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Features

* Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

* 128 x 8-Bit Internal RAM

* 32 Programmable /O Lines
* Two 16-Bit Timer/Counters
* Six Interrupt Sources

* Programmabie Serial Channel ’ 8-Bit
* Low Power idle and Power Down Modeas

Microcontroller

Description

The ATB9C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4k | With 4K Bytes
bytes of Flash Programmable and Erasable Read Only Memory (PFEROM). The Fl h

device is manufactured using Atmef's high density nonvofatile memory technology as

and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with AT89C 51

Flash on a manolithic chip, the Atmel ATB9C51 is a poweriul microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations. .
{continued)
. . "
Pin Configurations PDIP
pr.oc]r 7 ao E vce
P11 2 38 |7 P8.0 (ADG) 1
p1.2]3 38 [0 PO.1 (AD1)
P1.3] 4 37 b Po.2 (AD2)
P1.4]s 36 [ P0.3 (AD3)
P1.5] 6 3510 PO.4 (AD4)
P1.6(]7 34 |5 PO.5 (ADS)
P1.70]s 33 ) P06 (ADS)
RST (]9 32 I Po.7 (ADT)
(RXD) P3.0[] 10 31 S ERIVPE
PQFP/TQFP (TXD) P31 11 30 [0 ALE/PROG
seRa (TNTDy p3.2(] 12 28 O
cacn (TRTN) P3.3] 13 28 0 P2.7 (A15)
fxs< (TO) P3.4 ] 14 27 1 P2.6 (A14)
INDEX - - (Y1) P3.5 ] 15 26 0 P25 (A13)
CORNER rorn2,gazsez (WR) P3.6 ] 18 25 | P2.s (A32)
LodlaZ>adan (R p3.7cd 17 28 - P2.3 (A1)
\A N0000000000 xTaL2 O] 18 23fz P2.2 (a10)
Hgt2, 1034885456, 3¢ XTALY ] 19 22 0 P2.1 (A9)
P1.5 1 33 [1P0.4 (AD4) GND [ 20 2t [ P2.0 {A8)
I EER=IF" 32 (1 P0.5 (ADS5)
P17 3 31 O P0.6 (ADE) PLCC
RST (] 4 30 M PO.7 (ADT) o
(RXD) P3O0 5 29 M EA/VPP o-da
NC 6 28 NG 2322
{TXD) P31 7 27 TIALEJPFROG =2z
(TRYD) P3.207 8 26 O PSEN INDEX TmN-D porno,
(TNTT) P3.aJ9 25 B P2.7 (A15) CORNER - “ULioscocs
(Y0) P3.4 3 10 24 [3P2.6 (A14) AN toocoeZ>adcd
(T1) P35 9 11 ZSEPZS(A‘IS) . IESEESREENE! X
12" %14 516" 718" T202 2 TPt FP0.4 (AD4)
TUUOU OO0 OD S P1 F1P0.5 (ADS)
erysggogT R P17 [ PO.6 (ADB)
0o gd NN RST F1PO.7 (ADT)
capgoeranas {RXD) P3.0 D EX/vee
EE 222cy NC Hne
== e e {TXD) P3.1 D ALE/FROG
{TRTT P3.2 D PFSEN
(TRTN £3.3 P27 (A15)
(70} P3.4C]18 0{3P2.6 (A14)
T1} P3.5C]17 2913P2.5 (A13
n 189202 122234255625 (A13)

0265F-A—12/97

(a8) P2.0
(AB) P2.1[
(A10) P2.2
(A11) P2.3
(A12) P2.4
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Block Diagram
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 |/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static fogic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idie Mode
stops the CPU while ailowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0 .

Port 0 is an 8-bit open drain bidirectional I/O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs. :

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. Externa! pullups are required during program verifica-
tion.

Port 1

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

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

Port 2

Port 2 is an 8-bit bidirectiona! IO port with internal puliups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (4, ) because of the internat pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to

- extemal data memory that use 16-bit addresses (MOVX @ -

DPTR). In this application it uses strong internal pullups

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

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

Port 3

Port 3 is an 8-bit bidirectional I/0 port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulied high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled iow will source’
current (1, ) because of the pullups.

Port 3 also serves the functions of various special features

" of the AT89C51 as listed below:

AImEL

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 TNTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P34 TO (timer O external input)

P35 T1 (timer 1 external input}

P36 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

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

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output puise for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normatl operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note; however, that one ALE
pulse is skipped during each access to external Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR iocation 8EH. With the bit set, ALE is active only dur-

ing-a MOVX or MOVC instruction. Otherwise, the pin is

weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

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

4-31
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When the AT89CS51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANpp .

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

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

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip osciilator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
" device from an extemnal clock source, XTALZ should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the intemal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voitage high and low time specifications must be
observed.

Idle Mode

in idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by

It should be noted that when idle is terminated by a hard
ware reset, the device noermally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
r———I——— XTAL2
I
XTAL1
GND

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

= 40 pF t 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

NC ———— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

. N

software. The content of the on-chip RAM and all the spe- GND

cial functions registers remain unchanged during this

mode. The idle mode can be terminated by any enabled =

interrupt or by a hardware reset.

Status of External Pins During idle and Power Down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idile Internal _ 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal Data Data Data Data
Power Down External . o Float Data Data Data

4-32
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Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is

restored to its normal operating level and must be held.

active long enough o allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the fatch initializes to a random
value, and holds that value until reset is activated. itis nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function preperly.

Program Lock Bits Protection Type
LB1 B2 LB3

U U U V) No program lock features.

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

P U Same as mode 2, also verify is disabled.
P P P Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The low voitage program-
ming mode provides a convenient way to program the
AT89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The ATBACS51 is shipped with either the high-voltage or

low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp = 5V
Top-Side Mark AT89C51 ATB9CS1
XXXX Xxxx-5
Yyww yyww
Signature {030H)=1EH (030H)¥1 EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89CS51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Fiash Memory, the entire memory
must be erased using the Chip Erase Mode.

ATmEL

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89C51, take the follow-

ing steps.

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

2. input the appropriate data byte on the data tines.

3. Activate the correct combination of contro! signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mode.

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

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid an all outputs, and
the next cycle may begin. Data Poliing may begin any time
after a write cycle has been initiated.

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

4-33
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Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with ail “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be pulied
to a logic low. The values retumed are as follows.

(030H) = 1EH indicates manufactured by Atme!
{031H) = 51H indicates 89C51

(032H} = FFH indicates 12V programming
(032H)} = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST PSEN ALE/PROG EANpp | P26 | P27 | P36 | P37
Write Code Data H L H/12v L H H H
~_
Read Code Data H L H H L L H H
Write Lock Bit- 1 H L Hi12vV H H H H
~
Bit - 2 H L HM2v H H L L
~_
Bit-3 H L HM2v H L H L
V
Chip Erase H L ™M H2v H L L L
~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG puise.

4-34
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Figure 3. Programming the Flash

Figure 4. Verifying the Flash

AT89C51

+5V
ATBICS1 AT89C51
aoor, 22 A7) py Voo J apor. 29 AT by Vec ——T
QOOOH/OFFFH l PGM OOOOHIOFFFH PGM DATA
e P20 - P23 PO [4—— para s | P20 - P23 PO _'l%siugg)
——»{ P26 ——»] P26
SEE FLASH “»—-——» P2.7 ALE [¢—-— PROG SEE FLASH ——»f P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | — | P36 MODES TABLE | —»| P36 ov
— sl P37 —»{ P37 "
XTAL2 EA {—— VN 4T—~ XTAL2 EA j¢——
3-24 MHz_l_ I 324 MHz | L '
= =r
|
XTAL1 RST [¢— V, XTAL1 RST [¢——— Vy
b GND PSEN 1 _:L_——‘ GND PSEN _1_
Flash Programming and Verification Characteristics
T, = 0°C 10 70°C, Ve = 5.0 £ 10%
Symbol Parameter Min Max Units
Vppl? Programming Enable Voltage: 115 125 \Y;
Ipp(" Programming Enable Current 1.0 mA
1MeLeL Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48t o1
taHAX Address Hold After PROG 48tc oL
toveL Data Setup to PROG Low 48tc oL
toHDX Data Hold After PROG 48te oL
teHsH P2.7 (ENABLE) High to Vpp 48t oL
tsHoL Vpp Setup to PROG Low 10 us
tous V) Vpp Hold After PROG 10 us
taLgH PRAG width 1 110 us
tavay Address to Data Valid 480 oL
teLav ENABLE Low to Data Valid 48ty oy
teroz Data Float Aer ENABLE Y 48tc cL
teHBL PROG High to BUSY tow 1.0 Hs
twe Byte Write Cycle Time 20 ms
Note: 1. Only used in 12-voit programming mode. _
ATMEL s



%’F‘_ tavav

"DATA OUT

ADDRESS

P10 - P17 PROGRAMMING
P2.0 - P2.3 ‘. ADDRESS
PORT 0 " DATA N
{:’ tover  tenpx
taveL (—* * {onax
ALE/PROG )
-~
tsra <~ lagy—*
_—
- 1 Vee _______
S
e teusn
P2.7
(ENABLE)
toHeL —*
P34
(RDY/BSY) b

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

PROGRAMMING : VERIFICATION
E;'g . E;:g L ADDRESS —% ADDRESS
o tavav
| D
PORT 0 DATA IN — . DATA OUT
> t[N'GL tGHDX:“_"; ( :
taveL [ % tonax
ALE/PROG
tswa M'——tGLGH—’
== _ LOGIC 1
EANVp . emmmmmmmmmede__._loOGIC O __ T
—t ! ; 1
P2.7 / = v — = T e
(ENABLE) / | ‘
toneL — [‘* ‘
P34 i
{RDY/BSY) R BUSY READY
twe
436 AT89C51
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Absolute Maximum Ratings*

Operating Temperature ............o.ooooooeveeeeenn. -55°C to +125°C *NOTICE:
Storage Temperature .............cocceeveeeeeceenn.n. -85°C to +150°C

Voltage on Any Pin

with Respect to Ground .............ccoeeuvcvrveeneoe., -1.0Vto +7.0v

Maximum Operating Voltage................ SRR - X .Y/

DC Output Current..........oo.oovooooeeeeeaneeeeeeen 15.0 mA

DC Characteristics

Ta =-40°C to 85°C, Ve = 5.0V + 20% (unless otherwise noted)

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

Symbol Parameter Condition Min " Max Units
Vi Input Low Voltage (Except EA) 0.5 0.2 Vge- 0.1 v
Vi Input Low Voltage (EA) -0.5 0.2 Vgp- 03 v
Vi Input High Voltage {Except XTAL1, RST) 0.2Vee+0.9 Voo + 05 Y
Vi 7| input High Voltage (XTAL1, RST) 0.7 Veg Vee+ 0.5 v
Vor Output Low Vottaget") (Ports 1,2,3) oL =1.6 mA 0.45 v
Voi1 Output Low Voltage(") oL =32 mA 0.45 v
{Port 0, ALE, PSEN)
Vo Output High Vottage lon = -60 A, Voo = 5V £ 10% 24 v
{Ports 1,2,3, ALE, PSEN) o = 25 A 075 Var v
low =-10 pA 0.9 Voo v
Vort Output High Voltage lox =800 pA, Ve =5V + 10% 2.4 v
(Port 0 in External Bus Mode) lop = -300 pA 0.75 Ve v
lon = -B0 pA 0.8 Ve v
W ' Logical O Input Current {Ports 1,2.3) | Vi = 0.45V -50 HA
I Logical 1 to 0 Transition Current Vin=2V,VCC =5V £ 10% -650 HA
{Ports 1,2,3)
I input Leakage Current (Port 0, EA) 0.45 < Vjy < Ve +10 © pA
RRST Reset Pulldown Resistor 50 300 KQ
Cin Pin Capacitance Test Freq. = 1 MHz, T5 = 25°C 10 pF
lce Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Power Down Mode® Vgc =6V 100 pA
Voo =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum lg_ per port pin: 10 mA

Maximum g per 8-bit port:  Port 0: 26 mA

Ports 1, 2, 3: 15 mA
Maximum total i for all output pins: 71 mA
If ln exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power Down is 2V.

AIMEL
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF)

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
Moo Ostcillator Frequency 0 24 MHz
teHLL ALE Pulse Width 127 2oy o 40 ns
tavie Address Valid to ALE Low 43 toLc-13 ns
tLiax Address Hold After ALE Low 48 " teLer-20 ns
tv ALE Low to Valid Instruction In - 233 ) 4tc o -65 ns
tLLPL ALE Low to PSEN Low 43 tooL-13 ns
toLPH PSEN Puise Width 205 3te o L-20 ns
teuy PSEN Low to Vaiid Instruction In 145 3to o145 rs
toxix input Instruction Hold After PSEN 0 0 ns
tpxiz input Instruction Float After PSEN 59 toLe-10 ns
texay PSEN to Address Valid 75 e ns
taviy Address to Valid Instruction In ' 312 Ste o -55 ns
tpLaz PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 BtoLcL-100 ns
twiwH WR Pulse Width 400 6lc c1-100 ns
trLov RD Low to Valid Data In 252 Ste o -90 ns
trRHDX Data Hold After RD e 0 ns
trRHDZ Data Fioat After RD 97 1 2tgo-28 ns
tLiov ALE Low to Valid Data in 517 8tcLo-150 ns
tavov Address to Valid Data In 585 SteLoL-165 ns
twL ALE Low to RD or WR Low 200 300 3te o -50 3teLo 50 ns
tavwi Address to RD or WR Low 203 Ato o 75 ns
tavwx Data Valid to WR Transition 23 teLel-20 ns
tavwH Data Valid to WR High 433 Ttere-120 ns
twHax Data Hold After WR 33 _ teLoL 20 ns
trLAZ RD Low to Address Float 0 0 ns
tWHLH RD or WR High to ALE High 43 123 toroL-20 toLoL25 ns

438 | AT89C51 “
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External Program Memory Read Cycle

L T Thn
ALE i \
) e * ey
taL e Lov
PSEN ) touv N
| [—tp a7
t - texiz
toxax —
PORT 0 AQ - A7 ————+ INSTRIN_} > > ro-A7 <
* taviv —®
PORT 2 AB - A15 A8 - A15

External Data Memory Read Cycle

. tLHLL_‘T
ALE /F AN JC——\__J
—* twhen

PSEN e — S

tRLD\/ 1:RHDZ

t !
RLAZ ! trupx
PORT 0 A0 - A7 FROM RI OR DPLX < DATA INJIOXAD - A7 FROM PCLO—~INSTR IN

PORT 2 P20 - P27 OR A8 - A15 FROM DPH > A8 - A15 FROM PCH
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External Data Memory Write Cycle

tLHLL'_"_"
ALE L t /
: - bwrin
PSEN /
[e—— t|_|_|N|._ ‘_"—tWLWH —
WR e—t) ax —
H"“‘tA\n_L—' tavwx le— —» e twnax
- tQ\/’WM —>
PORT 0 _ >KAO - A7 FROM RI OR DPL DATA ouT X >XAG - A7 FROM PCL>—INSTR IN
e tawa. ——™
PORT 2 >< P20 - P27 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH
External Clock Drive Waveforms
!‘7 ~ tenex
taen — [ — toneL
1/——4-_-
™ { l .
\ i ™ .
- — -
0.45V A S
M toex —*
. terer —>
External Clock Drive
Symbol Paramaeter Min Max Units
Mo oL Oscillator Frequency 0 24 MHz
teLeL Clock Period 41.6 ns
tehex High Time 15 ns
tCLCX Low Time 15 ns
teicH Rise Time 20 ns
tCHCL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Veg = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

txixe Serial Port Clock Cycle Time 1.0 12t o0 us

tavxH Output Data Setup to Clock Rising Edge 700 10tey 0 -133 ns

txHox .| Output Data Hold After Clock Rising Edge 50 2to o117 ns

txHpx Input Data Hold After Clock Rising Edge 0 0 ns

txHOV Clock Rising Edge to Input Data Valid 700 10tp -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION
ALE

CLOCK

WRITE TO SBUF,

OUTPUT DATA
. CLEi\R RI

INPUT DATA

AC Testing Input/Output Waveforms(")  Float Waveforms("

Vee- 0.5V p— )
e N A <. Vioas® OV VoL OV
. TEST PONTS < Vioa Timing Reference
SN N Points Ve
N 02 Vg - 0V L Viow V. v eow
0.45V 7 e ee T T T —_— LOAD oL

Note: 1. AC Inputs during testing are driven at Voc - 0.5V for  Note: 1. Fortiming purposes, a port pin is no longer floating

a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V|5 min. for a logic 1 and Vy_ port pin begins to float when 100 mV change from
max. for a logic 0. ‘ the loaded VoV level occurs.
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Ordering Information

Speed Power
{MHz) Supply Ordering Code Package Operation Range
12 5V £ 20% AT89C51-12AC 44A Commercial
ATB9C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
ATBICH51-12A1 44A Industrial
ATBICS51-1201 444 {(-40°C to 85°C)
ATB89C51-12Pi 40P86
AT89C51-12Qi 44Q
ATB9CS51-12AA 44A Automotive
AT89C51-12JA 44 {-40°C to 105°C)
ATB9C51-12PA 40P6
AT89C51-120A 44Q
16 5V +20% ATB9C51-16AC 44A Commercial
: AT89C51-16JC 44 (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
ATBIC51-16Al 44A ' Industrial
AT89C51-16J1 44) (-40°C to 85°C)
AT89C51-16P! 40P8
AT89C51-16Q4 44Q
AT89C51-16AA 44A Automotive
ATBIC51-16JA 44J (-40°C to 105°C)
ATBIC51-16PA 40P6
AT89C51-16QA 44Q
20 5V £ 20% AT88CE1-20AC 44A Commerciat
AT89C51-20JC 44J (0°C to 70°C)
ATBIC51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-200 440 {-40°C to 85°C)
AT89C51-20P1 40P6
AT89C51-20Q 44Q

442 AT89C51 —
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Ordering Information

Speed Power
{MHz) Supply Ordering Code Package Operation Range
24 5V + 20% ATBIC51-24AC 44A Commercial
AT89C51-24JC 44 (0°C to 70°C)
ATBOCS51-24PC 44P6
AT89C51-24QC 44Q
ATB89C51-24Al 44A Industrial
ATBOCS1-241 44J {-40°C to B5°C)
ATBYCS51-24PI 44P6
AT89C51-24Ql 44Q
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44 Lead, Piastic J-L.eaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Infine Package (PDIP}
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL



General Description

The LM124 serias consists of four indepandent, high gain,
intemally frequency compensated operational ampifiers
which were designed specifically to operate from a single
power supply over a wide range of voitages. Operation from
spiit power supplies is also possible and the low power sup-
ply cument drain is independent of the magnitude of the
power supply voltage.

blocks and all the conventional op amp circuits which now
can be more easily impiemanted in single power supply sys-
termns. For example, the LM124 series can be directly operat-
ed off of the standard +5V power supply voltage which is
used in digital systems and will easity provide the required
interface elactronics without requiring the additional + 15V
power supplies.

Unique Characteristics

W 'n the linear mode the input common-mode voitage
range includes ground and the output vottage can also
swing to ground, even though operated from only a sin-
gle power supply voltage

= The unity gain cross frequency is temperature
compensated

w The input bias cumrent is also temperature
compensated

ﬂNational' Semiconductor

LM124/LM224/LM324/LM2902
Low Power Quad Operational Amplifiers

December 1994

Advantages

m Eliminates need for dual supplies

m Four intemally compensated op amps in a single
package

m Allows directly sensing near GND and Voyr also goes
to GND

= Compatible with all forms of logic

® Power drain suitabls for battery operation

Features :
m Internafly frequency compensated for unity gain

| Large DC voltage gain 100 dB
B Wide bandwidth (unily gain) 1 MHz
{temperature compensated)
u Wide power supply range:
Single supply 3V to 32v
or dual supplies +1.6vio +16V

W Very low supply curent drain (700 pA)—essentially in-
dependent of supply voitage

® Low input biasing cument 45 nA
{temperature compensated)

H Low input offset voitage 2mv
and offset curment 5nA

B Input common-mode voitage range includes ground
= Differential input vottage range equal to the power sup-
ply voitage

| Large output voltage swing ovVio VY —~ 156V

Connection Diagram

Duak-in-Line Package
QUTPUT & ANPUT 4™ IMPuUT4® KNG MIPUTY' iNPIT X QUIFUTY
1" 13 12 " 1 ] ]
1 |a 3 . ] . i
QUTPNT1 JeeuT i~ WeuTi® vt W2 eNTZ QUIPUT2

TL/H/9299~1

Top View

Order Number LM124J, LM124AJ, LM 124J/883°°,
LM124AJ/883", LM224J, LM224A, LM324J, LM324M,
LM324AM, LM2902M, LM224N, LM324AN or LM29C2N

See NS Package Number J14A, M14A or N14A

*LM124A availghie per JM38510/11006
**LM124 availeble por WM3IB510/11005

ouT 4
[LFE

A+

[LRE)

"3
ours

TL/H/9299-22
Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A
oUTRUT 1 - [ ':‘:"_"wau
wret - 1 0 T 4
WRT1¢ Iﬁ b NPUT 4+
v wnzew F—cx
P : -
MEYT 2 :‘ '::I INPUT 3~
ouTeu 2 :’ t] DUTMT 3
TL/H/9299-33
Order Number LMt24AW/883 or LM124W/883
See NS Packags Number W148

©1995 Nationsl Semiconductor Corporstion. TL/H/ 6299

AAD-BI0OM115/Primedin . 5. A
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Typical Performance Characteristics
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Typical Performance Characteristics m2902 only)

Input Current

//TA =425°C

Iy=INPUT CURRENT (ndpe)
3

] 10 20 L]
vH=- SUPPLY YOLTAGE (Vpo)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voitage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of O Vpc. These amplifiers operate over a wide
range of power supply voltage with lithe change in perform-
ance characteristics. At 25°C amgplifier operation is possible
down to a minimum supply voitage of 2.3 Vpc.

The pinouts of the package have been designed to smplify
PC board layouts. Inverting inputs are adiacent to outputs
for all of the amplifiers and the outputs have aiso been
placed at the comers of the package (pins 1, 7, 8, and 14},
Pracautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertantly installed backwards in a
test socket as an unlimited current surge theough the resuit-
ing forward diode within the IC could cause fusing of the
internal conductors and resutt in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large differ-
ential input voltages. The differential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than —0.3 Vpc (at 25°C). An input clamp
diode with a rasistor to the IC input terminal can be used
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
to class B in a large signal mode. This allows the amplifiers
to both source ard sink large output cuments. Therefore
both NPN and PNP extemnal curment boost transistors can
be used to extend the powor capability of the basic amplifi-
ers. The output voitage needs to raise approximately 1 di
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias curent and pravent crossover distortion.

Voitage Gain
160 .
g R =20k
Z | R =20k0__ |
g =
=
s
g «
-
0
0 10 2 L

¥*= SUPPLY YOLTAGE (Vp)
TL/H/9299-4

Where the icad i directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied diractly to the output of
the ampiifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case nonHin-
verting unity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance
must be driven by the armplifier.

The bias natwork of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vpg to 30 Vpe.

Output short circuits either to ground or ¥ the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit cumrent causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due n exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the totat IC
power dissipation 10 destructive levels, if not propery pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is availabla at 25°C provides a
larger output current capability at elevated temperatures
(sae typical performance characteristics) than a standand IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voitage.
i compiementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V ¥ /2) will
aliow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
rangs which includes ground. In most cases, input biasing is
not required and input voltages which range to ground ¢an
easily be accommodated.




