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34.1) We can approach this problem in one of two ways, either by utilizing the equations
given in the book or using circuit analysis, we’ll do both.
2X
VTAPX = 2_N * (VREF+ - VREF—) + VREF— EQ(34.1)
8-Bit R-2R DAC

N | X | Vrarx
8 |0 |.00586
8 |1 |.01172
8 |2 ].02343
8 |3 |.04687
8 |4 |.09375
8 |5 |.1875
8 |6 |.375

8 |7 1.75

Using circuit analysis will require a little more work but will give more of an
understanding how the circuit is working.

Schematic of the circuit is shown with just the resistors, Vref+=1.5V and Vref-=0, in the
circuit.

Wrets K [
Tap7 Taph

2R 2R

Starting from the left we have the 2R resistors in parallel which gives us an R in series
with the R between the two Tap voltages and continuing all the way we are left with a
simple voltage divider.

Wiets R Viap7=1.52=75V
T ;W Tap7? Viaps=-75/2=.375V
Viaps=-375/2=.1875V
=4 Viapsa=.1875/2=.09375V

Viap3=.09375/2=.04687V
Viap2=.04687/2=.02343V
Viap1=.02343/2=.01172V
Viapo=.01172/2=.00586V

This result agrees with the value for the LSB of the circuit: 1LSB=1.5/2%=.00586V
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Solution 34.3:

By applying superposition theorem, for fig. 3.2
Voltage at R-2R tap we can write as,

— + —

+
_ b(N—l)VREF + b(N—l)VREF b(N—Z)VREF +b(N—2)VREF

Virowy,, = 1 + > F e

For 8 bit DAC, N=8, and Vi, =1.5V, V. =0V,

So voltage at V(r-or) tap would be:

tap no. V(r-2r) tap V(r-2r) tap, if by, ....... b7 =1
3 by

0 —(=9) 5.86mV
22

1 2 b—‘;+b—3 17.58mV
220 2

2. 3 —‘;+...+b—§ 41mV
22 2

3 El —2+....+b—§ 87.88mV
22 2

4 181.63mV

5 369.13mV

6 750mV

7 é(b—°+ .......... +b—7) 1.5V
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Solution by:
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Problem 34.5

Question: Can the op-amp shown in Fig. 34.36 be used in a fully differential
implementation of the DACs shown in Figs. 34.1-34.3? Why or why not?

Answer: No, the op-amp of figure 34.36 cannot be used to implement an R2R DAC,
because the amplifier does not have an output buffer, and therefore cannot drive a
reasonable resistive load on an IC. This is because an op-amp with reasonably high gain
has a very high output resistance (on the order of mega ohms). If we add a typical
resistive load in the feedback path of the op-amp in these topologies, it will load the
output of the amplifier and it will kill the gain, and thus not operate correctly. If an
output buffer is added, the gain will not be reduced, but the output current drive
capability will be increased, thus enabling the amplifier to drive the resistive loads used
in the DAC topologies.
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Problem 34.6
Show the detailed derivation of egs.(34.12)-(34.14).
For a binary-weighted DAC, the midscal e transition has the worst-case DNL condition caused by resistor

mismatch. In aworst-case scenario, assume the 2R resistor of the MSB input has a maximum mismatch of
AR and al other resistors have a maximum mismatch of - AR.

The equation 34.9 shows the current flowing in the feedback resistor Rf,

1 1 —
= by, ¥+ b
2 2" ]

Voo, -V Voo, -V —
I - — REF + REF - + REF + REF -
F 2R 2R [ 1 Bus

The step error of this current caused by resistor mismatch at the midscale transition is

Al =(ly, tly gt tlg)— 1y,
:\@ 1 + 1 + 1 Veers ~Veer-

—t+t+...t -
2(R-AR) 28 22 2“‘1) 2(R+AR)
:w(i+i+m+ 1 + 1 _ 1 )_VREF+ ~Vier -
2(R-AR) 28 22 2Nt 2Nt 2N 2(R+AR)
:VREF+ ~Viee- (1_ ':\Il-_l) _VREF+ ~Vier -

2(R-AR) 2 2(R+AR)

