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4. SFR Mapping
The Special Function Registers (SFRs) of the TS80C51Rx2 fall into the following categories:

C51 core registers: ACC, B, DPH, DPL, PSW, SP, AUXR1

I/O port registers: PO, P1, P2, P3, P4, P5

Timer registers: T2CON, T2MOD, TCON, THO, TH1, TH2, TMOD, TLO, TL1, TL2, RCAP2L, RCAP2H
Serial I/O port registers: SADDR, SADEN, SBUF, SCON

Power and clock control registers: PCON

HDW Watchdog Timer Reset: WDTRST, WDTPRG

PCA registers: CL, CH, CCAPIL, CCAPiH, CCON, CMOD, CCAPMi

Interrupt system registers: IE, IP, IPH

Others: AUXR, CKCON

Table 1. All SFRs with their address and their reset value

Bit .
Non Bit addressable
addressable
0/8 1/9 2/A 3/B 4/C 5/D 6/E 7IF
Fsh CH CCAPOH CCAP1H CCAPL2H CCAPL3H CCAPL4H FEh
0000 0000 | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX
B
FOh 0000 0000 F7h
E8h a dsieé)sltexble cL CCAPOL CCAP1L CCAPL2L CCAPL3L CCAPLAL EFh
1111 1111 0000 0000 | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX | XXXX XXXX
ACC
EOh 0000 0000 E7h
D8h CCON CMOD CCAPMO CCAPM1 CCAPM2 CCAPM3 CCAPM4 DEh
00X0 0000 00XX X000 X000 0000 X000 0000 X000 0000 X000 0000 X000 0000
PSW
DOh 0000 0000 D7h
csh T2CON T2MOD RCAP2L RCAP2H TL2 TH2 CEh
0000 0000 | XXXX XX00 0000 0000 0000 0000 0000 0000 0000 0000
P4 bit P5 byte
Coh addressable addressable C7h
1111 1111 1111 1111
IP SADEN
B8h X000 000 0000 0000 BFh
P3 IPH
BOh 1111 1111 X000 0000 B7h
IE SADDR
Ash 0000 0000 0000 0000 AFh
AOh P2 AUXR1 WDTRST WDTPRG | A7p
1111 1111 XXXX0XX0 XXXX XXXX | XXXX X000
SCON SBUF
98h | 5000 0000 | XXXX XXXX 9Fh
P1
90h 1111 1111 97h
ash TCON TMOD TLO TL1 THO TH1 AUXR CKCON 8Eh
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 | XXXXXX00 | XXXX XXXO
80h PO SP DPL DPH PCON 87h
1111 1111 0000 0111 0000 0000 0000 0000 00X1 0000
0/8 1/9 2/A 3/B 4/C 5/D 6/E 7IF
reserved
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Pin Number
Mnemonic Type Name And Function
DIL | LCC | VQFP 1.4
Vss 20 22 16 | Ground: 0V reference
Vssl 1 39 | Optional Ground: Contact the Sales Office for ground connection.
Vee 20 24 38 | Power Suppl_y: This is the power supply voltage for normal, idle and power-
down operation
P0.0-PO.7 39-32 43-3 37-30 /O | Port O: Port O is an open-drain, bidirectional 1/0 port. Port 0 pins that have 1s
written to them float and can be used as high impedance inputs. Port 0 pins must
be polarized to Vcc or Vss in order to prevent any parasitic current consumption.
Port 0 is also the multiplexed low-order address and data bus during acgess to
external program and data memory. In this application, it uses strong internal
pull-up when emitting 1s. Port 0 also inputs the code bytes during EPROM
programming. External pull-ups are required during program verification during
which PO outputs the code bytes.
P1.0-P1.7 1-8 2-9 40-44 1/0 Port 1: Port 1 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 1
1-3 pins that have 1s written to them are pulled high by the internal pull-upg and
can be used as inputs. As inputs, Port 1 pins that are externally pulled loyw will
source current because of the internal pull-ups. Port 1 also receives the low-order
address byte during memory programming and verification.
Alternate functions for Port 1 include:
1 2 40 I/O | T2 (P1.0): Timer/Counter 2 external count input/Clockout
2 3 41 | T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control
3 4 42 | ECI (P1.2): External Clock for the PCA
4 5 43 I/O | CEXO (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 /0 | CEXO (P1.5): Capture/Compare External 1/O for PCA module 2
7 8 46 I/O | CEXO (P1.6): Capture/Compare External I/O for PCA module 3
8 9 47 I/O | CEXO (P1.7): Capture/Compare External I/O for PCA module 4
P2.0-P2.7 21-28 24-3 18-25 /0| Port 2: Port 2 is an 8-bit bidirectional 1/0O port with internal pull-ups. Port 2
pins that have 1s written to them are pulled high by the internal pull-ups and
can be used as inputs. As inputs, Port 2 pins that are externally pulled loyw will
source current because of the internal pull-ups. Port 2 emits the high-order address
byte during fetches from external program memory and during accesses to external
data memory that use 16-bit addresses (MOVX @DPTR).In this applicatipn, it
uses strong internal pull-ups emitting 1s. During accesses to external data memory
that use 8-bit addresses (MOVX @Ri), port 2 emits the contents of the P2|SFR.
Some Port 2 pins (P2.0 to P2.5) receive the high order address bits during
EPROM programming and verification:
P3.0-P3.7 10-17 11, 5, 1/0 Port 3: Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. Port 3
13-19 7-13 pins that have 1s written to them are pulled high by the internal pull-upg and
can be used as inputs. As inputs, Port 3 pins that are externally pulled loyw will
source current because of the internal pull-ups. Some Port 3 pins (P3.4 tg P3.5)
receive the high order address bits during EPROM programming and verification.
Port 3 also serves the special features of the 80C51 family, as listed belgw.
10 11 5 | RXD (P3.0): Serial input port
11 13 7 O | TXD (P3.1): Serial output port
12 14 8 | INTO (P3.2): External interrupt O
13 15 9 | INT1 (P3.3): External interrupt 1
14 16 10 | TO (P3.4): Timer 0 external input
15 17 11 | 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
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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, ALE
is emitted at a constant rate of 1/6 (1/3 in X2 mode) the oscillator frequency,
and can be used for external timing or clocking. Note that one ALE pulse is
skipped during each access to external data memory. This pin is also the program
pulse input PROG) during 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 memB$EN is activated twice each
machine cycle, except that tweSEN activations are skipped during each access
to external data memony?SEN is not activated during fetches from internal

