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Introduction

The CC2400 single-chip RF transceiver provides a highly integrated, flexible low-cost solution
for applications using the worldwide unlicensed 2.4 GHz frequency band. The CC2400DK
development kit is a powerful and flexible tool specifically designed to make it easy for the
user to evaluate the RF performance of the CC2400 and to minimize the time spent on
evaluation.

The Development Kit includes two Evaluation Boards and two Evaluation Modules. The
Evaluation Modules contain the CC2400 chip and required external components.

The Evaluation Board serves as a motherboard for the Evaluation Modules. The Evaluation
Board provides a USB port, a serial port, buttons, LEDs, voltage regulator, configuration
jumpers and connectors to make it easy to interface the CC2400 with the SmartRF® Studio
software and various test equipment.

This User Manual describes how to use the Development Kit. SmartRF® Studio is
documented in its own user manual.

Your SmartRF® CC2400DK Development Kit should contain the following items:

Kit contents

ltem Number of articles

Evaluation Board (CC2400EB)

Evaluation Module (CC2400EM)

Quick Start instructions

Antenna, 50Q quarter-wave monopole, SMA male connector
SMA to BNC adapters

USB cable

CC2400 sample kit
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Evaluation Module

The Evaluation Module contains the CC2400 chip together with the needed external circuitry
for operation. Not all components are needed in an actual application. Please see the
datasheet for a typical application circuit.

The CC2400 operates in the 2.4 GHz frequency band. Although this frequency band is
usually described as “world-wide”, some countries do not allow unlicensed operation in this
band. Please refer to application note ANOO1 for more information about applicable
regulations.

Important: Contact your local telecommunication authorities before transmitting an RF signal.

Circuit description
The CC2400 RF section includes all the necessary components for correct operation.
The CC2400 is connected to a 16 MHz crystal.

The Evaluation Module can be plugged into the Evaluation Board. Two 2x10 pin pin row
connectors with 0.050-inch pitch are used for this purpose.
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Figure 1: CC2400EM Evaluation Module

PCB layout

RF circuits operating at high frequencies are sensitive to the physical layout of the PCB.
Chipcon has carefully optimized the layout of the CC2400EM evaluation module and we
therefore recommend that the user copies it when making own PCB designs.

The PCB is of a 4-layer type in order to provide a well-defined ground plane as well as
adequate routing space. The laminate used is standard FR-4 board material. The PCB is
1.0mm thick, with layer 1 on the top side, layers 2 and 3 are internal layers and layer 4 is on
the bottom side. Layers 1 and 4 are used for routing, while layer 2 is a ground plane and layer
3 is used for power routing. All areas not utilized for routing are filled with copper connected
to ground to provide RF shielding. The ground planes on all layers are stitched together with
closely spaced vias.
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Figure 2: CC2400EM PCB layout, layer 1
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Figure 3: CC2400EM PCB layout, layer 2
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Figure 4: CC2400 PCB layout, layer 3
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Figure 5: CC2400EM PCB layout, layer 4
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Figure 6: CC2400EM component placement, top side (left) and bottom side (right)
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Bill of materials, CC2400EM

Bill of materials, CC2400EM

Reference | Description Value Part
C1 Capacitor 0603 2.2 pF, 10% C_2U2_0603_X5R_K_10
C11 Capacitor 0402 100 nF, 10% C_100N_0402_X5R_J_10
C61 Capacitor 0402 0.5 pF, £ 0.25 pF C_0P5_0402_NPO_C_50
C62 Capacitor 0402 5.6 pF, £ 0.25 pF C_5P6_0402_NP0O_C_50
C71 Capacitor 0402 100 nF, 10% C_100N_0402_X5R_J_10
C81 Capacitor 0402 0.5 pF, £+ 0.25 pF C_0P5_0402_NPO_C_50
C101 Capacitor 0402 10 nF, 10% C_10N_0402_X7R_K_25
C161 Capacitor 0402 68 pF, 5% C_68P_0402_NP0_J_50
C251 Capacitor 0402 100 nF, 10% C_100N_0402_X5R_K_10
C261 Capacitor 0402 100 nF, 10% C_100N_0402_X5R_K_10
C411 Capacitor 0402 68 pF, 5% C_68P_0402_NP0_J_50
C421 Capacitor 0402 27 pF, 5% C_27P_0402_NPO_J_50
C431 Capacitor 0402 27 pF, 5% C_27P_0402_NPO0_J_50
C481 Capacitor 0402 68 pF, 5% C_68P_0402_NPO0_J_50
L61 Inductor 0402 7.5nH, 5% L_7N5_0402_J
L62 Inductor 0402 5.6 nH, 5% L_5N6_0402_J
L71 Inductor 0402 27 nH, 5% L_27N_0402_J
L81 Inductor 0402 7.5nH, 5% L_7N5_0402_J
P1 SMD pinrow socket SMD_SOCKET_2x10 (Samtec
SFM-110-02-S-D-A-K-TR)
P2 SMD pinrow socket SMD_SOCKET_2x10 (Samtec
SFM-110-02-S-D-A-K-TR)
P4 Surface-mount SMA_SMD
SMA, straight
R1 Resistor 0402 220,5% R2R2_0402_J
R451 Resistor 0402 43 kQ, 1% R_43K_0402_F
U1 Single-chip CC2400
transceiver
X1 Crystal, ceramic X_16.000/10/10/10/16 (Toyocom
SMD 4x25mm TSX-10A 16M 16pF)

Note: The crystal X1 mounted on the EM board is a 16.000 MHz crystal, with 10 ppm initial
tolerance, + 10 ppm drift over temperature and a temperature range of -10° C to +60° C. The
crystal is designed for 16 pF load capacitance. In an actual application, the tolerance, drift
and temperature range of the crystal must be considered with application requirements in
mind. Please consult the data sheet and SmartRF® Studio for more information. It is possible
to choose a larger crystal package to save cost. The crystal should have an ESR of 60 Q or
less.
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Evaluation Board

The Evaluation Board is used as a motherboard for the Evaluation Modules and provides
power and external connections.

