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2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings

Port pin

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 /RST with -0.3 — 5.8 \%
respect to GND
Voltage on VDD with respect to GND -0.3 — 4.2 \%
Maximum Total current through VDD and — — 500 mA
GND
Maximum output current sunk by /RST or any — — 100 mA

extended periods may affect device reliability.

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
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SFR Definition 5.6. ADCOCN: ADCO Control

RIW RIW R/W RIW RIW R/W RIW R/W Reset Value
ADOEN | ADOTM | ADOINT |ADOBUSY|ADOWINT| ADOCM2 | ADOCM1 | ADOCMO | 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) ~ OXE8

Bit7: ADOEN: ADCO Enable Bit.
0: ADCO Disabled. ADCO is in low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
Bit6: ADOTM: ADCO Track Mode Bit.
0: Normal Track Mode: When ADCO is enabled, tracking is continuous unless a conversion
is in progress.
1: Low-power Track Mode: Tracking Defined by ADOCM2-0 bits (see below).
Bit5: ADOINT: ADCO Conversion Complete Interrupt Flag.
0: ADCO has not completed a data conversion since the last time ADOINT was cleared.
1: ADCO has completed a data conversion.
Bit4: ADOBUSY: ADCO Busy Bit.
Read:
0: ADCO conversion is complete or a conversion is not currently in progress. ADOINT is set
to logic 1 on the falling edge of ADOBUSY.
1: ADCO conversion is in progress.

Write:

0: No Effect.

1: Initiates ADCO Conversion if ADOCM2-0 = 000b
Bit3: ADOWINT: ADCO Window Compare Interrupt Flag.

0: ADCO Window Comparison Data match has not occurred since this flag was last cleared.
1: ADCO Window Comparison Data match has occurred.

Bits2—0: ADOCM2-0: ADCO Start of Conversion Mode Select.
When ADOTM = 0:
000: ADCO conversion initiated on every write of ‘1’ to ADOBUSY.
001: ADCO conversion initiated on overflow of Timer O.
010: ADCO conversion initiated on overflow of Timer 2.
011: ADCO conversion initiated on overflow of Timer 1.
100: ADCO conversion initiated on rising edge of external CNVSTR.
101: ADCO conversion initiated on overflow of Timer 3.
11x: Reserved.
When ADOTM = 1:
000: Tracking initiated on write of ‘1’ to ADOBUSY and lasts 3 SAR clocks, followed by conver-
sion.
001: Tracking initiated on overflow of Timer 0 and lasts 3 SAR clocks, followed by conversion.
010: Tracking initiated on overflow of Timer 2 and lasts 3 SAR clocks, followed by conversion.
011: Tracking initiated on overflow of Timer 1 and lasts 3 SAR clocks, followed by conversion.
100: ADCO tracks only when CNVSTR input is logic low; conversion starts on rising CNVSTR
edge.
101: Tracking initiated on overflow of Timer 3 and lasts 3 SAR clocks, followed by conversion.
11x: Reserved.
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Table 5.1. ADCO Electrical Characteristics
Vpp = 3.0V, VREF = 2.40 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
DC Accuracy
Resolution 10 bits
Integral Nonlinearity — +0.5 +1 LSB
Differential Nonlinearity Guaranteed Monotonic — +0.5 +1 LSB
Offset Error -15 0 15 LSB
Full Scale Error =15 -1 15 LSB
Offset Temperature Coefficient — 10 — ppm/°C

Dynamic Performance (10 kHz s

ine-wave Single-ended input, 1 dB below Full Sc

ale, 200 ksps)

Signal-to-Noise Plus Distortion 53 55.5 — dB

Total Harmonic Distortion Up to the 5™ harmonic — —67 — dB

Spurious-Free Dynamic Range — 78 — dB

Conversion Rate

SAR Conversion Clock — — 3 MHz

Conversion Time in SAR Clocks 10 — — clocks

Track/Hold Acquisition Time 300 — — ns

Throughput Rate — — 200 ksps

Analog Inputs

ADC Input Voltage Range Single Ended (AIN+ — GND) 0 — VREF \%
Differential (AIN+ — AIN-) -VREF VREF \%

Absolute Pin Voltage with respect | Single Ended or Differential 0 — VDD \%

to GND

Input Capacitance — 5 — pF

Temperature Sensor — — —

Linearity! — 0.1 — °C

Gain2 — 2.86 — mV/°C

Offsetl:2 (Temp=0°C) — 0.776 — mvV

8.5

Power Specifications

Power Supply Current Operating Mode, 200 ksps — 400 900 WA

(Vpp supplied to ADCO)

Power Supply Rejection — 0.3 mvV/V

Notes:
1. Includes ADC offset, gain, and

linearity variations.

