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ABSTRACT

This thesis describes the use of dual tone multi-frequency (DTMF) telephone system
to control gome and office electrical appliances. Controlling can be made by encoding
telephone commands. Unauthorized or wrong — code commands are not acknowledged by the

telephone system.
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8.2 nenTRTeYFyanauSand1 (Ringing tone detector circuit)

U 8.2 wrernesaTeudyasondh
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o o @ = Y L. P
vyl 32 WunesansaeudyyienSondl Ringing tone detector circuity #4
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PRELIMINARY

DATA SHEET

AUGUST 1988

80C51-L/ 80C31-L

¥
3

. CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

" © 80C51-L~CMOS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmable ROM

¢ 80C31-L.- CMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED CPU with RAM and /0
©'80C51-L/C31-L: 0 TO 6 MHz,VCC=2.7VTO &V

FEATURES
¢ POWER CONTROL MODES * BOOLEAN PROCESSOR
© 128 x 8 BIT RAM ¢ 5 INTERRUPT SOURCES
¢ 32 PROGRAMMABLE I/0 LINES ¢ PROGRAMMABLE SERIAL PORT
¢ TWO 16-BIT TIMER/COUNTERS # 64K DATA MEMORY SPACE
* 64K PROGRAM MEMORY SPACE o TEMPERATURE RANGE: 0TO70°C
e FULLY STATIC DESIGN
« HIGH PERFORMANCE SAJIVI CMOS
PROCESS
DESCRIPTION
MHS's 80C51 and 80C31 are high
oot RTEye performance CMOS versions of
fH1000 _HALAAHS the 8051/8031 NMOS single chip
|~ oo 8 bituCand Is manufactured usinga

D3IT7/01/8TH

n-1

seff-aligned silicon gate CMOS
process (SAJIVI).

-The 1‘uly8 static design of the MHS

80C51/80C31 allows to reduce
system power consumption by
bringing the clock frequency down
to any value, even DC, without loss
of data.

The 80C51 retains ail the features
of the 8051: 4K bytes of ROM;
128 bytes of RAM; 32 /O fines; two
16 bit timers; a S5-source 2-level
interrupt structure; a full duplex serial
port; and on-chip oscillator and
clock cireuits.

In addition, the 80C51 has two
software-selectable modes of
reduced activity for further reduction
in power consumphon In the Idle
Mode the CPU is frozen while the
RAM, the timers, the serial port, and
the lnterrupt system continue to
function. in the Power Down Mode
the RAM is saved and all other
functions are inoperative.

The 80C31 is identical to the 80C51
except that it has no on—chlp ROM.
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Figure 2. Configurations
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IDLE AND POWER DOWN
‘OPERATION ,

Figure 3 shows the intemal [die and PowerDown clock
configuration. As illustrated, Power Down operation
stops the oscillator. Idle mode operation allows the
interrupt, serial port, and timer blocks to continue to
function while the clock to the CPU is gated oft

These special modes are activated by software viathe

Special Function Register, lts hardware address is 87H.

PCON is not bit addressable.

Figure 3. Idle and Power Down Hardware

PCON: Power Control Register
(MSB) (LSB)

smon{ - | -J - |aFt|Gro| Po | L |
Symbol - Position Nameandchtion
SMOD

PCON.7 Double Baud rate bit. When set
to a 1, the baud rate is doubled
when the serial port is being
used in either modes 1,2 or 3.

- PCON.6 (Reserved) ’
- PCON.5 (Reserved)
- PCON.4 (Reserved)

GF1 PCON.3 General-purpose flag bit.

GF0  PCON:2 General-‘purpose flag bit.

PD PCON.1 Power Down bit. Setting this

bit activates power down
operation.

DL  PCONO ide mode bitSetting this bit
activates idle mode operation.

if 1's are written to PD and IDL at the same time.
PD takes precedence. The reset value of PCON is
(OXXX0000).

aa NHIS
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Table 1. Status of the external pins during Idle and Power Down modes

Mode Program Memory ALE | PSEN PORTO PORTY PORT2 PORT3

Idle Internal 1 1 Port Data Port Data Port Data Port Data

Idle Extemnal 1 1 Floating Port Data Address Port Data

B%‘C’vir Intemal 0] 0] Port Data Port Data Port Data | Port Data

IB%vvﬁr External 0 0 Floating Port Data Port Data Port Data
IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.O is the last instruction
executed before the Idle mode is activated. Oncein
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator, RAM, and all otherregisters
maintain their data during Idle, Table 1describes the
status of the extemal pips during Idle mode.

There are two ways to terminate the Idle mode.
Activation of any enabled interrupt will cause PCON.0O
to be cleared by hardware, terminating Idle mode.
‘The interrupt is serviced, and following RETI, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.0,

The flag bits GFO and GF1 may be used to' determine
whether the interupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to PCON.0 can also setorclear
one orboth flag bits. When Idie mode is terminated by
an enabled interrupt, the service routine can examine
the status of the flag bits. ‘

The second way of terminating the Idle mode Iswith a
hardware reset. Since the oscillator is still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.1is the last executed
priorto entering powerddéwn.Oncein powerdown,the
oscillatoris stopped. The contents of the onchip RAM
and the Special Function Register is saved during
powerdown mode. A hardware reset is the onlyway of
exiting the power down mode. The hardware reset
initiates the Special Function Register (see Table 1),

In the Power Down mode. Vce may be lowered to
minimize circuit power consumption. Care must be
taken to ensure the voltage is not reduced until the
paower down mode is entered, and that the voitage is
restored before the hardware reset is applied which
frees the oscillator, Reset should not be released until
the oscillator has restarted and stabilized.

Table 1describes the status ofthe external pins whilein
the power down mode. it should be noted that if the
power down mode is activated while in external
program memory, the port data that is held in the
Special Function Register P2 is restored to Port 2. Ifthe
datais a 1, the port pin is held high during the power
down mode bythe strong pullup,T1,shownin Figure 4.

