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SFR Mapping

4184G-8051-09/06

The Special Function Registers (SFRs) of the TS80C52X2 fall into the following
categories:

C51 core registers: ACC, B, DPH, DPL, PSW, SP, AUXRL1
I/O port registers: PO, P1, P2, P3

Timer registers: T2CON, T2MOD, TCON, THO, TH1, TH2, TMOD, TLO, TL1, TL2,
RCAP2L, RCAP2H

Serial I/0 port registers: SADDR, SADEN, SBUF, SCON
Power and clock control registers: PCON

Interrupt system registers: IE, IP, IPH

Others: AUXR, CKCON
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Table 2. All SFRs with their address and their reset value

Bit
Addressable Non Bit Addressable
0/8 1/9 2/A 3/B 4/C 5/D 6/E 7IF
F8h FFh
FOh B F7h
0000 0000
E8h EFh
ACC
EOh 0000 0000 E7h
D8
h DFh
DO PSW
h 0000 0000 D7h
cs T2CON T2MOD RCAP2L RCAP2H TL2 TH2 CEh
h 0000 0000 XXXX XX00 0000 0000 0000 0000 0000 0000 0000 0000
Cco
h C7h
IP SADEN
B8h BFh
XX00 0000 0000 0000
P3 IPH
BoN 1111 1111 XX00 0000 B7h
IE SADDR
A8h AFh
0X00 0000 0000 0000
P2 AUXR1
AOh A7h
1111 1111 XXXX XXX0
SCON SBUF
98h 9Fh
0000 0000 XXXX XXXX
P1
90h 97h
1111 1111
TCON TMOD TLO TL1 THO TH1 AUXR CKCON
88h 8Fh
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 XXXXXXX0 XXXX XXX0
8oh PO SP DPL DPH PCON 87h
1111 1111 0000 0111 0000 0000 0000 0000 00X1 0000
0/8 1/9 2/1A 3/B 4/C 5/D 6/E 7IF
Reserved [ ]
4 TSSX CX 2X2 |
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Pin Configuration

PLO/T2 [|1 ~ 40 ] vee
P1.1/T2EX []2 39 [] PO.0O/AO N
P12 [3 38[] PO.1/ A1 i 9 gzasg
' ' EEE g2
P13 []4 37[] P0.2/A2 RN R
PL4 [|5 36 [] PO.3/A3 Trraalgeee
P0.4/ A4 o e e N s N s N e N e e B e e e Y s
P15 [le 35(] 05/ 6 5 4 3 2 1 4443424140
P16 [|7 34 [] POS/AS P15 2
P0.6 / A6 27 39 [] P0.4/AD4
P17 [8 33 (] PL6 [] 8 38
RST []9 32]] PO.7 /| A7 P17 P0.5/AD5
=2 e 37 [] Po.6/ADB
P3.0/RxD []10 31[] EAIVPP RST f 10 %
psumxo [uu PDIL/ 50 [ aeiProG b3 0/RxD [ [ P0.7/AD7
P3.2/iNTO [J12 CDIL40 29 [] PSEN ' NIXC* I izl PLCC/COP 44 gi 0 EAvep
P3.3/INT1 []13 281 P2.7/A15 I Q ] Nic
P2.6 | Al4 P3.1/TxD ] 13 33 [] ALE/PROG
P3.4/T0 [|14 27 P2 e
26 |y P25/ A13 P3.2/INTO 114 32 []PsEN
P3.5m1 15 J P3.3/INTL [ 15 a1
P3.6/WR []16 o5 i P2.41A12 : 0 ] p2.7/A15
_ P2.3/All P3.4/T0 ] 16 30 [] p2.6/Aa14
P3.7/RD [17 24 :| P3.5/T1 [ 17 29 :l
XTAL2 []18 23 [] P2.2/A10 P2.5/A13
xTaLL []19 22 [] P21/ R9 1819I2_0,2I_1,2I_2,2I_3“2i1“2_5,262728
vss []20 21 [] P20/A8 EESc2b62230%
slexz02558s¢
m @ X X g o INIRCEN
o o oo
é Z_J O o N ™
N N Z [apyalyalya)
EES L << <
TN T35H03IAD
A x4 ddd W0 o o o o
a0 >>0000
/44 43 42 41 40 39 38 37 36 35 34
P15 [T]1 33 [[]PO.4/AD4
PL6 T2 32 [T ]P0.5/ADS
PL7[T]3 31 [T ]P0.6/AD6
RST T4 30 [[JP0.7/AD7
P3.0/RxD[T]5 29 [T_JEANVPP
P3UTXD[T]7 VQFP44 27 [T ]ALE/PROG
P3.2/INTO [T 8 26 [[]PSEN
P3.3INTL[T] 9 25 [[]P2.7/A15
P3.4/T0 [ T]10 24 [T P2.6/A14
P35TI |11 23 [T]P2.5/A13
121314 15 16 17 18 19 20 21 22
xa N <9990 o9 o
El2dz8o32395¢
> 20 49X 33
SSEE~235385%
ge oo gy