Typical Single-Supply Applications v+ = sovpg

Non-inverting DC Gain (OV input = 0V Output)

DC Summing Amplifier

(Vin's 2 0Vpo and Vg >

¥,

¥Yoc)

o —— — —— — —
@
5
=
=
°
i R2
GAIN= 1+ il
= 108 {AS SHOWN)
L Vysy imV}
TL/H/9298-5
Pawer Amplifier

R?
0k

e

174 LI12%A

Wy

“

TUHIN299 -8

Where: Vo = Vy + Vg — Va — V4
V1 + Vo) 2 (Vg + V) lokeep Vo > O Vpc

LED Driver

Az
"
Yeu QAN

Yo = 0VYpciorViy = 0Voe
Ay =10 =
TL/H/9299 -7

“BI-QUAD" RC Active Bandpass Fiiter

R1
10

AAA

VY

c1
330 pf

I

YV

+

fo = 1 KHZ
Q=5

AAA —C) Vo

L,

Ay = 100 (40 d8)

+
L] e

100y 18F

|]!—M$\:-<I

TL/H/9299-8




Typical Single-Supply Applications v+ - 5.0vug (Continued

Fixed Current Sources
“+

= 2 (nz) h

TL/H/8299-11

TL/H/9298-10

TL/H/ 929913

Yo
RS
AT
4
vpsvh —2v
“{ncrease Rt for i small}

Voltage Follower

D ¥a
¥y O Vo = Vin

TL/H/8299-14

TL/H/9289-12

TL/H/9208..15




Typical Single-Supply Appilications v+ = 50 v Contimed)

Squarewave Osciliator Pulse Generator
o - s
[4 AAA

vy

0.801.F

TL/H/9295-16

TL/H/8209-17

High Compliance Current Sink Low Drift Peak Detector
|

Wi | l'o

O Vo
————
Zaur
Wi O
Re - (POLYCARBOWATE OR
1

POLYETHYLENRE) =

io = 1 amp/voit Vi - W AT 0B mA
(ncrease R for | smail) TL/K/3299-16

HIGH 21y i ] PLYT T
LOW Zour
AUX ANP
R INPUT CURRENT
[ COMPERSATION
TL/H/8299-19
Comparator with Hysteresis Ground Referencing a Differential Input Signal
|

! A1

TL/H/9298-20

l TL/H/9299-21




Typical Single-Supply Applications v+ = 5.0vpo) (Continued)
Voltage Controlied Oscillator Circuit
0.05:F

e Jur

O OUTPUT §

GuTPUT 2
I A A A o
TL/H/9298-22
“Wikie control vollage range:. O ¥po < Vo < 2 (VY —15Vpg
Photo Voltaic-Cell Amplifier
. R,
™
lepLL l
O Vo
{CELL HAS OV
ACROSS IT)
= = TLAH/9293-23

AC Coupled Inverting Amplifier
nl

TL/H/9299-24

10




Typical Single-Supply Applications v+ = 5.0 v (Continved)

AC Coupled Non-Inverting Ampiifier
3] R2
00k i

High Input Z, DC Differential Ampiifier

1/ LM124A

+Vz Qe

R1

Forﬁ = %(mm depands on this ressior raio mateh)

R4
Vo =14 wem -V
o mNz 1)

As shown: Vo = (V3 — V)

TL/H/9298-25

TL/H/9299~26

Vo

TL/H/9299-27

11




Typical Single-Supply Applications (v* = 5.0 v (Continued)

High input Z Adjustable-Gain
DC Instrumentation Ampiifier

f1
100k

¥,

+¥y

KR1 = RS & R3 = R4 = RS = A7 (CMAR depands on match) TL/H/9299-28
2R
=t 4=y — V
Vo=1+ Rz vy 1}

s shown Vg = 101 {¥7 — ¥y)

Using Symmetrical Ampiifiers to
Reduce input Curvent (General Concept)

14 LMINA Vo

Ford << 1andRy >>.R

o< (83
0™ VYREF |5 | &
N AT 50 sA - 2/ R
TL/H/S299-30
+
g
l 14 LM2eA
AUX AMP
[
INPUT CURRENT
1.5m COMPENSATION

TL/H/8209-28

12




Typical Single-Supply Applications v* = 5.0 vgg) (Continued)

Bandpass Active Filter

l fo = 1 kHz

- - Q~25

TL/H/9209-31

13




Physical Dimensions inches (miimeters)

0.208 10.905
(5.088£0.127)
b
450 DO1340.0m
' i /_ x (5.3 20.254)
4.350 +9. 008 LS
u.m_‘um_‘{ s Ay A -
r‘ ' > e Roed v NS e
— A s
p -
0522 -9.078
‘ L/—ﬂ—ﬁi—ﬂ-"'l
0.877-0.093 _ _'. e
(1.95% — zmp ' 1
) = -1
4 e \sn
DETAIL A /‘om 008 _|

4aq
A aps_rem

©on m"“"‘*i Ta-1.%n
Top View Side View w
a5 034830009
(10161 0.254)
. Incs
Bottom View
8018
v m WAX TYP
.82
" {8.152)
MAX TV ‘F‘_—“‘ )
Detsit &
E20A (AEV M
Leadiess Chip Carrier Package
Order Number LM124AE/883 or LM124E/883
NS Package Number E20A
0025
{0.635)
RAD Lz ae
(5588-1474)
0239320 0.5 200
(1365-8.128} [ AL4)] GLASS 1564 +8.908 {s.088}
SEALANT T ] MAX 5 g78-4.050
1 ] 05881524}
¥
{
63190010
(78741041} 004 I ;:;: ::;,’;l’ 01269200
L) [ B.175-5.810)
MAX SUTH ENDS 0100 4318 s
(2.540 +8.254) Ban
(1] 1A PEV G

Ceramic Dual-in-Line Package (J)
Order Number LM124J, LM124AJ, LM124AJ/883, LM124J/883, LM224J, LM224AJ or LM324J
NS Package Number J14A
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Physical Dimensions inches (mitimeters) (Contined)

FAAAANAAG

)
S TSI—E.1)
|

wemi i g

F ]
8.010 yay
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L10-0357
B F )
Y 0.053 - 4.089
Eﬂﬁ% xas—p] s
i o0 -0.00
‘ AL LEADS . — -5
L I 1 ‘ s P S ;4 = 8 == ===
] ¥ rae T F f
0.088—4.010 JLILLL 0.054—$.020
0.203-5.550) ol | 0.015 —0.850 a3 - 0% 0 sea) "
[} 10806 — 17709 v L1
e TYP KL LEAS i Y TR
ALL LEAD TS : MU FY
S.0. Package (M)
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Mmcided Duakin-Line Package (N)
Order Number LM324N, LM324AN or LM2902N
NS Package Number N14A




LM124/LM224/1.M324/LM2902

Low Power Quad Operational Amplifiers

Physical Dimensions inches (millimeters) (Continued)

0.080
™ 0.050 f— 0.585 MAX —»}
g‘g;:-ﬁ' - 0.050 £0.005 = -—I le— 0,005 MIN TYP
) had
P L .
! I 0.370
it 9.250
]
H 0.280 MAX D 0.260
1 GLASS 0.235
l I 6.012
1 _/ — 0.008
DETAIL A
DETAIL A 0.570
0.250
PIN #¢
IDENT y |
D004 Soramve -+l e 0.045 uAx wren (v 9
e e
Ceramic Flatpak Package
Order Number LM124AW /883 or LM124W /883
NS Package Number W14B
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.

systams which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expactad to result in a significant injury
to the user.

A criical component is any component of a life
support device of system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effactiveness.
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L M35/LM35A/LM35C/LM35CA/LM3S5D

National Semiconductor

LM35/LM35A/LM35C/LM35CA/LM35D
Precision Centigrade Temperature Sensors

General Description

The LM35 senes are precision inlegrated-Gircuit tempera-
ture sensors, whose output voltage is lingarly proportional 10
tha Celsius (Centgrade) temperaiure. The L M35 thus has
an advamage over kneac temgeralurn sonsors calibraled in
Kolvin, as the usor i not toquirod 1o suhtract a largo con-
stant voltage from rs output to ottain convoment Canti-
grade scaiing, The L1435 does not requite any external cali-
bration or trimming to provide typical accuracias of 1 %°C
at room temparature and = %,°C overafull —5510 + 150°C
temperature runge. Low cos! is assurcd by imming and
calibratior at tee wafer level. The LM35's jow output imped-
ance, linear outpul, and precise inhesont calibration make
interfacing to readout or contral circuity espocially easy. It
can be used with single power supplies, or with pius and
minus supplies. As it draws only 60 pA tromits supply, it hac
very low self-haating. less than 0.1'C i st air. The LM15is
rated 10 operate over a4 --53" 10 % 150°C tempariture
range, while the LM35C is rated for a -40" to +130°C
range {— 10" with improved accuracy). The LM35 senes is

avaiiable packaged in hermetic TO-46 transistor packages,
while the LM35C, LM3SCA, and LM35D are also available in
the plastc TO-92 transisior package. Tha LM350 is alsg
availablo in an B.lead surlaco mouni small culiino r.ackage
and a plasuc TO-202 packago

Features

Calibrated directly in * Celsius (Cantigrade)
Linear + 10.0 mV/~C scale facter

0.5°C accuracy guaranteeabie (at +25°C)
Rated for full —55° to +150°C range
Suitable lor remole applications

Low Cost due 1o waler-level trimming
Opeorates from 4 1o 30 volts

tess than 60 A curret drain

Louw soff-heating, 0.08°C in still air
Nentinearity only 2 44°C typical

Low impadance output, 0.1 1 for 1 MA load

Connection Diagrams

TO-46 T0-92 50-8
Metal Can Package® Plastic ®ackage Small Qutline Molded Package
+¥¢ oyt CND Vou:- 1 A 8 P‘-‘Vs
KC. =2 Th-HC.
HC 13 8p—HL.
: BOTTOM VIEW GND —{ 4 St NC.
MITTON VEw TUMIB816-2
TLiArS8I6- TLIHISS 82"
“Casg is connectes 10 nepatve oin (GNT) Order Number LM3SCZ, Top View
) LM35CAZ or LM35CZ N.C. = No Connoclian

Order Number LM35H, LM3SAH,
LM35CH, LIA3SCAH or LM3SDH
See NS Package Number HO3H

TO-202
Plastic Paskage
¥
O {4v 10 20v)
LM3s
1w
1500 1

GKD

| SRRy ————

4\‘:
Your
TLIHISS16-24
Order Number LM350P
See NS Package Number PO3A

et
™ 0 my + 100w/

FIGURE 1, Baslc Centigrade
’ Temperature
Sensor{+2Cte +150C)

See NS Package Number ZO3A

Order Number LM35DM
See NS Package Number MOBA

Typical Applications

Yout

_.:E L3l

-V
TL/H/S8Y6 -
s 3 TLIMISSTE-4

Cncose Ry = =Vg/50 uA

Yoyt = + 1,500 mV al +150°C
~ 250 mV al +25°C
- -550 mv st ~59°C
FIGURE 2. Fuli-Range Centigrade
Temperature Sensor |
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T
| Absolute Maximum Ratings (Note 10)

-~y Military/Aerospace spacifled devices are required,
se centact the National Semiconductor Sales

b

SO Package {Note 12):

! Vapor Phasa (60 seconds) 215C
: tri
o'l‘ﬂctlsio?‘a butors for availability and lp:;lsic:atlor:;. Infrared (15 seconds) 220G
Sl vonagz o :° 1'55 ESD Suscaptibility (Nota 11) 2500V
B "O»W 9 T o~ Spacified Overating Temperature Range: Tiyy 10 TMAX
Output Current 10 mA {Note 2) :
T . TO-46 P, . - . .
Serase T TO 92 P:c:agz zg‘(:: :D : :20‘2 LM35, LM35A -55'C 1o +150°C
cage. 01T LM35C, LM3I5CA -arClo + 110°C
SO-8 Peckage, -65°Cto +150°C LM35D CClo +100°C
TO-202 Package, -85Cto +150°C
Leac Temp.: . .
TO-46 Package, (Soldaring. 10 saconds) 300°C
TO-92 Package, (Soldering, 10 saconds) 260*C
T0-202 Package, (Soldeiing, 10 seconds} +230°C
« Electrical Characteristics ote 1) (ot 6)
} Sl
LM3SA _ LM35CA
. Tested Design Tested Oesign | ™ Units
;- Parameter Conditlons Typieal [ Umit | Umit | Typical | Umit | Uit | (Max)
! {Note 4) | (Note 5) {Hole d) | (Note 5)
5 Mowezy Ta= +25°C £0.2 05 0.2 0.5 ‘C
e ) Ta=--10'C £0.3 0.3 =19 C
. Ta=Vmax +0.4 *1.0 =04 1.0 C
: Ta=Tmn =04 0 04 =15 ‘C
C Nenvinzarny Taanz-TasTrax 0,18 +0.35 z0.15 0.3 *C
L Note &
- Seasor Gain TiNETas Thax +10.0 +9.9, +10.0 - 9.9, mv/*C
i {teer2ze Shope) + 30,1 -10.14
¥ Loae Fgutation Ta=+025C 20.4 1.0 =04 1.0 mV/mA
fdNoe 0 <1 mA TN S Ta % Taax =0.5 +3.0 0.5 £3.0 | mV/mA
! Lire Regutation Ta= +25°C 007 | 2005 2001 | 0.0 mvsy
N8 3 4V Vg <30V =0.02 *0.1 =0.02 *0.1 mv/v
3 “wesesnt Current Vg=+5Y, +25'C [ 67 56 67 pA
£ Motz g Vg—= +5V 105 131 91 i14 pA
: Vg = + 30V +25°C 56.2 68 56.2 68 HA
Vg = +30v 105.5 133 1.5 146 pA
' Gangzof 4V<Vg<30V, +25°C 02 1.0 0z 1.0 pA
i Qdescent Current 4VEV55I0V 0.5 2.0 0.5 20 kA
&b
~—
| Temperature +0.39 +0.5 | +0.39 +0.8 | pArc
+ Sezticiant of
Ciescent Current
" ¥rimue Temperature |t circuit of +15 +20 +15 +20 C
o Rated Accuracy Figure 1,1 =0
" Lng Term Staility T) = Taax. for £0.08 £0.08 C
1000 hours H

-

)
§;

Notn 1 L ruiis otharwise noted, those specihcalions apply: — $5°C ZT,% + 150°C Lor the LMIS and LMISA; — 40 £ T2 + 110°C for the LMISC and LMISCA; and
?‘741 = 10XC 1 the LM3SD. Vg = + 5Vde and loan =50 pA, in the crcun of Figure Z. Thesa specricatons aiso apply Irom + 2°C 1© Ty x i the circuit of
T 1. Soechicaons n boldiace appiy ovar tha 10l 7alad temparature range
Vot 2 "o Tesslance of lho TQ-49 package is 4307C/W. junction to amimont, and 24°C/W iuncuon (o case. Therma’ resistance o *e TO.97 packig- is
VoL Ancuon te ambiont. Thermal 1nsislanca of 1ha small outlna makiad packayn iy 220°C/w JUrCton to Bnbeont. Thermal resstance =t ™o TO-202 paca.qa
1 $ETrw ncton 1o ambient. For additional thermal rossiance »lormaton sée tabie in the Applications secton.
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LM35/LM35A/LM35C/LM35CA/LLM35D

— ]
Electrical Characteristics vots 1} (Note ) (Continuod) -
M35 LM35C, LM35D [
: [_ Tested Design "Tested Dnlg?
1
Parameter Conditions Typlcal | Limit Umit | Typical | Limit Limit (%u., \
{Note 4) | (Nole 5) (Note 4) | (Noje 5) 1
Aceuracy, Ta= +25°C 10.4 $1.0 104 £1.0 o
LM35, LM3sC Ta=-100C 205 105 115 -
(Note 7) Ta=Tmax 0.8 11.5 $08 15 ©
Ta=Twin 0.8 *1.5 +0.8 20 Lo
Accuracy, Ta=+250 0.6 t15 c
M350 Ta=Thax 109 +20 <
{Note Ta=Twmin +0.9 20 <
Nonlinearity TMINSTAS Tiuax £0.3 0.5 10.2 0.5 <
{Note B)
.
Sensor Gain TMiNSTaS Tiuax +10.0 +9.8, +10.0 +9.8, mvre
{Average Slope) +10.2 +10.2 :
Load Regulation Ta=+25C $0.4 120 0.4 2.0 mVima
{(Nole 3} 0<l <1 mA TiiN S Ta < Tiax *0.3 285.0 10.5 5.0 mV/ies
Line Regulation Ta= +25C +0.01 0.1 $0.01 0.1 mv iy
(Note 3) 4V <Vg 530V +0.02 *0.2 +0,02 +0.2 mvry
Quiescent Cutrant Vg= +5V, +25C 56 80 56 a0 A
(Ncte 9) Vg= +5vV 108§ 158 %1 138 pA
Vg = + 30V, +25'C 56.2 82 56.2 82 pA
Vg= + 30V { 105.5 161 921.5 141 uA
Change of avevssaoy, +25C | oz 20 0.2 20 pA
Quigscent Current 4V Vg 30V 0.5 3.0 0.5 3.0 A
{Nota 3}
Tomporaiure +0.99 +0.7 +0.39 +0.7 pASC
Coalticiont of '
Quiescent Current
Minimum Temperature | incircuit of +15 +2.0 +1.5 +20 ‘c
o+ Rated Accuracy Figurs i1, =0
Long Term Stability Ty=Tiayx, for +0.08 £0.08 €
106G hours

Nols 3: Aagulation o measwed at Corstant unclon Wnpersture, usng
computed by muitiphying the ktemal dissipatior. by 1ha thermal resistance.
Note 4: Tested Limns are guaranieed and 100% 1es1ed in production.

calcuiate QUIQoNg o ally keve's.
Hote 6 Specificabons in boldtace app'y over thy 1ull rated 1eMparsture anga.

and lemparature {erprassad in *C).

range.
Note 8 Ouiescent curent s ~efted in e Circut of Figure 1,

©Oparsling the devics beyond its rated operating conditions, Ses Note 1. -
Hote 11; Human body maded, 100 pF d«ichuqod tiwough & 1.5 kN resislor.

Note 12: See AN-450 “Surtare Mountng Methods and Their Ettect on Product Retabdmy or the section
Semiconducior Linesr Datg Book for othar meihods of $0igening surlace mount devices.

pduhllnf\qwﬂhlbwdulythchlhoﬂmwducloh-ulingsﬂmsmh
Nafe §5: Omsign Uinwis €16 guaranteed fbut nal 100% production 1esied) over the indicated tempecatve and supply voltage 1anges, These Lmils are not tsed ©

Naote 7: Accuracy ' dafinad as the error Lahveen the Ot vollage and 10mv/ G times the 0Ivice's Case teniparalurs, 3l 1pecified conditions of vollags, cumrent, 3

Nota §: Nonlinaarity o defried as the deviaion Of 1he Outpul-vOlage-vers-1tMparature curve rom the best.fit SUEight hne. Over the device's rzled termpansesn

Note 10: Absolute Maxdimumn Fatings indicale kmits beyond which damage 10 the device may occwr. DC and AC #locirical pecifications do nol W‘_"jj

‘itled ““Surtace Mounl™ found in & curent haor® |8

-~
e
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Thermal Resistance
Junelion to Alr

‘ Typical Performance Characteristics

Therraal Response
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LM35/LM35A/LM35C/LM35CA/LM35D

Applications

The LMA35 can pe applied easily in the same way as other-

integrated-circiit temperatute sensors. It can be glued or

cemented 10 a surface and its lemperalure will be within
about 0.01'C of the surface lemperature.

This presumes that the ambient air temperature is aimost
the same as the surtace temperature; if the ai* temperature
ware much higher or Jowar than the surlface temparalure,
the actual temperaluie of the LM35 die would ba at aninter-
mediate temperature between the surface temperature and
the air temperature. This is expecially true for the T0-92
plastic package, where the copper leads are the prncipal

thermal path to carry heal into the device, so its tempera. -

ture might be cioser to the air temperature than to the sur-
face lemparatire.

To minimize this problem, be sure that the wiring o the
LM35, as it leaves the device, is hald al Iha same tempera-
\ure as the surace of interest. The easiast wav lo do this is
to covar up these wires with a bead of epoxy which wil
insure tha! the leads and wires are all at the same tempera-
ture as the sunace, and that the LM35 die’s termperature will
not be atfected by the air temperature.

T

The TO-456 metal package can also be soldered to a maia)
surface of pipe without damage. Of course, in that case e
Vv — lerminal of tha circuit will be grounded 1o that metal
Alternatively, the LMJ5 can be mounted inside a sealad-erg
metal tube, and can then be dippad into a bath or scrawey
into a threaded hd'e in a 1ark. As with any IC, the LM35 ang
accompanying wiring and circuils mus! be kept insulatey
and dry, lo avoid leakage and corrosion. This is espacialy
true i the circuit may operale at cold temperatures where
condensation can occur. Prinled-cvcuit coalings and vay.
nishes such as Humiseal and epoxy paints or dips are ohen
used lo insure that moistura cannot corrode the LM35 or iy
connections.

These devices are somalimes soldered 10 a small Rgh-
waight heat fin, 10 decrease the tharmai time constant ang
speed up the response in slowly-moving air. On the other
hana, a small thermal mass may be added 10 the sensor, 1o
give tha steadies! reading despite small daviations in the ar
temperature.

Temperature Rise of LM35 Due To Seif-heating (Thermal Resistance)

TO-4E, TO-46, TO-92. Tt Y082, 50-8 sO-8 TO-202 TO-202 4
na heal mink  small heat fin*  no hest tink  small haat fn**  no heat sink smalt heat fin** no heat sink small heat fn
Still air 400° T/ 100°Crw 180°CrwW 14C°CW 2200 CIw 10 Ciw 85"C/W [Semety ]
Moving air 100°Crw 40 C/IwW PrC/wW TOCIwW 105°C/W srC/w 25'C/W [redohy )
Stlt oit 100°C/wW A0°C/W QU'C/IW 700Crw
Stirred ol SrC/w 30°C/w 45°CIwW 4TCrwW
{Clamped 10 metal, . .
Infinite heat sink) {24'C/rwy (55°C/wW) (23'C/wWy
* Wakefeld type 201, of 17 dsc of 0.020° sheel brass. soidered 10 Case, OF simlar
** TO-92 and SO-& packages ghuod and 1aos soiderod (0 1° square 0! V" prntec crosn board wath 2 0. oil o sametar.
Typical Applications (Continuea)
r—'“— Y WAYY CAMGITIVE LoAG, Wil (7T
« 1 WEAYY CAMEITIVE LOAD, WIS, €TC. i ot
n ] LMy g L= —
LY AW ~—3 10 A FINAMPECANGE LOAD wiaf s L
. PPTIOKAL 11\ - "
-1 |E
TUHIS518-19 1 ,I\ % of
FIGURE 3. LM3E with Decoupling from Capacitive Load R
Tirh gori-X

CAPACITIVE LOADS

Like most micropower circuils, the LM35 has a limited ability
to drive heavy capacitive ioads. The LM35 by itsell is able 1o
diive 50 pl wiloul special precautions. it heavier loads are
anticipaled, il is easy lo isolate or decouple the load with a
resistor; sea Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output 1o
ground,; see Figurd 4.

