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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

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
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
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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Voltage - Supply (Vcc/Vdd) 4.5V ~ 5.5V

Data Converters -

Oscillator Type Internal

Operating Temperature 0°C ~ 70°C (TA)

Mounting Type Surface Mount

Package / Case 68-LCC (J-Lead)

Supplier Device Package 68-PLCC (24.23x24.23)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/ts87c51rd2-mcl

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/ts87c51rd2-mcl-4429554
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


TS80C51RA2/RD2
TS83C51RB2/RC2/RD2
TS87C51RB2/RC2/RD2
3. Block Diagram
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Mnemonic
Pin Number

Type Name And Function
DIL LCC VQFP 1.4

VSS 20 22 16 I Ground: 0V reference

Vss1 1 39 I Optional Ground: Contact the Sales Office for ground connection.

VCC 40 44 38 I
Power Supply: This is the power supply voltage for normal, idle and power-
down operation

P0.0-P0.7 39-32 43-36 37-30 I/O Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1
written to them float and can be used as high impedance inputs. Port 0 pins m
be polarized to Vcc or Vss in order to prevent any parasitic current consumptio
Port 0 is also the multiplexed low-order address and data bus during access
external program and data memory. In this application, it uses strong intern
pull-up when emitting 1s. Port 0 also inputs the code bytes during EPRO
programming. External pull-ups are required during program verification durin
which P0 outputs the code bytes.

P1.0-P1.7 1-8 2-9 40-44
1-3

I/O Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1
pins that have 1s written to them are pulled high by the internal pull-ups an
can be used as inputs. As inputs, Port 1 pins that are externally pulled low w
source current because of the internal pull-ups. Port 1 also receives the low-or
address byte during memory programming and verification.
Alternate functions for Port 1 include:

1 2 40 I/O T2 (P1.0): Timer/Counter 2 external count input/Clockout

2 3 41 I T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control

3 4 42 I ECI (P1.2): External Clock for the PCA

4 5 43 I/O CEX0 (P1.3): Capture/Compare External I/O for PCA module 0

5 6 44 I/O CEX1 (P1.4): Capture/Compare External I/O for PCA module 1

6 7 45 I/O CEX0 (P1.5): Capture/Compare External I/O for PCA module 2

7 8 46 I/O CEX0 (P1.6): Capture/Compare External I/O for PCA module 3

8 9 47 I/O CEX0 (P1.7): Capture/Compare External I/O for PCA module 4

P2.0-P2.7 21-28 24-31 18-25 I/O 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 an
can be used as inputs. As inputs, Port 2 pins that are externally pulled low w
source current because of the internal pull-ups. Port 2 emits the high-order addr
byte during fetches from external program memory and during accesses to exte
data memory that use 16-bit addresses (MOVX @DPTR).In this application,
uses strong internal pull-ups emitting 1s. During accesses to external data mem
that use 8-bit addresses (MOVX @Ri), port 2 emits the contents of the P2 SF
Some Port 2 pins (P2.0 to P2.5) receive the high order address bits dur
EPROM programming and verification:

P3.0-P3.7 10-17 11,
13-19

5,
7-13

I/O Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3
pins that have 1s written to them are pulled high by the internal pull-ups an
can be used as inputs. As inputs, Port 3 pins that are externally pulled low w
source current because of the internal pull-ups. Some Port 3 pins (P3.4 to P3
receive the high order address bits during EPROM programming and verificatio
Port 3 also serves the special features of the 80C51 family, as listed below.

10 11 5 I RXD (P3.0): Serial input port

11 13 7 O TXD (P3.1): Serial output port

12 14 8 I INT0 (P3.2): External interrupt 0

13 15 9 I INT1 (P3.3): External interrupt 1

14 16 10 I T0 (P3.4): Timer 0 external input

15 17 11 I T1 (P3.5): Timer 1 external input

16 18 12 O WR (P3.6): External data memory write strobe

17 19 13 O RD (P3.7): External data memory read strobe
6 Rev. C - 06 March, 2001
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Mnemonic Pin Number Type Name And Function

ALE/PROG 30 33 27 O (I) Address Latch Enable/Program Pulse:Output pulse for latching the low byte
of the address during an access to external memory. In normal operation, A
is emitted at a constant rate of 1/6 (1/3 in X2 mode) the oscillator frequenc
and can be used for external timing or clocking. Note that one ALE pulse
skipped during each access to external data memory. This pin is also the progr
pulse input (PROG) during EPROM programming. ALE can be disabled by
setting SFR’s AUXR.0 bit. With this bit set, ALE will be inactive during internal
fetches.

