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Forth Control
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Advisor

Dr. Daniel Breen

’ Academic Year 1987

Abstract

This project is the application of Forth Microcard as
monitor. This "Forth Control" monitor ckecks status of power in 220
volt line and displays the status by LED. This moniter is create to
inspect the status of the line that might effect the performance and
function of susseptible electric machince such as computer and
medical instrument.
The preject can be catagorized to 4 topics as follows
1. Inspect the Amplitude of power in 220 volt line whether
the Amplitude is in acceptable range or not by setting
the acceptable range within + 10% of 220 volt
2. Inspect the frequency of signal in 220 volt line by the
application of F/V convertor and setting 50 Hz. to be
acceptable frequency.
3. Inspect Power Surge within 1 second of 220 volt line
and display result by LED. And this is different from
topic 1 because in topic 1 the inspection is done in

longer period of time.



Inspect spike accompanying power in 220 volt line,
count the number of spikes within set period of time
and count the width of spike in microseconds. Display

the results by 7 - segment,
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BADE @
Hf %
» M3
O DO S O DOOLOOP LoOF 3
r ADC
FE C@ F& AND OFR FE O .
FE CE 8 R FE CY FE C@ F7 AND P O
1 M8
PG CE [ DECIMAL 3 39 » 2 / 0 HEX 1 3
o CHE -SSP
Foy Qe F7 OAND P G .
3 OADC [ DECIMAL 1 1000 /7 124 ® CR
37 SFACES LY PEAK+ OF SRIEE = " . " J"
[ HEX 3 Fa CB EF GND Pa CF
4 AD(" £ DECIMAL 1 1000 / 124 # CR
T2 SEACES L PEAK- OF SPIKE = .Y . ' il S S
HEX
: CHE-COUT
20 FA CY FA CE DF AND P& C
PR C@ [ DECIMAL 1 10 / CR
I7 SEACES .Y WIDTH OF SPIKE = (" . " micro sec." 3
DEC IMAL
INITIALISE
O FE CY O PF CY L s
s CHE-LINE
O ADC 220 2800
{ HEX 1 ROT ZDUF
< IF PE Q@ 40 OF SF AND FE C! DROF DROF
ELSE ROT
IF PE CE 80 OF 2F AND FPE C!

ELSE FE C& 20 OR 2F AND FE C! THEN THEN SWAF DROFP 2 j
DEC IMAL
: CHE~FREQ o

1 AbC X040 FHR20
[ HEX 1 ROT 2DUF
< IF FF O 2 OF FA AND FF CU DROF DROF
ELSE ®OAT
< IF FF OCE 4 OR FC AND PFCH
ELSE BF CE 01 OR FS AND PF Q! THEN THEN SWAF DROF I
DECIMAL .
H f‘HP" ~FOWER
Z ADC 240 2750
£ HEX 1 RGT 2DupP
< IF.FFE CE 40 OR SF AND FPF CH DROFP DROP -
ELSE ROT
<OIF BF OCE 80 OR 9F AND FF C!
ELSE PF CE ZO OR 2R AND FE ! THEN THEN SWaF DROF 4 3
ASE: MONITOR INITIM 15E CHiK—LINE CHE-FRER CHE-FPOWER CHE~SFK CHE-COUT
FLIN 4
O HEGIN MONITOR STERMIMAL WNTIL DROF QUIT 3
OO0 AUTOSTART RUN
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fin (Hz) Vout zes Amp. (Volt)
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so 3,82
51 3.88

- b9 - e of =
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AT IUTAIRANATHAR LNA LABS 1,

‘AC i/p. rms (Volt) V o/p (Volt)
198 2:28
220 2.54

242 2,80
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AT STIUFEAVRAZNVSHAA L LABs 2,

AC i/p (Volt) V o/p (Volt)
198 2,24
220 2.5;
242 2,75

- -~ * » L4
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i/p g ( s) Q8 Q7 ‘Q6 05 Q4 Q3 QZ Ql 0/p vev 74374

25 1 1 1 i 1 o o o 248 24,8
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15 1 ] 1 <] 1 o (e] 1 169 16:9
13 1 ] o] o 1 1 o 1 141 14:1
10 s} 1 1 1 1 [s] 1 8] 122 12.2
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54192,/74192 Synchronous Decade Up/Down Counter (Dual clock with Clear)
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package A Package Package . Package ) Package
Device Type Device T Device Type Device Type Device Type
C{P{MICF yp‘CPM(:F - C|P{MICF C|{PiM|CF C|P{MICF]
H SNS4L 5192 ) & WD{ SN54192 3 O (wD| SNS4L 132 ) D)
T.L SNT&.S1%2 10N SNTLIS? O OIN SNTALIS? JTOIND)
, Roass /RS | 60 o] £ msarez/Ausea (D@
FAIRCHLD oasm raam 0| 0| _ | 00| FCIas2/FCd IDOPD
MOTOROLA SNIALS 192 3 MCT74192 , PC
NS C DMSAL 5192 [) DMSAL 182 3 DOIND F
N DM S 152 0] DM14192 N DM74L 192 ) DN _g
PHLIPS NIRLS192 [0) N1i92 2B
§54192 FAO{a@ _ jwd)
SIGNETICS NIL5192 e NTa192 FO B0
SIEMENS Frizal
FUJTSU TN o -
HITACH! HDMLS 182 PO HDZ841 P
MITSUBISH WAL S 192 PO WS192 P
NEC . aLs19z cO) PB2152 D
TOSHBA X TOMI92A P
Electrical Characteristics SN54LS192/SN74LS| 92 Pin Assignment (Top View)
s L it
absoluts maximum ratings over operating free-air temperature range - we T qoa oo wn L
Supply voitage, VEC -V Ooeratng fros-ar | sHsdL§| =55C to 1=c w i bisfelss e L 0]jrogt®
Input voltage v temoerature range [ SKTALS 0°C o W0C ] ] l _I 1
Storage lemperRiure rangd —$5°C to 150°C @ A Qe pwe owrr Lo © positive logic:
racommended operating conditions s o Low mout to toed sets Qg =A,
o ot Qg =8, Q¢=C. and Op=D
SNS4LS!192 SN74L5192 | pr Q. 0, 0w O 0
MIN_ NOM MAX | MIN__NOM MAX T T 1 | I
Suooly vollage, VCC 4.5 s 550475 s 5.5 V nieimnininign
Highrievel_output current, 101 —400 —400} uA e T, G comt U ~ GND
Low-tevel cutput current, lop 4 8| ma T e T .
Count toount 0 25 0 5] MHz Lol
'Width of any 1nput pul 92, tw 20 20 03 Functional Block Diagram
Data setwp hme, lestup 20 20 ns (13 BORROW
Data hold ume, Ihold o 0 ns . oUTPUT
Operatng free-wrt temperature. Ta —55 17| © 70] C = o L) o%‘l"-
" s R OATA 18 TPUT
electrical characteristics .over rpcomm:ndod operating M:UTA' ! {D—
{ree-air tempersture range’ 3 -
OOWN ) N o
PARAMETER® TEST CONDITIONS T | MIN_ TYP T MAX UNIT counNT ., o OUTPUT 0a
Vi High-levti input valtage 2 v co'i’;u [ 3]
Vi Low-teval snout voitage 0.8} V % ]
Vs input clamp votage VGC=MIN, _h=—18mA -5} Vv
v - o Voo =MIN,  ViH=2V. 21 34 . 7 > 4D' .
oH prievel outpu 00 vy =0.8V. ign = —400ph ) - IS:J:’!“‘
v Low-level output voita vee=MIN, V=2V 035 os| Vv =
oL * o vy = 0BV, _lop = 8mA 0- - _] 2 ouTPUT 08
Input current Bt manmum 1
=MA A
4 ingut voltage vecTMAX. V=T s
i High-ievet tnout current Veo=MAX, Vi=2.7V ]| pA L__1
hi Low-tevel wput current VEE =MAX, Vy=0.4V 04| mA -
o Short-crauit output current® Voo =MAX swsals ] =20 L mA 1
S [+ sHTaLS | ~20 ) "‘Dp‘JT‘c(IOI
Voo mMAX, SHS4LS T N
lcc  Suly ostent Ses Note | SNTLS T T ——S ouTPUT Oc
tmyx _ Mexmum dock frequency 25 32 MHZ ‘&:
PLH trom Count-w 10 outpul 1?7 %
1PML Carry vee sy 18 8 "
PLH trom Count-6own 10 outcut 16 LJ
\pyy, | Borrow Tam2sc. v al ™ DATA m
WPUT O
1PLH tron Exther Court to L= 1%F. 21 % ns
1PHL output O 30 41 ape L .
1PLH k . 24 ] L m
oy om Load to output C Ry w 2ui 5 © ns ; — OUTPUT Op
1P trom Clear to outout Q 2 /] s
NCTES: 1. lgC 's measred with all cutpuls Goen, clesr and tosd routs grounced, and i cther LoAD 1110
nonts at 4.5V,

