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Abstract

This thesis presents a system for accurately estimating a position of tapings on two
dimension board. The position is estimated by using different time between each receivers that
received tapping signal .The tapping time are counted by using a field program gate array

(FPGA). The results will be transfer to MCS-51 to calculate the position x, y
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2.2.1 pa@atifvesansilaledidnn3nsiiin
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TudignamsdussainileTedanns nsiindiegnnszquaruns sdu i
o 2 o - ad a a as
nssuaaduinatggluuuIuiugnswasyiavesaisdio Teddnns nirsiia dwaaslugl

28

S N T A

(k) Thickness shear-1.2 {1} Hydrostatic (m) Tube
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2.3 FPGA (Field Programmable Gate Array)
Tassadumeluves FPGA tszneul$die uefisdvesneinnnaisy nine  Falu
o o e sln' A’ a1 h:{ [ o o Y o é
Jagtiuarugnnaeludidw FPGA lavaunnszau hinwudsuszdududa eannsa
as aa oot w @ 8 }Y L] =’l’ 9 w
sesfunnsAsneaiiinnuasududeuldifluedsd uennintiludumseenuuuiannuas
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=] ] ] Y Yo o w o { o
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231 FPGA uidldanimaluTadifilunsTisunndsiteg 2 uuude
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nrldmiteanud
1. anTlsunsuTaemei ldfemsnloulamiamonin _
1.1 Fuse!.ﬂu'?%mﬂﬂLmiuﬁmmmﬁﬂﬁ”sﬁmﬂg’uﬁmémﬁa%mﬁmsuﬂiuuﬁmﬂ
FounsazaInInfu
124nii Fuse ({u3%nsTilunsufindrefunuy Fuse uassiuiinganinyiinis
Tusunsuda wzioudenanu
2. m3 llsunsuTngldmiaeanud
2.1 EEPROM Based FPGA
FPGA #1¥msTusunsuuniiuGonti cLd  FamaTuladildesmiloudy
EEPROM #hlinnwgueainndt Taeiialalazifosn 20,000 inn udazdedves EEPROM
Based FPGA ﬁammimﬁu%’agamﬂmﬂs11aa_“lﬂ“ls-ﬁﬂa"l.ﬂi'haﬂuﬁmﬁ‘lvhgm uazlunis
TdsunsuszldmsuFamed 1 dade 1 ia Fems lsunsuaunsaviridilszans 10,000 ads
2.2 SRAM Based FPGA
| FPGA vt MmaTuTad lums Tdsunsumitousu SRAM (Static RAM)
ildmnsaTlunsudidlaehisiiasnunde vennniideiianugueunniussduthu.
natadegaann (UsEaal 10,000 — 1,000,000 1) F1907¥89 SRAM Based FPGA fialdinan
Tums Tosunsundes Gedy ns) maTilsunsuviniRhediou 18uns@eu sRaM 12l uas
minedmiunsesnunneesiiiuadududeudiudedede i annsodu Tlsunsuly
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2.3.2 Tassasumaluves FPGA
o 9 =7 o Ld o o o
dnuvuzIasaadumeluves FPGA witlueisisd vasudanasinaisaviiniy

Talsunsulanegalit 2.11 uaz 2.12

i 2.11 Taseardnamelu FPGA  aszna MAX70008

Sireddsd Ay Biosk (EAST

gifi 2.2Tmseadameluves FPGA asega FIEXI0K
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2.3.3 vazdeavestunsulumsssniuuannioese Inaei
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Tiwafi latdse@niamuaz ludunsunisduasizvesi Jeenuuudiuisanivua
Y w o ar 1 ar 3 1 Y o ow A . . . A 3 o a
dorfstudmiuTunaurazda’la gy dotlaiuluiFeat (Timing Constraints) w3adaiiaw
4‘ é’ 3 [ = 9 1 X LY. ¥ d’, o
TuFesweeiuii (Area) wiadmuariauazduvives Vo Fadetinumariivzgmildld
g . F] { d { o t [ 9 ..
Tuduneu Optimize tNalir9esfi ity ludawndimua drudrgluns optimize Aonis
. @ iq 9 4 4 @
oy (Mapping) TutaalfidrdumaluTadnlfive 1 A 1ees itz auduTaseadas
o 4 o o < ] 9 & @ o
aanlnenssunisluginial FPGA wievimisduaneiesaisual geWiinsdunsizv
=1 =1 1 4 g; o 1 ¥ ] 1 1
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2. MIUUINYT (Partitioning)
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3. mM5919gUns58] (Placement)
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° ? ] { o 3 = 1 s a ° 1
Tumsvi1 FPGa  duanuvdisidadiuilunnuvuieitiaenaisied e
(tayout) vesgunsel Fefeenuun liaunsadililudlvld udannsavilianumirniesiiga
ar ] fa 4 2 [
¢ dmsuanumuniinavuiuuen ldiluaelssinnie
1 a . d; [} Id o
5.1.1 ANUNUNNNA8TN (Logic delay) Hluanunirnmalussnlsznsuvsgilnsal
FPGA 184
] { o 4 1 o I~ ] -
5.1.2 AU INMsIFouAed a8l (Routing delay) tluanuminsiifianin