*NIC: No Internal Connection
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Mnemonic

Pin Number

Type

Name and Function

DIL

LCC

VQFP
1.4

13

15

9

INT1 (P3.3): External interrupt 1

14

16

10

TO (P3.4): Timer 0 external input

15

17

11

T1 (P3.5): Timer 1 external input

16

18

12

WR (P3.6): External data memory write strobe

17

19

13

Oo| O

RD (P3.7): External data memory read strobe

Reset

10

Reset: A high on this pin for two machine cycles while the
oscillator is running, resets the device. An internal diffused
resistor to Vg permits a power-on reset using only an
external capacitor to V¢

ALE/PROG

30

33

27

o (I)

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.

EANVp

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 EAis 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
ROMless 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

4184G-8051-09/06
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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

XTAL1:2
2 state machine: 6 clock cycles.
XTAL1 @) ’ 0 Y

CPU control

FXTAL

FOSC

CKCON reg

8 T S X CX 2 X 2 e ————
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Application

4184G-8051-09/06

Software can take advantage of the additional data pointers to both increase speed and
reduce code size, for example, block operations (copy, compare, search ...) are well
served by using one data pointer as a 'source’ pointer and the other one as a "destina-
tion" pointer.

ASSEMBLY LANGUAGE

; Block move using dual data pointers

; Destroys DPTRO, DPTR1, A and PSW
; hote: DPS exits opposite of entry state
; unless an extra INC AUXRL1 is added

00A2 AUXR1 EQU 0A2H

0000 909000MOV DPTR,#SOURCE ; address of SOURCE
0003 05A2 INC AUXR1 ; switch data pointers

0005 90A000 MOV DPTR,#DEST ; address of DEST
0008 LOOP:

0008 05A2 INC AUXR1 ; switch data pointers

000A EO MOVX A,atDPTR ; get a byte from SOURCE
000B A3 INC DPTR ; increment SOURCE address
000C 05A2 INC AUXR1 ; switch data pointers

000E FO MOVX atDPTR,A ; write the byte to DEST
000F A3 INC DPTR ; increment DEST address

0010 70F6JNZ LOOP ; check for O terminator

0012 05A2 INC AUXR1 ; (optional) restore DPS

INC is a short (2 bytes) and fast (12 clocks) way to manipulate the DPS bit in the AUXR1
SFR. However, note that the INC instruction does not directly force the DPS bit to a par-
ticular state, but simply toggles it. In simple routines, such as the block move example,
only the fact that DPS is toggled in the proper sequence matters, not its actual value. In
other words, the block move routine works the same whether DPS is '0' or '1' on entry.
Observe that without the last instruction (INC AUXR1), the routine will exit with DPS in
the opposite state.

