PRODUCT SPECIFICATION

> I SNEMQ (§BCT OR
433/868/915MHz RF Transceiver with

Embedded 8051 Compatible NRFIES
Microcontroller and 4 Input, 10 Bit ADC

FEATURES APPLICATIONS

* nRF905 433/868/915 MHz transceiver e Sports and leisure
» 8051 compatible microcontroller equipment

* 4 input, 10bit 80ksps ADC * Alarm and security
* Single 1.9V to 3.6V supply systems

» Small 32 pin QFN (5x5 mm) package * Industrial sensors

» Extremely low cost Bill of Material (BOM) * Remote control

* Internal VDD monitoring » Surveillance

» 2.54A standby with wakeup on timer or external pin ¢« Automotive

» Adjustable output power up to 10dBm * Telemetry

» Channel switching time less than 50 » Keyless entry

* Low TX supply current, typical 9mA @-10dBm * Toys

* Low RX supply current typical 12.5mA peak

* Low MCU supply current, typ. 1mA at 4AMHz @3volt
» Suitable for frequency hopping

o Carrier Detect for “listen before transmit protdcol

GENERAL DESCRIPTION

NRFIES5 is a true single chip system with fully greted RF transceiver, 8051
compatible microcontroller and a 4 input 10bit 83k#D converter. The transceiver of
the system supports all the features available he ©hRF905 chip including
ShockBurst", which automatically handles preamble, address @RE. The circuit
has embedded voltage regulators, which providesrmax noise immunity and allows
operation on a single 1.9V to 3.6V supply. nRF9E®Tompatible with FCC standard
CFRA47 part 15 and ETSI EN 300 220-1.

QUICK REFERENCE DATA

Parameter Value Unit
Minimum supply voltage 1.9 V
Temperature range -40 to +85 °C
Supply current in transmit @ -10dBm output power 9 mA
Supply current in receive mode 12.5 mA
Supply current fopi-controller 4AMHz @ 3volt 1 mA
Supply current for ADC 0.9 mA
Maximum transmit output power 10 dBm
Data rate 50 kbps
Sensitivity -100 dBm
Supply current in power down mode 25 HA

Table 1 nRF9ES5 quick reference data.
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ORDERING INFORMATION

Type number Description Version
nRFIES5 IC 32L QFN 5x5 mm -

NRF9ES-EVKIT 433 Evaluation kit 433MHz 1.0

nRFOE5-EVKIT 868/915 Evaluation kit 868/915MHz 1.0

Table 2 nRF9ES5 ordering information.
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Figure 1 nRF9ES5 block diagram.
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1 ARCHITECTURAL OVERVIEW

This section will give a brief overview of each thie blocks in the block diagram in
Figure 1.

1.1 Microcontroller

The nRF9E5 microcontroller is instruction set cotilpa with the industry standard
8051. Instruction timing is slightly different fromhe industry standard, typically each
instruction will use from 4 to 20 clock cycles, coaned with 12 to 48 for the
“standard”. The interrupt controller is extendedtpport 5 additional interrupt sources;
ADC, SPI, 2 for the radio and a wakeup functionefehare also 3 timers that are 8052
compatible, plus some extensions, in the microotletr core. An 8051 compatible
UART that can use timerl or timer2 for baud rateggation in the traditional
asynchronous modes is included. The CPU is equippiad2 data pointers to facilitate
easier moving of data in the XRAM area, which i€@anmon 8051 extension. The
microcontroller clock is derived from the crystalcdlator.

1.1.1 Memory Configuration

The microcontroller has a 256-byte data ram (8GGRpmatible, with the upper half only
addressable by register indirect addressing). AllsR@M of 512 bytes contains a
bootstrap loader that is executed automaticallgrgiower on reset or if initiated by
software later. The user program is normally loaited a 4k byte RAM from an
external serial EEPROM by the bootstrap loader. dihbyte RAM may also (partially)
be used for data storage in some applications.

1.1.2 Boot EEPROM/FLASH

The program code for the device must be loaded fioraxternal non-volatile memory.
The default boot loader expects this to be a “gen2b320” EEPROM with SPI
interface. These memories are available from séveradors with supply ranges down
to 1.8V. The SPI interface uses the pins MISOn{freEPROM SDO), SCK (to
EEPROM SCK), MOSI (to EEPROM SDI) and EECSN (to RE® CSN). When the
boot is completed, the MISO (P1.2), MOSI (P1.1) &2K (P1.0) pins may be used for
other purposes such as other SPI devices or GPé@(@l Purpose Input Output).

1.1.3 Register Map

The SFRs (Special Function Registers) control sgwarthe features of the nRFIES.
Most of the nRF9E5 SFRs are identical to the stah8851 SFRs. However, there are
additional SFRs that control features that areanatlable in the standard 8051.

The SFR map is shown in Table 3. The registers grigly background are registers with
industry standard 8051 behavior. Note that thetfanaf PO, P1 and P2 are somewhat
different from the “standard” even if the conventb addresses (0x80, 0x90 and O0xAO0)
are used.

! Optionally this 4k block of memory can be configiligs 2k mask ROM and 2k RAM or 4k mask ROM
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X000 X001 X010 X011 X100 X101 X110 X111
F8 EIP HWREV
FO B
ES EIE
E0 | Acc
D8 | EICON
DO | PSwW
cg | T2con RCAP2L | RCAP2H| TL2 TH2
CO
BS P CKLF
CON
BO RSTREA | SPI SPI SPI TICK_ CK_ TEST_
S "DATA | CTRL | cCLK DV CTRL | MODE
AS IE PWM PWM | REGX | REGX | REGX
CON DUTY | MSB | LSB | CTRL
AO P2
98 | SCON | SBUF
90 P1 EXIF | MPAGE | PO DRV| PO DIR| PO _ALT P1 DIR P1 ALl
88 | TCON | T™MOD TLO TL1 THO TH1 | CKCON | SPC_FNC
80 PO SP DPLO DPHO DPL1 | DPH1 DPS PCON

Table 3 SFR Register map.

1.2 PWM

The nRF9E5 has one programmable PWM (Pulse-WidtdWéion) output, which is
the alternate function of P0O.7. The resolutionhef PWM is software programmable to
6, 7 or 8 bits. The frequency of the PWM signapiegrammable via a 6 bit prescaler
from the XTAL oscillator. The duty cycle is programable between 0% and 100% via
one 8-bit register.

1.3 SPI

NRFIES5 features a simple single buffered SPI (EBragrammable Interface) master.
The 3 data lines of the SPI bus (MISO, SCK and M@$% multiplexed (by writing to
register SPI_CTRL) between the GPIO pins (loweit8 &f P1) and the RF transceiver
and AD subsystems. The SPI hardware does not genang chip select signal. The
programmer will typically use GPIO bits (from p&®) to act as chip selects for one or
more external SPI devices. The EECSN pin is a gémerpose 1/O dedicated as chip
select for the boot EEPROM. When the SPI interfaites RF transceiver, the chip
selects are available in an internal GPIO port, P2.

1.4 Port Logic

The device has 8 general-purpose bi-directionas gihe PO port). Additionally the 4
SPI data pins may be used as general purposené&P@t). Most of the GPIO pins can
be used for multiple purposes under program canfrbé alternate functions include
two external interrupts, UART RXD and TXD, a SPIsta& port, three enable/count
signals for the timers and the PWM output and & glcogrammable timer. Each pin in
the PO port can be programmed for high sink or@uaurrent.
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1.5 Power Management

The nRF9ES5 can be placed into several low poweresaohder program control, and
also the ADC and RF subsystems can be turned off onder program control. The

CPU will stop, but all RAM’s and registers maintdireir values. The watchdog, RTC
(Real Time Clock) wakeup timer and the GPIO wakéupction are always active

during power down. The current consumption is tgjyc2.54A when running with the

crystal oscillator off.

The device can exit the power down modes by anmmait@in, an event on any of the PO
GPIO pins, by the wakeup timer if enabled or byadodog reset.

1.6 LF Clock, RTC Wakeup Timer, GPIO Wakeup and Watchday

The nRF9ES5 contains an internal low frequency clG&dF that is always on. When
the crystal oscillator clocks the circuit, the CKIli$a 4kHz clock derived from the
crystal oscillator. When no crystal oscillator das available, the CKLF is a low power
RC oscillator that cannot be disabled, so it wilh rcontinuously as long as VDB
1.8V. The RTC Wakeup timer, the GPIO wakeup anccigdg all run on the CKLF to
ensure these vital functions will work during adiveer down modes.

RTC Wakeup timer is a 24 bit programmable down tewand the Watchdog is a 16 bit
programmable down counter. The resolution of théchdog and wakeup timer is
programmable (with prescaler TICK_DV) from approately 300us to approximately
80ms. By default the resolution is 1ms. The wakimer can be started and stopped by
user software. The watchdog is disabled after atrdsut if activated it cannot be
disabled again, except by another reset. An RTCalakimer timeout also provides a
programmable pulse (GTIMER) that can be an output GPIO pin.

The GPIO wakeup function lets the software enald&enp on one or more pins from
the PO GPIO port. The edge sensitivity (risinglirigl or both) and de-bouncing filter is
individually programmable for each pin.

1.7 XTAL Oscillator

The microcontroller, AD converter and transceiven on the same crystal oscillator
generated clock. A range of crystals frequenciesfd to 20 MHz may be utilized. For

details, please see chapter 7.1 on page 18. Thiatmscmay be started and stopped as
requested by software.
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1.8 AD Converter

The nRF9E5 AD converter has up to 10-bit dynamiogea and linearity with a
conversion rate of 80 ksps used at the Nyquist fidie reference for the AD converter
is software selectable between the AREF input andtarnal 1.22V bandgap reference.
The converter has 5 inputs selectable by softwi&etecting one of the inputs 0 to 3 will
convert the voltage on the respective AINO to AIPiB. Input 4 enables software to
monitor the nRF9ES5 supply voltage by convertingraarnal input that is VDD/3 with
the 1.22V internal reference selected. The AD cdeves typically used in a start/stop
mode. The sampling time is then under softwarerobntThe converter is by default
configured as 10 bits. For special requirements AD converter can be configured by
software to perform 6, 8 or 12 bit conversions. Tomverter may also be used in
differential mode with AINO used as negative inpgutd one of the other 3 external
inputs used as noninverting input.

1.9 Radio Transceiver

The transceiver part of the circuit has identieaictionality to the nRF905 single chip
RF transceiver. It is accessed through an intgragdllel port and / or an internal SPI.
The data ready, carrier-detect and address matgialsi can be programmed as
interrupts to the microcontroller or polled via 1@ port.

The nRF905 is a radio transceiver for the 433/888MHz ISM bands. The transceiver
consists of a fully integrated frequency synthasiagpower amplifier, a modulator and
a receiver unit. Output power and frequency chanaetl other RF parameters are easily
programmable by use of the on chip SPI interfacehto nRF905 core. RF current
consumption is only 9 mA in TX mode (output pow&BdBm) and 12.5 mA in RX
mode. For power saving the transceiver can be duame/ off under software control.
This document should be read in conjunction with the nRF905 datasheset.
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2 ELECTRICAL SPECIFICATION

Conditions: VDD = +3V, VSS = 0V, TEMP = -40°C to +85&ypical +27°C)

Symbol |Parameter (condition) | Notes] Min. | Typ. | Max. | Units
Operating conditions
VDD Supply voltage 1.9 3.6 \
TEMP | Operating temperature -40 85 °C
Digital input/output
ViH HIGH level input voltage 0.7-VDD VDD \%
Vi LOW level input voltage VSS 0.3-VDD \%
Ci Pin capacitance 5 pF
li Pin leakage current 1) +10 nA
Vou HIGH level output voltage §l,.=-0.5mA) VDD-0.3 VDD \Y
VoL LOW level output voltage ¢l =0.5mA) VSS 0.3 V
General electrical specification
Ipp Supply current in power down mode | 2)| | 2.5| PA
General microcontroller conditions
lvop mcu Supply current @4MHz @3V 1 mA
lot_Hp High drive sink current for P06, P04, P02 3)
PO0 @ VOL = 0.4V 10 mA
loH_HD High drive source current for P07, P05, 3)
and P01 @ VOH = VDD-0.4V 10 mA
flp osc Low power RC oscillator frequency 1 5.5 KHZ
General RF conditions
fop Operating frequency 4) 430 928 MHZ
fxTAL Crystal frequency 5) 4 20 MHz
Af Frequency deviation +42 +50 +58 kHz
BR Data rate 6) 50 kbps
fch 433 |Channel spacing @ 433MHz 100 kHZ
fch sss  |Channel spacing @ 868 and 915 MHz 20 kHE
Transmitter operation
Prrio  |Output power 10dBm setting 7) 7 10 11 dBnp
Pres Output power 6dBm setting 7) 3 6 9 dBnm
Pre-2 Output power —2dBm setting 7) -6 -2 2 dBn
Pre.1o  |Output power -10dBm setting 7) -14 -10 -6 dBnp
Paw .16 [-16dBc bandwidth for modulated carrier 6) 173 zkH
Paw 24 |-24dBc bandwidth for modulated carrier 6) 227 Hzk
Paw 32 [-32dBc bandwidth for modulated carrier 6) 238 Hzk
Paw .35 |-36dBc bandwidth for modulated carrier 6) 313 Hzk
Pre1 1% adjacent channel transmit power 8 -27) dBE
Pre> 2% adjacent channel transmit power 8) -54 dB¢
l1x10dBm  |SUPPlY current @ 10dBm output power 30 mA
l1x.10d8m |SUpply current @ -10dBm output power 9 mA

Table 4 nRF9ES electrical specification.
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Symbol | Parameter (condition) | Notes Min. | Typ. | Max. | Units
Receiver operation
Irx Supply current in receive mode 12.5 mA
RXsens  |Sensitivity at 0.1%BER -100 dBm
RXuax |Maximum received signal 0 dBm
Cllco C/1 Co-channel 9) 13 dB
Cllisr  |1™ adjacent channel selectivity C/l 200kHz 9) -7 dB]
Cllyo |2 adjacent channel selectivity C/l 400kHz 9) -16 dB
Cl/l,;m  |Blocking at +1MHz 9) -40 dB
C/lym  |Blocking at -1MHz 9) -50 dB
Clloy  |Blocking at -2MHz 9) -63 dB
Cllisy  |Blocking at +5MHz 9) -70 dB
Cllsy  |Blocking at -5MHz 9) -65 dB
Cll.iom  |Blocking at +10MHz 9) -69 dB
Clliom  |Blocking at -10MHz 9) -67 dB
Cliym Image rejection 9) -36 dB
ADC operation
DNL Differential Nonlinearity f§ = 0.9991 kHz +0.5 LSB
INL Integral Nonlinearity f = 0.9991 kHz +0.75 LSB
SNR Signal to Noise Ratio (DC input) 59 dBF
Vos Midscale offset +1 %FS
& Gain Error +1 %FS
SNR Signal to Noise Riat (without harmonicg 53 58 dBFS
fIN =10 kHz
SFDR Spurious Free Dynamic Range=f 10 kHz 65 dB
Vae Internal reference 1.1 1.22 1.3 \%
Internal reference voltage drift 100 ppmFC
VEs Reference voltage input (external ref) 0.8 1.5 \
Fs Conversion rate 10) 125 kspS
| apc Supply current ADC operation 1 mA
tnPD Start-up time from ADC Power down 15 us

Table 5 nRF9ES5 electrical specifications (contijued

1) Max value determined by design and characterizaésting.
2) Pin voltages are VSS or VDD.

3) Higher sink/source current is possible if increaseithge changes on ports are accepted.

4) Operates in the 433, 868 and 915 MHz ISM band.

5) The crystal frequency may be chosen from 5 diffexatues (4, 8, 12, 16, and 20MHz) which are spetifn
the configuration word. Please see Table 22 on B8ge

6) Data is Manchester-encoded before GFSK modulation.

7) Optimum Load Impedance.

8) Channel width and channel spacing is 200kHz.

9) Channel Level +3dB over sensitivity, interfering siga standard carrier wave, Image 2 MHz above wdante

10) Conversion rate is dependant on resolution, Plesselsapter 10.3 page 32.
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2.1 Current Information for All Operating Modes

MODE XO frequency | TYPICAL CURRENT
Light power down 4AMHz 0.45 mA
Moderate Power down 4MHz 100 uA
Standby mode 4AMHz 12 UuA
Deep Power Down - 25 UA
MCU at 0.5MHz 3 volt 4MHz 0.55 mA
MCU at 1MHz 3 volt 4MHz 0.60 mA
MCU at 2MHz 3 volt 4MHz 0.70 mA
MCU at 4MHz 3 volt 4MHz 090 mA
MCU at 8Mhz 3 volt 8MHz 1.4 mA
MCU at 12MHz 3 volt 12MHz 1.8 mA
MCU at 16MHz 3 volt 16MHz 2.2 mA
MCU at 20MHz 3 volt 20MHz 2.6 mA
Rx at 433MHz 16MHz 12.2 mA
Rx at 868MHz/915MHz 16MHz 12.8 mA
Reduced Rx 16MHz 10.5 mA
Tx at 10dBm output power 16MHz 30 mA
Tx at 6dBm output power 16MHz 20 mA
Tx at -2dBm output power 16MHz 14 mA
Tx at -10dBm output power 16MHz 9 mA

Table 6 Current information for all operating modes

*) Typical current given for medium MCU activity. ddsured current may differ with
higher or lower MCU activity or with other XO fregncy than given in the table.
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3 PIN ASSIGNMENT

3 g
= - 3 =z =z 'z =z 5
= s @© 3z 2 & & 8

32|31 (30 [29] 28] [27][26] |25

Poameo| 1 | P vss
roamel 2 | NRFIE5
Posmton| 3 | 32L QFN 5x5 vss
VDD ANT2
vss ANTL
po.4nNT1_N@ > VDD_PA
Posmo 7 vss
Po.errl VDD

9 /[10] 11 [12] 13|14 [15] 16
T =z =z o m x < <
I S
S 3 % 2 5 2 Q &
3 = = 3 2
z = £ 3 s
= P N 2 e

o w

Figure 2 Pin assignment nRF9ES.
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4 PIN FUNCTION

—

Pin Name Pin function Description

1 PO1 Digital INJOUT uP Bi-directional digital pin
2 P02 Digital IN/JOUT uP Bi-directional digital pin
3 P03 Digital IN/JOUT uP Bi-directional digital pin
4 VDD Power Power supply (+3V DC)

5 VSS Power Ground (0V)

6 P04 Digital IN/JOUT uP Bi-directional digital pin
7 P05 Digital INJOUT uP Bi-directional digital pin
8 P06 Digital IN/JOUT uP Bi-directional digital pin
9 P07 Digital IN/JOUT uP Bi-directional digital pin
10 MOSI SPI-Interface SPI output

11 MISO SPI-Interface SPI input

12 SCK SPI-clock SPI clock

13 EECSN SPl-enable SPI enable, active low
14 XC1 Analog Input Crystal Pin 1/ External cloefarence pin
15 XC2 Analog Output Crystal Pin 2

16 VSS Power Ground (0V)

17 VDD Power Power supply (+3V DC)
18 VSS Power Ground (0V)

19 VDD PA Power Output Regulated positive suppl@¥) to nRF905 power amplifie]
20 ANT1 RF — port Antenna interface 1

21 ANT2 RF — port Antenna interface 2

22 VSS Power Ground (0V)

23 IREF Analog Input Reference current

24 VSS Power Ground (0V)

25 VDD Power Power supply (+3V DC)
26 AIN3 Analog Input ADC Input 3

27 AIN2 Analog Input ADC Input 2

28 AIN1 Analog Input ADC Input 1

29 AINO Analog Input ADC Input O

30 AREF Analog Input ADC Reference Voltage
31 DVDD 1V2 Power Output Low voltage positive diggapply output for de-coupling
32 P00 Digital INJOUT uP Bi-directional digital pin

Table 7 nRF9ES pin function.
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5 SYSTEM CLOCK

The Microcontroller clock, CPU_CLK, is generatedrr the on chip crystal oscillator.
CPU_CLK frequency is configured in the RF-configioa register (see chapter 11) and
could be setto 0.5, 1, 2 or 4AMHz. CPU_CLK couldddition be set equal to the crystal
oscillator frequency itself. The CPU_CLK generatisiilustrated in Figure 3.

It is important to always set XOF equal to the atturystal selected for the application.

»>1 fcpu_cLk
MUX 0.5 to 20MHz

o fxo 4MHz 0.5 - 4MHz
— | XO | Divide 1t05 »| Divide 1to 4 »(0
T
T T XO_DIRECT
XOF UP_CLK _|
_FREQ

Figure 3 CPU_CLK generation in nRF9ES5.

The SFR OxBF, CKLFCON, have to correspond with XQFR_CLK FREQ and
XO_DIRECT. SFR 0xBF is described in Table 43 onga8.

Default values of UP_CLK_FREQ and XO_DIRECT is ‘@fd '0' respectively. That is,
the default CPU_CLK frequency is 4MHz.

The chip has an internal low frequency clock tlsaglways active. This clock ensure
proper operation of vital function when the chiprigpower down mode and the crystal
oscillator is turned off, please see chapter 1pame 53.
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6 DIGITAL I/O PORTS

The nRF9ES has two 1/O ports located at the defaaditions for PO and P1 in standard
8051, but the ports are fully bi-directional CMOS8dathe direction of each pin is
controlled by a _DIR and an _ALT bit for each kstshown in the table below.

Pin Default function Alternate=1 SPI CTRL =01
EECSN P1.3 P1.3
MISO SPl.datain P1.2

SCK SPl.clock T2 (timer2 input) P1.0
MOSI SPl.dataout P1.1

P00 P0.0 GTIMER

PO1 PO0.1 RXD (UART)

P02 P0.2 TXD (UART)

P03 P0.3 INTO N (interrupt)

P04 P0.4 INT1 N (interrupt)

P05 P0.5 TO (timer0 input)

P06 P0.6 T1 (timerl input)

P07 P0.7 PWM

Table 8 Port functions.

