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Snchroni zing control | er detects baud rate

WiLLIAM GRILL, RIVERHEAD SYSTEMS, LITTLETON, CO

A sinple and inexpensive inplenenta-
tion using an e ght-pin 12508 contra | er

(Mcrochip Technol ogy, Ghandl er, A9 o GND

provides both hit-rate detection and a o—Yeo 1] —

synchr onous, appended- cl ock out put =

froman asynchronous i nput-dat a stream 15 pF (TYPICAL) ) ,

(Fi gure ]_a) ———— O DATA OUT
This inplenentation relies on two e Mz MICROCHIP

code sequences (Fgure 1b). Atranng T 200 3 12€508 6 O CLOCKA

seqence first idetifies the it rae Ths = I—W—

sequence begins with register and T 5

couter initiaizaion foloved by a gap = O clocks

detection. Followng the detected, 0.325 4

sec, high-true gap, the contrdler noni - DATAIN

tors eight transitions. Between each tran-
sition, a locd loogp couter couts the
nunter of | oops necessary to arrive at
the next tramsition The cotrdler tests
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the accumul ated nunber of | oops

betwveen transitions to identify the count B)!
period thet resuted in the fevest |ays. paTAIN ¢
Ater processing dl eigt trasitios o

the training sequence, the controller DATA OUT
eval uates the shortest nainta ned count
according to a table index based on the
trannglop s code | ength. Because the CLOCK A
catrdler s tining is crysta -based and

the loogp s path lengths are equal, the

processed count corresponds to the bit CLOCK B
ratethet thecotrdler then uses to define

a del ay necessary for the second code ==

sequence.

The second out put-code sequence
begi ns by | ocating a fixed, second gap of
approxi nately 40 nsec. This tine a |l ows

(b)

TRAINING SEQUENCE GAP NORMAL MODE

the contrd | er to conpl etely termnate the
training sequence before beginning the
controler s nain iterative loop. The
sequence then takes the del ay, idatified
exlie, and processes the seria input detaon Hn 4 tothe out -
put a An 7 wile nainta ning conpl enentary cl ocks on pins 5
and 6. Equalizing the instruction paths for this code sequence
isakey requrenat of this goplication

The control ler uses a 3.6864- Mz crystal to provi de preci se
baud-rate tining. This schene al | ows t he conbi ned code appl i -
cations to support 300- to 9600-bps asynchronous inputs. An
8hit tranmng pattern of 55 (hex) dlos mitipe singe-bit iso-
laed trasitios toqaify the detected bit rate ( FH gure 1b)

The out put - sequence code provides resynchroni zation of
the clock-related delay counters at the input datatransition

Asinple controller (8 provides baudrate infornation and a synchronous output cl ock by using
two code sequences (b).

edges on Hn 4. This resynchronization allons flexibility in sup-
porting data-bit edge del ays and d stortion and variations inthe
catrdler scrysta o edernd timng reference s accuracy. You
can downl oad appl i cabl e code fromEDNs Wb site, ww edn-
nag.com A the registered-user area, go into the Software
Cnter to dowload the file fromD-9 G #2158 (O #2158)
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Charge Li-ion batteries fromac |ine voltage

MATT SCHINDLER, MAXIM INTEGRATED PRODUCTS, SUNNYVALE, CA

Li-ion battery chargers nust apply constant current when the
battery charge is lowand constant voltage when the battery
charge is high. To avoid battery danage, the tol erance on the
appli ed vol tage nust be | ess than 1% The charger in Fgure 1
conpl i es wth these requirenents.

The circuit converts energy from120Vac toaregu ated volt -
age or current as necessary to charge two Li-ion cells in series.
IC, apoua cotrdle far o fline pover-suply applications,
operates as a forward converter, producing an isdaed ha f-
vave-rectified battery vatage or current fromthe full -vave-rec-

tified line vdtage. This converter operates at 250 kH and han-
des ac inputs from90 to 135V.