A~Cnr overndes losd, duta, and cant routs.

B. Whoa oouniing W,
must be hgh.

count~down 1Input Must be mgh.

whon COUNtng Gown, OGUNtw nput

Oynamve input activated by a transition from & hugh level to a low level.

U432 °L182.°LS132 SYNCHRONONUS 4-BIT UP/DOWN COUNTER .
T

1For conotions shown 2

184 tuncal values ace 81 YOG =5V, Ta=25C

SAPLH T v e
tpHL = propaganon

s MIN or MAX, use the approo aie valuo specthed under
’

2 e -

=
delay hre, hagheio~on-level oulfat

for the type.

CONTHAD ON MEXT PAGE
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typical clear, load, and count sequences

Hhustrated below is the following sequence:

L Clesr outputs to tera.

2 Losd (praset) to BCD seven

1 Count w to eight, nina. carry, zero, one, and twa,
L(‘m&nluﬂu&b«v—.mm.mn«m

CLEAR I l

[ ]
L04D T
L !l_______________________________
A [ l._'_________________‘_________
1 Q@D P I 7/ AN \NA 4D —d _ _ \\ _ T
8 it IL_.._.__.._ _____ u L, Sy L S
DATA 1 "'__________-_________‘_____
c (] '.______ ________ ~aR_
[ I LNy SEHDD \E WA/ by A T, L
[ [ Il_______ _________ A I
[ i) -
| bl 1 lllllllllll
1 I 1 i
o Ry 1 ] LT
[ 1t [ i 1 | |
(0‘:—|| l| |l I I I Il ll l I l ||
(] [ | ! | U |
R B [T a1 [
ouTPUTS Vo [ | 1 ! |
o § ll [ 1] 1) 4 [
NN T I A T !
o ! [ ] 1 I Lt
T ) 11 T
CARRY t [ 1 ll I 1 g i
[ 11 [} : [ 1 [
SoRROW vt 1 ] 1 1 L ]
lll |7|, ' * 0 1 2 ' . ’ ] ?
COUNT UP COUNT DOWN:

CLEAR PRESET

NOTES: A Clasr overvides load, data, and count inputs.
8. mwummmmthummmztumm«ammtuun
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A . . .
54374,/74374 Octal D-Type Transparent Latches and Edge-Triggered Flip-Fiops
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
{ Package Package Package Package Package
Device Type Device Type Davice Type Device Type Device T -
M R clPimlcr Y e TP IMler P IcTPIMer YPe e TPmIcA
Ti SNS4SIT i SNS4L S374 ) .
et SNISIN ) PN SN7eLS374 TN
FAIRCHILD
MOTOROLA
NS.C
PHILIPS
SIGNETICS . - -
SIEMENS -
FUJITSY - -
HITACH! . = e
MITSUBISH(
NEC <
TOSHIBA
Electrical Characteristics SNS4L.$374/SN74LS374
— Pin Assignment (Top View)
sbsolute maximum ratings over operating free-air temperature range @
Supply voltage, Voo V| Operaung tree-aw ] SNSaLS | =S5T 1o s25¢ ™ m e w8 w6 m a am
Inpul voltage TV | temperature range [SNHLS 0T 10 70T Bilwifwiiviiw||w)/wjojfu]ln
Storage temperature range -65C 10 150T
- ¥
recommend operating conditions 3 r@ H é H
SNS4LS374 SNT74LS374 A # = <
MIN_NOM MAX | MIN NOM MAX 3 H . g
Suoply voltage, Vee 4.5 5 518,78 5 528 \2 .
igh-level output vollage, Vou BYE) 400 A e LY 2 = : . =
High-level output current, Igs 6 16| ma b 13
With of dlock enabling pulse. 1 Hen| 18 15 n .
naokng pulse. 1y {Cow| 5 15 it SNBALSIA U}  SN74LS374 (4, N)
Data hold tme, thoig 0t 0t ns SN5LE374 (J) SN748374 (J, N}
Setuo tme. tygrup 01 201 . ns '
Opsrating free-sw temperature. T 5 -55 125 Q ] T
slectrical cheracteristics over recommended operating free-air ‘L8374, BI7e -
tempersturé range (unless otherwise noted) FUNCTION TASLE
PARAMCTER TEST CONDITIONSS TMIN TYP$ MAX |UNIT
Vin ___ Hogh-ievel mput voitage 2 v SUTRIT | ctock o | ourrur
vy Low-level mput voitage 08] Vv | _CONTROL -
Vig_ Ingat ciamp voliage NGC=MIN. lj=— Isma ~1 5| v L t H H
Yoo =MIN, Vi =2V, L t L L
v X ]
OH  High-level cutput vottage Vit =Yy ma, lgp=MAX v 4 L L X Q
: Voo =MIN, M x X H
VoL Low-level output vostage Vig=2v, 1o =24mA 0.35 0.5 v '
Vi =V mex
Ott-state output current, VOO =MAX, Viy=2v, A
'0ZH | neteval voltage asoed vo=2.v fut
Oft-stats output corrent, VECwMAX, Vig=2v,
'9ZL  gp-tevat voltage spsbed Vo=o.ev il e
0 .
y et curen at VCo=MAX, ViaTV 0.1 ma
MIATMUM Npul voltage
4 Highvlevel nput current VCC=MAX, V=TTV 20{ uA
) Low-levet mout_current Veo =MAX, Vi=3.1v -0.4| ma
[ Short-cireut output cutrent § | VCC =MAX -3 =130 | mA
VEC=MAX, ;
‘cc  Suooly current Output control at gy [L$37 a e mA
switching characteristics, Vegc=5V, To=25C
FROM TO
PARAM T NTIONS MIN  TYP MaX]umT
ARAMETER | inwuT) | ouTeuTy | TEST COWO ’ b
Imax - 3 [ MHZ
::L" +—={ Csta Any O
My
Cy =4SoF, Ay =6670,
[ Clock of [
.y onatie Any @ | Ses Notes 2 and 3 m =l ™
PZH Output b 22
P21 Control Ay 0 21 & ™
' Output CL=%F, A =&, 122
1) 7 Control AT O coe Mot 3 w2l ™ N

