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circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
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systems.
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Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
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used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
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medium-scale applications like industrial automation. 32-
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different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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5. Pin Configuration
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PSEN 67 55
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Figure 6-4. PCA Timer/Counter

Table 6-4. CMOD: PCA Counter Mode Register

The CMOD SFR includes three additional bits associated with the PCA (See Figure 6-4 and
Table 6-4).

CIDL CPS1 CPS0 ECF

It
CH CL

16 bit up/down counter

To PCA
modules

Fosc /12

Fosc / 4

T0 OVF

P1.2

Idle

CMOD
0xD9WDTE

CF CR CCON
0xD8CCF4 CCF3 CCF2 CCF1 CCF0

overflow

CMOD 

Address 0D9H CIDL WDTE - - - CPS1 CPS0 ECF

Reset value 0 0 X X X 0 0 0

Symbol Function

CIDL
Counter Idle control: CIDL = 0 programs the PCA Counter to continue functioning during idle Mode. 
CIDL = 1 programs it to be gated off during idle.

WDTE
Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Module 4. WDTE = 1 
enables it.

- Not implemented, reserved for future use. (1)

1. User software should not write 1s to reserved bits. These bits may be used in future 8051 family 
products to invoke new features. In that case, the reset or inactive value of the new bit will be 0, 
and its active value will be 1. The value read from a reserved bit is indeterminate.

CPS1 PCA Count Pulse Select bit 1.

CPS0 PCA Count Pulse Select bit 0.

CPS1 CPS0 Selected PCA input. (2)

2. fosc = oscillator frequency

0 0 Internal clock fosc/12 ( Or fosc/6 in X2 Mode).

0 1 Internal clock fosc/4 ( Or fosc/2 in X2 Mode).

1 0 Timer 0 Overflow

1 1 External clock at ECI/P1.2 pin (max rate = fosc/ 8)

ECF
PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. 
ECF = 0 disables that function of CF.
25
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Figure 6-9. PCA PWM Mode

6.3.5 PCA Watchdog Timer 

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 6-7 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 modules 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 applications the first solution is the best option.

This watchdog timer won’t generate a reset out on the reset pin.

CL

CCAPnH

CCAPnL

ECOMn CCAPMn, n= 0 to 4

0xDA to 0xDE
CAPNn MATn TOGn PWMn ECCFnCAPPn

8 bit comparator
CEXn

“0”

“1”

 Š 
<Enable

PCA counter/timer

Overflow
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6.4 TS80C51Rx2 Serial I/O Port

The serial I/O port in the TS80C51Rx2 is compatible with the serial I/O port in the 80C52.

It provides both synchronous and asynchronous communication modes. It operates as an Uni-
versal 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/O port includes the following enhancements:

• Framing error detection

• Automatic address recognition

6.4.1 Framing Error Detection

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 SMOD0 bit in PCON register (See Figure 6-
10).

Figure 6-10. Framing Error Block Diagram

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
6-14.) bit is set.
Software may examine FE bit after each reception to check for data errors. Once set, only soft-
ware or a reset can clear FE bit. Subsequently received frames with valid stop bits cannot clear
FE bit. When FE feature is enabled, RI rises on stop bit instead of the last data bit (See Figure 6-
11 and Figure 6-12).

Figure 6-11. UART Timings in Mode 1

RITIRB8TB8RENSM2SM1SM0/FE

IDLPDGF0GF1POF-SMOD0SMOD1

To UART framing error control

SM0 to UART mode control (SMOD = 0)

Set FE bit if stop bit is 0 (framing error) (SMOD0 = 1)

SCON (98h)

PCON (87h)

Data byte

RI
SMOD0=X

Stop
bit

Start
bit

RXD D7D6D5D4D3D2D1D0

FE
SMOD0=1
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Reset Value = 0000 0000b
Bit addressable

Table 6-15. PCON Register
PCON - Power Control Register (87h)

Bit Number

Bit       

Mnemonic Description

7 FE

Framing Error bit (SMOD0=1)
Clear to reset the error state, not cleared by a valid stop bit.
Set by hardware when an invalid stop bit is detected.

