


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Application Note 4

Figure 5b. Rauch Filter

3.1 Clocks and Output Loading

It is important to properly terminate the clock input to

G ] prevent overshoot. Each pin has protection diodes for
Re 3R R I Electro-Static Discharge (ESD), and any overshoot of more
o—aar than 0.3 to 0.5 volts will be injected directly into the
ML2111’s ground and/or supplies. Matching the

—O0 OUT
+=Cs5

R
DC Gain: —2 = H(0) [Minimize Parasitic C at Node @ ]
R4

H(0) (1/B) H(0) wy?

Transfer function: % s(C/B) + 1/B "2+ s(wy/Q) + wg?

B = RgR7CsCs
_ RgR7Cg + Cg(Rg + R7)R4
R4
Choose Butterworth response for example:

wg = 2m{170 KHz] ~ 1.06 x 106 rad/s
Q=707

say R4 = R7 = RG =R => 1/w02 = R2C8C5
C = RCg + Cg(Rg + Ry) = RCg + 2CgR = 3RCg

C

characteristic impedance of the line will prevent any
ringing thus reduce clock noise.

When operating with high clock frequencies, the output
of the op amp and integrators should be properly loaded.
Ideally these outputs—LP, BP, and N—Ilike to drive a total
of 2 to 3 mA of peak current each. Assuming the output
voltage swing is 2 volts, the sum of Rs and Rg, in mode
1c for example, should be 2 V/2 mA or about 1,000 ohms;
assuming no other resistors are connected. Sometimes this
is difficult to do if the ratios and loading cannot
simultaneously be achieved. In this case an additional
loading resistor placed as close as possible to the output
pin will serve the purpose of properly loading the outputs.

4.0 Sweeping Filters

One particularly nice feature of sampled data filters is the
fact that the center frequency of a filter is directly related
to the clock frequency. For a lowpass filter, increasing the
clock frequency increases the cutoff frequency. Even

though the center frequency increases proportionally with
the clock, Q stays constant. Therefore in a bandpass filter,

__C_3RG 3 w increasing the clock frequency increases the center
"7 B R2Cs RCs Q frequgncy as well as the.band)/vidth. Table 2 in thg data
3 R =5 KQ sheet illustrates this relationship. (Note that there is some
Cs= 3Q s.a)& _ 400 bF Q deviation as the system clock goes beyond a certain
Rwg v CS - % ? value. Refer to figure 2E in the data sheet for a graph of
= 1 8=0p this phenomenon)
Co = wy?R2C; A good rule of thumb for the maximum rate a filter can

Figure 6: Signal Reconstruction

AMP

AMP
LOWPASS RECONSTRUCTION FILTER

0 dB Py SINK) rovLoFF

be swept is that the Sweep Rate should be less than the
square of the bandwidth of the filter. This will reduce
attenuation of the passband as a result of sweeping the
filter. The theoretical derivation of this approximation is as
follows.

Assume we have a bandpass filter with an in-band signal
that starts at t = 0. The output of the filter will
exponentially increase until it reaches the steady state gain
of the passband. After 4 time constants (7), the output
sine wave will be at 98% of its final amplitude.

Sweeping a filter is analogous to keeping the filter
constant and sweeping the input frequency. To prevent
the filter from attenuating the sweeping input signal by
more than 2% or 0.16 dB:

Sweep Rate < BW/4r (2)

but the time constant can be approximated by:

and T = Q/2mf, 3)
-34 dB- ¢ Q = fo/BW or BW = f/Q (4)

substituting 7 and BW into equation (2) results in:
Sweep Rate < mBW2/2 (5)

100 4900 f; f(KHz)
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5.0 High Frequency Operation

There are three basic modes for the ML2111 — mode 1, 2
and 3. Within each mode there are several variations as
shown in the table below.

Mode 1* High Frequency Mode

1, 1a, 1d fo up to 150 KHz; Q up to about 20**
1b, 1c fo up to 100 KHz; Q up to about 30

Mode 2 Flexible for Notches
2, 2a,2b fp up to 30 KHz; Q up to about 30
Mode 3 Most Flexible/Low Component Count

3, 3a fo up to 30 KHz; Q up to about 30

*  Q and fy have an inverse relationship. This table is only an
approximation. Actual performance depends on board layout and
stray capacitance.

** 15% or less Q deviation. Higher Q’s can be realized with greater
deviation.

Mode 1 is the only mode which has the input amplifier
outside the resonant loop. This is important because the
input amplifier reduces the bandwidth potential of the
filter. Only Mode 1 can achieve filters with resonant
frequencies up to 150 KHz.

Inserting an ML2111 into an MF10, LMF100, or LTC1060
socket and increasing the clock frequency does not
automatically increase the bandwidth potential up to 150
KHz. If these pin-compatible parts were designed using
Mode 1, the bandwidth improvements would be realized;
however if they were used in another mode, there would
be limited bandwidth improvements.

Complex, high order filters usually have pole pairs with
different center frequencies; Elliptical and Chebyshev
filters are two examples. To realize two pole pairs in one
ML2111 with different center frequencies, one must either
use two different clocks, or use a mode which allows the
center frequency to be modified by external resistors.

Using different clock frequencies to realize poles with
different center frequencies is not recommended. Besides
the additional expense of providing more than one clock,
the two system clocks may beat with each other and
possibly result in side tones that falls within the passband
of the filter. Additionally if anti-aliasing is needed,
separate anti-aliasing filters would be needed for each
stage.

Looking at tables 1 and 2 in the ML2111 data sheet, one
can see the modes that allow the center frequency to be
modified by external resistors. These modes each have an
additional coefficient multiplied by fc/100(50). From the
block diagrams one can see that the modes which allow
the center frequency to be modified, feedback the LP
output using a resistor divider. The modes that restrict the
ratio to 50 or 100 have a unity gain LP feedback.

If the coefficient multiplied by fc /100(50) is greater than
or equal to 1, as in Mode 1b, then the ratio of fc g to fy
can be less than 50 or 100. Whereas if this coefficient is
less than or equal to 1, then the ratio of fc k:fg can be
greater than or equal to 50 or 100. Reducing the ratio of
fcLk to fo to less than 40 to 50 is not recommended. As
the ratio of the sampling frequency to the center
frequency is reduced, the approximation of a sample data
filter to a continuous filter is reduced. Aperture effects
increase, aliasing effects may increase, harmonics in the
output increase, and the warpage between the discrete
and the continuous filter increase. 40 to 50:1 is the
minimum recommended ratio of fc k to fo.

Based on the above arguments one might conclude that
100:1 is better than 50:1. In general this is true for
switched capacitor filters, but not for the ML2111. The
specifications in the data sheet show that a 50:1 ratio
provides a more accurate Q than a 100:1, and a 50:1 ratio
allows higher frequency filters.

Mode 3 is the most flexible since the center frequency
can be greater than or less than fc x/100(50) by selecting
R, and Ry. Its also the most efficient since it has the
lowest component count. However mode 3 can only
work up to 30 to 40 KHz or Qs up to the 10 to 30 range;
higher fy can be obtained with lower Qs. Sometimes a
small capacitor (C4) across R4 can compensate the filter
response and offer less Q deviation. The value should be
selected by setting C4 equal to 1/2mR4,BW where BW is
approximately equal to 2 to 4 MHz.

Another reason mode 3 can only be used at lower
frequencies is that there is a true sample and hold at the
positive input of the summer. This sample and hold adds
a 7.2 degree delay at the center frequency when using a
50:1 ratio (360°/50). By using a higher ratio this delay is
lowered. Since the ML2111 allows a higher system clock
than other competing devices, this delay can usually be
made smaller for similar center frequencies.

In conclusion, for high frequency filters use Mode 1. For
complex filters with various center frequencies use Mode
1c. In most cases one should choose 50:1 over 100:1 ratio
for more accurate Q’s and center frequencies.

5.1 A Flexible Building Block

Figure 7 shows the block diagram of a second order
section which includes both a complex pole pair and a
complex zero pair. The poles are provided by the ML2111
and the zeros realized by one and sometimes two
external op amps. This building block uses mode 1c
which allows the poles to have a center frequency based
on external resistors as well as the clock, plus it can be
used in higher frequency filters since the op amp is
outside of the resonant loop. The same feedforward
circuit can be used on other modes as well, but for high

10-18
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desired, use mode 1 to achieve higher frequencies and a
higher dynamic range. The transfer function for the
flexible building block is given below.

frequency filters, where each complex pole pair has a
different center frequency, mode 1c is the best choice. As

mentioned before, only when Butterworth filters are

(6)

Rz Ry Ry ] swr [ + RRuRyy ( ”
Vo _| Ry ) 3 Rig Ry R4R11R1g Rs + Re
ViN Rqz R
s2+—2 50 LI
R5 + RG

Figure 7: Flexible Building Block

VIN

At least one and sometimes two external op amps are
required to realize the zeros. The first op amp serves as
an inverter, while the second one sums the input signal
with the lowpass and bandpass outputs. A fast op amp
should usually be used with greater than 10 MHz
bandwidth to minimize signal phase shifts. Depending on
the application, sometimes a slower amplifier will suffice.
In some cases no external op amp is necessary and the
second op amp in the ML2111 if not being used will
suffice. This was done in figure 34 in the data sheet.

With the Flexible Building Block a lowpass, highpass,
notch, and allpass section can be realized by properly
positioning the zero locations. Zero locations are chosen
by selecting the appropriate resistors. The difference
between the lowpass output provided by the ML2111 in
mode 1c and the lowpass function realized by the flexible
building block is that in mode 1c the response is
monotonically decreasing, while the Flexible Building
Block has a complex zero pair which inserts a ripple in
the stop band and flattens out at high frequency.

Since the Flexible Buidling Block uses mode 1c, the pole
equations remain the same whether there is feedforward
or not. What changes is the zero location and the DC
gain. The following equations are used to determine the
pole locations and Q for the Flexible Building Block,
which uses mode 1c.

¢ - fak  |_Re
"~ 100(50) VRs + Rg
Q =B§ A l____RG

R2 R5 + Rs

Rio

AAA
W

R1g —Vo

A handy set of equations to convert pole and zero
locations given in rectangular coordinates to f; and Q
values is as follows:

Complex Pole = 0 + jw;
Vo + w?

fr =
0 2

1 —_
Q=3 V1 + (w/0) @)
By cascading several of these building blocks, complex
high frequency Elliptical filters can be realized.

5.2 Lowpass

For a lowpass design with a notch, the zeros should be
placed on the jw axis at frequencies greater than the
poles’ center frequency. In the numerator of the transfer
function for equation 6, the coefficient for swq should be

o Ry Ryg
set to zero; settlng—li— R
1 Ry

R
SinceR J w2 = wy?, the coefficient
5

+ Rg

1+ RoRaRey (1 +& ) determines the center frequency of
R4R11R1q Rg

the zero. In this form it is always greater than one,

therefore the center frequency of the zero is always

greater than the center frequency for the poles; hence a

lowpass filter. The pole/zero location and the frequency

response are shown below.

u% Mlcro Lmear
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Wz
2""’ Ru (i) ‘{
- Rﬂ fo

FREQUENCY DOMAIN

S-PLANE

Equations for the lowpass configuration:

R () fz=f0\/1+
19 &14.&'

RoR12R17 ‘ R )

( R1R11R19 Re

Rq Re

DC Gain = Hoyp = -@) (1 + RaRiRy (1 +Rs n
Rqz R1R11R19

The ratio of the zero to the pole frequency determines
the DC to high frequency attenuation.

When the zeros are at the same frequency as the poles
the bi-quad becomes a notch, and there is no difference
between the high frequency and low frequency gain. The
larger the difference between the pole and zero
frequencies, the greater the rejection. Figure 8 illustrates
the relationship between pole/zero location and gain.

Figure 8: Varying f; and Keeping fy and Q Constant

Rm fz ) -
LI R
Ry Ry

[}
fo="fz

5.3 Highpass

For a highpass filter the zeros must be less than the
center frequency for the poles. The pole/zero plot and
the frequency plot are shown below.

jw
| A
Jor

T ome(ep[l
X Ry7 \fo

Wo

Wo wz w
FREQUENCY DOMAIN

S-PLANE

To place the zeros at a lower frequency than the poles
RaR1R17
1R11R19
one. This can be done by removmg the inverter in figure
7, which makes the sign of Ry negative. To place the
R3

L . _Reg .
zeros on the jw axis, once again — = — . Equations for
Ri Ry

the coefficient 1 + (1 +—= ) must be less than

the highpass configuration:

R,yR15R: R
fZ:fo\ﬁ_M"I +_§)
R1R11Rq9 Rg

- _Ruo
Howp Ry
5.4 Notch

Even though mode 1c provides a notch output, the notch
realized by the flexible building block achieves 0 dB of
gain at DC and at high frequencies regardless of the Q
value. The problem with the notch in mode 1c is that

Rg
Hon (f = 0) = Hong (f — fak/2) = Rs + Re

As Q increases Hont, must decrease otherwise the
bandpass output node, BP pin 2 or 19, will saturate. The
restriction is that Hogp = 1 = -R3/R4. Let’s take a simple
case when Rs = 0, then Hong = Honz = 1/Q. The plot
below shows the notch for different Q’s in mode 1c.

Figure 9: Mode 1c Notch when R; = 0

A
0ds Q:o
_mds%
-30 dB
-60 dB

To realize the notch using the Flexible Building Block the
zeros must be placed on the jw axis at the same resonant

R; R
frequency as the poles. Therefore from equation 6,— R, R18
17

and Rqg — 0. Setting Rqg equal to infinity means removing
it from the circuit; which saves an op amp and a few
resistors. Hopp still must equal one, however the gain at
DC and f¢1k/2 is independent of Q; Hont (f — 0) = Honz
(f = fck/2) = -Rqy¢/Ry7. Tuning Rqg adjusts the depth of
the notch. See figure 34 in the data sheet for an example.

10-20
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5.5 Allpass Equalizer

An allpass filter is used to linearize the filter’s phase
response. A linear phase response results in a constant
group delay. An allpass filter keeps the gain constant and
just shifts the phase. To keep the gain constant and only
shift the phase, the poles and zeros must be equal but on
opposite sides of the s-plane as shown below.

S-plane representation of
2nd order Allpass Filter

The Flexible Building Block can function as an allpass

Rq7R
when Ryg — « and 1723 = 3 The Transfer function for
R1gR1
the allpass is:
R R,
2 =2 s + =0 y2
Yo _ _&g) R Rs + Re @
\ R
IN 17 52+&w1s+ Rg
R3 Rs + Re

5.6 Frequency Compensation

In some cases it is possible to improve the Q accuracy
and minimize Q deviation by adding a capacitor (Cs) in
parallel with Rs in figure 7. This capacitor serves as
compensation for a pole at around 2.4 MHz in the output
of LP. The zero location should be placed at around 2.4
MHz, where the internal pole is. Unfortunately Cs adds a
pole as well as a zero to this branch. If this pole is too
close to the zero, the benefit of Cs is diminished. The
zero location is: fz = 1/2mRsCs and the pole location is: f,,
=1/2m(Rs || Re)Cs, (Rs || Rg is the parallel equivalent
resistance). The larger the ratio of the pole frequency to
the zero frequency, the better this capacitor will serve.

The highest center frequency attained is when Rs equals
zero. (Note: Practically speaking Rs should never be zero,
to allow fine tuning of fy.) Unfortunately Cs cannot
properly compensate the 2.4 MHz internal pole with a
negligible value for Rs. To overcome this problem,
compensation can be achieved at high frequencies using
an op amp in the LP feedback branch as shown in

figure 10.

The center frequency in mode 1c is calculated by the
following equation:

f, 50
% = —lz where k = Transfer function
0

Re
Rs +Rg ’
However when using the op amp configuration as in

i ~[Re_|(1.+Re - oi
flgure10,k—(R5+R6H1+R7’.Whenk—1the ratio is 50.

With a passive feedback loop using Rs and Rg, k =

Using active feedback in mode 1c has the unique
advantage of allowing the ratio of clock to center
frequency to be less than 50 by setting k greater than 1.
It is not recommended to use ratios less than 40-50,
however this feature does allow more freedom in tuning
the center frequency of the pole above or below the
ratio of 50. If the circuit uses a crystal for fc k, and the
pole needs to be tuned, Rg could be a potentiometer to
allow tuning of the pole. For this compensation to work

R,
FB should be 4-9 to provide phase lead before phase lag.
7

Figure 10: Compensation Using Active Feedback for High
Frequency Poles

Cs = 33-66pF (Depends on board’s parasitics)
Rg = 1800Q2; Ry = 200
Rg = 1000, Rs = 900Q

Using mode 1 instead of mode 1c as configured in figure
7, is a better solution for high frequency poles; however
there are certain cases where mode 1 cannot be used. For
example, if one of the two bi-quads in the ML2111 is
already used in mode 1c, then the other one must also
operate in mode Tc. It would be less expensive to add an
op amp to the second bi-quad of an existing ML2111 than
to add an additional ML2111 just to use one bi-quad
operating in mode 1.

Figure T1a shows the Q accuracy vs. clock frequency in
mode 1c using passive feedback for a Q approximately
equal to 10. Q inaccuracy dramatically increases just
beyond 100 KHz center frequency. Figure 11b shows Q
accuracy vs. center frequency in mode 1c using active
feedback with a DC transfer function of 1. The op amp
used for this measurement was an AD5539, where

I@. Micro Linear
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Rs _Rs. 9. This op amp is a good choice because it has 6.0 Design Methodology for Complex Filters
R7 Re . . . The previous section described how to use the Flexible

a wide bandW|dth3 220 MHz, and is low cost. The figure Building Block to implement lowpass, highpass, notch,
shows that Q deviation does not dramatically increase and allpass second order sections. Higher order filters are
until well beyond 120 KHz; therefore for higher achieved by cascading these second order sections. For
frequency operation and high Q, the use of mode 1c example an Elliptical notch is accomplished by cascading
with active feedback is recommended. lowpass and highpass sections as shown in figure 12.
Figure 11a: Mode 1c with Passive Feedback An Elliptical bandpass is also a combination of highpass

and lowpass sections, except for a bandpass filter the
cutoff frequency for the highpass bi-quads are lower than

Q ERROR vs CLOCK FREQUENCY the cutoff frequency for the lowpass.

£
‘ / Figure 12: Fourth Order Elliptic Notch

A ALOWPASS HIGHPASS CASCADED
BI-QUAD BI-QUAD COMBINATION
A

‘—‘/ / -
-10

% Q ERR DEVIATION
2

00 6 12 18 24 30 36 42 48 54 60
fcwk (MHz)

R
=3 - 90; Rg = 0; Ry = Ry = 20K
Ry

Figure T1b: Mode 1c with Active Feedback Once the pole and zero location have been determined
for the filter desired, the next step is to choose the

proper mode of operation and translate the center

Q ERROR vs CLOCK FREQUENCY frequency and Q values for each pole and zero into
30 resistor values. If the pole and zero locations are given in
real and imaginary values, they can be converted to fg
20 . and Q by using equation 7.
z 1 For center frequencies between 0 and 20 KHz, either
e /’\ mode 3 or mode 1c can be used. Sometimes mode 3 or
S o A\ mode 3a will result in a lower component count.
g | / \ / However mode 3 should be used with caution since high
£ -1 7 Qs and high parasitic capacitance on pin 4 and 17 can
o \ 4 lead to oscillations. This can usually be compensated by
® 0 using a capacitor across R4, which provides some phase
" ‘ lead, and low value resistors such as 1-2 Kohms.
For center frequencies between 20 to 100 KHz, where
-40 each pole has a different center frequency, mode 1c
00 6 12 18 24 30 36 42 48 54 60 should be used. This range can be extended up to
fcik (MHz) 120 KHz with active compensation in the LP feedback
path as shown in figure 11b. The combination of high Qs
(20 to 30), and high frequencies (above 80 to 100 KHz),
Rs ' and parasitic capacitance across Rg, can lead to
Cs = 33pF; R, =10; Rs = 0; Ry = R3 = 20K oscillations. This can be dealt with by placing a capacitor

Cs across R, or by using active compensation.
Additionally the signal swing should be limited to about 1
to 1.4 volts peak-to-peak.
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For filters where fg is the same for all pole locations, such
as Butterworth, Lowpass or Highpass. High order filters
with cutoff frequencies up to 150 KHz can be realized
using mode 1. In this case the signal level can be
increased to 2.82 volts peak-to-peak.

