Features

80C52 Compatible
— 8051 Pin and Instruction Compatible
— Four 8-bit I/0 ports + 2 I/O 2-wire Interface (TWI) Pins
— Three 16-bit Timer/Counters
— 256 bytes Scratch Pad RAM
— 10 Interrupt Sources with 4 Priority Levels
— Dual Data Pointer
Variable Length MOVX for Slow RAM/Peripherals
ISP (In-System-Programming) Using Standard V.. Power Supply
Boot ROM Contains Low Level Flash Programming Routines and a Default Serial
Loader
High-speed Architecture
— In Standard Mode:
40 MHz (Vce 2.7V to 5.5V, both Internal and external code execution)
60 MHz (Vcc 4.5V to 5.5V and Internal Code execution only)
— In X2 mode (6 Clocks/machine cycle)
20 MHz (Vcc 2.7V to 5.5V, both Internal and external code execution)
30 MHz (Vcc 4.5V to 5.5V and Internal Code execution only)
— 32K Bytes On-chip Flash Program/Data Memory
— Byte and Page (128 Bytes) Erase and Write
— 100K Write Cycles
On-chip 1024 Bytes Expanded RAM (XRAM)
— Software Selectable Size (0, 256, 512, 768, 1024 Bytes)
— 256 Bytes Selected at Reset for TS87C51RB2/RC2 Compatibility
Keyboard Interrupt Interface on Port P1
400-Kbits/s Multimaster 2-wire Interface
SPI Interface (Master/Slave Mode)
Sub-clock 32 kHz Crystal Oscillator
8-bit clock Prescaler
Improved X2 Mode With Independant Selection for CPU and Each Peripheral
Programmable Counter Array 5 Channels with:
— High Speed Output
— Compare/Capture
— Pulse Width Modulator
— Watchdog Timer Capabilities
Asynchronous Port Reset
Full-duplex Enhanced UART
Dedicated Baud Rate Generator for UART
Low EMI (Inhibit ALE)
Hardware Watchdog Timer (One-time enabled with Reset-Out)
Power Control Modes:
— Idle Mode
— Power-down Mode
— Power-Off Flag
Power Supply:
— 2.7 t0 3.6 (3V Version)
— 2.7 to 5.5V (5V Version)
Temperature Ranges: Commercial (0 to +70°C) and Industrial (-40°C to +85°C)
Packages: PLC44, VQFP44
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Description

ATMEL

AT89C51IC2 is a high performance Flash version of the 80C51 8-bit microcontrollers. It
contains a 32K bytes Flash memory block for program and data.

The 32K bytes Flash memory can be programmed either in parallel mode or in serial
mode with the ISP capability or with software. The programming voltage is internally
generated from the standard V¢ pin.

The AT89C51IC2 retains all features of the 80C52 with 256 bytes of internal RAM, a
10-source 4-level interrupt controller and three timer/counters.

In addition, the AT89C51IC2 has a 32 kHz Subsidiary clock Oscillator, a Programmable
Counter Array, an XRAM of 1024 byte, a Hardware Watchdog Timer, a Keyboard Inter-
face, a 2-wire interface, an SPI Interface, a more versatile serial channel

that facilitates multiprocessor communication (EUART) and a speed improvement
mechanism (X2 mode).

The fully static design of the AT89C511C2 allows to reduce system power consumption
by bringing the clock frequency down to any value, even DC, without loss of data.

The AT89C51IC2 has 2 software-selectable modes of reduced activity and 8-bit clock
prescaler for further reduction in power consumption. In the ldle mode the CPU is frozen
while the peripherals and the interrupt system are still operating. In the power-down
mode the RAM is saved and all other functions are inoperative.

The added features of the AT89C511C2 make it more powerful for applications that need
pulse width modulation, high speed I/0 and counting capabilities such as alarms, motor
control, corded phones, smart card readers.

Table 1. Memory Size

PLCC44 TOTAL RAM
VQFP44 1.4 Flash (bytes) XRAM (bytes) (bytes) 1/0

T89C511C2 32k 1024 1280 34
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AT89C511C2

Block Diagram

Figure 1. Block Diagram
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SFR Mapping
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The Special Function Registers (SFRs) of the AT89C511C2 fall into the following

categories:

C51 core registers: ACC, B, DPH, DPL, PSW, SP
I/0O port registers: PO, P1, P2, P3, PI2

Timer registers: T2CON, T2MOD, TCON, THO, TH1, TH2, TMOD, TLO, TL1, TL2,
RCAP2L, RCAP2H

Serial 1/0O port registers: SADDR, SADEN, SBUF, SCON

PCA (Programmable Counter Array) registers: CCON, CCAPMx, CL, CH, CCAPxH,
CCAPxL (x: 0 to 4)

Power and clock control registers: PCON

Hardware Watchdog Timer registers: WDTRST, WDTPRG
Interrupt system registers: IENO, IPLO, IPHO, IEN1, IPL1, IPH1
Keyboard Interface registers: KBE, KBF, KBLS

SPI registers: SPCON, SPSTR, SPDAT

2-wire Interface registers: SSCON, SSCS, SSDAT, SSADR
BRG (Baud Rate Generator) registers: BRL, BDRCON

Flash register: FCON

Clock Prescaler register: CKRL

32 kHz Sub Clock Oscillator registers: CKSEL, OSSCON

AT89C511C2 mee———
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Table 2. C51 Core SFRs

Mnemonic | Add |Name 7 6 5 4 3 2 1 0
ACC EOh | Accumulator
B FOh | B Register
PSW DOh | Program Status Word CcY AC FO RS1 RSO ov F1 P
SP 81h | Stack Pointer
DPL 82h | Data Pointer Low byte
DPH 83h | Data Pointer High byte

Table 3. System Management SFRs

Mnemonic | Add |Name 7 6 5 4 3 2 1 0
PCON 87h | Power Control SMOD1 | SMODO - - GF1 GFO PD IDL
AUXR 8Eh | Auxiliary Register 0 - - MO XRS1 XRS0 EXl'\I'ARA AO
AUXR1 A2h | Auxiliary Register 1 - - EN?.OO - GF3 0 - DPS
CKRL 97h | Clock Reload Register - - - - - - - -
CKSEL 85h | Clock Selection Register - - - - - - - CKS
OSCON 86h | Oscillator Control Register - - - - - SCLKTO | OscBEn | OscAEn
CKCKONO 8Fh | Clock Control Register 0 TWIX2 | WDTX2 | PCAX2 SIX2 T2X2 T1X2 TOX2 X2
CKCKON1 AFh | Clock Control Register 1 - - - - - - - SPIX2

Table 4. Interrupt SFRs

Mnemonic | Add |[Name 7 6 5 4 3 2 1 0
IENO A8h | Interrupt Enable Control 0 EA EC ET2 ES ETH1 EX1 ETO EXO0
IEN1 B1h | Interrupt Enable Control 1 - - - - - ESPI ETWI KBD
IPHO B7h | Interrupt Priority Control High 0 - PPCH PT2H PHS PT1H PX1H PTOH PX0H
IPLO B8h | Interrupt Priority Control Low 0 - PPCL PT2L PLS PT1IL PX1L PTOL PXoL
IPHA1 B3h | Interrupt Priority Control High 1 - - - - - SPIH TWIH KBDH
IPLA1 B2h | Interrupt Priority Control Low 1 - - - - - SPIL TWIL KBDL

ATMEL ;
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Table 5. Port SFRs

Mnemonic | Add |Name 7 6 5 4 3 2 1 0
PO 80h | 8-bit Port 0
P1 90h | 8-bit Port 1
P2 AOh | 8-bit Port 2
P3 BOh | 8-bit Port 3

Table 6. Timer SFRs

Mnemonic | Add |[Name 7 6 5 4 3 2 1 0
TCON 88h | Timer/Counter 0 and 1 Control TFA1 TR1 TFO TRO IE1 IT1 IEO ITO
TMOD 89h | Timer/Counter 0 and 1 Modes GATE1 C/T1# M11 MO1 GATEO C/TO# M10 MO0
TLO 8Ah | Timer/Counter O Low Byte
THO 8Ch | Timer/Counter 0 High Byte
TL1 8Bh | Timer/Counter 1 Low Byte
TH1 8Dh | Timer/Counter 1 High Byte
WDTRST A6h | WatchDog Timer Reset
WDTPRG A7h | WatchDog Timer Program - - - - - WTO2 WTO1 WTOO0
T2CON C8h | Timer/Counter 2 control TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2# | CP/RL2#
T2MOD C9h | Timer/Counter 2 Mode - - - - - - T20E DCEN
RCAP2H CBh Liirgﬁzgtc;unter 2 Reload/Capture
RCAP2L CAR 'Il_'i)mwegﬁgunter 2 Reload/Capture
TH2 CDh | Timer/Counter 2 High Byte
TL2 CCh | Timer/Counter 2 Low Byte

Table 7. PCA SFRs

Mnemo

-nic Add | Name 7 6 5 4 3 2 1 0

CCON D8h | PCA Timer/Counter Control CF CR - CCF4 CCF3 CCF2 CCF1 CCFO
CMOD D9h | PCA Timer/Counter Mode CIDL WDTE - - - CPS1 CPSO ECF

CL E9h | PCA Timer/Counter Low byte

CH Foh | PCA Timer/Counter High byte

6 AT 89 C 51 | C 2 1 —
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Table 7. PCA SFRs (Continued)
Mnemo
-nic Add | Name 7 6 5 4 3 2 1 0
CCAPMO | DAh | PCA Timer/Counter Mode 0 ECOMO CAPPO CAPNO MATO TOGO PWMO ECCF0
CCAPM1 | DBh | PCA Timer/Counter Mode 1 ECOM!1 CAPP1 CAPN1 MATA TOG1 PWMA1 ECCF1
CCAPM2 | DCh | PCA Timer/Counter Mode 2 - ECOM2 CAPP2 CAPN2 MAT2 TOG2 PWM2 ECCF2
CCAPMS3 | DDh | PCA Timer/Counter Mode 3 ECOM3 CAPP3 CAPN3 MAT3 TOG3 PWM3 ECCF3
CCAPM4 | DEh | PCA Timer/Counter Mode 4 ECOM4 CAPP4 CAPN4 MAT4 TOG4 PWM4 ECCF4
CCAPOH | FAh | PCA Compare Capture Module 0 H | CCAPOH7 | CCAPOH6 | CCAPOH5 | CCAPOH4 | CCAPOH3 | CCAPOH2 | CCAPOH1 | CCAPOHO
CCAP1H | FBh | PCA Compare Capture Module 1 H| CCAP1H7 | CCAP1H6 | CCAP1H5 | CCAP1H4 | CCAP1H3 | CCAP1H2 | CCAP1H1 | CCAP1HO
CCAP2H | FCh | PCA Compare Capture Module 2 H | CCAP2H7 | CCAP2H6 | CCAP2H5 | CCAP2H4 | CCAP2H3 | CCAP2H2 | CCAP2H1 | CCAP2HO
CCAP3H | FDh | PCA Compare Capture Module 3 H | CCAP3H7 | CCAP3H6 | CCAP3H5 | CCAP3H4 | CCAP3H3 | CCAP3H2 | CCAP3H1 | CCAP3HO
CCAP4H | FEh | PCA Compare Capture Module 4 H | CCAP4H7 | CCAP4H6 | CCAP4H5 | CCAP4H4 | CCAP4H3 | CCAP4H2 | CCAP4H1 | CCAP4HO
CCAPOL | EAh | PCA Compare Capture Module 0 L | CCAPOL7 | CCAPOL6 | CCAPOL5 | CCAPOL4 | CCAPOL3 | CCAPOL2 | CCAPOL1 | CCAPOLO
CCAP1L |EBh | PCA Compare Capture Module 1 L | CCAP1L7 | CCAP1L6 | CCAP1L5 | CCAP1L4 | CCAP1L3 | CCAP1L2 | CCAP1L1 | CCAP1LO
CCAP2L |ECh | PCA Compare Capture Module 2 L | CCAP2L7 | CCAP2L6 | CCAP2L5 | CCAP2L4 | CCAP2L3 | CCAP2L2 | CCAP2L1 | CCAP2L0
CCAP3L |EDh | PCA Compare Capture Module 3 L | CCAP3L7 | CCAP3L6 | CCAP3L5 | CCAP3L4 | CCAP3L3 | CCAP3L2 | CCAP3L1 | CCAP3LO
CCAP4L |EEh | PCA Compare Capture Module 4 L | CCAP4L7 | CCAP4L6 | CCAP4L5 | CCAP4L4 | CCAP4L3 | CCAP4L2 | CCAP4L1 | CCAP4LO
Table 8. Serial /0O Port SFRs
Mnemonic Add | Name 7 6 5 4 3 2 1 0
SCON 98h | Serial Control FE/SMO SMA1 SM2 REN TB8 RB8 TI RI
SBUF 99h | Serial Data Buffer
SADEN B9h | Slave Address Mask
SADDR A9h | Slave Address
BDRCON 9Bh | Baud Rate Control BRR TBCK RBCK SPD SRC
BRL 9Ah | Baud Rate Reload
Table 9. SPI Controller SFRs
Mnemonic Add | Name 7 6 5 4 3 2 1 0
SPCON C3h | SPI Control SPR2 SPEN SSDIS MSTR CPOL CPHA SPR1 SPRO
SPSTA C4h | SPI Status SPIF WCOL SSERR MODF - - - -
SPDAT C5h | SPI Data SPD7 SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO
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Table 10. Two-Wire Interface Controller SFRs

ATMEL

Mnemonic | Add |Name 7 6 5 4 3 2 1 0
SSCON 93h | Synchronous Serial control SSCR2 SSPE SSSTA SSSTO SSI SSAA SSCR1 SSCRO
SSCS 94h | Synchronous Serial Status SSC4 SSC3 SSC2 SSCH SSCO 0 0 0
SSDAT 95h | Synchronous Serial Data SSD7 SSD6 SSD5 SSD4 SSD3 SSD2 SSD1 SSDO
SSADR 96h | Synchronous Serial Address SSA7 SSA6 SSA5 SSA4 SSA3 SSA2 SSA1 SSGC

Table 11. Keyboard Interface SFRs

Mnemonic Add | Name 7 6 5 4 3 2 1 0
KBLS 9Ch | Keyboard Level Selector KBLS7 KBLS6 KBLS5 KBLS4 KBLS3 KBLS2 KBLS1 KBLSO
KBE 9Dh | Keyboard Input Enable KBE7 KBE6 KBES5 KBE4 KBE3 KBE2 KBE1 KBEO
KBF 9Eh | Keyboard Flag Register KBF7 KBF6 KBF5 KBF4 KBF3 KBF2 KBF1 KBFO

8 /AT SO C'51 | C 2 000000000000
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Table 12. SFR Mapping

Table below shows all SFRs with their address and their reset value.

Bit
addressable

Non Bit addressable

0/8 1/9 2/A 3/B 4/C 5/D 6/E 7/F
Fsh CH CCAPOH CCAP1H CCAPL2H CCAPL3H CCAPL4H FEh
0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
B
Fon 0000 0000 F7n
Esh CL CCAPOL CCAP1L CCAPL2L CCAPL3L CCAPL4L EEh
0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
ACC
EOh 0000 0000 E7h
Dsh CCON CMOD CCAPMO CCAPM1 CCAPM2 CCAPM3 CCAPM4 DFh
00X0 0000 00XX X000 X000 0000 X000 0000 X000 0000 X000 0000 X000 0000
PSW FCON (1)
DOh 0000 0000 XXXX 0000 b7h
cah T2CON T2MOD RCAP2L RCAP2H TL2 TH2 CFh
0000 0000 XXXX XX00 0000 0000 0000 0000 0000 0000 0000 0000
PI2 bit
Coh addressable SPCON SPSTA SPDAT c7h
XXXX XX11 0001 0100 0000 0000 XXXX XXXX
Bsh IPLO SADEN BFh
X000 000 0000 0000
Boh P3 IEN1 IPLA1 IPH1 IPHO B7h
1111 1111 XXXX X000 XXXX X000 XXXX X111 X000 0000
IENO SADDR CKCON1
Agh 0000 0000 0000 0000 XXXX XXX0 AFh
Aoh P2 AUXRA1 WDTRST WDTPRG A7h
1111 1111 XXXX X0X0 XXXX XXXX XXXX X000
98h SCON SBUF BRL BDRCON KBLS KBE KBF oFh
0000 0000 XXXX XXXX 0000 0000 XXX0 0000 0000 0000 0000 0000 0000 0000
90h P1 SSCON SSCS SSDAT SSADR CKRL 97h
1111 1111 0000 0000 1111 1000 1111 1111 1111 1110 1111 1111
TCON TMOD TLO TL1 THO TH1 AUXR CKCONO
88h 8Fh
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 XX0X 0000 0000 0000
80h PO SP DPL DPH CKSEL OSSCON PCON 87h
111 1111 00000111 | 00000000 | 0000 0000 XXXX XXXO | XXXX X001 | 00X10000
0/8 1/9 2/A 3/B 4/C 5/D 6/E 7/F

4301D-8051-02/08
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Pin Configurations

Figure 2. Pin Configurations
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Table 13. Pin Description for 40/44 Pin Packages

Pin Number
Type
Mnemonic PLCC44 VQFP44 1.4 Name and Function
Vgs 22 16 I Ground: 0V reference
Power Supply: This is the power supply voltage for normal, idle and power-down
Ve 44 38 [ .
operation
P0.0 - P0.7 43-36 37-30 1/0 Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to
them float and can be used as high impedance inputs. Port 0 must be polarized to V¢
or Vgg in order to prevent any parasitic current consumption. Port 0 is also the multi-
plexed low-order address and data bus during access to external program and data
memory. In this application, it uses strong internal pull-up when emitting 1s. Port 0 also
inputs the code bytes during EPROM programming. External pull-ups are required dur-
ing program verification during which PO outputs the code bytes.
P1.0-P1.7 2-9 40 - 44 I/0 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1 pins that
1-3 have 1s written to them are pulled high by the internal pull-ups and can be used as
inputs. As inputs, Port 1 pins that are externally pulled low will source current because
of the internal pull-ups. Port 1 also receives the low-order address byte during memory
programming and verification.
Alternate functions for AT89C51IC2 Port 1 include:
2 40 I/0 P1.0: Input/Output
1/0 T2 (P1.0): Timer/Counter 2 external count input/Clockout
| XTALB1 (P1.0): Sub Clock input to the inverting oscillator amplifier
3 41 I/0 P1.1: Input/Output
| T2EX: Timer/Counter 2 Reload/Capture/Direction Control
| SS: SPI Slave Select
4 42 I/0 P1.2: Input/Output
| ECI: External Clock for the PCA
5 43 I/0 P1.3: Input/Output
I/0 CEXO0: Capture/Compare External 1/0 for PCA module 0
6 44 I/0 P1.4: Input/Output
I/0 CEX1: Capture/Compare External I/O for PCA module 1
7 1 I/0 P1.5: Input/Output
I/0 CEX2: Capture/Compare External I/0O for PCA module 2
I/0 MISO: SPI Master Input Slave Output line
When SPl is in master mode, MISO receives data from the slave peripheral. When SPI
is in slave mode, MISO outputs data to the master controller.
8 2 1/0 P1.6: Input/Output
I/0 CEX83: Capture/Compare External 1/0O for PCA module 3
I/0 SCK: SPI Serial Clock
SCK outputs clock to the slave peripheral

ATMEL y
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Table 13. Pin Description for 40/44 Pin Packages (Continued)

Pin Number
Type
Mnemonic PLCC44 VQFP44 1.4 Name and Function
9 3 I/0 P1.7: Input/Output:
I/0 CEX4: Capture/Compare External I/0 for PCA module 4
I/0 MOSI: SPI Master Output Slave Input line
When SPI is in master mode, MOSI outputs data to the slave peripheral. When SPI is
in slave mode, MOSI receives data from the master controller.
XTALAA 21 15 | Crystal A 1_: Input to the inverting oscillator amplifier and input to the internal clock
generator circuits.
XTALA2 20 14 O Crystal A 2: Output from the inverting oscillator amplifier
XTALB1 2 40 I Crystal B 1: (Sub Clock) Input to the inverting oscillator amplifier and input to the inter-
nal clock generator circuits.
XTALB2 1 39 O Crystal B 2: (Sub Clock) Output from the inverting oscillator amplifier
P2.0 - P2.7 24 - 31 18-25 1/0 Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that
have 1s written to them are pulled high by the internal pull-ups and can be used as
inputs. As inputs, Port 2 pins that are externally pulled low will source current because
of the internal pull-ups. Port 2 emits the high-order address byte during fetches from
external program memory and during accesses to external data memory that use 16-bit
addresses (MOVX @DPTR).In this application, it uses strong internal pull-ups emitting
1s. During accesses to external data memory that use 8-bit addresses (MOVX @Ri),
port 2 emits the contents of the P2 SFR. Some Port 2 pins receive the high order
address bits during EPROM programming and verification.
P3.0 - P3.7 11, 5, 1/0 Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that
13-19 7-13 have 1s written to them are pulled high by the internal pull-ups and can be used as
inputs. As inputs, Port 3 pins that are externally pulled low will source current because
of the internal pull-ups. Port 3 also serves the special features of the 80C51 family, as
listed below.
11 5 | RXD (P3.0): Serial input port
13 7 O TXD (P3.1): Serial output port
14 8 | INTO (P3.2): External interrupt O
15 9 | INT1 (P3.3): External interrupt 1
16 10 | TO (P3.4): Timer 0 external input
17 11 | T1 (P3.5): Timer 1 external input
18 12 WR (P3.6): External data memory write strobe
19 13 O RD (P3.7): External data memory read strobe
PI12.0 - PI2.1 Port I12: Port 12 is an open drain. It can be used as inputs (must be polarized to Vcc
34,12 28,6 . . . .
with external resistor to prevent any parasitic current consumption).
34 28 1/0 SCL (PI2.0): 2-wire Serial Clock
SCL output the serial clock to slave peripherals
SCL input the serial clock from master
12 6 1/0 SDA (PI2.1): 2-wire Serial Data
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Table 13. Pin Description for 40/44 Pin Packages (Continued)

Mnemonic

Pin Number

PLCC44

VQFP44 1.4

Type

Name and Function

SDA is the bidirectional 2-wire data line

RST

10

110

Reset: A high on this pin for two machine cycles while the oscillator is running, resets
the device. An internal diffused resistor to Vgg permits a power-on reset using only an
external capacitor to V. This pin is an output when the hardware watchdog forces a
system reset.

ALE/PROG

33

27

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the
address during an access to external memory. In normal operation, ALE is emitted at a
constant rate of 1/6 (1/3 in X2 mode) the oscillator frequency, and can be used for
external timing or clocking. Note that one ALE pulse is skipped during each access to
external data memory. This pin is also the program pulse input (PROG) during Flash
programming. ALE can be disabled by setting SFR’s AUXR.0 bit. With this bit set, ALE
will be inactive during internal fetches.

PSEN

32

26

Program Strobe ENable: The read strobe to external program memory. When execut-
ing code from the external program memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during each access to external
data memory. PSEN is not activated during fetches from internal program memory.

EA

35

29

External Access Enable: EA must be externally held low to enable the device to fetch
code from external program memory locations 0000H to FFFFH (RD). If security level 1
is programmed, EA will be internally latched on Reset.

4301D-8051-02/08
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Oscillators
Overview Two oscillators are available for CPU:
»  OSCA used for high frequency: Up to 48 MHz @5V +/- 10%
+ OSCB used for low frequency: 32.768 kHz
Several operating modes are available and programmable by software:
+ to switch OSCA to OSCB and vice-versa
* to stop OSCA or OSCB to reduce consumption
In order to optimize the power consumption and the execution time needed for a specific
task, an internal prescaler feature has been implemented between the selected oscilla-
tor and the CPU.
Registers Table 14. CKSEL Register
CKSEL - Clock Selection Register (85h)
7 6 5 4 (]
- - - - CKS
Bit Bit
Number | Mnemonic | Description
7 - Reserved
6 - Reserved
5 - Reserved
4 - Reserved
3 - Reserved
2 - Reserved
1 - Reserved
CPU Oscillator Select Bit: (CKS)
Cleared, CPU and peripherals connected to OSCB
0 CKs Set, CPU and peripherals connected to OSCA
Programmed by hardware after a Power-up regarding Hardware Security Byte
(HSB).HSB.OSC (Default setting, OSCA selected)
Reset Value = 0000 000’HSB.OSC’b (see Hardware Security Byte (HSB) Table 84)
Not bit addressable
14 AT 89 C 51 | C 2 1 —
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Table 15. OSCCON Register
OSCCON- Oscillator Control Register (86h)

7 6 5 4 3 2 1 0
- - - - - SCLKTO OscBEn OscAEn
Bit Bit
Number | Mnemonic | Description
7 - Reserved
6 - Reserved
5 - Reserved
4 - Reserved
3 - Reserved
Sub Clock Timer0
Cleared by software to select TO pin
2 SCLKTO
Set by software to select TO Sub Clock
Cleared by hardware after a Power Up
OscB enable bit
Set by software to run OscB
1 OscBENn | Cleared by software to stop OscB
Programmed by hardware after a Power-up regarding HSB.OSC (Default
cleared, OSCB stopped)
OscA enable bit
Set by software to run OscA
0 OscAEn | Cleared by software to stop OscA

Programmed by hardware after a Power-up regarding HSB.OSC(Default Set,
OSCA runs)

Reset Value = XXXX XO0’'HSB.OSC”HSB.OSC’b (see Hardware Security Byte (HSB)

Table 84)

Not bit addressable

Table 16. CKRL Register
CKRL - Clock Reload Register

7 6 5 4 3 2 1 0
Bit
Number | Mnemonic | Description
20 CKRL Clock Reload Register:
Prescaler value

Reset Value = 1111 1111b
Not bit addressable

ATMEL s
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Table 17. PCON Register
PCON - Power Control Register (87h)

7 6 5 4 3 2 1 0
SMOD1 SMODO - POF GF1 GFO0 PD IDL
Bit Bit
Number | Mnemonic | Description

Serial port Mode bit 1

/ SMOD1 Set to select double baud rate in mode 1, 2 or 3.
Serial port Mode bit 0

6 SMODO | Cleared to select SMO bit in SCON register.
Set to select FE bit in SCON register.

5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
Power-Off Flag

4 POF Cleared to recognize next reset type.
Set by hardware when VCC rises from 0 to its nominal voltage. Can also be set
by software.
General purpose Flag

3 GF1 Cleared by software for general purpose usage.
Set by software for general purpose usage.
General purpose Flag

2 GFO0 Cleared by software for general purpose usage.
Set by software for general purpose usage.
Power-Down mode bit

1 PD Cleared by hardware when reset occurs.
Set to enter power-down mode.
Idle mode bit

0 IDL Cleared by hardware when interrupt or reset occurs.

Set to enter idle mode.