& Vo 1 Cd
aseuasdyanuszninesnilszneunislugilnsel FPGA



22

Tasln@Audrannuviisasinlinlsmu 50 % vesmnrunisisousuld mie
L] ‘Q A 1 ar al 1 L] 1 1 - O llyJ .
anumiidiavnmsireusedyaaiusiisnnanninnuniiasia dAniulumsng
o & Ve ) ° P @ « A a9 S Vo
gilnTal uazsiFeumsdygna Jesnuuunlsimuadetisfumananie Ifzedduns 1&vau
T a o A 3 A 9 o (d‘dg
sarafidszdnsamaiudu uazive Wl dnasninaau
' ' Ay o o & T e [ a b
manunindg ldvdwinnsegiinge waziBeudedyanamdinslisnrumiang
' M ' A ' o 2 d oy ¥ o
feudnuiney Fdesnuuuanisonsu lai luweafiesnuuuiu dluldaudedinua

nie'ly
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;; Name [RS232 V.24 Dir |Description

;“ CD CF 109 — Carrier Detect

2 RXD BB 104 < Receive Data

3 TXD BA 103 —_ Transmit Data

4 IDTR |CD 108.2 —_ Dafa Terminal Ready
5 |GND {AB 102 | iSignal Ground

6 DSR ICC 107 -— Data Set Réady

7 .RTS CA {105 — Request to Send

8 ICIS B 106 — Clear to Send

9 iRI CE 125 -— Ring Indicator

1 221 asnuaasiandifivesnian 4
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1 Abbreviation Full Name Originator Function

™D Transmit Data DTE Serial data output (TXD) from DTE.

RD Receive Data DCE Serial data input (RXD) to DTE.

CTS Clear To Send DCE Tell DTE that DCE is ready to exchange data.

(D)CD (Data) Carrier DCE Carrier from remote DCE is detected.
Detect

DSR Data Set Ready DCE Tell DTE that DCE is ready to establish a

link.

DTR Data Terminal DTE Tell DCE that DTE is ready to establish a
Ready link.

RTS Ready To Send DTE Tell DCE that DTE is ready to exchange data.

RI Ring Indicator DCE Ringing signal from the phone line is

detected.

i 222 wetmadygramq A lugliuueynsy
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#include<stdio.h>
#include<reg51.h>
sbit finish=P140;
shit oel=P1r1;
sbit 0e2=P142;
shit 0e3=P143;
shit oe4=P14r4;

shit reset=P1A/5;

void serial_inter()

{
SCON=0x50;
TMOD=0x20;
TH1=0xFD;
EA=1;
ES=1;
TR1=1;
Tl=1;

}

main()

{

int N1=0,N2=0,N3=0,N4=0;
unsigned int i,j;
serial_inter{};

for(;;)



P0O=0x00;

P1=0xFE;

serial_inter();
if(finish==1)
{
oel=0;
for(i=0;i<5000;i++);
N1=PO;

oel=1;

oe2=0;
for(i=0;i<5000;i++)
N2=P0O

oe2=1;

0e3=0;
for{i=0;i<5000;i++)
N3=P0;

oe3=1;

0e4=0;
for(i=0;i<5000;i++)
N4=P0;

oe4=1;

printf("-9999");



for(i=0;i<5000;i++);
printf("%d",N1);
for(i=0;i<5000;i++);
printf("%d",N2);
for(i=0;i<5000;i++);
printf("%d",N3);
for(i=0;i<5000;i++);

printf{"%d",N4);

for(j=0;j<15000;j++);
P1=0xDE;
for(i=0;i<5000;i++);

P1=0OxFE;



lilsunsulugauaes Visual basic

Option Explicit

Private Declare Function GetCursorPos Lib "user32" (ipPoint As POINTAPI) _

Aslong

Private Type POINTAPI
X As Long
Y As Long

End Type

Dim Xpos As Long

Dim Ypos As Long

Private Declare Sub mouse_event Lib "user32" (ByVal dwFlags As Long, ByVal dx As Long,
ByVal dy As Long, ByVal cButtons As Long, ByVal dwExtrainfo As Long}

Private Declare Function SetCursorPos Lib "user32" {ByVal X As Long, ByVal Y As Lang) As Long

Const MOUSEEVENTF_LEFTDOWN = &H2
Const MOUSEEVENTF_LEFTUP = &H4
Const MOUSEEVENTF_RIGHTDOWN = &H8

Const MOUSEEVENTF_RIGHTUP = &H10

Dim data{0 To 4) As String

Dim i As Byte

Private Sub Form_Load()



Dim List As Variant

AddPort.Additem 1, 0
AddPort.Additem 2, 1
AddPort.Additem 3, 2
AddPort.Additem 4, 3

AddPort. Additem 5, 4

MSComml.CommPort=1
MSComm1.InBufferSize = 1024
"MSComm1.0utBufferSize = 512
MSComm1.RThreshold = 1
MSComma1.Settings = "9600,n,8,1"

MSComm1.PortOpen = True

End Sub

Private Sub MSComm1_OnComm()

On Error Resume Next

i=i+1 |

If MSComm1.CommEvent = comEvReceive Then
data(i) = MSComm1.Input

End if

if data(i) = -9999 Then

i=0

End if

Ifi=4Then



Arayl.Text = data(1)
Aray2.Text = data(2)
Aray3.Text = data{3)

ArayA.Text = data(4)

