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SFR Mapping

4

ATMEL

The Special Function Registers (SFRs) of the AT89C511C2 fall into the following

categories:

C51 core registers: ACC, B, DPH, DPL, PSW, SP
I/0O port registers: PO, P1, P2, P3, PI2

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

Serial 1/0O port registers: SADDR, SADEN, SBUF, SCON

PCA (Programmable Counter Array) registers: CCON, CCAPMx, CL, CH, CCAPxH,
CCAPxL (x: 0 to 4)

Power and clock control registers: PCON

Hardware Watchdog Timer registers: WDTRST, WDTPRG
Interrupt system registers: IENO, IPLO, IPHO, IEN1, IPL1, IPH1
Keyboard Interface registers: KBE, KBF, KBLS

SPI registers: SPCON, SPSTR, SPDAT

2-wire Interface registers: SSCON, SSCS, SSDAT, SSADR
BRG (Baud Rate Generator) registers: BRL, BDRCON

Flash register: FCON

Clock Prescaler register: CKRL

32 kHz Sub Clock Oscillator registers: CKSEL, OSSCON

AT89C511C2 mee———
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Table 12. SFR Mapping

Table below shows 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 7/F
Fsh CH CCAPOH CCAP1H CCAPL2H CCAPL3H CCAPL4H FEh
0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
B
Fon 0000 0000 F7n
Esh CL CCAPOL CCAP1L CCAPL2L CCAPL3L CCAPL4L EEh
0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
ACC
EOh 0000 0000 E7h
Dsh CCON CMOD CCAPMO CCAPM1 CCAPM2 CCAPM3 CCAPM4 DFh
00X0 0000 00XX X000 X000 0000 X000 0000 X000 0000 X000 0000 X000 0000
PSW FCON (1)
DOh 0000 0000 XXXX 0000 b7h
cah T2CON T2MOD RCAP2L RCAP2H TL2 TH2 CFh
0000 0000 XXXX XX00 0000 0000 0000 0000 0000 0000 0000 0000
PI2 bit
Coh addressable SPCON SPSTA SPDAT c7h
XXXX XX11 0001 0100 0000 0000 XXXX XXXX
Bsh IPLO SADEN BFh
X000 000 0000 0000
Boh P3 IEN1 IPLA1 IPH1 IPHO B7h
1111 1111 XXXX X000 XXXX X000 XXXX X111 X000 0000
IENO SADDR CKCON1
Agh 0000 0000 0000 0000 XXXX XXX0 AFh
Aoh P2 AUXRA1 WDTRST WDTPRG A7h
1111 1111 XXXX X0X0 XXXX XXXX XXXX X000
98h SCON SBUF BRL BDRCON KBLS KBE KBF oFh
0000 0000 XXXX XXXX 0000 0000 XXX0 0000 0000 0000 0000 0000 0000 0000
90h P1 SSCON SSCS SSDAT SSADR CKRL 97h
1111 1111 0000 0000 1111 1000 1111 1111 1111 1110 1111 1111
TCON TMOD TLO TL1 THO TH1 AUXR CKCONO
88h 8Fh
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 XX0X 0000 0000 0000
80h PO SP DPL DPH CKSEL OSSCON PCON 87h
111 1111 00000111 | 00000000 | 0000 0000 XXXX XXXO | XXXX X001 | 00X10000
0/8 1/9 2/A 3/B 4/C 5/D 6/E 7/F

4301D-8051-02/08
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Figure 10. Clock-Out Mode C/T2 = 0
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Programmable
Counter Array PCA

4301D-8051-02/08

The PCA provides more timing capabilities with less CPU intervention than the standard
timer/counters. Its advantages include reduced software overhead and improved accu-
racy. The PCA consists of a dedicated timer/counter which serves as the time base for
an array of five compare/capture modules. Its clock input can be programmed to count
any one of the following signals:

+  Peripheral clock frequency (Fc k peripn) = 6
+  Peripheral clock frequency (Fg k peripH) ~ 2
+ Timer O overflow

» External input on ECI (P1.2)

Each compare/capture modules can be programmed in any one of the following modes:
» rising and/or falling edge capture

» software timer

* high-speed output

*  pulse width modulator

Module 4 can also be programmed as a watchdog timer (See Section "PCA Watchdog
Timer", page 46).

