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TS80C52X2
Enhanced Features

X2 Feature

Description

ATMEL

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

* The X2 option

e The Dual Data Pointer

e The 4 level interrupt priority system

*  The power-off flag

 The ONCE mode

» The ALE disabling

» Some enhanced features are also located in the UART and the Timer 2

The TS80C52X2 core needs only 6 clock periods per machine cycle. This feature called
"X2" provides the following advantages:

» Divide frequency crystals by 2 (cheaper crystals) while keeping same CPU power
»  Save power consumption while keeping same CPU power (oscillator power saving)

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

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

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

Figure 1. Clock Generation Diagram
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Figure 5. Clock-Out Mode C/T2=0
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Broadcast Address

Reset Addresses

4184G-8051-09/06

1111 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
set(e.g. 1111 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).

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 SADEN1111 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:SADDR1111 0001b
SADEN1111 1010b

Broadcastl1111l 1X11lb,

Slave B:SADDR1111 0011b
SADEN1111 1001b

Broadcastl1111l 1X11B,

Slave C:SADDR=1111 0010b
SADEN1111 1101b

Broadcastl111ll 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.

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 bits). 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.

Table 7. SADEN Register
SADEN - Slave Address Mask Register (B9h)
7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable

Table 8. SADDR Register
SADDR - Slave Address Register (A9h)

7 6 5 4 3 2 1 0

Reset Value = 0000 0000b
Not bit addressable

AIMEL 19
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Interrupt System

ATMEL

The TS80C52X2 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 inter-
rupts are shown in Figure 9.

Figure 9. Interrupt Control System
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Each of the interrupt sources can be individually enabled or disabled by setting or clear-
ing a bit in the Interrupt Enable register (See Table 12.). This register also contains a
global disable bit, which must be cleared to disable all interrupts at once.

Each interrupt source can also be individually programmed to one out of four priority lev-
els by setting or clearing a bit in the Interrupt Priority register (See Table 13.) and in the
Interrupt Priority High register (See Table 14.). shows the bit values and priority levels
associated with each combination.

Table 11. 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

22 T S X X 2 X 2 om——————
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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 12. |E Register
IE - Interrupt Enable Register (A8h)

7 6 5 4 3 2 1 0
EA - ET2 ES ET1 EX1 ETO EXO0
Bit Bit
Number | Mnemonic | Description
Enable All interrupt bit
Clear to disable all interrupts.
7 EA Set to enable all 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 0 overflow interrupt Enable bit
1 ETO Clear to disable timer O overflow interrupt.
Set to enable timer 0 overflow interrupt.
External interrupt 0 Enable bit
0 EXO0 Clear to disable external interrupt 0.

Set to enable external interrupt 0.

Reset Value = 0X00 0000b
Bit addressable

AIMEL 23
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Exit from power-down by reset redefines all 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: Ifidle mode is activated with power-down mode (IDL and PD bits set), the exit sequence
is unchanged, when execution is vectored to interrupt, PD and IDL bits are cleared and

idle mode is not entered.

Table 15. The State of Ports During Idle and Power-down Modes

Program
Mode Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Port
Idle Internal 1 1 e Port Data | Port Data Port Data
Data
Idle External 1 1 Floating Port Data Address Port Data
Power Internal 0 0 Por}l) Port Data Port Data Port Data
Down Data
Power External 0 0 Floating Port Data Port Data Port Data
Down
Note: 1. Port 0 can force a "zero" level. A "one" will leave port floating.
AIMEL 27
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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 17.). POF is set by
hardware when V. rises from 0 to its nominal voltage. The POF can be set or cleared
by software allowing 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 17. PCON Register
PCON - Power Control Register (87h)

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

Serial port Mode bit 1

! SMoD1 Set to select double baud rate in mode 1, 2 or 3.
Serial port Mode bit 0

6 SMODO Clear to select SMO bit in SCON register.
Set to to select FE bit in SCON register.

5 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
Power-off Flag

4 POE 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

4184G-8051-09/06
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TS80C52X2

ROM Structure

ROM Lock System

Encryption Array

Program Lock Bits

Signature bytes

Verify Algorithm

4184G-8051-09/06

The TS80C52X2 ROM memory is divided in three different arrays:
» the code array:8 Kbytes.