6.1 1/O Port Behavior During RESET

During this period the internal reset is activegéelless of whether or not the clock is
running), all the port pins related to PO are agunfed as inputs, whereas the inputs
related to P1 are configured as required for an r8&ter. When program execution
starts, all ports are still configured as duringete and the program will need to set the
_ALT and/or the _DIR register for the pins that ci@@other direction.

6.2 Port0 (P0)

PO_ALT and PO_DIR control the PO port function hatt order of priority. If the
alternate function for port PO.n is set (by PO_AL¥. 1) the pin will be input or output
as required by the alternate function (UART, exaélinterrupt, timer inputs or PWM
output), except that the UART RXD direction willllstiepend on PO_DIR.1.

To use INTO_N or INT1_N as interrupts, the corregfing alternate function must be
activated, PO_ALT.3/ PO _ALT.4. PO_ALT.5/ PO_ALTcén be set to use P0.5/ P0.6
as a timer 0 / 1 control. In that case the CPU $esnihese signal every 4 CPU clock
periods. When the PO_ALT.n is not set, bit ‘n” bétport is a GPIO function with the
direction controlled by PO_DIR.n.
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Pin Data in PO ALT.n,PO DIR.n
10 11 00 01

P00 GTIMER Out GTIMER Out PO0.0 Out PO0.0 In
P01 RXD Out RXD In PO.1 Out P0.1 In
P02 TXD Out TXD Out PO0.2 Out PO0.2 In
P03 INTO N In INTO N In P0.3 Out P0.3 In
P04 INT1 N In INT1 N In P0.4 Out P0.4 In
P05 TO In TO In P0.5 Out P0.5 In
P06 T1 In T1 In PO0.6 Out P0.6 In
P07 PWM Out PWM Out PO0.7 Out P0.7 In

Table 9 Port 0 (PO) functions.

Port 0 is controlled by SFR-registers 0x80, 0x9894)and 0x95 listed in the table
below.

Addr R/W | #bit Init Name Function
SFR value
(hex) (hex)
80 R/W 8 FF PO Port 0, pins P07 to POO
93 R/W 8 00 PO DRV High drive strength for eachabiPort 0

0: Enable, 1: Disable

(See 6.2.1 below for a description)

94 R/W 8 FF PO _DIR Direction for each bit of Port 0

0: Output, 1: Input

Direction is overridden if alternate function

selected for a pin.

95 R/W 8 00 PO _ALT Select alternate functions facke pin of PO, if
corresponding bit in PO_ALT is set, as listed
Table 9 Port 0 (PO) functions.

S

in

Table 10 Port O control and data SFR-registers.

6.2.1 High Current Drive Capability

Odd numbered bits will source high current whendbgesponding bit in PO_DRYV is
set, where as even number bits will sink high aurmghen the corresponding bit in
PO_DRV is set.

6.3 Port1 (P1 or SPI port)

The P1 port consists of 4 pins, one of which isedtvired input. The primary function
of the P1 port (when SPI_CTRL is 01) is a SPI mgstet. The pin EECSN is used as a
chip select for the boot EEPROM, the GPIO bitsont °0 may be used as chip select(s)
for other SPI devices.

P1 ALT.O can be set to use SCK (P1.0) as a timeorfrol. In that case the CPU
samples this signal every 4 CPU clock periods. MQEL.1) is now a GPIO. When
PO _ALT.0is 0, also SCK (P1.0) is a GPIO.

MISO (P1.2) is always an input. That is P1_DIR.2 &1_ALT.2 are ignored.

EECSN (P1.3) is always a GPIO. It will be activatadthe default boot loader after
reset and should be connected to the CSN of theflash.
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Pin SPI_ CTRL=01 SPI CTRL =01
P1 ALT.n=1 P1 ALT.n=0
P1 DIRn=0 P1 DIRn=1
SCK SPI.clock Out T2 In P1.0 Out P1.0 In
MOSI SPI.dataout Out P1.1 7o | P1.1 Out P1.1 In
MISO SPl.datain In P1.2 In P1.2 In P1.2 In
EECSN P1.3 Out P1.3 Ifo | P1.3 Out P1.3 In

Table 11 Port 1 (P1) functions.

Port 1 is controlled by SFR-registers 0x90, 0x98 @r97, and only the 4 lower bits of
the registers are used.

Addr | R/IW | #bit Init Name Function

SFR value

(hex) (hex)

90 R/W 4 F P1 Port 1, pins SPI_SCK, SPI_MOSI, $#50 and
SPI CSN

96 R/W 4 4 P1 DIR| Direction for each bit of Port 1

0: Output, 1: Input

Direction is overridden if alternate function ideseted
for a pin, or if SPI_CTRL=01.

SPI_MISO is always input.

97 R/W 4 0 P1_ALT| Select alternate functions fazhepin of P1

if corresponding bit in P1_ALT is set, as listedlable
11 Port 1 (P1) functions

Table 12 Port 1 control and data SFR-registers.

P1 is by default configured as a SPI master porthis case, it is then controlled by the
3 SFR registers 0xB2, 0xB3 and 0xB4 as shown irlela® on page 44.

2p1.1and P1.3 are actually under control of P1_DHRd P1 DIR.3 even when P1_ALT.1 or P1_ALT.3
are 1, since there are no alternate functionshiesd pins.
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7 ANALOG INTERFACE

7.1 Crystal Specification
Tolerance includes initially accuracy and toleraager temperature and aging.

Frequency G ESR Comax Tolerance @ | Tolerance @
868/915 MHz 433 MHz
4MHz 8pF — 16pF 1500 7.0pF +30ppm +60ppm
8MHz 8pF — 16pF 100Q 7.0pF +30ppm +60ppm
12MHz 8pF — 16pF 100Q 7.0pF +30ppm +60ppm
16MHz 8pF — 16pF 100Q 7.0pF +30ppm +60ppm
20MHz 8pF — 16pF 1000 7.0pF +30ppm +60ppm

Table 13 Crystal specification of NRF9ES5.

To achieve a crystal oscillator solution with lowwer consumption and fast start-up
time, it is recommended to specify the crystal wihlow value of crystal load

capacitance. Specifying a lower value of crystatafp@ equivalent capacitance,
Co=1.5pF is also good, but this can increase tiee @f the crystal itself. Typically

Co=1.5pF at a crystal specified for Co_max=7.0pF.

The crystal load capacitance,,@ given by:

_ GG

= , WhereC,'=C; +Cpcg +Cj; and C,'=C; +Cpepy +Cy5
C1I+C2'

L

C; and G are 0603 SMD capacitors as shown in the applicathematics. &g;and
Cpca2are the layout parasitic on the circuit board.add G, are the capacitance seen
into the XC1 and XC2 pin respectively; the valugyical 1pF.

7.2 Antenna Output

The “ANT1 & ANT2” output pins provide a balanced Ratput to the antenna. The
pins must have a DC path to VDD_PA, either via acRéke or via the center point in a
dipole antenna. The load impedance seen betweekiNfé/ANT2 outputs should be in
the range 200-7@D. The optimum differential load impedance at théeana ports is
given as:

900MHz 22®+j210
430MHz 30@+j100

A low load impedance (for instance®@Pcan be obtained by fitting a simple matching
network or a RF transformer (balun). Further infation regarding balun structures and
matching networks may be found in the Applicatio@iples chapter.
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7.3 ADC Inputs

The Analog to digital converter has four analoguinghannels and one reference
voltage input. Analog input is selected with CHSElthe ADC_CONFIG_REG.

7.4 Current Reference
To get accurate internal biasing, an external lolerance resistor is used. A resistor of

22kQ and 1% accuracy should be connected between théREF and ground for
proper operation of nRFOES.

7.5 Digital Power De-Coupling

NRFOE5 has internal regulator used for optimum grerdnce and minimum power
dissipation in digital part of the system. De-canglof the regulated power is needed
for proper operation of the chip. A capacitor onEOshould be connected between
DVDD_1V2 and ground as close to the chip as possPlease see PCB layout and de-
coupling guidelines for further information regargilayout.
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8 INTERNAL INTERFACE; AD CONVERTER AND
TRANSCEIVER

8.1 P2 - Radio General Purpose I/O Port

The P2 port controls the transceiver. The P2 psesuhe address normally used by port
P2 in standard 8051. However since the radio tewscis on chip, the port is not bi-
directional. The power on default values in thet glatch” also differs from traditional
8051 to match the requirements of the radio tramscsubsystem.

Operation of the transceiver is controlled by SE&sters P2 and SPI_CTRL:

Addr | R/W | #bit Init Name Function
SFR value
(hex) (hex)
AO R/W 8 08 P2 General purpose I/O for interface to

NnRF905 radio transceiver and AD
converter subsystems

B3 R/W 2 0 SPI_CTRL| 00 -> SPI not used

01 -> SPI connected to port P1 (boot)
1x -> SPI connected to nRF905/AD

Table 14 nRF905 433/868/915 MHz transceiver subsysiontrol registers - SFR 0xAO0
and OxB3.

The bits of the P2 register correspond to similias pf the nRF905 single chip, as
shown in Table 15 P2 (RADIO) register . In the doemtation the pin names are used,
so please note that setting or reading any of th&$€05 pins, means to write or read
the P2 SFR register accordingly.

P2 register bit: Function Corresponding nRF905
Transceiver pin name

Read

7: nRF905 Transceiver address match AM

6: NRF905 Transceiver carrier detect CD

5: nRF905 Transceiver data ready DR

4: ADC end of conversion EOC

3: 0 (not used)

2: nrF905 Transceiver and ADC SPI data out (SBMISO) MISO

1: 0 (not used)

0: 0 (not used)

Write :

7: Not used

6: Not used

5: nRF905 Transceiver enable receiver function TRK

4: nRF905 Transceiver transmit/receive selection BN

3: nrF905 Transceiver and ADC SPI Chip select (RNLY CSN

2: Not used

1: nrF905 Transceiver and ADC SPI data in (SBMOSI) | MOSI

0: nrF905 Transceiver and ADC SPI clock (SBSCK) SCK

Table 15 P2 (RADIO) register - SFR 0xA0Q, defauitia data value is 0x08.

Note : Some of the pins are overridden when SPI_IGTR, see Table 14.
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8.1.1 Controllingthe Transceiver via SPI I nterface.

Normally the SPI hardware interface rather than @PBtogramming will do the data

transfers to the transceiver. Please see TablePB&dtrol and data SFR-registers for
use of SPI interface. When SPI_CTRL is ‘Ox’, alfli@pins are connected directly to
their respective port pins and the SPI functiogatiay be implemented in software.

P2 register SPI_CTRL=1x
Read bit Write nRF905/AD
1AM ! EOC [
—{CD 6 v ]
DR 5 TRX_CE TRX_CE CD
— EOC 4 TX_EN TX_EN DR
3 RACSN csN
— SBMISO 2
1 SBMOSI 1 MUX oS!
0 SBSCK — o
—
MUX SCK
SPI Hardware o
; dataout
datain
’( clock MISO
0 .
MUX from 10-pin
sl

Figure 4 Transceiver interface.

8.1.2 P2 Port Behavior During RESET

During the period the internal reset is active &reess of whether or not the clock is
running), the P2 outputs that control the nRF9@bigceiver subsystem are forced to
their respective default values. When program etxacstarts, these ports will remain at
those default levels until the programmer activeiiyanges them by writing to the P2
register.

-Phone +4772898900 Fax +4772898989
June 2006
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9 TRANSCEIVER SUBSYSTEM (nRF905)

9.1 RF Modes of Operation

The Transceiver has two active (RX/TX) modes ane power-saving mode when the
microcontroller is running.

9.1.1 Active Modes
e ShockBurst™ RX
e ShockBurst™ TX

9.1.2 Power Saving Mode
» Standby and SPI - programming

The transceiver mode is decided by the setting$R€_CE, TX_EN

TX EN Operating Mode

Standby and SPI — programming
Radio Enabled - ShockBuPStRX
Radio Enabled - ShockBulPStTX

—
A
(@)
m

FloX]

Table 16 transceiver operational modes.

9.2 nRF ShockBurst™ Mode

The nRF9ES5 uses the Nordic Semiconductor ShockBuritature. ShockBurbt
makes it possible to use the high data rate offesethe nRF905. By embedding all
high speed signal processing related to RF protodble transceiver, the nRF905 offers
the micro controller a simple SPI interface. Datteris decided by the interface-speed
the micro controller itself sets up. By allowingettigital part of the application to run at
low speed, while maximizing the data rate on theliRk, the nRF905 ShockBurst™
mode reduces the average current consumption ilicappns. In ShockBursY RX,
Address Match (AM) and Data Ready (DR) notifies Bi&U when a valid address and
payload is received respectively. In ShockBUtsTX, the nRF905 automatically
generates preamble and CRC. Data Ready (DR) rotlie MCU that the transmission
is completed. All together, this means reduced mmgnd@mand and more available
resources in the MCU, as well as reduced softwaveldpment time.
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9.2.1 Typical ShockBurst™ TX

1. When the application MCU has data for a remote ntite address of the
receiving node (TX-address) and payload data (T\W{eazal) are clocked into
NRFI905 via the SPI interface. The application prokcor MCU sets the
speed of the interface.

2. MCU sets TRX_CE and TX_EN high, this activates &#865 ShockBurst™
transmission.

3. NnRF905 ShockBurst™:

* Radio is automatically powered up.

» Data packet is completed (preamble added, CRC legdcl).

» Data packet is transmitted (100kbps, GFSK, Manehnestcoded).
» Data Ready is set high when transmission is comglet

4. If AUTO_RETRAN is set high, the nRF905 continuousBtransmits the
packet until TRX_CE is set low.

5. When TRX_CE is set low, the nRF905 finishes tramsng the outgoing
packet and then sets itself into standby mode.

If TX_EN is set low while TRX_CE is kept high, tm&RF905 finishes transmitting the
outgoing packet and then enter RX-mode in the oblasineady programmed in the RF-
CONFIG register.

The ShockBurst' mode ensures that a transmitted packet that hagedtalways
finishes regardless of what TRX_EN and TX_EN isteeduring transmission. The new
mode is activated when the transmission is comglgease see subsequent chapters
for detailed timing

For test purposes such as antenna tuning and measutput power it is possible to set
the transmitter so that a constant carrier is predu To do this TRX_CE must be
maintained high instead of being pulsed. In additiduto Retransmit should be
switched off. After the burst of data has been $ieem the device will continue to send
the unmodulated carrier.
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Radio in Standby

TX_EN =HI
PWR_UP = HI
TRX_CE =LO

Data Package

SPI - programming

uController loading ADDR ADDR PAYLOAD
and PAYLOAD data
(Configuration register if
changes since last TX/RX)

<

Y
TRX_CE NO

=HI?

YES
A 4

Transmitter is
powered up

Y
nRF ShockBurst TX

DR is
Generate CRC and preamble < set low Pre-
Sending package after pre- amble ADDR PAYLOAD CRC
DR is set high when completed amble

<

Y

TRX_CE
NO =HI?
Bit in configuration
register
YES

NOTE: DR is set low under the following conditicaier it has been set high:
. If TX_EN is set low

Figure 5 Flowchart ShockBuf$t transmit of nRF905.
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9.2.2 Typical ShockBurstTM RX

1. ShockBurstTM RX is selected by setting TRX_CE hegid TX_EN low.

2. After 650Js nRF905 is monitoring the air for incoming comnoation.

3. When the nRF905 senses a carrier at the receiveugiéncy, Carrier Detect
(CD) pin is set high.

4. When a valid address is received, Address Match)(piM is set high.

5. When a valid packet has been received (correct GR@d), nRF905

removes the preamble, address and CRC bits, aridaiaeReady (DR) pin is

set high.

MCU sets the TRX_CE low to enter standby mode @owent mode).

MCU can clock out the payload data at a suitalike via the SPI interface.

When all payload data is retrieved, nRF905 setsaR¢ady (DR) and

Address Match (AM) low again.

9. The chip is now ready for entering ShockBurstRM, ShockBurstTMI'X or
power down mode.

© N

If TX EN is set high while TRX_CE is kept high, theRF905 would enter
ShockBurstTMTX and start a transmission accordmthé present contents in the SPI-
registers.

If TRX CE or TX_EN is changed during an incomingcket, the nRF905 changes
mode immediately and the packet is lost. Howeveha MCU is sensing the Address
Match (AM) pin, it knows when the chip is receivimgn incoming packet and can
therefore decide whether to wait for the Data RedalR) signal or enter a different
mode.

To avoid spurious address matches it is recommetiggdhe address length be 24 bits
or higher in length. Small addresses such as 86dbits can often lead to statistical
failures due to the address being repeated a®ptre data packet. This can be avoided
by using a longer address.

Each byte within the address should be unique. &ejye bytes within the address
reduces the effectiveness of the address and sesats susceptibility to noise hence
increasing the packet error rate. The address dhadab have several level shifts (i.e.
10101100) to reduce the statistical effect of naisé hence reduce the packet error rate.
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Radio in Standby
TX_EN=LO
PWR_UP =HI

NO
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Receiver is
powered up

)

Receiver
—® Sensing for incomming data
CD is set high if carrier

Correct
ADDR?
YES
AM is set
high
Receiving
data

Data Package

Pre-

ADDR PAYLOAD CRC
amble

AM is set low

DR and AM are DR and AM are
set low set low

‘ MCU clocks out payload via PAYLOAD

the SPI interface

MCU clocks out payload via
the SPI interface

Radio enters RX Remains
STBY On
| YES T

Figure 6 Flowchart ShockBuf8t receive of nRF905.
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9.3 Standby Mode

Standby mode is used to minimize average curremswgaption while not transmitting
or receiving and still maintaining short start umes to ShockBurS! RX and
ShockBurst! TX. In this mode the crystal oscillator have to betive. The
configuration word content is maintained duringsitay.

9.4 Output Power Adjustment

The power amplifier in NRF905 can be programmedotar different output power
settings by the configuration register. By reduamgput power, the total TX current is
reduced.

Power setting RF output power DC current consumption
00 -10 dBm 9.0 mA
01 -2 dBm 14.0 mA
10 6 dBm 20.0 mA
11 10 dBm 30.0 mA
Conditions: VDD = 3.0V, VSS = 0V, TA 27°C, Load impedance = 40D

Table 17 RF output power setting for the nRF905.

9.5 Modulation

The modulation of NRF905 is Gaussian Frequencyt 8eing (GFSK) with a data-rate
of 100kbps. Deviation it50kHz. GFSK modulation results in a more bandwidth
effective transmission-link compared with ordin&$K modulation.

The data is internally Manchester encoded (TX) lsllacichester decoded (RX). That is,
the effective symbol-rate of the link is 50kbps. Bing internally Manchester
encoding, no scrambling in the microcontroller éeded.
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9.6 Output Frequency

The operating RF-frequency of nRF905 is set indabefiguration register by CH_NO
and HFREQ_PLL. The operating frequency is given by:

fop = (4224+(CH _NO/10)) [ (1+ HFREQ _PLL) MHz

When HFREQ_PLL is ‘0’ the frequency resolution B0kHz and when it is ‘1’ the
resolution is 200kHz.

The application operating frequency has to be ahdseapply with the Short Range
Devise regulation in the area of operation.

Operating frequency HFREQ PLL CH NO
430.0 MHz [0] [001001100]
433.1 MHz [0] [001101011]
433.2 MHz [0] [001101100]
434.7 MHz [0] [001111011]
862.0 MHz [1] [001010110]
868.2 MHz [1] [001110101]
868.4 MHz [1] [001110110]
869.8 MHz [1] [001111101]
902.2 MHz [1] [100011111]
902.4 MHz [1] [100100000]
927.8 MHz [1] [110011111]

Table 18 Examples of real operating frequencies.

9.7 Carrier Detect.

When the nRF905 is in ShockBur$t RX, the Carrier Detect (CD) pin is set high if a
RF carrier is present at the channel the deviggagrammed to. This feature is very
effective to avoid collision of packets from diféert transmitters operating at the same
frequency. Whenever a device is ready to trandroibuld first be set into receive mode
and sense whether or not the wanted channel ifableafor outgoing data. This forms a
very simple listen before transmit protocol. Op@@Carrier Detect (CD) with Reduced
RX Power mode is an extremely power efficient R&taeyn. Typical Carrier Detect level
(CD) is typically 5dB lower than sensitivity, i.€. sensitivity is —100dBm then the
Carrier Detect function will sense a carrier wagdaw as —105dBm. Below —105dBm
the Carrier Detect signal will be low, i.e. OV. Almo—95dBm the Carrier Detect signal
will be high, i.e. Vdd. Between approximately -@b5-105 the Carrier Detect Signal will
toggle.
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9.8 Address Match

When the nRF905 is in ShockBurdt RX mode, the Address Match (AM) pin is set
high as soon as an incoming packet with an addhedgss identical with the device’s

own identity is received. With the Address Match fie controller is alerted that the
NRF905 is receiving data actually before the Dagady (DR) signal is set high. If the

Data Ready (DR) pin is not set high i.e. the CR@h®rrect then the Address Match
(AM) pin is reset to low at the end of the receidada packet. This function can be very
useful for an MCU. If Address Match (AM) is highetlh the MCU can make a decision
to wait and see if Data Ready (DR) will be set higtlicating a valid data packet has
been received or ignore that a possible packegirgglreceived and switch modes.

9.9 Data Ready

The Data Ready (DR) signal makes it possible tgelgrreduce the complexity of the
MCU software program.

In ShockBurst" TX, the Data Ready (DR) signal is set high whewmplete packet is
transmitted, telling the MCU that the nRF905 isdyeéor new actions. It is reset to low
at the start of a new packet transmission or wheitclsed to a different mode i.e.
receive mode or standby mode.

