Silicon Labs - C8051F304-GM Datasheet

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"

Details

Product Status Not For New Designs

Core Processor 8051

Core Size 8-Bit

Speed 25MHz
Connectivity SMBus (2-Wire/12C), UART/USART
Peripherals POR, PWM, WDT
Number of I/O 8

Program Memory Size 4KB (4K x 8)
Program Memory Type FLASH

EEPROM Size -

RAM Size 256 x 8

Voltage - Supply (Vcc/vdd) 2.7V ~ 3.6V
Data Converters -

Oscillator Type Internal

Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

-40°C ~ 85°C (TA)
Surface Mount
10-VFDFN Exposed Pad
11-QFN (3x3)

https://www.e-xfl.com/product-detail/silicon-labs/c8051f304-gm

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



https://www.e-xfl.com/product/pdf/c8051f304-gm-4405776
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

C8051F300/1/2/3/4/5

13.4.USING the SIMBUS......cuuiiiiiiiiiiiiiiie et 115
13.4.1.SMBuUs Configuration ReQISIEr ...........uiiiiiiieeeieeeieeee e e e e e e 116
13.4.2.SMBOCN CoNntrol REGISTEN .......cceuiiiiiiiiiiee e 119
13.4.3.DAta REQISTEN ......uiiiiiiiiiiiiieee e a e e 122

13.5.SMBUS TranSfer MOUES........uuuiiiiiiiiiieee ettt e e e e e e e e e 123
13.5.1.Master Transmitter MO ..........oouuuiuiiiiiiiiiee e 123
13.5.2.Master ReCeIVEr MOUE ..........covviiiiiiiiieeee e e e e e 124
13.5.3.Slave RECEIVEN MOUE .....ccciiiiiieie ettt 125
13.5.4.Slave Transmitter MO ........cooviiiiiiiiiiiiei e 126

13.6.SMBUS StatuS DECOUING......eteiiiiiiiieeeeeeiee et e e e e e e e e e e e 127

I U o T PPPPPRPPPPPPR 131

14.1.Enhanced Baud Rate GeNneratioN...........oooeeiiiiiiiiiiiiiiiiiiiiiea e e e e e e e e eeeeeeeeeeees 132

14.2.0pEratioNal MOUES ........uuiiiiiiiiiiiiiie e e e e e e e e e e e e 133
14.2.0.8-Bit UART ..ottt e e e e e e e e e e e e e e e e e s e s annnnes 133
14.2.2.9-Bit UART ..ottt e e e e e e e e e e e e e e e e e e e e e annnnes 134

14.3.Multiprocessor COMMUNICALIONS ........coooiiiiiiiiiiiiiiiiiee e e e e e e e e e 135

T 10 0T PP PPPRPPPPPP 143

15.1.Timer 0 and TIMEI L ...ttt e e e e e e e e e e e e eeeeeeeenees 143
15.1.1.Mode 0: 13-bit COUNLEITIMEN ....evuiriiiiiieie e e e e e e e 143
15.1.2.Mode 1: 16-bit COUNtEI/TIMEN ....ccoiiiiiiiiiiiiiieiie e 145
15.1.3.Mode 2: 8-bit Counter/Timer with Auto-Reload..............ccccceevieeeinnnnnnn. 145
15.1.4.Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)........ccccceeeeiiiiniinnnnnnn, 146

I T I | 0 1= PP PPPPPPPURPRPRR 151
15.2.1.16-bit Timer with Auto-Reload............cooiiiiiiiiiiiii e 151
15.2.2.8-bit Timers with Auto-Reload...........cccoooviiiiiiiiiii e, 152

16.Programmable COUNTEN ATTAY ...uciiiiiiii e e e e e e e e 155

16.1.PCA COUNLEITTIMEN .ottt e e e e e e e e e e e e e eeeeeenenees 156

16.2.Capture/Compare MOAUIES ........oooiiiiiiiii e 157
16.2.1.Edge-triggered Capture MOE............ccviiiiieeeieeeieeeieeeeeree e 158
16.2.2.Software Timer (Compare) MOUE.........coviiiiriiiiiieieeeeeeii e 159
16.2.3.High Speed OUPUt MOTE........ccooiiiiiiii e 160
16.2.4.Frequency OUtPULt MOAE ........oooviiiiiiiiiiii e 161
16.2.5.8-Bit Pulse Width Modulator Mode..........ccoooeeiiiiiiiiiiiiii e 162
16.2.6.16-Bit Pulse Width Modulator Mode..........cccooeeeiiiiiiiiiiicie e 163

16.3.Watchdog Timer MOUE ...........oovviiiiiiiiiii e e e e e e e e ee e 164
16.3.1.Watchdog Timer OPeration ...............ceeiiiieeeeeeeeeeeeeeeiiiiii e 164
16.3.2.Watchdog Timer USAQE ........ccoeiiiiiiiiiiiiiiiiiiie ettt 165

16.4.Reqister Descriptions fOr PCA........u i e e 167

A Oy | ] (=T = Lo PRSP 173
17.1.C2 INterface REQISIEIS........covieeeiiiiieeeis ettt e e e e e e e e e e e e e e eeeeeennnees 173
17.2.C2 PiN SNAMNG ©.uiiiiiiiic st e e e e e e e e e e e e e 175