Dim Delta, X, x0, x1, x2, X3, Y, y0, y1,y2, y3, xt, yt, r, 10, r1, r2, r3, r4, al, a2, a3, a4, b1, b2, b3,
b4, c1, c2, ¢3, ¢4, d1, d2, d3, d4 As Variant

r0 = (Arayl * 1.410917454)
r1 = (Arayl * 1.410917454)
r2 = (Aray3 * 1.410917454)

r3 = (Aray4 * 1.410917454)

y1=90
x2 =120
y2=90

x3 = 120

y3=0

al=(2*x0)- (2 *x1)
a2=(2*x0)- (2 *x2)
a3=(2*x0)- (2 * x3)
bl=(2*y0)-(2*y1)

b2={2*y0)-(2*y2)



b3=(2*y0}-(2*y3)
c1=(2*%rD)-(2*r1})
2={2*r0)-{2*r2)
3=(2*r0}-(2*r3)
d1=0-8100-0+(rl *ri)-(r0*r0)
d2=0-22500-0+(r2 * r2)-0- (r0 * r0)
d3=0-14400-0+(r3 *r3)-0-(r0 * r0)

Delta=((at*b2*c3)+{b1*c2*a3)+(c1 *a2*b3)-(a3*b2*cl}-(b3*c2*3al)-(c3 *a2
* b1))

X={{d1*b2*c3}+ (bl *c2*d3)-0+{c1*d2*b3) -{d3*b2*c1)-0-(b3*c2*d1)-{c3*
d2 *bl)) / Delta

Y={(al*d2*c3)+(d1*c2*a3)+(c1*a2*d3)-0-(a3*d2*c1)-0-{d3*c2*al-(c3*
a2 *d1)) / Delta

r=(al*b2*d3)-0+(bl1*d2*a3)+(d1*a2*b3)-0-{a3*b2*d1)-0-{b3*d2*al) -
{d3 * a2 * b1)) / Delta

X=(X) * 853333

Y = (Y) * 8.53333

If X >1023 Then
X=1023
ifY>767 Then
Y =767
Elself Y <0 Then
Y=0

End if



Elself X < 0 Then
X=0
IfY>768 Then

Y =767
Elself Y <0 Then
Y=0
End if

End If

If LClick.Value = True Then
Call Mousel.Click(X, Y)
Xlpos.Text =X
IYlpos.Text=Y

Eiself RClick.Value = True Then
Call MouseRClick(X, Y)
IXIpos.Text = X
Ylpos.Text=Y

Elself DbClick.Value = True Then
Call MouseDbClick(X, Y)
Xlpos.Text = X
IYipos.Text=Y

Eiself Noclick.Value = True Then
Call MouseNoClick(X, Y)
IXlpos.Text = X
IYlpos.Text=Y

End if



End Sub

Sub MouseLClick{ByVal PosX As Long, ByVal PosY As Long)
SetCursorPos PosX, PosY
mouse_event MOUSEEVENTF_LEFTDOWN, 0,0, 0,0
mouse_event MOUSEEVENTF_LEFTUP, 0,0,0,0

End Sub

Sub MouseRClick(ByVal PosX As Long, ByVal PosY As Long)
SetCursorPos PosX, PosY
mouse_event MOUSEEVENTF_RIGHTDOWN, 0,0, 0,0
mouse_event MOUSEEVENTF_RIGHTUP, 0,0, 0,0

End Sub

Sub MouseDbClick(ByVal PosX As Long, ByVal PosY As Long)
SetCursorPos PosX, PosY
mouse_event MOUSEEVENTF_LEFTDOWN, 0,0, 0,0
mouse_event MOUSEEVENTF_LEFTUP,0,0,0,0
mouse_event MOUSEEVENTF_LEFTDOWN, 0,0, 0,0
mouse_event MOUSEEVENTF_LEFTUP, 0,0, 0, 0

End Sub

Sub MouseNoClick(ByVal PosX As Long, ByVal PosY As Long)
SetCursorPos PosX, PosY
mouse_event MOUSEEVENTF_LEFTUP, 0,0,0,0

End Sub



Private Sub Test_Click()

Dim X, Y As Variant
X = XIpos.Text

Y = lYlpos.Text

If LClick.Value = True Then
Call MouseLClick(X, Y)
Xlpos.Text = X
Yipos.Text=Y

Elself RClick.Value = True Then
Call MouseRClick(X, Y)
Xlpos.Text = X
IYlpos.Text =Y

Eiself DbClick.Value = True Then
Call MouseDbClick{X, Y)
Xlpos.Text = X
Wipos.Text=Y

Elself Noclick.Value = True Then
Call MouseNoClick(X, Y)
IXIpos.Text = X
iYlpos.Text=Y

End If

End Sub

Private Sub Timer1_Timer{()