In ShockBurst™ TX Auto Retransmit the Data Ready (DR) signalés lsigh at the
beginning of the pre-amble and is set low at the @nthe preamble. The Data Ready
(DR) signal therefore pulses at the beginning chdeansmitted data packet.

In ShockBurst™ RX, the signal is set high when nRF905 has redeivealid packet,
i.e. a valid address, packet length and correct CR@ MCU can then retrieve the
payload via the SPI interface. The Data Ready (pIR)s reset to low once the data has
been clocked out of the data buffer or the devdcawiitched to transmit mode.

9.10 Auto Retransmit

One way to increase system reliability in a noigyinment or in a system without
collision control is to transmit a packet sevenales. This is easily accomplished with
the Auto Retransmit feature in nRF905. By setting AUTO_RETRAN bit to “1” in
the configuration register, the circuit keeps segdihe same data packet as long as
TRX_CE and TX_EN are high. As soon as TRX_CE isleetthe device will finish
sending the packet it is currently transmitting &meh return to standby mode.

9.11 RX Reduced Power Mode

To maximize battery lifetime in application wheteetnRF905 high sensitivity is not
necessary; NnRF905 offers a built in reduced poweden In this mode, the receive
current consumption reduces from 12.5mA to onlpafA. The sensitivity is reduced to
typical —-85dBm+10dB. Some degradation of the nRF905 blocking perdmce should
be expected in this mode. The reduced power mode mxcellent option when using
Carrier Detect to sense if the wanted channeladable for outgoing data.
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10 AD CONVERTER SUBSYSTEM

10.1 AD Converter

The nRFE5 AD converter has 10 bit dynamic range larehrity when used at the
Nyquist rate. With lower signal frequencies andtgib®ring, up to 12 bits resolution is
possible. The reference for the AD converter iedable between the AREF input and
an internal 1.22V bandgap reference.

The converter default SPI setting is 10 bits. Fcs&al requirements, the AD converter
can be configured to perform 6, 8, 10 or 12 bitvessions. The converter may also be
used in differential mode with AINO used as invagtiinput and one of the other 3
external inputs used as noninverting input.

Two registers interface the AD converter, ADC_CONFREG and
ADC_DATA_REG. AD converter status bit are availaliehe STATUS REGISTER.
Registers are described in detail in chapter 11.

Selection of input channel is directly embeddethen START_ADC_CONV command,
alternatively it is set by CHSEL in the ADC_CONFIBEG. Values of CHSEL from 0
to 3 would select AINO to AIN3 respectively. Setfi@HSEL to [1xxx] will monitor the
NRF9ES5 supply voltage by converting an internaluinghat is VDD/3 with the 1.22V
internal reference.

The AD conversion result is available as ADCDATAADC DATA REG at the end
of conversion. The data in ADC_DATA _ REG is stored@ding to Table 19 with left
or right justified data selected by ADC_RL_JUST.

ADC_ ADC # bit ADC_DATA_REGJ15:0]

RL JUST | _RESCTRL High byte [15:8] Low byte [7:0]

0 00 6 ADCDATA[5:0] |

0 01 8 ADCDATA[7:0] ‘0’

0 10 10 ADCDATA[9:0]

0 11 12 ADCDATA[11:0]

1 00 6 | ADCDATA[5:0]
1 01 8 ‘0’ ADCDATA[7:0]

1 10 10 ADCDATA[9:0]

1 11 12 ADCDATA[11:0]

Table 19 ADC_DATA_REGISTER justified data.

Overflow status is stored as ADC_RFLAG in the STATIREGISTER after each
conversion.

The complete subsystem is switched off by cleabihgDC_PWR_UP.

Instructions for the AD converter are given in T&BIL on page 36.
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10.2 AD Converter Usage

10.2.1 Measurementswith External Reference

When VFSSEL is set to 1 and CHSEL selects an igbhi (i.e. AINO to AIN3), the
result in ADCDATA is directly proportional to theatio between the voltage on the
selected input, and the voltage on pin AREF:

DCDATA
Vani =Varer Eﬁi

2N
and for differential measurements a similar equasipply:

ADCDATA- 2(N-)
2N

Vani ~Vaino =Varer

Where N is the number of bits set in RESCTRL

This mode of operation is normally selected forrees where the voltage is depending
on the supply voltage (or another variable voltage) shown in Figure 7 below. The
resistor R1 is selected to keep AREE.5V for the maximum VDD voltage.

SUPPL
Y

= 0

VDD
ARE

NRF9E5
AIN
0

AIN
3 1

N O

Figure 7 Typical use of AD with 2 ratiometric ingut
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10.2.2 Measurementswith | nternal Reference

When VFSSEL is set to 0 and CHSEL selects an idhit (i.e. AINO to AIN3), the
result in ADCDATA is directly proportional to theatio between the voltage on the
selected input and the internal bandgap referemmmifally 1.22V):

DCDATA

Van =122 N

and for differential measurements a similar equadipply:

ATA-2(ND

DCD
Vani ~Vaino = 1225A oN

Where N is the number of bits set in RESCTRL

This mode of operation is normally selected forrses where the voltage is not
depending on the supply voltage.

10.2.3 Supply Voltage Measurement

When CHSEL is set to [1xxx], the ADC will use thetarnal bandgap reference
(nominally 1.22V). The input to the converter i8 Df the voltage on the VDD pins.
The result in ADCDATA is thus directly proportional the VDD voltage.

DCDATA

Vipp = 36653

Where N is the number of bits setin RESCTRL

10.3 AD Converter Sampling and Timing

An AD conversion is initialized after a low to higtnansition on CSTARTN in
ADC_CONFIG_REG or by using the instruction START_@DCONV. In both cases
the conversion itself would start at the first posi edge of ADCCLK after RACSN is
set high after instruction is issued.

When ADCRUN is low, a single conversion would befmened and a pulse on EOC is
generated when the converted value is availabkD@ DATA_ REG. If CSTARTN is
set low or a new START_ADC_CONV command is issubeé, previous conversion
will be aborted. Conversion timeet, depends on resolution.

toory = % +3 ADCCLK cycles

Where N is the number of resolution bit. In Fig8ra 10-bit conversion is shown.

Main office: Nordic Semiconductor ASA - Vestre Ras81, N-7075 Tiller, Norway -Phone +4772898900 Fax +4772898989
Revision: 1.3 Page 32 of 108 June 2006



PRODUCT SPECIFICATION N
>

NRFIES5 Single Chip Transceiver with Embedded Microontroller and ADC

ADCCLK
N

RACSN

analog

sampled t cony

EOC ]

ADCDATA

Figure 8 Timing diagram single step conversion.

When ADCRUN is high the ADC is running continuousBycle time & is the time
between each conversion. EOC indicates every tim@naconversion value is stored in
ADC_DATA_REG.

N

toye = - +1 ADCCLK cycles

where N is number of resolution bits. Figure 9 sko®0-bit conversion where
ADCRUN is set high.

analog sample ¢” ¢ n+1 ¢ n+2

ADCCLK

t

) Conv
EOC j j

tCycIe

sampie n- sampie
ADCDATA 1 n

Figure 9 Timing diagram continuous mode conversion.

A 500 kHz clock (ADCCLK) clocks the AD converterallle 20 shows cfges as
function of resolution.

Resolution teycles Sampling rate
[Number of bits] [us] [kspls]
6 8 125
8 10 100
10 12 83.3
12 14 71.4

Table 20 ADC resolution and maximum sampling rate.
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11 TRANSCEIVER AND AD CONVERTER CONFIGURATION

All configuration of the transceiver and AD conwgrsubsystem is done via an internal
SPI -interface of the two systems. The interfacesisis of 7 registers, a SPI instructions
set is used to decide which operation shall beopméd. The SPI-interface can only be
activated when the transceiver is in standby médlaeferences to the SPI interface in
this chapter refer to the internal SPI interfacetltd transceiver and AD converter
subsystem.

11.1 Internal SPI Register Configuration

The SPl-interface consists of seven internal reggstA register read-back mode is
implemented to allow verification of the registentents

DTA

MISO

- |
MOSI
—
—SK wh e »[EN
-reg
_esn DTA STATUS-REGISTER ‘
»bCLK
»[EN
L > o7a ADC-CONFIGURATION-
REGISTER
»b CLK
»[ EN
ADC-DATA-
bra REGISTER ‘
CLK
EN
RF-CONFIGURATION-
DTA REGISTER ‘
CLK
EN
| DTA TX-ADDRESS ‘
CLK
» EN
> DA TX-PAYLOAD ‘
»>CLK
»[ EN
RX-PAYLOAD ‘
L b Lk

Figure 10 SPI — interface composed of seven inteeggsters.

Status — Register

Register contains status of Data Ready (DR), Address MatcAM)(
ADC_End_Of Conversion and ADC_Ready_Flag

ADC - Configuration Register

Registercontains information of ADC setup such as resotutontrol, channel select,
differential or single ended mode, continuous ngka conversion mode etc.

Main office: Nordic Semiconductor ASA - Vestre Ras81, N-7075 Tiller, Norway -Phone +4772898900 Fax +4772898989
Revision: 1.3 Page 34 of 108 June 2006



PRODUCT SPECIFICATION ‘
>

NRFIES5 Single Chip Transceiver with Embedded Microontroller and ADC

ADC - Data Register

Registercontains AD converter results.

RF — Configuration Register

Registercontains transceiver setup information such asugaqy and output power ext.
TX — Address

Register contains address of target device. Howynmiaytes used is set in the
configuration register.

TX — Payload

Register containing the payload information to betsn a ShockBurst” packet. How
many bytes used is set in the configuration registe

RX — Payload

Register containing the payload information derifredn a received valid
ShockBurst™ packet. How many bytes used is set in the cordiipm register. Valid
data in the RX-Payload register is indicated withigh Date Ready (DR) signal.
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11.2 SPI Instruction Set

The available commands to be used on the SPl-auerfare given in Table 21.

Whenever CSN is set low the interface would expattinstruction. Every new
instruction has to be presided by a high to lowmgeation on CSN.

Instruction set for the Transceiver and AD converte subsystem
Instruction Name Instruction Operation
Format

W_RF_CONFIG 0000 AAAA Write Configuration-register. AAAA indates which bytd

(WRC) the write operation is to be started from. Numbiebydes
depending on start address AAAA.

R__RF_CONFIG 0001 AAAA Read Configuration-register. AAAA indites which byte

(RRC) the read operation is to be started from. Numbdoybés
depending on start address AAAA.

W_TX_PAYLOAD 0010 0000 Write TX-payload: 1 — 32 bytes. A writeecation will

(WTP) always start at byte 0.

R_TX_PAYLOAD 0010 0001 Read TX-payload: 1 — 32 bytes. A readratjom will

(RTP) always start at byte 0.

W_TX_ADDRESS 0010 0010 Write TX-address: 1 — 4 bytes. A writeeraion will

(WTA) always start at byte 0.

R_TX_ADDRESS 0010 0011 Read TX-address: 1 — 4 bytes. A readadpar will

(RTA) always start at byte 0.

R_RX_PAYLOAD 0010 0100 Read RX-payload: 1 — 32 bytes. A readadipa will

(RRP) always start at byte 0.

R_ADC_DATA 0100 000A Read ADC data. A indicates which byte tread|

(RAD) operation is to be started from.

W_ADC_CONFIG 0100 0100 Write ADC configuration register: 1 — @tes. A write

(WAC) operation will always start at byte 0. Byte 2 isawved.

R_ADC_CONFIG 0100 0110 Read ADC configuration register: 1 — 3eby A read

(RAC) operation will always start at byte 0. Byte 2 isawved.

CHANNEL_CONFIG | 1000 pphc Special command for fast setting of CH_NO,

(CO cccece cece HFREQ PLL and PA_PWR in the CONFIGURATION
REGISTER. CH_NO= cccccecece, HFREQ_PLL =h
PA PWR = pp

START_ADC_CONV | 1100 ssss Special command for start of an ADC asiore for a

(SAV) given source — ssss = CHSEL.

STATUS REGISTER | N.A. The content of the statusstgi(S[7:0]) will always be
read to MISO after a high to low transition on C&N
shown in Figure 11 and 12.

Table 21 Instruction set for the Transceiver AD\anter subsystem.

A read or a write operation may operate on a sibgte or on a set of succeeding bytes
from a given start address defined by the instonctihen accessing succeeding bytes
one will read or write MSB of the byte with the dhasat byte number first. The content
of the status-register will always be read to MI&€@r a high to low transition on CSN.
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11.3 SPI Timing

The internal SPI interface supports SPI mode 0.déwece must be in one of the power
saving modes for the configuration registers todagl or written to.

CSN | -
SCK

MOSI

MISO

Figure 12 Internal SPI write operation.

The transceiver and AD converter SPI interface astrolled by P2 in the micro
controller. That is, SCK, MOSI, MISO and CSN are.(?2P2.1, P2.2 and P2.3
respectively. Detailed information of mapping isifid in chapter 8.
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11.4 RF — Configuration Register Description

Parameter

Bitwidth

Description

CH_NO

9

Sets center frequency together with HFREQ_(elefault value = 001101106 108;).
fre = (422.4 + CH_N@/10)*(1+HFREQ PLly) MHz

HFREQ_
PLL

1

Sets PLL in 433 or 868/915 MHz mode (default gah0).
‘0" — Chip operating in 433MHz band
'1' — Chip operating in 868 or 915 MHz band

PA_PWR

Output power (default value = 00).
'00" -10dBm
'01' -2dBm
10" +6dBm
'11' +10dBm

RX_RED_
PWR

Reduces current in RX mode by 1.6mA. Sensitivityeduced (default value = 0).
'0' — Normal operation
'1' — Reduced power

AUTO_
RETRAN

Retransmit contents in TX — register as long TRX a@ft TXEN is high (default value = 0}.

'0' — No retransmission
'1' — Retransmission of data packet

RX_AFW

RX-address width (default value = 100).
'001' — 1 byte RX address field width

100’ — 4 byte RX address field width

TX_AFW

TX-address width (default value = 100).
'001' — 1 byte TX address field width

100" — 4 byte TX address field width

RX_PW

RX-payload width (default value = 100000).
'000001' — 1 byte RX payload field width
'000010' — 2 byte RX payload field width

'100000' — 32 hyte RX payload field width

TX_PW

TX-payload width (default value = 100000).
'‘000001' — 1 byte TX payload field width
'000010' — 2 byte TX payload field width

100000" — 32 byte TX payload field width

RX_
ADDRESS

32

RX address identity. Used bytes depend on RX_AKd¥fault value = ETE7E7E)

UP_CLK_
FREQ

CPU clock frequency (default value = 00).
'00' — 4MHz
'01' — 2MHz
'10' — 1MHz

'11' — 500kHz (SFR 0xBF havedrrespond with UP_CLK_FREQ)|

]

XO_
DIRECT

CPU clock select (default value = 0).
'0' — CPU using UP_CLK_FREQ frequency RS®XBF have to correspon
'1' — CPU using XOF frequency with XO_DIRECT)

XOF

Crystal oscillator frequency. Must be set adity to external crystal resonant-frequency.
'000" — 4MHz (default valué&et by boot-loader to the same
'001' — 8MHz value as XO_FREQ[2:0] from the EERRO
‘010" — 12MHz header (see Tablep5a?))
'011' — 16MHz
'100' — 20MHz (SFR OxBF have to cqyoesl with XOF).

CRC_EN

CRC — check enable (default value = 1).
'0' — Disable
'l'— Enable

CRC_
MODE

CRC — mode (default value = 1).
'0' — 8 CRC check bit
'l'— 16 CRC check bit

Table 22 RF configuration-register description.
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11.5 ADC - Configuration Register Description

Parameter Bitwidth Description
CSTARTN 1 Positive edge of this signal will start one ADngersion when ADCRUN i
inactive. This bit is internally synchronized t@tADC clock
ADCRUN 1 ADC running continuously when active.
CSTARTN is ignored in this case
ADC PWR_ 1 Enable ADC
UP
VFSSEL 1 Select reference for AD converter
0: Use internal band gap reference (nominally 1)22V
1: Use external pin AREF for reference (ignored ifSEHL.=[1xxx]).
CHSEL 4 Cannel select input
0000: AINO
0001: AIN1
0010: AIN2
0011: AIN3
1xxx: internal VDD/3.
RESCTRL 2 Set A/D converter resolution
00: 6 bit
01: 8hit
10: 10 bit
11: 12 bit
DIFFMODE, 1 Enable differential measurements, AINO must kelwes inverting input and one pf
the other inputs AIN1 to AIN3, as selected by ADCS$Hhust be used as
noninverting input.
ADC _ 1 Select left or right justified data format:
RL JUST 0: Data will be left justified in ADC_DATA_REG

1: Data will be right justified in ADC_DATA REG

Table 23 ADC Configuration-register description.

11.6 Status Register Description

Parameter Bitwidth Description
AM 1 Address Match, indicate that the receiver teeived an address equal to its ojvn
identity.
Detailed description in chapter 9.8.
CD 1 Carrier Detect, indicates that a carrier is tbon the receiving channel. Detail¢d
description in chapter 9.7
DR 1 Data Ready, indicate that the receiver hasivedea data packet with correft
address and CRC. Detailed description in chapter 9.9.
EOC 1 End Of Conversion, indicates that an AD cosiveris completed and that data)is
placed in ADC_DATA_REG.
ADC _ 3 Overflow indication in ADC
RFLAG RFLAG[2]: Underflow (ADCDATA = 0)

RFLAG[1]: Overflow (ADCDATA = 2'-1)
RFLAGI[O]: Over range = RFLAG[1] or RFLAG[2]

Table 24 Status-register description.
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11.7 RF — Configuration Register Contents

RF CONFIG_REGISTER (R/W)
Byte # Content bit[7:0], MSB = hit[7] Init value
0 CH_NOQ[7:0] 0110_1100
1 bit[7:6] not used, AUTO_RETRAN, RX_RED_PWR, PAVR[1:0], 0000_0000
HFREQ PLL, CH NOJ8]
2 bit[7] not used, TX AFW[2:0], bit[3] not used XRAFW[2:0] 0100_0100
3 bit[7:6] not used, RX_PW][5:0] 0010_0000
4 bit[7:6] not used, TX PW][5:0] 0010_0000
5 RX ADDRESS (device identity) byte 0 E7
6 RX ADDRESS (device identity) byte 1 E7
7 RX ADDRESS (device identity) byte 2 E7
8 RX ADDRESS (device identity) byte 3 E7
9 CRC_MODE,CRC_EN, XOF[2:0], XO DIRECT, UP_CLK_FRE®] 11xx_x000
Table 25 RF config register contents.
TX_PAYLOAD (R/W)
Byte # Content bit[7:0], MSB = bit[7] Init value
0 TX_PAYLOAD[7:0] X
1 TX PAYLOADJ[15:8] X
- - X
B - X
30 TX_PAYLOAD[247:240] X
31 TX PAYLOADI[255:248] X
Table 26 TX payload register contents.
TX ADDRESS (R/W)
Byte # Content bit[7:0], MSB = hit[7] Init value
0 TX ADDRESSJ[7:0] E7
1 TX ADDRESS[15:8] E7
2 TX ADDRESS[23:16] E7
3 TX ADDRESS[31:24] E7
Table 27 TX address register contents.
RX_PAYLOAD (R)
Byte # Content bit[7:0], MSB = bit[7] Init value
0 RX_PAYLOADI7:0] X
1 RX_PAYLOADI[15:8] X
- X
- X
30 RX_PAYLOADI[247:240] X
31 RX_PAYLOADI[255:248] X

Table 28 RX payload register contents.

" XOF is set by boot loader, please see chapterdi8page 63
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11.8 ADC - Configuration Register Contents

ADC_CONFIG_REG (R/W)
Byte # Content bit[7:0], MSB = bit[7] Init value
0 Control: CHSEL[7:4], VFSSEL, PWR_UP, ADCRUN, CSRAN 0000 0001
1 Static: bit[7:4] not used, ADC RL JUST, DIFFMODRESCTRL[1:0] 0000 0010
2 Reserved 0000 _001¢
Table 29 ADC Configuration Register contents.
11.9 ADC - Data Register Contents
ADC_DATA REG (R)
Byte # Content bit[7:0], MSB = bit[7] Init value
0 Left or right justified data from ADC X
1 Left or right justified data from ADC X
Table 30 ADC DATA Register contents.
11.10Status Register Contents
STATUS REGISTER (R)
Byte # Content bit[7:0], MSB = hit[7] Init value
0 AM, CD, DR, EOC, ADC_RFLAG[2:0], Even parity X

Table 31 Status Register contents.

The length of all registers is fixed. However, thgtes in TX_PAYLOAD,
RX_PAYLOAD, TX_ADDRESS and RX_ADDRESS used in ShBakst ™ RX/TX

are set in the configuration register. Registernt@anis not lost when the device enters

one of the power saving modes.
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12 TRANSCEIVER SUBSYSTEM TIMING

The following timing must be obeyed during nRF9@®&@tion.

12.1 Device Switching Times

NRF905 timing Max.
STBY =>» TX ShockBurst™ 650us
STBY = RX ShockBurst™ 650us
RX ShockBurst™2 TX ShockBurst™ 550'us
TX ShockBurst™ RX ShockBurst™ 550'us

Notes to table:
1) RX to TX or TX to RX switching is available witlit re-programming of the RF
configuration register. The same frequency chaisnmlaintained.

Table 32 Switching times for nRF905.

12.2 ShockBurst™ TX Timing

mos____ L7 s
CSN H -
i g
PWR_UP.
TX_EN
TRX_CE s
TX DATA - :
T
i
i
TIME :
. i :
Programming of To T1 T2 Transmitted Data 100kbps T3

Configuration Register

and TX Data Register Manchester Encoded

TO = Radio Enabled

T1=T0+10uS Minimum TRX_CE pulse

T2 =TO0 + 650uS.Start of TX Data transmission
T3 = End of Data Packet, enter Standby mode

Figure 13 Timing diagram for standby to transmit.

