PRODUCT SPECIFICATION ‘ R I
> SEMICONDUCT

2.4GHz RF transceiver with nRF24E1
embedded

8051 compatible micro-controller and
9 mput, 10 bit ADC













Parameter Value Uit
Mininmm aupply valtage 1.2 v
Tenpemhme @Az =20 to +B3 =C
Maximum EF ouipuat posver a dBm
Maxirmum FF tarst daia rate 1000 kbps
Supply current for microcontroller @ ViMHz @3V 3 mA
Supply current for ADC @100 kSPS 0.9 mA
Supply ourent for BF transmit (@ -5dBm cufput power 105 mA
Supply current for BF receive @1000 kbps 12 mi
Supply current in Power Down mode 1 WA
max TP clock frequency ] MHz
max AD Conversion mie 100 kSPS
ADC Differential nonlimearity (TRL) H.5 L5B
ADC Intepral pondinearity (IML) H.75 LB
ADC Spurious free dynamic mnge (SFOE) &5 dB
Package 36 pin QFN fxb
Type Number Dezcription Version
MNEFMELIC 36 pin QFN Guf, saw A
NRFMEIGIC 36 pin QFN fuf, zreen packaze A
MEFMEI-EVEIT Exalmation kit 1.0
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Pin | Name Pin fonction | Description
1 [VDD Power Power Supply (1.9-3.6 VDC)
2 | AIND Amglogimput | ADC myput )
3 | DvVDD? Regulated Digital Power Supply , mmst be commected to
pOWET regulator output DVDD
4 | P1OT2 Digital IO Port 1, it 0 or T2 timer mput or SPI clock or
D00
3 |PL1 Digtal IO Port 1, bat 1 or SPI dataout or DIO]
6 |PO.O Digital I1D Port 0, bt 0 or EEPROM.CSN or DIO2
7 |RLIEBXD Dugtal IO Port 0, bat 1 or TARTEXD or DIO3
2 |RPO2TXD Digtal IO Port 0, but 2 or TART. TXD or DIOY




9 | POINTO N | Digital TO | Port 0, bit 3 or INTO N internupt or DIOS

10 | POAINTI N | Digtl 1O | Port 0, bit4 or INT1 N infernupt or DIOG

11 | POS/TO Digitd 1O | Port 0, bit 5 or T0 timer input or DIOT

12 | POGTI Digid 1O | Port 0. bit 6 or T1 fimer input or DIOS

13 |PO.JPWM | Digitdl O | Port 0. bit 7 or PWM output or DIOD

14 | DVDD Resulator | Digital voltage resulator output for de-coupling
cutput and feed to DVVD2

15 |VsS Power Grownd (0V)

16 | XC2 Analog output_| Crystal Pin 2

17 | XcCl Analog iput_| Crystal Pin 1

18 |VDD PA  |Remilator | DC supply (+1.8V) to RF Power Anilifier
output (ANTLANT?) anly

19 | ANTI RF Antenna interface 1

20 | ANT2 RF Antenna inferface 7

71 |VSS PA___ | Power Growd (0V)

22 | VDD Power Power Supply (1.9-3.6 VDC)

23 | Vss Power Grownd (0V)

24 | AINT Analog imput__| ADC input 7

25 | AING Anlogimput | ADC input 6

76 | AINS Anloz mput | ADC mput 5

77 | IREF Analoz mput | Comnection to extemnal Bias reference resistor

78 | AREF Analog mput | ADC reference voltage

70 | AIVA Andlog mput | ADC input 4

30 | AING Andlog imput | ADC input 3

31 | Vss Power Grownd (0V)

2 [vDD Power Power Supply (1.9-3.6 VDC)

33 | Vss Power Grownd (0V)

3 AN Andlog imput | ADC imput 2

35 | AINL Andloz mput | ADC impt 1

36 | P12 Digifal ipat | Port 1, bit 2 or SPI datain or DIND




Term Diescription

ADC Analog to Digital Converter
K Clock

CRC Cyclic Redundancy Check

C5 Chip Selact

CE Chip Enable

DE Diata Fizady

F§ Fulll Seale

GFSK Ganssian Frequency Shift Eeyving
GRID General Purpose In Chut

ISM Industrial-Scientific-Madical
k5PS kilo Sampiles per Second

MU Microcontroller Unit

oD Ohverdrive

PO (or PI) (B051) In / Chut Part 0 (or Port 1)
P Prulse Width Modulation
PUE_DWH Power Down

PWE P Pawer Up

RTC Real Time Clock

BX Rersive

SFR. {B051) Special Function Register
5 Serial Peripheral Interface

505 Samples per Second

5T _BY Standby

TX Transmit

NTAL Crystal (jpscillator)
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X000 X1 X010 X0l X100 X1o X110 Xin
TS EF
0 B
ES EE
F) | Acc
DS | Econ
DO | =W
C§ | T2coN RCAPIL | BCAPH | TL2 THI
o
BS i TLIV2Z | TLIV2 | DEV.
OFFSET
BD ESIREAS | SPI SPT SPT TICK._ CE_ TEST_
DATA | CTRL 0K oV CTEL MODE
A8 IE PWM PWM | EEGK FEGK FEGK
CoN DUTY MSB LB CTRL
AD | EADIO | ADCCON | ADC ADC ADC
i) DATAH | DATAL | STATIC
098 | scow SBUE
o) ] EXE | MPAGE PODIE | POALT | PILDIRE | PLALT
g5 | Tocom | TMOD TLO TLI THO THI | CECON | SPC FNC
80 P sp DPL DPHE DFLI DPEL DPS PCON
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AINO
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DIR ALT

Pin Default function Alternate=1 SPI_CTRL=01
DINO P1.2 SPI_DI
DIOO P1.0 T2 (tmer? inpuf) | SPI SCK
DIO1 P1.1 SPI DO
DIO2 P0.0° EEPROM_CSN

DIO3 P0.1 RXD (UART)

DIO4 P0.2 TXD (UART)

DIOS P0.3 INTO N (interrupt)

DIO6 P04 INT1 N (interrupt)

DIO7 P0.5 TO (timer0 input)

DIOS P0.6 T1 (timer] input)

DIO9 P0.7 PWM
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Pin Data in P0_ALT.n,P0 DIR.n
10 11 00 01
P00 P00 Out | POO In POO Out P00 In
(DIO2)
P0.1 RXD Out | RXD In P01 Out P01 In
(DIO3)
P02 TXD Out | TXD Out P02 Out P0.2 In
(DIO4)
P03 INTO N |In INTO M |In P03 Ot P03 In
(DIOS)
P04 INTI N |In INTI M |In P04 Ot P04 In
(DIOG)
P05 TO In TO In P05 Onrt P05 In
(DIOT7)
P06 T1 In T1 In P06 Onrt P06 In
(DIOS8)
P07 PWM Out | PWM Out |PO7 Onrt P07 In
(DIO9)
Addr | R/W | #bit | Imit Name Function
SFR value
(hex) (hex)
80 RW| 8 FF [ PO Port 0, pins DIO? to DIO2
94 Ew| 8 FF | PO DIR | Duection for each bit of Port 0
0: Output, 1: Input
Darection 15 overnidden if alternate function 1s
selected for a pin.
95 RwW| & 00 | PO_ALT | Select altemate functions for each pmn of PO,

if corresponding bit in PO_ALT 1s set, as
listed 1n Table 3-2 : Port 0 (P0) functions,
P0.0 has no alternate function as it 1s
mtended as CS for external boot flash
memory. It will function as a GPIO bat
regardless of PO ALT.0
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0: Output, 1: Input

Pin SPI CTEL = SPI CTRL !=01
01 Pl ALTmn=1 Pl ALTn=10
Pl DIR.u=10 Pl DIRn=1 <—
P1.0 SCK Out | T2 In P1.0 In P10 DuN
(DIOD)
P1.1 sSDO Out | Pl1.1 In’ P1.1 In P1.1 Out
(DIO1)
P1.2 SDI In P12 In P1.2 In P12 In
(DINO)
1 ) )
Addr | B'W | #bit | Imit Name Function
SFR value
(hex) (hex)
90 R'W 3 FF P1 Port 1, pis DINO, DIO1 and DIOO
96 RwW | 3 FF | P1_DIE | Direction for each bit of Port 1

Dhrection 15 overndden if alternate finction 15
selected for a pin, or if SPI CTRL=01.
bat0, DINO 1s always mput.
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97

00

P1_ALT

Select alternate functions for each pin of P1

if comresponding bit in P1_ALT is set, as histed
m Table 3-4 : Port 1 (P1) functions

IfSPI CTRL is ‘017, the P1 port 1s used as
SPI master data and clock :

2 -=SDI — mnput to nRF24E1 from slave

1 -= SDO — output from nRF24E1 to slave

0 = SCK - output from nRF24E1 to slave
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Addr | /W | #bit | Init | Name Function
SFR (hex
(hex) )
B2 |R'W| 8 | 0 |SPIDATA | SPIdata inputioutput
B |RW| 2 0 | SPI CTEL | 00 -= SPI not used no clock generated
01 = SPI connected to port P1 (as for booting)
another GPIO must be used as chip select
(see also Table 3-4 : Port 1 (P1) functions)
10 = SPI connected to RADIO
transmitter/recerver 1 for TX or RX or for
transceiver configuration
11 = SPI connected to RADIO recerver 2 for RX
Chip select 1s a bit of RADIO register (see
Table 4-2 : RADIO register )
B4 R'W 2 0 | SPICLK Divider factor from CPU clock to SPI clock

00: 1/8 of CPU clock frequency

01: 1/16 of CPU clock frequency

10: 1/32 of CPU clock frequency

11: 1/64 of CPU clock frequency

The CPU clock is the oscillator generated clock
descnibed m Crystal Specification page 108
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End of
write to
SPI_DATA

register

SCK

SDO \\
X

|
SDI Wse | < ' )< VO >Q > \:f LSB
/ .'"I\\ \ 5 ,-"Ir."\.
SPI_READY! !
intermupt

t ] F i t tﬂ}:l(

dSCK ! hSDI
—+ R tﬂfﬂaﬂ}'

s5Dl

fasoo

fesck : SCK cycle time, as defined by SPICLK register.

tasck : time from writing to SP1_DATA register to first SCK pulse,
fasck = fesck / 2

taspo : delay from negedge SCK to new SDO output data, may vary from
-40ns to 40ns

tsspi: SDI setup time to posedge SCK, tsspi1 > 45ns.

thsoi : SDI hold time to posedge SCK, thspi > Ons.

