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ABSTRACT

This project is developed and built a prototype for investigation the early detection of
insulation failure in continuous single phase induction motor. This prototype consists of a
single-board controller based motor monitor for each motor. The monitor is connected both of
the sensor to detecting and serial port of main computer via the standard port (RS232). Main
computer can requests a sets of current, voltage, speed. temperature and condition of motor
from monitor which calculate all of value and record it in memory. When main computer
requests ,the monitor will send data to it.

If some motbrs has current or power fault, alarm sounds occurred when any value
exceed from a present threshold. While the monitor display the present value,it can search and
display the history value that is record from database or datafile too. Additional use the printer

torprint the data, graph and summary of the motor condition.
»
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M9 4 LEAINANTTNAGEY

G . -
L PNTITOY(rpm)

VB - IR | qunT
12:45:44 0 50 {la 0 0 2950 | 28.96 0 0

12:45:54 0 50 i 0 0 2950 | 28.96 0 0

12:46:04 0 50 o 0 0 2950 | 2896 0 0

12:46:14 0 50 {a 150 | 149 | 2950 | 2896 980 9797
12:46:24 0 50 o 130 | 129 | 3200 | 3092 | 1496 | 1496
12:46:34 0 50 Ky 130 | 129 | 3600 | 3288 | 1496 | 1496
12:46:44 0 50 Ue 130 | 129 | 3500 | 3288 | 1496 | 1496
124654 | 0 50 o | 130 | 129 | 3500 | 3288 | 1496 | 1496
12:47:04 | 100 50 K12 132 | 131 | 3500 | 3288 | 1496 | 14%
12:47:14 | 100 50 T 132 | 130 | 37.06 | 3680 | 1496 | 14%
12:47:24 | 100 50 {a 132 | 131 | 37.06 | 36.80 1495 1496
12:47:34 | 100 50 {a 132 | 131 | 3706 | 3680 | 1496 | 1496
12:47:44 | 100 50 Kilg 132 | 131 | 3706 | 3680 | 1496 | 1496
12:47:54 | 100 50 Ja 132 | 131 | 3706 | 3680 | 1496 | 1496
12:48:04 | 200 50 o 135 | 133 | 3706 | 3680 | 1496 { 1496
12:48:14 | 200 50 {a 135 | 133 | 3780 | 3680 | 1496 | 1496
12:48:24 | 200 50 U 135 | 133 | 3780 | 3680 | 1496 | 1496
12:48:34 | 200 50 K1Q 135 | 133 | 3780 | 3680 | 1496 | 1496
12:48:44 | 200 50 da 135 | 133 |-3780 | 3680 | 1496 | 1496
12:4854 | 200 50 Ua 135 | 133 | 3780 | 3680 | 1496 | 1496
12:49:04 | 400 50 Ry 138 | 137 | 3780 | 3680 | 1496 1496
12:4914 | 400 50 U 138 | 137 | 4005 | 3876 | 1496 1496
12:49:24 | 400 50 Ta 138 | 137 | 4005 | 3876 | 1496 1495
12:49:34 | 400 50 o 138 | 137 | 4005 | 3876 | 149 1496
12:49:44 | 400 50 dle 138 | 137 | 4005 | 3876 | 1496 1496
12:4954 | 400 50 o 138 | 137 | 4005 | 3876 | 1496 1496
12:50:04 | 625 50 U 139 | 139 | 4005 | 3876 | 1496 1496
12:60:14 | 525 50 {le 139 | 139 | 4205 | 4072 | 149 1496
12:50:24 | 525 50 {la 139 | 139 | 4300.| 4268 | 1496 | 149%
1250:34 | 525 50 de 139 | 139 | 4300 | 4268 | 1496 | 1496
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Pl e o s | qend0)
i | Daidln” | -mxind quneot | nier] quneod

12:50:44 525 50 a 139 1.39 43.00 42.68 1496 1496
12:5054 | 525 50 Mo | 139 | 139 | 4300 | 4268 | 1496 | 1496
12:51:04 300 50 wa 1.36 1.35 43.00 42.68 1496 1496
12:51:14 300 50 o 0 0 37.00 36.80 1450 1449
12:51:24 300 50 Ua. 0 0 35.00 32.88 0 0

125134 | 300 45 o 0 0 | 3306 | 328 | o0 0

1251:44 | 300 45 g 0 0 | 3000 | 2896 0 0

12:51:54 | 300 45 @a | 160 | 159 | 3500 | 3288 | 350 | 346
12:5204 | 300 45 @ | 136 | 135 | 3800 | 3680 | 1345 | 13434
125214 | 300 45 da | 136 | 135 | 3900 | 3680 | 1345 | 13434
125224 | 52 45 @ | 139 | 138 | 4250 | 4268 | 1345 | 13434
12:52:34 525 45 Ua 1.39 1.38 42.50 42.68 1345 1343.4
12:52:44 | 525 45 fla | 139 | 138 | 4250 | 4268 | 1345 | 13434
12:5254 | 525 45 @la | 139 | 138 | 4250 | 4268 | 1345 | 13434
125304 | 525 45 @a | 139 | 138 | 4250 | 4268 | 1345 | 13434
12:5314 | 625 45 @ | 139 | 138 |'4250 | 4268 | 1345 | 13434
125324 | 0 45 @n | 132 | 131 | 3885 | 3876 | 1345 | 13434
125334 { 0 40 @a | 131 | 130 | 3500 | 3288 | 1198 | 119638
125344 | 0 40 @ | 131 | 130 | 3500 | 3288 | 1198 | 11968
12:53:54 0 40 da | 131 | 130 | 3500 | 3288 | 1198 | 119638
12:54:04 0 40 e 1.31 1.30 35.00 3288 1198 1196.8
125414 | 0 40 @ | 131 | 130 | 3500 | 3288 | 1198 | 11968
12:5424 | 400 40 fla | 139 | 138 | 3500 | 3288 | 1198 | 11968
12:5434 | 400 40 o | 139 | 138 | 3850 | 3876 | 1198 | 119638
12:54:44 400 40 Ta 1.39 1.38 39.05 38.76 1198 1196.8
12:5454 | 400 4 g 0 0 | 3700 | 3880 | 1120 | 11205
12:55:04 | 400 40 o 0 0 | 3500 | 3288 | 100 | 997
12:55:14 | 400 40 o 0 0 | 3450 | 3288 0 0

12:55:24 | 400 40 @ | 162 | 161 | 3500 | 328 | 300 | 2992
12:56:34 | 400 40 W | 139 | 138 | 3800 | 3680 | 1198 | 11968
12:55:44 | 100 40 @ | 133 | 131 | 3800 | 3680 | 1198 | 11968
12:55:54 | 100 40 dla | 133 | 131 | 3750 | 3680 | 1198 | 119638
12:56:04 | 100 40 da | 133 | 131 | 3700 | 3680 | 1198 | 119638
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12:56:14