1 For aonditons shown as MIN o MAX. wes the approprmte value apecibed under recommended e
Cperating oonditiony,
$AN typoat valms e at Voo =SV, To =0T ce = .
$No1 more Tan one Cutpul Bhouid be Snoriec Bl & Ume and Gwration of the short eweunt should
oL exceed one second.

&5 T

NOTES: 2. Maumum olock frequency is tested with sl outpuls losded.
3. See i0ad owaunis and wavetorms on page 314,

Tmaz ®manmum cock frequency

IPLH ®Oropepstion Caisy tume. low-10-ingh-tevel output

1PKL ¥ Propagation delty e, gh-lo-low-mvel cutput

1P 7 S ouitdut enable hime W hon lavel

¢ e .

tpL 2 & output disadbie Lime wom low level
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.54393/74393 Dual 4—Bit Binary Counter

827

Schottky TTL High- Speed TTIL. Low- Power Schottky TTL Standard TTL Low- Power TTL
. Package ) | Package . Package , Package , Package
Device Type CIP [M[GF| O Type (o TT | Povics Type CIPIm[e] P2vee TYPe o Dovios Type CIPM[&F
T. 1 SNS4L 8393 JO) W T} SNS4333 JO|
< SN4L 5393 SOND) SNT4333 JOIND)
FAIRCHILD :
MOTOROLA
N.S. C. !
PHILIPS -
SIGNETICS - ] ,
SIEMENS -
FuJITSU . ]
HITACHI [ Y |
- ] -
MITSUBISHI | M74L S393 PO
NEC T i
[ | |
TOSHIBA T T T
Electrical Charact.ristics’5N54L5393/5N74|_5393 Pin Assignment (Top View)
absolute maximum ratings over operating froo-ciriunporuuro range ou‘rxlls
Swoly voltags. Voo~ | I | Operareg vy SMALS | 85T 1o i25T vee 2 cuear / 20a 208 20c 200"
Inout_voltage 1 V| tempersturs range [ _swas T ot © v 14 {131 [12 11 10 9 8
| Sirsge rempersture range | =%5T 10 125T T v
recommended operating conditions @ CQEA Qg Qc Qp
LEAR
SNS4LS390 | 'SN74LS3s0 N A
MIN_ NOM™ MAX [MN NOM MAX .
Supoly voitage. vVee 4.5 5 §.8{a.75 S $,85) v “_T
Hugn-tevsl autput current, oK 400 ~400 | ;A
Low-teval outout current, oy 4 8| ma
cort v oy [ 25 S — —1 ;
A mout hgh or ow 20 tl
Puise width, 1, 8 wout tgh o low 25 el A 01‘ Ola ?: X
Clear mgn 20 20
Clear_vacive-state setun nime, teotun 23] 254 ny ! 2 3 4 S 6 7
Ovearating free-gur wmoeratwre, Ty —-55 128 L] 0] ¢ 1A CLE‘AR \'lnA 108_ 'IGc_ _‘%_/ GND
slectrical characteristics over recommended operating ouTrUTS
free-air temperature range

positive logic: High input to clear resers all four

PARAMETER + TEST CONOTIONS Y [aaN TYP§ Wax [ORTT
Vie __ Hwgh-level mout vaitage 2 | v ;
vy Low-leve! wout voitage a3 v Function Table
vy \rout cemp voitage Voo =MIN, = - |gma -1.% v
Vec=MN. vyerv, [ COUNT SEQUENCE
v High-iev el 2.7 3
on T ovow voreps VE SOV, igye —e00ua v (EACH COUNTER)
Ve =iN, -2v,
VOL  Low-mvel output voitage v:c-o.nlc, :":_::‘ 0.35  0.5] ma COUNT oUTPUT |
1oout current at | Cloar__ | VCG=MAX, vimTv 0.1 QD Q¢ Q5 QA
It maximum npyt tnput A Q.2] wa o) L. L L L
vortage Inowt 8 | YCC=MAX. vi=5.5v 0.4 ] L L L H
Clear 20
I High-tevel nput current ; Vee=MAX, vimd ey, ::: mA § !l: t : b
, G I 4 LHLL
L Low-lovet mout current (& VECwMAX, V=27V ~1.6] ma S |LHLH
- 8 _ “2.4 6 L HHL
05 Short-creut output curent e Voe=MAX :::: j: _':: mA 7 |[LHHH
H L L L
Swooly current VCCTMAX. See Note 1 | 15 26| ma 8
. . T 9 |[HLLH
max {!lum‘ © output Of ! Veg e v, B MH2 10 |H L H L
PLH Taszse, I X I JH L HH
;_C{"""“ 10 ovteat 0a ] c‘ 5o N 12 /HHL L
L« 150F, NTREE
%i—l‘llomAloMM Op Ry« 2ug }+:zins 13 HHLH
oY, | Irom Cleer 10 Any cutpat ] { 2 38 i ns :; S : : :

{OTE: ICC 19 moaswed with alt oulpuls open, both clesr mputa growsded followsng momentary
oonnection 1o 4.5V, and all other inputs grounded.

outouts low

Functional Block Diagram

V
0 422 outPuT
[
worur 4 11N - A
SLEAR
~
g Jg-18.300 ouTRUT
) 3y bl
CLEAR
B oureur
* Qc
N T
CLEaR
ap L.u.n.w"ur
=Y
v
CLEAR
CLEAR 124
wryt

‘393 DUAL 4-BIT BINARY COUNTER

1 TRe arrow indicates that the faling odgs of the clock pdee is used for reforerca.
- lmu-me‘x’imun 1PHL " prapagation deley tima, hoghe 10- low- kevel output
" The &3

1PLH ™ propagation dela;
oviputs of the * 330 are tesied o 0L, * 16 mA plus the hmit i for Iy for 1he B input. This permits

sty

T For conditions shown as MIN or MAX, uss the approgriate vaiue spocifed under
P All typioal values wre ar Vee SV, Tas25¢
> Not more than one oUtput should be shorled at & time

g

Y U, low- 1o hgh-level cutput
driving the B input white

ol

ing full {an- ovt y.




p N

National
Semiconductor

AtoD,DtoA

.

