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ANTHROPOID WALKING MACHINE

Mr. APIWAT THONGPRASERT
Mr. AKKARAMETEE THONGKWAN
Mr. KOSOL CHUANKAYAN (Advisor)

an Semestor, Educational Year 1997

Abstract

This project is study and design the anthropoid walking. In this project, we
consider movement on two dimensions but don’t consider the balance control It will be
trended to design movement on three dimensions. This project can be applied to many

way such as to external force structure for cripple or to robot explorer in dangerous

zone.
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Features

¢ Compatibie with MCS-51™ Products

e 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Data Retention: 10 Years

Fully Static Operation: 0 Hz to 24 MHz

Three-Lavel Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable /O Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description
The AT89CS | is a low-power, high-performance CMOS 8-bit microcomputer with 4 Kbytes

8-Bit
Microcontroller
with 4 Kbytes
Flash

of Flash Programmable and Erasable Read Only Memory (PEROM). The device is -
tured using Atmel’s high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory program-
mer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
AT89CS1 is a powerful microcomputer which provides a highly flexible and cost effective
solution to many embedded control applications.

The AT89CS1 provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 /O lines, two 16-bit timer/counters, a five source two-level interrupt architecture, a
full duplex serial port, op-chip oscillator and clock circuitry. In addition, the AT89C51 is

continued
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Description (Continued)

designed with static logic for operation down to zero frequency
and supports two software selectable power saving modes. The
1dle Mode stops the CPU while allowing the RAM, timer/count-
ers, serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freczes the os-
cillator disabling all other chip functions until the next hardware
reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

>Port 0 -

Port 0 is an 8-bit open drain bidirectional /O port. As an output

port each pin can sink eight TTL inputs. When |s are writien to

port 0 pins, the pins can be used as high-impedance inputs.

Port 0 may also be configured to be the muitiplexed low-order
ddress/data bus during to external program and data

memory. In this mode PO has internal pullups.

Port 0 also receives the code bytes during Flash programming,

and outputs the code bytes during program verification. Exter-

nal pullups are required during program verification.

Port 1

Port 1 is an 8-bit bidirectional /O port with internal pullups. The
Port | output buffers can sink/source four TTL inputs, When 1s
are written to Port 1 pins they are pulied high by the internal
pullups and can be used as inputs. As inputs, Port | pins that are
externally being pulled low will source current (I1L) because of
the internal puliups.

Port | also receives the low-order address bytes during Flash
programming and program verification.

Port2

Port 2 is an 8-bit bidirectional /O port with internal pullups. The
Port 2 output buffers can sink/source four TTL inputs. When s
are written to Port 2 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (IiL) because of
the internal pullups.

Port 2 emits the high-order address byte during fetches from ex-
ternal program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @ DPTR). In this
application it uses strong internal pullups when emitting 1s.
During accesses to external data memory that use 8-bit ad-
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and some control
signals during Flash programming and verification.

Port3

Port 3 is an 8-bit bidirectional V'O port with internal pullups. The
Port 3 output buffers can sink/source four TTL inputs. When Is

are written to Port 3 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (i) because of
the pullups.

Port 3 also serves the functions of various special features of the
ATB9CS! as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (extenal interrupt 0)

P33 INTT ({extenal interrupt 1)

P3.4 TO (timer 0 extenal input)

P3.5 T1 (timer 1 external input)

P3.6 WR (extenal data memory write strobe)
P3.7 RD (extemal data memory read strobe)

Port 3 also receives some control signals for Flash programming
and programming verification.

RST

Reset input. A high on this pin for two machine cycles while the
oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte of
the address during accesses to external memory. This pin is also
the program pulse input (PROG) during Flash programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external timing or
clocking purposes. Note, however, that one ALE pulse is
skipped during each access to external Data Memory.

If desired, ALE operation can be disabled by sc_xqting bit 0 of SFR
location 8EH. With the bit set, ALE is active only during a
MOVX or MOVC instruction. Otherwise, the pin is weakly
pulled high. Setting the ALE-disable bit has no effect if the
microcrontroller is in external execution mode.

PSEN

Program Store Enable is the rcad strobe to extemal program
memory.

When the AT89CS| is executing ‘code from external program
memory, PSEN is activated twice cach machine cycle, except
that two PSEN activations are skipped during cach access to ex-
ternal data memory.

EAnVee

External Access Enable. EA must be strapped to GND in order
to enable the device to fetch code from external program mem-
ory locations starting at 0000H up to FFFFH. Note, however,
that if lock bit | is programmed, EA will be internally latched on
reset.

EA should be strapped to Vcc for internal program executions.

This pin also receives the 12-volt prog ing enable 8
(Vpp) during Flash programming, for parts that require 12-volt
Ver.

continued
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Pin Description (Continued)
XTAL1

Input 10 the inverting oscillator amplifier and input to the inter-
nal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ are the input and output, respectively, of an
inverting amplifier which can be configured for use as an on-
chip oscillator, as shown in Figure 1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an
external clock source, XTAL2 should be left unconnected while
XTALL is driven as shown in Figure 2.<There are no require-
ments on the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a divide-by-
two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-chip
peripherals remain active. The mode is invoked by software.
The content of the on-chip RAM and all the special functions
registers remain unchanged during this mode. The idle mode
can be ter d by any enabled interrupt or by a hardware
reset. \

It should be noted that when idle is terminated by a hardware
reset, the device normally resumes program execution, from
where it left off, up to two machine cycles before the internal
Teset algorithm takes control. On-chip hardware inhibits access
1o internal RAM in this event, but access to the port pins is not
inhibited. To eliminate the possibility of an unexpected write to
a port pin when Idle is erminated by reset, the instruction foi-
lowing the one that invokes Idle should not be one that writes to
a port pin or 10 external memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the in-
struction that invokes power dowr is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Vg is restored 1o its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize,

Figure 1. Oscillator Connections

c2
3 J-: XTAL2
U]
ci
3t I . XTAL1
GND
-

Notes: C1,C2=30pF + 10 pF for Crystals
=40 pF % 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR - XTAL1
SIGNAL

P
T

D

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down | Intemal 0 0 Data Data Data Data
Power Down | Extemal 0 0 Float Data Dats Data

AT89C51 e —
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Program Memory Lock Bits

On the chip are three Jock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

When lock bit | is programmed, the logic level at the EA pin is
sampled and latched during reset. If the device is powered up

Lock Bit Protection Modes

without a reset, the latch initializes to a random value, and holds
that value until reset 1s activated. It is necessary that the latched
value of EA be in agreement with the current logic level at that
pin in order for the device to function properly.

Program Lock Bits

LB1 LB2 LB3 Protection Type

No program lock features.

MOVC instructions executed from extemal program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset, and
further programming of the Flash is disabled.

Same as mode 2, also verify is disabled.

Same as mode 3, also external execution is disabled. .

Programming the Flash

The AT89C5! is normally shipped with the on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
to be programmed. The programming interface accepls cither a
high-voltage (12-volt) or a low-voltage (Vcc) program enable
signal. The low voltage programming mode provides a conve-
nient way to program the AT89C51 inside the user's system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

The ATBICS1 is shipped with cither the high-voltage or low-
voltage programming mode enabled. The respective top-side
marking and device signature codes are listed in the following
table.

Vpp=12V Ypp=5V
ATB9CS51 AT89CS51
Top-Side Mark XXXX XXXX-5
yyww yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89CS51 code memory array is programmed byte-by-byte
in either programming mode. To program any non-blank byte in
the on-chip Flash Memory, the entire memory must be erased
using the Chip Erase Mode.

Programming  Algorithm: Before programming the
ATB89C51, the address, data and control signals should be set up
according to the Flash programming mode table and Figures 3
and 4. To program the AT89C51, take the following steps.

