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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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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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5.1. Pin Description for 64/68 pin Packages

Port 4 and Port 5 are 8-bit bidirectional I/O ports with internal pull-ups. Pins that have 1 written to them are pulled
high by the internal pull ups and can be used as inputs.

As inputs, pins that are externally pulled low will source current because of the internal pull-ups.
Refer to the previous pin description for other pins.
Table 2. 64/68 Pin Packages Configuration

bLCCES SQUARE VQFP64
1.4
VSS 51 9/40
Vce 7 8
P0.0 15 6
PO.1 14 5
P0.2 12 3
P0.3 11 2
P0.4 9 64
P05 6 61
P0.6 5 60
0.7 3 59
P1.0 19 10
P1.1 21 12
P1.2 22 13
P1.3 23 14
P14 25 16
P1.5 27 18
P1.6 28 19
P17 29 20
P2.0 54 a3
P2.1 55 44
P2.2 56 45
P2.3 58 47
P2.4 59 78
P25 61 50
P2.6 64 53
P2.7 65 54
P3.0 34 25
P3.1 39 28

Rev. C - 06 March, 2001 9



TSS0C51RA2/RD2
AIIIIEI. TS83C51RB2/RC2/RD?
— TS87C51RB2/RC2/RD2

(:6 in X2 mode)

xtaLr 3 12
FxTaL Fosc 1

T2

Cfm2 TR2
T2CONreg T2CONreg

(DOWN COUNTING RELOAD VALUE) T2EX:

FFh FEh if DCEN=1, 1=UP
@-bit) | | (8-bit) [ if bcEN=1, 0=DOWN
L1 if DCEN = 0, up counting

TOGGLE T2CONreg

| X
TL2 TH2 T TIMER 2
(8-bit) (8-bit) ) INTERRUPT
T2CONreg

RCAP2l| |RCAP2H
(8-bit) | | (8-bit)

(UP COUNTING RELOAD VALUE)

Figure 5. Auto-Reload Mode Up/Down Counter (DCEN = 1)

6.4.2. Programmable Clock-Output

In the clock-out mode, timer 2 operates as a 50%-duty-cycle, programmable clock generator (See Figure 6) . The
input clock increments TL2 at frequencyy§d2. The timer repeatedly counts to overflow from a loaded value.

At overflow, the contents of RCAP2H and RCAP2L registers are loaded into TH2 and TL2. In this mode, timer

2 overflows do not generate interrupts. The formula gives the clock-out frequency as a function of the system
oscillator frequency and the value in the RCAP2H and RCAP2L registers :

I:OSC

(65536- RCAP2H/RCAPR2L)

Clock— OutFrequency =

For a 16 MHz system clock, timer 2 has a programmable frequency range of 61 Hz
(Fosd2'® to 4 MHz (Fysd4). The generated clock signal is brought out to T2 pin (P1.0).

Timer 2 is programmed for the clock-out mode as follows:

¢ Set T20E bit in T2MOD register.

* Clear CT2 bit in T2CON register.

* Determine the 16-bit reload value from the formula and enter it in RCAP2H/RCAP2L registers.

¢ Enter a 16-bit initial value in timer registers TH2/TL2. It can be the same as the reload value or a different
one depending on the application.

* To start the timer, set TR2 run control bit in T2CON register.
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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 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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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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CF CR CCF4| CCF3| CCFZ CCFl1 CCFp ((J:)E:D(;N

A A

| PCA Timer/Counter E

Module 0

Module 1 To Interrupt

ﬁ priority decoder
[ [o-] >
%/ i e >

Module 2

Module 3

L
sl

Module 4

cMoD.0[ ECF ECCFn CCAPMn.0 IE&:G IEEA7

Figure 8. PCA Interrupt System

PCA Modules: each one of the five compare/capture modules has six possible functions. It can perform:

» 16-bit Capture, positive-edge triggered,

« 16-bit Capture, negative-edge triggered,

e 16-bit Capture, both positive and negative-edge triggered,
* 16-bit Software Timer,

e 16-bit High Speed Output,

e 8-bit Pulse Width Modulator.

In addition, module 4 can be used as a Watchdog Timer.

Each module in the PCA has a special function register associated with it. These registers are: CCAPMO for
module 0, CCAPML1 for module 1, etc. (See Table 10). The registers contain the bits that control the mode
that each module will operate in.

