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LED ERROR EQU P0.0
LED SYSTEM EQU P0.1

READ EQU P0.2
WRITE EQU P0.3
INTR EQU P04
RS EQU PO0O.5
RW EQU P0.6
E EQU P0.7

HEX DATA 40H
REFRENCE1  DATA 41H
REFRENCE2 DATA 42H

HELP DATA 43H
DIFERENT DATA 44H
CONTRL BIT 25H.0
S BIT 25H.1
BC BIT 25H.2
ZERO BIT 25H.3

ORG 00H

LIMP MAIN A

ORG 13H
MOVREFRENCE1 #0FFH
MOVREFRENCE2 #0FFH
MOVDIFERENT #0FFH
SETB ZERO
LIMP UP

EXIT I: MOVIE,#84H
RETI

AR
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ORG 30H
MAIN_ A: MOVDPTR,#DRIVER
LOOP Y: CILR A
MOVC A, @A+DPTR
JZ  EXIT'Y
INC DPTR
MOVPLA
LCALL INSTRUCTION
SIMPLOOP_Y
EXIT Y: MOV25H,#0BH
MOVREFRENCE2,#00H
MOVDIFERENT,#03H
MOVREFRENCEL,#25H
CLR BC
MOVIE,#84H
MOVP3_ #7FH
CLR READ
SETB WRITE
MOVP2 #0FFH

MOVDPTR #TEMP
LOOP Q: CLR A

MOVC  A,@A+DPTR

17 MAIN

INC DPTR

MOVPI1,A

I.CALL DISPLAY

SIMPLOOP Q

MAIN: CLR WRITE
LCALL DELAY
SETB WRITE

FLASH: JB  INTR,FLASH
CLR READ
LCALL DELAY
MOVA,P2
MOVHELP.A
SETB READ
MOVB,#10
DIV AB

'Y
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SWAP A
ORL A.B

HOT: CIR C
CINEA ,REFRENCE1,CARY
SIMPCON

CARY: JC CON
LIMP ERROR

CON: INB BCFG
MOVREFRENCEL,R7
CLR BC

FG: MOVA,HELP
CLR LED ERROR
MOVC,S
CPL C
MOVLED SYSTEM.,C
MOVB,#10
DIV AB
MOVHEX.,B
MOVR4.B
MOVP1 #87H
LCALL INSTRUCTION
LCALL  ASCII
MOVB,#10
DIV AB
MOVP1.#86H
LCALL  INSTRUCTION
MOVHEX.,B
MOVR6.B
LCALL ASCII
MOVP1 #85H
LCALL  INSTRUCTION
MOVHEX,A
LCALL  ASCII
MOVP1 #88H
LCALL  INSTRUCTION
MOVPL#"C"
LCALL  DISPLAY
MOVR3.#40

BACK: LCALL DELAY
DINZ R3,BACK

'Y
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LMy MAIN

ASCII: ANL HEX #0FH
ORL HEX #30H
MOVP1 HEX
LCALL  DISPLAY
RET

ERROR: CPL LED ERROR
JB BCHOT HIGH
MOVC,S
MOVLED SYSTEM,C
CLR C
MOVA,REFRENCEL
MOVRT7.A
SUBB A,DIFERENT
MOVHELP,A
ANL A #0FH
CLR C
CINEA #09H,TEST CY
SIMPGO1

TEST CY:JC GO1
MOVA,DIFERENT
ADD A #06H
MOVDIFERENT,A
MOVA,REFRENCEL
SUBB ADIFERENT
SIMPGO02

GO1: MOVA HELP

G02: MOVREFRENCEL A
SETB BC

HOT HIGH: MOVDPTR #SEND

AGAIN: MOVP1,#0C0H
LCALL  INSTRUCTION

LOOP: CLR A
MOVC A, wA+DPTR
J7.  EXIT
INC DPIR
MOVPI1,A
LCALL  DISPLAY

V¢
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SIMPLOOP
EXIT: MOVR3,#40
BB: LCALL DELAY

DINZ R3.,BB
JNB CONTRI,EXIT2
MOVDPTR#CLEAR
CLR CONTRL
SIMPAGAIN

EXIT2: SETB CONTRL
LIMP MAIN

L)

DISPLAY: LCALL  DELAY
SETB RS
CLR RW
SETB E
CLR E
RET

2

INSTRUCTION: LCALIL.  DELAY

CLR RS
CLR RW
SETB E
CLR E
RET
DELAY: MOVRO,#50
LOOP2: MOVR1,#250
LOOPI: DINZ R1,LOOP1
DINZ RO,LOOP2
RET

UP: MOVIE,#00H

Vo
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MOVB.#4
MOVDPTR #ROW
START: CLR A
MOVC A, @A+DPTR
MOVP3,A
INC DPTR
JNB P3.4,Cl
JNB P3.5,C2
JNB P3.6,C3
JNB P3.7,C4
DINZ B,START
LIJMP up
Cl: MOVRS,#3
LIMP TABLE
C2: MOVRS, #2
LIMP TABLE
C3: MOVRS,#1
LIMP TABLE
C4: MOVRS,#0
LIMP TABLE
TABLE: MOVDPTR#KEYCODE
MOV A #4
DEC B
MUL AB
ADD AR5
MOVC A, @A+DPTR

CINEA #"™*".QWI
LIMP ENTER
QW1: CINEA #"U".QW2
LIMP UPER
QW2: CINEA#'D",ZXC1
LIMP DOWN
ZXCl: MOVHELP.A
MOV A,OFFH
CINEA,REFRENCE?2,7ZXC2
MOV A HELP
ANL A #0FH
SWAP A
MOVREFRENCE2,A

V1
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SIMPZXC4
7XC2: CINEA,REFRENCEIL,ZXC3
MOVA HELP
ANL A #0FH
MOVREFRENCEILA
ORL A REFRENCE2
MOVREFRENCELA
MOVA HELP
SIMPZXC4
ZXC3: CINEA,DIFERENT,ZXC4
CLR ZERO
MOVPI1,#89H
LCALL INSTRUCTION
MOVA HELP
ANL A #0FH
MOVDIFERENT,A
MOVA HELP
MOVPIL.A
LCALL DISPLAY
7XC4: MOV A HELP
CINEA #"S".CM
MOVP3 #7FH
MOVPI1#8EH
LCALL  INSTRUCTION
MOVPL #"O"
LCALL DISPLAY
MOVP1 #"K"
LCALL DISPLAY
MOVR3 . #40
MOVP1#01H
LCALL INSTRUCTION
MOVDPTR #TEMP
LOOP T: CLR A
MOVC  A,@A+DPTR
JZ EXIT T
INC DPTR
MOVPLA
LCALL DISPLAY
SIMPLOOP T

