0200, 01 02 03 04 05) S

Most of the templates show all the bytes that should be given and a character is used to
indicate the meaning of each nibble in the byte.

Chip Instructions: |HEGWF![EIHaa, Oxdd, ... ﬂ Send

The characters should be replaced with real digits.
In the example above the template should be replaced with: “REGWR(0x0C, 0x41)".

The following characters are used:

a, e, k, n: Address data
d: Data

p: Priority

m: Security

C: Count

- Don'’t care

For further details about the chip instructions see the Data Sheet.

Memory View selection

The memory view allows access to the CC2520 RAM from address 0x100 to Ox3FF. This
includes TXFIFO (128 byte) and RXFIFO (128 byte). There are also two 16-byte temporary
areas CBCTEMPH and CBCTEMPL.

Besides examination/editing of the RAM contents the memory view also supports single
packet TX/RX.

The easiest way to do this is to select “Packet RX” in Normal View (Receiver) and press
“reset and write” button to write register values to the chip. Go to Memory View and press
SXOSCON and SRXON.

Nearly the same thing should be done on the transmitter. Select “Packet TX” in Normal View
and press “reset and write” button to write register values to the chip. Go to Memory View and
press SXOSCON.
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Write some data to the TXFIFO. Only the payload Marmal View | Reaister View Memory View | Notes |

should be given and it should be given with Wite T FIFQ Length: | &
hexadecimal digits with spacing between each byte.

01020304

Press “Read Ram” button and see that the data has

been written to the TXFIFO. See also that the length wirite: Fishd Fead RaM
byte has been put in front of the data. Note that the
length byte includes 2 bytes for the CRC that will be
appended to the packet by hardware unless the
default setting of “AUTOCRC” has been changed.

Ozl00 06 01 02 03 04 05 05
0=110 OF 10 11 12 13 14 15

Press the STXON button and send the packet.

On the receiver side, the RXFIFOCNT should be updated with the number of

bytes received. Press the “register update” button on the toolbar to update the Tt
register values on the left side. In this example the RXFIFO counter will be 7. This
includes the length byte.

Press “Read RXFIFO” button on the receiver to

check the packet. The packet contains the length ReadPXAFD |
byte, payload and 2 bytes at the end containing
the RSSI, LQI and one bit for the CRC check.
See data sheet for further details.

0601020304 2FEC

. . . . 0=z170 1F 90 Fe D4 FE 14 AE
It is also possible to read the same information from Ox180 [{e 01 02 03 04 2F EC

RAM. Ox190 3F 00 &0 70 74 AE 27
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13.2.3  Pull-down menus and toolbar

SmartRF® Studio simplifies access to the rest of its features through the use of pull-down
menus and a tool bar. The SmartRF® Studio menus are shown below.

. Calculation Window: - CC2520
File Settings Help

=P IS O i

File

The File menu allows for settings to be imported and exported.

.. Calculation Window - CC252
FEN Setkings  Help

Reset configuration...
Open configuration. ..
Save configuration, .. _—

Load CC2520 skate. ..
Save CC2520 state,

Expork CC2520 regiskers. ..
Impork CC2520 regiskers...

Export CC2520 code,

Close

PRI = =1 ¥ [} B B e T B b T

Reset configuration- This command will reset all fields in SmartRF® Studio. The connected
device is not affected. The command is also available from the toolbar (white sheet).

Open configuration- This command will open the configuration file *.srfs2520 including Normal
View, Register view and Notes settings. The command is also available from the toolbar
(open folder).

Save configuration - This command saves the Normal View, Register view and Notes settings
in a *.srfs2520 configuration file. The command is also available form the toolbar (floppy disk).

Load CC2520 state - This command will load register values from a *.stat2520 file into
CC2520.

Save CC2520 state - This command will save all register values in CC2520 to a *.stat2520
file.

Export CC2520 registers - This command will save all CC2520 register values entered in
Register View to a standard text file.

Import CC2520 registers - This command will copy all CC2520 register values listed in a
preformatted external text file into the associated register fields in CC2520 Register View.

Export CC2520 code - This command will copy all applicable registers into a C compatible
software structure. The structure format is based on corresponding templates which can be
changed/added by the user. The code export feature is supported by an associated intuitive
windows pup-up dialog. The register values changed in register view must be written to the
chip before they will be taken into account by the export function.

{i’
TEXAS
INSTRUMENTS  117/122



Close - Exit the SmartRF® Studio window for this device. You can also use the top-right X-
button.