Dim pt As POINTAPI



GetCursorPos pt

Xpos = pt.X

Ypos = pt.Y

Me.Caption="X:"& Xpos &"Y:" & Ypos

End Sub
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‘eatures

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 Programmabile I/O Lines

Three 16-bit Timer/Counters

Eight interrupt Sources

Programmable Serial Channel
Low-power ldle and Power-down Modes

)escription

he AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
ytes of Flash programmable and erasable read only memory (PEROM). The device
s manufactured using Atmel’s high-density nonvolatile memory technology and is
ompatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
he on-chip Flash ailows the program memory to be reprogrammed in-system or by a
onventional nonvolatite memory programmer. By combining a versatile 8-bit CPU
rith Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
thich provides a highly-flexible and cost-effective solution to many embedded control
pplications.
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S — AT89C52

he AT89C52 provides the following standard features: 8K
ytes of Flash, 256 bytes of RAM, 32 /O lines, three 16-bit
mer/counters, a six-vector two-level interrupt architecture,
full-duplex serial port, on-chip oscillator, and clock cir-
uitry. In addition, the AT89C52 is designed with static logic
r operation down to zero frequency and supports two
oftware selectable power saving modes. The Idle Mode
tops the CPU while allowing the RAM, timer/counters,
erial port, and interrupt system to continue functioning.
'he Power-down mode saves the RAM contents but
‘eezes the oscillator, disabling all other chip functions until
1e next hardware reset.

’in Description

'CC

wupply voltage.
iND

iround.

‘ort 0

‘ort 0 is an 8-bit open drain bi-directional }/O port. As an
utput port, each pin can sink eight TTL inputs. When 1s
re written to port 0 pins, the pins can be used as high-
npedance inputs.

‘ort 0 can also be configured to be the multiplexed low-
rder address/data bus during accesses to external pro-
iram and data memory. In this mode, PO has internal
wllups.

‘ort O also receives the code bytes during Flash program-
ning and outputs the code bytes during program
erification. External pullups are required during program
erification.

ort 1

Yort 1 is an 8-bit bi-directional /O port with internal pullups.
‘he Port 1 output buffers can sink/source four TTL inputs.
Vhen 1s are written to Port 1 pins, they are pulled high by
he internal pullups and can be used as inputs. As inputs,
ort 1 pins that are externally being pulled low will source
wrrent (I, ) because of the internal pullups.

n addition, P1.0 and P1.1 can be configured to be the
imer/counter 2 external count input (P1.0/T2) and the
imer/counter 2 trigger input (P1.1/T2EX), respectively, as
ihown in the following table.

ort 1 also receives the low-order address bytes during
“lash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control}

Port 2

Port 2 is an 8-bit bi-directional /O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are wriiten 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 3 is an 8-bit bi-directional /O port with intemal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P33 INT1 (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 exterhal input}

P36 WR (external data memory write strobe)

P3.7 BD (external data memory read strobe)
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

AlMEL 3
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ming or clocking purposes. Note, however, that one ALE
uise is skipped during each access to external data
lemory.

desired, ALE operation can be disabled by setting bit O of
FR location 8EH. With the bit set, ALE is active only dur-
1g a MOVX or MOVC instruction. Otherwise, the pin is
reakly pulled high. Setting the ALE-disable bit has no
ffect if the microcontroller is in external execution mode.

'SEN
'rogram Store Enable is the read strobe to external pro-
ram memory.

Vhen the AT89C52 is executing code from external pro-
ram memory, PSEN is activated twice each machine
ycle, except that two PSEN activations are skipped during
ach access to external data memory.

able 1. AT89C52 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
executions.

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

XTAL1
input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH B OF7H
00000000
OESH OEFH
ACC
OEOH | oo OE7H
0D8H ODFH
' PSW
ODOH | oo s 0D7H
oceH | _T2CON T2MOD RCAP2L | RCAP2H T2 TH2 oCFH
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00DOOO0D
OCOH 0C7H
0BBH P 0BFH
XX000000
P3
OBOH | 44111111 0B7H
OASH I OAFH
0X000000
: P2
omon | 7% OATH
SCON SBUF
98H | 50000000 |  XXXXXXXX 9FH
P1
SO0H 1 44111111 o7H
- TCON TMOD TLo TLt THO TH1 oFH
00000000 00000000 00000000 | 00000000 | 00000000 | 00OODOOO
S0l PO sp DPL DPH PCON | g
11111114 00000111 00000000 | 00000000 OXXX0000

AT89C52 msssssssss———————
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Special Function Registers

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

Jote that not all of the addresses are occupied, and unoc-
supied addresses may not be implemented on the chip.
lead accesses to these addresses will in general return
andom data, and write accesses will have an indetermi-
rate effect.

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

fable 2. T2CON — Timer/Counter 2 Control Registe

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

Timer 2 Registers Contro! 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 cap-
ture 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.r

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bit TF2 EXF2 - .RCLK TCLK EXEN2 TR2. CiT2 CPRLZ

7 6 5 4 3 2 1 0

Symbol Function ;

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10or TCIK =1.

EXF2 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 enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
(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 3. RCLK = 0 causes Timer 1 overflow 1o be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a 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 causes Timer 2 {o ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

c/T2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/RL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
=0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
=1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

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.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

AIMEL

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction

accesses the SFR at location 0AQH (which is P2).
MOV OAOH, #data
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wstructions that use indirect addressing access the upper
28 bytes of RAM. For example, the following indirect
ddressing instruction, where RO contains 0AOH, accesses
1e data byte at address 0AOH, rather than P2 (whose
ddress is 0AOH).
MOV @RO, #data

lote that stack operations are examples of indirect
ddressing, so the upper 128 bytes of data RAM are avail-
ble as stack space.

fimer 0 and 1

‘imer 0 and Timer 1 in the AT83C52 operate the same way
s Timer 0 and Timer 1 in the AT89C51.

fimer 2

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

‘imer 2 consists of two 8-bit registers, TH2 and TL2. In the
‘imer function, the TL2 register is incremented every
nachine cycle. Since a machine cycle consists of 12 oscil-
ator periods, the count rate is 1/12 of the oscillator
"equency.

