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ELM - Digital Capacitance Meter

<EXMnnn_nn_mnnr e

Digital Capacitance Meter

March 26, 2003

.........

R

This is a simple capacitance meter which can measure capacitance value easy. There are
some measurement methods for capacitance, at one time the capacitance was measured
with a impedance bridge or a dip meter. Recently typical capacitance meters can measure
capacitance and some additional characteristics from current vector by applying AC voltage
to the Cx. Some simple capacitance meter use integration methed that measureing

transient response of the R-C network. There are some construction kits based on this
method.

This project uses the integration method. There are some merits that the resulut can be got
as digital data directly because it bases measurement of time, accurate analog circuit is not
required and its calibration can be done easy by using a microcontroller. Therefor the
integration methed is suitable for hand built capacitance meter with high realizability.

Transient
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ELM - Digital Capacitance Meter

Figure 1 (a)

Vet o

0 t1 £ —

The phenomenon appers until state of the circuit changes steady-state after state change, is called
Transient. It is one of the fundamental operations of pulse circuit. When the switch in Figure la is
opend., the capacitor C will be charged through the register R and voltage e will vary like shown in
Figure Ib. To change state of the circuit, changing the value of EMF E instead can also be thought
that equivalent. The relation between past time # and voltage Fc is expressed in following formure.

Each units are: ¢ seconds, R ohms, C farad and epsilon is a Napier's number (approx. 2.72). When Ve
reaches Vci, the time #1 can be expressed in following formure.

_ Ve
t1=-RC-In(1-5"

This means that the #] is proportional to C. Thus the capacitance can be calcurated from charge time
and any other fixed parameters.

Hardware

To measure a charge time, only a voltage comparator, a counter and some glue logics are needed.
However, a microcntroller (AT90S2313) 1s used for this project to realize the system easy. In point of
fact, I had thought that analog comparator in the AVR 1s not useful. But I found that the compare
output can also be used as a captureing trigger of TC1. This is a nice feature for that use :-)

The integration circuit can be simplified like shown in the circuit diagram. The threshold voltage is
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ELM - Digital Capacitance Meter

generated by divider registers. It seems not stable to valiation of supply voltage however the charge
time is not affected by the supply voltage. You will able to find that voltage terms can be erased
when apply formure 2, Ver/E term is dtermined by only divide ratio. This advantage is the essence
found in the NES55 timer IC. Ofcourse the supply voltage must be steady during integration.

According to the foundation, measure integration time with only one threshold voltage will do.
However input voltage of near ground level is little difficult to use due to following reasons.

e Voltage not drop to 0 volt. Capacitor voltage will not be discharged to zero volt. It
require a time to discharge capacitor to sufficientaly low voltage for measuring
operation. It will expand measureing interval. Saturation voltage at discharge switch
is also increase this effect.

o There is a time beween start to charge and then start timer. It will cause a
measurement error. This can be ignored on the AVR because it requires only one
clock cycle for that sequence. Any other microcontroller may rquire to consider this
problem.

¢ Leakage current on analog input. Accrding to AVR data sheet, the leakage current
on analog input is increased near zero volt. This will cause a measurement error.

To avoid to use near zero volt, two threshold voltages 1c1(0.17 Vee) and Fe2(0.5 Vee) are used and
measure t2-t1(0.SRC). This can avoid avobe problems and comparator delay/offset will also be
canceled. As for the leakage curmet, circuit board should be kept clean to minimize surface leak.

The supply voltage is generated with a DC-DC converter powered from a 1.5V AA cell. The
swiching power supply is not suitable for measurement circuit but it seems not affected by ripple
voltage because two ripple filters are applied. I recommend to use a 9V 6LLR61 battery and a
78L05 instead, and do not omit BOD or you will be afflicted with EEPROM data collaption.

Calibration

When power is on first time, full segment, ""E4'' and ten several pF will be displayed. This value
means stray capacitance on the circuit. The stray capacitance can be canceled by SW1. Two
reference capacitors of 1nF and 100nF are needed to calibrate the capacitance meter. If you could not
obtain the reference capacitors, accurate capacitors within +1% can be used insted. This capacitance
meter does not have any trimmer pot, it performs the calibration by reading the reference capacitor
and saving gain adjustment value in full automatic operation.

To calibrate low range: First, adjust zero with SW1. Next, tie pin #1 and #3 of connector P1, set a
1nF reference capacitor and push SW1.

To calibrate high range: Tie pin #4 and #6 of connector P1, set a 100nF reference capacitor and
push SW1.

"E4" at power on means calibration value in the EEPROM has been broken. It will never be
displayed if once calibration is performed. As for zero adjustment, it is not saved into the EEPROM,
it will require each time power-on or any jig is attached.
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ELM - Digital Capacitance Meter

Usage

Samples

100uF
Electrolytic

470nF
Multi-layered film

16nF+1%
Mica

330pF+5%
Polystyrene

100pF£5%
Disk ceramic

1pF
Disk ceramic

SpF

g [SpF
Mica

...then cut reads

151588
[Reverse bias

Measureing action is triggered in 500msec interval, only setting the Cx will do. Each action starts at
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ELM - Digital Capacitance Meter

low range (3.3M ohms). If capacitor voltage Ve didn't reach 0.5 Vee within 130msec (>57nF),
discharge capacitor and restart at high range (3.3k ohms). If capacitor voltage didn't reach 0.5 Vee
within 1 sec (>440pF), the actions is aborted and "E2" will be displayed. Thus two measurement
ranges are changed automatically. When a valid time is captured, the capacitance is calcurated and
displayed. The value is displayed in left stored, only left three digits are displayed into the LEDs.
Thus one of the eight display ranges is selected automatically, any range selection is not required.

Cx will be charged up to 2.5 volts so that the Cx is required its working voltage of 2.5 volts at least.
At small capacitance less than 100pF, last significant digit will be 0.1pF, any change of stray
capacitance affects the accuracy.

I used a half cut burn-in socket. It can hold most leaded capacitor and
chip capacitor (1608 size to 3216 size). Probing mechanism affects measureing accuracy, long wire
should not be used to attach a Cx as possible. To increase stability, a metal case or metal sheld like
shown in top image is effective.

i nut
—o——
T

—0

High dielectric constant type ceramic capacitors change its capacitance
related to the bias voltage and temperature. When measure under any DC bias, refer left image.

Technical Data

o Circuit Diagram
¢ Firmware

e,

‘&
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Capasitance Meter
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source: Hawker, P Amateur Radio Techniques, Seventh Edition, RSGB, 1980

of 2006108723 123838 .35

Capasitance Meter

820 8.2k 82k 820k 3.2M EC108

il |4

‘Jj j
e [c 3 4 — 8 47 on O<\
—s 0447
HESSS |3
} Cx
e ien il o+
»—J s > 9 volts
§ 1 10k
T f T]Un xl & o—lxD 5
1k 10k 100k 1M
Position Range Use X10 switch to measure up 10uf.
a 1 uf Use X0.5 switch for better readings on low
b 100 nf values.
[3 10 nf
d 1nf
e 100 pf

This project is more complex than the others described earlier. However, when finished, you will have an instrument capable of Measuring
all but the largest capacitors used in radio circuits. Unlike variable resistors, most variable capacitors are not marked with their values. As
well, the markings of capacitors from salvaged equipment often rub off. By being able to measure these unmarked components, this project
will prove useful to the constructor, vintage radio enthusiast or antenna experimenter.

The common 555 timer IC forms the heart of the circuit (Figure Three). Its function is to charge the unknown capacitor (Cx) to @ fixed
voltage. The capacitor is then discharged into the meter circuit. The meter measures the current being drawn through the 47 ohm resistor.
The 555 repeats the process several times a second, so that the meter needle remains steady.

The deflection on the meter is directly proportional to the value of the unknown capacitor. This means that the scale is linear, like the
voltage and current ranges on an analogue multimeter.

The meter has five ranges, from 100pF to 1uF, selected by a five position two pole switch. In addition, there is a x10 switch for measuring
higher values and a divide-by-two facility to allow a better indication on the meter where the capacitor being measured is just above 100,

w38
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Gapacitance Meter

1000pF, 0.01, 0.1 or 1 uF.

Component values are critical. For best accuracy, it is desirable that the nine resistors wired to the Range switch have a 2% tolerance. If
0AA47 diodes are not available, try OA91 or OAS5 germanium diodes instead. Construct the meter in a plastic box; one that is abOUt the size
of your multimeter but deeper is ideal. The meter movement should as large as your budget allows; you will be using it to indiCate exact
values. A round 70mm-diameter movement salvaged from a piece of electronic equipment was used in the prototype. The meter you buy
will have a scale of 0 to 50 microamps. This scale needs to be converted to read 0 to 100 (ie 20, 40, 60, 80, 100 instead of 10. 20, 30, 40,
50). Use of white correction fluid or small pieces of paper will help here.

The components can be mounted on a piece of matrix board or printed circuit board. Use a socket for the IC should replacement €ver be
needed. Keep wires short to minimise stray capacitance; stray capacitance reduces accuracy.

Calibrating the completed meter can be done in conjunction with a ready-built capacitance meter. Failing this, a selection of Capacitors of

known value, as measured on a laboratory meter, could be used. If neither of these options are available, simply buy several capacitors of
the same value and use the one which is nearest the average as your standard reference. Use several standards to verify accuracy on all
ranges.

To calibrate, disable both the x10 and divide-by-two functions (ie both switches open). Then connect one of your reference capacitors and
switch to an appropriate range. Vary the setting of the 47k trimpot until the meter is reading the exact value of the capacitor. Then switch in
the divide-by-two function. This should change the reading on the meter. Adjust the 10k trimpot so that the needle shows exactly twice the
original reading. For example, if you used a 0.01 uF reference, and the meter read 10 on the 0.1 uF range, it should now read 20. Now
switch out the divide-by-two function

If you are not doing so already, change to a reference with a value equal to one of the ranges (eg 1000pF, 0.01uF, 0.1uF etc). Switch to the
range equal to that value (ie the meter reads full-scale (100) when that capacitor is being measured. Switching in the x10 funCtion should
cause the meter indication to drop significantly. Adjust the 470 ohm trimpot so that the meter reads 10. Move down one range (89 from
0.01uF to 1000pF). The meter should read 100 again. If it does not, vary the 470 ohm trimpot until it does. That completes the Calibration of
the capacitance meter. Now try measuring other components to confirm that the measurements are reasonable.

With care, an accuracy of five percent or better should be possible on most ranges.

D Also check the conversation about this project at the community. Post you questions here.
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my milli-ohm meter

By dinges, Section Controls

Posted cn Sat Dec 31st, 2005 at 12:57:45 PM MST

a homebuilt device for measuring very small resistance

* create account

* How to use the board
- FAQs

- search the board

G'day, - Google search the board
- Old Otherpower Board

After an overwhelming number of requests (by Bruce downunder) I've
decided to make plans & photos of the construction of my milli-ohm meter
available,

Make a new account

Username:

Il

Password:

I!

Total Views

97 Scoop users have
viewed this posting.

Related Links

* Also by dinges

I have built it about 2 months ago, and already have had much use from it,
like measuring resistance of coils, high-current connections (cable clamps
etc.), measuring contact resistance of switches and relays, etc.

The instrument is basically very simple: a current source, and a voltmeter
(range 0-199.9mV). I've made mine luxurious, with inbuilt DVM-module,
but there's no reason to only build the current-source part and use an
external multimeter. You put a known current (say, 1ohm) through your
unknown resistance; you measure the voltage it drops (say, .123 V), then
you know the resistance via ohms law: .123o0hm

The schematic:
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There are 3 current sources: one for 10mA (the 20ohm range), 100mA (2
ohm range), and a 1A source (for the 199.9milli-ohm range). They can be
switched to the outputs via switch S1. This also controls the digital point

for the DVM module, and lights the proper LED (either ohm or milli-ohm).

It uses the Kelvin measurement system; this means 4 wires: 2 for the
‘excitation’, the current source, and 2 for the DVM inputs. This way,
transition resistances in the instrument itsself and the connecting wires are
not a problem. There's a switch to go to the 2-wire system, 50 you can use
just 2 wires, but this introduces a measurement error of (in my case)
113milli-ohm. Not a problem in the 20 ohm range, but a big error in the
200milli-ohm one.