Reset Value = 00X1 0000b
Not bit addressable
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Functional Block

AT89C51I1C2

Diagram
Figure 3. Functional Oscillator Block Diagram
Reset Reload
PwdOscA—— et Y
CKRL
xtalt [] ¥ FOSCA
OscA ﬁ .
xtala2 L1 I_ - > 8-bit
2 y Prescaler-Divider »
X2
OSCCON | x2] 0 CLK  [peripheral Clock
CKCONO T > PERIPH
' CLK CPU clock
CKRL=0xFF? CPU
Idle
FOSCB CKS
CKSEL
Pdesch
XtalB1 |:|_>
1128 1
XtalB2 [ J—p OscB — > g:’obck

Operating Modes

Reset

Functional Modes

Normal Modes
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OSCCON

A hardware RESET puts the Clock generator in the following state:

The selected oscillator depends on OSC bit in Hardware Security Byte (HSB) (see HSB
Table 84)

HSB.OSC = 1 (Oscillator A selected)

*  OscAEn =1 & OscBEn = 0: OscA is running, OscB is stopped.
*+ CKS = 1: OscA is selected for CPU.

HSB.OSC = 0 (Oscillator B selected)

*  OscAEn =0 & OscBEn = 1: OscB is running, OscA is stopped.
*+ CKS = 0: OscB is selected for CPU.

+ CPU and Peripherals clock depend on the software selection using CKCONO,
CKCONT1 and CKRL registers

* CKS hit in CKSEL register selects either OscA or OscB
+ CKRL register determines the frequency of the OscA clock.

ATMEL 7



Idle Modes

Power Down Modes

ATMEL

It is always possible to switch dynamically by software from OscA to OscB, and vice
versa by changing CKS bit.

IDLE modes are achieved by using any instruction that writes into PCON.O bit (IDL)

IDLE modes A and B depend on previous software sequence, prior to writing into
PCON.0 bit:

IDLE MODE A: OscA is running (OscAEn = 1) and selected (CKS = 1)
IDLE MODE B: OscB is running (OscBEn = 1) and selected (CKS = 0)

The unused oscillator OscA or OscB can be stopped by software by clearing
OscAEn or OscBEnN respectively.

IDLE mode can be canceled either by Reset, or by activation of any enabled
interruption

In both cases, PCON.0 bit (IDL) is cleared by hardware

Exit from IDLE modes will leave Oscillators control bits (OscEnA, OscEnB, CKS)
unchanged.

POWER DOWN modes are achieved by using any instruction that writes into
PCON.1 bit (PD)

POWER DOWN modes A and B depend on previous software sequence, prior to
writing into PCON.1 bit:

Both OscA and OscB will be stopped.

POWER DOWN mode can be cancelled either by a hardware Reset, an external
interruption, or the keyboard interrupt.

By Reset signal: The CPU will restart according to OSC bit in Hardware Security Bit
(HSB) register.

By INTO or INT1 interruption, if enabled: (standard behavioral), request on Pads
must be driven low enough to ensure correct restart of the oscillator which was
selected when entering in Power down.

By keyboard Interrupt if enabled: a hardware clear of the PCON.1 flag ensure the
restart of the oscillator which was selected when entering in Power down.

18

Table 18. Overview

PCON.1 | PCON.0 | OscBEn | OscAEn | CKS Selected Mode Comment
0 0 0 1 1 NORMAL MODE | Default mode after power-up or
A, OscB stopped | Warm Reset
0 0 1 1 1 NORMAL MODE | Default mode after power-up or
A, OscB running Warm Reset + OscB running
NORMAL MODE .
0 0 1 0 0 B, OscA stopped OscB running and selected
0 0 1 1 0 NORMAL MODE | OscB running and selected +
B, OscA running OscA running
X X 0 0 X INVALID OscA & OscB cannot be stopped
at the same time
OscA must not be stopped, as
X X X 0 1 INVALID used for CPU and peripherals
OscB must not be stopped as
X X 0 X 0 INVALID used for CPU and peripherals

AT89C511C2 mee———
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Design Considerations

Oscillators Control

Prescaler Divider

Table 18. Overview (Continued)

PCON.1 | PCON.0 | OscBEn | OscAEn | CKS Selected Mode Comment
The CPU is off, OscA supplies the
0 1 X 1 1 IDLE MODE A peripherals, OscB can be disabled
(OscBEn = 0)
The CPU is off, OscB supplies the
0 1 1 X 0 IDLE MODE B peripherals, OscA can be disabled
(OscAEn = 0)
1 X X 1 X POWER DOWN The CPU and peripherals are off,
MODE OscA and OscB are stopped

+ PwdOscA and PwdOscB signals are generated in the Clock generator and used to
control the hard blocks of oscillators A and B.

+  PwdOscA ="1" stops OscA
+ PwdOscB =1’ stops OscB
» The following tables summarize the Operating modes:

PCON.1 OscAEn PwdOscA Comments
0 1 0 OscA running
1 X 1 OscA stopped by
Power-down mode
0 0 1 OscA stopped by
clearing OscAEn
PCON.1 OscBEn PwdOscB Comments
0 1 0 OscB running
1 X 1 OscB stopped by
Power-down mode
0 0 1 OscB stopped by
clearing OscBEn

* A hardware RESET puts the prescaler divider in the following state:
CKRL = FFh FCLK CPU = FCLK PERIPH = FOSCA/2 (Standard 051 feature)
+ CKS signal selects OSCA or OSCB: F¢ k out = Fosca Of Fosce

*  Any value between FFh down to 00h can be written by software into CKRL register
in order to divide frequency of the selected oscillator:

CKRL = 00h: minimum frequency

Feik cpu= Fork peripn = Fosca/1020 (Standard Mode)
Fowk cpu= Fowk peripH = Fosca/510 (X2 Mode)

CKRL = FFh: maximum frequency

Feuk cpu = Folk peripn = Fosca/2 (Standard Mode)
Fek cpu = Fewk peripn = Fosca (X2 Mode)

4301D-8051-02/08
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- FCLK CPU and FCLK PERIPH> fOI’ CKRL<>OXFF

In X2 Mode:
FOSCA
Ferv=Ferkperipn = 2% (255 - CKRL)
In X1 Mode:
o __ Fosea
CPU ~— ¥ CLKPERIPH — 4 x (255 - CKRL)
Timer 0: Clock Inputs Figure 4. Timer 0: Clock Inputs

FCLK PERIPH ___{:::] }n
ok
TO pin ﬂfﬂ

Control
Sub Clock——| 1
SCLKTO

P Timer O

OSCCON
Gme--{E:>:i::%___
INTO _

TRO

Note:  The SCLKTO bit in OSCCON register allows to select Timer 0 Subsidiary clock.
SCLKTO = 0: Timer 0 uses the standard TO pin as clock input (Standard mode)

SCLKTO = 1: Timer 0 uses the special Sub Clock as clock input, this feature can be use
as periodic interrupt for time clock.
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Enhanced Features

X2 Feature and OSCA
Clock Generation

Description

In comparison to the original 80C52, the AT89C511C2 implements some new features,
which are:

* The X2 option

» The Dual Data Pointer

* The extended RAM

» The Programmable Counter Array (PCA)
+ The Hardware Watchdog

* The SPI interface

» The 2-wire interface

» The 4 level interrupt priority system

*  The power-off flag

» The Power On Reset

+  The ONCE mode

» The ALE disabling

» Some enhanced features are also located in the UART and the timer 2

The AT89C511C2 core needs only 6 clock periods per machine cycle. This feature
called "X2” provides the following advantages:

» Divide frequency crystals by 2 (cheaper crystals) while keeping same CPU power.
+  Save power consumption while keeping same CPU power (oscillator power saving).

« Save power consumption by dividing dynamically the operating frequency by 2 in
operating and idle modes.

* Increase CPU power by 2 while keeping same crystal frequency.

In order to keep the original C51 compatibility, a divider by 2 is inserted between the
XTALA1 signal and the main clock input of the core (phase generator). This divider may
be disabled by software.

The clock for the whole circuit and peripherals is first divided by two before being used
by the CPU core and the peripherals.

This allows any cyclic ratio to be accepted on XTALA1 input. In X2 mode, as this divider
is bypassed, the signals on XTALA1 must have a cyclic ratio between 40 to 60%.

Figure 5. shows the clock generation block diagram.x2 bit is validated on the rising edge
of the XTALA1+2 to avoid glitches when switching from X2 to STD mode. Figure 6.
shows the switching mode waveforms.

Figure 5. Clock Generation Diagram

XTALAT1 [:

CKRL

FXTAL

4301D-8051-02/08
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Figure 6. Mode Switching Waveforms
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|
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[
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N e

The X2 bit in the CKCONO register (see Table 19) allow to switch from 12 clock periods
per instruction to 6 clock periods and vice versa. At reset, the speed is setting according
to X2 bit of Hardware Security Byte (HSB). By default, Standard mode is actived. Setting
the X2 bit activates the X2 feature (X2 mode).

The TOX2, T1X2, T2X2, UartX2, PcaX2, WdX2 and 12CX2 bits in the CKCONO register
(See Table 19.) and SPIX2 bit in the CKCON1 register (see Table 20) allow to switch
from standard peripheral speed (12 clock periods per peripheral clock cycle) to fast
peripheral speed (6 clock periods per peripheral clock cycle). These bits are active only
in X2 mode.

More information about the X2 mode can be found in the application note "How to take
advantage of the X2 features in TS80C51 microcontroller?”
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Table 19. CKCONO Register
CKCONO - Clock Control Register (8Fh)

7

6

5 4 3 2 1 0

SPIX2

WDX2

PCAX2 SIX2 T2X2 T1X2 TOX2 X2

Bit
Number

Bit
Mnemonic

Description

12CX2

2-wire clock (This control bit is validated when the CPU clock X2 is set; when
X2 is low, this bit has no effect)
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

WDX2

Watchdog clock (This control bit is validated when the CPU clock X2 is set;
when X2 is low, this bit has no effect)
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

PCAX2

Programmable Counter Array clock (This control bit is validated when the
CPU clock X2 is set; when X2 is low, this bit has no effect)
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

SIX2

Enhanced UART clock (Mode 0 and 2) (This control bit is validated when the
CPU clock X2 is set; when X2 is low, this bit has no effect)
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

T2X2

Timer2 clock (This control bit is validated when the CPU clock X2 is set; when
X2 is low, this bit has no effect)
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

T1X2

Timer1 clock (This control bit is validated when the CPU clock X2 is set; when
X2 is low, this bit has no effect)
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

TOX2

Timer0 clock (This control bit is validated when the CPU clock X2 is set; when
X2 is low, this bit has no effect)
Cleared to select 6 clock periods per peripheral clock cycle.

Set to select 12 clock periods per peripheral clock cycle.

X2

CPU clock

Cleared to select 12 clock periods per machine cycle (STD mode) for CPU and
all the peripherals.

Set to select 6¢clock periods per machine cycle (X2 mode) and to enable the
individual peripherals "X2" bits.

Programmed by hardware after Power-up regarding Hardware Security Byte
(HSB), Default setting, X2 is cleared.

Reset Value = 0000 000'HSB.X2’b
Not bit addressable

ATMEL
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Table 20. CKCON1 Register

CKCONT1 - Clock Control Register (AFh)

7 6 5 0
- - - SPIX2
Bit Bit
Number Mnemonic | Description
7 - Reserved
6 - Reserved
5 - Reserved
4 - Reserved
3 - Reserved
2 - Reserved
1 - Reserved
SPI (This control bit is validated when the CPU clock X2 is set; when X2 is low,
0 SPIX2 this bit has no effect)

Clear to select 6 clock periods per peripheral clock cycle.
Set to select 12 clock periods per peripheral clock cycle.

Reset Value = XXXX XXX0b
Not bit addressable

AT89C511C2 mee———
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Dual Data Pointer The additional data pointer can be used to speed up code execution and reduce code

Register

size.

The dual DPTR structure is a way by which the chip will specify the address of an exter-
nal data memory location. There are two 16-bit DPTR registers that address the external
memory, and a single bit called DPS = AUXR1.0 (see Table 21) that allows the program
code to switch between them (Refer to Figure 7).

Figure 7. Use of Dual Pointer

External Data Memory

0 -

|DPS S DPTR1 | -

4301D-8051-02/08

AUXR1(A2H) | oPTRO
DPH(83H) DPL(82H)

/_\_/
Table 21. AUXR1 register
AUXR1- Auxiliary Register 1(0A2h)
7 6 5 4 3 2 1 0
- - ENBOOT - GF3 0 - DPS

Bit Bit
Number | Mnemonic | Description

7 Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 Reserved

The value read from this bit is indeterminate. Do not set this bit.

Enable Boot Flash
5 ENBOOT | Cleared to disable boot rom.

Set to map the boot rom between F800h - OFFFFh.

4 Reserved

The value read from this bit is indeterminate. Do not set this bit.
3 GF3 This bit is a general purpose user flag.*
2 0 Always cleared.

Reserved
The value read from this bit is indeterminate. Do not set this bit.

Data Pointer Selection
0 DPS Cleared to select DPTRO.
Set to select DPTRA1.

Reset Value: XXXX XX0X0b
Not bit addressable

Note:  *Bit 2 stuck at O; this allows to use INC AUXR1 to toggle DPS without changing GF3.

ATMEL 2
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ASSEMBLY LANGUAGE ; Block move using dual data pointers
; Modifies DPTRO, DPTR1, A and PSW

26

; note:

DPS exits opposite of entry state

; unless an extra INC AUXR1 is added

i

00A2
i

0000
0003
0005
0008
0008
000A
000B
000cC
000E
000F
0010
0012

AUXR1 EQU OA2H

909000MOV DPTR, #SOURCE

05A2 INC AUXR1 ; switch
90A000 MOV DPTR, #DEST ;
LOOP:

05A2 INC AUXR1 ; switch
EO0 MOVX A, @DPTR ; get a
A3 INC DPTR ; increment
05A2 INC AUXR1 ; switch
FO MOVX @DPTR,A ; write
A3 INC DPTR ; increment

’

address of SOURCE
data pointers
address of DEST

data pointers
byte from SOURCE
SOURCE address
data pointers
the byte to DEST
DEST address

70F6JNZ LOOP ; check for 0 terminator
05A2 INC AUXR1l ; (optional) restore DPS

INC is a short (2 bytes) and fast (12 clocks) way to manipulate the DPS bit in the AUXR1
SFR. However, note that the INC instruction does not directly force the DPS bit to a par-
ticular state, but simply toggles it. In simple routines, such as the block move example,
only the fact that DPS is toggled in the proper sequence matters, not its actual value. In
other words, the block move routine works the same whether DPS is '0' or '1' on entry.
Observe that without the last instruction (INC AUXR1), the routine will exit with DPS in
the opposite state.

AT89C511C2 mee———
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Expanded RAM

(XRAM)

The AT89C51IC2 provides additional Bytes of random access memory (RAM) space for
increased data parameter handling and high level language usage.

AT89C511C2 devices have expanded RAM in external data space; maximum size and
location are described in Table 22.

Table 22. Expanded RAM

Address

XRAM size Start End

AT89C511C2 1024 00h 3FFh

The AT89C511C2 has internal data memory that is mapped into four separate
segments.

The four segments are:

1. The Lower 128 bytes of RAM (addresses 00h to 7Fh) are directly and indirectly
addressable.

2. The Upper 128 bytes of RAM (addresses 80h to FFh) are indirectly addressable only.

3. The Special Function Registers, SFRs, (addresses 80h to FFh) are directly address-
able only.

4. The expanded RAM bytes are indirectly accessed by MOVX instructions, and with the
EXTRAM bit cleared in the AUXR register (see Table 22)

The lower 128 bytes can be accessed by either direct or indirect addressing. The Upper
128 bytes can be accessed by indirect addressing only. The Upper 128 bytes occupy
the same address space as the SFR. That means they have the same address, but are
physically separate from SFR space.

Figure 8. Internal and External Data Memory Address

OFFh or 3FFh

4301D-8051-02/08

00

XRAM

OFFh OFFh OFFFFh
Upper )
1 zgpgytes Special External
Function Dat
Internal Reai ata
egister Memor
Ram direct accesses emory
indirect accesses
80h 80h /—\/
7Fh T N\
Lower
128 bytes
Internal
Ram
direct or indirect
accesses 00FFh up to 03FFh
00 oooo NN

When an instruction accesses an internal location above address 7Fh, the CPU knows
whether the access is to the upper 128 bytes of data RAM or to SFR space by the
addressing mode used in the instruction.

» Instructions that use direct addressing access SFR space. For example: MOV
0AOH, # data, accesses the SFR at location 0AOh (which is P2).

ATMEL 2
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+ Instructions that use indirect addressing access the Upper 128 bytes of data RAM.
For example: MOV @RO, # data where RO contains 0AOh, accesses the data byte
at address 0AOQh, rather than P2 (whose address is 0AOh).

» The XRAM bytes can be accessed by indirect addressing, with EXTRAM bit cleared
and MOVX instructions. This part of memory which is physically located on-chip,
logically occupies the first bytes of external data memory. The bits XRS0 and XRS1
are used to hide a part of the available XRAM as explained in Table 22. This can be
useful if external peripherals are mapped at addresses already used by the internal
XRAM.

+  With EXTRAM = 0, the XRAM is indirectly addressed, using the MOV X instruction in
combination with any of the registers R0, R1 of the selected bank or DPTR. An
access to XRAM will not affect ports PO, P2, P3.6 (WR) and P3.7 (RD). For
example, with EXTRAM = 0, MOVX @RO0, # data where RO contains 0AQH,
accesses the XRAM at address 0AOH rather than external memory. An access to
external data memory locations higher than the accessible size of the XRAM will be
performed with the MOVX DPTR instructions in the same way as in the standard
80C51, with PO and P2 as data/address busses, and P3.6 and P3.7 as write and
read timing signals. Accesses to XRAM above OFFH can only be done by the use of
DPTR.

«  With EXTRAM = 1, MOVX @Ri and MOVX @DPTR will be similar to the standard
80C51. MOVX @ Ri will provide an eight-bit address multiplexed with data on Port0
and any output port pins can be used to output higher order address bits. This is to
provide the external paging capability. MOVX @DPTR will generate a sixteen-bit
address. Port2 outputs the high-order eight address bits (the contents of DPH) while
Port0 multiplexes the low-order eight address bits (DPL) with data. MOVX @ Ri and
MOVX @DPTR will generate either read or write signals on P3.6 (WR) and P3.7
(RD).

The stack pointer (SP) may be located anywhere in the 256 bytes RAM (lower and
upper RAM) internal data memory. The stack may not be located in the XRAM.

The MO bit allows to stretch the XRAM timings; if MO is set, the read and write pulses
are extended from 6 to 30 clock periods. This is useful to access external slow
peripherals.

AT89C511C2 mee———
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Table 23. AUXR Register
AUXR - Auxiliary Register (8Eh)

7

6

5 4 3 2 1 0

Mo - XRS1 XRS0 EXTRAM AO

Bit
Number

Bit
Mnemonic

Description

Reserved
The value read from this bit is indeterminate. Do not set this bit

Reserved
The value read from this bit is indeterminate. Do not set this bit

MO

Pulse length

Cleared to stretch MOVX control: the RD/ and the WR/ pulse length is 6 clock
periods (default).

Set to stretch MOVX control: the RD/ and the WR/ pulse length is 30 clock
periods.

Reserved
The value read from this bit is indeterminate. Do not set this bit

XRS1

XRS0

XRAM Size

XRSH XRS0  XRAM size
0 0 256 bytes (default)

0 1 512 bytes
1 0 768 bytes
1 1 1024 bytes

EXTRAM

EXTRAM bit
Cleared to access internal XRAM using movx @ Ri/ @ DPTR.

Set to access external memory.

Programmed by hardware after Power-up regarding Hardware Security Byte
(HSB), default setting, XRAM selected.

AO

ALE Output bit

Cleared, ALE is emitted at a constant rate of 1/6 the oscillator frequency (or 1/3 if
X2 mode is used) (default) Set, ALE is active only during a MOVX or MOVC
instruction is used.

Reset Value = XX0X 00'HSB.XRAM’'0b
Not bit addressable

ATMEL 2



Timer 2

Auto-Reload Mode

ATMEL

The Timer 2 in the AT89C51IC2 is the standard C52 the Timer 2.

It is a 16-bit timer/counter: the count is maintained by two eight-bit timer registers, TH2
and TL2 are cascaded. It is controlled by T2CON (Table 24) and T2MOD (Table 25)
registers. Timer 2 operation is similar to Timer 0 and Timer 1. C/T2 selects Fggc/12
(timer operation) or external pin T2 (counter operation) as the timer clock input. Setting
TR2 allows TL2 to be incremented by the selected input.

Timer 2 has 3 operating modes: capture, autoreload and Baud Rate Generator. These
modes are selected by the combination of RCLK, TCLK and CP/RL2 (T2CON).

Refer to the Atmel 8-bit Microcontroller Hardware description for the description of Cap-
ture and Baud Rate Generator Modes.

Timer 2 includes the following enhancements:
+  Auto-reload mode with up or down counter
» Programmable clock-output

The auto-reload mode configures timer 2 as a 16-bit timer or event counter with auto-
matic reload. If DCEN bit in T2MOD is cleared, timer 2 behaves as in 80C52 (refer to the
Atmel 8-bit Microcontroller Hardware description). If DCEN bit is set, timer 2 acts as an
Up/down timer/counter as shown in Figure 9. In this mode the T2EX pin controls the
direction of count.

When T2EX is high, timer 2 counts up. Timer overflow occurs at FFFFh which sets the
TF2 flag and generates an interrupt request. The overflow also causes the 16-bit value
in RCAP2H and RCAP2L registers to be loaded into the timer registers TH2 and TL2.

When T2EX is low, timer 2 counts down. Timer underflow occurs when the count in the
timer registers TH2 and TL2 equals the value stored in RCAP2H and RCAP2L registers.
The underflow sets TF2 flag and reloads FFFFh into the timer registers.

The EXF2 bit toggles when timer 2 overflows or underflows according to the direction of
the count. EXF2 does not generate any interrupt. This bit can be used to provide 17-bit
resolution.

30 AT 89 C 51 | C 2 1 —
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AT89C51I1C2

Figure 9. Auto-Reload Mode Up/Down Counter (DCEN = 1)

FoLk peripH 6 0

T2

C/T2 TR2
T2CON T2CON

(DOWN COUNTING RELOAD VALUE] 2EX
FFh FFh if DCEN=1 s 1=UP
(8-bit) | | (8-bit) [ if DCEN=1, 0=DOWN
11 if DCEN = 0, up counting
TOGGLE T2CON
| <
TL2 | TH2 5 TIMER 2
(8-bit) | (8-bit) ' INTERRUPT
)/I\ﬂ KZ— T2CON
RCAP2L | [RcAP2H
@8-bit) | | (8-bit)
(UP COUNTING RELOAD VALUE)
Programmable Clock- In the clock-out mode, timer 2 operates as a 50%-duty-cycle, programmable clock gen-
Output erator (See Figure 10). The input clock increments TL2 at frequency Fg k peripn/2. The

timer repeatedly counts to overflow from a loaded value. At overflow, the contents of
RCAP2H and RCAP2L registers are loaded into TH2 and TL2. In this mode, timer 2
overflows do not generate interrupts. The formula gives the clock-out frequency as a
function of the system oscillator frequency and the value in the RCAP2H and RCAP2L
registers:

FCLKPERIPH
4 x (65536 - RCAP2H/RCAP2L)

Clock — OutFrequency =

For a 16 MHz system clock, timer 2 has a programmable frequency range of 61 Hz
(Fok peripr/2'® to 4 MHz (Fo k peripn/4)- The generated clock signal is brought out to
T2 pin (P1.0).

Timer 2 is programmed for the clock-out mode as follows:

+  Set T20E bit in T2MOD register.

. Clear C/T2 bitin T2CON register.

» Determine the 16-bit reload value from the formula and enter it in RCAP2H/RCAP2L
registers.

» Enter a 16-bit initial value in timer registers TH2/TL2. It can be the same as the
reload value or a different one depending on the application.

+ To start the timer, set TR2 run control bit in T2CON register.
It is possible to use timer 2 as a baud rate generator and a clock generator simulta-

neously. For this configuration, the baud rates and clock frequencies are not
independent since both functions use the values in the RCAP2H and RCAP2L registers.

ATMEL s
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Figure 10. Clock-Out Mode C/T2 = 0

FCLKPERIPH 6 |
TR2
T2CON T2 |[ TH2
(8-bit) || (8-bit) [
OVEFLOW
RCAP2L |[RCAP2H
(8-bit) || (8-bit)
Toggle
™ M I
 la D
T20E
T2MOD
TIMER 2
T2EX [ }——d I | EXF2} = |NTERRUPT
EXEND T2CON
T2CON

AT89C511C2 mee———

4301D-8051-02/08



4301D-8051-02/08

Table 24. T2CON Register
T2CON - Timer 2 Control Register (C8h)

7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2# CP/RL2#
Bit Bit
Number Mnemonic | Description

Timer 2 overflow Flag

7 TF2 Must be cleared by software.
Set by hardware on timer 2 overflow, if RCLK = 0 and TCLK = 0.
Timer 2 External Flag
Set when a capture or a reload is caused by a negative transition on T2EX pin
if EXEN2=1.

6 EXF2 When set, causes the CPU to vector to timer 2 interrupt routine when timer 2
interrupt is enabled.
Must be cleared by software. EXF2 doesn’t cause an interrupt in Up/down
counter mode (DCEN = 1)
Receive Clock bit

5 RCLK Cleared to use timer 1 overflow as receive clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as receive clock for serial port in mode 1 or 3.
Transmit Clock bit

4 TCLK Cleared to use timer 1 overflow as transmit clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as transmit clock for serial port in mode 1 or 3.
Timer 2 External Enable bit

3 EXEN2 Cleared to ignore events on T2EX pin for timer 2 operation.
Set to cause a capture or reload when a negative transition on T2EX pin is
detected, if timer 2 is not used to clock the serial port.
Timer 2 Run control bit

2 TR2 Cleared to turn off timer 2.
Set to turn on timer 2.
Timer/Counter 2 select bit

1 C/Tos Cleared for timer operation (input from internal clock system: Fg| « peripH)-
Set for counter operation (input from T2 input pin, falling edge trigger). Must be
0 for clock out mode.
Timer 2 Capture/Reload bit
If RCLK=1 or TCLK=1, CP/RL2# is ignored and timer is forced to auto-reload

0 CP/RL2# on timer 2 overflow.

Cleared to auto-reload on timer 2 overflows or negative transitions on T2EX pin
if EXEN2=1.
Set to capture on negative transitions on T2EX pin if EXEN2=1.

Reset Value = 0000 0000b
Bit addressable
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Table 25. T2MOD Register
T2MOD - Timer 2 Mode Control Register (C9h)

7 6 5 4 3 2 1 0
- - - - - - T20E DCEN
Bit Bit
Number Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 ) Reserved

The value read from this bit is indeterminate. Do not set this bit.

Timer 2 Output Enable bit
1 T20E Cleared to program P1.0/T2 as clock input or I/O port.
Set to program P1.0/T2 as clock output.

Down Counter Enable bit
0 DCEN Cleared to disable timer 2 as up/down counter.
Set to enable timer 2 as up/down counter.

