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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

- Three 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 1.8to 5.25V

- Typical operating current: 15 mA at 50 MHz;
Typical stop mode current: 230 pA

High-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

Automotive Qualified

- Temperature Range: —40 to +125 °C

Memory

- 8448 hytes internal data RAM (256 + 8192 XRAM)

- 128 or 96 kB Banked Flash; In-system programma-
ble in 512-byte Sectors

- External 64 kB data memory interface programma-
ble for multiplexed or non-multiplexed mode

Digital Peripherals

- 40, 33, or 25 Port I/0; All 5 V push-pull with high
sink current

- CAN 2.0 Controller—no crystal required

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

- Two Hardware enhanced UARTs, SMBus™, and
enhanced SPI™ serial ports

- Six general purpose 16-bit counter/timers

- Two 16-Bit programmable counter array (PCA)
peripherals with six capture/compare modules each
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

- 48-Pin QFP/QFN (C8051F580/1/4/5)

- 40-Pin QFN (C8051F588/9-F590/1)

- 32-Pin QFP/QFN (C8051F582/3/6/7)
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1. System Overview

CB8051F58x/F59x 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.

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 (C8051F580/2/4/6/8-F590)

LIN 2.1 peripheral (fully backwards compatible, master and slave modes) (C8051F580/2/4/6/8-F590)
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.

On-chip Clock Multiplier to reach up to 50 MHz

128 kB (C8051F580/1/2/3/8/9) or 96 kB (C8051F584/5/6/7-F590/1) of on-chip Flash memory
8448 bytes of on-chip RAM

SMBus/I12C, Two Enhanced UARTSs, and Enhanced SPI serial interfaces implemented in hardware
Six general-purpose 16-bit timers

External Data Memory Interface (C8051F580/1/4/5) with 64 kB address space

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

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

40, 33 or 25 Port I/0 (5 V push-pull)

With an on-chip Voltage Regulator, Power-On Reset and Vpp monitors, Watchdog Timer, and clock oscilla-

tor, the C8051F58x/F59x 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 Port I/O and RST pins can interface to 5V logic by setting the VIO pin to 5V. The
CB8051F580/1/4/5 devices are available in 48-pin QFP and QFN packages, and the C8051F588/9-F590/1
devices are available in a 40-pin QFN package, and the C8051F582/3/6/7 devices are available in 32-pin
QFP and QFN packages. All package options are lead-free and RoHS compliant. See Table 2.1 for order-
ing information. Block diagrams are included in Figure 1.1 and Figure 1.3.
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Figure 1.1. C8051F580/1/4/5 Block Diagram
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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)
8448 bytes of RAM (256 internal bytes and 8192 XRAM bytes

SMBuSs/I°C, Enhanced SPI, Two UARTs

Six Timers

12 Programmable Counter Array channels

12-hit, 200 ksps ADC

Internal 24 MHz oscillator

Internal Voltage Regulator

Internal Voltage Reference and Temperature Sensor
Three Analog Comparators
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Table 2.1. Product Selection Guide

()] Q
(&) (&)
3 3
o {3 3 {3
—~ c —~ c
E g 0| 2 E £ ol 2
= > o| g = > Q| g
@ o =l o IS o =l o
2 : 5| = = : 5| =
= s |3 - e s |3 -1
5 =l 8| gl s 3 = |la| 2wl g
T 2% 2> 2|%¢ o 212 2|3 £|¢
(@) L Ol a|l O wW| a (@) L Ol al Ol Ww| a
C8051F580-1Q |128|v |v |40 | v |QFP-48|C8051F585-1Q |96 |— |— |40 |+ |QFP-48
C8051F580-IM [128| v | v |40 | v~ |QFN-48]C8051F585-IM |96 |— |— |40 | v~ |QFN-48
C8051F581-1Q |128|— |— |40 | v |QFP-48|C8051F586-1Q |96 |+ |+ |25 |— |QFP-32
C8051F581-IM [128|— |— |40 | v | QFN-48]C8051F586-IM |96 |v | v~ |25 |— |QFN-32
C8051F582-1Q |128|v | v |25 |— |QFP-32]C8051F587-1Q |96 |— |— |25 |— |QFP-32
C8051F582-IM [128| v | v |25 |— |QFN-32]C8051F587-IM |96 |— |— |25 |— |QFN-32
C8051F583-1Q [128|— |— |25 |— |QFP-32]C8051F588-IM |128| v | v~ |33 | v~ | QFN-40
C8051F583-IM |128|— |— |25 |— |QFN-32]C8051F589-IM {128 |— |— |33 | v~ | QFN-40
C8051F584-1Q |96 | v |v |40 | v |QFP-48 |C8051F590-IM |96 |+ | v~ |33 | v  |QFN-40
C8051F584-IM |96 | v |v |40 | v |QFN-48]C8051F591-IM |96 |— |— [33 | v  |QFN-40

