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2.0V, 32/16 kB Flash, smaRTClock, 12-bit ADC

Analog Peripherals
- 12-Bit ADC
+1 LSB INL; no missing codes
Programmable throughput up to 200 ksps
Up to 24 external inputs
Data dependent windowed interrupt generator
Built-in temperature sensor (+3 °C)

- Two 12-Bit Current Mode DACs
- Two Comparators
Programmable hysteresis and response time
Configurable as wake-up or reset source
- POR/Brownout Detector
- Voltage Reference—1.5, 2.2 V (programmable)
On-Chip Debug
- On-chip debug circuitry facilitates full-speed, non-
intrusive in-system debug (No emulator required)
- Provides breakpoints, single stepping
- Inspect/modify memory and registers
- Complete development kit
Supply Voltage 2.0to 5.25 V
- Built-in LDO regulator: 2.1 or 2.5V
H|gh Speed 8051 uC Core
Pipelined instruction architecture; executes 70% of
instructions in 1 or 2 system clocks
- Up to 50 MIPS throughput with
50 MHz system clock
- Expanded interrupt handler

Memory

- 2304 bytes internal data RAM (256 + 2048)

- 32/16 kB Flash; In-system programmable in
512 byte sectors

- 64 bytes battery-backed RAM (smaRTClock)

Dlgltal Peripherals
24 port 1/O; push-pull or open-drain, up to 5.25 V
tolerance

- Hardware SMBus™ (12C™ Compatible), 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, WDT

- Hardware smaRTClock operates down to 1 V with
64 bytes battery-backed RAM and backup voltage
regulator

Clock Sources

- Internal oscillators: 24.5 MHz 2% accuracy supports
UART operation; clock multiplier up to 50 MHz

- External oscillator: Crystal, RC, C, or Clock
(1 or 2 pin modes)

- smaRTClock oscillator: 32 kHz Crystal or
self-resonant oscillator
Can switch between clock sources on-the-fly

32 Pin LQFP or 28-Pin 5x 5 QFN

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

C8051F41x devices are fully integrated, low power, mixed-signal system-on-a-chip MCUs. Highlighted fea-
tures are listed below. Refer to Table 1.1 for specific product feature selection.

» High-speed pipelined 8051-compatible microcontroller core (up to 50 MIPS)

* In-system, full-speed, non-intrusive debug interface (on-chip)

e True 12-bit 200 ksps ADC with analog multiplexer and 24 analog inputs

e Two 12-bit Current Output DACs

e Precision programmable 24.5 MHz internal oscillator

e Up to 32 kB bytes of on-chip Flash memory

e 2304 bytes of on-chip RAM

e SMBus/I2C, Enhanced UART, and SPI serial interfaces implemented in hardware

e Four general-purpose 16-bit timers

e Programmable Counter/Timer Array (PCA) with six capture/compare modules and Watchdog Timer
function

e Hardware smaRTClock (Real Time Clock) operates down to 1 V with 64 bytes of Backup RAM and a
Backup Voltage Regulator

e Hardware CRC Engine

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

»  On-chip Voltage Comparators

« Upto24Portl/O

With on-chip Power-On Reset, Vpp monitor, Watchdog Timer, and clock oscillator, the C8051F41x devices

are truly standalone system-on-a-chip solutions. The Flash memory can be reprogrammed even in-circuit,
providing 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
savings.

The on-chip Silicon Laboratories 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 programming
and debugging without occupying package pins.

Each device is specified for 2.0-to-2.75 V operation (supply voltage can be up to 5.25 V using on-chip reg-
ulator) over the industrial temperature range (-45 to +85 °C). The C8051F41x are available in 28-pin QFN
(also referred to as MLP or MLF) or 32-pin LQFP packages.
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Table 1.1. Product Selection Guide
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Figure 1.1. C8051F410 Block Diagram
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1.1. CIP-51™ Microcontroller
1.1.1. Fully 8051 Compatible Instruction Set

The C8051F41x devices use Silicon Laboratories’ proprietary CIP-51 microcontroller core. The CIP-51 is
fully compatible with the MCS-51™ instruction set. Standard 803x/805x assemblers and compilers can be
used to develop software. The C8051F41x family has a superset of all the peripherals included with a stan-
dard 8052.

1.1.2. 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, and usually have a maximum system clock of 12-to-24 MHz. By contrast, the CIP-
51 core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

With the CIP-51's system clock running at 50 MHz, it has a peak throughput of 50 MIPS. 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 2/4 3 3/5 4 5 4/6 6 8

Number of Instructions 26 50 5 10 7 5 2 1 2 1

1.1.3. Additional Features

The C8051F41x SoC family includes several key enhancements to the CIP-51 core and peripherals to
improve performance and ease of use in end applications.

An extended interrupt handler allows the numerous analog and digital peripherals to operate indepen-
dently of the controller core and interrupt the controller only when necessary. By requiring less intervention
from the microcontroller core, an interrupt-driven system is more efficient and allows for easier implemen-
tation of multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp monitor, a Watchdog

Timer, a Missing Clock Detector, a voltage level detection from ComparatorO, a smaRTClock alarm or
missing smaRTClock clock detector reset, a forced software reset, an external reset pin, and an illegal
Flash access protection circuit. Each reset source except for the POR, Reset Input Pin, or Flash error may
be disabled by the user in software. The WDT may be permanently enabled in software after a power-on
reset during MCU initialization.

The internal oscillator is factory calibrated to 24.5 MHz £2%. An external oscillator drive circuit is also
included, allowing an external crystal, ceramic resonator, capacitor, RC, or CMOS clock source to generate
the system clock. A clock multiplier allows for operation at up to 50 MHz. The dedicated smaRTClock oscil-
lator can be extremely useful in low power applications, allowing the system to maintain accurate time
while the MCU is not powered, or its internal oscillator is suspended. The MCU can be reset or have its
oscillator awakened using the smaRTClock alarm function.
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1.2. On-Chip Debug Circuitry

The C8051F41x devices include on-chip Silicon Laboratories 2-Wire (C2) debug circuitry that provides
non-intrusive, full speed, in-circuit debugging of the production part installed in the end application.

Silicon Laboratories’ debugging system supports inspection and modification of memory and registers,
breakpoints, and single stepping. No additional target RAM, program memory, timers, or communications
channels are required. All the digital and analog peripherals are functional and work correctly while debug-
ging. All the peripherals (except for the ADC and SMBus) are stalled when the MCU is halted, during single
stepping, or at a breakpoint in order to keep them synchronized.

The C8051F410DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F41x MCUs. The kit includes software with a
developer's studio and debugger, a USB debug adapter, a target application board with the associated
MCU installed, and the required cables and wall-mount power supply. The development kit requires a com-

puter with Windows®98 SE or later installed. As shown in Figure 1.5, the PC is connected to the USB
debug adapter. A six-inch ribbon cable connects the USB debug adapter to the user's application board,
picking up the two C2 pins and GND.

The Silicon Laboratories IDE interface is a vastly superior developing and debugging configuration, com-
pared to standard MCU emulators that use on-board "ICE Chips" and require the MCU in the application
board to be socketed. Silicon Laboratories’ debug paradigm increases ease of use and preserves the per-
formance of the precision analog peripherals.

Silicon Laboratories Integrated
Development Environment

WINDOWS 98 SE or later
./ (O)

C2 (x2), GND

Figure 1.5. Development/In-System Debug Diagram
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1.3.  On-Chip Memory

The CIP-51 has a standard 8051 program and data address configuration. It includes 256 bytes of data
RAM, with the upper 128 bytes dual-mapped. Indirect addressing accesses the upper 128 bytes of general
purpose RAM, and direct addressing accesses the 128-byte SFR address space. The lower 128 bytes of
RAM are accessible via direct and indirect addressing. The first 32 bytes are addressable as four banks of
general purpose registers, and the next 16 bytes can be byte addressable or bit addressable.

Program memory consists of 32 kB (‘F410/1) or 16 kB (‘F412/3) of Flash. This memory may be repro-
grammed in-system in 512 byte sectors and requires no special off-chip programming voltage.

PROGRAM/DATA MEMORY

(Flash) DATA MEMORY (RAM)
‘E410/1 INTERNAL DATA ADDRESS SPACE
RESERVED OxFF Upper 128 RAM Special Function
0x7EOQ0 (Indirect Addressing Register's
OX7DEF 0x80 Only) (Direct Addressing Only)
OX7F
(Direct and Indirect
Addressing) Lower 128 RAM
32 kB Flash 0x30 (Direct and Indirect
Ox2F i
(In-System 0))((20 Bit Addressable Addressing)
Programmable in 512
Ox1F General Purpose
Byte Sectors) :
0x00 Registers
0x0000 EXTERNAL DATA ADDRESS SPACE
OXFFFF
‘F412/3
RESERVED

0x4000 Same 2048 bytes as from
Ox3FFF 0x0000 to 0x07FF, wrapped
on 2048-byte boundaries

16 kB Flash 0x0800
Ox07FF

(In-System
Programmable in 512
Byte Sectors)

XRAM - 2048 Bytes

(accessible using MOVX
instruction)

0x0000 0x0000

Figure 1.6. Memory Map
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1.4. Operating Modes

The C8051F41x devices have four operating modes: Active (Normal), Idle, Suspend, and Stop. Active
mode occurs during normal operation when the oscillator and peripherals are active. Idle mode halts the
CPU while leaving the peripherals and internal clocks active. Suspend mode halts SYSCLK until a waken-
ing event occurs, which also halts all peripherals using SYSCLK. In Stop mode, the CPU is halted, all inter-
rupts and timers are inactive, and the internal oscillator is stopped. The various operating modes are
described in Table 1.2 below:

Table 1.2. Operating Modes Summary

Properties

Power

Consumption

How
Entered?

How Exited?

Active

SYSCLK active

CPU active (accessing Flash)
Peripherals active or inactive
depending on user settings
smaRTClock active or inactive

Full

Idle

SYSCLK active

CPU inactive (not accessing
Flash)

Peripherals active or inactive
depending on user settings
smaRTClock active or inactive

Less than Full

IDLE
(PCON.0)

Any enabled
interrupt or
device reset

Suspend

SYSCLK inactive

CPU inactive (not accessing
Flash)

Peripherals enabled (but not
operating) or disabled depend-
ing on user settings
smaRTClock active or inactive

Low

SUSPEND
(OSCICN.5)

Wakening
event or exter-
nal/MCD reset

Stop

SYSCLK inactive

CPU inactive (not accessing
Flash)

Digital peripherals inactive;
analog peripherals enabled
(but not operating) or disabled
depending on user settings
smaRTClock inactive

Very low

STOP
(PCON.1)

External or
MCD reset

See Section “10.3. Power Management Modes” on page 101 for Idle and Stop mode details. See Sec-
tion “19.1.1. Internal Oscillator Suspend Mode” on page 166 for more information on Suspend mode.
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1.5. 12-Bit Analog to Digital Converter

The C8051F41x devices include an on-chip 12-bit SAR ADC with a 27-channel single-ended input multi-
plexer and a maximum throughput of 200 ksps. The ADC system includes a configurable analog multi-
plexer that selects the positive ADC input, which is measured with respect to GND. Ports 0-2 are available
as ADC inputs; additionally, the on-chip Temperature Sensor output and the core supply voltage (Vpp) are
available as ADC inputs. User firmware may shut down the ADC or use it in Burst Mode to save power.

