Silicon Labs - C8051F34A-GQ 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 48MHz

Connectivity SMBus (2-Wire/I2C), SPI, UART/USART, USB

Peripherals Brown-out Detect/Reset, POR, PWM, Temp Sensor, WDT
Number of I/O 25

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters

Oscillator Type

Operating Temperature

Mounting Type
Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

64KB (64K x 8)
FLASH

4.25K x 8

2.7V ~ 3.6V

A/D 17x10b
Internal

-40°C ~ 85°C (TA)
Surface Mount

32-LQFP

32-LQFP (7x7)

https://www.e-xfl.com/product-detail/silicon-labs/c8051f34a-gq

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



https://www.e-xfl.com/product/pdf/c8051f34a-gq-4388808
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

C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

2 Rev. 1.4

SILICON LABS



C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

Figure 19.1. UARTL BIOCK Diagram ........cccooiiiiiiiiiiiiiiiiiieee ettt 213
Figure 19.2. UART1 Timing Without Parity or Extra Bit...........ccccccceeeeeiiiiiviiiieeiiinns 215
Figure 19.3. UARTL1 Timing With Parity ..o 215
Figure 19.4. UART1 Timing With EXtra Bit...........ccccoiiiiiiiiiiiiiiiieeeeeeeee e 215
Figure 19.5. Typical UART Interconnect Diagram...............cciieeiiiieeeeeeeeeeeeeeeenennnnns 216
Figure 19.6. UART Multi-Processor Mode Interconnect Diagram ...............ccc........ 218
20. Enhanced Serial Peripheral Interface (SPI0)
Figure 20.1. SPI BIOCK DIiagram .............uuuiiiiiiieieeeeeeeeeeeeiiiiiies s e e e e e e e e e e e e eeeeaneannens 222
Figure 20.2. Multiple-Master Mode Connection Diagram ..........ccccceeeeeeeeieeeeeeeennnnnns 225
Figure 20.3. 3-Wire Single Master and Slave Mode Connection Diagram............. 225
Figure 20.4. 4-Wire Single Master Mode and Slave Mode Connection Diagram... 225
Figure 20.5. Master Mode Data/Clock TimMiNg ........ccooviiiiiiiiiiiiiiinaieee e eeeeeeeeeeieeens 227
Figure 20.6. Slave Mode Data/Clock Timing (CKPHA = 0) .....ccovvviiiiiiiiiiiiiiiiis 228
Figure 20.7. Slave Mode Data/Clock Timing (CKPHA = 1) ....cccccoiviiiiiiieiiiiieeeeiiin, 228
Figure 20.8. SPI Master Timing (CKPHA = 0) ....cooiiiiiiiiiiee e 232
Figure 20.9. SPI Master Timing (CKPHA = 1) .......cccoiiiiiiiiiiiiiiieieeeee e 232
Figure 20.10. SPI Slave Timing (CKPHA = 0)....ccooiiiiiiieeeiiee e 233
Figure 20.11. SPI Slave Timing (CKPHA = 1) ... 233
21. Timers
Figure 21.1. TO Mode 0 BIOCK Diagram...........ccceeeeiiiiiiiiiiiiiiiiiee e e e e e e e eeeeeeeeeeeeannens 236
Figure 21.2. TO Mode 2 BIOCK Diagram.........cooeeeeiiiiiiiiiiiiiiiiiiiees e e eeeeeeeeeaeeees 237
Figure 21.3. TO Mode 3 BIOCK Diagram...........cooieiiimiiiiiiiiiiiiieieeeee e e 238
Figure 21.4. Timer 2 16-Bit Mode Block Diagram ..............cccceeieiiiiieiieeeiieeeeeeeiiins 243
Figure 21.5. Timer 2 8-Bit Mode Block Diagram ............couuuviiiiiiiiiinieeieieeeeeeeeieiinee 244
Figure 21.6. Timer 2 Capture Mode (T2SPLIT = ‘0") ..uuuuiiiiiiiiiiiieeieeeeeeeeeee e 245
Figure 21.7. Timer 2 Capture Mode (T2SPLIT = ‘L") coovviiiiiiiiieeie e 246
Figure 21.8. Timer 3 16-Bit Mode Block Diagram ..............uuueiiiiiiiiniiieiiieeeeeieeeiiees 249
Figure 21.9. Timer 3 8-Bit Mode BIOCK Diagram ..............eeeeeeeeiiiiiiiiiiiiiininiiiens 250
Figure 21.10. Timer 3 Capture Mode (T3SPLIT = '0") cecevuvvvriiiiiiiiee e eeeeeeeeeeeeeeeiines 251
Figure 21.11. Timer 3 Capture Mode (T3SPLIT = "1") .coiiiiiiiiiiiiieee e 252
22. Programmable Counter Array (PCAO)
Figure 22.1. PCA BIOCK DIi@gram...........uuuiiiiiiiieeeeeeiieeeeeeeeeiiies s e e e e e e e e e e e e aeeeneeennnens 255
Figure 22.2. PCA Counter/Timer Block Diagram............ccuuuuueiiiiniinnnieeeeieeeeeeeeeiinnens 256
Figure 22.3. PCA Interrupt BIOCK Diagram ...........ccoooiuiiiiiiiiiiiiiiiieeeeeeeeee e 257
Figure 22.4. PCA Capture Mode Diagram...........cccoovriiiiiiiiiiiiiiiiiiee e eeeeeeeeeeeeeeeannnns 258
Figure 22.5. PCA Software Timer Mode Diagram .............uuvueuiiiiinnnieeeeeeeeeeeeeeennnnns 259
Figure 22.6. PCA High Speed Output Mode Diagram.............cceeeeeeieeeneeeenniiinnnnnnns 260
Figure 22.7. PCA Frequency OUtpUt MOE ..........ccooviiiiiiiiiiiiiiciie e 261
Figure 22.8. PCA 8-Bit PWM Mode Diagram ...........ccouviiiiiiiiiiiiiiineeee e eeeeeeeeeenenens 262
Figure 22.9. PCA 16-Bit PWM MOAE..........cooiiiiiiiiiiiiieeeeeeeeeeee e 263
Figure 22.10. PCA Module 4 with Watchdog Timer Enabled .................ccceoevennnnnn. 264
23. C2 Interface
Figure 23.1. Typical C2 Pin ShariNg.........coiiiiiieeie e e e e e e e e e eeeeeaeenannnes 273
) Rev.1.3 10