{dready : time from last SCK pulse to SPI_READY interrupt goes active
tdready = 7 CPU clock cycles

SPI

8.5 tesck + tdready + tsw
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Addr | R/'W | #bit | Init Name Function
SFR value
(hex) (hex)
AD EwW | 8 80 | RADIO General purpose IO for interface to
nRF2401 radio transceiver subsystem
B3 W | 2 0 SPI CTRL | 00 - SPI not used

01 -= SPI connected to port P1 (boot)
10 = SPI connected to nRF2401 CHI1
11 -= 5PI connected to nRF2401 RX
CH2
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RADIO register bit corresponding pin name on
single chip nRF2401
2 4GHz Transceiver
Read :
7: 0 (not used)
6: DR2, data ready from recerver 2 (available also DR2
as mterrupt)
5: CLK2. clock for receiver 2 data out CLE2
4: DOUT?2. data out from recerver 2 DOUT?2
3: 0 (not used)
2: DR1, data ready from recerver 1 (available also DE.1
as mterrupt)
1: CLEK]1, clock for recerver 1 data out CLEK1
0: DATA, data out from receiver 1 DATA
Write :
7: PWR_UP, power on radio PWR._UP
6: CE, Activate EX or TX mode CE
5: CLK2, clock for recetver 2 data out CLK?2
4: Not used
3: CS, Chip select configuration mode Cs
2: Notused
1: CLE1, clock for data input or recerver 1 data out CLK1
0: DATA, configuration or TX data mput DATA
) SPI CTRL=1x
SPI signal SPI CTRL=10 (binary) SPI CTRL~11
Cs FADIO_wr.6 (CE) for ShockBurst™ | RADIO wr.6 (CE)
(active lugh) RADIO wr3 (CS) for Confisuration
SCK nRF2401/CLK1 nRF2401/CLE?2
SDI nRF2401/DATA nRF2401/DOUT2
SDO nRF2401/DATA not used
ShockBurst™ data | RADIO rd 2 (DR1) RADIO 1d 6 (DR2)
ready
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SPI_CTRL

nRF2401
RADIO register Tranceiver
read bitno  write input output
7 PWR_UP PWR_UP
DR2 B CE CE DR2
CLK2 5 CLK2 ML CLK2 CLKZ
DOUT2 4 3 DOouUT2
3 cs C5
DR1 2 | DR1
CLK1 1 CLKA1 ML CLK1 LKA
DaATA D DATA 2 DATA DATA
5 MUX
SPI
interface
SCK
=] SDO >
——  MUX
3
Mode PWR_UP CE CS
Active  RX/TX) 1 1 0
Configuration 1 0 1
Stand by 1 0 0
Power down 0 X X
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8051
MCU

MCU

10 kbps effective

nRF2401
subsyst.
FIFC

AV =

1 I

ShockBurst™

24

TMbps



< 10mA period

Without ShockBurst™, running at speed dictated by 10Kbs MCU

—F|—|'4— 10mA period  10Kbs MCU with ShockBurst™
|

20 40 60 20 100 120 140 160
Time mS
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Data content of registers:

uController
Loading ADDR
and PAYLOAD ADDR PAYLOAD
data
Maximdlj\m 256 hits
Y
I Ty
nRF2401
Caleulating CRC ADDR PAYLOAD CRC
NOI
YES
nRF2401
Adding Preamile = ADDR PAYLOAD CRC
amble
Input FIFD not Empty
CE,CLK1,DATA
1.
2. )
4,

26




ShockBursf™
RX?

Data content of registers:

nRF2401

Detects

FREAMBLE and ADDR PAYLOAD CRC
Incoming Data amble

l

ADDR PAYLOAD CRC

nRF2401
Receives Data

and ADDR PAYLOAD CRC
Checking CRC

ADDR PAYLOAD CRC

nRF2401

Set Data Ready
(DR1/2) high PAYLOAD

h

uController
Clocks out
Payload

PAYLOAD

nRF2401

Sets Data Ready )
(DR1/2) low Output Register Empty

27



nRF24FE1
Tx Rx

CEDR1,CLK1,DATA 1

nRF24E1
Tx/Rx

)0

nRF2401
Tx/Rx
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S
Clock ADDR, —| DR1
FRF1 - RECCWEI'E.I', He CRC | CLK1 }" DEtﬂ[FRH}
DataSlicer Check | | DATA
_.{
Clock ADDR, —»| DR2
Frop=FretBMHz — Recovery, | CRC [—=| CLKZ2 » Data(Fgg,)
DataSlicer Check [ w| DOUTZ?
S
)
/
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PRE-AMBLE

ADDRESS

PAYLOAD

CRC
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Bit | Number Name Function
position| of bits
143:120 4 TEST Reserved for testing
119:112 3 DATA2 W Length of data paylead section X channe] 2
= = | 11 2 DATAL W Length of data payload saction BX chamnel 1
= 2
i = 103:64 40 ADDR2 Up to 5 byte address for BX channe] 2
é ‘E-I- 63:24 40 ADDE1 Up to 3 byte address for BX channe] 1
= =
T 23:18 6 ADDE. W MNumber of address bits (both BX channels).
-
% S 17 1 CRCL Sor 16 it CRC
16 1 CRC EN Enable on-chip CRC generation/checking.
15 1 BX2 EN Enable two chammel receive mods
E 14 1 CM Commumcation mode (Direct or ShockBurstT™)
£
=
= 13 1 RFDE. 5B EF data rate (1Mbps requires 16MHz crystal)
s
¥
= 12:10 3 X0 F Crystal frequency
Z
=
- o8 2 FF PWE EF output power
3
s
[ T1 7 RF CH# Frequency channel
0 1 BXEN BX or TX operation

31




General Device Configuration: bit[15:0]
ShockBurst™ Configuration: bit[119-0]
Test Configuration: bt 143:120]

M5B TEST
D143 | D142 | D141 | D140 | D139 | D138 | D137 | D136
Reserved for testing
1 | o [ o [o | 1t [ 1 |1 | o[ befur |
MSE TEST
D133 [ D134 [ D33 [ mis2 Jooal [ oiso [ ooz [ oias [ Di7 [ oias [ Dias Jomd [ois [ oim | man [ oooe
Feserved for testing Clows FLLin T

0 Jo o Jo J1 Jo Jo o Jo Jo Jo J1 [1 1 [o Jo

DATAZ W

D119 | D118 | D117 | D116 | D115 | D114 | D113 | D112

Diata width channel 2 in # of bits exchiding addr/ere

o [ o [ 1 [ ol o] o[ o] o | D

DATAI W

D111 | D110 | D105 | D1os | D107 | D106 | D105 | Dlod

Data wadth channel 1 in # of bits exchiding addr/cre

0o | o [ 1 ] o [ o o o0 [ 0 [ Demk |
ADDR2
D03 [Dio2 (Dol [ .. [D71 [ DWW |[Des [Des | D7 [Deés [ D65 | Dad
Chamnel 2 Address B (up to 40bat)
o [ o [ o [ 1] v ] 1 [ o [ o] 1 [ 1 [ 1 [ Defn
ADDR1
Dé3 |De2 |Dsl [... [D3sl [D3o |[D2e |[D28 [D27 [D26 | D25 | Do4
Charmel 1 Address B3 (up to 40bat)
o [ o [ o] ] 1] v ] 1 [ o [ o 1 [ 1 [ 1 [ Defun
ADDR_W

D23 | D22 [ D21 [ D20 | D19 | D18

Address width in # of bits (both charmels)

0 JoJ1JoJoT]o Duful
CRC
D17 Dlé
CRC Mode 1 = 16bat, 0= CRC 1 = enahble; { = disable
Bbt
0 1 DiaFault
RF-Programmmg L=

32




DL5 Di4 D13 |D12| D11 Do |[D9 |D8 |[D7|D6|Ds|D4|D3|D2|D | Do
1

Two Ch. BUF oD X0 Frequency EF Power Channel zelaction EXEN

0 0 0 0 J1 |1 1 |1 0 Jo Jo Jo Jo J1 o 0
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PLL. CTEL
D121 | D120 PLL
0 0 Open TX/Cloged BX
0 1 Open TX/Open PX
1 0 Closed TX/Closed BX
1 1 Closed TX/Open BX
PLL
DATA? W

19 [18 (117 [ue [115 [114 [113 [ 112

DATAL W

11 (110 [100 [108 [107 [ 106 [ 105 | 104

DATAX W bits) = 256 - ADDR W — CRC

34
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ADDR2

36

103 w2 [ | . [ 11| 70| 69 | 68 [ 67 | 66 | 65 | &4
ADDRI1
63 | 62 [ a1 | . [ 31 [ 30 [ 2o [ 28 | 27 [ 26 25 |
_ &
ADDR W CRC L |CRC_E
N
» | » | nmn | w | 19 | 18 17 16
)
) i
bit
bit
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EX2 EN CM RFDRE SB XOF EF PWEK
15 14 13 12 1 [ 10 |
)
)
MHz
XO Frequency Selection
D112 D11 D10 Crystal Frequency [MHz]
0 0 0 4
0 0 1 3
0 1 0 12
0 1 1 16
1 0 0 20
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RF Output Power
Do D3 P [dBm]
0 ] -0
0 1 -10
1 0 -5
1 1 0
RF CH# RXEN

I
[
=

16 s]a]3]

Channely, =2400 MHz +RF _CH#-1.0 MH=

# )

Channelp, =2400 MH= +RF _CH#-1.0 MH:=

# )

Channely, = 2400 Mz + RF _ CH#-1.0 MHz +8MHz (Recerve at PIN#4)

40
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PRE-AMELE

ADDRESS

PAYLOAD CRC

1L

PREAMELE

The preamble field 15 required in ShockBurst™ and Direct modes.
Preambile is £ bits in length and is dependent of the first address bit.
PEEAMELE 1* ADDR-BIT

01010101 0

10101010 1
Preamble 15 automatically added to the data packet i ShockBurst™ and
thereby gives extra space for payload In Direct mode MCU must handle
preamble.

In ShockBurst™ mode B the preamble is removed from the received output
data, in direct mode the preamble is transparent to the output data.

(5]

ADDEESS

The address field is required in ShockBurst™ mode *

8 to 40 bits length.

Address automatically removed from recetved packet m ShockBurst™
mode. In Direct mode MCU st handle address.

PAYLOAD

The data to be transomtted

In ShockBurst™ mode payload size 15 256 bits mims the followmg:
(Address: & to 40 bats. + CRC 8 or 16 bats).

In Direct mode the maxinmm packet size (length) is for 1Mbps 4000 bits
(4ms).

CRC

The CRC is opticnal in ShockBurst™ mode, and is not used i Direct
mode.

