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facilitates multiprocessor communication (EUART) and an X2 speed improvement mechanism.

The fully static design of the TS80C51Rx2 allows to reduce system power consumption by
bringing the clock frequency down to any value, even DC, without loss of data.

The TS80C51Rx2 has 2 software-selectable modes of reduced activity for further reduction in
power consumption. In the idle mode the CPU is frozen while the timers, the serial port and the
interrupt system are still operating. In the power-down mode the RAM is saved and all other
functions are inoperative.

PDIL40
PLCC44 TOTAL RAM
VQFP44 1.4 ROM (bytes) EPROM (bytes) XRAM (bytes) (bytes) /0
TS80C51RA2 0 0 256 512 32
TS80C51RD2 0 0 768 1024 32
TS83C51RB2 16k 0 256 512 32
TS83C51RC2 32k 0 256 512 32
TS83C51RD2 64k 0 768 1024 32
TS87C51RB2 0 16k 256 512 32
TS87C51RC2 0 32k 256 512 32
TS87C51RD2 0 64k 768 1024 32
PLCC68 TOTAL RAM
VQFP64 1.4 ROM (bytes) EPROM (bytes) XRAM (bytes) (bytes) /0
TS80C51RD2 0 0 768 1024 48
TS83C51RD2 64k 0 768 1024 48
TS87C51RD2 0 64k 768 1024 48
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5.4 Dual Data Pointer Register

Figure 5-3.

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

The dual DPTR structure is a way by which the chip will specify the address of an external data
memory location. There are two 16-bit DPTR registers that address the external memory, and a
single bit called DPS = AUXR1/bit0 (Table 5-3) that allows the program code to switch between
them (Refer to Figure 5-3).

Use of Dual Pointer

External Data Memory

0 Phd

Prsfms - - - o] DPTR1_] -

4188F-8051-01/08

AUXR1(A2H) | bPTRO

DPH(83H) DPL(82H)

/\_//
Table 5-3. AUXR?1: Auxiliary Register 1
AUXR1
Address 0A2H - - - - GF3 - - DPS
Reset value X X X X 0 X X 0
Symbol Function
Not implemented, reserved for future use (")
DPS Data Pointer Selection.
DPS Operating Mode
0 DPTRO Selected
1 DPTR1 Selected
GF3 This bit is a general purpose user flag®.
1. 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.

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

ATMEL 1
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6. Application

16

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

ASSEMBLY LANGUAGE

; Block move using dual data pointers

; Destroys DPTR0O, DPTR1, A and PSW

; note: DPS exits opposite of entry state
; unless an extra INC AUXR1 is added

00A2 AUXR1 EQU 0AZH

7

0000 909000MOV DPTR, #SOURCE ;

0003 05A2 INC AUXR1 ; switch
0005 90A000 MOV DPTR, #DEST ;
0008 LOOP:

0008 05A2 INC AUXR1 ; switch
000A EO MOVX A, @DPTR ; get a
000B A3 INC DPTR ; increment
000C 05A2 INC AUXR1 ; switch
000E FO MOVX @DPTR,A ; write
000F 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

0010 70F6JNZ LOOP ; check for 0 terminator

0012 05A2 INC AUXRI1 ;

(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
but simply toggles it. In simple routines,

does not directly force the DPS bit to a particular state,
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 instruc-
tion (INC AUXRT1), the routine will exit with DPS in the opposite state.

AT/TSSXCOHTRX2 m—
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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.

Figure 6-1. Internal and External Data Memory Address

FF(RA, RB, RC)/2FF (RD)

FF FF FFFF
oper Special External
Inter%al Function Data
Ram g Rtegister Memory
indirect accesses Irect accesses
XRAM 80 80 /\/
256 bytes T \___—
Lower
128 bytes
Internal
Ram
direct or indirect
accesses 0100 (RA, RB, RC) or 0300 (RD)
00 00 oooo NG

Table 6-1.  Auxiliary Register AUXR

AUXR
Address 08EH - - - - - - EXTRAM AO
Reset value X X X X X X 0 0
Symbol Function

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

AO Disable/Enable ALE
AO Operating Mode
0 ALE is emitted at a constant rate of 1/6 the oscillator frequency (or 1/3 if X2 mode
is used)
1 ALE is active only during a MOVX or MOVC instruction

EXTRAM Internal/External RAM (00H-FFH) access using MOVX @ Ri/ @ DPTR

EXTRAM Operating Mode

0 Internal XRAM access using MOVX @ Ri/ @ DPTR
1 External data memory access
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.

