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

MCU with Integrated 240-960 MHz EZRadioPRO® Transceiver

Ultra Low Power at 3.6V

- 130 pA/MHz IBAT; dc-dc enabled

- 110 nA sleep current with data retention; POR monitor enabled

- 400 nA sleep current with smaRTClock (internal LFO)

- 700 nA sleep current with smaRTClock (external XTAL)

- 2 us wake-up from any sleep mode

12-Bit; 16 Ch. Analog-to-Digital Converter

- Up to 75 ksps 12-bit mode or 300 ksps 10-bit mode

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

- On-chip PGA allows measuring voltages up to twice the reference
voltage

- Autonomous burst mode with 16-bit automatic averaging
accumulator

- Integrated temperature sensor

Two Low Current Comparators

- Programmable hysteresis and response time

- Configurable as interrupt or reset source

Internal 6-Bit Current Reference

- Up to £500 pA; source and sink capability

- Enhanced resolution via PWM interpolation

Integrated LCD Controller (Si102x Only)

- Supports up to 128 segments (32x4)

- Integrated charge pump for contrast control

Metering-Specific Peripherals

- DC-DC buck converter allows dynamic voltage scaling for
maximum efficiency (250 mW output)

- Sleep-mode pulse accumulator with programmable switch

de-bounce and pull-up control interfaces directly to metering sen-
sor

- Dedicated Packet Processing Engine (DPPE) includes hardware

AES, DMA, CRC, and encoding blocks for acceleration of wireless
protocols

- Manchester and 3 out of 6 encoder hardware for power efficient
implementation of the wireless M-bus specification

EZRadioPRO® Transceiver

- Frequency range = 240-960 MHz

- Sensitivity = —121 dBm

- FSK, GFSK, and OOK modulation

- Max output power = +20 dBm or +13 dBm

- RF power consumption
18.5 mA receive
18 mA @ +1 dBm transmit
30 mA @ +13 dBm transmit
85 mA @ +20 dBm transmit
Data rate = 0.123 to 256 kbps
Auto-frequency calibration (AFC)
Antenna diversity and transmit/receive switch control
Programmable packet handler
TX and RX 64-byte FIFOs
Frequency hopping capability
. On-chip crystal tuning
High-Speed 8051 uC Core
- Pipelined instruction architecture; executes 70% of instructions in 1
or 2 system clocks
Memory
Up to 128 kB Flash; In-system programmable; Full read/write/erase
functionality over the entire supply range
Up to 8 kB internal data RAM
Digital Peripherals
- 53 port I/0O; All 5 V tolerant with high sink
current and programmable drive strength
Hardware SMBus™ (12C™ compatible), 2 x SPI™, and UART
serial ports available concurrently
Four general-purpose 16-bit counter/timers
Programmable 16-bit counter/timer array with six capture/compare
modules and watchdog timer
Clock Sources
Precision internal oscillators: 24.5 MHz with +2% accuracy sup-
ports UART operation; spread-spectrum mode for reduced EMI
Low power internal oscillator: 20 MHz
External oscillator: Crystal, RC, C, CMOS clock

smaRTClock oscillator: 32.768 kHz crystal or 16.4 kHz internal
LFO with three independent alarms

On-Chip Debug

On-chip debug circuitry facilitates full-speed, non-intrusive, in-sys-

tem debug (no emulator required)

Provides 4 breakpoints, single stepping

Packages

—85 pin LGA (6 x 8 mm)
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1. System Overview

Si102x/3x devices are fully integrated mixed-signal system-on-a-chip MCUSs. Highlighted features are
listed below. Refer to Table 2.1 for specific product feature selection and part ordering numbers.

240-960 MHz EZRadioPRO® transceiver

Power efficient on-chip dc-dc buck converter

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

True 10-bit 300 ksps, or 12-bit 75 ksps single-ended ADC with 16 external analog inputs and 4 internal
inputs such as various power supply voltages and the temperature sensor

6-bit programmable current reference

Precision programmable 24.5 MHz internal oscillator with spread spectrum technology
128 kB, 64 kB, 32 kB, or 16 kB of on-chip flash memory

8448 or 4352 bytes of on-chip RAM

128 segment LCD driver

SMBus/I°C, 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/compare modules and watchdog timer
function

Hardware AES, DMA, and pulse counter

On-chip power-on reset, Vpp monitor, and temperature sensor

Two on-chip voltage comparators

53-port I/O

With on-chip power-on reset, Vpp monitor, watchdog timer, and clock oscillator, the Si102x/3x devices are
truly stand-alone system-on-a-chip solutions. The flash memory can be reprogrammed even in-circuit, pro-
viding non-volatile data storage, and also allowing 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 sav-
ings.

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 1.8 to 3.8 V operation over the industrial temperature range (—40 to +85 °C).
The port I/0 and RST pins are tolerant of input signals up to VIO + 2.0 V. The Si102x/3x devices are avail-
able in an 85-pin LGA package that is lead-free and RoHS-compliant. See Table 2.1 for ordering informa-
tion. Block diagrams are included in Figure 1.1 and Figure 1.2.

The transceiver's extremely low receive sensitivity (—121 dBm) coupled with industry leading +13 or
+20 dBm output power ensures extended range and improved link performance. Built-in antenna diversity
and support for frequency 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 precise 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 consumption.
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The transceiver’s digital receive architecture features a high-performance ADC and DSP-based modem
which performs demodulation, filtering, and packet handling for increased flexibility and performance. 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.

26 Rev. 1.0
SILICON LABS



Si1102x/3x

Power On
Reset/PMU

CIP-51 8051

->| Port I/O Configuration |—*

Port 0-1

Controller Core — - /
e e Digital Peripherals Drivers 7> P0.0..P1.7
Wake yte
|—' ISP Flash Program UART Port 2 i X P2.4..P2.7
Reset Drivers y e
Memory Ti
L Hiars [ Port 3-6 &%
C2CK/RST[X] Debug / 256 Byte SRAM 0/1/2/3 o ] X P3.0..P6.7
Programming N Priority Drivers
Hardware 819214096 Byte XRAM PCAV | | Crossbar e Port 7 P7.0/G2D
- WDT Driver X P7.
2D
DA
VBAT [X VBAT CRC SPIO RF XCVR
Engine (240-960 MHz,
AES Crossbar Control +20/+13 dBm)
DCOUT+ [X] Engine LCD
(4x32) >
Encoder E AR
DC/DC SFR EMIF >
SYSCLK
DCEN RH Buck Bus . R
Converter Pracisi RXn
recision EZRadioPro SPI 1
oon B Precision | | [EzRedopro P ]
Oscillator [
Low Power Analog Peripherals
LCD Ch
- o | i
Oscillator
I Internal ~ External
XTAL1 —»| External o\ “Srer
Oscillator > Delta
XTALZ —|  Circuit e
XTAL3 —t»| Enhanced
GND X smaRTClock [
XTAL4 —T” Oscillator
CPO, CPOA__<j«—y
System Clock C‘—<p1y CPIA < % );IONUT
Configuration Comparators
Figure 1.1. Si102x Block Diagram
,m\ CIP-51 8051 > Port I/0 Configuration |——— o
Controller Core — : Port-1 1
ResetPMU AT KT Digital Peripherals Drivers 7> P00 P17
Wake yte
|_’ ISP Flash Program UART Port 2 1 5 P2.4..P2.7
Reset Drivers y e
Memory Ti
}J_’ imers | __| s 32
C2CK/RST[X] Debug / 256 Byte SRAM 0/1/2/3 o ) X P3.0..P6.7
Programming N Priority Drivers
Hardware 8192/4096 Byte XRAM PCA/ ‘E,“’SS;’ T Port 7 X1 P7.0/C2D
o WDT ecoder Driver 7.
DMA
VBAT [Xl—VBAT CRC SPIO RF XCVR
Engine (240-960 MHz,
AES Crossbar Control +20/+13 dBm)
DCOUT+ [X Engine
Encoder
DC/DC SFR EMIF |
“ . SYSCLK
DCEN BH "Buck Bus .
Converter Procisi
recision EZRadioPro SPI 1
oo B ren | [Ezmasorost |
Oscillator !
Low Power L,| Analog Peripherals
20 MHz |
Oscillator —
I Internal ~ External
XTAL1 —»| External o Modem
Oscillator > ge\(a
_| - igma
XTAL2 — Circuit Modgulalor
XTAL3 —» Enhanced
GND XQ smaRTClock [
XTAL4 —T? Oscillator

System Clock
Configuration

CPO, CPOA _~ <t
M@C

Comparators

v

| XOUT
I XIN

Figure 1.2. Si103x Block Diagram

SILICON LABS

Rev. 1.0



Si102x/3x

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 Laboratories applica-
tions support.
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Figure 1.3. Si102x/3x RX/TX Direct-tie Application Example
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Figure 1.4. Si102x/3x Antenna Diversity Application Example
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1.2. CIP-51™ Microcontroller Core

1.2.1. Fully 8051 Compatible

The Si102x/3x family utilizes Silicon Labs' proprietary CIP-51 microcontroller core. The CIP-51 is fully com-
patible 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 24 system
clock cycles to execute with a maximum system clock of 12—24 MHz. By contrast, the CIP-51 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 Si102x/3x 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, SmaRT-
Clock oscillator fail or alarm, a voltage level detection from Comparator0, a forced software reset, an exter-
nal reset pin, and an illegal flash access protection circuit. Each reset source except for the POR, Reset
Input Pin, or flash error may be disabled by the user in software. The WDT may be permanently disabled 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 53 1/0 pins. Port pins are organized as eight byte-wide
ports. Port pins can be defined as digital or analog 1/O. Digital I/O pins can be assigned to one of the inter-
nal digital resources or used as general purpose 1/0 (GPIO). Analog I/O pins are used by the internal ana-
log resources. P7.0 can be used as GPIO and is shared with the C2 Interface Data signal (C2D). See
Section “35. C2 Interface” on page 525 for more details.

The designer has complete control over which digital and analog functions are assigned to individual port
pins. This resource assignment flexibility is achieved through the use of a Priority Crossbar Decoder. See
Section “27. Port Input/Output” on page 351 for more information on the Crossbar.

For Port 1/0Os configured as push-pull outputs, current is sourced from the VIO, VIORF, or VBAT supply pin.
Port 1/0s used for analog functions can operate up to the supply voltage. See Section “27. Port Input/Out-
put” on page 351 for more information on Port I/O operating modes and the electrical specifications chap-
ter for detailed electrical specifications.
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Figure 1.5. Port I/O Functional Block Diagram
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1.4. Serial Ports

The Si102x/3x Family includes an SMBus/I2C interface, a full-duplex UART with enhanced baud rate con-
figuration, and two Enhanced SPI interfaces. Each of the serial buses is fully implemented in hardware 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 programma-
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 0 overflows, an External Clock Input (ECI), the system clock, or
the external oscillator clock source 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 Module 1/0 and External
Clock Input may be routed to Port I/O via the Digital Crossbar.