Dueto static design,the MHS80C31/C51 clockspeed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step
utilization, and permits to reduce system power
consumption by bringing the clock frequency downto
any value. At 0 MHz, the power consumption is the
same as in the Power Down Mode.

80C511/0 PORTS -

The /O port drive of the 80C51is similar to the 8051,
The l/O buffers for Ports 1,2,and 3 are implemented as
shown in figure 4.

When the port latch contains a 0,all pFETS in figure 4
are off while the nFETis tumed on.When the portlatch
makes a 0-to-1transition, the nFETtums oftThe strong
pullup pFET, T1, tums on for two oscillator periods,
pulling the output high very rapidly.As the outputline is
drawn high, pFET T3 tums on through the inverter to
supply the I0H source curmrent. This inverter and T3
form a latch which holds the 1 and is supported by T2.
When Port 2 is used as an address port,foraccess to
external program of data memory, any address bit
that contains a 1 will have his strong pullup turned on
for the entire duration of the external memory access.

When an I/0 pin on Ports 1,2,0or3isusedas an input,
the user should be aware that the external circuit must
sink current during the logical 1-t0-0 transition,
The maximum sink current is specified as ITL under
the D.C.Specifications. When the input goes below
approximately 2V, T3 tumns offto save ICC current.Nate,
when returning to a logical 1, T2 is the only intemal
pullup that is on. This will result in a slow rise time if
the user's circuit does not force the input fine high.

Fig. 4. 170 Buffers in the 80C51 {Ports 1,2, 3)

e VHS




80CS51 PIN DESCRIPTIONS

vss
Circuit ground potential

Vcc
Supply voltage during normal, Idle, and Power Down
operation.

Port 0

Port 0 is an 8-bit open drain bi-directionat /0 port.
Port O pins that have 1's writtento them float,andinthat
state can be used as high-impedance inputs.

Port O is also the muitiplexed low-order address and
data bus during accesses to external Program and
Data Memory.In this application it uses strong internal
pullups when emitting 1's. Port O also outputs the
code bytes during program verlfication in the 80C51.
External pullups are required during program
verification. Port O can sink eight LS TTL inputs.

Port1

Port 1 is an 8-bit bi-directional 1/O port with internal
pullups. Port 1 pins that have 1's written to them are
pulled high bythe internal pullups,andin that state can
be used as inputs. As inputs, Port 1 pins that are
extemally being pulled low will source current (IIL,
on the data sheet) because of the intemal pullups.

Port 1also receives the low-orderaddress bytes during
program verification. In the 80C51, Port 1 can sink/
source three LS TTL inputs. It can drive CMOS inputs
without extemal pullups.

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal
pullups. Port 2 pins that have 1's written to them are
pulled high bythe intemal pullups,andin that state can
be used. as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (llL, on
the data sheet) because of the internal pullups.Port 2
emits the high-order address byte during fetches from
external Program Memory and during accesses to
external Data Memory that use 16-bit addresses
(MOVX @ DPTR). In this application, it uses strong
intemal putlups when emitting 1's. During accesses to
external Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emits the contents of the P2
Special Function Register.

it also receives the high-orderaddress bits and control
signals during progam verification in the - 80C51.
Port 2 can sink/source three LS TTLinputs. !t can drive
CMOS inputs without extemal pullups.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal
pullups. Port 3 pins that have 1's written to them are
pulled high bythe intemal pullups,andin that state can
be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (lIL, on
the data sheet) because of the pullups. It also serves
the functions of various special features ofthe MCS-51
Family, as listed below.

80C51-L./80C31-L

n-4

Port Pin
P3.0

Altermnate Function
RXD (serial input port)

P3.1  TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (extenal interrupt 1)

P3.4 TO (TimerO external input)

P35 Ti(Timer1extenal input)

P36 WR (extemal Data Memory write strobe)
P3.7 RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTLinputs. it can drive
CMOS inputs without external pullups.

RST

A high leve! on this for two machine cycles while the
oscillator is running resets the device. An internal puli-
down resistor permits Power-On reset using only a
capacitor connected to Ve,

ALE

Address Latch Enable output for latching the low byte
of the address during accesses to extemal memory.
ALE is activated as though for this purpose at a
constant rate of 1/6 the oscillator frequency except
during an extemal data memoryaccess at which time
one ALE pulse is skipped. ALE can sink/source 8 LS
TTL inputs. it can drive CMOS inputs without an
extemal pullup.

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each machine cycle dlring fetches from extemal
Program Memory. (However, when executing out of
external Program Memory,two activations of PSEN are
skipped during .each access to extemal Data
Memory). PSEN is not activated during fetches from
internal Program Memory. PSEN can sink/source 8 LS
TTL inputs. It can drive CMOS inputs without an
extemal pullup.

EA

When EAis held high,the CPU executes out of interat
Program Memory (unless the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of extemal Program Memory.
EA must not be floated.

XTAL1

Input to the inverting amplifier that forms the oscillator.
Receives the extemal oscillator signal when an
external oscillator is used.

XTAL2

Output of the inverting amplifier that forms the
oscillator, and input to the internal clock generator.
This pig should be floated when an external oscillator
is used.

wa VB



OSCILLATOR CHARACTERISTICS

XTAL1and XTAL2 are the input and output respectively,
of an inverting amplifier which is configured for use as
an on-chip oscillator, as shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an extemnal clock source,

80C51-L/80C31-L

unconnected as shown in figure 6. There are no
requirements on the duty cycle of the extemal clock
signal,sincethe inputtothe intemal clocking circuitryis
through a divide-by-twa. flip-flop, but munimum and
maximum high and low times specified on the Data

XTAL1 should be driven while XTAL2 is left Sheet must be observed.
L | \—{xmaL2
D NC XTAL2
L | R OSCILLATOR XTAL1
SIGNAL
+ vss L vss
Rgure 5. Crystal Osclllator Figure 6. External Drive Configuration




ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:
Commercial ...........ccovuet 0°Cto70°C
Industrial ................. -40°Cto 85°C
Storage Temperature ............ -65°Cto+150°C
Voltage onVCCtOVSS .covvvnnnnnnnn ~0.5Vto+7V
Voltage on Any Pin toV SS.....-0.5V toVce+0.5V
Power Dissipation:.........cooveiiiiiiiininn, 1w

*This value is based on the maximum aliowable die
temperature and the thermal resistance of the
package.