SILICON LABS



C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

PO.5 [1_| ] P22
P0.4 [2 | ] P23
P0.3 [ 3] %] P24
PO.2 | 4 =] P25
P0.1 [5 | =1 P26
oo (=]  C8051F340/1/4/5/8/C-GQ  [=7 r2s
GND [ 7 Top View 0] P3.0
D+ [ ] 2] P3.1
D- [ | % | P3.2
VDD [0 | [ 27 ] P3.3
REGIN [ | ] P34
VBUS [ 12| [ 25 ] P35

-
\-

C2D | 14
P4.7 | 15
P4.6 [ 16
P45 | w7
P4.4 [
P4.3 | 1
P4.2 | 20
P41 | 2
P4.0 | 22
P3.7 | 23
P3.6 | 24

RST/C2CK | 13

Figure 4.1. TQFP-48 Pinout Diagram (Top View)

Rev. 1.3 31

SILICON LABS



C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

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. 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 requirements.

2n
t= |n(5_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

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

n is the ADC resolution in bits (10).
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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

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:
0xC6

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

SFR Definition 5.10. ADCOLTL: ADCO Less-Than Data 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:
0xC5

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

®
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Figure 7.1. Comparator Functional Block Diagram

Comparator outputs can be polled in software, used as an interrupt source, and/or routed to a Port pin.
When routed to a Port pin, Comparator outputs are available asynchronous or synchronous to the system
clock; the asynchronous output is available even in STOP mode (with no system clock active). When dis-
abled, the Comparator output (if assigned to a Port I/O pin via the Crossbar) defaults to the logic low state,
and supply current falls to less than 100 nA. See Section “15.1. Priority Crossbar Decoder” on
page 144 for details on configuring Comparator outputs via the digital Crossbar. Comparator inputs can be
externally driven from —0.25 V to (Vpp) + 0.25 V without damage or upset. The complete Comparator elec-

trical specifications are given in Table 7.1.