AIMEL 1
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TS8XCx2X2

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

(:6 in X2 mode)

xtact 3

FxraL Fosc 1

T2

CIT2 TR2
T2CONreg T2CONreg

T2EX:

(DOWN COUNTING RELOAD if DCEN=1, 1=UP
FFh | | FFh

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

TOGGL T2CONreg

| Hﬁx

TL2 | TH2 TIMER 2
(8-bit) | (8-bit) *—{ TF2 [~ |\ TERRUPT

)/|\—‘ V T2CONreg

T
RCAP2L|RCAP2H
(8-bit) || (8-bit)

(UP COUNTING RELOAD VALUE)

Programmable Clock-output  In the clock-out mode, timer 2 operates as a 50%-duty-cycle, programmable clock gen-
erator (See Figure 5) . The input clock increments TL2 at frequency Fygc/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 :

0sC

4 x (65536 - RCAP2H/RCAP2L)

Clock — OQutFrequency =

For a 16 MHz system clock, timer 2 has a programmable frequency range of 61 Hz
(FOSC/216) to 4 MHz (Fysc/4). The generated clock signal is brought out to T2 pin (P1.0).
Timer 2 is programmed for the clock-out mode as follows:

» Set T20E bit in T2MOD register.

« Clear C/T2 bit in T2CON register.

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

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

» To start the timer, set TR2 run control bit in T2CON register.

It is possible to use timer 2 as a baud rate generator and a clock generator simulta-
neously. For this configuration, the baud rates and clock frequencies are not
independent since both functions use the values in the RCAP2H and RCAP2L registers.

AIMEL 18
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Table 6. T2MOD Register
T2MOD - Timer 2 Mode Control Register (C9h)

7 6 5 4 3 2 1 0
- - - ‘ - ‘ - ‘ - T20E DCEN
Bit Bit
Number | Mnemonic | Description

7 ) Reserved

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

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

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

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

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

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

Timer 2 Output Enable bit
1 T20E Clear to program P1.0/T2 as clock input or I/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

T S X CX 2 X 2 e ————
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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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Table 13. IP Register

ATMEL

IP - Interrupt Priority Register (B8h)

7 6 5 4 3 2 1 0
- - PT2 PS PT1 PX1 PTO PX0
Bit Bit
Number Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
6 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
5 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.
2 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

T S X CX 2 X 2 e ————

4184G-8051-09/06



Idle mode

Power-down Mode

ATMEL

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 pre-
served 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 at 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.0 to be cleared by hardware, terminating the Idle mode. The interrupt will be ser-
viced, 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 dur-
ing normal operation or during an Idle. For example, an instruction that activates Idle
can also 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.

To save maximum power, a power-down mode can be invoked by software (Refer to
Table 10., 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. is restored to its normal operating level and must be held active
long enough for the oscillator to restart and stabilize.

Only external interrupts INTO and INT1 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 exe-
cuted.

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.

Figure 10. Power-down Exit Waveform

26

INTO T AT
INT1 LAY [
XTAL1

—Active phas

e - Power-down phasgle Oscillator restart phasge — Active phase

T S X CX 2 X 2 e ————
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ONCE™ Mode (ON Chip

Emulation)

ATMEL

The ONCE mode facilitates testing and debugging of systems using TS80C52X2 with-
out removing the circuit from the board. The ONCE mode is invoked by driving certain
pins of the TS80C52X2; the following sequence must be exercised:

*  Pull ALE low while the device is in reset (RST high) and PSEN is high.
* 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 16. External Pin Status during ONCE Mode

ALE PSEN Port 0 Port 1 Port 2 Port 3 XTAL1/2
Weak pull- Weak pull- Float Weak pull- Weak pull- Weak pull- Active
up up up up up

28 T S X X 2 X 2 om——————
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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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Signature Bytes

12,000 pW/cm? 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 wave-
length 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 opaque label be placed over the window.

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 pro-
vided in Table 31. for Read Signature Bytes. Table 35. shows the content of the
sighature byte for the TS80/87C52X2.

Table 21. Signature Bytes Content

Location Contents Comment
30h 58h Manufacturer Code: Atmel
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

4184G-8051-09/06

ATMEL

I )

35




e | S S X C X2 X2

Port 0: 26 mA
Ports 1, 2 and 3: 15 mA
Maximum total 15, for all output pins: 71 mA
If o, exceeds the test condition, V,, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.