7.0 Design Example

The following is an example an eighth order Elliptic
bandpass filter with a center frequency of 90 KHz and a
bandwidth of 19 KHz. This filter was designed built and
tested on its own printed circuit board. A print of the
masks for the PCB, and a photograph of the performance
of the filter is included at the end of this section.

In general, high Q filters (Elliptic and Chebyshev) will
have higher sensitivity to component and temperature
variations and higher noise than low Q filters such as
Butterworth and Bessel.

a) 8th Order Elliptic Bandpass with the following Filter
characteristics:

Amax: 0.5 dB (peak to peak passband ripple)
Amin > 50 dB (stopband attenuation)

(f1, f) Passband: 81,000 to 100,000 Hz
(geometrically symmetric) => f.2=f; x f,

(fo) Center: 90,000 Hz -
Stopband: 70.5 KHz to 115 KHz

b) Obtain:
( f = 80839 Hz Qq =30.2
fo2 = 85820 Hz Q; = 10.86
Poles ¢
f[)3 = 94383 Hz Q3 = 10.86
Q4 =302

\ f04 = 100200 Hz

( f,, = 69185 Hz

f,1, = 50082 Hz
f, = 117080 Hz
\ f,q = 161733 Hz

Zeros

c) After considering a few pole-zero pairing
combinations the following (not necessarily optimum)
combination was adopted.

Section 1 Section 2 Section 3 Section 4
HP . LP HP LP
In f f f f Out
o A za > zc | gl Tzb > zd | Ty
f01Qn f04Q4 f02Q2 f03Q3
G1=.1231 Gp=.488 G3=.2474 G,=.121

Note: G, are the high frequency gains. (= Rip/Ry;)

Because of difficulty in solving equations first order
equation were calculated and final values found by
using potentiometer.

d)

e)

f)

R

Choose fcik = highest fo = 100200

@ 50:1 => 50fp = 5.01 MHz. Choose ~ 10% higher
fcik = 5.5 MHz. It’s better to choose a slightly larger
fck to be able to adjust Rs.

Design Procedure.

55MHz  _ _
80839 Hz 0~ Re

R
in Mode 1c Ry = 50 x {/1+—2=> 1 +R5 18516
Rg Re

Assume Rs + Rg = 1000 Q
1000

Section 1. *) Want a ratio =

R
then 1 +?5 = = 1.8516

6 6
=> Rg = 540Q) (fixed R)
=> [Rs = Rg (1.8516 - 1) = 460 Q] [1000 Q trim pot]

*) Want Q = 30.2 use following approximation:

R
Q /1 +?Z (Note)

; where fy = 2.4 MHz
(internal pole)

Ry 1+ Qliy/fy)

= 20.4 => assume R, = 2000 Q
and R3 =~ 40.7 KQ (100 K trim pot)
and initially assume Ry = Ry = 40.7 KQ

*) Zero. Use the following approximation.
f,a = 69185 Hz

Ry~ 1-(f/f)*  1- (69185/80839)>
R R, (1 +§£’ T 1V20x18516
R\ Rg
Since Rqg loads the LP output then assume Rqg > 5000Q.
Also since later we will fine tune the gains this

relationship will slightly change. Thus, initially assume
a higher Rq; which can be change later if needed.

Choose Ry; = 30 KQ (fixed R)

and Rqg =~ 10 KQ (20 KQ trim pot)

choose Ryg = Ry {initially)

and Rqg = Ry7 X Gy = 30K x 123 = 3690 Q (fixed R)

(Note: This is a first order approximation that underestimates
the value of Q, whose final value will be tuned in later in the
breadboard stage.)

1. By looking at the bandpass output adjust Rs until
the peak frequency is fg, in this case 80839 Hz

2. Then adjust Rz until Q = 30.2

3. Then change Rq until the peak of the bandpass or
lowpass output (larger of the two) is about 0 dB.
R does not need to be a trim pot.

4. Now by looking at the output of the section adjust
Rq9 to place the zero at the correct frequency (in
this case 69185 Hz)

U@L Micro Linear
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5. Adjust Rqg to obtain a deeper notch. Sometimes
Rqg is not needed at all and can be removed from

the circuit.

6. Check the high frequency gain so that it is

Gy = 1231

7. Design the rest of the sections the same way

8. Keep Rqq of first section as a trim pot to slightly
trim gain of the whole filter (if important in the

application).

For this design these are the final values:

Section 1.

Ry = 94.5 KQ
Ry = 2 KQ

R3 = 66.2 KQ (100 K pot)
Rs = 452 Q (1 KQ pot)
RG =540 Q

Section 2.

Ry = 65 KQ

RZ =2KQ

R3 =474 KQ (100 K pot)
Rs = 170 Q (500 Q pot)
Rg = 830 Q

Section 3.

Rq = 315 KQ

R, =2KQ

R3 = 23.3 KQ (50 K pot)
Rs =389 Q (1 KQ pot)
Re =600 Q

Section 4.

Ry = 25 KQ
Ry = 2000 O

R3 = 21.4 KQ (50 K pot)
Rs = 279 Q (500 Q pot)
Re =732 Q

R10 = 3.83 KQ

Ry = 32.4 KQ

R18 =15 KQ

R1g = 4.65 KQ

Hyp peak = 11512 (+1.22 dB)
HBP PEAK & .846 (—1.45 dB)

R10 = 14.34 KQ

R17 =287 KQ

Rig =0

R]g =29 KQ

Hyp peak = 112 (+.984 dB)
ng PEAK & 972 (—.247 dB)

Rqo = 9.05 KQ

Ry = 40 KQ

R18 = 16.86 KQ

R19 =6.35 KQ

Hyp peak = 1.074 (+.62 dB)
Hgp peak = 834 (-1.58 dB)

Ry = 12 KQ

Ryy = 99.97 KQ

R18 = oo

R1g =6 KQ

Hip peak = 112 (+.924 dB)
HBP PEAK = 953 (—.418 dB)

7.1 Performance Measurements, Schematics
and PCB Layout

Figure 13: Frequency Response of Eighth Order
Hliptic Filter.

MARKER 90 0000
-0.5

o0

REF LEVEL  /DIlv x
7408

16.00048 10.00098  MAG (A/R)

[R— 1 B
CENTER 98 008 008+x
AMPTD 5@1.19mv

i . i i
SPAN 178 868.088H1

The center frequency is at 90 KHz with the lower cutoff
at 81 KHz and the upper cutoff at 100 KHz. The stopband
is down -55 dB at 70.5 KHz and 115 KHz.

Figure 14: Passband of Filter Showing 0.5 dB Ripple.

REF LEVEL  /Dlv
1. e00aB .5

' RIS
. . l [ S
CENTER 90 000 .888Hz SPAN 25 000 . 008+
AMPTOD 501.19mV

Note: All R’s are 1% metal film 1/4W
Trim pots are 25 turns. 1/2W

When placing resistors in and out of the ML2111 filter
circuit, specifically R, the filter will oscillate at fy due to
the Q going to infinity. Also when designing high
frequency high Q filters, such as fy = 100 KHz and Q = 30
like pole #4, high voltage swings may cause nonlinear
operation provoking oscillations. Changing fc
momentarily to a much lower value will restore the filter
to a stable linear operation. Thus it is important for high
frequency, high Q filters to limit the input signal swing to
about 500700 mV peak.
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Figure 15: Group Delay.

REF LEVEL (319 MARKER 90 000
B6.000.SEC  20.88OLSEC DELAY(A/R) 4

SPAN 25 000 .008-y
DELAY APER (25 @Hx

CENTER 90 800.080wx
AMPTD 581 .1 9my

A constant group delay can be achieved by adding allpass
equalizer sections to this filter.

Figure 16: Power Spectral Density of the Noise

NOISE SPECTRAL DENSITY
4E-05

4E-05

3E-05

3E-05

2E-05
2E-05
2E-05

]

NOISE (V/rtHz)

1E-05
8E-06 \

4E-06 l \

OE+00
1000 36600 72200 107800 143400 179000
18800 54400 90000 125600 161200

FREQUENCY (Hz)

This plot shows that the pole/zero pairing and order of
the bi-quad sections chosen was not optimum as far as
noise is concerned. The plot shows that the upper band
edge of noise is higher than the lower band edge. A
different combination of pole/zero pairing and order
pairing would have yielded a flatter noise response and
possibly a lower noise value; which would have then
improved the $/N ratio. The current design yields S/N of
about 40 dB assuming a noise bandwidth from 1 KHz to
179 KHz. Input voltage = 353 mV,n, output noise voltage
= 314 MV,

@ Micro Linear
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|
Figure 18a: PCB Layout Component Side ;

Figure 18b: PCB Layout Solder Side
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ML2111 Application Board Parts List

Part # J Value | Note Part # LValue Note
Resistors ' Resistors (Continued)
R1A 1KQ R210B 12 KQ
R2A 500 Q R211B 5 KQ
R3A 1KQ R212B 5 KQ
R4A 1KQ R214B 25 KQ
R5A 500 Q R21B 25 KQ
R6A 1KQ R22B 2 KQ
RTIA 94.5 KQ R23B 214 KQ 50 KQ Pot
R12A 2 KQ R25B 279 Q 500 Q Pot**
R13A 66.2 KQ 100 KQ Pot R26B 732 Q
R15A 452 Q 1 KQ Pot ** R27B 100 KQ
R16A 540 Q R28B OPEN
R17A 324 KQ R29B 6 KQ 100 K Pot*
R18A 15 KQ .
R19A 465 KO 10 KQ Pot* Capacitors
RT10A 383 KQ 10 KQ Pot* C15A OPEN
R1TIA OPEN C25A OPEN
RTI2A OPEN C158 OPEN
RTHA OPEN C23B OPEN
RAA 100 Q Cc1 100 uF bypass
RAB 100 Q C3 100 uF bypass
C4 01 uF bypass
Egg}’: ;41?9'(9 cs 01 uF bypass
R212A 5 KQ C6 0.1 uF U1 bypass
R214A 25 KO Cc7 0.01 uF U1 bypass
R2IA 65 KO C8 01 uF U1 bypass
c9 0.01 uF U1 bypass
R22A 2KQ C10 OPEN U2 bypass
R23A 474 KQ 100 KQ Pot C12 OPEN U2 bypass
R25A 70 Q 500 Q Pot** C13 OPEN U2 bypass
R26A 830 Q cu4 OPEN U2 bypass
R27A 28.7 KQ C16 0.1 uF U3 bypass
R28A OPEN Cc17 0.01 uF U3 bypass
R29A 29 KQ 10 KQ Pot* C18 0.1 uF U3 bypass
C19 0.01 uF U3 bypass
E;g ;Jg% C20 0.1 uF U4 bypass
R3B 1KQ cn 0.01 uF U4 bypass
R4B 1KQ C22 0.1 uF U4 bypass
RSB 500 O Cc23 0.01 uF U4 bypass
R6B 1KQ C24 0.1 uF U5 bypass
RTIOB 9.05 KQ C26 0.01 uF U5 bypass
R111B OPEN C27 0.1 uF U5 bypass
RTI2B OPEN C28 0.01 uF U5 bypass
RT14B OPEN C29 0.1 uF U6 bypass
RTIB 315 KQ C30 0.01 uF U6 bypass
R12B 2KQ C31 01 uF U6 bypass
R13B 233 KQ 50 KQ Pot C32 0.01 uF U6 bypass
R15B 389 0 1KQ Pot** C33 OFEN U7 bypass
R16B 600 O C34 OPEN U7 bypass
R17B 40 KQ C35 OPEN U7 bypass
R18B 16.86 KQ gg (%PE';‘ 3; gypass
« 14 ypass
R19B 6.35 KQ 50 KQ Pot C38 0.014F U8 bypass
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ML2111 Application Board Parts List (Continued)

Part # I Value l Note Part # l Value Note
Capacitors (Continued) ICs

C39 0.1 uF U8 bypass u1 ML2TTCCP

C40 0.01 uF U8 bypass U2 OPEN

c4 01 uF U9 bypass U3 LM318H

C42 0.01 uF U9 bypass U4 LM318H

c43 01 uF U9 bypass Us LM318H

C44 0.01 uF U9 bypass uUe ML2ITCCP

C45 0.1 uF U10 bypass u7 OPEN

C46 0.01 uF U10 bypass O}:] LM318H

C47 01 uF U10 bypass U9 LM318H

C48 0.01 uF U10 bypass uU10 LM318H

Jumpers Miscellaneous

J1A IN 20 scope probe sockets
J2A out 3 BNC connectors

J1B IN 3 female banana plugs

12B ouT 2 20 pin low profile sockets

* Gain and zero frequency adjustment. May not be needed if application can tolerate slight variations in stop band.
** R5 - In most cases R5 can be replaced by a 1% resistor after trimming has been done.

1@ Micro Linear
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Lowpass —

Appendix A. Flexible Building Block Summary

*—Vour

) R
1(20) R12 Rz A
R Rig
> TR:nﬁ
N
Ru =
_fax [Re o Ra [ Re_
fo 100(50) VRs + R6 R, VRs + Rg
b=t /1 RaR1R17 (1 )
zm o R1R11R19 ’
tor- 2] - B2
Rqz RiR11R19 Re
R3 _Ru
Ri Ry
Highpass —
R W
, =
- Rio
N Lsia BP ) Lp Ry
Ry 3(18)  5(16) 2(19) 120) AMA
Vin—4 proa = R
+ /7N R Vour
all / w R
. /
SA/Bi he =
5
¢ = _fax Re 'Q=&\’ Rg
%~ 100(50) VRs + Rg Ry VRs + Rg
RoR12Ry7 Rs R1o
fr=1 \/1_———(1+—); Homp = - -2
zm R1R11R19 Rg O =" Ry
Ry _Rug
R1 Ry
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Allpass —
Ryy R1o
R A
14 Vour
1(20) +
_ fak [ Re /
fz 100(50) VRs + R6 Rs +
R1o Ry7R3
Hoap=-——; ——==2
" RygRq
Notch —
R17 Ry
R
13 i Vour
1(20) +

_ fak [ R & | _Re
100(50) R5 + RG R; VR + Rg

R R
Hont (f = 0) = Honz (f —~ fak/2) = - R_“; E:‘ R::
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Appendix B. Derivation of Flexible Building Block Transfer Function

R, R,
VN =22 Vi -2 Ve
Ry R3
NTR +Rg
Vep =
S
Vgp w1
Vie
S
sVep _ Ry v R Rg  Vpp wq
— =-—=V|N-—="Vpp -
wq Rq R Rs + Rg )
s R R R
Vg [—+ 2+ —2— w1] =-2vy
w7 R3 Rs+Rg s Rq
Ry
o Sw1
VBP _& ) R3 f'l fCLK 2 Hogp = - &
Vin Ril 5, Ry R ) 50 R
§2 +—=swq + wq
R3 Rs + Rg fo= |_Re fax2m _R | Re
_ Ry Ry R12 Ryp Rs+Rs 50 R3 VRs + R
R17 R18 R11 R w = 2mf
Vo =- R, _Ru( R ) sw1 VIN JRLSPST) _&, w? Vin
Rz Rig ! Ry 2. Ra R ; RuRw! Ry/ R Re 5
2+ —=swq + ——— +—= s, 1
R3 R5 + Rg Rs + Rg
R. R R10R5R R12R5R:
@iz, R o RiRaRy RRy 2
Vo =|- R ) R3 Rs + R R1gR1R1p Ry1R1R1g
Rz R
2 +—2 50; + Re w?
R3 Rs + Rg
R R RiR3 R R,R¢5R- R R,
[ 2,2 _ﬂ) ;u_ﬂlswﬁ[ﬂm( +__5” we?
Yo _[_ ﬁ) R3 ' Ryy / IRigR; Ry R1R11R19 Rs + Rg
Vin Rqz R
2 +—2 50, 6 2
- R5 + RG
R R
[1 Ryz R3] +[1 + RRiRyy (1 +_5” Re W
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ML2200, ML2208 Software Driver

1.0 Introduction

This application note presents a very simple software
driver for the ML2200/ML2208 Data Acquisition
Peripheral. As mentioned in the data sheet, under
section 6.0 “Methods of Data Transfer to the
Microprocessor”, there are several ways to handle the
A/D converted data output from the ML2200/ML:2208;
1) Data on Demand, 2) Polling; 3) Interrupt, or 4) DMA.
This application note presents a driver for Data on
Demand.

An application using Data on Demand requires the
A/D converted data at arbitrary times, as opposed to
the other three methods of data transfer which
requires the microprocessor to periodically read the
data. The ML2200/ML2208 operating in a Data on
Demand mode is not running continuously. Data on
Demand would be more characteristic of a data

acquisition application rather than a signal processing
application which would need to sample a signal
periodically in order to be able to reconstruct it.

The driver is written in pseudo code, which is no
particular language but should be easily translatable to
any computer language. It is a step-by-step process of
reading and writing values to ML2200/ML2208 registers.

Four modules are covered: Initialization, Activate
Conversion and Read Data, Self Test Diagnostic, Self
Calibration Diagnostic, Power Down and Power Up
Modules. Initialization covers power-up procedures
and optionally may call Self Test and Self Calibration
Diagnostic modules. Activate Conversion is the steady
state module that is called each time the A/D data is
desired. Power Down and Power Up are used only if
this capability is desired.

Initialization Mode (Power-On Initialization)

1) Power on

2)  Write (40H) to Control Register

3)  Write (80H) to Control Register

4)  Wait 16,520 external clocks

5)  Read Status Register

6) Is CLCP =1, Yes: continue, No: go back to step 5
7)  Write (40H) to Interrupt Acknowledge Register

-)  Call (Self Calibration Diagnostic Module)

8)  Write (88H) to Index Register

9)  Write (08H) Window High Reg
10)  Write (26H) Window Low Reg
11)  Write (01H) Window High Reg
12)  Write (26H) Window Low Reg
13)  Write (02H) Window High Reg
14)  Write (26H) Window Low Reg
15)  Write (03H) Window High Reg
16) Write (26H) Window Low Reg
17)  Write (04H) Window High Reg
18) Write (26H) Window Low Reg
19)  Write (05H) Window High Reg
20) Write (26H) Window Low Reg
21)  Write (06H) Window High Reg
22) Write (26H) Window Low Reg
23) . Write (87H) Window High Reg
24) Write (26H) Window Low Reg

; Reset
; Set Calibration

; CLCPAK
; OPTIONAL

; Use Program shown on last page figure 1
; Point to first

; instruction RAM use
; auto increment

@ Micro Linear
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25) Write (OAH) to Control Reg ; set MSTR bit so
; that pulse goes out
; each conversion and
; put in DMA mode to
; facilitate reading

; data.
26) Write (0BH) to Control Reg ; Set Run bit
27) Call (Self Test Diagnostic Module) ; OPTIONAL

; end of initialization module.

Activate Conversion and Read Data Module
(Called each time A/D converted data is desired)

1) Read status register

2) 1s1SQ = 1? Yes: continue, No: go back to step 1

3)  Write (10H) to Interrupt Acknowledge Reg ; acknowledge 1SQ
4)  Wait (8 x 314 us = 251.2 us)

5)  Read status register

6) DBR = 1? Yes: continue; No: go back to step 5

7)  Read Window Low Register save as High Byte ; DMA mode allows

Read Window Low Register save as Low Byte ; uP to read High and
8)  Go back to step 7 seven more times ; Low bytes at same
9)  Return ; address

Self Test Diagnostic Module

(Assumes the program in figure 1 is already loaded in the Instruction RAM as performed in the initialization module.
When the SLFT bit is set, the diagnostic program is the same one as shown on page 22 of the data sheet. This
module sets the SLFT bit, starts a conversion, then checks the data for the results.)

1) Read Control Register

2)  Or (20H) ; Set SLFTST in
; Control Register
3) And (7FH) ; don’t set CAL bit

4)  Write back into control register
5)  Call (ACTIVATE CONVERSION AND READ DATA MODULE)

6)  Check selftest data ;Data0=0
; Data 1 = +1
; Data 2 = -1
;Data3 =0

(Note: these values may not be exact due to the potential noise in the system)

7)  Read Control Register

8) And (5FH) ; clear SLFT bit
9)  Write back into control register
10) Return
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Self Calibration Diagnostic Module
(This can be used to verify that the part is properly calibrated. It should be called between steps 7 and 8 in the
initialization module. This test is not necessary since each production part is fully tested before it is shipped.)