SMOD0 must be set to enable access to the FE bit

SM0
Serial port Mode bit 0

Refer to SM1 for serial port mode selection.

SMOD0 must be cleared to enable access to the SM0 bit

6 SM1

Serial port Mode bit 1

SM0 SM1ModeDescriptionBaud Rate

0 0 0Shift RegisterFXTAL/12 (/6 in X2 mode)
0 1 18-bit UARTVariable
1 0 29-bit UARTFXTAL/64 or FXTAL/32 (/32, /16 in X2 mode)
1 1 39-bit UARTVariable

5 SM2

Serial port Mode 2 bit / Multiprocessor Communication Enable bit

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.

4 REN
Reception Enable bit

Clear to disable serial reception.
Set to enable serial reception.

3 TB8
Transmitter Bit 8 / Ninth bit to transmit in modes 2 and 3

Clear to transmit a logic 0 in the 9th bit.
Set to transmit a logic 1 in the 9th bit.

2 RB8

Receiver Bit 8 / Ninth bit received in modes 2 and 3

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.

1 TI

Transmit Interrupt flag

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.

0 RI

Receive Interrupt flag

Clear to acknowledge interrupt.
Set by hardware at the end of the 8th bit time in mode 0, see  Figure 6-11. and Figure 6-
12. in the other modes.

7 6 5 4 3 2 1 0

SMOD1 SMOD0 - POF GF1 GF0 PD IDL
38
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AT/TS8xC51Rx2
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.

Bit 

Number

Bit 

Mnemonic Description

7 SMOD1
Serial port Mode bit 1

Set  to select double baud rate in mode 1, 2 or 3.

6 SMOD0
Serial port Mode bit 0

Clear to select SM0 bit in SCON register.
Set to to select FE bit in SCON register.

5 -
Reserved

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

4 POF
Power-Off Flag

Clear to recognize next reset type.
Set by hardware when VCC rises from 0 to its nominal voltage. Can also be set by software.

3 GF1
General purpose Flag

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

2 GF0
General purpose Flag

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

1 PD
Power-Down mode bit

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

0 IDL
Idle mode bit

Clear by hardware when interrupt or reset occurs.
Set to enter idle mode.
39
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6.5 Interrupt System

The TS80C51Rx2 has a total of 7 interrupt vectors: two external interrupts (INT0 and INT1),
three timer interrupts (timers 0, 1 and 2), the serial port interrupt and the PCA global interrupt.
These interrupts are shown in Figure 6-13.

WARNING: Note that in the first version of RC devices, the PCA interrupt is in the lowest priority.
Thus the order in INT0, TF0, INT1, TF1, RI or TI, TF2 or EXF2, PCA.

Figure 6-13. Interrupt Control System

Each of the interrupt sources can be individually enabled or disabled by setting or clearing a bit
in the Interrupt Enable register (See Table 6-17.Table 6-18.). 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 levels by
setting or clearing a bit in the Interrupt Priority register (See Table 6-18.) and in the Interrupt Pri-
ority High register (See Table 6-19.).  shows the bit values and priority levels associated with
each combination.

The PCA interrupt vector is located at address 0033H. All other vector addresses are the same
as standard C52 devices.
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6.9 ONCETM Mode (ON Chip Emulation)

The ONCE mode facilitates testing and debugging of systems using TS8xC51Rx2 without
removing the circuit from the board. The ONCE mode is invoked by driving certain pins of the
TS80C51Rx2; 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 TS80C51Rx2 is in ONCE mode, an emulator or test CPU can be used to drive the cir-
cuit Table 26. shows the status of the port pins during ONCE mode.

Normal operation is restored when normal reset is applied.