When the compare/capture modules are programmed in the capture mode, software
timer, or high speed output mode, an interrupt can be generated when the module exe-
cutes its function. All five modules plus the PCA timer overflow share one interrupt
vector.

The PCA timer/counter and compare/capture modules share Port 1 for external 1/O.
These pins are listed below. If the port is not used for the PCA, it can still be used for
standard 1/O.

PCA component External I/0 Pin
16-bit Counter P1.2/ECI
16-bit Module 0 P1.3/ CEXO0
16-bit Module 1 P1.4/CEX1
16-bit Module 2 P1.5/CEX2
16-bit Module 3 P1.6 / CEX3

The PCA timer is a common time base for all five modules (See Figure 11). The timer
count source is determined from the CPS1 and CPSO0 bits in the CMOD register
(Table 26) and can be programmed to run at:

« 1/6 the peripheral clock frequency (Fc ik peripH)
« 1/2 the peripheral clock frequency (Fc k peripn)
+ The Timer 0 overflow

» The input on the ECI pin (P1.2)

ATMEL s



Figure 12. PCA Interrupt System
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PCA Modules: each one of the five compare/capture modules has six possible func-
tions. It can perform:

16-bit Capture, positive-edge triggered

16-bit Capture, negative-edge triggered

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

16-bit High Speed Output

8-bit Pulse Width Modulator

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

Each module in the PCA has a special function register associated with it. These regis-

ters

are: CCAPMO for module 0, CCAPM1 for module 1, etc. (See Table 28). The

registers contain the bits that control the mode that each module will operate in.

4301D-8051-02/08

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

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

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

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

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

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

ATMEL 2
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Table 29. PCA Module Modes (CCAPMn Registers)

ECOMn | CAPPn | CAPNn | MATh | TOGn | PWMm | ECCFn | Module Function

0 0 0 0 0 0 0 No Operation

X 1 0 0 0 0 X 1I6-b|t capture by a positive-edge
trigger on CEXn

X 0 1 0 0 0 X 16-bit capture by a negative trigger
on CEXn
16-bit capture by a transition on

X 1 1 0 0 0 X CEXn

1 0 0 1 0 0 X 16-bit Software Timer / Compare
mode.

1 0 0 1 1 0 X 16-bit High Speed Output

1 0 0 0 0 1 0 8-bit PWM

1 0 0 1 X 0 X Watchdog Timer (module 4 only)

There are two additional registers associated with each of the PCA modules. They are
CCAPnNH and CCAPNL and these are the registers that store the 16-bit count when a
capture occurs or a compare should occur. When a module is used in the PWM mode
these registers are used to control the duty cycle of the output (See Table 30 &
Table 31).

Table 30. CCAPnH Registers (n = 0-4)

CCAPOH - PCA Module 0 Compare/Capture Control Register High (OFAh)
CCAP1H - PCA Module 1 Compare/Capture Control Register High (OFBh)
CCAP2H - PCA Module 2 Compare/Capture Control Register High (0FCh)
CCAP3H - PCA Module 3 Compare/Capture Control Register High (0FDh)
CCAP4H - PCA Module 4 Compare/Capture Control Register High (OFEh)

7 6 5 4 3 2 1 0

Bit Bit
Number | Mnemonic | Description

PCA Module n Compare/Capture Control

70 CCAPRH Value

Reset Value = 0000 0000b
Not bit addressable

ATMEL n
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Figure 14. PCA Compare Mode and PCA Watchdog Timer
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Before enabling ECOM bit, CCAPnL and CCAPnH should be set with a non zero value,
otherwise an unwanted match could happen. Writing to CCAPnH will set the ECOM bit.

Once ECOM set, writing CCAPNL will clear ECOM so that an unwanted match doesn’t
occur while modifying the compare value. Writing to CCAPnH will set ECOM. For this
reason, user software should write CCAPnL first, and then CCAPnH. Of course, the
ECOM bit can still be controlled by accessing to CCAPMn register.

In this mode the CEX output (on port 1) associated with the PCA module will toggle
each time a match occurs between the PCA counter and the module's capture registers.
To activate this mode the TOG, MAT, and ECOM bits in the module's CCAPMn SFR
must be set (See Figure 15).