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
)
12)
13)
14)

Write (08H) to Index Register

Write (88H) to Window High Register

Write (60H) to Window Low Register

Write (01H) to Control Register

Read Status Register

Is ISQ = 12 Yes: continue, No: go back to step 5
Write (10H) to Interrupt Acknowledge Register
Read Status Register

Is DBR = 1? Yes: continue, No: go back to step 8
Write (00H) to Index Register

Read Window Low Register

Is Data = OFFH? Yes: Failed Calibration, No: continue
Write (00H) to Control Register

Return

Power Down Module

1)
2)
3)
4)
5)
6)
7)

Read Control Register

And with (7EH)

Write Control Register

Read Status Register and Process any conditions
Write (OFFH) to Interrupt Acknowledge Register
POWER DOWN (PDN pin goes low)

Return

Power Up Module (Coming from a Power Down State)

; Point to the first
; Instruction

; Load with RDCAL
; Set RUN bit

; Wait for 1ISQ

; Start Program

; Wait for Data
; Point to Data

; Take out of Run Mode

; Clear the Run Bit

; Clear all Interrupt
; Conditions

1)  POWER UP (PDN pin goes high)
2)  Wait (10 msec)
3)  Read Control Register ; Set the Run Bit
4)  Or with (01H)
5 And with (7FH)
6)  Write to Control Register
7)  Return
Last ALRMEN Mode CHAN Cycle Gain REF
SEQO 0 0 Intra Sequence CHO 13 1 Internal
Pause
SEQ1 0 0 Immed Execute CH1 13 1 Internal
SEQ2 0 0 Immed Execute CH2 13 1 Internal
SEQ3 0 0 Immed Execute CH3 13 1 Internal
SEQ4 0 0 Immed Execute CH4 13 1 Internal
SEQ5 0 0 Immed Execute CH5 13 1 Internal
SEQ6 0 0 Immed Execute CHe6 13 1 Internal
SEQ7 1 0 Immed Execute CH7 13 1 Internal
Figure 1. ML2208 Program Used in Driver
10-35
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PRIMARY SECONDARY
INDEX
REGISTER
VALUE
(RS4-RS0) UPPERBYTE  LOWER BYTE
00000 [DT5 DB[D7 Do
ADDRESS BIT7 BIT6 BITS BIT4 BIT3 BIT2 _ BIT1__ BITO DATA
ReAD/WRITE[ 000 | D7 | D6 | D5 | D4 | D3 | D2 | o1 | DO | Poh EA'WID'DA' TA (READ)
WINDOW LOW REGISTER 16-BIT CAL (WRITE)
READ/WRITE[ 001 | D15 [ D4 | D3 [ D2 | pn | D0 | D9 | D8 |
WINDOW HIGH REGISTER
READ/WRITE[ 010 [AUTOI] =+« | »+ | R4 | Rs3 | Rs2 | Rst | Rso | | owo00
INDEX REGISTER
READ/WRITE[ on | CAL [ RESET [ SLFTST | TCLK | DMA | LOBYT | MSTR | RUN | wgggﬂgsklmh “IS.TIERS
CONTROL REGISTER
READONLY [ 100 | INT | CLCP [ RNER | 1SQ | OVRN [ ALRM [ OVRG | DBR |
STATUS REGISTER 10000 [ I ] 16-BIT TIMER VALUE
writeonty [ 100 |+ crcpak[RNERAK] 15QaK JOVRNAKIALRMAKIOVRGAK] DBRAK] | 19001 | T 1 16-BIT ALARM A VALUE
INTERRUPT ACKNOWLEDGE REGISTER 10010 [ T ] 16-BIT ALARM B VALUE
UPPER BYTE
READONLY[ 100 [ *t [ 1 | 1+ T 1 ] 1 [ sr2 [ skt [ sro || won[ T ] 8-BIT INTERRUPT ENABLE
A2, A1, A0 SEQUENCE REGISTER LOWER BYTE
8-BIT ALARM CRITERIA
*Writing this bit has no effect
**Write a zero to these bits
ADDRESS read back ones DATA
Figure 2. ML2200/M12208 Registers
15 “ 3 2 1 10 9 8 7 6 5 4 3 2 1 0
LLAST |ALRMENI MDE2 l MDE1 l MDEO l CH2 ‘ CH1 I CHO H sC2 | sct | SCo I GN1 ] GNOT REFZJ REF1 | REF(!J
v v
MODE SELECT INPUT CHANNEL SELECT  CYCLE SELECT GAIN SELECT REFERENCE SELECT
000 = IMEDIATE EXECUTE 000 = CHANNEL 0 000 =16 BITS 00=1 000 = CHANNEL 0
001=INTRA SEQUENCE PAUSE  001=CHANNEL 1 001=13 BITS 01=2 001=CHANNEL 1
010 = START ON NEXT TIMEOUT 010 = CHANNEL 2 010=8 BITS 10=4 010 = CHANNEL 2
011= PRESET TIMER/STARTON  011= CHANNEL 3 011=READCALCODE ~ 11=8 011= CHANNEL 3
TIMEOUT 100 = CHANNEL 4 111= WRITE CAL CODE 100 = CHANNEL 4
100= EXTERNAL SYNC/TIMER  101= CHANNEL 5 101=CHANNEL 5
PRESET/TIMEOUT 110 = CHANNEL 6 110 = INTERNAL Vier
110= ILLEGAL 1= CHANNEL 7 1M1= ILLEGAL

1M =ILLEGAL

Figure 3. ML2208 Bit Map of Instruction RAM
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Vince Cardinale

Fiberoptics

Introduction

Although fiberoptic technology has been around for
some time, its cost and the lack of standardization has
hindered its widespread application, until recently. The
introduction of new integrated circuits developed
specifically for fiberoptic systems has lowered the
costs, making fiberoptic links more competitive.
Applications in Telephony, LANs, WANs, and point to
point high speed interfaces, have helped make
fiberoptics one of the fastest growing segments in the
electronics market.

Micro Linear’s fiberoptic products can be used to
implement a range of different fiberoptic interfaces.
Data rates up to 100 Megabaud which are compatible
with ECL or TTL are achievable using a single 5 volt
supply. Most of the applications for these products
require bandwidths above 1MHz, where the quality of
the interface can be compromised with a poor
implementation. With this in mind, having a thorough
understanding of fiberoptics will significantly contribute
to the success of a circuit design. This application note
will address the transmit and receive circuits, some
important PC board layout techniques, and will
conclude with a sample circuit and board layout.

Fiberoptics

Fiberoptic systems have several key advantages over

their wire equivalents, which account for the continued
effort to make them practical in more applications. The
most significant advantage is the low level of attenuation

seen with high frequency signals. This feature allows a
higher degree of multiplexing than is achievable using
wire. This is exactly what is needed for long distance
telephone lines and computer networks. Other
attractive features include a lack of RFI radiation and a
low sensitivity to EMI noise. These characteristics make
it easier to meet FCC regulations and increase the
security of data transmissions.

In a fiberoptic system (figure 1) digital data is coded
into a serial bit stream represented by bursts of light
from a laser diode or LED. This light is channeled by
the fiber to a PIN photodiode at the receiver which is
sensitive to the frequency of the light transmitted.
Because light effects the reverse current flow through
a PIN photodiode, a transimpedance amplifier is
required to convert this current to a voltage and boost
the low level signal to something usable. A quantizing
circuit usually follows because variable fiber lengths
and conditions will distort the signal. The Quantizer
squares the signal and conforms to standard interface
levels (ECL or TTL).

Fiberoptics is not a perfect interface, though. The
signal level can be attenuated by insertion loss at the
transmitter and receiver, connector loss, and
transmission loss. These losses limit the maximum
length of the fiber and affect the requirements of the
transmitter and receiver. In order to accommodate a
worst case situation, a flux budget should be
developed so that minimum circuit performance levels
can be ascertained.

DATA > | | |
ENCODER I DRWER | FIBER [ |
N
CLOCK > > DATA
| 3 | cC—— 1= QuANTIZER [H 1,080
| ) | | —» CLOCK
L _J N, -
TRANSMITTER CIRCUITRY RECEIVER CIRCUITRY
Figure 1.
10-37
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Defining a Flux Budget

10 log (;ﬂ) = aol + arc + acg + nacc + am
R

A flux budget is a mathematical representation of the
optical power in a fiberoptic system. It accounts for
connector losses, attenuation due to fiber length, and a
safety margin defined by the designer. Defining this
budget is one of the first things that should be done
when designing a fiberoptic link.

Each of the terms is defined as follows:

@1 is the flux (uW) available from the transmitter
¢r is the flux WW) required by the receiver

ao s the fiber attenuation constant (dB/km)

L is the fiber length (km)

To keep power consumption at a minimum, the
appropriate starting point is the minimum acceptable
signal level at the receiver. This minimum received
power level, summed with several interface losses gives
the minimum output power of the LED. If the fiber
length can vary in a given system then the dynamic
range of the receiver is important and the maximum
received power must also be calculated.

Dynamic Range

The dynamic range of the receiver must be large
enough to accommodate all the variables a system may
present. Figure 3 shows an example dynamic range
calculation for transmission distances ranging from 10
meters to 1000 meters with 12.5dB/km cable, and up to
two in-line connectors.

arc is the transmitter-to-fiber coupling -loss (dB) aiep = LED output variation = 7.0dB
acc is the fiber-to-fiber loss (dB) for in-line connectors aipc = LED driver variation = 2.2dB
n is the number of in-line connectors apl = 1km x 12.5dB/km = 12.5dB
acr is the fiber-to-receiver coupling loss (dB) nacc = 2 x 2dB = 40d8B
ap s the safety margin (dB) am = 3.0dB
A graphical representation of the flux budget is shown Thermal Variations =_1.0d8
in figure 2. Option (a) depicts the use of in-line Dynamic Range 29.7dB
connectors. Option (b) is without them.
Figure 3.
16 ayc — INSERTION LOSS, TRANSMITTER The Circuit Design
1 acg — INSERTION LOSS, RECEIVER The combination of low receiver input sensitivity with
s INLINE CONNECTOR LOSS significant dynamic range requires the receiver to have
s §' 101 fec = two important features: amplitude control and AC
:g 2 8 aoL — TRANSMISSION LOSS coupling.
st m — FLUX MARGIN An offset voltage in the receiver will reduce its
g s OPTION (b) \ sensitivity by not allowing low level signals to trigger
o OFTION (a) ‘q the digital output circuit. The circuit in figure 4
Ty S0 15 20 25 3935 30 4550 contains both AC coupling between the :
@TC AR ACC | — FIBEROPTIC LENGTH — METERS transimpedance and limiting amplifiers, and a DC
restoration loop around the limiting amplifiers. These
) two features keep the offset voltage through the
Figure 2. receiver to an absolute minimum, thus maximizing
sensitivity.
~ LIMITING AMP COMPARATOR
N l— +\ +
> TTL DATA OUT
T '
+
o ATER
1 R
I
Figure 4.
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In order to handle a wide dynamic range, like 50dB,
special attention must be given to the receiver circuit
design. Applying a large input signal to a typical
amplifier can cause the transistors in the signal path to
saturate resulting in pulse width distortion and
reduced bandwidth. Some technique of controlling the
amplitude must be incorporated in order to protect
the signal integrity.

Amplitude control can be achieved with either an AGC
circuit or with the use of limiting amplifiers. An AGC
circuit keeps the transistors out of saturation by
reducing the gain of the circuit as the signal amplitude
increases. A limiting amplifier simply limits the signal
amplitude to a point before saturation. This technique
results in a simpler, higher bandwidth design and so
was chosen by Micro Linear.

Data Format

The data format is important since it affects the
bandwidth and duty cycle which the interface must
accomodate. There are many ways to code data in a
serial format. Some codes allow unlimited consecutive
symbols while others do not. Those that do not are
called Run-Length-Limited (RLL) codes. A fiberoptic
interface which incorporates AC coupling to increase
sensitivity can only pass RLL type codes. The particular
run-length-limited code chosen must be considered
carefully since it will affect the bandwidth of the
system.

Manchester code is popular in AC coupled systems
because it has a 50% duty cycle and can be encoded
and decoded with relatively simple circuits. In
Manchester code two symbols are used for each bit
transmitted. This doubles the fundamental frequency
which the interface must handle. A more efficient RLL
code is 4B5B. This code uses 5 symbols to send 4 bits.
This represents an increase in efficiency from 50%
(Manchester) to 80% (4B5B). A fiberoptic interface which
will transmit 40 Megabits per second using 4B5B coding
must accomodate 50 Megabaud (symbols per second).
Since there are always 2 symbols per cycle the
minimum system bandwidth is 25 Megahertz. If
Manchester code was used to transmit 40 Megabits per
second the interface would have to handle 80
Megabaud or a minium bandwidth of 40 Megahertz.

Bandwidth

From the example just described you can see how the
code chosen effects the minimum bandwidth of the
fiberoptic interface to be designed. The optimum
system bandwidth is actually somewhat higher though
due to four conflicting concerns: noise, intersymbol
interference, power, and bit error rate.

If an interface were designed with a 3dB bandwidth
equal to the minimum bandwidth as described above,
level transitions would be smooth, like a sine wave.

This is not desirable for a digital signal. Also, smooth
rise and fall times will cause interference between
adjacent symbols resulting in a distortion of the output
signal. This is known as intersymbol interference. A
fiberoptic interface with a higher bandwidth will have
faster rise and fall times and less intersymbol
interference. On the other hand, a higher bandwidth
will increase the noise on the output signal. When you
combine these two opposing effects with the desire for
low power and a low BER (Bit Error Rate) (which also
conflict), an optimum bandwidth can be derived. The
curve in figure 5 indicates the optimum bandwidth is
about 50% higher than the minimum bandwidth.

RECEIVED OPTICAL POWER
FOR CONSTANT BER

MINIMUM
OPTICAL POWER
FOR SPECIFIC BER .
BANDWIDTH
15 (MIN BW)
Figure 5.

Transmitter Design

The light source can be either a laser diode or an LED.
Because a laser diode has such a narrow spectrum of
radiant light it is called a Single Mode light emitter.
Multi Mode light emitters radiate a wider spectrum of
light. LEDs are Multi Mode and as such suffer from a
higher level of chromatic dispersion, caused by
different propagation velocities for light of different
wavelengths. This is the dominant bandwidth limiting
factor for LED driven fiberoptic links. Light emitting
diodes have an emission spectrum on the order of 40
to 60nm full width at half maximum amplitude centered
at 820nm. On the other hand, LEDs are much cheaper
than laser diodes and can be modulated in the 100MHz
range, making them suitable for short to medium
distance communications such as LANs and point-to-
point computer interfaces.

LEDs are current driven devices so a current
modulation circuit is needed to use the LED as a data
transmitter. In applications where the data rate is less
than 10MHz a circuit similar to figure 6 will be
adequate to drive the LED without a significant amount
of pulse width distortion. Unfortunately, LEDs do not
turn on or off linearly nor are their rise and fall times
equal. For data rates above 10MHz these characteristics
need to be considered in order to get the best possible
performance.

T Micro Linear
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Vee

_ Ve - Ve - Ve

Ir R

Figure 6.

Two techniques which can be used to improve the
turn-on time of an LED are “pre-bias” and “drive
current peaking”. Pre-bias is a small forward voltage
applied to the LED in the “off” state. This voltage
prevents the junction and parasitic capacitances from
discharging completely when the LED is in the “off”
state, thus reducing the amount of charge that the
driver must transfer to turn the emitter back on. Drive
current peaking is a momentary increase in LED
forward current that is provided by the driver during
the rising and falling edges of the current pulses that
are used to modulate the emitter. The time constant of
this peaking circuit needs to be equal to the minority
carrier lifetime of the emitter so that the rise and fall
times will be improved without causing excessive
overshoot of the optical pulses. Figure 7 shows the
problems which can result from excessive peaking.

OPTICAL OVERSHOOT DUE TO EXCESSIVE
PEAKING OF THE LED DRIVE CURRENT

Figure 7.

The circuit in figure 8 implements both the pre-bias
and peaking techniques described above. When the
DATA signal is low the voltage divider created by R;.
and R; can be set-up so the voltage between R and Rp
is slightly less than the LED turn-on voltage. This pre-
bias voltage prevents the LED capacitance from
discharging completely which allows the LED to turn
on faster because less time is required to completely
charge the junction capacitance. The time to
completely charge the LED can be reduced further by
increasing the amount of current flowing in the LED

duirng turn-on. The capacitor in this circuit has the
effect of connecting R3 in parallel with R, for a short
time during level transitions. This momentary condition
allows additional current to flow through R3 and the
LED. By matching the R3;C time constant to the minority
carrier lifetime of the LED, peak performance is
achieved.

Vce

DATA

Figure 8.

LEDs are characteristically harder to turn off than to
turn on. This phenomenon is commonly refered to as
the long-tailed response, and is depicted in figure 9 as
it relates to transmitted optical power. Circuits such as
the one in figure 6 exhibit this problem because there
is no low impedance path to dissipate the stored
charge in the LED when turning off. In order to
compensate for this an active pull down configuration
should be used. For the circuit in figure 8, this can be
achieved by using an input buffer with a totem pole
output structure. When the DATA signal is low, the
lower transistor of the totem pole is active. Acting as a
current sink, this device provides a low impedance path
for the charge stored in the LED junction, reducing
pulse-width distortion and the magnitude of the long
tail.

>
|
=
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a
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£ m
=0 TIME — t
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g LONG TAIL
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§ 0 TIME — t
=
=
Figure 9.
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The ML4631 LED Driver

The ML4631 (figure 10) uses a circuit topology similar to
figure 8. With no external components this circuit will
provide 60mA DC forward current to the LED during
the “on” state and maintains a pre-bias voltage of about
11V during the “off” state. By adding a small external
capacitor, the peaking effect described earlier can be
induced. A proprietary high speed driver, utilizing
schottky devices and a clamped internal supply, is used
to drive the RC network. An enable pin is provided for
gating the DATA signal. The output of the Driver is
capable of sinking or sourcing 100mA at 100MBd.

DATA ?-—- DRIVER

Figure 10.

Because all the nodes around the resistors are available
to the user, the LED forward current can easily be
modified using the following equations

_ Vce - 47V + 1073

Ri=—m—— (1)
Ir
Rq
Ry=—-2 2
2737 (2)
R3=R; -4 (3)
~ 2ns @
RZ + R3

In equation 1, V is the forward voltage drop of the
LED when a forward current of g is passed through it.
The values for Ry, Ry, and R3 were chosen for the
ML4631 by setting I to 60mA, Vg to 1.8V and solving
the above equations. Since the forward voltage drop of
an LED is related to the forward current, a graph of
their relationship is usually provided in the LED data
sheet. The graph of Ig vs Vg for the Hewlett Packard
HFBR-1414 is shown in figure 11. If a different forward
current is desired, the corresponding forward voltage
drop should be used in equation 1.

60

IRV
| RN/A
i/
w2/

12 14 16 18 20 22
Vg — FORWARD VOLTAGE — V

I — FORWARD CURRENT — mA

Figure 11.

Different configurations can be used to set the DC
current up to approximately 100mA. Since the forward
current supplied to the LED comes not only from the
Driver output but also from V¢c through Ry, it would
appear the maximum I achievable is more than the
100mA output spec of the Driver. However, because of
the additional peaking current and the tolerance on the
output drive current, the practical design limit is
typically about 100mA.

Operating the ML4631 as shown in figure 10 will
produce an LED forward current of about 60mA =+ 35%.
This range is mainly due to the 20% tolerance of the
resistors in the output stage. Using one or two 1%
external resistors will substantially improve the accuracy
of Ig. Figure 12 shows several configurations with
various I levels and accuracies. Each of these examples
uses at least one on-chip resistor, usually configured as
the R3 in figure 8. Since R3 affects only the peaking
current, its accuracy is less critical and does not affect
the steady state forward current at all. For complete
flexibility, the high speed Driver output is available to
drive an external RC network.

DATA DRIVER

ENABLE 1C']

Figure 12a.
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Figure 12b.

If = 55mA + 13%

A
VWA—>
~N
w

If = 105mA + 13%

Vce

———t——— —

|

DATA %—- DRIVER
|

T 1

Figure 12e.

