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Pin Configurations

Figure 2. Pin Configurations
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Timer 2

Auto-Reload Mode

4105C-8051-02/02

The Timer 2 in the TB9C51RB2/RC2 is the standard C52 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 11) and T2MOD (Table 12)
registers. Timer 2 operation is similar to Timer 0 and Timer 1.C/T2 selects Fyg/12
(timer operation) or external pin T2 (counter operation) as the timer clock input. Setting
TR2 allows TL2 to increment 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:
e 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 C51 Microcontroller Hardware description). If DCEN bit is set, Timer 2 acts as
an Up/down timer/counter as shown in Figure 8. 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.

AIMEL 2



Figure 9. Clock-Out Mode C/T2 =0
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Figure 10. PCA Timer/Counter
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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.

38 TS8I9C51RB2/RC2 s —
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Table 29. SBUF Register
SBUF - Serial Buffer Register for UART (99h)

7 6 5 4 3 2 1 0

Reset Value = XXXX XXXXb

Table 30. BRL Register
BRL - Baud Rate Reload Register for the internal baud rate generator, UART (9Ah)

7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
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Table 31. T2CON Register
T2CON - Timer 2 Control Register (C8h)

7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 CIT2# 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 CIT2# Cleared for timer operation (input from internal clock system: F¢ k 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 39. IPL1 Register
IPL1 - Interrupt Priority Register (B2h)

7 6 5 4 3 2 1 0
- - - - - SPIL - 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.
SPl interrupt Priority bit
2 SPIL Refer to SPIH for priority level.
1 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
Keyboard interrupt Priority bit
0 KBDL Refer to KBDH for priority level.

Reset Value = XXXX X000b
Bit addressable
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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 (g)
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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

e Master or Slave operation

« Eight programmable Master clock rates

e Serial clock with programmable polarity and phase

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

Figure 20 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 24. SPI Master/Slaves interconnection
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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 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

AIMEL 03
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Functional Description

Operating Modes
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Figure 25 shows a detailed structure of the SPI module.

Figure 25. SPI Module Block Diagram

Internal Bus

Shift Register
F(ILK PERIPH « [543 2[2]0]
2 l
14 . .
Clock 8 Receive Data Registe pi
Divider 18— Cm ol MOSI
o4l ontrolle » MISO
Logic

Clock M

Logic S > SCK
Clock | SS
Select T I

| SPR2 [sPEN [sspis|MsTR [cPoL [cPHA [sPR1 [sPRo |

SPCON
| spi mmp 8-bit bus
SPI Interrupt Request Control ~» 1-bitsignal
SPSTA
| spiF|wcol| - |wmooF| - [ - | - | - |

The Serial Peripheral Interface can be configured as one of the two modes: Master
mode or Slave mode. The configuration and initialization of the SPI module is made
through one register:

e The Serial Peripheral CONtrol register (SPCON)

Once the SPI is configured, the data exchange is made using:
« SPCON

e The Serial Peripheral STAtus register (SPSTA)

e 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 26).

AIMEL 0



Master mode

Slave mode

Transmission Formats
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Figure 26. 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 transferred
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 register) 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.

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 22 and Figure 23).
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").
66 T89C51RB2/RC2 mu e ——
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Error conditions

Mode Fault (MODF)

Write Collision (WCOL)

Overrun Condition

Interrupts

AIMEL

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 (SS)
pin is inconsistent with the actual mode of the device. MODF is set to warn that there
may have 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 disable the SPI,
¢ The MSTR bitin SPCON is cleared

When §g§able (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 attempt 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 I/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.
Two SPI status flags can generate a CPU interrupt requests:

Table 46. 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.

Figure 30 gives a logical view of the above statements.

68 T89C51RB2/RC2 me——
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Serial Peripheral DATa register
(SPDAT)
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Bit Bit
Number | Mnemonic | Description
1 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 49) 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 49. 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
e Writing to the SPDAT will cause an overflow

AIMEL "



EEEssssssssssssssseeeeeeessssssss | SOC51RB2/RC2

Power Management

Reset

Reset Recommendation
to Prevent Flash
Corruption
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Two power reduction modes are implemented in the TB9C51RB2/RC2: the Idle mode
and the Power-Down mode. These modes are detailed in the following sections. In addi-
tion to these power reduction modes, the clocks of the core and peripherals can be
dynamically divided by 2 using the X2 mode detailed in Section “Clock”.

A reset is required after applying power at turn-on. 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 and stabilized and VCC established within the specified
operating ranges. A device reset initializes the TB9C51RB2/RC2 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 31. Resistor value and input
characteristics are discussed in the Section “DC Characteristics” of the
T89C51RB2/RC2 datasheet. The status of the Port pins during reset is detailed in
Table 53.

Figure 31. Reset Circuitry and Power-On Reset

To CPU core
and peripherals

VSS

a. RST input circuitry b. Power-on Reset

Table 53. Pin Conditions in Special Operating Modes

Mode Port O Port 1 Port 2 Port 3 Port 4 ALE PSEN#
Reset Floating High High High High High High
Idle Data Data Data Data Data High High
Power- Data Data Data Data Data Low Low
Down

A bad reset sequence will lead to bad microcontroller initialization and system registers
like SFR’s, Program Counter, etc. will not be correctly initialized. A bad initialization may
lead to unpredictable behaviour of the C51 microcontroller.

An example of this situation may occur in an instance where the bit ENBOOT in AUXR1
register is initialized from the hardware bit BLIJB upon reset. Since this bit allows map-
ping of the bootloader in the code area, a reset failure can be critical.

