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Introduction

- Static logic circurt

- QOutput corresponding to the input voltage after a
certain time delay

- Preserving its output level as long as the power
supply is provided
- Large area, time delay
» Dynamic logic circurt
- The operation of all dynamic logic gates depends on

temporary (transient) storage of charge in
parasitic hode capacitances

- Need periodic clock signals =charge refreshing
- Smaller silicon area
- Consume less power




Example 9. 1

CK=1, MP on e
- C, charging, or
/schar'_g/h'_g >Q=DE ICX e
"

Q D-latch f—Q

CK=0 MP of ¥
- C, isolated from D
- Q=V, (depend on the charge store in C,)

2nd inverter remove

- Transistor counts ¥

- Q=-D
Assuming VOL=0V, VIL=2 1V, VIH=2.9V, VOH=5.0V
VTh=0.8V

- CcK=1, MPon

* Vin=VOH=5V, Vx=5-0.8=4.2V, higher than VIH so VQ=VDD
- CK=0, M off

. /l/x;4.i V, if charge leakage = Vx<2.9V, can't be interpreted as a
ogic



Basic principles of pass transistor circuits

The fundamental building block of nMOS

dynamic logic circuits

- An nMOS pass transistor driving the gate of
another nMOS transistor

e . . . . MP Vx
- Driving by the periodic clock sign vo—_ L
. == Cy
- Acts as access switch CJ
- If CK-1 | = =
. wqw Figure 9.1 The basp bqudlng
° Loglc ] f/‘aﬂSfe/" block for nMOS dynamic logic,
e wAn which consists of an nMOS pass
y LO_g/C 0" trans f er transistor driving the gate of
another nMOS transistor.
- If ¢K=0

- Cease to conduct and the charge store In the parasitic
capacitance



Logic "1’ transfer

: _ MP Vx
Intially V, (t=0) =0V, V, =V,,, =V,,,CK:0 >1 Vi = Von L
MP on in saturation region starts to charge up the C, T Ip -
av, _k, K 1"
x = ?(VDD _Vx _VT,n )2 ¢ J— =
t 2C v dVv 2C 1 v Figure 9.2 Equivalent circuit for the logic
I dt =—~= I X 7 = X ‘OX “1” transfer event.
° kn ° (VDD _Vx _VT,n) kn (VDD _Vx VT n)

Vx

Venax = Vpp - VT,n

-2 ey Hies ) o
Vi)
L

2C,

V, ()= (VDD -Vi

’n}l+(kn (VDD _VT,n )Jt 0

2C,

t50=Vop ~Vr 1 =Vop —Vion _7/(\/‘2¢F‘+Vmax _\/‘2¢F‘)

Vmax - VX

The node V, has an upper limit of Vo, =(Vop-V7,)

t

Figure 9.3 \Variation of V, as a function of time during logic “1" transfer.



Logic "1’ transfer

(Voo - V103
VDD M3

% \:1 % \:2 L_|__' \:3 L_-Ihf-_j Vmax4 = Voo - V104

Vop Voo Vop Vop

Firmnira 0 4 Noda valtanac in a nace-trancietar chain Aiirina tha lanie “17 tranefar

Vv M3
DO ] + Vmax3= Voo - Va1 - V12 - V13
VDD M2
—_ * Vinax2 = Voo - Vit - V12
M1
Voo | A
T Vmax‘l = vDD B VT,n
Voo

Figure 9.5 Node voltages during the logic “17 transfer, when each pass transistor is driving
another pass transistor.

Vi =Vron _7/(\/‘2¢F‘+Vmaﬂ _\/‘2¢F‘)
Vin2 =Vron _7/(\/‘2¢F‘+Vma><2 B ‘2¢F‘)




Logic "0” transfer
_9 The pass transistor operates in the linear region

throughout this cycle, since Vo<V s-V7,
v, Kk ’
_CXF:?<2(VDD _VT,n )\/x _sz) MP VX
2c, dv, |
kn 2(VDD _VT,n )\/x _Vx2 —l_ 0 — CX

dt =———
1 1 I

.[;’X 2(VDD _VT,n) N 2(VDD _VT,n) d
-V 2(VDD _VT,n)_Vx \% "

Voo X—vT,n){ln(Z(VDD _\X: o H
.G )In(Z(VDD —VT,n)—ij .