» the encryption array:64 bytes.

» the signature array:4 bytes.

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

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, unmodi-
fied 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 pro-
grammed with random values. This will ensure program protection.

The lock bits when programmed according to Table 19. will provide different level of pro-
tection for the on-chip code and data.

Table 19. Program Lock bits

Program Lock Bits

Security
level LB1 LB2 LB3 | Protection Description
No program lock features enabled. Code verify will still be
1 U U U encrypted by the encryption array if programmed. MOVC instruction

executed from external program memory returns non encrypted
data.

MOVC instruction executed from external program memory are
2 P U U disabled from fetching code bytes from internal memory, EA is

sampled and latched on reset.

U: unprogrammed
P: programmed

The TS80C52X2 contains 4 factory programmed signatures bytes. To read these bytes,
perform the process described in section 9.

Refer to Section “Verify Algorithm”.

AIMEL 3
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EPROM Structure

EPROM Lock System

Encryption Array

Program Lock Bits

Signature Bytes

EPROM Programming

Set-up modes

ATMEL

The TS87C52X2 is divided in two different arrays:
» the code array: 8 Kbytes
» the encryption array: 64 bytes

In addition a third non programmable array is implemented:
» the signature array: 4 bytes

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

Within the EPROM array are 64 bytes of encryption array that are initially unpro-
grammed (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 pro-
grammed with random values. This will ensure program protection.

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

Program Lock Bits
Security
level LB1 LB2 LB3 |Protection Description

No program lock features enabled. Code verify will still be

1 U U U encrypted by the encryption array if programmed. MOVC
instruction executed from external program memory returns non
encrypted data.
MOVC instruction executed from external program memory are

2 p U U disabled from fetching code bytes from internal memory, EA is
sampled and latched on reset, and further programming of the
EPROM is disabled.

3 U P U Same as 2, also verify is disabled.

4 u u P Same as 3, also external execution is disabled.

U: unprogrammed
P: programmed

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

The TS80/87C52X2 contains 4 factory programmed signatures bytes. To read these
bytes, perform the process described in section 9.

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.).

32 T S X X 2 X 2 om——————
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Control and program signals must be held at the levels indicated in Table 35.

Definition of terms

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

Address Lines: P1.0-P1.7, P2.0-P2.4 respectively for AO-A12

ALE/ | EA/
Mode RST PSEN | PROG VPP P2.6 P2.7 P3.3 P3.6 P3.7
juin
Program Code data 1 0 12.75V 0 1 1 1 1
Verify Code data 1 0 1 1 0 LI o 1 1
Program Encryption jip
Array Address 0-3Fh 1 0 12.75v 0 1 1 0 1
Read Signature Bytes 1 0 1 1 0 I 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
Figure 11. Set-Up Modes Configuration
+5V
PROGRAM SIG ALS* % » EA/ PP cc
—» ALE/PROG
P0.0-P0.7 D0-D7
—» RST
— ¥ PSE <—
P1.0-P1.7 'A0-A7
. —» P26
CO TROL SIG ALS » p27
M p33 $2.0-p2.4 K——JAS-A12
—» P36
—» P37
4to 6 MHz —®1 XTAL1
S
G D
* See Table 31. for proper value on these inputs
AIMEL 33
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Programming Algorithm

Verify Algorithm

ATMEL

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:

» 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: Raise EA/VPP from VCC to VPP (typical 12.75V).

e Step 5: Pulse ALE/PROG once.

«  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.).

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:
» 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 Fig-
ure 12.)

The encryption array cannot be directly verified. Verification of the encryption array is
done by observing that the code array is well encrypted.

Figure 12. Programming and Verification Signal’'s Waveform
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Control signals

EPROM Erasure
(Windowed Packages
Only)

Erasure Characteristics
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Erasing the EPROM erases the code array, the encryption array and the lock bits return-
ing the parts to full functionality.

Erasure leaves all the EPROM cells in a 1's state (FF).