Document Change LiST......ooeeiiiiiiiiiiiiee e 176

CoNtact INTOIMALION ... r e e e e e e e e 178

) Rev. 2.9 5

SILICON LABS



C8051F300/1/2/3/4/5

List of Figures

1. System Overview
Figure 1.1. C8051F300/2 BIOCK Diagram ...........coccuuiiiiiiiiiiiiiiiieeeeeeeee e e e e e e 15
Figure 1.2. C8051F301/3/4/5 BIoCK Diagram ..........ccccuvvveeeiiiiiiiiiiiiiiee e eeeeeeeeeeeeeennnnns 15
Figure 1.3. Comparison of Peak MCU Execution Speeds .........cccceevvieeeeiiiiiiieininnnnns 16
Figure 1.4. On-Chip Clock and RESEL .........cooiiiiiiiiiiiie e 17
Figure 1.5. On-chip Memory Map (C8051F300/1/2/3 ShOownN) ......ccceeeeeeeveiiiiiiiiiiinns 18
Figure 1.6. Development/In-System Debug Diagram..............cccceeeiiinnineeeeieineeeeeeennnns 19
Figure 1.7. Digital Crossbar Diagram ...........ooooiiiiiiiiiiiiiiiiiiiieeee e 20
Figure 1.8. PCA BIOCK DIagram ...........uuuuuiiiiiiie et e e e e e e e e eeeeaannnens 21
Figure 1.9. PCA BIOCK DIagQram .........uuuuuuuiiiiiiiiie et e e eeeeeeeeeees 21
Figure 1.10. 8-Bit ADC BIOCK DIiaigram ..........cooviiiiiiiiiiiiiiiiiieiee e e e e 22
Figure 1.11. Comparator BIOCK Diagram ..........ccccooeiiiiiiiiiieiiiiice e eeeeeeeeeenaaens 23
2. Absolute Maximum Ratings
3. Global Electrical Characteristics
4. Pinout and Package Definitions
Figure 4.1. QFN-11 Pinout Diagram (TOP VIEW) .....cccoiiiiiiiiiiiiiiiiiiaane e e e e e eeeeeeeeeeeeens 28
Figure 4.2. QFN-11 Package Drawing ..........cooooeiiiiiiiiiiiiiiiieieieeeee e e e e 29
Figure 4.3. Typical QFN-11 Solder Paste Mask.............c..oouvviiiiiiiiiiiiieeeeeeeeeeeeiiiiens 30
Figure 4.4. Typical QFN-11 Landing Diagram...........ccooiiiiiiiiiiiiiiiiinineee e eeeeeeeeeeeeeens 31
Figure 4.5. SOIC-14 Pinout Diagram (TOP VIEW) .........uuuuurimmiiiiiiiiiiieeeeeeeeaaeeeeniinns 32
Figure 4.6. SOIC-14 Package DIraWing .......ccccoeeeieeeeiiiiiieeieiiiiiiiiesees e e e e e e e e e eeeeeeneennnns 33
Figure 4.7. SOIC-14 PCB Land Pattern ........ccooooviiiiiiiiiieeieiiiiiies e ee e 34
5. ADCO (8-Bit ADC, C8051F300/2)
Figure 5.1. ADCO Functional Block Diagram............cccovvviviiiiiiiiiiiiis e, 35
Figure 5.2. Typical Temperature Sensor Transfer FUNCHON...........ccccccoeviiiiiiiiiiinnns 37
Figure 5.3. Temperature Sensor Error with 1-Point Calibration (VREF =2.40 V).... 38
Figure 5.4. 8-Bit ADC Track and Conversion Example Timing ...........ccceeeevvvvvvvinnnnns 40
Figure 5.5. ADCO Equivalent INput CIrCUITS.........oeeiiiiiiiiiiiiiiiiiier e eeeeeeeeeens 41
Figure 5.6. ADC Window Compare Examples, Single-Ended Mode........................ 45
Figure 5.7. ADC Window Compare Examples, Differential Mode............................ 46
6. Voltage Reference (C8051F300/2)
Figure 6.1. Voltage Reference Functional Block Diagram .........cccccccceeeeiiiniiniiinnnns 49
7. ComparatorO
Figure 7.1. ComparatorO Functional Block Diagram ...............eeceeiiiinnieieeieeieeeeeeeiinnns 51
Figure 7.2. Comparator Hysteresis PIOt ..o 52
8. CIP-51 Microcontroller
Figure 8.1. CIP-51 BIOCK DIAQIramM.........uuuuuuiiiiieeeeeeeeeeeeeeeeeeiiiiiiie s e e e e e e e e e eeeeeeeennes 57
Figure 8.2. Program MemOry MapsS.........ccoiiiiiiiiiiiiiiiiiiieie et 63
Figure 8.3. Data MemOry Map..........cuuuuuuuuiiiiiiieeeeeeeeeeeee e s e e e e e e e e e aeeeeesanannn 64
9. Reset Sources
FIQUrE 9.1. RESEEL SOUICES......cceiiieieeieeiiiiiiies s e e e e e e e e e e e e e e e et e s e e e e e eeeaeeeeeeeennnnes 83
Figure 9.2. Power-On and VDD Monitor Reset TIMiNg ..........cuvveeieeiiiieeeeeeeeeeeeeeeannns 84
) Rev. 2.9 7

