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Table 4-1.

All SFRs with their address and their reset value

Bit
addressable

Non Bit addressable

4188F-8051-01/08

ATMEL

0/8 1/9 2/A 3/B 4/C 5/D 6/E 7/F

Fsh CH CCAPOH CCAP1H CCAPL2H CCAPL3H CCAPL4H EFh

0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

FOh B F7h
0000 0000
P5 bit

CL CCAPOL CCAP1L CCAPL2L CCAPL3L CCAPL4L

E8h |addressable EFh
111 1111 0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
ACC

EOh 0000 0000 E7h

Dsh CCON CMOD CCAPMO CCAPM1 CCAPM2 CCAPM3 CCAPM4 BEh
00X0 0000 00XX X000 X000 0000 X000 0000 X000 0000 X000 0000 X000 0000
PSW

Don 0000 0000 D7h

Csh T2CON T2MOD RCAP2L RCAP2H TL2 TH2 CFh
0000 0000 XXXX XX00 0000 0000 0000 0000 0000 0000 0000 0000
P4 bit P5 byte

COh |addressable addressable C7h
1111 1111 1111 1111

Bsh IP SADEN BEh
X000 000 0000 0000
P3 IPH

BOh 1111 1111 X000 0000 B7h

ASh IE SADDR AEh
0000 0000 0000 0000

Ah P2 AUXR1 WDTRST WDTPRG A7h
1111 1111 XXXX0XX0 XXXX XXXX XXXX X000
SCON SBUF

98h 0000 0000 XXXX XXXX oFh
P1

90h 97h
1111 1111

88h TCON TMOD TLO TL1 THO TH1 AUXR CKCON 8Fh
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 XXXXXX00 XXXX XXXO0

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 7/F
reserved
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Pin Configuration

P1.0/T2 []1 ~ 40[1 vee
P1.1/T2EX []2 39[] P0.0/ A0
P12 []3 38[] P0.1 /A1 R
P1.3[]4 37[] P0.2/ A2 §&§ 8522
P1.4[]5 36[] P0.3/A3 tOA=3HOS=qA®D
P1.5 [|6 35:|PO.4/A4 -~ W00 o009
. oooon>>ao000
P1.6 []7 34:|PO.5/A5 i 8 e I e e e e B e B e O e B
P17 08 33[] P06/ A6 6 54 3 2 ] 4443424140
RST [Jo 32[] PO.7/A7 E1-5 07 39 [] P0.4/AD4
P3.0/RxD []10 31[] EA/VPP P}'S 08 38 1 po.5/AD5
P3.1/TxD [j11  PDIL 30 [] ALE/PROG RoT 9 37 [1 P0.6/AD6
P3.2/INTO []12 cpiL40 29 ] PSEN P3.0/RD f10 36 [1P0.7/AD7
P3.3/INTT [{13 28[] P2.7/A15 DX ] 11 35 [1 EA/VPP
p3.4/T0 [[14 27f) P2.6/A14 NIC* 12 PLCC/CQPJ 44 34 I Nic
P3.5T1 [|15 261 P25/ A13 P3.1/TXD ) 13 33 [ ALE/PROG
P3.6/WR[]16 25 f P2.4/A12 P3.2/II\E 014 32 [] PSEN
p3.77RD017 24 [ P2.3 / Al1 P3.3/INT1 15 31 [] p2.7/A15
XTAL2 []18 23] P22/ A10 P3.4/T0 [ 16 30 [1 p2.6/A14
XTAL1 19 22[] P2.1/A9 P3.5/T1 117 29 [ p2.5/A13
vss []20 21[]P2.0/A8 18 19 20 21 22 23 24 25 26 27 28
N S [ S — [ — [ - | - |
1) 0o 2%
SCo T << <<
OChgxnHe - NaoX
< * OMOFEFEFEF®O=A AN NN
b QO o-aon o0 XX>Zaoa ooa
aNNZ [agalala]
EE=s <<
TON=SSpOS -G
-~ MNWOocoo o
o000 >>0000
444342414039 3837 36 35 34
P1.5 [T]1 33[]P0.4/AD4
P1.6 [I]2 32[T]P0.5/AD5
P1.7 l:[ 3 31 EPOG/ADG
RST [TJ4 30[T]P0.7/AD7
P3.0/RxD[T|5 29[TJEA/VPP
NIC* [Tl6 VQFP44 1.4 28[TJNIC*
P3.1/TxDL]|7 27[TALE/PROG
P3.2/INT0[T]8 26 [[]PSEN
P3.37INT1[T]|9 25[T]P2.7/A15
P3.4/T0 [T]10 24[T1P2.6/A14
P3.5/T1 T 11 23(T]P2.5/A13
121314151617 181920 21 22