ARY
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CM: MOVPI1,A
JNB ZERO,BACK A
LCALL DISPLAY

BACK A: JNB P3.4BACK A
JNB P3.5,BACK A
JNB P3.6,BACK A
JNB P3.7.BACK A
LCALL DELAY
LIMP UP

ENTER: MOVP1,#01H
LCALL  INSTRUCTION
MOVDPTR #FIRST

LOOP E: CIR A
MOVC A, @A+DPTR
JZ EXIT E
INC DPTR
MOVP1,A
LCALL DISPLAY
SIMPLOOP E

EXIT E: MOVP1#0COH
LCALL INSTRUCTION
MOVDPTR #TYPE

LOOP TT:CLR A
MOVC A, @A+DPTR
JZ  EXIT TT
INC DPTR
MOVP1,A
LCALL  DISPLAY
SIMPLOOP TT

EXIT TT: MOVP1,#88H
LCALL  INSTRUCTION
MOVP1,#"%"
LCALL  DISPLAY
MOVP1,#8611
LCALL  INSTRUCTION
LIMP  UP

UPER: MOVDPTR #U

YA
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CLR S
LIMP COM _UD
DOWN: MOVDPTR#D
SETB S
COM_UD: MOVPI1,#0C5H
LCALL  INSTRUCTION
LOOP _UD: CLR A
MOVC A, @A+DPTR
JZ EXIT UD
INC DPTR
MOVPI1,A
LCALL DISPLAY
SIMPLOOP_UD
EXIT UD: LIMP UP
ROW: DB OFEH,0FDH,0FBH,0F7H
KEYCODE: DB ”*H’"M",”OH,"S"’"D","9”,"8"9”7"
DB "U",”6”,"5 r1,u411, "E","S ","2","1 "
SEND: DB "error high temp",0
CLEAR: DB " "0
FIRST: DB "ENTER=",0
TEMP: DB "TEMP=",0
U: DB "HOT",0
D: DB "COLD",0
TYPE: DB "TYPE=",0
DRIVER: DB 38H,38H,01H,0CH,06H,80H,0

END

14
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intersil.

Data Sheet

8-Bit, Microprocessor-Compatible, A/D
Converters

The ADCOB0X family are CMOS 8-Bit, successive-
approximation A/D converters which use a modified
potentiometric ladder and are designed to operate with the
8080A control bus via three-state outputs. These converters
appear to the processor as memory locations or 1/O ports,
and hence no interfacing logic is required.

The differential analog voltage input has good common-
mode-rejection and permits offsetting the analog zero-input-
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Typical Application Schematic
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ADC0803, ADC0804

August 2002

FN3094.4

Features

* 80C48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

e ConversionTime .......................... <100us
* Easy Interface to Most Microprocessors

* Will Operate in a “Stand Alone™ Mode

« Differential Analog Voltage Inputs

* Works with Bandgap Voltage References

* TTL Compatible Inputs and Outputs

= On-Chip Clock Generator

* Analog Voltage Input Range
(Single+5Y Supply) ......... ... . L 0V to 5V

* No Zero-Adjust Required

* 80C48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

Nynd €5 7 v+ [245v 150pF
,;u RD  CLKR 19 Pinout
WR CLKIN|% 10K | |
_’5" NTR. ADC0803, ADC0804
9 DB (PDIP)
l«— DB7
P a & DBg TOP VIEW
wprocessor[«| 2 T3] pe,
=2 —
q—:: DB; Vin® —o: DIFF __ cs|1] 20] v+ OR Vrer
e DB;  Vin () o INPUTS ro [2] [19] cLk R
| DB; AGND o
Dils DB? Vreri2 [ o Vreri2 w3 19] 020 .52
18 10 cLKIN [4] 17] DB,
N\ e DB;  DGND L
l = INTR [ 3] 16] DB,
Vin (4 | 6] EDB;,
Vin () [14] DB,
8-BIT RESOLUTION
OVER ANY AqnD:] 8 13 o
DESIRED Vrer2 [9] 12| DB
ANALOG INPUT
VOLTAGE RANGE DGND |10 [11] DB7 use)
Ordering Information
PART NUMBER ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG. NO
ADCO803LCN 11/2 LSB |VREgF/2 Adjusted for Correct Full Scale 0to70 20 Ld PDIP E20.3
Reading
ADCO804LCN +1 LSB VREE/2 = 2.500Vp¢ (No Adjustments) 0to70 20 Ld PDIP E20.3
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures

1-888-INTERSIL or 321-724-7143 | Intersil (and design) is a registered trademark of Intersil Americas Inc

Yy

Copyright @ Intersil Americas Inc. 2002. All Rights Reserved
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ADC0803, ADC0804

Functional Diagram

— 2
™ READ
. “1» = RESET SHIFT REGISTER
cs =0 = BUSY AND RESET STATE RESET
WR
CLKR INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT CLK
L TO INTERNAL
2 CIRCUITS 3
> RESET 5
CLK IN p— BV = 30V
o L DFF1
L SEN } ciks
CLK 0SC [stRrTRF] Q
10
”ISGND o START
CLKB \
——— 3 4 [~ CONVERSION
MSB - I—I
v+ 20 @ <
(Vrer) s LADDER [} SUCCESSIVE [ 8-BIT
2 ano ¢ apProx. [ SHIFT
1 DECODER [¢ REGISTER [ REGISTER o
9 4 AND LATCH [¢ | —IF RESET = “0
VRer/2 © » < " R |« -1
: A e
3 « .
DAC TsB
AGND g Vour T ry
L v caka—] |
D
I\ COMP DFF2
6 + qR Q
Vin® @ 'C)Z l v YYVVYVVVYVVYVY Q
THREE-STATE XFER £, SET
OUTPUT LATCHES
Vin () <
MSB LSB s
CONV. COMPL. INTR
111213 14 15 16 17 18
s —=| | x
DIGITAL OUTPUTS
THREE-STATE CONTROL
“1” = OUTPUT ENABLE
2 | intersil

|

Yy
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ADC0803, ADC0804
Absolute Maximum Ratings Thermal Information
SUPPIY VOGS . < 2 53 o s o 53 55 v v o 03 £ v v 6.5V Thermal Resistance (Typical, Note 1) 0JA (°cm)
Voltageat Any lnput. .................. ... -0.3Vto (V' +0.3V) PDIP PACKAGE . . .o oo eee e 80
Maximum Junction Temperature
Operating Conditions Plastic Package ... ... ..o 1500C
Temperature Range . .. ......................... 0°C to 70°C Max?mum Storage Temperature R"’”Qe """"" -65°Cto 15020
Maximum Lead Temperature (Soldering, 10s). ............ 300%C

