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SECOMDARY FUNCTIONS

B NN E

Top View
DIP PLCC
80C51BH/80C31BH 80C51BH/80C31BH
80C52T2/80C32T2
A
P 1® o wDVx Siys
Pt ]2 3 [ Poo ADy ;
ma2]s 28 [ rot1 ADy
P[4 37 ) PR3 AD,
Pa s % [ ] Po3 ADy
s s 38 [ pos AD, o
ms ] 3¢ [ Pos ADg o
2% 2w 33 ] Pos ADy :
rsT [} 32 oy AD; =
mxp P30 [0 & w
™ P [ M %] aE w5
WMy ma2[]u 2 [ FEEN =3
o [0 20 P27 Ay 2!
Ty Pas ] [ P2b Ay L
T oes ] 2 [ p2s by &
WE opas [l v6 25 ] P24 by
Brear 7 [ o2k
XTAL [T '8 2] P22 Ay
XTAL, [ e 2 [ 21 A CDOgs4s3
ves [ 20 2] Pze 4
CD005554
PLCC
80C52T2/80C32T2
LOGIC SYMBOL
ves I Voo ‘m
| O . B 6. - &
XTAL, ; L B e e ot >8>8§ g £ g
I Tw % s =<1 ‘_;‘ [ T e B m W e B e B e B e B e B 3 e B0 o
= Db £ e -— 2 7= N
- B3 e N, el s 5 & 3 2 1 & @ e &
7 SV RER) L. ~s ]y [
Erma | i IS 3
= TAL, s S - Pis 30
Awd ,% PL7 37
2 — - rsT 1o %
[ p— < g ind 1 1¥ 28
— 1 ne 12 £
AE — e & Px1[]13 =
o Pa2le 2
{ P23 [ 3
— ] — T Pas e £
- o | ; Pas[f1r 2%
= | b —’§"“§ 18 18 20 21 2 23 z¢ 25 28 27 28
‘ < ) s 7y oy = gy == e o 1y gty g sy
- t (b bl S e it O VG N
e\ g — N R E e R e N
L5001323 = &
: Note Pin 1 1s marked for onentaton.
1% 5.6 uamd CONNECTION DIAGRAM 79p¢ 8052,

wn

f

CONNECTION DIAGRAMS

PRRPRAMB R

CD00SL44



N
i
[

71mat L 5oetn 1

CPU 8052 weldnfie 2 ansle Aauuu DIP Zasedl 40 77 umeuyy

1 l
PLCC Fe% 44 97 &97Un 5.6
Y

Ju PORT gu76 8 In 2 Temedis9a1m07 PULL UP agin 118 IRUA7

=

)
s
]
=
bt
e

i
sl

Tosdu L meEs TTL 4 8h dnfeediu Bige dioesn puLL vp ufi

uoALATALA 8 DNmATe IWENINITRTIREDL 179 gﬂ {PROGRAM VERIFICATION)

PORT 2
PORT 2 .y PORT 7@ & in 2 fmne §594ism9 PULL UP BT gl -

(7uifgnNy PORT 2 PORT 2 i Senieratia 8 fnun weRResofiuming

ARSI TIUDA

PORT 3

PORT 3 4fu PORT wui@ 8 Tm 2 Fmnne 55%a.m09 PULL UP agﬂnaﬁu

yPuiBenAu  PORT 1 @nwnTofo vangiie TTL 16 4 §3 PORT 3 wonmnsetwia

LSS S i
iaiufugn VBT WDTTA fosminRey S
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P 3.0 RxD (SERIAL INPUT PORT)
B 31 TxD (SERIAL OUTPUT PORT)
P a2 INT® (EXTERNAL INTERRUPT @)
P 3.3 INT! (EXTERNAL INTERRUPT 1)
B3 4 T@  (TIMER @ EXTERNAL INPUT)
P 3.5 T1  (TIMER 1 EXTERNAL INPUT)
P 3.6 WR  (EXTERNAL DATA MEMORY WRITE STROBE)

B RD (EXTEENAL DATA MEMORY READ STROBE)
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(MSB) (LSB)
{EA | X [ET2]ES [ET1 [EX1 |ETO [EXO
Symbol Position  Function
EA IE.7 disables ali interrupts. if EA = 0, no

interrup! will be acknowiedged. I
EA = 1, each interrupi source s in-
dividually enabied or disabled by
sefling or ciearing its enabie bit.

— IE.6 reserved

ET2 IE5 enabies or disables the Timer 2
overfiow or capture interrupt. K
ET2 = 0, the Timer 2 interrupt is
disabied.

ES IE.4 enabies or disables the Serial Port
interrupt. f ES = 0, the Timer 1
interrupt s disabled.

ET1 IE.3 enables or disables the Timer 1
Overfiow interrupt. KET1 = 0, the
Time: 1 interrupt is disabled.

EX1 IE.2 enables or disables External
Interrupt 1. i EX1 = 0, Externa!
interrupt 1 is disabled.

ETO IE.1 enables or disables the Timer 0
Overflow Interrupt.  ETO = C, the
Timer O interrupt is disabled.

EX0 IE.O enabies or disabies External
interrupt 0. ¥ EXQ = G, External
interrupt O Is disabled.
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(MSB {LSB)

[ x | x [pr2] Ps [PT1]Px1]PTo[PXo]

Symbol Position Function

— IP.7 reserved

— IP.& reserved

P2 IP.5 defines the Timer 2 interrupt priofity
jevel. PT2 = 1 programs it to the
higher priority level.

PS iP.4 defines the Serial Port ititerrupt

priority level. PS = 1 programs it to
the higher priority level.

PT1 IP.3 defines the Timer 1 interrupt priority
level. PT = 1 programs it to the
higher priority level.

PX1 IP.2 defines the External interrupt 1
priority level. PX1 = 1 programs it to
the higher priority level.

PTO IP.1 defines the Timer O interrupt priority
level. PT0 = 1 programs it to the
higher priority level.

PX0o IP.C defines the External interrupt 0
priority levei. PX0 = 1 programs itto
the higher priority level.

717 5.9 wame IP¢ INTERRUPT PRIORITY REGISTER

v

INTERNAL TIMING

2=t

- 5,10 no;ﬂn 5,13 wane Indie wame anadmmednneaneluann
& i B l’:’ - i 8
dw  CLOCK awﬂTUuu1u1auaacmaumﬁﬂumiamauﬁﬂae%aaﬁm@nm Usie InT

wae et sdnduTe SR L kAT e L Refudign X TAL 2

. ’:‘ 1 O ) £ o . 2 ,ENVE o Al
FOUTITUVTRTBUTIRN SETU E‘lﬂ Qﬁﬂﬁmﬂ’?ﬂﬂﬂaﬂu CRU ZILRRINLNATL
e BeuTeduann 0.8 v iy 2 v dsenm 12 ns

{MSB) (LSB)

[ TF1_| TR1 | TFO | TRo | €Y [Tt | IED [ o |

Symbol Position Name and Significance Symbol Position Nameand Significance

TF1 TCON.7 Timer 1 overflow Flag. Set by IE1 TCON.3 interrupt 1 Edge flag. Set by
hardware on timer/counter over- hardware when external interrupt
flow. Cleared by hardware when edge detected. Cieared when
processor vectors to interrupt interrupt processed.
routine. Tt TCON.2 Interrupt 1 Type control bit. Set/

TRt TCON.6 Timer 1 Run control bit. Set/ cleared by software to specily
cieared by software to turn timer/ falling edge/low level triggered
counter on/oft. external interrupts.

TFO TCON.5 Timer O overflow Fiag. Set by IEO TCON.1 Interrupt 0 Edge flag. Set by
hardware on timer/counter over- hardware when external interrupt
flow. Cleared by hardware when edge detected. Cleared when
processor vectors to interrupt interrupt processad.
routine. ITO TCON.0 interrupt 0 Type control B Set/

TRO TCON.4 Timer 0 Run control bit. Set/ cleared by sofiw.ie 1o specify
cleared by software to turn timer/ falling edae/low kel triggzred
counter on/off. external interrupte.

1

1 5.14 TCON : TIMER/COUNTER CONTROL REGISTER
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7Ufi 5.16 UaRY MEMORY MAP 969 SPECIAL FUNCTION REGISTER
SFR Memory Map
8 Bytes
F8
Fo B
g 3 :
@ e I g
D8 | ? 3 i
Do | Psw | !
c8 | T2CON | | RCAP2L. | RCAP2H | TL2 | TH2
co
B8 | P
Bo | £ |
as | ffE
AO P2
98 | SCON | SBUF
90 P1
88 | TCON | TMOD TLO TL1 THO | TH1
go | PO LU pp DPH PCON
1) Figure 3-5. Memory Map
Bit N
Addressabie

gﬁﬁ 5,16 MEMORY MAP
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PSW: Program Status Word. Bit Addressable.

ey e s e s e

Ty pPSWw 7 arry Flag

AC PSW.6  Auxiliary Carry Flag.

Fo PSW.5  Flag O available to the user for general purpose.

RSi PSW.4  Register Bank selector bit | (SEE NOTE 1).

RSO PSW.3  Register Bank selector bit 0 (SEE NOTE 1).

ov PSW.2  Overflow Flag.

- PSW.1 Not implemented, reserved for future use.*

P PSW.0  Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of

‘1" bits in the accumulator.
NOTE:
1. The value presentsd by RS0 and RS selects the corresponding register pank.
RS1 RSO | Register Bank Address |

0 0 0 0OH-O7H . |
0 1 2 1 08H-OFH '
1 0 g 2 10H-17H
1 1 f 3 18H-1FH |

*User software should not write 1s to reserved bits. These bits may be used in future 8051 Family products to invoke new features.
in that case, the reset or inactive value of the new bit will be 0, and its active value will be 1.
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] H
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l' i’"s“’ ZNDBYTE: \ __ ReAD NEXT OPCODE.
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b. 2-byte, i-cycie Insiruction, e.g., ADD A, #dats
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A OPCODE (DISCARD). !

——————— [5 Psa s3] sejss| | s | v [is2 "sa | 86| 88 [ 38}
_____ i | i/ i i ] 1 i B ] L B
! | ,
c. 1i-byte, 2-cycle instruction, e.g., INC DPTR.
¢ !
i READ NEXT OPCODE AGAIN. +—
. — READ OPCODE w0 |
| (MOVX)
| READ NEXT ETron. NO FETCH i
w1 OPCODE(DISCARD) ',
‘ ‘0 [ NOALE l
L0 ' | p—— I
[ st sz luss J-s0 [yss | ss | ® o 827 s3_[7sed] s5 [ ss |
' imon i DATA J I
d. MOVX (1-byte, 2-cycle} { . |
i ACCESS EXTERNAL MEMORY I

i

8052 FETCH/EXECUTE SEQUENCES

A
(et
-
8]
s
m



0L AL G A s19T g
WoIn 2 709 CPU  Sepn LT UNLATBYIALAEUDALATA g Inane AEMAATIN

3 3 ot : A = ~r ot
DTN 8 TWNINAILDRLIATA 27 ALE (ADDRESS LATCH ENABLE) ~t&8ﬂ?ki&’j

cLock Thunle® 7415373 Foiluwshuantuosuasa iy PROM uaetmt i&endu

woin o asdqmwuai 5y ProM ghelammaed wotn @ Yhwind é&%aga 97 ALE

-’ = LI o o = & &
¥IN 2 789 CPU [tMBINLURUEALIeTALA. B UNLESD LT INUTIUOR LATSR

P0q FROM

= o o, NG e i ey

wasn 1 seltu U&%ﬁgie7¥ﬁ Washn Lwaéﬂﬁawd‘ﬂ adq AINTNTUTLN
R Ve B £ 4T At ,:':': e Y G
éNJ&EH»aEfE& UREWDIN - 3 [ {TLLURITUNNS rLLEe."“~7*ﬁ§%s&ﬂﬁﬁﬁaﬁiﬂﬂ
i .

PR s s ML DR,

Qtﬂ«?i&&ﬁ»ﬁ@'&&'&ﬂkﬁ NkN%iﬂiéwﬂL??

P by ;
{o%uanduvy | LEVEL ‘9137 OE - (OUTPUT.| ENABLE) Tu¥ T4L53373 Qtndﬂ31

ina19%a9 PROM

pi's
hAl
=
e
eed ]
=]
=
fud)
o
)
NN
i
(7]
[S8]
-]
(6h]
J!.J
m
&)
Y
&,
;..
-.—
>3
]
@
=)
4]

Vss VCC+EV

CPU 8@52 BW&EQW?@RﬁéﬁBNﬁHUU LEVEL GuuQGLROWﬂﬁ 74LS373 11%

B PO.0 ) N
X1 P2
Loek T .
PO.3
= x2 Fose
-[L/"e" SO VGCHSY VECHsy
PO.7
1opF —2{RESET
P2.0 e
P2.1
. —8d INTO P2.2 DO Q0 8- Ao o0
g L s 5 B
i el e & HE A
. A 13
7 N —#{P1.0T2 P27 $Hos os —£- a5 05 H]
el > & b & [ {lar  of
P1.Z AB
b L Pi.4 PSEN y 3d oc A%
;i.g “L'%XD | G t R10
pilS axb | 7ALST7I =L 8
| VPP

A8
(rel
=he
8]
[y
n
o=
22
)
s
5 )
n
2)
b
ae)
]
18]
Q8]




unaTil

wnfinanTily  Begnefms  atd uuqnﬂﬁxﬁacﬁu?uﬂ17ﬁuﬁﬂLﬁauﬁm
Tpmands 1C # T 6668 xﬁuﬁaLﬂﬁﬂuﬁmmﬂmﬂuwaaﬂiﬁuﬁ%maa Uz g NsIneR
iHusuraan 10 # T eese Fiaffalimusemniaesotndy cpu F94 a4 ses2
IC # T 6668 A w1Tnifondnisnlunisiiufinleg %qﬁnxin§q§qLﬁﬂugﬂﬁTﬁag%ﬂsau
31 e vuuanunn uﬁ7tﬂz;1awiuﬂ17xﬁuﬁagaazamaq fnignfiaisae 9 #a 8 , 11
, 16 , 32 KBit/sec
cPU fil4Rniuas # eo52 Smiwaemnuin i ennslusnd . RaM , ROM
16 Bit Timmer Ut Interruvupt 5 Pin ﬂ"l.u”}’z'ﬂ(,ﬁﬂ.ﬂaﬂ Port V{G‘)’Tlﬂﬂ(iﬁ\}
7udiumadﬂﬂ7QQMTﬁﬂﬁmgmeﬂfﬁwﬁmﬁmﬂﬂQu 14 1C # MT 8370 3enanTid
vy BoD 4 Bit wpmiTnRREY avITneaTREas Tanpasia SR TIRsRnan 10 -
i Tuundt 2

ﬂﬂ?ﬂﬂﬂﬂ@ieﬂxliaﬂﬂWTﬁuﬁﬂmaqﬁﬂﬁuﬁﬂsﬁﬂu 1S ldtnianang 9 fa

i
|
Inign K/sec TEHE TR
|
L
|
8 127
11 92
16 63
08 31
|

o a a a & s
MINILIBNIAATIIRBLA AN TSRS LanTmisiggiansefiv 2 aveld
a1 funfl Tesennanunntdi waeiufinifoewalfioan 52 funf
o \ 4w 2 v o dﬁY o v o
WaTweasats 9 tdheiy  wdidiatmneas i Dulumsfidasnns Sgun
) o' v o 5 o8 § o
waaNATuRRInTauA 1o T8 sdafinnelfeureeiidany 2 seInsdwrivin lanTaany

ﬁﬂﬁﬂﬁ?ﬁﬂﬂizﬂ??



fiansTulsenas

o o 1 v : '
Tumim TaTeein 1Sagniuug 'gnuumzﬁmgﬂuasm1muim_mmﬁmﬁun
a' d L\ o8 o w o C; a'
nﬁ’nﬂqm\xmﬁ'mm’ﬂuﬂmnmefp 8.0nT  dwessud uszilion 9 fees-
» o w s d a [ T ﬁu Cl » »
TdawSm  wiveseBieln  Bagniwus  aiivll e Dunuane lunissusduse-

sian e 11l



wiivRafgie
- Eight - Bit 8@C51 Embedded Processors 199@ Data Book
—Aiem 14y 1C waSin MoToLOLA
-A%en 13w IC  wauniin TOSHIBA
~uiivRed | SanTotiad 1 Sast

w o & a LY 8
—uilRod | SeanToling | Heaudninas



80C51BH/80C31BH

/80C52T2/80C32T2

CMOS Single-Chip Microcontroliers

DISTINCTIVE C

industry Standard CMOS Microcontrotiers
Low Power Modes—idie & Power-Down
32 Programmabie 1/0 Lines

Two 16-bit Counter/Timers

Programmable Serial Channe!