80C51-L/80C31-L

*NOTICE:

Stressesat orabove those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the-
device. This is a stress rating only and functional opera-
tion ofthe device at these oranyotherconditions above.
those indicated in the operational sections of this'spe-
cification is not implied. Exposure to absolute maxi-
mum rating conditions may affect device reliability.

DC CHARACTERISTICS
TJA=-40°Cto 85°C;V\Cc=2.7Vto 6V:VSS=0V; F=0to 6 MHz
Symbot Parameter Min Max Unit Test Conditions'
Vit Input Low Voltage -05 0.2*(\)/(1:(; \ )
VIH Input High Voltage 02vee | Ve "V
(Except XTALs and RST) +09 +05 |
VIH1 Input High Voltage to RST for Reset 0.7V¢ce V(g% \Y
+0.
ViH2 Input High Voltage To XTAL1 0.7vee V%:c5 Vv
; +0. ,
VPD Power Down\VoltageToVec in PDMode| 2.0 6.0 \Y
VOL Output Low Voltage (Ports 1,2, 3) 0.45 \ I0L=1.6mA (note 1)
VoL1 Output Low Voltage Port 0, ALE, PSEN 045 \' I0L=3.2mA (note 1)
VOH Output High Voltage Ports 1,2,3 o9veo \' IOH=-10pa
24 \ IOH=-60pA"
Vee=5V110%
VOH1 Output High Voltage (Port 0 in External | 0.9VCC \' IOH=-40pA:
in External Bus Mode), ALE, PSEN
24 \Y IOH=- 400pA
NCC=5V110%
L Logical O Input Current Ports 1,2,3 -850 pA Vin=0.45V ,
LI Input Leakage Current +10 pA- 045 <Vin<Vce
e 1 Logical 1to 0 Transition Current -500 ‘pAx Vin=2.0vV
(Ports 1,2,3) .
ICCPD Power Supply Current 50 10 A Veo=2.0Vto 5.5V,
(Power Down Mode) (note 2)
RRST RST Pulldown Resistor 50 150 || ko .
ClO Capacitance of I/O Buffer 10 { pF fc=1MHz,TA=25°C
Note'1:

Capacitive loading on~Ports 0 and 2 may cause
spurious noise pulses to be superimposed on the
VoLs of ALE and Ports 1 and 3.The noise is due to.
external buscapacitance discharging into the Port O
and Port 2 pins when these pins make 1-to-0

transitions during bus operations. In the worst cases
(capacitive loading 100 pF),the noise pulseonthe ALE
line may exceed 0.45V with .maxi VoL peak 0.6V.
A Schmitt Trigger use is not hecessary.




80C51-L/80C31-L
EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL 1)

Variable Clock
freq=0 to 6 MHz
Symbol Parameter Min Max Unit
TCLCL Oscillator Period 166 ns
TCHCX High Time 20 ns
TCLCX LowTime 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns
=
VCC-05VL. e frt— JOHEX —1 TCLCH TCHCL
[k4" v o]
s V——/ ‘0.2 VvCC-0.1
et ——————TOLCX
TCLCL |
AC CHARACTERISTICS

(TA==40°C to 85°CVcc=2.7Vto 6V N33 =0V) .
{Load Capacitance for Port 0, ALE, and PSEN==100pf; Load Capacitance for All Other Outputs =80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symbol Parameter Min Max Units
TLHLL ALE Pulse Width 2TCLCL-40 ns
TAVLL Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLIV - | ALEto\alid instrin 4ICLCL-170 ns
TLLPL ALE to PSEN TCLCL-25 ns
TPLPH PSEN Pulse Width 3TCLCL-35 ns
TPLIV "PSEN to Valid Instr In JICLCL-220 ns
TPXIX Input Instr Hold After PSEN 0 ns
TPXIZ Input Instr Float After PSEN TCLCL-20 ns
TPXAV PSEN to Address Valid TCLCL-8 ns
TAVIV Address to Valid Instr In STCLCL-220 ns
TPLAZ PSEN Low to Address Float 0 ns

See next page for External Data Memory Characteristics.




EXTERNAL DATA MEMORY CHARACTERISTICS

80C51-L/80C31-L

Symbol Parameter Min Max Units
TRLRH RD Puise Width 6TCLCL-100 ns
TWLWH WR Pulse Width 6TCLCL-100 ns
TLLAX Data Address Hold After ALE TCLCL-35 ns
TRLDV RD to Valid Data In 5TCLCL-165 ns
TRHDX Data Hold After RD 0 ns
TRHDZ Data Float After RD - 2TCLCL~70 ns
TLLDV ALE to Valid Data In 8TCLCL-150 ns
TAVDV Address to Valid Data In - gICLCL~165 ns
TLLWL ALE to WR or RD 3TCLCL- 50 3ICLCL+ 50 ns
TAVWL Address to WR or RD 4TCLCL-130 ns
TQVWX Data Valid to WR Transition TCLCL-60 . ns
TQVWH Data Setup to WR High 7TCLCL-150" RS
TWHQX Data Hold After WR TCLCL-50 ns
TRLAZ RD Low to Address Float 0" - - ns
TWHLH RD or WR High to ALE High TCLCL-40 - TCLCL+40 ns

MAXIMUM Icc (mA) N
Operating (Note 3) Idle (Note 4)
Freq.VCC 2.7V 5V &V 271V N2 6V
1MHz 0.8 mA 1.5 mA 1.8 mA 400 pA 800 pA 1mA
6 MHz 4 mA 8 mA 10 mA 1.2mA 3.5 mA 3.8mA
Note 2: Note 4:

Power Down Icc is measured will ‘all output pins
disconnected; EA=Port 0=V¢C; XTAL2 N.C,; RST=
Vss

Note 3:

Icc is measured with all output pins disconnected;
XTAL1 driven with TCLCH, TCHCL=5 ns,VIL=VSsS +
0.5ViVIHVCC-0.5V; XTAL2 N.C.; EA=RST=Port 0=
V. Icc would be slightly higherif a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The first
character is always a ‘T’ (stands for time). The other
characters, depending on their positions, stand forthe

name of a signal or the logical status of that signal.