18 AT/TSSXCOHTRX2 m—
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6.2 Timer2

The timer 2 in the TS80C51RX2 is compatible with the timer 2 in the 80C52.

It is a 16-bit timer/counter: the count is maintained by two eight-bit timer registers, TH2 and TL2,
connected in cascade. It is controlled by T2CON register (See Table 6-2) and T2MOD register
(See Table 6-3). Timer 2 operation is similar to Timer 0 and Timer 1. C/T2 selects Fogo/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), as described in the
Atmel 8-bit Microcontroller Hardware description.

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

In TS80C51RX2 Timer 2 includes the following enhancements:

* Auto-reload mode with up or down counter
» Programmable clock-output

6.2.1 Auto-reload Mode

4188F-8051-01/08

The auto-reload mode configures timer 2 as a 16-bit timer or event counter with automatic
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 6-2. 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 under-
flow sets TF2 flag and reloads FFFFh into the timer registers.

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

ATMEL 1
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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 Clear 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 Clear 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

Clear 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.

3 EXEN2

Timer 2 Run control bit
2 TR2 Clear to turn off timer 2.
Set to turn on timer 2.

Timer/Counter 2 select bit

Clear for timer operation (input from internal clock system: Fogc).

Set for counter operation (input from T2 input pin, falling edge trigger). Must be 0 for clock
out mode.

1 C/T2#

Timer 2 Capture/Reload bit

If RCLK=1 or TCLK=1, CP/RL2# is ignored and timer is forced to auto-reload on timer 2

0 CP/RL2# | overflow.

Clear 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

Table 6-3. T2MOD Register
T2MOD - Timer 2 Mode Control Register (C9h)

. . . . ‘ - ‘ - | T20E DCEN
22 AT/TSSXCOHTRX2 m—
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» 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 SFR contains the run control bit for the PCA and the flags for the PCA timer (CF)
and each module (Refer to Table 6-5).

+ 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.

Table 6-5. CCON: PCA Counter Control Register

CCON
Address 0D8H CF CR - CCF4 CCF3 CCF2 CCF1 CCFo
Reset value 0 0 X 0 0 0 0 0
Symbol Function
PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags
CF 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. Set by software to turn the PCA counter on. Must be cleared by
CR
software to turn the PCA counter off.
- Not implemented, reserved for future use. ()
CCF4 PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by
software.
CCF3 PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by
software.
CCF2 PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by
software.
CCF1 PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by
software.
CCFo PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by
software.
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.

The watchdog timer function is implemented in module 4 (See Figure 6-7).

The PCA interrupt system is shown in Figure 6-5.

AT/TSSXCOHTRX2 m—
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* The last bit in the register ECOM (CCAPMn.6) when set enables the comparator function.
Table 6-7 shows the CCAPMn settings for the various PCA functions.

Table 6-6. CCAPMn: PCA Modules Compare/Capture Control Registers

CCAPMO0=0DAH
CCAPM1=0DBH

CCAPMnN Address CCAPM2=0DCH

n=0-4 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. ("
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.
MATnH Match. When MATn = 1, a match of the PCA counter with this module's compare/capture register
causes the CCFn bitin CCON to be set, flagging an interrupt.
Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture register
TOGn .
causes the CEXn pin to toggle.
Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width
PWMn
modulated output.
ECCFn Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate an
interrupt.
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.

Table 6-7. PCA Module Modes (CCAPMn Registers)

ECOMn | CAPPn | CAPNn MATNh TOGn PWMm | ECCFn | Module Function
0 0 0 0 0 0 0 No Operation
X 1 0 0 0 0 X O1n(5é>|i5t ;:pture by a positive-edge trigger
X 0 1 0 0 0 X ég;: capture by a negative trigger on
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)

AT/TSSXCOHTRX2 m—
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Figure 6-7. PCA Compare Mode and PCA Watchdog Timer

CCON
CF CR CCF4| CCF3| CCF2 | CCF1 | CCFo | 0xD8
Write to
CCAPnL Reset
PCAIT
Write to E >
CCAPnH CCAPnH CCAPNL
1 0 Enable {} {} Match —
o 16 bit comparator L]
CH cL —1 RESET *
[ o

PCA counter/timer

ECOMNCAPPN|CAPNn| MATn | TOGn |PWMn |ECCFn

CIDL | WDTE CPS1 | CPSO | ECF

CCAPMn,n=0to 4
0xDA to OxDE

CMOD
0xD9

* Only for Module 4

Before enabling ECOM bit, CCAPnL and CCAPnH should be set with a non zero value, other-
wise 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 CCAPnNL first, and then CCAPnH. Of course, the ECOM bit can still be
controlled by accessing to CCAPMn register.