8 or 16 bits length

The CRC is removed from the received output data in ShockBurst™ B3

42




nRF2401

nEF21401 subsystem timing Max. | Min. Name
PWE. DWN = Confimmation 5T BY mode 3ms Tpd2shy
PWE. DWN =» Active mode (F3UTX) 3ms Tpd2a
ST BY = TX ShockBurst™ 1935us Tshy2=xSB
ST BY = BX mode W2us Tebydm
Minimmmn delay from C5 to data. Jus Tes2data
Minimum delay from CE to data. Sps Tceldata
Minimum delay from DE172 to clk. 50ns Tdr2clk
Maximmm delay from clk to data. ms Telk2data
Delay between edzes 50ns Td
Setup time S00ms Ts
Hold time S00ms Th
Delay to finish internal GFSE data lidatarate | Tfd
Minimom input clock high S00ms Thmin
)
PWR UP _ {
C5
CE
CLK1 AOGGOCC000C00C
DATA XOCRC0C00CC0

Tpd2sby
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PWR_UP _.fIl

C5

CE

CLKA1

DATA

Tpd2a
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C5 ¥

cE Jhmin_,
1
LI I //—w
H | L 1
paTA [| X MEB X X
1

Tes2data t
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ShockBurstTM

PWR_UP

Cs

|
|
|
[
cE i ¥

CLK1 ﬂ%_'_f\f\r'\ﬂ] ------

paTa T VOO - - - - 0

ANT1ANTZ2

CE L"'r Hirmiry
CLK1 L_xw

DATA::"_I‘ + ?I(

Ty, =V datarate- (#databits +1)
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| |
PWR_UP | I
| |
cs , .
| |
cE _ | 4 : % :
DR172 |/ |
| |
CLK1/2 : ------ ASNA
DATA/DOUT2 WASES S ERIEE OO0
| |
ANT1/ANT2 I I I
S | |
Td Tshy2rx e ~,
- -~ \
. "
r )
CEl '\ |
| |
DR‘”‘EI./ iannni |
cuwz:__z' LW:
DATA |4 X X |
DOuUT2) |
£ &
= & 3
o =
B
)
Hs)

a7
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o | L 1
AIN1 sngie- g | TV DG
o DATA - '
g-12bit |
ADCUFICFRMN ;::i
EOC L
}31’.&&1’ CPU bus
SEQUENGCE [ CTRRTH
CONTROL -'\E':'-H-UHEEL gN |
il
conteo.  [BIAS SEL
FFM_G:::-:": "
XOdock| . i _F'l—!— CLKS eREs -
Lot H
Bit(s) Name Function
7 CSTARTN | Toggle H = L -= H to start A/D conversion.
This bit 1s mtemnally synchronized to the ADC clock
Ignored if ADCRUN is set..
6 ADCRUN Set to have the A/D converter run contimoushy
CSTARTN is ignored in this case
5 NPD Set to 0 to put A/D converter in power down state
4 EXTREF Select reference for A/D converter
0: Use internal band gap reference (nommally 1.22V)
1: Use extemnal pin AREF for reference
Ignored if ADCSEL~8.
3-0 ADCSEL Select mput ATNO to AIN7

ADCSEL=8 will select internal VDD/3, and also automatically
select mtemnal bandgap reference
For n=0_7, ADCSEL~-n will select input pin ATNn
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Bit(s) Name Function
7 DIFFM Enable differential measurements, AINO must be used as
inverting input and one of the other mputs ATN1 to AIN7, as
selected by ADCSEL. must be used as noninverting input.
6 SLEEP Set A/D converter in a reduced power mode
5 CLKS3 0 : ADCCLK frequency = CPU clock drnided by 32
1 : ADCCLK frequency = CPU clock divided by 8
4-2 | ADCBIAS | Control A/D converter bias current
No need to change for nRF24E1 operation
1-0 | ADCRES Select A/D converter resolution
00: 6-bit, result in ADCDATAH 5-0
01: 8-bat, result mn ADCDATAH
10: 10-bit, result in ADCDATAH ADCDATAL 7-6
11: 12-bit, result in ADCDATAH ADCDATATL 7-4
Bit(s) Name Function
7-0 ADCDATAH | Most significant 8 bits of A/D converter result. For 6-bit
conversions ADCDATAH 7-6 15 “00°
Bit(s) Name Function
7-4 ADCDATAL | Least significant part of A/D converter result when resolution
15 12 or 10 bats, leftjustified. For 10-bit conversions
ADCDATAH 5-4 15 “00°
3 not used
2 ADCUF Underflow i conversion. Data 1s all 0's
1 ADCOF Overflow i conversion. Datais all 1's
0 ADCRNG Overflow or underflow in conversion

(ADCUF | ADCOF)

50




AIN; voltage = AREF voltage * ADCDATA /2™

(AIN; - AINo)voltage = AREF voltage * (ADCDATA -2~ &)/ 2™¥
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SUPPLY

R1

VDD
AREF

nRF24E1

R2 EE‘ AIND

R3 EEF—————— AlMT

if single ended input : AIN; voltage = 1.22 V * ADCDATA /2™

if differential input : (AIN; - AIN;) voltage = 1.22 V * (ADCDATA 270y j 2*H
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VDD voltage = 3.66 V * ADCDATA / 2**N

CSTARTN
input signal
[ sampled
1. -

™ .'CIZI'I'U' Ll

ADC_EOC
%
ADCDATA any previously converted value is held until
new ADC EOC
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%2

input signal {n ’}H
sample
- tl:nml >
ADC_EOC |
- i -
oy -
ADCDATA X sample n-1 X

sample n
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PWMCON][7:6] PWM frequency PWMDUTY
(duty cycle)
00 0 (PWHM module inactive) 0
1 PWMDUTY]5 - 0]
01 fro- .
63 -(PWMCON|[5-0]+1) 63
1 PWMDUTY|6 - 0]
10 Jro-
127 -(PWMCON[5 - 0]+ 1) 127
1 PWMDUTY
11 Jro- —
255-(PWMCON][5 - 0]+1) 255
Addr | R/'W | #bit | Init Name Function
SFR (hex)
(hex)
A9 RwW | 8 0 PWMCON PWM control register
7-6: Enable / peniod length select
00: Disable PWM
01: Peniod length 15 6 bat
10: Peniod length is 7 bit
11: Peniod length 15 8 bit
5-0: PWM frequency prescale factor
(see table above)
AA |RW| 8 0 PWMDUTY | PWM duty cycle (6 to 8 bits according
to period length)




Interrupt signal Description

INTO N External mtermupt, active low, configurable as edge-sensitive or level-
sensitive, at Port P03

TFO Timer 0 mterrupt

INT1 N External interrupt, active low, configurable as edge-sensitive or level-
sensttive, at Port P04

TF1 Timer 1 mtermipt

TF2 or EXF2 Timer 2 mterrupt

TI or RI Receive/transmit interrupt from Senal Port

mi2 Internal ADC EOC (end of AD conversion) mierrupt

nt3 Internal SPI READY interrupt

mtd Internal RADIO DR1 mterupt (a packet 15 ready from recerver 1)

nts Internal RADIO DR? interrupt (a packet is ready from receiver 2)

wdti Internal RTC wakeup timer mterrupt

- IE — SFF. 0xAS8 (Table 7-2)

- [P - SFR 0xBS (Table 7-3)

- EXIF — SFR. 0x91 (Table 7-4)

- EICON — SFR 0xD8 (Table 7-5)
- EIE — SFR. 0xES (Table 7-6)

- EIP — SFR. OxF8 (Table 7-7)

Bt Function

IE7 EA - Global mterrupt enable. Controls masking of all mterrupts. EA =0
disables all mtermipts (EA overnides indrvidual intermpt enable bits). When EA
= 1, each interrupt 15 enabled or masked by its indrvidual enable bat.

IE6 Reserved. Read as 0.

IE5 ET?2 - Enable Timer 2 interrupt. ET2 = 0 disables Timer 2 mterrupt (TF2).
ET2 =1 enables mnterrupts generated by the TF2 or EXF?2 flag.
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IE 4 ES - Enable Senial Port interrupt. ES = 0 disables Senial Port interrupts (T1
and RT). ES = 1 enables interrupts generated by the TI or RI flag.
IE3 ET1 - Enable Timer 1 interrupt. ET1 = 0 disables Timer 1 mterrupt (TF1).
ET1 =1 enables mterrupts generated by the TF1 flag.
IE2 EX1 - Enable external interrupt 1. EX1 = 0 disables external interrupt 1
(INT1_N). EX1 = 1 enables interrupts generated by the INT1 N pimn.
IE.1 ETO - Enable Timer 0 interrupt. ET0 = 0 disables Timer 0 interrupt (TF0).
ETO0 = 1 enables mterrupts generated by the TFO flag.
IE.0 EXO - Enable external interrupt 0. EX0 = 0 disables external interrupt 0
(INTO_N). EX0 = 1 enables interrupts generated by the INT0 N pin.
Bit Function
IP.7 Reserved. Read as 1.
IP.6 Reserved. Read as 0.
IP.5 PT2 - Timer 2 mtermupt priority control. PT2 = 0 sets Timer 2 mtermupt (TF2)
to low prionty. PT2 = 1 sets Timer 2 mterrupt to lugh prionty.
P4 PS - Serial Port interrupt priority control. PS = 0 sets Serial Port interrupt (TI
or RI) to low priority. PS = 1 sets Senial Port interrupt to high priority.
IP3 PT1 - Timer 1 mnterrupt prionty control. PT1 = 0 sets Timer 1 interrupt (TF1)
to low prionty. PT1 = 1 sets Timer 1 mterrupt to high prionty.
P2 PX1 - External mterrupt 1 prionity control. PX1 = 0 sets external intermupt 1
(INT1_N) to low prionity. PT1 = 1 sets external mterrupt 1 to high prionity.
IP1 PTO - Tumer 0 mterrupt prionty control. PTO = 0 sets Timer 0 mnterrupt (TFQ)
to low prionty. PTO = 1 sets Timer 0 interrupt to high prionty.
IP.O PX0 - External mterrupt 0 prionity control. PX0 = 0 sets external mnterrupt 0
(INTO_N) to low prionity. PTO = 1 sets external mterrupt 0 to high prionity.
0xB8
Bit Function
EXIF.7 IES - Interrupt 5 flag. TES = 1 indicates that a rising edge was detected on the
RADIO DR2 signal (see ch. 5.1 RADIO) IES must be cleared by software.
Setting IES m software generates an interrupt, if enabled.
EXIF.6 IE4 - Interrupt 4 flag. TE4 = 1 indicates that a nising edge was detected on the

RADIO DRI signal (see ch. 5.1 RADIO) TE4 must be cleared by software.
Setting TE4 in software generates an intermipt, if enabled.
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EXIF.5 IE3 - Interrupt 3 flag. TE3 = 1 indicates that the mternal SPI module has sent
or recetved & bits, and is ready for a new command. IE3 must be cleared by
software. Setting TE3 1n software generates an intermupt. 1f enabled.

EXIF 4 IE2 - Interrupt 2 flag. TE2 = 1 indicates that a nising edge was detected on the
ADC EOC signal. (see ch.5.3.1 End of conversion ) IE2 must be cleared by
software. Setting TE2 in software generates an intermpt. if enabled.

EXTF 3 Reserved. Read as 1.