IC, is a chemstry-independent battery charger. Though
designed to drive an external transistor, inths casg it dives
the MDC211 optdsdaor tocotrd IC acrass theisd ation bar -
rig. IC,s internal circuitry sets the battery voltage to
8.4\-0.5% The 0. 1Q current-sense resistor, R, adl o resis-
to, R, set the bettery curent to 1A-20% (D #2161)
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Emssions killers trap conmon-node currents

GLEN CHENIER, FuJiTsu NETWORK COMMUNICATIONS, RICHARDSON, TX

M unshiel ded twisted-pair cable that is transforner-coupled to
a dgta systemcan easily act as a radating atenna, not
because of the dif ferentid analog signd the cad e carries, but
because of conmon- node currents i nduced by unwant ed stray
coupling fromthe digita portions of the system These currents
fromfast digita transitions contain harnonics in the hundreds
of negahertz and can be a ni ghtnare to desi gn engi neers who
have to nake systens conformto radi ated-enissions |inits.

If the coupling transforner has a center tap on the wnding
to which the cabl e attaches, you can use this tap to reduce the
level of these nasty common-node currents on the cable. Gn-
nectingthetaptoa qiet earth ground provi des a path to shunt
these currents harnhessly to earth before they can sneak out
the cable ad radiate (FHgure 1). Acapecitor in the comnection
provides the sane RF groundi ng function but presents a high
i npedance to any 60-Hz ground | oop currents if the far end of
the cable al so connects to a ground-referenced transforner
wnding. This capacitor should be only a few hundred pi co-
farads, nust have short | eads and circuit traces between trans-
forner tap and good earth ground, and nust have a suf fidet -
lyhighvatageratingtowthstand hi gh-vo tage transi ents as the
end narket requires.

The technique works as follows: The opposite ends of the
transforner wnding are bal anced wth respect to ground; that
is, the wndings push and pull wth equal anplitude but oppo-
site pd arity on each and every transmtted data syniol . The
center of thetransforner isthe pivat onwnichthe wnd ng bal -
ances. As such, thispivat paint is neutrd relaivetogoud an
actual connection to ground nakes no dif ference to the df fe -

etid infornation sigd .

If a common-node signal inpresses both conductors, the
resuting curents at opposite ends of the wndng flow bath
tovard and anay fromthe center tap in the sane phase. This
fl ow causes nagnetic cancell ation between the two hal ves of
the wnding, and the resulting inductance is very low, resuting
only inthe residua |eakage inductance. In this way, bath con-
ductors have a | owinpedance path to earth ground wthout
dfecting the vented df ferertid sigd. Nte thet filtering esch
conductor wth an RC network al so provides the | owinped-
ance path to ground; unfortunately, thisfilter dso destroys the
df feretid sigd inhgrht-rae gicaios.

The technique in Fgure 1 d so hel ps reduce susceptibility to
comnmon-node currents that external fiel ds i nduce; the unvant -
ed currents pass harnhessly through each half of the trans-
forner wnding and cancel each other out. Interw nding capac-
itance the usual nechani sm by which comron- node
voltages can af fect transforner-coupl ed receiver inputsis
less critical because both conductors have a | ow i npedance
path to ground, resulting in nini numconmon- node vol t age on
each conductor .

Using a conmon-node choke in addition to the center-tap
trap resuts in area common-node killer. The two techni ques
conpl enent each other, and it can be helpfu to use bath
together in stubborn cases. As Fouwe 1 indicates, you can
pl ace the conmon-node choke virtually a transforner on its
sideinlinewththecabe preferddy a apont just before the
cable exits the (ided ly) shie ded encl osure to avoi d stray-noi se
pi ckup on the cabl e dte the choke. Asinilar but opposite nag-

COMMON-MODE

’ o>

CHOKE
DIGITAL AANS
DRIVER
]

CENTER-TAP
CAPACITOR (=470 pF WITH

SUFFICIENT VOLTAGE RATING)

>

UNSHIELDED TWISTED-PAIR CABLE

&

OPTIONAL =10- TO 301-pF CAPACITORS FOR
ANY HIGH-FREQUENCY DIFFERENTIAL-MODE EMISSIONS

A center-tap capacitor connected to earth ground i npl enents a conmon-node current trap and reduces RF enissions. A conmon-node choke

inaddtiontothis ceter-taptrap resuts ina comoen-node killer.
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netic nagic takes place in the common-node choke, which
nust present a high series inpedance instead of a | ow shunt
i npedance to conmon-node currents. The wnding turns ratio
is1tol adthe pdarity is suchthat the nagnetic fie ds from
thedf ferentid signa nowcancel, resutingina nost zero aten-
uation other than that resuting fromthe | eakage i nductance.
n the other hand, the common-node currents cause nag-
netic addition, whichresults in highinpedance and reduces the
level of uwanted currents.