- Five-source, two-level Interrupt Structure
- Boolean Processor

64K bytes Program Memory Space

64K bytes Data Memory Space

L)

HARACTERISTICS
RAM ROM
(bytes) (bytes)
80C318H 128 -
80C51BH 128 4K
80C3272 256 —
80C527 256 8K

80C51BH = 80C318H+ 4K bytes ROM
80C52T2 = 80C3272+ BK bytes ROM

GENERAL

The 80C51BH and BOC31BH are CMOS versions of the
industry-standard 8051 architecture. The BOC52T2 and
BOCT32ZT2 are identical products except they contain double
the on-chip memory.

Both the B0C51BH and 80C31BH inciude 128 bytes of
RAM, memaocsmmdaocaznmmzssmes
of RAM. The 80C51BH :

DESCRIPTICN

timers; a full-dupiex senial port; & five-source, two-level
interrupt structure; and an on-chip oscillator and clock
circuits.

In addition, all CMOS 80C51-based products have two
software-selectable modes of reduced activity for further
power conservauon—idie and Power-Down. In the idie
the RAM, timers, senai port,
o function. in the Power-

ROM program
of ROM. The 8 and all other functions are
fents 1o the 805,
(12) i PLCC packages offer
These CMOS e =3tilizing previously unused
NMOS counterparts: pns “Vgs connections.
BLOCK DIAGRAM
FREOUENCY
REFERENCE COUNTERS
P B2
+
Rou RAM
FAT ] 2 YIS o
T Y (80CS2T2/80C32T2) ¢ atis
80CS1
cPu
SAX-BYTE BUS SERIAL PORT
EXPANSION :> PROGRAMMABLE VO FUL DUPLEX {
} CONTROL UART
SYNCHRONOUS
SHFTER |
'VEMP'I’S CONTROL PARALLEL PORTS SERAL SERIAL
ADDRESS DATA BUS N out
ANOD VO
BD007232
Bev, Amendment

04815
issue Date: Odoblf 1989

80C51BH/80C31BH/80C52T2/80C32T2




CONNECTION DIAGRAMS

Top View
DIP PLCC

80C51BH/80C31BH 80C51BH/80C31BH
80C5272/80C32T2
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ORDERING INFORMATION
Commodity Products

gAMDcommodiryMamwmmmmfwmmmm.mmmwmmmmh
formed by a combination of. a. Temperature Range

b. Package Type
c. Device Number
d. Speed Option
e. Optional Processing
i P4 B0C51BH = Cot
{ Btank = Standard processing 5
i |
—— d. SPEED OPTION =
{ Blank = 0.1 to 12 Mz
H -1=0.1 10 16 MHz
j -20=0.1 to 20 MHz (prebminary)
,i
i 80C51BH/80C31BH/80C52T2/80C32T2
CMOS Singie-Chic Microcontoliers
i
L—— b. PACKAGE TYPE
P = 40-Pin Plasbc DIP (PD 040)
N = 44-Pin Plastic Leaded Chip Camer (PL 044)
—— a. TEMPERATURE RANGE®
Bilank = Commercial (C to +70°C)
| = Industrial (-40 to +85°C)
i
Vafid Combinations
Valid Combinations Valid Corrtxm’oons fist conﬁgurauors plannec to be
supported in volume for this device. Consult the local
80C518H AMD sales office to confirm availabiiity of specific valid
F N B80C51BH-1 combinations, to check on newly released vaiid combi-
4 nations, and to obtamn additiona! data on AMD's stan-
IPA IR 80C31BH dard military grade products.
80C318BH-1 ;
P 80C31BH-20
P, N 80C52T2-1
1P, IN 80C32T2-1

*This device will also be available in Military temperature
range.




PIN DESCRIPTION

Port 0 (Bidirectional, Open Drain)
Port 0 is an opsn-drain bidirectional I/0 port. Port 0 pins that

have 1s writen to them fioat, and in that state can allow
them to be used as high-impedance inputs.
Port 0 is also the multipiexed Low-order address and data
bus during accesses to external Program and Data Memory.
in this applicaton it uses strong internal puliups when
emitting 1s. Port 0 also outputs the code bytes during
program wverification in the B0C51BH. External pullups are
required during program verification.

Port 1 (Bidirectional)
Port 1 is an 8-bit bidirectional /0 port with interna! pullups.
The Port 1 output bufiers can sink/source four LS TTL
inputs. Port 1 pins that have 1s written to them are pulied
High by the intermna! pultups and can be used as inputs while
in this stats. As inputs, Port 1 pins that are externally being
pulied Low will source cument (i) on the data sheet)
because of the intemal puliups.
Port 1 also receives the Low-order address bytes during
program verification.

Port 2
Port 2 is an 8-bit bidirectional /0 port with internal puliups.
The Port 2 output bufiers can sink/source four LS TTL
inputs. Port 2 pins having 1s written to them are pulled High
by the internal pullups and can be used as inputs while in
this state. As inputs, Port 2 pins externally being pulied Low
wilt source current (i) becauss of the intemal puliups.
Port 2 emits the High-order address byte during fetches
from external Program Memory and during accesses to
axtornal Data Memory that use 16-bit addresses (MOVX
@DPTR). in this appiication it uses strong internal pullups
when emitting 1s. During accesses to external data memory
that use 8-bit addresses {MOVX @Ri), Port 2 emits the
contants of the P2 Special Function register.
Port 2 aiso receives the High-order address bits during ROM
wverification.

Port 3
Port 3 is an 8-bit bidirectional 1/0 port with internal puliups.
The Port 3 output buffers can sink/source four LS TTL
inputs. Port 3 pins that have 1s written to them are pulied
High by the intamal pullips and can be used as inputs while
in this state. As inputs, Port 3 pins extemnally being pulled
Low will source current {iyy) because of the puliups.
Port 3 aiso serves the functions of various special features
as Bsted below:

Port Pin Alternate Function
Pso RxD (serial input port)
P31 TxD {seriai output port)
P32 NTo (extemal interrupt 0)
Pa3 INT7 {extemal interrupt 1)
To (Timer G external input)
P3s T3 (Timer 1 external input)
P3g WR (extemnal Data Memory write strobe)
P37 RD (extsmal Data Memory read strobe)

RST Reset (Input, Active High)
A High on this pin (for two machine cycles while the

osciliator is running) resets the device. An internal diffused
resistor t0 Vgg permits power-on reset. using only an
external capacitor to Voc.

ALE Address Latch Enable (Output, Active High)
Address Latch Enabie is the output pulse for latching the
Low byte of the address during accesses to exiemal
memory.
in normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, allowing use for external-timing or
clocking purposes. Note, however, that one ALE pulse is
skipped during each access to external Data Memory.

PSEN  Program Store Enabie (Output, Active Low)
PSEN is the read strobe to external Program Memory. When
the BOC51BH is executing code from 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 intsmal Program Memory.

EA  External Access Enable (Input, Active Low)

EA must be extemnally held Low to enable the dsvice to
fetch code from external Program Memory locations 0000H
to OFFFH. If EA is held High, the device executes from
internal Program Memory uniess the program counter
contains an address greater than OFFFH.

XTAL; Crystal {input)
input to the inverting-oscillator amplifier, and input to the
internal clock-generator circuits.

XTAL2 Crystal (Output)

Output from the inverting-oscillator ampilifier.

Yoo Power Supply
Supply voltage during normal, idle, and power-down
operations.

Vgs Circuit Ground
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FUNCTIONAL DESCRIPTION
Osciliator Characteristics

XTAL¢ and XTAL are the input and output, respectivety, of an
mverting amplifier which is configured for use as an on-chip
oscillator (see Figure 1). Either a quartz crystal or ceramic
resonator may be used.

To drive the device from an external clock source, XTAL¢
should be driven while XTAL is left unconnected (ses Figure
2). There are no requirements on the duty cycle of the
external-ciock signal since the input to the internal clocking
circuitry is through & divide-by-two fiip-fiop, but minimum and
maximum High and Low times specified on the data sheet
must be observed.

3

XTAL 5

:

XTAL

e

TCO03411
Figure 1. Crystal Osciliator

XTALp

EXTERNAL

OSCLLATOR XTAL ¢

——

TCOC3382

Figure 2. External Drive Configuration
Note: Different from NMOS configuration.

!
|
|
|
i
|

idie and Power-Down Operation

Figure 3 shows the intemnal Idie and Power-Down ciock
configuration. As illustrated, Power-Down operation freezes
the oscillator. idie mode operation shows the interrupt, senal
port, and timer biocks to continue to function while the clock to
the CPU is halted.

These special modes are activated by software via the Special
Function Register, PCON (Table 1). lts hardware adadress is
87H; PCON is not bit-addressable.

It 1s are wrtten to PD and IDL at the same time. PD takes
precedence. The reset value of PCON is '"0XXX0000."

Figure 3. idie and Power-Down Hardware

TABLE 1. PCON (Power Contro! Register)

(MSB) (LsB)
SHOD’ - - - GFt1 | GFO | PD ’ iDL
[$ymbol Position | Name and Description
SMOD | PCON.7 Double-baud-rate bit When set to a
1, the baud rate is doubled when
the serial port is being used in
either modes 1, 2, or 3.
- PCON.6 (Reserved)
- PCON.5 (Reserved)
- PCON.4 (Reserved)
GF1 PCON.3 General-purpose flag bit
GFO PCON.2 General-purpose fiag bit
PD PCON.1 Power-Down bit. Setiing this bit
activates power-down operation.
IDL PCON.0 Idie-mode bit. Setting this bit
activates idie-mode operation.
idle Mode

The instruction that sets PCON.O is the ilast instruction
executed in the normal operating mode before idie mode is
activated. Once in the Idie mode, the CPU status is preserved
in its entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumuiator, RAM, and all other registers
maintain their data during Idle. Table 2 describes the status of
the external pins during idle mode.

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

The flag bits GF0O and GF1 may be used to determine whether
the interrupt was received during normal execution or during
the Idle mode. For example, the instruction that writes to
PCON.0 can also set or clear one or both flag bits. When Idie
mode is terminated by an enabied interrupt, the service routine
can examine the status of the flag bits.

The second way of terminating the Idle mode ts with &
hardware reset. Since the oscillator is still running, the




haroware reset needs to be active for only 2 machine cycies
{24 oscillator periods) to complete the reset operation.

Power-Down Mode

The instruction that sets PCON. 1 is the iast executed pnor to
going into Power-Down. Once in Power-Down, the oscillator is
stoppad. Only the contents of the on-chip RAM are preserved.
The Special Function Registers are not saved. A hardware
resst is the only way of exiting the Power-Down mode

in the Power-Down mode, Vo may be lowered to minimize
crcuit power consumption. Care must be taken to ensure the
voltage 1s not reduced until the Power-Down mode is entered,
and that the voltage is restored before the hardware reset is
applied, which frees the oscillator. Reset should no! be
reiezsed until the oscillator has restarted and stabiiized.

Tabie 2 describes the status of the external pins while in the
Power-Down modz. it should be noted that if the Power-Down
mode is activated while in extsmal program memory, the port
dats that is heid in the Special Function Register Py is
restored to Port 2. if the data is & 1, the port pin is held High
guring the Power-Down mode by the strong putliup, P, shown
in Figure 4.

80C51BH /O Ports

The 170 port drive of the 80C51BH is simiiar to the 8051. The
170 butters for Ports 1, 2, and 3 are implemented as shown in
Figure 4.

When the port latch contains a 0, ali pFETS in Figure 4 are off
while the nFET is turned on. When the port iatch makes a 0-to-
1 transition, the nFET turns off. The strong puliup pFET, P4,
turns on for two oscillator periods, puliing the output High very
rapidly. As the output line is drawn High, pFET P3 tums on
through the inverter to supply the IpH source cument. This
inverter and P3 form a latch which holds the 1 and is
supported by Pp.

When Port 2 is used as an address port, for access to external
program of data memory, any address bit that contains a 1 wili
have its strong pullup turned on for the entire duration of the
external memory access

When an /0 pin on Ports 1, 2, or 3 is used as an input, the
user should be aware that the external circuit must sink
current during the logical 1-t0-0 transition. The maximum sink
current is specified as i1 under the D.C Specifications. When
the input goes below approximately 2 V, P3 tuns off to save
Icc current. Note, when returning to & logical 1, P2 is the only
mterna! pultup that is on. This will result in & siow rise time if
the user's circuit does not force the input line High.

o

TABLE 2. STATUS OF THE EXTERNAL PINS DURING IDLE AND POWER-DOWN MODES

Mode Program Memory | ALE | PSEN PORTO PORT1 PORT2 PORT3
idie intemnal - 1 1 Port Data Port Data Port Data Pert Data
idie Extornal 1 1 Floating Port Data Address Port Data

Power-Down internal 0 Port Data Port Data Port Data Port Data
Power-Down External 0 (] Floating Port Data | Port Data } Port Data
vee veo vee
2 OSC. PERIODS
Py P2 r—‘ P3
PORT
S [ .
T D— n
FROM PORT ¥
LATCH
NPUT
DATA
e
PORT PN
TC003402

Figure 4. 1/0 Buffers in the 80C51BH (Ports 1, 2, 3)




ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Storage Temperature .......................... -65°C to +150°C Commercial (C} Devices
Voitage on Any Temporature (Ta)e 0. Lo o e 0o s o o 0 to +70°C
PmitoiVes i Sl s B .=05V to Vg +05 V 80C51BH/80C318H
Voitage on Vogito Vss oo i -05Vto65V Supply Voltage (Voo).....ovveevevnne. +4Vito+6V
Power Dyssipation = 2 in st i e ey st 200 mwW 80C52T2/80C3272

; Supply Voitage (VoG)................. +45 Vo +55V
Stresses above those ksted under ABSOLUTE MAXIMU) Groond (Ves) o i e s e oV

RATINGS may cause permanent device failure. Fi
at or above these limits s not implied. Exposure to absoiute Industrial (1) Devices

maximum ratings for extended periods may affect device Temperature (TA)..........
refiability. 80C51BH/80C31BH
Supply Voltage (Vcg)..
80C52T72/80C32T2

—40 to +85°C

+45 Vio +55V

+45 Vo +55 V

Operating ranges define those limits betwesn which the

functionality of the device is

DC CHARACTERISTICS over operating ranges unless otherwise specified

guaranteed.