Assuming Rf= R, thefinal output error (DNL) is approximately,

DNL = Al [R=] Vieer+ = Vier- ( 1 )_VREF+ ~Viee- ]
2(R- AR) 21" 2(R+AR)
1 1

= (Vrer+ —Vier- )[(Z(R AR) 2'\“1 [?_(R—AR))_Z(R'FAR)]R
= (Vrer+ ~Veer- )[Z(R AR) oN (R-AR) 2(R+AR)]R
= (Viee+ _VREF—)[2R+AR_R+AR T oN : IR
(R-AR)(R+AR) 2"(R-AR)
AR 1

= (Vrer+ —Veer-)l IR

(R-AR)(R+AR) 2"(R-AR)
D(VRE|:+ _VREF—)[A_RR - ZLN]



For the DNL to belessthan 1 LSB, the resistor-matching requirement is

DNL <1LSB = (Vegrs —Veer-) /2"

AR 1
(\ = _VREF—)[F _Z_N] < (Vier+ _VREF—)/ZN

AR_1._1
R 28 2N

Resistor mismatch = |F
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Ne} List
Sample and bold circuit

.control

destroy all

un

let Verror=Videal-(Vop-Vom)
plot Verror

.endc
.options scale=1u ABSTOL~=10u VNTOL=10m RELTOL=.01

*Op-amp using VCVS

E1 Voutp Voom Vplus Vminus 100MEG
E2 Veom Voutm Vplus Vminus 100MEG A1
*Sample and hold capacitors

Cim Vminus Vcomm 1p

Cfm Vminus Vcenm 1p

Cip Vplus Vcomp Ip

Cfp Vplus Veenp 1p

*Switches

S1 Veenm Vsigp phis Vswit switmod
$2 Vcomm Vsigp phis Vswit switmod
$3 Vecomm Vcom phih Vswit switmod
S4 Voomp Veom phih Vswit switmod
S5 Vcomp Vsigm phis Vswit switmod
S6 Veenp Vsigm phis Vswit switmod
S7 Voutp Veenm phih Vswit switmod
S8 Voutp Vminus phis Vswit switmod
S9 Voutm Vplus phis Vswit switmod
S10 Voutm Vcenp phih Vswit switmod
S11 Voutp Vop phih Vswit switmod
$12 Voutm Vom phih Vswit switmod
*Load Capaitance

Cop Vop 0 10p

Com Vom 0 10p

*Supply voltage

VDD VDD O DC 1.5

*Reference voltages

Vswit Vswit 0 DC 0.75

Veom Veom 0DC0.75

*Input Sigoals

Vsigp Vsigp 0DC 1.0

Vsigm Vsigm 0DCO.5

*1deal signal

Videal Videal 0DC 1

*Clock Signals

Vphis phis 0 DCO Pulse01.5 0 200p 200p 4n 10n
Vphih phih 0DCO Pulse01.5 5n 200p 200p 4n 10n
Rs phis 0 IMEG

Rh phih 0 IMEG

.tran 2n 400n 0 2n UIC
.model switmod SW RON=1
end
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Solution 34.10:
From fig. 34.34:
When ¢; node is closed:
1. if Vos=0V, in this case
Aol = «
If everything is ideal, input terminal of error amplifier

would be at same potencial.

2. If things are not ideal, if there is capacitors mismatching and switching
imperfection, and op-amp gain is Aol is not o, offset voltage would store on

CI, when ¢1 closes. And in this case input terminals of the error amplifier could
be at different potential.
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Solution by:
Curtis Cahoon
curtis_cahoon(@ieee.org

Problem 34.12

Question: Determine the output of the cyclic ADC of Fig. 34.38 if the input voltage is
0.41 Volts.

Answer: We follow the algorithm given in Ex. 34.9, in which we follow the cycle of
comparing the input to the common-mode voltage, outputting a digital code, multiplying
the voltage by 2, and feeding the resulting voltage back to the input to repeat the cycle.
Below is a table showing this process, assuming that the converter is an 8-bit ADC. This
process could be expanded or shortened depending on the resolution of the converter.

Cycle Voltage Vin>VCM? Digtal Output Subtract VCM? New Voltage Multiply by 2

0 0.41 no 0 no 0.41 0.82
1 0.82 yes 1 yes 0.07 0.14
2 0.14 no 0 no 0.14 0.28
3 0.28 no 0 no 0.28 0.56
4 0.56 no 0 no 0.56 1.12
5 1.12 yes 1 yes 0.37 0.74
6 0.74 no 0 no 0.74 1.48
7 1.48 yes 1 yes 0.73 1.46

Thus the 8-bit output word would be 0100 0101 (binary offset) or 69,9. This can be
verified by finding the LSB (LSB=VDD/2") which is equal to 1.5V/256=0.005889V.