Conversions can be started in four ways: a software command, an overflow of Timer 2 or 3, or an external
convert start signal. This flexibility allows the start of conversion to be triggered by software events, a peri-
odic signal (timer overflows), or external HW signals. Conversion completions are indicated by a status bit
and an interrupt (if enabled) and occur after 1, 4, 8, or 16 samples have been accumulated by a hardware
accumulator. The resulting data word is latched into the ADC data SFRs upon completion of a conversion.
When the system clock is slow, Burst Mode allows ADCO to automatically wake from a low power shut-
down state, acquire and accumulate samples, then re-enter the low power shutdown state without CPU
intervention.

Window compare registers for the ADC data can be configured to interrupt the controller when ADC data is
either within or outside of a specified range. The ADC can monitor a key voltage continuously in back-
ground mode, but not interrupt the controller unless the converted data is within/outside the specified
range.

Analog Multiplexer

v Configuration, Control, and Data Registers

P0.0
Start
1 Conversion
P0.7
Burst Mode

P1.0 Logic

\ 4 \ 4
P1.7 19-to-1 /

ADOBUSY (W)

Timer 3 Overflow
CNVSTR Rising Edge
Timer 2 Overflow

P2.0 AL 12-Bit
P2.3-2.6 greeseenes e R - SAR [ ADC Data
available on 16 Registers
C8051F410/2 ivveevns oy R E A D C
| LT
Temp A 4
Sensor :
VDD ——— > . Window
Window C'ompare > Compare
GND —— > End of , Logic Interrupt
Conversion

Interrupt

Figure 1.7. 12-Bit ADC Block Diagram

1.6. Two 12-bit Current-Mode DACs

The C8051F41x devices include two 12-bit current-mode Digital-to-Analog Converters (IDACs). The maxi-
mum current output of the IDACs can be adjusted for four different current settings; 0.25 mA, 0.5 mA,
1 mA, and 2 mA. A flexible output update mechanism allows for seamless full-scale changes, and supports
jitter-free updates for waveform generation. The IDAC outputs can be merged onto a single port 1/0O pin for
increased full-scale current output or increased resolution. IDAC updates can be performed on-demand,
scheduled on a Timer overflow, or synchronized with an external signal. Figure 1.8 shows a block diagram
of the IDAC circuitry.
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Data Write [ ™
Timer 0
Timer 1
Timer 2
Timer 3

CNVSTR
=

12-bit Digital 124!
Input

Latch

12: l Current
1Bl Output

12-bit Digital 12:l
Input

Latch

12 Current
7 . 1BhE Output

Data Write [ ™ A
Timer 0
Timer 1
Timer 2
Timer 3
CNVSTR

/

Figure 1.8. IDAC Block Diagram

1.7. Programmable Comparators

C8051F41x devices include two software-configurable voltage comparators with an input multiplexer. Each
comparator offers programmable response time and hysteresis and two outputs that are optionally avail-
able at the Port pins: a synchronous “latched” output (CPO and CP1), or an asynchronous “raw” output
(CPOA and CP1A). Comparator interrupts may be generated on rising, falling, or both edges. When in
IDLE or SUSPEND mode, these interrupts may be used as a “wake-up” source for the processor.
Comparator0 may also be configured as a reset source. A block diagram of the comparator is shown in
Figure 1.9.
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VDD
_—n"
\ | Interrupt |
> | Logic |
—_—
Portl/o | ¢ 3 > CPO
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Pins . ) —/_ L - ”  (synchronous output)
o > > - T T
= ~—
- L (SYNCHRONIZER)
GND CP1A
/ (asynchronous output)

Figure 1.9. Comparators Block Diagram

1.8. Cyclic Redundancy Check Unit

CB8051F41x devices include a cyclic redundancy check unit (CRCO) that can perform a CRC using a 16-bit
or 32-bit polynomial. CRCO accepts a stream of 8-bit data and outputs a 16-bit or 32-bit result. CRCO also
has a hardware bit reverse feature for quick data manipulation.

1.9. Voltage Regulator

C8051F41x devices include an on-chip low dropout voltage regulator (REGO0). The input to REGO at the
VREgN Pin can be as high as 5.25 V. The output can be selected by software to 2.0 V or 2.5 V. When

enabled, the output of REGO powers the device and drives the Vpp pin. The voltage regulator can be used
to power external devices connected to Vpp.

1.10. Serial Ports

The C8051F41x Family includes an SMBus/I2C interface, a full-duplex UART with enhanced baud rate
configuration, and an Enhanced SPI interface. 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.
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1.11. smaRTClock (Real Time Clock)

C8051F41x devices include a smaRTClock Peripheral (Real Time Clock). The smaRTClock has a dedi-
cated 32 kHz oscillator that can be configured for use with or without a crystal, a 47-bit smaRTClock timer
with alarm, a backup supply regulator, and 64 bytes of backup SRAM. When the backup supply voltage
(VrTc-BACKUP) IS powered, the smaRTClock peripheral remains fully functional even if the core supply volt-

age (Vpp) is lost.

The smaRTClock allows a maximum of 137 year 47-bit independent time-keeping when used with a
32.768 kHz Watch Crystal and backup supply voltage of at least 1 V. The switchover logic powers smaRT-
Clock from the backup supply when the voltage at Vgrtc.gackup IS greater than Vpp. The smaRTClock
alarm and missing clock detector can interrupt the CIP-51, wake the internal oscillator from SUSPEND
mode, or generate a device reset if the smaRTClock timer reaches a pre-set value or the oscillator stops.

XTALA4

XTALS

D
!

T

smaRTClock

VRTC—BACKUP

Figure 1.10. smaRTClock Block Diagram

47-Bit
smaRTClock
<> Timer
smaRTClock State Machine
Interrupt > E
Internal Interface 8
-4_ Registers Registers i
CAPTUREN RTCOKEY )
RTCOCN >
SWltc RTCOADR
Logi ALARMnN RTCODAT
7
é T VDD
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1.12. Port Input/Output

C8051F41x devices include up to 24 1/O pins. Port pins are organized as three byte-wide ports. The port
pins behave like typical 8051 ports with a few enhancements. Each port pin can be configured as a digital
or analog I/O pin. Pins selected as digital I/O can be configured for push-pull or open-drain operation. The
“weak pullups” that are fixed on typical 8051 devices may be individually or globally disabled to save

power.

The Digital Crossbar allows mapping of internal digital system resources to port I1/0O pins. On-chip coun-
ter/timers, serial buses, hardware interrupts, and other digital signals can be configured to appear on the
port pins using the Crossbar control registers. This allows the user to select the exact mix of general-pur-
pose port I/O, digital, and analog resources needed for the application.

XBRO, XBR1,
PnSKIP Registers

POMASK, POMATCH
P1MASK, PIMATCH
Registers

Y

Priority
Decoder
. 2,
Highest UART |« 7 >
Priority
4
SPl [e—>~4£ >
0
2 2
© < / »
& SMBus [ ”| Digital
T"; Crossbar
£ CPO 4
a8 cP1 -4 >
= Outputs :l¢
=
g
IS SYSCLK R 8
PCA le /7/ >
Lowest _ 2,
Priority T0,T1 |« V4 <
8 =] A
PO | (P0.0-P0.7)
—
& 8
ey
S
E P1 | (P1.0-P1.7)
= l&———
g 8 o

P2

7
(P2.0-P27)
—————

|

PnMDOUT,
PnMDIN Registers

A 4

PO
110

!’

P1
/0

. X
Cells H
. X

Cells ;g

v

PZH

[y

- HO— 4 ————— ——————

P0.0

PO0.7

P1.0

Cell|————— e {z 4 pP2.7

P2.3-2.6 available on

C8051F410/2

Figure 1.11. Port I/O Functional Block Diagram
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1.13. Programmable Counter Array

The Programmable Counter Array (PCAO) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer
and six 16-bit capture/compare modules. The counter/timer is driven by a programmable timebase that
can select between seven sources: system clock, system clock divided by four, system clock divided by
twelve, the external oscillator clock source divided by 8, real-time clock source divided by 8, Timer O over-

flow, or an external clock signal on the External Clock Input (ECI) pin.

Each capture/compare module may be configured to operate independently in one of six modes: Edge-
Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8-Bit PWM, or 16-Bit PWM.
Additionally, PCA Module 5 may be used as a watchdog timer (WDT), and is enabled in this mode follow-
ing a system reset. The PCA Capture/Compare Module I/O and the External Clock Input may be routed to
Port I/O using the digital crossbar.

SYSCLK/12
SYSCLK/4

Timer 0 Overflow
—>

PCA
ECI CLOCK
SYSCLK MUX

External Clock/8
—>

smaRTClock/8

16-Bit Counter/Timer

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Capture/Compare

Module 0 Module 1 Module 2 Module 3 Module 4 Module 5
A A A A A A
m (@] @] (@] @] (@] O
[¢) m m m m m m
= x x = x > <
o [ N w e al
A 4 A 4 Y Y Y Y
Crossbhar
:'"""' TTTTTTTA
: Port 1/0O '
]

Figure 1.12. PCA Block Diagram
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2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings*

VRrrc-Backup VRegIns @nd GND

Parameter Conditions Min Typ Max Units

Ambient temperature under bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on Vregn With respect to GND -0.3 — 55 \Y,
Voltage on Vpp with respect to GND -0.3 — 3.0 \Y
Voltage on Virc-gackup With respect to GND -0.3 — 55 \Y
Voltage on XTAL1 with respect to GND -0.3 —  |Vppt 0.3 \Y
Voltage on XTAL3 with respect to GND -0.3 — 55 \%
Voltage on any Port I/0O Pin (except Port 0 pins) or -0.3 — Vio+0.3 \%
RST with respect to GND

Voltage on any Port 0 Pin with respect to GND 0.3 — 55 \%
Maximum output current sunk by any Port pin — — 100 mA
Maximum output current sourced by any Port pin — — 100 mA
Maximum Total current through Vpp, Vg, — — 500 mA

extended periods may affect device reliability.

*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

SILICON LABS

35



C8051F410/1/2/3

3.