After a data packet has finished transmitting teeice will automatically enter Standby
mode and wait for the next pulse of TRX _CE. If theto Re-Transmit function is
enabled the data packet will continue re-sendiegstime data packet until TRX_CE is
set low.
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12.3 ShockBurst™ RX Timing

r : —
PWRUJ i i
TX_EN
TRX_CE
RX DAT s
CD
AM
DR
TIME |l 650uS
650uS to enter RX ' !

mode from TO T1 T2 T3
TRX_CE being set

high. TO = Receiver Enabled -Listening for Data

T1 = Carrier Detect finds a carrier
T2 =AM - Correct Address Found
T3 =DR - Data packet with correct Address/CRC

Figure 14 Timing diagram for standby to receiving.

After the Data Ready (DR) has been set high a \ddid packet is available in the RX
data register. This may be clocked out in StandbgenAfter the data has been clocked
out via the SPI interface the Data Ready (DR) addrAss Match (AM) signals are reset
to low.

12.4 Preamble

In each data-packet transmitted by the nRF905 anfioée is added automatically. The
preamble is a predefined bit-sequence used to tadhes receiver for optimal

performance. A ten-bit sequence is used as preambfdRF905. The length of the
preamble, geambie iS then 200s.

12.5 Time On Air

The time-on-air is the sum of the radio start-upetiand the data-packet length. The
length of the preamble, address field, payload @R&€-checksum give the data-packet
length while the radio start-up time is given ibleaXX. While preamble length and
start-up time are fixed the user sets the othamaters in the RF-configuration register.
The below equation shows how to calculate TOA

Naddre& +N payload + NCRC
BR

TOA= tstartup +1 preamble +

tstartup @Nd preampie@re RF-start-up time and preamble time respegtiéddress Npayload
and Nerc are numbers of bits in the address, payload an@-€Cecksum while BR is
the bitrate, which is equal to 50kbps.
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13 SPI

NRFI9E5 SPI is a simple single buffered master. Idata lines of the SPI bus (MISO,
SCK and MOSI) are multiplexed (by writing to regisSPI_CTRL) between the GPIO
pins (lower 3 bits of P1) and the RF transceivat AD converter subsystems. The SPI
hardware does not generate any chip select sighal.bootstrap loader uses EECSN
(GPIO PO0.3) as chip select for the boot EEPROM.cBip-GPIO P2.3 is dedicated as
chip select for the RF transceiver and AD convestdrsystems. GPIO pins from port 0
may be used as chip selects for other externasiaiPés.

The SPI hardware is controlled by SFR’s SPI_DATAb®), SPI_CTRL (0xb3) and
SPICLK (0xb4) as explained in Table 33 below.

Addr R/W | #bit | Init Name Function
SFR (hex)
(hex)
B2 R/W 8 0 SPI_DATA SPI data input/output
B3 R/W 2 0 SPI_CTRL 00 -> SPI not used no clockegated

01 -> SPI connected to port P1 (as for booting)
(see also Table 11 Port 1 (P1) functions
10 -> SPI connected to the nRF905 transceivier
(see Table 15 P2 (RADIQ) register )
B4 R/W 4 0 SPICLK Divider factor from CPU clock &I clock
0000: 1/2 of CPU clock frequency
0001: 1/2 of CPU clock frequency
0010: 1/4 of CPU clock frequency
0011: 1/8 of CPU clock frequency
0100: 1/16 of CPU clock frequency
0101: 1/32 of CPU clock frequency
0110: 1/64 of CPU clock frequency
other: 1/64 of CPU clock frequency

Table 33 SPI control and data SFR-registers.
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14 PWM

The nRF9E5 PWM output is a one-channel PWM withradister interface. The first
register, PWMCON, enables PWM function and PWM iqeedength, which is the
number of clock cycles for one PWM period, as shamthe table below. The other
register, PWMDUTY, controls the duty cycle of th&/R output signal. When this
register is written, the PWM signal will change ieuiiately to the new value. This can
result in 4 transitions within one PWM period, e transition period will always have
a “DC value” between the “old” sample and the “nes&mple.

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

PWMCON(7:6] PWM frequency PWMDUTY
(Number of hits) (duty cycle)
00 (0) 0 (PWM module inactive) 0
1 PWMDUTY/5:0]
fyo B
01 () *© "63{(PWMCON([5:0] +1) 63
o (7 (o 1 PWMDUTY|6: 0|
Q) *© 1270(PWMCON]5: 0] +1) 127
1@ g 1 PWMDUTY
® *© "255[{PWMCON([5: 0] +1) 25¢

Table 34 PWM frequency and duty-cucle.

PWM is controlled by SFR 0xA9 and OxAA.

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

A9 R/W 8 0 PWMCON PWM control register

7-6: Enable / period length select
00: Disable PWM
01: Period length is 6 bit
10: Period length is 7 bit
11: Period length is 8 bit
5-0: PWM frequency prescale factor
(see table above)
AA R/W 8 0 PWMDUTY PWM duty cycle (6 to 8 bhits accarg to
period length)

Table 35 PWM control registers - SFR 0xA9 and 0xAA.
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15 INTERRUPTS

NRFI9ES5 supports the following interrupt sources:

Interrupt Natural | Interupt Flag Enable Control Description
signal Priority Vector
INTO_N 1 0x03 TCON.1 IE.O IP.O External interrugttive
low, configurable as
edge-sensitive or level-
sensitive, at Port P0.3
TFO 2 0x0B TCON.5 IE.1 IP.1 Timer O interrupt
INT1_N 3 0x13 TCON.3 IE.2 IP.2 External interrupttive
low, configurable as
edge-sensitive or level-
sensitive, at Port P0.4
TF1 4 0x1B TCON.7 IE.3 IP.3 Timer 1 interrupt
Tlor RI 5 0x23 SCON.O IE.4 IP.4 Receive/transmit
(RI), interrupt from Serial Por
SCON.1
an
TF2 or 6 0x2B T2CON.7 IE.5 IP.5 Timer 2 interrupt
EXF2 (TF2),
T2CON.6
(EXF2)
int2 8 0x43 EXIF.4 EIE.O EIP.O Internal ADC EOC (e
of AD conversion)
interrupt
int3 9 0x4B EXIF.5 EIE.1 EIP.1 Internal SPI READY
interrupt
int4 10 0x53 EXIF.6 EIE.2 EIP.2 Internal Radio Data|
Ready (DR) interrupt
int5 11 0x5B EXIF.7 EIE.3 EIP.3 Internal Radio Adds
Match (AM) interrupt
wdti 12 0x63 EICON.3 EIE.4 EIP.4 Internal Wakeu(G
wakeup and RTC timer
interrupt

Table 36 nRF9ES5 interrupt sources.

15.1 Interrupt SFRs

The following SFRs are associated with interrupttoa:
- |IE — SFR 0xA8 (Table 37)

- IP — SFR 0xB8 (Table 38)

- EXIF — SFR 0x91 (Table 39)

- EICON — SFR 0xD8 (Table 40)

- EIE — SFR OxE8 (Table 41)

- EIP — SFR OxF8 (Table 42)

The IE and IP SFRs provide interrupt enable andrityi control for the standard
interrupt unit, as with industry standard 8051. BXMF, EICON, EIE, and EIP registers
provide flags, enable control, and priority confiarl the extended interrupt unit.
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Table 37 explains the bit functions of the IE régis

Bit Function

IE.7 EA - Global interrupt enable. Controls maskirifgall interrupts. EA = 0 disables {
interrupts (EA overrides individual interrupt enaltdits). When EA = 1, each interrupt
is enabled or masked by its individual enableihitl{is register or register EIE).

IE.6 Reserved. Read as 0.

IE.5 ET2 - Enable Timer 2 interrupt. ET2 = 0 disabllimer 2 interrupt (TF2). ET2 =|1
enables interrupts generated by the TF2 or EXR fla

IE.4 ES - Enable Serial Port interrupt. ES = 0 lolisa Serial Port interrupts (Tl and RI). S
= 1 enables interrupts generated by the Tl or &).fl

IE.3 ET1 - Enable Timer 1 interrupt. ET1 = 0 disablTimer 1 interrupt (TF1). ET1 =1
enables interrupts generated by the TF1 flag.

IE.2 EX1 - Enable external interrupt 1. EX1 = Oatliles external interrupt 1 (INT1_N). EX1
= 1 enables interrupts generated by the INT1 N pin.

IE.1 ETO - Enable Timer O interrupt. ETO = 0 disablTimer 0 interrupt (TF0). ETO =1
enables interrupts generated by the TFO flag.

IE.O EXO - Enable external interrupt 0. EXO0 = Oatliles external interrupt O (INTO_N). EX0
= 1 enables interrupts generated by the INTO_N pin.

Table 37 IE Register — SFR 0xA8.

Table 38 explains the bit functions of the IP regis

Bit Function

IP.7 Reserved. Read as 1.

IP.6 Reserved. Read as 0.

IP.5 PT2 - Timer 2 interrupt priority control. PE20 sets Timer 2 interrupt (TF2) to lojv
priority. PT2 = 1 sets Timer 2 interrupt to highapity.

IP.4 PS - Serial Port interrupt priority controS B 0 sets Serial Port interrupt (Tl or RI)|to
low priority. PS = 1 sets Serial Port interruphigh priority.

IP.3 PT1 - Timer 1 interrupt priority control. PFELO sets Timer 1 interrupt (TF1) to loj
priority. PT1 = 1 sets Timer 1 interrupt to highaopity.

IP.2 PX1 - External interrupt 1 priority controlXP = 0 sets external interrupt 1 (INT1_IN)
to low priority. PT1 = 1 sets external interrupiblhigh priority.

IP.1 PTO - Timer O interrupt priority control. PFOO sets Timer O interrupt (TFO) to lojv
priority. PTO = 1 sets Timer 0 interrupt to higligoity.

IP.O PXO0 - External interrupt O priority controlX® = 0 sets external interrupt O (INTO_IN)
to low priority. PTO = 1 sets external interrupidthigh priority.

Table 38 IP Register — SFR 0xB8.
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Table 39 explains the bit functions of the EXIFistey.

Bit Function

EXIF.7 IE5 - Interrupt 5 flag. IE5 = 1 indicatesatta rising edge was detected on the radio AM
signal (see P2). IE5 must be cleared by softwagding IE5 in software generates pn
interrupt, if enabled.

EXIF.6 IE4 - Interrupt 4 flag. IE4 = 1 indicatesatha rising edge was detected on the radio]DR
signal (see P2). IE4 must be cleared by softwaetting IE4 in software generates jan
interrupt, if enabled.

EXIF.5 IE3 - Interrupt 3 flag. IE3 = 1 indicatesatithe internal SPI module has sent or recejved
8 hits, and is ready for a new command. IE3 mustiéared by software. Setting IE3 Jn
software generates an interrupt, if enabled.

EXIF.4 IE2 - Interrupt 2 flag. IE2 = 1 indicatesatha rising edge was detected on the ADC’s
EOC signal (see chapter 10 ). IE2 must be cleayesbfiware. Setting IE2 in softwale
generates an interrupt, if enabled.

EXIF.3 Reserved. Read as 1.

EXIF.2-0 Reserved. Read as 0.

Table 39 EXIF Register — SFR 0x91.

Table 40 explains the bit functions of the EICONiséer.

Bit Function

EICON.7 Not used.

EICON.6 Reserved. Read as 1.

EICON.5 Reserved. Read as 0.

EICON.4 Reserved. Read as 0.

EICON.3 WDTI - Wakeup (GPIO wakeup and RTC timererrupt flag. WDTI = 1 indicates jp
wakeup event interrupt was detected. WDTI must leared by software beforl:e
exiting the interrupt service routine. Otherwiske tinterrupt occurs again. Setting
WNDTI in software generates a wakeup event interiifighabled.

EICON.2-0 Reserved. Read as 0.

Table 40 EICON Register — SFR 0xD8.

Table 41 explains the bit functions of the EIE stgji.

—

~

Bit Function

EIE.7-5 Reserved. Read as 1.

EIE.4 EWDI - Enable RTC wakeup timer interrupt. EWB 0 disables wakeup timg
interrupt (wdti). EWDI = 1 enables interrupts geated by wakeup.

EIE.3 EX5 - Enable interrupt 5. EX5 = 0 disableteirupt 5 (radio AM (address match
EX5 = 1 enables interrupts generated by the radliosfgnal.

EIE.2 EX4 - Enable interrupt 4. EX4 = 0 disabletirupt 4 (radio DR (data ready)). EX4 4 1
enables interrupts generated by the radio DR signal

EIE.1 EX3 - Enable interrupt 3. EX3 = 0 disableteirupt 3 (SPI READY). EX3 = 1 enabl¢s
interrupts generated by the SPI READY signal.

EIE.O EX2 - Enable interrupt 2. EX2 = 0 disableteirupt 2 (ADC EOC). EX2 = 1 enabl¢s
interrupts generated by the ADC EOC signal. T

Table 41 EIE Register — SFR OxES8.
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Table 42 explains the bit functions of the EIP s&gi.

Bit Function

EIP.7-5 Reserved. Read as 1.

EIP.4 PWDI - Wakeup interrupt priority control. WDE 0 sets the wakeup interrupt (wdfi)
to low priority. PS = 1 sets wakeup timer interrtghigh priority.

EIP.3 PX5 - interrupt 5 priority control. PX5 = @ts interrupt 5 (radio AM) to low priority.
PX5 = 1 sets interrupt 5 to high priority.

EIP.2 PX4 - interrupt 4 priority control. PX4 = @ts interrupt 4 (radio DR) to low priority.
PX4 = 1 sets interrupt 4 to high priority.

EIP.1 PX3 - interrupt 3 priority control. PX3 = @ts interrupt 3 (SPI READY) to loy
priority. PX3 = 1 sets interrupt 3 to high priority

EIP.O PX2 - interrupt 2 priority control. PX2 = 6ts interrupt 2 (ADC EOC) to low priority.
PX2 = 1 sets interrupt 2 to high priority.

Table 42 EIP Register — SFR OxF8.

15.2 Interrupt Processing

When an enabled interrupt occurs, the CPU vectorthé address of the interrupt
service routine (ISR) associated with that intetrigs listed in Table 36. The CPU
executes the ISR to completion unless anotherrugeof higher priority occurs. Each
ISR ends with an RETI (return from interrupt) instion. After executing the RETI, the
CPU returns to the next instruction that would hbeen executed if the interrupt had
not occurred.

An ISR can only be interrupted by a higher prioritterrupt. That is, an ISR for a low-
level interrupt can be interrupted only by a higkidl interrupt. The CPU always
completes the instruction in progress before semyian interrupt. If the instruction in
progress is RETI, or a write access to any of #helE, EIP, or EIE SFRs, the CPU
completes one additional instruction before semgiche interrupt.

15.3 Interrupt Masking

The EA bit in the IE SFR (IE.7) is a global enafadeall interrupts. When EA = 1, each
interrupt is enabled/masked by its individual epatt. When EA = 0, all interrupts are
masked. Table 36 provides a summary of interruptces, flags, enables, and priorities.

15.4 Interrupt Priorities

There are two stages of interrupt priority assigninmterrupt level and natural priority.
The interrupt level (high, or low) takes precedenger natural priority. All interrupts
can be assigned either high or low priority. Iniidd to an assigned priority level (high
or low), each interrupt has a natural priority, lsded in Table 36. Simultaneous
interrupts with the same priority level (for exampboth high) are resolved according to
their natural priority. For example, if INTO_N amat2 are both programmed as high
priority, INTO_N takes precedence. Once an intdrisipeing serviced, only an interrupt
of higher priority level can interrupt the serviemitine of the interrupt currently being
serviced.
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15.5 Interrupt Sampling

The internal timers and serial port generate infgg by setting their respective SFR
interrupt flag bits. The CPU samples external migts once per instruction cycle, at the
rising edge of CPU_clk at the end of cycle CA4.

The INTO_N and INT1_N signals are both active lavd @an be programmed through
the ITO and IT1 bits in the TCON SFR to be eithégeasensitive or level-sensitive. For
example, when ITO = 0, INTO N is level-sensitivaddhe CPU sets the IEO flag when
the INTO_N pin is sampled low. When ITO = 1, INTOidNedge-sensitive and the CPU
sets the IEO flag when the INTO_N pin is sampledghhthen low on consecutive
samples. To ensure that edge-sensitive interruptsletected, the corresponding ports
should be held high for four clock cycles and thew for four clock cycles. Level-
sensitive interrupts are not latched and must neraetive until serviced.
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15.6 Interrupt Latency

Interrupt response time depends on the currer¢ stathe CPU. The fastest response
time is five instruction cycles: one to detect théerrupt, and four to perform the
LCALL to the ISR. The maximum latency (thirteentngtion cycles) occurs when the
CPU is currently executing an RETI instruction deled by a MUL or DIV instruction.
The thirteen instruction cycles in this case ame ¢o detect the interrupt, three to
complete the RETI, five to execute the DIV or MUWind four to execute the LCALL to
the ISR.

For the maximum latency case, the response tirh8 is4 = 52clock cycles.

15.7 Interrupt Latency from Power Down State.

The nRF9E5 may be set into Power Down state byingria non zero value to SFR
0xB6, register CK_CTRL. The CPU will then perforntantrolled shutdown of clock
and power regulator depending on what mode wagtseleThe system can only be
restarted from an RTC wakeup, a GPIO wakeup or achdag reset. If a wakeup
interrupt is enabled, the startup time for reguktand clocks will be added to the
interrupt latency. See 17.2.1
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Startup Time From Reset

15.8 Single-Step Operation

The nRF9ES5 interrupt structure provides a way tafgom single-step program
execution. When exiting an ISR with an RETI instraie, the CPU will always execute
at least one instruction of the task program. Tioeee once an ISR is entered, it cannot
be re-entered until at least one program instraagsoexecuted. To perform single-step
execution, program one of the external interrupds éxample, INTO_N) to be level
sensitive and write an ISR for that interrupt ttesitninates as follows:

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

The CPU enters the ISR when INTO_N goes low, thaitsafor a pulse on INTO_N.
Each time INTO_N is pulsed, the CPU exits the I8&Rscutes one program instruction,
then re-enters the ISR.
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16 LF CLOCK WAKEUP FUNCTIONS AND WATCHDOG

16.1 The LF Clock

The nRF9ES5 contains has an internal low frequehagkcCKLF that is always active.
When the crystal oscillator clocks the circuit, tBELF is a 4kHz clock derived from
the crystal oscillator (provided the CKLFCON registis set according to crystal
frequency and prescaler. XOF and UP_CLK_FREQ res@dyg, see Table 22). When
no crystal oscillator clock is available, the CKL& a low power RC oscillator
(LP_OSC) that cannot be disabled, so it will runtoaauously as long as VDB 1.8V.

The microprocessor can determine the phase of Kid-Clock by reading CK_CTRL
SFR 0xB6, see Table 50.

16.2 Tick Calibration

The “TICK” is an interval (in CKLF periods) that @emines the resolution of the
watchdog and the RTC wakeup timer. The tick is maity 1ms (4 CKLF cycles).
When the CPU is active and in power down modes evttex chip still has crystal clock,
the “TICK” will be as accurate as the crystal dstdr. When the CKLF switches to the
RC oscillator (LP_OSC) in deep power down modes tittk will no longer be accurate.
The LP_OSC clock source is very inaccurate, andntireinal TICK may vary from
0.7ms to 4ms depending production lot, temperatune supply voltage. That means
that Watchdog and RTC wakeup may not be used fgpragnurate timing functions if
these power down modes are used.

The accuracy can be improved by calibrating theKTi@lue at regular intervals. The

register TICK_DV controls how many CKLF periodspda between each TICK. The

frequency of the LP_OSC (between 1 kHz and 5 kHu) lbe measured by timer2 in

capture mode with t2ex enabled (EXEN2=1). The dignanected to t2ex has exactly
half the frequency of LP_OSC. The 16-bit differetetween two consecutive captures
in SFR-registers{RCAP2H,RCAP2L} is proportionalttee LP_OSC period. For details

about timer2 see ch. 18.8.3 and Figure 21 Timei Brer/Counter with Capture

TICK is controlled by SFRs 0xB5 and OxBF

Addr R/W | #bit | Init Name Function
SFR Hex
B5 R/W 8 03 | TICK_DV | Divider that's used in genergti TICK from CKLF
frequency.

Trick = (1 + TICK_DV) / xir
The default value gives a TICK of 1ms nominal|as
default (with CKLF derived from crystal oscillator)

BF R/W 6 27 | CKLFCON| Configure CKLF generation witlrystal frequency
and prescaler value. Note this register only cdsitioe
generation of CKLF, not the actual prescaler values
5-3: Should be set equal to XOF, Table 22

2: Should be set equal to XO_DIRECT, Table 22
1-0: Should be set equal to UP_CLK FREQ, Table|22

Table 43 TICK control register - SFR 0xB5.
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16.3 RTC Wakeup Timer

The RTC is a simple 24 bit down counter that predugn optional interrupt and reloads
automatically when the count reaches zero. Thisga®is initially disabled, and will be

enabled with the first write to the lower 16 bittbke timer latch. Writing the lower 16

bits of the timer latch will always be followed layreload of the counter. Writing the

upper 8 bit of the timer latch should only be davigen the timer is disabled. The
counter may be disabled again by writing a disalpleode to the control register. Both
the latch and the counter value may be read bygithe respective codes in the control
register, see description in Table 45.

This counter is used for a wakeup sometime in tiberé (a relative time wakeup call).

If ‘N’ is written to the counter, the first wakewpill happen from somewhere between
‘N+1" and ‘N+2’ “TICK” from the completion of the wite, thereafter a new wakeup is
issued every “N+1” "TICK" until the unit is disallleor another value is written to the
latch.

The wakeup timer is one of the sources that caergéma WDTI interrupt to the CPU.
The programmer may poll the EICON.3 flag or endbiinterrupt. If the device is in a
power down state, the wakeup will force the dewicexit power down regardless of the
state of EIE.4 interrupt enable.