1. Input the desired memory'localion on the address lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vppto 12 V for the high-voltage programming
mode.
5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed and
typically takes no'more than 1.5 ms. Repeat steps 1
through 5, changing the address and data for the entire array
or until the end of ths object file is reached.
Data Polling: The AT89CS! features Data Polling to indicate
the end of 2 write cycle. During a write cycle, an attempted read
of the last byte written will result in the complement of the writ-
ten datum on PQ.7. Once the write cycle has been completed,
true data are valid on all outputs, and the next cycle may begin,
Data Polling may begin any time after a write cycle has been
initiated.
Ready/Busy: The progress of byte programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE goes hich during programming to indicate BUSY.
P3.4is pulled high again when programming is done to indicate
READY.
Program Verify: If lock bits LB1 and LB2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The lock bits cannot be
verified directly. Verification of the lock bits is achieved by
observing that their features are enabled.
Chip Erase: The entire Flash array is erased electrically by
using the proper combination of control signals and by holding
ALE/PROG low for 10 ms. The code array is written with all
"1"s. The chip erase operation must be executed before the code
memory can be re-programmed.
Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 030H,

ATHEL 5
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031H, and 032H., except that P3.6 and P3.7 must be pulled to a
logic low. The values returned are as follows.
(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51
(032H) = FFH indicates 12 V programming
(032H) = OSH indicates 5 V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of
control signals. The write operation cycle is self-timed and once
initiated, will automatically time itself to completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local pro-
gramming vendor for the appropriate software revision.

AT89C51

RS, -

ALE/ EA/
Mode RST PSEN PROG Ver pP2.6 pP2. P3.6 P3.7
{ Write Code Data H L o Havi) L H H H
Read Code Data H L H H L L H H
Write Lock Bit - 1 HY4 L s H/12v H H H H
Bit-2 H L S HAV O H H L L
Bit-3 H L s H/12V H L H L
2
Chip Erase H L A wmey H L L L
Read Signature Byte H L H H L L L L
Notes: 1. The signature byte at location 032H designates whether 2. Chip Erase requires a 10 ms PROG pulse.
Vep= 12V or Vpp = 5 V should be used to enable pro-
gramming,
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
B AT89CS1 AT89C51
apoR, A0-AT f o, Vee aooR, A-AT ) 5, Vee —j
OOOOH/OFFFH OOOOHOFFFH PGM DATA
P20-P23 PO je— PG;‘ y P20-P23 PO |- (USE 10K
AB - Al1 DATA A8 - A1 M PULLUPS
——»{ P26 — P26 )
SEE FLASH —» P27 ALE p¢—— PROG SEE FLASH ——9{ P2.7 ALE
PROGRAMMING PROGRAMMING
MODES TABLE ——>| P3.6 MODES TABLE —»] P3.6
a™
—»{ P37 — P37
o XTAL 2 EA le—— Va/NVpy XTAL 2 EA
4-24 MHz| I 424 MHz] L
= 0
I XTAL 1 RST M Vy XTAL 1 RST j4——— Vy
GND PSEN —; f GND PSEN j_
= ’ - -




Flash Programming and Verification Characteristics

Ta=21"Cto27°C, Vcc =5.0 £ 10%

Symbol Parameter Min Max Units
vepl! Programming Enable Voitage 11.5 12.5 v
Ippt" Programming Enable Current 1.0 mA
1AcLeL Oscillator Frequency 4 24 MHz
tAVGL Address Setup to PROG Low 48tcLct

1GHAX Address Hold After PROG 48tcLct

toveL Data Setup to PROG Low 48tcLet

taHOX Data Hold Atter PROG 4EicLeL

tEHsH P2.7 (ENABLE) High to Vep 48tCLCL

tSHGL Vpp Setup to PROG Low 10 us
taust!”) | Vpp Hold After PROG 10 us
{GLGH PROG Width 1 110 us
tavav Address to Data Valid 48tCLCL

teLav ENABLE Low to Data Valid 48tcLcL

tEHOV Data Float After ENABLE 0 48tcicL

tGHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode

P1.0-P1.7
P2.0-P2.3

PORT 0

ALE/PROG

P2.7
(ENABLE)

P34__
(RDY/BSY)

PROGRAMMING VERIFICATION
ADDRESS *—{ ADDRESS
— le— tavav
—
B ———— DATA IN { DATAOUT p—m
E tovaL  lomox ;;—:]\l
tavar r——’ tarax
taHsL
N LOGIC 1 -
LOGIC O

Flash Programming and Verification Waveforms - Low Voltage Mode

P1.0-P1.7 PROGRAMMING VERIFICATION
A . N
B0 PP ADDRESS J——‘j ADDRESS
[— tavav
PORT 0O —_— DATA IN DATAQUT »r———
E lovae  lowox 3
taveL tamax
ALE/PROG N
tsHaL — g a—
b LOGIC 1
EANpp 77777 R | toeice .
!
b2 1 lensn teLav " *— lenaz
(ENABLE)
toreL —
P34
(RDY/BSY) BUSY READY
twe

ATSOC ST st
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Absolute Maximum Ratings*

Operating Temperature..........cccevuenes -55'Cto +125°C
Storage Temperature...........eeeeerenes -65°C to +150°C
Voltage on Any Pin

with Respect to Ground .:1.0Vio+7.0V
Maximum Operating Voltage .........coeeeeeveeenenne 6.6V
DC Qutput Current 15.0 mA

D.C. Characteristics

Ta=-40'C 10 85°C, Vcc = 5.0 V £ 20% (unless otherwise noted)

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings™ may cause permanent damage to the device.-
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage {Except 'ET) -0.5 . 0.2Vee-0.1 Vv
ViLy Input Low Voltage (EA) -0.5 0.2 Vee-0.3 \
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vee+0.5 \
Vimi Input High Voltage (XTAL1, RST) 0.7 Vee Vce+0.5 v
Output Low Voltagef" al
VoL (Ports 1.2.3) loL=1.6mA 0.45 \
Output Low Voltage!") &
Vour | (port 0, ALE, PSEN) LAFA™ 0.45 v
Output High Voitage lon=-60uA, Vec =5V £ 10% 2.4 v
VoH (Ports 1,2,3, ALE, PSEN) lok = -25 pA 0.75 Ve v
loH = -10 A 0.9 Vce \"J
Output High Voltage loH = -800 uA, Vec =5V 10% 2.4 v
VOH1 (Port Oin External Bus _ oy = -300 A 0.75 Vee v
Mod
ode) IoH = -80 A 0.9 Voo v
Logical 0 Input Current
e (Ports 1,2,3) ViN=0.45V 50 pA
Logical 1 to 0 Transition .
In Current (Ports 1,2,3) Lg%, 650 HA
Input Leakage Current
u (Port 0, EA) 0.45 < ViN < Vce +10 HA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MH2, Ta=25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current -
Iee Idle Mode, 12 MHz 5 mA
= V
Power Down Mode(® Vec=6 100 kA
Vec=3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, Iot. must 1f 10OL exceeds the test condition, VOL may exceed the
be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum Iot per port pin: 10 mA current greater than the listed test conditions.
Maximum oL per 8-bit port: 2. Minimum VCC for Power Downis2 V.
Port 0: 26 mA -
Ports 1,2, 3: 1SmA
Maximum total IOL for all output pins: Tt mA

AIMEL 9
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A.C. Characteristics

{Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF, Load Capacitance for all
other outputs = 80 pF)

