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Single/Dual Battery, 0.9-3.6 V, 16-8 kB, SmaRTClock, 12/10-Bit ADC MCU

SILICON LABS

Ultra-Low Power

- 160 pA/MHz in active mode (24.5 MHz clock)
- 2 us wake-up time (two-cell mode)

- 10 nA sleep mode with memory retention

- 50 nA sleep mode with brownout detector

- 300 nA sleep mode with LFO (‘F912/02 only)
- 600 nA sleep mode with external crystal
Supply Voltage 0.9to 3.6 V

- One-cell mode supports 0.9 to 1.8 V operation

(‘F911/01). ‘F912 and ‘F902 devices can operate
from 0.9 to 3.6 V continuously

- Two-cell mode supports 1.8 to 3.6 V operation

- Built-in dc-dc converter with 1.8 to 3.3 V output for
use in one-cell mode

- Built-in LDO regulator allows a high analog supply
voltage and low digital core voltage

- 2 built-in supply monitors (brownout detectors)

12-Bit or 10-Bit Analog to Digital Converter

- *1 LSB INL (10-bit mode); +1.5 LSB INL (12-bit
mode, ‘F912/02 only) no missing codes

- Programmable throughput up to 300 ksps (10-Bit
Mode) or 75 ksps (12-bit mode, ‘F912/02 only)

- Upto 15 external inputs

- On-chip voltage reference

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

- 16-hit auto-averaging accumulator with burst mode
provides increased ADC resolution

-  Data dependent windowed interrupt generator

- Built-in temperature sensor

Two Comparators

- Programmable hysteresis and response time

- Configurable as wake-up or reset source

- Upto 15 Capacitive Touch Sense Inputs

6-Bit Programmable Current Reference

- Upto £500 pA. Can be used as a bias or for
generating a custom reference voltage

- PWM enhanced mode on ‘F912/02 devices

High-Speed 8051 uC Core

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

- Upto 25 MIPS throughput with 25 MHz clock

- Expanded interrupt handler

Memory

- 768 bytes RAM

- 16 kB (‘F912/1) or 8 kB (‘F902/1) Flash; In-system
programmable

Digital Peripherals

- 16 port I/O; 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

- Internal oscillators: 24.5 MHz, 2% accuracy
supports UART operation; 20 MHz low power
oscillator requires very little bias current

- External oscillator: Crystal, RC, C, or CMOS clock

- SmaRTClock oscillator: 32 kHz crystal or internal

low frequency oscillator (‘F912/02) or self-oscillate
mode

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

On-Chip Debug

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

- Provides 4 breakpoints, single stepping
- Inspect/modify memory and registers

- Complete development kit

Packages

- 24-pin QFN (4x4 mm)

- 24-pin QSOP (easy to hand-solder)

- Tested die available

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

C8051F91x-C8051F90x devices are fully integrated mixed-signal System-on-a-Chip MCUs. Highlighted
features are listed below. Refer to Table 2.1 for specific product feature selection and part ordering
numbers.

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

» High-speed pipelined 8051-compatible microcontroller core (up to 25 MIPS)

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

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

»  6-bit Programmable Current Reference. Resolution can be increased with PWM

» Precision programmable 24.5 MHz internal oscillator with spread spectrum technology
» 16 kB or 8 kB of on-chip Flash memory

» 768 bytes of on-chip RAM

«  SMBuSs/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

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

«  Two On-chip Voltage Comparators with 15 Capacitive Touch Sense inputs.
e 16 PortI/O (5 V tolerant)

With on-chip Power-On Reset, Vpp monitor, Watchdog Timer, and clock oscillator, the C8051F91x-
C8051F90x devices are truly stand-alone 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 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
without occupying package pins.

Each device is specified for 0.9 to 1.8V, 0.9 to 3.6V, or 1.8 to 3.6 V operation over the industrial
temperature range (—40 to +85 °C). The Port I/O and RST pins are tolerant of input signals up to 5 V. The
C8051F91x-C8051F90x devices are available in 24-pin QFN or QSOP packages. Both package options
are lead-free and RoHS compliant. See Table 2.1 for ordering information. Block diagrams are included in
Figure 1.1 through Figure 1.4.
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1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F91x-C8051F90x family utilizes Silicon Labs' proprietary CIP-51 microcontroller core. The CIP-
51 is fully compatible with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers
can be used to develop software. The CIP-51 core offers all the peripherals included with a standard 8052.