! Parameter | . Parameter A z
i Symbol | Description | Test_Conditions Min. Max. Units
Vie | input Low Vohage (Except EA) I -05 .2 Voo -0.1 v
Vies input Low Vottage (EA) -0.5 2 Voo -0.3 v
§ Vie input High Voitage (Except XTAL;, RST) 0.2 Voo ~ 08} Voo + 05 v
i Viks Input High Vohage (XTAL; RST) 0.7 Voo Voo +05 v
i Vo. Output Low Voltage (Ports 1, 2. 3) oL = 1.6 mA (Note 1) 0.45 4
RoR Output Low Vohage (Port 0, ALE. PSEN) IoL =32 mA (Nots 1) 0.45 v
} ior = -60 pA, Voo =5 V210% 24 v
[ Vo Outout High Vohage (Ports 1, 2, 3) 1ok = -25 uA 0.75 Ve v
i lon = -10 pA 0.8 Voo %
| o = -400 pA Voe =5 Vz10% 24 v
§ Vol ?&w‘%ﬂ;ﬁ: Votftage (Port 0 in Externa! Bus Mode, lor = - 150 gA 6.75 Voo v
i lon = -40 pA (Note 2) 0.8 Voo v
e Logrcal O Input Cument (Ports 1, 2, 3) Vin =045V -50 Py
(358 | togicei 1 1o C Transibon Current (Ports 1, 2, 3) ViN=2 V -850 HA
[ | Input Leaxage Current (Port O, EA) 0.45 < Viy < Voo =10 LA
RRST | Reset Putidown Resistor Som |§ H150 kQ
oc | P Capacttance Test Frog. = 1 MHz, Ta = 25°C F R T
ipp | Power Down Current Voo =2 10 6 V (Note 3) | F 56 1 A
N
80C51BH/80C31BH MAXIMUM Icc (mA)
| Opersting (Note 4) idie (Wote 5)
Freq. Vec | 4V 5V I 6V 4V | 5Y 6V
0.1 MHz 1.2 1.5 25 0.5 0.7 1.1
35 MHz 43 57 75 1.1 16 2.2
8.0 MHz 8.3 11 14 1.8 2.7 3.7
12 MHz 12 16 20 25 3.7 5
16 MHz | 16 205 25 35 5 6.5
80C52T2/80C32T2 MAXIMUM lcc (mA)
i Operating (Note 4) idie (Note 5)
Freg. Voo | 45V | 50V 55V 45V | 50 V | 55 V
0.1 MHz 22 | 3.1 38 0.7 0.9 1.4
35 MH2 3 | 8 10 15 2 3
8.0 MHz 11 | 14 18 25 35 5
12 MHz 15 20 25 35 5 6
16 MHz 19 | 25 ! 32 45 65 85

Notes: 1. Capacmve icading on Ports 0 and 2 may cause spunous norse pul
1s oue to external bus capacitance discharging into the Port 0
operauons In the worst cases (capacitive loading > 100 pF),

esrabie 10 quaify ALE with 8 Schmitt Tngger, or use an addr

ses to be superimposed on the Vo S of ALE and Ports 1 and 3. The noise
and Port 2 pins when these pins make 1-to-0 Tansmons dunng bus
pF) menoxsaputseontheALElmsmayexceeco.sVvlnsxxm:asesnmaybe
ess_letch with a Schmitt-Trigger STROBE input

o let
2. Capacmve loading on Ports 0 and 2 may cause the Vo on ALE ana P_Efﬁ to momentarily tall before the .9 Vg specification when the

adaress bits are stapilizing.
Power-Down icc s measured with all outputs pins disconnected: EA = Port 0 = V- XTALz N.

rw

h’b.%- RST = Port 0= Ve,
Ice wouic be signtly higher 1f a crystal osciliator 1s used

(U]

3
XTALZ NC. Port G = VoG EA = RST = Vg

.C.; RST = Vgg

easured with ali output pins disconnected: XTAL 1 dnven with TCLCH, TCHCL = 5 ns, ViL=Vgs+ 05V, V(Hb =Vcc-05V; XTAL:

Igie icc s measured with aL_Qutmn pins disconnected. XTAL; dnven with TCLCH, TCHCL = 5 ns, Vit =Vss+ 05V, Vig=Voo-0.5V:

|

i

|

i




SWITCHING CHARACTERISTICS over operating ranges unless otherwise spacified
{C. for Port 0, ALE and PSEN Outputs = 100 pF: C. for All Other Outputs =80 pF)

Parameter; Parameter 20 MH2 16-MHz T 12-MHz Osc. Variabie Cscillator
Symbol ‘ Description Min | Max| Min | Max Min | Max Min Max Unkts
External Program and Data Memory Characteristics
1/TCLCL | Osciliator Frequency | 0.1 20 0.1 16 0.1 12 0.1 i i6 MHz
TLHLL ALE Pulss Width 60 85 127 2TCLCL —4C ns
TAVLL Address Vahd to i

ALE Low 20 7 28 TCLCL-55 | ns
TLLAX Address Hold After i

ALE Low 15 27 48 TCLCL-35 f ns
TLLIV ALE Low 1o Valid |

instr. In 120 150 234 {4TCLCL-100] ns
TIPL | AlElows f

PSEN Low 25 22 43 TCLCL-40 | ns
TPLPH | PSENPulse Width | 115 142 205 3TOLCL 45 | ns
TPLIV PSEN Low 1o Vaiid

tnstr. In 75 83 145 |3TCLCL-105] ns
TPXIX input Instr. Hold '

Atier PSEN 0 0 0 (& ! ns
TPXIZ input Instr. Float I

After PSEN as 38 59 ' TCLCL-25 | ns
TAVIV Address to Valiid i

Instr. in 165 208 312 {STCLCL-105| ns
TPLAZ | PSENLowto |

Address Float (4] 10 10 10 ns
TRLRH RD Pulse Width 200 275 400 6TCLCL - 100} ns
TWLWH | WA Pulse Width 200 275 400 6TCLCL ~ 100| ns
TRLDV RD Low to Vaid

Data In 145 148 252 5TCLCL-165| ns
TRHDX Data Hoid Atter RD (0] 0 ) 0 ns
TRHDZ | Data Fioat Afier FD 60 55 g7 | | 21cici-70 | ns
TLLDV ALE Low to Valid

Data In 310 350 517 8TCLCL-150| ns
TAVDV Address to Valid

Data In 350 398 585 9TCLCL-165] ns
TLLWL ALE Low o RD

or WH Low 100 200 137 | 238 200 | 300 | 3TCLCL-50{ 3TCLCL+50| ns
TAVWL | Address Vaid to

Read or Write Low 110 120 203 4TCLCL-130 ns
TQVWX Data Vaiid o WR

Transition 95 2 23 TCLCL-60 ns
TOVWH | Data Valid o

Write High 200 287 433 7TCLCL-150 ns
TWHQX | Data Hold After WR 25 12 33 TCLCL-50 ns
TRLAZ RD Low to Address

Fioat 0 0 0 0 ns
TWHLH | FD or WRHigh to

ALE High 20 70 22 103 43 | 123 | TCLCL-40 | TCLCL+40 | ns
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SWITCHING WAVEFORMS

— TLHL—

. L

I=TAVLi- TPLPH

TPXIZ
TUAX |e—=] p—TPLAZ | TPXIX —| ’-

v 4
' & 'SNW ADU.AD7)—C
: A

TAVIV

—
PORT 2 Ag-Ars X Ag-Ars

External Program Memory Read Cycle

WF021962

AT, 57T © |
X //,

PSEN
TLLDV
—TULWL — TRLRH
s \ C:
—— TRLDV
TAVLL —]TRHDZ
bTuAx ~| [—TRIAZ Rox—| |-
PORTO Hmocngg:’u’ p———— oAmam J%fwm SR
TAVWL AD(-ADy
TAVDV
POATZ P20-P27 OR Ag-Ays FROM DPH Ag-A15 FROM POH

External Data Memory Read Cycle




SWITCHING WAVEFORMS (continued)

TWHH f—=1 _____

TWLW=

= ﬁ /

TOVWX
TAVLL—i“—J TLLAX ' TQVWH ,"-ZT 5
PORT 0 ;W‘Dgg’pg_ DATA OUT X !—::é;fcl "5':'_'
r— TAVWL ——
PORT 2 X P25-P27 OR Ag-Asc FROM DPH X Ag=Aqs FROM POS

WFG20832

External Data Memory Write Cycle

roverfe—] fe-rox |
P @il O Vi A (D F D G

N =0
¢
WHITE TO SBUF T""""L_" b oD e
RPUT DATA IO @b 05 @ 75D @ 20 @ 75 @ 75 @ T5 @ IS,
¢

; SET N
CLEAR B

WF020951

OUTPUT DATA

Shift Register Timing Waveforms




EXTERNAL CLOCK DRIVE

Parameter Parameter
Symbol Description Min. Max. Units
1/TCLCL Oscillator Frequency 0.1 20 MHz
TCHCX High Time 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns
i YocEt S S e v
| 5
:Z ces ¥ 82vec-o1
TONCL
External Clock Drive Waveform
i SERIAL PORT TIMING — SHIFT REGISTER MODE
Test Conditions: Ta = 0°C to 70°C; Voo =5 V £20%; Vgg = 0 V; Load Capacitance = 80 pF
16 MHz Osc. Variable Osciiiator
Parameter Parameter
! Symbol Description Min. Max. Min. Max. Units
TXLXL Senal Port Clock Cycle Time 750 12TCLCL ns
TQVXH Output Data Setup to Clock Rising Edge 492 10TCLCL - 133 ns
1 TXHQX Output Data Hold Atter Clock Rising Edge 8 2TCtCL - 117 ns
i TXHDX Input Data Hold After Clock Rising Edge 0 0 ns
| TXHDV Clock Rising Edge to input Data Valid 492 j 10TGLCL-133| ns
iy o x
o2 -0.
045 V hie'e,
WF020901 WFG20941
AC nputs during testing are driver at Voo - 0.5 for a logic 1 and 045 V For timing purposss 3 post pin is no longer flogting when a 100 mV
for 2 logic ©. Timeng measurements are made at Vg min. for a logc 1 change from load vokage occurs, and begns to fioat when 2 100 mV
and vy, max. for 2 logc O chance from the loaded Yor/Vo level ocars. ko /ion = 20 mA.

AC Testing input/Output Waveforms




Instruction Set

INTRODUCTION

All members of the 8051 Family execute the same instruc-
Hon set, optimized for 8-bit control applications. The
instruction set provides a variety of fast addressing modes
for accessing the internal RAM 1o facilitare byie opera-
tions on small dara structures. It provides extensive sup-
port for one-bit variables as a separate data type, allowing
direct bit manipulation in control and logic sysiems that
requrie Boolean processing. An overview of the instruc-
ton set is presented below, with a brief description of how
cenain instructions might be used.

PROGRAM STATUS WORD

The Program Status Word (PSW) contains several
status bits that refiect the current state of the CPU. The
PSW, shown in Figure 4-1, resides in SFR space. It con-
tains the Carry bit, the Auxiliary Carry (for BCD oper-
ations), the two register bank select bits, the Overflow
flag, a Parity bit, and two user-definable status flags.

The Carry bit, other than serving the functions of &
Carry bit in arithmetic operations, also serves as the
“Accumulstor” for & number of Boolean operations.

The bits RSO and RS] are used to select one of the four
register banks shown in Figure 1-7 . A number of instruc-
ﬁomrefertotheuRAMloutionsnROthmughRI
’Ihelelectionofwhichofthefourbmksisbcingre-
ferred to is made on the besis of the bits RS0 and RS]
2t execution time,

The Parity bit refiects the number of Is in the Accumu-
lator: P = 1 if the Accumulator contains an odd num-
ber of 1s, and P = 0 if the Accumulator contains an
even number of 1s. Thus the number of 1s in the Accu-
mulator plus P is elways ever.

Two bits in the PSW are uncommiried and may be used
&s generz! purpose status flags.

ADDRESSING MODES

The addressing modes in the 8051 Famiiy instruction set are as
follows:

Direct Addressing

In direct addressing the operand is specified by an 8-bit
address. field in the instruction. Only internal Data
RAM and SFRs cen be directly addressed.

Indirect Addressing

In indirect addressing the instruction specifies s register
which contains the address of the operand. Both inter-
na! and external RAM can be indirectly addressed.

The address register for 8-bit addresses can be RO or
R1 of the selected register bank, or the Stack Pointer.
The address register for 16-bit addresses can only be the
16-bit “‘data pointer” register, DPTR.

Lerfact rofrsifrsof ov |

1r]

PSW 7
CARRY FLAG RECEIVES CARRY OUT
FROM BIT 1 OF ALU OPERANDS

PSw &
— AUXILIARY CARRY RECEWVES

FLAG

CARRY OUT FROM BIT 1 OF
ADDITION OPERANDS
PSw S

GENERAL PURPOSE STATUS FLAG

e —

T
PSw 0
PARITY OF ACCUMULATOR SET
BY HARDWARE TO 1 IF [T CONTAINS
AN ODD NUMBER OF 1S, OTHERWISE
T 1S RESET TO O

PSW 1
USER DEFINABLE FLAG

— % .

e PSW2
OYERFLOW FLAG SET BY
ARITHMETIC OPERATIONS

PSw 3

PSW 4
REGISTER BANK SELECT BIT 1

REGISTER BANK SELECT BIT ©

Figure 4-1. PSW (Program Status Word) Register In 8051 Family Devices




Instruction Set

Register Instructions

The register banks, containing registers RO through R7,
can be accessed by certain instructions which carry 2
3-bit register specification within the opcode of the in-
struction. Instructions that access the registers this way
are code efficient, since this mode eliminates an address
byte. When the instruction is executed, one of the eight
registers in the selected bank is accessed. One of four
banks is selected at execution time by the two bank
select bits in the PSW.

