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Mixed Signal ISP Flash MCU Family

Analog Peripherals

12-Bit ADC
Up to 200 ksps
Up to 32 external single-ended inputs
VREF from on-chip VREF, external pin or Vpp
Internal or external start of conversion source
Built-in temperature sensor

Two Comparators
Programmable hysteresis and response time
Configurable as interrupt or reset source
Low current

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

Superior performance to emulation systems using
ICE-chips, target pods, and sockets

Low cost, complete development kit

Supply Voltage 1.8 to 5.25 V

Typical operating current: 19 mA at 50 MHz
Typical stop mode current: 1 pA

ngh 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 clock
Expanded interrupt handler

Memory

- 2304 bytes internal data RAM (256 + 2048 XRAM)

- 32 or 16 kB Flash; In-system programmable in
512-byte Sectors

D|g|tal Peripherals
33, 25, or 18 Port I/O; All 5 V tolerant

- CAN 2.0 Controller—no crystal required

- LIN 2.1 Controller (Master and Slave capable); no
crystal required

- Hardware enhanced UART, SMBus™, and
enhanced SPI™ serial ports

- Four general purpose 16-bit counter/timers

- 16-bit programmable counter array (PCA) with six
capture/compare modules and enhanced PWM
functionality

Clock Sources

- Internal 24 MHz with £0.5% accuracy for CAN and
master LIN operation

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

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

Packages

- 40-pin QFN (C8051F568-9 and ‘F570-5)

- 32-pin QFP/QFN (C8051F560-7)

- 24-pin QFN (C8051F550-7)

Automotive Qualified

-  Temperature Range: —40 to +125 °C

- Compliant to AEC-Q100
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1. System Overview

C8051F55x/56x/57x devices are fully integrated mixed-signal System-on-a-Chip MCUs. Highlighted fea-
tures are listed below. Refer to Table 2.1 for specific product feature selection and part ordering numbers.

High-speed pipelined 8051-compatible microcontroller core (up to 50 MIPS)
In-system, full-speed, non-intrusive debug interface (on-chip)

Controller Area Network (CAN 2.0B) Controller with 32 message objects, each with its own indentifier
mask (C8051F550/1/4/5, ‘F560/1/4/5/8/9, and ‘F572/3)

m LIN 2.1 peripheral (fully backwards compatible, master and slave modes) (C8051F550/2/4/6,
‘F560/2/4/6/8, and ‘F570/2/4)

m  True 12-bit 200 ksps 32-channel single-ended ADC with analog multiplexer

Precision programmable 24 MHz internal oscillator that is within £0.5% across the temperature range
and for VDD voltages greater than or equal to the on-chip voltage regulator minimum output at the low
setting. The oscillator is within +1.0% for VDD voltages below this minimum output setting.

m  On-chip Clock Multiplier to reach up to 50 MHz

32 kB (C8051F550-3, ‘F560-3, ‘F568-9, and ‘F570-1) or 16 kB (C8051F554-7, ‘F564-7, and ‘F572-5) of
on-chip Flash memory

2304 bytes of on-chip RAM

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

External Data Memory Interface (C8051F568-9 and ‘F570-5) with 64 kB address space

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

On-chip Voltage Regulator
On-chip Power-On Reset, Vpp Monitor, and Temperature Sensor

On-chip Voltage Comparator

33, 25, or 18 Port I/O (5 V push-pull)

With on-chip Voltage Regulator, Power-On Reset, Vpp monitor, Watchdog Timer, and clock oscillator, the
C8051F55x/56x/57x 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 with-
out occupying package pins.

The devices are specified for 1.8 V to 5.25 V operation over the automotive temperature range (—40 to
+125 °C). The C8051F568-9 and ‘F570-5 are available in 40-pin QFN packages, the C8051F560-7
devices are available in 32-pin QFP and QFN packages, and the C8051F550-7 are available in 24-pin
QFN packages. All package options are lead-free and RoHS compliant. See Table 2.1 for ordering infor-
mation. Block diagrams are included in Figure 1.1, Figure 1.2, and Figure 1.3.
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2.

Ordering Information

The following features are common to all devices in this family:

Table 2.1 shows the feature that differentiate the devices in this family.

50 MHz system clock and 50 MIPS throughput (peak)
2304 bytes of RAM (256 internal bytes and 2048 XRAM bytes)

SMBus/I?C, Enhanced SPI, Enhanced UART

Four Timers

Six Programmable Counter Array channels

Internal 24 MHz oscillator

Internal Voltage Regulator

12-bit, 200 ksps ADC

Internal Voltage Reference and Temperature Sensor
Two Analog Comparators

20
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Table 2.1. Product Selection Guide

[}
g £
E 2 S
o £ ti=
[ il=l 5 | X
C8051F550-IM 32 |v |v |18 |— |QFN-24
C8051F550-AM |32 |v |v |18 |— |QFN-24
C8051F553-IM 32 |— |— [18|— |QFN-24
C8051F553-AM |32 |— |— |18 |— |QFN-24
C8051F554-IM 16 |v |v |18 |— |QFN-24
C8051F554-AM |16 |v |v |18 |— |QFN-24
C8051F555-IM 16 |v |— |18 |— |QFN-24
C8051F560-IM 32 |V |v |25|— |QFN-32
C8051F560-1Q 32 |V |V |25|— |QFP-32
C8051F565-1Q 16 |v |— |25 |— |QFP-32
C8051F569-AM |32 |v" |— |33 |v |QFN-40
C8051F571-IM 32 |[— |— |33 |v |QFN-40

Note: The suffix of the part number indicates the device rating and the package. All devices are RoHS compliant.