Global DC Electrical Characteristics

Table 3.1. Global DC Electrical Characteristics

—40 to +85 °C, 50 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

Parameter Conditions Min Typ Max Units
Core Supply Voltage (Vpp) 2.0 — 2.75 \%
I/O Supply Voltage (V|0)2 2.0 — 5.25 v
Backup Supply Voltage (Vrrc-ackup)® 1.0 - 5.25 v
Backup Supply Current VrTte-Backup = 1.0 V:
(IRTC-BACKUP) at —40 °C — 0.65 1.5 HA
(Vpp =0V, smaRTClock clock = 32 kHz) at 25 °C — 0.9 1.8 MA
at 85°C — 14 25 HA
Vrrc-BACKUP = 1.8 V:
at—40°C — 0.7 — HA
at 25°C — 0.92 — HA
at85°C — 1.45 — MA
VRrrC-BACKUP = 2.5 V!
at—40°C — | 072 | 16 HA
at25°C — | 095 | 185 A
at85°C — 1.5 2.6 HA
Core Supply RAM Data Retention Voltage — 15 — \%
SYSCLK (System Clock)*® 0 — 50 MHz
Specified Operating Temperature Range -40 — +85 °C

Notes:
1.
2. VIO must be equal to or greater than VDD.
3.
4. SYSCLK is the internal device clock. For operational speeds in excess of 25 MHz, SYSCLK must

o v

. Active and Inactive IDD at voltages and frequencies other than those specified can be calculated

For more information on Vrggn Characteristics, see Table 8.1 on page 82.
The Backup Supply Voltage (Vrtc-sackup) iS used to power the smaRTClock peripheral only.

be derived from the internal clock multiplier.
SYSCLK must be at least 32 kHz to enable debugging.
Based on device characterization data, not production tested.

using the IDD Supply Sensitivity. For example, if the Vpp is 2.2 V instead of 2.0 V at 25 MHz:

Ipp = 5.5 MA typical at 2.0 V and f = 25 MHz. From this, Ipp = 5.5 mA + 1.14 x
(22V-2.0V)=5.73mAat2.2V and f =25 MHz.

Ipp can be estimated for frequencies < 15 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range. When using these numbers to estimate Ipp for >

15 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 20 MHz,

Ipp = 5.5 MA — (25 MHz — 20 MHz) x 0.16 mA/MHz = 4.7 mA.

Idle IDD can be estimated for frequencies < 1 MHz by simply multiplying the frequency of interest by
the frequency sensitivity number for that range. When using these numbers to estimate Idle for >

1 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F =5 MHz, Idle

Ipp = 2.8 MA — (25 MHz — 5 MHz) x 0.1 mA/MHz = 0.8 mA.
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Table 3.1. Global DC Electrical Characteristics (Continued)
—40 to +85 °C, 50 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

Parameter Conditions Min Typ Max Units
Digital Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)
Core Supply Current (Ipp)® Vpp =2.0V:
F=32kHz — 13 30 MA
F=1MHz — 0.30 0.5 mA
F =25 MHz — 55 6.5 mA
F =50 MHz — 9.5 12 mA
VDD =25V:
F =32 kHz — 17 40 PA
F=1MHz — 0.43 0.65 mA
F =25 MHz — 8.3 9.5 mA
F =50 MHz — 135 15 mA
Supply Sensitivity (Ipp)®” F =25 MHz — 114 — %IV
F=1MHz — 100 — %IV
Frequency Sensitivity (Ipp)®8 Vpp =2.0 V.
F<15MHz, T=25°C| — 0.27 — | mA/MHz
F>15MHz, T=25°C — 0.16 — mA/MHz
VDD =25V:
F<15MHz, T=25°C — 0.39 — mA/MHz
F>15MHz, T=25°C| — 0.2 — | mA/MHz
Notes:
1. For more information on Vrggn Characteristics, see Table 8.1 on page 82.
2. VIO must be equal to or greater than VDD.
3. The Backup Supply Voltage (Vrtc.gackup) is used to power the smaRTClock peripheral only.
4. SYSCLK is the internal device clock. For operational speeds in excess of 25 MHz, SYSCLK must
be derived from the internal clock multiplier.
5. SYSCLK must be at least 32 kHz to enable debugging.
6. Based on device characterization data, not production tested.
7. Active and Inactive IDD at voltages and frequencies other than those specified can be calculated

using the IDD Supply Sensitivity. For example, if the Vpp is 2.2 V instead of 2.0 V at 25 MHz:

Ipp = 5.5 mA typical at 2.0 V and f = 25 MHz. From this, Ipp = 5.5 mA + 1.14 x
(22V-20V)=5.73mAat 2.2V and f = 25 MHz.

Ipp can be estimated for frequencies < 15 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range. When using these numbers to estimate Iyp for >

15 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 20 MHz,

Ipp = 5.5 MA — (25 MHz — 20 MHz) x 0.16 mA/MHz = 4.7 mA.

Idle IDD can be estimated for frequencies < 1 MHz by simply multiplying the frequency of interest by
the frequency sensitivity number for that range. When using these numbers to estimate Idle for >

1 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 5 MHz, Idle

Ipp = 2.8 MA — (25 MHz — 5 MHZz) x 0.1 mA/MHz = 0.8 mA.
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Table 3.1. Global DC Electrical Characteristics (Continued)
—40 to +85 °C, 50 MHz System Clock unless otherwise specified. Typical values are given at 25 °C

Parameter Conditions Min Typ Max Units
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)
Core Supply Current (Ipp)® Vpp =2.0V:
F=32kHz — 10 25 MA
F=1MHz — 0.15 0.25 mA
F =25 MHz — 2.8 3.3 mA
F =50 MHz — 5 11 mA
VDD =25V:
F=32kHz — 11 30 PA
F=1MHz — 0.21 0.37 mA
F =25 MHz — 3.8 4.3 mA
F =50 MHz — 7.5 8.0 mA
Supply Sensitivity (Ipp)®” F =25 MHz — 75 — %IV
F=1MHz — 68 — %IV
Frequency Sensitivity (Ipp)®° Vpp =2.0 V.
F<1MHz, T=25°C — 0.14 — mA/MHz
F>1MHz, T=25°C — 0.1 — mA/MHz
VDD =25V
F<1MHz, T=25°C — 0.19 — mA/MHz
F>1MHz, T=25°C — 0.13 — mA/MHz
Digital Supply Current (Suspend Mode) Oscillator not running, — 0.15 50 HA
VDD =25V
Digital Supply Current Oscillator not running, — 0.15 50 HA
(Stop Mode, shutdown) VDD =25V
Notes:
1. For more information on Vrggn Characteristics, see Table 8.1 on page 82.
2. VIO must be equal to or greater than VDD.
3. The Backup Supply Voltage (Vrtc-sackup) iS used to power the smaRTClock peripheral only.
4. SYSCLK is the internal device clock. For operational speeds in excess of 25 MHz, SYSCLK must
be derived from the internal clock multiplier.
5. SYSCLK must be at least 32 kHz to enable debugging.
6. Based on device characterization data, not production tested.
7. Active and Inactive IDD at voltages and frequencies other than those specified can be calculated
using the IDD Supply Sensitivity. For example, if the Vpp is 2.2 V instead of 2.0 V at 25 MHz:
Ipp = 5.5 MA typical at 2.0 V and f = 25 MHz. From this, Ipp = 5.5 mA + 1.14 x
(22V-20V)=5.73mAat2.2V and f = 25 MHz.
8. Ipp can be estimated for frequencies < 15 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range. When using these numbers to estimate Ipp for >
15 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F = 20 MHz,
Ipp = 5.5 MA — (25 MHz — 20 MHz) x 0.16 mA/MHz = 4.7 mA.
9. Idle IDD can be estimated for frequencies < 1 MHz by simply multiplying the frequency of interest by
the frequency sensitivity number for that range. When using these numbers to estimate Idle for >
1 MHz, the estimate should be the current at 25 MHz minus the difference in current indicated by
the frequency sensitivity number. For example: Vpp = 2.0 V; F =5 MHz, Idle
Ipp = 2.8 MA — (25 MHz — 5 MHz) x 0.1 mA/MHz = 0.8 mA.
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Table 3.2. Index to Electrical Characteristics Tables

Table Title Page #
ADCO Electrical Characteristics (VDD = 2.5V, VREF =2.2V) 67
ADCO Electrical Characteristics (VDD =2.1V, VREF =1.5V) 68
IDAC Electrical Characteristics 75
Voltage Reference Electrical Characteristics 79
Voltage Regulator Electrical Specifications 82
Comparator Electrical Characteristics 92
Reset Electrical Characteristics 134
Flash Electrical Characteristics 143
Port I1/0 DC Electrical Characteristics 163
Oscillator Electrical Characteristics 175
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NOTES:
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4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F41x

Pin Numbers o
Name Type |Description
‘F410/2 | ‘'F411/3
Vbp 7 6 Core Supply Voltage.
Vio 1 28 /0 Supply Voltage.

GND 6 5 Ground.

VRTC-BACKUP 3 2 smaRTClock Backup Supply Voltage.
VREGIN 8 7 On-Chip Voltage Regulator Input.

RST/ D 1/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 pullup to Vg is

2 1 recommended. See Reset Sources Section for a complete
description.

C2CK DO |ciock signal for the C2 Debug Interface.

P2.7/ DI/O |Port 2.7. See Port I/O Section for a complete description.

32 27

C2b DO |gj.directional data signal for the C2 Debug Interface.
smaRTClock Oscillator Crystal Input.

XTAL3 ) 4 Aln  |See Section 20. "smaRTClock (Real Time Clock)" for a
complete description.
smaRTClock Oscillator Crystal Input.

XTAL4 4 3 A Out |See Section 20. "smaRTClock (Real Time Clock)" for a
complete description.

P0.0/ D /O or |port 0.0. See Port I/0 Section for a complete description.