EXIF.2-0 | Reserved. Read as 0.

Bit Function

EICON.7 | Notused.

EICONG | Reserved Readas1.

EICON.5 | Reserved. Read as 0.

EICON 4 | Reserved. Readas 0.

EICON.3 | WDTI - RTC wakeup timer mterupt flag. WDTI = 1 indicates a wakeup
timer interrupt was detected. WDTI must be cleared by software before
exiting the mtermupt service routine. Otherwise, the mtermipt occurs again.
Setting WDTI m software generates a wakeup timer mterrupt, if enabled.

EICON2- | Reserved. Read as 0.

0

Bit Function

EIE.7-5 Reserved Readas 1.

EIE 4 EWDI - Enable RTC wakeup timer mterrupt. EWDI = 0 disables wakeup
timer interrupt (wdtt). EWDI = 1 enables mtermupts generated by wakeup.

EIE3 EXS - Enable interrupt 5. EX5 = 0 disables interrupt 5 (RADIO.DR2). EX5
= 1 enables interrupts generated by the RADIO DE2 signal

EIE2 EX4 - Enable mterrupt 4. EX4 = 0 disables mterrupt 4 (RADIO DR1). EX4
= 1 enables interrupts generated by the RADIO DE1 signal

EIE.1 EX3 - Enable mterrupt 3. EX3 = 0 disables mterrupt 3 (SPI_ READY). EX3
= 1 enables intermpts generated by the SPI READY signal.

EIEO EX2 - Enable mterrupt 2. EX2 = 0 disables interrupt 2 (ADC _EOC). EX2 =

1 enables intermipts generated by the ADC EOC signal
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Bit

Function

EIP.7-5 Reserved. Read as 1.

EIP 4 PWDI - RTC wakeup timer mterrupt priority control. WDPI = 0 sets wakeup
timer intermapt (wdti) to low priority. PS = 1 sets wakeup timer interrupt to
high prionity.

EIP 3 PX5 - mterrupt 5 priority control. PX5 = 0 sets intermupt 5 (RADIO DE2) to
low priority. PX5 = 1 sets interrupt 5 to high prionity.

EIP.2 PX4 - mterrupt 4 prionity control. PX4 = 0 sets intermupt 4 (RADIO DE1) to
low priority. PX4 = 1 sets interrupt 4 to high prionity.

EIP.1 PX3 - interrupt 3 prionty control. PX3 = 0 sets mterrupt 3 (SPI_ READY) to
low priority. PX3 = 1 sets interrupt 3 to high prionity.

EIP.0 PX2 - mterrupt 2 priority control. PX2 = 0 sets interrupt 2 (ADC_EOQC) to

low prionity. PX2 = 1 sets interrupt 2 to high priority.

0xF8
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Interrupt Description Natural Prionity Interrupt
(lowest number Vector
gives highest
priority)

INTO N Extemal interrupt 0 1 0x03

TFO Timer 0 mterrupt 2 0x0B

INT1 N Extemal interrupt 1 3 0x13

TF1 Timer 1 mterrupt 4 0x1B

TIor RI Serial Port transmit or 5 0x23

feceive

TF2 or EXF2 Timer 2 mtermupt 6 0x2B

nt? ADC_EOC interrupt | 8 0x43

int3 SPI READY interrupt | 9 0x4B

mit4 RADIO DR1 interrupt 10 Ox53

nts RADIO DR? interrupt 11 0x5B

wdti RTC wakeup timer 12 =63
mterrupt
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Interrupt Description Flag Enable Control
INTO N External mntermpt 0 TCON.1 IE.0 IP.0
TFO Timer 0 interrupt TCON .S IE.1 IP.1
INT1 N External mtermpt 1 TCON 3 IE.2 IP.2
TF1 Timer 1 interrupt TCON.7 IE 3 IP3
TIor RI Serial Port transmit or | SCON.0 (RI). IE 4 IP.4
receive SCON.1 (TD)
TF2 or EXF2 | Timer 2 interrupt T2CON.7 (TF2). |IES IP.5
T2CON.6 (EXF2)
nt? ADC EOC interrupt EXIF 4 EIE.D EIP.O
mt3 SPI READY interrupt | EXIF.5 EIE.1 EIP.1
mntd RADIODRI interrupt | EXIF.6 EIE2 EIP.2
mt5 RADIODR2 interrupt | EXIF.7 EIE 3 EIP 3
widt ETC wakeup timer EICON 3 EIE 4 EIP 4
intermupt

61




0.6
0.4

JNB TCCN.1,5 ; wait for high on INTO N
JB TCON.1,5 ; wait for low on INTO N
RETI ; return for ISR

62



Addr | R'W | #bit | Imt | Name Function
SFR hex
B5 |RWW | 8 1D | TICK DV | Divider that's used in generating TICK from

LP OSC frequency.

frick = fip osc / (1 + TICK_DV)

The default value gives a TICK of 10ms
nommal as default.
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B-bit CPU 8-bit CPU 8-bit CPU
register register reqister
REGX_CTRL REGX_MSB REGX_LSB
t t 16-EIT BUS
I F Y
*| Load 16-BIT
REGISTER
Load 16 BIT "|Lead 16 BIT
DOWN DOWN
> COUNTER - —p  COUNTER __
[ WAKEUPINT
TICK v
WATCHDOG_RESET
Addr | R'W | # | Init Name Function
SFR b | (hex)
(hex) i
t
AB |RW| 8 0 REGX | Most significant part of 16 bit register for
MSB interface to Watchdog and RTC
AC |RW| 8 0 REGX | Least significant part of 16 bit register for
LSB interface to Watchdog and RTC
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REGX_

CTEL

Control for 16 bit register for interface to
Watchdog and RTC. Bit 4 1s only available on
read and 15 used to flag the mterface unit as
busy.

Bits 3:0 1s read/write with the encoding:

0 000: Read from WD register (16 bit)

1 000: Write to WD register (16 bit)

0 010: Read from RTC latch resister (16 bi)
1 010: Write to RTC latch register (16 bif)

0 011: Read from RTC counter reg. (16 bat)
1 011: Disable RTC counter (no data)
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IDLE

Addr | B'W | #bit | Init Name Function
SFR (hex)
(hex)
Bl W 2 02 RSTREAS | bit O: Reason for last reset
0: POR
1: Any other reset source
Clear this it m software to force a
reboot after jump to zero (boot loader
will load code RAM if this bit 1s 0)
bt 1: Use IROM for reset vector
0: Reset vectors to Ox0000.
1: Reset vectors to 0x8000.
Bit Function
PCON.7 SMOD — Serial Port baud-rate doubler enable. When SMOD = 1, the
baud rate for Senal Port 1s doubled.
PCON.6—4 | Reserved.
PCON.3 GF1 — General purpose flag 1. Bit-addressable, general purpose flag for
software control.
PCON.2 GF0 — General purpose flag 0. Bit-addressable, general purpose flag for
software control.
PCON.1 STOP — Stop mode select. Setting the STOP bit places the nRF24E1 in
stop mode.
PCON.0 IDLE — Idle mode select. Setting the IDLE bit places the nRF24E1 in idle
mode.
PCON.0)
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Bt Function
CK CTEL 0 | Notused
CK_CTRL .1 | STOP CLOCK. Setting the STOP CLOCK bit

places the nRF24E1 in power down mode.
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XTAL

z
Reason of startup Startup tiume Startup tune Example of total
m fip osc cycles m frar cycles | startup time
ffip osc=3kHz
if frap =16MHz
Power-on reset 14-15 24 4.8 ms
Watchdog reset 12 24 4.0 ms
External mterrupt 3-4 max 52, 1.2 ms
see ch. 7.6
RTC interrupt 3 max 52 1.0 ms
see ch. 7.6
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Programddata memorny.
Accessible with move and

D000k

Program memonyData
Memorny (ERAM)

Accessible by Accessible by
indirect direct addressing

direct and indirect
addressing.

Intermnal Data Memory
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EEPROM

7 | 6 s | 4 3 2 | 1 ] o

0: Version Reserved SPEED X0 FREQ
(now 00) (now 00)

1: Offset to start of user program (N}

2: Number of 256 byte blocks in user program (includes block 0 that is not full)
Optional User data, not interpreted by boot loader

N: First bvte of user program, goes into ERAM at (x0000

N+1: | Second byte of user program, goes into ERAM at 0x0001

MHz

MHz
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MHz

Symbol Function

A Accumulator

Rn Register RO-R7

direct Internal register address

(@R Intemnal register pomnted to by RO or R1 (except MOVX)
rel Two's complement offset byte

bt Dhrect bit address

#data 8-bit constant

#data 16 16-bit constant

addr 16 16-bit destination address

addr 11 11-bat destination address
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Anthmetic Instructions

Mnemonic Description Byte Instr. Hex
Cycles | Code
ADD A Rn Add register to A 1 1 28-2F
ADD A direct Add direct byte to A 2 2 25
ADD A, @R1 Add data memory to A 1 1 2627
ADD A, #data Add immediate to A 2 2 24
ADDC A Rn Add register to A with carry 1 1 383F
ADDC A, direct | Add direct byte to A with carry | 2 2 35
ADDCA. @R1 | Add data memory to A with 1 1 3637
carry
ADDC A #data | Add immediate to A with carry | 2 2 34
SUBB A.Rn Subtract register from A with 1 1 08-9F
borrow
SUBB A, direct | Subtract direct byte from A 2 2 95
with borrow
SUBB A, @Fa Subtract data memory from A | 1 1 9697
with borrow
SUBB A, #data | Subtract immediate from A with | 2 2 94
borrow
INCA Increment A 1 1 04
INC Rn Increment register 1 1 08—0F
INC direct Increment direct byte 2 2 05
INC @R Increment data memory 1 1 0607
DECA Decrement A 1 1 14
DECFEn Decrement register 1 1 18-1F
DEC direct Decrement direct byte 2 2 15
DEC @FBu Decrement data memory 1 1 1617
INC DPTR Increment data pointer 1 3 A3
MUL AB Multiply A by B 1 3 A4
DIV AB Diwvide A by B 1 5 84
DA A Decimal adjust A 1 1 D4

All nmemomics are copynght © Intel Corporation 1980.
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Lug_ica] Instructions