Jumpers Sockets for EM

Power
connections

Buttons

DC jack

LEDs

SMA connectors

Serial port

USB port /

Test port

Reset button

Figure 7: CC2400EB Evaluation Board

Power supply section

The power supply section is configured by moving the jumpers located on the board. There
are three voltage regulators on the board, one for use by the FPGA, a 3.3 V regulator for
general use and a 1.8 V regulator for powering the CC2400. The voltage regulator for the
FPGA is turned on under software control when the USB controller has been properly
configured.

A diode prevents permanent damage if wrong polarity is applied to the non-regulated input.
There are two power connectors; a 3.5mm DC jack-type connector allows you to connect an
unregulated battery eliminator easily (the positive supply is on the center pin), and two 5-pin
terminal blocks can be used to connect either an unregulated or regulated power supply.

An amperemeter can also be connected in order to measure the DC current drawn by the
CC2400. Since the CC2400 has two voltage supplies (Core and I/O), there are separate

{f’ Texas SWRU050 Page 12 of 35
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current measurement loops for these two supplies. If you are not going to measure the
currents, short-circuit jumpers must be connected between the terminals, otherwise the
Evaluation Module will not be supplied with power.

P2

P3

INEOEOEOENHNEORENENEY

Figure 8: Power terminal block with amperemeters attached

Table 1: Power connector connections

Connector and pin Marking Description

P3 pin 1 4-7V Unregulated voltage in. Input to voltage regulators.
Equivalent with the DC jack input.

P3 pin 2 ov Circuit ground.

P3 pin 3 Extl External 1/O voltage. An externally applied voltage will
drive the 1/0O supply of the CC2400 (and the associated
FPGA pins) if the jumpers are set correctly.

P3 pin 4 1] I/O supply current input. Insert an amperemeter
between this pin and the 10l pin to measure the current
drawn by the I/O supply of the CC2400.

P3 pin 5 101 I/O supply current output. Insert an amperemeter
between this pin and the Il pin to measure the current
drawn by the 1/0O supply of the CC2400.

P2 pin 1 ov Circuit ground.

P2 pin 2 ov Circuit ground.

P2 pin 3 Ext C External core voltage. An externally applied voltage
that will drive the core supply of the CC2400 if the
jumpers are set correctly.

P2 pin 4 lIc Core voltage current input. Insert an amperemeter
between this pin and the I0C pin to measure the
current drawn by the core supply of the CC2400.

P2 pin 5 I0C Core voltage current output. Insert an amperemeter
between this pin and the IIC pin to measure the current
drawn by the core supply of the CC2400.
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USB interface

The CC2400EB connects to a PC via a USB interface. SmartRF® Studio uses the USB
interface to control the CC2400EB. The USB interface can be used both to configure the
CC2400 and transfer data. Chipcon provides a Windows driver that is installed as part of the
SmartRF® Studio installation process. This driver must be present for SmartRF® Studio to
communicate with the CC2400EB.

Because USB is used, the CC2400DK will only function with PCs running Windows 98,
Windows ME, Windows 2000, Windows XP or newer. Windows NT and Windows 95 cannot
be used since they do not support USB.

RS-232 interface

A serial port is included on the CC2400EB. This is intended for debugging purposes, and
cannot be used to connect the Evaluation Board to SmartRF® Studio.

Jumpers

The jumpers are used to configure the Evaluation Board. The factory default settings are
shown below, please return to these settings if you are experiencing any problems.

LJd TT5
CI II:E P|2©TF’3
5 VIO:1.8/3.3/Ex

o olo o]o
.na% o[co]Jo o

15'3 VC:Ex/Reg T

V:Ex t/US8B
gﬂﬂ‘ E 0 0

OO0 OO0

]
Hl;lg \\EEPROM En.
P11 cse[]

Figure 9 Default jumper settings
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Jumpers

Name

Default setting

Description

VIO

Between pins
6 and 8

Determines how the 1/0 supply of the CC2400 is supplied
with power. If the jumper is connected between pins 8 and

6, the 1.8V supply is used. If the jumper is connected
between pins 8 and 10, the 3.3V supply is used. If the
jumper is connected between pins 8 and 7, the I/O supply is
driven by the external voltage present on the Extl pin on the
power connector.

VC Between pins
3and 5

Determines how the core supply of the CC2400 is supplied
with power. If the jumper is connected between pins 3 and
5, power is supplied by the 1.8V regulator. If the jumper is
connected between pins 3 and 1, the core supply is driven
by the external voltage present on the ExtC pin on the
power connector.

\% Between pins
4 and 6

Determines how power is supplied to the board. If the
jumper is connected between pins 4 and 6, the EB is
powered from the power connected to the power connector
or the power jack. If the jumper is connected between pins
6 and 8, the EB is powered from the USB bus. In this case,
the USB port the EB is connected to must be able to supply
500 mA current.

EEPROM Present Determines if USB configuration information is loaded from
En. EEPROM memory. If removed, the CC2400EB will report
itself as a default USB device. This jumper should always
be present during normal operation.

Microcontroller and FPGA

The CC2400EB has been built around a Cypress USB microcontroller and a Xilinx Spartan Il
200E FPGA. This has been done to ensure maximum flexibility and is not representative for a
low-cost CC2400 application.

Both the microcontroller and the FPGA are RAM-based devices, and their configuration is
loaded via the USB interface on power-up. The CC2400EB must therefore be connected to a
PC to function properly.

Four LEDs and two buttons are included on the board for user interface purposes. The LEDs
are driven by the FPGA, while the buttons are connected to both the FPGA and the
microcontroller.

A reset button is provided, which will reset both the microcontroller and the USB interface.