CAUTION: Stresses ahove those listed in “Absolufe Maximum Ratings” may cause permanent damage fo the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. 9)a is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications (Notes2, 8)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
CONVERTER SPECIFICATIONS V+ =5V, Ty = 25°C and fo g = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0803 VRer2 Adjusted for Correct Full Scale Reading - 5 +! 1] LSB
ADC0804 VREF2 = 2.500V - - 11 LSB
VREF/2 Input Resistance Input Resistance at Pin 9 1.0 13 z kG
Analog Input Voltage Range (Note 3) GND-0.05 - (V+)+0.05 Vv
DC Common-Mode Rejection Over Analog Input Voltage Range - i1/16 i11’3 LSB
Power Supply Sensitivity V+ =5V £10% Over Allowed Input Voltage - 11/15 11/8 LSB
Range
CONVERTER SPECIFICATIONS V+ =5V, 0°C to 70°C and | g = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0803 VREr/2 Adjusted for Correct Full Scale Reading E " ! fr LSB
ADC0804 VREF/2 = 2.500V - - +1 LSB
VREF/2 Input Resistance Input Resistance at Pin 9 1.0 13 - kQ
Analog Input Voltage Range (Note 3) GND-0.05 - (V+)+0.05 \
DC Common-Mode Rejection Over Analog Input Voltage Range - 11/3 11/4 LSB
Power Supply Sensitivity V+ =35V +10% Over Allowed Input Voltage - 11/15 11/8 LSB
Range
AC TIMING SPECIFICATIONS V+ =5V, and Tp = 25°C, Unless Otherwise Specified
Clock Frequency, foLk V+ =6V (Note 4) 100 640 1280 kHz
V+ =5V 100 640 800 kHz
Clock Periods per Conversion (Note 5), 62 - 73 Clocks/Conv
tcony
Conversion Rate In Free-Running Mode, CR | INTR tied to WR with CS = 0V, fo = 640kHz - - 8888 Convfs
Width of WR Input (Start Pulse Width), cS=ov (Note 6) 100 - - ns
bRyl
Access Time (Delay from Falling Edge of | C = 100pF (Use Bus Driver IC for Larger CL) - 135 200 ns
RD to Qutput Data Valid), tacc
Three-State Control (Delay from Rising CL=10pF, R = 10K - 125 250 ns
Edge of RD to HI-Z State), t1H. tony (See Three-State Test Circuits)
Delay from Falling Edge of WR to Reset of - 300 450 ns
INTR, tyyi, tri
Input Capacitance of Logic Control Inputs, - 5 - pF
CIN
Three-State Output Capacitance (Data " 5 = pF
Buffers), Cout

|
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ADCO0803, ADC0804

Electrical Specifications (Notes2,8) (Continued)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNITS
DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ =5V, and Ty to Timax. Unless Otherwise Specified
CONTROL INPUTS (Note 7)
Logic "1 Input Voltage (Except Pin 4 CLK | V+ =5.25V 2.0 - V+ Vv
IN). ViNH
Logic "0" Input Voltage (Except Pin 4 CLK | V+ =475V - - 0.8 \%
IN), ViNL
CLK IN (Pin 4) Positive Going Threshold 27 31 35 A
Voltage, VioLk
CLK IN (Pin 4) Negative Going Threshold 15 1.8 2.1 Vv
Voltage. V-pLk
CLK IN (Pin 4) Hysteresis, Vy 0.6 13 2.0 v
Logic "1" Input Current (All Inputs), [y | Vin =5V - 0.005 1 A
Logic “0” Input Current (All Inputs), Iyt | ViN = 0V -1 -0.005 - WA
Supply Current (Includes Ladder Current), I+ | fok = 640kHz, Ta = 25°C and CS = HI - 1.3 25 mA
DATA OUTPUTS AND INTR
Logic "0" Output Voltage, VoL lo=1.6mA, V+ = 475V - - 0.4 vV
Logic 1" Qutput Voltage, Vo lg =-360pA, V+ =475V 2.4 - - A
Three-State Disabled Output Leakage (All | VoyT =0V -3 - - WA
Data Buffers), | o VouT =5V B B 3 A
Output Short Circuit Current, lsoyrcE VouT Short to GND, Ty = 25°C 45 6 5 mA
Output Short Circuit Current, gk VouT Short to V+, T = 25°C 9.0 16 5 mA
NOTES:

2. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the DGND,
being careful to avoid ground loops.

3. For VIN() 2 ViN) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will
forward conduct for analog input voltages one dicde drop below ground or one diode drop greater than the V+ supply. Be careful, during testing
at low V+ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - especially at elevated temperatures, and cause
errors for analog inputs near full scale. As long as the analog Vy does not exceed the supply voltage by more than 50mV, the output code will
be correct. To achieve an absolute 0V to 5V input voltage range will therefore require a minimum supply voltage of 4.950V over temperature
variations, initial tolerance and loading.

4. With \+ = BV, the digital logic interfaces are no longer TTL compatible.

5. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process.

6. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will
hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams).

7. CLKIN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately.

8. None ofthese A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than 0V, or if a narrow full scale span exists
(for example: 0.5V to 4V full scale) the V|N(_) input can be adjusted to achieve this. See the Zero Error description in this data sheet.