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator

Symbo! Parameter Min Max Min Max Units
1AcLcL | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLcL-40 ns
taviL Address Valid to ALE Low 28 tCLCL-13 ~ nS.
tLLAX Address Hold After ALE Low 48 tCLCL-20 ns
v ALE Low to Valid Instruction in 233 41CLCL-65 ns
tupL ALE Low to PSEN Low 43 toieL-13 ns
trLpn | PSEN Pulse Width 205 3tcLer-20 ns
teLIV PSEN Low to Valid Instruction In 145 3teLc-45 ns
tpxix Input Instruction Hold After PSEN 0 0 ns
texiz Input instruction Float After PSEN 59 teLeL-10 ns
tPXAV PSEN to Address Valid 75 tcLoL-8 ns
taviv Address to Valid Instruction in 312 StcLeL-55 ns
tPLAZ P3SEN Low to Address Float 10 10 ns
{RLAH RD Pulse Width 400 6icLoL-100 ns
twiwn | WR.Pulse Width 400 6teLeL-100 ns
tacov | FD Low to Valid Data In 252 SteLcL-90 ns
trHox | Data Hold After RD 0 0 ns
tapz | Data Float After RD 97 2tcLcL-28 ns
tov ALE Low to Valid Data In 517 8tCLCL-150 ns
tAvDV Address to Valid Data In i 585 StCLCL-165 ns
tLwe ALE Low to RD or WR Low 200 300 3tcLeL-50 3tcLcL+50 ns
tavwe | Address to RD or WR Low 203 MtcLeL-75 ns
tavwx | Data Valid to WH Transition 23 tcLelL-20 ns
tovwr | Data Valid to WR High 433 7tcLeL-120 ns
twHox | Data Hold After WR 33 teLct-20 ns
taLaz | AD Low 10 Address Float 0 0 ns
twht | FD or WH High to ALE High 43 123 tcrcL-20 toLcL+25 ns

10 ATS89C51 mumam— ————————
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External Program Memory Read Cycle

PSEN

PORT 0

AT89C51

i —
ALE
teuen
tavie tv
—» lup fe—
* tuv A \
r—tpxay
ez texi
fLax ?
toxix le—
> > Ao-A7_ INSTRIN D > a0-a7_ <
taviv
X A8 - A15 X __AB-A1S

PORT 2

Externai Data Memory Read Cycle

F: ]
ALE

= g

PSEN

PORT 0

PORT 2

-o-—-—.tu_ov——h

tALRH —
le—— luw —»

e tavii—{’

N

f— b ax —

trov

taHpz

tarox

taaz 4+
—*
KAD - A7 FROM Rl OR DPL X ) KDATA INY

AO - A7 FROM PCL—INSTR IN

tavw

tavov

K

P2.0 - P2.7 OR A8 - A15 FROM DPH

X __AB-A15 FROM PCH

ATMEL
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External Data Memory Cycle

F: ti—e
ALE N /{ | S —y
twrn

—
PSEN N ;
et ——fe—twiw —!
WR N
WR e tar— N
'AVLL—J tavwx —pf e — [+ twmax
li— tovwm —
PORT 0 A0 - A7 FROM RIORDPL K | DATAOUT K A0 - A7 FROM PCLY-INSTR IN
tavw \
PORT 2 )’ P2.0 - P2.7 OR A8 - A15 FROM DPH X A8-A15 FROM PCH

External Clock Drive Waveforms

Veg - 0.5 V-

0.7 Ve

0.2Vee-0.1V
045V

External Clock Drive

Symbol Parameter Min Max Units
1AcLeL Oscillator Frequency 0 24 MHz
toLeL Clock Period 41.6 ns
fcHex High Time 15 ns
tcrex Low Time 15 ns
tctct | Rise Time 20 ns
tcHeL Fall Time 20 ns

12 AT89C51 muer————————————



Serial Port Timing: Shift Register Mode Test Conditions
{Vee = 5.0 V £ 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min -Max Units
tXLXL Serial Port Clock Cycle Time 1.0 12icLeL us
tavxH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
IxHOX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHOV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTION | —0 ! 1 ! 2 | 3 ] 4 A 5 ] 6 7 1 8 ]
ALE UL UL ne e

f——t0n

CLOCK l | ’ | ’ ’

XYL
0

WRITE TO SBUF

1_7____1

OUTPUT DATA
Rel2da A

INPUT DATA

AC Testing Input/Output Waveforms'”  Float Waveforms "’

Veg- 0.5V

L1V
VOL-OI

02V +09V

TEST POINTS Vicao Timing Reference
02Vg.-01V 01V Points
045V .2 Ve 0. Vioao™® vo'_.m v
Note: 1. AC Inputs during testing are driven at Voc- 0.5 V for a Note: 1. For liming purposes. a port pin 1s no longer floating when
logic | and 0.45 V for a logic 0. Timing measure- 2 100 mV change from load voltage occurs. A port
ments are made at Vi min. for a logic | and Vi max. pin begins to float when a 100 mV change from the
for a logic 0. loaded Vou/VoL level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% . ATB9C51-12AC 44A Commercial
AT89C51-124C 44J (0°C to 70°C}
AT89CS51-12PC 40P6 .
ATB9C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44) (-40°C to 85°C)
AT89C51-12P1 40P6
AT89CS51-12Q! 44Q
AT89C51-12AA 44A Automotive
AT89C51-12JA 44 (-40°C to 125°C)
ATB89C51-12PA 40P6
AT89C51-12QA 44Q
S5V£10% AT89C51-12DM 4006 Military
AT89C51-12LM 441 (-55°C to 125°C)
AT89C51-12DM/883 4006 Military/883C
ATB89CS51-121.M/883 441 Class B, Fully Compliant
(-55°C to 125°C)
16 5V +20% AT89C51-16AC 44A Commerciai
AT89C51-16JC 44) (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
ATBICS51-16Al 44A Industrial
AT89C51-16J1 444 {~40°C to 85°C)
AT89C51-16P! 40P6
AT89C51-16Q1 44Q
ATBICS51-16AA 44A Automotive
AT89C51-16JA 44J (-40°C to 125°C)
ATB9CS1-16PA 40P6
AT89C51-16QA 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44 (0°C to 70°C)
ATB9C51-20PC 40P6
AT89C51-20QC 44Q
ATB9CS51-20A! 44A industrial
AT89C51-20J1 44) (-40°C to 85°C)
AT89C51-20P! 40P6
AT89C51-20Q!¢ 44Q
24 5V+20% AT89CS51-24AC 44A Commercial
AT89C51-24JC 44J {0°C to 70°C)
AT89CS1-24PC 44P6
AT89C51-24QC 44Q
ATB89C51-24Al 44A Industrial
AT89C51-24J1 449 (-40°C to 85°C)
ATB9C51-24P!1 44P6
AT89C51-24Q1 4Q

AT89C5 1 mun .
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Ordering Information

Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
44 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
440 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Ptastic Duat Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

Packaging information

44A, 44 Lead, Thin Plastic Gull Wing Quad Flatpack 40D6, 40 Lead, 0.600" Wide, Non-Windowed,
(TQFP) Cenmic Dual Inline Package (Cerdip)
Dimensions in Millimeters and (Inches) Dimensions in Inches and (Millimetess)
MIL-M-3851Q D-S CONFIG |
{ 209(53.9) [
12250.478) 204(51.8) PIN

°.|7(°007)

010,005 L 620 (15.7)
_] L_ 0.75(0.029) o.-omom_—f I—'.sso (15.0)

sa
PNIID — 11.75(0.458)
810 gls s)
0.40(0.016) 579 (u 5)
0.80(0.031) BSC ] { o

+

I__ 090(2 49)

005(127)

=

| 900 (43.26) REF

225(5.72)
Max -
SEATING W _L

.060 (1.52)
|u.10(0.:96)so 015 ( 38!)
#.90(0.386) 1.20(0.047) MAX '25 (3 “) 085 (1.65
. .ou (. :56)
——[ 110 (2.79) 045 (‘ 14)

090 (2.29)

0
0.50(0.020} 0.05{(0.007) |5 REF
015 (381
308 (.203) ! |~
700 {17.8) MAX

AIMEL 15
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Packaging Information

44J, 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)

JEDEC OUTLINE MO-047 AC
045 {114} X 30+ 45
045(1 ll‘Xﬂ PN NO. T 012( 308)
mn'ﬂ W.(m
L ‘QI(II
g b
052 u:)_'f— P 50 (1650 w ,,,,
Am(uon b mprn 613 ( 3309
p 688 (17 4 :—311"’
T. h A 90 (15.0)
—‘— s43(1 09
ST e | somnnmerso -1 |- 2o (300
120(308)