You can al so nake a conmon-node choke by slipping a
large ferrite sl eeve over the tw conductors of the twsted pairs
o by wnding one or nore turns of the twsted pairs through a
large toroid doughnut. My ferrite suppliers nake these

sleeves and toroids just for this purpose. Aso, wel | -bal anced
common- node chokes of the nore conventional transforner -
like construction are also readily availab e from dat aconm
transforner suppliers.

Two capacitors follow ng the common-node choke can
reduce high-freguency dif ferential -node ennssi ons caused by
non- conmon- node currents. (O #2160)
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|sdaed diver forng solidstae circut bresker

BoB WATSON, CORLEY MANUFACTURING Co, CHATTANOOGA, TN

Thedreait in Hogure 1 alows standard TTL logic | evel s to safe-
ly drive a highr-pover dc load. The circuit provides for both sig-
nad and ground isd aion as vell as asdidstate circuit break-
g.
The input signal drives IC,, wWichintun provides drive cu -
ret for ogpdsdaa 1C,,. Inthe absence of an overcurrent con-
dtion IC,, conducts the signal to the gate of the MEEL
Wien suf ficient current passes through current-sense resistor,

R,, to cause a voltage drop of approxinately 0.7V, SCR Q
latches on. Wien Q is on thedrait pdls An3 d IC,; low
vhi ch stops the transistar side of IC,, fromconducting. R, then
hol ds the gate of the MOBFET | ow, vhich prevents it fromcon-

ducting until you reset the SIR (O #2163)
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An overcurrent conditioninthis isolated PMidriver turns on SRQ, vhich stops IC,, fromconducting.
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wC neasures hi gh-frequency signal s

STAN D’SouzA, MICROCHIP TECHNOLOGY INC, CHANDLER, AZ

To neasure a high-frequency signal using an 8-hbit wG thetine
period of the neasured freguency nust be relatively close to
theinermd dock of the wC For exanple, if the interna cl ock
periad is 1 psec, then the naxi numfrequency that you can
neasure is 1 M in nost pCappications.

However, you can wisethecircit in Hgure 1lato neasure a
frequency nuch higher than the internal cl ock freguency of the
rC Thiscircut uses an externd hinary ripp e counter operat -
ing in asynchronous node. The circuit gates the inconing fre-
quency to the counter using NM\Dgates and control |ines from
the nC To enabl e counting, the nC sets ONTL, and ONTL, to
1. Once the neasurenent tine is conpl ete, ONIL, resetstoQ
whi ch stops further inputs to the counter.

Toread the va ue of the low12 hits of the frequency, the nC
toggl es ONTL, Ntines util theinternd 8hit tiner increnents
by one. The low12-hit val ue of the frequency is then equa to
4096 N Reading the value of the counter in this nanner
requires only one I/Oline as opposed to 12 lines to read the
counter s 12 bits. Inconbination wththeinernd 8ht couter
inthe .G a20-hit frequency neasurenent is possible. The lim
iting factor of the neasurenent is the naxi numfrequency i nput
to the NA\D gates and the rippl e counter.

Athouhthecircut in Fgure laisstragifaverd thedreut
does involve the additional cost of a 14-pin NND gate and a
16-pi n counter, whi ch nay be undesirabl e i n nany appl i cati ons.
In AGncro 8-hit nG, theinternd 8hit couter/tiner, TMR,
has an associated 8-bit divider, o prescder. The counter has
reedwite capehility, but you cant read the presca er va ue
You can nodify FHgure las circut using a AHGncro pCto
inplenent a 16-bit frequency counter ( Fgure 1b)

This circuit uses the inerndl 8-hit prescder to dvide the
incomng frequency. The circuit feeds the output of the
presc er to the 8-hit tiner, TMR, for neasurenent. As wth
Fgure las circut, oce the gate tine is over, CNIL, bl ocks
addi tiona clocks fromthe input signal . Then, QNIL, pul ses the
&bt prescd er Ntines util the8hit tiner/counter, TMR, inre-
nents by 1. Inthis case, the lower 8hit va ue of the neasured
frequency equal s 256 N The pCthen concat enates the val ue
o the couter wththe 8-hit tiner svduetodve al6ht vaue
of the neasured frequency.