The LEDs are used to indicate status when the CC2400EB is used together with SmartRF®
Studio.
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Connectors
The Evaluation Board is furnished with many connectors for easy access to various signals.

Test Port 1 (P17) and Test Port 2 (P5) are 2x10 pin pin-row connectors that are connected to
the FPGA and can be used to monitor various signals, including all the CC2400 signals. The
pin-out of these connectors is compatible with logic analyzer probes from Agilent.

The DTEST1 (P6) and DTEST2 (P7) SMA connectors are also connected to the FPGA and
can be used to output or input signals from/to the CC2400, respectively.

The ATEST1 (P9) and ATEST2 (P8) provide access to analog test signals from the CC2400.

The selection of what signals are available at the different connectors is done in SmartRF®
Studio.
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PCB layout

The Evaluation Board is a 4-layer, 1.6 mm thick FR-4 PCB. Four layers are used because of
the routing requirements. Layers 1 and 4 are used for signal routing, layer 2 is a ground plane
and layer 3 is used for power routing. The majority of the components are mounted on the top
side of the PCB, while a few decoupling capacitors were put on the bottom side.
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Figure 10: CC2400EB PCB layout, layer 1 (top left), layer 2 (top right), layer 3 (bottom left)
and layer 4 (bottom right)

{f’ Texas SWRU050 Page 17 of 35
INSTRUMENTS



Chipcon Products
from Texas Instruments

= ‘

nERE

Z ¥40d 3isey

}Jdod i1sel

ENd  zisala 1Lsala
2d 9d
z1s3Lv cd
S@ _2d@ _v¥ad _EQ 9vir ad
ag vZd €zd 9zd Gzd
=
11531V [E]
w1 [osa eaa[] 9+
SN [ ]+<3 _H_H o @
0 r-rS5py|
[ . Cesa
5d e [=]=}a|
[33
zs _H_
953
aiy
[ 15
1%
(Y en zz
BEJ 6H 0
-] EER]
[@rrn S¥3
uoadiygy @Az (D) +
pJeog
O 9dL uoryenea3 453 74l ie] 28010
80+Z33 e I
O edL 2'z 8390+Z30 + ° T
(2]
-—eua——— + X3/E €/81:0IA mu m mnw
7= SO g s ] ]
ozd M _H_ﬁ _E_H_ i a
zd ¥13 an aa  ¥n €] gy
| e
aid
8id ¥d
eH vid cid /\\ ZH

IoC (IC ExtCev ev

101

I Extl BV 4-7v

Figure 11: CC2400EB component placement, top side
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Schematics, CC2400EB

[ I 37vas a3nsst
Wmm 7 ON_ama 7 ON Wo5d mkm (43249302
LHA NMyHT
g388+23] - =
ama 31va| sIvAOHEdY Zymanon  eemanod
SV NOJdIH3 ¥Z5Z0 L es T
INYN_ANVANDD ON_LOvHINDD >mm% )

JMYNTVIINDI YW~ TVIINaIS

JMYNTWVIINDE YW~ TYIINaS

[0

Z'%7370H  Z'bT3T0H 7
zH iH
AEE® eamon
0xL i Pas
[ 7 _
510
B =
e E £ | g~ Lnogu NILL 7
[T aax1 g*Lnovy NIZL g
1 23 - ,1noel NIEL 7]
113 113 14 [ g _]inozy  LNOEL YT
c17t 7 & _|Lno LMozl Gheryzezsy
- e [:al%] a1 2 ]84N02H  LNOIL 2 qere =
13X 13X 514 GZ3 /X EBERTNEE"D | IOYAN NISY
BH X8Rz —ZNZ D 5m1| 77— 43033504 NIbH [
TASHTIX 353472 ——gu0 —#|N037804  NiEd
-12 NIZY =
- - SLH-ZEZSH
NTBIN N"BLN ano NIy e —
EEN N o
o A -z2
HYA—TVIINT 3 Z 1.
138 18 057 H/CERS NGO D XvAT 8 nasya | & [ 23 J‘l—|lkl d
- - L] €01
NNasa s EvzEX |
vadd SR
. - e i
£ i uad-./,0ad gsn 571" /X"ERIDNDEI D 857374 /XED9NDDI D
= [ 5] - 1213
=
ERCREIELCE] T BuBBngep Joj }Jod
av-slv
na-/a
B3d-v3d
pvd-evd
¥3d-.,3d
-aag
+8S
THLIIHOIVIdd
AW phel]
e THLI” 34037 VEId
527Y"H/XTEQIRNEETD  GZTNHLXTEBIATNEETD 527N H/XTER9ANEETD
— & [} 620
IR A O
w w w w m, %,
SZ7TH/XTE@IRNEETD SZTYH/XTERSNEETD  57-)-H/X"E@98NEED
I 62D 23 923
H03"Vad430A Ajddns samoy
OI"WN3

SuU0l} 98UU0] W3IBAYZ3d

SZTYHLXTEBIBTNEETD  SZ3HXTEBSTNEETD  SZTNTHLXERIENEETD
= 63 963 5e3

T S A S A A A A
“F3 T T T T T

SZTNTHIXTEBIBNEETD  SZOIHIXTEBITNEET]  SZATHLXEBEENEETD
gl

ved EEd ze1
D37¥3d4™33A

Bunjdnooap 8402 Y944

jerdag

T

SWRU050 Page 20 of 35

INSTRUMENTS

‘ff TEXAS



Chipcon Products
from Texas Instruments

€

[S1Z 133ms | I 3vas qansst
Bz 7 EV a3403HD
A3d ON_9mad ON W3S5d 3715 1H
NJN 8SN 8380+z33 NAYHG
ama 31V¥q| SIVACHdY
SV NOJJIHI ¥Z2520
INVYN_ ANVINOD "ON_LOVHLINOD