The -AM and -AQ devices receive full automotive quality production status, including AEC-Q100 qualifica-
tion, registration with International Material Data System (IMDS) and Part Production Approval Process
(PPAP) documentation. PPAP documentation is available at www.silabs.com with a registered and NDA
approved user account. The -AM and -AQ devices enable high volume automotive OEM applications with
their enhanced testing and processing. Please contact Silicon Labs sales for more information regarding
—AM and -AQ devices for your automotive project.

Rev. 1.3 21

SILICON LABS



C8051F55x/56x/57x

Table 2.2. Product Selection Guide (Not Recommended for New Designs)

(]
:
5 g o E
£ 3 2|5
o £ ti=
[ =5 | X
C8051F551-IM 32 |v |— |18 |— |QFN-24
C8051F551-AM |32 |v |— |18 |— |QFN-24
C8051F552-IM 32 |— |V |18 |— |QFN-24
C8051F552-AM |32 |— |v |18 |— |QFN-24
C8051F555-AM |16 |v |— [18 |— |QFN-24
C8051F556-IM 16 |— |v |18 |— |QFN-24
C8051F556-AM |16 |— |v |18 |— |QFN-24
C8051F557-AM |16 |— |— [18 |— |QFN-24
C8051F557-IM |16 |— |— [18 |— |QFN-24
C8051F560-AM |32 |v |V |25|— |QFN-32
C8051F560-AQ |32 |v |— [25|— |QFP-32
C8051F561-IM 32 |V |— |25|— |QFN-32
C8051F561-AM |32 |v |— [25|— |QFN-32
C8051F561-1Q 32 |V |— |25|— |QFP-32
C8051F561-AQ |32 |v |— [25|— |QFP-32
C8051F562-IM 32 |— |V |25|— |QFN-32
C8051F562-AM |32 |— |v |25|— |QFN-32
C8051F562-1Q 32 |— |V |25|— |QFP-32
C8051F562-AQ |32 |— |V [25|— |QFP-32
C8051F563-IM 32 |— |— [25|— |QFN-32
C8051F563-AM |32 |— |— |25 |— |QFN-32
C8051F563-1Q 32 |— |— [25|— |QFP-32
C8051F563-AQ |32 |— |— |25 |— |QFP-32
C8051F564-IM 16 |v |v |25|— |QFN-32
C8051F564-AM |16 |v |V |25|— |QFN-32
C8051F564-1Q 16 |v |V |25|— |QFP-32
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Table 2.2. Product Selection Guide (Not Recommended for New Designs) (Continued)

[}
: £
g g :
Z = 0| =
£ 3 HE
o £ 5=
Q % | Zlc| 2| @ | X
5 2|g5 8% &
C8051F564-AQ |16 |v |V [25|— |QFP-32
C8051F565-IM 16 |v |— |25|— |QFN-32
C8051F565-AM |16 |v |— [25|— |QFN-32
C8051F565-AQ |16 |v |— [25|— |QFP-32
C8051F566-IM 16 |— |v |25|— |QFN-32
C8051F566-AM |16 |— |v [25|— |QFN-32
C8051F566-1Q 16 |— |V |25|— |QFP-32
C8051F566-AQ |16 |— |v [25|— |QFP-32
C8051F567-IM 16 |— |— [25|— |QFN-32
C8051F567-AM |16 |— |— |25 |— |QFN-32
C8051F567-1Q 16 |— |— |25 |— |[QFP-32
C8051F567-AQ |16 |— |— |25 |— |QFP-32
C8051F568-IM 32 |v |v |33|v |QFN-40
C8051F568-AM |32 |[v |v |33 |v |QFN-40
C8051F569-IM 32 |v |— |33 (v |QFN-40
C8051F570-IM |32 |— |v [33|v |QFN-40
C8051F570-AM |32 |— |v |33|v |QFN-40
C8051F571-AM |32 |— |— [33|v |QFN-40
C8051F572-IM |16 |v |v |33|v |QFN-40
C8051F572-AM |16 |v |v |33|v |QFN-40
C8051F573-IM 16 |v |— [33|v |QFN-40
C8051F573-AM |16 |v |— |[33|v" |QFN-40
C8051F574-IM |16 |— |v |33|v |QFN-40
C8051F574-AM |16 |— |v |33 |v |QFN-40
C8051F575-IM 16 |— |— [33|v |QFN-40
C8051F575-AM |16 |— |— [33|v" |QFN-40
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3. Pin Definitions