Comparator response time may be configured in software via the CPTnMD registers (see SFR Definition
7.3 and SFR Definition 7.6). Selecting a longer response time reduces the Comparator supply current. See
Table 7.1 for complete timing and supply current specifications.
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PROGRAM/DATA MEMORY

DATA MEMORY (RAM)

(FLASH) INTERNAL DATA ADDRESS SPACE
Ox7FFF S Upper 128 RAM Special Function
(Indirect Addressing Register's
FLASH 0x80 Only) (Direct Addressing Only)
( OX7F
In-System : ]
Programmable in 512 (Dlrz((:jtdartggsliggl)rect
Byte Sectors) Loyver 128 RAM
0x30 (Direct and Indirect
Ox2F . Addressing)
0X0000 0x20 Bit Addressable
Ox1F General Purpose
0x00 Registers

EXTERNAL DATA ADDRESS SPACE

OXFFFF

Off-Chip XRAM

(Available only on devices
with EMIF)

0x0800
Ox07FF

XRAM - 2048 Bytes

(Accessable using MOVX
instruction)

USB FIFOs O0x07FF

1024 Bytes

0x0400

0x0000

Figure 9.3. On-Chip Memory Map for 32 kB Devices

9.2.1. Program Memory

The CIP-51 core has a 64k-byte program memory space. The C8051F34x implements 64k or 32k bytes of
this program memory space as in-system, re-programmable Flash memory. Note that on the 64k versions
of the C8051F34x, addresses above OXFBFF are reserved.

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 “12. Flash Memory” on page 107 for further details.
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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 PAMDIN EIP1 EIP2
E8| ADCOCN (PCAOCPL1|{PCAOCPH1|PCAOCPL2|PCAOCPH2|PCAOCPL3|PCAOCPH3| RSTSRC
EO ACC XBRO XBR1 XBR2 ITO1CF SMOD1 EIE1 EIE2
D8| PCAOCN | PCAOMD |PCAOCPMO|PCAOCPM1|PCAOCPM2|PCAOCPM3|PCAOCPM4| P3SKIP
DO PSW REFOCN SCON1 SBUF1 POSKIP P1SKIP P2SKIP | USBOXCN
C8| TMR2CN | REGOCN | TMR2RLL | TMR2RLH | TMRZ2L TMR2H - -
CO| SMBOCN | SMBOCF | SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH P4
B8 IP CLKMUL | AMXON AMXOP ADCOCF ADCOL ADCOH -
BO P3 OSCXCN | OSCICN OSCICL SBRLL1 SBRLH1 FLSCL FLKEY
A8 IE CLKSEL EMIOCN - SBCON1 - PAMDOUT | PFEOCN
A0 P2 SPIOCFG | SPIOCKR | SPIODAT | POMDOUT | PIMDOUT | P2ZMDOUT | P3MDOUT
98| SCONO SBUFO CPT1CN | CPTOCN | CPTIMD | CPTOMD | CPT1IMX | CPTOMX
90 P1 TMR3CN | TMR3RLL | TMR3RLH | TMR3L TMR3H | USBOADR | USBODAT
88| TCON TMOD TLO TL1 THO TH1 CKCON PSCTL
80 PO SP DPL DPH EMIOTC EMIOCF | OSCLCN PCON
0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
(bit addressable)
82 Rev. 1.3
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SFR Definition 9.8. IP: Interrupt Priority

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
- PSPIO [ PT2 | PSO | PT1 | PX1 | PTO | PX0 |10000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) ~ OxB8