- YT aEN0]
= [IREN S E o]
LIENEIE
= T —— N vEI0sd a0
g = 7 i
ks v =5
NOLLNB~HSNd E ) v 43d-E£3d
€s
=3
NOLLMB=HSAd
zs t4 z
AEE AEE
TE@IE LYY 9ERRENLYTH
Evy zvd
97E09E LYY aad-/ad
zid
3
ree I (1 93d-/3d - E
ﬁﬂ_j Sy
AE €8 Ergn vy L
r2ae] i -
3 r
97ERSE ALY H ELLISTY
ACE ozy N0 5¢ |
SEETRT |
SN0T e
|
Ellib]
T95N0T g
NIT/8021N01
[ gy
AEE 9 engE Ly Y
e T enga Ly H
4y
5M8~91dINCD
AEE

a9v13.1MN08/ 85TV B3d

£148/£809/ £0d

9146/08d9/ 804
§113/8ad/ £2d
¥1L378EM/83d
€710/11/53d
L3/e1/+3d

BAQH/BCXH/B]d
£14V/£¥Q9/ £d/1N0ZL/ £8d

vdv/@vaa,/ed/zL1/e8d

1NoIa x4/ 2V
1N0@axy/8vd
QYIS/SAQH/#QH4/5vd
HM IS/ ¥ AQHZ #5M 7 vV d
#SJ/EVd

#30/2vd

1A0i LAY

1noBl/evd

ay15/SA0H
M5/ ¥ ACH
308/ EAQH
30V zAQH
13s8/1Aad
q35SV/BATH

L1d¥8
#NI5d

#13530
#dM3>VM

REERR=N

1noXTa

vas
a3s

#NOJSIT

5HQY
2v14LN0V/Zz 12
avIdNIE /11D
9vIaNIY/B11D

/N
/N
/N

uoying 3je
L
B7rHX90ZI7ZNZ D
13 f L

85 H/XTEBINGRI"D B HLXTEBIRNBRITD 85 THLXEBSATNRITD @S H/XERSANGAI @S H.X ERIANERL]

2] 123

[14] (4] T ap—

N
JE A R N

JE R R N N T
I R N M R T

ClE] k]

B54"H/X"EB9U NN~ 85 ¥ WX E9WNERI D BS T H/XERSANEAITIAS Y H/XERSITNGA "] 85 H/X ERIDNEEId
511 6 $21

Bundnoaaqg

AEE

INBZI-EI9¥93LAD
in

£09070 Y
X
z
4
by 18
g N35d
I
pa-/a
T Qv-SIv
e
5
[ 1
T AEEENS)
8g
[}
5
e
m Va5 I
5 -
[T
ag
T4 TEEI0 2 H | =7 & dyH
e s -
33 GHOY &
s e
gl 1L 1)
oo \omﬂ_lwu ]
Mﬂ 97E@I@ ALY H — o
[ N = | =

€090 0 H
\EH

z =
a| 6zy
E |2y
(2
|

L T

3
9EB9B LY H AP

repsEEIY
SbH
T
NEE™ repgmoiy
Lz

I
ApE®TTERI R

[:F4"]

o e

[3 ]
ZEd

[1.El ]

z
7
Y157
ns/1gaatre AEE
8n £090°H
BEY
AeE

say

Page 21 of 35

SWRU050

2 TEXAS
INSTRUMENTS



Chipcon Products
from Texas Instruments

€

%

2ixz~RoEN
i

IG1E 133ns | I 37vas q3nssL
o 7 eV q3393H0
A3w oN_ama on wosd | 3zis e Ly
1HX NMYHT SZ7NTH/XTE@IANEETD TNV
vadd 8380¥z33 = 9 e E T
ama 31val sIvaoueay T . 503 oCEasTNeE D
SY NO3JdIHJ vZ520 r e I *N i ] kolenlen I P e e e e o 0 o e e * == 527UTHIXTEBSETNEE D
INYN_ANVINOD "ON_LOVHINDD e e A S = EECE FEEE B RPETRPE L = ¥+
e e P & BeE e AFF PINR A A 4
SESFU/XERIBNEE D T NYL LY 24 580 T ! ! Cnira S == =
NI 25, S5 S P P I AEE®BZOrUCERSETNEETD | BVATOITION e sz-srux-eogenee-a o o d d *,
=)kt X FTT T SEOMHOC RN NER W = I i cagves=3 Bl -
= = l | ey AEE 52 HLX ER9RNEE ]
T * — \ 2L ERSENEE D 2
it | ee@TI T a g ey a \ i Eﬁm o
et ot o e L1 IBASARASARAI I 11 BVA 0TI
~yH X~ €098 NEE- 00299929920 009900D0099299999 S5 55555565655555050000000 0O00000000000000000000 S55
Toremes £090) B856855555555655565555555555 OB P LI Il ITE LT ETELLEE DO EDrn EEE EpeE Ererres 308
0321 =L Y Y B I = 1
R bLaNC S hRNESac aas000 DOBINININODOHNNNG DR B
v Aueq o/l S Aueq 0/ m
d
Z3d-t£3d ;MM
S2rHLXERSRNEE ]
12
91d-4£0d NN E 3ueg o/1
gdd-2dd g Aueq o/l
2 Auea os1 13Hnes1 137031
IARSI137C3 2
Alddns 858310A 8400 BU} uD) @uE INIJIA PedIEW Sulg s £
peusep seBe}jon 8EE}[0A Oy] ey} 4oy Addns = -
sjerudoJdde us b} P8}osuUUOD 8Q jSNW 8SByL ‘X jueq N
0/1 4o} ssnddns Oy1 s} S48 xQIIA PEddsu Suig N
(&) :s1uy s sessjueded ur usqunu zaza
ya-za AUBQ 0/1 8l Yim pajlew eJe yueg 0/1 Fa-o1 [“seBa-BEE Y
Ue}Jao & 0} BUCSq Yotuw suid pajeopam sa-Zal n
zodaa _ sa-za1 r-SasaaLz Y
283m aweu uld By} S AA pUR 'NUBQ 0/ AU} S X @iaum ‘AA-xQ] 34 ]
z033A wyoy By} 4o sue seweu ud O/ z3-z01
€3-z01 TSEEg 0Lz
£ queq o/1 v3-z0l
13- 01 —
z3-z01 ™
¥3-zol W FSesE By~
€3-z01 W €z
1a- 201 N
1952 149- 300Z520X 207201
soejustu Zn 197201 i3 Z0r WS
61 ju0g z2-z01 [23
€@~ 01 [€ 10~ ITYH"VINS
20324 [ ld=—
20397 [5
@ Aueq 0/t 349012 12qo|9  Z03DA [E AEE S—
808000865860066058668 80888080808088880808886888 S5
\\\\\\\\\\\\\\ PEPCCD SSSSSSSSNSssdusssiRs Aan
xxxxxxxxxxxxxx >unme> LLL [ Qoo
s0000n FXUSQTERRnRaname2bn SO8
WAL, P — =
- T
gl | EREE J/N = Qaa e
BERE = 8 8 1 W * LE] m
T 1 AEE L 4 L
st S == st
[EaP Ty ) *, L d | | | | | |
Ry - o cosE-NEe-
& I N el S27rHLXCEB98NEE D ACE 2N HLXERSENEED
AEE S2OH LK EBSENEE D . @aq - £aX “simx Al N e
- Nee - uuoo Sz M ERSRNEE D 890 52-¥ULX ER9RNEE D 663
527 HIX €888 NEE 3 (£5] 5XZTMOBNId avir AVd-EV 0 &
TN

