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Abstr act 

_.\ t.hrt"~ hits A/D converter technique, Ln."iccl on the 
r:ouplcd capacitanccs to the gate of the inverters, has 
hccu succssfully simulated with !I-SPICE, using com­
plementary IIFET technology (complementa•·y GaAs). 
Due to the gate leakage current of IIFETs, a refresh­
ment circuit is rc<1uircd for a proper behaviour. T he 
input frequency is limitecl up to 1 ~1Hz due to the time 
n·qui rc~d to d t(l.rge :nul discharge the C..'l.pacitanccs. The 

t:ouutcrpart is a dra."itic rccluction in the numbrr of tran­

sislOrs (5:l), so as a lower pO\\'C!I consumption (O.G9 m\V) 

an"' rC'li:tlilc wit.h n·~pcl·t lO olhcr conventional A/D con­
\'C'fl('f'->. 

1. IN TRODUCTION . 

The reduction in the uumbcr of trausi:;tors, us 

wl'll as iulcrcuuuectious, is one of t he most critical 
issues when implementing d igital YLSI designs. On 
llw olht•r hand, analog to digital con,·er tcrs (A/D 
ron\'rrtrrs) with high con,·ersiou rates and luw power 
dissipation [1-3] arc becoming more importaut for 
aflpli<'al io11~ Sltclt as ,·isual-data processing: hard­
disk cunlrollers aud: iu g,citeral: auy portable ap­
plicaliuu. 

A manufacturable complementary technology [4-
7], kuuwu as com]Jlementm·y Galls, can offer min­
imum static power dissipation (ouly that one due 
tu the gate leakage current), aud high speed due to 
the carriers properties iu GaAs. 
The coucept of 1\euron-iuvcrtcr [8-10] has been ap­

plied suc:ccsfully by the C:\105 designers. It is based 
on coupling capacitances to the gate of the inverter 
aud e,·o.duatiug the \Veighterl sum of thr. input~. 

In this paper we apply the similar concepts to 
Llw cmw of a cornplcmcntary GaAs A/D converter. 
The main difference with respect to C~IOS tech­
nology is that the gate leabge current affects the 
correct cwtlua tiou of the analog iuput signal. A re­
freshment circuit is neccsary for a proper behaviour, 

'\-Vith C HIPTcc, Tlu.: University or Adelaide, SA 5005, 
Australia. 
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Figure 1: Variable threshold voltage inverter 

gi,·ing as result a good t radeoff between power and 
delay, as well as in the number of dcdccs used, 
wh ich can reduce drastically the area occupied ns 
comp~recl 'vith other similar structures using con­
ventional tcc:hniqup_, or technologies. 

2. COMPLEMENTARY GaAs 
PARAMETERS. 

Due to the proprietary nature of com plementaf'y 
Ga.·ls data aut\ SPICE parameters, this work is 
based on a realistic composite parameter set de­
rived from a number of \'Cndors (4-7], for a uotiuual 
0. 7 J.L process. This composite parameters is used to 
gain an appreciation of the functionality of the new 
neuron-logic technique, in complem entary GaAs 
technology, and only actual fabrication of the cir­
cuit can be relied on for determining ultimate per­
formance data. For comparison, the same circuits 
were also designed in a standard double-polysilicon 
CMOS process [9]. 

3. VARIABLE THRESHOLD VOLTAGE 
INVERTER. 

The im·erter is based on HFET transis tors and re­
sembles CMOS except that three coupled capacit­
ances, and a voltage reference (Vret) arc included 
to the basic inverter , so that the threshold voltage 
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Vlno-a-------1~-------<>A:J. 

Figure 2: 3-bits A/D converter 

can be modified (see Figure 1). The coupled ca­
pacitance corrected to the transistor gates, reduces 
the internal capacilanccs influence on the basic in­
verter. Thereby the weighted sum of the inputs is 
better evaluluated, and the necesary coupled capa­
citanccs can be reduced. 

U the coupled capacitances are much higher than 
the internal capacitanccs, the internal capacitances 
can be ncgelected [8) and the gate voltage (V9 ) is 
approximated as: 

V _ Vref + xV; 
g- 1+x 

In the case of Vr•f equal to the voltage supply 
(Vvv), with x = 2, and taking into account that the 
threshold voltage of the basic inverter is Vvv/2, the 
gate voltage (V9) and the threshold voltage (V.h) of 
the structure are: 

Vvo + 2V; 
Vg = 

3 
; if Vg = Vvv/2 ~V,,.= Vvv/4 

If Vref = 0, and x = 2, then the threshold voltage 
is; 

211, 
Vg = -f; if Vg = Voo/2 => V.h = 3Vvo/4 

4. A/D CONVERTER STRUCTURE. 

Figure 3: Variable threshold voltage inverters. 

charge of the coupled capacitances and, therefore, 
the correct evaluation of the input signals. In order 
to avoid the degradation of the converter behaviour, 
a refreshment circuit is required. 