il ] o |

oo — 0O W
E22303<zsx
) |92 aa N oY
o @ X Aa N NN
a8 [a N B

*NIC: No Internal Connection

AT/TSSXCOHTRX2 m—
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PSEN 67 55
EA/VPP 2 58
XTALT 49 38
XTAL2 48 37
P4.0 20 11
P4.1 24 15
P4.2 26 17
P4.3 44 33
P4.4 46 35
P4.5 50 39
P4.6 53 42
P4.7 57 46
P5.0 60 49
P5.1 62 51
P5.2 63 52
P5.3 7 62
P5.4 8 63
P5.5 10 1

P5.6 13 4
P5.7 16 7

ATMEL y
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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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6.1 Expanded RAM (XRAM)

The TS80C51Rx2 provide additional Bytes of ramdom access memory (RAM) space for
increased data 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 space; 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
addressable.

+ 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
only.

* 4. The expanded RAM bytes are indirectly accessed by MOVX instructions, and with the
EXTRAM bit cleared in the AUXR register. (See Table 6-1.)

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

When an instruction accesses an internal location above address 7FH, the CPU knows whether
the access is to the upper 128 bytes of data RAM or to SFR space by the addressing mode used
in the instruction.

* Instructions that use direct addressing access SFR space. For example: MOV 0AOH, #
data, accesses the SFR at location 0AOH (which is P2).

* Instructions that use indirect addressing access the Upper 128 bytes of data RAM. For
example: MOV @RO, # data where RO contains 0AOH, accesses the data byte at address
0AOH, rather than P2 (whose address is 0AOH).

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

» With EXTRAM = 0, the XRAM is indirectly addressed, using the MOVX instruction in
combination with any of the registers R0, R1 of the selected bank or DPTR. An access to
XRAM will not affect ports PO, P2, P3.6 (WR) and P3.7 (RD). For example, with EXTRAM
= 0, MOVX @RO, # data where RO contains 0AOH, accesses the XRAM at address 0AOH
rather than external memory. An access to external data memory locations higher than FFH
(i.e. 0100H to FFFFH) (higher than 2FFH (i.e. 0300H to FFFFH for RD devices) will be
performed with the MOVX DPTR instructions in the same way as in the standard 80C51, so
with PO and P2 as data/address busses, and P3.6 and P3.7 as write and read timing signals.
Refer to Figure 6-1. For RD devices, 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 @ Ri will provide an eight-bit address multiplexed with data on Port0 and any output
port pins can be used to output higher order address bits. This is to provide the external
paging capability. MOVX @DPTR will generate a sixteen-bit address. Port2 outputs the high-
order eight address bits (the contents of DPH) while Port0 multiplexes the low-order eight

ATMEL L
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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 func-
tions use the values in the RCAP2H and RCAP2L registers.

Figure 6-3.  Clock-Out Mode C/T2 = 0

XTALA1 c 2 |

(:1 in X2 mode)
TR2
T2CON reg TL2 TH2
(8-bit) || (8-bit)
[ OVERFLOW
RCAP2L |[RCAP2H
(8-bit) || (8-bit)
Toggle
2 ) |
L @ D
T20E
T2MOD reg
TIMER 2
T2EX [ }—— I | EXF2}——» NTERRUPT
EXEN2 T2CON reg
T2CON reg
Table 6-2. T2CON Register
T2CON - Timer 2 Control Register (C8h)
7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK ‘ EXEN2 ‘ TR2 CIT2# CP/RL2#

ATMEL 2
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Bit Bit
Number Mnemonic Description
7 i 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 i Reserved
The value read from this bit is indeterminate. Do not set this bit.
4 i 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.
5 i 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

ATMEL 2
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Figure 6-6. PCA Capture Mode

CF | CR CCF4| CCF3 | CCF2 | CCF1 | CCFO OCCD%N
X

A | PCAIT

PCA Counter/Timer
|7| A
Cex.n el ] CH cL
O—
'T‘ |—| Capture >

CCAPNnH CCAPNL

ECOMN|CAPPNn|CAPNNn| MATn | TOGn | PWMn |[ECCFn|CCAPMnN, n=0 to 4
0xDA to OxDE

6.3.2 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 modules CCAPMn register. The PCA timer will be compared to the module's capture regis-
ters and when a match occurs an interrupt will occur if the CCFn (CCON SFR) and the ECCFn
(CCAPMn SFR) bits for the module are both set (See Figure 6-7).

