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Ct =10 noF
C2 =1 nF
C3 =1 noF
C4 =10 nF
C5 =100 nF
C6 =10 nF
C7 =100 nF
C8 =100 nF
C9 =100 nF
D1l = 1N4148
D2 =1N4148
D3 =1N4148
D4 = 1N4148
RI =22 KQ
R2 =47 KQ
R3 =47 MQ
R4 =47 KO
R5 =1 MQ
R6 =100 KQ
R7 =5 KQ
R8 =470 Q
R9 =470 Q

RI10=10 KQ
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Cl =10 uF
C2 =22 pF
C3 =22 pF

C4 =2200puF/25Volt
C5 =1000 uF/ 16 Volt

C6 =100 nF
C7 =100 nF
C8 =100 nF
D1 =1N4148
R4 =10 KOQ
R11 =100 KQ

Xl =14 MH:z
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8751BH
SINGLE-CHIP 8-BIT MICROCOMPUTER .
WITH 4K BYTES OF EPROM PROGRAM MEMORY

Two 16-Blt TlmerlCoumer;
S Interrupt Sources -

Program Hemory Lock

128 Bytes Data Ram

Qulck Pulse ProgrammingT™ Algorithm
12.75 Volt Programming Voltage -

Programmable Serlal Channel
64K External Program Memory Space
64K External Data Memory Space

Boolean Processor

32 Programmable {/0 Lines

T o reB=ra} rta-rJ
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. 2702481
Figure 1, 87518H Block Dlagram
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PACKAGES
—
Pant Prefix Package Type
8751BH P 40-Pin Plastic DIP
N £4-Pin PLCC
rwq 1 ~ wb'cc
IR = P] 33 [ ro.0 {aD0)
rnagys e ect (ap1)
ra]a 37[r0.2 (a02)
fa]s e (a03)
rug 4 35 [ 004 (aD4)
[g¥ Y= b 341 r0.8 (a03)
IR l=1 33 ro.6 (aD8)
RESCT Gy s2[aro.7 (a07)
(R0} P30T 10 r5teW MG/
(o) P3a d 1" oD At/ FRSS
(M0} #3300 12 29 [ FEN =
(RT1) n.s(:i 13 2803027 (AtS)
(10} P34 0] 44 whrze (ais)
(M) FASTT s 24[3r2.8 (113)
(wR) P36 1e wpiedd (a2)
(fD) P32 17 2ef3e23 (1)
ﬂug 13 23022 (10)
TaLt C vy 21213021 {a3)
vss (20 211{3r2.0 {aB)
. " 2r024-2
Pin (DIP)
. 8zsd
o 23232, 833558 0 -
wﬂ[l 4L & 4 4 & I > a4 -
rns Frres (an4)
Pis 3PS (ans)
r17 [ #od (4D4)
/ST [Ara7 (a07)
{(kxD) P3.0 Eaf"n‘
N 8751BH - -
(o) #3.1 : [2 MLL/PROC
(wi5) P32 Em
(WT1) P33 iz (a13)
{10) #3.4 [2F2.8 (a14)
(1) 133 I3F1S (a13)
1819 30 21 2213 24 23 14 27
S¥23FYEiiii
33 B
270244~ 14
Pad (PLCC)

Figure 2. Pin Connections
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PIN DESCRIPTIONS
Vee: Supply voltage.

Vgs: Circuit ground.

.

Port 0: Port O is an B-bit opsn drain bidirectional 1/0
port. As an oulput port each pin can sink 8 LS TTL
nputs. Port 0 pins thal have 1s writtan 1o them floal,
and in that state can be used as high-impedance

Poct 015 also the mulliplexed low-order address and
data bus during accesses 1o external Program and
Data Memory. In this application it uses strong inter-
nal pullups when emitling 1s, and can source and
sink 8 LS TTL inputs.

Port O 2iso receives tha code byles during EPROM
programming, and oulpuls the code bytes during
program veriicztion. External puliups are required

" during program verification.

Port 1: Port 1 is an B-bit bidirectional 170 port with
intarnal pullups. The Porl 1 output butters can sink/
source 4 LS TTL inputs. Port 1 pins that have 1s
wntien 1o them are pulled high by the internal puli-
ups, and in that stale can be used as inputs. As
inputs, Port 7 pins that are externally being pulled
low will source cuirent (I, on the data sheet) be-
cause of the intsrnal pullups.

Port 1 also receives the low-order address byles
during EPROM programming and program verdica-
Bon

Port 2: Port 2 is an B-bit bidirgctional 170 pont with
intarnal puliups. The Port 2 output butlers can sink/
source 4 LS TTL inputs. Port 2 pins that havo 1s
written to them are pulled high by the internal pull-
ups, and in that state can be used as inputs. As
inputs, Port 2 pins that are externally being putted
low will source curren! (i, on the data sheet) bse-
cause of the internal pultups.

Port 2 emits the high-order address byte during
leiches trom exiernal Prograrn Memotry and during
accesses lo external Dala Memory that use 15-bit
adaresses (MOVX @DPTR). In this application it
uses slrong internal pullups when emitting 1s. Dur-
ing accessas lo external Data Memory that use 8-bd
addrasses (MOVX @Ri), Porl 2 amits the contents of
the P2 Special Function Register.

Porl 2 aiso receives the high-ordar address bils dur-
ing EPROM programming and program veification.
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Port 3: Port 3 & an B-bit budirectional /0O port with
internal putiups. The Port 3 output butlars can sink/
source 4 LS TTL inputs. Port 3 pins that have 1s
writton 1o them arg putled high by the internal pull-
ups, and in that state can be uysad as inputs. As
inputs, Port 3 pins that are exiernally being pulled
low will soutce currant (iy, on the data sheet) be-
causs of the pullups.

Port 3 also sarves the functions of vanous special
loatures of tha MCS®-51 Family, as listed below:

Port Plin Alternate Function

P3.0 RXD {senal input port)

P3A TXD (sadal output port)

Pl.2 INTO (axternalinterrupt 0)

P3.3 INTT (externalinterrupt 1)

P34 TO (Timer 0 external input)

Pa.s Tt{Timer 1 extarnal input)

P WH (extemal cata memory writa strobe)
P37 RO (external data mamaory read strobs)

RST: Resal input. A high on this pin for two machine
cycles whila te oscillator 1s running resats the de-
vice.