Table 3.1. Pin Definitions for the C8051F55x/56x/57x

Name Pin Pin Pin Type Description
40-pin 32-pin 24-pin
packages | packages | packages
VDD 4 4 3 Digital Supply Voltage. Must be connected.
GND 6 6 4 Digital Ground. Must be connected.
VDDA 5 5 — Analog Supply Voltage. Must be connected.
GNDA 7 7 5 Analog Ground. Must be connected.
VREGIN 3 3 2 Voltage Regulator Input
VIO 2 2 1 Port 1/0 Supply Voltage. Must be connected.
RST/ 10 10 8 DI/O Device Reset. Open-drain output of internal
POR or Vpp Monitor.
C2CK D /O Clock signal for the C2 Debug Interface.
P4.0/ 9 — — D I/O or A'In |Port 4.0. See SFR Definition 19.28.
C2D D 1/O Bi-directional data signal for the C2 Debug
Interface.
P3.0/ 9 — D I/O or A In |Port 3.0. See SFR Definition 19.24.
c2D DI/O Bi-directional data signal for the C2 Debug
Interface.
P2.1/ — 7 D I/O or A'In |Port 2.1. See SFR Definition 19.20.
c2D D I/O Bi-directional data signal for the C2 Debug
Interface.
P0.0 8 8 6 D I/O or A'In |Port 0.0. See SFR Definition 19.12.
P0.1 1 1 24 D I/O orAln |Port 0.1
P0.2 40 32 23 DI/OorAn |Port 0.2
P0.3 39 31 22 DI/OorAin |Port 0.3
P0.4 38 30 21 DI/OorAin |Port 0.4
P0.5 37 29 20 DI/OorAn |Port 0.5
P0.6 36 28 19 D I/OorAn |Port 0.6
P0.7 35 27 18 D I/OorAn |Port 0.7
24 Rev. 1.3 )

SILICON LABS



C8051F55x/56x/57x

Table 3.1. Pin Definitions for the C8051F55x/56x/57x (Continued)

Name Pin Pin Pin Type Description
40-pin 32-pin 24-pin
packages | packages | packages

P1.0 34 26 17 D I/O or A In |Port 1.0. See SFR Definition 19.16.
P1.1 33 25 16 DI/OorAln |Port 1.1.

P1.2 32 24 15 D I/O orAn |Port 1.2.

P1.3 31 23 14 D I/OorAn |Port 1.3.

P1.4 30 22 13 D I/OorAn |Port 1.4.

P1.5 29 21 12 D I/O orAIn |Port 1.5.

P1.6 28 20 11 D I/O orAn |Port 1.6.

P1.7 27 19 10 DI/OorAin |Port 1.7.

P2.0 26 18 9 D I/O or A In |Port 2.0. See SFR Definition 19.20.
P2.1 25 17 — D I/OorAn |Port 2.1.

P2.2 24 16 — DI/OorAin |Port 2.2.

P2.3 23 15 — D I/O orAIn |Port 2.3.

P2.4 22 14 — D I/OorAn |Port 2.4.

P2.5 21 13 — D I/O orAn |Port 2.5.

P2.6 20 12 — D I/O orAIn |Port 2.6.

P2.7 19 11 — DI/OorAin |Port 2.7.

P3.0 18 — — D I/O or A In |Port 3.0. See SFR Definition 19.24.
P3.1 17 — — D I/O orAIn |Port 3.1.

P3.2 16 — — D I/O orAIn |Port 3.2.

P3.3 15 — — D I/O orAn |Port 3.3.

P3.4 14 — — D I/O or A In |Port 3.4.

P3.5 13 — — D I/O orAIn |Port 3.5.

P3.6 12 — — D I/O orAn |Port 3.6.

P3.7 11 — — D I/OorAn |Port 3.7.
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Figure 3.1. QFN-40 Pinout Diagram (Top View)
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P0.3 / XTAL2
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Figure 3.2. QFP-32 Pinout Diagram (Top View)
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4. Package Specifications
4.1. QFN-40 Package Specifications
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Figure 4.1. QFN-40 Package Drawing

Table 4.1. QFN-40 Package Dimensions

Edge Pull-Back

Dimension Min Typ Max Dimension Min Typ Max

A 0.80 0.85 0.90 E2 4.00 4.10 4.20

A1 0.00 0.05 L 0.35 0.40 0.45

b 0.18 0.23 0.28 L1 0.10

D 6.00 BSC aaa 0.10

D2 4.00 4.10 4.20 bbb 0.10

e 0.50 BSC ddd 0.05

E 6.00 BSC eee 0.08
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 Solid State Outline MO-220, variation VJJD-5, except for

features A, D2, and E2 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 4.2. QFN-40 Landing Diagram

Table 4.2. QFN-40 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
C1 5.80 5.90 X2 4.10 4.20
C2 5.80 5.90 Y1 0.75 0.85
e 0.50 BSC Y2 4.10 4.20
X1 0.15 0.25
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.

