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Techniques for Limiting AC-coupled
Common Mode Transients

Problem: As gate oxide becomes thinner with each new technology, lower gate-to-drain
and gate-to-source voltages can cause damage. Approximately a the 90 nm node, the
clamping action of ESD diodes may no longer be adequate to protect some devices.

In AC-coupled nets, one end powering on or off can induce atransent on top of the
normal bias voltage at the other end. This note will quantify this effect and suggest
smple techniques for minimizing these trangents, which might otherwise cause thin
oxide damage.

The figure below shows a generdized circuit with near- and far-end termination
separated by a DC-blocking capecitor. (For differential nets, these components represent
the dngle-ended (i.e., even mode) vaues -- that is, one line of the differentid pair.)
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. AC-coupled Common Mode Transients
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for 0 <t <T,,,
: VR = (VCM = Cx ZR ‘,TCM) {1 P gi-)}

Viimax) = (Vg x € x Zo/ Ty ) {1 - e-Tem/ClEr + 29

for T, « C(Z, +2Z,), [fast common mode rise time]

VR(ma.x) ~Veu x Zn/ (Zp + Z7)

for T, > C(Z, +2Z,), [slow common mode rise time]

VR(‘“QX) S VCM X C X ZR/ TCM
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From the equation for Vr(max), useful gpproximations result in two limiting cases

1. If the coupling capacitor time congtant, C(Zg+Zr), ismuch larger than therise
time of the common mode signd (that is, afast common mode rise time), then the
transent seen at Vg is smdler than the common mode voltage, Vow, by therdtio,
Zgr/ (ZR+ZT) .

2. If the coupling capacitor time congtant, C(Zr+Zr), ismuch smaller than therise
time of the common mode sgnd (that is, a Slow common moderisetime), then
the transent seen at Vg is smdler than the common mode voltage, Vow, by the
ratio, C*Zr/Tcm.

Some examples.
- If thereis no effective far-end, common mode termination (Zr isinfinite),

then Vr(max) equas Vem, and the problem must be solved by further

circuitry or regtrictive pecifications.

If the maximum far-end termination is 80 ohms and the minimum near-

end termination is 30 ohms, then Vr(max) is 80/110, or 73% of Ve

(essuming afast risein Vew).

If Vom risesin 1 microsecond, C is 0.012 microfarads, and the terminators

are asin the previous example, then Vr(max) is51% of Vou. (Thisuses

the exact formulafor Vr(max), Snce nether of the limiting cases gpply.)

If, in the previous example, Vom risesin 50 microseconds or more, then

Vr(max) isless than 2% of Vou.

Consdering the above, a specification limiting AC-coupled common mode transients
induced by power on and power off could be met either by limiting the magnitude of the
circuit’s common mode voltage or (if maximum and minimum common mode
termination has been specified) by limiting the speed of the power supply turn on and
turn off.

Of course, the specification vaue for the maximum common mode transent dso must be
edtablished. Beyond the technology limitations on gate-to-drain and gate-to-source
voltage, how redrictive this limit must be is dso afunction of circuit topology and

design, including judicious use of thicker gate oxide devicesin 1/O circuits.

Summary: For AC-coupled nets, adesigner has considerable flexibility to meet
acommon mode transent specification ether by:

a) limiting the bias voltages (i.e., common mode voltages) of the tranamitter and
receiver circuits or by
b) limiting the speed (dV/dt) a which that bias voltage turns on and off.

But these options are available only if min and max common mode termination
vaues, aswdl as amaximum coupling capacitor vaue, are specified.