ALE/PROG: Address Latch Enable output pulse for
lalching tha low byta of tha address during accesses
lo external mamory. This pin is also tha program
pulse input (PROG) during EPAOM programming.

In normal operation ALE 5 emitled al a constant
rate of 1/6 tha oscillater trequency, and may be
used for extamal liming or clocking purposes. Nota,
however, thatene ALE pulsa is skipped during each
accass o extemnal Data Memory.

PSEN: Program Store Enabla is tha Read strobe to
External Program Memory.

When the B7518H is exscuting code from external
Program Memory, PSEN is activated twice each ma-
chine cycle, except that two PSEN activations are
skipped during each access 1o External Data Memo-
ry.

EA/Vpp: Extenal Access anable. EA must be
strapped to Vss in order 0 enable the device to
fatch code from Extarnal Program Mamory locations
starting at 0000H up to FFFFH. Nota, howaver, that
if sithar of the Lock Bits are programmad, EA will ba
internally lalched on reset.

EA should ba stcappud to Ve for internal program
axeculions. .

This pin also recaives the 12,75V programming sup-
ply vottage {Vpp} during EPROM programming.

XTAL: input o the invertng oscillator amplfier.

XTAL2; Quiput from the inverting oscilator amplif-
ef. .

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the inpul and cutput, respec-
tively, of an inverling ampiifier which can be config-
ured for use as an on—chip oscillator, as shown n
Figure 3. Either a quanz crystal of ceramic resonator
may ba used. More detailed information concoming
tha use of tha onchip oscillator is availabla in Appli-
cations Note AP-155, "Oscillalors for Microcontrol-
fers.”

To drive the devica from an external clock source,
XTAL1 should be grounded, while XTALZ is drven,
as shown in Figure 4. There are no requirements on
the duty cycle of the extemal clock signal, sinca the
input o the internal clocking circyitry is through a
divide-by-two flip-flop, but minimum and maximum
high and low timas specified on the Data Shest must
be observed. :

I_—'ﬁ—'l_\ TTAL2
U
.—;’——I— XTaL 1

Yss

—

270248-2
C1,C2 = 30 pF 110 pF for Crystals -
= 40 pF 210 pF for Cerarne Resorutlon

Figure 3. Osclillator Connections

EXTERNAL
0SCLLATOR XTaL 2
SIGMNAL
XTAL t
Yss
2702484
—

Figure 4. External Clock Drive Contiguration

DESIGN CONSIDERATICNS

If an 87518H is replacing an 8751H in an existing
dasign, the usar should carefully compars both data
shaets for DC or AC Charactanstic diffarences. Nota
that the Vi and l; spacificasons for tha EA pin dif-
far significantly between the 8751H and 6751BH.

By
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ISOLUTE MAXIMUM RATINGS® *Nolice: Strasses above those ksted undsr "Abso-
é lute Maximum Ratings" may cause paermanen! dam-

piert Temperature Under Bias . . . .0 Cle+70C age 1o (he device. This is a stress rating only and

qage Toemperature ... .. .... —65°Clo +150°C functional operation ol the dew'qe al .rpase or any
; orher conditions above those indicated in the opera-

1896 on EA/Vpp Pinto Vgg ... —0.5V 10 +13.0V tonal sections of this specificavon is not implied. Ex-

1age on Any Other Pintlo Vg ... =0.5Vio +7V posure to absoluts maximurm rating conditions for

Limum i Perl/OPin ... eene 15mA  extended panods may atlect device rekabiily.

pOr DISSIPNIOR. - oeevenneeins e 15w NOTICE: Specifications contained within the

}sed on PACKAGE heat transfer limitatons, nol

ﬂCe power consumplion) foliowing tables are subject fo change.

L CHARACTERISTICS (T4 = 0°Clo +70°C; Ve = 5V 210%; Vg = 0V)

_ymbo! Parameter Min Max UnltJ_ Test Conditions W
i Input Low Voltage (Except EA) —-0.5 0.8 v [
W Input Low Voltage EA Vgs 0.7 v
W Input High Vohage 20 [Vee+051 V
(Except XTAL2, RST, EA)
M1 Input High Veltage XTALZ, RST 25 | Vee+05| V | XTALY = VSS
Inz input High Voltage to EA ‘ 45 55 v
ToL Output Low Voitage (Note 3) ] 045 V gL = 1.6mA(Nole 1)
(Pons 1,2 and 3) ]
oLt Output Low Volla o (Note 3). 0.45 V |log = 32mA(Notes1,2)
| (Port Q, ALE/P ,PSEN) :
;‘JOH Otzg::tj :.ghzvso “:Eg/_bﬁ and PSEN) 2 L ' Y o S0k
foHt | Outpul High Vottage 24 |, Vo llon = —400 uA
11 {Port 0 in External Bus Moda) ’
% Logical 0 Input Current -1 mA | Vin = 0.45V
: (Ports 1, 2, 3 and RST) . : -
IR Logical 0 Input Cumrent (EA) - ~10 | mA | Viy = VSS
L2 Logical 0 Input Current (XTAL2) —32 | mA [ Viy = 045V XTALT = Vss
X Input Leakage Curtent (Port 0) - 10 whA | 045 < Vi < Vg
M Logical 1 Input Current (EA} R | mA | 4.5V <V < 5.5V
IH1 Input Current to RST 500 | pA | Vi < Voo — 1.59)
to Activate Resat l _
oo Power Supply Curent 175 W mA | All Outputs Disconnected
&3 Pin Capacitance 10 i pF LTes‘. Freq = 1MHz
OTES: ' '

. Capaditive loadng on Ports 0 and 2 may Causs spunious noise puises lo be supermposed on the Yous of ALE/PROG
nd Ports 1 and 3. The noisa is due 10 exlemal bus capacitance discharging into the Porl 0 end Port 2 pins when thasa pins
sake 1:t0-0 Wranstions dunng but operations. In the wors! cases (Capacilive loading > 100 pF), the noise pulse on the
\LE/PROG pin may exceed 0.8V. In such cases R may be desicable lo quality ALE with a Schmitt ange( of use an address
ilch with & Scheitt Trigger STROBE input.
1 ALE/PROG refers 10 8 pin on the 87518H. ALE relurs 10 2 ‘iming signal that is oulpul on the ALE/BROG pin.
| Under steady state (non-transient) condiions, ko must be externally bmited as lollows:

MaximumFoL per oM pin: 10mA

Maximum ley pec 8-bit podt -

, Port s - 26mA
Poris 1,2, and 3; 15 mA

Maximum total Loy or all ouipul pins: TimA
o exceeds the lest condivon, Vo, may excesd tha related specifcation. Pins are nol guarantesad 1o sink cunent groatsr
han the listed lest condiuons.

