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In the HP 9493 LSI test system, CMOS delay verniers replace the usual
bipolar technology and are integrated with digital circuitry to produce a
high-performance timing generator in a single monolithic CMOS VLSI
formatter chip. This solution achieves bipolar-equivalent resolution, skew,
and jitter performance with significantly lower power, cost, and circuit
board space.
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Metal-oxide-semiconductor or MOS technology is known to be inferior in noise
performance to bipolar or junction FET (JFET) technology. For example, a CMOS
operational amplifier has two to three orders of magnitude worse noise perfor-
mance than a bipolar or JFET-input operational amplifier. How about jitter? Jitter
can be defined as a timing uncertainty or noise. If the device is so noisy, won’t the
noise affect its jitter performance? We tried to clarify this question by a theoretical
calculation.

Major noise sources in a CMOS device are flicker noise and Johnson noise. To
the simple CMOS inverter circuit shown in Fig. 1, we applied a noise model and
analyzed the thermal jitter.

Fig. 1. Simple CMOS inverter with load capacitance Cl.
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The jitter is evaluated at the mid-transition point of the output of the inverter (Fig. 2).
We assume that the input has already reached the Vdd voltage. Q1 completely
turns off and Q2 discharges the load capacitance Cl.

Fig. 3 shows the equivalent circuit of the flicker and Johnson noise model, where
vj represents the Johnson noise of the equivalent resistance of Q2 and vf repre-
sents the input flicker noise.

Fig. 2. Jitter evaluation point.
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Fig. 3. Noise jitter model.
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We calculated the voltage noise Vn and the slew rate dV/dt at the output and
estimated the jitter Tjit as

Tjit �
Vn

dV�dt
.

Fig. 4 shows the result of calculations for various gate lengths L and gate widths
W. Tjit does not exceed 0.3 ps rms even with the worst-case device. A series of 50
such inverters will only produce 2.1 ps rms jitter. While not perfectly accurate, this
analysis provides valuable insight.

Another jitter source is coupling noise. This is considered to be a dominant source
of jitter in standard CMOS design. In the ACCEL2 design, we avoided subdividing
the test period or PCLK signals because subharmonics cause periodic jitter. When
the ACCEL2 chip is generating a periodic waveform, all coupling sources are phase

Fig. 4. Calculated CMOS inverter jitter.
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coherent with the timing edges. This means we will see the identical coupling
waveform at every test cycle and it won’t cause any jitter.

Masaharu Goto
Design Engineer
Hachioji Semiconductor Test Division
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Temperature Coefficient of Propagation Delay
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