The ECCF bit (CCAPMn.0 where n=0, 1, 2, 3, or 4 depending on the module) enables the CCF flag in the
CCON SFR to generate an interrupt when a match or compare occurs in the associated module.

PWM (CCAPMn.1) enables the pulse width modulation mode.

The TOG bit (CCAPMnN.2) when set causes the CEX output associated with the module to toggle when there
is a match between the PCA counter and the module's capture/compare register.

The match bit MAT (CCAPMnN.3) when set will cause the CCFn bit in the CCON register to be set when there
is a match between the PCA counter and the module's capture/compare register.

The next two bits CAPN (CCAPMnN.4) and CAPP (CCAPMnN.5) determine the edge that a capture input will
be active on. The CAPN bit enables the negative edge, and the CAPP bit enables the positive edge. If both
bits are set both edges will be enabled and a capture will occur for either transition.

The last bit in the register ECOM (CCAPMnN.6) when set enables the comparator function.

Table 11 shows the CCAPMn settings for the various PCA functions.
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6.5.4. Pulse Width Modulator Mode

All of the PCA modules can be used as PWM outputs. Figure 12 shows the PWM function. The frequency of the
output depends on the source for the PCA timer. All of the modules will have the same frequency of output
because they all share the PCA timer. The duty cycle of each module is independently variable using the module's
capture register CCAPLn. When the value of the PCA CL SFR is less than the value in the module's CCAPLn
SFR the output will be low, when it is equal to or greater than the output will be high. When CL overflows from
FF to 00, CCAPLn is reloaded with the value in CCAPHn. This allows updating the PWM without glitches. The
PWM and ECOM bits in the module's CCAPMn register must be set to enable the PWM mode.

CCAPNH

Overflow

CCAPNL

U

> 8 bit comparator

{}

Enable

PCA counter/timer

-

ECOMN CAPPNnCAPNn MATn| TOGn| PWMn ECCFh CCAPMn, n=0to0 4
0xDA to OxDE

Figure 12. PCA PWM Mode

6.5.5. PCA Watchdog Timer

An on-board watchdog timer is available with the PCA to improve the reliability of the system without
increasing chip count. Watchdog timers are useful for systems that are susceptible to noise, power glitches,
or electrostatic discharge. Module 4 is the only PCA module that can be programmed as a watchdog.
However, this module can still be used for other modes if the watchdog is not needed. Figure 10 shows a
diagram of how the watchdog works. The user pre-loads a 16-bit value in the compare registers. Just like the
other compare modes, this 16-bit value is compared to the PCA timer value. If a match is allowed to occur,
an internal reset will be generated. This will not cause the RST pin to be driven high.

In order to hold off the reset, the user has three options:
« 1. periodically change the compare value so it will never match the PCA timer,
« 2. periodically change the PCA timer value so it will never match the compare values, or
« 3. disable the watchdog by clearing the WDTE bit before a match occurs and then re-enable it.

The first two options are more reliable because the watchdog timer is never disabled as in option #3. If the
program counter ever goes astray, a match will eventually occur and cause an internal reset. The second
option is also not recommended if other PCA modules are being used. Remember, the PCA timer is the time
base for all modules; changing the time base for other modules would not be a good idea. Thus, in most
applications the first solution is the best option.

This watchdog timer won’t generate a reset out on the reset pin.
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6.6. TS80C51Rx2 Serial I/0O 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 Universal 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 /0O port includes the following enhancements:
* Framing error detection
* Automatic address recognition

6.6.1. 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 13).

|SMO/FEF SMll SM2| REN| TBS | RBSl TI | RI |SCON (98h)

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

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

|SMOD1SM:OD(1 - | POFl GF1| GFO| PD | IDL |F’CON (87h)

To UART framing error control

Figure 13. Framing Error Block Diagram

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 16.) bit is set.
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6.6.3. Given Address

Each device has an individual address that is specified in SADDR register; the SADEN register is a mask byte
that contains don’t-care bits (defined by zeros) to form the device’s given address. The don't-care bits provide the
flexibility to address one or more slaves at a time. The following example illustrates how a given address is formed.
To address a device by its individual address, the SADEN mask byte mustlde 1111b .

For example:
SADDR 0101 0110b
SADEN 1111 1100b
Given 0101 01XXb

The following is an example of how to use given addresses to address different slaves:

Slave A: SADDR 1111 0001b
SADEN 1111 1010b
Given 1111 0X0Xb

Slave B: SADDR 1111 0011b
SADEN 1111 1001b
Given 1111 0XX1b

Slave C: SADDR 1111 0010b
SADEN 1111 1101b
Given 1111 00X1b

The SADEN byte is selected so that each slave may be addressed separately.

