Silicon Labs - C8051F989-GMR Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity
Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case
Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

CIP-51 8051

8-Bit

25MHz

SMBus (2-Wire/I2C), SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
17

4KB (4K x 8)

FLASH

512 x 8

1.8V ~ 3.6V

Internal

-40°C ~ 85°C (TA)

Surface Mount

24-WFQFN Exposed Pad

24-QFN (4x4)

https://www.e-xfl.com/product-detail/silicon-labs/c8051f989-gmr

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/c8051f989-gmr-4436972
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

C8051F99x-C8051F98x

13.4.INLEITUPL LAIENCY ... ittt e e e e e e e eeennnnees 139
13.5.Interrupt Register DeSCIIPIONS .....uuuuiiiii i eeeeee et e e e e e e e e e e eeeeeaaenne 141
13.6.External Interrupts INTO and INTL......ccooiiiiiiiiiiiei e 148

L4 FIaSN MEIMOTY ...t r e e e e e e e e e e e e e e e e e e e anns 150
14.1.Programming the FIash MemOry ... 150
14.1.1.Flash Lock and Key FUNCHONS .........uuuiiiiiiieeeeceeeee e 150
14.1.2.Flash Erase ProCedUIe ...........oooiuuiiuiiiiiiiiiee et e e e e e 151
14.1.3.Flash Wrte ProCEAUIE ........ccoeieeieii ittt 151
14.2.Non-volatile Data STOIrage ..........uuuuuuiiiiiiee e e e e e eeeeeeeeeee 151
14.3.SECUNLY OPTIONS ...ttt e e e et er e e et e e e e e e e e e e e e e e e aaaannnes 152
14.4.Determining the Device Part Number at Run Time ........cccoooeeeeeiiiiiiiiiiiiiiiinnn, 154
14.5.Flash Write and Erase GUIdeliNesS ..o 156
14.5.1.Vpp Maintenance and the Vpp MoNitor ...........ccccoiviiiiiiiiiiniii, 156
14.5.2.PSWE MaINENANCE .....ccoiiiieieeieiiei ittt et et e e e e e e e e e e e e e e s s ennnees 157
14.5.3.SYSEM CIOCK ...t e e e e e 157
14.6.Minimizing Flash Read CUITeNt ..o 158
15. POWEr MaNAgEMENT . .ciiti et e e e e e e a e eaan s 162
ST I N[ g g F= LY, o T [ TSR PPPPUPUPPRRRP 163

LS T2 [0 |1 1Y T To [ PURUPPRRR 164
ST 00 (o] T 1Y o To [ PPRPPORRP 164
15.4.SUSPENA MOUE ...ttt e e e e e e e e e e e e e eeeeeenenees 165
15.5.S1EEP MOTE ... 165
15.6.Configuring WaKeUP SOUICES........uuuuiiiiiiiee e eeeeeeeeeeeitee s e e e e e e e e e e e e eeeeeeaannens 166
15.7.Determining the Event that Caused the Last Wakeup...........cccoeeeeiiiiiiiiiiiinnns 167
15.8.Power Management SPecCifiCationS ...........ccoooiiiiiiiiiiiiiiiiieeeee e 171
16.Cyclic Redundancy Check Unit (CRCO) .........ouuuiiiiiiiiiiiiieee e 172
16.1.CRC AlQOItNML. ...t e e e e e e e e e eeeeeenanae 172
16.2.Preparing for a CRC CalCulation ..............oooooiiiiiiiiiiiiiiiieeeeeee e 174
16.3.Performing a CRC CalCulation ..............cccoeeeiiiiiiiiiiiicece e 174
16.4.Accessing the CRCO RESUIt .......uuuueiiiiieiie e 174
16.5.CRCO Bit REVEISE FEAIUIE........uvvieiiiiiii i ee ettt e e e e e e e e e e e e eeeeeeeenees 179
17.Voltage Regulator (VREGO) ......uuuiiiiiiii e 180
17.1.Voltage Regulator Electrical Specifications..............uuvviiiiiiiininieeeeeeeeeeeeeeiiinens 180
L18. RESEE SOUICES. ..ttt e e e ettt e e e e e et e e e e e e e e ta e e e e e eaebaa e eeaas 181
18.1.POWEI-ON RESEL ... .ottt e e e e e e e e e eeeees 182
18.2.POWET-Fail RESEL....cci i e e e eaenee 183
18.3.EXIEINGAI RESEL .. i ittt s e e e e e e e e e e e e e eeaaraannna 184
18.4.Missing CloCK DeteCtOor RESEL ........uuuiiiiiie e e e e 185
18.5.ComPArator0 RESEL .........o et e e e e aeeee 185
18.6.PCA Watchdog TimMeEr RESEL .......uuuuiiiiiiiie e e e e e e e e e eeeeeeaanees 185
18.7.FIaSh ErrOr RESEL .....uvviiiiiiiiiiiiiiiiiie ettt e e e e e e e e e e e e e e s 185
18.8.SmaRTClock (Real Time CIoCK) RESEL .........ccoviiiiiiiiiiiiiiieie e 186
18.9.SOMWAIE RESEL ... ..ttt e e e e e e e e e e e e e s 186
19.ClOCKING SOUICES .. .ciiiiiieeeeeeee ettt ettt e e e e e e e e e e e e e e e e as 188
19.1.Programmable Precision Internal Oscillator .................uiiiiiiiiiiiieiiiiiieeeeeiiieee 189