6.3.3 High Speed Output Mode
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 6-
8).

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

ATMEL s
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Table 6-12. SADEN - Slave Address Mask Register (B9h)

7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable

Table 6-13. SADDR - Slave Address Register (A9h)

7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable

Table 6-14. SCON Register
SCON - Serial Control Register (98h)

7 6 5 4 3 2 1 0

FE/SMO SM1 SM2 REN TB8 RB8 Tl RI

ATMEL 57
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Bit Bit
Number | Mnemonic | Description

Serial port Mode bit 1

7 SMOD1 Set to select double baud rate in mode 1, 2 or 3.

Serial port Mode bit 0
6 SMODO | Clear to select SMO bit in SCON register.
Set to to select FE bit in SCON register.

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

Power-Off Flag
4 POF Clear 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 user for general purpose usage.
Set by user for general purpose usage.

General purpose Flag
2 GFO 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 Clear 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.

ATMEL 5
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Idle Mode

ATMEL

An instruction that sets PCON.0 causes that to be the last instruction executed before going into
the Idle mode. In the 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 preserved 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 acti-
vated. ALE and PSEN hold at logic high levels.

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

The flag bits GFO and GF1 can be used to give an indication if an interrupt occured during nor-
mal operation or during an 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 service routine can exam-
ine 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 oscilla-
tor periods) to complete the reset.

Power-down Mode

To save maximum power, a power-down mode can be invoked by software (Refer to Table 6-15,
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 V. 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 and INT1 are useful to exit from power-down. For that, interrupt
must be enabled and configured as level or edge sensitive interrupt input.

Holding the pin low restarts the oscillator but bringing the pin high completes the exit as detailed
in Figure 6-14. 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 executed.

Once the interrupt is serviced, the next instruction to be executed after RETI will be the one fol-
lowing the instruction that put TS80C51Rx2 into power-down mode.

AT/TSSXCOHTRX2 m—

4188F-8051-01/08



s AT/ TS8XC51RX2

Figure 6-14. Power-Down Exit Waveform

INTO

INTH

XTAL1
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LAY [T

—Active phase%;e Power-down phasgl« Oscillator restart phasge — Active phase—

Exit from power-down by reset redefines all the SFRs, exit from power-down by external inter-
rupt does no affect the SFRs.

Exit from power-down by either reset or external interrupt does not affect the internal RAM
content.

Note:  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.

Table 6-20. The state of ports during idle and power-down mode

Program
Mode Memory ALE PSEN PORTO PORT1 PORT2 PORT3
ldle 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

* Port 0 can force a "zero" level. A "one" will leave port floating.

ATMEL s
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Reduced EMI Mode

The ALE signal is used to demultiplex address and data buses on port 0 when used with exter-
nal 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 AO bit.

The AO 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 7-2. AUXR Register
AUXR - Auxiliary Register (8Eh)
7 6 5 4 3 1 0
- - - - - EXTRAM AO
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.
o ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
EXTRAM bit
1 EXTRAM See Table 6-1.
ALE Output bit
0 AO Clear to restore ALE operation during internal fetches.
Set to disable ALE operation during internal fetches.

Reset Value = XXXX XX00b
Not bit addressable

AT/TSSXCOHTRX2 m—
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9. TS87C51RB2/RC2/RD2 EPROM

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

In addition a third non programmable array is implemented:

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

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

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.

9.1 EPROM Structure
+ the code array:16/32/64 Kbytes.
« the encryption array:64 bytes.
» the signature array: 4 bytes.
9.2 EPROM Lock System
piracy.
9.2.1 Encryption Array
state, will return the code in its original, unmodified form.
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.

Table 9-1. Program Lock bits
Program Lock Bits
Security
level LB1 LB2 LB3 | Protection Description

No program lock features enabled. Code verify will still be

1 U U U encrypted by the encryption array if programmed. MOVC
instruction executed from external program memory returns non
encrypted data.
MOVC instruction executed from external program memory are

2 P U U 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.

U: unprogrammed,
P: programmed
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11.4 DC Parameters for Low Voltage
Ta=0°C t0 +70°C; Vgg =0 V; Vg = 2.7 V10 5.5 V + 10%; F = 0 to 30 MHz.
TA = -40°C to +85°C; Vgg =0 V; Voo = 2.7 V10 5.5 V + 10%; F = 0 to 30 MHz.

