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1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F31x family utilizes Silicon Laboratories' proprietary CIP-51 microcontroller core. The CIP-51 is
fully compatible with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be
used to develop software. The CIP-51 core offers all the peripherals included with a standard 8052, includ-
ing four 16-bit counter/timers, a full-duplex UART with extended baud rate configuration, an enhanced SPI
port, 1280 bytes of internal RAM, 128 byte Special Function Register (SFR) address space, and 29/25/21
I/O pins.

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute with a maximum system clock of 12-to-24 MHz. By contrast, the CIP-51 core exe-
cutes 70% of its instructions in one or two system clock cycles, with only four instructions taking more than
four system clock cycles.

The CIP-51 has a total of 109 instructions. The table below shows the total number of instructions that
require each execution time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. Figure 1.9
shows a comparison of peak throughputs for various 8-bit microcontroller cores with their maximum sys-
tem clocks.

25—

MIPS

10—

B o

Silicon Labs  Microchip Philips ADuC812
CIP-51 PIC17C75x 80C51 8051
(25 MHz clk) (33 MHz clk) (33 MHz clk) (16 MHz clk)

Figure 1.9. Comparison of Peak MCU Execution Speeds
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Other electrical characteristics tables are found in the data sheet section corresponding to the associated
peripherals. For more information on electrical characteristics for a specific peripheral, refer to the page

indicated in Table 3.2.

Table 3.2. Electrical Characteristics Quick Reference

Peripheral Electrical Characteristics Page No.
ADCO Electrical Characteristics 65
External Voltage Reference Circuit Electrical Characteristics 68
Comparator Electrical Characteristics 78
Reset Electrical Characteristics 110
Flash Electrical Characteristics 112
Internal Oscillator Electrical Characteristics 123
Port /0 DC Electrical Characteristics 143
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5.3.3. Settling Time Requirements

When the ADCO input configuration is changed (i.e., a different AMUXO selection is made), a minimum
tracking time is required before an accurate conversion can be performed. This tracking time is determined
by the AMUXO resistance, the ADCO sampling capacitance, any external source resistance, and the accu-
racy required for the conversion. 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 minimum 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 requirements.

Equation 5.1. ADCO Settling Time Requirements

2n
t= ln(S_A) X RrotaLCsampLE

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

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

n is the ADC resolution in bits (10).

Differential Mode Single-Ended Mode
MUX Select MUX Select
PX.X % '—0 Px.x Xb—o
RMUX = Sk RMUX = Sk
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- *
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RC, R C
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R 5
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Figure 5.5. ADCO Equivalent Input Circuits
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SFR Definition 5.9. ADCOLTH: ADCO Less-Than Data High Byte

Bits7—0: High byte of ADCO Less-Than Data Word.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
0xC6

SFR Definition 5.10. ADCOLTL: ADCO Less-Than Data Low Byte

Bits7—0: Low byte of ADCO Less-Than Data Word.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
0xC5

62 Rev. 1.7
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The level of Flash security depends on the Flash access method. The three Flash access methods that
can be restricted are reads, writes, and erases from the C2 debug interface, user firmware executing on
unlocked pages, and user firmware executing on locked pages. Table 10.2 summarizes the Flash security

features of the C8051F31x devices.

Table 10.2. Flash Security Summary

(if any page is locked)

Action C2 Debug User Firmware executing from:
Interface
an unlocked page | alocked page
Read, Write or Erase unlocked pages Permitted Permitted Permitted
(except page with Lock Byte)
Read, Write or Erase locked pages Not Permitted | Flash Error Reset Permitted
(except page with Lock Byte)
Read or Write page containing Lock Byte Permitted Permitted Permitted
(if no pages are locked)
Read or Write page containing Lock Byte Not Permitted | Flash Error Reset Permitted
(if any page is locked)
Read contents of Lock Byte Permitted Permitted Permitted
(if no pages are locked)
Read contents of Lock Byte Not Permitted | Flash Error Reset Permitted

Erase page containing Lock Byte Permitted Flash Error Reset |Flash Error Reset
(if no pages are locked)

Erase page containing Lock Byte - Unlock all C2 Device Flash Error Reset |Flash Error Reset
pages (if any page is locked) Erase Only

Lock additional pages
(change '1's to '0's in the Lock Byte)

Not Permitted

Flash Error Reset

Flash Error Reset

Unlock individual pages
(change '0's to '1's in the Lock Byte)

Not Permitted

Flash Error Reset

Flash Error Reset

Read, Write or Erase Reserved Area

Not Permitted

Flash Error Reset

Flash Error Reset

C2 Device Erase - Erases all Flash pages including the page containing the Lock Byte.

Flash Error Reset - Not permitted; Causes Flash Error Device Reset (FERROR bit in RSTSRC is '1' after
reset).