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the
standard 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-to-24 MHz. By contrast, the CIP-51
core executes 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.
1.1.3. Additional Features

The C8051F91x-C8051F90x 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
analog and digital peripherals to interrupt the controller. An interrupt driven system requires less
intervention by the MCU, giving it more effective throughput. The extra interrupt sources are very useful
when building multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp monitor (forces reset
when power supply voltage drops below safe levels), a Watchdog Timer, a Missing Clock Detector,
SmaRTClock oscillator fail or alarm, a voltage level detection from Comparator0Q, 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
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
circuit 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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1.2. Port Input/Output

Digital and analog resources are available through 16 1/O pins. Port pins are organized as three byte-wide
ports. Port pins P0.0-P1.6 can be defined as digital or analog 1/O. Digital /0O pins can be assigned to one
of the internal digital resources or used as general purpose /0 (GPIO). Analog I/O pins are used by the
internal analog resources. P2.7 can be used as GPIO and is shared with the C2 Interface Data signal
(C2D). See Section “27. C2 Interface” on page 316 for more details.

The designer has complete control over which digital and analog functions are assigned to individual Port
pins, limited only by the number of physical I/O pins. This resource assignment flexibility is achieved
through the use of a Priority Crossbar Decoder. See Section “21.3. Priority Crossbar Decoder” on
page 214 for more information on the Crossbar.

All Port I/Os are 5 V tolerant when used as digital inputs or open-drain outputs. For Port I/Os configured as
push-pull outputs, current is sourced from the VDD/DC+ supply. Port I1/Os used for analog functions can
operate up to the VDD/DC+ supply voltage. See Section “21.1. Port /O Modes of Operation” on page 211
for more information on Port I/O operating modes and the electrical specifications chapter for detailed
electrical specifications.

XBRO, XBR1, Port Match
XBR2, PnSKIP POMASK, POMAT
Registers P1MASK, P1IMAT
\ 4
L. External Interrupts
Priority EX0 and EX1
Decoder
PnMDOUT,
_ 2, PnMDIN Registers
Highest UART |« ~ >
Priority
SPI0 | 4y 5
Siv D Vd d
- -o———— ] roo
g SMBus [ # > Digi
5 us |7 ”| Digital PO M
@ Crossbar 8 e .
£ cPo —<9-o->|Cells
5] 4,
a CP1 V4 < P0.7
@ Outputs :li +
=
g P1.0
£ SYSCLK R 7 .
- —<8—> p; .
PCA e v > /0 o
V4 Cells *
Lowest 2, —e———{X] r1s6
Priority T0,T1 < /7 ¢

8 —
> 1
PO | (P0.0-P0.7) < »| P2
— [ 10
j 7 Cell
§ P1 | (P1.0-P1'6) x p2.7
T —
o 4—
o 1
p2 P2.7) To Analog Peripherals
¢ : (ADCO, CPO, and CP1 inputs,
— VREF, IREF0, AGND)
Figure 1.5. Port I/O Functional Block Diagram
®
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1.3. Serial Ports

The C8051F91x-C8051F90x Family includes an SMBus/I’C interface, a full-duplex UART with enhanced
baud rate configuration, and two Enhanced SPI interfaces. Each of the serial buses is fully implemented in
hardware and makes extensive use of the CIP-51's interrupts, thus requiring very little CPU intervention.

1.4. Programmable Counter Array

An on-chip Programmable Counter/Timer Array (PCA) is included in addition to the four 16-bit general
purpose counter/timers. The PCA consists of a dedicated 16-bit counter/timer time base with six
programmable 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. ‘F912 and ‘F902 devices also support a
SmaRTClock divided by 8 clock source.

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.
Additionally, 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 I/O and
External Clock Input may be routed to Port I/O via the Digital Crossbar.

SYSCLK/12

SYSCLK/4
>

Timer 0 Overflow PCA

ECI CLOCK
MUX

16-Bit Counter/Timer

A 4

SYSCLK

External Clock/8
—_—>
SmaRTClock/8*
—_—

*Only available on ‘F912 and ‘F902 devices.