SILICON LABS



C8051F300/1/2/3/4/5
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1.2. On-Chip Memory

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

The C8051F300/1/2/3 includes 8k bytes of Flash program memory (the C8051F304 includes 4k bytes; the
C8051F305 includes 2k bytes). This memory may be reprogrammed in-system in 512 byte sectors, and
requires no special off-chip programming voltage. See Figure 1.5 for the C8051F300/1/2/3 system memory
map.

PROGRAM MEMORY DATA MEMORY
INTERNAL DATA ADDRESS SPACE
RESERVED OxFF Upper 128 RAM SpeciaI_Function
O0x1E00 (Indirect Addressing Register's
OX1DFF 0x80 Only) (Direct Addressing Only)
OX7F
8k bytes (Direct and Indirect
FLASH Addressing) Lower 128 RAM
0x30 (Direct and Indirect
(In-System Ox2F . Addressing)
Programmable in 512 0x20 Bit Addressable
Byte Sectors) Ox1F General Purpose
0x00 Registers
0x0000
Figure 1.5. On-chip Memory Map (C8051F300/1/2/3 Shown)
18 Rev. 2.9 )
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Table 3.1. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified.
Parameter Conditions Min | Typ | Max Units

Ipp Supply Sensitivity (Note 3) |F =25 MHz — 47 — %/
F=1MHz — 59 — %IV

Ipp Frequency Sensitivity Vpp=3.0V,F<=1MHz, T=25°C — 0.27 — | mA/MHz

(Note 3, Note 5)
Vpp=3.0V,F>1MHz, T=25°C — 0.10 — | mA/MHz
Vpp=3.6V,F<=1MHz, T=25°C — 1035 | — |mMA/MHz
Vpp=3.6V,F>1MHz, T=25°C — 0.12 — | mA/MHz

Digital Supply Current Oscillator not running, — <0.1 — MA

(Stop Mode, shutdown) Vpp Monitor Disabled

Notes:

1. Given in Table 9.2 on page 86.

2
3.
4

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

Based on device characterization data; Not production tested.

Normal 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 25 MHz minus the difference in current indicated by the frequency sensitivity
number.

For example: Vpp = 3.0 V; F = 20 MHz, Ipp = 6.6 mA — (25 MHz — 20 MHz) x 0.16 mA/MHz = 5.8 mA.

Idle IDD can be estimated for frequencies <= 1 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range. When using these numbers to estimate Idle Ipp for >1 MHz, the
estimate should be the current at 25 MHz minus the difference in current indicated by the frequency sensitivity
number.

For example: Vpp = 3.0 V; F =5 MHz, Idle Ipp = 3.3 mA — (25 MHz — 5 MHz) x 0.10 mA/MHz = 1.3 mA.

26
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Figure 4.6. SOIC-14 Package Drawing
Table 4.4. SOIC-14 Package Dimensions
Dimension Min Max Dimension Min Max
A --- 1.75 L 0.40 1.27
Al 0.10 0.25 L2 0.25 BSC
b 0.33 0.51 Q 0° 8°
C 0.17 0.25 aaa 0.10
D 8.65 BSC bbb 0.20
6.00 BSC cce 0.10
El 3.90BSC ddd 0.25
e 1.27 BSC
Notes:
1. All dimensions shown are in millimeters (mm).
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC outline MS012, variation AB.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for
Small Body Components.
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5. ADCO (8-Bit ADC, C8051F300/2)

The ADCO subsystem for the C8051F300/2 consists of two analog multiplexers (referred to collectively as
AMUXO0) with 11 total input selections, a differential programmable gain amplifier (PGA), and a 500 ksps, 8-
bit successive-approximation-register ADC with integrated track-and-hold and programmable window
detector (see block diagram in Figure 5.1). The AMUXO0, PGA, data conversion modes, and window detec-
tor are all configurable under software control via the Special Function Registers shown in Figure 5.1.
ADCO operates in both Single-ended and Differential modes, and may be configured to measure any Port
pin, the Temperature Sensor output, or Vpp with respect to any Port pin or GND. The ADCO subsystem is
enabled only when the ADOEN bit in the ADCO Control register (ADCOCN) is set to logic 1. The ADCO sub-
system is in low power shutdown when this bit is logic 0.

