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| 2 “MICONDUCTOR

2.4GHz RF transmitter with
mbedded NRF24E2
8051 compatible micro-controller and

9 input, 10 bit ADC

package

0.18um CMOS technology
Low Bill- of Materid

Ease of desgn

APPLICATIONS

FEATURES

Wireless gamepads
2.4GHz RF transmitter Wireless headsets
8051 compatible micro-controller Wireless keyboards
compatible with nRF24E1 Wireless mouse
9input 10 bit ADC 100kSPS Wirdesstoys
Single 1.9V to 3.6V supply Intelligent sports equipment
Internal voltage regulators Industrial sensors
2 pA standby with wakeup on timer PC peripheras
or externd pin Phone peripherals
Interna VDD monitoring Tegs
Supplied in 36 pin QFN (6x6mm) Alams

Remote control
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1 GENERAL DESCRIPTION

The nRF24E2 is the tranamitter part of the nRF2401 2.4GHz radio transceiver plus an
embedded 8051 compatible microcontroller plus a 10-bit 9 input 100 kSPS AD converter.
The circuit is supplied by only one voltage in range 1.9V to 3.6V. The nRF24E2 supports
the proprietary and innovative modes of the nRF2401 such as ShockBurst™.

NRF24E2 is dso a subset of the nRF24E1 chip, which means that it contains dl functions of
NRF24E1 except the radio receive functions, and it dso means that it is fully program
compatible with nRF24E1.

1.1 Quick Reference Data

Parameter Value Unit
Minimum supply voltage 1.9 V
Temperature range -40to +85 °C
Maximum RF output power 0 dBm
Maximum RF burst datarate 1000 kbps
Supply current for microcontroller @ 16MHz @3V 3 mA
Supply current for ADC @100 kSPS 0.9 mA
Supply current for RF transmit @ -5dBm output power 10.5 mA
Supply current in Power Down mode 2 mA
max CPU clock frequency 20 MHz
max AD conversion rate 100 kSPS
ADC Differential nonlinearity (DNL) +0.5 LSB
ADC Integral nonlinearity (INL) +0.75 LSB
ADC Spurious free dynamic range (SFDR) 65 dB
Package 36 pin QFN 6x6

Table 1-1 : nRF24E2 quick reference data

Type Number Description Version
NRF24E2 1C 36 pin QFN 6x6, saw A
NRF24E2G IC 36 pin QFN 6x6, green package A

Table 1-2 : nRF24E2 ordering information
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1.2 Block Diagram

AREF 4k byte | 512 byte | 256 byte
RAM1 ROM RAM »\DD_PA =1.8V
AINO — 7-channel interrupt ANT1
AIN1 - UARTO ANT2
AIN2 nAD10100K - Timer 0 nRF2401 VSS_PA =0V
10-Bit Ly Timer 1 2.4GHz
AIN3 100kSPS Radio
AIN4 A/D converter = Timer 2 Tranceiver IREF
BIAS ——+—I
AINS CPU 22kW
AING 8051 XC1 e
AIN7 compatible XTAL ¢ L
Microcontroller oscillator T
3 XC2
A A
A h h
DVDD > 3 4
WATCH- WAKEUP
I PWM SPI e AKEU
bvbD2 Power mgmt
Regulators l I T_'_‘
)
vDD Reset A
N Low power
VSS Port logic RC
oscillator
S| g 9 Sl |6 I8 |o |2
Z| Oy Of 9O 4O yO yO {© 4O {© 4O
gl g| g a'a’a'a’a’'a’a’a
N o - o - N ™ < n © ~
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SDO SCK'SDI' CSN
25320
EEPROM

Figure 1-1 nRF24E2 block diagram plus externa components
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1.3 Pin Diagram

0
=
N
g >
& z % § s 5 : % &
Ao z 8 » IS] 7] z £ Ju
vDD| 1 ® 27 | IREF
AINO[ 2 26 [ AINS
DVDD2 AING
QFN36 6x6
P1.0/T2 (DIO0) | 4 24 | AIN7

\\/
pPL1(DIOL) | 5 \ o 23 | vss

\
P0.0 (DIO2)| 6 (\\ 22 | vbD
PO.1/RXD (DIOS) 21 | vss_pa

P0.2/TXD (DIO4)| 8 20 | ANT2

P0.3/INTO_N (DIO5)| 9 19 | ANT1

(901a) N TLNI/#"0d E
(£010) oL/s°0d E
(8010) TL/9'0d ﬂ

(601Q) WMd/L0d E
aana E

B

5]

TOX H

vd aan E

Pin | Name Pin function | Description

1 VDD Power Power Supply (1.9-3.6 V DC)

2 | AINO Andoginput | ADCinput O

3 DVDD2 Regulated Digitd Power Supply , must be connected to
power regulator output DVDD

4 P1.0O/T2 Digitd /0 Port 1, bit 0 or T2 timer input or SPI clock or

DIO0

5 P1.1 Digitd 1/0 Port 1, bit 1 or SPI dataout or DIO1

6 P0.0 Digitd 1/0 Port O, bit 0 or EEPROM.CSN or DIO2

7 PO.1/JRXD Digitd 1/0 Port O, bit 1 or UART.RXD or DIO3

8 PO.2/TXD Digitd 1/0 Port O, bit 2 or UART.TXD or DIO4

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.2 Page 6 of 109 June 2004



PRODUCT SPECIFICATION

N

NRF24E2 2.4 GHz Radio Transmitter with Microcontroller

9 PO.3/INTO_N | Digitd 1/0 Port O, bit 3or INTO N interrupt or DIO5

10 | PO.4/INT1 N | Digitd 1/0 Port O, bit 4 or INT1 N interrupt or DIO6

11 | PO.S/TO Digitd 1/0 Port O, bit 5 or TO timer input or DIO7

12 | PO.6/T1 Digitd 1/0 Port 0, bit 6 or T1 timer input or DIO8

13 | PO.7/PWM Digitd 1/0 Port O, bit 7 or PWM output or DIO9

14 | DvVDD Regulator Digita voltage regulator output for de-coupling
output and feed to DVVD2

15 | VSS Power Ground (OV)

16 | XC2 Andogoutput | Crystd Pin 2

17 | XC1 Andoginput | Crystd Pin 1

18 | VDD _PA Regulator DC supply (+1.8V) to RF Power Amplifier
output (ANT1ANT?2) only

19 | ANT1 RF Antennainterface 1

20 | ANT2 RF Antennainterface 2

21 | VSS PA Power Ground (0V)

22 | VDD Power Power Supply (1.9-3.6 V DC)

23 | VSS Power Ground (OV)

24 | AIN7 Andoginput | ADCinput 7

25 | AIN6 Andoginput | ADC input 6

26 | AINS Andoginput | ADCinput 5

27 | IREF Andoginput | Connection to externa Bias reference resistor

28 | AREF Andoginput | ADC reference voltage

29 | AIN4 Andoginput | ADC input 4

30 | AIN3 Andoginput | ADCinput 3

31 | VSS Power Ground (OV)

32 | vDD Power Power Supply (1.9-3.6 V DC)

33 | VSS Power Ground (OV)

34 | AIN2 Andoginput | ADC input 2

35 | AIN1 Andoginput | ADCinput 1

36 | P12 Digitd input Port 1, bit 2 or SPI datain or DINO

Table 1-3 : nRF24E2 pin function
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1.4 Glossary of Terms

Term Description

ADC Analog to Digital Converter
CLK Clock

CRC Cyclic Redundancy Check

CS Chip Select

CE Chip Enable

DR Data Ready

FS Full Scde

GFSK Gaussian Frequency Shift Keying
GPIO General Purpose In Out

ISM Industrial-Scientific-Medical
kSPS kilo Samples per Second

MCU Microcontroller Unit

oD Overdrive

PO (or P1) (8051) In/ Out Port O (or Port 1)
PWM Pulse Width Modulation
PWR_DWN Power Down

PWR_UP Power Up

RTC Real Time Clock

RX Recelve

SFR (8051) Specia Function Register
SPI Serial Peripheral Interface

SPS Samples per Second

ST_BY Standby

TX Transmit

XTAL Crystal (oscillator)
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2 ARCHITECTURAL OVERVIEW
This section will give abrief overview of each of the blocksin the block diagram in Figure
1-1.

2.1 Microcontroller

The nRF24E2 microcontroller is ingtruction set compatible with the industry standard 8051.
Ingtruction timing is dightly different from the indusiry standard, typically each instruction will
use from 4 to 20 clock cycles, compared with 12 to 48 for the “standard”. The interrupt
controller is extended to support 3 additiona interrupt sources, ADC, SPI, and wakeup
timer. There are dso 3 timers which are 8052 compatible, plus some extensions, in the
microcontroller core. An 8051 compatible UART that can use timerl or timer2 for baud
rate generation in the traditiona asynchronous modes isincluded. The CPU is equipped with
2 data pointers to facilitate easer moving of data in the XRAM area, which is a common
8051 extenson. The microcontroller clock is derived directly from the crysta oscillator.

2.1.1 Memory configuration

The microcontroller has a 256 byte data ram (8052 competible, with the upper half only
addressable by register indirect addressing). A smal ROM of 512 bytes, contains a
bootstrap loader that is executed automatically after power on reset or if initiated by
software later. The user program is normally loaded into a 4k byte RAM® from an externd
seriadl EEPROM by the bootstrap loader. The 4k byte RAM may aso (partialy) be used for
data storage in some applications.

212 Boot EEPROM/FLASH

If the mask ROM option is not used, the program code for the device must be loaded from
an externd non-volatile memory. The default boot loader expects this to be a “generic
25320" EEPROM with SPI interface. These memories are available from saverd vendors
with supply ranges down to 1.8V. The SPI interface uses the pins P1.2/DINO (EEPROM
SDO), P1.0/DIO0 (EEPROM SCK), P1.1/DIO1 (EEPROM SDI) and P0.0/DIO2
(EEPROM CSN). When the boot is completed, the P1.2/DINO, P1.0/DIO0 and
P1.1/DIO1 pins may be used for other purposes such as other SPI devices or GPIO.

2.1.3 Register map
The SFR (Specia Function Regigters) control severa of the features of the nRF24E2. Most

of the nRF24E2 SFRs are identical to the sandard 8051 SFRs. However, there are
additional SFRs that control features that are not available in the standard 8051.

! Optionally this 4k block of memory can be configured as 2k mask ROM and 2k RAM or 4 k mask ROM

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
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The SFR map is shown in the table below. The registers with grey background are registers
with industry standard 8051 behavior. Note that the function of PO and P1 are somewhat
different from the “standard” even if the conventional addresses (0x80 and 0x90) are used
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X000 X001 X010 X011 X100 X101 X110 X111
F8 EIP
Fo | B
ES EIE
EO0 | ACC
D8 | EICON
DO | Psw
cs | T2coN RCAP2L | RCAP2H TL2 TH2
Co
BS 1P TLIv2 | T21v2 | DEV.
OFFSET
BO RSTREAS | sPl SP SPl TICK_ CK_ TEST_
_DATA | CTRL CLK DV CTRL MODE
AS IE PWM PWM REGX REGX REGX
CON DUTY | MSB LB _CTRL
AO | RADIO | ADCCON | ADC ADC ADC
(F2) DATAH | DATAL | STATIC
o8 | scon SBUF
90 P1 EXIF | MPAGE PODIR | POALT | PLDIR | PLALT
gs | TcoN | T™MOD TLO TL1 THO TH1I | CKCON | SPC FNC
80 PO sP DPL DPH DPL1 DPH1 DPS PCON

Table 2-1 : SFR Register map

2.2 PWM

The nRF24E2 has one programmable PWM output, which is the aternate function

of PO.7 at pin DIO9.

The resolution of the PWM is software programmable to 6, 7 or 8 hits.

The frequency of the PWM dgnd is programmable via a 6 bit prescaer from the XTAL
ogcillator.

The duty cycle is programmable between 0% and 100% via one 8-hit register.

2.3 SPI

NRF24E2 features a smple single buffered SPI master. The 3 lines of the SPI bus (SDI,
SCK and SDO) are multiplexed (by writing to register SPI_ CTRL) between the GPIO pins
(P1.2/DINO, P1.0/DIO0 and P1.1/DIO1) and the RF transmitter. The SPl hardware does
not generate any chip select sgna. The programmer will typicaly use GPIO bits (from port
PO) to act as chip sdects for one or more externa SPI devices. When the SPI interfaces the
RF trangmitter, the chip selects are available in an internd GPIO port, P2.

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
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2.4 Port Logic

The device has 1 genera purpose input and 10 genera purpose bi-directiona pins. These
are by default configured as GPIO pins controlled by the ports PO (DIO2 to DIO9) and P1
(D100, DIO1, DINOQ) of the microcontroller.

Mogt of the GPIO pins can be used for multiple purposes under program control. The
dternate functions include two externa interrupts, UART RXD and TXD, a SPl master
port, three enable/count signds for the timers and the PWM output.

2.5 Power Management

The nRF24E2 can be st into alow power down mode under program control, and aso the
ADC and RF subsystems can be turned on or off under program control. The CPU will
gop, but dl RAM’s and registers maintain their values. The low power RC ostillator is
running, and S0 are the watchdog and the RTC wakeup timer (if enabled by software). The
current consumption in thismode istypicaly 2pA.

The device can exit the power down mode by an external pin (INTO_N or INT1 N) if
enabled, by the wakeup timer if enabled or by awatchdog reset.

2.6 RTC Wakeup Timer, Watchdog and RC Oscillator

The nRF24E2 contains alow power RC oscillator which can not be disabled, so it will run
continuoudy aslong asVVDD = 1.8V.

RTC Wakeup Timer and Watchdog are two 16 hit programmable timers that run on the RC
oscillator LP_OSC clock. The resolution of the watchdog and wakeup timer is
programmable from approximately 300us to gpproximately 80ms. By default the resolution
is 10ms. The wakeup timer can be started and stopped by user software. The watchdog is
disabled after areset, but if activated it can not be disabled again, except by another reset

2.7 XTAL Oscillator

Both the microcontroller, ADC and RF front end run on a crystal oscillator generated clock.
A range of crystds frequencies from 4 to 20 MHz may be utilised, but 16 MHz is
recommended sinceit gives best over dl performance. For details, please see Crysta
Specification on page 98. The oscillator may be started and stopped as requested by
software.

2.8 AD Converter

The nRF24E2 AD converter has 10 hit dynamic range and linearity with a converson time
of 48 CPU ingruction cycles per 10-hit result.

The reference for the AD converter is software selectable between the AREF input and an
internal 1.22V bandgap reference.
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The converter has 9 inputs selectable by software. Selecting one of the inputs O to 7 will
convert the voltage on the respective AINO to AIN7 pin.

Input 8 enables software to monitor the nRF24E2 supply voltage by converting an interna
input that is VDD/3 with the 1.22V internd reference sdlected.

The AD converter is typicdly used in a sart/sop mode. The sampling time is then under
software contral.

The converter is by default configured as 10 bits. For specid requirements, the AD
converter can be configured by software to perform 6, 8 or 12 bit conversons. The
converter may aso be usad in differentid mode with AINO used as inverting input and one
of the other 7 externd inputs used as noninverting input. In that case the converson time can
be reduced to approximately 2 ps.

2.9 Radio Transmitter

The tranamitter part of the circuit has identical functiondity to the trangmitter part of the
NRF2401 single chip RF transceiver. It is accessed through an internd pardle port and / or
an interna SPI. NRF24E2 contains no recelver functions.

NRF2401 is a radio transceiver for the world wide 24 - 25 GHz ISM band. The
tranamitter conssts of a fully integrated frequency synthesizer, a power amplifier and a
modulator. Output power and frequency channds and other RF parameters are easily
programmable by use of the RADIO register, SFR OxAO. RF current consumption is only
10.5 mA in TX mode (output power -5dBm). For power saving the transmitter can be
turned on / off under software control. Further information about the nRF2401 chip can be
found at our website http://Awww.nordicsemi.no.
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3 1/OPORTS

The nRF24E2 have two 10 ports located at the default locations for PO and P1 in standard
8051, but the ports are fully bi-directiond CMOS and the direction of each pin is controlled
by a DIRandan _ALT hit for each bit as shown in the table below.

An Default function Alternate=1 SPI_ CTRL=01
DINO P1.2 SPI_DI
DIOO P1.0 T2 (timer2 input) SPlI_SCK
DIO1 P1.1 SPI_ DO
DIO2 P0.0? EEPROM_CSN

DIO3 PO.1 RXD (UART)

DIO4 PO.2 TXD (UART)

DIO5 P0.3 INTO N (interrupt)

DIO6 PO.4 INTL N (interrupt)

DIO7 PO.5 TO (timerO input)

DIO8 P0.6 T1 (timerl input)

DIO9 PO.7 PWM

Table 3-1 : Port functions

3.1 I/O port behavior during RESET

During the period the internal reset is active (regardiess of whether or not the clock is
running), al the port pins are configured asinputs. When program execution sarts, the DIO
ports are dtill configured as inputs and the program will need to set the  ALT and/or the
_DIR regigter for the pins that should be used as outputs.

3.2 Port 0 (PO)

PO_ALT and PO_DIR control the PO port function in that order of priority. If the dternate
function for port pO.nisset (by PO_ALT.n = 1) the pin will beinput or output as required by
the dternate function (UART, externd interrupt, timer inputs or PWM output), except that
the UART RXD direction will till depend on PO_DIR.1.

TouseINTO_N or INT1 N, the corresponding aternate function must be activated,
PO ALT.3/PO_ALT.4

Whenthe PO_ALT.nisnot s, bit ‘n’ of the port isa GPIO function with the direction
controlled by PO_DIR.n.

2 Reserved for use as EEPROM_CSN, works as GPIO P0.0 independent of the “ Alternate setting”

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.2 Page 14 of 109 June 2004



PRODUCT SPECIFICATION

N

NRF24E2 2.4 GHz Radio Transmitter with Microcontroller

PO.0 isawaysa GPIO. It will be activated by the default boot loader after reset and should

be connected to the CSN of the boot flash.

Pin Datain PO ALT.n,PO DIR.n

10 11 00 01
P0.0 P0.0 Out | PO.0 In PO.0 | Out P0.0 In
(D102)
PO.1 RXD Out | RXD In PO.1 | Out PO.1 In
(DIO3)
PO.2 TXD Out | TXD Out |PO.2 | Out PO.2 In
(DI10O4)
PO.3 INTON |In INTON |In PO.3 | Out P0.3 In
(DIO5)
P0.4 INTLN |In INTLN |In PO.4 | Out P0.4 In
(D10O6)
PO.5 TO In TO In PO.5 | Out PO.5 In
(DIO7)
P0.6 T1 In T1 In PO.6 | Out PO.6 In
(DIO8)
PO.7 PWM Out | PWM Out | PO.7 | Out PO.7 In
(DIO9)

Table 3-2 : Port 0 (PO) functions

Port O is controlled by SFR-registers 0x80, 0x94 and 0x95 listed in the table below.

Addr | R/W | #bit | Init Name Function
SFR value
(hex) (hex)
80 RW | 8 FF | PO Port 0, pins DIOY9 to DIO2
94 RW | 8 FF | PO DIR | Direction for each bit of Port O
O: Qutput, 1: Input
Direction is overridden if dternate function is
selected for apin.
95 RW | 8 00 | PO_ALT | Sdect dternate functions for each pin of PO,

if corresponding bitin PO_ALT isst, as
ligedin Table 3-2 : Port O (PO) functions,
P0.0 has no dternate function,asit is
intended as CSfor externad boot flash
memory. It will function asaGPIO bit
regardlessof PO ALT.O0

Table 3-3 : Port O control and data SFR-registers
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3.3 Port 1 (P1or SPI port)

The P1 port consasts of only 3 pins, one of which isan hardwired input. The functionis
controlled by SPI_CTRL.