" ADC0808, ADC0809 8-Bit uP Compatible A/D Converters

With 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acqulsition component is a
monolithic CMOS device with an 8-bit analog-to-digital
converter, B-channel multiplexer and microprocessor
compatible control logic. The 8-bit A/D converter uses suc:
cessive approximation as the conversion technigque. The
converter features a high impedance chopper stablilized
comparator, a 256R voltage divider with analog switch tree
and a successive approximation register. The 8-channel
multiplexer can directly access any of 8-single-ended ana-
“log signals.

The device eliminates the need for external zero and full-
scale adjustments. Easy interfacing to.microprocessors
is provided by the latched and decoded multiplexer ad-
dress inputs and latched TTL TRI-STATE® outputs.

. Features

B Resolution — 8-biis

M Total unadjusted error — x 1/2 LSB and £ 1LSB

® No missing codes

B Conversion time — 100 ps

R Single supply — 5 Vpe

B Operates ratiometrically or with 5 V¢ or analog span
adjusted voltage reference

| 8-channe! multiplexer with latched control loglc

B Easy interface to all microprocessors, or operates
“stand alone”

& Outputs meet T2L voltage level specifications

B 0V to 5V analog Input voltage range with single 5V
supply

The design of the ADC0808, ADC080S has been optimized ~ 8 No zero or full-scale adjust required
by incorporating the most desirable aspects of several ~ ® Standard hermetic or molded 268-pin DIP package
A/D conversion techniques. The AD(?OBOB, ADC0B09 of- g Temperature range —40°C to +85‘C or -55°C to
fers high speed, high accuracy, minimal temperature +125°C
dependence, excellent long-term accuracy and repeatabi- _
lity, and consumes minimal power. These features make : Low pofyan consum:mon 15 mwW
this device ideally suited to applications from process and Latched TRI-STATE® output
machine control to consumer and automotive applica-
tions. For 16-channel multiplexer with common output
(sample/hold port) see ADC0816 data sheet. (See AN-247
for more information.
Block Diagram START  €L0EK
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Absolute Maximum Ratings (Notes 1and2) Operating Ratings (Notes1and 2)
Supply Voltage(Vcc) (Note3) e.5v Temperature Range (Note 1) s « TMINSTASTMAX
Voltage af Any Pin ~03Vto(Vgg +0.3V) ADC080BCY -55°C<Tas +125°C
Except Control Inputs ADCOB0BCCJ, ADCOSGSCEN,
Voltage atControl inputs ~0.3Vto +15V ADCOB0SCCN —40°CsTp<+85°C
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) Range of Vo (Note 1) 45Vpg106.0Vpe
Storage Temperaturs Range —-85°Cto +150°C 8
Package Dissipation it Ta =25°C 875 mW
Lead Temp: (Soldering, 10 ds) 300°C
Electrical Characteristics
.
Converter SpecHications: Vec=5 Voc= VRer(+p Vaer(-)= GND, Tmin= Ta=Thax and foLx =640 kHz
unless otherwise stated. .
Parameter s Conditions Min Typ Max Units
ADCO808
Total Unadjusted Error 25°C cx12 LSB-
(Nota 5) TMIN to TMAX * 3/4 LS8
ADCO0809 ) .
Total Unadjusted Error 0°Cto70°C y +1 LS8
. {Note 5) T to Tmax +11/4 LsB
input Resistance From Ref(+) to Ref(—) 1.0 25 kQ
Analog Input Voltage Range {Note 4) V(+) or V(=) GND-0.10 Vec+0.10 | Vpe
Vaer(+) Voltage, Top of Ladder Measured at Ref(+) Vee. Vec+0.1 \
VREHH';VREF(-) Voltage, Center of Ladder Vee/2:01 | Veo2 |Vecl2#01| V.
. Vaer(-) . Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0 v
Comparator Input Current f. =640 kHz, (Note 6) -2 +05 -« 2 uA

Electrical Characteristics

~55°C=Tys +126°C unless otherwise noted

Digital Lovgin and DC Specitications: ADC0808CJ 4.5V <Vces5.5Y, .
ADC0808CC.), ADCOSBOBCCN, and ADCOBOOCCN 4.75=Vcec< 5.25V, —40°C=Ta< + 85°C uniess otherwise noted
Parameter l ‘ Conditions l Min l Typ | Max l Units
ANALOG MULTIPLEXER :
loFF(+) OFF Channel Leakage Current | Voo =5V, Vin=5V,
Ta=25°C : 10 200 nA
- T 1o Tmax 1.0 A
loFr(-) OFF Channe! Leakage Current | Vec= 5V, Vin=0, .
Tao=25°C -200" | -10 nA
. Tamin 10 Tmax -1.0 nA
CONTROL INPUTS
Vingy Logical “1” Input Voitage Veesr15 v
Ving Logical “0" Input Voitage 1.5 v
tingy Logical *1” fnput Current Vin= 15V 1.0 A
(The Control inputs)
Yy 1 Anical 20 Inmi Cuyrrent Vin=0 -1.0 ¢ A
fiate w2 - , ' !
le Supply Current foux =640 kHz | 03 | 30 | uwm |

2’61
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Electrical Characteristics continueq)

+

Digltal Levels and DC Specifications: ADC0B08CJ 4. 5Vchcs5 5V, ~565°C =Ty < + 125°C uniess otherwise noted
ADCO0808CCJ, ADCOB08CCN, and ADCOBOICCN 4.75 <V <5.25V, —40°C s Ty < + 85°C uniess otherwlise noted