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

All of these devices are also available in an automotive version. For the automotive version, the -l in the
ordering part number is replaced with -A. For example, the automotive version of the C8051F580-IM is the
C8051F580-AM.

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.
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3. Pin Definitions

Table 3.1. Pin Definitions for the C8051F58x/F59x

SILICON LABS

Name Pin Pin Pin Type Description
F580/1/4/5| F588/9- |F582/3/6/7
F590/1
(48-pin) | (40-pin) | (32-pin)

VDD 4 4 4 Digital Supply Voltage. Must be connected.

GND 6 6 6 Digital Ground. Must be connected.

VDDA 5 5 5 Analog Supply Voltage. Must be connected.

GNDA 7 7 7 Analog Ground. Must be connected.

VREGIN 3 3 3 Voltage Regulator Input

VIO 2 2 2 Port 1/0 Supply Voltage. Must be connected.

RST/ 12 10 10 DI/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.

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

Cc2D 11 — — D I/O Bi-directional data signal for the C2 Debug
Interface.

P4.0/ — 9 — D I/O or Aln [Port 4.0. See SFR Definition 20.29 for a
description.

Cc2D D I/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 20.25 for a
description.

Cc2D D I/O Bi-directional data signal for the C2 Debug
Interface.

PO.0 8 8 8 D I/O or AIn |Port 0.0. See SFR Definition 20.13 for a
description.

PO.1 1 1 1 DI/OorAln |Port 0.1

P0.2 48 40 32 DI1/OorAln |Port0.2

P0.3 47 39 31 DI/OorAln |Port0.3

P0.4 46 38 30 DI/OorAin |Port0.4

P0.5 45 37 29 D1/OorAln |Port 0.5
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Table 3.1. Pin Definitions for the C8051F58x/F59x (Continued)

Name Pin Pin Pin Type Description
F580/1/4/5| F588/9- |F582/3/6/7
F590/1
(48-pin) | (40-pin) | (32-pin)

P0.6 44 36 28 D 1/Oor Aln |Port 0.6

PO.7 43 35 27 DI/O or Aln |Port 0.7

P1.0 42 34 26 D 1/O or Aln [Port 1.0. See SFR Definition 20.17 for a
description.

P1.1 41 33 25 DI/OorAin |Port1.1.

P1.2 40 32 24 DI/OorAln |Port1.2.

P1.3 39 31 23 DI1/OorAln |Port1.3.

P1.4 38 30 22 D1/Oor Aln |Port 1.4.

P1.5 37 29 21 DI/OorAln |Port1.5.

P1.6 36 28 20 D1/OorAln |Port 1.6.

P1.7 35 27 19 DI/OorAln |Port1.7.

P2.0 34 26 18 D I/O or An [Port 2.0. See SFR Definition 20.21 for a
description.

P2.1 33 25 17 DI/OorAln |Port2.1.

P2.2 32 24 16 D 1/Oor Aln |Port 2.2.

P2.3 31 23 15 DI/OorAln |Port2.3.

P2.4 30 22 14 DI1/OorAln |Port2.4.

P2.5 29 21 13 DI/OorAln |Port 2.5.

P2.6 28 20 12 DI/OorAln |Port 2.6.

P2.7 27 19 11 DI/OorAln |Port2.7.

P3.0 26 18 — D I/O or AIn [Port 3.0. See SFR Definition 20.25 for a
description.

P3.1 25 17 — DI/OorAln |Port 3.1.

P3.2 24 16 — D1/OorAln |Port 3.2,

P3.3 23 15 — DI/OorAln |Port 3.3.

P3.4 22 14 — DI/OorAln |Port 3.4.

P3.5 21 13 — D1/OorAln |Port 3.5.