We then multiply our digital output by 1 LSB to verify our result. Doing this we find that
Vin=.404297. This is less than 1 LSB below our actual input, so we find that our result is
correct.


mailto:curtis_cahoon@ieee.org

Problem 34.13

I's kickback noise from the comparator a concern for the circuit of Fig. 34.39?

Y es, the comparator used in Fig. 34.39 has significant kickback noise resulting from the latch
positive feedback. The decision circuit of a voltage comparator uses positive feedback to
increase the gain of the decision ement. The switch noise coming from the positive feedback
stage will corrupt the input of the comparator and often limit its performancein the actual circuit.

In the sample-and-hold implementation of Fig. 34.39, if the kickback noiseis not isolated, it will
feed directly into the input voltage of the op-amp in S/H circuit through the input capacitor Cl,
and drastically affect the output of the sample-and-hold. In the Fig. 34.39, the switch ¢2 is added
in series with the comparator input to disconnect the comparator when comparator is clocked.
Since the @2 and @3 are nonoverlapping, ideally, kickback noise will have very little effect to the
input of the op-amp in the S/H.
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Ben Rivera
brivera@ieee.org

34.15) Repeat Ex. 34.16 for V;,=41V. We begin by following the algorithm given in
the example.

Refer to Fig 34.50

Input value below V,/2 (=0.375V) our comparator outputs, ab, are 00 respectively.
Input value between V¢,/2 (=.375V) and 3V /2 (=1.125V) comparator outputs, ab, are
01 respectively.

Input value above 3V/2 (=1.125V) comparator outputs, ab, are 11 respectively.

From the book, Eq(34.59) or Eq(34.60), we can find the value for V. Note from the
equations that we can never get a 00 followed by a 00, because we add Vem, ora 11
followed by a 11, because we subtract Vem, we can however, get repeated values for ab
of 01.

For the digital outputs we follow Eq (34.67) to Eq (34.72).

Vi Comparator Vi Digital
Outputs, ab Output
41 (n-1) a=0 b=1 .07 | b=1 ¢7=0 bg=0 MSB
07 (n-2) a=0b=0 .89 be=1 cs=0
89 (n-3) a=0 b=1 1.03 bs=0 cs=1
1.03 (n-4) a=0 b=1 1.31 bs=0 c4=1
1.31 (n-5) a=1 b=1 37 b3=0 c3=0
37 (bo) a=0b=0 1.49 bo=1 ¢,=0
1.49 (b)) a=1b=1 73 b;=0 ¢;=0
73 (bo) a=0 b=1 1 bo=1 cp=0 LSB

Our digital output word is 0 1100 0101 (197dec)
We subtract V,-.SLSB from the output word to maintain accuracy 0 0111 1111 (127dec)

Digital Output Vem--SLSB
0 1100 0101 (binary offset) 00111 1111 (binary offset)
01100 0101
1 1000 0000
+ 1
1100100 0110

The 10" bit is a don’t care condition and we can throw it out so we are left with the
digital output equal to 70(dec).

To verify, we multiply the digital output (70dec) by 1LSB, 70 * 1.5/256=.41V. This is
the original input so the digital output is correct.



34.16 solution.
Jake Anderson, janderson@boisestate.edu

Determine the output of the Cyclic ADC if the input voltage is 0.41v. The comparators
switch at 0.4( a 25mV offset) and 1.05 V (a 75mV offset).

The Digital output is calculated as shown below...