Parameter . ] Conditions l Min ] Typ l Max LUnlts
DATA OUTPUTS AND EOC (INTERRUPT) '
Voutyy Logical *“1” Output Voltage o= ~360xA Vec-0.4 v
Vourw Logical “0" Output Voltage lo=16mA 0.45 v
Vouto Logical “0" Output Voltage EOC | Ig=1.2mA 0.45 v
lout TRI-STATE® Output Current Vo=5V ] 3 #A
Vo=0 ~3 kA
Electrical Characteristics
Timing Specificetions: Vce=VRger(4)= 5V, Vaer(-)= GND, t,=1t;=20 ns and T, = 25°C unless otherwise noted. ’
Symbol ) Parameter { Conditions Min, Typ | Max | Units
tws Minirhum Start Pulse Width (Figure 5) +100 200 ns
twaLe  Minimum ALE Pulse Width . |(Figure5) 100 200 ns
ts Minimum Address Set-Up Time | (Figure 5) 25 50 ns
tu Minimum Address Hold Time | (Figure 5) 25 50 ns
tp Analog MUX Delay Time Rg=0Q (Figure 5) 1 25 us
From ALE
thn tho OE Control to Q Logic State C_=50pF, Ry = 10k (Figure &) 125 250 ns
tyn ton OE Control to Hi-Z : Cy =10 pF,'R,_= 10k (Figure 8) . 125 250 ns
te Conversion Time t. =640 kHz, (Figure 5) (Note 7). 90’ 100 116 | 1S
1, Clock Frequency - 10 640 1280 | kHz
teoc EOC Delay Time (Figure 5) 0 8+2us | Clock
. . Periods
Cin Input Capacitance | At Control Inputs 10 15 pF
Cour TRI-STATE® Output At TRI-STATE® Outputs, (Note 12) 10 15 'pF
Capacitance 2

Note 1: Absolute maximum ratings are those values beyond which ths life of tha device may be Impaired.
Note 2 All voltages are maasured with respact 10 GND, unless otherwise specified.
Note 3: A zener diode exists, internally, from Vi 1o GND and has & typical breakdown voltage of 7 Vpc.

\

Note 4 Two on-chip dipdes are tied to each analog Input which will forward conduct for analog input voltages one diode drop below ground or one diode drop
oreater than the Vo supply. The spec aliows 100 mV forward blas of elther diode. This means that s iong as the analog V) does not exceed the supply
voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0Vpc to5 Vpc Input voltage range wiil therefore require a finimum sup-
ply voltage of 4.800 Vpc over p riatl Initlal to) and loading.

Nots §: Total unadjusted error includes of{set, tull-scale, linearity, and muitiplexer errors. See Figurs 3. Nong of these A/Ds requires a zero or full-scale adjust.
However, If an ali zero code Is desired for an analog Input other than 0.0V, or If a narrow full-scale span exists {for example: 0.5V to 4.5V full-scale) the reference
vollages can be adjusted to achieve this. See Figure 13

Note 8: Comparator input current [s a bias current Into or out of ths chopper stabliized comparator. The blas current varies directly with clock frequency and
has little temperature dependence (Figure 6). See paragraph 4.0.

Note 7: The outputs of the data reglster are updsted one clock cycle before the rising edge of EOC,

’
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Functionsl Description

Muttiplexer: The device contains an 8-channel single-
ended analog signal multiplexer. A particutar input chan-
nel_is selected by using the address decoder. Table |
uths the input states for the address lines to select any
channel. The address is latched into the decoder on the
jow-to-high transition of the address latch enable signal.

TABLE|
SELECTED ADDRESS LINE
ANALOG CHANNEL clB] A
*INO [T T R
4 N, A .
N1 Ll L{H N
, IN2 L] HJL
IN3 (R TR B
IN4 H| L |-t
IN5 HIL!H
} ING HiHlL
IN7 [ H | H|H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data aéquisition systemis its
8bit analog-to-digital converter. The converter is designed

CONTROLS FROM S.A.R.
<1

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter Is partitioned
Into 3 major sections: the 256R ladder network, the suc-
cessive approximation register, and the comparator. The
converter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity Is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the
system. Additionally, the 256R network does not cause
load variations on }he reference voltage.

The bottom resistor and the top resistor of the ledder
network In Figure ‘7 are not'the same value as the
remainder of the network. The difference in these
resistors causes the output characteristic to be sym-
metrical with the zero and full-scale points of the transfer
curve. The first output transition occurs when the analog
signal has reached +1/2 LSB and succeeding output
transitions occur every 1 LSB tater up to full-scale.

The successive approximation register (SAR) performs 8
Hterations to approximate the input voltage. For any SAR
type converter, n-iterations are required for an n-bit con-
verter. Figure 2 shows a typical example of a 3-bit con-

verter. In the ADCOB08, ADCO0809, the approximation

technique is extended to 8 bits using the 256R network.
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Functional Description continueq)

The A/D converter's successive approximation reglster
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion Is begun on the falling edge of
the start converslorm pulse. A conversion In process will be
interrupted by recelpt of a new start conversion pulse.
Continuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse should be
‘applied aftet power up. End-of-cConversion will go low be-
tween 0 and 8 clock pulses after the rising edge of start
tonversion. {

The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It {s also the

. ¥
.
- 3
Tom ™
=-FULLSCALE
18 IDEAL CURVE -~ ERROR=1/2 LS8
g m
(-]
(X]
= 180
=
E m 3
° te-NONLINEARITY = 1/2 LSB
g | r—d-

- NONLINEARITY = ~1/2 LSB
o0t | .
—= |~ 2ERC ERROR = —1/4 'SB

000 y
0/8 1/8 2/8 3/8 48 5/8 6/8 18
ViN AS FRACTION OF FULL-SCALE

Vin

FIGURE 2. 3-Bit A/D Transfer Curve

ERROR

INPUT DV
VOLTAGE

QUANTIZING {

. 1343
i M ) PR 4
comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized com-
parator provides the most effective method of satisfylng
ail the converter requirements. . " “

s

The chopper-stabllized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC ieve! restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input otfset

errors. :

Figure 4 shows a typical error curve for'the ADC0B08 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
m PERFECT CONVERTER
: e
119 +1/2 LSB IBEAL 381T CONVERTER -
w TOTAL =1 . .
S 101} unansusTED L. .
- N P
E _ERROR | s e
E ABSOLUTE
3 m ACCURACY
g o | -1/2 188
— QUANTIZATION
00 ERROR
Vin

008
0/8.1/8 2/8 3/8 4/8 -5/8 &8 I8
ViN AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

FULL
SCALE

FIGURE 4. Typical Error Curve
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Connection Diagram

Timing Diagram
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ADC0808, ADC0809

!

Typlcal Performance Characteristics

15 T r
fe = 1200 kHz = Tp=05°C
' /
% s Vil g Ta=25°C \
S / =
£, To= 640 kHz S . N
P 5 et
‘:_, fe = 830 kHz ‘ ’ é / \ \
£ -0s g S \
Tp=—40°C
-1 1o 1200 kHz - |
-1 l 0
] 125 25 31 B B 125 25 1% 5
Vin (Vi Vi (V) ,

(Vec=Vrer=5V)

FIGURE 8. Comparatorlyve V,y -

FIGURE 7. Multiplexer Ry v Vi
(Vec=Vper=5V) ~

TRI-STATE® Test Circuits and Timing Diagrams
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Applications Information
OPERATION -

1.0 Ratiometric Conversion y

The ADCO0808, ADC0809 Is designed as a complets Data
Acquisition System (DAS) for ratiometric conversion
systems. In ratiometric systems, the physical variable
being measured is expressed as a percentage of full-scale
which s not necessarily related to an absolute standard.
The voltage input to the ADCO808 is expressed by the
equation .