4 Rev. 1.2 )

SILICON LABS



C8051F99x-C8051F98x

25.3.1.16-bit Timer with Auto-Reload.............coooviiiiiiiiicci s 294
25.3.2.8-Bit Timers with AUtO-Rel0ad ............ccooovviiiiiiiiiiieee e 295
25.3.3.SmaRTClock/External Oscillator Capture Mode..............oeeeevveviieieennnnnns 296
26.Programmable COUNTEI ATITAY ......ccooiiiiiiiiiiieie ettt 300
26.1.PCA COUNLEITTIMEN .ttt ettt e e e e e e e e e s s s s et eeeeeaaeaeeeeas 301
26.2.PCAD INTEITUPE SOUICES. ....uuuiieieeiiie e et e ettt e et e e e e e et e e e eeanna e eeas 302
26.3.Capture/Compare MOAUIES .............eueiiiiiiiiiiiieee e 303
26.3.1.Edge-triggered Capture MOdE...........cceeiiiiiiiiiiiiiciee e 304
26.3.2.Software Timer (Compare) MOde...........ooviviiiiiiiiiiiii e 305
26.3.3.High-Speed OUIPUE MOAE .......ciiiiiiiiiiieeeeee e 306
26.3.4.Frequency OULPUL MOE .........uiiiiiiieeeieiiceeeeee e 306
26.3.5. 8-bit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes................. 307
26.3.6. 16-Bit Pulse Width Modulator Mode................uuueiiiiiiiiieeeieiiieeeeeeiiiiiees 310
26.4.Watchdog TIMEr MOUE .....uvueiiie e 311
26.4.1. Watchdog Timer OPeratioN .......cooeeeeeeiieiieieeeiiiiiiiieea e e e e e e e eeeeeeeeeeanees 311
26.4.2.Watchdog TIMer USAQE ......uuuuiiiiiiiiiiiieeeaeeeee et 312
26.5.Register Descriptions for PCAD.........cooiiiiiiiieeceie e 313

P O 01 (=T o - T < TSRS 319
27.1.C2 INterface REQISTEIS ... ...ttt e e e e 319
A O A w1 IS 1 = 1 o SO 322
Document Change LiST......oooiiiiiiiiiiiiiieie e 323
(@0 01 ¢= T4 [ 0} 10 2 = U1 Lo 1 o PP 325
) Rev. 1.2 7

SILICON LABS



C8051F99x-C8051F98x

List of Registers

SFR Definition 5.1. ADCOCN: ADCO Control . ........ ... i 74
SFR Definition 5.2. ADCOCF: ADCO Configuration ....................c.c...... 75
SFR Definition 5.3. ADCOAC: ADCO Accumulator Configuration . ................ 76
SFR Definition 5.4. ADCOPWR: ADCO Burst Mode Power-Up Time .............. 77
SFR Definition 5.5. ADCOTK: ADCO Burst Mode Track Time . . .................. 78
SFR Definition 5.6. ADCOH: ADCO Data Word HighByte ...................... 79
SFR Definition 5.7. ADCOL: ADCO Data Word LowByte ....................... 79
SFR Definition 5.8. ADCOGTH: ADCO Greater-Than HighByte . . ................ 80
SFR Definition 5.9. ADCOGTL: ADCO Greater-Than Low Byte .................. 80
SFR Definition 5.10. ADCOLTH: ADCO Less-Than HighByte ................... 81
SFR Definition 5.11. ADCOLTL: ADCO Less-Than LowByte .................... 81
SFR Definition 5.12. ADCOMX: ADCO Input Channel Select .................... 84
SFR Definition 5.13. TOFFH: ADCO Data Word HighByte . .................... 87
SFR Definition 5.14. TOFFL: ADCO Data Word Low Byte . ..................... 87
SFR Definition 5.15. REFOCN: Voltage Reference Control ..................... 90
SFR Definition 6.1. IREFOCN: Current Reference Control .. .................... 91
SFR Definition 6.2. IREFOCF: Current Reference Configuration ................. 92
SFR Definition 7.1. CPTOCN: Comparator O Control .......................... 96
SFR Definition 7.2. CPTOMD: Comparator O Mode Selection ................... 97
SFR Definition 7.3. CPTOMX: ComparatorO Input Channel Select . . .............. 99
SFR Definition 8.1. CSOCN: Capacitive Sense Control ....................... 107
SFR Definition 8.2. CSOCF: Capacitive Sense Configuration .. ................. 108
SFR Definition 8.3. CSODH: Capacitive Sense Data HighByte ................. 109
SFR Definition 8.4. CSODL: Capacitive Sense Data LowByte .. ................ 109
SFR Definition 8.5. CSOSCANO: Capacitive Sense Channel Scan Mask0 ........ 110
SFR Definition 8.6. CSOSCAN1: Capacitive Sense Channel Scan Mask 1 ........ 110
SFR Definition 8.7. CS0SS: Capacitive Sense Auto-Scan Start Channel ......... 111
SFR Definition 8.8. CSOSE: Capacitive Sense Auto-Scan End Channel .......... 111