SYSCLK/12
SYSCLK/4
i PCA
—>T|mer0 Overflow CL8CK 16 -Bit Counter/Timer
SYSCLK

External Clock/8
—)

Capture/ Compare, Capture/ Compare Capture/ Compare, Capture/ Compare Capture/ Compare| Capture/ Compare|

Module 0 Module 1 Module2 Module 3 Module 4 Module5 / WDT

A A A A A A
m (@] (@] (@] (@] (@] o
@) m m m m m m
- x x x x X x
o - N w e (6]

Y Y A 4 Y

Crossbar
:'__"___ TTTTTTTh

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

The ADCO on Si102x/3x 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 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 oversample and average the ADC results. See Section “5.4. 12-Bit Mode” on
page 83 for more details on using the ADC in 12-bit mode.

The ADC is fully configurable under software control via Special Function Registers. The ADCO operates in
single-ended mode and may be configured to measure various different signals using the analog multi-
plexer described in Section “5.7. ADCO Analog Multiplexer” on page 94. The voltage reference for the ADC
is selected as described in Section “5.9. Voltage and Ground Reference Options” on page 99.
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Figure 1.7. ADCO Functional Block Diagram
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Figure 1.8. ADCO Multiplexer Block Diagram

1.7. Programmable Current Reference (IREFO0)

Si102x/3x devices include an on-chip programmable current reference (source or sink) with two output cur-
rent 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 A steps).

1.8. Comparators

Si102x/3x devices include two on-chip programmable voltage comparators: Comparator 0 (CPTO) which is
shown in Figure 1.9; Comparator 1 (CPT1) which is shown in Figure 1.10. The two comparators operate
identically but may differ in their ability to be used as reset or wake-up sources. See Section “22. Reset
Sources” on page 278 and the Section “19. Power Management” on page 257 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 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.
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2. Ordering Information

Table 2.1. Product Selection Guide
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S 1515 &5 8l5|18lQ] |R|8|5|2ElsS
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o) S| |XQ|8|%a|la|S|E8|E|2|2F % g
Si1020-B-GM3 | 25 | 128 1844820128 |53 | v | v | 1 |1 |2 | 4 | 6 | 16 | 2 |LGA-85 (6x8)
Si1021-B-GM3| 25| 64 |8448|20( 128 |53| v | v | 1 |1 |2 | 4| 6| 16 | 2 |LGA-85(6x8)
Si1022-B-GM3| 25| 32 |8448|20(128 |53| v | v | 1 |1 |2 | 4| 6| 16 | 2 |LGA-85(6x8)
Si1023-B-GM3 | 25| 16 |4352|20(128 |53 | v | v | 1 |1 ]2 | 4 | 6| 16 | 2 |LGA-85 (6x8)
Si1024-B-GM3| 25 | 128 | 844813128 |53 | v | v | 1 |1 | 2 | 4 | 6 | 16 | 2 |LGA-85(6x8)
Si1025-B-GM3| 25 | 64 | 844813128 |53| v | v | 1 |1 |2 | 4| 6| 16 | 2 |LGA-85(6x8)
Si1026-B-GM3 | 25| 32 (844813128 |53| v | v | 1 |1 ]2 | 4 |6 | 16 | 2 |LGA-85 (6x8)
Si1027-B-GM3| 25| 16 |4352|13 (128 |53 | v | v | 1 |1 |2 | 4| 6| 16 | 2 |LGA-85(6x8)
Si1030-B-GM3| 25 | 128 {8448 |20 — |53| v | v | 1 |1 |2 | 4| 6| 16 | 2 |LGA-85(6x8)
Si1031-B-GM3 | 25| 64 |8448|20| — |53 v | v | 1 |1 ]2 |4 |6 | 16 | 2 |LGA-85(6x8)
Si1032-B-GM3| 25| 32 |8448|20| — |53| v | v |1 | 1|2 | 4|6 | 16 | 2 |LGA-85(6x8)
Si1033-B-GM3| 25| 16 |4352|20| — |53| v | v | 1 |1 |2 | 4| 6| 16 | 2 |[LGA-85(6x8)
Si1034-B-GM3 | 25| 128 |8448|13| — |53 | v | v | 1 |1 ]2 | 4|6 | 16 | 2 |LGA-85(6x8)
Si1035-B-GM3| 25| 64 |8448|13| — |53| v | v | 1 | 1|2 | 4|6 | 16 | 2 |LGA-85(6x8)
Si1036-B-GM3| 25| 32 |8448|13| — |53| v | v | 1 | 1|2 | 4|6 | 16 | 2 |LGA-85(6x8)
Si1037-B-GM3 | 25| 16 |4352|13| — |83 | v | v | 1 |1 ]2 | 4|6 | 16 | 2 |LGA-85 (6x8)
All packages are lead-free (RoHS Compliant).
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3. Pinout and Package Definitions

Table 3.1. Pin Definitions for the Si102x/3x

Pin _
Name Number Type |Description
VBAT A43 PIn Battery Supply Voltage. Must be 1.8 to 3.8 V.
VBATDC Ad4 PIn DCO Input Voltage. Must be 1.8 to 3.8 V.

VDC A46 PIn Alternate Power Supply Voltage. Must be 1.8 to 3.6 V. This supply
voltage must always be < VBAT. Software may select this supply
voltage to power the digital logic.

P Out |Positive output of the dc-dc converter. A 1 u to 10 uF ceramic
capacitor is required on this pin when using the dc-dc converter.
This pin can supply power to external devices when the dc-dc
converter is enabled.
GNDDC A45 PIn DC-DC converter return current path. This pin is typically tied to
the ground plane.

GND D2 G Required Ground.

GND D6 G Required Ground.

GND B16 G Required Ground.

GND B17 G Required Ground.

GND A32 G Required Ground.

GND B28 G Required Ground.

IND B27 PIn DC-DC Inductor Pin. This pin requires a 560 nH inductor to VDC if
the DC-DC converter is used.

VIO B26 PIn I/O Power Supply for P0.0-P1.4 and P2.4—P7.0 pins. This supply
voltage must always be < VBAT.

VIORF B29 PIn I/O Power Supply for P1.5-P2.3 pins. This supply voltage must
always be < VBAT

RST/ A47 D I/O |Device Reset. Open-drain output of internal POR or Vpp monitor.
An external source can initiate a system reset by driving this pin
low for at least 15 ps. A 1 kQ to 5 kQ pullup to Vpp is recom-
mended. See Reset Sources Section for a complete description.
Clock signal for the C2 Debug Interface.

C2CK D 1/O

P7.0/ A48 D I/O |Port7.0. This pin can only be used as GPIO. The Crossbar cannot
route signals to this pin and it cannot be configured as an analog
input. See Port I/0 Section for a complete description.
Bi-directional data signal for the C2 Debug Interface.

Cc2D D 1/O

SILICON LABS
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Table 3.1. Pin Definitions for the Si102x/3x (Continued)

Pin

Name Number Type |Description
VLCD A29 P 1/0 |LCD Power Supply. This pin requires a 10 pyF capacitor to stabilize
the charge pump.
PO0.0 A42 D I/O or A |Port 0.0. See Port I/O Section for a complete description.
In
VREF Aln External VREF Input.
A Out |Internal Vrgg Output. External Vggr decoupling capacitors are
recommended. See ADCO Section for details.
PO0.1 A41 D 1/0O or A |Port 0.1. See Port I/O Section for a complete description.
In
AGND G Optional Analog Ground. See ADCO Section for details.
P0.2 A40 D 1/0O or A |Port 0.2. See Port I/O Section for a complete description.
In
XTAL1 Aln  |External Clock Input. This pin is the external oscillator return for a
crystal or resonator. See Oscillator Section.
P0.3 A39 D I/O or A |Port 0.3. See Port I/0O Section for a complete description.
In
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 exter-
nal CMOS clock mode.
Aln External Clock Input. This pin is the external clock input in capaci-
tor or RC oscillator configurations.
See Oscillator Section for complete details.
P0.4 A38 D I/O or A |Port 0.4. See Port I/O Section for a complete description.
In
TX D Out |UART TX Pin. See Port I/O Section.
P0.5 A37 D 1/0O or A |Port 0.5. See Port I/0O Section for a complete description.
In
RX DIn  |UART RX Pin. See Port I/O Section.
P0.6 A36 D 1/0O or A |Port 0.6. See Port I/O Section for a complete description.
In
CNVSTR DIn  |External Convert Start Input for ADCO. See ADCO section for a

complete description.
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Table 3.1. Pin Definitions for the Si102x/3x (Continued)

Pin

Name Number Type |Description
PO.7 A35 D I/O or A |Port 0.7. See Port I/O Section for a complete description.
In
IREFO A Out |IREFO Output. See IREF Section for complete description.
P1.0 A34 D I/O or |Port 1.0. See Port I/0 Section for a complete description. May
Aln also be used as SCK for SPIO.
PCO D1/O |Pulse Counter 0.
P1.1 A33 D I/O or |Port 1.1. See Port I/0 Section for a complete description.
Aln May also be used as MISO for SPIO.
PC1 D I/O |Pulse Counter 1.
P1.2 A31 D I/O or |Port 1.2. See Port I/O Section for a complete description.
Aln May also be used as MOSI for SPIO.
XTAL3 Aln SmaRTClock Oscillator Crystal Input.
P1.3 A30 D I/O or |Port 1.3. See Port I/0 Section for a complete description.
Aln May also be used as NSS for SPIO.
XTAL4 A Out |SmaRTClock Oscillator Crystal Output.
P1.4 A28 D I/O or |Port 1.4. See Port I/0 Section for a complete description.
Aln
P1.5 A27 D I/O or |Port 1.5. See Port I/0 Section for a complete description.
Aln VIORF supply.
P1.6 A26 D I/O or |Port 1.6. See Port /0 Section for a complete description.
Aln  |VIORF supply. INTO/1
P1.7 D7 D I/O or |Port 1.7. See Port I/0 Section for a complete description.
Aln  |VIORF supply. INTO/1
P2.4 A12 D I/O or |Port 2.4. See Port I/0 Section for a complete description.
Aln
COMO AO LCD Common Pin 0 (Backplane Driver)
P2.5 B10 D I/O or |Port 2.5. See Port I/O Section for a complete description.
Aln
COM1 AO LCD Common Pin 1 (Backplane Driver)
P2.6 A1 D I/O or |Port2.6. See Port I/0 Section for a complete description.
Aln
COM2 AO LCD Common Pin 2 (Backplane Driver)

SILICON LABS
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Table 3.1. Pin Definitions for the Si102x/3x (Continued)