30 AT/TSSXCOHTRX2 m—
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6.4 TS80C51Rx2 Serial 1/0 Port
The serial 1/0 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 1/0 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 SMODO bit in PCON register (See Figure 6-
10).

Figure 6-10. Framing Error Block Diagram

‘SMO/F¢ SMH1 | SM2| RENl TBS | RBB| Tl | RI |SCON (98h)

o@—— Set FE bit if stop bit is 0 (framing error) (SMODO = 1)

\——» SMO to UART mode control (SMOD = 0)

‘SMOD‘SM:ODq - | POF| GF1 | GFO| PD | IDL | PCON (87h)

To UART framing error control

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, Rl 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

RXD ]
) StarfI< Data byte ) Stop
bit bit
RI /
SMODO0=X
FE Sttt
SMODO0=1 *
34 AT/TS8XC51 RX2 |
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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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Figure 6-14. Power-Down Exit Waveform

INTO

INTH

XTAL1

4188F-8051-01/08

I [

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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7. Power-Off Flag

The power-off flag allows the user to distinguish between a “cold start” reset and a “warm start”
reset.

A cold start reset is the one induced by V¢ switch-on. A warm start reset occurs while Vg is still
applied to the device and could be generated for example by an exit from power-down.

The power-off flag (POF) is located in PCON register (See Table 7-1). POF is set by hardware
when V rises from 0 to its nominal voltage. The POF can be set or cleared by software allow-
ing the user to determine the type of reset.

The POF value is only relevant with a Vcc range from 4.5V to 5.5V. For lower Vcc value, reading
POF bit will return indeterminate value.

Table 7-1. PCON Register
PCON - Power Control Register (87h)

7 6 5 4 3 2 1 0
SMOD1 SMODO - POF ‘ GF1 ‘ GFO PD IDL
Bit Bit
Number Mnemonic Description

Serial port Mode bit 1

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.

5 i 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 V¢ rises from 0 to its nominal voltage. Can also be set by
software.

General purpose Flag
3 GF1 Cleared by user for general purpose usage.
Set by user for general purpose usage.

General purpose Flag
2 GFO0 Cleared by user for general purpose usage.
Set by user for general purpose usage.

Power-Down mode bit
1 PD Cleared by hardware when reset occurs.
Set to enter power-down mode.

Idle mode bit
0 IDL Clear by hardware when interrupt or reset occurs.
Set to enter idle mode.

Reset Value = 00X1 0000b
Not bit addressable

ATMEL 2
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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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8. TS83C51RB2/RC2/RD2 ROM

8.1

8.2

8.2.1

8.2.2

8.2.3

4188F-8051-01/08

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

+ the code array:16/32/64 Kbytes.
« the encryption array:64 bytes.
» the signature array:4 bytes.

ROM Lock System

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

8.2.1 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.

Program Lock Bits
The lock bits when programmed according to Table 8-1. will provide different level of protection
for the on-chip code and data.
Table 8-1. Program Lock bits

Program Lock Bits

Security
level LB1 LB2 LB3 Protection Description

No program lock features enabled. Code verify will still be encrypted
1 U U U 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.

Same as level 1+ Verify disable.
This security level is only available for 51RDX2 devices.

U: unprogrammed
P: programmed

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

ATMEL 2
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11. Electrical Characteristics

11.1 Absolute Maximum Ratings

*NOTICE: Stresses at or above those listed under “ Abso-
lute Maximum Ratings” may cause permanent

Ambiant Temperature Under Bias: damage to the device. This is a stress rating only
C =commeErcial........ccovveeiiiiniiee e 0°C to 70°C and functional operation of the device at these or
I =industrial .........oooeri e -40°C to 85°C any other conditions above those indicated in the
Storage Temperature ..........ccoeceeeeeerieeiennnn. -65°C to + 150°C operational sections of this specification is not
Voltage on Ve 10 Vggverinnieniiiieiiceccecn, -0.5Vto+7V implied. Exposure to absolute maximum rating
Voltage on Any Pinto Vgg..coooveeiiiiieenen. -05Vto Ve +05V conditions may affect device reliability.