SFR Definition 8.9. CSOTHH: Capacitive Sense Comparator Threshold High Byte . . 112
SFR Definition 8.10. CSOTHL: Capacitive Sense Comparator Threshold Low Byte . 112

SFR Definition 8.11. CSOMD1: Capacitive Sense Mode 1 ..................... 113
SFR Definition 8.12. CSOMD2: Capacitive SenseMode 2 .. ................... 114
SFR Definition 8.13. CSOMD3: Capacitive SenseMode 3 ..................... 115
SFR Definition 8.14. CSOPM: Capacitive Sense Pin Monitor . .................. 116
SFR Definition 8.15. CSOMX: Capacitive Sense Mux Channel Select ............ 118
SFR Definition 9.1. DPL: Data Pointer Low Byte . ........................... 125
SFR Definition 9.2. DPH: Data Pointer HighByte . . . . ........ ... ... ... ..... 125
SFR Definition 9.3. SP: Stack Pointer . . ... ... .. . . 126
SFR Definition 9.4. ACC: Accumulator .. ........... .. .. 126
SFR Definition 9.5. B: B Register . ... 126
SFR Definition 9.6. PSW: Program Status Word . ........................... 127
SFR Definition 12.1. SFR Page: SFRPage ............ ... ... . . ... 134
SFR Definition 13.1. IE: Interrupt Enable .. ... ... ... .. ... .. L. 142
13 Rev. 1.2 )

SILICON LABS



C8051F99x-C8051F98x

C2CK/RST [X]

Power On
Reset/PMU

CIP-51 8051
Controller Core

Wake

Reset

J—» Debug /

Programming
Hardware

8kB ISP Flash
Program Memory
256 Byte SRAM

256 Byte XRAM

I: C2D

VR

CRC
Engine

VDD [X

GND [X]

EG
LI pigital

SYSCLK

Power

Precision
24.5 MHz
Oscillator

Low Power
20 MHz
Oscillator

XTALL —>|
XTAL2 —>f

External
Oscillator
Circuit

>

XTAL3 —

XTAL4 —>|

SmaRTClock
Oscillator

System Clock
Configuration

SFR
Bus

N

Port I/0 Configuration

—

Digital Peripherals

UART |<—>

] P0.0

X P0.1

Port 0

] PO.2/XTALL

Timers 0,

1,23 [

Priority  [€]

Crossbar
Decoder

PCA/
WDT

SPI

Crossbar Control |

Drivers

] PO.3IXTAL2

] PO.4/TX

] PO.5/RX
X P0.6

Analog Peripherals

6-hit
\REF IREFO

GND

D\ —

Comparator

] PO.7/IREFO

] P1.0/CPO+

) P1.1/CPO-

X P1.2

Port 1
Drivers

X P13

X P14

)X P15

] P1.6/XTAL3
P1.7/XTAL4

Port 2
Drivers

P10
P11

X p2.7/c2D

Figure 1.7. C8051F987 Block Diagram

Power On CIP-51 8051
Reset/PMU Controller Core
Wake 4KkB ISP Flash
Reset Program Memory
C2CKIRST |zL Debug / 256 Byte SRAM
Programming
I: Hardware
c2D
CRC
| Engine
VDD [X VREG |—
L—Joigta * | syscix
Power
Precision
245MHz >
Oscillator
Low Power
20 MHz >
GND [X] Oscillator |
XTALL —» External
Oscillator >
XTAL2 —  Circuit
XTAL3 — smaRTClock
XTAL4 —»| Oscillator
System Clock
Configuration

SFR
Bus

.>|

Port I/0O Configuration

—

Digital Peripherals

UART |<—>

] PO.0/VREF

] PO.L/AGND

] PO.2/XTALL

Port 0

Timers 0O,
1,23

Priority  [¥]

Crossbar
Decoder

PCA/
WDT

SPI

Crossbar Control |

Drivers

] PO.3/XTAL2

X P0.4/TX

] PO.5/RX
B PO.6/CNVSTR

>

Internal
—>0
VREF

Analog Peripherals

6-hit
\REF IREFO

External
VREF

VDD

D] PO.7/IREFO

] P1.0/CPO+

] P1.1/CPO-

Port 1

) P1.2

)X P13

Drivers

X P14

)X P15

X] PL6/XTAL3

P1.7/XTALA

Port 2
Drivers

P10

e g

Comparator

P11

P2.7/C2D

Figure 1.8. C8051F988 Block Diagram

21

Rev. 1.2

SILICON LABS



C8051F99x-C8051F98x

ADCOMX

4
ADOMX3
ADOMX2
ADOMX1
AMOMXO

Programmable

PO.5S X > Attenuator

PO.7 B—— AIN+
PL2R— | AMUX >< ADCO

Gain=0.50r1

VDD ——
*Only available on > /
24-pin devices.

