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ABSTRACT

The time delay of a chain of asymmetrical inverisranalyzed
with both measurements and simulations. Delay tiana with
temperature and supply voltage are investigatedinmsetrical
inverters demonstrate to be much less sensitigeipply voltage
voltage, and less sensitive to temperature.

1. INTRODUCTION

Several integrated systems require the implememtabf a
constant time delay that does not change too mudh w
temperature, supply voltage, or technology pararsete
Untrimmed delay elements however present fluctnatidike
usual R-C networks, or classic inverter chainsefample. Novel
topologies have been proposed in the past to omercthe
problem [1,2], and the time delay of inverter clsaims been
investigated in detail[3]. An asymmetric invertdramn like the

one in Fig.1(a), alternate small transistors si¥¥g,, L, with
very long ones sizeWsy, Ligng: Liong >> Lsm- The resulting

delay is much different for the rising, and fallieglge, of the
input signal. The large delay -when long transistbave to
charge/discharge large capacitors- is little seresip technology
parameters [1]. The asymmetric inverter in Fig.1icprporates a
PMOS transistor connected to ground. This transidppresents
not only an extra capacitance to,Mbut also it opposes to ¥
when charging M gate capacitance. The effect helps to
compensate time delay variations related to supplyge. In this
paper three previously fabricated delay elememsampared:
Classical Inverter (named InvGk a chain of 8 classic inverters
with both PMOS and NMOS transistors si284/ L =4/16Qum.
Asymmetrical Inverter (named InvAjs a chain of 2 inverters

like in Fig.1(a) withWg, =4um, Lgp,=2.4um, L5, =480um.

Modified inverter (named InvD)is the inverter of Fig.1(b) with
Wem=4um, Lgn=2.4um, Lyjpg =280um, Lp=480Qum.

All the inverters incorporate input and output leuf In the
following sections, detailed time delay simulationsnd
measurements will be presented for this three itgrcwhile
varying the temperature (-10 to 80°C) and suppljage (1.5 to
5V).

2. SIMULATIONSAND MEASUREMENTS

The integrated circuit was fabricated in a standa8lim CMOS
technology. The work was divided into two stages.
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Fig 1. (@) InvA:| Asymmetric inverter chain
(b) InvD: Modified ¥symmetrical inverter chain.

In the first stage we varied the voltage supplymeein 0.9V and
5.0V in steps of 0A410mV. The procedure that we follow to test
it was as follows: first we generated a 1kHz squeaze with a
WAVETEK FG2C function generator (into &0load). Note that
the main thing to bear in mind was that te supplieiiage had to
be the same as the amplitude of the square waveustd a
digital oscilloscope (Tektronix TDS1002) to meastire delay ¢
of the outcoming signal from the IC of each of tfneersors. This
procedure was repeated for each voltage. To resuoe glitches
at the transistion time we used a tantalum capabgbtveen Yp
and Vss The results of this stage is shown in E@).

In stage two we varied not only the voltage buttdraperature as
well. In this case the voltage at which the IC viested was:
1.5V, 3.0V, 4.0V and 5.0V for each temperature. Taege of

temperatures went from —10°C to 80°C in 10° stbpshis stage

we used the same measurement techniques as we stahe one
however now the circuit was put into an oven whighused for

investigation purpouses only and its tested ramgs drom

—100°C to 120°C. To measure the oven’s temperétwas used
a digital thermometer (VOLTCRAFT 502). It has eertimocouple
type K and its temperature range goes from



-200°C+0.1°C up to 1370°C. The mesurements were made at
1KHz. The results of this stage is shown in Fidp)2(

The program we used to simulate was SMASH 5.2.2e Th
simulation model was Bsim 3V3 for standard CMOSptm8
technology, typicall model.

3. CONCLUSIONS

The asymmetrical inverter chains behave better thassic one,
because are less sensitivo to changes on the suplpgge. The
modified one InvD also shows a point with a nullridative
respect to ¥p. The three inverters show a similar behaviour with
temperature, however for low supply voltages asytrioad
inverters show a negligible delay variation fronD-fio 80°C.
Asymmetrical inverters enable to build more statiteuits under
any of the given circunstances.
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Fig 2. (a) Measured (scatter), and simulated (line)
time delay ty against supply voltage at room temp.
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Fig 3. Time delay against temperature for InvA,
InvC,InvD, at Vpp=15V(up) and Vpp=5V
(bottom).