When SPI_CTRL is 01, the port is used as a SPI master port. The GPIO hitsin port PO
may be used as chip sdlect(s). For timing diagram, please see Figure 3-1 : SPI interface
timing.

When not used as SPI port, PO_ALT.0 will force P1.0 to bethetimer T2 input, PL.1is
now aGPIO. When PO_ALT.0is0, dso P1.0isaGPIO.

P1.2 (DINO) is aways an input.

Pin SPI_CTRL = SPI CTRL !=01
01 PLALTnNn=1 PLALT.N=0
PLDIRN=0 |PLDIRn=1

P10 sck [out [T2 In |[PLO [In P1.0 out
(DIOO)

P11 soo [ouw [Pr1 |1 [PL1  [In P11 out
(DIOY)

P1.2 SDI In |[PL2 [Iin [PL2 [In P1.2 In
(DINO)

Table 3-4 : Port 1 (P1) functions

Port 1 is controlled by SFR-registers 0x90, 0x96 and 0x97, and only the 3 lower bits of the
registers are used.

Addr R/W | #bit | Init Name Function

SFR value

(hex) (hex)
N |RW| 3 FF | P1 Port 1, pins DINO, DIO1 and DIOO
96 RW | 3 FF | PL DIR | Directionfor each bit of Port 1

0: Output, 1: Input

Direction is overridden if dternate function is
selected for apin, or if SPI_CTRL=01.
bitO, DINO is aways inpuit.

3 p11isactud ly under control of P1L DIR.1 evenwhen P1_ALT.1lis1, sincethereisno alternate
function for this pin.
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97

R/W

3

00

PLALT

Sdect dternate functions for each pin of P1

if corresponding bitin PL_ALT iss, aslisted
in Table 3-4 : Port 1 (P1) functions

If SPI_CTRL is‘01, the P1 port isused as
SPI master dataand clock :

2->SDI — input to NRF24E2 from dave

1 -> SDO — output from nRF24E2 to dave
0-> SCK —output from nRF24E2 to dave

Table 3-5 : Port 1 control and data SFR-registers
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P1 may aso be configured as a SPI master port , and is then controlled by the 3 SFR
registers 0xB2, 0xB3, 0xB4 as shown in the table below.

Addr | R/W | #bit | Init | Name Function
SFR (hex
(hex) )

B2 | RW| 8 0 | SPI_DATA | SPI datainput/output

B3 | RW| 2 0 | SPIL_CTRL | 00-> SPI not used no clock generated

01 -> SPI connected to port P1 (as for booting)
another GPIO must be used as chip select
(seedso Table 3-4 : Port 1 (P1) functions)

10 -> SPI connected to RADIO
tranamitter for TX or for configuration
(see Table4-2 : RADIO regidter )

11 -> reserved, do not use

B4 | RW| 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 isthe oscillator generated clock
described in Crystal Specification page 98

Table 3-6 : SPI control and data SFR-registers

3.3.1 SPI interface operation

Whenever SPI_DATA register iswritten to, a sequence of 8 pulsesis started on SCK,
and the 8 bitsof SPI_DATA regigter are clocked out on SDO with msb firdt.
Simultaneoudy 8 bits from SDI are clocked into SPI_DATA register. Ouput datais shifted
on negedge SCK, and input data is read on posedge SCK. Thisisillustrated in Figure 3-1 :
P interface timing. When the 8 bits are done, SPI_ READY interrupt (EXIF.5) goes
active, and the 8 bits from SDI may be read from SPI_DATA register. The EXIF.5 bit must
be cleared before starting another SPI transaction by writing to SPI_DATA regiter again.
SCK, SDO and SDI may be externd pinsor internd sgnas, as defined in SPI_CTRL
regiser.
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End of
write to
SPI_DATA

register

SCK

(D En DI (D e

0 D D O D e

SPI_READY!
interrupt

cSCK

tdSCK thSDI t

—p! t <« dready
sSDI

tdSDO

Figure 3-1 : SPI interfacetiming

tesck - SCK cycletime, as defined by SPICLK regigter.

tasck : time from writing to SPI_DATA regigter to first SCK pulse,
tasck = tesck / 2

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

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

thspi - SDI hold time to posedge SCK, thsp) > Ons.

toreay - time from last SCK pulseto SPI_READY interrupt goes active
tareasy = 7 CPU clock cycles

Note that the above delay, setup and hold time numbers only apply for SPI
connected to Port 1; aswhen SPI is connected to the Radio, SCK,SDO,SDI are dl
internd sgnas, not vishle to the user.

Minimum time between two consecutive SPI transactions will be :

8.5 tesck + toreaty + tsw
wheretsy isthetime taken by the software to process SPI_ READY interrupt, and write to
SPI_DATA regiger.
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4 nRF2401 2.4GHz TRANSMITTER SUBSYSTEM

4.1 RADIO port (Port 2)

The transmitter is controlled by the RADIO port. The RADIO port uses the address
normally used by port P2 in standard 8051. However since the radio transmitter is on chip,
the port is not bi-directiond. The power on default valuesin the port “latch” dso differs from
traditional 8051 to match the requirements of the radio transmitter subsystem.

Operation of the transmitter is controlled by SFR registers RADIO and SPI_CTRL.:

Addr R/W | #bit | Init Name Function
SFR value
(hex) (hex)

AO |RW | 8 80 | RADIO Generd purpose 1O for interface to
NRF2401 radio transmitter subsystem

B3 RW | 2 0 SPI_ CTRL | 00 -> SPI not used

01 -> SPI connected to port P1 (boot)
10 -> SPI connected to nNRF2401 TX
11 -> reserved, do not use

Table4-1 : nRF2401 2.4GHz transmitter subsystem control registers - SFR 0xA0 and
oxB3

The bits of the RADIO register correspond to similar pins of the nRF2401 single chip, as
shownin Table 4-2 : RADIO regiger . In the documentation the pin names are used, O
please note that setting or reading any of these nNRF2401 pins, means to write or read the
RADIO SFR regigter accordingly. Please dso note that in the transmitter documentation the
notation MCU means the onchip 8051 compatible microcontroller.

RADIO regiger bit corresponding pin name on
single chip nRF2401
24GHz Transceiver

Read : Thisisawrite only register, if read, dl bits will be undefined

Write:

7: PWR_UP, power on radio PWR_UP

6. CE, Activate TX mode CE

5: Not used CLK2

4: Not used

3: CS, Chip sdlect configuration mode CS

2: Not used

1. CLK1, clock for datainput CLK1

0: DATA, configuration or TX data input DATA

Table4-2 : RADIO register - SFR 0xAOQ, default initid data vaue is 0x80.
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Note: Some of the pins are overridden when SPI_CTRL=1x, see Table 4-3 : Tranamitter

SPI interface.

4.1.1 Controlling the transmitter via SPI interface.

It is more convenient to use the built-in SPI interface to do the most common transmitter
operations as RF configuration and ShockBurst™ TX. Please see Table 3-6 : SPI control
and data SFR-registers for use of SPI interface. The radio port will be connected in different
ways to the SPI hardware when SPI_CTRL is‘1x’. When SPI_CTRL is‘0x’, dl radio pins

are connected directly to their respective port pins.

SPl sgnd SPI CTRL=10 (binary)

CS RADIO_wr.6 (CE) for ShockBurst™
(active high) RADIO wr.3 (CS) for Configuration
SCK NRF2401/CLK1

SDI not used

SDO NRF2401/DATA

Table 4-3 : Tranamitter SP| interface.

nRF2401
Tranceiver
input output
PWR_UP
CE DR2
CLK2 CLK2
DOUT2
Cs
DR1
CLK1 CLK1
DATA DATA

SPI_CTRL
RADIO register
read bithno  write
7 PWR_UP
DR2 6 CE
CLK2 5 CLK2 MUX
DOUT2 4 3
3 (oS
DR1 2
— CLK1 1 CLK1 MUX
— DATA 0 DATA—|_ 2
) MUX
SPI
interface
SCK |—!
SDI SDO —
’7 MUX 3|

Figure 4-1 : Tranamitter interface
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4.1.2 RADIO port behavior during RESET

During the period the interna reset is active (regardiess of whether or not the clock is
running), the RADIO outputs that control the nRF2401 transmitter subsystem are forced to
their respective default values (RADIO.3=0 (CS), RADIO.6=0 (CE) RADIO.7=1
(PWR_UP)). When program execution starts, these ports will remain at those default levels
until the programmer actively changes them by writing to the RADIO regigter.

4.2 Modes of operation

4.2.1 Overview

The tranamitter subsystemn can be set in the following main modes depending on three
control pins.

Mode PWR _UP CE CS
Active (TX) 1 1 0
Configuration 1 0 1
Stand by 1 0 0
Power down 0 X X

Table 4-4 transmitter subsystem main modes

4.2.2 Active modes

The trangmitter subsystem has two active (TX) modes.

ShockBurg™
Direct Mode (not supported by nRF24E2)

The device functiondity in these modes is decided by the content of a configuration word.
This configuration word is presented in the configuration section. Please note that Direct
mode is not supported, as thiswill require amore powerful CPU than 8051.

4.2.3 ShockBurst™

The ShockBurst™ technology uses on-chip FIFO to clock in data a alow datarate and
tranamit a avery high rate thus enabling extremely power reduction.

When operating the transmitter subsystem in ShockBurs™, you gain access to the high data
rates (1 Mbps) offered by the 2.4 GHz band without the need of a costly, high-speed
microcontroller (MCU) for data processing.

By putting al high speed signd processing related to RF protocol on-chip, the nRF24E2
offers the following benefits

Highly reduced current consumption
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Lower system cogt (facilitates use of |ess expensive microcontroller)
Grestly reduced risk of ‘on-ar’ collisons due to short transgmission time

The transmitter subsystem can be programmed using a smple 3-wire interface where the
datarate is decided by the speed of the CPU.

By dlowing the digitd part of the gpplication to run at low speed while maximizing the data
rate on the RF link, the ShockBurst™ mode reduces the average current consumption in
goplications condderably.

4.2.3.1 ShockBurs™ principle

When the tranamitter subsystem is configured in ShockBurst™, TX operation is conducted
in the following way (10 kbps for the example only).

i / >
10 kbps effective NRF2401
8051 subsyst.

MCU [T FIFQ

ShockBurst™  1Mbps

Figure 4-2Clocking in data with CPU and sending with ShockBursta  technology

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

, < 10mA period >

T 10mA period  10Kbs MCU with ShockBurst™

0 20 40 60 80 100 120 140 160 180 200 220 240
Time mS

Fgure 4-3 RF Current consumption with & without ShockBurgtd  technology
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TX (CE=hi)2

YES

nRF2
ShockBurst™

uController
Loading ADDR
and PAYLOAD

Data content of registers:

ADDR PAYLOAD
data
Maximym 256 bits
4 K

r ~

nRF2401

Calculating CRC ADDR PAYLOAD CRC
a NO|
YES
nRF2401 -
Adding Preamble re-

amble ADDR PAYLOAD CRC

A
nRF2401
Sending
ShockBurst™
Package
(250 or 1000kbps)

Input FIFO not Empty

YES

Sending
completed?

Figure 4-4 FHow Chart ShockBurst™ Transmit of transmitter subsystem
4.2.3.2 ShockBurgd™ Transmit:

4.2.3.21 CPU interfacepins. CE, CLK1, DATA

1.

2.

w

When the gpplication CPU has datato send, set CE high. This activates
NRF2401 on-board data processing.
The address of the receiving node (RX address) and payload datais clocked

into the transmitter subsystem. The agpplication protocol or CPU sets the speed
<1Mbps (ex: 10kbps).

CPU sets CE low, this activates a ShockBurst™ transmission.
ShockBurst™:

RF front end is powered up

RF package is completed (preamble added, CRC calculated)

Dataistransmitted at high speed (250 kbps or 1 Mbps configured by

user).
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transmitter subsystem returns to stand by when finished
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4.3 Device configuration

All configuration of the transmitter subsystem is done via a 3-wire interface interface (CS,
CLK1 and DATA) to asingle configuration register. The configuration word can be up to
18 bitslong. The configuration bits (DATA) must be clocked (by CLK1) into transmitter

subsystem, with msb first, while CS=1. No more than 18 bits may be downloaded.

4.3.1 Configuration for ShockBurst™ operation

The configuration word in ShockBurs™ enables the transmitter subsystem to handle the RF
protocol. Once the protocol is completed and loaded into transmitter subsystem only one
byte, bit[7:0], needs to be updated during actua operation.

The configuration blocks dedicated to ShockBurst™ is as follows:
CRC: Enables on-chip CRC generation and de-coding.

NOTE:

The CPU must generate an address and a payload section that fits the configuration of the
NRF24x1 subsystem that is to receive the data.

When using the transmitter subsystem on-chip CRC feature ensures that CRC is enabled
and uses the same length for both the TX and RX devices.

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 4-5Data packet set-up

4.3.2 Configuration for Direct Mode operation

For direct mode operation only the two first bytes (bit[15:0]) of the configuring word is
relevant.
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4.3.3 Configuration Word overview

Bit Number Name Function
position| of bits

E‘t?i "% > 17 reserved must not be written
3 5
~ O
8 "E 17 1 CRC L 8 or 16 bit CRC
& 8
16 1 CRC_EN Enable on-chip CRC generation.

reserved, should be

15 1 Zero
c
=)
= 14 1 CM Communication mode (Direct or ShockBurst™)
S
2
= 13 1 RFDR_SB RF data rate (1M bps requires 16MHz crystal)
3
8
% 12:10 3 XO F Crystal frequency
©
©
o 9.8 2 RF PWR RF output power
c
(5
O
7:1 7 RF_CH# Frequency channel

reserved, must be
0 1 Zero

Table 4-5 Table of configuration words.

The configuration word is shifted in MSB firgt on positive CLK 1 edges. New configuration
is enabled on the falling edge of CS. Not more than maximum 18 bits must be shifted.

NOTE.
On thefdling edge of CS, the transmitter subsystemn updates the number of bits actualy
shifted in during the last configuration.
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4.3.4 Configuration Word Detailed Description

The following describes the function of the 24 bits (bit 23 = MSB) that is used to configure
the transmitter subsystem.
Generd Device Configuration: bit[15:0]

ShockBurs™ Configuration: bit[17:16]

CRC
D17 D16
CRC Mode 1 = 16bit, 0 = CRC 1 = enable; 0 = disable
8hit
0 1 Default
RF-Programming LB
D15 D14 D13 | D12 | D11 | D10 | D9 D8 D7 | D6 | D5 | D4 | D3 | D2 | D DO
1
reserved BUF | OD XO Frequency RF Power Channel selection reserved
0 0 0 o [1 |1 1 ] o [o Jo [o [o J1 Jo 0 Default

Table 4-6 Configuration data word
The MSB bit should be loaded first into the configuration register.
Default configuration word: h1.0F04.
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4.3.4.1 ShockBurst™ configuration:

Bits[17:16] contains the segments of the configuration register dedicated to ShockBurg™
operationd protocol. After VDD isturned on ShockBurs™ configuration is done once and
remains st whilst VDD is present. During operation only the first byte for frequency channd
needs to be changed.

43411 CRC
CRC L |CRC_E
N
17 16
Table4-7 CRC stting.
Bit 17:
CRC L: CRC length to be cdculated in ShockBurst™.

Logic O: 8 bit CRC

Logic 1: 16 bit CRC
Bit: 16:

CRC_EN: Enables on-chip CRC generation..
Logic 0: On-chip CRC generation disabled
Logic 1. On-chip CRC generation enabled

NOTE:

An 8 bit CRC will increase the number of payload bits possble in each
ShockBurs™ data packet, but will aso reduce the system integrity.

4.3.4.2 Generd RF configuration:

This section of the configuration word handles RF and device rdated parameters.

4.3.4.2.1 Modes
r eserved CM RFDR SB X0 F RF PWR
15 14 13 2 | 1 | 10 9 | s
Table 4-8 RF operationd settings.
Bit 15:

Reserved: Should be st to logic 0.

Bit 14:
Communication Mode:
Logic O: transmitter subsystem operatesin direct mode.
Logic 1: transmitter subsystem operates in ShockBurst™ mode
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Bit 13:
RF Data Rate:
Logic 0: 250 kbps
Logic 1. 1 Mbps

NOTE:
Utilizing 250 kbpsingtead of 1IMbps will improve the recaiver sengtivity by
10 dB. 1IMbps requires 16MHz crystal.

Bit 12-10:
X0 F Sdlects the nRF24E2 crystd frequency to be used:

XO Freguency Selection

D12 | D11 | D10 [ Crystal Frequency [MHZ]
0 0 0 4
0 0 1 8
0 1 0 12
0 1 1 16
1 0 0 20

Table 4-9 Crysd frequency stting.
Please aso see Table 14-2 Crystd specification of the nRF24E2

Bit 9-8:
RF_PWR: Sets nRF24E2 RF output power in transmit mode:

RF Output Power
D9 D8 P [dBm]
0 0 -20
0 1 -10
1 0 -5
1 1 0

Table 4-10 RF output power setting.

4.3.4.2.2 RF channd

RF _CH# r eser ved
7l 6] 5]4[3]2]1 0
Table 4-11 Frequency channd stting.

Bit7-1
RF_CH#: Setsthe frequency channel the nRF24E2 operates on.

The channd frequency in transmit isgiven by:
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Channel .- = 2400 MHz + RF _CH#x1.0 MHz

RF_CH #: between 2400MHz and 2527MHz may be s&t.

Bit O:
Reserved : Must be st to logic O (zero).

4.4 Data package Description

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 4-6 Data Package Diagram

The data packet for both ShockBurs™ mode and direct mode communication is divided
into 4 sections. These are:

1. PREAMBLE - Thepreamblefield isrequired in ShockBurst™ and Direct modes
Preamble is 8 bits in length and is dependent of the first bit of the
address.

PREAMBLE 19 ADDR-BIT
01010101 0
10101010 1

Preamble is automatically added to the data packet in ShockBurst™ and
thereby gives extra space for payload. In Direct mode MCU must handle

preamble.
2 ADDRESS . Theaddressfield is required in ShockBurst™ mode.*
- 81040 bits length.
3 PAYLOAD - Thedatato be transmitted

In Shock-Burst mode payload size is 256 bits minus the following:
(Address: 8 to 40 hits. + CRC 8 or 16 bits).

In Direct mode the maximum packet size (length) is for IMbps for 4ms:
4000 bits (4ms).

4 CRC - The CRC is optiond in ShockBurst™ mode, and is not used in Direct
mode.
8 or 16 bitslength

Table 4-12 Data package description

* Suggestions for the use of addressesin ShockBurst™: In genera more bits in the address

gives less fase detection, which in the end may give lower data packet loss,

A. Theaddressmade by (5, 4, 3, or 2) equal bytes are not recommended becauseit in
genera will make the packet-error-rate increase.

B. Addresses wherethe leved shift only one time (i.e. OXOOOFFFFFFF) could often be
detected in noise that may give afase detection, which again may give raised packet-
error-rate.

C. First byte of address should not start with 0x55.. or OXAA.. as this may be interpreted
as part of preamble, causing address mismatch for the rest of the address
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4.5 Important RF Timing Data

Thefollowing timing applies for operation of trangmitter subsystem.

451 nRF2401 subsystem Timing | nformation

NRF2401 subsystem timing Max. | Min. Name
PWR_DWN =>» Configuration ST_BY mode 3ms Tpd2shy
PWR_DWN =>» Active mode (TX) 3ms Tpd2a
ST _BY =>» TX ShockBurst™ 195ns Tshy2txSB
Minimum delay from CSto data. 5ns Tcs2data
Minimum delay from CE to data. 5ns Tce2data
Delay between edges 50ns Td
Setup time 500ns Ts
Hold time 500ns Th
Delay to finish internal GFSK data 1l/datarate | Tfd
Minimum input clock high 500ns Thmin

Table 4-13 Operationd timing for transmitter subsystem

When the tranamitter subsystem isin power down it must lways settle in stand by for
Tpd2sy (3ms) before it can enter configuration or one of the active modes.