Reset Value = XXXX XX00b
Not bit addressable
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The PCA provides more timing capabilities with less CPU intervention than the standard
timer/counters. Its advantages include reduced software overhead and improved accu-
racy. The PCA consists of a dedicated timer/counter which serves as the time base for
an array of five compare/capture modules. Its clock input can be programmed to count
any one of the following signals:

+  Peripheral clock frequency (Fc k peripn) = 6
+  Peripheral clock frequency (Fg k peripH) ~ 2
+ Timer O overflow

» External input on ECI (P1.2)

Each compare/capture modules can be programmed in any one of the following modes:
» rising and/or falling edge capture

» software timer

* high-speed output

*  pulse width modulator

Module 4 can also be programmed as a watchdog timer (See Section "PCA Watchdog
Timer", page 46).

When the compare/capture modules are programmed in the capture mode, software
timer, or high speed output mode, an interrupt can be generated when the module exe-
cutes its function. All five modules plus the PCA timer overflow share one interrupt
vector.

The PCA timer/counter and compare/capture modules share Port 1 for external 1/O.
These pins are listed below. If the port is not used for the PCA, it can still be used for
standard 1/O.

PCA component External I/0 Pin
16-bit Counter P1.2/ECI
16-bit Module 0 P1.3/ CEXO0
16-bit Module 1 P1.4/CEX1
16-bit Module 2 P1.5/CEX2
16-bit Module 3 P1.6 / CEX3

The PCA timer is a common time base for all five modules (See Figure 11). The timer
count source is determined from the CPS1 and CPSO0 bits in the CMOD register
(Table 26) and can be programmed to run at:

« 1/6 the peripheral clock frequency (Fc ik peripH)
« 1/2 the peripheral clock frequency (Fc k peripn)
+ The Timer 0 overflow

» The input on the ECI pin (P1.2)
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Figure 11. PCA Timer/Counter
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Table 26. CMOD Register

CMOD - PCA Counter Mode Register (D9h)

7 6 5 4 2 1 0
CIDL WDTE - - CPS1 CPSO ECF
Bit Bit
Number | Mnemonic | Description

Counter Idle Control

7 CIDL Cleared to program the PCA Counter to continue functioning during idle Mode.
Set to program PCA to be gated off during idle.
Watchdog Timer Enable

6 WDTE | Cleared to disable Watchdog Timer function on PCA Module 4.
Set to enable Watchdog Timer function on PCA Module 4.

5 Reserved
The value read from this bit is indeterminate. Do not set this bit.

4 Reserved
The value read from this bit is indeterminate. Do not set this bit.

3 Reserved
The value read from this bit is indeterminate. Do not set this bit.

2 CPS1 PCA Count Pulse Select
CPSH CPS0Selected PCA input
0 0 Internal clock fCLK PERIPH/6

1 CPS0 0 1Internal clock fCLK PERIPH/2
1 0Timer 0 Overflow
1 1 External clock at ECI/P1.2 pin (max rate = fCLK PERIPH/ 4)
PCA Enable Counter Overflow Interrupt

0 ECF Cleared to disable CF bit in CCON to inhibit an interrupt.
Set to enable CF bit in CCON to generate an interrupt.

Reset Value = 00XX X000b
Not bit addressable

The CMOD register includes three additional bits associated with the PCA (See
Figure 11 and Table 26).

» The CIDL bit which allows the PCA to stop during idle mode.
+ The WDTE bit which enables or disables the watchdog function on module 4.

» The ECF bit which when set causes an interrupt and the PCA overflow flag CF (in
the CCON SFR) to be set when the PCA timer overflows.

The CCON register contains the run control bit for the PCA and the flags for the PCA

timer (CF) and each module (Refer to Table 27).

+ Bit CR (CCON.6) must be set by software to run the PCA. The PCA is shut off by
clearing this bit.

» Bit CF: The CF bit (CCON.7) is set when the PCA counter overflows and an
interrupt will be generated if the ECF bit in the CMOD register is set. The CF bit can
only be cleared by software.

» Bits 0 through 4 are the flags for the modules (bit 0 for module 0, bit 1 for module 1,
etc.) and are set by hardware when either a match or a capture occurs. These flags
also can only be cleared by software.

ATMEL s
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Table 27. CCON Register
CCON - PCA Counter Control Register (D8h)

7 6 5 4 3 2 1 0
CF CR - CCF4 CCF3 CCF2 CCF1 CCFO0
Bit Bit

Number | Mnemonic | Description

PCA Counter Overflow flag

Set by hardware when the counter rolls over. CF flags an interrupt if bit ECF in
CMOD is set. CF

may be set by either hardware or software but can only be cleared by software.

PCA Counter Run control bit
6 CR Must be cleared by software to turn the PCA counter off.
Set by software to turn the PCA counter on.

Reserved
The value read from this bit is indeterminate. Do not set this bit.

PCA Module 4 interrupt flag
4 CCF4 Must be cleared by software.
Set by hardware when a match or capture occurs.

PCA Module 3 interrupt flag
3 CCF3 Must be cleared by software.
Set by hardware when a match or capture occurs.

PCA Module 2 interrupt flag
2 CCF2 Must be cleared by software.
Set by hardware when a match or capture occurs.

PCA Module 1 interrupt flag
1 CCF1 Must be cleared by software.
Set by hardware when a match or capture occurs.

PCA Module 0 interrupt flag
0 CCF0 Must be cleared by software.
Set by hardware when a match or capture occurs.

Reset Value = 00X0 0000b
Not bit addressable

The watchdog timer function is implemented in module 4 (See Figure 14).

The PCA interrupt system is shown in Figure 12.
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Figure 12. PCA Interrupt System
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PCA Modules: each one of the five compare/capture modules has six possible func-
tions. It can perform:

16-bit Capture, positive-edge triggered

16-bit Capture, negative-edge triggered

16-bit Capture, both positive and negative-edge triggered
16-bit Software Timer

16-bit High Speed Output

8-bit Pulse Width Modulator

In addition, module 4 can be used as a Watchdog Timer.

Each module in the PCA has a special function register associated with it. These regis-

ters

are: CCAPMO for module 0, CCAPM1 for module 1, etc. (See Table 28). The

registers contain the bits that control the mode that each module will operate in.

4301D-8051-02/08

The ECCF bit (CCAPMnN.0 where n=0, 1, 2, 3, or 4 depending on the module)
enables the CCF flag in the CCON SFR to generate an interrupt when a match or
compare occurs in the associated module.

PWM (CCAPMn.1) enables the pulse width modulation mode.

The TOG bit (CCAPMnN.2) when set causes the CEX output associated with the
module to toggle when there is a match between the PCA counter and the module's
capture/compare register.

The match bit MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON
register to be set when there is a match between the PCA counter and the module's
capture/compare register.

The next two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5) determine the edge
that a capture input will be active on. The CAPN bit enables the negative edge, and
the CAPP bit enables the positive edge. If both bits are set both edges will be
enabled and a capture will occur for either transition.

The last bit in the register ECOM (CCAPMnN.6) when set enables the comparator
function.
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Table 28 shows the CCAPMn settings for the various PCA functions.

Table 28. CCAPMn Registers (n = 0-4)

CCAPMO - PCA Module 0 Compare/Capture Control Register (0DAh)
CCAPM1 - PCA Module 1 Compare/Capture Control Register (0DBh)
CCAPM2 - PCA Module 2 Compare/Capture Control Register (0DCh)
CCAPMS - PCA Module 3 Compare/Capture Control Register (0DDh)
CCAPM4 - PCA Module 4 Compare/Capture Control Register (ODEh)

7 6 5 4 3 2 1 0
- ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn
Bit Bit

Number | Mnemonic | Description

Reserved
The value read from this bit is indeterminate. Do not set this bit.

Enable Comparator
6 ECOMn | Cleared to disable the comparator function.
Set to enable the comparator function.

Capture Positive

5 CAPPn | Cleared to disable positive edge capture.
Set to enable positive edge capture.

Capture Negative

4 CAPNn | Cleared to disable negative edge capture.
Set to enable negative edge capture.

Match
When MATn = 1, a match of the PCA counter with this module's

3 MATn )

compare/capture register causes the

CCFn bit in CCON to be set, flagging an interrupt.

Toggle

When TOGn = 1, a match of the PCA counter with this module's
2 TOGn

compare/capture register causes the
CEXn pin to toggle.

Pulse Width Modulation Mode
1 PWMn | Cleared to disable the CEXn pin to be used as a pulse width modulated output.
Set to enable the CEXn pin to be used as a pulse width modulated output.

Enable CCF interrupt

Cleared to disable compare/capture flag CCFn in the CCON register to generate
0 CCFo0 an interrupt.

Set to enable compare/capture flag CCFn in the CCON register to generate an
interrupt.

Reset Value = X000 0000b
Not bit addressable
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Table 29. PCA Module Modes (CCAPMn Registers)

ECOMn | CAPPn | CAPNn | MATh | TOGn | PWMm | ECCFn | Module Function

0 0 0 0 0 0 0 No Operation

X 1 0 0 0 0 X 1I6-b|t capture by a positive-edge
trigger on CEXn

X 0 1 0 0 0 X 16-bit capture by a negative trigger
on CEXn
16-bit capture by a transition on

X 1 1 0 0 0 X CEXn

1 0 0 1 0 0 X 16-bit Software Timer / Compare
mode.

1 0 0 1 1 0 X 16-bit High Speed Output

1 0 0 0 0 1 0 8-bit PWM

1 0 0 1 X 0 X Watchdog Timer (module 4 only)

There are two additional registers associated with each of the PCA modules. They are
CCAPnNH and CCAPNL and these are the registers that store the 16-bit count when a
capture occurs or a compare should occur. When a module is used in the PWM mode
these registers are used to control the duty cycle of the output (See Table 30 &
Table 31).

Table 30. CCAPnH Registers (n = 0-4)

CCAPOH - PCA Module 0 Compare/Capture Control Register High (OFAh)
CCAP1H - PCA Module 1 Compare/Capture Control Register High (OFBh)
CCAP2H - PCA Module 2 Compare/Capture Control Register High (0FCh)
CCAP3H - PCA Module 3 Compare/Capture Control Register High (0FDh)
CCAP4H - PCA Module 4 Compare/Capture Control Register High (OFEh)

7 6 5 4 3 2 1 0

Bit Bit
Number | Mnemonic | Description

PCA Module n Compare/Capture Control

70 CCAPRH Value

Reset Value = 0000 0000b
Not bit addressable
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Table 31. CCAPnNL Registers (n = 0-4)
CCAPOL - PCA Module 0 Compare/Capture Control Register Low
CCAP1L - PCA Module 1 Compare/Capture Control Register Low

( )
( )
CCAP2L - PCA Module 2 Compare/Capture Control Register Low (OECh)
CCAP3L - PCA Module 3 Compare/Capture Control Register Low ( )
( )

CCAP4L - PCA Module 4 Compare/Capture Control Register Low

7 6 5 4 3 2 1 0

Bit Bit
Number | Mnemonic | Description

70 ) PCA Module n Compare/Capture Control
CCAPNL Value

Reset Value = 0000 0000b
Not bit addressable

Table 32. CH Register
CH - PCA Counter Register High (OF9h)

7 6 5 4 3 2 1 0

Bit Bit
Number | Mnemonic | Description

PCA counter

70 CH Value

Reset Value = 0000 0000b
Not bit addressable

Table 33. CL Register
CL - PCA Counter Register Low (0E9h)

7 6 5 4 3 2 1 0

Bit Bit
Number | Mnemonic | Description

PCA Counter

70 CL Value

Reset Value = 0000 0000b
Not bit addressable
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PCA Capture Mode

Figure 13. PCA Capture Mode

To use one of the PCA modules in the capture mode either one or both of the CCAPM
bits CAPN and CAPP for that module must be set. The external CEX input for the mod-
ule (on port 1) is sampled for a transition. When a valid transition occurs the PCA
hardware loads the value of the PCA counter registers (CH and CL) into the module's
capture registers (CCAPnL and CCAPnH). If the CCFn bit for the module in the CCON
SFR and the ECCFn bit in the CCAPMn SFR are set then an interrupt will be generated
(Refer to Figure 13).
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Compare Mode
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The PCA modules can be used as software timers by setting both the ECOM and MAT
bits in the modules CCAPMn register. The PCA timer will be compared to the module's
capture registers and when a match occurs an interrupt will occur if the CCFn (CCON
SFR) and the ECCFn (CCAPMn SFR) bits for the module are both set (See Figure 14).
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Figure 14. PCA Compare Mode and PCA Watchdog Timer
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Before enabling ECOM bit, CCAPnL and CCAPnH should be set with a non zero value,
otherwise an unwanted match could happen. Writing to CCAPnH will set the ECOM bit.

Once ECOM set, writing CCAPNL will clear ECOM so that an unwanted match doesn’t
occur while modifying the compare value. Writing to CCAPnH will set ECOM. For this
reason, user software should write CCAPnL first, and then CCAPnH. Of course, the
ECOM bit can still be controlled by accessing to CCAPMn register.

In this mode the CEX output (on port 1) associated with the PCA module will toggle
each time a match occurs between the PCA counter and the module's capture registers.
To activate this mode the TOG, MAT, and ECOM bits in the module's CCAPMn SFR
must be set (See Figure 15).

A prior write must be done to CCAPnL and CCAPnH before writing the ECOMn bit.

____________________________________________________________________________|
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Figure 15. PCA High Speed Output Mode
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Before enabling ECOM bit, CCAPnL and CCAPnNH should be set with a non zero value,
otherwise an unwanted match could happen.

Once ECOM set, writing CCAPNL will clear ECOM so that an unwanted match doesn'’t
occur while modifying the compare value. Writing to CCAPnH will set ECOM. For this
reason, user software should write CCAPnL first, and then CCAPnH. Of course, the
ECOM bit can still be controlled by accessing to CCAPMn register.

All of the PCA modules can be used as PWM outputs. Figure 16 shows the PWM func-
tion. The frequency of the output depends on the source for the PCA timer. All of the
modules will have the same frequency of output because they all share the PCA timer.
The duty cycle of each module is independently variable using the module's capture
register CCAPLNn. When the value of the PCA CL SFR is less than the value in the mod-
ule's CCAPLn SFR the output will be low, when it is equal to or greater than the output
will be high. When CL overflows from FF to 00, CCAPLn is reloaded with the value in
CCAPHN. This allows updating the PWM without glitches. The PWM and ECOM bits in
the module's CCAPMn register must be set to enable the PWM mode.
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Figure 16. PCA PWM Mode
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An on-board watchdog timer is available with the PCA to improve the reliability of the
system without increasing chip count. Watchdog timers are useful for systems that are
susceptible to noise, power glitches, or electrostatic discharge. Module 4 is the only
PCA module that can be programmed as a watchdog. However, this module can still be
used for other modes if the watchdog is not needed. Figure 14 shows a diagram of how
the watchdog works. The user pre-loads a 16-bit value in the compare registers. Just
like the other compare modes, this 16-bit value is compared to the PCA timer value. If a
match is allowed to occur, an internal reset will be generated. This will not cause the
RST pin to be driven high.

In order to hold off the reset, the user has three options:
1. periodically change the compare value so it will never match the PCA timer,
2. periodically change the PCA timer value so it will never match the compare values, or

3. disable the watchdog by clearing the WDTE bit before a match occurs and then re-
enable it.

The first two options are more reliable because the watchdog timer is never disabled as
in option #3. If the program counter ever goes astray, a match will eventually occur and
cause an internal reset. The second option is also not recommended if other PCA mod-
ules are being used. Remember, the PCA timer is the time base for all modules;
changing the time base for other modules would not be a good idea. Thus, in most appli-
cations the first solution is the best option.

This watchdog timer won’t generate a reset out on the reset pin.
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Serial 1/0 Port

Framing Error Detection
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The serial I/O port in the AT89C511C2 is compatible with the serial /0 port in the 80C52.
It provides both synchronous and asynchronous communication modes. It operates as a
Universal Asynchronous Receiver and Transmitter (UART) in three full-duplex modes
(Modes 1, 2 and 3). Asynchronous transmission and reception can occur simultaneously
and at different baud rates

Serial I/0 port includes the following enhancements:
» Framing error detection
* Automatic address recognition

Framing bit error detection is provided for the three asynchronous modes (modes 1, 2
and 3). To enable the framing bit error detection feature, set SMODO bit in PCON regis-
ter (See Figure 17).

Figure 17. Framing Error Block Diagram

| SMO/FEI SMH | SM2 | REN| TB8 | RB8 | Tl | RI |SCON(98h)
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To UART framing erorcontrol

When this feature is enabled, the receiver checks each incoming data frame for a valid
stop bit. An invalid stop bit may result from noise on the serial lines or from simultaneous
transmission by two CPUs. If a valid stop bit is not found, the Framing Error bit (FE) in
SCON register (See Table 37.) bit is set.

Software may examine FE bit after each reception to check for data errors. Once set,
only software or a reset can clear FE bit. Subsequently received frames with valid stop
bits cannot clear FE bit. When FE feature is enabled, Rl rises on stop bit instead of the
last data bit (See Figure 18. and Figure 19.).

Figure 18. UART Timings in Mode 1
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Figure 19. UART Timings in Modes 2 and 3

RXD l éDoXm X'D2 X D3 X D4 X D5 X D6 X D7 JX‘DB Ij

|‘StarT Data byte 'Rlintﬁ"St,oﬁ'
bit bit bit

RI f
SMODO0=0

RI /
SMODO0=1

FE .
SMODO0=1

The automatic address recognition feature is enabled when the multiprocessor commu-

nication feature is enabled (SM2 bit in SCON register is set).

Implemented in hardware, automatic address recognition enhances the multiprocessor

communication feature by allowing the serial port to examine the address of each

incoming command frame. Only when the serial port recognizes its own address, the

receiver sets Rl bit in SCON register to generate an interrupt. This ensures that the CPU

is not interrupted by command frames addressed to other devices.

If desired, you may enable the automatic address recognition feature in mode 1. In this

configuration, the stop bit takes the place of the ninth data bit. Bit Rl is set only when the

received command frame address matches the device’s address and is terminated by a

valid stop bit.

To support automatic address recognition, a device is identified by a given address and

a broadcast address.

Note:  The multiprocessor communication and automatic address recognition features cannot
be enabled in mode 0 (i.e. setting SM2 bit in SCON register in mode 0 has no effect).

Each device has an individual address that is specified in SADDR register; the SADEN
register is a mask byte that contains don’t-care bits (defined by zeros) to form the
device’s given address. The don’t-care bits provide the flexibility to address one or more
slaves at a time. The following example illustrates how a given address is formed.

To address a device by its individual address, the SADEN mask byte must be 1111
1111b.

For example:

SADDR0101 0110b
SADEN1111 1100b

Given0101 01XXb

The following is an example of how to use given addresses to address different slaves:
Slave A:SADDR1111 0001b
SADEN1111 1010b

Givenllll 0X0Xb

Slave B:SADDR1111 0011lb
SADEN1111 1001b

Givenllll 0XXlb

Slave C:SADDR1111 0010b
SADEN1111 1101b

Givenllll 00X1b
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Broadcast Address

Reset Addresses
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The SADEN byte is selected so that each slave may be addressed separately.

For slave A, bit 0 (the LSB) is a don’t-care bit; for slaves B and C, bit 0 isa 1. To com-
municate with slave A only, the master must send an address where bit 0 is clear (e.g.
1111 0000b).

For slave A, bit 1 is a 1; for slaves B and C, bit 1 is a don’t care bit. To communicate with
slaves B and C, but not slave A, the master must send an address with bits 0 and 1 both
set(e.g. 1111 0011b).

To communicate with slaves A, B and C, the master must send an address with bit O set,
bit 1 clear, and bit 2 clear (e.g. 1111 0001b).

A broadcast address is formed from the logical OR of the SADDR and SADEN registers
with zeros defined as don’t-care bits, e.g.:

SADDR 0101 0110b
SADEN 1111 1100b

Broadcast =SADDR OR SADEN1111 111Xb

The use of don’t-care bits provides flexibility in defining the broadcast address, however
in most applications, a broadcast address is FFh. The following is an example of using
broadcast addresses:

Slave A:SADDR1111 0001b
SADEN1111 1010b

Broadcastl11l1ll 1X1lb,

Slave B:SADDR1111 0011lb
SADEN1111 1001b

Broadcast1111l 1X11B,

Slave C:SADDR=1111 0010b
SADEN1111 1101b

Broadcastl111ll 1111b

For slaves A and B, bit 2 is a don’t care bit; for slave C, bit 2 is set. To communicate with
all of the slaves, the master must send an address FFh. To communicate with slaves A
and B, but not slave C, the master can send and address FBh.

On reset, the SADDR and SADEN registers are initialized to 00h, i.e. the given and
broadcast addresses are xxxx XxxXb (all don’t-care bits). This ensures that the serial
port will reply to any address, and so, that it is backwards compatible with the 80C51
microcontrollers that do not support automatic address recognition.

Table 34. SADEN Register
SADEN - Slave Address Mask Register (B9h)

7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable
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Table 35. SADDR Register
SADDR - Slave Address Register (A9h)

7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable

Baud Rate Selection for  The Baud Rate Generator for transmit and receive clocks can be selected separately via
UART for mode 1 and 3 the T2CON and BDRCON registers.

Figure 20. Baud Rate selection

TIMERT _.N TIMER_BRG_RX AN

TIMER2 ] 0 [ 776
;;E ’_q L1 RxClock
INT_BRG
TIMER1 TIMER_BRG_TX \
MMER2 1 0 [776 |
1 L ITx Clock
INT_BRG
Table 36. Baud Rate Selection Table UART
TCLK RCLK TBCK RBCK Clock Source | Clock Source
(T2CON) (T2CON) (BDRCON) (BDRCON) UART Tx UART Rx
0 0 0 0 Timer 1 Timer 1
1 0 0 0 Timer 2 Timer 1
0 1 0 0 Timer 1 Timer 2
1 1 0 0 Timer 2 Timer 2
X 0 1 0 INT_BRG Timer 1
X 1 1 0 INT_BRG Timer 2
0 X 0 1 Timer 1 INT_BRG
1 X 0 1 Timer 2 INT_BRG
X X 1 1 INT_BRG INT_BRG
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Internal Baud Rate Generator
(BRG)

Figure 21. Internal Baud Rate

Peripheral clock

AT89C51I1C2

When the internal Baud Rate Generator is used, the Baud Rates are determined by the
BRG overflow depending on the BRL reload value, the value of SPD bit (Speed Mode)
in BDRCON register and the value of the SMOD1 bit in PCON register.

BRR

auto reload counter overflow
/6
L INT_BRG

4301D-8051-02/08

+ The baud rate for UART is token by formula:

2 x F

BaudRate = SMOD CLKPERIPH
2x2x6(1—-SPD)x 16 x [256 — (BRL)]
(BRL) = 256 — 2smopt X Ferkperipu

2x2x% 6(1 _spp) X 16 X BaudRate
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Table 37. SCON Register
SCON - Serial Control Register (98h)

7 6 5 4 3 2 1 0
FE/SMO SM1 SM2 REN TB8 RB8 Tl RI
Bit Bit
Number Mnemonic | Description
Framing Error bit (SMODO0=1)
FE Clear to reset the error state, not cleared by a valid stop bit.
Set by hardware when an invalid stop bit is detected.
7 SMODO must be set to enable access to the FE bit.
Serial port Mode bit 0
SMO Refer to SM1 for serial port mode selection.
SMODO must be cleared to enable access to the SMO bit.
Serial port Mode bit 1
SM0 SM1 Mode Baud Rate
6 SMH1 0 0 Shift Register Fyqa /12 (or Fya /6 in mode X2)
0 1 8-bit UART  Variable
1 0 9-bit UART  Fyya /64 or Fyra /32
1 1 9-bit UART  Variable
Serial port Mode 2 bit / Multiprocessor Communication Enable bit
5 SM2 Clear to disable multiprocessor communication feature.
Set to enable multiprocessor communication feature in mode 2 and 3, and
eventually mode 1. This bit should be cleared in mode 0.
Reception Enable bit
4 REN Clear to disable serial reception.
Set to enable serial reception.
Transmitter Bit 8 / Ninth bit to transmit in modes 2 and 3
3 TB8 o transmit a logic 0 in the 9th bit.
Set to transmit a logic 1 in the 9th bit.
Receiver Bit 8 / Ninth bit received in modes 2 and 3
5 RBS Cleared by hardware if 9th bit received is a logic 0.
Set by hardware if 9th bit received is a logic 1.
In mode 1, if SM2 = 0, RB8 is the received stop bit. In mode 0 RB8 is not used.
Transmit Interrupt flag
1 X Clear to acknowledge interrupt.
Set by hardware at the end of the 8th bit time in mode 0 or at the beginning of
the stop bit in the other modes.
Receive Interrupt flag
0 RI Clear to acknowledge interrupt.

Set by hardware at the end of the 8th bit time in mode 0, see Figure 18. and
Figure 19. in the other modes.

Reset Value = 0000 0000b

Bit addressable
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Table 38. Example of computed value when X2=1, SMOD1=1, SPD=1

Baud Rates Fosca = 16.384 MHz Fosca = 24MHz
BRL Error (%) BRL Error (%)
115200 247 1.23 243 0.16
57600 238 1.23 230 0.16
38400 229 1.23 217 0.16
28800 220 1.23 204 0.16
19200 203 0.63 178 0.16
9600 149 0.31 100 0.16
4800 43 1.23 - -

Table 39. Example of computed value when X2=0, SMOD1=0, SPD=0

Baud Rates Fosca = 16.384 MHz Fosca = 24MHz
BRL Error (%) BRL Error (%)
4800 247 1.23 243 0.16
2400 238 1.23 230 0.16
1200 220 1.23 202 3.55
600 185 0.16 152 0.16

The baud rate generator can be used for mode 1 or 3 (refer to Figure 20.), but also for
mode 0 for UART, thanks to the bit SRC located in BDRCON register (Table 46.)

4301D-8051-02/08
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UART Registers
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Table 40. SADEN Register
SADEN - Slave Address Mask Register for UART (B9h)

7 6 5 4 3

Reset Value = 0000 0000b

Table 41. SADDR Register
SADDR - Slave Address Register for UART (A9h)

7 6 5 4 3

Reset Value = 0000 0000b

Table 42. SBUF Register
SBUF - Serial Buffer Register for UART (99h)

7 6 5 4 3

Reset Value = XXXX XXXXb

Table 43. BRL Register

BRL - Baud Rate Reload Register for the internal baud rate generator, UART (9Ah)

7 6 5 4 3

0

Reset Value = 0000 0000b

54 AT 89 C 51 | C 2 1 —
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Table 44. T2CON Register
T2CON - Timer 2 Control Register (C8h)

7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2# CP/RL2#
Bit Bit

Number Mnemonic | Description

Timer 2 overflow Flag

7 TF2 Must be cleared by software.
Set by hardware on timer 2 overflow, if RCLK = 0 and TCLK = 0.
Timer 2 External Flag
Set when a capture or a reload is caused by a negative transition on T2EX pin if
EXEN2=1.