Table 6-23. External Pin Status during ONCE Mode

ALE PSEN Port 0 Port 1 Port 2 Port 3 XTAL1/2

Weak pull-up Weak pull-up Float Weak pull-up Weak pull-up Weak pull-up Active



AT/TS8xC51Rx2
9. TS87C51RB2/RC2/RD2 EPROM

9.1 EPROM Structure

The TS87C51RB2/RC2/RD2 EPROM is divided in two different arrays:

• the code array:16/32/64 Kbytes.

• the encryption array:64 bytes.

In addition a third non programmable array is implemented:

• the signature array: 4 bytes.

9.2 EPROM Lock System

The program Lock system, when programmed, protects the on-chip program against software
piracy.

9.2.1 Encryption Array

Within the EPROM array are 64 bytes of encryption array that are initially unprogrammed (all
FF’s). Every time a byte is addressed during program verify, 6 address lines are used to select a
byte of the encryption array. This byte is then exclusive-NOR’ed (XNOR) with the code byte, cre-
ating an encrypted verify byte. The algorithm, with the encryption array in the unprogrammed
state, will return the code in its original, unmodified form.

When using the encryption array, one important factor needs to be considered. If a byte has the
value FFh, verifying the byte will produce the encryption byte value. If a large block (>64 bytes)
of code is left unprogrammed, a verification routine will display the content of the encryption
array. For this reason all the unused code bytes should be programmed with random values.
This will ensure program protection.

9.2.2 Program Lock  Bits

The three lock bits, when programmed according to Table 9-1.9.2.3, will provide different level of
protection for the on-chip code and data.

U: unprogrammed,
P: programmed

Table 9-1. Program Lock bits

Program Lock Bits

Protection  Description

Security 

level LB1 LB2 LB3

1 U U U

No program lock features enabled. Code verify will still be 
encrypted by the encryption array if programmed. MOVC 
instruction  executed from external program memory returns non 
encrypted data.

2 P U U

MOVC instruction executed from external program memory are 
disabled from fetching code bytes from internal memory, EA is 
sampled and latched on reset, and further programming of the 
EPROM is disabled.

3 U P U Same as 2, also verify is disabled.

4 U U P Same as 3, also external execution is disabled.
53
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WARNING: Security level 2 and 3 should only be programmed after EPROM and Core
verification.

9.2.3 Signature bytes

The TS87C51RB2/RC2/RD2 contains 4 factory programmed signatures bytes. To read these
bytes, perform the process described in Section “Signature bytes”.

9.3 EPROM Programming

9.3.1  Set-up Modes

In  order  to  program and ver i fy  the EPROM or to  read the s ignature bytes,  the
TS87C51RB2/RC2/RD2 is placed in specific set-up modes (See Figure 9-1.).

Control and program signals must be held at the levels indicated in Table 9-2.

9.3.2  Definition of Terms

Address Lines:P1.0-P1.7, P2.0-P2.5, P3.4, P3.5 respectively for A0-A15 (P2.5 (A13) for RB,
P3.4 (A14) for RC, P3.5 (A15) for RD)

Data Lines:P0.0-P0.7 for D0-D7

Control Signals:RST, PSEN, P2.6, P2.7, P3.3, P3.6, P3.7.

Program Signals:ALE/PROG, EA/VPP.

Table 9-2. EPROM Set-Up Modes

Mode RST PSEN

ALE/P

ROG

EA/VP

P P2.6 P2.7 P3.3 P3.6 P3.7

Program Code data 1 0 12.75V 0 1 1 1 1

Verify Code data 1 0 1 1 0 0 1 1

Program Encryption 
Array Address 0-3Fh

1 0 12.75V 0 1 1 0 1

Read Signature Bytes 1 0 1 1 0 0 0 0

Program Lock bit 1 1 0 12.75V 1 1 1 1 1

Program Lock bit 2 1 0 12.75V 1 1 1 0 0

Program Lock bit 3 1 0 12.75V 1 0 1 1 0
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Table 11-9. AC Parameters for a Variable Clock: derating formula