2. Dimension and Tolerancing is per the ANSI Y14.5M-1994 specification.

3. This Land Pattern Design is based on the IPC-SM-7351 guidelines.

4. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition (LMC) is
calculated based on a Fabrication Allowance of 0.05 mm.

Solder Mask Design
5. 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
6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.
7. The stencil thickness should be 0.125 mm (5 mils).
8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
9. A 4x4 array of 0.80 mm square openings on a 1.05 mm pitch should be used for the center ground pad.

Card Assembly
10. A No-Clean, Type-3 solder paste is recommended.
11. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.

Rev. 1.3 31

SILICON LABS



C8051F55x/56x/57x

4.2. QFP-32 Package Specifications
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Figure 4.3. QFP-32 Package Drawing

Table 4.3. QFP-32 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A — — 1.60 E 9.00 BSC.
A1 0.05 — 0.15 E1 7.00 BSC.
A2 1.35 1.40 1.45 L 0.45 | 0.60 | 0.75
b 0.30 0.37 0.45 aaa 0.20
c 0.09 — 0.20 bbb 0.20
D 9.00 BSC. ccc 0.10
D1 7.00 BSC. ddd 0.20
e 0.80 BSC. 0 0° | 3.5° | 7°
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 outline MS-026, variation BBA.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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Table 4.4. QFP-32 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
C1 8.40 8.50 X1 0.40 0.50
C2 8.40 8.50 Y1 1.25 1.35
E 0.80 BSC
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
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the
metal pad is to be 60 pm minimum, all the way around the pad.

Stencil Design
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.

Card Assembly
7. A No-Clean, Type-3 solder paste is recommended.
8. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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4.3.

QFN-32 Package Specifications
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Figure 4.5. QFN-32 Package Drawing

Table 4.5. QFN-32 Package Dimensions

Edge Pull-Bock

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.9 1.00 E2 3.20 3.30 3.40
A1 0.00 0.02 0.05 L 0.30 0.40 0.50
b 0.18 0.25 0.30 L1 0.00 — 0.15
D 5.00 BSC. aaa — — 0.15
D2 3.20 3.30 3.40 bbb — — 0.15
e 0.50 BSC. ddd — — 0.05
E 5.00 BSC. eee — — 0.08
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y 14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MO-220, variation VHHD except for
custom features D2, E2, 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 4.6. QFNEZ Landing Diagram

Table 4.6. QFN-32 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
C1 4.80 4.90 X2 3.20 3.40
C2 4.80 4.90 Y1 0.75 0.85
e 0.50 BSC Y2 3.20 3.40
X1 0.20 0.30
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
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the
metal pad is to be 60 pm minimum, all the way around the pad.

Stencil Design
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
7. A 3x3 array of 1.0 mm openings on a 1.20 mm pitch should be used for the center ground pad.

Card Assembly
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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4.4. QFN-24 Package Specifications
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Figure 4.7. QFN-24 Package Drawing
Table 4.7. QFN-24 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A 0.70 0.75 0.80 L 0.30 0.40 0.50
A1 0.00 0.02 0.05 L1 0.00 0.15
b 0.18 0.25 0.30 aaa 0.15
D 4.00 BSC bbb 0.10
D2 2.55 2.70 2.80 ddd 0.05
e 0.50BSC eee 0.08
E 4.00 BSC 4 0.24
E2 2.55 | 2.70 | 2.80 Y 0.18
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y 14.5M-1994.
3. This drawing conforms to 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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Table 4.8. QFN-24 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
C1 3.90 4.00 X2 2.70 2.80
C2 3.90 4.00 Y1 0.65 0.75
E 0.50 BSC Y2 2.70 2.80
X1 0.20 0.30
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
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the
metal pad is to be 60 pm minimum, all the way around the pad.

Stencil Design
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure
good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
7. A 2x2 array of 1.10 mm x 1.10 mm openings on a 1.30 mm pitch should be used for the center ground
pad.

Card Assembly
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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5. Electrical Characteristics

5.1. Absolute Maximum Specifications

Table 5.1. Absolute Maximum Ratings

Parameter Conditions| Min Typ Max Units

Ambient Temperature under Bias -55 — 135 °C
Storage Temperature -65 — 150 °C
Voltage on Vrggn With Respect to GND -0.3 — 5.5 \Y
Voltage on Vpp with Respect to GND -0.3 — 2.8 Vv
Voltage on VDDA with Respect to GND -0.3 — 2.8 Vv
Voltage on Vg with Respect to GND -0.3 — 5.5 \Y,
Voltage on any Port I/O Pin or RST with Respect to -0.3 — | Vio+03 \Y
GND

Maximum Total Current through Vrggny or GND — — 500 mA
Maximum Output Current Sunk by RST or any Port Pin — — 100 mA
Maximum Output Current Sourced by any Port Pin — — 100 mA

Note: Stresses outside of the range of the “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
outside of 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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5.2. Electrical Characteristics

Table 5.2. Global Electrical Characteristics
—40 to +125 °C, 24 MHz system clock unless otherwise specified.