Whon the LM3S is applied with a 20001 load resistor as
shown in Figwe £, 6, 0f 8, it is relatively immune 1o witing

FIGURE 4. LM35 with R-C Damper

capacilance because the capacitance lorms a bypass from
ground (o input, not on the oulpul. However, as with any
linoar circuil connacled to wires in a hostile enviroament &
performance can be affoctcd advorsely by intense MRCTT
magnelic sources such as relays, radio transmiltars, motors
with arcing brushes, SCR transients, etc,

as rectifiers. For bast rasulls in such casas, a bypass capac

as its wiing can -}
act as a receiving antenna and ils internal junctions can -

#toe from Vi 10 ground and a series R-C damper sch 2 *

7501 in series with 0.2 or 1 uF from outpul 1o grou'jd e
otten uselul. Thase ara shown in Figures 13, 14, and 18




Typical Applications Continve :

Vour = 10 m¥/*C Massewt + 1°C)
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FIGURE 5. Two-Wire femote Temperature Sansor
{Grounded Sansor)
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FIGURE 7. Temperiture Sensor, Single Supply. - 55" o
+150°C

* Jgf— 5 t0 v
;l?l

e tamam - —amm . = mo = o

nosar
+ W
Ll 0T
| LMl L7
£ 02
- % ADJ
s OFFSET
5% s
L_MUU__‘ L

TL HAAL1E-T
FIGURE §. 4-To-20 mA Current Source (°C 1o + 100°C)

HEAT
FINS

RN

/'J..n-u w9/ {Vamgwt +1°C)
FROM +1°C 10 « &0°C

TU/H/SS16-8

FIGURE 6. Two-Wire Remote Temperature Sensor
{Output Referred to Ground)}
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TL/H/5516-8

FIGURE 8. Two-Wire Remcte Temperature Sensor
(Qutput Referred to Ground)
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FIGURE 10. Fahrenheit Thermometer
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LM35/LM35A/LM35C/LM35CA/LM35D

Typical Applications (continues)

Y

LM3s

TL/H. 881811

FIGURE 11. Centigrade Thermometer {Analog Meter)

143
113
MY A
100 ph,
0
FULL-SCALE

-

- > :
'-Iums-u i'“" -

T TUrMissieoyg

FIGURE 12, Expanded Szale Thermometer
{50 10 80" Fahrenhelt, for Example Shown)
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TLAHB516- 13

FIGURE 13. Temperature To Digital Converter (Serial Outpul) { ~ 128*C Full Scale)
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FIGURE 14. Temperature To Digital Converter (Paraliel TRI-STATE® Outputs for

TL/H/$518-14

Standard Data Bus to pP Interface) (12&°C Full Scale}
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Typical Applications (Continued) g W
— "
70K .
naasswnnnursunn‘sunnnuu‘u
v 1 s 88 0 WM B U e e ettt
[+
T :
= 20 LEDt
1 1 i 0
LU LMITN
T 12 13 [¢ [s |6 e 0l E O E O
Ly !
™ ™
-
Yu
et A e s
fns 7 . « — L
! b T 5
y %lﬂ' 1w
; 1 - / ‘
- . 4 M
| T 1.5% p :t ey
= [ -
"
- TLIHIS516- 16
* e 1% or 2% him resistor
] Trim Ry tor Vg = 3075V
Trvem R tor Vg * 1.955V
Trim Ry tor Va r 0075V + $00my C 0 T pmpment
Eanmpte, Vp~2.275V 3t 27C .
FIGURE 15. Bar-Graph Tempevature Display (Dot Made)
i; 134
ii
i :
i s
; ; o0n .
3 L3S
| < LM13
¥ GHD
~— [ () 4
0ot f Vaf 1
o I ot :an,.r
o
B C Low TEMPeo
u
= TUH/ 551615 '
FIGURE 16. LM35 With Vcltage-To-Frequency Converter And Isolated Outnut
(ZC 1o < 150°C; 20 Hz to 1500 H2)

GSSW'I/VOSSW1ICSSW1/V§€W1/§€W1



TLAIS518-2D

5-20

1.3 et

Block Diagram

QSEW/VISEWT/ISEWNT/VSENT/SENT




National Semiconductor

LM136-2.5/LM236-2.5/Lh336-2.5V Reference Diode

General Description

Tha LM136-2.5/LM236-2.5 and LM336-2.5 integrated cir-
cuts are peacision 25V shunt regulalor dicdes. These
menolithic 1C voliage references nperate as a low-tempsera-
wre-coetficient 2.5V zener with 0.211 dynamic impedance. A
wurd lerminal on the LM136-2.5 allows the referance voil-
age and tempalaluro cosfticient to be trimmed sasily.

The LM136-2.5 series is useful as 8 procision 2.5V jow volt-
age refarence for digital voltielers, powar suppligs of op
a0 circuitry. The 2.5V make it convaniant to obtain a sta-

The LM336-2.5 is rated ‘or operabon gver & 0*Cto +70°C
temporatura range. See the conr.ection diagrams for avail-
able packages. ..

Features

s Low temperature coetficient : -
Jm Wide operating current of 400 pA to 10 mA
u 0.201 dynamic impedance

G'Z-06EN1/GT-9EZNT/STIELNT

¥ 11% intial tolarance available

m Guaraniead temparatura stability

s Easily trimmed for minimum lemperature drift
= ras! tum-on -

nie rataronca from 5V logic supplias. Furihar, since the
{M136-2.5 operates as a shunt regulatnr_ it can ba used as
evrar a positive of negativa voltage referance.

The LM136-2.5 is raled lor operation ovef —-55°C to .
- 126°C white the LM236-2.5 is rated over a —25C 1o s Thres load lransistor packags
- £5'C temparalure rangy. )
3
! Connection Diagirams
] .
: TO-52 TO-48 SO Package
} Piastic Package Meital Can Package
: * NC NG A
: s r s 5
TLiAIS715-8 .
Bctiom View Bottom Vi TLM/$715-20 1 !2 l" "
Order Number LM2362-2.5, ottom. View NG NC NC -
L M236A2-2.5, LM336Z-2.5 or Order Number LM 136H-2.5, TLMISTIS-12
LM336BZ-2.5 LM136H-2.5/883, LM226H-2.5, Top View
See NS Package Number Z03A LM136AH-2I:;.;3|:136§H-2.51583 Order Nuriber LM236M-2.5,
ceo N ek N”“f HoaH LM236AM-2.5, LIA336M-2.5
ee NS Package Number of LM336BM-2.5
See NS Paciage Number MOBA

Typical Applications
2.5V Relerence with Minimum
2.5V Relarence Tenperatura Coetficient
w W

Wide Input Range Reference
Vigls - uv

) T N ol

LNIM

1Ns?"

M138 75 Vour 18V

UL TRES !

[E75 31 0]
T./H/5T15-9
(LTS A -

r —_
TAdusl 10 2490V TUL/HISTIS- 14

*Any sdicon sgnal cote

- TL/HST19-10




LM136-2.5/LM236-2.5/LM336-2.5

Absolute Maximum Ratings Noten
It Miltary/Aerospace specified devices are required,

please contact the HNat

ional Semiconductor 3Salcs

Office.’Disiributors for avaliabliity und specliications.

Revorse Current
Forward Curment
Storaga Tempera‘ure

15 mA
10mA
—8rCto +150°C

Oparaling Tomperatuee Range (Note 2)

Soldaring Informalion
TO-92 Package (10 sce)

TQ-46 Package {10 sec) g‘:
SO Package h
Vaupcr Phase (60 sec.) 215
Infrarad (15 sec.) 23..,3

Sao AN-45C “"Surfaco Mounting tAathods ant Thew By

LM136 —55C 10 + 150°C on Produst Aakabily™ {Appandx O} lor othot methaay o5
LM236 —25°Clo +85°C soldering surface mount devices.
LM336 o"Clo +70°C
Electrical Characteristics (o 3)
1 LM136A-2.5/LM236A-2.5 LM336B-2.5
Parameter Condltions LM136-2.5/LM236-2.5 LMJ36-2.5 Uniy
Min | Typ Max | Min | Typ | Max
Reverse Breakdown Vollage | TA=25'C.la=1mA .
LM136, LM236, LM336 2.440 2.490 2540 | 2390 | 2.490 | 25830 ¥
LM136A, LM236A, LM3368B 2.465 2.450 25615 | 2440 | 2.490 | 2522 ¥
Reversa Braakdown Changa | T4 =25'C, 2.6 6 2.8 10 oo
With Current 400 pA<igs 10 mA
Reverse Dynamic Impedance | Ta=25°C.ln=1 mA, { = 100 Hz 0.2 0.6 0.2 1 [
Tamperature Stabikty Vg Adjusted to 2.490V
(Note 4) In=1mA (Figure 2}
*CsT,<70°C (LMIJE) 1.8 6 (']
~25°C=Tas ~85°C
(LM236H. LM2362) 33 8 il
—2%*C 5 T s +85°C (LM236M) 7.5 18 mv
-85 CruTa< =~ 125'C (LM136) 12 18 rY
Reverse Breakdown Ctiange | 400 pA < g s 10 mA 3 10 3 12 1 oy
With Current
Reversc Dynamic impedance | Iz = ) mA 0.4 1 0.4 it Q
Long Tarm Stability Ta=25C =G.1'Clq=1mA, !
1= 1000 hrs 20 0 | =

Note 1: Absolta Maxmum Rabngs

nbcate bTvis by X which gamage 10 1ha Gevice may occur, Electncal speaifzatons g0 noL 2uply when JDerstng T deval
Bayond its SPECFead o alng CONAIONs
Note 2: Frx aievatec Wemperaturs opecaton, T, mas s

LM136 15¢C
LMZ36 128°C
LM336 100°C
Thermal Het.ismj * 1002 TO-48 s0-8
8,0 (uncbon 1o At | BTG/ (047 teazsi | 44T CIW | 165°C/W
12C°CIW (0,125 lea;
[ (Juncton 1o Caset nfa | BT C/w n/a

Note 3: Uniess crerwte spacrad e (M176.2 5w woanfeod om - 55°C £ Te <

oC < Tas ~72C

- 125°C. he LM236-2.9 trom —~25°C 5 Ta < - 65°C and the [ co A o

Note 4: Temparawrs szability lor the LM336 anc LM236 tamily is gua‘anised by sesign. Design kmits we guaranteed {but not 100 production resoach v B8
indicaled 1amosrature and SUDRly YOGS rEnges Thete kmiis are not used 10 cakulale oulfon  QUAIty ievels. Stabidy o Sehned 83 1he MaxKTLT cravgt e Yo .

trom 25'C 1o T, {rmw or Ta (max).

Typical Performance Characteristics

Reverse Voitage Change

Zener Noise Vollaue

Dynamic Impedance

1 ™ - r- (L
I3 ] "'""“:] I
£ 3 + yeae . bine
= Ty o 1250 = H
T ! " Rl AY g

¥ "

£ | | 27 M : T :
- == 1, 14"¢
H H — .
2 e w § P :
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usa than ordinary zenar diodes. Their low impedance and
wie oporating current range simplify biasing in almost any
craut. Funher, either the breakdown voltage or the temper-
tre coellicient can be adjustad to optimize circuit perform-
noe,
Fixre 1 shows an LM136 with 2 10k polentomaeter for ad-
L the reversa breakdown voltage. With the addition of
R1the oreakdown voltage can be adjusied without aHecting
i 1 iemperalure coafficient of the device. The adiustment
g is usually sufficient to adjust for both the initial device
Werance and inaccuracies in buffer circutry.

(1451

FIGURE 1. LM13€ With Pot for Adjustment
of Breal:down Yoltage
(Trim Range = 1120 mV typical)

Fl Typica! Performance Characteristics (continueg) o
Response Time Reverse Characteristics Forward Chara:ieristics
-1 12
SEERERENRES i !
perrrat e AR . ' i | /]
= T 1 171 = s
Y A - g z : | 4/
z 2 < < W
i ot H yrewe Z i L
TR on e ull v it 4 W Yence 2w r Teotee
H e K AR N B
™ H . Y 1,0 15°¢
’ sJ’ 1 L b AL B 5 E ‘ ]
. ulnn (¥} e T,-:zrc
1wt ' . .
[ ] 2 4 [} ] " 1.4 14 AR} 12 R ¥ L LX " ] w
TE ] REVERSE YOLTAGE () FORWARS CURRENT (md}
Temperature Drift
e —
1429 r‘. +— +
- T - T '
) Z 1ue L ~—
FETV ) ‘ =
< ram ﬁ'—- -
21 e ——
a tR1Y -—HFL‘*‘_‘J\‘
Troe Y ot
€ rue e .__-* .
104 Fincimi ~
e —_1 i1
[ R T P R AN T TS
TEMPLAATURE T
TUH/ST15-3
Application Hints
The 1M135 series voltage references are much easier to

If mnimum temperature coeticient is geswed, two diodes
can be added in seres with the adjustment potentiomatar
as shown in Figure 2. When tha device is adijusted (0 2.490V
the temperature coefficient is minimized, Aimost any silicon
signal diode can be used for tiis pupose such as a 1N914,
1N4148 or a 1N457. For proper temperature compansation
the diodes choukd be in the same therma' environment as
the LM136. it is usually sufficient to mount the diodes near
the LM 136 an the printed circuit bowrd. The absolute resist-
ance of At is not eritical and any value from 2k to 20k will
work.

ingid

L =

Tisro5T15-4
FIGURE 2. Temperaturc Coeflicient Adjustment
{Trim Range = =70 mV typical)

S'Z-9CEWNT/G°Z-9EZN1/S2-9E W



LM136-2.5/LM236-2.5/LM336-2.5

Typical Applications (continues) *
Low Cost 2 Amp Switching Reguiater”®

' 1awsond YL
v 101 1 RS
$00. M

(A gy vang

viKd

T-\ WP

Vour v

LY 60 1ums 4 16 wire on Arnok! Core A-254 166-2
TEnqency = B0

Precislon Power Regulator with Low Temperature Coetficient

wuit

LA BT A ouT ’ Vayr
404
™

MI3825 ™

oyTrLT
ADIUST =
“Adst for 3.75Y across R

Trimmed 2.5V Reference with Ternperature
5V Crowbar Cofficient independent of Breakdown Voltage

Y

1M336.2 5
SEASITvE GATE
L]

TL/R/STIS-14

LTLIH/STIS-13

m*
CALIBRATE

*Doos not afect lemperature coetiicient

*

4-32




: Typical Applications continueq)

2

8 o
ir—' Adjustable Shunt Regulator
: as

quTAeT
8V 10 10V —AAA——¢ 9 d
0 . SV TH oy

1M336-2.8

HE R A PY )

Linear Ohmmeter
v
’ »
-
3
4 w
T CALIBRATE

s

TLHISTI5- 16

M

SZ-9LENTV/SZ-9LZWT/5°2-98 1 WD
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LM136-2.5/LM236-2.5/{ M336-2.5

Typical Applications continued

Op Amp with Output Clamped
Rg
" VWVW———

TLIHISTIS-3T

Blpolar Output Reference
v

2.5V Sqi.are Wave Calibrator

Y

1%
mun

v

LM136.28

<

10t
n %
1] _AM_1 M1 TS
e o
LY
10
"%
11
-3V
TimeST1S-n
\ 4 ouTryT
CALIBRATE
TL/R/ST1S-1%
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e Semiconducto:
< | ! Cormpoation . _
:F - . . . N . . .
o - ‘
@
5| ADC0801, ADC0802, ADC(803, ADC0804,
2 | ADC0805 8-Bit ..P Compatible A/D Converters
™
: 8 | General Description
+ Q| The ADCOBOTY, . ADCOB0Z, ADC0803, ADCORO4 and ¥ Differontal analog voltage inputs .
: 2 ADCOB0L are CMOS 8-bit successive approximation A/D  ® Logic inputs and outputs meot both MOS and TTL voit-
~ | converters that use a d:farential potentiometric ladder— age level cpecifiications '
) g similar to the 256R products. These convertors are de- @ Works with 2.5V {LM336) voligge refsrence
; & | signed to aflow operation wilh tha NSC800 and INS8UB0A o Onchip clock generator
Q [ derivative control bus with TRI-STATE® oupit latches di- V] f ith singla
2 rectly driving the data bus. These A/Ds appaar like memory r &pzysv anelog inpul voitage range with s v
= ::z:u:?osgic:i;/noe:g:; to the microprocessor and no inter- ® No zero adjust required
8 Dif.ferential analog voltaye inputs aliow INCraasing tha com- " Oa'ua- stand'ar' @ widih 20-pin I package
1 i . . . .
8 mon-mode rejection and offsetling the analog zero input . ed ch:? cainar 0'_ ;ma!l outine packag
Q | vottagu vaive. In aaditicn, the voitage reference inputcan % Om‘“ ratiometsically or witn 5 VDC' 25 Voe. or ana-
| be adjusted 1o aliow 6ncoding any smaller analog voltage o9 pan adjustsd voltage reference
span to the fuli 8 its of resclution. ’
s Key Specifications
- Features & Resolution ) 8 bits
; ® Compatible with 808C uP derivatives—no interfacing @ Total error ) $ LSB, 1% 1.58 and +1158
; logic neaded - access tme - 135 ns @ Conversin time 100 ps
i ® Fasy interface to aff MICTOwOCessors, or operates
: “stend alone”
i — -
i Typical Applications
* w
|
! \_—,"c o e
: — :: aenp | I TRAREOUELR
) cumil Wyt =
. M——— B w4iT hESOLATIQE
. LU P K qven sy scamce
axy Ble = fom Val J S o Vaiiate amse
! #AGCESTON . Nl w Py— SLE BLCTION 24 1
- . L) P Vigi-?
et Jj) -
- L P v eAEass _I L
L ou Vaget —o:x:‘ﬂﬂm = =
i I
N L 2 L] Ocxa
i \¢ _;7 TUH/S8Y1-1
8080 Intertuce Error Specitication (includes Full-Scate,
[ T Zero Error, and Non-Unaarity)
Part | TUfy rr2=2500vpe VRer/2=No Cannection
. 14 Number Adjusted (Ko Adjustments) (No Adjustmants)
- - ——*ﬂl o ADCD801{ +v,LSB
Lated]
e PR P ADCDB02 4188
C: ADCO0B03 | +14 LS8
OATA
ADCOBO4 =11.SB
ADC0805 +11.58
TL/HISET1 =31
3-16
‘)a—..::.-_r-::*.,-_‘

>

Lkt B

LA N

B ‘};Jv‘\.g




508000V /$08000Y/£08000V/208000V/ 1080

‘ ADSOIUIE MaxXximum HAUNGS (Nxes132)
4 \ It Milltary/Aerospace spacifiad duvices are required, Storege Temperatuce Range -65*Cto +150*C
contact the Nctionel Sensicondustar Salos Qificy/ Package Dissipution at T = 25°C . 870 MW
Distributors ior availability and sper.lications. ' E£5D Suscaptibility (Note 10 ! C . a0y
supply Yollage (Ve,cl (Note 3} 6.5V L
ottage ’
Logic Control Inputs —0.3Vi0 +18V ?QE:;:‘:’L';? Rca“ngs {Notes 1 8. ? cricd
1 Other Input and Ou —0.3Vto (Vo +0 ng ) MINS TAS Tax
A nput and Outpuls Vo +03v) ADC0801/02L _§5°C<TpS +125°C
Lead Temp. (Soldering, 10 saconds)
X ADC0801/02/03/04LCS —40°CETA< +85C
Dual-in-Una Package (plastic) 2€0C
OusldrvLine Packaga (ceramic) 300G ADC801/02/03/05LCN ~40rC5TpS+85°C
faco M ) . ADCOB0ALCN QCETa<+70°C
S v“°° p::"" F’;: age sc ADC0802/03/G4LCV FCETS +70°C
apor Phasa ’§°°“ds) 2 ADC0802/03/04LOWM CCETAS +70°C
Infrared (15 seconds) z0c Range of Veg - 4.5 Vpc 10 6.3 Vg
Electrical Characteristics C
The lotlowing specitications apply for Voo ™5 Voo, TmnETASTuax and fo{ k=640 KHZ unlass otherwise specified.
Parameter ] Conditions Min Typ Max Units
ADCoB0%: Tolal Adiusted Error (Note 8) | With Fufi-Scala Adi . v LS8
. (Sea Secticn 2.5.2) 4 )
\ ADC0B02: Total Unadijusted Error (Ncte 8) Voee/2=2.500 Vpc i 158
1 ADCOB93: Total Adjusted Error (Note 8) With Full-Scale Ad. 1Y, LS8
(See Section 2.5.2) 2
ADCO804: Totai Unadjusted Eror (Note B) Vaege/2=2500 Vpc +1 LS8
ADCO805: Total Unadijusted Error (Note B) Vree/ 2-No Connection +1 LS8
VRer/2 Ingut Resistancs (Pin 9) ADC0801/02/33/C5 2.5 8.0 k0
ADCO804 (Nota 8) 0.75 11 K
Analog Input Vohtage Range (Nate 4) V(+) o V(—) Gnd-0.05 Veo+0.05 Vpc
DC Common-Mode Error Onver Angiog Input Yoltage tYe |- +Y% . LSB
_ Range -
Power Supply Sansitivity Vee=5 Vpc £ 10% Over ' R Lse
Allowed Vg +) and Vin(—)
Valtaga Rang3 (Nute 4}
; AC Electrical Characteristics
i Tne following specifications apply or Veg = § Vg and Ta=25°C unloss otherwise specified.
¥ Symbal Parameter Conditions Min ] Typ Max Units
Tc Conversicn Time ar=6CKHz(Note®) | 103 | | 114 | ps
Tc Conversion Time (Note 5, 6) |_66 73 1/1c1K
. folk Clock Frequency V=5V, (Note 5) 100 640 1460 kHz
- Clock Duty Cycle {Note £) 40 50 *“
CR Conversion Rate in Free-Running INTR tied to WH with | arr0 0708 conv/s
Mooe T5=0 Vpe. four =640 kHz
K twimy_ | width of WH Input (Start Pulse Width) TE=0Vnc (Nota 7) 100 ns
¥ tace ‘Access Time (Delay from Falling Cy = 100 pF 135 200 ns
. Edge of R to Qutput Data Valid)
& treton | TRI-STATE Control (Delay G~ 10 pF, RL= 10K 125 | 200 "
“f from Risirg Edge of AD to (See TRISTATE Test
i Hi-2 State) Crcuits)
s [FPR N Delay from Fatling Edge 300 450 ns
% oiWil-iorFTﬁto Rasat of [NTA _
¥ CiN Input Capacitance of Logic 5 7.5 pF
% Controt Inputs
k: Cout TAI-STATE Output \ 5 75 pF
. Capacitance (Data Buters) | \
: _ CONTROL INPUTS {Note: CLK IN (Pin 4) is the input of & Schmatt trigger circuit and is therefore specified separately)] .
o vin (1} togical "1 Input Voliage Veo=5.25VYoC 20 15 Ve
: (Exceot Pin 4 CLK IN)

i L

317

- a w b im -



Lo

AL ci2cirical LNAraciensties (Centinueg) )
The inliowing specifications apy’y for Vog = 5Vpc and Ty < Ta < Tyix . Unless otfweraisa specified. W '

Sat A nt,

ADC0801/ADC0802/ADCO803/ADCO804/ADCY:

" symboi | Puameter | Conditions [ Mo [ Typ | Max.].Unim
CONTROL INFUTS [Note: CLK IN {Pin 4) rs the input of & Schmitt Ingger circuit and is theralore specified saparaiely] b
Vi (O) Logical “0" Input Voliage Vor=4.75 Vg l 08 | Voo

{Except Piri 4 CLK IN) .
iN(D | Logioal 1" input Currant Vin 5 Voo 0.005 1 | pAoe
(All Inputs) .
Iy {0) Legical “0" Input Currert Vin=0 Voo -1 -0.005 KAbc
) tAnnpum) 1 )
CLOCK IN AND CLOCK R
Vit LK IN (Pin 4) Positive Going 27 31 | 35 Voc
Thrashold Voltage
Vy-— CILK N (Pin 4) Negative 1.5 1.8 2.1 Voo
Going Threshold Voltage
Yy CLKIN (Pin 4) Hysteresis 0.6 1.3 2.0 Voo
Vr+)={V1-)
Vour (0) Logical “0"" CLK R Output lo=360 pA 0.4 Voo
Vollage ¥oo=4.75 Vpe
Vour (1) Logical “1” CLK R Qutput lo=—369 uA 24 Voc
| Voltage Vee=4.75Vpe .
DATA OUTPUTS AND INTR
Vout (0 Logical “0" Output Vollage
Data Outputs loyT= 1.6 MA, Voo =4.75 Voc 0.4 Voc
TNTR Output loyy =1.0 mA, Vec=4.75 Vo 0.4 Voc
Vout (1) Logical "1” Output Voltage o= —360 pA, Voo = 4.78 Voo 2.4 Voc
Vour (1) Logical “1" Output Yoilage [ lo= —10 pA, Voo =4.75 Vpe 45 Voc
lout TRISTATE Disabled Output | Voyy =0 Vpc -3 rADC
Leakage (All Data Butfers) Vour=5Vpe 3 nAoc
IsouRcE Vout Shortto Gnd, T = 25'C 45 6 mAnc
Isink ! Vour Shortto Vg, Ta=25°C 8.0 16 mApc
POWER SUPPLY '
ice Suppiy Curreni (tnciudos foLk =640 kHz, .
Ladder Cuireint) VREF-IZ =NC, TA =25C
and CS=5v
ADC0801/02/03/04LCJ/05 1.1 1.8 mA *
ADCOB04LCN/LCV/LCWM 1.9 2.5 mA

Kote l:)b-eumummmmimnnmuummwmnwmm,mwmwwmumwmmmmw
the device beyond its sp opersbng o X
mzumwmmdmewwcm.mmwmmv-Awmwmmbawudumow.
m::Awmamu.mMuy_mvocuGmmn...wwhvmnwu7vw

Wote & For Vil =)z VM«-)wamﬂMmm.TwMMwaummm(wmﬁmMﬂm«d
coaa.u:tlo-andogirwvoluouoncdiodod'q:Nwwmwmmmmmmvccm.Boamu.m\gmmgallouvocmum.
&8 high level analog nputs (5V) can cause this input dicde 10 it ially at ok d \erry and cause emors 1or analog inputs near full-acale. The
wmmmvmw&sﬂdﬂudodoﬁhhmumw:uan-mﬁovﬂmmmmmwmbymcmmmv.w.-w
mwmwrommmovmbsvwmav«mwﬂww"mmumvooug-ounsovwmunmm
variations, intial iolerance &aJd loading. .

