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Ultra Low Power, 64/32 kB, 10-Bit ADC

MCU with Integrated 240-960 MHz EZRadioPRO® Transceiver

Ultra Low Power: 0.9 to 3.6 V Operation

- Typical sleep mode current < 0.1 pA,; retains state and
RAM contents over full supply range; fast wakeup of < 2 s

- Less than 600 nA with RTC running

- Less than 1 pA with RTC running and radio state retained

- On-chip dc-dc converter allows operation down to 0.9 V.

- Two built-in brown-out detectors cover sleep and active
modes

10-Bit or 12-Bit Analog to Digital Converter

- Up to 300 ksps

- Up to 18 external inputs

- External pin or internal VREF (no external capacitor
required)

- Built-in temperature sensor

- External conversion start input option

- Autonomous burst mode with 16-bit automatic averaging
accumulator

Dual Comparators

- Programmable hysteresis and response time

- Configurable as interrupt or reset source

- Low current (< 0.5 pA)

On-Chip Debug

- On-chip debug circuitry facilitates full-speed, non-intrusive
in-system debug (No emulator required)

- Provides breakpoints, single stepping

- Inspect/modify memory and registers

- Complete development kit

High-Speed 8051 uC Core

- Pipelined instruction architecture; executes 70% of instruc-
tions in 1 or 2 system clocks

- Up to 25 MIPS throughput with 25 MHz clock

- Expanded interrupt handler

Memory

- 768 bytes RAM 16 kB (Si1010/2/4) or 8 kB (Si1011/3/5)
Flash; In-system programmable

EZRadioPRO® Transceiver

- Frequency range = 240-960 MHz
- Sensitivity =—-121 dBm
- FSK, GFSK, and OOK modulation
- Max output power = +20 dBm (Si1010/1), +13 dBm
(Si1012/3/4/5)
- RF power consumption
- 18.5 mA receive
- 18 mA @ +1 dBm transmit
- 30 mA @ +13 dBm transmit
- 85 mA @ +20 dBm transmit (Si1040/1)
- Data rate = 0.123 to 256 kbps
- Auto-frequency calibration (AFC)
- Antenna diversity and transmit/receive switch control
- Programmable packet handler
- TXand RX 64 byte FIFOs
- Frequency hopping capability.
- On-chip crystal tuning
Digital Peripherals

- 12 port I/0 plus 3 GPIO pins; Hardware enhanced UART,
SPI, and 12C serial ports available concurrently

- Low power 32-bit SmaRTClock

- Fourgeneral purpose 16-bit counter/timers; six channel
programmable counter array (PCA)

Clock Sources

= Precision internal oscillators: 24.5 MHz with +2% accuracy
supports UART operation; spread-spectrum mode for
reduced EMI; Low power 20 MHz internal oscillator

= External oscillator: Crystal, RC, C, CMOS clock

- SmaRTClock oscillator: 32.768 kHz crystal or self-oscillate

- Can switch between clock sources on-the-fly; useful in
power saving modes and in implementing various power
saving modes

Package

- 42-pin LGA (5 x 7 mm)

Temperature Range: —40 to +85 °C
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1. System Overview

Si1010/1/2/3/4/5 devices are fully integrated mixed-signal System-on-a-Chip MCUs. Highlighted features
are listed below. Refer to Table 2.1 for specific product feature selection and part ordering numbers.

240-960 MHz EZRadioPRO® transceiver

Single/Dual Battery operation with on-chip dc-dc boost converter.

High-speed pipelined 8051-compatible microcontroller core (up to 25 MIPS)
In-system, full-speed, non-intrusive debug interface (on-chip)

10-bit 300 ksps or 12-bit 75 ksps single-ended ADC with analog multiplexer

6-Bit Programmable Current Reference. Resolution can be increased with PWM.
Precision programmable 24.5 MHz internal oscillator with spread spectrum technology.
16 kB or 8 kB of on-chip Flash memory

768 bytes of on-chip RAM

SMBus/I2C, Enhanced UART, and two Enhanced SPI serial interfaces implemented in hardware
Four general-purpose 16-bit timers

Programmable Counter/Timer Array (PCA) with six capture/comparermodules and Watchdog Timer
function

m  On-chip Power-On Reset, Vpp Monitor, and Temperature Sensor

m  Two On-chip Voltage Comparators with 11 Capacitive Touch Sense inputs.

m 15 Port I/O (5 V tolerant except for GPIO_0, GPIO_1, and GRIO_2)

With on-chip Power-On Reset, Vpp monitor, Watchdog Timer, and clock oscillator, the Si1010/1/2/3/4/5
devices are truly stand-alone System-on-a-Chip solutionsyThe Flash memory can be reprogrammed even
in-circuit, providing non-volatile data storage, and alsoallowing field upgrades of the 8051 firmware. User
software has complete control of all peripherals,‘@and’may individually shut down any or all peripherals for
power savings.

The on-chip Silicon Labs 2-Wire (C2) Development Interface allows non-intrusive (uses no on-chip
resources), full speed, in-circuit debugging,using the production MCU installed in the final application. This
debug logic supports inspection and”modification of memory and registers, setting breakpoints, single
stepping, run and halt commands.“All"analog and digital peripherals are fully functional while debugging
using C2. The two C2 interface pins can be shared with user functions, allowing in-system debugging with-
out occupying package pins:

Each device is specified for,0.9 to 1.8 V, 0.9 to 3.6 V or 1.8 to 3.6 V operation over the industrial tempera-
ture range (—40 to"+85°C). The Port I/O and RST pins are tolerant of input signals up to 5V. The
Si1010/1/2/3/4/5.devices are available in a 42-pin LGA package which is lead-free and RoHS compliant.
See Table 2.1 for ordering information. Block diagrams are included in Figure 1.1 through Figure 1.4.

The transceiver's extremely low receive sensitivity (—121 dBm) coupled with industry leading +20 dBm out-
put power ensures extended range and improved link performance. Built-in antenna diversity and support
for freguency hopping can be used to further extend range and enhance performance. The advanced radio
features including continuous frequency coverage from 240-960 MHz in 156 Hz or 312 Hz steps allow pre-
cise tuning control. Additional system features such as an automatic wake-up timer, low battery detector,
64 byte TX/RX FIFOs, automatic packet handling, and preamble detection reduce overall current con-
sumption. The transceivers digital receive architecture features a high-performance ADC and DSP-based
modem which performs demodulation, filtering, and packet handling for increased flexibility and perfor-
mance. The direct digital transmit modulation and automatic PA power ramping ensure precise transmit
modulation and reduced spectral spreading, ensuring compliance with global regulations including FCC,
ETSI, ARIB, and 802.15.4d regulations. An easy-to-use calculator is provided to quickly configure the radio
settings, simplifying customer's system design and reducing time to market.
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Figure 1.1. Si1010'Block Diagram
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Figure 1.2. Si1011 Block Diagram
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Figure 1.3. Si1012Block Diagram
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Figure 1.4. Si1013 Block Diagram
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Figure 1.5. Si1014'Block Diagram
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Figure 1.6. Si1015 Block Diagram
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1.1. Typical Connection Diagram

The application shown in Figure 1.7 is designed for a system with a TX/RX direct-tie configuration without
the use of a TX/RX switch. Most lower power applications will use this configuration. A complete direct-tie
reference design is available from Silicon Laboratories applications support.

For applications seeking improved performance in the presence of multipath fading, antenna diversity can
be used. Antenna diversity support is integrated into the EZRadioPRO transceiver and can improve the
system link budget by 8-10 dB in the presence of these fading conditions, resulting in substantial range
increases. A complete Antenna Diversity reference design is available from Silicon Laboratoriesfapplica-
tions support.

u

supply voltage * Y Y N——
To o I s
= | 30MHz
Lroop Jroon Tt [
= —_ -—_ —
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n| X[ X| =
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L I L.
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<[ gol=|/N] ®
] 1 1
L6 LS I O 6| Ol
>
c9
y

csl

Programmable load capacitors for X1 are integrated.

L1-L6)and €1-C5 values depend on frequency band, antenna
impedance, output power and supply voltage range.

Figure 1.7. Si1012/3-RX/TX Direct-Tie Application Example
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Programmable load capacitors for X1 are
integrated.

L1-L4 and C1-C5 values depend on frequency
band, antenna impedance, output power, and
supply voltage range.

Figure 1.8. Si1010/1 Antenna Diversity Application Example
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1.2. CIP-51™ Microcontroller Core

1.2.1. Fully 8051 Compatible

The Si1010/1/2/3/4/5 family utilizes Silicon Labs' proprietary CIP-51 microcontroller core. The CIP-51 is
fully compatible with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be
used to develop software. The CIP-51 core offers all the peripherals included with a standard 8052.

1.2.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24ssystem
clock cycles to execute with a maximum system clock of 12-to-24 MHz. By contrast, the CIP-561.core exe-
cutes 70% of its instructions in one or two system clock cycles, with only four instructions taking.more than
four system clock cycles.

The CIP-51 has a total of 109 instructions. The table below shows the total number of instructions that
require each execution time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS.

1.2.3. Additional Features

The Si1010/1/2/3/4/5 SoC family includes several key enhancements to the CIP-51 core and peripherals to
improve performance and ease of use in end applications:

The extended interrupt handler provides multiple'interrupt sources into the CIP-51 allowing numerous ana-
log and digital peripherals to interrupt the controller<An interrupt driven system requires less intervention
by the MCU, giving it more effective throughput. The extra interrupt sources are very useful when building
multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp monitor (forces reset
when power supply voltage drops below safe levels), a Watchdog Timer, a Missing Clock Detector,
SmaRTClock oscillator fail or/alarm, a voltage level detection from Comparator0, a forced software reset,
an external reset pin, and an illegal Flash access protection circuit. Each reset source except for the POR,
Reset Input Pin, or Flashserror,may be disabled by the user in software. The WDT may be permanently dis-
abled in software after'a power-on reset during MCU initialization.

The internal oscillator factory calibrated to 24.5 MHz and is accurate to +2% over the full temperature and
supply range. The internal oscillator period can also be adjusted by user firmware. An additional 20 MHz
low power oscillator is also available which facilitates low-power operation. An external oscillator drive cir-
cuit is.included; allowing an external crystal, ceramic resonator, capacitor, RC, or CMOS clock source to
generate the'system clock. If desired, the system clock source may be switched on-the-fly between both
internal and external oscillator circuits. An external oscillator can also be extremely useful in low power
applications, allowing the MCU to run from a slow (power saving) source, while periodically switching to
the fast (up to 25 MHz) internal oscillator as needed.
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1.3. Port Input/Output

Digital and analog resources are available through 12 I/O pins. Port pins are organized as three byte-wide
ports. Port pins P0.0-P1.6 can be defined as digital or analog 1/O. Digital I/O pins can be assigned to one
of the internal digital resources or used as general purpose 1/0 (GPIO). Analog I/O pins are used by the
internal analog resources. P1.0, P1.1, P1.2, and P1.3 are dedicated for communication with the EZRadio-
PRO peripheral. P2.7 can be used as GPIO and is shared with the C2 Interface Data signal (C2D). See
description in Section 28 on page 379.

The designer has complete control over which digital and analog functions are assigned to individual-Port
pins, limited only by the number of physical 1/0 pins. This resource assignment flexibility dssachieved
through the use of a Priority Crossbar Decoder. See Section “21.3. Priority Crossbar Decoder” on
page 224 for more information on the Crossbar.

All Px.x Port I/Os are 5 V tolerant when used as digital inputs or open-drain outputs. For'Port 1/0Os config-
ured as push-pull outputs, current is sourced from the VDD/DC+ supply. Port 1/0Os ‘used for analog func-
tions can operate up to the VDD/DC+ supply voltage. See Section “21.1. Port |/O Modes of Operation” on
page 221 for more information on Port 1/0O operating modes and the electrical, specifications chapter for
detailed electrical specifications.

XBRO, XBR1, Port:Match
XBR2, PnSKIP POMASK, POMAT
Registers P1MASK, P1MAT
\ 4
. External Interrupts
rity EXO0 and EX1
er
PnMDOUT,
. 2, PnMDIN Registers
Highest UART |« ~ ;J
Priority
SPI0 | 4y <
sp [T 7 d
™ P0.0
‘_E SMBus [ “ igi
5 us |7 ”| Digital PO M
@ Crossbar 8 o .
g CPO 4) —<-9—0->| Cells
a OCP1 V4 < P0.7
@ utputs :li +
c
g P1.4
= SYSCLK R 7 :
d <+.—> P1
PCA le—’ > 10 P15
7 Cells
Lowest . 2, P1.6
Priority 10, T1 |« /7 ¢
8 - .
d 1
PO | (P0.0-P07) < > P2
= < 1/0
8 7 Cell mmo=-m——s
£ P1 | (P1.0-P1%) To Analog Peripherals l__g__F?_J_:
z l——— (ADCO, CPO, and CP1 inputs,
S 1 VREF, IREF0, AGND) «¢———— No analog functionality
~ available on P2.7
P2 (P2.7) Note: P1.0, P1.1, P1.2, and P1.3 are internally
< connected to the EZRadioPRO peripheral.

Figure 1.9. Port I/O Functional Block Diagram
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1.4. Serial Ports

The Si1010/1/2/3/4/5 Family includes an SMBus/I?C interface, a full-duplex UART with enhanced baud
rate configuration, and two Enhanced SPI interfaces. Each of the serial buses is fully implemented in hard-
ware and makes extensive use of the CIP-51's interrupts, thus requiring very little CPU intervention.

1.5. Programmable Counter Array

An on-chip Programmable Counter/Timer Array (PCA) is included in addition to the four 16-bit general,pur-
pose counter/timers. The PCA consists of a dedicated 16-bit counter/timer time base with six progfamma-
ble capture/compare modules. The PCA clock is derived from one of six sources: the system clock divided
by 12, the system clock divided by 4, Timer O overflows, an External Clock Input (ECI), the system clock,
the external oscillator clock source divided by 8, or the SmaRTClock divided by 8.

Each capture/compare module can be configured to operate in a variety of modes: edge-triggered capture,
software timer, high-speed output, pulse width modulator (8, 9, 10, 11, or 16-bit), or frequency output. Addi-
tionally, Capture/Compare Module 5 offers watchdog timer (WDT) capabilities. Following a system reset,
Module 5 is configured and enabled in WDT mode. The PCA Capture/Compare‘Moedule 1/0 and External
Clock Input may be routed to Port I/O via the Digital Crossbar.

SYSCLK/12
SYSCLK/4

Timer 0 Overflow PCA
—>

ECI CLOCK
> MUX

16-Bit Counter/Timer

SYSCLK
—>

External Clock/8
—>

SmaRTClock/8

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 Module 3 Module 4 Module 5/ WDT
A 7} 7} X 7y A
m o (@] o (@] (@] (@]
e} m m m m m m
= x x x X X X
o i~ N w KN a
v v v v v v
Crossbar
i TTTTTTTTTTTTTTTN
i Port I/O |
1

Figure 1.10. PCA Block Diagram
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1.6. SAR ADC with 16-Bit Auto-Averaging Accumulator and Autonomous Low
Power Burst Mode

Si1010/1/2/3/4/5 devices have a 300 ksps, 10-bit or 75 ksps 12-bit successive-approximation-register
(SAR) ADC with integrated track-and-hold and programmable window detector. ADCO also has an autono-
mous low power Burst Mode which can automatically enable ADCO, capture and accumulate samples,
then place ADCO in a low power shutdown mode without CPU intervention. It also has a 16-bit accumulator
that can automatically average the ADC results, providing an effective 11, 12, or 13 bit ADC result without
any additional CPU intervention.

The ADC can sample the voltage at any of the GPIO pins (with the exception of P2.7) and has™an on<chip
attenuator that allows it to measure voltages up to twice the voltage reference. AdditionaltADC inputs
include an on-chip temperature sensor, the VDD/DC+ supply voltage, the VBAT supply voltage, and the
internal digital supply voltage.

ADCOCN
A EREEREE
I ERIEEIE
alel|8 S 3 S| S
NEINEIEE:
| A 4 T
vy VDD sr | 000 [——ADOBUSY (W)
ADCOTK |—] Corvarsion | 001 —— Timer 0 Overflow
H onversion
ADCOPWR Burst Mode Logic 010 Timer 2 Overflow
011 ——— Timer 3 Overflow
100 —— CNVSTR Input

AIN+

16-Bit Accumulator

>
<
[
S
Y
y
| ADCOH || ADCOL |
A A
Y A

I T L
| w
O xx
& ADOWINT
? t
| Window
- | 1 Compare
tleia=s|euls 32 Logic
3|23 3|a|B|E|S| [ADCOLTH]|[ADCOLTL | 2
o|lo|o|o|Oo| S o
alalalalalal2|s
<|<|<|<|<|<|<| = [ 1
ADCOCF |ADCOGTH||ADCOGTL |
Figure 1.11. ADCO Functional Block Diagram
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ADOMX4 g
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ADOMX2 [ 3¢
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Programmable
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@ P16*R— | AMUX - >< 0

Temp »
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i VBAT———>|

Gain=0.5 or1

Digital Supply ——
VDD_MCU/DC+ —— >

1

*P1.0 — P1.3 are not
available as device/pins

Figure 1.12. ADCO Multiplexer Block Diagram

1.7. Programmable Current Reference (IREFO0)

Si1010/1/2/3/4/5 devices include.an‘on-chip programmable current reference (source or sink) with two out-
put current settings: low power.mode and high current mode. The maximum current output in low power
mode is 63 pA (1 pA steps) and the maximum current output in high current mode is 504 pA (8 pA steps).

1.8. Comparators

Si1010/1/2/3/4/5 devices,include two on-chip programmable voltage comparators: Comparator 0 (CPTO)
which is shown in Figure 1.13; Comparator 1 (CPT1) which is shown in Figure 1.14. The two comparators
operate identically out may differ in their ability to be used as reset or wake-up sources. See Section
“18. Reset Sources” on page 186 and the Section “14. Power Management” on page 157 for details on
reset.sources and low power mode wake-up sources, respectively.

TheiComparator offers programmable response time and hysteresis, an analog input multiplexer, and two
outputs, that are optionally available at the Port pins: a synchronous “latched” output (CP0O, CP1), or an
asynchronous “‘raw” output (CPOA, CP1A). The asynchronous CPOA signal is available even when the
system clock is not active. This allows the Comparator to operate and generate an output when the device
is in some low power modes.

The comparator inputs may be connected to Port I/O pins or to other internal signals. Port pins may also be
used to directly sense capacitive touch switches.

29 Rev. 1.2
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Analog Input Multiplexer
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Figure 1.13. Comparator O Functional Block Diagram
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Figure 1.14. Comparator 1 Functional Block Diagram
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2. Ordering Information

Table 2.1. Product Selection Guide
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Si1010-C-GM2 |25 |16 (768 | P |1 |1 |1 |4 P15 P | P | P |+20dBm|1.8| P | P | LGA-42
Si1011-C-GM2 | 25| 8 |768 | P |1 | 1 |4 4P [(15|P | P | P |[+20dBm |1.8| P | P | LGA-42
Si1012-C-GM2 |25 |16 |768 | P | 1 [T 114 | P |15| P |P | P |+13dBm|1.8| P | P | LGA-42
Si1013-C-GM2 |25 | 8 |[768| P |1 41> 1|4 |P|15|P | P | P |[+13dBm|1.8| P | P | LGA-42
Si1014-C-GM2 |25 |16 | 768/ P W1 |1 |1 |4 | P|15| P |P | P |+13dBm|0.9| P | P | LGA-42
Si1015-C-GM2 |25 | 8 |768\W\P | 1 |1 |1 |4 | P |15| P |P | P |+13dBm|0.9| P | P | LGA-42

*The ‘F9xx Plus features are a set of enhancements that allow greater power efficiency and increased
functionality. They include 12-bit ADC mode, PWM Enhanced IREF, ultra-low power SmaRTClock LFO,
VBAT input veltage from 0.9 to 3.6V, and VBAT battery low indicator. The ‘F9xx Plus features are
described in-detailin “AN431: F93x-F90x Software Porting Guide.”
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3. Pinout and Package Definitions

Table 3.1. Pin Definitions for the Si1010/1/2/3/4/5

Name

Pin Number

Si1010/1

si1012/3| 51101475

Type

Description

VDD_MCU

38 —

PIn

Power Supply Voltage for the entire MCU except for.the
EZRadioPRO peripheral. Must be 1.8 to 3.6 V.

GND

37 —

Required Ground for the entire MCU except for.the
EZRadioPRO peripheral.

VBAT

PiIn

Battery Supply Voltage. Must be 0.9 t6,1.8 V'in single-cell
battery mode and 1.8 to 3.6 V in dual~cell battery mode.

GND

VBAT-

PiIn

In dual-cell battery mode, this pin'must be connected
directly to ground.

In one-cell applications; this.pin should be connected
directly to the negative battery terminal, which is not
connected to the ground plane.

DCEN

PiIn

DC-DC Enable/Pin:in‘single-cell battery mode, this pin
must be connected4o VBAT through a 0.68 pH inductor.
In dual<cell battery mode, this pin must be connected
directly'to'ground.

VDD_MCU /

DC+

PiIn

P Out

Power Supply Voltage for the entire MCU except for the
EZRadioPRO peripheral. Must be 1.8 to 3.6 V. This supply
voltage is not required in low power sleep mode. This
voltage must always be > VBAT.

Positive output of the dc-dc converter. In single-cell battery
mode, a 1 yF ceramic capacitor is required between dc+
and dc—. This pin can supply power to external devices
when operating in single-cell battery mode.

GND

DC-

In dual-cell battery mode, this pin must be connected
directly to ground.

DC-DC converter return current path. In one-cell mode, this
pin must be connected to the ground plane.

VDD_RF

16 16

PlIn

Power Supply Voltage for the analog portion of the
EZRadioPRO peripheral. Must be 1.8 to 3.6 V.

VDD DIG

28 28

PiIn

Power Supply Voltage for the digital portion of the
EZRadioPRO peripheral. Must be 1.8 to 3.6 V.

VR DIG

27 27

P Out

Regulated Output Voltage of the digital 1.7 V regulator for
the EZRadioPRO peripheral. A 1 yF decoupling capacitor is
required.

GND

23 23

Required Ground for the digital and analog portions of the
EZRadioPRO peripheral.
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Table 3.1. Pin Definitions for the Si1010/1/2/3/4/5 (Continued)

Name Pin Number Type Description
Si1010/1| ..
si1012/3| 511014/
RST/ 39 42 D I/O |Device Reset. Open-drain output of internal POR or Vpp

monitor. An external source can initiate a system resetby
driving this pin low for at least 15 ps. A 1-5 kQ pullup to
VDD_MCU is recommended. See Reset Sources.section
for a complete description.

C2CK D I/O |Clock signal for the C2 Debug Interface.

P2.7/ 40 1 D I/O |Port 2.7. This pin can only be used as'GPIO. The Crossbar
cannot route signals to this pin and it'‘ecannot be configured
as an analog input. See Port I/O.section for a complete

description.
ca2D D I/O |Bi-directional data signalfor the C2 Debug Interface.
XTAL3 1 3 Aln |SmaRTClock Oscillator Crystal Input.
See Section 20 for,a complete description.
XTAL4 42 2 A Out |SmaRTClock Oscillator Crystal Output.
See Section 20:for a complete description.
PO0.0 36 36 D 1/0 or |Port 0.0. See Port I/0 section for a complete description.
Aln
VREF AIn (|External Vrgr Input.

A Out, linternal Vygg Output. External Vggr decoupling capacitors
are recommended. See Voltage Reference section.

PO0.1 35 35 D’1/0 or |Port 0.1. See Port I/0 Section for a complete description.
Aln
AGND G Optional Analog Ground. See VREF chapter.
P0.2 34 34 D I/O or |Port 0.2. See Port I/0 Section for a complete description.
Aln
XTAL1 AIn  |External Clock Input. This pin is the external oscillator
return for a crystal or resonator. See Oscillator section.
P0.3 33 33 D I/O or |Port 0.3. See Port I/0 Section for a complete description.
Aln
XTAL2 A Out |External Clock Output. This pin is the excitation driver for an

external crystal or resonator.

D In |External Clock Input. This pin is the external clock input in
external CMOS clock mode.

AIn |External Clock Input. This pin is the external clock input in
capacitor or RC oscillator configurations.

See Oscillator section for complete details.
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Table 3.1. Pin Definitions for the Si1010/1/2/3/4/5 (Continued)

Name Pin Number Type Description
Si1010/1 ..
si1012/3| 511014/
P0.4 32 32 D I/O or |Port 0.4. See Port I/O section for a complete description.
Aln
X D Out |UART TX Pin. See Port I/O section.
PO0.5 31 31 D I/O or |Port 0.5. See Port I/0 section for a complete'description.
Aln
RX DIn |UART RX Pin. See Port I/O section.
P0.6 30 30 D I/O or |Port 0.6. See Port I/0 section for‘a.complete description.
Aln
CNVSTR D In  |External Convert Start Inputfor ADCO. See ADCO section
for a complete description:
PO.7 29 29 D I/O or |Port 0.7. See Port.l/Q section for a complete description.
Aln
IREFO A Out [IREFO Output:See’IREF section for complete description.
P1.4 6 6 D 1/O or |Port 1.4:-See Port I/0 section for a complete description.
Aln
P1.5 5 5 D I/O or4Port1.5. See Port I/0 section for a complete description.
Aln
P1.6 4 4 D I/©or [Port 1.6. See Port I/0 section for a complete description.
Aln
GPIO_O 24 24 D'1/O or |General Purpose I/0O controlled by the EZRadioPRO periph-
A'1/O |eral. May be configured through the EZRadioPRO registers
to perform various functions including: Clock Output, FIFO
GPIO _1 25 25 D I/O
- Al /Oor status, POR, Wake-Up Timer, Low Battery Detect, TRSW,
AntDiversity control, etc. See the EZRadioPRO GPIO Con-
GPIO_2 26 26 D I/0 or [figuration Registers for more information.
Al/O
nIRQ 11 11 D O |EZRadioPRO peripheral interrupt status pin. Will be set low
to indicate a pending EZRadioPRO interrupt event. See the
EZRadioPRO Control Logic Registers for more details. This
pin is an open-drain output with a 220 kQ internal pullup
resistor. An external pull-up resistor is recommended.
XOuT 12 12 A O |EZRadioPRO peripheral crystal oscillator output. Connect
to an external 30 MHz crystal or to an external clock source.
If using an external clock source with no crystal, dc coupling
with a nominal 0.8 VDC level is recommended with a mini-
mum ac amplitude of 700 mVpp. Refer to AN417 for more
details about using an external clock source.
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Table 3.1. Pin Definitions for the Si1010/1/2/3/4/5 (Continued)

Name Pin Number Type Description
Si1010/1 ..
si1012/3| 511014/

XIN 13 13 Al EZRadioPRO peripheral crystal oscillator input. Connect to
an external 30 MHz crystal or leave floating if driving the
XOUT pin with an external signal source.

NC 14, 20, | 14, 20, No Connect. May be left floating or tied to poweror,ground.

22 22
SDN 15 15 DI EZRadioPRO peripheral shutdown pin. When driven to
logic HIGH, the EZRadioPRO peripheral will.be completely
shut down and the contents of the EZRadioPRO registers
will be lost. This pin should be driven todogic LOW during all
other times; this pin should neyver.beleft floating.

TX 17 17 A O |EZRadioPRO peripheral transmit RF output pin. The PA
output is an open-drain eonnection so the L-C match must
supply (1.8 to 3.6 VDC) to,this pin.

RXp 18 18 Al EZRadioPRO peripheral differential RF input pins of the

RXn 19 19 Al LNA. See application schematic for example matching net-
work.

ANT_A 21 21 D O |EZRadioPRO antenna diversity GPIO Ant1 signal direct
digital output. Refer to the description of GPIO Ant1 in the
Function.and Control 2 register. A complete description may
be found in “AN440: EZRadioPRO Detailed Transceiver
Register Descriptions.”
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Table 3.2. LGA-42 Package Dimensions (Si1010/1/2/3/4/5-C-GM2)

Dimension Min Nom Max
A 0.85 0.90 0.95
b 0.20 0.25 0.30
D 5.00 BSC.
D1 3.15
D2 3.00
D3 4.40
e 0.50 BSC.
7.00 BSC.
E1 5.40
E2 6.40
E3 6.50
L 0.35 0.40 0.45
L1 0.05 0.10 0.15
aaa — =t 0.10
bbb — — 0.10
cce — — 0.08
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolérancing per ANSI Y14.5M-1994.
3. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C
specification for/Small Body Components.
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Figure 3.4. LGA-42 PCB/Land Pattern (Si1010/1/2/3/4/5-C-GM2)
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Table 3.3. LGA-42 PCB Land Pattern Dimensions (Si1010/1/2/3/4/5-C-GM2)

Dimension mm
D1 3.20
D2 3.00
D3 4.40
E 0.50
E1 5.45
E2 6.40
E3 6.50
X 0.25
Y 0.50
Notes:
General

1. All dimensions shown are in millimeters (mm).
2. This Land Pattern Design is based on the |IPC-73541, guidelines.
3. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition
(LMC) is calculated based on a Fabrication Allowance of 0.05 mm.
Solder Mask Design
4. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder
mask and the metal pad is to be 60 pm minimum, all the way around the pad.
Stencil Design
5. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used
to assure good solder paste release.
6. The stencil thickness shouldbe 0.125 mm (5 mils).
7. The ratio of stencil@perture to land pad size should be 1:1 for the perimeter pads.
8. A4 x 2 array of #.1\mm square openings on 1.4 mm pitch should be used for the center
ground pad.
Card Assembly
9. A No-Clean, Type-3 solder paste is recommended.
10. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for
Small Body Components.
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Figure 3.5. LGA-42 PCB Stencil and Via Placement (Si1010/1/2/3/4/5-C-GM2)

Rev. 1.2 42

SILICON LABS



Si1010/1/2/3/415

4. Electrical Characteristics

In Section 4.1 and Section 4.2, “Vpp” refers to the VDD_MCU supply voltage on Si1010/1/2/3 devices and

to the VDD_MCU/DC+ supply voltage on Si1014/5 devices. The ADC, Comparator, and Port I/O specifica-
tions in these two sections do not apply to the EZRadioPRO peripheral.

In Section 4.3 and Section 4.4, “Vpp” refers to the VDD_RF and VDD_DIG Supply Voltage. All specifica-
tions in these sections pertain to the EZRadioPRO peripheral.

4.1. Absolute Maximum Specifications

Table 4.1. Absolute Maximum Ratings

Parameter Test Condition Min Typ Max Unit
Ambient temperature under bias -55 — 125 °C
Storage Temperature —65 -~ 150 °C
Voltage on any Px.x I/O Pin or VDD >2.2V -0.3 — 5.8 \Y,
RST with Respect to GND VDD <22V -0.3 — VDD + 3.6
Voltage on VBAT with respect to One-Cell Mode =0.3 — 4.0 \Y
GND Two-Cell Mode -0.3 — 4.0
Voltage on VDD_MCU or -0.3 — 4.0 V
VDD_MCU/DC+ with respect to
GND
Maximum Total Current through — — 500 mA
VBAT, DCEN, VDD_MCU/DC+ or
GND
Maximum Output Current Sunk — — 100 mA
by RST or any Px.x Pin
Maximum Total Current through — — 200 mA
all Px.x Pins
DC-DC Converter Output Power — — 110 mW
ESD (Human Body,Model) All pins except TX, RXp, — — 2 kV
and RXn

TX, RXp, and RXn — — 1 kV

ESD. (Machine Model) All pins except TX, RXp, — — 150 \%
and RXn
TX, RXp, and RXn — — 45 \

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the devices at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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4.2. Electrical Characteristics

Table 4.2. Global Electrical Characteristics
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FIxx" for details on how to achieve the supply current specifications listed in this table. All supply current specs are for
the EZRadioPRO peripheral placed in shutdown mode.

Parameter Test Condition Min | Typ | Max Unit
Battery Supply Voltage One-Cell Mode 0.9 1.2 3.6 Vv
(VBAT) Two-Cell Mode 1.8 24 3.6
Supply Voltage One-Cell Mode 1.8 1.9 3.6 \%
(VDD_MCU/DC+) Two-Cell Mode 1.8 24 3.6
Minimum RAM Data VDD (not in Sleep Mode) — 1.4 — \Y
Retention Voltage' VBAT (in Sleep Mode) — 0.3 0.5
SYSCLK (System Clock)? 0 — | 25 MHz
TsysH (SYSCLK High Time) 18 — — ns
TsysL (SYSCLK Low Time) 18 — — ns
Specified Operating —40 — +85 °C
Temperature Range
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Table 4.2. Global Electrical Characteristics (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘F9xx" for details on how to achieve the supply current specifications listed in this table. All supply current specs are for
the EZRadioPRO peripheral placed in shutdown mode.

Parameter Test Condition Min | Typ | Max Unit
Digital Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)
Ipp >+ >° Vpp = 1.8-3.6 V, F = 24.5 MHz — | 40 | 50 mA
(includes precision oscillator current)
Vpp =1.8-3.6 V, F =20 MHz — 3.4 — mA
(includes low power oscillator current)
Vpp=1.8V,F=1MHz — 265 —- MA
Vpp=3.6V,F=1MHz — 305 — MA
(includes external oscillator/GPIO current)
Vpp =1.8-3.6 'V, F =32.768 kHz = 84 — MA
(includes SmaRTClock oscillator current)
LDQ Frequency Sensitivity> |Vpp=1.8-3.6V, T_= 25°C, F <_14 MHz — 191 — | yPA/MHz
: (Flash oneshot active, see Section 13.6)
Vpp=1.8-3.6V, T=25°C, F>14 MHz — 102 — | MA/MHz
(Flash oneshot bypassed, see/Section
13.6)
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)
Iop+ %7 Vpp = 1.8-3.6 V, F = 24.5 MHz — [ 21 ] 30 mA
(includes precision oscillator current)
Vpp = 1.8-3.6:V, F'=20 MHz — 1.6 — mA
(includes low power oscillator current)
Vpp =18V, F=1MHz — 160 — MA
Vpp&3.6. Vo F =1MHz — 185 — MA
(includes‘external oscillator/GPIO current)
Vpp =1.8-3.6 V, F = 32.768 kHz — 82 — MA
(includes SmaRTClock oscillator current)
IDP Frequency Sensitiyi- Vpp=1.8-3.6V, T=25°C — 79 — | MA/MHz
ty 16,7
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Table 4.2. Global Electrical Characteristics (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘F9xx" for details on how to achieve the supply current specifications listed in this table. All supply current specs are for
the EZRadioPRO peripheral placed in shutdown mode.

Parameter Test Condition Min | Typ | Max Unit
Digital Supply Current—Suspend and Sleep Mode
Digital Supply Current® Vpp = 1.8-3.6 V, two-cell mode — 77 — pA
(Suspend Mode)
Digital Supply Current 1.8V, T=25°C — 0.61 — MA
(Sleep Mode, SmaRTClock |3.0V, T=25°C — | 0768 —
running, 32.768 kHz crystal) |3.6 V, T = 25 °C — | 0.87% —
1.8V, T=85°C — 1032 | —
30V, T=85°C — .62 | —
36V, T=85°C — 1.93 | —
(includes SmaRTClock oscillator and
VBAT Supply Monitor)
Digital Supply Current 1.8V, T=25°C — 0.31 — MA
(Sleep Mode, SmaRTClock | (includes SmaRTClock oscillator and
running, internal LFO) VBAT Supply Monitor)
Digital Supply Current 1.8V, T=25°C — 0.06 — MA
(Sleep Mode) 30V, T=25°C — 1009 | —
36V, T=25°C — 1014 | —
1.8V, T=85°C — 1077 | —
30V, T=852C — 1092 | —
36V, T=852C — 123 | —
(includes VBAT supply monitor)
Digital Supply Current 1.8V, T=25°C — 0.02 — MA
(Sleep Mode, VBAT Supply
Monitor Disabled)
46 Rev. 1.2 )

SILICON LABS




Si1010/1/2/3/415

Table 4.2. Global Electrical Characteristics (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘F9xx" for details on how to achieve the supply current specifications listed in this table. All supply current specs are for
the EZRadioPRO peripheral placed in shutdown mode.

Parameter Test Condition Min | Typ | Max Unit

Notes:

Based on device characterization data; Not production tested.
SYSCLK must be at least 32 kHz to enable debugging.

Digital Supply Current depends upon the particular code being executed. The values in this table areiobtained
with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1) loop in C,One iteration
requires 3 CPU clock cycles, and the Flash memory is read on each cycle. The supply current will vary slightly
based on the physical location of the sjmp instruction and the number of Flash address lines that toggle as a
result. In the worst case, current can increase by up to 30% if the sjmp loop straddles a 64-byte’Flash address
boundary (e.g., 0x007F to 0x0080). Real-world code with larger loops and longer linear sequences will have
few transitions across the 64-byte address boundaries.

Includes oscillator and regulator supply current.

IDD can be estimated for frequencies <14 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range, then adding an offset ofQ0:uA. When using these numbers to
estimate Ipp for >14 MHz, the estimate should be the current at 25 MHz minus the difference in current
indicated by the frequency sensitivity number. For example: Vpp #3.0 V;'F = 20 MHz, Ipp =4 mA —

(25 MHz - 20 MHz) x 0.102 mA/MHz = 3.5 mA assuming the same oscillator setting.

The supply current specifications in Table 4.2 are for two cell mode. The VBAT current in one-cell mode can
be estimated using the following equation:
SupplyVoltage x:Supply Current (two-cell mode)

DC-DC Converter Efficiency x VBAT Voltage

VBAT Current (one-cell mode) =

The VBAT Voltage is the voltage at the VBAT pins typically 0.9 to 1.8 V.

The Supply Current (two-cell mode) is the data sheet specification for supply current.

The Supply Voltage is the voltage at the VDD/DC+ pin, typically 1.8 to 3.3 V (default = 1.9 V).

The DC-DC Converter Efficiency cansbe,estimated using Figure 4.3—Figure 4.5.

Idle IDD can be estimated by taking the current at 25 MHz minus the difference in current indicated by the
frequency sensitivity number. For example: Vpp = 3.0 V; F =5 MHz, Idle Ipp = 2.1 mA — (25 MHz -

5 MHz) x 0.079 mA/MHz =,0:52 mA«
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Supply Current (uA)
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Figure 4.1. Active Mode Current (External CMOS Clock)
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Figure 4.2. Idle Mode Current (External CMOS Clock)
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Figure 4.3. Typical DC-DC Converter Efficiency (High Current, VDD/DC+ = 2 V)
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Figure 4.4. Typical DC-DC Converter Efficiency (High Current, VDD/DC+ = 3 V)
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Figure 4.5. Typical DC-DC Converter Efficiency (Low Current, VDD/DC+ = 2 V)
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Figure 4.6. Typical One-Cell Suspend Mode Current
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Table 4.3. Port I1/O DC Electrical Characteristics
Vpp = 1.8 to 3.6 V, 40 to +85 °C unless otherwise specified.

Parameters Test Condition Min Typ Max Unit
Output High Voltage High Drive Strength, PnDRV.n = 1 V
IOH = -3 mA, Port I/O push-pull Vpp—0.7 — —
IOH = -10 pA, Port /O push-pull Vpp — 0.1 — —
IOH = -10 mA, Port I/O push-pull See Chart
Low Drive Strength, PnDRV.n =0
IOH = —1 mA, Port I/O push-pull Vpp—-0.7 — -3
IOH = —10 pA, Port I/O push-pull Vpp — 0.1 — ~
IOH = -3 mA, Port I/O push-pull — See Chart —
Output Low Voltage High Drive Strength, PnDRV.n = 1 V
loL =8.5mA — — 0.6
loL =10 pA — — 0.1
loL =25 mA — See Chart —
Low Drive Strength, PnDRV.n =0
oL =1.4 mA — — 0.6
loL =10 pA — — 0.1
loL =4 mA — See Chart —
Input High Voltage Vpp=2.0to 3.6V Vpp —0.6 — — \%
Vpp=0.91t02.0V 0.7 x VDD — — \Y
Input Low Voltage Vpp =2.0t03:6 V — — 0.6 \Y
Vpp = 0.9,t0:2.0V — — 0.3xVDD| V
Input Leakage Weak Pullup Off — — +1 MA
Current Weak Pullup OngVyy=0V, Vpp =18V — 4 —
Weak Pullup,OnyVin =0V, Vpp =3.6 V — 20 35
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Typical VOH (High Drive Mode)
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Figure 4.7. Typical VOH Curves, 1.8-3.6 V
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Typical VOH (High Drive Mode)
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Figure 4.8. Typical VOH Curves, 0.9-1.8 V
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Typical VOL (High Drive Mode)
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Figure 4.9. Typical VOL Curves, 1.8-3.6 V
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Voltage
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Figure 4.10. Typical VOL Curves, 0.9-1.8V
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Table 4.4. Reset Electrical Characteristics
Vpp = 1.81t0 3.6 V, 40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
RST Output Low Voltage loL = 1.4 mA, — — 0.6 \Y
RST Input High Voltage Vpp=2.0to 3.6V Vpp—-0.6| — — V
VDD =09to2.0V 0.7 x VDD — — V
RST Input Low Voltage Vpp=2.0to3.6V — — 0.6 \
Vpp=09to20V — —0.3xVpp| V
RST Input Pullup Current RST=0.0V,vDD=18V — 4 — MA
RST=0.0V,vDD=3.6V — 20 35
VDD/DC+ Monitor Thresh- Early Warning 1.8 1.85 1.9 \Y,
old (VrsT) Reset Trigger 1.7 1.75 1.8
(all power modes except Sleep)
VBAT Ramp Time for One-cell mode: VBAT ramp 0-0.9 V — — 3 ms
Power On Two-cell mode: VBAT ramp 0-1.8 V/
VBAT Monitor Threshold Initial Power-On (VBAT Rising) — 0.75 — \Y,
(Veor) Early Warning 0.9 1.0 1.1
Brownout Condition (WBAT Falling) 0.7 0.8 0.9
Recovery from Brownout,(VBAT Rising) — 0.95 —
Missing Clock Detector Time from last system clock rising edge 100 525 1000 us
Timeout to resetinitiation
Minimum System Clock w/ | System clock frequency which triggers — 2 10 kHz
Missing Clock Detector a missingiclock detector timeout
Enabled
Reset Time Delay Delay between release of any reset — 10 — MS
source and code
execution at location 0x0000
Minimum RST Low Time'to 15 — — us
Generate a System Reset
Vpp Monitor. Turn-on Time — 300 — ns
VppsManitor Supply — 10 — MA
Current
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Table 4.5. Power Management Electrical Specifications
Vpp = 1.8 to 3.6 V, 40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
Idle Mode Wake-up Time 2 — 3 SYSCLKs
Suspend Mode Wake-up Time Low power oscillator — 400 — ns
Precision oscillator — 400 — ns
Sleep Mode Wake-up Time Two-cell mode — 2 — s
One-cell mode — 10 — us
Table 4.6. Flash Electrical Characteristics
Vpp = 1.8 to 3.6 V, 40 to +85 °C unless otherwise specified.
Parameter Test Condition Min Typ Max Unit
Flash Size Si1010/2/4 16384~ = — bytes
Si1011/3/5 8192 — — bytes
Scratchpad Size 512 — 512 bytes
Endurance 1k 90 k — Erase/Write
Cycles
Erase Cycle Time 28 32 36 ms
Write Cycle Time 57 64 71 V&
Note: On 16 kB devices, 1024 bytes at addresses 0x3C00 to 0x3FFF are reserved.
Table 4.7. Internal Precision Oscillator Electrical Characteristics
Vpp = 1.81t0 3.6 V; Ty =—40 to +85 °C unless,otherwise specified; Using factory-calibrated settings.
Parameter Test Condition Min Typ Max Unit
Oscillator Frequency —40rto +85 °C, 24 24.5 25 MHz
VDD =1.8-3.6V
Oscillator Supply Current 25 °C; includes bias current — 300* — MA
(from Vpp) of 90-100 pA
Note: Does not include clock divider or clock tree supply current.
Table 4.8¢Internal Low-Power Oscillator Electrical Characteristics
Vpp =1:8 10:3.6/V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Test Condition Min Typ Max Unit
Oscillator Frequency —40 to +85 °C, 18 20 22 MHz
Vpp =1.8-3.6V
Oscillator Supply Current 25°C — 100* — A
(from Vpp) No separate bias current
required.

Note: Does not include clock divider or clock tree supply current.
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Table 4.9. SmaRTClock Characteristics
Vpp = 1.8 10 3.6 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Test Condition Min Typ Max Unit
Oscillator Frequency (LFO) 13.1 16.4 19.7 kHz
Table 4.10. ADCO Electrical Characteristics
Vpp = 1.810 3.6V V, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.
Parameter Test Condition Min Typ Max Unit
DC Accuracy
Resolution 12-bit mode 12 bits
10-bit mode 10
Integral Nonlinearity 12-bit mode*® — 11 +1.5 LSB
10-bit mode — 0.5 11
Differential Nonlinearity 12-bit mode* — +0.8 +1 LSB
(Guaranteed Monotonic) 10-bit mode — 0.5 +1
Offset Error 12-bit mode — <1 2 LSB
10-bit mode — +<1 12
Full Scale Error 12-bit mode” — 11 14 LSB
10-bit mode — 11 2.5
Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale,
maximum sampling rate)
Signal-to-Noise Plus Distor- 12-bit mode 62 65 — dB
tion 10-bit-mode 54 58 —
Signal-to-Distortion’ 12-bitimode — 76 — dB
10-bitimode — 73 —
Spurious-Free Dynamic 12-bit mode — 82 — dB
Range' 10-bit mode — 75 —
Conversion Rate
SAR Conversion Clock Normal Mode — — 8.33 MHz
Low Power Mode 4.4
Conversion Time in"SAR 10-bit Mode 13 — — clocks
Clocks 8-bit Mode 11 — —
Track/Hold Acquisition Time Initial Acquisition 1.5 — — Vi
Subsequent Acquisition (DC 1.1 — —
input, burst mode)
Throughput Rate 12-bit mode — — 75 ksps
10-bit mode — — 300

Notes:

1. Performance in 8-bit mode is similar to 10-bit mode.
2. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
3. The maximum code in 12-bit mode is OxFFFC. The Full Scale Error is referenced from the maximum code.
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Table 4.10. ADCO Electrical Characteristics (Continued)

Vpp =1.810 3.6V V, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
Analog Inputs
ADC Input Voltage Range Single Ended (AIN+ — GND) 0 — VREF \Y%
Absolute Pin Voltage with Single Ended 0 — Vbp V
respect to GND
Sampling Capacitance 1x Gain — 28 — pF

0.5x Gain 26
Input Multiplexer Imped- — 5 — kQ
ance
Power Specifications
Power Supply Current Conversion Mode (300 ksps) — 720 — MA
(Vpp supplied to ADCO) Tracking Mode (0 ksps) — 680 —
Power Supply Rejection Internal High Speed VREF — 67 — dB
External VREF — 74 —

Notes:

1. Performance in 8-bit mode is similar to 10-bit mode.
2. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
3. The maximum code in 12-bit mode is OxFFFC. The Full ScaleError is referenced from the maximum code.

Table 4.11. Temperature Sensor Electrical Characteristics
Vpp = 1.8 to 3.6V V, —40 to +85 °C unless otherwise specified.

1. Represents one standard deviation from the mean.

2..,The temperature sensor settling time, resulting from an ADC mux change or enabling of the temperature
sensor, varies with the voltage of the previously sampled channel and can be up to 6.5 ps if the previously
sampled channel voltage was greater than 3 V. To minimize the temperature sensor settling time, the ADC
mux can be momentarily set to ground before being set to the temperature sensor output. This ensures that
the temperature sensor output will settle in 3 us or less.

Parameter Test Condition Min Typ Max Unit
Linearity — 11 — °C
Slope — 3.40 — mV/°C
Slope Error’ — 40 — pv/ec
Offset Temp =25 °C — 1025 — mV
Offset Error’ Temp = 25 °C — 18 — mV
Temperature Sensor Settling Initial Voltage=0 V — — 3.0 us
Time? Initial Voltage=3.6 VV 6.5
Supply Current — 35 — MA
Notes:
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Table 4.12. Voltage Reference Electrical Characteristics
Vpp = 1.8 t0 3.6 V, —40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit

Internal High Speed Reference (REFSL[1:0] = 11)

Output Voltage —40 to +85 °C, 1.60 1.65 1.70 Y
Vpp=1.8-3.6V

VREF Turn-on Time — — 1.5 us

Supply Current Normal Power Mode — 260 — A
Low Power Mode — 140 —

Internal Precision Reference (REFSL[1:0] = 00, REFOE = 1)

Output Voltage —40 to +85 °C, 1.645 | 1.680 | 1.715 \%
VDD =1.8-3.6V

VREF Short-Circuit Current — 10 — mA

Load Regulation Load = 0 to 200 pA to AGND -~ 400 — MV/UA

VREF Turn-on Time 1 4.7 uF tantalum, 0.1 yF ceramic — 15 — ms

bypass, settling to 0.5 LSB
VREF Turn-on Time 2 0.1 yF ceramic bypass, settling to — 300 — Vi
0.5LSB

VREF Turn-on Time 3 no bypass cap, settlingto 0.5 LSB|" — 25 — Vi

Supply Current — 15 — MA

External Reference (REFSL[1:0] = 00, REFOE = 0)

Input Voltage Range 0 — Vpop Y

Input Current Sample Rate =300 ksps; VREF = — 5.25 — MA

3.0.V
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Table 4.13. IREFO Electrical Characteristics
VDD =1.810 3.6 V, —40 to +85 °C, unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
Static Performance
Resolution’ 6 bits
Output Compliance Range Low Power Mode, Source 0 — Vpp—-0.4 V
High Current Mode, Source 0 — Vpp—0.8 Vv
Low Power Mode, Sink 0.3 — Vop \Y,
High Current Mode, Sink 0.8 — Vb \
Integral Nonlinearity — <+0.2 1.0 LSB
Differential Nonlinearity — <+0.2 1.0 LSB
Offset Error — <£0.1 0.5 LSB
Full Scale Error? Low Power Mode, Source — — +5 %
High Current Mode, Source — — 16 %
Low Power Mode, Sink — — 18 %
High Current Mode, Sink — — 18 %
Absolute Current Error Low Power Mode — <t1 13 %
Sourcing 20 pA
Dynamic Performance
Output Settling Time to 1/2 LSB — 300 — ns
Startup Time — 1 — us
Power Consumption
Net Power Supply Current Low Power Mode, Source
(Vpp supplied to IREFO minus IREFODAT = 000001 — 10 — HA
any output source current) IREFODAT = 111111 — 10 — uA
High Current Mode, Source
IREFODAT = 000001 — 10 — MA
IREFODAT = 111111 — 10 — MA
Low Power Mode, Sink
IREFODAT = 000001 — 1 — MA
IREFODAT = 111111 — 11 — MA
High Current Mode, Sink
IREFODAT = 000001 — 12 — MA
IREFODAT = 111111 — 81 — MA

Notes:

1. Refer to “PWM Enhanced Mode” on page 102 for information on how to improve IREFO resolution.
2. Full scale is 63 pA in Low Power Mode and 504 pA in High Power Mode.
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Table 4.14. Comparator Electrical Characteristics
Vpp = 1.8 t0 3.6 V, 40 to +85 °C unless otherwise noted.

