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#include <reg51.hs>
#include <string.hs
#include <absacc.hs

#define portA XBYTE [0XFC00]
#define portB XBYTE [0xFCO01]
#define portC XBYTE [0xFC02]
#define portcon XBYTE [0xXFCO03]

#define portA2 XBYTE [0xF800]
#define portB2 XBYTE [0xF801]
#define portC2 XBYTE[0xF802]
#define portcon2 XBYTE [0XF803]

#define portA3 XBYTE.[OXFE(0O0]
#define portB3 XBYTE[OXFEO01]
#define portC3 XBYTE [0XFE02]
#define portcon3 XBYTE[0XFE03]

#define LCDWI-OXFA00
#define -I:.CDRB (OxFA01
#define LCDWD: OXFA02
#define LCDRD -0OxFA03

bit keypress;

typedef. unsigned: charcbyte;
typedef unsigned int word;

unsigned*int vyiyx;

code unsigned char.segl[] = {OXC0,0XF9,0XA4,0XB0,0X99,
0x92-,0x82, 0xF8+40%x80 ,0x90,
0xC6,0x86} ;

unsigned charwkeyegde[12] = {0x7b,@xe7,0xel, 0xed,
0xd7, 0xdb, O0xdd, 0xb7,
0xbb.,-0xbd,0%77,0x7d} ;

unsigned char scanrow[] = {OxEF,OxDF,OxBF,Ox?F};

byte xdata *ptr;

void dmsec (word count)

{
byte i;
while (count)

for (i=0;1<226;i++);
count -- ;

)

void Lcdwi{(byte d)

{

ptr =" (byte xdata *)LCDWI;
DL =-d
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void Lcdwd (byte 4d)

{
ptr = (byte xdata *)LCDWD;
*pEr:=-d;
ptr = (byte xdata *)LCDRB;
while ((*ptr & 0x80)) ;

}

void Lcdwi (byte d)

{
ptr = (byte xdata *)LCDWI;
*pEY = d;
ptr = (byte xdata *)LCDRB;
while ( (*pETr & 0x80))\;

}

void Ledwd (byte d)

{
ptr = (byte xdata *)LCDWD:
o =0 ;
ptr, =/ (byte xdata *)LCDRB};
while ((*ptx & 0x80)) ;

}

/* Y Frrifidd Nod(x O/

void ImitLcd (void)

{
Lcdwi (0x38) ;
Ledwi (0xO0E):
Ledwi(0x01);

}

void first, NUM(byte x,int*B)
{
char first [MaNQO" Aoy BRI N3, 40l 161,
'7','8','9','C','E'},‘
Ledwi (x) ;
Ledwd (first [B]) ;

}

void dispstr(byte x,byte *str)

{
byte i,len;
len = strlen(str);
Ledwi (%) ;

for (i=0;i<len;i++)
{

Ledwd (stxr[i]) ;

}
}

code byte tableO = "Press to anykey!";

(]
code, byte: tablel[] <= HDD: Model : i 7
code byte table2[] = "Serial: g
code byte table3[] = "Cylinder: iy
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/*******key_matrix***/
unsigned char getkey ()
{
unsigned char i,j,k,a,x,r;
for(r=0;r<=3;r++)
{
k = scanrow(r];
a = k|O0xf;
portC = a;
X = portC;
X = X&Oxf;
dmsec (1) ;
if (x!1=0%f)
{
if (~keypress)
{
keypress-—= 1
a = k&0xf0;
s I S 4N,
FRr{ 1 20, ;,\J <Nl + 1
if(x=skeycode [j]) return () ;
return (OXff) ;
}/**if key**/
return,(0xff) ;
}/**if**/
}/** for**/
keypress-= 0;
return(0x£f);
}/**get**/

/******main******/

void mainy(void)

{
unsignedwint “A3,B3,AW3,BW3,AW4, BW4 ;
unsignedchar X, n,m;
dmsec (200) ;

InitLed ()=

Lcdwi (0x40) ; // CGRAM Address
portcon = OX81;/*******a,b,c_highzout c_low=in**x/
portcon2 = 0x80;/*****%g b, c=out*****x%xx/
portcon3 = 0x92;/****%**3 b=in c=out****x/
portB = OxFF;
dispstr (0x80, table0) ;

while (1)
{ x = getkey() ;
1E (x1=03EE)
{ portB = seg[x];
switch (x) }

{

case 0:/x*x*regetk*x*/
Lcdwi (0x01) ;
dispstr (0x80, table9) ;
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case 2:
Lcdwi (0x01) ;
dispstr (0x80, table2) ;
first NUM(0xcO,x) ;
break;

case 3:
Lcedwi (0x01) ;
dispstr (0x80, table3l) ;
first NUM(0xcO,x);
break;

case 4:
Lcdwi (0x01) ;
dispsty (0x80, tabled)y;
fixrst | NUM(0xco, x) ;
break;

easeh by
Licdwi (0x01);
dispstr (0x80, tables) ;
first, NUM{(0xcO, x);
break;

case 6:/****Sleep******/
Ledwi(0x01) ;
portcon3- = 0x807;
dispstr (0x80,tabled) ;
first NUM(0xc0,x);

BATETI0 SO R
ReTUA3S = |0XxXEF;
dmsec (10)';
portC3 = 0x2F;
dmsec (1)
PO CheE  OXDES
break;
Cfpe 7:/***test stdtulSregigter* +x/
Ledwi(0x01) ;

portcon3 = 0x92;
dispstr(0x80, table7) ;
portC3=0x0F;
PL =20x00%
portC3=0x4F;
dmsec (1) ;
A3 = portA3;
B3 = portB3;
portA2 = A3;
portc2 = B3;
dmsec (1) ;
portC3=0x0F;
1f ((A3&0xc0)==0x40)
dispstr (0xc0, tablel4) ;
else
dispstr (0xc0,tablel5) ;
break;
case 8:/*****write/read register**xx*/
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JHRFER I KKK KKK KRI Kk hkkk kK [

portcon3 = 0x92;
portC3 = 0x0D;
Pl = 0x00;
portC3 = 0x4D;
dmsec (1) ;

AW3 = portA3;
BW3 = portB3;

portA2 = AW3;
portC2 = BW3;
dmsec (1) ;
poxrtC3 = 0x0D;
break;

case 9:/**x*x*Wake Up***%/
Ledwi(0x01) ;

portcon3/=-0x80;
dispstr(0x80,tableln);
first NUM{0xcO0,x)
P10/ 608
pPortA3 = 0xEO0;
dmsec/(10)
P QI-EIC Jpos
dmsec (1);
portC3 =
break;
case 10:/**x%xxclegy*+*+*/
Ledwi (0x01) ;
dispstr (0x80,tablell);
LixrsHt NUM(OXch, x4 ;
break;
case 11;/**xxerror (register**%y/
Ledwi (0x01);
dispstr(0x80,tablel2));
first NUM(0xcO07x)%

0X2F;

0x0F;

pPOortC3 ;=-0x20;
Bl = 0X00;
portC3. = 0x297
dmsec (1) ;

AW4 = portA3s;
BW4 = portB3;
POrtA2 = AW4;

portC2 = BW4;
dmsec (1) ;
portC3 = 0x20;
break;
}/**switch**/

a o Cai Y
3UN a5 Tsunsumvgumshinuvesasadad
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Jeesiistaisarsm e ) larch 1998
FAIRCHILD

SEMICONDUGCTOR v

DM74LS04
Hex Inverting Gates

General Description

This device contains six independent gates each of which
performs the logic INVERT function.

Features

m Alternate Miltany/Asrcspace devics (54LS04) is
available. Contact a Fairchild Semiconductor Sales
Office/Distributor for specifications.