Hote 5 Accuracy is guararieed at io . = wk&AlmmmMmm.FaMMWWhmmmmh
mnmuhmmmmmuummwmmummmnsu
um&wmmuymmm.uomammmyumubmhhmummmmmm-mmmmm
Slart requast i Mamally laiched, see Fixre 2 and saction 2.0. .
m7;rh-3irw(iuwm-dlobr-dmQ»Wﬁmiwwwmmbwmhwnmm.mmmmwumhmlhou
0 COMverian i & ress made anc the start of conversion is inftisied by he low 1o high rensition of the WH puise (see Sming disgrams).
m«tﬂundmuolm-:ﬂolﬁm(mmﬁm?ﬂs.ﬂ.'l’oobﬁnmmumwbgMvolupnmucﬁonz.SmaF'uns.
'm_u:rmvag;izphnhwmo!u-urm-mmmvwhwm.wmbwizzk.-u-m|orm- ADCOBO4LES whore sach
rouinior m.Twmm-mhmmammmm

Note 10: Human body model, 100 oF discharged though & 1,5 kI resior.
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i Typlcal Perfcrmance Characteristics

|
Delay From Failing Edge of
_ Logic Input Threshold Yolvage RD to Output Data Valid CLK IN Scmn“mp Levels
ve. Supply Voitage vs. Load Capacitance vs. Supply Voitage
s 15 - [ 15
z : *]“ts Ty e P < T] {‘1
) . - 3 ] -
E . L] :.’ ¥io | i
g 1t - a 1 8 u [
z " = om A a S Ta< It
E w1 1 g 13 1
: f / -] u — 5 7
E 14 t m { = T MBI
: i e e i [ S BEN = &
S u m 1 1 s Ll |
LIS B 7 IS S 1] [ TN R TR T [RUREE IR T N ¥ )
¥Cp ~SUPRLY YOLTAGE {vge) LOAD CAPALITANCE {pf) veg - SUPPLY YOLTAGE (Vpe!
Fult-Scale Error yr Efiect of Unadjisted Ottset Frror
foux v3. Clock Capacltor Canvertion Time vs. Vrerp/2 Yoltage
1908 - [ ] g vy
f k=1 i_ 'TT ! To+ MWieyx " [ Vintshe Yyt 4o 8V, 11
F__ \ HERES Y ] + " ASSUMES VggalaV. {H
AT 7 : THIZ SHOWE TE RE€0 1
[ a s — g 12 thuzuomw 11
3 y \ R Y | s Ll 2 . =Nt Te sean is atevcee T
- -4 =}
£ N E A i £ . T i
s { £ = 1 1
\ g’ A\ Yeem i I OO0 W 6111 I O
G \ \J ] —- -i 5 4
I ‘ ' R, Tﬁ 1 3
1
L] J ] N 1y N mtil H
1" ) it M Mo o Mg 0.01 X “ 3
CLOCK CAPACITOR lof) Te. CONVERSION Tialf (sl Viesid Vgl
Output Current vs Power Supply Current Linearity Error at Low
Temperature va Temperature (Note ) Vacr/2 Yohages
(] -~ 14 14
H Veg s LV T T T T 1.1
T i LB st T e
z | GATA GUTPUT_| s u 4 Yee i ‘s + N
i SUFFENS | | 5 Abrgze; Vo o G| HEmaRs oL |
- [} AERRE £ 15 ADry L ANE gl 7T By T - i SCALE AGNSTED)
E | 1 2 m"“ﬂnnm Vrc-(‘,, < =ttt
< 4 - Voyt* ,‘u'c] » 12 VoL = 1Y & s :',i, VA-lI( -y}
5 ¢ £ £V z e | e L] g
g « > - 2 u 'n"_ljvT H _E\m ury) 18 ﬁn.t{,va-r"\';—
Fl 3 - 4+ —4 - il
© 3 ™ E [T} 'ét;'Tlﬂ b = # A A=
e [ Py | f ¢ A \
. Vau * 44 voc 15 I 1l R 1 [
B B T S I ST I -k B WM 35 e s ] 1 t s
£ - MEERY TEMPERATURE (°2) T, - AMMENT TFMPERATURE (01 Ypi#/2 YOLTAGT fvpe)
TLIH/SET1 -2
—

< Gt oL
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ADC0801/ADC0802/ ADC0O803/ADC0804/ADCO3

TRI-STATE Tes: Circuits and Wavefcrms

U ti, C = 10 pF

DATA
putruT
CTI
"
. ¥
oata - oara €
sutruts —~—— outruYs
= e - [ —
=20 ™ _ \-20 e TLIMIBATI -y
Timlng Diagrams (A timirg is measured from the 0% vcliage paints)
SYART
CONVEASION
W ;l
Seed
- wi—i
wll -ausY”
—
ACTUAL IYERRAL I i :“? "
- v ev ATCHE

STATUS OF THE 4 ot dus !

CINVERTER
‘ b 170 b WA i MTERRAL Tg
(LATT DATS WAS AFAD] |
BRTR AT DATA WAZ NOT MEAD) jv ) WY ASHATED
WMToamAvAT T NERE o -
—] ‘._ W Tgq

Output Enable and Reset IKTH

-— FYARILULT
wrr, ‘\
1
—
a \ et oy l- ’

QATA_ o - M.

utruTs — T T
— g e
0. \en

Note: Resd strote must oocur 8 clock periods (8/1c, x) Aiter assartion of inerupl 1o guarantes m.mm

TL/H/S8T1-4

s R e
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jypicat Apphcations (Coatinuad)

6300 Interface

Ratiomctric with Ful-Scal? Adjust

Absolute with a 2,500V Reference

¥,
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\ T <L
(%] <n
|
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“For ow powdr, see aiso LM385-2.5

< w
ey "
e
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ADC0801/ADC0802/ADCO803/ADCOS04/ADCY
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Otrectly Converting ¢ Low-Level Signal
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5 vVae)
. Vigtel Voo I
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Voglot Vagsfi "
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Lo Ilut lnt I‘
H) IS - = - -
g
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Yot
" ? b " Vnge/2m 25¢ my
= L
1 mV Rasolution with uP Controlled Range
VRep/2=128 my .";'5‘ )
1.88=1mV

Voac $Vin £ (Vpac +256 my)

A pP Intei faced Comparator
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Seli-Ciockiy Muitile A/Ds
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ADCO0801/ADC0802/ADCS0803/ADC804/ADCH:

N

{ypicdl L ppicauonta wontinued)
3 kP Compatiole Ditferentizl-input Comparator with Pre-Set Vg (with or withotit Hystoresis) ;ﬁ
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3-Decade Logarithmic A/D Converter
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C0803/ADC0804/ADC!

ADC0801/ADC0802/AD

1.0 CNDERSTANDING A/D ERA0QR sPECS

. Aperect A/L vransier characteristic (sigircase waveform) is

shown In Figure 1a. The horizontal scele is analcy input
voltage snd the paricular paints lakoted are In sfeps of 1

LS8 (12.53 inV with 2.5V tied 10 the Vagr/2 pin). Tha digital

output codes that cofnespond 10 these inputs are shown as
D=~1,D,and D+ 1. For the perfect A/D, not only will centar-
valve (A—1,A A+1, . . ) analog inputs produce the cor-
rect output ditigal codas, but also each riser {tha transitions
betwaen adjacent outpit codes) will be jocated. 1 1/, LSB
away Jrom each center-valye, As shown, the risars are ideal
and have no width. Comect cigital output codos will be pro-
vided for a range of analog input voltagas that extend %
LSB from ths idaal Conter-values. Each troad fthe range of
analog input voltage that providos tne same dightal cutput
codo} i theralore 1 L SB wide,

Figure 16 shows a worst case error #lot for the ADCOBC.
All center-valyad inputs are guarantaad to produce the cor-
10CH Ot codes and tho afinco i daory aro vaarantaad to
Lo no closor 1o ha contur valuo points than 1 e LSR. In

Transfer Function

l

DIGITAL DUYPUT CoDE

A-1 . ey
SNALOG NPT vy

OWIsr viords, if we #ppiy &n anulog inpul aguai W ihe contur.
value =V, LSB, we guarantee that the A/D will produce the
Carrect digital sode. The meximurs range of tin position of

" the code transition i= indicated by the horizontsl &TOw and jt

is guaranteed 1o be no more than 4 138,

The error curve of Figure 1c shows a worst €as5e mor plo|
for the ADC0802, Here we guarantse that # we apply an
analog Input equal to the LSB analog voltage center-valyg
e A/D will produce the correct digital coda.

Mext to each transfer function is shown the comesponding
eror plot. Many People may be moare familiar with eor pletg
than transrer functions. Tha enalog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error ig con-
tinuously displayed and Includus the quantization uncortain.
ly o the A/D. For exampia (he error at polnt 1 of Figurs 14
is + /4 LSB bacause the digital code anpeared Va4 LSB in
advance of ha center-vaiue of ihe tread. The arror plagy
alwayn hava o aonelant nagative alupa atud e alnign up-
tido slups aio Hdlways 1 LUH 1 magnilude,

Ervor Plot

+1L38

ANALES IWPUT (v, g}

3} Accuracy = £6LSB: A Parfest A/D

Transfer Function

DIGITAL OUTPUT LOOE

&= LI PN
ANALOG INSUT tvyy;

Error Plot

ERROR
-

RY Fr
—Man
)

A-1 A s
ANALOG HO UT fyyy s

b} Accuracy = + YL LsSB

Transter Function

OITaL oyTRUT tooe

$-1 4 A+
AKALEG NPT (V)1

€) Accuracy = + V4 LSB
FIGURE 1. Claritying the Error Specs of an A/D Gonverter
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FUNCHIONA LESCHPUON (Continued)

2.0 FUNCTIONAL DESCRIPTION

The ADCOB01 serles cortains a cirmuit oquivalent of the
256R network. Analog switchas ore sequenced by succes-
shvo approximation logic to maich the #nalog difference in-
put vottage [Vin(+) — Vin{—)] to & corresponding tap on
the R network. The most significant bit Is tested lirst and
afier 8 comparisons (64 clock cyclas) a digital 8-bit binary
code (1111 1111 = full-scalo) Is transferred to an output
latcn and then an interrupt is assertod (TNTR makes a high-
to-low transition). A convursion in process can be interrupt-
ed by issuing a second start command. The device may be
cperated in the freerunning mode by connecting INTR to
the WH input with TS5 =0. To ensure start-up unde: ail pos-
sible conditions, an external Wis pulse is required during the
first power-up cycle.

On tha high-to-low traasition of the WR input the iternai
SAR latches and the shift register stages are resal. As Iong
as the TS input and W input remain low, the A/D wil re-
main it 2 reset state. Conversion will start from 1 1o 8 clock
paniods afia: al 1sast ore of thase inpuls makes a iow-to-
higi ranisition,

131

A functional diagrain of the A/D converter is shown in Fig-
ure 2. Ail of tha packags pinouls are shown and the mejor
1. 3ic control paths aro drawn in haavier weight lnes.

The convarter Is startad by having TS and WR simulte.
neously low. This sats the start flip-floo (F/F) and the resuil-
ing 1" level resets the 8-bit shif! register, resets tha Inter-
rupt (INTR) F/F and inputs a "'1" to the D flop, F/F1, which
Is at the Input end of the B-bit shift register. Internal clock
signals than transter this 1" to the O output 6! F/F1. The
AND gate, G1, combines this *'1" output with a clock signal
lo provide a reset signal 1o the start F/F. If the set signal i3,
no longer presant (uithes WHor T8 is a “1") tho stant F/F i
resel and the B-bit shift ragistor ther can have the “1”
clocked in, which starts tha conversion process. if the sot
sinnel ware (0 still be present, this reset pulse would have
no effect (both outputs of tha start F/F would momantarily
be at a “'i" lavel) and the 8-bit shift rejister would continua
to be ha'd in the reset moda, This loge hereiore allows for
wida T3 and WH signals and the convertar will start after at
lezst one of thesa signals returns hen and the internal
clocks again provide a rasaet signal tor tve stast F/F,
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Ater the 17 is ciocked through the d-oit shift register
(which completas the SAR search) it appaars a= tha Input to
tha D-type latch, LATCH 1. A3 soon as this *“1" |s output
from tha shift register, the AND gate. (32, causes the new
digital word to trans‘er 1o tha TRI-STATE output Iztches.
When LATCH 1 is subsequently onabled, the Q output
mskes a high-to-low transition which causas the INTR F/F
to s6l. An inverting butfer then supplies tha INTR input sig-
ral. .

Note that this SET contro! of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
V4 of the frequency of the extarnal clock). If the cata output
is continuously enabled (CS and RD both hald low), the
TNTR output will still signal the end of conversion (by a high-
to-low transition), becsuse the SET input can cortrol the Q
ouiput of the INTR F/F even though the RESET input is
constantly at 2 "1 level in this operating mode, This TR
output wiil thereiore stay low for the duration of tha SET
signal, which is 8 penods of the external ciock frequensy
{assuming the A/D is not started during this interval).
When operating in the {ree-running or continuous conver-
sion moda (INTR pin tied to WR and TS wired low~sae
also section 2.8), the START F/F is SET by the high-to-low
transition of the TNTA signal. This reseus the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to 9o low. As the lalcn enable ‘npet is still present, the G
output will go high, which then gllows the INTR F/F to be
RESET. This reduces the width of the resutting TNTR output
puise to only a few propagation delays (approximately 300
ns).

Wher: data is to be read, the combination of both £3 and
RD being iow will cause the INTR F/F 1o be reset and the
TRI-STATE outout latchas will be anabied to provide the 8-
bil digital outputs.

2.1 Digital Contrel Inputs

The digital control inputs (TT, RD, and WR) meet standard
T2 logic veltaga levels. Thesa signals have been renamed
when compared 1o the standard A/D Siant and Qutput En-
abie labsls. in addition, thass inputs are active low 16 allow
an oasy interface to microprocegsor control busses, For
non-micropronesse: based appficatiors, the TS input pin 1}
can ba grounded and the standard A/D) Stant function is
obtained by an active low puise applied at the WR input (pin
3} and the Cutpu Enable function is causad by an activa
low puise at the AD input (pin 2).

2.2 Analog Ditferentlal Voltage inputs and
Common-Mode Rejection

]
slight time ditferanca baetween the input voltage samging ia ,,‘j

givan by:
.8
AVa(MAX) = (Vp) (2ricrm) (é—; )
where:

AV, is the error voltage due to sampling dalay

Vp is the poeak valuy of the commen-mode voltage

fom Is the common-mode frequency .
A3 an example, to kaep this eror to ¥, LSB (~ 5 mV) whe
opasating with a 60 Hz common-mode frequency, fem, and
using & 640 kHz A/C clock, 1oLk, weuld allow a peak value
of the common-mode voltaga, Vp, which Is given by:

Vo = [8Vamas (for)]

(2miom) (4.5)

o

Vo = (5 X 10-3) (640X 103)

P (6.26) (60 {4.5)

which gives

Ve 19V,
The allowed range of analog input voltages usuglly places
more severe restrictions on input cemmon-mode noise lev-
sls,

An anafog input voltage with a reduced span and a relatively
large zero offset can be handled easily oy making use of the
differential input (see section 2.4 Raference Voltage).

2.3 Analog inputs

2.3.1 Input Current

Normal Mode

Due to the intarnal switching action, displacement cuments

wil flow at the analog inf.uts. This is due to on-chip stray
capacitance to ground as shown in Figure 3.

—_—
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This A/D has additional applicatons tiexibility due to the - o P
analog diffarential voltage input. The Vu{—) input (pin 7) - """’l w2 I—
can be used to automatically subtract a fixed voitage vaiue = = : =
from the input raading (lare corroclion). This is also usetul in e e e =
4 mA-20 mA current loop conversion, In addition, common. TL/H/S671-14
mada noise can be reduced by uze of the diffsrentiai input. ton of SW 1 and SW 2 m Skl
The time intervat between sampling Vin( + ) and Vin(—} is 4- t=fon CsTray ™ Skit X 12 pF = 60 m
"2 clock periods. The maximum error voltage due to this FIGURE 3. Analog Input Impedance
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The voltago on this capacitance is switched and wi'l res:dt in
curents antering ™e Viyl4) input pin and loaving tie
Vint =) input wiweh will depend on the analog differertial
input voltage levete. These current transients oocur at the
leeding edge of the intarnal ciocks. Thay rapidiy decay ano
Jo not cause ermoxs as the nn-chip comparalor ls strobed &t
the end of the clock perdod.

Fault Mode

If tho voltage source appliod to the V‘N(H or vw( } pin
exceeds the altowed oparating range of Voo + 50 mV, large
iInput cuirents can flow through a paragitic dicde to the Ve
pin. I these currents can excead the 1 mA nax allowed
spec, an external diode (1N914) shouid be added to bypass

- this current to the Vg pin (with the current bypassed with
this dicda, the voltaga at the Vi{+) pin can exceed the
Voo voltage by the Jorward vollage of this diode).

2.2.2 Input Bypass Capacitors

9ypass capacitors al the inpuls will average these charges
#nd ceuse a DC current 1o fiow through the outpu! resist-
ances of the anaiog signal sources. This charge pumping
action is worse for cortinuous conversions with the Vyy(+)
input voltage at full-scale. For continuous conversions with
a 540 kHz clock trequency with tha Vx{ + ) input at 5V, this
DC current is &t 2 maxdimum of approximaiely 5 pA. Thers-
fore, bypass capecitors should nol be used af the ansiog
inputs or the VYaee/2 pin for high resistance scurces (> 1
k). If input bypass capacitors are necessary for noise filter-
ing ana high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
valus of tho input current, ~an be aliminaiad with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
avarzge va'ue of the input current is a precise near junc-
tion of the difterentiul input voltage.

2.3.3 Input Socrce Resistance

Large values of source resistanca where an input bypass
capacitor is not used, will nof cause errors as tha input cut-
rents sattle out prior to the companson tima, H & low pass
fiiter is reouired I the systam, 1sa 4 tow valued series resis-
tor {< 1 k1) for a passtse RC section or add an op amp RC
active low pass fifter. For low source resistance applica-
tions, (< 1 kf1). a 0.1 uF bypass capacitor at the inputs witl
pravent noise pickup due to sares lead inductance of a long
wire. A 10001 series resistor can be used 10 isclaie this ca-
pacitur—both the R and C are placed outside the feedback
loop—from the outpx of an op amp, If used.

2.23.4 Noise

The ieads to the analog inputs (pin 6 and 7} shouwld be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital ciock coupling to these inpuls
can cause systom errors. The source resislance for these
inputs should, in general, be kapt below 5 kM. Larper values
of source resistance can cause undesired System noise
pickup. Input bypass capacitors, placed from the anaicg in-
puts to ground, wil ebminate system noise pickup bul can
creata analog scale emors as (hose capacitors vall verage
the transient input switching currents of the A/D (see sec-
tion 2.3.1.}. This scale emor depends on both a large source

resistance and the use 2f an inpul bypass capacitor, This
error ¢an e wlininated by doing a fuil-scaks adjustment of
tr.a A/D (adjust Vper/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scala Adiustinent) with the suurce re-
sistance and input bypass capacitor in place.

2.4 Reference Vollage

2.4.1 Span Ad|ust

For maximum applications flexibility, these A/Ds have been
designed to accommudate a $ Vpg, 2.5 Vpg or an adjusted
voitage reference. This has been achieved in the design of
the 1C as shown in Figure 4.
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FIGURE 4. The Vrererence Design on the IC

Notice that the ralerence voltage for tha iC is either V4 of
the voltage applied 10 the Voo sucply pin, or is equal to tha
voltage that is externally forced at the Vpee/2 pin. This ai-
lows for a raticmetric voliage reference using the Vg sup-
ply, a 5 V¢ reference voltage can be used for the Vc
supply or a voltage l2ss than 2.5 Vpe can be applied tu the
Vrer.'2 input for increased application tflexbility. The nter-
nal gain to tha Vggee/2 input is 2, making the full-scale ditfer-
ential input voitage twice the voitage at pin 9.

An exampie of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of tha analog input voltage. i the analog inpul vollage were
to range from 0.5 Vpg 1o 3.5 Vpc, instead of OV to 6 Vpe,
the span would be 3V as st.own in Figure 5. With 0.5 Vpg
appited to the Vi —) pin to absorb the of!sel, the relerence
voitage can be made equal 1o V2 of the 3V span or 1.5 V.
Tha A/D now will ancode the Vil + ) signal rom 0.5V 10 3.5
V with tho 0.5V input corresponding 10 zero and the 3.5 Vpe
inout corrasponding to full-scale. The ful! 8 bits of rasolution
ete therefcre applied over this roduced analog input voltage
range
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*Add # Vper/2 € 1 Vpc with LM358
10 draw 3 MA 10 ground.
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b) Accommodating an Analog Inout from
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FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Inpul Signal Rangs

2.4.2 Reference Accuracy Requirements

The converter can be operated in A ratiometric mode or an
absolute mode. In ratiometric converter aoplications, the
magnituda of the reference vcltage is a tactor in toth the
oulpit ¢f the source transducer and the output of the A/D
converier and therefore cancels out in the final digital output
coda. The ALCOBOS is specified partictiarly for use in ratio-
motric applications with no adjustments required. In abso-
lute convearsion applications, both the initial value and ihe
temperature stability of the refarence voltage are important
factors in tha accuracy of the A/D converter. Fur Vpep/2
voltages of 2.4 Vpc nominal valus, initiai errors of +10
mVpe will cause conversion errors of 1 LSB due 1o the
gain of 2 of tha VRer/2 input. In reduced span agplications,
the initial value and the stability of the Vrer/2 input voltage
bacorme even more importart. For axample, if the span is
reduced to 2.5V, tha analog input LSB voltage value is cor-
respondingly reduced from 20 mY (5V span) to 10 mV and
1 LS8 at the VRgr/2 Input becomas 5 mV. As can be seen,
his reduces the allowed initial tolerance of the raference
vollage and requires ccrrespondingly lass absolute changa
with temperature variations. Neote that spans smaller than
2.5V placa sven tighter requirements on the initial accuracy
and statility of the reference sourca.

In general, the magnitude of the reforanca vollage will re-
quire an initial adjustment. Errors due to an improper valua
of raference voltage appear as full-scale emors in the A/D
transfer function, IC voltage regulators mayv be used for ref-
erences if the ambient temperature changas are nol exces-
sive. The LM336B 2.3V IC roference diode (from National
Samiconduclor) has a temperaiute stahility ¢f 1.8 mV typ
(6 MV max} uver 0°C<Ta< +70°C. Other tamporalure
range parts are also available.

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D doas not require adiustment. If the
minimum analog input voltage valua, Vinguin. is not ground,
a zero offsal can be done. Tho converter can be mada to
output 0000 C000 cigital coda for this minimum input voltage
by biasing the A/D V(=) input at this Vinguiy value (see
Applications section). This utilizes the differential mode op-
aration of the A/D.

The zero eitor of the A/D convarter rolates 'n the location
of the first tisar of the transfar function and can be mea-
surad by grounding the Viy (—} input and applying a smals
magnitude positive voltage to the ¥y (+) inpul. Zero emor
is the differance between the actual OC input voltage thatis
necessary 10 just cause an oulpul digital code transition
from 0000 Q000 to 0OCT DCO1 and the idaal % LS8 value
{4 LSB = 9.8 mV for VRgp/2 = 2.£00 Vpo).