Pin -
Name Number Type |Description
P2.7 A10 D I/O or |Port 2.7. See Port I/O Section for a complete description.
Aln
COM2 AO LCD Common Pin 3 (Backplane Driver)
P3.0 A9 D I/O or |Port 3.0. See Port I/0 Section for a complete description.
Aln
LCDO AO LCD Segment Pin 0
P3.1 A8 D I/O or |Port 3.1. See Port I/0 Section for a complete description.
Aln
LCD1 AO LCD Segment Pin 1
P3.2 A7 D I/O or |Port 3.2. See Port I/O Section for a complete description.
Aln
LCD2 AO LCD Segment Pin 2
P3.3 A6 D I/O or |Port 3.3. See Port I/0 Section for a complete description.
Aln
LCD3 AO LCD Segment Pin 3
P3.4 A5 D I/O or |Port 3.4. See Port I/0 Section for a complete description.
Aln
LCD4 AO LCD Segment Pin 4
P3.5 A4 D I/O or |Port 3.5. See Port I/0 Section for a complete description.
Aln
LCD5 AO LCD Segment Pin 5
P3.6 A3 D I/O or |Port 3.6. See Port I/0 Section for a complete description.
Aln
LCD6 AO LCD Segment Pin 6
P3.7 A2 D I/O or |Port 3.7. See Port I/0 Section for a complete description.
Aln
LCD7 AO LCD Segment Pin 7
P4.0 A1 D I/O or |Port4.0. See Port I/0 Section for a complete description.
Aln
LCD8 AO LCD Segment Pin 8
39 Rev. 1.0 )
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Table 3.1. Pin Definitions for the Si102x/3x (Continued)

Pin

Name Number Type |Description
P4 .1 B25 D I/O or |Port4.1. See Port I/O Section for a complete description.
Aln
LCD9 AO LCD Segment Pin 9
P4.2 B24 D I/O or |Port4.2. See Port I/0 Section for a complete description.
Aln
LCD10 AO LCD Segment Pin 10
P4.3 B23 D I/O or |Port 4.3. See Port I/0 Section for a complete description.
Aln
LCD11 AO LCD Segment Pin 11
P4.4 D4/D8 D I/O or |Port4.4. See Port I/O Section for a complete description.
Aln
LCD12 AO LCD Segment Pin 12
P4.5 B22 D I/O or |Port4.5. See Port I/0 Section for a complete description.
Aln
LCD13 AO LCD Segment Pin 13
P4.6 B21 D I/O or |Port4.6. See Port /0 Section for a complete description.
Aln
LCD14 AO LCD Segment Pin 14
P4.7 B20 D I/O or |Port4.7. See Port I/O Section for a complete description.
Aln
LCD15 AO LCD Segment Pin 15
P5.0 B19 D I/O or |Port5.0. See Port I/0 Section for a complete description.
Aln
LCD16 AO LCD Segment Pin 16
P5.1 B18 D I/O or |Port5.1. See Port I/0 Section for a complete description.
Aln
LCD17 AO LCD Segment Pin 17
P5.2 B15 D I/O or |Port5.2. See Port I/0 Section for a complete description.
Aln
LCD18 AO LCD Segment Pin 18
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Table 3.1. Pin Definitions for the Si102x/3x (Continued)

Pin -
Name Number Type |Description
P5.3 B14 D I/O or |Port5.3. See Port I/0 Section for a complete description.
Aln
LCD19 AO LCD Segment Pin 19
P5.4 B13 D I/O or |Port5.4. See Port I/0 Section for a complete description.
Aln
LCD20 AO LCD Segment Pin 20
P5.5 B12 D I/O or |Port5.5. See Port I/0 Section for a complete description.
Aln
LCD21 AO LCD Segment Pin 21
P5.6 B9 D I/O or |Port5.6. See Port /0 Section for a complete description.
Aln
LCD22 AO LCD Segment Pin 22
P5.7 B8 D I/O or |Port5.7. See Port /0 Section for a complete description.
Aln
LCD23 AO LCD Segment Pin 23
P6.0 B7 D I/O or |Port6.0. See Port I/0 Section for a complete description.
Aln
LCD24 AO LCD Segment Pin 24
P6.1 B6 D I/O or |Port 6.1. See Port I/O Section for a complete description.
Aln
LCD25 AO LCD Segment Pin 25
P6.2 B5 D I/O or |Port6.2. See Port I/0 Section for a complete description.
Aln
LCD26 AO LCD Segment Pin 26
P6.3 B4 D I/O or |Port 6.3. See Port I/0 Section for a complete description.
Aln
LCD27 AO LCD Segment Pin 27
P6.4 B3 D I/O or |Port6.4. See Port I/0 Section for a complete description.
Aln
LCD28 AO LCD Segment Pin 28
41 Rev. 1.0 )
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Table 3.1. Pin Definitions for the Si102x/3x (Continued)

Pin

Name Number Type |Description
P6.5 B2 D I/O or |Port6.5. See Port I/0 Section for a complete description.
Aln
LCD29 AO LCD Segment Pin 29
P6.6 B1 D I/O or |Port6.6. See Port I/0 Section for a complete description.
Aln
LCD30 AO LCD Segment Pin 30
P6.7 D1/D5 D I/O or |Port6.7. See Port /0 Section for a complete description.
Aln
LCD31 AO LCD Segment Pin 31
VDD_RF A17 PIn +1.8 to +3.6 V supply voltage input to all analog +1.7 V regulators.
The recommended VDD supply voltage is +3.3 V
TX A18 AO Transmit output pin. The PA output is an open-drain connection so
the L-C match must supply VDD (+3.3 VDC nominal) to this pin.
RXp A19 Al Differential RF input pins of the LNA. See application schematic
RXn A20 Al for example matching network.
NC A16 — No Connect. Not connected internally to any circuitry.
ANT_A A21 DO Extra antenna or TR switch control to be used if more GPIO are
required. Pin is a hardwired version of GPIO setting 11000,
Antenna 2 and can be manually controlled by the antdiv[2:0] bits
in register 08h. See register description of 08h.
GPIO_0 A22 D 1/0 |General Purpose Digital 1/0 that may be configured through the
GPIO 1 A23 D 1/O registers to perform various functions including: Microcontroller
- Clock Output, FIFO status, POR, Wake-Up timer, Low Battery
GPIO_2 A24 D1/O  |Detect, T/R switch, AntDiversity control, etc. See the SPI GPIO
Configuration Registers, Address 0Bh, 0Ch, and 0Dh for more
information.
VR_DIG D3 P Out |Regulated Output Voltage of the Digital 1.7 V regulator. A 1 yF
decoupling capacitor is required.
VDD _DIG A25 PIn +1.8 to +3.6 V supply voltage input to the Digital +1.7 V
regulator. The recommended VDD supply voltage is +3.3 V.
nIRQ B11 DO General Microcontroller Interrupt Status output. When the EZRa-

dioPRO transceiver exhibits anyone of the Interrupt Events, the
nIRQ pin will be set low. Please see the Control Logic registers
section for more information on the Interrupt Events. The Micro-
controller can then determine the state of the interrupt by reading
a corresponding SPI Interrupt Status Registers, Address 03h and
04h. No external resistor pull-up is required, but it may be desir-
able if multiple interrupt lines are connected.
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Table 3.1. Pin Definitions for the Si102x/3x (Continued)

Pin

Name Number Type |Description
XOouT A13 DI Crystal Oscillator Output/External Reference Input. Connect to an
or external 30 MHz crystal or to an external source. If using an exter-
A 1/O [|nal source with no crystal, then DC coupling with a nominal
0.8 VDC level is recommended with a minimum amplitude of
700 mVpp.
XIN Al14 DO Crystal Oscillator Input. Connect to an external 30 MHz crystal or
or leave floating when driving with an external source on XOUT.
Al/O
SDN A15 DI Shutdown input pin. SDN should be low in all modes except Shut-

down mode. When SDN is high, the radio will be completely shut
down, and the contents of the registers will be lost.
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Figure 3.1. LGA-85 Pinout Diagram (Top View)
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3.1. LGA-85 Package Specifications
3.1.1. Package Drawing
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Table 3.2. LGA-85 Package Dimensions

Symbol Min Nom Max
A — — 0.94
c 0.32 0.36 0.40
D 5.90 6.00 6.10
E 7.90 8.00 8.10
D1 — 3.04 —
D2 — 5.50 —
D3 — 3.00 —
E1 — 2.46 —
E2 — 5.00 —
E3 — 7.50 —
E4 — 242 —
ES — 3.30 —
E6 — 5.52 —
— 0.50 —
0.25 0.30 0.35
0.25 0.30 0.35
L1 — 0.10 —
aaa — 0.10 —
bbb — 0.10 —
Y — 0.20 —
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small
Body Components.
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3.1.2. Land Pattern
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Figure 3.3. LGA-85 Land Pattern

Table 3.3. LGA-85 Land Pattern Dimensions

Symbol Max (mm)
C1 5.50
C2 7.50
C3 3.00
C4 5.00
C5 2.47
C6 2.51
e 0.50
0.35
P1 3.09
Notes:
General
1. All feature sizes shown are at Maximum Material Condition (MMC) and a card fabrication tolerance
of 0.05 mm is assumed.
2. Dimensioning and Tolerancing is per the ANSI Y 14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.
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4. Electrical Characteristics

Throughout the MCU Electrical Characteristics chapter:

m “VDD’ refers to the VBAT or VBATDC Supply Voltage.
m “VIO” refers to the VIO or VIORF Supply Voltage.

4.1. Absolute Maximum Specifications

Table 4.1. Absolute Maximum Ratings

Parameter Conditions Min Typ Max Units
Ambient Temperature under Bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on any Port I/O Pin or -0.3 — VIO + 2 \%
RST with Respect to GND
Voltage on VDD with respect to -0.3 — 4.0 V
GND
Maximum Total Current through — — 500 mA
VDD or GND
Maximum Current through RST — — 100 mA
or any Port Pin
Maximum Total Current through — — 200 mA
all Port Pins

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. MCU Electrical Characteristics

Table 4.2. Global Electrical Characteristics!?

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min | Typ | Max | Units

Supply Voltage (Vpp) 1.8 3.8 V
Minimum RAM Data not in sleep mode — 1.4 — \
Retention Voltage' in sleep mode — | 03 | 05
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
Notes:

1. Based on device characterization data; not production tested.

2. SYSCLK must be at least 32 kHz to enable debugging.

Table 4.3. Digital Supply Current at VBAT pin with DC-DC Converter Enabled
—40 to +85 °C, VBAT = 3.6V, VDC = 1.9V, 24.5 MHz system clock unless otherwise specified.

Parameter | Conditions | Min | Typ | Max | Units

Digital Supply Current—CPU Active (Normal Mode, fetching instructions from flash, no external
load)

lgAT 12,3 Vgar=3.0V — 41 — mA
Vgat=3.3V — 4.0 — mA
Vgar=3.6 V — 3.8 — mA
Digital Supply Current—CPU Inactive (Sleep Mode, sourcing current to external device)
lgaT ! sourcing 9 mA to external device — 6.5 — mA
sourcing 19 mA to external device — 13 — mA
Notes:

1. Based on device characterization data; Not production tested.

2. Digital Supply Current depends upon the particular code being executed. The values in this table are obtained
with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop that accesses an
SFR, and moves data around using the CPU (between accumulator and b-register). The supply current will
vary slightly based on the physical location of this code in flash. As described in the Flash Memory chapter, it
is best to align the jump addresses with a flash word address (byte location /4), to minimize flash accesses
and power consumption.