<
||=

t 2C
[ dt=—=2x
0 k,
Figure 9.6 Equivalent circuit for the

logic “0” transfer event.

Vx
VDD 7VT n

kn (VDD _VT,n Vx v Vinax = Vo0 - V1.0
t _ CX In (2_0-9)(\/00 _VT,n) _ CX In(Ej
o kn (VDD _VT,n) 0-9(\/00 _VT,n) kn (VDD _VT,n) 0.9
e G 12
K Vop = Vi) 0.
Tran = Loy — oo, = K CX_ [In(19) - In(1.22)]= 2.74 CX_ ° o
n\"bb  "Tn n\"bb  "Tn Figure 9.7 \ariation of V/, as a function of time during logic “0"

fransfer.



Charge storage and charge

leakage

<

MP

— ——L

L]
—I_ Ileakage |
Cx
CK=0 I

gate = 0

Figure 9.8 Charge leakage from the soft node.

Vi = low

I leakage

p-type Si

|||——|f|)— =<

Figure 9.9 Simplified cross-section of the nMOS pass transistor, showing the
leakage current components responsible for draining the soft-node capacitance C,.

Leakage:ISUbfhresho/a’(/MP) +Irever5e(MP)



Equivalent circuit used for analyzing the

charge leakage process

|
leakage Vx

= C;

in

C‘) |subthreshold

< L L

Drain-substrate pn-junction

Figure 9.10 Equivalent circuit used for analyzing the charge
leakage process.

¢, these constant capacitance components

Q= Qj(Vx)+Qin where Qin = Cin .Vx

Ci” = Cgb + C:DOIy + Cmetal
dQ dQ;(V,) dqQ,
leakage — = +
dt dt dt
dQ.(V A-C. _
where QiVi) _ C,(V,) = 0 _ A, [_9¢siNa
dv, V, 2(4,+V,)
1+ —*
P
KT (N, N, qegN AN, qeaN,
¢o = I 2 C]O =
q n; 2(N, +Np ), 24,
Cx,min = Cgb + Cpo|y + Cmetal + Cdb,min
_ AQuitcat.min v

where Achitical,min = Cx,min (Vmax - %j

thold - |
leakage, max

¢, due to reverse biased drain-substrate junction

C

min’ The minimum combined soft-node capacitance

Copmim' ThE minimum junction capacitance, obtained under the bias condition V.=V, .,
thol WOrst-case holding time—the shortest time required for the soft-node voltage to
drop from the initial logic high value to the logic threshold voltage due to leakage



Example 2

Consider the soft-node structure shown on the next page, which consists of the drain ealnode '
(or source, depending on current direction) terminal of the pass transistor, connected \
to the polysilicon gate of an nMOS driver transistor via a metal interconnect. Mpass Ir
i
ofe E
soft node
3 [] 5 1
o nren g lIz
“EEEAT TR f =)
| ——l: 7
/ .

CcK diffusion metal polysilicon

We will assume that the power supply voltage used in this circuitis Vpp =5V,
and that the soft node has initially been charged up to its maximum voltage, Viua.. In
order to estimate the worst-case holding time, the total soft-node capacitance must be
calculated first. The simplified mask layout of the structure is shown in the follow-
ing. All dimensions are given in micrometers. The critical material parameters to be
used in this example are listed below.

Vig=08YV
y=04V'"?
[2¢5| = 0.6 V
Cyx = 0.065 fF/um’
C., v = 0.036 F/pm?

C,, = 0.055 fF/um’
Cjo = 0.095 fF/pum’
Cjosw = 0.2 fF/um



Example 2 (cont.)

First, we calculate the oxide-related (constant) parasitic capacitance components as-
sociated with the soft node.