Register-Specific Instructions

Some instructions are specific to a certain register. For
example, some instructions always operate on the Ac-
cumulator, or Data Pointer, etc., so no address byte is
needed to point to 1t. The opcode itself does that. In-
structions that refer to the Accumlator 2s A assemble

as accumulator-specific opcodes.

immediate Constants

The value of a constant can follow the opcode in Pro-
gram Memory. For example,

MOV A, #100

loads the Accumulator with the decimal number 100.
The same number could be specified in hex digits as
64H.

Indexed Addressing

Only Program Memory can be acoessed with indexed
addressing, and it can only be read. “This addressing
mode is intended for reading look-up tables in Program
Memory. A 16-bit base register {either DPTR or the
Program Counter) points to the base of the table, and
the Accumulator is set up with the table entry number.
The address of the table entry in Program Memory is
formed by adding the Accumulator data to the base

pointer.

Another type of indexed addressing is used in the “case
jump” instruction. In this case the destination address
of & jump instruction is computed as the sum of the
base pointer and the Accumulator data.

ARITHMETIC INSTRUCTIONS

The menu of arithmetic instructions is listed in Table 4-1.
The table indicates the addressing modes that can be
used with each instruction to access the <byte> oper-
and. For example, the ADD A, <byte> instruction can
be written as:

ADD  A7FH (direct addressing)

ADD  A,@RO (indirect addressing)
ADD AR7 (register addressing)
ADD A,#127 (immediate constant)

Table 4-1. A List of the 8051 Family Arithmetic Instructions

Mnemonic Operation Agidressing Nedesy s_’:m

Dir ind Reg Imm me (p3)
ADD A, <byte> A = A + <byte> X X X X 1
ADDC A, <byte> A=A+ <byte> +C X X X X 1
SUBB A, <byte> A=A — <byte> -C X X X X 1
INC A A=A+1 Accumulator only 1
INC  <byte> <byle> = <byes Tl X [ oxilixit 1
INC DPTR DPTR = DPTR + 1 Data Pointer only 2
DEC A A=A—-1 Accumulator only 1
DEC  <byte> Sbyte> = <bye> =1 [lix x| x| 1
MUL AB B:A =BxA ACC and B only 4
by el AGG and 8 oy :
DA A : Decimal Adjust Accumulator only 1
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The execution times listed in Tabie 4-1 assume a 12MHz
clock frequency. All of the arithmetic instructions exe-
cute in 1 us except the INC DPTR instruction. which
takes 2 ps, and the Multiply and Divide instructions,
which take 4 ps.

Note that any byte in the internai Data Memory space
can be incremented or decreménted without going
through the Accumuiator.

One of the INC instructions operates on the 16-bit
Data Pointer. The Data Pointer is used to generate
16-bit addresses for external memory, so being able to
increment it in one 16-bit operation is a useful feature.

The MUL AB instruction multiplies the Accumulator
by the dats in the B register and puts the 16-bit product
into the concatenated B and Accumulator registers.

The DIV AB instruction divides the Accumularor by
the data in the B register and leaves the 8-bit guotient
in the Accumulator, and the 8-bit remainder in the B

Tegister.
Oddly enough, DIV AB finds less use in arithmetic
“divide” routines than in radix conversions and pro-

grammable shift operations. An example of the use of
DIV AB in & radix conversion will be given later. In

shift operations, dividing a number by 2B shifts its n
bits to the right. Using DIV AB to perform the division
completes the shift in 4 ps and leaves the B register
holding the bits that were shifted out.

The DA A instruction is for BCD arithmetic opera-
tions. In BCD arithmetic, ADD and ADDC instruc-
tions should always be followed by a DA A operation,
to ensure that the result is aiso in BCD. Note that DA
A will not convert a binary number to BCD. The DA
A operation produces a meaningfu! result only as the
second step in the addition of two BCD bytes.

LOGICAL INSTRUCTIONS

Table 4-2 shows the Iist of 8051 Family logical instructions.
The instructions that perform Boolean operations
(AND, OR. Exclusive OR, NOT) on bytes perform the
operation on & bit-by-bit basis. That is, if the Accumu-
lator contains 00110101B and <byte> contains
010100118, then

ANL A, <byte>

will leave the Accumulator bolding 00010001B.

Table 4-2. A List of the 8051 Family Logical Instructions

Mnemionic Operation Addressing Modes Execution

Dir | Ind | Reg | imm | Time (u8)
ANL A <byte> A = A.AND. <byte> X X X X 1
ANL <byte>,A <byte> = <byte> .AND.A X 1
ANL <byte>,#data <byte> = <byte> .AND. #data X 2
ORL A <byte> A = A.OR. <byte> X X X X 1
ORL <byte>,A <byte> = <byte> .OR. A X 1
ORL <byis>,#data <byte> = <byts> .OR. #data X 2
XRL A,<byte> A = A XOR. <byte> X X X X 1
XRL <byte>,A <byte> = <byte> XOR. A X 1
XRL <byte>,#data <byte> = <byte> XOR. #data | X 2
CRL A A = O0H Accumulator only 1
CPL A A= _.NOT.A Accumulator only 1
RL A Rotate ACC Left 1 bit Accumulator only 1
RLC A Rotate Left through Camry Accumuiator only 1
RR A Rotate ACC Right 1 bit Accumulator only 1
RRC A Rotate Right through Carry Accumulator only 1
SWAP A Swap Nibbles in A Accumulator only 1
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The addressing modes that can be used to access the
<byte> operand are histed in Table 3. Thus, the ANL
A, <byte> instruction mey take any of the forms

ANL A,7TFH (direct addressing)
ANL  A,€R1 (indirect addressing)
ANL ARS6 (register addressing)
ANL A,#53H (immediate constant)

All of the logical instructions that are Accumulator-
specific execute in lus (using & 12 MHz clock). The
others take 2 ps.

Note that Boolean operations can be performed on any
byte in the interna! Data Memory space without going
through the Accumulator. The XRL <byte>, #data
instruction, for exampie, offers a quick and easy way to
invert port bits, as in

XRL  Pl,#0FFH

If the operation is in response to an interrupt, not using
the Accumulator saves the time and effort to stack it in

the service routine.

The Rotate instructions (RL A, RLC A, etc.) shift the
Accumulator 1 bit to the left or right. For a left rota-
tion, the MSB rclls into the LSB position. For 2 right
rotation, the LSB rolls into the MSB position.

The SWAP A instruction interchanges the high and
low nibbles within the Accumulator. This is a useful
operation in BCD manipulations. For example, if the
Accumulstor contains & binary number which is known
to be less than 100, it can be quickly converted to BCD
by the following code:

MOV B,#10

DIV AB

SWAP A

ADD AB B o

Dividing the number by 10 leaves the tens digit in the
low nibble of the Accumulstor, and the ones digit in the
B register. The SWAP and ADD instructions move the
tens digit to the high nibble of the Accumuletor, and
the ones digit to the low nibble.

DATA TRANSFERS

internal RAM

Table 4-3 shows the menu of instructions that are avail-
able for moving dats eround within the internal memo-
ry spaces, and the addressing modes that can be used
with eack one. With 2 12 MHz clock, all of these in-
structions execute in either | or 2 ps.

The MOV <dest>, <src> imstruction allows data to
be transferred between any two internal RAM or SFR
locations without going through the Accumulstor. Re-
member the Upper 128 byes of dats RAM can be ac-
cessed only by indirect addresging, and SFR spece only
by direct addressing.

Note that in all 8051 Family devices, the stack resides in
on-chip RAM, and grows upwards. The PUSH instruc-
tion first increments the Stack Pointer (SP), then copies
the byte into the stack. PUSH and POP use only direct
addressing to identify the byte being saved or restored,
but the stack itself is accessed by indirect addressing
using the SP register. This means the stack can go into
the Upper 128, if they are implemented, but not into
SFR space. :

Tabie 4-3. 8051 Famlly Data Transfer Instructions that Access Internal Data Memory Space

Mnemonic Operation fadiessing Modes Exeoution

Dir | ind | Reg | imm | Time (us)
MOV A <src> A = <src> X X X X 1
MOV  <dest> A <dest> = A X X X 1
MOV <dest>, <src> | <dest> = <src> X X X X 2
MOV DPTR,#data16 DPTR = 16-bit immediate constant. X 2
PUSH <src> INC SP: MOV “@SP",<src> X 2
POP  <dest> MOV <dest>, “@SP": DEC SP X 2
XCH A, <byte> ACC and <byte> exchange data X X X 1
XCHD A,eRi ACC and @Ri exchange low nibbies X 1
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| 2a|28|2c]|2nf2e|Ace
MOV  A2EH 00| 12|34 |5 |78] 78
MOV 2EH,2DH | 00 | 12 | 34 | 56 | 56 | 78
MOV 2DH,2CH | 00 | 12 | 34 | 3¢ | 56 | 78
MOV 2CH2BH | 00 | 12 | 12 | 34 [ 56 | 78

MOV 2BH,#0 00 100! 121 34561 78
{a) Using direct MOVs: 14 bytes, 8 ps
[2a ] 28| 2c | 20 | 28 | acc

CLR A 00 | 12 | 34 | 56 | 78 | 00
XCH A2BH | 00 | OO | 34 | 56 | 78 12
XCH A2CH | 00 [ OO | 12 | 58 | 78 34
XCH A20H | 00 | 00 | 12 | 34 | 78 56
XCH AZ2EH | 00 1 00 | 12 | 34 | 56 78

(b) Using XCHs: © bytes, 5 us

Figure 4-2. Shifting 8 BCD Number
Two Diglts to the Right

The Upper 128 are not implemented in 8051 Family de-
vices with 128 bytes of RAM. With these devices, if the
SP points to the Upper 128, PUSHed bytes are lost, and
POPed bytes are indeterminate.

The Dats Transfer instructions include & 16-bit MOV
that can be used to initielize the Data Pointer (DPTR)
for look-up tables in Program Memory, or for 16-bit
external Dats Memory accesses.

The XCH A, <byte> instruction causes the Accumu-
Istor and addressed byte to exchange dete. The XCHD
A,@Ri instruction is similar, but only the low nibbles
sre involved in the exchange.

To see how XCH and XCHD can be used to facilitate
date manipulations, consider first the problem of shift-
ing an 8-digit BCD number two digits to the right. Fig-
wre 4-2 shows how this can be done using direct
MOVs, and for comparison how it can be done using
XCH instructions. To &id in understanding how the
code works, the contents of the registers that are hold-
ing the BCD number and the content of the Accumula-
tor are shown alongside each instruction to indicate
their status after the instruction has been executed.

After the routine has been executed, the Accumulator
conteins the two digits that were shifted out on the
right. Doing the routine with direct MOVs uses 14 code
bytes and 9 s of execution time (assuming a 12 MHz
clock). The same operation with XCHs uses less code
and executes almost twice as fast.

2A}28|2c|2p!/28] AcC

MOV R1,#2EH 00{12|34 56‘73] XX
MOV RO, #2DH 00!12/34l58!78! xx
loop for R1 = 2EH:

LOOP: MOV A @R1 00]12!34]56 78} 78
XCHD A,@R0 00/12!34/58 {78! 76
SWAP A 0011213415878 67
MOV eR1A {oo|12/34158 67 67
DEC R1 {00/ 123458 167] 67
DEC RO ioci12i341581671 67
GJINE R1,#2AH,LOOP
loop for R1 = 2DH: 00|12]38l45]67] 45
loop for R1 = 2CH: 00]18/23|45|67] 23
loop for Rt = 2BH; 08i01i231451671 01
CLR A iosfm!z3§45§s7ioo

| XCH  A2AH 00i01!23145i67! o8

Figure 4-3. Shifting a BCD Number
One Diglt to the Right

To right-shift by an odd number of digits, a one-digit
shift must be executed. Figure 4-3 shows a sample of
code that will right-shift &8 BCD number one digit, us-
ing the XCHD instruction. Again, the contents of the
registers holding the number and of the Accumulator
are shown alongside each instruction.

First, pointers R1 and RO are set up to point to the two
bytes containing the last four BCD digits. Then 2 loop
is executed which leaves the last byte, location 2EH,
holding the last two digits of the shifted number. The
pointers are decremented, and the loop is repeated for
location 2DH. The CINE instruction (Compare and
Jump if Not Equal) is a loop control that will be de-
scribed later.

The loop is executed from LOOP to CINE for Rl =
2EH, 2DH, 2CH and 2BH. At that point the digit that
was originally shifted out on the right has propagated
to location ZAH. Since that location should be left with
0Os, the lost digit is moved to the Accumulator.

External RAM

Table 4-4 shows & list of the Daw Transfer instuctions
that access external Data Memory. Only indirect ad-
dressing can be used. The choice is whether to use a
one-byte address, @Ri, where Ri can be either RO or
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R1 of the selected register bank, or a two-byte address,
@DPTR. The disadvantage to using 16-bit addresses if
only & few K bytes of external RAM are involved is
that 16-bit addresses use all 8 bits of Port 2 as address
bus. On the other hand, 8-bit addresses allow one to
address a few K bytes of RAM, as shown in Figure 1-5,
without having to sacrifice all of Port 2.

All of these instructions execute in 2 ps, with a
12 MHz clock.
Table 4-4. 8051 Family Data Transfer
Instructions that Access
External Data Memory Space

mm";," Mnemonic Operation E;"'uu:“or;
gbis | MOVXAeRi | feadextemal |,
Sbits |MOVX@RiA | Nt &temal 2

16bits | MOVX A, 6DPTR | Readeemal) - ,
16bits | MOVX @DPTRA | ATt extomal

Note that in all external Data RAM accesses, the Ac-
cumulator is always either the destination or source of

the data.

The read and write strobes to external RAM are acti-
vated only during the execution of 8 MOVX instruc-
tion. Normally these signals are inactive, and in fact if
they’re not going to be used at all, their pins are avail-
able as extra 1/0 lines. More gbout that later.

Lookup Tables

Table 4-5 shows the two instructions that are available
for reading lookup tables in Progrem Memory. Since
these instructions access only Program Memory, the
lookup tables can only be read, not updated. The mne-
monic is MOVC for *“move constant”.

If the table access is to external Program Memory, then
the read strobe is PSEN.
Table 4-5. The 8051 Family
Lookup Table Read Instructions

Mnemonic Operation 5.:"“' : U(L:';
MOVC A 8A+DPTR | Read Pgm Memory 2
at (A+DPTR)
MOVC AGA+PC Read Pgm Memory 2
at (A+PC)

The first MOVC instruction in Table 4-5 can accommo-
date & table of up to 256 entrics, numbered O through
255. The number of the desired entry is loaded into the
Accumulator, mdtthntaPant:rstetnpmpmntto
beginning of the table. Then

MOVC  A,@A+DPTR

copies the desired table entry into the Accumulator.
The other MOVC instruction works the same way, ex-
cept the Program Counter (PC) is used as the table
base, and the table is accessed through a subroutine.
First the number of the desired entry is loaded into the
Accumulator, and the subroutine is called:

A.ENTRY__NUMBER
TABLE

MOV
CALL

The subroutine “TABLE” would look like this:

TABLE: MOVC A,@A+PC
RET

The table itself immedistely follows the RET (return)
instruction in Program Memory. This type of table can
have up to 255 entries, numbered ! through 255. Num-
ber O can not be used, because at the time the MOVC
instruction is executed, the PC contains the address of
the RET instruction. An entry numbered 0 would be
the RET opcode itself.