The following is a list all the characters and what they
stand for.

ldle Icc is measured with all output pins
disconnected; XTAL1 driven TCLCH, TCHCL=5 ns,V|_
=Vgs+0.5V; VIH=VcC -~ 0.5V; XTAL2N.C; Port 0=
VCC: EA=RST=Vgs.

EXAMPLE:

TAVLL=Time for Address Valid to ALE low.
TLLPL=Time for ALE low to PSEN low.

A: Address.

C: Clock.

D: Input data.

H: Logic level HIGH.

I: Instruction (program memory contents).
L: Logic level LOW, or ALE.

P: PSEN

Q: Output data.

R: READ signal.

T:Time.

V: Valid.

W: WRITE signal

X: No longer a valid logic level.
Z: Float.

B<
(5]



80C61-L/80C31-L

AC TIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE
| 12 TOLCL -

TUHLL et TLLY et
e TUAL \
| TPLPH
T e o
L < ;m»mﬂ wz
porTo NSTRIN aciad INSTRIN atad
L e TAVIV————
N — <
corra ORSFRP2 Q ADDRESS AB-A1S ADDRESS AS-A1S
EXTERNAL DATA MEMORY READ CYCLE :

] TWHLH >
- / \\ TUDV f“

i - TRLRH -
.. - WWL-:‘ - /|
POV |t TLLAX TRLOV———p= T

PORTO 20-8 DATAIN

PORT2 m-?z'x . ADDRESS AB-A1S OR SFR-P2 D

wR N TWIWH J
TATL‘I{AXWL-E—, T mku——————-—L‘rwmx-A
PORTO AN DATA OUT "
Py i 4 ADORESS AB-A1S OR SFR-2 D
PORT2
AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS
INPUT/QUTPUT FLOAT - .
vee-0sv 02VCC-08 | X "_"\vou-o.lv o /l_vma_m'o.xv
TESTPOINTS
045V} ozvec-ot | /-/vouo.w \R VLOAD-0.AV

AC inputs during testing are driven at VCC —0.5 for a logic “"and 0.45Vfor a logic "0". Timing measurements are
made at VIH min for a logic *1*and VIL max for a logic “0". For timing purposes a port pin is no longer floating when
a 100 mVchange from load voltage occurs and begins to float when a 100 mV change from the loaded VOH/VOL

level occurs. lolfloH z =+ 20 Ma.
B&
ma VD



80C51-1./80C31-L.

SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C.CHARACTERISTICS:
(TA=0°Cto70°C; Vgg=0V; VCC=2.7Vto 6V; Load Capacitance =80 pF)

Symbol Parameter Min _Max Units
TXLXL Serial Port Clock Cycle Time 12TCLCL ps
TQVXH “Output Data Setup to Clock 10TCLCL-133 ns
Rising Edge
T TXHQX Output Data Hold After Clock 2ICLCL-117 ns
Rising Edge
TXHDX Input Data Hold After Clock Rising Edge 0 ) ns
TXHDV Clock Rising Edge to Input Data Valid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

|°|"|=|=|‘|-’|°|’|°|
eyl |
o LI LI rrririrr

Tt
o N X T XX XX XY
oo =

l' —' ’ - ss#n
reuTom m-m-m-m-m-m-m-m
i

1 SETR

N-10 ﬁ
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~ CLOCK WAVEFORMS.
ml SIATE4 SIAE 6 STATE 6 STATE 1 SINEZ STATE3 J STATE 4 SWE S ,I
aocx P1'IP2 Panz mloz mlpz 'PIIP2 PIIPZ‘ﬁlPZ P‘lIPz
XmL2 . ' T i . L]
e — L . B e B
THESE SIGNALS ARE NOT
EXTERNAL PROGRAM MEMORY FETCH P AL S
§ o eedoml I poour | v [ ppenpps loaml | Paoum ]
. SAMPLED ‘ SAMPLED SAMPLED
FLOAT " oonT i —
P2 (EXD) —_— NDCATESADORESSTRANSTIONS |
BEAD CYQLE
o
T |
: O0H 1S EMITTED PCL OUT (F PROGRAM
. DURING THIS PERIOD 1S EXTERNAL)
o | oonn | [omm]
P2 e ] ! .7 INDICATES DPH OR P2 SFRTO PCH TRANSITIONS L
WRITE CYQLE
wR
(EVEN F PROGRAM
I I %Sm
] 1]
o | omonn | — L
our DATA OUT- =\ PCL OUT (F PROGRAM
L S | INDICATES DPH OR P2 SFRTO PCH TRANSITIONS MEMORY 1S EXTERNAL)
' MOVPORTSRC - OLD DATA | NEW DATA RS
MOVDESTPO =3 .
MOV DEST, PORT (P1.P2P3) ‘POPINSSAMPLE)
(INCLUDES INTO.INT.ALTO.TT) l?’_
SEFAL PORT SHIFT LOCK PLP2.P3 PINS SAMPLED e
(MODE 0) + ' L vl
1RXD SAMPLED

. This diagram indicates when siggals are clocked intemally. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns. THis propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies from output to output and component. Typically though (TA=25°C fully loaded)
RD and WR propagation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications.