3. Includes oscillator and regulator supply current.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Conditions

| Min | Typ | Max | Units

Digital Supply Current - Active Mode, No Clock Gating (PCLKACT=0x0F)
(CPU Active, fetching instructions from flash)

Vpp = 1.8-3.8V, T =25 °C

Sensitivity'- 3

Ipp 2 Vpp = 1.8-3.8V, F =24.5 MHz — 49 5.5 mA
(includes precision oscillator current)
Vpp = 1.8-3.8V, F =20 MHz — 3.9 — mA
(includes low power oscillator current)
Vpp=1.8V,F=1MHz — 175 — MA
Vpp=3.8V,F=1MHz — 190 — HA
(includes external oscillator/GPIO current)
Vpp = 1.8-3.8V, F = 32.768 kHz — 85 — MA
(includes SmaRTClock oscillator current)
‘oD F_“,aqu?n:y Vpp = 1.8-3.8V, T = 25°C — |18 — |wAMHz
Sensitivity
Digital Supply Current - Active Mode, All Peripheral Clocks Disabled (PCLKACT=0x00)
(CPU Active, fetching instructions from flash)
Iop 2 Vpp = 1.8-3.8V, F =24.5 MHz — 3.9 — mA
(includes precision oscillator current)
Vpp =1.8-3.8V, F =20 MHz — 3.1 — mA
(includes low power oscillator current)
Vpp=1.8V,F=1MHz — 165 — MA
Vpp=3.8V,F=1MHz — 180 — HA
(includes external oscillator/GPIO current)
Ipp Frequency — 140 — | JAIMHz

Notes::

minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.
Measured with one-shot enabled.

No oMo

1. Active Current measure using typical code loop—Digital Supply Current depends upon the particular code
being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0xOF.
Using SmaRTClock oscillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table

4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

Digital Supply Current—Idle Mode

No ahswbd

(CPU Inactive, not fetching instructions from flash)
|DD2 Vpp =1.8-3.8V, F =24.5 MHz — 3.5 — mA
(includes precision oscillator current)
Vpp =1.8-3.8V, F =20 MHz — 26 — mA
(includes low power oscillator current)
Vpp=18V,F=1MHz — 340 — MA
Vpp=3.8V,F=1MHz — 360 — MA
(includes external oscillator/GPIO current)
Vpp = 1.8-3.8V, F = 32.768 kHz — 12305 | — MA
(includes SmaRTClock oscillator current)
Iop Frequency Sensitivity® Vpp=1.8-3.8V,T=25°C — | 135 | — |uA/MHz
Digital Supply Current— Low Power Idle Mode, All peripheral clocks enabled (PCLKEN = 0x0F)
(CPU Inactive, not fetching instructions from flash)
|DD2, 6 Vpp = 1.8-3.8V, F =24.5 MHz — 1.5 1.9 mA
(includes precision oscillator current)
Vpp =1.8-3.8 V, F =20 MHz — 1.07 | — mA
(includes low power oscillator current)
Vpp=18V,F=1MHz — 270 — MA
Vpp=3.8V,F=1MHz — 280 — MA
(includes external oscillator/GPIO current)
Vpp = 1.8-3.8V, F = 32.768 kHz — | 92395 | — MA
(includes SmaRTClock oscillator current)
Iop Frequency Sensitivity® Vpp=1.8-3.8V, T=25°C — | 47° | — |UAMHz
Notes::
1. Active Current measure using typical code loop—Digital Supply Current depends upon the particular code

being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock oscillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

Digital Supply Current— Low Power Idle Mode, All Peripheral Clocks Disabled (PCLKEN = 0x00)
(CPU Inactive, not fetching instructions from flash)

|DD2, 7 Vpp =1.8-3.8V, F=245MHz — 487 — MA
(includes precision oscillator current)
Vpp =1.8-3.8V, F =20 MHz — 340 — MA
(includes low power oscillator current)
Vpp=18V,F=1MHz — 90 — MA
Vpp=3.8V,F=1MHz — 94 — MA
(includes external oscillator/GPIO current)
Iop Frequency Sensitivity> Vpp=1.8-3.8V, T=25°C — | 1% | — |WAMHz
Digital Supply Current—Suspend Mode
Digital Supply Current Vpp=18V — 77 — MA
(Suspend Mode) Vpp=3.8V — 84 —
Notes::
1. Active Current measure using typical code loop—Digital Supply Current depends upon the particular code

No asMwd

being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0xOF.
Using SmaRTClock oscillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

Digital Supply Current—Sleep Mode (LCD enabled, RTC enabled)

Digital Supply Current 1.8V, T =25 °C, static LCD 04 — MA
(Sleep Mode, SmaRTClock 3.0V, T =25 "°C, static LCD 0.6 —
running, internal LFO, LCD 3.6V, T=25"°C, static LCD 0.8 —
Contrast Mode 1, charge 1.8V, T =25 °C, 2-Mux LCD 07 | — LA
pump disabled, 60 Hz 3.0V, T =25 °C, 2-Mux LCD 1.0 | —
refresh rate, driving 32 3.6V, T=25°C, 2-Mux LCD 1.2 —
segment pins w/ no load) 1.8V, T = 25 °C, 4-Mux LCD 07 | — LA
3.0V, T=25°C, 4-Mux LCD 1.1 —
3.6V, T=25°C, 4-Mux LCD 1.2 —
Digital Supply Current 1.8V, T =25 °C, static LCD 0.8 — MA
(Sleep Mode, SmaRTClock 3.0V, T =25"°C, static LCD 1.1 —
running, 32.768 kHz Crys- 3.6V, T=25"°C, static LCD 14 —
tal, LCD Contrast Mode 1, 1.8V, T =25°C, 2-Mux LCD 11 _ LA
charge pump disabled, 3.0V, T=25°C, 2-Mux LCD 15 | —
60 Hz refresh rate, driving 3.6V, T=25°C, 2-Mux LCD 1.8 _
32 segment pins w/ no load) 1.8V, T =25 °C. 4-Mux LCD 12 — A
3.0V, T=25°C, 4-Mux LCD 1.6 —
3.6V, T=25°C,4-Mux LCD 1.9 —
Digital Supply Current 1.8V, T =25 °C, static LCD 1.2 — MA
(Sleep Mode, SmaRTClock 1.8V, T=25°C, 2-Mux LCD 1.6 —
running, internal LFO, LCD 1.8V, T=25°C, 3-Mux LCD 1.8 —
Contrast Mode 3 (2.7 V), 1.8V, T=25°C, 4-Mux LCD 2.0 —
charge pump enabled,
60 Hz refresh rate, driving
32 segment pins w/ no load)

Notes::

No o sMwDd

1. Active Current measure using typical code loop—Digital Supply Current depends upon the particular code
being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.
Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0xOF.
Using SmaRTClock oscillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min | Typ | Max | Units

Digital Supply Current 1.8V, T =25 °C, static LCD — 1.3 — MA
(Sleep Mode, SmaRTClock 1.8V, T=25°C, 2-Mux LCD — 1.8 —
running, 32.768 kHz Crys- 1.8V, T=25°C, 3-Mux LCD — 1.8 —
tal, LCD Contrast Mode 3 1.8V, T=25°C, 4-Mux LCD — 20 —
(2.7 V), charge pump
enabled, 60 Hz refresh rate,
driving 32 segment pins w/
no load)
Digital Supply Current—Sleep Mode (LCD disabled, RTC enabled)
Digital Supply Current 1.8V, T=25°C — 0.35 — MA
(Sleep Mode, SmaRTClock 30V, T=25°C — 0.55 —
running, 32.768 kHz crystal) 36V, T=25°C — 0.60 —

1.8V, T=85°C — 156 | __

3.0V, T=85°C 1238 |

36V, T=85°C 2.79

(includes SmaRTClock oscillator and - -
Vgat Supply Monitor)

Digital Supply Current 1.8V, T=25°C — 0.20 — MA
(Sleep Mode, SmaRTClock 30V, T=25°C — 0.35 —
running, internal LFO) 36V, T=25°C — 0.45 —

1.8V, T=85°C _ 130 | __

3.0V, T=85°C 1206 |

36V, T=85°C 2.41

(includes SmaRTClock oscillator and - _
Vgat Supply Monitor)

Notes::

1.

No ahsMwbd

Active Current measure using typical code loop—Digital Supply Current depends upon the particular code
being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock oscillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

No ahswbd

Parameter ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
Digital Supply Current—Sleep Mode (LCD disabled, RTC disabled)
Digital Supply Current 18V, T=25°C — 0.05 — MA
(Sleep Mode) 30V, T=25°C — 0.08 —
36V, T=25°C — 0.12 —
1.8V, T=85°C _ 1.2 _
30V, T=85°C . 2.2 -
36V, T=85°C 24
(includes POR supply monitor) — _
Digital Supply Current 1.8V, T=25°C — 0.01 — MA
(Sleep Mode, POR Supply 30V, T=25°C — 0.02 —
Monitor Disabled) 36V, T=25°C — 0.03 —
1.8V, T=85°C — 1.1 —
30V, T=85°C — 2.1 —
36V, T=85°C — 2.3 —
Notes::
1. Active Current measure using typical code loop—Digital Supply Current depends upon the particular code

being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock oscillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Figure 4.1. Frequency Sensitivity (External CMOS Clock, 25°C)
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Table 4.5. Port I/O DC Electrical Characteristics
Vo = 1.8 10 3.8V, 40 to +85 °C unless otherwise specified.