A prior write must be done to CCAPnL and CCAPnH before writing the ECOMn bit.

____________________________________________________________________________|
4301D-8051-02/08
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Table 49. IPLO Register
IPLO - Interrupt Priority Register (B8h)

7 6 5 4 3 2 1 0
- PPCL PT2L PSL PT1L PX1L PTOL PXOL
Bit Bit
Number | Mnemonic | Description
7 ) Reserved
The value read from this bit is indeterminate. Do not set this bit.
PCA interrupt Priority bit
6 PPCL Refer to PPCH for priority level.
5 PToL Timer 2 overflow interrupt Priority bit
Refer to PT2H for priority level.
4 PSL Serial port Priority bit
Refer to PSH for priority level.
3 PTIL Timer 1 overflow interrupt Priority bit
Refer to PT1H for priority level.
> PX1L External interrupt 1 Priority bit
Refer to PX1H for priority level.
1 PTOL Timer 0 overflow interrupt Priority bit
Refer to PTOH for priority level.
0 PXOL External interrupt 0 Priority bit

Refer to PXOH for priority level.

Reset Value = X000 0000b
Bit addressable

ATMEL
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Power Management

Reset

Cold Reset

4301D-8051-02/08

Two power reduction modes are implemented in the AT89C51IC2: the Idle mode and
the Power-down mode. These modes are detailed in the following sections. In addition
to these power reduction modes, the clocks of the core and peripherals can be dynami-
cally divided by 2 using the X2 mode detailed in Section “Enhanced Features”.

In order to start-up (cold reset) or to restart (warm reset) properly the microcontroller, an
high level has to be applied on the RST pin. A bad level leads to a wrong initialization of
the internal registers like SFRs, Program Counter... and to unpredictable behavior of
the microcontroller. A proper device reset initializes the AT89C511C2 and vectors the
CPU to address 0000h. RST input has a pull-down resistor allowing power-on reset by
simply connecting an external capacitor to Vpp as shown in Figure 23. A warm reset can
be applied either directly on the RST pin or indirectly by an internal reset source such as
the watchdog timer. Resistor value and input characteristics are discussed in the Sec-
tion “DC Characteristics” of the AT89C51IC2 datasheet.

Figure 23. Reset Circuitry and Power-On Reset
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2 conditions are required before enabling a CPU start-up:

»  Vpp must reach the specified Vpp range

+ The level on X1 input pin must be outside the specification (Vy, V)

If one of these 2 conditions are not met, the microcontroller does not start correctly and
can execute an instruction fetch from anywhere in the program space. An active level
applied on the RST pin must be maintained till both of the above conditions are met. A
reset is active when the level V,,, is reached and when the pulse width covers the

period of time where Vpp and the oscillator are not stabilized. 2 parameters have to be
taken into account to determine the reset pulse width:

*  Vpprise time,
»  Oscillator startup time.
To determine the capacitor value to implement, the highest value of these 2 parameters

has to be chosen. Table 1 gives some capacitor values examples for a minimum Rggy of
50 KQ and different oscillator startup and Vpp rise times.

ATMEL o



Error Conditions

Mode Fault (MODF)

Write Collision (WCOL)

Overrun Condition

SS Error Flag (SSERR)

Interrupts

ATMEL

The following flags in the SPSTA signal SPI error conditions:

Mode Fault error in Master mode SPI indicates that the level on the Slave Select (@)
pin is inconsistent with the actual mode of the device. MODF is set to warn that there
may be a multi-master conflict for system control. In this case, the SPI system is
affected in the following ways:

* An SPI receiver/error CPU interrupt request is generated

* The SPEN bit in SPCON is cleared. This disables the SPI

« The MSTR bit in SPCON is cleared

When @gsable (SSDIS) bit in the SPCON register is cleared, the MODF flag is set
when the SS signal becomes '0’.

However, as stated before, for a system with one Master, if the SS pin of the Master
device is pulled low, there is no way that another Master attempts to drive the network.
In this case, to prevent the MODF flag from being set, software can set the SSDIS bit in
the SPCON register and therefore making the SS pin as a general-purpose 1/O pin.