If one wants the ENBOOT cleared inorder to unmap the boot from the code area (yet
due to a bad reset) the bit ENBOOT in SFR’s 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).

AIMEL &
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Power-off Flag
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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 54). 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 54. PCON Register
PCON - Power Control Register (87h)

7 6 5 4 3 2 1 0
SMOD1 SMODO - POF GF1 GFO PD IDL
Bit Bit
Number Mnemonic | Description
Serial port Mode bit 1
l 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
2 POE Cleared to recognize next reset type.
Set by hardware when V. rises from 0 to its nominal voltage. Can also be set by
software.
General purpose Flag
3 GF1 Cleared by user for general purpose usage.
Set by user for general purpose usage.
General purpose Flag
2 GFO0 Cleared by user for general purpose usage.
Set by user 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

AIMEL
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External Data Memory Read

Cycle
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Figure 38. External Data Memory Read Cycle
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Table 64. Symbol Description

Symbol Parameter
Tyuxt Serial port clock cycle time
Tovhx Output data set-up to clock rising edge
Txrox Output data hold after clock rising edge
TxHbx Input data hold after clock rising edge
Txnov Clock rising edge to input data valid

Table 65. AC Parameters for a Fix Clock

M L
Symbol Min Max Min Max Units
Toixt 300 300 ns
Tovix 200 200 ns
Txhox 30 30 ns
TxHpx 0 0 ns
Torioy 117 17 ns
88 T89C51RB2/RC2 m——
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Figure 44. Clock Waveforms
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PO [DATA PCLOUT DATA PCLOUT DATA PCLOUT
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RD I |
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WRITE CYCLE
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L IS PCL OUT (IF PROGRAM
= DATA OUT MEMORY SS EXTERNAL)
P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION

PORT OPERATION

MOV PORT SRC OLD DATANEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO PN
MOV DEST PORT (PL.P2.P3) P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMRLED

(INCLUDES INTO. INT1.TO T1) m

N

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 50ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC
specifications.
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After programming the Flash, the status byte should be programmed to zero in order to
allow execution of the user’s application code beginning at address 0000h.

Boot Process Summary The boot process is summarized on the following flowchart:

Figure 47. Boot process flowchart
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Software
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If BLIJB=0 then ENBOOT bit (AUXRL1) is set
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In-System Programming
(ISP)

Using In-System
Programming (ISP)

AIMEL

The In-System Programming (ISP) is performed without removing the microcontroller
from the system. The ISP facility consists of a series of internal hardware resources
coupled with internal firmware to facilitate remote programming of theT89C51RB2/RC2
through the serial port.

The Atmel ISP facility has made in-circuit programming in an embedded application
possible with a minimum of additional expense in components and circuit board area.

The ISP function through UART uses four pins: TxD, RxD, Vgg, Vcc. Only a small con-
nector needs to be available to interface the application to an external circuit in order to
use this feature.

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
T8I9C51RB2/RC2 to establish the baud rate. The ISP firmware provides auto-echo of
received characters.

Once baud rate initialization has been performed, the ISP firmware will only accept Intel
Hex-type records. Intel Hex records consist of ASCII characters used to represent hexa-
decimal values and are summarized below:

:NNAAAARRDD. DDCC

T89C51RB2/RC2 will accept up to 16 (10h) data bytes. The “AAAA” string represents
the address of the first byte in the record. If there are zero bytes in the record, this field
is often set to “0000”. The “RR” string indicates the record type. A record type of “00” is
a data record. A record type of “01” indicates the end-of-file mark. In this application,
additional record types will be added to indicate either commands or data for the ISP
facility. The “DD” string represents the data bytes. The maximum number of data bytes
in a record is limited to 16 (decimal). The “CC” string represents the checksum byte. ISP
commands are summarized in Table 74.

As a record is received by the TB9C51RB2/RC2, the information in the record is stored
internally and a checksum calculation is performed and compared to “CC".

The operation indicated by the record type is not performed until the entire record has
been received. Should an error occur in the checksum, the T89C51RB2/RC2 will send
an “X” out the serial port indicating a checksum error. If the checksum calculation is
found to match the checksum in the record, then the command will be executed. In most
cases, successful reception of the record will be indicated by transmitting a “. ” character
out the serial port (displaying the contents of the internal program memory is an excep-
tion). In the case of a Data Record (record type “00™"), an additional check is made. A “.
" character will NOT be sent unless the record checksum matched the calculated check-
sum and all of the bytes in the record were successfully programmed. For a data record,
an “X” indicates that the checksum failed to match, and an “R” character indicates that

one of the bytes did not properly program.

FLIP, a software utility to implement ISP programming with a PC, is available from the
Atmel the web site.
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Table 75. API Calls (Continued)

API Call Parameter

Input Parameters:

RO = osc freq (integer Not required, left for Philips compatibility)
R1=07h

DPH = 00h

DPL = 01h (status byte)

Return Parameter

ACC = value of byte read

READ BOOT
STATUS BYTE

Input Parameters:

RO = osc freq (integer Not required, left for Philips compatibility)
R1=07h

DPH = 00h

DPL = 02h (boot vector)

Return Parameter

ACC = value of byte read

READ BOOT
VECTOR

Note:  These functions can only be called by user’s code. The standard boot loader cannot
decrease the security level.

Number DPTR Block

0 00h 0-8KB

1 20h 8- 16 KB

2 40h 16 - 32 KB (Only on T89C51RC2)
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