The nRF9ES5 can be programmed to issue a pulse t¢@ @R P00 when the RTC timer
reaches O count (and reloads). The length of thisepis programmable from 1 to 16
"TICK” periods by writing the GTIMER 4 bit registdsee Table 46) with a value of 0
to 15.

The nRF9ES5 do not provide any “absolute time fuordi. Absolute time functions in
NRFI9ES5 can well be handled in software since théR# continuously powered even
when in sleep mode.

16.4 Programmable GPIO Wakeup Function

Any number of the pins in port 0 may be used asewpksignals for the nRF9ES. The
device may be programmed to react on either rismiglling or both edges of each pin
individually. Additionally each pin is equipped Wia programmable “filter” that can be
used for glitch suppression.

CKLF

| l

POx
.| DEBOUNCE » EDGE | WakeupROX
[L:0] [3:2]
i i
WWCON

Figure 15 Wakeup filter, each pin for GPIO wakeupdtion.

The debounce act as a low pass filter. The inpsttbde stable for a number of clock
pulses given for the corresponding change to appeahe output. Edge triggers on
either positive, negative or both edges. The edgaydis 2 clock cycles. Please see
Table 44 and Table 47 for filter configuration.
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Filter selection Debounce Edge detector selection
WCON [1:0] Number of clock pulses WCON [3:2] pos heg trigger
00 0 00 Off
01 2 01 Pos
10 8 10 Neg
11 64 11 Both

Table 44 GPIO wakeup filter configuration.

16.5 Watchdog

The watchdog is activated on the first write todtstrol register SFR OxAD. It can not
be disabled by any other means than a reset. Tteheay register is loaded by writing
a 16-bit value to the two 8-bit data registers (RXRB and 0xAC) and then the writing
the correct opcode to the control register. Thechdag will then count down towards O
and when 0 is reached the complete microcontralikbe reset To avoid the reset, the
software must load new values into the watchdogtegsufficiently often.

16.6 Programming Interface to Watchdog and Wakeup Functons

Figure 16 shows how the blocks that are alwayva@re connected to the CPU. RTC
timer GPIO wakeup and Watchdog are controlled RS OXAB, OXAC and OxAD.
These 3 registers REGX_MSB, REGX_LSB and REGX_CaRriused to interface the
blocks running on the slow CKLF clock. The 16-biegister {REGX_MSB,
REGX_LSB} can be written or read as two bytes fritve CPU.
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Typical sequences are:

Write: Wait until REGX_CRTL.4 == 0 (i.e. not busy)
Write REGX_MSB, Write REGX_LSB, Write REGX_CTRL
Read: Wait until REGX_CRTL.4 == 0 (i.e. not busy)
Write REGX_CTRL, Wait until REGX_CRTL.4 == 0 (i.eot busy)
Read REGX_MSB, Read REGX LSB

Note : Please wait until not busy before accesSirB 0xB6 CK_CTRL (page 60)

8-bit CPU 8-bit CPU 8-bit CPU
register register register Clocked on CPU clock
REGX_CTRL REGX_MSB REGX_LSB
16-BIT i t
RLIS
f A
Clocked
on CKLF
[ Loa 8+16+4-BIT
d REGISTER
TIMER_LATCH
o 16-BIT Jo 24tIT ¢ o GPIO
d - d - d PO GPIO
€€ DOWN ™%t pown paed WAKEUP ~ ©*
COUNTER zer COUNTER zer | |~ o RTC ouT
TiC [ i i) WAKEUP & INT
K

GTIMER
PO_ALT.0

P0.0 GPIO

ATCHDOG_RESET

Figure 16 Block diagram of wakeup and watchdog tionc

Table 45 below describe the functions of the SKi#sters that control these blocks, and
Table 46 and Table 47 explains the contents ofildé/idual control registers for
watchdog and wakeup functions.

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

AB R/W 8 00 REGX_MSB Most significant part of 16 hiegister for
interface to Watchdog, RTC timer and GPIO
wakeup

AC R/W 8 00 REGX_LSB Least significant part of 1@ begister for
interface to Watchdog, RTC timer and GPIO
wakeup

AD R/W 5 00 REGX_CTRL | Control for 16 bit registasrftransfers to angl
from Watchdog, RTC timer and GP10O wakelp.
4: REGX interface busy (read only).

3: Read (0) / Write (1)
2-0: Indirect address, see leftmost columny in
Table 46

Table 45 Wakeup, RTC timer and Watchdog SFR-registe
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Addr R/W | #bit Init Name Function
Ctrl Ctrl Hex
[2:0] [3]
0 0 16 0000 RWD Watchdog register (count)
1 16 0000 WWD Watchdog register (count)
0 16 0000 RGTIMER 15-8: MSB part of RTC counter
1 7-0: MSB part of RTC latch
1 12 000 WGTIMER 11-8: GTIMER latch
7-0.  MSB part of RTC latch
5 0 16 0000 RRTCLAT Least significant part of RTCclat
1 16 0000 WRTCLAT Least significant part of RTCclat
0 16 0000 RRTC RTC counter value
3 1 0 - WRTCDIS Disable RTC (data not used)
0 9 000 RWSTAO Wakeup status
Bit 8: RTC timer status
4 7-0: Wakeup status for pins PO7-P00
1 16 0000 WWCONO GPIO wakeup configuration for
P03-P00. See Table 47.
0 9 000 RWSTA1 Wakeup status (Identical to WSTAOQ)
5 1 16 0000 WWCON1 GPIO wakeup configuration for
P07-P04. See Table 47.

Table 46 Indirect addresses and functions.

Bits WWCONZ1 function WWCONO unction
15:14 | Edge selection for PO7 Edge selection for P03
13:12 | Edge filter for PO7 Edge filter for P03
11:10 | Edge selection for P06 Edge selection for P02
9:8 Edge filter for P06 Edge filter for P02
7:6 Edge selection for P05 Edge selection for PO1
5:4 Edge filter for P05 Edge filter for PO1
3:2 Edge selection for P04 Edge selection for P00
1:0 Edge filter for P04 Edge filter for POO
Table 47 Bit fields in register WWCON1 and WWCONO.
16.7 Reset

The nRF9ES can be reset either by the on-chip poweaeset circuitry or by the on-
chip watchdog counter.

16.7.1 Power-on Reset

The power-on reset circuitry keeps the chip in pewrereset state until the supply
voltage reaches VDDmin (a voltage, less than 1.@Nfickently high for digital
operation). At this point the internal voltage gexters and oscillators start up, the SFRs
are initialized to their reset values, as listed@able 62, and thereafter the CPU begins
program execution at the standard reset vectoreadddx0000. The startup time from
power-on reset is normally determined by both tlystal oscillator startup time and the
frequency of the low power oscillator (LP_OSC). Siwtal may vary from 1 to 3 ms
depending on processing, temperature and suppisgel
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16.7.2 Watchdog Reset

If the Watchdog reset signal goes active, nRF9HEBrerthe same reset sequence as for
power-on reset. That is, the internal voltage gatoes and oscillators start up, the SFRs
are initialized to their reset values, as listed @able 62, and thereafter the CPU begins
program execution at the standard reset vectoreadddx0000. The startup time from
watchdog reset is somewhat shorter; expect a w@rifitom 0.4 to 2ms depending on
processing, temperature and supply voltage.

16.7.3 Program Reset Address

The program reset address is controlled by the FERISRregister, SFR 0xB1, see Table
48This register shows which reset source that chtise last reset, and provides a
choice of two different program start addresses d@hfault value is power-on reset,
which starts the boot loader, while a watchdog trelees not reboot and restarts at
address 0 of the already loaded program.

Addr R/W | #bit Init Name Function
SFR (hex)
(hex)
B1 R/W 2 00 RSTREAS bit 0: Reason for last reset
0: POR

1: Any other reset source
bit 1: Use IROM for reset vector

0: Reset vectors to 0x0000.

1: Reset vectors to 0x8000.

Table 48 Reset control register - SFR 0xB1.
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17 POWER SAVING MODES

NRFI9ES5 provides the two industry standard 8051 paaging modes: idle mode and
stop mode. To Achieve more power saving severaitiaddl power-down modes are
provided, where both oscillator and internal povegyulators may be turned off.

The bits that control entry into idle and stop n®dee in the PCON register at SFR
address 0x87, listed in Table 49. The bits thatrobentry into power down mode are in
the CK_CTRL register at SFR address 0xB6, listetiahle 51.

Bit Function
PCON.7 SMOD - Serial Port baud-rate doubler enablgen SMOD = 1, the baud rate fpr
Serial Port is doubled.
PCON.6—4 Reserved.

PCON.3 GF1 — General purpose flag 1. General perfiag for software control.

PCON.2 GFO0 — General purpose flag 0. General perfiag for software control.

PCON.1 STOP — Stop mode select. Setting the STO#Rdmes the nRFIES in stop mode.
PCON.0 IDLE — Idle mode select. Setting the IDLEdaces the nRF9ES5 in idle mode.

Table 49 PCON Register — SFR 0x87.

17.1 Standard 8051 Power Saving Modes

17.1.1 IdleMode

An instruction that sets the IDLE bit (PCON.0) casishe nRF9ES5 to enter idle mode
when that instruction completes. In idle mode, GiPtktessing is suspended and internal
registers and memory maintain their current daawever, unlike the standard 8051,
the CPU clock is not disabled internally, thus moich power is saved.

There are two ways to exit idle mode: activate angbled interrupt or watchdog reset.
Activation of any enabled interrupt causes the Wware to clear the IDLE bit and
terminate idle mode. The CPU executes the ISR adsdcwith the received interrupt.
The RETI instruction at the end of the ISR retuimes CPU to the instruction following
the one that put the nRF9ES5 into idle mode. A wadchreset causes the nRFIES to exit
idle mode, reset internal registers, execute itetresequence and begin program
execution at the standard reset vector addres00x00

17.1.2 Stop Mode

An instruction that sets the STOP bit (PCON.1) eautie nRFIE5 to enter stop mode
when that instruction completes. Stop mode is idahto idle mode, except that the
only way to exit stop mode is by watchdog reseté&ithere is little power saving, stop
mode is not recommended, as it is more efficienis® power down mode.
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17.2 Additional Power Down Modes

An instruction that sets the CK_CTRL (SFR 0xB6)amon zero value causes the
NRFI9ES5 to enter power down mode when that instinctiompletes. In power down

mode, CPU processing is suspended, while intemgikters and memories maintain
their current data. The CPU will perform a corgdlshutdown of clock and power

regulators as requested by CK_CTRL.

The device can only be restarted from an event BA &PIO pin, an RTC wakeup or a
Watchdog reset. Activation of any enabled wakeup® causes the hardware to clear
the CK_CTRL bit and terminate power down mode.hire is an enabled interrupt

associated with the wakeup even, the CPU execliesISR associated with that

interrupt immediately after power and clocks arsgtaeed. The RETI instruction at the

end of the ISR returns the CPU to the instructmiowing the one that put the nRF9E5

into power down mode. A watchdog reset causes R¥9R5 to exit power down mode,

reset internal registers, execute its reset seguand begin program execution at the
standard reset vector address 0x0000.

Addr R/W | #bit | Init Name Function
SFR Hex
B6 W 3 0 CK _CTRL Set power down according to Table 51.
R 1 - CK_CTRL Read LFCK clock in LSB. Other bitsegr
unpredictable.

Table 50 CK_CTRL register — SFR 0xB6.

Note: Before writing the CK_CTRL register, make esuthat the busy bit of
RTC/Watchdog SFR 0xAD, bit 4 (page 56) is not set

Note: When using power down modes where the CKLKFeis LP_OSC, the startup
time may be so long that the CPU may loose theespaonding interrupt.

CK_CTRL Function CKLF XTAL | Typical | Typical
(write) source Osc Current | Startup
000 Normal operation, active XTAL On 1 mA -
001 Light power down XTAL On 0.4 mA 2.5 9
010 Moderate power down XTAL On 125 A 7 U
011 Standby mode LP_0OS( On 25 uA 150 jhs
1-- Deep power down LP_0S( Off 2.5 A 1000 us

Table 51 Power down modes.

The table above shows typical startup time frorarinfpt. For GPIO the debounce time
must be added, but during debounce the devicdlismgtower down.
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17.2.1 Startup Time From Reset
Startup time consists of a number of LP_OSC cyeles number of XTAL clock
cycles. fp_oscmay vary from 1 to 5.5kHz over voltage and tempemat

Startup times are summarized in the table below:

Reason of startup Phase | Phase Il
(power and Clock) (Initialization and
synchronization)
Power on XO start-up time (3ms max) The longest of:

2500 fraL cycles
0-1 LP_OSC cycles
Watchdog XO start-up time if The longest of:
not already running 2500 gpy cycles
0-1 LP_OSC cycles

Table 52 Startup times from Power down mode.
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18 MICROCONTROLLER

The embedded microcontroller is the DW8051 Macrb@eim Synopsys which is
similar to the Dallas DS80C320 in terms of hardwhsatures and instruction-cycle
timing.

18.1 Memory Organization
FFFFh

81FFh

Boot loader

8000h

IRAM SFR
FFh FFh
Upper Accessible by Accessible by
128 indirect direct addressing
bytes. addressing only. only.
80h » 80h
OFFFh 7Fh
Program/data memory. 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 17 Memory Map and Organization.

18.1.1 Program Memory/Data Memory

The nRF9ES5 has 4k bytes of program memory availfolaser programs located at the
bottom of the address space as shown in Figurelriis. memory also function as a
random access memory and can be accessed withotheand movc instructions.

After power on reset the boot loader loads the psegram from the external serial
EEPROM and stores it from address 0 in this memory.

18.1.2 Internal Data Memory
The Internal Data Memory, illustrated in Figure &@nsists of:

» 128 bytes of registers and scratchpad memory abteskrough direct or indirect
addressing (addresses 0x00—0x7F).

» 128 bytes of scratchpad memory accessible througdirect addressing (0x80—
OXFF).

» 128 special function registers (SFRs) accessibtaigh direct addressing.

The lower 32 bytes form four banks of eight regs{&0—R7). Two bits on the program
status word (PSW) select which bank is in use. idnd sixteen bytes form a block of
bit-addressable memory space at bit addresses Ox0B—-All of the bytes in the lower
128 bytes are accessible through direct or indiaeidressing. The SFRs and the upper
128 bytes of RAM share the same address range {@8B). However, the actual
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address space is separate and is differentiatedhéytype of addressing. Direct
addressing accesses the SFRs, while indirect asldgeaccesses the upper 128 bytes of
RAM. Most SFRs are reserved for specific functioas described in 18.6 Special
Function Registers on page 71. SFR addresses einddgor 8h are bit-addressable.

18.2 Program Format in External EEPROM
The table below shows the layout of the first fextels of the EEPROM image.

7 | 6 5 | 4 3 2 | 1 | 0
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 (ideliblock 0 that is not full)
Optional User data, not interpreted by boot leade
N: First byte of user program, goes into ERAM at@3Q
N+1: Second byte of user program, goes into ERABx&001

Table 53 EEPROM layout.

The contents of the 4 lowest bits in the first bigeised by the boot loader to set the
correct SPI frequency. These fields are encodeti@sn below:

SPEED (bit 3): EEPROM max speed

0 = 0.5MHz
1=1MHz
XO_FREQ (bits 2,1 and 0): Crystal oscillator frenoge
000 = 4MHz,
001 = 8MHz,
010 = 12MHz,
011 = 16MHz,
100 = 20MHz

The program eeprégan be used to add this header to a program file.

Command format: eeprep [options] <infile> <outfile>
<infile> is the output file of an assembler or colep
<outfile> is a file suitable for programming the BEIROM (above format with no user
data).
Both files are “Intelhex” format.
The options available for eeprep are:
-cn  Set crystal frequency in MHz.
i Ignore checksums
-pn  Set program memory size (default 4096 bytes)
-S Select slow EEPROM clock (500KHz)

1 . . .
Available on www.nordicsemi.no
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18.3 Instruction Set

All NRF9ES instructions are binary-code—compatiaied perform the same functions
that they do in the industry standard 8051. Theot$fof these instructions on bits, flags,
and other status functions is identical to the stdustandard 8051. However, the timing
of the instructions is different, both in termsrafmber of clock cycles per instruction
cycle and timing within the instruction cycle.

Table 55 to Table 60 lists the nRFOES5 instructieh and the number of instruction
cycles required to complete each instruction.

Symbol Function

A Accumulator

Rn Register RO—R7

direct Internal register address

@RI Internal register pointed to by RO or R1 (gtddOVX)
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 54 Legend for Instruction Set Table.
Table 55 to Table 60 define the symbols and mneosamsed in Table 54.
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Arithmetic Instructions
Mnemonic Description Byte Instr. Hex
Cycles Code
ADD A, Rn Add register to A 1 1 28-2F
ADD A, direct Add direct byte to A 2 2 25
ADD A, @RI Add data memory to A 1 1 26-27
ADD A, #data Add immediate to A 2 2 24
ADDC A, Rn Add register to A with carry 1 1 38-3F
ADDC A, direct Add direct byte to A with carry 2 2 35
ADDC A, @RI Add data memory to A with carry 1 1 6-387
ADDC A, #data Add immediate to A with carry 2 2 43
SUBB A, Rn Subtract register from A withl 1 98-9F
borrow
SUBB A, direct Subtract direct byte from A with2 2 95
borrow
SUBB A, @RI Subtract data memory from A withl 1 96-97
borrow
SUBB A, #data Subtract immediate from A witl2 2 94
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 06-07
DEC A Decrement A 1 1 14
DEC Rn 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 Decimal adjust A 1 1 D4
All mnemonics are copyright © Intel Corporation 098

Table 55 nRF9ES Instruction Set, Arithmetic Instiogs.
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Logical Instructions

Mnemonic Description Byte Instr. Hex

Cycles Code
ANL A, Rn AND register to A 1 1 58-5F
ANL A, direct AND direct byte to A 2 2 55
ANL A, @RI AND data memory 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, #data AND immediate data to directdoyf 3 3 53
ORL A, Rn OR register to A 1 1 48-4F
ORL A, direct OR direct byte to A 2 2 45
ORL A, @RI OR data memory to A 1 1 46-47
ORL A, #data OR immediate to A 2 2 44
ORL direct, A OR A to direct byte 2 2 42
ORL direct, #data OR immediate data to direct byte 3 3 43
XRL A, Rn Exclusive-OR register to A 1 1 68—6F
XRL A, direct Exclusive-OR direct byte to A 2 2 65
XRL A, @RI Exclusive-OR data memory to A 1 1 66—67
XRL A, #data Exclusive-OR immediate to A 2 2 64
XRL direct, A Exclusive-OR A to direct byte 2 2 62
XRL direct, #data Exclusive-OR immediate to dire@ 3 63

byte
CLR A Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap nibbles of A 1 1 C4
RL A Rotate A left 1 1 23
RLC A 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 098

Table 56 nRF9ES5 Instruction Set, Logical Instruesio
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Boolean Instructions
Mnemonic Description Byte Instr. Hex
Cycles Code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 2 Cc2
SETB C Set carry 1 1 D3
SETB bit Set direct bit 2 2 D2
CPLC 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 inverse to carry 2 2 BO
ORL C, bit OR direct bit to carry 2 2 72
ORL C, /bit OR direct bit inverse to carry 2 2 A0
MOV C, bit Move direct bit to carry 2 2 A2
MOV bit, C Move carry to direct bit 2 2 92
All mnemonics are copyright © Intel Corporation 098

Table 57 nRF9ES5 Instruction Set, Boolean Instrunstio
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Data Transfer Instructions
Mnemonic Description Byte Instr. Hex
Cycles Code
MOV A, Rn Move register to A 1 1 E8-EF
MOV A, direct Move direct byte to A 2 2 E5
MOV A, @RI Move data memory to A 1 1 E6-E7
MOV A, #data Move immediate to 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 AG-A
MOV Rn, #data Move immediate to register 2 2 78—7H
MOV direct, A Move A to direct byte 2 2 F5
MOV direct, Rn Move register to direct byte 2 2 88B—8
MOV direct, direct | Move direct byte to direct byte 3 3 85
MOV direct, @Ri Move data memory to direct byte 2 2 86—87
MOV direct, #data | Move immediate to direct byte 3 3 57
MOV @RI, A Move A to data memory 1 1 F6-F7
MOV @RI, direct Move direct byte to data memory 2 2 6-A7
MOV @RI, #data Move immediate to data memory 2 2 767
MOV DPTR, #data| Move immediate to data pointer 3 3 90
MOVC A, | Move code byte relative DPTR to Al 3 93
@A+DPTR
MOVC A, @A+PC | Move code byte relative PC to A 1 3 83
MOVX A, @Ri Move external data (A8) to A 1 2-9* E23E
MOVX A, | Move external data (A16) to A 1 2-9* EO
@DPTR
MOVX @RI, A Move A to external data (A8) 1 2-9* F23-F
MOVX @DPTR, | Move A to external data (A16) 1 2-9* FO
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-Ck
XCH A, direct Exchange A and direct byte 2 2 C5
XCH A, @Ri Exchange A and data memory 1 1 C6-Cy
XCHD A, @RI Exchange A and data memgnt 1 D6-D7
nibble
All mnemonics are copyright © Intel Corporation 098

Table 58 nRF9ES5 Instruction Set, Data Transferlesions.