2. Represents one standard deviation from the mean.
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SFR Definition 7.2. CPTOMX: ComparatorO MUX Selection

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- | - |cmxoNi][cMxXoNO| - [ - | CMXOP1[CMXOPO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

OX9F

Bits7—6: UNUSED. Read = 00b, Write = don't care.
Bits5—4: CMXON1-CMXONO: ComparatorO Negative Input MUX Select.
These bits select which Port pin is used as the ComparatorQ negative input.

CMXON1 | CMXONO| Negative Input
0 0 P1.1
0 1 P1.5
1 0 P2.1
1 1 p2.5*

Bits3-2: UNUSED. Read = 00b, Write = don't care.
Bits1-0: CMXO0P1-CMXO0PO: ComparatorO Positive Input MUX Select.
These bits select which Port pin is used as the Comparator0O positive input.

CMXO0P1 | CMXO0PO | Positive Input
0 0 P1.0
0 1 P1.4
1 0 P2.0
1 1 P2.4*

*Note: P2.4 and P2.5 available only on
CB8051F320 devices; selection
reserved on C8051F321 devices.
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9.2.6. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers
(SFRs). The SFRs provide control and data exchange with the CIP-51's resources and peripherals. The
CIP-51 duplicates the SFRs found in a typical 8051 implementation as well as implementing additional
SFRs used to configure and access the sub-systems unique to the MCU. This allows the addition of new
functionality while retaining compatibility with the MCS-51™ instruction set. Table 9.2 lists the SFRs imple-
mented in the CIP-51 System Controller.

The SFR registers are accessed anytime the direct addressing mode is used to access memory locations
from 0x80 to OxFF. SFRs with addresses ending in 0x0 or 0x8 (e.g. PO, TCON, SCONQO, IE, etc.) are bit-
addressable as well as byte-addressable. All other SFRs are byte-addressable only. Unoccupied
addresses in the SFR space are reserved for future use. Accessing these areas will have an indeterminate
effect and should be avoided. Refer to the corresponding pages of the datasheet, as indicated in Table 9.3,

for a detailed description of each register.

Table 9.2. Special Function Register (SFR) Memory Map

F8| SPIOCN PCAOL PCAOH |PCAOCPLO|PCAOCPHO|PCAOCPL4|PCAOCPH4| VDMOCN
FO B POMDIN P1MDIN P2MDIN P3MDIN EIP1 EIP2
E8| ADCOCN |PCAOCPL1|PCAOCPH1|{PCAOCPL2|PCAOCPH2|PCAOCPL3|PCAOCPH3| RSTSRC
EO ACC XBRO XBR1 ITOLCF EIE1 EIE2
b8! PcAOCN | PCAOMD PCA(())CPM PCA(:)LCPM PCA(ZJCPM PCA(:)))CPM PCA(ZCPI\/I
DO PSW REFOCN POSKIP P1SKIP P2SKIP USBOXCN
C8| TMR2CN | REGOCN | TMR2RLL | TMR2RLH | TMR2L TMR2H
CO0| SMBOCN | SMBOCF | SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH
B8 IP CLKMUL AMXON AMXOP ADCOCF ADCOL ADCOH
BO P3 OSCXCN | OSCICN OSCICL FLSCL FLKEY
A8 IE CLKSEL EMIOCN
A0 P2 SPIOCFG | SPIOCKR | SPIODAT |POMDOUT |P1IMDOUT | P2MDOUT | P3MDOUT
98| SCONO SBUFO CPT1CN | CPTOCN | CPTIMD | CPTOMD | CPT1MX CPTOMX
90 P1 TMR3CN | TMR3RLL | TMR3RLH | TMR3L TMR3H | USBOADR | USBODAT
88 TCON TMOD TLO TL1 THO TH1 CKCON PSCTL
80 PO SP DPL DPH PCON

0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)

(bit addressable)
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Table 9.4. Interrupt Summary (Continued)

Interrupt | Priority
Vector Order

Enable Priority

Interrupt Source Flag Control

Pending Flag

ADCO Conversion
Complete

< | Bit addressable?
z | Cleared by HW?