Parameter Conditions Min | Typ | Max | Units
Supply Input Voltage (Vregin) 18 | — | 525 v
Digital Supply Voltage (Vpp) System Clock < 25 MHz VRST1 — 2.75
2 2.75 v
System Clock > 25 MHz T :
Analog Supply Voltage (VDDA) | System Clock < 25 MHz VRST1 — 2.75
V
(Must be connected to Vpp) System Clock > 25 MHz 2 o 2.5
Port 1/0 Supply Voltage (V|g) | Normal Operation 1.82 — 5.25 \%
Digital Supply RAM Data — 1.5 — V
Retention Voltage
SYSCLK (System Clock)? 0 — 50 MHz
TsysH (SYSCLK High Time) 9 — — ns
TsysL (SYSCLK Low Time) 9 — — ns
Specified Operating —40 — | +125 °C
Temperature Range
Digital Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)
|DD4 Vpp =2.1V, F =200 kHz — 85 — MA
Vpp=2.1V,F=1.5MHz — 660 — A
Vpp =21V, F=25MHz — 9.2 11 mA
Vpp =2.1V, F =50 MHz — 17 21 mA
Iop Vpp =2.6V, F =200 kHz — 120 — A
Vpp=2.6V,F=15MHz — 920 — A
Vpp=2.6V,F=25MHz — 13 21 mA
Vpp=2.6V, F =50 MHz — 22 33 mA
Iop Supply Sensitivity F =25 MHz — 68 — Y
F=1MHz — 77 — %IV
Notes:
1. Given in Table 5.4 on page 43.
2. V| should not be lower than the Vpp voltage.
3. SYSCLK must be at least 32 kHz to enable debugging.
4. Guaranteed by characterization. Does not include oscillator supply current.
5. IDD estimation for different frequencies.
6. Idle IDD estimation for different frequencies.
) Rev. 1.3 39

SILICON LABS



C8051F55x/56x/57x

Table 5.2. Global Electrical Characteristics (Continued)
—40 to +125 °C, 24 MHz system clock unless otherwise specified.

Parameter Conditions Min | Typ | Max | Units
25°C
Vpp=21V,F>125MHz, T = — 0.33 — | mA/MHz
25°C
Vpp=26V,F<125MHz, T = — 0.60 — | mA/MHz
25°C
Vpp=26V,F>125MHz, T = — 0.42 — | mA/MHz
25°C
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)
|DD4 Vpp =2.1V, F =200 kHz — 50 — A
Vpp=21V,F=1.5MHz — 410 — A
Vpp=2.1V, F=25MHz — 6.5 8.0 mA
Vpp =2.1V, F =50 MHz — 13 16 mA
Iob Vpp =2.6 'V, F =200 kHz — 67 — A
Vpp=26V,F=15MHz — 530 — MA
Vpp=2.6V, F=25MHz — 8.0 15 mA
Vpp=2.6V,F=50MHz — 16 25 mA
Iop Supply Sensitivity* F=25MHz — 55 — oW\
F=1MHz — 58 —
IDD Frequency Sens|t|v|ty 4.6 VDD = 21V, F E 12.5 MHZ, T=25 oC —_— 0.26 —_—
Vpp=21V,F>125MHz, T=25°C| — 0.26 —
MH
Vpp=26V,F<125MHz T=25°C| — | 034 | — |MAMHz
Vpp=2.6V,F>125MHz, T=25°C| — 0.34 —
Digital Supply Current* Oscillator not running,
(Stop or Suspend Mode) Vpp Monitor Disabled
Temp =25°C — 1 — MA
Temp =60 °C — 6 —
Temp= 125 °C — 70 —
Notes:
1. Given in Table 5.4 on page 43.
2. V|g should not be lower than the Vpp voltage.
3. SYSCLK must be at least 32 kHz to enable debugging.
4. Guaranteed by characterization. Does not include oscillator supply current.
5. IDD estimation for different frequencies.
6. Idle IDD estimation for different frequencies.
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Figure 5.1. Minimum VDD Monitor Threshold vs. System Clock Frequency

Note: With system clock frequencies greater than 25 MHz, the Vpp monitor level should be set to the high threshold
(VDMLVL = 1b in SFR VDMOCN) to prevent undefined CPU operation. The high threshold should only be used
with an external regulator powering Vpp directly. See Figure 9.2 on page 82 for the recommended power
supply connections.
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Table 5.3. Port I/O DC Electrical Characteristics
Vpp = 1.8102.75V, —40 to +125 °C unless otherwise specified.

