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Abstract - We present our analysis of the nose-to-nose (ntn)
method for use as an accurate sampler calibration method. The
variations in the measurement ofthe sampler impulse response
using the ntn method are described and the assertion that the
kick-out pulse is identical to the sampler impulse response is
assessed. Temperature effects on the ntn method are also
examined. Finally, the effect of uncertainties in the ntn
calibration method on the uncertainties in reported pulse
parameters is examined.

Keywords - sampler calibration, nose-to-nose, kick-out pulse,
offset voltage

I. INTRODUCTION

There presently are no widely accepted methods for
calibrating the impulse response or complex transfer function
of high-bandwidth samplers used in oscilloscopes and network
analyzers. Although calibration methods can be performed
with either time- or frequency-domain techniques, time-domain
techniques are usually preferred because of the difficulty in
obtaining phase information from most frequency-domain
methods. However, these time-domain methods require pulse
generators that have significantly greater bandwidth than the
samplers themselves or, if the generators have comparable
bandwidth, then their pulse profiles must be accurately known
so that the influence of the pulse generator on the measured
step response can be deconvolved. A proposed sampler
calibration method where both the sampler and pulse generator
functions are claimed to be identifiable is the "nose-to-nose"

(ntn) method. The ntn method was introduced about 10years
ago, and is a method where a sampler is also used as a pulse
generator. In the ntn method, the sampler generates a pulse
(termed the "kick-out" pulse) when it is operated at a non-zero
offset voltage (Voff* 0 V) and it is argued that the kick-out
pulse represents the impulse response of the sampler [1-3].
The generation of a kick-out pulse is limited to a particular type
of sampler architecture and not all commercially-available

samplers will generate a kick-out pulse.

2. MEASUREMENT

2.1 Description

The nose-to-nose method gets its name from the
arrangement of the samplers in the measurement procedure
(see Fig. I) where the input connectors of two different
sampling heads are connected together using a male-to-male
coaxial adapter. In the ntn technique, three samplers [2] are
used, each acting in turn as a sampler and as a source for the
kick-out pulse. Kick-out pulses are produced when the
sampling structure (a diode bridge) is strobed while under bias
(the offset voltage). The offset voltage is the voltage generated
internally by the oscilloscope using the "offset voltage" setting
of the vertical axis of the oscilloscope. The amplitude of the
kick-out pulse is dependent on the offset voltage. The kick-out
pulses propagate to the input terminal of the sampler. The
measurement procedure we use to investigate the ntn method
is described in [4]. In practice, three samplers are used, in all
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Fig. 1 - Nose-to-nose measurement setup.
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