Page 22 of 35

SWRU050

2 TEXAS
INSTRUMENTS



Chipcon Products
from Texas Instruments

= ‘

S 133ns | I 37vas q3nssL
Bz 7 EV a3403HD
A3Y ON_9ma ON _W3Sd 3715 1H
Ajddns Jsmod 83@@+%Z33 NAYHT
ama 31V¥q| SIVACHdY
SV NOOJdIHIJ ¥2520
JAYN ANVINOD "ON_LJVHINOD

sng ggn wodJdj
Jo}osuuLOD Jemod wody

9TERIETALY Y 1

paijddns Jamog - g pue g surd usam}ag Jadwnp
peljddns Jemog - g pue 4 suid usemisq Jsdwnp
uoryoa)as Jamod pajenbaJaun

3 THLTFH0T VIS —¢ L J/N
= r-casa oy - STdyHLS
Zzd Bsn72w a-ild
Mmzmé‘ziﬁgﬁu a-td
TNV D = e a/N
L9 m b Sdvdls
zdl a-ild
1NeN93d

z_&mE ¢;_u=_
B1-53196€d1
3403 7V¥3d4730N n

1d1
141631

=

- 9 [y
M 17kl W
m‘zé‘mjmdl*l : 857 HAXCERSETNGDITD
S2 + FETY y 319
M {0 u—
EdL
NidLS3L L3M0-ABY %E,méwmmuh

B HX 90z Znz 2
53

527 HXTEBIETNEE ] ENVLTENETD
Es| ¥

=4I
T
et

bz ]

bl
NIdLSL
AE

abejjoa pelyddns Ajjeuds}xa - / pue

~
2EBDERZ
il

WvAZO 30K
STWE3LTM3ED
Ed

Sdl
NLS3L

g LAN0AEL

3H00WI "IN
STHEILTMIEIS 3H0371LN0o™1

B surd usem}e®g Jadwnp

sBejjoAa O/ AE'E - @ pue g surd ussm}aq asdwnr
s6e}j0A O/ AB| - g pue g suid usemysq Jsdunp

Loiyosyas sBejjoa Q]

sbejjon psjenBay - G pue g surd usemisg Jsdwnp

sB6ejjoa panddns Ajjeudsix3y - g pue | sud usamisg Jadwnp
uorjyoeyes abeyloa IYOI NI

T

SWRU050 Page 23 of 35

INSTRUMENTS

*ff TEXAS



Products

ipcon

from Texas Instruments

Ch

cl

6] 133ns | I 3vas qansst B =
@z 7 eV Q3¥03H]
A3Y ON_9ma ON _W3Sd 3715 1H _ _ _
uuo3 W3IE@+Z3] Maved ANI™VHTVYNS 7 g = - =
ama 31val sIvaoueay 8d ANI~YH™VNS > vmu Nid153L ﬁWA
SY NOJdIHI ¥2520 Bd 5 adl
INYN_ANYLNDD ‘ON_LOVHINDD \|V\IW g >0
M“ ; zemm_mo . GH“\\MM@ /m“‘zm‘uﬁ#
i €
H HTHM_H«‘ A Lk . _
7 T =
e - =4
¢ Et R (Eget
Xz ~H3AYIH" NS , z_%wﬁz_mmwmﬂmizﬁ\wzou T3wn3aeNod <1 fwm_z%,w
NS 3403 N3 T3 gyoegenan 0zd Bid
O3

V¥S
— B S —F T eq s EeEl
=

5 575 T
— ‘[ vZs z T
N = —
S ERl —— @y Y13
v zz9av
ain =
s N =
o
il
ni aNg-5
HIT0030] aaA
- T4
-~ AEE
IR G N e o
7 =4 V¥5
—
r 4 e —F—Ere i
Al —
7 7 — 9 —F— g7
-
—
2 o g————
6id yi/9av =
Ut b eixzTmountd &0 _
c} =
|
il
7 12| J| |2 i aNg—g
890 |E@9p HEATE Y £OIE Y - H3C0J3T nn\,j
ced| ded[vEH  BIW , - _ AEE
T ERIE NP e — g X1
avd =
(=1 A
‘ —ifvesh— 1 EJE g
-
—
—e2se—— 20z [uE]
EB90 HEDSA HENGE W £Q90H s 3
a T
6EH BEH Sed 1zd 2 VIS Ty L
vL/90v
En