‘able 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
4] 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

n the Counter function, the register is incremented in
esponse to a 1-to-0 transition at its corresponding external

e

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
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
frequency. 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. f
EXENZ2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 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 SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

AT89C52 memsssessssssssss—————



igure 1. Timer in Capture Mode

AT89C52

osc +12 _
o
o7 o >y TH? n2 | TR |
T ; ,L CONTROL OVERFLOW
2 R ey SN
2 = 1
' M Y
T2 PIN CAPTURE
RCAP2H | RCAP2L
TRANSITION
TIMER 2
DETECTOR : INTERRUPT
T2EX PIN [ }—— o//o » EXF2

‘igure 2 shows Timer 2 automatically counting up when
JCEN = 0. In this mode, two options are selected by bit
IXENZ2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
IFFFFH and then sets the TF2 bit upon overflow. The
wverflow also causes the timer registers to be reloaded with
1e 16-bit value in RCAP2H and RCAP2L. The values in
‘imer in Capture ModeRCAP2H and RCAP2L are preset
iy software. If EXEN2 = 1, a 16-bit reload can be triggered
ither by an overflow or by a 1-to-0 transition at external
put T2EX. This transition also sets the EXF2 bit. Both the
F2 and EXF2 bits can generate an interrupt if enabled.

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

AImEL

|  CONTROL
EN2

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

0sC +12 .
o7 O——» TH TL2 h
i CONTROL OVERFLOW
TR2 /N > /N
T c2 = A
N - RELOAD Y
TIMER 2
T2 PIN INTERRUPT
RCAP2H | RCAP2L
< TF2
TRANSITION
DETECTOR
T2EX PN [ |—— 4 o//o . EXF2
| CcoNTROL
EXEN2

able 4. T2MOD — Timer 2 Mode Control Register

T2MOD Address = 0C9H Reset Value = XXXX XX00B

Not Bit Addressable

- - - - - T20E DCEN

Bit 7 6 5 4 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.

AT89C52 mmsasssssssss——————
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
(DOWN COUNTING RELOAD VALUE) TOGGLE

FFH FFH
0 OFF — ><: —»  EXF2

Ze—
0sc £12 _ V] /| oveErFLOW
ch2 =
! G W
—O/E/O——-—D[TH?!ETLszTV TF2
7 3
| conTROL l
B TR2 /\ N
lcrrz = 1 TIMER 2
INTERRUPT
T2 PIN
RCAP2H | RCAP2L 4
COUNT
(UP COUNTING RELOAD VALUE) ?l%ECTION
0=DOWN
T2EX PIN
Figure 4. Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW
£2
— NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12
osc - =2 _
C2=0
| -
—o/o—-—>| H2 | T2 | N ot
el I (N (R WU S RCLK
| conTROL CLOCK
1R2 N /N 16 |——
O Tcrr_z =1 I
T2 PIN
RCAP2H | RCAP2L Tx
TRANSITION cLock
DETECTOR
. TIMER 2
TEX PIN[}— e % EXF2 |~ INTERRUPT
| conTROL
EXEN2
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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 Fig-
ure 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 overfiow rate according to the following equation.

Modes 1 and 3 Baud Rates = Timer 2 O::rﬂow Rate .

The Timer can be configured for either timer-or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation 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

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

Modes1and 3 _
Baud Rate

- QOscillator Frequency
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 EXENZ2 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 Timei
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note 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 or written to. Under these conditions, the Timer ic
incremented every state time, and the results of a read o
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write migh
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

. . L2 TH2
osc 2 O/O (8-BITS) | (8-BITS)
l a
TR2
/
RCAP2L | RCAP2H
C/T2 BIT
P1.0 / 12 o\o
@ | -
i
T20E (T2MOD.1)
TRANSITION
DETECTOR
P11 4 \ - TIMER 2
i o
e | ) O/Of EXF2 INTERRUPT

EXEN2
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Programmable Clock Out

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-
{ar /O pin, has two alternate functions. it can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hzto 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

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
5536 — (RCAP2H,RCAP2L)]

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. lt is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Clock-Out Frequency= =6

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are alt shown in Figure 6.

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 shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
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
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overfiows.

Table 5. Interrupt Enable (IE) Register

{MSB) (LSB)
[ea |- Jer2[es [en [exi [eno [exo |
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE7 Disables all interrupts. if EA = 0,
no interrupt is acknowledged. If
EA = 1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE.6 Reserved.

ET2 IE5 Timer 2 interrupt enable bit.

ES IE4 Serial Port interrupt enable bit.

ET1 IE3 Timer 1 interrupt enabis bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IE.1 Timer 0 interrupt enable bit.