2.5.2 Full-Scale

The full-scale acjustmenl can be made by appiying a Citfer-
ontial input voltage that is 1%, LSB less than the desirnd
analog full-ssale voltaga range and than adjusting the mag-
nitude of the VRep/2 input (pin 8 or the Vo supply if pin 9 is
not used) for a digital cutpul ceda that is just changing from
1111 1410 to 1141 1111,
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2.5.3 Adlusdng for an Arbitrary Analog Input Voltags
Rangs )

It the analog zero voliage of the A/D is shifted away from
ground {for exampla, to accommodate an analog input sig-
nal that does not go to ground) this now zero taferenco
should be propery adjusted first. A Vin(+) voltage that
equals this desired zero referenca plus Y2 LSB (whaere the
LSD is calcuiated for the desired analug span, 1 LSB=ana-
log spen/256} is appliad to pin 6 and the zero refarance
voltage &t pin 7 shouid then be adjusted to jus! cbtain the
00uEx o 01:4ex code transition,

The {ul-scale adjustment should then be made {with the
proper Vin( —) voltage applied) by forcing a voltage to the
Vin{ +) input which is given by:

Vuax - VMIN}]

: [
Vin (4118 agj = VMAX_LSI- m

whare:

Vmax=The high end of the analog input range
and

Vuin=the lcw end (the otfset zaro) of the aralog range.
{Both are ground referenced.)
The Vaer/2 (o Vo) voltage is then adjusted 1o provide a
€000 change from FEuey to FFygx. This compigtes the ag-
justment procedure.
2.6 Clocking Option _
Tha clock for the A/D can be derived fiom the CPU cloch. or
an exiemnal RC can be acde to provide self-clocking. The
CLKIN (pin 4] makes use of a Schmitt trigger as shown in
Figure 6.

-/
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FIGURE 6. Self-Clocking the A/D

Heavy 2apacitive or DC loading of tha clock R pin shouid be
evoided as this will disturb normal convertar operation,
Loads lass than 50 pF, such as driving up ta 7 A/D convort-
e clock mputs from & single clock R pin of 1 converter, arg
atlowed. For larger ciock line loading, a CMOS or low powar
TTL buffar or PNP input logic should be used to minimize
the loading on the ciock R pin (do rot use & standard TTL
butter).

2.7 Resturt During a Conversdon
1 the A/D is restanod (55 and W go low and return high)

duting a conversion, the comverter is resel and a ngw con-.
version is started. Tha output cata latch is not ugdated if the

CORVErsion in process is aal allowsd to be compiuted, thero-
fore tha data of the previous convarsion remains in (his
lateh. Tne IRTR output simpiy :emalirs at the *1” lavel,

2.8 Continuous Coaversions

For oparation ir. the free-running mode an initiaiizing pulse
should be used, following POWer-up, to ensure circuit opara-
tion. In this appiication, the T5 Input Is grounded and the
Wi input is tied to the INTR output. This WA and INTH
node should be momentarily forced to logic low follewing a
power-up cycle to guarantee operation.

2.9 Driving tive Data Bus

This MCS A/D, like MCS microprocesao:’g a‘nd memor.es,
will require a bus driver when the total tapacitanca of the

data bus gets large. Other circuitry, which is tisd to the data |

bus, will add to the tota! capacitive ‘oading, even in TRI-
STATE (high impedancs mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus,
Thefe are some altsrnatives available to the designer to
hardle this problem. Basically, the capacitiva loading of the
data bus slows down ihe rasponse time, even though DC
specificalions are still met, For syslems operating with a
relatively s'ow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typica’
characteristics curves). ’

At higher CHU ciock frequencies time can be extended for
/0 reads (and/or writes) by inse:ting weit states (8080) or
using clock axtending circuits (6800},

Finaliy, if time is short and capacitive foading is high, exter-
nal bus drivers must be used, These can be TRI-STATC
buttars (low pawer Schottky such as the DM74L38240 series
is re2ommendied) or special higher driva current prodiucts
which are designed as bus drivers. igh current bipolar bus
drivars with PNP inputs are recommendad.

2.10 Power Supplies

Noise spikes on the Yce cupply line can cause conversion
&rmors as the comparator will respond to this noige. A low
inductance tantalum filter capacitor should be used closa to
tha zonventor Voo pin and values of 1 uF Or graator are
recommandad. If ar. unrequleted voltage is avaitable in the
system, a separate (M340LAZ-5.0, T0-92, 5V voltage regu-
lator for the convertar (and other analog circuilry) will greatly
reduce digital nciso on.the Ve supply,

2.11 Wirlng and Hook-Up Precautions

Standarg digital wirg wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all iogic signal wires and leacs should be
grouped and kept as far away as possible from the analog
signai leads. Exposed laads 1o the analog inputs can cause
undesired digital noise and hum pickup, therefore shisided
‘eads may ba recessary in many applications.
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A single pnint anaiog ground that is saparate from the logic
ground poirts shouvkd ba used. The pcwer supply bycass
capacitor and the sell-clocking capaciior (if used) should
bath be returnad to digital ground. Any Vper/2 bypass ca-
paciiors, analog input filler capacitors, or input signal shieid-
ing shouid be raturned to the analoq ground point. A test for
proper grounding is 1o measure tha zeru emor of the A/D
convertar, Zero orrors in excess of Y LS3 can usually be
traced 10 impropur board layout and wiring (0@ saction
2.5.1 for heasuring the zero error).

J.0 TESTING THE A/D CONVERTER

Tharo aro many dagrons of comploxity associalud with tagt-
ing an A/D convertor. Ono of the simplast lests is to apply A
known analug input vollage to ihe converier and use LEDs
to display the resulting digitat output coda as shown in Fig-
e 7.

For ease of testing, the Vaer/2 (pin 2) should be supplied
with 2.660 Vpg and a Voo supply voltage oi 5.12 Vpe
should be used. This provides an LSB value of 23 mV.

It a full-scate acjustment is to be made, an analog input
voltage ot 5.0230 Ve (5.120-1Y, LSB) should be applied to
the Vin(+) pin with the Vin(—) pin giounded. The vaiue of
the VRer/2 input voltage shou!d then be adjusted until the
digital output code is just changing from 1111 1110 10 1111
1111, This value of Vper/2 should then be used for all the
tests. N

The digital oulput LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most sigrificant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent ol thase twa 4-bit groups. By adding the
vollages cblained from the "VMS" and “VLS" columns in
Table [, the neminal valus of the digital display (when
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FIGURE 7. Basi: A/D Tester

Vagr/2 = 2.560V) can be detumined. For axample, for an
output LED display of 1011 01110 or B6 (in hox), the voltage
values frum ihe wabla are 3.520 + 0.120 or 3.640 Vpo
Thesa voltage values reprasent the center-valuds of a per.
foct AJD converter. The affects oi quantization error havo to
be accountad for in the interpratalion of the test 1esulls.

For a higher speed test systam, or lo oblain plotted data, a
digital-to-analog convarler is necded for the test set-up. An
accurate 10-bit DAC can serve as the precision vollage
source for the A/D. Errors of the A/D under test can be
expressad as eithar gnalog voltagas or differences in 2 digi-
tal words.

A basic A/D lestor thal uses a DAC and provides the error
as an analog output vollage is shown in Figure 8. The 2 op
amps can be eliminatad if a lab DVM with a numerical sub-
traction fealure is available 10 read the difference voltage,
“A-C", directly. The analog input voltage can be supplied
oy a low frequency ramp ganerator and an X-Y plotter can
be used to provide analog error {Y axis) varsus analog input
(X axis). Tha construclion details of a tester of thic type are
provided in the NSC application note AN-178, “Analog-lo-
Digital Converter Testing™,

For operation with a Microprocessor or a computer-based
test sysiem, it is more convenient to presan! tha errors digi.
tally. This can bg dona with the circuit of Figure 9, whera ihe
output coda transitions can ba detacted as tha 10-bit DAC is
incrementad. This provides V4 LSE stens for the B-bit A/D
under iest. If the results of this test are automatically plotted
with the analog input on the X axis and the errar (in LSB's)
as tha Y axis, & useful transler function of tho A/D under
105t results. For acceptance testing, the plot is not neces.
sary and the testing speed can be increased by establishing
intemmal limits on the allowad arror 107 each code.

4.0 MICROPROCESSCR INTERFACING

To dicuss the inlerface with 8020A and 6300 microproces-
5008, @& common samgle subroutine structure is used. Tha
microprocessor starts the A/D, reads and stores the resuils
ol 16 successive conversions, then relurns 1o the user's
program. The 16 dala bytes are stored in 16 succassive
memory locations. All Data and Addresses will be given in
haxadecimal form. Seftwasa and hatdware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (30438,
8085)

This coriverter has beer ciesigned to direclly interface with
derivatives of the 80B0 microprocessor. The A/D can be
mapped into memory snace (using standard memory ad-
dress decoding for C§ and the MEMA and MEMW strobes)
or it can be controlled as an 170 device by using the 7O P
and I/O0 W strobes and decoding the address bits A0 —
A7 (or address bits A8 —+ A15 as they will contain the
sama 8-bit address infarmation) 1o obtain the TS input. Us-
in; the /0 space provides 256 additicnal addresses and
may allow a simpler 8-bit address dacoder but the data can
only be input to the accumulator. To make use of the addi-
tonal memory referance instruclions, the A/O should ba
mapped into memory spacae. An example of an A/D in I/0Q
space is shown in Figure 10.

N
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FIGURE 9. Basic "Dr3'tal” A/D Tester
TABLE . DECODING THE DIGITAL OUTPUT LEDs
QUTPUT VOLTAGE
FRACTIONAL BINARY YALUE FOR CENTER VALJES
HEX BINARY WITH
Vrer/2=2.560 Vpo
MS GROU? LS GROUP VMS GROUP* | VLS GROUP*
Folr 1 1 1 15/1€ 15/256 4,800 0.300
€ 1 1 1 0 7/8 71128 4430 0.280
o} 11 0 1 13/16 13/256 4.160 0.260
(o1 171 0 O 3/4 3/64 3.840 0.240
B |1 ¢ 1 1 11/16 11/256 3.520 0.220
A t 0 1 0 5/8 57123 ©3.200 0.200
9 1 0 0 ¢ 3’16 9/255 2/880 0.180
8 1 0 0 ol 1432 2/560 0.160
7 10 1 1 1 7116 7/256 2.240 0.140
6 0 1 1 0 3/8 3/128 1.920 0.120
5 ot o 1 5/16 2/256 1.600 '0.100
4 e 1 o O 14 /64 1280 0.080
3 o 0 1 1 3/1€ 3/256 0.960 0.080
2 0 3 1 0 1/8 17128 0.640 0.040
1 6o 0 0 1 116 17256 0.320 €.020
© |9 0 0 O 0 o

-

*Duplay Output = VMS Group + VLS Group

a iAo
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i
W
|
1
our vee
T e 4015 (8)
1 e o] ADM V)
n Ot 31 [ e e L TT ]
it COMPARATOR [H] < Abrr O i
n n — ADVI (49) i
1" H— e e e aDWI (1)
)
R 7 TL/H/S6T1~20
Note 13 *Pin numbors 100 tha DPS228 SYSWM SONIroNe, othars sre INGAGA0A.
Note 2: Pin 23 of the INSB228 must be tied 10 + 12V tvough & ¢ L resistor 10 genersls the RST 7 ‘
instruction when an intemup! it SCknowledgad a8 required by the ACCOMPANYING SAMOH Progrum.
FIGURE 10. ADCOZ01- INSB0BJA CPU Interface
SAMPLE PROGRAM FOR FIGURE 10 ADC0B01-INS8080A CPU INTERFACE
0038 C30on 03 RST7: Jup LD DATA
- L] L]
. - -
0100 210002 START: LXI HN200H +HL pairwill polut to
;data storage lecations
0103 310004 RETURN: LXI §P 0400H sInitialize stask pointer (Notel)
0106 TD MOVA, L :Test #of bytes entered
0107 FEOF CPI OFH sIf =16, INP Lo
0199 CAa 1301 JZ CONT ;user program
cloc D3 EQ , our EOR ;Start A/D
010E FB EI ; Enable interrupt
G10F a0 LOGP NQp s Loopuntilend el
0110 C30F 01 JMP LOOP ; conversion )
0113 ] CONT : . i
- - - L] )
. L] (Usar programto . -
. . process data) . y
* . . . ¥
L] L] L] * F
0300 DB EO LD DATA: INEOH ;Licad data into accunulater
0302 77 MOV M, A ; Store data
0302 23 INXH : Increment Storage polnter R
0304 €30301 JMP RETURK 1>
Kota 12 The stack pomisr must be dmersioned bacause a RST 7 instruction pushes tha PG onto the stack.
Note T All sddress used were arbitranly chosen.
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Functional Desception (centinues
The standard control bus signais of the 8080 T8, B0 and
WH) «an be directly wirac (o the diahai control inputs o1 the
A/D and tha bus timing requiremsents ars maet 1o allow both
saring the converter ard outputting the data onto the data
bus. A bus driver should bo used for larger microprocessor
tarns where the dala bus leaves the PC board ard/or
must drive capacitive loads larger than 100 pF,

4.1.1 Samgle 8080A CPU Interfacing Cireuitry and
Progrem :

The following sample program anvd assoclaled hardware
shown In Fiaure 10 may be used to input data trom the
converter to the INS8080A CPU chip set (comprised of the
INSB0B0A microprocessor, the INS8228 syslem controller
gnd the iINSB8224 clock genaerator). For simplicily, the A/D is
control'ed as an 1/O device, specifically an 8-bit b direction-
al port tocated at an arbitrarily chosen port address, £0. The
TRI-STATE output capabifity of the A/ etiminates the need
1o¢ a peripheral interface davice, howaver address decoding
i still requiced to generate the appropriate G5 for the con-
verter. -

It is important 1o nnte that in systems whare the A/D con-
varter is 1-0f-3 or less 1/O mapped devices, no address
decoding circuitry is necessary. Each of the £ address bits
{AC to A7) can be direclly usud as T5 inputs—one for each
170 device.

4.1.2 INS8048 Interface

The INSB048 interface technique with the ADCC801 series
(300 Figure 171) is simpler than the BOBOA CPU interface.
Thera aru 24 /0 fines and threa test input lines in tha B048.
With these extra. 170 lines available, ono of the 1/0 lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an extemal address decoder. Bus
control signats RD, W and INT ¢f the BC48 sre tiad directly
to the A/D. Th3a 16 converted data words are stored at on-
chip RAM locations from 20 to 2F (Hex) The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below.
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FIGURE 11, INS8048 interface .
SAMPLE PROGRAM FOR FIGURE 11iINS8048 INTERFACE

0410 NP 1CH ¢ Program startsat céir 1
ORG 3#
04 50 IMP 50H ; Interrupt jump vector
ORG 10H s #alnprogroan
99 FE ANL P1l, #OFEH ;Chipselect
81 MOVX A, €R1 :Reaa tutho 25t data
;toreset the intr
8901 START: ORL P1, ¢i : Set port pinhigh
BR 20 MOV RO, 220K ;Data address
B9 ¥F MOV R1, #OFFH s Dummy adcéress
BA 10 MOV R2, #10H s Counter for 16 bytes
23 FF AGAIN: MOV A, #OFFH :Set ACC forintrloop
99 FE ANL P, #0FEH ; Send CS (b1t Oof PL}
91 Movx @Frl, A : Send WR out
05 EN I ; Enable Ltnterrupt
948 21 LOOP: JNZ LOOP ;Wale for interrupt
EA 1B DINZ R2, AGAIN ;If 16 bytes aro read
o0 NOP 1gotouser'sprograc
00 NOP
ORG 50H
gl INDATA: MOVX A, €R) ; Input deta, CSstill lecw
AQ KOV ERO, A s Store inpemary
18 INC ROC : Incrament storage counter
8901 ORL Pl, #1 :Reset CS signal
27 CLR A ;Clear ACCto get sut c?f
e 83 RETR s the interrupt loup
3-37
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4.2 Interfacing the Z-80

The Z-80 contral bus € slightly different {rom that ~f the
3080. Ganerat RD and WR sirolas are providod and sepe-
rate memury request, MREG, and 1/ reguest, 10RT, sig-
nals are used which have 1o be combined wilh tha general-
ized strobes 1o provide the squivalent BOBO signa's. An ad-
vantage of Operating the A/D in 1/O space will; the Z-80 is
that the CPU will automaticatly insort one wait stats (the RD
and WHR strobes are extenced one clock periud) to allow
mure time for the 170 devices 1o raspond. Logic to map the
A/D in 170 spaco Is shown in Figure 1.3

QL1

Wh
MMM TL/H/SETV-23

FIGURE 13. Mapping the A/D as an {/0 Device

for 'Jse with the Z-80 CPU
Additional [/0 advantages exist as scitware DMA routines
are available and use can be made of the outpul dala rans-
fer which exists on the upper B acdress linas (AB 10 A15)
during 170 input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode.

4.3 interfacing 6800 Microprocessor Derivatives
{6502, etc.)

The control bus for the 6800 microprocessor derivatives
doas not use the AD and WH sirobe signals. tnstaad it em-
ploys a single R/W line and additional timing, if neaded, can
b4 derivad fom the ¢2 clock. All I/0Q devices are memcry
mapped ir the 6800 system, and a special sighal, VMA,
indicates that the currer| address is valid. Figure 14 Shows
an interiace scheinatic where the A/D is mamory mapped in
the 6800 systam. For simplicity, the CS decoding is shown
using %2 DM3092, Note that in many 6800 cystems, an al-

e m e o m re e b g Wt e sl L W LMD By

pin 21. This car by tied irecly to the C5 pin of the A/D,

provided that nc othar devices are aJddrassed at HX ADDR:

4AXXX or 5XXX,

The following subruutine performs essentislly the sama
function as in the caso of tho £CBOA inierface and it can be
called irom anywhoare in the user's program.

In Figure 15 the ADC0801 series is interfaced to the M680Q
microprocessor through (the arbitraily chosen) Port B ol the
MCG820 or MCE821 Penpheral Intertace Adapter, {PIA).
Here the C5 pin of the A/D is Jrounded since the PIA ie
alreudy memory mapped in the MGBO0O sysiem and no T3
deccding is necassary. Also notica that the A/D outpul data
lines 8o connacled to the microprocessor bus unde: pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

A snmipla intorface progoun oguivalaet o tha {AHOUS A4
is shown helow Figure 15. Tha PIA Dala and Controt Regis-
tars of Porl B are iocated at HEX addressas B0O0S and 8007,
respectivoly.

5.0 GENERAL APPLICATIONS

The following applications show some interestirg uses o
the A/D. The fact that one pariicular MICTOProcessor is used
is not meant 10 b3 restrictiva. Each of these applcation cir-
cuits would have its counterpart using any micracrecessor
that is desired.

5.1 Multipie ADC080T Series to MC6300 CPU interface

To transfer analog data from several channels 10 & Single .

microprocessor system, a multiple converler scheme Ofe-

sants several advantages over the conventional multiplaxer .

single-converter approach. With the ADC0801 series, the
differential inputs aliow individual 2pan adjustment for sach
channal. Furthermore, all analog input channels ar2 sensed
simultansously, which essentiully divides the microproces
sor's total system servicing tima by tie number of channels,
since all conversions occur simulianeousty. This schems is
shown in Figure 16.
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fFuirctisnal Ce

0010
0C1z
0015
- 0018
0018
oo1c
001D
001F
0022
0024
0¢27
0023
COzZA
coz¢
DO2E
0031
00353
0034

0038
0038
003B
003D
003F

scription (Continued)

SAMPLF. PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE

DR X8
CEQQ 2¢
_FRTFFF8
B7 5000
OF
38
DE 34
8C 02 0F
27 14
B7 5G 00
08
DF 34
20 FD
DE 34
B6 50 0
A7 Q0
3B
0200

00 00
CEQ2 00
DF 34
DE 36
39

DATAIN

CONVRT

IRTRPT

TEMP1

TENP2
ENDP

sTX
LDX
STX
STAA
CLI
WAZ
LDX
CFX
BEQ
STAA
INX
STX
BRA
LDX
LDAA
STAA
RTI
FDB

FDB
LDX
SIX
LDX
RT3

ECWP2
#$002C
$FFF8
$3000

TENF1
#3020F
ENDP
$5000

TEKP1
CONVRT
TEMPL
£5000

o
$0200

40000
#0200
TENP1
TEMPZ

: Sava contents of X
;Upon IR icw CPU

7 jumps to 002C

1 Start ADCOBOL
;Wait fer interrupt

3 Is final data Storeat

s Restarts ADCO801L

: Read data
i Sture it at X

: Starting 2ddress for
ydatastorage

;Reinitialize TEMPL

s Return from subroutine
;Touser's progran

Note 1: in orcer for the mirofrocesson io sorvice SubLLINGS 2nd iNterTup's, the slack pointer must ba diflens.anad e CS8F'S Program.

1
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FIGURE 15. ADCO801-MC6820 PIA interfaca
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functional Description (contnued)

3AMPIL.E PROGRAM FOR FISURE 15 ADCGE01-MC5820 FiA INTERFAGE

0010 CE €O 38 DATAIN LDX
0013 FFFPF8 $TX
nols B6 80 06 LDAA
0019 4F CLRA
001A 87 80 07 STAA
001D B7 80 08 STAA
0020 OE CLi
o021 €5 34 LDAB
0023 86 3D LDAA
0025 ¥7 80 07 CONVRT STAB
0028 R7 80 07 STAR
0028 3E WAT
oo2¢ LE 40 LDX
002E 8C 02 OF CPX
0031 27 9P BEQ
0033 o8 97} ¢
0034 DF 40 STX
C036 20 ED BRA
0038 DE 40 INTRPT LDX
ou3a B6 80 06 . LDAA
003D 47 o0 STAA
CO3F 3B RTI
0040 02 00 TEMP1 FDB
0042 CE 0200 ENDP 1.DX
0045 DF 40 STX
0047 39 RTS
S1AORB EQU
. PIACRB EQU

The following schematic and sample subrcuting (DATA IN)
may be used to interface (up tc) 8 ADCVBOT's directly tc the
MC6800 CPU. This scheme can easily he extended to allow
the intarface of more converters. In ihis configuration the
Converters are (artitrariiy} iocated at HEX address 5000 in
the MCE800 memary space. To save compcnents, the
clock signal is derived from just one RC pair on the first
converter. This oulput drivas the other A/Ds3,

All the converters are started sirwltanaously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form SXXX will ba decoded by the circuit,
pulling all the T3 inputs low. This can easily ba avoided by
using a more definitive address decoding schiema, Al the
interrupts ara ORed togather 1o insure that all A’Ds have
complated their conversion bafore the microprocassor Is in-
tarruptod,

Tho subroutine, DATA N, may be called from anywhera in
the usar's program. Once called. this routing initializes the

3 DTRE] i Upon IRQ low CPY X
§$FFrs 1 Juups 1o 0038 o
PIAORB ; Clear possible IRQ flays
PikCPB
PIAORB 1 Set Port Bas tnput
#3834
#33D -
PIACRB 3 Starts ADCOROL
FIACRB -
iWait forinterrupt
TENP1
#$020F ;Isfinal data stored?®
ENDF
TEMP1
CONVRT
TEVP1
FIAORB ;Read datain
X jStore it at X
$0200 i1 Starting address fer
;data storage
#30200 iReinitialize TEMP1
TEXP)
i Return frow subroutine
$8006 ;Touser's program
$8007

CPU, starts all the converters simultaneously and walts tor
the interrupt signal. Upon recelving tha interrup?, It reads the
converters (from HEX addresses 5000 through 5007) and
stores the data successively al {arbitrarily chosen) HEX ad-
drasses 0200 to €207, pefote returring to the user's pro-
gram, All CPU registers than recover tha original data they
had belore servicing DATA IN,

5.2 Auto-Zeroad Differential Transducer Amplitior

and A/D Converter
The difierential inputs of the ADC0391 series eliminate the
need o perform a ditferential to single enc'ed conversion for
& differentia! transducer. Thus, one op amp car be eliminat-

od since the difterantial to single ended conversion is [ (I

vidad by the differential input of the ADCOB01 series. In gun-
ocal, a transducor praamp is requircd to take advantcge of
the tull A/D converier inpul dynamic rangs.
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SAMPLE PROGRAM FOR F/G
ADORESS HEX CODE MNEMONICS
colo D7 44 DATALN STX
00lz CE 00 24 LoX
0015 PP EFFR SIX
0018 B7 5000 STAA
0013 OE cut
cole 3E LT}
001D CE 50 00 LbX
0020 DF 4C STX
0022 CE0z 00 LDX
0C25 DF 42 STX
0027 DE 44 Lox
! 0029 39 RTS
. 0024 LE 40 INTRPT Lux
I 0020 AB 00O LTAA
i 002E 08 I
l 002f DF 40 57X
: o031 DE 4z Lox
»
- N Lk P e

TEMP
#30024
$FFF8
$50C0

#3$5000
INDEXL
#30200
INDEX2
TEKP

INDEX1
X

IKRCEXY
INDEX2

terfacing Multiple A/Ds in an MC6800 System
URE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

COMMENTS

i Save Contentsof X
: Upon TRQ LOW CPY

i Jumps to 0024
iStartsallA/D's

;Wait for interrupt
i Beset both INDEX

land2tostarting
i addresses

i keturn from subroutine

; INDEX1 — X

;Rend data in fromA/Dat X

i lncrement X by one
+ X —+ INDEX)
tINDEY? ~— ¥

rAAAA - -

TLIH/S671~26
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SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIOLE A7Ds 1i1 AN MC6800 SYSTEM

ADDRESS HEX CUDE MHZMONICS COMMENTS

0133 A7 00 STAA X iSteredataat X

0035 8Co2n7 CPX 30207 iHave all A/D's boen read?
0G38 2705 BEQ RETURN Yes: branch to RETURN
0034 03 INX :No:increwent X by one
003B DF42 $TX INDE¥2 :X — INDEX2

003D 20 ER BRA INTRFT i Bronch to 002A

003F 3B RETURN RTI

004C 50 00 INDEX] FLB 35000 : Starting address for AfD
Co42 G200 INDEX2 FDB $0200 i Starting address for data storage
0044 00 00 TEXP FDB $0000

Note 1: in ordur (or the TUICIONOCESSOM 10 Sarvice subroutines and interrupts, the stack pointer must be d'mensionad in Ihe user's program.