P3.6 20 12 — DI/OorAln |Port 3.6.
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Table 3.1. Pin Definitions for the C8051F58x/F59x (Continued)

SILICON LABS

Name Pin Pin Pin Type Description
F580/1/4/5| F588/9- |F582/3/6/7
F590/1
(48-pin) | (40-pin) | (32-pin)
P3.7 19 11 — D /O or AIn|Port 3.7.
P40 18 . . D 1/O Port 4_.0_. See SFR Definition 20.29 for a
description.
P4.1 17 — — D I/O Port4.1.
P4.2 16 — — D I/O Port 4.2.
P4.3 15 — — D 1/O Port 4.3.
P4.4 14 — — D I/O Port 4.4.
P4.5 13 — — D I/O Port 4.5.
P4.6 10 — — D 1/O Port 4.6.
P4.7 9 — — D I/O Port 4.7.
®
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4. Package Specifications
4.1. QFP-48 Package Specifications
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Figure 4.1. QFP-48 Package Drawing

Table 4.1. QFP-48 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A — — 1.20 E 9.00 BSC.
Al 0.05 — 0.15 E1l 7.00 BSC.
A2 0.95 1.00 1.05 L 0.45 0.60 0.75
b 0.17 0.22 0.27 aaa 0.20
c 0.09 — 0.20 bbb 0.20
D 9.00 BSC. ccc 0.08
D1 7.00 BSC. ddd 0.08
e 0.50 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 ABC.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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J LXl Y1

Figure 4.2. QFP-48 Landing Diagram

Table 4.2. QFP-48 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
Cl 8.30 8.40 X1 0.20 0.30
C2 8.30 8.40 Y1 1.40 1.50
E 0.50 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 um 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.

33 Rev. 1.3

SILICON LABS



C8051F58x/F59x

4.2. QFN-48 Package Specifications
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Figure 4.3. QFN-48 Package Drawing
Table 4.3. QFN-48 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.90 1.00 E2 3.90 4.00 4.10
Al 0.00 - 0.05 L 0.30 0.40 0.50
b 0.18 0.23 0.30 L1 0.00 — 0.10
D 7.00 BSC aaa — — 0.10
D2 3.90 4.00 4.10 bbb — — 0.10
e 0.50 BSC ddd — — 0.05
E 7.00 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 outline MO-220, variation VKKD-4 except for features D2 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 4.4. QFN-48 Landing Diagram
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Table 4.4. QFN-48 Landing Diagram Dimensions

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,
calculated based on a Fabrication Allowance of 0.05 mm.
Solder Mask Design
metal pad is to be 60 um minimum, all the way around the pad.

Stencil Design

good solder paste release.
7. The stencil thickness should be 0.125 mm (5 mils).

Card Assembly
10. A No-Clean, Type-3 solder paste is recommended.

Components.

Dimension Min Max Dimension Min Max
C1 6.80 6.90 X2 4.00 4.10
c2 6.80 6.90 Yl 0.75 0.85
e 0.50 BSC Y2 4.00 4.10
X1 0.20 0.30
Notes:
General

All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition (LMC) is

5. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the

6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure

8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.

9. A 3x3 array of 1.20 mm x 1.10mm openings on a 1.40 mm pitch should be used for the center pad.

11. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
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4.3. QFN-40 Package Specifications
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Figure 4.5. Typical QFN-40 Package Drawing

Table 4.5. QFN-40 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.85 0.90 E2 4.00 4.10 4.20
Al 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.

Rev. 1.3
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Figure 4.6. QFN-40 Landing Diagram

Table 4.6. 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 Yl 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.
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4.4. QFP-32 Package Specifications
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Figure 4.7. QFP-32 Package Drawing
Table 4.7. QFP-32 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A — — 1.60 E 9.00 BSC.
Al 0.05 — 0.15 El 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. cce 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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Figure 4.8. QFP-32 Package Drawing

Table 4.8. 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 Yl 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 60pum 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 0.125mm (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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4.5.