program memory.

EANpp 31 35 29 | External Access Enable/Programming Supply VoltageEA must be externally
held low to enable the device to fetch code from external program memory
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 program
counter contains an address greater than 3FFFH (RB) or 7FFFHERGHust
be held low for ROMless devices. This pin also receives the 12.75V programming
supply voltage (¥p during EPROM programming. If security level 1 |is
programmedEA will be internally latched on Reset.

XTALL 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
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6. TS80C51Rx2 Enhanced Features

In comparison to the original 80C52, the TS80C51Rx2 implements some new features, which are
* The X2 option.
e The Dual Data Pointer.
e The extended RAM.
e The Programmable Counter Array (PCA).
* The Watchdog.
e The 4 level interrupt priority system.
* The power-off flag.
e The ONCE mode.
e The ALE disabling.
* Some enhanced features are also located in the UART and the timer 2.

6.1. X2 Feature

The TS80C51Rx2 core needs only 6 clock periods per machine cycle. This feature called "X2" provides the
following advantages:

¢ Divide frequency crystals by 2 (cheaper crystals) while keeping same CPU power.

* Save power consumption while keeping same CPU power (oscillator power saving).

* Save power consumption by dividing dynamically operating frequency by 2 in operating and idle modes.
* Increase CPU power by 2 while keeping same crystal frequency.

In order to keep the original C51 compatibility, a divider by 2 is inserted between the XTAL1 signal and the main
clock input of the core (phase generator). This divider may be disabled by software.

6.1.1. Description

The clock for the whole circuit and peripheral is first divided by two before being used by the CPU core and
peripherals. This allows any cyclic ratio to be accepted on XTAL1 input. In X2 mode, as this divider is bypassed,
the signals on XTAL1 must have a cyclic ratio between 40 to 60%. Figure 1. shows the clock generation block
diagram. X2 bit is validated on XTALA2 rising edge to avoid glitches when switching from X2 to STD mode.
Figure 2. shows the mode switching waveforms.