Connection Diagram

Dual-la-Line Package

v 48 ¥s s ¥5 M Y4
1 3 ' ) I i l 10 lu It
I 1 ? l: |~1 Is I ¢ | ¥
At ¥1 a2 2 A3 ¥ GAD
08DOcS45-1

Order Number 54LS04DMQE. 54L S04FMQB. 54L.504LMQB. DME4LS04.. DM54LS04W, DM741.S04M or DM74LS04N
See Packige Number E20A. J14A M14A. N14A or W14B

Function Table

Y=A
Input Output
A A
N H
H T

H = High Loglc Laval
L = Low'Logie Level

s81e9 BulLIBAU| X3H 0814 /INA
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Absolute Maximum Ratings (note 1 DMS4LS and 541 -55'C fo +125'C
DM74LS 0'C to +70'C

Supply Voltage v 2 )

Input Voltage 7v Storage Temperature Range 65'C to +150'C

Operating Free Air Temperature Range

Recommended Operating Conditions

Symbol Parameter DM54LS04 DM74L504 Units
Min Nom Max Min Nom Max

Voo Supply Voltage 45 5 55 475 5 5.25 \'
Viis High Level Input Voltage 2 2 \'4
Vi Low Level Input Voltags 0.7 038 \'4
lon High Level Output Current -0.4 -0.4 mA
loL Low Level Output Cument 4 8 mA
Ta Free Air Operating Temperature =55 125 0 70 ‘C

Note 1: Te "ALE QI e MEXITLUA RABPS™Sre (05 e vaves Da0nd wiich iha ssfely of the devite camiof be gusmniaad, The device Snoul) nof be apersted & these
A7Is. The parametic vaves demed 1 e "EeciTesl Chas telsiis " (808 &2 not uansixeed a1 the SLE0IX e Maxium r3angs. The "Recanmended Coasxmg
Condffans” (s0fe wif dene fhe caonaiions for saLs! devine qpesion.

Electrical Characteristics
over recommended opsrating free air tsmparature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
{Note 2)

v, Input Clamp Voltags Vg = Min |, = =18 mA s & v

Vou High Level Output Voo = Min, |5q = Max, D54 25 34 v
Voltage Vo= Max D74 2.7 34

VoL Low Level Output Vee = Min, log = Max, DM54 0.25 04
Voltaga V= Min D74 0.35 05 v

loL = 4 MA; Yo = Min DM74 0.25 04

Iy Input Current sofvlax Vae = Max, V=7V 0.1 mA
Input Voltage

I High Lswvel Input Currert Voo = Max, V=27V 20 pA

I Low LewelInput Current Vac = Max, Vy=04v -0.36 mA

loa Short Circuit Vgg!= Max D54 -20 -100 mA
Output Current {Nota 3) D74 =20 -100

leeH Supply Cument with Vae=Max 1.2 24 ma
Outputs High

leaL Supply Cument. with Vee = Max 36 6.6 mA
Outputs Low

Switching Characteristics
gt Veg = SV and T, = 25°C

R = 2kQ
Symbol Parameter G, = 16 pF G, = 50 pF Units
Min Max Min Max
teLn Propagation Delay Time 3 10 4 15 ns
Low to High Level Output
tan Propagation Delay Time 3 10 4 15 ns
High to Low Level Output

Note 2: Al hypicak are al Ve = SV, Ta = 25C.
Note 3: Nol more than ona aulput ehoukd be shortad 8l @ ime, and the durstion shauld nat excead ona second.




52

e ]
FAIRCHILD
SEMICONDUCTOR w

DM74L5245

March 1998

3-STATE Octal Bus Transceiver

General Description

Thess octal bus transcsivers are designed forasynchronous
two-way communication between data buses. The control
function implementation minimizes external iming require-
ments.

The devics allows data transmission from the A bus to the B

m 3-STATE outputs drive bus lines directy

= PNP inputs reduce DC loading on bus lines

= Hystoresis at bus inputs improve noise margins
= Typical propagation delay times, port-to-port 8 ns
m Typical enablefdisable imes 17 ns

= | (sink current)

bus or from the B bus to the A bus depending upon the logic S4LS 12mA
level at the direction control (DIR) input. The enable input 745 24 mA
(Gican be used to disable the devics so that the buses are ™ low {Source cumert)
offectively isolated. S4LS  -12mA
74l =16mA

Features m Alternate Military/Aerospace device (54L5245) is
g o . , \ available.Contact a Fairchild Semiconductor Sales
= E;agg;c:onal bus transesiver in a high-density.20-pin Offica/Distributor for spacifications.

Connection/Diagram

Dual-In-Line Package
ENABLE
Voo & 81 a2 83 13 Y5 B2

B4 8 Ba
20 I'IH 18 17 Il' '15 14 I(I [12 JH

|

7 |NF JE?FJ g \T

@?
AT B A [
%EU \ N

-

! 2 l 3 4 ] b lo Ir 5 e |1o
A1l A2 SaYA'hs O wEA! A8 aND
OB00S4 1M1

Order Numboar 54L.52450MQB, 541 S245FMQB. 54L.5245L.MQB.
DM 5415245, DMS4L.S524 5%, DM74L S245WM or DM74L5245N
See.Package Number EZ0A. J20A; M20B. N20A or W20A

Function Table

Enable Direction Operation
G Control
DIR
L & B data to A bus
L H A data to.B'bus
H X |solation

H = HQh Level, L= Low Level, X = Irraksvani

13A133sURI] shg |BI0O J1VLIS-E S¥ZSTvINa
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Absolute Maximum Ratings (vote 1

Supply Voltage

Input Voltage
DIRorG
AorB

Recommended Operating Conditions

v

v
55V

Operating Fres Air Temperature Range

DMS4LS and 5418
DM74LS
8torage Temparature Rangs

-66°G to +126°C
0°C to +70°C
-85°C to +150°C

Symbol Parameter DM54L8245 DM74LS245 Unitg
Kin Nom Max HMin Nom Max

Vee Supply Voltage 45 5 55 475 5 6.25 v
Viu High Level Input Voltage 2 2 Vi
Vi Low Level Input Voltags 0.7 0.8 v
lsi High Level Output Gurrent -12 -15 mA
loL Low Level Output Gurrent 12 24 mA
Ta Free Air Operating Temperature -55 125 0 70 C

Nota 1: m'memuuumngrmrmsemmbmm W
Mriis. The paramelric values getnad i the “Baciical Chancogstes ™

Candfians” (able wa¥ detne fhe canattors s adval devte qremton

Electrical Characteristics

over recommended operating free air fomperatura rangs (unless othenwise noted)

the gafelyof the device camofl be guamnieed. The device Soub rotbe gperdad & these
fank are pol guardniaed at the atsolule ME UM matngs. The Recanmendad Cperadtng

Symbol Parameter Conditions Min Typ Kax | Units
(Note 2)
v, Input Clamp Voltage Ve = Ming ;= =18 mA <15 v
HYS Hysteresis (V. - Vi) V¥ = Min 0.2 04 v
Von High Level Qutput Voltags Vo= Min, ¥y = Min D74 27
ViL =Max, gy =-1 mA
Yo = Min, Vo=Min DMS4/DM74 2.4 34 N
Viu = Max. lo = =3 mA
Voo = Min ¥y = Min DM S4/DM74 2
Vi = 0.5Y, loy = Max
Vor Low Level Output Voltage Voo = Min loy = 12mA | DM74 04
¥, = Max loy = Max DR 54 04 v
Ve = Min DM74 05
lazn Off-8tate Output Currert, Vg = Max Vo= 23v 20 pA
High Leve| Voltags Applied Vo= Max
lozL Off-State Output Currert, Vi, = Min V, =04V -200 HA
Low Level ¥oltage Applied
I Input. Current @t Maximum Voo = Max AorB V, =65V 0.1 mA
Input Voltage DIRor G V=7V 0.1
™ High Levelinput. Current Ve = Max, V, = 2.7V 20 pA
e Low Level Input Current Voo = Max, v, = 0.4V 0.2 mA
log Short Gircuit Qutput Gurrent Voo ="Max (Nota 3) -40 -225 mA
lec Supply Gument Outputs High Ve = Max 48 70
Outputz Low 62 80 mA
Qutputs at HiZ 64 a5

Nota 2: Al hyplcaks sme 8tVgg = 5V, T, = 25C.
Nota 3: Nat more than one autput Ehould be shortad sta tima, nat tn axcasd one Bacond duration
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Switching Characteristics
Vee =5V. Ta = 25'C