Timing Waveforms

t, = 20ns
Ve 24V —
_ i RD
RD 0— DATA 0.8V
s OUTPUT
. < 10K Vor
I DATA
L L L L OUTPUTS
= = = = GND
FIGURE1A. t4y FIGURE 1B. tqy, C| =10pF
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ADC0803, ADC0804

Timing Waveforms (continued)

v+

10K

|
L

FIGURE 1C. tgy

DATA
OUTPUT

@l 8l
(7] o

DATA
OUTPUTS
Vo J10%

FIGURE 1D. tgy, Cp =10pF

FIGURE 1. THREE-STATE CIRCUITS AND WAVEFORMS

Typical Performance Curves
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ADC0803, ADC0804

Typical Performance Curves (cContinued)
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Timing Diagrams
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ADC0803, ADC0804
Timing Diagrams (continued)
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National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
° Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or timming to provide typical accuracies of £ 14°C
at room temperature and *%4°C over a full -55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°Cin still air. The LM35 is
rated to operate over a -55° to +150°C temperature range,
while the LM35C is rated for a -40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

November 2000

aged in hermetic TO-46 fransistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8ead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in ° Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level timming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £14°C typical

u
u
L]
L]
L]
L]
u
n
[ ]
[ ]
B Low impedance output, 0.1 Q for 1 mA |load

Typical Applications

+Vs
{4V T0 20V)
| output
L33 0 ¥ +10.0 mV/C

L

DE005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
{(+2'C to +150°C)

+Vs

LM35

L

Vout

R1

,vs
DS005516-4
Choose R; = -V5/50 PA
V our=+1,500 mV at +150°C
= +250 mV at +25'C
= -550 mV at —55'C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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v
o i .
= | Connection Diagrams
TO-46 $0-8
Metal Can Package® Small Outline Molded Package
Vour 11 ~ 8=
N.C.—2 7 N.C.
N.C.—3 6= N.C.
GND— 4 S NC
BOTTOM VIEW
DE00S516-1 Ds00s516-21
"Case is connected to negative pin (GND) N.C. = No Connection
Order Number LM35H, LM35AH, LM35CH, LM35CAH or Top View
LM35DH Order Number LM35DM
See NS Package Number HO3H See NS Package Number MI08A
TO-92 TO-220
Plastic Package Plastic Package*

+Vs Vour GND

BOTTOM VIEW
DS005516-2

Order Number LM35CZ,

LM35CAZ or LM35DZ
See NS Package Number Z03A

O

LM
35DT

Vg Vour
GND
DS005516-24

*Tab is connected to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TAO3F

www.national.com 2
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-
Absolute Maximum Ratings (note 10) T0-92 and TO-220 Package, 3
- - . . (Soldering, 10 seconds) 260°C <
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Officef S0 Package (Note 12)
Distributors for availability and specifications. Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
gfmyt \\jzlltt:gz ?g :Z :?éx ESD Susceptibility (Note 11) 2500V
Gulput BNt - (Sﬁ(;gfgd Operating Temperature Range: Ty 10 T max
Storage Temp.; LM35, LM35A -55°C to +150°C
T0-46 Package, ~80°C to +180°C LM35C, LM35CA -40°C to +110°C
TO-82 Package, -60°C to +150°C LM35D 0°C to +100°C
S0O-8 Package, -85°C to +150°C
TO-220 Package, -65°C to +150°C
Lead Temp.:
TO-46 Package,
(Soldering, 10 seconds) 300°C
Electrical Characteristics
(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy T a=425°C 0.2 105 02 05 °C
(Note 7) T 4=-10°C 0.3 0.3 1.0 °C
T 4= Thax 0.4 1.0 104 1.0 i®
T 2= Thir +0.4 +1.0 +0.4 t15 e
Nonlinearity T ST a<Tax to1g %0.35 1015 103 °C
(Note 8)
Sensor Gain T minsTasThiax +10.0 +9.9, +10.0 +9.9, mv/°C
(Average Slope) +10.1 +10.1
Load Regulation T 4=+25°C 0.4 1.0 04 1.0 mV/mA
{Note 3) 0<I <1 mA T minETa<Tvax 05 %30 %05 £3.0 mVy/mA
Line Regulation T a=+25°C +0.01 005 0.01 *0.05 mvA/
{Note 3) 4V<V <30V 10.02 101 %0.02 101 mvVA/
Quiescent Current V g=+0V, +25°C 56 67 56 67 WA
(Note 9) V=48V 105 131 L1l 114 HA
V g=+30V, +25°C 56.2 68 56.2 63 pA
V =430V 105.5 133 91.5 116 HA
Change of Y=<V <30V, +25°C 0.2 1.0 B2 1.0 HA
Quiescent Current 4V<V <30V 0.5 2.0 0.5 20 HA
(Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 HASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +15 +2.0 +1.5 +2.0 ‘C
for Rated Accuracy Figure 1,1,=0
Long Tem Stability T 4= Tax. for $0.08 +0.08 °C
1000 hours
3 www.national.com
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o W e
= | Electrical Characteristics
(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25C 104 1.0 0.4 1.0 C
LM35, LM35C Ta=-10°C 105 0.5 +15 C
{Note 7) T a=Taax +0.8 +15 +0.8 15 C
Tt +08 1.5 +0.8 120 jo
Accuracy, LM35D T 4=+25°C 0.6 1.5 °C
(Note 7) Ta=Thax 0.9 120 C
T2 T +0.9 2.0 G
Nonlinearity T min<T a<Thax 0.3 05 0.2 S e
{Note 8)
Sensor Gain T mnST 2 Tmax +10.0 +9.8, +10.0 +9.8, mv/C
(Average Slope) +10.2 +10.2
Load Regulation T 4=+25°C 0.4 2.0 0.4 2.0 mv/mA
{Note 3) 0<l, <1 mA T ansT a<Thiax *0.5 5.0 *0.5 15,0 mV/mA
Line Regulation T A=425°C +0.01 0.1 10.01 0.1 mVA/
{Note 3) 4V <30V to.02 to.2 *o0.02 to0.2 mvVA/
Quiescent Current V g=+8V, +25°C 56 80 56 80 A
{Note 9) V=45V 105 158 91 138 A
V =430V, +25°C 56.2 82 56.2 82 pA
V o=+30V 105.5 161 91.5 141 HA
Change of 4V<V <30V, +25°C 0.2 20 0.2 20 UA
Quiescent Current V<V <30V 0.5 3.0 0.5 3.0 HA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 HASFC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 C
for Rated Accuracy Figure 1, 1,=0
Long Term Stability T ;= Tmax. for +0.08 10.08 C
1000 hours
Note 1: Unless otherwise noted, these specifications apply: —55°C<T <+150°C for the LM35 and LM35A; —40°<T,;<+110°C for the LM35C and LM35CA; and
0°<T <+100°C for the LM35D. Vo=+5Vdc and || ;ap=50 PA, in the circuit of Figure 2. These specifications also apply from +2°C to Ty in the circuit of Figure 1.
Specifications in boldface apply over the full rated temperature range.
Note 2: Thermal resistance of the TO-46 package is 400°CAWV, junction to ambient, and 24°CAN junction to case. Thermal resistance of the TO-92 package is
180" CAV junction to ambient. Thermal resistance of the small outline molded package is 220°CAN junction to ambient. Thermal resistance of the TO-220 package
is 90°CAWV junction to ambient. For additional thermal resistance information see table in the Applications section.
Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be
computed by multiplying the internal dissipation by the thermal resistance.
Note 4: Tested Limits are guaranteed and 100% tested in production.
Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing quality levels.
Note 6: Specifications in boldface apply over the full rated temperature range.
Note 7: Accuracy is defined as the error between the output voltage and 10mv/"C times the device’s case temperature, at specified conditions of voltage, current,
and temperature (expressed in "C).
Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature
range.
Note 9: Quiescent current is defined in the circuit of Figure f.
Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions. See Note 1.
Note 11: Human body model, 100 pF discharged through a 1.5 k&2 resistor.
Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National
Semiconductor Linear Data Book for other methods of soldering surface mount devices.
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Typical Performance Characteristics