Aln
17 16
IDACO A Out IDACO Output. See IDAC Section for complete description.
PO.1/ D I/Oor |port 0.1. See Port I/0 Section for a complete description.
Aln
18 17
IDACL A Out IDAC1 Output. See IDAC Section for complete description.
P0.2 19 18 D I/Oor |port 0.2. See Port I/0 Section for a complete description.
Aln
PO.3 20 19 D I/O or |port 0.3. See Port I/0 Section for a complete description.
Aln

=
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Table 4.1. Pin Definitions for the C8051F41x (Continued)

Pin Numbers

Name Type |Description
‘F410/2 | ‘F411/3
P0.4/ D I/O or |port 0.4. See Port I/0 Section for a complete description.
Aln
21 20
™ D Out tL_JART TX Pin. See Port I/O Section for a complete descrip-
ion.
P0.5/ D /O or |port 0.5. See Port I/0 Section for a complete description.
Aln
22 21
UART RX Pin. See Port I/0O Section for a complete descrip-
RX D In ;
tion.
P0.6/ D /O or |port 0.6. See Port I/0 Section for a complete description.
Aln
23 22
External Convert Start Input for ADCO, IDAO, and IDAL. See
CNVSTR Dln ADCO or IDACs section for a complete description.
PO.7 2 23 D I/Oor |port 0.7. See Port I/0 Section for a complete description.
Aln
P1.0/ D I/O or |Port 1.0. See Port I/0O Section for a complete description.
9 8 Aln
External Clock Input. This pin is the external oscillator
XTAL1 AIn  |return for a crystal or resonator. See Oscillator Section.
Port 1.1. See Port I/O Section for a complete description.
D I/O or
P1.1/ Aln
10 9 External Clock Output. This pin is the excitation driver for an
XTAL2 AQor |external crystal or resonator, or an external clock input for
DIn |cMOS, capacitor, or RC oscillator configurations. See
Oscillator Section.
P1.2 D I/O or |Port 1.2. See Port I/0 Section for a complete description.
1 10 Aln
VREF Aln IExternal Vger Input. See Vggg Section.
P1.3 12 1 DX?nOV Port 1.3. See Port I/0O Section for a complete description.
P1.4 13 12 DX?HOT Port 1.4. See Port I/O Section for a complete description.
P15 14 13 DX?nOY Port 1.5. See Port I/O Section for a complete description.
P1.6 15 14 DX?nOY Port 1.6. See Port I/0O Section for a complete description.
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Table 4.1. Pin Definitions for the C8051F41x (Continued)

Pin Numbers o
Name Type |Description
‘F410/2 | ‘F411/3

P1.7 16 15 DX(IDHOV Port 1.7. See Port I/O Section for a complete description.
P20 25 24 DX(IDHOT Port 2.0. See Port I/O Section for a complete description.
P2.1 26 25 DX?HOT Port 2.1. See Port I/O Section for a complete description.
P22 27 26 DX?nOV Port 2.2. See Port I/O Section for a complete description.

* D I/O or |Port 2.3. See Port I/0O Section for a complete description.
P2.3 28 Aln

* D I/O or |port 2.4. See Port I/O Section for a complete description.
P2.4 29 Aln

* D I/Oor |port 2.5. See Port I/O Section for a complete description.
P2.5 30 Aln
P2.6* 31 DX?nOV Port 2.6. See Port I/O Section for a complete description.

*Note: Available only on the C8051F410/2.
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Figure 4.1. LQFP-32 Pinout Diagram (Top View)

P0.7

P0.6 / CNVSTR
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P0.4/TX

P0.3
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P0.1/IDAC1

P0.0 / IDACO
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Figure 4.2. QFN-28 Pinout Diagram (Top View)
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Figure 4.3. LQFP-32 Package Diagram

Table 4.2. LQFP-32 Package Dimensions

MM

MIN TYP MAX
A — — 1.60
Al 0.05 — 0.15
A2 1.35 1.40 1.45
b 0.30 0.37 0.45
c 0.09 — 0.20
D — 9.00 —
D1 — 7.00 —
e — 0.80 —
E — 9.00 —
El — 7.00 —
L 0.45 0.60 0.75
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Figure 4.4. LQFP-32 Recommended PCB Land Pattern

Table 4.3. LQFP-32 PCB Land Pattern Dimensions

SILICON LABS

Dimension Min Max
C1 8.40 8.50
C2 8.40 8.50
E 0.80 BSC
X1 0.40 0.50
Y1 1.25 1.35
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Figure 4.5. QFN-28 Package Drawing

Table 4.4. QFN-28 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.90 1.00 L 0.35 0.55 0.65
Al 0.00 0.02 0.05 L1 0.00 — 0.15
A3 0.25 REF aaa 0.15
b 0.18 ‘ 0.23 ‘ 0.30 bbb 0.10
D 5.00 BSC. ddd 0.05
D2 2.90 ‘ 3.15 ‘ 3.35 eee 0.08
e 0.50 BSC. Z 0.44
E 5.00 BSC. Y 0.18
E2 2.90 ‘ 3.15 ‘ 3.35
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MO-220, variation VHHD except for
custom features D2, E2, Z, Y, and L which are toleranced per supplier designation.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small
Body Components.
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Table 4.5. QFN-28 PCB Land Pattern Dimensions

Dimension Min Max Dimension Min Max
C1l 4.80 X2 3.20 3.30
Cc2 4.80 Y1l 0.85 0.95
E 0.50 Y2 3.20 3.30
X1 0.20 0.30

Notes:

General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design
4. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder
mask and the metal pad is to be 60um minimum, all the way around the pad.

Stencil Design
5. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used
to assure good solder paste release.
6. The stencil thickness should be 0.125mm (5 mils).
7. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
8. A 3x3 array of 0.90mm openings on a 1.1mm pitch should be used for the center pad to
assure the proper paste volume (67% Paste Coverage).

Card Assembly
9. A No-Clean, Type-3 solder paste is recommended.
10. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for
Small Body Components.
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5. 12-Bit ADC (ADCO)

The ADCO subsystem for the C8051F41x consists of an analog multiplexer (AMUXO0) with 27 total input
selections, and a 200 ksps, 12-bit successive-approximation-register ADC with integrated track-and-hold,
programmable window detector, and hardware accumulator. The ADCO subsystem has a special Burst
Mode which can automatically enable ADCO, capture and accumulate samples, then place ADCO in a low
power shutdown mode without CPU intervention. The AMUXO, data conversion modes, and window detec-
tor are all configurable under software control via the Special Function Registers shown in Figure 5.1.
ADCO inputs are single-ended and may be configured to measure P0.0-P2.7, the Temperature Sensor out-
put, Vpp, or GND with respect to GND. ADCO is enabled when the ADOEN bit in the ADCO Control register
(ADCOCN) is set to logic 1, or when performing conversions in Burst Mode. ADCO is in low power shut-
down when ADOEN is logic 0 and no Burst Mode conversions are taking place.

ADCOMX ADCOTK ADCOCN
SIS IEE=] MmlN[d|O P4 P = =)
SIZIZIZE| SIEIEIZIEIRIEIE |1BIEIE321815]2
alg|g|g|g| |zlalz|z|5|5|5]5 olunls|al2(2]|8]8
o|o|o|0|0 2181818 alx(ale|a|8|][]
alalalala| |8|8|8[8|2(212|2] [<|3|<|2|2|2]|2(2
<<|<|<|<| |<]|<|<| <] << <|<|<|<
L ] L ] i i L ]
v T \—%/
P0.0 Start VDD Start 00 —— ADOBUSY (W)
Conversion vy Conversion | 01 —— Timer 3 Overflow
—_—
SYSCLK | BurstMode |, 0 ——CNVSTR Input
Logic 11 |—— Timer 2 Overflow
P0.7 = ]
a g
LL — O
25 MHz Max 12-Bit 9
SAR |
] Accumulator
ADC z
o
0O
__________________ D
P2.3-P2.6 available on | <
| F4102 1 stuttxty —
=\8/9/B|=
VDD 'é 9( 8 ADOWINT
@ Temp Sensor <= 1
p > PR - Window
== | 1 > Compare
tloN(=|o2[R Logic
GND —— ?|3|3|3|3|%|%| | [ADCOLTH][ADCOLTL |
o|o|o|o|o olo
alala|alalg|8
<)< << | << | T
ADCOCF [ADCOGTH|[ADCOGTL|

Figure 5.1. ADCO Functional Block Diagram

5.1. Analog Multiplexer

AMUXO selects the input channel to the ADC. Any of the following may be selected as an input: P0.0-P2.7,
the on-chip temperature sensor, the core power supply (Vpp), or ground (GND). ADCO is single-ended
and all signals measured are with respect to GND. The ADCO input channels are selected using the
ADCOMX register as described in SFR Definition 5.1.

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 (for n = 0,1,2) and write a ‘1’ in the corresponding
Port Latch register Pn (for n = 0,1,2). To force the Crossbar to skip a Port pin, set to ‘1’ the corresponding
bit in register PnSKIP (for n = 0,1,2). See Section “18. Port Input/Output” on page 147 for more Port I/O
configuration details.
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5.2. Temperature Sensor

The typical temperature sensor transfer function is shown in Figure 5.2. The output voltage (Vtgmp) is the
positive ADC input when the temperature sensor is selected by bits ADOMX4-0 in register ADCOMX.

(Volts)
1.000

0.900

0.800

0.700

0.600

0.500

-*
ol
o
o
o
o

Viemp = SLOPE(TEMP(;) + Offset

-50

50 100 (Celsius)

Figure 5.2. Typical Temperature Sensor Transfer Function

5.3. ADCO Operation

In a typical system, ADCO is configured using the following steps:

Step 1. Choose the start of conversion source.

Step 2. Choose Normal Mode or Burst Mode operation.

Step 3. If Burst Mode, choose the ADCO Idle Power State and set the Power-Up Time.

Step 4. Choose the tracking mode. Note that Pre-Tracking Mode can only be used with Normal

Mode.

Step 5. Calculate required settling time and set the post convert-start tracking time using the

ADOTK bits.

Step 6. Choose the repeat count.

Step 7. Choose the output word justification (Right-Justified or Left-Justified).
Step 8. Enable or disable the End of Conversion and Window Comparator Interrupts.
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5.3.1. Starting a Conversion

A conversion can be initiated in one of four ways, depending on the programmed states of the ADCO Start
of Conversion Mode bits (ADOCM1-0) in register ADCOCN. Conversions may be initiated by one of the fol-
lowing:

*  Writing a ‘1’ to the ADOBUSY bit of register ADCOCN
* A Timer 3 overflow (i.e., timed continuous conversions)
» Arrising edge on the CNVSTR input signal (pin P0.6)
* A Timer 2 overflow (i.e., timed continuous conversions)

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). Note: 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. Note that when Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte over-
flows 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
Section “24. Timers” on page 231 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 bit 6 in the POSKIP register to logic 1. See Section
“18. Port Input/Output” on page 147 for details on Port I/O configuration.

5.3.2. Tracking Modes

According to Table 5.3 and Table 5.4, each ADCO conversion must be preceded by a minimum tracking
time for the converted result to be accurate. ADCO has three tracking modes: Pre-Tracking, Post-Tracking,
and Dual-Tracking. Pre-Tracking Mode provides the minimum delay between the convert start signal and
end of conversion by tracking continuously before the convert start signal. This mode requires software
management in order to meet minimum tracking requirements. In Post-Tracking Mode, a programmable
tracking time starts after the convert start signal and is managed by hardware. Dual-Tracking Mode maxi-
mizes tracking time by tracking before and after the convert start signal. Figure 5.3 shows examples of the
three tracking modes.

Pre-Tracking Mode is selected when ADOTM is set to 10b. Conversions are started immediately following
the convert start signal. ADCO is tracking continuously when not performing a conversion. Software must
allow at least the minimum tracking time between each end of conversion and the next convert start signal.
The minimum tracking time must also be met prior to the first convert start signal after ADCO is enabled.