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

34 T S X CX 2 X 2 e ————
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Electrical
Characteristics

Absolute Maximum
Ratings®

Ambiant Temperature Under Bias:

C =commercial.......cccooeeeiiiiiiiiiiiicce e 0°C to 70°C
I=industrial ..o -40°C to 85°C
Storage Temperature .........cccoeevveeveeniennnnn. -65°C to + 150°C

Voltage on V¢ to Vgg -05Vto+7V

Voltage on Vpp t0 Vgg -05Vto+13V
Voltage on Any Pint0 Vgg..oooovvvvieeiiieeeens -0.5V to V¢ + 0.5V
POWEr DISSIPALION ........veveeieeee e eeeeee e 1w®

Power Consumption
Measurement

Notes:

1. Stresses at or above those listed under “ Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions may affect device reliability.

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

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 run-

ning under reset. In Atmel new devices, the CPU is no more active during reset, so the
power consumption is very low but is not really representative of what will happen in the
customer system. That's why, while keeping measurements under Reset, Atmel pre-
sents a new way to measure the operating Icc:

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

Ports 1, 2, 3 are disconnected, Port 0 is tied to FFh, EA = Vcc, RST = Vss, XTALZ2 is not
connected and XTALL is driven by the clock.

Label:

This is much more representative of the real operating Icc.

DC Parameters for
Standard Voltage

Table 22. DC Parameters in Standard Voltage

Ta = 0°C t0 +70°C; Vg = 0 V; Ve = 5V + 10%; F = 0 to 40 MHz.
Ta = -40°C t0 +85°C; Vg = 0 V; Ve = 5V + 10%; F = 0 to 40 MHz.

Symbol | Parameter Min Typ Max Unit Test Conditions
Vi Input Low Voltage -0.5 0.2Vee-0.1 \
Viu Input High Voltage except XTAL1, RST 0.2V +0.9 Vee + 0.5
Vint Input High Voltage, XTAL1, RST 0.7 Ve Vee +0.5 \
0.3 \Y loL = 100 pA®
VoL Output Low Voltage, ports 1, 2, 3 © 0.45 \Y loL = 1.6 mA®
1.0 \Y loL = 3.5 mA®
0.3 \Y loL = 200 pA®
Vo1 | Output Low Voltage, port 0 ©) 0.45 \Y loL = 3.2 mA®
1.0 \Y loL = 7.0 mA®
0.3 \Y loL = 100 pA®
Vo, | Output Low Voltage, ALE, PSEN 0.45 \Y loL = 1.6 mA®
1.0 \Y loL = 3.5 mA®
36 TSSX CX 2X2 ________________________________________________________________________________|
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DC Parameters for Low

ATMEL

TA = 0°C t0 +70°C; Vg = 0 V; Vi = 2.7 V10 5.5V ; F = 0 to 30 MHz.