Bit7: UNUSED. Read = 1, Write = don't care.
Bit6: PSPI0: Serial Peripheral Interface (SPIO) Interrupt Priority Control.
This bit sets the priority of the SPIO interrupt.
0: SPIO0 interrupt set to low priority level.
1: SPIO interrupt set to high priority level.
Bit5: PT2: Timer 2 Interrupt Priority Control.
This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority level.
1: Timer 2 interrupts set to high priority level.
Bit4: PSO0: UARTO Interrupt Priority Control.
This bit sets the priority of the UARTO interrupt.
0: UARTO interrupt set to low priority level.
1: UARTO interrupts set to high priority level.
Bit3: PT1: Timer 1 Interrupt Priority Control.
This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt set to low priority level.
1: Timer 1 interrupts set to high priority level.
Bit2: PX1: External Interrupt 1 Priority Control.
This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority level.
1: External Interrupt 1 set to high priority level.
Bit1: PTO: Timer O Interrupt Priority Control.
This bit sets the priority of the Timer O interrupt.
0: Timer O interrupt set to low priority level.
1: Timer O interrupt set to high priority level.
Bit0: PX0: External Interrupt O Priority Control.
This bit sets the priority of the External Interrupt O interrupt.
0: External Interrupt O set to low priority level.
1: External Interrupt O set to high priority level.

92 Rev. 1.3

SILICON LABS



C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

SFR Definition 9.13. ITO1CF: INTO/INT1 Configuration

R/W RIW R/W R/W R/W R/W R/W R/W Reset Value
INIPL | IN1SL2 | IN1SL1 | IN1SLO | INOPL | INOSL2 | INOSL1 | INOSLO | 00000001
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxE4

Note: Refer to SFR Definition 21.1 for INTO/1 edge- or level-sensitive interrupt selection.

Bit7: INIPL: INT1 Polarity
0: INT1 input is active low.
1: INT1 input is active high.

Bits6—-4: IN1SL2-0: INT1 Port Pin Selection Bits _
These bits select which Port pin is assigned to INT1. Note that this pin assignment is inde-
pendent of the Crossbar; INT1 will monitor the assigned Port pin without disturbing the
peripheral that has been assigned the Port pin via the Crossbar. The Crossbar will not
assign the Port pin to a peripheral if it is configured to skip the selected pin (accomplished by
setting to ‘1’ the corresponding bit in register POSKIP).

IN1SL2-0 INT1 Port Pin
000 P0.0
001 PO.1
010 P0.2
011 P0.3
100 P0.4
101 P0.5
110 P0.6
111 P0.7
Bit3: INOPL: INTO Polarity

0: INTO interrupt is active low.
1: INTO interrupt is active high.

Bits2—0: INTOSL2-0: INTO Port Pin Selection Bits .
These bits select which Port pin is assigned to INTO. Note that this pin assignment is inde-
pendent of the Crossbar. INTO will monitor the assigned Port pin without disturbing the
peripheral that has been assigned the Port pin via the Crossbar. The Crossbar will not
assign the Port pin to a peripheral if it is configured to skip the selected pin (accomplished by
setting to ‘1’ the corresponding bit in register POSKIP).

INOSL2-0 INTO Port Pin
000 P0.0
001 PO.1
010 P0.2
011 P0.3
100 P0.4
101 P05
110 P0.6
111 PO.7
96 Rev. 1.3 )
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C8051F340/2/4/6/AICID
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Figure 12.1. Flash Program Memory Map and Security Byte
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SFR Definition 13.2. EMIOCF: External Memory Configuration

RIW RIW R/W RIW R/W R/W RIW R/W Reset Value
- |USBFAE| - | EMD2 | EMD1 | EMDO | EALE1l | EALEO |00000011
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0x85

Bit7: Unused. Read = Ob. Write = don’t care.

Bit6: USBFAE: USB FIFO Access Enable.
0: USB FIFO RAM not available through MOVX instructions.
1: USB FIFO RAM available using MOVX instructions. The 1k of USB RAM will be mapped
in XRAM space at addresses 0x0400 to 0xO7FF. The USB clock must be active and
greater than or equal to twice the SYSCLK (USBCLK > 2 x SYSCLK) to access this
area with MOVX instructions.

Bit5: Unused. Read = Ob. Write = don’t care.

Bit4: EMD2: EMIF Multiplex Mode Select.
0: EMIF operates in multiplexed address/data mode.
1: EMIF operates in non-multiplexed mode (separate address and data pins).