Figure 1.17. ADCO Multiplexer Block Diagram

1.6. Programmable Current Reference (IREFO)

C8051F99x-C8051F98x 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. Comparator

C8051F99x-C8051F98x devices include an on-chip programmable voltage comparator: Comparator 0
(CPTO) which is shown in Figure 1.18.

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 (CPQ), or an
asynchronous “raw” output (CPOA). The asynchronous CPOA signal is available even when the system
clock is not active. This allows the Comparator to operate and generate an output when the device is in
some low power modes.

The comparator inputs may be connected to Port I/O pins or to other internal signals. Port pins may also be
used to directly sense capacitive touch switches.
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Table 3.1. Pin Definitions for the C8051F99x-C8051F98x (Continued)

Pin Numbers

‘F980/1/2 |‘F986/7 | ‘F986/7 Lo
Name ‘F983/5 |'F988/9|'Foss/9| Type |Description
‘F990/1 | ‘F996/7 | ‘F996/7
-GM -GM -GU
PO.1/ 1 23 2 D I/0O or |Port 0.1. See Port I/0 Section for a complete description.
Aln
AGND* G Optional Analog Ground. See Section “5.9. Voltage and
Ground Reference Options” on page 88.
P0.2/ 20 22 1 D I/O or |Port 0.2. See Port I/0O Section for a complete description.
Aln
External Clock Input. This pin is the external oscillator
XTAL1/ A In |return for a crystal or resonator. See Section
“19. Clocking Sources” on page 188.
RTCOUT D Out |Buffered SmaRTClock oscillator output.
P0.3/ 19 21 24 | D1/Oor |Port 0.3. See Section “21. Port Input/Output” on
AIn |page 215 for a complete description.
XTAL2/ A Out |External Clock Output. This pin is the excitation driver for
an external crystal or resonator.
D In |External Clock Input. This pin is the external clock input
in external CMOS clock mode.
AIn |External Clock Input. This pin is the external clock input
in capacitor or RC oscillator configurations.
See Section “19. Clocking Sources” on page 188 for
complete details.
WAKEOUT D Out Wake-up request signal to wake up external devices.
PO.4/ 18 20 23 |D1/Oor |Port 0.4. See Section “21. Port Input/Output” on
Aln |page 215 for a complete description.
TX D Out |UART TX Pin. See Section “21. Port Input/Output” on
page 215.
PO0.5/ 17 19 22 | DI/Oor |Port 0.5. See Section “21. Port Input/Output” on
Aln |page 215 for a complete description.
RX DIn |UART RX Pin. See Section “21. Port Input/Output” on

page 215.

*Note: Available only on the C8051F980/2/6/8 and C8051F990/6 devices.
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4. Electrical Characteristics
Throughout the Electrical Characteristics chapter, “VDD” refers to the Supply Voltage.

4.1. Absolute Maximum Specifications
Table 4.1. Absolute Maximum Ratings

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

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

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature mea-
surements (see Table 4.11 for linearity specifications). For absolute temperature measurements, offset
and/or gain calibration is recommended. Typically a 1-point (offset) calibration includes the following steps:

1. Control/measure the ambient temperature (this temperature must be known).

2. Power the device, and delay for a few seconds to allow for self-heating.

3. Perform an ADC conversion with the temperature sensor selected as the positive input and
GND selected as the negative input.

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

Figure 5.9 shows the typical temperature sensor error assuming a 1-point calibration at 25 °C. Parame-
ters that affect ADC measurement, in particular the voltage reference value, will also affect tem-
perature measurement.

A single-point offset measurement of the temperature sensor is performed on each device during produc-
tion test. The measurement is performed at 25 °C £5 °C, using the ADC with the internal high speed refer-
ence buffer selected as the Voltage Reference. The direct ADC result of the measurement is stored in the
SFR registers TOFFH and TOFFL, shown in SFR Definition 5.13 and SFR Definition 5.14.

5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00

g
o
S

1.00

40,00 20,00 0.00 ‘ 40.00 60.00 80.00
20.00
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Temperature (degrees C)

Figure 5.9. Temperature Sensor Error with 1-Point Calibration (Vggg = 1.65 V)
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6. Programmable Current Reference (IREFO0)

C8051F99x-C8051F98x 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 pA steps) and the maximum current output in High Current Mode is 504 pA (8 HA
steps).