6 EXF2 When set, causes the CPU to vector to timer 2 interrupt routine when timer 2
interrupt is enabled.
Must be cleared by software. EXF2 doesn’t cause an interrupt in Up/down
counter mode (DCEN = 1)
Receive Clock bit for UART

5 RCLK Cleared to use timer 1 overflow as receive clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as receive clock for serial port in mode 1 or 3.
Transmit Clock bit for UART

4 TCLK Cleared to use timer 1 overflow as transmit clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as transmit clock for serial port in mode 1 or 3.
Timer 2 External Enable bit

3 EXEN2 Cleared to ignore events on T2EX pin for timer 2 operation.

Set to cause a capture or reload when a negative transition on T2EX pin is
detected, if timer 2 is not used to clock the serial port.
Timer 2 Run control bit
2 TR2 Cleared to turn off timer 2.
Set to turn on timer 2.
Timer/Counter 2 select bit
1 C/Tos Cleared for timer operation (input from internal clock system: Fg « peripH)-
Set for counter operation (input from T2 input pin, falling edge trigger). Must be
0 for clock out mode.
Timer 2 Capture/Reload bit
If RCLK=1 or TCLK=1, CP/RL2# is ignored and timer is forced to auto-reload on
0 CP/RL2# timer 2 overflow.

Cleared to auto-reload on timer 2 overflows or negative transitions on T2EX pin
if EXEN2=1.
Set to capture on negative transitions on T2EX pin if EXEN2=1.

Reset Value = 0000 0000b
Bit addressable
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Table 45. PCON Register
PCON - Power Control Register (87h)

7

6

5 4 3 2

SMOD1

SMODO

- POF GF1 GFO

PD

IDL

Bit
Number

Bit
Mnemonic

Description

SMOD1

Serial port Mode bit 1 for UART
Set to select double baud rate in mode 1, 2 or 3.

SMODo

Serial port Mode bit 0 for UART

Cleared to select SMO bit in SCON register.
Set to select FE bit in SCON register.

Reserved

The value read from this bit is indeterminate. Do not set this bit.

POF

Power-Off Flag
Cleared to recognize next reset type.

Set by hardware when VCC rises from 0 to its nominal voltage. Can also be set

by software.

GF1

General purpose Flag
Cleared by user for general purpose usage.
Set by user for general purpose usage.

GFoO

General purpose Flag
Cleared by user for general purpose usage.
Set by user for general purpose usage.

PD

Power-Down mode bit
Cleared by hardware when reset occurs.
Set to enter power-down mode.

IDL

Idle mode bit

Cleared by hardware when interrupt or reset occurs.

Set to enter idle mode.

Reset Value = 00X1 0000b
Not bit addressable

Power-off flag reset value will be 1 only after a power on (cold reset). A warm reset
doesn’t affect the value of this bit.

AT89C511C2 mee———
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Table 46. BDRCON Register
BDRCON - Baud Rate Control Register (9Bh)

7 6 5 4 3 2 1 0
- - - BRR TBCK RBCK SPD SRC
Bit Bit
Number Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit
6 ) Reserved
The value read from this bit is indeterminate. Do not set this bit
5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
Baud Rate Run Control bit
4 BRR Cleared to stop the internal Baud Rate Generator.
Set to start the internal Baud Rate Generator.
Transmission Baud rate Generator Selection bit for UART
3 TBCK Cleared to select Timer 1 or Timer 2 for the Baud Rate Generator.
Set to select internal Baud Rate Generator.
Reception Baud Rate Generator Selection bit for UART
2 RBCK Cleared to select Timer 1 or Timer 2 for the Baud Rate Generator.
Set to select internal Baud Rate Generator.
Baud Rate Speed Control bit for UART
1 SPD Cleared to select the SLOW Baud Rate Generator.
Set to select the FAST Baud Rate Generator.
Baud Rate Source select bit in Mode 0 for UART
0 SRC Cleared to select Fygc/12 as the Baud Rate Generator (Fg k peripr/6 in X2

mode).
Set to select the internal Baud Rate Generator for UARTSs in mode 0.

Reset Value = XXX0 0000b
Not bit addressable

ATMEL
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Interrupt System
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The AT89C511C2 has a total of 10 interrupt vectors: two external interrupts (INTO and
INT1), three timer interrupts (timers 0, 1 and 2), the serial port interrupt, SPI interrupt,
Two Wire Interface (12C) interrupt, Keyboard interrupt and the PCA global interrupt.
These interrupts are shown in Figure 22.

Figure 22. Interrupt Control System
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Each of the interrupt sources can be individually enabled or disabled by setting or clear-
ing a bit in the Interrupt Enable register (Table 51 and Table 49). This register also
contains a global disable bit, which must be cleared to disable all interrupts at once.

Each interrupt source can also be individually programmed to one out of four priority lev-
els by setting or clearing a bit in the Interrupt Priority register (Table 52) and in the
Interrupt Priority High register (Table 50 and Table 51) shows the bit values and priority
levels associated with each combination.

AT89C511C2 mee———
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Registers
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The PCA interrupt vector is located at address 0033H, the SPI interrupt vector is located
at address 0043H, the 12C interrupt vector at 0043H and Keyboard interrupt vector is
located at address 003BH. All other vectors addresses are the same as standard C52
devices.

Table 47. Priority Level Bit Values

IPH.x IPL.x Interrupt Level Priority
0 0 0 (Lowest)
0 1 1
1 0 2
1 1 3 (Highest)

A low-priority interrupt can be interrupted by a high priority interrupt, but not by another
low-priority interrupt. A high-priority interrupt can’t be interrupted by any other interrupt
source.

If two interrupt requests of different priority levels are received simultaneously, the
request of higher priority level is serviced. If interrupt requests of the same priority level
are received simultaneously, an internal polling sequence determines which request is
serviced. Thus within each priority level there is a second priority structure determined
by the polling sequence.
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Table 48. |IENO Register
IENO - Interrupt Enable Register (A8h)

60

7 6 5 4 3 2 1 0
EA EC ET2 ES ET1 EX1 ETO EXO0
Bit Bit

Number | Mnemonic | Description

Enable All interrupt bit

7 EA Cleared to disable all interrupts.
Set to enable all interrupts.
PCA interrupt enable bit

6 EC Cleared to disable.
Set to enable.
Timer 2 overflow interrupt Enable bit

5 ET2 Cleared to disable timer 2 overflow interrupt.
Set to enable timer 2 overflow interrupt.
Serial port Enable bit

4 ES Cleared to disable serial port interrupt.
Set to enable serial port interrupt.
Timer 1 overflow interrupt Enable bit

3 ET1 Cleared to disable timer 1 overflow interrupt.
Set to enable timer 1 overflow interrupt.
External interrupt 1 Enable bit

2 EX1 Cleared to disable external interrupt 1.
Set to enable external interrupt 1.
Timer 0 overflow interrupt Enable bit

1 ETO Cleared to disable timer 0 overflow interrupt.
Set to enable timer 0 overflow interrupt.
External interrupt 0 Enable bit

0 EX0 Cleared to disable external interrupt 0.
Set to enable external interrupt 0.

Reset Value = 0000 0000b
Bit addressable
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Table 49. IPLO Register
IPLO - Interrupt Priority Register (B8h)

7 6 5 4 3 2 1 0
- PPCL PT2L PSL PT1L PX1L PTOL PXOL
Bit Bit
Number | Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
PCA interrupt Priority bit
6 PPCL Refer to PPCH for priority level.
5 PToL Timer 2 overflow interrupt Priority bit
Refer to PT2H for priority level.
4 PSL Serial port Priority bit
Refer to PSH for priority level.
3 PTIL Timer 1 overflow interrupt Priority bit
Refer to PT1H for priority level.
> PX1L External interrupt 1 Priority bit
Refer to PX1H for priority level.
1 PTOL Timer 0 overflow interrupt Priority bit
Refer to PTOH for priority level.
0 PXOL External interrupt 0 Priority bit

Refer to PXOH for priority level.

Reset Value = X000 0000b
Bit addressable

ATMEL
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Table 50. IPHO Register
IPHO - Interrupt Priority High Register (B7h)

7 6 5 4 3 2 1 0

- PPCH PT2H PSH PT1H PX1H PTOH PXO0H

Bit Bit
Number | Mnemonic | Description

Reserved
The value read from this bit is indeterminate. Do not set this bit.

PCA interrupt Priority high bit.
PPCHPPCLPriority Level

0 0 Lowest

0
1
1

6 PPCH 1
0
1 Highest

Timer 2 overflow interrupt Priority High bit
PT2HPT2L Priority Level

0 0 Lowest

0
1
1

5 PT2H 1
0
1 Highest

Serial port Priority High bit
PSH PSL Priority Level

0 0 Lowest

0
1
1

4 PSH 1
0
1 Highest

Timer 1 overflow interrupt Priority High bit
PT1HPT1L Priority Level

0 0 Lowest

0
1
1

3 PT1H 1
0
1 Highest

External interrupt 1 Priority High bit
PX1HPX1LPriority Level

0 0 Lowest

0
1
1

2 PX1H 1
0
1 Highest

Timer 0 overflow interrupt Priority High bit
PTOHPTOL Priority Level

0 0 Lowest

0
1
1

1 PTOH 1
0
1 Highest

External interrupt 0 Priority High bit
PX0H PXOLPriority Level

0 PXOH 0 0 Lowest

0 1
10
1 1 Highest

Reset Value = X000 0000b
Not bit addressable
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Table 51. IEN1 Register
IENT1 - Interrupt Enable Register (B1h)

7 6 5 4 2 1 0
- - - - ESPI ETWI KBD
Bit Bit
Number | Mnemonic | Description
7 - Reserved
6 - Reserved
5 - Reserved
4 - Reserved
3 - Reserved
SPI interrupt Enable bit
2 ESPI Cleared to disable SPI interrupt.
Set to enable SPI interrupt.
TWI interrupt Enable bit
1 ETWI Cleared to disable TWI interrupt.
Set to enable TWI interrupt.
Keyboard interrupt Enable bit
0 KBD Cleared to disable keyboard interrupt.

Set to enable keyboard interrupt.

Reset Value = XXXX X000b
Bit addressable

ATMEL
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Table 52. |PL1 Register
IPL1 - Interrupt Priority Register (B2h)

7 6 5 4 3 2 1 0
- - - - - SPIL TWIL KBDL
Bit Bit
Number | Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
> SPIL SPl interrupt Priority bit
Refer to SPIH for priority level.
1 TWIL TWI interrupt Priority bit
Refer to TWIH for priority level.
0 KBDL Keyboard interrupt Priority bit

Refer to KBDH for priority level.

Reset Value = XXXX X000b
Bit addressable
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Table 53. IPH1 Register
IPH1 - Interrupt Priority High Register (B3h)

7 6 5 4 3 2 1 0
- - - - - SPIH TWIH KBDH
Bit Bit
Number | Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
SPI interrupt Priority High bit
SPIHSPIL Priority Level
o SPIH 0 0 Lowest
0 1
10
1 1 Highest
TWI interrupt Priority High bit
TWIHTWIL Priority Level
0 0 Lowest
1 TWIH 0 1
10
1 1 Highest
Keyboard interrupt Priority High bit
KB DHKBDL Priority Level
0 KBDH 0 0 Lowest

Reset Value = XXXX X000b
Not bit addressable

ATMEL
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Table 54. Interrupt Sources and Vector Addresses

Interrupt Vector
Number Polling Priority | Interrupt Source Request Address

0 0 Reset 0000h
1 1 INTO IEO 0003h
2 2 Timer 0 TFO 000Bh
3 3 INTA IE1 0013h
4 4 Timer 1 IF1 001Bh
5 6 UART RI+TI 0023h
6 7 Timer 2 TF2+EXF2 002Bh
7 5 PCA CF + CCFn (n = 0-4) 0033h
8 8 Keyboard KBDIT 003Bh
9 9 TWI TWIT 0043h
10 10 SPI SPIIT 004Bh

AT89C511C2 mee———
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Power Management

Reset

Cold Reset
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Two power reduction modes are implemented in the AT89C51IC2: the Idle mode and
the Power-down mode. These modes are detailed in the following sections. In addition
to these power reduction modes, the clocks of the core and peripherals can be dynami-
cally divided by 2 using the X2 mode detailed in Section “Enhanced Features”.

In order to start-up (cold reset) or to restart (warm reset) properly the microcontroller, an
high level has to be applied on the RST pin. A bad level leads to a wrong initialization of
the internal registers like SFRs, Program Counter... and to unpredictable behavior of
the microcontroller. A proper device reset initializes the AT89C511C2 and vectors the
CPU to address 0000h. RST input has a pull-down resistor allowing power-on reset by
simply connecting an external capacitor to Vpp as shown in Figure 23. A warm reset can
be applied either directly on the RST pin or indirectly by an internal reset source such as
the watchdog timer. Resistor value and input characteristics are discussed in the Sec-
tion “DC Characteristics” of the AT89C51IC2 datasheet.

Figure 23. Reset Circuitry and Power-On Reset

From Internal
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RST input circuitry Power-on Reset
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2 conditions are required before enabling a CPU start-up:

»  Vpp must reach the specified Vpp range

+ The level on X1 input pin must be outside the specification (Vy, V)

If one of these 2 conditions are not met, the microcontroller does not start correctly and
can execute an instruction fetch from anywhere in the program space. An active level
applied on the RST pin must be maintained till both of the above conditions are met. A
reset is active when the level V,,, is reached and when the pulse width covers the

period of time where Vpp and the oscillator are not stabilized. 2 parameters have to be
taken into account to determine the reset pulse width:

*  Vpprise time,
»  Oscillator startup time.
To determine the capacitor value to implement, the highest value of these 2 parameters

has to be chosen. Table 1 gives some capacitor values examples for a minimum Rggy of
50 KQ and different oscillator startup and Vpp rise times.
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Warm Reset

Watchdog Reset
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Table 1. Minimum Reset Capacitor Value for a 50 kQ Pull-down Resistor(")

VDD Rise Time
Oscillator
Start-Up Time 1ms 10 ms 100 ms
5ms 820 nF 1.2 yF 12 uF
20 ms 2.7 uF 3.9 uF 12 uF

Note:  These values assume Vp starts from 0V to the nominal value. If the time between 2
on/off sequences is too fast, the power-supply de-coupling capacitors may not be fully
discharged, leading to a bad reset sequence.

To achieve a valid reset, the reset signal must be maintained for at least 2 machine
cycles (24 oscillator clock periods) while the oscillator is running. The number of clock
periods is mode independent (X2 or X1).

As detailed in Section “Hardware Watchdog Timer”, page 102, the WDT generates a 96-
clock period pulse on the RST pin. In order to properly propagate this pulse to the rest of
the application in case of external capacitor or power-supply supervisor circuit, a 1 kQ
resistor must be added as shown Figure 24.

Figure 24. Reset Circuitry for WDT Reset-out Usage
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Reset Recommendation
to Prevent Flash
Corruption

Idle Mode

Power-down Mode
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An example of bad initialization situation may occur in an instance where the bit
ENBOOT in AUXR1 register is initialized from the hardware bit BLJB upon reset. Since
this bit allows mapping of the bootloader in the code area, a reset failure can be critical.

If one wants the ENBOOT cleared in order to unmap the boot from the code area (yet
due to a bad reset) the bit ENBOOT in SFRs may be set. If the value of Program
Counter is accidently in the range of the boot memory addresses then a Flash access
(write or erase) may corrupt the Flash on-chip memory.

It is recommended to use an external reset circuitry featuring power supply monitoring to
prevent system malfunction during periods of insufficient power supply voltage (power
supply failure, power supply switched off).

An instruction that sets PCON.0 indicates that it is the last instruction to be executed
before going into Idle mode. In Idle mode, the internal clock signal is gated off to the
CPU, but not to the interrupt, Timer, and Serial Port functions. The CPU status is pre-
served in its entirety: the Stack Pointer, Program Counter, Program Status Word,
Accumulator and all other registers maintain their data during idle. The port pins hold the
logical states they had at the time Idle was activated. ALE and PSEN hold at logic high
level.

There are two ways to terminate the Idle mode. Activation of any enabled interrupt will
cause PCON.0 to be cleared by hardware, terminating the Idle mode. The interrupt will
be serviced, and following RETI the next instruction to be executed will be the one fol-
lowing the instruction that put the device into idle.

The flag bits GF0 and GF1 can be used to give an indication if an interrupt occurred dur-
ing normal operation or during idle. For example, an instruction that activates idle can
also set one or both flag bits. When idle is terminated by an interrupt, the interrupt ser-
vice routine can examine the flag bits.

The other way of terminating the Idle mode is with a hardware reset. Since the clock
oscillator is still running, the hardware reset needs to be held active for only two
machine cycles (24 oscillator periods) to complete the reset.

To save maximum power, a Power-down mode can be invoked by software (see PCON
register).

In Power-down mode, the oscillator is stopped and the instruction that invoked Power-
down mode is the last instruction executed. The internal RAM and SFRs retain their
value until the Power-down mode is terminated. V. can be lowered to save further
power. Either a hardware reset or an external interrupt can cause an exit from Power-
down. To properly terminate Power-down, the reset or external interrupt should not be
executed before Vi is restored to its normal operating level and must be held active
long enough for the oscillator to restart and stabilize.

Only external interrupts INTO, INT1 and Keyboard Interrupts are useful to exit from
Power-down. For that, interrupt must be enabled and configured as level or edge sensi-
tive interrupt input. When Keyboard Interrupt occurs after a power down mode, 1024
clocks are necessary to exit to power down mode and enter in operating mode.

Holding the pin low restarts the oscillator but bringing the pin high completes the exit as
detailed in Figure 25. When both interrupts are enabled, the oscillator restarts as soon
as one of the two inputs is held low and power down exit will be completed when the first
input will be released. In this case, the higher priority interrupt service routine is exe-
cuted. Once the interrupt is serviced, the next instruction to be executed after RETI will
be the one following the instruction that puts the AT89C51IC2 into Power-down mode.
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Figure 25. Power-down Exit Waveform
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Exit from Power-down by reset redefines all the SFRs, exit from Power-down by exter-
nal interrupt does no affect the SFRs.

Exit from Power-down by either reset or external interrupt does not affect the internal

RAM content.
Note:

Table 55 shows the state of ports during idle and power-down modes.

Table 55. State of Ports

If idle mode is activated with Power-down mode (IDL and PD bits set), the exit sequence
is unchanged, when execution is vectored to interrupt, PD and IDL bits are cleared and
idle mode is not entered.

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Port Data'") Port Data Port Data Port Data
Idle External 1 1 Floating Port Data Address Port Data
Power Down Internal 0 0 Port Data(") Port Data Port Data Port Data
Power Down External 0 0 Floating Port Data Port Data Port Data

70

Port 0 can force a 0 level. A "one" will leave port floating.
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Serial Port Interface
(SPI)

Features

Signal Description

Master Output Slave Input
(MOSI)

Master Input Slave Output
(MISO)

SPI Serial Clock (SCK)

Slave Select (§)
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The Serial Peripheral Interface Module (SPI) allows full-duplex, synchronous, serial
communication between the MCU and peripheral devices, including other MCUs.

Features of the SPI Module include the following:

+  Full-duplex, three-wire synchronous transfers

+ Master or Slave operation

+ Eight programmable Master clock rates

»  Serial clock with programmable polarity and phase

* Master Mode fault error flag with MCU interrupt capability
»  Write collision flag protection

Figure 26 shows a typical SPI bus configuration using one Master controller and many
Slave peripherals. The bus is made of three wires connecting all the devices.

Figure 26. SPI Master/Slaves Interconnection
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SCK 285,
ss | Voo SS00
Master
0
£ 1
£ 2
3 |
— [
_ - o=
Qo R0« Fo
[2¥e} 200 ¢
2839 S38 S283
Slave 4 Slave 3 Slave 2

The Master device selects the individual Slave devices by using four pins of a parallel
port to control the four SS pins of the Slave devices.

This 1-bit signal is directly connected between the Master Device and a Slave Device.
The MOSI line is used to transfer data in series from the Master to the Slave. Therefore,
it is an output signal from the Master, and an input signal to a Slave. A Byte (8-bit word)
is transmitted most significant bit (MSB) first, least significant bit (LSB) last.

This 1-bit signal is directly connected between the Slave Device and a Master Device.
The MISO line is used to transfer data in series from the Slave to the Master. Therefore,
it is an output signal from the Slave, and an input signal to the Master. A Byte (8-bit
word) is transmitted most significant bit (MSB) first, least significant bit (LSB) last.

This signal is used to synchronize the data movement both in and out of the devices
through their MOSI and MISO lines. It is driven by the Master for eight clock cycles
which allows to exchange one Byte on the serial lines.

Each Slave peripheral is selected by one Slave Select pin (@). This signal must stay
low for any message for a Slave. It is obvious that only one Master (SS high level) can
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drive the network. The Master may select each Slave device by software through port
pins (Figure 27). To prevent bus conflicts on the MISO line, only one slave should be
selected at a time by the Master for a transmission.

In a Master configuration, the SS line can be used in conjunction with the MODF flag in
the SPI Status register (SPSTA) to prevent multiple masters from driving MOSI and
SCK (see Error conditions).

A high level on the SS pin puts the MISO line of a Slave SPI in a high-impedance state.

The SS pin could be used as a general-purpose if the following conditions are met:

» The device is configured as a Master and the SSDIS control bit in SPCON is set.
This kind of configuration can be found when only one Master is driving the network
and there is no way that the SS pin could be pulled low. Therefore, the MODF flag in
the SPSTA will never be set".

«  The Device is configured as a Slave with CPHA and SSDIS control bits set®. This
kind of configuration can happen when the system comprises one Master and one
Slave only. Therefore, the device should always be selected and there is no reason
that the Master uses the SS pin to select the communicating Slave device.

Note: 1. Clearing SSDIS control bit does not clear MODF.

2. Special care should be taken not to set SSDIS control bit when CPHA =0’ because
in this mode, the SS is used to start the transmission.

Baud Rate In Master mode, the baud rate can be selected from a baud rate generator which is con-
trolled by three bits in the SPCON register: SPR2, SPR1 and SPR0.The Master clock is
selected from one of seven clock rates resulting from the division of the internal clock by
2,4,8, 16,32, 64 or 128.

Table 56 gives the different clock rates selected by SPR2:SPR1:SPRO.

Table 56. SPI Master Baud Rate Selection

SPR2 SPR1 SPRO Clock Rate Baud Rate Divisor (BD)
0 0 0 FeLk peripH /2 2
0 0 1 Feoik peripn /4 4
0 1 0 Feik peripi/8 8
0 1 1 Feoik peripn /16 16
1 0 0 Feuk peripn /32 32
1 0 1 FeLk peripH /64 64
1 1 0 FeLk peripH /128 128
1 1 1 Don't Use No BRG
72 /AT SO C'51 | C 2 000000000000
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Operating Modes
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Figure 27 shows a detailed structure of the SPI Module.

Figure 27. SPI Module Block Diagram
Internal Bus
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The Serial Peripheral Interface can be configured in one of the two modes: Master
mode or Slave mode. The configuration and initialization of the SPI Module is made
through one register:

» The Serial Peripheral Control register (SPCON)

Once the SPl is configured, the data exchange is made using:
+ SPCON

» The Serial Peripheral STAtus register (SPSTA)

» The Serial Peripheral DATa register (SPDAT)

During an SPI transmission, data is simultaneously transmitted (shifted out serially) and
received (shifted in serially). A serial clock line (SCK) synchronizes shifting and sam-
pling on the two serial data lines (MOSI and MISO). A Slave Select line (SS) allows
individual selection of a Slave SPI device; Slave devices that are not selected do not
interfere with SPI bus activities.

When the Master device transmits data to the Slave device via the MOSI line, the Slave
device responds by sending data to the Master device via the MISO line. This implies
full-duplex transmission with both data out and data in synchronized with the same clock
(Figure 28).
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Slave Mode

Transmission Formats
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Figure 28. Full-Duplex Master-Slave Interconnection
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The SPI operates in Master mode when the Master bit, MSTR (), in the SPCON register
is set. Only one Master SPI device can initiate transmissions. Software begins the trans-
mission from a Master SPI Module by writing to the Serial Peripheral Data Register
(SPDAT). If the shift register is empty, the Byte is immediately transferred to the shift
register. The Byte begins shifting out on MOSI pin under the control of the serial clock,
SCK. Simultaneously, another Byte shifts in from the Slave on the Master’'s MISO pin.
The transmission ends when the Serial Peripheral transfer data flag, SPIF, in SPSTA
becomes set. At the same time that SPIF becomes set, the received Byte from the Slave
is transferred to the receive data register in SPDAT. Software clears SPIF by reading
the Serial Peripheral Status register (SPSTA) with the SPIF bit set, and then reading the
SPDAT.

The SPI operates in Slave mode when the Master bit, MSTR @, in the SPCON register is
cleared. Before a data transmission occurs, the Slave Select pin, SS, of the Slave
device must be set to ’0’. SS must remain low until the transmission is complete.

In a Slave SPI Module, data enters the shift register under the control of the SCK from
the Master SPI Module. After a Byte enters the shift register, it is immediately trans-
ferred to the receive data register in SPDAT, and the SPIF bit is set. To prevent an
overflow condition, Slave software must then read the SPDAT before another Byte
enters the shift register ®). A Slave SPI must complete the write to the SPDAT (shift reg-
ister) at least one bus cycle before the Master SPI starts a transmission. If the write to
the data register is late, the SPI transmits the data already in the shift register from the
previous transmission. The maximum SCK frequency allowed in slave mode is F¢ k peripn
/4.

Software can select any of four combinations of serial clock (SCK) phase and polarity
using two bits in the SPCON: the Clock Polarity (CPOL ) and the Clock Phase
(CPHA®). CPOL defines the default SCK line level in idle state. It has no significant
effect on the transmission format. CPHA defines the edges on which the input data are
sampled and the edges on which the output data are shifted (Figure 29 and Figure 30).
The clock phase and polarity should be identical for the Master SPI device and the com-
municating Slave device.

1. The SPI Module should be configured as a Master before it is enabled (SPEN set). Also,
the Master SPI should be configured before the Slave SPI.

2. The SPI Module should be configured as a Slave before it is enabled (SPEN set).
3. The maximum frequency of the SCK for an SPI configured as a Slave is the bus clock
speed.
4. Before writing to the CPOL and CPHA bits, the SPI should be disabled (SPEN ="0’).
74 /AT S0/ C51 | C 22 50000000000 —
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Figure 29. Data Transmission Format (CPHA = 0)
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Figure 30. Data Transmission Format (CPHA = 1)
SCK Cycle Number [+ [ 2 [ s ] &[5 [ s [ 7] 8]
e ————————\
| | | | | | | | |
SCK (CPOL = 1) A7 N Zan N 7 N 7N 7 NI 720 N 2Nl 7
MOSI (from Master) N MSB‘X bits ‘X bits ‘x bit4 ‘x bit3 ‘x bit2 ‘X bitl ‘x LSB ‘y
MISO (from Slave) \_‘X N‘ISBjX Lits j)( Lits :X Lit4 ‘)( b‘its ‘X Litz ‘X bit1 ‘X ‘ LjSB
SS (to Slave) I IR R R B R R R
Capture Point | | | | | f | | | |
Figure 31. CPHA/SS Timing
MISO/MOSI Byte 1 Byte 2 Byte 3 ><
Masterg# \_
(cﬁ?A”i%_;°‘ A [

Slave SS \
(CPHA =1)

4301D-8051-02/08

As shown in Figure 29, the first SCK edge is the MSB capture strobe. Therefore, the
Slave must begin driving its data before the first SCK edge, and a falling edge on the SS
pin is used to start the transmission. The SS pin must be toggled high and then low
between each Byte transmitted (Figure 31).