Bits3-2: EMD1-0: EMIF Operating Mode Select.
These bits control the operating mode of the External Memory Interface.
00: Internal Only: MOVX accesses on-chip XRAM only. All effective addresses alias to
on-chip memory space.
01: Split Mode without Bank Select: Accesses below the on-chip XRAM boundary are
directed on-chip. Accesses above the on-chip XRAM boundary are directed off-chip. 8-bit
off-chip MOVX operations use the current contents of the Address High port latches to
resolve upper address byte. Note that in order to access off-chip space, EMIOCN must be
set to a page that is not contained in the on-chip address space.
10: Split Mode with Bank Select: Accesses below the on-chip XRAM boundary are directed
on-chip. Accesses above the on-chip XRAM boundary are directed off-chip. 8-bit off-chip
MOVX operations use the contents of EMIOCN to determine the high-byte of the address.
11: External Only: MOVX accesses off-chip XRAM only. On-chip XRAM is not visible to the
CPU.

Bits1-0: EALE1-0: ALE Pulse-Width Select Bits (only has effect when EMD2 = 0).
00: ALE high and ALE low pulse width = 1 SYSCLK cycle.
01: ALE high and ALE low pulse width = 2 SYSCLK cycles.
10: ALE high and ALE low pulse width = 3 SYSCLK cycles.
11: ALE high and ALE low pulse width = 4 SYSCLK cycles.
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13.5.2. Non-multiplexed Configuration

In Non-multiplexed mode, the Data Bus and the Address Bus pins are not shared. An example of a
Non-multiplexed Configuration is shown in Figure 13.3. See Section “13.7.1. Non-multiplexed Mode” on
page 124 for more information about Non-multiplexed operation.

E A[15:0] ADDRESS BUS A[15:0]
Vb
M (Optional) 64K X 8
‘8 SRAM
| D[7:0] DATA BUS 1/0[7:0]
F ] |||—>oCE
VB qWE
RD qOE

Figure 13.3. Non-multiplexed Configuration Example

13.6. Memory Mode Selection

The external data memory space can be configured in one of four modes, shown in Figure 13.4, based on
the EMIF Mode bits in the EMIOCF register (SFR Definition 13.2). These modes are summarized below.
More information about the different modes can be found in Section “13.7. Timing” on page 122.

EMIOCF[3:2] = 00

EMIOCF[3:2] = 01

EMIOCF[3:2] = 10

EMIOCF[3:2] = 11

"4 OXFFFF "X OxFFFF "X OxFFFF "4 OXFFFF
On-Chip XRAM
Off-Chip Off-Chip
Memory Memory
(No Bank Select) (Bank Select)
Off-Chip
Memory
On-Chip XRAM On-Chip XRAM
On-Chip XRAM
v 0x0000 v 0x0000 v 0x0000 v 0x0000
Figure 13.4. EMIF Operating Modes
®
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Table 13.1. AC Parameters for External Memory Interface

SILICON LABS

Parameter Description Min* Max* Units
Tacs Address / Control Setup Time 0 3 X TsyscLk ns
Tacw Address / Control Pulse Width 1 X TsyscLk 16 X Tgyscik  |ns
TacH Address / Control Hold Time 0 3 X TsyscLk ns
TALEH Address Latch Enable High Time 1 X TsyscLk 4 X TgyscLk ns
TaLEL Address Latch Enable Low Time 1x TsyscLk 4xTsysclk  |Ns
Twps Write Data Setup Time 1 X TsyscLk 19X TsyscLk |ns
TwDH Write Data Hold Time 0 3xTsyscLk  [ns
TrDS Read Data Setup Time 20 ns
TRrDH Read Data Hold Time 0 ns

*Note: TgyscLk is equal to one period of the device system clock (SYSCLK).
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The EOCNT register (USB Register Definition 16.18) holds the number of received data bytes in the End-
point0 FIFO.