100 40 131 3680 | 1198 | 11968
12:56:24 100 40 e 1.33 131 | 3700 | 3680 | 1198 | 11968
12:66:34 100 40 e 1.33 131 | 3700 | 3680 | 1198 | 11968
12:56:44 0 40 Ja 1.3 131 | 3700 | 3680 | 1198 | 11968
12:56:54 0 40 da 1.3 131 | 3600 | 3484 | 1198 | 11968
12:67:04 0 50 it 1.30 129 | 3600 | 3484 | 1496 1496
12:57:14 0 50 W 1.30 129 | 3600 | 3484 | 149 1496
12:67:24 0 50 e 1.30 129 | 3600 | 3484 | 1496 1496
12:67:34 0 50 e 1.30 129 | 3600 | 3484 | 149 1496
12:57:44 0 50 ) 1.30 129 | 3640 | 3680 | 1496 1496
12:67:64 0 50 e 1.30 129 | 3650 | 3680 | 1496 1496
12:58:04 0 50 W 1.30 129 | 3650 | 3680 | 1496 1496
12:58:14 0 50 e 1.30 129 | 3650 | 3680 | 1496 1496
12:68:24 0 50 g 1.30 129 | 3650 | 3680 | 1496 1496
12:68:34 0 50 e 1.30 129 | 3650 | 3680 | 1496 1496
12:68:44 0 50 e 1.30 129 | 3650 | 3680 | 1496 1496
12:58:54 0 50 da 1.30 129 | 3650 | 3680 | 149 1496
12:59:04 0 50 e 1.30 129 | 3650 | 3680 | 149 1496
12:59:14 0 50 ila 0 0 3650 | 3680 | 1420 | 14197
12:69:24 0 50 la 0 0 35.00 | 3288 546 546.6
12:69:34 0 50 ila 0 0 | 3300 | 3288 0 0

0 50 g 0 0 30.00 | 2896 0 0

12:59:44
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MM54HC123A/MM74HC 123

72 National
 Semiconductor

MM54HC123A/MM74HC 123A |
Dual Retriggerable Monostable Multivibrator

General Description

The MM54/74HC123A high speed monostable multivibra- Put pulse equation is simply: PW=(RexT) (CexT); where PW
tors (one shots) utilize advanced silicon-gate CMOS tech-  isin seconds, R is in ohms, and C is in farads. Allinputs are
nology. They feature speeds comparable to low power protected from damage due to static discharge by diodes to
Schottky TTL circuitry while retaining the low power and Vee and ground.

high noise immunity characteristic of CMOS circuits.

Each multivibrator features both a negative, A, and a posi- Features
tive, B, transition triggered input, either of which can be Typical propagation delay: 25 ns
used as an inhibit input. Also included is a clear input that Wide power supply range: 2v-6V
when taken low r esets the one shot. The 'HC123 can be Low quiescent current: 80 1A maximum (74HC Series)
triggered on thg posmvg transition of the clear while A s Low input current: 1 ;LA maximum
held ’Iow and B. is he!d high. - . Fanout of 10 LS-TTL loads . -
The 'HC123A is retr'nggerable. That is it may be triggered Simple pulse width formula T = RC
repeatedly while their outputs are generating a pulse and Wide pulse range: 400 ns 1o co (typ)
the pulse will be extended. s
Part to part variation: +5% {typ)

Pulse width stability over a wide range of temperature and . . . s .
supply is achieved using linear CMOS techniques. The out- rS'sc:r::; .If—;'l?gt]ifr:ei & B inputs enable infinite signal input

Connection Diagram

Dual-In-Line Package Timing Component
Rexny Vee
Vee  Cexr Cem 01 Gz iRz B2 A2
16 15 e i 12 Jn 1 |
5, i Note: Pin € and Pin 14 must be
0 T cr + et hard-wired to GND.

T
I T0 Cexy TOR/Caxy
TERMINAL TERMINAL

TL/F/5206-2
CLR ] Q
|1 2 {39 4 5 IS |7 8
Al 81 R o 02 Cexiz Rexrz GND
Cext
TL/F/5206-1
Top View

Order Number MM54HC123A" or MM74HC123A"

*Please look into Section 8, Appendix D
for availability of various package lypes.

Truth Table

Inputs Outputs H = High Level
— L = Low Level
ﬁear A B Q Q T = Transition from Low 1o High
L X X L H d = Transition from High to Low
X H X L H J1= One High Level Pulse
X X L L H U= One Low Level Pulse
H L T I 1r X = lrrelavant
H I | H I i
T L H J r
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.bsolute Maximum Ratings (otes 14 2)

Operating Conditions

Miltary/Aerogpace specified devices are required, Min Max Units
wntact the National Semiconductor Sales Office/ Supply Voltage (Veo) 2 6 \%
mstributors for avallabillty and specifications. DC Input or Output Voltage 0 Vee v
wpply Voltage (Vo) ~0.5Vto +7.0v (Vine VouT)

s Input Voltage (Vn) -15Vto Vg + 1.5V Operating Temp. Range (Ta)

> Output Voltage (Vo) —0.5Vto Voo +0.5v MM74HC —40 +85 :C
amp Diode Current (4ik, lok) +20 mA MM5_4HC ) =55 +125 c

> Output Current, per pin (IoyT) +25mA In?g:e?ffng;ga” Times

> Ve or GND Current, per pin (Icc) +50 mA Unt)  Vee=2.0V 1000 ns
orage Temperature Range (TsTg) —65°Cto +150°C Vee=4.5V 500 ns
wer Dissipation (Pp) Vec=6.0V 400 ns
{Note 3) 600 mwW
5.0. Package only 500 mwW
ad Temperature (T|)
iSoldering 10 seconds) 260°C
C Electrical Characteristics (ote 4)
| Tam2EC 74HC 54HC
bol Parameter Conditions Vee A Ta=—401t085°C | Tp=—5510 125°C | Units

Typ Guaranteed Limits
Minimum High Level Input 2.0v 1.5 1.5 1.5 A%
Voltage 4.5V 3.15 3.15 3.15 A%
6.0V 4.2 4.2 4.2 \%
Maximum Low Level Input 2.0V 0.3 0.3 0.3 \%

| Voltage 4.5V 0.9 0.9 0.9 v

| 6.0V 1.2 1.2 . 1.2 Y

E Minimum High Level ViN=Vigor VL

; Output Voltage lloutl< 20 A 20V ] 20| 19 1.9 1.9 Vv

L 45V | 45 | 44 4.4 4.4 Y

‘} 6.0V ] 6.0 5.9 5.9 5.9 \

: V|N=V|H or V"_ \%

llouTl<40mA | 45v| 42 | 3.98 3.84 3.7 Vv

. llourl<s 52mA | 6.0V | 57 | 548 5.34 5.2 %

Maximum Low Level VIN=Viqor Vi,
Output Voltage Noutl<20 uA 20v| 0 0.1 R 0.1 %

' 45v| 0 | o1 0.1 0.1 Vv

60V]| O 0.1 0.1 0.1 v
VIN= Vi or Vir Vv
Houtl<4 mA 45V ] 0.2 | 0.26 0.33 0.4 Y
llout|<5.2 mA 6.0V | 0.2 | 0.26 0.33 0.4 Y
Maximum Input Current Vin=Vccor GND | 6.0V +0.5 +5.0 +5.0 pA
(Pins 7, 15)
Maximum Input Current ViN=Vccor GND | 6.0V 101 +1.0 11.0 pA
| (all other pins)
Maximum Quiescent Supply | Viy=Vccor GND | 6.0V 8.0 80 160 HA
Current (standby) louT=0pA
Maximum Active Supply VIN=Vccor GND | 2.0V | 36 80 110 130 pA
Current (per R/Cgx7=0.5Vec | 4.5V | 033 1.0 1.3 1.6 mA
___| monostable) 6.0v{ 0.7 2.0 2.6 3.2 mA

' 1: Maximum Ratings are those values beyond which damage to the device may occur.

