ESE 570: Digital Integrated Circuits and
VLSI Fundamentals

Lec 19: March 30, 2017
Dynamic Logic, Charge Injection
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seseees

Latch Design

* Pass Transistor Latch ¢
+ Pros i
+ Tiny D' —Q
+ Low clock load
e Cons Used in 1970’s
- V,drop
— nonrestoring
— backdriving
— output noise sensitivity
— dynamic
— diffusion input

Penn ESE 570 Spring 2017 - Khanna 3

oelsiese’s

Lecture Outline

0 Review: Sequential MOS Logic
= D-Latch

o Dynamic Logic

= Domino Logic
0 Charge Leakage
o Charge Sharing

a Domino Logic Design Considerations

0 Logic Comparisons

Penn ESE 570 Spring 2017 — Khanna

seseees

Latch Design

* Transmission gate
+ No V, drop
- Requires inverted clock

Penn ESE 570 Spring 2017 - Khanna

o
L
p{Fa
s
¢

eelsieeels

Latch Design

* Inverting buffer D X a
+ Restoring
+ No backdriving U
+ Fixes either D~ >o{+ Q
* Output noise sensitivity
* Or diffusion input
— Inverted output

Penn ESE 570 Spring 2017 - Khanna 5
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Latch Design

* Buffered input
+ Fixes diffusion input
+ Noninverting

Penn ESE 570 Spring 2017 - Khanna




CK
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¢ Typical Latch Design
¢ Q
* Buffered output b >So X
+ No backdriving : »
0
* Widely used in standard cells
+ Very robust (most important)
- Rather large
- Rather slow (1.5 — 2 FO4 delays)
- High clock loading
Penn ESE 570 Spring 2017 - Khanna 7
: Static CMOS TG D-LATCH
CK
i 0
p—L )
N

: CMOS D Edge Triggered Flip-Flop
Negative D-Latch
aK D +»:é >j j Q
D—F Do PorQ CLK=0 vy Q tracks D
I—< D —o %o So—>or- Q
CLK CLK =1 Q acquires D
NMOS
PMOS Positive D-Latch
CLK
D Q

D —o—»o] Q
CIK=1 j Q tracks D
I—< D— Q

CLK CLK =0 Q acquires D

Positive Edge Triggered D Flip-Flop = Negative D-Latch + Positive D-Latch

Negative Edge Triggered D Flip-Flop = Positive D-Latch + Negative D-Latch
Penn ESE 570 Spring 2017 — Khanna

Static CMOS TG D-LATCH — 8 Transistors

oelsiese’s

1

O
Tex

94[%]]%%

8 Transistors

**Transistor level implementation using transmission gates requires
fewer transistors

Penn ESE 570 Spring 2017 — Khanna 8
: Static CMOS TG D-LATCH
Do Q —Q
CK=1
J—
D_ ¢ Q —Q
CK=0
When CK = 1 output Q = D, and tracks D until CK = 0, the D-Latch is
referred to positive level triggered.
When CK — 1 to 0, the Q = D is captured, held (or stored) in the Latch.
Penn ESE 570 Spring 2017 — Khanna 10

Impact of Non-ideal Clock on D-Latch Operation
ideal - non-ideal
(‘/Lﬁ\ll\\lwl\\\lll_ (‘/L_\I\\\ILl_l_L;_l_lJl\\llll_
C' |\\\||w\\\l\\r 7_1\||\\|m|1\\||r
' ' CKr, ‘
— Vi Vo
CK
NMOS L= . .
PMOS L . —
oK 4
T B
D —oo 2 19} D—o e 0
CLK & CLK CLK & CLK +1,)

Penn ESE 570 Spring 2017 — Khanna
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[N N @

Two-Phase Clocked D-Latch (non-overlapping)

@, D,

LI AL fPIr
_ v,
P

D |—G‘ Q Q
NMOS — |_E - l:é'i

PMOS 2
b
l_‘_'_I
Penn ESE 570 Spring 2017 — Khanna (:r 13

Dynamic Logic

&Penn

oelsiese’s

Non-overlapping Clocks

o Play with in Cadence
= Will need for project

Penn ESE 570 Spring 2017 - Khanna 14
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Logic Compatison Overview

seseees

STATIC LOGIC GATES: valid logic levels are steady-state op
points. Outputs are generated in response to input voltage
levels after a certain time delay. Output levels are preserved
as long as there is power, i.e. no refresh is needed.