V0|tage Ta =-40°Cto +85°C; Vgg=0V; V= 2.7V 10 5.5V ; F =0 to 30 MHz.
Table 23. DC Parameters for Low Voltage
Symbol Parameter Min Typ Max Unit Test Conditions
Vi Input Low Voltage -0.5 0.2Vec-0.1 \%
V4 Input High Voltage except XTAL1, RST 0.2V +0.9 Vee + 0.5 \%
Vi Input High Voltage, XTAL1, RST 0.7 Vee Vee + 0.5 \%
VoL Output Low Voltage, ports 1, 2, 3 © 0.45 Y lo = 0.8 mA®
Voi1 Output Low Voltage, port 0, ALE, PSEN ©® 0.45 Y lo. = 1.6 mA®
Vou Output High Voltage, ports 1, 2, 3 0.9 Vee \% loy = -10 pA
Vou1 Output High Voltage, port 0, ALE, PSEN 0.9 Vee \% loy = -40 pA
I Logical 0 Input Current ports 1, 2 and 3 -50 LA Vin = 0.45V
I Input Leakage Current +10 A 0.45V < Vin < V¢
It Logical 1 to 0 Transition Current, ports 1, 2, 3 -650 LA Vin=2.0V
RksT RST Pulldown Resistor 50 90 ® 200 kQ
. Fc =1 MHz
CIO Capacitance of I/0 Buffer 10 pF Ta = 25°C
20® 50 Ve =2.0 Vto 5.5V®
Ipp Power Down Current ® A @)
10 30 Vee=2.0V1t03.3V
| 1+0.2 Freq
Cdc Power Supply Current Maximum values, X1 (MHz)
under | o ®) atl2MHz 3.4 | ma Ve =3.3VO0
RESET atl6MHz 4.2
1+ 0.3 Freq
lec Power Supply Current Maximum values, X1 (MHz)
operating | mode: ™ atl2MHz 4.6 A Vee=3.3VE
atlMHz 58 |
0.15 Freq
lec Power Supply Current Maximum values, X1 (MHz) +0.2
idle mode: at12MHz 2 mA Vee = 3.3V
atl6MHz 2.6
Notes: 1. I under resetis measured with all output pins disconnected; XTAL1 driven with T ¢y, Teyel = 5 NS (see Figure 17.), V) =
Vgg + 0.5V, .
Viy = Vee - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = V. lcc Would be slightly higher if a crystal oscillator used..
2. ldle Icc is measured with all output pins disconnected; XTAL1 driven with Te ey, Tepe =5 08, Vi = Vs + 0.5V, Vi = Ve -
0.5V; XTAL2 N.C; Port 0 = V¢c; EA = RST = Vg4 (see Figure 15.).
3. Power Down I is measured with all output pins disconnected; EA = Vgg, PORT 0 = V; XTAL2 NC.; RST = Vgg (see Fig-
ure 16.).
4. Capacitance loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vs of ALE and Ports 1
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1to 0
transitions during bus operation. In the worst cases (capacitive loading 100pF), the noise pulse on the ALE line may exceed
0.45V with maxi Vg, peak 0.6V. A Schmitt Trigger use is not necessary.
5. Typicals are 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, 15, must be externally limited as follows:
Maximum Iy, per port pin: 10 mA
Maximum I, per 8-bit port:
38 TSSX CX 2X2 |
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Figure 16. I Test Condition, Power-down Mode

Reset = Vss after a high pulse ~
during at least 24 clock cycles

LRST BA—L

(NCy—— XTAL2

XTAL1
{ Vss All other pins are disconnected.

Figure 17. Clock Signal Waveform for I Tests in Active and Idle Modes

AC Parameters

Explanation of the AC
Symbols

Vee-0.5V- 0.7Vee
0.45\ 0.2Vec0.1
Teher Teien

Teren = TeneL = 5ns.

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

Example: T,y = Time for Address Valid to ALE Low.
T..pL = Time for ALE Low to PSEN Low.

Ta = 0to +70°C (commercial temperature range); Vgg = 0 V; Ve = 5V £ 10%; -M and -V
ranges.

Ta = -40°C to +85°C (industrial temperature range); Vg = 0 V; Ve =5V £ 10%; -M and
-V ranges.

Ta = 0 to +70°C (commercial temperature range); Vgg = 0V; 2.7 V <V . 5.5V; -L
range.

Ta = -40°C to +85°C (industrial temperature range); Vos = 0V; 2.7V <V . 5.5V; -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 5., 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.
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Table 28., Table 31. and Table 34. give the frequency derating formula of the AC param-
eter. To calculate each AC symbols, take the x value corresponding to the speed grade
you need (-M, -V or -L) and replace this value in the formula. Values of the frequency
must be limited to the corresponding speed grade:

Table 25. Max frequency for derating formula regarding the speed grade

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

T_Lv in X2 mode for a -V part at 20 MHz (T = 1/2056 = 50 ns):
x= 22 (Table 28.)
T=50ns
Tuw=2T-x=2x50-22=78ns

Table 26. Symbol Description

Symbol Parameter

T Oscillator clock period

T ALE pulse width

TaviL Address Valid to ALE

Tiax Address Hold After ALE

Ty ALE to Valid Instruction In

TueL ALE to PSEN

ToLpH PSEN Pulse Width

Teuv PSEN to Valid Instruction In

Toxix Input Instruction Hold After PSEN
Toxiz Input Instruction FloatAfter PSEN

Toxav PSEN to Address Valid

Taviv Address to Valid Instruction In

TeLaz PSEN Low to Address Float

AIMEL “

I )