8-64
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A.C, CHARACTERISTICS (T, = 0"Cto +70°C; Vcc = 5V 2 10%; Vgg = QV); Load Capacitance fof
Por 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for AR Other Outputs = 80 pF)

EXTERNAL PéOGRAM MEMORY CHARACTERISTICS

Symbol Parameter ;2 MHz Osc Variabie Osclilator UniTJ

| R Min Max Mia Max

‘l'TCLCL Oscillator Frequency ) 3.5 - - 120 MHz

| TLHLL ALE Puise Width 127 2TCLCL—40 ns
TAVLL Addrass Vahd to ALE Low 43 TCLCL~40 ns
TLLAX Address Hold Aher ALE Low 48 TCLCL—35 n;—1
TLLIV ALE Low to Valid lnstruction In 233 4TCLCL~-100 ns |

FTLLPL ALE Low to PSEN Low 58 TCLCL—25 ‘ ns
TPLPH | PSEN Pulse Width “215 3TCLCL—35 . - ns

ETTY PSEN Low 1 Valid Instruction In 125 ATCLCL-125 | ns
TPXIX input Instr Hold Alter PSEN 0 } 0 ns

_;’Xil Input Instc Float Atter PSEN 63 TCLCL-20 ns
TPXAV PSEN to Address Valid 75 TCLCL~-8 ns
TAVIV Address to Valid instruction In 302 5TCLCL—-115 ns
TPLAZ PSEN Low 1o Addrass Float - 20 20 T
TRLARH - | RD Pulse width 400 6TCLCL—100 ns
TwiwH | WH puise wiath 400 6TCLCL— 100 Qj
TRLOV .| BB Low to Valid Data in ] es2 ~ "] 5TCLCL—165 | ns g‘
TAHOX -+ | DataHold Afler D ~.v - - --.{ 0 . 0 ~.e- ns
TRHDZ Data Float Atter BD 97 . | 2TGLCL-70 nsj
TLLOV | ALE Low to Vaiid Data In 517 BTCLCL—150 | s
TAVOV | Address to Valid Data In sss |... . |oTclcL—165 | ns |
TLLWL | ALE Low to RD or WR Low 200 | 300 | 3TCLCL~50 | 3TCLCL+50 ns
TAVWL | Addrass to AT or WH Low 203 4TCLCL—130 | ns
TQvWX | Data Vakd :ovwﬁ Teansition 23 TCLCL—60 ] ns
TOVWH | Data Valid to WR Righ 433 TTCLCL - 150 ns
TWH_OX ?ita Heid Attec WA 33 TCLCL-50 | ns
TRLAZ RO Low o Addrass Float 0 0 ns
TWHLH | AD or WA Highto ALE High . | 43 | 123 | TCLCL-40 | TCLGL+40 | ns

8-65
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ALE ﬁ / \ 7

TLLPL T TPLPH ‘

Tavil YLL ::[
FTTR - i TPLIV - A
-——-]—TPXAV

Lax ”'"I“Z —TPxIZ

TPXIX — —

PORT 0 T Y a0car L KSTRW X a0-A7 H__

d

b Tavi¥

PORT 2 )\ AB = als X AB = &LS

270248-5

External Program Memory Read Cycle

ALE t \1 /i ~ ./
ILHLL\——‘ L
PSEn  /

|
v ~
,[— TLLWL TRLRH

kb | /
|
TRLDY TRRDZ
~| TAYLL —Tiax — _h-_:muz TRHDX'ﬁ[’.:T
PORTO A0=A7 FROM RI OR OPL X ) DAls IN 732K AD-A7 FROM BCL e WSTR. N
Tavwy ———1
TAYOV

PORTZ * P2.0-P2.7 OR AB-A15S FROM DPH X AB=A15 FROW PCH
- 270248-6

External Data Memory Read Cycle

r—- TwWHLH
PSER _/ [ A - ,
TLLwl TWLWH— ____l
Wt L \ r
TAVLL TLLAX Tovwx TWHQX
TOYWH | r

PORT O H rROu G on oh X | DATA DUT % X40=A7 FROU Pc->__-/-qsm N
l TAVWL A
RT Y - N ” .
PORT 2 P2.0-P2.7 DR AB-A15 FROM DPK X AB-41% FROW PTH

270248-7 J

External Data Memory Write Cycle

8-66
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- SERIAL PORT TIMING — SHIFT REGISTER MODE

TEST CONDITIONS (Ta = 0°Cto + 70°C; Ve - 5V 210%; Veg = OV; Loadbapaa‘xama = B0 pF)

il
Symbol Parameter » 12MHz Osc Yarlable Osclliator Units
Min Max Min Max
TXLXL Sanal Port Clock Cycla Time 1.0 12TCLCL us
hOVXH Output DataSetup to 700 “{ 10TCLCL-133 : ‘ns
Clock Rising Edga
— et
TXHOX | Output DataHold After 50 2TCLCL - 117 . ns
Clock Rising Edge ’ -
TXHOX Input Data Hoid Ater 0 1] ‘ ns
| Ciock Rising Edge :
TXHOV Clock Rising Edge to 700 10TCLCL—133 ns
. Input Data Vahd . .
. , ]
INSTRUCTION| O | L S L - T D T R | L I
[-—I'XLXL—T .
T SO e S N s S s S e WY s N e WS
. goﬂlr-nnox |
OUTPUT DATA NI G ) 3 < X3 s X7 7
_J — — TXHDX - !
WRITE TO SBUF rxunvr- | SET T
IHPUT DATA W G I G IV @ 2T G T @I G 7T D L
CLLAR RI ' 7 : X . SET R
‘ ’ . : 270248-8