BOOLEAN INSTRUCTIONS

8051 Family devices contain a compiete Boolean (single-bit)
processor. The internal RAM contains 128 addressable
bits, and the SFR space car support up to 128 other
addressable bits. All of the port lines are bit-address-
able, and each one can be treated s a separate singie-
bit port. The instructions that access these bits are not
just conditional branches, but 2 complete menu of
move, set, ciear, complement, OR, and AND instruc-
tions. These kinds of bit operations are not easily ob-
tained in other architectures with any amount of byte-
oriented software.
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Table 4-6. A List of the 8051 Family
Boolean Instructions

Mnemonic Operation %"m‘;
ANL Cbit |C = C .AND.bit 2
ANL C,/bit {C = C.AND. .NOT. bit 2
ORL Cpbit |C = C.OR.bit 2
ORL C,/bit |C = C.OR..NCT. bit 2 I
MOV Cpbit |C = bit 1
MOV bitC |bit =G 2
ClR C C=0 1
CLR  bit bit = ¢ 1
SETB C C=1 1
SETB bit bit =1 1
CPL " C C=.NOT.C 1
CPL bit bit = .NOT. bit 1
JC rel JumpifC = 2
JNC  rel JumpifC =0 2
JB bit,rel .| Jump if bit = 2
JNB  bitrel |Jumpifbit = 0 2
J8C  bitrel {Jump if bit = 1; CLR bit 2

The instruction set for the Boolean processor is shown
i Table 4-6. All bit accesses are by direct addressing. Bit
addresses 00H through 7FH are in the Lower 128, and
bt addresses 80H through FFH are in SFR space.

Note how easily an internal flag can be moved to 2 port
pin:

CFLAG

P1.0,C

MOV
MOV

In this example, FLAG is the name of any addressable
bit in the Lower 128 or SFR space. An I/0 line (the
1SB of Port 1, in this case) is st or cleared depending
mwhetbu'r.beﬂagbxtlloro

The Carry bit in the PSW is used as the single-bit Accu-
mulator of the Boolean processor. Bit instructions that
refer to the Carry bit as C assemble as Carry-specific
instructions (CLR C, etc). The Carry bit aiso has a
direct address, since it resides in the PSW register,
which is bit-addressable.

Note that the Boolean instruction set inciudes ANL
and ORL operations, but not the XRL (Exclusive OR)
operation. An XRL operation is simple to implement in
software. Suppose, for example, it is required to form
the Exclusive OR of two bits:

L3

C = bitl .XRL. bit2

The software to do that could be as follows:

MOV C,bit!

JNB bit2,0VER

CPL Cui
OVER: (continue)

First, bitl is moved to the Carry. If bit2 = 0, then C
now contains the correct result. That is, bit] . XRL. bit2
= bitl if bit2 = 0. On the other hand, if bit2 = 1 C
now contains the complement of the correct result. It
need only be inverted (CPL C) to complete the opera-
tion.

This code uses the JNB instruction, one of a series of
bit-test instructions which execute 2 jump if the ad-
dressed bit is set (JC, JB, JBC) or if the addressed bit is
not set (JNC, INB). In the above case, bit2 is being
tested, and if bit2 = 0 the CPL C instruction is jumped
over.

JBC executes the jump if the addressed bit is set, and
also clears the bit. Thus a flag can be tested and cleared

in one operation.

All the PSW bits are directly addressable, so the Parity

bit, or the general purpose flags, for example, are also
available to the bit-test instructions.

Relative Ofiset

The destination address for these jumps is specified to
the assembler by & label or by an actual address in
Program Memory. However, the destination address
assembles to & relative offset byte. This is a signed
(two’s complement) offset byte which is added to the
PC in two's complement arithmetic if the jump is exe-
cuted.

The range of the jump is therefore — 128 to + 127 Pro-

gram Memory bytes relative to the first byte following
the instruction.
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JUMP INSTRUCTIONS

Table 4-7 shows the list of unconditional jumps.

Table 4-7. Unconditional Jumps
in 8051 Family Devices

Mnemonic Operation m
JMP  addr Jump to addr 2
JMP @A-+DPTR | Jumpto A+DPTR 2
CALL addr Call subroutine at addr 2
RET Return from subroutine 2
RETI Return from interrupt 2
NOP No operation N

The Tabie lists & single “JMP addr” instruction, but in
fact there are three—SJMP, LYMP and ATMP—which
differ in the format of the destination address. JMP is 2
generic mnemonic which can be used if the program-
mer does not care which way the jump is encoded.

The STMP instruction encodes the destination address
as a relative offset, as described above. The instruction
is 2 bytes long, consisting of the opcode and the relative
offset byte. The jump distance is himited to & range of
—128 to + 127 bytes relative to the instruction follow-
ing the STMP.

The LIMP instruction encodes the destination address
2s 2 16-bit constant. The instruction is 3 bytes long,
consisting of the opcode and two address bytes. The
destination address can be anywhere in the 64K Pro-

gram Memory space.

The ATMP instruction encodes the destination address
as an 11-bit constant. The instruction is 2 bytes long,
consisting of the opcode, which itself contains 3 of the
11 address bits, followed by another byte containing the
low 8 bits of the destination address. When the instruc-
tion is executed, these 11 bits are simply substituted for
the low 11 bits in the PC. The high 5 bits stay the same.
Hence the destination has to be within the same 2K
block as the instruction following the ATMP.

In all cases the programmer specifies the destination
address to the assembler in the same way: as a label or
as a 16-bit constant. The assembler will put the destina-
tion address into the correct format for the given in-
struction. If the format required by the instruction will
not support the distance to the specified destination ad-
dress, 2 “Destination out of range’ message is written
into the List file.

The. JMP @A +DPTR instruction -supports case
jnmp&’rhedcstinationaddmismpmed:tm.
tion time &s the sum of the 16-bit DPTR register and
the Accumulator. Typically, DPTR is set up with the
address of a jump table, nd the Accumulstor is given
an index to the table. In 2 S-way branch, for example,
an integer O through 4 is Joaded into the Accumulator.
The code to be executed might be 23 fallows:

MOV  DPTR,#JUMP__TABLE
MOV  AJINDEX_NUMBER -
RL A

JMP @A +DPTR

The RL A instruction converts the index number (0
through 4) to an even number on the range G through 8,
because each entry in the jump table is 2 bytes long:

JUMP__TABLE:
AJMP CASE_0
ATMP CASE__1
AJMP CASE_2
ATMP CASE_3
AJMP CASE__ 4

Table 4-7 shows a single “CALL addr” instruction, but
there are two of them—LCALL and ACALL—which
differ in the format in which the subroutine address is
given to the CPU. CALL is 2 generic mnemonic which
can be used if the programmer does not care which way
the address is encoded.

The LCALL instruction uses the 16-bit address format,
and the subroutine can be anywhere in the 64K Pro-
gram Memory space. The ACALL instruction uses the
11-bit format, and the subroutine must be in the same
2K block as the instruction following the ACALL.

In any case the programmer specifies the subroutine
address to the assembler in the same way: as a label or
es s 16-bit constant. The assembler will put the address
into the correct format for the given imstructions.

Subroutines should end with a2 RET instruction, which
returns execution to the imstruction following the
CALL.

RETI is used to return from an interrupt service rou-
tine. The only difference between RET and RETI is
that RETI tells the interrupt control system that the
interrupt in progress is done. If there is no interrupt in
progress at the time RETI is executed, then the RETI
is functionally identical to RET.

N




Table 4-8. Conditional Jumps in 8051 Family Devices

Addressing Modes Execution
Mnemonic Operation Dirj; ol Rest| i Time (18)
JZ el JumpifA =0 Accumulator only 2
JNZ rel JumpifA =0 Accumulator only 2
DINZ <byte> rel Decrement and jump if not zero X X 2
CJINE A, <byte> rel Jumpif A = <byte> X X 2
CJINE <byte>,#datg,re!l | Jumpif <byte> = #data X X | 2 ol

Table 4-8 shows the list of conditional jumps available to the

8051 Family user.

All of these jumps specify the desti-

nation address by the relative offset method, and so are
limited to & jump distance of — 128 to + 127 bytes from
the instruction following the conditional jump instruc-
tion. Important to note, however, the user specifies to
the assembler the actual destmation address the same
way as the other jumps: as a label or a 16-bit constant.

There is no Zero bit in the PSW. The JZ and JNZ
msn'ncnam test the Accumulstor data for that condi-

tion.

The DINZ instruction (Decrement and Jump if Not
Zero) is for loop costrol. To execute a loop N times,
load a counter byte with N and terminate the loop with
8 DINZ to the beginning of the loop, as shown below

for N = 10:
MOV COUNTER, #10
LOOP: (bc.gm loop)
(end loop)
DINZ  COUNTER,LOOP

(continue)

The CINE instruction (Compare and Jump if Not
Equal) can also be used for loop control as in Figure 4-3.
Two bytes are specified in the operand field of the in-
struction. The jump is executed only if the two bytes
are not equal. In the example of Figure 4-3, the two
bytes were the data in R and the constant 2AH. The
initial data in R1 was 2EH. Every time the loop was
executed, R1 was decremented, and the looping was to
continue until the R1 data reached 2AH.

Another application of this instruction is in “greater
than, less than” comparisons. The two bytes in the op-
erand field are taken as unsigned integers. If the first is
less than the second, then the Carry bit is set (1}. If the
first is greater than or equal to the second, then the
Carry bit is cleared.
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Table 4-8. 8051 Instruction Set Summary

Interrupt Response Time: Refer to Chapter 2, page 2-24 Mnemonic Description . Byte W
ARITHMETIC OPERATIONS
instructions that Affect Flag Settings(1) oA D e o : 44
instruction Flag instruction Flag Accumuiator
G OVEAC CEOVAC ADD Agdirect Adddirectbyteto 2 12
ADD X X X CLRG 0 RS
ADDC XE X XEICRLO X ADD A@Ri  AddindirectRAM 1 12
susB X X X ANLCpbit g A -
MUL o X ANL C./bit. X ADD A #data Addimmediate 2 12
DIV o X ORLChit X o
DA X ORLCbit X y
RAC X MOV Cbit X ADDC ARn  Add register to 1 12
RLC X CINE X Accumulator
SETBC 1 with Carry
{I)Note that operations on SFR byte address 208 or ADDC Agdirect Adddiractbyteto 2 12
bit addresses 209-215 (i.e., the PSW or bits in the : Accumulator
PSW) will also affect flag settings. with Carry
ADDC A EeRi Add indirect 1 12
Note on instruction set and addressing modes: RAM to
Rn — Register R7-RO of the currently se- Accumulator
lected Register Bank. with Carry
direct = — 8-bit internal data location’s address. ADDC A #data Addimmediate 2 12
This could be an Internal Data RAM data to Acc
location (0-127) or a SFR [ie, I/O with Carry
port, control register, status register, suBB ARn Subtract Register 1 12
etc. (128-255)]. from Acc with
@Ri — 8-bit internal data RAM location (0- borrow
255) addressed indirectly through reg- SUBB Adirect Subtract direct 2 12
ister R1 or RO. byte from Acc
#data — 8-bit constant included in instruction. with borrow
#data 16 — 16-bit constant included in instruction. SUBB A.@Ri Subtract indirect 1 12
addr 16 — 16-bit destination address. Used by RAM from ACC
LCALL & LIMP. A branch can be with borrow
anywhere within the 64K-byte Pro- SUBB A, #data Subtract 2 12
gram Memory address space. immediate data
addr 11 — 11-bit destination address. Used by from Acc with
AC~LL & AYMP. The branch will be borrow
within the same 2K-byte page of pro- INC A Increment 1 12
gram memory as the first byte of the Accumulator
following instruction. INC  Rn increment register 1 12
rel — Signed (two’s complement) 8-bit offset INC direct increment direct 2 12
byte. Used by STMP and 2ll condition- byte
al jumps. Range is —128 to +127 INC €Ri increment direct 1 12
bytes relative to first byte of the fol- RAM
lowing instruction. DEC A Decrement 1 12
bit — Direct Addressed bit in Internal Data Accumulator
RAM or Special Function Register. DEC Rn Decrement 1 12
2 — New operation not provided by Register
8048AH/804%AH. DEC  direct Decrement direct 2 12
byte
DEC e@Ri Decrement 1 12
indirect RAM




Table 4-8. 8051 Instruction Set Summary (Continued)

direct byte

Oscliletor
Mnemonic Description Period

ARITHMETIC OPERATIONS (Continued)

INC DPTR Increment Data 24
Pointer

MUL AB Muttiply A & B 48

Olv AB Dride Aby B 48

DA A Decimal Adjust 12
Accumulator

LOGICAL OPERATIONS

ANL ARn AND Register to 12
Accumulator

ANL A direct AND direct byte 12
to Accumuiator

ANL A @Ri AND indirect 12
RAM to
Accumuiator

ANL A, #dats AND immediate 12
dats to
Accumulator

ANL direct,A AND Accumuiator 12
to direct byte

ANL direct, #data AND immediate 24
dsta to direct byte

ORL ARn OR register to 12
Accumulator

ORL A direct OR direct byte to 12
Accumulator

ORL A @Ri OR indirect RAM 12
to Accumulator

ORL A #data OR immediate 12
data to
Accumulator

ORL direct,A OR Accumusiator 12
to direct byte

ORL direct, #data OR immediate 24
data to dirsct byte

XRL ARn Exclusive-OR 12
register to
Accumulator

XRL Adirect Exclusive-OR 12
direct byte to
Accumuiator

XRL A@Ri Exclusive-OR 12

G indirect RAM to

Accumutator

XRL A #dats Exclusive-OR 12
immediate data to
Accumulator

XRL directA Exclusive-OR 12
Accumulator to

[ Mnemonic

Description

Byte

Osciliator ‘
Period

LOGICAL OPERATIONS (Continued)

XRL direct, #data

,CLR A

CPL A

RL A

RLC A

RR A

RRC A

SWAP A

DATA TRANSFER
MOV ARn

MOV A direct

MOV A eRi

MOV A, #data

MOV  RnA

MOV  Rn,direct
MOV  Rn, #data

MOV  direct,A

Exciusive-OR
immediate data
to direct byte
Clear
Accumulator
Complement
Accumuiator
Rotate
Accumulator Left
Rotate
Accumulator Left
tnrough the Carry
Rotate
Accumulator
Right

Rotate
Accumuiator
Right through
the Carry

Swap nibbles
within the
Accumulator

Move
register to
Accumuiator
Move direct
byte to
Accumulator
Move indirect
RAM to
Accumuiator
Move
immediate
data to
Accumulator
Move
Accumuiator
to register
Move direct
byte to
register
Move
immediate data
to register
Move
Accumulator
to direct byte

24

12

12

12

12

12

12

12

12

12

24

12

12
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Table 4-8. B051 instruction Set Summary {Continued)