' 2. Unless otherwise specified all voltages are referenced to ground.
' 3: Power Dissipation Temperature Derating:

Plastic “N" Package: ~12mW/*C from 65°C 1o 85'C

Ceramic *'J- Package: — 12mw/°C trom 100-C 10 125°C.

4 For & power supply of 5V +10% the worst-case output voltages (Von. Vo) occur for HC at 4.5V, Thus the 4.5V values should be used when designing
his supply. Worst-case ViH 8nd Vi occur at Vo= 5.5V and 4.5V respectively. (The V, value at 5.5V is 3.85V.) The worst-cdSe leakage current (I, Icc, and

Pecur for CMOS et the higher vollage and so the 6.0V values should be used.

e ————
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MM54HC123A/MM74HC 123A

AC Electrical Characteristics Voo=5V, Ta=25°C, C| = 15 pF, t, = t;=6 ns et
Symbol Parameter Conditions Typ | Limit | Units
tpLH Maximum Trigger Propagation Delay 22 33 ns e
" A, BorClearto Q 5
tPHL Maximum Trigger Propagation Delay 25 42 ns
A, BorCleartoQ
tpHL Maximum Propagation Delay, Clearto Q 20 27 ns
tpLH Maximum Propagation Delay, Clearto Q 22 33 ns
tw Minimum Pulse Width, A, B or Clear 14 26 ns
tREM Minimum Clear Removal Time 0 ns
twoming Minimum Output Pulse Width CexT=28pF 400 ns
RexT=2k0
twa Output Pulse Width Cext = 1000 pF 10 us
Rex7=10 k)
AC Electrical Characteristics CL=50 pF t,=t=6 ns (unless otherwise specified) .
Ta—osc|  T4HC s¢HC | ]
Symbol Parameter Conditions Veel A Ta=—401085°C|To= —55i0 125°C Uny
Typ Guaranteed Limits i
tpLH Maximum Trigger Propagation 2.0V| 77 | 169 194 210 s
Delay, A, B or Clear 1o Q 4.5V] 26 | 42 51 57 ¢
6.0V] 21 | 32 39 44 "
tpHL Maximum Trigger Propagation 2.0V| 88 | 197 229 250 r
Delay, A, B or Clearto © 4.5V] 29 | 48 60 67 N
6.0v|{ 24 | 38 46 51 4
tPHL Maximum Propagation Delay 2.0V| 54 | 114 132 143 g
Clearto Q 4.5V]| 23 | 34 41 45 s
6.0vV| 19 | 28 33 36 0 4
tpLi Maximum Propagation Delay 2.0v| 56 | 116 135 147 !
Clearto Q 4.5V| 25 | 36 42 46 ne
6.0V| 20 | 29 34 37 1
tw Minimum Pulse Width 2.0V| 57 | 123 144 157 n
A, B, Clear 4.5V| 17 | 30 37 42 s
6.0V] 12 | 21 27 30 3
IREM Minimum Clear 2.0v 0 0 0 mE
Removal Time 4.5V 0 0 o] ne
6.0v 0 0 0 ny
7L 17 | Maximum Output 20v| 30| 75 95 110 (31
Rise and Fall Time 4.5V 8 | 15 19 22 r
6.0v({ 7 13 16 19 R
twomMiny | Minimum Output * |Cext=28pF 2.0V| 15 pe
Pulse Width Rext=2k 4.5V| 450 ns
Rex1=6kQ (Vee=2V) |6.0v! 380 n
two Output Pulse Width Cext=01pF | Min [50v] 1 | 0g 0.86 0.85 mé
Rext=10k? Ty Tsov] 1 | 11 1.14 115 m
Cin Maximum Input 12 | 20 20 20 P F
Capacitance (Pins 7 & 15) o
Cin Maximum Input 6 | 10 10 10 P
Capacitance (other inputs)
Cep Power Dissipation {Note 5) 70 ¥
Capacitance e

Note 5: Cpp determines the no load dynamic power consumption, Pp
Vet + e

-

= Cpp Vo2 + lcc Vee. and the no load dynamic current consumption, Ig =. Cpp

o
s



Logic Diagram

Vee Vee Veo

01
Rent l | ‘%

O

H

=

L.
T

0 NABLE t
o 7 [4 L
B _Do- FRRBIEY
oot
i Oo——10
ENARLE 2
Vaer? 2
> ENABLE 1
3
TL/IF/5206-5

Theory of Operation

® ®

A
0]
B
® ®
CLEAR
VaEr2 Vrer2 VReF? Vaer2 Vaer2
|
R/Cexy
VRep) — VReFy—— Vresr— _ Yags1 — Vaepr——
]
——ep——
| [ [ I._ |._ _

TL/F15206-6

Q@ POSITIVE EDGE TRIGGER
@ NEGATIVE EDGE TRIGGER
@ POSITIVE EDGE TRIGGER

© POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING)
© RESET PULSE SHORTENING
© CLEAR TRIGGER

FIGURE 1

TRIGGER OPERATION

As shown in Fijgure 1 and the logic diagram before an input
trigger occurs, the one shot is in the quiescent state with the
Q output low, and the timing capacitor Cgxt completely
charged to Ve, When the trigger input A goes from Vg to
GND (while inputs B and clear are held to V) a valid trig-
ger is recognized, which turns on comparator C1 and N-

channel transistor N1©®. At the same time the output latch
is set. With transistor N1 on, the capacitor Cgx rapidly dis-
charges toward GND until Vgggy is reached. At this point
the output of comparator C1 changes state and transistor
N1 turns off. Comparator C1 then turns off while at the
same time comparator C2 turns on. With transistor N1 off,
the capacitor Cgxt begins to charge through the timing re-

3-93
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MM54HC123A/MM74HC123A

sistor, RgyT, toward Vce. When the voltage across Cext
equals Vgery, comparator C2 changes state causing the
output latch to reset (Q.goes low) while at the same time
disabling comparator C2. This ends the timing cycle with the
monostable in the quiescent state, waiting for the next trig-
ger.

A valid trigger is also recognized when trigger input B goes
from GND to V¢ (while input A is at GND and input clear is
at Vcc@). The "HC123A can also be triggered when clear
goes from GND to Vee (while A is at GND and B is at
Vee ®).