Shitt Gegister Mode TIming Waveforms

]l i—-TCHCI--_ TCL [—- —»1 ~ TCHCL

270248-9

External Clack Drive Waveforms

B-67
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EXTERNAL CLOCK DRIVE

AC TESTING INPUT/OUTPUT WAVEFORMS

Symbol Parameter Min | Max | Units 1.4
- ' 2.0 z_o:; <

1/TCLCL Qsc:llalo( Frequency} 3.5 12 | MHx . X o TEST POWTS o8

TCHCX | High Time 20 ns fo.asy
——t— 270248-10
TCLCX Low Time 20 ns AC nputs dunng lesung are Grven gl 2 4V for a logc ~1° and

0.45V for a log 707, TuTwng muasurements are Mac a1 2.0V for

TCLCH | Rise Time 20 ns & boge *17 and 0.8V Ior & loge T0. -

8
3

TCHCL [ Fall Tima

EPROM CHARACTERISTICS

Programming the EPROM

To be programmed, the par must be running with a
4 10 6 MHz oscillator. (The reason the oscillator
needs 10 be running is that the inlernal bus is being
used 10 ransler address and program data o appro-
priale internal registers.) The address of an EPROM
location 1o be programmed is apphed 10 Port 1 and
pins P2.0 - P2.3 of Pori 2, while Ine code byte 1o ba
programmad into thal focation s apphed to Por Q,
The other Port 2 and 3 pins, and RST, PSEN, and
EA/Vpe should be held at the “Program™ levels indi-
cated in Table 1. ALE/PROG is pulsed low to pro-
gram the code byte into the addressed EPROM lo-
cation. The ssiup is shown in Figure 5.

Normally EA/Vpp is held at a logic high uatil jost
betore ALE/PROG is to ba pulsed. Then EA/Vpp is
raised 10 Vpp, ALE/PROG is pulsed low, and then .
EA/Vpp is retumed to a valid high voltage. The volt-
age on the EA/Vpp pin must be at the valid EA/Vpp
high level belore a verity is attempled. Wavelorms.
and detailed timing specifications are shown in later _
sactions of this dala sheet. ’

Note that the EA/Vpp pin must not be allowsd ta go -

above the maximum specilied Vpp level tor any

8-C3

amount of time. Even a narrow glitch above that voit-
age leval can cause permanent damage o the de-
vice. The Vpp source should be well regulaled and
free of ghiches,

Yeo
ADOH, AG=al 2Py - A -
QONONOFF 1 A —
"/ POy R tula
IYEINE) Siead
r23
—s{r2
scr —]r2y ALL Fe—— ALL/PRCS

TaBLE 3

r
) — 52 |
- Tyl o [ (7924

nat K3 VNIV

Yis .- (44 -—._];

N e ]

270248-1) _J

Figure 5. Programming the EPROM ~
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Yable 1. EPROM Programming Modes

ALE/ | EA/
3 28 K T
MODE RST SEN PADG Vep- P27 P P3.6 Pl

Program Coda Dala 1 0° Vep 1 4 0 1 1
Vanfy Code Data 1 1 1 Q o) 1 1
Program Encryption Table 1 o Vpp 1 0 ¢ 1

Use Addresses 0-1FH : ’ -
Programlock  x=1 1 0 0* Vpp 1 1 1 1

Bits (LBx) X=2 1 o] [thy Vpp 1 ]
Aead Signature 1 1 1 1 © 0 "0

HOTES:

1™ = Vaix high lor thal pin
“0" = Valkd low for that pin
“Vpp' = +12.75V £0.25V

* ALE/PRGG is pulsed low for 100 uS toe programming. (Ouck-Pulse Programming™)

QUICK-PULSE PROGRAMMINGTM
ALGORITHM

The 87518H can be programmed using tha Quick-
Puise Programming Algonthm for microcontrollers.
The leawres of the new programming mathod are a
tower Vpp (12.75 volls as compared to 21 volts) and
a shorer programming pulse, [t is possible o pro-
gram the entire 4K Bylas ol EPROM maemory in less
than 13 seconds with this aigarithm

tants of tha addressed location will come out on Port
0. External pullups are required on Port 0 for this
operation. (If the Encryption Amray in the EPROM
has been programmed, the data presant at Port 0
will be Code Data XNOR Encryption Data. The user
must know the Encryption Amray contents to manual-
ly “unancrypt” the data during verify.)

The setup, which is shown in Figure &, is the same
as foc programming the EPROM except that pin P2.7
is held at a logic low, or may ba used as an aclve

To program the part using the new algorthm, Vpe low read stroba.
must be 12.75 10.25 Volls. ALE/PR is puised
low for 100 pseconds, 25 times. Then, tha byla just L
programmad may be verified. Aftec programming, R
the enwe array should ba verfied. The Program r,._T
Lock features are programmed using the sama o Aarr=ry & [ rox Gata
method, but with the Setp as shown in Table 1. The jiad e Tt e
only difference in programming Lock features is that 720 2y
tha Lock featluras cannot be directly venfied. In- ) —{rze
slead. verfication of programming is by obsarving . —frrr wt
that tha leatures are anabled. L CE TN SRt T
—rLy ™

PROGRAM VERIFICATION e ¢

4-4 W)
If the Lock Bits have not besn programmed, the on- sy N
chip Program Memory can be read out for verifica- v
tion purposes, it desired, either during of after the e ignt
programming operation. The address o! the Program T =
Memory location ta bg read is applied lo Port § and zoaea2 |

pins P2.0 - P23, Tha othar pins should be held at
tho "Vanty” levels indicated in Table 1. The con-

Flgure 6. Veritying the EPROM

8-69
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| PROGRAM MEMORY LOCK

\ The two-level Program Lock system consists of 2
Lock bits and a 32-byte Encryption Array which are
used 10 prolect the prog(am memory against soft-
ware piracy.

Encryptlon Array

- Within the EPROM array are 32 bytes of Encrypnon

. Aftay that are initially unprogrammaed (all 1s). Every
ume that a byte is addressed during a verity, 5 ad-

- dress lines are ussad (o select a byte of the Encryp-
ton Amay. This byle is then exclusive-NORed
(XNOR} with the code byte, creating an Encrypted
Verity byte. The algarithm, with the array in the wn-
programmed stala {alf 1s), will return the coda inits
original, unmodified lorm. .