PSEN 29 32 26 O Program Store ENable: The read strobe to external program memory. When
executing code from the external program memory,PSEN is activated twice each
machine cycle, except that twoPSEN activations are skipped during each acces
to external data memory.PSEN is not activated during fetches from internal
program memory.

EA/VPP 31 35 29 I External Access Enable/Programming Supply Voltage:EA must be externally
held low to enable the device to fetch code from external program memo
locations 0000H and 3FFFH (RB) or 7FFFH (RC), or FFFFH (RD). If EA is
held high, the device executes from internal program memory unless the progr
counter contains an address greater than 3FFFH (RB) or 7FFFH (RC)EA must
be held low for ROMless devices. This pin also receives the 12.75V programmi
supply voltage (VPP) during EPROM programming. If security level 1 is
programmed,EA will be internally latched on Reset.

XTAL1 19 21 15 I Crystal 1: Input to the inverting oscillator amplifier and input to the internal
clock generator circuits.

XTAL2 18 20 14 O Crystal 2: Output from the inverting oscillator amplifier
8 Rev. C - 06 March, 2001
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Figure 2. Mode Switching Waveforms

The X2 bit in the CKCON register (See Table 3.) allows to switch from 12 clock cycles per instruction to 6 c
cycles and vice versa. At reset, the standard speed is activated (STD mode). Setting this bit activates the X2
(X2 mode).

CAUTION
In order to prevent any incorrect operation while operating in X2 mode, user must be aware that all perip
using clock frequency as time reference (UART, timers, PCA...) will have their time reference divided by
For example a free running timer generating an interrupt every 20 ms will then generate an interrupt every
UART with 4800 baud rate will have 9600 baud rate.

XTAL1:2

XTAL1

CPU clock

X2 bit

X2 ModeSTD Mode STD Mode
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6.2. Dual Data Pointer Register Ddptr

The additional data pointer can be used to speed up code execution and reduce code size in a nu
ways.

The dual DPTR structure is a way by which the chip will specify the address of an external data me
location. There are two 16-bit DPTR registers that address the external memory, and a single bit ca
DPS = AUXR1/bit0 (See Table 4.) that allows the program code to switch between them (Refer to Figu

Figure 3. Use of Dual Pointer

Table 4. AUXR1: Auxiliary Register 1

Application

Software can take advantage of the additional data pointers to both increase speed and reduce code
example, block operations (copy, compare, search ...) are well served by using one data pointer as a
pointer and the other one as a "destination" pointer.

AUXR1
Address 0A2H

- - - - GF3 - - DPS

Reset value X X X X 0 X X 0

Symbol Function

- Not implemented, reserved for future use.a

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

b. GF3 will not be available on first version of the RC devices.

DPS Data Pointer Selection.

DPS Operating Mode

0 DPTR0 Selected

1 DPTR1 Selected

GF3 This bit is a general purpose user flagb.

External Data Memory

AUXR1(A2H)

DPS

DPH(83H) DPL(82H)

07

DPTR0

DPTR1
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ASSEMBLY LANGUAGE

; Block move using dual data pointers
; Destroys DPTR0, DPTR1, A and PSW
; note: DPS exits opposite of entry state
; unless an extra INC AUXR1 is added
;
00A2  AUXR1 EQU 0A2H
;
0000 909000 MOV DPTR,#SOURCE ; address of SOURCE
0003 05A2 INC AUXR1 ; switch data pointers
0005 90A000 MOV DPTR,#DEST ; address of DEST
0008 LOOP:
0008 05A2 INC AUXR1 ; switch data pointers
000A E0 MOVX A,@DPTR ; get a byte from SOURCE
000B A3 INC DPTR ; increment SOURCE address
000C 05A2 INC AUXR1 ; switch data pointers
000E F0 MOVX @DPTR,A ; write the byte to DEST
000F A3 INC DPTR ; increment DEST address
0010 70F6 JNZ LOOP ; check for 0 terminator
0012 05A2 INC AUXR1 ; (optional) restore DPS

INC is a short (2 bytes) and fast (12 clocks) way to manipulate the DPS bit in the AUXR1 SFR. How
note that the INC instruction does not directly force the DPS bit to a particular state, but simply togg
In simple routines, such as the block move example, only the fact that DPS is toggled in the proper se
matters, not its actual value. In other words, the block move routine works the same whether DPS is '
on entry. Observe that without the last instruction (INC AUXR1), the routine will exit with DPS in
opposite state.
Rev. C - 06 March, 2001 15
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6.3. Expanded RAM (XRAM)

The TS80C51Rx2 provide additional Bytes of ramdom access memory (RAM) space for increase
parameter handling and high level language usage.