Post-Tracking Mode is selected when ADOTM is set to 01b. A programmable tracking time based on
ADOTK is started immediately following the convert start signal. Conversions are started after the pro-
grammed tracking time ends. After a conversion is complete, ADCO does not track the input. Rather, the
sampling capacitor remains disconnected from the input making the input pin high-impedance until the
next convert start signal.

Dual-Tracking Mode is selected when ADOTM is set to 11b. A programmable tracking time based on
ADOTK is started immediately following the convert start signal. Conversions are started after the pro-
grammed tracking time ends. After a conversion is complete, ADCO tracks continuously until the next con-
version is started.
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Depending on the output connected to the ADC input, additional tracking time, more than is specified in
Table 5.3 and Table 5.4, may be required after changing MUX settings. See the settling time requirements
described in Section “5.3.6. Settling Time Requirements” on page 58.

Convert Stat —— ] ]
IZrDe(-)TrracI:irIg Track Convert Track Convert ...
Pfgg{ﬁilg? Idle Track Convert Idle Track | Convert..
D:gl(—)‘!’rracl:(iﬁ Track Track Convert Track Track | Convert..
Figure 5.3. ADCO Tracking Modes
5.3.3. Timing

ADCO has a maximum conversion speed specified in Table 5.3 and Table 5.4. ADCO is clocked from the
ADCO Subsystem Clock (FCLK). The source of FCLK is selected based on the BURSTEN bit. When
BURSTEN is logic 0, FCLK is derived from the current system clock. When BURSTEN is logic 1, FCLK is
derived from the Burst Mode Oscillator, an independent clock source with a maximum frequency of
25 MHz.

When ADCO is performing a conversion, it requires a clock source that is typically slower than FCLK. The
ADCO SAR conversion clock (SAR clock) is a divided version of FCLK. The divide ratio can be configured
using the ADOSC bits in the ADCOCF register. The maximum SAR clock frequency is listed in Table 5.3
and Table 5.4.

ADCO can be in one of three states at any given time: tracking, converting, or idle. Tracking time depends
on the tracking mode selected. For Pre-Tracking Mode, tracking is managed by software and ADCO starts
conversions immediately following the convert start signal. For Post-Tracking and Dual-Tracking Modes,
the tracking time after the convert start signal is equal to the value determined by the ADOTK bits plus 2
FCLK cycles. Tracking is immediately followed by a conversion. The ADCO conversion time is always 13
SAR clock cycles plus an additional 2 FCLK cycles to start and complete a conversion. Figure 5.4 shows
timing diagrams for a conversion in Pre-Tracking Mode and tracking plus conversion in Post-Tracking or
Dual-Tracking Mode. In this example, repeat count is set to one.
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Convert Start —>» |

-

Pre-Tracking Mode

Time |

F| s1|s2]| . |s12]s13|F]|

ADCO State |

Convert |

ADOINT Flag ,_

Post-Tracking or Dual-Tracking Modes (ADOTK = ‘00")

Time |

F| s1|s2 [F[F| s1]|s2]| . |s12]s13]|F]|

ADCO State |

Track | Convert |

ADOINT Flag |_

—

Key

Equal to one period of FCLK.

Each Sn is equal to one period of the SAR clock.

Figure 5.4. 12-Bit ADC Tracking Mode Example
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5.3.4. 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, or 16 sam-
ples using an internal Burst Mode clock (approximately 25 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 5.5 shows an exam-
ple of Burst Mode Operation with a slow system clock and a repeat count of 4.

Important Note: When Burst Mode is enabled, only Post-Tracking and Dual-Tracking modes can be used.

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.

Note: 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 ——» ] ]

Post-Tracking

ADOTM = 01 P%"‘ésvrr?d Pfrmefcﬂip Tlc|tlc|Tlc|T]C Pg"é’)svrfd P;r:"éelwep T|c..
ADOEN =0

Dual-Tracking

aooru =11 [ Ppeered [Rowerth e [ e [re e | Pommn’ | Emamact |7]c-
ADOEN =0

“ADOPWR >

Post-Tracking

ADOTM =01 Idle Tl C (T|C |T|C ([T|C Idle T|C |T|C [T]|C..
ADOEN =1

Dual-Tracking

ADOTM =11 Track T|C |[T|C |T|C |[T|C Track T|C |T|C |[T|C..
ADOEN =1

T = Tracking

C = Converting

Figure 5.5. 12-Bit ADC Burst Mode Example with Repeat Count Set to 4
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5.3.5. Output Conversion Code

The registers ADCOH and ADCOL contain the high and low bytes of the output conversion code. When the
repeat count is set to 1, conversion codes are represented in 12-bit unsigned integer format and the output
conversion code is updated after each conversion. Inputs are measured from ‘0’ to Vrgg X 4095/4096.

Data can be right-justified or left-justified, depending on the setting of the ADOLJST bit (ADCOCN.2).
Unused bits in the ADCOH and ADCOL registers are set to ‘0’. Example codes are shown in Table 5.1 for
both right-justified and left-justified data.

Table 5.1. ADCO Examples of Right- and Left-Justified Samples

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOLJST =0) (ADOLJST =1)
VReg X 4095/4096 OXOFFF OxFFFO
VREer X 2048/4096 0x0800 0x8000
VReg X 2047/4096 Ox07FF Ox7FFO0
0 0x0000 0x0000

When the ADCO 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, or 16 consecutive samples can be accumulated and represented in unsigned integer format. The
repeat count can be selected using the ADORPT bits in the ADCOCF register. The value must be right-
justified (ADOLJST = “0"), and unused bits in the ADCOH and ADCOL registers are set to '0'. The example
in Table 5.2 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.

Table 5.2. ADCO Repeat Count Examples at Various Input Voltages

Input Voltage Repeat Count =4 Repeat Count =8 Repeat Count = 16
VRer X 4095/4096 Ox3FFC Ox7FF8 OxFFFO
VRreg X 2048/4096 0x2000 0x4000 0x8000
VREr X 2047/4096 Ox1FFC O0x3FF8 Ox7FFO
0 0x0000 0x0000 0x0000
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5.3.6. Settling Time Requirements

A minimum tracking time is required before an accurate conversion can be performed. This tracking time is
determined by the AMUXO resistance, the ADCO sampling capacitance, any external source resistance,
and the accuracy required for the conversion.

Figure 5.6 shows the equivalent ADCO input circuit. The required ADCO settling time for a given settling
accuracy (SA) may be approximated by Equation 5.1. When measuring Vpp with respect to GND, Rrotar

reduces to Ryyx. See Table 5.3 and Table 5.4 for ADCO minimum settling time requirements.

- (2
t= |”(§) x RroTaLCsampLE

Equation 5.1. ADCO Settling Time Requirements

Where:

SA is the settling accuracy, given as a fraction of an LSB (for example, 0.25 to settle within 1/4 LSB)
t is 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 (12).

MUX Select

i

Pxx Dd—o o AAN—

RMUX =5 kQ

— Csawvpe =12 pF

RCInpm: Rwmux * CsampLe =

Figure 5.6. ADCO Equivalent Input Circuits
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SFR Definition 5.1. ADCOMX: ADCO Channel Select

R R R R/W R/W R/W R/W R/W Reset Value
- - -] ADOMX | 00011111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xBB
Bits7-5: UNUSED. Read = 000b; Write = don't care.
Bits4—0: ADOMX4-0: AMUXO Positive Input Selection
ADOMX4-0 ADCO Input Channel

00000 P0O.0

00001 PO.1

00010 P0.2

00011 P0.3

00100 P0.4

00101 P0.5

00110 P0.6

00111 PO0.7

01000 P1.0

01001 P1.1

01010 P1.2

01011 P1.3

01100 P14

01101 P15

01110 P1.6

01111 P1.7

10000 P2.0

10001 P2.1

10010 P2.2

10011 p2.3*

10100 P2.4*

10101 p2.5*

10110 p2.6*

10111 pP2.7

11000 Temp Sensor
11001 Vbb
11010 - 11111 GND
*Note: Only applies to C8051F410/2; selection RESERVED on C8051F411/3 devices.
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SFR Definition 5.2. ADCOCF: ADCO Configuration

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
ADOSC \ ADORPT | Reserved | 11111000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0XxBC

Bits7—3: ADO0SC4-0: ADCO SAR Conversion Clock Period Bits.
SAR Conversion clock is derived from FCLK by the following equation, where ADOSC refers
to the 5-bit value held in bits ADOSC4-0. SAR Conversion clock requirements are given in
Table 5.3.
BURSTEN = 0: FCLK is the current system clock.
BURSTEN = 1: FCLK is a maximum of 25 MHz, independent of the current system clock.

_ FCLK FCLK
ADOSC = CLKgar ADOSC +1

*Note: Round the result up.

1+ or CLKSAR =

Bits2—1: ADORPT1-0: ADCO Repeat Count.

Controls the number of conversions taken and accumulated between ADCO End of

Conversion (ADCINT) and ADCO Window Comparator (ADCWINT) interrupts. A convert

start is required for each conversion unless Burst Mode is enabled. In Burst Mode, a single

convert start can initiate multiple self-timed conversions. Results in both modes are

accumulated in the ADCOH:ADCOL register. When ADORPT1-0 are set to a value other

than '00', the ADOLJST bit in the ADCOCN register must be set to '0' (right justified).

00: 1 conversion is performed.

01: 4 conversions are performed and accumulated.

10: 8 conversions are performed and accumulated.

11: 16 conversions are performed and accumulated.

Note: The ADCO output register is automatically reset to 0x0000 upon reaching the last conversion
specified by the repeat counter. If the ADC is disabled during a conversion and re-enabled later,
the ADCOH and ADCOL registers should be manually cleared to 0x00.

BitO: RESERVED. Read = 0Ob; Must write Ob.
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SFR Definition 5.3. ADCOH: ADCO Data Word MSB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

\ \ | \ \ | \ \oooooooo

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
OXBE

Bits7-0: ADCO Data Word High-Order Bits.
For ADOLJST = 0 and ADORPT as follows:
00: Bits 3—0 are the upper 4 bits of the accumulated result. Bits 7—4 are 0000b.
01: Bits 50 are the upper 6 bits of the accumulated result. Bits 7—6 are 00b.
10: Bits 60 are the upper 7 bits of the accumulated result. Bit 7 is Ob.
11: Bits 7-0 are the upper 8 bits of the accumulated result.

For ADOLJST = 1 (ADORPT must be '00"): Bits 7-0 are the most-significant bits of the ADCO
12-bit result.

SFR Definition 5.4. ADCOL: ADCO Data Word LSB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value

\ \ | \ \ | \ \oooooooo

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xBD

Bits7-0: ADCO Data Word Low-Order Bits.

For ADOLJST = 0: Bits 7-0 are the lower 8 bits of the ADCO accumulated result.