EADCO PADCO

0x0053 10 ADOINT (ADCOCN.5) (EIE1.3) |(EIP1.3)

Couner Aty el T ey S ST R A R
Comparator0 0x0063 12 g:zg;lll; (((éFI;-I.I_%(C:NN?) N | N I(EE?ES 5) FE?FF: f 5)
Comparatorl 0x006B 13 ggi;llllzz ((((::z-!l—'ll((::NNAé)) N | N (EEfgll 6) FE?FF: 11 6)
Tmer3overfow | 00073 | 14 |regtuescld) | N | N Jdi oy @y
VBUS Level 0x007B 15 N/A N/A | N/A EVBUS PVBUS

(EIE2.0) |(EIP2.0)

9.3.5. Interrupt Register Descriptions

The SFRs used to enable the interrupt sources and set their priority level are described below. Refer to the
datasheet 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).
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10.3. External Reset

The external /RST pin provides a means for external circuitry to force the device into a reset state. Assert-
ing an active-low signal on the /RST pin generates a reset; an external pull-up and/or decoupling of the
/RST pin may be necessary to avoid erroneous noise-induced resets. See Table 10.1 for complete /RST
pin specifications. The PINRSF flag (RSTSRC.0) is set on exit from an external reset.

10.4. Missing Clock Detector Reset

The Missing Clock Detector (MCD) is a one-shot circuit that is triggered by the system clock. If more than
100 us pass between rising edges on the system clock, the one-shot will time out and generate a reset.
After a MCD reset, the MCDRSF flag (RSTSRC.2) will read ‘1’, signifying the MCD as the reset source;
otherwise, this bit reads ‘0’. Writing a ‘1’ to the MCDRSF bit enables the Missing Clock Detector; writing a
‘0’ disables it. The state of the /RST pin is unaffected by this reset.

10.5. ComparatorO Reset

ComparatorO can be configured as a reset source by writing a ‘1’ to the CORSEF flag (RSTSRC.5). Com-
paratorO should be enabled and allowed to settle prior to writing to CORSEF to prevent any turn-on chatter
on the output from generating an unwanted reset. The Comparator0 reset is active-low: if the non-inverting
input voltage (on CPO+) is less than the inverting input voltage (on CPO-), a system reset is generated.
After a ComparatorO reset, the CORSEF flag (RSTSRC.5) will read ‘1’ signifying Comparator0 as the reset
source; otherwise, this bit reads ‘0’. The state of the /RST pin is unaffected by this reset.

Note: When ComparatorO is not enabled but is enabled as a reset source, a reset will not be generated.

10.6. PCA Watchdog Timer Reset

The programmable Watchdog Timer (WDT) function of the Programmable Counter Array (PCA) can be
used to prevent software from running out of control during a system malfunction. The PCA WDT function
can be enabled or disabled by software as described in Section “20.3. Watchdog Timer Mode” on
page 236; the WDT is enabled and clocked by SYSCLK / 12 following any reset. If a system malfunction
prevents user software from updating the WDT, a reset is generated and the WDTRSF bit (RSTSRC.5) is
set to ‘1’. The state of the /RST pin is unaffected by this reset.

10.7. Flash Error Reset

If a Flash read/write/erase or program read targets an illegal address, a system reset is generated. This
may occur due to any of the following:

» A Flash write or erase is attempted above user code space. This occurs when PSWE is setto ‘1’ and a
MOVX write operation is attempted above address Ox3DFF.

» AFlash read is attempted above user code space. This occurs when a MOVC operation is attempted
above address Ox3DFF.

A Program read is attempted above user code space. This occurs when user code attempts to branch
to an address above Ox3DFF.

» A Flash read, write or erase attempt is restricted due to a Flash security setting (see Section
“11.3. Security Options” on page 108).