»a
N1 Ria
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START \

Set port a,b,c = o/p
Set counter 0 for
ringing = 8

Y
Set bit EA,ETO,TRO
Clear port AB,C
Set password = 1254

Check port 1
bit 4
. "key press"

No—»

No—»

Receive password

No >

Password = 1254

Check port 1
bit 4
"key press"”

Set Port Abit0 =1




o

&
Set Port A bit 1=1 '—————
!
Set Port A bit 2=1 '—

Set Port A bit 3=1 l__——

Set Port A bit 4=1

Set Port A bit 5=1

Set Port A bit 6=1

Set Port A bitt7 =1 :

Set Port A bitt-7 =10 i—-—‘
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0000

0000 -

0001
0002
0003
0004
0005
0006
0007
0008
0009
000B
000B
000E
0020
0020
0023
0024
0026
0029

oo2C -

002E
002F
0030
0032
0035
0036
0039
003B
003C
003E
0041
0044

2500 A.D. 8051 Macro Assembler

Input

Filename

Output Filename

002A
0024
002B -
0029
0049
003F .
0034
0029
001F
0016
000B
0004

00
00
00
00
00
00
00
00
00
80 15
02
00

01 7C

12
E4
F5
12
90
74
FO
E4
F5
90
FO
90
74
FO
D2
75
75
75

01 A9
24
01
10
80

FO
03

2A
10 00
10
0o

01

89
8A
8C

06
FC.
FC

BUFFER:

STA:
BUFSD:
BUFNO:
ONE :
TWO:
THREE :
FOUR:
FIVE:
SIX:
SEVEN:
EIGHT:

START:

Version 4.014

¢+ DD5.TXT

: DDS.obj

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

ORG
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
SJIMP
ORG
LJMP
NOP
ORG
LCALL
CLR
MOV
LCALL
MOV
MOV
MOVX
CLR
MOV
MOV
MOVX
MoV
MOV
MOVX
SETB
MOV
MOV
MOV

2AH
24H
2BH
29H
49H
3FH
34H
29H
1FH
16H
OBH
04H

0000H

START
000BH
STT

00204
DELAY1

A

24H,A

LODPW

DPTR, #1003H
A, #80H
@DPTR, A

A
BUFFER, A
DPTR, #1000H
@DPTR, A
DPTR, #1001H
A, #00H
@DPTR, A

EA

TMOD, #06H
TLO, #FCH
THO, #FCH



48
49

50 ¢

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
" 66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

0047
0049

004B
004E-
0051
0054
0057
005A
005D
0060
0062
0064
0067
0069
006B
006D
0070
0073
0076
0076
0079
007C
007F
0082
0085
0088
008B
008E

0091
0094
0097
00sAa
009D
00AOQ-
00A3
00As6

00As8
00AA
O00AC
00AF
00B1
00B4
00B6
00B8
00BA
00BD

00cCo
00C3
00Cs5
0ocs
ooca
oocc

D2
D2

20
30
12
30
20
12
20
ES5
64
B4
D2
c2
c2
30
12
12

12
30
12
12
30
12
12
30
12

30
12
30
02
20
12
20
80

E5
64
B4
B2
30
D2
80
c2
75
02

B4
B2
30
D2
80
c2

AS
8C

20
94
01
94
94
01
94
90
20
0C
21
A9
8C
21
02
02

02
21
02
02
21
02
02
21
02

94
01
94
00
94
01
94
ES

90
30
01
50
50
22
02
22
29
01

02
51
51
22
02
22

FD
8cC
F7
A8
FD
8C
F7

(=]
j—

LOOPC:

LOOPE:

CROS3:

Loops:
LOOPF:

CROS4 :

LOOP:

LOOP1:

SET1:

W

SET2:

SETB
SETB

JB
JNB
LCALL
JNB
JB
LCALL
JB
MOV
XRL
CJNE
SETB
CLR
CLR
JNB
LCALL
LCALL

LCALL
JNB
LCALL
LCALL
JNB
LCALL
LCALL
JNB
LCALL

ETO
TRO

24H.0,LOOPS8
P1.4,LOOPC
DELAY
P1.4,LOOPC
P1.4,LOOPE .
DELAY
P1.4,LOOPE
A,P1

A, #20H

A, #0CH, LOOPC
24H.1

ETO

TRO
24H.1,CROS3
TX_ON

FF3

FF1
24H.1, LOOPF
TX_OFF
CHKPW
24H.1,CROS4
TX_ON

FF2
24H.1,LOOP
TX_OFF

i####Check Key##sstss
JNB

LCALL
JNB
LJMP
JB
LCALL
JB
SJMP

MOV
XRL
CJINE
CPL
JNB
SETB
SJIMP
CLR
MoV
LJMP

CJINE
CPL
JNB
SETB
SJMP
CLR

Pl.4,LOOP
DELAY
P1.4,L00OP
SET1
P1l.4,L0O0P1
DELAY
Pl.4,L0O0OP1
Loop

A, Pl

A, #30H
A,#01H, SET2
BUFFER. 0
BUFFER.O, A
STA .2

B

STA.2

BUFNO, #ONE
BUFO

A,#02H, SET3
BUFFER. 1
BUFFER.1,C
STA.2

D

STA.2



SN

-

.105

106

107 _

108"
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

140

141
142
143
144
145
146
147
148
149

150

151
152
153
154
155
156
157
158
159
160
le61l

00CE
00D

00D4
00D7
00D9
00DC
00DE
00EO
00E2
0QES

00ES8
00EB
00ED
O0FO
00F2
00F4
00Fe6
00F9

00FC
00FF
0101
0104
0106
0108
010A
010D

0110
0113
0115
0118
011A
011C

011E

0121

0124
0127
0129
012C
012E
0130
0132

0135-

0138
013B
013D
0140
0142
0144
0146
0149

75
02

B4
B2
30
D2
80
c2
75
02

B4

B2

30
D2
80
c2
75
02

B4
B2
30
D2
80
Cc2
75
02

B4
B2
30
D2
80
Cc2

75"