WoR
100487
185 {4 19}
%ﬂﬁﬁ@% o
P

44L., 44 Pad, Non-Windowed,
Ceramic Leadless Chip Carrier (LCC)
Dimensions in Inches and (Millimeters)

sa2(169)

840 (18.3)
1600 (15.2) __LZ_L‘)
380 (140 I~ seszie
662 (18.8) ._JE_Z] E
540 (16.3) H U’ ‘{_E
PNt °"’°“ 5"’
055{1 40
15 2.41) msu ,4, NOEX CORNER
D7S(I 91
m 25 ( 835)
ms(m)“’
012 (305) g gy
soomnusc mr(m)
'[ 029 (737
§ B
050 (1.2 TYP T L 0w 1.02x45 (%)
083 (2.16)
500{12.7) REF Eﬁ.—m

40P6, 40 Lead, 0.600" Wide,
Plastic Dual Inline Package (PDIP)
Dimensions in Inches and (Millumeters)

2,07 {52.6)
2.04(518) PIN
1

5668 (144
530 (13.5)

l—-—— 1.900 (48.26) REF —_:‘ }‘“’”‘ﬁ

.220 (S 59) -.] 005 {.12
MAX (lez,)

SEATING ._L

PLANE

0 065 (1.65)
:g;(;’i:i L _JL 015 (381)
T 022 {.559)

065 {1.65) 014 (356)
110(2.79) 041 (1.04)
.090(2 29)
630 {16.0)
r"fssous.o)
% REF

012(305)

008 (.203) |~

J b200175)
£10(15.5)

44Q, 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

Dimensions in Millimeters and (Inches) .
13.45{0.525)
PN —, 12.95(0.508)
0.410.016)

8000, -}‘.f: _{ 0300012}

10.10(0.394)
2.45(0.008) MAX
[ ——-{
0.17(0 007y T
0.13(0.005) T
T
..“- 0.95(0.097) —  0.25(0.010) MIN

0.85(0.025)

AL

i

8
i
i




Features

. e Compatible with MCS-51™ Products
e ZKbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
2.7 V to 6 V Operating Range .
Fully Static Operation: 0 Hz to 24 MHz
Two-Level Program Memory Lock
128 x 8-Bit Internal RAM
15 Programmable VO Lines 8-Bit
Two T6-Bt Timer/Counters

Five Interrupt Sources M n
Programmabie Serial UART Channel icroco trO“er

Direct LED Drive Outputs H <«
On-Chip Analog Comparator Wlth 2 Kbyte“
Low Power idle and Power Down Modes Fl ash

"YEERE X EIXE NN N/

Description

The ATEC2031 is a low-voltage, high-performance CMOS 8-bit microcomputer with 2 Khy-

1es of Flash programmable and cms‘atlcprzud anly memory (PEROM). The dsvicc is munul':::- AT8902051
1ured using Atmel’s high density nonvolatile memory technology and is compatible with the
industry standard MCS-S1™ instruction set and pinout. By combining a versatile 8-bit CPU
with Flash on a monolithic chip. the Atmel AT89C2051 is a powerlul microcomputer 'which
provides a highly flexible and cost effective solution o many embedded control applications:
The AT89C2051 provides the following standard features: 2 tes of Flay 8 bytes of
RAM., 15 /0 lines, 1wo 16-bit timeg/counters. 3 five source two-level interrupt architeeture, s
fult duplex serial port, a prevision apaloy comparator. on-chip oscillator and clock cireyitey.
T aTT o The ATR9C2051 is designed with static logic for operation down to zero frequency
and supports two software sclectable power saving modes. The Idle Mode stops the CPU while
allowing the RAM, timer/counters, serial port and interrupt system (o continue functioning.
The Power Down Mode saves the RAM contents but freezes the oscillator disabling all other
chip functions until the rext hardware reset.

(T1) P3.S
GNO

P1.0 (AINO)
pi?

Pin Configuration ‘)\
PDIP/SOIC
RST L] 1 vee
(RXD) P3.0 CJ 2 PLT
(Txore3.v 4 3 P16
xTAL2 O] 4 P1S
XTALYL O] & P14
(iNTO) P3.2 ] 6 3P
(iNf13 P33 7 P1.2
(To) P34 3 8 PL,1 (AIN1}
9
[
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Block Diagram

<

BUFFER

PREN

PEROM

y
STACK

POINTER

™P1

A 4

RAM ADOR.
REGISTER
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REGISTER

AU
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mm
i) | ¢
g
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o gg g
ms < N g =
e S,
WW N ..r,‘\
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7
o g\ ?.v \d
; ] g5 [* w..\ et
: m
4
w
3 Zz
mm 8
o
(5]
]

AT89C2051

96



Pin Description

Vee

Supply voltage.

GND

Ground.

Port 1

Port | is an 8-hut bidirectional VO pust, Port pis P12 10 P17
provide mtermal puliups (PTIand P U ST pullapes

PLO und P11 also serve as the positive input (AINO) and the
negatne mput (AINTL respectively, af the on-chip precision
analoy comparator. The Port 1 output buflers can sink 20 A
and can drive LED displays directly When [s are written to Port
} pins. dhey can be used as inputs. When ping P1.2 10 PL7 are
used s inputs and are exiernally putled low, they will souree
current (I3 because of the internal putlups,

ny

Port | also receives code daa d Flash programming ind

program venlication.
poig————"
Port 3 A5 P i
withdntermatputtaps. P3.6 i hard-wired as aninput to the vutput
of the on-chip comparator and 15 hot aceessible as o generaf
pose Y0 pin. The Port 3 output bulfers can sink 2 . When
In are written 1o Part 3 pins they are pulled high by the internal
pultlups and can be used as inputs. As inputs. Purt 3 pins that are
externally beny pulled low will source current ti) because of
the pullups.

3

~
Purt 3 alsa serves the tunctions of various special features of the
ATEYC20S ks histed below:

" Port Pin | Alternate Functions
i P3.0 RXD (serial input port)
" P31 TXD (sernal output port)

, P32 INTO (external interrupt 0)
| P3.3 Tﬁ(external interrupt 1)
“1 P34 TO (timer 0 external input)
T\P3.5 T1 (timer 1 external input)

Port 3 also receives some control signals for Flash programming
and programming verification.
RST

Reset input. All /O pins are resct to s as soon as RST gous
s cveles while

high. Holding the RST pin high Tor two_ma
the uscilld0Or i runming rescls G device.

Each machiae cycle tukes 12 oscillutor or clock cycles.

XTAL1

Input 1o the inverting uscillator amplifier and wput w the inter-
aaf clock operating circuit.

XTAL2

Output from the inverting oscillator amplilier,

AT89C2051

Oscillator Characteristics

NTALTL and NTAL2 are the input and output, respectively, of
an inverting amplificr which can be conligured lor use as an
on-chip oseillator, as shown in Figuee 1. Either a quarts erystal
or ceramie resanator nway be used. To drive the device from an
enternal chieh source, XTAL2 should be feft unconnected
while NTALY s driven as shown an Figure 2. There are no re-
yuirenients on the duty eyvle of the external clock signal, sinee
the input to the internal clocking circuitey s through a divides
hy-two ip-lop, but mimmum and maxenuim voltage high and
low time specilications must be vhsersed,

Figure L. Osillator Connectivns

c2

4 XTAL2

!