The refresh button on the toolbar reads all registers. The values are displayed in the status
view to the left and the bars in Register view.
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Settings

The Settings menu contains options mainly used to compensate for slow computers. This
includes "Polling interval" and "Packet RX/TX speed".

alculation Window - CC25200 - SmartREz

Curre: SPI speed N 100 m?ll?seconds
=B [ 500 millisecands
+- FRMFILT [0=01]; 0w00 1 second b
+- SACMATCH [0=02]: 0w00 5 seconds

+- SRCSHORTEMO [0x04] O=0(
FSRCSHORTEMT IMNS) M=

10 seconds

Polling interval - Defines the status view update interval (for the six fields between the register
tree and the yellow help box.

' Calculation Window - CC2520 - SmartR

Settings

Help
D Polling interval > l

Lz SPI speed 4 Fast speed
anmm— v Slov speed
+- FRMFILTT [0=01]: 0=00 ﬁ,—,—,ut

SPI speed - Defines the SPI communication speed between the USB MCU on SmartRF® 05
evaluation board and CC2520.
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Help

Contact information and disclaimer is available in the help menu.

. Calculation Window - CC2520 - Smarth
File Settings

O QW

Current chip wall ~ Contack Texas Instruments |
|

’TW &bout SmartRF Studio
£ FRAFI T 1A T Py ™ -

Revision History l

13.2.4  Online help

SmartRF® Studio for CC2520 provides online help through so-called tool-tips. By moving the
cursor over a field (e.g. a button or a text field) and holding it in the same position for about
half a second, the text will appear in a yellow box slightly below the cursor.

The transceiver will attempt to receive a series of packets.
T3 Test modes  Packet B Packet statistics will appear ta the right when the first packet has been received
Mo ather communication with the CC2520 is allowed during this test.

[pavload data = n bytes] [packet counter/indes = 2 bptes] [RSS1+ COR =2

Yiewing format; |Hexad hytes]Q

Max packet papload size! | p_ oy et fommat: [Freamble = 40400 bytes] [SFD = 150447 byte] [|egg2¢yte]

= 0 = 0:0C
RESERVED_MASK[2:0] =0
SROAME_VERSION[1:0] = 3

> FRAME_FICRG_EN=1  Tool-tip on how to

operate the different test
functions.

Diurnp data to file: J

Warnings are indicated by turning the relevant control(s) yellow. One such warning will
appear when choosing a sync word smaller than 32 bits in the Packet RX/TX tests in Normal
View.

Errors are indicated by turning the relevant control(s) red. Try for instance to enter a packet
size larger than 255 in the Packet RX/TX tests in Normal View.

14.Trouble shooting.

14.1  Startup problem.

For some SmartRFO4EB boards there is a known problem at power on that will give an error
when chip is selected in SmartRF Studio. The error that will be given can be seen in the
picture below.
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SmartRF® Studio

Problern with comrmunication between PC and SmartRFO4EE!
Restart SmarkRFO4EE!,
See gser manual for detailed descripkion,

The problem is related to the use of the power switch on the SmartRFO4EB board. When the
switch is turned on, the boot sequence on the USB MCU will sometimes fail. One way to
avoid the problem is to leave the power switch on and only plug/unplug the USB plug to set
power on/off.

If the problem occurs, it can be solved by turning the power switch off and then on again.

14.2  Problem to install/uninstall

If the installation of SmartRF Studio gets corrupted it might be a problem to uninstall or to
reinstall the application in order to get the problem solved. In this case it might be necessary
to do some cleanup of the windows registry.

See also the description given on this web page for more information:
http://www.tech-recipes.com/rx/450/when-windows-will-not-let-you-uninstall-or-reinstall-a-

program/

To cleanup the registry manually you should use “regedit” and search for the product code.
Delete all entries with this product code. Microsoft recommends that before you edit the
registry, you backup the registry and understand how to restore it if a problem occurs.

See also:

http://support.microsoft.com/kb/322756

There are several ways to find the product code.

1. Go to the following folder and search the name of the program.
C:\Documents and Settings\<user id>\Application Data\Microsoft\Installer
E.g.: Filename: SmartRF_Studio*.*

The folder name gives the product code within curly brackets:
E.g.: C:\Documents and Settings\a0190575\Application
Data\Microsoft\Installer\{BOADB143-55CE-4EDC-AE5E-22F8669916CD}

2. Go to the following key in registry and search for a “ProductName” that identify the
program.
HKEY_ CURRENT_USER\Software\Microsoft\Installer\Products

On the same entry there is a “Producticon” with the product code within curly
brackets.
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Address Information

Web sites: http://www.ti.com/lpw

Technical Support: support@ti.com

Worldwide Product Information Centers: Contact Tl PIC Centers for Technical Support

Headquarters:

Texas Instruments Norway AS
Gaustadalléen 21

N-0349 Oslo

NORWAY

Tel: +47 22 95 85 44
Fax: +47 22 95 85 46

© 2006, Texas Instruments. All rights reserved.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated
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