Clearing the MODF bit is accomplished by a read of SPSTA register with MODF bit set,
followed by a write to the SPCON register. SPEN Control bit may be restored to its orig-
inal set state after the MODF bit has been cleared.

A Write Collision (WCOL) flag in the SPSTA is set when a write to the SPDAT register is
done during a transmit sequence.

WCOL does not cause an interruption, and the transfer continues uninterrupted.
Clearing the WCOL bit is done through a software sequence of an access to SPSTA
and an access to SPDAT.

An overrun condition occurs when the Master device tries to send several data Bytes
and the Slave devise has not cleared the SPIF bit issuing from the previous data Byte
transmitted. In this case, the receiver buffer contains the Byte sent after the SPIF bit was
last cleared. A read of the SPDAT returns this Byte. All others Bytes are lost.

This condition is not detected by the SPI peripheral.

A Synchronous Serial Slave Error occurs when SS goes high before the end of a
received data in slave mode. SSERR does not cause in interruption, this bit is cleared
by writing 0 to SPEN bit (reset of the SPI state machine).

Two SPI status flags can generate a CPU interrupt requests:

Table 57. SPI Interrupts

Flag Request

SPIF (SP data transfer) SPI Transmitter Interrupt request

MODF (Mode Fault) SPI Receiver/Error Interrupt Request (if SSDIS = '0’)

Serial Peripheral data transfer flag, SPIF: This bit is set by hardware when a transfer
has been completed. SPIF bit generates transmitter CPU interrupt requests.

Mode Fault flag, MODF: This bit becomes set to indicate that the level on the SS is
inconsistent with the mode of the SPI. MODF with SSDIS reset, generates receiver/error
CPU interrupt requests. When SSDIS is set, no MODF interrupt request is generated.

Figure 32 gives a logical view of the above statements.

76 AT 89 C 51 | C 2 1 —
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Description

ATMEL

The CPU interfaces to the 2-wire logic via the following four 8-bit special function regis-
ters: the Synchronous Serial Control register (SSCON; Table 73), the Synchronous
Serial Data register (SSDAT; Table 74), the Synchronous Serial Control and Status reg-
ister (SSCS; Table 75) and the Synchronous Serial Address register (SSADR Table 78).

SSCON is used to enable SSLC, to program the bit rate (see Table 66), to enable slave
modes, to acknowledge or not a received data, to send a START or a STOP condition
on the 2-wire bus, and to acknowledge a serial interrupt. A hardware reset disables
SSLC.

In write mode, SSCS is used to select the 2-wire interface and to select the bit rate
source. In read mode, SSCS contains a status code which reflects the status of the 2-
wire logic and the 2-wire bus. The three least significant bits are always zero. The five
most significant bits contains the status code. There are 26 possible status codes. When
SSCS contains F8h, no relevant state information is available and no serial interrupt is
requested. A valid status code is available in SSCS one machine cycle after Sl is set by
hardware and is still present one machine cycle after Sl has been reset by software.
Table 68.to Table 72. give the status for the master modes and miscellaneous states.

SSDAT contains a byte of serial data to be transmitted or a byte which has just been
received. It is addressable while it is not in process of shifting a byte. This occurs when
2-wire logic is in a defined state and the serial interrupt flag is set. Data in SSDAT
remains stable as long as Sl is set. While data is being shifted out, data on the bus is
simultaneously shifted in; SSDAT always contains the last byte present on the bus.

SSADR may be loaded with the 7-bit slave address (7 most significant bits) to which
SSLC will respond when programmed as a slave transmitter or receiver. The LSB is
used to enable general call address (00h) recognition.

Figure 37 shows how a data transfer is accomplished on the 2-wire bus.