02

B4
B2
30
D2
80
c2
75
02

B4
B2
30
D2
80
c2
75
02

29
01

03
52
52
22
02
22
29
01

04
53
53
22

02

22
29
01

05
54
54
22
02
22
29
01

06
55
55
22
02
22
29
01

07
56
56
22
02
22
29
01

o8
57
57
22
02
22
29
01

3F
4C

11

04

34
4C

11

04

29
4C

11

1F
4C

11

16
4C

11

OB
2T

29

SET3:

SET4:

mQ

SET5:

SET7:

MOV
LJMP

CJNE
CPL

SETB
SJIMP
CLR
MOV
LJMP

CJINE
CPL
JNB
SETB
SJMP
CLR
Mov
LJMP

BUFNO, #TWO
BUFO .
A,#03H, SET4
BUFFER.2
BUFFER.2,E
STA.2

F

STA.2
BUFNO, #THREE
BUFO

A, #04H, SETS
BUFFER.3
BUFFER.3,G
STA.2

H

STA.2
BUFNO, #FOUR
BUFO
A,#05H, SETs
BUFFER. 4
BUFFER.4,I
STA.2

J

STA.2

BUFNO, #FIVE
BUFO
A,#06H,SET7
BUFFER.S
BUFFER.S5,K
STA.2

L

STA.2

BUFNO, #SIX
BUFO
A,#07H, SETS
BUFFER.6
BUFFER.6,M
STA.2

N

STA.2

BUFNO, #SEVEN
BUFO

A, #08H, RESET
BUFFER. 7
BUFFER.7,0
STA.2

P

STA.2

BUFNO, #EIGHT
BUFO



162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
.197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

014cC
014F
<0151
0152
0155 _
0158
015B
015E
0lel

0164
0167
0169
016A
016C
016E.
0170
0173%
0176
0179

0x7C
017¢C
017F
0180
0182
0185
0186
0188
018B
018C
o1iscC
018E
0190
0192
0194
0l96.
01ss8
019¢%
01sC
01SE
019F
01A2
01AS
01A7
01As8
0IAs
01AB
01AD
01AF
01B1
01B3
01BS

01B6
01BS8
01BA

ES5
S0
FO
30
12
12
30
12
02

So
74
FO
FS5
D2
D2
20
12
20
02

12
E4
D2
90
FO

* D2

12
32

7F
7D
7E
DE

DD.

DF
22
90
74
FO
12
90
74
FO
22
7F
7D
7E
DE
DD
DF
22

7C
78
ES

22
10

21
02
02
21
02
00

10
00

24
A9
8C
94
0l
94
00

01

EO
10

20
02

01
01
FF
FE
FA
Fé

10
FF

01
10
00

FF
10
FF
FE
FA
Fé6

04
20
90

00

03

7A
03
E2
9D

01

FD
8C
F7

4B -

8C

01

64

00

A9
00

BUFO:

CROSI:

CROS2:

RESET:

LOOP9 =

STT.

DELAY:
DL3:
DL2:
DL1:

FLASH:

DELAY1:
DLC:
DLB:
DLA:

. ENTPW:

MOV
MoV
MOVX

LCALL
LCALL

LCALL
LJMP

MoV
MoV
MOVX
MoV
SETEB
SETB

LCALL

LJMP

LCALL
CLR
SETB
MoV
MOVX
SETB
LCALL
RETI

MOV
MOV
MOV
DJINZ
DJNZ
DINZ
RET
MoV
MoV
MOVX
LCALL
MOV
MOV
MOVX
RET
MOV
MOV
MOV
DJINZ
DJNZ
DJNZ
RET

MOV
MOV
Mov

A,BUFFER
DPTR,.#1000H

.@DPTR, A

24H.1,CROS1
TX_ON

SND

24H.1, CROS2
TX. OFF
LOORI

DPTR, #1001H
A, #00H
@DPTR, A
24H,A

ETO

TRO
P1l.4,L0OOP9
DELAY
P1l.4,1.00P9
LOOPC

DELAY

A

A.0

DPTR, #1001H
@DPTR, A
24H.0

FF3

R7,#01H
R5, #01H
R6, #FFH
R6,DL1
RS,DL2
R7,DL3

DPTR, #1000H
A, #FFH
@DPTR,A
DELAY1
DPTR, #I000H
A,#00H
@DPTR, A

R7,#FFH
R5,#10H
R6, #FFH
R6,DLA
RS, DLB
R7,DLC

R4, #04H ; Prog
RO, #20H
A,P1



219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

01BC
01BF
¥01C2
01Cs
01C7
01Co
01icc
01CF
01D2
01D5
01Ds8
01DB
01DE
01E0
01E2
01E3
01E4
01E7
01EA
01ED
01lEF

01Fo0
01F2
01F4
01F5S
01Fs8
01F9
01FA
01FB
01lFC
01FF

0200
0202
0204
0207
020Aa
020D
020F
0211
0212
0213
0216
0219
021cC
021E
0220
0221
0224
0225
0226
0229
022a
022B
022E
022F

30
12
30
ES
64
B4
20
12
20
30
12
30
ES
64
Fé
08
20
12
20
DC
22

7C
78
EC
90
93
Fé
0C
08
BC
22

79
78
30
12
30
E5
64
F7
09
20
12
20
D8
79
E7
B5
09
E7
B5
09
E7
B5
09
E7

94

01
94
90
30
0cC
94
01
94
94
01
94
90
30

94

o1
94
E6

00
20

02

25
04
94
01
94
S0
30

94
01
94
E6
25

20

21

22

FD
8cC
F7

23
FD
8C
F7
FD
8C
F7

FD
8C

F7-

E8

4" F5

FD
8C
F7

FD
8C
F7

10

OB

06

REPW:

LOOPB:

REPA:

‘LOOP2 :
RETL:

LODPW:

-LDPW:

CHKPW:

LOOP4 :

LOOPS ;

LCALL
JNB
MOV
XRL
CJNE

LCALL

LCALL

MOV
XRL
MOV
INC
JB
LCALL
JB
DJINZ
RET

MOV
MoV
MOV
MOV
MovC
MOV
INC
INC
CJINE
RET

MOV
MOV

LCALL

MOV
XRL
MOV
INC

LCALL
DJNZ
MoV
MOV
CJINE
INC
MoV
CJINE
INC
MOV
CJINE
INC
MOV

P1.4,REPW
DELAY
Pl.4,REPW
A,P1

A, #30H

A, #0CH,RET1
P1.4,LOOPB
DELAY
Pl.4,LOOPB
Pl.4,REPA
DELAY
P1.4,REPA
A,Pl -
A, #30H
@RO,A

RO
P1l.4,L00P2
DELAY
P1.4,LO0OP2
R4,REPA

R4,#00H

RO, #20H

A,R4

DPTR, #ADPW
A, @A+DPTR
@RO,A

R4

RO
R4,#04H,LDPW

R1,#25H

RO, #04H
P1.4,LO0OP4
DELAY
P1.4,L0O0OP4
A,Pl

A, #30H
@R1,A

R1
P1l.4,LOOPS
DELAY
P1.4,L0O0OPS
RO, LOOP4
R1,#25H
A,@R1

A, 20H, LOOPS
R1

A,@R1

A, 21H,LooOPs
R1

A,@R1

A, 22H,LOOP6
Rl

A,@R1



i

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

~312--

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332

0230
0233

¥ 0234
0237

023A
023A
023C
023E
0241
0242
0243
0246
0247
0249

024A
024C
024E
0251
0252

0253

0256
0257
0259

025A
025C
025E
0261
0262
0263
0266
0267
0269

026A
026C
026E
0271
0272
0273
0276
0277
0279

027A
027C
0278
027F
. 0281
0282
0284
0285

BS

122

12
02

78
79
90
E9
93
12
09
D8
22

78
79
90
E9
93
12
09
D8
22

78
79
90
E9
93
12
09

-Ds.

22

78
79
90
ES
93
12
09
D8
22

78
76
08
76
08
A6
08
20

23

02
02

07
00
02
02
F5
03
00
02
02
F5
07

00
02

02

‘FS5

01
00
02

02

F5

2B
D3

Cc7

29

22

01

3A
00

EC

BB

F3

BB

Fe

BB

FD

BB

03

LOOPS6 :

FF:

.LL2:

FF2:

LL4":

FF3:

LL6:

SND:

CJINE A,23H, LOOP6
RET

LCALL FF
LJMP CHKPW

;WORD TO SAY

MOV RO, #07H

MOV R1,#00H

MOV DPTR, #TABLEO
MOV ~ A,RL

MOVC A,@A+DPTR
LCALL SOu.

INC R1

DJNZ RO, L2

RET

MOV .RO, #03H

MOV. R1, #00H"

MOV DPTR, #TABLE1
MOV A,R1

MOVC . A,@A+DPTR
LCALL S0U

INC Rl

DJNZ RO, LL3

RET

MOV RO, #07H

MOV R1,#00H

MOV DPTR, #TABLE?2
MOV A,R1

MOVC A,@A+DPTR
LCALL S0U

INC R1

DJNZ - RO,LL4

RET ]
MOV RO, #01H

MOV R1, #00H

MOV DPTR, #TABLE3
MOV A,R1

MOVC A,@A+DPTR

- LCALL SOoU

INC R1

DJINZ RO,LL6
RET

MOV RO, #BUFSD
MOV @RO, #D3H
INC RO

MOV @RO, #C7H
INC RO

MOV @RO, BUFNO
INC RO

JB STA.2,AA



———

-

333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

358 .

359
360
361
362
363
364
365
366
367

368

369
370
371
372
373
374
375
376
377
378
379
380

381 .

382
383
384
385
386
387
388
3853

0288
028A
028B
028D
028E
0290
0291
0292
0294
0295
0298
0299
029B

029C
029D
029E
02A1
0242
02a4
02A7
02A8
02AA
02AB
02AC
02AE
02AaF
02B0
02B3
02B4
02B7
02B8
02BA

02BB

—02BE

02BF
02C1
02C4
02Ce
02C9
02cc
02¢CDh
02¢CD
02CF
02D1
02D3
02D5
02D7
02D9

02Da
02DB
02DD
02E0
02E1

76 76
08
76 53
ES8
94 2B
“F8
08

BE7
12 02
09
D8 F9
22

ES
F8
90 o8
EQO
Co 82
90 02
93
DO 82
FO
A3
D8 F3
ES
F8
30 o8
EO
12 02
A3
D8 F9
22

90 10

~EO__ .
C2 BO

12 01
D2 BO
20 95
12 02
22

7F 0OA
7D 10
7E FF
DE FE
DD FA
DF Fs
22

E4
D2 E7
90 10
FO
22

79 2B

BB

‘50

EC

50

BB

02
8C

FD
CD

01

SOUND :

LL1:

L2:

S0U:

Ll:

DELAY?2 :
DLF:
DLE:
DLD:

TX_ON:

LL5:

Mov
INC
MOV
MoV
SUBB
MoV
INC
MoV
Mov
LCALL
INC
DJINZ
RET

MoV
Mov
MoV
MOVX
PUSH
MoV
MOovC
POP
MOvVX
INC
DJINZ
MoV
MOV
MoV
MOVX
LCALL
INC
DJINZ
RET

MoV

- MOVX -

CLR
LCALL
SETB
JB
LCALL
RET

Mov
MOV
MoV
DJNZ

" DJNZ

DJINZ
RET

CLR
SETB
MoV
MOVX
RET

@RO, #76H
RO

@RO, #53H
A,RO

A, #BUFSD
RO,A

RO

R1, #BUFSD
A,@R1
sSou

R1

RO, LLS

A,R1
RO,A

DPTR, #0850H
A, @DPTR
DPTR

DPTR, #TABLEOQ
A, @A+DPTR
DPTR
@DPTR,A
DPTR

RO,LL1

A,R1

RO,A

DPTR, #0850H
A, @DPTR

sSou

DPTR

RO, L2

DPTR, #1002H

—~@DPTR, A&

P3.0
DELAY
P3.0
P1.5,L1
DELAY2

R7, #0AH
RS, #10H
R6, #FFH
R6,DLD
R5, DLE
R7,DLF

A

ACC.7

DPTR, #1001y
@DPTR,A .



390
391
392
393
394
395

. 396

397
398
399
400
401
402

02E2
02E3
+02E6
02E7

02E8
02EC
02F0
02F3
02F6
02FA
02FD

E4
90
FO
22

01
AC
97
AQ
E3
C7

E3.

-10

02
76
AC
97
B8
D3

01

05 04
8B A0
7F
AC
A0 6B
5C

TX_OFF:

ADPW:
TABLEOQ :

TABLE]:
TABLE2:

TABLE3 :

CLR
MOV
MOVX
RET

DB

" DB

DB
DB
—DB
DB
DB

A

DPTR, #1001H
@DPTR,A

01H,02H, 05H, 04H
ACH, 76H, 8BH, AOH
97H,ACH, 7FH
AOH, 97H,ACH
E3H,B8H,A0H, 6BH
C7H,D3H, 5CH

E3H



AR

4

|

Defined

95
335
395

96
Pre

2

5
162
4
104
252
Pre
167
170
66
74
105
Pre
193

208
376
196
195
194
211
210
209
379
378
377
113,

13
216

114

285
295
305
315

10
200

122
123
131
132
140
141
372
361
243
350
287
297
307
341

Symbol Name Value

00B8
028B
02E8
00BA
0000
= 002A

= 0029
014cC
= 002B
oocc
0200
0000
0158
0161
0073
0088
00CE
0coo0
018cC

01Aa9
02CD
0192
0190

- 018E
01AF
01AD
01AR
02D3
02D1
02CF

» 00EOQ
= 0004
01Be6
00E2

- 023A
024A
025A
026A

= 001F
0199

= 0029
00F4
0O0F6
0108
010Aa
011cC
011E
02Cse
02B3
01F4
02A1
023E
024E
02SE
0294

92
332
244

94

38
136
96
97
325
101
71

165
168
64
72
103

53
262

30
373
196
197
198
211
212
213
379
380
381
110
159

112

279
68
74
66

132

123
119
121
128
130
137
139
372
364
249
357
292
302
312
344



o

Defined

317
241
79
83
235
254
261
279
68
178
225
51
S5
71
149
150
158
6
159
228
219
172
239
Pre
88

99.
108
117
126
135
l4a4a
153
12
11
325
367
347
3

30
184
396
398
399
401

390
384

LLé6 026E
LODPW 01F0

+ LOOP 0091
LOOP1 009D
LOOP2’ 01E4
1L.OOP4 0204
LOOPS 0213
1L.OOP6 0234
LOOPS8 0076
L.OOP9 -0170
LOOPB 0lcCcC
LOOPC 004B
LOOPE 0057
LOOPF 007F
M 0130
N 0132
0 0144
ONE = 0049
P 0146
REPA 01DSs
REPW - Q1BC
RESET 0l64
RET1 01lEF
RSECT 0000
SET1 00AS8
SET2 - 00CO .
SET3 00D4
SET4 00ES8
SETS 00FC
SET6 0110
SET7 0124
SETS8 - . 0138
SEVEN . = QO0O0B
SIX = 0016
SND 027A
SouU 02BB
SOUND 029C
STA = 0024
START 0020
STT 017¢C
TABLEOQ 02EC
TABLE1 02F3
TABLE2 02Fe6
TABLE3 02FD
THREE = 0034
TWO = Q0O03F
TX_OFF 02E2
TX_ON 02DA

Lines Assembled : 402

Symbol Name Value

322
33
75
83

235

254

261

267
51

178

225
52
55
69

146

148

155
96

157

228

219

153

224

82

90

99
108
117
126
135
144
150
141
167
290

93
140
25
27
287
297
307
317
114
105
70
65

Assembly Errors
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Vce

40

R10k X 8

@]@

f

| P1LO
P11
P12
P13

®EE

[

10uf

INTO

Raset

4.7%

BrLvNL
AWV\A

20

10|

vee

8031

P0.0

PO
P0.2

PO.3

P04
PO.5

P0.6

PO.7

P20

P21
P22
P23
P24
P25
P28
P2.7

2] [y
3182 -
20

Do vee QO
D1 Q1
D2 Q2
03 Q3
D4 74373 qa
Ds Qs
2.3 Qs
o7 Qr

+5Ve

connector

o_..A_:m 0.1uF
* X s
L
24 A00 3 26
4
vce L (=
AD1_3a]D0 PAO L
AD2 32|01 PALES
AD3 31|02 PAZI=—
AD4_30|D3 PAdS L
AD5 29|04 PAdr
ADg_28]D5 PASES
AD7 27|06 AS
39
o7 PAT 30
2716
8255 37
AD
9
AD
s PBY
18] A 25 (15)
PCO
14 N
Pt =
as PC2
PC3
18
PC4
pCS5
5 PCo
36 | RO 1 °
20| 52 WR PC7 foe
TE OND —
=, Z o O
37 ..ﬁ. 51 Al
0000 - GFEE - =
2000 - 2FEF
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