It is recommanded that whenever the Encryption Ar-
ray is used, at least one of the Lock Bils be pro-
grammed as well

Lock Bits

 Mlso included in the EPROM Program Lock scheme
are two Lock Bits whuch function as shown m
Table 2.
Table 2. Lock Bits and thelr Features
Lock Bits

LB1 L62

L.ogic Enabled

iU U IMinimum Program Lock features
i . |enabled. (Code Verity will stiil ba

- ancrypled by the Encryption
Array)

P U [MOVC.. structions executed from
external program memory are
disabled from fetching code bytes
from internal memory, EA is
sampled and latched on reset,
and further programming of the
EPROM is disabled

P P |Sama as above, but Verity is also
: disabled

U P |Resarved for Future Dsfiniticn

P = Programmed
U = Unprogrammed

8-70

To ensure proper lunclionality of the chip, the intar-
nally laiched value ol Lhe EA pin must-agree with its
external state.

ERASURE CHARACTVERISTICS

This device is in a plastic package without a window
and, therelore, cannot be erasod.

-

Reading the Signature Bytes
The signature bytes are read by the same procedure
as a normal verification of locations 030H and 031H,
except that P3.6 and P3.7 need 10 be pulled to a
logic low. Ihe values relurned are:

{030H) = B89H indicales manufaciured by intel
(031H) = 51H indicates 87518H

]



intl 87518H PRELIMINARY

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS
(Ta = 21°C 10 2T°C, Ve = 5.0V £10%, Vgg = OV)

Symbaol Parameter Min Max Units
Vpp Programming Supply Yoltage 125 13.0 . v
IPP Programeming Supply Current - 50 mA
1/TCLCL - Oscillator Frequency 4 6 MHz
TAVGL Address Setup to PROG Low 48TCLCL
TGHAX Address Hold Atter PROG 48TCLCL
TOVGL Data Satup to PROG Low 48TCLCL
TGHDX Data Hold atter PROG 48TCLCL
TEHSH " P2.7(ENABLF) High to Vpp 48TCLCL
TSHGL Vpp Setup 1o PROG Low 10 usec
TGHSL Vep Hold After PROG 10 M psac
TGLGH FROG width I 30 110 psec
TAVQV Address to Data Valid 48TCLCL
TELQV ENABLE Low to Data Valid . 48TCLCL
TEHQZ Daia Float Atter ENABLE ! o 48TCLCL
TGHGL PROG High 10 PROG Low 10 | psec

PROCRAMMING . YERIFICATION
[y sooRess
TAYQY
PORT 0 AW——
ALE/FROC

U/VPP —_—/ v"

' l mov—l I-— —1 L—m-mz
2702481

EPROM Programming and Verlflcation Waveforms
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ADC0801/ADCO802/ADC0803/ADC0804/ADCOBOS

JLROE NP

National |-
Semlcor:ductor
Corporation .

2

Fotagves

ADC0801, ADC0802, ADCOBO
ADCG805 8-Bit pP Compatibl

General Descriptlon

™e ADC0801, "ADCOB02, ADCDO803, ADC0BOX and
ADCDE05 are CMOS B-bit successive approximation A/D
conveclers that use a ditlerental potentiometric ladder—
similar 10 the 256R products. Thesa converiers aré de-
signed 1o allow operation with the NSC80J and INS8C80A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus, These A/Ds appoar lika mamory
losations o 1/0 poats 1o the microprocassor and no Inter-
tacing logic Is needed.

Ditferantial analog voltage Inputs aliow increasing the com-
mon-mode fejection and offsetting the analog 2ero Input
voltage value. In addition, the voltage reference input can
be adjusted to allow ancoding any smaller analog vollage
span 1o tha full 8 bits of resolution,

3, ADC0804,
e A/D Converters

u Ditferontial analog voltage lrpuls

x Logic inputs and outputs moet bolh MOS and TTL velt-
age leval specifications

= Works with 2.5V (LM3316; voltage relerence

x On.chip clock generalor

1 OV to 5V analog input vollage range with single 5V

supply

No 2¢r0 adjust required

0.3° standard width 20-pin DIP package

20-pin molded chip carrier or small outling package

Operales ratomatncally of with 5 Vpe, 2.3 Vpe, of ana-

log span adjusisd vollago relerence

Key Speclflcations

Features n Resolution . 8 bits
x Compatible with 8080 uP derivatves—no inlerdacing ¥ Towlemor Y,188, % LS3and 21188
bogic needed - access tme « 135 ns n Convorsion Ume 100 ps
% Easy Intedace 10 all microprocessors, of opetates
“stand alona" ’,
Typlcal Applications
L1
™ n ]
"
s ..: I ‘ j, TaswBucte
(1Y
FHT BTG
S [t
Y] s [ | _-'« :ﬂ\:::l A:uc
J-OunoAI . '>.'” v.ratt L MENan Lag
' L__
" ' Vae il
" Val p—Q uil MEhee T =
(1 rat -
" LI} [ NLY] 7"
TL/MI %2110
3080 Interface
Error Speclfication {Includes Full:-Scals,
Zero Error, and NHon-Llnesrty)
a8 p—d Fulk
Panrt Scale Yaer/2=2.500 YVpe | Yars/2 = Ko Connectlon
0 Numb N djust
o vmbar Adlusted {No Adjustments) (No Adjustments)
L 2
PP e “ ADC0801 | £, LS8
-y,
"e e 71 ADC0802 % LS8
ﬁ ADCOBOJ | 24 LS8
ata
ADC0804 +1LS3
ADCO0805 1188

T/ mrse? -3




- N . )
bsolute MaxImum Ratlngs (Notes182) : : ;

{ Miltary/Aercspace xpociﬁ-d davices are requlred, Storage Temperatute Rango -85'Cto +150°C
watact the - Natlonal Semlconductor Sales Otfice/ Package Disslpation st To=25'C 875 m\v
sistributors for avalabllity and speciiications, £SO Susceptivility (Note 10) . . 80ev
Soply Voltage (Vo) (Nete 3) . - 6.5V

otage 1 T

’

“Lock Control Inputs —0.3V 1o +18V

Operating Ratings (otes142)

: <T
F: At Othoc Input and Outpets, . =2 0.3V 1o (Vog +03V) Temparstue Renge e s-Tc“:fri;t ux
wﬁ:ﬁ&ﬁfg&;};;:ﬁf” 260°C ADC0801/02/03/04LC ~ATCsTas +a5C
. ADC0B04LCN OCLTAs+70°C

