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TO B:

ORG 0000H

MOV SCON,#50H
MOV IE,#00

MOV PCON,#00H
MOV TMOD,#20H
MOV TH1,#0E8H

SETB TR1

MOV SBUF.A
CLRTI

JNB TLS
LIMP RX
CINE A#42H,TO C :2ND CONTROL
CPL PI1

MOV A#62H 'b' TO COMPUTER

MOV SBUF,A
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CLRTI
JNB TL$
LIMP RX

TO C: CINE A,#43H,TO_D ;3RD CONTROL
CPL P1.2
MOV A#63H ;'c' TO COMPUTER
MOV SBUF,A

CLRTI

INB TLS$
LIMP RX

O E: CINE A#G6H.TO G ;6TH CONTROL
CPRL:P1.S

MOV A,#66H ' TO COMPUTER
MOV SBUF,A

CLRTI

INBTL$
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LIMP RX
TO G: CINE A#47H,TO i ;7TH CONTROL

CPLPL6

MOV A#6TH s'g’ TO COMPUTER

MOV SBUF,A

CLRTI

JNB TLS$

TO H:

TO I

e CINE A#4AH,TO Rk
CPL P2.1

MOV A#6AH 2 TO COMPUTER
MOV SBUF,A

* CLRTI

INBTL$

E LIMP RX

TO K: CINE A#4BH,TO L ;1T'TH CONTROL




TO L:

1O N:

TO O:

CPL P2.2
MOV A,#6BH

MOV SBUF,A

CLR TI

JNB TL$

LIMP RX

CINE A#4CH,TO M
CPL P23

MOV A#6EH

MOV SBUF,A
CLR TI

JNB TL$

LIMP RX

CINE A#4FH,TO P
CPL P2.6

MOV A#6FH

.r‘min'-?uTr.u‘n).}
i

;’k TO COMPUTER

;12TH CONTROL

J15TH CONTROL

o' TO COMPUTER
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MOV SBUF,A
CLRTI
INB TLS$
LIMP RX
TO P: CINE A,#50H,TO_RX ;16TH CONTROL
CPL P2.7
MOV A#70H ;'p' TO COMPUTER

MOV SBUF,A

S - v o Y v = = Y I v o v 5% 1Y
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Tsunsun 1§ lumsdesniugueinnouianes

i &. POWERLINE CONTROL

'CONTROL BOX ——
L SWITCH 1

 SWITCH S

SWITCH 10

L SWITER 4 |

- SWITEHY1

FSWITEH 12

SWITCHE )|\ 1) 2 W L2SwiTeH 13
R ‘ 3";4':;

- swTcHed |\ [ e/ evaTe 147
SSWITER Y0 e 15

', SWITCH 8

ISWITCH 16.

Dim swl, sw2, sw3, sw4, sw5, sw0, sw7, sw8, sw9, swl0, swll, swl2, swi3, swl4, swlS, swlo6

As Boolean

Option Explicit

Private Sub Commandl Click()

MSCommI.Output = "A"

End Sub




Private Sub Command10 Click()
MSComm1.Qutput ="J"
End Sub

Private Sub Commandl1_Click()
MSComm]1.Output = "K"

End Sub

MSComm1.Qutput =

End Sub

Private Sub Commandl 6 Click()
End

End Sub

Private Sub Command17 Click()

MSComm!l.Qutput = "P"
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End Sub

- Private Sub Command2_Click()
MSComm].Qutput = "B"
End Sub

Private Sub Command3_Click()

MSComm1.Qutput ="C"

End Sub

MSComm1.0

End Sub

Private Sub Command7 Click()
MSComml.Output ="G"

End Sub

Private Sub Command8 Click()

MSComm]1.Qutput = "H"

End Sub

5 v o=

1UBNLDANAIIVINAINNUNTIIUILU

0 ¥

19
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Private Sub Command9_Click()
MSComml!.Qutput = "I"
End Sub

Private Sub Form Load()
Dim Check As Variant
MSComm1.CommPort = 1

MSComm1.Settings = "1200,n,3,1"

MSComm]1.InputLen = 1

.....

.......

O

Illil';;i“i'll:j'j

If swl = True Then

Shapel.FillColor = &HFF&
End If

If swl = False Then
Shapel.FillColor = &HFFFFFF
End If

End If

If Check = "b" Then

sw2 = Not sw2
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If sw2 = True Then
Shape2.FillColor = &HFF&
End If

If sw2 = False Then
Shape2.FillColor = &HFFFFFF
End If

End If

If Check = "¢" Then

sw3 = Not sw3

If sw3 = True Then.

Shape4.FillColor = &HFFFFFF
End If

End If

If Check = "e" Then

sw5 = Not sw5

If sw5 = True Then
ShapeS.FillColor = &HFF&

End If




TS AL

If sw5 = False Then
ShapeS5.FillColor = &HFFFFFF
End If

End If

If Check = "f" Then

sw6 = Not sw6

If sw6 = True Then
Shape6.FillColor = &HFF&

End If

If sw6 = False Then

End If
End If

If Check = "h" Then

sw8 = Not sw8

If sw8 = True Then
Shape8.FillColor = &HFF&
End If

If sw8 = False Then
Shape8.FillColor = &HFFFFFF
End If




End If

If Check = "i" Then

sw9 = Not sw9

If sw9 = True Then
Shape9.FillColor = &HFF&
End If

If sw9 = False Then
Shape9.FillColor = &HFFFFFF
End If

End If

Shapell.FillColor = &HFF&
End If

If swll = False Then
Shapell.FillColor = &HFFFFIF
End If

End If

If Check = "I" Then

swl2 = Not swl2

) aal
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If sw12 = True Then
Shapel2.FillColor = &HFF&
End If

If sw12 = False Then
Shape12.FillColor = &HFFFFFF
End If

End If

If Check ="m" Then

swl3 =Notswl3

If sw13 = True Then

Shapel4.FillColor = &HFFFFFF
End If

End If

If Check = "o" Then

swl5 = Not swl5

If swl5 = True Then
Shapel5.FillColor = &HFF&

End If
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If swl5 = False Then
Shapel5.FillColor = &HFFFFFF
End If

End If

If Check = "p" Then

swl6 = Not swl6

If sw16 = True Then

Shapel6.FillColor = &HFF&
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Philips Semiconductors Product specification

Home automation modem TDAS5051A
e P e e S e
FEATURES APPLICATIONS
e Full digital carrier generation and shaping e Home appliance control (air conditioning, shutters,
¢ Modulation/demodulation frequency set by clock lighting. alarms and so on)

adjustment, from microcontroller or on-chip oscillator e Energy/heating control
e High clock rate of 6 bits D/A (Digital to Analog) converter ~ « ASK (Amplitude Shift Keying) data transmission using

for rejection of aliasing components the home power network.

Fully integrated output power stage with overload
protection GENERAL DESCRIPTION
Automatic gain control at receiver input

The TDAS5051A ista. modem IC, specifically dedicated to
8-bit A/D and narrow digital filtering ASK transmissiontby means of the home power supply
Digital demodulation delivering.baseband data networksat 600 or 1200.baud data rate. It operates from a
single’5V supply,

Easy compliance with EN50065-1 with-simple-coupling
network

Few external components fortow costapplications

SO16 plastic package

QUICK REFERENCE.DATA

SYMBOL PARAMETER CONDITIONS MIN. « TYPR MAX. UNIT
Voo supply. voltage 4.75 o.0 H.28 \Y
100110t total supply‘current fasai=:8:438 MHz

reception mode - 28 38 mA
transmission mode (mw =0) 4(»5/30,0 - 47 68 mA
power down_mode - 19 25 mA
5y operating ambient temperature 0 - 70 °C
fer carrier.frequency note™1 95 132(5| 1485 kHz
fosc oscillatorfrequency 6.08 8.48y |9.504 MHz
Vo(rms) output carrier signal'on-CISPR16 load 120 . 122 dBuv
(RMS value)
Viirms) input signal (RMS, value) note 2 82 - 122 dBuVv
THD total harmonig distortion on CISPR416 £ £55 - dB
load with coupling network.
Zy load impedance 1 30 Q
BR baud rate [ = 600 | 1200 |bits/s
Notes

1 Frequency range corresponding to the EN50065-1 band. However the modem can operate at any lower oscillator
frequency

2. The minimum value can be improved by using an external amplifier (see application diagrams. Figs 22 and 23)

N
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ORDERING INFORMATION

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
TDAS051AT SO16 plastic small outline package: 16 leads; body width 7.5 mm SOT162-1