For ADOLJST = 1 (ADORPT must be '00"): Bits 7-4 are the lower 4 bits of the 12-bit result.
Bits 3-0 are 0000b.
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SFR Definition 5.5. ADCOCN: ADCO0 Control

RIW RIW RIW RIW R/W R/W RIW R/W Reset Value
ADOEN |[BURSTEN| ADOINT |ADOBUSY|ADOWINT|ADOLJST [ ADOCM1 | ADOCMO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) ~ OXES8

Bit7: ADOEN: ADCO Enable Bit.
0: ADCO Disabled. ADCO is in low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
Bit6: BURSTEN: ADCO Burst Mode Enable Bit.
0: ADCO Burst Mode Disabled.
1: ADCO Burst Mode Enabled.
Bit5: ADOINT: ADCO Conversion Complete Interrupt Flag.
0: ADCO has not completed a data conversion since the last time ADOINT was cleared.
1: ADCO has completed a data conversion.
Bit4: ADOBUSY: ADCO Busy Bit.
Read:
0: ADCO conversion is complete or a conversion is not currently in progress. ADOINT is set
to logic 1 on the falling edge of ADOBUSY.
1: ADCO conversion is in progress.

Write:

0: No Effect.

1: Initiates ADCO Conversion if ADOCM1-0 = 00b
Bit3: ADOWINT: ADCO Window Compare Interrupt Flag.

This bit must be cleared by software.
0: ADCO Window Comparison Data match has not occurred since this flag was last cleared.
1: ADCO Window Comparison Data match has occurred.
Bit2: ADOLJST: ADCO Left Justify Select
0: Data in ADCOH:ADCOL registers is right justified.
1: Data in ADCOH:ADCOL registers is left justified. This option should not be used with a
repeat count greater than 1 (when ADORPT1-0 is O1b, 10b, or 11b).
Bits1-0: ADOCM1-0: ADCO Start of Conversion Mode Select.
00: ADCO conversion initiated on every write of ‘1’ to ADOBUSY.
01: ADCO conversion initiated on overflow of Timer 3.
10: ADCO conversion initiated on rising edge of external CNVSTR.
11: ADCO conversion initiated on overflow of Timer 2.
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SFR Definition 5.6. ADCOTK: ADCO Tracking Mode Select

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADOPWR \ ADOTM | ADOTK | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
(bit addressable)  OxBA
Bits7-4. ADOPWR3-0: ADCO Burst Power-Up Time.
For BURSTEN = 0:
ADCO power state controlled by ADOEN.
For BURSTEN = 1 and ADOEN = 1;
ADCO remains enabled and does not enter the low power state.
For BURSTEN = 1 and ADOEN = O:
ADCO enters the low power state as specified in Table 5.3 and Table 5.4 and is enabled
after each convert start signal. The Power Up time is programmed according to the following
equation:
ADOPWR = TS88IMUR 9 o roiartyp = (ADOPWR + 1)400ns
400ns
Bits3—2: ADOTM1-0: ADCO Tracking Mode Select Bits.
00: Reserved.
01: ADCO is configured to Post-Tracking Mode.
10: ADCO is configured to Pre-Tracking Mode.
11: ADCO is configured to Dual-Tracking Mode (default).
Bits1-0: ADOTK1-0: ADCO Post-Track Time.
Post-Tracking time is controlled by ADOTK as follows:
00: Post-Tracking time is equal to 2 SAR clock cycles + 2 FCLK cycles.
01: Post-Tracking time is equal to 4 SAR clock cycles + 2 FCLK cycles.
10: Post-Tracking time is equal to 8 SAR clock cycles + 2 FCLK cycles.
11: Post-Tracking time is equal to 16 SAR clock cycles + 2 FCLK cycles.

5.4. 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 5.7. ADCOGTH: ADCO Greater-Than Data High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC4

Bits7—0: High byte of ADCO Greater-Than Data Word.

SFR Definition 5.8. ADCOGTL: ADCO Greater-Than Data Low Byte

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value
| | | | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0OxC3

Bits7—0: Low byte of ADCO Greater-Than Data Word.
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SFR Definition 5.9. ADCOLTH: ADCO Less-Than Data High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
0xC6

Bits7—0: High byte of ADCO Less-Than Data Word.

SFR Definition 5.10. ADCOLTL: ADCO Less-Than Data Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC5

Bits7—0: Low byte of ADCO Less-Than Data Word.
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5.4.1. Window Detector In Single-Ended Mode

Figure5.7 shows two example window comparisons for right-justified data  with
ADCOLTH:ADCOLTL = 0x0200 (512d) and ADCOGTH:ADCOGTL = 0x0100 (256d). The input voltage can
range from ‘0’ to Vreg X (4095/4096) with respect to GND, and is represented by a 12-bit unsigned integer
value. The repeat count is set to one. 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 0x0100 < ADCOH:ADCOL < 0x0200). 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 < 0x0100 or ADCOH:ADCOL > 0x0200). Figure 5.8 shows an exam-
ple using left-justified data with the same comparison values.

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage

(Px.x - GND) (Px.x - GND)
VREF X (4095/4096) |  OXOFFF VREF X (4095/
4096)
ADOWINT _
not affected ADOWINT=1
0x0201
VREF x (512/4096) 0x0200 <—| ADCOLTH:ADCOLTL | VREF x (512/4096) 0x0200 <—| ADCOGTH:ADCOGTL |
""""""""""""""""""""""" OXO1FF
ADOWINT=1 ot affected
_________________________________ 0x0101
VREF x (256/4096) |  0x0100  [#—] ADCOGTH:ADCOGTL | VREF X (256/4096) |  0x0100  [#—] ADCOLTH:ADCOLTL |
OX00FF
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 5.7. ADC Window Compare Example: Right-Justified Single-Ended Data

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage [ Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (4095/4096) OxFFFO VREF x (4095/4096)
ADOWINT _
not affected ADOWINT=1
0x2010
VREF x (512/4096) 0x2000 4—| ADCOLTH:ADCOLTL | VREF x (512/4096) 0x2000 4—| ADCOGTH:ADCOGTL |
"""""""""""""""""""""""""" Ox1FFO
ADOWINT=1 ADOWINT
0x1010 not affected
VREF x (256/4096) 0x1000 4—| ADCOGTH:ADCOGTL | VREF x (256/4096) 0x1000 4—| ADCOLTH:ADCOLTL |
OxO0FFO0
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 5.8. ADC Window Compare Example: Left-Justified Single-Ended Data
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Table 5.3. ADCO Electrical Characteristics (Vpp =2.5V, VgRgg =2.2V)

Vpp = 2.5V, Vger = 2.2 V (REFSL=0), —40 to +85 °C unless otherwise specified. Typical values are given
at 25 °C.

Parameter | Conditions | Min | Typ | Max |  Units

DC Accuracy
Resolution 12 bits
Integral Nonlinearity — — +1 LSB
Differential Nonlinearity Guaranteed Monotonic — — +1 LSB
Offset Error — +3 +10 LSB
Full Scale Error — +3 +10 LSB
Dynamic Performance (10 kHz sine-wave Single-ended input, 0 to 1 dB below Full Scale, 200 ksps)
Signal-to-Noise Plus Distortion gjgslilﬁﬂtrol\ggd(gl(JI??USI?I_SELEL\I,S,)Iol) 28 gg : dB
Total Harmonic Distortion Up to the 5t harmonic — =77 — dB
Spurious-Free Dynamic Range — -94 — dB
Conversion Rate
SAR Conversion Clock Regular Mode (BURSTEN ='0")| — — 3 MHz
Conversion Time in SAR Clocks?! — 13 — clocks
Track/Hold Acquisition Time? 1 — — Hs
Throughput Rate — — 200 ksps
Analog Inputs
Input Voltage Range 0 — | VRer \%
Input Capacitance — 12 — pF
Temperature Sensor
Linearity3 — | ®02 | — °C
Slope? — 2.95 — mv/°C
Slope Error® — | 73 | — Hv/°C
Offset? (Temp = 0 °C) — 900 — mv
Offset Error® — | £217 | — mv
Power Specifications
R;J;)egfpupﬁgg t%”:ggto) Operating Mode, 200 ksps — 680 | 1000 MA
Burst Mode (Idle) — 100 — HA
Power Supply Rejection — 1 — mvV/V
Notes:

1. An additional 2 FCLK cycles are required to start and complete a conversion.

2. Additional tracking time may be required depending on the output impedance connected to the ADC input.

See Section “5.3.6. Settling Time Requirements” on page 58.
3. Represents one standard deviation from the mean.
4. Includes ADC offset, gain, and linearity variations.
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Table 5.4. ADCO Electrical Characteristics (Vpp =2.1V, Vggg =1.5V)
Vpp = 2.1V, Vgegr = 1.5 V (REFSL = 0), —40 to +85 °C unless otherwise specified. Typical values are given at

25°C.
Parameter | Conditions | Min | Typ | Max | Units

DC Accuracy
Resolution 12 bits
Integral Nonlinearity — — +1 LSB
Differential Nonlinearity Guaranteed Monotonic — — *1 LSB
Offset Error — 13 +10 LSB
Full Scale Error — +3 +10 LSB
Dynamic Performance (10 kHz sine-wave Single-ended input, 0 to 1 dB below Full Scale, 200 ksps)
Signal-to-Noise Plus Distortion SS?ST&JO'\SS?GBl(JiUS?_SELEL\I,;)‘O‘) gg gg : dB
Total Harmonic Distortion Up to the 5t harmonic — —75 — dB
Spurious-Free Dynamic Range — -90 — dB
Conversion Rate
SAR Conversion Clock Regular Mode (BURSTEN ='0")| — — 3 MHz
Conversion Time in SAR Clocks?! — 13 — clocks
Track/Hold Acquisition Time? 1 — — Hs
Throughput Rate — — 200 ksps
Analog Inputs
Input Voltage Range 0 — VREE \Y%
Input Capacitance — 12 — pF
Temperature Sensor
Linearity&4 — 0.2 — °C
Slope? — | 295 | — mv/°C
Slope Error® — | 73 | — uv/eC
Offset (Temp =0 °C) — 900 — mV
Offset Error® — | £217 | — mv
Power Specifications
Eltine\:/\éetros:ggg)Current (Vop sup- Operating Mode, 200 ksps — 650 | 1000 MA
Burst Mode (Idle) — 100 — HA
Power Supply Rejection — 1 — mV/V
Notes:

1. An additional 2 FCLK cycles are required to start and complete a conversion.

2. Additional tracking time may be required depending on the output impedance connected to the ADC input.

See Section “5.3.6. Settling Time Requirements” on page 58.
3. Represents one standard deviation from the mean.
4. Includes ADC offset, gain, and linearity variations.
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6. 12-Bit Current Mode DACs (IDAO and IDA1)

The C8051F41x devices include two 12-bit current-mode Digital-to-Analog Converters (IDACs). The maxi-
mum current output of the IDACs can be adjusted for four different current settings; 0.25 mA, 0.5 mA,
1 mA, and 2 mA. The IDACs can be individually enabled or disabled using the enable bits in the corre-
sponding IDAC Control Register (IDAOCN or IDALCN). When both IDACs are enabled, their outputs may
be routed to individual pins or merged onto a single pin. An internal bandgap bias generator is used to gen-
erate a reference current for the IDACs whenever they are enabled. IDAC updates can be performed on-
demand, scheduled on a Timer overflow, or synchronized with an external pin edge. Figure 6.1 shows a
block diagram of the IDAC circuitry.