DM54/74
Symbol Parameter Conditions LS245 Units
Min Max
teLn Propagation Delay Time, Low-to-High-Level Output 12 ns
il Propagation Delay Time, High-to-Low-Level Output G, =45pF 12 ns
taze Output Enable Time to Low Level R = 667Q2 40 ns
tozn Output Enable Time to High Level 40 ns
oLz Output Disable Time from Low Lovel C . =5pF 25 ns
tenz Output Disable Time from High Level R, = 667Q2 25 ns
teLn Propagation Delay Time, Low-to-High-Level Output 16 ns
| = Propagation Delay Time, High-to-Lowe-Level Output C,_ =150 pF 17 ns
ez Output Enable Time to Low Level R, =667Q 45 ns
tazn Output Enable Time to-High-Leval 45 ns
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Physical Dimensions inches {millimeters) unless otherwise noted
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P 0.005 a5 ¥
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Vage D286
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Bottam Ylaw
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00 02610
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Miw TYP 'l_m i
ce I ¥ oo
10,5501 F_ s
Wi 17 o A %
MIN TYR
Dvtadl &
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Ceramic Leadlegs Ghip Carrier Package (E}
Order Numbaer 54l 5245LM QR
Package -Number E20A




56

Physical Dimensions inches (millimeters) unless otherwiss noted (Continued)

0.228-0.310

[
/‘lll BB B
o6 0.0
@A77 -0 %4
RRAG TYR 0.037+0.085
i T TR
0.005 0.05%+0,085
LAL D680 0200 121 DITE0.1ZD " pom-nmo
ﬁ‘.ifl?i 1.3 -w120| LGS SEVLANT. L] [0.508— 1,53}
.| N

i

LM M :‘

)

ViR

bisa

gt tor 5
T B125-0.200
.0m b2 ‘,.,..' {3.176- 5.0BY)
o (0.263 -9 308 ¥
2.310-0.410 1.660 i =0.003
[T AT a0 {1524 [PA8720.076]
BOTHENDS 8100+ 0,019

T H0.254]

1204 mEV W-

20:Lead Coramic Dualdn-Line Package (J)
Ordar Humber 54LS245DMQB or DM54L5245)
Package Humber J20A
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Physical Dimensions inches {millimsters) unless otherwige noted (Continued)
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20-Lead Small Oufline Molded Package (K}
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Package Humber MZ208B
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Package Number N20A
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P hYS ical Dimensions inches (millimeters) unless othenwise noted (Continued)

g-g:g_.. r. fe——— 0.540 HAY ——f
.04
- 0.050 4 0,005 -—-1 == 0.005 MIN TYP
9.030 P 20 ¢ -r'- 11
P T
06,370
0.250 5
R
B 0,285 WAX ) ©.270
- GLASS 0,260
J rj D.01Z
i I 0.008
1]
0 DETAIL &
| 0.370
DETAIL & i 6.250
PIN #1 ! 1
IDENT
0908 || f v
D.004 0.018 1yq 0.045 Wax —
TP 0015 TP WA (REV

20-Lead Ceramic Flat Package (W)
Order Number 548 245FMQB or DM54LS24 54
Package Number W20A

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOTAUTHORIZED FOR USE AS CRITICAL GOMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THEEXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMI-

CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2. A critical component in any component of a life support
temns which, (a) are intended for surgical implart into device or systemn whose failure to perform can be rea-
the body, or (b) support or sustain life, and (¢} whose sonably expected to cause the failure of the life support
failure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to resultina significant injury

to the user.
Fairchild Semiconductor Fairchikd Sami onductor Fairc hild Semiconduc tor Notiorml Semicondux tor
Corperation Europa Hong Kong Ltd. Japan Led.
Amaricas Fax +49 (0) 1 80-530 85 B8 13ih Flaor, Straight Block, Tal: B1-3-58208176
Quatamer Renpanza Canler Emmi: europe asuppat@rsc.cam Ocean Cenire, 6 Cartan Rd. Fax: 81-3-6620-6179
Tal: 1-8B8-522.5372 Deunch Tel: 449 (0) 8 141.35D Tsimbmbui, Kowloan
Englah  Tel: +44 () 1 793-35-63-66 Hong Kong
lialy Tal: 43B (0) 2 67 6631 Tel: 4362 2737.T200

wwaw fairchildsemi. com Fax: +852 23140081

Falrhid dovs ral sasme amv repomsitilly for 1se of env dmulv dzsob<ed o cratl oaknl loensas @re Imaled ard Farohikd resanes 1he ol o 9y Ime wihoul ralce ko dwma sud cratiy end soedimion
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P89C51RB2/P89C51RC2/P89C51RD2

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

BLOCK DIAGRAM

: X\

|
|
| OSCILLATOR
|
|
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re——————————{n1hh—migrr-—---————— T
| |
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Vss | 2 N |
RAM ADDR PORT2 kg
= | lREGlerRl:‘ﬁt e I Toren ] I LATCH I I Fris :
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8
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| | THP2 I L TMP1 | REGISTER I
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l Y VA I
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| AL K= © K= |
= SFRs }
| TIMERS W |
CRE-
| P PCA MENTER = I
a
{ V. r L8 ,"e —/18 {
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: COUNTER K— :
PSER=-+ 3 |
e R EE SN2 sz N2 S P |
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|
|
|
I
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T
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LXTAL1 XTALZ LIF" 00 R R S SO e —
D P1.0-P1.7 P3.0-P3.7
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Plastic Leaded Chip Carrier

<

v, £33
y XTAL1 <—5]
3t | <p
| <
: © 4 | ADDRESS AND
«—»-Z <[ DATABUS
€| B <—p
A » | <
XTAL2 | —
le—5 T2
[+ T2EX
RST ——p ‘_,“’ ;
EiVep oy -E
PSEN o—] le—a| &
» _ ALE/PRUG4—p 4=
5 RXD s p— le—51
G| TxDe— |3l a3
= WTU——D(_, —p fe—a| o~
WA — —> —
> TO—"E —»| [ [ S rovRess Bus
g Tl —p — <—3 —
g VR ¢— — <—tJ —_—
ﬁ RO<e— =¥ [ —3s
5101302
PINNING
Plastic Dual In-Line Package
T2R1 0[] Nt Veo
T2EXIDI.IE 39| PO.04AD0
ECiP12[3] [3] Po.14201
cexop1.3[4] (37] Po.24a02
CExiP1.4[E] |36] PO34ADI
cexpis[E] [35]) PoaDs
cexap16[7] 34 PoSeADS
cexap1.7[8] 35] PosiaDs
rsT 3] 32| PO.74ADT
rx0/P3 [ (oA 131] BAwven
TxDP3A[H|  PACKAGE f30] ALEPRTS
TNTU/R3.2 [12 28] PSEN
WT3,3[13 1%6] P27/A1S
127] P26mi14
[26] P25ials
25] P2aiat2
[23)-23m11
23] P22:a10
22) P218
21] P2008

SLO0021

* NO INTERNAL CONNECTION

2B

6 1 40
7 [=]
Lcc
17
18
Pin  Function Pin  Function

1 NIC* 16 P34mo
2 P1LOM2 17 P35m1

3 PLIT2EX 18 P36ARR
4 P1.2ECI 19 P3.7IRD

5 P1.3CEX0 20 XTAL2

6 P1.4CEX1 21 XTAL1

7 PLECER 2 Vg

8 P1.ECEX3 2 NIC*

9 P1.7/CEX4 24 P2.0/A8
10, RST 25 P2.1iAg
1 P3.ORxD 2 P2.2/A10
12 NIC* 27 P23A11
13 . P3.4MxD 28 P24MA12
14 P3.20T0 29 P25A13
15 P3.MNTT 0. P26A14

Function
P2.7AIS
PSER

ALEPROG
NiC*
EANGep
PO.7/ADT
PO.6/ADS
PO.5/ADS
PO.4/AD4
PO.3/AD3
PO.2/AD2
PO.1/AD1
PO.OYADO
Vo

SU00023

Plastic- Quad Flat Pack

Rin . Function Pin . Function
1 PlLscER 16 Vsg

21 PLeCEX3 17 NIC*

3 prLicEs 187 P2.vAg
4 “RST 19 P2.11A9
5. P3.ORxD 20 P2.7A10
6 NICY 21 P2yAN
¥ Pa.1/TxD 22 P2AMA12
8  P3.2NTO 23 P2&A13
§ / P3VNIT 24 P2eAl4
10 " . P3.4mo 25 P2AlS
" pPasm 26 'PSEN
12— P36WR 27 ALE/PRUT
13.__P3.7RD 28 Nic*
14 XTAL2 29 _FEAwnpp
15 XTAL1 30 PO.WADY

“NO INTERNAL CONNECTION

Function
PO.6/AD6
PO.5/ADS
POAMADYL
PO.3/AD3
PO.2/AD2
PO.14AD1
PO.0/ADO
Veo

NIC*
P02
P1.1M2EX
P1.2/ECI
P1.3CEX0
P1ACEX1

SLO1400
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MNEMONIC|

PIN NUKIBER

PDIP

PLCC

LOFP

TYPE

NAME AND FUNCTION

Vss
Vee

P0.0-0.7

P1.0-P1.7

P2.0-P2.7

P3.0-P3.7

RST

ALE

20
40

38-32

NG EWwN

21-28

1017

10
11
12
13
14
15
16

30

22
44

43-36

2-0

N

O 0~ O & W

24-31

13-19

16
38

37-30

40-44,
1-3

40

41
42
43
44

18-25

11 5, 7-13

27

00~ =~~0 -

Ground: 0V referencs.