Figure 30 shows an SPI transmission in which CPHA is ’1’. In this case, the Master
begins driving its MOSI pin on the first SCK edge. Therefore, the Slave uses the first
SCK edge as a start transmission signal. The SS pin can remain low between transmis-
sions (Figure 31). This format may be preffered in systems having only one Master and
only one Slave driving the MISO data line.

75
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Error Conditions

Mode Fault (MODF)

Write Collision (WCOL)

Overrun Condition

SS Error Flag (SSERR)

Interrupts

ATMEL

The following flags in the SPSTA signal SPI error conditions:

Mode Fault error in Master mode SPI indicates that the level on the Slave Select (@)
pin is inconsistent with the actual mode of the device. MODF is set to warn that there
may be a multi-master conflict for system control. In this case, the SPI system is
affected in the following ways:

* An SPI receiver/error CPU interrupt request is generated

* The SPEN bit in SPCON is cleared. This disables the SPI

« The MSTR bit in SPCON is cleared

When @gsable (SSDIS) bit in the SPCON register is cleared, the MODF flag is set
when the SS signal becomes '0’.

However, as stated before, for a system with one Master, if the SS pin of the Master
device is pulled low, there is no way that another Master attempts to drive the network.
In this case, to prevent the MODF flag from being set, software can set the SSDIS bit in
the SPCON register and therefore making the SS pin as a general-purpose 1/O pin.

Clearing the MODF bit is accomplished by a read of SPSTA register with MODF bit set,
followed by a write to the SPCON register. SPEN Control bit may be restored to its orig-
inal set state after the MODF bit has been cleared.

A Write Collision (WCOL) flag in the SPSTA is set when a write to the SPDAT register is
done during a transmit sequence.

WCOL does not cause an interruption, and the transfer continues uninterrupted.
Clearing the WCOL bit is done through a software sequence of an access to SPSTA
and an access to SPDAT.

An overrun condition occurs when the Master device tries to send several data Bytes
and the Slave devise has not cleared the SPIF bit issuing from the previous data Byte
transmitted. In this case, the receiver buffer contains the Byte sent after the SPIF bit was
last cleared. A read of the SPDAT returns this Byte. All others Bytes are lost.

This condition is not detected by the SPI peripheral.

A Synchronous Serial Slave Error occurs when SS goes high before the end of a
received data in slave mode. SSERR does not cause in interruption, this bit is cleared
by writing 0 to SPEN bit (reset of the SPI state machine).

Two SPI status flags can generate a CPU interrupt requests:

Table 57. SPI Interrupts

Flag Request

SPIF (SP data transfer) SPI Transmitter Interrupt request

MODF (Mode Fault) SPI Receiver/Error Interrupt Request (if SSDIS = '0’)

Serial Peripheral data transfer flag, SPIF: This bit is set by hardware when a transfer
has been completed. SPIF bit generates transmitter CPU interrupt requests.

Mode Fault flag, MODF: This bit becomes set to indicate that the level on the SS is
inconsistent with the mode of the SPI. MODF with SSDIS reset, generates receiver/error
CPU interrupt requests. When SSDIS is set, no MODF interrupt request is generated.

Figure 32 gives a logical view of the above statements.

76 AT 89 C 51 | C 2 1 —
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Figure 32. SPI Interrupt Requests Generation
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Registers There are three registers in the Module that provide control, status and data storage functions. These registers

are describes in the following paragraphs.

Serial Peripheral Control + The Serial Peripheral Control Register does the following:
Register (SPCON) +  Selects one of the Master clock rates

+ Configure the SPI Module as Master or Slave

»  Selects serial clock polarity and phase

+ Enables the SPI Module

» Frees the SS pin for a general-purpose

Table 58 describes this register and explains the use of each bit

Table 58. SPCON Register
SPCON - Serial Peripheral Control Register (0C3H)

7 6 5 4 3 2 1 0
SPR2 SPEN SSDIS MSTR CPOL CPHA SPR1 SPRO
Bit Number Bit Mnemonic Description

Serial Peripheral Rate 2
Bit with SPR1 and SPRO define the clock rate.

7 SPR2

Serial Peripheral Enable
6 SPEN Cleared to disable the SPI interface.
Set to enable the SPI interface.

SS Disable
Cleared to enable SS in both Master and Slave modes.

5 SSDIS Set to disable SS in both Master and Slave modes. In Slave mode,
this bit has no effect if CPHA ='0’. When SSDIS is set, no MODF
interrupt request is generated.

Serial Peripheral Master
4 MSTR Cleared to configure the SPI as a Slave.
Set to configure the SPI as a Master.

Clock Polarity
3 CPOL Cleared to have the SCK set to '0’ in idle state.
Set to have the SCK set to ’1’ in idle low.

Clock Phase

Cleared to have the data sampled when the SCK leaves the idle

2 CPHA state (see CPOL).

Set to have the data sampled when the SCK returns to idle state (see
CPOL).

ATMEL L
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Serial Peripheral Status Register
(SPSTA)

ATMEL

Bit Number Bit Mnemonic Description
SPR2 SPRi1 SPRO Serial Peripheral Rate
1 SPR1 0 0 0 Folk periPH /2
0 0 1 Feik peripH/4
0 1 0 Feik peripH/8
0 1 1 Feik peripH/16
1 0 0 Feik peripH /32
0 SPRO 1 0 1 FoLk peripr /64
1 1 0 Feik peripn/128
1 1 1 Invalid

Reset Value = 0001 0100b
Not bit addressable

The Serial Peripheral Status Register contains flags to signal the following conditions:
+ Data transfer complete

*  Write collision

+ Inconsistent logic level on SS pin (mode fault error)

Table 59 describes the SPSTA register and explains the use of every bit in the register.

Table 59. SPSTA Register
SPSTA - Serial Peripheral Status and Control register (0C4H)

7 6 5 4 3 2 1 0
SPIF WCOL SSERR MODF - - - -
Bit Bit

Number | Mnemonic | Description

Serial Peripheral Data Transfer Flag
Cleared by hardware to indicate data transfer is in progress or has been

7 SPIF )
approved by a clearing sequence.
Set by hardware to indicate that the data transfer has been completed.
Write Collision Flag

6 WCOL Cleared by hardware to indicate that no collision has occurred or has been

approved by a clearing sequence.
Set by hardware to indicate that a collision has been detected.

Synchronous Serial Slave Error Flag
5 SSERR | Set by hardware when SS is deasserted before the end of a received data.
Cleared by disabling the SPI (clearing SPEN bit in SPCON).

Mode Fault
Cleared by hardware to indicate that the SS pin is at appropriate logic level, or

4 MODF .

has been approved by a clearing sequence.

Set by hardware to indicate that the SS pin is at inappropriate logic level.
: Reserved

The value read from this bit is indeterminate. Do not set this bit
5 Reserved

The value read from this bit is indeterminate. Do not set this bit.
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Serial Peripheral DATa Register
(SPDAT)
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Bit Bit
Number | Mnemonic | Description

Reserved
The value read from this bit is indeterminate. Do not set this bit.

Reserved

0
The value read from this bit is indeterminate. Do not set this bit.

Reset Value = 00X0 XXXXb
Not Bit addressable
The Serial Peripheral Data Register (Table 60) is a read/write buffer for the receive data

register. A write to SPDAT places data directly into the shift register. No transmit buffer is
available in this model.

A Read of the SPDAT returns the value located in the receive buffer and not the content
of the shift register.

Table 60. SPDAT Register
SPDAT - Serial Peripheral Data Register (0C5H)

7 6 5 4 3 2 1 0

R7 R6 R5 R4 R3 R2 R1 RO

Reset Value = Indeterminate
R7:R0: Receive data bits

SPCON, SPSTA and SPDAT registers may be read and written at any time while there
is no on-going exchange. However, special care should be taken when writing to them
while a transmission is on-going:

» Do not change SPR2, SPR1 and SPRO

* Do not change CPHA and CPOL

+ Do not change MSTR

+ Clearing SPEN would immediately disable the peripheral
»  Writing to the SPDAT will cause an overflow.
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Keyboard Interface

Interrupt
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The AT89C511C2 implements a keyboard interface allowing the connection of a

8 x n matrix keyboard. It is based on 8 inputs with programmable interrupt capability on
both high or low level. These inputs are available as alternate function of P1 and allow to
exit from idle and power down modes.

The keyboard interface interfaces with the C51 core through 3 special function registers:
KBLS, the Keyboard Level Selection register (Table 63), KBE, The Keyboard interrupt
Enable register (Table 62), and KBF, the Keyboard Flag register (Table 61).

The keyboard inputs are considered as 8 independent interrupt sources sharing the
same interrupt vector. An interrupt enable bit (KBD in IEN1) allows global enable or dis-
able of the keyboard interrupt (see Figure 33). As detailed in Figure 34 each keyboard
input has the capability to detect a programmable level according to KBLS.x bit value.
Level detection is then reported in interrupt flags KBF.x that can be masked by software
using KBE.x bits.

This structure allow keyboard arrangement from 1 by n to 8 by n matrix and allow usage
of P1 inputs for other purpose.

Figure 33. Keyboard Interface Block Diagram
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Figure 34. Keyboard Input Circuitry
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P1 inputs allow exit from idle and power down modes as detailed in Section “Power
Management”, page 67.
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Table 61. KBF Register
KBF-Keyboard Flag Register (9Eh)

7

6

5 4 3 2 1 0

KBF7

KBF6

KBF5 KBF4 KBF3 KBF2 KBF1 KBFO

Bit
Number

Bit
Mnemonic

Description

KBF7

Keyboard line 7 flag

Set by hardware when the Port line 7 detects a programmed level. It generates a
Keyboard interrupt request if the KBKBIE.7 bit in KBIE register is set.

Must be cleared by software.

KBF6

Keyboard line 6 flag

Set by hardware when the Port line 6 detects a programmed level. It generates a
Keyboard interrupt request if the KBIE.6 bit in KBIE register is set.

Must be cleared by software.

KBF5

Keyboard line 5 flag

Set by hardware when the Port line 5 detects a programmed level. It generates a
Keyboard interrupt request if the KBIE.5 bit in KBIE register is set.

Must be cleared by software.

KBF4

Keyboard line 4 flag

Set by hardware when the Port line 4 detects a programmed level. It generates a
Keyboard interrupt request if the KBIE.4 bit in KBIE register is set.

Must be cleared by software.

KBF3

Keyboard line 3 flag

Set by hardware when the Port line 3 detects a programmed level. It generates a
Keyboard interrupt request if the KBIE.3 bit in KBIE register is set.

Must be cleared by software.

KBF2

Keyboard line 2 flag

Set by hardware when the Port line 2 detects a programmed level. It generates a
Keyboard interrupt request if the KBIE.2 bit in KBIE register is set.

Must be cleared by software.

KBF1

Keyboard line 1 flag

Set by hardware when the Port line 1 detects a programmed level. It generates a
Keyboard interrupt request if the KBIE.1 bit in KBIE register is set.

Must be cleared by software.

KBFO

Keyboard line 0 flag

Set by hardware when the Port line 0 detects a programmed level. It generates a
Keyboard interrupt request if the KBIE.O bit in KBIE register is set.

Must be cleared by software.

Reset Value= 0000 0000b

This register is read only access, all flags are automatically cleared by reading the

register.
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Table 62. KBE Register
KBE-Keyboard Input Enable Register (9Dh)

7 6 5 4 3 2 1 0
KBE7 KBE6 KBE5 KBE4 KBE3 KBE2 KBE1 KBEO
Bit Bit
Number | Mnemonic | Description

Keyboard line 7 Enable bit

7 KBE7 Cleared to enable standard I/O pin.
Set to enable KBF.7 bit in KBF register to generate an interrupt request.
Keyboard line 6 Enable bit

6 KBE6 Cleared to enable standard I/O pin.
Set to enable KBF.6 bit in KBF register to generate an interrupt request.
Keyboard line 5 Enable bit

5 KBE5 Cleared to enable standard I/O pin.
Set to enable KBF.5 bit in KBF register to generate an interrupt request.
Keyboard line 4 Enable bit

4 KBE4 Cleared to enable standard I/O pin.
Set to enable KBF.4 bit in KBF register to generate an interrupt request.
Keyboard line 3 Enable bit

3 KBE3 Cleared to enable standard I/O pin.
Set to enable KBF.3 bit in KBF register to generate an interrupt request.
Keyboard line 2 Enable bit

2 KBE2 Cleared to enable standard I/O pin.
Set to enable KBF.2 bit in KBF register to generate an interrupt request.
Keyboard line 1 Enable bit

1 KBE1 Cleared to enable standard I/O pin.
Set to enable KBF.1 bit in KBF register to generate an interrupt request.
Keyboard line 0 Enable bit

0 KBEO Cleared to enable standard I/O pin.

Set to enable KBF.0 bit in KBF register to generate an interrupt request.

Reset Value= 0000 0000b
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Table 63. KBLS Register
KBLS-Keyboard Level Selector Register (9Ch)

7

6

5 4 3 2

KBLS7

KBLS6

KBLS5 KBLS4 KBLS3 KBLS2

KBLS1

KBLSO0

Bit
Number

Bit
Mnemonic

Description

KBLS7

Keyboard line 7 Level Selection bit

Cleared to enable a low level detection on Port line 7.

Set to enable a high level detection on Port line 7.

KBLS6

Keyboard line 6 Level Selection bit

Cleared to enable a low level detection on Port line 6.

Set to enable a high level detection on Port line 6.

KBLS5

Keyboard line 5 Level Selection bit

Cleared to enable a low level detection on Port line 5.

Set to enable a high level detection on Port line 5.

KBLS4

Keyboard line 4 Level Selection bit

Cleared to enable a low level detection on Port line 4.

Set to enable a high level detection on Port line 4.

KBLS3

Keyboard line 3 Level Selection bit

Cleared to enable a low level detection on Port line 3.

Set to enable a high level detection on Port line 3.

KBLS2

Keyboard line 2 Level Selection bit

Cleared to enable a low level detection on Port line 2.

Set to enable a high level detection on Port line 2.

KBLS1

Keyboard line 1 Level Selection bit

Cleared to enable a low level detection on Port line 1.

Set to enable a high level detection on Port line 1.

KBLSO0

Keyboard line 0 Level Selection bit

Cleared to enable a low level detection on Port line 0.

Set to enable a high level detection on Port line 0.

Reset Value= 0000 0000b

ATMEL
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2-wire Interface (TWI) This section describes the 2-wire interface. In the rest of the section SSLC means Two-
wire. The 2-wire bus is a bi-directional 2-wire serial communication standard. It is
designed primarily for simple but efficient integrated circuit (IC) control. The system is
comprised of two lines, SCL (Serial Clock) and SDA (Serial Data) that carry information
between the ICs connected to them. The serial data transfer is limited to 400Kbit/s in
standard mode. Various communication configuration can be designed using this bus.
Figure 35 shows a typical 2-wire bus configuration. All the devices connected to the bus

84

can be master and slave.

Figure 35. 2-wire Bus Configuration
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Figure 36. Block Diagram
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The CPU interfaces to the 2-wire logic via the following four 8-bit special function regis-
ters: the Synchronous Serial Control register (SSCON; Table 73), the Synchronous
Serial Data register (SSDAT; Table 74), the Synchronous Serial Control and Status reg-
ister (SSCS; Table 75) and the Synchronous Serial Address register (SSADR Table 78).

SSCON is used to enable SSLC, to program the bit rate (see Table 66), to enable slave
modes, to acknowledge or not a received data, to send a START or a STOP condition
on the 2-wire bus, and to acknowledge a serial interrupt. A hardware reset disables
SSLC.

In write mode, SSCS is used to select the 2-wire interface and to select the bit rate
source. In read mode, SSCS contains a status code which reflects the status of the 2-
wire logic and the 2-wire bus. The three least significant bits are always zero. The five
most significant bits contains the status code. There are 26 possible status codes. When
SSCS contains F8h, no relevant state information is available and no serial interrupt is
requested. A valid status code is available in SSCS one machine cycle after Sl is set by
hardware and is still present one machine cycle after Sl has been reset by software.
Table 68.to Table 72. give the status for the master modes and miscellaneous states.

SSDAT contains a byte of serial data to be transmitted or a byte which has just been
received. It is addressable while it is not in process of shifting a byte. This occurs when
2-wire logic is in a defined state and the serial interrupt flag is set. Data in SSDAT
remains stable as long as Sl is set. While data is being shifted out, data on the bus is
simultaneously shifted in; SSDAT always contains the last byte present on the bus.

SSADR may be loaded with the 7-bit slave address (7 most significant bits) to which
SSLC will respond when programmed as a slave transmitter or receiver. The LSB is
used to enable general call address (00h) recognition.

Figure 37 shows how a data transfer is accomplished on the 2-wire bus.

Figure 37. Complete data transfer on 2-wire bus

soa| O\ AsxOC O\ /S OO0 XK\ |/
acknowledgement acknowledgement
signal from receiver signal from regceiver

scL \_ﬂ\ﬁ\ _____ /;\_/8 9 1\ /2 38\_/‘;\_/

S ACK ACK P

start clock line held low ) stop
condition while interrupts are serviced condition

The four operating modes are:
+ Master Transmitter

* Master Receiver

»  Slave transmitter

» Slave receiver

Data transfer in each mode of operation is shown in Table 68 to Table 72 and Figure 38.
to Figure 41.. These figures contain the following abbreviations:

S : START condition

86 AT 89 C 51 | C 2 1 —
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R : Read bit (high level at SDA)

W: Write bit (low level at SDA)

A: Acknowledge bit (low level at SDA)

A: Not acknowledge bit (high level at SDA)
Data: 8-bit data byte

P : STOP condition

In Figure 38 to Figure 41, circles are used to indicate when the serial interrupt flag is set.
The numbers in the circles show the status code held in SSCS. At these points, a ser-
vice routine must be executed to continue or complete the serial transfer. These service
routines are not critical since the serial transfer is suspended until the serial interrupt
flag is cleared by software.

When the serial interrupt routine is entered, the status code in SSCS is used to branch
to the appropriate service routine. For each status code, the required software action
and details of the following serial transfer are given in Table 68 to Table 72.

In the master transmitter mode, a number of data bytes are transmitted to a slave

receiver (Figure 38). Before the master transmitter mode can be entered, SSCON must
be initialised as follows:

Table 64. SSCON Initialization

CR2 SSIE STA STO Si AA CR1 CRO

bit rate 1 0 0 0 X bit rate bit rate

CRO0, CR1 and CR2 define the internal serial bit rate if external bit rate generator is not
used. SSIE must be set to enable SSLC. STA, STO and S| must be cleared.

The master transmitter mode may now be entered by setting the STA bit. The 2-wire
logic will now test the 2-wire bus and generate a START condition as soon as the bus
becomes free. When a START condition is transmitted, the serial interrupt flag (Sl bit in
SSCON) is set, and the status code in SSCS will be 08h. This status must be used to
vector to an interrupt routine that loads SSDAT with the slave address and the data
direction bit (SLA+W).

When the slave address and the direction bit have been transmitted and an acknowl-
edgement bit has been received, Sl is set again and a number of status code in SSCS
are possible. There are 18h, 20h or 38h for the master mode and also 68h, 78h or BOh if
the slave mode was enabled (AA=logic 1). The appropriate action to be taken for each
of these status code is detailed in Table 68. This scheme is repeated until a STOP con-
dition is transmitted.

SSIE, CR2, CR1 and CRO0 are not affected by the serial transfer and are referred to
Table 7 to Table 11. After a repeated START condition (state 10h) SSLC may switch to
the master receiver mode by loading SSDAT with SLA+R.

In the master receiver mode, a number of data bytes are received from a slave transmit-
ter (Figure 39). The transfer is initialized as in the master transmitter mode. When the
START condition has been transmitted, the interrupt routine must load SSDAT with the
7-bit slave address and the data direction bit (SLA+R). The serial interrupt flag SI must
then be cleared before the serial transfer can continue.
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When the slave address and the direction bit have been transmitted and an acknowl-
edgement bit has been received, the serial interrupt flag is set again and a number of
status code in SSCS are possible. There are 40h, 48h or 38h for the master mode and
also 68h, 78h or BOh if the slave mode was enabled (AA=logic 1). The appropriate
action to be taken for each of these status code is detailed in Table 69. This scheme is
repeated until a STOP condition is transmitted.

SSIE, CR2, CR1 and CRO are not affected by the serial transfer and are referred to
Table 7 to Table 11. After a repeated START condition (state 10h) SSLC may switch to
the master transmitter mode by loading SSDAT with SLA+W.

In the slave receiver mode, a number of data bytes are received from a master transmit-

ter (Figure 40). To initiate the slave receiver mode, SSADR and SSCON must be loaded
as follows:

Table 65. SSADR: slave receiver mode initialization

A6 A5 A4 A3 A2 A1 A0 GC

own slave address

The upper 7 bits are the address to which SSLC will respond when addressed by a mas-
ter. If the LSB (GC) is set SSLC will respond to the general call address (00h); otherwise
it ignores the general call address.

Table 66. SSCON: slave receiver mode initialization

CR2 SSIE STA STO Sl AA CR1 CRO

bit rate 1 0 0 0 1 bit rate bit rate

CRO, CR1 and CR2 have no effect in the slave mode. SSIE must be set to enable
SSLC. The AA bit must be set to enable the own slave address or the general call
address acknowledgement. STA, STO and S| must be cleared.

When SSADR and SSCON have been initialised, SSLC waits until it is addressed by its
own slave address followed by the data direction bit which must be at logic 0 (W) for
SSLC to operate in the slave receiver mode. After its own slave address and the W bit
have been received, the serial interrupt flag is set and a valid status code can be read
from SSCS. This status code is used to vector to an interrupt service routine.The appro-
priate action to be taken for each of these status code is detailed in Table 70. The slave
receiver mode may also be entered if arbitration is lost while SSLC is in the master
mode (states 68h and 78h).

If the AA bit is reset during a transfer, SSLC will return a not acknowledge (logic 1) to
SDA after the next received data byte. While AA is reset, SSLC does not respond to its
own slave address. However, the 2-wire bus is still monitored and address recognition
may be resume at any time by setting AA. This means that the AA bit may be used to
temporarily isolate SSLC from the 2-wire bus.

In the slave transmitter mode, a number of data bytes are transmitted to a master
receiver (Figure 41). Data transfer is initialized as in the slave receiver mode. When
SSADR and SSCON have been initialized, SSLC waits until it is addressed by its own

AT89C511C2 mee———
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slave address followed by the data direction bit which must be at logic 1 (R) for SSLC to
operate in the slave transmitter mode. After its own slave address and the R bit have
been received, the serial interrupt flag is set and a valid status code can be read from
SSCS. This status code is used to vector to an interrupt service routine. The appropriate
action to be taken for each of these status code is detailed in Table 71. The slave trans-
mitter mode may also be entered if arbitration is lost while SSLC is in the master mode.

If the AA bit is reset during a transfer, SSLC will transmit the last byte of the transfer and
enter state COh or C8h. SSLC is switched to the not addressed slave mode and will
ignore the master receiver if it continues the transfer. Thus the master receiver receives
all 1’s as serial data. While AA is reset, SSLC does not respond to its own slave
address. However, the 2-wire bus is still monitored and address recognition may be
resume at any time by setting AA. This means that the AA bit may be used to tempo-
rarily isolate SSLC from the 2-wire bus.

There are two SSCS codes that do not correspond to a define SSLC hardware state
(Table 72 ). These codes are discuss hereafter.

Status F8h indicates that no relevant information is available because the serial interrupt
flag is not set yet. This occurs between other states and when SSLC is not involved in a
serial transfer.

Status 00h indicates that a bus error has occurred during an SSLC serial transfer. A bus
error is caused when a START or a STOP condition occurs at an illegal position in the
format frame. Examples of such illegal positions happen during the serial transfer of an
address byte, a data byte, or an acknowledge bit. When a bus error occurs, Sl is set. To
recover from a bus error, the STO flag must be set and S| must be cleared. This causes
SSLC to enter the not addressed slave mode and to clear the STO flag (no other bits in
SSCON are affected). The SDA and SCL lines are released and no STOP condition is
transmitted.

SSLC interfaces to the external 2-wire bus via two port pins: SCL (serial clock line) and
SDA (serial data line). To avoid low level asserting on these lines when SSLC is
enabled, the output latches of SDA and SLC must be set to logic 1.

Table 67. Bit frequency configuration

Bit Frequency ( kHz)
CR2 CR1 CRO Fosca= 12 MHz Fosca = 16 MHz Fosca divided by

0 0 0 47 62.5 256

0 0 1 53.5 71.5 224

0 1 0 62.5 83 192

0 1 1 75 100 160

1 0 0 - - Unused

1 0 1 100 133.3 120

1 1 0 200 266.6 60

Cl ]| osecms | oemesss | e 025 inmode )
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Figure 38. Format and State in the Master Transmitter Mode
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Table 68. Status in master transmitter mode

Application software response
Status | Status of the Two- To SSCON
Code |wire Bus and Two-
SSSTA | wire Hardware To/From SSDAT SSSTA | SSSTO SSi SSAA | Next Action Taken by Two-wire Hardware
08h é\ese?\tmgs;‘g:f” has | Write SLA+W X 0 0 X | SLA+W will be transmitted.
A repeated START Write SLA+W X 0 0 X SLA+W will be transmitted.
10h | condition has been . .
transmitted Write SLA+R X 0 0 X SLA+R ywll bg transmitted. .
Logic will switch to master receiver mode
Write data byte 0 0 0 X Data byte will be transmitted.
SLAW has been No SSDAT action 1 0 0 X Repeated START will be transmitted.
18h |transmitted: ACK has | No SSDAT action 0 1 0 X STOP condition will be transmitted and SSSTO flag
been received will be reset.
. STOP condition followed by a START condition will
No SSDAT action 1 1 0 X be transmitted and SSSTO flag will be reset.
Write data byte 0 0 0 X Data byte will be transmitted.
SLA+W has been No SSDAT action 1 0 0 X Repeated START will be transmitted.
20h | transmitted: NOT ACK | No SSDAT action 0 1 0 X STOP condition will be transmitted and SSSTO flag
has been received will be reset.
. STOP condition followed by a START condition will
No SSDAT action 1 1 0 X be transmitted and SSSTO flag will be reset.
Write data byte 0 0 0 X Data byte will be transmitted.
Data byte has been No SSDAT action 1 0 0 X Repeated START .WI|| be trans.mltted.
28h | transmitted; ACK has | No SSDAT action 0 1 0 X STOP condition will be transmitted and SSSTO flag
been received will be reset.
. STOP condition followed by a START condition will
No SSDAT action 1 1 0 X be transmitted and SSSTO flag will be reset.
Write data byte 0 0 0 X Data byte will be transmitted.
Data byte has been No SSDAT action 1 0 0 X Repeated SI'I?ART .WI|| be transmltted.
30h | transmitted: NOT ACK | No SSDAT action 0 1 0 X STOP condition will be transmitted and SSSTO flag
has been received will be reset.
. STOP condition followed by a START condition will
No SSDAT action 1 1 0 X be transmitted and SSSTO flag will be reset.
. Two-wire bus will be released and not addressed
38h Arbitration lost in No SSDAT action 0 0 0 X slave mode will be entered.
SLA+W or data bytes No SSDAT action 1 0 0 X A START condition will be transmitted when the bus
becomes free.