AMXO0SL
MmN H(O|m|N|H O
z|z|z|z|d|a|a @
olo|laclalele|le e
P0.0 XXX |X|X[X|X|X
= P P P e
P01 —— =R ADCOCN
, SRR AEEEE
PO.2 AEEEEREE
838(8|3/5/8/3
P0.3 < =<<2lR]=]=]<
_— t
P04 10-t0-1 ‘ ;|4—+
PoS AMOX VDD 000 ADOBUSY (W)
Start
P06 > bl Conversion Timer 0 Overflow
PO.7 N Timer 2 Overflow
Temp VDD Timer 1 Overflow
| Sensor 1 . CNVSTR Input
! % VDD~ § 8-Bit
! ‘ o
X SAR | 8
< 8

o N ~ \ADC

POl ——

P0.2 ———

P0.3 ————
9-to-1 |
Po4 AMUX | Jﬁ

ADOWINT

SYSCLK
REF
—

— Comb.
P05 ———» <|w[al=]o] [2]2 Logic
A RS ADCOLT
P064> o|lo|o(o|o ala
alajalala
<|<|<|<|<| (22
P0.7 ———
ADCOCF [ ADCOGT

GND4>/

Figure 5.1. ADCO Functional Block Diagram
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5.3.3. Settling Time Requirements

When the ADCO input configuration is changed (i.e., a different AMUXO or PGA selection is made), a mini-
mum tracking time is required before an accurate conversion can be performed. This tracking time is deter-
mined by the AMUXO resistance, the ADCO sampling capacitance, any external source resistance, and the
accuracy required for the conversion. Note that in low-power tracking mode, three SAR clocks are used for
tracking at the start of every conversion. For most applications, these three SAR clocks will meet the mini-
mum tracking time requirements.

Figure 5.5 shows the equivalent ADCO input circuits for both Differential and Single-ended modes. Notice
that the equivalent time constant for both input circuits is the same. The required ADCO settling time for a
given settling accuracy (SA) may be approximated by Equation 5.1. When measuring the Temperature
Sensor output or Vpp with respect to GND, Rrgta, reduces to Ryyx. See Table 5.1 for ADCO minimum

settling time (track/hold time) requirements.

— (2
t= ln(S_A) X RrotaLCsampLE

Equation 5.1. ADCO Settling Time Requirements

Where:

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

RrtoTaL is the sum of the AMUXO resistance and any external source resistance.

n is the ADC resolution in bits (8).

Differential Mode Single-Ended Mode

MUX Select MUX Select

i i

pox X}—o pox [XJ}—o

wux = 5K Ryux = 5K

.

SAMPLE =

CSAMPLE = 5pF CSAMPLE =5pF

RC Ryux ¥ C RC

SAMPLE input= R

Input™ TSMUX MUX

F

Mux =

Csampie = 5P
st
R, 5k
MUX Select

Note: When the PGA gain is set to 0.5, C = 3pF

SAMPLE

Figure 5.5. ADCO Equivalent Input Circuits
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Table 5.1. ADCO Electrical Characteristics
Vpp = 3.0V, VREF = 2.40 V (REFSL = 0), PGA Gain = 1, —40 to +85 °C unless otherwise specified.

Parameter | Conditions | Min | Typ ‘ Max ‘ Units
DC Accuracy
Resolution 8 bits
Integral Nonlinearity — +0.5 +1 LSB
Differential Nonlinearity Guaranteed Monotonic — +0.5 +1 LSB
Offset Error -5.0 0.5 5.0 LSB
Full Scale Error Differential mode -5.0 -1 5.0 LSB
Dynamic Performance (10 kHz Sine-wave Differential Input, 1 dB below Full Scale, 500 ksps)
Signal-to-Noise Plus Distortion 45 48 — dB
Total Harmonic Distortion Up to the 5t harmonic — -56 — dB
Spurious-Free Dynamic Range — 58 — dB
Conversion Rate
SAR Conversion Clock — — 6 MHz
Conversion Time in SAR Clocks 11 — — clocks
Track/Hold Acquisition Time 300 — — ns
Throughput Rate — — 500 ksps
Analog Inputs
Input Voltage Range 0 — VREF \Y,
Input Capacitance — 5 — pF
Temperature Sensor — — —
Linearity23 — | 05 | — °C
Gain1?3 - iiig o HV/C
Offset!2:3 (Temp = 0 °C) — |897+31| — mv
Power Specifications
Power Supply Current — 400 900 MA

(Vpp Supplied to ADCO) Operating Mode, 500 ksps

Power Supply Rejection — +0.3 — mV/\V

Notes:
1. Represents one standard deviation from the mean.
2. Measured with PGA Gain = 2.
3. Includes ADC offset, gain, and linearity variations.

Rev. 2.9 47

SILICON LABS



C8051F300/1/2/3/4/5

8. CIP-51 Microcontroller

The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the
MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU family has a superset of all the peripherals included with a standard 8051. Included are
three 16-bit counter/timers (see description in Section 15), an enhanced full-duplex UART (see description
in Section 14), 256 bytes of internal RAM, 128 byte Special Function Register (SFR) address space (Sec-
tion 8.2.6), and one byte-wide 1/0O Port (see description in Section 12). The CIP-51 also includes on-chip
debug hardware (see description in Section 17), and interfaces directly with the analog and digital subsys-
tems providing a complete data acquisition or control-system solution in a single integrated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as
additional custom peripherals and functions to extend its capability (see Figure 8.1 for a block diagram).
The CIP-51 includes the following features:

Fully Compatible with MCS-51 Instruction Set
- 25 MIPS Peak Throughput with 25 MHz Clock
- 0to 25 MHz Clock Frequency

Extended Interrupt Handler
Reset Input
Power Management Modes

- 256 Bytes of Internal RAM - On-chip Debug Logic
- Byte-Wide I/O Port - Program and Data Memory Security
DATA BUS !

