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Table 4.8. QFP-32 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
C1 8.40 8.50 X1 0.40 0.50
c2 8.40 8.50 Y1 1.25 1.35
E 0.80 BSC
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.

Solder Mask Design
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the

metal pad is to be 60um minimum, all the way around the pad.

Stencil Design

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

good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.

Card Assembly

7. A No-Clean, Type-3 solder paste is recommended.

8. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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Table 5.10. Temperature Sensor Electrical Characteristics
VDDA =1.81t0 2.75 V, —40 to +125 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Linearity — +0.1 — °C
Slope — 3.33 — mV/°C
Slope Error* — +100 — uv/ec
Offset Temp=0°C — 856 — mV
Offset Error* Temp=0°C — +14 — mV
Power Supply Current — 21 — MA
Tracking Time 12 — — us
*Note: Represents one standard deviation from the mean.

Table 5.11. Voltage Reference Electrical Characteristics
VDDA =1.810 2.75 V, —40 to +125 °C unless otherwise specified.

Parameter ‘

Conditions

‘ Min ‘ Typ ‘ Max | Units

Internal Reference (REFBE

=1)

Coefficient

Output Voltage 25 °C ambient (REFLV = 0) 145 | 1.50 | 1.55

25 °C ambient (REFLV = 1), Vpp =2.6 V| 2.15 | 2.20 | 2.25 v
VREF Short-Circuit Current — 5 10 mA
VREF Temperature — 33 — | ppm/°C

Power Consumption

Internal

— 30 50 HA

Load Regulation Load = 0 to 200 pA to AGND — 3 — UV/UA
VREF Turn-on Time 1 4.7 pF and 0.1 pF bypass — 15 — ms
VREF Turn-on Time 2 0.1 pF bypass — 46 — ps
Power Supply Rejection — 1.3 — mV/V
External Reference (REFBE = 0)
Input Voltage Range 15 — | Vppa \Y
Input Current Sample Rate = 200 ksps; VREF = 1.5V — 2.2 — A
Power Specifications
Reference Bias Generator |REFBE =1 or TEMPE =1 \ — \ 21 \ 40 | HA

) Rev. 1.2 50
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Gain Register Definition 6.3. ADCOGNA: ADCO Additional Selectable Gain

Setting this bit add 1/64 (0.016) gain to the gain value in the ADCOGNH and

ADCOGNL registers.

Bit 7 6 5 4 3 2 1 0
Name | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | GAINADD
Type W W W W W W w w
Reset 0 0 0 0 0 0 0 1

Indirect Address = 0x08;

Bit Name Function
7:1 | Reserved |Must Write 0000000b.

0 GAINADD |ADCO Additional Gain Bit.

Note: This register is accessed indirectly; See Section 6.3.2 for details for writing this register.

SILICON LABS

Rev. 1.2

62



C8051F50x/F51x

Table 11.1. CIP-51 Instruction Set Summary (Prefetch-Enabled)

Mnemonic

Description

Bytes

Clock
Cycles

Arithmetic Operations

ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @RI Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @RI Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1
Logical Operations

ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @RI AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @RI OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @RI Exclusive-OR indirect RAM to A 1 2

Note: Certain instructions take a variable number of clock cycles to execute depending on instruction alignment and
the FLRT setting (SFR Definition 15.3).
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Figure 13.3. SFR Page Stack After CANO Interrupt Occurs

While in the CANO ISR, a PCA interrupt occurs. Recall the PCA interrupt is configured as a high priority
interrupt, while the CANO interrupt is configured as a low priority interrupt. Thus, the CIP-51 will now vector
to the high priority PCA ISR. Upon doing so, the CIP-51 will automatically place the SFR page needed to
access the PCA's special function registers into the SFRPAGE register, SFR Page 0x00. The value that
was in the SFRPAGE register before the PCA interrupt (SFR Page 0xOC for CANO) is pushed down the
stack into SFRNEXT. Likewise, the value that was in the SFRNEXT register before the PCA interrupt (in
this case SFR Page 0x00 for SPIODAT) is pushed down to the SFRLAST register, the “bottom” of the
stack. Note that a value stored in SFRLAST (via a previous software write to the SFRLAST register) will be
overwritten. See Figure 13.4.
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Figure 13.4. SFR Page Stack Upon PCA Interrupt Occurring During a CANO ISR