A\
XTAL1

i

§

e —— 1 GND

Notes: C1,C2 = 10 pE 210 pF lor Crystals
=30 pi 2 10 pl for Ceranie Resomators

Figure 2. External Clock Drive Configuration

NC ————————{ XTAL2
EXTERNAL
OSCILLATOR XTAL
SIGNAL
-— — | GND
\4
ERET U Yy
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Special Function Registers

A map of the oa-chip memory arca called the Special Function User software should not write 1s 10 these unlisted locations,
Regster (SFR) space is shown in the table below, since they may be used in future products to invoke new fea-
Note that not alt of the addresses are oceupied, and unoceupicd tres. In that ease, the resetor inactive vadues of the new bits will
addresses may not be implemented on the chip. Read aceesses always be 0,

to these addresses will in general return random data, and write
aceesses will have an indeterminate effect.

Table 1. AT89C2051 SFR Map and Resct Values

OF8H OFFH
OFOH & OFTH
00000000
OEBH OEFH
ACC
OEOH | 010600000 0ETH
0D8H obFH
PSW
0DOH | 50000000 o0Q7H
0C8H OCFH
0COH 0C7H
0B8H A 0BFH
X0000000
P3
0BOH | 41111111 087H
0ABH 1 0AFH
00000000
0AOH 0A7H
SCON SBUF
98H | 50000000 | XXXXXXXX 9FH
P1
90H | 44111111 97H
ggr| TCON TMOD TLO L THO TH1 oFH
00000000 | 00000000 | 00000000 | -00000000 | 00000000 | 00000000
SP DPL DPH PCON
80H 00000111 | 00000000 | 00000000 ocoooooo | &7H
98
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Restrictions on Certain Instructions

The AT89C2051 and AT89C!10S! are economical and cost-ef-
fective members of Atmel's growing family of microcontrol-
lers. They contain 2 Kbytes and 1 Kbyte of flash program mem-
ory, respectively. Both are fully compatible with the MCS-51
architecture, and can be programmed using the MCS-51 instruc-
tion set. However, there are a few considerations one must keep
n _m_lgd)uhnnmzlmngwswnﬂn‘tmumnuo.pmgmmhmdc_
VI?_Ez
%'All the instructions rclated should be
Iestricted such that_the_destination address falls_within _the
p _yy&,amegmm_mcmnu_.spam_an. which is 2K for
the AT89C2051. This should be the responsibility of the sott-
ware programmer. For example, LCALL 7EOH would be valid
“for the AT89C2051 (with 2K of memory), but LCALL 900H
wauld not.

Ry

branchj

These unconditional branching instructions will exceute cor-
rectly as long as the programmer keeps in mind that the destina-
tion branching uddress must fall within the physical boundarics
of the program memory size (locations 00H 1o 7FFH for the
89C2051). Violating the physical space limits may cause un-
known program bhehavior,

CINE [...., DINZ [...], 1B, INB, IC, INC, JBC, JZ. INZ With
these conditional branching instructions the same rule above ap-

P

ATmEL

AT89C2051

plies. Again, violating the memory boundaries may cause er-
ratic exccution.

For applications involving interrupts the normal interrupt serv-
ice routine address locations of the 80CS! family architecture
have been preserved.

2. MOVYX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data memory,
while the AT89C1051 has 64 bytes. Thus, in the AT89C1051
the stack depth is limited to 64 bytes, the amount of available
RAM. External DATA memory access is not supported in
either device, nor is external PROGRAM memory execution.
Therefare. no MOVX [...] instructions should be included in the
program.

A typical 80C5 | assembler will still assemble instructions, even
if they are written in violation of the restrictions mentioned
above. It s the responsibility of the controller user to know the
physical features and limitations of the device being used and
adjust the instructions used correspundingly.

99
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Program Memory Lock Bits

On the chip are two lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

Lock Bit Protection Modes'"

Program Lock Bits

LB1_ __LB2 | Protection Type
\( 1 U U,) No program lock features.
2\*"'/‘, U Further programming of the

Flash is disabled.
p Same as mode 2, also verify

is disabled.
Note: . The Lock Bits can only be erased with the Chip Erase
operation -
Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-chip
peripherails remain active. The mode is invoked by software.
The content of the on-chip RAM and all the special functions
registers remain unchanged during this mode. The idle mode can
be terminated by any enabled interrupt or by a hardware reset.

P1.0and P1.1 should be set to '0" if no external pullups are used,
or set to '1" if external pullups are used.

It should be noted that when idle is terminated by a hardware
reset, the device normally resumes program execution, from
where it left off, up to two machine cycles before the internal
reset algorithm takes control. On-chip hardware inhibits access
to internal RAM in this event, but access to the port pins is not
inhibited. To eliminate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to
a port pin or to external memory. \

Power Down Mode

[n the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Ve is restored to its normal operating
level and must be heid active long enough to allow the oscillator
to restart and stabilize.

P1.0and P1.] shouid be setto '0' if no external pullups are used,
or set to "1” if external pullups are used.

Programming The Flash

The AT89C205! is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (i.c., contents =
FFH) and ready to be programmed. The code memory array is
programmed one byte at a time. Once the array is programmed,
to re-program any non-blank byte, the entire memary array
needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains an in-

ternal PEROM address counter which is always reset to 000H on

the rising edge of RST and is advanced by applying a positive
going pulse to pin XTALI.

Programming Algorithm: To program the AT89C2051, the

following sequence is recommended.

. Power-up scquence:

Apply power between Ve and GND pins

Set RST and XTALI ¢t

Wilh'_ all other pins foating, wait for greater than 10

milliseconds

2. SexpinRST 0 'H'

Setpin P3.2t0 'H’

3. Apply the apprapriatc combination of "H’ or 'L logic
levels to pins P3.3, P3.4, P3.5, P3.7 to sclect one of the pro-
gramming operations shown in the PEROM Programming
Modes table.

To Program and Verify the Array:

. Apply data for Code byte at location 000H to P1.0to P1.7.

. Raise RST to 12V 10 enable programming.

. Pulse P3.2 once to program a byte in the PEROM array or*
the fock bits. The byte-write cycle is self-timed and typi-
cally takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic "H' level and sct pins P3.3 to P3.7 (o the appropiate
levels. Output data can be read at the port P! pins.

8. To program a byte at the next address location, pulse
XTAL! pin once to advance the internal address counter.
Apply new data to the port P1 pins.

(= R I -

9. Repeat steps 5 through 8, changing data and advancing the
address counter for the cntire 2 Kbytes array or until the
end of the object file is reached.

10. Power-off sequence:
set XTALL to 'L’
set RSTto 'L’
Float all other /O pins
Turn Vee power off

AT89C2051 mumessssssr s ———
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Data Polling: The AT89C2051 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an attempted
read of the last byte written will result in the complement of the
wrilten data on P1.7. Once the write cyele has been completed,
trug data is valid on all outputs, and the next cycle may begin,
Data Polling may begin any time aficr a write cycle has been
initiated,
Ready/Busy: The Progress of byte programming can also he
monitored by the RDY/BSY output signal. Pin P3.1 is pulled
low alter P3.2 goes High during programming to indicate
BUSY. P3.1 is pulled High again when programming is done to
indicate READY.
Program Verify: If lock bits LB1 and LB2 have not been pro-
grammed code data can be read back via the data lines for veri-
fication:
I Reset the internal address counter to 000H by bringing RST
from 'L’ "H'".
2. Apply the appropriate control signals for Read Code data
and read the output data at the port P pins.

3. Pulse pin XTAL! once to advance the internal address
counter.

4, Read the nexr code data hyte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

Flash Programming Modes

The lock bits cannot be verificd direetly. Verification of the lock
bits is uchicved hy observing that their features are cnabied.
Chip Erase: The catirc PEROM array (2 Kbytes) and the two
Lock Bits are crased clectrically by using the proper combina-
lion of control signals and by holding P3.2 low for 10 ms. The
code array is written with all “1"s in the Chip Erase operation
and must be execuled before any non-blank memory byte can be
re-pragrammed.
Reading the Signature Bytes: The signuture bytes are read by
the same procedure as a normal verification of locations OOH,
001H, and 0O2H, except that P3.S and P3.7 mist he pulled to
logic low, The values returned are as follows,

((Xi')()H) = |EH indicates manufactured by Atmel

(O0TH) = 21H indicates 89C2051

Programming interface

Every code byte in the Flash array can be written and the entire
array can be crased by using the appropriate combination of con-
trol signals, The write operation cycle ix sell-timed and once in-
itiated, will automatically iime itself to completion,

All major progranuning vendors offer worldwide support for the
Atmel microcontroller series. Please contact your local pro-
gramming vendor for the appropriate soltware revision.