ACCUMULATOR [ BREGISTER |  [STACKPOINTER ]

DATA BUS

SRAM
ADDRESS >(255'2AXM8)
REGISTER

il

DATA BUS !
SFR_ADDRESS

BUFFER Hﬁ» >
SFR_CONTROL

SFR

BUS SFR_WRITE_DATA _ |

q—ﬂ DATA POINTER INTERFACE A | >
SFR_READ_DATA |

<—ﬂ PC INCREMENTER ‘

MEM_ADDRESS
| MEMADDRESS o,

PROGRAM COUNTER (PC)‘
MEM_CONTROL

MEMORY
5~ INTERFACE | MEM_WRITE_DATA _ |

PIPELINE 08

PRGM. ADDRESS REG.

DATA BUS

MEM_READ_DATA

RESET CONTROL
LOGIC

SYSTEM_IRQs
INTERRUPT |

INTERFACE EMULATION_IRQ
‘“-—————

|<7
[ POWER CONTROL @
¢ IDLE REGISTER

Figure 8.1. CIP-51 Block Diagram
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8.2. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are
two separate memory spaces: program memory and data memory. Program and data memory share the
same address space but are accessed via different instruction types. The CIP-51 memory organization is
shown in Figure 8.2 and Figure 8.3.

8.2.1. Program Memory

The CIP-51 core has a 64k-byte program memory space. The C8051F300/1/2/3 implements 8192 bytes of
this program memory space as in-system, reprogrammable Flash memory, organized in a contiguous
block from addresses 0x0000 to Ox1FFF. Note: 512 bytes (Ox1EOQO - Ox1FFF) of this memory are reserved
for factory use and are not available for user program storage. The C8051F304 implements 4096 bytes of
reprogrammable Flash program memory space; the C8051F305 implements 2048 bytes of reprogramma-
ble Flash program memory space. Figure 8.2 shows the program memory maps for C8051F300/1/2/3/4/5
devices.

C8051F300/1/2/3
(8k FLASH)
C8051F304
0x1E00 RESERVED (4k FLASH)
Ox1DFF C8051F305
RESERVED (2k FLASH)
0x1000
FLASH OXOFFF
RESERVED
(In-System FLASH 0x0800
Programmable in 512 (In-System Ox07FF FLASH
Byte Sectors) Programmable in 512 (In-System
Byte Sectors) Programmable in 512
0x0000 0x0000 0x0000 Byte Sectors)

Figure 8.2. Program Memory Maps

Program memory is normally assumed to be read-only. However, the CIP-51 can write to program memory
by setting the Program Store Write Enable bit (PSCTL.0) and using the MOVX instruction. This feature pro-
vides a mechanism for the CIP-51 to update program code and use the program memory space for non-
volatile data storage. Refer to Section “10. Flash Memory” on page 89 for further detalils.
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8.3.2. External Interrupts

The /INTO and /INT1 external interrupt sources are configurable as active high or low, edge or level sensi-
tive. The INOPL (/INTO Polarity) and IN1PL (/INT1 Polarity) bits in the ITOLCF register select active high or
active low; the ITO and IT1 bits in TCON (Section “15.1. Timer 0 and Timer 1” on page 143) select level
or edge sensitive. The table below lists the possible configurations.

ITO |INOPL /INTO Interrupt ITL |IN1PL /INT1 Interrupt

1 0 |Active low, edge sensitive 1 0 |Active low, edge sensitive
1 1 |Active high, edge sensitive 1 1 | Active high, edge sensitive
0 0 |Active low, level sensitive 0 0 |Active low, level sensitive
0 1 |Active high, level sensitive 0 1 | Active high, level sensitive

/INTO and /INT1 are assigned to Port pins as defined in the ITOLCF register (see SFR Definition 8.11).
Note that /INTO and /INTO Port pin assignments are independent of any Crosshar assignments. /INTO and
/INT1 will monitor their assigned Port pins without disturbing the peripheral that was assigned the Port pin
via the Crossbar. To assign a Port pin only to /INTO and/or /INT1, configure the Crossbar to skip the
selected pin(s). This is accomplished by setting the associated bit in register XBRO (see Section
“12.1. Priority Crossbar Decoder” on page 104 for complete details on configuring the Crossbar).

IEO (TCON.1) and IE1 (TCON.3) serve as the interrupt-pending flags for the /INTO and /INT1 external
interrupts, respectively. If an /INTO or /INT1 external interrupt is configured as edge-sensitive, the corre-
sponding interrupt-pending flag is automatically cleared by the hardware when the CPU vectors to the ISR.
When configured as level sensitive, the interrupt-pending flag remains logic 1 while the input is active as
defined by the corresponding polarity bit (INOPL or IN1PL); the flag remains logic 0 while the input is inac-
tive. The external interrupt source must hold the input active until the interrupt request is recognized. It
must then deactivate the interrupt request before execution of the ISR completes or another interrupt
request will be generated.