T

SWRU050 Page 24 of 35

INSTRUMENTS

‘ff TEXAS



@ ‘ Chipcon Products

from Texas Instruments

Bill of Materials, CC2400EB

Bill of materials, CC2400EB Evaluation Board

Reference | Description Value Part

C1 Capacitor 1206 22 yF,10% | C_2U2_1206_X7R_K_10
Cc2 Capacitor 0603 27 pF, 5% C_27P_0603_NPO0_J_50
C3 Capacitor 0603 27 pF, 5% C_27P_0603_NP0_J_50
C4 Capacitor, tantal 3.3 yF C 3U3 TAN B

C5 Capacitor 1206 22uF,10% |C 2U2 1206 XTR K 10
C6 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C14 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C15 Capacitor, tantal 3.3 uF C_3U3_TAN_B

C16 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C17 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C18 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C19 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C20 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C21 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C22 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C23 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C24 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C25 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C26 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
Cc27 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C28 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C29 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C30 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C31 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C32 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C33 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C34 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C35 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C36 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C37 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C38 Capacitor, tantal 47 uF C 47U TAN D

C39 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C40 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C41 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K 25
W3 Texas SWRU050
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@ ‘ Chipcon Products

from Texas Instruments

Bill of materials, CC2400EB Evaluation Board

Reference | Description Value Part
C42 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C43 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C44 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C45 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C46 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C47 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C48 Capacitor, tantal 47 uF C_47U_TAN_D
C49 Capacitor, tantal 47 uF C_47U_TAN_D
C50 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C51 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C52 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C53 Capacitor, tantal 47 uF C_47U_TAN_D
C54 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C55 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C56 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C57 Capacitor, tantal 47 yF C_47U_TAN_D
C58 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C59 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C60 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C61 Capacitor, tantal 47 uF C_47U_TAN_D
C62 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C63 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C64 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C65 Capacitor, tantal 47 yF C_47U_TAN_D
C66 Capacitor, tantal, low 100 pF C_100U_TAN_D_KEMET (Kemet
ESR T494D107MO010AS)
Cc67 Capacitor, tantal 47 uF C_47U_TAN_D
C68 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C69 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C70 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C71 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25
C100 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C101 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C102 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50
C103 Capacitor low 470 uF, C_470U_8_CVAX (Sanyo CV-AX
impedance electrolytic 8x10,2)
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Bill of materials, CC2400EB Evaluation Board

Reference | Description Value Part

C104 Capacitor 0603 100 nF, 10% | C_100N_0603_X7R_K_50

C105 Capacitor 0603 33 nF, 10% C_33N_0603_X7R_K_25

C106 Capacitor 1206 22uF,10% |C 2U2 1206 XTR K 10

D1 Schottky diode, 2A 20BQ030, International Rectifier

D2 LED, green, SMD LED_CL150GCD, Citizen

D3 LED, red, SMD LED_CL150URCD, Citizen

D4 LED, yellow, SMD LED_CL150YCD, Citizen

D5 LED, blue, SMD LED_EL15-21UBC, Everlight

H1 Circuit board support Distance 12.5mm

H2 Circuit board support Distance 12.5mm

H3 Circuit board support Distance 12.5mm

H4 Circuit board support Distance 12.5mm

P1 D-SUB, 9 pin, female DSUB_9F

P2 5-pin terminal, screw SCREW_TERM_5

P3 5-pin terminal, screw SCREW_TERM_5

P4 DC jack, 2.5mm center DC_JACK 2.5
pin

P5 Pin row connector, PINROW_2_10
2x10

P6 SMA connector SMA (Right angle)

P7 SMA connector SMA (Right angle)

P8 SMA connector SMA (Right angle)

P9 SMA connector SMA (Right angle)

P10 Pin row connector, 2x5 PINROW_2X5

P11 Pin row connector, 2x5 PINROW_2X5

P12 Pin row connector, 2x5 PINROW_2X5

P13 SMD pinrow header SMD_HEADER_2x10 (Samtec TFM-

110-02-S-D-A-K-TR)
P14 SMD pinrow header SMD_HEADER_2x10 (Samtec TFM-
110-02-S-D-A-K-TR)

P15 USB B-type connector USB_B (AMP 787780-1)

P16 Low-profile pin row CONG6_FEMALE_LP (Preci-DIP 801-
connector, 1x6 91-006-10-012)

P17 Pin row connector, PINROW_2X10
2x10

P18 Low-profile pin row CONG6_FEMALE_LP (Preci-DIP 801-
connector, 1x6 91-006-10-012)
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Bill of materials, CC2400EB Evaluation Board

Reference | Description Value Part

P19 Do not mount DNM

P20 Low-profile pin row CONG6_FEMALE_LP (Preci-DIP 801-
connector, 1x6 91-006-10-012)

Q1 PNP, general-purpose BC857B (Philips)

Q2 NPN, small-signal BC846B (Philips)