The current source/sink is controlled though the IREFOCN special function register. It is enabled by setting
the desired output current to a non-zero value. It is disabled by writing 0x00 to IREFOCN. The port I/O pin
associated with ISRCO should be configured as an analog input and skipped in the Crossbar. See Section
“21. Port Input/Output” on page 215 for more detalils.

SFR Definition 6.1. IREFOCN: Current Reference Control

Bit 7 6 5 4 3 2 1 0
Name SINK MODE IREFODAT
Type R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xD6
Bit Name Function
7 SINK IREFO Current Sink Enable.

Selects if IREFO is a current source or a current sink.
0: IREFO is a current source.
1: IREFO is a current sink.

6 MDSEL IREFO Output Mode Select.

Selects Low Power or High Current Mode.
0: Low Power Mode is selected (step size = 1 pA).
1: High Current Mode is selected (step size = 8 pA).

5:0 | IREFODAT[5:0] |IREFO Data Word.

Specifies the number of steps required to achieve the desired output current.
Output current = direction x step size x IREFODAT.
IREFO is in a low power state when IREFODAT is set to 0x00.

6.1. PWM Enhanced Mode

The precision of the current reference can be increased by fine tuning the IREFO output using a PWM
signal generated by the PCA. This mode allows the IREFODAT bits to perform a course adjustment on the
IREFO output. Any available PCA channel can perform a fine adjustment on the IREFO output. When
enabled (PWMEN = 1), the CEX signal selected using the PWMSS bit field is internally routed to IREFO to
control the on time of a current source having the weight of 2 LSBs. With the two least significant bits of
IREFODAT set to 00b, applying a 100% duty cycle on the CEX signal will be equivalent to setting the two
LSBs of IREFODAT to 10b. PWM enhanced mode is enabled and setup using the IREFOCF register.
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Notes on Registers, Operands and Addressing Modes:

Rn—Register RO-R7 of the currently selected register bank.
@Ri—Data RAM location addressed indirectly through RO or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction. Used by
SJMP and all conditional jumps.

direct—8-bit internal data location’s address. This could be a direct-access Data RAM location
(0x00-0x7F) or an SFR (0x80-0xFF).

#data—8-bit constant
#datal6—16-bit constant
bit—Direct-accessed bit in Data RAM or SFR

addr11—11-bit destination address used by ACALL and AJMP. The destination must be within the
same 2 kB page of program memory as the first byte of the following instruction.

addr16—16-bit destination address used by LCALL and LIMP. The destination may be anywhere within
the 8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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13. Interrupt Handler

The C8051F99x-C8051F98x microcontroller family includes an extended interrupt system supporting
multiple interrupt sources and two priority levels. The allocation of interrupt sources between on-chip
peripherals and external input pins varies according to the specific version of the device. Refer to
Table 13.1, “Interrupt Summary,” on page 140 for a detailed listing of all interrupt sources supported by the
device. Refer to the data sheet section associated with a particular on-chip peripheral for information
regarding valid interrupt conditions for the peripheral and the behavior of its interrupt-pending flag(s).

Each interrupt source has one or more associated interrupt-pending flag(s) located in an SFR or an
indirect register. When a peripheral or external source meets a valid interrupt condition, the associated
interrupt-pending flag is set to logic 1. If both global interrupts and the specific interrupt source is enabled,
a CPU interrupt request is generated when the interrupt-pending flag is set.

As soon as execution of the current instruction is complete, the CPU generates an LCALL to a
predetermined address to begin execution of an interrupt service routine (ISR). Each ISR must end with an
RETI instruction, which returns program execution to the next instruction that would have been executed if
the interrupt request had not occurred. If interrupts are not enabled, the interrupt-pending flag is ignored by
the hardware and program execution continues as normal. (The interrupt-pending flag is set to logic 1
regardless of the interrupt's enable/disable state.)

Some interrupt-pending flags are automatically cleared by hardware when the CPU vectors to the ISR.
However, most are not cleared by the hardware and must be cleared by software before returning from the
ISR. If an interrupt-pending flag remains set after the CPU completes the return-from-interrupt (RETI)
instruction, a new interrupt request will be generated immediately and the CPU will re-enter the ISR after
the completion of the next instruction.

13.1. Enabling Interrupt Sources

Each interrupt source can be individually enabled or disabled through the use of an associated interrupt
enable bit in the Interrupt Enable and Extended Interrupt Enable SFRs. However, interrupts must first be
globally enabled by setting the EA bit (IE.7) to logic 1 before the individual interrupt enables are
recognized. Setting the EA bit to logic 0 disables all interrupt sources regardless of the individual interrupt-
enable settings. Note that interrupts which occur when the EA bit is set to logic 0 will be held in a pending
state, and will not be serviced until the EA bit is set back to logic 1.