1998 Jan 08 3
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BLOCK DIAGRAM

DGND AGND  Vppa  Vppo VDDAP
| | | i
[s l12 [13 3 1
modulateh
5 ) A 10 =y
WIT OUT
\ |"PROTECTIO|
——_
i K el ApGND
g
1’—-
D
’/
s 5
4
oufd
5 s
oscd ‘f
{ oscC R i
(
S Te
D RX
DA T EMOD IN

Fig.1 Block diagram
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DATA [1] 16] TEST1
DATAGUT [2] 15] PD
vooo (3] 14]RXIN
ctkour [4] 13| Vopa
TDA5051AT
DGND [5 | 1
SCANTEST[6 |
osct[7]
osc2
O MGRSS,
—
/ .
Fig.2
INNING
SYMB
DATAN |

afb L2109

DATACUT i

Vooo A digit Itage

CLKouT cl tput A i

DGND igital'ground, < | N L4
SCANTES input (COW in application

0SCi1 \ @I or inpu “ o

0sc2 osaillator ou &
APGND 9 | analog'groind for power ampll \f<‘ o
e 10 | analog sign

Vbpar 11 |ana
amplifie
AGND 12 | analog groun

Vppa 13 | analog supply voltage

RXin 14 | analog signal input

RD 15 | power-down input (active HIGH)
TESTH 16 |testinput (HIGH in application)
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FUNCTIONAL DESCRIPTION

Both transmission and reception stages are controlled either by the master clock of the microcontroller, or by the on-chip
reference oscillator connected to a crystal. This holds for the accuracy of the transmission carrier and the exact trimming
of the digital filter, thus making the performance totally independent of application disturbances such as component
spread, temperature, supply drift and so on.

The irﬁerface with the power network is made by means of a LC network (see Fig.18). The device includes a power output
stage able to feed a 120 dBuV (RMS) signal on a typical 30 Q load.

To reduce power consumption, the IC is disabled by a power-down input (pin PD): in this mode, the on-chip oscillator
remains active and the clock continues to be'supplied-at-pin-CkKgoyt. Forlow-power operation in reception mode, this
pin can be dynamically controlled by:the microcontroller (see Section “Power-down mode”).

When the circuit is connectedto an external clock generator/ (see Fig.6). the clockisignal must be applied at pin OSC1
(pin 7): OSC2 (pin 8) must'berleft open. Use.of the on-chip clock circditry-iS shown in Fig.7.

All logic inputs and outputs are compatible with TTL/CMOS levels: providing.an-easy connection to a standard
microcontroller 1/O port.

The digital part of the IC is fully.sean-testable. Two digital inputs. ' SCANTEST and TEST 1. are used for production test:
these pins must be left open in functional moede (correct levels, are internally defined by pull-up/down resistors).

Transmission mode

The carrier frequency is generated-by the scanning of a ROM memory under the-controliof the microcontroller clock or
the reference/frequency provided:by-the on-chip oscillator. thus providing strict'stability with respect to environmental
conditions. High frequency€lockingirejects. the aliasing components to such an extent that they are filtered by the
coupling LC network and do not'cause.any significant/disturbance | The-data-modulation is applied through pin DATA\

and smoothly applied by specific digitat-circuitry to the carrier (shaping).;Harmonic components are-limited in this
process. thus aveiding unacceptable disturbance of the transmission channel (according.to CISPR16 and EN50065-1
recommendations).” A <55 dB total harmonicdistortion is-reached whenusing the typical’'kC coupling network (or an
equivalent filter).

The D/A converter and the powerstage are setin.order to-provide-a-maximum-signal level of 122 dBuY (RMS) at the
output

The output of the powerstage (TXout) always hds to be connectedto a'decoupling capacitor, because of a DC level of
0.5Vpp at this pin, presentieven when the.device.is not transmitting. This pinalso has to be protected against
overvoltage and negative transient signals:-The DC level of TXsp7-can be used to bias an unipolar transient
suppressor. as shown'in the application diagram (see Fig:18).

Direct connection to the mains'is done through a LC network for low-costapplications..However, a HF signal transformer
could be used when power-line,insulation*hagitabe performed.

CAUTION

In transmission mode. the receiving part of the circuit is
not disabled and the detection of the transmitted signal
is normally performed. In this mode. the gain chosen
before the beginning of the transmission is stored. and
the AGC is internally set to -6 dB as long as DATA\y
is LOW. Then. the old gain setting is automatically
restored

1998 Jan 08 6
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Receiving mode

The input signal received by the modem is applied to a wide range input amplifier with Automatic Gain Control (AGC)
(-6 to +30 dB). This is basically for noise performance improvement and signal level adjustment that ensures a maximum
sensitivity of the A/D converter. Then an 8-bit A/D conversion is performed, followed by digital bandpass filtering, in order
to meet the CISPR normalization and to comply with some additional limitations encountered in current applications.
After digital demodulation, the baseband data signal is made available after pulse shaping.

The signal pin (RXy) is a high-impedance input, which has to be protected and DC decoupled for the same reasons as
with pin TXoyt. The high sensitivity (82 dBV) of this input requires an efficient 50 Hz rejection filter (realized by the LC
coupling network) also used as an anti-aliasing al'digital processing (see Fig.18).

1998 Jan 08 7
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Data format
TRANSMISSION MODE

The data input (DATA\) is active LOW: this means that a burst is generated on the line (pin TXoyt) when pin DATAy is
LOW. .

Pin TXour is in high-impedance state as long as the device is not transmitting. Successive logic 1s are treated in a NRZ
mode (see pulse shape description in Figs 8 and 9).

RECEIVING MODE

The data output (pin DATAgyr) is active LOW:"this means that the'data output is LOW when a burst is received.
Pin DATAQyt remains LOW as.long.as a burst is received

Power-down mode

Power-down input (pin PD) is active HIGH this means that the-power consumption is minimalwhen pin PD is HIGH. All
functions, except clock generation.-are-disabled then.

LIMITING VALUES
In accordance with the.Absolute Maximum Rating'System | (IEC_134)-

SYMBOL PARAMETER MIN. MAX. UNIT
Voo supply veitage 4.5 32 \%
fosc oscillator frequency. e 12 MHz
Tsig storage temperature =50 +190 2C
Tamb operating ambient temperature =10 +80 °6©
1 junction temperature - 125 °C
HANDLING

Inputs and outputs‘are protected/against electrostatic discharge in-normalhandling. However;.to be totally safe, itis
desirable to take\normal precautions-appropriate;to handiing MOS devices.

1998 Jan 08 8
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CHARACTERISTICS
Vooo = Vopa =5V £5%; Tamp = 0 to +70 °C; Vppp connected to Vppa: DGND connected to AGND.
SYMBOL PARAMETER CONDITIONS mn. | Tve | max UNIT
Supply
Voo supply voltage 4.75 5 5:25 \Y
looRx/Tx)(t0n) | total analog + digital Vop=5V +5% - 28 38 mA
supply current; TX or RX
mode
1DD(PD)(t01) total analog + digital Vpp =5V +5%: - 19 25 mA
supply current; PD.="HIGH
power-down mode
lop(PamP) poweramplifier supply Vpp =5 V5% - 19 30 mA
current’in transmission Z=30:9Q;
mode DATAj = LOW
lop(PAMP i(max) [imaximumspower amplifiet, Vs =5V #5%: - 76 = mA
supply current,in U 1.9;
transmission mode DATA(N.= LOW
DATAy input, PD input: DATAgyt output, CLKgyt output
Viy HIGH-level input-voltage W2V D phit-0/0u4\= Vop, + 0.5 \Y
ViL LOW-levelinput voltage o ) 0@2Vppl+-0.1 |V
Vor HIGH-level outputvoltage |lon 7 - 146 mA 2.4 > - '
Vor LOW:level output veltage-, | lof = 1.6 mA i = 0.45 \Y
OSC1 input and OSC2'output’(0SC2 only used for driving.external quartz crystal; must be left open when
using an external clock generator)
VK HIGH-level input,voltage Q.7Vhp - Vpp 405 \
Vi LOW:=level input/voltage -0.% - 0:2Vpp/~ 0.1 |V
VoK HIGHslevel output voltage [tgu=~1.6mA 2.4 - - \%
VoL LOW-level output voltage . [1p\=71.6 mA A = 045 Vv
Clock
fose oscillatorfrequency, 6.080 - 9.504 MHz
foh ratio between,oscillator 64
; - and carrier freqUency
i ratio between oscillaton 2
= and clock output
g frequency
Transmission mode
carrier frequency fosc = 8.48 MHz 132.5 kHz
155, set-up time of the shaped | fus. = 8.48 MHz: 170 us
burst see Fig.8
th hold time of ‘he shaped fosc = 8.48 MHz: 170 us
burst see Fig.8
1998 Jan 08 9
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tw(DI)(min) minimum pulse width of fosc = 8.48 MHz: = 190 - us
DATA signal see Fig.8
Vo(rms) output carrier signal Z, = CISPR16 120 - 122 dBuv
(RMS value) DATA|n = LOW
lo(max) power amplifier maximum |Z, =1 Q; - 160 - mA
output current DATA|N = LOW
(peak value)
Zo output impedance of the = 5 - Q
power amplifier
Vo output DC level atTXour - 25 V
THD total harmioni€ distortion Voums) = 121'dBpVon -~ — -3 = dB
on CISPR16 load-with_the [CISPR1610ad:;
coupling network fosc =.8.48 MHz:
(measured on the first ten_ | DATAny =LOW (no
hagmonics) modulation):
see Figs:3/and 16
B_2008 bandwidth of the shaped ' (Viime) 5-121,dBuV on« = 3000 & Hz
output signal (at <20.dB) [ .{ CISPR16 load:
omGISPR16 load with the  |fose = 8.48 MHZz:
coupling netwark DATA |y = 300 Hz:
duty factor 5,60%.
see Fig.4
Reception mode
Virms) analog input'signal (RMS 82 122 dBuv
value)
V, DC.leveliat pin RX|y - 2§ Vv
Z RX|ndnput impedance - 50 - kQ
Raac automatic'gain control = 36 o dB
range
teace) automatic gain control fose=8.48 MHz: » 296 # us
timeiconstant see Fig5
ta(dem)(su) demodulation delay-set-up | fosc = 8.48 MHZ: - 350 400 us
time see Fig.15
tdd demodulation'delay.hold “ | fger =8.48 MHz; % 420 470 us
time see Figig
Bget detection bandwidth fosc = SdBuMHzZ 3 kHz
BER bit error rate fosc = .48 MHZT 1 11022
600 baud;
SIN = 35 dB:
signal 76 dBuV:
see Fig.17