7. For other values, please contact your sales office.

8. Operating I.¢ is measured with all output pins disconnected; XTAL1 driven with T cp, Tenel = 5 NS (see Figure 17.), V. =
Vgg + 0.5V, .
Viu=Vee - 0.5V; XTAL2 N.C.; EA = Port 0 = V¢; RST = Vgg. The internal ROM runs the code 80 FE (label: SIMP label). I
would be slightly higher if a crystal oscillator is used. Measurements are made with OTP products when possible, which is

the worst case.

Figure 13. I Test Condition, under reset

VCC
ICCl
Vee Vee
PO‘;
VCC
RST EA
(NC) XTAL2
CLOCK »| XTALL
SIGNAL
Vs
) All other pins are disconnected.
Figure 14. Operating Ioc Test Condition
VCC
ICCl
Vee —AI Vee
Reset = Vss after a high pulse PO /;
during at least 24 clock cycles
N RST EA
(NC) XTAL2
CLOCK XTAL1
SIGNAL All other pins are disconnected.
Vs
Figure 15. I Test Condition, Idle Mode
VCC

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

PO/——l_
<
RST EA{—

"

(NC——{ XTAL2
CLOCK __yIxTALL

SIGNAL All other pins are disconnected.
L
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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.

40 T S X CX 2 X 2 e ————
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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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External Program Memory
Read Cycle

Figure 18. External Program Memory Read Cycle
< 12Tl

A 4

— Ty —Pe— Ty —H

ALE « » TLLPL

——Tp oy —P

PSEN T |4 Tpxay
LLAx ¢ TpoLy P 4 Texiz
¢« TPLAZ Toxix <

PORTO INSTRIN INSTR IN AQ-A7 INSTR IN
Taviy —»
PORT 2 ADDRESS
OR SFR-P2 ADDRESS A8-A15 ADDRESS A8-A15
External Data Memory Table 29. Symbol Description

TS8XCx2X2

Characteristics
Symbol Parameter

TrirH RD Pulse Width

Twiwh WR Pulse Width

Triov RD to Valid Data In

TRrHDX Data Hold After RD

Trubz Data Float After RD

TiLiov ALE to Valid Data In

Tavov Address to Valid Data In

Tt ALE to WR or RD

Tavwi Address to WR or RD

Tovwx Data Valid to WR Transition

TovwH Data set-up to WR High

TwHox Data Hold After WR

Triaz RD Low to Address Float

Twhin RD or WR High to ALE high

ATMEL
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External Data Memory Read
Cycle

ATMEL

Figure 20. External Data Memory Read Cycle

TwhLH
ALE j < Tiov >
PSEN
< TLLWL L TRLRH gl
<€ Tep —»f
RD < Tripz
- TAVDV >
=T ax Trupx—» [«
PORT 0 } AO-A7 DATA IN
< T
< TAVWL I RLAZ
PORT2  ADDRESS ™ ADDRESS A8-A15 OR SFR P2 >
Serial Port Timing - Shift Table 32. Symbol Description
Register Mode
Symbol Parameter
Tyixe Serial port clock cycle time
Tovhx Output data set-up to clock rising edge
Txrox Output data hold after clock rising edge
TxHpx Input data hold after clock rising edge
Txrpv Clock rising edge to input data valid

Table 33. AC Parameters for a Fix Clock

-V -V -L
X2 mode standard X2 mode -L
30 MHz mode 40 20 MHz standard
-M 60 MHz MHz 40 MHz mode
Speed 40 MHz equiv. equiv. 30 MHz Units
Symbol Min | Max | Min Max | Min Max | Min Max | Min Max
Txixt 300 200 300 300 400 ns
Tovhx 200 117 200 200 283 ns
Txrox 30 13 30 30 47 ns
Tyrpx 0 0 0 0 0 ns
Tyxrov 117 34 117 117 200 ns
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