13.2. MCU Interrupt Sources and Vectors

The CPU services interrupts by generating an LCALL to a predetermined address (the interrupt vector
address) to begin execution of an interrupt service routine (ISR). The interrupt vector addresses
associated with each interrupt source are listed in Table 13.1 on page 140. Software should ensure that
the interrupt vector for each enabled interrupt source contains a valid interrupt service routine.

Software can simulate an interrupt by setting any interrupt-pending flag to logic 1. If interrupts are enabled
for the flag, an interrupt request will be generated and the CPU will vector to the ISR address associated
with the interrupt-pending flag.
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14.5. Flash Write and Erase Guidelines

Any system which contains routines which write or erase Flash memory from software involves some risk
that the write or erase routines will execute unintentionally if the CPU is operating outside its specified
operating range of Vpp, system clock frequency, or temperature. This accidental execution of Flash modi-
fying code can result in alteration of Flash memory contents causing a system failure that is only recover-
able by re-Flashing the code in the device.

To help prevent the accidental modification of Flash by firmware, the Vpp Monitor must be enabled and

enabled as a reset source on C8051F99x-C8051F98x devices for the Flash to be successfully modified. If
either the Vpp Monitor or the Vpp Monitor reset source is not enabled, a Flash Error Device Reset

will be generated when the firmware attempts to modify the Flash.

The following guidelines are recommended for any system that contains routines which write or erase
Flash from code.

14.5.1. Vpp Maintenance and the Vpp Monitor

1. If the system power supply is subject to voltage or current "spikes," add sufficient transient protection
devices to the power supply to ensure that the supply voltages listed in the Absolute Maximum Ratings
table are not exceeded.

2. Make certain that the minimum Vpp rise time specification of 1 ms is met. If the system cannot meet
this rise time specification, then add an external Vpp brownout circuit to the RST pin of the device that
holds the device in reset until Vpp reaches the minimum device operating voltage and re-asserts RST if
Vpp drops below the minimum device operating voltage.

3. Keep the on-chip Vpp Monitor enabled and enable the Vpp Monitor as a reset source as early in code
as possible. This should be the first set of instructions executed after the Reset Vector. For C-based
systems, this will involve modifying the startup code added by the C compiler. See your compiler
documentation for more details. Make certain that there are no delays in software between enabling the
Vpp Monitor and enabling the Vpp Monitor as a reset source. Code examples showing this can be
found in “AN201: Writing to Flash from Firmware," available from the Silicon Laboratories website.

Notes:

1. On C8051F99x-C8051F98x devices, both the Vpp Monitor and the Vpp Monitor reset source must be enabled
to write or erase Flash without generating a Flash Error Device Reset.

2. On C8051F99x-C8051F98x devices, both the Vpp Monitor and the Vpp Monitor reset source are enabled by
hardware after a power-on reset.

4. As an added precaution, explicitly enable the Vpp Monitor and enable the Vpp Monitor as a reset
source inside the functions that write and erase Flash memory. The Vpp Monitor enable instructions
should be placed just after the instruction to set PSWE to a 1, but before the Flash write or erase
operation instruction.

5. Make certain that all writes to the RSTSRC (Reset Sources) register use direct assignment operators
and explicitly DO NOT use the bit-wise operators (such as AND or OR). For example, "RSTSRC =
0x02" is correct, but "RSTSRC |= 0x02" is incorrect.

6. Make certain that all writes to the RSTSRC register explicitly set the PORSF bit to a 1. Areas to check
are initialization code which enables other reset sources, such as the Missing Clock Detector or
Comparator, for example, and instructions which force a Software Reset. A global search on "RSTSRC"
can quickly verify this.
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SFR Definition 16.1. CRCOCN: CRCO Control

Bit 7 6 5 4 3 2 1 0
Name CRCOINIT | CRCOVAL CRCOPNT
Type R R R R RIW RIW R RIW
Reset 0 0 0 1 0 0 0 0

SFR Page = All; SFR Address = 0x84

Bit Name Function
7:4 Unused Read = 0001b; Write = Don’t Care.
3 CRCOINIT | CRCO Result Initialization Bit.
Writing a 1 to this bit initializes the entire CRC result based on CRCOVAL.
2 CRCOVAL | CRCO Set Value Initialization Bit.
This bit selects the set value of the CRC result.
0: CRC result is set to 0x00000000 on write of 1 to CRCOINIT.
1: CRC result is set to OXFFFFFFFF on write of 1 to CRCOINIT.
1 Unused Read = Ob; Write = Don't Care.
0 CRCOPNT | CRCO Result Pointer.
Specifies the byte of the CRC result to be read/written on the next access to
CRCODAT. The value of these bits will auto-increment upon each read or write.
0: CRCODAT accesses bits 7-0 of the 16-bit CRC result.
1: CRCODAT accesses bhits 15-8 of the 16-bit CRC result.
Note: Upon initiation of an automatic CRC calculation, the three cycles following a write to CRCOCN that initiate a

CRC operation must only contain instructions which execute in the same number of cycles as the number of
bytes in the instruction. An example of such an instruction is a 3-byte MOV that targets the CRCOFLIP
register. When programming in C, the dummy value written to CRCOFLIP should be a non-zero value to
prevent the compiler from generating a 2-byte MOV instruction.
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17. Voltage Regulator (VREGO)

C8051F99x-C8051F98x devices include an internal voltage regulator (VREGO) to regulate the internal
core supply to 1.8 V from a VDD supply of 1.8 to 3.6 V. Electrical characteristics for the on-chip regulator
are specified in the Electrical Specifications chapter.