E O | | N | ™M P_:
IDAREN S|E|E|E|E|S
IDANCM2 B Ll L L P
~ [ IDANCMI
Q [ IDANCMO _‘\_A\ /
<
2 [TDANRIST |- M
IDANOMD1 A
IDANOMDO | | !
< |8
< e
9 VY
S 12 > IDAN
E‘ » DA Output
z |4
s>

Figure 6.1. IDAC Functional Block Diagram

6.1. IDAC Output Scheduling

A flexible output update mechanism allows for seamless full-scale changes and supports jitter-free
updates for waveform generation. Three update modes are provided, allowing IDAC output updates on a
write to the IDAC’s data register, on a Timer overflow, or on an external pin edge.

6.1.1. Update Output On-Demand

In its default mode (IDANCN.[6:4] = ‘111") the IDAC output is updated “on-demand” with a write to the data
register high byte (IDAnH). It is important to note that in this mode, writes to the data register low byte
(IDANL) are held and have no effect on the IDAn output until a write to IDAnH takes place. Since data from
both the high and low bytes of the data register are immediately latched to IDAn after a write to IDAnH, the
write sequence when writing a full 12-bit word to the IDAC data registers should be IDAnL followed
by IDAnH. When the data word is left justified, the IDAC can be used in 8-bit mode by initializing IDANL to
the desired value (typically 0x00), and writing data only to IDAOH.
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6.1.2. Update Output Based on Timer Overflow

The IDAC output update can be scheduled on a Timer overflow. This feature is useful in systems where the
IDAC is used to generate a waveform of a defined sampling rate, by eliminating the effects of variable
interrupt latency and instruction execution on the timing of the IDAC output. When the IDANCM bits
(IDANCN.[6:4]) are set to ‘000’, ‘001, ‘010’ or ‘011’, writes to both IDAC data registers (IDAnL and IDAnH)
are held until an associated Timer overflow event (Timer O, Timer 1, Timer 2 or Timer 3, respectively)
occurs, at which time the IDAnH:IDANL contents are copied to the IDAC input latch, allowing the IDAC out-
put to change to the new value. When updates are scheduled based on Timer 2 or 3, updates occur on
low-byte overflows if Timer 2 or 3 is in 8-bit mode and high-byte overflows if Timer 2 or 3 is in 16-bit mode.

6.1.3. Update Output Based on CNVSTR Edge

The IDAC output can also be configured to update on a rising edge, falling edge, or both edges of the
external CNVSTR signal. When the IDAnNCM bits (IDANCN.[6:4]) are set to ‘100", ‘101", or ‘110’, writes to
the IDAC data registers (IDAnL and IDAnH) are held until an edge occurs on the CNVSTR input pin. The
particular setting of the IDANCM bits determines whether the IDAC output is updated on rising, falling, or
both edges of CNVSTR. When a corresponding edge occurs, the IDAnH:IDANL contents are copied to the
IDAC input latch, allowing the IDAC output to change to the new value.

6.2. IDAC Output Mapping

The IDAC data word can be Left Justified or Right Justified as shown in Figure 6.2. When Left Justified, the
8 MSBs of the data word (D11-D4) are mapped to bits 7-0 of the IDANH register and the 4 LSBs of the data
word (D3-D0) are mapped to bits 7-4 of the IDANL register. When Right Justified, the 4 MSBs of the data
word (D11-D8) are mapped to bits 3-0 of the IDANnH register and the 8 LSBs of the data word (D7-DO0) are
mapped to bits 7-0 of the IDANL register. The IDAC data word justification is selected using the IDAnNRJST
bit IDANCN.2).

The full-scale output current of the IDAC is selected using the IDAnNOMD bits (IDANCNJ[1:0]). By default,
the IDAC is set to a full-scale output current of 2 mA. The IDANOMD bits can also be configured to provide
full-scale output currents of 0.25 mA, 0.5 mA, or 1 mA.

Left Justified Data (IDAnNRJST = 0):
IDANH
Di1 | D10 | D9 | D8 | D7 | D6 | D5 | D4

IDANL
D3 | D2 | D1 | DO

IDANL
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

Right Justified Data (IDAnNRJST = 1):

IDAnH
D11 | D10 | D9 | D8

IDAN Data Word Output Current vs IDAnNOMD bit setting
(D11-D0) ‘11’ (2 mA) ‘10’ (1 mA) ‘01’ (0.5 mA) ‘00’ (0.25 mA)
0x000 0 mA 0 mA 0 mA 0 mA
0x001 1/4096 x 2 mA 1/4096 x 1 mA 1/4096 x 0.5 mA 1/4096 x 0.25 mA
0x800 2048/4096 x 2 mA|2048/4096 x 1 mA | 2048/4096 x 0.5 mA [2048/4096 x 0.25 mA
OxFFF 4095/4096 x 2 mA |4095/4096 x 1 mA |4095/4096 x 0.5 mA |4095/4096 x 0.25 mA

Figure 6.2. IDAC Data Word Mapping
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SFR Definition 6.1. IDAOCN: IDAO Control

R/IW

R/W R/W R/W R/W R R/W R/W Reset Value

IDAOCEN

IDAOCM | - |IDAORJST] IDAOOMD 01110011

Bit7

Bit 7:

Bits 6-4:

Bit 3:
Bit 2:

Bits 1:0:

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xB9

IDAOEN: IDAO Enable Bit.

0: IDAO Disabled.

1: IDAO Enabled.

IDAOCM[2:0]: IDAO Update Source Select Bits.
000: DAC output updates on Timer 0 overflow.

001: DAC output updates on Timer 1 overflow.

010: DAC output updates on Timer 2 overflow.

011: DAC output updates on Timer 3 overflow.

100: DAC output updates on rising edge of CNVSTR.
101: DAC output updates on falling edge of CNVSTR.
110: DAC output updates on any edge of CNVSTR.
111: DAC output updates on write to IDAOH.
Reserved. Read = Ob, Write = Ob.

IDAORJST: IDAO Right Justify Select Bit.

0: IDAO data in IDAOH:IDAOL is left justified.

1: IDAO data in IDAOH:IDAOL is right justified.
IDAOOMDI1:0]: IDAO Output Mode Select Bits.

00: 0.25 mA full-scale output current.

01: 0.5 mA full-scale output current.

10: 1.0 mA full-scale output current.

11: 2.0 mA full-scale output current.

SFR Definition 6.2. IDAOH: IDAO Data High Byte

R/W

R/W R/W R/W R/W R/W R/W R/W Reset Value

\ \ | \ \ | \ 00000000

Bit7

Bits 7-0:

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0x97

IDAO Data Word High-Order Bits.

For IDAORJST = 0:

Bits 7-0 hold the most significant 8-bits of the 12-bit IDAO Data Word.

For IDAORJST = 1:

Bits 3-0 hold the most significant 4-bits of the 12-bit IDAO Data Word. Bits 7-4 are 0000b.
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SFR Definition 6.3. IDAOL: IDAO Data Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0X96

Bits 7-0: IDAO Data Word Low-Order Bits.
For IDAORJST =0:
Bits 7-4 hold the least significant 4-bits of the 12-bit IDAO Data Word. Bits 3—0 are 0000b.
For IDAORJST = 1.
Bits 7—0 hold the least significant 8-bits of the 12-bit IDAO Data Word.

SFR Definition 6.4. IDA1CN: IDA1 Control

R/W R/W R/W R/W R/W R R/W R/W Reset Value
IDA1EN IDA1CM \ - \|DA1RJST| IDA1IOMD 01110011
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

SFR Address: 0xB5

Bit 7: IDALEN: IDAO Enable Bit.
0: IDA1 Disabled.
1: IDA1 Enabled.
Bits 6—4. IDA1CM[2:0]: IDA1 Update Source Select Bits.
000: DAC output updates on Timer 0 overflow.
001: DAC output updates on Timer 1 overflow.
010: DAC output updates on Timer 2 overflow.
011: DAC output updates on Timer 3 overflow.
100: DAC output updates on rising edge of CNVSTR.
101: DAC output updates on falling edge of CNVSTR.
110: DAC output updates on any edge of CNVSTR.
111: DAC output updates on write to IDA1H.
Bit 3: Reserved. Read = Ob, Write = Ob.
Bit 2: IDALRJST: IDA1 Right Justify Select Bit.
0: IDAL data in IDA1H:IDA1L is left justified.
1: IDAL data in IDA1H:IDALL is right justified.
Bits 1-0: IDA1OMDI[1:0]: IDA1 Output Mode Select Bits.
00: 0.25 mA full-scale output current.
01: 0.5 mA full-scale output current.
10: 1.0 mA full-scale output current.
11: 2.0 mA full-scale output current.
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SFR Definition 6.5. IDA1H: IDAO Data High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OxXF5

Bits 7-0: IDA1 Data Word High-Order Bits.
For IDAORJST = 0:
Bits 7-0 hold the most significant 8-bits of the 12-bit IDA1 Data Word.
For IDAORJST = 1:
Bits 3-0 hold the most significant 4-bits of the 12-bit IDA1 Data Word. Bits 7—4 are 0000b.

SFR Definition 6.6. IDA1L: IDA1 Data Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OxF4

Bits 7—0: IDA1 Data Word Low-Order Bits.
For IDAORJST = 0:
Bits 7-4 hold the least significant 4-bits of the 12-bit IDA1 Data Word. Bits 3—0 are 0000b.
For IDAORJST = 1:
Bits 7-0 hold the least significant 8-bits of the 12-bit IDA1 Data Word.

6.3. IDAC External Pin Connections

The IDAO output is connected to P0.0, and the IDA1 output can be connected to P0.0 or PO.1. The output
pin for IDA1 is selected using IDAMRG (REFOCN.7). When the enable bits for both IDACs (IDAnEN) are
set to ‘0", the IDAC outputs behave as a normal GPIO pins. When either IDAC’s enable bit is set to ‘1’, the
digital output drivers and weak pullup for the selected IDAC pin are automatically disabled, and the pin is
connected to the IDAC output. When using the IDACs, the selected IDAC pin(s) should be skipped in the
Crossbar by setting the corresponding PnSKIP bits to a ‘1’. Figure 6.3 shows the pin connections for IDAO
and IDAL.