Power DisSipation .........cooueiiiiieiiiiieniee e 1W Power dissipation is based on the maximum

allowable die temperature and the thermal resis-
tance of the package.

11.2 Power Consumption Measurement

Since the introduction of the first C51 devices, every manufacturer made operating Icc measure-
ments under reset, which made sense for the designs were the CPU was running under reset. In
Atmel 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 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 0 is tied to FFh, EA = Vcc, RST = Vss, XTAL2 is not con-
nected and XTAL1 is driven by the clock.

This is much more representative of the real operating lcc.
11.3 DC Parameters for Standard Voltage

Ta=0°Cto +70°C; Vgg=0V; Vo =5V +£10%; F =0 to 40 MHz.
Ta =-40°C to +85°C; Vgg =0 V; Vo =5V £ 10%; F = 0 to 40 MHz.

Table 11-1. DC Parameters in Standard Voltage

Symbol | Parameter Min Typ Max Unit Test Conditions

Vi Input Low Voltage -0.5 0.2V -0.1 \

Viu Input High Voltage except XTAL1, RST 0.2Vee+0.9 Voo +0.5 \

A Input High Voltage, XTAL1, RST 0.7 Ve Voo + 0.5 \
0.3 Vo |lo =100 pA®

Voo Output Low Voltage, ports 1, 2, 3, 4, 56) 0.45 V. |lg =1.6 mA®
1.0 Vo |lg =3.5mA®
0.3 V|l =200 pA®

Vo Output Low Voltage, port 0 © 0.45 V  |lgL=32mA®
1.0 Vo |lg=7.0mA®
0.3 Vo |lo. =100 pA®

Vors Output Low Voltage, ALE, PSEN 0.45 V  |lg =1.6 mA®
1.0 Vo |lg =3.5mA®

4188F-8051-01/08
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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.).

60 AT/TSSXCOHTRX2 m—

4188F-8051-01/08



ATMEL

Figure 11-3. I Test Condition, Idle Mode
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Figure 11-4. |, Test Condition, Power-Down Mode
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Figure 11-5. Clock Signal Waveform for I Tests in Active and Idle Modes
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Teien = TeweL = 5ns.

11.5 AC Parameters

11.5.1 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 sta-
tus 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, pL = Time for ALE Low to PSEN Low.

Ta =0 to +70°C (commercial temperature range); Vgg =0 V; Vo =5 V£ 10%; -M and -V ranges.
Ta = -40°C to +85°C (industrial temperature range); Voo =0V; Vg =5V £10%; -M and -V
ranges.
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s AT/ TS8XC51RX2

Part Number

Memory size

Supply Voltage

Temperature Range

Max Frequency

Package

Packing

TS87C51RD2-MCA

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

OBSOLETE

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

TS83C51RB2-MCA

TS83C51RB2-MCB

TS83C51RB2-MCE

TS83C51RB2-MIA

TS83C51RB2-MIB

TS83C51RB2-MIE

TS83C51RB2-LCA

TS83C51RB2-LCB

TS83C51RB2-LCE
OBSOLETE

TS83C51RB2-LIA

TS83C51RB2-LIB

TS83C51RB2-LIE

TS83C51RB2-VCA

TS83C51RB2-VCB

TS83C51RB2-VCE

TS83C51RB2-VIA

TS83C51RB2-VIB

TS83C51RB2-VIE

AT83C51RB2-3CSUM ROM 32k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) | PDIL40 Stick

AT83C51RB2-SLSUM ROM 32k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) | PLCC44 Stick

AT83C51RB2-RLTUM ROM 32k Bytes 5V Industrial & Green 40 MHz (20 MHz X2) | VQFP44 Tray

AT83C51RB2-3CSUL ROM 32k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) | PDIL40 Stick

AT83C51RB2-SLSUL ROM 32k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) |PLCC44 Stick

AT83C51RB2-RLTUL ROM 32k Bytes 3-5V Industrial & Green 30 MHz (20 MHz X2) | VQFP44 Tray
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13. Package Drawings

13.1 PLCC44

7 %7 7!

45° 1

NN
NN
=

0

Fe/D2

|
e =
~ D1
D
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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