Below is a picture of the instrument in use, measuring one of the spare
coils for my bicycle generator. It is switched in the 100mA-range (2.000
ohm); if I had used the 1A range, resolution would have been even greater
(132.x milli-ohm).

The picture above shows the inside of the instrument. The PSU is on the
extreme right, it was saved from a defect DVD; perfect for this application.
Also saved (from an old modem) was the case. The things people throw
away...

In the middle is the 1A current source; this caused most headaches, to
realise, because of cooling and the big resistors. On the left is the main
circuit board, containing all connections to the DVM module, front and
various other parts of the instrument. There's an extra power supply for
the DVM module, because it needs floating power (gnd of the module may
not be connected to the ground of the rest of the instrument; only the
more expensive DVM modules can do this).
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That's it, basically nothing much to it, but a very handy instrument for
measuring low resistances. In combination with my valve-voltmeter (1
micro volt resolution, 100uV full scale), I can measure down to 1 micro-

ohm :-)

Of course, you could just build one of the current sources (say, 1A) and be
done with it; I wanted a stand alone instrument, including various ranges
and a DVM, that could be used without too much fussing and connecting
various wires and power.

BTW, once you've got such a meter, you'll wonder how you ever managed
to live without it :-)

Peter,
The Netherlands.

my milli-ohm meter | 11 comments (11 topical, O editorial)

Re: my milli-ohm meter (3.00 / 0) (#1)
by dinges (pelvcc at hotmail dot com) on Sat Dec 31st, 2005 at 06:14:49

AM MST
(User Info)

Something apparently went wrong with the pictures; have done the same
thing as usual, but they don't come out right, despite resizing and
resampling. Have changed the pictures in my photo-uploads with smaller
ones (with exact same name), but still isn't the way I want them.

At least it's now more or less bareable, but my apologies.

The hi-resolution schematic (100kB) can be found in my photo-uploads,
near the bottom.

Peter,
The Netherlands.

Re: my milli-ohm meter (3.00 / 0) (#2)
by dinges (pelvcc at hotmail dot com) on Sat Dec 31st, 2005 at

06:15:49 AM MST
(User Info)

Oops... Pictures come out ok now. Must press refresh...
Duh.

Peter,
The Netherlands.

[ Parent ]

Re: my milli-ohm meter (3.00 / 0) (#3)

by drdongle (Dr.Donglel@juno.com) on Sat Dec 31st, 2005 at 07:44:46
AM MST

(User Info)

Very profesional loking unit!
Carpe Vigor, Dr.D
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Re: my milli-ohm meter (3.00 / 0) (#4)
by Waterfront (christiangirouardleclerc at hotmail.com) on Sat Dec 31st,

2005 at 01:09:28 PM MST
(User Info)

Nice piece of homebrew equipement! DaveW designed a very cool coil
winder, then you have this... I tell you, the way things keep going we'll
have some nice plans for building just about any machine related to RE!!

Keep on designing!
Waterfront

Re: my milli-ohm meter (3.00 / 0) (#5)
by Opera House on Sat Dec 31st, 2005 at 03:51:25 PM MST

(User Info)

Nice build. It is good to remind everyone what a nice current source the
7805 can make. I own a nice high current sourcing milliohm meter and I
find it one of the most usefull pieces of equipment in the shop. Mine has a
calculating ohm meter and it will calculate the ohms with any current from
less than 1/4 amp up to 100. I modified mine with some 300 ohm resistors
from the source to sense terminals instead of using the switch. Sometimes
getting the value to 10 milliohms is close enough when you don't want to
fool around with four wires. Many might just consider building just the
current source half of this since you probably own a digital meter with a
good 200mv range.

Re: my milli-ohm meter (3.00 / 0) (#6)
by DaveW on Sat Dec 31st, 2005 at 06:20:03 PM MST

(User Info)

OK, Peter you've convinced me. I need to build one. I don't see any fans.
Do you have any problems with temperature drift or do you just take a
quick reading and unhook?

DaveW

Re: my milli-ohm meter (3.00 / 0) (#7)

by dinges (pelvcc at hotmail dot com) on Sat Dec 31st, 2005 at
08:44:42 PM MST

(User Info)

No fans are needed: the 10mA (BC559) and 100mA(7805) obviously
don't, while the 1A current source(7805) has such a large heat sink
you hardly feel the temperature rise (a bit overdesigned, I'm afraid).
The resistors (3) in the 1A current source do get warm, but not too
hot to touch.

However, there's a little drift in the 7805 (or the resistors?) when
using the 1A current source; it drifts from 1.00A to .99A, a 1% error

(over a 5 minute period).

I can live with this, most of my other (commercial) instruments are
worse than this :-) Besides, I don't mind if my screwdriver has a
resistance of 18.8milli-ohm or 18.6-20.0 ; but if you've got the
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knowledge, there would be no reason to design a better stabilized
current source. But I think a 1% error is good enough for all practical
purposes, short of a laboratory situation.

I still limit the use of the 1A source though; usually only use the
100mA, and when it gets critical or I need more accuracy, I switch to
1A. That's the reason the picture shows the 100mA mode, I had
wanted to show the picture the 1A mode, with 199.9mV full scale
display. But there's no real reason not to use the 1A mode
continuously, the machine can handle 1A at 100% duty cycle.

Peter,
The Netherlands.

[ Parent ]

Re: my milli-ohm meter (3.00 / 0) (#8)

by dinges (pelvcc at hotmail dot com) on Sat Dec 31st, 2005
at 08:46:54 PM MST

(User Info)

Besides, you could even compensate for any temp. drift, should
it be an issue; just hook a 1A meter in series with the current
source, and measure not only volts but also the current; if

it's .99A, use Ohm's law R=U/I, with I=.99A instead of 1.00A.
But haven't felt the need for that yet.

Peter,
The Netherlands.

[ Parent ]

Re: my milli-ohm meter (3.00 / 0) (#9)
by ghurd on Sun Jan 1st, 2006 at 12:56:46 AM MST
(User Info)

Hey Peter,
Nice!

Just curious, but why do you want to know the resistance of 'high-current
connections (cable clamps etc.), measuring contact resistance of switches

and relays,etc.'?

I have only experienced appreciable thermal drift with RF circuits. But that
was many moons ago, back when I could remember what RF was.
G-

Re: my milli-ohm meter (3.00 / 0) (#10)
by ghurd on Sun Jan 1st, 2006 at 01:12:55 AM MST

(User Info)
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(PS- A razor blade popped the 6 coils off the VCR motor plate with no
lost windings. Looks like a 8/6 dual rotor with 12.5mm round neos
and 7cm magnet disks.

I always think big. ;)

[ Parent ]

Re: my milli-ohm meter (3.00 / 0) (#11)

by dinges (pelvcc at hotmail dot com) on Sun Jan 1st, 2006 at
03:04:45 AM M5T

(User Info)

to make sure they're clamped properly, not just look good. These
things could overheat if transition current is too high?

Some time ago my father wanted to install heavy duty welding cable
in his sailing boat for an anchor winch; didn't know which was better
(thicker would be better of course, but there were other limitations as
well). So, out came my (then new) trusty milli-ohm meter. A quick
check gave us all the information we needed on the difference in
resistance of several sizes of 10m of this cable (25mm~2 vs.
35mm~2). Normally this kind of data should have been provided by
the manufacturer of the winch (an Italian company), but they didn't.
They also didn't feel it necessary to answer my requests on the
subject.

Also, when installing new cable harnesses in my UPS, with external
connectors for connecting to an outside battery bank, it was
reassuring to know that the resistance of the wires, including the
clamp connectors (AMP), was 5.1 m-ohm for one cable and 6.2m-ohm
for the other one. Just an extra check to make sure no strange things
have happened while manufacturing the new wire harness :-)

Peter,
The Netherlands.

[ Parent ]

my milli-ohm meter | 11 comments (11 topical, O editorial)
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#define ENABLE BIT DEFINITIONS
#include<ioml6.h>
//#include<LCD.h>

//Define lcd signals

#define LcdBus PORTB
#define LcdE PORTAﬁBit6
#define LcdRS PORTAﬁBit7

//Define program constants
#define TOV TIFR Bit2

#define CompOut ACSR Bit5
#define Clamp PORTA BitO
#define Measure PORTA Bitl

#define SW1l PINC BitO
#define SW2 PINC Bitl

#define P 3.14159

long n;

unsigned int i, k,d,1l,a,r;

long double s,Rad,c, f,Er,Dis,A,L,R;

char SWRead ()

{

char k;

while (SWl==1 && SW2==1);
delay (10);

if (SW1==0) k=1;

if (SW2==0) k=2;

while (SW1==0 || SW2==0);
delay (10);

return k;

int GetRes (void)

{

int t;

long double R,N;
Clamp=1;
delay (50);
Clamp=0;
PORTA Bitl=0;
PORTD=0xf7;
i=0;
while (1)
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{
PORTD=255-PORTD;
dly (1000) ;
if (i++==2000) break;
}
PORTD=0;
t=0;
Measure=1;
while (CompOut==0) t++;
Measure=0;
N=(double) t;
R=N*0.0428+3.389;
return ((int) (R));

}

main ()

{

DDRD=0xff;
DDRA=0xff;
PORTC=0xff;
LCDInit () ;
cls ()7
Print ("R/C 2");
if (SWRead ()==1)
{
d=100;
do
{
cls();
Print ("Distance = ");
PrNum (d) ;
k=SWRead () ;
if (k==1)d=d+100;
if(d>4000)d=100;
}while (k==1);
//for set timerl for external clock from T1
TCCR1B=(1<<CS10) | (1<<CS11) | (1<<CS12);
while (1)
{
TOV=0;
TCNT1=0;
n=0;
for (i=0;1i<100;i++)
{
delay (10);
if (TOV==1)n++;
TOV=1;
}
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n=n*65536;
n=n+ (long) TCNT1;
f=(long double)n;

cls ()
if (£>100000)

Print ("Not connected!");
else
1f (£<1000)

Print ("Short circuit!");
else

{

Print ("F=") ;

PrNumD ( (double)n) ;
c=(1/£)*20914000-300.5;
Dis=(double)d;
Er=(c/88540) *d;

cls2();
Print ("C=");
PrNum ( (int)c);
Print ("pF Er=");
PrNum ( (int)Er) ;
}

}

}

else

{

do

{
cls();

Print ("r(um) = ");
PrNum(a) ;
k=SWRead () ;

if (k==1)a=a+50;

1if (a>2000)a=50;
}while (k==1) ;

1=5;
do

{

cls();

Print ("Len(Cm) = ");
PrNum (1) ;
k=SWRead () ;

if (k==1)1=1+5;
if(a>300) 1=5;
}while (k==1) ;
PORTD=0x£f0;
while (1)

{
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r=GetRes () ;
cls();
1if (r>75)
Print ("Not connected!"™);
else
1if (r<15)
Print ("Short circuit!");
else
{
Print ("R=") ;
PrNum (r) ;
Print ("mOhm %=");
A= (double) a;
L= (double) 1;
R=(double) r;
s=(3.14159*R*A*A) /1000;
s=(L/s)*10000;
PrNumD (s*1.62074) ;
cls2();
Print ("S=");
PrNumD (s) ;
Print ("*1076");
}
}
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A Microcontroller Based Digital Lock-In Millihommeter

Dick Cappels' project pages http://www projects.cappels.org

return to HOME

A Microcontroller Based Digital Lock-In Millihommeter

Described are the waveform capture method, example firmware and hardware designs.
This material formed the basis of an article that was first published in the January, 2004
issue of Circuit Cellar magazine.

Download: assembler source mhm031002A.asm

A millichmmeter is just the tool for checking trace resistance on a printed circuit board,
tracking down shorted traces, and measuring the contact resistance of a switch or
connector. [ts the kind of tool that would come in real handy occasionally, but not often
enough to justify shelling out hundreds of dollars. Wanting one anyway, I set out to make
my own. It turned out to be not only an exciting project, but a true adventure of discovery
as it provided a window into the workings of lock-in amplifiers. With a lock-in amplifier
topology, a microcontroller and a little firmware makes the venerable (if somewhat noisy)
L.M324 bipolar op-amp provide high gain and at the same time reduces noise. Improve
analog performance with a microcontroller? Now THIS is a fun project!