Parameter Test Condition Min Typ Max Unit
Response Time: CP0O+ - CP0-=100 mV — 130 — ns
Mode 0, Vpp =2.4 V, Voy =12V [CPO+ - CPO-=—-100mV | — | 200 — ns
Response Time: CP0O+ - CP0-=100 mV — 210 — ns
Mode 1, Vpp =24V, Voy =12V [CPO+ - CPO-=—-100mV | — | 410 — ns
Response Time: CP0O+ - CP0-=100 mV — 420 — ns
Mode 2, Vpp =24V, Voy = 1.2V [CPO+—CPO-=-100mV | — | 1200 — ns
Response Time: CPO+ — CPO- =100 mV — 1750 — ns
Mode 3, Vpp =2.4 V, Vo = 1.2V [CPO+—CPO-=-100mV | — | 6200 - ns
Common-Mode Rejection Ratio — 1% 4 mV/V
Inverting or Non-Inverting Input -0.25 “~—1 |Vpp+0.25 \Y
Voltage Range
Input Capacitance — 12 — pF
Input Bias Current — 1 — nA
Input Offset Voltage —7 — +7 mV
Power Supply
Power Supply Rejection — 0.1 — mV/V
Power-up Time Vpp=3.6V — 0.6 — VE;
Vpp 330V — 1.0 — uS
Vop.=2.4V — 1.8 — VIS
Vpp =1.8V — 10 — uS
Supply Current at DC Mode 0 — 23 — MA
Mode 1 — 8.8 — MA
Mode 2 — 2.6 — MA
Mode 3 — 04 — MA
Note: Vcm is the common-mode voltage on CP0+ and CPO-.
) Rev. 1.2 65
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Table 4.14. Comparator Electrical Characteristics (Continued)
Vpp = 1.8t0 3.6 V, 40 to +85 °C unless otherwise noted.

Parameter Test Condition Min Typ Max Unit

Hysteresis
Mode 0
Hysteresis 1 (CPnHYP/N1-0 = 00) — 0 — mV.
Hysteresis 2 (CPNHYP/N1-0 = 01) — 8.5 — mV
Hysteresis 3 (CPnHYP/N1-0 = 10) — 17 — mV
Hysteresis 4 (CPNHYP/N1-0 = 11) — 34 — mV
Mode 1
Hysteresis 1 (CPnHYP/N1-0 = 00) — 0 — mV
Hysteresis 2 (CPnHYP/N1-0 = 01) — 65 — mV
Hysteresis 3 (CPnHYP/N1-0 = 10) — 13 — mV
Hysteresis 4 (CPNHYP/N1-0 = 11) — 26 — mV
Mode 2
Hysteresis 1 (CPnHYP/N1-0 = 00) — 0 1 mV
Hysteresis 2 (CPnHYP/N1-0 = 01) 2 5 10 mV
Hysteresis 3 (CPnHYP/N1-0 =10) 5 10 20 mV
Hysteresis 4 (CPnHYP/N1=0 = 11) 12 20 30 mV
Mode 3
Hysteresis 1 (CPnHYP/N1-0"= 00) — 0 — mV
Hysteresis 2 (CPnHYPIN1-0 = 01) — 4.5 — mV
Hysteresis 3 (CPnHYP/N1-0 = 10) — 9 — mV
Hysteresis 4 (CPNHYP/N1-0 = 11) — 17 — mV
Note: Vcm is the common-mode voltage/on'CP0+ and CPO-.
Table 4.15. VREGO ElectricahCharacteristics
Vpp = 1.8 to 3.6 V, —40 to +85,°Ciunless otherwise specified.

Parameter Test Condition Min Typ Max Unit
Input Voltage Range 1.8 — 3.6 V
Bias Current Normal, idle, suspend, or stop mode — 20 — MA
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Table 4.16. DC-DC Converter (DCO) Electrical Characteristics

VBAT = 0.9 to 1.8 V, =40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
Input Voltage Range 0.9 — 3.6 \%
Input Inductor Value 500 680 900 nH
Input Inductor Current 250 — — mA
Rating
Inductor DC Resistance — — 056 Q
Input Capacitor Value Source Impedance <2 Q — 4.7 - uF
— 1.0 —
Output Voltage Range Target Output = 1.8 V 1.73 1:80 1.87 \%
Target Output=1.9V 1.83 1:90 1.97
Target Output = 2.0 V 1.93 2.00 2.07
Target Output = 2.1V 2.03 2.10 217
Target Output = 2.4 V 2.30 2.40 2.50
Target Output = 2.7 V 2.60 2.70 2.80
Target Output = 3.0 V 2.90 3.00 3.10
Target Output = 3.3 V 3.18 3.30 3.42
Output Load Regulation Target Output = 2.0 V, 1 tor30,mA — 0.3 — %
Target Output = 3.0 V, 1 to 20.mA — +1 —
Output Current Target Output/= 1.8 V — — 36 mA
(based on output power Target Output =.1.9 V — — 34
spec) Target:Outplt & 2.0 V — — 32
Target Output = 2.1V — — 30
Target Qutput = 2.4 V — — 27
Target'Output = 2.7 V — — 24
Target Output = 3.0 V — — 21
Target Output = 3.3 V — — 19
Output Power — — 65 mW
Bias Current from VBAT supply — 80 — A
(Normal Current Mode) from VDD_MCU/DC+ supply — 100 —
Bias Current from VBAT supply — 70 — MA
(Low Power Mode) from VDD_MCU/DC+ supply — 85 —
Clocking Frequency 1.6 24 3.2 MHz
Maximum DC l¢oad Current — — 1 mA
During Startup
Capacitance Connected to 0.8 1.0 2.0 uF
Output
) Rev. 1.2 67
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4.3. EZRadioPRO® Electrical Characteristics

Table 4.17. DC Characteristics?t

Using Silicon Labs’ Reference Design.
TX current consumption is dependent on
match and board layout.

Parameter Symbol Test Condition Min | Typ | Max | Unit
Supply Voltage Vpp 1.8 | 3.0 | 3.6 V
Range
Power Saving Modes | Ishutdown RC Oscillator, Main Digital Regulator, — | 15 50 nA

and Low Power Digital Regulator OFF?
Istandby | Low Power Digital Regulator ON (Register | — | 45014,800./] nA
values retained) and Main Digital Regula-
tor, and RC Oscillator OFF
Isieep | RC Oscillator and Low Power Digital Reg- | — 1 — MA
ulator ON (Register values retained) and
Main Digital Regulator OFF
Isensor- | Main Digital Regulator and Low Battery “|..— 1 — MA
LBD Detector ON, Crystal Oscillator and-all
other blocks OFF?2
Isensor-Ts | Main Digital Regulator and Temperature | — 1 — MA
Sensor ON, Crystal Oscillator andvall other
blocks QFF2
Iready | Crystal Oscillator and Main'Digital Regula-| — | 800 | — MA
tor ON, all other blocks OFF. Crystal Oscil-
lator-buffer disabled
TUNE Mode Current Tune Synthesizer'and regulators enabled — | 85| — mA
RX Mode Current Irx — 185 — mA
TX Mode Current lTx_+20 txpow[2:0] = 111 (+20 dBm) — | 85 — mA
—Si1010/1 Using, Silicon Labs’ Reference Design.
TX current consumption is dependent on
match and board layout.
TX Mode Current lTx %13 txpow[2:0] = 110 (+13 dBm) — | 30 — mA
—Si1010/1/2/3/4/5 Using Silicon Labs’ Reference Design.
TX current consumption is dependent on
match and board layout.
lTx_+1 txpow[2:0] = 010 (+1 dBm) — | 17 — mA

Notes:

1. All specification guaranteed by production test unless otherwise noted. Production test conditions and max
limits are listed in the "Production Test Conditions" section on page 75.
2. Guaranteed by qualification. Qualification test conditions are listed in the "Production Test Conditions"
section on page 75.
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Table 4.18. Synthesizer AC Electrical Characteristics?

Parameter Symbol Test Condition Min | Typ | Max | Unit
Synthesizer Frequency Fsvyn 240 — 960 | MHz
Range
Synthesizezr Frequency Fres.LB Low Band, 240-480 MHz — |1566.25| — Hz
Resolution FRES-HB High Band, 480-960 MHz — 13125 — |/Hz
Reference Frequency frRer Lv | When using external reference | 0.7 — 1.6 Vv
Input Level? - signal driving XOUT pin, instead

of using crystal. Measured peak-
to-peak (Vpp)
Synthesizer Settling Time? tLock Measured from exiting Ready — 200 — us
mode with XOSC running to any
frequency.
Including VCO Calibration.
Residual FM? AFRrpms | Integrated over £250 kHz band= — 2 4 | kHzgrus
width (500 Hz lower bound of
integration)
Phase Noise? Lo(fp) AF =10 kHz — -80 — | dBc/Hz
AF = 100,kHz — -90 — | dBc/Hz
AF'=1 MHz — | =115 | — | dBc/Hz
AF.= 10 MHz — | =130 | — | dBc/Hz

Notes:

on page 75.

1. All specification guaranteed by production'test unless otherwise noted. Production test conditions and max
limits are listed in the "Production Test.Conditions" section on page 75.
2. Guaranteed by qualification. Qualification‘test conditions are listed in the "Production Test Conditions" section
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Table 4.19. Receiver AC Electrical Characteristics?!

Parameter Symbol Test Condition Min Typ Max | Unit
RX Frequency Range Frx 240 — 960 | MHz
RX Sensitivity? PRrx 2 (BER < 0.1%) — | 121 — | dBm
- (2 kbps, GFSK, BT = 0.5,
Af = +5 kHz)3
PRrx 40 (BER < 0.1%) — | -108 | — ( dBm
- (40 kbps, GFSK, BT = 0.5,
Af = +20 kHz)®
PRX 100 (BER < 0.1%) — -104 — dBm
- (100 kbps, GFSK, BT = 0.5,
Af = 50 kHz)3
PRx 125 (BER < 0.1%) — —101 — | dBm
- (125 kbps, GFSK, BT = 0.5,
Af = £62.5 kHz)
PRX 00K (BER < 01%) - —-110 — dBm
- (4.8 kbps, 350 kHz BW, OOK)3
(BER < 0.1%) — -102 — | dBm
(40 kbps, 400 kHz BW, O0QK)?
RX Channel Bandwidth® BW 26 — 620 | kHz
BER Variation vs Power Prx RES Up to +5 dBm Input Level — 0 0.1 ppm
Level® B
LNA Input Impedance? RIN-RX 915'MHz — | 51-60j | — Q
(Unmatched—measured 868 MHz — 54-63j —
differentially across RX 433 MHz — | 89-110j | —
input pins) 315 MHz — 1107-137j| —
RSSI Resolution RESRss) — +0.5 — dB
+1-Ch Offset Selectivi’[y3 C/ly_cH Desired Ref Signal 3 dB above — -31 — dB
+9_ vity3 sensitivity, BER < 0.1%. Interferer [ _ _
+2-Ch Offset Selectlw.t){ X Cllych and desired modulated with 35 dB
> 1£3-Ch Offset Selectivity®|  Gll3.cl, |40 kbps AF = 20 kHz GFSK with BT | — —40 — dB
= 0.5, channel spacing = 150 kHz
Blocking at 1 MHz Offset® | WMg ock | Desired Ref Signal 3dB above | — -52 — | dB
; 3 sensitivity. Interferer and desired _ _ _
Block!ng at4 MHz Offset3 4Mg| ock modulated with 40 kbps AF = 56 dB
Blocking at 8 MHz Offset® | 8Mp| ock 20 kHz GFSK with BT = 0.5 — —63 — dB
Image Rejection® IMRey Rejection at the image frequency. | — -30 — dB
IF=937 kHz
Spurious Emissions® Pos Rx1 Measured at RX pins — — 54 | dBm

Notes:

recommendations.

on page 75.

1. All specification guaranteed by production test unless otherwise noted. Production test conditions and max
limits are listed in the "Production Test Conditions" section on page 75.

2. Receive sensitivity at multiples of 30 MHz may be degraded. If channels with a multiple of 30 MHz are required
it is recommended to shift the crystal frequency. Contact Silicon Labs Applications Support for

3. Guaranteed by qualification. Qualification test conditions are listed in the "Production Test Conditions" section
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Table 4.20. Transmitter AC Electrical Characteristics?!

Parameter Symbol Test Condition Min Typ Max Unit
TX Frequency Range Frx 240 — 960 MHz
FSK Data Rate? DRpgk 0.123| — | 256 | kbps
OOK Data Rate? DRook 0.123 | — 40 | kbps
Modulation Deviation Af1 860-960 MHz 10.625 +320 [ kHz
Af2 240-860 MHz 10.625 +160+, kHz
Modulation Deviation AfRes — | 0.6257%,— kHz
Resolution?
Output Power Range— Prx +1 — +20 | dBm
Si1010/13 Q
Output Power Range— Prx —4 — +13 | dBm
Si1012/3%4/5
TX RF Output Steps? APRr out controlled by txpow[2:0] S 3 — dB
TXRF OUtpUt Level2 APRF TEMP —40 to +85 °C = 2 — dB
Variation vs. Temperature -
TX RF Output Level APRr Freq| Measured across any.one — 1 — dB
Variation vs. Frequency2 B frequeney band
Transmit Modulation B*T Gaussian Filtering Bandwith — 0.5 —
Filtering2 Time
Product
Spurious Emissions? Pos-Tx1 Poyr= 11 dBm, — — -54 | dBm
Frequencies <1 GHz
Pog-Tx2 1-12.75 GHz, excluding — — -54 | dBm
harmonics
Harmonics? Ponarm Using reference design TX — — —42 | dBm
PaHARM matching network and filter _ _ —42 | dBm
with max output power. Har-
monics reduce linearly with
output power.

Notes:
1. All specificationsguaranteed by production test unless otherwise noted. Production test conditions and max
limits are listed in the "Production Test Conditions" section on page 75.
2. Guaranteed by'qualification. Qualification test conditions are listed in the "Production Test Conditions" section
on page 75.
3. Outputspewer is dependent on matching components, board layout, and is measured at the pin.
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Table 4.21. Auxiliary Block Specifications1

Parameter Symbol Test Condition Min Typ Max Unit
Temperature Sensor TS After calibrated via sen- — 0.5 — °C
Accuracy2 sor offset register

tvoffs[7:0]
Temperature Sensor TSg — 5 — mV/°C
Sensitivity?
Low Battery Detector LBDRgs — 50 — mV
Resolution
Low Battery Detector LBDct — 250 — MS
Conversion Time?
Microcontroller Clock Fuve Configurable to 32.768k N 30M Hz
Output Frequency 30 MHz, 15 MHz,
10 MHz, 4 MHz, 3 MHz,
2 MHz, 1 MHz, or
32.768 kHz

General Purpose ADC Res- | ADCgnp — 8 — bit
olution?
General Purpose ADC Bit ADCRgs — 4 — mV/bit
Resolution?
Temp Sensor & General ADCct — 305 — us
Purpose ADC Conversion
Time?
30 MHz XTAL Start-Up time t3om Using XTAL and board — 600 — us

layout in reference

design. Start-up time
will vary with XTAL type

and board layout.
30 MHz XTAL Cap 30MRgs See “23.5.8.Crystal — 97 — fF
Resolution? Oscillator” on page 271

for total load capaci-

tance calculation
32 kHz XTAL StarttUp'Time? |ty — 6 — sec
32 kHz Accuracy using 32KRCRgs — 1000 — ppm
Internal RC.Oseillator?
32 kHz'RC.Oscillator Start- t3okreC — 500 — us
Up
POR Reset Time tpor — 9.5 — ms
Software Reset Time? teoft — 250 — us

Notes:

on page 75.

1. All specification guaranteed by production test unless otherwise noted. Production test conditions and max
limits are listed in the "Production Test Conditions" section on page 75.
2. Guaranteed by qualification. Qualification test conditions are listed in the "Production Test Conditions" section
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Table 4.22. Digital IO Specifications (nIRQ)

Parameter Symbol Test Condition Min Typ Max Unit
Rise Time TRISE 0.1 x VDD to 0.9 x VDD' C|_= 5 pF — — 8 ns
Fall Time TFALL 0.9x VDD to 0.1 x VDD, CL= 5 pF — — 8 ns
Input Capacitance CiN — — 1 pF
Logic High Level Input Vi Vpp—-06| — — A%
Voltage
Logic Low Level Input Vi — 0.6 \
Voltage
Input Current IIN 0<V|N< VDD -100 — 100 nA
Logic High Level Vou lon<1 mA source, Vpp=1.8V | Vpp—-0.6| "— — \
Output Voltage
Logic Low Level VoL loL<1 mA sink, Vpp=1.8 V — — 0.6 \Y,
Output Voltage

Note: All specifications guaranteed by qualification. Qualification test conditionss:are listed in the "Production Test
Conditions" section on page 75.

Table 4.23. GPIO Specifications (GPIO_0, GPIO_1; and GPIO_2)

Parameter Symbol Test Condition Min Typ Max Unit
Rise Time TRlSE 0.1x VDD to 0.9 VDD’ — —_— 8 ns
C_= 10 pF, DRV<1:0>=HH
Fall Time TeaLL 0.9xVpp.to 0.1 x Vpp, — — 8 ns
C,=10 pF, DRV<1:0>=HH

Input Capacitance Cin — — 1 pF

Logic High Level Input Vi Vpp—06| — \

Voltage

Logic Low Level Input Vi — — 0.6 \Y,

Voltage

Input Current N 0<V|n< VDD -100 — 100 nA

Input Current If Pullupis (ITNT=S V=0V 5 — 25 MA

Activated

Maximum Output Current | lomaxLL DRV<1:0>=LL 0.1 0.5 0.8 mA
lomaxLH DRV<1:0>=LH 0.9 23 3.5 mA
lomaxHL DRV<1:0>=HL 1.5 3.1 4.8 mA
lomaxHH DRV<1:0>=HH 1.8 3.6 5.4 mA

Logic High Level Output VoH lon< lomax Source, Vpp—-06| — — \Y

Voltage Vpp=1.8V

Logic Low Level Output VoL loL< lomax SinkK, — — 0.6 \Y,

Voltage Vpp=1.8V

Note: All specifications guaranteed by qualification. Qualification test conditions are listed in the "Production Test
Conditions" section on page 75.
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Table 4.24. Absolute Maximum Ratings

Parameter Value Unit
Vpp to GND -0.3, +3.6 \Y
Instantaneous VRg_peak to GND on TX Output Pin -0.3, +8.0 \Y
Sustained VRf.peak to GND on TX Output Pin -0.3, +6.5 Vv
Voltage on Digital Control Inputs -0.3, Vpp + 0.3 V
Voltage on Analog Inputs -0.3, Vpp + 0.3 V
RX Input Power +10 dBm
Operating Ambient Temperature Range Ty —40 to +85 °C
Thermal Impedance 6 j, 30 °C/W
Junction Temperature T +125 °C
Storage Temperature Range Tgtg =55 to +125 °C

Caution: ESD sensitive device.

Note: Stresses beyond those listed under “Absolute Maximum Ratings” may.cause permanent damage to the
device. These are stress ratings only and functional operation of the device at or beyond these ratings in the
operational sections of the specifications is not implied. Exposure.to absolute maximum rating conditions for
extended periods may affect device reliability. Power Amplifier may be damaged if switched on without proper
load or termination connected. TX matching network design willinfluence TX VRF-peak on TX output pin.

Rev. 1.2

SILICON LABS

74



Si1010/1/2/3/415

4.4. Definition of Test Conditions for the EZRadioPRO Peripheral
Production Test Conditions:

Tp=+425°C

Vpp = +3.3 VDC

Sensitivity measured at 919 MHz

TX output power measured at 915 MHz

External reference signal (XOUT) = 1.0 Vpp at 30 MHz, centered around 0.8 VDC
Production test schematic (unless noted otherwise)

All RF input and output levels referred to the pins of the Si101x (not the RF module)

Qualification Test Conditions:

Tp = —40 to +85 °C
VDD =+1.8to +3.6 VDC

Using 4432, 4431, or 4430 DKDB1 reference design or production test.schematic
All RF input and output levels referred to the pins of the Si101x (not'the RF module)
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5. SAR ADC with 16-Bit Auto-Averaging Accumulator and
Autonomous Low Power Burst Mode

The ADCO on Si1010/1/2/3/4/5 devices is a 300 ksps, 10-bit or 75 ksps, 12-bit successive-approximation-
register (SAR) ADC with integrated track-and-hold and programmable window detector. ADCO also has an
autonomous low power Burst Mode which can automatically enable ADCO, capture and accumulate sam-
ples, then place ADCO in a low power shutdown mode without CPU intervention. It also has a 16-bit accu-
mulator that can automatically oversample and average the ADC results. See Section 5.4 for more-details

on using the ADC in 12-bit mode.

The ADC is fully configurable under software control via Special Function Registers. The ADCQ.opérates in
Single-ended mode and may be configured to measure various different signals using the analog multi-
plexer described in “5.7. ADCO Analog Multiplexer” on page 94. The voltage reference for the ADC is

selected as described in “5.9. Voltage and Ground Reference Options” on page 99.

ADCOCN

ADOEN
BURSTEN
ADOINT

A\ A 4

ADCOTK |—>
ADCOPWR I—»

Burst Mode Logic
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10/12-Bit

VDD
Start

Conversion
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—— Timer 0 Overflow
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T T LL
| w
ol x
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7 t
. . Window
- | T Compare
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?|3|3|2|3|2|E|S| [ADCOLTH|[ADCOLTL |
olo|o|Co|(O|S o
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ADCOCF |ADCOGTH||ADCOGTL |
Figure 5.1. ADCO Functional Block Diagram
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5.1. Output Code Formatting

The registers ADCOH and ADCOL contain the high and low bytes of the output conversion code from the
ADC at the completion of each conversion. Data can be right-justified or left-justified, depending on the
setting of the ADOSJST[2:0]. When the repeat count is set to 1, conversion codes are represented as 10-
bit unsigned integers. Inputs are measured from 0 to VREF x 1023/1024. Example codes are shown below
for both right-justified and left-justified data. Unused bits in the ADCOH and ADCOL registers are set to O«

Left-Justified ADCOH:ADCOL

Input Voltage

Right-Justified ADCOH:ADCOL
(ADOSJST = 000)

(ADOSJST = 100)

VREF x 1023/1024 O0x03FF OxFFCO
VREF x 512/1024 0x0200 0x8000
VREF x 256/1024 0x0100 0x4000
0 0x0000 0x0000

When the repeat count is greater than 1, the output conversion code represents the accumulated result of
the conversions performed and is updated after the last conversion in the series is finished. Sets of 4, 8,
16, 32, or 64 consecutive samples can be accumulated and represented in unsigned integer format. The
repeat count can be selected using the ADORPT bits in the ADCOAC register. When a repeat count higher
than 1, the ADC output must be right-justified (ADOSJST = 0xx);unused bits in the ADCOH and ADCOL
registers are set to 0. The example below shows the right-justified result for various input voltages and

repeat counts. Notice that accumulating 2" samples is equivalent to left-shifting by n bit positions when all
samples returned from the ADC have the same value.

Input Voltage Repeat Count =4 Repeat Count = 16 Repeat Count = 64
VRer X 1023/1024 | 0xOFFC 0x3FFO OxFFCO
VRer X 512/1024 | 0x0800 0x2000 0x8000
VRrer X 511/1024 0x07FC 0x1FFO 0x7FCO
0 0x0000 0x0000 0x0000

The ADOSJST bits can be used to fermat the contents of the 16-bit accumulator. The accumulated result
can be shifted right by 1, 2, or.3 bit'positions. Based on the principles of oversampling and averaging, the
effective ADC resolution increases by 1 bit each time the oversampling rate is increased by a factor of 4.
The example below shows how,to increase the effective ADC resolution by 1, 2, and 3 bits to obtain an
effective ADC resolution of,11-bit, 12-bit, or 13-bit respectively without CPU intervention.

Input Voltage Repeat Count =4 Repeat Count = 16 Repeat Count = 64
Shift Right =1 Shift Right = 2 Shift Right =3
11-Bit Result 12-Bit Result 13-Bit Result
VReF x/1023/1024 | 0x07F7 OxOFFC Ox1FF8
VReg x 512/1024 | 0x0400 0x0800 0x1000
Vrer X'511/1024 | OxO3FE 0x04FC OxOFF8
0 0x0000 0x0000 0x0000
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5.2. Modes of Operation

ADCO has a maximum conversion speed of 300 ksps in 10-bit mode. The ADCO conversion clock (SAR-
CLK) is a divided version of the system clock when Burst Mode is disabled (BURSTEN = 0), or a divided
version of the low power oscillator when Burst Mode is enabled (BURSEN = 1). The clock divide value is
determined by the ADOSC bits in the ADCOCF register.

5.2.1. Starting a Conversion

A conversion can be initiated in one of five ways, depending on the programmed states of the ADCO Start
of Conversion Mode bits (ADOCM2-0) in register ADCOCN. Conversions may be initiated by one of thefol-
lowing:

1. Writing a 1 to the ADOBUSY bit of register ADCOCN

2. A Timer 0 overflow (i.e., timed continuous conversions)
3. A Timer 2 overflow

4. A Timer 3 overflow

5. Arising edge on the CNVSTR input signal (pin P0.6)

Writing a 1 to ADOBUSY provides software control of ADCO whereby conversions are performed "on-
demand". During conversion, the ADOBUSY bit is set to logic 1 and resettorlogic 0 when the conversion is
complete. The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt
flag (ADOINT). When polling for ADC conversion completions, the ADCO interrupt flag (ADOINT) should be
used. Converted data is available in the ADCO data registers,/ADCOH:ADCOL, when bit ADOINT is logic 1.
When Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte overflows are used if
Timer 2/3 is in 8-bit mode; High byte overflows are used if Timer 2/3 is in 16-bit mode. See “26. Timers” on
page 338 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR.input pin also functions as Port pin P0.6. When the
CNVSTR input is used as the ADCO conversion.source, Port pin P0.6 should be skipped by the Digital
Crossbar. To configure the Crossbar to skip P0.6; set to 1 Bit 6 in register POSKIP. See “21. Port Input/Out-
put” on page 220 for details on Port I/O configuration.

Important Note: When operating the.device in one-cell mode, there is an option available to automatically
synchronize the start of conversion with the quietest portion of the dc-dc converter switching cycle. Activat-
ing this option may help to reducetinterference from internal or external power supply noise generated by
the dc-dc converter. Asserting this bit will hold off the start of an ADC conversion initiated by any of the
methods described abovesuntil. the ADC receives a synchronizing signal from the dc-dc converter. The
delay in initiation of thesconversion can be as much as one cycle of the dc-dc converter clock, which is
625 ns at the minimum-dc-de clock frequency of 1.6 MHz. The synchronization feature also causes the dc-
dc converter clock/to be used as the ADCO conversion clock. The maximum conversion rate will be limited
to approximately*170.ksps at the maximum dc-dc converter clock rate of 3.2 MHz. In this mode, the ADCO
SAR Conversion Clock Divider must be set to 1 by setting ADOSC[4:0] = 00000b in SFR register ADCOCF.
To provide‘additional flexibility in minimizing noise, the ADCO conversion clock provided by the dc-dc con-
verter can be.inverted by setting the ADOCKINV bit in the DCOCF register. For additional information on the
synchronization feature, see the description of the SYNC bit in “SFR Definition 16.1. DCOCN: DC-DC
Converter Control” on page 182 and the description of the ADOCKINV bit in “SFR Definition 16.2. DCOCF:
DC-DC Converter Configuration” on page 183. This bit must be set to 0 in two-cell mode for the ADC to
operate.
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5.2.2. Tracking Modes

Each ADCO conversion must be preceded by a minimum tracking time in order for the converted result to
be accurate. The minimum tracking time is given in Table 4.10. The ADOTM bit in register ADCOCN con-
trols the ADCO track-and-hold mode. In its default state when Burst Mode is disabled, the ADCO input is
continuously tracked, except when a conversion is in progress. When the ADOTM bit is logic 1, ADCO
operates in low-power track-and-hold mode. In this mode, each conversion is preceded by a tracking
period of 3 SAR clocks (after the start-of-conversion signal). When the CNVSTR signal is used to“initiate
conversions in low-power tracking mode, ADCO tracks only when CNVSTR is low; conversion begins,on
the rising edge of CNVSTR (see Figure 5.2). Tracking can also be disabled (shutdown) when the device is
in low power standby or sleep modes. Low-power track-and-hold mode is also useful when AMUX settings
are frequently changed, due to the settling time requirements described in “5.2.4. SettlingyTime Require-
ments” on page 82.

CNVSTR
(ADOCM[2:0]=100)

A. ADCO Timing for External Trigger.Source

123 4567 891011121314

SAR Clocks | |
ADOTM=1 | LoW Power | ok Convert Low Power
or Convert Mode
ADOTM=0 Track or Convert Convert Track

Write '1' to ADOBUSY,
Timer 0, Timer 2,

(ADOCM[2:0]=000, 001,010

B. ADCO Timing for Internal Trigger Source

Timer 1, Timer 3 Overflow = —4& |_|

011, 101)

SAR
Clocks

ADOTM=1

SAR
Clocks

ADOTM=0

123 456 7 8 91011121314151617

%
)

Low Power

or Convert Track

Convert

Low Power Mode

123 4567 8 91011121314

I

Track or
Convert

Convert

Track

Figure 5.2. 10-Bit ADC Track and Conversion Example Timing (BURSTEN = 0)
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5.2.3. Burst Mode

Burst Mode is a power saving feature that allows ADCO to remain in a low power state between conver-
sions. When Burst Mode is enabled, ADCO wakes from a low power state, accumulates 1, 4, 8, 16, 32, or
64 using an internal Burst Mode clock (approximately 20 MHz), then re-enters a low power state. Since the
Burst Mode clock is independent of the system clock, ADCO can perform multiple conversions then enter a
low power state within a single system clock cycle, even if the system clock is slow (e.g. 32.768 kHz), or
suspended.

Burst Mode is enabled by setting BURSTEN to logic 1. When in Burst Mode, ADOEN controls the ADCO
idle power state (i.e. the state ADCO enters when not tracking or performing conversions). If ADOEN is set
to logic 0, ADCO is powered down after each burst. If ADOEN is set to logic 1, ADCO remains enabled after
each burst. On each convert start signal, ADCO is awakened from its Idle Power State.df ADCOis‘powered
down, it will automatically power up and wait the programmable Power-Up Time“controlled by the
ADOPWR bits. Otherwise, ADCO will start tracking and converting immediately. Figure 5.3 shows an exam-
ple of Burst Mode Operation with a slow system clock and a repeat count of 4.

When Burst Mode is enabled, a single convert start will initiate a number of conversions equal to the repeat
count. When Burst Mode is disabled, a convert start is required to initiate.each’conversion. In both modes,
the ADCO End of Conversion Interrupt Flag (ADOINT) will be set after “repeat count” conversions have
been accumulated. Similarly, the Window Comparator will not compare the result to the greater-than and
less-than registers until “repeat count” conversions have been accumulated.

In Burst Mode, tracking is determined by the settings in ADOPWR, and ADOTK. The default settings for
these registers will work in most applications without modification; however, settling time requirements may
need adjustment in some applications. Refer to “5.2.4. Settling Time Requirements” on page 82 for more
details.

Notes:
m Setting ADOTM to 1 will insert an additional 3/SAR clocks of tracking before each conversion,
regardless of the settings of ADOPWR and"ADOTK.

m  When using Burst Mode, care must be.taken 10 issue a convert start signal no faster than once every
four SYSCLK periods. This includesiexternal convert start signals.

m A rising edge of external start-of-conversion (CNVSTR) will cause only one ADC conversion in Burst
Mode, regardless of the value.of the Repeat Count field. The end-of-conversion interrupt will occur after
the number of conversions specified in Repeat Count have completed. In other words, if Repeat Count
is set to 4, four pulses on‘CNVSTR will cause an ADC end-of-conversion interrupt. Refer to the bottom
portion of Figure 5.3, “Burst Mode Tracking Example with Repeat Count Set to 4” for an example.

m To start multiple conversions in Burst Mode with one external start-of-conversion signal, the external
interrupts (/INTQ"Or/INT 1) or Port Match can be used to trigger an ISR that writes to ADOBUSY.
External interrupts are configurable to be active low or active high, edge or level sensitive, but is only
available on a limited number of pins. Port Match is only level-sensitive but is available on more port
pins than'the'external interrupts. Refer to “12.6.External Interrupts INTO and INT1” on page 144 for
details on external interrupts and “21.4.Port Match” on page 229 for details on Port Match.
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System Clock

(ADOBUSY or Timer ———»

Convert Start
Overflow) ] ]

Post-Tracking

ADOTM = 01 Powered Power-Up Teltleltleltlc Powered Power<Up Tl
ADOEN = 0 Down and Idle Down and Idie

Dual-Tracking
ADOTM = 11 Powered Power-Up Tieltleltleltlc Powered Power-Up Tlc.
ADOEN = 0 Down and Track Down and Track

“«ADOPWR >

Post-Tracking
ADOTM = 01 Idle T C|T[C|T|C|T|C Idle TIC|T|[C|T|C.
ADOEN =1

Dual-Tracking
ADOTM = 11 Track T C|T[C|[T|C|T|C Track TIC|T|[C|T|C.
ADOEN =1

T = Tracking
C = Converting

Convert Start
(CNVSTR)

Post-Traclqng Powered Power<Up Powered Power-Up
ADOTM = 01 T| C T|C..
ADOEN = 0 Down and-ldle Down and Idle

DuaI-Tracl_<|ng Powered Power-Up Powered Power-Up
ADOTM = 11 T| C T|C..
ADOEN = 0 Down and Track Down and Track

<ADOPWR >

Post-Tracking
ADOTM= 01 Idle T| C Idle T|I C Idle..
ADOEN =+

Dual-Tracking
ADOTM = 11 Track T| C Track T| C Track..
ADOEN =1

T = Tracking
C = Converting

Figure 5.3. Burst Mode Tracking Example with Repeat Count Set to 4

81 Rev. 1.2

SILICON LABS



Si1010/1/2/3/415

5.2.4. Settling Time Requirements

A minimum amount of tracking time is required before each conversion can be performed, to allow the
sampling capacitor voltage to settle. This tracking time is determined by the AMUXO resistance, the ADCO
sampling capacitance, any external source resistance, and the accuracy required for the conversion. Note
that in low-power tracking mode, three SAR clocks are used for tracking at the start of every conversion.
For many applications, these three SAR clocks will meet the minimum tracking time requirements, and
higher values for the external source impedance will increase the required tracking time.

Figure 5.4 shows the equivalent ADCO input circuit. The required ADCO settling time for a given’settling
accuracy (SA) may be approximated by Equation 5.1. When measuring the Temperature Sensor, output or
Vpp Wwith respect to GND, Rygra. reduces to Ryyx. See Table 4.10 for ADCO minimum (settling time

requirements as well as the mux impedance and sampling capacitor values.

2n
t= In(S_A) x RroTaLCsampLE

Equation 5.1. ADCO Settling Time Requirements

Where:

SA is the settling accuracy, given as a fraction of an LSB (for example, 0.25 to settle within 1/4 LSB)
tis the required settling time in seconds

RtoTaL is the sum of the AMUXO resistance and any external‘source resistance.

n is the ADC resolution in bits (10).

MUX Select

!

Pox Do e AAN\——

Rmux

— CSAMF’LE

RCInput= Rmux * CsampLE =

Note: Thewalue of CSAMPLE depends on the PGA Gain. See Table 4.10 for details.

Figure 5.4. ADCO Equivalent Input Circuits

5.2.5. Gain.Setting

The ADC has gain settings of 1x and 0.5x. In 1x mode, the full scale reading of the ADC is determined
directlyby. Vrer. In 0.5x mode, the full-scale reading of the ADC occurs when the input voltage is Vggp X 2.
The 0.5x gain setting can be useful to obtain a higher input Voltage range when using a small Vrgg volt-
age, or to measure input voltages that are between Vggr and Vpp. Gain settings for the ADC are con-
trolled by the AMPOGN bit in register ADCOCF.
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5.3. 8-Bit Mode

Setting the ADCO8BE bit in register ADCOCF to 1 will put the ADC in 8-bit mode.In 8-bit mode, only the
8 MSBs of data are converted, allowing the conversion to be completed in two fewer SAR clock cycles
than a 10-bit conversion. This can result in an overall lower power consumption since the system can
spend more time in a low power mode. The two LSBs of a conversion are always 00 in this mode, and the
ADCOL register will always read back 0x00.

5.4. 12-Bit Mode

Si1010/1/2/3/4/5 devices have an enhanced SAR converter that provides 12-bit resolution while retaining
the 10- and 8-bit operating modes of the other devices in the family. When configured for 12-bit.conver-
sions, the ADC performs four 10-bit conversions using four different reference voltages/and,combines the
results into a single 12-bit value. Unlike simple averaging techniques, this method provides true 12-bit res-
olution of ac or dc input signals without depending on noise to provide dithering. The, converter also
employs a hardware Dynamic Element Matching algorithm that reconfigures the largest elements of the
internal DAC for each of the four 10-bit conversions to cancel the any matching errors, enabling the con-
verter to achieve 12-bit linearity performance to go along with its 12-bit resolution*For best performance,
the Low Power Oscillator should be selected as the system clock source while‘taking 12-bit ADC measure-
ments.

The 12-bit mode is enabled by setting the AD012BE bit (ADCOAC.7) to legic 1 and configuring Burst Mode
for four conversions as described in Section 5.2.3. The conversion can be initiated using any of the meth-
ods described in Section 5.2.1, and the 12-bit result will appear in,the ADCOH and ADCOL registers. Since
the 12-bit result is formed from a combination of four 10-bitiresults, the maximum output value is 4 x (1023)
= 4092, rather than the max value of (2*12 — 1) = 4095 that is\produced by a traditional 12-bit converter. To
further increase resolution, the burst mode repeat value,may be configured to any multiple of four conver-
sions. For example, if a repeat value of 16 is selected, the ADCO output will be a 14-bit number (sum of
four 12-bit numbers) with 13 effective bits of resolution.

5.5. Low Power Mode

The SAR converter provides a low powerimode that allows a significant reduction in operating current
when operating at low SAR clock frequencies. Low power mode is enabled by setting the ADOLPM bit
(ADCOPWR.7) to 1. In general, low power mode is recommended when operating with SAR conversion
clock frequency at 4 MHz or less. Seerthe Electrical Characteristics chapter for details on power consump-
tion and the maximum clock_ frequencies allowed in each mode. Setting the Low Power Mode bit reduces
the bias currents in both the,SAR converter and in the High-Speed Voltage Reference. Table 5.1 describes
the various modes of thetADC:
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Table 5.1. Representative Conversion Times and Energy Consumption for the SAR ADC
with 1.65V High-Speed VREF

Normal Power Mode

Low Power Mode

8 bit 10 bit 12 bit 8 bit 10 bit 12 bit
8.17 4.08 4.08
Highest nominal SAR 8.17MHz MHz 6.67 MHz MHz MHz 4.00 MHz
clock frequency (24.5/3) | (24.5/3) (20.0/ 3) (245/6) | (24.5/6) (20.0./°5)
Total number of
conversion clocks 52 52
required 11 13 (13*4) 11 13 (13*4)
4.8 us 4.8 us

Total tracking time (min) 1.5us 1.5us (1.5+3*1.1) 1.5us 1.5us (1.5+3*1.1)
Total time for one
conversion 2.85 us 3.09 us 12.6 us 4.19,us 4.68 us 17.8 us
ADC Throughput 351 ksps | 323 ksps 79 ksps 238 ksps | 214 ksps 56 ksps
Energy per conversion 8.2nJ 8.9nJ 36.5 nd 6.5 nJ 7.3nd 27.7nd

Note: This table assumes that the 24.5 MHz precision oscillator is used for 8- and 10-bit modes, and the 20 MHz low
power oscillator is used for 12-bit mode. The values in the table.assume that the oscillators run at their nominal
frequencies. The maximum SAR clock values giveniin Table'4.10 allow for maximum oscillation frequencies of
25.0 MHz and 22 MHz for the precision and low-poweroscillators, respectively, when using the given SAR
clock divider values. Energy calculations are for the ) ADC subsystem only and do not include CPU current.
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SFR Definition 5.1. ADCOCN: ADCO Control

Bit 7 6 5 4 3 2 1 0
Name | ADOEN |[BURSTEN| ADOINT |ADOBUSY | ADOWINT ADCOCM
Type R/W R/W R/W w R/W R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxES8; bit-addressable;
Bit Name Function
7 ADOEN ADCO Enable.
0: ADCO Disabled (low-power shutdown).
1: ADCO Enabled (active and ready for data conversions).
6 BURSTEN |ADCO Burst Mode Enable.
0: ADCO Burst Mode Disabled.
1: ADCO Burst Mode Enabled.
5 ADOINT ADCO Conversion Complete Intefrupt Flag.
Set by hardware upon completion of a,data conversion (BURSTEN=0), or a burst
of conversions (BURSTEN=1). Can trigger an interrupt. Must be cleared by soft-
ware.
4 ADOBUSY |ADCO Busy.
Writing 1 to this bit initiates an ADC conversion when ADCOCM][2:0] = 000.
3 ADOWINT |ADCO Window Compare Interrupt Flag.
Set by hardware, when the contents of ADCOH:ADCOL fall within the window speci-
fied by ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL. Can trigger an interrupt.
Must be cleared by software.
2:0 | ADCOCMI[2:0] | ADCO Start'of Conversion Mode Select.
Specifies the ADCO start of conversion source.
000: ADCO conversion initiated on write of 1 to ADOBUSY.
001: ADCO conversion initiated on overflow of Timer 0.
010: ADCO conversion initiated on overflow of Timer 2.
011: ADCO conversion initiated on overflow of Timer 3.
1xx: ADCO conversion initiated on rising edge of CNVSTR.
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SFR Definition 5.2. ADCOCF: ADCO Configuration

Bit 7 6 5 4 3 2 1 0
Name ADOSCI4:0] ADO8BE | ADOTM | AMPOGN
Reset 1 1 1 1 1 0 0 0

SFR Page = 0x0; SFR Address = 0xBC
Bit Name Function
7:3 | ADOSC[4:0] | ADCO SAR Conversion Clock Divider.
SAR Conversion clock is derived from FCLK by the following.equation, where
ADOSC refers to the 5-bit value held in bits ADOSC[4:0]. SAR Conversion clock
requirements are given in Table 4.10.
BURSTEN = 0: FCLK is the current system clock:
BURSTEN = 1: FCLK is the 20 MHz low power oscillator, independent of the system
clock.
ADOSC e H _ l *
*Round the result up.
or
FCLK
CLK =
SAR (TRADOSC +1
2 ADO8SBE |ADCO 8-Bit Mode Enable.
0:"'ADCO operates in 10-bit mode (normal operation).
1:/ADCO operates in 8-bit mode.
1 ADOTM ADCO Track Mode.
Selects between Normal or Delayed Tracking Modes.
0: Normal Track Mode: When ADCO is enabled, conversion begins immediately fol-
lowing the start-of-conversion signal.
1: Delayed Track Mode: When ADCO is enabled, conversion begins 3 SAR clock
cycles following the start-of-conversion signal. The ADC is allowed to track during
this time.
0 AMPOGN |ADCO Gain Control.
0: The on-chip PGA gain is 0.5.
1: The on-chip PGA gain is 1.
) Rev. 1.2 86
SILICON LABS



Si1010/1/2/3/415

SFR Definition 5.3. ADCOAC: ADCO Accumulator Configuration

Bit 7 6 5 4 3 2 1 0
Name | AD012BE | ADOAE ADOSJST ADORPT
Type R/W w R/W R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxBA
Bit Name Function
7 ADO12BE |ADCO 12-Bit Mode Enable.

Enables 12-bit Mode.
0: 12-bit Mode Disabled.
1: 12-bit Mode Enabled.

6 ADOAE ADCO Accumulate Enable.

Enables multiple conversions to be accumulated when burst mode is disabled.
0: ADCOH:ADCOL contain the result of the latest conversion when Burst Mode is
disabled.

1: ADCOH:ADCOL contain the accumulated conversion results when Burst Mode
is disabled. Software must write. 0x0000 to ADCOH:ADCOL to clear the accumu-
lated result.

This bit is write-only, Alwaysireads 0b.

5:3 | ADOSJST[2:0] | ADCO Accumulator Shift and Justify.

Specifies the format of data read from ADCOH:ADCOL.
000: Right justified. No shifting applied.

001: Rightjustified. Shifted right by 1 bit.

010: Rightjustified. Shifted right by 2 bits.

011¢ Right justified. Shifted right by 3 bits.

100: Left justified. No shifting applied.

All remaining bit combinations are reserved.

2:0 ADORPT]2:0], | ADCO Repeat Count.

Selects the number of conversions to perform and accumulate in Burst Mode.
This bit field must be set to 000 if Burst Mode is disabled.

000: Perform and Accumulate 1 conversion.

001: Perform and Accumulate 4 conversions.

010: Perform and Accumulate 8 conversions.

011: Perform and Accumulate 16 conversions.

100: Perform and Accumulate 32 conversions.

101: Perform and Accumulate 64 conversions.

All remaining bit combinations are reserved.
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SFR Definition 5.4. ADCOPWR: ADCO Burst Mode Power-Up Time

Bit 7 6 5 4 3 2 1 0
Name | ADOLPM ADOPWR[3:0]
Type | RW R R R RIW
Reset 0 1 1 1 1
SFR Page = 0xF; SFR Address = 0xBA
Bit Name Function
7 ADOLPM ADCO Low Power Mode Enable.
Enables Low Power Mode Operation.
0: Low Power Mode disabled.
1: Low Power Mode enabled.
6:4 Unused Read = 0000b; Write = Don’t Care.
3:0 | ADOPWR[3:0] | ADCO Burst Mode Power-Up Time.

Sets the time delay required for ADCO to power up from a low power state.
For BURSTEN = 0:
ADCO power state controlled by ADOEN.
For BURSTEN = 1 and ADOEN =1
ADCO remains enabled and does not enter a low power state after
all conversions are complete.
Conversions can begin immediately following the start-of-conversion signal.
For BURSTEN =/ and*ADOEN = 0:
ADCO enters a low power state (as specified in Table 5.1) after all
conversionsare complete.
Conversions can begin a programmed delay after the start-of-conversion signal.

The"ADCO Burst Mode Power-Up time is programmed according to the following
equation:

ADOPWR = 1startup
400ns
or
Tstartup = (ADOPWR + 1)400ns

Note: Setting ADOPWR to 0x04 provides a typical tracking time of 2 us for the first
sample taken after the start of conversion.
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SFR Definition 5.5. ADCOTK: ADCO Burst Mode Track Time

Bit 7 6 5 4 3 2 0
Name | Reserved ADOTK[5:0]
Reset 0 0 1 1 1 0
SFR Page = 0xF; SFR Address = 0xBD
Bit Name Function
7:6 | Reserved |Read = 0b; Write = Must Write Ob.
6 Unused Read = 0b; Write = Don’t Care.
5:0 | ADOTK][5:0] |ADCO Burst Mode Track Time.
Sets the time delay between consecutive conversions performed in Burst Mode.
The ADCO Burst Mode Track time is programmed according to the following equa-
tion:
ADOTK = 63 - (12 _g]
50ns
or
Notes:

1. If ADOTM is set to 1, an additionalk3 SAR clock cycles of Track time will be inserted prior to starting the

conversion.
2. The Burst Mode Track delay’isynotiinserted prior to the first conversion. The required tracking time for the first

conversion should be met by, the'Burst Mode Power-Up Time.
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SFR Definition 5.6. ADCOH: ADCO Data Word High Byte

Byte.

16-bit ADCO Accumulator
formatted according to the
settings in ADOSJST[2:0].

Bit 7 6 5 4 3 2 1 0
Name ADCO0[15:8]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxBE
Bit Name Description Read Write
7:0 | ADCO[15:8] | ADCO Data Word High Most Significant Byte of the | Set.the most significant

byte ofthe 16-bit ADCO
Accumulator to the value
written.

Note: If Accumulator shifting is enabled, the most significant bits of the value,read will be zeros. This register
should not be written when the SYNC bit is set to 1.

SFR Definition 5.7. ADCOL: ADCO Data Werd Low Byte

Byte.

16-bit ADCO Accumulator
formatted according to the
settings in ADOSJST[2:0].

Bit 7 6 5 4 3 2 1 0
Name ADCO[7:0]
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address.= 0xBD;
Bit Name Description Read Write
7:0 | ADCO[7:0] |ADCO Data Word Low Least Significant Byte of the | Set the least significant

byte of the 16-bit ADCO
Accumulator to the value
written.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be the least significant bits of

the ‘accumulator high byte. This register should not be written when the SYNC bit is set to 1.
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5.6. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADCO output registers to user-pro-
grammed limits, and notifies the system when a desired condition is detected. This is especially effective in
an interrupt-driven system, saving code space and CPU bandwidth while delivering faster system
response times. The window detector interrupt flag (ADOWINT in register ADCOCN) can also be used in
polled mode. The ADCO Greater-Than (ADCOGTH, ADCOGTL) and Less-Than (ADCOLTH, ADCOLTL)
registers hold the comparison values. The window detector flag can be programmed to indicate when mea-
sured data is inside or outside of the user-programmed limits, depending on the contents of thesADCO
Less-Than and ADCO Greater-Than registers.

SFR Definition 5.8. ADCOGTH: ADCO Greater-Than High Byte

Bit 7 6 5 4 3 2 1 0
Name ADOGT[15:8]
Reset 1 1 1 1 1 1 1 1

Bit

Name

SFR Page = 0x0; SFR Address = 0xC4

Function

7:0

ADOGTI[15:8]

ADCO Greater-Than High Byte.
Most Significant Byte of the=16-bit'Greater-Than window compare register.

SFR Definition 5.9. ADCOGTL: ADCO Greater-Than Low Byte

Bit 7 6 5 4 3 2 1 0
Name ADOGT][7:0]
Reset 1 1 1 1 1 1 1 1

SFR Page = 0x0; SFR Address = 0xC3

Bit

Name

Function

7:0

ADOGTI[7:0]

ADCO Greater-Than Low Byte.
Least Significant Byte of the 16-bit Greater-Than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.
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SFR Definition 5.10. ADCOLTH: ADCO Less-Than High Byte

Bit 7 6 5 4 3 2 1 0
Name ADOLT[15:8]
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xC6
Bit Name Function
7:0 | ADOLT[15:8] | ADCO Less-Than High Byte.

Most Significant Byte of the 16-bit Less-Than window compare register.

SFR Definition 5.11. ADCOLTL: ADCO Less-Than Low Byte

Least Significant Byte of the 16-bit Less-Than window compare register.

Bit 7 6 5 4 3 2 1 0
Name ADOLT[7:0]
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xC5
Bit Name Function
7:0 | ADOLT[7:0] |ADCO Less<Than Low Byte.

Note: In 8-bit mode, this register,should be set to 0x00.

SILICON LABS
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5.6.1. Window Detector In Single-Ended Mode

Figure 5.5 shows two example window comparisons for right-justified data, with
ADCOLTH:ADCOLTL = 0x0080 (128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). The input voltage can
range from 0 to VREF x (1023/1024) with respect to GND, and is represented by a 10-bit unsigned integer
value. In the left example, an ADOWINT interrupt will be generated if the ADCO conversion word
(ADCOH:ADCOL) is within the range defined by ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL
(if 0x0040 < ADCOH:ADCOL < 0x0080). In the right example, and ADOWINT interrupt will be generated if
the ADCO conversion word is outside of the range defined by the ADCOGT and ADCOLT registers
(if ADCOH:ADCOL < 0x0040 or ADCOH:ADCOL > 0x0080). Figure 5.6 shows an example using (left<justi-
fied data with the same comparison values.