RA2, RB2 and RC2 devices have 256 bytes of expanded RAM, from 00H to FFH in external data s
RD2 devices have 768 bytes of expanded RAM, from 00H to 2FFH in external data space.

The TS80C51Rx2 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 address
• 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 addressable
• 4. The expanded RAM bytes are indirectly accessed by MOVX instructions, and with the EXTR

bit cleared in the AUXR register. (See Table 5.)

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

When an instruction accesses an internal location above address 7FH, the CPU knows whether the a
to the upper 128 bytes of data RAM or to SFR space by the addressing mode used in the instructio
• Instructions that use direct addressing access SFR space.For example: MOV 0A0H, # data ,accesses the SFR

at location 0A0H (which is P2).

• Instructions that use indirect addressing access the Upper 128 bytes of data RAM.For example: MOV @R0,
# datawhere R0 contains 0A0H, accesses the data byte at address 0A0H, rather than P2 (whose address is

• The 256 or 768 XRAM bytes can be accessed by indirect addressing, with EXTRAM bit cleared and M
instructions. This part of memory which is physically located on-chip, logically occupies the first 256 or
bytes of external data memory.

• With EXTRAM = 0, the XRAM is indirectly addressed, using the MOVX instruction in combination with a
of the registers R0, R1 of the selected bank or DPTR.An access to XRAM will not affect ports P0, P2, P3.6
(WR) and P3.7 (RD). For example, with EXTRAM = 0, MOVX @R0, # data where R0 contains 0A0H,
accesses the XRAM at address 0A0H rather than external memory. An access to external data memory lo
higher than FFH (i.e. 0100H to FFFFH) (higher than 2FFH (i.e. 0300H to FFFFH for RD devices) wil
performed with the MOVX DPTR instructions in the same way as in the standard 80C51, so with P0 a
as data/address busses, and P3.6 and P3.7 as write and read timing signals. Refer to Figure . For RD
accesses to expanded RAM from 100H to 2FFH can only be done thanks to the use of DPTR.

• With EXTRAM = 1, MOVX @Ri and MOVX @DPTR will be similar to the standard 80C51. MOVX @ R
will provide an eight-bit address multiplexed with data on Port0 and any output port pins can be used to
higher order address bits. This is to provide the external paging capability. MOVX @DPTR will gener
sixteen-bit address. Port2 outputs the high-order eight address bits (the contents of DPH) while Port0 mult
the low-order eight address bits (DPL) with data. MOVX @ Ri and MOVX @DPTR will generate either r
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) in
data memory. The stack may not be located in the XRAM.
16 Rev. C - 06 March, 2001
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e set
• The ECF bit which when set causes an interrupt and the PCA overflow flag CF (in the CCON SFR) to b
when the PCA timer overflows.
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The CCON SFRcontains the run control bit for the PCA and the flags for the PCA timer (CF) and e
module (Refer to Table 9).
• 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
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 s
hardware when either a match or a capture occurs. These flags also can only be cleared by software.

Table 9. CCON: PCA Counter Control Register

The watchdog timer function is implemented in module 4 (See Figure 10).

The PCA interrupt  system is shown in Figure 8

CCON
Address 0D8H

CF CR - CCF4 CCF3 CCF2 CCF1 CCF0

Reset value 0 0 X 0 0 0 0 0

Symbol Function

CF
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 bu
can only be cleared by software.

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

- Not implemented, reserved for future use.a

a. 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.

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

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

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

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

CCF0
PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must b
cleared by software.
26 Rev. C - 06 March, 2001
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Table 10. CCAPMn: PCA Modules Compare/Capture Control Registers

Table 11. PCA Module Modes (CCAPMn Registers)

There are two additional registers associated with each of the PCA modules. They are CCAPn
CCAPnL and these are the registers that store the 16-bit count when a capture occurs or a compare
occur. When a module is used in the PWM mode these registers are used to control the duty cycle
output (See Table 12 & Table 13)

CCAPMn Address
n = 0 - 4

CCAPM0=0DAH
CCAPM1=0DBH
CCAPM2=0DCH
CCAPM3=0DDH
CCAPM4=0DEH

- ECOMn CAPPn CAPNn MATn TOGn PWMm ECCFn

Reset value X 0 0 0 0 0 0 0

Symbol Function

- Not implemented, reserved for future use.a

a. 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.