PWR UP

CS

CE
CLK1 A0000000000C00C
DATA X0CCO0CO00000CC

A

Tpd2shby

Y

Figure 4-7 Timing diagram for power down (or VDD off) to configuration mode

for transmitter subsystem.
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PWR_UP _ |
cs
CE
cLK1 A0000000000000C
DATA X0000000000000C

Tpd2a
Figure 4-8 Power down (or VDD off) to active mode

Note that the configuration word will be lost when VDD isturned off and that the device
then must be configured before going to one of the active modes. If the device is configured
one can go directly from power down to the wanted active mode.

Note:

CE and CSmay not be high a the same time. Setting one or the other decides
whether configuration or active mode is entered.

45.2 Configuration mode timing

When one or more of the bits in the configuration word needs to be changed the following
timing apply.

I I
PWR_UP | |
| |
CE I I
I I
ke W AN - NN
oara WY OODOC - - -+ - 0000
S _
Td  \ ——
AN —— —
cs
CE :
Thmin I
] !
CLK1 | w
H | |
paTA [L X _M$B X
i i
s Ts Th
©
]
N
8
'_

Figure 4-9 Timing diagram for configuration of transmitter subsystem

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.2 Page 34 of 109 June 2004



PRODUCT SPECIFICATION >

NRF24E2 2.4 GHz Radio Transmitter with Microcontroller

If configuration mode is entered from power down, CS can be set high after Tpd2sby as
shownin Figure 4-7.
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45.3 ShockBurst™ Modetiming

ShockBurst™ TX:

| |
PWR_UP | |
TR | |
S | i
ce i V1
| |
cikt I'\/ \( [VAVAREEERERENE
DATA m_:DD(PDC """
ANT1/ANT2 ! ! Wm”mm:
Td N — Tsby2txSB  Toa
N ~ —
N ~— _
N ~—_
| |
CS| |
| |
CE I/ THmin |
ckill ﬂl
H ; |
DATA |_ |

Ts Th

Tce2data 1‘
V)
y
y
4
AN
X

Figure 4-10 Timing of ShockBurd™ in TX

The package length and the data rate give the delay Toa (time on air), as shown in the

equation. Databits are the total number of bits, including any CRC and preamble bits which
may be added.
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5 A/D CONVERTER

The AD converter subsystem has 10 bit dynamic range and linearity when used at the
Nyquigt rate. With lower sgnd frequencies and podt filtering, up to 12 bitsresolution is
possible. The reference for the AD converter is selectable between the AREF input and an
interna 1.22V bandgap reference.

The converter default setting is 10 bits. For specia requirements, the AD converter

can be configured to perform 6, 8, 10 or 12 bit conversions. The converter may also be
used in differential mode with AINO used as inverting input and one of the other 7 externd
inputs used as noninverting input. In differentid mode a dightly improvement (eg. 2dB for a
10 bit conversion) in SNR may be expected.

The AD converter isinterfaced to the microcontroller via 4 registers. ADCCON (0xA1)
contains the most commonly used control functions like channd and reference sdection,
power on and start stop control. ADCSTATIC (0xA4) contains infrequently used control
functions that will normaly not be changed by nRF24E2 applications. The high part of the
result isavailable in the ADCDATAH (0xA2) register, whereas the ADCDATAL (OxA3)
will hold the low part of the result (if any) and the end of conversion together with overflow
datus hits.

The complete AD subsystem is switched off by clearing bit NPD (ADCCON.5). The AD
converter isnormally clocked by the CPU clock divided by 32 (125 to 625 kHz), and the
ADC will produce 2 bits of result per clock cycle.
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5.1 A/D converter subsystem block diagram

[—4INO L _
AIN1 : single- Ir-._ Vi- Ae
' i ended Tepeet DATA
IN2 . ; to L i+ DAT, 5 H
: S it
N e ' ' 6-12bit |
IN4 Lo | oFFm AD
[AINS ORI =3 2bit/clk .
. ! H Vref ADC
IN6 : Vo DCRES ADCUFIOFRNG| £y
IN7 | 27L'B.AS oc !
! —
! .
} START CPU bus
ADCSEL
4 SEQUENCE  [CSTARTN
CONTROL | \perun ac |, |
ADCSEL | CON
pand |1.22V NPD
gap : :
e (T ANALOG LEEP
! ' CONTROL JAS SEL
I . I ADC
|
STATIC
AREF EXTREFT ADCCIK PIEEM.
XO clock | 1 1/4 fenmnnes : ke Acres il
e I~

Figure 5-1 : Block diagram of A/D converter

5.2 A/D converter registers

5.2.1 ADCCON register, SFR OxAl

Bit(s) Name Function

7 CSTARTN | ToggleH -> L ->H to start A/D conversion.
Thisbit isinterndly synchronized to the ADC clock
Ignored if ADCRUN is <.

6 ADCRUN Set to have the A/D converter run continuoudly
CSTARTN isignored in this case

ol

NPD Set to 0 to put A/D converter in power down state

4 EXTREF Select reference for A/D converter

0: Useinternd band gap reference (nomindly 1.22V)
1. Use externd pin AREF for reference

Ignored if ADCSEL =8.

3-0 | ADCSEL Sdlect input AINOto AIN7

ADCSEL =8 will sdect internd VDD/3, and aso automatically
select interna bandgap reference

For n=0..7, ADCSEL=n will sdlect input pin AINn
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Table5-1: ADCCON register, SFR 0xA1, default initial datavalueis 0x80.

5.2.2 ADCSTATIC register, SFR OxA4

Bit(s) Name Function

7 DIFFM Enable differential measurements, AINO must be used as
inverting input and one of the other inputs AIN1 to AIN7, as
selected by ADCSEL, must be used as noninverting input.

6 SLEEP Set A/D converter in areduced power mode

5 CLK8 0: ADCCLK frequency = CPU clock divided by 32
1: ADCCLK frequency = CPU clock divided by 8

4—2 | ADCBIAS | Control A/D converter bias current
No need to change for nRF24E2 operation

1-0 ADCRES Sdect A/D converter resolution

00: 6-hit, result in ADCDATAH 5-0

01: 8-bit, result in ADCDATAH

10: 10-bit, result in ADCDATAH,ADCDATAL.7-6
11: 12-bit, result in ADCDATAH,ADCDATAL.7-4

Table5-2 : ADCSTATIC regiger, SFR 0xA4, default initid data vaue is Ox0A.

5.2.3 ADCDATAH register, SFR 0xA2

Bit(s) Name Function

7-0 | ADCDATAH | Mog sgnificant 8 bits of A/D converter result. For 6-bit
conversons ADCDATAH.7-6is ‘00

524 ADCDATAL register, SFR OxA3

Bit(s) Name Function

7-4 | ADCDATAL | Least sgnificant part of A/D converter result when resolution
is12 or 10 hits, leftjustified. For 10-bit conversions
ADCDATAH.5-4is'00

3 not used

2 ADCUF Underflow in converson. Dataisdl O's
1 ADCOF Oveflow in converson. Dataisdl 1's
0 ADCRNG Overflow or underflow in conversion

(ADCUF | ADCOF)

Table5-3 : ADC data SFR-registers, SFR 0xA2 and OxA3.
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5.3 A/D converter usage

5.3.1 End of conversion.

A sgnd ADC _EOC isavailablein the EXIF.4 bit (Interrupt 2 flag) and it isset to 1 by A/D
converter when a converson (single step or continuous mode) is completed, see Table 7-4
. EXIF Register — SFR 0x91. For timing of ADC_EOC, see Figure 5-3 and Figure 5-4

5.3.2 Measurements with external reference
When EXTREF (ADCCON.4) isset to 1 and ADCSEL (ADCCON.3-0) selects an input

AIN; (i.e. AINg to AIN>), theresultin ADCDATA isdirectly proportiond to theratio
between the voltage on the sdlected input, and the voltage on pin AREF.
AIN; voltage = AREF voltage* ADCDATA /2™

Where N isthe number of bits set in ADCRES (ADCSTATIC.1-0) and ADCDATA isthe
resulting bitsin ADCDATAH (and ADCDATAL if N > 8).

For differentid measurements asmular equation apply :
(AIN; - AIN)voltage = AREF voltage * (ADCDATA -2 ) j 2N
This mode of operation is normally selected for sources where the voltage is depending on

the supply voltage (or another variable voltage), like shown in Figure 5-2 below. The
resstor R1 is selected to keep AREF = 1.5V for the maximum VDD voltage.
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SUPPLY

R1
VDD

AREF

NRF24E1

R2 AINO

R3 ;*7 AIN1

A4

Figure 5-2 Typicd use of A/D with 2 ratiometric inputs

5.3.3 Measurementswith internal reference

When EXTREF (ADCCON.4) isset to 0 and ADCSEL (ADCCON.3-0) selects an input
AIN; (i.e. AINg to AIN), the result in ADCDATA isdirectly proportiond to theratio
between the voltage on the sdlected input, and the interna bandgap reference (nominaly
1.22V).

if Sngleended input : AIN; voltage=1.22 V * ADCDATA /2™
if differentia input : (AIN; - AIN) voltage = 1.22 V * (ADCDATA -2"®b) 2N

Where N isthe number of bits set in ADCRES (ADCSTATIC.1-0) and ADCDATA isthe
result bitsin ADCDATAH (and ADCDATAL if N > 8).

This mode of operation is normally selected for sources where the voltage is not depending
on the supply voltage.
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5.3.4 Supply voltage measurement
When ADCSEL (ADCCON.3-0) is set to 8, the ADC will use the internal bandgap

reference (nominaly 1.22V), and the input is 1/3 of the voltage on the VDD pins. The result
in ADCDATA isthus directly proportiond to the VDD voltage.
VDD voltage=3.66V * ADCDATA / 2**N

Where N isthe number of bits set in ADCRES (ADCSTATIC.1-0) and ADCDATA isthe
result bitsin ADCDATAH (and ADCDATAL if N > 8).

5.4 A/D Converter timing

ADCCLK

CSTARTN
input signal

[ sampled

- teonv >
ADC_EOC

\
ADCDATA any previously converted value is held until
new ADC_EOC

Fgure 5-3 : Timing diagram single sep converson.

ADCRUN=0, and conversion is started at first posedge ADCCLK after CSTARTN has
gone high. A pulseis generated on ADC_EOF when the converted vaue is available on the
ADCDATA bus. Conversion time tcon, depends on resolution,

tconv = N/2 + 3 clock cycles, where N is number of resolution hits. In the figure a 10 bit
converson is shown. Minimum width of a CSTARTN pulseis 1 clock cycle. If anew
CSTARTN pulse comes before previous converson hasfinished, the previous converson
will be aborted.
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ADCCLK

input signal {n %4_1 ’F_FZ
sample
« tConv >
ADC_EOC
< t >
‘Cycle
ADCDATA >< sample n-1 >< sample n

Figure 5-4 : Timing diagram continuous mode conversion.

ADCRUN-=1, and CSTARTN isignored. Cycle time tcyq. IS the time between each
converson. teyge = N/2 +1 clock cycles, where N is number of resolution bits. Thefigureis
showing 10 bit conversons.

5.5 Analog interface guidelines

The input impedance of anaog inputs should preferably bein range 100-1000 O, and in any
case be less than 10 kO. Small capacitors on inputs (e.g. 200pF) are recommended for
decoupling, see aso Figure 15-1 for gpplication example.

If AIN inputs goes beyond the sdlected reference voltage, the ADC will clip and the result
will be the maximum code. Absolute maximum for any AIN voltageis 2.0V.
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6 PWM

The nRF24E2 PWM output is a one-channel PWM with a2 regigter interface. Thefirst
register, PWMCON, enables PWM function and PWM period length, which is the number
of clock cyclesfor one PWM period, as shown in the table below. The other regigter,
PWMDUTY, controls the duty cycle of the PWM output signd. When this register is
written, the PWM sgnd will change immediatdy to the new vaue. Thiscan result in 4
trangtions within one PWM period, but the trangition period will aways have a“DC vaue’
between the “old” sample and the “new” sample.

The table shows how PWM frequency (or period length) and PWM duty cycle are
controlled by the settings in the two PWM SFR-registers. For a crysta frequency of 16
MHz, PWM frequency range will be about 1-253 kHz.

PWM CON[7:6] PWM frequency PWMDUTY
(duty cycle)
00 0 (PWM moduleinactive) 0
} 1 PWMDUTY/5: 0]
01 fyo _
63 PWMCON [5:0] +1) 63
1 PWMDUTY|6: 0]
10 fro %
127 {PWMCON(5: 0] +1) 127
B f 1 PWMDUTY
X0 255 PWMCON(5: 0] +1) 255

PWM is controlled by SFR 0xA9 and OxAA.

Addr R/W | #bit | Init Name Function
SFR (hex)
(hex)

A9 |RW | 8 0 PWMCON PWM control register
7-6: Enable/ period length select
00: Dissble PWM
01: Period length is 6 bit
10: Period length is 7 bit
11: Period length is 8 bit
5-0: PWM frequency prescae factor
(see table above)

AA |RW | 8 0 PWMDUTY | PWM duty cycle (6 to 8 bits according
to period length)

Table6-1 : PWM control registers - SFR 0xA9 and OXAA
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7 INTERRUPTS
NRF24E2 supports the following interrupt sources:

Interrupt Sgnal Description

INTO_N Externd interrupt, active low, configurable as edge-senstive or leve-
sensitive, at Port PO.3

TFO Timer O interrupt

INT1 N Externd interrupt, active low, configurable as edge-sengtive or leve-
senditive, at Port P0.4

TF1 Timer 1 interrupt

TF2 or EXF2 Timer 2 interrupt

Tl or RI Receaiveltranamit interrupt from Serid Port

int2 Internd ADC_EOC (end of AD conversion) interrupt

int3 Internd SPI_ READY interrupt

int4 not used in NRF24E2

int5 not used in NRF24E2

wlti Internal RTC wakeup timer interrupt

Table 7-1 : nRF24E2 interrupt sources

7.1 Interrupt SFRs

The following SFRs are associated with interrupt control:
- IE—SFR OXA8 (Table 7-2)

- IP—SFR 0xB8 (Table 7-3)

- EXIF — SFR 0x91 (Table 7-4)

- EICON — SFR 0xD8 (Table 7-5)

- EIE — SFR OXE8 (Table 7-6)

- EIP— SFR OxF8 (Table 7-7)

The lE and IP SFRs provide interrupt enable and priority control for the standard
interrupt unit, as with industry standard 8051. The EXIF, EICON, EIE, and EIP
registers provide flags, enable control, and priority control for the extended

interrupt unit.

Table 7-2 explains the bit functions of the | E register.

Bit Function

IE.7 EA - Globd interrupt enable. Controls masking of al interrupts. EA =0

dissblesal interrupts (EA overrides individud interrupt enable bits). When EA
=1, each interrupt is enabled or masked by itsindividua enable bit.

IE.6 Resarved. Read as 0.

IE.5 ET2 - Enable Timer 2 interrupt. ET2 = 0 disables Timer 2 interrupt (TF2).

ET2 = 1 enables interrupts generated by the TF2 or EXF2 flag.
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IE.4 ES - Enable Serid Port interrupt. ES = 0 disables Serid Port interrupts (T1
and Rl). ES = 1 enables interrupts generated by the Tl or Rl flag.

IE.3 ET1 - Enadble Timer Linterrupt. ET1 = 0 disables Timer 1 interrupt (TFL).
ET1 = 1 enablesinterrupts generated by the TF1 flag.

IE.2 EX1 - Endble externd interrupt 1. EX1 = 0 disables externd interrupt 1
(INT1 N). EX1 = 1 enablesinterrupts generated by the INT1 N pin.

IE.1 ETO - Enable Timer O interrupt. ETO = O disables Timer O interrupt (TFO).
ETO = 1 enablesinterrupts generated by the TFO flag.

IE.O EXO - Enable externa interrupt 0. EXO = 0 disables externd interrupt O
(INTO_N). EXO = 1 enables interrupts generated by the INTO N pin.

Table 7-2 : |E Register — SFR OxA8

Table 7-3 explains the bit functions of the IP register.

Bit Function

IP.7 Reserved. Read as 1.

IP.6 Reserved. Read as 0.

IP.5 PT2 - Timer 2 interrupt priority control. PT2 = 0 sets Timer 2 interrupt (TF2)
to low priority. PT2 = 1 sets Timer 2 interrupt to high priority.

IP.4 PS - Serid Port interrupt priority control. PS = 0 sets Serid Port interrupt (TI
or RI) to low priority. PS =1 sets Serid Port interrupt to high priority.

IP.3 PT1 - Timer 1 interrupt priority control. PT1 = 0 sets Timer 1 interrupt (TF1)
to low priority. PT1 =1 sets Timer 1 interrupt to high priority.

IP.2 PX1 - Externd interrupt 1 priority control. PX1 = 0 sets externd interrupt 1
(INTL N) to low priority. PT1 = 1 sets externd interrupt 1 to high priority.

IP.1 PTO - Timer O interrupt priority control. PTO = 0 sets Timer O interrupt (TFO)
to low priority. PTO = 1 sets Timer O interrupt to high priority.

IP.O0 PX0 - Externd interrupt O priority control. PX0 = 0 sets externd interrupt O
(INTO N) to low priority. PTO = 1 sets externa interrupt O to high priority.

Table 7-3 : IP Regigter — SFR OxB8

Table 7-4 explains the bit functions of the EXIF register.

Bit Function

EXIF.7 |E5 - Interrupt 5 flag. 1ES = 1 indicates that arising edge was detected on the
RADIO.DR2 signal.(see ch. 5.1.RADIO) IE5 must be cleared by software.
Setting |ES in software generates an interrupt, if enabled.

EXIF.6 IE4 - Interrupt 4 flag. IE4 = 1 indicates that arisng edge was detected on the
RADIO.DR1 sgnd.(see ch. 5.1.RADIO) IE4 must be cleared by software.
Setting |E4 in software generates an interrupt, if enabled.
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EXIF.5 IE3 - Interrupt 3 flag. IE3 = 1 indicates that the internal SPI module has sent
or received 8 bits, and is ready for anew command. |E3 must be cleared by
software. Setting |E3 in software generates an interrupt, if enabled.

EXIF4 IE2 - Interrupt 2 flag. IE2 = 1 indicates that arising edge was detected on the
ADC _EOC ggnal. (seech.5.3.1 End of converson.) IE2 must be cleared by
software. Setting |E2 in software generates an interrupt, if enabled.

EXIF.3 Reserved. Read as 1.

EXIF.2-0 | Reserved. Read as0.

Table 7-4 : EXIF Register — SFR 0x91

Table 7-5 explains the bit functions of the EICON register.

Bit Function

EICON.7 | Not used.

EICON.6 Reserved. Read as 1.

EICON.5 Reserved. Read as 0.

EICON.4 | Reserved. Read asO.

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

EICON.2- | Reserved. Read asO.
0

Table 7-5 : EICON Register — SFR 0xD8

Table 7-6 explains the bit functions of the EIE register.

Bit Function

EIE.7-5 Reserved. Read as 1.

EIE4 EWDI - Enable RTC wakeup timer interrupt. EWDI = 0 disables wakeup
timer interrupt (wdti). EWDI = 1 enables interrupts generated by wakeup.

EIE.3 EX5 - Enable interrupt 5. EX5 = 0 disables interrupt 5 (RADIO.DR2). EX5
= 1 enablesinterrupts generated by the RADIO.DR2 signdl.

EIE.2 EX4 - Enable interrupt 4. EX4 = 0 disablesinterrupt 4 (RADIO.DRY). EX4
= 1 enablesinterrupts generated by the RADIO.DR1 signdl.