Parameters Conditions Min Typ Max Units
Output High Voltage | High Drive Strength, PnDRV.n = 1
IOH = -3 mA, Port I/O push-pull V,o—0.7 _ _
IOH =—-10 pA, Port I/0O push-pull Vo —0.1 _ .
IOH =-10 mA, Port I/O push-pull See Chart
\Y
Low Drive Strength, PNDRV.n =0
IOH = -1 mA, Port I/O push-pull Vio—-0.7 — —
IOH = -10 pA, Port I/O push-pull Vio—0.1 — —
IOH = -3 mA, Port I/O push-pull . See Chart —
Output Low Voltage |High Drive Strength, PnDRV.n = 1
loL = 8.5 mA . o 06
loL =10 pA _ _ 0.1
loL =25 mA — See Chart —
\Y
Low Drive Strength, PnDRV.n =0
loL = 1.4 mA — — 0.6
loL =10 pA — - 0.1
loL = 4 mA — See Chart —
Input High Voltage |Vpp=2.0t03.8V Vio—-0.6 — — Vv
Vpp=18to2.0V 0.7 x Vo — — \Y;
Input Low Voltage |Vpp=2.0t03.8V — — 0.6 V
Vpp=18to2.0V — — 0.3xV|g \Y%
Weak Pullup Off — — +1
'(’:‘Sr‘:tehteakage Weak Pullup On, Vi =0V, Vpp=1.8V| 4 _ uA
Weak Pullup On, Vin=0V, Vpp=3.8V — 20 35
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Typical VOH (High Drive Mode)
3.6
33 — VDD =3.6V
3 1 — VDD =3.0V
2.7 1 — VDD =24V
247 — VDD =18V
E 21
1.8 1
1.5 A
1.2
0.9 \ \ \ \ \ \ \ \ T !
0 5 10 15 20 25 30 35 40 45 50
Load Current (mA)
Typical VOH (Low Drive Mode)
3.6
33 — VDD =3.6V
3 1 — VDD = 3.0V
2.7 1 — VDD =24V
24 — VDD =18V
S 21 -
1.8 1
1.5+
1.2
99 S WD W S
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Load Current (mA)

Figure 4.2. Typical VOH Curves, 1.8-3.6 V
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Typical VOL (High Drive Mode)
1.8
\ \ ) — VDD =3.6V
15
— VDD =3.0V
1.2
— VDD =24V
(0]
D
% 0.9 - — VDD =1.8V
>
0.6 1
0.3 1
0 T T T T T T T 1
-80 -70 -60 -50 -40 -30 -20 -10 0
Load Current (mA)
Typical VOL (Low Drive Mode)
1.8
— VDD =3.6V
1.5 A
— VDD =3.0V
1.2
— VDD =24V
(0]
D
£ 09 - — VDD =1.8V
s
0.6 1
0 T T T T T T T T T 1
10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0
Load Current (mA)

Figure 4.3. Typical VOL Curves, 1.8-3.6 V
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Table 4.6. Reset Electrical Characteristics
Vpp = 1.81t0 3.8V, 40 to +85 °C unless otherwise specified.

Current

Parameter Conditions Min Typ Max Units

RST Output Low Voltage loL = 1.4 mA, — — 0.6 \
RST Input High Voltage Vpp =2.0t03.8V Vpp-06| — — \Y

Vpp=18t02.0V 0.7xVpp| — — \Y
RST Input Low Voltage Vpp=2.0t0 3.8V — — 0.6 \Y

Vpp=1.8to20V — — 103xVpp| V
=== RST=0.0V,VDD = 1.8V — 4 —
RST Input Pullup Current RST =00 V. VDD = 3.8 V . 20 35 MA
VDD Monitor Threshold Early Warning 18 185 19 v
(VksT) Reset Trigger 17 |175| 18

(all power modes except Sleep)
VBAT Ramp Time for VBAT Ramp from 0-1.8 V — — 3 ms
Power On
POR Monitor Threshold Brownout Condition (VDD Falling) 0.45 0.7 1.0 Vv
(VPor) Recovery from Brownout (VDD Rising) — 1.75 —
M|53|ng Clock Detector Time from last syste_m glqck rising edge 100 650 1000 us
Timeout to reset initiation
Minimum System Clock w/ . :
Missing Clock Detector System CI.O ck frequency Wh'(?h triggers — 7 10 kHz
a missing clock detector timeout
Enabled
Delay between release of any reset
Reset Time Delay source and code — 10 — VE
execution at location 0x0000

Minimum RST Low Time to 15 . . s
Generate a System Reset H
D|g|taI/AngIog Monitor . 300 . ns
Turn-on Time
Digital Monitor Supply . .
Current 14 WA
Analog Monitor Supply . 14 . uA

Note: The VBAT monitor electrical specifications apply to both the analog and digital VBAT monitors (Register 22.1,
“YDMOCN: VDD Supply Monitor Control,” on page 282).
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Table 4.7. Power Management Electrical Specifications
Vpp = 1.8 to 3.8 V, 40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Idle Mode Wake-up Time 2 — 3 SYSCLKs
Suspend Mode Wake-up Time CLKDIV = 0x00 — 400 — ns
Low Power or Precision Osc.
Sleep Mode Wake-up Time — 2 — us

Table 4.8. Flash Electrical Characteristics
Vpp = 1.8 to 3.8 V, 40 to +85 °C unless otherwise specified.,

Parameter Conditions Min Typ Max Units
Flash Size Si1020/24/30/34 131072 — — bytes
Si1021/25/31/35 65536 — — bytes
Si1022/26/32/36 32768 — — bytes
Si1023/27/33/37 16384 — — bytes
Endurance 20k | 100k | — Er‘;‘:sfél\évs”te
Erase Cycle Time 28 32 36 ms
Write Cycle Time 57 64 71 V]

Table 4.9. Internal Precision Oscillator Electrical Characteristics
Vpp = 1.8 10 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
. —40 to +85 °C,
Oscillator Frequency Vpp = 1.8-3.8 V 24 24.5 25 MHz
Oscillator Supply Current 25 °C; includes bias current o 300" . A
(from Vpp) of 50 pA typical H

*Note: Does not include clock divider or clock tree supply current.

Table 4.10. Internal Low-Power Oscillator Electrical Characteristics
Vpp = 1.8 10 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units

. —40 to +85 °C,
Oscillator Frequency Vpp = 1.8-3.8 V 18 20 22 MHz

. 25°C
Oscillator Supply Current

PPY No separate bias current — 100* — MA
(from Vpp) ,
required

*Note: Does not include clock divider or clock tree supply current.
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Table 4.11. SmaRTClock Characteristics
Vpp = 1.8 t0 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Oscillator Frequency (LFO) 13.1 16.4 19.7 kHz
Table 4.12. ADCO Electrical Characteristics
Vpp = 1.810 3.8V, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
DC Accuracy
. 12-bit mode 12 .
Resolution 10-bit mode 10 bits
o 12-bit mode’ — +1 +3
Integral Nonlinearity 10-bit mode . +0.5 +1 LSB
Differential Nonlinearity 12-bit mode’ — 0.8 12 LSB
(Guaranteed Monotonic) 10-bit mode — +0.5 11
12-bit mode — <1 +3
Offset Error 10-bit mode . 1<t +3 LSB
12-bit mode? — +1 +4
Full Scale Error 10-bit mode . 1 425 LSB

Dynamic performance (10 kHz s
sampling rate)

ine-wave single-ended input, 1 dB below Full Scale, maximum

12-bit mode

62

65

. _ . . . . 3
Signal-to-Noise Plus Distortion 10-bit mode 54 58 — dB
12-bit mode — 76 —
. ~ " . . 3
Signal-to-Distortion 10-bit mode _ 73 — dB
Sourious-Free D R 5 12-bit mode — 82 — dB
purious-Free Dynamic Range 10-bit mode _ 75 -
Conversion Rate
. Normal Power Mode — — 8.33
SAR Conversion Clock Low Power Mode _ _ 44 MHz
; . 10-bit Mode 13 — —
Conversion Time in SAR Clocks 8-bit Mode 1 . . clocks
Initial Acquisition 15 . _
Track/Hold Acquisition Time Subsequent Acquisitions ' us
) 1.1 — —
(dc input, burst mode)
12-bit mode — — 75
Throughput Rate 10-bit mode . . 300 ksps

1. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
2. The maximum code in 12-bit mode is OXxFFFC. The Full Scale Error is referenced from the maximum code.
3. Performance in 8-bit mode is similar to 10-bit mode.
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Table 4.12. ADCO Electrical Characteristics (Continued)
Vpp =1.810 3.8V, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Analog Inputs

ADC Input Voltage Range Single Ended (AIN+ — GND) 0 — VREF \Y

Absolute Pin Voltage with respect .

to GND Single Ended 0 — VDD Vv
. . 1x Gain 16

Sampling Capacitance 0.5x Gain — 13 — pF

Input Multiplexer Impedance — 5 — kQ

Power Specifications

Normal Power Mode:

Conversion Mode (300 ksps) | — 650 —
Power Supply Current Tracking Mode (0 ksps) — 740 —
(Vpp supplied to ADCO) Low Power Mode: HA
Conversion Mode (150 ksps) | — 370 —
Tracking Mode (0 ksps) — 400 —
_— Internal High Speed VREF — 67 —
Power Supply Rejection External VREF . 74 . dB

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

Table 4.13. Temperature Sensor Electrical Characteristics
Vpp = 1.8 t0 3.8 V, 40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Linearity — 11 — °C
Slope — 3.40 — mV/°C
Slope Error* — 40 — pv/°C
Offset Temp =25°C — 1025 — mV
Offset Error* Temp =25°C — 18 — mV
Temperature Sensor Turn-On
Time - ol = ks
Supply Current — 35 — MA

*Note: Represents one standard deviation from the mean.
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Table 4.14. Voltage Reference Electrical Characteristics
Vpp = 1.8 to 3.8 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Internal High-Speed Reference (REFSL[1:0] = 11)
—40 to +85 °C,
Output Voltage Vpp = 1.8-3.8 V 1.62 1.65 1.68 \Y
VREF Turn-on Time — — 1.5 [V
Normal Power Mode — 260 —
Supply Current Low Power Mode — 140 — WA
External Reference (REFSL[1:0] = 00, REFOE = 0)
Input Voltage Range 0 — Vbp \
Sample Rate = 300 ksps;
Input Current VREFE = 3.0V — 5.25 — MA
) Rev. 1.0 64
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Table 4.15. IREFO Electrical Characteristics
VDD =1.810 3.8 V, —40 to +85 °C, unless otherwise specified.

Parameter Conditions Min Typ Max Units
Static Performance
Resolution 6 bits
Low Power Mode, Source 0 — Vpp—-04
Output Compliance Range Hlﬁzvsgr;j::rl\lc/l%?;,ss?slice 0?3 B VD\D/D_DOB Y%
High Current Mode, Sink 0.8 — Vpp
Integral Nonlinearity — <+0.2 1.0 LSB
Differential Nonlinearity — <+0.2 +1.0 LSB
Offset Error — <+0.1 0.5 LSB
Low Power Mode, Source — — 5 %
High Current Mode, Source — — 6 %
Full Scale Error :
Low Power Mode, Sink — — 8 %
High Current Mode, Sink — — 18 %
Absolute Current Error L(s)\gul:c?r\?l;;g/lﬁie — <+1 +3 %
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 — WA
any output source current) IREFODAT = 111111 _ 10 _ A
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

Note: Refer to “6.1. PWM Enhanced Mode” on page 102 for information on how to improve IREFO resolution.
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Table 4.16. Comparator Electrical Characteristics
Vpp = 1.8 t0 3.8 V, 40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units
Response Time: CPO+ — CPO- =100 mV — 120 — ns
Mode 0, Vpp =24V, Ve =12V | CPO+ - CPO-=-100mV | — 110 — ns
Response Time: CPO+ — CPO- =100 mV — 180 — ns
Mode 1, Vpp =24V, Vgy = 1.2V | CPO+—CPO-=-100mV | — 220 — ns
Response Time: CPO+ — CPO- =100 mV — 350 — ns
Mode 2, Vpp =2.4V, VCM* =12V | CPO+ - CP0-=-100 mV — 600 — ns
Response Time: CPO+ — CPO- =100 mV — 1240 — ns
Mode 3, Vpp =24V, Vg =1.2V | CPO+-CP0-=-100mV | — | 3200 — ns
Common-Mode Rejection Ratio — 1.5 — mV/V
Inverting or Non-Inverting Input B -
Voltage Range 0.25 Vpp *+ 0.25 Y
Input Capacitance — 12 — pF
Input Bias Current — 1 — nA
Input Offset Voltage -10 — +10 mV
Power Supply
Power Supply Rejection — 0.1 — mV/V
VDD =3.8V — 0.6 — V&
, vDD=3.0V — 1.0 — V&
Power-up Time
VDD =24V — 1.8 — V&
vDD =18V — 10 — V&
Mode 0 — 23 — MA
Mode 1 — 8.8 — A
Supply Current at DC H
Mode 2 — 2.6 — MA
Mode 3 — 0.4 — MA
*Note: Vcm is the common-mode voltage on CP0O+ and CPO-.
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Table 4.16. Comparator Electrical Characteristics (Continued)
Vpp = 1.8 t0 3.8 V, 40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units