It should be noted that in the quiescent state CexT is fully
charged to Ve causing the current through resistor RgxT to
be zero. Both Comparators are “off” with the total device
current due only to reverse junction leakages. An added
feature of the '"HC123A is that the output latch is set via the in-
puttrigger without regardto the capacitor voltage. Thus, prop-
agation delay from trigger to Q is independent of the value
of CexT, RexT, oOf the duty cycle of the input waveform,

RETRIGGER OPERATION

The 'HC123A is retriggered if a valid trigger occurs ® fol-
lowed by another trigger ® before the Q output has re-
turned to the quiescent (zero) state. Any retrigger, after the
timing node voltage at the R/CgxT pin has begun to rise
from Vgegy, but has not yet reached Vger,, will cause an
increase in output pulse width T. When a valid retrigger is
initiated @, the voltage at the R/CgxT pin will again drop to
VRer; beforé progressing along the RC charging curve

toward V. The Q output will remain high until time T, after
the last valid retrigger. |

Because the trigger-control circuit flip-flop resets shorlly af-
ter Cx has discharged to the reference voltage of the lower
reference circuit, the minimum retrigger time, 1, is a function
of internal propagation delays and the discharge time of Cy:
187 + 565 + (0.256 V) Cy

Vee — 0.7 (Voo — 0.7]2

Another removal/retrigger time occurs when a short clear
pulse is used. Upon receipt of a clear, the one shot must
charge the capacitor up to the upper trip point before the
one shot is ready to receive the nexi trigger. This time is
dependent on the capacitor used and is approximately:

640 522 + (0.3 Vo) C
e = 196 + (03 Yec) Cx
. Vee ~ 0.7 (Ve — 0.7)2

RESET OPERATION

These one shots may be reset during the generation of the
output pulse. In the reset mode of operation, an input pulse
on clear sets the reset latch and causes the capacitor 10 be
fast charged to V¢ by turning on transistor Q1 ®. When
the voltage on the capacitor reaches VREF2, the reset fatch
will clear and then be ready to accept another pulse. If the
clear input is heid low, any trigger inputs that occur will be
inhibited and the Q and O dutputs of the output latch will
not change. Since the Q output is reset when an input low
level is detected on the Clear input, the output pulse T can
be made significantly shorier than the minimum pulse width
specification.

ty = 20 +

Typical Output Pulse Width vs. Typical Distribution ot Output Typical 1ms Pulse Width ”
Timing Components Pulse Width, Part to Part Variation vs. Supply
10m w o9 5 -
g SES = Voo =5V Ta=75°C
2 S g, In=wcc “ T Rexr=10kn .
S im B ” 3 " |Rea=10ko 3 bCexi=0.14F
» $6\ == S 08 Cex1 =0.1 4f g 2
x < w =
5 S S =R
e <« P i > =
Z 100, < & 2 06 / & 0
w L /,'1‘ : w / ‘\ S 1 ]
H RO 2 04 = Pad
- f & / g ~2 1
S5 10‘4 w w
= s y. e -3
£ —iis £ 02
3 il i) Tt = / -4
T it £ 0 -5
1000p 0.014 014 1a 092 096 1.00 1.0¢4 1.06 23 ¢ s 5 7
TIMING CAPACITOR (F OUTPUT PULSE WIDTH (ms) POWER SUPPLY (V)
(T)L/F/5206-7 TL/F/5206-8 TL/F/15206-9
Minimum Rgxy vs. Typical 1ms Pulse Width
Supply Voltage Variation vs. Temperature
§ I 1.0
= 5 0.8
2 . F 0s
wr g s
'é" \ = 04
- S
e 4 = 0.2
£ wonsm;\ss g N
Z 3 g . 2 N
I e —u I
&£ R £ o4 ™
= 1\ g . [y
2 ~] TYRicaL w06
=
z ~d -0.8
-1.0
2 3 4 5 ¢ ~55 ~15 25 65 105125
POWER SUPPLY (V) TL/F/5206-10 TEMPERATURE (°C} TLIF/5206-11

Note: R and C are’not subjeeted to temperature, The C is polypropyleno.
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Industrial Blocks

LM2907, LM2917 Fréquency to Voltage Converter

General Description

The LM2907, LM2917 series are monolithic frequency
to voltage converters with 3 high gain op amp/compara-
tor designed to operate a relay, lamp, or other load when
the input frequency reaches or exceeds a selected rate.
The tachometer uses a charge pump technique and
offers frequency doubling for fow ripple, full input
protection in twe versions (LM2907-8, LM2917-8)
and its output . .ngs to ground for a zero frequency
input.

Advantages

s Output swings to ground for zero frequency input

® Easy touse; Vout = fin X Ve x R x C1

8 Only one RC network provides frequency doubling

8 Zerer regulator on chip allows accurate and stable
frequency to voltage orcurrent conversion. (LM2917)

Features

a Ground referenced tachometer input interfaces
directly with variable reluctance magnetic pickups

8 Op amp/comparator has floating transistor output

® 50 mA sink or source to operate relays, solenoids,
meters, or LEDs

Frequency doubling for fow ripple

= Tachometer has built-in hysteresis with either différ-
ential input or ground referenced input

® Built-in zener on LM2917

w *0.3% linearity typical

s Ground referenced tachometer is fully protected
from damage dus to swings above Vce and below
ground

Applications

Over/under speed sensing
Frequency to voltage conversion (tachometer)
Speedarneters

Breaker point dwell meters
Hand-held tachometer

Speed governors

Cruise contro!

Automotive door lock control
Clutch contro!

Horn controt

Touch or sound switches

® m 2 a ® B w v E 88

Block and Connection Diagrams bDuat-in-Line Packages, Top Views

] l: ‘l $
|
1

Ordes Number LMZI07N-8
See NS Package NOSB

L
+

l: ‘ 0 ]n lr .
Order Number LM2907J
See NS Packege JI4A

Order Number LM29O7N
See NS Package NI4A

1 Ix
Ovrder Number LM2917N-8
See NS Package NOBB

!I’
e

Order Number LM2917J
See NS Pachage J14A
Order Number LM2S17N
See NS Packsge N14A



Absolute Maximum Ratings (note 1t
Supply Voltage 28v Input Voltage Range
Supply Current {Zener Options) 25 mA Tachometer LM29078, LM291 78 28y
Coltector Voltage 8V LM2907, LM2917 0.0V 10 +28y
Differential Input Voitage Op Amp/Comparator 0.0V 10 +28Y
Tachomater 8V Power Dissipatioh 500 my
8V Operating Temperature Range ~40°C to +85°c

Dp Amp/Comparator

Storage Temperaturs Range
Lead Temperature {Soldering, 10 seconds)