Vin__ o Dx
Vis—Vz  Duax—Dwmin

Vin= Input voltage into the ADC0808
Vys = Full-scale voitage

Vz=Zero voltage

Dy =.Data point being measured
Dpuax = Maximum data limit

Dy = Minimum data limit

A good example of a ratiometric transducer Is a poten-
tiometer used as a position sensor. The position ot the
wiper is directiy proportional to the output voltage which
is a ratio of the full-scale voltage across iIt. Since the data
is represented as & proportion of full-scale, reference
requirements are greatly reduced, ellminating a targe
source of error and cost for many applications. A major
advantage of the ADC0B08, ADCO809 Is that the. input
voltage range is equal to the supply range so the
transducers can be connected directly across the supply
and thelir Sutputs connected directly into the multiplexer
inputs, (Figure 8).

ay

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc.,
are sultable for measuring proportional relationships;
however, many types of measurements must bereferred
to an absolute standard such as voitage or current. This
means a system reference must be used which relates
the full-scale voltage to the standard volt. For example, If
Vee = Vaer=5.12V, then the full-scale range Is divided in-
to 256 standard steps. The Smallest standard step I8 1
LSB which is then 20 mV.

s

2.0 Reslstor Ladder Limitations

The voltages from the resistor ladder are compared to the
selected input 8 times in a converslon. These voltages are
coupled tothe comparatorviaan analog switch tree which.
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlied to maintain
proper operation.

Thetopofthe tadder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(~),
should not be more negative than ground. The center of

the ladder voltage must also be near the center of the.

supply because the analog switch tree changes from
N-channel switches to P-channel switches. These limita-
tions are automatically satisfied in ratiometric systems
and can be easily met in ground referenced systems.

Figure 10 shows a ground referenced system with a
separate supply and reference. In this system, the supply
must be ‘rimmed to match the reference voltage. For in-
stance, if a5.12V is used, the supply should be adjusted to
the same voltage within 0.1V.

A
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AADC0808, ADC0809

Applications Information (coritinueq)

The ADCOB808 needs less than a milliamp of supply current
so developing the supply from the reference is readily
accomplished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to
supply the milliamp of supply current and the desired bu.s
drive, or if a capacitive bus Is driven by the outputs a large
capacitor whi supply the transient supply current as seén
n Figure 12. The LM301 Is overcompensated to Insure
stablility when loaded by the 10 xF output capacitor.

>

L

*

The top and bottom ladder voltages cannot exceed Vo
and ground, respectively, but they can be symmetrically
7Jess than Vg and greater than ground. The center of the
ladder voltage should always be near the center of the
supply. The sensitivity of the converter can be increased,
(l.e., size of the LSB steps decreased) by using a sym-

metrical reference system. In Figure 13,a 2.5V reference

Is symmetrically centered about Vco/2 since the same
current flows in identical resistors. This system with a
2.5V reference allows the LSB blit to be half the size of a
5V reference system. ’

-

ADCOS0S

FIGURE 11. Ground Referenced Convon_lon‘system with
Reference Generating Ve Supply

475V sV = VRer s 5.25V

vee 3
SUPPLY Vee
ms8
VRer g REEf+) DIGITAL
o] DUTPUT
uT REFERENCED,
O—1 Ly 10
vin{o- ¢ GROUND
L]
O— Ino
\ 1—— REF(-) Ls8 |
v,
. 4 GRD o, YIN_
ouT= Gocr
ADCOBZS 4.75V sVge = VREF S 5.25V =
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
Vee .
‘i; MSEB .
DIGITAL OUTPUT
VRer My REF() Qoyy REFERENCED TO
REFi+) O—{in GROUND
Vin{O—¢ 3
Q';' Ing
1—— REF(-) LsB
v
- GND o YIN
OUT= Vaer
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" Applications Information (continued)  10-15 vpe C
Ed ’ 't .‘ E
nnot exceed V. C
6 symmetrically o C
The center of the " _C
he center of the .
anbeincreased, | | J
by using a sym- | ¢ 4 L3298 vee . C
a 2.5V reference j . I ¢
since the same ‘ K LM301A REF(+) ¢
8 system with a C
half the size of a - . &
k]
4+ 104uF
' == SOLID
i TANTALUM
! D §—> GND ’
-r_L_- ’ REF(-)
FIGURE 12. Typical Reference and Supply Circult
5V
Ra
Vee .-
38V e ms8
H ¢
‘¢ ln7
< >
2 i DIGITAL OUTPUT
4 Oyt PROPORTIONAL TO
. A ANALOG INPUT
N 125V S VIN € 3.T5V .
25V * Inp
1.25V - .
26V =
REFERENCE Rp Lse = .
| —NW—I-—- GND | Ra=FRg
— + Ratlometric transducers .
= ¢
FIGURE 13. Symmetricaliy Centered Reference
3.0 Converter Equations ’ 4,0 Analog Comparator inputs
The transition between adjacent codes N-and N+1 Is The dynamic comparator input current is caused by the
given by: " periodic switching of on-chip stray capacitances. These
: are connected alternately to the output of the resistor
N 1 @ ladder/switch tree network and to the comparator input as
Vin=t (Vrer(+)— VReR-) 556 Y52 |* Vrueg+ Veer(-) part of the operation of the chopper stabilized comparator.
i . The average value of the comparator input current varies
] The center of an output code N s given by: directly with clock frequency and with V) as shown in
N‘ Figure 6.
ViN= — Vgep-y) | = |2V + Vagr(- 3) .
in=) (VRerce) REF(-) [256] TUE EF=) it no fifter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input «
The output code N for an arbitrary input are the integers current should not introduce converter errors, as the tran-
within the range: - sient created by the capacitance discharge will die out
Vin—V - before the comparator output s strobed.
Nz=_ N TREF(-) w256 = AbsoluteAccuracy (4) comp P
EF=5.25V Vrer(+) — VRER(-) . If Input filter capacitors are desired for nolse reduction
here: V Vol I and signal conditioning they will tend to average out the
where: V)= Voltage at comparator input dynamic comparator input.current. It will then take onthe
Vaer(+)= Voltage at Ref(+) characteristics of a DC bias current whose effect can be
v te oy meprtetid oo metfe gt
Vyug=Total unaojusted c.or vunoge ({ypically
Vrer+)+ 512)
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Typical Application

READ

500 kHz=—1 CLK
5.000V~—1 VREF{+)
0.000V == Vg ()

ADDRESS
DECODE
{AD4-AD15)"

START
ALE
/

_‘ ADC ——{ A
"ab1—
ADZ—C

5V sumvT
Vee

GROUND =

ADCO808
ADCDE0S.

