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2.4G NRF24L 01
° GFSK
°
° ShockBurst™
°
° CRC
° : 1 2Mbps
e SPI : 0~8Mbps
e 125
° )
° nRF 24XX
° 5V
20 QFN4X4mm
° + / —60ppm
° PCB
° : 1.9~3.6V
° ) )
°
°
°
°
°
°
°
°
nRF241L.01 2.4~2.5GHz ISM o :
N SchockBurst™ N N N N o N
SPI 0
-6dBm 9.0mA, 12.3mA.
1.9 \%
0 dBm
2000 kbps
) (0dBm)» 11.3 mA
(2000kbps ) 12.3 mA
-40~ +85 C
1000kbps -85 dBm
900 nA
1. nRF24L01
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nRF24L01 IC
nRF24L01 20  QFN 4*4mm,RoHS&SS-00259compliant D

nRF24L01-EVKIT 1.0
2. nRF24L01
5% B o= 8RB
IJJI (] (] Ly X Ly
ot o & ol o iy
il M0 I T |
— i
VSS=0V 3 :
Ernharnced
ShockBurst™ XC2 f—p
1
o DEMOD i = VDD PA=1.8YV
| o LINA
Clock L
Recowery,
DataSkoar 1 \\l
ADDH
IFI.’:.“I Decode
i CHRC Freguancy
Code/Decode Synihesiser
FIF
[ | I
e
SCK /'_ \ ANTI
o GFSK ( v p> 10041175 0
MISO ANTe
MQS! - A
2EKLY
1 nRF241.01
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3R 0 7+ 3% 8
1 CE RX TX
2 CSN SPI
3 SCK SPI
4 MOSI SPI
5 MISO SPI
6 IRQ
7 VDD (+3V)
8 VSS %)
9 XC2 2
10 XCl1 1
11 VDD PA RF +1.8V
12 ANTI 1
13 ANT2 2
14 VSS %)
15 VDD (+3V)
16 IREF
17 VSS %)
18 VDD (+3V)
19 DVDD
20 VSS %)
3. nRF24L01
VES  DVDD VDD VES IRL]
20| |19 | [18] [17]|16]
OF | [ ] 5 VD
nRF241.01
CSN 2 14 VSS
QFN20 4x4
SCK 3 13 ANT2
MOS] 3 12 ANTI
MISO 5 | 11 VDID_PA
6| [T || 8 9 10 |
1K) VDD WSS N2 XCl
2 N
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: VDD=+3V, VSS=0V, T,=—40C +85C
( )
VDD 1.9 3.0 3.6 A\
—40 +27 +85 T
Vonu (Iog=-0.5mA> VDD-0.3 VDD \Y%
VoL (Ipp=0.5mA) VSS 0.3 \Y
fop 2400 2525 MHz
fxTaL 16 MHz
Afin @1000kbps +160 KHz
Ao @2000kbps 320 KHz
Rarsk ShockBrust >0 2000 Kbps
FenanneL @1000kbps 1 MHz
Fenanner @2000kbps 2 MHz
Prr 0 +4 dBm
Prrc 16 18 20 dB
Prrcr +4 dB
Ppw 20dB 1800 2000 kHz
Prri 2MHz -20 dBm
Pre2 4MHz -50 dBm
Ivop -18dBm 11.3 mA
Ivpbp -18dBm 7.0 mA
Ivpp -6dBm ShockBrust 0.05 mA
Ivbp 32 uA
Ivbp 900 nA
Ivpp 2000kbps ) 12.3 mA
Ivpp 1000kbps ) 11.8 mA
RXsEns 0.1%BRE(@2000kbps) -82 dBm
RXsens 0.1%BRE(@1000kbps) 85 dBm

4. nRF24L01
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3. nRF24L01

........................ -40°C~+85C
..................... -40°C~+1257C

o o
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ACK ( )
ART
CE
CLK
CRC
CSN
ESB ShockBrust ™
GFSK
IRQ
ISM — —
LNA
LSB
LSByte
Mbps /
MCU
MISO
MOSI
MSB
MSByte
PCB
PER
PID
PLD
PRX
PTX
PWR DWN
PWR_UP

RX_DR
SPI
TX

TX DS

nRF24L01 ’