DYNAMIC LOGIC GATES: valid logic level are not steady-state
op points and depend on temporary storage of charge on parasitic
node capacitances. Outputs are generated in response to input
voltage levels and a clock. Requires periodic updating or refresh.

ADVANTAGES:

1. Allows implementation of simple sequential circuits with
memory functions.

2. Use of common clock signals throughout the system enables
the syncronization of various circuit blocks.

3. Implementation of complex functions genearlly use less die
area than static circuits.

4. Often dissipates less dynamic power than static designs, due
to smaller parasitic capacitances.

Penn ESE 570 Spring 2017 — Khanna 16

¢ Logic Comparison Overview

STATIC LOGIC GATES: valid logic levels are steady-state op
points. Outputs are generated in response to input voltage
levels after a certain time delay. Output levels are preserved
as long as there is power, i.e. no refresh is needed.
DYNAMIC LOGIC GATES: valid logic level are not steady-state
op points and depend on temporary storage of charge on parasitic
node capacitances. Outputs are generated in response to input
voltage levels and a clock. Requires periodic updating or refresh.

ADVANTAGES:

1. Allows implementation of simple sequential circuits with
memory functions.

2. Use of common clock signals throughout the system enables
the syncronization of various circuit blocks.

3. Implementation of complex functions genearlly use less die
area than static circuits.

4. Often dissipates less dynamic power than static designs, due
to smaller parasitic capacitances.

Penn ESE 570 Spring 2017 — Khanna 17

Comparison of Logic Implementations

ﬂ%

Static

eelsieeels
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Comparison of Logic Implementations

2 2/3
A Y 54 Y
1 A—|[43

Static Ratioed

oelsiese’s

Penn ESE 570 Spring 2017 — Khanna 19

Comparison of Logic Implementations

e o Ui
1 A |43 A1 gcx

Static Ratioed Dynamic

oelsiese’s

[} Precharge Evaluate N Precharge
/ 7

v AY Y/

Penn ESE 570 Spring 2017 — Khanna 20
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Comparison of Logic Implementations

R,
1 A—{ar3 A%1$Q

Static Ratioed Dynamic,

b Precharge o~ Evaluate \ Precharge
’ /

-
Y &Y Voo 7/
more
o—4[ 1 robust
Y
A 1
L1
Penn ESE 570 Spring 2017 — Khanna 21
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Dynamic CMOS Precharge

eelsieeels

Dynamic CMOS Precharge
CK =0 -> Z precharges to Vi

VDD
—iCM, : charges to
7z (inputs are applied, output is
aMOS unavailable during precharge)

. ! T'C
inputs—pp{  Logic v

CK =1 -> Z is selectively

Block C-internal discharged to OV or remains at
capacitance Vo (depends on logic values of
CK 77‘ M, inputs)

(output is only available after

CK discharge of C is complete )

1 evaluate
N [ .
7 |precharge \\ precharge
\ - NI >t

N
“ single phase P-E logic circuit
Penn ESE 570 Spring 2017 — Khanna 23

VDD
B
Voo —[ M,
z
M, L.
z input C
A ¢ C-internal
C ‘ M, capacitance
CK——
Penn ESE 570 Spring 2017 — Khanna 22
¢ Dynamic (Clocked) Logic: Example
Vip
L
-7

A 1 ‘[ C

B 1 ‘

c I

D 1

E 1

CcK—— ;
v
CK=0=>Z=?
CK=1=>72=?
Penn ESE 570 Spring 2017 — Khanna 24




¢ Comparison of Static and Dynamic Logic
VDD
— ™

ADVANTAGES ? ’ z

. nMOS
nputs—p»  Logic

rC

C-internal

capacitance

CK——]
DISADVANTAGES ?