Hysteresis
Mode O
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) — 6.5 — 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 (CPnHYP/N1-0 = 01) — 4.5 — mV
Hysteresis 3 (CPnHYP/N1-0 = 10) — 9 — mV
Hysteresis 4 (CPNHYP/N1-0 = 11) — 17 — mV
*Note: Vem is the common-mode voltage on CPO+ and CPO-.
Table 4.17. VREGO Electrical Characteristics
Vpp = 1.8 t0 3.8 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Input Voltage Range 1.8 — 3.8 Vv
Bias Current Normal, idle, suspend, or stop mode — 20 — MA
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Table 4.18. LCDO Electrical Characteristics
Vpp = 1.8 10 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Charge Pump Output Voltage . +30 . mv
Error
LCD Clock Frequency 16 — 33 kHz
Table 4.19. PCO Electrical Characteristics
Vpp = 1.8 10 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
1.8V — 145 —
Supply Current 22V — 175 — A
(25 °C, 2 ms sample rate) 3.0V — 235 —
3.8V — 285 —
) Rev. 1.0 68
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Table 4.20. DCO (Buck Converter) Electrical Characteristics
Vpp = 1.8 10 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Condition Min Typ Max Units
Input Voltage Range 1.8 — 3.8 Vv
Input Supply to Output
Voltage Differential 0.45 — — \Y
(for regulation)
Output Voltage Range Programmable from 1.8 to 3.5V 1.8 1.9 3.5 Vv
Vpc =1.8103.0 V.
Output Power Vgar > Vpe + 0.5. 250 mwW
Output Load Current — — 85 mA
Inductor Value' 047 | 056 | 0.68 uH
For load currents less than 50 mA 450 . .
Inductor Current Rating For load currents greater than mA
550 — —
50 mA
Output Capacitor Value? 1 2.2 10 uF
Input Capacitor2 — 4.7 — MF
Target output = 1.8 to 3.0 V3 _ _ 853
Output Load Current Target output = 3.1 V3 — — 703
(based on output power Target outout = 3.3 V3 — — 503 mA
specification) arget output = 5. 4 — — 4
Target output = 3.5 V . . 10
Output=1.9V;
Load Regulation Load current up to 85 mA; — 0.03 — mV/mA
Supply range =2.4-3.8 V
Maximum DC Load Current . . 5 mA
During Startup
Switching Clock Frequency 1.9 29 3.8 MHz

Notes:

1. Recommended: Inductor similar to NLV32T-R56J-PF (0.56 pH)

2. Recommended: X7R or X5R ceramic capacitors with low ESR. Example: Murata GRM21BR71C225K with
ESR <10 mQ (@ frequency > 1 MHz)

3. VgaT 2 Vpc + 0.5. Auto-Bypass enabled (DCOMD.2 = 1).

4. Vgat = 3.8V. Auto-Bypass disabled (DCOMD.2 = 0).
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4.3. EZRadioPRO® Peripheral Electrical Characteristics

Table 4.21. DC Characteristics

Parameter

Symbol

Conditions

Min

Typ

Max

Units

Supply Voltage
Range

Vbp_RF

1.8

3.0

3.6

Power Saving Modes

|Shutdown

RC Oscillator, Main Digital Regulator,
and Low Power Digital Regulator OFF

15

50

nA

IStandby

Low Power Digital Regulator ON (Register
values retained) and Main Digital
Regulator, and RC Oscillator OFF

450

800

nA

ISleep

RC Oscillator and Low Power Digital
Regulator ON
(Register values retained) and Main Digital
Regulator OFF

WA

ISensor—
LBD

Main Digital Regulator and Low Battery
Detector ON,
Crystal Oscillator and all other blocks OFF

MA

ISensor-TS

Main Digital Regulator and Temperature
Sensor ON,
Crystal Oscillator and all other blocks OFF

WA

IReady

Crystal Oscillator and Main Digital
Regulator ON,
all other blocks OFF. Crystal Oscillator
buffer disabled

800

MA

TUNE Mode Current

ITune

Synthesizer and regulators enabled

8.5

mA

RX Mode Current

Irx

18.5

mA

TX Mode Current
Si1020/21/22/23/30/
31/32/33

lTx_+20

txpow[2:0] = 111 (+20 dBm)
Using Silicon Labs’ Reference Design.
TX current consumption is dependent on
match and board layout.

85

mA

TX Mode Current
Si1024/25/26/27/34/
35/36/37

lTx_+13

txpow[2:0] = 110 (+13 dBm)
Using Silicon Labs’ Reference Design.
TX current consumption is dependent on
match and board layout.

30

mA

ITx_+1

txpow[2:0] = 010 (+1 dBm)
Using Silicon Labs’ Reference Design.
TX current consumption is dependent on
match and board layout.

17

mA

SILICON LABS
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Table 4.22. Synthesizer AC Electrical Characteristics

Parameter Symbol Conditions Min | Typ | Max | Units
Synthesizer Frequency Fsvyn 240 — 960 | MHz
Range
Synthesizer Frequency Fres.LB Low Band, 240-480 MHz — |1566.25| — Hz
Resolution FRES.HB High Band, 480-960 MHz — 3125 — | Hz
Reference Frequency frRer Lv | When using external reference | 0.7 — 1.6 \Y
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' AFRrms | Integrated over £250 kHz band- | — 2 4 | kHzrus
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:

1. Guaranteed by characterization; not production tested.
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Table 4.23. Receiver AC Electrical Characteristics

Parameter Symbol Conditions Min Typ Max | Units
RX Frequency Range Frx 240 — 960 | MHz
RX Sensitivity' Prx 2 (BER < 0.1%) — | 121 | — | dBm
- (2 kbps, GFSK, BT = 0.5,
Af = 45 kHz)?
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)
PRx 125 (BER < 0.1%) — -101 — | dBm
- (125 kbps, GFSK, BT = 0.5,
Af = +62.5 kHz)
PRx 00K (BER < 0.1%) — -110 — dBm
- (4.8 kbps, 350 kHz BW, OOK)
(BER < 0.1%) — -102 — dBm
(40 kbps, 400 kHz BW, OOK)
RX Channel Bandwidth? BW 26 — 620 | kHz
BER Variation vs Power | Pry res Up to +5 dBm Input Level — 0 0.1 ppm
Level? -
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 — [107-137)| —
RSSI Resolution RESRss) — +0.5 — dB
+1-Ch Offset Selectivity Cll4_cH Desired Ref Signal 3 dB above — =31 — dB
- i sensitivity, BER < 0.1%. Interferer [ _ _
+2-Ch Offset Selectlw'ty' CllycH and desired modulated with 35 dB
> £3-Ch Offset Selectivity | C/l3.cy |40 kbps AF =20 kHz GFSK with BT | — —40 — dB
= 0.5, channel spacing = 150 kHz
Blocking at 1 MHz Offset | 1Mg ock | Desired Ref Signal 3 dB above — -52 — dB
; sensitivity. Interferer and desired _ _ _
Blockfng at4 MHz Offset | 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 Imgey Rejection at the image frequency. — -30 — dB
IF=937 kHz
Spurious Emissions’ PoB Rx1 Measured at RX pins — — —-54 | dBm

Notes:

recommendations.

2. Guaranteed by characterization; not production tested.

1. 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
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Table 4.24. Transmitter AC Electrical Characteristics

1. Guaranteed by characterization; not production tested.
2. Output power is dependent on matching components, board layout, and is measured at the pin.

Parameter Symbol Conditions Min Typ Max | Units
TX Frequency Range Frx 240 — 960 MHz
FSK Data Rate' DRpsk 0.123| — | 256 | kbps
OOK Data Rate' DRook 0.123 | — 40 kbps
Modulation Deviation Af1 860-960 MHz 10.625 1320 | kHz
Af2 240-860 MHz +0.625 +160 | kHz
Modulation Deviation Afres — 10625 | — kHz
Resolution
Output Power Range— Prx +1 — +20 | dBm
Si1020/21/22/23/30/31/32/33?
Output Power Range— P1x -4 — +13 | dBm
Si1024/25/26/27/34/35/36/372
TX RF Output Steps APRr out | controlled by txpow([2:0] — 3 — dB
TX RF OUtpUt Level APRF TEMP —40 to +85 °C — 2 — dB
Variation vs. Temperature B
TX RF Output Level APRr Freq| Measured across any one — 1 — dB
Variation vs. Frequency B frequency band
Transmit Modulation B*T Gaussian Filtering Band- — 0.5 —
Filtering width Time Product
Spurious Emissions’ Pos-x1 Pout = +13 dBm, — — -54 | dBm
Frequencies <1 GHz
Pos-Tx2 1-12.75 GHz, excluding — — -54 | dBm
harmonics
Harmonics' Ponarm | Using reference design TX | — — —42 | dBm
P3HARM matching network and filter [ _ _ —42 | dBm
with max output power. Har-
monics reduce linearly with
output power.
Notes:
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Table 4.25. Auxiliary Block Specifications

Parameter Symbol Conditions Min Typ Max Units
Temperature Sensor TS After calibrated via sen- — 0.5 — °C
Accuracy 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 — V&
Conversion Time
Microcontroller Clock Fuve Configurable to 32.768k — 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 “32.5.5. Crystal — 97 — fF
Resolution Oscillator” on page 457
for the total load capaci-
tance calculation
32 kHz XTAL Start-Up Time t3ok — 6 — sec
32 kHz Accuracy using 32KRCRgs — 1000 — ppm
Internal RC Oscillator
32 kHz RC Oscillator t3okre — 500 — us
Start-Up
POR Reset Time tpor Current consumption — 9.5 — ms
during POR time is
200 pA typical
Software Reset Time tsoft — 250 — us
) Rev. 1.0 74
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Table 4.26. Digital 10 Specifications (nIRQ)

Parameter Symbol Conditions Min Typ Max | Units
Rise Time' Trise | 0.1xVpp rrt0 0.9 x Vpp rr — — 8 ns
C|_ =5pF
Fall Time1 TFALL 0.9 x VDD_RF to 0.1 x VDD_RF, — — 8 ns
C|_ =5 pF

Input Capaci- CiN — — 1 pF
tance'