ADCOH:ADCOL ADCOH:ADCOL

Input Voltage A Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/1024) 0x03FF VREF x (1023/1024)
ADOWINT _
not affected ADOWINT=1
0x0081
VREF x (128/1024) 0x0080 4—' ADCOLTH:ADCOLTL | VREF x (128/1024) 0x0080 4—' ADCOGTH:ADCOGTL |
""""""""""""""""" 0x007F
ADOWINT=" notaffecied
__________________________________ 0x0041
VREF x (64/1024) 0x0040 <—| ADCOGTH:ADCOGTL | VREF x(64/1024) 0x0040 <—| ADCOLTH:ADCOLTL |
0x003F
ADOWINT ADOWINT=1
not affected
0 0x0000

Figure 5.5. ADC Window Compare Example: Right-Justified Single-Ended Data

ADCOH:ADCOL

Input Voltage A Input Voltage
(Px.x - GND) (Px.x - GND)

ADCOH:ADCOL

VREF x (1023/1024) OxFFCO VREF x (1023/1024)
ADOWINT _
not affected ADOWINT=1
0x2040
VREF x (128/1024) 0x2000 4—' ADCOLTH:ADCOLTL | VREF x (128/1024) 0x2000 4—' ADCOGTH:ADCOGTL |
"""""""""""""""" R 0x1FCO
ADOWINT=" not affeced
. N B 0x1040
VREF x (64/1024) 0x1000 4—' ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000 4—' ADCOLTH:ADCOLTL |
0xOFCO
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 5.6. ADC Window Compare Example: Left-Justified Single-Ended Data

5.6.2. ADCO Specifications
See “4. Electrical Characteristics” on page 43 for a detailed listing of ADCO specifications.
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5.7. ADCO Analog Multiplexer
ADCO on Si1010/1/2/3/4/5 has an analog multiplexer, referred to as AMUXO.

AMUXO selects the positive inputs to the single-ended ADCO. Any of the following may be selected as the
positive input: Port 1/O pins, the on-chip temperature sensor, the VBAT Power Supply, Regulated Digital
Supply Voltage (Output of VREGO0), VDD/DC+ Supply, or the positive input may be connected to GND. The
ADCO input channels are selected in the ADCOMX register described in SFR Definition 5.12.

ADOMX4 8
ADOMX3 g
ADOMX2 [ 5¢

ADOMX1
AMOMXO0

F|

PO.OX—>|
o
[
L4 Programmable
° Attenuator
g AN+
@ P16*R—» AMUX > ADCO
Temp
Sensor ‘ .
VBAT Gain=0.5 or1

Digital Supply
VDD_MCU/DC+

*P1.0 — P1.3 are not
available as device pins

Figure 5.7. ADCO Multiplexer Block Diagram

Important Note About ADCO Input Configuration: Port pins selected as ADCO inputs should be config-
ured as analog inputs, and should be skipped by the Digital Crossbar. To configure a Port pin for analog
inputysset to/0 the corresponding bit in register PnMDIN and disable the digital driver (PnMDOUT = 0 and
Port Latch = 1). To force the Crossbar to skip a Port pin, set to 1 the corresponding bit in register PnSKIP.
See Section “21. Port Input/Output” on page 220 for more Port I/O configuration details.
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SFR Definition 5.12. ADCOMX: ADCO Input Channel Select

Bit 7 6 5 4 3 2 1 0
Name ADOMX
Type R R R R/W R/W R/W R/W R/IW
Reset 1 1 1 1 1

SFR Page = 0x0; SFR Address = 0xBB

Bit Name Function
7:5 | Unused |Read = 000b; Write = Don’t Care.
4:0 | ADOMX |AMUXO Positive Input Selection.
Selects the positive input channel for ADCO.
00000: PO0.0 10000: Reserved.
00001: PO.1 10001: Reserved.
00010: P0.2 10010; Reserved.
00011: PO0.3 10011: Reserved.
00100: PO0.4 10100: Reserved.
00101: PO0.5 10101: Reserved.
00110: PO0.6 10110: Reserved.
00111: PO0.7 10111: Reserved.
01000: Reserved 11000: Reserved.
01001: Reserved 11001: Reserved.
01010: Reserved 11010: Reserved.
01011; Reserved 11011: Temperature Sensor*
01100: P1.4 11100: VBAT Supply Voltage
01101: P15 (0.9-1.8 V) or (1.8-3.6 V)
01110: P1.6 11101: Digital Supply Voltage
01111 Reserved, (VREGO Output, 1.7 V Typical)
11110: VDD_MCU/DC+ Supply Volt-
age (1.8-3.6 V)
11111: Ground
*Note: Before switching the ADC multiplexer from another channel to the temperature sensor, the ADC mux should
select the “Ground” channel as an intermediate step. The intermediate “Ground” channel selection step will
discharge any voltage on the ADC sampling capacitor from the previous channel selection. This will prevent
the possibility of a high voltage (> 2 V) being presented to the temperature sensor circuit, which can otherwise
impact its long-term reliability.
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5.8. Temperature Sensor

An on-chip temperature sensor is included on the Si1010/1/2/3/4/5 which can be directly accessed via the
ADC multiplexer in single-ended configuration. To use the ADC to measure the temperature sensor, the
ADC mux channel should select the temperature sensor. The temperature sensor transfer function is
shown in Figure 5.8. The output voltage (V1emp) is the positive ADC input when the ADC multiplexer is set

correctly. The TEMPE bit in register REFOCN enables/disables the temperature sensor, as describedsin
SFR Definition 5.15. While disabled, the temperature sensor defaults to a high impedance state and, any
ADC measurements performed on the sensor will result in meaningless data. Refer to Table 4.11°for the
slope and offset parameters of the temperature sensor.

Important Note: Before switching the ADC multiplexer from another channel to the temperature sensor, the ADC mux
should select the “Ground” channel as an intermediate step. The intermediate®“Ground” channel
selection step will discharge any voltage on the ADC sampling capacitor from the previous channel
selection. This will prevent the possibility of a high voltage (>2 V) being presented toithe temperature
sensor circuit, which can otherwise impact its long-term reliability.

Vtemp = Slope x (Tempc- 25) +Offset

Tempc = 25 + (V1emp - Offset)'/.Slope

.:I Slope (V / deg O

Voltage

< Offset( V at 25 Celsius)

L]

Temperature
Figure 5.8. Temperature Sensor Transfer Function

5.8.1. Calibration

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature mea-
surements (see Table 4.11 for linearity specifications). For absolute temperature measurements, offset
and/or gain calibration is recommended. Typically a 1-point (offset) calibration includes the following steps:
1. Control/measure the ambient temperature (this temperature must be known).

2. Power the device, and delay for a few seconds to allow for self-heating.

3. Perform an ADC conversion with the temperature sensor selected as the positive input and GND
selected as the negative input.
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4. Calculate the offset characteristics, and store this value in non-volatile memory for use with subsequent
temperature sensor measurements.

Figure 5.9 shows the typical temperature sensor error assuming a 1-point calibration at 25 °C. Parame-
ters that affect ADC measurement, in particular the voltage reference value, will also affect tem-
perature measurement.

A single-point offset measurement of the temperature sensor is performed on each device during produc-
tion test. The measurement is performed at 25 °C 5 °C, using the ADC with the internal high speedsrefer-
ence buffer selected as the Voltage Reference. The direct ADC result of the measurement is stored«in the
SFR registers TOFFH and TOFFL, shown in SFR Definition 5.13 and SFR Definition 5.14

5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00

o
S

1.00

-40.00 -20.00 0.00 40.00 60.00 80.00
20.00

o
S

Error (degrees C)

-1.00

-2.00 -2.00
-3.00 -3.00
-4.00 -4.00
-5.00 -5.00

Temperature (degrees C)

Figure’5.9xTemperature Sensor Error with 1-Point Calibration (Vgrgg = 1.68 V)
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SFR Definition 5.13. TOFFH: ADCO Data Word High Byte

Bit 7 6 5 4 3 2 1 0
Name TOFF[92]
Type R R R R R R R R
Reset | Varies Varies Varies Varies Varies Varies Varies Varies
SFR Page = 0xF; SFR Address = 0x86
Bit Name Function
7:0 | TOFF[9:2] |Temperature Sensor Offset High Bits.
Most Significant Bits of the 10-bit temperature sensor offsetimeasurement.
SFR Definition 5.14. TOFFL: ADCO Data Word Low Byte
Bit 7 6 5 4 3 2 1 0
Name TOFF[1 O]
Reset | Varies Varies 0 0 0 0 0 0
SFR Page = 0xF; SFR Address = 0x85
Bit Name Function
7:6 | TOFF[1:0] |Temperature Sensor Offset Low Bits.
Least Significant Bits of the 10-bit temperature sensor offset measurement.
5:0 Unused Read = 0; Write = Don't Care.
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5.9. Voltage and Ground Reference Options

The voltage reference MUX is configurable to use an externally connected voltage reference, one of two
internal voltage references, or one of two power supply voltages (see Figure 5.10). The ground reference
MUX allows the ground reference for ADCO to be selected between the ground pin (GND) or a port pin
dedicated to analog ground (P0.1/AGND).

The voltage and ground reference options are configured using the REFOCN SFR described on page 101.
Electrical specifications are can be found in the Electrical Specifications Chapter.

Important Note About the Vgge and AGND Inputs: Port pins are used as the external Vgrgg and?”AGND

inputs. When using an external voltage reference or the internal precision reference, P0.0/VREEshould be
configured as an analog input and skipped by the Digital Crossbar. When using AGND as the,ground refer-
ence to ADCO, P0.1/AGND should be configured as an analog input and skipped by the Digital Crossbar.
Refer to Section “21. Port Input/Output” on page 220 for complete Port I/O configuration details. The exter-
nal reference voltage must be within the range 0 < Vggr < VDD_MCU/DC+ and the external ground refer-

ence must be at the same DC voltage potential as GND.

| REFOCN
i ol-
! Gl@ ADC
) ] [ Temp Sensor |—> Input
| | EN Mux
: [
|
1
: REFOE
| v
| En
—_——— — [}
| VDD | External : Internal 1.68V
| | Voltage ! Reference
| | Reference ]
| R1 | Circuit d
| ) P0.0/VREF% 00
|
' i | VDD_MCU/DG#
! | Eg 01 VREF
I oNp | ! Internal 1.8V I > (to ADC)
b= | Regulated Digital Supply
: 11
: Internal 1.65V J_
. .
4.7uF ms : High Speed Reference
1L oND 5y
0
Ground
Recommended ! >
P0.1/AGND
Bypass¢Capacitors |X} 1 (to ADC)
[}
| !
REFGND
Figure 5.10. Voltage Reference Functional Block Diagram
®
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5.10. External Voltage References

To use an external voltage reference, REFSL[1:0] should be set to 00 and the internal 1.68 V precision ref-
erence should be disabled by setting REFOE to 0. Bypass capacitors should be added as recommended
by the manufacturer of the external voltage reference.

5.11. Internal Voltage References

For applications requiring the maximum number of port 1/0O pins, or very short VREF turn-on time, the
1.65 V high-speed reference will be the best internal reference option to choose. The high speed.internal
reference is selected by setting REFSL[1:0] to 11. When selected, the high speed internal reference'will be
automatically enabled/disabled on an as-needed basis by ADCO.

For applications requiring the highest absolute accuracy, the 1.68 V precision voltage reference will be the
best internal reference option to choose. The 1.68 V precision reference may be enabled and selected by
setting REFOE to 1 and REFSL[1:0] to 00. An external capacitor of at least 0.1 pyF is recommended when
using the precision voltage reference.

In applications that leave the precision internal oscillator always running, there“is no additional power
required to use the precision voltage reference. In all other applications;, using the high speed reference
will result in lower overall power consumption due to its minimal startup.time and the fact that it remains in
a low power state when an ADC conversion is not taking place.

Note: When using the precision internal oscillator as the system clock source, the precision voltage
reference should not be enabled from a disabled state. To.uSe the precision oscillator and the precision
voltage reference simultaneously, the precision voltage reference should be enabled first and allowed
to settle to its final value (charging the external capacitor) before the precision oscillator is started and
selected as the system clock.

For applications with a non-varying power supply voltage)using the power supply as the voltage reference

can provide ADCO with added dynamic range at the,cost of reduced power supply noise rejection. To use

the 1.8 to 3.6 V power supply voltage (Vpp/DC+).or the 1.8 V regulated digital supply voltage as the refer-

ence source, REFSL[1:0] should be set to 01 or 10, respectively.

5.12. Analog Ground Reference

To prevent ground noise generated by .switching digital logic from affecting sensitive analog measure-
ments, a separate analog groundyreference option is available. When enabled, the ground reference for
ADCO during both the tracking/sampling and the conversion periods is taken from the P0.1/AGND pin. Any
external sensors sampled by ADCO should be referenced to the P0.1/AGND pin. This pin should be con-
nected to the ground terminalof any external sensors sampled by ADCQO. If an external voltage reference is
used, the P0.1/AGND<pin should be connected to the ground of the external reference and its associated
decoupling capacitor.“If the 1.68 V precision internal reference is used, then P0.1/AGND should be con-
nected to the ground terminal of its external decoupling capacitor. The separate analog ground reference
option is enabled by setting REFGND to 1. Note that when sampling the internal temperature sensor, the
internal chip ground is always used for the sampling operation, regardless of the setting of the REFGND
bit. Similarly, whenever the internal 1.65 V high-speed reference is selected, the internal chip ground is
alwayswused during the conversion period, regardless of the setting of the REFGND bit.

5.13. "“Temperature Sensor Enable

ThesTEMPE bit in register REFOCN enables/disables the temperature sensor. While disabled, the tem-
perature sensor defaults to a high impedance state and any ADCO measurements performed on the sen-
sor result in meaningless data. See Section “5.8. Temperature Sensor’ on page 96 for details on
temperature sensor characteristics when it is enabled.
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SFR Definition 5.15. REFOCN: Voltage Reference Control

Bit 7 6 5 4 3 2 1 0
Name REFGND REFSL TEMPE REFOE
Type R R RIW RIW RIW RIW R RIW
Reset 0 1 1 0 0 0

Bit

Name

SFR Page = 0x0; SFR Address = 0xD1

Function

7:6

Unused

Read = 00b; Write = Don’t Care.

5

REFGND

Analog Ground Reference.

Selects the ADCO ground reference.

0: The ADCO ground reference is the GND pin.

1: The ADCO ground reference is the P0.1/AGND pin.

4:3

REFSL

Voltage Reference Select.

Selects the ADCO voltage reference:

00: The ADCO voltage reference is the\P0:0/\VREF pin.

01: The ADCO voltage reference'is the VDD/DC+ pin.

10: The ADCO voltage reference is the internal 1.8 V digital supply voltage.

11: The ADCO voltage reference is'the internal 1.65 V high speed voltage reference.

TEMPE

Temperature Sensor Enablex

Enables/Disables theiinternal temperature sensor.
0: Temperature Sensor Disabled.

1: Temperature Sensor Enabled.

Unused

Read = 0bj Write= Don’t Care.

REFOE

Internal’Voltage Reference Output Enable.

Connects/Disconnects the internal voltage reference to the P0.0/VREF pin.
O:lInternal 1.68 V Precision Voltage Reference disabled and not connected to
P0.0/VREF.

1< Internal 1.68 V Precision Voltage Reference enabled and connected to
PO0.0/VREF.

5.14. Voltage Reference Electrical Specifications
See Table 4.12 on page 63 for detailed Voltage Reference Electrical Specifications.
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6. Programmable Current Reference (IREFO0)

Si1010/1/2/3/4/5 devices include an on-chip programmable current reference (source or sink) with two out-
put current settings: Low Power Mode and High Current Mode. The maximum current output in Low Power
Mode is 63 pA (1 YA steps) and the maximum current output in High Current Mode is 504 pA (8 YA steps).

The current source/sink is controlled though the IREFOCN special function register. It is enabled by setting
the desired output current to a non-zero value. It is disabled by writing 0x00 to IREFOCN. The port 1/0 pin
associated with ISRCO should be configured as an analog input and skipped in the Crossbar. See.Section
“21. Port Input/Output” on page 220 for more details.

SFR Definition 6.1. IREFOCN: Current Reference Control

Bit 7 6 5 4 3 2 1 0
Name SINK MODE IREFODAT
Type R/W R/W RAN.
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xB9
Bit Name Fungction
7 SINK IREFO Current Sink Enable.

Selects if IREFO is a current.source or a current sink.
0: IREFO is a current source:
1: IREFO is a current sink:

6 MDSEL IREFO Output Mode.Select.

Selects Low._Power or High Current Mode.
0: Low Power Mode is selected (step size = 1 pA).
1: High' Current Mode is selected (step size = 8 pA).

5:0 | IREFODAT[5:0] |IREFO Data Word.

Specifies the number of steps required to achieve the desired output current.
Output current = direction x step size x IREFODAT.
IREFO is in a low power state when IREFODAT is set to 0x00.

6.1. PWM.Enhanced Mode

The precision of the current reference can be increased by fine tuning the IREFO output using a PWM sig-
nalgenerated by the PCA. This mode allows the IREFODAT bits to perform a course adjustment on the
IREFQ. output. Any available PCA channel can perform a fine adjustment on the IREFO output. When
enabled (PWMEN = 1), the CEX signal selected using the PWMSS bit field is internally routed to IREFO to
control the on time of a current source having the weight of 2 LSBs. With the two least significant bits of
IREFODAT set to 00b, applying a 100% duty cycle on the CEX signal will be equivalent to setting the two
LSBs of IREFODAT to 10b. PWM enhanced mode is enabled and setup using the IREFOCF register.
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SFR Definition 6.2. IREFOCF: Current Reference Configuration

Bit 7 6 5 4 3 2 1 0
Name | PWMEN PWMSS[2:0]
Type R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0xB9

Bit Name Function
7 PWMEN PWM Enhanced Mode Enable.
Enables the PWM Enhanced Mode.
0: PWM Enhanced Mode disabled.
1: PWM Enhanced Mode enabled.
6:3 Unused Read = 00b, Write = don’t care.
2:0 PWMSS[2:0] |PWM Source Select.

Selects the PCA channel to use for the fine-tuning control signal.
000: CEXO selected as fine-tuning:control signal.

001: CEX1 selected as fine-tuning control signal.

010: CEX2 selected as finettuning control signal.

011: CEXS3 selected as fine-tuning control signal.

100: CEX4 selected as fine-tuning control signal.

101: CEX5 selected as fine tuning control signal.

All Other Values: Reserved.

6.2. IREFO Specifications
See Table 4.13 on page 64 fora detailed listing of IREFO specifications.
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7. Comparators

Si1010/1/2/3/4/5 devices include two on-chip programmable voltage comparators: Comparator 0 (CPTO) is
shown in Figure 7.1; Comparator 1 (CPT1) is shown in Figure 7.2. The two comparators operate identi-
cally, but may differ in their ability to be used as reset or wake-up sources. See the Reset Sources chapter
and the Power Management chapter for details on reset sources and low power mode wake-up sources,
respectively.

The Comparator offers programmable response time and hysteresis, an analog input multiplexer, and two
outputs that are optionally available at the Port pins: a digital synchronous latched output (CP0O, CP1), or a
digital asynchronous raw output (CPOA, CP1A). The asynchronous CPOA signal is available even when
the system clock is not active. This allows the Comparator to operate and generate an output.when the
device is in some low power modes.

7.1. Comparator Inputs

Each Comparator performs an analog comparison of the voltage levels at its positives(CP0+ or CP1+) and
negative (CPO- or CP1-) input. Both comparators support multiple port pin inputs multiplexed to their posi-
tive and negative comparator inputs using analog input multiplexers. The‘analog input multiplexers are
completely under software control and configured using SFR registersaSee Section “7.6. Comparator0 and
Comparator1 Analog Multiplexers” on page 111 for details on how to,select and configure Comparator
inputs.

Important Note About Comparator Inputs: The Port pins selectedyas Comparator inputs should be con-
figured as analog inputs and skipped by the Crossbar. Seethe Port I/O chapter for more details on how to
configure Port I/O pins as Analog Inputs. The Comparator may also be used to compare the logic level of
digital signals, however, Port 1/0 pins configured as-digital inputs must be driven to a valid logic state
(HIGH or LOW) to avoid increased power consumption.

CPOEN
CPOOUT M
CPORIF VDD

CPOFIF
CPOHYP1
CPO

CPOHYPO /|

CPOAY. Interrupt
CP! H&: l]
Pt CPTOMD

CPTOCN

Analog Input Multiplexer
A, ‘, 313l | [sls
[ 1 23 CPO CPO
| Px IZ | = E 2| 2 Rising-edge Falling-edge
I 5 | S = mim
| o '
: ) : CPO + LE - >~ Mterripi !
Logic

I — L _Logic_ _
: Px.x g—» | [=——=- | CPO
I ! N i >
| | g |
| | [
j Pxx Iz—> I | Crossbar |
| | (SYNCHRONIZER) l l

o | - J
I CPO N I
| g y  (ASYNCHRONOUS) | | CPOA,
| : ™ Reset | e_—_ I
I Pxx gl—» | Decision
| : | Tree JI
| —_=_
e ——— 1
Figure 7.1. Comparator 0 Functional Block Diagram
®
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7.2. Comparator Outputs

When a comparator is enabled, its output is a logic 1 if the voltage at the positive input is higher than the
voltage at the negative input. When disabled, the comparator output is a logic 0. The comparator output is
synchronized with the system clock as shown in Figure 7.2. The synchronous latched output (CPO, CP1)
can be polled in software (CPnOUT bit), used as an interrupt source, or routed to a Port pin (configured for
digital 1/0) through the Crossbar.

The asynchronous raw comparator output (CPOA, CP1A) is used by the low power mode wake-up‘logic
and reset decision logic. See the Power Options chapter and the Reset Sources chapter for more details
on how the asynchronous comparator outputs are used to make wake-up and reset decisions=The asyn-
chronous comparator output can also be routed directly to a Port pin through the Crossbar;and.is available
for use outside the device even if the system clock is stopped.

When using a Comparator as an interrupt source, Comparator interrupts can be generated.on rising-edge
and/or falling-edge comparator output transitions. Two independent interrupt flags (CPnRIF and CPnFIF)
allow software to determine which edge caused the Comparator interrupt. The comparator rising-edge and
falling-edge interrupt flags are set by hardware when a corresponding edgesisidetected regardless of the
interrupt enable state. Once set, these bits remain set until cleared by software.

The rising-edge and falling-edge interrupts can be individually enabled“using the CPnRIE and CPnFIE
interrupt enable bits in the CPTnMD register. In order for the CPnRIF and/or CPnFIF interrupt flags to gen-
erate an interrupt request to the CPU, the Comparator must be enabled as an interrupt source and global
interrupts must be enabled. See the Interrupt Handler chapterforiadditional information.
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B[ cP1HYP1
] o D p— ItCP1 t
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| ¢ |
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Logic
| —>L _ Logic_ _!
1P Xl | [————= | CP1
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0o I B} J
| CP1 N I
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Figure 7.2. Comparator 1 Functional Block Diagram
®
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7.3. Comparator Response Time

Comparator response time may be configured in software via the CPTnMD registers described on
“CPTOMD: Comparator 0 Mode Selection” on page 108 and “CPT1MD: Comparator 1 Mode Selection” on
page 110. Four response time settings are available: Mode 0 (Fastest Response Time), Mode 1, Mode 2,
and Mode 3 (Lowest Power). Selecting a longer response time reduces the Comparator active supply cur-
rent. The Comparators also have low power shutdown state, which is entered any time the comparatorsis
disabled. Comparator rising edge and falling edge response times are typically not equal. See Table 4:14
on page 65 for complete comparator timing and supply current specifications.

7.4. Comparator Hysteresis

The Comparators feature software-programmable hysteresis that can be used to stabilize the comparator
output while a transition is occurring on the input. Using the CPTnCN registers, the user.can program both
the amount of hysteresis voltage (referred to the input voltage) and the positive and negative-going sym-
metry of this hysteresis around the threshold voltage (i.e., the comparator negative input).

Figure 7.3 shows that when positive hysteresis is enabled, the comparator output,does not transition from
logic 0 to logic 1 until the comparator positive input voltage has exceeded the,threshold voltage by an
amount equal to the programmed hysteresis. It also shows that when negativeshysteresis is enabled, the
comparator output does not transition from logic 1 to logic 0 until the comparator positive input voltage has
fallen below the threshold voltage by an amount equal to the programmed hysteresis.

The amount of positive hysteresis is determined by the settings.ofthe CPnHYP bits in the CPTnCN regis-
ter and the amount of negative hysteresis voltage is determined by the settings of the CPnHYN bits in the
same register. Settings of 20, 10, 5, or 0 mV can be programmed-for both positive and negative hysteresis.
See Section “Table 4.14. Comparator Electrical Characteristics” on page 65 for complete comparator hys-
teresis specifications.

CPn+
VIN+ ————— +

cp CPn ouT
VIN- ~rn-___f_

CIRCUIT CONFIGURATION
Positive Hysteresis Voltage 7‘{ /
(Programmed withs@GROHYP Bits) Y

VIN-
INPUTS Negative Hysteresis Voltage
(Programmed by CPOHYN Bits)
VIN+ \

AN

P

VOH —
OUTPUT
ver N N
Negative Hysteresis —J L Maximum
Disabled Negative Hysteresis
Positive Hysteresis — L— Maximum
Disabled Positive Hysteresis

Figure 7.3. Comparator Hysteresis Plot
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7.5. Comparator Register Descriptions

The SFRs used to enable and configure the comparators are described in the following register descrip-
tions. A Comparator must be enabled by setting the CPnEN bit to logic 1 before it can be used. From an
enabled state, a comparator can be disabled and placed in a low power state by clearing the CPnEN bit to
logic 0.

Important Note About Comparator Settings: False rising and falling edges can be detected by the Com-
parator while powering on or if changes are made to the hysteresis or response time control bits. There-
fore, it is recommended that the rising-edge and falling-edge flags be explicitly cleared to logic 0 asshort
time after the comparator is enabled or its mode bits have been changed. The Comparator Power,Up.Time
is specified in Section “Table 4.14. Comparator Electrical Characteristics” on page 65.

SFR Definition 7.1. CPTOCN: Comparator 0 Control

Bit 7 6 5 4 3 2 1 0
Name | CPOEN | CPOOUT | CPORIF | CPOFIF CPOHYP[1:0] CPOHYN[1:0]
Type R/W R R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page= 0x0; SFR Address = 0x9B
Bit Name Function
7 CPOEN Comparator0 Enable Bit.

0: ComparatorQ Disableds
1: Comparator0 Enabled.
6 CPOOUT | comparator0,Output State Flag.

0: Voltage on'CPO+ < CPO-.
1: Voltage ‘'on CP0+ > CPO-.

S CPORIF | comparator0 Rising-Edge Flag. Must be cleared by software.

0=No'Comparator0 Rising Edge has occurred since this flag was last cleared.
1: ComparatorQ Rising Edge has occurred.

4 CPOFIF™, lcomparator0 Falling-Edge Flag. Must be cleared by software.

0: No Comparator0Q Falling-Edge has occurred since this flag was last cleared.
1: Comparator(O Falling-Edge has occurred.

3-2.| CPOHYP[1:0] | Comparator0 Positive Hysteresis Control Bits.

00: Positive Hysteresis Disabled.

01: Positive Hysteresis = Hysteresis 1.

10: Positive Hysteresis = Hysteresis 2.

11: Positive Hysteresis = Hysteresis 3 (Maximum).

1:0 | CPOHYNI[1:0] | Comparator0 Negative Hysteresis Control Bits.

00: Negative Hysteresis Disabled.

01: Negative Hysteresis = Hysteresis 1.

10: Negative Hysteresis = Hysteresis 2.

11: Negative Hysteresis = Hysteresis 3 (Maximum).
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SFR Definition 7.2. CPTOMD: Comparator 0 Mode Selection

Bit 7 6 5 4 3 2 1 0
Name CPORIE CPOFIE CPOMD[1:0]
Type R/W R R/W R/W R R R/W
Reset 1 0 0 1 0

SFR Page = All Pages; SFR Address = 0x9D

Bit Name Function

7 Reserved |Read = 1b, Must Write 1b.

6 Unused |Read = 0b, Write = don’t care.

CPORIE |ComparatorO Rising-Edge Interrupt Enable.
0: ComparatorQ Rising-edge interrupt disabled.
1: Comparator0Q Rising-edge interrupt enabled.
4 CPOFIE |Comparator0 Falling-Edge Interrupt Enable.
0: Comparator0 Falling-edge interruptidisabled.
1: Comparator0Q Falling-edge interrupt.enabled.
3:2 Unused |Read = 00b, Write = don’t care:
1:0 | CPOMDI[1:0] | ComparatorO Mode Select.

These bits affect the response time and power consumption for ComparatorQ.

00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1
10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)

SILICON LABS
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SFR Definition 7.3. CPT1CN: Comparator 1 Control

Bit 7 6 5 4 3 2 1 0
Name | CP1EN | CP1OUT | CP1RIF | CP1FIF CP1HYP[1:0] CP1HYN[1:0]
Type R/W R R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page= 0x0; SFR Address = 0x9A

Bit

Name

Function

7

CP1EN

Comparatorl Enable Bit.

0: Comparator1 Disabled.
1: Comparator1 Enabled.

CP10UT

Comparatorl Output State Flag.

0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1-.

CP1RIF

Comparatorl Rising-Edge Flag. Must be cleared by software.
0: No Comparator1 Rising Edge has occurred since this flag was last cleared.

1: Comparator1 Rising Edge-has occurred.

CPIFIF

Comparatorl Falling-Edge 'Elag. Must be cleared by software.

0: No Comparator1 Falling-Edge has occurred since this flag was last cleared.

1: Comparator1 Falling=Edge has occurred.

3:2

CP1HYP[1:0]

Comparatorl.Positive Hysteresis Control Bits.

00: Positive Hysteresis Disabled.

01: Positive'Hysteresis = Hysteresis 1.

10: Positive,Hysteresis = Hysteresis 2.

11: Positive Hysteresis = Hysteresis 3 (Maximum).

1:0

CPTHYN[1:0]

Comparatorl Negative Hysteresis Control Bits.

00: Negative Hysteresis Disabled.

01: Negative Hysteresis = Hysteresis 1.

10: Negative Hysteresis = Hysteresis 2.

11: Negative Hysteresis = Hysteresis 3 (Maximum).
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SFR Definition 7.4. CPT1MD: Comparator 1 Mode Selection

Bit 7 6 5 4 3 2 1 0
Name CP1RIE | CP1FIE CP1MD[1:0]
Type R/W R R/W R/W R R R/W
Reset 1 0 0 1 0

SFR Page = 0x0; SFR Address = 0x9C

Bit Name Function

7 Reserved |Read = 1b, Must Write 1b.

6 Unused |Read = 00b, Write = don’t care.

CP1RIE |Comparatorl Rising-Edge Interrupt Enable.
0: Comparator1 Rising-edge interrupt disabled.
1: Comparator1 Rising-edge interrupt enabled.
4 CP1FIE |Comparatorl Falling-Edge Interrupt Enable.
0: Comparator1 Falling-edge interruptidisabled.
1: Comparator1 Falling-edge interrupt.enabled.
3:2 Unused |Read = 00b, Write = don’t care:
1:0 | CP1MD[1:0] | Comparatorl Mode Select

These bits affect the response time and power consumption for Comparator1.

00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1
10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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7.6. ComparatorO and Comparatorl Analog Multiplexers

Comparator0 and Comparator1 on Si1010/1/2/3/4/5 devices have analog input multiplexers to connect
Port I/O pins and internal signals the comparator inputs; CP0+/CPO- are the positive and negative input
multiplexers for Comparator0 and CP1+/CP1- are the positive and negative input multiplexers for Compar-
ator1.

The comparator input multiplexers directly support capacitive touch switches. When the Capacitive,Touch
Sense Compare input is selected on the positive or negative multiplexer, any Port I/O pin connected to,the
other multiplexer can be directly connected to a capacitive touch switch with no additional external compo-
nents. The Capacitive Touch Sense Compare provides the appropriate reference level for detecting.when
the capacitive touch switches have charged or discharged through the on-chip Rsense resistors#The Com-
parator outputs can be routed to Timer2 or Timer3 for capturing sense capacitor’s charge and discharge
time. See Section “26. Timers” on page 338 for details.

Any of the following may be selected as comparator inputs: Port 1/O pins, Capacitive Touch Sense Com-
pare, VDD/DC+ Supply Voltage, Regulated Digital Supply Voltage (Output of VREGO), the VBAT Supply
voltage or ground. The Comparator’s supply voltage divided by 2 is also available as'an input; the resistors
used to divide the voltage only draw current when this setting is selectedy, The’Comparator input multiplex-
ers are configured using the CPTOMX and CPT1MX registers described in. SFR Definition 7.5 and SFR
Definition 7.6.

[, CPTnMX
ON|[— || |N |~ |O
Z|Z|Z(Z2|a |||
clecleclelelelele
SRR EREE
SI521E121212]2
5|5|5|5)5|5|5|5
l—T—l
P01 R—] P0.0 B——]
PO.3R— P0.2 B——
k- m— - m—
e CPAOUT BB CPnOUT
P1.5R > Rsense P1.4KX >l Rsense
Only enabled when P1.6 ——> Only enabled when
Capacitive Touch Capacitive Touch
Sense Compare is Sense Compare is
selected on CPn+ selected on CPn-
______ Capacitive Input MUX. ____ Capacitive Input MUX.
VDD_MCU/DC+ CPnOUT  Touch wf, CPn- VDD_MCU/DC+ CPnOUT ~ Touch CPn+ VDD_MCU/DC+
Sense Input Sense Ll
R R R R
? ? Compare MUX Compare LA
iR (1/3 or 2/3)% VDD_MCU/DC+ iR (1/3 or 2/3) x VDD_MCU/DC+
VDD_MCU/DEG+ VDD_MCU/DC+ GTND
R §R
Y x VDD_MCU/DC+ Y x VDD_MCU/DC+
%R Digital Supply ———> %R VBAT ———
|_—’/ VDD_MCU/DC+ 4-/
GND

Figure 7.4. CPn Multiplexer Block Diagram

Important Note About Comparator Input Configuration: Port pins selected as comparator inputs should
be configured as analog inputs, and should be skipped by the Digital Crossbar. To configure a Port pin for
analog input, set to 0 the corresponding bit in register PnMDIN and disable the digital driver (PNMDOUT =
0 and Port Latch = 1). To force the Crossbar to skip a Port pin, set to 1 the corresponding bit in register
PnSKIP. See Section “21. Port Input/Output” on page 220 for more Port I/O configuration details.
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SFR Definition 7.5. CPTOMX: ComparatorO Input Channel Select

Bit 7 6 5 4 3 2 1 0
Name CMXON[3:0] CMXO0PI[3:0]
Type R/W R/W R/W R/W R/W R/W R/W RAW
Reset 1 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = Ox9F
Bit Name Function
7:4 | CMXON |Comparator0O Negative Input Selection.
Selects the negative input channel for Comparator0.
0000: P0.1 1000: Reserved
0001: P0O.3 1001: Reserved
0010: P0.5 1010: Reserved
0011: PO.7 1041: Reserved
0100: Reserved 11.00: Capacitive Touch Sense
Compare
0101: Reserved 1101: VDD_MCU/DC+ divided by 2
0110: P1.5 1110: Digital Supply Voltage
0111: Reserved 1111: Ground
3:0 | CMXOP |Comparator0 Positive Input Selection.
Selects the positive input channel for Comparator0Q.
0000: PO.0 1000: Reserved
0001: P0.2 1001: Reserved
0010: PO0.4 1010: Reserved
0041 PO0.6 1011: Reserved
041.00: Reserved 1100: Capacitive Touch Sense
Compare
0101: Reserved 1101: VDD_MCU/DC+ divided by 2
0110: P1.4 1110: VBAT Supply Voltage
0111: P1.6 1111: VDD/DC+ Supply Voltage
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SFR Definition 7.6. CPT1MX: Comparatorl Input Channel Select

Bit 7 6 5 4 3 2 1 0
Name CMX1N[3:0] CMX1P[3:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = Ox9E
Bit Name Function
7:4 | CMX1IN |Comparatorl Negative Input Selection.
Selects the negative input channel for Comparator1.
0000: PO.1 1000: Reserved
0001: PO0.3 1001: Reserved
0010: PO0.5 1010: Reserved
0011: PO0.7 10441 Reserved
0100: Reserved 11.00: Capacitive Touch Sense
Compare
0101: Reserved 1101: VDD_MCU/DC+ divided by 2
0110: P1.5 1110: Digital Supply Voltage
0111: Reserved 1111: Ground
3:0 | CMX1P |Comparatorl Positive Input Selection.
Selects the positive input channel for Comparator1.
0000: P0.0 1000: Reserved
0001: P0.2 1001: Reserved
0010 P0.4 1010: Reserved
0011: PO0.6 1011: Reserved
041.00: Reserved 1100: Capacitive Touch Sense
Compare
0101: Reserved 1101: VDD_MCU/DC+ divided by 2
0110: P1.4 1110: VBAT Supply Voltage
0111: P1.6 1111: VDD_MCU/DC+

Supply Voltage
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8. CIP-51 Microcontroller

The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the
MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU family has a superset of all the peripherals included with a standard 8051. The CIP-51
also includes on-chip debug hardware (see description in Section 28 on page 379) and interfaces directly
with the analog and digital subsystems providing a complete data acquisition or control-system solution in
a single integrated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals asswell as
additional custom peripherals and functions to extend its capability (see Figure 8.1 for a block.diagram).
The CIP-51 includes the following features:

m  Fully Compatible with MCS-51 Instruction Set
m 25 MIPS Peak Throughput with 25 MHz Clock

m 0 to 25 MHz Clock Frequency
m Extended Interrupt Handler

Reset Input

Power Management Modes
On-chip Debug Logic

Program and Data'Memory Security

8.1. Performance

The CIP-51 employs a pipelined architecture that greatly increasés.its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute, and usually have a maximum system clock of 12 MHz. By contrast, the CIP-51
core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

DATA BUS ?

[ BREGISTER |  [STACK POINTER ]

DATA BUS

SRAM
ADDRESS » SRAM
REGISTER
i 1

DATA BUS
SFR_ADDRESS
BUFFER «1» |
SFR SFR_CONTROL
DATA POINTER BUS sFRWRITE_DATA |
INTERFACE
SFR_READ_DATA |
A
PC INCREMENTER
3
PROGRAM COUNTER (PC) 2 Hﬁzﬂ | MEMADDRESS
MEM_conTroL _ |
s MEMORY
PRGM. ADDRESS REG. <:[[ms M INTERFACE | MEM_WRITE_DATA _ |
a >
MEM_READ_DATA |
PIPELINE o
RESET _ | CONTROL
— ¥ LoGIC
SYSTEM_IR
| crock _IRAs
—> INTERRUPT |
INTERFACE EMULATION_IR
| sTOP Hﬁﬁ» > _IRQ
| POWER CONTROL @
IDLE REGISTER
J

Figure 8.1. CIP-51 Block Diagram
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With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. The CIP-51 has
a total of 109 instructions. The table below shows the total number of instructions that require each execu-
tion time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1

8.2. Programming and Debugging Support

In-system programming of the Flash program memory and communication with on-chip,debug, support
logic is accomplished via the Silicon Labs 2-Wire Development Interface (C2).

The on-chip debug support logic facilitates full speed in-circuit debugging, allowing the setting of hardware
breakpoints, starting, stopping and single stepping through program execution (including interrupt service
routines), examination of the program's call stack, and reading/writing the contents of registers and mem-
ory. This method of on-chip debugging is completely non-intrusive, requiring'no RAM, Stack, timers, or
other on-chip resources. C2 details can be found in Section 28 on page 379.

The CIP-51 is supported by development tools from Silicon Labs and third"party vendors. Silicon Labs pro-
vides an integrated development environment (IDE) including editor, debugger and programmer. The IDE's
debugger and programmer interface to the CIP-51 via the C2 interface to provide fast and efficient in-sys-
tem device programming and debugging. Third party macro @ssemblers and C compilers are also avail-
able.

8.3. Instruction Set

The instruction set of the CIP-51 System Controller is fully compatible with the standard MCS-51™ instruc-
tion set. Standard 8051 development tools can/be used to develop software for the CIP-51. All CIP-51
instructions are the binary and functional equivalent of their MCS-51™ counterparts, including opcodes,
addressing modes and effect on PSW flags. However, instruction timing is different than that of the stan-
dard 8051.

8.3.1. Instruction and CPU Timing

In many 8051 implementationsy“a, distinction is made between machine cycles and clock cycles, with
machine cycles varying from 2 to. 12'clock cycles in length. However, the CIP-51 implementation is based
solely on clock cycle timing.. “All instruction timings are specified in terms of clock cycles.

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock
cycles as there are.program bytes in the instruction. Conditional branch instructions take one less clock
cycle to complete when the branch is not taken as opposed to when the branch is taken. Table 8.1 is the
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock
cycles for each'instruction.
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Table 8.1. CIP-51 Instruction Set Summary

Mnemonic

Description

Bytes

Clock
Cycles

Arithmetic Operations

ADD A, Rn

Add register to A

1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @Ri Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @Ri Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A .and\B 1 4
DIV AB Divide Asby'B 1 8
DA A Decimal/adjust A 1 1
Logical Operations
ANL A, Rn AND'Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @Ri AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORLA, @RI OR indirect RAM to A 1 2
ORL A,#data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @Ri Exclusive-OR indirect RAM to A 1 2
XRL A, #data Exclusive-OR immediate to A 2 2
XRL direct, A Exclusive-OR A to direct byte 2 2
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Table 8.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes Clock
Cycles
XRL direct, #data Exclusive-OR immediate to direct byte 3

3
CLRA Clear A 1 1
CPLA Complement A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through Carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through Carry 1 1
SWAP A Swap nibbles of A 1 1
Data Transfer
MOV A, Rn Move Register to A
MOV A, direct Move direct byte to A
MOV A, @Ri Move indirect RAM to A
MOV A, #data Move immediate to A
MOV Rn, A Move A to Register

MOV Rn, direct

Move direct byte to Register

MOV Rn, #data

Move immediate to Register

MOV direct, A

Move A to direct byte

MOQV direct, Rn

Move Register to direct byte

MOV direct, direct

Move direct byte to direct byte

MOV direct, @Ri

Move indirect RAM to direct byte

MOV direct, #data

Move immediate to/direct byte

MOV @Ri, A

Move A to indirect. RAM

MOV @RI, direct

Move direct byte tojindirect RAM

MOV @Ri, #data

Move immediate to indirect RAM

MOV DPTR, #data16

Load DPTR with 16-bit constant

MOVC A, @A+DPTR

Moye code byte relative DPTR to A

MOVC A, @A+PC

Move code byte relative PC to A

MOVX A, @Ri

Move external data (8-bit address) to A

MOVX @Ri, A

Move A to external data (8-bit address)

MOVX A, @DPTR

Move external data (16-bit address) to A

MOVX @DPTR, A

Move A to external data (16-bit address)

= 2N NN 222222 WONDN 2 ONWNDNNN =N =N -

NI NN =N N W W W W W W WINNINWNWNNNDN = NDNN -~

PUSH direct Push direct byte onto stack

POP direct Pop direct byte from stack

XCH A, Rn Exchange Register with A

XCH A, direct Exchange direct byte with A

XCHA, @Ri Exchange indirect RAM with A

XCHD'A, @Ri Exchange low nibble of indirect RAM with A

Boolean Manipulation

CLRC Clear Carry 1 1
CLR bit Clear direct bit 2 2
SETBC Set Carry 1 1
SETB bit Set direct bit 2 2
CPLC Complement Carry 1 1
CPL bit Complement direct bit 2 2
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Table 8.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes Clock
Cycles

ANL C, bit AND direct bit to Carry 2 2
ANL C, /bit AND complement of direct bit to Carry 2 2
ORL C, bit OR direct bit to carry 2 2
ORL C, /bit OR complement of direct bit to Carry 2 2
MOV C, bit Move direct bit to Carry 2 2
MOV bit, C Move Carry to direct bit 2 2
JC rel Jump if Carry is set 2 2/3
JNC rel Jump if Carry is not set 2 2/3
JB bit, rel Jump if direct bit is set 3 3/4
JNB bit, rel Jump if direct bit is not set 3 3/4
JBC bit, rel Jump if direct bit is set and clear bit 3 3/4
Program Branching

ACALL addr11 Absolute subroutine call 2 3
LCALL addr16 Long subroutine call 3 4
RET Return from subroutine 1 5
RETI Return from interrupt 1 5
AJMP addr11 Absolute jump 2 3
LJMP addr16 Long jump 3 4
SJMP rel Short jump (relative address) 2 3
JMP @A+DPTR Jump indirect relative to. DPTR 1 3
JZ rel Jump if A equals zero 2 2/3
JNZ rel Jump if A does_not equal zero 2 2/3
CJUNE A, direct, rel Compare direct byte'to A and jump if not equal 3 4/5
CJUNE A, #data, rel Compare immediate to A and jump if not equal 3 3/4
CJUNE Rn, #data, rel Compareiimmediate to Register and jump if not 3 3/4

equal
CJINE @RI, #data, rel Compare immediate to indirect and jump if not 3 4/5
equal
DJNZ Rn, rel Decrement Register and jump if not zero 2 2/3
DJNZ direct, rel Decrement direct byte and jump if not zero 3 3/4
NOP No operation 1 1
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Notes on Registers, Operands and Addressing Modes:

Rn—Register RO—R7 of the currently selected register bank.
@Ri—Data RAM location addressed indirectly through RO or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction=Used.by
SJMP and all conditional jumps.

direct—8-bit internal data location’s address. This could be a direct-access Data RAM location
(0x00—-0x7F) or an SFR (0x80-0xFF).

#data—=8-bit constant
#datal6—16-bit constant
bit—Direct-accessed bit in Data RAM or SFR

addr11—11-bit destination address used by ACALL and AJMP. The destination must be within the
same 2 kB page of program memory as the first byte of theifollowing instruction.

addr16—16-bit destination address used by LCALL and LJMP. The destination may be anywhere within
the 8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.

8.4. CIP-51 Register Descriptions

Following are descriptions of'SFRs related to the operation of the CIP-51 System Controller. Reserved bits
should not be set to logic (. Future product versions may use these bits to implement new features in which
case the reset value of the,bit will be logic 0, selecting the feature's default state. Detailed descriptions of
the remaining SFRs-are included in the sections of the data sheet associated with their corresponding sys-
tem function.
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SFR Definition 8.1. DPL: Data Pointer Low Byte

Bit 7 6 5 4
Name DPL[7:0]
Type R/W
Reset 0 0 0 0
SFR Page = All Pages; SFR Address = 0x82
Bit Name Function
7:0 | DPL[7:0] |Data Pointer Low.

The DPL register is the low byte of the 16-bit DPTR. DPTR'is,used to access indi-
rectly addressed Flash memory or XRAM.

SFR Definition 8.2. DPH: Data Pointer High Byte

Bit 7 6 5 4
Name DPHI[7:0]
Type R/W
Reset 0 0 0 0
SFR Page = All Pages; SFR Address =,0x83
Bit Name Function
7:0 | DPH[7:0] |Data Pointer‘High«

The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indi-
rectly/addressed Flash memory or XRAM.

SILICON LABS
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SFR Definition 8.3. SP: Stack Pointer

Bit 7 6 5 4 3 2 1 0
Name SP[7:0]

Type R/W
Resel 0 0 0 0 0 1 1 1

SFR Page = All Pages; SFR Address = 0x81
Bit Name Function

7:0 SP[7:0] |Stack Pointer.

The Stack Pointer holds the location of the top of the stack. Fhe stack pointer is incre-
mented before every PUSH operation. The SP register defaults to 0x07 after reset.

SFR Definition 8.4. ACC: Accumulator

Bit 7 6 5 4 3 2 1 0
Name ACCI[7:0]
Type R/W
Resel 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address =,0xEQ; Bit-Addressable
Bit Name Function

7:0 | ACC[7:0] |Accumulater:
This registeris the accumulator for arithmetic operations.

SFR Definition'8.5. B: B Register

Bit 7 6 5 4 3 2 1 0
Name B[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0xFO; Bit-Addressable
Bit Name Function

7:0 B[7:0] B Register.
This register serves as a second accumulator for certain arithmetic operations.
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SFR Definition 8.6. PSW: Program Status Word

Bit 7 6 5 4 3 2 1 0
Name CY AC FO RS[1:0] ov F1 PARITY
Type R/W R/W R/W R/W R/W R/W R
Reset 0 0 0 0 0 0 0 0
SFR Page = All Pages; SFR Address = 0xDO; Bit-Addressable
Bit Name Function
7 CY Carry Flag.
This bit is set when the last arithmetic operation resulted in aearry (addition) or a bor-
row (subtraction). It is cleared to logic O by all other arithmetic operations.
6 AC Auxiliary Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a
borrow from (subtraction) the high order nibble.(lt is cleared to logic 0 by all other arith-
metic operations.
5 FO User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.
4:3 | RS[1:0] |Register Bank Select.
These bits select which registerbank is used during register accesses.
00: Bank 0, Addresses 0x00-0x07
01: Bank 1, Addresses.0x08-0x0F
10: Bank 2, Addresses 0x10-0x17
11: Bank 3, Addresses 0x18-0x1F
2 ov Overflow Flag.
This bit isset to,1 under the following circumstances:
= An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
m A MUL instruction results in an overflow (result is greater than 255).
m A DIV instruction causes a divide-by-zero condition.
The/OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all
other cases.
1 F4 User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.
0 PARITY |Parity Flag.
This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared
if the sum is even.
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9. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are
two separate memory spaces: program memory and data memory. Program and data memory share the
same address space but are accessed via different instruction types. The memory organization of the
Si1010/1/2/3/4/5 device family is shown in Figure 9.1

PROGRAM/DATA MEMORY DATA MEMORY
(FLASH) (RAM)
INTERNAL DATA ADDRESS'SPACE
Upper 128 RAM Special Function
Si1010/2/4 Registers
O0x01FF [ Scratchpad Memory (Indirect Addressing Only)| (Direct Addressing Only)0 i
0x0000 (DATA only) '
OX3FFF (Direct and Indirect
X RESERVED Addressing)
0x3C00
0x3BFF Lower 128 RAM
16KB FLASH (Direct and Indirect
Addressing)
(In-System
Programmable in 512
Byte Sectors)
0x0000 EXTERNAL DATA ADDRESS SPACE
Si1011/3/5 Ox1FEE
Ox01FF | Scratchpad Memory
0x0000 (DATA only)
Ox1FFF
Unpopulated Address Space
8KB FLASH
(In-System
Programmable in 512
Byte Sectors) 0x0200
CUlEl XRAM - 512 Bytes
0x0000 (accessable using MOVX
0x0000 instruction)

Figure 9.1. Si1010/1/2/3/4/5 Memory Map

9.1. Program Memory

The CIP-51 core has a 64 kB program memory space. The Si1010/1/2/3/4/5 devices implement 16 kB
(Si1010/2/4) or 8 kB (Si1011/3/5) of this program memory space as in-system, re-programmable Flash
memory, organized in a contiguous block from addresses 0x0000 to Ox3BFF (Si1010/2/4) or Ox1FFF
(Si1011/3/5). The last byte of this contiguous block of addresses serves as the security lock byte for the
device. Any addresses above the lock byte are reserved.
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Si1010/2/4 Si1011/3/5
(SFLE=0) (SFLE=0)

OXFFFF OXFFFF

Reserved Area

0x3C00
Lock Byte O0x3BFF Unpopulated

_________ OX3BFE Address Space
Lock Byte Page (Reserved)

0x3A00
Ox39FF

0x8000
Lock Byte OxTREF

FLASH memory'organizedrin
512-byte pages

si1o10/24 0 |—m—— — = — — = —
Si1011/3/5 Flash Memory Space Lock Byte Page
ST Y - bugt
0x01FF
Scratchpad Flash Memory Space
(Data Only)

0x0000 0x0000 0x0000

Figure 9.2. Flash Program Memory Map

9.1.1. MOVX Instruction and Program Memory

The MOVX instruction in an 8051 device is typically used to'access external data memory. On the
Si1010/1/2/3/4/5 devices, the MOVX instruction is normally used.to read and write on-chip XRAM, but can
be re-configured to write and erase on-chip Flash memory space. MOVC instructions are always used to
read Flash memory, while MOVX write instructions are used to erase and write Flash. This Flash access
feature provides a mechanism for the Si1010/1/2/3/4/5/to update program code and use the program
memory space for non-volatile data storage .«Referto:Section “13. Flash Memory” on page 146 for further
details.