Penn ESE 570 Spring 2017 — Khanna 25

Comparison of Static and Dynamic Logic

oelsiese’s

ADVANTAGES Voo

1. Requires N +2 transistors to realize an N-input gate.

2. Low static power dissipation. LM,

3.No dc current paths to place constraints on device sizing.

4. Input capacitance same as pseudo nMOS gate. inputs HLL;IQS

5. Pull-up time is improved by active switch to V. Bl fclli
o)

- Vf/

Comparison of Static and Dynamic Logic

seseees

ADVANTAGES/DISADVANTAGES v
Requires N +2 transistors to realize an N-input gate.
Low static power dissipation. LM, z
No dc current paths to place constraints on device sizing.
Input capacitance same as pseudo nMOS gate. inputs
Pull-up time is improved by active switch to V. Block

Goh W=

Output is available < 50 % of the time. CK|
Pull-down time is degraded due to series active switch to 0. 4
Logic output value can be degraded due to charge sharing with
other gate capacitances connected to the output.

Minimum clock rate determined by leakage on C.

Maximum clock rate determined by C discharge time and input
delays.

. Inputs can only change during the precharge phase. Inputs must be
stable during evaluation; otherwise an incorrect value on an input
could erroneously discharge the output node.

WN =

VNS

=N

Penn ESE 570 Spring 2017 — Khanna 27

Cascaded Dynamic Logic

eelsieeels

. nMOS
nputs—p»  Logic
Blockl

CK—
precharge evaluate (all outputs selectively switch 1 -> 0)

) h— !

out Precharged V.

A%

does not switch from “1” to “0” fast enough

ot

M,,.M,, > ON
M,.M,, -> OFF

% COITect state t

o
erroneous state ¢

PROBLEM: ALL STAGES MUST EVALUATE SIMULTANEOUSLY
SINGLE CLOCK DOES NOT PERMIT PIPELINING OF STAGES
Penn ESE 570 Spring 2017 — Khanna 29
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¢ Cascaded Dynamic Logic
V. V.
1>0 VvV . 1 Voo
'J;C
nMOS
Logic
dv Block2
precharge evaluate (all outputs selectively switch 1 -> 0)
Penn ESE 570 Spring 2017 — Khanna 28
¢ Domino Logic
CLK °| (precharge)
— NMOS
Inputs — Pull Down
— Network
CLK _| (evaluate)
Penn ESE 570 Spring 2017 — Khanna 30




Requirements

oelsiese’s

o Single transition
= Once transitioned, it is done = like domino falling
0 All inputs at 0 during precharge

= ‘Outputs’ pre-charged to 1 then inverted to 0

= Le. Inputs are pre-charge to 0

o Non-inverting gates

Penn ESE 570 Spring 2017 — Khanna 31

Cascaded Domino CMOS Logic Gates

Vop

%Er NEg
nMOS- | ==

Ay Logic \v4
Block 1 | precharged | Block 2 Block 3

CK ;i ° Ii Hi

oelsiese’s

inputs—pp
P >

Penn ESE 570 Spring 2017 — Khanna 32

seseees

Cascaded Domino CMOS Logic Gates

TJL 0>1 TJE’ 0->1
aMOS- 102 ramos= L
inputs—gp  Logic / i % Logic €7

Block 1 | precharged
‘J 00
CK- | I

Aevaluate evaluate
CK

t
el >t propagating gate

" - decisions
[ TV a~ "t Max # stages limited:
Y total prop delay <t
>t

precharge

02

al

Penn ESE 570 Spring 2017 FKhanna >t 33

Charge Leakage

&Penn

Penn ESE 570 Spring 2017 — Khanna
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CMOS Dynamic D Latch

