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"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.
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TS87C51RB2/RC2/RD2 WIRELESS & 1C
PDIL40
PLCCA4 ROM (bytes) | EPROM (bytes) | XRAM (bytes) TOT(S;GZ?M IO
VQFP44 1.4
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
ROM (bytes) | EPROM (bytes) | XRAM (bytes) TOT’QL M IO
VQFP64 1.4 (bytes)
TS80C51RD2 0 0 768 1024 48
TS83C51RD2 64k 0 768 1024 48
TS87C51RD2 0 64k 768 1024 48
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(1): Alternate function of Port 1
(2): Only available on high pin count packages
(3): Alternate function of Port 3
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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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5. Pin Configuration

PLO/T2[]1 ~ 40[] vee
P1.1/T2EX[] 2 39[] P0.0/AO
P12 []3 38[] Po.1/A1 v
P13[]4 37[] P0.2/ A2 IC.I\IJN% 2 z398
P 15 36 [] PO.3/AS vww_SS%o%%%%
PL5[]6 35[] PO-4/A4 franalSEEER
e []7 34:|P0.5/A5 s I Y N e N e e B B B e B |
p17[8 33 [] PO.6 /A6 e 6 5 4 3 2 1 44434241 40
RsT [] 9 32[] PO.7/ AT Pl.GI: ; gg [1 P0.4/AD4
P3.0/RxD [] 10 PDIL/ 31[] EAVPP P1'7[ . - [ P0.5/ADS5
P3.1/TxD [ 11 30 [] ALE/PROG RS.T [ g o 11 P0.6/AD6
P3.2/INTO [|12 CDIL40 29[] PSEN o3 O/RXD[ 1 P0.7/AD7
P3.3/INT1 |13 28[] P2.7/A15 e [ 35 [] EAvPP
P3.47T0 14 27[) P2:6/A14 NIC* ] 12 PLCC/CQPJ 44 34 I nic*
P3.5T1[]15 26 [] P25/ A13 P3.LTXD[) 13 33 [] ALE/PROG
P3.6/WR [] 16 o5 i P2.47A12 P3.2/INTO[] 14 32 []psen
pa.7mD 017 24 [] P23/ ALL P3.3/INTL[] 15 31 1 p2.7/a15
xTAL2 [ 18 23[] P2.2/A10 gz-ggg[ 16 30 [1 P2.6/AL4
XTALL []19 22[] P2.1/A9 S 7 29 [1p2.5/A13
vss [] 20 21[] P2.0/A8 18 19 20 21 22 23 24 25 26 27 28
iR ks L
Ee3I802273%
ENEE~Z3335%
gErr  aaggy
ﬁ Q O o4 N ™
EEg gsg¢
tmaadSpnp03IAR
fasaanl8lReR
(ARE AR s
PL5[T]1 33[T_]P0.4/AD4
P16 [T]2 32[T1P0.5/AD5
PL7 I3 31[T]Po.6/AD6
RST [I]4 30[T]P0.7/AD7
P3.0/RxD [T|5 29[ JEANVPP
N|C*% 6 VQFP44 14 28 EMC*
P3.UTXD[T]|7 27T ]ALE/PROG
P3.2/INTO [T] 8 26 [T]PSEN
P3.3/INT1[T] 9 25|T1P2.7/A15
P3.4/T0 [T] 10 24[T|P2.6/A14
P3.5/T1[T]11 23[TP2.5/A13
121314 15 16 17 18 19 20 21 27
] ]
ER22808253%
oS EETFIIIDS
2 a el

*NIC: No Internal Connection
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Reset

10

Reset: A high on this pin for two machine cycles while the oscillator is runn
resets the device. An internal diffused resistor tgsermits a power-on res
using only an external capacitor toc¥ If the hardware watchdog reaches

time-out, the reset pin becomes an output during the time the internal reset is
activated.

ng,
et
its
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FF(RA, RB, RC)/2FF (RD)

FF FF FFFF
Upper Speci
pecial E |
ll%?etr)r):;?s Function ’Sgga
Ram g R?gister Memory
indirect accesses Irect accesses
XRAM 80 80 —\
256 bytes /\/
Lower
128 bytes
Internal
Ram
direct or indirect
accesses 0100 (RA, RB, RC) or 0300 (RE—
00 00 0000

Figure 4. Internal and External Data Memory Address

Table 5. Auxiliary Register AUXR

AUXR ) ) . ) ) ) EXTRA AO
Address 08EH M
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
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.
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Table 6. 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#

Bit

Bit Number .
Mnemonic

Description

7 TF2

Timer 2 overflow Flag
Must be cleared by software.
Set by hardware on timer 2 overflow, if RCLK = 0 and TCLK = 0.