QFN-32 Package Specifications
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Figure 4.9. QFN-32 Package Drawing
Table 4.9. QFN-32 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.9 1.00 E2 3.20 3.30 3.40
Al 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 Y14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MO-220, variation VGGD 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 4.10. QFN-32 Package Drawing

Table 4.10. 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 um 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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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 Vregny 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 \%
Voltage on V|5 with Respect to GND -0.3 — 55 \Y
Voltage on any Port 1/O Pin or RST with Respect to -0.3 — | Vio+t0.3 \%
GND

Maximum Total Current through Vgggy Of 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
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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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 (Vreain) 1.8 — | 5.25 V
Digital Supply Voltage (Vpp) System Clock < 25 MHz VRSTl — 2.75
\%
System Clock > 25 MHz 2 2.75
Analog Supply Voltage (VDDA) | System Clock < 25 MHz VRSTl — 2.75
\%
(Must be connected to Vpp) System Clock > 25 MHz 2 2.75
Digital Supply RAM Data — 15 —
Retention Voltage
Port I/0 Supply Voltage (V|o) |Normal Operation 182 | — | 525 \Y
SYSCLK (System Clock)3 0 — 50 MHz
Tsysh (SYSCLK High Time) 9 — — ns
TgysL (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 — 150 — HA
Vpp=2.1V,F=15MHz — 650 — HA
Vpp=2.1V, F=25MHz — 8.5 11 mA
Vpp=2.1V, F=50 MHz — 15 21 mA
Notes:

1. Given in Table 5.4 on page 48.

2. Vo should not be lower than the Vpp voltage.

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

4. Based on device characterization data; Not production tested. Does not include oscillator supply current.

5. IDD 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 50 MHz minus the difference in current indicated by the frequency
sensitivity number. For example: Vpp = 2.6 V; F = 20 MHz, Ipp = 21 mA - (50 MHz -

20 MHz) * 0.46 mA/MHz = 7.2 mA.

6. 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 Ipp for >1 MHz, the
estimate should be the current at 50 MHz minus the difference in current indicated by the frequency
sensitivity number.

For example: Vpp = 2.6 V; F =5 MHz, Idle Ipp = 19 mA — (50 MHz — 5 MHz) x 0.38 mA/MHz = 1.9 mA.
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Table 5.2. Global Electrical Characteristics (Continued)
—40 to +125 °C, 24 MHz system clock unless otherwise specified.

Parameter Conditions Min Typ | Max Units
|DD4 Vpp = 2.6 V, F =200 kHz — 220 — HA
Vpp=2.6V,F=15MHz — 920 — HA
Vpp=2.6V, F=25MHz — 12 21 mA
Vpp = 2.6 V, F =50 MHz — 21 33 mA
Ipp Supply Sensitivity* F=25MHz — 69 — %IV
F=1MHz — 75 — %/V
IDD Frequency Sens|t|v|ty 4,5 VDD = 21V, F < 12.5 MHZ, T=25°C — 0.44 — mA/MHz
Vpp=2.1V,F>125MHz, T=25°C| — 0.35 — | mA/MHz
Vpp=2.6V,F<125MHz, T=25°C| — 0.62 — | mA/MHz
Vpp =2.6V,F>125MHz, T=25°C| — 0.46 — | mA/MHz
Notes:

1. Given in Table 5.4 on page 48.

2. V|o should not be lower than the Vpp voltage.

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

4. Based on device characterization data; Not production tested. Does not include oscillator supply current.

5. IDD 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 50 MHz minus the difference in current indicated by the frequency
sensitivity number. For example: Vpp = 2.6 V; F = 20 MHz, Ipp = 21 mA - (50 MHz -

20 MHz) * 0.46 mA/MHz = 7.2 mA.

6. 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 Ipp for >1 MHz, the
estimate should be the current at 50 MHz minus the difference in current indicated by the frequency
sensitivity number.

For example: Vpp = 2.6 V; F =5 MHz, Idle Ipp = 19 mA — (50 MHz — 5 MHz) x 0.38 mA/MHz = 1.9 mA.
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Table 5.2. Global Electrical Characteristics (Continued)
—40 to +125 °C, 24 MHz system clock unless otherwise specified.

Parameter | Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

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

|DD4 Vpp =2.1V, F =200 kHz — 130 — HA
Vpp=2.1V,F=15MHz — 440 — HA
Vpp=2.1V,F=25MHz — 5.8 8.0 mA
Vpp =2.1V, F =50 MHz — 11 16 mA

Iob Vpp = 2.6 V, F =200 kHz — 170 — HA
Vpp=2.6V,F=15MHz — 570 — HA
Vpp=2.6V, F=25MHz — 7.3 15 mA
Vpp =2.6V, F=50MHz — 15 25 mA