The REGOCN register allows the Precision Oscillator Bias to be disabled, reducing supply current in all
non-Sleep power modes. This bias should only be disabled when the precision oscillator is not being used.

The internal regulator (VREGO) is disabled when the device enters Sleep Mode and remains enabled
when the device enters Suspend Mode. See Section “15. Power Management” on page 162 for complete
details about low power modes.

SFR Definition 17.1. REGOCN: Voltage Regulator Control

Bit 7 6 5 4 3 2 1 0
Name Reserved | Reserved | OSCBIAS Reserved
Type R R/W R/W R/W R R R R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xC9
Bit Name Function

7 Unused |Read = 0b. Write = Don't care.
6:5 Reserved | Read = 00b. Must Write 00b.

4 OSCBIAS | Precision Oscillator Bias.

When set to 1, the bias used by the precision oscillator is forced on. If the precision
oscillator is not being used, this bit may be cleared to 0 to reduce supply current in all
non-Sleep power modes.

31 Unused |Read = 000b. Write = Don’t care.
0 Reserved | Read = Ob. Must Write Ob.

17.1. Voltage Regulator Electrical Specifications
See Table 4.15 on page 64 for detailed Voltage Regulator Electrical Specifications.
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18.8. SmaRTClock (Real Time Clock) Reset

The SmaRTClock can generate a system reset on two events: SmaRTClock Oscillator Fail or
SmaRTClock Alarm. The SmaRTClock Oscillator Fail event occurs when the SmaRTClock Missing Clock
Detector is enabled and the SmaRTClock clock is below approximately 20 kHz. A SmaRTClock alarm
event occurs when the SmaRTClock Alarm is enabled and the SmaRTClock timer value matches the
ALARMN registers. The SmaRTClock can be configured as a reset source by writing a 1 to the RTCORE
flag (RSTSRC.7). The SmaRTClock reset remains functional even when the device is in the low power
Suspend or Sleep mode. The state of the RST pin is unaffected by this reset.

18.9. Software Reset

Software may force a reset by writing a 1 to the SWRSF bit (RSTSRC.4). The SWRSF bit will read 1
following a software forced reset. The state of the RST pin is unaffected by this reset.
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20.2.5. Automatic Gain Control (Crystal Mode Only) and SmaRTClock Bias Doubling

Automatic Gain Control allows the SmaRTClock oscillator to trim the oscillation amplitude of a crystal in
order to achieve the lowest possible power consumption. Automatic Gain Control automatically detects
when the oscillation amplitude has reached a point where it safe to reduce the drive current, therefore, it
may be enabled during crystal startup. It is recommended to enable Automatic Gain Control in most sys-
tems which use the SmaRTClock oscillator in Crystal Mode. The following are recommended crystal spec-
ifications and operating conditions when Automatic Gain Control is enabled:

m ESR <50 kQ

m Load Capacitance < 10 pF
Supply Voltage < 3.0 V
Temperature > -20 °C

When using Automatic Gain Control, it is recommended to perform an oscillation robustness test to ensure
that the chosen crystal will oscillate under the worst case condition to which the system will be exposed.
The worst case condition that should result in the least robust oscillation is at the following system condi-
tions: lowest temperature, highest supply voltage, highest ESR, highest load capacitance, and lowest bias
current (AGC enabled, Bias Double Disabled).

To perform the oscillation robustness test, the SmaRTClock oscillator should be enabled and selected as
the system clock source. Next, the SYSCLK signal should be routed to a port pin configured as a push-pull
digital output. The positive duty cycle of the output clock can be used as an indicator of oscillation robust-
ness. As shown in Figure 20.2, duty cycles less than 55% indicate a robust oscillation. As the duty cycle
approaches 60%, oscillation becomes less reliable and the risk of clock failure increases. Increasing the
bias current (by disabling AGC) will always improve oscillation robustness and will reduce the output
clock’s duty cycle. This test should be performed at the worst case system conditions, as results at very
low temperatures or high supply voltage will vary from results taken at room temperature or low supply
voltage.