1998 Jan 08
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symsoL | PARAMETER CONDITIONS mn. | tve [ max. | uni
Power-up timing
td(pu)(TX) delay between power-up | XTAL = 8.48 MHz; 1 us
and DATA|y in C1=C2=27 pF:
transmission mode Rp = 2.2 MQ;
see Fig.10
td(pur(RX) delay between power-up | XTAL = 8.48 MHz; 1 us
and DATAyr in reception | Cle=:C2"= 27pF*
mode Rg=2.2MQ;
frxin = 132.5 kHz;
120:dBuVisinewave:
SeeFig.11
Power-down timing
ta(pa)(TX) delay betweenPD=-0-and {f,5. = 8:48 MHz: 10 us
DATAy in transmission seefkig12
mode
td(pd)(RX) delay between PD =.0-and |fosc= 848 MHz; 500 us
DATAqur in reception fRxaN = 132:5 kHz:
mode 120 dBuV sinewave:
see.Fig 13
tactive(mld minimum.active time; with “1fss¢'5'8.48 MHz: 1 us
1 = 10 ms power-down faxin = 132:5)kHz:
peried in reception'mode #4120 dBuV sinewave!
See Fig.14

1998 Jan 08
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5 ﬁ_ 132.5 kHz e
a
T
e
s l] \
\ W NN A et AN e
|
100 £ 5
f f (Hz) 10°

Resolution bandwidih = 9 kHZ3 t6p..0-dBV.(RMS) = 1200081V (RMS). markerat -5,dBVARMS)= 115 0BV (RMS):
the CISPR 16 netwark provides amattenuationof 5 dB. So the signal-asipliudeds 1211 dBIV (RMS)

— 74 SO0 A
AIBhGE
-10
|
{
{ 20.dB
dBv
RMS)
|
|
1 I
i
50 I l
1175 132.5 1475
£ (kH2) i
Resolution bandwidth = 100 Hz. B syqs = 3000 Hz (2~ 1500 Hz)
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configuration for clock

OscC1

TDAS051A

For parameter descri

For parameter gescrnption see Table 1

{
i
-
]
|
§
|

Fig.7 Typical configuration for on-chip clock circuit
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Table 1 Clock oscillator parameters

fost: fcr 1/Zfos(:
.OSCILLATOR CARRIER CLOCK OUTPUT EXTERNAL COMPONENTS
FREQUENCY FREQUENCY FREQUENCY
6.080 to 9.504 MHz 95 to 148.5 kHz 3.040 to 4.752 MHz C1=C2=27 to 47 pF:

Rp=2.2104.7 MQ;
XTAL = standard quartz crystal

Table 2 Calculation of parameters depending on the.clock.frequency

SYMBOL PARAMETER CONDITIONS UNIT
fare oscillator frequency with.onchip oscillator: frequency ofthe erystal quartz; with | Hz
external'clock: frequency of the signal applied at OSC1
feLkouT clock eutput frequency ) [ Hz
fer carrier frequency/digital filter L 3.8 Hz
tuning frequeney
tsu set-up time of the shaped burst |93 1472 S
—=.of
fC( fOSC
th hold time/of the shaped burstw.l o3 1472 s
T’?f s fCS\
twoiyminy | | Minimum pulse:width-of 1A A s
DATA n:Signal 7 4
tw(pursy(ming | minimun barsttine of Vigrocy | twoiiainl A s
sigmal
teace) AGC-time.constant 2514 s
fOSC
tsudemod) | de@modulation set-up time ?;200 ) s
QSsC
th(demod) demodulationshold time 3f800 o 2T s
oS¢
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W(burst) —|'W(burst)(min)}=—
|
( in)
%‘\ ‘7’2)«1
R Z 3= ;Q\
Table 3 Rel hip between TR S~V R ~— \\
PD - f ~ - T
2ot Ao N oo 10 A
2 #A 1 anag(a enitn)
y e With DC-offs
I'WITh LY o
Note 8d
L Y c
s
e ©@
»
1 o&‘\
% = Wibisti T @
sﬂ?‘ a sy = 9 *‘L-qa(\ -
| 100% <
i
Fig.9 Pulse shape characteristics.
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Timing diagrams
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Fig.11 Timing diagram during power-up in reception mode.
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L B R i A
TXout s I| {>
—] =t
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\ y MGKO1
ig.12 \1 ( r@ de.
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— ) ¥ 7/ \§ Y S —
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2 / \ ;9
) L2 P~
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e S
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Fig.13 Power- reception mode
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TEST INFORMATION

1uF
DATAN TXGUT
pulse | 10— F—
generator TDAS0O51A
300 Hz SATA, (to be tested)
DATAQ RX)y 10 nF
50% il i ey

.:;.

/u|'\

,/‘;/
{
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coupling CISPR16
network!3) network(4)
0F
osct| o] hour 1H“ 33{nF Saa il
250 nF
i TDAS051A
8 12.5. 9| ASDF oD 0 uH

(1) Squa g

(2) DATANE r easurir? | iddistol (
(3) Tuned fog f 1&

| (4) The CISPR1 etwg??

ovides enuati
F% Testset-! rmea;

@
P ¢
P
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APPLICATION INFORMATION

vk
(=
&L-

L

Fo = 1152 KHz for a XTAL - 7.3728 MHz standard arystal

250V (AC) =
max iF 47 nF / X2
250V (AC) 250 V(AC)
68 ()
\\\ | // gk AT\l
\ \ / Low Rg
Vi SR == é —3Tm 470F /6
— - = 1w - — | —
78L05. |-=— — - —4
{ / \ = N 47 uH
) )
- 7, “ N &
> 7’ 4 e N\ Ny, 1uF 1
/ uF, \ g
V)
P

Fig.18 Application diagram without power line insulation
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20 MBHS0™ 10-‘
gain h / E
(dB) { \ - -
7 L
0 / | input
\\‘ / impedance
S 1 4 B (£2)
20 " t L
AN l ‘I >\
T R
I =
~40 at : - BN 102
L1 \ | \
1 11 \ L \'\ [
7 N
L | N
-60 5 . E
// \ | -
\ S
Babrenl
-80 Wl |
/
d l
I
~100 - - e - - 10
10 101 10° 10 10 10 Taokiz) 10
Main features of the Goupling/network: SO"Hz rejection >80 dB. anti-aliasing for the aigital filter >50 dB atthesampling frequency' (' ~fac ).
Input impedance always highemthan 100 withia'the95 to 148 5'kHz-band.