Pa2t
Mode RST PROG P3.3° P3.4 P35 P3.7
Write Code Data!"?) 12v N L H H H
Read Code Data'"! H H L L H H
Write Lock 8it - 1 12v e H H H H
Bit-2 12v NS H H t L
Chip Erase 12v _\_/121 H L L L
Read Signature Byte H H L L L L

Notes: 1. The internal PEROM address counter is reset to 000H on the 2, Chip Erase requires a 10 ms PROG pubse.

rising edge of RST and is advanced by a pusitive pulse at
XTALI pin.

2
3. P3.1 is pulled Low during programming to idicate RDY/BS

ATNEL 101
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Figure 3. Programming the Flash Memory Figure 4. Verilying the Flash Memory sV
AT89C2051 v AT89C2051 —j
ADY/BSY <«—] P31 Vee ——T Ves
PROG  ——» P32 Pl je— gfx\ vy —» P32 Pl |-» ;f_m
—» P33 —p{ P33
—pi P34 SEEFLASH ——»{ P34
SEE FLASH PROGRAMMING
PROGRAMMING ——» P3.5 MODES TABLE ——¥ 3.5
MODESTABLE ___yl pa7 —» P37
[ —* xTAL RST je—— VY, /Vpp L x7AL1 RST [ Vu
TO INCREMENT GND GND
ADDRESS coumenf _L—
= e /
Flash Programming and Verification Characteristics
Ta=21°C o 27°C, Vcc = 5.0+ 10%
Symbol Parameter Min Max Units
Vpp PFogramming Enable Voltage 11.5 12.5 \
ipp Programming Enable Current 250 pa
tovaL Data Setup to PROG Low 1.0 us
tGHDX Data Hold After PROG 1.0 us
tEMSH P3.4 (ENABLE) High to Vpp 1.0 us
{SHGL Vep Setup to PROG Low 10 us
toHsL - | Vee Hold After PROG 10 ) us
1GLGH PROG Width 1 110 s
teLQv ENABLE Low to Data Valid 1.0 us
tenoz Data Float Atter ENABLE 0 1.0 us
{GHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
teHIH RDY/BSY\ to Increment Clock Delay 1.0 us
tIHIL Increment Clock High 200 ns

102 ATEOC205 1 s’
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Flash Programming and Verification Waveforms

Y s

PORT 1 . DATA OUT _p——
+—* et lonox [+
P3.2
(PROG)
fR—————t> lGHSL
RST . “\.LOGIC 1
L T it S LQGICo[_________ | R
teov " *— ltenaz
_P34
(ENABLE) —
P31
(ROY/BSY) BUSY READY
twe AT
XTAL1 ‘—jlam -
(INCREMENT " ———
ADDRESS)

Absolute Maximum Ratings*

Operating Temperature.... -55°C to +125°C
Storage Temperature........c.ocrevcenne. -65°C 10 +150°C
Voltage on Any Pin

with Respect to Ground. ................... -1.0Vio+7.0V
Maximum Operating Voltage .........ccccvveeeermnncn. 6.6V
DC Output Current 25.0 mA

AlMEL

*NOTICE: Stresses beyond those listed under “Absolute Maximum
Ranng.\:' may cause permancnt damage to the device. This is a
stress rating only and functional operation of the device at these
or any other conditions beyond those indicated in the operativnal
sections of this specitication s not imp
maximum rating conditions for cxtended periods may affeet de-
vice reliabiby.

1. Expisure to ab
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D.C. Characteristics
Ta=-40°C 1o 85°C, Vce = 2.7 V10 6.0 V (unless otherwise noted)

Symbol Parameter Condition Min Max ., Units
ViL Input Low Voltage -0.5 0.2 Vee-0.1 v
ViH Input High Voltage (Except XTAL1, RST) " 0.2 Vce+0.9 Vce+0.5 -V
ViHs Input High Voltage (XTAL1, RST) 0.7 Vce Vee+0.5 Vv
Output Low Vonage(’) loL=20mA, Vec=5V
VoL | (Ports 1, 3) loL = 10 mA, Vee = 2.7V 0.5 v
loH = -80 pA, Vec =5 V £ 10% 2.4 )
Output High Voltage
; VoH (Ports 1, 3) loH = -30 pA 0.75 Vce \4
loH =-12 pA 0.9 Vee \
Logical 0 Input Current
. I Ports 1, 2, 3) VinN=045V -50 MA
Logical 1 to O Transition,, ~_
m Current (Ports 1, 2, 3) Vin= 2V 750 HA
I e s
Comparator tnput Offset -
Vos Voltage Vec=5V 20 mv
Comparator input
) Vew Common Mode Voltage 0 Vee v
RRST | Reset Pulldown Resistor 50 300 KQ
! Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
: Active Mode, 12 MHz, Vec =6 VI3V 15/5.5 mA
Power Supply Current  gle Mods, 12 MHz, Ve =6 V/3 V 1 A
Icc P1.0 & P1.1 =0V or Voo
Vec=6V P1.0 & P1.1 =0V or V,
Power Down Mode? =8 28 P1. L diec 100 e
Vec=3VP1.0&P1.1=0VorVcc 20 uA
Notes: 1. Under steady state (non-transient) conditions, loL must If 1OL exceeds the test condition. VOL may exceed the
be externally limited as follows: related specificaton. Pins are not guaranteed to sink
Maximum lo per port pin:20 mA current greater than the listed test conditions.
Maximum total IOL for all output pins:80 mA 2. Minimum Vcc tor Power Downis 2 V.
H
1
104
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External Clock Drive Waveforms

0.2Vec-0.1V

i— toncL

tewcL

External Clock Drive

Symbol Parameter Min Max Units
1cice | Oscillator Frequency 0 24 MHz
tcret Clock Period 41.6 ns
tcHCX High Time 15 ns
tcLex Low Time 15 ns
fcren Rise Time 20 ns
tcHCL Fall Time 20 ns

105
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Serial Port Timing: Shift Register Mode Test Conditions
(Vce = 5.0 V £ 20%; Load Capacitance = 80 pF)

12 MHz Os¢c Variable Oscillator
Symbol | Parameter Min Max Min Max Units
IXLXL Serial Port Clock Cycle Time 1.0 12tcLeL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
IXHQX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
IXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION [0 |V ) 2y 8y A4 5 | 6 | 7 | 8 |
ae Lo e e

<L % 7 o
cLocK ot [\ DN S\ 1 ML

WRITE TO SBUF

OUTPUT DATA
L CLEARRAI |

v
INPUT DATA

AC Testing Input/Output Waveforms”  Float Waveforms"”

VOL-O.I v

Vee- 05V 02Vge+ 09V

TEST POINTS

Timing Reference
Points

0.2Vpe 0.1V 0.1V
045V ce Viono Vgrorv
Note: |. AC Inputs during testing are driven at Vec- 0.5V fora Note: 1. For timing purposes, a port pin is no longer floating when a
togic 1 and 0.45 V for a logic 0. Timing measurements 100 mV change from load voltage occurs, A port pin be-
are made at Viy min. for a logic | and Vi max. for a gins to flnat when a 100 mV change from the loaded

logic 0. VowVot icvel occurs.

