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AIMEL TS87C52X 2
r—— TS80C52X 2

8-bit Microcontroller 8 Kbytes ROM/OTP, ROMless

1. Description

TSB0C52X2 is high performance CMOS ROM, OTP,
EPROM and ROMIless versions of the 80C51 CMOS
single chip 8-bit microcontroller.

The TS80C52X2 retains al features of the 80C51 with
extended ROM/EPROM capacity (8 Kbytes), 256 bytes
of internal RAM, a 6-source , 4-level interrupt system,
an on-chip oscilator and three timer/counters.

In addition, the TSB0C52X2 has a dual data pointer, a
more versatile serial  channel  that facilitates
multiprocessor communication (EUART) and a X2 speed
improvement mechanism.

2. Features

e 80C52 Compatible
e 8051 pin and instruction compatible
e Four 8-hit I/O ports
e Three 16-bit timer/counters
e 256 bytes scratchpad RAM
o High-Speed Architecture
e 40 MHz @ 5V, 30MHz @ 3V

e X2 Speed Improvement capability (6 clocks/
machine cycle)

30 MHz @ 5V, 20 MHz @ 3V (Equivaent to
60 MHz @ 5V, 40 MHz @ 3V)

e Dua Data Pointer
e On-chip ROM/EPROM (8Kbytes)

e Programmable Clock Out and Up/Down Timer/
Counter 2

e Asynchronous port reset

The fully static design of the TS80C52X2 alows to
reduce system power consumption by bringing the clock
frequency down to any value, even DC, without loss of
data

The TS80C52X2 has 2 software-selectable modes of
reduced activity for further reduction in power
consumption. In the idle mode the CPU is frozen while
the timers, the serial port and the interrupt system are still
operating. In the power-down mode the RAM is saved
and al other functions are inoperative.

e Interrupt Structure with

e 6 Interrupt sources,

e 4 level priority interrupt system
e Full duplex Enhanced UART

* Framing error detection

* Automatic address recognition
e Low EMI (inhibit ALE)
o Power Control modes

* Idle mode

* Power-down mode

» Power-off Flag
e Once mode (On-chip Emulation)
o Power supply: 4.5-5.5V, 2.7-55V

e Temperature ranges. Commercial (0 to 70°C) and
Industrial (-40 to 85°C)

o Packages: PDIL40, PLCC44, VQFP44 1.4, PQFP F1

(13.9 footprint), CQPJ44 (window), CDIL40
(window)
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Table 1. Memory size

TOTAL RAM
ROM (bytes) EPROM (bytes) (bytes)
TS80C32X2 0 0 256
TS80C52X2 8k 0 256
TS87C52X2 0 8k 256

3. Block Diagram
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(2): Alternate function of Port 1
(3): Alternate function of Port 3
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4. SFR Mapping
The Special Function Registers (SFRs) of the TS80C52X2 fall into the following categories:

C51 core registers: ACC, B, DPH, DPL, PSW, SP, AUXR1
1/O port registers: PO, P1, P2, P3
Timer registers: T2CON, T2MOD, TCON, THO, TH1, TH2, TMOD, TLO, TL1, TL2, RCAP2L, RCAP2H
Serial 1/0 port registers: SADDR, SADEN, SBUF, SCON
Power and clock control registers: PCON
Interrupt system registers: IE, 1P, IPH
Others: AUXR, CKCON
Table 2. All SFRs with their address and their reset value

Bit Non Bit addressable
address-
able
0/8 1/9 2/1A 3B 4/C 5/D 6/E 7IF
Fgh FFh
FOh B F7h
0000 0000
ESh EFh
ACC
EOh | 5000 0000 E7h
D&h DFh
PSW
DOh | 5500 0000 D7h
csh T2CON T2MOD RCAP2L RCAP2H TL2 TH2 CFh
0000 0000 XXXX XX00 0000 0000 0000 0000 0000 0000 0000 0000
COh C7h
IP SADEN
B8h XX00 0000 0000 0000 BFh
P3 IPH
BOh 1111 1111 XX00 0000 B7h
IE SADDR
A8h 0X00 0000 0000 0000 AFh
P2 AUXR1
AOh 1111 1111 XXXX XXX0 ATh
SCON SBUF
98h 0000 0000 XXXX XXXX 9Fh
P1
90h 1111 1111 9rh
8sh TCON TMOD TLO TL1 THO TH1 AUXR CKCON SFh
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 XXXXXXX0 XXXX XXX0
80h PO SP DPL DPH PCON 87h
1111 1111 0000 0111 0000 0000 0000 0000 00X1 0000
0/8 1/9 2/1A 3B 4/C 5/D 6/E 7IF
reserved
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5. Pin Configuration

PLO/T2 [J1 40 [] vece
P11/ T2EX []2 39 [] PO.0/ AO y N
P12 I3 38[] Po.1/AL %N(E) §§§§
E E
PL3 |4 37[] P02/ A2 "-”‘\4:!5-‘&:13853“3
PL4 [|5 36 [] P03/ A3 [ S
PL5 |6 35]] 6 5432 14443424140
PL6 []7 34 [] POS/AS LS 2
P0.6/ AB =7 39 [ Po.4/AD4
PL7 []8 33]
PLET) 8 38 [] pos/ADS
RST []9 32[] PO.TIAT .
= PL7 @ 37 [1 Po.6/ADG
P3.O/RxD []10 31 [] EA/VPP rsT A 10 % -
psumxp fu  PPIL/ 5 fj ALe/PROG P3.0RAD E " - %EO-WAW
— : EA/VPP
P3.2/INTO []12 CDIL40 29 [] PSEN
Nics f 12 34
P3.3/INT1 []13 28] P2.7/A15 [ PLCC/CQPJ 44 [ nice
P340 [{14 27| P261A14 PS.UTXD ] 13 33 [] ALE/PROG
) P2.5/A13 P3.2/INTO ] 14 32 []PsEN
P35T1 []15 261 P3.3INTL ] 15 31
P3GWR [16 o5 i P24/ A12 : 1 [l P2.7/A15
_ P23/ A1l P3.4/TO [ 16 30 [] p2e/AL4
P3.7/RD [17 24 :I p3.5/‘|'1|: 17 29 :I
XTAL2 [] 18 23 [] P22/A10 P25IA13
XTALL [] 19 22 [] P21/ A9 1819 20 21 22 23 24 25 26 27 28
vss [] 20 21 [] P20/ A8 HEREEEEREEE
SEEE>28555¢
> 5 X S g »F
g e O
ﬁ Q o d o ™
g« = lallalalla)
EES <<
TN 35885337
ERaEE>>ERER
/44 43 42 41 40 39 38 37 36 35 34
PL5 [T]1 33[T]P0.4/AD4
PL6 [T]2 32T ]POS/IADS
PL7 (I3 31 [T JPo.6/ADE
RST [T]4 30 [T]Po.77AD7
P3.0IRxD [I]|5 29 [T JEAIVPP
NIc{T] 6 PQFP44 28T ]NIC*
P3.UTXD [I]7 VQFP44 27 [T ] ALE/PROG
P3.2/INTO []]8 26 [T]PSEN
P3.3/INTL[T] 9 25T ]P2.7/1A15
P3.4/T0 [T]10 24T P2.6/A14
P35/T1 [T] 11 23 [T ]P25/A13
1213141516 17 18 19 20 21 22

Ooooooooooo

oI 2gbe2egdy
fRzzl2E2gss
> o X 1 @
g g BEga gy

*NIC: No Internal Connection
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Table 3. Pin Description for 40/44 pin packages