R1 Resistor 0603 10 kQ, 2% R_10K_0603_G

R2 Resistor 0603 220,2% R_22 0603_G

R3 Resistor 0603 22 Q, 2% R_22_0603_G

R4 Resistor 0603 1.5kQ, 2% R_1K5_0603_G

R5 Resistor 0603 1 MQ, 5% R_1M0_0603_J

R6 Resistor 0603 47 kQ, 2% R_47K_0603_G

R7 Resistor 0603 47kQ, 2% R_47K_0603_G

R8 Resistor 0603 0Q R_0_0603

R9 Resistor 0603 0Q R_0_0603

R10 Do Not Mount DNM

R11 Do Not Mount DNM

R12 Resistor 0603 47kQ, 2% R_47K_0603_G

R13 Resistor 0603 47kQ, 2% R_47K_0603_G

R14 Resistor 0603 0Q R_0_0603

R15 Resistor 0603 47 kQ, 2% R_47K_0603_G

R16 Resistor 0603 47 kQ, 2% R_47K_0603_G

R17 Do Not Mount DNM

R18 Resistor 0603 47kQ, 2% R_47K_0603_G

R19 Do Not Mount DNM

R20 Resistor 0603 47 kQ, 2% R_47K_0603_G

R21 Do Not Mount DNM

R22 Resistor 0603 1kQ, 5% R_1K0_0605_J

R23 Resistor 0805 270 Q, 5% R_270_0805_J

R24 Resistor 0805 330 Q, 5% R_330_0805_J

R25 Resistor 0805 270 Q, 5% R_270_0805_J

R26 Resistor 0805 270 Q, 5% R_270_0805_J

R27 Resistor 0603 1kQ, 5% R_1K0_0605_J

R28 Resistor 0603 1kQ, 5% R_1K0_0605_J

R29 Resistor 0603 0Q R_0_0603

R30 Do Not Mount DNM
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Bill of materials, CC2400EB Evaluation Board

Reference | Description Value Part

R31 Resistor 0603 0Q R_0_0603

R32 Do Not Mount DNM

R33 Resistor 0603 47 kQ, 2% R_47K_0603_G

R34 Do Not Mount DNM

R35 Do Not Mount DNM

R36 Do Not Mount DNM

R37 Do Not Mount DNM

R38 Do Not Mount DNM

R39 Do Not Mount DNM

R40 Resistor 0603 47 kQ, 2% R_47K_0603_G

R41 Resistor 0603 0Q R_0_0603

R42 Resistor 0603 47 kQ, 2% R_47K_0603_G

R43 Resistor 0603 47 kQ, 2% R_47K_0603_G

R44 Resistor 0603 47 kQ, 2% R_47K_0603_G

R45 Resistor 0603 1kQ, 5% R_1K0_0605_J

R46 Resistor 0603 10 kQ, 2% R_10K_0603_G

R47 Resistor 0603 0Q R_0_0603

R100 Resistor 0603 0Q R_0_0603

R101 Resistor 0603 0Q R_0_0603

S1 Push button, SMD SKHUAF, Alps

S2 Push button, SMD SKHUAF, Alps

S3 Push button, SMD SKHUAF, Alps

TP1 Test point TESTPIN

TP2 Test point TESTPIN

TP3 Test point TESTPIN

TP4 Test point TESTPIN

TPS Test point TESTPIN

TP6 Test point TESTPIN

TP7 Test point TESTPIN

TP8 Test point TESTPIN

U1 EZ-USB MCU CY7C64613-128NC, Cypress

u2 Spartan IIE FPGA XC2S200E-6FT2561, Xilinx

u3 Do Not Mount DNM

U4 3.3 V low drop-out LP2981AIM5-3.3, National
regulator Semiconductor
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Bill of materials, CC2400EB Evaluation Board

Reference | Description Value Part

us 32 kB SRAM IDT71V256SA20Yl, IDT

U6 1.8 V low drop-out XC6204B182MR, Torex
regulator

u7 1.8 V low drop-out LP3961ES-1.8, National
regulator, 800 mA Semiconductor

us 16 byte 12C EEPROM 24L.COO0I/SN, Microchip

U9 Do Not Mount DNM

u10 Do Not Mount DNM

U11 Quad NAND gate 74HCO0D, Philips

U100 RS-232 Transceiver, MAX3243EEWI, Maxim
3-5V

X1 12 MHz crystal, HC- X_12.000/50/50/10/12
49SMD, 50/50 ppm,
12 pF
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Using the Development Kit

The Development Kit is useful for providing hands-on experience with the CC2400 for both
software and hardware developers. The plug-in Evaluation Module provides flexibility; it can
operate both in a stand-alone fashion and together with the Evaluation Board. Using the
Evaluation Board, it is easy to interface the CC2400 with both test equipment and additional
application circuitry without having to make a PCB from scratch. Below we will highlight the
most useful setups.

CC2400 RF Evaluation using SmartRF® Studio

Spectrum
analyzer / RF
Signal generator

2400
EM

CC
{ CC2400
PC running Evaulation Board
SmartRF Studio
— p—
Oscilloscope /
Function
generator

Figure 13: RF Evaluation using SmartRF® Studio

Using the setup shown in Figure 13, the RF performance of the CC2400 can be evaluated.
Use the supplied cable to connect the USB port of the CC2400EB to the USB port of a PC
running SmartRF® Studio. You can then use SmartRF® Studio to control all the RF
parameters of the CC2400.

SmartRF® Studio can be used to perform a wide variety of RF tests, including link tests. Using
two CC2400EBs, it is possible to send data from one PC to another. It is also possible to test
a frequency-hopping link in the same fashion. Please refer to the SmartRF® Studio
documentation for more information.

When the CC2400EB board is connected to a PC, the PC will load the USB driver for the
board (SmartRF® Studio must be installed on the PC). Once the driver has loaded, it will
update the FPGA and microcontroller, and the LEDs will start flashing. The LED flashing will
stop if one of the buttons on the board is pressed, or when SmartRF™ Studio is started.

When SmartRF Studio is running, the LEDs are used to indicate the FH network ID for the
board. The ID is shown as a binary number, with the red LED representing the least
significant bit (LSB), the yellow LED representing bit 1, and the green LED representing the
most significant bit (MSB). When FH network is active, the blue LED toggles each time the
status is read from the PC.

Important: The use of radio transceivers is regulated by international and national rules.
Before transmitting an RF signal on an antenna, please contact your local telecommunication
authorities to make sure that you are licensed to operate the transceiver.
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Using the CC2400DK for prototyping

The CC2400EM module contains the CC2400 and all external components required. All
CC2400 signals are available at the SMD connectors on the bottom side of the module. The
modules can be easily plugged into a prototype PCB containing the rest of the system. The
SMD connectors used on the CC2400EM are manufactured by Samtec
(http://www.samtec.com/), please refer to the CC2400EB bill of materials for the part number
of the connector that will interface with the connectors on the EM.