6 EXF2

Timer 2 External Flag
Set when a capture or a reload is caused by a negative transition on T2EX pin if EXEN2=1.
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)

5 RCLK

Receive Clock bit
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.

4 TCLK

Transmit Clock bit
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.

3 EXEN2

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 nof|
clock the serial port.

used to

2 TR2

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

1 CIT2#

Timer/Counter 2 select bit
Clear for timer operation (input from internal clock systegsd.

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

D

0 CP/RL2#

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 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

Rev. C - 06 March, 2001
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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 10. CCAPMn: PCA Modules Compare/Capture Control Registers

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

CCAPMnN Address
n=0-4

- ECOMnN | CAPPn | CAPNNn | 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. ECOM= 1 enables the comparator function.
CAPPn Capture Positive, CARP= 1 enables positive edge capture.
CAPNnN Capture Negative, CAPNn = 1 enables negative edge capture.
MATN Match. When MATn = 1, a match of the PCA counter with this module's compare/capture
register causes the CCFn bit in CCON to be set, flagging an interrupt.
Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture
TOGn g .
register causes the CEXn pin to toggle.
Pulse Width Modulation Mode. PWM= 1 enables the CEXn pin to be used as a pulse width
PWMn
modulated output.
ECCEn Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate

an interrupt.

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.

Table 11. PCA Module Modes (CCAPMn Registers)

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 Olnﬁ-é)li; ;2pture by a positive-edge trigger
X 0 1 0 0 0 X Cl:xt:]lt 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 made.
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)

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

CCAPOH=0FAH
CCAP1H=0FBH

COAPNR AJIESs  ceapar=oFCH
= CCAP3H=0FDH

CCAP4H=0FEH

Reset value 0 0 0 0 0 0 0 0

Table 13. CCAPnL: PCA Modules Capture/Compare Registers Low

CCAPOL=0EAH
CCAP1L=0EBH

CCAPNL Address CCAP2L=0ECH

n=0-4 CCAP3L=0EDH
CCAP4L=0EEH
7 6 5 4 3 2 1 0
Reset value 0 0 0 0 0 0 0 0
Table 14. CH: PCA Counter High
CH
Address OF9H
7 6 5 4 3 2 1 0
Reset value 0 0 0 0 0 0 0 0

Table 15. CL: PCA Counter Low

CL
Address OE9H

Reset value 0 0 0 0 0 0 0 0
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Software may examine FE bit after each reception to check for data errors. Once set, only software or a reset can
clear FE bit. Subsequently received frames with valid stop bits cannot clear FE bit. When FE feature is enabled,
RI rises on stop bit instead of the last data bit (See Figure 14. and Figure 15.).

RXD \h éDOXDlXD2XD3XD4XD5XD6XD7%_HJ

r St.afr Data byte T Sth
bit bit
RI [
SMODO0=X
FE
SMODO0=1
Figure 14. UART Timings in Mode 1
RXD DO X D1y D2y D3 X D4 Y D5 ¥ D6 ¥ D7 Y D8 J
Star Data byte NinthSto
bit bit  bit
RI [
SMODO0=0
RI [
SMODO0=1
FE
SMODO=1

Figure 15. UART Timings in Modes 2 and 3

6.6.2. Automatic Address Recognition

The automatic address recognition feature is enabled when the multiprocessor communication feature is enabled
(SM2 bit in SCON register is set).

Implemented in hardware, automatic address recognition enhances the multiprocessor communication feature by
allowing the serial port to examine the address of each incoming command frame. Only when the serial port
recognizes its own address, the receiver sets RI bit in SCON register to generate an interrupt. This ensures that
the CPU is not interrupted by command frames addressed to other devices.

If desired, you may enable the automatic address recognition feature in mode 1. In this configuration, the stop bit
takes the place of the ninth data bit. Bit RI is set only when the received command frame address matches the
device’s address and is terminated by a valid stop bit.

To support automatic address recognition, a device is identified by a given address and a broadcast address.

NOTE: The multiprocessor communication and automatic address recognition features cannot be enabled in mode O (i.e. setting SM2 bitin SCON
register in mode 0 has no effect).
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6.7. Interrupt System

The TS80C51Rx2 has a total of 7 interrupt vectors: two external interrlpi©(andINT1), three timer interrupts
(timers 0, 1 and 2), the serial port interrupt and the PCA global interrupt. These interrupts are shown in Figure 16.

WARNING: Note that in the first version of RC devices, the PCA interrupt is in the lowest priority. Thus the
order inINTO, TFO, INT1, TF1, Rl or Tl, TF2 or EXF2, PCA.