PIN NUMBER
MNEMONIC TYPE NAME AND FUNCTION
DIL | LCC | VQFP 14
Vsg 20 22 16 | Ground: OV reference
Vssl 1 39 | Optional Ground: Contact the Sales Office for ground connection.
Vee 0 2 28 | (F;ower Supply. This is the power supply voltage for normal, idle and power-
lown operation
P0.0-PO.7 39-32 | 43-36 37-30 110 Port O: Port O is an open-drain, bidirectional 1/O port. Port O 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 Vssin order to prevent any parasitic current consumption.
Port 0 is aso the multiplexed low-order address and data bus during access to
external program and data memory. In this application, it uses strong internal
pull-up when emitting 1s. Port O 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 40-44 110 Port 1: Port 1 is an 8-hit bidirectional /O port with internal pull-ups. Port 1
1-3 pins that have 1s written to them are pulled high by the internal pull-ups and
can be used as inputs. As inputs, Port 1 pins that are externally pulled low 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 1/0 | T2 (P1.0): Timer/Counter 2 external count input/Clockout
2 3 41 | T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control
P2.0-P2.7 21-28 | 24-31 18-25 110 Port 2: Port 2 is an 8-bit bidirectiona 1/0 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 low will
source current because of theinternal 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 application, 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 receive the high order address bits during EPROM programming
and verification: P2.0 to P2.4
P3.0-P3.7 10-17 | 11, 5, I/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-ups and
can be used as inputs. As inputs, Port 3 pins that are externally pulled low will
source current because of the interna pull-ups. Port 3 also serves the special
features of the 80C51 family, as listed below.
10 11 5 | RXD (P3.0): Seria input port
11 13 7 0] TXD (P3.1): Seria output port
12 14 8 I INTO (P3.2): External interrupt O
13 15 9 I INT1 (P3.3): External interrupt 1
14 16 10 | TO (P3.4): Timer 0 externa input
15 17 11 | T1 (P3.5): Timer 1 externa input
16 18 12 O | WR (P3.6): External data memory write strobe
17 19 13 0 RD (P3.7): External data memory read strobe
Reset 9 10 4 | Reset: A high on this pin for two machine cycles while the oscillator is running,
resets the device. An internal diffused resistor to V gg permits a power-on reset
using only an external capacitor to V.
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Table 3. Pin Description for 40/44 pin packages

MNEMONIC

PIN NUMBER

TYPE

NAME AND FUNCTION

ALE/PROG

30 33 27

X0)

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

Program Store ENable: The read strobe to external program memory. When
executing code from the external program memory, PSEN is activated twice each
machine cycle, except that two PSEN activations are skipped during each access
to external data memory. PSEN is not activated during fetches from internal
program memory.

31 35 29

External Access Enable/Programming Supply Voltage: EA 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 7FFFH (RC) EA must
be held low for ROMIess devices. This pin also receives the 12.75V programming
supply voltage (Vpp) during EPROM programming. If security level 1 is
programmed, EA will be internally latched on Reset.

XTAL1

19 21 15

Crystal 1: Input to the inverting oscillator amplifier and input to the internal
clock generator circuits.

XTAL2

18 20 14

Crystal 2: Output from the inverting oscillator amplifier
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6. TS80C52X2 Enhanced Features

In comparison to the origina 80C52, the TS80C52X2 implements some new features, which are:

e The X2 option.

e The Dua Data Pointer.

e The 4 leve interrupt priority system.

e The power-off flag.

* 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 TS80C52X 2 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.

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

e Save power consumption by dividing dynamically operating frequency by 2 in operating and idle modes.
e 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 XTAL1L 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 XTAL1+2 rising edge to avoid glitches when switching from X2 to STD mode.
Figure 2. shows the mode switching waveforms.

XTALL [ XTALLZ IO State machine: 6 clock cycles,
1) CPU control

FxTaL

B

CKCON reg

Figure 1. Clock Generation Diagram
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SCE S s VY s VY s WY e VY VO s VN e W e W

ot A TR

CPU clock J—\—/[ (O A Y A Y A [

I |
I |
____STD Mode : X2 Mode : STD Mode

Figure 2. Mode Switching Waveforms

The X2 bit in the CKCON register (See Table 4.) alows to switch from 12 clock cycles per instruction to 6 clock
cycles and vice versa. At reset, the standard speed is activated (STD mode). Setting this bit activates the X2 feature
(X2 mode).

CAUTION

In order to prevent any incorrect operation while operating in X2 mode, user must be aware that all peripherals
using clock frequency as time reference (UART, timers) will have their time reference divided by two. For example
a free running timer generating an interrupt every 20 ms will then generate an interrupt every 10 ms. UART with
4800 baud rate will have 9600 baud rate.
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Table 4. CKCON Register

CKCON - Clock Control Register (8Fh)

7 6 5 4 3 2 1 0
- - - - - - - X2
2l ElL Description
Number Mnemonic P
7 3 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 isindeterminate. Do not set this bit.
4 3 Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 ) Reserved
The value read from this bit isindeterminate. Do not set this bit.
5 3 Reserved
The value read from this bit is indeterminate. Do not set this bit.
1 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
CPU and peripheral clock bit
0 X2 Clear to select 12 clock periods per machine cycle (STD mode, Fogc=FxtaL/2).
Set to select 6 clock periods per machine cycle (X2 mode, Fosc=FxaL)-

Reset Vaue = XXXX XXXO0b
Not bit addressable

For further details on the X2 feature, please refer to ANMO72 available on the web (http://www.atmel-wm.com)
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6.2 Dual Data Pointer Register Ddptr

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

The dual DPTR structure is away by which the chip will specify the address of an external data memory
location. There are two 16-bit DPTR registers that address the external memory, and a single bit called
DPS=AUXRY/bit0 (See Table5.) that allowsthe program code to switch between them (Refer to Figure 3).

External Data Memory

| |DPS ————— > DPTRL | -
AUXRL(A2H) | DPTRO
DPH(83H) DPL(82H)

Figure 3. Use of Dual Pointer
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Table 5. AUXR1: Auxiliary Register 1

7 6 5 4 3 2 1 0
- - - - GF3 0 - DPS
2l ElL Description
Number Mnemonic P
7 3 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 isindeterminate. Do not set this bit.
4 3 Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 GF3 Thisbit is ageneral purpose user flag
5 0 Reserved
Always stuck at 0
1 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
Data Pointer Selection
0 DPS Clear to select DPTRO.
Set to select DPTRL1.

Reset Value = XXXX XXXO0
Not bit addressable

Application

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

Rev.D - 16 November, 2000 11
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ASSEMBLY LANGUAGE

; Block move using dual data pointers
; Destroys DPTRO, DPTR1, A and PSW
; note: DPS exits opposite of entry state
 unless an extra INC AUXRL1 is added

bOAZ AUXR1 EQU 0A2H

0000 909000MOV DPTR#SOURCE
0003 05A2 INC AUXR1

0005 90A000 MOV DPTR#DEST
0008 LOOP:

0008 05A2 INC AUXR1
0O00AEO0 MOVXA,@DPTR
0O00OBA3 INC DPTR

000C 05A2 INC AUXR1
OOOEFO  MOVX @DPTRA
0O00OF A3 INC DPTR

0010 70F6 JNZ LOOP

0012 05A2 INC AUXR1

: address of SOURCE
; switch data pointers
: address of DEST

; switch data pointers

; get a byte from SOURCE

; increment SOURCE address
; switch data pointers

; write the byte to DEST

: increment DEST address

: check for O terminator

; (optional) restore DPS

INC isashort (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 hit to a particular state, but simply togglesit.
In simple routines, such as the block move example, only the fact that DPSistoggled in the proper sequence
matters, not its actual value. In other words, the block move routine works the same whether DPSis'0' or '1'
on entry. Observe that without the last instruction (INC AUXRL1), the routine will exit with DPS in the

opposite state.

12
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6.3Timer 2

The timer 2 in the TSB0C52X2 is compatible with the timer 2 in the 80C52.

It is a 16-bit timer/counter: the count is maintained by two eight-bit timer registers, TH2 and TL2, connected in
cascade. It is controlled by T2CON register (See Table 6) and T2MOD register (See Table 7). Timer 2 operation
is similar to Timer 0 and Timer 1. C/T2 selects Fog/12 (timer operation) or external pin T2 (counter operation)
as the timer clock input. Setting TR2 alows TL2 to be incremented by the selected input.

Timer 2 has 3 operating modes. capture, autoreload and Baud Rate Generator. These modes are selected by the
combination of RCLK, TCLK and CP/RL2 (T2CON), as described in the Atmel Wireless & Microcontrollers 8-
bit Microcontroller Hardware description.

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

In TS80C52X2 Timer 2 includes the following enhancements:

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

6.3.1 Auto-Reload Mode

The auto-reload mode configures timer 2 as a 16-bit timer or event counter with automatic reload. If DCEN bit
in T2MOD is cleared, timer 2 behaves as in 80C52 (refer to the Atmel Wireless & Microcontrollers 8-bit
Microcontroller Hardware description). If DCEN bit is set, timer 2 acts as an Up/down timer/counter as shown in
Figure 4. In this mode the T2EX pin controls the direction of count.

When T2EX is high, timer 2 counts up. Timer overflow occurs at FFFFh which sets the TF2 flag and generates
an interrupt request. The overflow also causes the 16-bit value in RCAP2H and RCAP2L registers to be loaded
into the timer registers TH2 and TL2.