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare

Module O Module 1 Module 2 Module 3 Module 4 Module 5/ WDT
A A A A A A
m (@] (@] O (@] (@] O
0 m m m m m m
= x X X x X x
o L N w > 6]
A\ 4 A4 Y A Y Y
Crossbar
:""“" TTTTTTTA
I

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

C8051F91x-C8051F90x devices have a 300 ksps, 10-bit or 75 ksps 12-bit successive-approximation-
register (SAR) ADC with integrated track-and-hold and programmable window detector. ADCO also has an
autonomous low power Burst Mode which can automatically enable ADCO, capture and accumulate
samples, then place ADCO in a low power shutdown mode without CPU intervention. It also has a 16-bit
accumulator that can automatically average the ADC results, providing an effective 11, 12, or 13 bit ADC
result without any additional CPU intervention.

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

ADCOCN
zZlwbloz 5513
Slwnls|lal2Q|9|0
olx|alo| 8 8 8
<|D|l<|a|B
m | <[ <[ <<
| A 4 T
vy VDD Start 000 —— ADOBUSY (W)
ar )
ADCOTK |—> _ Conversion | 001 —— Timer 0 Overflow
ADCOPWR'—» Burst Mode Logic 010 Timer 2 Overflow
011 —— Timer 3 Overflow

100 —— CNVSTR Input

A 1 10/12-Bit
AIN+ N SAR —._>

16-Bit Accumulator

>
<
C
S
Y
'
| ADCOH || ADcCoL |
A A
Y A

:‘ T LU
| w
O
Q ADOWINT
7 t
(R E— Window
> | 1 Compare
tolNioluls 32 Logic
?|3|2|3|3|2|E|8| [ADCOLTH|[ADCOLTL |
olo|o|(o|o| S o
alalalalalal8|s
<<|<|<|<|<| <= [ 1
ADCOCF [ADCOGTH||ADCOGTL |
Figure 1.7. ADCO Functional Block Diagram
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L4 AIN+
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Temp »
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Digital Supply———
VDD DC+———>
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Figure 1.8. ADCO Multiplexer Block Diagram

1.6. Programmable Current Reference (IREFO)

C8051F91x-C8051F90x devices include an on-chip programmable current reference (source or sink) with
two output current settings: low power mode and high current mode. The maximum current output in low
power mode is 63 pA (1 YA steps) and the maximum current output in high current mode is 504 pA (8 HA
steps).

1.7. Comparators

C8051F91x-C8051F90x 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 “18. Reset Sources” on page 177 and the Section “14. Power Management” on page 149 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 (CPO, 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 1/O pins or to other internal signals. Port pins may also be
used to directly sense capacitive touch switches.
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Figure 1.9. Comparator 0 Functional Block Diagram
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Figure 1.10. Comparator 1 Functional Block Diagram
®
Rev. 1.3 28

SILICON LABS



C8051F91x-C8051F90x

29

Rev. 1.3

SILICON LABS



C8051F91x-C8051F90x

2. Ordering Information
Table 2.1. Product Selection Guide
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S S c|la| 5| 3|S|S|&|&|8|s|&|E|el %38 g
C8051F912-D-GM | 25 | 16 |768| v | 1 1 2 4 Ville | vV vV V| V| 2 and QFN-24
C8051F912-D-GU | 25| 16 |768| v | 1 1 2 4 vVille | V| V| V| v | v | QSOP-24
C8051F912-D-GDI | 25 | 16 |768| v | 1 1 2 4 vVille | vV vV vV V| 2 v | v | Tested Die
C8051F911-D-GM | 25 |16 |768| v | 1 1 2 4 Vi1 | vV VI V| vV 2 v’ QFN-24
C8051F911-D-GU | 25|16 |768| v | 1 1 2 4 vVille | vV vV vV V| 2 v’ QSOP-24
C8051F911-D-GDI | 25 | 16 |768| v | 1 1 2 4 Vi1 | vV VI V| vV 2 v’ Tested Die
C8051F902-D-GM | 25| 8 |768| v | 1 1 2 4 Vil | vV vV vV V| 2 and QFN-24
C8051F902-D-GU | 25| 8 |768| v | 1 1 2| 4 Vi1 | vV VI V| vV 2 v | v | QSOP-24
C8051F902-D-GDI | 25| 8 |768| v | 1 1 2 4 vVille | vV v V| V| 2 v’ Tested Die
C8051F901-D-GM |25 | 8 |768| v | 1 1 2 4 Vi1 | vV VI V| vV 2 v’ QFN-24
C8051F901-D-GU | 25| 8 |768| v | 1 1 2 4 v | 16 v vl 2 v’ QSOP-24
C8051F901-D-GDI | 25| 8 |768| v | 1 1 2| 4 Ve | vV vV V| V2 v’ Tested Die

1. Starting with silicon revision C, the ordering part numbers have been updated to include the silicon revision and use
this format: "C8051F912-C-GM". Package marking diagrams are included as Figure 3.3 and Figure 3.4 to help
identify the silicon revision.