EX0 IE.0 External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 6. Interrupt Sources

INTO

TFO

v

INTH

TF1 >
T ——
Rl

e T >

EXF2
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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, XTAL2 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 idie 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 before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internat RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power-down Mode
In the power-down mode, the oscillator is stopped, and the

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

Cc2
—)I——I—— XTAL2

C1
*—) XTAL1

l GND

Note:  C1, C2 =30 pF + 10 pF for Crystals

=40 pF £ 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

NC ————— XiAL2
EXTERNAL
OSCILLATOR XTALA
SIGNAL

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis-

ters retain their values until the power-down mode is =

terminated. The only exit from power-down is a hardware -

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before V¢

Status of External Pins During Idle and Powe-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 Data Data
Power-down External 0 0 Float Data Data Data
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Program Memory Lock Bits

The AT8QCS52 has three lock bits that can be teft unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits
LBt LB2 LB3 | Protection Type
U U U No program lock features.

2 P U U MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EAis
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

3 P P U Same as mode 2, but verify is
also disabled.
4 P P P 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 for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voitage (12-volt) or a low-voltage
(Vee) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89CS52 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.

VPP = 12V VPP = 5V
Top-side Mark AT89C52 AT89C52

OO XXXX - 5

yyww yyww

VPP = 12V VPP = 5V
Signature (030H) = 1EH {O30H) = 1EH

{031H) = 52H (031H) = 52H

(032H) = FFH {032H) = 05H

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
set up according {o the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control signais.

4. Raise EANpp to 12V for the high-voltage program-
ming mode.

5. Puise ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi
cate the end of a write cycle. During a write cycle, ar
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 completed, true data is valid on all outputs, an(
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can als«
be monitored by the RDY/BSY output signal. P3.4 is pulte
low after ALE goes high during programming to indicat:
BUSY. P3.4 is pulled high again when programming i
done to indicate READY.

Program Verify If iock bits LB1 and LB2 have not beei
programmed, the programmed code data can be read bacl
via the address and data lines for verification. The lock bit
cannot be verified directly. Verification of the lock bits i
achieved by observing that their features are enabled.

Chip Erase The entire Flash array is erased electrically b
using the proper combination of control signals and b
holding ALE/PROG low for 10 ms. The code array is writte:
with all 1s. The chip erase operation must be execute
before the code memory can be reprogrammed.

w
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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 83C52

(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 EANVpp P2.6 P2.7 P3.6 P3.7
Write Code Data H L HA12v - L H H H
—~_
Read Code Data H L H H L L H H
Write Lock Bit - 1 H H/M12v H H H H
—~
Bit- 2 H L H/12V H H L L
~
Bit-3 H L H/12v H L H L
~
Chip Erase H L (1) H/2V H L L L
—~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.

14 JAT78:0/C /52 1000000
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Figure 9. Programming the Flash Memory Figure 10. Verifying the Flash Memory
+5V +5V
AT87F52 _ AT87F52
ADDR., 20 A7, b, Veo J aopR. 20 A7 py Voo —j
OOOOH/FFFH l PGM OOOOHNFFFH PGM DATA
P20 - P24 PO [¢—— patA P20 - P24 PO I (USE 10K
A8 - A12 A8 - A12 PULLUPS)
——» P2.6 —l P26
SEE FLASH | ——»| P27 ALE |«—— PROG SEE FLASH | —»f P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | — % P36 MODES TABLE | —» P36 oy
——» P37 — P37 "
—e— XTAL2 EA |[&— Vy/Vpp XTAL2 EA
324 MHz | L
1
XTAL1 RST je—— v, XTAL1 RST j&— V,
GND PSEN GND PSEN

+
n

Flash Programming and Verification Characteristics
T,=0°C 10 70°C, Vo = 5.0 £ 10%

Symbol Parameter Min Max Units

Vel Programming Enable Voltage 11.5 125 \Y

Ippt" Programming Enable Current . 1.0 mA

oL Oscillator Frequency 3 24 MHz

taveL Address Setup to PROG Low 48tg o

tanax Address Hold after PROG 48tg o

tovaL Data Setup to PROG Low 48tg o

taHDX Data Hold After PROG 48t o

tersn P2.7 (ENABLE) High to Vpp 48t o

tsraL Vpp Setup to PROG Low 10 s

tans " Vpp Hold after PROG 10 s

taLaH PROG Width 1 110 ps

tavav Address to Data Valid ' 48tg o

terqu ENABLE Low to Data Valid 48t o

tenaz Data Float after ENABLE 0 48t oy

- PROG High to BUSY Low 1.0 s

twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.

AIMEL b
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P10 - P1.7 PROGRAMMING VERIFICATION
P2.0 - P24 A ADDRESS ADDRESS
:1 — tavav
PORT 0 DATA IN (DATA OUT p————
> tovar  teHox [<
tavaL [ < " toHax
ALE/PROG y
tshaL [ — g o> tansL
— A Vee L. LOGIC 1
[ A S AL A ¥oTc T N N ——
)

—1t
P27 EHSH teray il — teaz
(ENABLE) '
taneL —
P3.4
(RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P2.4 ADDRESS ’—j ADDRESS
«— tavav
PORT 0O DATA IN DATA QUT
<« thyar  tonox [¢*
taver [¢ > < taHax
ALE/PROG /
foreL e —tg g
— LOGIC 1
EANVp /7 A waicol | ________

P2.7 " fero teLav — 1 leroz
(ENABLE)
toHaL —*
P34
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating Temperature ..........cocvecemicrnsncsnins
Storage Temperature..........ccevnenrcnnececennnns

Voltage on Any Pin
with Respect to Ground

Maximum Operating Voltage .........cccceeenniees

DC Output CUITENt.....cocccercrcnsrnrese st scnnens

..................................