Logic High Level Vi Vpp rp— 0.6 — — \Y
Input Voltage B

Logic Low Level Vi — 0.6 \Y
Input Voltage

Input Current IIN 0<V|\< VDD_RF -100 — 100 nA
Logic High Level VoH lon<1 mA source, Vpp rp=1.8V | Vpp rr— 0.6 — — \Y
Output Voltage

Logic Low Level VoL loL<1 mA sink, Vpp rp=1.8V — — 0.6 \
Output Voltage -

Notes:

1. Guaranteed by characterization; not production tested.
Table 4.27. GPIO Specifications (GPIO_0, GPIO_1, and GPIO_2)
Parameter Symbol Conditions Min Typ | Max | Units
Rise Time1 TRISE 0.1 x VDD RF t0 0.9 x VDD RF — — 8 ns
C_ =10 pF, DRV<1:0> = HH
Fall Time1 TFALL 0.9 x VDD RF to 0.1 x VDD RF, — — 8 ns
C_ = 10 pF, DRV<1:0> = HH

Input Capacitance’ Cin — — 1 pF
Logic High Level Input Vi Vpp Rrp—06 | — \
Voltage

Logic Low Level Input Vi — — 0.6 \Y
Voltage

Input Current N 0<ViN< Vpp RF -100 — 100 nA
Input Current If Pul- linp ViL=0V 5 — 25 MA
lup is Activated

Maximum Output lomaxLL DRV<1:0> = LL 0.1 0.5 0.8 mA
Current 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 VoH loH< lomax SOUrce, Vpp Rpp—0.6 | — — \Y
Output Voltage Vbp re = 1.8V -

Notes:

1. Guaranteed by characterization; not production tested.
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Table 4.27. GPIO Specifications (GPIO_0, GPIO_1, and GPIO_2) (Continued)

Logic Low Level VoL loL< lomax Sink, — — 0.6 \
Output Voltage Vpp rp=18V
Notes:
1. Guaranteed by characterization; not production tested.

Table 4.28. Absolute Maximum Ratings

Parameter Value Unit
Vpp_rr to GND -0.3, +3.6 \Y,
Instantaneous VRr.peak to GND on TX Output Pin -0.3, +8.0 \Y,
Sustained VRg_peak to GND on TX Output Pin -0.3, +6.5 \
Voltage on Digital Control Inputs -0.3,Vpp rr + 0.3 \
Voltage on Analog Inputs -0.3,Vpp rr + 0.3 V
RX Input Power +10 dBm
Operating Ambient Temperature Range Ty —40 to +85 °C
Thermal Impedance 65 30 °C/W
Junction Temperature T +125 °C
Storage Temperature Range Tg1g —55to +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 will influence TX VRF-peak on TX output pin.

Table 4.29. Thermal Properties

Parameter Value Unit
Operating Ambient Temperature Range Ty —40 to +85 °C
Thermal Impedance 6, 30 °C/W
Maximum Junction Temperature T +125 °C
Storage Temperature Range Tg1g -551to0 +125 °C

device.

Note: Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the
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5. SAR ADC with 16-bit Auto-Averaging Accumulator and
Autonomous Low Power Burst Mode

The ADCO on Si102x/3x 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 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 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 ADCO operates 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
=|&i|le|alE gis|e
oEIZ12|2|5|5|6
o|lNS|m = S|als
2(5(2|8|8|alala
SEIREIEEIEE
T .
| i VDD Start 000 —— ADOBUSY (W)
ADCOTK || Convarsion | 001 |—— Timer 0 Overflow
Burst Mode Logic | “onversion | 010 |—— Timer 2 Overflow
ADCOPWR 011 —— Timer 3 Overflow
100 —— CNVSTR Input
f==——--- 1 1 0/1 2-Bit 2
[}
| From i AIN+ SAR —_>8
I AMUXO | <
: ' A D C — 16-Bit Accumulator
________ l—>|
I
S
18
o2 JTR
— SE
Q — ADOWINT
? t
PR E— Window
- | 1 Compare
(ol o|w 32 Logi
= ogic
?|3|2|3|3|8|E|S| [ADCOLTH]|[ADCOLTL |
o|lo|lo|lo|o|O o
alalalalalal28|s
<|<|[<|<|<|<|<| =< [ 1
ADCOCF |ADCOGTH| | ADCOGTL |

Figure 5.1. ADCO Functional Block Diagram

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 0.
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Input Voltage

Right-Justified ADCOH:ADCOL
(ADOSJST = 000)

Left-Justified ADCOH:ADCOL

(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 = Oxx); 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 O0XOFFC 0x3FFO0 OXFFCO
VRer X 512/1024 0x0800 0x2000 0x8000
VRer X 511/1024 0x07FC 0x1FFO 0x7FCO

0 0x0000 0x0000 0x0000

The ADOSJST bits can be used to format 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
VRer x 1023/1024 0x07F7 O0xOFFC O0x1FF8
VRer X 512/1024 0x0400 0x0800 0x1000
VRer X 511/1024 0x03FE 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 the fol-
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. A rising 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 reset to logic 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 “33. Timers” on
page 483 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 “27. Port Input/Out-
put” on page 351 for details on Port I/O configuration.

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 4.12. 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. Settling Time Require-
ments” on page 82.
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CNVSTR
(ADOCM[2:0]=100)

SAR Clocks |

ADOTM=1

ADOTM=0

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

Timer 1, Timer 3 Overflow

(ADOCM[2:0]=000, 001,010
011, 101)

SAR
Clocks

ADOTM=1

SAR
Clocks

ADOTM=0

A. ADCO Timing for External Trigger Source

123 4567 8 91011121314

Low Power Low Power
or Convert Track Sl Mode
Track or Convert Convert Track

B. ADCO Timing for Internal Trigger Source

|

123 456 7 8 91011121314 1516 17

I

Low Power

or Convert Track

Convert

Low Power Mode

1234567 8 91011121314

[ Ty uuuyT

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. If ADCO is 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 to issue a convert start signal no faster than once every
four SYSCLK periods. This includes external convert start signals.

System Clock
Convert Start ——» ]
ADOTM =1 Powered Power-Up [T T T T Powered | Power-Up
ADOEN =0 Down and Track |3 CT 3 T 3 cT 3 ¢ Down and Track T C-
ADOTM =0 Powered Power-Up Powered Power-Up
ADOEN =0 Down and Track cimemelme Down and Track TG
ADOPWR>| > [« ADOTK

T = Tracking set by ADOTK
T3 = Tracking set by ADOTM (3 SAR clocks)
C = Converting

Figure 5.3. Burst Mode Tracking Example with Repeat Count Set to 4
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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 . When measuring the Temperature Sensor output or
Vpp with respect to GND, Rrgta, reduces to Ryyx. See Table 4.12 for ADCO minimum settling time

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

- (2
t= |”(§) x RroraLCsampLE

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

Rclnput= Rmux * CsampLE =

Note: The value of CSAMPLE depends on the PGA Gain. See Table 4.12 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
directly by Vggr. In 0.5x mode, the full-scale reading of the ADC occurs when the input voltage is Vggr 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 Vg 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 ADCO08BE 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

Si102x/3x 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 conversions, 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 resolution of ac
or dc input signals without depending on noise to provide dithering. The converter also employs a hard-
ware 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 converter 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 measurements.

The 12-bit mode is enabled by setting the AD012BE bit (ADCOAC.7) to logic 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-bit results, 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.
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5.5. Low Power Mode

The SAR converter provides a low power mode 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. See the 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. Representative Conversion Times and Energy Consumption for the SAR ADC
with 1.65 V High-Speed VREF

Normal Power Mode Low Power Mode
8 bit 10 bit 12 bit 8 bit 10 bit 12 bit
Highest nominal 8.17 MHz 8.17 MHz 6.67 MHz 4.08 4.08 4.00 MHz
SAR clock (24.5/3) (24.5/3) (20.0/3) MHz MHz (20.0/5)
frequency (24.5/6) (24.5/6)
Total number of 11 13 52 (13 x 4) 11 13 52 (13*4)
conversion clocks
required
Total tracking time 1.5us 1.5us 4.8 us 1.5us 1.5 us 4.8 us
(min) (1.5+3x 1.1) (1.5+3x 1.1)
Total time for one 2.85 us 3.09 ps 12.6 us 4.19 us 4.68 us 17.8 us
conversion
ADC Throughput 351 ksps 323 ksps 79 ksps 238 ksps | 214 ksps 56 ksps
Energy per 8.2nJ 8.9nJ 36.5nJ 6.5nJ 7.3nd 27.7nJ
conversion
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 given in Table 4.12 allow for maximum oscillation
frequencies of 25.0 MHz and 22 MHz for the precision and low-power oscillators, 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[2:0]
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 = OxEB8; 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 Interrupt 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] ADO8SBE | ADOTM | AMPOGN
Type R/W R/W R/W R/W
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 4.12.
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 P —
SAR © ADOSC +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.
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SFR Definition 5.3. ADCOAC: ADCO Accumulator Configuration

Bit 7 6 5 4 3 2 1 0
Name | ADO12BE | ADOAE ADOSJST[2:0] ADORPTI[2:0]
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. Always reads 0Ob.

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

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

001: Right justified. Shifted right by 1 bit.

010: Right justified. 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 R/W R R R R/W
Reset 0 0 0 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 = 1 and ADOEN = 0:
ADCO enters a low power state after all conversions are 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_ o
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 1 0
Name ADOTK[5:0]
Type R R R/W
Reset 0 1 1 1 1 0

SFR Page = 0xF; SFR Address = 0xBD

Bit Name Function
7 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:

Ttrack_ 1)

ADOTK = 63—( E0ns

or

Ttrack = (64 — ADOTK)50ns

Notes:

1. If ADOTM is set to 1, an additional 3 SAR clock cycles of Track time will be inserted prior to starting the

conversion.
2. The Burst Mode Track delay is not inserted 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

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 | ADCO0[15:8] | ADCO Data Word High Most Significant Byte of the | Set the most significant
Byte. 16-bit ADCO Accumulator | byte of the 16-bit ADCO

formatted according to the | Accumulator to the value
settings in ADOSJST[2:0]. |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 Word Low Byte

Bit 7 6 5 4 3 2 1 0
Name ADCO[7:0]
Type R/W
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. 16-bit ADCO Accumulator byte of the 16-bit ADCO

formatted according to the Accumulator to the value
settings in ADOSJST[2:0]. 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.

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 the ADCO
Less-Than and ADCO Greater-Than registers.
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SFR Definition 5.8. ADCOGTH: ADCO Greater-Than High Byte

Bit 7 6 5 4 3 1 0
Name ADOGT[15:8]
Type R/W
Reset 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = 0xC4
Bit Name Function
7:0 | ADOGT[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 1 0
Name ADOGT[7:0]
Type R/W
Reset 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = 0xC3
Bit Name Function
7:0 | ADOGT[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]

Type R/W
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

Bit 7 6 5 4 3 2 1 0
Name ADOLT[7:0]
Type R/W
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.
Least Significant Byte of the 16-bit Less-Than window compare register.