Foure 1c sho a further sinplification of the circut in FAg-
ure 1b by replacing the NAN\D gates with two transistors and
for resistars. To start the couter, the wC configures QNIL,
and ONTL, as inputs or in a high-inpedance node. Thus, the
circut drects the incoming sigal to the prescader ad in tun
tothe &hit tiner/couter, TMR. VMen the gate tine is com
detg the wC makes CNTL, an output going low A low QNIL,
deectivates the transistor, whose out put becones an open col -
leda. The wC can now make ONTL, an output nornal |y high
and going lowto puse theinput tothe prescaer. The wCpul s-
es ONTL, lowNtines until the val ue of TMR increnents by 1.
The low8-bit value of the frequency is equal to 256 N To begin
counting again, the pnCreads the value of TMR,, vhich clears
the prescaler, and again configures QNTL, and CNTL, as

FIGURE 1
INPUT
FREQUENCY .
12-BIT
74HC4040 | Qu 8-BIT
TIMER/
RIPPLE COUNTER
COUNTER
CNTL 1o
2 TMRy
CNTL, 1o
(@
INPUT _
FREQUENCY PICmicro pC
8-BIT
PRESCALER
CNTL, 110 pyree
TIMER
CNTL, I/o
TMR,
(b)
INPUT
FREQUENCY PICmicro uC
8-BIT
PRESCALER
8-BIT
CNTL, Vo TIMER
(c) CNTL, 110 TMRy

Abinary ripple counter and NN\D gate teamwth a pC(a) to neasure
input frequencies higher than the pC clock. Wing a AGncro pC
reduces the nunter of necessary conporents (b). A further sinplifi -
cation (c) replaces the NM\D gate wth one transistor and four resis-
tas

i nouts.

Note that the architecture of the AGncro pnC all ows accu-
rate tinekeeping for the gating pul se because the tinming of a
softvare loop is predi ctabl e and accurate to wthin one instruc-
tion cycle; a AGncro pC executes each instruction in one
cycle, except for branchinstructions, whichtake two cycles. (D
#2164)
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M croanps nonitor aual -Ssupply batteries

BRUCE ANDERSON, UNIVERSITY OF WISCONSIN—IVIADISON

The lowponer circuit in Fgure 1 nonitors two 9V batteries in
a dual -supply configuration and turns on the Battery Low LED
if ether bettery vdtage dros bl owits linit. It d so provi des tvo
shutdown signals you can use to turn of f vdtage regd aars,
such as Maxi ms MMX663/ 664 positive and negative regul a-
tors. By using | owpover voltage references and op anps, the
circut hddsthecurent daintoaproxinatey 45 A fromeach
bettery, wth the positive drain rising to aporoxinately 1 mi\
when the LED turns on.

Each battery vol tage undergoes conpari son with a Mt oro-
la LMB85Z 1.2V reference, using a Mixim7612 op anp wth
hysteresis via a 22M resistar (R;and R;). Goss-coupling via
the 3-Mlresistars (Ryand R,) ensures thet if either shutdom
sigd goes true, both do, and the circut locks up in the shut -
down state wth the Battery Low LED illuminated. C and C,
del ay the reference voltages so that when the batteries swtch
on, thecircuit cones upinthe proper state. Rositive Shutdown
is a the positive rail vhen true. Negative Swutdomn is a the
negative rail when true. The val ues shown al | owyou to adj ust
the battery-lowlints over arange of approxinately 3.8to 8. 1V.
For our applications wth Breready ENP2 al kal i ne batteries, we
typcdly set thelimts a 6.5V. This setting uses a good portion

of the battery life, yet alovs sone reserve for continued oper -
ation after the LED cones on.

The circuit has two convenient features that were unfore-
seen before testing. Qe is that when the batteries swtch of f
the LEDfl ashes briefly as the decoupl i ng capaci tors di schar ge.
The flashing ind cates that the betteries are nat sototaly dead
that they cannot light the LD The other is that the LMB85 has
aninitia tunon votage about 10%higher than the steady-
state 1.2V reference. Thus, when you swtch the batteries on,
they nust have a voltage about 10%hi gher than the steady-
state threshold to be considered good. S if the Battery Low
LED stays of f when the device turns on, the betteries wil
renaingood for avhile. @ course, if youare not usingthe shut -
dom signals to turn of f regdatars, you can set the thresho d
sotha your device wll cotinuetooperatefor aperiod after the
LED cones on. Usi ng the battery-di scharge characteri stics and
yar drait s voltage and current regui renents, you can sel ect
athreshd d that gves aporopriate reserve for your application
(O #2169)
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If either bettery votage inatvo-bettery suply drops bel owa preset linnt, a Battery LowLEDturns on.