Fig.19 Gain (curve 1) and inputimpedance (cunve 2)-of the coupling-network (fe; =-115.2 kHz)“L= 47 uH:
C =47 nfF

o~ MEHI0X
1
Vo
(dBuV)
120 /_/ BEAl
///

4,10 /

|
{ Fig.20 Output voltage versus line impedance (with coupling network); L = 47 uH: C = 47 nF
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el S I L
47 nH
50 Low Rs
NEWPORT
\\ v 76250
/ \\ } A ! 5
B -
4/- i \ o
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- !
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/3, » 7 S N N
a \ 1 16'
) Ao ¥y P
=3 D DD ; .
51X ‘ Y c
1
2. ) R 6
coe‘ﬂ?' )
9 &
2 |
@@W XTA
Fe = 1152 KHz for a XTAL = 7.3728 MH: standara crvstal

Fig.21 Application diagram with power line insulation.
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2son\1/aiAC) T m?m N J_ l
, Sl
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-5V

/
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/; P74 3o 7 3N\ \\h
2 /N ) et S oo NR
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Fi8)e ST . Il
- i S
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&% 27 7 &
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Fe - 1152 Kz for a XTAL = 7 3728 MHz standard crystal

Fig.22 Application diagram without power line insulation. with improved sensitivity (68 dbuVv).
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PACKAGE OUTLINE

SO16: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
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o
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DIMENSIONS (inch dimensions

A ’
[funm | 2ol A | A | oA D“q Lb L 9 v w yieloz Wiy
- 030 | 245 0.49 | 0759 * 11 0.9
. 2,65 0.2 25 2 Q
mm | 265 [ 00| 555 | 025 | g3s | 023 'y pa 1o | 028|025 | 01 P -
0.012 | 0.096 0.019]10.013 | 0.1 0023[0043| . 0.035 0"
mnches | 0 = 0 0
nches | 0.10 0001 | 0.088 0.01 0.014 | 0.009 | 0.40 1| 0055 0015 | 0.039 .01 | 0.01 | 0.004 0016
Note
1 Plastic or metal protrusions of 015 mm maximum per side are not inciuced
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION \EC JEDEC EIAJ PROJECTION
B5-6+24
SOT162-1 075€03 MS-013AA == @ s
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SOLDERING
Introduction

There is no soldering method that is ideal for all IC packages. Wave soldering is often preferred when through-hole and
surface mounted components are mixed on one printed-circuit board. However, wave soldering is not always suitable for
surface mounted ICs, or for printed-circuits with high population densities. In these situations reflow soldering is often
used.

This text gives a very brief insight to a complex technology. A more in-depth account of soldering ICs can be found in our
"IC Package Databook ™ (order code 9398 652 90011).

Reflow soldering
Reflow soldering techniques are suitable for all SO packages:

Reflow soldering requiressolder paste (asuspension of.fine solder particles..flux and binding'agent) to be applied to the
printed-circuit board by'screen printing;-stencilling or pressure-syringe dispensing before package placement.

Several techniquesexist for reflowing: for example: thermal-conduction by heated belt. Dwell timesivary between
50 and 300 seconds/depending.on heatingsmethod. Typical reflow.temperatures range-from 215 te 250 °C

Preheating is necessary to dry the paste and evaporate’the bindingragent. Rreheating.duration: 45 minutes at 45 “C.

Wave soldering

Wave soldering techniques_can be used for'allk SO packages ifithe following conditions are.observed:

¢ A double-wave (a turbulentwave withthigh upward pressure followed by a’'smiooth laminar wave)soldering technique
should be used

« The longitudinal-axis of the package-footprint must be-parallel to’the solderflow
e The package footprint must incorporate-solder thieves at the /downstream end.

During placement‘and beforé_soldering, the patkage mustbe-fixed with & droplet of adhesive  Thesadhesive can be
applied by screen printingepin.transfer orsyringe dispensing. The package can be soldered after the adhesive is cured.

Maximum permissible.solder temperatureis 260 C, and maximum duration of package immersion in solder is
10 seconds, if cooled 0 less than150-°C within 6:seconds«Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the needfor removal of corrosive residues in most applications.

Repairing soldered joints

Fix the component by first seldering two diagonally- oppesite end leads. Use only.a low voltage soldering iron (less
than 24 V) applied to the flatypart,of the lead. Contact time must be limited'to 10, seconds atp to 300 °C. When using a
dedicated tool. all other leads can be,soldérediin oneoperation withim 2,108 seconds between 270 and 320 °C
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DEFINITIONS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage-to.the devicenThese are stress ratings only and operation
of the device at these or at any other.conditions above those given in the:Charaeteristics sections of the specification
is not implied. Exposure to limiting valties for extended,periods may affect device.reliability.

Application information

Where application information is given, it is advisory and does net form-part of the.specification.

LIFE SUPPORT APPLICATIONS

These products/aré not designed foruse in life support appliances, devices, or systems where malfunction of these
products can reasonably berexpected to-result-in personal injury. Philips:customers using orselling these products for
use in such applications do so at theirown risk and agree tofully,indemnify Philipsfor any damages-resulting from such
improper use of sale
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Features

* Compatible with MCS-51™ Products

+ 8K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

* 256 x 8-Bit Internal RAM _

« 32 Programmable I/O Lines

* Three 16-Bit Timer/Counters

- Eight Interrupt Sources

* Programmable Serial Channel 8-B it
* Low Power Idle and Power Down Modes

o Microcontroller
Description

The AT89C52 is a low-power, high-performance-EMOS _8-bit. microcemputer with 8K Wlth 8K Bytes
bytes of Flash programmable and erasable‘readonly memory (PEROM).. The.device FI h

is manufactured using Atmel’'s high.density nonvolatile, memory, technology.and.is as
compatible with the industry standard 80C51-and-80C52 instruction-set-and pinout:
The on-chip Flash allows the program memory-to.be reprogrammied-in-system or by a
conventional nonvolatile memeory programmeér.sBy combining-a versatile 8-bit CPU AT89C52
with Flash on a monolithi¢ chip, the Atmel AT89C52 is arpowetful-microcomputer
which provides a highly flexible and-cost'effective Solution /to many embedded control

applications. (continued)
. . .
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Block Diagram

P0.0 - PO.7 P20 - P27
PORT 0 DRIVERS PORT 2 DRIVERS :
GND ! y T Z T :
L A 3
bl RAM ADDR. PORT 0 PORT 2 - :
: REGISTER > RAM LATCH LATCH FLASH :
3 y 7y yy 7y :
: v v v A
: A A 4 |
v v ;
. PROGRAM :
: B STACK ,
e S e
v y v :
: <4—» BUFFER [¢—> l
: TNP2 TP :
PC Slad
: W ( INCREMENTER [€—®1 .
INTERRUPT, SERIAL-PORT, :
: AND'WTIMER BLOGKS :
‘ v :
! T A PROGRAM &l
! 2OV ’ COUNTER :
i ] !
PSEN <——| :
ALEFPROG 41 TSN [AnpTRUCTION v A X £ pprR ol
EA / Vpp —+ CONTROL BEGSTER 1 4
RST ——P| :
: 7y v v ;
PORT 1 PORT 3
LATCH ATCH ,
osc | Y Nem Y
i PORT 1 DRIVERS | ] PORT 3 DRIVERS J
| J
i |
P1.0 - P17 P30 - P3.7
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power Down Mode saves the RAM contents but
freezes the oscillator, 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 1/Q_port-As an
output port, each pin canssink eightTTLinputs: When-1s
are written to port O pins, the pins can be used as‘high-
impedance inputs.

Port 0 can also be configured tosbe the multiplexed low-
order address/data bus/during accesses-to-external pro-
gram and data memory! In-this'mode, PO haslinternal pul-
lups.

Port 0 also receives the code tbytés during Flash prograim-
ming and outputs the code.bytes during program verifica-
tion. External pullups are required during programeverifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/@ port with internal-paiups:
The Port 1 output buffers can sink/seurce four, TTL inputs.
When 1s are written to Port 1 pins¢they are, pulled high' by,
the internal pullups and can be usedas’inputs. As inputs;
Port 1 pins that are externally being. pulled.low will source
current (I ) because of the internal pullups.

In addition, P1.0 and P1.1 can be configuied to be the
timer/counter 2 external count input (P1T 04 2yand the
timer/counter 2 trigger input (P1.1/T2EX), respectiVelywas
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Alternate Functions 1

! Port Pin |
| 1
| P1.0 T2 (external count input to Timer/Counter 2).