DATA $— DRIVER

ENABLECI>———J
L4

= I = 66mA
+ 13%

Figure 12f.

Note: Tolerance calculations were made with the following
assumptions:
1) On-chip resistor tolerance is ::35% to account for process
and temperature variations over 0-70°C.
2) Off-chip resistor tolerance is'11%.
3) Power supply is 5.0V £ 10%. A 5V + 5% supply will
improve the I tolerance values shown above by +3%.

4) Vg =18V.
Receiver Design

For optimum performance the receiver needs to
combine a wide dynamic range (about 50dB), high
sensitivity (down to 1uW), high bandwidth (50MHz)
and compatibility with standard digital interfaces (ECL
or TTL). Another feature which is required in some
fiberoptic systems is a Link Monitor. This circuit
monitors the input level and sets a flag and/or
disables the digital output when the input falls below
a predetermined point.

The four major functional blocks of a receiver are the
optical to current conversion, the current to voltage
conversion, the analog to digital conversion, and the
Link Monitor. A PIN photodiode and a transimpedance
amplifier can be used to perform the first two
functions while the third and fourth require several
discrete standard devices and a significant amount of
design effort or one of Micro Linear’s Quantizer
products.

There are several manufacturers of discrete PIN
photodiodes and transimpedance amplifiers which are
suitable for this application. Some of these
manufacturers offer both functions in a single module
compatible with fiberoptic connectors. These
modules, like the Hewlett Packard HFBR-24X6, isolate
the most noise sensitive section of the receiver, the
PIN photodiode to transimpedance amplifier
connection, and protect it from outside influences. In
addition, they are relatively low cost, and eliminate
the need to design the fiberoptic connector hardware.

The output of these receiver modules is a low level
analog voltage which is directly proportional to the
incident optical power. This signal needs to be
amplified, squared-off, and appropriately level shifted
(for ECL or TTL outputs). As described earlier, a
limiting amplifier can be used in this application to
accomodate a wide input dynamic range while
maintaining a high bandwidth.
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Building a high speed analog to digital conversion
circuit which must perform over a wide dynamic range
with low offsets using off-the-shelf components is
difficult. Furthermore, a worst case analysis may be
impossible because some of the parameters critical to a
fiberoptic receiver design, such as input offset and
input referred noise are not always included in the
discrete component specifications. The typical
bandwidth of these devices may be known but the
minimum is not always guaranteed, yet this is required
for a worst case analysis.

The ML4621, ML4622, and ML4623 Quantizers

The ML4621, ML4622, and ML4623 Quantizers eliminate
these problems by providing a monolithic solution. All
three products include a limiting amplifier front end, a
comparator output section and a Link Monitor. The
ML4621 is the most flexible circuit. The differential data
path between the amplifier section and the comparator
section is available to the user for filtering or wave
shaping. In addition, both ECL and TTL outputs are
available, and the Link Monitor peak detector can be
controlled with an external current source or the value
of the peak detector capacitor.

The ML4622 and ML4623 are more application specific.
The ML4622 has an ECL output while the ML4623 has a
TTL output. In both products the node between the
amplifier and comparator is not brought out to the
user, and the Link Monitor peak detector can be
controlled only by the value of the peak capacitor. Like
the ML4621, the ML4622 (ECL output) was optimized for
speed (65MHz typical) while the ML4623 (TTL output)
was optimized for low power (40mA typical). Both fit in
a 16 pin SOIC package.

Input Amplifier Section

All of the Quantizer products have a two stage limiting
amplifier with a DC restoration feedback loop. Figure 13
shows this input circuitry in detail. The two input
coupling capacitors Cy and C; perform two important
functions. First they eliminate any offset voltage created
by the transimpedance amplifier, and in addition they
create a high pass filter at the input of the Quantizer.
This filter establishes the low corner frequency, fi, of
the Quantizer’s 3dB bandwidth.

1

— C=C=C 5
277 8000 C ( 1= 6

fi

8000 represents the parallel combination of the DC bias
setting resistors 10K and 35K. Using a 0.1uF capacitor for
C; and C, establishes a corner frequency at about
200Hz. C4 and Cs control the high corner frequency,
fu.

1

TomasC

425 represents the internal impedance at nodes CF1
and CF2. Using a 20pF capacitor for C4 and Cs
establishes a corner frequency at about 19MHz. If CF1
and CF2 are left open the high corner frequency will
be >50MHz for the ML4621 and ML4622, or >40MHz
for the ML4623.

fH (C = C4 = C5) (6)

QUANTIZER
Fmmm—m e =29
|
| VREF
I I
TS
LS
Vm+I
- +
G |
VIN- |
>H—o - -
C2 ! VREF /
! 4L < < S
| 335k 310K 335K BKg S K
| ,] 9 25K 9 9
| = = 25K
vor! /
DC
[—él 25K
P I _ 4VA'A'J
SI | ~N
= 25K 10pF=  ==10pF
\ A

VWA

Figure 13.
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The bandwidth of the receiver, as defined by fy - fi,
can be adjusted to the particular needs of different
systems. The high pass filter not only eliminates DC
offsets but also reduces any low frequency power
supply noise picked-up in the transimpedance amplifier
and associated traces. The low pass filter reduces high
frequency noise which directly effects the signal to
noise ratio and thus the sensitivity of the receiver. Since
these circuits were designed for maximum bandwidth,
some band limiting should be used as indicated in
figure 5 to maximize sensitivity.

Although the input is AC coupled, the offset voltage
within the limiting amplifiers will be present at Voyrs
and Vour-. This is represented by Vs in figure 14. In
order to reduce this error a DC feedback loop is
incorporated. First, the DC component of Voyrs and
Vour- is developed through an RC filter of 25K and
10pF. Then a difference amplifier circuit with a gain of
10 is used to provide a single ended signal, stored in
Cj3, which can be fed back into the inverting input
terminal. This negative feedback loop nulls the offset
voltage, forcing Vs to be zero.

Yourt ;,’_‘I:FI:_FbT

Vos
Vour———l:—F-l:—F—I:-—F—-i

Figure 14.

Although the value of C3 is non-critical, the pole it
creates can effect the stability of the feedback loop. In
order to avoid any stability problems the value of C3

<
Ve
, L
B 3303
ECL+ >
ECL- >
> >
GND 503 5103
v
52V

should be at least 100 times smaller than Cq and Cy. In
some systems Cj3 can actually be eliminated due to the
dominant effect C; and C; have on the loop.

The limiting amplifiers have a maximum output voltage
swing of about 700mVp_p. Since the gain of the
amplifiers is 75, input signals greater 9mV will be
clipped at about 2.7V and 3.4V. Typically this signal is
connected directly to the comparator inputs, as in the
ML4622 and ML4623. If some filtering or wave shaping
is desired between the amplifier output and the
comparator input, the ML4621 should be used since
these nodes are brought out to pins. If AC coupling is
involved, the DC bias must be reestablished between
(GND + 2V) and (V¢ - 1V). Also, the loading on Vour+
and Voyr- should be kept below 3mA, and be aware
that CMP+ and CMP- will sink about 25uA.

Output Comparator Section

The ML4621 has both ECL and TTL outputs. If the ECL
output is to be used, the power to the TTL output
section can be removed by connecting Vcc TTL and
GND TTL to Vcc. This will reduce the Vcc supply
current by 5 to 10mA. The Quantizer can be powered
by -5.2V (Vcc = 0V and GND = -5.2V), which produces
standard ECL output levels, or +5V (V¢ = +5V and
GND = 0V), providing raised ECL levels. The ECL
outputs on the ML4621 can source up to 10mA, so a
20092 load tied to -2V (below V¢c) can be
accommodated. If a -2V supply is not available,
connecting the ECL output to GND through a 510Q
resistor, and to Vcc through a 330Q resistor will
provide the same voltage swing as 200Q tied to -2V
(see figure 15). If the standard ECL load of 50Q tied to
-2V is required the ML4622 can be used.

£

Vce
ECL+ >
ECL- ‘ >

GND 200% 2003
| <

-5.2V -2V -2V

Figure 15.
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The output comparator is gated with the CMP ENABLE
pin which is active low. When CMP ENABLE is high,
ECL+ is held high, ECL- is held low, and TTL OUT is
held high. If the Quantizer is powered by +5V and
ground then any external TTL compatible signal can be
used to control this pin. If a -5.2V supply is used, the
signal should be appropriately level shifted. In either
case, the TTL LINK MON pin can be used to drive the
CMP ENABLE pin directly. The TTL LINK MON is an
output signal from the Minimum Signal Discriminator
circuit providing the Link Monitor function.

Link Monitor Section

The TTL LINK MON and ECL LINK MON pins both
provide an output signal indicating when the input data
signal is below a user defined acceptable level. Under
normal operating conditions this output will be low,
indicating the data is of acceptable amplitude. The
voltage levels on the TTL LINK MON pin are TTL
compatible_if the power supply is +5V. With a -5.2V
supply the ECL LINK MON output pin will provide
single ended ECL levels. The TTL LINK MON pin can
also be used to drive an LED, providing a visible link
status indicator. This pin can sink up to 10mA.

The Minimum Signal Discriminator circuit contains a
peak detector, a comparator, and output level shift

The peak detector droop rate can be controlled
adjusting either the value of Cg at the Cpgag pin or liger
at the Isgr pin. If Iyom is connected to Isgr, Iiser will be
125uA. The ML4622 and ML4623 make this connection
internally so Inom and Isgr are not available to the user.
The droop rate for these products can be adjusted with
Cg. The ML4621 has these extra pins, which allows the
user to set liggr with an external resistor, Rexr, tied
between Isgr and Ve lisgr would then be:

Vee - 07

lser = ————— 8
SET Rexy + 1700 ®

The output of the peak detector is a DC voltage
proportional to half the peak-to-peak voltage between
Vour+ and Voyr-. If this signal is larger than the
voltage provided by the Threshold Generator circuitry
the TTL LINK MON and ECL LINK MON pins will both
be low.

The Threshold Generator level shifts the reference
voltage at VtnAD] through a circuit which has a
temperature coefficient matching that of the limiting
amplifiers. This improves the accuracy of the Link
Monitor over temperature. The relationship between
VrnAD) and Vyy (the minimum voltage at the input
which will trigger the Link Monitor) is:

circuitry (figure 16). The droop rate of the peak ML4621: VinAD) = 600V + 0.7 9)
detector is:
ML4622 & ML4623: VTnAD) = 375Vry (10)
dv  liger o
dt Ce
MINIMUM SIGNAL DISCRIMINATOR
r-r-r—-—"F"™=>"""~>">""">"">""~"*">"~>"~"~>"~"~"~*"~>"~>"*~*" =~ -~ "~/ =~/ - =7 |
1 |
I +Vour -Vour 1
: Vce  Vec |
X |
! 850 850 :
X 425 425 I
|
CpEAK : |
c ? B LEVEL ——o0 ECL LINK MON
6 |
I | SHIFT | o TIL LINK MON

|N:)M | 12.8K Vaee "dhsn :
|
|
4 '
CONNECTED :
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. L 1 l
L __ L L oo __ il

° -THRESHOLD
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Figure 16.
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In these equations Vry is the peak value of the input
signal. The operating range over which these equations
apply is indicated by the graphs in figure 17 The on-
chip reference voltage, Vggr, can be tied directly to

00
ol
sl
SL ML4622, ML4623
= 6
>
£ 5
: st
> L
4 ML4621
3+
2
1k
1 J—
1 2 3
VTHADJ (V)
Figure 17.

V1HAD) to set the threshold level. This 2.5V low
impedance source will set the threshold at its maximum
allowable level as indicated in the graph. A lower
threshold level can be set by dividing down Vggr with a
resistor string, as in figure 18. On the ML4622 and

VREF
R
VIHAD)

R2

Figure 18.

ML4623, VryADJ is a high impedance node so the
equation for the resultant VyyADJ voltage is simply:

. ML4622 & ML4623: VTHyAD) = VRer (11)

2
Ry + Ry

Figure 19 shows the input circuitry at VryADJ on the
ML4621. This circuit has a relatively low input
impedance of 6.8K and is offset by one diode drop. A

51K
VTHADJ
17K
l ML4621 ONLY

Figure 19.

17K

H—wWA—

resistor divider can still be used to drive this point but
a different equation, which accounts for the load and
offset, must be used:

Ry(6800Vier + 0.7R
VryAD) = J26800Vker * 07R) )
6800(Ry + Ry) + R4R;

ML4621:

If, for example, you were using the ML4621 and you
wanted the Link Monitor to trigger when the received
optical power went below 1uW (-30dBm), you first
need to calculate the resultant voltage at Vin. and Vin_.
If you were using the HFBR-24X6 Fiberoptic Receiver
with a responsivity of 8mV/uW, the peak-to-peak voltage
would be:

1UW x 8mV/uW = 8mVp_p (13)

So the Link Monitor should trigger at some point
slightly lower than 4mV peak, say 3mV. The reference
voltage at VyADJ should then be:

V1HADJ = 600(.003) + 0.7 = 2.5V (14)

This is a convenient value since the reference voltage
supplied by the Quantizer, Vggf, is 2.5V. Thus, shorting
Vger to VTHAD) on the ML4621 will set the minimum
input signal level at about 3mV. On the other
Quantizers this will set the level at about 6.5mV
(equivalent to 1.6uW input power).

The Link Monitor has about 0.4mV (peak) hysteresis
built-in. Vy4AD) in equations 9 and 10 is the high
threshold level (the trigger point when the input
voltage is rising). The low threshold level (the trigger
point when the input voltage is falling) is about 0.4mV
less than the levels given in these equations. More
hysteresis_can be induced by connecting a resistor
between TTL LINK MON and VyyAD]J creating a
positive feedback loop.

A Sample Circuit

The circuit in this section (figure 20) is a point-to-point
fiberoptic interface designed to pass 20MBd data over

1 kilometer of 62.5/125um fiber cable. The main
components are the ML4631 LED driver, the HFBR-1414
LED, the HFBR-2416 Receiver, and the ML4621
Quantizer. Choosing -30dBm for the minimum received
optical power makes equations 13 and 14 applicable
and allows Vggr to be used to set the Link Monitor.

Applying figure 5 to the 20MBd data rate yields an
optimal bandwidth of about 15MHz. Using equation 6,
the value for C4 and Cs is derived by setting fiy equal
to 15MHz and solving for C. The lower corner
frequency, f;, should be chosen so that, at least, any
60Hz line noise is filtered out. Choosing 0.1uF for Cy
and C, will set the lower corner at 200Hz (equation 5).
C; should be at least 100 times smaller than Cy and C;
so .001uF is a good choice.
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Figure 20.
The only external component left to calculate is Ce. 101 ¢ _ L+ o + @ 15)
Since the baud rate is 20MBd, the time between peaks 08 or @o CR ™ M

in the Link Monitor’s peak detector is 50ns. If no more
than 01% droop is acceptable under the worst case
conditions (when the input signal is the smallest), and
the internal current source lisgr is used, then Cg is
calculated as follows:

Smallest input signal = 3mV
Gain through amplifiers = 75

Smallest voltage at Voyr+ and Vour. =
3mV x 75 = 225mV

Smallest acceptable droop voltage =
01% x 225mV = 225,V

25uV

2
Slowest acceptable droop rate = = 4.5V/ius

1250A
= .028uF
5V/us

Smallest Cg =

A 0.1uF capacitor is a convenient acceptable value for
this application.

Now that the minimum received power is known, a
flux budget can be developed for the interface, and the
required optical power from the LED can be derived.
Since the output power of the HFBR-1414 is specified
out of a short length of fiber attached to the LED unit,
no arc term is required in the flux budget. If no in-line
connectors are used and the remaining terms are:

or = 1UW

ao = 10dB/km
L = 1km

acr = 0.2dB
apm = 3.0dB

solving the flux budget equation for ¢r yields:

10 log % =10(1) + 0.2 + 3 = 13.2dB
!

log ¢1 - log 1uW =132
log ¢ + 6 = 132

log ¢1 = -4.68

¢1 = 20.9uW (-16.8dBm)

The HFBR-1414 has a minimum Peak Output Optical
Power of 31.6uW (-15dBm) when coupled to a
62.5/125um fiber cable, and when a forward current (lg)
of 60mA is applied. Since the optical output power vs.
forward current relationship of the LED is approximately
linear, the forward current required to get the
minimum output power, 31.6uW, can be calculated as
follows:

20.94W
31.6uW

The ML4631 is preconfigured to output a minimum of
44mA (60mA typical, 80mA max) so no external
components are required in this application. Of course,
as mentioned earlier, an external peaking capacitor can
be added to improve the rise and fall times.

x 60mA = 40mA (16)

Now, to make sure there is no chance of saturating the
receiver with too much power, a dynamic range
calculation is in order. Since there are no in-line
connectors and the cable length is fixed, the only
dynamic range components are the thermal variations
(ay), the user defined system margin (ap), the LED
output power tolerance (aigp), and the LED drive circuit
tolerance (aipc):

TaL Micro Linear
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80
— (-12dBm)

aipc = 10 log = 2.6dB (17)
— (-12dBm)
60

10 log 2™ _ 2 0dB (18)
aiep = 10 lof =7
LED 8 -16dBm

aipc = 26dB

QLED = 7.0dB

[24V] = 3.0dB

ar = 1.0dB

Dynamic Range: 13.6dB

So the maximum input power (¢max) the HFBR-2416
Receiver will see is:

PTMAX
uwW

dTMAX = 22.9uW

This is well below the 150uW maximum spec for the
HFBR-2416, and the resultant output voltage is

22.9uW x 8mV/uW = 183.2mVp_p (20)

This is well below the 1.4V maximum input voltage of
the ML4621.

The Board Layout

It's important to use good layout techniques when
creating the PC board for this, or any, high speed
circuit. In addition to speed, the receiver in this circuit
handles low level signals, making it especially sensitive
to noise, ground loops and parasitic feedback paths. All
Micro Linear Quantizers employ a fully differential data
path which helps reduce the sensitivity to noise in the
system. Because this is a high gain circuit, parasitic
feedback from the high-level logic-compatible output
must be kept to a minimum in order to prevent
undesired oscillations. This is accomplished with layouts
which physically separate the receiver inputs and
outputs. Power supply filtering should be used to
ensure the power busses don't provide a feedback path
that will degrade the stability of the receiver. Also, a
ground plane is strongly recommended to minimize the
inductance of the supply return paths.

10 log = 13.6dB (19)

The effect of the ground plane is maximized by
locating it on the same side as the components, and
maintaining a ground path between all adjacent pins.
Figure 21 shows the foil pattern used on an ML4621
demo board. Note the full ground plan and the paths
between pins on the IC.

a
a
[©]
a
(S
a
5]
[S]
a
a
<

000000 0000

Figure 21.

The importance of good construction and layout
techniques cannot be over-stressed. Layout designs that
result in excessive parasitic inductance and capacitance
will degrade the stability and bandwidth of the receiver.
Although the receiver is generally considered to be the
most critical portion of the fiberoptic link electronics,
careful attention should also be paid to the transmitter.
Several traces in this circuit will pass large currents at
high speeds. In order to minimize the effect of trace
inductance, these lines should be kept as short as
possible.

When good layout practices are employed, a 100MBd
fiberoptic interface can be constructed using the
components described here.
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Harlan Ohara & Vince Cardinale

Expanding the ML2200
Input Multiplexer

1.0 Introduction

If the four channel differential input multiplexer on the
ML2200 is insufficient for your application, it can be
expanded using one of three methods described in
this document. An expanded input multiplexer will
greatly enhance the processing power of the ML2200
but will restrict some of its flexibility. The limitations of
each circuit are discussed at the end of this application
note.

The first circuit controls up to 64 differential inputs but
restricts the ML2200 to always run eight operations.
The second circuit controls up to 128 single ended
inputs and again restricts the ML2200 to always run
eight operations. The third circuit is limited to eight
differential inputs but is fully programmable in the
number of operations. Each circuit is fully
synchronized with the ML2200 and can be built with
off-the-shelf components.

Although this application note discusses only the
ML2200, the ML2208 can be used as well. Only minor
operational issues within the ML2208 are affected.

2.0 General Theory of Operation

An external counter (74LS163) is used to control the
additional multiplexer devices (DG506 or DG507). The
counter is incremented by the SYNC pin of the
ML2200, which must be programmed as an output.
The SYNC pin is suitable for this purpose since it
always signifies the start of a new operation.