* Number of cycles is 2 + CKCON.2-0. (CKCON.2-Qle integer value of the 3LSB
of SFR OXx8E CKCON). Default is 3 cycles.
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Branching Instructions
Mnemonic Description Byte Instr. Hex
Cycles Code

ACALL addr 11 Absolute call to subroutine 2 3 11-F
LCALL addr 16 Long call to subroutine 3 4 12
RET Return from subroutine 1 4 22
RETI Return from interrupt 1 4 32
AJMP addr 11 Absolute jump unconditional 2 3 01-E]
LIJMP addr 16 Long jump unconditional 3 4 02
SJIMP rel Short jump (relative address) 2 3 80
JC rel Jumpon carry =1 2 3 40
JNC rel Jump on carry =0 2 3 50
JB bit, rel Jump on direct bit =1 3 4 20
JNB bit, rel Jump on direct bit = 0 3 4 30
JBC hit, rel Jump on direct bit = 1 and clear 3 4 10
JMP @A+DPTR Jump indirect relative DPTR 1 3 73
JZ rel Jump on accumulator = 0 2 3 60
JINZ rel Jump on accumulator /= 0 2 3 70
CJINE A, direct, rel| Compare A, direct INE relative | 3 4 B5
CINE A, #d, rel Compare A, immediate JNE 3 4 B4

relative
CJINE Rn, #d, rel Compare reg, immediate INE 3 4 B8-BF

relative
CJINE @RI, #d, rel| Compare ind, immediate JNE 3 4 B6-B7

relative
DJNZ Rn, rel Decrement register, JNZ relative 2 3 D8-DF
DJNZ direct, rel Decrement direct byte, JNZ relatiy 3 4 D5

All mnemonics are copyright © Intel Corporation 098
Table 59 nRF9ES5 Instruction Set, Branching Instonst.
Miscellaneous Instructions
Mnemonic Description Byte Instr. Hex
Cycles Code
NOP No operation 1 1 00
There is an additional reserved opcode (A5) thitaldo act as a NOP.
All mnemonics are copyright © Intel Corporation 098

Table 60 nRF9ES5 Instruction Set, Miscellaneousrliesions.
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18.4 Instruction Timing

Instruction cycles in the nRF9ES are four clocklegan length, as opposed to twelve
clock cycles per instruction cycle in the stand®&@bl. This translates to a 3X
improvement in execution time for most instructiongiowever, some instructions
require a different number of instruction cycles the nRFOE5 than they do on the
standard 8051. In the standard 8051, all instraostexcept for MUL and DIV take one
or two instruction cycles to complete. In the nRBQ#chitecture, instructions can take
between one and five instruction cycles to compléter example, in the standard 8051,
the instructions MOVX A, @DPTR and MOV direct, ditecach take two instruction
cycles (twenty-four clock cycles) to execute. Ie thRFOES5 architecture, MOVX A,
@DPTR takes two instruction cycles (eight clocklegr and MOV direct, direct takes
three instruction cycles (twelve clock cycles). Batstructions execute faster on the
NRFI9E5 than they do on the standard 8051, but meglifferent numbers of clock
cycles.

For timing of real-time events, use the numbermstruction cycles from Table 55 to
Table 60 to calculate the timing of software laopke bytes column of these table
indicates the number of memory accesses (byteslede® execute the instruction. In
most cases, the number of bytes is equal to théauof instruction cycles required to
complete the instruction. However, as indicatedable 55, there are some instructions
(for example, DIV and MUL) that require a greatemmber of instruction cycles than
memory accesses.By default, the nRFES5 timer/comimtm at twelve clock cycles per
increment so that timer-based events have the sammg as with the standard 8051.
The timers can be configured to run at four clog&le€s per increment to take advantage
of the higher speed of the nRF9E5.

18.5 Dual Data Pointers

The nRF9ES5 employs dual data pointers to accelelati® memory block moves. The
standard 8051 data pointer (DPTR) is a 16-bit vaked to address external data RAM
or peripherals. The nRF9E5 maintains the standatd gointer as DPTRO at SFR
locations 0x82 and 0x83. It is not necessary toimadde to use DPTRO. The nRF9ES5
adds a second data pointer (DPTR1) at SFR loca@i®®4 and 0x85. The SEL bit in the
DPTR Select register, DPS (SFR 0x86), selects ttweapointer. When SEL = 0,
instructions that use the DPTR will use DPLO andHDPWhen SEL = 1, instructions
that use the DPTR will use DPL1 and DPH1. SEL el O of SFR location 0x86. No
other bits of SFR location 0x86 are used. All DPERited instructions use the
currently selected data pointer. To switch thevacpointer, toggle the SEL bit. The
fastest way to do so is to use the increment iostmu (INC DPS). This requires only
one instruction to switch from a source addressatalestination address, saving
application code from having to save source andirddg®n addresses when doing a
block move. Using dual data pointers provides siggmtly increased efficiency when
moving large blocks of data.

The SFR locations related to the dual data poiraters

- 0x82 DPLO DPTRO low byte

- 0x83 DPHO DPTRO high byte

-0x84 DPL1 DPTR1 low byte

- 0x85 DPH1 DPTR1 high byte

-0x86 DPS DPTR Select (LSB)
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18.6 Special Function Registers

The Special Function Registers (SFRs) control sgwarthe features of the nRF9ES.
Most of the nRF9E5 SFRs are identical to the stah8851 SFRs. However, there are
additional SFRs that control features that areavailable in the standard 8051. Table
61 lists the nRF9E5 SFRs and indicates which SFBR:at included in the standard
8051 SFR space. When writing software for the nRE9kse equate statements to
define the SFRs that are specific to the nRF9E5caustbm peripherals. In Table 61,
SFR bit positions that contain a 0 or a 1 cannowh#en to and, when read, always
return the value shown (0 or 1). SFR bit positithegt contain “~” are available but not
used. Table 62 shows the value of each SFR, afi@epon reset or a watchdog reset,
together with a pointer to a detailled descriptadreach register. Please note that any
unused address in the SFR address space is reseiyatiould not be written to.

Notes to Table 61 on next page :

Q) Not part of standard 8051 architecture.
(2) Registers unique to nRF9ES5

3) PO, P1 and P3 differ from standard 8051

Main office: Nordic Semiconductor ASA - Vestre Ras81, N-7075 Tiller, Norway -Phone +4772898900 Fax +4772898989
Revision: 1.3 Page 71 of 108 June 2006



PRODUCT SPECIFICATION

NRFIES5 Single Chip Transceiver with Embedded Microontroller and ADC

-

N

Addr | Register Bit 7 | Bit6 |Bit5 |Bit4 |[Bit3 |Bit2 |Bitl |BitO

0x80 | PO(3) Port 0

0x81 SP Stack pointer

0x82 DPLO Data pointer 0, low byte

0x83 DPHO Data 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 GFO0 STOP IDLE

0x88 | TCON TF1 TR1 TFO TRO IE1 IT1 IEO ITO

0x89 | TMOD GATE CIT M1 MO GATE CIT M1 MO

Ox8A | TLO Timer/counter 0 value, low byte

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

0x8C | THO Timer/counter 0 value, high byte

0x8D | TH1 Timer/counter 1 value, high byte

OXx8E | CKCON(1) - - 2M TiM TOM MD2 MD1 MDO

0x8F | SPC_FNC(1) 0 0 0 0 0 0 0 WRS

0x90 | P1(3) - - - - Port 1 bit 3:0

0x91 | EXIF(1) IE5 IE4 IE3 IE2 1 0 0 0

0x92 | MPAGE(1) - - - - - - - -

0x93 | PO_DRV(2) Drive Strength of port 0

0x94 PO _DIR(2) Direction of Port 0

0x95 PO_ALT(2) Alternate functions of Port O

0x96 P1 DIR(2) - - - - Direction of Port 1

0x97 P1 _ALT(2) - - - - Alt.funct.of Port 1

0x98 | SCON SMO SM1 SM2 REN TB8 | RB8 | TI | RI

0x99 SBUF Serial port data buffer

0xA0 | P2(3) AM CD DR/ EOC/ SBMISO | SBMOSI | SBSCK
TRX_CE | TX_EN RACSN

0xA8 | IE EA 0 ET2 ES ET1 EX1 ETO EXO0

0xA9 | PWMCON(2) PWM_LENGTH PWM_PRESCALE

0xAA | PWMDUTY(2) PWM_DUTY_CYCLE

0xAB | REGX_MSB(2) High byte of Watchdog/RTC register

OXAC | REGX_LSB(2) Low byte of Watchdog/RTC register

0XAD | REGX_CTRL(2) | - - - Control of REGX_MSB and REGX_LSB

0xB1 | RSTREAS(2) - - - - | - e | RFLR

0xB2 | SPI_DATA(2) SPI_DATA input/output bits

0xB3 | SPI_CTRL(2) - - - - - | SPI_CTRL

0xB4 | SPICLK(2) - - - - SPICLK

0xB5 | TICK_DV(2) TICK_DV

0xB6 | CK_CTRL(2) - - - - - CK_CTRL

0xB8 | IP 1 0 PT2 PS PT1 PX1 PTO | PX0

OXxBF | CKLFCON (2) - - XOF XO_ UP_CLK_FREQ

DIRECT

0xC8 | T2CON TF2 EXF2 RCLK | TCLK | EXEN2| TR2 C/iT2 | CPIRY

OxCA | RCAP2L Timer/counter 2 capture or reload, lowebyt

0xCB | RCAP2H Timer/counter 2 capture or reload, higte by

OxCC | TL2 Timer/counter 2 value, low byte

OxCD | TH2 Timer/counter 2 value, high byte

0xD0 | PSW CY AC FO RS1 RSO oV F1 P

0xD8 | EICON(1) - 1 0 0 WDTI 0 0 0

OxEO | ACC Accumulator register

O0xE8 | EIE(1) 1 [ 1 [ 1 | Ewbl | Ex5 | Ex4 | EX3 | EX2

OxFO | B B-register

0xF8 | EIP(1) 1 | 1 [ 1 | pwDl | Px5 | Px4a | Px3 | PXx2

OXFE | HWREV (2) Device hardware revision number

OXFF [ ----- Reserved, do not use

Table 61Special Function Registers summary.
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Register Addr Reset value Description
ACC OxEQ 0x00 Accumulator register
B 0xFO 0x00 B-register
CK_CTRL 0xB6 0x00 Table 51, page 60
CKCON Ox8E 0x01 Table 67, page 80
CKLFCON OxBF 0x27 Table 43 on page 53
DPHO 0x83 0x00 ch.18.5, page 70
DPH1 0x85 0x00 ch.18.5, page 70
DPLO 0x82 0x00 ch.18.5, page 70
DPL1 0x84 0x00 ch.18.5, page 70
DPS 0x86 0x00 ch.18.5, page 70
EICON 0xD8 0x40 Table 40, page 48
EIE OxE8 OxEQ Table 41, page 48
EIP 0xF8 OxEQ Table 42, page 49
EXIF 0x91 0x08 Table 39, page 48
HWREV OXFE 0x00,read only hardware revision no
IE 0xA8 0x00 Table 37, page 47
IP 0xB8 0x80 Table 38, page 47
MPAGE 0x92 0x00 do not use
PO 0x80 OxFF Table 10, page 16
PO _ALT 0x95 0x00 Table 10, page 16
PO DIR 0x94 OxFF Table 10, page 16
PO_DRV 0x93 0x00 Table 10, page 16
P1 0x90 OxFF Table 12, page 17
P1 ALT 0x97 0x00 Table 12, page 17
P1 DIR 0x96 OxF4 Table 12, page 17
P2 O0xAO0 0x08 Table 15, page 20
PCON 0x87 0x30 Table 49, page 59
PSW 0xDO0 0x00 Table 63, page 74
PWMCON 0xA9 0x00 Table 35, page 45
PWMDUTY OxAA 0x00 Table 35, page 45
RCAP2H 0xCB 0x00 ch.18.8.3.3, page 82
RCAP2L 0xCA 0x00 ch.18.8.3.3, page 82
REGX CTRL OxAD 0x00 Table 45, page 56
REGX LSB 0xAC 0x00 Table 45, page 56
REGX_MSB OxAB 0x00 Table 45, page 56
RSTREAS 0xB1 0x02 Table 48, page 58
SBUF 0x99 0x00 ch.18.9, page 83
SCON 0x98 0x00 Table 71, page 84
SP 0x81 0x07 Stack pointer
SPC_FNC O0x8F 0x00 do not use
SPI_CTRL 0xB3 0x00 Table 33, page 44
SPI_DATA 0xB2 0x00 Table 33, page 44
SPICLK 0xB4 0x00 Table 33, page 44
T2CON 0xC8 0x00 Table 68, page 81
TCON 0x88 0x00 Table 66, page 77
THO 0x8C 0x00 ch.18.8, page 76
TH1 0x8D 0x00 ch.18.8, page 76
TH2 0xCD 0x00 ch.18.8, page 76
TICK_DV 0xB5 0x1D Table 43, page 53
TLO 0x8A 0x00 ch.18.8, page 76
TL1 0x8B 0x00 ch.18.8, page 76
TL2 0xCC 0x00 ch.18.8, page 76
TMOD 0x89 0x00 Table 65, page 76

Table 62Special Function Register reset values and deguriplphabetically.
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Table 63 lists the functions of the bits in the PBYister.

Bit Function

PSW.7 CY - Carry flag. Set to 1 when last arithmaiperation resulted in a carry (duripg
addition) or borrow (during subtraction); otherwisteared to 0 by all arithmetic
operations.

PSW.6 AC - Auxiliary carry flag. Set to 1 when lasithmetic operation resulted in a carry igto
(during addition) or borrow from (during subtract)othe high-order nibble; otherwige
cleared to 0 by all arithmetic operations.

PSW.5 FO - User flag 0. Bit-addressable, genengdgse flag for software control.

PSW.4 RS1 - Register bank select bit 1. Used wii Ro select a register blank in interfpal
RAM.

PSW.3 RSO - Register bank select bit 0, decoded as:

RS1 RSO Bank selected

0 O Register bank 0, addresses 0x00-0x07
0 1 Register bank 1, addresses 0x08-0x0F
1 0 Register bank 2, addresses 0x10-0x17
1 1 Register bank 3, addresses 0x18-0x1F

PSW.2 QV - Overflow flag. Set to 1 when last arigtin operation resulted in a carry (additiop),
borrow (subtraction), or overflow (multiply or dde); otherwise cleared to 0 by &ll
arithmetic operations.

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

PSW.0 P - Parity flag. Set to 1 when modulo-2 sdrB bits in accumulator is 1 (odd parity

~—

cleared to O on even parity.

Table 63 PSW Register — SFR 0xDO.
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18.7 SFR Registers Unique to nRF9ES

The table below lists the SFR registers that arguento nRFOES5 (not part of standard
8051 register map) The registers PO, P1 and P2Xjrade the addresses for the ports
PO, P1 and P2 in a standard 8051. Whereas theidoality of these ports is similar to
that of the corresponding ports in standard 8a54,riot identical.

Addr R/W | #bit Init Name Function
SFR hex
80 R/W 8 FF PO Port 0, pins P07 to P00
90* R/W | 8(4) FF p1** Port 1, pins SPI_CSN, SPI_MISEPI_MOSI
and SPI_SCK
94 R/W 8 FF PO DIR Direction of each GPIO bit oftid
95 R/W 8 00 PO ALT Select alternate functions factepin of port 0
96 R/IW | 8(4) F4 P1 DIR Direction for each GPIO Hiport 1
97 R/IW | 8(4) 00 P1L ALT Select alternate functionsdach pin of port 1
AO* R/W 8 08 P2 General purpose I/O for interfac@RF905
radio, for details see chapter 8.1
A9 R/W 8 0 PWMCON PWM control register
AA R/W 8 0 PWMDUTY PWM duty cycle
AB R/W 8 0 REGX_MSB High part of 16 bit register faterface to
Watchdog and RTC
AC R/W 8 0 REGX_LSB Low part of 16 bit register fioterface to
Watchdog and RTC
AD R/W 5 0 REGX CTRL Control of interface to Watdgland RTC.
Bl R/W 2 02 RSTREAS Reset status and control
B2 R/W 8 0 SPI DATA SPI data input/output
B3 R/W 2 0 SPI_CTRL 00 -> SPInotused 01 -prmxt to P1
10 or 11 -> connect to RADIO
B4 R/W 2 0 SPICLK Divider from CPU clock to SPI clo
B5 R/W 8 1D TICK_DV TICK Divider.
B6 W 3 0 CK_CTRL Clock control
B7 R 4 0 TEST_MODE Test mode register.
This register must always be 0 in normal modg.
BF R/W 6 27 CKLFCON Control generation of 4 kHz GKL
FE R 8 00 HWREV Silicon stepping
Table 64 SFR registers unique to nRF9ES.
* This bit addressable register differs in usagenf “standard 8051”

** Only 4 lower bits are meaningful in P1 and asponding P1_DIR and P1_ALT
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18.8 Timers/Counters

The nRF9ES includes three timer/counters (TimefTiper 1 and Timer 2). Each
timer/counter can operate as either a timer wittoek rate based on the CPU clock , or
as an event counter clocked by the tO pin (TimentD)pin (Timer 1), or the T2 pin
(Timer 2). These pins are alternate function bitdPort 0 and 1 as this : t0 is P0.5, t1 is
P0.6 and T2 is P1.0, for details please see clor6iage 16.
Each timer/counter consists of a 16-bit registet B accessible to software as three
SFRs: (Table 61)

Timer O - TLO and THO

Timer 1-TL1 and TH1

Timer 2 - TL2 and TH2

18.8.1 TimersOand 1
Timers 0 and 1 each operate in four modes, asaltedrthrough the TMOD SFR
(Table 65) and the TCON SFR (Table 66). The foudesoare:
13-bit 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 0 only)

Bit Function

TMOD.7 GATE - Timer 1 gate control. When GATE = limer 1 will clock only when externd
interrupt INT1_N = 1 and TR1 (TCON.6) = 1. When GRAE 0, Timer 1 will clock onlyf
when TR1 = 1, regardless of the state of INT1 N.

TMOD.6 C/T - Counter/Timer select. When C/T = 0, €&ml is clocked by CPU_clk/4 (
CPU_clk/12, depending on the state of TIM (CKCONwhen C/T = 1, Timer 1 is clockg
by the t1 pin.

[oRIE

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

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

00 Mode 0 : 13-bit counter

01 Mode 1 : 16-bit counter

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

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

TMOD.2 C/T - Counter/Timer select. When C/T = 0, &m0 is clocked by CPU_clk/4 (
CPU_clk/12, depending on the state of TOM (CKCONv8hen C/T = 1, Timer 0 is clockg
by the t0 pin.

O =

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

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

00 Mode 0 : 13-bit counter

01 Mode 1 : 16-bit counter

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

Table 65 TMOD Register — SFR 0x89.
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Bit Function
TCON.7 | TF1 - Timer 1 overflow flag. Set to 1 when the Timiecount overflows and cleared wh
the CPU vectors to the interrupt service routine.
TCON.6 | TR1 - Timer 1 run control. Set to 1 to eatbunting on Timer 1.
TCON.5 | TFO - Timer 0 overflow flag. Set to 1 when the Timdecount overflows and cleared wh
the CPU vectors to the interrupt service routine.
TCON.4 | TRO - Timer 0 run control. Set to 1 to eatbunting on Timer 0.
TCON.3 | IEL - Interrupt 1 edge detect. If external intetrlips configured to be edge-sensitive (IJr'1
= 1), IE1 is set by hardware when a negative edgi#etected on the INT1_N exterrfal
interrupt pin and is automatically cleared when @ieU vectors to the correspondipg
interrupt service routine. In edge-sensitive moE&,can also be cleared by software.
If external interrupt 1 is configured to be levehsitive (IT1 = 0), IEL is set when the
INT1_N pin is low and cleared when the INT1_N pinhigh. In level-sensitive mode¢
software cannot write to IE1.
TCON.2 | IT1 - Interrupt 1 type select. When IT1 = 1, theR9ES5 detects external interrupt gin
INT1_N on the falling edge (edge-sensitive). Wheh £ 0, the nRFOES detects INT1_|N
as a low level (level-sensitive).
TCON.1 | IEO - Interrupt O edge detect. If external intetrQps configured to be edge-sensitive (IJr0
= 1), IEO is set by hardware when a negative edg#etected on the INTO_N exterrjal
interrupt pin and is automatically cleared when @RU vectors to the correspondipg
interrupt service routine. In edge-sensitive maE6,can also be cleared by software.
If external interrupt O is configured to be levehsitive (ITO = 0), IEOQ is set when the
INTO_N pin is low and cleared when the INTO_N pénhigh. In level-sensitive modg,
software cannot write to |EO.
TCON.O | ITO - Interrupt O type select. When IT1 = 1, theR®9IES detects external interrupt INTO N
on the falling edge (edge-sensitive). When IT1 the,nRFIES5 detects INTO_N as a Ipw
level (level-sensitive). T

3%
S

3%
S

Table 66 TCON Register — SFR 0x88.

18.8.1.1Mode O

Mode O operation, illustrated in Figure 18, is siaene for Timer 0 and Timer 1. In mode
0, the timer is configured as a 13-bit counter tis#s bits 0—4 of TLO (or TL1) and all
eight bits of THO (or TH1). The timer enable biR0U/TR1) in the TCON SFR starts the
timer. The C/T bit selects the timer/counter cleckirce, CPU_clk or TO/T1. The timer
counts transitions from the selected source asdsriipe GATE bit is 0, or the GATE bit
is 1 and the corresponding interrupt pin (INTO_NINT1_N) is deasserted. INTO_N
and INT1_N are alternate function bits of Port@gsle see Table 8 Port functions. When
the 13-bit count increments from Ox1FFF (all onéisg, counter rolls over to all zeros,
the TFO (or TF1) bit is set in the TCON SFR, anel th out (or t1_out) pin goes high
for one clock cycle. The upper three bits of TLO {&.1) are indeterminate in mode 0
and must be masked when the software evaluatesdister.

18.8.1.2Mode 1

Mode 1 operation is the same for Timer O and Tirhedn mode 1, the timer is
configured as a 16-bit counter. As illustratedaiheight bits of the LSB register (TLO or
TL1) are used. The counter rolls over to all zend®en the count increments from
OxFFFF. Otherwise, mode 1 operation is the sanmecaie O.
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TOM (T1M)

Divide by 12
CPU_CLK CIT TLO (TL1)

0|1(2|3|4|5|6]|7

Divide by 4

1 POSITO (POB/T1)

Mode 1
THO (TH1)
0|1(2|3|4|5(6|7

INT
TFO (TF1) —

|
,,,,,,,,,,,,,,,, N

Figure 18 Timer 0/1 — Modes 0 and 1.