1 clock-out

" P11 T2EX (Timer/Counter 2 capture/reload trigger

and direction control)

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s 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 (I ) 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, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

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

Port'3

Port’37is-an 8-bit bidirectional I/O port with internal pullups.
The-Port 3 output buffers ‘ean sink/source four TTL inputs.
When 1s are-written-to Port 3 pins, they are pulled high by
the internal-pullups and canibe used as inputs. As inputs,
Rort-3-pins that'are externally.being pulled low will source
current'(l;, ) .because of.the pullups.

Port.-3.also senves the functions of \various special features
of the AT89C57,as shown inithe following table.

Port'3 also receives.somecontrol signals for Flash pro-
gramming and verification.

AIMEL

Port Pin ] Alternate Functions
P3:0 _RXD (8erial input.port)
TR T CINIXG (eBtiaboutput pbrl)
P27 4 CRgoEernd@efrdpto) 0
P3/AS v +INTA (extepnal inlerrupt 1)
P34 3 10 (timerQ external input)
B35 7 ! T1 _(timer 1/external input)
P3fB SR W;Aéia*té?nz; dartar}nemory wfite strobe)
7}373 7 Q ?[g(—extgmai data meiniworry [eiziaragoge)w
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 is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. 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 tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external data mem-
ory.

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

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT839C52 SFR Map and Reset Values

EA/Vpp

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt pro-
gramming is selected.

XTALA1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the.inverting oscillator amplifier.

\ | f |
OF8H | ‘ ' | OFFH
! 1 1 :
OFOH | B ‘ | OF7H
| 00000000 i 1
i 4 H
0E8H \ | OEFH
ACC
0EOH Nbctiion 0E7H
. ' |
0D8H , | O0DFH
Sy PSW
a0 00000000 o
ACAH. | ¢ T2CON T2MOD RCAP2L " RCAP2H ) TH2 ‘ e
| 00000000 XXXXXX00 00000000. | 00000000 00000000 00000000 ‘ é
1 1 \ |
0COH ‘ 1 f | | OC7H
0B8H hﬁ?fiw "\ ¥ | /4 | 0BFH
XX000000 ! ' | |
‘ i
0B0H i 0B7H
BT
0ASH “xogf)ooc 0AFH
e
0AOH 5 0AT7H
11111111
i
SCON SBUF |
8 1 F
Aot 00000000 XXXXXXXX | e
|
90H £l | | 97H
1111111 | \
I it ; |
ok TCON TMOD T TL1 THO TH1 f : o
: 00000000 00000000 00000000 | 00000000 00000000 00000000 4 '
8OH | Y SP \ BRL. | DPH PCON o
el Rk 00000111 | 00000000 | 00000000 0XXX0000 |
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON—Timer/Counter 2 Control Register

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers: Control and status bits are contained
in registers T2CON (shown in Table 2) and T2MOD (shown
in Table 4) for Timer 2. The register pair (RCAP2H,
RCAP2L) are the Capture/Reload registers for Timer 2 in
16-bit capture mode or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable bits
are in the IE register. Two priorities can be set for each of
the six interrupt sources in the IP register.

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bit ‘ TF2 EXF2 ]‘ RCLK TCLK EXEN2 ‘ TR2 C/T2 CP/RL2
7 65 M NG Al e 1 0
Symbol ; Function
TF2 Timer 2 overflow flag'set by a Timer2 overflow and must beicleared by software. TF2'will not be set when either

RCLK = #/of TCLK = 1,

Timer 2/external flag'set.when either a capture or reload.is.caused by:a negative transition on T2EX and EXEN2 =

1. When Timer, 2 interrupt is-enabledEXF2 = 1 will calise the GPU tovector to the Timer 2 interrupt routine. EXF2
must be cleared by software-EXF2 does not cause an interrupt/in up/down counterimode (DCEN = 1).
RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1.and 3rRCLK = 0 causesTimer: T overflow-to be used-for-the receiverclodk
J TCLK Transmit clock enable; When setreauses the sérial\pontto use Timer 2:overflow. pulsesfor its transmit clock in serial
‘ port Modes -and 3. TCLK =|@\causes Timer 1 overflows to be/used for the transmit &lock.
| EXEN2 Timer 2 exterpal enable’ \When'set, allowsa capture or reload to occur as.a‘result of'a negative transition on T2EX
| if Timer 2 is not being Used.to.clock the'serial port. EXEN2 =0 calises Timer 2 to ignore events at T2EX.
TR2 | Start/Stop centrolfor Timer 2. TR2.= tstarts the timer.
CaZ Timer or counter sélect for Timer2. €/T2)=0 fortimerfunction, C/T2 =.1 for external’event counter (falling edge
triggered).
CP/RL2 Capture/Reload select. CR/RL2 = 1 causes capturestooccur on negativedransitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatie,releads ‘to‘occur when Timer 2 overflows or negativetrapsitions occur at T2EX when EXEN2
= 1. When either RCLK"r, TELK =1, this-hit.is ignored-andythe timer isf6rced to auto-reload on Timer 2 overflow.

For example, the following direct addressing instruction

Data Memor
y accesses the SFR at location 0AOH (which is P2).

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address 0AOH, rather than P2 (whose
address is 0AOH).

MOV #ROQ,
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

ATmEL

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

fidata
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Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists_of12 oscil-
lator periods, the count rate is 1/12 of the osecillator fre-
quency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CPIRLZ | J#fRZ | MODE
0 o J/1 | 168it-AutoRelogd
o | ff | spaTa SR/
1 Mt « a2 ¥
1 X 1 | Baud'Rate Generator
 x X[ 2{4 B '_'__“MJ‘

In the Counter function, the register.is incremented in
response to a 1-to-0 transition at its correspondingexternal
input pin, T2. In this function; the _externallinput s sampled
during S5P2 of every machine cycle. When the sampies

Figure 1. Timer in Capture Mode

show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXENZ2 =1, Timer 2 performs the same operation, but a 1-
to-0 transition at.external input T2EX also causes the cur-
rentvalue in TH2:and. TL2 to be captured into RCAP2H and
RCAP2L.respectively.sln addition, the transition at T2EX
causes-bit EXE2 in T2CON to be set. The EXF2 bit, like
TE2, can generate an interrupt. The capture mode is illus-
trated in“‘Figure 1.

Auto-Reload:(Up or Down,Counter)

Timer2 can be programmed to count up or down when
configured in its: 16=bit;auto-reload mode. This feature is
invoked by the DCEN (Down-Counter Enable) bit located in
the SER.T2MQD (see.Table4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN isvset, - Timer'2.can eount up or down, depending on
thevalue of the. T2EX pin.

osc » 1A A
Cm2 = q
% >Jl TH2 T2 H TF2
VERFLOW
| conTrOL 2
TR2
J‘ O i——'v——’\
[: = ST e | |
T2 PIN CAPTURE| ! | :
| |
‘[RCAPQH RCAP2L ! i
TRANSITION 1 t 1
DETECTOR : | TIMER 2
e { INTERRUPT
T2EX PIN [ |—— R o/o »  EXF2

T I

EXEN2
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Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The over-
flow also causes the timer registers to be reloaded with the
16-bit value in RCAP2H and RCAP2L. The values in Timer
in Capture ModeRCAP2H and RCAP2L are preset by soft-
ware. If EXEN2 = 1, a 16-bit reload can be triggered either
by an overflow or by a 1-to-0 transition at external input
T2EX. This transition also sets the EXF2 bit. Both the TF2
and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

0SC » +12
Ca2 =0
of T
»{ Tha- | T W
: V
CONTROL Sl e
= Sy ﬁ A
] cld > RELOAD iy
T2 PIN TIMER 2
INTERRUPT
RCAP2H - RCAP2L e
< o p TE2
TRANSITION
DETECTOR D
T2EX PIN [ ] > 4 N o EXF2
CONTROL
EXEN2
Table 4. T2MOD—Timer 2 Mode Control-Register
| T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
5 - % N 4 2 el RERTEN
— — ‘ — — — - 20E DCEN
i Bit 7 6 5 | 4 3 3 1 0 |
| Symbol Function
| — Not implemented. reserved for future
T20E Timer 2 Output Enable bit
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.

£

IMEL
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
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L INTERRUPT
T2 PIN l
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the baud
rates for transmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for
the other function. Setting RCLK and/or TCLK puts Timer 2
into its baud rate generator mode, as shown in Figure 4.
The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2’s overflow rate according to the following equation.