Thermal Resistance
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Thermal Response
in Still Air
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Quiescent Current

vs. Temperature

{In Circuit of Figure 1.)
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LM35

Typical Performance Characteristics (continued)

Noise Voltage
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DS005516-34

Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die's temperature will
not be affected by the air temperature.

Start-Up Response

Vg (V)

Vour (¥
o
S
<

0 10 20 30 40 50 60

TIME (microsecands)

DE005516-35
The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small therma mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,0,,)

TO-486, TO-467, TO92, TO82%, 808 8048~ TO-220
no heat small heat fin ho heat small heat fin no heat small heat fin no heat
sink sink sink sink
Still air 400°CAV 100°CHW 180°CHwY 140°CAv 220°CAY 10TV 80°CAVY
Maoving air 100°CHY 40°CAN 90" CAY TOCAN 105" CMY 0" CAY 26°CAN
Still ol 100°CHY 40°CAY QU CAY TORCAN
Stired oil 50°CAN 30°CAY 45" CAY 40°CAN
(Clamped to metal,
Infinite heat sink) (24°CANY) (55" CMV)

*Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar.
"*TO-92 and SO-8 packages glued and leads soldered to 1" square of 1/16" printed circuit board with 2 oz. foil or similar.
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Typical Applications o @
+1 HEAVY CAPACITIVE LOAD, WIRING, ETC. HEAT
% FINS
LS T T0 A HIGH-IMPEDANCE LOAD TWISTED PAIR
-
DSI5516.19 Vour =10 mV/°C (Tamaient +1°C)
FROM +2°C TO +40°C
FIGURE 3. LM35 with Decoupling from Capacitive Load
200
L OR 10k RHEOSTAT 1%
{_ 1+ HEAVY CAPACITIVE LOAD, WIRING, ETC. FOR GAIN ADJUST
| ouT
| LM35 ? — =
0.1 FBYPASS L D3005516-6
OPTIONAL ~T™ E 1 .
1 FIGURE 6. Two-Wire Remote Temperature Sensor
: 146 (Output Referred to Ground)
Leee T
DE006516-20
+Vs
FIGURE 4. LM35 with R-C Damper |
CAPACITIVE LOADS WG 4
Like most micropower circuits, the LM35 has a limited ability Vot
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are 1 -
anticipated, it is easy to isolate or decouple the load with a N914 Bk
resistor; see Figure 3. Or you can improve the tolerance of 10%
capacitance with a series R-C damper from output to
ground; see Figure 4.
When the LM35 is applied with a 200Q load resistor as - " penossieT
shown in Figure 5, Figure Gor Figure 8itis relatively immune FIGURE 7. Temperature Sensor, Single Supply, -55' to
to wiring capacitance because the capacitance forms a by- +150“C, '
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in- r"---T+—5v
tense electromagnetic sources such as relays, radio trans- :
mitters, motors with arcing brushes, SCR transients, etc, as 1
its wiring can act as a receiving antenna and its internal sm;;_l—
junctions cah act as rectifiers. For best results in such cases, 0PrIONAL ] TWISTED PAIR
a bypass capacitor from V to ground and a series R-C 1
damper such as 75Q in series with 0.2 or 1 JF from output to :
ground are often useful. These are shown in Figure 13, | T Vour =10 mV/°C (Tamaient +10°C)
Figure 14, and Figure 16. FROM —5°C 0 +40%0
< 200
j- 1%
= DE005516-8
Vour =10 mV/°C (Tamsient +1°C)
FROM +2°C TO +40°C FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
% j— +5v o3
HEAT
FINS / 34Tk
200 TWISTED PAIR s
= 1% zmgmj—q-
+ N
ouT out
1L LM35 LM317
= DSI0ss(6:5 < 402
; - $i% ADJ
FIGURE &. Two-Wire Remote Temperature Sensor <625 OFFSET w
Grounded Sensor S05%
( ) 1 ADJUST S 5
D005516-8
FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)
7 www.national.com
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= Typical Applications (continued) N
|
+Vs
(6V TO 20V) LM35
I L
LM35 =
45,5k
1%
D‘SEIEIE:EVH
:9,:( FIGURE 11. Centigrade Thermometer (Analog Meter)
Vour =
+1.0mV/°F oy
26.4k l
; 1%
- 1k
LM385-1.2 LM35 WA
1.0M 100 1A,
60 mv
FULL-SCALE
- P4
DS005516-10 1t LMa85-2.5 :: 255k
FIGURE 10. Fahrenheit Thermemeter
= = DE005516-12
FIGURE 12. Fahrenheit ThermometerExpanded Scale
Thermometer

(50" to 80" Fahrenheit, for Example Shown)