Electrical Characteristics vc = 12 Voc. Ta = 25°C, see test circuit

—65°C t0 *15¢°¢

Jote

PARAMETER [ CONDITIONS [ wn [ rve | max [ uwirs
TACHOMETER .
Input Thresholds Vin =250mVpp @1 kHz (Note 2) *£1C £15 40 mv
Hysteresis V,n = 250 mVp-p @ I'kHz (Note 2) 30 av
Offset Voltage V,n = 250 mVp-p @ 1 kHz {Note 2) .
LM2907/LM2917 35 10 mV ;
LM2807-8/LM2917-8 5 15 mv -’
fnput Bias Current V,n = £50mVpe 0.1 1 uA :
Vow V,n = +125mV g (Note 3) 8.3 v :
v, "2 V,y = ~125mV o (Note 3) 2.3 v .
Output Current; I, I3 V2= V3 =60V (Note 4) 140 180 240 2A !
Leakage Current; 15 12=0,v3=0 0.1 HA |
Gain Constant, K {Note 3} 0.9 1.0 11 !
Linearity fo =1 kHz 5 kHz, 10 kHz, {Note 5) -1.0 0.3 +1.0 % i
OP/AMP COMPARATOR !
Ves Vin = 6.0V 3 10 mv ‘
laias Vin = 6.0V 50 500 nA
Input Common-Mode Voltage 0 Vee—1.5V v
Voltage Gain 200 VimV .
Output Sink Current ‘)c =1.0 40 50 mA
Output Source Current Vg =Vee -20 ’ 10 mA
Saturation Voltage tging = 5 MA 0.1 05 v
lginx = 20 mA 1.0 . v
Isink = 50 mA 1.0 1.5 v
ZENER REGULATOR :
Regulator Voltage Rpaoe = 47002 7.56 v
Series Resistance 10.5 15 Q
Temperature Stability +1 ‘mv/C
TOTAL SUPPLY CURRENT 38 6 mA

Note 1: For operation in ambient temperatures abave 25°C, the cevice must be derated based on a 150° C maximum junction temperature and 8
thermal resistance of 175°C/W junction to ambient for package 22 and 16 or a thermai resistance of 187" C/W junction to ambient for package &=
Note 2: Hysteresis is the sum +V 1 —(=V TR}, offset voltage is ther differsnce. See test circuit.

Note 3: Vo it equal to 3/4 x Ve -1 Vgg. VoL is equal to 1/4 x Vce — 1 VgE therefore Vou — Vor * Vee/2. The difterance, VOH -
Vor. and the mirror gain, 19/13, are the two Tactors that cause the tachomaetar gain constant to vary trom 1.0.

Note 4: 86 sure when choosing the time constant R1 x C1 that R1 is such that the maximum anticipated outpyt voltage at pinJcanbers
with 13 x R1. The maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 MO typically.

Note §: Nonlinearity it defined as the deviation of Vout (@ pin 3} for t;Ny = S kHz trom a straight line defined by the VouT @ 1 kH2 and VOUT
® 10 kHz. C1 = 1000 pF, A1 = 88k and CZ = 0.22 mFd. ‘e

ached
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Typical. Performance Characteristics (Continuea)

Tachamater Linearity Tachometer Lineasity

vs Tamperature vs Temperature .
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Applications Information (Continved)

capacitur, then, V, = i, x R1, and the total conver-
sion equation becomes:

Vo = Vec < fin xCTx RIxK
Where K is the gai» constant—typically 1.0

The size of C2 is dependent only on the amount of
nipple voltage allowable and the required response time

CHOOSING R1 AND C1 .

There are some limitations on the choice of R1 and Ci
which should be considered for optimum performance.
The timing capacitor also provides internal compensa-
¢ion tor the charge pump and should be kept larger than
163 pF for very accurate operation. Smaller values can
&auze 30 arror current on A1, especially at low tempera-
tures. Severai za.ziderations must be met when choosing
R1. The output current ai pin 3 is internally fixed and
therefora V,/R1 must be less than or squal to this value
1f R1 is too large, it can become a significant tracticn 14
the output impedance at pin 3 which degrades linearity.
Also output ripple voltage must be considered and the
size of C2 isaffectedby R1. An expression that describes
the rippla content on pin 3 for a single R1C2 combin-
ation is:

Vee C1 Vee % fin x C1
VareLe * - x5 x {1 - T pk—pk
2

It appears R1 can be chosen independdnt of ripple,

Typical Applications

VARIANLE
RELUCTANCE
MAGNETIC

nexue

however response time, or the time it takes Vaour to
stabilize at a new voltage inuicases as the size of C2
inc-eases so a compromise between ripple, response
time, and linearity must be chosen carefully.

As a final consideration, the maximum attainable input
frequency is determined by Ve, C1and I3:

)

f a2
MAX T a1 x Vee

USING ZENER REGULATED OPTIONS {LM2917)

For those applications where an output voltage or
current must be obtained ind2pendsrt of supply voltage
variations, the LM2917 is offered. The most important
consideration in choosing a dropping resistor from the
urragulatzd supply to the device is that the tachometer
and op amp circuitry alone require about 3 mA at the
voltage level provided by the zener. At low supply
voltages there must be some current flowing in the
resistor above the 3 mA circuit current to operate the
regulatar. As an example, if the raw supply varies from
9 to 16V, a resistance of 47082 will minimize the zener
voltage variation to 160 mV. If the resistance goes under
400§2 or over 60002 the zener variation quickly rises
abave 200 mV for the same input variation.

Minimum Component Tachomater

Vour

Vawn s

—

fonimoner

Zenar Regulated Frequancy to Voitage Canverter




Typical ApF;lica“OnS(Commued)

twice input lrequ

Two-Wire Remote Speed Switch
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V3 1ieps up in voltage by the amount ——————
c2
for each complate input cycle (2 zero crossings)
Example:
tf C2 = 200 C1 after 100 consecutive input.cycles.
V3=1/2Vce
Variable Reluctance Magnetic Pickup Buffer Circuits
Precision two-shot output frequency equals Vee
Vee €1 vV (<]
ency, Pulse width = —= —
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Typical Applications continueo)

Changing the Output Voltsge for an Input Frequency of Zaro

. pEEE———— N |} ] .
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> + . 1
100 Vour '
- 1111
t 21 48 &7 1o, {hR2)
2ERQ SPEED
vOLTAGE REFERENCE
-
Changing Tachometer Gain Curve
or Clamping the Minimum Output Voltage
1oV
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‘P
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w I
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— y i
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W
v B 3 O W i
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' Equivalent Schematic Diagram

ACTIVE TERER
RECULATOR OF s COLPARATOR
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INPUT NYSTIRESIS AMPLIFIER

¢ Notas: This connection made on LM2907 8 and
LM28178 onty.

¢ * Note: This connaction made on LM2917 and
LM29178 onty,




H National
Semiconductor
Corporation

General Description
The LM135 series are precision, easily-calibrated, integrat-
ed circuil temperature sensors. Operating as & 2-termnal
zener, the LM135 has a breakdown voltage directly przpor-
tional lo absolute temperature at +10 mV/*K. With less
than 1{1 dynamic impedance the device cperates over a
current range of 400 pA 10 5 mA with virtually no change in
performance. When calibrated at 25°C the LM135 has typi-
cally less than 1°C error over a 100°C temperature range.
“Unfike other sensors the LM135 has & linear output.
Applications for the LM135 include aimost any type of tem-
, perature sensing over @ —55°C to +150°C temperature
|
!

tange. The low impecance and linear output make interfac-
ing to readout or control circuitry especially easy.

o 3

LM135/LM235/LM335, LM135A/LM235A/L:335A
Precision Temperature Sensors

The LM135 operetes over a —55°C to + 150°C temperature
range while the LM235 operates over 8 ~40°C to +125°C
temperature range. The LM335 operates from ~40°C to
+100°C. The LM135/|.M235/LM335 are available pack-
aged in hermetic TO-46 transistor packages whiie the
LM335 is also avallable in plastic 7O-22 packages,