-

2=t ——p 087
2-2—— DB
2-3}— D85
24— D84
2=5 el D B3
26 =< DE2
27 frememmpp DB
2-8 f—— D80

b=V 8

-5V

IRTERRUPT
p INTERRUPT

MSB

LB

b ANALOG

fab F—Vin 1

INPUT RANGE

* Addréss latches needed for 8085 and SC/MP Intertacing the ADCOBO8 to & microprocessor

MICROPRO‘CESSOR INTERFACE TABLE

. . | PROCESSOR | ~ READ WRITE INTERRUPT (COMMENT)
8080 MEMA MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circult)
2-80 - 3] - WR NT (Theu RST Circuit, Mode 0)
SCIMP NRDS' NWDS | sA (thra Sense A)
6800 4 VMAs 2 AW VMA«2 AW | TRGA or TRQE (Thru PIA)

Ordering Information

N

TEMPERATURE RANGE

—40°Cto +85°C

~55°Cto +125°C

Error

+ 1/2 Bit Unadjusted ADCOB08CCN

ADC0808CCJ

ADCO0808CJ

=+ 1 Bit Unadjusted ADCO809CCN

Package Outline* N28A Molded DIP

J28A Hermetic DIP

J2§A'Hermetic DIP
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National
Semiconductor

Industrial Blocks

LM2807, LM2917 Frequency to Voltage Converter

General Description

The LM2907, LM2817 series are monolithic frequency
to.voltage converters with a high gain op amp/compara-
tor desngned 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 low ripple, full input
protection in two versions (LM2807-8, LM2917-8)
and its output swings to ground for a zero frequency
input.

Advantages

a Qutput swings to ground for zero frequency mput

8 Easy to'use; Vout = fin X Vee X R1x C1

® Only one RC network provides frequency doubling

® Zener regulator on chip allows accurate and stable
frequency to voltage or current conversion. (LM2917)

Features

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

® Op amp/comparator has ﬂoaiing transistor output

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

8 Frequency doubling for low ripple

® Tachometér has built-in hysteresis with either dlffer
ential input or ground referenced input

® Built-in zener on LM2917

B +0.3% linearity typical

- Ground referenced tachometer is fully protected

from damage due to swings above Ve and below
ground

Applications

& Over/under speed sensing

8 Frequency to voltage conversion (tachometer)
® Speedometers

® Breaker point dwe!l meters

® Hand-held tachometer

® Speed governors -
® Cruise control

= Automotive door fock control

= Clutch control

® Horn controt

® Touch or sound switches

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

v
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IER
s
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B l: ll 4
Order Number LM2907N-8
See NS Package NO8B

i
<

Order Number {M2807J
. Lead14A
Widetd Mot ove o S 280N
See NS Packags N14A

v .
.
3 Ir [ ]
CHARGE
rume
' e ey
1 7 ) [

Order Number LM2917N-8
See NS Package N0OSB

Otder Number-l_ M2917J

~ acp

Wiuns Bobit o Suaae

See NS Package N14A

L1621 ‘LO6ZN



LM2907, LM2917
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Absolute Maximum Ratings (ot 1 , Typical
i
Supply Voltage 28v Input Voltage Range ) L. { L3
Supply Current {Zener Options) 25 mA Tachometer LM2907-8, LM29178 gigv
Collector Voltage 28v LM2907, LM2917 0.0V tb 428y |
Ditferential Input Voltage Op Amp/Comparator 0.0V 1o +28y .
Tachometer 28V, Power Dissipatio 500 m@
Op Amp/Comparator 28v Operating Temp_ernure Range —40°C 10 +85°C
Storage Temperature Range —65°C 1o +150°¢C |
Lead Temperature (Soldering, 10 seconds) 300'¢
. X H
. 4 A : !
Electrical Characteristics Vee =12 Ve, Ta = 25°C, see test circuit . :
1
PARAMETER . | CONDITIONS [ v T rve | wax UNITS
" TACHOMETER . , '
Input Thresholds Vin =250 mVp-p @ 1 kHz (Note 2) - £10 16 +40 myV
Hysteresis Vine= 250 mVp-p @ 1 kHz (Note 2) 30 - mV
Offset Voltage Vin =250 mVp-p @ 1 kHz {Note 2) 4 .
LM2907/LM2817 3.5 10 mV
LM2907-8/LM2917-8 5 15 «mV
Input Bias Current Vin =250 mVpe g 0.1 1 . HA |
Vou - Vin = +125 mVe (Note 3) 8.3 v if !
Pin2’ "
oL Vin = =125 mVge (Note 3) | 2.3
! . 1
Output Curcent; Iy, I, V2=V3=6.0V (Note 4) ° 140 180 240 HA
Leakage Current; i, 12=0,v3=0 0.1 HA ! °
Gsin Constant, K (Note 3} : 0.9 1.0 1.1 '
Linearity fin = 1 kHz, 5 kHz, 10 kHz, {Note 5) -1.0 0.3 = +1.0 % ;
OP/AMP COMPARATOR :
Vos Vin = 6.0V 3 1 | mv||,
laias Vin = 6.0V 50 500 A
Input Common-Mode Voltage 0 Vee—1.5V v
Voltage Gain 200 Vimv )
Output Sink Current Ve =10 ’ " 40 50 mA ’
i
Output Source Current Ve = Vee —2.0 10 mA "
Saturation Voltage Isink = 5 mA 0.1 05 v i
lsink = 20 m#\ ! 1.0 v
lsink = 50 mA F‘l.O 1.5 v
ZENER REGULATOR ) .
* 4
-Regulator Voltage Rpror =47002 7.56 \
Series Resistance 10.6 15 Q I
Temperature Stability +1 mv/°C i
TOTAL SUPPLY CURRENT 38 6 mA
Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on 8 150°C maximum junction temperature and 8
thermal resistance of 175°C/W junction to ambient for package 22 and 16 or a thermal resistance of 187°C/W junc;tion to ambient for package 20.
Note 2: Hysteresis is the sum +VTH—(=VTH], offset voltage is their difference. See test circuit.
Note 3: Vo is equal 10 3/4 x Vee — 1 Ve, VoL is equat to 1/4 x Vee = 1 Vg therefore Vo — VoL = Vce/2. The ditference, VOoH —
VoL.#nd the mirror 9ain, 12/13, are the two factors that eause the tachometer gain constant to vary from 1.0.
Note 4: Be sure when choosing the time constant R1 x C1 that R1 is such that the maximum anticipated output voltage at pin 3 can be reached r
with 13 x R1, The maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 M typicatly.
Note B Nratipeagte defingd  4h Vo oty LA K - Lo LUl
t : e Blwee 022 mig. I

L " -
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i
78 228y i1
0.0V 10 +28y
0.0V to +28v
500 mw
~40°C to +85°C
' -65°Co+150°c | |
londs) 300°¢ '
!
MAX UNITS |
40 mvV
mvV
10 mv
15 - mV
1 HA
\
4
240 LA
0.1 pA
1.1
+1.0 T
10 mV
500 nA
Vee—1.5V v
' VimV
mA
mA
0.5 v
1.0 v
1.5 Vv
— H
vl
’ {
15 Q
mv/°C |
6  ma |l
tion temperpture and & l
mbient for package 20. i
'he difference, VOH -
31 pin 3 can be reached
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Typical Performance Characteristics