The FERROR bit (RSTSRC.6) is set following a Flash error reset. The state of the /RST pin is unaffected
by this reset.
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Table 13.2. Typical USB Low Speed Clock Settings

Internal Oscillator

Clock Signal

Input Source Selection

Register Bit Settings

USB Clock

Internal Oscillator/2

USBCLK = 001b

Internal Oscillator

Divide by 1

IFCN = 11b

External Oscillator

Clock Signal

Input Source Selection

Register Bit Settings

USB Clock

External Oscillator/4

USBCLK =101b

External Oscillator

Crystal Oscillator Mode
24 MHz Crystal

XOSCMD = 110b
XFCN = 111b

SFR Definition 13.5. CLKSEL: Clock Select

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- USBCLK - -] CLKSL 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address
OxA9
Bit 7: Unused. Read = 0b; Write = don't care.

Bits6—4: USBCLK2-0: USB Clock Select
These bits select the clock supplied to USB0. When operating USBO in full-speed mode, the
selected clock should be 48 MHz. When operating USBO in low-speed mode, the selected

clock should be 6 MHz.

USBCLK Selected Clock
000 4x Clock Multiplier
001 Internal Oscillator/2
010 External Oscillator
011 External Oscillator/2
100 External Oscillator/3
101 External Oscillator/4
110 RESERVED
111 RESERVED

Bits3—2: Unused. Read = 00b; Write = don’t care.
Bits1-0: CLKSL1-0: System Clock Select
These bits select the system clock source.

CLKSL Selected Clock
00 Internal Oscillator (as determined by the
IFCN bits in register OSCICN)
01 External Oscillator
10 4x Clock Multiplier/2
11 RESERVED
) Rev. 1.4 124
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Figure 14.2. Port 1/0O Cell Block Diagram
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SFR Definition 14.12. P2MDIN: Port2 Input Mode Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ \ 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxF3

Bits7—0: Analog Input Configuration Bits for P2.7—P2.0 (respectively).
Port pins configured as analog inputs have their weak pull-up, digital driver, and digital
receiver disabled.
0: Corresponding P2.n pin is configured as an analog input.
1: Corresponding P2.n pin is not configured as an analog input.

Note: P2.7—P2.4 only available on C8051F320 devices.

SFR Definition 14.13. P2ZMDOUT: Port2 Output Mode Register

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 Bit0 SFR Address:
OxA6

Bits7—-0: Output Configuration Bits for P2.7—P2.0 (respectively): ignored if corresponding bit in regis-
ter P2MDIN is logic 0.
0: Corresponding P2.n Output is open-drain.
1. Corresponding P2.n Output is push-pull.

Note: P2.7-P2.4 only available on C8051F320 devices.

SFR Definition 14.14. P2SKIP: Port2 Skip Register

RIW R/IW R/W R/IW R/W R/W R/W R/W Reset Value

- - 1 - 1 - ] \ \ \ 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xD6

Bits7—4: Unused. Read = 0000b. Write = don't care.

Bits3—0: P2SKIP[3:0]: Port2 Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (VREF input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P2.n pin is not skipped by the Crossbar.
1: Corresponding P2.n pin is skipped by the Crossbar.
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15.3. USB Register Access

The USBO controller registers listed in Table 15.2 are accessed through two SFRs: USBO Address

(USBOADR) and USBO Data (USBODAT). The USBOADR register selects which
by reads/writes of the USBODAT register. See Figure 15.2.

Endpoint control/status registers are accessed by first writing the USB register IN

USB register is targeted

DEX with the target end-

point number. Once the target endpoint number is written to the INDEX register, the control/status registers
associated with the target endpoint may be accessed. See the “Indexed Registers” section of Table 15.2

for a list of endpoint control/status registers.

Note: The USB clock must be active when accessing USB registers.

8051 USB Controller
SFRs
/l‘ ) Interrupt
L/ Registers
P N FIFO
N 4 Access
|{ ) Common
4 Registers
USBODAT I‘ N Index
4 Register

-

Endpoint0 Control/
Status Registers

y

Endpointl Control/
Status Registers

A

Endpoint2 Control/
Status Registers

USBOADR

I

Endpoint3 Control/
Status Registers

Figure 15.2. USBO Register Access Scheme
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USB Register Definition 15.9. FRAMEL: USBO Frame Number Low

R R R R R R R R Reset Value

| Frame Number Low | 00000000

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 USB Address:
0x0C

Bits7-0: Frame Number Low
This register contains bits7-0 of the last received frame number.