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

Table 3.1. Pin Definitions for the C8051F91x-C8051F90x

Pin Numbers

‘F912-GM | ‘F912-GU
Name ‘F902-GM | ‘F902-gu| Type |Description
‘F911-GM | ‘F911-GU
‘F901-GM |‘F901-GU

VBAT 5 8 PiIn Battery Supply Voltage.

C8051F911/01 devices:
Must be 0.9 to 1.8 V in single-cell battery mode and 1.8 to 3.6 V in
dual-cell battery mode.

C8051F912/02 devices:
Must be 0.9 to 3.6 V in single-cell battery mode and 1.8 to 3.6 V in
dual-cell battery mode.

Vpp / 3 6 PiIn Power Supply Voltage. Must be 1.8 to 3.6 V. This supply voltage is
not required in low power sleep mode. This voltage must always
be > VBAT.

DC+ P Out

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

DC-/ 1 4 PIn DC-DC converter return current path. In single-cell battery mode,
this pin is typically not connected to ground.

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

GND 2 5 G Required Ground.

DCEN 4 7 PIn DC-DC Enable Pin. In single-cell battery mode, this pin must be
connected to VBAT through a 0.68 pH inductor.

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

ground.

RST/ 6 9 D 1/0 |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 Section “18. Reset Sources” on page 177 for a com-
plete description.

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

P2.7/ 7 10 D I/0 |Port2.7. 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.
C2D D /O

*Note: Available only on the C8051F912/02.
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Table 3.1. Pin Definitions for the C8051F91x-C8051F90x (Continued)

Pin Numbers

‘F912-GM | ‘F912-GU
Name ‘F902-GM | ‘Fo02-cu| Type |Description
‘F911-GM | ‘F911-GU
‘FO901-GM | ‘F901-GU

XTAL3 9 12 Aln |SmaRTClock Oscillator Crystal Input.
See Section 20 for a complete description.
XTAL4 8 11 A Out [SmaRTClock Oscillator Crystal Output.
See Section 20 for a complete description.
PO.0 24 3 D I/0 or |Port 0.0. See Port I/O Section for a complete description.
Aln

External Vreg Input.

VREE Aln |Internal Vggg Output. External Vrgg decoupling capacitors are

A Out [recommended. See Section “5.9. Voltage and Ground Reference
Options” on page 91.

PO.1 23 2 D I/0 or |Port 0.1. See Port I/O Section for a complete description.
Aln
Optional Analog Ground. See Section “5.9. Voltage and Ground
AGND G Reference Options” on page 91.
P0.2 22 1 D I/0 or |Port 0.2. See Port I/O Section for a complete description.
Aln
External Clock Input. This pin is the external oscillator return for a
XTAL1 AIn |crystal or resonator. See Section “19. Clocking Sources” on
page 185.
RTCOUT* Buffered SmaRTClock oscillator output.
PO0.3 21 24 D I/0O or |Port 0.3. See Section “21. Port Input/Output” on page 210 for a

AlIn |complete description.

XTAL2 A Out |External Clock Output. This pin is the excitation driver for an exter-
nal crystal or resonator.

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

Aln External Clock Input. This pin is the external clock input in capaci-
tor or RC oscillator configurations.

See Section “19. Clocking Sources” on page 185 for complete
WAKEQOUT* details.

Wake-up request signal to wake up external devices (e.g. an
external dc-dc converter).

P0.4 20 23 D I/0O or |Port 0.4. See Section “21. Port Input/Output” on page 210 for a
Aln |complete description.

TX D Out |UART TX Pin. See Section “21. Port Input/Output” on page 210.

PO.5 19 22 D I/0 or |Port 0.5. See Section “21. Port Input/Output” on page 210 for a
Aln |complete description.

RX DIn |UART RX Pin. See Section “21. Port Input/Output” on page 210.