EIE.1 EX3 - Enable interrupt 3. EX3 = 0 disablesinterrupt 3 (SPI_READY). EX3
= 1 enables interrupts generated by the SPI READY signd.

EIEO EX2 - Enable interrupt 2. EX2 = 0 disablesinterrupt 2 (ADC_EOC). EX2 =
1 enablesinterrupts generated by the ADC EOC sgnd.

Table 7-6 : EIE Register — SFR OxE8
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Table 7-7 explains the bit functions of the EIP register.

Bit Function

EIP.7-5 Reserved. Read as 1.

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

EIP.3 PX5 - interrupt 5 priority control. PX5 = 0 setsinterrupt 5 (RADIO.DR?2) to
low priority. PX5 = 1 setsinterrupt 5 to high priority.

EIP.2 PX4 - interrupt 4 priority control. PX4 = 0 setsinterrupt 4 (RADIO.DRL1) to
low priority. PX4 = 1 satsinterrupt 4 to high priority.

EIP.1 PX3 - interrupt 3 priority control. PX3 = 0 satsinterrupt 3 (SPI_READY) to
low priority. PX3 = 1 satsinterrupt 3 to high priority.

EIP.O PX2 - interrupt 2 priority control. PX2 = 0 setsinterrupt 2 (ADC_EOC) to
low priority. PX2 = 1 setsinterrupt 2 to high priority.

Table 7-7 : EIP Register — SFR OxF8

7.2 Interrupt Processing

When an enabled interrupt occurs, the CPU vectorsto the address of the interrupt
service routine (I SR) associated with that interrupt, aslisted in Table 7-8. The
CPU executesthe ISR to completion unless another interrupt of higher priority
occurs. Each ISR endswith an RETI (return from interrupt) instruction. After
executing the RETI, the CPU returns to the next instruction that would have been
executed if the interrupt had not occurred.

Interrupt Description Natura Priority I nterrupt
(lowest number Vector
gives highest
priority)

INTO N Externd interrupt O 1 0x03

TFO Timer O interrupt 2 0x0B

INTL1 N Externd interrupt 1 3 0x13

TF1 Timer 1 interrupt 4 Ox1B

TlorRI Serid Port transmit or 5 0x23

receive

TF2 or EXF2 Timer 2 interrupt 6 0x2B

int2 ADC EOC interrupt 8 0x43

int3 SPI_ READY interrupt | 9 0x4B
int4 not used in NRF24E2 10 0x53
int5 not used in NRF24E2 11 Ox5B
wlti RTC wakeup timer 12 O0x63
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interrupt

Table 7-8 : Interrupt Natura Vectors and Priorities

An ISR can only be interrupted by a higher priority interrupt. That is, an ISR for a
low-level interrupt can be interrupted only by a high-level interrupt. The CPU
always completes the instruction in progress before servicing an interrupt. If the
instruction in progressis RETI, or awrite accessto any of the IP, IE, EIP, or EIE
SFRs, the CPU completes one additional instruction before servicing the
interrupt.

7.3 Interrupt Masking

The EA bitinthe lE SFR (IE.7) isaglobal enablefor all interrupts. When EA =1,
each interrupt is enabled/masked by itsindividual enable bit. When EA =0, al
interrupts are masked. Table 7-9 provides a summary of interrupt sources, flags,
enables, and priorities.

| nterrupt Description Flag Eneble | Control
INTO_N Externd interrupt O TCON.1 IE.O IP.0
TFO Timer O interrupt TCON.5 IE.1 IP.1
INT1 N Externd interrupt 1 TCON.3 IE.2 IP.2
TF1 Timer 1 interrupt TCON.7 IE.3 IP.3
TlorRI Serid Port transmitor | SCON.O (RI), IE.4 IP.4
receive SCON.1 (TI)
TF2 or EXF2 Timer 2 interrupt T2CON.7 (TF2), IE.5 IP.5
T2CON.6 (EXF2)
int2 ADC_EOC interrupt EXIF.4 EIE.O EIP.O
int3 SPI_READY interrupt | EXIE.S EIE.1 EIP.1
int4 not used innNRF24E2 | EXIF.6 EIE.2 EIP.2
int5 not used innNRF24E2 | EXIF.7 EIE.3 EIP.3
wti RTC wakeup timer EICON.3 EIE4 EIP4
interrupt

Table 7-9 : Interrupt Flags, Enables, and Priority Control

7.4 Interrupt Priorities

There are two stages of interrupt priority assignment: interrupt level and natural
priority. Theinterrupt level (high, or low) takes precedence over natural priority.
All interrupts can be assigned either high or low priority. In addition to an
assigned priority level (high or low), each interrupt has anatura priority, aslisted
in Table 7-8. Simultaneous interrupts with the same priority level (for example,
both high) are resolved according to their natural priority. For example, if
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INTO_N and int2 are both programmed as high priority, INTO_N takes
precedence. Once an interrupt is being serviced, only an interrupt of higher
priority level can interrupt the service routine of the interrupt currently being
serviced.

7.5 Interrupt Sampling

Theinternal timers and serial port generate interrupts by setting their respective
SFR interrupt flag bits. The CPU samples external interrupts once per instruction
cycle, at therising edge of CPU_clk at the end of cycle C4.

TheINTO N and INT1 N signas are both active low and can be programmed
through the ITO and IT1 bitsin the TCON SFR to be either edge-sensitive or
level-sensitive. For example, when ITO=0, INTO_N islevel-sensitive and the
CPU setsthe |EO flag when the INTO_N pinissampled low. When ITO = 1,
INTO N isedge-sensitive and the CPU setsthe |EO flag when the INTO_N pinis
sampled high then low on consecutive samples. To ensure that edge-sensitive
interrupts are detected, the corresponding ports should be held high for four
clock cycles and then low for four clock cycles. Level-sensitive interrupts are
not latched and must remain active until serviced.

7.6 Interrupt Latency

Interrupt response time depends on the current state of the CPU. The fastest
response timeis five instruction cycles: one to detect the interrupt, and four to
perform the LCALL to the I SR.The maximum latency (thirteen instruction
cycles) occurs when the CPU is currently executing an RETI instruction followed
by aMUL or DIV instruction. The thirteen instruction cyclesin this case are: one
to detect the interrupt, three to complete the RETI, five to execute the DIV or
MUL, and four to execute the LCALL tothelSR.

For the maximum latency case, the response timeis 13 x 4 =52clock cycles.

7.7 Interrupt Latency from Power Down M ode.

NRF24E2 may be set into Power Down Mode by writing 0x2 or 0x3 to SFR 0xB6,
register CK_CTRL. The CPU will then perform a controlled shutdown of clock and power
regulator. The system can only be restarted from pinsINTO_N or INT1_N, or an RTC
wakeup or a Watchdog reset. In this case the CPU cannot respond until the clock and
power regulator have restarted, which may take 3to 4 LP_OSC cycles. This dday may
vary from 0.6ms to 4 ms depending on processing, temperature and supply voltage. In the
same way, the shutdown aso takes from 2 to 3 LP_OSC cycles, which will bein the range
of 0.4-3ms.

7.8 Single-Step Operation
The nRF24E2 interrupt structure provides away to perform single-step program

execution. When exiting an | SR with an RETI instruction, the CPU will aways
execute at least one instruction of the task program. Therefore, oncean ISR is
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entered, it cannot be re-entered until at least one program instruction is executed.
To perform single-step execution, program one of the external interrupts (for
example, INTO_N) to be level-sensitive and write an I SR for that interrupt that
terminates as follows:

JNB TCON. 1, $ ; wait for high on INTO_N
JB TCON. 1, $ ; wait for ow on INTO_N
RETI ; return for ISR

The CPU entersthe ISR when INTO_N goes low, then waitsfor apulse on
INTO_N. Eachtime INTO_N is pulsed, the CPU exitsthe ISR, executes one
program instruction, then re-enters the ISR.

8 WAKEUP TIMER AND WATCHDOG

8.1 Tick calibration

The“TICK” isan intervd that is nomindly 10mslong. Thisinterva is the unit of resolution
both for the watchdog and the RTC wakeup timer. The LP_OSC clock source of the
“TICK” isvery inaccurate, and may vary from 6ms to 30ms depending on processing,
temperature and supply voltage. That means that Watchdog and RTC may not be used for
any accurae timing functions.

The accuracy can be improved by cdibrating the TICK vaue a regular intervads. The
register TICK_DV controls how many LP_OSC periods elapse between each TICK. The
frequency of the LP_OSC (between 1 kHz and 5 kHz) can be measured by timer2 in
capture mode with t2ex enabled (EXEN2=1). The sgna connected to t2ex has exactly half
the frequency of LP_OSC. The 16-bit difference between two consecutive capturesin
SFR-registers{ RCAP2H,RCAP2L} is proportiona to the LP_OSC period. For details
about timer2 see ch. 10.8.3 and Figure 10-5 : Timer 2 — Timer/Counter with Capture

TICK iscontrolled by SFR OxB5.

Addr | R\W | #bit | Init | Name Function
SFR hex

BS |[RW| 8 1D | TICK_DV | Divider that's used in generating TICK from
LP_OSC frequency.

frick = fup osc / (1 + TICK_DV)

The default value givesa TICK of 10ms
nomind as default.

Table8-1: TICK control register - SFR 0xB5
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8.2 RTC Wakeup timer

The RTC isasmple 16 bit down counter that produces an interrupt and reloads
automaticaly when the count reaches zero. This processisinitialy disabled, and will be
enabled with the firg write to the timer latch. Writing the timer latch will dways be followed
by ardoad of the counter. The counter may be disabled again by writing a disable opcode
to the control regigter. Both the latch and the counter value may be read by giving the
respective codesin the control register, see description in Table 8-2

This counter is used for awakeup sometime in the future (ardative time wakeup cal). If
‘N’ iswritten to the counter, the first wakeup will happen from somewhere between ‘N+1’
and ‘N+2 “TICK” from the completion of the write, thereafter a new wakeup isissued
every “N+1" "TICK" until the unit is disabled or another vaue is written to the latch.

The wakeup timer is connected to the WDTI interrupt of the CPU. The programmer may
poll the EICON.3 flag or enable the interrupt. If the oscillator is stopped, the wakeup
interrupt will restart the oscillator regardless of the sate of EIE.4 interrupt enable.

The nRF24E2 do not provide any “absolute time functions’. Absolute time functionsin
NRF24E2 can well be handled in software since our RAM s continuoudy powered even
when in degp mode. There will be an goplication note with the required code to implement
the complete absolute time function using some 100 bytes of code and 12 IRAM loceations
(with 2 darms).

8.3 Watchdog

The watchdog is activated upon writing 0x08 to its control register SFR OXAD. It can not be
disabled by any other means than areset. The watchdog register is loaded by writing a 16-
bit value to the two 8-bit data registers (SFR OxAB and OxAC) and then the writing the
correct opcode to the control register. The watchdog will then count down towards 0 and
when 0 is reached the complete microcontroller will bereset . To avoid the resst, the
software must load new vaues into the watchdog register sufficiently often,

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.2 Page 52 of 109 June 2004



PRODUCT SPECIFICATION x

NRF24E2 2.4 GHz Radio Transmitter with Microcontroller

8-bit CPU 8-bit CPU 8-bit CPU
register register register
REGX_CTRL REGX_MSB REGX_LSB

¢ t 16-BIT BUS
A I A

» Load  16-BIT
REGISTER
v v
Load 16 BIT W Load 15 BT
DOWN DOWN
COUNTER N COUNTER
Zero Zero
| WAKEUP INT
TICK

WATCHDOG_RESET

Fgure 8-18-2 : RTC and watchdog block diagram

RTC and Watchdog are controlled by SFRs OxAB, OXAC and OXAD. These 3 registers
REGX_MSB, REGX_LSB and REGX_CTRL are used to interface the blocks running on
thedow LP_OSC clock. The 16-bit register { REGX_MSB, REGX_LSB} can be written
or read as two bytes from the CPU. Typical sequences are:
Write: Wait until not busy.

Write REGX_MSB, Write REGX_L SB, Write REGX_CTRL
Read: Wait until not busy.

Write REGX_CTRL, Wait until not busy.

Read REGX_MSB, Read REGX_LSB

Note : please also wait until not busy before accessng SFR 0xB6 CK_CTRL (page 56)

Addr | R/W | # | Init Name Function
SFR b | (hex)
(hex) i

t

AB |RW | 8 0 REGX_ | Mogt sgnificant part of 16 bit register for
MSB interface to Watchdog and RTC

AC |RW| 8 0 REGX_ | Least Sgnificant part of 16 bit register for
LSB interface to Watchdog and RTC
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AD |RW | 5 0 REGX __ | Control for 16 bit regigter for interface to
CTRL | Watchdog and RTC. Bit 4isonly available on
read and is used to flag the interface unit as
busy.

Bits 3:0 is read/write with the encoding:

0 000: Read from WD register (16 hit)

1 000: Writeto WD register (16 bit)

0 010: Read from RTC latch register (16 hit)
1 010: Writeto RTC latch register (16 bit)

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

Table 8-2 : RTC and Watchdog SFR-registers

8.4 Reset

NRF24E2 can be reset either by the on-chip power-on reset circuitry or by the on-chip
watchdog counter.

8.4.1 Power-on Reset

The power-on reset circuitry keeps the chip in power-on-reset state until the supply voltage
reaches VDDmin. At this point the internal voltage generators and oscillators start up, the
SFRsareinitidized to their reset vaues, aslisted in Table 10- 10, and thereafter the CPU
begins program execution at the standard reset vector address 0x0000. The startup time
from power-on reset is about 14 LP_OSC cycles, which in totd may vary from 3 to 15ms
depending on processing, temperature and supply voltage.

8.4.2 Watchdog Reset

If the Watchdog reset signal goes active, nRF24E2 enters the same reset sequence as for
power-on reset, that isthe internd voltage generators and oscillators start up, the SFRs are
initidized to their resat values, aslisted in Table 10-10, and thereafter the CPU begins
program execution at the standard reset vector address 0x0000. (of the existing program,
there is no reboot) The startup time from watchdog reset is somewhat shorter, 12 LP_OSC
cycles, which in total may vary from 2.5 to 13ms depending on processing, temperature and

supply voltage.

8.4.3 Program reset address

The program reset addressis controlled by the RSTREAS register, SFR 0xB1, see Table
8-3 Thisregister shows which reset source that caused the last reset, and provides a choice
of two different program start addresses. The default vaue is power-on reset, which starts
the boot loader, while awatchdog reset does not reboot, but restarts at address 0 of the
aready loaded program.
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Addr | R/W | #bit | Init Name Function
SFR (hex)
(hex)
Bl R/W 2 02 RSTREAS | bit O: Reason for last reset
0: POR

1: Any other reset source
Clear this bit in software to force a
reboot after jump to zero (boot |oader
will load code RAM if thisbit is 0)
bit 1: Use IROM for reset vector
0: Reset vectors to 0x0000.
1: Reset vectors to 0x8000.

Table 8-3 Reset control registe - SFR OxB1.

9 POWER SAVING MODES

NRF24E2 provides the two industry standard 8051 power saving modes. idle mode and
stop mode, but with only minor power saving; therefore also a non standard power-down
mode is provided, where both oscillator and internal power regulators are turned off to
achieve more power saving.

The bits that control entry into idle and stop modes are in the PCON register at SFR
address 0x87, listed in Table 9-1. The bitsthat control entry into power down mode are in
the CK_CTRL register at SFR address 0xB6, ligedin Table 9-2

Bit Function

PCON.7 SMOD — Serial Port baud-rate doubler enable. When SMOD = 1, the
baud rate for Seria Port isdoubled.

PCON.64 | Reserved.

PCON.3 GF1 — Generd purpose flag 1. Bit-addressable, genera purpose flag for
software control.

PCON.2 GFO — Generd purpose flag 0. Bit-addressable, genera purpose flag for
software control.

PCON.1 STOP — Stop mode select. Setting the STOP bit places the nRF24E2 in
stop mode.

PCON.O IDLE — Idle mode sdlect. Setting the IDLE bit placesthe nRF24E2 inidle
mode.

Table 9-1 : PCON Register — SFR 0x87

9.1 IdleMode

An ingtruction that sets the IDLE bit (PCON.0) causes the nRF24E2 to enter idle mode
when that ingtruction completes. In idle mode, CPU processing is suspended and interna
registers and memory maintain their current data. However, unlike the standard 8051, the
CPU clock isnot disabled interndly, thus not much power is saved.
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There are two ways to exit idle mode: activate any enabled interrupt or watchdog reset.
Activation of any enabled interrupt causes the hardware to clear the IDLE bit and terminate
idle mode. The CPU executes the | SR associated with the received interrupt. The RETI
ingruction at the end of the of 1SR returns the CPU to the ingtruction following the one that
put the NRF24E2 into idle mode. A watchdog reset causes the nRF24E2 to exit idle mode,
reset internd registers, execute its reset sequence and begin program execution at the
standard reset vector address 0x0000.

9.2 Stop Mode

An ingtruction that sets the STOP bit (PCON.1) causes the nRF24E2 to enter sop mode
when that ingtruction completes. Stop mode isidenticad to idle mode, except that the only
way to exit Sop mode is by watchdog reset Since there islittle power saving, stop mode is
not recommended, asit is more efficient to use power down mode.

9.3 Power down mode

An ingruction that setsthe STOP_CLOCK bit (SFR 0xB6 CK_CTRL.1) causesthe
NRF24E2 to enter power down mode when that instruction completes. In power down
mode, CPU processing is suspended, while internd registers and memories maintain their
current data. The CPU will perform a controlled shutdown of clock and power regulators.
But the transmitter subsystem has to be disabled separately by setting RADIO.7=0 before
stopping the clock.

The system can only be restarted from alow level on pin INTO_N (P0.3) or INT1 N
(PO.4) if enabled (by PO_ALT), or an RTC wakeup interrupt or a Watchdog reset. This
will cause the hardware to clear the CK_CTRL.1 bit and terminate power down mode. If
there is an enabled interrupt associated with the wakeup event, the CPU executes the ISR
associated with that interrupt immediately after power and clocks are restored. The RETI
indruction at the end of the of 1SR returns the CPU to the instruction following the one that
put the NRF24E2 into power down mode. A watchdog reset causes the nRF24E2 to exit
power down mode, reset internal registers, execute its reset sequence and begin program
execution at the standard reset vector address 0x0000.

Note : Before accessing the CK_CTRL register, make sure that the busy bit of
RTC/Watchdog SFR OxAD, hit 4 (page 54) is not set

Bit Function

CK_CTRL .0 | Not used

CK_CTRL .1 | STOP_CLOCK. Setting the STOP_CLOCK hit
places the nRF24E2 in power down mode.

Table9-2: CK_CTRL register - SFR 0xB6

9.3.1 Clarification about wakeup and interrupt from external events

1: Wakeup and interrupt on pins P0.4 and P0.3 are intended to be parallel exclusive functions.
2: Interrupt circuitry is not active during power down and wakeup not active during power up.

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.2 Page 56 of 109 June 2004



PRODUCT SPECIFICATION

NRF24E2 2.4 GHz Radio Transmitter with Microcontroller

N

3: however when the nRF24E2 is started by one of these pins, the event will be captured in the
interrupt circuitry also and an interrupt MAY be delivered if enabled. A level interrupt will always
be delivered (even if pin has returned high). A falling edge interrupt may be delivered.