Oscillator - . Osclliator
Mnemonic Description Byte Paiod Mnemonic Description  Byte Period -
DATA TRANSFER (Continued) XCH ARn Exchange i 1 A
MOV  direct,Rn Move register 2 24 rogister with
to direct byte Accumutstor
MOV  direct,direct Move direct 3 24 XCH Agdirect Exchange 12
byte to direct direct byte
MOV  direct,@Ri Move indirect 2 24 with
RAM to Accumuiator
direct byte XCH A @RI Exchangs 12
MOV  direct, #data Move 3 24 indirect RAM
immediate data with
to direct byte Accumuiator
MOV  @RiA Move 1 12 CHD A,eRi Exchange low- 12
Accumulator to order Digit
indirect RAM indirect RAM
MOV  @Ridirect Move direct 2 24 with Acc
LD BOOLEAN VARIABLE MANIPULATION
indirect RAM CLR c Clear Carry 1 12
MOV et goape fove e 2 CLR  bit Ciear diectbit 2 12
immediate SETB. C Set Carry 1 12
gatspe SETB  bit Set direct bit 2 12
ingpechEe CPL C Complement 1 12
MOV DPTR,#data16 Load Date 3 24 Carry
| FElner withie CPL  bit Compiemnent 2 12
! 16-bit constant direct bit
iMOVC A.@A~DPTR  Move Code 1 24 ANL  Cbit  AND direct bit 2 24
: byte reiative to to CARRY
PPN S ANL ' C/bit ~ ANDcomplement 2 24
MOVC A@A-PC  Move Code 1 24 of direct bit
byte relative to to Carry
AT ORL ~ Cbit  OR direct bt 2 24
MOVX A @Ri Move 1 24 to Carry
2l ORL ~ C/bit ORcomplement 2 24
RAM (8-bit of direct bit
addr) to Acc to Carry
MOVX A @DPTR Move 1 24 MOV C.bit Move diret bit 2 42
External to Carry
RAMDED MOV bitC ~ Move Camyto 2 2¢
addr) to Ace direct bit
MOVX @RiA Move Accto 1 24 5 e B ey 2 2
External RAM is set
(6-bit addr) UNC  ref Jump if Carry 2 24
MOVX @DPTR.A Move Acc to 1 24 i
i External RAM JB bitrel  Jump it direct 3 24
{16-bit addr) Bit is sat
PUSK direct Push direct 2 24 INB bit,re! Jump if direct 3 24
byte onto Bit is Not set
steck JBC  bitrel  Jump i direct 3 2
POP  direct Pop direct 2 24 Bitis st &
byte from clear bit
stack




Table 4-8. 8051 Instruction Set Summary (Continued)

| o i
Mnemonic Description  Byte o;:':::;m f Mnemonic Description Byte 0;:':;2;‘” !
PROGRAM BRANCHING j PROGRAM BRANCHING !Continued) |
ACALL addrt1 Absolute 2 24 CJNE Rn, #datarel Compare 3 o4
Subroutine , immediate to !
Call e register anc f
LCALL addr16 Long 3 248 Jump it Not
Subroutine | Equal J
Call ! {CINE @R #datarel Compare 3 2¢ |
RET Return from 1 A ey immediate to |
Subroutine J ! indirect and |
RET! Return from 1 24 { | Jump if Not |
interrupt Equal |
AJMP  addrit Absolute 2 24 ‘ DINZ  Rnre! Decrement 2 2¢
Jump l register anc
LIMP  addri6 Long Jump 3 24 Jumg f Not
SUMP  rel Short Jump 2 24 Zero
{reiative adar) DJUNZ direct,rel Decrement 3 24
JMP  @A-+DPTR Jump indirect 1 24 direct byte
relative to the and Jump if
DPTR Not Zero
JZ rel Jump if 2 24 NOP No Operation 1 12
Accumulator
is Zero
JNZ rel Jump if 2 24
Accumulator
is Not Zero
CUNE Agdirectrel Compare 3 24
direct byte to
Acc and Jump
if Not Equal
CJINE A #dstarel Compare 3 24
immediate to
Acc and Jump
it Not Equal
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INSTRUCTION DEFINITIONS

ACALL addri1

Function:  Absolute Call

ACALL unconditionally calls & subroutine located at the indicated address. The instruction
increments the PC twice to obtain the address of the following instruction, then pushes the
16-bit result onto the stack (low-order byte first) and increments the Stack Pointer twice. The
destination address is obtained by successively concatenating the five high-order bits of the’
incremented PC, opcode bits 7-5, and the second byte of the instruction. The subroutine called
must therefore start within the same 2K block of the program memory as the first byte of the
instruction following ACALL. No flags are affected.

Initially SP equals 07H. The label “SUBRTN is at program memory location 0345 H. After

Description:

Example:
executing the instruction,
ACALL SUBRTN
at location 0123H, SP will contain 09H, internal RAM locations 08H and 09H will contain
25H and O1H, respectively, and the PC will contain 0345H.
Bytes: 2
Cycles: 2
Encoding: . | 2102328 1 | 0001 | | a7.a6.a5a¢ | a3 a2 a1 &0

Operation: = ACALL
(P& < |(PE) + 2
(SP) «— (SP) + 1
((SP)) < (PC50)
(SP) «=(SP) +.1
((SP)) < (PCjs.8)
(PC)0.0) € page address
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ADD A, <src-byte>

Function:
Description:

Example:

ADD ARn

Add

ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumula-
tor. The carry and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or
bit 3, and cleared otherwise. When adding unsigned integers, the carry flag indicates an

overflow occured.

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6;
otherwise OV is cleared. When adding signed integers, OV indicates a negative number pro-
duced as the sum of two positive operands. or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or imme-
diate.

The Accumulator holds OC3H (11000011B) and register O holds OAAH (10101010B). The
instruction,

ADD ARO

will leave 6DH (01101101B) in the Accumulator with the AC flag cleared and both the carry
flag and OV set to 1.

1
1

[0010}1rrrJ

ADD
(A) < (A) + (Rn)

2
1

loo10] 0101 | | directaddress

ADD
(A) « (A) + (direct)
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ADD A,@Ri
Bytes:
Cycles:
Encoding:

Operation:

ADD A, #data
Bytes:
Cycles:
Encoding:

Operation:

1
1

[oo10]o11i]

ADD
(A) < (A) + ((R)

2

1

l0o010[0100] | immedatedata |

ADD
(A) €« (A) + #data

ADDC A, <src-byte>

Function:

Description:

Example:

Add with Carry

ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator
contents, leaving the result in the Accumulator. The carry and auxiliary-carry flags are set,
respectively, if there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding

unsigned integers, the carry flag indicates an overflow occured.

OV 1s setif there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of
bit 6; otherwise OV is cleared. When adding signed integers, OV indicates a negative number
produced as the sum of two positive operands or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or imme-
diate.
The Accumulator holds OC3H (11000011B) and register 0 holds 0OAAH (10101010B) with the

carry flag set. The instruction, *
ADDC A.RO

will leave 6EH (01101110B) in the Accumulator with AC cleared and both the Carry flag and
OV set 1o 1.
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ADDC ARn
Bytes: |
Cycies: 1|

Encoding: [0011’1rrrJ

Operation: ADDC
(Ay—(A) + (O +Rp

ADDC Adirect
Bytes: 2
Cycles: 1|
Encoding: | 0011 ] 0101 | [ drectaddress
Operation: ADDC
(A) <= (A) + (C) + (direct)
ADDC AeRi
Bytes: 1
Cycies: 1
Encoding: (0011 [011i]
Operation: ADDC
(&) < (A) = (O + (R
ADDC A, #data
Bytes: 2
Cycles: 1
Encoding: | 0011]0100 ]| | immediatedata
Operation:  ADDC

P (A)e=(A) + (O + #data




AJMP addrit
Function:  Absolute Jump
Description:  AJMP transfers program execution to the indicated address, which is formed at run-time by
concatenating the high-order five bits of the PC (after incrementing the PC twice), opcode bits
7-5, and the second byte of the instruction. The destination must therefore be within the same
2K block of program memory as the first byte of the instruction following AYMP.
Example: The label “JMPADR is at program memory location 0123H. The instruction,
AJMP JMPADR
is at location 0345H and will load the PC with 0123H.
Bytes: 2
Cycies: 2
Encoding: | a1023a80 | 0001 | [aresasa4 ] a3 a2 ata0]
Operstion: AJMP

(PC) «— (PC) + 2
(PCjo-0) < page address

ANL <dest-byte>, <src-byte>

Function:
Description:

Example:

Logical-AND for byte variables
ANTL performs the bitwise logical-AND operation between the variables indicated and stores
the results in the destination variable. No flags are affected.

The two operands allow six addressing mode combinations. When the destination is the Accu-
mulator, the source can use register, direct, register-indirect, or immediate addressing; when
the destination is 2 direct address, the source can be the Accumulator or immediate data.

Note: When this instruction is used to modify an output port, the value used as the original
port data will be read from the output date latch, nor the input pins.

If the Accumulator holds 0C3H (11000011B) and register 0 holds 55H (01010101B) then the
instruction,

ANL ARO
will leave 41H (01000001B) in the Accumulator.
When the destination is a directly addressed byte, this instruction will clear combinations of

bits in any RAM location or hardware register. The mask byte determining the pattern of bits
to be cleared would either be 2 constant contained in the instruction or & value computed in

the Accumulator at run-time. The instruction,

ANL PI1,#01110011B

will clear bits 7, 3, and 2 of output port 1.
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ANL ARn
Bytes:
Cycies:
Encoding:

Operation:

ANL Addirect

Bytes:
Cycles:
Encoding:

Operation:

ANL AeRI

Bytes:
Cycles:
Encoding:
Operation:

ANL A, #data
Bytes:
Cycies:

Encoding:

Operation:

1
1

D101]1rrrj

ANL
(A) < (A) A (Rn)

2
1

[o101]o0101]

Wect address J

ANL
(A) < (A) A (direct)

1
1

ﬁnm[oﬂﬂ

ANL

(A) < (A) A (RY)

2
1

[0101]0100]

{ immediate datL'

ANL
(A) < (A) A #data




Q001
vo22
voo3
Po04
2005
2006
vaa7
@008
B0a9
P019
011
pa12
2913
2014
2@15
0e16
@oa17
0213
2019
020
2e21
0022
2923
va24
0025
DR26
oaz7
2028
0928
2030
2031

0000
0000
0000
2000
i)
2000
0oeD
0209
0020
2000
0000
0000
a1 Ll]
0009
2000
1a10]
a7
020D
0oe0o
VP00
0200
0000
vP00
2009
0000
0029
0000
0029
02000
inl]
11%10)]

ACC
PSW
IPC
P3
IEC
P2
SBUF
SCON
Py
TH1
THO
TL1
TLD
TMOD
TCON
PCON
DPH
DPL
SP
P?

sMCS-51 INTERNAL BIT

H
CY:
AC:
Fo:
RS1:
RSO
ov:

.EQU
.EQU
.EQU
.EQU
.EQU
.EQU
.EQU
.EQU
.EQU
.EQu
.EQU
.EQU
.EQU
.EQU
.EQU
LEQU
.EQU
.EQU
.EQU
.EQU
.EQU

.EQU
.EQU
.EQU
.EQU
.EQU
.EQU

@DTH
@D6H
PD5H
¥D4H
PD3H

@D2H

3B REGISTER

s ACCUMULATOR

3 PROGRAM STATUS WORD
s INTERRUPT PRIORITY
s PORT 3

s INTERRUPT ENABLE
$PORT 2

s SEND BUFFER
$SERTAL CONTROL
sPORT 1

s TIMER 1 HIGH
sTIMER @ HIGH
sTIMER 1 LOW

$sTIMER @ LOW

s TIMER MODE

3 TIMER CONTROL

s POWER CONTROL REGISTER
s DATA POINTER HIGH
s DATA POINTER LOW

s STACK POINTER
$PORT 0@

ADDRESSES

s CARRY FLAG

s AUXILIARY-CARRY FLAG
3 USER FLAG @
$sREGISTER SELECT MSB
s REGISTER SELECT LSB
sOVERFLOW FLAG



0232  00YY : .EQU @DYH sPARITY FLAG

2033 0000 PS:t .EQU ©@BCH sPRIORITY SERIAL PORT
0034 0009 PT1: .EQU ©YBBH $PRIORITY TIMER 1

2935 0000 PX1: .EQU OBAH 3PRIORITY EXTERNAL 1

7036 0000 PT@: .EQU ¥BSH 3PRICRITY TIMER @

0037  0o0D PX@: .EQU ©B8H $PRIORITY EXTERNAL @

0938  ©0OD EAs .EQU @AFH $ ENABLE ALL INTERRUPT
2938 0009 ESs .EQU OACH s ENABLE SERIAL INTERRUPT
2040 G000 ET1:s .EQU OABH $ENABLE TIMER 1 INTERRUPT
2041 o000 EXt: .EQU OAAH s ENABLE EXTERNAL 1 INTERR
2042 @@@@ ETOs .EQU OASH $ENABLE TIMER @ INTERRUPT
@043 = 0090 EX@: .EGU @A8SH 3 ENABLE EXTERNAL @ INTERR
0g44  0BOD SM@:  .EQU @9FH ySERIAL MODE ©

Po45 P09 SMi: .EGQU ?9EH $sSERIAL MODE 1

0046 0000 SM2:  .EQU @9DH $SERIAL MODE 2

vo4T  ©B00 REN: .EQU @9CH $SERJAL RECEPTION ENABLE
0048 @000 TB8: .EQU ?9BH 3 TRANSMITT BIT 8

P48 000D RB8:  .EQU @SAH $sRECEIVE BIT 8

P50 000D Tl .EQU @OSH 3 TRANSMIT INTERRUPT FLAG
2051 0200 RI: .EQU ©98H sRECEIVE INTERRUPT FLAG
0052 0000 TF1l: .EQU @8FH s TIMER 1 OVERFLOW FLAG
0953  0V09 TR1:  .EQU @8EH sTIMER 1 RUN CONTROL BIT
0054  BPYO TF@: .EQU ©8DH $sTIMER @ OVERFLOW FLAG
0p55 0PV TR@O: .EQU ©8CH $sTIMER @ RUN CONTROL BIT
po56 0OV IE1: .EQU ©®8BH $EXT INTERR. 1 EDGE FLAG
Q@57 0000 ITl: .EQU ©8AH $EXT INTERR. 1 TYPE FLAG
p058 000D IE@: .EQU ©?BSH $EXT INTERR. @ EDGE FLAG
0059  9VYB IT@: .EQU @88H $EXT INTERR. @ TYPE FLAG
0068 0000

0061 0000 $ BRI RIS R OR KK

062 0000 H



2063
0064
0065
Bo66
2067
2268
0@68
Po70
071

0aT72
2073
2074
2375
Pa7e
Q77
2078
0a79
0?3890
0@81
2082
9083
2084
0085
0086
087
0088
09289
0096
2091
pos2
28383

2

@2

BF
oa

0z

D2
c2
ce
D2
c2
7F
74
F5
74
F5
30
22

21

21

29

09

?1

AF

84A
A8
88
0o
00
9@
80
S50
B7
21

%)