XTALL 3 7 XTALL2 % state machine: 6 clock cycles.
E l ) CPU control
XTAL 1 .
osc
X2
CKCON reg

Figure 1. Clock Generation Diagram
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ASSEMBLY LANGUAGE

; Block move using dual data pointers

; Destroys DPTRO, DPTR1, A and PSW
; hote: DPS exits opposite of entry state
; unless an extra INC AUXR1 is added

00A2

0000 909000

AUXR1 EQU 0A2H

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 EO MOVX A,@DPTR ; get a byte from SOURCE
000B A3 INC DPTR ; increment SOURCE address
000C 05A2 INC AUXR1 ; switch data pointers
O00E FO MOVX @DPTR,A ; write the byte to DEST
000F A3 INC DPTR ; increment DEST address
0010 70F6 JNZ LOOP ; check for O 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. However,
note that the INC instruction does not directly force the DPS bit to a particular state, but simply toggles it.
In simple routines, such as the block move example, only the fact that DPS is toggled in the proper sequence
matters, not its actual value. In other words, the block move routine works the same whether DPS is '0' or '1'
on entry. Observe that without the last instruction (INC AUXR1), the routine will exit with DPS in the
opposite state.
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It is possible to use timer 2 as a baud rate generator and a clock generator simultaneously. For this configuration,

the baud rates and clock frequencies are not independent since both functions use the values in the RCAP2H and
RCAP2L registers.

XTALL [3— 2 |
(:1 in X2 mode)
T2CON reg TL2 |[ TH2
(8-bit) || (8-bit) [
' [ OVERFLOW
RCAP2L|[RCAP2H
(8-bit) || (8-bit)
Toggle
T2 [ |
0 D
]
T2MOD reg
TIMER 2
T2EX[}F——— e L( EXF2 INTERRUPT
EXEN2 T2CON reg
T2CON reg

Figure 6. Clock-Out Mode C/T2 = 0
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Table 7. T2MOD Register
T2MOD - Timer 2 Mode Control Register (C9h)

7 6 5 4 3 2 1 0
- - - - - - T20E DCEN
. Bit .
Bit Number . Description
Mnemonic

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.
> ) Reserved

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

Timer 2 Output Enable bit

1 T20E Clear to program P1.0/T2 as clock input or 1/O port.

Set to program P1.0/T2 as clock output.

Down Counter Enable bit

0 DCEN Clear to disable timer 2 as up/down counter.

Set to enable timer 2 as up/down counter.

Reset Value = XXXX XX00b
Not bit addressable

22
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6.5. Programmable Counter Array PCA

The PCA provides more timing capabilities with less CPU intervention than the standard timer/counters. Its
advantages include reduced software overhead and improved accuracy. The PCA consists of a dedicated
timer/counter which serves as the time base for an array of five compare/ capture modules. Its clock input
can be programmed to count any one of the following signals:

e Oscillator frequency- 12 (+ 6 in X2 mode)

* Oscillator frequency+- 4 (— 2 in X2 mode)

e Timer O overflow

» External input on ECI (P1.2)

Each compare/capture modules can be programmed in any one of the following modes:
 rising and/or falling edge capture,
* software timer,
* high-speed output, or
e pulse width modulator.

Module 4 can also be programmed as a watchdog timer (See Section "PCA Watchdog Timer", page 33).

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

The PCA timer/counter and compare/capture modules share Port 1 for external I/O. These pins are listed
below. If the port is not used for the PCA, it can still be used for standard 1/0.

PCA component |External 1/0O Pin
16-bit Counter P1.2 / ECI
16-bit Module 0 P1.3 / CEXO
16-bit Module 1 | P1.4 / CEX1
16-bit Module 2 | P1.5/ CEX2
16-bit Module 3 P1.6 / CEX3
16-bit Module 4 | P1.7 / CEX4

The PCA timer is a common time base for all five moduleSeé Figure 7) The timer count source is
determined from the CPS1 and CPSO bits in@MOD SFR (See Table 8) and can be programmed to run
at:

* 1/12 the oscillator frequency. (Or 1/6 in X2 Mode)
¢ 1/4 the oscillator frequency. (Or 1/2 in X2 Mode)
* The Timer O overflow