USB Register Definition 15.10. FRAMEH: USBO Frame Number High

R R R R R R R R Reset Value

- 1 - 1 - 1 - 1 - ] Frame Number High | 00000000

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 USB Address:
0x0D

Bits7-3: Unused. Read = 0. Write = don't care.
Bits2-0: Frame Number High Byte
This register contains bits10-8 of the last received frame number.

15.8. Interrupts

The read-only USBO interrupt flags are located in the USB registers shown in Figure 15.11 through
Figure 15.13. The associated interrupt enable bits are located in the USB registers shown in Figure 15.14
through Figure 15.16. A USBO interrupt is generated when any of the USB interrupt flags is set to ‘1’. The
USBO interrupt is enabled via the EIE1 SFR (see Section “9.3. Interrupt Handler” on page 87).

Note: Reading a USB interrupt flag register resets all flags in that register to ‘0’.
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USB Register Definition 15.17. EOCSR: USBO Endpoint0 Control

R/W R/W R/W R R/W R/W R/W R Reset Value
SSUEND | SOPRDY | SDSTL | SUEND |[DATAEND| STSTL | INPRDY | OPRDY | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 USB Address:
0x11
Bit7: SSUEND: Serviced Setup End

Write: Software should set this bit to ‘1’ after servicing a Setup End (bit SUEND) event.
Hardware clears the SUEND bit when software writes ‘1’ to SSUEND.
Read: This bit always reads ‘0’.

Bit6: SOPRDY: Serviced OPRDY
Write: Software should write ‘1’ to this bit after servicing a received EndpointO packet. The
OPRDY bit will be cleared by a write of ‘1’ to SOPRDY.
Read: This bit always reads ‘0’.

Bit5: SDSTL: Send Stall
Software can write ‘1’ to this bit to terminate the current transfer (due to an error condition,
unexpected transfer request, etc.). Hardware will clear this bit to ‘0’ when the STALL hand-
shake is transmitted.

Bit4: SUEND: Setup End
Hardware sets this read-only bit to ‘1’ when a control transaction ends before software has
written ‘1’ to the DATAEND bit. Hardware clears this bit when software writes ‘1’ to SSU-
END.

Bit3: DATAEND: Data End
Software should write ‘1’ to this bit:
1. When writing ‘1’ to INPRDY for the last outgoing data packet.
2. When writing ‘1’ to INPRDY for a zero-length data packet.
3. When writing ‘1’ to SOPRDY after servicing the last incoming data packet.
This bit is automatically cleared by hardware.

Bit2: STSTL: Sent Stall
Hardware sets this bit to ‘1’ after transmitting a STALL handshake signal. This flag must be
cleared by software.

Bit1: INPRDY: IN Packet Ready
Software should write ‘1’ to this bit after loading a data packet into the Endpoint0 FIFO for
transmit. Hardware clears this bit and generates an interrupt under either of the following
conditions:
1. The packet is transmitted.
2. The packet is overwritten by an incoming SETUP packet.
3. The packet is overwritten by an incoming OUT packet.

Bit0: OPRDY: OUT Packet Ready
Hardware sets this read-only bit and generates an interrupt when a data packet has been
received. This bit is cleared only when software writes ‘1’ to the SOPRDY bit.
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A Bulk or Interrupt pipe can be shut down (or Halted) by writing ‘1’ to the SDSTL bit (EINCSRL.4). While
SDSTL ='1", hardware will respond to all IN requests with a STALL condition. Each time hardware gener-
ates a STALL condition, an interrupt will be generated and the STSTL bit (EINCSRL.5) set to ‘1'. The
STSTL bit must be reset to ‘0’ by firmware.

Hardware will automatically reset INPRDY to ‘0’ when a packet slot is open in the endpoint FIFO. Note that
if double buffering is enabled for the target endpoint, it is possible for firmware to load two packets into the
IN FIFO at a time. In this case, hardware will reset INPRDY to ‘0’ immediately after firmware loads the first
packet into the FIFO and sets INPRDY to ‘1’. An interrupt will not be generated in this case; an interrupt will
only be generated when a data packet is transmitted.