My main concern in the milliohmmeter design was how to get stable resistance readings
with a suitably low test current. After all, I wanted to look at a few or few tens of
millichms, but I wanted to keep the test current low so as not to exceed the current ratings
of some of the parts I want to test, and so I can run it all from a battery. For starters, 25
milliamps x 1 milliohm = 25 microvolts. This meant that I would have to be able to
measure and display voltages in the range of tens of microvolts per count in a stable and
repeatable manor. I also wanted the circuit to be forgiving of my hand wired breadboards,
shown in photo 1. That is what lead me to the lock-in amplifier.
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A Microcontroller Based Digital Lock-In Millthornmeter

Photol Because it integrates the zignal over 999 cycles, the
lock-in amplifier is very forgiving of my layvout and wiring.
The microcontreller is at the opposite end of the board from
the analog circuitry. An additicnal transistor inverter is
an R3-232 receiver left over from an earlier project. The
current gwitching PNP and input shorting pushbutton are on a
small daughter board. Also shown iz a 100 millichm test
registance.

The Wonder Of Lock-In Amplification

5% P-P 1 kHz Bursts G0pY P-PICount 30 p¥ Peak!Count fi.4 mi!Count

Synchronous
Demodulator
Signal

Dropping
Resistor Integrator e Comparitor
Resistance { High Pass  Control ga:@
Under Test »  Amplifier - — . REL
2 ARSI Reference | Micro-
confroller
Test Bursts
Copyright 2003 Richard Cappels Microconiroller-Based Lock-in Amplifire Milliohmmeter

figure 1 The lock-in amplifier detects and integrates bursts
of 1 kHz pulses that result from the IR drop across the
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A Microcontroller Based Digital Lock-In Millthornmeter

resistance under test. The result is 4¢ db of signal gain
while vastly improving the signal-to-noise ratic. The
preamplifisr doublss az a high-pass filter to remove the DC
component of the pulses and reduce flicker burst noises from
the op-amp.

A lock-in amplifier provides gain for the signal at a specific frequency and phase, while
reducing noise. Its almost like getting something for nothing, but that's not really the case.
Since you have to effectively average many measurements to improve the signal to noise
ratio, what you are really doing is trading way bandwidth and responsiveness to improve
the signal to noise ratio.

In this circuit, shown in the block diagram in figure 1, a 1 kHz burst of 5 volt peak pulses
15 applied to a series dropping resistor to establish a pulsing current through the resistance
under test. The IR drop across the resistor under test 1s a voltage proportional to the value
of the resistance. After passing through a high pass filter to eliminate the DC component
of the signal, it is rectified by a synchronous demodulator. For a period of time
corresponding to the burst, the rectified signal is applied to an integrator, which charges
up, and then at the end of the burst, the time it takes the integrator to discharge at a
constant rate is measured to determine the size of the charge, and that is how the average
amplitude of the signal applied to the integrator is determined. Since random noise is not
synchronized with the switching in the synchronous demodulator, it is not rectified and it
averages out to nearly zero. The longer the integration time, the less proportionate effect a
given small pulse of noise has on the integrator's output, and the more gain the integrator
has for the 1 kHz burst. Integration is the wonder of lock-in .amplification

Getting The Drop

5%DE
ch'—|_J_|_| ZNzO07

1kHz ihput 10k

7 Shm 23 p¥ P-PICount

Resistance ta preamplitier

Under Input Zero

Test - T__Small Signal Reurn

Test Current
Retum
Dick Cappels 2003

figure 2 The 1 Khz switching signal to the base of the
2N2907 causes 5 volts peak-to-peak to be applied to the 220
ohm resistor in series with the resistance under test, to

cauge 23 milliamps peak-to-peak to flow through it.

One critical part of measuring a very low resistance is developing an IR drop across the
resistance, and measuring only that. Getting the IR drop itself was easy, a PNP switching
transistor 18 driven into saturation with the 1 kHz burst, and the transistor's collector
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A Microcontroller Based Digital Lock-In Millihommeter

delivers 5 volt peak-to-peak pulses to a 220 ohm resistor in series with the resistance under
test (see figure 2). The voltage across the 220 ohm resistor is virtually constant as long as
the transistor is always driven into saturation and the resistance under test is very low. A
100 milliohm resistance will have a voltage drop of only 2.3 millivolts maximum, so the
error introduced by using a 220 ohm resistor instead of a constant current source is only
2.3mv/5v =0.05%, so I think you will agree that this approach is sufficient for a 100
count meter.

While testing the circuit I was surprised that when leaving the input open circuited, the
meter gave a very low resistance measurement. I spent a long time looking over the
firmware, looking for math errors or register use conflicts, before I decided to take a look
at the circuit with an oscilloscope. That's when I saw that when the meter's input terminals
were unloaded, there was virtually no signal across the input terminals. Without the test
resistance in series with the 220 Ohm resistor, there was no signal - the input just charged
up to +5 volts and wiggled a little because of capacitive coupling between the transistor's
base and collector. That's when I added the 10k resistor from the PNP's collector to
ground. I should have taken my early mentor's advice, "Always look for the simplest
explanation first."

To make sure that I am only measuring the resistance of the thing I am trying to measure
and not the resistance of my test leads, I used a 4 wire measurement system. In this
system, two wires are used to deliver the test current and two separate wires are used to
measure the voltage drop. Simple enough, but how did I keep the test current ground
return path separate from the voltage sense ground line? There in lies much of the art in
circuit layout. Looking at figure 2, the terminal marked "Test Current Return" connects
directly to the battery's negative connection to the circuit. The signal marked "Small
Signal Return" connects to the rest of the analog circuits' grounds, and then joins up with
the battery ground at the point in the circuit where the 1.8 volt reference voltage is
generated. The overall grounding scheme can be seen in figure 3.
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A Microcontroller Based Digital Lock-In Millthornmeter

Serial Data +3Y, 33pf

aMHz 0.33
and Power [T 2007 Q1 I 5
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ToLCD 4 s 20
G[x| |Rs2s2ow < 13
%R Ao
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+

1uf Atmel ATI0S2313 ‘<!‘ o
+ e ;
4.7k Q 11 12

I
RS-232 in WINI 16 Set Zaro 4

D6 B3 B6E B4 DS D4

2N2907 G2

———

033 pf L2A
3 100k 100k

Resistance 4.7 hm

Under

Test Input Zara 40

et q

—a'

— —|— Rz 50k
1K fpset

IC Power

UZLM32d, 45Y pind, Gndpin 11 | 418y
U3 CD406, +5Y pin 14,Gnd pin 7

small sighal retum

Low Fower Millichmmeter
copyright 2003 Dick Cappels

figure 3 Greounding 1s important to keeping offsets below
the allotted maximum. Care needs to be taken to keep power
supply currents from returning through the swmall signal
grounds. If the R5-232 input is not connected, the 1N916 and
1 uf capacitor may be omitted and the lower end of the 4.7k
rezistor grounded.

The big trick here is to keep the various 1 kHz signals from the synchronous demodulator
and say currents from the test current circuit out of the signal from the resistance under
test. The circuit is somewhat forgiving in that the unintentional signals end up affecting
the integrator's output as offset and gain errors. The gain error is easily taken care of in
calibration. The offset error is automatically take out by the firmware in the
microcontroller.

Another challenge was finding a convenient way of shorting the input signal to zero the
meter. I wanted to get an effective short of 1 milliohm or less, but FET's were out of the
question for this kind of resistance, and the mechanical pushbuttons T had were coming out
between 10 and 30 milliohms after a few dozen operations (one of the nice things about
having a millichmmeter is you can actually measure these parameters). I finally settled on
the solution of putting a 4.7 ohm resistor in series with the signal path. If the test leads are
connected to a low value resistor ( less than a couple hundred milliohms), pressing the
Zero Input button will attenuate the signal to well below 23 microvolts - less than one
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A Microcontroller Based Digital Lock-In Millthornmeter

count.

Tt is necessary to have a resistance under test cormected to the test leads while zeroing so
that the offset signals are the same for the case of zeroing the meter and taking actual
measurements. Perhaps a much more careful layout plus some shielding would eliminate
the need to do this.

The Preamp

114

Input
(23 p¥iCount)

Dick Cappels 2003 g

figure 4 The signal frow the resistor under test ig AC
coupled
to an amplifier biased to the 1.8 volt reference supply.

The first part circuit that the voltage across the resistance under test goes to is an AC
amplifier with adjustable gain that doubles as a high-pass filter. The AC coupling on the
mput and feedback paths are required to eliminate the DC component of the signal from
the resistance under test. The high pass filter is helpful in reducing noise pickup from
power lines as well as rejecting some of the 1/f and shot noise in the op-amp itself. The
mput capacitor and 1 k bias resistor shown in figure 4 set the igh pass comer frequency
for the input at 1/(2 PiR C) = 480 Hz. A second high pass pole at about 720 Hz is set by
the 4.7k resistor and .047 uf capacitor in the feedback loop. This means that the amplifier's
frequency response is fairly flat for frequencies above 720 Hz, and for frequencies below
480 Hz, the amplifier's response is reduced by a factor of 1/4 each time the input
frequency is cut in half, so at 60 Hz, where power line interference in North America is a
concern, the amplifier's gain would be down to 1/64 of its response at 1 kHz. Since AC
coupling was necessary, positioning the poles at these frequencies enhanced the noise
performance of the eircuit at no additional cost.

The circuit has a voltage gain of 1 for DC because there is no attenuation of the DC signal
mn the feedback path. When I first built this circuit, the 1k bias resistor was much larger,
and I was disappointed when I realized that a large offset voltage on the output resulted
from the op-amp's input bias current. I could have switched to a FET mput amplifier, but
at least half the fun in this project was to try and get impressive performance with a cheap
bipolar op-amp, so I lowered the input resistor to 1k and the offset became small enough
to compensate for with the offset pot. Since there 1s no DC gain in this stage, it was not
important to try and match the input bias between the two inputs, so I didn't feel compelled
to make the input resistance on the inverting input match the resistance on the
noninverting input.
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A Microcontroller Based Digital Lock-In Millthornmeter

The AC gain is adjustable from about 1:1 to 1:10 allowed me to calibrate the
milliohmmeter without worrying about the tolerance of any of the components in the
circuit. Looking back, I could have made the adjustment range much smaller to make the
adjustment less critical.

Synchronous Demodulators

| s ..{...UBA 13 DC out to
2 integrator

1.8vDC - - - et

Switching yDe
Pulses  gypc

100k 100k

Synchronous Demodulator
Dick Cappels 2003

figure 5 The switching =zignal is synchronized with the
incoming =ignal, resulting in full wave rectification of the
incoming signal. Signals that are not at the switching
frequency of odd harmenics of the switching frequency are
not rectified.

I remember that when I was a kid, when I switched on dad's tube type car radio in the quiet
of an early morning, I could hear a faint hum of a few hundred Hz from under the
dashboard before sound started coming out of the speaker. It was the vibrator power
supply, its oscillating electromechanical contacts performing the functions of power
switch and synchronous demodulator. These days, synchronous demodulators based on
FET switch, diode bridges and transconductance multipliers are used in everything from
power supplies to Bluetooth receivers.

They all have the same basic function: to rectifying the incoming waveform by switching
the waveform into a filter or integrator using a signal that is synchronized with the desired
mcoming signal. A communications application of a synchronous rectifier similar to the
synchronous demodulator described here was discussed by Ed Nilsey [1] in his Above The
Ground Plane Column in the October 2003 issue of Circuit Cellar. I've seen the terms
"synchronous rectifier”, "synchronous modulator” and "synchronous demodulator” tend to
be used interchangeably to describe this type of circuit and its operation, with the usage
seeming to depend on where and how the circuit is used.

In this project, I used an nverting amplifier and two sections of an CD4066 Quad Bilateral
Switch (you can also use the 74HC4066) to make the synchronous demodulator. The block
diagram of the demodulator 1s shown in figure 5. When the incoming waveform is
positive, the incoming signal itself is commected to the circuit's output, and when the input
signal swings negative, the inverted version of the input signal, which is positive, is
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A Microcontroller Based Digital Lock-In Millthornmeter

connected to the circuit's output, so the output signal is always positive. The output of the
circuit drives an op-amp integrator.