Power Supply: This is the power supply voltage for nonml, idle, and power-down
cperation.

Port 0: Port 0 is an open-drain, bidirectional 110 port. Port O pins that have 1s
written to them flcat and can be used as high-impedancs inputs. Port 0 is also the
multiplexed low-order address and data bus during accessas to extemal program
and data memory. In this application, it uses strong intemal pullups when emitting 1s.

Port 1: Port 1 is an 8-bit bidirectional 11O port with internal pull-ups on all pins
except P1.6 and P1.7 which are open drain. Port 1 pins that have 1s written fo themn
are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1
pins that are externally pulled low will source curent because of the intemal
pull-ups. (See DG Electrical Characteristics: Ij.).
Altemate functions for 88C51RB2/RC2/RD2 Port 1 include:

T2:{P1.0): TimerCounber 2 extemal count inputClockout (see Programmable

Clock-Out)

T2EX {P1.1}): Timer!Counter 2 Reload!Capture/Direction Control

ECI ({P1.2); Extemal Clock Input to the PCA

CEXO0 (P 1.3): Capture/Compare Extemal 11O for PCA module 0

CEX1{P1.4). Caplure‘Compane External 110 for PCA module 1

CEX2 {P1.5):-Caplure!Compare E xtemal 110 for P CA module 2

CEX3 (P1.6); Caplure’Compare Extemal 1O for PGA module 3

CEX4 (P1.7). Capture’Compare Extemal 10 for PCA module 4

Port 2: Port 2 is an 8-bit bidirectional 11O port with internal pull-ups. Port 2 pins that
have 1s written to thern are pulled high by the internal pull-ups and can be used as
inputs. As inputs, port 2 pins that are externally being pulled low will source current
becausa of the internal pull-ups. (See DC Electrical Characteristics: I)). Port 2
emits the high-order address byte during fetches from external program memory
and during accesses-to extemal data memory that uss 18-bit addresses (MOVX
@DPTRY). In this application, it uses strong intemal pull-ups wheon emitting 1s.
During accesses to exbernal data memory that use 8-bit addressas (MOV @Ri),

port 2'emits the contents of the P2 special function register.

P2.7 mustbea f" to program and erase the davice.

Port 3. Port 31isan8-bit bidinectional YO port with.intarnal pull-ups. Port 3 pins that
have 1s written to themare pulled high by theintarnal pull-ups and can be usad as
inputs. As inputs, port 3 pins that are extarnally being pulled low will source current

bacause of the pulkups. (See DC. Electrical Charactaristics: 1 ). Port 3 also sarves
the special features ofthe 80C51RB2/RC 2/RD2, as listad bolow:

RxD (P3.0): Serial input port
TxD (P3.1): Serialoutput port
TNTO (P3.2): Extarnal interupt
TRYT (P3.3): External interrupt
T0 {P3.4): Timer 0 extemal input
T1 (P3.5): Timer 1.extamal input
WR {P3.5): Extemal.data mernory write strobs
RO {P3.7): Extomal data memory.read strobe
Reset: A high onvthis pin, for'two machine€ycdles while the oscillator is running,

resets the device. Anintarnal resistor.to Vgg parmits @ power-on reset using only
an‘extemal capacitor to V.

Address Latchi-Enable: Output pulse for latching the low byte of the address
during an access.to.external memory. In normal operation, ALE is emnitted twico
every machine cycle, and can be usad for external iming or docking. Note that one
ALE pulse is skipped during each access to external data memory. ALE can be
disabled by setting SFR auxiliary.0. ¥ith this bit sat, ALE will be active only duringa
MOVX instruction.
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MNEMONIC

PIN NUMBER

PDIP

PLCC

LQFP

TYPE

NAME AND FUNCTION

PSEN

29

32

26

Program Store Enable: The read strabe to external program memory. When
executing cade from the external program memory, PSEN is activated twice each
machine cycle, except that two PSEN activations are skipped during each access
to external data memory. PSEN is not activated during fetches from internal
program memory.

EAVpp

31

35

29

External Access Enable/Programming Supply Voltage: EA must be externally
held low to enable the device to fetch code from external program memory
locations. If EA'is held high, the device executes from internal program memory,
The value on the EA pin is latched when RST is released and any subsequent
changes have no effect. This pin also receives the programming supply voltage
{Vpp) during Flash programming.

XTAL1

19

21

15

Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock
generator circuits.

XTAL2

18

20

14

0

Crystal 2: Ouiput from theinverting oscillator amplifier.

NOTE:

To avoid “latch-up” effect at power-on;

thevaltage on any-pin.{other than Vpp) musthot be higherthan'Vcc + 0.5V or less than Vsg - 0.5V,
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Table 1. Speclal Function Reglsters

DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL |  DESCRIPTION ; ;
ADDRESS MSB LSB VALUE
AcC* Accumulator EOH E7 E6 E5 E4 E3 E2 Ef Eo |ooH
AUXR# Auxiliary 8EH - - - = - = EXTRAM AO Xxxxxx00B
AUXR1# | Auxiliary 1 AZH = - feweoor [ - GF2 0 - DPS | xo0000ax0B
B* B register FOH F7 F6 F5 F4 F3 F2 F1 Fo | ooH
CCAPOH# | Module 0 Capture High FAH XXxXXxxxxB
CCAP1H# | Mcdule 1 Capture High FBH XXXXXXXXB
CCAP2Hi# | Module 2 Capture High FCH XXX xxB
CCAP3H# | Module 3 Capture High | FDH X008
CCAPA4Hi# | Module 4 Capture High FEH XXHXXXXXB
CCAPOLs# | Module 0 Capture Low EAH XXXXXXXNB
CCAP1Ls# | Module 1 Capture Low EBH XXxxxxxxB
CCAP2Ls# | Module 2 Capture Low ECH XXKxxxB
CCAP3L# | Module 3 Capture Low EDH XXxooB
CCAP4L# | Module 4 Capture Low EEH XXX XXB
CCAPMO# | Module 0 Mode DAH =_|-Ecom JicarP | capn] maT | Toe | Pwm | ECCF | x00000008
CCAPM1# | Module 1Mode DBH - | ecom | capr fcarn | matT—| ToG | PwM | ECCF | x00000008
CCAPM2# | Module 2 Mode DCH - - | ecom | carr [ CAPN | -maT -|-ToG | PwM | ECCF | x00000008
CCAPM3# | Module 3 Mode DDH - | ecom | cappi ] capn |-mar | Toe | Pwm | ECCF | x00000008
CCAPM4# | Module 4 Mcde DEH — 1] Ecom | cApp [ CAPN | "MAT | TOG | PWM. | ECCF | x00000008
DF DE DD _DC DB DA D9 D8
CCON'# | PCACounter Control | | D8H cr f-cr (] -\ Jccr4 [ ccra Tecrz J ccri [icero | ooxooooms
CH# PCA Gourter High FoH 00H
CL# PCA Counter Low ESH 00H
CMOD# | PCA Courter Mode peHy | aiot [woTe foo~ |- J I'= 77[icpst J.epso | ECF | ooxxooo
DPTR: Data Pointer (2 bytes)
DPH Data Pointer High 83H 0OH
DPL Data Pointer Low 82H 00H
AF AE  AD  AC ABL I nAA, T A A8
IE* Interrupt Enable 0 A8H EA [ UECT T ET2l)liEs - | _ET | ||'Exan] JETo. | ‘Ex0 | ooH
BF BE BD . BG BB BA BS B8
1P Interrupt Priority BaH - feec ez fies Joett ] exts | P10 J Pxo | xooocoooos
B7 B6 B5 B4 B3 B2 B1 BO
1PHs Interrupt Priorty High +| B7H = [ prcn.f pred [opsh T erin [ exinJirron I exon | xooo00008
87 86 85 84 83 82 81 80
Po* Port 0 80H | AD7| aDs -} aps/] Apa | ap3 {.ap2f Ap1 [ aoo |FrH
97 % 95 94 93 92 81 30
P1* Port 1 sori, | cexa feexs | cexa Joexi cexof el [T reex T 2 |ren
A7 AB A5 M A3 A2 Al A0
p2* Port 2 aoH | Apis | ADta-fap13| Ani2-f aDt1 Japto | aos | aps |rru
B7 B6 B5 B4 B3 B2 B BO
P3* Port 3 BoH | RO | WR | 7 [ v [ [Wo[ 0 [ ReD | FFH
PCON#! | Power Control s7H | swoot [smopo | - [ por [ et Jero [ o | oL | ooxxooos