Iop Supply Sensitivity* F=25MHz — 53 — %NV
F=1MHz — 60 —

IDD Frequency Sens|t|v|ty 4.6 VDD = 21V, F < 12.5 MHZ, T=25°C — 0.28 —
Vpp=2.1V,F>125MHz, T=25°C| — 0.28 —

mMA/MHz

Vpp=2.6V,F<125MHz, T=25°C| — 0.35 —
Vpp =2.6V,F>125MHz, T=25°C| — 0.35 —

Digital Supply Current* Oscillator not running,

(Stop or Suspend Mode) Vpp Monitor Disabled
Temp =25°C — 230 — HA
Temp =60 °C — 230 —
Temp= 125 °C — 330 —

Notes:

1. Given in Table 5.4 on page 48.

2. V|o should not be lower than the Vpp voltage.

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

4. Based on device characterization data; Not production tested. Does not include oscillator supply current.

5. IDD 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 50 MHz minus the difference in current indicated by the frequency
sensitivity number. For example: Vpp = 2.6 V; F = 20 MHz, Ipp = 21 mA - (50 MHz -

20 MHz) * 0.46 mA/MHz = 7.2 mA.

6. 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 Ipp for >1 MHz, the
estimate should be the current at 50 MHz minus the difference in current indicated by the frequency
sensitivity number.

For example: Vpp = 2.6 V; F =5 MHz, Idle Ipp = 19 mA — (50 MHz — 5 MHz) x 0.38 mA/MHz = 1.9 mA.
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Figure 5.1. Maximum System Clock Frequency vs. VDD Voltage

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 10.2 on page 90 for the recommended power
supply connections.
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Table 5.3. Port I/O DC Electrical Characteristics
Vpp = 1.8 10 2.75 V, —40 to +125 °C unless otherwise specified.