On exit from the PCA interrupt service routine, the CIP-51 will return to the CANO ISR. On execution of the
RETI instruction, SFR Page 0x00 used to access the PCA registers will be automatically popped off of the
SFR Page Stack, and the contents of the SFRNEXT register will be moved to the SFRPAGE register. Soft-
ware in the CANO ISR can continue to access SFRs as it did prior to the PCA interrupt. Likewise, the con-
tents of SFRLAST are moved to the SFRNEXT register. Recall this was the SFR Page value 0x00 being
used to access SPIODAT before the CANO interrupt occurred. See Figure 13.5.
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SFR Definition 16.1. PCON: Power Control

Bit 7 6 5 4 3 2 1 0
Name GF[5:0] STOP IDLE
Type R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Address = 0x87; SFR Page = All Pages

Bit Name Function

7:2 GF[5:0] |[General Purpose Flags 5-0.
These are general purpose flags for use under software control.

1 STOP Stop Mode Select.
Setting this bit will place the CIP-51 in Stop mode. This bit will always be read as O.
1: CPU goes into Stop mode (internal oscillator stopped).

0 IDLE IDLE: Idle Mode Select.
Setting this bit will place the CIP-51 in Idle mode. This bit will always be read as 0.

1: CPU goes into Idle mode. (Shuts off clock to CPU, but clock to Timers, Interrupts,
Serial Ports, and Analog Peripherals are still active.)

Rev. 1.2 140
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SFR Definition 17.2. RSTSRC: Reset Source

Bit 7 6 5 4 3 2 1 0
Name FERROR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF PINRSF
Type R R R/W R/W R R/W R/W R
Reset 0 Varies Varies Varies Varies Varies Varies Varies

SFR Address = OxEF; SFR Page = 0x00
Bit Name Description Write Read

7 Unused |Unused. Don't care. 0

6 | FERROR |Flash Error Reset Flag. N/A Set to 1 if Flash
read/write/erase error
caused the last reset.

5 | CORSEF |Comparator0O Reset Enable |Writing a 1 enables Set to 1 if ComparatorO

and Flag. ComparatorO as a reset caused the last reset.
source (active-low).

4 SWRSF |Software Reset Force and Writing a 1 forces a sys- | Set to 1 if last reset was

Flag. tem reset. caused by a write to
SWRSF.

3 | WDTRSF |Watchdog Timer Reset Flag. | N/A Set to 1 if Watchdog Timer
overflow caused the last
reset.

2 | MCDRSF |Missing Clock Detector Writing a 1 enables the Set to 1 if Missing Clock

Enable and Flag. Missing Clock Detector. Detector timeout caused
The MCD triggers a reset |the last reset.
if a missing clock condition
is detected.
1 PORSF |Power-On/Vpp Monitor Writing a 1 enables the Set to 1 anytime a power-
Reset F|ag, and VDD monitor VDD monitor as a reset on or VDD monitor reset
Reset Enable. source. occurs.
Writing 1 to this bit When set to 1 all other
before the Vpp monitor |RSTSRC flags are inde-
is enabled and stabilized |terminate.
may cause a system
reset.
0 PINRSF |HW Pin Reset Flag. N/A Setto 1 if RST pin caused

the last reset.

Note: Do not use read-modify-write operations on this register
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20. Port Input/Output

Digital and analog resources are available through 40 (C8051F500/1/4/5), 33 (C8051F508/9-F510/1) or 25
(C8051F502/3/6/7) 1/O pins. Port pins P0.0-P4.7 on the C8051F500/1/4/5, port pins P0.0-P4.0 on
theC8051F508/9-F510/1, and port pins P0.0-P3.0 on the C8051F502/3/6/7 can be defined as general-pur-
pose 1/0 (GPIO), assigned to one of the internal digital resources, or assigned to an analog function as
shown in Figure 20.3. Port pin P4.0 on the C8051F508/9-F510/1 can be used as GPIO and is shared with
the C2 Interface Data signal (C2D). Similarly, port pin P3.0 is shared with C2D on the C8051F502/3/6/7.
The designer has complete control over which functions are assigned, limited only by the number of phys-
ical 1/0 pins. This resource assignment flexibility is achieved through the use of a Priority Crossbar
Decoder. Note that the state of a Port I/0 pin can always be read in the corresponding Port latch, regard-
less of the Crossbar settings.