Cgb = Cox * W+ Linask
= 0.065 fF/pm? - (4 m x 2 jem)

= 0.52 fF

Crerar = 0.036 fF/um? - (5 um x 5 jum)
= 0.90 fF

Cpoty = 0.055 fF/um? - (36 um? + 8 pm?)
= 2.42fF

Now, we have to calculate the parasitic junction capacitance associated with the
drain-substrate pn-junction of the pass transistor. Using the zero-bias unit capaci-
tance values given here, we obtain
Cdb,nmx = Cbo.rrrmr + C.:ideu:a”
= Aporiom Cju + Pridewall * Cjuvw
= (36 um® + 12 pm?) - 0.095 fF/m? + 30 wm - 0.2 fF/um
=4.56 fF + 6.0 fF
= 10.56 fF
The minimum value of the drain junction capacitance is achieved when the junction
is biased (in reverse) with its maximum possible voltage, V,,,,. In order to calculate
the minimum capacitance value, we first find V. using (9.5), as follows.
Vinax = 5.0 — 0.8 — 0.4(/0.6 + Vi —
= Vipar = 3.68 V

Now, the minimum value of the drain junction capacitance can be calculated.

C,”,‘,m;" .= Chrotrom Ciidewall
Vimax W
] 4 - Sk maz,
J % J Fosu
4.56 fF 6.0 fF

- + =4.71fF
‘/Ha,és ‘/1+3.68
0.88 0.95

The minimum value of the total soft-node capacitance is found by using (9.21).

Cx,miu = cgb + Coierar + prf_\- ar Cdb.:m'n
= 0.52fF 4+ 0.90 fF + 2.42 fF + 4.71 fF
=B 5H

The amount of the critical charge drop in the soft node, which will eventually cause
a change of logic state, is

V%
ﬁQc—rirr’caI = C.\'.min i (V.\"mu.r = _De)
2
=8.55fF-(3.68V —2.5V)
= 10.09 fC
assuming that the logic threshold voltage of the next gate is (Vpp/2). In this exam-
ple, the maximum leakage current responsible for charge depletion is given from the

MOS characteristics (cf. equation (3.92) in Chapter 3) and the junction diode char-
acteristics as

"'J'eakage = l.mb.rhruhofd F JfJ"e’w:r.s'e' =0.35 pA

Finally, we calculate the worst-case (minimum) hold time for the soft node using the
expression (9.22).

A chiri'{'af

"!’eukage.m.ﬂx

10.09 fC
0.85 pA

thold,min =

= 11.87 ms

It is interesting to note that even with a very small soft-node capacitance of 8.55 fF, the
worst-case hold time for this structure is relatively long, especially compared with the
signal propagation delays encountered in nMOS or CMOS logic gates. This example
proves the feasibility of the dynamic charge storage concept and shows that a logic state
can be preserved in a soft node for a long time period when the leakage current is small.
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Voltage bootstrapping

Voo ﬁm
Vv
v —C S
M2
1 M2
v ]
= Cs J_ Choot
1
Vin__”: M1 = Cout - J_
Vin —”: M1 I Cout

Figure 9.11 Enhancement- s L
R C'IrCUIt L Whl?h the output Figure 9.12 Dynamic bootstrapping
node is weakly driven. ranrment 10 Boost V.. Garng setehing.

To overcome threshold voltage drops in digital circuits

Figure 9.11

- Considering V, s Vi, = M2 in saturation , V, . ..oV Vistour

- To obtain a full logic-high level V,,, the voltage V, must be increased
Figure 9.12

- A third transistor has been added to the circurt

- C. dynamic couple to the ground

Chroor Aynamic couple to V,
- This circuit produce a high V, during switching

V2 Vop* ViVt 12



Voltage bootstrapping

Vx :VDD _VT3 (Vx)

Voo "y av v)
L{[l M3 iCS = iCbOOt A CS d_tx ~ Cboot *
Vx | (Cs +Cboot)di Cboot dV L— dVX ~ CbOOt dVOUt
L L e at dt at (€. +Ch) d
Cs == Cpoot
1 L You gy, =G [ gy =V, 4 Cooo
= l '[/DD_VT3 X (C +Cboot)L out (VDD T3) (Cs +Cboot)(VDD OL)
Vin—[ 1 Cout if Cyop is much larger than C, =V, .y = 2Vpp-Vr-Vo,
1 1

=Vop +Vr,

x(min)