50

80

23
09

10

69
10

.ORG
LJMP

.ORG

LJMP

.ORG

LJIMP

.ORG
CALL:

LJMP

CL: LJMP

§ ARk

.ORG
START:SET
CLR
CLR

SETB
CLR
MOV

MOV

MOV

CHECK: MOV
MOV
JNB
LJMP

PPO0H

START

@@a3H

RECO

?13H

CALL

080H

s INT@ TO RECORD CH @

s INT1 TO SELECTED CALL IN

CJNE  R7,#0¢H,CL

REC1
CHECK
¥k MAIN

?100H
EA

EX1

Tl

EX®

1TO

R7, #00H
A, #00H
P1,A

A, #980H

P1,A

s IF  R7 =00 JUMP TO RECI1

PROGRAM EEEREIKLRR

s ENABLE ALL INTTERRUPT
$sDISABLE - INT1

$SET INT1 FOR TRANSITION TRIG
3 ENABLE INTQ

$SET INT@ TYPE LOW LEVEL TRIG
sCLEAR COUNTER

$RESET PORT @

$sSET PORT @ FOR READY STATE

@B7H,PLAY 3IF P3.7 1S ZERO GOTO PLAY

CHECK

$GOTCG PLAY



2034
@095
B096
@097
2098
2099
0100
0101
@102
2103
P104
@105
@106
@107
0108
@109
0110
0111
o112
8113
2114
2115
8116
2117
2118
9119
0120
P121
0122
2123
#124

P11A
B11A
O11A
B11A
P11A
P11A
0150
7159
@152
0154
@157
@159
@158
D15E
2160
0162
8165
D167
2169
P16C
D16E
0179
@173
0175
@177
@179
D17A
P17A
@17A
P17A
D174

74
F5
12
74
F5
12
74
F5
12
74
F5
12
74
F5
12
D2
D2
7F
32

00
90
02
80
90
22
D@
o0
22
89
90
02
64
90

92

8A
1%

80

30

50

80

517

s¥k¥k¥X MODULE TO RECORD CHANNEL 3 k¥kkkk

REC@: ORG
MOV
MOV
LCALL
MOV
MOV
LCALL
MoV
MOV
LCALL
MOV
MOV
LCALL
MOV
MOV
LCALL
SETB
SETB
MoV
RETI

V150H
A, #00H

P1,A

DELAY2 3 RESET
A, #80H

P1,A

DELAYZ2 ; NORMAL

A, #@DOH

P1,A

DELAY1 sRECORD CHANNEL 0

A, #30H

P1,A

DELAYZ2

A, #0AD

P1,A

DELAY?2 ;STOP THE RECORD CHANNEL @
EX1 $ENABLE INT1

IT1 $SET INT1 FOR TRANSITION

R7, #00H

s RERRKKK MODULE PLAY CHANNEL 1,2,3 ¥kkkEkk



@125
?126
@127
@128
@129
@130
7131
@132
2133
0134
9135
@136
@137
©138
®139
@140
2141
2142
0143
0144
02145
@146
@147
@148
@149
8150
2151
@152
@153
@154
2155

0252
0253
@254
?255
0257
9258
9259
B25A
025C
225D
P25E
@25F

74
F5
12
74
F5
12
74
F5
12

02

79
00
020
00
7A
090
09
20
7B
20
00
20
DB

21
Sa
02
81
82
02
C1
90
@2

a1

30

FF

FF

FB

80

89

80

19

PLAY:

.0ORG ©180H
MOV A,#01H
MOV P1,A

LCALL DELAYZ2
MOV A, #081H

MOV P1l,A

LCALL  DELAY2
MOV A,#0C1H
MOV P1,A
LCALL = DELAY2
LJMP CHECK

sPLAY CH 1 & DELAY 39

$REKRRKK  REM DELAYL = 25 SEC RRREKIICKREK

DELAY1

D1l

D12:

D13

.ORG @2b0H
MOV R1,#030H
NOP

NOP

NOP

MOV R2,#0FFH
NOP

NOP

NOP

MOV R3, #0FFH
NOP

NOP

NOP

DJNZ R3,D13



@156
72157
7158
@159
B160
g161
@162
72163
B164
?165
?166
2167
@168
#2169
o173
2171
a172
0173
8174
8175
0176
@177
@178
@179
2180
0181
2182
2183
7184
2185
7186

@261 DA F4

0263 DS ED

7265
D266
8266
0266
@266
8266
9266
0280
©v280
V282
2283
0234
0285
@287
0288
8289
P28A
028C
028D
P28E
@28F
0291
8293
0285
0296
0296
0296
2296
0296

22

79
20
0o
20
7A
L)
1}
00
78
0o
00
09
DB
DA
D9
22

FF

FF

FB
F4
ED

DJNZ R2,D12
DJNZ R1,D11

RET

§ KRRk REM DELAYZ = 1.5 SEC ¥RRRREREORK

.ORG 92804
DELAY2 MOV = ., Ri,#02H
D21: NOP

NOP

NOP

MOV R2, #0FFH
D22% NOP

NOP

NOP

MOV R3, #OFFH
D23t NOP

NOP

NOP

DJINZ R3,D23

DJINZ R2,D22

DJINZ R1,D21

RET

yRRRkRckk MODULE PLAY CHANNEL @ kkikkiikk



@187
188
@189
@199
2191
2192
7193
9194
2195
9196
p197
@198
2189
209
0201
0?2202
#3203
@204
0205
@206
0207
0208
0209
0210
n211
p212
@213
@214
0215
0216
@217

2420
0420
0420
0420
0422
0424
0427
0429
0428
@42E
P42
QA2F
042F
Q42F
0500
0500
0500
0500
0503
0505
0507
2504
050C
950E
0511
9513
@515
0518
?51A
951C
051F

74
F5
12
74
F5
12
22

12
74
F5
12
74
F5
12
74
F5
12
74
F5
12
74

89
9@
g2 89

9@
02 50

04 20
91
=%
92 80
81
90
02 80
D1
9@
02 50
81
90
92 80
Al

.ORG

PLAY®:

REC1:

MOV
MOV
LCALL
MOV
MOV
LCALL
RET

.ORG

LCALL
MOV
MoV
LCALL
MOV
MOV
LCALL
MOV
MOV
LCALL
MOV
MOV
LCALL
MOV

P420H

A, #80H

P1,A

DELAY2

A, #0COH

P1,A

DELAY! sPLAY CH © & DELAY 30 SEC

0500H

PLAYD
A,#01H
P1,A
DELAY2
A,#081H
P1,A
DELAYZ
A,#0D1H
P1,A
DELAY1
A,#081H
P1,A
DELAYZ2
A, #BA1H



9218
2219
0220
0221

0222

¥521 F5 90
8523 12 82 B8Y
0526 7F 09
0528 32

#529

MOV
LCALL
MOV

RETI

.END

P1,A
DELAY2

R7, #@0H
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(Q} is controiled by CAS sliowing greater system flexibility.
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(i

512 bits within th

@ Organized as 262,144 Words of 1 Bit
@& Single +5 Voit Operation {+ 10%)
& Maximum Access Time: MCM8256B-10=100 ns
MCMB256B-12= 120 ns
5 CM62568-15=150 ns
& Low Power Dissipstion: »MC ME2568-10 =440 mW Maximum (Active)
MCME256B-12 =396 mW Maximum (Active)
MCME255B-15 =358 mW Maximum (Active)
: 28 mW Maximum (Standby)
@ Three-State Data Qutput
€ Early-Write Common i/0 Capabmry
& 256 L‘yClc 4 ms Refresh
& RAS-Only Refresh Mode
@ CAS Befors RAS Refresh
€& Hidden Refresh
& Page Mode Capsbility
BLOCK DIAGRAM
w < iy (Si=72C
| BUFFER
=== 5 NO. 2 CLOCK DATA OUT 3 0
= 1 BENERATOR [ BUFFER
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)  ADDRESS 2 g] -
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] - RUFFERS (9) g )
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A3 ——— ony e 1024
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) 5 1024 ] :
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P PACKAGE
PLASTIC
CASE 843

PIN ASSIGNMERNT

LB 1 ® 16 [ivss
nfl2 15 1TAS
i 14 ]2
RASE) 4 13 a8
- ACT15 12 §A3
2208 11 {1A4
ISRl 10 1145
vee O 8 g A7
Fihi NAMES
AC-A2 ... ....... Address input
(038 (gl By PNt i et Datwzin
9_ ................. Datz Qut
Weoo .. .. ... . Read/Write fnput
ié§ . Row Address Strobe
CAS Column Address Strobe
Veg . - - . Powsr (+35V)
Vol Ground

formation harain are subject to change without nctice.




ABSOLUTE MAXIMUM RATINGS (Sez Note

! Rating . Symbol { Value ! Unit |
[ Power Supply Voltage e
l\/c;hage Relative 10 Vgg for Any Pin Except Voo | Vi, Vot Lo L aesg) | |
 Dats Out Current e 50, i
Power Dissipation : B ’5 T 3 w
Operating Temperature Range TA 01t +70 oC
Sterage Temperature Range Tsig -55t0 +150 | °C

" NOTE: Permanent device damage may-occur if ABSOLUTE MAXIMUM RATINGS are
excesded. Functional cperation shouid be restricted to RECOMMENDED OPER-
ATING CONDITIONS. Exposure to higher than recom'nended vohaons forextended

periods of time could affect device reliabiiit

This device contains circuitry to protect the
lﬂpL ts against damage due to. high static

that normal precautions

precaut

o oo

es or electric fieids; however, it is ad-

be t=ken 1o

- avoic application of any voitage hicher
maximum ratec voliages to this high-imped

ance circuit.

DC OPERATING CONDITIONS AND CHARACTERISTICS
{(Vec=5.0V +10%, Ta =0 to 70°C, Unless Otherwise Noted)

l?ECON!MENDED OPERATING CONDITIONS

than

g Parametar | Symbol Min Typ Max Unit Notes

Supply_\/otébe (Opnraun" Vo'tag; RangekBa T « M- BEF <7 S Ve ==4.5 1 SO0 |55 1 i B

J Vss 0 0 0 \" 1

Logic 1 Voliage, All inputs VIH 24 EE— 6.5 2V 1

Logic O Voliage, All Inputs Vip a— 1.0 % 0.8 v 1

DC CHARACTERISTICS
: Characteristic Symbol Min Max Unit Notes
Ve Power Suppiy Current icct | £ . MmA -~ 2 =
"MCMB2568-10, tgc =130 ns > - =) : S
MCM62558-12, tgc =220 ns — 72 : 2
MCME2558-15, trc =260 ns — 65 e

Ve Power Supply Current (Standby) (RAS=CAS =V;y) lcco o — 5.0 mA

VCC Power Supply Current During RAS only Refresh Cycies (CAS =V y) IcC3 i 2 mA 2
MCMGZ:)GB 10, trc=190ns - ; T eelY T & 70 ;

MCMB256B-12, tgc =220 ns iy, = LR S

MCMSZSSB—‘!S, tRC =260 ns - - 55 =

V¢ Power Supply Current During Page Mode Cycle (RAS=Vy ) —— Icca mA 2
MCM62568-10, tpc =100 ns g — 80
MCMB2568-12, tpc =120 ns —< 0155 5
MCMB2568-15, tpc=145ns - 5 e =i )

Vcc Power Supply Current During CAS Before RAS Refresh lccs S mA 2
MCMB2568-10, trc =190 ns - SdD :
MCME2568B-12, tpc =220 ns S — - 62 . -

CME2568-15, tpc =260 ns — 55 =
Input Leakage Current (Vgg<Vj,<Vce) " ko) -10_ 10 T pA z
Output Leakage Current {CAS at Logic 1, Vss <Vour<Vcc! likgiO} -10 10 pA
Output Logic 1 Voltage (lg = — 5 mA) VoH 2.4 - Y
Output Logic 0 Voltage (g1 =4.2 mA) VoL — 0.4 Vv

CAPACITANCE (f=1.0 MHz, Tp =25°C, Voc=5 V, Periodically Sampled Rather Than 100% Tested)
Parametsr Symbol i Typ Max Unit Notes

Input Capacitance AQ0-A8, D Cin - pF <

RAS, CAS, W — 7 pF 3

Output Capacitance {CAS = V| tc Disabie Output) 0 f Cout | — 7 pF 3

NOTES:
1. All voltages referenced 1o Vgg.

2. Current s 2 function of cycie rate and output ioading; maximum current is measured at the fastest cycle rate with the output cpen.
3. Capacitance measured with a Boonton Meter or effective capacitance calculzted from the equation: C=JAt/AV.




MCM6258B

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Vecc=5.0V +£10%, T4 =0 to 70°C, Unless Otherwise Ncted)

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Ses Notes 1, 2, 3, and 5)

: Symbol ; MCMB256B-10 | MCMB256B-12 | MCME256B-15 X
Psrameter T Unit | Notes
Standard | Alternate | Min | Max Ain ] Max Min Z Miax
Random Raac or Write Cycle Time tRELREL tRC 180 = 2200 280 = ns 4,5
Read-Write Cycle Time tRELREL tRWC 200 = 240 = 265 = ns 45
Read-Modify-Write Cycle Time IRELREL | RMW 220 — 260 = 310 — ns 4,5
Access Time from RAS | tRELQV tRAC — 100 — 120 — 150 ns 6,7
Access Time from CAS " | tceLav tCAC — 50 — 60 — 75 ns | 7,8
Output Buffer and Turn-Cff Delay tCEHQZ 1OFF 5 725 5 30 5 35 ns ]
RAS Precharge Time tRERREL tRp 80 = 3 S0 = 100 = ns -
RAS Pulse Width tRELREH | RAS 100.|.10,000 | 120 | 10,000 | 150 {10,000 | ns =
CAS Pulse Width tCELCEH tCAS 50 10,000 60 10,000 75 10,000 | ns —
RAS to CAS Delay Time tRELCEL | tRCD 25 5 f 25 80 25 75 ns'| 10
Row Address Setup Time tAVREL tASR 0 — ¢} — ] — ns —
Row Address Hold Time tRELAX tRAH i5 - 15 — 15 — ns- —
Column Address Setup Time— -~ = || TAVCEL tAasce ¥ 00—\ | © — il = e —
Column Address Hold Time tCELAX |7 1CAH 200l = 25 = 30 — i'ns —
Column Address Hold Time Referenced to RAS IRELAX AR 70§ - 85 = 105 — ns —
Transition Time (Rise and Fall) A T 258 3 50 SRS 50 3 50 ns —
Read Command Setup Time BWHCEL tRCS 0 o 0 = 110 = ns =
Read Command Hold Time Referenced to CAS | tCEHWX tRCH = 0 = 0 = ns 11
Read Command Hold Time Referanced to RAS tREHWX tRRH 10~ - 15 > 20 = ns 11
Write Cemmand Hold Time tCELWH BWCH 20 — 25 - 3C — ns —
Write Command Hoid Time Referenced to RAS | tRE{WH TWCR 70 - 85 — 105 = ns =
Write Command Pulse Width TWEWH Wp 20 5 25 — 30 = ns —
Write Command to RAS Lead Time TWILREH TRWL 25 = 35 - 45 — ns —
Write Command to CAS Lead Time DWLCEH WL 25 T & 45 = ns —
Data in Setup Time - -- : tDVCEL-] ~IDS c - 0 - (4] = ns 12
Data in Hold Time - 5 ; : tCELDX - 1DH 2 ja— - 25 — 30 = -ns 12
Data in Hold Time Referenced to RAS tRELDX tDHR 70 - 85 - 105 - ns —
CAS to RAS Precharge Time Iy tCEHREL ICRP 10 - — 10 — 10 — ns —
RAS Hold Time ; | tcELRER|  tRSH 50 ; - 60 — 75 = ns =
Refresh Period e . 1" tRVRV IRESH = 4 = 4 = 4 ms —
{continued}
NOTES: : B oy : : :
1. Viy min and V}; max are reference levels for. measuring timing of input signals. Transition times are measured between Vi and Vj; .
2. An initial pause of 200 gs is required after power-up foliowed by 8 RAS cycies before proper device operation is guaranteed.
3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must

Noo

2]

transmit between V| and V| {or between V)| and VjH) in a2 monotonic manner.
The specifications for tyc {min} and typwy {min) are used only to indicate cycie time at which proper operation over the fuil temperature

range (0°C<Tpa <70°C] is assured.