8.3.3. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low prior-
ity interrupt service routine can be preempted by a high priority interrupt. A high priority interrupt cannot be
preempted. Each interrupt has an associated interrupt priority bit in an SFR (IP or EIP1) used to configure
its priority level. Low priority is the default. If two interrupts are recognized simultaneously, the interrupt with
the higher priority is serviced first. If both interrupts have the same priority level, a fixed priority order is
used to arbitrate, given in Table 8.4.

8.3.4. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs. Pending interrupts are
sampled and priority decoded each system clock cycle. Therefore, the fastest possible response time is 5
system clock cycles: 1 clock cycle to detect the interrupt and 4 clock cycles to complete the LCALL to the
ISR. If an interrupt is pending when a RETI is executed, a single instruction is executed before an LCALL
is made to service the pending interrupt. Therefore, the maximum response time for an interrupt (when no
other interrupt is currently being serviced or the new interrupt is of greater priority) occurs when the CPU is
performing an RETI instruction followed by a DIV as the next instruction. In this case, the response time is
18 system clock cycles: 1 clock cycle to detect the interrupt, 5 clock cycles to execute the RETI, 8 clock
cycles to complete the DIV instruction and 4 clock cycles to execute the LCALL to the ISR. If the CPU is
executing an ISR for an interrupt with equal or higher priority, the new interrupt will not be serviced until the
current ISR completes, including the RETI and following instruction.
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Table 8.4. Interrupt Summary

i
-‘3 T
ol 2
- ©
S| 9
Interrupt | Priority © 8| Enable Priority
Interrupt Source Vector Order Pending Flag o O Flag Control
Reset 0x0000 Top |None N/A | N/A | Always Always
Enabled |Highest
External Interrupt O (/INTO) | 0x0003 0 IEO (TCON.1) Y | Y |EXO (IE.0) |PXO (IP.0)
Timer 0 Overflow 0x000B 1 TFO (TCON.5) Y | Y |ETO(IE.1) |PTO (IP.1)
External Interrupt 1 (/INT1) | 0x0013 2 IE1 (TCON.3) Y | Y |EX1(IE.2) |PX1 (IP.2)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) Y | Y |ET1(IE.3) |PT1(IP.3)
UARTO 0x0023 4 RIO (SCON0.0) | Y | N [ESO(IE.4) [PSO (IP.4)
TIO (SCONO.1)
Timer 2 Overflow 0x002B 5 TF2H Y | N |ET2(IE.5) |PT2 (IP.5)
(TMR2CN.7)
TF2L
(TMR2CN.6)
SMBus Interface 0x0033 6 SI(SMBOCN.0) | Y | N |[ESMBO |PSMBO
(EIE1.0) |(EIP1.0)
ADCO Window Compare 0x003B 7 ADOWINT Y | N |EWADCO |PWADCO
(ADCOCN.3) (EIE1.1) |(EIP1.1)
ADCO Conversion Com- 0x0043 8 ADOINT Y | N |EADCOC |PADCOC
plete (ADCOCN.5) (EIE1.2) |(EIP1.2)
Programmable Counter 0x004B 9 CF (PCAOCN.7) | Y N |EPCAO PPCAO
Array CCFn (EIE1.3) |(EIP1.3)
(PCAOCN.n)
Comparator0O Falling Edge | 0x0053 10 CPOFIF N N |ECPOF PCPOF
(CPTOCN.4) (EIE1.4) |(EIP1.4)
Comparator0 Rising Edge | 0x005B 11  |CPORIF N | N |ECPOR PCPOR
(CPTOCN.5) (EIE1.5) |(EIP1.5)
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SFR Definition 9.1. RSTSRC: Reset Source

R R R/W RIW R RIW RIW R Reset Value
| — |FERROR| CORSEF | SWRSF |WDTRSF|MCDRSF| PORSF | PINRSF | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxEF

(Note: Do not use read-modify-write operations (ORL, ANL) on this register)

Bit7: UNUSED. Read = 0. Write = don't care.
Bit6: FERROR: Flash Error Indicator.
0: Source of last reset was not a Flash read/write/erase error.
1: Source of last reset was a Flash read/write/erase error.
Bit5: CORSEF: ComparatorO Reset Enable and Flag.
Write
0: Comparator0 is not a reset source.
1: ComparatorO is a reset source (active-low).
Read
0: Source of last reset was not Comparator0.
1: Source of last reset was ComparatorO.
Bit4: SWRSF: Software Reset Force and Flag.
Write
0: No Effect.
1: Forces a system reset.
Read
0: Source of last reset was not a write to the SWRSF bit.
1: Source of last was a write to the SWRSF bit.
Bit3: WDTRSF: Watchdog Timer Reset Flag.
0: Source of last reset was not a WDT timeout.
1: Source of last reset was a WDT timeout.
Bit2: MCDRSF: Missing Clock Detector Flag.
Write:
0: Missing Clock Detector disabled.
1: Missing Clock Detector enabled; triggers a reset if a missing clock condition is detected.
Read:
0: Source of last reset was not a Missing Clock Detector timeout.
1: Source of last reset was a Missing Clock Detector timeout.
Bitl: PORSF: Power-On Reset Force and Flag.
This bit is set anytime a power-on reset occurs. This may be due to a true power-on reset or
a Vpp monitor reset. In either case, data memory should be considered indeterminate fol-

lowing the reset. Writing this bit enables/disables the Vyy monitor.