When T2EX is low, timer 2 counts down. Timer underflow occurs when the count in the timer registers TH2 and
TL2 equals the value stored in RCAP2H and RCAP2L registers. The underflow sets TF2 flag and reloads FFFFh
into the timer registers.

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

Rev.D - 16 November, 2000 13
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(:6 in X2 mode)

x1aLt 3 12 0 |
FxTaL Fosc 1
T2
CIT2 TR2

T2CONreg  T2CONreg

(DOWN COUNTING RELOAD VALUE) T2EX:

FFh FFh if DCEN=1, 1=UP
@bit) | | (8-bit) (] if DCEN=1, 0=DOWN
L if DCEN =0, up counting

TOGGLE  T2CONreg

| X
TL2 TH2 = TIMER 2
@bty | (8-bit) y INTERRUPT
T2CONreg

LY
RCAP2L| |RCAP2H

&-bit) | | (8-bit
(UP COUNTING RELOAD VALUE)

Figure 4. Auto-Reload Mode Up/Down Counter (DCEN = 1)

6.3.2 Programmable Clock-Output

In the clock-out mode, timer 2 operates as a 50%-duty-cycle, programmable clock generator (See Figure5) . The
input clock increments TL2 at frequency Fogc/2. 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 :

FOSC

Clock — OutF =
oK = DUFTequency = 2 (65536 - RCAP2H/ RCAP2L)

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

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

e Set T20E bit in T2MOD register.
o Clear C/T2 bit in T2CON register.
o Determine the 16-bit reload value from the formula and enter it in RCAP2H/RCAP2L registers.

e 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.

e 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 simultaneoudly. For this configuration,
the baud rates and clock frequencies are not independent since both functions use the values in the RCAP2H and

RCAP2L registers.

XTAL1 c— :g |
(:1in X2 mode)
T2CON reg TL2 TH2
@&bit) || (8-bit)
[ [ OVERFLOW
RCAP2L ||RCAP2H
(&bit) || (8-bit)
Toggle
T2 [ |
o D
]
T2MOD reg
TIMER 2
TEX [}F——— ™ _ I | EXF2 INTERRUPT
EXEN2 T2CON reg
T2CON reg

Figure 5. 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/IRL2#
Bit Bit Description

Number Mnemonic P
Timer 2 overflow Flag

7 TF2 Must be cleared by software.

Set by hardware on timer 2 overflow, if RCLK =0and TCLK =0.
Timer 2 External Flag
6 EXF2 Set when a capture or areload is caused by anegative 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)
Receive Clock bit
5 RCLK Clear to use timer 1 overflow as receive clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as receive clock for seria port in mode 1 or 3.
Transmit Clock bit
4 TCLK Clear to use timer 1 overflow as transmit clock for serial port in mode 1 or 3.
Set to use timer 2 overflow as transmit clock for serial portin mode 1 or 3.
Timer 2 External Enable bit
3 EXEN2 Clear to ignore events on T2EX pin for timer 2 operation.
Set to cause a capture or reload when a negative transition on T2EX pin is detected, if timer 2 is not used to
clock the seria port.
Timer 2 Run control bit
2 TR2 Clear to turn off timer 2.
Set to turn on timer 2.
Timer/Counter 2 select bit
1 CIT2# Clear for timer operation (input from internal clock system: Fogo).
Set for counter operation (input from T2 input pin, falling edge trigger). Must be 0 for clock out mode.
Timer 2 Capture/Reload bit
0 CPIRL2# If RCLK=1 or TCLK=1, CP/RL2# isignored 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
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Table 7. T2MOD Register
T2MOD - Timer 2 Mode Control Register (C9h)

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

7 6 5 4 3 2 1 0
- - - - - - T20E DCEN
U 2l Description
Number M nemonic P
7 3 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 isindeterminate. Do not set this bit.
4 3 Reserved
The value read from this bit is indeterminate. Do not set this bit.
3 ) Reserved
The value read from this bit isindeterminate. Do not set this bit.
5 3 Reserved

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
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6.4 TS80C52X2 Serial 1/0 Port

The seria 1/0 port in the TSB0C52X2 is compatible with the serial 1/0O 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 (Maodes 1, 2 and 3). Asynchronous transmission and
reception can occur simultaneously and at different baud rates

Serial 1/0O port includes the following enhancements:

e Framing error detection
e 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).

|5|v|0/FE| 5|v|1| 5|v|2| REN| TBSl RBBl TI | RI |scor\| (98h)

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

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

|5|v|om|sw|:ooq - | por| er1| cro | Po [ iDL | PcON (87H)

To UART framing error control

Figure 6. 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 8.) hit is set.
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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 7. and Figure 8.).

RXD DO Y D1Y D2 Y D3 Y D4 Y D5 Y D6 Y D7 ]
N ) 0 i D ) a0

) St_arf" Data byte T St_oﬁ'
bit bit
RI [
SMODO0=X
FE e
SMODO0=1

Figure 7. UART Timings in Mode 1

RXD 1 ﬁDOXDlXDZXDSXD4XD5XD6XD71DB; [
Start Data byte Ninth Stop

bit bit  bit
RI /
SMODO0=0
RI /
SMODO0=1
FE
SMODO0=1

Figure 8. UART Timings in Modes 2 and 3

6.4.2 Automatic Address Recognition

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

Implemented in hardware, automatic address recognition enhances the multiprocessor communication feature by
alowing the seria port to examine the address of each incoming command frame. Only when the serial port
recognizes its own address, the receiver sets Rl 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 bit in SCON
register in mode O has no effect).
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6.4.3 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 atime. The following example illustrates how a given address is formed.
To address a device by its individual address, the SADEN mask byte must be 1111 1111b.

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

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

Sl ave A: SADDR 1111 0001b
SADEN 1111 1010b
G ven 1111 0X0Xb
Sl ave B: SADDR 1111 0011b
SADEN 1111 1001b
G ven 1111 0XX1b
Sl ave C SADDR 1111 0010b
SADEN 1111 1101b
G ven 1111 00X1b

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

For dave A, hit O (the LSB) is a don’t-care bit; for slaves B and C, hit 0 is a 1. To communicate with dave A
only, the master must send an address where hit O is clear (e.g. 1111 0000b).

For dave A, bit 1isa 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 set (eg. 1111 0011b).

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

6.4.4 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
Br oadcast =SADDRORSADEN 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:

Sl ave A: SADDR 1111 0001b
SADEN 1111 1010b
Broadcast 1111 1X11b,
Sl ave B: SADDR 1111 0011b
SADEN 1111 1001b

Broadcast 1111 1X11B,

Sl ave C SADDR= 1111 0010b
SADEN 1111 1101b
Broadcast 1111 1111b

For daves A and B, hit 2 is a don’t care bit; for slave C, bit 2 is set. To communicate with all of the Saves, 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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6.4.5 Reset Addresses

On reset, the SADDR and SADEN registers are initialized to 00h, i.e. the given and broadcast addresses are XXXX
XXXXb (all don't-care hits). This ensures that the serial port will reply to any address, and so, that it is backwards
compatible with the 80C51 microcontrollers that do not support automatic address recognition.

SADEN - Slave Address Mask Register (B9h)

7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable

SADDR - Slave Address Register (A9h)
7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable
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Table 8. SCON Register

SCON - Serial Control Register (98h)

7

6

5 4 3 2 1 0

FE/SMO

SM1

SM2 REN TB8 RB8 TI RI

Bit

Bit

Number Mnemonic

Description

FE

Framing Error bit (SMODO0=1)
Clear to reset the error state, not cleared by avalid stop hit.
Set by hardware when an invalid stop bit is detected.

SMODO must be set to enable access to the FE bit

SMO

Serial port Modebit O
Refer to SM1 for seria port mode selection.

SMODO must be cleared to enable access to the SMO bit

SM1

Serial port Modebit 1
SMOQ SM1 Mode Description Baud Rate

Shift Register Fx1aL/12 (/6 in X2 mode)

8-bit UART Variable

9-bit UART FXTAL/640r FXTAL/32(/321 /16in X2 mode)
9-bit UART Variable

= P, OO
P OFr O
W N O

SM2

Serial port Mode 2 bit / Multiprocessor Communication Enable bit

Clear to disable multiprocessor communication feature.

Set to enable multiprocessor communication featurein mode 2 and 3, and eventually mode 1. Thisbit should
be cleared in mode 0.