Timer 2 Overflow Rate
16

Modes 1 and 3 Baud Rates =

The Timer can be configured for eithertimeror counter
operation. In most applications, it is‘configured for.timer
operation (CP/T2 = 0). The timer/0pération is-different for
Timer 2 when it is used as a baud rate generator-Normally,
as a timer, it increments every/machine cycle (at 1/12-the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-Out Mode

O8dl DL~

TRANSITION

< DETECTOR

EXEN2

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x[65536 - (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra extemal interrupt.

Nate that when Timer 2 is running (TR2 = 1) as a timer in
the'baud rate generator mode, TH2 or TL2 should not be
read from orwritten to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write.may-not be accurate. The RCAP2 registers may be
read but-should not be written to, because a write might
overlap a reload and cause, write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the

. \Timer 2ior RCAP2 registers:

| !
?_,._,,4 e = C/T2/BIT
|

i

AIMEL

1= W | B2
\ 1 ./ L B BTS) || [B-BITS) B
™ H——
s A
RGAP2L | RCAP2H |
i
|
|
a
W N o =2 7 SRS DT Wi e SRS B
T20E (T2MOD.1)
: TIMER 2
JEe " INTERRUPT
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Programmable Clock Out Table 5. Interrupt Enable (IE) Register

(MSB) (LSB)
[EA [— [Erz IES |ET1 ]Ex1 IETO lexo]

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar I/0 pin, has two alternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or
to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

To configure the Timer/Counter 2 as a clock generator, bit Symbol Position Function
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1) :

: : EA IE7 Disables all interrupts. If EA =0,
must be set. Bit TR2 (T2CON.2) starts and stops the timer. no interrupt is acknowledged. f

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency

EA =1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

Clock-Out Frequency= 7= 155536 - (RCAPZH,RCAPZ)] B IE6 Botaiid

In the clock-out mode, Timer 2 roll-overs will.not generate ET2 IE.5 Timer 2 interrupt enable bit.

an interrupt. This behavior is similar to'when Timer 2 is z : ;

used as a baud-rate generator. It is possible to use Timer 2 F? K Seilel B R el

as a baud-rate generator and a.clock generator-simulia- ETA IE.3 Timer 1 interrupt enable bit.

neously..Note, however, that .the paud—rate and clock-out Ex4 E.2 External interrupt 1 enable bit

frequencies cannot be determined independently from one

another since they both use RCAP2H and RCAP2L. ETO IE.1 Timer O interrupt enable bit.
EX0 IE.O External interrupt 0 enable bit.

UART

The UART in the AT89C52 operates the same way. as the

User software should never write 1s to unimplemented bits,
because they may be,used in-future AT 89 products.

UART in the AT89C51.
Figure &./ Interrupt Sources

Interrupts

The AT89C52 has a total of six interrupt vectors: fwo, exter: 0
nal interrupts (INTO and INT1), three timer interrupts (Tim- 7o !
ers 0, 1, and 2), and the serial port interrupt,These inter- T

rupts are all shown in Figure 6 Lo

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing’a bit in-Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table 5 shows that bit pesition IE.6 is unimple-
mented. In the AT89C51, bit positien {E.5"1s-alsq unimple-
mented. User software should not write.1s'o these bit posis LA
tions, since they may be used in future AT89 products. HE |

Timer 2 interrupt is generated by the logical OR of bits«lE2 L) Ty i)
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine TE1 >
whether it was TF2 or EXF2 that generated the interrupt,

and that bit will have to be cleared in software. Hemm mm ) > .
RI e

The Timer 0 and Timer 1 flags, TF0 and TF1, are set at

S5P2 of the cycle in which the timers overflow. The values TE2 :D

are then polled by the circuitry in the next cycle. However, LXF2 i
the Timer 2 flag, TF2, is set at S2P2 and is polled in the

same cycle in which the timer overflows.

AT89C52

— IEO

TFO >

\
A\
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements 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 maxi-
mum 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. spe-
cial functions registers remain unchanged-during-this
mode. The idle mode can be'terminated by any-enabled
interrupt or by a hardware reset.

Note that when idle mode/is terminated by.a-hardware
reset, the device normally resumes-program execution
from where it left off, up to two'machine cycles beforesthe
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 whenidle-mode is termi=
nated by a reset, the instruction following-the‘one that
invokes idle mode should naot'writeito a'port pin-orto, exter:
nal memory.

Power Down Mode

In the power down mode; the 0scillator(is stopped, and the
instruction that invokes pewer down is the last instruction
executed. The on-chip RAM and Specialkunction-Regis-
ters retain their values until the power dewn mode-is-termi-
nated. The only exit from powendown'is a hardware reset:
Reset redefines the SFRs but does.net change.the on-chip
RAM. The reset should not be activated before Vg is

AT89C52

restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Figure 7. Oscillator Connections

Cc2
)}—I— XTAL2
C1
o—) ——— = XTAL1
( GND

Note: C1€2(= 30 pF £ 10 pE for Crystals

=40 pE + 10 pF for Ceramic Resonators

Figure 8.4External ‘€lock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

Status of External Pins During ldle.and“Power.Down Modes

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 . Internal 0 0 Data Data i Data ; Data
% Power Down External 0] 0 Float I Data Data | Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

Vpp =12V Vpp =5V
Top-Side Mark AT89C52 AT89C52
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=52H (031H)=52H
(032H)=FFH (032H)=05H

1 U u u No program lock features.

28 aEpa Y u MOVC instructions executed
from external program
memory are disabled from

| fetching code bytes*from

; internal memory,EA is

| sampled‘andlatched onreset,
‘ and.further programming, of

‘ | the Flash memory-is.disabled.

Same as-mode-2;-but verify is
also disabled.

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

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched/during reset [if the-device,is pow-
ered up without a reset, the latch initializes to-a.random
value and holds that value until.reset is’activated, The
latched value of EA must agree with the current logic level
at that pin in order forthe device to function properly:

Programming the Flash

The AT89C52 is normally shipped with:the onxchip-Flash
memory array in the erased:state, (that is;-contents =FEFH)
and ready to be programmed. The.programming intefface
accepts either a high-voltagey(12-volt) or-a’low-voltage
(Vcc) program enable signali, The Tow,voltage program-
ming mode provides a convenient way to.program the
AT89CS52 inside the user's system,'while the highsvoltage
programming mode is compatible with“eonwventional-third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage“or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

4-72

The AT89C52 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

AT89C52, the.address, data and control signals should be

setup according te the Flash programming mode table and

Figures-9 and 10. To,program the AT89C52, take the fol-

lowing-steps-

1= (Input 'the desired memory location on the address
lines.

2 ~nput'the appropriate data'byte on the data lines.
3. Activate the correct combination of control signals.

4! [ Raise EA/Vpp to 12V forthe high-voltage programming
mode.

5. \Rulse’ALE/PROG once to program a byte in the Flash
array or.the lock bits. Thebyte-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 oruntil the end of the object file is reached.

Data. Polling:*ThesAT89C52 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 com-
plement of the written data on PO.7. Once the write cycle
has'been completedtrue data is valid on all outputs, and
the.next cycle mayibegins Data Polling may begin any time
after a write cyclehas been initiated.

Ready/Busy: The'progress of byte programming can also
bemanitored.by the RDY/BSY output signal. P3.4 is pulled
low_after”ALE"goes high during programming to indicate
BUSY+P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, 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.
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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 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 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) = 52H indicates 89C52

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V 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 combi-
nation 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
programming vendor for the appropriate software revision.