Hardware will automatically detect protocol errors and send a STALL condition in response. Firmware may
force a STALL condition to abort the current transfer. When a STALL condition is generated, the STSTL bit
will be set to ‘1’ and an interrupt generated. The following conditions will cause hardware to generate a
STALL condition:

1. The host sends an OUT token during a OUT data phase after the DATAEND bit has been set
to ‘1"

2. The host sends an IN token during an IN data phase after the DATAEND bit has been set to
‘1.

3. The host sends a packet that exceeds the maximum packet size for EndpointO.

4. The host sends a non-zero length DATA1 packet during the status phase of an IN transaction.

5. Firmware sets the SDSTL bit (EOCSR.5) to ‘1’

16.10.1.Endpoint0 SETUP Transactions

All control transfers must begin with a SETUP packet. SETUP packets are similar to OUT packets, contain-
ing an 8-byte data field sent by the host. Any SETUP packet containing a command field of anything other
than 8 bytes will be automatically rejected by USBO. An Endpoint0 interrupt is generated when the data
from a SETUP packet is loaded into the Endpoint0 FIFO. Software should unload the command from the
Endpoint0 FIFO, decode the command, perform any necessary tasks, and set the SOPRDY bit to indicate
that it has serviced the OUT packet.

16.10.2.Endpoint0 IN Transactions

When a SETUP request is received that requires USBO to transmit data to the host, one or more IN
requests will be sent by the host. For the first IN transaction, firmware should load an IN packet into the
Endpoint0 FIFO, and set the INPRDY bit (EOCSR.1). An interrupt will be generated when an IN packet is
transmitted successfully. Note that no interrupt will be generated if an IN request is received before firm-
ware has loaded a packet into the Endpoint0 FIFO. If the requested data exceeds the maximum packet
size for EndpointO (as reported to the host), the data should be split into multiple packets; each packet
should be of the maximum packet size excluding the last (residual) packet. If the requested data is an inte-
ger multiple of the maximum packet size for Endpoint0, the last data packet should be a zero-length packet
signaling the end of the transfer. Firmware should set the DATAEND bit to ‘1’ after loading into the End-
point0 FIFO the last data packet for a transfer.

Upon reception of the first IN token for a particular control transfer, EndpointO is said to be in Transmit
Mode. In this mode, only IN tokens should be sent by the host to Endpoint0. The SUEND bit (EOCSR.4) is
setto ‘1’ if a SETUP or OUT token is received while Endpoint0 is in Transmit Mode.
Endpoint0 will remain in Transmit Mode until any of the following occur:

1. USBO receives an Endpoint0 SETUP or OUT token.

2. Firmware sends a packet less than the maximum EndpointO packet size.

3. Firmware sends a zero-length packet.

Firmware should set the DATAEND bit (EOCSR.3) to ‘1’ when performing (2) and (3) above.

The SIE will transmit a NAK in response to an IN token if there is no packet ready in the IN FIFO (INPRDY
='0").
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16.10.3.Endpoint0 OUT Transactions

When a SETUP request is received that requires the host to transmit data to USBO, one or more OUT
requests will be sent by the host. When an OUT packet is successfully received by USBO, hardware will set
the OPRDY bit (EOCSR.0) to ‘1’ and generate an EndpointO interrupt. Following this interrupt, firmware
should unload the OUT packet from the Endpoint0 FIFO and set the SOPRDY bit (EOCSR.6) to ‘1’.

If the amount of data required for the transfer exceeds the maximum packet size for Endpoint0, the data
will be split into multiple packets. If the requested data is an integer multiple of the maximum packet size
for Endpoint0 (as reported to the host), the host will send a zero-length data packet signaling the end of the
transfer.

Upon reception of the first OUT token for a particular control transfer, EndpointO is said to be in Receive
Mode. In this mode, only OUT tokens should be sent by the host to Endpoint0. The SUEND bit (EOCSR.4)
is setto ‘1" if a SETUP or IN token is received while Endpoint0 is in Receive Mode.

Endpoint0 will remain in Receive mode until:

1. The SIE receives a SETUP or IN token.
2. The host sends a packet less than the maximum EndpointO packet size.
3. The host sends a zero-length packet.