Integrating and Measuring

Integrate Clamp

; Meausre # —1.8YDC
Y

Clamp Pulse

Pl 047 uf

T
Synehronous 100k T
Demodulator | Comparitorinside;

7.3k i hcrocontroller !
10 S e -i

12
Measure Pulse U3

Integrator
Dick Cappels 2003

figure 6 The slope charging the integrator toward ground

from the 1.8 wvolt reference is determined by the amplitude
of the signal from the demcdulator. The slope of the

discharge back up to the 1.8 volt reference is constant.

The integrator shown in figure 6 is at the heart of the millichmmeter's operation. It is used
to both integrate the signal from the detector to provide gain while reducing noise, and it is
used to measure the level of the signal. The signal from the demodulator causes the charge
m the .047 uf integration capacitor to build up, driving the output toward ground from is
1.8 volt reference. After the 999 cycle of the 1 kHz measure burst, the synchronous
demodulator 1s turned off by stopping the switching pulses.

To read out the total charge in the integrator, FET switch U3C is turned on to discharge
the ntegrator capacitor with a constant current of 1.8 volts/7.5k = 240 microamps,
producing a linear positive-going ramp at 240 microamps/.047 uf = 5,100 volts per second
on the output of the op-amp. While the output of the op-amp is ramping back toward the
1.8 volt reference, the microcontroller, an Atmel AT9052313 sits in a loop incrementing a
counter every 1.25 microseconds, until the comparitor changes state, indicating that the
ramp has reached the 1.8 volt reference. The A to D conversion sensitivity 15 1.25
microseconds per count X 5100 volts per microsecond = 6.375 millivolts per count.

The gain of the integrator is equal to (0.999 seconds X peak input voltage/100k)/.047
microfarads = 212.5 volts out per volt in, or 46 db. The conversion factor for the entire
process, integration and measurement, is 6.375 millivolts per count / 212.5 volts/volt = 30
microvolts peak per count. Since the signal 18 AC coupled and peak-to-peak = 2X peak,
the sensitivity is 60 microvolts peak-to-peak input per count.

The input amplifier sees 23 microvolts peak-to-peak per count on its input (23 milliamps
X 1 milliohm), so the input amplifier would need a gain of about 60 microvolts / 23
microvolts = 2.6X, but because the low frequency rolloff in the high pass filtering results
i waveform distorting, the input amplifier needs a gain of about 43X Thus, the preamp's

file//D|fA11%20Projects/Main%20Froject/From%s20h. .. 1% 20B ased% 20D 1gital%4 20l ock-In%e 20Millihommeter htm (8 of 11)2006/05/23 124159 L. &

A0 -



A Microcontroller Based Digital Lock-In Millihommeter

ajdustable gain of 1:1 to 1:10.

When the integrator finishes ramping back to the 1.8 volt reference, FET switch U3C is
turned off and FET switch U3D is switched on to short the integrator capacitor and clamp
the op-amp's output to the 1.8 volt reference. If for some reason the circuit were to find
itself with the op-amp output more positive than the 1.8 volt reference at the end of the
integration period, the circuit would latch up. This reset pulse assures that the circuit
would not be in that state for more than one cycle.

Milliohms to Digits

All the timing is performed with an Atmel AVR AT90S2313 microcontroller running at 4
Mhz. The presence of an analog comparitor on the chip and fast program execution with
low current requirements made this and similar ARV's ideal for this project. The on-chip
UART, baud rate generator, interrupt timer, and EEPROM were also really nice to have. I
believe this can be done with processors like the PIC, but I'm already familiar with AVR's
and they well suited to this application.

The 1 kHz burst is generated by a 4 kHz interrupt that causes a 4 bit waveform image to be
shifted out to the output pins 1/4 cycle at a time. I re-used code designed to produce
quadrature signals for an earlier project. The firmware counts 999 cycles of the 1 kHz
square waves to make a 999 millisecond burst.

It counts 999 1 kHz cycles per burst for the integration period, then allocates 250
microseconds for the measurement, using a timing loop of 1.25 microseconds long. The
firmware allow a maximum of 190 counts (237.5 microseconds) so the measuring routine
will fit within a 250 microsecond interrupt. After the measurement, it applies the clamp
pulse for 750 microseconds before starting the next measurement cycles.

The firmware keeps track of odd and even measurement cycles. On odd measurement
cycles, the test burst is not sent to the PNP transistor, though the demodulator operates and
the integration and measurements take place. The measured value during the measurement
cycle without the test burst, is very a very low count and is stored to be used as the
measurement offset value.

On even measurement cycles, the burst is sent to the PNP transistor to put 5 volt peak-to-
peak across the 220 ohm resistor and the resistance under test, while the resulting IR drop
is integrated then measured. The measured offset value is subtracted from the measured
resistance, then the value obtained with the input shorted is subtracted. The result is
converted from binary to ASCII digits and sent via the on-chip UART to be displayed.

Since the maximum A/D count is 190 milliohms, the A/D dynamic range has to be shared
by the zero input value, the A/D zero value, and the resistance under test. The A/D 1s
adjusted with the 50k offset potentiometer in the integrator circuit, and I set it to about 10
counts so it can drift a little either way and not cause clipping of the measured signal. This
is the offset that is automatically measured and removed in every pair of measurement
cycles, so the drift of this parameter will not affect the displayed resistance unless the
offset goes below zero ohms or causes the measurement to exceed the A/D converter's
maximum count of 190.
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A Microcontroller Based Digital Lock-In Millthornmeter

The input zero value is the measurement taken by the A/D converter with the measurement
leads connected to a low value resistor and the input zero button pressed. This value is
stored in the on-chip EEPROM so it is retained when power is removed.

The output data display, illustrated in figure 7, is composed of two lines that can be
displayed on an RS-232 ASCTI terminal, or in my case, on a two line by 16 character LCD
with R3-232 mnput.

mOhms  Offzet
181 g [13]

figure 7 The offsets are displaved to aid in zeroing the
clrcuit,

The top line shows the labels for measured milliohms and the offsets. The lower line
displays the resistance reading in milliohms, the A/D converter offset count, which 1s
controlled by the offset pot and zeroed out one each pair of measurement cycles, and the
mput zero offset, in square brackets, which is stored in EEPROM.

Since 1t takes two measurement cycles to measure the offset then measure the resistance
under test, and each measurement takes 1 second, I added an LED to mdicate when an
actual measurement is being taken. Its particularly useful while zeroing the input. Hold
down the input shorting button, momentarily press the zero button, and wait for two full
cycles of the LED before letting the input shorting button up.

I set this up so that the serial LCD gets its power and data from a single connector on the
millichmmeter board, and the whole thing runs on a single 9V battery. It can set in on the
shelf most of the time, and its a snap to move to the bench and use whenever I need it. Its
surprising how often I've used this little meter now that I have it. around.

HOME

Contents AC2003 Richard Cappels All Rights Reserved. http://www projects.cappels. org/
Dick Cappels' web version first posted in Jaruary, 200.3.

You can send email to me at projects(at)cappels.org. Replace "(at)" with "@" before
mailing.

For commercial license, click here.

commercial
license

CLICK

4

file//D|/Al1%20Projects/Main%20Froject/From?%:20... %20Basedy: 20D 1gital% 2 0Lock -In% 20Millihommeter htm (10 of 11)2006/05/23 12:41:59 L%

-AY .



A Microcontroller Based Digital Lock-In Millihommeter

Liability Disclaimer and intellectual property notice

(Summary: No warranties, use these pages at your own risk. You may use the information provided here for
personal and educational purposes but you may not republish or use this information for any commercial
purpose without explicit permission.) I neither express nor imply any warranty for the quality, fitness for any
particular purpose or user, or freedom from patents or other restrictions on the rights of use of any software, firmware,
hardware, design, service,information, or advice provided, mentioned,or made reference to in these pages. By utilizing
or relying on software, firmware, hardware, design, service, information, or advice provided, mentioned, or made
reference to in these pages, the user takes responsibility to assume all risk and associated with said activity and hold
Richard Cappels harmless in the event of any loss or expense associated with said activity. The contents of this web
site, unless otherwise noted, is copyrighted by Richard Cappels. Use of information presented on this site for personal,
nonprofit educational and noncommercial use 1s encouraged, but unless explicitly stated with respect to particular
material, the material itself may not be republished or used directly for commercial purposes. For the purposes of this
notice, copying binary data resulting from program files, including assembly source code and object (hex) files into
semiconductor memories for personal, nonprofit educational or other noncommercial use is not considered
republishing. Entities desiring to use any material published in this pages for commercial purposes should contact the
respective copyright holder(s).
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NE5532, SA5532, SE5532,
NE5532A, SE5532A

Internally Compensated
Dual Low Noise
Operational Amplifier

The 5332 is a dual high-performance low noise operational
amplifier. Compared to most of the standard operational amplifiers,
such as the 1458, it shows better noise performance, improved output
drive capability and considerably higher small-signal and power
bandwidths.

This makes the device especially suitable for application in
high-quality and professional andio equipment, mstrumentation and
control circuits, and telephone channel amplifiers. The op amp is
intemally compensated for gains equal to one. If very low noise is of
prime importance, it is recommended that the 5332A version be used
because it has guaranteed noise voltage specifications.

Features

Small-Signal Bandwidth: 10 MHz

Qutput Drive Capability: 600 £2 10 Vg
Input Noise Voltage: 5.0 nv// Jhz (Typical)
DC Voltage Gain: 50000

AC Voltage Gain: 2200 at 10 kHz

Power Bandwidth: 140 kHz

Slew Rate: 9.0 V/us

Large Supply Voltage Range: +£3.0to £20V
Compensated for Unity Gain

@ Serniconductor Cormponents Industries, LLC, 2004 1
June, 2004 - Rev. 0

ON Semiconductor”
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NE5532, SA5532, SE5532, NE5532A, SE5532A
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Figure 1. Equivalent Schematic (Each Amplifier)
MAXIMUM RATINGS
Rating Symbol Value Unit

Supply Voltage Vg +22 v
Input Voltage VIN +VsuppPLY v
Differential Input Voltage (Note 1) VDIFF +0.5 A
Operating Temperature Range Tamb °C

NES532/A Oto70

SA5532 —40to +85

SE5532/A -55t0 +125
Storage Temperature Tstg —-65 to +150 °C
Junction Temperature Tj 150 °C
Maximum Power Dissipation, Tamp = 25°C (Still-Air) Pp mwW

8 D8 Package 780

8 N Package 1200

16 D Package 1200
Thermal Resistance, Junction—to—Ambient Reya °CW

8 D8 Package 182

8 N Package 130

16 D Package 140
Lead Soldering Temperature (10 sec max) Tsid 230 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit values
(not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied, damage

may occur and reliability may be affected.