Figure 37. Complete data transfer on 2-wire bus

soa| O\ AsxOC O\ /S OO0 XK\ |/
acknowledgement acknowledgement
signal from receiver signal from regceiver

scL \_ﬂ\ﬁ\ _____ /;\_/8 9 1\ /2 38\_/‘;\_/

S ACK ACK P

start clock line held low ) stop
condition while interrupts are serviced condition

The four operating modes are:
+ Master Transmitter

* Master Receiver

»  Slave transmitter

» Slave receiver

Data transfer in each mode of operation is shown in Table 68 to Table 72 and Figure 38.
to Figure 41.. These figures contain the following abbreviations:

S : START condition

86 AT 89 C 51 | C 2 1 —
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Figure 38. Format and State in the Master Transmitter Mode
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Figure 39. Format and State in the Master Receiver Mode

92

MR

*

Successful 0 p o 7 ,
transmission| S SLA A Data Data : A P
toaslave o— 000000001l ...
receiver
Next transfer
started with a 3
repeated start > S SLA ' R
condition :
Not acknowledge ‘ m W
received after the A P '
slave address

(48n) uT
Arbitration lost in slave 1 AorA Other master : A Other master
address or acknowledge bit 1A OF A continues ] continues
Arbitration lost and . A Other master

addressed as slave

continues

To corresponding
states in slave mode

From master to slave

From slave to master

AT89C51IC2

* A | Anynumber of data bytes and their associated

acknowledge bits

This number (contained in SSCS) corresponds
to a defined state of the 2-wire bus

4301D-8051-02/08



Hardware Watchdog
Timer

Using the WDT

ATMEL

The WDT is intended as a recovery method in situations where the CPU may be sub-
jected to software upset. The WDT consists of a 14-bit counter and the WatchDog Timer
ReSeT (WDTRST) SFR. The WDT is by default disabled from exiting reset. To enable
the WDT, user must write 01EH and OE1H in sequence to the WDTRST, SFR location
0A6H. When WDT is enabled, it will increment every machine cycle while the oscillator
is running and there is no way to disable the WDT except through reset (either hardware
reset or WDT overflow reset). When WDT overflows, it will drive an output RESET HIGH
pulse at the RST-pin.

To enable the WDT, user must write 01EH and OE1H in sequence to the WDTRST, SFR
location OA6H. When WDT is enabled, the user needs to service it by writing to 0O1EH
and OE1H to WDTRST to avoid WDT overflow. The 14-bit counter overflows when it
reaches 16383 (3FFFH) and this will reset the device. When WDT is enabled, it will
increment every machine cycle while the oscillator is running. This means the user must
reset the WDT at least every 16383 machine cycle. To reset the WDT the user must
write 01EH and OE1H to WDTRST. WDTRST is a write only register. The WDT counter
cannot be read or written. When WDT overflows, it will generate an output RESET pulse
at the RST-pin. The RESET pulse duration is 96 X T¢ k peripns Where Teik peripr= 1/Foik
peripH- 10 Make the best use of the WDT, it should be serviced in those sections of code
that will periodically be executed within the time required to prevent a WDT reset.

To have a more powerful WDT, a 27 counter has been added to extend the Time-out
capability, ranking from 16ms to 2s @ Fpogca = 12MHz. To manage this feature, refer to
WDTPRG register description, Table 79.

Table 79. WDTRST Register
WDTRST - Watchdog Reset Register (0A6h)

7 6 5 4 3 2 1 0

Reset Value = XXXX XXXXb

Write only, this SFR is used to reset/enable the WDT by writing 01EH then OE1H in
sequence.

102 AT 89 C 51 | C 2 1 —
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Table 86. Default Values

Mnemonic | Definition Default value | Description

SBV Software Boot Vector FCh

HSB Hardware security Byte 101x 1011b

BSB Boot Status Byte O0FFh

SSB Software Security Byte FFh
Copy of the Manufacturer Code 58h ATMEL
Copy of the Device ID #1: Family Code D7h C51 X2, Electrically Erasable
Copy of the Device ID #2: memories F7h AT89C511C2 32KB
Copy of the Device ID #3: name and EFh AT89C511C2 32KB, Revision
revision 0

After programming the part by ISP, the BSB must be cleared (00h) in order to allow the
application to boot at 0000h.

The content of the Software Security Byte (SSB) is described in Table 86 and Table 88.

To assure code protection from a parallel access, the HSB must also be at the required
level.

Table 87. Software Security Byte

7 6 5 4 3 2 1 0
- - - - - - LB1 LBO
Bit Bit
Number | Mnemonic | Description
7 ) Reserved
Do not clear this bit.
6 ) Reserved
Do not clear this bit.
5 ) Reserved
Do not clear this bit.
4 ) Reserved
Do not clear this bit.
3 ) Reserved
Do not clear this bit.
> ) Reserved
Do not clear this bit.
User Memory Lock Bits
1-0 LB1-0 y
see Table 88

The two lock bits provide different levels of protection for the on-chip code and data,
when programmed as shown in Table 88.