REN

Reception Enable bit
Clear to disable serial reception.
Set to enable serial reception.

TB8

Transmitter Bit 8/ Ninth bit to transmit in modes 2 and 3.

Clear to transmit alogic 0 in the Sth bit.
Set to transmit alogic 1 in the Sth bit.

RB8

Receiver Bit 8/ Ninth bit received in modes2 and 3
Cleared by hardware if 9th bit received isalogic 0.
Set by hardware if 9th bit received isalogic 1.

In mode 1, if SM2 = 0, RB8 is the received stop bit. In mode 0 RB8 is not used.

TI

Transmit Interrupt flag

Clear to acknowledge interrupt.

Set by hardware at the end of the 8th bit time in mode O or at the beginning of the stop bit in the other
modes.

RI

Receive Interrupt flag
Clear to acknowledge interrupt.
Set by hardware at the end of the 8th bit time in mode 0, see Figure 7. and Figure 8. in the other modes.

Reset Value = 0000 0000b

Bit addressable
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Table 9. 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 Modebit 1

7 SMoD1 Set to select double baud ratein mode 1, 2 or 3.

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

5 ) Reserved
The value read from this bit isindeterminate. Do not set this bit.
Power-Off Flag
4 POF Clear to recognize next reset type.

Set by hardware when VCC rises from 0 to its nominal voltage. Can also be set by software.

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

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

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

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

Reset Value = 00X1 0000b
Not bit addressable

Power-off flag reset value will be 1 only after a power on (cold reset). A warm reset doesn’t affect the value of this bit.
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6.5 Interrupt System

The TSB0C52X2 has a total of 6 interrupt vectors: two external interrupts (INTO and INT1), three timer interrupts
(timers 0, 1 and 2) and the serial port interrupt. These interrupts are shown in Figure 9.

High priority
IPH, 1P \v interrupt
0 o 3 gl—‘
NTO > B0 a5 e | oo
0 o d
L o
I I 3
TFO pt—+o 4o | 0 N
Interrupt
> K| polling

sequence, decreasing
from high to low priority

v

TF2
EXF2

3 S v
e ———d1

| |
/ k Low priority
Individual Enable Global Disable

interrupt

Figure 9. Interrupt Control System

Each of the interrupt sources can be individually enabled or disabled by setting or clearing a hit in the Interrupt
Enable register (See Table 11.). This register also contains a global disable bit, which must be cleared to disable
al interrupts at once.

Each interrupt source can also be individually programmed to one out of four priority levels by setting or clearing
a hit in the Interrupt Priority register (See Table 12.) and in the Interrupt Priority High register (See Table 13.).
shows the bit values and priority levels associated with each combination.
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Table 10. Priority Level Bit Values

IPH.x IP.x Interrupt Level Priority
0 0 0 (Lowest)
0 1 1
1 0 2
1 1 3 (Highest)

A low-priority interrupt can be interrupted by a high priority interrupt, but not by another low-priority interrupt.
A high-priority interrupt can’t be interrupted by any other interrupt source.

If two interrupt requests of different priority levels are received simultaneously, the request of higher priority level
is serviced. If interrupt requests of the same priority level are received simultaneously, an internal polling sequence
determines which request is serviced. Thus within each priority level there is a second priority structure determined
by the polling sequence.

Table 11. |E Register
|E - Interrupt Enable Register (A8h)

7 6 5 4 3 2 1 0
EA - ET2 ES ET1 EX1 ETO EXO
Bit Bit Description

Number M nemonic

Enable All interrupt bit
Clear to disable all interrupts.

7 EA Set to enable al interrupts.
If EA=1, each interrupt source is individually enabled or disabled by setting or clearing its own interrupt
enable bit.
6 ) Reserved

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

Timer 2 overflow interrupt Enable bit
5 ET2 Clear to disable timer 2 overflow interrupt.
Set to enable timer 2 overflow interrupt.

Serial port Enable bit
4 ES Clear to disable serial port interrupt.
Set to enable serial port interrupt.

Timer 1 overflow interrupt Enable bit
3 ET1 Clear to disable timer 1 overflow interrupt.
Set to enable timer 1 overflow interrupt.

External interrupt 1 Enable bit
2 EX1 Clear to disable external interrupt 1.
Set to enable external interrupt 1.

Timer O overflow interrupt Enable bit
1 ETO Clear to disable timer 0 overflow interrupt.
Set to enable timer O overflow interrupt.

External interrupt 0 Enable bit
0 EXO Clear to disable externa interrupt O.
Set to enable external interrupt O.

Reset Value = 0X00 0000b
Bit addressable
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Table 12. IP Register

IP - Interrupt Priority Register (B8h)

7 6 5 4 3 2 1 0
- - PT2 PS PT1 PX1 PTO PX0
Bit Bit Description
Number Mnemonic P
7 3 Reserved
The value read from this bit isindeterminate. Do not set this bit.
6 ) Reserved
The value read from this bit isindeterminate. Do not set this bit.
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.
5 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 = XX00 0000b
Bit addressable

26 Rev.D - 16 November, 2000



TS80C32X2

Y ©
WIRELESS & pC T S80C 52X 2
Table 13. IPH Register
IPH - Interrupt Priority High Register (B7h)
7 6 5 4 3 2 1 0
- - PT2H PSH PT1H PX1H PTOH PXOH
Bil Elt Description
Number Mnemonic P
7 3 Reserved
The value read from this bit isindeterminate. Do not set this bit.
6 ) Reserved
The value read from this bit isindeterminate. Do not set this bit.
Timer 2 overflow interrupt Priority High bit
PT2H PT2 Priority Level
0 0 Lowest
5 PT2H 0 1
1 0
1 1 Highest
Serial port Priority High bit
PSH PS Priority Level
0 0 Lowest
4 PSH 0 1
1 0
1 1 Highest
Timer 1 overflow interrupt Priority High bit
PT1H PT1 Priority Level
0 0 Lowest
3 PT1H 0 1
1 0
1 1 Highest
External interrupt 1 Priority High bit
PX1H PXx1 Priority Level
0 0 L owest
2 PX1H 0 1
1 0
1 1 Highest
Timer 0 overflow interrupt Priority High bit
PTOH P10 Priority Level
0 0 L owest
1 PTOH 0 1
1 0
1 1 Highest
External interrupt O Priority High bit
PX0OH PX0 Priority Level
0 0 Lowest
0 PXOH 0 1
1 0
1 1 Highest
Reset Value = XX00 0000b
Not bit addressable
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6.6 Idlemode

An instruction that sets PCON.O causes that to be the last instruction executed before going into the Idle mode.
In the Idle mode, the internal clock signal is gated off to the CPU, but not to the interrupt, Timer, and Serial Port
functions. The CPU status is preserved in its entirely : the Stack Pointer, Program Counter, Program Status Word,
Accumulator and all other registers maintain their data during Idle. The port pins hold the logical states they had
a the time Idle was activated. ALE and PSEN hold at logic high levels.

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

The flag bits GFO and GF1 can be used to give an indication if an interrupt occured during normal operation or
during an Idle. For example, an instruction that activates Idle can aso set one or both flag bits. When Idle is
terminated by an interrupt, the interrupt service routine can examine the flag bits.

The other way of terminating the Idle mode is with a hardware reset. Since the clock oscillator is still running,
the hardware reset needs to be held active for only two machine cycles (24 oscillator periods) to complete the reset.

6.7 Power-Down Mode
To save maximum power, a power-down mode can be invoked by software (Refer to Table 9., PCON register).

In power-down mode, the oscillator is stopped and the instruction that invoked power-down mode is the last
instruction executed. The internal RAM and SFRs retain their value until the power-down mode is terminated.
V¢ can be lowered to save further power. Either a hardware reset or an external interrupt can cause an exit from
power-down. To properly terminate power-down, the reset or external interrupt should not be executed before V¢
isrestored to its normal operating level and must be held active long enough for the oscillator to restart and stabilize.

Only external interrupts TNTO and TNT1 are useful to exit from power-down. For that, interrupt must be enabled
and configured as level or edge sensitive interrupt input.

Holding the pin low restarts the oscillator but bringing the pin high completes the exit as detailed in Figure 10.
When both interrupts are enabled, the oscillator restarts as soon as one of the two inputs is held low and power
down exit will be completed when the first input will be released. In this case the higher priority interrupt service
routine is executed.

Once the interrupt is serviced, the next instruction to be executed after RETI will be the one following the instruction
that put TS80C52X2 into power-down mode.