The three bits A/D converter under study, with 
the refreshment circuit, is shown in Figure 2. With 
the con~iderations mentionted above, the inverters 
with threshold voltages Vvv/4, and 3Vvv/4 (in­
verters 1/4 and 3/4 respectively), are implemen­
ted as in Figure 3. The input signals, Vtn.up and 
V.n.down. arc ncccsary for refreshment (see Figure 4). 

Because of the coupled capacitances a.sociatcd with 
the inverters, only 52 transistors arc enough to im­
plement the A/D converter. 

voo 't '"- up 
Vino---<)~ 

Figure 4: Sampled input signals. 

4.1 Design considerations. 
The selected voltage supply, Vvv. is 1.6 V. With 

this value, it is unnecesary to scale the transistor 
We started applying the AJD converter structure widths in order to fix the threshold voltage to Vvv/2. 

succcsfully used for the CMOS version [8). to the The low output voltage is set to ground and the 
complementary GaAs technology. But the beha- high output voltage is set to Vvo ( "0" and "1" 
viour is degraded after a short time, in the order of logic values). 
8 IJS. For higher voltage supplys, the inverter 3/4 does 

As opposed to CMOS technology, the gate leakage not invert properly. On the other hand, with lower 
current ofHFETs can not be neglected. It alters the voltage supplys, t h:l product power-delay increases 
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and it is more dificult to adjust the capacitances for 
a correct behaviour. 

The internal connections (see * in Figure. 2) to the 
capacitances have been avoided, adding two more 
inverters and the input signal V ' ;n.down· In this 
way, there are t hree independent stages (one for 
every output), wherein there is no mut ual influ­
ence when charging or discharging their associated 
coupled capacitors. A better response is obtained 
for the outputs and the delay is also reduced. 

A simple design is posible when the coupled capa­
citances are much higher than the internal ones of 
the inverter. In that way the internal capacitances 
can be neglected but, on the other hand, high ca­
pacitance values increase the delay and area of the 
circuit. For an input signal frequency of 0.5 i\!Hz, 
the maximum capacitance in the converter is 5 pF, 
located in Neuron.O. 

1.2 IJasic principles of convertion. 
Applying the capacitive voltage dividing prin­

ciple [8], the output signals for the least significative 
bits, Ao and A1 , can be obtained. If the ratio of the 
capacitances are like in Figure 2, when the input 
signal is evaluated, the gate voltage for Neuron.O 
can be a.proximat.cd as: 

where V1; 4 , V1; 2 , V3; 4 are the outputs of the variable 
threshold voltage inver ters respectively. 

In the case of Neuron.1, when the input signal is 
evaluated, the gate voltage is: 

V 2Vin.down + Yt/2 
g= 3 

If the input signa l varies linearly from zero to the 
Vvv voltage supply, the theoretical gate voltages 
for Ncuron.O and Neuron.1 arc shown in Figure 5. 
Only one basic inverter, conccted to the Neuron.O 
and Ncuron.1 outputs, is necesary to produce the 
output logic values Ao and A1 respectively. 

The most significative bit, A2 , is implemented with 
only two basic inverters connected to the input sig­
nal. 
It should be noticed that this technique can be eas­

ily extended to a larger bit-number A/D converter. 

4.3 Refreshment circuit. 
The basic idea to refresh circuit is to discharge 

the coupled capacitors before the input signal is go­
ing to be evaluated. In order to discharge them, 
when the clock signal is low, the gate and input 
concctions of the coupled capacitances are conec­
ted to the same voltage source. 

For Neuron.O and Ncuron.1 , the voltage source se­
lected is ground. T herefore, when the coupled capa-

Vg 

2V0013 
4VOOn 

VD0/2 
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V0[>3 

--- NEURON- 1 
--- NEURON-a 

Figure 5: Theorical gate voltage in Neuron.O and Neuron.l. 

citances are discharged, t he outputs A 0 or A 1 does 
not change if its previous value was "0" . 