9.2. Data Memory

The Si1010/1/2/3/4/5 device family include 768 bytes of RAM data memory. 256 bytes of this memory is
mapped into the internal RAM space.of the 8051. The remainder of this memory is on-chip “external” mem-
ory. The data memory map is shown. in Figure 9.1 for reference.

9.2.1. Internal RAM

There are 256 bytes ofsinternal RAM mapped into the data memory space from 0x00 through OxFF. The
lower 128 bytes of data,memory are used for general purpose registers and scratch pad memory. Either
direct or indirect addressing may be used to access the lower 128 bytes of data memory. Locations 0x00
through Ox1F are addressable as four banks of general purpose registers, each bank consisting of eight
byte-wide registers. The next 16 bytes, locations 0x20 through 0x2F, may either be addressed as bytes or
as 128 bit locations accessible with the direct addressing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the
same address space as the Special Function Registers (SFR) but is physically separate from the SFR
space. The addressing mode used by an instruction when accessing locations above 0x7F determines
whether the CPU accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use
direct addressing will access the SFR space. Instructions using indirect addressing above 0x7F access the
upper 128 bytes of data memory. Figure 9.1 illustrates the data memory organization of the
Si1010/1/2/3/4/5.
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9.2.1.1. General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through 0x1F, may be addressed as four banks of gen-
eral-purpose registers. Each bank consists of eight byte-wide registers designated RO through R7. Only
one of these banks may be enabled at a time. Two bits in the program status word, RS0 (PSW.3) and RS1
(PSW.4), select the active register bank (see description of the PSW in SFR Definition 8.6). This allows
fast context switching when entering subroutines and interrupt service routines. Indirect addressing modes
use registers RO and R1 as index registers.

9.2.1.2. Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at.0x20
through Ox2F are also accessible as 128 individually addressable bits. Each bit has a.bit address from
0x00 to Ox7F. Bit O of the byte at 0x20 has bit address 0x00 while bit7 of the byte at 0x20 has bit address
0x07. Bit 7 of the byte at Ox2F has bit address 0x7F. A bit access is distinguished from afull byte access by
the type of instruction used (bit source or destination operands as opposed to a byte source or destina-
tion).

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where
XX is the byte address and B is the bit position within the byte. For example; the linstruction:

MOV C, 22.3h
moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) intoithe Carry flag.

9.2.1.3. Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is desig-
nated using the Stack Pointer (SP) SFR. The SP will pointtoithe*last location used. The next value pushed
on the stack is placed at SP+1 and then SP is incremented. Areset initializes the stack pointer to location
0x07. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the first regis-
ter (RO) of register bank 1. Thus, if more than oneregister bank is to be used, the SP should be initialized
to a location in the data memory not beingiused for data storage. The stack depth can extend up to
256 bytes.

9.2.2. External RAM

There are 512 bytes of on-chip RAM mapped into the external data memory space. All of these address
locations may be accessed using. the external move instruction (MOVX) and the data pointer (DPTR), or
using MOVX indirect addressing mode (such as @R1) in combination with the EMIOCN register.
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10. On-Chip XRAM

The Si1010/1/2/3/4/5 MCUs include on-chip RAM mapped into the external data memory space (XRAM).
The external memory space may be accessed using the external move instruction (MOVX) with the target
address specified in either the data pointer (DPTR), or with the target address low byte in RO or R1 and the
target address high byte in the External Memory Interface Control Register (EMIOCN, shown in SFR Defi-
nition 10.1).

When using the MOVX instruction to access on-chip RAM, no additional initialization is required.and the
MOVX instruction execution time is as specified in the CIP-51 chapter.

Important Note: MOVX write operations can be configured to target Flash memory, instead of XRAM. See
Section “13. Flash Memory” on page 146 for more details. The MOVX instruction accesses XRAM by
default.

10.1. Accessing XRAM

The XRAM memory space is accessed using the MOVX instruction. The MOV X'instruction has two forms,
both of which use an indirect addressing method. The first method uses the Data Pointer, DPTR, a 16-bit
register which contains the effective address of the XRAM location to be read.from or written to. The sec-
ond method uses RO or R1 in combination with the EMIOCN registerto-generate the effective XRAM
address. Examples of both of these methods are given below.

10.1.1. 16-Bit MOVX Example

The 16-bit form of the MOVX instruction accesses the memary location pointed to by the contents of the
DPTR register. The following series of instructions reads the,value of the byte at address 0x1234 into the
accumulator A:

MoV DPTR, #1234h ; load DPTR with 16-bit address to read (0x1234)
MOVX A, @DPTR ; load/ contents of 0x1234 into accumulator A

The above example uses the 16-bit immediate MOV instruction to set the contents of DPTR. Alternately,
the DPTR can be accessed through the SFR registers DPH, which contains the upper 8-bits of DPTR, and
DPL, which contains the lower 8-bits.of DPTR.

10.1.2. 8-Bit MOVX Example

The 8-bit form of the MOVX instruction uses the contents of the EMIOCN SFR to determine the upper 8-bits
of the effective address to.be accessed and the contents of RO or R1 to determine the lower 8-bits of the
effective address to besaccessed. The following series of instructions read the contents of the byte at
address 0x1234 into the acecumulator A.

MOV EMIOCN, #12h ; load high byte of address into EMIOCN
MoV RO, “#34h ; load low byte of address into RO (or R1)
MOVX_ “.a,. @RO ; load contents of 0x1234 into accumulator A

10.2+Special Function Registers
Thespecialfunction register used for configuring XRAM access is EMIOCN.
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SFR Definition 10.1. EMIOCN: External Memory Interface Control

Bit 7 6 5 4 3 2 1 0
Name PGSEL
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxAA

Bit

Name

Function

71

Unused

Read = 0000000b; Write = Don’t Care

0

PGSEL

XRAM Page Select.
The EMIOCN register provides the high byte of the, 16-bit external data memory
address when using an 8-bit MOVX command, effectively selecting a 256-byte page

of RAM. Since the upper (unused) bits of the registerare always zero, the PGSEL
determines which page of XRAM is accessed.

For Example:
If EMIOCN = 0x01, addresses 0x0100 through 0x01FF will be accessed.
If EMIOCN = 0x00, addresses 0x0000,through Ox00FF will be accessed.

127
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11. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers
(SFRs). The SFRs provide control and data exchange with the Si1010/1/2/3/4/5's resources and peripher-
als. The CIP-51 controller core duplicates the SFRs found in a typical 8051 implementation as well as
implementing additional SFRs used to configure and access the sub-systems unique to the
Si1010/1/2/3/4/5. This allows the addition of new functionality while retaining compatibility with the, MCS-
51™ instruction set. Table 11.1 and Table 11.2 list the SFRs implemented in the Si1010/1/2/3/4/5 device
family.

The SFR registers are accessed anytime the direct addressing mode is used to access memory locations
from Ox80 to OxFF. SFRs with addresses ending in Ox0 or 0x8 (e.g., PO, TCON, SCONO, IE, etc.) are bit-
addressable as well as byte-addressable. All other SFRs are byte-addressableyonly. Unoccupied
addresses in the SFR space are reserved for future use. Accessing these areas will have andindeterminate
effect and should be avoided. Refer to the corresponding pages of the data sheet, as indicated in
Table 11.3, for a detailed description of each register.

Table 11.1. Special Function Register (SFR) Memory. Map/(Page 0x0)

F8| SPIOCN | PCAOL PCAOH |PCAOCPLO|PCAOCPHO| PCAOCPL4 | PCAOCPH4 | VDMOCN
FO B POMDIN | P1MDIN SMBOADR |.(SMBOADM EIP1 EIP2
E8 |ADCOCN|PCAQOCPL1|PCAOCPH1|PCAOCPL2|PCAOCPH2{, PCAOCPL3 | PCAOCPH3 | RSTSRC
EO| ACC XBRO XBR1 XBR2 ITO1CF FLWR EIE1 EIE2
D8|PCAOCN| PCAOMD |PCAOCPMO|PCAOCPM1|RCAOCPM2| PCAOCPM3 | PCAOCPM4 |PCAOPWM
DO| PSW | REFOCN |PCAOCPL5|PCAOCPHS5|/ POSKIP P1SKIP POMAT
C8|TMR2CN| REGOCN | TMR2RLL | TMR2RLHy|, “TMR2L TMR2H PCAOCPM5 | P1MAT
CO|SMBOCN| SMBOCF | SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL ADCOLTH | POMASK
B8 IP IREFOCN | ADCOAC | ADCOMX | ADCOCF ADCOL ADCOH P1MASK
BO| SPIMCN | OSCXCN | OSCICN |[fOSsCICL PMUOCF FLSCL FLKEY
A8 IE CLKSEL | EMIOCN RTCOADR | RTCODAT RTCOKEY
A0 P2 SPIOCFG | SPIOCKR' |/ SPIODAT | POMDOUT | P1MDOUT | P2MDOUT | SFRPAGE
98| SCONO | SBUFO CPT1CN | CPTOCN | CPT1MD CPTOMD CPT1MX CPTOMX
90 P1 TMR3CN | TMR3RLL | TMR3RLH | TMR3L TMR3H DCOCF DCOCN
88| TCON TMOD TLO TLA1 THO TH1 CKCON PSCTL
80 PO SP DPL DPH SPI1CFG | SPIMCKR SPI1DAT PCON
0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
(bit addressable)
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11.1. SFR Paging

To accommodate more than 128 SFRs in the 0x80 to OxFF address space, SFR paging has been imple-
mented. By default, all SFR accesses target SFR Page 0x0 to allow access to the registers listed in
Table 11.1. During device initialization, some SFRs located on SFR Page OxF may need to be accessed.
Table 11.2 lists the SFRs accessible from SFR Page 0xOF. Some SFRs are accessible from both pages,
including the SFRPAGE reqister.

SFRs only accessible from Page OxF are in bold.
The following procedure should be used when accessing SFRs on Page OxF:

1. Save the current interrupt state (EA_save = EA).

2. Disable Interrupts (EA = 0).
3. Set SFRPAGE = OxF.
4. Access the SFRs located on SFR Page OxF.
5. Set SFRPAGE = 0x0.
6. Restore interrupt state (EA = EA_save).
Table 11.2. Special Function Register (SFR) Memory=-Map (Page 0xF)
F8
FO B EIP1 EIP2
E8
EO| ACC FLWR EIE1 EIE2
D8
DO| PSW
C8
Co
B8 IREFOCF |ADCOPWR ADCOTK
BO PMUOMD
A8 IE CLKSEL
A0 P2 PODRV P1DRV P2DRV SFRPAGE
98
90 P1 CRCODAT | CRCOCN CRCOIN DCOMD CRCOFLIP | CRCOAUTO |CRCOCNT
88
80 PO SP DPL DPH TOFFL TOFFH PCON
0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
(bit addressable)
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SFR Definition 11.1. SFR Page: SFR Page

Bit 7 6 5 4 3 2 0
Name SFRPAGEJ7:0]
Type R/W
Reset 0 0 0 0 0 0 0
SFR Page = All Pages; SFR Address = OxA7
Bit Name Function

7:0 | SFRPAGE[7:0] | SFR Page.

registers.

Specifies the SFR Page used when reading, writing, or modifying special function

Table 11.3. Special Function Registers

SFRs are listed in alphabetical order. All undefined SFR locations are reserved.

Register Address | SFR Page Description Page
ACC OxEO All Accumulater 121
ADCOAC 0xBA 0x0 ADCO Accumulator Configuration 87
ADCOCF 0xBC 0x0 ADCO Configuration 86
ADCOCN OxE8 0x0 ADCO/Control 85
ADCOGTH 0xC4 0x0 ADCO,Greater-Than Compare High 91
ADCOGTL 0xC3 0x0 ADCO0./Greater-Than Compare Low 91
ADCOH 0xBE 0x0 ADCO High 90
ADCOL 0xBD 0x0 ADCO Low 90
ADCOLTH 0xC6 0x0 ADCO Less-Than Compare Word High 92
ADCOLTL 0xC5 0x0 ADCO Less-Than Compare Word Low 92
ADCOMX 0xBB 0x0 AMUXO0 Channel Select 95
ADCOPWR 0xBA O0xF ADCO Burst Mode Power-Up Time 88
ADCOTK 0xBD OxF ADCO Tracking Control 89
B OxFO All B Register 121
CKCON Ox8E 0x0 Clock Control 339
CLKSEL 0xA9 All Clock Select 201
CPTOEN 0x9B 0x0 Comparator0Q Control 108
CRPTOMD 0x9D 0x0 Comparator0 Mode Selection 108
CPTOMX Ox9F 0x0 Comparator0 Mux Selection 112
CPT1CN 0x9A 0x0 Comparator1 Control 109
CPT1MD 0x9C 0x0 Comparator1 Mode Selection 110
CPT1MX Ox9E 0x0 Comparator1 Mux Selection 113
CRCOAUTO 0x96 OxF CRCO Automatic Control 172
CRCOCN 0x92 OxF CRCO Control 170
CRCOCNT 0x97 OxF CRCO Automatic Flash Sector Count 173
CRCODAT 0x91 OxF CRCO0 Data 171
CRCOFLIP 0x95 OxF CRCO Flip 174
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Table 11.3. Special Function Registers (Continued)

SFRs are listed in alphabetical order. All undefined SFR locations are reserved.

Register Address | SFR Page Description Page
CRCOIN 0x93 OxF CRCO Input 171
DCOCF 0x96 0x0 DCO (DC-DC Converter) Configuration 183
DCOCN 0x97 0x0 DCO (DC-DC Converter) Control 182
DCOMD 0x94 OxF DCO (DC-DC Converter) Mode 184
DPH 0x83 All Data Pointer High 120
DPL 0x82 All Data Pointer Low 120
EIE1 OxE6 All Extended Interrupt Enable 1 140
EIE2 OxE7 All Extended Interrupt Enable 2 142
EIP1 OxF6 0x0 Extended Interrupt Priority 1 141
EIP2 OxF7 0x0 Extended Interrupt Priority 2 143
EMIOCN OxAA 0x0 EMIF Control 127
FLKEY 0xB7 0x0 Flash Lock And Key 155
FLSCL 0xB6 0x0 Flash Scale 155
IE 0xA8 All Interrupt Enable 138
P 0xB8 0x0 Interrupt Priority 139
IREFOCN 0xB9 0x0 Current Reference IREF,Control 102
IREFOCF 0xB9 OxF Current Reference IREF Configuration 103
ITO1CF OxE4 0x0 INTO/INT1 Configuration 145
OSCICL 0xB3 0x0 Internal Oscillator Calibration 202
OSCICN 0xB2 0x0 Internal Oscillater Control 202
OSCXCN 0xB1 0x0 External Oscillator Control 203
PO 0x80 All Port\0 Latch 233
PODRV 0xA4 OxF Part 0 Drive Strength 235
POMASK 0xC7 0x0 Port'0' Mask 230
POMAT 0xD7 0x0 Port 0 Match 230
POMDIN OxF1 0x0 Port 0 Input Mode Configuration 234
POMDOUT 0xA4 0x0 Port 0 Output Mode Configuration 234
POSKIP 0xD4 0x0 Port 0 Skip 233
P1 0x90 All Port 1 Latch 236
P1DRV 0xA5 OxF Port 1 Drive Strength 238
P1MASK 0xBE 0x0 Port 1 Mask 231
P1MAT 0xCF 0x0 Port 1 Match 231
P1MDIN OxF2 0x0 Port 1 Input Mode Configuration 237
P1MDOUT 0xA5 0x0 Port 1 Output Mode Configuration 237
P1SKIR 0xD5 0x0 Port 1 Skip 236
P2 0xA0 All Port 2 Latch 238
P2DRV OxA6 OxF Port 2 Drive Strength 239
P2MDOUT OxA6 0x0 Port 2 Output Mode Configuration 239
PCAOCN 0xD8 0x0 PCAOQ Control 373
PCAOCPHO OxFC 0x0 PCAOQ Capture 0 High 378
PCAOCPH1 OxEA 0x0 PCAO Capture 1 High 378
PCAOCPH2 OxEC 0x0 PCAOQ Capture 2 High 378
PCAOCPH3 OxEE 0x0 PCAO Capture 3 High 378
PCAOCPH4 OxFE 0x0 PCAOQ Capture 4 High 378
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SFRs are listed in alphabetical order. All undefined SFR locations are reserved.

Table 11.3. Special Function Registers (Continued)

Register Address | SFR Page Description Page
PCAOCPH5 0xD3 0x0 PCAOQ Capture 5 High 378
PCAOCPLO O0xFB 0x0 PCAO Capture 0 Low 378
PCAOCPLA1 OxE9 0x0 PCAOQ Capture 1 Low 378
PCAOCPL2 OxEB 0x0 PCAO Capture 2 Low 378
PCAOCPL3 OxED 0x0 PCAOQ Capture 3 Low 378
PCAOCPL4 OxFD 0x0 PCAOQ Capture 4 Low 378
PCAOCPL5 0xD2 0x0 PCAOQ Capture 5 Low 378
PCAOCPMO O0xDA 0x0 PCAO Module 0 Mode Register 376
PCAOCPM1 0xDB 0x0 PCAO Module 1 Mode Register 376
PCAOCPM2 0xDC 0x0 PCAO Module 2 Mode Register 376
PCAOCPM3 0xDD 0x0 PCAO Module 3 Mode Register 376
PCAOCPM4 0xDE 0x0 PCAOQ Module 4 Mode Register 376
PCAOCPM5 0xCE 0x0 PCAO Module 5 Mode Register 376
PCAOH OxFA 0x0 PCAO Counter High 377
PCAOL 0xF9 0x0 PCAO Counter Low 377
PCAOMD 0xD9 0x0 PCAOQO Mode 374
PCAOPWM 0xDF 0x0 PCAO PWM Configuration 375
PCON 0x87 0x0 Power Control 165
PMUOCF 0xB5 0x0 PMUO Configuration 163
PMUOMD 0xB5 OxF PMUO Mode 164
PSCTL Ox8F 0x0 Program Store"R/W Control 154
PSW 0xDO All Program Status Word 122
REFOCN 0xD1 0x0 Voltage,Reference Control 101
REGOCN 0xC9 0x0 Voltage Regulator (VREGO) Control 185
RSTSRC OxEF 0x0 Reset Source Configuration/Status 194
RTCOADR 0xAC 0x0 RTCO Address 209
RTCODAT 0xAD 0x0 RTCO Data 210
RTCOKEY OxAE 0x0 RTCO Key 208
SBUFO0 0x99 0x0 UARTO Data Buffer 323
SCONO 0x98 0x0 UARTO Control 322
SFRPAGE OxAT7 All SFR Page 130
SMBOADM OxF5 0x0 SMBus Slave Address Mask 308
SMBOADR OxF4 0x0 SMBus Slave Address 308
SMBOCF 0xC1 0x0 SMBus Configuration 303
SMBOCN 0xCO0 0x0 SMBus Control 305
SMBODAT 0xC2 0x0 SMBus Data 309
SP 0x81 All Stack Pointer 121
SPIOCFG 0xA1 0x0 SPI0 Configuration 332
SPIOCKR 0xA2 0x0 SPI0 Clock Rate Control 334
SPIOCN OxF8 0x0 SPI0 Control 333
SPIODAT 0xA3 0x0 SPIO Data 334
SPI1CFG 0x84 0x0 SPI1 Configuration 332
SPIM1CKR 0x85 0x0 SPI1 Clock Rate Control 334
SPI1CN 0xBO 0x0 SPI1 Control 333
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Table 11.3. Special Function Registers (Continued)

SFRs are listed in alphabetical order. All undefined SFR locations are reserved.

Register Address | SFR Page Description Page
SPI1DAT 0x86 0x0 SPI1 Data 334
TCON 0x88 0x0 Timer/Counter Control 344
THO 0x8C 0x0 Timer/Counter 0 High 347
TH1 0x8D 0x0 Timer/Counter 1 High 347
TLO 0x8A 0x0 Timer/Counter 0 Low 346
TLA1 0x8B 0x0 Timer/Counter 1 Low 346
TMOD 0x89 0x0 Timer/Counter Mode 345
TMR2CN 0xC8 0x0 Timer/Counter 2 Control 351
TMR2H 0xCD 0x0 Timer/Counter 2 High 353
TMR2L 0xCC 0x0 Timer/Counter 2 Low 353
TMR2RLH 0xCB 0x0 Timer/Counter 2 Reload High 352
TMR2RLL 0xCA 0x0 Timer/Counter 2 Reload Low 352
TMR3CN 0x91 0x0 Timer/Counter 3 Control 357
TMR3H 0x95 0x0 Timer/Counter 3 High 359
TMR3L 0x94 0x0 Timer/Counter 3 Low 359
TMR3RLH 0x93 0x0 Timer/Counter 3 Reload High 358
TMR3RLL 0x92 0x0 Timer/Counter 3'Reload\Low 358
TOFFH 0x86 OxF Temperature Offset High 98
TOFFL 0x85 OxF Temperature Offset Low 98
VDMOCN OxFF 0x0 VDD Monitor Coentrol 191
XBRO OxE1 0x0 Port I/@ Crossbar Control 0 227
XBR1 OxE2 0x0 Port\l/O Crossbar Control 1 228
XBR2 OxE3 0x0 Port 1/0, Crossbar Control 2 229
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12. Interrupt Handler

The Si1010/1/2/3/4/5 microcontroller family includes an extended interrupt system supporting multiple
interrupt sources and two priority levels. The allocation of interrupt sources between on-chip peripherals
and external input pins varies according to the specific version of the device. Refer to Table 12.1, “Interrupt
Summary,” on page 136 for a detailed listing of all interrupt sources supported by the device. Refer to the
data sheet section associated with a particular on-chip peripheral for information regarding valid interrupt
conditions for the peripheral and the behavior of its interrupt-pending flag(s).

Each interrupt source has one or more associated interrupt-pending flag(s) located in an SFR ors«an indi-
rect register. When a peripheral or external source meets a valid interrupt condition, the assaciated inter-
rupt-pending flag is set to logic 1. If both global interrupts and the specific interrupt source,is enabled, a
CPU interrupt request is generated when the interrupt-pending flag is set.

As soon as execution of the current instruction is complete, the CPU generates aniLCALL to a predeter-
mined address to begin execution of an interrupt service routine (ISR). Each ISRimust end with an RETI
instruction, which returns program execution to the next instruction that would " have been executed if the
interrupt request had not occurred. If interrupts are not enabled, the interrupt-pending flag is ignored by the
hardware and program execution continues as normal. (The interrupt-pending.flag is set to logic 1 regard-
less of the interrupt's enable/disable state.)

Some interrupt-pending flags are automatically cleared by hardware when the CPU vectors to the ISR.
However, most are not cleared by the hardware and must be cleared by software before returning from the
ISR. If an interrupt-pending flag remains set after the CPU completes the return-from-interrupt (RETI)
instruction, a new interrupt request will be generated immediately and the CPU will re-enter the ISR after
the completion of the next instruction.

12.1. Enabling Interrupt Sources

Each interrupt source can be individually enabled’or disabled through the use of an associated interrupt
enable bit in the Interrupt Enable and Extended,Interrupt Enable SFRs. However, interrupts must first be
globally enabled by setting the EA bit (IE:7):\todogic 1 before the individual interrupt enables are recog-
nized. Setting the EA bit to logic 0 disables all interrupt sources regardless of the individual interrupt-
enable settings. Note that interruptsswhichioccur when the EA bit is set to logic O will be held in a pending
state, and will not be serviced until the EA bit is set back to logic 1.

12.2. MCU Interrupt Sources and Vectors

The CPU services interrdpts, by generating an LCALL to a predetermined address (the interrupt vector
address) to begin execution of an interrupt service routine (ISR). The interrupt vector addresses associ-
ated with each interrupt source are listed in Table 12.1 on page 136. Software should ensure that the inter-
rupt vector for each enabled interrupt source contains a valid interrupt service routine.

Software can simulate an interrupt by setting any interrupt-pending flag to logic 1. If interrupts are enabled
for the flag, an interrupt request will be generated and the CPU will vector to the ISR address associated
withsthe interrupt-pending flag.
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12.3. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low prior-
ity interrupt service routine can be preempted by a high priority interrupt. A high priority interrupt cannot be
preempted. If a high priority interrupt preempts a low priority interrupt, the low priority interrupt will finish
execution after the high priority interrupt completes. Each interrupt has an associated interrupt priority bit in
in the Interrupt Priority and Extended Interrupt Priority registers used to configure its priority level. Low pri-
ority is the default.

If two interrupts are recognized simultaneously, the interrupt with the higher priority is serviced first. If:both
interrupts have the same priority level, a fixed priority order is used to arbitrate. See Table 12.1 on
page 136 to determine the fixed priority order used to arbitrate between simultaneously.recognized inter-
rupts.

12.4. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs: Pending interrupts are
sampled and priority decoded each system clock cycle. Therefore, the fastest pessible response time is 7
system clock cycles: 1 clock cycle to detect the interrupt, 1 clock cycle to execute a single instruction, and
5 clock cycles to complete the LCALL to the ISR. If an interrupt is pending'when/a RETI is executed, a sin-
gle instruction is executed before an LCALL is made to service the pending interrupt. Therefore, the maxi-
mum response time for an interrupt (when no other interrupt is currently being serviced or the new interrupt
is of greater priority) occurs when the CPU is performing an REThinstruction followed by a DIV as the next
instruction. In this case, the response time is 19 system clock’cycles: 1 clock cycle to detect the interrupt,
5 clock cycles to execute the RETI, 8 clock cycles to complete the DIV instruction and 5 clock cycles to
execute the LCALL to the ISR. If the CPU is executing an ISR for an interrupt with equal or higher priority,
the new interrupt will not be serviced until the currentilSR completes, including the RETI and following
instruction.
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Table 12.1. Interrupt Summary

Interrupt Source Interrupt | Priority Pending Flag Enable Priority
Vector | Order 3 Flag Control
o |8
@)
Reset 0x0000 Top None N/A | N/A Always Always
Enabled Highest
External Interrupt 0 (INTO) | 0x0003 0 IEQ (TCON.1) Y | Y | EXO(IE.0) J BXO0 (IP.0)
Timer 0 Overflow 0x000B 1 TFO (TCON.5) Y | Y | ETO (IEX) |=PTO (IP.1)
External Interrupt 1 (INT1) | 0x0013 2 IE1 (TCON.3) Y | Y | EXI(IE2) | PX1(IP.2)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) Y | Y | ET1(IE3) | PT1(IP.3)
UARTO 0x0023 4 RIO (SCONO0.0) Y | Negj. ESO(IE.4) | PSO (IP4)
TIO (SCONO.1)
Timer 2 Overflow 0x002B 5 TF2H (TMR2CN.7) Y/ N ["ET2(IE.5) | PT2(IP.5)
TF2L (TMR2CN.6)
SPI0 0x0033 6 SPIF (SPIOCN.7) Y..| N |ESPIO (IE.6) | PSPIO (IP.6)
WCOL (SPIOCN.6)
MODF (SPIOCN.5)
RXOVRN (SPIOCN:4)
SMBO 0x003B 7 SI (SMBOCN.0) Y | N ESMBO PSMBO
(EIE1.0) (EIP1.0)
SmaRTClock Alarm 0x0043 8 ALRM (RTCOCN.2)? N | N EARTCO PARTCO
(EIE1.1) (EIP1.1)
ADCO Window 0x004B 9 ADOWINT (ADCOCN.3) Y | N EWADCO PWADCO
Comparator (EIE1.2) (EIP1.2)
ADCO End of 0x0053 10 ADOINT (ADCOSTA.5) Y | N EADCO PADCO
Conversion (EIE1.3) (EIP1.3)
Programmable Counter 0x005B 11 CF (PCAOCN.7) Y N EPCAO PPCAO
Array CCFn (PCAOCN.n) (EIE1.4) (EIP1.4)
ComparatorQ 0x0063 12 CPOFIF (CPTOCN.4) N | N ECPO PCPO
CPORIF (CPTOCN.5) (EIE1.5) (EIP1.5)
Comparator1 0x006B 13 CP1FIF (CPT1CN.4) N | N ECP1 PCP1
CP1RIF (CPT1CN.5) (EIE1.6) (EIP1.6)
Timer 3 Overflow 0x0073 14 TF3H (TMR3CN.7) N | N ET3 PT3
TF3L (TMR3CN.6) (EIE1.7) (EIP1.7)
Supply Monitor Early’Warn-|, 0x007B 15 VDDOK (VDMOCN.5)" EWARN PWARN
ing VBATOK (VDMOCN.4)’ (EIE2.0) (EIP2.0)
Port Match 0x0083 16 None EMAT PMAT
(EIE2.1) (EIP2.1)
SmaRTClockOscillator Fail | 0x008B 17 OSCFAIL (RTCOCN.5)% N | N ERTCOF PFRTCOF
(EIE2.2) (EIP2.2)
EZRadioPRO Serial Inter- | 0x0093 18 SPIF (SPI1CN.7) N | N ESPI1 PSPI1
face (SPI1) WCOL (SPI1CN.6) (EIE2.3) (EIP2.3)
MODF (SPI1CN.5)
RXOVRN (SPI1CN.4)

Notes:

1. Indicates a read-only interrupt pending flag. The interrupt enable may be used to prevent software from
vectoring to the associated interrupt service routine.
2. Indicates a register located in an indirect memory space.
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12.5. Interrupt Register Descriptions

The SFRs used to enable the interrupt sources and set their priority level are described in the following
register descriptions. Refer to the data sheet section associated with a particular on-chip peripheral for
information regarding valid interrupt conditions for the peripheral and the behavior of its interrupt-pending

flag(s).
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SFR Definition 12.1. IE: Interrupt Enable

Bit 7 6 5 4 3 2 1 0
Name EA ESPIO ET2 ESO ET1 EX1 ETO EX0
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit

Name

SFR Page = All Pages; SFR Address = 0xA8; Bit-Addressable

Function

7 EA

Enable All Interrupts.

Globally enables/disables all interrupts. It overrides individual‘interrupt mask settings.
0: Disable all interrupt sources.

1: Enable each interrupt according to its individual maskisetting.

6 ESPIO

Enable Serial Peripheral Interface (SPIO) Interrupt:
This bit sets the masking of the SPI0 interrupts.

0: Disable all SPI0 interrupts.

1: Enable interrupt requests generated by SPI0.

5 ET2

Enable Timer 2 Interrupt.

This bit sets the masking of the Timer 2.interrupt.

0: Disable Timer 2 interrupt.

1: Enable interrupt requestsigenerated by the TF2L or TF2H flags.

4 ESO

Enable UARTO Interrupt.

This bit sets the masking of the UARTO interrupt.
0: Disable UARTOQ interrupt.

1: Enable UART.O'interrupt.

3 ET1

Enable Timerd Interrupt.

This bitssets the masking of the Timer 1 interrupt.

0: Disable all Timer 1 interrupt.

1:+Enable interrupt requests generated by the TF1 flag.

2 EX1

Enable External Interrupt 1.

This bit sets the masking of External Interrupt 1.

0: Disable external interrupt 1.

1: Enable interrupt requests generated by the INT1 input.

1 ETO

Enable Timer O Interrupt.

This bit sets the masking of the Timer 0 interrupt.

0: Disable all Timer O interrupt.

1: Enable interrupt requests generated by the TFO flag.

0 EXO0

Enable External Interrupt O.

This bit sets the masking of External Interrupt 0.

0: Disable external interrupt O.

1: Enable interrupt requests generated by the INTO input.

SILICON LABS
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SFR Definition 12.2. IP: Interrupt Priority

Bit 7 6 5 4 3 2 1 0
Name PSPIO PT2 PSO PT1 PX1 PTO PX0
Type R RIW RIW RIW RIW RIW RIW RIW
Reset 1 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xB8; Bit-Addressable

Bit

Name

Function

7

Unused

Read = 1b, Write = don't care.

6

PSPIO

Serial Peripheral Interface (SPIO) Interrupt Priority Control:
This bit sets the priority of the SPIO interrupt.

0: SPIO interrupt set to low priority level.

1: SPIO0 interrupt set to high priority level.

PT2

Timer 2 Interrupt Priority Control.

This bit sets the priority of the Timer 2 interfupt.
0: Timer 2 interrupt set to low priority level.

1: Timer 2 interrupt set to high priority level.

PSO

UARTO Interrupt Priority Control.

This bit sets the priority of the(lUARTO interrupt.
0: UARTO interrupt set to low,priority level.

1: UARTO interrupt set to high/priority level.

PT1

Timer 1 Interrupt Priority"Control.

This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt'set to low priority level.

1: Timer 1,interrupt set to high priority level.

PX1

External Interrupt 1 Priority Control.

This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority level.

1:.External Interrupt 1 set to high priority level.

PT0

Timer O Interrupt Priority Control.

This bit sets the priority of the Timer O interrupt.
0: Timer O interrupt set to low priority level.

1: Timer O interrupt set to high priority level.

PX0

External Interrupt O Priority Control.

This bit sets the priority of the External Interrupt O interrupt.
0: External Interrupt O set to low priority level.

1: External Interrupt O set to high priority level.
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SFR Definition 12.3. EIE1l: Extended Interrupt Enable 1

Bit 7 6 5 4 3 2 1 0
Name ET3 ECP1 ECPO EPCAO EADCO | EWADCO | ERTCOA | ESMBO
Type R/W R/W R/W R/W R/W R/W R/W RAW
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = OxE6
Bit Name Function
7 ET3 Enable Timer 3 Interrupt.

This bit sets the masking of the Timer 3 interrupt.
0: Disable Timer 3 interrupts.
1: Enable interrupt requests generated by the TF3L or TE3H:flags.

6 ECP1 Enable Comparatorl (CP1) Interrupt.

This bit sets the masking of the CP1 interrupt.

0: Disable CP1 interrupts.

1: Enable interrupt requests generated by the CP1RIF or CP1FIF flags.

5 ECPO |Enable Comparator0 (CPO) Interrupt.

This bit sets the masking of the CRO interrupt.

0: Disable CPO interrupts.

1: Enable interrupt requests.generated by the CPORIF or CPOFIF flags.

4 EPCAQO |Enable Programmable Counter Array (PCAO) Interrupt.
This bit sets the masking of the PCAOQ interrupts.

0: Disable all PCAQ interrupts.

1: Enable interrupt requests generated by PCAO.

3 EADCO |Enable ADCO:Conversion Complete Interrupt.

This bit'sets the masking of the ADCO Conversion Complete interrupt.
0: Disable ADCO Conversion Complete interrupt.

1:<Enable interrupt requests generated by the ADOINT flag.

2 | EWADCO= Enable Window Comparison ADCO Interrupt.

This bit sets the masking of ADCO Window Comparison interrupt.

0: Disable ADCO Window Comparison interrupt.

1: Enable interrupt requests generated by ADCO Window Compare flag (ADOWINT).

1 ERTCOA |Enable SmaRTClock Alarm Interrupts.

This bit sets the masking of the SmaRTClock Alarm interrupt.

0: Disable SmaRTClock Alarm interrupts.

1: Enable interrupt requests generated by a SmaRTClock Alarm.

0 ESMBO |Enable SMBus (SMBO) Interrupt.

This bit sets the masking of the SMBO interrupt.
0: Disable all SMBO interrupts.

1: Enable interrupt requests generated by SMBO.
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SFR Definition 12.4. EIP1: Extended Interrupt Priority 1

Bit

2

1

Name

PT3

PCP1

PCPO

PPCAO

PADCO

PWADCO

PRTCOA

PSMBO0

Type

R/W

R/W

R/W

R/W

R/W

R/W

R/W

RIW

0

0

0

0

Reset 0

SFR Page = All Pages; SFR Address = OxF6

Bit Name Function

7 PT3 Timer 3 Interrupt Priority Control.
This bit sets the priority of the Timer 3 interrupt.
0: Timer 3 interrupts set to low priority level.

1: Timer 3 interrupts set to high priority level.

6 PCP1 Comparatorl (CP1) Interrupt Priority Control.
This bit sets the priority of the CP1 interrupt.
0: CP1 interrupt set to low priority level.

1: CP1 interrupt set to high priority level.

5 PCPO |Comparator0 (CPO) Interrupt Priority Control.
This bit sets the priority of the CPQ interrupt.
0: CPO interrupt set to low prioritylevel.

1: CPO interrupt set to high priority/level.

4 PPCAQO |Programmable Counter ‘Array (PCAO) Interrupt Priority Control.
This bit sets the priority ofithe PCAQO interrupt.
0: PCAO interruptssettollow priority level.

1: PCAQO interrupt'set.to high priority level.

3 PADCO |ADCO Conversion Complete Interrupt Priority Control.
This bit/sets the priority of the ADCO Conversion Complete interrupt.
0: ADCQ, Conversion Complete interrupt set to low priority level.

1::ADCO Conversion Complete interrupt set to high priority level.

2 | PWADCO+ ADCO Window Comparator Interrupt Priority Control.
This bit sets the priority of the ADCO Window interrupt.
0: ADCO Window interrupt set to low priority level.

1: ADCO Window interrupt set to high priority level.

1 PRTCOA |SmaRTClock Alarm Interrupt Priority Control.
This bit sets the priority of the SmaRTClock Alarm interrupt.
0: SmaRTClock Alarm interrupt set to low priority level.

1: SmaRTClock Alarm interrupt set to high priority level.

0 PSMBO |SMBus (SMBO) Interrupt Priority Control.
This bit sets the priority of the SMBO interrupt.
0: SMBO interrupt set to low priority level.

1: SMBO interrupt set to high priority level.
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SFR Definition 12.5. EIE2: Extended Interrupt Enable 2

Bit 7 6 5 4 3 2 1 0
Name ESPI1 ERTCOF EMAT EWARN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit

Name

SFR Page = All Pages;SFR Address = OxE7

Function

74

Unused

Read = 0000b. Write = Don't care.

3

ESPI1

Enable EZRadioPRO Serial Interface (SPI1) Interrupt.

This bit sets the masking of the SPI11 interrupts.
0: Disable all SPI1 interrupts.
1: Enable interrupt requests generated by SPI1.

ERTCOF

Enable SmaRTClock Oscillator Fail Interrupt.

This bit sets the masking of the SmaRT.Clock Alarm interrupt.
0: Disable SmaRTClock Alarm interrupts.

1: Enable interrupt requests generated by SmaRTClock Alarm.

EMAT

Enable Port Match Interrupts.

This bit sets the masking of the Port Match Event interrupt.
0: Disable all Port Match interrupts.

1: Enable interrupt requests generated by a Port Match.

EWARN

Enable Supply Monitor Early Warning Interrupt.
This bit sets the masking of the Supply Monitor Early Warning interrupt.
0: Disable the"Supply Monitor Early Warning interrupt.

1: Enable.interrupt requests generated by the Supply Monitor(s). Warning is provided

for both<VBAT and VDD_MCU/DC+.
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SFR Definition 12.6. EIP2: Extended Interrupt Priority 2

Bit 7 6 5 4 3 2 1 0
Name PSPI1 PRTCOF PMAT PWARN
Type R R R/W R/W R/W RIW
Reset 0 0 0 0

SFR Page = All Pages; SFR Address = OxF7
Bit Name Function
7:4 Unused |Read = 0000b. Write = Don't care.
3 PSPI1 |EZRadioPRO Serial Interface (SPI1) Interrupt Priority Control.
This bit sets the priority of the SPI1 interrupt.
0: SP1 interrupt set to low priority level.
1: SPI1 interrupt set to high priority level.
2 PRTCOF | SmaRTClock Oscillator Fail Interrupt Priority Control.
This bit sets the priority of the SmaRTClock Alarm interrupt.
0: SmaRTClock Alarm interrupt set to low priority level.
1: SmaRTClock Alarm interrupt setito high'priority level.
1 PMAT |Port Match Interrupt Priority Control:
This bit sets the priority of.the' Port.Match Event interrupt.
0: Port Match interrupt set-to,low-priority level.
1: Port Match interrupt set.to high priority level.
0 PWARN | Supply Monitor Early. Warning Interrupt Priority Control.
This bit sets the priority of the VDD/DC+ Supply Monitor Early Warning interrupt.
0: Supply Moniter Early Warning interrupt set to low priority level.
1: Supply.Monitor Early Warning interrupt set to high priority level.
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12.6. External Interrupts INTO and INT1

The INTO and INT1 external interrupt sources are configurable as active high or low, edge or level sensi-
tive. The INOPL (INTO Polarity) and IN1PL (INT1 Polarity) bits in the ITO1CF register select active high or
active low; the ITO and IT1 bits in TCON (Section “26.1. Timer 0 and Timer 1” on page 340) select level or
edge sensitive. The table below lists the possible configurations.

ITO INOPL  |INTO Interrupt IT1 INLPL  |INT1 Interrupt

1 0 Active low, edge sensitive 1 0 Active low, edge sensitive
1 1 Active high, edge sensitive 1 1 Active high, edge sensitive
0 0 Active low, level sensitive 0 0 Active low, level sensitive
0 1 Active high, level sensitive 0 1 Active high, level sensitive

INTO and INT1 _are assigned to Port pins as defined in the ITO1CF register (see SER Definition 12.7). Note
that INTO and INTO Port pin assignments are independent of any Crossbar assignments. INTO and INT1
will monitor their assigned Port pins without disturbing the peripheral that was assigned the Port pin via the
Crossbar. To assign a Port pin only to INTO and/or INT1, configure the Crossbar-to skip the selected pin(s).
This is accomplished by setting the associated bit in register XBRO (see“Section “21.3. Priority Crossbar
Decoder” on page 224 for complete details on configuring the Crossbar).

IEO (TCON.1) and IE1 (TCON.3) serve as the interrupt-pending.flags for the INTO and INT1 external inter-
rupts, respectively. If an INTO or INT1 external interrupt is(configured as edge-sensitive, the corresponding
interrupt-pending flag is automatically cleared by the hardware=when the CPU vectors to the ISR. When
configured as level sensitive, the interrupt-pending flag.remains logic 1 while the input is active as defined
by the corresponding polarity bit (INOPL or IN1PL); the flag remains logic 0 while the input is inactive. The
external interrupt source must hold the input active,until’the interrupt request is recognized. It must then
deactivate the interrupt request before execution of the ISR completes or another interrupt request will be
generated.
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SFR Definition 12.7. ITO1CF: INTO/INT1 Configuration

Bit

5 1

Name

INTPL

IN1SL[2:0] INOPL INOSL[2:0]

Type

R/W

R/W R/W R/W

Reset

0

0 0 0 1

SFR Page = 0x0; SFR Address = 0xE4

Bit

Name

Function

7

INTPL

INT1 Polarity.
0: INT1 input is active low.
1: INT1 input is active high.

6:4

IN1SL[2:0]

INT1 Port Pin Selection Bits.

These bits select which Port pin is assigned to INT1:Note that this pin assignment is
independent of the Crossbar; INT1 will monitor the assigned Port pin without disturb-
ing the peripheral that has been assigned the,Port pin via the Crossbar. The Crossbar
will not assign the Port pin to a peripheral'if it is configured to skip the selected pin.
000: Select P0.0

001: Select P0.1

010: Select P0.2

011: Select P0.3

100: Select P0.4

101: Select P0.5

110: Select P0.6

111: Select P0.7,

INOPL

INTO Polarity.
0: INTO input'is active low.
1: INTO%input is active high.

2:0

INOSL[2:0]

INTO Port Pin Selection Bits.

These’bits select which Port pin is assigned to INTO. Note that this pin assignment is
independent of the Crossbar; INTO will monitor the assigned Port pin without disturb-
ing the peripheral that has been assigned the Port pin via the Crossbar. The Crossbar
will not assign the Port pin to a peripheral if it is configured to skip the selected pin.
000: Select P0.0

001: Select P0.1

010: Select P0.2

011: Select P0.3

100: Select P0.4

101: Select P0.5

110: Select P0.6

111: Select P0.7
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13. Flash Memory

On-chip, re-programmable Flash memory is included for program code and non-volatile data storage. The
Flash memory can be programmed in-system through the C2 interface or by software using the MOVX
write instruction. Once cleared to logic 0, a Flash bit must be erased to set it back to logic 1. Flash bytes
would typically be erased (set to OxFF) before being reprogrammed. The write and erase operations are
automatically timed by hardware for proper execution; data polling to determine the end of the write/erase
operations is not required. Code execution is stalled during Flash write/erase operations. Refer to
Table 4.6 for complete Flash memory electrical characteristics.

13.1. Programming the Flash Memory

The simplest means of programming the Flash memory is through the C2 interfaceusing programming
tools provided by Silicon Laboratories or a third party vendor. This is the only means for programming a
non-initialized device. For details on the C2 commands to program Flash memory, see Section 28 on page
379.

The Flash memory can be programmed by software using the MOVX write instruction with the address and
data byte to be programmed provided as normal operands. Before pregramming Flash memory using
MOVX, Flash programming operations must be enabled by: (1) setting the PSWE Program Store Write
Enable bit (PSCTL.0) to logic 1 (this directs the MOVX writes to target'Flash memory); and (2) Writing the
Flash key codes in sequence to the Flash Lock register (FLKEY).cThe PSWE bit remains set until cleared
by software. For detailed guidelines on programming Flash from. firmware, please see Section “13.5. Flash
Write and Erase Guidelines” on page 151.

To ensure the integrity of the Flash contents, the on-chip VDB Monitor must be enabled and enabled as a
reset source in any system that includes code that writes and/or erases Flash memory from software. Fur-
thermore, there should be no delay between enabling the Vpp Monitor and enabling the Vpp Monitor as a

reset source. Any attempt to write or erase Flash immemory while the Vpp Monitor is disabled, or not
enabled as a reset source, will cause a Flash’Errordevice reset.

13.1.1. Flash Lock and Key Functions

Flash writes and erases by user software,are protected with a lock and key function. The Flash Lock and
Key Register (FLKEY) must be written with the correct key codes, in sequence, before Flash operations
may be performed. The key codes,are: 0xA5, OxF1. The timing does not matter, but the codes must be
written in order. If the key codes are written out of order, or the wrong codes are written, Flash writes and
erases will be disabled untilithe next system reset. Flash writes and erases will also be disabled if a Flash
write or erase is attempted before the key codes have been written properly. The Flash lock resets after
each write or erase; the key codes must be written again before a following Flash operation can be per-
formed. The FLKEY register is detailed in SFR Definition 13.2.
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13.1.2. Flash Erase Procedure

The Flash memory is organized in 512-byte pages. The erase operation applies to an entire page (setting
all bytes in the page to OxFF). To erase an entire Flash page, perform the following steps:
Save current interrupt state and disable interrupts.

Set the PSEE bit (register PSCTL).

Set the PSWE bit (register PSCTL).

Write the first key code to FLKEY: OxA5.

Write the second key code to FLKEY: OxF1.

Using the MOVX instruction, write a data byte to any location within the page to be erased.
Clear the PSWE and PSEE bits.

. Restore previous interrupt state.

Steps 4—6 must be repeated for each 512-byte page to be erased.

© N ok N

Notes:

1. Flash security settings may prevent erasure of some Flash pages, such as,thereserved area and the page
containing the lock bytes. For a summary of Flash security settings afdsrestrictions affecting Flash erase
operations, please see Section “13.3. Security Options” on page 148.

2. 8-bit MOVX instructions cannot be used to erase or write to Flash memoryrat addresses higher than 0x00FF.

13.1.3. Flash Write Procedure

A write to Flash memory can clear bits to logic 0 but cannot'set them; only an erase operation can set bits
to logic 1 in Flash. A byte location to be programmed should be erased before a new value is written.
The recommended procedure for writing a single byté in'Elash is as follows:

Save current interrupt state and disable interrnupts.

Ensure that the Flash byte has been erased\(has‘a value of OxFF).

Set the PSWE bit (register PSCTL).

Clear the PSEE bit (register PSCTL).

Write the first key code to FLKEY: 0xA5.

Write the second key code to FLKEY: OxF1.

Using the MOVX instruction, write a single data byte to the desired location within the 512-byte sector.
Clear the PSWE bit.

Restore previous interrupt state.

Steps 5-7 must be repeated for each byte to be written.

© ©® N kDN =

Notes:

1. Flash security settings may prevent writes to some areas of Flash, such as the reserved area. For a summary
of Flash.security settings and restrictions affecting Flash write operations, please see Section “13.3. Security
Options” on page 148.

2.78-bit MOVX instructions cannot be used to erase or write to Flash memory at addresses higher than 0xO0FF.

13.2. Non-Volatile Data Storage

The Flash memory can be used for non-volatile data storage as well as program code. This allows data
such as calibration coefficients to be calculated and stored at run time. Data is written using the MOVX
write instruction and read using the MOVC instruction. MOVX read instructions always target XRAM.

An additional 512-byte scratchpad is available for non-volatile data storage. It is accessible at addresses
0x0000 to Ox01FF when SFLE is set to 1. The scratchpad area cannot be used for code execution.
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13.3. Security Options

The CIP-51 provides security options to protect the Flash memory from inadvertent modification by soft-
ware as well as to prevent the viewing of proprietary program code and constants. The Program Store
Write Enable (bit PSWE in register PSCTL) and the Program Store Erase Enable (bit PSEE in register
PSCTL) bits protect the Flash memory from accidental modification by software. PSWE must be explicitly
set to 1 before software can modify the Flash memory; both PSWE and PSEE must be set to 1 before soft-
ware can erase Flash memory. Additional security features prevent proprietary program code and,data
constants from being read or altered across the C2 interface.

A Security Lock Byte located at the last byte of Flash user space offers protection of the Flash,program
memory from access (reads, writes, or erases) by unprotected code or the C2 interface. The Flash security
mechanism allows the user to lock n 512-byte Flash pages, starting at page 0 (addresses 0x0000 to
0x01FF), where n is the 1s complement number represented by the Security Lock Byte. Note that the
page containing the Flash Security Lock Byte is unlocked when no other Flash pages are locked
(all bits of the Lock Byte are 1) and locked when any other Flash pages arexdocked (any bit of the
Lock Byte is 0).