INTO T [T
INTL I [
XTAL1 i

|
i |
T
' — !
: | |
| | I
| | |

—Activephase—sle Power-down phase—sl< Oscillator restart phasesl«—— Activephase—

Figure 10. Power-Down Exit Waveform

Exit from power-down by reset redefines al the SFRs, exit from power-down by external interrupt 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 modeisactivated with power-down mode (IDL and PD bits set), the exit sequenceisunchanged, when execution isvectored to interrupt,
PD and IDL bits are cleared and idle mode is not entered.
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Table 14. The state of ports during idle and power-down modes

Mode Program ALE PSEN PORTO PORT1 PORT?2 PORT3
Memory

Idle 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.
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6.8 ONCE™ Mode (ON Chip Emulation)

The ONCE mode facilitates testing and debugging of systems using TS80C52X2 without removing the circuit from
the board. The ONCE mode is invoked by driving certain pins of the TS80C52X2; the following sequence must
be exercised:

o Pull ALE low while the device is in reset (RST high) and PSEN is high.
e Hold ALE low as RST is deactivated.

While the TS80C52X2 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 15. External Pin Status during ONCE Mode

ALE PSEN Port O 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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6.9 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 V¢ 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 16.). POF is set by hardware when V¢ rises
from O to its nomina voltage. The POF can be set or cleared by software alowing 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 16. PCON Register
PCON - Power Control Register (87h)

7 6 5 4 3 2 1 0
SMOD1 SMODO - POF GF1 GFO PD IDL
2 2l Description

Number M nemonic

Serial port Mode bit 1

7 Sviob1 Set to select double baud rate in mode 1, 2 or 3.

Serial port Modebit O
6 SMODO Clear to select SMO hit in SCON register.
Set to to select FE bit in SCON register.

5 Reserved
The value read from this bit isindeterminate. 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 GFO Cleared by user for general purpose usage.
Set by user for general purpose usage.

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

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

Reset Value = 00X1 0000b
Not bit addressable
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6.10 Reduced EMI| Mode

The ALE signal is used to demultiplex address and data buses on port 0 when used with external 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 hit.

The AO hit is located in AUXR register at bit location 0. As soon as AO is set, ALE is no longer output but
remains active during MOV X and MOVC instructions and external fetches. During ALE disabling, ALE pin is
weakly pulled high.

Table 17. AUXR Register

AUXR - Auxiliary Register (8Eh)

7 6 5 4 3 2 1 0
- - - - - - - AO
21 S Description
Number Mnemonic P

7 Reserved

The value read from this bit isindeterminate. 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 isindeterminate. Do not set this bit.
4 Reserved

The value read from this bit isindeterminate. Do not set this bit.
3 Reserved

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

The value read from this bit isindeterminate. Do not set this bit.
1 Reserved

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

ALE Output bit

0 AO Clear to restore ALE operation during internal fetches.

Set to disable ALE operation during internal fetches.

Reset Value = XXXX XXXO0b
Not bit addressable
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7. TSB0C52X2

7.1 ROM Structure
The TS80C52X2 ROM memory is divided in three different arrays:

o thecode array: . . . . . . . . . e e e e 8 Kbytes.
o theencryption array:. . . . . . . . . . e e 64 bytes.
o thesignature array:. . . . . . . . . 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 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 18. will provide different level of protection for the on-chip
code and data.

Table 18. Program Lock bits

Program L ock Bits

; Protection description
Security | ) g1 | L2 | LB3
level

No program lock features enabled. Code verify will still be encrypted by the encryption

1 U U U array if programmed. MOV Cinstruction executed from external program memory returns
non encrypted data.

5 p U U MOV C instruction executed from external program memory are disabled from fetching
code bytes from internal memory, EA is sampled and latched on reset.

U: unprogrammed

P. programmed

7.2.3 Signatur e bytes

The TSB0C52X 2 contains 4 factory programmed signatures bytes. To read these bytes, perform the process described
in section 9.

7.2.4 Verify Algorithm

Refer to 8.34
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8. TS87C52X2

8.1 EPROM Structure
The TS87C52X2 is divided in two different arrays:

e thecodearray: . . . . . . . . . e 8 Kbytes.
o theencryption array: . . . . . . . . L 64 bytes.
In addition a third non programmable array is implemented:

o thesignature array: . . . . . . 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 (al 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 19., will provide different level of protection for the
on-chip code and data.

Table 19. Program Lock bits

Program L ock Bits

; Protection description
S?C;/gty LBl | LB2 | LB3 e

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

MOV Cinstruction executed from external program memory are disabled fromfetching
2 P U U code bytes from internal memory, EA is sampled and latched on reset, and further
programming of the EPROM is disabled.

3 U P U Same as 2, also verify is disabled.
4 ] U 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.
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8.2.3 Signature bytes

The TS80/87C52X2 contains 4 factory programmed signatures bytes. To read these bytes, perform the process

described in section 9.
8.3 EPROM Programming

8.3.1 Set-up modes

In order to program and verify the EPROM or to read the signature bytes, the TS87C52X2 is placed in specific
set-up modes (See Figure 11.).

Control and program signals must be held at the levels indicated in Table 35.

8.3.2 Definition of terms
Address Lines:P1.0-P1.7, P2.0-P2.4 respectively for A0-A12

Data Lines:P0.0-P0.7 for DO-D7

Control Signals:RST, PSEN, P2.6, P2.7, P3.3, P3.6, P3.7.
Program Signals:ALE/PROG, EA/VPP.

Table 20. EPROM Set-Up Modes

Mode RsT | PsEN | ALEL \%F’, P26 | P27 | P33 | P36 | P37
Program Code data 1 0 u 12.75V 0 1 1 1 1
Verify Code data 1 0 1 1 0 J 0 1 1
PO Sacyption Array 1 0 1 o7my 0 1 1 0 1
Read Signature Bytes 1 0 1 1 0 g 0 0 0
Program Lock bit 1 1 0 u 12.75v 1 1 1 1 1
Program Lock bit 2 1 0 u 12.75v 1 1 1 0 0
Program Lock bit 3 1 0 u 12.75V 1 0 1 1 0
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+5V
PROGRAM ( —| EAIVPP Voo
SIGNALS* » ALE/PROG
P0.0-P0.7 0-D7
—» RST
—» PSEN PLO-PL7 K ——A0-A7
CONTROL | P26
—»f P27
SIGNALS* [ P2.0-P2.4 K ——AB-AL2
—»{ P36
—»{ P37
4106 MHz —} XTAL1 VSS
G%D

* See Table 31. for proper value on these inputs

Figure 11. 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 TS87C52X2 the following sequence must be exercised:
e Step 1: Activate the combination of control signals.

e Step 2: Input the valid address on the address lines.

e Step 3: Input the appropriate data on the data lines.

o Step 4: Raise EA/VPP from VCC to VPP (typical 12.75V).

o Step 5: Pulse ALE/PROG once.

o Step 6: Lower EA/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 12.).

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 TS87C52X2.

P 2.7 is used to enable data output.

To verify the TS87C52X2 code the following sequence must be exercised:

e Step 1. Activate the combination of program and control signals.

e Step 2: Input the valid address on the address lines.

o Step 3: Read data on the data lines.

Repeat step 2 through 3 changing the address for the entire array verification (See Figure 12.)

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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Programming Cycle Read/Verify Cycle

AO-A12 —( >—< >7
D0-D7 ——( Dataln ) W

l>l 100us
ALE/PROG U
12.75\/_/—\
EANPP 5V

ov

Control signals X X X

Figure 12. Programming and Verification Signal’s Waveform

8.4 EPROM Erasure (Windowed Packages Only)

Erasing the EPROM erases the code array, the encryption array and the lock bits returning the parts to full
functionality.

Erasure leaves al the EPROM cellsin a 1's state (FF).

8.4.1 Erasure Characteristics

The recommended erasure procedure is exposure to ultraviolet light (at 2537 A) to an integrated dose at least 15
W-sec/cm?. Exposing the EPROM to an ultraviolet lamp of 12,000 pW/cm2 rating for 30 minutes, at a distance
of about 25 mm, should be sufficient. An exposure of 1 hour is recommended with most of standard erasers.

Erasure of the EPROM begins to occur when the chip is exposed to light with wavelength shorter than approximately
4,000 A. Since sunlight and fluorescent lighting have wavelengths in this range, exposure to these light sources
over an extended time (about 1 week in sunlight, or 3 years in room-level fluorescent lighting) could cause
inadvertent erasure. If an application subjects the device to this type of exposure, it is suggested that an opague
label be placed over the window.
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9. Signatur e Bytes

The TS80/87C52X2 has 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
35. shows the content of the signature byte for the TS80/87C52X2.