Total Supply Current
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Typical Performance Characteristics (Continued) °

OUTPUT LINEARITY ERRDR {%} GUTPUT LINEARITY ERROR (%)

" Vee - Vemvren (V)

08
es
02
1%
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‘04

a3
62
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1e

7]
07
I
0.5
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03
82
[ A}

Tachometer Linearity
vs Temperature

—
L Vee = 12v
15200 Hy
= R1- 700
- 1= 0.05 mFu

¢ 4
L2817 (420:)
R s .
LM2807

-3 -35 5 25 &5 65 g5
TEMPERATURE ( C)

Tachometer Linearity vs R1

Vee = 12V c -
1=1000 Mz
FRICI=30-25m;
= LM1230) NG
o~
Tmm fmi”
|

W0k 200k 300k 00N 500k
Rt {02}

Op Amp Output Transistor
Characteristics
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o

U WZBII " ZV.IUIII:Z) 1

L
.2 L/
S5 C I |
e W 2 3 & s
SOURCE CURRENT (mA}

TACHOMETER INPUT HYSTERESIS {mV}

TACHOMETER LINEARITY ERROR (%)}

Vaaturanion IV}

Tachometer Linearity
vs Temperature
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Vee = 12V
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General Description (continued)

The op amp/comparator is fully compatible with the
tachometer and has a floating transistor as its output.
This feature allows either‘a ground or supply referred
load of up to 50 mA. The collector may be taken above
Vec up to a maximum Veg of 28V.

The two basic configurations offered include an 8-pin

device with a ground referenced tachometer input and
an internal connection between the tachometer output
and the op amp non-inverting input. This version is
well suited for single speed or frequency switching or

fully buffered frequency to voltage conversion
applications.
Test Circuit and Waveform
TACHOMETER 1
INPUT i ‘ latas 'm-l
[¢) ! o)
:
P
TACHOMETER i 0° AMP
SECTION 1 SECTION
I
J ]
CHARGE :
PuMP
]
1
[}
I
]
]
. |
] o
i i ‘L
[e]
TACHOMETER T l...s1 lsouuctl
INPUT

i

. Applications Information

The LM2907 series of tachometer circuits is designed
for minimum ‘external part count applications and
maximum versatility. In order to fully exploit its
features and advantages let’'s examine its theory of
operation. The first stage of operation is a differential
amplifier driving a positive feedback flip-flop circuit.
The input threshold voltage is the amount of differen-
tial input voltage at which the output of this stage
changes state. Two options (LM2907-8, LM2917-8)
have one input internally grounded so that an input
signal must swing above and below ground and exceed
the input thresholds to produce an output. This is
offered specifically for magnetic variable reluctance
pickups which typically provide a single-ended ac
output. This single input is also fully protected against

The more versatile configurations provide differential
tachometer input and uncommitted op amp inputs.
With this versian the tachometer input may be floated
and the op amp becomes suitable for active filter condi-
tioning of the tachometer output.

Both of these configurations are available with an active
shunt regulator connected across the power leads. The
regulator clamps the supply such that stable frequency
to voltage and frequency to current operations are
possible with any supply voltage and a suitable resistor.

. Tachometer Input Threshold Messurement

v2
NEGATIVE POSITIVE
INPUT INPUT
THRESHOLD THRESHOLD
il
Viy TACHOMETER

voltage swings to $28V, which are easily attained with |

these types of pickups.

The differential input options  {LM2907, LM2917)
give the user the option of setting’ his own input
switching level and still have the hysteresis around that
level for excellent noise rejection in any application.

Bl . W o el gAmman.

ved

(g oot e

mode vol18ges above growiy, wiwui prolteuci e it

and neither input should be taken outside the limits of
the supply voltage being used. It is very important
that an input not go below ground without some resis-
tance in its lead to limit the current that will then flow
in the epi-substrate diode.

Following the input stage is the charge pump where the
input frequency is converted to a dc voltage. To do this
requires one timing capacitor, one output resistor, and
an integrating or filter capacitor. When the input stage
changes state {due to a suitable zero crossing or differ-
ential voltage on the input} the timing capacitor is either
charged or discharged linearily between two voltages
whose difference is Vee/2. Then in one half cycle of
the input frequency or a time equal to 1/2 fyy the

change in charge on the timing capacitor is equal to

Vee/2 x C1. The average amount of current pumped
into or out of the capacitor then is: »

AQ

—T-— = le(AVG) =C1 x
The output circuit mirrors this current very accurately
tnen *ho lgad re-Tetar R1 connected to ground, cuch that

C x (2f1n) = Vee % fig x C1

Ay, et s as Toae v, ood

P
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Applications Informatioh (continueq)

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

Vo =Vee xfin xC1xR1xK
Where K is the gain constant—typically 1.0.

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

CHOOSING R1 AND C1

There are some limitations on the choice of R1 and C1

. which should be considered for optimum performance.

The timing capacitor also provides internal compensa;
tion for the charge pump and should be kept larger than
100 pF for very accurate operation. Smaller values can
cause an error current on R1, especially at low tempera-
tures. Severa! considerations must be met when choosing
R1. The output current at pin 3 is internally fixed and
therefore V,/R1 must be less than or equal to this value.
1f R1 is too large, it can become a significant fraction of
the output impedance at pin 3 which degrades linearity.
Also output ripple voltage must be considered and the
size of C2 is affected by R1. An expression that describes
the ripple content on pin 3 for a singie R1C2 combin-
ation is:

. Vee C1 Vee xfin xC1
VawpeLe = —— X - X ("““—"——

2 c2 Iy

It appears R1 can be chosen independent of ripple,

) pk—pk

Typical Applications

however response time, or the time it takes Vgyy to
stabilize at a new voltage. increases as the size of C2
increases 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 13t

t '2
MAX T 1 x Vee

USING ZENER REGULATED OPTIONS (LM2917)

\ (X
For those applications where an output voltage or
current must be obtained independent of supply voltage
variations, the LM2917 is offered. The most important
consideration in choosing a dropping resistor from the

.unregulated supply to the device is that the tachometer

and op amp circuitry alone require about 3 mA at the
voltage level provided by the zenmer. At iow supply
voltages there must be some current flowing in the
resistor above the 3 mA circuit current to operate the
regulator. As an example, if the raw supply varies from
9 to 16V, a resistance of 47092 will minimize the zener
voltage variation to 160 mV. If the resistance goes under
40092 or over 60052 the zener variation quickly rises
above 200 mV for the same input variation.

VARIABLE
RELUCTARCE
MAGNETIC
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Typical Applications (continueq)
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Typical Applications continueq)

Changing the Output Volitage for an Input Freguency of Zero
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