* The input on the ECI pin (P1.2)
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To PCA
modules
Fosc /12—
Fosc / 4—» —I overflow — It
CH CL
TO OVF — L L
P1.2 —P 16 bit up/down counter
[
CMOD
CIDL | WDTE]| CPS1| CPSO| ECH 0xD9
Idle '
4 CCON
CF | CR CCF4 CCFq CCF2 CCHL CCHO D3
L 1
Figure 7. PCA Timer/Counter
Table 8. CMOD: PCA Counter Mode Register
CMOD
CIDL |WDTE - - - CPS1 | CPSO | ECF
Address OD9H
Reset value 0 0 X X X 0 0 0
Symbol | Function
CIDL Counter Idle control: CID = 0 programs the PCA Counter to continue functioning du
idle Mode. CIDL = 1 programs it to be gated off during idle.
Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Mody
WDTE .
WDTE = 1 enables it.
- Not implemented, reserved for future use.
CPsS1 PCA Count Pulse Select bit 1.
CPSO PCA Count Pulse Select bit 0.
CPS1| CPS0| Selected PCA inptht
0 0 Internal clock §sJ12 ( Or f,sd6 in X2 Mode).
0 1 Internal clock §sd4 ( Or fogd2 in X2 Mode).
1 0 Timer 0 Overflow
1 1 External clock at ECI/P1.2 pin (max rate gzd 8)
ECE PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to genera
interrupt. ECF = 0 disables that function of CF.
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.

b.

fosc=

oscillator frequency

The CMOD SFRincludes three additional bits associated with the PE&& Figure 7 and Table 8).
* 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.

ing

le 4.

te an

24
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Table 22. The state of ports during idle and power-down mode
Mode Program ALE PSEN PORTO PORT1 PORT2 PORT3

Memory
Idle Internal 1 1 Port Data* Port Data Port Data Port Datd
Idle External 1 1 Floating Port Data Address Port Datd
Power Down Internal 0 0 Port Data* Port Data Port Datg Port Data
Power Down External 0 0 Floating Port Data Port Datg Port Data

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

Rev. C - 06 March, 2001
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6.10. Hardware Watchdog Timer

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

6.10.1. Using the WDT

To enable the WDT, user must write 01EH and OE1H in sequence to the WDTRST, SFR location 0A6H. When
WDT is enabled, the user needs to service it by writing to 01EH and OE1H to WDTRST to avoid WDT overflow.
The 14-bit counter overflows when it reaches 16383 (3FFFH) and this will reset the device. When WDT is enabled,
it will increment every machine cycle while the oscillator is running. This means the user must reset the WDT at
least every 16383 machine cycle. To reset the WDT the user must write 01EH and OE1H to WDTRST. WDTRST
is a write only register. The WDT counter cannot be read or written. When WDT overflows, it will generate an
output RESET pulse at the RST-pin. The RESET pulse duration is 9§g¢ Twhere Togc = 1/Fosc . To make

the best use of the WDT, it should be serviced in those sections of code that will periodically be executed within
the time required to prevent a WDT reset.

To have a more powerful WDT, a’Zounter has been added to extend the Time-out capability, ranking from
16ms to 2s @ Fsc= 12MHz. To manage this feature, refer to WDTPRG register description, Table 24. (SFROA7h).

Table 23. WDTRST Register
WDTRST Address (0A6h)

Reset value X X X X X X X

Write only, this SFR is used to reset/enable the WDT by writing 01EH then OE1H in sequence.
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6.11. ONCE'M Mode (ON Chip Emulation)

The ONCE mode facilitates testing and debugging of systems using TS80C51Rx2 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) aR&EN 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 circuit Table 26.
shows the status of the port pins during ONCE mode.

Normal operation is restored when normal reset is applied.
Table 25. 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
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7. TS83C51RB2/RC2/RD2 ROM

7.1. ROM Structure
The TS83C51RB2/RC2/RD2 ROM memory is divided in three different arrays:

e thecode array: . . . . . . . . . e e 16/32/64 Kbytes.
* the encryption array:. . . . . . . . L e 64 bytes.
* the signature array:. . . . . . . . . L e e e 4 bytes.

7.2. ROM Lock System

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

7.2.1.7.2.1. Encryption Array

Within the ROM 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, creating 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.

7.2.2. Program Lock Bits

The lock bits when programmed according to Table 28. will provide different level of protection for the on-chip
code and data.

Table 28. Program Lock bits

Program Lock Bits

- Protection description
S‘fg\‘;‘;ty LB1 LB2 LB3 P

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

2 = U U MOVC instruction executed from external program memory are disabled from fetching
code bytes from internal memoBA is sampled and latched on reset.

Same as level 1+ Verify disable.

3 v P v This security level is only available for 51RDX2 devices.