110 AT 89 C 51 | C 2 1 —



Autobaud Performances

The ISP feature allows a wide range of baud rates in the user application. It is also
adaptable to a wide range of oscillator frequencies. This is accomplished by measuring
the bit-time of a single bit in a received character. This information is then used to pro-
gram the baud rate in terms of timer counts based on the oscillator frequency. The ISP
feature requires that an initial character (an uppercase U) be sent to the AT89C511C2 to
establish the baud rate. Table 91 shows the autobaud capability.

Table 91. Autobaud Performances

Frequency (MHz)

Baudrate (bit/s) 1.8432 2 2.4576 3 3.6864 4 5 6 7.3728 8
2400 OK OK OK OK OK OK OK OK OK OK
4800 OK - OK OK OK OK OK OK OK OK
9600 OK - OK OK OK OK OK OK OK OK
19200 OK - OK OK OK - OK OK OK
38400 - - OK OK OK OK OK

57600 - - - - OK - - OK

115200 - - - - - - OK
Frequency (MHz)

Baudrate (bit/s) 10 11.0592 12 14.318 | 14.746 16 20 24 26.6

2400 OK OK OK OK OK OK OK OK OK

4800 OK OK OK OK OK OK OK OK OK

9600 OK OK OK OK OK OK OK OK OK

19200 OK OK OK OK OK OK OK OK OK

38400 - OK OK OK OK OK OK OK OK

57600 - OK - OK OK OK OK OK OK

115200 - OK OK OK - - -

Command Data Stream
Protocol

4301D-8051-02/08

All commands are sent using the same flow. Each frame sent by the host is echoed by
the bootloader.

ATMEL
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AC Parameters

Explanation of the AC
Symbols

External Program Memory
Characteristics

ATMEL

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.

(Load Capacitance for port 0, ALE and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF.)

Table 94 Table 97, and Table 99 give the description of each AC symbols.
Table 96, Table 98 and Table 100 give the AC parameterfor each range.

Table 95, Table 96 and Table 101 gives the frequency derating formula of the AC
parameter for each speed range description. To calculate each AC symbols, take the x
value in the correponding column (-M or -L) and use this value in the formula.

Example: T, for -M and 20 MHz, Standard clock.
x =35ns

T 50 ns

Tooy =4T -x=165ns

Table 94. Symbol Description

Symbol Parameter
T Oscillator clock period
Tiaw ALE pulse width
TaviL Address Valid to ALE
Tiiax Address Hold after ALE
T ALE to Valid Instruction In
TueL ALE to PSEN
Toirn PSEN Pulse Width
Teuv PSEN to Valid Instruction In
Toxix Input Instruction Hold after PSEN
Toxiz Input Instruction Float after PSEN
Tavv Address to Valid Instruction In
Toiaz PSEN Low to Address Float

132 AT 89 C 51 | C 2 1 —
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Shift Register Timing
Waveforms

|NSTRUCT|ON|°|1|2|3|4|5|6|7|8|

ALE

CLOCK

OUTPUT DATA

WRITE to SBUF
INPUT DATA

CLEARRI

External Clock Drive
Waveforms

Tehex
Toner —» ¢— Teiex Teren

AC Testing Input/Output

Waveforms Vog 0.5V

INPUT/OUTPUT >< 02 Vo +0.9 ><
045 0.2 Vg - 0.1

AC inputs during testing are driven at V. - 0.5 for a logic “1” and 0.45V for a logic “0”.
Timing measurement are made at V,; min for a logic “1” and V,_ max for a logic “0”.

Float Waveforms

FLOAT

Vo - 0.1V

VLOAD VLOAD +0.1V

VoL +0.1V Vioao- 0.1V

For timing purposes as 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 V,/V(, level
oceurs. lg /loy = = 20mA.

Clock Waveforms Valid in normal clock mode. In X2 mode XTAL2 must be changed to XTAL2/2.

138 AT 89 C 51 | C 2 1 —
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