Table 21. Signature Bytes Content

L ocation Contents Comment
30h 58h Manufacturer Code: Atmel Wireless & Microcontrollers
31h 57h Family Code: C51 X2
60h 2Dh Product name: TS80C52X2
60h ADh Product name: TS87C52X2
60h 20h Product name: TS80C32X2
61h FFh Product revision number
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10. Electrical Characteristics

10.1 Absolute M aximum Ratings @

Ambiant Temperature Under Bias:

C = commercia 0°C to 70°C

| = industria -40°C to 85°C
Storage Temperature -65°C to + 150°C
Voltage on Ve t0 Vg -05Vto+7V
Voltage on Vpp t0 Vgg -05Vto+ 13V
Voltage on Any Pin to Vgg -05V toVec +05V
Power Dissipation 1w®@

NOTES

1. Stressesat or above those listed under “ Absolute Maximum Ratings’ may cause permanent damage to the device. Thisis a stressrating only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions may affect device reliability.

2. Thisvalueis based on the maximum allowable die temperature and the thermal resistance of the package.

10.2 Power consumption measur ement

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 realy
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: SIMP Label (80 FE)

Ports 1, 2, 3 are disconnected, Port 0 is tied to FFh, EA = Vcc, RST = Vss, XTAL2 is not connected and XTAL1
is driven by the clock.

This is much more representative of the real operating Icc.
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10.3 DC Parametersfor Standard Voltage

TA =0°Cto +70°C; Vgg = 0 V; Ve =5V + 10%; F = 0 to 40 MHz.
TA = -40°C to +85°C; Vg5 =0 V; Ve = 5V * 10%; F = 0 to 40 MHz.
Table 22. DC Parameters in Standard Voltage
Symbol Parameter Min Typ Max Unit Test Conditions
Vi Input Low Voltage -0.5 02V¢c-01 \
Vin Input High Voltage except XTAL1, RST 0.2V +09 Ve +05 \
Vigi | Input High Voltage, XTAL1, RST 0.7Vee Ve +05 v
VoL Output Low Voltage, ports 1, 2, 3 © 0.3 Vo | 1o =100 pA®
0.45 \
= @
loL =35mA®
VoL1 | Output Low Voltage, port 0 © 03 Vol 1gL =200 uA®
0.45 \%
= @
loL =7.0mA®
VoL2 Output Low Voltage, ALE, PSEN 0.3 \ loL =100 uA®
0.45 \%
= @
loL =35mA®
Von Output High Voltage, ports 1, 2, 3 Vee-0.3 \ lon =-10 pA
VCC -0.7 \ IOH =-30 HA
Vee- 15 Vo | gy =-60pA
Vec=5V +10%
VoH1 Output High Voltage, port O Vee-0.3 \Y lon = -200 A
VCC -0.7 \ IOH =-32mA
Vee- 15 Vo |lgy=-7.0mA
Vec=5V +10%
Vouz | Output High Voltage, ALE, PSEN Vee-03 V | lgy=-100 uA
VCC -0.7 \ IOH =-1.6 mA
Vee-15 Vo |lgy=-35mA
Vec=5V +10%
Rrsr | RST Pulldown Resistor 50 900 200 kQ
m Logical 0 Input Current ports 1, 2 and 3 -50 HA | Vin=045V
I Input Leakage Current +10 MA | 045V <Vin<Vc
I Logical 1to 0 Transition Current, ports 1, 2, 3 -650 MA | Vin=20V
Co Capacitance of 1/0O Buffer 10 pF | Fc=1MHz
TA=25°C
Ipp Power Down Current 200® 50 MA | 20V <V 55VE
lcc Power Supply Current Maximum values, X1 1+0.4Freq
mode: () (MH2) Vee=55v»D
;ggg @12MHz58 | ma | <©
@16MHz 7.4
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Symbol Parameter Min Typ M ax Unit Test Conditions
lcc Power Supply Current Maximum values, X1 3+ 0.6 Freq
operating | mode: @1% ,'::ZZ )10.2 MA | Vo =55V®
@16MHz 12.6
lcc Power Supply Current Maximum values, X1 0.25+0.3Freq
idle mode: 7 @1(2'\&';'422) 29 MA | V=55 v
@16MHz 5.1
10.4 DC Parametersfor Low Voltage
TA =0°Cto +70°C; Vgg =0 V; Vc =27V 1055V ; F=0to 30 MHz.
TA = -40°C to +85°C; Vgg=0V; Vec =27V 1055V ; F =0 to 30 MHz.
Table 23. DC Parameters for Low Voltage
Symbol Parameter Min Typ Max Unit Test Conditions
VL Input Low Voltage -0.5 02Vcc-01 \Y
ViH Input High Voltage except XTAL1, RST 02V +09 Ve +05 \
Vigr | Input High Voltage, XTAL1, RST 0.7V Vee+05 Vv
VoL Output Low Voltage, ports 1, 2, 3© 0.45 Vo | lgL =08mA®
VoL1 | Output Low Voltage, port 0, ALE, PSEN © 0.45 Vo gL =16 mA®
VoH Output High Voltage, ports 1, 2, 3 09Vcc \Y loy =-10 A
Vou1 Output High Voltage, port 0, ALE, PSEN 0.9Vcc V | loy=-40pA
(I Logical O Input Current ports 1, 2 and 3 -50 MA | Vin=0.45V
I Input Leakage Current +10 MA | 045V <Vin<Vc
I Logical 1to 0 Transition Current, ports 1, 2, 3 -650 MA | Vin=20V
RRrst RST Pulldown Resistor 50 00 ® 200 kQ
ClOo Capacitance of I/O Buffer 10 pF | Fc=1MHz
TA=25°C
IeD Power Down Current 20 50 HA | Vee=20V1t055VE@
100 30 Ve =20V t033VE
lcc Power Supply Current Maximum values, X1 1+0.2Freq
F;::g:-r mode: (7 @1(2'\'&%22) 34| ma Vee=33Vvd
@16MHz 4.2
lcc Power Supply Current Maximum values, X1 1+0.3Freq
operating | mode: () @1(2'\&"'!'22) 46| ma Vee=33V®
@16MHz 5.8
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Symbol Par ameter Min Typ Max Unit Test Conditions
lee Power Supply Current Maximum values, X1 0.15 Freq
idle mode: () (MH2) +0.2 | mA |y . =33v@
@12MHz 2
@16MHz 2.6
NOTES

1. lgcunder reset is measured with all output pins disconnected; XTAL1 driven with Te oy, ToyeL = 5 ns(seeFigure 17.), V) = Vgg+ 05,
V4 = Vce - 0.5V; XTAL2 N.C.; EA= RST = Port 0 = V. I cc would be slightly higher if a crystal oscillator used..
2. ldlelccismeasured with all output pins disconnected; XTAL1 driven with Tei cH, Tchel = 50S, Vi = Vgt 05V, V) = V- 0.5V, XTAL2
N.C; Port 0= Vc; EA = RST = Vg (see Figure 15.).
3. Power Down I is measured with all output pins disconnected; EA = Vgg, PORT 0 = Vc; XTAL2 NC.; RST = Vg (see Figure 16.).
4.  Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vo, sof ALE and Ports 1 and 3. Thenoiseis
dueto external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1 to O transitions during bus operation. In the worst
cases (capacitive loading 100pF), the noise pulse on the ALE line may exceed 0.45V with maxi Vo, peak 0.6V. A Schmitt Trigger useis not necessary.
5. Typicalsare based on a limited number of samples and are not guaranteed. The values listed are at room temperature and 5V.
6. Under steady state (non-transient) conditions, |, must be externally limited as follows:

Maximum | o per port pin: 10 mA

Maximum | o, per 8-bit port:

Port 0: 26 mA

Ports 1, 2 and 3: 15 mA

Maximumtotal |, for all output pins: 71 mA
If I o, exceedsthetest condition, Vo, may exceed therelated specification. Pinsarenot guaranteed to sink current greater than the listed test conditions.
7.  For other values, please contact your sales office.
8.  Operating | o¢ is measured with all output pins disconnected; XTAL1 driven with Ty oy, TeycL = 5ns(see Figure 17.), V| = Vg + 0.5,
Vg = Ve - 0.5V XTAL2 N.C.; EA = Port 0 = V¢; RST = Vg Theinternal ROM runs the code 80 FE (label: SIMP label). I o would be dlightly
higher if a crystal oscillator is used. Measurements are made with OTP products when possible, which isthe worst case.