. Surace Mount Package , ADC0802/03/04LCV . CCST,E+70C
Vapor Phase (80 seconds) 215°C ADCO802/03/04LCWM C"CLTAS+70°C

r lakrared {15 seconds) 220°C Range of Veg 4.5Vpe 10 6.3 Voc

Electrical Characterlstics |
Tha lollowing specifications apply 106 Ve = § Ve, Tuin S TAS Tiax and fouk = 640 kHz unlass otherwise spocified,

Parameter Ceonditlons Min Typ Max Unlts
ADCO80 1; Total Adjustsd Error (Note 8) wiih Full-Scale Adj, VY, LS8
(Sae Section 2.5.2)
ADC0802: Total Unadjusted Eror (Note B) VRes/2=2.500Vpe - A 1S3
ADC0803: Total Adjusted Error (Note 8) With Full-Scala Adj. £ R/ LS3
N . (See Section 2.5.2) . i -
FOC0804: Total Unadjusted Error (Note 8) VYaep/2=2.500 Voo *1 1S3
- ADCD805: Total Unadiusted Emor (Note 8) Vaer/ 2-No Connection E3 LS3
. Ypgr/ 2 Input Resistance (Pin §) , ADCLB801/02/03/05 2.5 8.0 kN
| ADC0804 (Note 9) 0.75 1.1 38
Analog Input Vohlage Range {Note 4} V{+) or V(~) Gnd-0.05 Vec +0.05 Voo
.DC Common-Mode Error Over Analog Input Voltage Y\ b3 Ls3
Range
Power Supply Sensiivity Vee=5Vpe £ 10% Over Y\ Y, LS3
e Allowsd Vin(+) and V() :
Vollags Range (Note 4}

 AC Electrlcal CHaracterlstlcs
- Tha {ollowing specificaiond apply for Vo = 5 Ve and T4 = 25°C unless otharvdse specified.

_Symbot Parameler Condltlons Mln Typ Max Unlts
Te Convaersion Time Icix = 640 kHz (Note 6) 103 114 us
Te Conversion Time {Nole 5, 6) 56 73 ik

ax Clock Frequency Voo = 5Y, (Note 5) 100 640 1460 KMz
L Clock Duty Cycle (Nota 5) 40 60 %
Q&R _ Conversion Rata In Frea-Running INTH tied 1o WR with 8770 9708 cenv/s
e Mode - TS =0 Vo, fo x = 640 kHz
Aeerye Width of WH Input (Start Pulse Width) TS5 =0 Ve (Note 7) 100 ns
e " Access Tima (Delay from Falling CL =100 pF 135 200 ns

g Edge of RD 1o Output Data Valig)

fab o - | TRI-STATE Control (Celay C_~10pF, R = 10k 125 200 ns
i from Rising Edge of RD to (Soe TRI-STATE Test

) HiZ State) “ Circuits)
LR Deolay from Falling Edge . 300 450 ns
of WA or R0 to Reset of INTR .
Cw Input Capacitancs of Logic 5 7.5 pF
Control inputs

oot TRI-STATE Quipunt N s 7.5 pF
e Capacitanca {Data Butiers)
_CONTROL INPUTS (Nota: CLK IN {Pin 4) is the Input of a Schmitt tiqqer circult and is therelore specifiod separalely)

Yx () Logical “17 Input Voitage Voo = 5.25 Voo 2.0 15 Yoo
— (Except Pin 4 CLKIN)

$0802QY/¥0802QVY/£0800AV/Z08020Y/1 08000V




o I, L,
AC Elec!rlcalCharacterlstlcs (Continued) : ! - B }

- The fofawing 'specifications apply for Vg = $Voc and T £ Ta £ Tuax, unloss °m°""”’° 9podﬁod ' ]!
~ 1ty
Symbol | ©° Paramater - | Conditlons [ e | v [ x| v ]
CONTROL INPUTS [Note; CLK IN (Pin 4) s the input Of & Schmitt Ligger circuit and Is therelora spocified soparatoly} |
Vi (O} Logics! “0” Input Voltage Vo= 475 Ve 0.8 . Ve i
et | (ExceptPind CLKIN)
(1) Logical *17 Input Current Ni=5Vee 0.005 1 pADS
{All Inputs)
W (0) Vogical “0" Input Current Vin=0Voc -1 —0.00% pACC
(Al inputs)
CLOCK IN AND CLOCK R —
Vi+ . CLX IN (Pin 4) Positive Going 2.7 n 3.5 Voo
Theeshold Voltage
Yr- CLK IN (Pin 4} Negative 1.5 1.8 2.1 Voo
: Golng Thweshold Vohage
Vi CLK IN (Pin 4} Hysteresis 0.6 1.3 2.0 Yoo
Vr+)-(V1-)
Vour (0) Logical 0™ CLX R Output lo=360 pA 0.4 Voo
Yoltage Yee=4.75 Ve
Your (1) Logical 1" CLK R Output lo= =360 pA 2.4 Vee
Voltage Vec=4.75 Ve . :
DATA OUTPUTS AND INTR
Your (0) Logical "0” Output Voltage
Data Oulpuls ) louT = 1.6 MA, Voo = 4.75 Voo 0.4 Yee
INTR Output oyt = 1.0 mA, Ve = 4,75 Vpe 0.4 Ve
Vour (1) Logical *1* Outout Voltage lo= =360 pA, Ve = 4.75 Vo 2.4 Vee
Yout (1) Logical "1 Output Voltage lo= =10 pA, Vo= 4.75 Ve 4.5 Vee
oot TRI-STATE Oisabled Output Vout =0 Ve -3 BACC
Leakage (All Data BuHers) Vour™ 5Voe 3 pAC
lsounce VouT Shorto Gnd, T, = 25°C 45 | & mAce
ISk Vout Shortlo Vee, T = 25°C 9.0 ] 16 mACC ’
POWER SUPPLY —
lec Supply Cument (Includes fcLk = 640 kHz,
Ladder Curent) VRep/2=NC, To=25'C
: and TS5 = 5v
ADC0B01/02/03/04LCJ/05 L 1.8 mA
ADCOBCALCN/LOV/LCWM 1.9 2.5 mA )
Hate 12 AbeOhas Madrmum Radngt IncCate vty beyord which darmege 10 the device muy ocowr, DC and AC slactnc sl 10eCa bong 30 NAL 400y whhen 0P’ 1 7Y
Tt it Bayond 3 aDeCHed (e s Brg Contone,
Nots T AL woMages arq madnsed with rewoect 0 Grd, unie s Othermie 10ecifed. The sepvate A Gnd pordt ok Liwiys be weed I0 the O Gt |
Note X A Termr chode ekt IMemalty, KoM Yer 10 Gnd and Ras 4 ypcal treakdown vohsge of 7 Yoe.
Hote & For W f=12 Vol +} e digrial outped co0e well b 0000 0000, Te onechip duodes re bad 10 84Ch anukig InoA [ree BIOCK dagram) wiioh wd forw o
Mdbflmbqwmmommawmvmdwmawvutrwnwvwu.oo-'y Be careti, ooy 1eadng al low Ve bevels (4.5V0
24 NN el anelog ot (SV) can cause s mout dhoc 10 CONOUCT - #30wCiully al shrvaled lempwatr o, and Cause »Ton bor anaiog npds Paar ha-scala The
2ouc ks 53 MV lorward blas of sther dods, Tra maard hal at long 88 T analog Vi S0et 1Ol $1Ceed e WOOY YOUQe by more than S0 mY, The oues
o vl be corect To achveve an wi0hnte 0 Ve 10 § Vg ingat vOila 0 fange wil therelore (eamre & fMeremum sy vovlage of 4,850 Vor over lamguasy
Yaratond, Ivtal 1ok ence and lpacng. '
Note B ACCuncy s guaramiesd sl o x = 640 MRZ Al Mot cloch Feguencies a5CUracy Can dogr ade, For Io— e Glash adguencies, e Guty Cyche vl can
cﬂd"d'dbobﬂqllwmdocﬁhbhwﬂmdumﬂoctb-&nc'nt.w.}hnabt‘ﬂ'\u\??inl, I
Mote & WYN an anynctvonGus ftart puise, W 10 8 GOk perioch mury e Fequir e Delors tha IMemal CloCk phased 09 Broes 10 1L T COMerion process T
1l reguedd i hectaly leiohed, bt Fpure 2 and secton 2.0, .