It is also possible to do prototyping by connecting any microcontroller development kit to the
CC2400EB through Test Port 1. The FPGA must then be programmed using the SmartRF
Studio “Load FPGA Configuration” function at startup. The
“fpga_cc2400_uc_prototyping_1_0.bin” FPGA file is downloadable from the Chipcon website.
All LEDs will be turned off after programming this FPGA. The FPGA will give access to all
CC2400 digital pins on Test Port 1, as shown below.

Test Port 1 Pin Number Test Port 1 (to / from uC)
1 N/C

2 N/C

3 N/C

4 DIO/PKT (to uC)
5 Highz

6 HighZ

7 Highz

8 DCLK/FIFO (to uC)
9 Highz

10 Highz

11 HighZ

12 CSn (from uC)
13 SCLK (from uC)
14 Sl (from uC)

15 SO (to uC)

16 GIO1 (to uC)

17 GIO6 (to uC)

18 TX (from uC)

19 RX (from uC)
20 GND

Test Port 2 contains the same pins, except these are all outputs from the FPGA. Test Port 2
may be connected to a Logic Analyzer for software debugging purposes.

It should be noted that when using a ribbon cable from Test Port 1 to the MCU, one can
experience that some of the signals are interfering with each other.

A solution would be to use single wires instead, or use some form of shielded ribbon cable.
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Troubleshooting

It does not work

e Make sure that either a jumper or an amperemeter is connected between the 101 and
Il terminals and the IIC and I0C terminals on the power connector.

e Make sure that the power supply is connected to the correct pins on the power

connector.

e Is the supply voltage correctly polarized? If not, the protection diode will prevent any
current from flowing. + and — are indicated on the PCB. On the DC jack, the tip is +

and the ring is —.

e Please note that the CC2400EB must be connected to a PC for proper operation. The
FPGA and microcontroller are RAM-based, and firmware must be loaded from a PC
when power is applied to the board.

e Ifthe USB driver is loaded correctly, you should see the LEDs on the CC2400EB
flash. The LEDs will stop flashing when one of the buttons on the CC2400EB is
pressed or when SmartRF® Studio is started.

SmartRF® Studio does not recognize the CC2400EB

e Make sure that you have installed SmartRF® Studio using the installation program.

e Make sure that the USB port on your computer is installed correctly (try another USB
device with the same port). Also note that USB only works correctly with Windows 98,

ME, 2000, XP or

newer.

e Please note that SmartRF® Studio can only communicate with the CC2400EB via the
USB port. The serial port cannot be used to communicate with the CC2400EB.

Document History

Revision Date Description/Changes
1.0 2003-10-01 Initial release.
1.1 2004-04-19 Added information about FPGA configuration for prototyping with an
external microcontroller.
Minor corrections.
C421 and C431 changed to 27 pF.
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Disclaimer

Chipcon AS believes the information contained herein is correct and accurate at the time of this printing. However,
Chipcon AS reserves the right to make changes to this product without notice. Chipcon AS does not assume any
responsibility for the use of the described product.; neither does it convey any license under its patent rights, or the
rights of others. The latest updates are available at the Chipcon website or by contacting Chipcon directly.

As far as possible, major changes of product specifications and functionality will be stated in product specific Errata
Notes published at the Chipcon website. Customers are encouraged to sign up for the Developer's Newsletter in
order to receive the most recent updates on products and support tools.

When a product is discontinued this will be done according to Chipcon’s procedure for obsolete products as
described in Chipcon’s Quality Manual. This includes informing about last-time-buy options. The Quality Manual can
be downloaded from Chipcon’s website.

Trademarks

SmartRF® is a registered trademark of Chipcon AS. SmartRF® is Chipcon's RF technology platform with RF library
cells, modules and design expertise. Based on SmartRF® technology Chipcon develops standard component RF
circuits as well as full custom ASICs based on customer requirements and this technology.

All other trademarks, registered trademarks and product names are the sole property of their respective owners.

© 2003, Chipcon AS. All rights reserved.
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Address Information

Web site: http://www.chipcon.com

E-mail: wireless@chipcon.com

Technical Support Email:

support@chipcon.com

Technical Support Hotline:

Headquarters:

Chipcon AS

Gaustadalléen 21

NO-0349 Oslo

NORWAY

Tel: +47 22 95 85 44

Fax: +47 22 95 85 46

E-mail: wireless@chipcon.com

US Offices:

Chipcon Inc., Western US Sales Office
19925 Stevens Creek Blvd.

Cupertino, CA 95014-2358

USA

Tel: +1 408 973 7845

Fax: +1 408 973 7257

Email: USsales@chipcon.com

Sales Office Germany:

Chipcon AS

Riedberghof 3

D-74379 Ingersheim

GERMANY

Tel: +49 7142 9156815

Fax: +49 7142 9156818

Email: Germanysales@chipcon.com

Sales Office Asia:
Chipcon Asia Pacific

37F, Asem Tower

159-1 Samsung-dong, Kangnam-ku
Seoul 135-798 Korea

Tel: +82 2 6001 3888

Fax: +82 2 6001 3711

Email: Asiasales@chipcon.com
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+47 22 95 85 45

Chipcon Inc., Eastern US Sales Office
35 Pinehurst Avenue

Nashua, New Hampshire, 03062

USA

Tel: +1 603 888 1326

Fax: +1 603 888 4239

Email: eastUSsales@chipcon.com

Strategic Automotive Center:
Chipcon AS

Hechtseestrasse 16

D-83022 Rosenheim
GERMANY

Tel: +49 8031 2227 660

Fax: +49 8031 2227 661

Email: automotive@chipcon.com
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