Features

® Directly calibrated in *Kelvin

m 1°C initial accuracy available

# Opcrates from 400 pA to 5 mA

u Less than 141 dynamic impedance
= Easily calibrated

& Wide operating temperature range
=’ 200°C overrange

® Low cost

i Schematic Diagram

[<4
< S
79 % o S &8 b < ar
- S S Sum
| L
H o
| L
f €z r‘_[_ (10
f 3ef : Jn 1 . Su
i - ,,P =
‘) o ! (111 20T THENT
| N ' '~ I 3 |'-=
! i . . [ NS
‘ \“4 S0 L o W G I i
I~ i - §.“
) ’ LYY
' [ ——J J
1 )
Il TLIMIBE88 1
1
, Connection Diagrams
i
, T0-92 TO-46
Plastic Package Metal Can Package®
| AGS + j
10TTOM Vifw
TL/H/S606-E

SOTTOM ViEwW

Order Number LW335Z or LM335AZ
See NS Package Number Z03A

*Case 1s connected 1o nep: tve pin
Order Number LM 135K, LM235H,
L#2335H, LM135AH, LM235AH or LM33SAH
See NS Package Number HOSH
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Absolute Maximum Ratings S
tf Military/Aerospace specified devices are required, Specified Operating Temp. Range w
contact the Nalonal Semliconductor Safes Office/ thtermittent
Distributors for awailabllity and specifications. Continuous (Note 2)
(Notedy— —~ ~— 7 77 s T LM135,LM135A —55°Cto +150°C 150°C to 200°C
Reverse Current 15mA LM235, LM235A —40°Cto + 125°C  125°C1o350¢C
Forward Current 10 mA LM335, LM335A —40°Clo + 100°C  100°Cto 125C
Storage Temperature Le_?g.r;z"g’a- (f°|:9m9~ 10 seconds) 2‘&'(:
Py - ckage:
TO-46 Package .—60"Cto +180°C 1046 Package:
TO-92 Package -60*Cto 4 150°C AC
Temperature AcCCUracy Lm135/LM235, LM135A7LM235A (Note 1) )
parameter Conditions LM135A/LM235A LM135/LM235 Una
. Min Typ Max Min Typ Max
Operating Output Voliage -Tc = 25°C.in = 1 mA 297 | 298 | 299 | 295 298 | 3.0 v
Uncalibrated Temperature Ermor Tc=25C.ta=1 mA 0.5 1 1 3 <
Uncalibrated Temperature Error Tuin = Te £ TMax. la = 1mA 13 27 2 5 *C
Temperature Ercor with 25°C Tuin < Te £ Tmax. ig=1mA 03 1 0.5 15 c )
Calibration 5
Calibrated Error at Extended Tc = Tmax (Intermittent) 2 2 C
Temperatures
Non-Linearity I|gp = 1mA 03 0.5 0.3 1 =L
Temperature Accuracy Lmass. LM335A (Note 1)
Parameter Conditions LM33SA LM33S Unk:
Min Typ Max Min Typ Max
Operating Output Voltage To=25Clg =1 mA 295 | 298 | 3.01 262 | 2.8 | 3.04 ¥
Uncalibrated Temperature Errot Te=25C.lg =1 mA 1 3 2 6 °C
Uncatibrated Temperalure Error | Tminv € Tc £ Tvax Ig = 1mA 2 5 4 9 C
Temperaiure Error with 25'C Tvin £ Te € Tmax. R = 1mA 0.5 1 1 2 K
Calibration
Calibrated Etror &t Extended Tc = Twax (intermittent) 2 2 ke
Temperatures
Non-Linearity I = 1mA 03 1.5 0.3 15 °
Electrical Characteristics (Note 1)
L8435/LM235 L1335 i
Parameler Condaitions . 135A 235A L#335A 1 HEt
Min Typ Max Min Typ Max |
Operating Cutput Voliage 400 pAZIgZS A 2.5 10 3 14 s
Change wiin Current At Constant Temgerature _
Dyramic impedzance n=1mA 0.5 06 @
Output Vitage Tempergture +10 +10 T
Coetficient
Time Constant Still Air 80 80 3
100 fI/Min Air 10 10 st
Stirred Oil 1 1 ES
Time Stability Tc=125°C 0.2 0.2 e

Note 1: Accuracy measurements are made (N & wi
~tnuous operation at these temperatures for 10,099

Note 2: Co
Note 3; Therma! Resistance
81, (unction to ambient)
¢ (junction to case)

1092 TO«46
20Z°C/W 400'C/W
170°C/W N/A

Note 4: Reter tc RETS135H for mintary specifications

ell.sured o bath. For other conditions, selft heating m
hours for H package and 5,000 hours for

ust be considerad

Z package may decrease iite expectancy of the o

e meas oy

{

Puvs

x

- araw
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typical Performance Characteristics
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Application Hints

CALIBRATING THE LM135
included on the LM135 chip is an easy method of catiorating
the device for higher accuracies. A pot connectec across
the LM135 with the arm lied to ine adjustment terminal al-
lows a 1-point calibration of the sensor t=at comrects for
inaccuracy-over the full temperature range.
This single point calibratinn warks because the output ¢! the
LM135 is proportional 10 absolute tempesature with the ex-
trapolated output of s&501 going to OV ouiput at 0K
(=273, 15°C). Errors in cutput voliage versus tempardture
are only slope (or scale factor) errors so & slope catibration
_at one temperatuic cntrents at all temperatures.
« The output of the device (catibrated or uncai.‘bralz;d) canbe
exp’ #ssed as:

Vouty = VouTy, ™ 10
o

where T is the unknown temperature and T is & reterence
temperature, both expressed in degrees ¥&tin. By calibrat-
ing the output t© read conrectiy 8t one temmparature the out-
put at all temperatures is conect. Nominally the output is
caii cated at 10 mV/'K.

Typical Applications
Basic Temperature Sensor

v

outPyt
1D mVIK

[L3XH]

Tu - 56882

Calibrated Sensor

v
At
- OUTPUT 1D mV/ K
.
i M35 0

——

v

LY

To insure good sensing accuracy several precaulichs m:x:
ve taken. Like any temperature sensing davice, sef! Cling
can reduce accuracy. The LM1 35 should be operatad gty

lowest current suitable f
o~f course,

as well as any external loads.

or the application. Sufficient cutren
must be available to drive both the sensor ang
* tha calibration pot at the maximum operating tempergly

| the sensor is used in an ambient where the thermal rey:.
ance is constant, self heating efrors can be calibrated o

This is possible if the device is run with a temperature siaby;,

current, Heating will then be proportional to zener vt
and 1hqrelore temperature. This makes the sell Hisating e
ror proportional to absolute temperature the same as scat

{actor efrors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such as man.-
chem can be used to make low-cos! wale.
o LM335 is inserted into the tubing abxs
£nd the tubing heated above tha meltin;
14" end melis and proviags «

factured by Ray
proof sensors. Th
14" from the end
point of tna core. The unfitied
seal over the device.