Table 27. AC Parameters for Fix Clock

ATMEL

-V RY; -L -L
X2 mode standard X2 mode standard
30 MHz mode 40 20 MHz mode
M 60 MHz MHz 40 MHz 30 MHz
Speed 40 MHz equiv. equiv. Units
Symbol Min | Max | Min Max | Min Max | Min Max | Min Max
T 25 33 25 50 33 ns
TinL 40 25 42 35 52 ns
Tavie 10 4 12 5 13 ns
Tiiax 10 4 12 5 13 ns
Ty 70 45 78 65 98 ns
TieL 15 9 17 10 18 ns
ToLph 55 35 60 50 75 ns
Touy 35 25 50 30 55 ns
Toxix 0 0 0 0 0 ns
Toxiz 18 12 20 10 18 ns
Tanv 85 53 95 80 122 ns
Toiaz 10 10 10 10 10 ns
Table 28. AC Parameters for a Variable Clock: derating formula
Standard
Symbol Type Clock X2 Clock -M -V -L Units
T Min 2T-x T-x 10 8 15 ns
TaviL Min T-x 05T-x 15 13 20 ns
Tiax Min T-x 05T-x 15 13 20 ns
Ty Max 4T-x 2T-X 30 22 35 ns
TieL Min T-x 05T-x 10 8 15 ns
ToLph Min 3T-x | 15T-x 20 15 25 ns
ToLv Max 3T-x 15T-x 40 25 45 ns
Texix Min X X 0 0 0 ns
Toxiz Max T-x 05T-x 7 5 15 ns
Taviv Max 5T-x 25T-x 40 30 45 ns
ToLaz Max X X 10 10 10 ns
42 T S BX CX 2 X e ———————————
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Table 30. AC Parameters for a Fix Clock

AY RY, -L L
X2 mode standard X2 mode standard
30 MHz mode 40 20 MHz mode
Speed -M 60 MHz MHz 40 MHz 30 MHz
40 MHz equiv. equiv. Units
Symbol Min | Max | Min Max | Min Max | Min Max | Min Max

TrLRH 130 85 135 125 175 ns
Twiwh 130 85 135 125 175 ns
Tripv 100 60 102 95 137 ns
TrHDx 0 0 0 0 0 ns
Trubz 30 18 35 25 42 ns
TiLiov 160 98 165 155 222 ns
Tavov 165 100 175 160 235 ns
TowL 50 | 100 | 30 | 70 | 55 95 | 45 | 105 | 70 | 130 ns
Tavwi 75 47 80 70 103 ns
Tovwx 10 7 15 5 13 ns
Tovw 160 107 165 155 213 ns
Tuwhox 15 9 17 10 18 ns
Triaz 0 0 0 0 0 ns
Twhin 10 40 7 27 15 35 5 45 13 53 ns
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Clock Waveforms Valid in normal clock mode. In X2 mode XTALZ2 signal must be changed to XTAL2

divided by two.

Figure 26. Clock Waveforms

50

I TER AL | STATE4 | STATES | STATE6 , STATEL | STATE2 | STATE3 &~ STATE4 = STATES
CLOCK ‘ P1P|2 ‘ P1P|2 ‘ P1P|Z ‘ P1P|z ‘ P1PF ‘Plpff ‘ P1P|2 ‘PlP? ‘
xaz J LT LT LT LT LT L L L L L L L L

A [ ] I

THESE SIGNALS ARE NOT ACTIVATED DURING THE

EXTER AL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION

PSEN

PO DATA PCL OUT | [DATA| | PCLOUT | [pATA| [ PCL OUT
SAMPLED SAMPLED SAMPLED
FLOAT Li FLOAT—>I L_FLOAT

P2 (EXT) INDICATES ADDRESS TRANSITIONS
READ CYCLE

RD | |

PCL OUT (IF PROGRAM
MEMORY IS EXTERNAL)

PO [DPLORRt | 1 Jl_*_l_

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

MEMORY IS INTERNAL)