PWR_UP PRIM_RX CE FIFO

1 1 1 -

1 TX FIFO

0
0 10 )
0

II 1 TX FIFO

S| =] =] = -

6. nRF24L01

nRF24L01 I/O 7o
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NRF24L 01
CE >10us -
CSN SPI ,
SCK SPI
MOSI SPI
MISO SPI
IRQ ,
7. nRF24L01
I . I, .
1l . TX FIFO CE
1. , .
,nRF24L01 , . , nRF24L01 ,
. 13. PWR_UP
nRF24L01 :
® ShockBurst'™ ( nRF2401, nRF24El, nRF2402, nRF24E2 1Mbps )
[ ] ShockBurst™
ShockBurst™
ShockBurst nRF241.01 MCU R
, nRF241L.01 SPI , o ShockBurst
ShockBurst™ , IRQ MCU, MCU
RX FIFO .
ShockBurst™ , nRF24L01 CRC , 12,
IRQ MCU. MCU , MCU
. nRF24101 RX FIFO 6 ) TX FIFO
. . MCU FIFO . SPI
, MCU SPI .
ShockBurst™
ShockBurst™ N o
. ShockBurst™ MCU
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(C)2005-2010 .
3t i A % &
ll"'-._ Froouancy Channa M
4. nRF24L01
nRF241.01 6 ) 4, )
o 6 nRF24L01
nRF241.01 , nRF241.01 6 o 0
40 . 1~5 8 32 0
ShockBurst 0
nRF24L01 , 0 ) 0
b b 0 o
5 o
.-'"-’-f — —_— .H..\H‘"\.
.__.-"' M"\-\._ ll.-""- Ty ¥y H‘"-\._
: = = B B - “
/ I_.-"- -\""H.‘I _\_____,.l' H‘-\. _F/"I = l-I.-' -‘"\-\.1 '»H%
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! (v | ™ x\i"-‘:@ 3 g Ji*'fh' I.-'f e R
fr oy A oLy e a |
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| o ~a =i ) |
| | X | ||
Il i .-I|
| H""-\._ A ,'I
l"._ =1 'l
n !
N, iy !
x\\ w S
% /
H'\- . Fiwguaincy Charshal N .-.'___.-'"'.
5\
nRF24L01 ShockBurst™ , MCU , nRF24L01
ShockBurst™ o nRF241.01 e
, nRF24L01 )
SETUP RETR ARC , , MAX RT R
, nRF241.01 ( )y TX FIFO
TX_DS (IRQ )
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It i A X it il
ShockBurst™ , NRF24L01
[ ) , ’ o
° » nRF24L01 , : .
SPI . SPI 1/0

[ ) ’
[ ) , °

ShockBurst™ :
1\ - PRINM _DP Y
2. MCU , (TX ADDR) (TX_PLD) SPI

o
nRF24L01. MCU TX FIFO. CSN
, O , (RX_ADDR_P0)
(TX_ADDR) . 5 5 (TX5) (RX)

TX5: TX ADDR=0xB3B4B5B605
TX5: RX ADDR P0=0xB3B4B5B605
RX: RX ADDR P5=0xB3B4B5B605

3s__CE . CE 10 us»)
4, nRF24L01 ShockBurst™
°
(] 16MHz
° ( )
° ( MCU IMbps  2Mbps)
54 ( 0, ENAA P0O=1),
TX_DS TX FIFO . :
. (ARC_CNT) ( ),
MAX_RT . TX FIFO . MAX RT TX DS IRQ
. IRQ ( Do
., MAX RX .
(PLOS_CNT) MAX_RT . : ARC_CNT
, PLOS_CNT .
6+ CE s I. CE s TX FIFO
» «_~TXEIFO CE 1L
7~ 11, CE L
ShockBurst™ :
1.__ShockBurst™ PRIM RX .
(EN_RXADDR ), ShockBurst
(EN_AA ) , RX_PW Px .
™ CMWW
2. CE
3. 130us nRF24L01 ~ o
4, ( . CRC ), RX FIFO RX D
, | RX P NO .
54 ) R
6. MCU CE ) I( Do
7~ MCU SPI o
8- N o
’P%\{\———M °
PTX PRX . RX_FIFO TX FIFO o
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i