Parameters Conditions Min Typ Max Units
Output High Voltage |lgy =—3 mA, Port I/O push-pull Vio—-0.4 — — Vv
lon =—10 pA, Port I/O push-pull Vo —0.02 — —
lon = —10 mA, Port I/O push-pull — Vio—-0.7 —
Output Low Voltage |V,p =1.8V:
IOL =70 U.A —_— — 50
loL =8.5mA — — 750
Vipg=27V:
loL =70 A — — 45 mV
oL = 8.5 mA — — 550
VIO =525V:
loL = 70 pA — — 40
loL =8.5mA — — 400
Input High Voltage |Vregin=5.25V 0.7 x VIO — — Vv
Input Low Voltage VeRegin=2.7V — — 0.3 x VIO \Y
Weak Pullup Off — — 2
Weak Pullup On, V|ig=2.1V,
V|N:0V,VDD:1.8V — 6 9
Input Leakage _
Current Weak Pullup On, V|g=2.6V, MA
Vin=0V,Vpp=2.6V — 16 22
Weak Pullup On, V|g=5.0V,
V|N =0 V, VDD =26V — 45 115
B
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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 =5.0V; IOL =70 pA — — 40 mV
RST Input High Voltage 0.7Xx Vo — —
RST Input Low Voltage — — | 0.3xV|p
RST Input Pullup Current RST=0.0V — 45 115 A
Vpp POR Threshold (VrsT.Low) 1.65 1.75 1.80 v
Vpp POR Threshold (VrsT-HigH) 2.25 2.30 2.45 v
Vpp Ramp Time for Power On Vpp Ramp 0-1.8 V — — 1 ms
Time from last system clock
rising edge to reset initiation
Missing Clock Detector Timeout - S
9 Vpp =21V 200 390 600 H
Vpp =25V 200 280 600
Delay between release of
Reset Time Delay any reset source and code — 130 160 us
execution at location 0x0000
Minimum RST Low Time to 6 . _ s
Generate a System Reset H
Vpp Monitor Turn-on Time 60 100 s
Vpp Monitor Supply Current — 1 2 A
Table 5.5. Flash Electrical Characteristics
Vpp = 1.810 2.75V, —40 to +125 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
. C8051F580/1/2/3/8/9 131072"
Flash Size Bytes
C8051F584/5/6/7-F590/1 98304
Endurance 20 k 150 k — Erase/Write
Flash Retention 85 °C 10 — — years
Erase Cycle Time 25 MHz System Clock 28 30 45 ms
Write Cycle Time 25 MHz System Clock 79 84 125 us
Vbp Write / Erase operations VRST-HIGH — — \
Temperature during _I Devices 0 _ +125
Programming Opera- . °C
tions —A Devices -40 — +125
1. On the 128K Flash devices, 1024 bytes at addresses OxFCO00 to OxFFFF (Bank 3) are reserved.
2. See Table 5.4 for the VRyg1.HGH SPecification.
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Table 5.6. Internal High-Frequency Oscillator Electrical Characteristics
Vpp = 1.81t0 2.75 V, —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] = 11b
Internal Oscillator Suspend Temp =25°C — 300 — MA
OSCICN[7:6] = 00b Temp =85 °C — 320 —
ZTCEN=1 Temp =125 °C — 400 —
Wake-up Time From Suspend | OSCICN[7:6] = 00b — 1 — us
Power Supply Sensitivity Constant Temperature — 0.13 — %/
Temperature Sensitivity3 Constant Supply
TC, — 5.0 — ppm/°C
TC, — -0.65 — ppm/°C?
1. VREGMIN is the minimum output of the voltage regulator for its low setting (REGOCN: REGOMD = 0b). See
Table 5.9, “Voltage Regulator Electrical Characteristics,” on page 50
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(M=f0x(1+TCyx(T-TO)+ TC, x (T - T0)2)
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 = 1.8 10 2.75 V, —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 — 1.4 1.9 MA
Table 5.8. Crystal Oscillator Electrical Characteristics
Vpp = 1.810 2.75 V, —40 to +125 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Crystal Frequency 0.02 25 MHz
XOSCMD = 110b
XFCN = 000b — 1.3 — HA
XFCN = 001b — 3.5 — HA
XFCN = 010b — 10 — HA
Crystal Drive Current XFCN = 011b — 27 — MA
XFCN = 100b — 70 — HA
XFCN =101b — 200 — HA
XFCN = 110b — 800 — HA
XFCN = 111b — 2.8 — mA
Table 5.9. Voltage Regulator Electrical Characteristics
Vpp = 1.810 2.75 V, —40 to +125 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Input Voltage Range (Vregin)* 1.8* 5.25 Y,
Dropout Voltage (Vpg) Maximum Current = 50 mA — 10 — mV/mA
Output Voltage (Vpp) 21V operation (REGOMD = 0) 2.0 21 2.25 v
2.6 V operation (REGOMD = 1) 2.5 2.6 2.75
Bias Current — 1 9 HA
_ll?rr]cr)ggﬁélldndicator Detection With respect to Vpp -0.21 — -0.02 \%
83;%?ct:i\e/gitage Temperature . 0.04 . mv/°C
VREG Settling Time S0mAloadwith Vegain =24V | | o, — us
and Vpp load capacitor of 4.8 pF
*Note: The minimum input voltage is 1.8 V or Vpp + Vpo(max load), whichever is greater.
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Table 5.10. ADCO Electrical Characteristics
VDDA =1.8t0 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 +3 LSB
Differential Nonlinearity Guaranteed Monotonic — +0.5 +1 LSB
Offset Errort -10 -1.6 10 LSB
Full Scale Error -20 -4.2 20 LSB
Offset Temperature Coefficient — -2 — ppm/°C
Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, 200 ksps)
Signal-to-Noise Plus Distortion 63 66 — dB
Total Harmonic Distortion Up to the 5th harmonic — 81 — dB
Spurious-Free Dynamic Range — -82 — dB
Conversion Rate
SAR Conversion Clock — — 3.6 MHz
Conversion Time in SAR Clocks? 13 — — clocks
Track/Hold Acquisition Time3 xggﬁ 522'00\</ 1> - - HS

. 3.5
Throughput Rate? VDDA >2.0 V — — 200 ksps
Analog Inputs
ADC Input Voltage Range® gain f 1.0 (default 0 - VREF v
gain =n 0 VREF /n
Absolute Pin Voltage with respect 0 — Vio \%
to GND
Sampling Capacitance — 29 — pF
Input Multiplexer Impedance — 5 — kQ
Power Specifications
R;)gggsstzzlﬁ/egl:ginéco) Operating Mode, 200 ksps o 1100 1500 WA
Burst Mode (Idle) — 1100 1500 MA
Power-On Time 5 — — us
Power Supply Rejection Ratio — —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 59