106 AT 89C 2 051 0000000000000



20

15

10

AT89C2051
TYPICALICC - ACTIVE (85°C)
Vee=6.0V
/
] / Vee=5.0V /
—— L
/ Vee=3.0V
L=
| e
/
0 6 12 i8 24
FREQUENCY (MHz)
AT89C2051
TYPICAL ICC - IDLE (85°C)
Vee=6.0V
—/
//
/ Vee=5.0V ——_____.——'
—______,_—-/
e
,_-——"———-—7:
// Vee=3.0V
/
0 3 6 9 12
FREQUENCY (MHz)

AUMEL -

AT89C2051
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AT89C2051
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)
20 7

|15 ]
c ——

C 4 //
x 5 //
0
3.0v 4.0V 5.0v 6.0V
Vece VOLTAGE

Note: 1. XTALI tied to GND for Icc (power down).
2. P.1.0and P1.1 = Vccor GND.
3. Lock bits programmed.

108 AT89C2051 munsessses s
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LM124/LM224/LM324, LM124A]

nmn men pmnam b

o

LM224A/LM324A, LM2902

72 National
i Semiconductor -

Operational Amplifiers/Buffers

LM124/LM224/L M324, LM124A/LM224A/L M324A, LM2902
Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high
gain, internally frequency compensated operational am-
plifiers which were designed specifically to operate from
a single power supply over a wide range of voltages.
Operation from split power supplies is aiso possible and
the low power supply current drain is independent of the
magnitude of the power suppiy voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which
now can be more easily implemented in single power
supply systems. For example, the LM124 series can be
directly operated off of the standard +5 Vpe power
supply voltage which is used in digital systems and will
easily provide the required interface eiectronics without
requiring the additional 215 Vpe power supplies.

Unique Cha{'actéristics'

® |n the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from oniy a
single power supply voltage.

p . . . ¥
8 The unity gain cross frequency is temperature
compensated. ’

8 The input current is .also

compensated.

bias temperature

Advantages

= Eliminates need for dual supplies

®» Four internally compensated op amps in 2 single
package, ‘ ’

® Allows directly sensing near GND and Vgyt also
goes to GND -

L] Compatjble with all forms of logic

® Power drain suitable for battery operaticn

Features
Internally frequency compensated for unity gain

® Large dc voitage gain 100 d8

= Wide bandwidth {unity gain) 1 MHz
(temperature compensated!}

" Wide power supoly range:

Single supply S Vpe 10230 Ve
or dual supplies *1.5Vpe t0 £15 Ve

= Very low supply current drain (B00uA]} — essentially
independent of supply voltage (1 mW/cp amp at
+5 VDC’ % i

®  Low input biasing current 45 nAge
{temperature compensated)

® Low input offset voltage 2mVpe
and offset current 5 nApe

® Input common-mode voltage range inciudes ground
Differential input voliage range equal to the power
supply voltage .

& {arge output voltage OVpete VT —1L5Vpe -
swing

Connection Diagram
Dual-In-Line Package

QUTFUT A INPUT A INPUT " (1] MPUTI® INPUTIC QUTPUTI

1 13 1] "o 10 4 2

»,

nPyTS

1 2 ) . N . ?

QUTFUTT NPuTI™ INPUTL" v* WPUTT eyTT OuTRuT 2

100 VEw

Order Number LM124J, LM124AJ,
LM224J, LM224AJ, LM3244,
LM324AJ or LM2902J
See NS Package J14A

Order Number LM324N, LM324AN
or LM2902N
See NS Package N14A

Schematic Diagram (gach amplitier) - -

v
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Application Hints

The LM124 series are op amps which operate with only
a smg!e power supply voltage, have true-differential
inputs, and remain in the linear mode with an input

. common-mode voltage of O Vpe. These amplifiers
operate over a wide range of power supply voltage with
little change in performance characteristics. At 25°C
amplifier operation is possible down to a minimum
supply voltage of 2.3 Vpe-

The pinouts of the package have been. designed to
simplify PC board layouts. Inverting inputs are adjacent
to outputs for all of the amplifiers and the outputs have
also been placed at the corners of the package (pins-1i,
7 8, and 14).

Precautxons should be taken to insure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed
backwards in a test socket as an unlimited current surge
- through the resulting forward diode within the 1C couid
.cause fusmg of. the internal conductors and result ina
" ‘destroyed unit.
- Large differential input voltages can be easily accom-
modated and, as input differential voltage protection

diodes are not needed, no large input currents resuit

from "large differential input voltages..The differential
input voltage may be larger than v* without damaging
the device. Protection should be provided to prevent the
input voltages from going negative more than ~0.3 Vpe
{at 25°C). An input clamp diode with a resistor to the
IC input terminal can be used.

" Typical Performance Characteristics (w202 eniyh 33
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be used, from the output of the amplifier to ground to
increase the class A bias current and prevent crossover

distortion. Where the load is directly coupled, as in dc :

applications, there is no crossover distortion.

Capacmve toads which are applied directly to the output'

of the amplifier reduce the loop stability margin. Values
of 50 pF can be accommodated using the worst-cass non-
inverting unity gain connection. Large closed loop gains
or resistive isolation should be used if larger load
capacitance must be driven by the amplifier.

The bias network of the LM124 establishes a drain
current which is independent of the magnitude of the
power supply voltage over the range of from 3 Vge to
30 Vpe-

Output short circults either to ground or to the positive

power supply should be of short time duration. Units
can be destroyed, not as a result of the short circuit
current causing metal fusing, but rather due to the large
increase in IC chip dissipation which will cause eventual
failure due to excessive junction temperatures. Putting
direct short-circuits on more than one amplifier at a time

will increase the total IC power dissipation to destructive .

leveis, if not properly protected with external dissipation

.To reduce the power supply current drain, the ampliﬁer§ .

have a class A output stage for small signal levels which
converts to class B in a large signal mode, This allows the
amplifiers to both source and sink large butput currents.
Therefore both NPN and PNP external currem boost
transistors can be used to extend the power capability of
the basic' amplifiers. The output voltage needs to raise
. approxlmately 1 diode drop above ground to bias the
on-chip vertical PNP transistor for output current sinking
- . applications. -

For ac applncanons where the load is capacitively
coupled to the output of the amplifier, a resistor should

limiting resistors in series with the output leads of the
amplifiers. The larger value of output source current
which is available at 25°C provides a larger output cur-
rent capability at elevated temperatures (see typical
performance characteristics) than a standard IC op amp.

The circuits presented in the section on typical applica-
tions emphasize operation on only a single power supply
voltage. If complementary power suppliss are available,

all of the standard op amp circuits can be used. In
introducing a pseudo-ground {a bias voitage

general,

.. reference of V*/2) will allow operation above and below

this value in single power supply systems. Many applica-.
tion circuits are shown which take advantage of the wide
-input
. ground. In most cases, input biasing is not required and

common-mode voltage range which includes
input voltages which range to ground can easlly be

accommodated.
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Non-Inverting OC Gain (OV Input =0V Output)

Power Amplifier
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[ M124/LM224/L.M324,.LNI1124A/

LM224A/LM324A, LM2902:

Driving TTL

Squarewavae Oscillator

1 'I"ypical Single-Supbly A;ﬁplicationS(cdnxsnuec)

Low Drift Peak Detector
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POLYETHYLENE) T

Voitage Follower

Pulse Gensrator
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TECHNICAL DATA -