- All prohibited operations that are performed via the C2 interface are ignored (do not cause device reset).
- Locking any Flash page also locks the page containing the Lock Byte.

- Once written to, the Lock Byte cannot be modified except by performing a C2 Device Erase.

- If user code writes to the Lock Byte, the Lock does not take effect until the next device reset.

114 Rev. 1.7
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SFR Definition 12.1. OSCICL: Internal Oscillator Calibration

RIW RIW R/W RIW RIW R/W RIW RIW Reset Value
| | | | | | | | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xB3
Bit7: UNUSED. Read = 0. Write = don't care.
Bits 6-0: OSCICL: Internal Oscillator Calibration Register.
This register determines the internal oscillator period. This reset value for OSCICL deter-
mines the oscillator base frequency. The reset value is factory calibrated to generate an
internal oscillator frequency of 24.5 MHz.
SFR Definition 12.2. OSCICN: Internal Oscillator Control
R/W R R/W R/W R/W R/W R/W R/W Reset Value
IOSCEN | IFRDY | | \ \ | IFCN1 | IFCNO | 11000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xB2
Bit7: IOSCEN: Internal Oscillator Enable Bit.
0: Internal Oscillator Disabled.
1: Internal Oscillator Enabled.
Bit6: IFRDY: Internal Oscillator Frequency Ready Flag.
0: Internal Oscillator is not running at programmed frequency.
1. Internal Oscillator is running at programmed frequency.
Bits5—2: UNUSED. Read = 0000b, Write = don't care.
Bits1-0: IFCN1-0: Internal Oscillator Frequency Control Bits.

00: SYSCLK derived from Internal Oscillator divided by 8.
01: SYSCLK derived from Internal Oscillator divided by 4.
10: SYSCLK derived from Internal Oscillator divided by 2.
11: SYSCLK derived from Internal Oscillator divided by 1.

122
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SFR Definition 13.15. P3: Port3

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
P3.7 | P36 | P35 | P34 | P33 | P32 | P31 | P30 | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
(bit addressable) 0xBO
Bits7-0: P3.[7:0]
Write - Output appears on I/O pins.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P3MDOUT.n bit = 0).
Read - Always reads ‘1’ if selected as analog input in register P3MDIN. Directly reads Port
pin when configured as digital input.
0: P3.n pin is logic low.
1: P3.n pin is logic high.
Note: Only P3.0-P3.4 are associated with Port pins on C8051F310/2/4 devices; Only P3.0 is associated with a
Port pin on C8051F311/3/5/6/7 devices.
SFR Definition 13.16. PSMDIN: Port3 Input Mode
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- 1 - 1 - ] \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxF4
Bits7-5: UNUSED. Read = 000b; Write = don't care.
Bits4—0: Input Configuration Bits for P3.4—P3.0 (respectively).
Port pins configured as analog inputs have their weak pullup, digital driver, and digital
receiver disabled.
0: Corresponding P3.n pin is configured as an analog input.
1: Corresponding P3.n pin is not configured as an analog input.
Note: Only P3.0-P3.4 are associated with Port pins on C8051F310/2/4 devices; Only P3.0 is associated with a
Port pin on C8051F311/3/5/6/7 devices.

142
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SFR Definition 13.17. P3MDOUT: Port3 Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- 0 - 1 - ] \ \ \ \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxA7
Bits7-5: UNUSED. Read = 000b; Write - don't care.
Bits4—0: Output Configuration Bits for P3.4—P3.0 (respectively): ignored if corresponding bit in regis-
ter PSMDIN is logic O.
0: Corresponding P3.n Output is open-drain.
1: Corresponding P3.n Output is push-pull.
Note: Only P3.0—P3.4 are associated with Port pins on C8051F310/2/4 devices; Only P3.0 is associated with a

Port pin on C8051F311/3/5/6/7 devices.

Table 13.1. Port I/O DC Electrical Characteristics

Vpp = 2.7 to 3.6 V, —40 to +85 °C unless otherwise specified

Parameters Conditions Min Typ Max Units
lon =—3 mA, Port I/O push-pull Vpp— 0.7 — _
Output High Voltage lon = =10 A, Port I/O push-pull | Vpp—0.1 — — \Y%
lon = =10 mA, Port I/O push-pull — Vpp— 0.8 —
lOL =8.5mA — — 0.6
Output Low Voltage loL = 10 YA — — 0.1 Y,
loL =25 mA — 1.0 —
Input High Voltage 2.0 — — \%
Input Low Voltage — — 0.8 \Y
| Leak c Weak Pullup Off — — +1 R
nput Leakage Current
P g Weak Pullup On, Vi =0 V _ 25 40 H
) Rev.1.7 143
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15. UARTO

UARTO is an asynchronous, full duplex serial port offering modes 1 and 3 of the standard 8051 UART.
Enhanced baud rate support allows a wide range of clock sources to generate standard baud rates (details
in Section “15.1. Enhanced Baud Rate Generation” on page 164). Received data buffering allows
UARTO to start reception of a second incoming data byte before software has finished reading the previous
data byte.