Comparator
Vin outputs, ab Vout Digital Out
041 a,= 0| b= 1] (0.41-0.375)*2=0.07 | Bit;- 1| cs,= 0| Bitg=0
0.07 | @g= 0| bsg= 0] (0.07*2)+0.75=0.89 | Bite= 1| cs- O
089 |as- 0| bs- 1] (0.89-0.375)*2=1.03 | Bits- 0 | cs- 1
1.03 a4 0| by 1] (1.03-0.375)*2=1.31 | Bity= 0 | c4= 1
1.31 a3 1 |bsp- 1] (1.31-1.125)*2=0.37 | Bits- 0| cs- O
037 |a,- 0| by, 0](0.37"2)+0.75=149 | Bito- 1]co- O
149 |a4= 1| b= 1] (1.49-1125)2=0.73 | Bity= 0| ci= O
073 |apg= 0 | bp- 1| (0.73-0.375)*2=0.71 | Bito- 1| co- O

| The resulting Digital output from MSB to LSB is: 0 1100 0101 |

The Details for calculating the digital output are shown below, which are from equations
34.67-34.72. Equations 34.67-34.72 for an 8-bit ADC are:

Bity =ayb, =1 co=a,=0

Bit, =ab, ®c,=0 ¢ =abc,=0
Bit,=a,b,®a, ®c, =1 ¢, =a,b,a, +c(a,b, +a,)=0
Bit,=a,b;®a,®c,=0 ¢, =aba, +c,(ab;+a,)=0
Bit,=ab,®a,®c, =0 c, =aba, +c;(ab, +a;)=1
Bit,=ab;®a,®c, =0 ¢; =aba, +c,(ab; +a,)=1
Bit,=ab,®a;,Dcs =1 cs = agbsas +cs(abs +as)=0
Bit, =a,b,®a,®c, =1 ¢, =ab,a,+cy(a,b, +a;)=0

Bit,=a,®c, =0

Bit 8 is not used. So the output is 1100 0101, (which is197,¢).
If you subtract Vem-/2LSB (127,¢) from the Digital output the result is:

0100 01103 (7040)
To check that the Digital output is correct, the Digital Output- Vem multiplied by
1LSB[Volts] should give the same, or at least /2 LSB difference from the original input,
which was 0.41 volts.

Viiss = 1.5V/2° = 5.86mV

70%5.86mV = 0.4102 Volts which is only 0.0002 greater than the input.
This results even with the comparator offsets not ideal. The ideal comparator for the same
input voltage (0.41V) is analyzed in the previous problem.



 Alox  TAIN

S luhon - 2T
¢ Fia Ba5% would be o4 bedow 4 boto™ PL@:EQ
0

_g'ampﬁvrﬁ ured . ?!k
‘ /
b o et

{
Cq»'\'DC&
NS gff’k <',

d ' Vowk —
/ C"
Veg~ . - L
) Vinr .

and cleck \pwv‘—m r)afn/ dhis

, O .
(l Samble. “‘ CQMP‘

?%_r - ,J’/’\/
ng J\g/y//—‘ hodd




e-mail : MSuqu:o@ ieee .0%9

8: Show the devisalion &aa’hnﬁ uftofi:’\‘ 34.83 , Show ws‘u\ﬁ
praclid values fov mismakch ) how the squazed  mismakcby

kexms  O¥e  Neg lig ole

ﬁ_"é‘- Re&mwb\g fij. 24-55 for ) Souv\()uv\g phase (qbs Swttdes
Closed ) 1l 9kt followtry Afigure . We drvod 0% M%lwts
oAy gon the  posilive [npuk hnowiy thok He dSame, hold
Tuwe fo Be nagalive lnpuk ohen g wenk signals ae
M &xﬂexwﬁﬂ ,

T bl chavge i the somrle

phose  Qwn be Wit

QSM = (CIA' Cﬁ)(\lmt— Vem ’E\Ios>
| ot Uplkage of OF —amf




Skt

9, A hold phase  who B $, swilthes ase Closed
He civewt becomes

Note thed He G
ad Ci¢ Capacibovs
howe  (ndas, |
Bos  posilisws vt
o omplUfy Phase .

Epasy Gl od Guwp W 8E
Cer (Ve —Vowhw>+ Ce, (Voukay ~ \’Uf) =0
b /Za Voukgy — Crv Vourht = Vess (G~ Cxr) / ~ eq2(b)
s @ wd O, we elinals Vouar Ak gk

Mdig €133
= Lyt
Vint CC.Q*CI*) —CFM f% ~ (o Voubyy = Vor+ @c, (et Qf)
no Vo = Vi (IFER) - Veg, %

‘ AC
Puting Cgy = Cr tAC+ ad G = &4 1ohase ¥
U\{ﬁ)&’fm msmake.  befsean  Cy and Cre we geb