Low Risk of Clock | High Risk @

Safe Operating Zone Failure Failu

25% 55% 60% Duty Cycle
Figure 20.2. Interpreting Oscillation Robustness (Duty Cycle) Test Results

As an alternative to performing the oscillation robustness test, Automatic Gain Control may be disabled at
the cost of increased power consumption (approximately 200 nA). Disabling Automatic Gain Control will
provide the crystal oscillator with higher immunity against external factors which may lead to clock failure.
Automatic Gain Control must be disabled if using the SmaRTClock oscillator in self-oscillate mode.

Table 20.3 shows a summary of the oscillator bias settings. The SmaRTClock Bias Doubling feature allows
the self-oscillation frequency to be increased (almost doubled) and allows a higher crystal drive strength in
crystal mode. High crystal drive strength is recommended when the crystal is exposed to poor environmen-
tal conditions such as excessive moisture. SmaRTClock Bias Doubling is enabled by setting BIASX2
(RTCOXCN.5) to 1.
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20.3.3. Software Considerations for using the SmaRTClock Timer and Alarm

The SmaRTClock timer and alarm have two operating modes to suit varying applications. The two modes
are described below:

Mode 1:

The first mode uses the SmaRTClock timer as a perpetual timebase which is never reset to zero. Every 36
hours, the timer is allowed to overflow without being stopped or disrupted. The alarm interval is software
managed and is added to the ALRMn registers by software after each alarm. This allows the alarm match
value to always stay ahead of the timer by one software managed interval. If software uses 32-bit unsigned
addition to increment the alarm match value, then it does not need to handle overflows since both the timer
and the alarm match value will overflow in the same manner.

This mode is ideal for applications which have a long alarm interval (e.g., 24 or 36 hours) and/or have a
need for a perpetual timebase. An example of an application that needs a perpetual timebase is one
whose wake-up interval is constantly changing. For these applications, software can keep track of the
number of timer overflows in a 16-bit variable, extending the 32-bit (36 hour) timer to a 48-bit (272 year)
perpetual timebase.

Mode 2:

The second mode uses the SmaRTClock timer as a general purpose up counter which is auto reset to zero
by hardware after each alarm. The alarm interval is managed by hardware and stored in the ALRMn regis-
ters. Software only needs to set the alarm interval once during device initialization. After each alarm, soft-
ware should keep a count of the number of alarms that have occurred in order to keep track of time.

This mode is ideal for applications that require minimal software intervention and/or have a fixed alarm
interval. This mode is the most power efficient since it requires less CPU time per alarm.
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SFR Definition 21.8. PO: PortO

Sets the Port latch logic
value or reads the Port pin
logic state in Port cells con-
figured for digital 1/O.

LOW.
1: Set output latch to logic
HIGH.

Bit 7 6 5 4 3 2 1 0
Name PO[7:0]
Type R/W
Reset 1 1 1 1 1 1 1 1
SFR Page = All; SFR Address = 0x80; Bit-Addressable
Bit Name Description Write Read
7.0 PO[7:0] |Port O Data. 0: Set output latch to logic |0: PO.n Port pin is logic

LOW.
1: PO.n Port pin is logic
HIGH.

SFR Definition 21.9. POSKIP: PortO Skip

Bit 7 6 5 4 3 2 1 0
Name POSKIP[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page= 0x0; SFR Address = 0xD4
Bit Name Function
7:0 | POSKIP[7:0] | Port O Crossbar Skip Enable Bits.

These bits select Port 0 pins to be skipped by the Crossbar Decoder. Port pins used
for analog, special functions or GPIO should be skipped by the Crossbar.
0: Corresponding PO.n pin is not skipped by the Crossbar.

1: Corresponding PO0.n pin is skipped by the Crossbar.
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22.4.4. Data Register

The SMBus Data register SMBODAT holds a byte of serial data to be transmitted or one that has just been
received. Software may safely read or write to the data register when the Sl flag is set. Software should not
attempt to access the SMBODAT register when the SMBus is enabled and the Si flag is cleared to logic 0,
as the interface may be in the process of shifting a byte of data into or out of the register.

Data in SMBODAT is always shifted out MSB first. After a byte has been received, the first bit of received
data is located at the MSB of SMBODAT. While data is being shifted out, data on the bus is simultaneously
being shifted in. SMBODAT always contains the last data byte present on the bus. In the event of lost arbi-
tration, the transition from master transmitter to slave receiver is made with the correct data or address in
SMBODAT.

SFR Definition 22.5. SMBODAT: SMBus Data

Bit 7 6 5 4 3 2 1 0
Name SMBODAT[7:0]
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xC2
Bit Name Function

7:0 | SMBODATI[7:0]

SMBus Data.
The SMBODAT register contains a byte of data to be transmitted on the SMBus

serial interface or a byte that has just been received on the SMBus serial interface.
The CPU can read from or write to this register whenever the Sl serial interrupt flag
(SMBOCN.0) is set to logic 1. The serial data in the register remains stable as long
as the Sl flag is set. When the Sl flag is not set, the system may be in the process

of shifting data in/out and the CPU should not attempt to access this register.
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