Mnemonic Description Byte Instr. Hex
Cyveles | Cade
ANL A Rn AND regster to A 1 1 58-5F
ANL A, direct AND direct byte to A 2 2 35
ANL A @Fa AND data memory to A 1 1 3637
ANL A, #data AND mmmediate to A 2 2 54
ANL direct. A AND A to direct byte 2 2 52
ANL direct, AND mmmediate data to direct | 3 3 33
#data byte
ORL A En OR register to A 1 1 484F
ORL A, direct OR direct byte to A 2 2 45
ORL A, @R OR. data memory to A 1 1 4647
ORL A #data OR. mmmediate to A 2 2 44
ORL direct, A OR_ A to direct byte 2 2 42
ORL direct, OR. immediate data to direct 3 3 43
#data byte
XRL A En Exclusive-OF. register to A 1 1 68—6F
XRL A, direct Exclusive-OR direct byteto A | 2 2 65
XRL A, @Fa Exclustve-OR. data memory to 1 1 66—6H7
A
XRL A #data Exclustve-OR. immediate to A 2 2 64
XRL direct. A Exclusive-OR A to direct byte | 2 2 62
XRL darect, Exclusive-OR immedhate to 3 3 63
#data direct byte
CLR A Clear A 1 1 E4
CPL A Complement A 1 1 F4
SWAPA Swap mbbles of A 1 1 C4
RLA Rotate A left 1 1 23
RLCA Rotate A left through carry 1 1 33
RR A Rotate A nght 1 1 03
RRC A Rotate A nght through carry 1 1 13

All mnemonics are copyright © Intel Corporation 1980
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Boolean Instructions

Mnemonic Description Byte Instr. Hex
Cveles | Code
CLEC Clear carry 1 1 C3
CLR bt Clear direct bat 2 2 C2
SETB C Set carry 1 1 D3
SETB bat Set direct bat 2 2 D2
CPLC Complement carry 1 1 B3
CPL bnt Complement direct bt 2 2 B2
ANL C, bt AND direct bit to carry 2 2 82
ANL C, /but AND direct bit inverse to carry | 2 2 BO
ORL C, bat OR direct bat to camry 2 2 72
ORL C, /bt OR. direct bit mverse to carry 2 2 AD
MOV C. bat Move direct bit to carry 2 2 A2
MOV bit, C Move carmry to direct bat 2 2 92
All mnemonics are copyright © Intel Corporation 1980
Data Transfer Instructions
Mnemonic Description Byte Instr. Hex
Cveles | Code
MOV A Ran Move register to A 1 1 ESEF
MOV A, direct | Move direct byte to A 2 2 E5
MOV A, @Fa Move data memory to A 1 1 E6-E7
MOV A_#data | Move immediate to A 2 2 T4
MOV Rn, A Move A to register 1 1 F8-FF
MOV Rn, direct | Move direct byte to register 2 2 AB-AF
MOV Rn, #data | Move mmediate to register 2 2 T8—TF
MOV direct, A | Move A to direct byte 2 2 F5
MOV direct, Rn | Move register to direct byte 2 2 88—8F
MOV direct, Move direct byte to direct byte | 3 3 85
direct
MOV direct, Move data memory to direct 2 2 8687
@R1 byte
MOV direct, Move immediate to direct byte | 3 3 75
#data
MOV @PRa, A Move A to data memory 1 1 F6-E7
MOV @Ri Move direct byte to data 2 2 A6-AT
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darect memory

MOV @Rui. Move mmmediate to data 2 2 T6—77

#data memory

MOV DPTE. Move mumediate to data pointer | 3 3 90

#data

MOVC A, Move code byte relative DPTE. | 1 3 93

@A+DPTR to A

MOVC A, Move code byte relative PCto | 1 3 &3

@A+PC A

MOVX A @Ri | Move external data (A8)to A | 1 2-9* E>-E3

MOVX A, Move external data (Al6)to A | 1 2-0* ED

@DPTR.

MOVX @Ri1, A | Move A to external data (AS) 1 2-0* F2-F3

MOV Move A to external data (A16) | 1 2-9* FO

@DPTR. A

PUSH darect Push direct byte onto stack 2 2 co

POP direct Pop direct byte from stack 2 2 DO

XCHA Rn Exchange A and register 1 1 C8—CF

XCH A, direct Exchange A and direct byte 2 2 Ch

XCHA @R Exchange A and data memory | 1 1 Ce—C7

XCHD A, @R1 | Exchange A and data memory | 1 1 Doe-D7
mbble

All mnemonics are copynight © Intel Corporation 1980
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Branching Instructions

Mnemonic Description Byte Instr. Hex
Cycles | Code
ACALL addr 11 | Absolute call to subroutme 2 3 11-F1
LCALL addr 16 | Long call to subroutine 3 4 12
RET Retum from subroutine 1 4 22
RETI Retum from mterrupt 1 4 32
AJMP addr 11 Absolute jump unconditional 2 3 01-E1
LIMP addr 16 Long jump unconditional 3 4 02
SIMP rel Short jump (relative address) 2 3 20
JC rel Jump on carry =1 2 3 40
JNC rel Jump on carry =0 2 3 30
JB bat, rel Jump on direct bit=1 3 4 20
JNB but, rel Jump on direct bit =0 3 4 30
JBC bt rel Jump on direct bit = 1 and clear | 3 4 10
IMP Jump mdirect relatrve DPTR 1 3 73
@A+DPTR.
JZ rel Jump on accummlator =0 2 3 60
JNZ rel Jump on accummulator /= 0 2 3 70
CINE A, direct, | Compare A, direct INE relative | 3 4 B5
rel
CINE A, #d. rel | Compare A, immediate INE 3 4 B4
relative
CINE En, #d, rel | Compare reg. immediate INE 3 4 BE&-BF
relative
CINE @R1. #d. | Compare ind, immediate JNE | 3 4 B6-B7
rel relative
DINZ Rn, rel Decrement register, INZ 2 3 DE-DF
relative
DINZ direct, rel | Decrement direct byte, INZ 3 4 D5
relative
All nmemomics are copynght © Intel Corporation 1980.
Miscellaneous Instructions
Mnemonic Description Byte Instr. Hex
Cvcles | Code
NOP No operation 1 1 00
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MUL

There 1s an additional reserved opcode (AS) that performs the same function as
NOP.
All mnemonics are copynght © Intel Corporation 1980.

DIV
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-0x82 DPL  DPTRO low byte
-0x84 DPL1 DPTRI low byte

-0x85 DPHI DPTRI high byte

-0x86 DPS  DPITR Select (LSB)
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Addr Register Bit 7 | Bit € [Bit 5 [Bit 4 | Bit 3 | Bit 2 [Eit 1 [Bit 0
0x80 PO(3) Port O

0x81 5p Stack pointer

0=x82 DPL Data pointer 0, low byte

0=x83 DOPH Data pointer 0, high byte

0x84 DPL1{1) Data pointer 1, low byte

0x85 DPH1 (1) Data pointer 1, high byte

0x86 DP5 (1) 0 0 0 0 0 0 0 S5EL
0x87 PCON SMOD = 1 1 GF1 GFO 5TOP IDLE
Dx88 TCON TF1 TR1 TFOD TRO IE1l IT1 IEOD ITO
Ox80 THOD GATE C/T M1 MO GATE C/T M1 MO
0=x8a TLO Timer/counter 0 wvalue, low byte

0x=x8B TL1 Timer/counter 1 wvalue, low byte

0x3Cc THO Timer/counter 0 wvalue, high byte

0x8D TH1 Timer/counter 1 wvalue, high byte

0x8E CECON (1) = = TZM T1M TOM MDZ2 MD1 MDO
Dx8F SPC FNC (1) 0 0 0 0 0 0 0 WES
0xS0 P1{3) S S S S S Port 1 bit 2:0
0x91 EXIF (1) IES IE4 IE3 IEZ 1 0 0 0
0xG92 MPAGE (1) program/data memory page address

0x54 PO DIR(Z2) Direction of Port 0O

0x93 PD ALT(Z2) Alternate functionzs of Port 0

0x%¢6 P1 DIR(2) = = = = = Direction of Port 1
0x97 Pl ALT(2) - - - - - alt.funct.of Port 1
Dx58 SCON SM0 SM1 SM2 REN TBS EBS8 TI |RZ
0x9g SBUF Serial port data buffer

0xA0 | RADIO(2) pwR_UP | omz/cE | CLK2 | DoUT2 | CS |DR1 | cikK1 | paTa
OxAl ADCCON(Z) CSTRTN | ADCRUN | HPD EXTREF ADCSEL

Dxh2 ADCDATAH(Z) High bits of ADC result

DxR3 ADCDATAL(Z) Low bits of ADC result | = |ADEUF ADCOF | ADCENG
Dxhd ADCSTATIC(Z2) DIFFM | SLEEP | CLES ADCBIAS ADCRES
0xAg8 | IE EA 0 ET2 ES | ET1 | EX21 ET0 | EX0
DxhG PWHMCON (2) PWM LENGTH PWHM PRESCALE

Dxhd PWMDUTY (2 PWM DUTY CYCLE

OxAB REGX MSB(Z2) High byte of Watchdog/RTC register

OxAC REGX LSB(Z2) Low byte of Watchdog/RTC register

DxAD REGX CIRL(Z2) = = = Control of BREGX M5B and REGX LSB
0xBl | RSTREAS (2) - - - - | - | - RFLRE
0xB2 SPI DATA(Z2) SPI DATA input/output bits

0xB3 S5PI CTIRL({Z2) = = = = = = 5PI CTRL
DxB4 SPICLE(Z) = = = = = = SPICLE
0xB5S TICE DWV(2) TICE DV

0xB& CE CTRL({2) S S S S S S [ CE CTRL
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0=B8 Ip 1 0 PT2 PS5 PT1 PX1 PTO PX0
0=C8B T2CON TF2 EXF2 RCLE TCLE EXENZ | TR2 C/T2 CP/RL2Z
OxChA RCAPZL Timer/counter Z capture or reload, low byte
0xCB RCAPZH Timer/counter Z capture or reload, high byte
0xCC TLZ Timer/counter 2 value, low byte

0xCD TH2 Timer/counter 2 value, high byte

0=xD0 PSW CY RC FO R51 RS0 ov Fl1 P
0=D8 EICON (1) - 1 0 0 WDTI 0 0 0
0=ED ACC Accumulator register

0xE8 | EIE(1) 1 |1 | 1 |Ewpr | Exs |Ex4 |EX3 [EX2
OxFO0 B B-register

0xF8 | EIP(1) T |1 ESEESEETEEEEEE
OxFE HWREWV Device hardware revision number

OxFF | =———=— Reserved, do not use
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Register Addr Reset value Description

LCC 0xEQ Q=00 Aoccumulator register
ADCCON OxAl 0xe0 Table 5-1, page 4%
LDCDATAH OxA2 read only Table 5-3, page 49
ADCDATAT, OxR3 read only Table 5-3, page 49
ADCSTATIC Oxhd 0x0Rk Table 5-2, page 4%

E 0xFO Q=00 B-regiater

CE_CTRL 0xBe Q=00 Table 9-2, page o6&
CECON 0xBE 0x0l Table 10-15, page B8
DFH O0xB3 ax00 ch.10.5, page 77
DFH1 0xB5S ax00 ch.10.5, page 77