Security Lock Byte: 1111 1011b

ones Complement: 0000 0100b

Flash pages locked: 5 (First four Flash pages + Lock Byte Page)
Addresses locked: 0x0000 to OxO7FF (first four Flash*pages) and

0x3A00 to 0x3BFF (Lock BytesPage)

16KB Flash Device 8KB Flash Device
(SFLE =0) (SFLE:=0)
OXFFFF OXFFFF N
Reserved
0x3C00
| O0x3BFF Lock Byte Reserved
OXx3BFE le—
0x3A00 HOBK B Locked t\;]vhen 0x2000
any otner Lock Byte Ox1FFF | Flash
Flash pages: memory
are locked ) Lock Byte Page OxIFFE — organized in
0x1E00 512-byte
Unlocked Flash Pages pages
16/8 KB Flash Device
Unlocked Flash Pages (SFLE = 1)
Access limit B
< set according N Ox01FF
to the Flash Scratchpad Area
security lock (Data Only)
byte
0x0000 0x0000 0x0000 _|

Figure 13.1. Flash Program Memory Map (16 kB and 8 kB devices)

The'level of Flash security depends on the Flash access method. The three Flash access methods that
can be restricted are reads, writes, and erases from the C2 debug interface, user firmware executing on
unlocked pages, and user firmware executing on locked pages. Table 13.1 summarizes the Flash security
features of the Si1010/1/2/3/4/5 devices.
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Table 13.1. Flash Security Summary

Action C2 Debug User Firmware executing from:
Interface
an unlocked page| alocked page
Read, Write or Erase unlocked pages Permitted Permitted Permitted
(except page with Lock Byte)
Read, Write or Erase locked pages Not Permitted FEDR Permitted
(except page with Lock Byte)
Read or Write page containing Lock Byte Permitted Permitted Permitted
(if no pages are locked)
Read or Write page containing Lock Byte Not Permitted FEDR Permitted
(if any page is locked)
Read contents of Lock Byte Permitted Permitted Permitted
(if no pages are locked)
Read contents of Lock Byte Not Permitted FEDR Permitted
(if any page is locked)
Erase page containing Lock Byte Permitted FEDR FEDR
(if no pages are locked)
Erase page containing Lock Byte - Unlock allpages |Only by C2DE FEDR FEDR
(if any page is locked)
Lock additional pages Not Permitted FEDR FEDR
(change 1s to Os in the Lock Byte)
Unlock individual pages Not'Permitted FEDR FEDR
(change Os to 1s in the Lock Byte)
Read, Write or Erase Reserved Area Not Permitted FEDR FEDR

C2DE—C2 Device Erase (Erases all-Flash pages including the page containing the Lock Byte)
FEDR—Not permitted; Causes Flash’Error Device Reset (FERROR bit in RSTSRC is 1 after reset)

m All prohibited operations that are performed via the C2 interface are ignored (do not cause device

reset).

Locking any Flashpage also locks the page containing the Lock Byte.
Once written tosthe Lock Byte cannot be modified except by performing a C2 Device Erase.
If user code.writes to the Lock Byte, the Lock does not take effect until the next device reset.
The scratchpad is locked when all other Flash pages are locked.

The scratchpad is erased when a Flash Device Erase command is performed.
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13.4. Determining the Device Part Number at Run Time

In many applications, user software may need to determine the MCU part number at run time in order to
determine the hardware capabilities. The part number can be determined by reading the value of the Flash
byte at address Ox3FFE.

The value of the Flash byte at address 0x3FFE can be decoded as follows:

0xD4—sSi1010
0xD5—Si1011
0xD6—Si1012
0xD7—Si1013
0xD8—Si1014
0xD9—Si1015
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13.5. Flash Write and Erase Guidelines

Any system which contains routines which write or erase Flash memory from software involves some risk
that the write or erase routines will execute unintentionally if the CPU is operating outside its specified
operating range of VDD, system clock frequency, or temperature. This accidental execution of Flash modi-
fying code can result in alteration of Flash memory contents causing a system failure that is only recover-
able by re-Flashing the code in the device.

To help prevent the accidental modification of Flash by firmware, the VDD Monitor must be enabledand
enabled as a reset source on Si1010/1/2/3/4/5 devices for the Flash to be successfully modified.(f either
the VDD Monitor or the VDD Monitor reset source is not enabled, a Flash Error Device Reset will be
generated when the firmware attempts to modify the Flash.

The following guidelines are recommended for any system that contains routines which write or erase
Flash from code.

13.5.1. VDD Maintenance and the VDD Monitor

1. If the system power supply is subject to voltage or current "spikes," add sufficient transient protection
devices to the power supply to ensure that the supply voltages listed in the Absolute Maximum Ratings
table are not exceeded.

2. Make certain that the minimum VDD rise time specification of 1 ms'is met. If the system cannot meet
this rise time specification, then add an external VDD brownoutrcircuit'to the RST pin of the device that
holds the device in reset until VDD reaches the minimum device operating voltage and re-asserts RST
if VDD drops below the minimum device operating voltage.

3. Keep the on-chip VDD Monitor enabled and enable the VDD Monitor as a reset source as early in code
as possible. This should be the first set of instructions executed after the Reset Vector. For C-based
systems, this will involve modifying the startup code added by the C compiler. See your compiler
documentation for more details. Make certain thatthere are no delays in software between enabling the
VDD Monitor and enabling the VDD Monitor as’a reset source. Code examples showing this can be
found in “AN201: Writing to Flash from Firmware," available from the Silicon Laboratories website.

Notes:

m  On Si1010/1/2/3/4/5 devices, both the, VDD Monitor and the VDD Monitor reset source must be enabled
to write or erase Flash without'generating a Flash Error Device Reset.

m On Si1010/1/2/3/4/5 devices, both the VDD Monitor and the VDD Monitor reset source are enabled by
hardware after a power=on reset.

4. As an added precaution, explicitly enable the VDD Monitor and enable the VDD Monitor as a reset
source inside the.functions that write and erase Flash memory. The VDD Monitor enable instructions
should be placed just after the instruction to set PSWE to a 1, but before the Flash write or erase
operation instruction.

5. Make certainithat all writes to the RSTSRC (Reset Sources) register use direct assignment operators
andwexplicitly DO NOT use the bit-wise operators (such as AND or OR). For example, "RSTSRC =
0x02" is correct, but "RSTSRC |= 0x02" is incorrect.

6. Make certain that all writes to the RSTSRC register explicitly set the PORSF bit to a 1. Areas to check
are initialization code which enables other reset sources, such as the Missing Clock Detector or
Comparator, for example, and instructions which force a Software Reset. A global search on "RSTSRC"
can quickly verify this.

13.5.2. PSWE Maintenance

7. Reduce the number of places in code where the PSWE bit (b0 in PSCTL) is set to a 1. There should be
exactly one routine in code that sets PSWE to a 1 to write Flash bytes and one routine in code that sets
both PSWE and PSEE both to a 1 to erase Flash pages.

8. Minimize the number of variable accesses while PSWE is set to a 1. Handle pointer address updates
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and loop maintenance outside the "PSWE = 1;... PSWE = 0;" area. Code examples showing this can be
found in AN201, "Writing to Flash from Firmware", available from the Silicon Laboratories web site.

9. Disable interrupts prior to setting PSWE to a 1 and leave them disabled until after PSWE has been
reset to 0. Any interrupts posted during the Flash write or erase operation will be serviced in priority
order after the Flash operation has been completed and interrupts have been re-enabled by software.

10.Make certain that the Flash write and erase pointer variables are not located in XRAM. See your
compiler documentation for instructions regarding how to explicitly locate variables in different memory
areas.

11. Add address bounds checking to the routines that write or erase Flash memory to ensure that.aroutine
called with an illegal address does not result in modification of the Flash.

13.5.3. System Clock

12.1f operating from an external crystal, be advised that crystal performance is susceptible to‘electrical
interference and is sensitive to layout and to changes in temperature. If the system is operating in an
electrically noisy environment, use the internal oscillator or use an external CMOS clock.

13.If operating from the external oscillator, switch to the internal oscillator during Flash write or erase
operations. The external oscillator can continue to run, and the CPU‘can'switch back to the external
oscillator after the Flash operation has completed.

Additional Flash recommendations and example code can be found in “AN201: Writing to Flash from Firm-
ware", available from the Silicon Laboratories website.
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13.6. Minimizing Flash Read Current

The Flash memory in the Si1010/1/2/3/4/5 devices is responsible for a substantial portion of the total digital
supply current when the device is executing code. Below are suggestions to minimize Flash read current.

1.

Use idle, suspend, or sleep modes while waiting for an interrupt, rather than polling the interrupt flag.
Idle Mode is particularly well-suited for use in implementing short pauses, since the wake-up time is no
more than three system clock cycles. See the Power Management chapter for details on the various
low-power operating modes.

. Si1010/1/2/3/4/5 devices have a one-shot timer that saves power when operating at system clock

frequencies of 14 MHz or less. The one-shot timer generates a minimum-duration enable signal for the
Flash sense amps on each clock cycle in which the Flash memory is accessed. This allows the Flash to
remain in a low power state for the remainder of the long clock cycle.

At clock frequencies above 14 MHz, the system clock cycle becomes short enough that the one-shot
timer no longer provides a power benefit. Disabling the one-shot timer at higher frequencies reduces
power consumption. The one-shot is enabled by default, and it can be disabled (bypassed) by setting
the BYPASS bit (FLSCL.6) to logic 1. To re-enable the one-shot, clear the. BYPASS bit to logic 0. After
changing the BYPASS bit from 1 to 0, the third opcode byte fetched from program memory is
indeterminate. Therefore, the operation that clears the BYPASS bit should 'be immediately followed by
a benign 3-byte instruction whose third byte is a don't care. An example of such an instruction is a 3-
byte MOV that targets the FLWR register. When programming in C, the dummy value written to FLWR
should be a non-zero value to prevent the compiler from generating a 2-byte MOV instruction.

Flash read current depends on the number of addressdines that toggle between sequential Flash read
operations. In most cases, the difference in power is relatively’small (on the order of 5%).

The Flash memory is organized in rows of 64 bytes:A substantial current increase can be detected
when the read address jumps from one row in the Flash memory to another. Consider a 3-cycle loop
(e.g., SUIMP $, or while(1);) which straddles a/Flash‘row boundary. The Flash address jumps from one
row to another on two of every three clock eyclés. This can result in a current increase of up 30% when
compared to the same 3-cycle loop contained\entirely within a single row.

. To minimize the power consumption,of small'loops, it is best to locate them within a single row, if

possible. To check if a loop is contained within a Flash row, divide the starting address of the first
instruction in the loop by 64. If the remainder (result of modulo operation) plus the length of the loop is
less than 63, then the loop fits inside a single Flash row. Otherwise, the loop will be straddling two
adjacent Flash rows. If a loopiexecutes in 20 or more clock cycles, then the transitions from one row to
another will occur on relatively few clock cycles, and any resulting increase in operating current will be
negligible.

. To write software.thatis compatible with all devices in the ‘F93x-'F92x and ‘F91x-"F90x product families,

the Flash row size should be considered 64 bytes.
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SFR Definition 13.1. PSCTL: Program Store R/W Control

Bit 7 6 5 4 3 2 1 0
Name SFLE PSEE | PSWE
Type R R R R R RIW RIW RAV
Reset 0 0 0

SFR Page =0x0; SFR Address = O0x8F

Bit

Name

Function

7:3

Unused

Read = 00000b, Write = don’t care.

2

SFLE

Scratchpad Flash Memory Access Enable.

When this bit is set, Flash MOVC reads and MOVX writes from user software are
directed to the Scratchpad Flash sector. Flash accesses outside the address range
0x0000-0x01FF should not be attempted and may yield undefined results when SFLE
is setto 1.

0: Flash access from user software directed.to the Program/Data Flash sector.

1: Flash access from user software directed to the Scratchpad Sector.

PSEE

Program Store Erase Enable.

Setting this bit (in combination with PSWE) allows an entire page of Flash program
memory to be erased. If this bitsis,logic' 1 and Flash writes are enabled (PSWE is logic
1), a write to Flash memory. using the MOVX instruction will erase the entire page that
contains the location addressed by the MOVX instruction. The value of the data byte
written does not matter:

0: Flash program memory‘erasure disabled.

1: Flash program/memory erasure enabled.

PSWE

Program Store Write Enable.

Setting this bitallows writing a byte of data to the Flash program memory using the
MOVX write instruction. The Flash location should be erased before writing data.

0: Writes. to Flash program memory disabled.

1+=Writes to Flash program memory enabled; the MOVX write instruction targets Flash
memory.

SILICON LABS
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SFR Definition 13.2. FLKEY: Flash Lock and Key

Bit 7 6 5 4 3 2 1 0
Name FLKEY[7:0]
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xB6
Bit Name Function
7:0 | FLKEY[7:0] | Flash Lock and Key Register.
Write:
This register provides a lock and key function for Flash erasures and writes. Flash
writes and erases are enabled by writing 0xA5 followed by 0xF1 to the FLKEY regis-
ter. Flash writes and erases are automatically disabledafter the next write or erase is
complete. If any writes to FLKEY are performed incorrectly, or if a Flash write or erase
operation is attempted while these operations are disabled, the Flash will be perma-
nently locked from writes or erasures until the next device reset. If an application
never writes to Flash, it can intentionally lock the Flash by writing a non-0xA5 value to
FLKEY from software.
Read:
When read, bits 1-0 indicate the(current Flash lock state.
00: Flash is write/erase locked:
01: The first key code has\been written (0xAS5).
10: Flash is unlocked (writes/erases allowed).
11: Flash writes/erasesidisabled until the next reset.
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SFR Definition 13.3. FLSCL: Flash Scale

Bit 7 6 5 4 3 2 1 0
Name BYPASS
Type R R/W R R
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xB6

Bit Name Function

7 Reserved |Always Write to 0.

6 BYPASS |Flash Read Timing One-Shot Bypass.
0: The one-shot determines the Flash read time. This setting'should be used for oper-
ating frequencies less than 10 MHz.
1: The system clock determines the Flash read time. This'setting should be used for
frequencies greater than 10 MHz.

5:0 | Reserved |Always Write to 000000.

Note: Operations which clear the BYPASS bit do not need to be immediately followed by a benign 3-byte instruction.
For code compatibility with C8051F930/31/20/21 or Si1000/1/2/3/4/5 devices, a benign 3-byte instruction
whose third byte is a don't care should follow the clear operation. See the C8051F93x-C8051F92x data sheet
for more details.

SFR Definition 13.4. FLWR: Flash Write Only

Bit 7 | e | 5.1 4 | s | 2 | 1 | o
Name FLWR][7:0]
Type w
Reset o | o] o [ o | o | o | o | o

SFR Page = 0x0; SFR/Address = 0xE5
Bit Name Function
7:0 | FLWR[7:01 'Elash Write Only.
All writes to this register have no effect on system operation.

SILICON LABS

Rev. 1.2 156



Si1010/1/2/3/415

14. Power Management

Si1010/1/2/3/4/5 devices support 5 power modes: Normal, Idle, Stop, Suspend, and Sleep. The power
management unit (PMUOQ) allows the device to enter and wake-up from the available power modes. A brief
description of each power mode is provided in Table 14.1. Detailed descriptions of each mode can be
found in the following sections.

Table 14.1. Power Modes

Power Mode Description Wake-Up Power Savings
Sources
Normal Device fully functional N/A Excellent MIPS/mW
Idle All peripherals fully functional. Any Interrupt. Good
Very easy to wake up. No Code Execution
Stop Legacy 8051 low power mode. Any Reset. Good
A reset is required to wake up. No_ Code Execution
Precision Oscillator Disabled
Suspend | Similar to Stop Mode, but very fast | SmaRTClock, Very Good
wake-up time and code resumes Port Match, No Code Execution
execution at the next instruction. | Comparatot0,*| All Internal Oscillators Disabled
RST pin: System Clock Gated
Sleep Ultra Low Power and flexible SmaRTClock, Excellent
wake-up sources. Code resumes Port Match, Power Supply Gated
execution at the next instruction. | _Comparator0, | All Oscillators except SmaRT-
Comparator0 only functionalin RST pin. Clock Disabled

two-cell mode.

In battery powered systems, the system should spend as much time as possible in sleep mode in order to
preserve battery life. When a task with a fixed number of clock cycles needs to be performed, the device
should switch to normal mode, finish'the task as quickly as possible, and return to sleep mode. Idle mode
and suspend modes provide a'very fast wake-up time; however, the power savings in these modes will not
be as much as in sleep mode:, Stop mode is included for legacy reasons; the system will be more power
efficient and easier to wake up, when idle, suspend, or sleep mode are used.

Although switching.power modes is an integral part of power management, enabling/disabling individual
peripherals as needed will help lower power consumption in all power modes. Each analog peripheral can
be disabled when not’in use or placed in a low power mode. Digital peripherals such as timers or serial
busses drawlittle power whenever they are not in use. Digital peripherals draw no power in Sleep Mode.
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14.1. Normal Mode

The MCU is fully functional in Normal Mode. Figure 14.1 shows the on-chip power distribution to various
peripherals. There are three supply voltages powering various sections of the chip: VBAT,
VDD_MCU/DC+, and the 1.8 V internal core supply. VREGO0, PMUO and the SmaRTClock are always pow-
ered directly from the VBAT pin. All analog peripherals are directly powered from the VDD_MCU/DC+ pin,
which is an output in one-cell mode and an input in two-cell mode. All digital peripherals and the CIP-51
core are powered from the 1.8 V internal core supply. The RAM is also powered from the core supply.in
Normal mode.

One-cell: 0.9to 3.6 v VDD_MCU/
VBAT Tvr\]/g-g?ell' 18 tg 36V DC+ One-cell or Two-cell: 1.8to 3.6V

19V Note: VDD_MCU/DC+ must.be 3VBAT
typical 5PIO

o DCO
Analog.Peripherals
One-Cell Active/ |

Idle/Stop/Suspend | VREF |  ReFo

One-Cell Sleep

ADC ||
® VREGO <
!
SENSOR

VOLTAGE
COMPARATORS

XCZ>

Sl [T Activelidies |
P L stop/suspénd [jg\| Digital Peripherals
>

| UART I u
PMUO ——— iP5t Flash | |
—P» Core SPI
SMaRTClock | RAM T | [ |

v

Figure 14.1. Si1010/1/2/3/4/5 Power Distribution

14.2. Idle Mode

Setting the ldle Mode Select bit (PCON.0) causes the CIP-51 to halt the CPU and enter Idle mode as soon
as the.instruction that sets the bit completes execution. All internal registers and memory maintain their
original data."All analog and digital peripherals can remain active during Idle mode.

Note: To ensure the MCU enters a low power state upon entry into Idle Mode, the one-shot circuit should be
enabled by clearing the BYPASS bit (FLSCL.6).

Idlesmode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an
enabled interrupt will cause the Idle Mode Selection bit (PCON.0) to be cleared and the CPU to resume
operation. The pending interrupt will be serviced and the next instruction to be executed after the return
from interrupt (RETI) will be the instruction immediately following the one that set the Idle Mode Select bit.
If Idle mode is terminated by an internal or external reset, the CIP-51 performs a normal reset sequence
and begins program execution at address 0x0000.
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If enabled, the Watchdog Timer (WDT) will eventually cause an internal watchdog reset and thereby termi-
nate the Idle mode. This feature protects the system from an unintended permanent shutdown in the event
of an inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by
software prior to entering the idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “18.6. PCA Watchdog Timer
Reset” on page 192 for more information on the use and configuration of the WDT.

14.3. Stop Mode

Setting the Stop Mode Select bit (PCON.1) causes the CIP-51 to enter stop mode as soon assthe instruc-
tion that sets the bit completes execution. In stop mode the precision internal oscillater. and CPU are
stopped; the state of the low power oscillator and the external oscillator circuit is not affected.\Each analog
peripheral (including the external oscillator circuit) may be shut down individually prior, to entering stop
mode. Stop mode can only be terminated by an internal or external reset. On reset, the CIP-51 performs
the normal reset sequence and begins program execution at address 0x0000.

If enabled, the Missing Clock Detector will cause an internal reset and thereby,terminate the Stop mode.
The Missing Clock Detector should be disabled if the CPU is to be put to'in STOP mode for longer than the
MCD timeout.

Stop mode is a legacy 8051 power mode; it will not result in optimal ‘power savings. Sleep or suspend
mode will provide more power savings if the MCU needs to be inactive for a long period of time.

Note: To ensure the MCU enters a low power state upon entry into Stop Mode, the one-shot circuit should be
enabled by clearing the BYPASS bit (FLSCL.6).
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14.4. Suspend Mode

Setting the Suspend Mode Select bit (PMUOCF.6) causes the system clock to be gated off and all internal
oscillators disabled. The system clock source must be set to the low power internal oscillator or the preci-
sion oscillator prior to entering suspend mode. All digital logic (timers, communication peripherals, inter-
rupts, CPU, etc.) stops functioning until one of the enabled wake-up sources occurs.

The following wake-up sources can be configured to wake the device from Suspend Mode:

e SmaRTClock Oscillator Fail
e SmaRTClock Alarm

e Port Match Event

e Comparator0 Rising Edge

Note: Upon wake-up from suspend mode, PMUO requires two system clocks in order to update'the PMUOCF
wake-up flags. All flags will read back a value of '0' during the first two system clocks following a wake-
up from suspend mode. One of the two internal oscillators must be selected as'the system clock when
entering Suspend Mode.

In addition, a noise glitch on RST that is not long enough to reset the:device will cause the device to exit
suspend. In order for the MCU to respond to the pin reset event, software must not place the device back
into suspend mode for a period of 15 us. The PMUOCF register may be checked to determine if the wake-
up was due to a falling edge on the /RST pin. If the wake-up_sourece is not due to a falling edge on RST,
there is no time restriction on how soon software may place.the device back into suspend mode. A 4.7 kW
pullup resistor to VDD_MCU/DC+ is recommend for RST to'prevent noise glitches from waking the device.
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14.5. Sleep Mode

Setting the Sleep Mode Select bit (PMUOCF.6) turns off the internal 1.8 V regulator (VREGO) and switches
the power supply of all on-chip RAM to the VBAT pin (see Figure 14.1). Power to most digital logic on the
chip is disconnected; only PMUO and the SmaRTClock remain powered. Analog peripherals remain pow-
ered in two-cell mode and lose their supply in one-cell mode because the dc-dc converter is disabled. In
two-cell mode, only the Comparators remain functional when the device enters sleep mode. All other ana-
log peripherals (ADCO, IREFO, External Oscillator, etc.) should be disabled prior to entering sleep mode.
The system clock source must be set to the low power internal oscillator or the precision oscillatorspriorto
entering sleep mode.

Note: When exiting Sleep Mode, 4 NOP instructions should be located immediately after the write to. PMUOCF
that placed the device in sleep mode. One of the two internal oscillators must be selected as the system
clock when entering Sleep Mode.

Note: If the average active time (between successive entries into Sleep Mode) is less than 1 ms, peripherals
that may cause a wake-up from Sleep Mode (SmaRTClock, Port Match, and Comparator0) or are
enabled or configured in a way which may cause the wake-up flag to be set should be selected as
wake-up sources. If these peripherals are not selected as wake-up sources; then it is recommended to
bypass the Flash one-shot (FLSCL.6=1) before entering into Sleep Mode.

GPIO pins configured as digital outputs will retain their output state during sleep mode. In two-cell mode,
they will maintain the same current drive capability in sleep mode as they have in normal mode. In one-cell
mode, the VDD_MCU/DC+ supply will drop to the level of¢VBAT, which will reduce the output high-voltage
level and the source and sink current drive capability.

GPIO pins configured as digital inputs can be used during sleep mode as wakeup sources using the port
match feature. In two-cell mode, they will maintain the same input level specs in sleep mode as they have
in normal mode. In one-cell mode, the VDD supply will drop to the level of VBAT, which will lower the
switching threshold and increase the propagationdelay.

As part of the C8051F9xx Plus feature set,.a'wakeup request for external devices may be generated. Upon
exit from sleep mode, the wake-up requestsignal is driven high, allowing other devices in the system to
wake up from their low power modes:“Aniexample of a system that may benefit from this function is one
that uses a high-power dc-dc converter (>65 mW of output power). The dc-dc converter may be disabled
when the system is asleep, and/canibe awoken by the wake-up request signal from the MCU. The wakeup
request signal is high when the MCU is awake and low when the MCU is asleep.

Note: By default, the VDDxMCU/DC+ supply is connected to VBAT upon entry into Sleep Mode (one-cell mode). If
the VDDSLP bit (DCOCEF.1) is set to logic 1, the VDD_MCU/DC+ supply will float in Sleep Mode. This allows the
decoupling capacitance on the VDD_MCU/DC+ supply to maintain the supply rail until the capacitors are
discharged. For relatively short sleep intervals, this can result in substantial power savings because the
decoupling capacitance is not continuously charged and discharged.

RAM and SFR register contents are preserved in sleep mode as long as the voltage on VBAT does not fall

belowsVpar¢ The PC counter and all other volatile state information is preserved allowing the device to

resume/code execution upon waking up from Sleep mode. The following wake-up sources can be config-
ured to wake the device from sleep mode:

e SmaRTClock Oscillator Fail

e SmaRTClock Alarm

e Port Match Event

e ComparatorO Rising Edge.

The ComparatorO Rising Edge wakeup is only valid in two-cell mode. The comparator requires a supply
voltage of at least 1.8 V to operate properly. The VBAT supply monitor can be disabled to save power by
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writing 1 to the MONDIS (PMUOMD.5) bit. When the VBAT supply monitor is disabled, all reset sources will
trigger a full POR and will re-enable the VBAT supply monitor.

In addition, any falling edge on RST (due to a pin reset or a noise glitch) will cause the device to exit sleep
mode. In order for the MCU to respond to the pin reset event, software must not place the device back into
sleep mode for a period of 15 ys. The PMUOCF register may be checked to determine if the wake-up was
due to a falling edge on the RST pin. If the wake-up source is not due to a falling edge on RST, there is no
time restriction on how soon software may place the device back into sleep mode. A 4.7 kQ pullup resistor
to VDD_MCU/DC+ is recommend for RST to prevent noise glitches from waking the device.

14.6. Configuring Wakeup Sources

Before placing the device in a low power mode, one or more wakeup sources should be enabled so that
the device does not remain in the low power mode indefinitely. For Idle Mode, this includes enabling any
interrupt. For Stop Mode, this includes enabling any reset source or relying on the RST,pin to reset the
device.

Wake-up sources for suspend and sleep modes are configured through the PMUOCF register. Wake-up
sources are enabled by writing 1 to the corresponding wake-up source gnable/bit. Wake-up sources must
be re-enabled each time the device is placed in suspend or sleep mode, in the.same write that places the
device in the low power mode.

The reset pin is always enabled as a wake-up source. On the falling edge of RST, the device will be
awaken from sleep mode. The device must remain awake for moreithan 15 ps in order for the reset to take
place.

14.7. Determining the Event that Causedthe Last Wakeup

When waking from idle mode, the CPU will vector to/the'interrupt which caused it to wake up. When wak-
ing from stop mode, the RSTSRC register may be-read.to determine the cause of the last reset.

Upon exit from suspend or sleep mode, the wake-up flags in the PMUOCF register can be read to deter-
mine the event which caused the device to wake up. After waking up, the wake-up flags will continue to be
updated if any of the wake-up events occur."Wake-up flags are always updated, even if they are not
enabled as wake-up sources.

All wake-up flags enabled as wake-up sources in PMUOCF must be cleared before the device can enter
suspend or sleep mode. After.clearing the wake-up flags, each of the enabled wake-up events should be
checked in the individual peripherals to ensure that a wake-up event did not occur while the wake-up flags
were being cleared.
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SFR Definition 14.1. PMUOCF: Power Management Unit Configuration®:2

Bit 7 6 5 4 3 2 1 0
Name | SLEEP | SUSPEND | CLEAR RSTWK | RTCFWK | RTCAWK | PMATWK | CPTOWK
Type w w w R R/W R/W R/W R
Reset 0 0 0 Varies Varies Varies Varies Varies

SFR Page = 0x0; SFR Address = 0xB5
Bit Name Description Write Read
7 SLEEP Sleep Mode Select Writing 1 places the N/A
device in Sleep Mode.
6 SUSPEND |Suspend Mode Select Writing 1 places the N/A
device in SuspenddMode.
5 CLEAR Wake-up Flag Clear Writing 1 clears all wake- | N/A
up flags.
4 RSTWK |Reset Pin Wake-up Flag |N/A Set to 1 if a falling edge
has been detected on
RST.
3 RTCFWK |SmaRTClock Oscillator |0: Disable wake-up on Set to 1 if the SmaRT-
Fail Wake-up Source SmaRTClock Osc. Fail. Clock Oscillator has failed.
Enable and Flag 1:-Enable wake-up on
SmaRTClock Osc. Fail.
2 RTCAWK |SmaRTClock Alarm 0: Disable wake-up on Set to 1 if a SmaRTClock
Wake-up Source Enable |SmaRTClock Alarm. Alarm has occurred.
and Flag 1: Enable wake-up on
SmaRTClock Alarm.
1 PMATWK | Port/Match Wake-up 0: Disable wake-up on Set to 1 if a Port Match
Source Enable and Flag |Port Match Event. Event has occurred.
1: Enable wake-up on
Port Match Event.
0 CPTOWK 1| Comparator0 Wake-up 0: Disable wake-up on Set to 1 if ComparatorQ
Source Enable and Flag |ComparatorQ rising edge. |rising edge caused the last
1: Enable wake-up on wake-up.
Comparator0 rising edge.
Notes:

1. Read-modify-write operations (ORL, ANL, etc.) should not be used on this register. Wake-up sources must
be re-enabled each time the SLEEP or SUSPEND bits are written to 1.
The Low Power Internal Oscillator cannot be disabled and the MCU cannot be placed in Suspend or Sleep

Mode if any wake-up flags are set to 1. Software should clear all wake-up sources after each reset and after
each wake-up from Suspend or Sleep Modes.
PMUO requires two system clocks to update the wake-up source flags after waking from Suspend mode. The
wake-up source flags will read ‘0’ during the first two system clocks following the wake from Suspend mode.
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SFR Definition 14.2. PMUOMD: Power Management Unit Mode

Bit 7 6 5 4 3 2 1 0
Name | RTCOE | WAKEOE | MONDIS
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0xB5

Bit Name Function
7 RTCOE |Buffered SmaRTClock Output Enable.
Enables the buffered SmaRTClock oscillator output on PO.2:
0: Buffered SmaRTClock output not enabled.
1: Buffered SmaRTClock output not enabled.
6 WAKEOE |Wakeup Request Output Enable.
Enables the Sleep Mode wake-up request signal on P0.3.
0: Wake-up request signal is not enabled:
1: Wake-up request signal is enabled.
5 MONDIS |VBAT Supply Monitor Disable.
Writing a 1 to this bit disables the VBAT supply monitor.
4:0 Unused Read = 00000b. Write =,Don’t'Care.
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SFR Definition 14.3. PCON: Power Management Control Register

Bit 7 6 5 4 3 2 0
Name GF[5:0] STOP IDLE
Type R/W W w
Reset 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0x87
Bit Name Description Write Read
7:2 GF[5:0] General Purpose Flags | Sets the logic value. Returns the logic value.
1 STOP Stop Mode Select Writing 1 places the N/A
device in Stop Mode.
0 IDLE Idle Mode Select Writing 1 places the N/A
device in Idle Mode.

14.8. Power Management Specifications
See Table 4.5 on page 60 for detailed Power Management Specifications.
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15. Cyclic Redundancy Check Unit (CRCO0)

Si1010/1/2/3/4/5 devices include a cyclic redundancy check unit (CRCO) that can perform a CRC using a
16-bit or 32-bit polynomial. CRCO accepts a stream of 8-bit data written to the CRCOIN register. CRCO
posts the 16-bit or 32-bit result to an internal register. The internal result register may be accessed indi-
rectly using the CRCOPNT bits and CRCODAT register, as shown in Figure 15.1. CRCO also has a bit
reverse register for quick data manipulation.

8, 8 Automatic CRC ¢ ) Flash
ek Controller Memory
A
Z L
S [CRCOSEL » CRCOQ&O
© [ CRCOINIT » CRC Engine
O [CRCOVAL > oo
CRCOPNT1 32 @f v
CRCOPNTO
I 1 I
RESULT
CRCOFLIP .1 P R
Write 8 i 8 i 8 i 8&
| | —,\ 4o 1 MUX /

%% 8
$»| CRCODAT

CRCOFLIP
Read

Figure 15.1. CRCO Block Diagram

15.1. 16-Bit CRC Algorithm

The Si1010/1/2/3/4/5 CRC unit calculates the 16-bit CRC MSB-first, using a poly of 0x1021. The following
describes the 16-bit CRC algorithm performed by the hardware:

1. XOR the input withithe most-significant bits of the current CRC result. If this is the first iteration of the
CRC unit, the current'CRC result will be the set initial value (0x0000 or OxFFFF).

2a.If the MSB of:the CRC result is set, left-shift the CRC result and XOR the result with the selected
polynomial (0x1021).

2Db.If the MSB of the CRC result is not set, left-shift the CRC result.

Repeat Steps™2a and 2b for the number of input bits (8). The algorithm is also described in the following
example.
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The 16-bit Si1010/1/2/3/4/5 CRC algorithm can be described by the following code:

unsigned short UpdateCRC (unsigned short CRC_acc, unsigned char CRC_input)
{

unsigned char i; // loop counter
#define POLY 0x1021

// Create the CRC "'dividend" for polynomial arithmetic (binary arithmetic
// with no carries)
CRC_acc = CRC_acc ™ (CRC_input << 8);

// "Divide" the poly into the dividend using CRC XOR subtraction
// CRC_acc holds the "remainder' of each divide

//

// Only complete this division for 8 bits since input is 1 byte
for (i = 0; 1 < 8; i++)

{
// Check if the MSB is set (if MSB is 1, then the POLY cans"‘divide"
// into the "dividend')
if ((CRC_acc & 0x8000) == 0x8000)
{
// if so, shift the CRC value, and XOR "subtract"™ the poly
CRC_acc = CRC_acc << 1;
CRC_acc ™= POLY;
s
else
// if not, just shift the CRC value
CRC_acc = CRC_acc << 1;
b
s

// Return the final remainder (CRC value)
return CRC_acc;

}

Table 15.1 lists several input values and the associated outputs using the 16-bit Si1010/1/2/3/4/5 CRC
algorithm:

Table 15.1. Example 16-Bit CRC Outputs

Input Output
0x63 0xBD35
0x8C 0xB1F4
0x7D 0x4ECA
OxAA, 0xBB, 0xCC 0x6CF6
0x00, 0x00, OxAA, 0xBB, 0xCC 0xB166
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15.2. 32-bit CRC Algorithm

The Si1010/1/2/3/4/5 CRC unit calculates the 32-bit CRC using a poly of 0x04C11DB7. The CRC-32 algo-
rithm is “reflected”, meaning that all of the input bytes and the final 32-bit output are bit-reversed in the pro-
cessing engine. The following is a description of a simplified CRC algorithm that produces results identical
to the hardware:

Step 1. XOR the least-significant byte of the current CRC result with the input byte. If this is.the
first iteration of the CRC unit, the current CRC result will be the set initial value
(0x00000000 or OXFFFFFFFF).

Step 2. Right-shift the CRC result.

Step 3. If the LSB of the CRC result is set, XOR the CRC result with the reflected polynomial
(OXxEDB88320).

Step 4. Repeat at Step 2 for the number of input bits (8).

For example, the 32-bit Si1010/1/2/3/4/5 CRC algorithm can be described by the following code:

unsigned long UpdateCRC (unsigned long CRC_acc, unsigned char CRC_input)

{
unsigned char i; // loop counter
#define POLY OxEDB88320 // bit-reversed version of the poly 0x04C11DB7
// Create the CRC "dividend" for polynomial arithmetic (binary arithmetic
// with no carries)

CRC_acc = CRC_acc ™ CRC_input;

// "Divide" the poly into the dividend using,CRC XOR subtraction
// CRC_acc holds the "remainder' of each divide
//
// Only complete this division for 8,bits since input is 1 byte
for (i = 0; 1 < 8; i++)
{
// Check if the MSB is set, (if MSB is 1, then the POLY can "divide"”
// into the "dividend')
if ((CRC_acc & 0x00000001)" == 0x00000001)
{
// if so, shift the CRC value, and XOR "subtract™ the poly
CRC_acc = CRC_aec >> 1;
CRC_acc "= POLY;
}
else
{
/£, V£ _not, just shift the CRC value
CRCfacc = CRC_acc >> 1;
)
3
// Return the final remainder (CRC value)
return CRC_acc;

}

The following table lists several input values and the associated outputs using the 32-bit Si1010/1/2/3/4/5
CRC algorithm (an initial value of OXFFFFFFFF is used):
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Table 15.2. Example 32-bit CRC Outputs

Input Output
0x63 0xF9462090
0xAA, 0xBB, 0xCC 0x41B207B3
0x00, 0x00, OxAA, 0xBB, 0xCC 0x78D129BC

15.3. Preparing for a CRC Calculation

To prepare CRCO for a CRC calculation, software should select the desired polynomial-and set the initial
value of the result. Two polynomials are available: 0x1021 (16-bit) and 0x04C11DB7¢(32-bit). The CRCO
result may be initialized to one of two values: 0x00000000 or OxFFFFFFFF. The followingssteps can be
used to initialize CRCO.

1. Select a polynomial (Set CRCOSEL to 0 for 32-bit or 1 for 16-bit).
2. Select the initial result value (Set CRCOVAL to 0 for 0x00000000 or 1. forlOXFEFFFFFF).
3. Set the result to its initial value (Write 1 to CRCOINIT).

15.4. Performing a CRC Calculation

Once CRCO is initialized, the input data stream is sequentially written to CRCOIN, one byte at a time. The
CRCO result is automatically updated after each byte is written. The CRC engine may also be configured to
automatically perform a CRC on one or more Flash sectors. The.following steps can be used to automati-
cally perform a CRC on Flash memory.

1. Prepare CRCO for a CRC calculation as shown above.
2. Write the index of the starting page to CRCOAUTOQ.

3. Set the AUTOEN bit in CRCOAUTO.
4

. Write the number of Flash sectors to perform/in the CRC calculation to CRCOCNT.
Note: Each Flash sector is 512 bytes on ‘F91x and ‘F90x devices.

5. Write any value to CRCOCN (or ORvits contents with 0x00) to initiate the CRC calculation. The CPU will
not execute code any additional code until the CRC operation completes. See the note in SFR
Definition 15.1. CRCOCNz*€RCOControl for more information on how to properly initiate a CRC
calculation.

6. Clear the AUTOEN bit.in CRCOAUTO.

7. Read the CRC resultusing the procedure below.

15.5. Accessing the CRCO Result

The internal.CRCQO result is 32-bits (CRCOSEL = 0b) or 16-bits (CRCOSEL = 1b). The CRCOPNT bits
select the byte that is targeted by read and write operations on CRCODAT and increment after each read or
write. The calculation result will remain in the internal CRO result register until it is set, overwritten, or addi-
tionaldata'is written to CRCOIN.
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SFR Definition 15.1. CRCOCN: CRCO Control

Bit 7 6 5 4 3 2 1 0
Name CRCOSEL | CRCOINIT | CRCOVAL CRCOPNT[1:0]
Type R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0x92
Bit Name Function

75 Unused Read = 000b; Write = Don’t Care.

4 CRCOSEL |CRCO Polynomial Select Bit.
This bit selects the CRCO polynomial and result length/(32-bit or 16-bit).

1: CRCO uses the 16-bit polynomial 0x1021 for calculating the CRC result.

0: CRCO uses the 32-bit polynomial 0x04C11DBZ.for.calculating the CRC result.

3 CRCOINIT |CRCO Result Initialization Bit.
Writing a 1 to this bit initializes the&ntire CRC result based on CRCOVAL.

2 CRCOVAL CRCO Set Value Initialization Bit.

This bit selects the set value of'the CRC result.

0: CRC result is set to 0x00000000 on write of 1 to CRCOINIT.
1: CRC result is set to,0xFFFFFFFF on write of 1 to CRCOINIT.

1:0 | CRCOPNTI1:0] | CRCO Result Pointer.

Specifies the byte ofithe CRC result to be read/written on the next access to
CRCODAT. The,value of these bits will auto-increment upon each read or write.
For CRCOSEL/= 0:

00: CRCODAT accesses bits 7-0 of the 32-bit CRC result.

01: CRCODAT accesses bits 15—8 of the 32-bit CRC result.

10 CRCODAT accesses bits 23—16 of the 32-bit CRC result.

11 "CRCODAT accesses bits 31-24 of the 32-bit CRC result.

For CRCOSEL = 1:

00: CRCODAT accesses bits 7-0 of the 16-bit CRC result.

01: CRCODAT accesses bits 15-8 of the 16-bit CRC result.

10: CRCODAT accesses bits 7—0 of the 16-bit CRC result.

11: CRCODAT accesses bits 15-8 of the 16-bit CRC result.

Note:’ Upon initiation of an automatic CRC calculation, the third opcode byte fetched from program memory is

indeterminate. Therefore, writes to CRCOCN that initiate a CRC operation must be immediately followed by a
benign 3-byte instruction whose third byte is a don’t care. An example of such an instruction is a 3-byte MOV
that targets the CRCOFLIP register. When programming in ‘C’, the dummy value written to CRCOFLIP should

be a non-zero value to prevent the compiler from generating a 2-byte MOV instruction.
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SFR Definition 15.2. CRCOIN: CRCO0 Data Input

Bit 7 6 5 4 3 2 1 0
Name CRCOIN[7:0]
Reset 0 0 0 0 0 0 0 0
SFR Page = 0xF; SFR Address = 0x93
Bit Name Function
7:0 | CRCOIN[7:0] |CRCO Data Input.

Each write to CRCOIN results in the written data being computed into the existing
CRC result according to the CRC algorithm described in"Section 15.1

SFR Definition 15.3. CRCODAT: CRCO Data Output

Bit 7 6 5 4 3 2 1 0
Name CREODAT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0xF; SFR Address = 0x91
Bit Name Function

7:0 | CRCODATI[7:0]

CRCO Data,Output.

Each«ead,or write performed on CRCODAT targets the CRC result bits pointed to
by,the CRCO Result Pointer (CRCOPNT bits in CRCOCN).
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SFR Definition 15.4. CRCOAUTO: CRCO Automatic Control

Bit 7 6 5 4 3 2 1 0
Name | AUTOEN | CRCDONE CRCO0ST[4:0]
Reset 0 1 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0x96
Bit Name Function

7 AUTOEN Automatic CRC Calculation Enable.

When AUTOEN is set to 1, any write to CRCOCN will initiate an automatic CRC
starting at Flash sector CRCOST and continuing.for CRCOCNT sectors.

6 CRCDONE |CRCDONE Automatic CRC Calculation Camplete.

Set to 0 when a CRC calculation is in progress. €ode execution is stopped during
a CRC calculation; therefore, reads from firmware will always return 1.

5 Unused Read = 00b; Write = Don’t Care.

4:0 | CRCOSTI[4:0] |Automatic CRC Calculation, Starting Flash Sector.

These bits specify the Flash sector to start the automatic CRC calculation. The
starting address of the first Flash sector included in the automatic CRC calculation
is CRCOST x Page Size.

Note: The Page Size is'512 bytes.
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SFR Definition 15.5. CRCOCNT: CRCO0 Automatic Flash Sector Count

Bit 7 6 5 4 2 1 0
Name CRCOCNT[4:0]
Type R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit

Name

SFR Page = 0xF; SFR Address = 0x97

7:5

Unused

Read = 000b; Write = Don’t Care.

4:0 | CRCOCNT[4:0]

Automatic CRC Calculation Flash Sector Count.

These bits specify the number of Flash sectors to,include in an automatic CRC
calculation. The starting address of the last Flash sector included in the automatic

CRC calculation is (CRCOST+CRCOCNT) x Page Size.
Note: The Page Size is 512 bytes.
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15.6. CRCO Bit Reverse Feature

CRCO includes hardware to reverse the bit order of each bit in a byte as shown in Figure 15.2. Each byte
of data written to CRCOFLIP is read back bit reversed. For example, if 0xCO is written to CRCOFLIP, the
data read back is 0x03. Bit reversal is a useful mathematical function used in algorithms such as the FFT.

CRCOFLIP
Write

y y FVVY

CRCOFLIP
Read

Figure 15.2. Bit Reverse Register

SFR Definition 15.6. CRCOFLIP: CRCO BitFlip

Bit 7 6 5 4 3 2 1 0
Name CRCOFLIP[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address =0x95
Bit Name Function

7:0 | CRCOFLIP[7:0] Y\CRCO Bit Flip.

Any byte written to CRCOFLIP is read back in a bit-reversed order, i.e., the writ-
ten LSB becomes the MSB. For example:

If 0xCO is written to CRCOFLIP, the data read back will be 0x03.

If 0x05 is written to CRCOFLIP, the data read back will be 0xAO.
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16. On-Chip DC-DC Converter (DCO)

Si1014/5 devices include an on-chip dc-dc converter to allow operation from a single cell battery with a
supply voltage as low as 0.9 V. The dc-dc converter is a switching boost converter with an input voltage
range of 0.9V to 3.6 V and a programmable output voltage range of 1.8 to 3.3 V. The default output voltage
is 1.9 V when the input is less than 1.9 V. Since the dc-dc converter uses a boost architecture, the output
voltage will always be greater than or equal to the input voltage. The dc-dc converter can supply the sys-
tem with up to 65 mW of regulated power (or up to 100 mW in some applications) and can be used, for
powering other devices in the system. This allows the most flexibility when interfacing to sensors and.ether
analog signals which typically require a higher supply voltage than a single-cell battery can provide.

Figure 16.1 shows a block diagram of the dc-dc converter. During normal operation in thefirst.half of the
switching cycle, the Duty Cycle Control switch is closed and the Diode Bypass switchiis open. Since the
output voltage is higher than the voltage at the DCEN pin, no current flows through the diede and the load
is powered from the output capacitor. During this stage, the DCEN pin is connected to ground through the
Duty Cycle Control switch, generating a positive voltage across the inductor and forcing its current to ramp
up.

In the second half of the switching cycle, the Duty Cycle control switch is,opened and the Diode Bypass
switch is closed. This connects DCEN directly to VDD_MCU/DC+ and forces the inductor current to charge
the output capacitor. Once the inductor transfers its stored energy. to the output capacitor, the Duty Cycle
Control switch is closed, the Diode Bypass switch is opened, andithe cycle repeats.

The dc-dc converter has a built in voltage reference and oscillator, and will automatically limit or turn off the
switching activity in case the peak inductor current rises‘beyond a safe limit or the output voltage rises
above the programmed target value. This allows the dc-dc converter output to be safely overdriven by a
secondary power source (wWhen available) in order to preserve battery life. The dc-dc converter’s settings
can be modified using SFR registers which providesthe:ability to change the target output voltage, oscillator
frequency or source, Diode Bypass switch resistance) peak inductor current, and minimum duty cycle.

DC/DC Converter

VDD_MCU/DC+

I Diode

Bypass
Duty
Cycle :l

I
I
I
| Control
I
I
I
I

Control Logic

Voltage 1uF lioad Cioad

Reference

DC/DC
Oscillator

Figure 16.1. DC-DC Converter Block Diagram
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16.1. Startup Behavior

On initial power-on, the dc-dc converter outputs a constant 50% duty cycle until there is sufficient voltage
on the output capacitor to maintain regulation. The size of the output capacitor and the amount of load cur-
rent present during startup will determine the length of time it takes to charge the output capacitor.

During initial power-on reset, the maximum peak inductor current threshold, which triggers the overcurrent
protection circuit, is set to approximately 125 mA. This generates a “soft-start” to limit the output voltage
slew rate and prevent excessive in-rush current at the output capacitor. In order to ensure reliable startup
of the dc-dc converter, the following restrictions have been imposed:

m  The maximum dc load current allowed during startup is given in Table 4.16 on page 67. If the.dec-dc
converter is powering external sensors or devices through the VDD_MCU/DC+ pin of through.GPIO
pins, then the current supplied to these sensors or devices is counted towards this limit. The in-rush
current into capacitors does not count towards this limit.

m The maximum total output capacitance is given in Table 4.16 on page 67. This,value includes the
required 1 yF ceramic output capacitor and any additional capacitance connected'to the
VDD_MCU/DCH+ pin.

Once initial power-on is complete, the peak inductor current limit can‘betincreased by software as shown in
Table 16.1. Limiting the peak inductor current can allow the device to start up near the battery’s end of life.

Table 16.1. IPeak Inductor CurrentiLimit Settings

SWSEL ILIMIT Peak Current (mA) Peak Current (mA)
Normal Power-Mode Low Power Mode

1 0 100 75

1 1 125 100

0 0 250 125

0 1 500 250

The peak inductor current is dependent on several factors including the dc load current and can be esti-
mated using following equation:

L J 2 1, oap(VDD/DC+ - VBAT)
PK™ Nefficiency x inductance x frequency
efficiency =.0.80
inductance = 0.68 pH
frequency =2.4 MHz
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16.2. High Power Applications

The dc-dc converter is designed to provide the system with 65 mW of output power, however, it can safely
provide up to 100 mW of output power without any risk of damage to the device. For high power applica-
tions, the system should be carefully designed to prevent unwanted VBAT and VDD_MCU/DC+ Supply
Monitor resets, which are more likely to occur when the dc-dc converter output power exceeds 65mW. In
addition, output power above 65 mW causes the dc-dc converter to have relaxed output regulation, high
output ripple and more analog noise. At high output power, an inductor with low DC resistance should'be
chosen in order to minimize power loss and maximize efficiency.

The combination of high output power and low input voltage will result in very high peak and,average
inductor currents. If the power supply has a high internal resistance, the transient voltage.on the'VBAT ter-
minal could drop below 0.9 V and trigger a VBAT Supply Monitor Reset, even if the open-circuit voltage is
well above the 0.9 V threshold. While this problem is most often associated with operation from very small
batteries or batteries that are near the end of their useful life, it can also occur when using bench power
supplies that have a slow transient response; the supply’s display may indicate a‘veltage above 0.9 V, but
the minimum voltage on the VBAT pin may be lower. A similar problem can occuratthe output of the dc-dc
converter: using the default low current limit setting (125 mA) can trigger.Vpp Supply Monitor resets if there

is a high transient load current, particularly if the programmed output voltage is+at or near 1.8 V.

16.3. Pulse Skipping Mode

The dc-dc converter allows the user to set the minimum pulse width such that if the duty cycle needs to
decrease below a certain width in order to maintain regulation; anientire "clock pulse" will be skipped.

Pulse skipping can provide substantial power savings, particularly at low values of load current. The con-
verter will continue to maintain a minimum output voltage at its programmed value when pulse skipping is
employed, though the output voltage ripple can be higher;Another consideration is that the dc-dc will oper-
ate with pulse-frequency modulation rather thanspulse=width modulation, which makes the switching fre-
quency spectrum less predictable; this could'be‘an issue if the dc-dc converter is used to power a radio.
Figure 4.5 and Figure 4.6 on page 52 and 53 show the effect of pulse skipping on power consumption.

16.4. Enabling the DC-DC Converter

On power-on reset, the state of the/DCEN"pin is sampled to determine if the device will power up in one-
cell or two-cell mode. In two-cell mode, the dc-dc converter always remains disabled. In one-cell mode, the
dc-dc converter remains disabled in Sleep Mode, and enabled in all other power modes. See Section
“14. Power Management” on page»157 for complete details on available power modes.

The dc-dc converter is enabled (one-cell mode) in hardware by placing a 0.68 uH inductor between DCEN
and VBAT. The dc-dc converter is disabled (two-cell mode) by shorting DCEN directly to GND. The DCEN
pin should never be left floating. The device can only switch between one-cell and two-cell mode during a
power-on resety'SeexSection “18. Reset Sources” on page 186 for more information regarding reset behav-
ior.