TRO (TR1)

GATE {>o

PO3/INTO_N (PO4/INT1_N)
(N,

Q
PO_ALT.3 (PO_ALT.4)

(timer 1 only)

18.8.1.3Mode 2

Mode 2 operation is the same for Timer 0 and Tirhedn mode 2, the timer is
configured as an 8-bit counter, with automatic adlof the start value. The LSB register
(TLO or TL1) is the counter, and the MSB registBiHQ or TH1) stores the reload value.
As illustrated in Figure 19 Timer 0/1 — Mode 2, raa2 counter control is the same as
for mode 0 and mode 1. However, in mode 2, when ificrements from OxFF, the
value stored in THis reloaded into TLn.

TOM (T1M)
0

Divide by 12

CPU_CLK CIT TLO (TL1)

Divide by 4

D
Ttoad |

POS/TO (POBIT1)

[
[
[
[

PN
[
[
[

TRO (TR1)

GATE >O

PO3/INTO_N (PO4/INT1_N)
[

THO (TH1)

INT
TFO (TF1) |—

O
PO_ALT.3 (PO_ALT.4) i

s
To serial port

(timer 1 only)

Figure 19 Timer 0/1 — Mode 2.
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18.8.1.4Mode 3

In mode 3, Timer 0 operates as two 8-bit countand, Timer 1 stops counting and holds
its value. As shown in Figure 20 Timer 0 — ModeT80 is configured as an 8-bit
counter controlled by the normal Timer 0 contrdsbiTLO can count either CPU clock
cycles (divided by 4 or by 12) or high-to-low trémms on t0, as determined by the C/T
bit. The GATE function can be used to give courdgeable control to the INTO_N

signal.
Divide by 12 TOM
CPU_CLK ° o TLo
0
1
klo|1]2 4 67
Divide by 4 ) < 8 5
PO5/TO { g
[}
INT
TFO —

TRO

INT

GATE >c TF1 —

PO3/INTO_N

cklof1]2

w
IN
o
o
~

PO_ALT.3

THO
TR1

Figure 20 Timer 0 — Mode 3.

THO functions as an independent 8-bit counter. HareTHO can count only CPU
clock cycles (divided by 4 or by 12). The Timerdntrol and flag bits (TR1 and TF1)
are used as the control and flag bits for THO.

When Timer 0 is in mode 3, Timer 1 has limited wshgcause Timer 0 uses the Timer
1 control bit (TR1) and interrupt flag (TF1). Timércan still be used for baud rate
generation and the Timer 1 count values are stiflilable in the TL1 and TH1
registers.Control of Timer 1 when Timer 0O is in rad@l is through the Timer 1 mode
bits. To turn Timer 1 on, set Timer 1 to mode Opi2. To turn Timer 1 off, set it to
mode 3. The Timer 1 C/T bit and T1M bit are stMadable to Timer 1. Therefore,
Timer 1 can count CPU_clk/4, CPU_clk/12, or higHew transitions on the t1 pin. The
Timer 1 GATE function is also available when Tin@es in mode 3.

18.8.2 Timer Rate Control
The default timer clock scheme for the nRF9OES5 tarisrtwelve CPU clock cycles per
increment, the same as in the standard 8051. Howevéhe nRFOES5, the instruction
cycle is four clock cycles.
Using the default rate (twelve clocks per timerrément) allows existing application
code with real-time dependencies, such as baud t@teperate properly. However,
applications that require fast timing can set theets to increment every four clock
cycles by setting bits in the Clock Control regist€KCON) at SFR location Ox8E,
described in Table 67 CKCON Register — SFR 0x.
The CKCON bits that control the timer clock rates:a

CKCON bit Counter/Timer

5 Timer 2
4 Timer 1
3 Timer O

When a CKCON register bit is set to 1, the assediabunter increments at four-clock
intervals. When a CKCON bit is cleared, the asdediaounter increments at twelve-
clock intervals. The timer controls are independdrgach other. The default setting for
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all three timers is O; that is, twelve-clock intalss These bits have no effect in counter
mode.

Bit Function

CKCON.7,6 | Reserved

CKCON.5 T2M — Timer 2 clock select. When T2M =Tmer 2 uses CPU_clk/12 (fq
compatibility with 80C32); when T2M = 1, Timer 2 ss€PU_clk/4. This bit ha
no effect when Timer 2 is configured for baud rge@eration.

CKCON.4 T1M — Timer 1 clock select. When T1M = Omé&r 1 uses CPU_clk/12 (fq
compatibility with 80C32); when T1IM = 1, Timer 1 8s€PU_clk/4.

CKCON.3 TOM — Timer O clock select. When TOM = Omé&r O uses CPU_clk/12 (fd
compatibility with 80C32); when TOM = 1, Timer 0 ss€PU_clk/4.

CKCON.2- | MD2, MD1, MDO — Control the number of cycles to ksed for external MOVX
0 instructions; number of cycles is 2 + { MD2, MD1, b

Table 67 CKCON Register — SFR 0x8E.
default initial data value is 0x01, i.e. MOVX takggycles.

18.8.3 Timer 2

Timer 2 runs only in 16-bit mode and offers severapabilities not available with
Timers 0 and 1. The modes available with Timere2 ar

- 16-bit timer/counter

- 16-bit timer with capture

- 16-bit auto-reload timer/counter

- Baud-rate generator

The SFRs associated with Timer 2 are:

- T2CON — SFR 0xC8; refer to Table 68 T2CON RegistSFR 0x

- RCAP2L — SFR OxCA — Used to capture the TL2 gaddnen Timer 2 is configured
for capture mode, or as the LSB of the 16-bit ré¢lealue when Timer 2 is configured
for auto-reload mode.

- RCAP2H — SFR 0xCB — Used to capture the TH2evalbien Timer 2 is configured
for capture mode, or as the MSB of the 16-bit ré¢lealue when Timer 2 is configured
for auto-reload mode.

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

TH2 — SFR 0xCD — Upper eight bits of the 16-bitbu

]

o7

=

=
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Bit

Function

T2CON.7

TF2 - Timer 2 overflow flag. Hardware wskt TF2 when Timer 2 overflows from

OXFFFF. TF2 must be cleared to 0 by the softwa& Will only be setto a 1 if RCLK angl

TCLK are both cleared to 0. Writing a 1 to TF2 fes@ Timer 2 interrupt if enabled.

T2CON.6

EXF2 - Timer 2 external flag. Hardware sidt EXF2 when a reload or capture is cau

by a high-to-low transition on the tZeyin, and EXENZ2 is set. EXF2 must be cleared tp 0

by the software. Writing a 1 to EXF2 forces a Tirldnterrupt if enabled.

T2CON.5

RCLK - Receive clock flag. Determines wheetfiimer 1 or Timer 2 is used for Serial pd
timing of received data in serial mode 1 or 3. RCLK selects Timer 2 overflow as thq
receive clock. RCLK = 0 selects Timer 1 overflowtlas receive clock.

T2CON.4

TCLK - Transmit clock flag. Determines wiwet Timer 1 or Timer 2 is used for Serial p
timing of transmit data in serial mode 1 or 3. TCEK selects Timer 2 overflow as the
transmit clock. TCLK = 0 selects Timer 1 overflog/the transmit clock.

T2CON.3

EXEN2 - Timer 2 external enable. EXEN2 enhbles capture or reload to occur as a re
of a high-to-low transition on t2exif Timer 2 is not generating baud rates for thga
port. EXEN2 = 0 causes Timer 2 to ignore all exa¢events at t2ex.

sult

T2CON.2

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

T2CON.1

C/T2 - Counter/timer select. C/T2 = 0 selectimer function for Timer 2. C/T2 = 1 seled
a counter of falling transitions on the T2 pin. Whesed as a timer, Timer 2 runs at four
clocks per increment or twelve clocks per increnanprogrammed by CKCON.5, in all
modes except baud-rate generator mode. When usedithrate generator mode, Timer
runs at two clocks per increment, independent eftiate of CKCON.5.

ts

N

T2CON.O

CP/RL2 - Capture/reload flag. When CP/RLE, Fimer 2 captures occur on high-to-low|
transitions of t2exif EXEN2 = 1. When CP/RL2 = 0, auto-reloads oostien Timer 2

overflows or when high-to-low transitions occurt@ex, if EXEN2 = 1. If either RCLK or
TCLK is set to 1, CP/RL2 will not function, and Tém2 will operate in auto-reload modsg

following each overflow.

Table 68 T2CON Register — SFR 0xC8.

18.8.3.1Timer 2 Mode Control

Table 69 summarizes how the SFR bits determindither 2 mode.

RCLK TCLK CP/RL2 TR2 Mode

0 0 1 1 16-bit timer/counter with capture

0 0 0 1 16-bit timer/counter with auto-reload
1 X X 1 Baud-rate generator

X 1 X 1 Baud-rate generator

X X X 0 Off

Table 69 Timer 2 Mode Control Summary.

18.8.3.216-Bit Timer/Counter Mode

Figure 21 Timer 2 — Timer/Counter with Capture sthates how Timer 2 operates in
timer/counter mode with the optional capture featdihe C/T2 bit determines whether
the 16-bit counter counts clock cycles (divideddbgr 12), or high-to-low transitions on
the T2 pin. The TR2 bit enables the counter. Winencbunt increments from OxFFFF,
the TF2 flag is set.

" See chapter 16.2 for t2ex definition.
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CPU_CLK
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L1 Exr2

Figure 21 Timer 2 — Timer/Counter with Capture.

18.8.3.316-Bit Timer/Counter Mode with Capture

The Timer 2 capture mode, illustrated in Figure Afner 2 — Timer/Counter with
Capture, is the same as the 16-bit timer/countedemwith the addition of the capture
registers and control signals. The CP/RL2 bithe T2CON SFR enables the capture
feature. When CP/RL2 = 1, a high-to-low transitmm t2ex when EXEN2 = 1 causes
the Timer 2 value to be loaded into the capturestes (RCAP2L and RCAP2H).

18.8.3.416-Bit Timer/Counter Mode with Auto-Reload

When CP/RL2 = 0, Timer 2 is configured for the ardtmad mode illustrated in Figure
22 Timer 2 — Timer/Counter with Auto-Reload. Cohtwb counter input is the same as
for the other 16-bit counter modes. When the cawrements from OxFFFF, Timer 2
sets the TF2 flag and the starting value is reldadéo TL2 and TH2. The software
must preload the starting value into the RCAP2L BAWAP2H registers.

When Timer 2 is in auto-reload mode, a reload @fobced by a high-to-low transition
on the t2ex pin, if enabled by EXEN2 = 1.

CPU_CLK

SCK/T2
[m,

TR2

15
RCAP2L | RCAP2H

TF2
INT
EXF2

Figure 22 Timer 2 — Timer/Counter with Auto-Reload.
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18.8.3.5Baud Rate Generator Mode

Setting either RCLK or TCLK to 1 configures Timet@generate baud rates for Serial
port in serial mode 1 or 3. In baud-rate genenatode, Timer 2 functions in auto-reload
mode. However, instead of setting the TF2 flag, dbenter overflow generates a shift
clock for the serial port function. As in normaltauweload mode, the overflow also
causes the preloaded start value in the RCAP2LRAP2H registers to be reloaded
into the TL2 and TH2 registers.

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

When operating as a baud rate generator, Timee& dot set the TF2 bit. In this mode,
a Timer 2 interrupt can be generated only by a-dglow transition on the t2ex pin
setting the EXF2 bit, and only if enabled by EXEN2.The counter time base in baud-
rate generator mode is CPU_clk/2. To use an extetaek source, set C/T2 to 1 and
apply the desired clock source to the T2 pin.

Timer 1 overflow Divide by 2 ?MODO
CPU_CLK Divide by 2 (5T
5 T8 15 RCLK

il P TH2 RX
0
r o] Divide by 16 |9%5¥
Jl
TCLK

0
o— Divide by 16
1 X

clock

SCKIT2
[,

TR2

15
RCAP2L | RCAP2H

EXEN2

IN
P EXF2 —
LP_OSC Divide by 2 t2ex .

Figure 23 Timer 2 — Baud Rate Generator Mode.

18.9 Serial Interface

The nRF9ES is configured with one serial port, whis identical in operation to the
standard 8051 serial port. The two serial port gR¥D and TXD are available as
alternate functions of PO.1 and PO0.2, for detddage see ch. 6.3 on page 16.

The serial port can operate in synchronous or dspnous mode. In synchronous
mode, the nRFI9ES5 generates the serial clock andetal port operates in half-duplex
mode. In asynchronous mode, the serial port opematiill-duplex mode. In all modes,
the nRF9ES buffers receive data in a holding regiginabling the UART to receive an
incoming word before the software has read theipuswalue.

The serial port can operate in one of four modegudlined in Table 70.

Main office: Nordic Semiconductor ASA - Vestre Ras81, N-7075 Tiller, Norway -Phone +4772898900 Fax +4772898989
Revision: 1.3 Page 83 of 108 June 2006



PRODUCT SPECIFICATION

N

NRFIES5 Single Chip Transceiver with Embedded Microontroller and ADC

Mode | Sync/As | Baud Clock Data Bits Start/ Stop 9th Bit Function
ync

0 Sync CPU _clk/4  or 8 None None
CPU_clk/12

1 Async Timer 1 or Timef 8 1 start, None
2 1 stop

2 Async CPU_clk/32 of 9 1 start, 0, 1, parity
CPU_ clk/64 1 stop

3 Async Timer 1 or Timer 9 1 start, 0, 1, parity
2 1 stop

Table 70 Serial Port Modes.

The SFRs associated with the serial port are:
- SCON — SFR 0x98 — Serial port control (Table 71)
- SBUF — SFR 0x99 — Serial port buffer

Bit Function

SCON.7 SMO - Serial port mode bit 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 enablemides 2 and 3, SM2 enables the
multiprocessor communication feature. If SM2 = Iminde 2 or 3, RI will not b¢
activated if the received"®it is 0. If SM2 = 1 in mode 1, Rl will be actieat only
if a valid stop is received. In mode 0, SM2 estélgissthe baud rate: when SM2 =
0, the baud rate is CPU_clk/12; when
SM2 = 1, the baud rate is CPU_clk/4.

SCON.4 REN - Receive enable. When REN = 1, recepgi@nabled.

SCON.3 TB8 - Defines the state of tHdhta bit transmitted in modes 2 and 3.

SCON.2 RB8 - In modes 2 and 3, RB8 indicates taesif the 9 bit received. In mode 1,
RB8 indicates the state of the received stop bimbde 0, RB8 is
not used.

SCON.1 TI - Transmit interrupt flag. Indicates thia¢ transmit data word has been shifted
out. In mode 0, Tl is set at the end of tiedata bit. In all other modes, Tl is Jet
when the stop bit is placed on the TXD pin. Tl mustcleared by the software.

SCON.0 RI — Receive interrupt flag. Indicates thatrial data word has been
received. In mode 0, Rl is set at the end of thedata bit. In mode 1, RI
is set after the last sample of the incoming sigpshbbject to the state
of SM2.In modes 2 and 3, Rl is set at the end ofakiesample of RB8. RI
must be cleared by the software.

Table 71 SCON Register — SFR 0x98.
18.9.1 Mode O

Serial mode 0 provides synchronous, half-duplexaseommunication. For Serial Port
0, both serial data input and output occurRMD pin, andTXD provides the shift
clock for both transmit and receive. TRXD and TXD pins are alternate function bits
of Port O,please also see Table 9 Port 0 (PO) functions dor gnd pin configuration.
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The lack of open drain ports on nRF9E5 makes rognammer responsibility to control
the direction of the RXD pin.

The serial mode 0 baud rate is either CPU_clk/1€BU_clk/4, depending on the state
of the SM2. When SM2 = 0, the baud rate is CPU1@kivhen SM2 = 1, the baud rate
is CPU_clk/4.

Mode 0 operation is identical to the standard 8@#ta transmission begins when an
instruction writes to the SBUF SFR. The UART shifte data out, LSB first, at the
selected baud rate, until the 8-bit value has Isbéted out.

Mode O data reception begins when the REN bieisasd the Rl bit is cleared in the
corresponding SCON SFR. The shift clock is actidaad the UART shifts data in on
each rising edge of the shift clock until eighshitive been received. One machine cycle
after the & bit is shifted in, the Rl bit is set and receptitops until the software clears
the RI bit.

RxD X XX XX X3 XX X e oK
TXD I_l I_l I_l I_l I_l I_l ,7

TI

RI [

Figure 24 Serial Port Mode O receive timing for iepeed (CPU_clk/12) operation.

RxD X XXX XX OO OO OO K
LN U U [ O

Tl

RI [

Figure 25 Serial Port Mode 0 receive timing forgpeed (CPU_clk/4) operation.

RXD X oo X b1 X b2 X b3 X b4 X ps X obe X o7 X
~ L f_Jr Jr Jfr Jr r fr_fr
TI ,_

RI

Figure 26 Serial Port Mode 0 transmit timing fogtnispeed (CPU_clk/4) operation.

RXD X po X b1 Y b2 X b3 X ba X b5 X b X b7 ¥
Tl [

RI

Figure 27 Serial Port Mode 0 transmit timing fogtnispeed (CPU_clk/4) operation.
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18.9.2 Mode 1

Mode 1 provides standard asynchronous, full-dupammunication, using a total of ten
bits: one start bit, eight data bits, and one $libpFor receive operations, the stop bit is
stored in RB8. Data bits are received and transthitSB first.

18.9.2.1Mode 1 Baud Rate

The mode 1 baud rate is a function of timer overfl8erial port can use either Timer 1
or Timer 2 to generate baud rates. Each time thertincrements from its maximum
count (OXFF for Timer 1 or OXFFFF for Timer 2),laak is sent to the baud-rate circuit.
The clock is then divided by 16 to generate thedbaie. When using Timer 1, the
SMOD bit selects whether or not to divide the Tinerollover rate by 2. Therefore,
when using Timer 1, the baud rate is determinethbyequation:

SMOD
Baud Rate = 2 X Timer 1 Overflow

SMOD is SFR bit PCON.7
When using Timer 2, the baud rate is determinethbyequation:

Baud Rate _Tlmer21(2verflow

To use Timer 1 as the baud-rate generator, itsstbause Timer 1 mode 2 (8-bit counter
with auto-reload), although any counter mode candel. The Timer 1 reload value is
stored in the TH1 register, which makes the coredi@mula for Timer 1:

SMOD Clk

Baud Rate = X
32 4x(256-TH1)

The 4 in the denominator in the above equationbmanbtained by setting the T1M bit
in the CKCON SFR. To derive the required TH1 vdiwm a known baud rate (when
TM1 = 0), use the equation:

2MOP Melk
12&0Bauc Rate

TH1 = 256 -

You can also achieve very low serial port baudsrdtem Timer 1 by enabling the
Timer 1 interrupt, configuring Timer 1 to mode hdausing the Timer 1 interrupt to
initiate a 16-bit software reload. Table Table &8sl sample reload values for a variety
of common serial port baud rates.
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Desired SMOD CIT Timer 1 TH1 Value | TH1 Value
Baud Rate Mode for 16 MHz | for 8 MHz
CPU clk CPU clk

19.2 Kb/s 1 0 2 OxF3 -

9.6 Kb/s 1 0 2 OXE6 O0xF3
4.8 Kb/s 1 0 2 0XcC OxE6
0.4 Kb/s 1 0 2 0x98 0xCC
1.2 Kb/s 1 0 2 0x30 0x98

Table 72 Timer 1 Reload Values for Serial Port M@d®aud Rates.

To use Timer 2 as the baud-rate generator, comiguner 2 in auto-reload mode and
set the TCLK and/or RCLK bits in the T2CON SFR. TCs&elects Timer 2 as the baud-

rate generator for the transmitter; RCLK selectsdlri 2 as the baud-rate generator for
the receiver. The 16-bit reload value for Times&tored in the RCAP2L and RCA2H

SFRs, which makes the equation for the Timer 2 vated

clk
Baud Rate =
32x(65536-{RCAP2H,RCAP2L})

where RCAP2H,RCAP2L is the content of RCAP2H andARCL taken as a 16-bit
unsigned number. The 32 in the denominator is ¢élselt of the CPU_clk signal being
divided by 2 and the Timer 2 overflow being dividegl 16. Setting TCLK or RCLK to
1 automatically causes the CPU_clk signal to beddil by 2, as shown in Figure 23
Timer 2 — Baud Rate Generator Mode, instead ofitbe12 determined by the T2M bit
in the CKCON SFR.
To derive the required RCAP2H and RCAP2L valuesnfio known baud rate, use the
equation:

clk

32 x Bauc Rate

RCAP2H,RCAP2L = 65536

Table Table 73lists sample values of RCAP2L and RCAP2H for aietgrof
desired baud rates.

Baud Rate C/T | 16 MHz CPU clk
2 RCAP2H RCAP2L

57.6 Kb/s 0 OxFF OxF7
19.2 Kb/s 0 OxFF OxXE6
9.6 Kb/s 0 OxFF 0xCC
4.8 Kb/s 0 OxFF 0x98
0.4 Kb/s 0 OxFF 0x30
1.2 Kb/s 0 OxFE Ox5F

Table 73 Timer 2 Reload Values for Serial Port M@d®aud Rates.

When either RCLK or TCLK is set, the TF2 flag wilbt be set on a Timer 2
rollover, and the t2exeload trigger is disabled.