4301D-8051-02/08
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Figure 39. Format and State in the Master Receiver Mode
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Table 69. Status in master receiver mode

Application software response
Status | Status of the Two- To SSCON
Code |wire Bus and Two-
SSSTA | wire Hardware To/From SSDAT SSSTA | SSSTO SSi SSAA | Next Action Taken by Two-wire Hardware
ogh |ASTARTcondtionhas |\ o) a,R X 0 0 X | SLA+R will be transmitted.
been transmitted
A repeated START Write SLA+R X 0 0 X SLA+R will be transmitted.
10h | condition has been . .
transmitted Write SLA+W X 0 0 X SLA+W‘WI|| pe transmitted. .
Logic will switch to master transmitter mode.
Arbitration lost in No SSDAT action 0 0 0 X ;v;g(—ewrggdt)eu;ivlslngebzr:teelfjjed and not addressed
38h [ SLA+R or NOT ACK " . ) .
bit No SSDAT action 1 0 0 X A START condition will be transmitted when the bus
becomes free.
SLA+R has been No SSDAT action 0 0 0 0 Data byte will be received and NOT ACK will be
40h |transmitted; ACK has returned.
been received No SSDAT action 0 0 0 1 Data byte will be received and ACK will be returned.
SLA+R has b No SSDAT action 1 0 0 X :‘T’g(;ated :‘IART \ﬁ”kl)l lote transg't:jed- d SSSTO fl
+R has been . condition will be transmitted an ag
48h | transmitted; NOT ACK No SSDAT action 0 1 0 X will be reset.
has been received . STOP condition followed by a START condition will
No SSDAT action 1 1 0 X be transmitted and SSSTO flag will be reset.
Data byte has been Read data byte 0 0 0 0 Data byte will be received and NOT ACK will be
50h | received; ACK has returned.
been returned Read data byte 0 0 0 1 Data byte will be received and ACK will be returned.
Read data byte 1 0 0 X Repeated START .WI|| be trans.mltted.
Data byte has been Read data bvte 0 1 0 X STOP condition will be transmitted and SSSTO flag
58h | received; NOT ACK y will be reset.
has been returned STOP condition followed by a START condition will
Read data byte 1 1 0 X be transmitted and SSSTO flag will be reset.
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Figure 40. Format and State in the Slave Receiver Mode
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Table 70. Status in slave receiver mode

Application Software Response
Status To/from SSDAT To SSCON
Code Status of the 2-wire bus and
(SSCS) 2-wire hardware STA | STO Sl AA | Next Action Taken By 2-wire Software
Own SLA+W has been No SSDAT action or X 0 0 0 i?:f:nkgge will be received and NOT ACK will be
60h received; ACK has been ) ) )
returned No SSDAT action X 0 0 1 Data byte will be received and ACK will be
returned
Arbitration lost in SLA+R/W as No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK will be
68h master; own SLA+W has been returned
received; ACK has been ) Data byte will be received and ACK will be
returned No SSDAT action X 0 0 1 returned
General call address has been | No SSDAT action o X 0 0 0 Z?ltje:nt;);te will be received and NOT ACK will be
70h received; ACK has been i ) )
returned No SSDAT action X 0 0 1 Data byte will be received and ACK will be
returned
Arbitration lost in SLA+R/W as No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK will be
78h master; general call address returned
has been received; ACK has . Data byte will be received and ACK will be
been returned No SSDAT action X 0 0 1 returned
Previously addressed with No SSDAT action or X 0 0 0 Data byte will be received and NOT ACK will be
80h own SLA+W; data has been returned
received; ACK has been . Data byte will be received and ACK will be
returned No SSDAT action X 0 0 1 returned
Switched to the not addressed slave mode; no
Read data byte or 0 0 0 0 rec9gn|t|on of own SLA or GCA
Switched to the not addressed slave mode; own
Read data byte or 0 0 0 1 gléﬁl;zgli:? recognised; GCA will be recognised if
Previously addressed with S N hed to th dd gl do:
88h own SLA+W; data has been witc ?, to tf e nOtSaLA reSéeCAs 2";’_;2%_'?‘ no
received; NOT ACK has been Read data byte or 1 0 0 0 recogr‘uhon‘o own ,Or )
condition will be transmitted when the bus
returned
becomes free
Switched to the not addressed slave mode; own
SLA will be recognised; GCA will be recognised if
Read data byte ! O | O | 1 lGCaiogic 1. A START condition will be
transmitted when the bus becomes free
i i Data byte will b ived and NOT ACK will b
Previously gddressed with Read data byte or X 0 0 0 ? a );Ie will be received an will be
90h genergl call; data has been returne
received; ACK has been Read data byte X 0 0 1 Data byte will be received and ACK will be
returned returned
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Status
Code
(SSCS)

Status of the 2-wire bus and
2-wire hardware

Application Software Response

To/from SSDAT

To SSCON

STA

STO | SI

AA

Next Action Taken By 2-wire Software

98h

Previously addressed with
general call; data has been
received; NOT ACK has been
returned

Read data byte or

Read data byte or

Read data byte or

Read data byte

Switched to the not addressed slave mode; no
recognition of own SLA or GCA

Switched to the not addressed slave mode; own
SLA will be recognised; GCA will be recognised if
GC=logic 1

Switched to the not addressed slave mode; no
recognition of own SLA or GCA. A START
condition will be transmitted when the bus
becomes free

Switched to the not addressed slave mode; own
SLA will be recognised; GCA will be recognised if
GC-=logic 1. A START condition will be
transmitted when the bus becomes free

AOh

A STOP condition or repeated
START condition has been
received while still addressed
as slave

No SSDAT action or

No SSDAT action or

No SSDAT action or

No SSDAT action

Switched to the not addressed slave mode; no
recognition of own SLA or GCA

Switched to the not addressed slave mode; own
SLA will be recognised; GCA will be recognised if
GC=logic 1

Switched to the not addressed slave mode; no
recognition of own SLA or GCA. A START
condition will be transmitted when the bus
becomes free

Switched to the not addressed slave mode; own
SLA will be recognised; GCA will be recognised if
GC-=logic 1. A START condition will be
transmitted when the bus becomes free
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Figure 41. Format and State in the Slave Transmitter Mode
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Table 71. Status in slave transmitter mode

Application Software Response

Status To/from SSDAT To SSCON
Code Status of the 2-wire bus and
(SSCS) 2-wire hardware STA | STO Sl AA | Next Action Taken By 2-wire Software
Own SLA+R has been Load data byte or X 0 0 0 \I;viftb Zart:(;z?/\}:dwnl be transmitted and NOT ACK
A8h received; ACK has been Data bvte will be t itted and ACK will b
returned Load data byte X 0 0 1 ata byte will be transmitted an will be
received
Arbitration lost in SLA+R/W as Load data byte or X 0 0 0 Lgst data byte will be transmitted and NOT ACK
BOh master; own SLA+R has been will be received
received; ACK has been Load data byt X 0 0 4 |Data byte will be transmitted and ACK will be
returned 0ad data byte received
Data byte in SSDAT has been Load data byte or X 0 0 0 Le_ist data byte will be transmitted and NOT ACK
‘ will be received
B8h transmitted; NOT ACK has

Data byte will be transmitted and ACK will be

been received Load data byte X 0 0 1 .
received

ATMEL o
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Application Software Response
Status To/from SSDAT To SSCON
Code Status of the 2-wire bus and
(SSCS) 2-wire hardware STA | STO Sl AA | Next Action Taken By 2-wire Software
Switched to the not addressed slave mode; no
No SSDAT action or 0 0 0 0 recognition of own SLA or GCA
Switched to the not addressed slave mode; own
No SSDAT action or 0 0 0 1 SLA W|II. be recognised; GCA will be recognised if
GC=logic 1
Data byte in SSDAT has been Switched to the not addressed slave mode; no
COh transmitted; NOT ACK has ) recognition of own SLA or GCA. A START
been received No SSDAT action or 1 0 0 0 condition will be transmitted when the bus
becomes free
Switched to the not addressed slave mode; own
. SLA will be recognised; GCA will be recognised if
No SSDAT action 1 O | 0| 1 | Gcologic 1. A START condition will be transmitted
when the bus becomes free
Switched to the not addressed slave mode; no
No SSDAT action or 0 0 0 0 recognition of own SLA or GCA
Switched to the not addressed slave mode; own
No SSDAT action or 0 0 0 1 SLA W|II_ be recognised; GCA will be recognised if
GC-=logic 1
Last data byte in SSDAT has Switched to the not addressed slave mode; no
C8h been transmitted (AA=0); ACK . recognition of own SLA or GCA. A START
has been received No SSDAT action or 1 0 0 0 condition will be transmitted when the bus
becomes free
Switched to the not addressed slave mode; own
. SLA will be recognised; GCA will be recognised if
No SSDAT action 1 O | 0| 1 | Gcologic 1. A START condition will be transmitted
when the bus becomes free
Table 72. Miscellaneous status
Application Software Response
To/from To SSCON
Status | Status of the 2-wire SSDAT
Code bus and 2-wire Next Action Taken By 2-wire
(SSCS) hardware STA | STO | SI | AA | Software
No relevant state
F8h information No S.SDAT No SSCON action | Wait or proceed current transfer
) action
available; SI= 0
Only the internal hardware is
Bus error due to an affected, no STOP condition is
00h illegal START or Noa‘:'ﬁSOaAT 0 1 0 X | sent on the bus. In all cases,
STOP condition the bus is released and STO is
reset.
98 AT89C511C2 s ———
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Table 73. SSCON Register

SSCON - Synchronous Serial Control register (93h)

7 6 5 4 3 2 1 0
CR2 SSIE STA STO Sl AA CR1 CRO
Bit Bit

Number | Mnemonic | Description

Control Rate bit 2

/ CR2 See Table 67.
Synchronous Serial Interface Enable bit

6 SSIE Clear to disable SSLC.
Set to enable SSLC.
Start flag

5 STA Set to send a START condition on the bus.
Stop flag

4 STo Set to send a STOP condition on the bus.
Synchronous Serial Interrupt flag

3 Sl Set by hardware when a serial interrupt is requested.
Must be cleared by software to acknowledge interrupt.
Assert Acknowledge flag
Clear in master and slave receiver modes, to force a not acknowledge (high level
on SDA).
Clear to disable SLA or GCA recognition.

2 AA Set to recognise SLA or GCA (if GC set) for entering slave receiver or transmitter
modes.
Set in master and slave receiver modes, to force an acknowledge (low level on
SDA).
This bit has no effect when in master transmitter mode.
Control Rate bit 1

1 CR1 See Table 67.

0 CRO Control Rate bit 0

See Table 67.

Table 74. SSDAT (095h) - Syncrhonous Serial Data register (read/write)

SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
7 6 5 4 3 2 1 0
Bit Bit
Number | Mnemonic | Description
7 SD7 Address bit 7 or Data bit 7.
6 SDé Address bit 6 or Data bit 6.
5 SD5 Address bit 5 or Data bit 5.
4 SD4 Address bit 4 or Data bit 4.
3 SD3 Address bit 3 or Data bit 3.
2 SD2 Address bit 2 or Data bit 2.

ATMEL

99



100

ATMEL

Bit Bit
Number | Mnemonic | Description
1 SD1 Address bit 1 or Data bit 1.
0 SDO Address bit 0 (R/W) or Data bit 0.
Table 75. SSCS (094h) read - Synchronous Serial Control and Status Register
7 6 5 4 3 2 1 0
SC4 SC3 SC2 SC1 SCO 0 0 0
Table 76. SSCS Register: Read Mode - Reset Value = F8h
Bit Bit
Number | Mnemonic | Description
0 0 Always zero
1 0 Always zero
2 0 Always zero
Status Code bit 0
8 SCo See Table 68.to Table 72.
4 SC1 Status Code bit 1
See Table 68.to Table 72.
Status Code bit 2
5 SC2 See Table 68.to Table 72.
Status Code bit 3
6 SC3 See Table 68.to Table 72.
Status Code bit 4
/ SC4 See Table 68.to Table 72.
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Table 77. SSADR (096h) - Synchronus Serial Address Register (read/write)

7 6 5 4 3 2 1 0
A7 A6 A5 A4 A3 A2 Al A0
Table 78. SSADR Register - Reset value = FEh
Bit Bit
Number | Mnemonic | Description
7 A7 Slave Address bit 7
6 A6 Slave Address bit 6
5 A5 Slave Address bit 5
4 A4 Slave Address bit 4
3 A3 Slave Address bit 3
2 A2 Slave Address bit 2
1 A1 Slave Address bit 1
General Call bit
0 GC Clear to disable the general call address recognition.
Set to enable the general call address recognition.
101

ATMEL




Hardware Watchdog
Timer

Using the WDT

ATMEL

The WDT is intended as a recovery method in situations where the CPU may be sub-
jected to software upset. The WDT consists of a 14-bit counter and the WatchDog Timer
ReSeT (WDTRST) SFR. The WDT is by default disabled from exiting reset. To enable
the WDT, user must write 01EH and OE1H in sequence to the WDTRST, SFR location
0A6H. When WDT is enabled, it will increment every machine cycle while the oscillator
is running and there is no way to disable the WDT except through reset (either hardware
reset or WDT overflow reset). When WDT overflows, it will drive an output RESET HIGH
pulse at the RST-pin.

To enable the WDT, user must write 01EH and OE1H in sequence to the WDTRST, SFR
location OA6H. When WDT is enabled, the user needs to service it by writing to 0O1EH
and OE1H to WDTRST to avoid WDT overflow. The 14-bit counter overflows when it
reaches 16383 (3FFFH) and this will reset the device. When WDT is enabled, it will
increment every machine cycle while the oscillator is running. This means the user must
reset the WDT at least every 16383 machine cycle. To reset the WDT the user must
write 01EH and OE1H to WDTRST. WDTRST is a write only register. The WDT counter
cannot be read or written. When WDT overflows, it will generate an output RESET pulse
at the RST-pin. The RESET pulse duration is 96 X T¢ k peripns Where Teik peripr= 1/Foik
peripH- 10 Make the best use of the WDT, it should be serviced in those sections of code
that will periodically be executed within the time required to prevent a WDT reset.

To have a more powerful WDT, a 27 counter has been added to extend the Time-out
capability, ranking from 16ms to 2s @ Fpogca = 12MHz. To manage this feature, refer to
WDTPRG register description, Table 79.

Table 79. WDTRST Register
WDTRST - Watchdog Reset Register (0A6h)

7 6 5 4 3 2 1 0

Reset Value = XXXX XXXXb

Write only, this SFR is used to reset/enable the WDT by writing 01EH then OE1H in
sequence.
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WDT During Power Down

and Idle
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Table 80. WDTPRG Register

WDTPRG - Watchdog Timer Out Register (0A7h)

7 6 5 4 3 2 1 0
- - - - - S2 S1 S0
Bit Bit
Number | Mnemonic | Description
7
6
5 Reserved
The value read from this bit is undetermined. Do not try to set this bit.
4
3
2 S2 WDT Time-out select bit 2
1 S1 WDT Time-out select bit 1
0 SO WDT Time-out select bit 0
S2 S1 S0Selected Time-out
0 00 (2'-1)machine cycles, 16. 3 ms @ Fogcp =12 MHz
0 01 (2'%-1) machine cycles, 32.7 ms @ Fogca=12 MHz
0 10 (2'® - 1) machine cycles, 65. 5 ms @ Fogca=12 MHz
0 11 (2'7-1) machine cycles, 131 ms @ Fogoa=12 MHz
100 (2'"-1) machine cycles, 262 ms @ Fogoa=12 MHz
1 01(2'"9- 1) machine cycles, 542 ms @ Fogoa=12 MHz
110  (2%°-1) machine cycles, 1.05 s @ Fogcp=12 MHz
1 11 (2%"-1) machine cycles, 2.09 s @ Fogga=12 MHz

Reset value XXXX X000

In Power Down mode the oscillator stops, which means the WDT also stops. While in
Power Down mode the user does not need to service the WDT. There are 2 methods of
exiting Power Down mode: by a hardware reset or via a level activated external inter-
rupt which is enabled prior to entering Power Down mode. When Power Down is exited
with hardware reset, servicing the WDT should occur as it normally should whenever the
AT89C511C2 is reset. Exiting Power Down with an interrupt is significantly different. The
interrupt is held low long enough for the oscillator to stabilize. When the interrupt is
brought high, the interrupt is serviced. To prevent the WDT from resetting the device
while the interrupt pin is held low, the WDT is not started until the interrupt is pulled high.
It is suggested that the WDT be reset during the interrupt service routine.

To ensure that the WDT does not overflow within a few states of exiting of powerdown, it
is better to reset the WDT just before entering powerdown.

In the Idle mode, the oscillator continues to run. To prevent the WDT from resetting the
AT89C511C2 while in Idle mode, the user should always set up a timer that will periodi-
cally exit Idle, service the WDT, and re-enter Idle mode.
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Power-off Flag

ATMEL

The power-off flag allows the user to distinguish between a “cold start” reset and a
“warm start” reset.

A cold start reset is the one induced by V¢ switch-on. A warm start reset occurs while
V¢ is still applied to the device and could be generated for example by an exit from
power-down.

The power-off flag (POF) is located in PCON register (Table 81). POF is set by hard-
ware when V¢ rises from 0 to its nominal voltage. The POF can be set or cleared by
software allowing the user to determine the type of reset.

Table 81. PCON Register
PCON - Power Control Register (87h)

7

6

5 4 3 2

SMOD1

SMODO

- POF GF1 GFO0

PD

IDL

Bit
Number

Bit
Mnemonic

Description

SMOD1

Serial port Mode bit 1
Set to select double baud rate in mode 1, 2 or 3.

SMODO

Serial port Mode bit 0
Cleared to select SMO bit in SCON register.
Set to select FE bit in SCON register.

Reserved

The value read from this bit is indeterminate. Do not set this bit.

POF

Power-Off Flag
Cleared to recognize next reset type.

Set by hardware when V¢ rises from 0 to its nominal voltage. Can also be set by

software.

GF1

General purpose Flag
Cleared by user for general purpose usage.
Set by user for general purpose usage.

GFoO

General purpose Flag
Cleared by user for general purpose usage.
Set by user for general purpose usage.

PD

Power-Down mode bit
Cleared by hardware when reset occurs.
Set to enter power-down mode.

IDL

Idle mode bit

Cleared by hardware when interrupt or reset occurs.

Set to enter idle mode.

Reset Value = 00X1 0000b
Not bit addressable
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ONCE™ Mode (ON
Chip Emulation)
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The ONCE mode facilitates testing and debugging of systems using AT89C511C2 with-
out removing the circuit from the board. The ONCE mode is invoked by driving certain
pins of the AT89C511C2; the following sequence must be exercised:

»  Pull ALE low while the device is in reset (RST high) and PSEN is high.

 Hold ALE low as RST is deactivated.

While the AT89C51IC2 is in ONCE mode, an emulator or test CPU can be used to drive
the circuit Table 82 shows the status of the port pins during ONCE mode.

Normal operation is restored when normal reset is applied.

Table 82. External Pin Status during ONCE Mode

ALE PSEN Port 0 Port 1 Port 2 Port 3 Port12 | XTALA1/2 | XTALB1/2
Weak Weak Float Weak Weak Weak Float Active Active
pull-up pull-up pull-up pull-up pull-up
(a) "Once" is a registered trademark of Intel Corporation.
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Reduced EMI Mode The ALE signal is used to demultiplex address and data buses on port 0 when used with
external program or data memory. Nevertheless, during internal code execution, ALE
signal is still generated. In order to reduce EMI, ALE signal can be disabled by setting
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AO bit.

The AQO bit is located in AUXR register at bit location 0. As soon as AO is set, ALE is no
longer output but remains active during MOVX and MOVC instructions and external
fetches. During ALE disabling, ALE pin is weakly pulled high.

Table 83. AUXR Register
AUXR - Auxiliary Register (8Eh)

7

6

5 4 3 2 1 0

MO - XRS1 XRS0 EXTRAM AO

Bit
Number

Bit
Mnemonic

Description

Reserved
The value read from this bit is indeterminate. Do not set this bit

Reserved
The value read from this bit is indeterminate. Do not set this bit

MO

Pulse length

Cleared to stretch MOVX control: the RD/ and the WR/ pulse length is 6 clock
periods (default).

Set to stretch MOVX control: the RD/ and the WR/ pulse length is 30 clock
periods.

Reserved
The value read from this bit is indeterminate. Do not set this bit

XRS1

XRS0

XRAM Size

XRS1XRS0XRAM size
0 0256 bytes (default)

0 1512 bytes
1 0768 bytes
1 11024 bytes

EXTRAM

EXTRAM bit
Cleared to access internal XRAM using movx @ Ri/ @ DPTR.

Set to access external memory.

Programmed by hardware after Power-up regarding Hardware Security Byte
(HSB), default setting, XRAM selected.

AO

ALE Output bit

Cleared, ALE is emitted at a constant rate of 1/6 the oscillator frequency (or 1/3 if
X2 mode is used).(default) Set, ALE is active only during a MOVX or MOVC
instructione is used.
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Flash EEPROM
Memory

Features

Flash Programming and
Erasure

4301D-8051-02/08

The Flash memory increases EPROM and ROM functionality with in-circuit electrical
erasure and programming. It contains 32K Bytes of program memory organized in 128
or 256 pages of 128 Bytes. This memory is both parallel and serial In-system Program-
mable (ISP). ISP allows devices to alter their own program memory in the actual end
product under software control. A default serial loader (bootloader) program allows ISP
of the Flash.

The programming does not require external dedicated programming voltage. The nec-
essary high programming voltage is generated on-chip using the standard V. pins of
the microcontroller.

Flash EEPROM internal program memory.

Boot vector allows user provided Flash loader code to reside anywhere in the Flash
memory space. This configuration provides flexibility to the user.

Default loader in Boot ROM allows programming via the serial port without the need
of a user-provided loader.

Up to 64K Byte external program memory if the internal program memory is
disabled (EA = 0).

Programming and erase voltage with standard 5V or 3V V¢ supply.
Read/Programming/Erase:

— Byte-wise read without wait state

— Byte or page erase and programming (10 ms)

Typical programming time (32K Bytes) in 10 s

Parallel programming with 87C51 compatible hardware interface to programmer
Programmable security for the code in the Flash

10K write cycles

10 years data retention

The 32K Bytes Flash is programmed by Bytes or by pages of 128 Bytes. It is not neces-
sary to erase a Byte or a page before programming. The programming of a Byte or a
page includes a self erase before programming.

There are three methods of programming the Flash memory:

First, the on-chip ISP bootloader may be invoked which will use low level routines to
program the pages. The interface used for serial downloading of Flash is the UART.

Second, the Flash may be programmed or erased in the end-user application by
calling low-level routines through a common entry point in the Boot ROM.

Third, the Flash may be programmed using the parallel method by using a
conventional EPROM programmer. The parallel programming method used by
these devices is similar to that used by EPROM 87C51 but it is not identical and the
commercially available programmers need to have support for the AT89C511C2.
The bootloader and the Application Programming Interface (API) routines are
located in the BOOT ROM.
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Flash Registers and
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The AT89C511C2 Flash memory uses several registers for its management:

Memory Map + Hardware registers can only be accessed through the parallel programming modes
which are handled by the parallel programmer.

+ Software registers are in a special page of the Flash memory which can be
accessed through the API or with the parallel programming modes. This page,
called "Extra Flash Memory", is not in the internal Flash program memory
addressing space.

Hardware Register

Flash Memory Lock Bits

108

The only hardware register of the AT89C511C2 is called Hardware Security Byte (HSB).

Table 84. Hardware Security Byte (HSB)

7 6 5 4 3 2 1 0
X2 BLJB 0OSsC - XRAM LB2 LB1 LBO
Bit Bit
Number | Mnemonic | Description
X2 Mode
2 X2 Programmed (0’ value) to force X2 mode (6 clocks per instruction) after reset.
Unprogrammed (‘1’ Value) to force X1 mode, Standard Mode, after reset
(Default).
Boot Loader Jump Bit
Unprogrammed (‘1’ value) to start the user’s application on next reset at address
6 BLJB 0000h.
Programmed (‘0’ value) to start the boot loader at address F800h on next reset
(Default).
Oscillator Bit
5 OSC Programmed to allow oscillator B at startup
Unprogrammed this bit to allow oscillator A at startup ( Default).
4 Reserved
XRAM config bit (only programmable by programmer tools)
3 XRAM Programmed to inhibit XRAM
Unprogrammed, this bit to valid XRAM (Default)
0.0 LB2-0 User Memory Lock Bits (only programmable by programmer tools)
See Table 85

Boot Loader Jump Bit (BLJB)
One bit of the HSB, the BLJB bit, is used to force the boot address:

*  When this bit is programmed (‘1’ value) the boot address is 0000h.

»  When this bit is unprogrammed (‘1’ value) the boot address is F800h. By default,
this bit is unprogrammed and the ISP is enabled.

The three lock bits provide different levels of protection for the on-chip code and data,

when programmed as shown in Table 85.
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Default Values

Software Registers

4301D-8051-02/08

Table 85. Program Lock Bits

Program Lock Bits

Security
Level LBO | LB1 | LB2 |Protection Description

1 u u U | No program lock features enabled.

MOVC instruction executed from external program memory is disabled
from fetching code Bytes from internal memory, EA is sampled and
latched on reset, and further parallel programming of the Flash is
disabled. ISP and software programming with API are still allowed.

Same as 2, also verify through parallel programming interface is

3 X1 P U disabled.

4 X X P | Same as 3, also external execution is disabled. (Default)

Note:  U: unprogrammed or "one" level.
P: programmed or "zero" level.
X: don’t care
WARNING: Security level 2" and ‘3' should only be programmed after Flash and code
verification.

These security bits protect the code access through the parallel programming interface.
They are set by default to level 4. The code access through the ISP is still possible and
is controlled by the "software security bits" which are stored in the extra Flash memory
accessed by the ISP firmware.

To load a new application with the parallel programmer, a chip erase must first be done.
This will set the HSB in its inactive state and will erase the Flash memory. The part ref-
erence can always be read using Flash parallel programming modes.

The default value of the HSB provides parts ready to be programmed with ISP:
+ BLJB: Programmed force ISP operation.

+ X2: Unprogrammed to force X1 mode (Standard Mode).

+  XRAM: Unprogrammed to valid XRAM

+ LB2-0: Security level four to protect the code from a parallel access with maximum
security.

Several registers are used, in factory and by parallel programmers, to make copies of
hardware registers contents. These values are used by Atmel ISP.

These registers are in the "Extra Flash Memory" part of the Flash memory. This block is
also called "XAF" or eXtra Array Flash. They are accessed in the following ways:

+ Commands issued by the parallel memory programmer.

+ Commands issued by the ISP software.

