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To maintain signal integrity of a CMOS output waveform, output traces longer than
10mm or 0.5” should be designed as transmission lines. Two well known types are
striplines and microstrips. To get the best looking waveform at the end of the trace at the
target input, the beginning of the trace should be matched properly. It is not required to
match the end of the trace, aslong as the signal integrity is only important at the end
itself. If you match just the start of the trace, the waveform may look quite bad at the start
and halfway the trace but will look fine at the end. Page 3 shows four waveforms at
different locations.

Transmission lines have a characteristic impedance. A popular choice of characteristic
impedance is 50W. It is agood compromise. It is not advised to go much lower because
this would become quite a heavy load on the CMOS output. The lower the impedance,
the wider the trace needs to be, so alower impedance may also not be practical to
implement. A higher impedance will slow down rise and fall times at the target so when
the frequency is high, it is not advised to go much higher than 50W either.

Matching is when you make the output impedance of the CMOS buffer the same as the
characteristic impedance of the trace. The output impedance of the CMOS buffer usually
is below 50W and matching is achieved by adding resistance in series, between CMOS
output and start of the trace, so the total adds up to 50W. Our PL611 has two output
configurations. “standard drive” and “high drive”. With standard drive, the output
impedance is 40W so we need to add 10Win series to match with a 50Wtrace. With high
drive, the output impedance is 20W so we need to add 30Win series to match with a 50W
trace.

Design rules for striplines and microstrips are readily available on the internet. Instead of
carefully designing everything ‘just right’, it is possible to determine the correct matching
of CMOS buffer to (long) trace with asimple test. Our goal is a good looking waveform
at the end of the trace. We can just look at the waveform and try different values for the
matching resistor at the start of the trace until the waveform looks good. Test results on
the next pages show waveforms with different resistor values.

To get the best looking waveform at the end of the trace, it isimportant that the trace
impedance is as constant as possible for the full length of the trace. In general that means
that the trace width should remain constant and the ground plane under and possibly
above it, should be present for the full length of the trace.



The following pages show waveform test results. The test board used has an 11" (28cm)
long trace with 42Wimpedance. The end of the trace is |oaded with a 15pF capacitor.
Thereis aresistor between the CMOS output (PL611 with high drive output) and the start
of the trace. The best matching is achieved with a 22W resistor. See below for pictures of
the board. Only both ends of the board are shown because the board is very long.
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Lets first examine the waveform at different locations along a properly matched trace.

At the CMOS output: At the start of the trace:
Halfway the trace: At the end of the trace:
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The frequency is 25MHz. Significant reflections are present at all probed locations,
except the end of the trace. So don’t worry about what the waveform looks like at other
locations, it is the waveform at the end of the trace that isimportant.

The width of the reflections depends upon the length of the trace. It isthe time it takes for
apulse to travel back and forth along the trace. The speed of signals traveling through
traces is about 0.67 times the speed of light or 2x10® m/s. So it takes 2.8ns to travel back
and forth along the 28cm trace on the test board. The X-axis in above plotsis 10ng/div
and the width of the reflections at the start of the trace is indeed very close to this
theoretical 2.8ns.



The following oscill oscope pictures show the waveform at the end of the trace, while
changing the resistor at the start of the trace.

No series resistor (the CMOS output is connected directly to the trace):

0 9"

=T

P

[Hf10.0ms!  [EAES _ 15y
Outy cyclei?m]  Fall timel2+] Rize time(2®]  Frequency(Z2+) E
current 49,7 ¥ #3234 ps 6 pz 25.0003 MHz
maan  49.7 i 282.08 ps 956.19 ps 25.001942 MHz
min  49.0 ¥ 820 ps 926 ps 24.9974 fHz
max  49.7 ¥ 15.262 ns 1.612 ns 25.0078 HH=z

Thereis large ringing happening at the end of the trace.

Series resistor is 10W
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Fall timel2~) FRize tima(Z®]  FrequencylZ+]
1.018 ns 1.226 nz 25.0010 HHz

M easurements 3
Duty cycle(Zm]
current 49,7 %

mean  49.7 % 1:03?40 ns 1.23487 nsz 25.001711 MHz
min  49.6 £ 290 ps 1.181 n= 24988 HH=z
max  49.8 % 1.059 nz 1.277 ns 25.0082 HHz

The waveform already looks better than the previous waveform.