DFL 0xB2 axoao ch.10.5, page 77
DFL1 0xB4 axoao ch.10.5, page 77

DES 0xBe6 axoao ch.10.5, page 77
EICON 0xDe 0x4d Table 7-5, page 57
EIE OxEB OxEQ Table 7-&, page 57
EIF 0xFE& OxEQ Table 7-7, page 5B
EXIF 0x91 Ox03 Table 7-4, page 57
HWEEWY 0XFE 0x00,read only | hardware revision no
IE OxAB ax00 Table 7-2, page 56
IP 0xBE OxEg0 Table 7-3, page 56
MPAG 0x92 0x00 ch.10.1.1.1, page &8
PO 0xB0 OxFF Table 3-3, page 15
PO_ALT 0x55 ax00 Table 3-3, page 15
PO DIR 0x54 OxFF Table 3-3, page 15

P 0x50 OxFF Table 1-1, page 17
Pl ALT 0xs7 ax00 Table 3-5, page 17
Pl _DIR 0x596 OxFF Table 3-5, page 17
PCON 0xB7 ax30 Table 9-1, page 63
PSW 0xD0o ax00 Table 10-11, page B2
PWMCON 0xA9 0x00 Table &-1, page 54
PWMDUTY OxRh 0x00 Table &-1, page 54
RADIO OxAl 0=xg0d Table 4-2, page 21
RCAPZH 0xCE 0=x00 ch.10.8.3.3, page 90
RCAPZL O0xCh 0=x00 ch.10.8.3.3, page 90
REGX CTRL 0xAD 0=x00 Table B-2, page &4
REGX L5B 0xAC 0=x00 Table B-2, page &4
REGH _MSE 0xAB 0=x00 Table B-2, page &4
ESTREAS 0xBl 0=x02 Table 8-3, page &5
SBOF 0x99 0=00 ch.10.9, page 892
SCON 0x9B 0=00 Table 10-1%, page 93
SF OxB1 0=07 Stack pointer
SPC_FHC OxBF 0x00 do not use

SPI_CTRL O0xB32 Q=00 Table 3-&, page 18
SPI_DATA O0xB2 Q=00 Table 3-&, page 18
SPICLE 0xB4 Q=00 Table 3-&, page 18
T2CON oxCe Q=00 Tabkle 10-1&, page 90
TCON OxBe Q=00 Table 10-14, page BS
THO 0xBC Q=00 ch.10.8, page B84

TH1 0xBD Q=00 ch.10.8, page B84
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THZ 0xCD 0=00 ch.10.8, page 84
TICK DV 0xB5 0=x1D Table B-1, page &1
TLd OxBA 0=00 ch.10.8, page 84
TL1 0xBB Ox00 ch.10.8, page B84
TL2 0xCC Ox00 ch.10.8, page B84
THOD 0xB89 0=00 Table 10-13, page B5
Bit Function
PSW.T CY - Camry flag. Set to 1 when last arithmetic operation resulted in a carry (during addition)
of bormow (during subtraction); otherwise cleared to ( by all arithmetic operations.
BSW. 6 AC - Auxiliary carry flag. Setto 1 when last arithmetic operation resulted in a carry into
{during addition) or borrow from (dunng subtraction) the high-order mibble; otherwise
cleared to 0 by all anthmetic operations.
PSW3 F0 - User flag 0. Bit-addressable, general purpose flag for software control.
PSW 4 E51 - Pegster bank select bit 1. Used with ES0 to select a register blank in internal BLAM.
PSW3 ES0 - RBegister bank select bit 0, decoded as:
ES1 RSO Bank selected
0 0 Regster bank 0, addresses Ox00-0x07
0 1 Regster bank 1. addresses (x08-0=0F
1 0 Regster bank 2, addresses Ox10-0x17
1 1 Fegister bank 3, addresses (x13-0x1F
PSW2 OV - Overflow flag. Set to 1 when last anthmetic operation resulted in a carry (addition),
bormow (subtraction), or overflow (multiply or divide); otherwise cleared to 0 by all
anithmetic operations.
PSW.1 F1 - User flag 1. Bit-addressable, general purpose flag for software control.
PSW.0 P - Panty flag. Set to 1 when modulo-2 sum of 8 bits in accumnlator 15 1 (odd panty);
cleared to 0 on even parity.
)
Addr | R'W | #bit | Init | Name Function
SFR hex
80° R'W 8 FF | PO Port 0, pins DIO? to DIO2
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Addr | R/W | #bit | Init | Name Function
SFR hex
90* |R/'W | 83) | FF |PI° Port 1. pins DINO, DI1, DIO
94 |R'W| 8 | FF |P0 DIR Direction of each GPIO bit of port 0
95 |RW/| 8 | 00 [P0 ALT Select alternate finctions for each pin of port 0
96 R/W | 8(3) | FF | P1 DIR Darection for each GPIO bit of port 1
97 |RW /[ 83) | 00 |PLALT Select alternate functions for each pin of port 1
A0* |RW | 8 80 | RADIO General purpose IO for mterface to
2401 radio, for details see ch. 4 nRF2401
2 4GHz TREANSCEIVER SUBSYSTEM
Al RW| 8 80 | ADCCON ADC control register
A2 R 8 XX | ADCDATAH High 8 bits of ADC result
A3 R 8 XX | ADCDATAL Low bits of ADC result (if any) and status
Ad B/'W 6 0A | ADCSTATIC Static confipuration data for ADC:
A9 R/W 8 0 PWMCON PWM control register
AA |RW| 8 0 |[PWMDUTY PWM duty cycle
AB |RW | 8 0 | REGX MSB High part of 16 bit register for interface to
Watchdog and RTC
AC |RW | 8 0 | REGX 1SB Low part of 16 bit register for mterface to
Watchdog and RTC
AD B'W ] 0 REGX CTREL Control of mterface to Watchdog and RTC.
Bl R/W 2 02 | RSTREAS Reset status and control
B2 |rRwW| 8 0 | SPI DATA SPI data input/output
B3 R/W 2 0 SPI_CTRL 00 -=SPInotused 01 -= connect to P1
10 or 11 -= connect to RADIO
B4 B/W 2 0 SPICLE Divider from CPU clock to SPI clock
B5 R/W 8 1D | TICK DV TICK Divider.
B6 W 2 0 CE CTRL Clock control
B7 R 4 0 TEST MODE Test mode register.
This register must always be 0 m normal mode.
BC | RW | 8 # [ T11Vv2 Another 3 test mode registers.
BD | RW | 8 # | T2 1V2 Intial values must not be changed.
BE W 4 # | DEV_OFFSET
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Timer 0 - TLO and THO
Timer 1 - TL1 and TH1
Tumer 2 - TL2 and TH2

Bit

Function

TMOD.7

GATE - Timer 1 gate contrel. When GATE = 1, Timer 1 will clock cnly when external intermupt
INT1_N=1 and TE1 (TCON.6) = 1. When GATE =0, Timer 1 will clock only when TR1=1,
regardless of the state of INT1 M.

TMOD.6

C/T - Counter/Timer select. When C/T =0, Timer 1 is clocked by CPU_clk/4 or CFU_clk/12,
depending on the state of TIM (CKCON.4). When C/T =1, Timer 1 is clocked by the t1 pin.

TMOD.5

M1 - Timer | mode select bit 1.

TMOD 4

MO - Timer 1 mode select bat 0, decoded as:
M1 M0 Mode
00 Mode 0 13-bit counter
01 Mode 1 : 16-bit counter
10 Mode 2 : 8-bit counter with anto-reload
11 Mode 3 : Two 8-bit counters

TMOD 3

GATE - Timer 0 gate contrel. When GATE = 1, Timer 0 will clock cnly when external intermupt
INTO N=1 and TR0 (TCON.4) = 1. When GATE =0, Timer 0 will clock only when TRO=1,
regardless of the state of INT0O N.

TMOD 2

C/T - Counter/Timer select. When C/T =0, Timer 0 iz clocked by CPU _clk/4 or CPU _clk/12,
depending on the state of TOM (CEKCON_3). When C/T =1, Timer 0 is clocked by the t0 pin.

TMOD.1

M1 - Timer 0 mode select ot 1.

TMODO

MO - Timer 0 mode select bit 0, decoded as:
M1 M0 Mode
00 Mode 0 : 13-bit counter
01 Mode 1 : 16-bit counter
10 Mode 2 : 8-bit counter with anto-reload
11 Mode 3 : Two 8-bit counters
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Bit

Function

TCON.T

TF1 - Timer 1 overflow flag. Set to 1 when the Timer 1 count overflows and cleared when
the CPU wectors to the interrupt service routine.

TCON G

TR - Timer ] mun control. Set to 1 to enable counfing on Timer 1.

TCON 5

TF( - Timer 0 overflow flag. Set to 1 when the Timer 0 count overflows and cleared when
the CPU wectors to the interrupt service routine.

TCON 4

TR0 - Timer () non control. Set to 1 to enable coumting on Timer 0.

TCON 3

IE1 - Interrupt 1 edge detect. If external interrupt 1 is configured to be edge-sensitive (IT1 =
1), IE1 is set by hardware when a negative edge 1 detected on the INT1_N external
interrupt pin and 15 automatically cleared when the CPU vectors to the comesponding
intermupt service routine. In edge-sensitive mode, IE] can also be cleared by software.

If external interrupt 1 is configured to be level-sensitive (IT1 =0, [E1 is set when the
INT1_N pin is low and cleared when the INT1 N pin is high. In level-sensitive mode,
software cannot write to [E1.

TCON 2

IT1 - Interrupt 1 type select. When IT1 =1_ the nRF24E1 detects external interrupt pin
INT1_N on the falling edge (edge-sensitive). When IT1 =0, the nRF24E1 detects INT1_N
as a low level (level-sensitive).

TCON 1

IED - Interrupt 0 edge detect. If external interrupt 0 is configured to be edge-sensitive (IT0 =
1), IEQ is set by hardware when a negative edge 15 detected on the INT0_N external
interrupt pin and 15 automatically cleared when the CPTU vectors to the comesponding
intermpt service routine. In edge-sensitive mode, IEQ can also be cleared by software.

If external imterrupt 0 is configured to be level-sensitive (1T} = 0), IE0 is set when the
INTO N pin is low and cleared when the INTO N pin is high. In level-sensitive mode,
software cannot write to JEQ.