1. Diodes protect the inputs against overvoltage. Therefore, unless current-limiting resistors are used, large currents will flow if the differential input

voltage exceeds 0.6 V. Maximum current should be limited to +£10 mA.

http:f/lonsemi.com

2




NE5532, SA5532, SE5532, NE5532A, SE5532A

DC ELECTRICAL CHARACTERISTICS (Tamp = 25°C; Vg = +£15 V, unless otherwise noted.) (Notes 2, 3 and 4)

SE5532/A NE5532/A, SA5532
Characteristic Symbol Test Conditions Min Typ |Max | Min Typ Max Unit
Offset Voltage Vos — = 0.5 20 = 0.5 4.0 my
= Overtemperature = = 3.0 = - 5.0 mVv
AVpg/AT - - 5.0 - - 5.0 - wvrC
Offset Current los = = = 100 & 10 150 nA
= OQvertemperature = = 200 = = 200 nA
Algg/AT = - 200 = - 200 - pAFC
Input Current Ig H = 200 | 400 = 200 800 nA
= Overtemperature = = 700 = - 1000 nA
Alg/AT = - 5.0 = - 50 - nAFC
Supply Current lec = = 8.0 10.5 & 8.0 16 mA
= Overtemperature = = 13 = - -
Common-Mode Input Range Vem = +12 +13 = +12 +13 - \%
Common-Mode Rejection Ratio CMRR = 80 100 = 70 100 = dB
Power Supply Rejection Ratio PSRR = - 10 50 = 10 100 wVAN
Large-Signal Voltage Gain AyoL RL =20k Vo= +10V 50 100 = 25 100 & VimV
Overtemperature 25 - - 15 - -
R = 600£; Vo= +10V 40 50 = 15 50 =
Overtemperature 20 = = 10 = =
Output Swing Vour R = 600 Q +12 | +13 - +12 | +13 - \%
Overtemperature +10 +12 = +10 +12 =
RL = 600 Vg = £18V +15 +16 - +15 +16 -
Overtemperature +12 +14 - +12 +14 -
RL = 2.0kQ +13 | £13.5| - +13 | £135 =
Overtemperature +12 | +125| - +10 | £125 -
Input Resistance Rin - 30 300 - 30 300 - k&
Output Short Circuit Current lsc = 10 38 60 10 38 60 mA

&~

. Diodes protect the inputs against overvoltage. Therefore, unless current-limiting resistors are used, large currents will flow if the differential input

voltage exceeds 0.6 V. Maximum current should be limited to +10 mA.
. For operation at elevated temperature, derate packages based on the package thermal resistance.
. Output may be shorted to ground at Vg = + 15 V, Tamp = 25°C. Temperature and/or supply voltages must be limited to ensure dissipation rating

is not exceeded.
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NE5532, SA5532, SE5532, NE5532A, SE5532A

AC ELECTRICAL CHARACTERISTICS (Tamb =25°C; Vg = +£15 V, unless otherwise noted.)

NE/SE5532/A, SA5532

Characteristic Symbol Test Conditions Min Typ Max Unit
Output Resistance RouTt Ay =30 dB Closed-loop = 03 = Q
f=10kHz, R =600 Q
Overshoot = Voltage-Follower %
Vin =100 MVp.p - 10 -
CL =100 pF; R =600 @
Gain Ay f=10kHz = 22 = VimV
Gain Bandwidth Product GBW C =100 pF: R =600 & - 10 = MHz
Slew Rate SR = = 9.0 = Vius
Power Bandwidth = Vour= £10V = 140 = kHz
Vour= 14V, = 100 &
R, =600 Q
Vec= 118V
ELECTRICAL CHARACTERISTICS (T,mp = 25°C; Vg = +15 V. unless otherwise noted.)
NE/SE5532 NE/SA/SE5532A

Characteristic Symbol Test Conditions Min Typ |[Max | Min Tvp Max Unit

Input Noise Voltage VNoOISE fo=30Hz = 8.0 = = 8.0 12 nVAHz
fo=1.0kHz = 5.0 = = 50 6.0
Input Noise Current INoISE fo=30Hz - 2.7 - - 27 - pA~HZ
fo=1.0kHz = 0.7 = = 0.7 =

Channel Separation = f=1.0kHz Rg =5.0kQ = 110 = = 110 = dB

http:f/lonsemi.com
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NE5532, SA5532, SE5532, NE5532A, SE5532A

TYPICAL PERFORMANCE CHARACTERISTICS

56 o0 T T 40 T ;
T T T TYPICAL VALUES Vgs £15V
TTRIEAL VLU RF = 10k, RE = 10002 TYPICAL VALUES
40 - - 30
& N N
& N ) ‘
i) =
g = RF =9 ko RE =1 k2 )
Z 40 \\ z 20 Volpp) 20
I o
z \ \
RF =1k RE =0 \
0 10 \
_40 -20 2 3 4 5 6 7
10 102 103 104 105 108 107 103 104 108 108 107 108 18 w " - " L "
f(H2) f(Hz) L
Figure 2. Open-Loop Frequency Figure 3. Closed-Loop Frequency Figure 4. Large=Signal Frequency
Response Response Response
80 — 14 — 50 T T
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20
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Tamb (°C) Tamb (°C) Vp; -VN (V)
Figure 5. Output Short-Circuit Figure 6. Input Bias Current Figure 7. Input Common—-Mode
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6
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Figure 8. Supply Current Figure 9. Input Noise Voltage
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NE5532, SA5532, SE5532, NE5532A, SE5532A
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Closed-Loop Frequency Response Voltage-Follower
Figure 10. Test Circuits
ORDERING INFORMATION

Device Description Temperature Range Shippingf
NES5532AD8 8-Pin Small Outline Package 0to70°C 98 Units/Rail
NES532AD8R2 8-Pin Small Outline Package 0to70°C 2500 Tape & Reel
NE5532AN 8-Pin Plastic Dual In-Line Package Oto70°C 50 Units/Rail
NE5532D 16-Pin Plastic Small Outline Large (SOL) Package 0to70°C 47 Units/Rail
NES5532DR2 16—Pin Plastic Small Outline Large (SOL) Package 0to70°C 1000 Tape & Reel
NES5532D8 8-Pin Small Outline Package 0to70°C 98 Units/Rail
NE5532D8R2 8-Pin Small Outline Package Oto70°C 2500 Tape & Reel
NE5532N 8-Pin Plastic Dual In-Line Package Oto70°C 50 Units/Rail
SAS5532N 8-Pin Plastic Dual In—Line Package —40 to +85°C 50 Units/Rail
SE5532AD8 8-Pin Small Outline Package =55 to +125°C 98 Units/Rail
SE5532AD8R2 8-Pin Small Outline Package =55 to +125°C 2500 Tape & Reel
SE5532N 16—Pin Plastic Dual In-Line Package =55 to +125°C 50 Units/Rail

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.
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NE5532, SA5532, SE5532, NE5532A, SE5532A

MARKING DIAGRAMS

WW, W = Work Week
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NE5532, SA5532, SE5532, NE5532A, SE5532A

PACKAGE DIMENSIONS

SOIC-8
D SUFFIX
CASE 751-07
ISSUE AB

NOTES:

DIMENSIONING AND TOLERANCING PER
ANSI Y14 5M, 1982
CONTROLLING DIMENSION: MILLIMETER
DIMENSION A AND B DO NOT INCLUDE
MOLD PROTRUSION
MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE
DIMENSION D DOES NOT INCLUDE DAMBAR
S (@] 025 (001)@ [ Y @ 2 { PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION
751-01 THRU 751-06 ARE OBSOLETE. NEW
STANDARD 15 751-07

o
|
=
|
=
|
o

w

—
-
=

IS

o

1=

MILLIMETERS INCHES
DIM MIN MAX
A 0 00 | 0189 | 0197
B 0 00 | 0.150 | 0157
c 5 75 | 0.053 | 0.069
D 3 51 0.013 | 0.020
G 127 BSC 0.050 BSC
H 0.10 0.25 | 0.004 | 0.010
J 0.19 0.25 | 0.007 | 0.010
K | 040 [ 127 [ 0016 [ 0050
M 0° 8 0° 8°
N 0.25 0.50 | 0.010 | 0.020
‘@‘ 0.25 (0.010® |Z‘ Y@‘ X@‘ s | 580 | 620 [0.228 0244
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NE5532, SA5532, SE5532, NE5532A, SE5532A

PP

D [-B]
O 4
Ang

\J_U_[J_[uﬁCF

1=
SEATING

N

k]

PLANE 4,‘ F 5

H—
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PACKAGE DIMENSIONS

PDIP-8
N SUFFIX
CASE 626-05
ISSUE L
1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
2. PACKAGE CONTOUR OPTIONAL (ROUND OR
SQUARE CORNERS).
3. DIVENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
| MILLIMETERS | _INCHES |
DIM| MIN | MAX | MIN
A | 940 | 1046 [ 0370
B | 610 | 660 | 0240
394 445 | 0.155
038 | 051 | 0015
102 | 1.78 | 0040
L 54 BSC X}
076 | 127 | 0030
020 | 030 | 0008
292 | 343 | 0415
762B85C 0,300 BSC
— [ 1 — | 10°
J 076 | 101 | 0030 | 0.040

G
[©]@ 013 0005 @[T[A D[ @]
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NE5532, SA5532, SE5532, NE5532A, SE5532A

PACKAGE DIMENSIONS

SOIC-16 WB
D SUFFIX
CASE 751G-03
ISSUEC
NOTES
1. DIMENSIONS ARE IN MILLIMETERS
2. INTERPRET DIMENSIONS AND TOLERANCES

o

PER ASME Y14 51, 1994
o DIMENSIONS D AND E DO NOT INLCUDE
MOLD PROTRUSION
MAXIMUM MOLD PROTRUSION 0.15 PER SIDE
DIMENSION B DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 TOTAL IN
EXCESS OF THE B DIMENSION AT MAXIMUM

[EES

o MATERIAL CONDITION
g
x MILLIMETERS|
= DIM[ MIN [ MAX
L A | 235 | 265
A1[ 010 [ 025
B [ 035 | 049
C 025|032
D [10.15 [1045
E [ 740 | 760
e | 127BSC
H [1005 [1055
h | 025075
L [ 050 [ 0.90
| 9l 0°] 7°

SEATING

ON Semiconductor and g} are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any
Jigbility arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental
damages. "Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over
time. All operating parameters, including *Typicals' must be validated for each customer application by customer's technical experts. SCILLC does not convey any license under
its patent rights nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body,
or other applications intended to support or sustain life, or for any other application in which the failure ofthe SCILLC product could create & situation where personal injury or death
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LM124/LM224/1L M324/1.M2902

Low Power Quad Operational Amplifiers

General Description Advantages

The LM124 series consists of four independent, high gain, ~® Eliminates need for dual supplies
internally frequency compensated operational amplifiers B Four internally compensated op amps in a single

which were designed specifically to operate from a single package
power supply over a wide range of voltages. Operation from  m Allows directly sensing near GND and Vo also goes
split power supplies is also possible and the low power to GND

supply current drain is independent of the magnitude of the g Compatible with all forms of logic
power supply voltage.
Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now Features
can be more easily implemented in single power supply
systems. For example, the LM124 series can be directly !
operated off of the standard +5V power supply voltage which Large DC voltage gain 100 dB
is used in digital systems and will easily provide the required Wide bandwidth (unity gain) 1 MHz
interface electronics without requiring the additional 15V (temperature compensated)
power supplies. Wide power supply range:

Single supply 3V to 32V
Unique Characteristics or dual supplies 1.5V to =16V
® |n the linear mode the input common-mode voltage yery low supply current drain (700 1A) —essentially

range includes ground and the output voltage can also indepandant af:sipply Yoltage

® Power drain suitable for battery operation

Internally frequency compensated for unity gain

swing to ground, even though operated from only a B Low input biasing current 45 nA
single power supply voltage (temperature compensated)
m The unity gain cross frequency is temperature B Low input offset voltage 2 mV

compensated and offset current: 5 nA
m The input bias current is also temperature compensated ™ [nput common-mode voltage range includes ground
m Differential input voltage range equal to the power
supply voltage
Large output voltage swing OV to V* - 1.5V

Connection Diagrams

Dual-In-Line Package
OUTPUT 4 INPUTA™  INPUT4* GND INPUT3" INPUT3™ OQUTPUT3

L] 1 12 1" 10 9 8

<

D)

1 2 k) a 5 6 7

OUTPUT 1 INPUT 1™ INPUT T v INPUT2® INPUT 2™ OUTPUT 2
00929901
Top View
Order Number LM124J, LM124AJ, LM124J4/883 (Note 2), LM124AJ/883 (Note 1), LM224J,
LM224AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124AJRQMLV (Note 3)
See NS Package Number J14A, M14A or N14A

© 2004 National Semiconductor Corporation DS009299 www.national.com
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Application Hints (continued)

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 V¢ to 30 Ve

Output short circuits either to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of

output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

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

Typical Single-Supply Applications (=50 vy

Non-Inverting DC Gain (OV Input = OV Output)

+Vin

*R not needed due to temperature independent Iy

DC Summing Amplifier
(Vineg 2 0 Vpe and Vo = Vpe)

R
100k

Wy

R
100k

00029906
Where: Vo= Vi + Vo — Vg - Vy
(V4 + Vo) = (Vg + Vy) to keep Vo > 0 Vpo

Y| — — — — — —

Vo (VOLTS)