Table 11-2. DC Parameters for Low Voltage

Symbol Parameter Min Typ Max Unit Test Conditions
Vi Input Low Voltage -0.5 0.2 V- 0.1 \
Vi Input High Voltage except XTAL1, RST 0.2Vec +0.9 Voo + 0.5 \
Vin Input High Voltage, XTAL1, RST 0.7 Ve Voo + 0.5 \
VoL Output Low Voltage, ports 1, 2, 3,4, 5 © 0.45 V  |lo = 0.8 mA®
Vo Output Low Voltage, port 0, ALE, PSEN © 0.45 V. |lo =1.6 mA®
Vou Output High Voltage, ports 1, 2, 3, 4,5 0.9 Ve \Y lop =-10 uA
Vous Output High Voltage, port 0, ALE, PSEN 0.9 Ve \Y lon = -40 uA
I Logical 0 Input Current ports 1, 2, 3, 4,5 -50 pA  |Vin=0.45V
Iy Input Leakage Current +10 uA  |0.45V < Vin < Vo
Iy Igoglcal 1 to 0 Transition Current, ports 1, 2, 3, 4, 650 WA |Vin=20V
Rgst RST Pulldown Resistor 50 90 ® 200 kQ
. Fc=1MHz
ClO Capacitance of I/O Buffer 10 pF Ta = 95°C
20 ®) 50 Voo =2.0Vto55V®
| Power-down Current A
PD wer-down &U 10 ® 30 M2 Vge=2.0 V1033 V0
Power-down Current (Only for TS87C51RD2 ®) @)
leo S287-xxx Very Low power) 2 15 WA 120V <Veo 3.6V
| 1+ 0.2 Freq
%C Power Supply Current Maximum values, X1 (MHz)
under | o) @12MHz3.4 | mA [Vee=3.3VM
RESET @16MHz 4.2
1+ 0.3 Freq
lec Power Supply Current Maximum values, X1 (MHz)
operating | mode: ™ @12MHz 4.6 A Voo =3.3V®
@16MHz58 | ™
0.15 Freq
lec Power Supply Current Maximum values, X1 (MHz) + 0.2
idle mode: @12MHz 2 mA |V =3.3V®
@16MHz 2.6

Notes: 1. Igc under resetis measured with all output pins disconnected; XTAL1 driven with T cn, TohoL = 5 ns (see Figure 11-5.), V.
= VSS +0.5 V, -
Viy = Vgo - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = V. Igc would be slightly higher if a crystal oscillator used..
2. Idle Ic¢ is measured with all output pins disconnected; XTAL1 driven with T¢ oy, TopeL =5ns, Vi =Vgg + 0.5V, Vi =V -
0.5 V; XTAL2 N.C; Port 0 = V¢; EA = RST = Vgg (see Figure 11-3.).
3. Power-down I is measured with all output pins disconnected; EA = Vg, PORT 0 = V; XTAL2 NC.; RST = Vg (see Fig-
ure 11-4.).
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11.5.11  External Clock Drive Characteristics (XTAL1)

Symbol Parameter Min Max Units
Telol Oscillator Period 25 ns
Tehex High Time 5 ns
Teorex Low Time 5 ns
TeicH Rise Time 5 ns
TeHoL Fall Time 5 ns

Tenex/TeLex Cyclic ratio in X2 mode 40 60 %

11.5.12 External Clock Drive Waveforms

Figure 11-11. External Clock Drive Waveforms
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11.5.13 AC Testing Input/Output Waveforms
Figure 11-12. AC Testing Input/Output Waveforms
Vec 05V : i 0.2V+0.9 ; i
INPUT/OUTPUT -
045V 0.2V-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”.

11.5.14 Float Waveforms

Figure 11-13. Float Waveforms
FLOAT

Vou 0.1V v, 0. Vioapt0.1V
Vioap-0.1V

For timing purposes a 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 occurs. | /Ioy
>+ 20mA.
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Part Number

Memory size

Supply Voltage

Temperature Range

Max Frequency

Package

Packing

TS83C51RD2-MCA

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

OBSOLETE

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
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13. Package Drawings

13.1 PLCC44
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MM : I NCH
A 4. 20 4. 57 165 . 180
Al 2 29 3 04 ., 090 . 120
D 17 40 17 65 . 685 . 695
D1 16, 44 16, 66 . 647 . 636
De 14, 99 16. 00 . 590 . 630
E 17. 40 17. 65 . 685 . 695
E1 16, 44 16, 66 . 647 . 636
Ee 14 99 16 00 . 990 . 630
e 1.27 BSC . 050 BSC
G 1.07 1. 22 042 . 048
H 1.07 1. 42 . 042 . 096
J 0. 51 - . 020 -
K 0. 33 0. 53 . 013 . 021
Nl 11 11
Ne 11 11
PKG STD 00
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