Parameters Conditions Min Typ Max Units
Output High Voltage |lpy =—3 mA, Port I/O push-pull Vio-04 — — Vv
lon = =10 pA, Port I/O push-pull Vo —0.02 — —
lon = =10 mA, Port I/O push-pull — Vo -0.7 —
Output Low Voltage |V =1.8V:
loL =70 pA — — 50
loL = 8.5 mA — — 750
V|0 =27V
loL =70 pA — — 45 mV
loL = 8.5 mA — — 550
V|o =5.25V:
loL =70 pA — — 40
loL = 8.5 mA — — 400
Input High Voltage |Vgegin=5.25V 0.7 x VIO — \
Input Low Voltage VREgIN=2.7V — — 0.3x VIO Vv
Weak Pullup Off — — 12
Weak Pullup On, Vg =2.1V,
V|N=0V,VDD=1.8V — 7 9
bt Leakage Weak Pullup On, Vo = 2.6 V, uA
Vin=0V,Vpp=26V — 17 22
Weak Pullup On, V|g=5.0V,
ViN=0V,Vpp=26V — 49 115
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Table 5.4. Reset Electrical Characteristics
—40 to +125 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
RST Output Low Voltage VIO=5V;IOL=70pA — — 40 mV
RST Input High Voltage 07xVio | — —
RST Input Low Voltage — — [ 03xVpg
RST Input Pullup Current RST=0.0V,VIO=5V — 49 115 MA
Vpp RST Threshold (VrsT.Low) 1.65 1.75 1.80 Y,
Vpp RST Threshold (VgsT.HiGH) 2.25 2.30 2.45 v
VRegin Ramp Time for Power On | Vgrggy Ramp 0-1.8 V — — 1 ms

Time from last system clock
rising edge to reset initiation

Missing Clock Detector Timeout — S
g Vpp =21V 200 340 600 g
Vpp =25V 200 250 600
Delay between release of
Reset Time Delay any reset source and code — 155 175 us

execution at location 0x0000

Minimum RST Low Time to

Generate a System Reset 6 o o HS
Vpp Monitor Turn-on Time — 60 100 us
Vpp Monitor Supply Current — 1 2 MA

Table 5.5. Flash Electrical Characteristics
Vpp = 1.8102.75V, —40 to +125 °C unless otherwise specified.

Parameter Conditions Min | Typ | Max Units
C8051F550-3, ‘F560-3, 1
Flash Size F568-9, and F570-1 S2res Bytes
C8051F554-7, ‘F564-7, and 16384
‘F572-5
Endurance 20 k 150 k — Erase/Write
Retention 125°C 10 — — Years
Erase Cycle Time 25 MHz System Clock 28 30 45 ms
Write Cycle Time 25 MHz System Clock 79 84 125 V&
Vbp Write/Erase operations VRST-HIGH? — — \
oo | Dok o | = [ [
tions —A Devices —40 — +125
1. On the 32 kB Flash devices, 1024 bytes at addresses 0x7C00 to Ox7FFF are reserved.
2. See Table 5.4 for the VRgT.HIGH SPecification.
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Table 5.6. Internal High-Frequency Oscillator Electrical Characteristics
Vpp = 1.8102.75V, —40 to +125 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Oscillator Frequency IFCN = 111b; 24-05%| 242 [24+0.5% MHz
VDD > VREGMIN'
IFCN = 111b; 24-1.0%| 242 |24+1.0%
VDD < VREGMIN'
Oscillator Supply Current Internal Oscillator On — 880 1300 MA
(from Vpp) OSCICN[7:6]1=11b
Internal Oscillator Suspend Temp =25 °C — 67 —
OSCICN[7:6] = 00b Temp =85 °C 90
ZTCEN =1 Temp =125 °C 130
Wake-up Time From Suspend | OSCICN[7:6] = 00b — 1 — V&
Power Supply Sensitivity Constant Temperature — 0.1 — %IV
Temperature Sensitivity3 Constant Supply
TC4 — 5.0 — ppm/°C
TC, — -0.65 — ppm/°C?2

1. VREGMIN is the minimum output of the voltage regulator for its low setting (REGOCN: REGOMD = 0b). See

Table 5.8, “Voltage Regulator Electrical Characteristics,” on page 45.
2. This is the average frequency across the operating temperature range

3. Use temperature coefficients TC4 and TC, to calculate the new internal oscillator frequency using the

following equation:

f(T) =0 x (1 + TCq x (T - TO) + TCy x (T - TO)?)

where f0 is the internal oscillator frequency at 25 °C and TO is 25 °C.
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Table 5.7. Clock Multiplier Electrical Specifications
Vpp = 1.8102.75V, —40 to +125 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Input Frequency (Fcm;,) 2 — — MHz
Output Frequency — — 50 MHz
Power Supply Current — 0.9 1.9 mA