* SFRs are bit addressable.

# SFRs are madified from or added to the 80C51 SFRs.
— Reserved bits.

1. Reset value depends on reset source.
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DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL |  DESCRIPTION | ~ElT i sg | vatue
o7 D6 D5 D4 D3 D2 D1 Do
PSW: | Program Statusword | DoH | cv | AC | Fo [ Rst T RSO [ ov [ F1 | P _|oooooooos
RCAPZH# | Timer 2 Capture High | CBH 00H
RCAP2L# | Timer2 CaptureLow | CAH 00H
SADDR# | Slave Address AQH 00H
SADEN# | Slave Address Mask BSH 00H
SBUF | Serial Data Buffer 99H XOO000XB
oF 9 oD 9c 98 9A 99 98
SCON* | Serial Cortrol 98H ~fsmore | smi | sm2 | REN“[.TBs_| REs | T | R JooH
SP Stack Pointer 81H 07H
8F 8E 8D 8C 88 BA_ 89 88
TCON* | Timer Control s8R~ TF4_J TR\ [ /760" [TRe~T €1 | e . IE0 | mo ] oon
GF, ' CE €D/ ./ ¢cc CB CA '\, Cg c8
T2CON* | Timer.2 Control C8H—) [TF2 ') EXF2 | RCLK | TCIK [EXEN2.J.TR2 | cAZ. [cPRTZ | ooH
T2MOD# | Timer 2 Mode Control C8H = 7~ = X - = T20E | DCEN | xxxox00B
THO Timer High 0 8CH 00H
TH1 Timer High'1 80H 00H
TH2#t | Timer High 2 .| coH 00H
TLO Timer Low 0 BAH 00H
L1 Timer Low 1 8BH 00H
TL2i TimerLow 2 CCH 00H
TMOD | TimerMode 88H 1| GATE | em [ ™ Mo 'J eaTE | oy [t Mo | oo
WOTRST | Watchdog Timer Reset |~ A6H

* SFRs are bit addressable-
# SFRs are medified from or added io' the 80C54 SFRs:
— Reserved bits.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respectively, of an
inverting amplifier. The pins.can be configured for use as an
on-chip oscillator.

To drive the device freman external clock source, XTAL1 should be
driven while XTAL2 is left unconnected. Minimum and maximum
high and low times specified.in the data'sheet must be obsenved.

This device is configured at the factory'to ‘©perate using 6 clock
periods per machine cycle, referred-to in this datasheet as “6 clock
mode’. (This yields performance equivalent to ‘twice that of standard
80C51 family devices). It may be optionally-eonfigured on
commercially-available EPROM programming equipment to operate
at 12 clocks per machine cycle, referred to in this datasheet as

"12 clock mode™. Once 12 clock mode has been configured, it
cannot be changed back to 6 clock mode.

RESET

A resetis accomplished by holding the RST pin high for at least two
machine cycles (12 oscillator periods in 6/clock mode, or 24 oscillator
periods in 12 clock mode), while the oscillator is running. To ensure a
good power-on reset, the RSTpin must be high long enough to allow
the oscillator time to start up (normally a few milliseconds) plus two
machine cycles. At power-on, the voltage on Ve and RST must
come up at the same time for a proper start-up. Ports 1, 2, and 3 will
asynchronously. be driven to'their reset condition when a voltage
above Vyq-(min.) is applied to RESET,

The value on the EA pin'is latched when RST is deasserted and has
no furthereffect.



LOW PCWER MODES

Stop Clock Mode

The etatic design enables the clock speed to be reduced down to

0 MHz (stopped). When the oscillator iz stopped, the RAM and
Specisl Function Registerz retsin their valuez. Thig mode sllows
gtep-by-atep utilization and permits reduced system power
congumption by lowering the clock frequency down to any value. For
lowest power consumption the Power Down mode is suggested.

Idle Mode

Inthe idle mode (see Table 2), the CPU puts itzelfto sleep while all
ofthe on-chip peripheralg gtay active. The ingtruction to invoke the
idle mode ig the lastingtruction executed in the nommal operating
maode before the idle mode ig activated. The GPU contents, the
on-chip RAM, and all of the gpecial function registers remsin intact
during this made. The idle mode can be terminated either by any
enabled interrupt (st which time the process is picked up atthe
interrupt gervice routine snd continued), or by-a hardwasre reget
which stariz the processorin the same manner as a power-onreset.

Power-Down Mode

To save even more power, 3 Power Down mod e (zee Table 2) can
be invoked by software. In thig mode, the-asdli=tor ig stopped and
the instruction thatinvoked Power Down ig the Iastinstruction
executed. The pn-chip RAM and Special Function Regizters retsin
their values down to 2.0 V and care must be taken toretum Vgg'to
the minimum s pecified aperating voltages befare the Power Down
Mode ig terminated.

Either & hardware reset or external infernipt cin be uged to exit from
Power Down. Rezet redefines &l the 8FRg but doeg not change the
on-chip RAM. An external interrupt allows boththe SFR= and the
on-chip R&M to retsintheir values.

To propery temrminate Power Down, the reget or externsl interupt
should not be executed before Yo ig restored toite normal
opersting level and must be held active lang enough for the
oscillstor to restartand stabilize (nomally {egz-than-10 ms).

With an external interupt, INTO.and INT1 must be eniabled and
configured g level-ensitive: Holding the. pin low restarts the oscillator
but bringing the pin back high completes the exit Oncetheinterrupt
ig gerviced, the next ingtruction to be executed after RETI will be the
one following the ingtruction that put the d evicetinto Power Down.

POWER OFF FLAG

The Power Of Flag (POF) is et by on-chip circuiry whenthe Vo
level on the PBSC51RB2/RC2/RD2 riges from O to 5. The POF bit
an be set or cleared by software allowing & uger to determine if the
reset ig the result of 8 power-on or & warm start after powerdown.
The Vg level mugt remain abave 3 V for the POF to remain
unaffected by the Vg level.
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Deslgn Conslderation

@ When the idle mode is terminated by 8 hardware rezet, the device
normally resumes program execution, from where it left off, up fo
two machine cycles before the internal rezet algorithm takes
cantrol. On-chip hardware inhibits access to internal RAM in thig
event, but access to the port ping ig not inhibited. To eliminate the

pozsibility of an unexpected write when Idle i terminated by reget,

the ingtruction following the one that invokez Idle ghould not be
one that write= to 8 port pin or to external memary.

ONCGE™ Mode

The ONCE ("On-Circuit Emulation”) Mcde facilitates testing and
debugging of systems without the device having to be removed from
the cirauit. The ONGE Mode ig invoked by:

1, Pull ALE low while the device i in rezet and PREN ig high;

2/ Hold ALE low 8= R3T isdeactivated.