High priority

IPH, IP \v interrupt
3
INT_/O_>°:|_> IEO : o—)l/o——o/o_’
|

000
A

\
i

v

v

|

|

! [ Interrupt
m_/o_ IE1 : ATl I S— K polling

: | sequence, decreasing

_03/0_. from high to low priority

TF1 > T o g >
1 | 0 o d
L 3
PCAIT .q,/o_,ll/o__o/g—’ R
e
I ! 3
n) D S,
| | 0 o —

TFiD /o_/o__o?’/‘;:,’— v

EXF " | I

Individual Enable / \ Global Disable Low p“0”ty

interrupt

Figure 16. Interrupt Control System

Each of the interrupt sources can be individually enabled or disabled by setting or clearing a bit in the Interrupt
Enable register (See Table 19.). This register also contains a global disable bit, which must be cleared to disable
all interrupts at once.

Each interrupt source can also be individually programmed to one out of four priority levels by setting or clearing
a bit in the Interrupt Priority register (See Table 20.) and in the Interrupt Priority High register (See Table 21.).
shows the bit values and priority levels associated with each combination.

The PCA interrupt vector is located at address 0033H. All other vector addresses are the same as standard C52 devices.
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6.10. 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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8. TS87C51RB2/RC2/RD2 EPROM

8.1. EPROM Structure

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

e thecodearray: . . . . . . . . . e e e 16/32/64 Kbytes.
e the encryption array: . . . . . . . L e 64 bytes.
In addition a third non programmable array is implemented:

* the signature array: . . . . . . . L e e e e 4 bytes.

8.2. EPROM Lock System

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

8.2.1. Encryption Array

Within the EPROM array are 64 bytes of encryption array that are initially unprogrammed (all FF’s). Every time

a byte is addressed during program verify, 6 address lines are used to select a byte of the encryption array. This
byte is then exclusive-NOR’ed (XNOR) with the code byte, 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.

8.2.2. Program Lock Bits

The three lock bits, when programmed according to Table 29.8.2.3., will provide different level of protection for
the on-chip code and data.

Table 29. Program Lock bits

Program Lock Bits

. Protection description
Security level| LB1 LB2 LB3

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

MOVC instruction executed from external program memory are disabled from fetghing
2 P U U code bytes from internal memo#A is sampled and latched on reset, and further
programming of the EPROM is disabled.

3 ] 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

WARNING: Security level 2 and 3 should only be programmed after EPROM and Core verification.

8.2.3. Signature bytes

The TS87C51RB2/RC2/RD2 contains 4 factory programmed signatures bytes. To read these bytes, perform the
process described in section 8.3.
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— 3 RST
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CONTROL | P26 .
SIGNALS* | ﬁ;’; P2.0-P2.< —JA8-A15
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—» 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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Table 38. AC Parameters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M -V -L Units
Clock
TLHLL Min 2T-x T-X 10 8 15 ns
TavLL Min T-X 05T-x 15 13 20 ns
TLLAX Min T-x 05T-x 15 13 20 ns
Ty Max 4T-x 2T-x 30 22 35 ns
TLLPL Min T-x 0.5T-x 10 8 15 ns
TpLpH Min 3T-x 15T-x 20 15 25 ns
TeLiv Max 3T-x 15T-x 40 25 45 ns
Texix Min X X 0 0 0 ns
Texiz Max T-X 05T-x 7 5 15 ns
Taviv Max 5T-x 25T-x 40 30 45 ns
TpLaz Max X X 10 10 10 ns

10.5.3. External Program Memory Read Cycle

< 12 TereL >
— T | —Pe— T yv—»

ALE T pL / \
—— TpLpy—P
[ Texav \ /

'€ TpL v P Texiz

¢ TPLAZ Toxix: <
PORTO INSTRIN INSTR IN AO-A7 INSTR IN
PORT 2 ADDRESS
OR SFR-P2 ADDRESS A8-A15 ADDRESS A8-A15

Figure 25. External Program Memory Read Cycle
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10.5.4. External Data Memory Characteristics

Table 39. Symbol Description

Symbol Parameter
TRLRH RD Pulse Width

TwiwH WR Pulse Width

TrLDV RD to Valid Data In

TRrHDX Data Hold AfterRD

TrHDZ Data Float AfteRD

TiLpv ALE to Valid Data In

Tavov Address to Valid Data In
Towe ALE to WR orRD

Tavwi Address toVR orRD
Tovwx Data Valid toWR Transition
TovwH Data set-up t&VR High
Twhox Data Hold AftelWR

TrLAZ RD Low to Address Float
TWHLH RD orWR High to ALE high
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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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10.5.11. External Clock Drive Characteristics (XTAL1)
Table 46. AC Parameters

Symbol Parameter Min Max Units
TeLel Oscillator Period 25 ns
TcHex High Time 5 ns
Telex Low Time 5 ns
TcLcH Rise Time 5 ns
TcHeL Fall Time 5 ns