5V
<
+ :: 3.9k
out IN
LM35 . 4 SERIAL
REF | ADCDB031 | DATA DUTPUT
L 1.28v
GND <
15 @ 100k +
‘P
< CLOCK
LM38s

F8
s >

us_l_ /}/mk L ENABLE
St — GND

D5005516-13

FIGURE 13. Temperature Te Digital Converter (Serial Output) (+128°C Full Scale)

5V
i <
:: 16k
ouT - 8 PARALLEL
LM35 & DATA
OUTPUT
G0 ADC0804
15 > = ﬁ |NTH
1k :: 2 VRer
0.64v
] _
1 4F 4£ -D—MN—] L—-‘ Cs
—|_ g % . I
T S T
\ L GND
DSO05516-14

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE™ Outputs for
Standard Data Bus to pP Interface) (128°C Full Scale)
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Features

Compatible with MCS-51™ Products

4 Kbytes 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 I/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low Power Idle and Power Down Modes

Description

The AT89CH1 is a low-power, high-performance CMOS 8-bit microcomputer with 4
Kbytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology
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 conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monoalithic chip, the Atmel AT89C51 is a powerful microcomputer
which provides a highly flexible and cost effective solution to many embedded control
applications.
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8-Bit
Microcontroller
with 4 Kbytes
Flash

(continued)
Pin Configurations PDIP/Cerdip
prog ™™ 4anpvee
P1.1d2 39 [0 P0.0 (ADD)
P12 38 [ P01 (ADT)
P1.a]4 37 B P02 (AD2)
Pl14ds 36 B P03 (AD3)
P15 8 35 1 F0.4 (AD4)
P67 34 B P05 (ADS)
P17 08 33 0 P06 (ADS)
RsT @ 32 @ P07 (ADT)
(R¥Dy P30 10 31 [0 EAIVPP
PQFP/TQFﬁPﬁHH (TXD) P3.1 ] 11 30 [ ALE/PROG
gz (TNTO) P32 12 79 0 FSEN
«CCL (TN P33 13 28 P2.7 (A15)
INDEX T (TO) P3.44 14 27 PLE (A14)
CORNER "‘”“ffc’uoCIiN‘? (T1) P35 15 26 [ P2.5 (A13)
S ihRAaTTER wr) Pasd s 25 P14 (A12)
(ROy Pa.7c]17 241 P23 (A1)
44,42, 40,38, 36, 34 XTaL2 ] 18 23 P22 (A10)
AT XTALT o} 19 s P21 (A9)
pragl 31 R0t el enD o] 20 21 B P2.0 (AB)
P1.6 O 2 32 (P0.5 (ADS)
P17 3 31 P06 (ADE)
RST O 4 30 OP0.7 (ADT)
(RXD) P3.0O 3 29 MEAIVPP PLCCI/LCC
NG 6 28 QNG . T—
(T¥D) P31 7 27 OALE/FROG Snd
(INTB) P32 8 26 O PSEN T3t
(NTT) P3.3 Q8 25 P27 (A15)
(To) P34 10 24 [IF2.6 [A14) LoRnER TR TR, BT
(T1) P35O 11 23 OP2.6 (A13) fianaz>oonn
1ol 21415151 715215 Gﬂﬂpﬂﬂﬂaﬂaﬂaﬂﬂﬂ
ouoooooogo sy 8 3 1 43 4l3sP0.4 (AD4)
“5jjgg?<N@T p1.sC]8 38[0P0.5 (ADS)
N o o NN o P1.70% 37JP0D.6 (ADB)
&&;ZOO&&&&& rsTC]io 36f0P0 7 (AD7)
E‘S oo w (R%D) Pa.oC]i1 3s|I EarveP
e e ne iz LE] my Ui
e b (Txp) P3.1]13 331 ALE/PROG
(TNTO) P3.2014 321 FSEN
(INTT) P3.3[Q15 31EPRP2.7 (A185)
(to) Pa.a]rs s0far2.6 (A14)
17 29
(T1) P3.6C1 115, 21, 23 25 2338[0P2.5 (A13)
oo ogooagg
w0 0o o ®g
mméézzwwmmm
ooafFF9 alana
g5 " gssca
E2 £21ax

e
=
m
F
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Block Diagram

P0.0 - PO.7 P2.0 - P2.7

o [T | HEEH- mmm|-

PORT 0 DRIVERS | | PORT 2 DRIVERS

GND | ? T
‘
|
|
J—:
—
= i RAM ADDR. PORT 0 PORT 2
| REGISTER RAM LATCH LATCH FLASH
y A Y
y
PROGRAM
. ACC el ADDRESS
REGISTER
4P  BUFFER
T™P2 TMP1
PC
ALU INCREMENTER
INTERRUPT, SERIAL PORT,
AND TIMER BLOCKS
PROGRAM
PSW COUNTER
|
o
PSEN €
ALE/PROG < TMING [ nsTRUCTION A \ 4 DPTR
EA/V,, ——® CONTROL | REGISTER
|
RST ——M
|
PORT 1 PORT 3
LATCH LATCH
0S¢
PORT 1 DRIVERS

PORT 3 DRIVERS

""" e l NNNw'”mmw' ____________________________

2 AT89C5 me—ss———
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Pin Description (Continued)

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine cy-
cle, except that two PSEN activations are skipped during
each access to external data memory.

@Vpp

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

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

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

XTAL1

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

XTAL2
Output from the inverting oscillator ampilifier.

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 oscillator, as shown in Figure 1. Either a
quartz crystal or ceramic resonator may be used. To drive
the device from an external clock source, XTAL2 should
be left unconnected while XTAL1 is driven as shown in
Figure 2. There are no requirements on the duty cycle of
the external clock signal, since the input to the internal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
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mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hard-

Figure 1. Oscillator Connections

c2
—)l—li XTAL2
C1
) XTAL1
l GND

Notes: C1, C2 = 30 pF £ 10 pF for Crystals
=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC — | XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down | Internal 0 0 Data Data Data Data
Power Down | External 0 0 Float Data Data Data
4 AT89CH e
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Programming the Flash (Continued)

tempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cy-
cle has been completed, true data are valid on all outputs,
and the next cycle may begin. Data Polling may begin any
time after a write cycle has been initiated.