While the-device iz in ONCE Mode, the Port 0 ping qo into & float
state, and the other port pins and ALE and PSEN are weskly pulled
high. The ngallator circuitremaing active. While the device ig in thig
mode, & emulator or test CPU-can be ugedto drive the circuit.
Nerrnal operation is restared when a nommal reget is applied.

Programmegble Clock-Out

A 50% duty cycle clock can be pragrammed to come out on P1.0.
Thig pin, begides being & requiar |10 pin, has two alternate
functions. Itcan be programmed:

1. toinputthe externsl clock for Timer/Courter 2, or

2. to'output 8 50% duty cyde dodk mnging from 122 Hz to 8 MHz &t
816 MHz pperating fraquency (61'Hz to 4 MHz in 12 clock mode).

To corfigure the Timer/Gounter 2 a8 & clock-generator, bit G/T2 {in
T2CON) must be deared and bit T20E in T2ZMOD must be get. Bit
TRZ (TZCCN .2) 5180 mugt be get to startthe imer.

The Clack-Out frequency depends on the cgcillator frequency and
the reload value of Timer2 capture regizters (RGAPZH, RCAP2L)
g ghown in thig equation:
Ogcillator Frequency
n%.(65536 — RCAPZH, RCAPZL)

2In 6ckxkmoe
4 In 12 chce mxia

n=

Where (RGAPZH,RCAP2L) = the content of RCAPZH and RCAP2L
taken.as 8 16-bit unsigned integer.

In the Clock-Out mode Timer 2 roll-overs will not generate an
irterrupt. Thig is similar to when it iz uged a8 a baud-rate generator.
It i3 possible to uge Timer 2 538 baud-rate generator and 8 dock
generator simultanenugly. Note, however, that the baud-rate and the
Clock-Out frequency will be the game.

Table 2. External PIn Status During Idle and Power-Down Mode

MODE PROGRAM MEMORY ALE PSEN PORT O PORT 1 PORT 2 PORT3
Ide Internal 1 1 Dats Dats Data Data
Idle External 1 1 Float Dats Address Dsta
Power-down Internal 0 0 Dsts Dsts Dsts Dsts
Power-down External 0 0 Flost Dats Dsts Dats




TIMER 2 OPERATION

Timer 2

Timer 2 is a 16-bit Timer/Counter which can operate as either an
event timer or an event counter, as selected by C/T2" in the special
function register T2CON (see Figure 1). Timer 2 has three operating
modes: Capture, Auto-reload (up or down counting), and Baud Rate
Generator, which are selected by bits in the T200N as shown in
Table 3.

Capture Mode

In the capture mode there are two options which are selected by bit
EXEN2in T2CON. If EXEN2=0, then timer 2 is a 16-bit timer or
counter (as selected by C/T2* in T2CON) which, upon overflowing
sets bit TF2, the timer 2 overflow bit. This bit can be used to
generate an interrupt (by enabling the Timer 2 interupt bitin the

IE register). It EXEN2= 1, Timer 2 operates as described above, but
with the added feature that a 1- to -0 transition at extemal input
T2EX causes the current value in the Timer 2 registers, TL2 and
TH2, to be captured into registers RCAP2L and RCAP2H,
respectively. In addition, the transition at T2EX causes bit EXF2in
T2CON to be set, and EXF2 like TF2 can generate an interrupt
(which vectors to the same location as Timer 2 overfiow interrupt.
The Timer 2 interrupt service routine can intemrogate TF2 and EXF2
to determine which event caused the interupt). The capture mode. is
illustrated in Figure 2 (There is noreload value for. TL2 and. TH2 in
this mode. Even when a capture event ocours from T2EX:-the
counter keeps on counting T2EX pin transitions or 65/ pulses
(osc/12in 12 clock mode) ).

Auto-Reload Mode (Up or Down Counter)

In the 16-bit auto-reload mode, Timer 2 can be configured (as either
a timer or counter [CiT2% in T2CON])then programmed to count up
or down. The counting direction’is determined by bit DCEN {Down
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Counter Enable) which is located in the T2MOD register (see
Figure 3). When reset is applied the DCEN=0 which means Timer 2
will default to counting up. If DCEN bit is set, Timer 2 can count up
or down depending on the value of the T2EX pin.

Figure 4 shows Timer 2 which will count up automatically since
DCEN=0. In this mode there are two options selected by bit EXEN2
in T2CON register. If EXEN2=0, then Timer 2 counts up to OFFFFH
and sets the TF2 (Overflow Flag) bit upon overflow. This causes the
Timer 2 registers to be reloaded with the 16-bit value in RCAP2L
and RCAP2H. The values in RCAP2L and RCAP2H are preset by
software means.

If EXEN2=1, then a 16-bit reload can be triggered either by an
overflow or by a 1-to-0 transition at input T2EX. This transition also
sets the EXF2 bit. The Timer 2 interrupt, if enabled, can be
generated when either TF2 or EXF2 are 1.

In Figure 6 DCEN=1 which enables Timer 2 to count up or down.
This mode allows pin T2EX to control the direction of count. When a
logic 1 is applied at pin T2EX Timer 2 will count up. Timer 2 will
overflow atOFFFFH and set the TF2flag, which can then generate
an interruptifthe interrupt is enabled. This timer overflow also
causes the 16-bit value in RCAP2L and RCAP2H to be reloaded
into thetimer registers TL2.and TH2.

When a legic 06 applied at pin T2EX this causes Timer 2 to count
down. The timer will underflow when TL2 and TH2 become equal to
the value storedin RCAP 2L and RCARZH. Timer 2 underflow sets
the TF 2flag-and causes OFFFFH to be reloaded into the timer
registers TL2 and-TH2.

The external flag EXF2 toggles when Timer 2 underflows or overflows.
This EXF2 bit canbe used asa.17th bit of resdlution if needed. The
EXF2 flag does not generate an interruptin this mode of operation.

(MSB)

(LSB)

I TF2 I EXF2 ‘ RCLK , TCLK I B(ENZI TR2 I CiTZ ICP:'RL_?—,

on Timer 2 overflow.

Symbol Position Name and Significance

TF2 T2CON7 Timer 2 overflow flag set by a Timer-2 overflow and must be cleared by software. TF2 will not be set
when-either RCLK or TCLK = 1.

EXF2 T2CONE | Timer 2 external flagset when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2
interruptroutine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down
counter mode {DCEN, = 1).

RCLK T2CON.5 _~Receive clock flag. When. set, causes the serial portto use Timer 2 overflow pulses for its receive dock
in modes 1-and 3.RGLK = 0 causes Timer 1 overflow to be used forthe receive eloek.

TCLK T2CON4 Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock
inmodes 1 and 3. TCLK = 0 causes Timer 1.overflows to be'used for the transmit dock.

EXEN2 T2CON.3 Timer 2 external enable flag. When set; allows & capture orreload to occur as a result of a negative
transition on T2EX if Timer2'is not being used t6 clock the serial port. EXEN2 =0 causes Timer 2 to
ignone events at T2EX.

TR2 T2CON.2  Startistop.contrd for Timer 2. A logic 1 starts the timer.

ciTZ T2CON.1  Timer orcounter select. {Timer2)

0'=.Internal timer (OSG/6'in 6 clock mode or 0SCi12'in 12'¢lock mode)
1 = External event.counter (falling edge triggered).
CPRZ T2CON.0  Capture/Reload flag. When'set. captures will occur-on negative transitions at T2EX if EXEN2 = 1. When

cleared, auto-reloads will oceur either with Timer 2 overflows or negative transitions at T2EX when
EXEN2 = 1. When etther RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced to auto-reload

SUoRss

Figure 1. Timer/Counter 2 {T2CON) Control Registar
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Table 3. Timer 2 Operating Modes

RCLK + TCLK CPRI2Z TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud rate generator
X X 0 {off)
s T S
—— s T2 TH2
i (Blts) (Bbitz) 162
l oTZ -1 o
TZEn Contral
TRZ  cantie
Transtton Tmar 2
Datactor Inferrupt
1 RCAR2L RCAPZH
TZEX PN eeeefird —oTs EXF2
4. !
l controi
EXENZ Suos2
“n =86in 6 clock mode, or12 in 12 clock mode.
Figure 2, Timer 2 in\Capture Moda
TZHOD Address = 0CSH Reset Value = XXXX XX00B
Not Bit Addressable
I I s ey N N =Y
Bit 7 6 5 4 3 2 1 0
Symbol Functicn
— Not implemented, reserved for future use.*
T20E Tirmer 2 0utput Enable bit
DCEN Down Count Enable bit. When set, this allows Timer 2 to be configured as an upidown counter.