Synchronization with the ML2200 is achieved by
utilizing the DBR pin to load input channel #1 into the
counter. Since the DBR signal comes out after the
sequence of operations are complete and the next
sequence is started, it is too late to correctly
synchronize the counter prior to the beginning of the
next sequence. Synchronizing on the “1” count,
however, will always reset the counter to the proper
value if synchronization is ever lost.

Due to the above described behavior, a “boundry”
problem exists in the very first sequence of operations
and the first operation of the second sequence after
the chip is started. In order to get out of this problem,
the RUN bit of the control register is decoded and
duplicated in these circuits. The RESET signal is also
brought in. These signals force the counter to
predetermined states and relieves the “boundry”
problem.

3.0 A 64-Channel Differential Input Circuit

This circuit, shown in figure 1, provides up to 64
additional input channels. Two 74LS163 counters, U5
and U6, are used to develop the address for each
channel. Only 6 of the 8 available counter bits are
needed to control the channel selection. The 3 LSBs
are used to drive the multiplexer (DG507) address bus
and the 3 MSBs are decoded and used to drive each
multiplexer’s enable pin. A 74L5138 (U7) is used to
decode the MSBs, providing control for 8 multiplexer
chips. The 2 unused counter bits could be used to
address additional multiplexers, providing control for
up to 256 channels.

A D-type flip-flop (U4A, 74LS74) is used to reset both
counters whenever the ML2200 is reset or not in RUN
mode. This is accomplished by presenting an active
low signal at the synchronous clear inputs of the
counters whenever either the RESET or HALT condition
exists. When the ML2200 is placed in RUN mode, the
first SYNC pulse resets the counters to zero instead of
incrementing them. At the same time, the first SYNC
pulse clears the resetting condition by clearing the
flip-flop.

The other flip-flop in this circuit, U4B, is used to trap
the 0 to 1 transition of the DBR signal. This transition
causes the output of U4B to go low, which sets up the
counters for a load cycle. The next SYNC pulse (which
should correspond to the first operation of the
ML2200) will then load the counter with a “1”, forcing
the counters to be synchronized to the sequence. As
before, the same pulse that performs the load
operation also clears the load operation.

U1 (74L5138) and U2 (74LS379) form the logic that
decodes the RUN bit from the microprocessor bus to
develop one of the conditions that resets the counters.
U1 simply decodes the address of the control register
within the ML2200 and U2 latches the status of the
RUN bit.

This circuit requires operations to be done in groups
of eight and each operation within the group must
have the same characteristics.

@& Micro Linear
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4.0 A 128-Channel Single Ended Input Circuit

This circuit, shown in figure 2, is identical to the
differential circuit with three exceptions:

1. Four address bits are used to drive each multiplexer,
since each multiplexer chip now contains 16
channels instead of 8.

2. The decoder chip (U7) is shifted one bit up on the
counter output. This makes room for the extra bit
needed for multiplexer addressing.

3. DG506 multiplexers are used because this is a single
ended application.

This circuit requires operations to be done in groups of
eight and each operation within the group must have
the same characteristics.

5.0 An 8-Channel Diferrential Input Circuit

This circuit, shown in figure 3, is very similar to the two
previous circuits. It still uses two D-type flip-flops to
load and reset the counters. The difference here is that
register U7 (74LS379) is provided at address location 6
within the 8 byte ML.2200 address space and is used to
store a count equal to the number of operations
programmed by the microprocessor in the ML2200.

Address location 6 and 7 are spare locations within the
ML2200 address space. A 74LS85 (U8) four bit
comparator is used to reset the counter to zero when
the maximum count is reached. A single DG507
provides the eight input channels.

This circuit is not restricted to performing operations in
groups of eight. Each channel can be programmed and
initiated individually. This flexibility is maintained at the
expense of limiting the number of differential inputs to
eight.

6.0 Circuit Limitations

In order to maintain synchronization with the ML2200,
these circuits contain several inherent limitations which
are described below:

1. The SYNC pin is limited to use as an output.

2. These designs allow less settling time for external
input circuits, such as instrumentation amplifiers,
than otherwise would be possible.

3. The capability to do random reference selection is
lost.

4. The capability to do random input channel selection
is lost. Input channels must be scanned sequentially.
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Harlan Ohara

One Pin Crystal Oscillators

1.0 Introduction

Micro Linear has frequently used a one pin oscillator
design in its CMOS chips. The concept of a one pin
oscillator may seem peculiar to some at first, but the
design topology has been around for many years,
dating back to vacuum tube days. This topology is
shown in Figure 1 and is commonly known as the
Colpitts oscillator. The only difference compared to
previous implementations is that an MOS transistor is
used as the active element.

VBIAS Ieias

{0
-1|—1|||—~;»——+

Figure 1.

There are two important advantages to using this
particular topology versus the more common two pin
design (which is called a Pierce oscillator):

1. Only one pin is required, leaving the extra pin for
maximum functionality. This is increasingly important
as chips become more complex in function.

2. No external components are usually required except
for the crystal. If extremely high frequency accuracy
is required, then an external capacitor in parallel
with the crystal can be used to trim the frequency.

All is not free, however, there are some disadvantages:

1. This design is less tolerant of external parasitics to
ground than the two pin design. This is not usually
a problem since the designs used in Micro Linear’s
circuits have been provided with sufficient margin
to handle typical printed circuit board parasitics.

2. Flexibility in terms of user adjustment of design
parameters is less in this design. Again, this is not
seen to be a problem for two reasons:

a) Board level designers rarely adjust the two pin
design parameters.

b) Enough margin is provided so that adjustment is
not needed.

2.0 Theory of Operation

Exact circuit analysis of the oscillator is a complex
procedure for several reasons:

1. In a practical design situation, the system equations
are a minimum of 5th order. Exact hand calculations
are difficult at best.

2. Final oscillation conditions are not only based on
small signal analysis, but very dependent on large
signal non-linear situations.

3. The crystal model is generally a simple case in small
signal analysis but element parameters can change
with excitation level.

In this section, no attempt is made to provide a
complete exact analysis. An alternate approach is taken
in which hand calculations can closely approximate the
small signal solution. This approach is also much more
heuristically satisfying in that effects of design
parameter changes can be seen without applying a lot
of math. This also serves to provide the user with a
way to calculate an approximate frequency of
oscillation if more exact frequency tolerances are
required other than just plugging the crystal in.

For the more technically inclined, an exact small signal
sample design procedure is presented in Appendix A
using the MathCAD™ program on an IBM-compatible
PC. This is possible due to the presence of a root
solver capability in MathCAD. Users of HP calculators
or numerical analysis computer programs can also
perform this analysis. Appendix B contains an example
procedure to estimate final oscillation amplitude while
Appendix C goes through the procedure to calculate
the closed loop root locus plot which is then used to
estimate oscillator startup time.
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21 Crystal Model

The typical crystal model is shown below:
Co -[
Lo
= Cc

Ro

-0
Figure 2.

Typical values for the 12.352 megahertz crystal used in

some of Micro Linear’s telecom chips are:

Lo = 8.005814 - 10-3 henries
Cc =510 - 10" farad

Co = 20.7558 - 10~* farad
Rp = 15 ohms

The admittance of the crystal is:

Yxri(s)=Cc s+ !

1
Lo-s+
OSCQ‘S

+ Ro
Plot 50 points versus frequency:
x =1.50
Define radian frequency values:
wy = 12346 - 106 - 2 - 7 + x - 120
Plot real (resistive) part:

300

N\
N

1
REIYTL - woxdl

-

1.2347 - 107

0
1.2346 - 107 w

Plot susceptance:

6.04

IMIYXTL - wll \
\_/
-0.04
1.2346 - 107 5] 1.2347 - 107
..
2.7
Figure 4.

Note that at the series resonance frequency of:

1
— - 107
oGy - 12346608 - 107Hz
the susceptance is zero and the resistance is: Rp = 15.

Oscillators that operate the crystal in the series mode
use this characteristic as part of a feedback loop in
which the loop gain is maximum at this frequency.
Above this frequency the susceptance is inductive.
Oscillators such as this one-pin design (and the two-pin
Pierce) operate the crystal in the parallel mode, “using
it as an inductor”

2.2 Simplified Hand Calculation of Loop Gain:

In this section, a simplified (but approximate) method of
calculating the loop gain is shown. This method also
demonstrates in a more heuristic way how loading
affects the oscillator and how one may choose the
crystal characteristics, especially the series resistance Rp.
The calculation for the approximate frequency of
oscillation is also shown. This calculation is quite
accurate.

Before we proceed with the calculations. two general
principles will be presented that are used to make the
calculations. Derivations of these principles can be
found in reference [11:

1. In Figure 5, it is seen that an RLC circuit with series
loss can be represented by a circuit with parallel loss
(resistance). This applies when the circuit Q is high
(>10).

AA
\4
J—
LA
(g

Q<10
Figure 5.

2. In Figure 6, an RLC circuit with series capacitors can
be classified as a “parallel resonant transformer”
circuit. Again, this is accurate only when the Q is
high (this is easily satisfied with crystal circuits, with
Q’s in the ten to hundreds of thousands). In this
case, the two capacitors act like a transformer with a
turns ratio of:

R
Ci+Cy

Hence any resistance can be reflected by the square of
the turns ratio.

& Micro Linear
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Figure 6.

Using principle 1) from above, we can construct a
crystal model which has a parallel loss element:

Rex = Q2Ro

4/- o

B s Log 3

Co-'[
Cco

Lo

Ro

Figure 7.

Using principle 2) from above, we can now reflect the
loss element to the crystal terminals by the “turns
ratio.”

€S Rpr = REQ x n2

o

Figure 8.

At this point, we should develop the small signal
equivalent of the oscillator circuit:

+ VIN _

CTOP

‘I' Cp CBOT ) R & Vo
T TEmVIN
J |

4
Rp ?

Figure 9.

In Figure 9 the MOS transistor has now been replaced
by its small signal equivalent circuit. In this instance, g,
is the small signal transconductance of the transistor
and is set by the DC bias current. Ry is the parallel
combination of the drain to source conductance and
the “body bias factor” (if the source is not at the same
potential as the bulk). Derivations of these parameters
can be found in reference [2].

Cp is the parallel combination of all circuit reactive
parasitics found at the oscillator pin, including the
crystal case capacitance, Cc. Crop and Cgor are on-
chip capacitors with sizes chosen for a particular design
range.

Rp is the resistance of an on-chip DC bias resistor for
the gate of the MOS device plus any dissipative loss
present at the oscillator pin to ground. This is any lossy
effects due to circuit board or socket dissipation factors
at the frequency of oscillation.

We now connect the crystal to the oscillator circuit.
Note that the reflection and transformer calculations
above must be done with all circuit capacitances taken
into account:

VIN
+  Cop
=|
> .I_ 3
Sre 1-CBOT (>ng|N 3 Rir
3
wo = ! Cror = QPN L COCRTOT ()
0= o Cror’ "'~ Co + Crror’ Co + Cpror
Figure 10.

Le
Ryt = 80 - 103 ohms

—-

us assign some typical values to the components:

gm = 16 - 103 Amps/Volt
Cp:=10" 10-12 farad Crop =16 - 10-"2 farad
Rp = 100 + 103 ohms Cgor = 16 * 10~ farad

We will use the crystal values defined above with the

exception that Cc is now included in Cp, which
represents all capacitive parasitics present at the pin.

The total capacitance present at the pin including Crop
and CBOT is:

Cror * Cgor, -
Crop * Cgor
The total capacitance seen across the crystal inductance
is:

101

Cpror= P Cpror = 18

Co * Ceror
Co + CproT

Cror ¢ 10-14

Cror = 2.073 -
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This capacitance in parallel with the crystal inductance
just so happens to produce a resonant frequency which
is very close to the frequency of oscillation:

wo = 7762 - 107
wq = 12353724 - 107
2-m

Note that this frequency is .014% higher than the
specified 12.352 Megahertz. This is because this crystal
was ground with a specified capacitive load of 18pF
across its terminals. In our case, we only have about
13pF.

The circuit Q is now calculated:
_— 1
wo*Ro*Cror

The equivalent parallel resistance across the crystal
inductance is now calculated using principle 1) above:

Rpx == Q%>+ Ro  Rpx = 2.574 - 1010

This is now reflected to the oscillator pin using prin-
ciple 2) above:

1
wo=—————
°" VLo Cror

Q = 4143 - 104

2

Co ] Rpxg = 3.415 - 104

Co + Cpror

This is now combined with the parallel resistance
present at the oscillator pin:

Rpxg=Rpx"

Rpxr * Rp

—_— R| =2.546-10%
Roxg + Rp PTOT

RproT =
Note that this can be reflected again through the
“capacitive transformer” of Cyop and Cgor:
2
Crop ]

RetotR*=ReT0T | G155+ Caor

RpioTR = 6.364 - 103

We now combine this with the resistance present at
the transistor source:

Rir * RprOTR
Rir + RproTR

This is the load resistance. This multiplied by the trans-
conductance will give us our gain up to the source of
the transistor from the input.

gmRL = 9.433

Note that the input to our circuit is the voltage applied
across the gate to source of the MOS transistor, or in
other words, the voltage across Cyop. Using the
“capacitive transformer principle” we can determine
that the loop gain is:

Ry := R, = 5.895 - 103

Cgor
AL =
Crop

This gives us our loop gain, which hopefully is more
than 1 to allow oscillations. Note that this compares
favorably with the exact analysis given in Appendix A of
9.41.

This is a good time to pause and reflect on what the
above analysis tells us:

gn-RL A =9433

1. It is seen that the oscillation frequency depends on
the total capacitance at the oscillator pin in series
with the crystal capacitor Cgp. Since Cq is very small
(typically 10’s of femto-farads) external capacitance
has a small effect on the oscillation frequency. This
provides a means of “tweaking” the frequency to an
exact value with a trimmer capacitor placed from the
oscillator pin to ground.

2. Using the “capacitive transformer” principle, it is seen
that large values of capaitance at the oscillator pin
reduces the loop gain since the crystal resistance is
now reflected into a smaller value and hence the
product g, - Ry is smaller. Oscilloscope probes can
contribute a significant amount of parasitic and should
be used carefully when debugging this circuit. If
frequency trimming is employed by placing a parallel
adjustment capacitor to ground, it must be done
carefully so that the loop gain is not made too small.

3. Lossy components at the oscillator pin also reduces
the product g, * Ry. This is especially important at
higher crystal frequencies, where printed circuit board
material or socket material becomes more and more
lossy. The value of the on-chip bias resistor varies with
frequency from about TMQ to about 100kQ (over a 1
to 20 MHz range). Note that this is a fairly high
impedance which is easily affected by external
parasitics. Oscilloscope probes can be particularly
lossy at these frequencies.

2.3 Three More Important Criteria for
Consideration:

Three more important items need to be covered. These
items may or may not be OK even if the loop gain
calculation is adequate (more than 1):

1. Oscillator phase margin.
2. Nyquist criterion.
3. Final oscillation amplitude

The theory for the above criteria is too lengthy to
cover in an application note; only a brief qualitative
explanation will be given. The reader is encouraged to
consult references [3], [4], and [5]. The exact analysis
given in Appendix A will cover the phase margin and
Nyquist criterion.

@ Micro Linear
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Oscillator Phase Margin:

Figures 11A through 11D in Appendix A show the open
loop transfer characteristics of the oscillator. 1A shows
the overall magnitude over a wide range of frequencies.

The crystal characteristic is not visible since it occurs
over a very narrow range. 11B shows the phase
characteristic.

These curves show that the circuit produces a single
pole rolloff of 6dB per decade and a final phase shift
of 90 degress. Examining the circuit in Figure 10, we
see that the loop transfer function starts out at 180
degrees out of phase. This is because the output is
developed across Cgor and the input is taken across
Crop- At DC, the voltage across Cyop is of opposite
phase to that of Cpoy, since the top side of Cyop has a
DC path to ground. The single pole rolloff is primarily
due to (but not exactly) the combination of Rir and the
total capacitance seen at the source of the MOS
transistor to ground. The crystal inductance combined
with the circuit capacitances can almost provide
another 180 degrees of phase shift. This, combined with
the 180 degrees from the active element will provide
ALMOST, but not quite the 360 degrees needed for
oscillation. This is where the single pole rolloff comes
in. Examining 11C shows that the loop gain peaks first
then dips. This is due to primarily a complex pole pair
and a complex zero pair. The peak is a result of the
crystal resonating with all circuit capacitances:

1
wWp =
V8o Cror

The complex zero pair comes about when the crystal
resonates with all capacitances except for the Cyop and
Cgor combination:

wp = 77620737 - 107

1

Cr - Co
LO'I Cr+Co
The phase shift at the complex pole pair passes
through zero and the amplitude peaks to provide the
oscillation point. The phase then goes past the point
needed for oscillation and then passes through zero
again at the complex zero location, returning to the 90
degree point where it started. The amount that the
phase shift passes the point necessary for oscillation is
called the phase margin. This depends on:

wz = wz = 77656489 + 107

1. The proximity of the complex zero and pole pair,
which is determined by the difference in value of
the Cyop and Cgor combination relative to the
external circuit capacitances. Large parasitics
decrease the distance between the pole and zero
pair, degrading the phase margin.

. The circuit "Q,” which is a function of the refiected
crystal resistances. Applying the reflection algorithm
described above shows that large capacitive parasitic
values produce a lower “reflected” crystal resistance
and thus a lower “Q.” Additionally low values of
parasitic loss resistances present at the oscillator pin
will have the same effect.

N

If both of the above situations exist, the phase may not
cross the zero point at all and oscillations will not start.
The exact analysis procedure in Appendix A gives a
quantitative description of this situation.

Nyquist Criterion:

In Figures 11C and 11D in Appendix A, note that the
loop gain falls to below unity at the complex zero
point. A situation can exist where perhaps, if g\ is
large, the loop gain will remain above unity, even at the
complex zero frequency. This represents a violation of
the Nyquist criterion for oscillation in that the Nyquist
plot never encircles the -1,0 point. This can happen
with crystals at the lower frequencies around 1MHz or
so. Appendix A gives a quantitative analysis of this
situation, and reference [5] goes in detail for the theory.

Final Oscillation Amplitude:

This section outlines a qualitative explanation of the
final oscillation amplitude. For a complete analysis, refer
to references [1] and [4]. Appendix B gives an example
analysis using the numerical methods of the MathCAD
software on an IBM PC. If the user is interested at a
higher level, please contact Micro Linear for design
parameters.

Given the loop gain at the frequency where the phase
shift crosses zero, oscillations start and then increase in
amplitude. The waveforms across Crop and Cgor in
Figure 10 are close to sinusoidal due to the high Q of
the circuit. The drain current of the MOS transistor,
however, is a square law version of the gate to source
voltage. Thus, at large signals, the effective gy of the
transistor is reduced by a factor which is related to only
the first harmonic of the drain current. This is the only
component which is fed back around the loop due to
the high Q. For a given small signal loop gain, the
amount of oscillation amplitude necessary to maintain
the large signal loop gain at one will determine the
final oscillation amplitude. For a typical Micro Linear
design, this usually falls within the power supplies.
Occasionally, then the loop gain is high, the amplitude
may exceed the power supplies but is “clamped” by
the input static protection diodes present on the
oscillator pin. This forward biases the substrate, but the
input protection structure of the oscillator pin prevents
any harmful effects from this phenomenon.

3.0 Design Parameters

The following section outlines some parameters
necessary to perform the hand calculation analysis
described above and the exact analysis in Appendix A
for various Micro Linear chips at the time of this
application note:
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ML2200, ML2208, ML2230, ML2233, ML2221:

These designs are restricted to 3-7’MHz only; no
frequency trim. Provide minimum parasitic from pin to
ground possible.

Cyop: 10pF

Cgor: 12pF

Typical gm: 500uA/V

Typical Riy: 8kQ

Rp at 3MHz: 240kQ) (see Appendix D)
Rp at 7MHz: 140kQ

ML2031, ML2032:
These designs are restricted to 3-15MHz only;
frequency trimming with capacitor allowed if desired.

Crop: 16pF

Cgor: 16pF

Typical gm: 1.6mA/V

Typical R1: 80kQ

Rp at 3MHz: 220kQ (see Appendix D)
Rp at 15MHz: 100kQ

ML2035, ML2036:
These designs are restricted to 2-18MHz only;
frequency trimming with capacitor allowed if desired.