It = A R
(RX):
MCU , / SPI
) o SPI o
, ( PRIM_RX CE Do
(ART) (TX):
. SETUP_RETR : o
o TX FIFO CE ) 1.
; (
Do PRIM_RX .
CRC ShockBurst™
PID ( ) . PID
MCU, MCU PID - PID
CRC o
) PID PID o PID , nRF24L01
CRC o CRC o
1:
PID o PID )
o PID ) o CRC
) CRC CRC ) o
2:
PID o
kat PID al
from MCU? Yﬁ—l last PID? Yes
increment PID Yes
Mo
Mo
M
L
New packet is Discard packest
valid for MiCU asa copy
L
End
t End :l
6. PID
CRC SPI o CRC : ~ PID
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I o £ X
o CRC s , °
—CD:
CD s CD o CD
; CD 128us o
ShockBurst™ ) CD o
PLOS_CNT , CcD CD (
)y H CD ( )y ’
NRF24L01 e 6 .
EN RXADDR ,\I 0 1
D et e i M S
v RX ADDR Px . 8
0 40 o 1~5 : 32 + ( o
7 1~5 o 40 , 1~5
Byte 4 | Byte 3 | Byte 2 | Byte 1 | Byte 0
Data pipe 0 (RX_ADDR_P0) OxE7 0xD3 OxFO 0x35 Ox77
Data pipe 1 (Rx_ADDR_P1) 0xC2 OxC2 OxC2 0xC2 0xC2
4 4 J J
Data pipe 2 (R¥_ADDR_P2) i_ 0xC2 | OxC2 E OxC?2 OxC2 0xC3
IR A 2
Data pipe 3 (RX_ADDR P3) | O0xC2 | OxC2 EUx-::z " 0xc2 | oxca
I S 2R
Data pipe 4 (Re_appR P4y | OxC2 | OxC2 EDxCE T OxC2 0xC5
NP NP J e
Data pipe 5 RX ADDR P | 0xC2 | 0xC2 | 0xC2 | 0xC2 [ 0xC6
7 ~ 0"‘5
, s nRF241.01
® CRC /
® CRC
o
o
o
® LNA
o
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3R A 7 3% i
nRF24L01 , SPI .
SP| :
SPI SPI , 10Mbps. .
SP|
SPI . CSN SPL~
CSN .
SP|
< ( ) >
< , > 8 9
R REGISTER | 000A AAAA . AAAAA
W _REGISTER | 001A AAAA . AAAAA e
R RX PAYLO | 0110 0001 RX . 1-32 . 0 . RX
AD , FIFO .
W_RX PAYL 1010 0000 TX . 1-32 . 0 .
OAD
FLUSH_TX 1110 0001 TX FIFO , .
FLUSH_RX 1110 0010 RX FIFO , .
REUSE TX P 1110 0011 . CE ,
L .
NOP 1111 1111 . .
8. nRF24L01 SPI
R REGISTER W _REGISTER .
/ . SPI ,
. . RX_ADDR PQ
RX ADDR_PQ . \C}N___,\_\ — MISO .
nRF24L01 (IRQ) , TX DS. RX DR MAX RT
. MCU ‘v, . IRQ .
SP| :
8. 9. 10 9. 10 SPI . .
8 10
Cn-SPI
Sn-
Dn- ( , )
SN | f