R2
GAIN= 1+ —
R1

= 101 (AS SHOWN)

0 Vi (mV)
00929905

Power Amplifier
R1

910k
AAA
VWA
R2 "
100k v
\- S
- 1/4 LM124A
R3
91k Vo
Vin O—AVW— +,
Ru

00829907
Vo =0 Vpgfor Viy = 0 Vpe
Ay =10

www.national.com
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Typical Single-Supply Applications

(V+=5.0 Vpe) (Continued)

Current Monitor

RI* I
0.1 -
wo
Re
R2
100 -
vt
Vo
R3
1k
00020012
vy
Vo = —L
07 A

Vvt —av

*(Increase R1 for |I_small)

Driving TTL

00020913

Voltage Follower

150k
—O Vo
+Viy O
vt

00020914

0.0014F

C
0.0014F

Pulse Generator

R1

™ IN914

Squarewave Oscillator

R1
100k

Pulse Generator

R1
30K IN914

00929915

00020016

00020917

www.national.com
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LM124/LM224/LM324/LM2902

Physical Dimensions inches (millimeters) unless otherwise noted
0.785
{19.939)
MAX g
14 13 12 |11] {10 8 8
0.025 [i] i) [l [l [l —{
(0.635)
a0 0.220-0.310
(5.588-7.874)
[T Tl T [af [T [eT 121
0.290-0.320 0.005 0.200
(7.366-8.128) 10'&2"7“) I‘GLASS 0.060 :0.005 (5.080)
SEALANT (1524 +0.127) MAX g.020-0.060
|
(RTINS e s | (0.508—1524)
(8.572) ¥
95° +5° 86°0a° TYPN | "
10° MAX 0.008-0.012 N ”
0310-0410 | (0.203-0.305) 0§15
(1.874-10.41) 0.098 L m*”‘ 12502100,
2.489) AN (3.175-5.080)
MAX BOTH ENDS . 0.100 +0.010 0.150
{2540 <0.25) @an
MIN 148 FEV G)
Ceramic Dual-In-Line Package (J)
Order Number JL124ABCA, JL124BCA, JL124ASCA, JL124SCA, LM124J,
LM124AJ, LM124AJ/883, LM124J/883, LM224J, LM224AJ or LM324J
NS Package Number J14A
0.335-0.344
(8.509—8.738)
1" 13 12 1 10 9 8
faAfABA
0.228 —0.244
{5.791—6.198)
|
|~
LEADND. 1 —
IDENT +
0.010 ypy
0.259)
0.150 -0.157
{3 810-2.088
00100020 _0.053-0.069
0.254—0.508) % 75)
8° MAX TYP 0.004-0.010
ALL LEADS , ‘ (0.102-0.254)
j— SEATING j* ey ey e e e B n
iT PLANE T i ?
0.008-0.010 Lo 0.014-0.020
{T[\'r::t:::s’ 0.016 —0.050 {0.356) iz - — R e
0.004 {0.406—1.270) v 0.008
0 TYP ALL LEADS o™
BLL LEAD TIPS e ey )

Order Number LM324M, LM324MX, LM324AM, LM324AMX, LM2902M or LM2902MX

MX S.0. Package (M)

NS Package Number M14A

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise

noted (Continued)

0.7a0-0.170
(18.80—19.56)
0.090
»rL‘ T2.286]
[#] [13] [iz] [11] [fo] [5]
ry IND!X?\ f
A AREA I
0.250£0.010 '
{6.350£0.254)
PINNO. 1__* PIN mu;/@
IDENT DI Tzl s [a] GslAs] 2] IDENT 1T 2
0.092 1 0.030 MAX
(2.337) {0.762) DEPTH
OPTION 1 OPTION 02
0.13510.005
0.135 0.300-0.320
(B8 E0.177) 7s20-8.28)
0.145-0.200 0.060 b & 3 _0.065
(J.san—snnn’p > [~ awa ™ I\ ‘\;PT',;;AL 1.651)
Ly f f y
Y 1
Y Y ) o 0.008—0.016
0.020 i _ 90°+4° TYP ‘95 R ["“m.m_—nhm e
059§ 125 0150 | Lo |
Fama o et om y
_ .12
4g g;:_:g: > "f g g;g:thn MIN
R 2 4]
B ez T
(1:270-0.254) 0325 Z o045
- +1.016"
(O -
Molded Dual-In-Line Package (N)
Order Number LM324N, LM324AN or LM2902N
NS Package Number N14A
0.080
— 0.050 [«—0.385 MAX —>
0045~ 1= 0.050 £0.005 | < 0.005 MIN TYP
>TYP TYP i
141 1| 8 T
il | 0.370
I| [ 0.250
1 0.280 MAX ) 0.260
= GLASS 0.235
l r ] __I 0.012
| T 0.008
_/ i DETAIL A
DETAIL A 0.370
| 0.250
PIN #1 |
IDENT . 117
gggi—'<— g'glgTYP—J L— <= 0.045 MAX W14B (REV J)
TYp Ttk

Ceramic Flatpak Package

Order Number JL124ABDA, JL124ABZA, JL124ASDA, JL124BDA, JL124BZA,
JL124SDA, LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883

NS Package Number W14B
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LM124/LM224/LM324/LM2902 Low Power Quad Operational Amplifiers

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

SYMM
¢

Tl ooy i

— 5

4.410.1

- A

(e 0,40 —

TITTT o -

1 ALL LEAD TIPS RECOMMENDED LAND PATTERN

Q
U

PIN #1 1D

DETAIL A
TYPICAL
14x
—0.09-0.20
[&T]o1] | ,H‘
ﬁ? L[i;' Ps P ﬁg%gi%ﬁﬁi%&§7€©ﬂ
- — DIMENSIONS ARE IN MILLIMETERS
[2x o e DIMENSIONS [N ( ) FOR REFERENCE ONLY
MTC14 (Rev D)
14-Pin TSSOP

Order NumberLM324MT or LM324MTX
NS Package Number MTC14

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
{CSP-8-11182) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fex +49 (0) 180-530 85 86 Support Center Fax: 81-8-5639-7507
Email: new feedback @nsc.com Email. europe suppor@nsc.com Ermail. ap.suppon@nse.com Ermail: jpn.feedback @nsc.com
Tl 1-800-272-9959 Deitsoh Tel: +49 (0) 69 9508 6208 Tel. §1-6-5689-7560
English  Tel, +44 (0) 870 24 0 2171
www national corn Frangais Tel: +83 (0) 14191 8790

National does not assume any responsibilty for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and speciications,
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Features

* High-performance, Low-power AVR® 8-bit Microcontroller
* Advanced RISC Architecture
— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
* Nonvolatile Program and Data Memories
— 16K Bytes of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 1K Byte Internal SRAM
— Programming Lock for Software Security
JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Four PWM Channels
— 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Stancdby
and Extended Standby
* |/O and Packages
— 32 Programmable I/O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad MLF
* Operating Voltages
— 2.7 - 5.5V for ATmegai6L
— 4,5 -5.,5V for ATmegail6
* Speed Grades
— 0-8 MHz for ATmegai6L
— 0-16 MHz for ATmegai6

AIMEL

®

Y

8-bit AVR"
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmegail6
ATmegail6L

Preliminary

Rev. 2466 E-AVR-10/02
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Pin Configurations

AImEL

Figure 1. Pinouts ATmegai16

PDIP
—\
(XCK/TO) PBO O] 1 40 [0 PAO (ADCO)
(T1) PB1 ] 2 39 [0 PA1 (ADC1)
(INT2/AINO) PB2 O] 3 38 [0 PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 [0 PA3 (ADC3)
(55) PB4 ] 5 36 [0 PA4 (ADC4)
(MOSI) PBS ] 6 35 [0 PAS (ADC5)
(MISO) PB6 ] 7 34 [7 PA6 (ADC6)
(SCK) PB7 [] 8 33 |2 PA7 (ADC7)
RESET (] © 32 O AREF
vee o 10 310 6ND
GND ] 11 30 & AVCC
XTAL2 [] 12 29 [1 PC7 (TOSC2)
XTAL1 ] 13 28 |1 PC6 (TOSC1)
(RXD) PDO [ 14 27 [1 PC5 (TDI)
(TXD) PD1 ] 15 26 [O PC4 (TDO)
(INTO) PD2 ] 16 25 [1 PC3 (TMS)
(INT1) PD3 ] 17 24 [1 PC2 (TCK)
(OC1B) PD4 O] 18 23 [0 PC1 (SDA)
(OC1A) PD5 ] 19 22 |7 PCO (SCL)
(IcP) PD6 20 21 |1 PD7 (0C2)
TQFP/MLF
58
82 8 Loom
_ss % 3588
lE=E8 2228
toN-—0000«am
ol R o -
Ononoogannn
® 44,,42, 40, 38, .36, 34
(MOSI) PBS ] 1 33 [ PA4 (ADC4)
(MISO) PB6 ] 2 32 [ PAS (ADCS)
(SCK) PB7 ] 3 31 [ PA6 (ADC6)
RESET [ 4 30 [ PA7 (ADC7)
VCC [] &6 29 |0 AREF
GND [} & 28 [ GND
XTAL2 O} 7 27 [0 AvcC
XTAL1 ] 8 26 |2 PC7 (TOSC2)
(RXD) PDO ] © 25 [ PC6 (TOSC1)
(TXD) PD1 ] 10 24 [ PC5 (TDI
(INTO) PD2 ] 11 23 [ PC4 (TDO)
121314"5161718" %0212
goooooooooa
MO T VOO0 - NM
00000 QJzZ00 00
oooon s 0] oo oo
o< )
ccghe  ggeg

Disclaimer Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.

2 ATmega1 G(L) _______________________________________________________________________|]
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Overview

Block Diagram

2466E-AVR-10/02

ATmegai6(L)

The ATmegal6 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmegal6 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram

PAO - PAT

PCO- PCT

GND

PORTA DRIVERS/BUFFERS |

| PORTC DRIVERS/BUFFERS |

i

]

| PORTA DIGITAL INTERFACE | | PORTG DIGITAL INTERFACE |
\elol < 1 = >
MUX & ADC i
ADC INTERFACE
R —
TIMERS/
PROGRAM LTS OSCILLATOR
COUNTER
PROGRAM INTERNAL
‘| FLASH :| SHaM OSCILLATOR
: i SRl
]
INSTRUGTION GENERAL WATCHDOG
REGISTER | |isf PURPOSE TIMER OSGILLATOR =
REGISTERS L
| e XTaLe
INSTRUCTION MCU CTAL
DECODER M ¥ B TIMING rRESER
U z

CONTROL
LINES

INTERRUPT
UNIT

AVR CPU

)

STATUS
REGISTER

EEPROM |

PROGRAMMING
-

1 1

USART |

COMP.
INTERFACE

INTERNAL
CALIBRATED
OSCILLATOR

—

—

PORTB DIGITAL INTERFACE |

| PORTD DIGITAL INTERFACE

]

i

PORTB DRIVERS/BUFFERS |

| PORTD DRIVERS/BUFFERS |

PBO - PBT

AIMEL
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i
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Pin Descriptions
vee
GND

Port A (PA7..PAO)

AImEL

The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K
byte SRAM, 32 general purpose /O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Internal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device is sleeping.
The ADC Noise Reduction mode stops the CPU and all /O modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystal/resonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPI serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmegai6 is
a powerful microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega16 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-Gircuit
emulators, and evaluation Kits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used.
Port pins can provide internal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability.
When pins PAO to PA7 are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

4 ATmedalt(L) m—
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e A TMegal 6(L)

Port B (PB7..PB0)

Port C (PC7..PCO)

Port D (PD7..PD0)

RESET

XTAL1
XTAL2

AVCC

AREF

About Code
Examples

2466E-AVR-10/02

Port B is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are fri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed
on page 55.

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2(TCK) will be acti-
vated even if a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmegal6 as listed on page 58.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega16 as listed
on page 60.

Reset Input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 35. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally
connected to Vg, even if the ADC is not used. If the ADC is used, it should be con-
nected to V¢ through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

This documentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assume that the part specific header file is
included before compilation. Be aware that not all C Compiler vendors include bit defini-
tions in the header files and interrupt handling in C is compiler dependent. Please
confirm with the C Compiler documentation for more details.