Tehex/TeLex Cyclic ratio in X2 mode 40 60 %

10.5.12. External Clock Drive Waveforms

V0.5 Ve

iC 0.7Vee
0.45 V. 0.2Vec0.1V

TcHeL —»

Figure 30. External Clock Drive Waveforms

10.5.13. AC Testing Input/Output Waveforms

Vec05V 0.2Vcc+0.9
INPUT/OUTPUT >< ) ><
045V 0.2Vec0.1

Figure 31. AC Testing Input/Output Waveforms

AC inputs during testing are driven ato¥ - 0.5 for a logic “1” and 0.45V for a logic “0”. Timing measurement
are made at }; min for a logic “1” and \{, max for a logic “0".

10.5.14. Float Waveforms

FLOAT

Vo 0.1V v oap Vi oapt0.1V
Vo +0.1V Vioap-0.1V

Figure 32. Float Waveforms
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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 loadeg W level occurs. & /gy = £ 20mA.

10.5.15. Clock Waveforms
Valid in normal clock mode. In X2 mode XTAL2 signal must be changed to XTAL2 divided by two.

INTERNAL | STATE4 | STATES | STATE6 | STATEL | STATE2 | STATE3, STATE4 STATES
CLOCK ‘p1| PZ‘ P1| PZ‘ P1 | PZ‘ PL | PZ‘ P1| Pz‘ P1| pz‘ P1 | PZ‘ P | PZ‘
XTAL2

ALE 4|—| I—l—

THESE SIGNALS ARE NOT ACTIVATED DURING THE

EXTERNAL PROGRAM MEMOR Y FETCH EXECUTION OF A MOVX INSTRUCTION

PSEN
PO DATA PCL OUT | [DaTA | [ PCLOUT | [DATA | [PCLOUT
SAMPLED SAMPLED SAMPLED
FLOAT Li FLOAT—>| L—FLOAT
P2 (EXT) INDICATES ADDRESS TRANSITIONS |
READ CYCLE

RD | |

PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)

PO DPL OR Rt OUT Y
!< FLOAT =|
P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION
WRITE CYCLE
WR | ["PCLOUT (EVENIF PROGRAM

MEMORY IS INTERNAL)

PO DPL OR RtOUT \m
le DATA OUT 4>|}3—> PCL OUT (IF PROGRAM

MEMORY IS EXTERNAL)

P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION
PORT OPERATION
OLD DATA [ NEW DATA
PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO m II‘
MOV DEST PORT (P1, P2, P3) P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMPLED
(INCLUDES INTO, INT1, 7O, T1) [(¥}] m_
SERIAL PORT SHIFT CLOCK RXD SAMPLED RXD SAMPLED

TXD (MODE 0)

Figure 33. Clock Waveforms

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies from output to output and component. Typically thoygBXT fully loaded)

RD andWR propagation delays are approximately 50ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications.
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11. Ordering Information

TS 87C51RD2 -M C B R

i e S T

-M:  VCC: 5V +/- 10%

Packages:
40 MHz, X1 mode A: PDIL 40
20 MHz, X2 mode :
i ) o B: PLCC 44
-V: VCC: 5V +/- 10% E: VOEP 44 (1.4
40 MHz, X1 mode VQ (L.4mm)
. 30 MHz, X2 mode J: Window CDIL 40*
30 MHz, X1 mode + Window CQ
20 MHz, X2 mode L: PLCC68 (RD devices only)*
-E:  Samples M: VQFP64, square package, 1.4mm

(RD devices only)*
N: JLCC68 (RD devices only)*

Part Number

80C51RA2 (ROMless, 256 bytes XRAM)
80C51RD2 (ROMless, 768bytes XRAM)
83C51RB2zzz (16k ROM, zzz is the customer code
83C51RC2zzz (32k ROM, zzz is the customer code

83C51RD2zzz (64k ROM, zzz is the customer code Conditioning
87C51RB2 (16k OTP EPROM) R: Tape & Reel
87C51RC2 (32k OTP EPROM) D: Dry Pack
87C51RD2 (64k OTP EPROM) B: Tape & Reel and
Temperature Range Dry Pack

C: Commercial 0 to 2C
I: Industrial -40 to 8%C

(*) Check with Atmel Wireless & Microcontrollers Sales Office for availability. Ceramic packages (J, K, N) are available €or prot
typing, not for volume production. Ceramic packages are available for OTP only.

Table 47. Maximum Clock Frequency

Code -M -V -L Unit
Standard Mode, oscillator frequenc! 40 40 30 MHz
Standard Mode, internal frequency| 40 40 30
X2 Mode, oscillator frequency 20 30 20 MHz
X2 Mode, internal equivalent frequen 40 60 40
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