sek ___[TUUTUUU L Uy TUdUUuuL

MO
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IR g A

CSN

-

) (=

sek __ UMM MU UL UL
vos! I = EEEEE T e

mso —(F e

9. SPI

SN

SCK

-—Tcwh—-|

—

le— Tcch

MOSI
.. Tedz
MISO = pd i3 pd =
10. SPI NOP
PARAMETER SY ."b_l By, MIN MAX UNITS
Drata o SCK Setup Tdc 2 ns
SCE o Daia Hold J“._“'I 2 =
CSN 1o Data Valid T_l;ql I8 s
SCK 1o |:';|[_-'| Vahd 'Lu'ul 55 ns
SCK Low Time Tcl 40} ns
SCK High Time Tch 4 s
SCK Frequency Fsck () B MH #
SCK Rise and Fall Te)lr 1000} s
CSM o SCK Setup Tee 2 s
SCK 1o CSN Hoeld Tech 2 ns
CSMN Inoctive Lime Tewh i =
CSN o Output High £ Teds I8 s
9. SPI (Cioac=5pF)
PARAMETER SYMEBOLL NN MAN LINITS
Data o SCK Sciup Tdc 2 s
SO o Data Haold 1elh 2 s
AN 1o Dhata Walid Tesd 42 1%
SCK 1o Data YValid Ted a5 s
SUCK Low Tinee Tel 410) s
SCK High Time Tch il I
SC K Fregquency Fsck i B MH -
SCK Rise and Fall Tr.Ti 1410k s
CS5MN o SCK Setup Lo 2 &
SCK o CSM Hold Tech 2 I
CASN Inactive tme Tewh il s
CSM o Owiput High 7 b oz 4.2 I
10. SPI (Croa=10pF)
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i FF 3% b
. 0
00
reserved 7 0 R/W “0”
MASK RX DR | 6 0 R/W RX_RD
1: IRQ RX RD
0: RX RD IRQ
MASK_TX DS | 5 0 R/W TX DS
< 1: IRQ TX DS
0: TX DS IRQ
MASK MAX_ | 4 0 R/W MAX_RT
RT 1: IRQ TX DS
D) 0: MAX_RT IRQ
| | EN CRC 3 1 R/W | CRC . EN_AA
| EN_CRC :
CRCO 2 0 R/W | CRC
SRR
’ "'1’—16 CRC
| |[Pwr UP 1 0 RW | I Jra——
a | PRIM RX 0 0 RW [ b— ) {o: R
“ A NE—
01 | EN_AA «“ 7
Enhanced nRF2401
ShockBurst™
Reserved 7:6 00 R/W 0
ENAA_P5 5 1 R/W 5
ENAA P4 4 1 R/W 4
ENAA P3 3 1 R/W 3
ENAA P2 2 1 |_RA- 2
AENAA PI T T R/W 1
ENAA_PO _ﬁ 1 RIW 0
——
02 EN RXADDR
Reserved 7:6 00 R/W 00
ERX_P5 5 0 R/W 5
ERX_P4 4 0 R/W 4
ERX P3 3 0 R/W 3
ERX_P2 2 0 LBAw —
ERX_P1 T 1 R/W 1 /
ERX_PO 0 1 R/W 0o/
03 SETUP AW ( )
Reserved 7:2 00000 R/W 200000 )
AW 1:0 11 R/W / LR >
“00°- —_
‘01°-3
10~
fll’—S )
04 SETUP RETR
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It i A X it il
ARD 7:4 0000 R/W
0000’ 250+86us
0001’-  500+86us
0010~ 750+86us
‘111- 4000+86us
(
)
ARC 3:0 0011 R/W
“0000°-
“0000’-
“0000’- 15
05 | RF _CH
Reserved 7 0 R/W 0
RF_CH 6:0 0000010 R/W nRF24L01 R .
u ]
06 | RF_SETUP R/W boBol ]l D
Reserved /.5 000 R/W 000
PLL LOCK 4 0 R/W |PLL LOCK
RF DR 3 1 R/W :
‘0’ —1Mbps ‘1’—2 Mbps
RF_PWR 2:1 11 R/W :
“00>—-18dBm
“01"—-12dBm OX %
‘10’—-6dBm
‘11’—0dBm
LNA HCURR 0 1 R/W
&
07 | STATUS
Reserved 7 0 R/W 0
RX DR 6 0 R/W . .
‘1 .
TX DS 5 0 R/W .
\ v 0
MAX_RT 4l 0 R/W .
( ‘1 .
OO0 MAX_RT
RX P NO 31 111 R b E Dkoe
— 000-101:
110:
2 111:RX FIFO
TX FULL 0 0 R TX FIFO .
1:TX FIFO
0: TX FIFO : .
08 OBSERVE TX
PLOS_CNT 7:4 0 R . RF _CH
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(C)2005-R010