Mode | RST PSEN ALE/PROG EAVpp\| P26 | P27 | P36 | P37
Write Code Data f L m12v N N\L H H H
} =B |
| | ¢ | |
e /4 O —N_5 SO P =l NN L
Read Code Data i b G L ‘ H H A\ L H H
Write Lock Fiff L= LLLT ~ bV \\ + H -
| -_\—_ |
Bit <2 H k | HiA2V == | §¥ L g
S
L B . AN o s | 1S \Q /s bbbt del BV 1
Bitbatpy W L | HH2v H L H L
i A |
e Al i\ AN AN DT bl i, O J§ =
Chip Erase H L : & SIEN, WL L
‘ i . M i J‘
| ‘ | ‘
A\ . X | |
Read Signature Byte s L RN H A gy L
Note: 1. Chip Erase requires a,10-ms PROG pulse:
4-73
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[sucssme an oo
Figure 9. Programming the Flash Memory Figure 10. Verifying the Flash Memory
+5V +5V
AT89C52 0 AT89C52 o
ADDR: 2= ATl b, Vee AbpRr. 22 AT 5y Meo
OOOOH/1FFFH e e 'Sf?f\ OOOOH/1FFFH ot gt gl FuGshé ?OAIA
A8 - A12 A8 - A12 PULLUPS)
> P26 > P26
SEE FLASH > P27 ALE |« PROG SEE FLASH » P27 ALE |«
PROGRAMMING PROGRAMMING
MODES TABLE > P36 MODES TABLE » P36
» P37 » P37 @ Vi
o XTAL2 EA |« ViVep ° XTAL 2 EA |«
824 MHe . o SddfiHz
S5 f S
° XTALA RST._ |« Vi ® XTAL1 RST |« Vi,
e |/GND PSEN e |‘eND PSEN
Flash Programmingfand Verification Characteristics
To=0°Cto 70°C, Vg =5.0+10%
Symbol Parameter Min ‘ Max Units
Vel Programiig Enable Voitage 115 : 12.5 { v
Ippt! . Programming-Enable /Current : 1.0 mA
i | Qsclitator Freq@énoy F 24 . MHz
tavaL Address Setup to'PROG Low 48tc oL
teiiax | AldressHiolghAfter PROGI ) < 48tcL 50 *
tovaL S Setup to/PROG Low - 48ta oL r
tGHDX A Data Hold After PROG 48tcrcu
e ' P2.7 (ENABEE) Migh 8\ ' WA AL ey
tshaL . Vpp Setup to PROG Low ; oll ey o 10 ‘ | us
tors M ' Vpp Hold After PROG — i 10 V ﬂ us
lGLGH " PROG Width ' 1 : 110 | us
tavay . Address to Data Valid 48lc oL
teLav " ENABLE Low to Data Valid : 48tc oL
(e ' Data Float After ENABLE 0 ‘ 48t oL
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.

474 AT89C 52 s R
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp=12V)

P10 -P17
P2.0 - P24

PORT 0

PROGRAMMING

VERIFICATION

ADDRESS

ADDRESS

DATA IN

L
: [:_‘ toveL

; tAVQV
—

tGHDX

> taHAx

DATA OUT

ALE/PROG

EANpp

P2.7
(ENABLE)

P3.4
(RDY/BSY)

tGHSL

LOGIC 1

Flash Programming and Verification Waveforms.~ Low-Voltage'Moade (Vpp=5V)

BH0.. Pl v PROGRAMMING VERIFICATION
P20 - P24 ADDRESS ﬁ\ ADDRESS
! ) tavay
PORT 0 | DATALIN { DATA OUT
[: » toyeLatEHox )l
taveL [® I P tdhax
ALE/PROG
t < 3
4 MR- — g
ot LOGIC 1
EANp 0. . LI VI Y L o e e
— <+«—t : le— t-
Pl i B g
(ENABLE) i T
leusl==" e
Pad
(RDY/BSY) BUSY READY
twe

AlMEL
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Absolute Maximum Ratings*

Operating Temperature

Storage Temperature

Voltage on Any Pin
with Respect to Ground

Maximum Operating Voltage

DC Output Current

-55°C to +125°C *NOTICE:

-65°C to +150°C

DC Characteristics

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

The values shown in this table are valid for Ty = -40°€t0"85°C and"Vge.= 5.0V + 20%, unless otherwise noted.

Symbol ‘ Parameter Condition Min Max Units
e Input Low Voltage | (ExceptEA) -0.5 0.2 V0.1 %
Vi Ut Low Voltage (g ' | NN 0.2 Vee0.3 v
Vig Input High Voltage j (ExceptXTAL1, RST) %05 Ve +0.9 Veet+0.5 \Y
Vier bt “legh Voltagé "(XTAL1, RST) N vAN | Veetos | v
(Vo output Lowflfoet ponss R~ Y i/ BVAOL TS P~ N\ o | v |
Vol Output Loff Jfoited®™ IoL= 32A : ! dsi sl v
(Port 0. ALE, PSEN) : |
Vou  ouput i valte Y, femasn W60 MR G )L Y R | e
; (Ports 152,83, ALE, PSEN) l'OH': -.;5 .IIA AN \T 70.;57;/&; " | BT i v g
— B/ Fe ol Y | v
Vors V(;tput High Voltage Lok =800 ;;A. ;/CC a0 L 2.4 1 v
(Port 0 in Extefnal Bus Mode) A SRO0THA L 0‘7'5 Bl v
- RSN = « s
I Logical 0 Input Cufrent(Ports (1,.2,3) | | Vp= 043V ' ' -50 uA
I Lgagical 1 to O Transition Curre‘r:" # Vin= 2V Ve =9Vt 10% { f T_ W~650 uA
(Ports 1,2,3) ] R s : l_, e
I e Trrx;;LrJtiLeakage Currenty(Port 07 EA) 045, s ViV | ]» +10 ;\ uA
RRST  ResetPuldownResN. V&. TS0 | s Ke |
C,O 77777 3 Pin Capac]tanc_é N =1 TestFreq. € 1 MHzy T,\; 25‘CW N s 10 ! pF
[ lec : Power éLJD[)ly Current - 4‘Active Mo;jrer.i 1727 .’:1&;27 - = 25 = m/; =
idle Mode. 12°MHZ 6.5 mA
Power Down Mode' " ‘ Vg = 6V 100 UA
Vee = 3V 40 LA
Notes: 1 Under steady state (non-transient) conditions, lo_ must be externally limited as follows:

Maximum | per port pin: 10 mA
Maximum |~ per 8-bit port:

Port 0: 26 mA Ports 1, 2, 3:
Maximum total I for all output p

15 mA
ins: 71 mA

If 1o, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power Down is 2V.
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AC 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

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units
Min Max Min Max
MeLeL Oscillator Frequency 0 24 MHz
tuhLe ALE Pulse Width 127 2te 40 ns
taviL Address Valid to ALE Low 43 tcLe-13 ns
tLLAX Address Hold After ALE Low 48 toLeL-20 ns
tLuy ALE Low to Valid Instruction In 238 HeoLeL-65 ns
tpL ALE Low to PSEN Low 43 tcrel-13 ns
tF’LPH PSEN Pulse Width 205 3tCLCL‘20 ; ns
teLiv i PSEN Low to Valid Instruction in 145 1 3tcLcL-45 ns
texix Input Instruction Hold After.RSEN 0 0 Y ns
texiz ¢ Input Instruction Float After-PSEN 59 tcLc-10 ns
tpxav PSEN to Address Valid 78 teLcL8 ns
taviv Address to Validlnstruétion In i 312 7 RN -55 ns
| toiaz PSEN Low to Address. Float ‘ 10 10 ns
| g )
[t RD Pulse Widfh |/ <400 Btara 100 ns
e WR Pulse Width 400 6 w00 ns
tRLDV RD Low to Valig-Data In ‘ 262 Stcic-90 ns
tRhioy Data Hold After RD ‘ 0 0 ; ns
tRHDZ | Data Float After RD 97 | f Hoic-28 ns
LoV ' ALE Low to Valid\Datan 547 ¥ fotc cL-150 ns
a5 Address to Valid Data In ! 585 P Stoici-165 |7 s
b ALE Low to RD or WR tow T N 300 olc o of Steiat50 | ms
tavwi Address to RD or WR Low 203 MorcL-75 ns
tavwx Data Valid to WR Transition 23 teLcL-20 ns
tavwi Data Valid to WR High 433 TteLeL-120 ns
twrax Data Hold After WR 33 toLcL-20 ns
tRLAZ RD Low to Address Float 0 0 ns
tHLH RD or WR High to ALE High 43 123 teLeL-20 toLeL+25 ns

ATMEL
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External Program Memory Read Cycle

[‘; L o
ALE
. s ‘ * toLpn
taviL [ tuy
— lup fe—
PSEN [ * toLv
toxa
toxiz
tLiax [« > :
PXIX
PORT 0 > A0-A7 —— < INSTRIN A0O-A7 >
e oy ]

PORT 2 @ A8 - A15 o O AB-A15

External Data Memory'Read Cycle

W —
ALE
Ay A Lyyrs
PSEN
leo— { “ﬁ
LDV
tRLRH ~ONRg
R topwt w4
3D {0 T — e i :
t 1y >ERLDV) RHDZ
< AVLL tRLAZ-—' p
—— RHDX
PORT 0 _ >KAO\ A7 EROM RLOR,DPLY KDATA INDBXA0-- a7 FROM(PCL < INSTR IN
< Lavwi 'y
D D, tAVDV N\ g
PORT 2 )i P2.0% P2 7”OR.A8 - A15 FROM DPH X . @n8 - amf5/FROM PCH
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External Data Memory Write Cycle

ti—
ALE

EREmd by
PSEN
le— tuwe ——fe—twwH —>
W N
g le—1 1ax ]
— tAVLL_’ tQVW)( o BEE tWHQX
= tQVWH T

PORT 0 _ > A0 - A7 FROM RIFORDPE DATA OUT e XAQ.- A7 FROM PCL—INSTR IN

t/\\/WL

PORT 2 ) P20 - P27 OR A8~ AI5FROM DPH) — ¢ X A8 - Al BROM PCH

External Clock Drive.Waveforms

) —— A ST
e B
Y ScH [ B 5 | e
Vo - 0.5\
07V e
0.2 g ¢ Ogp®
0.45V
S Ty O
. feLce TRy & S
External Clock Drive
| Symbol Parameter Min 1 Max | Units
‘ 1MoLl Oscillator Frequency 0 ! 24 1 MHz
teleL Clock Period 416 ns
teHex High Time 15 ns
| tcLex Low Time 15 ‘ ns
' toLcH Rise Time 20 ‘ ns
1» teHeL Fall Time ‘ 20 ‘ ns
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vce = 5.0V +20% and Load Capacitance = 80 pF.