» Calls of API issued by the application software.

Several software registers are described in Table 86.
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Table 86. Default Values

Mnemonic | Definition Default value | Description

SBV Software Boot Vector FCh

HSB Hardware security Byte 101x 1011b

BSB Boot Status Byte O0FFh

SSB Software Security Byte FFh
Copy of the Manufacturer Code 58h ATMEL
Copy of the Device ID #1: Family Code D7h C51 X2, Electrically Erasable
Copy of the Device ID #2: memories F7h AT89C511C2 32KB
Copy of the Device ID #3: name and EFh AT89C511C2 32KB, Revision
revision 0

After programming the part by ISP, the BSB must be cleared (00h) in order to allow the
application to boot at 0000h.

The content of the Software Security Byte (SSB) is described in Table 86 and Table 88.

To assure code protection from a parallel access, the HSB must also be at the required
level.

Table 87. Software Security Byte

7 6 5 4 3 2 1 0
- - - - - - LB1 LBO
Bit Bit
Number | Mnemonic | Description
7 ) Reserved
Do not clear this bit.
6 ) Reserved
Do not clear this bit.
5 ) Reserved
Do not clear this bit.
4 ) Reserved
Do not clear this bit.
3 ) Reserved
Do not clear this bit.
> ) Reserved
Do not clear this bit.
User Memory Lock Bits
1-0 LB1-0 y
see Table 88

The two lock bits provide different levels of protection for the on-chip code and data,
when programmed as shown in Table 88.
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Flash Memory Status

Table 88. Program Lock Bits of the SSB

Program Lock Bits
Security
level LBO LB1 |Protection Description
1 U U |No program lock features enabled.
2 P U |ISP programming of the Flash is disabled.
3 X P |Same as 2, also verify through ISP programming interface is disabled.

Note:  U: unprogrammed or "one" level.
P: programmed or "zero" level.
X: don’t care
WARNING: Security level 2 and 3 should only be programmed after Flash and code

verification.

AT89C511C2 parts are delivered in standard with the ISP boot in the Flash memory.
After ISP or parallel programming, the possible contents of the Flash memory are sum-
marized on Figure 42.

Figure 42. Flash Memory Possible Contents

d?FFFh

Virgin

0000h

Application Virgin Application Vg?i”
or or~
Application Application
Dedicated Dedicated
ISP ISP

Default

Memory Organization
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After Parallel After Parallel

After ISP After ISP Programming  Programming

In the AT89C511C2, the lowest 32K of the 64 KB program memory address space is
filled by internal Flash.

When the EA pin is high, the processor fetches instructions from internal program Flash.
Bus expansion for accessing program memory from 32K upward automatic since exter-
nal instruction fetches occur automatically when the program counter exceeds 7FFFh
(32K). If the EA pin is tied low, all program memory fetches are from external memory.
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Bootloader Architecture

Introduction

Acronyms

ATMEL

The bootloader manages a communication according to a specific defined protocol to
provide the whole access and service on Flash memory. Furthermore, all accesses and
routines can be called from the user application.

Figure 43. Diagram Context Description

Access via
Specific
Protocol

Access Fro/rn/'

User
Application

Bootloader Flash Memory

ISP: In-system Programming
SBV: Software Boot Vector
BSB: Boot Status Byte

SSB: Software Security Bit
HW : Hardware Byte

112 AT 89 C 51 | C 2 1 —

4301D-8051-02/08



AT89C51I1C2

Functional Description

Figure 44. Bootloader Functional Description

— — -

- ~ — T T~
d N e ~
/  Exernal Host with \ /7 User N
\  Specific Protocol / C \
. Communication / \ Application /
L" ISP Communication User Call .

Management Management (API)

Flash Memory
Management

On the above diagram, the on-chip bootloader processes are:
+ ISP Communication Management

The purpose of this process is to manage the communication and its protocol between
the on-chip bootloader and a external device. The on-chip ROM implement a serial pro-
tocol (see section Bootloader Protocol). This process translate serial communication
frame (UART) into Flash memory acess (read, write, erase ...).

* User Call Management

Several Application Program Interface (API) calls are available for use by an application
program to permit selective erasing and programming of Flash pages. All calls are made
through a common interface (API calls), included in the ROM bootloader. The program-
ming functions are selected by setting up the microcontroller’s registers before making a
call to a common entry point (OxFFF0). Results are returned in the registers. The pur-
pose on this process is to translate the registers values into internal Flash Memory
Management.

» Flash Memory Management

This process manages low level access to Flash memory (performs read and write
access).

A IIIEI% 113

4301D-8051-02/08



Bootloader Functionality

Introduction

ATMEL

The bootloader can be activated by two means: Hardware conditions or regular boot

process.

The Hardware conditions (EA = 1, PSEN = 0) during the Reset# falling edge force the
on-chip bootloader execution. This allows an application to be built that will normally
execute the end user’s code but can be manually forced into default ISP operation.

As PSEN is an output port in normal operating mode (running user application or boor-
loader code) after reset, it is recommended to release PSEN after falling edge of reset
signal. The hardware conditions are sampled at reset signal falling edge, thus they can
be released at any time when reset input is low.

To ensure correct microcontroller startup, the PSEN pin should not be tied to ground
during power-on (See Figure 45).

Figure 45. Hardware conditions typical sequence during power-on.
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VCC

PSEN

RST

The on-chip bootloader boot process is shown in Figure 46.

Purpose

Hardware Conditions

The Hardware Conditions force the bootloader execution whatever BLJB, BSB
and SBV values.

BLJB

The Boot Loader Jump Bit forces the application execution.
BLJB = 0 => Boot loader execution.
BLJB = 1 => Application execution.

The BLJB is a fuse bit in the Hardware Byte.
That can be modified by hardware (programmer) or by software (API).

Note:
The BLJB test is perform by hardware to prevent any program execution.

SBV

The Software Boot Vector contains the high address of custumer bootloader
stored in the application.
SBV = FCh (default value) if no custumer bootloader in user Flash.

Note:
The costumer bootloader is called by JMP [SBV]00h instruction.

AT89C511C2 mee———
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Boot Process

Figure 46. Bootloader process
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?

C USER BOOT LOADER ) < Atmel BOOT LOADER >

PC= [SBV]00h
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ISP Protocol Description

Physical Layer

Frame Description

ATMEL

The UART used to transmit information has the following configuration:

Character: 8-bit data
Parity: none

Stop: 1 bit

Flow control: none

Baud rate: autobaud is performed by the bootloader to compute the baud rate
choosen by the host.

The Serial Protocol is based on the Intel Hex-type records.

Intel Hex records consist of ASCII characters used to represent hexadecimal values and
are summarized below.

Table 89. Intel Hex Type Frame

Record Mark ‘2’ Reclen Load Offset Record Type Data or Info Checksum

1 byte 1 byte 2 bytes 1 bytes n byte 1 byte

Record Mark:
— Record Mark is the start of frame. This field must contain ’:’.
Reclen:

— Reclen specifies the number of Bytes of information or data which follows
the Record Type field of the record.

Load Offset:

— Load Offset specifies the 16-bit starting load offset of the data Bytes,
therefore this field is used only for

— Data Program Record (see Section “ISP Commands Summary”).
Record Type:

— Record Type specifies the command type. This field is used to interpret the
remaining information within the frame. The encoding for all the current
record types is described in Section “ISP Commands Summary”.

Data/Info:

— Data/Info is a variable length field. It consists of zero or more Bytes encoded
as pairs of hexadecimal digits. The meaning of data depends on the Record
Type.

Checksum:

— Thetwo’s complement of the 8-bit Bytes that result from converting each pair
of ASCII hexadecimal digits to one Byte of binary, and including the Reclen
field to and including the last Byte of the Data/Info field. Therefore, the sum
of all the ASCII pairs in a record after converting to binary, from the Reclen
field to and including the Checksum field, is zero.
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Functional Description

Software Security Bits (SSB)
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The SSB protects any Flash access from ISP command.
The command "Program Software Security bit" can only write a higher priority level.

There are three levels of security:
+ level 0: NO_SECURITY (FFh)

This is the default level.
From level 0, one can write level 1 or level 2.

« level 1: WRITE_SECURITY (FEh)

For this level it is impossible to write in the Flash memory, BSB and SBV.
The Bootloader returns 'P’ on write access.

From level 1, one can write only level 2.

+ level 2: RD_WR_SECURITY (FCh

The level 2 forbids all read and write accesses to/from the Flash/EEPROM memory.
The Bootloader returns 'L’ on read or write access.
Only a full chip erase in parallel mode (using a programmer) or ISP command can reset
the software security bits.
From level 2, one cannot read and write anything.

Table 90. Software Security Byte Behavior

Level 0 Level 1 Level 2
Flash/EEPROM Any access allowed Read only access allowed Any access not allowed
Fuse Bit Any access allowed Read only access allowed Any access not allowed
BSB & SBV Any access allowed Read only access allowed Any access not allowed
SSB Any access allowed Write level 2 allowed Read only access allowed
Manllj:]aflgturer Read only access allowed | Read only access allowed | Read only access allowed

Bootloader Info

Read only access allowed

Read only access allowed

Read only access allowed

Erase Block Allowed Not allowed Not allowed
Full-chip Erase Allowed Allowed Allowed
Blank Check Allowed Allowed Allowed

ATMEL
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Full Chip Erase

Checksum Error

Flow Description

Overview

Communication Initialization

ATMEL

The ISP command "Full Chip Erase" erases all User Flash memory (fills with FFh) and
sets some Bytes used by the bootloader at their default values:

- BSB=FFh
« SBV=FCh
+ SSB = FFh and finally erase the Software Security Bits

The Full Chip Erase does not affect the bootloader.

When a checksum error is detected send ‘X’ followed with CR&LF.

An initialization step must be performed after each Reset. After microcontroller reset,
the bootloader waits for an autobaud sequence ( see section ‘autobaud performance’).

When the communication is initialized the protocol depends on the record type
requested by the host.

FLIP, a software utility to implement ISP programming with a PC, is available from the
Atmel the web site.

The host initializes the communication by sending a ’U’ character to help the bootloader
to compute the baudrate (autobaud).

Figure 47. Initialization
Host Bootloader

Init Communication "u"

y| Performs Autobaud

If (not received "U") < Sends Back ‘U’ Character
Else "U"

Communication Opened
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Autobaud Performances

The ISP feature allows a wide range of baud rates in the user application. It is also
adaptable to a wide range of oscillator frequencies. This is accomplished by measuring
the bit-time of a single bit in a received character. This information is then used to pro-
gram the baud rate in terms of timer counts based on the oscillator frequency. The ISP
feature requires that an initial character (an uppercase U) be sent to the AT89C511C2 to
establish the baud rate. Table 91 shows the autobaud capability.

Table 91. Autobaud Performances

Frequency (MHz)

Baudrate (bit/s) 1.8432 2 2.4576 3 3.6864 4 5 6 7.3728 8
2400 OK OK OK OK OK OK OK OK OK OK
4800 OK - OK OK OK OK OK OK OK OK
9600 OK - OK OK OK OK OK OK OK OK
19200 OK - OK OK OK - OK OK OK
38400 - - OK OK OK OK OK

57600 - - - - OK - - OK

115200 - - - - - - OK
Frequency (MHz)

Baudrate (bit/s) 10 11.0592 12 14.318 | 14.746 16 20 24 26.6

2400 OK OK OK OK OK OK OK OK OK

4800 OK OK OK OK OK OK OK OK OK

9600 OK OK OK OK OK OK OK OK OK

19200 OK OK OK OK OK OK OK OK OK

38400 - OK OK OK OK OK OK OK OK

57600 - OK - OK OK OK OK OK OK

115200 - OK OK OK - - -

Command Data Stream
Protocol

4301D-8051-02/08

All commands are sent using the same flow. Each frame sent by the host is echoed by
the bootloader.

ATMEL
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Figure 48. Command Flow
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‘ characters per Byte) . for each received Byte ‘
Echo analysis '
| ) |
- - - - - - - - o
Write/Program Commands This flow is common to the following frames:
+ Flash/EEPROM Programming Data Frame
» EOF or Atmel Frame (only Programming Atmel Frame)
»  Config Byte Programming Data Frame
» Baud Rate Frame
Description
Figure 49. Write/Program Flow
Host Bootloader
Send Write Commandj _ L. Wwr iteiomm_af!d_» _____ { Wait Write Command J
-
Y
| Wait Checksum Error| - X&CR&LF | Send Checksum erroﬁ O
COMMAND ABORTED

120

OR l

l Wait Security Error | - PP&CR&LF Send Security errorj
COMMAND ABORTED

| Wait Programming |

Y
| Wait COMMAND_OK—| ————— - ~&CR&LF | ~{Send COMMAND_OK

COMMAND FINISHED

AT89C51IC2
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Example

Programming Data (write 55h at address 0010h in the Flash)

HOST : 01 0010 00 55 9%9A
BOOTLOADER : 01 0010 00 55 9A . CR LF

Programming Atmel function (write SSB to level 2)

HOST : 02 0000 03 05 01 F5
BOOTLOADER : 02 0000 03 05 01 F5. CR LF

Writing Frame (write BSB to 55h)

HOST : 03 0000 03 06 00 55 9F
BOOTLOADER : 03 0000 03 06 00 55 9F . CR LF

A mEl% 121
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Blank Check Command
Description

Figure 50. Blank Check Flow

Host Bootloader
end Bank Check Command | __| Blank Check Commagd) -~ i Biank Check Command |
OR v Checksum error
- "X’ & CR & LF
| Wait Checksum Error| - 7| Send Checksum errorj
COMMAND ABORTED
OR |Wait COMMAND_OK | | ~&CR&LF Send COMMAND_OK
COMMAND FINISHED
Y
ai ressnot | __ __ __ __ | - address & CR&LF | | Send first Address
erased not erased
COMMAND FINISHED
Example
Blank Check ok
HOST : 05 0000 04 0000 7°FFF 01 78
BOOTLOADER : 05 0000 04 0000 7FFF 01 78 . CR LF
Blank Check ko at address xxxx
HOST : 05 0000 04 0000 7°FFF 01 78
BOOTLOADER : 05 0000 04 0000 7FFF 01 78 xxxx CR LF
Blank Check with checksum error
HOST : 05 0000 04 0000 7FFF 01 70
BOOTLOADER : 05 0000 04 0000 7FFF 01 70 X CR LF CR LF
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Display Data

Description

Figure 51. Display Flow

Host

Send Display Command _

OR

Y

| Wait Checksum Error |

COMMAND ABORTED

OR l

l Wait Security Error |
COMMAND ABORTED

Y

Wait Display Data

All data read

COMMAND FINISHED

Note:

4301D-8051-02/08

L. 'LiSRlaLCPrM‘?“L’»
< X &CR&LF

< L &CR&LF

1< ::Addr?ss =" _
e Reading value
< CR&LF

ATMEL

AT89C51I1C2

Bootloader

{ Wait Display CommandJ

Checksum error

Send Checksum Error

e

-  Send Security Error

RD_WR_SECURITY

Y

|

Read Data

l All data read

Complete Frame

Send Display Data

All data read

COMMAND FINISHED

The maximum size of block is 400h. To read more than 400h Bytes, the Host must send a new command.
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Example
Display data from address 0000h to 0020h
HOST : 05 0000 04 0000 0020 00 D7
BOOTLOADER : 05 0000 04 0000 0020 00 D7
BOOTLOADER 0000=————- data—-————- CR LF (16 data)
BOOTLOADER 0010=-————- data—--—--—- CR LF (16 data)
BOOTLOADER 0020=data CR LF ( 1 data)
Read Function This flow is similar for the following frames:
* Reading Frame
+ EOF Frame/Atmel Frame (only reading Atmel Frame)
Description

Figure 52. Read Flow
Bootloader

Host
‘ Send Read Command — — L. R_eac.l C_OIT_IITEI‘IQ' oo — — — — { Wait Read Command J
OR Checksum error
Y
| Wait Checksum Error’ - ‘X &CR&LF _| Send Checksum err(ﬁ
COMMAND ABORTED
RD_WR_SECURIT
OR l e
l Wait Security Error | g L'&CR&LF - Send Security errorj
COMMAND ABORTED
| Read Value
" H 3 7
- value’ & ’.” & CR & LF
Wait Value of Data - — — — — - -y — — — — — Send Data Read
COMMAND FINISHED

Example

Read function (read SBV)

HOST : 02 0000 05 07 02 FO
BOOTLOADER : 02 0000 05 07 02 FO Value . CR LF
Atmel Read function (read Bootloader version)
HOST : 02 0000 01 02 00 FB
BOOTLOADER : 02 0000 01 02 00 FB Value . CR LF

120 ATSIC 5T C 2 o —

4301D-8051-02/08



ISP Commands Summary

4301D-8051-02/08

Table 92. ISP Commands Summary

Command Command Name Data[0] Data[1] Command Effect
Program Nb Data Byte.
Bootloader will accept up to 128 (80h)
00h P Dat
rogram bata data Bytes. The data Bytes should be
128 Byte page Flash boundary.
00h Erase block0 (0000h-1FFFh)
20h Erase block1 (2000h-3FFFh)
01h 40h Erase block2 (4000h-7FFFh)
80h Erase block3 (8000h- BFFFh)
COh Erase block4 (C000h- FFFFh)
03h 00h Hardware Reset
04h 00h Erase SBV & BSB
00h Program SSB level 1
05h
03h Write Function 01h Program SSB level 2
00h Program BSB (value to write in data[2])
06h
01h Program SBV (value to write in data[2])
07h ) Full Chip Erase (This command needs
about 6 sec to be executed)
02h Program Osc fuse (value to write in
data[2])
0Ah 04h Program BLJB fuse (value to write in
data[2])
08h Program X2 fuse (value to write in
data[2])
Display Data
Data[0:1] = start address | Note: The maximum number of data
) ) Data [2:3] = end address | that can be read with a single
04h Display Function Data[4] = 00h -> Display data | command frame (difference between
Data[4] = 01h -> Blank check start and end address) is 1kbyte.
Blank Check
00h Manufacturer ID
01h Device ID #1
00h
02h Device ID #2
03h Device ID #3
00h Read SSB
01h Read BSB
05h Read Function 07h
02h Read SBV
06h Read Extra Byte
0Bh 00h Read Hardware Byte
00h Read Device Boot ID1
OEh
01h Read Device Boot ID2
OFh 00h Read Bootloader Version

ATMEL
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API Call Description Several Application Program Interface (API) calls are available for use by an application
program to permit selective erasing and programming of Flash pages. All calls are made
through a common interface, PGM_MTP. The programming functions are selected by
setting up the microcontroller’s registers before making a call to PGM_MTP at FFFOh.
Results are returned in the registers.

When several Bytes have to be programmed, it is highly recommended to use the Atmel
APl “PROGRAM DATA PAGE?” call. Indeed, this API call writes up to 128 Bytes in a sin-
gle command.

All routines for software access are provided in the C Flash driver available at Atmel’s
web site.

The API calls description and arguments are shown in Table 93.

Table 93. API Call Summary

Command R1 A DPTRO DPTR1 Returned Value Command Effect
READ MANUF ID | 00h XXh 0000h XXh ACC = Mf‘é‘“fa““rer Read Manufacturer identifier
READ DEVICE ID1 00h XXh 0001h XXh ACC = Device Id 1 Read Device identifier 1
READ DEVICE ID2 00h XXh 0002h XXh ACC = Device Id 2 Read Device identifier 2
READ DEVICE ID3 00h XXh 0003h XXh ACC = Device Id 3 Read Device identifier 3
DPH = 00h Erase block 0
DPH = 20h Erase block 1
DPH = 40h Erase block 2
ERASE BLOCK 01h XXh Address of 00h ACC = DPH
byte to Program one Data Byte in user Flash
program
XXh Erase Software boot vector and boot status
byte. (SBV = FCh and BSB = FFh)
DPH = 00h Set SSB level 1
vV
DPL = 00h
DPH = 00h
Set SSB level 2
DPL = 01h e eve
PROGRAM SSB 05h XXh 00h ACC = SSBvalue
DPH = 00h
Set SSB level 0
DPL = 10h e eve
DPH = 00h
B level 1
DPL = 11h Set SSB leve
PROGRAM BSB 06h NevVaVIESB 0000h XXh none Program boot status byte
PROGRAM SBV 06h N?/vavlffv 0001h XXh none Program software boot vector
READ SSB 07h XXh 0000h XXh ACC = SSB Read Software Security Byte
READ BSB 07h XXh 0001h XXh ACC = BSB Read Boot Status Byte
READ SBV 07h XXh 0002h XXh ACC = SBV Read Software Boot Vector
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Table 93. API Call Summary (Continued)

Command R1 A DPTRO DPTR1 Returned Value Command Effect
Address of . Program up to 128 bytes in user Flash.
Number of the first byt Address in ) .
PROGRAM DATA umber o elirstbyte | v o AM of the ACC = 0: DONE _ Remark. number of bytes.to program is
PAGE 09h byte to to programin first data to limited such as the Flash write remains in a
program the Flash program single 128 bytes page. Hence, when ACC
memory is 128, valid values of DPL are 00h, or, 80h.
Fuse value o
PROGRAM X2 FUSE 0Ah 0008h XXh none Program X2 fuse bit with ACC
00h or 01h
F |
PROGRAMBLJB | ) | Fusevale 0004h XXh none Program BLJB fuse bit with ACC
FUSE 00h or 01h
READ HSB 0Bh XXh XXXXh XXh ACC = HSB Read Hardware Byte
READ BOOT ID1 0Eh XXh DPL = 00h XXh ACC = ID1 Read boot ID1
READ BOOT ID2 OEh XXh DPL =01h XXh ACC = 1D2 Read boot ID2
READ BOOT VERSION | OFh XXh XXXXh XXh ACC = Boot_Version Read bootloader version

4301D-8051-02/08
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Electrical Characteristics

Absolute Maximum Ratings

Note:  Stresses at or above those listed under “Absolute
Maximum Ratings” may cause permanent damage

C =commercial.......cccoeveeriiiniiie e 0°C to 70°C to the device. This is a stress rating only and func-
I'=industrial .......cccoiriiiii -40°C to 85°C tional operation of the device at these or any other
Storage Temperature .........cccceveceeeeiceeeeneeenne -65°C to + 150°C conditions above those indicated in the operational
Voltage on Vg 10 Vggverinninieiiciccccicic -0.5V to + 6.5V sections of this specification is not implied. Expo-
Voltage on Any Pinto Vgg..ooooveievieeennnee, -0.5V to V¢ + 0.5V sure to absolute maximum rating conditions may
Power DisSipation ........c.ooueieiiieiniiieniie e 1W affect device reliability.

Power dissipation value is based on the maximum
allowable die temperature and the thermal resis-
tance of the package.

DC Parameters for
Standard Voltage

Tp=-40°C to +85°C; Vgg = 0V;
Ve =2.7V to 5.5V and F = 0 to 40 MHz (both internal and external code execution)
Voo =4.5V 10 5.5V and F = 0 to 60 MHz (internal code execution only)

Symbol | Parameter Min Typ Max Unit | Test Conditions
Vi Input Low Voltage -0.5 0.2 Ve - 0.1 \'
' Input High Voltage except RST, XTAL1 0.2V +0.9 Ve + 0.5 \'
Viu® | Input High Voltage RST, XTAL1 0.7 Vge Ve + 0.5 v
VCC = 4.5V to 5.5V
0.3 V. |lg =100 pA®
0.45 V|l =1.6 mA®
VoL | Output Low Voltage, ports 1, 2, 3, 4 © 1.0 V|l =35mA®
VCC =2.7V to 5.5V
0.45 V|l =0.8mA®
VCC = 4.5V to 5.5V
0.3 V|l =200 pA®
. 0.45 V|l =32 mA®
Voi; | Output Low Voltage, port 0, ALE, PSEN © 1.0 Vo |lg =7.0mA®
VCC =2.7V to 5.5V
0.45 V |lg =1.6 mA®
Voo =5V +£10%
Voo - 0.3 V|l =-10pA
Voo - 0.7 V |lgy=-30uA
Vou Output High Voltage, ports 1, 2, 3, 4 Vec-1.5 V' |loy=-60pA

VCC =2.7V to 5.5V
0.9 Vg Vo |loq=-10 pA
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TA =-40°C to +85°C; VSS = OV,
Ve =2.7V to 5.5V and F = 0 to 40 MHz (both internal and external code execution)
Voo =4.5V 10 5.5V and F = 0 to 60 MHz (internal code execution only) (Continued)

Symbol | Parameter Min Typ Max Unit | Test Conditions
Voo =5V £ 10%
Ve -0.3 V| loy =-200 pA
Veo- 0.7 V. |loy=-32mA
Vou: | Output High Voltage, port 0, ALE, PSEN Voo - 1.5 V' |lon=-7.0mA
VCC =2.7V to 5.5V
0.9 Ve V. |lgy=-10pA
Rgrst | RST Pulldown Resistor 50 200©® 250 kQ
n Logical 0 Input Current ports 1, 2, 3, 4 and 5 -50 LA | V)y =045V
I Input Leakage Current for PO only +10 uA 1 0.45V <V < Ve
L Logical 1 to 0 Transition Current, ports 1, 2, 3, 4 -650 pA | V)y=2.0V
. Fc =3 MHz
Co Capacitance of I/O Buffer 10 pF Ta = 95°C
[ Power Down Current 100 150 PA 4.5V < Vg 5.5V@
lccop | Power Supply Current on normal mode 0.4 x Frequency (MHz) + 5| mA |V =5.5V()
lccioLe | Power Supply Current on idle mode 0.3 x Frequency (MHz) + 5| mA | Vg =5.5V()
0.4 x
loccprog | Power Supply Current during flash Write / Erase Frequency mA | Vg = 5.5V®
(MHz) + 20
Notes: 1. Operating I is measured with all output pins disconnected; XTAL1 driven with T oy, TepcL = 5 ns (see Figure 56.), V, =
VSS + 05V, _
Viy = Vo - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = V. Igc would be slightly higher if a crystal oscillator used (see Figure
53).
2. lIdle Igc is measured with all output pins disconnected; XTAL1 driven with Tg oy, Tope = 5 ns, V) = Vgg + 0.5V, Vi, = Ve -
0.5V; XTAL2 N.C; Port 0 = V; EA = RST = Vg (see Figure 54).
3. Power Down I is measured with all output pins disconnected; EA = Vgg, PORT 0 = V; XTAL2 NC.; RST = Vgg (see Fig-
ure 55).
4. Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the V, s of ALE and Ports 1
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1t0 0
transitions during bus operation. In the worst cases (capacitive loading 100pF), the noise pulse on the ALE line may exceed
0.45V with maxi Vg, peak 0.6V. A Schmitt Trigger use is not necessary.
5. Typical are based on a limited number of samples and are not guaranteed. The values listed are at room temperature and
5V.
6. Under steady state (non-transient) conditions, Io. must be externally limited as follows:
Maximum |y, per port pin: 10 mA
Maximum |y, per 8-bit port:
Port 0: 26 mA
Ports 1,2 and 3: 15 mA
Maximum total I, for all output pins: 71 mA
If o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
7. For other values, please contact your sales office.
8. Icc Flash Write operation current while an on-chip flash page write is on going.
9. Flash Retention is guaranteed with the same formula for V¢ Min down to 0.