" See chapter 16.2 for t2ex definition.
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18.9.2.2Mode 1 Transmit

Figure 28 illustrates the mode 1 transmit timing. hode 1, the UART begins
transmitting after the first rollover of the dividgy-16 counter after the software writes
to the SBUF register. The UART transmits data an XD pin in the following order:
start bit, eight data bits (LSB first), stop bib& Tl bit is set two clock cycles after the
stop bit is transmitted.

saoro |

X CLK I | S | | U | O | | AN NN |

SHIFT | | N | I | S | | |
™o \_smry/ oo Y ot ) bz J bz { psa X os X oe ¥ o7 Jstop
N |7

RI

Figure 28 Serial port Mode 1 Transmit Timing.

18.9.2.3Mode 1 Receive

Figure 29 illustrates the mode 1 receive timingcéfgion begins at the falling edge of a
start bit received on RXD, when enabled by the RBN For this purpose, RXD is
sampled sixteen times per bit for any baud natieen a falling edge of a start bit is
detected, the divide-by-16 counter used to gendinateeceive clock is reset to align the
counter rollover to the bit boundaries.

SIS | I | I | | S | | U | | |
RXD \'star/ o0 (o1 Y 02 Y 53 Y o2 X o5 Y 6 ) o7 Jstop
> samping 11 1 1 | | a1
SHIFT . nr 4 P @ B [ 1

TXD
Tl

RI ,_

Figure 29 Serial port Mode 1 Receive Timing.
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For noise rejection, the serial port establishes ¢bntent of each received bit by a
majority decision of three consecutive sampleshi middle of each bit time. This is
especially true for the start bit. If the fallingge on RXD is not verified by a majority
decision of three consecutive samples (low), then derial port stops reception and
waits for another falling edge on RXD.
At the middle of the stop bit time, the serial panecks for the following conditions:
-RI =0
- If SM2 =1, the state of the stop bitis 1

(if SM2 =0, the state of the stop bit doesmatter)

If the above conditions are met, the serial pahtivrites the received byte to the SBUF
register, loads the stop bit into RB8, and setsRhebit. If the above conditions are not
met, the received data is lost, the SBUF registerRB8 bit are not loaded, and the RI
bit is not set. After the middle of the stop lnté, the serial port waits for another high-
to-low transition on the RXD pin.

Mode 1 operation is identical to that of the stadd®051 when Timers 1 and 2 use
CPU_clk/12 (the default).

18.9.3 Mode 2

Mode 2 provides asynchronous, full-duplex commuimeca using a total of eleven bits:

- One start bit

- Eight data bits

- One programmable 9th bit

- One stop bit

The data bits are transmitted and received LSRB. fifer transmission, the 9th bit is
determined by the value in TB8. To use the 9thabit parity bit, move the value of the
P bit (SFR PSW.0) to TBS8.

The mode 2 baud rate is either CPU_clk/32 or CPkJ64]| as determined by the SMOD
bit. The formula for the mode 2 baud rate is:

SMOD
Baud Rate =2—de
64

Mode 2 operation is identical to the standard 8051.

18.9.3.1Mode 2 Transmit

Figure 30 illustrates the mode 2 transmit timinganBmission begins after the first
rollover of the divide-by-16 counter following afs@are write to SBUF . The UART

shifts data out on the TXD pin in the following erdstart bit, data bits (LSB first), 9th
bit, stop bit. The TI bit is set when the stopibiplaced on the TXD pin.
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Figure 30 Serial port Mode 2 Transmit Timing.
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18.9.3.2Mode 2 Receive

Figure 31 illustrates the mode 2 receive timingcéfdion begins at the falling edge of a
start bit received on RXD, when enabled by the RN For this purpose, RXD is
sampled sixteen times per bit for any baud rateeWa falling edge of a start bit is
detected, the divide-by-16 counter used to gendinateeceive clock is reset to align the
counter rollover to the bit boundaries.

o L L [ [
XD \_star/ B0 X o1 Y o2 Y o5 X b4 Y o5 X 6 Y o7 ) res Jsror
™ cnping 1M 11 | 1 | 1
SHIFT Lt 1 | 1 7

TXD
TI

RI [

Figure 31 Serial port Mode 2 Receive Timing.

For noise rejection, the serial port establishes ¢bntent of each received bit by a
majority decision of three consecutive sampleshm middle of each bit time. This is
especially true for the start bit. If the fallingge on RXD is not verified by a majority
decision of three consecutive samples (low), then derial port stops reception and
waits for another falling edge on RXD.
At the middle of the stop bit time, the serial padnecks for the following conditions:
-RI=0
- If SM2 =1, the state of the stop bitis 1

(if SM2 = 0, the state of the stop bit does matter)
If the above conditions are met, the serial pahtivrites the received byte to the SBUF
register, loads the 9th received bit into RB8, aets the RI bit. If the above conditions
are not met, the received data is lost, the SBgister and RB8 bit are not loaded, and
the RI bit is not set. After the middle of the staptime, the serial port waits for another
high-to-low transition on the RXD.

18.9.4 Mode 3

Mode 3 provides asynchronous, full-duplex commuimeca using a total of eleven bits:

- One start bit

- Eight data bits

- One programmable 9th bit

- One stop bit; the data bits are transmittedracdived LSB first

The mode 3 transmit and receive operations ardiarno mode 2. The mode 3 baud
rate generation is identical to mode 1. That isden8 is a combination of mode 2
protocol and mode 1 baud rate. Figure 32 illussréte mode 3 transmit timing. Mode 3
operation is identical to that of the standard 8@f&n Timers 1 and 2 use CPU_clk/12
(the default).
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Figure 32 Serial port Mode 3 Transmit Timing.

S ICT S| I | U | | S |

RXD \ sTArT/ Do X b1 X b2 X b3 X b4 X ps X pe X D7 ) Res /sTop
> amping T V| v | 11
SHIFT [ | |

RI [

Figure 33 Serial port Mode 3 Receive Timing.
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18.9.5 Multiprocessor Communications

The multiprocessor communication feature is enabletiodes 2 and 3 when the SM2
bit is set in the SCON SFR for a serial port. Intiprocessor communication mode, the
9th bit received is stored in RB8 and, after thepshit is received, the serial port
interrupt is activated only if RB8 = 1. A typicalsel for the multiprocessor
communication feature is when a master wants td senlock of data to one of several
slaves. The master first transmits an address thgteidentifies the target slave. When
transmitting an address byte, the master sets'thmt o 1; for data bytes, the 9th bit is
0.

When SM2 = 1, no slave will be interrupted by aadlayte. However, an address byte
interrupts all slaves so that each slave can exarte received address byte to
determine whether that slave is being addressedre&d decoding must be done by
software during the interrupt service routine. Haeressed slave clears its SM2 bit and
prepares to receive the data bytes. The slavesithatot being addressed leave the SM2
bit set and ignore the incoming data bytes.
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19 PACKAGE OUTLINE

NRFI9ES5 uses the QFN 32L 5x5 green package withtaiménish. Dimensions are in
mm. Recommended soldering reflow profile can benébin application note nAN400-
08, QFN soldering reflow guidelines, www.nordicserai
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Package A Al A2 b D E e J K L
Type
QFN32 Min 08| 0.0 |0.65| 0.18 32| 3203
(5x5 mm) typ. 023 | 5BSC | 5BSC| 05BSC | 33| 33| 04

Max | 0.9 | 0.05 [ 0.69| 0.3 34| 34| 05

Figure 34 nRF9ES5 package outline.
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Package marking

nR|IF B | X
D/ DD D|D|[D
Y Y WW|L|L

Figure 35 nRF9ES package marking layout

Abbreviations:

DDDDDD - Product number, e.g. 9E5

B - Build Code, i.e. unique code for silicon réms production site, package
type and test platform

X - "X" grade, i.e. Engineering Samples (optignal

YY — 2 digit Year number

Ww — 2 digit Week number

LL — 2 letter wafer lot number code
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20 PCB LAYOUT AND DECOUPLING GUIDELINES

NRFIES is an extremely robust RF device due tonatesoltage regulators and requires
the minimum of RF layout protocols. However thddaling design rules should still be
incorporated into the layout design.

A PCB with a minimum of two layers including a grnauplane is recommended for
optimum performance. The nRF9E5 DC supply voltdgmukl be decoupled as close as
possible to the VDD pins with high performance Ri¥pacitors. It is preferable to mount
a large surface mount capacitor (e.gd. Tantalum) in parallel with the smaller value
capacitors. The nRF9ES5 supply voltage should berétl and routed separately from the
supply voltages of any digital circuitry.

Long power supply lines on the PCB should be awbiddl device grounds, VDD
connections and VDD bypass capacitors must be cteth@s close as possible to the
NRFOE5 IC. For a PCB with a topside RF ground plaghe VSS pins should be
connected directly to the ground plane. For a P@B & bottom ground plane, the best
technique is to place via holes as close as peswibthe VSS pins. A minimum of one
via hole should be used for each VSS pin.

Full swing digital data or control signals shoulat be routed close to the crystal or the
power supply lines.

A fully qualified RF-layout for the nRFOE5 and #srrounding components, including
antennas and matching networks, can be downloadedviww.nordicsemi.no.

Main office: Nordic Semiconductor ASA - Vestre Ras81, N-7075 Tiller, Norway -Phone +4772898900 Fax +4772898989
Revision: 1.3 Page 96 of 108 June 2006



PRODUCT SPECIFICATION

NRFIES5 Single Chip Transceiver with Embedded Microontroller and ADC >

21 APPLICATION EXAMPLES

21.1 Differential Connection to a Loop Antenna
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Figure 36 nRF9ES5 application schematic, differdmianection to a loop antenna
(433MHz).

|
s
(o]

i
|
1T
Il
[

-
I
500

Main office: Nordic Semiconductor ASA - Vestre Ras81, N-7075 Tiller, Norway -Phone +4772898900 Fax +4772898989
Revision: 1.3 Page 97 of 108 June 2006



PRODUCT SPECIFICATION

NRFIES Single Chip Transceiver with Embedded Microontroller and ADC >
Component Description Size Valug Tol. Units
C1 NPO ceramic chip capacitor, (Crystal oscillator) 603 22 +5% pF
Cc2 NPO ceramic chip capacitor, (Crystal oscillator) 603 22 +5% pF
C3 NPO ceramic chip capacitor, (PA supply 0603 33 +5% pF
decoupling)
C4 X7R ceramic chip capacitor, (PA supply 0603 3.3 +10% nF
decoupling)
C5 NPO ceramic chip capacitor, (Supply decoupling) 6030 33 +5% pF
C6 X7R ceramic chip capacitor, (Supply decoupling) 036 4.7 +10% nF
C7 X7R ceramic chip capacitor, (Supply decoupling) 036 10 +10% nF
Cc8 NPO ceramic chip capacitor, (Supply decoupling) 6030 33 +5% pF
C9 X7R ceramic chip capacitor, (AREF filtering) 0603 1 +10% nF
C10 X7R ceramic chip capacitor, (AREF filtering) 0603 100 +10% nF
C11 X7R ceramic chip capacitor 0603 10 +10% nF
C12 NPO ceramic chip capacitor, (Antenna tuning) 3060 3.9 +0.1 pF
C13 NPO ceramic chip capacitor, (Antenna tuning) 0603 4.7 +0.1 pF
Cl14 NPO ceramic chip capacitor, (Antenna tuning) 0603 5.6 +0.1 pF
C15 NPO ceramic chip capacitor, (Antenna tuning) 0603 27 5% pF
C1l6 NPO ceramic chip capacitor, (Antenna tuning) 0603 27 +5% pF
R1 0.1W chip resistor, (Crystal oscillator bias) 0603 1 +5% MQ
R2 0.1W chip resistor, (Reference bias) 0603 22 +1% kQ
R3 0.1W chip resistor 0603 1 +10% KQ
R4 0.1W chip resistor, (MISO pull-down) 0603 47| +10% KQ
R5 0.1W chip resistor, (EECSN pull-up) 0603 47 +10% KQ
R6 0.1W chip resistor 0603 100| +10% KQ
Ul nRF9ES5 Transceiver QFN32L/5x5
uz2 4 kbyte serial EEPROM with SPI interface S0O8 22X3
0
X1 Crystal (see chapter 7.1),€12pF LXWxH = 16 +60ppm| MHz
4.0x2.5x0.8

Table 74 Recommended External Components, diffiedestdnnection to a loop antenna
(433MHz).
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21.2 PCB Layout Example, Differential Connection to a L@p Antenna

Figure 37 shows a PCB layout example for the apfdio schematic in Figure 36.

A double-sided FR-4 board of 1.6mm thickness islu$@is PCB has a ground plane on
the bottom layer. Additionally, there are grouneas on the component side of the
board to ensure sufficient grounding of criticaimmonents. A large number of via holes
connect the top layer ground areas to the bottger lground plane. There is no ground
plane beneath the antenna.

i1 [F [=0=]
o= WL Es | No components in bottom layer
- ’H\::N §E H
X1 .0 s
[ERu il

b) Bottom silk screen

c) Top view d) Bottom view

Figure 37 PCB layout example for nRF9ES5, differ@intonnection to a loop antenna.
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21.3 Single Ended Connection to 5Q Antenna
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Figure 38 433MHz operating nRFIES application schtgansingle ended connection to
50Q antenna by using a differential to single endetthiag network.
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Figure 39 868-915MHz operating nRF9E5 applicatiochesnatic, single ended
connection to 5Q antenna by using a differential to single endetthiag network.

It is recommended to add pull up or pull down ress on signals that can enter a
floating state. For the nRF9ES it is recommendelatee pull down on the MISO signal.
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Component Description Size Value Tol. Units
C1 NPO ceramic chip capacitor, (Crystal oscillator) 60® 22 +5% pF
Cc2 NPO ceramic chip capacitor, (Crystal oscillator) 60® 22 +5% pF
C3 NPO ceramic chip capacitor, (PA supply 0603 +5%

decoupling) 180 pF
@ 433MHz 33
@ 868 33
@ 915MHz
C4 X7R ceramic chip capacitor, (PA supply 0603 3.3 +10% nF
decoupling)
C5 NPO ceramic chip capacitor, (Supply decoupling 6030 33 +5% pF
C6 X7R ceramic chip capacitor, (Supply decoupling 036 4.7 +10% nF
C7 X7R ceramic chip capacitor, (Supply decoupling 036 10 +10% nF
C8 NPO ceramic chip capacitor, (Supply decoupling 6030 33 +5% pF
C9 X7R ceramic chip capacitor, (AREF filtering) 0603 1 +10% nF
C10 X7R ceramic chip capacitor, (AREF filtering) 0603 100 +10% nF
Cl1 X7R ceramic chip capacitor 0603 10 +10% nF
C12 NPO ceramic chip capacitor, (Impedance matchihg) 0603 pF
@ 433MHz 18 +5%
@ 868 5.6 <+0.25pF
@ 915MHz 5.6 <+0.25pF
C13 NPO ceramic chip capacitor, (Impedance matchihg) 0603 pF
@ 433MHz 18 +5%
@ 868 5.6 <+0.25pF
@ 915MHz 5.6 <+0.25pF
Cl4 NPO ceramic chip capacitor, (Impedance matching) 0603 Not fitted pF
C15 NPO ceramic chip capacitor, (Impedance matching) 0603 pF
@ 433MHz 6.8 5%
@ 868 22 +504
@ 915MHz 22 +5%
C16 NPO ceramic chip capacitor, (Impedance matching) 0603 pF
@ 433MHz Not fitted
@ 868 4.7 <+0.25pF
@ 915MHz 4.7 <+0.25pF
L1 Chip inductor, (Impedance matching) 0603 +5% nH
@ 433MHz: SRF> 433MHz 12
@ 868MHz: SRF> 868MHz 12
@ 915MHz: SRF> 915MHz 12
L2 Chip inductor, (Impedance matching) 0603 nH
@ 433MHz: SRF> 433MHz 39 5%
@ 868MHz: SRF> 868MHz 10 +5%
@ 915MHz: SRF> 915MHz 10 +5%
L3 Chip inductor, (Impedance matching) 0603 nH
@ 433MHz: SRF> 433MHz 39 5%
@ 868MHz: SRF> 868MHz 12 5%
@ 915MHz: SRF> 915MHz 12 +5%
R1 0.1W chip resistor, (Crystal oscillator bias) 0603 1 +5% MQ
R2 0.1W chip resistor, (Reference bias) 0603 22 +1% kQ
R3 0.1W chip resistor 0603 1 +10% K
R4 0.1W chip resistor, (MISO pull-down) 0603 47 +10% K
R5 0.1W chip resistor, (EECSN pull-up) 0603 a7 +10% KQ
R6 0.1W chip resistor 0603 100 +10% K
Ul NRF9ES5 Transceiver QFN32L/5xb
u2 4 kbyte serial EEPROM with SPI interface SO8 2233
X1 Crystal (see chapter 7.1), €12pF LXWxH = 16 +30ppm MHz
4.0x2.5x0.8

Table 75 Recommended External Components, singledeconnection to D antenna.
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21.4 PCB Layout Example, Single Ended Connection to %0 Antenna

Figure 40 shows a PCB layout example for the apfio schematic in Figure 38.

Figure 41 a PCB layout example for the applicatiohematic in Figure 39.

A double-sided FR-4 board of 1.6mm thickness isiu$éis PCB has a ground plane on
the bottom layer. Additionally, there are grouneeam on the component side of the
board to ensure sufficient grounding of criticaimonents. A large number of via holes
connect the top layer ground areas to the bottger iground plane.

D E% E@

2o u @Eu No components in bottom layer

ﬁ u
EIIj

b) Bottom silk screen

a) Top silk screen

SE
BT
f—@%ﬁ*ﬁ

c) Top view d) Bottom view

Figure 40 PCB layout example for 433MHz operatiRIF8ES5, single ended connection
to 5 antenna by using a differential to single endettmag network.
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Figure 41 PCB layout example for 868-915MHz opeiiRFIES5, single ended
connection to 5Q antenna by using a differential to single endettmag network.
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21.5 Configure the Chip as nRF905.

NRFIES5 is easily configurable as nRF905. Upon powethe boot loader is run. If
MISO is set to low value during the first 10ms, th&rocontroller configures itself to
NRF905 mode. With the exception of pin 3 (UPCLHK) pans are then defined as for the
NRF905 device.

In NRF905 mode, the pin 3 output frequency is etudahe X-tal oscillator frequency,
and is thus not programmable in RX/TX-mode. In dlnmode, pin 3 is disabled.
This mode may be used for RF-test/hardware debggminposes.

Main office: Nordic Semiconductor ASA - Vestre Ras81, N-7075 Tiller, Norway -Phone +4772898900 Fax +4772898989
Revision: 1.3 Page 103 of 108 June 2006



PRODUCT SPECIFICATION ‘
>

NRFIES5 Single Chip Transceiver with Embedded Microontroller and ADC

22 ABSOLUTE MAXIMUM RATINGS

Supply Voltage

VDD...ooo oo -0.3Vto + 3.6V
VSS o oV
Input Voltage

For analog pins, AINO to AIN3 and AREF:
VIA i, -0.3Vto VDD + 2.0V
For all other pins:

Vi -0.3Vto VDD + 0.3V
Output Voltage

VO -0.3Vto VDD + 0.3V

Total Power Dissipation

Po(TA=85°C) oo 230mw

Temperatures

Operating temperature ..............oooeeeiceeeeee e, - 40C to + 85C
Storage temperature ..........ccoeeeeeviievieencennneennn. -40C to + 128C

Note: Stress exceeding one or more of the limiting values may cause permanent damage
to the device.

ATTENTION!
Electrostatic sensitive device.
Observe precaution for handling.

A
Ara\
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23 GLOSSERY OF TERMS

Term Description

ADC Analog to Digital Converter
AM Address Match

BOM Bill Of Material

CD Carrier Detect

CLK Clock

CRC Cyclic Redundancy Check
CSN SPI Chip Select Not

DR Data Ready

GFSK Gaussian Frequency Shift Keying
GPIO General Purpose Input Output
ISM Industrial-Scientific-Medical
ksps kilo Samples per Second
MCU Micro Controller Unit

MISO SPI Master In Slave Out
MOSI SPI Master Out Slave In

PWM Pulse-Width Modulation
PWR_DWN Power Down

PWR_UP Power Up

RAM Random Access Memory
ROM Read Only Memory

RTC Real Time Clock

RX Receive

SCK SPI Serial Clock

SPI Serial Programmable Interface
STBY Standby

TRX_EN Transmit/Receive Enable

X Transmit

TX_EN Transmit Enable

UART Universal Asynchronous Receiver Transmitfer
XTAL Crystal

Table 76 Glossary of terms.
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24 DEFINITIONS

Product Specification Identification | Product Status Definition

Obijective Product Specification Planned or Undevddgpment. This specification contains
the design objectives for product development.

nRF: Specifications may change in any manner without
notice.

Preliminary Product Specification Engineering Sagsmnd Pre Production series. This
specification contains preliminary data.

nRF: Nordic Semiconductor reserves the right to make
changes at any time without notice in order to iovprdesign
and supply the best possible product.

Product Specification The product is qualified jooduction. Changes will be
notified according to industry standard criteria fo
Product/Process Change Notifications.

Obsolete Product Specification Not In ProductiohisTspecification contains specifications
on a product that has been discontinued by Nordic
Semiconductor. The specification is printed foerefice
information only.

Table 77Definitions

Nordic Semiconductor ASA reserves the right to metk@nges without further notice to
the product to improve reliability, function or dgs. Nordic Semiconductor does not
assume any liability arising out of the application use of any product or circuits
described herein.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in lifpeupppliances, devices, or systems
where malfunction of these products can reasonbélgxpected to result in personal
injury. Nordic Semiconductor ASA customers usingselling these products for use in
such applications do so at their own risk and agieefully indemnify Nordic
Semiconductor ASA for any damages resulting froohsmproper use or sale.

Product specification revision date: 23.06.2006
Datasheet order code: 230606NnRFOES5

All rights reserved ®. Reproduction in whole orgart is prohibited without the prior
written permission of the copyright holder.
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25 YOUR NOTES
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