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

Program Verify: If lock bits LB1 and LB2 have nct 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 en-
abled.

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 writ-
ten with all “1"s. The chip erase operation must be exe-
cuted before the code memory can be re-programmed.

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

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

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

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

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write cperation 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 re-
vision.

ALE/ EA/
Mode RST PSEN PROG Vpp P26 P27 P3.6 P3.7
. (1)
Write Code Data H L —y HA2V L H H H
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L - HA12V H H H H
; 2
Bit - 2 H L - -9  HAv H H L L
Bit - 3 H L - HM12V H I, H L
Chip Erase H L - H12V H L L L
Read Signature
Byte H L H H L L L L
Notes: 1. The signature byte at location 032H desighates 2. Chip Erase requires a 10 ms PROG pulse.
whether Vpp =12 V or Vpp = 5 V should be used to
enable programming.
6 AT89CH1 e
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Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
ATB9CS51 T ATB9C51 T
poor. A9 ATyl by Vee poor. A0 A by Ve
OOOOH/OFFFH PGM OOQCH/OFFFH PGM DATA
P20 - P23 PO [ pama P20 - P23 PO [ (USE 10K
A3 - AN A3 - ANl PULLUPS)
——» P26 —»{ P26
SEE FLASH —» P27 ALE M—— PROG SEE FLASH ——p| P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE —®| P36 MODES TABLE — ¥ P38 Y
—»{ P37 — P37 ?Vn
T XTAL 2 EA J&—— V. N ® XTAL 2 EA
424 MHz | 424 MHz I
L] ]
XTAL 1 RST l&— v, 1 XTAL 1 RST [¢— Vi,
GND PSEN 1 f GND PSEN

+

Flash Programming and Verification Characteristics
Ta=21°Cto 27°C, Vee = 5.0 £ 10%

Symbol Parameter Min Max Units
vep'! Programming Enable Voltage 11.5 12,56 v
Ippt" Programming Enable Current 1.0 mA
1cLel Oscillator Frequency 4 24 MHz
taveL Address Setup to PROG Low 48teLcL

tGHAX Address Hold After PROG 48tcLeL

toveL Data Setup to PROG Low 48tcLeL

tGHDX Data Hold After PROG 48tcLoL

tEHSH P2.7 (ENABLE) High to Vpp 48tCLCL

tSHGL Vpp Setup to PROG Low 10 us
tersl" | Vpp Hold After PROG 10 us
toLGH PROG Width 1 110 us
tavav Address to Data Valid 48tCLCL

teLav ENABLE Low to Data Valid 48tcLeL

tEHQV Data Float After ENABLE 0 48tcLeL

tGHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 20 ms

Note: 1. Only used in 12-volt programming mode.

1A
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Flash Programming and Verification Waveforms - High Voltage Mode

P10 - P17
P20 - P23

PORT 0

ALE/PROG

P2.7
(ENABLE)

P34
(RDY/BSY)

PROGRAMMING VERIFICATION
ADDRESS j ADDRESS
— tavay
| DATA IN ‘ DATA QUT p——
. L_‘ tover  tomox ‘_4

tavaL tonax

tsnoL tans,
LOGIC 1
LOGIC O

tGHBL !

Flash Programming and Verification Waveforms - Low Voltage Mode

P1.0 - P1.7
P20 - P23

FORT O

ALE/PROG

EANpp

P27
(ENABLE)

P34
(RDY/BSY)

PROGRAMMING VERIFICATION
ADDRESS ﬂ ADDRESS
— tayay
| DATA IN ‘ DATA OQUT
L » fovel  Tomox [¢ 4
tavaL tanax
forc —toien—*
LOGIC 1
| oGcoy
j *—tensn T Fj *— tenoz
taneL —*
BUSY READY
te

AT89C51 me—————
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Absolute Maximum Ratings*

Operating Temperature................... -55°C 1o +125°C
Storage Temperature...................... -65°C to +150°C
Voltage on Any Pin

with Respect to Ground .................. “10Vte+7.0V
Maximum Operating Voltage .................6.6 YV
[BIGR @6 1[5 (€11 {11 | CHRTT_——————— 15.0mA

D.C. Characteristics

*NOTICE: Stresses beyond those listed under "Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

Ta=-40°C t0 85°C, Vec = 5.0V £ 20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage (Except EA) 05 0.2Vee-0.1
Vit Input Low Voltage (EA) -05 0.2 Vee0.3 v
VIH Input High Voltage (Except XTAL1, RST) 0.2 Vect0.9 Veot0.5 v
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vee Vect05 v
Output Low Voltage“) _
VoL (Ports 1,2,3) loL=1.6 mA 045 Vv
Output Low Voltage“) _
VoLt (Port 0, ALE, PSEN) lo=3.2mA 045 v
. loH = -60 pA, Ve =5V £ 10% 24 v
Qutput High Voltage -
VoH (POITS 1’2’3’ ALE, PSEN) loH=-25 }lA 0.75 Vee A
loH =-10 pA 0.9 Vee v
loH = -800 pA, Vec =5 V£ 10% 24 v
v Output High Voltage o4 - hA, Yee :
Ot (Port 0 in External Bus Mode) 10 =-300 LA 0.75 Vee v
lon = -80 pA 09 Vee )
Logical O Input Current s
L (Ports 1.2,3) Yin=045Y -50 nA
Logical 1 to O Transition _
ITL Current (Ports 1,2,3) Vin=2V b i
Input Leakage Current
Iy (Port 0, EA) 0.45<Vin<Vee +10 nA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance TestFreq. = 1 MHz, Ta = 25°C 10 pF
PG B ETR Active Mode, 12 MHz 20 mA
lec ldle Mode, 12 MHz 8 mA
Power Down Mode™® Vou™ BV 10 i
Vec=3V 40 nA
Notes: 1. Under steady state (non-transient) conditions, loL Maximum total IOL for all output pins:71 mA

must be externally limited as follows:

Maximum lgi per port pin:10 mA
Maximum lgL per 8-bit port:

Port 0:26 mA

Ports 1,2, 3:15 mA

If IOL exceeds the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink

current greater than the listed test conditions.