Firmware should set the DATAEND bit (EOCSR.3) to ‘1’ when the expected amount of data has been
received. The SIE will transmit a STALL condition if the host sends an OUT packet after the DATAEND bit
has been set by firmware. An interrupt will be generated with the STSTL bit (EOCSR.2) set to ‘1’ after the
STALL is transmitted.
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space is made available in the FIFO for another incoming byte. If enabled, an interrupt will occur when RI1
is set. RI1 can only be cleared to '0' by software when there is no more information in the FIFO. The rec-
ommended procedure to empty the FIFO contents is as follows:

1. ClearRI1to'0'.
2. Read SBUF1.
3. Check RI1, and repeat at step 1 if RI1 is setto '1".

If the extra bit function is enabled (XBE1 = ‘1) and the parity function is disabled (PE1 = ‘0’), the extra bit
for the oldest byte in the FIFO can be read from the RBX1 bit (SCONL1.2). If the extra bit function is not
enabled, the value of the stop bit for the oldest FIFO byte will be presented in RBX1. When the parity func-
tion is enabled (PE1 = ‘1"), hardware will check the received parity bit against the selected parity type
(selected with S1PT[1:0]) when receiving data. If a byte with parity error is received, the PERR1 flag will be
set to ‘1. This flag must be cleared by software. Note: when parity is enabled, the extra bit function is not
available.

19.3.3. Multiprocessor Communications

UART1 supports multiprocessor communication between a master processor and one or more slave pro-
cessors by special use of the extra data bit. When a master processor wants to transmit to one or more
slaves, it first sends an address byte to select the target(s). An address byte differs from a data byte in that
its extra bit is logic 1; in a data byte, the extra bit is always set to logic O.

Setting the MCE1 bit (SMOD1.7) of a slave processor configures its UART such that when a stop bit is
received, the UART will generate an interrupt only if the extra bit is logic 1 (RBX1 = 1) signifying an
address byte has been received. In the UART interrupt handler, software will compare the received
address with the slave's own assigned address. If the addresses match, the slave will clear its MCE1 bit to
enable interrupts on the reception of the following data byte(s). Slaves that weren't addressed leave their
MCEZ1 bits set and do not generate interrupts on the reception of the following data bytes, thereby ignoring
the data. Once the entire message is received, the addressed slave resets its MCEL1 bit to ignore all trans-
missions until it receives the next address byte.

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple
slaves, thereby enabling "broadcast" transmissions to more than one slave simultaneously. The master
processor can be configured to receive all transmissions or a protocol can be implemented such that the
master/slave role is temporarily reversed to enable half-duplex transmission between the original master
and slave(s).

Master Slave Slave oo Slave
Device Device Device Device
V+
RX ™ RX X RX X RX X
l l OO0 J
@ ®- OO0
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 20.8. SPI Master Timing (CKPHA = 0)
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* SCK is shown for CKPOL = 0. SCK is the opposite polarity for CKPOL = 1.

Figure 20.9. SPI Master Timing (CKPHA =1)
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22. Programmable Counter Array (PCAO)

The Programmable Counter Array (PCAQ) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer
and five 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line
(CEXn) which is routed through the Crossbar to Port I/0 when enabled (See Section “15.1. Priority
Crosshbar Decoder” on page 144 for details on configuring the Crossbar). The counter/timer is driven by
a programmable timebase that can select between six sources: system clock, system clock divided by four,
system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0 overflow, or an
external clock signal on the ECI input pin. Each capture/compare module may be configured to operate
independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output, Fre-
guency Output, 8-Bit PWM, or 16-Bit PWM (each mode is described in Section “22.2. Capture/Compare
Modules” on page 257). The external oscillator clock option is ideal for real-time clock (RTC) functionality,
allowing the PCA to be clocked by a precision external oscillator while the internal oscillator drives the sys-
tem clock. The PCA is configured and controlled through the system controller's Special Function Regis-
ters. The PCA block diagram is shown in Figure 22.1

Important Note: The PCA Module 4 may be used as a watchdog timer (WDT), and is enabled in this mode
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled. See
Section 22.3 for details.
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Figure 22.1. PCA Block Diagram
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