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The above condit ion limits the practical 
use of SEC s ince the working temp_ is 
restricted to be < 1 K. For a room 
operat ing temperature (300 K). junction 
capacitances should decrease to the 
range of 0.1 aF. To reach this low 
capacitance level, the s ize of the devices 
should go be low few nanometers and 
si ngle electronics en ters the areas of 
atomic physics and chemis try (4J . 

3. Review of the MVkc SEC 
Block: 

The MVke SEC block [3). shown in Fig. 
I, is a SEC basic block with whicb a 
vD riable number of electrons ke can be 
added to Ihe charge reservo ir (CR) 
output node where k is determined by 
the input voltage V. The inputs : Enable 
(E) and Reset (R) are control signals . 
The MVke block has a dynamic logic 
behavior, thererore it has to be reset 
berore each new charge transport. This 
reset can be achieved by setting R = "1" 
and E = "0". 

Considering C = I aF as the unit o f 
capac itance ror the MVke block, logic 
" I" ~ q'e/IO' C ~ 16 mV and logic "0" 
= 0 V. Let Ctl and Cti be the equivalent 
capacitances at internal nodes I and i, 
respect ive ly [3) . 

C" ~ Cjl + C, + C, + C, (3) 

Cri = CJI +Cj2+C,+Ci (4) 

In [3], the rollowing values were chosen 
and/or calculated ror the various MVke 
elements: 

Cj , ~ Cj2 ~ O.S C ~ O.S aF 

C,;;~ 1 0C ~ lOaF 

C,IC,;~S / IO 

Cr = 5 aF 

Cj = 4 aF 

(S) 

(6) 

(7) 

(8) 

(9) 

C. I C'" ~ 519.5 

. Ca~ I OOOOaF~ 10 If 

( 10) 

( II ) 

For V = 1, k = Cv I a·C. where (l 

(amplification factor) = 100. Thererore k 
is determined by Cv. For example, Cv = 
300 aF - k ~ 3. 

In [3], an MVke block was simulated 
(using SIMON [II)) with the rollowing 
values: Ce = 500 aF, c.~ = 300 aF, and C. 
= 150 aF. Notice that equation (10) is 
still valid . It is worth not ing here that: 

I. Every electron transrer to the charge 
reservoi r outpul node CR 
corresponds to an increase of 16 uV 
in its vollage Vcr. 

2. Vel maintains its curren I value when 
E~ R ~ V ~ 0 V. 

J . Vcr maintains its previous value (no 
charge transport occurs) while E = 0 
V (even ifinpul V changes). 

E 
C, C. 

R 

V ~.' I ~. I ~CR 

" ~ 

r C
' 

r e, 

Fig. t Circuit DiHgram of th e MVkc 
SEC block. 

4. The 8-Bit DAC SEC: 
A. The repo rted 4-bit DAC SEC: 

A 4-bit DAC SEC was implemented 
us ing the MVke block. Four MVke 
blocks were used to implement the 4·bit 
DAC SEC. For each MVke block. C, 
had 10 be computed fo r the desired k [3] . 
All other circuit parameters were kept as 
presented in Section 3 except for the C. 
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reservoir output voltage V Cf for the 
selected seri es of 8-bil inputs . 

II should be noted here that E must equal 
" I ,. so that digj (al-to-am'l log conversion 
is performed. Otherwise (i.e. , E="O"), 
the charge reservoir remains ;n the 
neutral state (i.e. , the output vOllage V ef 

equals "0". This can be not iced by 
looking into the reported values in the 
rows representing the input samples 12 
and 20 within Table 4. 

Since we have 8-bit OAC, input can 
have 256 integer values starting from 0 
to 255. h can be no'iced from Table 4 
that for each increase of I in the inpu t, 
the charge reservoir output vol1age Vet 

increases by 1.6 JlV. There will also be a 
decrease of 1.6 j.lV in the charge 
reservoi r outru t vo ltage Vcr fo r each 
decrease of I in the input. 

80th Tilbl\! 4 and Fig. J indicate that the 
proposed 8-bil DAC SEC performs the 
correct conversions for both increasing 
and decreasing inputs. This can be 
altributed to the introduction of the reset 
(.R) signal eR = "I") bcron~ opplying ony 
new input sample. 

It should be noted here tnat by reducing 
the charge reservoir capacitance va lue 
CCI I the corresponding vollage Vcr 
increases. For example, when Ccr = 4 If 
is used, a step increase of about 40 J.l V is 
adl ieved (rather than the 1.6 J1 V Ihat was 
adtieved when Ccr = 100 IF is used. This 
has the effect of increasing the 
max imum charge reservoir ou tput 
vo ltage Vcr rrom about 400 )l V 10 about 
8.4 mV as can be seen in Fig. 4. This 
came at the expense of hav ing smaller 
'(ollage steps for higher bit 
representations (i.e. the charge reservoir 
output voltage Vcr tends to saturates 
when input increases). For example, 
instead of getting 10.2 III V ror (he 

maximum input representation, we on ly 
gel 8.4 mY. 
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- E R -
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Fig.. 2 Schtmatic Diagram of the 8-bit DAC. 

5 Conclusions 
In this paper we reviewed the MVke 
SEC block and the des ign of a 4-bil 
DAC that was introduced in (31 using 
Ihj~ block . It was shown tha i using Ihe 
circuit parameters suggested in the 
above reference, the DAC design can be 
expanded to on ly 6-bil. We introduced 
some modilications to c ircuit parameters 
in order to be able to achieve 8-bi l DAC 
SEC. 
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~~' ~~~~~~~~~~~~~~~~~~~I 
Table 4: Th~ values orv" for Ihe 8-bit 

Di\C SEC 

Sample 8-bit Enable Vcr (~V) 
Input eE) 

'o'~1IM I 11 I 
I 0 " 1 " 0.017 

2 I "I" 1.61 9 

~~Un ' v' [Hi 3 2 "I" 3.221 

4 4 " I" 6.425 

'''OM [Hi 5 8 " I" 12.834 

6 16 " 1" 25.65 1 .. , 
o . 7 32 " I " ll.28l 

ilL. 8 64 " I " 102.553 
,. 

~~r' 'v'~ I 

9 128 "I" 203.486 

~~ ~~~~ 10 192 " I " 304.420 

I 

I I 255 "I" 397.343 

12 255 "0" 0.00358 

• . 0 13 192 " I " 304.420 

M'I MM UU I 14 127 "I " 203.486 

••• 
." 1 c. M 

I 
·15 63 "I" 100.95 1 

U1JUlll 16 31 " I " 49.683 
••• '"'l c"v, I 

17 15 " \" 24.049 

- 18 7 "(" 11.232 
0 .0 

19 3 "1" 4.823 
0 . • 

V e t <" ' V) 

20 3 "0" 0.00004 

,nn l~ The proposed 8-bi t DAC SEC consists 

". "1';" ,., of 57 ci rcuit elements; 16 tu nnel 
>.0 ,; 

fi'~. J Sim ulatlOI! results ror the a·bit pAC. junctions, 40 capaci lors, in addition to 
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