C, is usually a
parasitic

.. capacitance
Positive P

level-
sensitive

NMOS
PMOS

1. NO FEEDBACK REGENERATIVE FEEDBACK LOOP
2, STATES STORED ON SOFT NODES

Penn ESE 570 Spring 2017 — Khanna 35

eelsieeels

Comparison CMOS Static & Dynamic D-Latch

Data bit stored in
bistable-loop when
¢,=1-0

NMOS
PMOS CK

D—{Jp >T— >
T

C
Dynamic D- ¢ % Data bit stored on C,
Latch when CK=1— 0

Penn ESE 570 Spring 2017 — Khanna 36




EXAMPLE:
Consider the following [CMOS D Latch circuit:

NOTE: No cross-
coupled inverters)

P-1a
Latch

o I

CK = 1: MP turns ON. C_is charged up or down through MP
depending on the input D voltage level. Q=D.

CK = 0: MP turns OFF, and C_is isolated from inputD. Qis
determined by charge stored on C_during previous CK = 1.

DD

M2 M4 W/L), -2

Q(V.) (W/L). =4
v @k =26pA/v
D (V,) o\ M1 M3 K’ =10pA/ V2

MP c v Vi =10V
T g x Y Vo, =-10V

CK [~ y= 037\/1/2

20, =-0.6V

During CK = 1:Let D = 1, i.e. V; = V.. MP is conducting and
charges C_toa “weak 1”(ie. V_ =V -V ). M1is ON:

V, =0V <V, =>M3is OFF: V=V, =5V orQ=1.
During CK = 0: Logic-level V_is preserved through charge
storage on C . However, V_starts to drop due to leakage.

WHAT IS THE MINIMUM V_NEEDED TO KEEP Q =1 WHEN

Penn ESE 570 Spring 2017 — Khanna 37
Vo =5V op =V
(W/L), =2
M2 M4 W /L)b 4 B
k=20 pA/V?
v,

Qo) K’ =10 pA/ V2

D (Vp) Vy M1 M3 =10V
MP c v, Vi =- 10V

x y=0.37 VU
CK [~ 20,=-0.6V

NOTE: for Vo = Vpp M3 must be OFF => Vy < mem =1.0V;
i.e. M1is in LIN region and M2 is OFF

Assume that Vy =V, =1V ie. just small enough to keep M3 OFF
=> M1 LINEAR and M2 SATURATION (Ve > Viy,)

Penn ESE 570 Spring 2017 — Khanna
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CK =0?
Penn ESE 570 Spring 2017 — Khanna 38
=5 Vo = sv
(W/L), =2
W/ L)5 =4 =
k=20 puA/V?
Q(V K’ =10 pA/ V2
D (Vp) M3 Vi =10V
Mp Vi, =-10V
yZb37vie
CK I 20,=-0.6V

NOTE: for Vo= Vpp M3 must be OFF => Vy SVioams = 1.0V;
i.e. M1 is in LIN region and M2 is OFF

Assume that V=V, =1V ie.just small enough to keep M3 OFF
=>M1 LINEAR and M2 SATURATION (Vo> Vigy)

knle( ) [2V - V10n)Vy - Vi ] PND[%)I:(VX-VDD-VTOP)2

20u4a/ V2
2

(4)(Vy -5V - (-1V))?