TLIHIS698-8
~Calibrate for 2.982V at 25°C
an = ngmrm Vo a8y a0n - O menmlon s rem Cmmmmion (2 TS
! tmum Tempsrature Sonsing s Scnsing Rzms
;
i 15V * 18y
6 5
: p Tamn Tayg 36 UK
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;ypical Applications (Continved)
i [T — e - !
§ isolated Temperature Sensor !
i a3
1
i .
3
. 8y '-—-‘- :
5 m outPUT
i 10 mv/ K
M A1 I
K - {
i
i '+
TUIHISETe - 20 §
i
. |
: Simple Temperature Controller -
1ov 20V L A
i: i i
- < HUATER
[ i; £ 3: 108

00 4 Ny

r._l
st A o/ —L S J‘: M35

-4
o Zwan

TL/H/5628-5

VAV - J—
£
TEMPERATUPE n ,__Jw_“r
e Ah 52¢
h
: E
‘T» n
-10v

TL'H/5€98-21



Typical fpplications (Continued)

Ground Referred Fahrenheit Thermometer

wan 4

[

Acz'se R1 tor correct oulpul.

TL n/5€98-24

*To zalivrate adjust R2 for 2,552V acioss LM236.

THERMOCOUPLE COLD JUNCTION COMPENSATION ’
Compensation for Grounded Thermozouple .
+Celact B3 for proper thammocoupic iypd
Y THERMO- a3
COUPLE (21%)
én J 37740
TR T 3069
K 26341
e
1M3238 T A2 M.Wjﬂ S o . 560
e H ) Adiustments: Cognpw.‘.vu\es Par DOt SENSDr NG ST
l 1% = 1. Short LM3292
f-"_ 2. Adjust R1 for Secbeca Coetiiment times ambient (¢ mperaivre {in OTE
= k1 ~ K} across R3. .
[LEELRY 0 3. Short LM335 anc adjust RZ for voltage across R3 comresponcing ¥
FIRTIRE N S - 4 mocouple lype
METER J 14.32 mV K 11177
m THERMOCOUPLE T 11.79 mV s 478"
-1sv
TLIH 569E-6

ormrmptrisid parseand )
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Adjus, K2 for 2552V 80108 { M336. TLMZSH 3
Adjust R1 for correct output. * Adjust for 27315V at output of L3 R
i
¢
Fahrerhcit Thermometer .
"y
'
0 0 R
nutrat H
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‘Typical Applications (Continued)
_ Single Power Supzly Cold Junction Compensation . _. e e -

*Select R3 and R4 for thermocouple type

THERMO- R3 Re SEEBECK
i THERwoCOUNLE COUPLE COEFFICIENT
' (335 J 1.05K 38542 523 uv/°C
T 85C0 3150 42.8 uV/°C
K 8164} 30090 40.8 pV/°C
s 12801 4630 6.4 uV/°C
Adjustments: .
1 Adwst R1 for the voltage across E«a equal to the S&becl. Coethoent
* umgs ambient icmoerature in gegrees Kelvin,
. 2. Adjust R2 for voltago across R4 :arrespon.f;ng te thermocouple
 outhur J 14.32 mV
- T 11.79 mV
LWI298 K 1117 mV
S 1.768 mv
Lo} ks
= TL/r 3608-11 v
- \\

Centigrade Calibrated Thermocouple Thermometer

1024 298u
" an

-
Terminate inermocouple reference juncton @
close prowimuty to LM335.
Adjustments:
1. Apply s'gnal in plece of thermocouple and ad-

Just R3 127 & gain of 245.7.
2. Shorn non-inverting input of LM308A and out-
put of L3233 to ground.

. Agjus: P1 8¢ that Voyr = 2.882V ¢ 25°C.
) . Remove snort across LM3296 and adust R2
Yoyt # Wev/ T 80 that Vour = 246 mV € 25°C.
5. Remove snort across thermocouple,

w

-

CHROMEL

¢ 100 pF

I )
ALUMEL v L ,
= - Yeossen 12
Fast Charger for Nickel-Cad:nlum Ratteries
-
15V

Differential Temperature
Sensor

p——— STARY
15V

cAL
20k

TL/H/5696~7

tAgus: DY to 50 mV greater Vg than D2,
Cherge terminates on 5:C temperature nseé Couple DZ to tattery. —
) = TL/H/EE9R-13




Typical Applications (Contirued)

Difierential Temperature Sensor

1%y

00
|

| __outeuy
™ 103 mv/C
TL H5608-14
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1Adjust for zero with sensor &t 0°C and 10T pot set at 0°C
*Adyust for zero output with 1067 pol set a* 100°C and sensor

at 100°C
*Output reacs ditterence beiween temperature and dial setting

of 10T pot

TLIH/5696-15



Typical Applications (Continued)

Ground Referred Centigrade Thermometer

e

-1V

KALE
s4CTOR

2

Definition of Terms .
Operating Output Voltage: The voltage appearing across
fhe positive and negative terminals of the device at speci-
fied conditions of operating temperature and current.
Uncalibrated Temperature Error: The error bstween the
operating output voltage at 10 mV/°K and case temperature
at specified conditions of current and case temperature.
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Alr Flow Detector®
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*Self heating is used to detect air flow

.

OUTPUT..HICH
WITH 2R FLOW

Calibrated Temperature Efror: The error between operat-
ing output voitags and case temparature at 10 mvV/°K 'Qver
a temperature range at e specified operaling current with

the 25°C error adjusted to zero.



ADC0808, ADCO080S
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

02642, JUNE 1981~ REVISED MAY 1988

o

® Total Unadjusted Error . . . £0.75 LSB Max N
for ADCO808 and +1.25 LSB Max for DUAL'::;;N;:Q::“GE
ADC0809
. R 3 Usd 2
® Resolution of 8 Bits el 201 SeuTs
® 100 us Conversion Time INPUTS < S[J3 2s[J 0
6 (Ja FEIRE
® Ratiometric Conversion (s 24[] B > ADDRESS
® Monotonicity Over the Entire A/D sr:g;E;’ ::%;:LE
Conversion Range 2-5(s  21J2-1se)
-2
® No Missing Codes OE(Js  20]2
9 ck (o 19[J2-3
® Easy Interface with Microprocessors veeQn 18f]2-4
REF- 12 12{J2-8 wse
® Latched 3-State Outputs GNDEn ,s% REF - 2
® Latched Address Inputs 2770153278 3
. L
® Single 5-V Supply FN PACKAGE w
® Low Power Consumption (TOP VIEW} [
. DWwTOIN—~OQ b
® Designed to be Interchangeable with E55555K 8
National Semiconductor ADCO0OB08, £5§5z58¢
ADCOBO? eSO y
( #3721 282726
L. INPUT 7} 5 25{]A
descnptlon_ START :]5 24(] B} ADDRESS
The ADCO808 and ADCOBOS are monolithic Loch: ;;EiLE
CMOS devices with an 8-channel multiplexer, an oefs ad2-1 mse
8-bit analog-to-digital (A/D) converter, and cLk {0 20(]2~2
microprocessor-compatible control logic. The veeln 19(2-3
8-channel muitiplexer can be controlled by a 121314 1516 17 18
microprocessor through a 3-bit address decoder PUYSra——
with address load to select any one of eight sl Lgal
. o~ oW =J' o~
single-ended analog switches connected directly = <o
to the comparator. The 8-bit A/D converter uses o
the successive-approximation conversion
technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold,
and a successive-approximation register (SAR). Detailed information on interfacing to most popular
microprocessors is readily available from the factory. , '
The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity,
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR
and latched inputs to the multiplexer address decoder. The single 5-V supply and low power requirements
make the ADCOB08 and ADCO0809 especially useful for a wide variety of applications. Ratiometric
conversion is made possible by access to the reference voitage input terminals.
The ADC0O808 and ADCOBO0S are characterized for operation from —40°C to 85°C.
PRODUCTION DATA docemsnts cantain information . Copynght ©® 1983, Texas Instruments incorporated
et o pblcts S o sl Texas W
specifica!
mﬁ::.ir::tm .nniu of ali pnru-rm:’r.;..s oot INSTRUM ENTS 2-38 ’