2. Minimum VCC for Power Down is 2 V.

AIMEL
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A.C. Characteristics

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

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1itcLel | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLeL-40 ns
tavLL Address Valid to ALE Low 28 tCLCL-13 ns
fLLAx Address Hold After ALE Low 48 tCLCL-20 ns
L ALE Low to Valid Instruction In 233 AHCLCL-65 ns
tLLPL ALE Low to PSEN Low 43 tcLeL-13 ns
tPLPH PSEN Pulse Width 205 3tcLel-20 ns
tPLIV PSEN Low to Valid Instruction In 145 3tcLcL-45 ns
tpxIX Input Instruction Hold After PSEN 0 0 ns
tpxiz Input Instruction Float After PSEN 59 tcLel-10 ns
texav | PSEN to Address Valid s toLeL-8 ns
taviv Address to Valid Instruction In 312 SteleL-55 ns
tpLAZ PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 BteLeL-100 ns
HWLWH WR Pulse Width 400 BtcLeL-100 ns
tRLDV RD Low to Valid Data In 252 SteLcl-90 ns
trupx | Data Hold After RD 0 0 ns
tRHDZ Data Float After RD 97 2teLeL-28 ns
fLLDV ALE Low to Valid Data In 517 8tCLCL-150 ns
tavoy Address to Valid Data In 585 HCLCL-165 ns
tiwl | ALE Lowto RD or WR Low 200 300 3tclel-50  3tolci+50 ns
tavwL | Address to RD or WR Low 203 4tcLoL-75 ns
tQuwx Data Valid to WR Transition 23 tcLeL-20 ns
tovwH Data Valid to WR High 433 TtcLoL-120 ns
twHax | Data Hold After WR 33 teLeL-20 ns
traz | RD Low to Address Float 0 0 ns
twHiH | RDor WR High to ALE High 43 123 tocL-20 toLoL+25 ns
10 AT89C51 m————————————————————

123



PGS Az 0 www.kandoocn.com calw 4 word B o3 5 g
Juilei Jolo uled «QVN\—FFFIYFe o «AVFPPFPALY o +AFFPPYYFIY s o Ll L

s A T89C 51

External Program Memory Read Cycle

F e —
ALE
K toLpH
tavi tuw
—» typ
PSEN N tPLIV ;
t e tpxiz D
LLAX
toxix—  Jo—
PORT Q A0 - A7 —« INSTRIN A0 - AT
tavy
PORT 2 AB-Al5 AB- Al5

External Data Memory Read Cycle

fp—
ALE
—¥ tamin

PSEN
— t
LLDV —H

— 'RLRH —™

— tw —»

it [
triov trHpz

- tAVLL"

triaz t
. RHDX
PORT 0O } AQ - A7 FROM RI OR DPL DATA IN AQ - A7 FROM PCL INSTR IN
e by ——»
i tyoy ————»
PORT 2 > P2.0 - P27 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

AIMEL m
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External Data Memory Cycle

tu—
ALE
g byn
PSEN
ot —sle—tu —
WR et Lax
— ty  — Eomx - b fiox
— tQVWH —
PORT 0 D— A0 - A7 FROM RI OR DPL DATA OUT AQ - A7 FROM PCL INSTR IN
bty
PORT 2 b P20 - P27 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

External Clock Drive Waveforms

terHex
toren —™ *— tonct
VCC
02 Vee- 01V N Vi
0.45v L
—toex — ™
tCLCL
External Clock Drive
Symbol Parameter Min Max Units
1ltcLeL Oscillator Frequency 0 24 MHz
tcLeL Clock Period 416 ns
teHex High Time 1% ns
teLex Low Time 15 ns
tcLcH Rise Time 20 ns
tcHeL Fall Time 20 ns
12 AT89C51 m————s—————
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Serial Port Timing: Shift Register Mode Test Conditions

(Vec=5.0 V £ 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
txxL Serial Port Clock Cycle Time 1.0 12tcLeL US
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
txHQX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
txHDV Clock Rising Edge to Input Data Valid 700 10tCLCL133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 ‘ 1 | 2 | 3 ‘ | 5 ‘ 6 ‘ 7 | 8 ‘
ALE Ty e

CLOCK 1 L1l 1L L ririr—
tQVXH
—» Fﬁ tXH|C)X
WRITE TO SBUF 0 1 2 3 4 5 6 7
v —» t
OUTPUT DATA tov * boix serm !
| CLEARRI |
v
INPUT DATA

AC Testing Input/Output Waveforms"’

Voo~ 05V 0.2 Vge + 0.0V
TEST POINTS V08D
0.2 Ve - 0.1V
0.45v +E
Note: 1. AC Inputs during testing are driven at Vec - 05 Vfora  Note:

logic 1 and 0.45 V for a logic 0. Timing measure-
ments are made at V4 min. for a logic 1 and Vi
max. for a logic 0.

AIMEL

1A%

1
Float Waveforms"”

- 01V
oL

Timing Reference
Points

Vgt 0V

1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs.
A port pin begins to float when a 100 mV change
from the loaded Von/Vol level occurs.

13
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V 120% AT89C51-12AC 44A Commercial
AT89C51-12JC 44, (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT8ACH1-12A| 44A Industrial
AT89CH1-12JI 44, (-40°C to 85°C)
AT89CH1-12P 40P6
AT89C51-12Q 44Q
ATBICH1-12AA 44A Automotive
AT89C51-12JA 44, (-40°C to 125°C)
ATB9C51-12PA 40P6
AT89C51-12QA 44Q
5V +10% AT89C51-12DM 4006 Military
AT89C51-12LM 441 (-55°C t0 125°C)
AT89C51-12DM/883 4006 Military/883C
AT89C51-12M/883 441 Class B, Fully Compliant
(-55°C to 125°C)
16 5V+20% AT89C51-16AC 447 Commercial
AT89C51-16JC 44 (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT8ICH1-16A| 44A Industrial
AT89C51-16JI 44, (-40°C to 85°C)
AT89C51-16P! 40P6
AT89C51-16Q 44Q
ATBICH1-16AA 44A Automotive
AT89C51-16JA 44 (-40°C to 125°C)
AT89CH1-16PA 40P6
AT89C51-16QA 44Q
20 5V+20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44.) (0°C t0 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89CH1-20A| 44A Industrial
AT89C51-20JI 44, (-40°C to 85°C)
AT89C51-20P! 40P6
AT89C51-20Ql 44Q
14 AT89C51 m—————
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