Write:

0: Vpp monitor disabled.

1: Vpp monitor enabled.

Read:

0: Last reset was not a power-on or Vpp monitor reset.

1: Last reset was a power-on or Vpp monitor reset; all other reset flags indeterminate.
BitO: PINRSF: HW Pin Reset Flag.

0: Source of last reset was not RST pin.

1: Source of last reset was RST pin.
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12.1. Priority Crossbar Decoder

The Priority Crossbar Decoder (Figure 12.3) assigns a priority to each 1/O function, starting at the top with
UARTO. When a digital resource is selected, the least significant unassigned Port pin is assigned to that
resource (excluding UARTO, which is always at pins 4 and 5). If a Port pin is assigned, the Crossbar skips
that pin when assigning the next selected resource. Additionally, the Crossbar will skip Port pins whose
associated bits in the XBRO register are set. The XBRO register allows software to skip Port pins that are to
be used for analog input or GPIO.

Important Note on Crossbar Configuration: If a Port pin is claimed by a peripheral without use of the
Crossbar, its corresponding XBRO bit should be set. This applies to P0.0 if VREF is enabled, P0.3 and/or
P0.2 if the external oscillator circuit is enabled, P0.6 if the ADC is configured to use the external conversion
start signal (CNVSTR), and any selected ADC or Comparator inputs. The Crossbar skips selected pins as
if they were already assigned, and moves to the next unassigned pin. Figure 12.3 shows the Crossbar
Decoder priority with no Port pins skipped (XBRO = 0x00); Figure 12.4 shows the Crossbar Decoder prior-
ity with pins 6 and 2 skipped (XBRO = 0x44).

H
PIN 1/0 0 1 2 3 4 5 6 7
X0

RXO0 IIIWIIII
SDA

scL

CcPO

CPOA

SYSCLK

CEXO0

CEX1

CEX2

ECI

T0

1

Signals Unavailable

XBRO[0:7]

- Port pin potentially available to peripheral

_Special Function Signals are not assigned by the crossbar.
When these signals are enabled, the CrossBar must be
manually configured to skip their corresponding port pins.
Note: x1 refers to the XTALL signal; x2 refers to the XTAL2
signal.

Figure 12.3. Crossbar Priority Decoder with XBRO = 0x00
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13.5.2. Master Receiver Mode

Serial data is received on SDA while the serial clock is output on SCL. The SMBus interface generates the
START condition and transmits the first byte containing the address of the target slave and the data direc-
tion bit. In this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then received from the
slave on SDA while the SMBus outputs the serial clock. The slave transmits one or more bytes of serial
data. After each byte is received, ACKRQ is set to ‘1’ and an interrupt is generated. Software must write
the ACK bit (SMBOCN.1) to define the outgoing acknowledge value (Note: writing a ‘1’ to the ACK bit gen-
erates an ACK; writing a ‘0’ generates a NACK). Software should write a ‘0’ to the ACK bit after the last
byte is received, to transmit a NACK. The interface exits Master Receiver Mode after the STO bit is set and
a STOP is generated. Note that the interface will switch to Master Transmitter Mode if SMBODAT is written
while an active Master Receiver. Figure 13.6 shows a typical Master Receiver sequence. Two received
data bytes are shown, though any number of bytes may be received. Notice that the ‘data byte transferred’
interrupts occur before the ACK cycle in this mode.

| S SLA R | A Data Byte A Data Byte N|P
Interrupt | Interrupt | | Interrupt | Interrupt

Received by SMBus S = START

Interface P =STOP

A =ACK
) N = NACK
Transmitted by R = READ
SMBus Interface SLA = Slave Address

Figure 13.6. Typical Master Receiver Sequence
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13.6. SMBus Status Decoding

The current SMBus status can be easily decoded using the SMBOCN register. In the table below, STATUS
VECTOR refers to the four upper bits of SMBOCN: MASTER, TXMODE, STA, and STO. Note that the
shown response options are only the typical responses; application-specific procedures are allowed as
long as they conform with the SMBus specification. Highlighted responses are allowed but do not conform
to the SMBus specification.