The Crossbar assigns the selected internal digital resources to the I/O pins based on the Priority Decoder
(Figure 20.3 and Figure 20.4). The registers XBR0, XBR1, XBR2 are defined in SFR Definition 20.1 and
SFR Definition 20.2 and are used to select internal digital functions.

All Port I/Os are 5 V tolerant (refer to Figure 20.2 for the Port cell circuit). The Port I/O cells are configured
as either push-pull or open-drain in the Port Output Mode registers (PNMDOUT, where n = 0,1). Complete
Electrical Specifications for Port I/0 are given in Table 5.3 on page 45.
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XBR2, PnSKIP PnDMIN Registers
l External
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—_———— - r-:
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Figure 20.1. Port I/O Functional Block Diagram
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20.1. Port I/O Modes of Operation

Port pins P0.0—P4.7 use the Port I/O cell shown in Figure 20.2. Each Port 1/O cell can be configured by
software for analog I/O or digital I/O using the PNnMDIN registers. On reset, all Port 1/0 cells default to a
high impedance state with weak pull-ups enabled until the Crossbar is enabled (XBARE = 1).

20.1.1. Port Pins Configured for Analog I/0

Any pins to be used as Comparator or ADC inputs, external oscillator inputs, or VREF should be config-
ured for analog 1/0 (PnMDIN.n = 0). When a pin is configured for analog I/O, its weak pullup, digital driver,
and digital receiver are disabled. Port pins configured for analog I/O will always read back a value of 0.

Configuring pins as analog I/O saves power and isolates the Port pin from digital interference. Port pins
configured as digital inputs may still be used by analog peripherals; however, this practice is not recom-
mended and may result in measurement errors.

20.1.2. Port Pins Configured For Digital 1/0

Any pins to be used by digital peripherals (UART, SPI, SMBus, etc.), external digital event capture func-
tions, or as GPIO should be configured as digital I/O (PnMDIN.n = 1). For digital I1/0 pins, one of two output
modes (push-pull or open-drain) must be selected using the PNMDOUT registers.

Push-pull outputs (PnMDOUT.n = 1) drive the Port pad to the VIO or GND supply rails based on the output
logic value of the Port pin. Open-drain outputs have the high side driver disabled; therefore, they only drive
the Port pad to GND when the output logic value is 0 and become high impedance inputs (both high low
drivers turned off) when the output logic value is 1.

When a digital I/O cell is placed in the high impedance state, a weak pull-up transistor pulls the Port pad to
the VIO supply voltage to ensure the digital input is at a defined logic state. Weak pull-ups are disabled
when the I/O cell is driven to GND to minimize power consumption and may be globally disabled by setting
WEAKPUD to 1. The user should ensure that digital I/O are always internally or externally pulled or driven
to a valid logic state to minimize power consumption. Port pins configured for digital 1/O always read back
the logic state of the Port pad, regardless of the output logic value of the Port pin.

WEAKPUD
(Weak Pull-Up Disable)

PxMDOUT .x
(1 for push-pull) \
(0 for open-drain)

XBARE
(Crossbar
Enable)

VIO

(e]

(WEAK)

PORT
PAD

Px.x — Output

Logic Value
(Port Latch or N ) € I
Crossbar)
PxMDIN.x DL G
>

T TT

P4
O

(1 for digital)
(0 for analog)
g

To/From Analo
Peripheral

Ve

Px.x — Input Logic Value ﬂ-
(Reads 0 when pin is configured as an analog 1/O) |

Figure 20.2. Port 1/0O Cell Block Diagram
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SFR Definition 20.6. PLMASK: Port 1 Mask Register

Bit 7 6 5 4 3 2 1 0
Name PlMASK[7ZO]
Reset 0 0 0 0 0 0 0 0
SFR Address = OxF4; SFR Page = 0x00
Bit Name Function
7:0 | PIMASK][7:0] |Port 1 Mask Value.

Selects P1 pins to be compared to the corresponding bits in PLMAT.
0: P1.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: P1.n pin logic value is compared to P1MAT.n.