Crop: 18pF

Cgor: 18pF

Typical gm: 1.6mA/V

Typical Ryy: 80kQ

Rp at 2MHz: 290kQ (see Appendix D)
Rp at 15MHz: 100kQ

In addition, the package pin capacitance is needed
along with any stray capacitance due to the bond wire,
etc. These values vary from device to device, but an
approximate value would be about 1-3pF.

4.0 Crystal Specifications

For most situations, standard microprocessor type
crystals will work fine in these circuits. If more precise
frequency tolerance or unusual frequencies are desired,
a special grind will have to be orderd from a crystal
manufacturer.

1. Calculate what capacitance will be seen by the
crystal in your board, then specify this to the crystal
manufacturer.

2. An approximation of the series resistance tolerable
can be made using the above analysis or the exact
analysis in Appendix A. One fact which is rarely
known is that crystal resistances on startup can be
much higher than when the crystal is being excited.
Specify both a low level maximum series resistance
and an operating level series resistance (e.g,, 10nW
to 1uW startup level and 1uW to 200uW operating
level). An equation to calculate crystal dissipation is
given in Appendix A.

3. Frequency tolerances of about .005% are common,
tighter tolerances are available.

4. Frequency stability over temperature (0-70°C) of
about .005% are common; special order for extended
temperature range or tighter tolerance.

5. Frequency stability is typically dominated by the
crystal itself. Temperature coefficients of the parasitic
capacitances come into play and can be calculated
using the equations described above. Variation of the
oscillator gn, and internal capacitance values versus
temperature has a very minor role in stability
(1-5ppm or so over 0-70°C).

5.0 Board Level Design Verification

Some simple tests can be performed during the
debugging process to verify that the crystal being used
and the parasitics present are acceptable for
manufacture:

1. Measure the crystal parameters. A procedure to do
this is described below. This is a procedure
described in reference [6].

560 XTAL 560
__l[l I AAA
I VWA
L 100pF
<

>
1500 103 g 2402, 500%

IN
SPECTRUM l
ANALYZER L

f)
_/‘\/_
1. MEASURE PEAK AMPLITUDE AND FREQUENCY: fs
PEAK AMPLITUDE GIVES Ro VALUE.

2. OPEN SWITCH, MEASURE PEAK FREQUENCY (THIS SHIFTS UP)
Af=——1_  Cr=100pF + Cc (CASE CAPACITANCE)
8m2sCrLo
SOLVE FOR Lo.

3. 1
fs= SOLVE FOR C
S 2my/LoCo ' 0

our

2. Observe crystal startup at the high temperature/low
power supply specification of your system. Crystal
startup is the most stringent test of the design. Often
times the series resistance of the crystal at low levels
is many times that at operation. Do this over a wide
sample range of the intended crystal to be used.
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3. Be sure that the oscillator amplitude is at least 2
volts peak to peak at the high temperature/low
supply case. This is to insure that the buffer that
squares the sine wave up remains operational. If less
than 2 volts, consider using a crystal with a lower
series resistance or decrease parasitic capacitance on
the oscillator pin. Do not use long lead lengths or
traces from the oscillator pin to the crystal.

4. Observe crystal startup times. This is a good
indication of available loop gain. Crystal startup time
is a function of the real part of the closed loop
transfer function. Appendix C provides a sample of
how to calculate a root locus plot versus varying
gm'S.

5. When observing the oscillator pin, use a FET probe
or use a standard probe in series with a 1pF
capacitor to prevent loading the pin with excessive
parasitic. When observing frequency stability, use a
spectrum analyzer with an antenna wire pickup to
minimize parasitic effects. Alternately, if a buffered
output of the oscillator is available, measure the
frequency at this point.
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APPENDIX A

ONE PIN OSCILLATOR DESIGN

This document is an exact small signal analysis of the one pin oscillator
using the MathCAD software package.

**kx**k*define units first:
rad = 1 -6

rad TOL = 10 sets MathCAD tolerance
deg = n-—

180

***x*k**Define Parameters:

-12 -12 -12
Ctop = 1610 Cbot = 1610 Cc =510 (xtal case cap)
-3 -15
Ro = 15 Lo = 8.005813989-10 Co = 20.7558457'10
1 ws 7
****Serial Resonant Frequency®s := ——— — = 1.2346594 10
2'n
JLo-Co
1 4
**%x*Crystal Q: Qxtal := —— Qxtal = 4.14-10
®s Ro Co
****CAPACITOR DIVIDER:
Cbot
****Equivalent C of Capacitor Divider: Ceq := Ctop ——
Ctop + Cbot
-12
Ceq = 8-10
Ctop
****Transformer Ratio for Capacitive Divider: n := ——
Ctop + Cbot

n=20.5

****Impedance Reflection Ratio for Capacitive Divider:

2
ZC :=n zc = 0.25
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****Transistor Characteristics:
-3 3
gm :=1.6:10 Rlt := 8010

****Pin Characteristics:

**External pin parasitics--this is the real and imaginary parts of any
external parasitic at the oscillation frequency):

Rext := 100'103 Cext := 5‘10—12

****Total Parallel Capacitance:

Cptot := Cc + Cext + Ceq

-11
Cptot = 1.8-10 Cpt := Cptot - Ceq
-11
Cpt = 1-10
****Equivalent Capacitance for Pole Pair:
Cptot -14
Cpol :=Co—— Cpol = 2.073:-10
Co + Cptot

****Approximate Frequency of Oscillation:

1 Wpol 7
Wpol := —— Fpol := Fpol = 1.235371-10

JLo~Cpol 2

****Ratio of the Capacitive Divider Between Crystal and Oscillator:

Co
nx (= —————— nx = 0.001
Co + Cptot

****Impedance Reflection Ratio:

2 -6
ZX = nx zx = 1.327-10
Wpol- Lo 4
****Q with Cload: Q = —— Q= 4.143'10
Ro

****Equivalent Parallel R for Crystal Only:

2 10
Rpx := Q ‘Ro Rpx = 2.574-10
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****Reflected Value of the Crystal Resistance at the Oscillator:

Rxtal := Rpx zx 4
Rxtal = 3.415-10

Total parallel resistance at the oscillator pin:

1 1
Gsum := — + 1 4
Rext Rxtal Rsum := Rsum = 2.546-10
Gsum

****Reflected Parallel R at Oscillator to Transistor Source:

Rref := Rsum'zc 3
Rref = 6.364-10

****Total Load Seen at Transistor Source:

R1lt 3

Rl := Rref - ——m— Rl = 5.895-10
Rref + Rlt

****Loop Gain Calculated with Reflection Method:
Cbot

Al := gm'Rl Al = 9.433

Ctop
**in dB: 20-'log(Al) = 19.493
KAk khAKKX KKk XXX XEXACT CALCULATIONS: ***kkkkkkkkkhk
**Polynomial Coefficients for Zeros:
n0 :=1

nl :

(Co'Ro + Co-Rext + Cpt-Rext)

n2 :

(Co'Lo + Co'Cpt- Ro'Rext)

n3 :

(Co-Cpt Lo Rext)

guess first zero location:

-1 5
0= O = -9.9792871- 10
Rext: (Cpt + Co)

s =0

3 2
zl := root[n3's + n2's + nl's + nO,S]

5
zl = -9.9792906- 10
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guess complex zero pair location:

7
O := o= 7.7656404-10
s = M®1i
3 2
z2 :=rootn3's + n2's + nl's + n0,s
3 7

z2 = -1.9722866- 10 + 7.7656391 10 i

**k***k Zeros:

5
zl = -9.9792906- 10

3 7
z2 = -1.9722866° 10 + 7.7656391- 10 i

kkkkkkkkkkkkkkkk*Poles:
**Coefficients for Poles:
do :=1

dl

(Co'Ro + Co'Rext + Ctop'Rlt + Ctop'Rext + Cbot'Rlt + Cpt-Rext)

Co Lo + Co'Ctop'Ro'Rlt + Co'Ctop'Ro'Rext + Co'Ctop Rlt Rext ...

d2

+ Co-'Cbot-Ro'Rlt + Co'Cbot Rlt Rext + Co Cpt Ro'Rext

+ Ctop-Cbot Rlt Rext + Ctop Cpt Rlt'Rext + Cbot Cpt Rlt-Rext
d3 := Co'Ctop Lo'Rlt + Co-Ctop-Lo-Rext + Co'Cbot Lo Rlt + Co Cpt Lo Rext .
+ Co-'Ctop Cbot -Ro-Rlt -Rext + Co'Ctop'Cpt Ro'Rlt Rext

+ Co-Cbot Cpt Ro'Rlt Rext

d4 := Co'Ctop Cbot Lo 'Rlt'Rext + Co'Ctop'Cpt Lo 'Rlt Rext ...

+ Co'Cbot Cpt Lo Rlt Rext
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guess first pole location:

-1 5
0= o= -2.3809524-10
(Rext) - (Ctop + Cbot + Cpt)
s = ®
[ 4 3 2 }
Pl := root{d4's + d3's +d2's + dl's + d0,s
5

pl = -2.492-10
guess second pole location (this is dominant pole)

-1 5
o= o = -5.6423611- 10
Ctop Cpt }

Ctop + Cpt

th~[ébot +

s (=0

4 3 2
P2 := rootLd4~s +d3's +d2's +dl's + d0,s}

5
p2 = -8.6971683- 10

guess complex pole pair location:

-1 7
O := o= -7.7620652 10

Co- (Cpt + Ceq)

Lo
Co + Cpt + Ceq

s =i ‘@

4 3 2
p3 := root[d4's + d3's +d2's + dl's + dO,SJ

3 7
p3 = -1.3566881-10 - 7.7620647-10 i

Khkkkkhkkh kX Rk kSUMMATY : R KKk R KKk KKk kKK

tp 1= 27
5 zl 5
zl = -9.9792906° 10 — = -1.5882534- 10
tp
3 7 z2 7
z2 = -1.9722866- 10 + 7.7656391 10 i — = -313.899161 + 1.2359398 10:
tp
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5 pl 4
pl = -2.492351 10 — = -3.9666998 10
tp
5 P2 5
P2 = -8.6971683- 10 — = -1.3841973- 10
tp ‘
3 7 p3 7
p3 = -1.3566881-10 - 7.7620647-10i — = -215.9236169 - 1.235371 10i
tp

AAKKKKKKXKXKAKAX*System Function: *k*kkkkkkkkkhkkkhkkkkkkdk

3 2
gm-th~[n3-s + n2's + nl's + nO}

H(s) := -
4 3 2
dd's +d3's +d2's + dl's + dO

*kkkkkkkkkkx*Plot System Function**tx*xkxxkkkkkkkkkkk*

x :=1 ..80
x
1l :=—
x 10
ep10”
ox := |[tp-1l0

50

1 0x ‘ le+008

Figure 1l1A
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plot phase:

180
Ph := |arg(H(i -ox)) —

Ph
X
_90 \\
1 wx le+008
x
tp
Figure 11B

pPlot an expanded area around the complex pole/zero pair:

n :=0 ..100

range := (|Im(z2)| - [Im(p3)]) range := range .2
lo := |Im(p3)| - range
hi := |Im(22)| + range
n
ox := |(hi - 1lo) — + lo
n 100
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20
20'109[1-1[1 - 0% ﬂ
n
-40
7.761e+007 wx 7.767e+007
n
Figure 11C
300
180 S £
angle[Re[H[i - o0x H,m H[i - 0x H—— T ]
n n T \ J
\ /
100
7.761e+007 wx 7.767e+007
n
Figure 11D
Nyquist plot:
5 | —
P
ImH|i ‘ox ||,1
)t |
e —
-6

-10 Re[H[i “ox ]]1 10

Figure 1ll1E
og :=1i - (Im(p3) + 10) g 7
— = -1.2353708-10 i

tp

Find exact frequency of phase zero crossing due to complex pole pair:
wosc := root (Im(H(wg)),6 wg)

check:
arg(H(wosc)) = 180-deg

Exact zero phase frequency and amplitude:

mwosc 7
= -1.2353722-10 i |H(wose) | = 9.41

tp
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Find exact zero phase and amplitude due to complex zero pair:

guess first:
g := i (Im(z2) - 100) wg 7
— = 1.2359383-10 i

tp
wzer := root (Im(H(ng)), ©g)
check:
arg(H(wzer)) = -179.999-deg |H(wzer) | = 0.02 amplitude
wzer 7
= 1.2359386-10 i frequency
tp

Find phase margin for oscillator (maximum phase between complex pole and zero
pair):

n
0x = —{(lwzer| - |wose|) — + |wosc| + 100}
n 105

T - max{angle(Re(H(i ‘0x) ), Im(H(i ‘@X)))] = -79.361-deg
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APPENDIX B

This goes through an example calculation of the reduction in small signal gm
due to a certain amplitude across Ctop or the gate of the MOS device. The
analysis can be carried out in a more general manner and graphs can be plotted
out for the purpose of providing a graphical solution to ascertain the final
oscillation amplitude given an initial set of bias conditions. The procedure
is for example purposes only. If the reader requires more specific
information, please contact Micro Linear directly.

This analysis was carried out in MathCAD.
define some numbers:
MOS transistor threshold voltage: vt := .926
700 -6
MOS transistor k factor: B := —-47-10
4.2
o:=1 here, frequency doesn’t matter, so make it 1
vbg := 1.158 dc bias value of gate to source

simple MOS equation for drain current

1 2
id(vgs) := if{vgs > vt,{—'B'(vgs - vt) },0}
2

idq := id(vbgqg) calculate dc bias current
idq := 2.112-10
vin(t,vb) := vb + a‘cos(®'t) define the gate to source excitation

gmq := \2'B-id(vbq) small signal gm at dc bias
gmg = 0.0018173

Find the average bias voltage of vgs which MUST equal the dc bias current:

-8
TOL := 10 guess vb := vbgq - .2
Given
1 r2'1t
P id(vin(t,vb)) dt = idqg
2'n 0

newvb := Find(vb)
newvb = 0.898 vbg = 1.158 compare to new bias

check:
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[1 2'n -4
———~J1 id(vin(t,newvb)) dt| = 2.112-10
2T 0

This represents a shift of:

vbg - newvb = 0.26 volts in vgs bias

for a sine wave amplitude of:

a=.5 volts peak of vgs (note: this is NOT the output voltage!)
This gives a steady state vgs of:

vg(t) := vin(t,newvb)

The first harmonic of the drain current is:

1 27
idl := —-Jﬂ id(vg(t)) ‘cos(m-t) dt
b 0

-4

id1 3.624-10 The large signal gm, or GM is now calculated:

idl -4
GM := — GM = 7.247-10
a

The normalization of GM/gm is now shown:

GM
— = 0.399 This shows a reduction of the small signal gm.

gmq

Plot gate voltage and drain current in steady state:

x :=0 ..255

@ Micro Linear
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0.0009

id [vg [1: ]] ,id (newvb)
X
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APPENDIX C

Oscillator Root Locus Calculation

This calculates the real and imaginary parts of the closed loop transfer

function. The real part is the time constant of the initial exponential
startup transient.

define a range of gm values to calculate over:

x := 40 ..10

B

gmn := 10 TOL = 10

Calculate root locus for gm. These are the roots of the characteristic
equation of the closed loop transfer function. See Appendix A for the
definitions of the coefficients shown below:

4 3 2
da-s + [d3 + n3-gm -rmb]'s + [d2 + n2-gm 'rmb]s
clp := root x x

x

'S

+ Eﬂl + nl-gm -rnti-s + d0 + n0-'gm -rmb
x x

Root Locus Plot:

-7.762e+007 ﬁ_"""'*"*“'\-I-\\,.\\+

Im [clp }
x

\\r
7
|

-10000 Re [clp } 20000
X

-7.766e+007
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Real part of closed loop transfer function versus gm:

20000
T
Re clp
[=,] il W
-10000
1.1e-005 gm 0.11

Note in the above plot that there is a limited range of gm’s for which the
poles of the closed loop transfer function remain in the right half plane. In

other words, too low a gm creates too low a gain. However, too high gm values
also violate the Nyquist Criterion. ‘
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APPENDIX D

This shows how to calculate the real part of the on chip bias resistor Rp
for inclusion in the loop gain calculations. This was done on MathCAD.

This is a calculation of the Real part of a distributed RC network with one
end shorted to ground. A parallel R part is calculated.

ORIGIN := 1 m:=1..3

Following DC resistance values are for the ML2031, ML2035, and ML2200. The
total capacitance is also calculated for the network.

3 -15
240-10 10
3 c0 :=r0 -100-.08:
r0 := |640-10 m m 3
6 4-10
10
Define a range of frequencies to use: n :=1..40
6
10 E—
f :=n— o := (£:2'xn)
n 2

Calculate the admittance of the distributed network:

r = Ji ‘® ‘co x0 [ 1
n,m n m m 20 = yl = |————
n,m 120 ‘tanh(I)
Extract the real part and invert to get resistance: [ 1 ]
r = |—
(Re (y1)
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Plot the real part versus frequency:

700000

| weE1—tE

r , T , T
(n,1) (n,2) (n,3)

0 £ 2e+007

diamonds=ML2200, boxes=ML2035, pluses=ML2031
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An Improved Method of Load Fault Detection

High frequency supply designs pose unique problems
in fault detection. A typical method of output fault
detection in most standard controllers is to provide a
cycle-by-cycle current limit (V1) to limit the peak
current in the output switch. In addition, these
controllers have a second current limit (Vyyp), which is
typically set 40% higher than the cycle by cycle limit.
Crossing V2 on the Ispnse input resets the Soft Start
circuit and allows current in the output to decay
before re-starting the system.

In theory, by the time the power output stage can
begin to turn off from having crossed Vyy4, the output
current will have exceeded Vrpp and a soft start reset
wil be performed. This technique works well if leakage
inductance is low and turn-off delay is high enough to
cause enough energy to transfer to the output
inductor, causing the current to build up in
subsequent cycles (figure 2a). This current build up
takes place when the output is short circuited because
the output inductor has almost no voltage across it
and therefore a very shallow discharge slope. If,
however, energy transfer is low due to fast turn-off of
the outputs (which is desirable to minimize switching
losses) energy transfer to the output inductor will be
minimized, resulting in the supply continually running
at the cycle by cycle current limit to a short circuit
with no reset occurring (figure 2b).

High frequency controllers are designed to minimize
Tpp and turn off the output MOSFET gates quickly.
This implies that the event which triggers soft start
reset will not persist for very long if it is detected at
all. The short persistence of the triggering event
requires that Q1 discharge C1 in a very short time,
typically resulting in a partial discharge and an
inadequate reset. A solution to this problem (figure 3)
is implemented in all of Micro Linear’s PWM IC's. Flip-
flop (F2) and comparator (A4) are added to the circuit,
to ensure a full reset. If desired, a delay (as
implemented in the ML4809 and ML4811) can also be
added before restart, which lowers the system'’s
effective duty cycle allowing the supply to cool down.

SWITCH CURRENT
— — — — DIODE CURRENT

2b

Figure 2. Current Waveforms During Output Short Circuit Slow Output Turn-Off (2a) and Fast Turn-Off (2b)

8L Micro Linear
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v+
: oA ) ERROR

‘L_EEOFI’ START b} AMP

I° T

}@r RESET DELAY Q3 Q

I€ FROM PWM

= ICOMPARATORFROM OSC 161
b ouTPUT

F1
S

Figure 3. Improved Soft Start Reset with Delay — ML4809

Integrating Fault Detection

The “two threshold” detection technique described
above limits the system designer’s freedom to optimize
his magnetics and minimize switching time. Since
detecting the fault relies on building inductor current
up on successive cycles, propagation delay cannot be
minimized (as shown in figure 2) for this technique to
work. Since these two parameters are important terms
in high frequency supply efficiency, the need to
compromise due to inadequacies in fault detection
presents a problem.

A method of circumventing this problem involves
“counting” the number of times the controller
terminates the PWM cycle due to the cycle by cycle
current limit.