User software should not write 18 to reserved bits. These bits may be usedin future 8051 family products to invoke new features.
In that case, the resetior inactive value of the new bit will be 0, and its active value will be 1. The value read from a reserved bit is
indeterminate.

SU00720

Figure 3..Timar 2 Mode {T2MOD) Control Register
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e B
cTZ=0
s TL2 TH2
jilll - (88ITS) (6BITS) [
I cTZ=1 .
T2PIN CONTROL A‘
TRZ  RelosD
TRANSITION
DETECTOR RCAP2L RCAPZH
|
’ TIMER 2
INTERRUPT
T2EXPIN ——a o6 F
’\_ To— EXF2
Ll
CONTROL
EXEN2 SUe1253
“n=6in6 clock mode, or12 in 12 clock mode.
Figure 4. Timer.2 in Auto-Reload Mode (DCEN = 0}
(DOWN COUNTING RELOAD VALUE)
FFH FFH TocalE
>< EXF2
OVERFLOW
TL2 TH2 s TF2 INTERRUPT
CONTROL
TRZ COUNT
DIRECTION
] 1=UR
0= DOWN
RCAP2L RCAPZH
{UP COUNT ING RELOAD VALUE) T2EXPIN
*n=6in6 clock mode, or 12 in 12 clock' mode. 5001254
Figure 5. Timer 2 Auto Reload Mode (DCEN = 1)
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Timar 1
Overflaw

| Conlral

EXEN2

L Nole avaligbility of sodifanal exiemal Inlerupl.

eTZ-a SMOD
s TL2 TH2
i (@hllg) (B-tls) RCLK
CiTZ=1 :
T2RAn Contral
RX Clock
TR Raload TeiR
Trarsllion
Datactar
P2l RCAPZH
4 sl =
T2EX PIn —n oG Timer 2
aY. = et

Su0213

Figure 6. Timer 2 in Baud Rate Genarater Mode

Tabled. Timer 2 Generated Commonly Used

Baud Rates
Baud Rate Timar 2
12clock | 6clock | Osc Freg

2 ¥ RCAP2H | RCARZL
375k 760k 12 MHz FF FE
96k 192k 12 MHz FF Dg
28k 56k 12 MHz FF B2
24k 48k 12 MHz FF 64
12k 24k 12 MHz FE C8
300 600 12 MHz FB 1E
10 220 12:MHz F2 AF
300 600 8 MHz FD 8F
10 220 6 MHz F 57

Baud Rate Generator Mode

Bits TCLK andicr RCLK in T2CON (Table 4) allow the serial port
transmit and receive baud rates to be derived from either Timer1-or
Timer 2. When TCLK= 0, Timer 1 is used as the serial port transmit
baud rate generator. When TCLK=1, Timer 2 is used as the serial
port transmit baud rate generator. RCLK has the same effect for the
serial port receive baud rate. With these two bits, the serial port can
have different receive and transmit baud rates - one generated by
Timer 1, the other by Timer 2.

Figure 6 shows the Timer 2 in baud rate generation mode. The baud
rate generation mode is like 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 retesinmodes1and3 are determined.by Timer 2's
overflow rate given below:

Modes 1 and/3 Baud Rates = Mﬁm’—m

The timer can be configured for either timer™ or “counter” operation.
In many applications, itis configured for “timer” operation (C/T2*=0).

Timer operation is differént for Timer 2 when itis beingused as a
baud rate generator.

Usually, as a timer it would increment every machine cycle (i.e.,
lig the escillator frequency in 6 clock made, 1713 the oscillator

frequencyin 12 clock- mode). As a baudrate generator, itincrements

at the oscillator frequency in 6 clock mode (@5C/y in 12 clock mode).
Thus the baud rate formula is as follows:
Medes 1'and 3 Baud Rates =

Oscillator Frequency
[ n* X [65536 — (RCAP2H,RCAP2L)]]

18 h € clock moda
32 1 12 clock mode

Where: .(RCAP2H, RCAP2L)= The content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

The Timer 2 as a baud rate generator mode shown in Figure 6, is
valid only if RCLK andior TCLK = 1 in T2CON register. Note that a
rollover in TH2 does not set TF2, and will not generate an interrupt.
Thus, the Timer 2 interrupt does not have to be disabled when
Timer 2 is in the baud rate generator mode. Also if the EXEN2
(T2 external enable flag) i¢ set, a 1-to-0 transition in T2EX
(Timericounter 2 trigger input) will set EXF2 (T2 external flag) but
will not cause a reload from (RCAP2H, RCAP2L) to (TH2,TL2).
Therefore when Timer 2is in use as a baud rate generator, T2EX
can be used as an additional external interrupt, if needed.

‘R




Yhen Timer 2 is in the baud rate generator mode, one should not try
fo read or write TH2 and TL2. As 3 baud rate generator, Timer 2 is
incremented every state time (os¢/2) or asynchronously from pin T2,
under these conditions, a read or write of TH2 or TL2 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 2 or RCAP2 registers.

Table 4 shows commonly used baud rates and how they can be
obtained from Timer 2.

Summary of Baud Rate Equations
Timer 2 is in baud rate generating mode. If Timer 2 is being clocked
through pin T2(P1.0) the baud rate is:

Timer 2 Overflow Rate
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If Timer 2 is being clocked internally, the baud rate is:
fosc
[ n* x [65536 — (RCAP2H, RCAP2L)]]

16 in 6 dock moda
32 in 12 dock mode

Baud Rate =

‘n=

Where fogc= Oscillator Frequency

To obtain the reload value for RCAP2H and RCAP2L, the above
equation can be rewritten as:

fosc
n* x Baud Rate

RCAP2H,RCAP2L = 65536 — (

Timer/Counter 2 Set-up
Except for the baud rate generator mode, the values given for T2ZCON

Baud Rate = s N :
do not include the setting of the TR2 bit. Therefore, bit TR2 must be
set, separately, o turn the timer on. see Table 5 for set-up of Timer 2
as a timer. Also see Table 6 for set-up of Timer 2 as a counter.
Table 5. Timer 2 as a Timer
T2CON
MODE INTERNAL CONTROL EXTERNAL CONTROL
{Note_1) {Note 2)
16-bit Auto-Reload 00H 08H
16-bit Capture 01H 03H
Baud rate generator receive and transmitsarme baud rate 34H 36H
Receive only: 24H 26H
Transmit only 14H 16H
Table 6. 'Timer 2 as a Counter
TMOD
MODE INTERNAL CONTROL EXTERNAL CONTROL
{Nole 1) {Note 2)
16-bit 02H 0AH
Auto-Reload 03H OBH
NOTES:

1. Capture/reload occurs only on timer/courter overflow.

2. Capture/reload occurs on timer/counter overfiowanda 1+to:0 transition on T2EX (P1.1) pin except when Timer.2 is used in the baud rate

generator mode.
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CMOS Programmable

June 1998 Peripheral Interface
Features Description
+ Pin Compatible with NMOS 82554 The Harris 82C55A is a high performance CMOS version of
N . the industry standard B255A and is manufactured using a
24 Programmable 1O Pins self-aligned silicon gate CMOS process (Scaled SAJI V). It
* Fully TTL Compatible is & general purpose programmable 1O dewice which may be

used with many different microprocessors. There are 24 110

» High Speed, No “Wait State" Operation with 5MHz and pins which may be individually programmed in 2 groups of