IR i T I B
15 o
ARC_CNT 3:0 0 R
09 | CD
Reserved 7:1 000000 R
CD 0 0 R
0A RX ADDR PO 39:0 O0xE7E7E7E7E7 R/W . ‘5 (
SETUP )
0B RX ADDR Pl 39:0 0xC2C2C2C2C2 R/'W R ‘5 (
SETUP AW )
0C | RX_ADDR P2 7:0 0xC3 R/W o o
RX ADDR P1[39:8] o
0D | RX_ADDR P3 7:0 0xC4 R/W o o
RX_ADDR P1[39:8] .
OE | RX_ADDR P4 7:0 0xC5 R/W o o
RX ADDR P1[39:8] o
OF | RX_ADDR P5 7:0 0xC6 R/W o o
RX_ADDR P1[39:8] .
10 | TX ADDR 39:0 O0xE7E7ETETE7 | R/W o C )
ShockBurst ™ RX_ADDR_P0
11 RX PW PO
Reserved 7:6 00 R/W 00
RX _PW PO 5:0 0 R/W 0 1 32 )
0:
1: 1
32: 32
12 RX PW Pl
Reserved 7:6 00 R/W 00
RX PW_PI 5:0 0 R/W 1 a1 32 )
0:
00 X A X A YN o
—_— 32: 32
13 RX PW P2
Reserved 7:6 00 R/W 00
RX PW P2 5:0 0 R/W 2 a1 32 )
0:
1: 1
32: 32
14 RX PW P3
Reserved 7:6 00 R/W 00
RX PW P3 5:0 0 R/W 3 1 32 )
0
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I il % i
1. 1
32: 32
15 | RX PW P4
Reserved 7:6 00 R/W 00
RX PW P4 5:0 0 R/W 4 a1 32 )
0:
1. 1
32: 32
16 | RX PW P5
Reserved 7:6 00 R/W 00
RX PW_P5 5:0 0 R/W 5 a1 32 )
0:
1. 1
32: 32
17 FIFO_STATUS FIFO
Reserved 7 0 R/W 0
TX REUSE 6 0 R TX REUSE=1 CE
- TX REUSE SPI
REUSE TX PL ) W_TX PALOAD
FLUSH_TX o
TX FULL 5 0 R TX FIFO o
1:TX FIFO
0: TX FIFO ) o
TX EMPTY 4 1 R TX FIFO o
1:TX FIFO
0: TX FIFO
Reserved 3:2 00 R/W 00
RX FULL 1 0 R RX FIFO o
1:RX FIFO
0: RX FIFO ) o
RX EMPTY 0 1 R RX FIFO o
1:RX FIFO
0: RX FIFO
N/A | TX PLD 255:0 \\
N/A | RX PLD 255:0 R
11. nRF24L01
NRF24XX

1

PWR_UP

CE
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PRIM RX

CRC

R mla Wk nla)

10N hit/s
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ift =i 1% il
nRF24L01 , NRF2401/ nRF2402/ nRF24E1/ nRF24E2
° nRF2401/ nRF2402/ nRF24E1/ nRF24E2 CRC
° PRIM_RX 0
° 0
° nRF2401/ nRF2402/ nRF24E1/ nRF24E2
° nRF2401/ nRF2402/ nRF24E1/ nRF24E2
° nRF24L01  nRF2401/ nRF2402/ nRF24E1/ nRF24E2 1Mbit/s
° PWR_UP
° nRF2401/ nRF2402/ nRF24E1/ nRF24E2 .
° CE
ShockBurst™ .
(3—5 )19« ) (1—32 ) | CRC 0/1/2 )
ShockBurst™ NRF2401/ nRF2402/ nRF24E1/ nRF24E2
(3—5 ) (1—32 ) CRC 0/1/2 )
° 0 1. , .
[ J
° 3.4 5
[ J
[ ] o
® PID: .
° ,
° nRF24L01 nRF2401/ nRF24E1 .
o 132
CRC |® CRC
e (02 CRC
® 38 CRC s XXX+
® 16 CRC s XXX+
12,
nRF24L01 .
NRF24L01
nRF24L01
- 1.5ms TdeStby
> / 130us Tstoy2a
CE 10us Thce
CSN , CE 4us Tpecezesn
13. nRF24L01
nRF24101 1.5ms o
VDD , .
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ShockBurst™ :
|I:u-5. 280us

1 byte payioad with ACK (339 us »