Vee

—I__RST EA

(NC) XTAL2
CLOCK —____ JIxTAL1
SIGNAL

Vs

All other pins are disconnected.
Figure 13. | ¢ Test Condition, under reset
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'ccl
Vee — vee
Reset = Vss after ahigh pulse POK
during at least 24 clock cycles
(NC) XTAL2
CLOCK —__ JfxTAL1
SIGNAL All other pins are disconnected.
Vs

Figure 14. Operating | ¢ Test Condition
Vee
Vee Ve

Reset = Vss after ahigh pulse PO g
L

during at least 24 clock cycles
I RST EA

(NC—— XTAL2
CLOCK __pxTALL

SIGNAL Vv All other pins are disconnected.
[ |Vss

Figure 15. Icc Test Condition, |dle Mode

Reset = Vss after ahigh pulse
during at least 24 clock cycles

L fT B
(NC)—— XTAL2

XTAL1
; Vss All other pins are disconnected.

Figure 16. I Test Condition, Power-Down Mode

V05V 0Vee
0.45VWVCC'O-1
TeHeL Terer
Teren = TereL = 5ns.

Figure 17. Clock Signal Waveform for |cc Tests in Active and Idle Modes
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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 dways 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
alist of al the characters and what they stand for.

Example:Tay . = Time for Address Valid to ALE Low.
TLLp. = Time for ALE Low to PSEN Low.

TA = 0 to +70°C (commercia temperature range); Vgs = 0 V; Ve = 5V + 10%; -M and -V ranges.
TA = -40°C to +85°C (industrial temperature range); Vog = 0V; Ve =5V £ 10%; -M and -V ranges.
TA = 0 to +70°C (commercia temperature range); Vgg = 0 V; 2.7 V < V¢ < 55 V; -L range.

TA = -40°C to +85°C (industrial temperature range); Vog = 0V; 2.7V < Ve < 55 V; -L range.

Table 24. gives the maximum applicable load capacitance for Port 0, Port 1, 2 and 3, and ALE and PSEN signals.
Timings will be guaranteed if these capacitances are respected. Higher capacitance values can be used, but timings
will then be degraded.

Table 24. Load Capacitance versus speed range, in pF

-M -V -L
Port 0 100 50 100
Port1, 2,3 80 50 80
ALE/PSEN 100 30 100

Table 26., Table 29. and Table 32. give the description of each AC symbols.
Table 27., Table 30. and Table 33. give for each range the AC parameter.

Table 28., Table 31. and Table 34. give the frequency derating formula of the AC parameter. To calculate each
AC symboals, 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 25. Max frequency for derating formula regarding the speed grade

-M X1 mode | -M X2mode | -V X1 mode | -V X2mode | -L X1 mode -L X2 mode
Freq (MHz) 40 20 40 30 30 20
T (ns) 25 50 25 333 333 50
Example:

TLLv in X2 mode for a-V part at 20 MHz (T = 1/2058 = 50 ns):

x= 22 (Table 28)
T= 50ns
TLL|V: 2T - x=2x50- 22 = 78ns
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10.5.2 External Program Memory Characteristics
Table 26. Symbol Description
Symbol Par ameter
T Oscillator clock period
TLHLL ALE pulse width
TavLL Address Validto ALE
TLLAX Address Hold After ALE
TiLv ALE to Valid Instruction In
TLLRL ALE to PSEN
ThLpH PSEN Pulse Width
TpLiv PSEN to Valid Instruction In
Tpxix Input Instruction Hold After PSEN
Tpxiz Input Instruction FloatAfter PSEN
Tpexav PSEN to Address Valid
Taviv Addressto Valid Instruction In
TpLaz PSEN Low to Address Float
Table 27. AC Parameters for Fix Clock
Speed -M -V -V -L -L Units
40 MHz X2 mode standard mode X2 mode standard mode
30MHz 40MHz 20 MHz 30 MHz
60 MHz equiv. 40 MHz equiv.
Symbol Min Max Min Max Min Max Min Max Min M ax
T 25 33 25 50 33 ns
TLHLL 40 25 42 35 52 ns
TaviL 10 4 12 5 13 ns
TLLAX 10 4 12 5 13 ns
LITRY; 70 45 78 65 98 ns
TLp 15 9 17 10 18 ns
TeLpy 55 35 60 50 75 ns
TeL v 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
ThLAZ 10 10 10 10 10 ns
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Table 28. 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
TiLv Max 4T-x 2T-X 30 22 35 ns
TiLpL Min T-X 05T-x 10 8 15 ns
TeLpH Min 3T-x 15T-x 20 15 25 ns
TeLv Max 3T-x 15T-x 40 25 45 ns
Texix Min X X 0 0 0 ns
Tpx|z Max T-X 05T-x 7 5 15 ns
TAV|V 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
< LTcia >
— T h L —Pe— T y—
ALE —> TP / \
¢— Tp py — P
PSEN / [ Tpxay \ /
=] Tpuvb TPX|Z
¢«TPLAZ Toxix n
PORTO INSTRIN INSTRIN AO0-A7 INSTRIN
PORT 2 ADDRESS
OR SFR-P2 ADDRESS A8-A15 ADDRESS A8-A15

Figure 18. External Program Memory Read Cycle
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10.5.4 External Data Memory Characteristics

Table 29. Symbol Description

Symbol Parameter
TRLRH RD Pulse Width

TwiwH WR Pulse Width

TrLDV RD to Valid Dataln

TrHDX DataHold After RD

TrHDZ Data Float After RD

TiLpv ALE to Valid Dataln

Tavbv Addressto Valid DataIn
Toowe ALE to WR or RD

Tavwi Addressto WR or RD
Tovwx Data Valid to WR Transition
TovwH Data set-up to WR High
TwHox DataHold After WR

TrLAZ RD Low to Address Float
TWHLH RD or WR Highto ALE high
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Table 30. AC Parameters for a Fix Clock
Speed -M -V v -L -L Units

40 MHz X2 mode standard mode X2 mode standard mode
30 MHz 40MHz 20 MHz 30MHz
60 MHz equiv. 40 MHz equiv.

Symboal Min Max Min Max Min Max Min Max Min Max

TRLRH 130 85 135 125 175 ns
TwLwH 130 85 135 125 175 ns
TRLDV 100 60 102 95 137 ns
TrRHDX 0 0 0 0 0 ns
TRHDZ 30 18 35 25 42 ns
TLLpv 160 98 165 155 222 ns
TavDv 165 100 175 160 235 ns
TLwL 50 100 30 70 55 95 45 105 70 130 ns
TavwL 75 47 80 70 103 ns
Tovwx 10 7 15 5 13 ns
TovwH 160 107 165 155 213 ns
TwHox 15 9 17 10 18 ns
TrLAZ 0 0 0 0 0 ns
TwHLH 10 40 7 27 15 35 5 45 13 53 ns
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Table 31. AC Parameters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M Y -L Units
Clock

TRLRH Min 6T-x 3T-x 20 15 25 ns
Twiwn Min 6T-x 3T-x 20 15 25 ns
TriDV Max 5T-x 25T-x 25 23 30 ns
TRHDX Min X X 0 0 0 ns
TRHDZ Max 2T-x T-Xx 20 15 25 ns
TLLpv Max 8T-x 4T -x 40 35 45 ns
TavDv Max 9T -x 45T -x 60 50 65 ns
TLiwL Min 3T-x 15T-x 25 20 30 ns
TLwe Max 3T+x 15T +x 25 20 30 ns
TavwiL 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
TwHox Min T-x 05T-x 10 8 15 ns
TrLAZ Max X X 0 0 0 ns
TwWHLH Min T-x 05T-x 15 10 20 ns
TwWHLH Max T+x 05T +x 15 10 20 ns

10.5.5 External Data Memory Write Cycle

TwHLH
ALE j

PSEN
J T >l TwiwH
WR
<+ Tovwx
<_TLLAX _ TOVWH e TWHQX
PORT 0 AO-AT DATA OUT
Tavw,——

PORT 2 éRDgFRRE-%Sz ADDRESS A8-A15 OR SFR P2 >

Figure 19. External Data Memory Write Cycle
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10.5.6 External Data Memory Read Cycle

v

A

TwHLHP
ALE j TLLpv
PSEN
-/ —— T i < TRLRH

\¢——TRLDV —|
RD
T _ Trpyp,
< AVDV
=T Lax] Trupx > |«
PORT 0 D—< AO-A7 DATA IN ‘
> TrLAZ