Kote 7 Tha U5 gt I assumed 10 brack ok the IR 1000e inot and tharsiors Bming i Gepencent on the TR puire madTL AR sty arty wide dees woth = AoX
o SOrTverier In & tesed mOce and the siat of CONvertaon it vt led by e low 10 hgn ¥ wrwton of the W puice (sse Bming dagramsl.

Mote K Nore of thess A/Ds requires & Ter0 adhvrt (see socBon 2.5.1), To obtaln 1er0 code sl 0T el anai0g WOt vORaQes 4ae vacton 2.5 and Fouv §.

Mate hmvmlzﬁwhmmumdlmrmew-dmvccngrm.Ewnnmmhz,huc-oalorm»tcx:mo-uc.)-fv.ua\
rewshd i 10 TOW Wdder VoM trevlarss i P prm of T Iwd #Que’ Tesions, ‘

.
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Typlcal Applications (ontinusd)
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EI-STATE Test Clrcults_and Waveforms . ‘
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Listing programs

WR CTRL_REG EQU 2000H % Inisialisasi prosesor 87CHl &
WR_DATA REG EQU 2001H LCD %
RD CTRL REG EQU 2002H
RD DATA REG EQU 2003H
TIME DELAY EQU 21H
DSP1 EQU 22H
DSP2 EQU 23H
DSP3 EQU 24H
DSP4 EQU 25H
BUFFER EQU 28H
INPUT EQU 29H
PRINT_ COUNTER EQU 30H
ORG 0000H
AJMP MAIN
ORG 100H
MAIN: MOV SP, #70H

ACALL INIT_LCD

MOV A, #00001100B
ACALL CTRL OUT

LOGO: ACALL CLEAR DISPLAY % mencetak header logo %
ACALL PRT TITLEL
ACALL DELAY 55
ACALL CLEAR DISPLAY
ACALL PRT TITLE2
ACALL DELAY 58

i

ACALL CLEAR DISPLAY

MEASURE: ACALL READ Pl % membaca ADC dan
MOV BUFFER, INPUT menampilkan di LCD %
ACALL TOTAL RESULT
ACALL DELAY 2S
SJMP MEASURE

READ Pl: PUSH DPH % membaca pada Port Pl %
PUSH DFL
MOV A, Pl
MOV INPUT, A

CLR C

SUBB A, #3

JNC REAL DISP
MOV INPUT, 40
SJMP EXIT RD P1

REAL DIEP: MOV A, #255
SUBB A, INPUT
MOV INPUT,A



Listing programs
CLR C
SUBB A, #200
JC LOW_DISP

HIGH DISP: SJMP EXIT RD P1

LOW DISP; MOV A, INPUT
MOV B, #6
DIV AB
MOV INPUT, A
EXIT RD Pl: POP DPL
- POP DPH
RET

TOTAL RESULT: PUSH DPH % mencetak hasil
PUSH DPL pengukuran di LCD #%

MOV R7, #0

ACALL LOCATEL
MOV DPTR, $0UTPUT
ACALL OUT CHAR

MOV R7, #0

ACALL, LOCATE2
MOV DPTR, #OUTPUT2
ACALL OUT CHAR

MOV R7, #5
ACALL LOCATEZ
MOV A, DSP3
ACALL DATA OUT

MOV R7, #6
ACALL LOCATEZ2
MOV A, DSP?
ACALL DATA OUT

MOV R7, #7
ACALL LOCATE2
MOV A, DSP1
ACALL DATA_OUT

POP DPL
POP DPH
RET

PRT TITLEL: PUSH DPH % mencetak Header 1 %
PUJSH DPL
MOV R7, #0
ACARLL LOCATE1l
MOV DPTR, #HEADER1
ACALL QUT CHAR
MOV R7,#0
ACALL LOCATEZ
MOV DPTR, #HEADER?2
ACALL OUT CHAR