(ziz(vX SV - 1V2] = %

[zv,(»41v73vz]=(vxf4v)2 = V2_10VV, +19V2 -0 = V, -255V

Penn ESE 570 Spring 2017 — Khanna 40

Vo =5V VD 5V (W/L) )
M2 EI M4 g]' (W/LSA )
k' =20pA/v2
\%
Qo kK’ =10pA/V2
D (V) Y | ML | g V=10V
MP c v Vi =-1.0V
T g « v v=0.37 V172
CK [~ 20,=-0.6V

NOTE: for VQ =V M3 must be OFF => Vy S Vi = 10V;
i.e. Ml is in LIN region and M2 is OFF

Assume that Vy =V, =1V ie. just small enough to keep M3 OFF
=> M1 LINEAR and M2 SATURATION (Vo> Vi)

V, =255V

ie. V, candrop fromV =V -~V toV . =255V duetocharge

leakage before Vo is effected (i.e. the output changes state).

Penn ESE 570 Spring 2017 — Khanna
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Charge Storage and Leakage
)
Mo =0 v
Ml o

m

eelsieeels

N0

/

P —
( MP T Ileakzge —T- Cxlga‘en
N CK=0 %/

>
~N

a Assume logic-high is stored onto V_during active
phase (CK=1)
0 When CK=0, V, .20

Penn ESE 570 Spring 2017 — Khanna 42




Charge Storage and Leakage

L G

substhreshold

L +1

leakage L bttwestold T Lreverse

Penn ESE 570 Spring 2017 — Khanna 43

Charge Storage and Leakage

Ileakage = Isublhxeshold + Im'e'nse
Ilea.kage Vx
J_ i interconnect
l C —_—
I \J I i
subthreshol reverse Cc =C +C +C
J7 ext gb poly ‘metal
Co= Cot Ci
DRAIN-SUB PN JUNCTION
Penn ESE 570 Spring 2017 — Khanna 44

Reminder: (Bottom) Junction Capacitance

n*, p junctions

= Pl L L vy« V=ExiBias >V, Vy,
a4 \N, N, B k’l‘1 N,N, | built-in junction
& =—In n potential
Penn ESE 570 Spring 2017 — Khanna 45

Reminder (Bottom) Junction Capacitance

n’, p junctions

_ 2

X, L g vy V=BxtBias > Vg, V,,,
q \N, N, ‘4% B ]ﬂln(NAND) built-in junction

2

potential

Zero-bias
C,= &i_ Es_thi capacitance
/ xd 2 NA +ND ¢0 (F/em?)

Penn ESE 570 Spring 2017 — Khanna 46

Reminder Sidewall Junction Capacitance

n, p*junctions (sidewalls)
¢ _ [ea NN, T
J0sw 2 N,(sw)+N, ¢,

Since all sidewalls have depth = X;:

(F/cm?)

C.,.=C..X (F/cm)

jow josw 7

Penn ESE 570 Spring 2017 — Khanna 47

Junction Capacitance

Cc _Ei_ |64 . NaNp 1 C o |ead. NaGsw)N, 1
% N2 NN, ¢, N2 N W N, ¢,

C,(V)= A-Cy . P-Cio,
1+M 1+M
o Bos

Derived from 3.6 in text (p. 156-158)
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Junction Capacitance

oelsiese’s

Junction Capacitance

oelsiese’s

A-C

J0

P-C

JOsw

v
L

e V. C, (V)=

; v
| 11 1+‘¢T‘

1
7 0 ¢0.\w
s Loere ;[ ;LC, =C+C+Cos
o Coo * Cray * Cotm
Lo 2%

C.=C,+C leakage dr
DRAIN-SUB PN JUNCTION !

FOR QUICK ESTIMATE OF WORST CASE LEAKAGE BEHAVIOR
worst case hold time (t, ) -> shortest time for V, to drop from its
initial logic “1” value V. to V. due to leakage.