For slave A, bit 0 (the LSB) is a don’t-care bit; for slaves B and C, bit 0 is a 1. To communicate with slave A
only, the master must send an address where bit 0 is clearl(&ld. 0000b ).

For slave A, bit 1 is a 1; for slaves B and C, bit 1 is a don’t care bit. To communicate with slaves B and C, but
not slave A, the master must send an address with bits 0 and 1 both set1(#lg. 0011b ).

To communicate with slaves A, B and C, the master must send an address with bit 0 set, bit 1 clear, and bit 2
clear (e.g.1111 0001b ).

6.6.4. Broadcast Address

A broadcast address is formed from the logical OR of the SADDR and SADEN registers with zeros defined as
don't-care bits, e.g.:

SADDR 0101 0110b
SADEN 1111 1100b
Broadcast =SADDR OR SADEN 1111 111Xb

The use of don't-care bits provides flexibility in defining the broadcast address, however in most applications, a
broadcast address is FFh. The following is an example of using broadcast addresses:

Slave A: SADDR 1111 0001b
SADEN 1111 1010b
Broadcast 1111 1X11b,

Slave B: SADDR 1111 0011b
SADEN 1111 1001b
Broadcast 1111 1X11B,

Slave C: SADDR= 1111 0010b
SADEN 1111 1101b

Broadcast 1111 1111b

For slaves A and B, bit 2 is a don't care bit; for slave C, bit 2 is set. To communicate with all of the slaves, the
master must send an address FFh. To communicate with slaves A and B, but not slave C, the master can send
and address FBh.
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Table 20. IP Register

IP - Interrupt Priority Register (B8h)

7 6 5 4 3 2 1 0
- PPC PT2 PS PT1 PX1 PTO PX0
. Bit -
Bit Number . Description
Mnemonic
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 PPC PCA interrupt priority bit
Refer to PPCH for priority level.
5 PT2 Timer 2 overflow interrupt Priority bit
Refer to PT2H for priority level.
4 PS Serial port Priority bit
Refer to PSH for priority level.
3 PT1 Timer 1 overflow interrupt Priority bit
Refer to PT1H for priority level.
> PX1 External interrupt 1 Priority bit
Refer to PX1H for priority level.
1 PTO Timer 0 overflow interrupt Priority bit
Refer to PTOH for priority level.
0 PX0 External interrupt O Priority bit
Refer to PXOH for priority level.

Reset Value = X000 0000b
Bit addressable
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* 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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Figure 24. Clock Signal Waveform for I Tests in Active and Idle Modes
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Figure 21. Operating Icc Test Condition

Vee

Reset = Vss after a high pulge PO
during at least 24 clock cycles
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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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10.5.2. External Program Memory Characteristics

Table 36. Symbol Description

Symbol Parameter
T Oscillator clock period

TLHLL ALE pulse width

TaviL Address Valid to ALE

TLLAX Address Hold After ALE

Ty ALE to Valid Instruction In

TLpL ALE to PSEN

TpLpH PSEN Pulse Width

TpLv PSEN to Valid Instruction In

Texix Input Instruction Hold AftePSEN

Tpxiz Input Instruction FloatAftePSEN

Tpxav PSEN to Address Valid

Taviv Address to Valid Instruction In

ToLaz PSEN Low to Address Float

Table 37. AC Parameters for Fix Clock
Speed -M -V -V -L -L Units
40 MHz X2 mode standard mode X2 mode standard mode
30 MHz 40 MHz 20 MHz 30 MHz
60 MHz equiv. 40 MHz equiv.
Symbol Min Max Min Max Min Max Min Max Min Max
T 25 33 25 50 33 ns

TLHLL 40 25 42 35 52 ns
TaviL 10 4 12 5 13 ns
TLiax 10 4 12 5 13 ns
Tiuv 70 45 78 65 98 ns
TLpL 15 9 17 10 18 ns
TpLpH 55 35 60 50 75 ns
TrLy 35 25 50 30 55 ns
Texix 0 0 0 0 0 ns
Texiz 18 12 20 10 18 ns
Taviv 85 53 95 80 122 ns
TpLaz 10 10 10 10 10 ns
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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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