FROM OSC
ERROR DISABLE
AMP + [l—ﬂ— outeuT

A

-L_Elrsorr START
Is

c1

||H

FROM PWM
12V COMPARATOR
' N
3v P2

-1 RCRESED L&—s Q

R1 c2

A FROM OSC
Oe  rl«
1 B —TL

H(LIM)/S.D.
D
1v -

Figure 4. Integrating Soft Start Reset Circuit
with Delay (ML4811)

S|

Figure 4 shows the Integrating Fault Detect circuit.
When the I\ signal (switch current) crosses the 11V
threshold A1 signals the F1 to terminate the cycle and
sets F3, which is reset at the beginning of each PWM
cycle. The output of F3 turns on a current source to
charge C2. When, after several cycles, C2 has charged
to 3V, A5 turns on F2 to discharge soft start capacitor
C1. Charge is continually bled from C2 by R1. If a
current surge is short lived (for instance a disk drive
start-up or a board being plugged in to a live rack) the
control can “ride out” the surge (figure 5a) with the
switch protected by the cycle by cycle limit. R1 and C1
can be selected to track diode heating, or to ride out
various system surge requirements as required.

If the high current demanded is caused by a short
circuit (figure 5b), the duty cycle will be short and the
output diodes will carry the current for the majority of
the PWM cycle. C2 charges fastest for low duty cycles
(since F3 will be on for a longer time) providing for
quicker shutdown during short-circuit when the output
diodes are being maximally stressed.

v

RC(RESET) VOLTAGE

Figure 5a. Integrating Fault Detection Response
to Load Surge

7] s

"7 RCIRESET) VOITAGE
Figure 5b. Response to Load Fault (Short Circuit)

The Integrating Fault Detection circuit allows reliable
detection of output faults independent of supply
magnetics and propagation delays. Additionally, this
method of fault detection is inherently noise immune,
programmable, and can distinguish between load
surges and load faults (short circuits).
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Power Factor Enhancement Circuit

A simple enhancement circuit for the ML4812 is
described. The circuit which will be called the power
factor enhancement circuit greatly improves the power
factor while reducing the total harmonic distortion of
the current waveform.

The circuit details for implementing the power factor
enhancement circuit are given below. Figure 1 shows
the schematic diagram of the circuit. The circuit
operates by generating a small DC current bias and
injecting it into the Iy (pin 6) input of the ML4812.
This current injection has the net effect of improving
the zero current crossover distortion. It does this by
lifting the shoulders of the current waveform around
the zero crossover areas.

The circuit in the dotted lines in Figure 2, shows the
details of the implementation. The circuit automatically
adjusts the amount of the injected DC bias as a
function of the line voltage. The reason behind the
variable amount of DC current injection is that at
lower input voltages, the amount of DC bias that is
required is less.

Based on experience, the amount of bias required at
220 VAC is approximately four times higher than at 120
VAC. The proper scaling can be adjusted by choosing
appropriate values for the various resistors used and
the zener diode voltage. The amount of bias that is
required is a function of the boost inductor value and
the ramp compensation. For best performance the
value of the inductor should be chosen as high as
possible which in turn will necessitate a small amount
of ramp compensation.

One way to find the required bias currents is
summarized below: the first step is to find the
optimum bias at the nominal operating point, for
example, at 120 VAC. This is done by connecting a
variable resistor to the reference output of the IC. The
initial value of the resistor is selected such that, the
bias current equals the peak to peak ramp
compensation voltage when the duty cycle is at its
maximum. After the optimum value at the nominal
operating conditions is found the input voltage is
increased to 220 VAC and the same procedure above
is repeated to find the optimum value of the resistor at
the 220 VAC nominal operating conditions. The bias
currents corresponding to the two resistor values
above can be used to calculate the values of the
components in the enhancement circuit. The formulas
for calculating the various components are given below:

0-9VIN(RMS) R6

VBN R R+ Re w

V3 - Ve - Vz - VisiNe

lISINEVIN) = v 2

¢+ = VSINEQ20 VAC)
lISINE(120 VAC)

re V20 vac) = VBe - Vz - VisINE
V3120 VAC) - Vge - Vz - ViSINE

(4)

Where:

lisingviny - = Bias current into the Igng input as function
of the input voltage.

Vg = Base emitter voltage of Q3 (0.7V nominal).

VISINE = Voltage at Ig;Ng input, typically 0.7V.

r = Ratio of bias current at 220 VAC input to

the bias current at 120 VAC input.

By chosing a value for Vc3(220 VAC) the value of Vc3(120 VAC)
is also found. These two values can be substituted to
the equation above to calculate the required value for
Vz. The value of R7 can be found by using (2). The
values of the remaining components can be calculated
by using (1).

RECTIFIED
INPUT
VOLIAGE
R1 Vee
R2
VW Q3
D2
2 R6 +
S ta vz
R Ising INPUT
OF ML4812

J_: GND

= GND

Figure 1. The Enhancement Circuit

-

R
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ENHANCEMENT CIRCUIT-SEE TEXT '€
Rl 2 /lj'}
AA- AAA- Q3
pLI I S D2
EN ] 1: Ve
=GND
D1
'
FUSE F1 IN5406 st s D5 MVR3050 l R
e DI i @ Jo T
o mev SRIA S RA ;,R"A Wt I 6 = 15nF = 15nF _-‘IE i
180K ‘L 180K+ 360K 3 s T sm s 630v | 630v| L oy
SRIB S R4B SRPB Sk7
$ 180K >180K > 150K Ve =
W Y GND
AC —'\CJﬂ CT 2.2nF Cé
[ :I BRIDGE | VR T T wF
€1 |c2 |c3 [LRECTIFER o7 z b =GND peq 1
1uF [1uF | 1uF 4 13 3 _J
N 500V| 500V |500V] 5 12 A
6 1 [ RG2 |
7 10— 3
t 8 9 "W
| E) R5A & RSC < MLg12
Etm oK 251K 26K .
3 [SK 1 T 0uFT 0a4F
47pF S gM SR2B  SRsB
27K {3K 23K
N> —s o T + »>-
GND
Figure 2. TKW Enhanced Power Factor Correction Circuit
The circuit of Figure 2, is a TKW input, power factor Table 1. Effect of Enhancement Circuit on Power Factor
regulator. For this circuit the values of the
enhancement circuit components were as follows: Input Input Power Factor
R1 + R2 = 330K Voltage Power With Without
R6 = 22K (VAC) W) Enhancement | Enhancement
R7 = 22K
120 742 .998 991
D2, Vz =35V
Q3 = 2N2222 or any equivalent small signal 365 -994 976
transistor. 220 706 996 976
c3 = 10uF electrolytic cap 35 99 90

Table 1 shows the performance of the power factor
regulator with and without the enhancement circuit.
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Vince Cardinale

Generating Phase Controlled Sinewaves

with the ML2036

Introduction

The 16-bit resolution of the ML2036 combined with its
Inhibit feature makes it a powerful tool for generating
precision sinewaves. It can produce frequencies from
DC to 50kHz in 1Hz increments with -40dB harmonic
distortion and has the control to stop the output at
any given time or at the next zero crossing, with no
external components.

Precise phase control can also be obtained with the
addition of a few external devices. With the addition of
phase control two or more ML2036 sinewave
generators can be synchronized at any angle from 0 to
360 with better than 1 degree resolution.

Inhibit Mode

In order to place the ML2036 in Inhibit mode three
conditions must occur simultaneously. The three-level
Ppn-INH input pin must be at the Vgs voltage (-5V),
the shift register must be loaded with all zeros, and
the LATI pin must be a logic “1” (+5V). Once these
three conditions are met the output continues to
operate until it reaches Vg + |Vy| if the next zero
crossing is positive going, or Vos - |Vx| if the next
zero crossing is negative going, and then holds this
level (see figure 1). The output will stay at this voltage
until a new frequency is loaded into the data latch, at
which point the output will continue where it left off.
If the output stopped at zero after approaching from
below 0V then it will start-up going positive. If it
stopped after approaching from above 0V then it will
start-up going negative.

b

% <
ﬁ 2
|

I

|

I

SCK
SIDYOOWO 12345678 910112131415,

Initialization

In order to synchronize the ML2036 you must first
initialize it so it will start up at a known point in the
sinewave. By using the Inhibit mode you can stop the
part at OV but you can’t be sure from which direction
it approached zero, or more importantly which
direction it will start-up. If you can guarantee that it
stopped while approaching from below 0V then you
can be sure it will start-up going positive. This can be
done if the LATI pin is not allowed to be high when
the output is above ground. The circuit in figure 2 and
the following procedure demonstrate how this can be
implemented.

Initialization Procedure

1) Power up

2) Set LAT high

3) Set INH low

4) Load MSB: 0001 0000 0000 0000 :LSB

5) Set LAT low

6) Wait at least 1 output cycle time

7) Load all 0s

8) Set INH high (INH must go high before LAT by at
least a NAND gate delay)

9) Set LAT high

10) Wait at least 1.5 output cycle times
Output stops at 0V going high

11) Load desired frequency

12) Set LAT low
Output begins at 0V going high

13) Set INH low

<

Vpeak fo
- ; For four <
% Vil =g i For four = S48
. Vpeak - (8moyr T
< Vpeax S +—
Vx| = %5 * Ve Sine fak 512
For f, > eT
OUT ™ 2048

P
LATI d
1

Figure 1. Inhibit Mode
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Synchronization

At the completion of step 10 the part is initialized. Its
output is stable at about 0V and will start up going
positive. If you want to synchronize the output with
some external event you can load the shift register with
the desired frequency (step 11) and then set LAT low
(step 12) synchronously with the external event. If you
want to synchronize two ML2036 sinewave generators
together initialize them both as described, and then set
LAT low (step 12) on both circuits simultaneously.

Precise phase control between two parts can be
achieved by initializing both parts, starting one and
then waiting a known time before starting the other.
For example, to produce two 5kHz sinewaves with 90°
phase shift you should wait 50us between starting each
circuit. Since the ML2036 uses a 3MHz reference clock
to update the output (assuming a 12MHz clock is used
to drive CLKjy) the phase resolution will be 0.6°. This
resolution will vary from 0.0012° for two 10Hz signals to
6° for two 50kHz signals.

+5V

ML2036

Vec Vour + Vour
VREF

SCK SCK

SID SID AGND

up LAT LATI CLKIN —1

INH rﬁ#' GAIN —

Vss DGND
D
Q =

+5V

+5V
55k

COMP
+
f 45k

-5V

Figure 2.
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William Cho

Designing with 10Base-T Transceivers

Micro Linear’s family of 10Base-T transceivers offer
highly integrated solutions for internal and external
MAUs (Media Attachment Units) as well as HUB MAUs.
These chips offer a high performance current drive
transmitter with very low jitter and RFI noise. The
ML4651, ML4652, ML4657, and ML4658 are 10Base-T
transceivers that provide an AU interface for internal
and external DTE MAUs while ML4654 and ML4655
provide TTL and ECL interfaces suited for Multiport
Repeaters.

The following application note will cover some of the
design issues that arise when designing either type of
Media Attachment Units for Local Area Networks based
on 10Base-T.

Internal (Embedded) MAUs with Shared AUI Port

Figure 1 shows a detailed schematic for an internal
MAU design with a shared AUI (Attachment Unit
Interface) port. The optional port requires additional
circuitry as defined in the IEEE 802.3 specifications for
proper termination and protection at the serial
interface chip (or Manchester Encoder/Decoder) and
the 10Base-T transceiver chip connected to an AUI
port.

An AUI connection requires termination impedance of
78Q on the receive end of the transmission lines (DI
and CI). As such R1 and R2 in parallel with R3 and R4
provide the proper termination. This also applies to
the receive output pins 4 and 5 of the transceiver chip.
The 357Q resistors for R3 and R4 was chosen to
properly bias the driver circuitry (see section on AUI
driver output). The 2kQ values for R7 and R8 were
chosen to provide the BIAS voltage for Tx+ and Tx-
inputs. This also will not load down the 78Q
transmission line when the AUI port is connected and
the transceiver chip is tri-stated. The output AUI
drivers of the transceiver chip must be tri-stated to not
load down the transmission lines when the AUI port is
connected and the twisted pair port is disconnected.
Powering down the chip will tri-state the outputs.

The transceiver can be powered down by switching
Vcc to GND as shown or by switching the ground
connection to open condition. A logic level MOSFET
with an “on” resistance (Rpson) of 0.5Q or less can be
used by connecting to the ground pin of the chip to
power down the chip. When switching the ground off
one must also include the ground connections of the
driver resistors of COL and Rx outputs (R3, R4, RT1,
and R12). Another method of powering down the
transceiver is to use an external mechanical switch as
shown.

The isolation transformer is required for protection of
the transceiver chip from 16V with respect to the
system ground at the AUI interface during a fault
condition as specified in 74.1.6. and 7.4.2.6 sections of
the IEEE 802.3 standards for both the driver and the
receiver.

If a shared AUI port is not required, then the design
becomes simpler. Figure 13 of the datasheet shows AC
coupling between the serial interface and the
transceiver. This is to block DC bias voltage of the
serial interface chip that may not match that of the
transceiver. Micro Linear’s transceivers require the
input bias to be between 2.5V and 4.5V for CI and DI.
If the two chips are compatible one can eliminate the
AC coupling capacitors and bias resistors. By using a
DC coupled interface, biasing the driver outputs is all
that is needed for proper operation (Figure 2).

Twisted Pair Interface

The twisted pair connection to 10Base-T requires
additional filtering and isolation components. The
output structure of the twisted pair drivers are of the
current drive type. This poses several very significant
advantages when driving the twisted pair medium.
Because the drivers are current driven, the differential
outputs are well matched for a balanced signal
transmission. Balanced transmission is crucial for
meeting tight regulations on signal shapes. Also current
driven outputs produce lower common-mode voltages
for a lower EMI radiation. This can be a very significant
issue when facing FCC regulations. Another advantage
to current mode is that output drive, can be easily
adjusted to compensate for losses in the transformer
or output filter. RTSET will set the level of output drive
current by the relationship:

RTSET = (RL/100) * 220

where RL is the characteristic impedance of the
twisted pair cable.

The twisted pair differential output will see an effective
resistance of 50Q from the parallel combination of the
two 200Q resistors and reflected secondary AC line
impedance of 100Q for unshielded twisted pair. By
driving 42mA to the 50Q complex load, the differential
signal voltage will swing £2.5V peak around the 5V
bias point when taking transients into consideration.

& Micro Linear
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Rx+ Rx+
é‘ K
Rx- R
MANCHESTER 1K
ENCODER/DECODER
coLL 3—| co+
1K MICRO LINEAR
ML4651/ML4657
coLL 3— coL-
1K
Tt —9 = e
_%u(
Tx- 3 Tx-

Figure 2. DC Coupled Interface for DTE Card Application

The isolation and filter components for both transmit
and receive lines can all be integrated into one dip
package style module. One such product can be
obtained from Valor Electronics in San Diego. There are
several other manufacturers who have these products
available (refer to Figure 13 in the datasheet).

The output chokes shown in Figure 1 will pass any
differential signal but block common mode voltages.
Because Micro Linear’s 10Base-T transceivers have very
low common mode output voltage, this extra filtering
choke may not be needed. Good board layout will also
help.

5V

ENABLE

TO :
SQEN

ENABLE

/

(PIN 4 LINK TEST SQE TEST
DISABLE Jj)lSABLE
SQE Test Link Test SQEN Pin 4
Enable Enable 5V
Enable Disable 3.3V
Disable Enable ov
Disable Disable 1.2V

Figure 3. Mode Selection Circuit

External MAU

An external MAU design typically adds more LED
outputs for status indication and adds circuitry for
configuring the chip for SQE and Link Test options (See
Figure 12 of datasheet). The selection of SQE and Link
Test circuitry can be implemented in various ways. One
such option is to use two SPDT switches to produce
the proper voltage levels (Figure 3). The selected
voltage to the SQEN input pin (pin #4 for ML4652 and
ML4658) will internally configure the chip for the option
to activate SQE test or Link test.

AUI Driver Output

The output structure of the driver stage connecting to
the AUl is an open emitter type. The output is biased
at typically 4.2V when high and 3.6V when low. That is
a differential voltage of about +0.6V across a 78Q load
which calculates to about 7Z7mA output current during
transmission. A 360Q resistor at the output pin sets its
current at 11.7mA when high and 10mA when low. In
the case when the positive output is high, the current
(o) flowing out of its drive transistor is the sum of
77mA and 11.7mA (Figure 4). That means the current
flowing out of the negative output is 10mA minus
77mA. It then becomes apparent that the termination
resistance must be low enough as to not shut off either
of the output drive transistors but not too low as to
saturate the transistor and dissipate excessive power.

4.2v

11‘7m‘£3509

72
s

(Rx+ OR COL#)

ML465X q
$ TRANSMISSION
780 CABLE

AA
Vv

> 3.6V

10mA l% 360Q

A

(Rx- OR COL-)

Figure 4. AUI Driver Circuitry
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Packaging Information

Section 11

Package: J08 8-Pin Hermetic DIP ... ... . i 11
Package: P08  8-Pin Molded DIP .. ... ... .. i i i e 111
Package: S08  8-Pin SOIC .. ...t et ettt 11-2
Package: J14 14-Pin Hermetic DIP ... ...t 11-2
Package: P14  14-Pin Molded DIP ... ... ... i 11-3
Package: J16 16-Pin Hermetic DIP ... ... i i eieeenns 11-3
Package: P16 16-Pin Molded DIP ... ... .ottt eiiieees 11-4
Package: S16  16-Pin SOIC (NarrOW) . .......iiitiniiniiiiienneaniennennnenns 11-4
Package: STOBW 16-Pin SOIC ... ...ttt it 11-5
Package: )18 18-Pin Hermetic DIP ... ..o 11-5
Package: P18  18-Pin Molded DIP ... ... ..ottt 11-6
Package: ST8W 18-Pin SOIC ... ..ottt ittt et eaaees 11-6
Package: J20 20-Pin Hermetic DIP ... i i 1-7
Package: P20 20-Pin Molded DIP ... ... it 11-7
Package: Q20  20-Pin Molded Leaded PCC .........c.iiiiiiiiiiiiiiiiiiiiannnnn 11-8
Package: S20W 20-Pin SOIC ...ttt ittt eiii i e 11-8
Package: P22 22-Pin Molded DIP .. ... ittt e 11-9
Package: J24W 24-Pin Hermetic DIP ... .. .ottt 11-9
Package: J24N  24-Pin Hermetic Ceramic DIP (Narrow) .............ccciiivvinnnnn. 11-10
Package: P24W 24-Pin Molded DIP ... ittt 11-10
Package: P24N 24-Pin Molded DIP (Narrow) ...........ccoiiiiiiiiiiiniennnnn, 11-1
Package: S24W 24-Pin SOIC ...ttt it ittt ie e 11-11
Package: J28W 28-Pin Hermetic DIP ... . ..ottt iii e 11-12
Package: P28W 28-Pin Molded DIP ... ... .ottt 11-12
Package: Q28 28-Pin Molded Leaded PCC .........ccoiiiiiiiiiiiiiiniiieinnnn, 11-13
Package: S28W 28-Pin SOIC ... ..ottt e ieee s 11-13
Package: Q32  32-Pin Molded Leaded PCC ...........coiiiiiiiiiiiiiiiinnn, 11-14
Package: S32W 32-Pin SOIC ... .oiiniiii e 11-14
Package: ]J40 40-Pin Hermetic DIP ... i e 11-15
Package: P40  40-Pin Molded Plastic DIP ............ciiiiiiiiiiiiiiiiiiin... 11-15
Package: Q44  44-Pin Molded Leaded PCC .......iiiuiiiiiiiiiiiiiieiiennnn. 11-16
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PHYSICAL DIMENSIONS inches (millimeters)

Package: J08
8-Pin Hermetic DIP (CERDIP)

0.375/0.400
©9.52/10.16)
3 5
0275/0295
6.98/7.49)
¥ 1 4
| W8 - o
0.055/0.065
0.055/0.065 0.290/0.320
"‘ ™ .40/1.65) Tt
0.020/0.050
.508/1.2
0.200 ] MAX (0.508/127)
(5.08)
1 SEATING 0.008/0.012
0125 ? _ 0.008/0.012
Ba7 yMIN PLANE '4’3°/ B° -\ *0.203/0.305)
0.010
0.016/0.020 | ‘ - *‘ ~0.259™"N
0.406/0.508)
0.090/0.110
2.29/2.79)
Package: P08
8-Pin Molded DIP
03500370
8.8979.40)
g
3 5
0.240/0.260
6.09/6.60)
v 1 4
j - LJ
.050/04
’l *—0(323/?.22)5 0290/0.320
7.36/8.13)
0.020/0.050
0200 I 0.508/1.27) —
(5.08  MAX L
0125 SEATING o /130 0.0091/0.014
319 yMIN PUNE w3771 0.229/0.356)
ooie/002 || |t 0005
{0.406/0.559) ©.127)
0.090/0.110
©2.28/2.79)
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PHYSICAL DIMENSIONS inches (millimeters)

Package: S08
8-Pin SOIC

.187/.198
(4.75/5.03)
l

(:280/.533)

011/.021 L. 018 MIN (457)
200353 ™~ ",l L« @PLCS)

.148/.159

050 + .008 148/.159

(127 £ 0.20) 3.76/4.04)

i .007/.010
.059/.070 177/ 254)
(1.50/1.79)
SEATING7 T 014/.037_
PLANE (355/.940)
.228/.246 246

15.7976.25)

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS).