For amplification of DG input signa's, & major syslem errol is
the input offset voltaga of ihe ampiifiers used for tha
Heamp. Figure 17 is a gain of 100 ditferential preamp
whose offset voltags errors will be cancelled by a zeroing
subrouting which is perdormed by the INSS0B0A microproc-
essor system. The total atlowabls input ofiset voltage error
for this preamp ‘s only 50 LV for Y, LSB arror. Thus would
obviousty require very prezise amplifiers. The axpression for
ihe differentizl outpui voltaga of the preamp ;s:

h2
Vo = [Vin(+ ) = Vit =] [1 + ‘—RT} +
_,_,——-4 “w\—-—
SIGNAL CAIN

2R2Y
VMos, ' Vos, ~ Vos, * IxRx) (1 + T:n_)

;_ﬁ_,___/ N/
DC ERROR TERM GAIN

whore Iy is the current through resistor Ry. All of the offsat
arror terms can be cancelled by making * IxAy = Vosgy +
Vosa ~ Vpsa. This is the principle of this auto-zaroing
schemae,

The INSROBDA usas tha 3 (/D ports of &n INSB255 Pro-
gramable Periphiaral Interfaca (PPI) to control the auio zerc-
ing and input data irom the ADCO801 as shown in Figure 18.
The PPl is programmed for basic 1/0 operation (mode 0)
with Port A being an input port and Ports B and C being
output ports. Two bits of Port C are used to alternately upen
or closa the Z switches at the input of the preamp. Switch

SW1 is closed to force the preamp’s differential input 1o be
2aro duiing -the zeroing subroutineg and then opened ang
SW2 is then clased for conversion of the actuat differentiy
input signal. Using 2 switches ir: this manner eliminatas con.
cern for the ON resistance of the switches as they mug
conduct only the input bias currant of the input emplitiers,

Output Port 8 is used as a stccessive approximation tegis.
ter by the 80BC and thie birary scaled resistors in S8res wih
each output bit create a D/A converter. During the zeroing
subroutine, the voltage ai V, increascs or decreases as re.
quired to make the ditferential output voltage equal to zerg,
This is accomplished by ensurng that the voltage at the
output of Al is approximately 2.5V so that a logic 1" (5y)
on any output of Port B will source current into noda Vyx thus
raising the voltage at Vy and making the output differentiaj
more negalive. Conversely, a logic 0" {OV) will puli strrent
out of node Vy and dacrease the voitage, causing the ditfu:

entia' output to become mcre pesitiva. For the resistor val- .

ues shown, Vy can move 12 mV with @ fesoiution of 50
LV, which will null the offset error tarm 1o Y LSB of full-
scale for the ADCOB01. It is important that the voitage lavels
that drive the auto-zero resistors be constant. Also, for sym-
metry, & kgic wing of OV 1o 5V is convenient. To achieve
this, 8 CMOS buHer is used for the logic output signals of
Forl 8 and this CMOS packaga is powared wiih a stable 5V
source. Bultar amgifier Al is necessary so thal it can
source or sink the D/A output current,
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ADC0801/ADC0802/ADC0303/ADS0804/ ALK

R T O

2t 2o code when i ¢onveris negatve inpul [Vin(—) <
Vin( )] Also, & Icqic Invarsion exists as all of the /O pens
arc Luftared with inverting gates.

Basicaily, i the data read is zero, the diferential ouiput vali- -

ayc is negativ, so a bil in Port B i< clwared W pull Vy mora
necalive which will make the output more positive 1or thy
next conversion, If the daia read is not 2610, the output voit-
age is positive s¢ a bit in Port B is set 1o make Vy more
Postrve anc the oulput more nogative. This continues for 8
agproximations and the diffarential output eventually con-
vergss 1o within 5 mVv of zero.

The actuat Program s given in Figure 20. All addresses
used are compatible with the BLC 80710 microcomputer
system. In panticular;

Port A and the ADCOB01 are at port address E4

Port B is &t port address £5

Port Cis al port aduress £6

PPI ceritrol word port is at port address £7

Program Counter automatically goes to ADDR:3C3D upon

acknowledgement of an interrupt from the ADC0801

5.3 Multipte A/D Converters in a Z-80 Interrupt
Driver. Mode

Ir data acquisition systems where morg than ona A/D con-
verter (or other paipheral davice) will be interrupting pro-
gram execution of & micreprecassor, thera is obviousty a
reed for the CPU io detarmine which device roquires servic-
ing. Figure 21 and the accompanying software is a mathod
of determining which of 7 ADCOBG | converiers has com-
pleted a conversion (INTR assertac) and is requasting an
interrupt. This circuit aliows starting the A/D converters in
any sequencs, but will input and store valid data from the
converiers with a priority sequence of A/D 1 baing read first,
ML 2 sacond, alc., theough A/D 7 which would have ths
lowast priority for data being read. Cnly the converters
whose INT is asserted will be read.

Tha key to dacoding circuitry is the DM74LS373, 8-bit D
typ=2 fiig-flop. Whan the Z.80 acknowledges the iniermupt,
the program 1s vactored to a data input Z-80 subroutine,
Thie subroutine will read a peripheral status word from the
OM74,5373 which contains the logic state of the TITR cut.
puts of all the converisrs. Each convartar which initiates an
interrupt will piace a logic 0" in a unique bit positinn in the
statug word and the subroutine will dete:mire the identity of
the converter and exacute a data read. An identifia: word
(which incicatas which A/D the data came fromj is stored in
the ned sequentiai mamory location above the location of
the data so the program can keep track of tne identity of the
dala entered.

¢ START ZEABING
SUBRQUTINE ;

TLASE Swi
OFEN Sw2

INITIALIZE SAR
NTPOINTER
REGB=X'N

I

WITIALIZE 3AR
COOEINREG T
REGC+XIF

UUTPUT FIRST
SAR CODE
ToRTi-xw

CTART A/D AND
READ GATa

j.

—_—
is "GN Ae G § WITH
DATA REGCTOCLEAR
ltngr ot mroRT e
. WHEN RELPPLIFD
ko
[
_+
SHFT ™ TINREG D
RICHT 1O POINT T
NEXT MIT
PREAMY IS TERDED
AND FROPER (1PUT
CONYIRSIDNS CAN
E
Ve ook “EXCLUSIVE-OR™
REC § wiITH AEC C
TOSET MERT AIT
WAAT &
QUTHIT NEW SaR
CCOITOPART &
TL/HISET -

FIGURE 19. Flow Chart for Auto-Zero Routine
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Ve LSLT Lut Control Poyt Prograc PPJS
K am VT oAy ‘uto-Zere Subroutine
X N .o
3007 D3Eg ouT ¢ . ' B iClose SW1 open SW2
3009 0680 WIBBO_ iInft{alizs SAR bii pointer
SCO3 - 3E%FR MVIATF ‘Initialize SAR coda
X 3COD  4F MOV, Return
3DOE  D3E5 OUT B . . . i Port B= SAR code
3P10  31AAID  LXISP SDAA : Start i Odmension stack pointer
3013 D3E4 ouUT A o - 1 Start A/D
3015 PB 1E .
! 3D16 00 NOP K Losp iLoopunti) TiT asserted
3D17  C316ID JNP Loop ‘
3D1A 74 MOV A,D Aute~Zaro
3D1B  Ce00 ADI 0p
3D1D  CA2D3D JZSet ¢ ; Test A/D output data for zerc
3020 78 MOVA,B sShift s
3021  Fs00 ORI 00 ;Clear carry
3023 1F RAR iShift*1*1an right cne placa
3D24  FEGO CP1 20 :IsBzero? If yes last .
323 CA373D  JZDone iepproximationtas beenmads
! 3b29 47 MOV B, A ’
i 3D2A  £3333D  JMP New(
302D 79 MOV A,C Set C
3D2E B0 ORA B iSetbit inCthat 1s in same
3D2F 4F MOV C,A ypesitionas *1*ia8
3030 C32030 JMPShirt B
D33 A9 XRA C New C iClearbit in G that is in
3D34  C€30D3D  JMFReturn 3 3ame positionas *1*' in B
L3747 MOV B, A Done i then output now SAR code.
3n38  7C MOV A,H .- i Op2n SW1, close SR2.thon
3D39 EE03 XRI U3 . . iproceed vithprogram. Preamp
3D3B D3Es 0UT C i1snowzeroed,
3D3b - Narmel
L}
*
Program for processing
properdata values
3CID DBE: INA Read A/D Subroutine ;Read A/D data
3C3F  EEFF XRI FF ) i Invert data
3C4)L 57 NOVD,. A
3C42 78 MOV AR i 13BReg=07 1 not stay
3C43  ESFF ANI FF iinauts zero sutreutine

3C45  C2AAAID  INZ Auto-Zs ro
3C48  C©33D5D  JNP Normal
Note: ANl numerdical values are hexadacimal repreFanintions.
FIGURE 20 Softwars for Auto-Zsroed Ditferential A/D

5.3 Muttipie A/D Converters [n a Z-a9¢ Interrupt Criven
Mode (Conilnued)
The following notes apply: .
1] It is assumed that the CPU automatically performs a RST
7 instruction when a valid interrupt ig acknowledged (CPU

5} The peripterals of concarn are mapped into 1/0 space
with tha following port assignments:

b i3 in interrupt mode ). Hence, the subouting starting ad- HEX PORT ADDRESS PER'PHEFAL
& dress of X0038, 00 MM74C374 8-bit tip-flop
d % Tha addrass bua 1iorn the 2-80 and the data bus 1o tho Z- o A /P !
: J 80 are aasumad 10 ba invartod by bus drivers, vz ArD 2
: I N A/D gate and idenlitying words will be stored in sequen. 03 A/D3
| tal memory tocations starting at the arbitrarily chosen ad- 04 A/D 4
i dress X 3€D0. 05 A/CS
j ) The stack pointer must be dimensionud in the main pro- 06 A/DSE
! Qram as the RST 7 instruction automatically pushes the o7 . AT
, PC onta the stack and the subroutine uses an additional This port aadress also servag as the A/D identifying word in
6 stack addrosses. the program.
|
!
L*‘——_k S—
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: FIGURE 21. Muitiple A/Ds with Z-80 Type Microprocessor
'INTERRYPT SERVICING SUBROUTINE
SOQURCE
iLQC  0BJCODE STATEMENT COMMENT
0038 Es PUSH HL iSave contentscfall registersaffected by
p032  ¢5 PUSH 3¢ i this subroutine,
003A F5 PUSH AF s Assumed INTmado 1 earlier set.
NO3E 2100 3E LD (HL} ,X3E00 iInlttalize nemory rolnterwhare datawill be stored.
DOJE QE0L Lpc, Xol iorogisterwill be pert ADDRof A/D converters,
J040 D300 0UT X00, A i Load paripheral status word inte &-bit latch.
042 DpDOO INA, X00 ; Load status word into accumulator,
W04t 47 LD3B.A ;Save the status word.
w45 73 YEST LbLA,C ;Test to see 1f the status of al)l A/D'shave
1046 FE D3 C?, X08 ibeenchecked, If 50 , #xit Subroutins
048 CA6000 JPZ, DONE
Q4B 78 LLA,B . iTest asingle bit Instatus word by leoking for
04C 17 RRA 18 "% toberotated into the CARRY {on INT
04D 47 LDB,A i1sloadedasa®1l*). If CARRY i3 set then load
04E DA SSO0y JPC, LGAD ieontents of A/D at port ADDR inCregister.
bs1  oc NEXT INCC i 1t CARRY 15 not set, increment C registerto point
0€2  c34500 JP,TEST Ttonext 4/D, thon test next bit in status word.,
55 ED78 LOAD  INA, (Q) ;s Read deta from interrupting AsD and lovert
)57 EEFF XORFP : the data,
159 77 LD {HL) ,4 7 Store the data
154 2¢ INCL
158 71 LD (HL},C iStore A/Didentifiar (&/D part ADDR}.
1I5C  2¢ . IHC L
8D €3 S5lo00 JP,NEXY ;Test next bit instatus word.
60 Fl DONE  POP AP iRe-establishall registars as they ware
61 Cl PQP BC ibefore the interrupt,
62 El . POP HL
863 (g RET :Returntoeriginal program
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(WiR 1] Ill” ittt
TEMP HANGE_ H g*'CTO 70°C CCTOIrC CTO0°C e WS TO +85C

PTA 2DCO0O1LEN
Adjusted
+ 14 Bit ADCO802LCWWV ADCLBQ2LCY ADC0802L.CN

ERROR .
Unadjusted .
% Bit ADCO0B03L CWM ADCOBO3LCY ADCO803LCN
Adjusted .
18 ADCO804LCWM ADC0804LCV ADCOBO4LCN ADCOBOSLON
Unadjusted |

PACKAGE OUTLINE M20B—Small Quiine V20A—Chip Cariier NZ0A—Mz2:¢ DIP

7

| . TEMP RANGE —~40°C VO + 85°C -58'CTO +125'C
+ V4 Bit Adjustec ADCOBOILCY ADC3201LS
ERROR | + 14 Bit Unadjusted ADCO802LCY ADCOZJ
1+ Y4 Bit Adjusied ADCOBO3LCY
4 1Bit Unadjusted ADC0804LCY i
CACKAGE QUTLINE J20A—Cavity DIP J20A—Cavity DIP
Connection Diagrams
ADC083X ADCCBOX
Dual-in-Uine xnd Small Outline (SO) Packages Moided Chip Carmer (PCC) Paxcxage
N - 25882
S 20} Yor (OR Yarp) s&asex
EE.-] 2 192k e
wi—{s 13}—o080 (L3B) ok 085
axm—{« 17}-0as Yer (OR Yger) 036
ﬁ-J 5 16}=082 cs 297 (WsB)
v{4)={s 15}—Dp83 RD DGND
Yod-) =7 14}—pae we Yaei/1
AGND—|8 134—pas
Veer/1—{9 12-086 zT xT T 2
ZETT g
pewn 0 11}-087 (ws9) R 3

THIW/ST -0

See Ordering Information

TLHIS6T1-32
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LAMPIRAN B



Timer Status EQU 30h !} status utk timer 0
/0 -> dipakai untuk delay geser pada header
/1 -> untuk menghitung lebar pulsa data infrared

Sec_Tick EQU 31lh ; variabel utk counter timer

X Header EQU 32h ; variabel utk posisi pergeseran tulisan pada header

J Header EQU 33h ; variabel yg berisi banyaknya karakter pada tulisan
header

Mode EQU 32h 7 variabel yg menunjukkan mode yg ditampilkan pada LCD

i mode 1 = menampilkan nilai SP dan PV

; mode 2 = menampilkan status kran

; mode 3 = input nilai SP dari keypad

; mode 4 = Verifikasi pembukaan kran isi

; mode 5 = Verifikasi penutupan kran isi

; mode 6 = Verifikasi pembukaan kran buang

; mode 7 = Verifikasi penutupan kran buang

; mode 8 = pesan error bila SP yq dimasukkan > 100

; mode 9 = menampilkan level air dan status heater

; mode 10= pesan error apabila membuka kran isi padahal

; air sudah penuh
X _Enter SP EQU 33h ; variabel koordinat X posisi kursor saat menginputkan
SP
Present Value EQU 34h / variabel utk menyimpan nilai PV (suhu sekarang)
Set Point EQU 35h ;7 variabel utk menyimpan nilai set point

Buffer SP EQU 36h i variabel untuk menampung 3 digit nilai
: 37h ; desimal dari SP pada saat diinputkan
: 38h ; ‘

Tank Status EQU 38h ; Status level air : 0 -> kosong, 1 -> terisi, 2 ->
penuh

Data Counter EQU 3Bh ; variabel counter jumlah pulsa data vg akan
dikirim ke kontroler 1

Ctrl_Status EQU 3Bh ; varliabel yg menampung nilai kontrol status

Counter EQU 3Ch / Vvariabel counter jumlah pulsa data yg diterima
dari kontroler 1

Set_Ctrl_ St EQU 3Dh ; variabel penampung nilai kontrol status yg akan
dikirimkan ke kontroler 1

LCD RS BRIT p3.6 ; pin output untuk register select LCD
LCD _cCs BIT p3.7 ; pin output enable LCD

Scan_Key 1 BIT pZz.
Scan_Key 2 BIT p2.
Scan_Key 3 BIT p2.
Scan Key 4 BIT p2.
IR TX BIT  p3.

/ pin output pembacaan matrix keypad

B s oy
~

; pin output transmitter IR



Button_F
Header F

BIT
BIT

Show_Header F
ditampilkan

Upper Valve

BIT

Lower Valve BIT
Upper Valve C
Lower Valve C
Heater

Update Mcde F
Data_Type F BIT
Send Data F BIT
status

No_Data F

BIT

yg masuk

’

’

ORG 0000h

LJMP Start

ORG 0003h

LdMP Int O

CRG 000Bh

LIMP Timer
ORG 0018h

LJMP

ini adalah data karakter-karakter yang
untuk tiap-tiap mode

Header

DB 149
DB '

DB
DB
DB !

Opened

DB "buka

Closed

DB

Timer

00h
0lh
BIT

03h
04h
BIT
BIT
BIT
BIT
09h
OAh

0Bh

0

1

'futup’

; pin input rece

; 0 -> idle, 1 -
; 0 =-> idle, 1 -
02h

; 0 -> header tdk ditampilkan,

iver IR

> lakukan pembacaan tombol
> refresh tampilan header pada LCD
1 -> header

i 0 -> close, 1 -> open

; 0 -> close, 1 -> open

C5h / 0 -> close, 1 -> open

Och ; G -> clese, 1 -> open

07h ; 0 -> stop, 1 -> active

08h ;7 0 -> idle, 1 -> refresh tampilan pada LCD

i 0 -> data PV,
; data vyg akan d

; 0 -> masih ada

; vector address

vector address

.

; vector address

1 -> data kontrol status

ikirim : 0 -> data SP, 1 -> data kontrol

data yg diterima, 1 -> tidak ada data

setelah 4 detik

untuk interrupt 0

untuk timer 0

untuk timer 1

akan ditampilkan pada LCD

ALAT PEMANTAU DAN PENGENDALI SUHU A'

T

'IR TANPA KABEL BERBASIS uC89C51 - Hartono Rahardjo’
' - NRP. 5103094049 - Unika WIDYA MANDALA Surabaya '



Y or N

DB Te=Y #=N'
Active
' DB Taktif!
Stop

DB 'stop !
Full

DB 'venuh '
Not Full

DB "terisi'
Empty

DB 'kosong!

Status_1_ Text
DB PV = T
DB 'Sp = 7

Status_2_Text
DB 'Kran 1sl
DB 'Kran buang:'

Status_3 Text
DB 'sp (',0DFh,'C) ="

Status_4_Text
DB "Buka kran isi ? !

Status_5_ Text
DB "Tutup kran isi 2!

Status 6_Text
DB 'Buka kran buang??

Status_7_Text
DB '"Ttp kran buang? '’

Status_8_Text
DB 'SP > 100 i1t
DB 'Tekan #'

Status 9 Text
DB 'Vol. air: !
DB 'Heater : '

Status_10_Text
DB "Air sudah penuh.’
DB "Tekan # !

; Interrupt timer 0 digunakan untuk :

; 1. menghitung pewaktuan 0.5 detik, setiap 0.5 dtk tampilan pada header
bergeser

; 2. menghitung pewaktuan 4 detik, kalau tidak ada data yg diterima maka
tampilkan



tulisan --- pada LCD

- Timer O ,
PUSH a
PUSH psw

MOV thO, #03Ch

MOV tl0, #0AFh

INC  Sec Tick

MOV &,Timer Status
CINE a,#0,TO J2
MOV a,Sec Tick
CJNE a, #10,70_J1
MOV Sec Tick, #0
SETB Header F

AJMP TO_J1

TO_J3 JNC  TO_J4
AJMP TO J1

TO J2 MOV a,Sec_Tick
CINE a, #60,T0 J3
TO J4 MOV Sec Tick, #0
MOV Present Value, #0FFh
SETB No_Data F
SETB Update Mcde F

; CLR tro

; CLR eto

TO J1 POP pSwW
POP a
RETI

/ Interrupt O digunakan untuk menerima dan menghitung pulsa data
; yang diterima dari receiver IR

Int ©
CLR ea
CLR. et0
PUSE a
PUSH psw

MOV Data_Counter, #0
MOV thO, #0
MOV tl0, #0

SETB  tro
JNB IR R¥,S$
CLR tr0

MOV a, tho
CJNE a,#7,10_J2
CLR Data Type F
ARJMP 10 _JS

10_J2 CJINE a,#9,I0 J1
SETB Data Type F

I0_J5 MOV thO, #0ECh

T MOV t10,40

CLR tfo
SETB  tx0
I0 J3 JB tf0,I0_J4

JB IR RX,10_J3



JNB IR RYX,$
INC Data_ Counter
AJMP IC_J5

I0_J4 DEC Data_Counter
MOV a,Mode
CINE a,#1,I0_J7
I0_J8 SETB Update Mode F
AJMP  I0_J9
10_J7 CJINE a,#2,10_J10 ; cek apakah data Yg masuk = PV ?