Transistor Output MRD3054
... designed for application in industrial inspection, processing and control, countars, '
sorters, switching and logic circuits or any design requiring radiation sensitivity, and sta- M R D3056
ble characteristics.
s Hermetic Package at Economy Prices
® Popular TO-18 Type Package for Easy Handling and Mounting PHOTO DETECTORS
» Sensitive Throughout Visible ana Near Infrared Spectral Range for Wider Appiication TRANSISTOR QUTPUT
® Range of Radiation Sensitivities for Design Fiexibility NPN SILICON
s External Base for Added Control 30 VOLTS
® Annutar Passivated Structure for Stability and Reliability
MAXIMUM RATINGS (T4 = 25°C uniess otherwise noted)
i Rating Symbol |  Value | Uait 7?.
L Cotector-Eminter Voltage VeeEo 30 Yotts
Erminier-Collecior Voltage veeo H Volts
Collector-Base Voitage Ycso <0 Voits
Tota: Pewer Dissigation tr Ty = 25°C Pp 250 mw
Oerate above 25°C 2.27 mwWrC
Operating Temperature Range | TA !-8310 ~128] ¢ CASE 82.05
Storage Temoerature Range i Tgg -55t0 -i50 'C METAL
STATIC ELECTRICAL CHARACTERISTICS (To = 25°C unless oinerwise noted)
Charactaristic j | Symbot Min I Typ  ; Max | unit
Cotlector'Dark Current (Voe = 20 V, R = 1 Megohm, Note 2} T4 = 25°C! Iceo - - ! e.1 I A
Ta = 85°C - 5 ) ~
Colleztor-Base Sreacdown Voitage {ic = 100 uAl ! VisRics0 a0 — i = 1 vois
Coilector-Emitier Sreakdown Voltage tic = 100 wA) VisriceQ | 30 I - i - | Votts
Emitter-Callector Sreakdown Volitage {lg = 100 Al | Vamgco | 5 1 — — | \Vons
OPTICAL CHARACTERISTICS (T4 = 25°C untess otherwise notea) = oy
Characteristic Fig. No. | Symbol Min | Typ ¢ Max | unit
Collector-tignt Current 1 Iy mA -
INcg = 20V, §_ = 100 Ohms, Note 1} MRD3050 0.1 - H —
MRD3051 0.2 — : -
MRD3054 0.5 - i =
MRD30S5 1.5 —_ H —_
MROD3056 2 — -
Photo Current Saturated Rise Time (Note 3) S risat) -— 1 i — ! RS
Photo Current Saturaied Fall Time (Note 3) 5 tisat) i — 10 ! - ! a8
Photo Curren: Rise Time {Note &) 5 } v - ! 2 : - As
Photo Current fail Time (Note 4) boos ] - | 3 i - us i
Wavelengtn of Maximum Sensitivity | = Ag i — | o8 - b am !
i
NOTES: 1. Aachation Hus censiry (H) equai to S mw e emifiad from 2 tungsien saurce at a color temperature of 2870 K.
2. Messurec uncer cark conditions. tH ~ 0L
3 For saturstac g time measur: ion is provi Dy 8 puised xenon arc 1amp with a pulse wiath 9f aDoromimately 1 -
mcrasecond isee Figure 5), N - e o -
4 For unsaturates g ume me : is proviced By 3 ouised GaAds {gailium-arsenide! light-emiring di0Se (A = 940 nm! witn .
3 Oulse wiat 2Quai 10 Or greaier than 10 microseconcs (see Sgure 5i.
t‘"‘

4-44
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i COLLECTOR LIGHT CURRENT ImA)

NONMALIZED PHOTO CURRENT

MRD3050, MRD3051, MRD3054, MRD3055, MRD3056

TYPICAL CHARACTERISTICS
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12 !
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o1 [ ]
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Figure 1. Collector Light Current
? : T ] T
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MRD3050, MRD3051, MRD3054, MRD3055, MRD3056

BV
fif1h——p
100 mH a i
"Ec MRO35IMRO3055

TYPICAL CIRCUIT APPLICATIONS

p————————0

INPUT TQ STROBE
FLASH UNIT

Q
3 INSDEA +
t————o

Figure 6. Strobeflash Slave Adapter

? -0V
1
wv
ALARM
>
1By |
NS00 l
/![ S1
MRO ~
Eo=0] > 1x

Figure 7. Light Operated SCR Alarm Using

Sensitive-Gate SCR

80 Yrms

=05% Qi AND Q2: MPSES1S
O Q3: MRD3054
INPUT 1N&OOL
0510 gy 1@ a3 QUTPUT 04,
180VAC 100 W PQTENTIOMETEA QRS
[# FANGE 5-0V1 SI15wIwW
VE2W
A6
¢ ok
R2
13w %
i

Figure 8. Circuit Diagram of Voltage Regulator for Projection Lamp

*MCR218-8 to be usea
with 3 heat sink,
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v LEAD MOUNTED
SILICON RECTIFIERS
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Logic Products

Gates

7402,

LS02, S02

Quad Two-input-NOR Gate
Product Specification

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
7402 10ns 11mA
74LS02 | 10ns 2.2mA
74802 3.5ns 22mA
ORDERING CODE
COMMERCIAL RANGE
PACKAGES; Vee =5V 15%; Ty =0°C to +70°C
- Plastic DIP N7402N, N74LS02N, N74S02N
Plastic SO N74L5020, N74S020
FUNCTION TABLE NOTE:
For 0 9 devices p 1o Miitary i 300 the Signetics Military Products
INPUTS OUTPUT Data Manual
A 8 Y
0 T b INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
L H L PINS DESCRIPTION 74 743 74LS
H L L
H H L A B Inputs tul 1Sut 1LSul
H = HIGH vokage level Y Qutput 10ut 10Sul 10LSul
L= LOW voltags lovel NOTE:-

PIN CONFIGURATION

Whers & 74 unit toad {u) is UNderstood 10 be 404A ing and - 1.6mA Iy, & 74S unit 108d (Sul) is SOpA hy 8Ad
~20MA g, and 74LS unit load (LSul) s 20pA I and ~0.4mA .

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/IEC)
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Logic Products

1

74125, 74126, LS125A, -
LS126A. .
Buffers

Quad 3-State Buffer
Product Specification

i

¥

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY {TOTAL)
74125 . 10ns 2mA
74LS125A 8ns 11mA
FUNCTION TABLE '125, 'LS125A 74126 108 . 36mA
INPUTS ouTPUT 74LS126A ons 12mA
c A Y - "
7 - y ORDERING CODE . AN
L H H COMMERCIAL RANGE
H X @ PACKAGES. Vo = 5V £5%; Ty =0°C to +70°C
N74125N, N74LS125N
Plastic DIP g
FUNCTION TABLE '126, 'LS126A N74126N, N74LS126N
INPUTS OUTPUT Plastic SO N74LS125AD
NOTE:
c A Y For information regarding davices d to Milltary 300 the Signetics Miitary Products
H L L goie
': : H INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
Cl PINS DESCRIPTION 74 74L8
H = HIGH voitage Isvel
L = LOW voitage level All Inputs il 1LSul
X = Don't care
(2) = HIGH impedance {off) Al Cutputs 10ul 30LSul
NOTE:
Where a 74 unit load () is understood 10 be 40pA Iy and - 1.6mA by, and & 74LS unit losd (LSUI) Is 20pA ey
and ~0.4mA Iy,
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL ilEEE/IEC) R
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74125, 74126, LS125A, LS126A
PIN CONFIGURATION LOGIC SYMBOL = LOGIC SYMBOL (IEEE/IEC)
‘126 ‘128 26 .
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ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.)
PARAMETER W._ 74 74LS UNIT
Yeo Supply voltage 7.0 7.0 \'s
Vin Input vollage ~0.5 to +55 -05 to +7.0 v
N Input cument ~30 to +5 =30 to +1 mA
Vour Voitage applied to output in HIGH output state -05to +Vog | -0.5 to +Veo v
Ta Opoerating troe-air p range 0to70 *C
RECOMMENDED OPERATING CONDITIONS
74, 74LS
PARAMETER UNIT
Min Nom Max Min Nom Max
Veo Supply voltae 4.75 5.0 5.25 4.75 5.0 525 v
Vin HiGH-avel input voltage 20 2.0 v
Vi, LOW-lavel input voltage +0.8 +0.8 v
T Input clamp current -12 -18 mA
low HIGH-level output current -5.2 -26 mA
Ao LOW-level output current 16 24 mA
Ta Oparating free-air temp 0 70 [} 70" c