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

5. See Section “6.3. Selectable Gain” on page 60 for more information about the setting the gain.
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Table 5.11. Temperature Sensor Electrical Characteristics
VDDA =1.81t0 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* — 100 — puv/ec
Offset Temp=0°C — 856 — mvV
Offset Error* Temp=0°C — 12 — mV
Power Supply Current — 22 — MA
Tracking Time 12 — — us
*Note: Represents one standard deviation from the mean.
Table 5.12. Voltage Reference Electrical Characteristics
VDDA =1.81t0 2.75 V, —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 | 1.50 | 1.55
25 °C ambient (REFLV =1), Vpp=26V | 2.15 | 220 | 2.25 v
VREF Short-Circuit Current — 5 10 mA
VREF Temperature — 22 — | ppm/°C
Coefficient
Power Consumption Internal — 30 50 A
Load Regulation Load = 0 to 200 pA to AGND — 3 — HV/PA
VREF Turn-on Time 1 4.7 yF and 0.1 pF bypass — 15 — ms
VREF Turn-on Time 2 0.1 pF bypass — 46 — us
Power Supply Rejection — 1.2 — mV/V
External Reference (REFBE = 0)
Input Voltage Range 15 — | Vppa Y
Input Current Sample Rate = 200 ksps; VREF =15V — 25 — A
Power Specifications
Reference Bias Generator |REFBE =1or TEMPE =1 — 21 40 HA
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Table 5.13. Comparator 0, 1 and 2 Electrical Characteristics
VIO =1.8t05.25 V, —40 to +125 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units
Response Time: CPn+ — CPn— =100 mV — 390 — ns
Mode 0, Vem' = 1.5V CPn+ — CPn—= —100 mV — | 430 — ns
Response Time: CPn+ — CPn— =100 mV — 620 — ns
Mode 1, Vem = 1.5V CPn+— CPn—= 100 mV — | 69 — ns
Response Time: CPn+ - CPn-=100 mV — 770 — ns
Mode 2, Vem™ = 1.5 V CPO+ — CP0O- = -100 mV — 860 — ns
Response Time: CPn+ — CPn— =100 mV — 3500 — ns
Mode 3, Vem' = 1.5V CPn+ — CPn—= —100 mV — | 3900 — ns
Common-Mode Rejection Ratio — 15 8.9 mvV/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 22 40 mV
Negative Hysteresis 1 CPnHYN1-0 =00 -2 0 2 mV
Negative Hysteresis 2 CPNnHYN1-0 =01 2 6 10 mV
Negative Hysteresis 3 CPnHYN1-0 =10 5 11 20 mV
Negative Hysteresis 4 CPNnHYN1-0 =11 13 22 40 mV
Inverting or Non-Inverting Input -0.25 — Vo +0.25 V
Voltage Range
Input Capacitance — 8 — pF
Input Offset Voltage -10 — +10 mV
Power Supply
Power Supply Rejection — 0.33 — mvV/V
Power-Up Time — 3 — ps
Mode 0 — 6.1 20 A
Mode 1 — 3.2 10 A
Supply Current at DC
Mode 2 — 2.5 7.5 MA
Mode 3 — 0.5 3 HA
*Note: Vcm is the common-mode voltage on CPO+ and CPO-.
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6. 12-Bit ADC (ADCO)

The ADCO on the C8051F58x/F59x consists of an analog multiplexer (AMUXO0) with 35/28 total input selec-
tions 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 accumulator. The ADCO
subsystem has a special Burst Mode which can automatically enable ADCO, capture and accumulate sam-
ples, then place ADCO in a low power shutdown mode without CPU intervention. The AMUXO, data con-
version 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 reference for ADCO

is selected as described in Section “7. Temperature Sensor” on page 74. 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

| B coocRRee Eomdae

=
JElaE
40-pin packages : b 1l T

BURSTEN
INT

ADOTKL
ADOTKO
ADOCM1
ADOCMO

ADOBUSY (W)

PO.0 Start

T B

. Start .
_Conversion Conversion Timer 1 Overflow
SYSCLK BUFLSI Mode CNVSTR Input
ogic

PO.7 > Timer 2 Overflow

P1.0 Burst' Mode
Oscillator

25 MHz Max

12-Bit ]
SAR -

P1.7

Selectable

Gain Accumulator

| ADCOH | [ ADCOL |

M

35-to-1
AMUXO ADC .,
P | Cl)G I COTG [ colc; |
P3.0 ADCOGNH|[ADCOGNL|[ADCOGNA! (S IT; Y= 197
P3.1* ﬂ = g g 0 b
§ ADOWINT
523 1
P3.7% _ Window
= Compare
= E E 5 | T 32 Logic
Temp Sensor 5 % [ADCOLTH|[ ADCOLTL |
GND — > / ElE [ |
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 60.