POST QFFICE BOX 655012 * DALLAS, TEXAS 75265



ADCO0808, ADC0803
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

timing requirements, VCC = Vigf4+ =

SV, Vegf~ = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
feioek Clock frequency 10 640 1280 kHz
tcony Conversion time See Note 4 20 100 116 #S
twist Pulse durauon, START 200 ns
wiALE) Pulse duration, ALE 200 ns
tsy Setup ume, ADDRESS 50 ns
; th Hold nme, AODRESS 50 ns
! td Delay ume, £0C See Notes 4 and § [} 14,5 us

operating characteristics, Tp
otherwise noted)

= 25°C.VCC = Vref+ = 5V, Vref— = 0V, felock = 640 kHz (unless

ADC0808 ADCO809
PARAMETER TEST CONDITIONS UNIT [1;]
MIN TYPT MAX | MIN TYPT MAX -
Supoly voltage VCC = Vigt- = 475V 10 5.25 V, v
k. =0.05 +0.05 %IV Q
Svs sensitivity TA = -40°C 10 85°C, See Note 6 s
Lineanty error
inearicy err =0.25 =05 s | D
{see Note 7} ©
Zero error {see Note 8) =0.25 =0.25 LSB *‘a
Totat diusted Ta = 25°C =0.25 =0.5 =0.5 D
al unadijus!
o (5 fw o Ta = -40°C to 85°C =0.75 -1.25 | Ls@
error ee e
“ Ta = 0°C to 70°C =1
tapn Output enabla time C_ = 50 pF, R, = 10kQ 80 250 80 250 ns
tdis Outpur disable ume Ci = 10 pF. R = 10k 105 250 105 250 ns
"Typicat values for all except supply voltage sensitivity are at Vee = 5 V. and all are at Ta = 25°C.
NOTES: 4. Refer to the operating sequence diagram,
5. For clock frequencies other than 640 kHz, td(EOC) Maximum is 8 clock periods plus 2 us.
6. Suoply voitage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage
varies. The supply and Vyef . are varied together and the change in accuracy is measured with respect to fuli-scate.
7. Lineanty error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic.
8. Zero error s the difference between 00000000 and the converted output for zero input voltage; full-scale error 1s the difference
between 11111111 and the converted output for full-scale input voltage.
9. Total unadjusted error is the maximum sum of linearity error, zero error, and fult-scale error.
{
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ADC0808, ADCOBOS
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

functional block diagram (positive logic)
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ADC0808, ADCO809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

operating sequence

CLocK

START
CONVERSION

ADORESS LOAO
ENABLE

ADORESS

ANALOG INPUT

MULTIPLEX OUTPUT
{INTERNAL)

ENO OF
CONVERSION

OQUTPUT
ENABLE

LATCH QUTPUTS

1
JUUUUL I UuUUruUL

50% f \s0%
<+
b twis)
1
50%£ | 50%
H ! ——it
\ T tw(ALC)
fe=—=~ ADDRESS STABLE
ks Keox |
0 A .

b

]
x : } ANALOG VALUE ’ X

L INPUT STABLE — — —

! 1

X ANALOG VALUE X
I

i

.

| 50% £so%
t 0 et
F—td(EOC) —=f !
T teonv 4
50% 50%
o N v
=i = ten - b= tdis
1
90% 0%
Hi-Z STATE 10% 10%

Data Sheets m
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ADC0808, ADC080S )
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (see Note 1) ... . e 6.5V
Input voitage range: control INPUTS . ... .o ovi i iinannnnn e ~03t0 15V

all other inpUtS . .. ... ..t e e e -0.3VtoVee + 03V
Operating free-air tempPerature rfaNGE . . .. .v v v v e e onnonenaneeoraeeesan —40°C to 85°C
S1orage temperature FANGE . . .. oo v v vt in it e et e -65°C 10 150°C
Case temperature for 10 seconds: FN package. . . ... vttt i ittt it 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C

/

NOTE 1: All voltage valuas are with respect to network ground termunal,

2 recommended operating conditions
MIN NOM MAX UNIT

O Suoply voltage. Ve 4.5 5 6 \
'Q_J. Positive reference voitage, Viof . {see Note 2} ) Vee Vec-00 \4
o] Negative reference voliage, Viaf — 0 -0.1 v
wn Differenual reterence voltage, Vief .. — Vigf - 5 \
- High-level inout voitage, Viy Vee=-1.5 v
42 Low-level input voltage, Vi 1.5 \%
S_D, Operating free-air temperature, Tp -40 85 2C
72}

NOTE 2: Care must be taken that this rating 1s observed even during power-up.
electrical characteristics over recommended operating free-air temperature range. VgC = 4.75 V
to 5.25 V {unless otherwise noted)

total device

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
VoH hign-levet outout voitage lp = -360 uA Vee-0.6 v
Data outputs g = 1.6 mA 0.45
VoL Low-leves outout voitage o - 0 v
Eng of conversion o = 1.2 mA 0.45
| Off-state thigh-imoedance-state) Vo = Ve 3 A
0z output current Vo = 0 -3 ¥
[f} Control inout current at maximum input voitage V= 15V 1 pA
Iy, Low-level control inout current ViaO -1 A
ice Suooty current felock = 640 kHz 0.3 3 mA
Ci Inout caoacitance, control inputs Ta = 25°C 10 15 pF
Co Qutout caoacntance. Jata outouts Ta = 25°C 10 15 pF
Aesistance from pin 12 10 pin 16 1000 k@ -
analog multiplexer
PARAMETER TEST CONDITIONS MIN  TYPT MAX‘I UNIT K
A% Vv -
lon Channel on-state current (see Note 3) 1T cc felock = 640 kHz 2 pA .
Vi = 0.1V, foook = 640 kHz -2 .
Vec=5V. lvyy=56vVv i0 200 A
n
. . Ta =25°C { VI =0 -10 -200
lott Channet off-state current
v 5v Vi =5V 1 a
=5
cc Vi=0 -1 * K}
TTypical values are at Vo = 5V ano T4 = 25°C. .
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it vanes cirectly with clock
frequency.
.
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