AJMP 10 J8
I0 _J10 CJNE a,#9,10_J9 ; cek apakah data yg masuk = status kontrol ?
AJMP I0_J8

I0_J9 CLR tfo
CLR tro
JB Data_Type F,I0 _J6
MOV Present_ Value,Data Counter
AIMP IO J11

I10_J6 MOV Ctrl Status,Data Counter

I0_J11 CLR  No_Data F
MOV thO, #03Ch
MOV t10, #0AFh
MOV Sec_Tick, #0

I0_J1

SETB etO
SETB tr0
CLR ie0
POP psSw
POP a
SETB ea
RETI

/ timer 1 digunakan untuk membangkitkan frekuensi 40 kHz (carrier)
Timer_ 1

CPL IR TX
RETI

T

; digunakan untuk menghasilkan delay kurang lebih 50 us (digunakan untuk
; penulisan data pada LCD)

Delay_50
PUSH 7
MOV r7, #50 ; Delay 50 us
DJNZ r7,$%
POP 7
RET

i digunakan untuk menghasilkan delay kurang lebih 4 ms {digunakan untuk



14

’

penulisan

Delay 2

PUSH
PUSH
MOV

D 2 J1

DJINZ
DJINZ
POP
POP
RET

CLR
SETB
MOV
CLR
LCALL
RET

SETB
SETB
MOV
CLR
LCALL
RET

MOV

I L Jl

DJNZ
MoV
LCALL
LCALL
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MoV
LCALL
RET

instruksli pada LCD)

7
©

r7, #0

MOV ré, #0Eh
re, s
7,0 2 J1

©

7

LCD Write_Inst

LCD RS
LCD_CS

rl,a

LCD CS
Delay_2

LCD Write_ Data

LCD_RS
LCD_CS

rl,a

LCD_CS
Delay 50

Initialize LCD

r7,#5

LCALL Delay 2
r7,1 L J1
a,#03Fn

LCD Write_Inst
LCD Write_Inst
LCD Write_Inst
a, #0Eh

LCD Write_Inst
a, #06h

LCD Write_Inst
a,#01lh

LCD Write_Inst
a, #0Ch

LCD Write_ Inst

; prosedur penulisan instruksi pada LCD

; prosedur penulisan data pada LCD

; prosedur inisialisasi LCD

Ini adalah prosedur untuk setting timer, interrupt, dan nilai awal variabel

MOV

Initialize Data

tmod, #21h H

timer 0 -> timer 16 bit,

fimer 1

->» timer auto relcad



MOV tho, H03Ch ; bLimer 0 digunakan utk pewaktuan 50.000 us
MOV t10, #0AFh ;
MOV thl, #0F4h ; timer 1 digunakan utk pewaktuan 25 us (periode dari 40
kHz} .
MOV tll, #0F4h ;

MOV ie, #82h ; aktifkan int. timer O

CLR  Button_F

SETB Header_F

SETB Show Header_ F
SETE No_Data F

MOV X Header, #0
MOV Sec Tick,#0

MOV Timer_Status, #0
MOV Set Point, #0FFh
MOV~ Present Value, #0FFh
MOV Buffer SP,#0
MOV Buffer SP+1,#0
MoV Buffer SP+2,#0
CLR  Upper Valve

CLR Lower_Valve

CLR Heater

SETB IR_TX

MOV Tank Status, #0

MOV dptr, #Header
CLR a

MOVC a,fa+dptr
MOV J Header,a
SETB txr0

RET

; prosedur untuk menampilkan tulisan header pada LCD

Show Header
JNB Header F,H J1
CLR Header F
MOV a, #080h
LCALL LCD_Write_Inst
MOV dptr, #Header
INC dptr
MOV r7,#16

H J2
MOV a,X Header
MOVC a,@a+dptr
LCALL LCD Write_Data
INC dptr
DJNZ r7,H_J2
INC X Header
MOV a,X_ Header
CJIJNE a,J Header,H_J1
MOV X_Header, #0

H J1 RET



; prosedur delay untuk menghilangkan bouncing saat tombol ditekan

Remove Bouncing
MOV rd, #0FFh
RB_J1 MOV r3, #0FFh

DINZ r3,$
DINZ rd,RB_J1
RET

; prosedur pengecekan tombol

Check Button

MOV r7, #1

CLR Scan_Key 1
SETB Scan Key 2
SETB Scan_Key 3
SETB Scan Key 4
MOV  a,p2

ANL a, #7h

CINE a, #7h,CB_J2
MOV r7,#4

SETB  Scan_Key 1
CLR Scan _Key 2
SETB Scan Key 3
SETB Scan_Key 4
MOV a,p2

ANL a,#7h

CINE a,#7h,CB J2
MOV r7,#7
' SETB Scan Key 1
SETB Scan Key 2
CLR  Scan_Key 3
SETB Scan Key 4
MOV a,p2

ANL  a,#7h

CJNE a,#7h,CB J2
MOV r7,#10

SETB Scan Key 1
SETB Scan_Key 2
SETB Scan_Key 3
CLR Scan Key 4
MOV a,p2

ANL &, #7h

CJNE a, #7h,CB_J2
CLR Button F

CB_J1 RET

CB J2 JB Button_F,CB_J1
SETB Button_ F
LCALL Remove_ Bouncing
JNB  Show_Header_F,CB_J3
MOV  ie,#08%h
SETB 1it0
MOV Mode, #1
SETB Update Mode F
CLR Show Header F
CLR tr0



MOV  Timer Status, #1
CLR  Header_F

RET
CB_J3 CJNE a,#3,CB_J4
MOV a, #0

AJMP CB_J6
CB_J4 CINE a,H#5,CB_J5

MOV a, #l

AJVP CB J6
CB_J5 CJNE a,#6,CB_J1

MOV a,#2
CB_J6 MOV b, r7

ADD a,b
; Button 1

CIJNE a,#1,CB_J7
MOV a,Mode

CJIJNE a, #3,Btnl Ji
MOV a,X_Enter_SP
CJNE a,#3,Btnl_J2

RET

Btnl J2 MOV r0, #Buffer SP
ADD a,r0
MOV r0,a

MOV Rr0, #1

MOV  a, #31h

LCALL LCD Write Data

INC X_Enter SP
Btnl J1 RET

; Button 2

CB J7 CJINE a,#2,CB_J8
MOV a,Mode
CJNE a,#3,Btn2 J1
MOV a,X_Enter 5P
CJNE a,#3,Btn2 J2

RET

Btn2_J2 MOV r0,#Buffer SP
ADD a,r0
MOV rd,a

MOV @ro, #2

MOV a,#32h

LCALL LCD _Write Data

INC X Enter SP
Btn2 J1 RET

; Butrton 3

CB_JB CJNE a,#3,CB_J9
MOV a,Mode
CJNE a,#3,Btn3 Jl
MOV a,XMEnter_SP
CINE a, #3,Btn3_J2
RET
Btn3 J2 MOV ~ rO, #Buffer SP



ADD
MOV
MOV
MOV
LCALL
JINC
Btn3_J1

; Button 4

CB _J9 CJNE
MOV
CJINE
MOV
CJINE
RET

Btn4 J2
ADD
MOV
MOV
MOV
LCALL
INC

Btn4 J1

; Button 5

CB_J10
MOV
CJNE
MOV
CJINE
RET

Btn5 J2
ADD
MOV
MCV
MOV
LCALL
INC

Btnb J1

; Butfon [

CB Jl1
MOV
CJNE
MOV
CJNE
RET

Btné_J2
ADD
MOV
MOV
MOV
LCALL
INC

a,r0

r0,a

@ro, #3

a, #33h

LCD Write Data
X _Enter SP

RET

a, #4,CB_J10
a,Mode

a, #3,Btn4_J1
a,X_Enter SP
a,#3,Btnd J2
MOV
a,r0
r0,a
Bro, #4
a, #34h
LCD Write Data
X_Enter Sp

RET

r0, #Buffer SP

CJINE

a,Mode
a, #3,Btnb_J1
a,X Enter SP
a,#3,Btn5iJ2

a, #5,CB_J11

MOV

a, r0
rl,a
@Qro, #5
a, #35h
LCD _Write Data
X_Enter SP

RET

r0, #Buffer SP

CJNE

a,Mode
a, #3,Btné_J1
a,X_Enter SP
a,#3,Btné J2

a, #6,CB_J12

MOV
a,r0
r0,a
@ro, #6
a, #36h
LCD Write Data
X_Enter_ SP

r0, #Buffer_SP



Btné J1
; Button 7

CB Jlz2
MOV
CJNE
MOV
CJINE
RET

Btn7 J2
ADD
MOV
MOV
MOV
LCALL
INC

Btn?7 J1

; Button 8

CB_J13
MOV
CINE
MOV
CINE
RET

Btn8 J2
ADD
MOV
MOV
MOV
LCALL
INC

Btng_J1

; Button 9

CB_J14
MOV
CJINE
MOV
CJINE
RET

BtnS J2
ADD
MOV
MOV
MOV
LCALL
INC

Btng J1

CB J19

; Button 10

RET

CINE a,#7,CB_J13
a,Mode

a, #3,Btn7 J1
a,%_Enter SP

a, #3,Btn7 J2

MOV r0, #Buffer SP
a, r0

rG,a

Qr0, #7

a,#37h

LCD_Write Data

X _Enter SP

RET

CINE &, #8,CB J14
a,Mcde
a,#3,Btng_Jl
a,X_Enter SP

a, #3,Btng_Jz

MOV r0, #Buffer SP
a,ro -
r0,a

@r0, #8

a, #38h

LCD_Write Data
X_Enter SP

RET

CJNE a,#9,CB J15
a,Mode
a,#3,Btn9 J1
a,X_Enter SP

a, #3,Btng J2

MOV r0, #Buffer_SP
a,r0

rgd,a

@rQ, #9

a, #3%h

LCD Write Data
X_Enter SP

RET

LIMP CB_J16



CB J15 CJNE a, #10,CB J19
MOV a,Mode
CJNE a,#1,Btl0 J1
MOV Mode, #2
SETB Update Mode F
RET

Bt10 J1 CINE a,#2,Bt10_J2
MOV Mode, #9
SETB Update Mode F
RET

Bt10 J2 CINE &, #3,Bt10 J3
MOV a,X Enter SP
CJINE a,#0,Bt10_J4
RET

Btl10 J4 MOV a, #10h
LCALL LCD Write Inst
MOV a, #20h
LCALL LCD Write Data
MOV a, #10h
LCALL LCD Write Inst
DEC X_Enter SP
RET

Bt10 J3 CJINE a, #4,Bt10_J5
MOV a,Tank_Status
CJNE a, #3,B10 J10
MOV Mode, #10
SETB Update Mode F
RET

B10_J10 SETB Upper Valve C

LCALL Turn Upper Valve
SETBE Send Data F
LCALL Send Data

MOV  Mode, #2
SETB Update Mcde F
RET
Bt10_J5 CINE &, #5,Bt10_J6
CLR Upper_Valve C

LCALL Turn Upper Valve
SETB Send Data F
LCALL sSend Data

MOV Mode, #2
SETB Update_Mode F
RET
Btl0_Jé6 CJINE a,#6,Bt103J7
SETB  Lower Valve C

LCALL Turn Lower Valve
SETB Send Data F
LCALL Send Data

MOV Mode, #2



SETB
RET

Bt10_J7

' CLR

LCALL
‘SETB
LCALL

MOV
SETB
RET
Btl0 J8
MoV
SETB
RET
BtiC J9
RET

; Button 11

CB_J16
MOV
CJINE
MOV
+CJINE
RET
Bt1l J2
ADD
MOV
MOV
MOV
LCALL
INC
RET
Bt1l J1
JNB
RET
Bt1l J5S
_SETB
JNB
MOV
Bt1l J4

Brll J3
RET

; Button 12

CB J17
MOV
CJINE
JNB
RET

B12 J16
SETB
RET

Update_Mode F

CIJNE a,#7,Bt1l0_J8
Lower_Valve C

Turn_Lower Valve
Send Data F
Send Data

Mode, #2
Update Mode F

CJNE a, #9,Bt10_J9
Mode, #1
Update Mode F

CJNE a,#11,CB_J17
a,Mode
a,#3,Btl1_J1

a,X Enter SP
a,#3,Btll_Jg2

MOV r0, #Buffer SP
a,r0

ro,a

Qro, #0

a, #30h

LCD Write Data

X _Enter SP

CJNE a,#2,Btll J3
No_Data F,Btll J5

MOV Mode, #4
Update Mode_F
Upper Valve,Btll J4
Mode, #5

RET

CINE a,#12,CB_J18
a,Mode

a, #1,Btl2_J1

No Data F,Bl2 J16

MOV Mode, #3
Update Mode F



Btl2 J1 CJINE a, #3,Btl12_J2
LCALL Calculate_SP
MOV a, #0Ch
"LCALL LCD Write Inst
MOV a,ré6
‘CIJNE  a, #100,Bt12_J3
AJMP Btl2_ J4

Btl2 J3 Jc Bt1l2 J4
CINE a, #0FFh,Bt12_ J7
AJMP Btl2 Jé6

Btl2 J7 MOV Mode, #8
SETB Update_ Mode_F
"RET

Btlz_J4 MOV  Set Point,r6’

"CLR  Send Data_F
LCALL Send Data

Bt12 J6 MOV.  Mode, #1
SETB Update Mode_F
RET
Btlz J2 CJNE a,#8,Btl2z_J5

AJMP Btl2_UJ6

Bt12_J5 CJINE a,#2,Bt12_J8
JNB  No Data F,B12 J17
RET

B12 J17 MOV Mode, #6

SETB Update_Mode F
JNB Lower Valve,Btl2 J9
MOV Mode, #7

Bt12_J9 RET

Bt12_ J8 CIONE a,#4,Bl2 J10

B12_ J14 MOV Mode, #2
SETB Update Mode F
RET

B12_J10 CINE a,#5,B12_J11
AJMP B1l2Z2 _J14

B12 J11 CJNE a,#6,B12_J12
‘AJMP Bl2 J14

B12 J12 CIJNE a,#7,Bl2 J13
AJMP B12 J14

B1l2 J13 CJINE a,#10,B12 J15
'AJMP B12_J14

Bi2 JIS

T RET
CB_J18 RET

; prosedur untuk menghitung SP dalam hexadesimal dari nilai SP
; vang diinputkan melalui keypad

Calculate SP
MOV ré6, #0




MoV r7,X _Enter SP
MOV 0, #Buffer SP
MOV a,xr’

CJNE a,#0,CS5P_J3
MOV ré.Set Point




MOV a,b

ADD a, #30h

LCALL LCD_Write_Data
‘CHD_JZ MOV a, #020h

LCALL LCD Write_Data

MOV a, #0DFh

LCALL LCD Write_Data

MOV &, #043h

"LCALL LCD Write_Data

RET

Mode_ 4 _to_ 7
MoV r7,#16

Md47_J1 CLR  a
MOVC &, @atdptr
LCALL LCD Write_Data
INC dptr
'DJNZ  r7,Md47_J1
MOV dptr,#Y_or N
MOV a, #0C0h
LCALL LCD Write_Inst
MOV r7,#7

Md47 J2 CLR a
MOVC a,@atdptr
LCALL LCD Write_ Data

INC  dptr
DJNZ r7,Mdd7 J2
RET

; prosedur untuk menampilkan tulisan tulisan untuk setiap mode pada LCD

Update Mode
'JB Update Mode F,UM_J1

RET
UM J1 CLR  Update Mode_ F
MOV &, #1

LCALL LCD Write_ Inst
MOV a,Mode

; Mode 1

‘CINE  a,#1,UM_J2
MOV  dptr, #Status_1_Text
MOV ri, #5
Mdl_J1 CLR a
MOVC a, Ga+dptr
LCALL LCD Write Data
INC dptr
DINZ r7,MA1_J1
MOV a,Present_Value
LCALL Calculate Hex_ 2 Dec
MOV &, #0C0h
LCALL LCD Write_Inst
MOV r7, #5
Mdl J2 CIR a
MCVC  a, @a+dptr
LCALL LCD Write Data




INC
DJINZ
MOV
LCALL
RET

; Mode 2

UM _J2 CJNE
LCALL
MOV
MOV

Md2 J1
MOVC
LCALL
INC
DJINZ
PUSH
PUSH
JNB
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
AJIMP

Md2 J7
JNB
MOV
Md2_J3
Mdz_J4
MOVC
LCALL
INC
DJINZ

Md2_J8
POP
MOV
LCALL
MOV
Md2_J2
MOVC
LCALL
INC
DJINZ

MOV
LCALL
MOV
LCALL
MOV
LCALL

dptr

r7,Mdi_Jz2
a,Set_Point
Calculate Hex 2 Dec

a,#2,UM J3
Check Ctrl Status
dptr, #Status_2_ Text
r7,#11

CLR a

a, @a+dptr

LCD Write Data
dptr

r7,Md2_Jl

dpl

dph

No Data F,Md2_J7
a, #020h

LCD Write_Data
a, #02Dh

LCD Write_ Data
a, #02Dh

LCD Write_Data
a, #02Dh

LCD Write_Data
Md2 J8

MOV dptr, #Closed
Upper Valve,Md2_J3
dptr, #Opened

MOV r7, #5

CLR a

a,@a+dptr

LCD Write Data
dptr

r7,Md2 J4

POP dph

dpl

a, #0C0h

LCD _Write Inst
r7,#11

CLR a

a, fa+dptr

LCD Write Data
dptr

r7,Md2_J2

No Data_F,Md2_J9
a, #020h

LCD Write Data
a, #02bh

LCD Write_ Data
a, #02Dh

LCD Write Data




MOV
LCALL
RET

Md2_J9

MOV
Md2_J5
Md2_J6
MOVC
LCALL
INC
DJINZ
RET

; Mode 3

UM J3 CJNE
MOV
MOV

Md3 J1
MOVC
LCALL
INC
DJNZ
MOV
LCALL
MOV
RET

; Mode 4

UM_J4 CJINE
MOV
LCALL
RET

; Mode 5

UM _J5 CJNE
MOV
LCALL
RET

; Mode 6

UM J6 CJNE
MOV
LCALL
RET

;} Mode 7

UM J7 CJNE
T Mov
LCALL
RET

a, #02Dh
LCD_Write Data

MOV dptr, #Closed
Lower Valve,Md2_dJ5
dptr, #0pened

MOV r7,#5

CLR a

a,@a+dptr

LCD Write Data
dptr

r7,Md2 J6

a, #3,UM J4
dptr, #5tatus 3 Text
r7,#10

CLR a

a, Bat+dptr

LCD Write Data
dptr

r7,Md3_J1

a, #0Eh

1CD Write Inst
X_Enter_SP, #0

a, #4,10M_J5
dptr, #Status 4 Text
Mode_4_to_7

a, #5,0M_Jé
dptr, #Status 5 Text
Mode 4_to_7

a,#6,UM_J7
dptr, #Status 6 Text
Mode 4 to_7

a,#7,UM_J8
dptr, #5tatus_7_Text
Mode 4 _to_ 7




; Mode 8

‘UM _J8 CJNE
MOV
MoV

Mds J1
MOVC
LCALL
INC
DJNZ
MOV
LCALL
MOV

Md8 J2
MOVC
LCALL
INC
DJINZ
RET

UM _J9 CJINE
LCALL
MOV
MOV

Md9 J1
MOVC
LCALL
INC
DJNZ
PUSHE
PUSH
INB
MOV
LCALL
MOV
LCALL
MOV
LCALL
AJMP

Md9_Je
MOV
CJNE
MOV
AJMP
Mas J3
MOV
MdS J4
Md9_J5
MOVC
LCALL
INC
DJINZ

Md9 _J9
POP

a, #8,UM_J9
r7,4%12

dptr, #S5tatus_8 Text
CLR a

a, @a+dptr

LCD Write_ Data
dptr

r7,Md8 J1

a, #0C0h
LCD_Write Inst
r7,#7

CLR a

a, Gatdptr

LCD Write Data
dptr

r7,Md8 J2

a,#9,UM _J10

Check Ctrl Status
r7, #10 B

dptr, #Status_9 Text
CLR a

a, @a+dptr

LCD Write Data
dptr

r7,Md9 Ji

dpl

dph

Neo_Data F,Md9 J8
a, #02Dh B
LCD Write Data

a, #02Dh

LCD Write Data

a, #02Dn

LCD Write Data
Mdo J9

MOV dptr, #Full
a, Tank_Status
a,#0,Mde J3
dptr, #Empty

Mdo J4

CINE a,#1,Md9_J4
dptr, #Not_Full
MOV ri,#6

CLR a

a, @a+dptr

LCD Write Data
dptr

r7,Md8 J5

POP  dph
dpl



MOV a, #0COh
LCALL LCD Write Inst
MoV r7,#10

‘Md9 J2 CLR a :
MOVC a,@atdptr
LCALL LCD Write_ Data
INC  dptr
DJNZ r7,Md9_J2
JNB No Data_ F,Md9_J10
MOV a, #02Dh
LCALL LCD Write_Data
MOV a, #02bh
LCALL LCD Write Data
MOV a,#02Dh
LCALL LCD Write Data

RET

Md9 J10 MOV  dptr, #Active
JB Healer,MdS_ Jt
MOV dptr, #Stop

MdS Jeé MOV r7,#5

Md9 J7 CLR a

MOVC a, RGa+dptr
LCALL LCD Write Data

INC  dptr
DJNZ r7,Md9_J7
RET
UM_J10 CINE a,#10,UM_J11

MOV r7,#16
MOV dptr, #Status_10_Text
Md10_J1 CLR a
MOVC a, Ga+dptr
LCALL LCD Write_Data
INC dptr
DJNZ r7,Md10_J1
MOV a, #0C0oh
LCALL LCD Write_Inst
MoV 7, #7
Mdi0 J2 CLR a
MOVC a, Ga+dptr
LCALL LCD Write_ Data

INC dptr
DJNZ r7,Mdi0_J2
RET
UM_J11
RET

; prosedur untuk mengirimkan data pada kontroler 1

Send Data
CLR ex0
CLR et0
SETB etl
MOV r7,#2 ;o

SD_J4 JB Send Data F,sD_J1




MOV Counter, Set_Point
MOV thO, #0FSh
MOV t10, #041h

SETB  tr0
SETB trl
JNB  t£0,$
CLR  trl
SETB IR TX
LJMP SD_J2

SD_J1 MOV  Counter,Set Ctrl St
MOV thO, #0F3h
MGV t10, #07Fn

SETB tr0
SETE trl
JNB tf0,$
CLR trl

SETE IR TX

SD_J2 CLR  tr0
CLR tfo
INC Counter
SD_J3 MOV tho, #0FDh
MOV t10, #0A7h

SETB tro0
JNB tf0,3
CLR tfo

MOV thO, #0FDh
MOV t1l0, #0A7h

SETB trl

JNB tf0,s

CLR tro

CLR tril

CLR tfo

DJNZ Counter,SD J3
MOV tho, #0C0h ;o
MOV t1l0, #000h
SETB tro0

JNB tfo, s

CLR tro

CLR tfo

DJNZ r7,SD_J4

CLR etl
CLR ie0
SETB ex0
RET

/ prosedur untuk meng update nilai kontrol status yg akan dikirimkan
; (membuka / menutup kran isi)

Turn_Upper Valve
MOV Set_Ctrl St,Ctrl Status
ANL  Set_Ctrl St,#3
JB Upper Valve C,TUV_J1
ANL  Set_Ctrl St, #0FEh
RET



TUV_J1 ORL  Set Ctrl St,#l
RET

'; prosedur untuk meng update nilai kontrol status yg akan dikirimkan
; (membuka / menutup kran buang)

Turn Lower Valve
MOV Set_Ctrl_St,Ctrl'Status
ANL Set Ctrl St,#3

JB Lower Valve C,TLV_Jl
ANL  Set Ctrl St, #OFDh
RET

TLV_J1 ORL.  Set Ctrl_St, #2
RET

; prosedur untuk pembacaan nilai data kontrol status yang diterima dari
; ¥ontroler 1, untuk ditampilkan pada LCD

Check Ctrl_ Status
MOV  a,Ctrl_sStatus
ANL a,#l
CLR Upper Valve
CJNE a,#1,CCS_J1
SETB Upper_Valve
ccs J1 MOV a,Ctrl_Status
ANL a, #2
CLR  Lower Valve
CINE a,#2,CCsS_J2
SETB Lower_ Valve

CCs_JzZ MOV a,Ctrl_Status
ANL a, #0Ch
RR a
RR a

MOV Tank Status,a

CJINE a,#0,CCS_J4

MOV Set_Point,#DFFh
CCs_J4 MOV a,Ctrl_Status

ANL a,#10nh

CLR Heater

MOV Set Point, #0FFh

CJNE a,#10h,CCS _J3

SETBR Heater

Start
MOV sp, #7
LCALL Initialize_LCD
LCALL Initialize Data
Loop

LCALL ShOW_Header
LCALL Check Button




LCALL Update Mode
LIMP Loop



Num_ Lo EQU  30h
Num Hi EQU 31h

Div 0 EQU 32h

Div 1 EQU 33h

Div 2 EQU 34h

Div_3 EQU  35h

Tmp O EQU 36h

Tgs 1 By 37h i Num Lo s/d Tmp 3 adalah variabel

Tmp 2 - RQU 4Hh ; untuk perhitungan aritmatika

Tmp 3 EQuU 3%h ;

Present Value EQU 3Ah ; variabel utk menyimpan nilai PV (suhu sekarang)
Sec Tick EQU 3Bh ; variabel utk counter timer

Ctrl Status EQU 3Ch ; 0000 0000b

3 333 \

; ' +U" Upper valve : 0 -» close, 1 -> open

; * ¢ Lower Valve : 0 -> close, 1 -> open

; * Water lewvel ; 00 -> kosong, 01 -> terisi, 11 ->
penuh

; Heater status : 0 -> stop, 1 -> aktif

Timer Reg EQU 3Dh ; variabel counter utk menghitung jml pulsa data yang
akan dikirim

Tank_Status EQU  3Eh ; Status level air : 0 -> kosong, 1 -> terisi, 2 ->
penuh

Dummy EQU 3Fh ; variabel penampung sementara, serba guna

Set Point EQU 40h ; variabel utk menyimpan nilai set point dari kontroler
2

Data Counter EQU 41h ; variabel counter utk menghitung jml pulsa data
yang diterima dari kontroler 2
Dummy 2 EQU 42h ; variabel penampung sementara, serba guna

50C BIT p3.1 ; pin pengontrol ADC start konversi: 0 -> reset, 1 ->
start konversi

EOoC . BIT 3.2 ; pin flag/indikator dari ADC bahwa ADC telah selesai
mengkonversi: 1 -> belum selesai, 0 -> sudah selesai

IR RX BIT p3.3 J pin input dari receiver infrared: 0 -> ada data, 1 ->
no data

IR TX BIT p2.4 ; pin cutput untuk transmitter infrared: 0 -> cn, 1 ->
off

Heater BIT B2.5 ; pin outpuf relay heater: 0 -> off, 1 -> on

U Valve 1 BIT pZ.0 ; pin output driver motor utk kran isi

)
U_Valve_ 2 BIT p2.1 ; pin output driver motor utk kran isi )

(#1
(#2



L valve_ 1 BIT 2.2
L valve 2 BIT p2.3

U Level BIT
ada air, 1 -> ada air
L Level BIT

tdk ada air, 1 -> ada

Send Data_ F BIT 00h
Read ADC_F BIT 0lh
Upper Valve BIT 03h
Lower Valve BIT G4h

Heater Status BIT
Heater F BIT 06h
Data Type F BIT 07h
Check Ctrl F BIT

ORG 0000h
LJMP Start

CRG 000Bh
LJMP Timer O

ORG ~ 0013h
LJMP Int 1

QRG 001Bh
LIMP  Timer 1

; #1 =1, #2 = 0 : motor putar ke kanan

p3.4 ; pin input dari sensor level air (atas): 0

p3.% ; pin input dari sensor level air (bawah): 0
air

; 0 -> idle, 1 -> kirim data

; 0 -> idle, 1 -> baca ADC

; 0 -> close, 1 -> open

; 0 -> close, 1 -> open

05h ; 0 -> stop, 1 -» active

;0 -> idle, 1 -> kontroler heater aktif

.
r

#1 = 1, #2 =1 stop motor
#1 = 0, #2 = 1 : motor putar Ke kiri
#1. =1, #2 =0 motor putar ke kanan

pin output driver motor utk kran buang (#1)
pin output driver motor utk kran buang (#2)
#1 = 1, #2 = 1 : stop motor

#1 = 0, #2 = 1 : motor putar ke kiri

0 -> data SP, 1 ->» data status kontrol

08h ; 0 -> idle, 1 -> cek kontrcl

’

’

-
’

vector address untuk timer 0

vector address untuk interrupt 1

vector address untuk timer 1

; Timer 0 digunakan untuk menghitung 0.5 detik.