AIMEL 5
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16-bit Timer/Counter
Register Description

Timer/Counter1 Control
Register A - TCCR1A

AImEL

Bit 7 6 5 4 3 2 1 0

I COM1A1 | COM1AQ COM1-B1 COM1-BO FOC1A ‘ Foc1B WGM11 ‘ WGM10 I TCCR1A
Read/Write RW RW RMW RW w w R/W RW
Initial Value 0 o] o] 0 0 0 0 0

* Bit 7:6 — COM1A1:0: Compare Output Mode for Channel A

* Bit 5:4 — COM1B1:0: Compare Output Mode for Channel B

The COM1A1:0 and COM1B1:0 control the Output Compare pins (OC1A and OC1B
respectively) behavior. If one or both of the COM1A1:0 bits are written to one, the OC1A
output overrides the normal port functionality of the I/O pin it is connected to. If one or
both of the COM1B1:0 bit are written to one, the OC1B output overrides the normal port
functionality of the IO pin it is connected to. However, note that the Data Direction Reg-
ister (DDR) bit corresponding to the OC1A or OC1B pin must be set in order to enable
the output driver.

When the OC1A or OC1B is connected to the pin, the function of the COM1x1:0 bits is
dependent of the WGM13:0 bits setting. Table 44 shows the COM1x1:0 bit functionality
when the WGM13:0 bits are set to a normal or a CTC mode (non-PWM).

Table 44. Compare Output Mode, non-PWM

COM1A1/COM1B1 COM1A0/COM1B0 | Description

0 0 Normal port operation, OC1A/OC1B
disconnected.

0 1 Toggle OC1A/OC1B on compare match

1 0 Clear OC1A/OC1B on compare match (Set
output to low level)

1 1 Set OC1A/OC1B on compare match (Set

output to high level)

Table 45 shows the COM1x1:0 bit functionality when the WGM13:0 bits are set to the
fast PWM mode.
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Table 45. Compare Output Mode, Fast PWM®
COM1A1/COM1B1 COM1A0/COM1B0O Description

0 0 Normal port operation, OC1A/OC1B
disconnected.

0 1 WGM13:0 = 15: Toggle OC1A on Compare
Match, OC1B disconnected (normal port
operation).

For all other WGM13:0 settings, normal port
operation, OCnA/OCnB disconnected.

1 0 Clear OC1A/OC1B on compare match, set
OC1A/OC1B at TOP
1 1 Set OC1A/OC1B on compare match, clear

OC1A/OC1B at TOP

Note: 1. A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 is
set. In this case the compare match is ignored, but the set or clear is done at TOP.
See “Fast PWM Mode” on page 96. for more details.

Table 46 shows the COM1x1:0 bit functicnality when the WGM 13:0 bits are set to the
phase correct or the phase and frequency correct, PWM mode.

Table 46. Compare Output Mode, Phase Correct and Phase and Frequency Correct

PWM (™
COM1A1/COM1B1 COM1A0/COM1B0 | Description
0 0 Normal port operation, OC1A/OC1B
disconnected.
0 1 WGM13:0 = 9 or 14: Toggle OCnA on

Compare Match, OCnB disconnected (normal
port operation).

For all other WGM13:0 settings, normal port
operation, OC1A/OC1B disconnected.

1 0 Clear OC1A/OC1B on compare match when
up-counting. Set OC1A/OC1B on compare
match when downcounting.

1 1 Set OC1A/OC1B on compare match when up-
counting. Clear OC1A/OC1B on compare
match when downcounting.

Note: 1. A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 is
set. See “Phase Correct PWM Mode” on page 98. for more details.

* Bit 3- FOC1A: Force Output Compare for Channel A
* Bit 2 - FOC1B: Force Output Compare for Channel B

The FOC1A/FOC1B bits are only active when the WGM13:0 bits specifies a non-PWM
mode. However, for ensuring compatibility with future devices, these bits must be set to
zero when TCCR1A is written when operating in a PWM mode. When writing a logical
one to the FOC1A/FOC1B bit, an immediate compare match is forced on the Waveform
Generation unit. The OC1A/OC1B output is changed according to its COM1x1:0 bits
setting. Note that the FOC1A/FOC1B bits are implemented as strobes. Therefore it is
the value present in the COM1x1:0 bits that determine the effect of the forced compare.
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A FOC1A/FOC 1B strobe will not generate any interrupt nor will it clear the timer in Clear
Timer on Compare match (CTC) mode using OCR1A as TOP.

The FOC1A/FOC1B bits are always read as zero.

* Bit 1:0 — WGM11:0: Waveform Generation Mode

Combined with the WGM13:2 bits found in the TCCR1B Register, these bits control the
counting sequence of the counter, the source for maximum (TOP) counter value, and
what type of waveform generation to be used, see Table 47. Modes of operation sup-
ported by the Timer/Counter unit are: Normal mode (counter), Clear Timer on Compare
match (CTC) mode, and three types of Pulse Width Modulation (PWM) modes. (See
“Modes of Operation” on page 94.)

Table 47. Waveform Generation Mode Bit Descriptiont"

WGM12 | WGM11 WGM10 Update of TOV1 Flag Set
Mode | WGM13 | (CTC1) | (PWM11) | (PWM10) | Timer/Counter Mode of Operation | TOP OCR1X on

0 0 0 0 0 Normal OXFFFF | Immediate MAX

1 0 0 0 1 PWM, Phase Correct, 8-bit 0x00FF | TOP BOTTOM

2 0 0 1 0 PWM, Phase Correct, 9-bit 0x01FF | TOP BOTTOM

3 0 0 1 1 PWM, Phase Correct, 10-bit Ox03FF | TOP BOTTOM

4 0 1 0 0 CTC OCR1A | Immediate MAX

5 0 1 o] 1 Fast PWM, 8-bit 0x00FF | TOP TOP

6 0 1 1 0 Fast PWM, 9-bit 0x01FF | TOP TOP

T 0 1 1 1 Fast PWM, 10-bit 0x03FF | TOP TOP

8 1 0 0 0 PWM, Phase and Frequency Correct | ICR1 BOTTOM BOTTOM

9 1 0 0 1 PWM, Phase and Frequency Correct | OCR1A | BOTTOM BOTTOM

10 1 0 1 0 PWM, Phase Correct ICR1 TOP BOTTOM

11 1 0 1 1 PWM, Phase Correct OCR1A | TOP BOTTOM

12 1 1 0 0 CTC ICR1 Immediate MAX

13 1 1 0 1 Reserved - - -

14 1 1 1 0 Fast PWM ICR1 TOP TOP

15 1 1 1 1 Fast PWM OCR1A | TOP TOP

Note: 1. The CTC1 and PWM11:0 bit definition names are obsolete. Use the WGM12:0 definitions. However, the functionality and
location of these bits are compatible with previous versions of the timer.
16 ATmegalo(l) m—
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Timer/Counter1 Control

Register B - TCCR1B Bit 7 s 5 % 3 5 5 &
I ICNC1 ICES1 - WGM13 WGM12 Cs12 cs11 cs10 I TCCR1B
Read/Write RW R/W R RW RW RW RW RW
Initial Value 0 0 o 0 0 0 0 0

¢ Bit 7 — ICNC1: Input Capture Noise Canceler

Setting this bit (to one) activates the Input Capture Noise Canceler. When the Noise
Canceler is activated, the input from the Input Capture Pin (ICP1) is filtered. The filter
function requires four successive equal valued samples of the ICP1 pin for changing its
output. The input capture is therefore delayed by four Oscillator cycles when the Noise
Canceler is enabled.

* Bit 6 — ICES1: Input Capture Edge Select

This bit selects which edge on the Input Capture Pin (ICP1) that is used to trigger a cap-
ture event. When the ICES1 bit is written to zero, a falling (negative) edge is used as
trigger, and when the ICES1 bit is written to one, a rising (positive) edge will trigger the
capture.

When a capture is triggered according to the ICES1 setting, the counter value is copied
into the Input Capture Register (ICR1). The event will also set the Input Capture Flag
(ICF1), and this can be used to cause an Input Capture Interrupt, if this interrupt is
enabled.

When the ICR1 is used as TOP value (see description of the WGM13:0 bits located in
the TCCR1A and the TCCR1B Register), the ICP1 is disconnected and consequently
the input capture function is disabled.

* Bit 5 — Reserved Bit

This bit is reserved for future use. For ensuring compatibility with future devices, this bit
must be written to zero when TCCR1B is written.

* Bit 4:3 - WGM13:2: Waveform Generation Mode

See TCCR1A Register description.

* Bit 2:0 - CS$12:0: Clock Select

The three Clock Select bits select the clock source to be used by the Timer/Counter, see
Figure 49 and Figure 50.

Table 48. Clock Select Bit Description

Ccs12 Csi1 Ccs10 Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clk,o/1 (No prescaling)
0 1 0 clky,/8 (From prescaler)
0 1 1 clky,o/64 (From prescaler)
1 0 0 clky,o/256 (From prescaler)

AIMEL 107

2466E-AVR-10/02 ®

-V -



Timer/Counter1 —TCNT1H and
TCNT1IL

Output Compare Register 1 A
— OCR1AH and OCR1AL

Output Compare Register 1B
— OCR1BH and OCR1BL

AImEL

Table 48. Clock Select Bit Description (Continued)

cs12 Csi1 CcS10 Description
1 0 1 clkyo/1024 (From prescaler)
1 1 0 External clock source on T1 pin. Clock on falling edge.
1 1 1 External clock source on T1 pin. Clock on rising edge.

If external pin modes are used for the Timer/Counter1, transitions on the T1 pin will
clock the counter even if the pin is configured as an output. This feature allows software
control of the counting.

Bit 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNT1L
Read/Write RW RW RW RW RW RW RW RW
Initial Value 0 0 o] 0 0 0 0 0

The two Timer/Counter I/O locations (TCNT1H and TCNT 1L, combined TCNT1) give
direct access, both for read and for write operations, to the Timer/Counter unit 16-bit
counter. To ensure that both the high and low bytes are read and written simultaneously
when the CPU accesses these registers, the access is performed using an 8-bit tempo-
rary high byte register (TEMP). This temporary register is shared by all the other 16-bit
registers. See "Accessing 16-bit Registers” on page 86.

Modifying the counter (TCNT 1) while the counter is running introduces a risk of missing
a compare match between TCNT 1 and one of the OCR1x Registers.

Writing to the TCNT1 Register blocks (removes) the compare match on the following
timer clock for all compare units.

Bit 7 6 5 4 3 2 1 0
OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
Read/Write RW RW RW RW RW RW RW RW
Initial Value 0 0 o] 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCRIBL70] OCR1BL
Read/Write RW R/W RW RW RW RW RW RW
Initial Value 0 0 o] 0 0 0 0 0

The Output Compare Registers contain a 16-bit value that is continuously compared
with the counter value (TCNT1). A match can be used to generate an output compare
interrupt, or to generate a waveform output on the OC1x pin.

The Output Compare Registers are 16-bit in size. To ensure that both the high and low
bytes are written simultaneously when the CPU writes to these registers, the access is
performed using an 8-bit temporary high byte register (TEMP). This temporary register
is shared by all the other 16-bit registers. See “Accessing 16-bit Registers” on page 86.
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Input Capture Register 1 —
ICR1H and ICR1L

Timer/Counter Interrupt Mask
Register — TIMSK(™"

2466E-AVR-10/02

Bit i 6 5 4 3 2 1 0
ICR1[15:8] ICR1H
ICR1[7:0] ICR1L
ReadM/frite RW RW RW RW RW RW RW RW
Initial Value 0 0 o 0 0 0 0 0

The Input Capture is updated with the counter (TCNT 1) value each time an event occurs
on the ICP1 pin (or optionally on the analog comparator output for Timer/Counter1). The
Input Capture can be used for defining the counter TOP value.

The Input Capture register is 16-bit in size. To ensure that both the high and low bytes
are read simultaneously when the CPU accesses these registers, the access is per-
formed using an 8-bit temporary high byte register (TEMP). This temporary register is
shared by all the other 16-bit registers. See "Accessing 16-bit Registers” on page 86.