Listing programs
ACALL DELAY 58
ACALL CLEAR_DISPLAY

MOV R7, #0

ACALL LOCATEL

MOV DPTR, HHEADER3
ACALL OUT CHAR
MOV R7, #0

ACALL LOCATE2
MOV DPTR, #HEADER4
ACALL OUT_CHAR

ACALL DELAY 58
ACALL CLEAR DISPLAY

POP DPL
POP DPH
RET

PRT TITLEZ: PUSH DPH % mencetak header 2 3%
PUSH DPL

MOV R7, #0

ACALL LOCATE1

MOV DPTR, #HEADERS
ACALL OUT CHAR
MOV R7, #0

ACALIL LOCATEZ2
MOV DPTR, #HEADERS
ACALL OUT CHAR

ACALL DELAY 58
ACALL CLEAR DISPLAY

MOV R7, #0

ACALL LOCATE1
MOV DPTR, $#HEADER7
ACALL OUT CHAR
MOV R7, #0

ACALL LOCATE?
MOV DPTR, $HEADERS
ACALL OUT_ CHAR

ACALL DELAY 58
ACALL CLEAR DISPLAY

POP DPL
POP DPH
RET



Listing programs

INIT LCD: PUSH DPH % inisialisasi LCD %

B PUSH DPL
PUSH PSW
PUSH ACC
MOV RO, $0FFH
ACALL DELAY LOOP
MOV A, #00111000B
ACALL CTRL QUT
MOV RO, #50H
ACALL DELAY LQOP
MOV A, #00111000B
ACALL CTRL_OUT
MOV RO, #50H
ACALL DELAY LOOP
MOV B, $001110008B
ACALL CTRL OUT
MOV A, $#00111000B
ACALL CTRL_OUT
MOV A, #00001000B
ACALL CTRL OUT
MOV A, #000000018
ACALL CTRL_QUT
MOV A, $000D00110B
ACALL CTRL OUT

POP ACC
POP PSW
POP DPL
POP DPH
RET
DELAY LOOP: PUSH DPH
PUSH DPL
DEL LOOP: DEC RO
NOP
NOP
NOP
CJNE RO, #0H, DEL LOOP
POP DPL B
POP DPH
RET
CLEAR DISPLAY: PUSH DPH % membersihkan layar %
PUSH DPL

MOV A, #00000001B
ACALL CTRL_OUT
MOV RO, #0FFH
ACALL DELAY LOQP
POP DPL -

POP DPH

RET

DELAY 53: PUSH DPH % delay 5 detik %
PUSH DPL
PUSH ACC
PUSH PSW



Listing programs

DEL1: MOV A, #OFFH
DELZ: MOV B, #OFFH
DJINZ B, 3

DJNZ ACC, DELZ
[JNZ R5,DEL3
POP PSW

POP ACC

POP DPL

POP DPH

RET

DELAY 25: PUSH DPH % delay 2 detik 2
PUSH DPL
PUSH ACC
PUSH PSW
MOV R5, #06H
DEL3: MOV A, #0FFH
DEL4: MOV B, #0FFH
DJNZ B, $
DJNZ ACC,DEL4
DJNZ R5,DEL3
POP PSW
POP ACC
POP DPL
POP DPH
RET

DELAY 1S: PUSH DPH % delay 1 detik %

PUSH DPL

BUSH ACC

PUSH PSW

MOV R5, #03H
DEL5: MOV A, #OFFH
DEL®6: MOV B, #0FFH

DJINZ B, 3

DJNZ ACC,DEL6G

DJNZ R5, DELS

POP PSW

POP ACC

POP DPL

POP DFPH

RET

DELAY: PUSH DPH
PUSH DPL
PUSH ACC
PUSH PSW
MOV R5, TIME DELAY
DEL7T: MOV A, #0FFH
DELB: MOV B, #0FFH
DJNZ B, S
DJNZ ACC,DELS
DJNZ R5,DEL7
POP PSW
POP ACC
POP DPL
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POP DPH

RET

DB 'MICROCONTROLLER
DB ! DRIVEN

DB ' DIGITAL IODIUM
DB TESTER

DB ' DESIGNED BY:
DB ' ANGKA WIJAYA
DB FTE TUNIEA
DB ' WIDYA MANDALA
DB ' IODIUM CONTAIN
DB 7 ppm

END
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Listing programs

% Karakter yang akan
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2.4 instruction Qutline

Table 5 List of instructions

Code
Instruction = Function Execu-
rs | | OBy | DBg) DBl D84 | DB3[ DBy { D84( OBy time
Clears all display and returns cursor to
(1) Display clear ofojajofolofaofelfo] home position {2ddress 0) 1.64ms

Returns cursor to home position. Shifted
{2) Cursor Home o joto e oo |8 0] 1| display returns to home position and DD 1.64 ms
RAM contents do not change.

Sets direction of cursor movement and
W | § | whether display will be shifted when data 40 ps

(3) Entry Mode Set clejojojo}oe ol
) is written or read
. - Turns ON/OFF total display (D) and cursor
a F
{ )D'm!a’; ON/OF o faoajoqyo0le |0 vy bt c |8 J(C), and makes cursor position column start a¢ ps
contro blinking (8)

Moves cursor and shifts display without

{5) Cursor/Display Shift | o Jo Jo o o] v |sc|]at] .|+ |changing DD RAM contents QO ps
. Sets interface data length (DU}
{6) Function Set o tolofolfl oo |} f- aops
Sets CG RAM address to start transmitting
7y CG  RamM Address
7 € o fofo Ace or receiving CG RAM data . 40 ps
Set
{8) DD RAM Address Sets DC? .RAM address to start transmitting
o jo | Aoo or receiving DD RAM data a0 s

Set

’ : Reads BF indicating module in internal
{9} BF/Address Read o | v | er AC operation and AC contents {used for both ops
CG RAM and DD RAM)

Writes data into DD RaM or CG RAM

{10) Data Write to CG .
RAM or DD RAM 1 ]o Write Data ao ps
{(11) bata Read from Reads data from DD RAM or G RAM
CG RAM or DD 1 1 . Read Data . “aus
RAM
+ ¢ Invalid bit VD = 1 : Increment C=1 : Cursar ON R4 = 1 : Right shift
Acg: CG RAM address /0 = 0 : Decrement C=0 : Cursor OFF R/L =0 : Left shift
App : DD RAM address
S=1 : Display shift 5=1 o Blink ON DL =1 : B bits
S =0 : Nodiplay shift 8 =0 : Blink OFF DL =0 : 4 bits
D=1 : Display ON $/C= 1 : Display 8F =1 : Internal operation
D =0 : Display OFF shift in progress
ST =0 1 Cursor BF = 0 ! Instruction can be

movement accepted
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Table 3 Correspondence between character codes and character patterns
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