When firmware writes ‘1’ to the FCDT bit (EINCSRH.3), the data toggle for each IN packet will be toggled
continuously, regardless of the handshake received from the host. This feature is typically used by Inter-
rupt endpoints functioning as rate feedback communication for Isochronous endpoints. When FCDT = ‘0,
the data toggle bit will only be toggled when an ACK is sent from the host in response to an IN packet.

15.12.2.Endpoints1-3 IN Isochronous Mode

When the ISO bit (EINCSRH.6) is set to ‘1, the target endpoint operates in Isochronous (ISO) mode. Once
an endpoint has been configured for ISO IN mode, the host will send one IN token (data request) per
frame; the location of data within each frame may vary. Because of this, it is recommended that double
buffering be enabled for ISO IN endpoints.

Hardware will automatically reset INPRDY (EINCSRL.0) to ‘0’ when a packet slot is open in the endpoint
FIFO. Note that if double buffering is enabled for the target endpoint, it is possible for firmware to load two
packets into the IN FIFO at a time. In this case, hardware will reset INPRDY to ‘0’ immediately after firm-
ware loads the first packet into the FIFO and sets INPRDY to ‘1’. An interrupt will not be generated in this
case; an interrupt will only be generated when a data packet is transmitted.

If there is not a data packet ready in the endpoint FIFO when USBO receives an IN token from the host,
USBO will transmit a zero-length data packet and set the UNDRUN bit (EINCSRL.2) to ‘1’.

The ISO Update feature (see Section 15.7) can be useful in starting a double buffered 1SO IN endpoint. If
the host has already set up the 1ISO IN pipe (has begun transmitting IN tokens) when firmware writes the
first data packet to the endpoint FIFO, the next IN token may arrive and the first data packet sent before
firmware has written the second (double buffered) data packet to the FIFO. The ISO Update feature
ensures that any data packet written to the endpoint FIFO will not be transmitted during the current frame;
the packet will only be sent after a SOF signal has been received.
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slower. When the SPI is configured as a slave, the maximum data transfer rate (bits/sec) for full-duplex
operation is 1/10 the system clock frequency, provided that the master issues SCK, NSS (in 4-wire slave
mode), and the serial input data synchronously with the slave’s system clock. If the master issues SCK,
NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec) must be less
than 1/10 the system clock frequency. In the special case where the master only wants to transmit data to
the slave and does not need to receive data from the slave (i.e. half-duplex operation), the SPI slave can
receive data at a maximum data transfer rate (bits/sec) of 1/4 the system clock frequency. This is provided
that the master issues SCK, NSS, and the serial input data synchronously with the slave’s system clock.

SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=1) | | | | | | | |

MISO/MOSI YOMX vss X mite X sits X sita X Bits X itz X Bt X Bito XK

NSS (Must Remain High
in Multi-Master Mode)

Figure 18.5. Master Mode Data/Clock Timing

SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

MOSI YO wss X site X Bits X sita X Bits X Bitz X Btz ) Bito
MISO —{ wvsB X Bité X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bitoﬂ—

NSS (4-Wire Mode) _\ /

Figure 18.6. Slave Mode Data/Clock Timing (CKPHA = 0)
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SFR Definition 19.3. CKCON: Clock Control

R/IW R/W R/W R/IW R/W R/W R/IW R/W Reset Value
T3MH | T3ML [ T2MH | T2mML | TiM | TOM | SCA1 | SCA0 | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OX8E
Bit7: T3MH: Timer 3 High Byte Clock Select.