ECOMn Enable Comparator. ECOMn = 1 enables the comparator function.

CAPPn Capture Positive, CAPPn = 1 enables positive edge capture.

CAPNn Capture Negative, CAPNn = 1 enables negative edge capture.

MATn
Match. When MATn = 1, a match of the PCA counter with this module's compare/captur
register causes the CCFn bit in CCON to be set, flagging an interrupt.

TOGn
Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/captu
register causes the CEXn pin to toggle.

PWMn
Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width
modulated output.

ECCFn
Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to gener
an interrupt.

ECOMn CAPPn CAPNn MATn TOGn PWMm ECCFn Module Function

0 0 0 0 0 0 0 No Operation

X 1 0 0 0 0 X
16-bit capture by a positive-edge trigger

on CEXn

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

CEXn

X 1 1 0 0 0 X 16-bit capture by a transition on 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)
28 Rev. C - 06 March, 2001
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6.5.1. PCA Capture Mode

To use one of the PCA modules in the capture mode either one or both of the CCAPM bits CAPN and
for that module must be set. The external CEX input for the module (on port 1) is sampled for a tran
When a valid transition occurs the PCA hardware loads the value of the PCA counter registers (CH a
into the module's capture registers (CCAPnL and CCAPnH). If the CCFn bit for the module in the C
SFR and the ECCFn bit in the CCAPMn SFR are set then an interrupt will be generated (Refer to Fig

Figure 9. PCA Capture Mode

CF CR CCON
0xD8

CH CL

CCAPnH CCAPnL

CCF4 CCF3 CCF2 CCF1 CCF0

PCA IT

PCA Counter/Timer

ECOMn CCAPMn, n= 0 to 4
0xDA to 0xDE

CAPNn MATn TOGn PWMn ECCFnCAPPn

Cex.n

Capture
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6.5.2. 16-bit Software Timer / Compare Mode

The PCA modules can be used as software timers by setting both the ECOM and MAT bits in the m
CCAPMn register. The PCA timer will be compared to the module's capture registers and when a
occurs an interrupt will occur if the CCFn (CCON SFR) and the ECCFn (CCAPMn SFR) bits for the mo
are both set (See Figure 10).

Figure 10. PCA Compare Mode and PCA Watchdog Timer

Before enabling ECOM bit, CCAPnL and CCAPnH should be set with a non zero value, otherwise an unw
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 modif
the compare value. Writing to CCAPnH will set ECOM. For this reason, user software should write CCAPnL
and then CCAPnH. Of course, the ECOM bit can still be controlled by accessing to CCAPMn register.

CH CL

CCAPnH CCAPnL

ECOMn
CCAPMn, n = 0 to 4

0xDA to 0xDE
CAPNn MATn TOGn PWMn ECCFnCAPPn

16 bit comparator
Match

CCON

0xD8

PCA IT

Enable

PCA counter/timer

RESET *

CIDL CPS1 CPS0 ECF
CMOD

0xD9
WDTE

* Only for Module 4

Reset
Write to
CCAPnL

Write to
CCAPnH

CF CCF2 CCF1 CCF0CR CCF3CCF4

1 0
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8.3. EPROM Programming

8.3.1.  Set-up modes

In order to program and verify the EPROM or to read the signature bytes, the TS87C51RB2/RC2/RD2 is
in specific set-up modes (See Figure 18.).

Control and program signals must be held at the levels indicated in Table 30.

8.3.2.  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
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 30. EPROM Set-Up Modes

Mode RST PSEN
ALE/
PROG

EA/VPP 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
Rev. C - 06 March, 2001 53



TS80C51RA2/RD2
TS83C51RB2/RC2/RD2
TS87C51RB2/RC2/RD2

f pulses

t file is

verify

at the
Figure 18. Set-Up Modes Configuration

8.3.3.  Programming  Algorithm

The Improved Quick Pulse algorithm is based on the Quick Pulse algorithm and decreases the number o
applied during byte programming from 25 to 1.

To program the TS87C51RB2/RC2/RD2 the following sequence must be exercised:

• Step 1: Activate the combination of control signals.

• Step 2: Input the valid address on the address lines.

• Step 3: Input the appropriate data on the data lines.

• Step 4: RaiseEA/VPP from VCC to VPP (typical 12.75V).

• Step 5: Pulse ALE/PROG once.