*Note: Available only on the C8051F912/02.
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Table 3.1. Pin Definitions for the C8051F91x-C8051F90x (Continued)

Pin Numbers

‘F912-GM | ‘F912-GU
Name ‘F902-GM | ‘Fo02-cu| Type |Description
‘F911-GM | ‘F911-GU
‘FO901-GM | ‘F901-GU

P0.6 18 21 D I/0 or |Port 0.6. See Section “21. Port Input/Output” on page 210 for a
Aln |complete description.

CNVSTR DIn |External Convert Start Input for ADCO. See Section “5.7. ADCO
Analog Multiplexer” on page 86 for a complete description.
P0.7 17 20 D I/0 or |Port 0.7. See Section “21. Port Input/Output” on page 210 for a
Aln |complete description.
IREFO A Out

IREFO Output. See IREF Section for complete description.

P1.0 16 19 D I/0 or |Port 1.0. See Section “21. Port Input/Output” on page 210 for a
AIn |[complete description. May also be used as SCK for SPI1.

P11 15 18 D 1/0O or |Port 1.1. See Section “21. Port Input/Output” on page 210 for a
Aln |complete description.
May also be used as MISO for SPI1.

P1.2 14 17 D I/0O or |Port 1.2. See Section “21. Port Input/Output” on page 210 for a
AlIn |complete description.
May also be used as MOSI for SPI1.

P1.3 13 16 D I/0O or |Port 1.3. See Section “21. Port Input/Output” on page 210 for a
AlIn |complete description.
May also be used as NSS for SPI1.

P1.4 12 15 D I/0 or |Port 1.4. See Section “21. Port Input/Output” on page 210 for a
Aln |complete description.

P15 11 14 D I/0 or |Port 1.5. See Section “21. Port Input/Output” on page 210 for a
Aln |[complete description.

P1.6 10 13 D I/0O or |Port 1.6. See Section “21. Port Input/Output” on page 210 for a
Aln |complete description.

*Note: Available only on the C8051F912/02.
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*Note: Signal only available on 'F912 and 'F902 devices.

Figure 3.1. QFN-24 Pinout Diagram (Top View)
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P0.2/XTAL1/RTCOUT*[ | 1 @ 24 [ ] P0.3/XTAL2/WAKEOUT*
P0.1/AGND [ 2 23 [ ] P0.4/TX
P0.0O/VREF [] 3 22 [] P0.5/RX

GND/DC- [ | 4 oo 24 | ] P0.6/ICNVSTR
®
GND [] 5 S S 20 [] Po.7iREFO

il

vDD/DC+ [| 6 o o 19[]P10
N

DCEN[] 7 S S 18[P1a
=

VBAT [] 8 I 17 [] P1.2
ONO)

RsT/c2cK [] 9 CC 16[]Pr13

p2.7/c2p [ 10 15[ ] P14

XTAL4 [] 11 14 7] P15

XTAL3 [ ] 12 13 ] P16

*Note: Signal only available on 'F912 and 'F902 devices.

Figure 3.2. QSOP-24 Pinout Diagram F912 (Top View)

®
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Figure 3.3. QFN-24 Package Marking Diagram
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Figure 3.4. QSOP-24 Package Marking Diagram
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Figure 3.5. QFN-24 Package Drawing

Table 3.2. QFN-24 Package Dimensions

Option 2

Edge Pull—Back

Dimension Min Typ Max Dimension Min Typ Max
A 0.70 0.75 0.80 L 0.30 0.40 0.50
Al 0.00 0.02 0.05 L1 0.00 — 0.15
b 0.18 0.25 0.30 aaa — — 0.15
4.00 BSC bbb — — 0.10
D2 255 | 270 | 2.80 ddd — — 0.05
e 0.50 BSC eee — — 0.08
4.00 BSC Z — 0.24 —
E2 255 | 270 | 2.80 Y — 0.18 —
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 WGGD 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-020 specification for Small
Body Components.
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Figure 3.6. Typical QFN-24 Landing Diagram

Table 3.3. PCB Land Pattern

Dimension Min Max Dimension Min Max
C1 3.90 4.00 X1 0.20 0.30
C2 3.90 4.00 X2 2.70 2.80
E 0.50 BSC Y1 0.65 0.75
Y2 2.70 2.80
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design

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

Stencil Design
1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be
used to assure good solder paste release.
2. The stencil thickness should be 0.125 mm (5 mils).
3. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
4. A 2x2array of 1.0 x 1.0 mm square openings on 1.30 mm pitch should be used for the
center ground pad.