Vour Voo ( DD T3(V )) (C b(g )(VDD OL)
boot

Figure 9.12 Dynamic bootstrapping

arrangement to boost V,, during switching. Cboot B VT2 Vour Voo +Vi, v,
Voo (Cs + Cboot) (VDD _VOL)
_”f M Choot _ Vi, Vour Voo TVT3lv,
v, ": 2 CS VDD _VOL _VTZ Vout =Voo _VTS V,
*Cs: the sum of the parasitic source-to-substrate cap. ofM3 and the
gate-to substrate cap of M2
Cooar ”:] y *To obtain a sufficiently large bootstrap cap. C,,,; inh comparison to
Vo . C,, an extra "dummy” transistor is added
in . .
L *The dummy transistor acts as an MOS capacitor between V, and

= Vouf

Figure 9.13 Realization of
the bootstrapping capacitor 13
with a dummy MOS device.



Example 9.3

The transient operation of the simple bootstrap circuit shown in Fig. 9.13 is simu-
lated using SPICE in the following. To provide the needed bootstrap capacitance
Choor» @ dummy nMOS device with channel length L =5 um and channel width

W = 50 pum is used. Transistor M1 has a (W /L) ratio of 2, while M2 and M3 each
have a (W/L) ratio of 1.

g e

Voltage (V)

a0 b
0.010° 20107° 4010° 6.010° 8.010° 1.010°%

Time (s)
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Synchronous dynamic circuit technigues

* Previous section

- Basic concepts associated with temporary
storage of logic levels in capacitive circuit
nodes

This section
- Pay attention to digital circuit design

- Different examples of synchronous dynamic
circurt
- Depletion-load nMOS
* Enhancement-load nMOS
» EMOS building block

15



Dynamic pass transistor circuits

« Cascaded

AL L LI .. combinational logic
toge Gge 1 ©e stage
e L — | = « TInterconnected
¢ ! ¢ through nMOS
b ‘ transistor

D

Figure 9.14 Multi-stage pass transistor logic driven by two nonoverlapping clocks. * A / / / hp U f 0 f ea C /7
' combinational logic

®q 3
block are driven by
a single clock
B signal
gof iSbssai| Phaseal *  Two phase clocking

- ey

Period T (one cycle)

16

Figure 9.15 Nonoverlapping clock signals used for
two-phase synchronous operation.



Depletion-load nMOS dynamic shift register circuit

Voo Yoo

R L L

1 I 1
Vin —J—L—_rl ; ] ] “: : 1 E[

== Cout1 "L Cinz == Coutz f Cina

Voo_

Figure 9.16 Three stages of a depletion-load nMOS dynamic shift register circuit driven with
two-phase clocking.

@1 active
- Vin is transterred to Cinl = Voutl is determined
@2 active
- Voutl is transferred to Cin2 = Vout2 is determined
- cinl retain its previous level via charge storage
@1 active again
- The original data bit written into the register (3rd)
- Ist stage accept new data

17



Depletion-load nMOS dynamic shift register circuit

Voo Voo Voo

Ld

1 I
1 |

1 I I
1 |
== Cout1 "L Cinz Cou J‘ Cin3
I N

Figure 9.16 Three stages of a depletion-load nMOS dynamic shift register circuit driven with
two-phase clocking.

 Maximum clock 1 requericy
- Being determined by
- the signal propagation delay through one inverter stage

- One half-period of the clock signal must be long enough
to allow

- Cin to charge up or down
. CCI'HO' ffhe logic level to propagate to the output by charging
ou
* Logic-high input level of each inverter stage is one
}‘h/"elsho/a’ voltage lower than the power supply
eve

Vin
Cin1

18



A two-stage synchronous complex logic circuit

CTLLJ Dc

Stage 1

D

T
o2

—F1

)

Stage 2

Figure 9.17 A two-stage synchronous complex logic circuit example.

L
WL |
AL

kas

Stage 1 Stage 2

Figure 9.18 Depletion-load nMOS implementation of synchronous complex logic.

The same operation principle extended to

synchronous complex logic

» Inorder to guarantee correct logic levels are
propagated during each active clock cycle

- The half period length of the clock signal must be longer
than the largest signal-stage signal propagation delay found

/n the cirucrt

19



Enhancement-load dynamic shift register (ratioed
logic)(1)

Voo Voo

I B I M

V‘“J—i—{ 1 | 1 ”;
I Cint I T Coutt Cinz i T Cout2 icina 1 I Couta

out

i

Figure 9.19 Enhancement-load dynamic shift register (ratioed logic).