This bit selects the clock supplied to the Timer 3 high byte if Timer 3 is configured in split 8-
bit timer mode. T3MH is ignored if Timer 3 is in any other mode.
0: Timer 3 high byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 high byte uses the system clock.
Bit6: T3ML: Timer 3 Low Byte Clock Select.
This bit selects the clock supplied to Timer 3. If Timer 3 is configured in split 8-bit timer
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 3 low byte uses the clock defined by the T3XCLK bit in TMR3CN.
1: Timer 3 low byte uses the system clock.
Bit5: T2MH: Timer 2 High Byte Clock Select.
This bit selects the clock supplied to the Timer 2 high byte if Timer 2 is configured in split 8-
bit timer mode. T2MH is ignored if Timer 2 is in any other mode.
0: Timer 2 high byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 high byte uses the system clock.
Bit4: T2ML: Timer 2 Low Byte Clock Select.
This bit selects the clock supplied to Timer 2. If Timer 2 is configured in split 8-bit timer
mode, this bit selects the clock supplied to the lower 8-bit timer.
0: Timer 2 low byte uses the clock defined by the T2XCLK bit in TMR2CN.
1: Timer 2 low byte uses the system clock.
Bit3: T1M: Timer 1 Clock Select.
This select the clock source supplied to Timer 1. T1M is ignored when C/T1 is set to logic 1.
0: Timer 1 uses the clock defined by the prescale bits, SCA1-SCAO.
1: Timer 1 uses the system clock.
Bit2: TOM: Timer O Clock Select.
This bit selects the clock source supplied to Timer 0. TOM is ignored when C/TO is set to
logic 1.
0: Counter/Timer 0 uses the clock defined by the prescale bits, SCA1-SCAO.
1: Counter/Timer 0 uses the system clock.
Bits1-0: SCA1-SCAQ: Timer 0/1 Prescale Bits.
These bits control the division of the clock supplied to Timer 0 and/or Timer 1 if configured
to use prescaled clock inputs.

SCA1l SCAO Prescaled Clock
0 0 System clock divided by 12
0 1 System clock divided by 4
1 0 System clock divided by 48
1 1 External clock divided by 8
Note: External clock divided by 8 is synchronized with the
system clock.
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SFR Definition 19.9. TMR2RLL: Timer 2 Reload Register Low Byte

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 Bit0 SFR Address:
OxCA

Bits 7-0: TMR2RLL: Timer 2 Reload Register Low Byte.
TMR2RLL holds the low byte of the reload value for Timer 2 when operating in auto-reload
mode, or the captured value of the TMR2L register in capture mode.

SFR Definition 19.10. TMR2RLH: Timer 2 Reload Register High Byte

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0OxCB

Bits 7-0: TMR2RLH: Timer 2 Reload Register High Byte.
The TMR2RLH holds the high byte of the reload value for Timer 2 when operating in auto-
reload mode, or the captured value of the TMR2H register in capture mode.

SFR Definition 19.11. TMR2L: Timer 2 Low Byte

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value

\ | \ \ | \ 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xCC

Bits 7-0: TMR2L: Timer 2 Low Byte.
In 16-bit mode, the TMR2L register contains the low byte of the 16-bit Timer 2. In 8-bit mode,
TMR2L contains the 8-bit low byte timer value.

SFR Definition 19.12. TMR2H Timer 2 High Byte

R/IW R/IW R/IW R/IW R/IW R/W RIW RIW Reset Value

\ | \ \ | \ 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xCD

Bits 7-0: TMR2H: Timer 2 High Byte.
In 16-bit mode, the TMR2H register contains the high byte of the 16-bit Timer 2. In 8-bit
mode, TMR2H contains the 8-bit high byte timer value.
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19.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may
operate in 16-bit auto-reload mode, (split) 8-bit auto-reload mode, or USB Start-of-Frame (SOF) capture
mode. The Timer 3 operation mode is defined by the T3SPLIT (TMR3CN.3) and T3SOF (TMR2CN.4) bits.

Timer 3 may be clocked by the system clock, the system clock divided by 12, or the external oscillator
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the
internal oscillator drives the system clock while Timer 3 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

19.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is zero, Timer 3 operates as a 16-bit timer with auto-reload. Timer 3 can be
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the
16-bit timer register increments and overflows from OXFFFF to 0x0000, the 16-bit value in the Timer 3
reload registers (TMR3RLH and TM3RLL) is loaded into the Timer 3 register as shown in Figure 19.4, and
the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled, an interrupt will
be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled and the TF3LEN bit
is set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TMR3L) overflow from OxFF
to 0x00.

CKCON

T[T[r[r]T[T]s]s

3|3(2|2|1|0|C|C!