In the case of the variable threshold voltage in­
verters, the voltage source of discharging must be 
the voltage supply. In t his way there is no conflict 
between the outputs of the inverters 1/4 and 3/4, 
and the inputs of Neuron.O. When the clock signal 
is low, the coupled capacitances of the inverters 1/ 4 
and 3/4 are discharged to Vvv; the outputs of these 
inverters are low and therefore, the coupled capa­
citances of Neuron.O can be discharged to ground. 

These two types of refreshment make necesary the 
use of the two sampled input signals Vin.down and 
Vin.up (sec Figure 4). Vin.down resets the input sig­
nal to ground, and it is used to refresh the coupled 
capacitances of Neuron.O and Neuron.l. On the 
other hand, Vi ... up resets the input signal to Vvv, 
necesary for the capacitanccs of the inverters 1/4 
and 3/4. 

Due to the refreshment circuit, the degradation is 
avoided. \Vith the two refreshment sources, when 
the input signal is evaluated, there are no peak 
voltagcs during any transition in the capacitors. 
Thus, it is not necesary any aditional circuit (e.g. 
flip-flops) to evaluate properly the outputs of the 
converter. 

V a-<> '\-Yb 

Figure 6: Switches implementation. 

The implementation of the switches is shown in 
Figure G. W hen a siagle signal is evaluated, only 
a pass-gate is eno~:;;h. But two pass-gates are ne-
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Technology Power, P(m\V) Delay, d(ps) Transistors, N Freq.(i\IHz) 
complementary GaAs-neuron 0.69 7000 52 0.5 
CMOS-neuron (8] 0.51 7050 18 0.5 
complementary GaAs-flash 50 4840 237 10 
CMOS-flash (1] > 7.4 (25 Msamplesfsg) 300 7 

Table 1: Results for different technologies. 

cesary if two signais are alternati valy evaluated. The 
pass-gate is implemented with two transistors (N 
and P) conccted in parallel. When the coupled ca­
pacitances technique is used, this refrcsment imple­
mentation can be easily extended to more complex 
circuits. 

5. RESULTS. 

The output signals, when the analog input sig­
nal varies linearly at the frequency of 0.5 l\!Hz, are 
shown in Figure 7. The clock signal frequency is 25 
MHz (it could be increased until 40 l'vlllz without 
degrading the behaviour). 

In order to get a better definition, two buffers are 
located at the outputs of Ncuron.O and Neuron.l. 

With respect to the capacitances, if their '"alues 
decrease, it is more difficult to design properly the 
neuron structures and the variable threshold voltage 
inverters. \:Vheu the capacilanccs arc very low, it 
is not posible the conversion of the analog input 
signal. 

The circuit response is very sensitive for high fre­
quencies (this is also observed with Cl\IOS-ncuron 
technology). Above 1 MHz the capacitances have 
not enough time for charging and discharging, hence, 
the behaviour starts degrading. 
The power consumption increases with the input 

signal frequency. It was observed a power consump­
tion as low as the CMOS A/D converter version (8], 
for an input signal frequency of 0.5 MHz. 

The maximum delay in the converter is produced 
in the Ao output. It is also comparable with the 
delay in the CMOS version. This is because the 
delay is produced mainly due to the charge and dis­
charge of the capacitors. 

Comparison of the power consumption, maximum 
delay and number of transistors in the A/D con­
verter, with respect to other technologies and tech­
niques, is shown in Table 1. 

CMOS-neuron is the CMOS version of the con­
verter under study (complementary GaAs-neuron). 
Camplementary CaAs-flash is a flash A/D con­
verter simulated with the camplementary GaAs 
technology. Finally CMOS-flash is a CMOS flash 
A/D converter that uses the switched capacitors 
technique for the comparators (the power dissip­
ation of 7.4 m W in Table 1, is only that one to the 
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Figure 7: A/D converter outputs for an input signal fre­
quency of 0.5 ~lllz 

comparators). 
The delay in the neuron converters is a little h igher 

than the flash ones, mainly due to the charge a nd 
discharge processes of the capacitors. High reduc­
tions of t he number of transistors and the power 
dissipation for the neuron converters are also ob­
served. 
The flash converters are necesary when the input 

signal frequency is high. A frequency of 7 MHz is 
reliable with the CMOS-flash converter [1], and for 
the complementary CaAs-flash converter 10 MHz 
was succesfully simulated. In the converter under 
study, t he complementary GaAs-neuron, for a fre­
quency of 0.5 MHz there is a correct convertion and 
it starts to fail when the input signal frequency is 
about 1l\1Hz. 

Table 2: Funtionality transistors distribution. 

Table 2 shows th~ transistors distribution and their 
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