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Figure 3.20. I>rh'ct C ircuit with Buffer Sinlulotloll 

fecdj)adj Cir .. uit 

The: last part orlile design is the fecdlm:k circuit, which C3/l sense changes in 

currc:nllhrough the bit hne.. TIle feedback ciraul'! input IS taken from the output of the 

buffer. The bufferowput voil.lllge Vout2 would go high when VbIl soes Ibove lbc 

rcfa-enoe .'lIIue. The f...-.1badc c:ut:wt is made of switched c:apacitor 1UlSlOr. The 

eapkitor value and the licql.lel'll:ies of PHil and PHU can IdJusted 10 remlwe. 

Thc: fccdback CltaUll.$l:Onuolied by the buffc:r output as Ihown In figure 

3.21 . The feedback cimlll when turned ON produces • Ctlm!I!l OJ!PO'ue 10 the current 

flowing Ihrough the bl! line.. ThIs causes the Vbil oode 10 stay appro:l.lmately at Vrer . 
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Figu~e 3.21. New Sen$c Ampllfirr 

From figure 3.22, we ~ Ihal Vbil is minally al 2.6v. Sillce this is higher Ih811 

thl: referellce voltage (2.Sv), the buffer output Vout2 goes high. The output from the 

buffer is shown by Vout2 in figure 3.22. Voul2 going high cause<; the feedback circuit to 

be activated. The feedback circuit pulls oul a precise charge from Vbit notlc. This 

simulation was for an Rbit value of 500k ohms. As charge is removed rrom Vbit node the 

Vout2 signal goes low because Ihe Vbit voltage is now lower than the reference voltage 

(2.5v). After some lime the Vbit node gets charged back to voltage VDD3, which is 

higher than VreC(2.5v) causing Voul2 10 go high. 
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Flgur~ 1,22. New St" St Amplifier Output 

When the cirCUli is run for a considcrllble time, we can see the numbel' of timcs 

VGul2 goes high (figure 3.23) vories with the bit resistance Rbil which tnodcl5 1hc fl ash 

cell. for a larger bit re::>ismnce, It lakes more time for vbit node to char~c back above 

Vrcf(2.5v). The Rbi! valUl;: can be estimated knowing the number ofhmcs Vout2 goes 

high In a given time. 

Estimating the Bit Resistancsi 

Equating the cun:nllhrough the bit miisWlCe ... mh !he (:WTCf1\ through the 

SoIVIII& for Ra... 

R . ' .. hue,. 
lIojCfodPu/su 
lIojDuJpUIHigh 

(UI) 

(3 .22) 

. 



Therefore 

R = VDI>I-V .. 
• V • 

SO (3.23) 
lIojDulpulHigh 

50 R _2.6 - 2.5 
... - 2.5 10.10' .40.10"" #ojDUlpI'IHigh 

5.10' 
R ... '" cc-~~~~C #ojDulpulHigh 

The number of times the output IS high is shown in figure 3.23 by red lines. From that 

infonnallon the resistance values are calculated below. 

For 40 highs, 

R .. = S.IO' .. 125k, The simulated resistance was 100KO 
40 

For 18 highs, 

5.10' Th · I )OO"~ R .. =-- .. 277k , es,muatedresistllncewas IU. 
is 

For9 highs, 

5.10' k . I 5 R .. = -,- = 555 ,The SIOIU ated resistance was OOKO 

For 6 highs, 

R .. '" 5.10' '" 833k, The simulated resistance was 750Kn 
6 

For 4 highs, 

R .. = S. ~O ' '" 1.25Meg, The simulatoo resistance was I Meg!} 

We could see fonn figure 3.23 that the approximation is very close 10 the absolute valllC 

used in the simulation. 



R:< lOOK 

R .. 250K 

R " 500K 



R - ' M1':.C 

I, 
i 1 

. ...•. 

!o ~i ""," .:;:: •. , 

,.", 
......... , .................................. . 

• ••• •• • ••• L ••• 

• 

i i 
I. t 'lo ~ lSI 

r.W[lMl 

. ....... 

" 

• ................................ 
• 

...•. . .. -...................... . 
~ ..... 
==; 
• .. 

Figure l .23. Comp~le Clrcuil ..-lIb Differt nl 8il Rn iuanc:e 
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CHAP'TER FOlJR; SUMMARY 

A ainul _ dcsignm, which uses .~mlglng IcduuqUCl$ 10 ddemune the ..... ue 

of the bIt resi51ll1lce.. This is a robu.st design. and dor:s not Idy on prea$ion ~rantry, The 

output signal goes high when there is a (;hange in the bll lille voltage. From the oulput 

signal we can dctcnmnc the cxa<:1 value of the resistance. The output ~an be oonnectcd 10 

a munter, which counts the numlx:r o r ttmes the output goes hIgh. Rcsistan<:e can be 

estimated using the (;Qunter vallIC'. In our results we saw lhal !"eSistar1(;c"s of VlIlious 

values an be CShmaled usoog thIS ciralLl design. This l:imllt can sense vanous cunntt 

\eveb. WIth ~'IIIi.lIon ,n proces$ the I"CSIstance ~~uc: might change. Silla' the !lash 

memory I' programnt«1 in. Similar "" .. y!hi! (;in:wl is also robust wlln proo;;c:S$ \'UlailOR. 

The dc:ciSIOR I;Ircuit plays _ m&JOf role on 5mSIng the mu:ro UDp d,ffeTCOCC 

bet\lttn the dtfferenhal patr I:Urrents. Thi! project out further be developed 10 \I·ork on 

low power supply and 10 00 mulu-level stOfllgc in flash memory eel! 
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