Table 5.8. Voltage Regulator Electrical Characteristics
Vpp = 1.8102.75V, —40 to +125 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Input Voltage Range (Vregin) 1.8* — 5.25 vV
Dropout Voltage (Vpo) Maximum Current = 50 mA — 10 — | mvimA
Output Voltage (Vpp) 2.1V operation (REGOMD = 0) 2.0 2.1 2.25 v
2.6 V operation (REGOMD = 1) 25 2.6 2.75
Bias Current — 1 9 MA
Dropout Indicator Detection With respect to VDD —0.21 . _0.02 Vv
Threshold ' '
Output Voltage Temperature . 0.29 . mV/°C
Coefficient '
. . 50 mA load with VREGlN =24V
VREG Settling Time and Vpp load capacitor of 4.8 yF | 450 o HS

*Note: The minimum input voltage is 1.8 V or Vpp + Vpg(max load), whichever is greater
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Table 5.9. ADCO Electrical Characteristics
VDDA = 1.8 t0 2.75 V, =40 to +125 °C, VREF = 1.5 V (REFSL=0) unless otherwise specified.

Parameter | Conditions [ Min | Typ | Max | Units
DC Accuracy
Resolution 12 bits
Integral Nonlinearity — 0.5 13 LSB
Differential Nonlinearity Guaranteed Monotonic — 0.5 11 LSB
Offset Error’ -10 3.0 10 LSB
Full Scale Error -20 5.7 20 LSB
Offset Temperature Coefficient — 7.7 — ppm/°C
Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, 200 ksps)
Signal-to-Noise Plus Distortion 63 65 — dB
Total Harmonic Distortion Up to the 5th harmonic; — 80 — dB
Spurious-Free Dynamic Range — -82 — dB
Conversion Rate
SAR Conversion Clock — — 3.6 MHz
Conversion Time in SAR Clocks? 13 — — clocks

- .3 VDDA >2.0V 1.5 — — us
Track/Hold Acquisition Time VDDA < 2.0V 35 . .
Throughput Rate* VDDA >2.0V — — 200 ksps
Analog Inputs
ADC Input Voltage Range® g::: _ :]'O (defauilt) 8 V\él;I:EI; n v
Absolute Pin Voltage with respect 0 — Vio \%
to GND
Sampling Capacitance — 31 — pF
Input Multiplexer Impedance — 3 — kQ
Power Specifications
Power Supply Current . — 1100 1500 A
(VDDA SUZZI)i/ed to ADCO) Operating Mode, 200 ksps H
Burst Mode (Idle) — 1100 1500 MA
Power-On Time 5 — — VE]
Power Supply Rejection — —-60 — mV/V
Notes:
1. Represents one standard deviation from the mean. Offset and full-scale error can be removed through
calibration.

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

3. Additional tracking time may be required depending on the output impedance connected to the ADC input.
See Section “6.2.1. Settling Time Requirements” on page 54.

4. Anincrease in tracking time will decrease the ADC throughput.

5. See Section “6.3. Selectable Gain” on page 55 for more information about the setting the gain.
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Table 5.10. Temperature Sensor Electrical Characteristics
VDDA =1.8t0 2.75 V, —40 to +125 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Linearity — +0.1 — °C
Slope — 3.33 — mV/°C
Slope Error* — 88 — pv/eC
Offset Temp=0°C — 856 — mV
Offset Error* Temp=0°C — +14 — mV
Power Supply Current — 18 — MA
Tracking Time 12 — — V&
*Note: Represents one standard deviation from the mean.
Table 5.11. Voltage Reference Electrical Characteristics
VDDA =1.81t02.75V, —40 to +125 °C unless otherwise specified.
Parameter Conditions Min Typ Max | Units
Internal Reference (REFBE = 1)
Output Voltage 25 °C ambient (REFLV = 0) 145 | 150 | 1.55
25 °C ambient (REFLV = 1), Vpp =26V | 2.15 | 220 | 2.25 v
VREF Short-Circuit Current — 5 10 mA
VREF Temperature — 38 — | ppm/°C
Coefficient
Power Consumption Internal — 30 50 MA
Load Regulation Load = 0 to 200 pA to AGND — 3 — MV/PA
VREF Turn-on Time 1 4.7 yF tantalum and 0.1 yF bypass — 1.5 — ms
VREF Turn-on Time 2 0.1 yF bypass — 46 — [VES
Power Supply Rejection — 1.2 — mV/V
External Reference (REFBE = 0)
Input Voltage Range 1.5 — Vppa \Y
Input Current Sample Rate = 200 ksps; VREF =1.5V — 21 — MA
Power Specifications
Reference Bias Generator |REFBE =1 or TEMPE = 1 — 21 40 MA
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Table 5.12. Comparator 0 and Comparator 1 Electrical Characteristics
VIO =1.8t0 5.25 V, —40 to +125 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units
Response Time: CPn+ — CPn-=100 mV — 330 — ns
Mode 0, Vem' = 1.5 V CPn+ — CPn— = 100 mV — | 390 — ns
Response Time: CPn+ - CPn—=100 mV — 490 — ns
Mode 1, Vem' = 1.5V CPn+ — CPn— =100 mV — | 610 — ns
Response Time: CPn+ — CPn- =100 mV — 590 — ns
Mode 2, Vem' = 1.5V CPO+ — CPO- = —100 mV — | 750 — ns
Response Time: CPn+ — CPn-=100 mV — 2300 — ns
Mode 3, Vem' = 1.5V CPn+ — CPn— = 100 mV — | 3100 — ns
Common-Mode Rejection Ratio — 2.1 13 mV/V
Positive Hysteresis 1 CPnHYP1-0 =00 -2 0 2 mV
Positive Hysteresis 2 CPnHYP1-0 =01 2 6 10 mV
Positive Hysteresis 3 CPnHYP1-0 =10 5 11 20 mV
Positive Hysteresis 4 CPnHYP1-0 = 11 13 21 40 mV
Negative Hysteresis 1 CPnHYN1-0 =00 -2 0 2 mV
Negative Hysteresis 2 CPnHYN1-0 = 01 2 5 10 mV
Negative Hysteresis 3 CPnHYN1-0 =10 5 11 20 mV
Negative Hysteresis 4 CPnHYN1-0 = 11 13 21 40 mV
Inverting or Non-Inverting Input -0.25 — Vio +0.25 \%
Voltage Range
Input Capacitance — 8 — pF
Input Offset Voltage -10 — +10 mV
Power Supply
Power Supply Rejection — 0.18 — mV/V
Power-up Time — 3 — us
Mode 0 — 6.3 20 MA
Supply Current at DC Mode 1 — 34 10 bA
Mode 2 — 2.6 7.5 MA
Mode 3 — 0.6 3 MA
*Note: Vcm is the common-mode voltage on CP0+ and CPO-.
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6. 12-Bit ADC (ADCO)