Figure™6.2:6hows the two dc-dc converter configuration options.
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Figure 16.2. DC-DCCoanverter Configuration Options

When the dc-dc converter “Enabled” configuration (one-cell mode) is chosen, the following guidelines
apply:

In most cases, the GND/VBAT—pin“should not be externally connected to GND.

The 0.68 uH inductor should be placed as close as possible to the DCEN pin for maximum efficiency.
The 4.7 yF capacitor should'be placed as close as possible to the inductor.

The current loop ineluding GND/VBAT-, the 4.7 pF capacitor, the 0.68 pH inductor and the DCEN pin
should be maderas,short as possible to minimize capacitance.

m The PCB traces,connecting VDD _MCU/DC+ to the output capacitor and the output capacitor to
GND_MCU/DC+ should be as short and as thick as possible in order to minimize parasitic inductance.
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16.5. Minimizing Power Supply Noise

To minimize noise on the power supply lines, the GND/VBAT- and GND_MCU/DC- pins should be kept
separate, as shown in Figure 16.2; GND_MCU/DC- should be connected to the pc board ground plane.

The large decoupling capacitors in the input and output circuits ensure that each supply is relatively quiet
with respect to its own ground. However, connecting a circuit element "diagonally” (e.g., connecting an
external chip between VDD_MCU/DC+ and GND/VBAT-, or between VBAT and GND_MCU/DGC-) c¢an
result in high supply noise across that circuit element.

To accommodate situations in which ADCO is sampling a signal that is referenced to one of the external
grounds, we recommend using the Analog Ground Reference (P0.1/AGND) option described in_Section
5.12. This option prevents any voltage differences between the internal chip ground”and, the/external
grounds from modulating the ADC input signal. If this option is enabled, the P0.1 pin should be tied to the
ground reference of the external analog input signal. When using the ADC with the dc-dc/converter, we
also recommend enabling the SYNC bit in the DCOCN register to minimize interference.

These general guidelines provide the best performance in most applications, though some situations may
benefit from experimentation to eliminate any residual noise issues. Examples might include tying the
grounds together, using additional low-inductance decoupling caps in parallel'with the recommended ones,
investigating the effects of different dc-dc converter settings, etc.

16.6. Selecting the Optimum Switch Size

The dc-dc converter has two built-in switches (the diode bypasstswitch and duty cycle control switch). To
maximize efficiency, one of two switch sizes may be selected. The large switches are ideal for carrying
high currents and the small switches are ideal for low current applications. The ideal switchover point to
switch from the small switches to the large switches varies with the programmed output voltage. At an out-
put voltage of 2 V, the ideal switchover point is at approximately 4 mA total output current. At an output
voltage of 3V, the ideal switchover point is at approximately 8 mA total output current.

16.7. DC-DC Converter Clocking Qptions

The dc-dc converter may be clocked from'its internal oscillator, or from any system clock source, select-
able by the CLKSEL bit (DCOCF.0)...The dc-dc converter internal oscillator frequency is approximately
2.4 MHz. For a more accurate clock source, the system clock, or a divided version of the system clock may
be used as the dc-dc clock sodrce.“TFhe dc-dc converter has a built in clock divider (configured using
DCOCF[6:5]) which allows any system clock frequency over 1.6 MHz to generate a valid clock in the range
of 1.6 to 3.2 MHz.

When the precision internal oscillator is selected as the system clock source, the OSCICL register may be
used to fine tune thewoscillator frequency and the dc-dc converter clock. The oscillator frequency should
only be decreased since it is factory calibrated at its maximum frequency. The minimum frequency which
can be reached by the oscillator after taking into account process variations is approximately 16 MHz. The
system clocksrouted to the dc-dc converter clock divider also may be inverted by setting the CLKINV bit
(DCOGF.3) to lagic 1. These options can be used to minimize interference in noise sensitive applications.
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16.8. DC-DC Converter Behavior in Sleep Mode

When the Si1014/5 devices are placed in Sleep mode, the dc-dc converter is disabled, and the
VDD_MCU/DC+ output is internally connected to VBAT by default. This behavior ensures that the GPIO
pins are powered from a low-impedance source during sleep mode. If the GPIO pins are not used as
inputs or outputs during sleep mode, then the VDD_MCU/DC+ output can be made to float during Sleep
mode by setting the VDDSLP bit in the DCOCF register to 1.

Setting this bit can provide power savings in two ways. First, if the sleep interval is relatively short and,the
VDD_MCU/DC+ load current (include leakage currents) is negligible, then the capacitor, on
VDD_MCU/DC+ will maintain the output voltage near the programmed value, which means, that’ the
VDD_MCU/DC+ capacitor will not need to be recharged upon every wake up event. The second power
advantage is that internal or external low-power circuits that require more than 1.8 V can continue to func-
tion during Sleep mode without operating the dc-dc converter, powered by the energy stored in the 1 pyF
output decoupling capacitor. For example, the Si1014/5 comparators require about 0.4 yA'when operating
in their lowest power mode. If the dc-dc converter output were increased to 3.3%,just before putting the
device into Sleep mode, then the comparator could be powered for more than 3'seconds before the output
voltage dropped to 1.8 V. In this example, the overall energy consumption would be much lower than if the
dc-dc converter were kept running to power the comparator.

If the load current on VDD_MCU/DC+ is high enough to discharge the,VDD_MCU/DC+ capacitance to a
voltage lower than VBAT during the sleep interval, an internal diode will prevent VDD_MCU/DC+ from
dropping more than a few hundred millivolts below VBAT. There may be some additional leakage current
from VBAT to ground when the VDD_MCU/DC+ level falls below VBAT, but this leakage current should be
small compared to the current from VDD_MCU/DC+.

The amount of time that it takes for a device configured in one-cell mode to wake up from Sleep mode
depends on a number of factors, including the dc-de, converter clock speed, the settings of the SWSEL,
ILIMIT, and LPEN bits, the battery internal resistance, the load current, and the difference between the
VBAT voltage level and the programmed output,voltage. The wake up time can be as short as 2 ys, though
it is more commonly in the range of 5 to 10 ys, and it can exceed 50 ys under extreme conditions.

See Section “14. Power Management” 6n page 157 for more information about sleep mode.

16.9. Bypass Mode

During normal operation, if thesdc-de,converter input voltage exceeds the programmed output voltage, the
converter will stop switching‘and the Diode Bypass switch will remain in the “on” state. The output voltage
will be equal to the input voltagerminus any resistive loss in the switch and all of the converter’s analog cir-
cuits will remain biased. The bypass feature automatically shuts off the dc-dc converter when the input
voltage is greater than,the programmed output voltage by 150 mV. In bypass, the Diode Bypass switch and
dc-dc converter bias currents are disabled except for the voltage comparison circuitry (~ 3 pA, depending
on the configuration settings in the DCOMD register). If the input voltage drops within 50 mV of the pro-
grammed outputvalue, then the dc-dc converter automatically starts operating in the normal state. There is
100 mV,voltagé hysteresis built in the bypass comparator to enhance stability.

Theibypassrmode increases system operating time in systems which have a minimum operating voltage
higherithan the battery end of life voltage. For instance, if an external chip requires a minimum supply volt-
age of 2.7 V and a lithium coin cell battery is used as power source (end-of-life voltage is approximately
2 V), then the Si1014/5’s dc-dc converter could be configured for an output voltage of 2.7 V with bypass
mode enabled. The dc-dc converter would be bypassed when the battery was fresh, but as soon as the
battery voltage dropped below 2.75 V, the dc-dc converter would turn on to ensure that the external chip
was provided with a minimum of 2.7 V for the remainder of the battery life.
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16.10. Low Power Mode

Setting the LPEN bit in the DCOCF register will enable a Low Power Mode for the dc-dc converter. In Low
Power Mode, the bias currents are substantially reduced, which can lead to an efficiency improvement with
light load currents (generally less than a few mA). The drawback to this mode is that the response time of
the converter’s analog blocks is increased; larger delay in the circuits controlling the Diode Bypass switch
can lead to loss of efficiency at medium and high load currents due to reverse leakage in the switch. The
Low power mode also reduces the peak inductor current limit as shown in Table 16.1.

16.11. Passive Diode Mode

Setting the EXTDEN bit in DCOMD enables the Passive Diode Mode. In this mode, the control circuits for
the Diode Bypass switch are disabled, which reduces the converter’s quiescent operating current. An
external Schottky diode may be connected between the DCEN (anode) and VDD_MCU/DC+ (cathode)
pins. Under light load conditions, an external diode is typically not required. There are two situations in
which this mode can prove beneficial. First is with very light load currents, where the efficiency is domi-
nated by the converter’s quiescent current. The converter will use an internal p-n junction diode to transfer
current from the inductor to the output capacitor; although there is a larger yvoltage drop (and power loss)
across a passive diode, the overall efficiency may be improved due to the reduction in quiescent current.
The second situation is when output power is very high. In that casey.efficiency can suffer because some
reverse current can flow in the Diode Bypass switch before the control eircuitry turns the switch off. Putting
the device in Passive Diode Mode and optionally connecting an external Schottky diode between the
DCEN and VDD_MCU/DC+ pins (parallel to the internal diode) may provide higher efficiency in some
applications than using the internal Diode Bypass switch.
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16.12. DC-DC Converter Register Descriptions

The SFRs used to configure the dc-dc converter are described in the following register descriptions. The
reset values for these registers can be used as-is in most systems; therefore, no software intervention or
initialization is required.

SFR Definition 16.1. DCOCN: DC-DC Converter Control

Bit 7 6 5 4 3 2 1 0
Name MINPW SWSEL | Reserved SYNC VSEL
Type R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 0 0 1
SFR Page = 0x0; SFR Address = 0x97
Bit Name Function
7:6 | MINPWI[1:0] | DC-DC Converter Minimum Pulse Width.
Specifies the minimum pulse width.
00: No minimum duty cycle.
01: Minimum pulse width is 20 ns.
10: Minimum pulse width is 40'ns.
11: Minimum pulse width is 80 ns.
5 SWSEL |DC-DC Converter Switch Select.
Selects one of two possiblerconverter switch sizes to maximize efficiency.
0: The large switches are/selected (best efficiency for high output currents).
1: The small switchesiare selected (best efficiency for low output currents).
4 Reserved |Reserved. Always Write to 0.
SYNC ADCO Synchronization Enable.
When synchronization is enabled, the ADCOSCI4:0] bits in the ADCOCF register
must be set to 00000b.
0: The ADC is not synchronized to the dc-dc converter.
1:%The ADC is synchronized to the dc-dc converter. ADCO tracking is performed
during the longest quiet time of the dc-dc converter switching cycle and ADCO SAR
clock is also synchronized to the dc-dc converter switching cycle.
2:0 VSEL[2:0] |DC-DC Converter Output Voltage Select.
Specifies the target output voltage.
000: Target output voltage is 1.8 V.
001: Target output voltage is 1.9 V.
010: Target output voltage is 2.0 V.
011: Target output voltage is 2.1 V.
100: Target output voltage is 2.4 V.
101: Target output voltage is 2.7 V.
110: Target output voltage is 3.0 V.
111: Target output voltage is 3.3 V.
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SFR Definition 16.2. DCOCF: DC-DC Converter Configuration

Bit 7 6 | 5 4 3 2 1 0
Name | LPEN CLKDIV[1:0] ADOCKINV | CLKINV ILIMIT VDDSLP | CLKSEL
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0x96
Bit Name Function
7 LPEN Low Power Mode Enable.
Enables the dc-dc low power mode which reduces bias currents, reduces peak
inductor current, and increases efficiency for low load currents.
0: Low Power Mode Disabled.
1: Low Power Mode Enabled.
6:5 | CLKDIV[1:0] | DC-DC Clock Divider.
Divides the dc-dc converter clock when the systemiclock is selected as the clock
source for dc-dc converter. These bits are ignored when the dc-dc converter is
clocked from its local oscillator.
00: The dc-dc converter clock is system clock divided by 1.
01: The dc-dc converter clock is‘system clock divided by 2.
10: The dc-dc converter clock is'system clock divided by 4.
11: The dc-dc converter clock-is system clock divided by 8.
4 | ADOCKINV |ADCO Clock Inversion(Clock Invert During Sync).
Inverts the ADCO SAR (clockiderived from the dc-dc converter clock when the SYNC
bit (DCOCN.3) is enabled:"This bit is ignored when the SYNC bit is set to zero.
0: ADCO SAR clock'is inverted.
1: ADCO SAR clockiis not inverted.
3 CLKINV | DC-DC Converter Clock Invert.
Inverts the system clock used as the input to the dc-dc clock divider.
0: Fhe de-dc converter clock is not inverted.
1: Thedc-dc converter clock is inverted.

2 ILIMIT Peak Current Limit Threshold.

Sets the threshold for the maximum allowed peak inductor current according to
Table 16.1.
1 VDDSLP |vDD-DC+ Sleep Mode Connection.
Specifies the power source for VDD_MCU/DC+ in Sleep Mode when the dc-dc con-
verter is enabled.
0: VDD-DC+ connected to VBAT in Sleep Mode.
1: VDD-DC+ is floating in Sleep Mode.
0 CLKSEL |DC-DC Converter Clock Source Select.
Specifies the dc-dc converter clock source.
0: The dc-dc converter is clocked from its local oscillator.
1: The dc-dc converter is clocked from the system clock.
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SFR Definition 16.3. DCOMD: DC-DC Mode

Bit 7 6 5 4 3 2 | 1 0
Name BYPFLG BYPSEL[1:0] PASDEN
Type R/W R/W R/W R/W R R/W R/W
Reset 0 0 0 0 Varies 0 | 0 0

SFR Page = 0xF; SFR Address = 0x94
Bit Name Function
74 Unused Read = 0000b, Write = don’t care.
3 BYPFLG |Bypass Indicator.

Indicates when the dc-dc converter is operating in bypass,mode:
0: DCO is not operating in bypass mode.
1: DCO is operating in bypass mode.

2:1 | BYPSEL[1:0] | Bypass Mode Select.
Selects the bypass settings.
00: Bypass mode disabled (highest supply.current when the input voltage exceeds
the programmed output voltage).
01: Bypass enabled (auto switch), dc-dc oscillator enabled (fast response time)
10: Bypass enabled (auto switch), dc-dc oscillator disabled (reduced supply current)
11: The dc-dc converter is forced into bypass mode (lowest supply current when the
input voltage exceeds the programmed output voltage).

0 PASDEN | Passive Diode Mode Enable:

Passive external diode:mode.
0: Passive diode ‘modedisabled.
1: Passive diode mode enabled.

16.13. DC-DC Converter Specifications

See Table 4.16 on page 67 for a.detailed listing of dc-dc converter specifications.
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17. Voltage Regulator (VREGO)

Si1010/1/2/3/4/5 devices include an internal voltage regulator (VREGO) to regulate the internal core supply
to 1.8 V from a VDD_MCU/DC+ supply of 1.8 to 3.6 V. Electrical characteristics for the on-chip regulator
are specified in the Electrical Specifications chapter.

The REGOCN register allows the Precision Oscillator Bias to be disabled, reducing supply current in all
non-Sleep power modes. This bias should only be disabled when the precision oscillator is not being used.

The internal regulator (VREGO) is disabled when the device enters Sleep Mode and remains/enabled
when the device enters Suspend Mode. See Section “14. Power Management” on page 157 forscomplete
details about low power modes.

SFR Definition 17.1. REGOCN: Voltage Regulator Control

Bit 7 6 5 4 3 2 1 0
Name Reserved | Reserved | OSCBIAS Reserved
Type R R/W R/W R/W R R R R/W
Reset 0 0 0 1 0 0 0 0

SFR Page = 0x0; SFR Address = 0xC9
Bit Name Function
7 Unused |Read = 0b. Write = Don'’t care.
6:5 | Reserved | Read = Ob. Must Write Ob.
4 OSCBIAS | Precision Oscillator Biass

When set to 1, the bias used by the precision oscillator is forced on. If the precision
oscillator is not being used, this bit may be cleared to 0 to save approximately 80 pA
of supply current in all non-Sleep power modes. If disabled then re-enabled, the pre-
cision oscillatorbias requires 4 ps of settling time.

3:1 Unused |Read =.000b. Write = Don’t care.
0 Reserved | Read =\0byMust Write 0b.

17.1. Voltage Regulator Electrical Specifications
See Table 4.15/0n page 66 for detailed Voltage Regulator Electrical Specifications.
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18. Reset Sources

Reset circuitry allows the controller to be easily placed in a predefined default condition. On entry to this
reset state, the following occur:

CIP-51 halts program execution

Special Function Registers (SFRs) are initialized to their defined reset values
External Port pins are forced to a known state

Interrupts and timers are disabled

All SFRs are reset to the predefined values noted in the SFR descriptions. The contents of RAM-are unaf-
fected during a reset; any previously stored data is preserved as long as power is not lost. Since the stack
pointer SFR is reset, the stack is effectively lost, even though the data on the stack is not altered.

The Port 1/O latches are reset to OxFF (all logic ones) in open-drain mode. Weak pullups are enabled
during and after the reset. For Vpp Monitor and power-on resets, the RST pin.is driven low until the device
exits the reset state.

On exit from the reset state, the program counter (PC) is reset, and the system clock defaults to an internal
oscillator. Refer to Section “19. Clocking Sources” on page 195 for information on selecting and configur-
ing the system clock source. The Watchdog Timer is enabled with the system clock divided by 12 as its
clock source (Section “27.4. Watchdog Timer Mode” on page 370 details the use of the Watchdog Timer).
Program execution begins at location 0x0000.
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Figure\18.1. Reset Sources

18.1. Power-On (VBAT Supply.Monitor) Reset

During power-up, the device,is held in a reset state and the RST pin is driven low until Vpar settles above
Vpor- An additional delay“occurs before the device is released from reset; the delay decreases as the
Vgar ramp time increases (Vgar ramp time is defined as how fast Vgar ramps from 0V to VpgRr).
Figure 18.3 plots thespower-on and Vpp monitor reset timing. For valid ramp times (less than 3 ms), the
power-on reset delay (Tporpelay) is typically 3 ms (Vgar = 0.9 V), 7 ms (Vgar = 1.8 V), or 15 ms (Vgat =
3.6V).
Note: _The'maximum Vpp ramp time is 3 ms; slower ramp times may cause the device to be released from reset
before'Wgat reaches the Vppg level.
On exit from a power-on reset, the PORSF flag (RSTSRC.1) is set by hardware to logic 1. When PORSF is
set, all'of the other reset flags in the RSTSRC Register are indeterminate (PORSF is cleared by all other
resets). Since all resets cause program execution to begin at the same location (0x0000), software can
read the PORSF flag to determine if a power-up was the cause of reset. The contents of internal data
memory should be assumed to be undefined after a power-on reset.

The VBAT supply monitor can be disabled to save power by writing ‘1’ to the MONDIS (PMUOMD.5) bit.
When the VBAT supply monitor is disabled, all reset sources will trigger a full POR and will re-enable the
VBAT supply monitor.

Note: Si1010/1/2/3 have the VBAT signal internally connected to VDD_MCU.
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18.2. Power-Fail (VDD_MCU/DC+ Supply Monitor) Reset

Si1010/1/2/3/4/5 devices have a VDD_MCU/DC+ Supply Monitor that is enabled and selected as a reset
source after each power-on or power-fail reset. When enabled and selected as a reset source, any power
down transition or power irregularity that causes VDD_MCU/DC+ to drop below Vrgt Will cause the RST
pin to be driven low and the CIP-51 will be held in a reset state (see Figure 18.3). When VDD _MCU/DC+
returns to a level above VRigT, the CIP-51 will be released from the reset state.

After a power-fail reset, the PORSF flag reads 1, the contents of RAM invalid, and the VDD_MCU/DC+
supply monitor is enabled and selected as a reset source. The enable state of the VDD_MCU/DC+supply
monitor and its selection as a reset source is only altered by power-on and power-fail resets. For.example,
if the VDD_MCU/DC+ supply monitor is de-selected as a reset source and disabled by software, then a
software reset is performed, the VDD_MCU/DC+ supply monitor will remain disabled and de-selected after
the reset.

In battery-operated systems, the contents of RAM can be preserved near the end, of the battery’s usable
life if the device is placed in Sleep Mode prior to a power-fail reset occurring. When the device is in Sleep
Mode, the power-fail reset is automatically disabled and the contents of RAM are_ preserved as long as the
VBAT supply does not fall below Vpog. A large capacitor can be used to hold.the power supply voltage
above Vppr while the user is replacing the battery. Upon waking from Sleep mode, the enable and reset

source select state of the VDD_MCU/DC+ supply monitor are restored to,the value last set by the user.

To allow software early notification that a power failure is about,tovoccur, the VDDOK bit is cleared when
the VDD_MCU/DC+ supply falls below the Viyarn threshold.(The VDDOK bit can be configured to gener-

ate an interrupt. See Section “12. Interrupt Handler” on pagey134 for more details.

Important Note: To protect the integrity of Flash contents, the VDD_MCU/DC+ supply monitor must be
enabled and selected as a reset source if software contains routines which erase or write Flash
memory. If the VDD_MCU/DC+ supply monitor is" not enabled, any erase or write performed on Flash
memory will cause a Flash Error device reset:

3
>

@
)
= VDD/DC+
VDDyarn — Y — ——
w\ / N\ I
VRST
VvV
VBAT
VBAT sy — |
Vpor I
t
VDDOK »l
SLEEP |
RST | ]
Active Mode Sleep Mode Note: _\/Vzkefltlp signal
. H _ required arter new
Power-Fail Reset RAM Retained - No Reset battery insertion
Figure 18.3. Power-Fail Reset Timing Diagram
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Important Notes:

The Power-on Reset (POR) delay is not incurred after a VDD_MCU/DC+ supply monitor reset. See
Section “4. Electrical Characteristics” on page 43 for complete electrical characteristics of the
VDD_MCU/DC+ monitor.

Software should take care not to inadvertently disable the Vpp Monitor as a reset source when writing

to RSTSRC to enable other reset sources or to trigger a software reset. All writes to RSTSRC should
explicitly set PORSF to 1 to keep the Vpp Monitor enabled as a reset source.

The VDD_MCU/DC+ supply monitor must be enabled before selecting it as a reset source. Selecting
the VDD_MCU/DC+ supply monitor as a reset source before it has stabilized may generate’asystem
reset. In systems where this reset would be undesirable, a delay should be introduced-between
enabling the VDD_MCU/DC+ supply monitor and selecting it as a reset source. Se€ Section

“4. Electrical Characteristics” on page 43 for minimum VDD_MCU/DC+ Supply Monitor turn-on time.
No delay should be introduced in systems where software contains routines that erase or write
Flash memory. The procedure for enabling the VDD_MCU/DC+ supply monitorand selecting it as a
reset source is shown below:

Enable the VDD_MCU/DC+ Supply Monitor (VDMEN bit in VDMOCN«= 1).
Wait for the VDD_MCU/DC+ Supply Monitor to stabilize (optional):
Select the VDD_MCU/DC+ Supply Monitor as a reset source (PORSEF bit in RSTSRC = 1).
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SFR Definition 18.1. VDMOCN: VDD_MCU/DC+ Supply Monitor Control

Bit 7 6 5 4 3 2 1 0
Name | VDMEN | VDDSTAT | VDDOK | VBATOK | VDDOKIE | VBATOKIE
Type R/W R R R R/W R/W R/W R/W
Reset 1 Varies Varies Varies 1 0 0 0
SFR Page = 0x0; SFR Address = OxFF
Bit Name Function
7 VDMEN VDD_MCU/DC+ Supply Monitor Enable.
This bit turns the VDD_MCU/DC+ supply monitor circuit on/off. The
VDD_MCU/DC+ Supply Monitor cannot generate,system resets until it is also
selected as a reset source in register RSTSRC (SFR Definition 18.2).
0: VDD_MCU/DC+ Supply Monitor Disabled.
1: VDD_MCU/DC+ Supply Monitor Enabled.
6 VDDSTAT |VDD_MCU/DC+ Supply Status.
This bit indicates the current power supply status.
0: VDD_MCU/DC+ is at or below the Vgg threshold.
1: VDD_MCU/DC+ is above the'V(ggT threshold.
5 VDDOK VDD_MCU/DC+ Supply Status=(Early Warning).
This bit indicates the current VDD_MCU/DC+ power supply status.
0: VDD_MCU/DC+ is at oribelow the VDDyarn threshold.
1: VDD_MCU/DC# is\above the VDDyarN threshold.
4 VBATOK VBAT Supply Status (Early Warning).
This bit indicates‘the current VBAT power supply status. This bit is only present on
‘F912 and, ‘F902 devices.
0: VBAT, is at or below the VBATarn threshold.
1=VBAT is above the VBAT\yarn threshold.
3 VDDOKIE +=(VDD_ MCU/DC+ Early Warning Interrupt Enable.
Enables the VDD_MCU/DC+ Early Warning Interrupt.
0: VDD_MCU/DC+ Early Warning Interrupt is disabled.
1: VDD_MCU/DC+ Early Warning Interrupt is enabled.
2 VBATOKIE |VBAT Early Warning Interrupt Enable.
Enables the VBAT Early Warning Interrupt.
0: VBAT Early Warning Interrupt is disabled.
1: VBAT Early Warning Interrupt is enabled.
1:0 Unused Read = 00b. Write = Don’t Care.
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18.3. External Reset

The external RST pin provides a means for external circuitry to force the device into a reset state. Assert-
ing an active-low signal on the RST pin generates a reset; an external pullup and/or decoupling of the RST
pin may be necessary to avoid erroneous noise-induced resets. See Table 4.4 for complete RST pin spec-
ifications. The external reset remains functional even when the device is in the low power suspend and
sleep modes. The PINRSF flag (RSTSRC.0) is set on exit from an external reset.

18.4. Missing Clock Detector Reset

The Missing Clock Detector (MCD) is a one-shot circuit that is triggered by the system clock. If thessystem
clock remains high or low for more than 100 s, the one-shot will time out and generate a reset, After a
MCD reset, the MCDRSF flag (RSTSRC.2) will read 1, signifying the MCD as the resetSource;.otherwise,
this bit reads 0. Writing a 1 to the MCDRSF bit enables the Missing Clock Detector; writing a0 disables it.
The missing clock detector reset is automatically disabled when the device is in the low power suspend or
sleep mode. Upon exit from either low power state, the enabled/disabled state of this reset source is
restored to its previous value. The state of the RST pin is unaffected by this reset.

18.5. ComparatorO Reset

Comparator0O can be configured as a reset source by writing a 1 tothe CORSEF flag (RSTSRC.5). Com-
paratorO should be enabled and allowed to settle prior to writing to CORSEF to prevent any turn-on chatter
on the output from generating an unwanted reset. The Comparator0 reset'is active-low: if the non-inverting
input voltage (on CPO0+) is less than the inverting input voltage.(on,CP0-), the device is put into the reset
state. After a Comparator0 reset, the CORSEF flag (RSTSRC.5) will read 1 signifying Comparator0O as the
reset source; otherwise, this bit reads 0. The ComparatorQ resetssource remains functional even when the
device is in the low power suspend and sleep states as,long as Comparator0 is also enabled as a wake-up
source. The state of the RST pin is unaffected by this reset.

18.6. PCA Watchdog Timer Reset

The programmable Watchdog Timer (WDT) function of the Programmable Counter Array (PCA) can be
used to prevent software from running out.of'eontrol during a system malfunction. The PCA WDT function
can be enabled or disabled by software ‘as described in Section “27.4. Watchdog Timer Mode” on
page 370; the WDT is enabled and«Clocked by SYSCLK / 12 following any reset. If a system malfunction
prevents user software from updating the WDT, a reset is generated and the WDTRSF bit (RSTSRC.5) is
set to 1. The PCA Watchdog fimerireset source is automatically disabled when the device is in the low
power suspend or sleep mode. Upon exit from either low power state, the enabled/disabled state of this
reset source is restored to its,previous value.The state of the RST pin is unaffected by this reset.

18.7. Flash Error Reset

If a Flash read/write/erase or program read targets an illegal address, a system reset is generated. This
may occur due'to any of the following:

m A Flash write or erase is attempted above user code space. This occurs when PSWE is setto 1 and a
MOVX write operation targets an address above the Lock Byte address.

m AFlashread is attempted above user code space. This occurs when a MOVC operation targets an
address above the Lock Byte address.

m, A Program read is attempted above user code space. This occurs when user code attempts to branch
to an address above the Lock Byte address.

m A Flash read, write or erase attempt is restricted due to a Flash security setting (see Section
“13.3. Security Options” on page 148).

m A Flash write or erase is attempted while the Vpp Monitor is disabled.

The FERROR bit (RSTSRC.6) is set following a Flash error reset. The state of the RST pin is unaffected by
this reset.
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18.8. SmaRTClock (Real Time Clock) Reset

The SmaRTClock can generate a system reset on two events: SmaRTClock Oscillator Fail or SmaRT-
Clock Alarm. The SmaRTClock Oscillator Fail event occurs when the SmaRTClock Missing Clock Detector
is enabled and the SmaRTClock clock is below approximately 20 kHz. A SmaRTClock alarm event occurs
when the SmaRTClock Alarm is enabled and the SmaRTClock timer value matches the ALARMn regis-
ters. The SmaRTClock can be configured as a reset source by writing a 1 to the RTCORE flag
(RSTSRC.7). The SmaRTClock reset remains functional even when the device is in the low power, Sus-
pend or Sleep mode. The state of the RST pin is unaffected by this reset.

18.9. Software Reset

Software may force a reset by writing a 1 to the SWRSF bit (RSTSRC.4). The SWRSF’bitwill.read 1 fol-
lowing a software forced reset. The state of the RST pin is unaffected by this reset.
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SFR Definition 18.2. RSTSRC: Reset Source

Bit 7 6 5 4 3 2 1 0
Name | RTCORE | FERROR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF PINRSF
Type R/W R R/W R/W R R/W R/W R
Reset | Varies Varies Varies Varies Varies Varies Varies Varies

SFR Page = 0x0; SFR Address = OxEF.
Bit Name Description Write Read
7 | RTCORE |SmaRTClock Reset 0: Disable SmaRTClock asa |Setdo 1 if SmaRTClock
Enable and Flag reset source. alarm or'oscillator fail
1: Enable SmaRTClock as a caused the last reset.
reset source.

6 | FERROR |Flash Error Reset Flag. | N/A Set to 1 if Flash
read/write/erase error
caused the last reset.

5 | CORSEF |ComparatorO Reset 0: Disable Comparator0 as a | Set to 1 if Comparator0

Enable and Flag. reset source. caused the last reset.
1: Enable ComparatorQ as a
reset source.
4 SWRSF |Software Reset Force [Writing a 1 forces a system Set to 1 if last reset was
and Flag. reset. caused by a write to
SWRSF.
3 | WDTRSF |Watchdog Timer Reset |N/A Set to 1 if Watchdog Timer
Flag. overflow caused the last
reset.
2 | MCDRSF |Missing Clock'Detector | 0: Disable the MCD. Set to 1 if Missing Clock
(MCD)Enable and Flag. | 1: Enable the MCD. Detector timeout caused
The MCD triggers a resetifa |the last reset.
missing clock condition is
detected.
1 PORSE, |Power-On / Power-Fail |0: Disable the VDD_MCU/DC+ | Setto 1 anytime a power-on
Reset Flag, and Power- | Supply Monitor as a reset or Vpp monitor reset
Fail Reset Enable. source. occurs.?
1: Enable the VDD_MCU/DC+
Supply Monitor as a reset
source.3
0 PINRSF |HW Pin Reset Flag. N/A Set to 1 if RST pin caused
the last reset.
Notes:
1. ltis safe to use read-modify-write operations (ORL, ANL, etc.) to enable or disable specific interrupt sources.
2. If PORSF read back 1, the value read from all other bits in this register are indeterminate.

3. Writing a 1 to PORSF before the VDD_MCU/DC+ Supply Monitor is stabilized may generate a system reset.
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19. Clocking Sources

Si1010/1/2/3/4/5 devices include a programmable precision internal oscillator, an external oscillator drive
circuit, a low power internal oscillator, and a SmaRTClock real time clock oscillator. The precision internal
oscillator can be enabled/disabled and calibrated using the OSCICN and OSCICL registers, as shown in
Figure 19.1. The external oscillator can be configured using the OSCXCN register. The low power internal
oscillator is automatically enabled and disabled when selected and deselected as a clock source. SmaRT-
Clock operation is described in the SmaRTClock oscillator chapter.

The system clock (SYSCLK) can be derived from the precision internal oscillator, external oscillator, low
power internal oscillator, or SmaRTClock oscillator. The global clock divider can generate a system clock
thatis 1, 2, 4, 8, 16, 32, 64, or 128 times slower that the selected input clock source. Oscillator.electrical
specifications can be found in the Electrical Specifications Section.

1
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Figure 19.1. Clocking Sources Block Diagram

The proper way. of changing the system clock when both the clock source and the clock divide value are
being changed.is as follows:

If switching from a fast “undivided” clock to a slower “undivided” clock:
1. Change the clock divide value.

2, Poll for CLKRDY > 1.

3. Change the clock source.

If switching from a slow “undivided” clock to a faster “undivided” clock:
1. Change the clock source.

2. Change the clock divide value.
3. Poll for CLKRDY > 1.
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19.1. Programmable Precision Internal Oscillator

All Si1010/1/2/3/4/5 devices include a programmable precision internal oscillator that may be selected as
the system clock. OSCICL is factory calibrated to obtain a 24.5 MHz frequency. See Table 4.7, “Internal
Precision Oscillator Electrical Characteristics,” on page 60 for complete oscillator specifications.

The precision oscillator supports a spread spectrum mode which modulates the output frequency in order
to reduce the EMI generated by the system. When enabled (SSE = 1), the oscillator output frequency is
modulated by a stepped triangle wave whose frequency is equal to the oscillator frequency divided by:384
(63.8 kHz using the factory calibration). The deviation from the nominal oscillator frequency is +0%, —1:6%,
and the step size is typically 0.26% of the nominal frequency. When using this mode, the typical average
oscillator frequency is lowered from 24.5 MHz to 24.3 MHz.

19.2. Low Power Internal Oscillator

All Si1010/1/2/3/4/5 devices include a low power internal oscillator that defaults as the system clock after a
system reset. The low power internal oscillator frequency is 20 MHz + 10% and fis,automatically enabled
when selected as the system clock and disabled when not in use. See Table4.8, “Internal Low-Power
Oscillator Electrical Characteristics,” on page 60 for complete oscillator specifications.

19.3. External Oscillator Drive Circuit

All Si1010/1/2/3/4/5 devices include an external oscillator circuit that may,drive an external crystal, ceramic
resonator, capacitor, or RC network. A CMOS clock may also provide a clock input. Figure 19.1 shows a
block diagram of the four external oscillator options. The external,oscillator is enabled and configured
using the OSCXCN register.

The external oscillator output may be selected as the,system clock or used to clock some of the digital
peripherals (e.g., Timers, PCA, etc.). See the data sheet chapters for each digital peripheral for details.
See Section “4. Electrical Characteristics” on page+43for'complete oscillator specifications.

19.3.1. External Crystal Mode

If a crystal or ceramic resonator is used as the external oscillator, the crystal/resonator and a 10 MQ resis-
tor must be wired across the XTAL1 and XTALZ2 pins as shown in Figure 19.1, Option 1. Appropriate load-
ing capacitors should be added to XTALfand XTAL2, and both pins should be configured for analog I/O
with the digital output drivers disabled-

Figure 19.2 shows the external oscillator circuit for a 20 MHz quartz crystal with a manufacturer recom-
mended load capacitance of 12.5 pF. Loading capacitors are "in series" as seen by the crystal and "in par-
allel" with the stray capacitance of the XTAL1 and XTAL2 pins. The total value of the each loading
capacitor and the stray.capacitance of each XTAL pin should equal 12.5pF x 2 = 25 pF. With a stray capac-
itance of 10 pF per’pin; the 15 pF capacitors yield an equivalent series capacitance of 12.5 pF across the
crystal.

Note: The recommended load capacitance depends upon the crystal and the manufacturer. Please refer to the crystal
data sheet when completing these calculations.
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Figure 19.2. 25 MHz External Crystal Example

Important Note on External Crystals: Crystal oscillator circuits are quitefsensitive to PCB layout. The
crystal should be placed as close as possible to the XTAL pins on the devices The traces should be as
short as possible and shielded with ground plane from any other tracesswhich could introduce noise or
interference.

When using an external crystal, the external oscillator drive circuit must be configured by software for Crys-
tal Oscillator Mode or Crystal Oscillator Mode with divide by 2 (stage. The divide by 2 stage ensures that the
clock derived from the external oscillator has a duty cycle of 50%¢ The External Oscillator Frequency Con-
trol value (XFCN) must also be specified based on theicrystal frequency. The selection should be based on
Table 19.1. For example, a 25 MHz crystal requires an XECN setting of 111b.

Table 19.1. Recommended XFECN Settings for Crystal Mode

XFCN Crystal Frequency. Bias Current Typical Supply Current
(VDD =2.4V)

000 f<20 kHz 0.5 A 3.0 YA, f = 32.768 kHz
001 20 kHz < f<'68'kHz 1.5 pA 4.8 pA, f=32.768 kHz
010 58 kHz« f €155 kHz 4.8 pA 9.6 YA, f = 32.768 kHz
011 155 kHz\< < 415 kHz 14 pA 28 YA, f =400 kHz
100 415 kHz < f<1.1 MHz 40 pA 71 pA, f =400 kHz
101 1.4 MHz < f<3.1 MHz 120 yA 193 A, f =400 kHz
110 31 MHz < f< 8.2 MHz 550 pA 940 pA, f=8 MHz
111 8.2 MHz < f <25 MHz 2.6 mA 3.9mA, f=25MHz

When the crystal oscillator is first enabled, the external oscillator valid detector allows software to deter-
mine when the external system clock has stabilized. Switching to the external oscillator before the crystal
oscillator has stabilized can result in unpredictable behavior. The recommended procedure for starting the
crystal is as follows:

1. Configure XTAL1 and XTAL2 for analog I/O and disable the digital output drivers.

2. Configure and enable the external oscillator.

3. Poll for XTLVLD => 1.

4. Switch the system clock to the external oscillator.
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19.3.2. External RC Mode

If an RC network is used as the external oscillator, the circuit should be configured as shown in
Figure 19.1, Option 2. The RC network should be added to XTAL2, and XTAL2 should be configured for
analog 1/0 with the digital output drivers disabled. XTAL1 is not affected in RC mode.

The capacitor should be no greater than 100 pF; however for very small capacitors, the total capacitance
may be dominated by parasitic capacitance in the PCB layout. The resistor should be no smaller than
10 kQ. The oscillation frequency can be determined by the following equation:

;- 123x10°
RxC

where
f = frequency of clock in MHzR = pull-up resistor value in kQ
Vpp = power supply voltage in VoltsC = capacitor value on the XTALZ2 pin in pE

To determine the required External Oscillator Frequency Control value (XFCN)+n the OSCXCN Register,
first select the RC network value to produce the desired frequency of ‘oscillation. For example, if the fre-
quency desired is 100 kHz, let R = 246 kO and C = 50 pF:

_123x10° _ 1.23x10°

T=7RuC = 2a6x50 _ 100KHZ
where
f = frequency of clock in MHz R = pull-up resistorvalue in kQ

Vpp = power supply voltage in Volts ~ C = capacitor value on the XTALZ2 pin in pF

Referencing Table 19.2, the recommended XFCN setting is 010.

Table 19.2. Recommended XFCN Settings for RC and C modes

XFCN Approximate K Factor (C Mode) Typical Supply Current/ Actual
Frequency*Range (RC Measured Frequency
and C Mode) (C Mode, VDD = 2.4 V)
000 f<25kHz K Factor = 0.87 3.0 A, f=11kHz, C = 33 pF
001 25 kHz < f <50 kHz K Factor = 2.6 5.5 A, f=33 kHz, C = 33 pF
010 50 kHz < f <100 kHz K Factor = 7.7 13 pA, f =98 kHz, C = 33 pF
oM 100 kHz < f <200 kHz K Factor = 22 32 pA, =270 kHz, C = 33 pF
100 200 kHz < f <400 kHz K Factor = 65 82 yA, f =310 kHz, C = 46 pF
101 400 kHz < f < 800 kHz K Factor = 180 242 pA, f =890 kHz, C = 46 pF
110 800 kHz < f< 1.6 MHz K Factor = 664 1.0 mA, f=2.0 MHz, C = 46 pF
111 1.6 MHz < f< 3.2 MHz K Factor = 1590 4.6 mA, f=6.8 MHz, C =46 pF

When the RC oscillator is first enabled, the external oscillator valid detector allows software to determine
when oscillation has stabilized. The recommended procedure for starting the RC oscillator is as follows:

1. Configure XTAL2 for analog I/0O and disable the digital output drivers.
2. Configure and enable the external oscillator.
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3. Poll for XTLVLD => 1.

4. Switch the system clock to the external oscillator.

19.3.3. External Capacitor Mode

If a capacitor is used as the external oscillator, the circuit should be configured as shown in Figure 19.1,

Option 3. The capacitor should be added to XTAL2, and XTAL2 should be configured for analog I/O with
the digital output drivers disabled. XTAL1 is not affected in RC mode.

The capacitor should be no greater than 100 pF; however, for very small capacitors, the total capacitance
may be dominated by parasitic capacitance in the PCB layout. The oscillation frequency and the(required
External Oscillator Frequency Control value (XFCN) in the OSCXCN Register can be determined by the
following equation:

f= KF
CxVpp

where
f = frequency of clock in MHzR = pull-up resistor value in kQ
Vpp = power supply voltage in VoltsC = capacitor value on the XTALZ2 pin in pF

Below is an example of selecting the capacitor and finding the frequency of oscillation Assume Vpp =3.0 V
and f = 150 kHz:

f = L
CxVpp
_  KF
0.150 MHz = Cx30

Since a frequency of roughly 150 kHZ is desired, select the K Factor from Table 19.2 as KF = 22:

22

0.150 MHz = Cx30Vv

22

C = 150MHzx 30V

C =488 pF

Therefore, the XFCN value to use in this example is 011 and C is approximately 50 pF.
Thesrecommended startup procedure for C mode is the same as RC mode.

19.3.4. External CMOS Clock Mode

If an external CMOS clock is used as the external oscillator, the clock should be directly routed into XTAL2.
The XTALZ2 pin should be configured as a digital input. XTAL1 is not used in external CMOS clock mode.

The external oscillator valid detector will always return zero when the external oscillator is configured to
External CMOS Clock mode.
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19.4. Special Function Registers for Selecting and Configuring the System Clock

The clocking sources on Si1010/1/2/3/4/5 devices are enabled and configured using the OSCICN,
OSCICL, OSCXCN and the SmaRTClock internal registers. See Section “20. SmaRTClock (Real Time
Clock)” on page 204 for SmaRTClock register descriptions. The system clock source for the MCU can be
selected using the CLKSEL register. To minimize active mode current, the oneshot timer which sets Flash
read time should by bypassed when the system clock is greater than 10 MHz. See the FLSCL register
description for details.

The clock selected as the system clock can be divided by 1, 2, 4, 8, 16, 32, 64, or 128. When switching
between two clock divide values, the transition may take up to 128 cycles of the undivided clock source.
The CLKRDY flag can be polled to determine when the new clock divide value has been applied! The clock
divider must be set to "divide by 1" when entering Suspend or Sleep Mode.

The system clock source may also be switched on-the-fly. The switchover takes effect,after one clock
period of the slower oscillator.
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SFR Definition 19.1. CLKSEL: Clock Select

Bit 7 6 5 4 3 2 1 0
Name | CLKRDY CLKDIV[2:0] CLKSEL[2:0]
Type R RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 1 1 0 1 0 0

SFR Page = All Pages; SFR Address = 0xA9

Bit

Name

Function

7

CLKRDY

System Clock Divider Clock Ready Flag.

0: The selected clock divide setting has not been applied to the system clock.
1: The selected clock divide setting has been applied to the system clock.

6:4

CLKDIV[2:0]

System Clock Divider Bits.

Selects the clock division to be applied tarthe undivided system clock source.
000: System clock is divided by 1.

001: System clock is divided by 2.

010: System clock is divided by 4.

011: System clock is divided_ by 8.

100: System clock is divided by 16.

101: System clock is divided by 32.

110: System clock is-divided by 64.

111: System clock is divided by 128.

Unused

Read = 0b. Muast Write Ob.

2.0

CLKSEL[2:0]

System ClockSelect.

Selects the oscillator to be used as the undivided system clock source.
000: Precision Internal Oscillator.

004: External Oscillator.

011:"8SmaRTClock Oscillator.

100: Low Power Oscillator.

All other values reserved.
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SFR Definition 19.2. OSCICN: Internal Oscillator Control

Bit 7 6 5 4 3 2 1 0
Name | IOSCEN IFRDY Reserved[5:0]
Type R/W R R/W R/W R/W R/W R/W RW
Reset 0 0 Varies Varies Varies Varies Varies Varies

SFR Page = 0x0; SFR Address = 0xB2

Bit Name Function

7 IOSCEN |Internal Oscillator Enable.

0: Internal oscillator disabled.
1: Internal oscillator enabled.

6 IFRDY |Internal Oscillator Frequency Ready Flag.

0: Internal oscillator is not running at its programmed frequency.
1: Internal oscillator is running at its programmed frequency.

5:0 | Reserved | Must perform read-modify-write.

Note: Read-modify-write operations such as ORL and ANlemust be used to set or clear the enable bit of this register.

SFR Definition 19.3. OSCICL: Internal Oscillator Calibration

Bit 7 6 5 4 3 2 1 0
Name SSE OSCICL[®6:0]
Type R/W R R/W R/W R/W R/W R/W R/W
Reset 0 Varies Varies Varies Varies Varies Varies Varies

SFR Page = 0x0; SER Address = 0xB3

Bit Name Function

7 SSE Spread Spectrum Enable.

0: Spread Spectrum clock dithering disabled.
1: Spread Spectrum clock dithering enabled.

6:0 OSCICL |[Internal Oscillator Calibration.

Factory calibrated to obtain a frequency of 24.5 MHz. Incrementing this register
decreases the oscillator frequency and decrementing this register increases the
oscillator frequency. The step size is approximately 1% of the calibrated frequency.
The recommended calibration frequency range is between 16 and 24.5 MHz.
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SFR Definition 19.4. OSCXCN: External Oscillator Control

Bit 7 6 5 4 3 2 1 0
Name | XCLKVLD XOSCMD[2:0] Reserved XFCN[2:0]
Type R R R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xB1

Bit

Name

Function

7

XCLKVLD

External Oscillator Valid Flag.

Provides External Oscillator status and is valid at all timés for all modes of operation
except External CMOS Clock Mode and External CMOS Clock Mode with divide by
2. In these modes, XCLKVLD always returns 0:

0: External Oscillator is unused or not yet stable.

1: External Oscillator is running and stable.

6:4

XOSCMD

External Oscillator Mode Bits.

Configures the external oscillator circuit,to'the selected mode.
00x: External Oscillator circuit disabled.

010: External CMOS Clock Mode.

011: External CMOS Clock Mode with divide by 2 stage.

100: RC Oscillator Mode.

101: Capacitor Oscillator Mode.

110: Crystal Oscillator Mode.

111: Crystal Oscillator Mode with divide by 2 stage.

Reserved

Read = Ob./Must.Write Ob.

2:0

XFCN

External Oscillator Frequency Control Bits.

Controls, the external oscillator bias current.
000-111: See Table 19.1 on page 197 (Crystal Mode) or Table 19.2 on page 198 (RC
or C,Mode) for recommended settings.
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20. SmaRTClock (Real Time Clock)

Si1010/1/2/3/4/5 devices include an ultra low power 32-bit SmaRTClock Peripheral (Real Time Clock) with
alarm. The SmaRTClock has a dedicated 32 kHz oscillator that can be configured for use with or without a
crystal. No external resistor or loading capacitors are required. The on-chip loading capacitors are pro-
grammable to 16 discrete levels allowing compatibility with a wide range of crystals. The SmaRTClock can
operate directly from a 0.9-3.6 V battery voltage and remains operational even when the device goes into
its lowest power down mode. The SmaRTClock output can be buffered and routed to a GPIO pin to provide
an accurate, low frequency clock to other devices while the MCU is in its lowest power down modes(see
“‘PMUOMD: Power Management Unit Mode” on page 164 for more details). Si1010/1/2/3/4/5 devicessalso
support an ultra low power internal LFO that reduces sleep mode current.

The SmaRTClock allows a maximum of 36 hour 32-bit independent time-keeping when jused with a
32.768 kHz Watch Crystal. The SmaRTClock provides an Alarm and Missing SmaRTClocksevents, which
could be used as reset or wakeup sources. See Section “18. Reset Sources” on page 186 and Section
“14. Power Management” on page 157 for details on reset sources and low power mode wake-up sources,
respectively.

XTAL4 XTAL3 RTCOUT
A
SmaRTClock t
A ; —
LFO Power/
Programmable Load Capacitors Clock
Mgmt
SmaRTClock Oscillator.

”|  32-Bit
A SmaRTClock
Timer

-]
a
SmaRTClock State'Machine O
Wake-Up o
Interrupt > o
(@]
Interface
Inte CAPTUREN Registers
€ RTCOCN RTCOKEY
RTCOXCN

RTCOXCF RTCOADR [* >

RTCOPIN RTCODAT
ALARMN

Figure 20.1. SmaRTClock Block Diagram

r 3
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20.1. SmaRTClock Interface

The SmaRTClock Interface consists of three registers: RTCOKEY, RTCOADR, and RTCODAT. These inter-
face registers are located on the CIP-51’s SFR map and provide access to the SmaRTClock internal regis-
ters listed in Table 20.1. The SmaRTClock internal registers can only be accessed indirectly through the
SmaRTClock Interface.
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Table 20.1. SmaRTClock Internal Registers

SmaRTClock | SmaRTClock Register Name Description
Address Register
0x00-0x03 | CAPTUREN |SmaRTClock Capture Four Registers used for setting the 32-bit
Registers SmaRTClock timer or reading its current value.
0x04 RTCOCN  |SmaRTClock Control Controls the operation of the SmaRTClock.State
Register Machine.
0x05 RTCOXCN [SmaRTClock Oscillator |Controls the operation of the SmaRTClock
Control Register Oscillator.
0x06 RTCOXCF |SmaRTClock Oscillator |Controls the value of the progammable
Configuration Register |oscillator load capacitance and
enables/disables AutoStep.
0x07 RTCOPIN |SmaRTClock Pin Forces XTAL3 and XTAL4 to be internally
Configuration Register |shorted.
Note: This register alsocontains other reserved bits
which should not be modified.
0x08-0x0B ALARMn  [SmaRTClock Alarm Four registers‘used for setting or reading the
Registers 32-bit SmaRTClock alarm value.

20.1.1. SmaRTClock Lock and Key Functions

The SmaRTClock Interface is protected with a lock and key function. The SmaRTClock Lock and Key Reg-
ister (RTCOKEY) must be written with the correct key ‘codes, in sequence, before writes and reads to
RTCOADR and RTCODAT may be performed. The-key.codes are: 0xA5, OxF1. There are no timing restric-
tions, but the key codes must be written in order! Ifithe key codes are written out of order, the wrong codes
are written, or an indirect register read or write is attempted while the interface is locked, the SmaRTClock
interface will be disabled, and the RTCOADR and RTCODAT registers will become inaccessible until the
next system reset. Once the SmaRTClock interface is unlocked, software may perform any number of
accesses to the SmaRTClock registers, until the interface is re-locked or the device is reset. Any write to
RTCOKEY while the SmaRTClock interface is unlocked will re-lock the interface.