UARTO has two associated SFRs: Serial Control Register 0 (SCONO0) and Serial Data Buffer 0 (SBUFO).
The single SBUFO location provides access to both transmit and receive registers. Writes to SBUFO0
always access the Transmit register. Reads of SBUF0 always access the buffered Receive register;
it is not possible to read data from the Transmit register.

With UARTO interrupts enabled, an interrupt is generated each time a transmit is completed (TIO is set in
SCONQO0), or a data byte has been received (RIO is set in SCONO0). The UARTO interrupt flags are not
cleared by hardware when the CPU vectors to the interrupt service routine. They must be cleared manually
by software, allowing software to determine the cause of the UARTO interrupt (transmit complete or receive
complete).

Write to
SBUF

Stop Bit Shift
L—p si
ar Tx Control
P Tx Clock
™iRg S
Y [
SCON 1
UART Baud T serial
Rate Generator Bl |wlzlole|_[_ :D—> Port Port I/O
o Ol|u|ma|F |z Interrupt
S| |ISlelF|e LRI
)
2 4
Y vv
RxIRQ
P R Clock

Rx Control

Load
b—} Start
\ " Shift OXLFF RB8 SBUF

SBUF
(RX Latch)

Read
SBUF

SFR Bus

Figure 15.1. UARTO Block Diagram
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Table 15.5. Timer Settings for Standard Baud Rates
Using an External 11.0592 MHz Oscillator

Frequency: 11.0592 MHz

Target Baud Rate | Oscilla- | Timer Clock | SCAL1-SCAO | TIM* | Timer 1
Baud Rate % Error tor Divide Source (pre-scale Reload Value
(bps) Factor select)* (hex)
230400 0.00% 48 SYSCLK XX 1 OXES
115200 0.00% 96 SYSCLK XX 1 0xDO
57600 0.00% 192 SYSCLK XX 1 O0xAQ
g J 28800 0.00% 384 SYSCLK XX 1 0x40
i O 14400 0.00% 768 SYSCLK /12 00 0 OxEO
d = 9600 0.00% 1152 SYSCLK /12 00 0 0xDO
n E 2400 0.00% 4608 SYSCLK /12 00 0 0x40
5 ai 1200 0.00% 9216 SYSCLK /48 10 0 OxAO0
230400 0.00% 48 EXTCLK /8 11 0 OXFD
g S 115200 0.00% 96 EXTCLK /8 11 0 OxFA
i 8 57600 0.00% 192 EXTCLK /8 11 0 OxF4
d ‘_._5 28800 0.00% 384 EXTCLK /8 11 0 OxES8
"5 14400 0.00% 768 EXTCLK /8 11 0 0xDO
6 E 9600 0.00% 1152 EXTCLK /8 11 0 0xB8
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
Table 15.6. Timer Settings for Standard Baud Rates
Using an External 3.6864 MHz Oscillator
Frequency: 3.6864 MHz
_Target Baud Oscilla- | Timer Clock | SCAL-SCAO | T1IM* Timer 1
Baud Rate Rate% tor Divide Source (pre-scale Reload
(bps) Error Factor select)* Value (hex)
230400 0.00% 16 SYSCLK XX 1 OXF8
115200 0.00% 32 SYSCLK XX 1 OxFO
57600 0.00% 64 SYSCLK XX 1 OXEO
g 8 28800 0.00% 128 SYSCLK XX 1 0xCO
i 9 14400 0.00% 256 SYSCLK XX 1 0x80
d = 9600 0.00% 384 SYSCLK XX 1 0x40
N o 2400 0.00% 1536 SYSCLK /12 00 0 0xCO
5 ai 1200 0.00% 3072 SYSCLK /12 00 0 0x80
230400 0.00% 16 EXTCLK/ 8 11 0 OXFF
g S 115200 0.00% 32 EXTCLK /8 11 0 OxFE
i 8 57600 0.00% 64 EXTCLK /8 11 0 OxFC
d § 28800 0.00% 128 EXTCLK /8 11 0 OxF8
Ng 14400 0.00% 256 EXTCLK /8 11 0 OxFO
o E 9600 0.00% 384 | EXTCLK/8 11 0 OXES
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
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Figure 16.2. Multiple-Master Mode Connection Diagram

Figure 16.3. 3-Wire Single Master and Slave Mode Connection Diagram

Figure 16.4. 4-Wire Single Master and Slave Mode Connection Diagram
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17.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The
counter/timers are enabled and configured in Mode 1 in the same manner as for Mode 0.