Card Assembly
1. A No-Clean, Type-3 solder paste is recommended.
2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for
Small Body Components.
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Figure 3.7. QSOP-24 Package Diagram

Table 3.4. QSOP-24 Package Dimensions

Dimension Min Nom Max Dimension Min ‘ Nom ‘ Max
A — — 1.75 e 0.635 BSC
Al 0.10 — 0.25 L 0.40 — 1.27
b 0.20 — 0.30 0 0° — 8°
o 0.10 — 0.25 aaa 0.20
D 8.65 BSC bbb 0.18
E 6.00 BSC ccc 0.10
El 3.90 BSC ddd 0.10
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 JEDEC outline MO-137, variation AE.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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Table 3.5. PCB Land Pattern

Dimension MIN MAX
C 5.20 5.30
E 0.635 BSC
X 0.30 0.40
Y 1.50 1.60
Notes:
General
1. All dimensions shown are in millimeters (mm) unless otherwise noted.

2. This land pattern is based on the IPC-7351 guidelines.

Solder Mask Design

1. All metal pads are to be non-solder mask defined (NMSD). Clearance between the solder mask and
the metal pad is to be 60 pm minimum, all the way around the pad.

Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to
assure good solder paste release.

2. The stencil thickness should be 0.125 mm (5 mils).

3. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
Card Assembly
1. A No-Clean, Type 3 solder paste is recommended.
2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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4. Electrical Characteristics

Throughout the Electrical Characteristics chapter, “VDD” refers to the VDD/DC+ Supply Voltage.

Blue indicates a feature only available on ‘F912 and ‘F902 devices.

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 VDD >2.2V -0.3 — 5.8 \%
RST with respect to GND VDD <2.2V -0.3 — VDD + 3.6
Voltage on VBAT with respect to |One-Cell Mode (F912/02 -0.3 — 4.0 Y
GND One-Cell Mode (F911/01) -0.3 — 2.0

Two-Cell Mode -0.3 — 4.0

Voltage on VDD/DC+ with respect -0.3 — 4.0 \%
to GND
Maximum total current through — — 500 mA
VBAT, DCEN, VDD/DC+ or GND
Maximum current through RST or — — 100 mA
any Port pin
Maximum total current through all — — 200 mA
Port pins
DC-DC Converter Output Power — — 110 mw

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

Electrical Characteristics

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

Parameter Conditions Min | Typ | Max | Units
Battery Supply Voltage (VBAT) |One-Cell Mode (F912/02) 0.9 1.2 3.6 \%
One-Cell Mode (F911/01) 0.9 1.2 1.8
Two-Cell Mode 1.8 24 3.6
Supply Voltage (VDD/DC+) One-Cell Mode 1.8 1.9 3.6 \%
Two-Cell Mode 1.8 24 3.6
Minimum RAM Data VDD (not in Sleep Mode) — 1.4 — \%
Retention Voltagel VBAT (|n Sleep MOde) —_— 0.3 0.5
SYSCLK (System Clock)? 0 — 25 MHz
Tsysh (SYSCLK High Time) 18 — — ns
TsysL (SYSCLK Low Time) 18 — — ns
Specified Operating -40 — +85 °C
Temperature Range
Notes:

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

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

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

4. Includes oscillator and regulator supply current.

5. IDD can be estimated for frequencies <14 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range, then adding an offset of 90 pA. When using these numbers to
estimate Ipp for >14 MHz, the estimate should be the current at 25 MHz minus the difference in current
indicated by the frequency sensitivity number. For example: Vpp = 3.0 V; F = 20 MHz, Ipp =4 mA —

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

6. The supply current specifications in Table 4.2 are for two cell mode. The VBAT current in one-cell mode can

be estimated using the following equation:
_ Supply Voltage x Supply Current (two-cell mode)
VBAT Current (one-cell mode) = —
( ) DC-DC Converter Efficiency x VBAT Voltage
The VBAT Voltage is the voltage at the VBAT pin, typically 0.9 to 1.8 V.
The Supply Current (two-cell mode) is the data sheet specification for supply current.
The Supply Voltage is the voltage at the VDD/DC+ pin, typically 1.8 to 3.3 V (default = 1.9 V).
The DC-DC Converter Efficiency can be estimated using Figure 4.3—Figure 4.5.