One important difference

- Applying the clock signal to the gate of the load transistor
Power dissipation and the silicon area can be reduced
significantly

The input pass transistor and load transistor are
driven by opposite clock phase

20



Enhancement-load dynamic shift register (ratioed
logic)(2)

Voo Voo

| B I M

I [
I Cin1

Figure 9.19 Enhancement-load dynamic shift register (ratioed logic).

== Coutt J‘ Cinz L Coutz ‘L Cin3 ; Cout3
! l 111

@1 active
- Vin= ¢inl, nMOS load off

@2 active
-  nMOS Joad on, the output of Ist inverter attains its valid logic (Cinl preserved)

- Pass transistor of 2nd stage on
Coutl = Cin2

@1 active
- Cout2 is determined and transferred into Cin3
- Also, a new input level can be accepted into Cinl
of each stage is strictly determined by the driver to load ratio (ratioed-

Vo
d)enam/c Jogic)

21



General circuit structure of ratioed
synchronous dynamic logic

Voo Voo
d4 o ¢4

i i

>
i
)
U
)

|
|

nMOS Logic nMOS Logic
Stage 1 Stage 2

i

i

Figure 9.20 General circuit structure of ratioed synchronous dynamic logic.

Extended to arbitrary complex logic

22



Enhancement-load dynamic shift register (ratioless
Jogic)(1)

¢4 do 04

Vout

ot L R | 1 7L
l in1 1 'I; out! in2 i "IE' out2 1 in3 | I out3

i

Figure 9.21 Enhancement-load dynamic shift register (raticless logic).

In each sfage, the input pass transistor and the load transistor
are driven by the same clock phase

@1 active

- Vin fransfer to Cin = Ist inverter is active = Voutl attains its valid
Jogic level

@2 active

- 2nd pass transistor on = the logic level is transferred onto the
next stage

23



Enhancement-load dynamic shift register (ratioless

logic)(2)

¢4 do 04

I —L I

wt L J_,!i | . 1
l in 1 1 out l in 1 out 1 in3 ) l out3

Figure 9.21 Enhancement-load dynamic shift register (raticless logic).

* Considering two cases

- case !
+ If Coutl high at the end of the active @1 phase
- By mean of Cinl low input = nMOS driver off =Vouti=VDD-VTn
- @2 active

- The voltage level is transfer to Cin2 via charge sharing over the
pass fransistor

- Cout/Cin T to correctly transfer a logic-high level

24



Enhancement-load dynamic shift register (ratioless

logic)(3)

¢4 do 04

I —L I

"1 1 l L 1 I

Figure 9.21 Enhancement-load dynamic shift register (raticless logic).

Considering two cases
- Case 2

« If Voutl is logic-low at the end of the active @1 phase
- cind high, nMOS driver on= Vout1=0V

* As @2 active
- Transfer by pass transistor

* Ratioless dynamic logic
- V=0, independent of driver-to-load ratio

25



General circuit structure of ratioless synchronous

dynamic logic

Yoo Voo,
¢4 0o
I |
II: Il:
[ & Z
A | ] I 1 11 I
5 Fﬁ nMOS Logic nMOS Logic
| Stage 1 . — Stage 2
1 o |
o— 1

Figure 9.22 (General circuit structure of ratioless synchronous dynamic logic.
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Dynamic CMOS transmission gate logic

Stage 1 D

. D i g SR I
-.gd .
i

1 ¢2 ¢

Figure 9.23 Typical example of dynamic CMOS transmission gate logic.

Totally, reguire four clock signals

27



CMOS transmission gate dynamic shift register

Voo

<

=_ —L

Vin

o—L 19l

Figure 9.24 Basic building block of a CMOS
transmission gate dynamic shift register,

+ Low on-resistance of transmission gate (ref.p310)
- Smaller transfer time (RCYL)

* No threshold voltage drop

28



Single-phase CMOS transmission gate
dynamic shift register

CK CK CK
vi PX] Va L Va
CK CK CK

Figure 9.25 Single-phase CMOS transmission gate dynamic shift register.