9.3.2 Startup time from Power down mode.

Startup time conssts of anumber of LP_OSC cycles+ anumber of XTAL clock cycles.
fLp osc may vary from 1 to 5.5kHz over voltage and temperature, but can be measured as
described on page 51. fxra. depends on the selected crystal, as described on page 98.
Because frequency fxraL IS much higher, sartup time is dominated by fip osc,

Startup times are summarized in the table below :

Reason of startup Satup time Satup time Example of tota
infLp osc cycles infyraL cydes | gatuptime
if fLP_OSC =3kHz
if fXTAL =16MHz
Power-on reset 14-15 24 4.8 ms
Watchdog reset 12 24 40ms
Externd interrupt 3-4 max 52, 12ms
seech. 7.6
RTC interrupt 3 max 52 10ms
seech. 7.6

Table 9-3 : Startup times from Power down mode
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10 MICROCONTROLLER
The embedded microcontroller isthe DW8051 MacroCedl from Synopsyswhich issmilar
to the Ddlas DSB0C320 in terms of hardware features and ingruction-cycle timing.

10.1Memory Organization

FFFFh
81FFh
Boot loader
8000h
IRAM SFR
FFh FFh
Upper | Accessible by Accessible by
128 indirect direct addressing
bytes. addressing only. | only.
80h N 80h
OFFFh 7Fh
Program/data memaory. Lower | Accessible by Special
Accessible with movc and 128 direct and indirect Function
MovX. bytes. | addressing. Registers
0000h 00h

Program memory/Data

Memory (ERAM) Internal Data Memory

Figure 10-1 : Memory Map and Organization

10.1.1 Program Memory/Data Memory

The nRF24E2 has 4KB of program memory available for user programs located at the
bottom of the address space as shown in Figure 10-1. This memory dso function asa
random access memory and can be accessed with the movx and movc ingructions.

After power on reset the boot |oader |oads the user program from the externa sevid
EEPROM and stores it from address O in this memory.

10.1.1.1 Memory paging

A Specid function register, MPAGE, at SFR address 0x92 provides memory paging
function. During MOV X A, @Ri and MOV X @RI, A ingructions, the contents of the
MPAGE register are placed on the upper eight address bits of memory address.
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10.1.2 Internal Data Memory

The Internal DataMemory, illugtrated in Figure 10-1, consgs of:

128 bytes of registers and scratchpad memory accessible through direct or indirect

addressing (addresses Ox00-0x7F).
128 bytes of scratchpad memory accessible through indirect addressing (0x80—
OxFF).

128 specid function registers (SFRs) ble through direct addressing.

The lower 32 bytes form four banks of eight registers (RO-R7). Two bits on the program
gtatus word (PSW) sdlect which bank isin use. The next sixteen bytes form ablock of bit-
addressable memory space at bit addresses Ox00-0x7F. All of the bytesin the lower 128
bytes are ble through direct or indirect addressing. The SFRs and the upper 128
bytes of RAM share the same address range (0x80-0xFF). However, the actua address
gpaceis separate and is differentiated by the type of addressing. Direct addressing accesses
the SFRs, while indirect addressing accesses the upper 128 bytes of RAM. Most SFRs are
reserved for specific functions, as described in 10.6Specia Function Registers on page 68.
SFR addresses ending in Oh or 8h are bit-addressable.

10.2Program format in external EEPROM

The table below shows the layout of the first few bytes of the EEPROM image.

7 | 6 5 | 4 3 2 | 1] o
0: Version Reserved SPEED XO_FREQ
(now 00) (now 00)
1 Offset to start of user program (N)
2: Number of 256 byte blocks in user program (includes block O that is not full)

Optional User data, not interpreted by boot |oader

N: Firg byte of user program, goesinto ERAM at 0x0000
N+1: | Second byte of user program, goesinto ERAM at 0x0001

Table 10-1 : EEPROM layout

The contents of the 4 lowest bitsin the first byte is used by the boot loader to set the correct
SPI frequency. These fields are encoded as shown below:

SPEED (bit 3): EEPROM max speed
0=1MHz
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1=0.5MHz

XO_FREQ (bits 2,1 and 0): Crystal oscillator frequency
000 = 4MHz,
001 = 8MHz,
010 = 12MHz,
011 = 16MHz,
100 = 20MHz

The program eeprep can be used to add this header to a program file.

Command format: egprep [options] <infile> <outfile>
<infile> isthe output file of an assembler or compiler
<outfile> is afile suitable for programming the EEPROM (above format with no user data).
Both filesare “Intdhex” format.
The options available for egprep are:

-cn  Set cryda frequency in MHz. Valid numbers are 4, 8, 12, 16 (default) and
20

-i Ignore checksums

-pn  Set program memory sze (default 4096 bytes)

-S Select dow EEPROM clock (500KHZz)

10.3Instruction Set

All nRF24E2 ingtructions are binary-code-compatible and perform the same functions that
they do in the industry standard 8051. The effects of these ingtructions on hits, flags, and
other gtatus functionsisidentica to the industry-standard 8051. However, the timing of the
ingructionsis different, both in terms of number of clock cycles per ingtruction cycle and
timing within the indtruction cycle

Theingruction set isfully compatible to the ingtruction set of nNRF24E1.

Table 10-3 to Table 10-8 ligs the nRF24E2 indruction set and the number of instruction
cyclesrequired to complete each ingtruction.

Symbol Function

A Accumulator

Rn Regiser RO-R7

direct Internal register address

@Ri Internal register pointed to by RO or R1 (except MOV X)
rel Two's complement offset byte

bit Direct bit address

#data 8-bit constant

#data 16 16-bit constant

addr 16 16-bit destination address

addr 11 11-bit destination address

Table 10-2 : Legend for Ingruction Set Table
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Table 10-3 to Table 10-8 define the symbols and mnemonics used in Table 10-2.
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Arithmetic Indructions
Mnemonic Description Byte Ingtr. Hex
Cycles | Code
ADD A, Rn Add register to A 1 1 28-2F
ADD A, direct Add direct byteto A 2 2 25
ADD A, @Ri Add datamemory to A 1 1 26-27
ADD A, #data Add immediateto A 2 2 24
ADDCA, Rn Add regigter to A with carry 1 1 38-3F
ADDCA, direct | Add direct byteto A withcarry | 2 2 35
ADDCA, @Ri | Add datamemory to A with 1 1 36-37
carry
ADDC A, #data | Add immediateto A withcarry | 2 2 34
SUBB A, Rn Subtract register from A with 1 1 98-9F
borrow
SUBB A, direct | Subtract direct byte from A 2 2 95
with borrow
SUBB A, @R Subtract data memory from A 1 1 9697
with borrow
SUBB A, #data | Subtract immediate from A with | 2 2 9
borrow
INC A Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC direct Increment direct byte 2 2 05
INC @RI Increment data memory 1 1 0607
DECA Decrement A 1 1 14
DECRn Decrement register 1 1 18-1F
DEC direct Decrement direct byte 2 2 15
DEC @Ri Decrement data memory 1 1 16-17
INC DPTR Increment data pointer 1 3 A3
MUL AB Multiply A by B 1 5 A4
DIV AB Divide A by B 1 5 84
DA A Decimd adjust A 1 1 D4
All mnemonics are copyright © Intel Corporation 1980.

Table 10-3 : nRF24E2 Indruction Set, Arithmetic Ingtructions.
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N

Logical Ingtructions

Mnemonic Description Byte Instr. Hex
Cycles | Code
ANL A, Rn AND register to A 1 1 58-5F
ANL A, direct AND direct byteto A 2 2 55
ANL A, @RI AND datamemory to A 1 1 56-57
ANL A, #data AND immediate to A 2 2 54
ANL direct, A AND A to direct byte 2 2 52
ANL direct, AND immediate datato direct | 3 3 53
#data byte
ORL A, Rn OR regigter to A 1 1 48-4F
ORL A, direct OR direct byteto A 2 2 45
ORL A, @RI OR datamemory to A 1 1 4647
ORL A, #data OR immediate 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, Rn Exclusve-OR register to A 1 1 68—6F
XRL A, direct Exclusve-OR direct byteto A | 2 2 65
XRL A, @Ri Exclusve-OR datamemoryto | 1 1 6667
A
XRL A, #data Exclusve-OR immediateto A | 2 2 64
XRL direct, A Exclusve-OR A to direct byte | 2 2 62
XRL direct, Exclusve-OR immediate to 3 3 63
#data direct byte
CLRA Clear A 1 1 E4
CPL A Complement A 1 1 F4
SWAPA Swap nibbles of A 1 1 C4
RL A Rotate A left 1 1 23
RLCA Rotate A left through carry 1 1 33
RR A Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13

All mnemonics are copyright © Intel Corporation 1980.

Table 10-4 : nRF24E2 Indruction Set, Logica Instructions.
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Boolean Ingtructions
Mnemonic Description Byte Ingtr. Hex
Cycles | Code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 2 C2
SETB C Set carry 1 1 D3
SETB hit Set direct bit 2 2 D2
CPL C Complement carry 1 1 B3
CPL bit Complement direct bit 2 2 B2
ANL C, bit AND direct bit to carry 2 2 82
ANL C, /bit AND direct bit inverseto carry | 2 2 BO
ORL C, bit OR direct bit to carry 2 2 72
ORL C, /bit OR direct hit inverseto carry 2 2 A0
MOV C, hit Move direct bit to carry 2 2 A2
MQV hit, C Move carry to direct bit 2 2 92
All mnemonics are copyright © Intel Corporation 1980.
Table 10-5 : nRF24E2 Ingtruction Set, Boolean Instructions.
Data Transfer Instructions
Mnemonic Description Byte Ingtr. Hex
Cycles | Code
MOV A, Rn Moveregister to A 1 1 E8EF
MQV A, direct | Movedirect byteto A 2 2 E5
MOV A, @RI Move data memory to A 1 1 E6-E7
MQV A, #data | Moveimmediateto A 2 2 74
MOV Rn, A Move A to register 1 1 F8—FF
MOV Rn, direct | Move direct byte to register 2 2 A8-AF
MOV Rn, #data | Move immediate to register 2 2 78-7F
MOV direct, A | MoveA to direct byte 2 2 F5
MOV direct, Rn | Move register to direct byte 2 2 88-8F
MQV direct, Move direct byteto direct byte | 3 3 85
direct
MQV direct, Move data memory to direct 2 2 86-87
@Ri byte
MOQV direct, Moveimmediate to direct byte | 3 3 75
#data
MOV @Ri, A Move A to data memory 1 1 F6—F7
MOV @RI, Move direct byte to data 2 2 AG-A7
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direct memory
MOV @RI, Move immediate to data 2 2 7677
#data memory
MOV DPTR, Move immediate to data pointer | 3 3 90
#data
MOVCA, Move code byte relative DPTR | 1 3 93
@A+DPTR to A
MOVCA, Move code byterdative PCto | 1 3 83
@A+PC A
MOVX A, @Ri | Moveexterna data(A8)toA | 1 2-9* E2E3
MOVX A, Move externa data(A16)toA | 1 2-9* EO
@DPTR
MOVX @Ri, A | MoveA to external data(A8) | 1 2-9* F2—F3
MOV X Move A to externd data(A16) | 1 2-9* FO
@DPTR, A
PUSH direct 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 C5
XCHA, @Ri Exchange A and datamemory | 1 1 C6-C7
XCHD A, @Ri | Exchange A and datamemory | 1 1 D6-D7
nibble
All mnemonics are copyright © Intel Corporation 1980.

Table 10-6 : NRF24E2 Ingtruction Set, Data Transfer Instructions.

* Number of cyclesis2 + CKCON.2-0. (CKCON.2-0 istheinteger vaue of the 3LSB of
SFR O0x8E CKCON). Default is 3 cycles.
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Branching I nstructions
Mnemonic Description Byte Ingtr. Hex
Cycles | Code

ACALL addr 11 | Absolute cdl to subroutine 2 3 11-F1
LCALL addr 16 | Long cdl to subroutine 3 4 12
RET Return from subroutine 1 4 22
RETI Return from interrupt 1 4 32
AJMPaddr 11 | Absolute jump unconditiond 2 3 01-E1
LIMP addr 16 Long jump unconditiond 3 4 02
SIMPrd Short jump (relative address) 2 3 80
JCre Jumponcary =1 2 3 40
JINC rel Jump on carry =0 2 3 50
JB hit, rel Jumpondirect bit=1 3 4 20
JNB bit, rel Jump ondirect bit=0 3 4 30
JBC hit, rel Jump ondirect bit=1and clear | 3 4 10
JMP Jump indirect relative DPTR 1 3 73
@A+DPTR
JZ re Jump on accumulator =0 2 3 60
JINZ rel Jump on accumulator /= 0 2 3 70
CINE A, direct, | Compare A, direct INE reletive | 3 4 B5
rel
CINE A, #d, rel | Compare A, immediate INE 3 4 B4

reldive
CINE Rn, #d, rel | Compare reg, immediate INE | 3 4 B8-BF

relaive
CINE @RI, #d, | Compareind, immediate INE | 3 4 B6-B7
rel relaive
DJINZ Rn, rel Decrement register, INZ 2 3 D8-DF

reldive
DJNZ direct, rel | Decrement direct byte, INZ 3 4 D5

reldive

All mnemonics are copyright © Intel Corporation 1980.
Table 10-7 : nRF24E2 Ingruction Set, Branching Instructions.
Miscellaneous I nstructions
Mnemonic Description Byte Instr. Hex
Cycles | Code

NOP No operation 1 1 00
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Thereisan additiona reserved opcode (A5) that performs the same function as
NOP.
All mnemonics are copyright © Intel Corporation 1980.

Table 10-8 : nRF24E2 Indruction Set, Miscdlaneous Instructions.

10.4Instruction Timing

Ingtruction cycles in the nRF24E2 are four clock cyclesin length, as opposed to twelve
clock cycles per indruction cyclein the standard 8051. Thistrandates to a 3X improvement
in execution time for mogt ingructions. However, some ingructions require a different
number of ingtruction cycles on the nRF24E2 than they do on the standard 8051. In the
standard 8051, dl instructions except for MUL and DIV take one or two ingtruction cycles
to complete. In the NRF24E2 architecture, ingtructions can take between one and five
ingtruction cycles to complete. For example, in the standard 8051, the ingtructions MOV X
A, @DPTR and MOV direct, direct each take two instruction cycles (twenty-four clock
cycles) to execute. In the nRF24E2 architecture, MOV X A, @DPTR takes two instruction
cycles (eight clock cycles) and MOV direct, direct takes three ingtruction cycles (twelve
clock cycles). Both ingtructions execute faster on the nRF24E2 than they do on the standard
8051, but require different numbers of clock cycles.

For timing of redl-time events, use the numbers of ingtruction cyclesfrom Table 10-3 to
Table 10-8 to caculate the timing of software loops. The bytes column of these table
indicates the number of memory accesses (bytes) needed to execute the ingtruction. In most
cases, the number of bytesis equa to the number of instruction cycles required to complete
the indruction. However, asindicated in Table 10- 3, there are some ingtructions (for
example, DIV and MUL) that require a greater number of ingruction cycles than memory
acceses.By default, the nRF24E2 timer/counters run at twelve clock cycles per increment
S0 that timer-based events have the same timing as with the stlandard 8051. The timers can
be configured to run at four clock cycles per increment to take advantage of the higher
speed of the nRF24E2.

10.5Dual Data Pointers

The nRF24E2 employs dud data pointers to accelerate data memory block moves. The
standard 8051 data pointer (DPTR) is a 16-bit value used to address external data RAM or
peripheras. The NRF24E2 maintains the standard data pointer as DPTRO at SFR locations
0x82 and 0x83. It is not necessary to modify code to use DPTRO. The nRF24E2 adds a
second data pointer (DPTRL1) at SFR locations 0x84 and 0x85. The SEL bit in the DPTR
Sdlect register, DPS (SFR 0x86), selects the active pointer. When SEL = 0, instructions
that use the DPTR will use DPL and DPH. When SEL=1, ingructions that use the DPTR
will use DPL1 and DPH1. SEL isthe bit O of SFR location 0x86. No other bits of SFR
location 0x86 are used. All DPTR-related ingtructions use the currently sdlected data
pointer. To switch the active pointer, toggle the SEL bit. The fastest way to do so isto use
the increment ingtruction (INC DPS). Thisrequires only one ingruction to switch from a
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source address to a destination address, saving application code from having to save source
and destination addresses when doing a block move.

Using dud data pointers provides sgnificantly increased efficiency when moving large blocks
of data.

The SFR locations related to the dua data pointers are:

-0x82 DPL DPTRO low byte

-0x83 DPH DPTRO high byte

-0x84 DPL1 DPTR1 low byte

- 0x85 DPH1 DPTR1 high byte

-0x86 DPS DPTR Select (LSB)

10.6 Special Function Registers

The Specid Function Registers (SFRs) control severd of the features of the nRF24E2.
Most of the NRF24E2 SFRs are identical to the standard 8051 SFRs. However, there are
additiona SFRsthat control festures that are not available in the stlandard 8051. Table
10-9 ligts the nRF24E2 SFRs and indicates which SFRs are not included in the standard
8051 SFR space. When writing software for the nRF24E2, use equate statements to define
the SFRs that are specific to the NnRF24E2 and custom peripherds. In Table 10-9, SFR bit
positions that contain a0 or a 1 cannot be written to and, when read, always return the
vaue shown (0 or 1). SFR bit postions that contain “—’ are available but not used. Table
10-10 shows the value of each SFR, after power-on reset or a watchdog reset, together
with a pointer to a detailled description of each register. Please note that any unused address
in the SFR address space is reserved and should not be written to.