17.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload

Mode 2 configures Timer 0 and Timer 1 to operate as 8-bit counter/timers with automatic reload of the start
value. TLO holds the count and THO holds the reload value. When the counter in TLO overflows from alll
ones to 0x00, the timer overflow flag TFO (TCON.5) is set and the counter in TLO is reloaded from THO. If
Timer O interrupts are enabled, an interrupt will occur when the TFO flag is set. The reload value in THO is
not changed. TLO must be initialized to the desired value before enabling the timer for the first count to be
correct. When in Mode 2, Timer 1 operates identically to Timer 0.

Both counter/timers are enabled and configured in Mode 2 in the same manner as Mode 0. Setting the
TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or when the input signal /INTO
is active as defined by bit INOPL in register ITO1CF (see Section “8.3.2. External Interrupts” on page 95
for details on the external input signals /INTO and /INT1).

CKCON TMOD INTOLCF
TESIs| [Sle[rrlelcT| T
alal2l2l1lolclcl 1Al 7{|2|al/{ofo] |N{N{N[n[NIN|N|N
vivivbaiialalal 1Tl MmM{T]TMM| {2]2{2]2|o]o]o]0

El1|1[o[E|o|z]0| |P|s|s|S|P|SS|S
HILIHILL [ 12O] [ 0 I [ A
;—————J l 2|1]0| [2]1]o

Pre-scaled Clock

I v

SYSCLK

[
o TFL
| TR1
TLO
I »)
| (8 bits) :II'—I';((J) —> Interrupt
i z| [EL
| 8 1
: Crossbar 8 ||$8
|
: TH_O < Reload
I (8 bits)
|
—J
/INTO L
Figure 17.2. TO Mode 2 Block Diagram
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18.2.2. Software Timer (Compare) Mode

In Software Timer mode, the PCA counter/timer value is compared to the module's 16-bit capture/compare
register (PCAOCPHn and PCAOCPLn). When a match occurs, the Capture/Compare Flag (CCFn) in
PCAOCN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn bit
is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and must
be cleared by software. Setting the ECOMn and MATn bits in the PCAOCPMn register enables Software
Timer mode.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Capture/
Compare registers, the low byte should always be written first. Writing to PCAOCPLn clears the ECOMn bit
to ‘0’; writing to PCAOCPHnN sets ECOMn to ‘1'.

Write to
PCAOCPLN 0
Reset
Write to ]
PCAOCPHN E PCA Interrupt
1
vPCAOCPMn
plE[c]cIm[T]P[E PCAOCN
W|C|A|A|A[O|W|C C|C| |C[C|C|C|C
MIO[P|P|T|GIMIC PCAOCPLn | PCAOCPHn F[R| [C|c[c|c|c
1[M[PIN|n|n|n|F F[F[F|F[F
6[n|nfn n 413[2|1|0
n
x| 00| 00X ll ll

Enable o

Y o
16-bit Comparator Match Al

PCAOL PCAOH

PCA
Timebase

Figure 18.5. PCA Software Timer Mode Diagram
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19. Revision Specific Behavior

This chapter contains behavioral differences between C8051F310/1 “REV A” and “REV B” or later devices.
These differences do not affect the functionality or performance of most systems and are described below.

19.1. Revision Identification

The Lot ID Code on the top side of the device package can be used for decoding device revision informa-
tion. On C8051F310 devices, the revision letter is the second-to-last letter of the Lot ID Code. On
C8051F311 devices, the revision letter is the last letter of the Lot ID Code. Figure 19.1 shows how to find
the Lot ID Code on the top side of the device package.

C8051F310 Package Marking C8051F311 Package Marking
C8051F310 CYG
T2ABGFAC F311
A indicates REV A
0227 EP ABGFA
A indicates REV A

Figure 19.1. Reading Package Marking

19.2. Reset Behavior
The reset behavior of C8051F310/1 “REV A” devices is different than “REV B” and later devices. The dif-
ferences affect the state of the RST pin during a Vpp Monitor reset and GPIO pins during any device reset.

19.2.1. Weak Pullups on GPIO Pins

On “REV A” devices, GPIO pins are tri-stated with weak pullups disabled during the assertion phase of
any reset. The pullups are enabled immediately following reset de-assertion.

On “REV B” and later devices, GPIO pins are tri-stated with weak pullups enabled during and after the
assertion phase of any reset.

19.2.2. Vpp Monitor and the RST Pin

On “REV A” devices, a Vpp Monitor reset does not affect the state of the RST pin.

On “REV B” and later devices, a Vpp Monitor reset will pull the RST pin low for the duration of the brown-
out condition.
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