• Step 6: LowerEA/VPP from VPP to VCC

Repeat step 2 through 6 changing the address and data for the entire array or until the end of the objec
reached (See Figure 19.).

8.3.4.  Verify algorithm

Code array verify must be done after each byte or block of bytes is programmed. In either case, a complete
of the programmed array will ensure reliable programming of the TS87C51RB2/RC2/RD2.

P 2.7 is used to enable data output.

To verify the TS87C51RB2/RC2/RD2 code the following sequence must be exercised:

• Step 1: Activate the combination of program and control signals.

• Step 2: Input the valid address on the address lines.

• Step 3: Read data on the data lines.

Repeat step 2 through 3 changing the address for the entire array verification (See Figure 19.)

The encryption array cannot be directly verified. Verification of the encryption array is done by observing th
code array is well encrypted.

+5V

VCC

P0.0-P0.7

P1.0-P1.7

P2.0-P2.5
P3.4-P3.5

VSS

GND

D0-D7

A0-A7

A8-A15

RST

EA/VPP

ALE/PROG

PSEN
P2.6
P2.7
P3.3

P3.7
P3.6

XTAL14 to 6 MHz

CONTROL
SIGNALS*

PROGRAM
SIGNALS*

* See Table 31. for proper value on these inputs
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9. Signature Bytes

The TS83/87C51RB2/RC2/RD2has four signature bytes in location 30h, 31h, 60h and 61h. To read these
follow the procedure for EPROM verify but activate the control lines provided in Table 31. for Read Sign
Bytes. Table 31. shows the content of the signature byte for the TS87C51RB2/RC2/RD2.

Table 31. Signature Bytes Content

Location Contents Comment

30h 58h Manufacturer Code: Atmel Wireless & Microcontrollers

31h 57h Family Code: C51 X2

60h 7Ch Product name: TS83C51RD2

60h FCh Product name: TS87C51RD2

60h 37h Product name: TS83C51RC2

60h B7h Product name: TS87C51RC2

60h 3Bh Product name: TS83C51RB2

60h BBh Product name: TS87C51RB2

61h FFh Product revision number
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NOTES
1. ICC under reset is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns (see Figure 24.), VIL = VSS + 0.5 V,
VIH = VCC - 0.5V; XTAL2 N.C.;EA = RST = Port 0 = VCC. ICC would be slightly higher if a crystal oscillator used..
2. Idle ICC is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = VSS+ 0.5 V, VIH = VCC- 0.5 V; XTAL2
N.C; Port 0 = VCC; EA = RST = VSS (see Figure 22.).
3. Power Down ICC is measured with all output pins disconnected;EA = VSS, PORT 0 = VCC; XTAL2 NC.; RST = VSS (see Figure 23.).
4. Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs 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 1 to 0 transitions during bus operation. In t
cases (capacitive loading 100pF), the noise pulse on the ALE line may exceed 0.45V with maxi VOL peak 0.6V. A Schmitt Trigger use is not necessar
5. Typicals 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, IOL must be externally limited as follows:

Maximum IOL per port pin: 10 mA
Maximum IOL per 8-bit port:
Port 0: 26 mA
Ports 1, 2, 3 and 4 and 5 when available: 15 mA
Maximum total IOL for all output pins: 71 mA

If IOLexceeds the test condition, VOLmay exceed the related specification. Pins are not guaranteed to sink current greater than the listed test cond
7. For other values, please contact your sales office.
8. Operating ICC is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns (see Figure 24.), VIL = VSS + 0.5 V,
VIH = VCC - 0.5V; XTAL2 N.C.;EA = Port 0 = VCC; RST = VSS. The internal ROM runs the code 80 FE (label: SJMP label). ICC would be slightly
higher if a crystal oscillator is used. Measurements are made with OTP products when possible, which is the worst case.

Figure 20. ICC Test Condition, under reset

ICC

idle

Power Supply Current Maximum values, X1
mode:(7)

0.15 Freq
(MHz) + 0.2
@12MHz 2

@16MHz 2.6

mA VCC = 3.3 V(2)

Symbol Parameter Min Typ Max Unit Test Conditions

EA

VCC

VCC

ICC

(NC)
CLOCK
SIGNAL

VCC

 All other pins are disconnected.