Symbol ‘ Parameter 12 MHz Osc Variable Oscillator Units
Min { Max Min Max
txixL Serial Port Clock Cycle Time 1.0 12tcLcL | us
g tQuxH Output Data Setup to Clock Rising Edge | =200 | 10tg o -133 / Sl s
txHax Output Data Hold After Clock Rising Edge 50 : 2o o -117 i ns
txHDX Input Data Hold After Clock Rising Edge 0 E 0 J ns
txHov Clock Rising Edge to Input Data Valid f ; 700 " 10tc ¢ -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 I 1 , 2 | 3 [ 4 l 5 | 6 [ 7 | 8 [
ALE l l l I I l I ,
t>(LXl_
tavxr ]
— F‘ e
0 P /3¢ X B> ™+, X 5\ R A

SETTI T

WRITE TO SBUF

'ﬁ—‘

OUTPUT DATA

B
— t
0 Py <_’| f‘— XHDX

o AP DDA RTINS X TG G
INPUT DATA SET; RIT
: 1
AC Testing Input/Otitput Waveforms!!) Float Waveforms(})
Vaes- 0.5V
ee’ 09 0.2,V ¢ #0.9v ¥ g 0.1Y Vg - 01V
TEST, POINTS X cadd Timing Reference
‘ Points
0.2 V3 "80.1V vV 0.1 V_ o+ 0.1V
045y C8 Loap oL
Note 1. AC Inputs during testing are driven at Ve -0\ Note: 1 For timing purposes. a port pinis no longer floating
for a logic 1 and 0.45V for a logic 0. Timing mea- when a 100 mV change from load voltage occurs. A
surements are made at V;;; min. for a logic 1 and Vi port pin begins to float when a 100 mV change from
max. for a logic 0. the loaded Vo /Vo| level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V + 20% AT89C52-12AC 44A Commercial
AT89C52-12JC 44y (0°C to 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q
AT89C52-12Al 44A Industrial
AT89C52-12JI 44J (-40°C to 85°C)
AT89C52-12P! 40P6
‘ AT89C52-12Q | 44Q
3, AT89C52-12AA 44A Automotive
: AT89C52-129A F—d) (-40°C to 105°C)
| AT89C52-12PA . 40P6
AT89C52-12QA // A4Q
16 L 5V £20% AT89C52-16AG U Ak s, Commercial
? AT89C52-16JC ) 74 (0°C to 70°C)
AT89C52-16PC W\ -a0P6
AT89052-46QC 44Q
AT89C52-16A 447 : Industrial e
AT89C52-16J1 444 ‘ (-40°C to 85°C)
AT89C52-16P 40P6 ;
ATBSC52-76Q) 440
‘ @ v Ba) es o A oo A | lavtomotive
| AT8IC52-16JA 44 (-40°C to 105°C)
AT89C52- T6PA 4QPB
; AT86052216QA 24Q
20 @ 5v+tdk <& rAreedBeticil N A ol Commercial :
AT89CE2-204C 44y (0°C to 70°C)
AT89C52-20RC 40P8
AT89C52-20QC 44Q :
ATBIC52'20A1 N ‘ Industrial |
AT88€52-20J1 44 (-40°C to 85°C)
AT89C52-20P 40P6
AT89652-20Q)! 449

AIMEL
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Ordering Information

ATMEL

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 5V +20% AT89C52-24AC 44A Commercial
AT89C52-24JC 44) (0°C to 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
AT89C52-24Al 44A Industrial
AT89C52-24J 44J (-40°C to 85°C)
AT89C52-24PI 40P6
AT89C52-24Ql 44Q
f Package Type
44A 44 Lead. Thin Plastic Gull Wing Quad Flatpack (TQFP)
| 444 | 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 ‘ 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

4-82 AT89C 52 e e T



&= TECHNOLOGIES

78250 SERIES

Solutions

Power

| SELECTION GUIDE 78250

Converter Transformers

Parameter Conditions MIN TYP | MAX | Units
Primary Inductance, L, 10kHz, 100mV 1.0 2.0 2.5 mH
Leakage Inductance, L, 100kHz, 100mV 2.0 3.0 pH
Interwinding Capacitance, C\yw | 100kHz, 100mV 69 90 pf
D.C. Resistance, Rpc <0.1vDC 1.0 2.0 Q
FEATURES Volttime Product, E; S5kHz, 5V 50 Vps
B Maxim Compatible
B Isolation to 4kV SELECTION GUIDE 78250V/78250MV
B Surface Mount Options Parameter Conditions MIN | TYP | MAX | Units
® Toroidal Construction Phimary Inductance, Ls TOKEZ3] 00mV 100 2DR s
B Standard Pinout
® UL 94V-0 Package Material teakage. Inductance, L T00kHz, 100mV. 35 40 pH
B Fully Encapsulated
H low Profile Interwinding, Capdcitance,. € v |.100kMz, 100mV 9 12 pF
B Industrial Temperature Range
D7C. Resistance] Rpe <0.1VDC 1.4 1.8 Q
DESCRIPTION
The 78250 series of convertet transfotmers RY ks A e ¥ o

are specifically designed forpuse with Maxim
chipsets to provide isolated RS232 intefaces.
Carefully controlled turns rafios ensure
consistent performance whilst-aPtoroidal
construction minimises EMI. The surface
mount devices are fully compatible, with
CECC00802 to 280°C which allows them to
be placed and reflowed with I€”s thus
reducing time and cost in\production;

www.dc-dc.com

ABSOLUTE MAXIMUM RATINGS '

-40°C to 85°C

Opercﬁng free air temperatureirange

Storage temperaiure range -50°Cto 125°C
lead Temperature- 1.-Smm front case fof 10 seconds 300°C

Peak current 15, 300mA
Isolation-Voltage 78250(M] (flash tested for 1 second) 1500Vrms
Isolation-voltage 78250V(M](flash tested for 1 second) 4000Vrms

All specifications typical atda=25°C




78250 SERIES

Converter Transformers

DIMENSIONS

MECHANICA

6 Pin DIP

I‘——9.52 max——————'[

Top View

Aj [ ——— mox»-—-"i
|

e
18250M
XY YWW

U

0.90

* Pin 5 is connected ‘o secondary cenfre top

All dimensions in mm XX.XX £0.25mm. All pins on o 2.54mm pitch and within £0.25mm of true position

8.89 max 2
718250
XYYWW 2
a.lss
3.4420.50 u
H - | - NN
i 10716 2.547== o
6 Pin SM r V370 H
Top View

C&D Technologies (NCL) Ltd
Tanners Drive, Blakelands North
Milton Keynes MK14 5BU, England
Tal: +44 (0)1908 615232
Fax:+44 (0)1908 617545

email: info@cdtechnoncl.com

C&D Technologins {NCLj Limited reserve the right 1o alier or improve the
specification, int2-nal design or manufacturing process at any time, without
notice. Please check with your supplier or visit our web site fo ensure that
you have the cument and complete specification for your product before usa.
© C&D Techndlogies (NCL) Limited 2000 NMP 78250.2
No part of this publication may be copied, transmitted or stored in a
retrioval system or reproduced in any way including, but not limited to,
phologophy, phmocopy, magnelic of other recording means, without prior
written permission from C&D Technologies (NCL) Limited.

www: http://www.dc-dc.com

Instructions for use are available from www.dc-dc.com

C&D Technologies (NCL), Inc.
8917 Glenwood Avenue, Raleigh
NC 27612, USA

Tel: +1 [919) 5719405

Fax: +1 (219) 571.9262

email: info@us.cdtechnoncl.com
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