—— Tayw—»

PORT 2 éRDgFRF\’E-% < ADDRESS A8-A15 OR SFR P2 >

Figure 20. External Data Memory Read Cycle

10.5.7 Serial Port Timing - Shift Register Mode
Table 32. Symbol Description

Symbol Par ameter
Txixe Serial port clock cycletime
TaovHx Output data set-up to clock rising edge
TxHOX Output data hold after clock rising edge
TxHDX Input data hold after clock rising edge
TxHDV Clock rising edge to input data valid

Table 33. AC Parameters for a Fix Clock

Speed -M -V RY, -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

TxixL 300 200 300 300 400 ns
TovHx 200 117 200 200 283 ns
TxHOX 30 13 30 30 47 ns
TXHDX 0 0 0 0 0 ns
Tx HDV 117 34 117 117 200 ns
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Table 34. AC Parameters for a Variable Clock: derating formula

Symbol Type Standard | X2 Clock -M -V -L Units
Clock

TxLxL Min 127 6T ns

Tovhx Min 10T-x 5T-x 50 50 50 ns

TxHox Min 2T-x T-x 20 20 20 ns

TxHDX Min X X 0 0 0 ns

TxHDV Max 10T -x 5T-x 133 133 133 ns

10.5.8 Shift Register Timing Waveforms

INSTRUCTION| 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 |
ALE
[ Tx XL

cLock L L L L L

Tovxi —ﬁ > :_TXHQX
OUTPUT DATA N [IX T [X 2 X3 X * X5 X8 X7/
WRITE to SBUF TxHDV =
INPUT DATA

CLEARRI

Figure 21. Shift Register Timing Waveforms
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10.5.9 EPROM Programming and Verification Characteristics
TA = 21°C to 27°C; Vgg = OV; V¢ = 5V * 10% while programming. V c = operating range while verifying.
Table 35. EPROM Programming Parameters

Symboal Parameter Min M ax Units
Vpp Programming Supply Voltage 125 13 \%
Ipp Programming Supply Current 75 mA
UTora Oscillator Frquency 4 6 MHz
TAVGL Address Setup to PROG Low 48 TCLCL
TeHAx Adress Hold after PROG 48ToLeL
Tovel Data Setup to PROG Low 48T oL
TGHDX Data Hold after PROG 48 TCLCL
TEHSH (Enable) ngh to VPP 48 TCLCL
TshoL Vpp Setup to PROG Low 10 us
TeHsL V pp Hold after PROG 10 us
TeLgH PROG Width 90 110 us
TAVQV Addressto Valid Data 48 TCLCL
TeLov ENABLE Low to Data Valid 48 T oL
10.5.10 EPROM Programming and Verification Waveforms
PROGRAMMING VERIFICATION
P1.0-P1.7 -
P2.0-P25 ADDRESS (_ADDRESS  }———
%.4—'33.5* —p l— TAVQV
PO DATA IN~ DATA OUT
Tovel T™™ |& » TaHpx
AVGL > > ToHax
ALE/PROG g
TsHoL [ TGHsL
E_ANPP Ve Vee Vee
CONTROL TersH TeLQv— —» [—Tengz
SIGNALS X X
(ENABLE)

* 8KB: up to P2.4, 16KB: up to P2.5, 32KB: up to P3.4, 64KB: up to P3.5

Figure 22. EPROM Programming and Verification Waveforms
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10.5.11 External Clock Drive Characteristics (XTAL1)
Table 36. AC Parameters

Symbol Parameter Min Max Units
TeLol Oscillator Period 25 ns
Tenex High Time 5 ns
TeLex Low Time 5 ns
TeLcH Rise Time 5 ns
TcheL Fall Time 5 ns

Tehex/TeLcx Cyclic ratio in X2 mode 40 60 %

10.5.12 External Clock Drive Waveforms

0.2V 0.1V
TeheL —»

Figure 23. External Clock Drive Waveforms

10.5.13 AC Testing Input/Output Waveforms

Vec0sV 0.2V c+0.9
INPUT/OUTPUT >< ) ><
0,45V 0.2V 0.1

Figure 24. AC Testing Input/Output Waveforms

AC inputs during testing are driven at V¢ - 0.5 for alogic “1" and 0.45V for a logic “0". Timing measurement
are made at V4 min for a logic “1" and V, max for alogic “0".

10.5.14 Float Waveforms

FLOAT

VOH_O']'V VLOAD VLOAD+0'1V
Vo +0.1V Vioap-01V

Figure 25. 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 loaded Von/V, level ocecurs. 1 /gy = £ 20mA.

10.5.15 Clock Waveforms
Valid in norma clock mode. In X2 mode XTALZ2 signa must be changed to XTAL2 divided by two.

INTERNAL STATE4 STATES STATE6 STATE1 STATE2 STATE3 STATE4 STATES

cLock ‘Pll W‘Pll "Z‘Pllpz‘mlpz‘mlpz‘” |P2‘P1| PZ‘PllF’Z‘
XTAL2

ae [ 1] I

THESE SIGNALS ARE NOT ACTIVATED DURING THE

EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION

PSEN

PO DATA PCL OUT | [bata| [ PCLOUT | [pata| [ PCLOUT
SAMPLED SAMPLED SAMPLED
FLOAT FL OAT—>| L— FLOAT

PZ(EXT) INDICATES ADDRESS TRANSITIONS |
READ CYCLE

RD | |

PCL OUT (IF PROGRAM
MEMORY ISEXTERNAL)

Y DPL OR Rt OUT Y
!< FLOAT =!
P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION
WRITE CYCLE
WR | [PCL OUT (EVEN IF PROGRAM

MEMORY ISINTERNAL)

PO DPL OR Rt OUT \m
L 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 Y AN

MOV DEST PORT (P1, P2, P3) P1, P2, P3 PINS SAMPLED P1, P2, P3 PINS SAMPLED

(INCLUDESINTO, INT1, T0, T1) [ V] n il
SERIAL PORT SHIFT CLOCK | RXD SAMPLED RXD SAMPLED

TXD (MODE 0)

|
Figure 26. 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 though (T,=25°C fully loaded)
RD and WR 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 Infor mation
TS 87C52X2 -M C B R
-M:  VCC: 5V +/- 10% Packages:
40 MHz, standard mode A: PDIL 40
20 MHz, X2 mode B: PLCC 44 _
-V:  VCC: 5V +/- 10% C: PQFP F1 (13.9 mm footprint)
40 MHz, standard mode E: VQFP 44 (1.4mm)
30 MHz, X2 mode
-L:  VCC:27t055V EPROM-UV Erasable (*)
30 MHz, standard mode J. Window CDIL 40*
20 MHz, X2 mode K: Window CQPJ 44*
-E: Samples
Part Number
80C32X2: Romless
80C52X2: 8K ROM
87C52X2: 8K OTP
Conditioning
R: Tape & Red
D: Dry Pack
B: T R
Temperature Range gpe & Redl and

C: Commercia 0to 70°C
I: Industrial -40 to 85°C

Dry Pack

(*) Check with Atmel Wireless & Microcontrollers Sales Office for availability. Ceramic packages (J, K) are available for proto-

typing, not for volume production.

Table 37. Maximum Clock Frequency

Code -M -V -L Unit
Standard Mode, oscillator frequency 40 40 30 MHz
Standard Mode, internal frequency 40 40 30
X2 Mode, oscillator frequency 20 30 20 MHz
X2 Mode, internal equivalent frequency 40 60 40
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Table 38. Possible Ordering Entries

TS80C32X2

TS80C52zzz ROM

TS87C52 OTP

-MCA

X

X

X

-MCB

-MCC

-MCE

-VCA

-VCB

-VCC

-VCE

-LCA

-LCB

-LCC

-LCE

-MIA

-MIB

-MIC

-MIE

-VIA

-VIB

-VIC

-VIE

-LIA

-LIB

-LIC

-LIE

XXX X X] XX X[ X X X)X X X X XX XX X X X X

-EA

-EB

-EC

-EE

XXX XX X X] X X X X X X[ X] X X X X X X X X X X X X X

-BEJ

-EK

XXX XX XX X X X X X XX X[ X X X X X X X X XX X X X X

-Ex for samples

Tape and Reel available for B, C and E packages

Dry pack mandatory for E packages

56

Rev.D - 16 November, 2000