-55°C to +125°C *NOTICE:

-65°C to +150°C

DC Characteristics

The values shown in this table are valid for TA

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.

= -40°C to 85°C and Ve = 5.0V 1 20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 V0.1 v
Vi Input Low-voltage (EA) -0.5 0.2 V0.3 \'
Vi4 Input High-voltage (Except XTAL1, RST) 0.2 V+0.9 Veet0.5 \)
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vet0.5 \Y
Voo Output Low-voltage!* (Ports 1,2,3) fo = 1.6 MA 0.45 v
Vo1 Output Low-voltage lgL =3.2mA 0.45 '
{Port 0, ALE, PSEN)
Vo Output High-voltage log =60 A, Ve =5V £ 10% 24 \Y%
(Ports 1,2,3, ALE, PSEN) o = -25 pA 075 Ve v
loy =-10 pA 0.9 V¢ v
Vot Output High-voltage lon = 800 pA, Voo =5V £ 10% 2.4 Vv
(Port 0 in External Bus Mode) lo = -300 pA 0.75 Vo v
loy = -80 pA 0.9 Ve v
n Logical O Input Current (Ports 1,2,3) | V= 0.45V -50 vA
b Logical 1 to 0 Transition Current V=2V, Vg =5V £ 10% -650 pA
(Ports 1,2,3)
u input Leakage Current (Port 0, EA) | 0.45 < V< Vg £10 pA
RRST Reset Pulidown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. =1 MHz, Ty =25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 25 mA
idle Mode, 12 MHz 6.5 mA
Power-down Mode(® Vee =6V 100 pA
Voo =3V . 40 pA
Notes: 1. Under steady state (non-transient) conditions, 1, must be externally limited as follows:

Maximum Ig_ per port pin: 10 mA
Maximum lg, per 8-bit port:
Port 0: 26 mA

Ports 1,2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
If I, exceeds the test condition, Vi, 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.

ATMEL
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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

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
coL Oscillator Frequency 0 24 MHz
e ALE Pulse Width 127 2ty 140 ns
tavie Address Valid to ALE Low 43 toc-13 ns
fLax Address Hold After ALE Low 48 o oL-20 ns
fw ALE Low to Valid Instruction In 233 4o o 65 ns
e ALE Low to PSEN Low 43 teici-13 ns
tor Py PSEN Pulse Width 205 3t o 20 ns
toLiv PSEN Low to Valid Instruction In 145 BtorcL-45 ns
toxax input Instruction Hold after PSEN 0 0 ns
toxiz Input Instruction Float after PSEN 59 toc-10 ns
toxav PSEN to Address Valid 75 torcL-8 ns
taviv Address fo Valid Instruction In 312 5tc L -85 ns
toyaz PSEN Low to Address Float 10 10 ns
taLan RD Pulse Width 400 Btec ~100 ns
twiw WR Pulse Width 400 Bte o -100 ns
taipy RD Low to Valid Data in 252 5t ¢ -90 ns
tanox Data Hold After RD 0 0 ns
taroz Data Float After RD 97 2t 028 ns
tiov ALE Low to Valid Data In 517 8lg o -150 ns
tavov Address to Valid Data In 585 Moio-165 - ns
e ALE Low to RD or W Low 200 300 3t c.-50 Bty o +50 ns
tavwe Address to RD or WR Low 203 41 o175 ns
tquwx Data Valid to WR Transition 23 tercL-20 ns
tovwn Data Valid to WR High 433 TteLcL-120 ns
twhax Data Hold After WR 33 toLc-20 ns
taiaz RD Low to Address Float 0 0 ns
twhin RD or WR High to ALE High 43 123 torcL-20 teLoL+25 ns
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External Program Memory Read Cycle

t, —
ALE /]: \
’ . R * torpn
tavie t gy
— tup e
PSEN N toLv
1
~etue |y L
toxix— |
PORT 0 >« A0-A7  D——INSTRIN b> A0-A7T >
. e Ly —¥
PORT 2 ) A8 - A15 X A8-Al5

External Data Memory Read Cycle

b —
ALE
- s

PSEN
' ¢ tioy —*
e— tr RH —>
— fw —>
— tayi —») > lRLDV RHDZ

taiaz ++
ALAZ — tRHDX
PORT 0 > A0 - A7 FROM RI OR DPLY K DATA IN A0 - A7 FROM PCL)—< INSTR IN

< tAVWL

< tAVDV

PORT 2 4 P20 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH
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External Data Memory Write Cycle

t
ALE /
¥ i
PSEN
— tow ——sle—tyiwH —
WP %
WR et ax
le— Ly — tovwx — — [ twrox
— tovwH —]
PORT 0 _ >KAO - A7 FROM RI OR DPL paTA ouT )X XAD - A7 FROM PCL)—INSTR IN
tayw, ———
PORT 2 X P20 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

) <« toHex
CHEX toLon — ol — teHoL

0.2 Veg- 0.1V - —
0.45V v —

tCLCX :