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

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.

92 Rev. 1.0

SILICON LABS



Si1102x/3x

ADCOH:ADCOL

A

ADCOH:ADCOL

Input Voltage 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 <—| ADCOLTH:ADCOLTL | VREF x (128/1024) 0x0080 <—| ADCOGTH:ADCOGTL |
“““““““““““““““““““““ 0x007F
ADOWINT=1 ot affected
e 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

A

ADCOH:ADCOL

ADOWINT=1

ADOWINT=1

Input Voltage Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/1024) | OxFFCO VREF x (1023/1024)
ADOWINT
not affected
0x2040
VREF x (128/1024) |  0x2000 |« ADCOLTH:ADCOLTL | VREF x (128/1024) |  0x2000 | «— ADCOGTH:ADCOGTL |
T 0x1FCO
ADOWINT=1 ADOWINT
0x1040 not affected
VREF x (64/1024) 0x1000  |#— ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000  |«— ADCOLTH:ADCOLTL |
0XOFCO
ADOWINT
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 48 for a detailed listing of ADCO specifications.
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5.7. ADCO Analog Multiplexer
ADCO on Si102x/3x 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 1/0 pins, the on-chip temperature sensor, the VBAT Power Supply, Regulated Digital
Supply Voltage (Output of VREGO), VDC 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.

ADCOMX
XRIR X
=== |=(=
olo|lo|o|S
alalalals
(< || <<
P0.0 K——>
[ J
([ J
L4 Programmable
° Attenuator
([ J
AIN+
@ P2.3* R AMUX . >< ADCO
Temp »
Sensor .
VBAT Gain=0.50r1
Digital Supply ——— >
VDC ———>|
Z /

*P1.0 — P1.3 are not available as analog inputs

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
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 “27. Port Input/Output” on page 351 for more Port I/O configuration details.
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SFR Definition 5.12. ADCOMX: ADCO Input Channel Select

Bit 7 5 4 3 2 1 0
Name ADOMX
Type R R R/W R/W R/W R/W R/W
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: P2.0
00001: PO.1 10001: P2.1
00010: P0.2 10010: pP2.2
00011: P0.3 10011: P2.3
00100: P0.4 10100: Reserved.
00101: P0.5 10101: Reserved.
00110: PO0.6 10110: Reserved.
00111: P0O.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: P1.5 (1.8-3.6 V)
01110: P1.6 11101: Digital Supply Voltage
01111: P1.7 (VREGO Output, 1.7 V Typical)
11110: VBAT Supply Voltage
(1.8-3.6 V)
11111 Ground
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5.8. Temperature Sensor

An on-chip temperature sensor is included on the Si102x/3x 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 (Vtgmp) is the positive ADC input when the ADC multiplexer is set correctly.
The TEMPE bit in register REFOCN enables/disables the temperature sensor, as described in SFR
Definition 5.15. REFOCN: Voltage Reference Control. 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 4.12 for the slope and offset parameters of the temperature sensor.

V1emp = Slope x (Tempc- 25) +Offset

Tempc =25+ (VTEMP - Offset) / Slope

|:| Slope (V / deg C)

Voltage

< Offset( V at 25 Celsius)

]

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 4.13 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.

4. Calculate the offset characteristics, and store this value in non-volatile memory for use with
subsequent temperature sensor measurements.
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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 speed refer-
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

.00 T T T T T — 0.00
-40.00 -20.00 0.00 40.00 60.00 80.00

20.00

o
S

-1.00

Error (degrees C)

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

Temperature (degrees C)

Figure 5.9. Temperature Sensor Error with 1-Point Calibration (Vgrgg = 1.68 V)
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SFR Definition 5.13. TOFFH: Temperature Sensor Offset High Byte

Bit 7 6 5 4 3 2 1 0
Name TOFF[9:2]
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 offset measurement.
SFR Definition 5.14. TOFFL: Temperature Sensor Offset Low Byte
Bit 7 6 5 4 3 2 1 0
Name TOFF[1:0]
Type R R
Reset | Varies Varies 0 0 0 0 0 0
SFR Page = OxF; 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, the internal
voltage reference, 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 dedi-
cated to analog ground (P0.1/AGND).

The voltage and ground reference options are configured using the REFOCN SFR described on SFR
Definition 5.15. REFOCN: Voltage Reference Control. Electrical specifications are can be found in the
Electrical Specifications Chapter.

Important Note About the Vggg and AGND Inputs: Port pins are used as the external Vggr and AGND

inputs. When using an external voltage reference or the internal precision reference, P0.0/VREF should 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 “27. Port Input/Output” on page 351 for complete Port I/O configuration details. The exter-
nal reference voltage must be within the range 0 < Vrgg < VDD and the external ground reference must be

at the same DC voltage potential as GND.
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Figure 5.10. Voltage Reference Functional Block Diagram
®
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5.10. External Voltage Reference

To use an external voltage reference, REFSL[1:0] should be set to 00. Bypass capacitors should be added
as recommended by the manufacturer of the external voltage reference. If the manufacturer does not pro-
vide recommendations, a 4.7uF in parallel with a 0.1uF capacitor is recommended.

5.11. Internal Voltage Reference

For applications requiring the maximum number of port 1/O 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 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) or the 1.8 V regulated digital supply voltage as the reference

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 ground reference 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 terminal of 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. 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 1.65V
high-speed reference is selected, the internal chip ground is always used during the conversion period,
regardless of the setting of the REFGND bit.

5.13. Temperature Sensor Enable

The TEMPE 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
Type R R RIW RIW RIW RIW R R
Reset 0 1 1 0

SFR Page = 0x0; SFR Address = 0xD1

Bit Name 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 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.
2 TEMPE | Temperature Sensor Enable.
Enables/Disables the internal temperature sensor.
0: Temperature Sensor Disabled.
1: Temperature Sensor Enabled.
1:0 Unused |Read = 00b; Write = Don’t Care.

5.14. Voltage Reference Electrical Specifications
See Table 4.14 on page 64 for detailed Voltage Reference Electrical Specifications.
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6. Programmable Current Reference (IREFO0)

Si102x/3x devices include an on-chip programmable current reference (source or sink) with two output cur-
rent 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).

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 I/O pin
associated with ISRCO should be configured as an analog input and skipped in the Crossbar. See “Port
Input/Output” on page 351 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 R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xB9
Bit Name Function
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.
IREFOQ 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-
nal generated by the PCA. This mode allows the IREFODAT bits to perform a course adjustment on the
IREFO 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 1 0
Name | PWMEN PWMSSJ[2:0]
Type R/W R/W R/W R/W R/W R/W
Reset 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 = 0000b, 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 fine-tuning 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 4.15 on page 65 for a detailed listing of IREFO specifications.
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7. Comparators

Si102x/3x 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 synchronous latched output (CP0O, CP1), or an asyn-
chronous 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 positive (CPO+ 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 registers. See “7.6. Comparator0 and Com-
parator1 Analog Multiplexers” on page 111 for details on how to select and configure comparator inputs.

Important Note About Comparator Inputs: The port pins selected as comparator inputs should be con-
figured as analog inputs and skipped by the crossbar. See "27. Port Input/Output" on page 351 for more
details on how to configure port I/0 pins as analog inputs. The comparator may also be used to compare
the logic level of digital signals, however, port I/O pins configured as digital inputs must be driven to a valid
logic state (HIGH or LOW) to avoid increased power consumption.
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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 (CP0O, CP1)
can be polled in software (CPnOUT bit), used as an interrupt source, or routed to a port pin through the
crossbar.

The asynchronous raw comparator output (CPOA, CP1A) is used by the low power mode wakeup logic and
reset decision logic. See "19. Power Management" on page 257 and "22. Reset Sources" on page 278 for
more details on how the asynchronous comparator outputs are used to make wake-up and reset decisions.
The asynchronous 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 edge is detected 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 "17. Interrupt Handler" on page 231 for additional information.
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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 "SFR
Definition 7.2. CPTOMD: Comparator 0 Mode Selection" on page 108 and "SFR Definition 7.4. 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 current. The comparators also have low power shutdown state, which is
entered any time the comparator is disabled. Comparator rising edge and falling edge response times are
typically not equal. See Table 4.16 on page 66 for complete comparator timing and supply current specifi-
cations.

7.4. Comparator Hysterisis

The comparators feature software-programmable hysterisis 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 hysterisis 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 hysterisis. It also shows that when negative hysterisis 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 hysterisis.

The amount of positive hysterisis is determined by the settings of the CPnHYP bits in the CPTnCN register
and the amount of negative hysteresis voltage is determined by the settings of the CPnHYN bits in the
same register. Settings of 20 mV, 10 mV, 5 mV, or 0 mV can be programmed for both positive and negative
hysterisis. See “Table 4.16. Comparator Electrical Characteristics” on page 66 for complete comparator
hysterisis specifications.
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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 a short
time after the comparator is enabled or its mode bits have been changed. The comparator power up time is
specified in Table 4.16, “Comparator Electrical Characteristics,” on page 66.

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] CPOHYNI[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 Disabled.
1: Comparator0 Enabled.

6 CPOOUT | Comparator0 Output State Flag.
0: Voltage on CP0O+ < 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 Comparator0 Falling-Edge Flag. Must be cleared by software.
0: No Comparator0 Falling-Edge has occurred since this flag was last cleared.
1: Comparator(Q Falling-Edge has occurred.

3-2 | CPOHYP[1:0] | Ccomparator0 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis = 5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

1-0 | CPOHYN[1:0] | Comparator0O Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis = 5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.
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SFR Definition 7.2. CPTOMD: Comparator 0 Mode Selection

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

SFR Page = 0x0; SFR Address = 0x9D

Bit Name Function

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

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

S CPORIE | Comparator0 Rising-Edge Interrupt Enable.

0: ComparatorQ Rising-edge interrupt disabled.
1: ComparatorQ Rising-edge interrupt enabled.
4 CPOFIE | Comparator0 Falling-Edge Interrupt Enable.
0: Comparator0Q Falling-edge interrupt disabled.
1: Comparator0Q Falling-edge interrupt enabled.
3:2 Unused Read = 00b, Write = don’t care.
1:0 | CPOMD[1:0] | Comparator0 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)
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SFR Definition 7.3. CPT1CN: Comparator 1 Control

Bit 7 6 5 4 3 2 1 0
Name | CP1EN | CP10OUT | 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.

6 CP10UT | Comparatorl Output State Flag.
0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1—.

S 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.

4 CP1FIF Comparatorl Falling-Edge Flag. 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 = 5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

1:0 | CPTHYN[1:0] | Comparatorl Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis = 5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.
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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 0 0 0 1 0

SFR Page = 0x0; SFR Address = 0x9C

Bit Name Function

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

6 Unused |Unused.

Read = 00b, Write = don’t care.
S 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 interrupt disabled.
1: Comparator1 Falling-edge interrupt enabled.
3:2 Unused |Read = 00b, Write = don’t care.

1:0 | CP1MD[1:0] | Comparato