4301D-8051-02/08
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DC Parameters for Low

Voltage

Ta = 0°C to +70°C; Vgg = 0V; V¢ = 2.7V 10 3.6V; F = Oto 48 MHz
Ta = -40°C to +85°C; Vgg = 0V; Vi = 2.7V 10 3.6V; F = 0 to 48 MHz

Symbol | Parameter Min Typ Max Unit | Test Conditions
Vi Input Low Voltage -0.5 0.2V - 0.1 \
V4 Input High Voltage except RST, XTAL1 0.2Vec+0.9 Voo + 0.5 \"
Vin1 Input High Voltage, RST, XTAL1 0.7 Vo Voo + 0.5 \"
Vo. | Output Low Voltage, ports 1, 2, 3, 4©) 0.45 V  |lg =0.8mA®
Voui | Output Low Voltage, port 0, ALE, PSEN ©® 0.45 Vo |lg =1.6 mA®
Vou Output High Voltage, ports 1, 2, 3, 4 0.9 Vo V  |loy=-10 pA
Vony | Output High Voltage, port 0, ALE, PSEN 0.9 Vo V. |[lgy =-40 pA
" Logical 0 Input Current ports 1, 2, 3, 4 -50 pA [ Vy=0.45V
I Input Leakage Current for PO only +10 uA | 0.45V < V)y < Ve
I Logical 1 to 0 Transition Current, ports 1, 2, 3, -650 pA [V =2.0V
Rrst | RST Pulldown Resistor 50 200 ©® 250 kQ
. Fc =3 MHz
Cpo Capacitance of I/O Buffer 10 pF Ta = 25°C
lpp | Power Down Current 10 ®) 50 uA ;/-%CVTS)2.7V o
lccop | Power Supply Current on normal mode 0.4 x Frequency (MHz) +5 | mA |V =3.6 V(")
lccipLe | Power Supply Current on idle mode 0.3 x Frequency (MHz) +5 | mA |V =3.6V®
0.4 x
lccprog | Power Supply Current during flash Write / Erase let\eﬂq:ze)nfy mA | Ve =5.5V0
20
Notes: 1. Operating I is measured with all output pins disconnected; XTAL1 driven with T cp, TeheL = 5 ns (see Figure 56.), V=
VSS + 05V, o
Viu = Ve - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = V. Igc would be slightly higher if a crystal oscillator used (see Figure
53).
2. lIdle I is measured with all output pins disconnected; XTAL1 driven with T¢ oy, Tope = 5 ns, V) = Vgg + 0.5V, Vi, = V¢ -
0.5V; XTAL2 N.C; Port 0 = V¢; EA = RST = Vgq (see Figure 54).
3. Power Down ¢ is measured with all output pins disconnected; EA = Vgg, PORT 0 = V; XTAL2 NC.; RST = Vg (see Fig-
ure 55).
4. Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the V, s of ALE and Ports 1
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1t0 0
transitions during bus operation. In the worst cases (capacitive loading 100pF), the noise pulse on the ALE line may exceed
0.45V with maxi Vo peak 0.6V. A Schmitt Trigger use is not necessary.
5. Typical are based on a limited number of samples and are not guaranteed. The values listed are at room temperature and
5V.
6. Under steady state (non-transient) conditions, I must be externally limited as follows:
Maximum |y, per port pin: 10 mA
Maximum |l per 8-bit port:
Port 0: 26 mA
Ports 1,2 and 3: 15 mA
Maximum total I, for all output pins: 71 mA
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If o, exceeds the test condition, V,, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
7. For other values, please contact your sales office.
8. Icc Flash Write operation current while an on-chip flash page write is on going.

Figure 53. I, Test Condition, Active Mode
VCC

'wg

VCC

Veo
panm—
P&

RST EA

(NC)—| XTAL2
CLOCK »| XTALT

SIGNAL
| Vss

All other pins are disconnected.

Figure 54. |- Test Condition, Idle Mode

VCC
ICCJ
Vee Voo

PO

RST | EA

ﬁ

(NC)—— XTAL2
CLOCK _yI xTAL1

SIGNAL
VSS

All other pins are disconnected.

Figure 55. |- Test Condition, Power-down Mode

VCC
ICCL
Voo [— Veo
P
_—{RST EA
(NC)—— XTAL2

E‘ XTALT
VSS

All other pins are disconnected.

Figure 56. Clock Signal Waveform for I Tests in Active and Idle Modes

Voe-0.5V 0.7Vee
0.45\ 0.2V¢c-0.1
TomoL Teren

Teren = TeneL = 5ns.
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AC Parameters

Explanation of the AC
Symbols

External Program Memory
Characteristics

ATMEL

Each timing symbol has 5 characters. The first character is always a “T” (stands for
time). The other characters, depending on their positions, stand for the name of a signal
or the logical status of that signal. The following is a list of all the characters and what
they stand for.

Example: T,y = Time for Address Valid to ALE Low.
T pL = Time for ALE Low to PSEN Low.

(Load Capacitance for port 0, ALE and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF.)

Table 94 Table 97, and Table 99 give the description of each AC symbols.
Table 96, Table 98 and Table 100 give the AC parameterfor each range.

Table 95, Table 96 and Table 101 gives the frequency derating formula of the AC
parameter for each speed range description. To calculate each AC symbols, take the x
value in the correponding column (-M or -L) and use this value in the formula.

Example: T, for -M and 20 MHz, Standard clock.
x =35ns

T 50 ns

Tooy =4T -x=165ns

Table 94. Symbol Description

Symbol Parameter
T Oscillator clock period
Tiaw ALE pulse width
TaviL Address Valid to ALE
Tiiax Address Hold after ALE
T ALE to Valid Instruction In
TueL ALE to PSEN
Toirn PSEN Pulse Width
Teuv PSEN to Valid Instruction In
Toxix Input Instruction Hold after PSEN
Toxiz Input Instruction Float after PSEN
Tavv Address to Valid Instruction In
Toiaz PSEN Low to Address Float
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Table 95. AC Parameters for a Fix Clock
Symbol -M -L Units
Min Max Min Max
T 25 25 ns
T 35 35 ns
TaviL 5 5 ns
Tiax 5 5 ns
T n 65 65 ns
Tuee 5 5 ns
Teipn 50 50 ns
TeLv 30 30 ns
Texix 0 0 ns
Texiz 10 10 ns
Tavv 80 80 ns
TeLaz 10 10 ns
Table 96. AC Parameters for a Variable Clock
Standard X Parameter for - | X Parameter for
Symbol Type Clock X2 Clock M Range -L Range Units
Tih Min 2T-x T-x 15 15 ns
TaviL Min T-x 05T-x 20 20 ns
Tiiax Min T-x 05T-x 20 20 ns
T Max 47 -x 27T-x 35 35 ns
TueL Min T-x 05T-x 15 15 ns
Toir Min 3T-x 15T -x 25 25 ns
TeLv Max 3T-x 1.5T-x 45 45 ns
Texix Min X X 0 0 ns
Texiz Max T-x 05T-x 15 15 ns
Taviv Max 5T-x 25T-x 45 45 ns
TpLaz Max X X 10 10 ns
133
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External Program Memory
Read Cycle

< 12 Tera
— Ty —Pe— Ty —»

ALE T < TLLF’L /—\

A 4

—— Tp py ——P
POEN I Tiiax > ¢ Texav \ /_
€ Tpy » > Texiz
«TPLAZ Toxix 9 «
PORTO INSTRIN INSTR IN AO-A7 INSTR IN
PORT2 OAIE{)%IF;ESPSZ ADDRESS A8-A15 ADDRESS A8-A15
External Data Memory
Characteristics Table 97. Symbol Description
Symbol Parameter

Taan RD Pulse Width

Twiw WR Pulse Width

Triov RD to Valid Data In

TrHpx Data Hold After RD

TRHDZ Data Float After RD

Tiiov ALE to Valid Data In

Tavov Address to Valid Data In

Towe ALE to WR or RD

TavwL Address to WR or RD

Tavwx Data Valid to WR Transition

TavwH Data set-up to WR High

Twhax Data Hold After WR

TrLaz RD Low to Address Float

TWHLH RD or WR High to ALE high
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Table 98. AC Parameters for a Fix Clock

ATMEL

-M -L
Symbol Min Max Min Max Units
TaLRH 125 125 ns
Twiwn 125 125 ns
Tripv 95 95 ns
TRHDX 0 0 ns
TruDz 25 25 ns
Tiiov 155 155 ns
Tavov 160 160 ns
Towe 45 105 45 105 ns
TavwL 70 70 ns
Tavwx 5 5 ns
Tavwh 155 155 ns
Twhax 10 10 ns
TRLAZ 0 0 ns
TwhLH 5 45 5 45 ns
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Standard X Parameter for - | X Parameter for -

Symbol Type Clock X2 Clock M Range L Range Units
TaLRH Min 6T-x 3T-x 25 25 ns
Twiwh Min 6T-x 3T-x 25 25 ns
TriDv Max 5T-x 25T-x 30 30 ns
TRHDX Min X X 0 0 ns
TRrHDZ Max 2T-x T-x 25 25 ns
Tiiov Max 8T-x 4T -x 45 45 ns
Tavov Max 9T-x 45T-x 65 65 ns
Towe Min 3T-x 1.5T-x 30 30 ns
Towe Max 3T+x 15T +x 30 30 ns
Tavwi Min 4T-x 2T-x 30 30 ns
Tavwx Min T-x 05T-x 20 20 ns
Taovwh Min 7T-x 35T-x 20 20 ns
Twhax Min T-x 05T-x 15 15 ns
TRLAZ Max X X 0 0 ns
TwHLH Min T-x 05T-x 20 20 ns
TwHLH Max T+x 05T +x 20 20 ns

External Data Memory Write

Cycle
Twhin ¥
ALE

|

PSEN

A 4

TWLWH

A 4
A

< Trwe

WR

< Tauwx
T ax Tovwh > Twox P

PORT 0 D_q A0-A7 DATA OUT
< Tavwi >
PORT2 — ADDRESS ADDRESS A8-A15 OR SFR P2 >
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External Data Memory Read Cycle

Twhin ¥
ALE I Tiov >

A

PSEN

J ——Tw < TRLRH
P < Tavov < Trroz
= Tiax— Trupx > <
PORT 0 D_< A0-A7 DATA IN
PORT2 ~ ADDRE Tag ——5 =
OR SFR-P?2 ADDRESS A8-A15 OR SFR P2 >
Serial Port Timing - Shift Table 99. Symbol Description
Register Mode
Symbol Parameter
Tyixt Serial port clock cycle time
Tavhx Output data set-up to clock rising edge
TxHox Output data hold after clock rising edge
TxHpx Input data hold after clock rising edge
Txrov Clock rising edge to input data valid
Table 100. AC Parameters for a Fix Clock
-M -L
Symbol Min Max Min Max Units
Ty 300 300 ns
Tavkx 200 200 ns
TyHox 30 30 ns
Txnox 0 0 ns
Tyroy 117 117 ns
Table 101. AC Parameters for a Variable Clock
Standard X Parameter for - | X Parameter for -L
Symbol Type Clock X2 Clock M Range Range Units
Tyixt Min 12T 6T ns
Tavhx Min 10T-x 5T-x 50 50 ns
TyHax Min 2T-x T-x 20 20 ns
Tyrbx Min X X 0 0 ns
Txuov Max 10T-x 5T-x 133 133 ns
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Shift Register Timing
Waveforms

|NSTRUCT|ON|°|1|2|3|4|5|6|7|8|

ALE

CLOCK

OUTPUT DATA

WRITE to SBUF
INPUT DATA

CLEARRI

External Clock Drive
Waveforms

Tehex
Toner —» ¢— Teiex Teren

AC Testing Input/Output

Waveforms Vog 0.5V

INPUT/OUTPUT >< 02 Vo +0.9 ><
045 0.2 Vg - 0.1

AC inputs during testing are driven at V. - 0.5 for a logic “1” and 0.45V for a logic “0”.
Timing measurement are made at V,; min for a logic “1” and V,_ max for a logic “0”.

Float Waveforms

FLOAT

Vo - 0.1V

VLOAD VLOAD +0.1V

VoL +0.1V Vioao- 0.1V

For timing purposes as port pin is no longer floating when a 100 mV change from load
voltage occurs and begins to float when a 100 mV change from the loaded V,/V(, level
oceurs. lg /loy = = 20mA.

Clock Waveforms Valid in normal clock mode. In X2 mode XTAL2 must be changed to XTAL2/2.
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Figure 57. Internal Clock Signals
STATE4 , STATE5 , STATE6 , STATE1 , STATE2 , STATE3 , STATE4 , STATE5
INTERNAL

CLOCK Pi|p2|pPi|P2|pPi|P2|pPt|P2|pPi|Pa|pPi|pPa|Pi]pa|pri]epe

XTAL2

ALE ]
THESE SIGNALS ARE NOT ACTIVATED DURING THE
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
PSEN
PO
AMP AMP AMP
FLOA Li FLOAT_>| L_ FLOAT.
P2 (EXT) INDICATES ADDRESS TRANSITIDNS
READ CYCLE
RD |
PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)
POW DA I{ *
| SAMPLED _|
le FLOAT >
P2 [ 'NDICATESDPH OR PZSFRTO PCHTRANSITION |
WRITE CYCLE
WR | [ PcLouT SEVEN IF PROGRAM
MEMORY IS INTERNAL)
POW \ IZ_AT"
| X, [PCL OUT (IF PROGRAM
e DATA OUT MEMORY 1S EXTERNAL)
P2 2
PORT OPERATION
MOV PORT SRC OLD DATANEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO N
MOV DEST PORT (P1. P2.P3) __,P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMPLED
(INCLUDES INTO. N %0 T m m_
SERIAL PORT SHIFT CLOCK RXD SAMPLED RXD SAMPLED

TXD (MODE 0) |

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, however,
ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin loading. Propaga-
tion also varies from output to output and component. Typically though (T, = 25°C fully loaded) RD and WR propagation
delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC
specifications.
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Ordering Information

Table 102. Possible Order Entries

ATMEL

Flash Memory Temperature
Part Number Size Supply Voltage Range Package Packing Product Marking

AT89C51IC2-SLSCM

AT89C51IC2-SLSIM

AT89C51IC2-RLTIM OBSOLETE

AT89C51IC2-RLTIL

AT89C51IC2-SLSIL

AT89C51IC2-SLSUM 32K bytes industrial & PLCC44 Stick 89C511C2-UM
5V

AT89C51IC2-RLTUM 32K bytes '”dG“f;;;' & VQFP44 Tray 89C511C2-UM

AT89C51IC2-RLTUL 32K bytes '”dGU:Zﬁ' & VQFP44 Tray 89C511C2-UL
3V

AT89C51IC2-SLSUL 32K bytes '”dé‘fégﬁ' & PLCCA44 Stick 89C511C2-UL

140
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AT89C51I1C2

Package Drawing

PLCC44

45° 1

Ee/De

ﬁ%%m _
~ D
MM : I NCH

A 4. 20 4. 57 165 . 180
Al 2. 29 3. 04 . 030 . 120
D 17,40 17,63 . 685 . 695
D1 16. 44 16 66 . 647 . 656
De 14.99 16. 00 . 590 . 630
= 1740 17.635 . 685 . 695
El 16, 44 16. 66 . 647 . 636
Ee 14,99 16. 00 . 590 . 630
e 1.27 BSC . 030 BSC

G 1. 07 1. ee . 042 . 048
H 1. 07 1. 4e . 042 . 036
J 0. 51 - . 020 -

K 0. 33 0. 353 . 013 .02l
Nl 11 11

Ne 11 11

PKG STD 00
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ATMEL

Package Drawing

VQFP44

142

D A
= 0" 108
D1 al | :
iy
a44 o A
[Zz2zz74 *%4 (777
1 I
E 1
F
12
=3
a a T oakd
C 5
con ae
[ ——
A3
A2 1
I 0.102 MAX.
LEAD COPLANARITY
INEH
Min Ma x Mi n Max
A - 1. 60 - L 063
AL .64 REF . 025 REF
A2 .64 REF . 025 REF
A3 1. 35 1,45 053 L 057
D 11,90 1210 . 468 476
hjl 3, 90 10,10 . 390 . 398
E 11,90 12,10 . 468 476
El 3, 90 10,10 . 390 . 398
J 0.05 - 002 -
L 0. 45 0. 75 . 018 . 030
e 0. 80 BSC . 0315 BSC
£ 0. 35 BSC . 014 BSC
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Datasheet Revision History

Changes from Rev. A
01/04 - Rev. B 01/06

Changes from Rev. B
01/06 - Rev. C 06/06

Changes from Rev. C
06/06 - Rev. D 02/08

4301D-8051-02/08

1.

1.

1.

Added green product ordering information.
Correction to ordering information concerning product marking on green

products.

Removed non green part numbers from ordering information.
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143



Table of Contents

ATMEL

= 1 (1 = R 1
[0 T=X=ToT '] o] 1 Lo o JR 2
1270 T Q0 - To [ - 11 1 3
SFR MaAPPING .....ccevmerrreeiirmmmnnsissssssnnmmsssssssssmssnsssssssssssssssssssssssssssssssssssssan 4
Pin CoNFiQUIAtiONS ........ccccceeeeeieisssneeiensnnnsssssssssssssssssssssssssssssssssnsnnnns 10
(0 1o ]| =1 (o] £ 14
(@Y= T VPR R 14
Lo 1) (=Y T PRSP 14
Functional BIOCK Diagram ..........ooueeiiiiiiieee ettt 17
Operating MOGES ..ot sttt et e ene e 17
Design CoNSIAEIatiONS. . ..o cueeeiie it 19
Timer 0: CIOCK INPUES ..o e 20
Enhanced FEAIUIES .........eemmmmmmememeeennsnsnsissssssssssssssssssssssssssnnnnmnnnnnnnnnnes 21
X2 Feature and OSCA Clock Generation ...........occeeeveiieiieien e 21
Dual Data Pointer ReQiSTer ..........uuueeememmmcsssssssssssssssssssssssssssnnnmnnnnnnes 25
Expanded RAM (XRAM) ......ooeeeeeeeeeeeeeesesssssssssssssssssssssssnsnssnmmmmmmsnsnnnnnes 27
L 1.1 2 30
LT (o B 2 =] (0= To N1 (oo [ RO RRT 30
Programmable CIOCK-OUIPUL .........coviiiiiiiee e 31
Programmable Counter Array PCA ..........oovevvvcssisssssnnenennnnmnnnnnnnnnnns 35
PCA Capture MOGE.....ccoiiiiieee ettt e 43

16-bit Software Timer/ Compare MOdE..........ccueeeiiiiiiiiii e 43

High Speed OULPUL MOGE .......eeiiiiiieie e 44
Pulse Width Modulator Mode..........coooiiiiiiiiiie e 45

O VAT = (o] ale (oo I T 0 =T PRSP RRR 46
=7 | O oo o S 47
Framing Error DEteCioN .......cooo oo 47
Automatic Address ReCOgNItioN.........ccuuueeiiiiiiiiiieiee e 48

Baud Rate Selection for UART formode 1 and 3.......cccoeviiiieeiiiiiieieeeiieeee 50
UART REQISIEIS ..ttt st e s e e 54

L1 =T ] 0T B3 VT (= 1 1 S 58
T 1) (=Y £ PRSP 59

i /AT SO C'51 | C 2 000000000000

4301D-8051-02/08



Interrupt Sources and Vector AddreSSES......ooueiiiiiiiiiee e 66
Power ManagemeEnt .........ccccccuueemmmmmmmmmmmmmsmsssssssssssssssssssssssssnnnnmnnnnnnnnnnns 67
RESEL e e e 67
Reset Recommendation to Prevent Flash Corruption ..........ccccovcieeeiieniiienennnen. 69
o 1=V o T L= PSPPSR 69
POWEr-dOWN MOE.......cooiiiieieeeeeee e e 69
Serial Port INterface (SPI) .......cccoeeeemerrvvsemmnnsssissssssmmnnsssssssssssmssnssssssnas 71
FRAIUMES ..o 71
SigNal DESCHIPION ....eintei ettt 71
Functional DeSCIIPHION .....ooiiiiiiie e 73
Keyboard INLEITACE .........ccoeecuemeeeeeeeeeneenssssssssssssssssssssssssssssnnnnnnnnnnnnnnnns 80
U= (=Y PRSP 81
2-Wire INterface (TWI) ..eeeeeeeiecsccccsssssssssssnmmnnnnnmnnnnessssnssssssssssssss s 84
DT Yol 1 o] (o] o PSSP 86
[0 L= TS PP PP PP ST 89
REQISTEIS. ..t e e 99
Hardware Watchdog TiMEer ........eeeeeeemmeeeeeeeeiescccissssssssssssssssssssnnnmnnnnns 102
USING the WDT ..t nne e 102
WDT During Power Down and [dle.........ccooiiiiiiiiiiiiiiee e 103
POWEr-Off FIAQ ...cccceeveeriiiiissssenmsnneemen s s sssssssssssssssssssssssssssssnnnnnnnnnnnnnns 104
ONCE(TM) Mode (ON Chip Emulation) ............cccceeommmmemeemseeerrsssssnnns 105
(2 {=To [VTe=To [ =1 |/ 1 o To [ S 106
Flash EEPROM MEMOIY ......ccccessummmmmsssssssssmnnssssssssmmmessssssssssnmsssssssssssn 107
FRAIUMES...cee e e 107
Flash Programming and Erasure...........ccceeioiiiiiiiiiiie e 107
Flash Registers and Memory Map........c..eeeeeeiieiiiiiiiieee e 108
Flash Memory StatUS.......ocuveiiiiiiiiiee e 111
MemOry OrganizZation ........cc.oeeiiieiie et 111
Bootloader ArChItECIUIE .........eeeiii e 112
ISP Protocol DeSCIPHON ... ..uiiiieiiiiiiee et 116
Functional DeSCIIPHION ....ccoiiiiiiiieieeee e 117
FIOW DESCIIPHON .. e e e 118
PN o B OF- | B D =ETod ] o) (o1 F PR 126
Electrical CharacteriStiCs ...........ccouucuremrmsssmssssssesssssssnsssssssnensssssnenns 128
Absolute Maximum RatingS ......c.eeviiiiiiiiie e 128
DC Parameters for Standard VOIage .......coovieiriiiiiiiei e 128

ATMEL

4301D-8051-02/08



ATMEL

DC Parameters for Low VORAGE ......cooviiiiiiiiiiiiiieee e 130
F O o= 1= U 4= (=1 ¢TSRS 132
(0o [T 72 To I 1] {014 11: 1{ o] o H 140
Package DraWwing ..........ccoccccccssesmmmmmmmmmsmmmmsmsssssssssssssssssssssssnnnnnnnnnnnnnns 141
PLOCAA ...t ettt e st e e e e s bttt e e e e e e e e e eareeeaeeane 141
Package DraWwing ..........cccoccccessemmmmmmmmmmmmmmmsmsssssssssssssssssssssssnnnnnnnnnnnnnns 142
VQIFPA4 ... et s 142
Datasheet ReViSion HiSTOIY .........uueueeeeeiismsissssssssssssssssnnnssnnnnmnnnnnnnnes 143
Changes from Rev. A 01/04 - ReV. B 01/06 ......cooiiiiiiiiiiiiieeeee e 143
Changes from Rev. B 01/06 - Rev. C 06/06 .........ccceieiieeeiiieieiiieeeniee e 143
Changes from Rev. C 06/06 - Rev. D 02/08.........cccceoviieeieiiiiieee e 143
=100 (=30 O o 1] = 1 i

4301D-8051-02/08



AIMEL

Y R

Atmel Corporation

2325 Orchard Parkway
San Jose, CA 95131, USA
Tel: 1(408) 441-0311

Fax: 1(408) 487-2600

Regional Headquarters

Europe
Atmel Sarl
Route des Arsenaux 41
Case Postale 80
CH-1705 Fribourg
Switzerland
Tel: (41) 26-426-5555
Fax: (41) 26-426-5500

Asia
Room 1219
Chinachem Golden Plaza
77 Mody Road Tsimshatsui
East Kowloon
Hong Kong
Tel: (852) 2721-9778
Fax: (852) 2722-1369

Japan

9F, Tonetsu Shinkawa Bldg.

1-24-8 Shinkawa
Chuo-ku, Tokyo 104-0033
Japan

Tel: (81) 3-3523-3551
Fax: (81) 3-3523-7581

Atmel Operations
Memory

2325 Orchard Parkway
San Jose, CA 95131, USA
Tel: 1(408) 441-0311

Fax: 1(408) 436-4314

Microcontrollers

2325 Orchard Parkway
San Jose, CA 95131, USA
Tel: 1(408) 441-0311

Fax: 1(408) 436-4314

La Chantrerie

BP 70602

44306 Nantes Cedex 3, France
Tel: (33) 2-40-18-18-18

Fax: (33) 2-40-18-19-60

ASIC/ASSP/Smart Cards

Zone Industrielle

13106 Rousset Cedex, France
Tel: (33) 4-42-53-60-00

Fax: (33) 4-42-53-60-01

1150 East Cheyenne Mtn. Blvd.
Colorado Springs, CO 80906, USA

Tel: 1(719) 576-3300
Fax: 1(719) 540-1759

Scottish Enterprise Technology Park

Maxwell Building

East Kilbride G75 0QR, Scotland

Tel: (44) 1355-803-000
Fax: (44) 1355-242-743

RF/Automotive

Theresienstrasse 2
Postfach 3535

74025 Heilbronn, Germany
Tel: (49) 71-31-67-0

Fax: (49) 71-31-67-2340

1150 East Cheyenne Mtn. Blvd.
Colorado Springs, CO 80906, USA
Tel: 1(719) 576-3300

Fax: 1(719) 540-1759

Biometrics/Imaging/Hi-Rel MPU/
High Speed Converters/RF Datacom

Avenue de Rochepleine

BP 123

38521 Saint-Egreve Cedex, France
Tel: (33) 4-76-58-30-00

Fax: (33) 4-76-58-34-80

Literature Requests
www.atmel.com/literature

Disclaimer: Atmel Corporation makes no warranty for the use of its products, other than those expressly contained in the Company’s standard
warranty which is detailed in Atmel’s Terms and Conditions located on the Company’s web site. The Company assumes no responsibility for any
errors which may appear in this document, reserves the right to change devices or specifications detailed herein at any time without notice, and
does not make any commitment to update the information contained herein. No licenses to patents or other intellectual property of Atmel are
granted by the Company in connection with the sale of Atmel products, expressly or by implication. Atmel's products are not authorized for use
as critical components in life support devices or systems.

© Atmel Corporation 2008. All rights reserved. Atmel®, logo and combinations thereof, are registered trademarks, and Everywhere You Are®
are the trademarks of Atmel Corporation or its subsidiaries. ONCE® is a registered trademark of Intel Corporation. Other terms and product

names may be the trademarks of others.

@ Printed on recycled paper.

4301D-8051-02/08



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View AT89C511C2-RLTUL| on WIN SOURCE
) Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/atmel/at89c51ic2-rltul.html
https://www.win-source.net/manufacturer/atmel