RST

XTAL2
XTAL1

VSS

VCC

P0
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Table 38. AC Parameters for a Variable Clock: derating formula

10.5.3. External Program Memory Read Cycle

Figure 25. External Program Memory Read Cycle

Symbol Type Standard
Clock

X2 Clock -M -V -L Units

TLHLL Min 2 T - x T - x 10 8 15 ns

TAVLL Min T - x 0.5 T - x 15 13 20 ns

TLLAX Min T - x 0.5 T - x 15 13 20 ns

TLLIV Max 4 T - x 2 T - x 30 22 35 ns

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

TPLPH Min 3 T - x 1.5 T - x 20 15 25 ns

TPLIV Max 3 T - x 1.5 T - x 40 25 45 ns

TPXIX Min x x 0 0 0 ns

TPXIZ Max T - x 0.5 T - x 7 5 15 ns

TAVIV Max 5 T - x 2.5 T - x 40 30 45 ns

TPLAZ Max x x 10 10 10 ns

TPLIV
TPLAZ

ALE

PSEN

PORT 0

PORT 2

A0-A7A0-A7 INSTR ININSTR IN INSTR IN

ADDRESS
OR SFR-P2 ADDRESS A8-A15ADDRESS A8-A15

12 TCLCL

TAVIV

TLHLL

TAVLL

TLLIV

TLLPL

TPLPH

TPXAV

TPXIX

TPXIZ
TLLAX
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Table 44. AC Parameters for a Variable Clock: derating formula

10.5.8. Shift Register Timing Waveforms

Figure 28. 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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10.5.9. EPROM Programming and Verification Characteristics

TA = 21°C to 27°C; VSS = 0V; VCC = 5V ± 10% while programming. VCC = operating range while verifying

10.5.10. EPROM Programming and Verification Waveforms

Figure 29. EPROM Programming and Verification Waveforms

Table 45. EPROM Programming Parameters

Symbol Parameter Min Max Units

VPP Programming Supply Voltage 12.5 13 V

IPP Programming Supply Current 75 mA

1/TCLCL Oscillator Frquency 4 6 MHz

TAVGL Address Setup toPROG Low 48 TCLCL

TGHAX Adress Hold afterPROG 48 TCLCL

TDVGL Data Setup toPROG Low 48 TCLCL

TGHDX DataHold afterPROG 48 TCLCL

TEHSH (Enable) High to VPP 48 TCLCL

TSHGL VPP Setup toPROG Low 10 µs

TGHSL VPPHold afterPROG 10 µs

TGLGH PROG Width 90 110 µs

TAVQV Address to Valid Data 48 TCLCL

TELQV ENABLE Low to Data Valid 48 TCLCL

TEHQZ Data Float after ENABLE 0 48 TCLCL

TGHSL

TEHSH

ALE/PROG

TAVGL

TDVGL

P0

P1.0-P1.7
P2.0-P2.5
P3.4-P3.5*

EA/VPP

CONTROL
SIGNALS

(ENABLE)

ADDRESS

DATA IN

VCC
VPPVCC

TGHAX

TGHDX

TGLGH

TSHGL

ADDRESS

DATA OUT

TAVQV

TELQV TEHQZ

PROGRAMMING VERIFICATION

* 8KB: up to P2.4, 16KB: up to P2.5, 32KB: up to P3.4, 64KB: up to P3.5
70 Rev. C - 06 March, 2001



TS80C51RA2/RD2
TS83C51RB2/RC2/RD2
TS87C51RB2/RC2/RD2

t

10.5.11. External Clock Drive Characteristics (XTAL1)

10.5.12. External Clock Drive Waveforms

Figure 30. External Clock Drive Waveforms

10.5.13. AC Testing Input/Output Waveforms

Figure 31. AC Testing Input/Output Waveforms

AC inputs during testing are driven at VCC - 0.5 for a logic “1” and 0.45V for a logic “0”. Timing measuremen
are made at VIH min for a logic “1” and VIL max for a logic “0”.

10.5.14. Float Waveforms

Figure 32. Float Waveforms

Table 46. AC Parameters

Symbol Parameter Min Max Units

TCLCL Oscillator Period 25 ns

TCHCX High Time 5 ns

TCLCX Low Time 5 ns

TCLCH Rise Time 5 ns

TCHCL Fall Time 5 ns

TCHCX/TCLCX Cyclic ratio in X2 mode 40 60 %

VCC-0.5 V

0.45 V

0.7VCC

0.2VCC-0.1 V

TCHCL TCLCX
TCLCL

TCLCH

TCHCX

0.45 V

VCC-0.5 V
0.2VCC+0.9

0.2VCC-0.1INPUT/OUTPUT

VOL+0.1 V

VOH-0.1 V

FLOAT

VLOAD VLOAD+0.1 V
VLOAD-0.1 V
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