Bit 7 6 5 4 3 2 1 0
[ SCiEz T ToiEz | TICIET | OGIETA | OGIE1B | TOIE1 | OCIEO | TOIEO | TIMSK

ReadMrite RW RW RwW RW RW RW RW RW

Initial Value 0 0 o 0 0 0 0 0

Note: 1. This register contains interrupt control bits for several Timer/Counters, but only
Timeri bits are described in this section. The remaining bits are described in their
respective timer sections.

* Bit 5 - TICIE1: Timer/Counter1, Input Capture Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set (interrupts glo-
bally enabled), the Timer/Counter1 Input Capture Interrupt is enabled. The
corresponding Interrupt Vector (See “Interrupts” on page 42.) is executed when the
ICF1 flag, located in TIFR, is set.

* Bit 4 — OCIE1A: Timer/Counter1, Output Compare A Match Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set (interrupts glo-
bally enabled), the Timer/Counter1 Output Compare A match interrupt is enabled. The
corresponding Interrupt Vector (See “Interrupts” on page 42.) is executed when the
OCF1A flag, located in TIFR, is set.

* Bit 3 - OCIE1B: Timer/Counteri, Output Compare B Match Interrupt Enable

When this bit is written to one, and the |-flag in the Status Register is set (interrupts glo-
bally enabled), the Timer/Counter1 Output Compare B match interrupt is enabled. The
corresponding Interrupt Vector (See “Interrupts” on page 42.) is executed when the
OCF1B flag, located in TIFR, is set.

* Bit 2 - TOIE1: Timer/Counter1, Overflow Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set (interrupts glo-
bally enabled), the Timer/Counter1 Overflow Interrupt is enabled. The corresponding
Interrupt Vector (See “Interrupts” on page 42.) is executed when the TOV1 flag, located
in TIFR, is set.

AIMEL 109

®

-YYo .o



Timer/Counter Interrupt Flag
Register — TIFR
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Bit 7 6 5 4 3 2 1 0

[ocF2 T Tovz | tor1 | OcFiA | OGFB | Tovi | OGFO | Tovo | TFR
Read/Write RW RW RW R/W R/W RW RW RW
Initial Value 0 0 4] 0 0 0 0 0

Note:  This register contains flag bits for several Timer/Counters, but only Timeri bits are
described in this section. The remaining bits are described in their respective timer
sections.

* Bit 5 - ICF1: Timer/Counter1, Input Capture Flag

This flag is set when a capture event occurs on the ICP1 pin. When the Input Capture
Register (ICR1) is set by the WGM13:0 to be used as the TOP value, the ICF1 flag is set
when the counter reaches the TOP value.

ICF1 is automatically cleared when the Input Capture Interrupt Vector is executed. Alter-
natively, ICF1 can be cleared by writing a logic one to its bit location.
* Bit 4 - OCF1A: Timer/Counter1, Output Compare A Match Flag

This flag is set in the timer clock cycle after the counter (TCNT 1) value matches the Out-
put Compare Register A (OCR1A).

Note that a Forced Output Compare (FOC1A) strobe will not set the OCF1A flag.
OCF1A is automatically cleared when the Output Compare Match A Interrupt Vector is
executed. Alternatively, OCF 1A can be cleared by writing a logic one to its bit location.
* Bit 3- OCF1B: Timer/Counter1, Output Compare B Match Flag

This flag is set in the timer clock cycle after the counter (TCNT 1) value matches the Out-
put Compare Register B (OCR1B).

Note that a forced output compare (FOC1B) strobe will not set the OCF1B flag.

OCF1B is automatically cleared when the Output Compare Match B Interrupt Vector is
executed. Alternatively, OCF 1B can be cleared by writing a logic one to its bit location.
* Bit 2 - TOV1: Timer/Counter1, Overflow Flag

The setting of this flag is dependent of the WGM13:0 bits setting. In normal and CTC
modes, the TOV1 flag is set when the timer overflows. Refer to Table 47 on page 106
for the TOV1 flag behavior when using another WGM13:0 bit setting.

TOV1 is automatically cleared when the Timer/Counter1 Overflow interrupt vector is
executed. Alternatively, TOV 1 can be cleared by writing a logic one to its bit location.
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Mechanical Diagram
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Absolute Maximum Ratings

Item Symbol Min Max Unit
Power Voltage Vob -Vss 0 7.0 v
Input Voltage Vin Vss Vbp
Operating Temperature Range Top 0 +50
Storage Temperature Range Tst -20 +60
*wide Temperature range is available
(operating/storage temperature as wide as -20 +70/-30 +80.).
Description Of Terminals
Pin Pin Input/ External Function
No. Name Output Connection
1 VSS = Power VSS:GND
2 vDD — Supply VDD: +5V
3 VO = Vico adjustment
Register select signal
4 RS INPUT MPU “0”:Instruction register (when writing)
Busy flag & address counter (When
reading)
“1”:Data register (when writing & reading)
5 R/W Input MPU Read/write select signal
“0” for writing , “1” for reading
6 E Input MPU Operation (data read/write) enable signal
Low-order lines of data bus with 3-state,
7 bi-directional function for use in data
/ DB0-DB3 Input MPU transaction with the MPU. These lines
10 are
not used when interfacing with a 4-bit
microprocessor.
High-order lines of data bus with 3-state,
11 bi-directional function for use in data
/ DB4-DB7 Input MPU transactions with the MPU. DB7 may also
14 be used to check the busy flag.
15 LED .+. LED BACKLIGHT | LED.+.VOLTAGE TYPE:4.2V
/ Input POWER SUPPLY MAX : 4.5V
16 LED .-. LED.-.: GND

XTAMEN OCULAR OPTICS CO.,LTD.

SOUTH 5/F, GUANGXIA BUILING, TORCH HIGH-TECH DEVELOPMENT AREA,

XITAMEN 361006. P.R.CHINA
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Optical Characteristics

for TN Type Display Module (T,=25., V;,;=5.0V{i0.25V)

Item Symbo | Conditio Min. Typ. Max. Unit
| n
Viewing angle C.4 -25 ; deg
. -30 . 30

Contrast ratio C, 2 . )

Response T, 120 150 ms

time(rise)

Response time(fall) T, 120 150 ms
for STN Type Display Module (T,=25., V,,=5.0Vfi0.25V)

Item Symbo | Conditio Min. Typ. Max. Unit
| n
Viewing angle C.2 -60 35 deg
. -40 . 40

Contrast ratio C, 6 : ;

Response T, 150 250 ms

time(rise)

Response time(fall) T, 150 250 ms
Electrical Characteristics
DC Characteristics

Parameter Symbol Conditions Min. | Type | Max. | Unit

Supply voltage for LCD | V.V, T,=25. — 4.6 — \

Input voltage Voo 4.7 = 5.5 \

Supply current oo Vpp=5.0V;T ,=25. — 1.5 2.5 mA

Input leakage current | — — 1.0 A

“H” level input voltage Viu 2.2 — Voo \

“L” level input voltage Vo Twice initial value 0 — 0.6 Vv

orless

“H” level output voltage Vou LOH=-0.25MA 24 — — \

“L" level output voltage Voo LOL=1.6MA — —= 0.4 Vv

Backlight supply power Ve =3 4.2 4.5 \

XTAMEN OCULAR OPTICS CO.,LTD.

SOUTH 5/F, GUANGXIA BUILING, TORCH HIGH-TECH DEVELOPMENT AREA,
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AC Characteristics

Read Cycle (V,,=5.0V+10%,V =0V, T ,=25))

Parameter Symbol Test pin Min. | Type | Max. | Unit
Enable cycle time t, E 500
Enable pulse width t, E 300 .
Enable riseffall time t, t; E : 25
RS,RMW setup time t.. RS; RW 100 ns
RS.R/W address hold time t. RS; RIW 10 .
Read data output delay t, DB0-DB7 60 190
Read data hold time tou DB0-DB7 20
Write Cycle
Parameter Symbol Test pin Min. | Type | Max. | Unit
Enable cycle time t. E 500
Enable pulse width t., E 300 .
Enable riseffall time t.t E . 25
RS,R/W setup time tou RS; RIW 100 ns
RS,R/W address hold time t RS; RIW 10
Data setup time t.. DBO0O-DB7 60
Data hold time | DB0-DB7 10

XTAMEN OCULAR OPTICS CO.,LTD.

SOUTH 5/F, GUANGXIA BUILING, TORCH HIGH-TECH DEVELOPMENT AREA,

XITAMEN 361006. P.R.CHINA

TEL: 86-592-5650516

FAX: 86-592-5650695

-3YY -




Timing Characteristics

Write Timing
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E 7Z tou ‘——7/_
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Read Timing
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£ te [ [ ke
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R
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Block Diagram
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Display command

Executing
Parameter RS | R/W|DB7 | DB6 | DB5 (DB4 | DB3 | DB2 | DB1|DBO Note time
fosc=250k
hz
Clear 0 0 0 0|0 0 0 0 0 1 1.64ms
Display
Cursor home | O 0 0 0|0 0 0 0 1 * 1.64ms
Entry Mode 0 0 0 0|0 0 0 1 1/D | S DB1=1:Increment
Set DB1=0:Decrement
DBO=1:The display is 40.s
shifted
DBO0=0:The display is
not shifted
Display o] 0 0 0|0 0 1 D (o} B DB2=1:Display on
on/off DB2=0: Display off
DB1=1:Cursor on 40.s
DB1=0: Cursor off
DBO=1:Brinking on
DBO0=0:Brinking off
Cursor/ 0 0 0 0|0 1 SIC |RIL | * * DB3=1:Shifts display
Display Shift one 40.s
character
DB2=1:Right shift
DB2=0:Left shift
System Set 0|0 0 o |1 DL | N F * * DB4=1:8 bits
DB4=0:4 bits
DB3=1:2 lines display
(11186 duty) 40.s
DB3=0:1 line display
DB2=1:5.10 dots , 1/11
duty
DB2=1:5,7 dots , 1/8
duty
SetCGRAM | O 0 0 1 CG RAM address The address length 40.s
Address corresponds to that can be st is 64
cursor address address
Set DD RAM o] o] 1 DD RAM address The address length 40.s
Address that can be set is 80
address
Read Busy o] 1 BF | Address counter used DB7=1:Busy 40.s
Flag/Address for both DD&CG RAM (instruction
Counter address not accepted)
DB7=0:Ready(for
instruction)
Write Data 1 0 | Write data 48.s
Read Data 1 1 Read data 46.s
DD RAM Address:
1 2 3 45 6 7 8 910 11 12 13 1415 16
Address for line 1 00/01|02|03|04 (05|06 |07]|08]09|1A|1B|1C|1D|1E|1F
Address for line 2 40 |41 |42 |43 |44 |45 |46 |47 |48 |49 |aa|aB |aC|aD| 4E| 4aF

Reliability and Life Time
XIAMEN OCULAR OPTICS CO.,LTD.
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1.Reliability Test

Evaluations and Assessment*

Storage Condition [Content Current Oozing Contrast Other

consumption appearances
Operation at high }40,,90% Twice initial none More than 80% of | No abnormality
temperature and [RH,240hrs |value or less initial value
humidity
High temperature |60, Twice initial none More than 80% of | No abnormality
storage 240hrs value or less initial value
Low temperature |-20., Twice initial More than 80% of | No abnormality
storage 240hrs value or less initial value

*Evaluations and assessment to be made two hours after returning to room

temperature (25.75.).
*The LCDs subjected to the test must not have dew condensation.

2. Liquid crystal panel service life

50,000 hours minimum at 25fi10.,45f20%RH.
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Standard Character Pattern

- AaFP ™ F —| 8 = =P
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o | 0| || H DT AL e
NS Ik iFdREIE
PR SRS FEEE]=
ot | @] |0 | a3 W] 7 ¥ 2gm
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o [ | | == J[m] }] a| R[N
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Note: The user can specify any pattern for character-generator RAM.

XTAMEN OCULAR OPTICS CO.,LTD.

SOUTH 5/F, GUANGXIA BUILING, TORCH HIGH-TECH DEVELOPMENT AREA,

XITAMEN 361006. P.R.CHINA

TEL: 86-592-5650516 FAX: 86-392-5650695
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