» Ideally, CK=1
- Odd on, even off= isolated
» In practical, do not truly nonoverlapping

- CLK have finite t.and 1,
- So, prefer ®1, 2

29



Dynamic CMOS logic gate implementing a complex

Boolean function(1)

Vout Pre- Pre
charge Evaluation charg
At —] ¢
e
A2 —| / ji
:”_ B2 Vout _wi
Az —]
" F=(AAA +BB,)

Figure 9.26 Dynamic CMOS logic gate Implementing a complex Boolean function.

Significantly reduce the number of transistors used to
implement any logic function
Operation

- First precharging the output node capacitance

- Evaluating the output level according to the applied inputs

- Both /of theses of operations are scheduled by a single clock
signa

Which drives one nMOS and one pMOS transistor in each dynamic
stage

30



Dynamic CMOS logic gate implementing a complex

Boolean function(2)

Vpp

¢ 49;9

Vout Pre- Pre-
charge Evaluation charge
At —] ¢
o
A2 —| T 7
:”_ B2 Vout / Ewm«m;
Az —]

Figure 9.26 Dynamic CMOS logic gate Implementing a complex Boolean function.

@=0 (precharge phase)
- A[}a on, Me off = the parasitic capacitance of the circuit is charged up to
out=VDD
The input voltages are also applied during this phase= no influence on the output
=1 (evaluate phase)
- Mp off, Me on = the output voltage depend on the input voltage levels
VOL or VDD
The practical multi-stage applications, however, the dynamic CMOS gate
presents a significant problem

31



I/lustration of the cascading problem in
dynamic CMOS logic(1)

Yoo

I

d
® L

Pre-
charge Evaluation

11}
E

ot I||'|r \
gtz ,r{ \ ssssssss state

Figure 9.27T |llustration of the cascading problem in dynamic GhaOS logic.

Assume

- During the precharge phase
Both output voltages Voutl and Vout2 are pulled up
- During evaluation phase
The input variables of Ist stage assume to be such that
- QOutput Voutl drop to logic "0”
The external input of Znd stage assume to be logic 1’

*  As evaluation
- Beginning
Both Voutl an d VoutZ are logic-high
- Then
Voutl drops to its correct logic after a certain time delay

Vout2
- S fam‘//éq with the high value of Voutl at the beginning of the evaluation phase, the output voltage VoutZ2 at
the end of the evaluation phase will be erroneously low

32



Il/lustration of the cascading problem in dynamic
CMOS Jogic(1)

» This example illustrates that

- Dynamic EMOS Jogic gates driven by the
same clock signal cannot be cascade
directly

- This limitation undermine some advantages,
such as
- Low power dissipation
- Large noise margins
 Low transistor count

33



High-performance dynamic CMOS circuits

» Base on the basic dynamic EMOS logic gate
structure

+ Design to take full advantage of the obvious
benefits of dynamic operation

To all unrestricted cascading of multiple
stfages

The ultimate goal is to achieve...,using the
least complicated clocking scheme possible
- Reliable

- High-speed

- Compact circuirt

34



Voo
Voo Voo
F ay S
¢ 9= %
[ I—-‘% Vout
] nMos | nmos — ']?é?cs =
— logic — logic —
| |
I 1
Figure 9.29 Cascaded domino CMOS logic gates. Figure 9.28 Generalized circuit diagram of a domino

CMOS logic gate.
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£e—4 b—c
F—q b—o
(@) vor
6— b—
l_‘{
L
L AL L ]
HE H—é AL o
L
«’ .
L o X
(o)

Figure 9.30 (a) An 8-input complex logic gate, realized using
conventional CMOS logic and (b) domino CMOS logic.
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Voo Voo
o .I; .l;
|- |-
] Static gates
{even # of stages)
| nmOS | nmoS
— logic ] logic
IJ

Figure 9.31 Cascading domino CMOS logic gates with static CMOS logic gates.
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R — Vout

r—'

_‘““'_:LC
L

||'_|—|__|_\_|8<

|||—!!— <

2

Figure 9.32 Charge sharing between the output capacitance C;
and an intermediate node capacitance C, during the evaluation cycle
may reduce the output voltage level.

weak pull-up

out

nMOS
logic

A

Figure 9.33 A weak pMCS pull-up device ina
feedback loop can be used to prevent the loss of output
voltage level due to charge sharing.
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v

L 1
i LT L5

e

J_ outl
— ¢
— nMOS
— Logic

Voo

L.l

I Cz Voutz
— nMOS =
— Logic

Figure 9.34 Precharging of internal nodes to prevent charge
sharing also allows implementation of multiple-output domino

CMOS structures.