. AC measurements tT=5.0 ns.
. Assumes that tRcp <tRcD (max).

Measured with a current load equivalent 1o 2 TTL {—200 yA, +4 mA} loads and 100 pF with the dats output trip points set at
Vou=2.0Vand Vg =0.8 V.

. Assumes that tacp = trcp (max).

toFfF max) defines the time at which the output achieves the open circuit condition and is not referenced to output voitage levels.

: Operation within the tgep (max) limit ensures that tgaC {max) can be met. tgcp (max) is specified as a reference point only; if trep is

greater than the specified trcp {max) limit, then access time is contrelied exclusively by tCAC.

11. Either tgay or tgcH must be satisfied for & read cycle.

. These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed write or read-modify-

write cycies.



e - - MCM6256B

READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued)
' Symbol | MCME255B-10 | MCMB2565-12 | MCMB256B-15
Parameter Unit | Notes |
Standard | Alternate | Min Max Min Max Min Max :
Write Commang Seiup Time TWLCEL tWCS - 0 — 0 - 0 — ns 13
CAS 1o Write Deley e cEtwWiEl WD 30 = 40 - — - 80 - ns | =13
| RAS to Write Delay tRELWL té\;\/D 80 — 100 - 125 = ns 13
| CAS Hold Time tRELCEH 1CSH 100 — 120 - 150 — ns -
CAS Precharge Time : : tCEHCEL ICPN il D b i .20 - 25 — ns -
CAS Precharge Time (Page-Mode Cycle Only) {tceHcer |~ tep 40 = 50 - 60 — | ns =
Page Mode Cycle Time 1CELCEL tpC 100 — -] 120 - 145 | — ns -
Page Mode Read-Write Cycle Time tICELCEL | tPRWC 110 - 140 — 170 - ns -
Page Mode Read-Modify-Write Cycle Time 1CELCEL | tPRMW 130 — 160 - 195 — ns =
CAS Hold Time for CAS Before RAS Refresh | tRELCEH | tCHR 30 — 30 = 30 = e e
CAS Setup Time for CAS Befors RAS Refresh tRELCEL tICSR 10 = 10 = 10 = ns —
CAS Precharge to CAS Active Time tREHCEL tRPC 0 — e O — 0 — ns Sk
mf’;ecr'\_arge Time for —CA_S-_ngg[e RAS. tCEHCEL | lCPT AV A 50 — 60 | — ns =
Counter Test : :
o T R e el g T SRR e
13. nw(s., tCWD. and tRw D are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only; if

twCs =twes (min), the cycle is an early write cycie and the data out pin will remain open circuit (high impedance) throughout the entire

‘cycle; if tcwp=tcwp Imin) and tpywp=tawp {min), the cycle is read-write cycle and the data out will contain_data read from the

selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out {at access time) is indeterminate.
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WRITE CYCLE Tx AING
[ 3¢ i >
5 i iRAS — > |
e Vs i S ey | e
RAS 2 IR AR | W N
Vi — i3 | | o
H L 3 | {
o fond - RSH > L—— 1Rp ———w
P : iZSH o I : i
| r€——— 130D > 1CAS > | e— I0Rp —2
i 3 Ly '
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iU | =2 - !
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| H
g RV = { s 7 VALD
DAL Vg — | LR N DATA
= i ' T o !
i RAT | [ d

’-(—)-; I‘-‘-——ar——’ 10H

oS

D (DATA IN)

e KOORLKXXUKIKI XXX FRX RO e

s

X

(J<

XXX

XX

Vi



MCM625e8

| l<—lf HEE s :
]
| o |
aonesses XX PO ) X Xi LR/  coL /\/\X/ N cat X\/\>/A>/\>\/\/\X/>/S
TRV TLLE ANV P AVAVAVAY Sl vaVavis S5 2 B S aVVA OOV 9.
Ik | | | ’ i NF ] l \‘(‘/ e
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s g \ Sl 4 e ’1’— 1RSH —> 1 tRp
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— = : = 10AS >
s /
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PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE

v = iRAS L 1-% ;
== i A\ e A0 A ;
RAS N = 2 gl |

Vil = - — AU' , ,- L,

— Lon H H
< R - ERE s b 1RP -;—if [
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o - e (JAG ] !-;7—_4_ e e —

M N o i N i :
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HIDDEN REFRESH CYCLE {READ) 5
- e tag e RC =
s 13RS it
Vit— ) BTG 4 : | 1~ 3
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NMiCMEBZ568

EFORE RAS REFRESH COUNTER TEST CYCLE
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he device

verious dynamic nodes internal 10 . During an ex-
tendec inactive state of the device {greater than 4 milliseconds
with device powered up), the wake up sequence (8 active

cycies) will be necessary 10 zssure proper device cneration.’
Y

ocges
l
te o1

ADDRESSING THE RAM
The nine adcress pins on the device are time multiplexad
with two separate 8-bit address fields that are-strobed at the

beginning of the memory cycie by two clocks {active negative) *
calied the fow-address strobe (RAS) and the cclumn address

strobe (CAS). A total of eighteen address bits will decode one
of the 262,144 cell locations in the device. The column address
str’*be foliows the row address strobe by a cified minimum
nd maximum time czlisd “'tgcp." which s row.tocolumn
sirobe deiay. This time interval is also referr o as the mul-
tipiex window which gives flexibility to a system designer to
set up his externa! addresses inte the RAM. These conditions
have to be met for normal read or write cycles. This initial
portion of the cycle accomplishes the normai addressing of
ths device. There are, however, two other variaticns in ad-
ressing the 256K RAM, one is calied the RAS only refresh
e {Gescribed later) where an 8-bit row address field is pre-
ser ed on the input pins and latched by the RAS ciock. The
most significant bit on Row Address A8 (pin 1) is not required
for refresh. The other variation, which is called page mods,
aliows the user to column access the 512 bits within a selected
row. {See PAGE-MODE CYCLES section.)
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ed to

ied
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IEAD CYC
A read cycle is referred to as a normai read cycle te differ-
entiate it from a page mode read cycle, a read-while-write
<cycle and read-modify-write r*ycle which are covered ina ia(er

c

sction.

Tne memory read cycle begins with the fow. addresses vahd
and the RAS clock transitioning from Vg to the Vi level.
The CAS clock must also make & transition from Vi to the
Vi levei at the specified tgcp timing fimits when the coiumn
addresses are latched. Both the RAS and CAS clocks trigger
a sequence of events which are controlled by severa! delayed
internal clocks. Also, these clocks-are linked in such & manner
that the access time of the device is independent of the address
multiplex window. The only stipulation is that the CAS clock
must be active before or at the tRCD maximum specifi cation
for an access (data valid) from the RAS clock edge to be
guaranteed {tyac). If the tgcp maximum condition is not
met, the access {tcac) from the CAS clock active transition
will determine read access time. The external CAS signal is
ignored until an internal RAS signal is available. This gating
feature on the CAS clock will allow the external CAS signal
tc become active as soon as the row address hold time {tRAH
spec.‘fication has been met and defines the tRep minimum
fication. The time difference betwsen tgcp minimum and

speci
TRCp maximum can be usad to absorb skew delays in switch-
ing the address bus from row to coiumn zddresses and in

the CAS clo

Cnce the ciocks have become active,

generat i"\

7 e

2268
minimum {tCAS) perice for the CAS clock. The RAS cloc
miust stay inactive for the minimum (trp) time. The former
for the completion of the cvcle in progress, and the igter

© the device internal circuitry to be precharg
active cycle. :
Data out is not latched and is valid as long as the CAS cloc
is active; the output will switch to the three-state mode whe
the CAS clock goes inactive. To perform a read cycle t‘u
write (W) input must be held at the Vi level from the ¢
the CAS clock makes its active transition {trcs) to the tim
when it transitions mo the inactive (tRcy) mode.

WRITE CYCLE

A write cycle is similar to a read cycie except that the Write
(W) clock must go active (Vy; level) at or before the CAS clock
goes active at a minimum tyw s time. If the above condition
is met, then the cycle in progress is referred to as an early
write cycle. in an early write cycle, the write clock and the
catain are referenced to the 3ct|ve transition of the CAS clock
edge. There are two important parameters with respect to the
rite cycle: the column strobe to write lead time (towp ) and
the row strobe to write iead time ime {trw). These define the
minimum time that RAS and CAS clocks need to be active
after the write operation has started (W clock at ViL levell.

ltisalso poss.b!e to perform a late write cycle. For this cycle
the write clock is activated after the CAS goes low which is
beyond tyyCs minimum time. Thus the parameters tCWw and
tRWL must be satisfied before terminating this cycle. The
difference between an early write cycle and a late write cycie
is that in a late write cycle the write (W) clock can occur much
later in time with respect to the active transition of the CAS
clock. This time could be as long as 10 microseconds —
[(tRWL +tRP +2rT]. ;
' ‘Atthe start of an early write cycle, the datz out is in a high
impedance condition and-remains inactive throughout the
cycle. The data out remains three-state becsuse-the active
transition of the write (W) clock prevents the CAS clock from
enabling the data-out buffers. The three-state condition {high
impedance) of the data out pin during a write cycie can be
efiectively utilized in systems that have 2 common input/out-
put bus. The only stipulation is that the system use only early
write. mode operations for all write cycles to avoid bus

S_

ali

contention.

READ-MODIFY-WRITE AND READ-WHILE-WRITE
CYCLES £

As the name implies, both a read and a write cycle are
accomplished at a selected bit during a single access. The -
read-modify-write cycle is similar to the late write cycle dis-
cussed above.

For the read-modify-write cycle a normal read cycle is ini-
tiated with the write {W) clock at the V}y level until the read
darta occurs at the device access time (tRAC). At this time the
write (W) clock is asserted. The data in is setup and heid with
respect to the active edge of the write clock. The cycle de-
scribed assumes a zero modify time between read and write

Another variation of the read-modify-write cycle is the read-
while-write cycle. For this cycle, tcwpD plays an importznt
role. A read-while-write cycie staris as a normal read cycle
with the write (W) clock being asserted at minimum tcwp
, 2¢psnding
2 write operation to the

Blelsleriste f dtoll cedlen ity 5 rocuits in c'-n»‘pn
Upen © et B

ed cel even before datz out

-
select
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he column iocations dstermined by the 9-bit column address

The page cycie is alwa}s initiated with a row address being
prov;oea and latched hed by the RAS clock, followed by the col-
mn acdress and CAS clock. From the timing iliustrated, the
initiel cycle is a norma! read or write cycle, that has been
previously described, followed by the shor (1S cycles
( pc!l. The CAS cycie time (tpc) consists of the CAS clock
sctive time (tcas), and CAS clock precharge time (tcpl.and
two transitions. in zddition to read and write cycles, a read-
modify-write cycle can also be performed in a page mode
operation. For a reag-modify-write or read-while-write type
‘cycle, the conditions normal to that mode of operation will
apply in the page mods also. In practice, any combination of
and read-modify-write cycles can be performec to

[s\)

read, Wi

suit 3 particuiar .;,,p licatign.
REFRESH CYCLES e

The dynamic RAM design is based on capacitor charge
storage for each bit in the array. This charge will tend 'to
degrade with time and temperature. Therefore, to retain the
correctinforimzation, the bits nesd to be refreshed at tleastonce
every 4 milliseconds. This is accomplished by sequentially cy-
cling through the 256 row address locations every 4 millise-
conds, {i.e., at least one row every 15.6 microseconds like the
84K dynamic RAM). A normal read or wrize operation to the
RAM will serve 10 refresh ail the bits (1024} associated with
the particuiar rows decoded.
RAS-Only Refresh

in this refresh method, the system must perfiorm a RAS-
only cycle on 256 row addresses every 4 milliseconds. The
row adcresses are latched in with the RAS clock, and the

MEMUORY CYCLE

REFRESH CYCLE A REFRESH CYCLE

S £
T.~S tne herdi

ns are refresha
Ot reqguired 2nd must be ir

N RAS taiis, ater CAS he
been low {by 1Cst _“. This activatesthe 'ema. efresh count:
which generates t eaddress to be refreshed. Externally appiie
eddresses are ignored during t h~ automatic reiresh cycla.:

the output buffer was off before 1 ic refresh cycle

the output will stay in the high impedancs state, h" the outou
wes enabled bv CAS in the previcus it

be maintained during the automatic re
CAS is held active (hidden refresh),

y
fr

resn cycl

Hidden Refresh

The hidden refresh method allows refresh cycles to be per
formed while rraimarmn: valid data at the output pin. Hidcer
refresh is performad by holding CAS at ViL end taking RAS
hfgh and after & specified precharge pericd (tRp). exscuting
a CAS before RA; refresh cycle. {See Figure 1.)

- CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of MCMBZ568 can be tested
by CAS before RAS refrash counter test. This cycle performs
read/write operation tzking the internal counter address as
row address and the input sddress as column address.

The test is performed after a minimum of 8 CASbeiore RAS
cycles as initiaiization cycles. The test procedure is as foliows.
i, Write @ “0” into ali memory celis.

2. Select any celumn address and read the ““0”s wiitien in
step 1. Write 2 1" into each celi of the selecisd coiumn
by performing CAS befcre BAS Refresh Counter Test
Read-Write Cycle (see timing diagram). Repeat 256 times.

3. Read the “1"’s (use a normal read mode) writran in step
2

4, = Select the same column address as step 2, read the “1''s

and write a “0” into each csll by performing TAS before

RAS Refresh Counter Test Read- Write Cycle (see timing

diegram}. Repeat 258 times. :

Read the “‘0"’s (use @ normal read mode) written in step

4.

6: Reuea‘ steps 1 through 5 using complement data.

o1

@
[

y

Figure 7. Hidden Refresh Cycile