Package: )14
14-Pin Hermetic DIP (CERDIP)

0.750/0.785
(19.05/19.94)
) B e O e B B e B e B e |
14 8
0.265/0.310
(6.731/7.873)
1 7
| SN SN SN N R NN R SN Ry S
. 0.050/0.065
(1.27/1.65) 0.290/0.320
(7.36/8.13)
0.020/0.050
0.508/1.27)
0.200
.08 | MAX
0.125 | - SEATING 0.008/0.012
g™ | PLANE 0.203/0.305)

o016/0.022 §” ol 000 /|4,3°/13°

0.406/0. ~0.259)

(0.406/0.559) oosorome 29
(2.286/2.794)
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PHYSICAL DIMENSIONS inches (millimeters)

Package: P14
14-Pin Molded DIP

0.730/0.770
(18.542/19.558)

oM Qr

1 )
0.240/0.270 D
(6.096/6.858)

1 7

| SN [ SN Ry NN Ry SEN Ry SO gy NSy S )

. | 0.050/0.065
(1.27/1.65) 0.290/0.320
(7.36/8.13)
0.020/0.050
7 (0.508/1.27)
0.200
©.08) | MAX
S T I SEATING 0.008/0.014
0125 | PLANE .203/0.
a179) MIN (0.203/0.356)
0.010 /| 30/13°
1™ 0.259) e

0.016/0.022 |

(0.406/0.559) 0.090/0.110  MIN

(2.286/2.794)

Package: J16
16-Pin Hermetic DIP (CERDIP)

0.750/0.785
(19.05/19.99)
o Y o T s O e N s e O o |
1 9
0.265/0.310
(6.731/7.878)
1 8
| NN [y SUNND B N o | | S gy e
0.050/0.065
(1.270/1.651) 0.290/0320
6/8.13)
0.020/0.050
— (0.508/1.270)
0.200F
(5.08) SEATING 0.008/0.013
A PLANE 030
0.125 r (0.203/0.356)
MIN
(3.175) ¥
0.005 \/1‘/30,,30
0.016/0.022 0.090/0.110 0.127)
(0.406/0.559) (2.286/2.794)
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PHYSICAL DIMENSIONS inches (millimeters)

Package: P16
16-Pin Molded DIP

0.730/0.770
(18.54/19.56)

B o O e N s B e O o B |
9

1
0.240/0.270
(6-10/6.858)
1 8
| NN R NN R Sy | | Ny m—
] |«osssiooss
39771650 0.290/0320
7.36/8.13)
0.020/0.050
0.508/1.270)
o20f L
08 SEATING 0.008/0.014
9, b
(2% Y 1 PLANE (0.203/0.356)
G173y '
bt L
m—f%‘% 0.090/0.110
-406/0. (2.286/2.794)
Package: S16

16-Pin SOIC (Narrow)

-384/.395
(9.75/10.04)

HAEAAAR

16 9
1 8

0117021 ’“E HUEE H,| L_ 018 MIN1457)
(280/.530) _,l L_ @PLC 181150

050 + .005
(1.27 + 0.20) (3.76/4.04)
le—»]

.007/.010

¥
CET imimimimm i) e
T R |
SEATING ] L _,l 014/.037
PLANE 228/.246 (.355/.940)

(5.79/6.25)

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS).
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PHYSICAL DIMENSIONS inches (millimeters)

Package: S16W
16-Pin SOIC (Wide)

.400/.414

(10.10/10.52)

AARAAR
16 9
1 8

2020 EHEEE HL

ELPEL 025 MIN

(304/.508) ™l ’\ > s ing @ PLES
050 & .008

127 £ 0.20)
(1.27 £ 0.20) .290/.301 |

" (7.36/7.65)

007/.015

.095/.106 (177/.381)
(2.41/2.70) L

=

SEATING 022/.042
PLANE t L -398/.412 "'”*(559/1.07)

(10.11/10.47)

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS).

Package: J18
18-Pin Hermetic DIP (CERDIP)

.880/.915
(22.35/23.23)
[} 1 10
.285/.310
(7.24/7.87)
1 9
.050/.065
(1.27/1.65) 0.290/0.320
(7.36/8.13)
.020/.050
(510/1.27)
|
200 (5.08) MAX SEATING
PLANE .008/.012
a2 (:u7) MIN (:203/.356)
o /130
- / 3°/13
1&1@1
(:406/.559) 005 (1 27) MIN

.0%/.110

(2.29/2.79)
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PHYSICAL DIMENSIONS inches (millimeters)

Package: P18
18-Pin Molded DIP

915 (23.23) MAX——»{
42_7
(s 09/6. as)
050/.065
(1 27/1.65)
0.290/0.320
.020/.050 (7.36/8.13)
(:510/1.27)
200 sog MAX
ey SEATING
PLANE
25 (317) MIN T L/ R v
3°/13°
ek | )
(406 559’ 005 (1.27) MIN
.090/.011
(2.29/2.79)
Package: S18W
18-Pin SOIC (Wide)
.449/.463
14071176 ]
AARAAR
18 10
1
012/.020 LY L_
024 MIN
(304/.508) P e J L_ Ce10 MINy 4 PLCS)
o +.008
1.2

127 £ 0.20) | :290/.301

(7.36/7.65)

¥ .007/.015
095/.106 (177381
241/270 ¥ J L

) i T

SEATING 022/.042
PLANE l<_ M’.’“‘ (559/1.07)
{10.11/10.47)

NOTE 1: SEATING PLANE LEAD COPLANAKIﬁ .005 (0127) (BOTTOM OF LEADS).

008/.014
(-203/.356)
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PHYSICAL DIMENSIONS inches millimeters)

Package: )20
20-Pin Hermetic DIP (CERDIP)

0.985
25.02
MAX
sl lslealelal
20 n
0.285/0.310
7.239/7.878)
1 10
0.290/0.320
0.200
G 08 7.366/8.128)
¥ 0.020/0.050
[ 1 (0.508/1.270)
0.008/0.012
} ¥ —»\\*(0:203/0.305)
\/ o 3°/13°
10.050/0.065 ‘
8% _’” {1.270/1.651) ‘ ._' @125 MIN
MIN 0.016/0.022 0.090/0.110
<_(0 406/0.559) (2.286/2.794)
Package: P20
20-Pin Molded DIP
1.020/1.040
25.91/2642)
o e B e B o O e OO e B e O s |
20 n
0.240/0270 |y
(6.096/6.858)
1 10
| U B SN R GHD G NN R S ) NN Ry SNS R SSN Ry SNy S
0.290/0.320
0.200 (7.366/8.128)
(5.08)
¥
0.020/0.050
I [ (0.50871.270 | \
SEATING 0.008/0.014
I PLANE -\l 0.203/0.356)
3°/13°
0.055/0.065 0.005 00 | |
(3 175) (1.397/1.651) 0129
MIN 0.016/0.022 0.090/0.110
0.406/0.559) (2.286/2.794)
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PHYSICAL DIMENSIONS inches (millimeters)

Package: Q20

20-Pin Molded Leaded PCC

(508) MIN,
0.050 + 0.005 SEENOTE1
| 20989 L 9,00
et | 027 012 (o 254) 0.025/0.045 g\ pyyis
\ THICK 0.635/1.143)
[ h T
d ) 506 s 0354 :* 13 (330)  ozwi0zs0
q b SQUARE -
q h ‘ ¢
oo v wo
0352 + 0.010 | 0.155/0.190 (2 206 MIN
8.941 £ 0.254) ' (3.937/4.826) '
SQUARE
NOTE: SEATING PLANE LEAD COPLANARITY .005".
Package: S20W
20-Pin SOIC (Wide)
,
.498/.512
{12.65/13.00)
HARARAARAAA
20 i
1 10
4 PLCS)
HHHHEHEHE HL‘:‘O M'N) @RS 2901301
012/.020 >l (7.36/7.65)
(304/.508) sos) 050 + .008 -«
(1.27 + 020) 007/.015
_0_9.51.‘9& (1777.381)
2.41/2.70)
SEATING = T .022/.042
PLANE (NOTE 1) _-398/.412 "7 [="559/1.07)
{10.11/10.47)

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS).
NOTE 2: NOMINAL DIMENSIONS +0.005 (0.127) UNLESS OTHERWISE SPECIFIED.
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PHYSICAL DIMENSIONS inches (millimeters)

Package: P22
22-Pin Molded DIP

1.120/1.140 ,
(28.45/28.96) l
oo rrar
22 12
) 0.340/0.370
(8.64/9.40)
1 1
| SN D [y SN N N RN S SN S | S -
0.055/0.065
(1.40/1.65)
0.200 .
0.200 0.390/0.420
f«g? 9.91/10.67)
0.020/0.050
I 0.51/1.27)
3 __{ SEATING
| | ? PLANE 0.008/0.014
(0.20/0.36)
30/13°
0.014/0.028 0.005 o
0425 0.36/0.71) 0.13)
a8 0.090/0.10  MIN.
(3.18) piddddiidiid
MIN. (2.29/2.79)
Package: J24W
24-Pin Hermetic DIP (CERDIP)
1.240/1.290
(31.50/32.77)
N o T s T e Y s N s Y s S s TN e N s O s OO e O s
24 13
>} 0.510/0.590
{12.95/14.99)
1 12
| S0 [ S [ SN Ry SO G SN G SNS [ SN R SN R SN G SN R SE Ry S |
0.200
(5.08) | 0.590/0.620 |
Mix (14.99/15.75)
0.020/0.055

0.008/0.012
(0.203/0.305)

T
b ' (0.508/1.397)
l SEATING
1 PLANE
0 010 u/

. 3°/13°

| < 0:050/0.065 ~—omg M
"~ {1.270/1.651)
(3 '75) |« 0.016/0.022 0.090/0.110
MIN T 0.406/0.559) "~ 2.286/2.79%)

119
%Mlcro Linear



PHYSICAL DIMENSIONS inches (millimeters)

Package: J24N
24-Pin Hermetic Ceramic DIP (Narrow)

1.240/1.290
(31.50/32.77)

s T e S s T e B s N e N s O e s N e O s B o |
24 13

0.285/0.310
(7.239/7.874)

1 12 L

| SND [y U iy W i NS [ N R S R A G R R SN R SN R S e |

0.200
(5.08) 0.290/0.320
MAX {7.366/8.128)
0.020/0.055
(o.sos/1.397)
0.008/0.012
SEATING {0.203/0.305)
PLANE )
0010
* |« .0:050/0.065 ~—0.259) N far3ense
0125 = {1.270/1.651)
3175 |« 0:016/0.022 | <« 0:090/0.110
MIN " 0.406/0.559) (2.286/2.79%)
Package: P24W
24-Pin Molded DIP (Wide)
\ 1.210/1.270
| (30.73/32.26)
s T o T e T e T e T e O e O e SO o N e O o B e |
24 13
0.540/0.570
(13.72/13.48)
1 12

| USSR SN g NN [y SN g NN Gy U GO [ USRS g Sy S iy s

0.200
10590/0.620
MAX (14.99/15.75)
i 0.020/0.050
(o 508/1.270)
SEATING
‘4— PLANE 0.008/0.014 _,)
I ] (0.203/0.356) |}
o/130
0.050/0.065 oso/o 065 —>| e 2910 N Sa| |3
(0.254)
(1.270/1.651)
(3 175) | 0.016/0.022 . . 0.090/0.110
MIN "~ 0.406/0.559) (2.286/2.794)
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PHYSICAL DIMENSIONS inches (millimeters)

Package: P24N
24-Pin Molded DIP (Narrow)

| 1.210/1.270
! (30.73/32.26)
o e B e S s B e O e T e O e O e O o O o B |
24 13 [}
0.240/0.270
6.096/6.858)
! 12 ¥
| SN G SN R G R SN R SN R S [ SN G SR Run SHD g S gy SN R S |
0.290/0.320
_:;23 (7.366/7.874)
N | —————>|
MAX
0.020/0.050
1 40 508/1.270)
0.008/0.014
SEATING {0.203/0.356)
l PLANE | P
| < 0.050/0.065 — (g ‘2’;2) MIN S| |33
0125 125 == {.270M.651)
(3 175) 0 016/0.022 — 0.090/0.110 090/0.110
MIN "~ (0.406/0.559) (2.286/2.794)
Package: S24W
24-Pin SOIC
.600/.614
{15.24/15.60)
AAAAAAAAAAA
24 13
1 12|
LR EEEELLER)
__”__ .012/.020 |« 025 MIN
(:305/.508) 1635 MIN) .290/.301
(4 PLCS.) (7.36/7.65)
.007/.015
(177/.381)
A sene L
} L PLANE 'r-
095/.106 050 + .005
2.41/270) .27 £ 0.20) 0.015/0.050
0.406 + 00]0 (0.38/1.25)

1031 £ 0.254)

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS).

& Micro Linear -1



PHYSICAL DIMENSIONS inches (millimeters)

Package: J28W
28-Pin Hermetic DIP (CERDIP)

L 1.440/1.485 ,

| (36.58/37.72) |
[ o U U e U s O s O e N e (O e Y e N o O s O e O e Y s |

8 15
0.510/0.590
) (12.95/14.99)
1 14
| SN0 B S G N G S G S G G [ SN R SN R GND R SE Gy S R GO R GED Ry S |
0 200 0.590/0.620
MAX |l 0:590/0.620
os) (14.99/15.75)
0.020/0.050

(0.508/1.27) [ ]
{ S
?{::EJC 0.008/0.012
T — (0.203/0.305)
3°/13°

0.010

0.055/0.065_ ~— 0259 MIN Sy
(g.g; MIN (.39771.65) 0.090/0.110
0.016/0.020 (2.286/2.799)

0.406/0.508)

Package: P28W
28-Pin Molded DIP

1.410/1.470 -
(35.81/37.33)
§ T e T e W o O e SO e T e T e TS s W s Y s Y s N s OO s |
T 15
0.540/0.570
) (13.72/14.28)
1 14
JL U S R R S R S Ry i G S R S R S R S R S R R S s gy e
0.200 0o 0.590/0.620
(s,oa) {14.99/15.75)
0.020/0.050
(o 0.508/1.27) [ \ |
35’22?0 0.008/0.014
f —»\\*" (0.203/0.356)
0010 3°/13°
X TS 1
|<- 0.050/0.065 0259 N g
.2771.651)
0090/0 110
_, 0.090/0.110
(3 175) _0.016/0.022 (2.286/2.794)

10.406/0.559)

1-12 & Micro Linear



PHYSICAL DIMENSIONS inches (millimeters)

Package: Q28
28-Pin Molded Leaded PCC

(0.889) RAD'

0.050 + 0.005
(1.270 + 0.127)
PIN 1—\

d ! T ! !
] P v 013 (330)  0.390/0.430
qd b 0.45010.010 = (E 3900430
g b (11.43£0.254) [} (9.906/10.92)
q h sQ BC OF
d h ’ BEND RADII
d b l t
guuvguouooo _ __—— 1
0.490 £ 0.012 0.155/0.190
e = LS 3.937/4.826
<= (2.4510.305 (0 090 )
sQ.
2.286) MIN
020 MIN
> 1= (508)
NOTE: SEATING PLANE LEAD COPLANARITY 0.005.
Package: S28W
28-Pin SOIC
699/.713
7.75/18.11)
28 15
1 1u
012/.020 024 MIN
(305/.508) <1609 MIN) 0294 + 0,010
YR, @PLCS) 7.47 £ 0.25)
J 0077015 [
177/.381)
[ TAAAAD  seanin
f PLANE 'r‘
-095/.106 .050 =+ .005
2.41/2.70) 127 £ 0.20) 022/.042
(559/1.07)
.398/.412
10.11/10.47)

NOTE 1 SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS).
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PHYSICAL DIMENSIONS inches (millimeters)

Package: Q32
32-Pin Molded Leaded PCC

050 + .005 20 (008)
<27+ a2 NOM
PIN 1
: | T ]
g d Yo (320
] P 0.553/0.547 oz 53
d 3 (14.05/13.89)
] P 0595/.0595
d b {15.11/14.86)
[=
oo
_.l 1217142
453 (11.51 (3 07/3.61)
447 \11.35 (249
112
495 (12.57 Y
015" MIN
a8 (1232l — G

=

L_ASO 1092 )_,l
390 991

Package: S32W
32-Pin SOIC

0.808 +0.012
(20.520.30)
fAAAAAAAAAAAAAA
32 17
0.394 2 0.008
(10.01+0.20)
1 16
enerdHHHHHHEHHHEHEEH
0.017 +0.003 0.50
T 0.4320.07) a2

e
il

0.098 +0.008

0.007 +0.005
(2.49 £0.20)

(0.18£0.13)

.490/.530

(12.45/13.46)

0.428 +0.007

(10.87 £0.18)

'T’_*E

(12.85+0.43)

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM OF LEADS).

0.506 +0.017

N
-

11-14 . .
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PHYSICAL DIMENSIONS inches (millimeters)

Package:
40-Pin Hermetic DIP (CERDIP)

2.040/2.096
51.82/53.24

e N e T e T s T s Y s T e Y s T T s A e ) e N e S e Y e Y e N e s Y s O
40 21

> 0.510/0.590
(12.95/14.99)
1 20
S0 [ SN [ SRS [ S [ SR (SUS R S R AN R SN ( SN [ SN (R NN R SR SR S R SN R G [ SN Ry S
0.590/0.620
(14.99/15.75)
0020/0 050
0200 |, 4' 0508/1270
5.08
MAX SEATING
f PLANE 0008/0012_,)
0203/0.305
_ o 010 30/13°
| < 0050/0065 s MIN S
0.125 ~ 20651
3.175 . 0016/0.022 < 0:090/0.110 0.090/0 110
MIN. = 0.406/0 559 2.286/2 794 (2 28672 794)
Package: P40
40-Pin Molded Plastic DIP
- 2.071/2.039
I (52.60/51.79)
) s I s O s N s S s Y o T e Y e N s Y s N e Y s 1 e s N e 6 e O s O s O o
40 21
) 0.570/0.540
(14.48/13.72)
1 20
| SN [ SN [y SN [ SNy SN [ N N [ N Ny N (NN SN D SN [ SN NN [ S g SNy SN g S
0.065/0.050
165/127)
0.200 0.620/0.590
5.08) ~10£Y/ V.0 78
'MAX,' (15.75/14.99)
l 0.050/0.020
127/0.51)
py H i SEATING
oM™ PLANE 0010 008
: 3°/13°  (036/020)
T 0.022/0.016 0.110/0.090 0.010 \.’
0.56/0 41 (2.79/2.29) ©.25

MIN.

licro Linear 115




PHYSICAL DIMENSIONS inches (millimeters)

Package: Q44
44-Pin Molded Leaded PCC

0.010
0.50 ©0.25)
PIN #1 050
a2 LD. THK.
TYP.
e —
S f /] "
E ; -—i 013 (.330
021 533
9 ; 0.600/0.630
E P 0.65420.00 (15.24/16.00)
d [ (16.61+0.25) BC %; lB)EIND
g b Q.
q D
q b
g D
Tooooooooo o —— 1 —t
0.155/0.190
0.690+0.015 | (3.94/4.83)
(17.5320.38)
0.090
. 22 MIN.
Q > 229
020 MIN
(508)

NOTE:
1. SEATING PLANE LEAD COPLANARITY +.005

- - - GE/HP/CP 30K 1290 Printed in U.S.A.
11-16 T Micro Linear 520 GEIRHY ;
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