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:

m  Writing a 1 to the ADOBUSY bit of register ADCOCN

m  Arising edge on the CNVSTR input signal (pin P0.1)

m A Timer 1 overflow (i.e., timed continuous conversions)

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

© N o~ wDd R

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 that when polling for ADC conversion completions, the ADCO interrupt flag (ADOINT)
should be used. Converted data is available in the ADCO data registers, ADCOH:ADCOL, when bit ADOINT
is logic 1. When Timer 2 overflows are used as the conversion source, Low Byte overflows are used if Tim-
er2 is in 8-bit mode; High byte overflows are used if Timer 2 is in 16-bit mode. See Section “27. Timers” on
page 285 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as Port pin P0.1. When the
CNVSTR input is used as the ADCO conversion source, Port pin P0.1 should be skipped by the Digital
Crossbar. To configure the Crossbar to skip P0.1, set to 1 Bitl in register POSKIP. See Section “20. Port
Input/Output” on page 188 for details on Port I/O configuration.

6.1.2. Tracking Modes

Each ADCO conversion must be preceded by a minimum tracking time for the converted result to be accu-
rate, as shown in Figure 6.1. 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 con-
version 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 maximizes tracking
time by tracking before and after the convert start signal. Figure 6.3 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.
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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.

Depending on the output connected to the ADC input, additional tracking time, more than is specified in
Table 5.10, may be required after changing MUX settings. See the settling time requirements described in
Section “6.2.1. Settling Time Requirements” on page 59.

Convert Stat ——m ] ]

Pre-Tracking

ADOTM = 10 Track Convert Track Convert ...
Post-Tracking

ADOTM= 01 Idle Track Convert Idle Track | Convert..
Dual-Tracking

ADOTM = 11 Track Track Convert Track Track [ Convert..

Figure 6.2. ADCO Tracking Modes
6.1.3. Timing

ADCO has a maximum conversion speed specified in Table 5.10. ADCO is clocked from the ADCO Subsys-
tem 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 5.10.

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 6.4 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 ,_ | J

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 |_ j

Key

Equal to one period of FCLK.

Each Sn is equal to one period of the SAR clock.
Figure 6.3. 12-Bit ADC Tracking Mode Example

6.1.4. Burst Mode

Burst Mode is a power saving feature that allows ADCO to remain in a very low power state between con-
versions. When Burst Mode is enabled, ADCO wakes from a very low power state, accumulates 1, 4, 8, or
16 samples using an internal Burst Mode clock (approximately 25 MHz), then re-enters a very low power
state. Since the Burst Mode clock is independent of the system clock, ADCO can perform multiple conver-
sions then enter a very 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 6.4 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
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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

(ADOBUSY or Timer

Overflow)

Post-Tracking
ADOTM =01
ADOEN =0

Dual-Tracking
ADOTM =11

ADOEN =0

Post-Tracking
ADOTM =01
ADOEN =1

Dual-Tracking
ADOTM =11
ADOEN =1

Convert Start
(CNVSTR)

Post-Tracking
ADOTM =01
ADOEN =0

Dual-Tracking
ADOTM =11
ADOEN =0

Post-Tracking
ADOTM =01
ADOEN =1

Dual-Tracking
ADOTM =11
ADOEN =1

Powered Power-Up Powered Power-Up
Down and Idle cime cime Down and Idle T
Powered Power-Up Powered Power-Up
Down and Track cime cime Down and Track T
<ADOPWR >
Idle T C|T|C C|T|C Idle TIC|T|C|T
Track T/ C|T| C C|T|C Track T C|T|C|T
T = Tracking
C = Converting
] ]
Powered Power-Up c Powered Power-Up T
Down and Idle Down and Idle
Powered Power-Up C Powered Power-Up T
Down and Track Down and Track
“ADOPWR >
Idle T| C Idle T| C Idle..
Track Tl C Track Tl C Track..
T = Tracking
C = Converting

Figure 6.4. 12-Bit ADC Burst Mode Example With Repeat Count Set to 4
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6.2. Output Code Formatting

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 Vgygg 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 below for both right-justi-
fied and left-justified data.

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH: ADCOL
(ADOLJST =0) (ADOLJST =1)
VREF x 4095/4096 OXOFFF OxFFFO
VREF x 2048/4096 0x0800 0x8000
VREF x 2047/4096 Ox07FF 0x7FFO0
0 0x0000 0x0000

When the ADCO Repeat Count is greater than 1, the output conver