11.5.5 External Data Memory Write Cycle

Figure 11-7. External Data Memory Write Cycle

11.5.6 External Data Memory Read Cycle

Symbol Type

Standard 

Clock X2 Clock -M -V -L Units

TRLRH Min 6 T - x 3 T - x 20 15 25 ns

TWLWH Min 6 T - x 3 T - x 20 15 25 ns

TRLDV Max 5 T - x 2.5 T - x 25 23 30 ns

TRHDX Min x x 0 0 0 ns

TRHDZ Max 2 T - x T - x 20 15 25 ns

TLLDV Max 8 T - x 4T -x 40 35 45 ns

TAVDV Max 9 T - x 4.5 T - x 60 50 65 ns

TLLWL Min 3 T - x 1.5 T - x 25 20 30 ns

TLLWL Max 3 T + x 1.5 T + x 25 20 30 ns

TAVWL Min 4 T - x 2 T - x 25 20 30 ns

TQVWX Min T - x 0.5 T - x 15 10 20 ns

TQVWH Min 7 T - x 3.5 T - x 15 10 20 ns

TWHQX Min T - x 0.5 T - x 10 8 15 ns

TRLAZ Max x x 0 0 0 ns

TWHLH Min T - x 0.5 T - x 15 10 20 ns

TWHLH Max T + x 0.5 T + x 15 10 20 ns

TQVWHTLLAX

ALE

PSEN

WR

PORT 0

PORT 2

A0-A7 DATA OUT

ADDRESS
OR SFR-P2

TAVWL

TLLWL

TQVWX

ADDRESS A8-A15 OR SFR P2

TWHQX

TWHLH

TWLWH
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Figure 11-8. External Data Memory Read Cycle

11.5.7 Serial Port Timing - Shift Register Mode

Table 11-10. AC Parameters for a Fix Clock

Symbol Parameter

TXLXL Serial port clock cycle time

TQVHX Output data set-up to clock rising edge

TXHQX Output data hold after clock rising edge

TXHDX Input data hold after clock rising edge

TXHDV Clock rising edge to input data valid

ALE

PSEN

RD

PORT 0

PORT 2

A0-A7 DATA IN

ADDRESS
OR SFR-P2

TAVWL

TLLWL

TRLAZ

ADDRESS A8-A15 OR SFR P2

TRHDZ

TWHLH

TRLRH

TLLDV

TRHDX

TAVDV
TLLAX

TRLDV

Speed

-M

40 MHz

-V

X2 mode

30 MHz

60 MHz equiv.

-V

standard mode 40 

MHz

-L

X2 mode

20 MHz

40 MHz equiv.

-L

standard mode

30 MHz

Units

Symbol Min Max Min Max Min Max Min Max Min Max

TXLXL 300 200 300 300 400 ns

TQVHX 200 117 200 200 283 ns

TXHQX 30 13 30 30 47 ns

TXHDX 0 0 0 0 0 ns

TXHDV 117 34 117 117 200 ns
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Table 11-11. AC Parameters for a Variable Clock: derating formula

11.5.8 Shift Register Timing Waveforms

Figure 11-9. Shift Register Timing Waveforms

Symbol Type

Standard 

Clock X2 Clock -M -V -L Units

TXLXL Min 12 T 6 T ns

TQVHX Min 10 T - x 5 T - x 50 50 50 ns

TXHQX Min 2 T - x T - x 20 20 20 ns

TXHDX Min x x 0 0 0 ns

TXHDV Max 10 T - x 5 T- x 133 133 133 ns

VALIDVALIDINPUT DATA VALIDVALID

0 1 2 3 4 5 6 87

ALE

CLOCK

OUTPUT DATA

WRITE to SBUF

CLEAR RI

TXLXL

TQVXH
TXHQX

TXHDV
TXHDX SET TI

SET RI

INSTRUCTION

0 1 2 3 4 5 6 7

VALID VALID VALID VALID
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12. Ordering Information

Part Number Memory size Supply Voltage Temperature Range  Max Frequency  Package  Packing