Reading the RTCOKEY registerat any time will provide the SmaRTClock Interface status and will not inter-
fere with the sequence that.is being written. The RTCOKEY register description in SFR Definition 20.1 lists
the definition of each status code.

20.1.2. Using RTCOADR and RTCODAT to Access SmaRTClock Internal Registers

The SmaRTClock .internal registers can be read and written using RTCOADR and RTCODAT. The
RTCOADR registerselects the SmaRTClock internal register that will be targeted by subsequent reads or
writes. Recommended instruction timing is provided in this section. If the recommended instruction timing
is notfollowed, then BUSY (RTCOADR.7) should be checked prior to each read or write operation to make
sure the_.SmaRTClock Interface is not busy performing the previous read or write operation. A SmaRT-
Clock Write operation is initiated by writing to the RTCODAT register. Below is an example of writing to a
SmaRTClock internal register.

1. Poll BUSY (RTCOADR.7) until it returns O or follow recommended instruction timing.
2. Write 0x05 to RTCOADR. This selects the internal RTCOCN register at SmaRTClock Address 0x05.
3. Write 0x00 to RTCODAT. This operation writes 0x00 to the internal RTCOCN register.

A SmaRTClock Read operation is initiated by setting the SmaRTClock Interface Busy bit. This transfers
the contents of the internal register selected by RTCOADR to RTCODAT. The transferred data will remain in
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RTCODAT until the next read or write operation. Below is an example of reading a SmaRTClock internal
register.

1. Poll BUSY (RTCOADR.7) until it returns 0 or follow recommended instruction timing.

Write 0x05 to RTCOADR. This selects the internal RTCOCN register at SmaRTClock Address 0x05.
Write 1 to BUSY. This initiates the transfer of data from RTCOCN to RTCODAT.

Poll BUSY (RTCOADR.7) until it returns 0 or follow recommend instruction timing.

Read data from RTCODAT. This data is a copy of the RTCOCN register.

A

Note: The RTCOADR and RTCODAT registers will retain their state upon a device reset.
20.1.3. RTCOADR Short Strobe Feature

Reads and writes to indirect SmaRTClock registers normally take 7 system clock cycles, To/minimize the
indirect register access time, the Short Strobe feature decreases the read and write access time to 6 sys-
tem clocks. The Short Strobe feature is automatically enabled on reset and can bexmanually enabled/dis-
abled using the SHORT (RTCOADR.4) control bit.

Recommended Instruction Timing for a single register read with short strobe enabled:

mov RTCOADR, #095h
nop

nop

nop

mov A, RTCODAT

Recommended Instruction Timing for a single registerwrite with short strobe enabled:

mov RTCOADR, #095h
mov RTCODAT, #000h
nop

20.1.4. SmaRTClock Interface Autoread Feature

When Autoread is enabled, each read [from RTCODAT initiates the next indirect read operation on the
SmaRTClock internal register selected’by RTCOADR. Software should set the BUSY bit once at the begin-
ning of each series of consecutive reads. Software should follow recommended instruction timing or check
if the SmaRTClock Interface. isibusy prior to reading RTCODAT. Autoread is enabled by setting AUTORD
(RTCOADR.6) to logic 1
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20.1.5. RTCOADR Autoincrement Feature

For ease of reading and writing the 32-bit CAPTURE and ALARM values, RTCOADR automatically incre-
ments after each read or write to a CAPTURERN or ALARMn register. This speeds up the process of setting
an alarm or reading the current SmaRTClock timer value. Autoincrement is always enabled.

Recommended Instruction Timing for a multi-byte register read with short strobe and auto read enabled:

mov RTCOADR, #0dOh
nop

nop

nop

mov A, RTCODAT
nop

nop

mov A, RTCODAT
nop

nop

mov A, RTCODAT
nop

nop

mov A, RTCODAT

Recommended Instruction Timing for a multi-byte register.write with 'short strobe enabled:

mov RTCOADR, #010h
mov RTCODAT, #05h
nop
mov RTCODAT, #06h
nop
mov RTCODAT, #07h
nop
mov RTCODAT, #08h
nop

207 Rev. 1.2

SILICON LABS



Si1010/1/2/3/415

SFR Definition 20.1. RTCOKEY: SmaRTClock Lock and Key

Bit 7 6 5 4 3 2 1 0
Name RTCOST[7:0]
Reset 0 0 0 0 0 0 0 0

Bit

Name

SFR Page = 0x0; SFR Address = OXAE

Function

7:0

RTCOST

SmaRTClock Interface Lock/Key and Status.
Locks/unlocks the SmaRTClock interface when written. Provides lock status when

read.

Read:

0x00: SmaRTClock Interface is locked.

0x01: SmaRTClock Interface is locked.

First key code (0xA5) has been‘written, waiting for second key code.
0x02: SmaRTClock Interface is‘unlocked.

First and second key codes (0xA5, 0xF1) have been written.

0x03: SmaRTClock Interface is,disabled until the next system reset.

Write:
When RTCOST =(0x00y(locked), writing 0xA5 followed by 0xF1 unlocks the
SmaRTClock Interface.

When RTCOST = 0x01 (waiting for second key code), writing any value other
than the'second key code (0xF1) will change RTCOSTATE to 0x03 and disable
the SmaRTClock Interface until the next system reset.

When RTCOST = 0x02 (unlocked), any write to RTCOKEY will lock the SmaRT-
Clock Interface.

When RTCOST = 0x03 (disabled), writes to RTCOKEY have no effect.
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SFR Definition 20.2. RTCOADR: SmaRTClock Address

Bit 7 6 5 4 3 2 1 0
Name BUSY AUTORD SHORT ADDR[3:0]
Type R/W R/W R R/W R/W
Reset 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxAC
Bit Name Function
7 BUSY |SmaRTClock Interface Busy Indicator.
Indicates SmaRTClock interface status. Writing 1 to this bitinitiates an indirect read.
6 AUTORD |SmaRTClock Interface Autoread Enable.
Enables/disables Autoread.
0: Autoread Disabled.
1: Autoread Enabled.
Unused |Read = 0b; Write = Don’t Care.
4 SHORT |Short Strobe Enable.
Enables/disables the Short Strobe Feature.
0: Short Strobe disabled.
1: Short Strobe enabled:
3:0 |ADDRJ[3:0]| SmaRTClock Indirect/Register Address.

Sets the currently selected SmaRTClock register.
See Table 20.1.for. alisting of all SmaRTClock indirect registers.

Note: The ADDR bits increment after each/indirect read/write operation that targets a CAPTURER or ALARMn

internal SmaRTClock register.
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SFR Definition 20.3. RTCODAT: SmaRTClock Data

Bit 7 6 5 4 3 2 1 0
Name RTCODAT[7:0]
Reset 0 0 0 0 0 0 0 0

SFR Page= 0x0; SFR Address = OxAD
Bit Name Function
7:0 | RTCODAT | smaRTClock Data Bits.

Holds data transferred to/from the internal SmaRTClock register selected by
RTCOADR.

Note: Read-modify-write instructions (orl, anl, etc.) should not be used on this register.

20.2. SmaRTClock Clocking Sources

The SmaRTClock peripheral is clocked from its own timebase; independent of the system clock. The
SmaRTClock timebase can be derived from an external CMOS, clock, the internal LFO or the SmaRTClock
oscillator circuit, which has two modes of operation: Crystal Mode, and Self-Oscillate Mode. The oscillation
frequency is 32.768 kHz in Crystal Mode and can be programmed in the range of 10 kHz to 40 kHz in Self-
Oscillate Mode. The internal LFO frequency is 16.4 kHz £20%. The frequency of the SmaRTClock oscilla-
tor can be measured with respect to another oscillator using an on-chip timer. See Section “26. Timers” on
page 338 for more information on how this canibe:accomplished.

Note: The SmaRTClock timebase can be selected,as the system clock and routed to a port pin. See Section
“19. Clocking Sources” on page 1954%or information on selecting the system clock source and Section “21. Port
Input/Output” on page 220 for information on how to route the system clock to a port pin.

20.2.1. Using the SmaRTClock.©scillator with a Crystal or External CMOS Clock

When using Crystal Mode, a32.768 kHz crystal should be connected between XTAL3 and XTAL4. No
other external components.are required. The following steps show how to start the SmaRTClock crystal
oscillator in software:

Set SmaRTClock-to Crystal Mode (XMODE = 1).

Disable Automatic Gain Control (AGCEN) and enable Bias Doubling (BIASX2) for fast crystal startup.
Set the desired loading capacitance (RTCOXCF).

Enable/power to the SmaRTClock oscillator circuit (RTCOEN = 1).

Wait 20 ms.

Poll the SmaRTClock Clock Valid Bit (CLKVLD) until the crystal oscillator stabilizes.

Poll the SmaRTClock Load Capacitance Ready Bit (LOADRDY) until the load capacitance reaches its
programmed value.

8. Enable Automatic Gain Control (AGCEN) and disable Bias Doubling (BIASX2) for maximum power
savings.

9. Enable the SmaRTClock missing clock detector.
10.Wait 2 ms.
11. Clear the PMUOCF wake-up source flags.

No o s w2
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In Crystal Mode, the SmaRTClock oscillator may be driven by an external CMOS clock. The CMOS clock
should be applied to XTAL3. XTAL4 should be left floating. The input low voltage (VIL) and input high volt-
age (VIH) for XTAL3 when used with an external CMOS clock are 0.1 and 0.8 V, respectively. The SmaRT-
Clock oscillator should be configured to its lowest bias setting with AGC disabled. The CLKVLD bit is
indeterminate when using a CMOS clock, however, the OSCFAIL bit may be checked 2 ms after SmaRT=
Clock oscillator is powered on to ensure that there is a valid clock on XTAL3.

20.2.2. Using the SmaRTClock Oscillator in Self-Oscillate Mode

When using Self-Oscillate Mode, the XTAL3 and XTAL4 pins should be shorted together. ThesRTCOPIN
register can be used to internally short XTAL3 and XTAL4. The following steps show_how'to configure
SmaRTClock for use in Self-Oscillate Mode:

1. Set SmaRTClock to Self-Oscillate Mode (XMODE = 0).

2. Set the desired oscillation frequency:
For oscillation at about 20 kHz, set BIASX2 = 0.
For oscillation at about 40 kHz, set BIASX2 = 1.

3. The oscillator starts oscillating instantaneously.

4. Fine tune the oscillation frequency by adjusting the load capacitance (RTCOXCF).

20.2.3. Using the Low Frequency Oscillator (LFO)

The low frequency oscillator provides an ultra low power, on-chip clock source to the SmaRTClock. The

typical frequency of oscillation is 16.4 kHz +20%. No external components are required to use the LFO and
the XTAL3 and XTAL4 pins do not need to be shorted together.

The following steps show how to configure SmaRTClockfor use with the LFO:

1. Enable and select the Low Frequency Oscillator (LFOEN = 1).
2. The LFO starts oscillating instantaneously.

When the LFO is enabled, the SmaRTClock oscillator increments bit 1 of the 32-bit timer (instead of bit 0).
This effectively multiplies the LFO freguency by 2, making the RTC timebase behave as if a 32.768 kHz
crystal is connected at the output:

20.2.4. Programmable Load Capacitance

The programmable load capacitance has 16 values to support crystal oscillators with a wide range of rec-
ommended load capagitance. If Automatic Load Capacitance Stepping is enabled, the crystal load capaci-
tors start at the smallestsetting to allow a fast startup time, then slowly increase the capacitance until the
final programmed 'value is reached. The final programmed loading capacitor value is specified using the
LOADCAP bits in the RTCOXCF register. The LOADCAP setting specifies the amount of on-chip load
capacitance-andidoes not include any stray PCB capacitance. Once the final programmed loading capaci-
tor value is.reached, the LOADRDY flag will be set by hardware to logic 1.

Whensingthe SmaRTClock oscillator in Self-Oscillate mode, the programmable load capacitance can be
used to fine tune the oscillation frequency. In most cases, increasing the load capacitor value will result in
a,decrease in oscillation frequency.Table 20.2 shows the crystal load capacitance for various settings of
LOADCAP.
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Table 20.2. SmaRTClock Load Capacitance Settings

LOADCAP Crystal Load Capacitance Equivalent Capacitance seen on
XTAL3 and XTAL4

0000 4.0 pF 8.0 pF

0001 4.5 pF 9.0 pF

0010 5.0 pF 10.0 pF

0011 5.5 pF 11.0 pF

0100 6.0 pF 12.0 pF

0101 6.5 pF 13.0 pF

0110 7.0 pF 14.0 pF

0111 7.5 pF 15.0 pF

1000 8.0 pF 16.0 pF

1001 8.5 pF 17.0 pF

1010 9.0 pF 18.0 pF

1011 9.5 pF 19:0,pF

1100 10.5 pF 241.0.pF

1101 11.5 pF 23.0 pF

1110 12.5 pF 25.0 pF

1111 13.5 pF 27.0 pF

20.2.5. Automatic Gain Control (Crystal.Made Only) and SmaRTClock Bias Doubling

Automatic Gain Control allows the SmaRTClock oscillator to trim the oscillation amplitude of a crystal in
order to achieve the lowest possible power consumption. Automatic Gain Control automatically detects
when the oscillation amplitude has reached a point where it safe to reduce the drive current, therefore, it
may be enabled during crystal'startup. It is recommended to enable Automatic Gain Control in most sys-
tems which use the SmaRTClock oscillator in Crystal Mode. The following are recommended crystal spec-
ifications and operating conditions when Automatic Gain Control is enabled:

ESR < 50 kQ

Load Capacitance <10 pF

Supply Voltage 3.0 V

m  Temperature >=20 °C

When using Automatic Gain Control, it is recommended to perform an oscillation robustness test to ensure
that,the chesen crystal will oscillate under the worst case condition to which the system will be exposed.
The worst case condition that should result in the least robust oscillation is at the following system condi-

tions: lowest temperature, highest supply voltage, highest ESR, highest load capacitance, and lowest bias
current (AGC enabled, Bias Double Disabled).

To perform the oscillation robustness test, the SmaRTClock oscillator should be enabled and selected as
the system clock source. Next, the SYSCLK signal should be routed to a port pin configured as a push-pull
digital output. The positive duty cycle of the output clock can be used as an indicator of oscillation robust-
ness. As shown in Figure 20.2, duty cycles less than 55% indicate a robust oscillation. As the duty cycle
approaches 60%, oscillation becomes less reliable and the risk of clock failure increases. Increasing the
bias current (by disabling AGC) will always improve oscillation robustness and will reduce the output
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clock’s duty cycle. This test should be performed at the worst case system conditions, as results at very
low temperatures or high supply voltage will vary from results taken at room temperature or low supply
voltage.

Low Risk of Clock | High Risk ©

Safe Operating Zone AL Failu

25% 55% 60% Duty Cycle
Figure 20.2. Interpreting Oscillation Robustness (Duty Cycle):Iest Results

As an alternative to performing the oscillation robustness test, Automatic Gain.Control may be disabled at
the cost of increased power consumption (approximately 200 nA). Disabling.Automatic Gain Control will
provide the crystal oscillator with higher immunity against external factorsswhich may lead to clock failure.
Automatic Gain Control must be disabled if using the SmaRTClock oscillator in self-oscillate mode.

Table 20.3 shows a summary of the oscillator bias settings. The SmaRTClock Bias Doubling feature allows
the self-oscillation frequency to be increased (almost doubled) and allows a higher crystal drive strength in
crystal mode. High crystal drive strength is recommended whenithe crystal is exposed to poor environmen-
tal conditions such as excessive moisture. SmaRTClock Bias Doubling is enabled by setting BIASX2
(RTCOXCN.5) to 1.

Table 20.3. SmaRTClock Bias Settings

Mode Setting Power
Consumption
Crystal Bias Double Off, AGC On Lowest
600 nA
Bias Double Off, AGC Off Low
800 nA
Bias Double On, AGC On High
Bias Double On, AGC Off Highest
Self-Oscillate Bias Double Off Low
Bias Double On High

20.2.6. Missing SmaRTClock Detector

The missing SmaRTClock detector is a one-shot circuit enabled by setting MCLKEN (RTCOCN.6) to 1.
When the SmaRTClock Missing Clock Detector is enabled, OSCFAIL (RTCOCN.5) is set by hardware if
SmaRTClock oscillator remains high or low for more than 100 ps.

A SmaRTClock Missing Clock detector timeout can trigger an interrupt, wake the device from a low power
mode, or reset the device. See Section “12. Interrupt Handler” on page 134, Section “14. Power Manage-
ment” on page 157, and Section “18. Reset Sources” on page 186 for more information.

Note: The SmaRTClock Missing Clock Detector should be disabled when making changes to the oscillator settings in
RTCOXCN.
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20.2.7. SmaRTClock Oscillator Crystal Valid Detector

The SmaRTClock oscillator crystal valid detector is an oscillation amplitude detector circuit used during
crystal startup to determine when oscillation has started and is nearly stable. The output of this detector
can be read from the CLKVLD bit (RTX0XCN.4).

Notes:
m The CLKVLD bit has a blanking interval of 2 ms. During the first 2 ms after turning on the crystal
oscillator, the output of CLKVLD is not valid.

®  This SmaRTClock crystal valid detector (CLKVLD) is not intended for detecting an oscillator failure. The missing
SmaRTClock detector (CLKFAIL) should be used for this purpose.

20.3. SmaRTClock Timer and Alarm Function

The SmaRTClock timer is a 32-bit counter that, when running (RTCOTR = 1), is incremented every
SmaRTClock oscillator cycle. The timer has an alarm function that can be set to generate an interrupt,
wake the device from a low power mode, or reset the device at a specific time. See Section “12. Interrupt
Handler” on page 134, Section “14. Power Management” on page 157, and Section"“18. Reset Sources”
on page 186 for more information.

The SmaRTClock timer includes an Auto Reset feature, which automatically resets the timer to zero one
SmaRTClock cycle after an alarm signal is deasserted. When using Auto Reset, the Alarm match value
should always be set to 2 counts less than the desired match value. When using the LFO in combination
with Auto Reset, the right-justified Alarm match value should be set to 4 counts less than the desired
match value. Auto Reset can be enabled by writing a 1 to ALRM (RTCOCN.2).

20.3.1. Setting and Reading the SmaRTClock Timer Value

The 32-bit SmaRTClock timer can be set or read usingthe six CAPTURER internal registers. Note that the
timer does not need to be stopped before reading or setting its value. The following steps can be used to
set the timer value:

1. Write the desired 32-bit set value to the CAPTURER registers.

2. Write 1 to RTCOSET. This will transferthe contents of the CAPTURER registers to the SmaRTClock
timer.

3. Operation is complete when RTCOSET is cleared to 0 by hardware.
The following steps can be used to'read the current timer value:

1. Write 1 to RTCOCAP. This will transfer the contents of the timer to the CAPTURERN registers.
2. Poll RTCOCAP until jtiis cleared to 0 by hardware.

3. A snapshot of the.timer value can be read from the CAPTURER registers

20.3.2. Setting a SmaRTClock Alarm

The SmaRTClock alarm function compares the 32-bit value of SmaRTClock Timer to the value of the
ALARMN registers. An alarm event is triggered if the SmaRTClock timer is equal to the ALARMn registers.
If Auto"Reset is enabled, the 32-bit timer will be cleared to zero one SmaRTClock cycle after the alarm
event.

The SmaRTClock alarm event can be configured to reset the MCU, wake it up from a low power mode, or
generate an interrupt. See Section “12. Interrupt Handler” on page 134, Section “14. Power Management”
on page 157, and Section “18. Reset Sources” on page 186 for more information.

The following steps can be used to set up a SmaRTClock Alarm:

1. Disable SmaRTClock Alarm Events (RTCOAEN = 0).
2. Set the ALARMN registers to the desired value.
3. Enable SmaRTClock Alarm Events (RTCOAEN = 1).
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Notes:
m The ALRM bit, which is used as the SmaRTClock Alarm Event flag, is cleared by disabling
SmaRTClock Alarm Events (RTCOAEN = 0).

m If AutoReset is disabled, disabling (RTCOAEN = 0) then Re-enabling Alarm Events (RTCOAEN = 1)
after a SmaRTClock Alarm without modifying ALARMN registers will automatically schedule the next
alarm after 232 SmaRTClock cycles (approximately 36 hours using a 32.768 kHz crystal).

m The SmaRTClock Alarm Event flag will remain asserted for a maximum of one SmaRTClock cycle. See
Section “14. Power Management” on page 157 for information on how to capture a SmaRTClock‘Alarm
event using a flag which is not automatically cleared by hardware.

20.3.3. Software Considerations for using the SmaRTClock Timer and Alarm

The SmaRTClock timer and alarm have two operating modes to suit varying applications. The two modes
are described below:

Mode 1:

The first mode uses the SmaRTClock timer as a perpetual timebase which issneverreset to zero. Every 36
hours, the timer is allowed to overflow without being stopped or disrupted. The Jalarm interval is software
managed and is added to the ALRMn registers by software after each.alarm. This allows the alarm match
value to always stay ahead of the timer by one software managed interval. If software uses 32-bit unsigned
addition to increment the alarm match value, then it does not needito handle overflows since both the timer
and the alarm match value will overflow in the same manner.

This mode is ideal for applications which have a long alarm interval (e.g., 24 or 36 hours) and/or have a
need for a perpetual timebase. An example of an application that needs a perpetual timebase is one
whose wake-up interval is constantly changing. For.these applications, software can keep track of the
number of timer overflows in a 16-bit variable, extending the 32-bit (36 hour) timer to a 48-bit (272 year)
perpetual timebase.

Mode 2:

The second mode uses the SmaRTClocktimer.as a general purpose up counter which is auto reset to zero
by hardware after each alarm. The alarm interval is managed by hardware and stored in the ALRMn regis-
ters. Software only needs to set thesalarmiinterval once during device initialization. After each alarm, soft-
ware should keep a count of the aumber of alarms that have occurred in order to keep track of time.

This mode is ideal for applications that require minimal software intervention and/or have a fixed alarm
interval. This mode is the most\power efficient since it requires less CPU time per alarm.
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Internal Register Definition 20.4. RTCOCN: SmaRTClock Control

Bit

7

6 5 4 3 1 0

Name

RTCOEN

MCLKEN | OSCFAIL | RTCOTR |RTCOAEN | ALRM |RTCOSET

RTCOCAP.

Type

R/W

R/W R/W R/W R/W R/W R/W

RW

Reset

0

0 Varies 0 0 0 0

SmaRTClock Address = 0x04

Bit

Name

Function

7

RTCOEN

SmaRTClock Enable.

Enables/disables the SmaRTClock oscillator and associated bias currents.
0: SmaRTClock oscillator disabled.
1: SmaRTClock oscillator enabled.

MCLKEN

Missing SmaRTClock Detector Enable.

Enables/disables the missing SmaRTClock detector.
0: Missing SmaRTClock detector disabled.
1: Missing SmaRTClock detector enabled.

OSCFAIL

SmaRTClock Oscillator Fail Event Flag:

Set by hardware when a missing SmaRTClock detector timeout occurs. Must be
cleared by software. The value of this bit is'hot defined when the SmaRTClock
oscillator is disabled.

RTCOTR

SmaRTClock Timer Run, Control,

Controls if the SmaRTClockitimer'is running or stopped (holds current value).
0: SmaRTClock timer is stopped.

1: SmaRTClock timer is running.

RTCOAEN

SmaRTClock Alarm Enable.

Enables/disables the'SmaRTClock alarm function. Also clears the ALRM flag.
0: SmaRTClock alarm disabled.

1: SmaRT Clock alarm enabled.

ALRM

SmaRTClock Alarm Event |Read:

Elagiand Auto Reset 0: SmaRTClock alarm
Enable. event flag is de-asserted.
Reads return the state of the | 1: SmaRTClock alarm
alarm event flag. event flag is asserted.
Writes enable/disable the
Auto Reset function.

Write:
0: Disable Auto Reset.
1: Enable Auto Reset.

RTCOSET

SmaRTClock Timer Set.

Writing 1 initiates a SmaRTClock timer set operation. This bit is cleared to 0 by hard-

ware to indicate that the timer set operation is complete.

RTCOCAP

SmaRTClock Timer Capture.

Writing 1 initiates a SmaRTClock timer capture operation. This bit is cleared to 0 by

hardware to indicate that the timer capture operation is complete.

Note: The ALRM flag will remain asserted for a maximum of one SmaRTClock cycle. See Section “Power

Management” on page 157 for information on how to capture a SmaRTClock Alarm event using a flag which

is not automatically cleared by hardware.

SILICON LABS

Rev. 1.2

216



Si1010/1/2/3/415

Internal Register Definition 20.5. RTCOXCN: SmaRTClock Oscillator Control

Bit 7 6 5 4 3 2 1 0
Name | AGCEN | XMODE BIASX2 | CLKVLD | LFOEN
Type R/W R/W R/W R R R R R
Reset 0 0 0 0 0
SmaRTClock Address = 0x05
Bit Name Function
7 AGCEN |SmaRTClock Oscillator Automatic Gain Control (AGC) Enable.
0: AGC disabled.
1: AGC enabled.
6 XMODE |SmaRTClock Oscillator Mode.
Selects Crystal or Self Oscillate Mode.
0: Self-Oscillate Mode selected.
1: Crystal Mode selected.
5 BIASX2 |SmaRTClock Oscillator Bias Double‘Enable.
Enables/disables the Bias Double feature.
0: Bias Double disabled.
1: Bias Double enabled.
4 CLKVLD |SmaRTClock Oscillator/Crystal Valid Indicator.
Indicates if oscillationamplitude is sufficient for maintaining oscillation.
0: Oscillation has not started or oscillation amplitude is too low to maintain oscillation.
1: Sufficient oscillation amplitude detected.
3 LFOEN |Low Frequency:Oscillator Enable and Select.
Overrides’ XMODE and selects the internal low frequency oscillator (LFO) as the
SmaRTCleck oscillator source.
0: XMODE determines SmaRTClock oscillator source.
1. LFO enabled and selected as SmaRTClock oscillator source.
2:0 | Unused |Read = 000b; Write = Don’t Care.
217 Rev. 1.2
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Internal Register Definition 20.6. RTCOXCF: SmaRTClock Oscillator Configuration

Bit 7 6 5 4 3 2 1 0
Name | AUTOSTP | LOADRDY LOADCAP
Reset 0 0 Varies Varies Varies Varies
SmaRTClock Address = 0x06
Bit Name Function
7 AUTOSTP |Automatic Load Capacitance Stepping Enable.
Enables/disables automatic load capacitance stepping.
0: Load capacitance stepping disabled.
1: Load capacitance stepping enabled.
6 LOADRDY |Load Capacitance Ready Indicator.
Set by hardware when the load capacitance matches the programmed value.
0: Load capacitance is currently stepping:
1: Load capacitance has reached it programmed value.
5:4 Unused Read = 00b; Write = Don’t Care.:
3.0 LOADCAP |Load Capacitance Programmed, Value.

Holds the user’s desired value! of the load capacitance. See Table 20.2 on
page 212.

Internal Register Definition 20.7. RTCOPIN: SmaRTClock Pin Configuration

Bit 7 6 5 4 3 2 1 0
Name | RTCOPIN
Type W R/wW R/W R/W R/W R/W R/W R/W
Reset 0 Varies Varies Varies Varies Varies Varies Varies
SmaRTClock Address = 0x07
Bit Name Function
7 RTCOPIN |SmaRTClock Pin Configuration.
0: XTAL3 and XTAL4 in their normal configuration.
1: XTAL3 and XTAL4 internally shorted for use with Self Oscillate Mode.
6:0 | Reserved |Read = Varies. Software should not modify the value of these bits. To change the
RTCOPIN setting, the entire register contents should be read, modified, then rewritten.
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Internal Register Definition 20.8. CAPTUREN: SmaRTClock Timer Capture

Bit 7 6 5 4 3 2 1 0
Name CAPTURE[31:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit

Name

Function

SmaRTClock Addresses: CAPTUREO = 0x00; CAPTURE1 = 0x01; CAPTURE2 =0x02; CAPTURE3: 0x03.

7:0 | CAPTURE[31:0] | SmaRTClock Timer Capture.

These 4 registers (CAPTURE3-CAPTUREDO) are used'to read or set the 32-bit
SmaRTClock timer. Data is transferred to or from the.SmaRTClock timer when
the RTCOSET or RTCOCAP bits are set.

Note: The least significant bit of the timer capture value is in CAPTUREO.0.

Internal Register Definition 20.9. ALARMn: SmaRTClock Alarm Programmed Value

Bit 7 6 5 4 3 2 1 0
Name ALARM[31:0]
Type | RW RIW RIW R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit

Name

Function

SmaRTClock Addresses: ALARMO. = 0x08; ALARM1 = 0x09; ALARM2 = 0x0A; ALARM3 = 0x0B

7:0

ALARM[31:0]

SmaRTClock Alarm Programmed Value.

These 4 registers (ALARM3-ALARMO) are used to set an alarm event for the
SmaRTClock timer. The SmaRTClock alarm should be disabled (RTCOAEN=0)

when updating these registers.

Note: The least significant bit of the alarm programmed value is in ALARMO.O0.
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21. Port Input/Output

Digital and analog resources are available through 12 I/O pins. Port pins are organized as three byte-wide
ports. Port pins P0.0-P1.6 can be defined as digital or analog 1/O. Digital I/O pins can be assigned to one
of the internal digital resources or used as general purpose 1/0 (GPIO). Analog I/O pins are used by the
internal analog resources. P1.0, P1.1, P1.2, and P1.3 are dedicated for communication with the EZRadio-
PRO peripheral. P2.7 can be used as GPIO and is shared with the C2 Interface Data signal (C2D). See
Section 28 on page 379 for more details.

The designer has complete control over which digital and analog functions are assigned to individual Port
pins, limited only by the number of physical 1/0 pins. This resource assignment flexibility/is-achieved
through the use of a Priority Crossbar Decoder. See Section 21.3 for more information on the Crossbar.

All Px.x Port I/0Os are 5V tolerant when used as digital inputs or open-drain outputs. For,Port I/Os config-
ured as push-pull outputs, current is sourced from the VDD_MCU/DC+ supply. Port I/Os used for analog
functions can operate up to the VDD_MCU/DC+ supply voltage. See Section 21.1:for.more information on
Port 1/0 operating modes and the electrical specifications chapter for detailed electrical specifications.

XBRO, XBR1, Port Match
XBR2, PnSKIP POMASK, POMAT
Registers P1MASK, PIMAT
\ 4
.. External Interrupts
Priorit EX0 and EX1
oder
PnMDOUT,
) 2, PnMDIN Registers
Highest UART |« 7 >
Priority
spio | 4, N
SPI1 [T V4 e
@ P0.0
‘_E SMBus [ # igi
5 us S—7 Digital PO M
@ Crossbar 8 1o .
S CPO ﬁL._» Cells
© 4/
a CP1 — > PO.7
= Outputs :l—_b-'_ 1
o
2 P1.4
€ SYSCLK - 7 -
d <+H P1
PcA |e 7 > 110 P15
/ Cells
Lowest . 2, P1.6
Priority T0. T 1« 7 ¢
8 - .
” 1
PO | (P0.0-P0.7) < > p2
& — 110
3 7 Cell mmo—mm
£ P1 | P1.0-P1%) To Analog Peripherals i x P2.71
= . . e 1 e
o le——— (ADCO, CPO, and CP1 inputs, . .
e 1 VREF, IREF0, AGND) ¢g————J No analog functionality
~ available on P2.7
P21 (P27) Note: P1.0, P1.1, P1.2, and P1.3 are internally
< connected to the EZRadioPRO peripheral.

Figure 21.1. Port I/O Functional Block Diagram
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21.1. Port I/O Modes of Operation

Port pins P0.0-P1.6 use the Port I/O cell shown in Figure 21.2. Each Port I/O cell can be configured by
software for analog /O or digital I/0 using the PNMDIN registers. On reset, all Port I/O cells default to a dig-
ital high impedance state with weak pull-ups enabled.

21.1.1. Port Pins Configured for Analog I/0O

Any pins to be used as Comparator or ADC input, external oscillator input/output, or AGND, VREF, or Cur-
rent Reference output should be configured for analog I1/0O (PnMDIN.n = Q). When a pin is configured,for
analog /0, its weak pullup and digital receiver are disabled. In most cases, software should also_ disable
the digital output drivers. Port pins configured for analog I/O will always read back a value of 0 regardless
of the actual voltage on the pin.

Configuring pins as analog I/O saves power and isolates the Port pin from digital interference. Port pins
configured as digital inputs may still be used by analog peripherals; however, this practice is not recom-
mended and may result in measurement errors.

21.1.2. Port Pins Configured For Digital 1/0

Any pins to be used by digital peripherals (UART, SPI, SMBus, etc.), external digital event capture func-
tions, or as GPIO should be configured as digital I/O (PnMDIN.n = 1)gFor digital /0O pins, one of two output
modes (push-pull or open-drain) must be selected using the PnMDOUT, registers.

Push-pull outputs (PnMDOUT.n = 1) drive the Port pad to the VDD_MCU/DC+ or GND supply rails based
on the output logic value of the Port pin. Open-drain outputs have the high side driver disabled; therefore,
they only drive the Port pad to GND when the output logicalue is 0 and become high impedance inputs
(both high and low drivers turned off) when the output logic value is 1.

When a digital 1/0O cell is placed in the high impedance state, a weak pull-up transistor pulls the Port pad to
the VDD_MCU/DC+ supply voltage to ensure thedigitalinput is at a defined logic state. Weak pull-ups are
disabled when the I/O cell is driven to GND to, minimize power consumption and may be globally disabled
by setting WEAKPUD to 1. The user must ensure that digital 1/0 are always internally or externally pulled
or driven to a valid logic state. Port pins.configured for digital /O always read back the logic state of the
Port pad, regardless of the output logicvalueiof the Port pin.

WEAKPUD
(Weak Pull-Up Disable)

PnMDOUT.x
(1 for push-pull)
(0 for open-drain)

XBARE
(Crossbar
Enable) PORT
Pn.x — Output PAD

Logic:Value
(Port Latch or ‘| ’ )c
Crossbar)

POMDINX N, GND

(1 for digital) L

(0 for analog)
To/From Analog p

Peripheral

VDD_MCU/DC+ | VDD_MCU/DC+

(WEAK)

Y

A\

Pn.x — Input Logic Value ﬂ-
(Reads 0 when pin is configured as an analog 1/O)

Figure 21.2. Port 1/0 Cell Block Diagram

221 Rev. 1.2

SILICON LABS



Si1010/1/2/3/415

21.1.3. Interfacing Port /O to 5V and 3.3V Logic

All Port I/O configured for digital, open-drain operation are capable of interfacing to digital logic operating at
a supply voltage higher than 4.5V and less than 5.25 V. When the supply voltage is in the range of 1.8 to
2.2V, the I/0 may also interface to digital logic operating between 3.0 to 3.6 V if the input signal frequency
is less than 12.5 MHz or less than 25 MHz if the signal rise time (10% to 90%) is less than 1.2 ns. When
operating at a supply voltage above 2.2 V, the device should not interface to 3.3 V logic; however, interfac:
ing to 5 V logic is permitted. An external pull-up resistor to the higher supply voltage is typically requiredfor
most systems.

Important Notes:

m  When interfacing to a signal that is between 4.5 and 5.25 V, the maximum clock frequency that.may be
input on a GPIO pin is 12.5 MHz. The exception to this rule is when routing an external CMOS clock to
P0.3, in which case, a signal up to 25 MHz is valid as long as the rise time (10% to 90%) is shorter than
1.8 ns.

m  When the supply voltage is less than 2.2 V and interfacing to a signal that is between 3.0 and 3.6 V, the
maximum clock frequency that may be input on a GPIO pin is 3.123 MHz.The ‘exception to this rule is
when routing an external CMOS clock to P0.3, in which case, a signal,up to 25 MHz is valued as long
as the rise time (10% to 90%) is shorter than 1.2 ns.

m In a multi-voltage interface, the external pull-up resistor should be sized to allow a current of at least
150 pA to flow into the Port pin when the supply voltage is between (VDD_MCU/DC+ plus 0.4 V) and
(VDD_MCU/DC+ plus 1.0 V). Once the Port pad voltage increases beyond this range, the current
flowing into the Port pin is minimal.

m These guidelines only apply to multi-voltage interfaces. Port 1/0Os may always interface to digital logic
operating at the same supply voltage.

21.1.4. Increasing Port I/O Drive Strength
Port 1/0 output drivers support a high and lew drive strength; the default is low drive strength. The drive

strength of a Port I/O can be configured using'the PnDRYV registers. See Section “4. Electrical Characteris-
tics” on page 43 for the difference in output drive'strength between the two modes.

21.2. Assigning Port I/0O Pins_to,Analog and Digital Functions

Port 1/0 pins P0.0—P1.6 can be assigned to various analog, digital, and external interrupt functions. The
Port pins assuaged to analog functions should be configured for analog I/0 and Port pins assuaged to dig-
ital or external interrupt functions'should be configured for digital I/O.

21.2.1. Assigning Portl/O Pins to Analog Functions

Table 21.1 shows all available analog functions that need Port I/O assignments. Port pins selected for
these analog functions should have their digital drivers disabled (PnMDOUT.n = 0 and Port Latch =
1) and their corresponding bit in PnSKIP set to 1. This reserves the pin for use by the analog function
and does not allow it to be claimed by the Crossbar. Table 21.1 shows the potential mapping of Port I/O to
each analog function.

Table 21.1. Port I/O Assignment for Analog Functions

Analog Function Potentially SFR(s) used for
Assignable Port Pins Assignment
ADC Input P0.0-P1.6 ADCOMX, PnSKIP
Comparator0 Input P0.0-P1.6 CPTOMX, PnSKIP
Comparator1 Input P0.0-P1.6 CPT1MX, PnSKIP
Voltage Reference (VREFO0) PO0.0 REFOCN, PnSKIP
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SILICON LABS



Si1010/1/2/3/415

Table 21.1. Port I/O Assignment for Analog Functions

Analog Function Potentially SFR(s) used for
Assignable Port Pins Assignment
Analog Ground Reference (AGND) PO.1 REFOCN, PnSKIP
Current Reference (IREF0) PO0.7 IREFOCN, PnSKIP
External Oscillator Input (XTAL1) PO0.2 OSCXCN, PnSKIP
External Oscillator Output (XTAL2) P0.3 OSCXCN, PnSKIR

21.2.2. Assigning Port 1/0 Pins to Digital Functions

Any Port pins not assigned to analog functions may be assigned to digital functions or used as GPIO. Most
digital functions rely on the Crossbar for pin assignment; however, some digital¢functions bypass the
Crossbar in a manner similar to the analog functions listed above. Port pins usedwy. these digital func-
tions and any Port pins selected for use as GPIO should have their corresponding bit in PnSKIP set
to 1. Table 21.2 shows all available digital functions and the potential mapping of Port 1/O to each digital
function.

Table 21.2. Port I/O Assignment for Digital Functions

Digital Function Potentially Assignable Port'Pins SFR(s) used for
Assighment

UARTO, SPI1, SPI0, SMBus, | Any Port pin available for assignment by the XBRO, XBR1, XBR2
CPO and CP1 Outputs, Sys- | Crossbar. This includes P0.0—P1.6 pins which

tem Clock Output, PCAQ, have their PnSKIP bit set to 0.

Timer0 and Timer1 External | Note: The Crossbar.will always assign UARTO

Inputs. and SPI1 pins to fixed locations.

Any pin used for GPIO P0.0-P1.6, P2.7 POSKIP, P1SKIP

21.2.3. Assigning Port I/0 Pins to'Extérnal Digital Event Capture Functions

External digital event capture functions can be used to trigger an interrupt or wake the device from a low
power mode when a transition.occurs on a digital I/O pin. The digital event capture functions do not require
dedicated pins and will functien‘on both GPIO pins (PnSKIP = 1) and pins in use by the Crossbar (PnSKIP
= 0). External digital evencapture functions cannot be used on pins configured for analog 1/0O. Table 21.3
shows all available external digital event capture functions.

Table(21.3. Port 1/0O Assignment for External Digital Event Capture Functions

DigitalyFunction Potentially Assignable Port Pins SFR(s) used for
Assighment
External Interrupt 0 P0.0-P0.7 ITO1CF
External Interrupt 1 P0.0-P0.7 ITO1CF
Port Match P0.0-P1.6 POMASK, POMAT
P1MASK, P1MAT
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21.3. Priority Crossbar Decoder

The Priority Crossbar Decoder assigns a Port I/O pin to each software selected digital function using the
fixed peripheral priority order shown in Figure 21.3. The registers XBR0, XBR1, and XBR2 defined in SFR
Definition 21.1, SFR Definition 21.2, and SFR Definition 21.3 are used to select digital functions in the
Crossbar. The Port pins available for assignment by the Crossbar include all Port pins (P0.0—P1.6) which
have their corresponding bit in PnSKIP set to 0.

From Figure 21.3, the highest priority peripheral is UARTO. If UARTO is selected in the Crossbar (using,the
XBRn registers), then P0.4 and P0.5 will be assigned to UARTO. The next highest priority peripheral‘is
SPI1. If SPI1 is selected in the Crossbar, then P1.0-P1.3 will be assigned to SPI1. The user should ensure
that the pins to be assigned by the Crossbar have their PnSKIP bits set to 0.

For all remaining digital functions selected in the Crossbar, starting at the top of Figure 21.3/going down,
the least-significant unskipped, unassigned Port pin(s) are assigned to that function. If a Port'pin is already
assigned (e.g., UARTO or SPI1 pins), or if its PnSKIP bit is set to 1, then the Crossbar will skip over the pin
and find next available unskipped, unassigned Port pin. All Port pins used for analog functions, GPIO, or
dedicated digital functions such as the EMIF should have their PnSKIP bit setto, 1.

Figure 21.3 shows the Crossbar Decoder priority with no Port pins skippedw.(POSKIP, P1SKIP = 0x00);
Figure 21.4 shows the Crossbar Decoder priority with the External Os¢€illator pins (XTAL1 and XTALZ2)
skipped (POSKIP = 0x0C).

Notes:

m  The Crossbar must be enabled (XBARE = 1) before any Port pin is used as a digital output. Port output
drivers are disabled while the Crossbar is disabled.

m When SMBus is selected in the Crossbar, the pins associated with SDA and SCL will automatically be
forced into open-drain output mode regardless of the PnMDOUT setting.

m SPI0 can be operated in either 3-wire or 4-wire modes, depending on the state of the NSSMD1-
NSSMDO bits in register SPIOCN. The NSS, signal is only routed to a Port pin when 4-wire mode is
selected. When SPI0 is selected in the Crossbar, the SPI0 mode (3-wire or 4-wire) will affect the pinout
of all digital functions lower in priority than ‘SPI0.

m For given XBRn, PnSKIP, and SPInCN register settings, one can determine the I/O pin-out of the
device using Figure 21.3 and Figure 21.4.
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Figure 21.3. Crossbar Priority Decoder with No Pins Skipped
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Figure 21.4. Crossbar Priority Decoder with Crystal Pins Skipped
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SFR Definition 21.1. XBRO: Port I1/0O Crossbar Register 0

Bit 7 6 5 4 3 2 1 0
Name | CP1AE CP1E CPOAE CPOE SYSCKE | SMBOE SPIOE URTOE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxE1

Bit

Name

Function

7

CP1AE

Comparatorl Asynchronous Output Enable.

0: Asynchronous CP1 output unavailable at Port pin.
1: Asynchronous CP1 output routed to Port pin.

CP1E

Comparatorl Output Enable.

0: CP1 output unavailable at Port pin.
1: CP1 output routed to Port pin.

CPOAE

Comparator0 Asynchronous Output Enable.

0: Asynchronous CPO output unavailable at"Port pin.
1: Asynchronous CPO0 output routed to Port pin.

CPOE

ComparatorO Output Enable.

0: CP1 output unavailable at.Port pin.
1: CP1 output routed to Port pin.

SYSCKE

SYSCLK Output Enable.

0: SYSCLK output,unavailable at Port pin.
1: SYSCLK output routed to Port pin.

SMBOE

SMBus_I/O:Enable.

0: SMBusl/O unavailable at Port pin.
1:/SDA and SCL routed to Port pins.

SPIOE

SPI0.1/0 Enable.

0:'SPIO I/0O unavailable at Port pin.
1: SCK, MISO, and MOSI (for SPI0) routed to Port pins.

NSS (for SPI0) routed to Port pin only if SPIO is configured to 4-wire mode.

URTOE

UARTO Output Enable.

0: UART 1/O unavailable at Port pin.
1: TX0 and RXO0 routed to Port pins P0.4 and P0.5.

Note: SPIO can be assigned either 3 or 4 Port 1/O pins.
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SFR Definition 21.2. XBR1: Port I1/0O Crossbar Register 1

Bit 7 6 5 4 3 2 1 0
Name SPHME T1E TOE ECIE PCAOME[2:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxE2

Bit

Name

Function

7

Unused

Read = 0b; Write = Don’t Care.

6

SPIME

EZRadioPRO Serial Interface (SPI1) Enable.

0: EZRadioPRO peripheral unavailable.
1: SCK (for EZRadioPRO) routed to P1.0.

MISO (for EZRadioPRO) routed to P1.1.

MOSI (for EZRadioPRO) routed to P1.2.

NSS (for EZRadioPRO) routed to P1.3-only'if SPI1 is configured to 4-wire mode.
Note: When communicating with EZRadioPRO, the SPI1 should be configured to 3-
wire mode and P1.3 should be used as'a standard Port I/O pin to control NSS.

T1E

Timerl Input Enable.

0: T1 input unavailable at Port pin:
1: T1 input routed to Portpin:

TOE

TimerO Input Enable.

0: TO input unavailable at Port pin.
1: TO input routed to Port pin.

ECIE

PCAO External Counter Input (ECI) Enable.

0: PCAQ external counter input unavailable at Port pin.
1: PCAQ. external counter input routed to Port pin.

2:0

PCAOME

PCAOModule I/O Enable.

000:"All PCAQ I/0 unavailable at Port pin.

001: CEXO routed to Port pin.

010: CEXOQ, CEX1 routed to Port pins.

011: CEXO0, CEX1, CEX2 routed to Port pins.

100: CEXO0, CEX1, CEX2 CEX3 routed to Port pins.

101: CEXO0, CEX1, CEX2, CEX3, CEX4 routed to Port pins.

110: CEXO0, CEX1, CEX2, CEX3, CEX4, CEX5 routed to Port pins.
111: Reserved.

Note: SPI1 can be assigned either 3 or 4 Port I/O pins.
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SFR Definition 21.3. XBR2: Port I1/0O Crossbar Register 2

Bit 7 6 5 4 3 2 1 0
Name | WEAKPUD | XBARE
Type R/W R/W R/W R/W R/W R/W R/W RIW
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = OxE3
Bit Name Function

7 WEAKPUD |Port I/0O Weak Pullup Disable.
0: Weak Pullups enabled (except for Port 1/O pins configured for analog mode).

6 XBARE Crossbar Enable.

0: Crossbar disabled.
1: Crossbar enabled.

5:0 Unused |Read = 000000b; Write = Don’t Care.
Note: The Crossbar must be enabled (XBARE = 1) to use any Port pin as a digital output.

21.4. Port Match

Port match functionality allows system events to be.triggered by a logic value change on PO or P1. A soft-
ware controlled value stored in the PnMAT fegistersispecifies the expected or normal logic values of PO
and P1. A Port mismatch event occurs if the'logic levels of the Port’s input pins no longer match the soft-
ware controlled value. This allows Software t0.be notified if a certain change or pattern occurs on PO or P1
input pins regardless of the XBRn settings.

The PnMASK registers can be usedsto individually select which PO and P1 pins should be compared
against the PnMAT registers. A"Port=mismatch event is generated if (PO & POMASK) does not equal
(PnMAT & POMASK) or if (P1/& R1MASK) does not equal (PnMAT & P1MASK).

A Port mismatch event may'be‘used to generate an interrupt or wake the device from a low power mode.
See Section “12. InterruptiHandler” on page 134 and Section “14. Power Management” on page 157 for
more details on interruptiand wake-up sources.
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SFR Definition 21.4. POMASK: Port0 Mask Register

Bit 7 6 5 4 3 2 1 0
Name POMASK]7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page= 0x0; SFR Address = 0xC7
Bit Name Function
7:0 | POMASK][7:0] | Port0 Mask Value.

Selects the PO pins to be compared with the corresponding bits in POMAT.
0: PO.n pin pad logic value is ignored and cannot causes:a Port Mismatch event.
1: P0O.n pin pad logic value is compared to POMAT.n.

SFR Definition 21.5. POMAT: Port0 Match Register

Match comparison value used on Port O for bits in POMASK which are set to 1.
0: PO.n"pin logic value is compared with logic LOW.
15,P0.n pin logic value is compared with logic HIGH.

Bit 7 6 5 4 3 2 1 0
Name POMAT[7:0]
Type R/W
Reset 1 1 1 1 1 1 1 1
SFR Page= 0x0; SFR Address = 0xD7
Bit Name Function
7:0 | POMATI[7:0] | Port O'Match Value.
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SFR Definition 21.6. PIMASK: Portl Mask Register

Bit 7 6 5 4 3 2 1 0
Name P1MASK][7:0]
Reset 0 0 0 0 0 0 0 0

SFR Page= 0x0; SFR Address = OxBF
Bit Name Function

7:0 | PAIMASK]7:0] | Port 1 Mask Value.

Selects P1 pins to be compared to the corresponding bits'in P1MAT.

0: P1.n pin logic value is ignored and cannot cause a/Port Mismatch event.
1: P1.n pin logic value is compared to P1MAT.n.

Note: P1.0, P1.1, P1.2, and P1.3 are internally connected to the EZRadioPRQ. peripheral.

SFR Definition 21.7. PIMAT: Portl Match Register

Bit 7 6 5 4 3 2 1 0
Name P1IMATI[7:0]
Reset 1 1 1 1 1 1 1 1

SFR Page = 0x0; SFR Address =0xCFE
Bit Name Function

7:0 | PIMAT[7:0] | Port't Match Value.

Mateh comparison value used on Port 1 for bits in PIMASK which are set to 1.
0:'P1.n pin logic value is compared with logic LOW.
1: P1.n pin logic value is compared with logic HIGH.

Note: P1.04R1:4, P1.2, and P1.3 are internally connected to the EZRadioPRO peripheral.
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21.5. Special Function Registers for Accessing and Configuring Port I/O

All Port 1/0 are accessed through corresponding special function registers (SFRs) that are both byte
addressable and bit addressable. When writing to a Port, the value written to the SFR is latched to main-
tain the output data value at each pin. When reading, the logic levels of the Port's input pins are returned
regardless of the XBRn settings (i.e., even when the pin is assigned to another signal by the Crossbar, the
Port register can always read its corresponding Port 1/0 pin). The exception to this is the execution of the
read-modify-write instructions that target a Port Latch register as the destination. The read-modify-write
instructions when operating on a Port SFR are the following: ANL, ORL, XRL, JBC, CPL, INC, DEC»DJNZ
and MOV, CLR or SETB, when the destination is an individual bit in a Port SFR. For these instructions, the
value of the latch register (not the pin) is read, modified, and written back to the SFR.