PO DPL OR Rt \m
l DATA OUT4>I>3—> PCL OUT (IF PROGRAM

MEMORY IS EXTERNAL)
P2 INDICATES DPH OR P2 SFR TO PCH TRANSITION

PORT OPERATIO

OLD DATA | NEW DATA

PO PINS SAMPLED PO PINS SAMPLED
MOV DEST PO m m

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

(INCLUDES INTO, INT1, TO, T1) N |I|_
SERIAL PORT SHIFT CLOCK RXD SAMPLED RXD SAMPLED

TXD (MODE 0)

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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Table 37. Possible Ordering Entries (Continued)

Temperature
Part Number® Memory Size Supply Voltage Range Max Frequency Package Packing
AT80C32X2-RLTUL ROMLess 2.7t0 5.5V Industrial & Green 30 MHz® VQFP44 Tray
AT80C32X2-3CSUV ROMLess 5V +£10% Industrial & Green 60 MHz® PDIL40 Stick
AT80C32X2-SLSUV ROMLess 5V £10% Industrial & Green 60 MHz® PLCC44 Stick
AT80C32X2-RLTUV ROMLess 5V £10% Industrial & Green 60 MHz® VQFP44 Tray
TS80C52X2zzz-MCA 8K ROM 2.7t0 5.5V Commercial 40 MHz® PDIL40 Stick
TS80C52X2zzz-MCB 8K ROM 2.7t0 5.5V Commercial 40 MHz® PLCC44 Stick
TS80C52X2zzz-MCC 8K ROM 2.7t0 5.5V Commercial 40 MHz® PQFP44 Tray
TS80C52X2zzz-MCE 8K ROM 2.7t0 5.5V Commercial 40 MHz® VQFP44 Tray
TS80C52X2zzz-LCA 8K ROM 2.7t0 5.5V Commercial 30 MHz® PDIL40 Stick
TS80C52X2zzz-LCB 8K ROM 2.7t0 5.5V Commercial 30 MHz® PLCC44 Stick
TS80C52X2zzz-LCC 8K ROM 2.7t0 5.5V Commercial 30 MHz® PQFP44 Tray
TS80C52X2zzz-LCE 8K ROM 2.7t0 5.5V Commercial 30 MHz® VQFP44 Tray
TS80C52X2zzz-VCA 8K ROM 5V £10% Commercial 60 MHz® PDIL40 Stick
TS80C52X2zzz-VCB 8K ROM 5V +£10% Commercial 60 MHz® PLCC44 Stick
TS80C52X2zzz-VCC 8K ROM 5V +£10% Commercial 60 MHz® PQFP44 Tray
TS80C52X2zzz-VCE 8K ROM 5V +£10% Commercial 60 MHz® VQFP44 Tray
TS80C52X2zzz-MIA 8K ROM 5V +10% Industrial 40 MHz® PDIL40 Stick
TS80C52X2zzz-MIB 8K ROM 5V +10% Industrial 40 MHz® PLCC44 Stick
TS80C52X2zzz-MIC 8K ROM 5V +£10% Industrial 40 MHz® PQFP44 Tray
TS80C52X2zzz-MIE 8K ROM 5V +10% Industrial 40 MHz® VQFP44 Tray
TS80C52X2zzz-LIA 8K ROM 2.7t0 5.5V Industrial 30 MHz® PDIL40 Stick
TS80C52X2zzz-LIB 8K ROM 2.7t0 5.5V Industrial 30 MHz® PLCC44 Stick
TS80C52X2zzz-LIC 8K ROM 2.7t0 5.5V Industrial 30 MHz® PQFP44 Tray
TS80C52X2zzz-LIE 8K ROM 2.7t0 5.5V Industrial 30 MHz® VQFP44 Tray
TS80C52X2zzz-VIA 8K ROM 5V £10% Industrial 60 MHz® PDIL40 Stick
TS80C52X2zzz-VIB 8K ROM 5V +10% Industrial 60 MHz® PLCC44 Stick
TS80C52X2zzz-VIC 8K ROM 5V £10% Industrial 60 MHz® PQFP44 Tray
TS80C52X2zzz-VIE 8K ROM 5V £10% Industrial 60 MHz® VQFP44 Tray
AT80C52X2zzz-3CSUM 8K ROM 5V +£10% Industrial & Green 40 MHz® PDIL40 Stick
AT80C52X2zzz-SLSUM 8K ROM 5V £10% Industrial & Green 40 MHz® PLCC44 Stick
AT80C52X2zzz-RLTUM 8K ROM 5V £10% Industrial & Green 40 MHz® VQFP44 Tray
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Table 37. Possible Ordering Entries (Continued)