7. Idle IDD can be estimated by taking the current at 25 MHz minus the difference in current indicated by the
frequency sensitivity number. For example: Vpp = 3.0 V; F =5 MHz, Idle Ipp = 2.1 mA — (25 MHz —
5 MHz) x 0.079 mA/MHz = 0.52 mA.

8. Internal LFO only available on ‘F912 and ‘F902 devices.

9. Ability to disable VBAT supply monitor only available on ‘F912 and ‘F902 devices.
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Table 4.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FOxx" for details on how to achieve the supply current specifications listed in this table.

Digital

Parameter Conditions Min | Typ | Max | Units
Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)

Ipp 34 5:6 Vpp = 1.8-3.6 V, F = 24.5 MHz — 4.0 5.0 mA
(includes precision oscillator current)
Vpp =1.8-3.6 V, F =20 MHz — 3.4 — mA
(includes low power oscillator current)
Vpp =1.8V, F=1MHz — 265 — HA
Vpp = 3.6V, F =1 MHz — 305 — HA
(includes external oscillator/GPIO current)
Vpp =1.8-3.6 V, F = 32.768 kHz — 84 — pA

(includes SmaRTClock oscillator current)

lDD Frequency Sens|t|v|ty31 5,6 VDD =1.8-3.6 V, T=25 D(:, F <14 MHz — 191 — UA/MHZ

(Flash oneshot active, see Section 13.6)

Vpp=18-3.6V, T=25°C, F>14 MHz — 102 — HA/MHz
(Flash oneshot bypassed, see Section 13.6)

Notes:
1.

2.
3.

Based on device characterization data; Not production tested.
SYSCLK must be at least 32 kHz to enable debugging.
Digital Supply Current depends upon the particular code being executed. The values in this table are obtained
with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1) loop in C. One iteration
requires 3 CPU clock cycles, and the Flash memory is read on each cycle. The supply current will vary slightly
based on the physical location of the sjmp instruction and the number of Flash address lines that toggle as a
result. In the worst case, current can increase by up to 30% if the sjmp loop straddles a 64-byte Flash address
boundary (e.g., 0x007F to 0x0080). Real-world code with larger loops and longer linear sequences will have
few transitions across the 64-byte address boundaries.
Includes oscillator and regulator supply current.
IDD can be estimated for frequencies <14 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range, then adding an offset of 90 HA. When using these numbers to
estimate Ipp for >14 MHz, the estimate should be the current at 25 MHz minus the difference in current
indicated by the frequency sensitivity number. For example: Vpp = 3.0 V; F = 20 MHz, Ipp =4 mA —
(25 MHz - 20 MHz) x 0.102 mA/MHz = 3.5 mA assuming the same oscillator setting.
The supply current specifications in Table 4.2 are for two cell mode. The VBAT current in one-cell mode can
be estimated using the following equation:
Supply Voltage x Supply Current (two-cell mode)

DC-DC Converter Efficiency x VBAT Voltage

VBAT Current (one-cell mode) =

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

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

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

The DC-DC Converter Efficiency can be estimated using Figure 4.3—Figure 4.5.

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

5 MHz) x 0.079 mA/MHz = 0.52 mA.

Internal LFO only available on ‘F912 and ‘F902 devices.

Ability to disable VBAT supply monitor only available on ‘F912 and ‘F902 devices.
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Table 4.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FOxx" for details on how to achieve the supply current specifications listed in this table.

Parameter Conditions Min | Typ | Max | Units

Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)

Iop™ &7 Vpp=1.8-3.6V, F =245 MHz — 2.1 3.0 mA
(includes precision oscillator current)
Vpp =1.8-3.6 V, F =20 MHz — 1.6 — mA
(includes low power oscillator current)
Vpp =1.8V, F=1MHz — 160 — HA
Vpp = 3.6V, F =1 MHz — 185 — HA
(includes external oscillator/GPIO current)
Vpp =1.8-3.6 V, F = 32.768 kHz (includes — 82 — A
SmaRTClock oscillator current)

Iop Frequency Sensitivity>® 7 |Vpp=1.8-3.6 V, T=25°C — 79 — | HAIMHz

Notes:

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

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

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

4. Includes oscillator and regulator supply current.

5. IDD can be estimated for frequencies <14 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range, then adding an offset of 90 HA. When using these numbers to
estimate Ipp for >14 MHz, the estimate should be the current at 25 MHz minus the difference in current
indicated by the frequency sensitivity number. For example: Vpp = 3.0 V; F = 20 MHz, Ipp =4 mA —

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

6. The supply current specifications in Table 4.2 are for two cell mode. The VBAT current in one-cell mode can
be estimated using the following equation:

Supply Voltage x Supply Current (two-cell mode)

DC-DC Converter Efficiency x VBAT Voltage

VBAT Current (one-cell mode) =

The VBAT Voltage is the voltage at the VBAT pin, typically 0.9 to 1.8 V.
The Supply Current (two-cell mode) is the data sheet specification for supply current.
The Supply Voltage is the voltage at the VDD/DC+ pin, typically 1.8 to 3.3 V (default = 1.9 V).
The DC-DC Converter Efficiency can be estimated using Figure 4.3—Figure 4.5.
7. Idle IDD can be estimated by taking the current at 25 MHz minus the difference in current indicated by the
frequency sensitivity number. For example: Vpp = 3.0 V; F =5 MHz, Idle Ipp = 2.1 mA — (25 MHz -
5 MHz) x 0.079 mA/MHz = 0.52 mA.
8. Internal LFO only available on ‘F912 and ‘F902 devices.
9. Ability to disable VBAT supply monitor only available on ‘F912 and ‘F902 devices.
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Table 4.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FOxx" for details on how to achieve the supply current specifications listed in this table.

Parameter Conditions Min | Typ | Max | Units

Digital Supply Current—Suspend and Sleep Mode

D|g|ta| Supp|y Current6 VDD =1.8-3.6 V, tWO-Ce” mode —_— 77 —_— HA
(Suspend Mode)

Digital Supply Current 18V, T=25°C — 0.60 — HA
(Sleep Mode, SmaRTClock run- 3.0V, T=25°C — 0.75 —
ning, 32.768 kHz crystal) 36V, T=25°C — 0.85 —

1.8V, T=85°C — 1.30 —
30V, T=85°C — 1.60 —
36V, T=85°C — 1.90 —
(includes SmaRTClock oscillator and VBAT
Supply Monitor)

Digital Supply Current® 18V, T=25°C — 0.3 — HA
(Sleep Mode, SmaRTClock run- (includes SmaRTClock oscillator and VBAT

ning, internal LFO) Supply Monitor)

Notes:
1.

2.
3.

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

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

Includes oscillator and regulator supply current.

IDD can be estimated for frequencies <14 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range, then adding an offset of 90 pA. When using these numbers to
estimate Ipp for >14 MHz, the estimate should be the current at 25 MHz minus the difference in current
indicated by the frequency sensitivity number. For example: Vpp = 3.0 V; F = 20 MHz, Ipp =4 mA —

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

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

DC-DC Converter Efficiency x VBAT Voltage

VBAT Current (one-cell mode) =

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

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

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

The DC-DC Converter Efficiency can be estimated using Figure 4.3—Figure 4.5.

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

5 MHz) x 0.079 mA/MHz = 0.52 mA.

Internal LFO only available on ‘F912 and ‘F902 devices.

Ability to disable VBAT supply monitor only available on ‘F912 and ‘F902 devices.

Rev. 1.3 46

SILICON LABS



C8051F91x-C8051F90x

Table 4.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FOxx" for details on how to achieve the supply current specifications listed in this table.

Parameter Conditions Min | Typ | Max | Units

Digital Supply Current 18V, T=25°C — 0.05 — HA
(Sleep Mode) 30V, T=25°C — 0.08 —

36V, T=25°C — 0.12 —
18V, T=85°C — 0.75 —
30V, T=85°C — 0.90 —
36V, T=85°C — 1.20 —
(includes VBAT supply monitor)

Digital Supply Current (Sleep 18V, T=25°C — 0.01 — HA
Mode, VBAT Supply Monitor
Disabled)®

Notes:
1.

2.
3.

Based on device characterization data; Not production tested.

SYSCLK must be at least 32 kHz to enable debugging.

Digital Supply Current depends upon the particular code being executed. The values in this table are obtained
with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1) loop in C. One iteration
requires 3 CPU clock cycles, and the Flash memory is read on each cycle. The supply current will vary slightly
based on the physical location 