U: unprogrammed
P: programmed

7.2.3. Signature bytes

The TS83C51RB2/RC2/RD2 contains 4 factory programmed signatures bytes. To read these bytes, perform the
process described in section 8.3.

7.2.4. Verify Algorithm
Refer to 8.3.4.
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SIGNALS* E—» ALE/PROG
P0.0-P0.7 0-D7
— 3 RST
—» PSEN P1.0-P1.7K—A0-
CONTROL | P26 .
SIGNALS* | ﬁ;’; P2.0-P2.< —JA8-A15
' P3.4-P3.9
—» P36
— 3 P37
4106 MHz — | XTALL VSS
G%D*

* See Table 31. for proper value on these inputs

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 of pulses
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: Rais&EA/VPP from VCC to VPP (typical 12.75V).

e Step 5: Pulse ALFPROG once.

e 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 object file is
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 verify
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:

e 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 that the
code array is well encrypted.
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9. Signature Bytes

The TS83/87C51RB2/RC2/RDhas four signature bytes in location 30h, 31h, 60h and 61h. To read these bytes
follow the procedure for EPROM verify but activate the control lines provided in Table 31. for Read Signature
Bytes. Table 31. shows the content of the signature byte for the TS87C51RB2/RC2/RD?2.

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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10. Electrical Characteristics

10.1. Absolute Maximum Ratings?)

Ambiant Temperature Under Bias:

C = commercial @C to 70C

| = industrial -40C to 85C
Storage Temperature -85 to + 150C
Voltage on ¢ to Vgg -05Vto+7V
Voltage on \ppto Vgg -05Vto+13V
Voltage on Any Pin to ¥g -0.5VtoVec+ 05V
Power Dissipation 1 W)

NOTES

1. Sresses at or above those listed under “ Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions above those indicated in the operational seistispeaifi¢htion is not

implied. Exposure to absolute maximum rating conditions may affect device reliability.

2. This value is based on the maximum allowable die temperature and the thermal resistance of the package.

10.2. Power consumption measurement

Since the introduction of the first C51 devices, every manufacturer made operating Icc measurements under reset,
which made sense for the designs were the CPU was running under reset. In Atmel Wireless & Microcontrollers
new devices, the CPU is no more active during reset, so the power consumption is very low but is not really
representative of what will happen in the customer system. That's why, while keeping measurements under Reset,
Atmel Wireless & Microcontrollers presents a new way to measure the operating Icc:

Using an internal test ROM, the following code is executed:
Label: SJMP Label (80 FE)

Ports 1, 2, 3 are disconnected, Port O is tied to FFh, EA = Vcc, RST = Vss, XTALZ2 is not connected and XTAL1
is driven by the clock.

This is much more representative of the real operating Icc.
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Vv
Vee
_ Pc@—r
Reset = Vss after a high pulsi

during at least 24 clock cycleg

Figure 24. Clock Signal Waveform for I Tests in Active and Idle Modes

Reset = Vss after a high puls¢ P
during at least 24 clock cycles

o]
9]

N RST EA

(NC) XTAL2
CLOCK —___ JIXTAL1
SIGNAL

T Vss

Figure 21. Operating Icc Test Condition

Vee

Reset = Vss after a high pulge PO
during at least 24 clock cycles

L |RST FAr—L

(NC—— XTAL2
CLOCK _p xTALL

SIGNAL
L—|Vss

Figure 22. Icc Test Condition, Idle Mode

]

1%

L|RST BA—L

(NCy—— XTAL2

Figure 23. Icc Test Condition, Power-Down Mode
V0.5V

0.7Vce
0.45\ 0.2Vec0.1
TcheL TcLeH

TereH = TereL = Bns.

All other pins are disconnected.

All other pins are disconnected.

XTAL1
; Vss All other pins are disconnected.
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10.5. AC Parameters

10.5.1. Explanation of the AC Symbols

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

Example: Ty = Time for Address Valid to ALE Low.
T LpL = Time for ALE Low to PSEN Low.

TA = 0 to +70C (commercial temperature range)sy= 0 V; Voc = 5 V + 10%; -M and -V ranges.
TA = -40°C to +85C (industrial temperature range)g¥= 0 V; Vcc =5V £ 10%; -M and -V ranges.
TA = 0 to +70C (commercial temperature range)sy= 0 V; 2.7 V < Vo < 5.5 V; -L range.