TS80C51RA2-MCA

OBSOLETE

TS80C51RA2-MCB

TS80C51RA2-MCE

TS80C51RA2-MIA

TS80C51RA2-MIB

TS80C51RA2-MIE

TS80C51RA2-LCA

TS80C51RA2-LCB

TS80C51RA2-LCE

TS80C51RA2-LIA

TS80C51RA2-LIB

TS80C51RA2-LIE

TS80C51RA2-VCA

TS80C51RA2-VCB

TS80C51RA2-VCE

TS80C51RA2-VIA

TS80C51RA2-VIB

TS80C51RA2-VIE

AT80C51RA2-3CSUM Romless 5V Industrial & Green 40 MHz (20 MHz X2) PDIL40 Stick

AT80C51RA2-SLSUM Romless 5V Industrial & Green 40 MHz (20 MHz X2) PLCC44 Stick

AT80C51RA2-RLTUM Romless 5V Industrial & Green 40 MHz (20 MHz X2) VQFP44 Tray

AT80C51RA2-3CSIM

OBSOLETE

AT80C51RA2-SLSIM

AT80C51RA2-RLTIM

AT80C51RA2-3CSCL

AT80C51RA2-SLSCL

AT80C51RA2-RLTCL

AT80C51RA2-3CSUL Romless 3-5V Industrial & Green 30 MHz (20 MHz X2) PDIL40 Stick

AT80C51RA2-SLSUL Romless 3-5V Industrial & Green 30 MHz (20 MHz X2) PLCC44 Stick

AT80C51RA2-RLTUL Romless 3-5V Industrial & Green 30 MHz (20 MHz X2) VQFP44 Tray
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TS87C51RD2-MCA

OBSOLETE

TS87C51RD2-MCB

TS87C51RD2-MCE

TS87C51RD2-MIA

TS87C51RD2-MIB

TS87C51RD2-MIE

TS87C51RD2-LCA

TS87C51RD2-LCB

TS87C51RD2-LCE

TS87C51RD2-LIA

TS87C51RD2-LIB

TS87C51RD2-LIE

TS87C51RD2-VCA

TS87C51RD2-VCB

TS87C51RD2-VCE

TS87C51RD2-VCL

TS87C51RD2-VIA

TS87C51RD2-VIB

TS87C51RD2-VIE

AT87C51RD2-3CSUM OTP 64k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) PDIL40 Stick

AT87C51RD2-SLSUM OTP 64k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) PLCC44 Stick

AT87C51RD2-RLTUM OTP 64k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) VQFP44 Tray

AT87C51RD2-3CSUL OTP 64k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) PDIL40 Stick

AT87C51RD2-SLSUL OTP 64k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) PLCC44 Stick

AT87C51RD2-RLTUL OTP 64k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) VQFP44 Tray

Part Number Memory size Supply Voltage Temperature Range  Max Frequency  Package  Packing
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TS83C51RD2-MCA

OBSOLETE

TS83C51RD2-MCB

TS83C51RD2-MCE

TS83C51RD2-MIA

TS83C51RD2-MIB

TS83C51RD2-MIE

TS83C51RD2-LCB

TS83C51RD2-LCE

TS83C51RD2-LIA

TS83C51RD2-LIB

TS83C51RD2-LIE

TS83C51RD2-VCA

TS83C51RD2-VCB

TS83C51RD2-VCE

TS83C51RD2-VIA

TS83C51RD2-VIB

TS83C51RD2-VIE

AT83C51RD2-3CSUM ROM 64k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) PDIL40 Stick

AT83C51RD2-SLSUM ROM 64k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) PLCC44 Stick

AT83C51RD2-RLTUM ROM 64k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) VQFP44 Tray

AT83C51RD2-3CSUL ROM 64k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) PLCC44 Stick

AT83C51RD2-SLSUL ROM 64k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) VQFP44 Tray

AT83C51RD2-RLTUL ROM 64k Bytes 5V Industrial & Green 40 MHz (30 MHz X2) PDIL40 Stick

Part Number Memory size Supply Voltage Temperature Range  Max Frequency  Package  Packing
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13.2 PDIL40
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13.3 VQFP44
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