When both IDACs are enabled and IDAMRG is set to logic 1, the output of both IDACs is merged onto
P0.0.
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IDAOCEN

!

)

IDA0 )———o"o——e—TX] P0.0
IDA1EN
N
IDA1 > oo T;_O PO.1
IDAMRG

Figure 6.3. IDAC Pin Connections
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Table 6.1. IDAC Electrical Characteristics

—40 to +85 °C, Vpp = 2.0 V Full-scale output current set to 2 mA unless otherwise specified. Typical values are given

at 25 °C.
Parameter Conditions | Min ‘ Typ ‘ Max Units
Static Performance
Resolution 12 bits
Integral Nonlinearity — +10 LSB
Differential Nonlinearity Guaranteed Monotonic — +1 LSB
Output Compliance Range S&ireactsgdrgzg[;e&gn, Applies to — |Vpp—12 Y
Offset Error 0 — LSB
Gain Error 2 mA Full Scale Output Current 0.05 2 %
Gain-Error Tempco 320 — nA/°C
\ézﬁoPower Supply Rejection 5 . AN
Output Capacitance 2 — pF
Dynamic Performance
Startup Time 10 — us
0
Ganvaraten rom 2ma 30 o ol | w
0.25 mA Full Scale Output Current 0.5 %
Power Consumption
2 mA Full Scale Output Current 2.1 mA
Power Supply Current 1 mA Full Scale Output Current 1.1 . mA
0.5 mA Full Scale Output Current 0.6 mA
0.25 mA Full Scale Output Current 0.35 mA
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7. Voltage Reference

The Voltage reference MUX on C8051F41x devices is configurable to use an externally connected voltage
reference, the internal reference voltage generator, or the Vpp power supply voltage (see Figure 7.1). The

REFSL bit in the Reference Control register (REFOCN) selects the reference source. For an external
source or the internal reference, REFSL should be set to ‘0. To use Vpp as the reference source, REFSL

should be set to ‘1"

The internal voltage reference circuit consists of a temperature stable bandgap voltage reference genera-
tor and a gain-of-two output buffer amplifier. The output voltage is selected between 1.5V and 2.2 V. The
internal voltage reference can be driven out on the Vrgg pin by setting the REFBE bit in register REFOCN

to a ‘1’ (see Figure 7.1). The load seen by the Vrgg pin must draw less than 200 pA to GND. When using
the internal voltage reference, bypass capacitors of 0.1 pF and 4.7 uF are recommended from the Vgep
pin to GND. If the internal reference is not used, the REFBE bit should be cleared to ‘0'.

The BIASE bit enables the internal voltage bias generator, which is used by the ADC, Temperature Sensor,
internal oscillators, and IDACSs. This bit is forced to logic 1 when any of the aforementioned peripherals are
enabled. The bias generator may be enabled manually by writing a ‘1’ to the BIASE bit in register
REFOCN; see SFR Definition 7.1 for REFOCN register detalils.

The electrical specifications for the voltage reference circuit are given in Table 7.1.

! REFOCN
|
|
| > | Ly g o
: i =
I 0o E @ %
|
|
|
| 1Y
|
|
| EN | 5. Te ADC, IDAC,
; / Bias Generator Internal Oscillators
- ! IOSCEN 1
| DD | External |
\ | Voltage | EN
| | Reference } Temp Sensor | —»To Analog Mux
R1 Circuit |
| | VREF ™
| | ] ©
| ? | 1 VREF
L 1 * (to ADC)
| GND | ;
- | vDD — 1
1 REFBE
|
|
! EN
|
I Internal
} Reference
? i
REFLV

Figure 7.1. Voltage Reference Functional Block Diagram
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Important Note About the Vrgg Pin: Port pin P1.2 is used as the external Vrgg input and as an output for
the internal Vregr When using either an external voltage reference or the internal reference circuitry, P1.2
should be configured as an analog pin, and skipped by the Digital Crossbar. To configure P1.2 as an ana-
log pin, clear Bit 2 in register PLMDIN to ‘0’ and set Bit 2 in register P1 to '1". To configure the Crossbar to
skip P1.2, set Bit 2 in register P1SKIP to ‘1'. Refer to Section “18. Port Input/Output” on page 147 for
complete Port I/O configuration details. The TEMPE bit in register REFOCN enables/disables the tempera-
ture sensor. While disabled, the temperature sensor defaults to a high impedance state and any ADCO
measurements performed on the sensor result in meaningless data.

SFR Definition 7.1. REFOCN: Reference Control

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
IDAMRG | GF | ZTCEN | REFLV | REFSL | TEMPE | BIASE | REFBE | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xD1
Bit7: IDAMRG: IDAC Output Merge Select.

0: IDA1 Output is PO.1.
1: IDAL Output is P0.0 (Merged with IDAO Output).

Bit6: GF. General Purpose Flag.
This bit is a general purpose flag for use under software control.
Bit5: ZTCEN: Zero-TempCo Bias Enable Bit.

0: ZeroTC Bias Generator automatically enabled when needed.
1: ZeroTC Bias Generator forced on.
Bit4: REFLV: Voltage Reference Output Level Select.
This bit selects the output voltage level for the internal voltage reference.
0: Internal voltage reference setto 1.5 V.
1: Internal voltage reference set to 2.2 V.
Bit3: REFSL: Voltage Reference Select.
This bit selects the source for the internal voltage reference.
0: Vreg pin used as voltage reference.
1: Vpp used as voltage reference.
Bit2: TEMPE: Temperature Sensor Enable Bit.
0: Internal Temperature Sensor off.
1. Internal Temperature Sensor on.
Bitl: BIASE: Internal Analog Bias Generator Enable Bit.
0: Internal Analog Bias Generator automatically enabled when needed.
1. Internal Analog Bias Generator on.
BitO: REFBE: Internal Reference Buffer Enable Bit.
0: Internal Reference Buffer disabled.
1: Internal Reference Buffer enabled. Internal voltage reference driven on the Vygg pin.

78 Rev. 1.1 @

SILICON LABS



C8051F410/1/2/3

Table 7.1. Voltage Reference Electrical Characteristics
Vpp = 2.0 V; —40 to +85 °C unless otherwise specified.

Parameter ‘ Conditions ‘ Min | Typ ‘ Max | Units
Internal Reference (REFBE = 1)
° ' = 147 | 15 | 1.53
Output Voltage 25°C amb!ent (REFLV = 0) 516 | 22 | 224 v
25 °C ambient (REFLV = 1), Vpp =25V | ¢ . .
Vgrgg Short-Circuit Current — 3.0 — mA
Vrer Temperature Coefficient — 35 — | ppm/°C
Load Regulation Load = 0 to 200 pA to GND — 10 — | ppm/pA
VREF Turn-on Time VDD =25 V, VREF =15V:
4.7 yF tantalum, 0.1 uF ceramic bypass — 2.5 — ms
0.1 pF ceramic bypass — 55 — us
VDD =25 V, VREF =2.2V:
4.7 yF tantalum, 0.1 uF ceramic bypass | — | 68 | — ms
0.1 pF ceramic bypass — | 144 | — Hs
Power Supply Rejection — 2 — mV/V
External Reference (REFBE = 0)
Input Voltage Range 0 — | Vop \Y
Input Current Sample Rate = 200 ksps; VR =2 V — 5 — MA
Bias Generators
ADC Bias Generator BIASE =1’ — 22 — MA
Power Consumption (Internal) — 50 — MA
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8. Voltage Regulator (REGO)

C8051F41x devices include an on-chip low dropout voltage regulator (REGO0). The input to REGO at the
VRegN Pin can be as high as 5.25 V. The output can be selected by software to 2.1V or 2.5 V. When

enabled, the output of REGO appears on the Vpp pin, powers the microcontroller core, and can be used to
power external devices. On reset, REGO is enabled and can be disabled by software.

The input (Vregn) @and output (Vpp) of the voltage regulator should both be protected with a large capaci-

tor (4.7 uF + 0.1 pF) to ground. This capacitor will eliminate power spikes and provide any immediate
power required by the microcontroller. A settling time associated with the voltage regulator is shown in
Table 8.1.

REGO Q—l—l—ig Vrecin
|
|
4.7 uF —-1uF |
(I
|
|

Vpp O j X Vop
4.7 uF A uF

T

s

Figure 8.1. External Capacitors for Voltage Regulator Input/Output

If the internal voltage regulator is not used, the Vyggy input should be tied to Vpp, as shown in Figure 8.2.

4@@ VReGIN

- Qﬂ’—@ -
4.7 uF A pF

Figure 8.2. External Capacitors for Voltage Regulator Input/Output

@ Rev. 1.1 81

SILICON LABS




C8051F410/1/2/3

SFR Definition 8.1. REGOCN: Regulator Control

Bit 7: REGDIS: Voltage Regulator Disable Bit.
This bit disables/enables the Voltage Regulator.
0: Voltage Regulator Enabled.
1: Voltage Regulator Disabled.
Bit 6: RESERVED. Read = Ob. Must write Ob.
Bit 5: UNUSED. Read = Ob. Write = don't care.
Bit 4: REGOMD: Voltage Regulator Mode Select Bit.
This bit selects the Voltage Regulator output voltage.
0: Voltage Regulator output is 2.1 V.
1: Voltage Regulator output is 2.5 V (default).
Bits 3—-1: UNUSED. Read = Ob. Write = don't care.
Bit O: DROPOUT: Voltage Regulator Dropout Indicator Bit.
0: Voltage Regulator is not in dropout.
1: Voltage Regulator is in or near dropout.

R/IW RIW R RIW R R R R Reset Value
REGDIS |Reserved| — [REGOMD| — | — | — |DROPOUT|00010000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xC9

Table 8.1. Voltage Regulator Electrical Specifications
Vpp = 2.1 or 2.5 V; —40 to +85 °C unless otherwise specified. Typical values are given at 25 °C.

Parameter Conditions Min Typ Max Units

Input Voltage Range (Vregin)* (See Note)| — 5.25 \Y%

Load Current — — 50 mA

Load Regulation — 7 15 mV/mA
Output Current =1 mA

Output Voltage (Vpp) REGOMD = ‘0 2.0 2.1 2.25 \Y;
REGOMD = ‘1’ 2.35 2.5 2.55

Bias Current Egggmg : 2 : 1 12 HA

_I?rr](r)ggﬁéllgdmator Detection o 65 . mv

Output Voltage Tempco — 600 — puv/eC

VREG Settling Time 50 mA load with Vregiy = 2.5V _ 250 | — us
and Vpp load capacitor of 4.8 pF

*Note: Actual Output Voltage (Vpp) = Nominal Output Voltage (Vpp) — (Load Regulation x Load Current).
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9. Comparators

C8051F41x devices include two on-chip programmable voltage comparators: ComparatorO is shown in
Figure 9.1; Comparatorl is shown in Figure 9.2. The two comparators operate identically, but only
Comparator0 can be us