\ C C
\IO\IXP\'!' g \/u\-\'. (,‘)‘C*fzar) — \/C“ 0 C—-——-——+ :AQ

l
I I B .
iy = Vo (5% (,____)/ "6

@




YT
S

3

CNow W know Hek ! = (‘M)—' ,_x-r%z-x "

I+
(usby biumial - opuusion) .
L o Ay _ (8¢ AC+ il
o W‘\'Ln‘ﬁ -i:'—_ﬂ;_fg_:— = (\ L C*) ") ( ) )

A mismatth beloseo.  Orpacil amQ .{4 puxMy
Bﬁwqmmcmﬂ& neucinal W"“‘K" ?

A& < |

Hence |
sl oed - lo MM-MW&MW

51 Lf Hu @Mﬂi C‘”P‘“E“““S

A& ?
. 005, AC+ - 00025, (&)= 0'000125

HmeNﬂMmmjmmMMiwﬂm

l+éL— (>

Modwng Ho aboue subsKtalion 4An &g @ 0 9&
Voubht = Vw. (l +.1- Ac") 21+ (l AQ)

Voubws = @VC'\* - VCZH) - —C% Ving — VQI‘!’)

white s B 3483




Curtis Cohoon
cursis_Cohoon® leegomy

ffO Uem Bl’HO\

Whed, h@pens {o the eror o\o{jms%merr[’z ‘LCT_' m in E‘I““ﬁ‘?” 3492 i the
CO‘P“C’H@F 3 in the Sarmple-angl- Holol are pam@;a%/)/ mméc%eo? 7.

50'0\%/}0\(]‘ )

First of ol hece s Equdion 3492 foom gy Hhe ok,

‘éij \435 ‘{m"‘ém- - (Vousas- Vute) (v

w@ﬁ

\/\Q/\_/ (349D -
Ervgp Ml\']vtsémw{ +erm - |
I‘k Sa\/s n ﬂ'\e Pa”‘ﬂmﬂ)‘; -égove the eqméion M the &pok % 7(’ ﬂ\e C’apaci-gops
ore perpem’:ly matched then V

. oUbat = Vo“{,;ﬂ./ ano’ \{Mﬁa—: Mw{,h_/ Makirg ‘Hl& error
O\djusjsmm% term Jisappem; buk leé*s Ver}\[‘)/ wi

{'/h\prev}ouﬁf equations,
The \{,w:and »V:‘Mbh _“terms r&?er 470 Vo,u{, of the sqmp)e-ano/—%

two of the three phases, of the ‘c?oo)< are 10'5)\ (%Mw’ )4% JW‘;V‘j de"\ﬁ/ Phase
¢a) and Coen= Yot e

rg the hold pl’\aw__ ¢),), Lebs Se@ how '\éuba and Mwﬁh elabe
to ench obher; Al T '

( ‘[; wf“ negfemé& VCI'(;errm/ QSSquy@ %If]é}: lém’
Eguation 34 %) o Gy - 0
‘f o Yt S
Thets V.= Co . o

C,+ Aq_ ou + ( ‘H\e\ same equetion qpplres L,
L Q\e Capacitors ape perfectly motehed 4C+=AC_:0/ andl Gortch o= VO%H/ thus
Ma ‘V\g OUr error aobms‘l’)meyl{; M‘ber’rﬁ &]vu/éa zero, - - L

o’o’ when

' \/CI+

+

%u{:h . and %tha -3



Q. 2420 P ASEELSAS i
7 e — g~ ———
if al capac'tors ave 1 PF <+m {dac) Sihah)

Repeat Ex 2418
Hnak He €TTOY owp of the J{w\jel's Zen?D .

prok i 34 Q0
—

and Vel {70

Hnn

Vout ¢

— \/p'»d"'

AR
0 V'V\ - \\.\—:P 08V
The C«(mubm ave u(ua,b P 'V\ow’ Vv IMJQ i
Fhe iV
\Ote,q‘bl.,,o 'Hf\} O"‘M \ n }
Voud t ~ .25V ’\Qqu(’——\QM"«c_p ‘v
//



spree PEEK:
/

Sample and hold circuit

.control
destroy all
run

.endc

*Qp-amp using VCVS

E1 Voutp Vcom Vplus Vminus 100MEG
E2 Vcom Voutm Vplus Vminus 100MEG
*Sample and hold capacitors