< toroL >
External Clock Drive
Symbol Parameter Min Max Units
oL Oscillator Frequency 0 24 MHz
fore Clock Period 41.6 ns
teHex High Time 15 s ns
toLex Low Time . 15 ns
toien Rise Time 20 ns
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 V¢ = 5.0V + 20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
b Serial Port Clock Cycle Time 1.0 12tq ¢ ps
tovxw Qutput Data Setup to Clock Rising Edge 700 10tg o -133 ns
tyax Output Data Hold After Clock Rising Edge 50 2t o -117 ns
txHpx Input Data Hold After Clock Rising Edge 0 0 ns
txHov Clock Rising Edge to Input Data Valid 700 10tg o -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION | -0 | 11 .2 1 -3} 4 1 -5 | -6 | -7 18]
ae LT e ey e e e
M " e
CLocK N I O T S N
VXH
’ — s f— txul:x
WRITE TO SBUF o | X 1 2 X 3 X 4 X5 X 8 X 1/
v — t
OUTPUT DATA terov [ toiox SET TI
. CLEARRI |
T f
INPUT DATA SET Ri

AC Testing Input/Output Waveforms(  Float Waveforms'"

Voo~ 08V 0.2 Vo + 0.9V o ¢V
TEST POINTS VLOAD Timing Reference
02V 0.1V 04V Points
0.45V = e Vioa™* Vour oW
Note: 1. AC Inputs during testing are driven at Vg - 0.5V Note: 1. For timing purposes, a port pin is no longer fioating
for a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V,,, min. for a logic 1 and V max. port pin begins to fioat when a 100 mV change from
for a logic 0. the loaded V5,1V, level occurs.
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Ordering Information

—
Speed Power
(MH2) Supply Ordering Code Package Operation Range
12 5V +20% AT89C52-12AC 44A Commercial
AT89C52-12JC 44J (0°C 1o 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q .
AT89C52-12Al 44A Industrial
AT89C52-12J1 444 (-40°C to0 85°C)
AT89C52-12P| 40P6
AT89C52-12Q4 44Q
16 5V +20% AT89C52-16AC 44A Commercial
AT89C52-16JC 44) {0°C to 70°C)
AT89C52-16PC 40P86
AT89C52-16QC 44Q
AT89C52-16Al 44A Industrial
AT89C52-16J! 44 (-40°C to 85°C)
AT89C52-16P| 40P6 '
AT89C52-16Q 44Q A
20 5V + 20% AT839C52-20AC 44A Commercial
AT89C52-20JC 444 (0°C to 70°C)
AT89C52-20PC 40P86
AT89C52-20QC 44Q
AT89C52-20At 44A Industrial
AT89C52-204t 444 {(-40°C to 85°C)
AT89C52-20Pt 40P6
AT89C52-20Ql 44Q
24 5V £ 20% AT89C52-24AC 44A Commercial
AT89C52-24JC 444 (0°C 10 70°C)
AT89C52-24PC 40P6
AT89C52-24QC 44Q
AT89C52-24Al 44A Industrial
AT89C52-241 . 44) (-40°C to 85°C)
AT89C52-24PI 40P6
AT89C52-24Qi 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP}
440 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)
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Packaging Information

AT89C52

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-026 ACB

444, 44-lead, Plastic J-leaded Chip Carrier (PLCC)

Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-018 AC

045(1.14) X 30°- 45°

1D 12.21{0.478) 045(1.14) X 45°  PINNO.1 012(.305)
11.75(0.458) mooy IDENTIFY 1008(:203)
4 1 1
T 556(16 7, —i 630(16.0)
0.45(0.018) 650(16 F50(165)° " 580(15.0)
0.80{0.031) BSC l 0.30(0.012) 032(813) ]_ 021(.533)
} _f 026(.660) l% E 23:((:;2 613(330)
0500127 TYP 043(1.09)
0121 | e 500(12.7) REF sQ 1020(.508)
120(3.05)
050(2.29)
)  10.10(0394) o 180(4.57)
| 9.90(0.385) 165(3.19)
r 1.20{0.047) MAX

0.20(.008)

0.09(.003) % E .
J L 0.75(0.030) 0.15(0.006) ]

0.45(0.01 8) 0.05(0.002)

f %ﬁﬂﬁ&ﬁﬂ% SRS I

Controfling dimension: millimeters

40P6, 40-lead, 0.600" Wide, Plastic Dual Iniine
Package (PDIP)
Dimensions in Inches and (Millimeters)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)®
JEDEC STANDARD MS-022 AB

2.07(52.6)

201528 13.45 (0.525)
2.04(51.8) PN sQ
1

12.95 {0.506)

PIN1 ID
( 566(14.4)
530(135) - 0.50 (0.020)
0.80 (0.031) BSC = | 035 (o 014)
TN Yoot YT ‘ ]— E
l— .090(2.29) = f
1.900(48.26) REF MAX f =
-220(5.59) 005(.127)
MAX —.‘ l MIN

PLAN:; .l Lj .085(1.65)
OT5(381)
| | sy - 1010050 o,
110(2.79) 041(1 04) 014(.356)
030(.25) 630(16.0) 2.45 (0.096) MAX
530(15.0) r
0 REF 0.17 (0.007)
gaos # VI
508(203) 1
690(17.5)
l‘_.610(15.5)_’| —-—l L 1.08(0.041) L 025 (0.010) MAX

078 (0. 030)
Controlling dimension: millimeters
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