P ogramprovi des | nt eger -

BERT ERICKSON, FAYETTEVILLE, NY

B nary nunbers rarel y appear in applications of
Cor GH prograns, so any reference to con-
verting froman integer to a binary nuner is
usual ly relegated to a fewsinple exanples in
the appendi x. However, when you re vorking
wth codes for communication systens, terns
such as parity, checksum distance, weight,
and bl ock codes are nuch easier to verify wth
a check sd ution when they are in binary form
C and CH statenents do use integers for
nani pul ations that have binary inplications.
However, wen the ana ysis gets dom to the
bi nary-nunier | evel, the conversion frominte-
gsishadtofindinthelibraries supied wth
the conpiler. The cinthin and classicC func-
tiasin Listings 1 and 2 cowvert an integer in
the nmain function to a binary nunber that
renains availad e in the nain function.

The ones and zeros in the el enents of the
aray corespod to the location of hits in the
custonary bi nary nunier . You can conpil e the
CH cinthin version as listed. Readers who
have an ANS C conpi | er can use the program
preceded by // in Listing 2. For long integers,
refer tothe revised edtion of Mcrosoft CRo-
granmming for the PChy Robert Lafore. The first
pat o the ligigisoly adiver that hes acdl
to the fuction ad a printout for the binary
nunber . You can use the bits inthe bi nary num
ber in any additiona statenents.

The first argunent inthecall shoudbe 3L o
less to provide sone |eading zeros but large
enough to nake sure the nest significat bit is
included. The tenporary variable z and the
return val ue provi de sone assurance that the
resut isvadid The statenents inboth functions
are self-expanatory, sothealy thingleft todo
is to conpile one of the prograns and enter 31
4,294,967,295 wth a space after 31 to verify
the 32-bit binary nunfer 1111 1111 1111 1111
111111111111 1111 You can downl oad the li st -
ings and the executabl e cinthin file fronEDNs
Web site, wwv ednnag.com A the registered-
user area, gointothe Software Gnter to down-
load the files fromD-9 G #2156. (O #2156)
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to-hinary conversion

LISTING T—C++ INTEGER-TO-BINARY CONVERSION ROUTINE

// cintbin.cpp a C++ function
// Converts an integer to a binary number
#include <iostream.h>
#include <math.h>
int c[32];
main()
int n; unsigned long int x;
unsigned Tong int cintbin(int, unsigned Tong int); //Declare
cout << "\n\tEnter max power of 2 desired (31 or less) and "
<< "the integer number\n" << "\t(4,294,967,295 or less) "
<< "with a space between them ";
cin > n > x;
cout << "\tReturn x = " << cintbin(n, x)
<< " should equal the input value shown above\n
for (int k = n; k>= 0; k--) cout << ’ 7 << c[k];
return 0;

Bin # =";

unsigned long int cintbin(int n, unsigned long int x) //Define

unsigned long int y, z; z = x;
for (int i = 0; i < n+l; i++) c[i] = 0;
for (int j = n; j >= 0; j--)
{ y = int(pow(2,3)); if (x >=y)
{clil=1h x=x-y;)}

return z;

LisTING 2—CLASSICC INTEGER-TO-BINARY-
CONVERSION ROUTINE

//// classicC.cpp a C function

//// Converts an integer to a binary number
//#include <stdio.h>

//#include <math.h>

// int c[32];

//main() {

// int n; unsigned long int x; .
// unsigned long int classicC(int, unsigned long int); //Declare
// printf("\n\n\tEnter max power of 2 desired (31 or less) and ");
// printf("the integer number\n");

// printf("\t(4,294,967,295 or less) with a space between them ");
// scanf("%d %1u",&n,&x);

// printf("\tReturn x = %lu",classicC(n,x));

// printf(" should equal the input value shown above\n Bin # =");

// for (int k = n; k >= 0; k--)
// printf(" %d",c[k]);

// return 0;

/73

//
// unsigned long classicC(int n, unsigned Tong x) //Define classicC

/7 {
// unsigned long y, z;
// int i, 3
/=X
// for (i = 0; i<n+l; i++)
// clil =05 .
// for (j=n; 3»>=0; j--)
// .
/7 y=pow(2,3);
/o if (x>=y)
// .
// cfilt=1
// X =X-y;
//
//
return z;