8HHz 80C86 and 80C84 12 and used in 3 major modes of operation. The high
+ Direct Bit Set/Reset Capability performance and industry standard configuration of the
B 82C55A ‘make it compatible with the 80CBS, 80CBB and
* Enhanced Control Word Read Capability other micreprecassors.
* L7 Process Static CMOS circuit design insures low operating power. TTL
* 2.5mA Drive Capability on All'OPorts compatibility over the full military temperature range and bus
hold /drcuitry-eliminate the need for pull-up resistors. The
* Low Standby Poswer (ICCEB)". . .. T 10UA - Harris advanced SAd process results.in performance equal
: y 1o or greater than existing functionally equivalent products at
Ordering information a fracgﬁon of tha power. B N\ é
PARTNUWEERS TEMPERATURE | PKG.
HZ PACKAGE RANGE NO.
X 40 Ld POIP
44 Ld BLCC |
- : oLd inshlis: '
R 195030 v fxmp LAY L 11
o &N
ShEW
dif Pad =
MRE2CS54-5E JMRB2CSAAE CLOD E5C10125°%C | f44.4
ShDY
Pinouts
82C55A (DIP) 820554 [CLEC) B2CE5A (PLCT)
TOPVIEW TORVIEW TOP VIEYW

fgR & 2R

BEEEIRRERE

arEriiviifarE

ALEE L DRI P T T T )
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Bin Description

PIN
SYMBOL NUMBER TYPE DESCRIPTION
Vee 26 Voc: The +6Y power supply pin. 4 Q. 1yF capaditor batwean pins 28 and 7 i
recammanded for decoupling.
GND T GROUND
Da.D7 T34 10 DATABUS: The Data Bus ines are bidrectiona three siate pirs connected 1o the
systam data bus,
RESET 36 | RESET: A high onthis input claars tha cantrol ragistar and all ports (A, B, C) are sat
to the input moda with the “Bus Hald” circuitry tumad on.
== i} I CHIP SELECT: Chipsalact is an actie low inputussd to enable tha B2C55A onio the
Data Bus for CPU cammunicat ions.
=1s ] | READ: Readis an active bw input cantrol sigal used by tha CPU to read staius
informetion or data via the dats bus
R 38 | WWRITE: Wrile is an actio low.inpLt comtral sigral used by tha CPU to load cantrol
wards and data into the B2CEAA.
—
Ad-A1 4.8 1 ADORESS: | Thasa input signaks, in canjunclianwith the RD and WR inputs, cantral
tha salactian of ono of the thee pors ar the cortmiward registar. AQ and Al are
namaly cannected I e |eest sigrificant bits of the Address Bus 40, A1,
PAOPAT 14,3740 10 PORT A B-bitinput and output part-Both bus hold high and bus hald low dircLitry ams
present an this part.
PEQ.PEY 1825 10 PORT B: 8.6t input and autput port, Bus hold high circtitry = preseet an ths part
PCO-PCT 1047 1o PORTC: &bk input ard output part. Bus hold tircuiry & present on this port.
Functional Diagram
— +5V Vo
supA E8 { —— GND GROUP A il
Y conTROL.
vg
BIDIRECTIONAL FC7FCe
DATA BUB L
DATABUS '
U"-“C:; HUFFER
- BT s A s) Yo
INTERNAL [+
DATA S LoweR gNFTT o FGIFCo
2o
READ 1
™ A WRITE > GROUF B .
ONTRO CONTROL GROUPE ro
A 1 " Lol FORTE [N JrerFa0
Al ] ® 4
RESET s N
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Absolute faximum Ratings T, =287

Thermal Information

BUppheVaREge <o oovmsnin v TnE 559 5 S0 e peeana e +80v  Thermal Resistance (Typical, Mats 1) :1TY 1T
Input, Oulputor 10 Violtage ............ GND-OEV ta Voo HD BV CERDIP Packaga ................ BI9CAV 10°C A
Etagailiction . . .. o LA 1S e i Clazs 1 CLEC Package . ..o.vveeennvnnn.. 8500 HY 14°C ¢
POIPPackage. . .........ocvnen H0CHY NeA
Operating Conditions PLCCPackags . .oovvvieee e 485CHN NA
VoHage RENGs . ..o eeeeeen e e +46VioEEy  Mamun Storage Tempertume Range ... ... B5°C 10 160°C
KMendmum Junclion Termparature
COPPRchags . oo o s 5 vs snmomes o aae b 176°C
POIR-Package .« < v cvvuvvs s vui awnsions sosemeis vis 160°C
Mmdimum Lead Temparature (Soldering 10s).. ........... oo
(PLCC Lead Tips Caly)
Die Characteristics
Qs COUNt oo v cois e soi » 5w s s 3 928 K 1000 Gates
CAUTION Skessos abowe ihase lsted n A W Q) ouSa [ domege foihe dadma This ks 0 stress ardy waing and qoardion
of 10 doving SHIDS0 O A0y GUXr SRR Bba 51080 nthoap oo atits somnatan x ot plod.
NOTE:

1. 8, is mezsumd with the cormpanent mourted an-an esaksstion PC board infree =i,

Electrical Specifications

Ve =500V 0% Ty, = 0°C 4o +70°C (CE2CH5A);

Ty, = +4D°C to +85°C 1B2CEEA);
Tp= S50C to +1250C (MEZCE5A)

LIMITS
SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS
ViH Logicad On= Input Vollage 20 W |B2CE&A, CA2CEEA,
22 ME2CEEA
ViL Logical Zero Input Vdtge . 043 v
View Logical On= Cutput Voltsga 34 v g =-25mA,
Vgo-04 loy =-100p4
VoL Logical Zero Output Voltage - 04 v lo +28ma
Iy Input Leskage Cument -10 +10 1. Win=Vec or GND,
DiP Pirs: 6,8, 6,8, 36, 38
10 KO Fin Leskage Cument -10 +10 d VIO = Vigg or GNO DP Fina: 27-34
IBHH | Bus HaldHigh Current 0 400 pA - VO =30V, Ports A, B, C
IBHL | BusHoldLow Current B0 400 174 V=10V, Part & ONLY
IDAR | Dadington Drive Cument 25 Nais 2,4 ma Farts A B, C. Test Condtian 3
ICCSB | Standby Power Supply Current - 10 ph YN =55,V = Vgg a GND. Cutput Open
ICCOP | Operating Pawer Supply Cumrent - mAMHz | Ty = +25°C, Voo = 5.0V, Typical (S=r Nobs 3)
NOTES:

2. Noimemal current limiing exists on Porl Quipiils, A resistor must be added externallyto limi the curnent,
J. ICC0P = 1mATIHz of Paripheral Readirite cycle tims. (Example: 1:0us 10 RendiWrite cyde time =Ima).

4. Tesied as VoH al 2 5mA.,

Capacitance Ty =25°C

SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS
CIN rput Capacitanos 10 =3 FREG = 1MHz, All Measumrements are
refarencad ta device GND
Cia 1O Capacitance 20 pF
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Timing Waveforms

iR (13) E | tHR (1)
- — ="a

AR (1] — — tRA (2)
TH, Al, AD

D‘J-.Du---------I----I---I-l(; f 4,--.----
T T B S T e —

FIGURE 25. MODE 0 (BASIC:INPUT)

e W ()

8 —
o700 X ﬁL

— LA [7) = 1
e e S
L T gl
ouUTRUT f

h——tws (17—

FIGURE 26. MODE 0 {BASIC OUTPUT)

AST (1) —

14:9

LHIE

=3 =9

{ |
INTR
;1o
;1% l
gﬂ%?ﬁ‘ I---l!Lr --I-------.--I-------------
tRE(17)

FIGURE 27. MODE 1 (STROBED INPUT)
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Timing Waveforms (Contin uad)

WaB (21)
WR !
le——t208 (2]
OEF
INTR wWIT
ECR
LAK (15] AIT (27) —y
ouTPUT
WE (1)
FIGURE28. MODE 1 (STROBED OUTPUT)
DATA FROM
CPUTDB2CS54 "
wR
puoTE
r_ taDe.
TaF &
tog
1
| s
NTR /
h—— LA
\ M_;;\f[/
ATK
15T
(18)
BTE
arg]
88 ]
I8F @
g |
5 17 i &
FERFHEE% ------I--...-ll-1 e mm LY T ™
m tRE g
"D (4
DATA FROM DATA FROM
FERIPHERAL TO A2CS5A 82C55A4 TQ PERFPHERAL
DATA FROM
EICSSA TO CRU

FIGURE 29, MODE 2 (BI-DIRECTIONAL)
NOTE: Any sequence vher TR occurs before ACK and STE accurs before RO'& pecmisaibie. (INTR = |BF « ASK « STH « RO » THF «
HASK » ALK « WH)
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