R

GE high minimam 10 us

PTV:CE _ A4 % ,-"_57

PTW, IR (TX DS !
» 2 us
PTE Mode -sTEYi A% m
= Payload (33 us + 4 usbyis) -5 LS
128 Ug————— ACK (33 us)
I
Antenna . L I '
PRX-CE P 1 i
I 1
i + o5 us 5P IRC Clear ]
PREX:IRD (AX DR i i
E |-|71E-E- 1] T i
PRY Mode =1y id [ AT
Pachal:
addrass: 5 bylas
CRC 1 byla
Paylaad (WETL
11, ShockBurst™ (2Mbps)
11 o o
(CE=1), (CE=1 10us), 130us )
37us ( Do ) o
MCU (IRQ (TX DS)=>TX-data sent( ))
MCU (IRQ (RX_DR)=>RX-data ready( )
RF
ANT1  ANT2 RF o VDD )
RF , . 0dBm, 150488 Q.
( 50Q),
RF_PWR
11 0 dBm 11.3mA
10 -6 dBm 9.0 mA
01 -12 dBm 7.5 mA
00 -18 dBm 7.0 mA
: VDD=3.0V,VSS=0V,T5,=27C, =15Q+j88 Q

14, nRF24L01
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C. ESR Comax
16MHz 8-16pF 100 Q 7.0 pF +60ppm
15+ nRF24L01

b o

Co=1.5pF. Co_max=7.0pF Co=1.5pF.
CL :
CL=C*C/(C+Cy), Cy’=C1+Cpcp11tCr1,C2=CotCpcpatCra
G G ,CpcB1 Cpcz PCB - Cnu Cp XC XG ;
1 pF.
nRF24L 01
nRF241.01 (XC1) » nRF24L01 o
nRF241L01 , CL o +60ppm.
ESD ; o
e XO_OUT
avE ol
| Buffer:
oo i Sineto
full swing
I Amplitude
_,_“_ i controlled

Current starved
inverter:
KOOSO core

12,
nRF24L01 ) ( Do
XC2 o
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3 2 FF 3% ) (#ﬂ
PCB
PCB PCB )
-nRF24L.01 PCB Www.nvlsi.no o
). nRF24L01 VDD ;
RF ; 16, ( :4.TuF -nRF24L01
PCB ) VDD VDD nRF241L01
. PCB “ b4 PCB “ b4
; VSS . VSS .
nRF24L01 . o
J' K
Tl Ix
-:l-_l. I-n.' HD
TElE|
Eeall
i
M t L Tl e 'li
= j': AMTT & Thkww. HITLA
- ~ A
% VI PA }LI.H-I .'..'T:
2ELz o
} Tha =
) ‘ |
1|:'|u ——
El o
13. nRF24L01 50Q
Part ﬁaslgnatur l?nulprini E:m:nrlpllnn
?PEF1' i;‘l 0402 M, #4200, M0
22pF " 2 0402 MNP, +/- 205, MW
2.2nF e 0402 XTR, +/- WG, 50V
4.7pF C4 0402 MM, +/- (L.25 pF, 50V
1.5pF 5 0402 MNP, +/- (11 pF, 30V
'I.I'_'IeF CE 0402 MY, 4 (k] pl, 500V
33nF o7 0402 XTR, +/ M¥E, 530W
1nF_ ca 0402 XTR. +/- 10k 50V
10nF Ca o402 XTR, +/- V&, 50W
8.2nH L1 0402 chip inducior +/- 5%
[ 2.7nH B 0402 chip inductor +/- 5%
3.89nH L3 0402 chip inductor +/- 5%
1M R1 0402 AT
| 22K Rz 0402 +- 1 %
nHF24L01 111 FMN20 x4
16MHz ®1 +/-60ppm, C =12pF "'
16 nRF24L01 BOM
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PCB
14 PCB 13 PCB o 1.6mm FR-4 . PCB

33.1083 (mm)——> |
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14. nRF24L01 PCB (0603 )
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<22.7965 (mm)—=> | £
A9 =
r _FL] » St

I Isr
L m o m
" oo B Q

Q2

= '8 \O
o

)

<—22.7965 (mmX—3>

=

Esigfijggg;iirlllll

M2 2./ 3965 L

e-ﬁ
10,6299 (mm) 10.6233 (mm)
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It = 4 I
) Nordic o
, Nordic , o
17+
) , Nordic , R
) , Nordic 0
Nordic )
Nordic 0
: 08.03.2006

: 080306-nRF24L01
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