Notesto Table 10-9 on next page:

(1) Not part of standard 8051 architecture.
(2 Regigters unique to nRF24E2

(3) PO and P1 differ from standard 8051
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Addr | Regi ster Bit 7 [Bit 6 [Bit 5|Bit 4[Bit3|Bit2]|Bitl]|BitoO
0x80 | PO(3) Port 0

0x81 SP Stack pointer

0x82 | DPL Data pointer O, |ow byte

0x83 | DPH Dat a pointer 0, high byte

0x84 | DPL1(1) Data pointer 1, |low byte

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

0x86 | DPS(1) 0 0 0 0 0 0 0 SEL
0x87 | PCON SMOD | - 1 1 GF1 GFO STOP | DLE
0x88 TCON TF1 TR1 TFO TRO I E1 1 T1 | EO 1 TO
0x89 | TMOD GATE | OT ML MD GATE |COT ML MD
Ox8A | TLO Ti mer/counter 0 value, |ow byte

0x8B | TL1 Timer/counter 1 value, |ow byte

0x8C | THO Ti mer/counter 0 value, high byte

0x8D | TH1 Ti mer/counter 1 value, high byte

OX8E | CKCON(1) - - T2M TiM TOM VD2 MD1 VDO
0x8F | SPC_FNC(1) 0 0 0 0 0 0 0 VRS
0x90 | P1(3) - - - - - Port 1 bit 2:0
0x91 [ EXIF(1) | E5 | E4 | E3 | E2 1 0 [0 [0
0x92 | MPAGE(1) program data nenory page address

0x94 [ PO_DI R(2) Direction of Port O

0x95 [ PO_ALT(2) Al ternate functions of Port O

0x96 [ P1 DI R(2) - - - - - Direction of Port 1
0x97 [ P1_ALT(2) - - - - - alt.funct.of Port 1
0x98 | SCON SMD SML SV REN TB8 RB8 [Tl [ R
0x99 | SBUF Serial port data buffer

0xAO [ RADI O( 2) PWR_UP | DR2/CE | CLK2 [ DOUT2 [CS  |DRL [CLKL [ DATA
0xAl | ADCCON(2) CSTRTN | ADCRUN | NPD EXTREF ADCSEL

OxA2 | ADCDATAH( 2) Hi gh bits of ADC result

0xA3 | ADCDATAL(2) Low bits of ADC result | - [ ADCUF | ADCOF | ADCRNG
OxA4 ADCSTATI C( 2) DI FFM | SLEEP | CLK8 ADCBI AS ADCRES
0xA8 |[IE EA 0 ET2 ES |ET1 [EXx1 ETO | EX0
0xA9 | PWMCON( 2) PWM_LENGTH PWM_PRESCALE

OxAA | PWVDUTY( 2) PWM DUTY_CYCLE

OxAB | REGX_MSB( 2) Hi gh byte of Watchdog/ RTC register

OXAC | REGX _LSB(2) Low byte of Watchdog/ RTC regi ster

OxAD | REGX_CTRL(2) |- - - Control of REGX_MSB and REGX_LSB
0xBl | RSTREAS(2) - - - - | - | - | RFLR
0xB2 | SPI _DATA(2) SPI _DATA i nput/output bits

0xB3 | SPI _CTRL(2) - - - - - - SPI _CTRL
0xB4 | SPI CLK(2) - - - - - - SPI CLK
0xB5 | TI CK_DV(2) TI CK_DV

0xB6 | CK_CTRL(2) - - - | - | - | - | CK CTRL
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>

0xB8 I P 1 0 PT2 PS PT1 PX1 PTO PX0
0xC8 T2CON TF2 EXF2 RCLK TCLK EXEN2 | TR2 aT2 CP/ RL2
OxCA [ RCAP2L Ti mer/counter 2 capture or reload, |ow byte
0xCB | RCAP2H Ti mer/counter 2 capture or reload, high byte
0OxCC | TL2 Ti mer/counter 2 value, |ow byte

OxCD | TH2 Ti mer/counter 2 value, high byte

0xDO0 PSW CY AC FO RS1 RSO ov F1 P
0xD8 | EI CON( 1) - 1 0 0 VDT 0 0 0
OxXEQO [ ACC Accumul at or register

0xE8 | El E(1) 1 |1 |1 |EWDl [EX5s | Ex4 |EX3 |EX2
OxFO | B B-regi ster

0xF8 | EI P(1) 1 [ 1 [ 1 [PDI [ PX5 [Px4a [PX3 [Px2
OxFE | HAREV Devi ce hardware revision numnber

OxFF | ----- Reserved, do not use

Table 10-9 : Specid Function Registers summary
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Regi st er Addr Reset val ue Descri ption

ACC OXEO 0x00 Accunul at or register
ADCCON OxAl 0x80 Tabl e 5-1, page 39
ADCDATAH OxA2 read only Tabl e 5-3, page 39
ADCDATAL 0xA3 read only Tabl e 5-3, page 39
ADCSTATI C OxA4 Ox0A Tabl e 5-2, page 39

B OxFO 0x00 B-regi ster

CK_CTRL 0xB6 0x00 Tabl e 9-2, page 56
CKCON Ox8E 0x01 Tabl e 10-15, page 78
DPH 0x83 0x00 ch. 10.5, page 67
DPH1 0x85 0x00 ch. 10.5, page 67

DPL 0x82 0x00 ch. 10.5, page 67
DPL1 0x84 0x00 ch. 10.5, page 67

DPS 0x86 0x00 ch. 10.5, page 67

El CON 0xD8 0x40 Tabl e 7-5, page 47
El E OXE8 OXEO Tabl e 7-6, page 47
ElI P OxF8 OxXEO Table 7-7, page 48
EXI F 0x91 0x08 Tabl e 7-4, page 47
HW\REV OXFE 0x00, read only [ hardware revision no
| E 0xA8 0x00 Tabl e 7-2, page 46

I P 0xB8 0x80 Tabl e 7-3, page 46
MPAGE 0x92 0x00 ch.10.1.1.1, page 58
PO 0x80 OXFF Tabl e 3-3, page 15
PO_ALT 0x95 0x00 Tabl e 3-3, page 15
PO_DI R 0x94 OxFF Tabl e 3-3, page 15
P1 0x90 OxFF Table 1-1, page 17
P1 ALT 0x97 0x00 Tabl e 3-5, page 17
P1 DI R 0x96 OxFF Tabl e 3-5, page 17
PCON 0x87 0x30 Tabl e 9-1, page 55
PSW 0xDO 0x00 Tabl e 10-11, page 72
PWMCON 0OxA9 0x00 Tabl e 6-1, page 44
PWVDUTY OxAA 0x00 Tabl e 6-1, page 44
RADI O OxA0 0x80 Tabl e 4-2, page 20
RCAP2H 0xCB 0x00 ch.10. 8. 3.3, page 80
RCAP2L OxCA 0x00 ch. 10. 8. 3.3, page 80
REGX_CTRL OxAD 0x00 Tabl e 8-2, page 54
REGX_LSB OxAC 0x00 Tabl e 8-2, page 54
REGX_MsB OxAB 0x00 Tabl e 8-2, page 54
RSTREAS 0xB1 0x02 Tabl e 8-3, page 55
SBUF 0x99 0x00 ch. 10.9, page 82
SCON 0x98 0x00 Tabl e 10-19, page 83
SP 0x81 0x07 St ack pointer
SPC_FNC Ox8F 0x00 do not use

SPI _CTRL 0xB3 0x00 Tabl e 3-6, page 18
SPI _DATA 0xB2 0x00 Tabl e 3-6, page 18
SPI CLK 0oxB4 0x00 Tabl e 3-6, page 18
T2CON 0xC8 0x00 Tabl e 10-16, page 80
TCON 0x88 0x00 Tabl e 10-14, page 75
THO 0x8C 0x00 ch. 10. 8, page 74

TH1 0x8D 0x00 ch. 10.8, page 74
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TH2 0xCD 0x00 ch. 10. 8, page 74

Tl CK_DV 0xB5 0x1D Tabl e 8-1, page 51
TLO Ox8A 0x00 ch. 10.8, page 74

TL1 0x8B 0x00 ch. 10.8, page 74

TL2 oxCC 0x00 ch. 10. 8, page 74
TMOD 0x89 0x00 Tabl e 10-13, page 75

Table 10-10 : Specid Function Register reset values and description, aphabeticaly.

Table 10-11 ligs the functions of the bitsin the PSW regider.

Bit Function

PSW.7 CY - Carry flag. Set to 1 when last arithmetic operation resulted in a carry (during addition)
or borrow (during subtraction); otherwise cleared to O by all arithmetic operations.

PSW.6 AC - Auxiliary carry flag. Set to 1 when last arithmetic operation resulted in a carry into

(during addition) or borrow from (during subtraction) the high-order nibble; otherwise
cleared to O by all arithmetic operations.

PSW.5 FO - User flag 0. Bit-addressable, general purpose flag for software control.
PSW.4 RS1 - Register bank select bit 1. Used with RS0 to select aregister blank in internal RAM.
PSW.3 RSO - Register bank select bit 0, decoded as:

RS1 RSO Bank selected

0 0 Register bank 0, addresses 0x00-0x07
0 1 Register bank 1, addresses 0x08-0x0F
1 O Register bank 2, addresses 0x10-0x17
1 1 Register bank 3, addresses 0x18-Ox1F

PSW.2 OV - Overflow flag. Set to 1 when last arithmetic operation resulted in acarry (addition),
borrow (subtraction), or overflow (multiply or divide); otherwise cleared to O by all
arithmetic operations.

PSW.1 F1 - User flag 1. Bit-addressable, general purpose flag for software control.

PSW.0 P - Parity flag. Set to 1 when modulo-2 sum of 8 bitsin accumulator is 1 (odd parity);
cleared to 0 on even parity.

Table 10-11 : PSW Register — SFR 0xDO

10.7 SFR registersunique to nRF24E2

The table below lists the SFR registers that are unique to NRF24E2 (not part of standard
8051 register map) The registers PO, P1 and RADIO use the addresses for the ports PO,
P1 and P2 in a standard 8051. Whereas the functiondity of these portsis smilar to that of
the corresponding portsin standard 8051, it is not identica.

Addr | R/W | #bit | Init | Name Function
SFR hex
80 R/W 8 FF | PO Port O, pins DIO9 to DIO2

" Thisbit addressable register differsin usage from “standard 8051"
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Addr | R/W | #bit | Init | Name Function
SFR hex
90* | RIW | 8(3) | FF | P1° Port 1, pins DINO, DI1, DIO
94 RW | 8 FF | PO DIR Direction of each GPIO bit of port O
95 RW | 8 00 | POALT Sdlect dternate functions for each pin of port O
96 RW | 83) | FF | PL DIR Direction for each GPIO hit of port 1
97 RW | 83 | 00 | PLALT Sdect dternate functions for each pin of port 1
A0* | RW | 8 80 | RADIO Generd purpose 10 for interface to
2401 radio, for details see ch. 4 nRF2401
24GHz TRANSMITTER SUBSY STEM
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 satus
Ad |RW| 6 OA | ADCSTATIC Static configuration detafor ADC:
A9 RW | 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 regigter for interface to
Watchdog and RTC
AC |RW | 8 0 | REGX LSB Low part of 16 bit register for interface to
Watchdog and RTC
AD |RW | 5 0 | REGX CTRL Control of interface to Watchdog and RTC.
Bl [RW | 2 02 | RSTREAS Reset status and control
B2 |RW | 8 0 | SPI_ DATA SPI datainput/output
B3 RW | 2 0 | SPI_CTRL 00->SPI notused 01 -> connect to P1
10 or 11 -> connect to RADIO
B4 |RW | 2 0 | SPICLK Divider from CPU clock to SPI clock
BS | RW | 8 1D | TICK_DV TICK Divider.
B6 W 2 0 |CK CTRL Clock control
B7 R 4 0 | TEST_MODE Test mode register.
This register must dways be 0 in norma mode.
BC RW 8 # | Tl 1vV2 Another 3 test mode registers.
BD RW | 8 # | T2 V2 Initid values must not be changed.
BE RW | 4 # | DEV_OFFSET

Table 10-12 : SFR regigters unique to nRF24E2

5 Only 3 lower bits are meaningful in P1 and corresponding P1_DIR and P1_ALT
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10.8 Timers/Counters

The nRF24E2 includes three timer/counters (Timer O, Timer 1 and Timer 2). Each
timer/counter can operate as either atimer with a clock rate based on the CPU clock , or as
an event counter clocked by the tO pin (Timer 0), t1 pin (Timer 1), or thet2 pin (Timer 2).
These pins are dternate function bitsof Port 0 and 1 asthis: t0isP0.5,t1isP0.6 andt2is
P1.0, for details please see ch. 3 1/0 PORTS.
Each timer/counter consists of a 16-bit register that is accessible to software as three SFRs:
(Table 10-9 : Specid Function Regigters)

- Timer0-TLOand THO

- Timer1-TL1and TH1

- Timer2-TL2and TH2

10.8.1 TimersOand 1

Timers 0 and 1 each operate in four modes, as controlled through the TMOD SFR
(Table 10-13) and the TCON SFR (Table 10-14). The four modes are:

- 13-hit timer/counter (mode 0)

- 16-bit timer/counter (mode 1)

- 8-bit counter with auto-reload (mode 2)

- Two 8-bit counters (mode 3, Timer O only)

Bit Function

TMOD.7 GATE - Timer 1 gate control. When GATE = 1, Timer 1 will clock only when external interrupt
INTL N =1and TR1 (TCON.6) = 1. When GATE =0, Timer 1 will clock only when TR1 =1,
regardless of the state of INT1_N.

TMOD.6 CIT - Counter/Timer select. When C/T =0, Timer 1isclocked by CPU_clk/4 or CPU_clk/12,
depending on the state of TIM (CKCON.4). When C/T =1, Timer 1isclocked by thetl pin.

TMOD.5 M1 - Timer 1 mode select bit 1.

TMOD.4 MO - Timer 1 mode select bit 0, decoded as:
M1 MO Mode

00 ModeO: 13-hit counter

01 Model: 16-bit counter

10 Mode 2 : 8-hit counter with auto-reload
11 Mode 3: Two 8-hit counters

TMOD.3 GATE - Timer 0 gate control. When GATE = 1, Timer O will clock only when external interrupt
INTO_N =1and TRO (TCON.4) = 1. When GATE = 0, Timer O will clock only when TRO =1,
regardless of the state of INTO_N.

TMOD.2 CIT - Counter/Timer select. When C/T =0, Timer Ois clocked by CPU_clk/4 or CPU_clk/12,
depending on the state of TOM (CKCON.3). When C/T = 1, Timer O isclocked by thetO pin.

TMOD.1 M1 - Timer O mode select bit 1.

TMOD.O MO - Timer 0 mode select bit 0, decoded as:
M1 MO Mode

00 ModeO: 13-bit counter

01 Model: 16-bit counter

10 Mode 2 : 8-bit counter with auto-reload
11 Mode 3: Two 8-bit counters
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Table 10-13: TMOD Register — SFR 0x89

Bit Function

TCON.7 TF1 - Timer 1 overflow flag. Set to 1 when the Timer 1 count overflows and cleared when
the CPU vectors to the interrupt service routine.

TCON.6 TR1- Timer 1 run control. Set to 1 to enable counting on Timer 1.

TCON.5 TFO - Timer 0 overflow flag. Set to 1 when the Timer O count overflows and cleared when
the CPU vectors to the interrupt service routine.

TCON.4 TRO - Timer O run control. Set to 1 to enable counting on Timer 0.

TCON.3 IEL - Interrupt 1 edge detect. If external interrupt 1 is configured to be edge-sensitive (IT1 =
1), IE1is set by hardware when a negative edge is detected on the INT1_N external
interrupt pin and isautomatically cleared when the CPU vectors to the corresponding
interrupt service routine. In edge-sensitive mode, |E1 can also be cleared by software.

If external interrupt 1 is configured to be level-sensitive (IT1 = 0), IE1 is set when the
INTL1 N pinislow and cleared when the INT1_N pinishigh. Inlevel-sensitive mode,
software cannot writeto IE1.

TCON.2 IT1- Interrupt 1 type select. When IT1 = 1, the nRF24E2 detects externa interrupt pin
INTL1_N onthefalling edge (edge-sensitive). When IT1 =0, the NnRF24E2 detects INT1_N
asalow level (level-sensitive).

TCON.1 IEO - Interrupt O edge detect. If external interrupt O is configured to be edge-sensitive (ITO =
1), IEO is set by hardware when a negative edge is detected onthe INTO_N external
interrupt pin and is automatically cleared when the CPU vectors to the corresponding
interrupt service routine. In edge-sensitive mode, |EOQ can also be cleared by software.

If external interrupt O is configured to be level-sensitive (ITO = 0), IEOQ is set when the
INTO_N pinislow and cleared when the INTO_N pinishigh. Inlevel-sensitive mode,
software cannot write to | EQ.

TCON.O ITO - Interrupt O type select. When I TO = 1, the nRF24E2 detects external interrupt INTO_N
on thefalling edge (edge-sensitive). When ITO = 0, the NnRF24E2 detects INTO_N asalow
level (level-sensitive).

Table 10-14 : TCON Register — SFR 0x88

10.8.1.1 ModeO

Mode O operation, illustrated in Figure 10-2 : Timer 0/1 —Modes 0 and 1, isthe same for
Timer 0 and Timer 1. In mode O, the timer is configured as a 13-bit counter that uses bits 0—
4.of TLO (or TL1) and dl eight bits of THO (or TH1). Thetimer enable bit (TRO/TR1) inthe
TCON SFR gartsthe timer. The C/T bit selects the timer/counter clock source, CPU_clk
or tO/t1. Thetimer counts trangtions from the sdected source as long as the GATE hit is 0,
or the GATE bit is 1 and the corresponding interrupt pin (INTO_N or INT1_N) is
deasserted. INTO_N and INT1 N are dternate function bits of Port0, please seeTable 3-1
- Port functions. When the 13-bit count increments from Ox1FFF (al ones), the counter rolls
over to al zeros, the TFO (or TF1) bit is set in the TCON SFR, and the tO_out (or t1_out)
pin goes high for one clock cycle. The upper three bits of TLO (or TL1) are indeterminate in
mode 0 and must be masked when the software evaluates the register.
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10.8.1.2 Mode 1

Mode 1 operation isthe same for Timer 0 and Timer 1. In mode 1, the timer is configured
asa16-bit counter. Asillugtrated in Figure 10-2 : Timer 0/1 —Modes 0 and 1, dl eight bits
of the LSB register (TLO or TL1) are used. The counter rolls over to dl zeros when the
count increments from OxFFFF. Otherwise, mode 1 operation is the same as mode 0.

Divide by 12_0,],TDM (or T1M)
clk 1 %JT " TLO {GLTL” :
Divideng.r4—T 1 e S IR EEE
T Mode 0
t0 (or t1) | -
TRO (or TR1) Nade 1T_

OTHO {or TH1} 7

GATE {>° —"Llllnn_l

intd_n

{or int1_n) TFO (or TR —» |NT

|
L _ _ To Serial Port
(Tirmer 1 only)

Figure 10-2 : Timer 0/1 —ModesOand 1

10.8.1.3 Mode 2

Mode 2 operation is the same for Timer 0 and Timer 1. In mode 2, the timer is configured
as an 8-hit counter, with automatic reload of the start value. The LSB register (TLO or TL1)
is the counter, and the MSB register (THO or TH1) storesthereload value. Asillustrated in
Figure 10-3: Timer 0/1 — Mode 2, mode 2 counter contral is the same as for mode 0 and
mode 1. However, in mode 2, when TLn increments from OxFF, the value stored in THn is
reloaded into TLn.
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Figure 10-3: Timer 0/1 — Mode 2

10.8.1.4 Mode 3

In mode 3, Timer O operates as two 8-bit counters, and Timer 1 stops counting and holds
itsvdue. Asshown in Figure 10-4 : Timer 0—Mode 3, TLO is configured as an 8-bit
counter controlled by the norma Timer O control bits. TLO can count either CPU clock
cycles (divided by 4 or by 12) or high-to-low trangtions on t0, as determined by the C/T
bit. The GATE function can be used to give counter enable control to the INTO_N signd.

TOM

Divide by 12—0¢

ak 1\\ Oy o
— w3 LK 0 TLO ¥
D|v|dehy4—T Dc—hlllllllll—
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_i
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o  THO ?|
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Fgure 10-4 : Timer 0—Mode 3
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THO functions as an independent 8-bit counter. However, THO can count only CPU clock
cycles(divided by 4 or by 12). The Timer 1 control and flag bits (TR1 and TF1) are used
as the control and flag bits for THO.

When Timer Oisin mode 3, Timer 1 has limited usage because Timer O usesthe Timer 1
control bit (TR1) and interrupt flag (TFL). Timer 1 can ill be used for baud rate generation
and the Timer 1 count vaues are fill avallableinthe TL1 and TH1 registers.Control of
Timer 1 when Timer O isin mode 3 isthrough the Timer 1 mode bits. To turn Timer 1 on,
set Timer 1tomode 0, 1, or 2. To turn Timer 1 off, set it to mode 3. The Timer 1 C/T bit
and TIM bit are fill available to Timer 1. Therefore, Timer 1 can count CPU_clk/4,
CPU_dk/12, or high-to-low trangtions on the t1 pin. The Timer 1 GATE function isaso
avallable when Timer O isin mode 3.

10.8.2 Timer Rate Control

The default timer clock scheme for the nRF24E2 timersis twelve CPU clock cycles per
increment, the same as in the stlandard 8051. However, in the nRF24E2, the ingtruction
cycleisfour clock cycles.
Using the default rate (twelve clocks per timer increment) alows exigting application code
with real-time dependencies, such as baud rate, to operate properly. However, gpplications
that require fast timing can st the timers to increment every four clock cycles by setting bits
in the Clock Control register (CKCON) at SFR location Ox8E, described in Table 10-15 :
CKCON Register — SFR 0x.
The CKCON bits that control the timer clock rates are:

CKCON bit Counter/Timer

5 Timer 2
4 Timer 1
3 Timer O

When a CKCON register bit is set to 1, the associated counter increments at four-clock
intervals. When a CKCON bhit is cleared, the associated counter increments at twelve-clock
intervals. The timer controls are independent of each other. The default setting for al three
timersisO; that is, twelve-clock intervas. These bits have no effect in counter mode.