Cim Vminus Vcomm 1p

Cfm Vminus Vcenm 1p

Cip Vplus Vcomp 1p

Cfp Vplus Veenp 1p

*gwitches

S1 Vcenm Vsigp phis Vswit switmod

2 Veomm Vsigp phis Vswit switmod

S3 Veomm Veom phih Vswit switmod
S4 Vcomp Veom phih Vswit switmod

S5 Vcomp Vsigm phis Vswit switmod

S6 Veenp Vsigm phis Vswit switmod

S7 Voutp Veenm phih Vswit switmod

S8 Voutp Vminus phis Vswit switmod

S9 Voutm Vplus phis Vswit switmod

S10 Voutm Vcenp phih Vswit switmod
*supply voltage

vDD VDD 0DC 1.5

sreference voltages

Vswit Vswit 0 DC 0.75

Vcom Veom 0 DC 0.75

«Input Signals

Vsigp Vsigp 0DCO0sin0.75 1.0 2.5MEG
Vsigm Vsigm 0DC 0sin0.75 0.5 2.5MEG
*Ideal signal

Videal Videal 0 DC 0sin 0 1.0 2.5MEG
*Clock Signals

frvg 3451

vphis phis 0DC O Pulse 0 1.5 0 200p 200p 4n 10n
Vphih phih 0DC 0 Pulse 0 1.5 5n 200p 200p 4n 10n

Rs phis 0 IMEG
Rh phih 0 IMEG

tran 2n 400n 0 2n UIC
‘model switmod SW RON=1
.end
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EE515 -CMOS Mixed Signal IC Design -- Yantao Ma
-- yantaoma(@rocketmail.com

Chapter 34.21. Sketch a circuit to provide the inputs for the four-phase, non-overlapping
clock generator shown in Figure. 34.81

[Solution]: Based on state diagram / truth table as following, one of the possible solution
circuits can be designed as indicated: (attached simulation results). Note: this circuit
can be triggered on both clock rising and falling edges in real design to improve
speed. For demo purpose, we only use rising-edge triggering scheme.

Clock Pulse — oy ———— g
Initiadly ] LH]
1 0 |
2 ] 0
3 I I
4 (recycles) | 0o o
4
Vo [+ 1c=n FRE
3 1 2l glB 1 inClka
5 I 5 T
BOLK Qo2
Clkin CLR
[EEYS 1
STIMULUS=2lkin 1 3 inClk3
9 —_ >
[ 4 _
_Jv_ 1 inClk2
[+ ic=0 PRE R
1 2lp gl8 2
3ok ot

7 1 inClkl
>
2

Figure 1: Four-Phase overlapping Clock Generator Circuit Design

Circuit Simulation for Four-Phase, non-overlapping clock Generator Inputs:
(First line: system input clock)
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il || I
inclky T : I p—
il L | L |
inC1ky L L

fis 1ns ns Ins ins ims s ins fins 9ns 1ins

Time



EE515 -CMOS Mixed Signal IC Design -- Yantao Ma
-- yantaoma@rocketmail.com

Chapter 34.22. What is the main advantage of using dynamic CMFB over other CMFB
circuits? What is the main disadvantage?

[Answer]: Generally speaking, CMFB circuit is required to precisely balance the outputs of
differential amplifier. In the meantime, issues associated with CMFB would be
problems if a. CMFB doesn’t affect each output the same—> causing a difference
mode signal; b. circuit becomes complex, CMFB circuit CMR would impose some
limitation on initial Op-Amp design if not careful.

Main advantage of dynamic CMFB: It allows a lower CMFB loop gain thus making it easier
to stabilize, without degrading common-mode voltage accuracy theoretically. It does
not employ an amplifier. Unlike other CMFB circuits, dynamic CMFB makes it
feasible op-amp’s outputs not necessarily to settle down to the final accuracy of ADC
by the falling edge of all three clock-phases. More exactly, during sampling phase
settling time is meaningless since Op-Amp operates in open loop; inputs of Op-Amp
are shorted to common-mode voltage, instead.

Main disadvantage of dynamic CMFB:
Dynamic CMFB would require to be compensated depending on the design
parameters. It practically limits the gain of first stage otherwise would saturate
outputs, causing offset storage mechanism fail.