Temperature

Part Number® Memory Size Supply Voltage Range Max Frequency Package Packing
AT80C52X2zzz-3CSUL 8K ROM 2.7t0 5.5V Industrial & Green 30 MHz® PDIL40 Stick
AT80C52X2zzz-SLSUL 8K ROM 2.7t0 5.5V Industrial & Green 30 MHz® PLCC44 Stick
AT80C52X2zzz-RLTUL 8K ROM 2.7t0 5.5V Industrial & Green 30 MHz® VQFP44 Tray
AT80C52X2zzz-3CSUV 8K ROM 5V +£10% Industrial & Green 60 MHz® PDIL40 Stick
AT80C52X2zzz-SLSUV 8K ROM 5V £10% Industrial & Green 60 MHz® PLCC44 Stick
AT80C52X2zzz-RLTUV 8K ROM 5V £10% Industrial & Green 60 MHz® VQFP44 Tray
TS87C52X2-MCA 8K OTP 5V +£10% Commercial 40 MHz® PDIL40 Stick
TS87C52X2-MCB 8K OTP 5V +£10% Commercial 40 MHz® PLCC44 Stick
TS87C52X2-MCC 8K OTP 5V +£10% Commercial 40 MHz® PQFP44 Tray
TS87C52X2-MCE 8K OTP 5V +£10% Commercial 40 MHz® VQFP44 Tray
TS87C52X2-LCA 8K OTP 2.7t0 5.5V Commercial 30 MHz® PDIL40 Stick
TS87C52X2-LCB 8K OTP 2.7t0 5.5V Commercial 30 MHz® PLC44 Stick
TS87C52X2-LCC 8K OTP 2.7t0 5.5V Commercial 30 MHz® PQFP44 Tray
TS87C52X2-LCE 8K OTP 2.7t0 5.5V Commercial 30 MHz® VQFP44 Tray
TS87C52X2-VCA 8K OTP 5V +£10% Commercial 60 MHz® PDIL40 Stick
TS87C52X2-VCB 8K OTP 5V +£10% Commercial 60 MHz® PLCC44 Stick
TS87C52X2-VCC 8K OTP 5V +£10% Commercial 60 MHz® PQFP44 Tray
TS87C52X2-VCE 8K OTP 5V +£10% Commercial 60 MHz® VQFP44 Tray
TS87C52X2-MIA 8K OTP 5V £10% Industrial 40 MHz® PDIL40 Stick
TS87C52X2-MIB 8K OTP 5V £10% Industrial 40 MHz® PLCC44 Stick
TS87C52X2-MIC 8K OTP 5V £10% Industrial 40 MHz® PQFP44 Tray
TS87C52X2-MIE 8K OTP 5V £10% Industrial 40 MHz® VQFP44 Tray
TS87C52X2-LIA 8K OTP 2.7t0 5.5V Industrial 30 MHz® PDIL40 Stick
TS87C52X2-LIB 8K OTP 2.7t0 5.5V Industrial 30 MHz® PLCC44 Stick
TS87C52X2-LIC 8K OTP 2.7t0 5.5V Industrial 30 MHz® PQFP44 Tray
TS87C52X2-LIE 8K OTP 2.7t0 5.5V Industrial 30 MHz® VQFP44 Tray
TS87C52X2-VIA 8K OTP 5V +10% Industrial 60 MHz® PDIL40 Stick
TS87C52X2-VIB 8K OTP 5V +£10% Industrial 60 MHz® PLCC44 Stick
TS87C52X2-VIC 8K OTP 5V £10% Industrial 60 MHz® PQFP44 Tray
TS87C52X2-VIE 8K OTP 5V +10% Industrial 60 MHz® VQFP44 Tray
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