Bit Function
CKCON.7,6 Reserved
CKCON.5 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/4. Thisbit has no
effect when Timer 2 is configured for baud rate generation.

CKCONA4 T1M —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.

CKCON.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.

CKCON.2-0 MD2, MD1, MDO — Control the number of cyclesto be used for external MOV X

instructions; number of cyclesis2 +{ MD2, MD1, MDOQ}

Table 10-15 : CKCON Register — SFR Ox8E,
default initid datavaueis0x01, i.e. MOV X takes 3 cycles.
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10.8.3 Timer 2

Timer 2 runs only in 16-bit mode and offers severa capabiilities not available with Timers 0
and 1. The modes available with Timer 2 are:

- 16-hit timer/counter

- 16-hit timer with capture

- 16-bit auto-reload timer/counter

- Baud-rate generator
The SFRs associated with Timer 2 are;

- T2CON — SFR 0xCS8; refer to Table 10-16 : T2CON Register — SFR 0x

- RCAP2L — SFR OxCA — Used to capture the TL2 vaue when Timer 2 is configured
for capture mode, or asthe LSB of the 16-bit reload value when Timer 2 is configured for
auto-reload mode.

- RCAP2H — SFR 0xCB — Used to capture the TH2 vaue when Timer 2 is configured
for cgpture mode, or asthe MSB of the 16-bit reload value when Timer 2 is configured for
auto-reload mode.

- TL2-SFR OxCC — Lower eight bits of the 16-bit count.
- TH2—-SFR OxCD — Upper eight bits of the 16-bit count.

Bit

Function

T2CON.7

TF2 - Timer 2 overflow flag. Hardware will set TF2 when Timer 2 overflows from OxFFFF. TF2 must be
cleared to 0 by the software. TF2 will only besettoalif RCLK and TCLK are both cleared to 0. Writing a
1to TF2forcesaTimer 2 interrupt if enabled.

T2CON.6

EXF2 - Timer 2 external flag. Hardware will set EXF2 when areload or captureis caused by a high-to-low
transition on the t2ex pin, and EXEN2 is set. EXF2 must be cleared to O by the software. Writing a1 to
EXF2forcesaTimer 2 interrupt if enabled.

T2CON.5

RCLK - Receive clock flag. Determines whether Timer 1 or Timer 2 isused for Serial port timing of received
datain serial mode 1 or 3. RCLK =1 selects Timer 2 overflow asthereceive clock. RCLK = 0 selects Timer
1 overflow asthe receive clock.

T2CON.4

TCLK - Transmit clock flag. Determines whether Timer 1 or Timer 2 isused for Seria port timing of
transmit datain serial mode 1 or 3. TCLK =1 selects Timer 2 overflow asthe transmit clock. TCLK =0
selects Timer 1 overflow as the transmit clock.

T2CON.3

EXEN2 - Timer 2 external enable. EXEN2 = 1 enables capture or reload to occur as aresult of a high-to-low
transition on t2ex, if Timer 2 isnot generating baud rates for the serial port. EXEN2 = 0 causes Timer 2 to
ignore all external events at t2ex.

T2CON.2

TR2 - Timer 2 run control flag. TR2 = 1 starts Timer 2. TR2 = 0 stops Timer 2.

T2CON.1

CIT2 - Counter/timer select. C/T2 = 0 selectsatimer function for Timer 2. C/T2 = 1 selects a counter of
falling transitions on the t2 pin. When used as atimer, Timer 2 runs at four clocks per increment or twelve
clocks per increment as programmed by CKCON.5, in all modes except baud-rate generator mode. When
used in baud-rate generator mode, Timer 2 runs at two clocks per increment, independent of the state of
CKCON.5.

T2CON.O

CP/RL2 - Capture/rel oad flag. When CP/RL2 = 1, Timer 2 captures occur on high-to-low transitions of
t2ex, if EXEN2 = 1. When CP/RL 2 = 0, auto-rel oads occur when Timer 2 overflows or when high-to-low
transitions occur on t2ex, if EXEN2 = 1. If either RCLK or TCLK issetto 1, CP/RL2 will not function, and
Timer 2 will operate in auto-rel oad mode following each overflow.
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Table 10-16 : T2CON Register — SFR 0xC8

10.8.3.1 Timer 2 Mode Control
Table 10-17 summarizes how the SFR bits determine the Timer 2 mode.

RCLK | TCLK | CPRL2 | TR2 | Mode

16-hit timer/counter with capture

16-bit timer/counter with auto-reload

Baud-rate generator

N d=1l=)
X|x|o|-
Pk

Baud-rate generator

X|x|—|o|lo

X X 0 Off

Table 10-17 : Timer 2 Mode Control Summary

10.8.3.2 16-Bit Timer/Counter Mode

Figure 10-5 : Timer 2 — Timer/Counter with Capture illustrates how Timer 2 operatesin
timer/counter mode with the optiond capture feeture. The C/T2 bit determines whether the
16-bit counter counts clock cycles (divided by 4 or 12), or high-to-low transitions on the t2
pin. The TR2 bit enables the counter. When the count increments from OxFFFF, the TF2
flagis set, and t2_out goes high for one clock cycle.

T2M

Divide by 12
wviae Dy ﬁ-
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0 78 15

TF2 |

EXENE—L CAPTURE

} EXF2 ;E>—> INT

iZex >

Fgure 10-5 : Timer 2 — Timer/Counter with Capture

10.8.3.3 16-Bit Timer/Counter Mode with Capture

The Timer 2 cgpture mode, illugtrated in Figure 10-5 : Timer 2 — Timer/Counter with
Capture, isthe same as the 16-bit timer/counter mode, with the addition of the capture
registers and control signals. The CP/RL2 hit in the T2CON SFR enables the capture
feature. When CP/RL2 = 1, ahigh-to-low trangtion on t2ex when EXEN2 = 1 causesthe
Timer 2 vaue to be loaded into the capture registers (RCAP2L and RCAP2H).
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10.8.3.4 16-Bit Timer/Counter Mode with Auto-Reload

When CP/RL2 =0, Timer 2 is configured for the auto-reload mode illustrated in Figure
10-6: Timer 2 — Timer/Counter with Auto-Reload. Control of counter input isthe same as
for the other 16-bit counter modes. When the count increments from OxFFFF, Timer 2 sets
the TF2 flag and the sarting value is rdloaded into TL2 and TH2. The software must
preload the starting value into the RCAP2L and RCAP2H regigters.

When Timer 2 isin auto-reload mode, areload can be forced by a high-to-low trangition on
the t2ex pin, if enabled by EXEN2 = 1.

Divide by 12— T2M
clk
1 0] crrz
‘ K CLK & L 15
D—.| T2 L

Divide by 4 j

N ‘[ |' IIIAIIIIIIAIII
’ II |R|CLI|:"2‘ILI I|I IRl!.}J-PIEI!!I II

TR2
o 78 15

E}(ENZ—‘_ 1 e
B T T
{2ex }— '

Fgure 10-6 : Timer 2 — Timer/Counter with Auto-Reload

10.8.3.5 Baud Rate Generator Mode

Setting either RCLK or TCLK to 1 configures Timer 2 to generate baud rates for Seria
port in serial mode 1 or 3. In baud-rate generator mode, Timer 2 functions in auto-reload
mode. However, instead of setting the TF2 flag, the counter overflow generates a shift clock
for the serid port function. Asin norma auto-reload mode, the overflow aso causesthe
preloaded start value in the RCAP2L and RCAP2H registersto be reloaded into the TL2
and TH2 regigers.

When either TCLK =1 or RCLK =1, Timer 2 isforced into auto-reload operation,
regardless of the state of the CP/RL2 bit.

When operating as a baud rate generator, Timer 2 does not set the TF2 bit. In thismode, a
Timer 2 interrupt can be generated only by a high-to-low transition on the t2ex pin setting
the EXF2 bit, and only if enabled by EXEN2 = 1.The counter time base in baud-rate
generator mode is CPU_clk/2. To use an externd clock source, set C/T2 to 1 and apply the
desired clock sourceto thet2 pin.
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Fgure 10-7 : Timer 2 — Baud Rate Generator Mode

10.9Serial Interface

The nRF24E2 is configured with one serid port, which isidentica in operation to the
standard 8051 serid port. The two serid port pins rxd and txd are available as dternate
functions of P0.1 and P0.2, for details please see ch. 3 1/0 PORTS.

The seriad port can operate in synchronous or asynchronous mode. In synchronous mode,
the NRF24E2 generates the serid clock and the seria port operates in half-duplex mode. In
asynchronous mode, the serid port operates in full-duplex mode. In al modes, the
NRF24E2 buffers recelve datain a holding register, enabling the UART to recaive an
incoming word before the software has read the previous value.

The serid port can operate in one of four modes, as outlined in Table 10-18

Mode | Sync/As | Baud Clock DataBits | Start/ Stop | 9th Bit Function
ync
0 Sync CPU_clk/4 or 8 None None
CPU_clk/12
1 Async Timer 1or Timer | 8 1 start, None
2 1 stop
2 Async CPU_clk/32 or 9 1 start, 0, 1, parity
CPU _clk/64 1 stop
3 Async Timer Lor Timer | 9 1 start, 0, 1, parity
2 1 stop

Table 10-18 : Serid Port Modes

The SFRs associated with the serid port are:
- SCON — SFR 0x98 — Serial port control (Table 10-19)
- SBUF — SFR 0x99 — Serid port buffer
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Bit Function
SCON.7 SMO - Serial port mode hit 0.
SCON.6 SM1 - Serial port mode bit 1, decoded as:
SMO SM1 Mode
0 0 0
0 1 1
1 0 2
1 1 3
SCON.5 SM2 - Multiprocessor communication enable. In modes 2 and 3, SM2 enables the

multiprocessor communication feature. If SM2 =1 in mode 2 or 3, RI will not be
activated if the received 9" bit is 0. If SM2 = 1in mode 1, RI will be activated only if a
valid stop isreceived. In mode 0, SM 2 establishes the baud rate: when SM2 =0, the
baud rateis CPU_clk/12; when

SM2 =1, thebaud rateis CPU_clk/4.

SCON.4 REN - Receive enable. When REN = 1, reception is enabled.

SCON.3 TB8 - Defines the state of the 9" data bit transmitted in modes 2 and 3.

SCON.2 RB8 - In modes 2 and 3, RB8 indicates the state of the 9" bit received. In mode 1,
RB8 indicates the state of the received stop bit. In mode O, RB8is
not used.

SCON.1 TI - Transmit interrupt flag. Indicates that the transmit data word has been shifted

out. Inmode 0, Tl is set at the end of the 8" data bit. In all other modes, Tl is set
when the stop bit is placed on the txd pin. Tl must be cleared by the software.

SCON.O RI — Receive interrupt flag. Indicates that a serial dataword has been
received. Inmode O, Rl is set at the end of the 8th data bit. In mode 1, RI
is set after the last sample of the incoming stop bit, subject to the state
of SM2.Inmodes 2 and 3, Rl is set at the end of the last sample of RB8. RI
must be cleared by the software.

Table 10-19 : SCON Register — SFR 0x98

10.9.1 ModeO

Serid mode 0 provides synchronous, haf-duplex serid communication. For Serid

Port O, both serid datainput and output occur on rxd pin, and txd provides the shift clock
for both transmit and receive. The rxd and txd pins are dternate function bits of Port O,
please also see Table 3-2 : Port 0 (PO) functions for port and pin configuration. The lack of
open drain ports on NRF24E2 makes it a programmer responsbility to control the direction
of the rxd pin.

The serid mode 0 baud rate is either CPU_clk/12 or CPU_clk/4, depending on the State of
the SM2. When SM2 = 0, the baud rateis CPU_clk/12; when SM2 = 1, the baud rate is
CPU_clk/4.

Mode O operation isidentica to the standard 8051. Data transmission begins when an
ingruction writes to the SBUF SFR. The UART shifts the data.out, LSB firg, & the
selected baud rate, until the 8-bit value has been shifted out.

Mode O data reception begins when the REN bit is set and the Rl bit iscleared in the
corresponding SCON SFR. The shift clock is activated and the UART shifts datain on
each rigng edge of the shift clock until eight bits have been recaived. One machine cycle
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after the 8" bit is shifted in, the Rl bit is set and reception stops until the software dlears the
RI bit.
ped0 i O WO DO O S MR SO R

rxch0_oul

woo . e 7"’’’
Tl
Ri [
Figure 10-8 : Serid Port Mode 0 receive timing for low-speed (CPU_clk/12) operation.
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Figure 10-9 : Serid Port Mode O receive timing for high-speed (CPU_clk/4) operation
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Figure 10-10 : Serid Port Mode O transmit timing for high-speed (CPU_clk/4)
operation
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Figure 10-11 : Serid Port Mode O transmit timing for high-speed (CPU_clk/4)
operation

10.9.2 Mode 1

Mode 1 provides standard asynchronous, full-duplex communication, using atota
of ten bits: one start bit, eight data bits, and one stop bit. For receive operations, the stop bit
isstored in RB8. Data hits are received and transmitted L SB firgt.

10.9.2.1 Mode 1 Baud Rate

The mode 1 baud rate is a function of timer overflow. Serid port can use either

Timer 1 or Timer 2 to generate baud rates. Each time the timer increments from its maximum
count (OxFF for Timer 1 or OxFFFF for Timer 2), aclock is sent to the baud-rate circuit.
The clock is then divided by 16 to generate the baud rate. When using Timer 1, the SMOD
bit selects whether or not to divide the Timer 1 rollover rate by 2. Therefore, when using
Timer 1, the baud rate is determinedby the equation:
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SMOD

Baud Rate = X Timer 1 Oveflow

SMOD is SFR hit PCON.7

When using Timer 2, the baud rate is determined by the equation:
Timer 2 Overflow
Baud Rate =

16

To use Timer 1 as the baud-rate generator, it is best to use Timer 1 mode 2 (8-bit counter
with auto-reload), athough any counter mode can be used. The Timer 1 reload vaueis
gored in the TH1 regigter, which makes the complete formulafor Timer 1:

ZSMOD dk

X
32 4x(256-THY)

Baud Rate =

The 4 in the denominator in the above equation can be obtained by setting the TIM bit in
the CKCON SFR. To derive the required TH1 value from aknown baud rate (when TM1
= 0), use the equation:

2MOD * (K
128* Baud Rate

TH1 =256 -

Y ou can dso achieve very low serid port baud rates from Timer 1 by enabling the

Timer 1 interrupt, configuring Timer 1 to mode 1, and using the Timer 1 interrupt to
initiate a 16-bit software reload. Table Table 10-20 lists sample reload vaues for avariety
of common seria port baud rates.

Desired SMOD | CIT Timer 1 TH1 Vdue TH1 Vdue
Baud Rate Mode for 6 MHz | for 8 MHz
CPU dk CPU dk
19.2 Kb/s 1 0 2 OxF3 -
9.6 Kb/s 1 0 2 OXE6 OxF3
4.8 Kb/s 1 0 2 0XcC OxE6
2.4 Kbls 1 0 2 0x98 OxCC
1.2 Kb/s 1 0 2 0x30 0x98

Table 10-20 : Timer 1 Reload Vaues for Seria Port Mode 1 Baud Rates

To use Timer 2 as the baud-rate generator, configure Timer 2 in auto-reload mode and

set the TCLK and/or RCLK hitsin the T2CON SFR. TCLK sdlects Timer 2 asthe
baud-rate generator for the transmitter; RCLK sdlects Timer 2 as the baud-rate generator
for the receiver. The 16-bit reload value for Timer 2 is stored in the RCAP2L and RCA2H
SFRs, which makes the equation for the Timer 2 baud rate:
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ck
32 x (65536 -{ RCAP2H, RCAP2L})

Baud Rate =

where RCAP2H,RCAP2L isthe content of RCAP2H and RCAP2L taken as a 16-hit
unsgned number. The 32 in the denominator is the result of the CPU_clk sgnd being
divided by 2 and the Timer 2 overflow being divided by 16. Setting TCLK or RCLK to 1
automaticaly causes the CPU_clk 9gnd to be divided by 2, as shown in Figure 10-7 :
Timer 2 — Baud Rate Generator Mode, instead of the 4 or 12 determined by the T2M bit in
the CKCON SFR.

To derive the required RCAP2H and RCAP2L vaues from a known baud rate, use the
equetion:

RCAP2H,RCAP2L = 65536 — clk

32x Baud Rate
Table Table 10-21 lists sample values of RCAP2L and RCAP2H for avariety of
desired baud rates.

Baud Rate C/ | 16 MHz CPU clk
T2 | RCAP2H RCAP2L

57.6 Kb/s 0 | OxFF OxF7
19.2 Kb/s 0 | OxFF OxE6

9.6 Kb/s 0 | OxFF 0xCC
4.8 Kb/s 0 | OxFF 0x98

2.4 Kbls 0 | OxFF 0x30

1.2 Kb/s 0 | OxFE Ox5F

Table10-21 : Timer 2 Rdoad Vauesfor Serid Port Mode 1 Baud Rates

When either RCLK or TCLK is set, the TF2 flag will not be set onaTimer 2
rollover, and the t2ex reload trigger is disabled.

10.9.2.2 Mode 1 Tranamit

Figure 10-12 illugrates the mode 1 transmit timing. In mode 1, the UART begins
tranamitting after the firgt rollover of the divide-by-16 counter after the software writesto the
SBUF regiger. The UART transmits data on the txd pin in the following order: start bit,
eight data bits (LSB first), stop bit. The Tl bit is set two clock cycles after the stop bit is
transmitted.

Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - Fax +4772898989
Revision: 1.2 Page 86 of 109 June 2004



PRODUCT SPECIFICATION x

NRF24E2 2.4 GHz Radio Transmitter with Microcontroller

Write to "

SBUFO

TX CLK I I | I I I Il | | I
SHIFT | I | | l I ] I |

el Z\STARF DO DI D2 D3 D4M DB D6 D7 / STOP

rxdd _in

rxd0_out
T
RI_0O

Figure 10-12 : Serid port Mode 1 Tranamit Timing

10.9.2.3 Mode 1 Receive

Figure 18 illustrates the mode 1 receive timing. Reception begins at the falling edge of a Sart
bit received on rxd_in, when enabled by the REN hit. For this purpose, rxd_inis
sampled sixteen times per bit for any baud rate. When afdling edge of agtart bit is
detected, the divide-by-16 counter used to generate the receive clock is reset to align the
counter rollover to the bit boundaries.

Rxck — & ° 6 & & q&1q

I \START oY DT X2 X o X DA X D5 X e X D77 ST0P
Bit detactor TR 0l M meoweoweomoom

sampling

rxd0d_out
td0
TLLO

RI_O |

Figure 10-13 : Serid port Mode 1 Recelve Timing

For noise rgection, the seria port establishes the content of each received bit by a
mgority decison of three consecutive samples in the middle of each bit time. Thisis
especidly truefor the dart bit. If the faling edge on rxd_inis not verified by amgority
decision of three consecutive samples (low), then the serid port stops reception and waits
for another faling edge on rxd _in.
At the middle of the stop bit time, the serid port checks for the following conditions:

- Rl =0

- If SM2 =1, the sate of thestop bitis 1
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(if SM2 =0, the state of the stop bit does not matter)

If the above conditions are met, the serid port then writes the received byte to the SBUF
register, loads the stop hit into RB8, and setsthe Rl bit. If the above conditions are not
met, the received dataiis logt, the SBUF register and RB8 hit are not loaded, and the RI bit
isnot set. After the middle of the stop bit time, the serid port waits for another high-to-low
trangtion on the rxd_in pin.

Mode 1 operation isidentica to that of the standard 8051 when Timers 1 and 2 use
CPU_dk/12 (the default).