TCONO

ITO - Interrupt 0 type select. When IT0 = 1, the nRF24E] detects external intermupt INT)_N
on the falling edge (edge-sensitive). When IT0 = 0, the nEF24E] detects INT0 N as a low
level (level-sensitive).
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Divide by 13

TOM (or T1M)

1 i TLA {&r TL1)
T i 1] 4 7
CLK

clk
Divide by 4
t0 (or 1) >
TRO (or TR
GATE l>c
intd n
(or int1_n) -
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|
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[Timear 1 only)

INT



Divide by 12

TOM (or TIM)

TR1

0 1
CT
ol 1 | 0 TLO (or TL1)
0 ¥
CL RELCAD
10 (o 1) & -
TRO (or TR1} Iflflflflflflflfl
0 THO (or TH1) 7
GATE D° ‘
intO_n '_-.TFG (or TF1d—p INT
(or int1 n’P |
L _ _p ToSerial Port
{Timer 1 only)
TOM
Divide oy 12 1
{:I
clk
1 03 o
0 TLO T
owaeta] 1 | S~ FS CorlTrer—
to > [
TRO o TFO —  (NT
TF1 —  INT
GATE ’_'
intd_n }ﬂ THO .
LTI T —
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0x8E

1
- Ox8E
CEKCON bit Counter/Tumer

5 Timer 2

4 Timer 1

3 Timer 0

Bit Function

CECONTG Reserved

CECOMS T2M — Timer 2 clock select. When T2M =0, Timer 2 uses CPU_clk/12 (for
compatibility with 80C32); when T2M = 1, Timer 2 uses CPU_clk/d. Thas bit has no
effect when Timer 2 is confisured for band rate seneration.

CECON 4 TIM — Timer 1 clock select. When TIM =0, Timer 1 uses CPU_clk/12 (for
compatibility with 80C32); when TIM = 1, Timer 1 uses CPU clk/4.

CECOM 3 TOM — Timer 0 clock select. When TOM = 0, Timer 0 uses CPU_clk/12 (for
compatibility with 80C32); when TOM = 1, Timer 0 uses CPU clk/4.

CECON.2-0 MD2, MD1, MD{ — Control the number of cycles to be used for external MOV
mstructions; mumber of cycles is 2 + { MD2, MD1, MDO}
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- 16-bit timer/counter

- 16-bit timer with capture

- 16-bit auto-reload tmer/counter
- Baud-rate generator

- T2CON — SFR. 0xC8: refer to Table 10-16 : T2CON Register — SFR (0x

- RCAP2L — SFR. 0xCA — Used to capture the TL.2 value when Timer 2 1s configured
for capture mode, or as the LSB of the 16-bat reload value when Timer 2 is configured for
auto-reload mode.

- RCAP?H — SFR 0xCB — Used to capture the TH? value when Timer 2 is configured
for capture mode, or as the MSB of the 16-bit reload value when Timer 2 1s configured for
auto-reload mode.

TL2 — SFR. 0xCC — Lower eight bits of the 16-bit count.

TH2 — SFR. 0xCD — Upper eight bats of the 16-bit count.

Bit

Function

T2CON.T

TF2 - Timer 2 overflow flag. Hardware will set TF2 when Timer 2 overflows from (=FFFF. TF2 must be
cleared to 0 by the software. TF2 will only be setto a 1 if RCLE and TCLE are both cleared to 0. Wnting a
1 to TF2 forces a Timer 2 interrupt if enabled.

TICON.6

EXF2 - Timer 2 external flag. Hardware will set EXF2 when a reload or capture is cansed by a high-to-low
transiticn on the t2ex pin, and EXEN2 is set. EXF2 must be cleared to 0 by the software. Wrniting a 1 to
EXF2 forces a Timer 2 interrupt if enabled.

T2CON.5

BCLE - Receive clock flag. Determines whether Timer 1 or Timer 2 is used for Serial port iming of received
data i senial mode 1 or 3. RCLE = 1 selects Timer 2 overflow as the receive clock. RCLE =0 selects Timer
1 overflow as the receive clock.

T200NA4

TCLE - Transmit clock flag. Determines whether Timer 1 or Timer 2 is used for Serial port timing of
transmit data i senal mode 1 or 3. TCLE =1 selects Timer 2 overflow as the transmut clock. TCLE =0
selects Timer 1 overflow as the transmit clock.

T2CON 3

EXEN? - Timer 2 external enable. EXEN2 =1 enables capture or reload to occur as a result of a high-to-low
transition on t2ex, if Timer 2 is not generating baud rates for the serial port. EXEN2 = () causes Timer 2 to
ignore all external events at t2ex.

T2CON2

TR2 - Timer 2 nn control flag. TR2 =1 starts Timer 2. TR2 =10 stops Timer 2.

T2CON1

C/T2 - Counter/timer select. C/T2 = 0 selects a timer fimetion for Timer 2. C/T2 =1 selects a counter of
falling transitions on the t2 pin. When used as a timer, Timer 2 runs at four clecks per increment or twelve
clocks per increment as programmed by CECON.3, in all modes except baud-rate generator mode. When
used in baud-rate generator mode, Timer 2 nns at two clocks per increment, independent of the state of
CECON.S.

T2CON.0

CP/RL2 - Capture/reload flag. When CP/EL2 =1, Timer 2 captures occur on high-to-low transitions of
t2ex, if EXEN2 =1 When CP/RL2 =0, auto-reloads oceur when Timer 2 overflows or when high-to-low
transitions occur on t2ex, if EXEN2 = 1. If either ECLE or TCLK is zet to 1, CR/EL2 will not function, and
Timer 2 will operate in auto-reload mode following each overflow.
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RCIK |TCLK |[CPRL2 |TR2 | Mode
0 0 1 1 16-bit ttmer/counter with capture
0 0 0 1 16-bit timer/counter with auto-reload
1 X X 1 Baud-rate generator
X 1 X 1 Baud-rate generator
X X X 0 Off
OXFFFF
T2M
) }

ik

1 :

1] 78 15

Divide by 4 _T "‘—:)C—”ﬂ T -
INEENEEERENEREN

1
2> T :

[TT T T T T T TITITTT]
TR2 [ RoAPL | RCAPZH |
i iR ] 15
i TFZ2 |
Sl —I_ CAPTURE
w1 - | ] >+
o » ExF2 INT
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Divide by 12

clk

[4] T 8 15
TL2 TH2
HEEEEEEEEEEEEEN

Diivicle by 4

TRZ

1] T8 15

TF2

EXEMZ 1
| EXF2 —® . |NT
mex;::::::jzi::} IIIII———:::II"
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TIMER 1 OVERFLOW

Divide
clk —
By 2 o} o2 Divige
| by 2
L’\ SMODO
L2 i X
TR2 0 7 8 45 ROLK|  CLORK
T2 [ TH2 O I
HENIN NN RN IEEE Diide
by 16
| [T ITT] TCLK
EXEN2 L T8 L Lulmda

by 16
) EXF2 TIMER 2 INTERRUPT gy
t26x cLOCK

Mode | Sync/As | Baund Clock Data Bits Start/ Stop 9th Bit Function
oo
0 Syne CPU _clkd or 8 Mone MNone
CPU_clk/12
1 Async Timer 1 or Timer | 8 1 start, None
2 1 stop
2 Asyne CPU _clk32 or 9 1 start, 0, 1, panty
CPU _clk/64 1 stop
3 Asyne Tmer 1 or Timer | 9 1 start, 0, 1, panty
2 1 stop

- SCON — SFR 0x98 — Serial port control (Table 10-19)
- SBUF — SFR 0x99 — Serial port buffer
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Bit Function

SCONT S0 - Senial port mode bit 0.

SCON.6 SM1 - Senal port mode bit 1, decoded as:

SM0  5M1 Mode
0 0 0
0 1 1
1 0 2
1 1 3

SCON 3 SM2 - Multiprocessor communication enable. In modes 2 and 3, SM2 enables the
multiprocessor commumnication feature. If SM2 = 1 in mode 2 or 3, BT will not be
activated if the received 9" bit is 0. If SM2 = 1 in mode 1, BRI will be activated only if a
valid stop i1s received. In mode 0, SM2 establishes the baud rate: when SM2 =0, the
baud rate 1s CPU_clk/12; when
SM2 =1, the baud rate 1s CPU clk/4.

SCON4 EEN - Eeceive enable. When REEN =1_reception is enabled.

SCON3 TBS - Defines the state of the 9" data bit transmitted in modes 2 and 3.

SCON2 EESR - In modes 2 and 3, RES indicates the state of the 9™ bit received_ In mode 1.
EES8 indicates the state of the received stop bit. In mode 0, RBE is
not used.

SCON 1 TT - Transmit mterrupt flag. Indicates that the transmit data word has been shifted
out. In mode 0, T1 is set at the end of the 8* data bit. In all other modes, T1 1s set
when the stop bit is placed on the txd pin. T must be cleared by the software.

SCON0 BI- Beceive interrupt flag. Indicates that a serial data word has been

received. In mode 0, BI is set at the end of the 8th data bit. In mode 1, BRI
15 set after the last sample of the iIncoming stop bit, subject to the state
of SM2 In modes 2 and 3, BI is set at the end of the last sample of RBE. BRI
must be cleared by the software.
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exebl_aul W OO W D1 ¥ D=} C=2 04§ 06 X 06K 07 X
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Tl
=4

rxdQ_oul x DO W D W Da W | D x| O W | OD| W | D WD N
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SMOD

Baud Rate = % Tumer 1 Overflow
SMOD 15 SFE. bit PCON.7
Baud Rate = Timer 2 Overflow
16
b5 ]
Band Bate = 2 X L
32 4x(256-THI)
SMOD
Baud Rate = 2 = ok
32 4x(256-THI)
Desired SMOD C/T Timer 1 THI1 Vahe THI1 Vahie
Baud Rate Mode for 16 MHz for 8 MHz
CPU clk CPU clik
192 Kb/'s 1 0 2 0xF3 =
9.6 Kb/s 1 0 2 O=xEd 0xF3
4 8 Kb/'s 1 0 2 0XcC OxES
24 Kb's 1 0 2 0x98 0xCC
1.2 Kbis 1 0 2 0x30 0x98

97




clk

Baud Rate =
32 x (65536 - {RCAP?H. RCAP2L})

RCAPZHRCAP2L = 65536 — L
32 x Baud Rate
Baud Rate C/ | 16 MHz CPU clk
T2 | RCAP2H RCAPZL

57.6 Kb/s 0 | 0=FF 0xF7
19.2 Kb/s 0 | OxFF 0=E6

9.6 Kb/s 0 | 0=FF 0xCC
4.8 Kb/s 0 | 0=FF 0x98

24 Kbls 0 | O0xFF 0x30

1.2 Kb/s 0 | 0xFE 0xSF
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TX CLK | I | | fl Il Il | | |
Il I | fi [l Il Il

SHIFT fl Il
ted ZSTARF DOX D1 W D2 X DaX DaX D&Y DaX D7 F ST0P
rad( in
rdD_oun
TILO I
RI O
ook —

mdOin T | A0 X DT X7 X 03 X 0 X D De)X DT/ sT0P
BT T T M
N n - n v n k00

SHIFT

rxd(_out
el
TILO

RO

- RI =0
_ IfSM2 = 1. the state of the stop bit is 1

99



(if SM2 = 0. the state of the stop bit does not matter)

- Une start bt

- Eight data bats

- One programmable 9th bit
- One stop bat

Mﬂ$
Baud Rate = =%
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Wifrite to