=3
.
[T

L

w—C

L

L

Cc3

e

e[

c2

n L
co—H:‘

-

1

c1

YYYY

Figure 9.35 Example of a multiple-output domino CMOS gate realizing four

functions.
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(@) (b)

Figure 9.36 (a) Four-input domino CMOS NAND gate and (b) the corresponding
stick-diagram layout to show the graded scaling of nMOS transistor sizes for
improving the transient performance.
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Consider the domino CMOS NAND2 gate shown below, where C; = C; = 0.05 pF.
First, the operation of the circuit with only one pMOS precharge transistor will be ex-
amined. Since the two capacitances C; and C; are assumed to be equal to each other,
we expect that the charge-sharing phenomenon will cause erroneous output values,
as explained earlier, unless specific measures are taken to prevent it.

VS Wi

—

b
L

Vo ——

.||_i_\__l_\_1é€

s
o

|||—|
$

Ve—

Ea—

The SPICE-circuit input file of the domino CMOS NAND2 gate is listed.

Domino CMOS with charge sharing

vdd 10 0 dc 5V

vin 1 0 dc pulse( 5 0 1ns 0.1ns 0.1ns 10ns 22ns)
vb 4 0 dc pulse ( 0 5 35ns 0.1ns 0.1ns 1llns 22n)

va 5 0 dc pulse( 0 5 12ns 0.1ns 0.1lns llns 22ns)
ml 2100 mn 1=50 w=10u
m2 3 42 0 mn 1=5u w=10u

EXAMPLE 9.4

m3 6 5 3 0mn l=5u w=1lDu
mé 6 1 10 10 mp 1=5u w=25u
mé 7 6 0 0 mn 1=5u w=10u
m7 7 6 10 10 mp 1=5u w=100u

cload 6 0 0.05p

el 3y 010,055

cout 7 0 .0.1lp

.model mn nmos vto=1 gamma=0.4 kp=2.5e-5
.model mp pmos vto=-1 gamma=0.4 kp=1.0e-5
.tran 0.1lns 50ns

.print tran wv(1l} w(s) v(7) (3}

.end

The transient simulation of this circuit shows that the precharge node voltage V,
drops to about 2.5 V during the evaluation phase, due to charge sharing. As a result,
the inverter output voltage erroneously switches to logic-high level during the first
evaluation phase.
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Now consider the case where an additional pMOS precharge transistor is connected be-
tween the power supply voltage Vpp and the intermediate node, as indicated in the cir-
cuit diagram on page 391. Both pMOS transistors conduct during the precharge phase,
and charge up the node capacitances to the same voltage level. Consequently, charge
sharing can no longer cause a logic error at the output node. The simulation results with
the additional pMOS precharge transistor are plotted below, showing that the output
node voltage is pulled up to logic “1” only when both inputs are equal to logic “1.”
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It must be emphasized that there is a speed penalty for adding another pMOS
precharge transistor to the circuit. Simulation results indicate that the pull-down delay
of the node voltage V, is actually increased by about 1 ns (approx. 25 percent) as a
result of the additional parasitic capacitance which is due to the precharge device.
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Figure 9.37 NORA CMOS logic consisting of alternating nMOS and pMOS stages, and

the scheduling of precharge/evaluation phases.
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Figure 9.39 (a) NORA CMOS ¢-section; evaluation occurs during ¢ = 1.
(b) NORA CMOS ¢-section; evaluation occurs during ¢ = 0. (c) A pipelined
NORA CMOS system.
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Figure 9.44 Simulation results showing the cperation of the TSPC-based
DFF circuit, with a clock frequency of 500 MHz.
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