Seriesresistor is 22W
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Duty cycle(Zm)  Fall time(2+]  FRize time(Z=]  FreguancylZ+]
current 49,7 % 2350 ns 1.616 ns 24.9960 HHz
mean  49.7 ¥ 1.34717 ns 1.60808 ns 25.001613 MHz
min 497 % 1.315 ns 1.567 nz 24.9949 HHz
maw  49.8 ¥ 1.42 ng 1.654 nz 25.0080 KHz

Thisis the best looking waveform.

Seriesresistor is 33W
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Outy cyclei?m]  Fall timel2+] Rize time(Z®]  Frequency(2+) E
current  49.7 ¥ 2.159 ns 2.570 ns 24.9993 HHz
mean  49.7 ¥ 2.09360 n= 2.81452 ns 25.002195 MHz
min  49.7 i 1.86 ns 2.33 ns 24.990 MHz
mag  49.8 ¥ 2.222 nz 4.221 ns 25.0100 MHz

Now we are seeing the edges slow down alittle bit.



Series resistor is S1W.
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Measurements |[REIEEIES

Duty cyclel®m]  Fall time(?-1  Rize time(?#*]  Freguency(?+]
current  49.7 ¥ 069 ns 5.201 ns 25.0035% HHz
mean 497 ¥ L.07900 nz L.20194 ns 25001707 MHz
min 49,6 ¥ 4.96 ns 4.91 ns 24.973 MHz
max  49.9 E.160 ns 5.261 ns 25.0185 HHz

Now the edges slow down even more so it is obvious that the value of the resistor
between CMOS output and the start of the trace is getting too high. The plot with Rs=
22W s the best so thisis the advised resistor value to use.



The next waveforms show how a higher frequency makes it more difficult to find the best
matching.

No series resistor:
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I easurements

W op-p (2] Duty cg::le[El] Fall tima(2~] Rise time(Ze)  FrequencylZ+]

current  5.2206 W 400 % 1.490 ns 1.786 ns 99,988 MHz
mean 522307 W 49,1 ¥ 1.49574 ng 1.79900 ns 100.0124 tHz
min  5.1955% Y 48.9 7 1.47 ns 1.73 ns 99.874 MHz
max  5.379 49.3 % 1.567 nz 1.846 ns 100.2 HHz

The horizontal marker lines are set at OV and 3.3V to show the signal w.r.t. the power
supply levels. The width of the waveform pulses is now approximately the same as the
width of the reflection. Instead of seeing the reflection influence part of the waveform, it
now influences the whole waveform. An overshoot turns into an overall larger amplitude.
As you can see above, the waveform swings under OV and over the 3.3V ralil.

Series resistor is 10W
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teasurements [
W op-p (2]

Duty chle[Enl Fall tima(2~] Rise time(2#1  FregquencylZ+]

current  4.1438 ¥ 40,1 % 1.436 nz 1.689 ns 99,994 FHz
mean  4.14130 W 48,1 % 1.43512 ns 1.68739 ns 100.0107 MHz
min - 4.1232 ¥ 48.8 % 1.36 ns 1.62 nsg 29,903 MHz
max  4.264 W 9.3 % 1.54 nz 1.726 nz 100.3 HHz

Thisis better but still with an amplitude that is a bit high.



Seriesresistor is 22W
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Rize timelZ#]  FroguencylZ+]
78 ns 100.06 HHz
1.50641 ns 100.0130 MHz

Measurements

Y 21
current  3.2592 ¥
mean 326366 Y 40,2 ¥
min  3.2466 Y i 1.34 ns 1.438 ns 99,82 MHz
max  3.384 1.423 ns 1.567 ns 100.2 HHz

Finally at 22W the amplitude is down to 3.3Vpp. The loading at the end of the traceis
still 15pF so the rise and fall times are pretty long. If thereisjust one CMOS input
connected to the end of the trace, then the load can be as low as 5pF and the rise and fall
times will be faster.

Fall timel(Z~]
15 ns

Duty cyclelim)
40,2 % .
1.38242 ns