10.9.3 Mode?2

Mode 2 provides asynchronous, full-duplex communication, using atotal of
eleven bits:

- One start hit

- Eight data bits

- One programmable 9th bit

- One stop bit

The data bits are transmitted and received L SB first. For transmission, the Sth bit
is determined by the value in TB8. To use the 9th bit as a parity bit, move the
value of the P bit (SFR PSW.0) to TB8.

The mode 2 baud rateis either CPU_clk/32 or CPU_clk/64, as determined by the
SMOD bhit. The formulafor the mode 2 baud rateis:

SMOD &
Baud Rate = Z—Clk

Mode 2 operation isidentical to the standard 8051.

10.9.3.1 Mode 2 Trangmit

Figure 10-14 illugtrates the mode 2 tranamit timing. Trangmission begins after the first
rollover of the divide-by-16 counter following a software write to SBUF . The UART shifts
data out on the txd pin in the following order: art bit, data bits (LSB first), 9th bit, stop bit.
The Tl bit is set when the stop hit is placed on the txd pin.
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Write to
SBUFD |

TX CLK | N | N | | I | I N | | |
SHIFT |

txd0 STARF DOX D1 ¥ D2 ¥ Do X D2 X D5 X D6 X D7 X 186/5T0P

rxd0_in
rdd_out

TI_O [

RI_D

Figure 10-14 : Serid port Mode 2 Tranamit Timing

10.9.3.2 Mode 2 Receive

Figure 10-15 illugtrates the mode 2 receive timing. Reception begins at the faling edge of a
gart bit received on rxd_in, when enabled by the REN bit. For this purpose, rxd_inis
sampled sixteen times per bit for any baud rate When afdling edge of a start bit is detected,
the divide-by-16 counter used to generate the receive clock is reset to align the counter
rollover to the bit boundaries.

T d I I I N T D I D

rd0_in NSTARF DO D1 ¥ D2 ¥ D3 X D4 ¥ D5 X DX DI X RBE/STOP
Bit detector (/IR {7 TN T O 1 A A

sampling

e T I T T T T T T

rxdl_out

txd
TLO

RI_O [

Figure 10-15 : Serid port Mode 2 Recelve Timing

For noise rgection, the serid port establishes the content of each received bit by a
majority decison of three consecutive samplesin the middle of each bit time. Thisis
especidly true for the sart bit. If the faling edge on rxd_inis not verified by amgority
decision of three consecutive samples (low), then the serid port stops reception and waits

for another faling edge on rxd_in.

At the middle of the stop bit time, the serid port checks for the following conditions:
-RI=0
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- 1f SM2 =1, the state of the stop bitis 1
(if SM2 =0, the state of the stop bit does not matter)
If the above conditions are met, the serid port then writes the received byte to the
SBUF regigter, loads the 9th recelved bit into RB8, and setsthe RI bit. If the above
conditions are not met, the received dataiis lost, the SBUF register and RB8 hit are not
loaded, and the RI bit is not set. After the middle of the stop bit time, the serid port waits
for another high-to-low trangition ontherxd_in.

10.9.4 Mode3

Mode 3 provides asynchronous, full-duplex communication, using atota of eeven bits:

- One gtart bit

- Eight data bits

- One programmable Sth bit

- One stop bit; the data bits are transmitted and received LSB firgt
The mode 3 transmit and receive operations are identical to mode 2. The mode 3 baud

rate generation is identica to mode 1. That is, mode 3 is a combination of mode 2

protocol and mode 1 baud rate. Figure 10-16 illustrates the mode 3 tranamit timing. Mode 3
operation isidenticd to that of the standard 8051 when Timers 1 and 2 use CPU_clk/12
(the default).

Wite to
SBUFO |

TX CLK | I | | I I A | N | N |
SHIFT | I .

s RTARF DO X D1 X D2 ¥ D3 X D4 X _D5% D6 X D7 X T88/STOFP

rxdd_in
redd_out

TIO T

RO

Figure 10-16 : Serid port Mode 3 Tranamit Timing

Figure 10-17 illustrates the mode 3 receive timing.
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Srard I N R A I I N A N |
reh)_n \STABF G0 X D1 X 02 X D3 X D2 ¥ 05X D6 X_D7.X RB&/STOP
Bit detector
SEI"H'EI“I‘IQ I.I.I ”I I.I.I I.I.I I.I.I ”l ||| |” ”l I.I.I I.I.I
SHIFT L1 e

rxd0_out

txc
TLO

RI_O |

Figure 10-17 : Serid port Mode 3 Receive Timing

10.9.5 Multiprocessor Communications

The multiprocessor communication fegture is enabled in modes 2 and 3 when the SM2 bit is
st inthe SCON SFR for aserid port. In multiprocessor communication mode, the 9th bit
received is stored in RB8 and, after the stop bit is received, the serid port interrupt is
activated only if RB8 = 1. A typica use for the multiprocessor communicetion fegture is
when a master wants to send ablock of datato one of saverd daves. The master first
transmits an address byte that identifies the target dave. When tranamitting an address byte,
the master sets the 9" bit to 1; for data bytes, the 9th bit is 0.

When SM2 = 1, no dave will be interrupted by a data byte. However, an address byte
interrupts all daves so that each dave can examine the received address byte to determine
whether that dave is being addressed. Address decoding must be done by software during
the interrupt service routine. The addressed dave clearsits SM2 bit and prepares to receive
the data bytes. The daves that are not being addressed |eave the SM 2 bit set and ignore the
incoming data bytes.
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11 ELECTRICAL SPECIFICATIONS

Conditions; VDD =+3V, VSS=0V, T, = - 40°C to + 85°C

Symbol |Parameter (condition) Notes|Min. Typ. |Max. |Units
Operating conditions

VDD Supply voltage 1.9 3.0 3.6 \

TEMP Operating Temperature -40 +27 +85 c
Digital input pin

V4 HIGH level input voltage VDD- 0.3 VDD \

Vi LOW leve input voltage VSS 0.3 V

Ci input capacitance 0.55 pF

li input leakage current 0.08 nA
Digital output pin

Von HIGH level output voltage (Io4=0.5mA) VDD- 0.3 VDD V

VoL LOW level output voltage (I, =-0.5mA) VSS 0.3 Vv
Microcontroller

fyraL Crystal frequency 2) 4 20 MHz

flp osc Low power RC oscillator frequency | 1 55 KHz

lvbp mcu Supply current @16MHz @3V 3 mA

lvbb pwd Average Supply current in power down 2 mA
General RF conditions

fop Operating frequency 1) 2400 2524 MHz

Df Frequency deviation +156 kHz

Rarsx Datarate ShockBurst™ >0 1000 kbps

FchanNEL Channel spacing 1 MHz
Transmitter operation

Pre M aximum Output Power 4) 0 +4 dBm

Prec RF Power Control Range 16 20 dB

Precr RF Power Control Range Resolution +3 dB

Psw 20dB Bandwidth for Modulated Carrier 1000 kHz

Pre2 2" Adjacent Channel Transmit Power 2MHz -20 dBm

Pres 3Y Adjacent Channel Transmit Power 3MHz -40 dBm

lvop Tx0 Supply current @ 0dBm output power 5) 13 mA

lvop 1x20 | Supply current @ -20dBm output power 5) 9 mA
ADC operation

DNL Differential Nonlinearity f, =0.9991 kHz I +0.5 LSB

INL Integral Nonlinearity f; = 0.9991 kHz I +0.75 LSB

SNR Signal to Noise Ratio (DC input) vV 59 dBFS

Vos Midscale offset | +1 %FS

& Gain Error | +1 %FS

SNR Signal to Noise Ratio (without harmonics) fy \% 53 58 dBFS
=10 kHz

SFDR Spurious Free Dynamic Range f;y = 10 kHz V 65 dB

Ve Internal reference I 11 1.22 1.3 V

Internal reference voltage drift V 100 ppm/°C
VEs Reference voltage input (externa ref) I 0.8 15 V
Fs 6 bit conversion \Y fxraL / 160 fyrar /128| SPS
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Fs 8 bit conversion \Y fyraL /192 fytaL /160  SPS

Fsio 10 hit conversion 1\ fyraLl 224 fyraL /192 SPS

Fsio 12 hit conversion \Y fxtaL / 256 fytaL /224 SPS

lapc Supply current ADC operation I 1 mA

tneD Start-up time from ADC Power down I 15 183
NOTES:

1) Usableband isdetermined by local regulations

2) Thecrysta frequency may be chosen from 5 different values (4, 8, 12, 16, and 20MHz) which are specified in

the nNRF2401 configuration word, please seeTable 14-2 Crystal specification of the nRF24E2. 16MHz is

required for IMbps operation.
3) Antennaload impedance = 100W+j175W

4) Current for transmitter RF subsystem only. Antennaload impedance = 100WA+j175W. Effective data rate

250kbps or IMbps.
1) Test Level I: 100% production tested at +25°C

I1') TestLevel Il: 100% production tested at +25°C and sample tested at specified temperatures

I11') Test Level 111: Sample tested only

1V) Test Level 1V: Parameter is guaranteed by design and characterization testing

V') Test Level V: Parameter istypical value only

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

industrial temperature range

Table 11-1 : nRF24E2 Electrica specifications
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12 PACKAGE OUTLINE

12.1 GREEN PACKAGE OUTLINE
NRF24E2G usesthe GREEN QFN36 6x6 package, punch type with matt tin plating. Dimensions arein

mm.
(& o}
: X () =
- 1 G . !
| ; el
| 1 i | 1
) 1 |
B E— b B E .-y !
PIN 1 CORNER —| | !
| : |
| 4 ] I|
i M
1
\a
o
cl-—
T, s
_‘I’_ ATTACH PAD
1 18 | -
e
K
[&]o1]cla[8] '_-_-_!_'_'_' :[?
o
(PIN 1 LD.)
| _\';\_ {fa.1ma)
rh
TITITIT e
e L R—
—f —3ox b A
VIEW M—M [ [0.1@[C]AlE]
’\ ™ g1z
' —*
A j_\ \ Sk A
l M e e
Al é
& DETAL G SEATING PLANE
WIEW ROTATED B CLOCKWISE
Package Al A | A2 b D/IE | DVE1 e J K L R
Type
Green Min | 08| 00 | 065 | 018 447 447 | 03 | 1735
QFN36 typ. 0.02 023 | 6BSC| 575BSC | 05 457 457 | 04 | 1835
(6x6 mm) Max | 09 | 005 | 069 | 03 BSC | 467 467 | 05 | 1935
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Figure 12-1 : nRF24E2G GREEN Package outline.

122 PACKAGE OUTLINE, saw type
NRF24E2 uses the QFN 36LD 6x6 Saw type package., with SnPb plating. Dimensionsarein mm.
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Package Al AL |[A2] Db D E e J K| L
Type
QFN36 Min | 08 | 00 |075| 02 447 | 447 | 035
(6x6 mm) typ. 025 | 6BSC | 6BSC 05BSC | 457 | 457 | 04
Max | 1 005 | 1 0.3 467 | 467 | 0.45

Figure 12-2 : nRF24E2 package outline.

13 ABSOLUTE MAXIMUM R]ATINGS

Supply voltages

Y/ D] S -0.3V to+ 3.6V
VSS e ov
Input voltage

For analog pins, AINO to AIN7 and AREF :
VA toetirrriieieeeeeeeeeesrns -0.3Vto20V
For dl other pins:

Ve -0.3VtoVvDD + 0.3V
Output voltage

VO iiirenienienieniens -0.3VtoVvDD + 0.3V

Total Power Dissipation

Po (TA=85°C)..ceeviriirieriirierieeenns 60mw
Temperatures

Operating Temperature.... - 40°Cto + 85°C
Storage Temperature....... -40°Cto +125°C

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

damage to the device.

13.1.1 ATTENTION!

Electrostatic Sensitive Device
Observe Precaution for handling.
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14 Peripheral RF Information

14.1.1 Antenna output

The ANT1 & ANT2 output pins provide a balanced RF output to the antenna. The pins
must have a DC path to VDD, ether viaa RF choke or viathe center point in adipole
antenna. The load impedance seen between the ANTL/ANT2 outputs should bein the
range 200-700W. A load of 100WHj175W is recommended for maximum output power
(0dBm). Lower load impedance (for instance 50 W) can be obtained by fitting asmple
matching network.

14.1.2 Output Power adjustment

Power setting bits of | RF output power DC current
configuring word consumption
11 0dBm +3dB 16.0 mA
10 -5 dBm +3dB 135 mA
01 -10 dBm +3dB 12.4mA
00 -20 dBm +3dB 11.8 mA

Conditions: VDD = 3.0V, VSS= 0V, T, = 27°C, Load impedance = 100WHj175W.
Table 14-1 RF output power setting for the NRF24E2.

14.1.3 Crystal Specification
Tolerance includes initially accuracy and tolerance over temperature and aging.

Frequency | C. ESR Comax Tolerance
4 MHz 12pF 150 W 7.0pF +30ppm
8 MHz 12pF 100 W 7.0pF +30ppm
12 MHz 12pF 100 W 7.0pF +30ppm
16 MHz 12pF 100 W 7.0pF +30ppm
20 MHz 12pF 100 W 7.0pF +30ppm

Table 14-2 Crystd specification of the nRF24E2.

To achieve acrysd oscillator solution with low power consumption and fast start-up time, it
is recommended to specify the crysta with alow vaue of crysta |oad capacitance.
Specifying C =12pF is OK, but it is possible to use up to 16pF. Specifying alower vaue of
crysta pardld equivaent capacitance, Co will aso work, but this can increase the price of
the crysd itsdf. Typicaly Co=1.5pF at acrystal specified for Co_max=7.0pF.

The selected frequency vaue must aso be set into the nRF2401 configuration word, please
see Table 4-9 Crydd frequency setting.
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14.2 PCB layout and de-coupling guidelines

A well-designed PCB is necessary to achieve good RF performance. Kegp in mind that a
poor layout may lead to loss of performance, or even functiondity, if due care is not taken.
A fully qudified RFlayout for the nRF24E2 and its surrounding components, including
matching networks, can be downloaded from www.nor dicsemi.no.

A PCB with aminimum of two layersincluding aground plane is recommended for optimum
performance. The nRF24E2 DC supply voltage should be de-coupled as close as possible
to the VDD pinswith high performance RF capacitors, see Table 15-1. It is preferable to
mount alarge surface mount capacitor (e.g 4.7nt tantadum) in pardld with the smdler vaue
capacitors. The nRF24E2 supply voltage should be filtered and routed separately from the

supply voltages of any digitd circuitry.

Long power supply lines on the PCB should be avoided. All device grounds, VDD
connections and VDD bypass capacitors must be connected as close as possible to the
NRF24E2 | C. For a PCB with atopsde RF ground plane, the VSS pins should be
connected directly to the ground plane. For a PCB with a bottom ground plane, the best
technique isto have via holes as close as possible to the VSS pads. One via hole should be
used for each VSS pin.

Full swing digital data or control signas should not be routed close to the crystd or the
power supply lines.
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15 Application example

15.1 nRF24E2 with single ended matching network

| e
“_;Q_
5 i
—?:—il-
|

Nz m
g2¢ o]
SEH] 4
L1 1vop NRF24E2 1 u
L—2 1 ano N5
DINL ~—r—{ ovoo2 ﬂcm st o
PLO ING T
Lt Boo———
DIC. F00 ‘ VDD . | SeH 2:
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Z —
$ 1 v [ u 26 anF
< F02 ANT2 33H
<D FO3 5 A
b s 8ayg 8 2
pas EEEE SRR S o
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Uz VDD 3 [’
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[s3) vee ATpF 22F
S D |—H T _ 1 ‘ﬂ
N vy —— 13 cr s
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Figure 15-1 nRF24E2 schemdtic for RF layout with single end 50W antenna
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Component Description Size Value | Tolerance | Units
C1l Capacitor ceramic, 50V, NPO 0603 22 +5% pF
C2 Capacitor ceramic, 50V, NPO 0603 22 +5% pF
C3 Capacitor ceramic, 50V, NPO 0603 4.7 +5% pF
c4 Capacitor ceramic, 50V, X7R 0603 2.2 +10% nF
C5 Capacitor ceramic, 50V, X7R 0603 1.0 +10% nF
C6 Capacitor ceramic, 50V, X7R 0603 10 +10% nF
Cc7 Capacitor ceramic, 50V, X7R 0603 1 +10% nF
C8 Capacitor ceramic, 50V, X7R 0603 33 +10% nF
C9 Capacitor ceramic, 50V, NPO 0603 1.0 + 0.1 pF pF
C10 Capacitor ceramic, 50V, NPO 0603 1.0 + 0.1 pF pF
Cl11 Capacitor ceramic, 50V, NPO 0603 2.2 +0.25 pF pF
C12 Capacitor ceramic, 50V, NPO 0603 4.7 + 0.25 pF pF
C13 Capacitor ceramic, 50V, X7R 0603 10 +10% nF
Cl14 Capacitor ceramic, 50V, X7R 0603 1.0 +10% nF
C15 Capacitor ceramic, 50V, X7R 0603 100 +10% nF
L1 Inductor, wire wound 2 0603 3.3 + 5% nH
L2 Inductor, wire wound 2 0603 10 + 5% nH
L3 Inductor, wire wound 2 0603 5.6 + 5% nH
L4 Inductor, wire wound 2 0603 5.6 + 5% nH
R1 Resistor 0603 1.0 +5% MW
R2 Resistor 0603 22 +1% kW
R3 Resistor 0603 10 +5% kwW
R4 Resistor 0603 10 +5% kwW
R5 Resistor 0603 1 +5% kW
Ul NRF24E2 transmitter QFN36/ 6x6 nRF24E2
X1 Crystal, CL = 12pF, LXWxH = 16Y +/- 30 ppm MHz

ESR < 100 ohm 4.0x2.5x0.8
U2 4 kbyte serial EEPROM with SPI SO8 2X X320
interface

Table 15-1 Recommended components (BOM) in nRF24E2 with antenna matching

network

2 Wire wound inductors are recommended, other can be used if their salf-resonant
frequency (SRF) is> 2.7 GHz
Y NRF24E2 can operate at severa crystal frequencies, please refer to 98.
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15.2 PCB layout example

Figure 15-2 shows a PCB layout example for the gpplication schematic in Figure 15-1.

A double-sided FR-4 board of 1.6mm thicknessis used. This PCB has a ground plane on
the bottom layer. Additionally, there are ground areas on the component side of the board
to ensure sufficient grounding of critical components. A large number of via holes connect
the top layer ground areas to the bottom layer ground plane.

: No components in bottom layer

Top view Bottom view
Fgure 15-2 nRF24E2 RF layout with single ended connection to 50W antenna and 0603
Sze passive components
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18 DEFINITIONS

Data sheet status
Objective product specification | This datasheet contains target specifications for product development.

Preliminary product This datasheet contains preliminary data; supplementary data may be
specification published from Nordic Semiconductor ASA later.
Product specification This datasheet contains final product specifications. Nordic Semiconductor

ASA reserves the right to make changes at any time without notice in order to
improve design and supply the best possible product.

Limiting values

Stress above one or more of the limiting values may cause permanent damage to the device. These are stress
ratings only and operation of the device at these or at any other conditions above those given in the
Specifications sections of the specification is not implied. Exposure to limiting values for extended periods may
affect devicerdliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

Table 18-1 :Definitions

Nordic Semiconductor ASA reserves the right to make changes without further notice to the
product to improve rdiability, function or design. Nordic Semiconductor does not assume
any liability arising out of the gpplication or use of any product or circuits described herein.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support gppliances, devices, or systems
where mafunction of these products can reasonably be expected to result in persond injury.
Nordic Semiconductor ASA customers using or sdling these products for use in such
goplications do so a their own risk and agree to fully indemnify Nordic Semiconductor
ASA for any damages resulting from such improper use or sde.

Product Specification: Revison Date: 10.06.2004.

Datasheet order code: 100604-nRF24E2.
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