EE515 Mixed-Signal Circuit Design John Chen

Problem 34.23

Can MOSFETs be used to implement the on-chip decoupling capacitors in Fig 34.77?

MOSEFTs can be used as the on-chip decoupling capacitors for the power and ground
supplies. MOSFETSs usually make a very good capacitor when Vgs > Vgy + a few hundred mV.
In Fig 34.77, the gate of decoupling MOSEFT capacitor is connected to the VDD and
source/drain connected to the ground. So, Vgs (=VDD) is sufficient large to have MOSFET
working in the strong inversion region (good cap area).

The figure below shows the CV curve for an NMOS transistor with source, drain and body
connected to ground. The capacitance between the gate and source/drain is

Ctot :C()x WL

Cy

A

4o, =8= .

A lation for i
ccumulal . ) |
Depletion Strong inversion
Vx 400 mV = Vi Ve

The following figure gives the CV curve for an NMOS with an n-well placed below. This
MOSFET capacitor has a very low Vyn, To behave as a capacitor, MOSFET required operating
in the strong inversion region. If Vg is close to the Vyy, then the capacitance can become
nonlinear and distortion can happen in the circuit.

ﬁg
C; _ Eox &g

C
* "t T 1
/ =

100 mV Ve

Y



(b) Cross-sectional view

The layout and cross-section of the n-well NMOS capacitor shows above. This type of
capacitor is widely used as decoupling capacitor when two layers of poly (like a Flash memory
process) are not available in the process.
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Amplifier with gain 1/2

.control

destroy alt

run

plot vop vom vsigp vsigm
.endc

.options scale=1u ABSTOL=10u VNTOL=10m RELTOL=.01

*Op-amp using VCVS

E1 Voutp Vcom Vplus Vminus 100MEG
E2 Vcom Voutm Vplus Vminus 100MEG
*Sample and hold capacitors

Cim Vminus Vcomm 1p

Cfm Vmimus Vcenm 2p

Cip Vplus Vcomp 1p

Cfp Vplus Veenp 2p

*Switches

S1 Veenm Vcom phi2 Vswit switmod
$2 Vecomm Vsigp phi2 Vswit switmod
$3 Vcomm Veom  phi3 Vswit switmod
S4 Veomp Vcom phi3 Vswit switmod
S5 Vcomp Vsigm phi2 Vswit switmod
S6 Veenp Vcom phi2 Vswit switmod
S7 Voutp Vcenm phi3 Vswit switmod
S8 Voutp Vmimus phil Vswit switmod
S9 Voutm Vplus phil Vswit switmod
S10 Voutm Vcenp phi3 Vswit switmod
S11 Voutp Vop  phi3 Vswit switmod
S$12 Voutm Vom  phi3 Vswit switmod
*Load capacitor

Cop Vop 0 10p

Com Vom 0 10p

*Supply voltage
VDD VDD ODC 1.5

*Reference voltages

Vswit Vswit 0 DC 0.75

Veom Vcom 0 DC 0.75

*Input Signals

Vsigp Vsigp 0DC 0 Sin 0.75 0.375 2.5MEG

Vsigm Vsigm 0 DC 0 Sin 0.75 -0.375 2.5SMEG

*Clock Signals

Vphil phil 0DCO Pulse01.5 0 200p 200p 4n 10n
Vphi2 phi2 ODCO Pulse01.5 0 200p 200p 4n i0n
Vphi3 phi3 ODCO Pulse01.5 5n 200p 200p 4n 10n
R1 phil 0 IMEG

R2 phi2 0 IMEG

R3 phi3 0 IMEG

.tran 2n 400n 0 2n UIC
.model switmod SW RON=1
.end



Vsigp =1.25
Vsigm = 0.25

Vecom =0.75
The outputs are as below:

Vop =0.95
Vom =0.5

Hence gain is 1



	Q34.1
	Q34.2
	Q34.3
	Q34.4
	Q34.5
	Q34.6
	Q34.7
	Q34.8
	Q34.9
	Q34.10
	Q34.11
	Q34.12
	Q34.13
	Q34.14
	Q34.15
	Q34.16
	Q34.17
	Q34.18
	Q34.19
	Q34.20
	Q34.21
	Q34.22
	Q34.23
	Q34.24
	Q34.25