Table 13.4. SMBus Status Decoding

Values Read Current SMbus State Typical Response Options Values
Written
) —
g |28 |x|0|x < o |x
£8 15| |< o |0 |
n 3 ©) & < <
<
<
1110 | 0 | O | X |A master START was generated. |Load slave address + R/W 0|0 | X
into SMBODAT.
1100 | 0 | O | O |A master data or address byte Set STA to restart transfer. 10| X
5 was transmitted; NACK received. | Abort transfer. ol 11x
E 0 | 0 | 1 |A master data or address byte Load next data byte into 0|0 | X
7 was transmitted; ACK received. |SMBODAT
g End transfer with STOP 0]1]X
5 End transfer with STOPand | 1 | 1 | X
g start another transfer.
P Send repeated START 110X
Switch to Master Receiver 0|0 |X
Mode (clear Sl without writ-
ing new data to SMBODAT).
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SFR Definition 14.1. SCONO: Serial Port O Control

RIW RIW RIW RIW R/W R/W RIW RIW Reset Value
SOMODE| — | MCEO | RENO | TB80O | RB80 | TIO | RI0O |01000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
(bit addressable)  0x98
Bit7: SOMODE: Serial Port 0 Operation Mode.
This bit selects the UARTO Operation Mode.
0: Mode 0: 8-bit UART with Variable Baud Rate
1: Mode 1: 9-bit UART with Variable Baud Rate
Bit6: UNUSED. Read = 1b. Write = don't care.
Bit5: MCEQ: Multiprocessor Communication Enable.
The function of this bit is dependent on the Serial Port 0 Operation Mode.
Mode 0: Checks for valid stop bit.
0: Logic level of stop bit is ignored.
1: RIO will only be activated if stop bit is logic level 1.
Mode 1: Multiprocessor Communications Enable.
0: Logic level of ninth bit is ignored.
1: RIO is set and an interrupt is generated only when the ninth bit is logic 1.
Bit4: RENO: Receive Enable.
This bit enables/disables the UART receiver.
0: UARTO reception disabled.
1: UARTO reception enabled.
Bit3: TB80: Ninth Transmission Bit.
The logic level of this bit will be assigned to the ninth transmission bit in 9-bit UART Mode. It
is not used in 8-bit UART Mode. Set or cleared by software as required.
Bit2: RB80: Ninth Receive Bit.
RB8O0 is assigned the value of the STOP bit in Mode 0; it is assigned the value of the 9th
data bit in Mode 1.
Bitl: TI0: Transmit Interrupt Flag.
Set by hardware when a byte of data has been transmitted by UARTO (after the 8th bit in 8-
bit UART Mode, or at the beginning of the STOP bit in 9-bit UART Mode). When the UARTO
interrupt is enabled, setting this bit causes the CPU to vector to the UARTO interrupt service
routine. This bit must be cleared manually by software
BitO: RIO: Receive Interrupt Flag.
Set to ‘1’ by hardware when a byte of data has been received by UARTO (set at the STOP bit
sampling time). When the UARTO interrupt is enabled, setting this bit to ‘1’ causes the CPU
to vector to the UARTO interrupt service routine. This bit must be cleared manually by soft-
ware.
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Table 14.1. Timer Settings for Standard Baud Rates Using The Internal 24.5 MHz
Oscillator

Frequency: 24.5 MHz
Target Baud Rate | Oscillator | Timer Clock | SCA1-SCAO0 | 1qm1 | Timerl
Baud Rate % Error Divide Source (pre-scale Reload
(bps) Factor select)! Value (hex)
230400 -0.32% 106 SYSCLK XX? 1 0xCB
115200 -0.32% 212 SYSCLK XX? 1 0x96
g 8 57600 0.15% 426 SYSCLK XX? 1 0x2B
";z 9 28800 -0.32% 848 SYSCLK /4 01 0 0x96
o £ 14400 0.15% 1704 | SYSCLK /12 00 0 0xB9
%‘3 ﬁ 9600 -0.32% 2544 SYSCLK /12 00 0 0x96
2400 -0.32% 10176 | SYSCLK/ 48 10 0 0x96
1200 0.15% 20448 | SYSCLK /48 10 0 0x2B
Notes:
1. SCA1-SCAO0 and T1M bit definitions can be found in Section 15.1.
2. X =Don't care.

Table 14.2. Timer Settings for Standard Baud Rates Using an External 25 MHz
Oscillator

Frequency: 25.0 MHz
Target Baud Rate | Oscillator | Timer Clock | SCA1-SCAO0 | T1m!| Timerl
Baud Rate % Error Divide Source (pre-scale Reload
(bps) Factor select)? Value (hex)
230400 —0.47% 108 SYSCLK XX 1 OxCA
115200 0.45% 218 SYSCLK XX? 1 0x93
E o 57600 -0.01% 434 SYSCLK XX? 1 0x27
i % 28800 0.45% 872 SYSCLK /4 01 0 0x93
g g 14400 —-0.01% 1736 SYSCLK /4 01 0 0x27
5 i 9600 0.15% 2608 EXTCLK /8 11 0 0x5D
2400 0.45% 10464 SYSCLK /48 10 0 0x93
1200 —0.01% 20832 SYSCLK /48 10 0 0x27
g G 57600 -0.47% 432 EXTCLK /8 11 0 OxE5
=6 | 28800 ~0.47% 864 | EXTCLK/8 11 0 0XCA
é C_g 14400 0.45% 1744 EXTCLK /8 11 0 0x93
g E 9600 0.15% 2608 EXTCLK /8 11 0 0x5D

Notes:

1. SCA1-SCAO0 and T1M bit definitions can be found in Section 15.1.

2. X=Don't care
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