SFR Definition 20.7. PILMAT: Port 1 Match Register

Bit 7 6 5 4 3 2 1 0
Type R/W
Reset 1 1 1 1 1 1 1 1
SFR Address = 0xF3; SFR Page = 0x00
Bit Name Function
7:0 P1MAT[7:0] |Port 1 Match Value.
Match comparison value used on Port 1 for bits in PLMAT which are set to 1.
0: P1.n pin logic value is compared with logic LOW.
1: P1.n pin logic value is compared with logic HIGH.
188 Rev. 1.2 )
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SFR Definition 20.10. P3MASK: Port 3 Mask Register

Bit 7 6 5 4 3 2 1 0
Name P3MASK[7ZO]
Reset 0 0 0 0 0 0 0 0

SFR Address = OxAF; SFR Page = 0x00
Bit Name Function

7:0 | P3MASK][7:0] |Port 1 Mask Value.

Selects P3 pins to be compared to the corresponding bits in P3MAT.
0: P3.n pin logic value is ignored and cannot cause a Port Mismatch event.
1: P3.n pin logic value is compared to P3MAT.n.

Note: P3.1-P3.7 are only available on the 48-pin and 40-pin packages

SFR Definition 20.11. P3MAT: Port 3 Match Register

Bit 7 6 5 4 3 2 1 0
Reset 1 1 1 1 1 1 1 1

SFR Address = OXAE; SFR Page = 0x00
Bit Name Function

7:0 P3MAT[7:0] |Port 3 Match Value.

Match comparison value used on Port 3 for bits in PSMAT which are set to 1.
0: P3.n pin logic value is compared with logic LOW.
1: P3.n pin logic value is compared with logic HIGH.

Note: P3.1-P3.7 are only available on the 48-pin and 40-pin packages
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LIN Register Definition 21.7. LINOERR: LINO Error Register

Bit 7 6 5 4 3 2 1 0
Name SYNCH PRTY TOUT CHK BITERR
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Indirect Address = Ox0A
Bit Name Function
75 Unused Read = 000b; Write = Don’t Care
4 SYNCH Synchronization Error Bit (slave mode only).
0: No error with the SYNCH FIELD has been detected.
1: Edges of the SYNCH FIELD are outside of the maximum tolerance.
3 PRTY Parity Error Bit (slave mode only).
0: No parity error has been detected.
1: A parity error has been detected.
2 TOUT Timeout Error Bit.
0: A timeout error has not been detected.
1: Atimeout error has been detected. This error is detected whenever one of the fol-
lowing conditions is met:
* The master is expecting data from a slave and the slave does not respond.
* The slave is expecting data but no data is transmitted on the bus.
* A frame is not finished within the maximum frame length.
*  The application does not set the DTACK bit (LINOCTRL.4) or STOP bit
(LINOCTRL.7) until the end of the reception of the first byte after the identifier.
1 CHK Checksum Error Bit.
0: Checksum error has not been detected.
1: Checksum error has been detected.
0 BITERR Bit Transmission Error Bit.
0: No error in transmission has been detected.
1: The bit value monitored during transmission is different than the bit value sent.
214 Rev. 1.2 )
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LIN Register Definition 21.9. LINODIV: LINO Divider Register

Bit 7 6 5 4 3 2 1 0

Name DIVLSB[3:0]

Type R/W

Reset 1 1 1 1 1 1 1 1

Indirect Address = 0x0C

Bit Name Function

7:0 DIVLSB LIN Baud Rate Divider Least Significant Bits.
The 8 least significant bits for the baud rate divider. The 9th and most significant bit
is the DIV9 bit (LINOMUL.0). The valid range for the divider is 200 to 511.

LIN Register Definition 21.10. LINOMUL: LINO Multiplier Register

Bit 7 6 5 4 3 2 1 0
Name PRESCL[1:0] LINMUL[4:0] DIV9
Type R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Indirect Address = 0xOD
Bit Name Function
7:6 | PRESCL[1:0] |LIN Baud Rate Prescaler Bits.
These bits are the baud rate prescaler bits.
5:1 | LINMUL[4:0] |LIN Baud Rate Multiplier Bits.
These bits are the baud rate multiplier bits. These bits are not used in slave mode.