T3XCLK MM|MIMIM|M[A|A

l HIL[H[L 1|0

SYSCLK /12 —— 0 To ADC
— 0
TR3 TCLK
External Clock /8 —— 1 TMR3L TMR3H TI_'F::;'I'_' Interrupt
TF3LEN

z
O
| & [ T3SOF
SYSCLK ! @ [T3SPLIT
Z[CTRE +—>

T3XCLK

TMRS3RLL | TMR3RLH

A

Reload

Figure 19.8. Timer 3 16-Bit Mode Block Diagram
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19.3.3. USB Start-of-Frame Capture

When T3SOF = ‘1’, Timer 3 operates in USB Start-of-Frame (SOF) capture mode. When T3SPLIT = ‘0,
Timer 3 counts up and overflows from OxFFFF to 0x0000. Each time a USB SOF is received, the contents
of the Timer 3 registers (TMR3H:TMR3L) are latched into the Timer3 Reload registers
(TMR3RLH:TMR3RLL). A Timer 3 interrupt is generated if enabled. This mode can be used to calibrate the
system clock or external oscillator against the known USB host SOF clock.

TMR3CN
T[T[T[T[T[T] [T
FIF[F[3]3|R| [3
313(3]S|S|3| |X
HIL|L|ofP| | |c CKCON
E|F|L L T[T[T[T[T[T[s[s
N K 3|3|22|1o|c|c
) MivivivIvivALA
l H[L|H|L 1|0

SYSCLK / 12
0
TR3 TCLK
—
External Clock / 8 TMR3L TMR3H To ADC
SYSCLK —— 11 il il
usB
Start-of-Frame Captre | TMR3RLL | TMR3RLH
(SOF)
Enable Interrupt

Figure 19.10. Timer 3 SOF Capture Mode (T3SPLIT =‘0")

When T3SPLIT = ‘1’, the Timer 3 registers (TMR3H and TMR3L) act as two 8-bit counters. Each counter
counts up independently and overflows from OxFF to 0x00. Each time a USB SOF is received, the contents
of the Timer 3 registers are latched into the Timer 3 Reload registers (TMR3RLH and TMR3RLL). A
Timer 3 interrupt is generated if enabled.

TMR3CN
T|T|T|T(T|T T
F|F|F|3[3|r| |3
3|3|3|s[s|3| [x
HlL|LlolP[ | [c
ElF|L| | [T CKCON
N (K T[[T[T[T[T[s[s
T 3(3(2[2|1olc|c
MIMMM[MIM[A[A c Erable
l HILIH|L| | [2]o TMR3RLH [« "D— Interrupt
SYSCLK /12 —{ 0
External Clock / 8 —— 1 TCLK
TR3 TMR3H [ ToADC
1

_Capture
<

TMR3RLL

usB
Start-of-Frame
(SOF)
1

TCLK | TMR3L

SYSCLK

0

Figure 19.11. Timer 3 SOF Capture Mode (T3SPLIT ='1")
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SFR Definition 20.4. PCAOL: PCA Counter/Timer Low Byte

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:
OxF9

Bits 7-0: PCAOL: PCA Counter/Timer Low Byte.
The PCAOL register holds the low byte (LSB) of the 16-bit PCA Counter/Timer.

SFR Definition 20.5. PCAOH: PCA Counter/Timer High Byte

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 Bit0 SFR Address:
OxFA

Bits 7-0: PCAOH: PCA Counter/Timer High Byte.
The PCAOH register holds the high byte (MSB) of the 16-bit PCA Counter/Timer.

SFR Definition 20.6. PCAOCPLn: PCA Capture Module Low Byte

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:

O0xFB, OXE9, OXEB, OXED, OxFD

PCAOCPLN Address: PCAOCPLO = 0xFB (n = 0), PCAOCPL1 = O0xE9 (n = 1),
PCAOCPL2 = OXEB (n = 2), PCAOCPL3 = OXED (n = 3),
PCAOCPL4 = OXFD (n = 4)

Bits7—0: PCAOCPLn: PCA Capture Module Low Byte.
The PCAOCPLn register holds the low byte (LSB) of the 16-bit capture module n.

Rev. 1.4 243

SILICON LABS