Each Port has a corresponding PnSKIP register which allows its individual Port pins to‘be assigned to dig-
ital functions or skipped by the Crossbar. All Port pins used for analog functions, GPIO, or.dedicated digital
functions such as the EMIF should have their PnSKIP bit set to 1.

The Port input mode of the 1/O pins is defined using the Port Input Mode registers (PnMDIN). Each Port
cell can be configured for analog or digital 1/0. This selection is required even for the digital resources
selected in the XBRn registers, and is not automatic. The only exceptionito this is P2.7, which can only be
used for digital I/O.

The output driver characteristics of the I/O pins are defined using the Port Output Mode registers (PnMD-
OUT). Each Port Output driver can be configured as either open drain or push-pull. This selection is
required even for the digital resources selected in the XBRn registers, and is not automatic. The only
exception to this is the SMBus (SDA, SCL) pins, which are configured as open-drain regardless of the
PnMDOUT settings.

The drive strength of the output drivers are controlled by.the Port Drive Strength (PNnDRV) registers. The
default is low drive strength. See Section “4. Electrical'Characteristics” on page 43 for the difference in out-
put drive strength between the two modes.
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SFR Definition 21.8. PO: PortO

Bit 7 6 5 4 3 2 1 0
Name PO[7:0]
Type R/W
Reset 1 1 1 1 1 1 1 1

SFR Page = All Pages; SFR Address = 0x80; Bit-Addressable

Bit Name Description Write Read

7:0 PO[7:0] |Port O Data. 0: Set output latch to logic | 0: PO.n Port pin is logic
Sets the Port latch logic LOW. LOW.
value or reads the Port pin | 1: Set output latch to Jogic | 1: P0.n Port pin is logic
logic state in Port cells con- | HIGH. HIGH.
figured for digital 1/0.

SFR Definition 21.9. POSKIP: PortO Skip

Bit 7 6 5 4 3 2 1 0
Name POSKIP[7:0]
Reset 0 0 0 0 0 0 0 0

SFR Page= 0x0; SF

R Address = 0xD4

Bit Name Function
7:0 | POSKIP[7:0] | Port 0,Cressbar Skip Enable Bits.
These bits select Port 0 pins to be skipped by the Crossbar Decoder. Port pins used
forianalog, special functions or GPIO should be skipped by the Crossbar.
0:Corresponding P0.n pin is not skipped by the Crossbar.
17 Corresponding PO0.n pin is skipped by the Crossbar.
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SFR Definition 21.10. POMDIN: Port0O Input Mode

Bit 7 6 5 4 3 2 1 0
Name POMDIN[7:0]
Reset 1 1 1 1 1 1 1 1

SFR Page= 0x0; SFR Address = OxF1

Bit

Name

Function

7:0

POMDIN[7:0]

Analog Configuration Bits for P0.7—P0.0 (respectively):

Port pins configured for analog mode have their weak pullup, and digital receiver
disabled. The digital driver is not explicitly disabled.

0: Corresponding P0.n pin is configured for analog'mode:

1: Corresponding PO0.n pin is not configured for,analog mode.

SFR Definition 21.11. POMDOUT: Port0 OutputMede

Bit 7 6 5 4 3 2 1 0
Name POMDOUT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address =.0xA4

Bit

Name

Function

7:0

POMDOUT[7:0] |Qutput Configuration Bits for P0.7—P0.0 (respectively).

These bits control the digital driver even when the corresponding bit in register
POMDIN is logic 0.

0: Corresponding P0.n Output is open-drain.
1: Corresponding P0.n Output is push-pull.
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SFR Definition 21.12. PODRV: Port0 Drive Strength

Bit 7 6 5 4 3 2 1 0
Name PODRV[7:0]
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0xA4

Bit Name Function
7:0 | PODRV[7:0] | Drive Strength Configuration Bits for P0.7—P0.0 (respectively).
Configures digital I/O Port cells to high or low output drivestrength.
0: Corresponding P0.n Output has low output drive,strength:
1: Corresponding P0.n Output has high output drive strength.
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SFR Definition 21.13. P1: Portl

Bit 7 6 5 4 3 2 1 0
Name P1[6:0]
Reset 0 1 1 1 1 1 1 1
SFR Page = All Pages; SFR Address = 0x90; Bit-Addressable
Bit Name Description Write Read
7 Unused |Read =0b; Write = Don'’t Care.
6:0 P1[6:0] |Port 1 Data. 0: Set output latch to logic{:0:'P1.n Port pin is logic
Sets the Port latch logic LOW. LOW.
value or reads the Port pin | 1: Set output latch.to logic |1 P1.n Port pin is logic
logic state in Port cells con- | HIGH. HIGH.
figured for digital 1/0.

Note: P1.0, P1.1, P1.2, and P1.3 are internally connected to the EZRadioPRO peripheral.

SFR Definition 21.14. P1SKIP: Portl Skip

Bit 7 6 5 4 3 2 1 0
Name P1SKIP[6:0]
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address,= 0xD5
Bit Name Function

7 Unused Read =0b; Write = Don’t Care.

6:0 | P1SKIR[6:0] ['Port 1 Crossbar Skip Enable Bits.

These bits select Port 1 pins to be skipped by the Crossbar Decoder. Port pins used
for analog, special functions or GPIO should be skipped by the Crossbar.

0: Corresponding P1.n pin is not skipped by the Crossbar.

1: Corresponding P1.n pin is skipped by the Crossbar.

Note: P1.0, P1.1, P1.2, and P1.3 are internally connected to the EZRadioPRO peripheral.
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SFR Definition 21.15. PIMDIN: Portl Input Mode

Bit 7 6 5 4 3 2 1 0
Name P1MDINI[6:0]
Type R/W
Reset 1 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = OxF2
Bit Name Function
7 Unused Read =0b; Write = Don’t Care.

6:0 | P1MDIN[6:0] |Analog Configuration Bits for P1.6—P1.0 (respectively):

Port pins configured for analog mode have their weakpullup and digital receiver
disabled. The digital driver is not explicitly disabled.

0: Corresponding P1.n pin is configured for analoeg mode.

1: Corresponding P1.n pin is not configured for analog mode.

Note: P1.0, P1.1, P1.2, and P1.3 are internally connected to the EZRadioPRO peripheral.

SFR Definition 21.16. PIMDOUT: Portl Output Mode

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address'= 0xA5
Bit Name Function
7 Unused Read =0b; Write = Don’t Care.

6:0 | PIMDQUT[6:0] |Output Configuration Bits for P1.6—-P1.0 (respectively).

These bits control the digital driver even when the corresponding bit in register
P1MDIN is logic 0.

0: Corresponding P1.n Output is open-drain.

1: Corresponding P1.n Output is push-pull.

Note: P1.0, P1.1, P1.2, and P1.3 are internally connected to the EZRadioPRO peripheral.
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SFR Definition 21.17. P1DRV: Portl Drive Strength

Bit 7 6 5 4 3 2 1 0
Name P1DRV[6:0]
Reset 0 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0xA5
Bit Name Function

7 Unused Read =0b; Write = Don’t Care.

6:0 | P1DRVI[6:0] |Drive Strength Configuration Bits for P1.6—P1.0 (respectively).
Configures digital 1/0 Port cells to high or low outpt,drive strength.
0: Corresponding P1.n Output has low output drive,strength.

1: Corresponding P1.n Output has high output drive strength.

Note: P1.0, P1.1, P1.2, and P1.3 are internally connected to the EZRadioPRO peripheral.

SFR Definition 21.18. P2: Port2

Bit 7 6 5 4 3 2 1 0
Name P2
Reset 1 0 0 0 0 0 0 0
SFR Page = All Pages; SFR«Address = 0xAQ; Bit-Addressable
Bit Name Description Read Write
7 P2 Part 2'Data. 0: Set output latch to logic | 0: P2.7 Port pin is logic
Setsthe Port latch logic LOW. LOW.
value or reads the Port pin | 1: Set output latch to logic | 1: P2.7 Port pin is logic
logic state in Port cells con- | HIGH. HIGH.
figured for digital 1/O.

6.0 Unused |Read = 0000000b; Write = Don’t Care.
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SFR Definition 21.19. P2MDOUT: Port2 Output Mode

Bit 7 6 5 4 3 2 1 0
Name P2MDOUT

Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xA6
Bit Name Function

7 P2MDOUT Output Configuration Bits for P2.7.

These bits control the digital driver.
0: P2.7 Output is open-drain.
1: P2.7 Output is push-pull.

6:0 Unused Read = 0000000b; Write = Don’t Care.

SFR Definition 21.20. P2DRV: Port2 Drive Strength

Bit 7 6 5 4 3 2 1 0
Name P2DRV

Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0F; SFR Address™=,0xA6
Bit Name Function
7 P2DRV Drive Strength Configuration Bits for P2.7.

Configures digital 1/0 Port cells to high or low output drive strength.
0:'P2.7 Output has low output drive strength.
1: P2.7 Output has high output drive strength.

6:0 Unused Read = 0000000b; Write = Don’t Care.
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22. EZRadioPRO Serial Interface (SPI1)

The EZRadioPRO serial interface (SPI1) provides access to the EZRadioPRO peripheral registers from
software executing on the MCU core. The serial interface consists of two SPI peripherals—a dedicated SPI
Master accessible from the MCU core and dedicated SPI Slave residing inside the EZRadioPRO periph-
eral. The SPI1 peripheral on the MCU core side can only be used in master mode to communicate with the
EZRadioPRO slave device in three wire mode. NSS for the EZRadioPRO is provided using Port 1.3, which
is internally routed to the EZRadioPRO peripheral. The EZRadioPRO Serial Interface provides a system
interrupt to regulate SPI traffic between the MCU core and the EZRadioPRO peripheral. This interrupt'is
internally routed to the MCU core. The EZRadioPRO peripheral also has an nIRQ pin which=should be
routed external to the package back into an external interrupt pin. The nIRQ interrupt pin.is.independent of
the EZRadioPRO Serial Interface.

SFR Bus /
SPI1CKR SPI1CFG SPI1CN
a8
>z|<lml| | SIEESSEZ
DOV N|N|N|N|N (D§OO%IZ(I)E (D;EZZZIE(D
LLLLLLLL A A A A A A AAA A 4
SYSCLK —p» C|0(I:-k°§iic\/ide
@ rvy Yy A
SPI CONTROL LOGIG > EZRadioPRO Serial Interface (SPI1) IRQ
Data Path Pin Interface
Control Control
| 4
| |
| |
| |
| v
| _—
SCK | P1.0
: Tx Data o i C : SCK
: I R !
B PVI1DAT | 0 |
a VA MISO | S | P1.1 MISO
St B Suter | | s
Pin ' B | EZRadioPRO
Gontrol | | Peripheral
repaa | 209 | mosi | A ! P1.2 MOSI
) T LR
‘ Receive Data Buffer ‘ NSS P1.3 NSS
e “—gpiopar
% SFR Bus /
Figure 22.1. EZRadioPRO Serial Interface Block Diagram
®
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22.1. Signal Descriptions
The four signals used by SPI1 (MOSI, MISO, SCK, NSS) are described below.

22.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It
is used to serially transfer data from the master to the slave. This signal is an output from the MCU core
and an input to the EZRadioPRO peripheral. Data is transferred most-significant bit first. MOSI is driven by
the MSB of the shift register.

22.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to masterdevices. It
is used to serially transfer data from the EZRadioPRO to the MCU core. This signal is.an input to the MCU
core and an output from the EZRadioPRO peripheral. Data is transferred most-significant/bit first. The
MISO pin is placed in a high-impedance state when the SPI module is disabled.

22.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an inputto slave devices. It is used
to synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPI1 gen-
erates this signal.

22.1.4. Slave Select (NSS)

Since SPI1 operates in three wire mode, the NSS functionality builtinto the SPI state machine is not used.
Instead, a Port pin must be configured to control the chip select on the EZRadioPRO peripheral.

22.2. SPI Master Operation on the MCU Core Side

A SPI master device initiates all data transfers on a SPI bus. SPI1 is placed in master mode by setting the
Master Enable flag (MSTENnN, SPI1CN.6). Writing-asbyte-of data to the SPI1 data register (SPI1DAT) when
in master mode writes to the transmit buffer. If,the SPI shift register is empty, the byte in the transmit buffer
is moved to the shift register, and a data transfer. begins. The SPI1 master immediately shifts out the data
serially on the MOSI line while providing the serial clock on SCK. The SPIF1 (SPI1CN.7) flag is set to logic
1 at the end of the transfer. If interruptstare enabled, an interrupt request is generated when the SPIF flag
is set. While the SPI1 master transfers'data to a slave on the MOSI line, the addressed SPI slave device
simultaneously transfers the contents of/its shift register to the SPI master on the MISO line in a full-duplex
operation. Therefore, the SPIE-flag'serves as both a transmit-complete and receive-data-ready flag. The
data byte received from the ‘slaveiis transferred MSB-first into the master's shift register. When a byte is
fully shifted into the register,it'is moved to the receive buffer where it can be read by the processor by
reading SPI1DAT.

22.3. SPI Slave Operation on the EZRadioPRO Peripheral Side

The EZRadioPRO peripheral presents a standard 4-wire SPI interface: SCK, MISO, MOSI and NSS. The
SPI masterscan‘read data from the device on the MOSI output pin. A SPI transaction is a 16-bit sequence
whichsconsists of a Read-Write (R/W) select bit, followed by a 7-bit address field (ADDR), and an 8-bit data
field (DATA) as demonstrated in Figure 22.2. The 7-bit address field is used to select one of the 128, 8-bit
control registers. The R/W select bit determines whether the SPI transaction is a read or write transaction.
If R/'W'= 1 it signifies a WRITE transaction, while R/W = 0 signifies a READ transaction. The contents
(ADDR or DATA) are latched into the transceiver every eight clock cycles. The timing parameters for the
SPI interface are shown in Table 22.1. The SCK rate is flexible with a maximum rate of 10 MHz.
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Address Data
A A
MSB - . LsB
MOSI RW|A6|A5|A4|A3|A2|A1|AO|D7|D6|D5|D4|D3|D2|D1 DO | xx | xx [RW|A7

sc._ gL ft3uL
NSS | T_|

Figure 22.2. SPI Timing

Table 22.1. Serial Interface Timing Parameters

Symbol Parameter Min Diagram
(nsec)
tcH Clock high time 40
toL Clock low time 40 sSCL | 1 = | | |
tos Data setup time 20 \ I A \
tss | ftew fiyto ¢ | tostonj i top itsn | toE
tDH Data hold time 20 ) CHEN M "
top Output data delay 20 MOSI ‘ !
time : —
—i —
ten | Output enable time 20 MISQ | —
EN: t
toe | Output disable time 50 S -
tss Select setup time 20 NS h—
tsy Select hold time 50
tsw Select high period 80

To read back data from the transceiver, the R/W bit must be set to 0 followed by the 7-bit address of the
register from which to read."The,8 bit DATA field following the 7-bit ADDR field is ignored on the MOSI pin
when R/W = 0. The next eight negative edge transitions of the SCK signal will clock out the contents of the
selected register. The data read from the selected register will be available on the MISO output. The READ
function is shown(in Figure 22.3. After the READ function is completed the MISO signal will remain at
either a logic 1¢or logic 0 state depending on the last data bit clocked out (D0). When NSS goes high the
MISO output.pinwill be pulled high by internal pullup.

First Bit Last Bit
RW D7 |D6 | D5 | D4 [ D3 | D2 | D1 | DO
vosi___| "0 [A6 |5 [a4 |a3 a2 [a1 [ao | 50| 5 5] 5 5[ 50| 5[N]
First Bit Last Bit
MISO |D7|D6|D5|D4|D3|D2|D1|DO|

w7 o

Figure 22.3. SPI Timing—READ Mode
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The SPI interface contains a burst read/write mode which allows for reading/writing sequential registers
without having to re-send the SPI address. When the NSS bit is held low while continuing to send SCK
pulses, the SPI interface will automatically increment the ADDR and read from/write to the next address.
An example burst write transaction is illustrated in Figure 22.4 and a burst read in Figure 22.5. As long as
NSS is held low, input data will be latched into the transceiver every eight SCK cycles.

First Bit Last Bit
RW D7 |D6|D5|D4|D3|D2]D1|D0O|D7]D6|D5]D4|D3|D2]D1]| DO
I OO T A T EE EHEEE EH B E S EE

NSSi r

Figure 22.4. SPI Timing—Burst Write Mode

First Bit Last Bit

MOSI R |a6 (A5 |Ag [a3 (a2 (a1 a0 | 20| 0| 2 | 2 | 20 [ 22| 5 |

First Bit
MISO D7 | D6 (D5 |D4 |D3.| D2}.DX| DO | D7|D6 |D5 |D4 (D3 | D2 | D1 | DO

1 ]

Figure 22.5. SPI Timing—Burst Read Mode
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22.4. EZRadioPRO Serial Interface Interrupt Sources

When SPI1 interrupts are enabled, the following flags will generate an interrupt when they are set to logic
1:

All of the following bits must be cleared by software.

1. The SPI Interrupt Flag, SPIFn (SPINCN.7) is set to logic 1 at the end of each byte transfer.
This flag can occur in all SPIn modes.

2. The Write Collision Flag, WCOLn (SPINnCN.6) is set to logic 1 if a write to SPINDAT, is
attempted when the transmit buffer has not been emptied to the SPI shift register. Whenthis
occurs, the write to SPInDAT will be ignored, and the transmit buffer will not beswritten:This
flag can occur in all SPIn modes.

3. The Mode Fault Flag MODFn (SPINnCN.5) is set to logic 1 when SPIntis configured as a
master, and for multi-master mode and the NSS pin is pulled low. When a Mede/Fault occurs,
the MSTENN and SPIENN bits in SPIOCN are set to logic 0 to disable SPIn and allow another
master device to access the bus.

4. The Receive Overrun Flag RXOVRNnN (SPINCN.4) is set to logic l.when configured as a slave,
and a transfer is completed and the receive buffer still holds an unread byte from a previous
transfer. The new byte is not transferred to the receive buffer, allowing the previously received
data byte to be read. The data byte which caused the overrunislost.

22.5. Serial Clock Phase and Polarity

Four combinations of serial clock phase and polarity can be sélected’using the clock control bits in the SPI
Configuration Register (SPI1CFG). The CKPHA bit (SPITCFG.5) selects one of two clock phases (edge
used to latch the data). The CKPOL bit (SPI1CFG.4)selectsibetween an active-high or active-low clock.
Both CKPOL and CKPHA must be set to zero in ordefrto,communicate with the EZRadioPRO peripheral.

The SPI1 Clock Rate Register (SPI1CKR) as shown®in SFR Definition 22.3 controls the master mode
serial clock frequency. When the SPI is configured as a master, the maximum data transfer rate (bits/sec)
is one-half the system clock frequency or 12.5 MHz, whichever is slower.

SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1,CKPHA=1) | | | | | | | |

MISO/MOSI m msB Y Bit6 Y Bits Y Bit4 Y Bit3 Y Bt2 X Bit1 Y Bit0 M

NSS (Must Remain High
in Multi-Master Mode)

Figure 22.6. Master Mode Data/Clock Timing
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22.6. SPI Special Function Registers

SPI1 is accessed and controlled through four special function registers in the system controller: SPI1CN
Control Register, SPI1DAT Data Register, SPI1CFG Configuration Register, and SPI1CKR Clock Rate
Register. The special function registers related to the operation of the SPI1 Bus are described in the follow-
ing figures.

SFR Definition 22.1. SPILCFG: SPI Configuration

Bit 7 6 5 4 3 2 1 0
Name | SPIBSY | MSTEN CKPHA CKPOL

Type R R/W R/W R/W R R R R

Reset 0 0 0 0 0 1 1 1

SFR Page = 0x0; SFR Address = 0x84

Bit Name Function

7 SPIBSY SPI Busy.
This bit is set to logic 1 when a SPLtransfer is,in progress.
6 MSTEN Master Mode Enable.

When set to 1, enables master mode. This bit must be set to 1 to communicate
with the EZRadioPRO peripheral.

5 CKPHA SPI Clock Phase.

0: Data centered on fifst edge of SCK period.”
1: Data centered on,second edge of SCK period.*

4 CKPOL SPI Clock Polarity.

0: SCK line low inidle state.
1: SCKJine high in idle state.

3:.0 Reserved Read =10000, Write = don’t care.

*Note: In master mode, data,on MISO is sampled one SYSCLK before the end of each data bit, to provide maximum
settling time for.the slave device. See Table 22.2 for timing parameters.
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SFR Definition 22.2. SPI1CN: SPI Control

Bit 7 6 5 4 3 2 1 0
Name | SPIF1 | WCOL1 | MODF1 NSS1MD1| NSS1MDO | TXBMT1 SPI1EN
Type R/W R/W R/W R/W R/W R/W R R/W
Reset 0 0 0 0 0 1 1 0

SFR Page = 0x0; SFR Address = 0xBO0; Bit-Addressable
Bit Name Function

7 SPIF1 SPI1 Interrupt Flag.

This bit is set to logic 1 by hardware at the end of a data'transfer. If interrupts are
enabled, setting this bit causes the CPU to vector. to the/SPI1 interrupt service
routine. This bit is not automatically cleared by hardware<It must be cleared by
software.

6 WCOLA1 Write Collision Flag.

This bit is set to logic 1 by hardware (andwgenerates a SPI1 interrupt) to indicate a
write to the SPI1 data register was attempted while a data transfer was in progress.
It must be cleared by software,
5 MODF1 Mode Fault Flag.
This bit is set to logic 1 by hardware (and generates a SPI1 interrupt) when a mas-
ter mode collision is detected (NSS is low, MSTEN = 1, and NSSMD[1:0] = 01).
This bit is not automatically cleared by hardware. It must be cleared by software.

4 Reserved.
Read = varies;i=Write = must write zero.

3:2 | NSS1MDI[1:0] | Slave Select'Mode.
Must be set tor00b. SPI1 can only be used in 3-wire master mode.

1 TXBMT1 Transmit,Buffer Empty.

This\bit will be set to logic 0 when new data has been written to the transmit buffer.
When data in the transmit buffer is transferred to the SPI shift register, this bit will
be set to logic 1, indicating that it is safe to write a new byte to the transmit buffer.

0 SPIMEN SPI1 Enable.

0: SPI1 disabled.
1: SPI1 enabled.
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SFR Definition 22.3. SPI1CKR: SPI Clock Rate

Bit 7 6 5 4 3 2 1 0
Name SCR1[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0x85
Bit Name Function
7:0 SCR1 SPI Clock Rate.
These bits determine the frequency of the SCK output when the SPI module is
configured for master mode operation. The SCK clock frequency is a divided
version of the system clock, and is given in the following.equation, where SYSCLK
is the system clock frequency and SPI1CKR is'the"8=bit value held in the SPI1CKR
register.
f _ SYSCLK
SCK ™ 2 x (SPI1CKR[7:0] + 1)
for 0 <= SPIOCKR <= 255
Example: If SYSCLK = 2 MHz and SPI1CKR = 0x04,
f _ 2000000
SCK ™ 2x (4+ 1)
fsck = 200kHz
247 Rev.1.2 )
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SFR Definition 22.4. SPI1DAT: SPI Data

Bit 7 6 5 4 3 2 1 0
Name SPI1DATI[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0x86

Bit Name Function

7:0 SPIMDAT [SPI1 Transmit and Receive Data.

The SPI1DAT register is used to transmit and receive SPI4,data. Writing data to
SPI1DAT places the data into the transmit buffer and(initiates a transfer when in
Master Mode. A read of SPI1DAT returns the contents of.the receive buffer.
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 22.7. SPI Master Timing

Table 22.2. SPI Timing Parameters

Parameter Description Min Max Units
Master Mode Timing
TmekH SCK High Time 1x TsyscLk — ns
TmekL SCK Low Time 1x TsyscLk — ns
Twmis MISO Valid to SCK Shift Edge 1 x TgyscLk + 20 — ns
TMIH SCK Shift Edge to;MISO Change 0 — ns

Note: TsyscLk is equal to onetperiod of the device system clock (SYSCLK).
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23. EZRadioPRO® 240-960 MHz Transceiver

Si1010/1/2/3/4/5 devices include the EZRadioPRO family of ISM wireless transceivers with continuous fre-
quency tuning over 240-960 MHz. The wide operating voltage range of 1.8-3.6 V and low current con-
sumption makes the EZRadioPRO an ideal solution for battery powered applications.

The EZRadioPRO transceiver operates as a time division duplexing (TDD) transceiver where the device
alternately transmits and receives data packets. The device uses a single-conversion mixer to downcon-
vert the 2-level FSK/GFSK/OOK modulated receive signal to a low IF frequency. Following a programma-
ble gain amplifier (PGA) the signal is converted to the digital domain by a high performance A~ ADC
allowing filtering, demodulation, slicing, and packet handling to be performed in the built-in DSP.in¢reasing
the receiver’s performance and flexibility versus analog based architectures. The demodulatedsignal is
then output to the system MCU through a programmable GPIO or via the standard SPI'bus by reading the
64-byte RX FIFO.

A single high precision local oscillator (LO) is used for both transmit and receive modes since the transmit-
ter and receiver do not operate at the same time. The LO is generated by an_integrated VCO and AX Frac-
tional-N PLL synthesizer. The synthesizer is designed to support configurable data rates, output frequency
and frequency deviation at any frequency between 240-960 MHz. The transmit FSK data is modulated
directly into the AX data stream and can be shaped by a Gaussian‘low-pass filter to reduce unwanted
spectral content.

The Si1010’s PA output power can be configured between,=1,and +20 dBm in 3 dB steps, while the
Si1012/3/4/5's PA output power can be configured between,—~8 and +13 dBm in 3 dB steps. The PA is sin-
gle-ended to allow for easy antenna matching and low BOM'cost. The PA incorporates automatic ramp-up
and rampdown control to reduce unwanted spectralispreading. The +20 dBm power amplifier of the
Si1010/1 can also be used to compensate for the reduced\performance of a lower cost, lower performance
antenna or antenna with size constraints due to a’smallform-factor. Competing solutions require large and
expensive external PAs to achieve comparable performance. The EZRadioPRO transceivers support fre-
quency hopping, TX/RX switch control, and antenna diversity switch control to extend the link range and
improve performance.

The EZRadioPRO peripheral also controls,three GPIO pins: GPIO_0, GPIO_1, and GPIO_2. See Applica-
tion Note “AN415: EZRadioPRO Programming Guide* for details on initializing and using the EZRadioPRO
peripheral.

23.1. EZRadioPRO Operating Modes

The EZRadioPRO transceivers provide several operating modes which can be used to optimize the power
consumption for a_given application. Depending upon the system communication protocol, an optimal
trade-off between the radio wake time and power consumption can be achieved.

Table 23.1 summarizes the operating modes of the EZRadioPRO transceivers. In general, any given oper-
ating mode may“be classified as an active mode or a power saving mode. The table indicates which
block(s)are enabled (active) in each corresponding mode. With the exception of the SHUTDOWN mode,
all‘can/bexdynamically selected by sending the appropriate commands over the SPI. An “X” in any cell
means,that, in the given mode of operation, that block can be independently programmed to be either ON
or OFF, without noticeably impacting the current consumption. The SPI circuit block includes the SPI inter-
facerhardware and the device register space. The 32 kHz OSC block includes the 32.768 kHz RC oscilla-
tor or 32.768 kHz crystal oscillator and wake-up timer. AUX (Auxiliary Blocks) includes the temperature
sensor, general purpose ADC, and low-battery detector.
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Table 23.1. EZRadioPRO Operating Modes

Mode Circuit Blocks
Name —
Digital LDO SPlI |32 kHz OSC| AUX 30 MHz PLL PA RX oD
XTAL
SHUT- OFF (Regis- OFF OFF OFF OFF OFF | OFF | OFF 15%MA
DOWN ter contents
lost)
STANDBY | ON (Register ON OFF OFF OFF OFF | OFF 4~OFF| 450 nA
SLEEp | contents oy ON X OFF | OFF | OFF L OFF | 1pA
retained)
SENSOR ON X ON OFF OFF | OFF | OFF 1 MA
READY ON X X ON OFF . OFF | OFF | 600 uA
TUNING ON X X ON ON OFF | OFF | 8.5 mA
TRANS- ON X X ON ON ON | OFF | 30 mA*
MIT
RECEIVE ON X X ON ON OFF | ON |18.5mA
Note: Using Si1012/3/4/5 at +13 dBm using recommended reference design. These power modes are for the
EZRadioPRO peripheral only and are independent.of the MCU power modes.

23.1.1. Operating Mode Control

There are four primary states in the EZRadioPRO"transceiver radio state machine: SHUTDOWN, IDLE,
TX, and RX (see Figure 23.1). The SHUTDOWN, state completely shuts down the radio to minimize current
consumption. There are five different configurations/options for the IDLE state which can be selected to
optimize the chip to the applications needs."Register 07h. Operating Mode and Function Control 1" con-
trols which operating mode/state is selected with the exception of SHUTDOWN which is controlled by the
SDN pin. The TX and RX state maybe reached automatically from any of the IDLE states by setting the
txon/rxon bits in "Register 07h.. Operating Mode and Function Control 1". Table 23.2 shows each of the
operating modes with the time required to reach either RX or TX mode as well as the current consumption
of each mode.

The transceivers include aslow-power digital regulated supply (LPLDO) which is internally connected in
parallel to the output of.the main digital regulator (and is available externally at the VR_DIG pin). This com-
mon digital supply voltage is connected to all digital circuit blocks including the digital modem, crystal oscil-
lator, SPI, and register space. The LPLDO has extremely low quiescent current consumption but limited
current supply capability; it is used only in the IDLE-STANDBY and IDLE-SLEEP modes. The main digital
regulator isiautomatically enabled in all other modes.
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*Five Different Options for IDLE

Figure 23.1. State Machine Diagram

Table 23.2. EZRadioPRO Operating Modes Response Time

State/Mode Response Time to Current in State /Mode
X RX [WA]

Shut Down State 16.8 ms 16.8 ms 15 nA

Idle States:
Standby Mode 800wus 800 s 450 nA
Sleep Mode 8007us 800 ps 1 pA
Sensor Mode 800 us 800 ps 1 uA
Ready Mode 200'us 200 ps 800 pA
Tune Mode 200 ps 200 ps 8.5 mA

TX State NA 200 ps 30mA @ +13 dBm

RX State 200 ps NA 18.5 mA

23.1.1.1. SHUTDOWN State

The SHUTDOWN/state is the lowest current consumption state of the device with nominally less than
15 nA of current'eonsumption. The shutdown state may be entered by driving the SDN pin high. The SDN
pin should be held low in all states except the SHUTDOWN state. In the SHUTDOWN state, the contents
of the registers.are lost and there is no SPI access.

When the chip is connected to the power supply, a POR will be initiated after the falling edge of SDN. After
a POR, the device will be in READY mode with the buffers enabled.

23.1.1.1.1. IDLE State

There are five different modes in the IDLE state which may be selected by "Register 07h. Operating Mode
and Function Control 1". All modes have a tradeoff between current consumption and response time to
TX/RX mode. This tradeoff is shown in Table 23.2. After the POR event, SWRESET, or exiting from the
SHUTDOWN state the chip will default to the IDLE-READY mode. After a POR event the interrupt registers
must be read to properly enter the SLEEP, SENSOR, or STANDBY mode and to control the 32 kHz clock
correctly.
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23.1.1.1.2. STANDBY Mode

STANDBY mode has the lowest current consumption of the five IDLE states with only the LPLDO enabled
to maintain the register values. In this mode the registers can be accessed in both read and write mode.
The STANDBY mode can be entered by writing Oh to "Register 07h. Operating Mode and Function Control
1". If an interrupt has occurred (i.e., the nIRQ pin = 0) the interrupt registers must be read to achieve the
minimum current consumption. Additionally, the ADC should not be selected as an input to the GPIO in this
mode as it will cause excess current consumption.

23.1.1.1.3. SLEEP Mode

In SLEEP mode the LPLDO is enabled along with the Wake-Up-Timer, which can be used to.accurately
wake-up the radio at specified intervals. See “23.8.6. Wake-Up Timer and 32 kHz Clock Source” on
page 285 for more information on the Wake-Up-Timer. SLEEP mode is entered by setting enwt =1 (40h) in
"Register 07h. Operating Mode and Function Control 1". If an interrupt has occurred (i.e;the nIRQ pin = 0)
the interrupt registers must be read to achieve the minimum current consumption. Also, the ADC should
not be selected as an input to the GPIO in this mode as it will cause excess current consumption.

23.1.1.1.4. SENSOR Mode

In SENSOR mode either the Low Battery Detector, Temperature Sensor;,or both may be enabled in addi-
tion to the LPLDO and Wake-Up-Timer. The Low Battery Detector can.be enabled by setting enlbd = 1 in
"Register 07h. Operating Mode and Function Control 1". See “23.8.4."Iemperature Sensor”’ on page 283
and “23.8.5. Low Battery Detector” on page 285 for more information on these features. If an interrupt has
occurred (i.e., the nIRQ pin = 0) the interrupt registers must be.read to achieve the minimum current con-
sumption.

23.1.1.1.5. READY Mode

READY Mode is designed to give a fast transition time to. TX mode with reasonable current consumption.
In this mode the Crystal oscillator remains enabled.reducing the time required to switch to TX or RX mode
by eliminating the crystal start-up time. READY modefis entered by setting xton = 1 in "Register 07h. Oper-
ating Mode and Function Control 1". To achieve,the“lowest current consumption state the crystal oscillator
buffer should be disabled in “Register 62h.\Crystal Oscillator Control and Test.” To exit READY mode,
bufovr (bit 1) of this register must be set'back to 0.

23.1.1.1.6. TUNE Mode

In TUNE mode the PLL remains enabled in addition to the other blocks enabled in the IDLE modes. This
will give the fastest response to TX mode as the PLL will remain locked but it results in the highest current
consumption. This modes~of ‘operation is designed for frequency hopping spread spectrum systems
(FHSS). TUNE mode is‘entered by setting pllon = 1 in "Register 07h. Operating Mode and Function Con-
trol 1". It is not necessary to set xton to 1 for this mode, the internal state machine automatically enables
the crystal oscillator.

23.1.1.2. TX State

The TX state_may be entered from any of the IDLE modes when the txon bit is set to 1 in "Register 07h.
Operating Mode and Function Control 1". A built-in sequencer takes care of all the actions required to tran-
sition between states from enabling the crystal oscillator to ramping up the PA. The following sequence of
events,will occur automatically when going from STANDBY mode to TX mode by setting the txon bit.
Enable the main digital LDO and the Analog LDOs.

Start up crystal oscillator and wait until ready (controlled by an internal timer).

Enable PLL.

Calibrate VCO (this action is skipped when the skipvco bit is 1, default value is 0).

Wait until PLL settles to required transmit frequency (controlled by an internal timer).

Activate power amplifier and wait until power ramping is completed (controlled by an internal timer).
Transmit packet.

N o O R LN
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Steps in this sequence may be eliminated depending on which IDLE mode the chip is configured to prior to
setting the txon bit. By default, the VCO and PLL are calibrated every time the PLL is enabled.

23.1.1.3. RX State

The RX state may be entered from any of the IDLE modes when the rxon bit is set to 1 in "Register 07h.
Operating Mode and Function Control 1". A built-in sequencer takes care of all the actions required to tran-
sition from one of the IDLE modes to the RX state. The following sequence of events will occur automati-
cally to get the chip into RX mode when going from STANDBY mode to RX mode by setting the rxon bit:
Enable the main digital LDO and the Analog LDOs.

Start up crystal oscillator and wait until ready (controlled by an internal timer).

Enable PLL.

Calibrate VCO (this action is skipped when the skipvco bit is 1, default value is 0).

Wait until PLL settles to required receive frequency (controlled by an internal timer).

Enable receive circuits: LNA, mixers, and ADC.

Enable receive mode in the digital modem.

No gk~

Depending on the configuration of the radio all or some of the following functions will be performed auto-
matically by the digital modem: AGC, AFC (optional), update status registers, bit synchronization, packet
handling (optional) including sync word, header check, and CRC.

23.1.1.4. Device Status

Add | R/W Function/ D7 D6 D5 D4 D3 D2 D1 DO |POR Def.
Description
02 R Device Status ffovfl | ffunfl rxffem headerr | freqerr cps[1] | cps[O] —

The operational status of the EZRadioPRO peripheral can be read from "Register 02h. Device Status".
23.2. Interrupts

The EZRadioPRO peripheral is capable of generating an interrupt signal (nIRQ) when certain events
occur. The nIRQ pin is driven low. to.indicate a pending interrupt request. The EZRadioPRO interrupt
does not have an internal interrupt vector. To use the interrupt, the nIRQ pin must be looped back
to an external interrupt input. This interrupt signal will be generated when any one (or more) of the inter-
rupt events (corresponding to,the Interrupt Status bits) shown below occur. The nIRQ pin will remain low
until the Interrupt Status Register(s) (Registers 03h—04h) containing the active Interrupt Status bit is read.
The nIRQ output signal will then be reset until the next change in status is detected. The interrupts must be
enabled by the.corresponding enable bit in the Interrupt Enable Registers (Registers 05h—-06h). All
enabled interrupt bits will be cleared when the corresponding interrupt status register is read. If the inter-
rupt is not gnabled when the event occurs it will not trigger the nIRQ pin, but the status may still be read at
anytime,in‘the Interrupt Status registers.
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Add |R/W Function/ D7 D6 D5 D4 D3 D2 D1 DO POR
Description Def.
03 | R | Interrupt Status 1| ifferr | itxffafull | itxffaem irxffafull | iext | ipksent | ipkvalid | icrcerror —
04 | R | Interrupt Status 2 | iswdet | ipreaval | ipreainval irssi iwut ilbd ichiprdy ipor —

05 |R/W/|Interrupt Enable 1| enfferr |entxffafull| entxffaem |enrxffafull| enext |enpksent| enpkvalid |encrcerror| 4 00h

06 |R/W/|Interrupt Enable 2 |enswdet |enpreava|enpreainval | enrssi |enwut| enlbd |enchiprdy| enpor 01h

See “AN440: EZRadioPRO Detailed Register Descriptions” for a complete list of interrupts.

23.3. System Timing

The system timing for TX and RX modes is shown in Figures 23.2 and 23.3. The figures demonstrate tran-
sitioning from STANDBY mode to TX or RX mode through the built-in sequencer. of required steps. The
user only needs to program the desired mode, and the internal sequencer williproperly transition the part
from its current mode.

The VCO will automatically calibrate at every frequency change or powerup: The PLL TO time is to allow
for bias settling of the VCO. The PLL TS time is for the settling time of the PLL, which has a default setting
of 100 us. The total time for PLL TO, PLL CAL, and PLL TS under all conditions is 200 us. Under certain
applications, the PLL TO time and the PLL CAL may be skipped for faster turn-around time. Contact appli-
cations support if faster turnaround time is desired.

XTAL Settling
Time

PLL TO
PLL CAL
PLLTS
PRE PA RAMP
PA RAMP UP

| 600us

50us

6us, Fixed

50us, May be skipped
Configurable 5-20us, Recommend 5us
Configurable 5-20us, Recommend 5us

Configurable 0<70us; Default
Configurable 0-310us, Recommend 100us

Figure 23.2. TX Timing
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Figure 23.3. RX Timing

23.3.1. Frequency Control

For calculating the necessary frequency register settings it'is recommended that customers use Silicon
Labs’ Wireless Design Suite (WDS) or the EZRadioPRO Register Calculator worksheet (in Microsoft
Excel) available on the product website. These methods offer a simple method to quickly determine the
correct settings based on the application requirements. The following information can be used to calcu-
lated these values manually.

23.3.2. Frequency Programming
In order to receive or transmit an RF_signal, the desired channel frequency, f;5rier» Must be programmed

into the transceiver. Note that this frequency is the center frequency of the desired channel and not an LO
frequency. The carrier frequency isigenerated by a Fractional-N Synthesizer, using 10 MHz both as the ref-

erence frequency and the clock of.the (3rd order) A% modulator. This modulator uses modulo 64000 accu-
mulators. This design was'made to obtain the desired frequency resolution of the synthesizer. The overall
division ratio of the feedback loop consist of an integer part (N) and a fractional part (F).In a generic sense,
the output frequency.of the synthesizer is as follows:

four =10MHzx (N +F)

The fractional part (F) is determined by three different values, Carrier Frequency (fc[15:0]), Frequency Off-
set(fo[8:0]),"and Frequency Deviation (fd[7:0]). Due to the fine resolution and high loop bandwidth of the
synthesizer, FSK modulation is applied inside the loop and is done by varying F according to the incoming
data; this is discussed further in “23.3.5. Frequency Deviation” on page 259. Also, a fixed offset can be
added to fine-tune the carrier frequency and counteract crystal tolerance errors. For simplicity assume that
only the fc[15:0] register will determine the fractional component. The equation for selection of the carrier
frequency is shown below:
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fearrier =L10MHz x (hbsel +1) x (N + F)
3 * * _ fc[15:0]
frx =10MHz* (hbsel +1)*(fb[4: 0]+ 24+ 2 =)
Add |R/W Function/ D7 D6 D5 D4 D3 D2 D1 | DO |POR Def.
Description
73 |R/W Frequency fo[7] fo[6] fo[5] fo[4] fo[3] fo[2] fo[1] | fo[O] 00h
Offset 1
74 |R/W Frequency fo[9]x|.fo[8] 00h
Offset 2
75 | R/W | Frequency Band sbsel hbsel fb[4] fb[3] b[2] fo[1] | fb[O] 35h
Select
76 |R/W | Nominal Carrier | fc[15] fc[14] fc[13] fc[12] fc[11] fc[10]w, 1\ fc[9] | fc[8] BBh
Frequency 1
77 |R/W | Nominal Carrier fc[7] fc[6] fc[5] fc[4] fc[3] fcl2] fc[1] | fc[0] 80h
Frequency 0

The integer part (N) is determined by fb[4:0]. Additionally, the output frequency can be halved by connect-
ing a +2 divider to the output. This divider is not inside the loop and is controlled by the hbsel bit in "Regis-
ter 75h. Frequency Band Select". This effectively partitions the entire 240-960 MHz frequency range into
two separate bands: High Band (HB) for hbsel = 1, and Lew Band (LB) for hbsel = 0. The valid range of
fb[4:0] is from 0 to 23. If a higher value is written into the register, it will default to a value of 23. The integer
part has a fixed offset of 24 added to it as shown in the formula above. Table 23.3 demonstrates the selec-
tion of fb[4:0] for the corresponding frequency band.

After selection of the fb (N) the fractional component may be solved with the following equation:

fc[15:0] = [

10MHz * (hbsel +1)

fb and fc are the actual numbers’'stored‘in the corresponding registers.

— fb[4:0]- 24]*64000

Table 23.3. Frequency Band Selection

fb[4:0] Value N Frequency Band
hbsel=0 hbsel=1
0 24 240-249.9 MHz 480-499.9 MHz
1 25 250-259.9 MHz 500-519.9 MHz
2 26 260-269.9 MHz 520-539.9 MHz
3 27 270-279.9 MHz 540-559.9 MHz
4 28 280-289.9 MHz 560-579.9 MHz
5 29 290-299.9 MHz 580-599.9 MHz
6 30 300-309.9 MHz 600-619.9 MHz
7 31 310-319.9 MHz 620-639.9 MHz
8 32 320-329.9 MHz 640-659.9 MHz
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Table 23.3. Frequency Band Selection (Continued)

9 33 330-339.9 MHz 660-679.9 MHz
10 34 340-349.9 MHz 680-699.9 MHz
11 35 350-359.9 MHz 700-719.9 MHz
12 36 360-369.9 MHz 720-739.9 MHz
13 37 370-379.9 MHz 740-759.9 MHz
14 38 380-389.9 MHz 760-779.9 MHz
15 39 390-399.9 MHz 780-799.9 MHz
16 40 400-409.9 MHz 800-819.9 MHz
17 41 410-419.9 MHz 820-839.9.MHz
18 42 420-429.9 MHz 840-859.9\MHz
19 43 430-439.9 MHz 860—-879.9 MHz
20 44 440-449.9 MHz 880—-899.9 MHz
21 45 450-459.9 MHz 900-919.9 MHz
22 46 460-469:9 MHz 920-939.9 MHz
23 47 470-479.9MHz 940-960 MHz

The chip will automatically shift the frequency of the Synthesizer down by 937.5 kHz (30 MHz + 32) to
achieve the correct Intermediate Frequency (IF)‘'when RX mode is entered. Low-side injection is used in
the RX Mixing architecture; therefore, no frequency.reprogramming is required when using the same TX
frequency and switching between RX/TX mades.

For operation in the frequency bands between 240-320 MHz and 480-640 MHz with a temperature above
60 °C, register modifications are requireds In these cases, write 03h to register 59h and 02h to register
5Ah.

23.3.3. Easy Frequency Programming for FHSS

While Registers 73h—77h may be used to program the carrier frequency of the transceiver, it is often easier
to think in terms of “channels™or “channel numbers” rather than an absolute frequency value in Hz. Also,
there may be some_timing-critical applications (such as for Frequency Hopping Systems) in which it is
desirable to change frequency by programming a single register. Once the channel step size is set, the fre-
quency may be‘changed by a single register corresponding to the channel number. A nominal frequency is
first set using Registers 73h—77h, as described above. Registers 79h and 7Ah are then used to set a chan-
nel step size”and channel number, relative to the nominal setting. The Frequency Hopping Step Size
(fhs[7:0]) is'set in increments of 10 kHz with a maximum channel step size of 2.56 MHz. The Frequency
Hopping Channel Select Register then selects channels based on multiples of the step size.

F

carrier

= Fnom + fhs[7 : 0] x ( fch[7 : 0] x10kHz)

For example: if the nominal frequency is set to 900 MHz using Registers 73h—77h and the channel step
size is set to 1 MHz using "Register 7Ah. Frequency Hopping Step Size". For example, if the "Register
79h. Frequency Hopping Channel Select" is set to 5d, the resulting carrier frequency would be 905 MHz.
Once the nominal frequency and channel step size are programmed in the registers, it is only necessary to
program the fhch[7:0] register in order to change the frequency.
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Add | RIW Function/ D7 D6 D5 D4 D3 D2 D1 DO POR Def.
Description

79 | RIW | Frequency Hopping | fhch[7] | fhch[6] | thch[5] | fhch[4] | thch[3] | fhch[2] | fheh[1] | fheh[0] 00h
Channel Select

7A | RIW | Frequency Hopping | fhs[7] | ths[6] | fhs[5] | fhs[4] | ths[3] | fhs[2] | fhs[1] | fhs[O] 00h
Step Size

23.3.4. Automatic State Transition for Frequency Change

If registers 79h or 7Ah are changed in either TX or RX mode, the state machine will automatically transition
the chip back to TUNE, change the frequency, and automatically go back to either TX or RX. This feature
is useful to reduce the number of SPI commands required in a Frequency Hopping System. This in turn
reduces microcontroller activity, reducing current consumption. The exception to this is during TX FIFO
mode. If a frequency change is initiated during a TX packet, then the part will complete the current TX
packet and will only change the frequency for subsequent packets.

23.3.5. Frequency Deviation

The peak frequency deviation is configurable from +0.625 to +320 kHz*The Frequency Deviation (Af) is
controlled by the Frequency Deviation Register (fd), address 71 and 72h; and is independent of the carrier
frequency setting. When enabled, regardless of the setting of the hbsel bit (high band or low band), the
resolution of the frequency deviation will remain in increments™of,625 Hz. When using frequency modula-
tion the carrier frequency will deviate from the nominal center.channel carrier frequency by $Af:

Af = fd[8£ 0]%625Hz

Af
fd[8:0] = = iati
[8:0] 635 . AT = peak deviation
Af
3
§ fcarrier >
E Time

Figure 23.4. Frequency Deviation

The previous equation should be used to calculate the desired frequency deviation. If desired, frequency
modulation may also be disabled in order to obtain an unmodulated carrier signal at the channel center fre-
quency; see “23.4.1. Modulation Type” on page 262 for further details.
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Add | R/IW Function/ D7 D6 D5 D4 D3 D2 D1 DO POR Def.
Description
71 | R'W | Modulation Mode | trclk[1] | trclk[0] | dtmod[1] | dtmod[0] | eninv | fd[8] | modtyp[1] | modtyp[0] 00h
Control 2
72 | RIW | Frequency Devia- | fd[7] | fd[6] fd[5] fd[4] fd[3] | fd[2] fd[1] fd[O] 20h
tion

23.3.6. Frequency Offset Adjustment

When the AFC is disabled the frequency offset can be adjusted manually by fo[9:0] in.registers 73h and
74h. It is not possible to have both AFC and offset as internally they share the same register. The fre-
quency offset adjustment and the AFC both are implemented by shifting the Synthesizer Local Oscillator
frequency. This register is a signed register so in order to get a negative offset it is‘\necessary to take the
twos complement of the positive offset number. The offset can be calculated by the*following:

DesiredOffset =156.25Hz x (hbsel +1) x fo[9:0]

DesiredOffset
156.25Hz x (hbsel +1)

fo[9:0] =

The adjustment range in high band is +160 kHz and in,low band it is +80 kHz. For example to compute an
offset of +50 kHz in high band mode fo[9:0] should be set to 0AOh. For an offset of —50 kHz in high band
mode the fo[9:0] register should be set to 360h.

Add | R/W Function/ D7 D6 D5 D4 D3 D2 D1 | DO | POR
Description Def.

73 | RIW | Frequency Offset fo[7] fo[6] fo[5] fo[4] fo[3] fo[2] fo[1] | fo[0] | OOh
74 | RIW | Frequency Offset fo[9] | fo[8] | 0Oh

23.3.7. Automatic Frequency Control (AFC)

All AFC settings can be.easily, obtained from the settings calculator. This is the recommended method to
program all AFC settings. This section is intended to describe the operation of the AFC in more detail to
help understand the trade-offs of using AFC.The receiver supports automatic frequency control (AFC) to
compensate for.frequency differences between the transmitter and receiver reference frequencies. These
differences can be taused by the absolute accuracy and temperature dependencies of the reference crys-
tals. Due to'frequency offset compensation in the modem, the receiver is tolerant to frequency offsets up to
0.25 times the IF bandwidth when the AFC is disabled. When the AFC is enabled, the received signal will
be‘centered.in the pass-band of the IF filter, providing optimal sensitivity and selectivity over a wider range
of frequency offsets up to 0.35 times the IF bandwidth. The trade-off of receiver sensitivity (at 1% PER)
versus carrier offset and the impact of AFC are illustrated in Figure 23.5.
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Sensitivity vs Frequency Offset - DR=100kbps. BW=208.4kHz
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Figure 23.5. Sensitivity at 1% PER vs. Carrier Frequency Offset

When AFC is enabled, the preamble length needs to be longienough to settle the AFC. In general, one
byte of preamble is sufficient to settle the AFC. Disabling the AFC allows the preamble to be shortened
from 40 bits to 32 bits. Note that with the AFC disabled;ithe preamble length must still be long enough to
settle the receiver and to detect the preamble (see.®23.6.7. Preamble Length” on page 277). The AFC cor-
rects the detected frequency offset by changing thefrequency of the Fractional-N PLL. When the preamble
is detected, the AFC will freeze for the remainder‘of the packet. In multi-packet mode the AFC is reset at
the end of every packet and will re-acquire the frequency offset for the next packet. The AFC loop includes
a bandwidth limiting mechanism improvingithe rejection of out of band signals. When the AFC loop is
enabled, its pull-in-range is determined,by:the bandwidth limiter value (AFC