; Tiap 0.5 detik kontroler mengirim data PV, 0.5 detik berikutnya

; kontroler mengirim data status kontrol (heater,water level, status kran),
; 0.5 detik kemudian mengirim data PV lagi, dan seterusnya.

Timer O
PUSH a
PUSH psw

MOV tho, #03Ch

7

nilai th0 dan t£l0 ini akan menghasilkan

-> tdk




TO J2

T0_J3

TO J4

MOV

SETB

INC

MOV
CJNE

SETB
CLR

MOV
CLR

CPL
JB

MOV
MOV
MOV
SETB
JNB
CLR
SETB
AJMP

MOV
MOV
MOV
SETB
JNB
CLR
SETB
CLR
CLR
INC
MOV
MOV
SETB
JNB
CLR
MOV
MOV
SETB
JNB
CLR
CLR
CLR
DINZ
MOV
MOV
SETB
SETB

t10, #0AFh

Read ADC F

Sec_Tick

a,Sec Tick

a,#10,T0_J1
Heater F
exl

Sec Tick, #0

et

Send_Data F

r

’

penghitungan waktu utk 50.000 us

pengkonversian / pembacaan ADC diaktifkan

setiap 50.000 us
counter untuk 50.000

apakah sudah terjadi
sebanyak 10 x 50.000

500 ms

lakukan pengecekan /

Send_Data_F,TC J2

us

us

= 0.5 dtk ?

Timer Req, Present_Value
; timer 0 digunakan utk menghasilkan

th0, #0F9h
t10, #0BDh
tril

tf0, 8

Ll

TR TX

TG J3

’

’

pewaktuan

1100 us

penghitungan waktu

= 500.000 us =

pengontrolan heater

theader data PV)

timer 1 diaktifkan

Timer_Reg,CterStatus
; timer 0 digunakan utk menghasilkan
pewaktuan 1650 us
timer 1 diaktifkan

tho, #0F7h
t10,#067h
trl

t£0,3

tril

IR TX

tr0

tf£0

Timer Reg
th0, #0FDh
£10,#0Aa7h
trd

t£f0,5

tfo

tho, #0FDh
t10, #0A7h
trl

t£0, 8

tro

trl

tf0

.
r

’

Timer Reg,TO _J4

tho, #03Ch
£10, #0AFh
tro
et

(header data status kentrol)

timer O digunakan utk menghasilkan
pewaktuan 600 us

{jedah utk tiap data)

timer 0 digunakan utk menghasilkan

pewaktuan

600 us

(lebar 1 pulsa data}



TO J1 PQP
POP

; CLR

SETB
RETI

psSwW
a

iel

exl

; interrupt 1 digunakan untuk menerima input data dan menghitung data

; yvang masuk dari

Int 1
CLR
PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
SETB
JNB
CLR
MOV
CJINE
CLR
AJMP

I1 J2 CJNE

SETB
T1 J5 MOV
MOV
CLR
SETB
11 J3 JB
JB
JINB
INC
AJMP

11 34 DEC
CLR
CLR

JB
MOV
SETB
SETB
AJMP

I1_J6 SETB
MOV

71 _J1 CIR
POP
POP

ed

a

psw

tl0

tho

Data Counter, #0
tho, #0

£10, #0

tro

IR RX, $

tr0

a, tho
a,#0Bh, I1_J2
Data Type F
I1_Js
a,#0Dh,I1_J1

Data Type F
tho, HOEOh
t10, #0

tfo

tro
tf0,I1 J4

IR RX,I1 J3
IR_RX, 5

Data Counter
I1_J5

Data Counter
t£e
tr0

Data_ Type F,I1_J6

Set Point,Data_Counter
Heater Status

Heater F

11_J1

Check Ctrl_ F
Dummy 2,Data Counter

iel
th0
£10

receiver infrared

.
¥

.
1

cek apakah data yg masuk

cek apakah data yg masuk

li

status kontrol




POP psw

POP a
SETB ea
SETB  LrG
RETT

; bLimer 1 digunakan untuk membangkitkan frekuensi 40 klz (carrier)
Timer 1

CPL IR TX
RETT

; Ini adalah prosedur untuk setting timer, interrupt, dan nilai awal variabel

Initiélize_Data
MOV tmod, #21h ; timer 0 -> timer 16 bit, timer 1 -> timer auto reload

MOV ie, #8Eh ; aktifkan interrupt 1, int. timer 0, int. timer 1
SETB  itl ; interrupt 1 aktif low edge
MOV ip, #0Ch ; prioritaskan interrupt 1 dan int. timer 1

MOV tho, #03Ch } timer 0 digunakan utk pewaktuan 50.000 us
MOV £10, #0AFh ;

MOV thl, #0F4h / timer 1 digunakan utk pewaktuan 25 us (pericde dari 40
kHz)
MOV tll, #0F4h ;

MOV Set Point, #0 ; nilai set point sementara diisi ©
CLR  Heater ; matikan heater
CLR  Heater Status ; heater status = mati / off

CLR Upper Valve ; status kran isi = tutup
CLR Lower Valve ; status kran buang = tutup

SETB tr0 ; nyalakan timer 0

SETB IR TX ; matikan transmitter IR

SETB Read ADC_F ; perintahkan prosedur Read ADC utk membaca ADC
MOV Ctrl Status, #0 ; Status kontrol sementara diisi nilai 0
RET

7 Div_16 : Routine untuk pembagian
;32 bit : 16 bit -> 32 bit

; M5B LSB

/ Pembagi -> Num_Hi Num Lo
; Bilangan -> Div 3 Div_2 Div 1 Div O
; Hasil -> Div 2 Div_2 Div_1l Div 0



;This divides the 32 bit OP register by the value supplied

MOV R7, #0

MOV RG, #0 ;zero out partial remainder
MOV Tmp 0, #0 ‘

MOV Tmp 1, #0

MOV Tnp 2, #0

MOV Tmp 3, #0

MOV R1l,Num Hi ;load divisor

MOV RO, Num Lo

MOV RS>, #32 ;loop count

;This begins the loop

Div_loop:

Can sub:

ACALL Shift D ;shift the dividend and return MSB in C
MOV A,R6 ishift carry into LSB of partial remainder
RLC A
MOV R6,A
MOV A,R7
RLC A
MOV R7,A
JC can_sub ;7 Revisi tgl 20 okt 1998

;now test to see if R7:R6 >= R1:RO

CLR C

MOV A,R7 ;subtract R1L from R7 to see if Rl < R7
SUBB A,R1 ; A = R7 - R1l, carry set if R7 < R1

Jc Cant sub

;at this point R7>R1 or R7=R1
INZ Can_ sub Jjump if R7>R1

;1f R7 = R1, test for R&>=RO

CLR C

MOV A, RO

SUBB A, RO ; A = R6 - RO, carry set if R6 < RO
Jc Cant_sub

;subtract the divisor from the partial remainder

CLR C

MOV A,R6

SUBB A, RO ; A = R6 - RO

MOV R6,A

MOV A,R7

SUBB A,R1 ; A =R7 - Rl - Borrow

MOV R7,n

SETB C ; shift a 1 into the quotient
AJMP Quot

Cant_sub:

Quot:

;shift a 0 into the quotient
CLR C

ishift the carry bit into the quotient
ACALL Shift 0

/ Test for competion
DJINZ R5,Div_loop



r

Shift D:

MOV
MOV
MOV
MOV
RET

Now we are all done,

Div_0, Tmp 0
Div_1,Tmp 1
Div 2,Tmp 2
Div 3, Tmp 3

move the TMP values back into OP

;shift the dividend one bit to the left and return the MSB in C

Shift Q:

CLR
MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV
MoV
RLC
MOV
RET

C
A,Div_0
A
biv_0,A
A,Div 1
A
Div_1,A
A,Div_2
A
Div_2,A
A,Div 3
A
Div 3,A

;shift the quotent one bit to the left and shift the C into LSB

MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV
RET

A, Tmp 0
A
Tmp O,A
A, Tmp 1
A
Tmp 1,A
A, Tmp 2
A
Tmp 2,A
A,Tmp_3
A
Tmp 3,A

; prosedur untuk start konversi

Read_ ADC
JNB

CLR
CLR
MOV
DJINZ
SETB

CLR
JB
SETB

MOV

Read ADC_F,RADC J1

’

Read_ADC_F

50C
r7,#50
r7,5%
30C

ea
EQC, $

ea

a,pl

dan membaca hasil konversi ADC
; kalau Read ADC F = 0, jangan lakukan
pembacaan ADC

start konversi

14

matikan semua interrupt
ftunggu sampai selesai konversi
nyalakan interrupt

baca data ADC dari port 1



MOV b, #100 ; data ADC adalah 0 s/d 255,
; untuk mengubahnva menjadi suhu -
; digunakan persamaan :
; " {Data ADC x 100)

MUL ab

MOV Div 0,a

MOV ~ Div_1,b

MOV Div 2, #0

MOV Div_3,#0

MOV Num Lo, #255

MOV~ Num_Hi, #0

LCALL Div_16

MOV Present Value,Div_ 0
RADC J1 RET B

; prosedur untuk mengisi nilai variabel kontrol status yg akan dikirimkan
: ke kontroler 2 dengan melakukan pengecekan sensor level air dan bit-bit
; indicator

Check Ctrl_Status
MOV Dunmy, #0
MOv  Tank_Status, #0
JNB L_Level,CCS5_J5
MOV Dummy, #4
MOV Tank_ Status, #1
JINB U Level,CCS_J5
MOV Dummy, #12
MOV  Tank Status,#2
ccs_J5
JB Upper Valve,CCS_J1
AN Durmmy, #OFEh
AJMP CCS J3
CCs J1 ORL Dummy, #1
CCS_TJ3 JB Lower_Valve,CCS*J2
ANL Duminy, #0FDh
AJMP CCS_J4
cce J2 ORL  Dummy, #2
CCs_J4 JB Heater Status,CCS_Jé
ANL Dummny, #CEFh
AJMP CCS_J7
CCs_Jde ORL Dummy, #1Ch
cecs_J7
MOV Ctrl_Status, Dummy
RET

; prosedur untuk kontrol heater secara otomatis

Check Heater

JB Heater F,CH_J1 ; apakah boleh melakukan kontrol heater 2
RET
CH_J1 CLR Heater F
JB Heater Status,CH_J2 ; apakah status heater stop / aktif ?
RET ; kalau aktif, lakukan pengecekan suhu

CH J2 MOV  a,Present_Value
MOV b, Set_Foint




CJNE

CH_J4 CLR
RET
CH_J3 JNC

SETB
RET

; prosedur untuk membuka

a,b,CH J3
Heater
CH_J4~

Heater

Open_Upper Valve

CLR
CLR
SETB
CLR

MOV
ouv_J2
ouvV_J1

DJINZ

DINZ

DJINZ

SETB
SETB
CLR
SETB
SETB
RET

ea
tro

U_Vvalve 1
U_Valve 2

r7,#200
MOV
MOV
r5,%
r6, 00UV _J1
r7,0Uv_J2

U_Valve 1
U_Valve 2
iel
tro
ea

ré, #2590
r5, #20

kran

; prosedur untuk menutup kran

Close_Upper Valve

CLR
CLR
CLR
SETB

MoV
cCuv_J2
cuv_J1

DJINZ

DJINZ

DJINZ

SETB
SETB
CLR
SETB
SETB
RET

ea
tro

U_Valve 1
U Valve 2

r7,#200
MOV
MOV
r5,$
re,Cuv_Jl
r7,Cuv_Jz2

U Valve 1
U_Valve 2
iel
tr0
ea

r6, #250
r5, #20

; prosedur untuk membuka kran

Open_Lower Valve

CLR

ea

/ apakah suhu sekarang = set point 7

; kalau sama, matikan

; kalan lebih besar, matikan

; kalau lebih kecil, nyalakan

isi

; nyalakan motor

;7 Ini adalah delay lama motor
! berputar

; matikan motor

isi

; nyalakan motor

.
I3

;7 Ini adalah delay lama motor
; berputar

; matikan motor

buang



CLR tro

SETB L Valve_1

CLR L Valve_2

MOV r7,#200
OLV_J2 MOV r6, #250
oLV _J1 MQV r5, #20

DJINZ r5,8

DINZ 16,0LV_J1

DJNZ r7,0LV_J2

SETB L Valve_l

SETBE 1L Valve 2

CLR  iel

SETB trO

SETB ea

RET

; prosedur untuk menutup kran

Close Lower_Valve

CLR ea

CLR tr0

CLR L Valve_1l

SETB L_Valve_2

MOV r7,#200
CLv_J2 MOV ré, #250
CLV_Jl MOV r5, #20

DJINZ r5,§

DIJNZ 1r6,CLV_J1

DJNZ r7,CLV_J2

SETB L Valve_ 1

SETB L Valve 2

CLR iel

SETB tr0

SETE ea

RET

} prosedur

Valve_ Ctrl
MOV a, Tank_Status
CJINE a,#0,VC_J1
CLR  Heater_Status
CLR Heater
JNB  Lower Valve,VC_J2
CLR Lower_Valve
LCALL Close Lower_Valve
VvC_J2 JB Upper _Valve,VC_J3
SETB Upper_Valve
LCALL Open Upper Valve
VC_J3 RET
vC_J1 CJINE a,#2,VC_J3
JNB Upper_Valve,VC_J3

; nyalakan motor

-~

N

; Ini adalah delay lama motor
; berputar

; matikan motor

buang

; nyalakan motor

; Ini adalah delay lama motor
; berputar

; matikan motor

pengecekan / pengontrol pembukaan / penutupan kran secara otomatis

; kalau air kosong, lakukan

r
; 1. matikan heater
; 2. tutup kran buang (kalau masih terbuka)

; 3. buka kran isi (kalau tertutup)




CLR
LCALL
RET

; prosedur pengecekan / pengontrol pembukaan / penutupan kran

Upper Valve
Close Upper_ Valve

-

; yang dikontrol manual dari kontroler 2

Check Valve Ctrl

JB
RET
cve J1
MOV
ANL
CJNE
JB
SETB
LCALL
AJMP
cve_J2
JNB
CLR
LCALL

cve_J3

CJINE
JB
SETB
LCALL
AJMP

LCALL

LCALL
LCALL
LCALL
LCALL
LCALL
AJMP

Check Ctrl F,CVC_J1

CLR Check_Ctrl_F
a,Dummyr2

a,#l

a,#1,CvC_J2

Upper_ Valve,CVC _J3
Upper_Valve
Open_Upper Valve
CvC _J3

CJNE a,#0,CVC_J3
Upper_ Valve,CVC_J3
Upper Valve

Close Upper_ Valve

MOV a, Dummy 2

a, #2

a, #2,CVC_J4
Lower_Valve,CVC_J5
Lower Valve
Open_Lower_Valve
CVC_J5

CJINE a,#0,CVC_J5
Lower Valve,CVC_J3
Lower_Valve

Close Lower Valve

Initialize Data

Read_ADC

Check Ctrl_Status
Check Heater
Valve_Ctrl

Check Valve Ctrl
Loop

.
’

’

~

; apakah ada pengontrclan manual
; {ada data kontrol status yg masuk)

buka kran isi

tutup kran isi

buka kran buang

tutup kran buang

o
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2.4

Instruction Qutline

ANLNU. IVIL™r V=

Table 5 List of instructions
Instructi Code £ 3 Execu
nstrultion — unction i
s oa,loas vsg| DB | D%y D'zl‘“t ong ttilr?\:
Cizars all display and returns cursor 1o
(1) Display clear o lejo]o o s lslaglel s jhome position (address 0) 164 e
: Returns curscr to home position. Shifted
{2) Cursor Home otoaleloele]eolo] ]~ |display returnsto home position and DD 1.64
RAM contents do not change.
) sets direction of cursor movement and _
(3} £ntry Mode Set clelelslofaojolr]wis whether display will be shifted when data a9 y3
is written or read
(a) Display ON/ OFF Turns ON/OFF tetal display (D) and cursor
o|o oo |0@ [ 1 o] ¢ | 8 | (C). and makes cursot position column start 0 P15
comtrol R
biinking (B)
Moves cursor and shifts display without
{5) Cursor/Display Shitt | o | 0 1 0 ayof v |sc]ex]| - changing DD RAM contents 40 18
cets interface datz length (DL)
(6) Function Set o to oo lov vy} a0
(7)CG  RAM  Address Sets CG RAM address 10 stary transmitting _‘
S o oo ]! Acg or receiving CG RAM data 40 ji
et
{8) DO RAM address Sets DD RAM address to start transmitting
Set o [0 ] Agy or receiving DD RAM data 0 s
’ Reads BF indicating module in internal
(S) BF/Address Pead o | v | B AC operation and AC contents (used for both e ys
CG RAM and OO RAM}
(10) Data Write to G Writes data into DD RAM orf G RAM
i s
RAM or DD RAM 1 1o write Data 40U
{11} Data Read from Reads data from DD RAM or CG RAM
CG ARAM or DO {1 1 . Read Daza “ops
RAM
« 3 lnvalid bit O = 1 ; Increment C=1 1 Cursor ON BA « 1 : Right shift
Agg: CG RAM address YD = 0 : Decrement CwO ! Cursor OFF RA = 0 : Left shift
Agp: DD RAM address
S a1 ¢ Display shilt 3=1 : Blink ON DL =1:8 bits
S0 : No display shitt g8 =0 : Blink OFF DL =0 : & bits
D=1 : Display ON S 1 : Display 8f = 1 : Internal operation
D=0 : Display OFF shift in progress
S = Ot Cursor BF « 0 : Instruction can be

movement accepted
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Table 3 Correspondence between character codes and character patterns

— - e .ewre . . .. [ L] - LI EYY) . . i AdAd .
— . " e . . . * orene " .. . . . .
. ] v IR . . s H varns s P
- e ' es . . e cone . H o .. .
o -e e ees " as . e e e vaes .. cesue .
o e . asoe . soose . . e vrevter . . vese (11
-— .- v e . . ‘. v e . o . . ee . vereen . . - . s a4 w
. “ s L] - ve w M . . * teey . .. thenva v e .. ] .
- . . IRER] R + . . e H M - . . P sreeses . DR
- re . e terery .. cers ves . . . . e cseee e
-~ . e .. e . . . ereen 0 . eesnee ) .
o e > .. I .o trees I o . sevn . . . . o e . .
IR . e . R . . M I e . sravne . . . . - . . e
— e .. . > veven 100090 * » e ‘. . . . « . .. H . .
- v . e Y . e . cree “rese reenn I “er . ' . ses
(o] . woee . - . . . ers . o erer . . e e
o . . . ' . . . . . . . . . e . . . )
wnbey er . nees . sevee - . . 54 svee . . P . . . srasese v .
-— L . b srennEw L) . . LI * . . + . . ' . . [}
-~ e wen . . - . . - * . o revae . k] » e D
hand - - e . ceey + . - veens .. LR} e ]l | seecs v . e e . sev e
— L . . . o e H . travese . . .. . e . . i areen . P .
. . saee EPPers . . sranes Pary » crosers . . . N N . . . . .
o . . . - . . H « e reese . o . . N N eer 0 N D
-— . N . It . + o . i . . . . . v . e . . ..
o . ae e P . . ree
— . e . . . e iees IS eree reree .
see I vene . e . e toee o e caey . . . . vee e e
(e} e . . . ¢ e . . P . seers . . voroe
— “re . . . . . . . .o . » e s
— seere . ) . rrave Xy sses . 3 v . - . .
-— . . .. . M . . .. ‘. T . . .o .
. . IR R ) ’ . . ‘. voee . e rrsvaes ITTS “«v e LR
Ao L) . 8 esamen . . . LY L] « v . . . . .o
o . LYY . s . avee e beve - e ' ‘e . .
o wese oo v tersvas . . evee eces seny eee wos
— . . e . . . . . e s . I . . . vees P . . . . .
. * e . . . . T “ v . . e . . meosa v . . evsauns . . [
— . 'R e . . s R ersons * v . v . - . . . " . «
o . seersee ves .en ven . .. ssesens o | | eeeraas svaee chive e
— . esen o e » . e . vervoor tonse streee e as I . . e »
o + e - . . v + 5 . . . . . . » e . i . n tecvont o .
v e « e o e PRI eromons . . v - vew PR v . erse - . . .
— . e . . . M M . . . .. - . e teaunrr e . ) . .
o bemssen vomss ereenee PR . sreens seass wenene e “en " . .« e * .
(=] sssee ecrers . e vor . . ’ . enre reneas . . . - rrenvae sever
O . . « e . - . . T . . o s e . . . weoaey . . . . .
¢ eses . e . . - . v v « . [ . eenenas . " .. - . I .
~ e« o I ] . . . » IR ¢ . . H , . . . v . . . .
o . ee verrre ceves rerree teerans Sansree “rers *retene . anetane ecannar ey sanes
.
— avane e o . .. . v mes .. ve ee cows L) . as
— e e . e e o » seerons s P . LA M . - .- - e .
¢ Te e eesnens [ s u M s e D . .- % . e Ty v os veow . .. o s ¢ e
o R . . . v . . . v e R ¢ eee IR e . v e e es .. .. . . .
O rese . . . . .. s w e - oo aa v . .. .
o . . e . ‘. . . .
— LXYs rvrey . e . . . . . . v .
wers e . e e . D) woves e . . e .
(] B e veserne T e e .. ren . . M . . . <o .
(] Xl 3 -, .. . . .
(=]
o GM\: — — — —_ — — — - — — - — —_ —~ -
b ~ m s w w r~ w0 - ~ m i vy W ~ ©
o UG ~ ~ — ~— — pa ~ ~— -~ &3 ps = - —- L=3

4 bit

pper bit

Lower
bit 4 bit

x % x %0000

® x X x0001

x X X %0010

X X X x0011

x X x x0100

X X x x0101

"X x x x0110

x x x x0111

x x x x 1000

X x x x1001

X% xx1010

x X x x 1011

¥ x xx1100

xx x x1101

x xxx1110

xxxx1i11
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