SBUF0 N
TX CLK | | | | | I | O | |
SHIFT | I | - n 1 0 10
treld XTARY DU DT X 02 ¥ 03 Y DA D5 D6 X DT X TBE/STOF
redD_in
r=d0_out
TI_D IT
RI 0
Freld I N R | R N A
rxel0_in ZWSTART SO D1 W D2 ¥ 08 X D2 X D5EY DEY D7 ¥ RBafstapr
Bit deteclor
;gmg“rg I.I_I.l.l I.I I.I.I II ”I ”I ”l ”l I.I.I_I.I_
SHIFT I Il 1 I | ] 0 | | | |
rxdo_out
t=d
TIO
RI_O I
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-If SM2 = 1, the state of the stop it 1s 1
(if SM2 = 0, the state of the stop bit does not matter)

- One start bit

- Eight data bits

- One programmable 9th bt

- One stop bit; the data bits are transmitted and recerved LSB first

Write to

sauFo __Jl

™o 00
SHIFT L n 0 n bt 1t n n 1

txdD RTARY DO D1 ) D2 W D2 W D2 X _DE ¥ Do D7 1B8/ST0P
rxd0_in

0 out

TL_D T
RO
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exce 100 b0 0 0 0 n 1 0 |
rxd0_in ZWSTARF O D1 ¥ 02 ¥ D3 X D4 ¥ D5 ¥ D6 X 07 REAJSTOR
EBit detactor
i mlowoweoweomeouoweoweoweomeow
IR | R | N | 1 1 1

SHIFT

oLt

txd 0

TILD
—

RI_O
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Conditions: VDD = +3V, VSS =0V, Ty = - 40°C to + 85°C

Syvmbol |Parameter (condition) |}'{-tes |M'm. |T}'p. |“_\[aI. |L'|1it5
Operating conditions
VDD Supply voltage 19 30 316 v
TEMP Orperating Temperature -40 +27 +35 T
Digital input pin
Vie HIGH level input voltage VDD- 0.3 VDD v
ViL LOW leve] input voltage V55 03 v
C1 input capacitance 0.35 pF
Ly input leakape cuurent 0.08 oA
Digital output pin
Jom HIGH level output voltage (Ige=0.5mA) VDD-0.3 VDD v
Jon LOW level output voltaze (I =-0.5mA) VES 03 v
Microcontroller
Fural Crystal frequency 2) 4 20 MHz
fle car Low power RC oscillator frequency I 1 35 KH=z
Ivon ey Supply current (@l 6MHz @3V 3 ma
LoD pad Average Supply current I power down 2 WA
General RF conditions
frp Operatng frequency 1) 2400 2504 MH=z
AF Frequency deviation =156 kH=
Rara Data rate ShockBurst™ ={ 1000 kbps
F,;-ijhﬂ_ Channel spacmg 1 MH=z
Transmitter operation
Ppe Maximum Cutput Power 4) L1 +4 dBm
Prerc EF Power Control Range 16 20 dB
Prern EF Power Control Range Resolufion + dB
Prw 20dB Bandwidth for Modulated Carmier 1000 kHz
Pres 2™ Adjacent Channel Transmit Power 2MHz -20 dBm
Pres 3" Adjacent Channel Transmit Power 3MHz -40 dBm
Lvop Tvo Supply current (@ 0dBm output power 30 13 ma
Lvon Ti20 Supply current (@ -20dBm output power 30 9 ma
Receiver operation
Ivoo % Supply current one recerver (@2 50kbps E)} 18 mi
Ivoo % Supply current cne recerver (@ 1000kbps E)} 19 mi
Ivoo px2 Supply current two recervers (@2 50kbps E)} 23 mi
Ivpp pvs Supply current two recervers (@ 1 000kbps E)] 25 mi
Rsens Sensitivity at 0. 1%BER (@2 50kbps) -90 dBm
B eens Sensitivity at 0. 1%BEE. (@ 1000kbps) -80 dBm
Clegy C/1 Co-channel ()] 10 dB
Clliey 1% Adjacent Channel Selectivity CT IMHz  |6) -20 dB
Clliun 2™ Adjacent Channel Selectivity O/ 2MHz  |6) -37 dB
Cllznn 3" Adjacent Channel Selectivity CT3MHz  [6) -43 db
Ry Blocking Data Channel 2 -41 dB
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ADC operation
DML Dhfferential Nonlineanty £, =0.999]1 kH= I 0.5 LSB
INL Integral Nonlmearity fi,, = 0.9991 kH= I 10.75 LSB
SHE Signal to Nowse Rato (DT mput) v 59 dBFS
los Midscale offset I t1 %FS
i Gam Emor I u | %FS
SNE Sigmal to Noise Ratio (wrthout harmemies) £y, v 53 53 dBFS
=10 kH=
SFDE Spunous Free Dynamic Range ), = 10 kH= V 65 dB
Vi Internal referance I 1.1 122 13 V
Internal reference voltape dnft vV 1080 ppm!“C
Vi Feference voltage input (external ref) I 0.3 1.5 V
Fas 6 bit conversion v frorar /160 fipar! 128 SPS
Fay £ bit conversion v froqar /192 fiepan ! 160 SPS
Faw 10 bit conversion v froar /224 fiepar ! 192 SPS
Fsiz 12 bit conversion v {rar /256 ferar/ 224 SPS
Line Supply current ADC operation I 1 mé
tyen Start-up tme from ADC Power down I 15 s
NOTES:

1}  Usable band 15 determined by local regulations
2}  The crystal frequency may be chosen from 5 different values (4, 8, 12, 16, and 200MMHz) whach are specified m

the nRF240] confizuration word, please seeTable 14-2 Crystal specification of the nRF24E]. 16MHz 15

required for 1Mbps operation.

3} Curmrent
4} Anfenna

5y Curmrent for nRF2401 EF subsystem only. Antenna load impedance = 1000+j1730). Effective data rate

for nRF240] EF subsvstem only.
load immpedance = 1000+1 7500

250kbps or 1Mbps.

6) 250kbps.

1} Test Level I 100% production tested at +23°C
I} Test Lewvel IT- 100% production tested at +25°C and sample tested at specified temperatures

I} Test Lew

el ITI: Sample tested only

IV ) Test Lavel IV: Paramater 15 puaranteed by design and charactenzabon testng
V') Test Level V: Parameter i typical value only

VI Test Level VI: 100% production tested at +25°C. Guaranteed by design and charactenization testing for

indusirial temperature range
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nRF24ELG uses the GREEN QFN36 6x6 package, punch type with matt tin plating. Dimensions are in

O
(Al {o} |
F —W W=
o | H
Bl
_t El [ L—
i
PH 1 DORES
=
J) T — =
r"\ o
o ) i
A . =
L E=nosfE]
.\1] 1]
& DETAIL & SEATMG PLUBKE
WES ROTATED der CLOCKMSE
Package A oA | A b | D/E | DVEL e J K |L| R
Type
Green Min | 08 | 00 | 065 | 018 447 447 [ 03 | 1735
QFN36 tp. 0.02 023 | 6BSC| 575BSC | 05 457 457 | 04 | 1835
(6iets o) Max | 09 | 005 | 069 | 03 BSC | 467 467 | 05 | 1935
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nEFME] uses the QFN 361D 6x6 Saw type package., with SnPb plating. Dimensions are in mm_

FIM 1 CORAER —'7/

SEATMG PLANE
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Package A Ay A2 b D E e J K L
Type
QFN35 Min 0.8 0.0 0.75 02 447 | 447 | 0.35
(6 mm) fp. 025 | 6BSC | 6BSC 05BSC | 457 | 457 04
Max 1 005 1 0.3 467 | 467 | 045
Supply voltages
VDD -03Vito+36V
VS ov
Input voltage
For analog pms, ATNO to AIN7 and AREF :
L TS -03Vte20V
For all other pms
L S -03Vto VDD + 0.3V
Output voltage
L -03Vto VDD + 0.3V
Total Power Dissipation
Po(Ta=85"C ). 60mW
Temperatures
Operating Temperature. __ - 40°C to + 85°C
Storage Temperature ... - 40°C to + 125°C

Nota: Stress exceeding one or more of the limiting values may cause permanent

damage to the device.
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dBm

Power setting bits of | RT output power DC current
configuring word consumption
11 () dBm +3dB 160 maA
10 -3 dBm +3dB 135 mA
01 -10 dBm +3dB 12 4 ma
00 -20 dBm +3dB 11 8 ma
Frequency | Cp ESR Cimax Tolerance
4 MHz 12pF 15002 7.0pF +30ppm
8 MHz 12pF 10002 71.0pF =30ppm
12 MHz 12pF 10002 71.0pF =30ppm
16 MHz 12pF 100 0 7.0pF +=30ppm
20 MHz 12pF 100 0 7.0pF +30ppm
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Component Description Size Value | Tolerance | Units

Cl Capacitor ceranuc, 50V, NPO 0603 22 Yo pF
c2 Capacitor ceranuc, 50V, NPO 0603 22 % pF
C3 Capacitor ceranuc, 50V, NFO 0603 47 Y pF
C4 Capacitor ceramic, 30V, XTE. 0603 23 +10% nF
C5 Capacitor ceramic, 30V, XTR. 0603 10 =10% nF
Cé Capacitor ceramic, 50V, XTR 0603 10 +10% oF
cr Capacitor ceramic, 3V, XTR. 0603 1 =10% oF
C3 Capacitor ceramic, 30V, XTE 0603 33 =10% oF
co Capacitor ceramic, 50V, NFO 0603 1.0 =0.1pF pF
C10 Capacitor ceramic, 50V, NPO 0603 1.0 +=0.1pF pF
Cl11 Capacitor ceramic, 50V, NFO 0603 23 +0.25 pF pF
C12 Capacitor ceramic, 50V, NPO 0603 47 +0.25 pF pF
C13 Capacitor ceramic, 30V, XTR. 0603 10 =10% nF
C14 Capacitor ceramic, 30V, XTR. 0603 10 =10% oF
C15 Capacitor ceramic, 3V, XTR. 0603 100 =10% oF
L1 Inductor, wire wound 0603 33 =35% nH
I2 Inductor, wire wound % 0603 10 5% nH
L3 Inductor, wire wound 0603 5.6 +5% nH
L4 Inductor, wire wound * 0603 5.6 5% nH
El Resistor 0603 1.0 Ve MO
R2 Resistor 0603 . +1% ko
B3 Resistor 0603 10 Y kO
R4 Resistor 0603 10 % k0
RS Resistor 0603 1 Yo ko
m nRFHE] transceiver QFN36/6x6 | nRF24E1

X1 Crystal, CL = 12pF, ILxWxH= 16Y +/- 30 ppm MHz

ESE = 100 ohm 4.0x2.5x0.8
m 4 kbyte serial EEPROM with S5PI S08 23320
Interface
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