0 DIV9 LIN Baud Rate Divider Most Significant Bit.

The most significant bit of the baud rate divider. The 8 least significant bits are in
LINODIV. The valid range for the divider is 200 to 511.
216 Rev. 1.2 )
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Figure 26.3. TO Mode 3 Block Diagram
®
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SFR Definition 26.4. TLO: Timer O Low Byte

Bit 7 6 5
Name TLO[7:0]
Type R/W
Reset 0 0 0
SFR Address = 0x8A; SFR Page = All Pages
Bit Name Function
7:0 TLO[7:0] |Timer O Low Byte.

The TLO register is the low byte of the 16-bit Timer 0.

SFR Definition 26.5. TL1: Timer 1 Low Byte

Bit 7 6 5
Name TL1[7:0]
Type R/W
Reset 0 0 0
SFR Address = 0x8B; SFR Page = All Pages
Bit Name Function
7:0 TL1[7:0] |Timer 1 Low Byte.

The TL1 register is the low byte of the 16-bit Timer 1.
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Figure 27.9. PCA 9, 10 and 11-Bit PWM Mode Diagram

27.3.6. 16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. 16-bit PWM mode is independent of the other
(8/9/10/11-bit) PWM modes. In this mode, the 16-bit capture/compare module defines the number of PCA
clocks for the low time of the PWM signal. When the PCA counter matches the module contents, the out-
put on CEXn is asserted high; when the 16-bit counter overflows, CEXn is asserted low. To output a vary-
ing duty cycle, new value writes should be synchronized with PCA CCFn match interrupts. 16-Bit PWM
Mode is enabled by setting the ECOMn, PWMn, and PWM16n bits in the PCAOCPMn register. For a vary-
ing duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATn = 1) to help synchronize the
capture/compare register writes. If the MATn bit is set to 1, the CCFn flag for the module will be set each
time a 16-bit comparator match (rising edge) occurs. The CF flag in PCAOCN can be used to detect the
overflow (falling edge). The duty cycle for 16-Bit PWM Mode is given by Equation 27.4.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Cap-
ture/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.

(65536 —PCAOCPN)
65536

Equation 27.4. 16-Bit PWM Duty Cycle

Using Equation 27.4, the largest duty cycle is 100% (PCAOCPn = 0), and the smallest duty cycle is
0.0015% (PCAOCPnN = OXFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Duty Cycle =
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SFR Definition 27.2. PCAOMD: PCA Mode

Bit 7 6 5 4 3 2 1 0
Name CIDL WDTE WDLCK CPS[2:0] ECF
Type R/W R/W R/W R R/W R/W R/W R/W
Reset 0 1 0 0 0 0 0 0

SFR Address = 0xD9; SFR Page = 0x00

Bit Name Function

7 CIDL | PCA Counter/Timer Idle Control.
Specifies PCA behavior when CPU is in Idle Mode.
0: PCA continues to function normally while the system controller is in Idle Mode.
1: PCA operation is suspended while the system controller is in Idle Mode.

6 WDTE |watchdog Timer Enable
If this bit is set, PCA Module 5 is used as the watchdog timer.
0: Watchdog Timer disabled.
1: PCA Module 5 enabled as Watchdog Timer.

5 | WDLCK |watchdog Timer Lock
This bit locks/unlocks the Watchdog Timer Enable. When WDLCK is set, the Watchdog
Timer may not be disabled until the next system reset.
0: Watchdog Timer Enable unlocked.
1: Watchdog Timer Enable locked.

4 Unused |Read = 0b, Write = Don't care.

3:1 | CPS[2:0] | PCA Counter/Timer Pulse Select.

These bits select the timebase source for the PCA counter
000: System clock divided by 12
001: System clock divided by 4
010: Timer O overflow
011: High-to-low transitions on ECI (max rate = system clock divided by 4)
100: System clock
101: External clock divided by 8 (synchronized with the system clock)
11x: Reserved

0 ECF | PCA Counter/Timer Overflow Interrupt Enable.
This bit sets the masking of the PCA Counter/Timer Overflow (CF) interrupt.
0: Disable the CF interrupt.
1: Enable a PCA Counter/Timer Overflow interrupt request when CF (PCAOCN.7) is
set.

contents of t

Note: When the WDTE bit is set to 1, the other bits in the PCAOMD register cannot be modified. To change the

he PCAOMD register, the Watchdog Timer must first be disabled.
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