The ADCO on the C8051F55x/56x/57x consists of an analog multiplexer (AMUXO0) with 33, 25, or 18 total
input selections and a 200 ksps, 12-bit successive-approximation-register (SAR) ADC with integrated
track-and-hold, programmable window detector, programmable attenuation (1:2), and hardware accumula-
tor. 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 detector are all configurable under software control via the
Special Function Registers shows in Figure 6.1. ADCO inputs are single-ended and may be configured to
measure P0.0-P3.7, the Temperature Sensor output, Vpp, or GND with respect to GND. The voltage refer-
ence for ADCO is selected as described in Section “6.6. Temperature Sensor” on page 69. 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 shutdown when ADOEN is logic 0 and no Burst Mode
conversions are taking place.

ADCOMX ADCOTK ADCOCN
P2.2-P2.7, P3.0 avallable MERREREREEEREE Zl_lzlEl]=|e
on 40-pin and 32-pin =z2(z|2|2 =22 EEEIE Eﬁzﬁéggﬁ
packages 212181818 S|s15521218/18 2“888888
P3.1-P3.7 available on 40 2|2)<l7] RlRR|EFE T 3|¥|<x|g| |
1-P3.7 available on 40- | L | LK
pin packages i l T T
ADOBUSY (W)
PQ.0 Start VDD Start
Conversion v Conversion Timer 1 Overflow
SYSCLK Burlfit N_'Iode 5 CNVSTR Input
ogic
PO.7 [ ¢ Timer 2 Overflow
P1.0 Burst Mode 5 -
' Oscillator e
25 MHz Max =
12-Bit _'é
P17
Selectable S AR .
P2.0 . l1 Gain 1 Accumulator
0- I
AMUXO ADC ,_,g
P27 |ADC!)GNHHADCO];3NLHADCOlGNA\ =
P3.0 Y YT, T 32 TR ]
S g 8 ADOWINT
SN t
P3.7 L Window
Compare
VDD — 3121515 |8|E B3| madd ; ] logie
Temp Sensor 22|23 |D x|z \ADCOLTHHADCOLTL|
ala|ala|alg|g|x
GND <|<|<|<|<|2|2|0 | t
ADCOCF |[ADCOGTH|[ADCOGTL|
Figure 6.1. ADCO Functional Block Diagram
®
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6.1. Modes of Operation
In a typical system, ADCO is configured using the following steps:

If a gain adjustment is required, refer to Section “6.3. Selectable Gain” on page 55.

Choose the start of conversion source.

Choose Normal Mode or Burst Mode operation.

If Burst Mode, choose the ADCO Idle Power State and set the Power-up Time.

Choose the tracking mode. Note that Pre-Tracking Mode can only be used with Normal Mode.
Calculate the required settling time and set the post convert-start tracking time using the ADOTK bits.
Choose the repeat count.

Choose the output word justification (Right-Justified or Left-Justified).

9. Enable or disable the End of Conversion and Window Comparator Interrupts.

6.1.1. 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 rising 