TA = -40°C to +85C (industrial temperature range)g¥= 0 V; 2.7 V < V¢ < 5.5 V; -L range.

Table 34. gives the maximum applicable load capacitance for Port 0, Port 1, 2 and 3, and APSENdsignals.
Timings will be guaranteed if these capacitances are respected. Higher capacitance values can be used, but timings
will then be degraded.

Table 34. Load Capacitance versus speed range, in pF

-M -V -L
Port 0 100 50 100
Port 1, 2, 3 80 50 80
ALE / PSEN 100 30 100

Table 36., Table 39. and Table 42. give the description of each AC symbols.
Table 37., Table 40. and Table 43. give for each range the AC parameter.

Table 38., Table 41. and Table 44. give the frequency derating formula of the AC parameter. To calculate each
AC symbols, take the x value corresponding to the speed grade you need (-M, -V or -L) and replace this value
in the formula. Values of the frequency must be limited to the corresponding speed grade:

Table 35. Max frequency for derating formula regarding the speed grade

-M X1 mode -M X2 mode -V X1 mode -V X2 mode -L X1 mode -L X2 mode
Freq (MHz) 40 20 40 30 30 20
T (ns) 25 50 25 33.3 33.3 50
Example:

Ty in X2 mode for a -V part at 20 MHz (T = 1/58 = 50 ns):
x= 22 (Table 38.)
T= 50ns

TLL|V: 2T - x =2 x50 - 22 =78ns
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Table 41. AC Parameters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M -V -L Units
Clock
TRLRH Min 6T-x 3T-x 20 15 25 ns
TwLwH Min 6T-x 3T-x 20 15 25 ns
TrLDV Max 5T-x 25T-x 25 23 30 ns
TRHDX Min X X 0 0 0 ns
TrHDZ Max 2T-x T-x 20 15 25 ns
TLipv Max 8T-x 4T -x 40 35 45 ns
TavDy Max 9T-x 45T-x 60 50 65 ns
TLwL Min 3T-x 15T-x 25 20 30 ns
Toowe Max 3T+x 15T+x 25 20 30 ns
TavwL Min 4T-x 2T-x 25 20 30 ns
Tovwx Min T-x 05T-x 15 10 20 ns
Tovwh Min 7T-x 35T-x 15 10 20 ns
TwHQX Min T-x 05T-x 10 8 15 ns
TrLAZ Max X X 0 0 0 ns
TWHLH Min T-x 05T-x 15 10 20 ns
TWHLH Max T+x 05T+x 15 10 20 ns

10.5.5. External Data Memory Write Cycle

TwHLHP
ALE j
PSEN / »
e Twe > TwiLwH

WR
& Tovwx
€ TaX TovwH P TwHo
PORT 0 AO0-A7 DATA OUT
Taw, ——

PORT 2 ADDRESS

OR SERP2 ADDRESS A8-A15 OR SFR P2

Y

Figure 26. External Data Memory Write Cycle
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Table 48. Possible Ordering Entries

TS80C51RA2/RD2 ROMIess T583C51RRB§,/\;{C2/ RD222z | 15g7¢51RB2/RC2/IRD2 OTP
-MCA X X X
-MCB X X X
-MCE X X X
-MCL RD2 only RD2 only RD2 only
-MCM RD2 only RD2 only RD2 only
o WCA X X X
-VCB X X X
-VCE X X X
-VCL RD2 only RD2 only RD2 only
-VCM RD2 only RD2 only RD2 only
o LCA X X X
-LCB X X X
-LCE X X X
-LCL RD2 only RD2 only RD2 only
-LCM RD2 only RD2 only RD2 only
-MIA X X X
-MIB X X X
-MIE X X X
-MIL RD2 only RD2 only RD2 only
-MIM RD2 only RD2 only RD2 only
-VIA X X X
-VIB X X X
-VIE X X X
-VIL RD2 only RD2 only RD2 only
-VIM RD2 only RD2 only RD2 only
-LIA X X X
-LIB X X X
-LIE X X X
-LIL RD2 only RD2 only RD2 only
-LIM RD2 only RD2 only RD2 only
o EA X X
-EB X X
-EE X X
-EL RD2 only RD2 only
-EM RD2 only RD2 only
Y RC2 and RDZ only |
-EK RC2 and RD2 only
-EN RD2 only

¢ -Ex for samples
* Tape and Reel available for B, E, L and M packages
* Dry pack mandatory for E and M packages
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