X-max

Penn ESE 570 Spring 2017 — Khanna 50

A-C P-C,
.ﬁbg v, Cv)= ""‘ 7‘;
J_ 1+ 1+
¢0 ¢03w
[ l l Cor Coo# Coy + Co
av,
C.=C,+C 1 leakage — C, dr
DRAIN-SUB PN JUNCTION =
Penn ESE 570 Spring 2017 — Khanna 49
¢ Junction Capacitance
A-C P-C,
o jOsw
T
I+=  [1+—
0 Osw
LI C* Cooy+ o
av,
€= #C 1, leakage — C, ar

DRAIN-SUB PN JUNCTION

FOR QUICK ESTIMATE OF WORST CASE LEAKAGE BEHAVIOR
worst case hold time (t, ) -> shortest time for V_to drop from its
initial logic “1” value V, . to V, . due to leakage.

X-max

v, :5v vy, :sv
(W/L), =2
(W/L)674
k’=20pA/V?
Vo)
Q( kK’ =10 pA/ V2
D (Vp) M3 =10V
MP V. =-10V
v 2037 vire
20,=-0.6V

NOTE: for Vo= Vpp, M3 must be OFF => Vy SVioams = 1.0V;
i.e. M1 is in LIN region and M2 is OFF

Assume that Vy =V, =1V ie. just small euough to keep M3 OFF
=> M1 LINEAR and M2 SATURATION (V> Vi)

I L
leakage-max. leakage-max.
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¢ Junction Capacitance
AC, P-C,,
I v Ci(V)= — v+ —L
Pt x ‘ ‘ ‘V
J_ J_ 1+ 1+
l CA ¢o ¢0.w'
- Lvere l :L Com Coo* Cony * Coa
av,
C,=C,+C I leakage = C, ar
DRAIN-SUB PN JUNCTION !

FOR QUICK EXTIMATE OF WORST CASE LEAKAGE BEHAVIOR
worst case hold time (t, ) -> shortest time for V__to drop from its
initial logic “1” value V. toV,_ . dueto leakage

x-max x-min
. C C
min(7,,,) = At = ——=—AV, = ——=—(V_, =V, )
leakage-max leakage-max
Vemax = Voo = Vinup Vemin =255V
Crcnin = Coat + Cranin = Cons + C;(V = Vi)
Penn ESE 570 Spring 2017 — Khanna 53

V, - 255V
ie. V candrop fromV,_ =V, -V, toV . =255V duetocharge
leakage before V is effected (i.e. the output changes state).
Penn ESE 570 Spring 2017 — Khanna 52
¢ Example
.
.

Consider the soft-node structure shown, which consists of the drain
(or source depending on current direction) terminal of the pass
transistor, connected to the poly gate of an nMOS driver transisitor
via a metal interconnect. Estimate the worst-case holding time if
Vpp =5V and the soft-node is initially charged to V. Assume
that I =0.85 pA.

leakage-max

\Y% 4
oD MP f M
T 1
CK |~ ;';'

T (PR L

Tp— N
! diffusion™etal

CK
Ve = Voo = V4 V,min = 2.55V

x-max oo~ VTnmp x-min
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Example

0.065 fF /pum?
0.036 fF/pum?

C gy =0.055 fF/um?
C,=0.095 fF/um’
C‘U:W =0.2 fF/um

4;;5' 61 51 | 6] an

“7diffusi0nm etal

CK

Cgb =C WL__, =0.065fF/um? (4 um x 2 pm) = 0.52 fF

ask

Crotar = C et W L = 0.086 fF/um? (5 pm x 5 pm) = 0.90 {F
Cray = €y WL, = 0.055 £F/um? (36 um? + 6 um? + 2 pm?) = 2.42 fF
C, e =CISWP, . =0.200 fF/um (18 um + 6 um + 2 um) = 5.20 {F
C,, = CIA,,=0.095 fF/um® (36 ym? + 12 um?) = 4.56 {F
Penn ESE 570 Spring 2017 — Khanna 55

oelsiese’s

Example

¢ Example
min(?,,,,) = At = MAV‘ = ﬁ(vx—max =Vicmin)
leakage-max leakage-max
Coin =C +C/ min = Co + Cj(v =V )
VDD=50V :
VT0=10V
B 088V Vi =Vir=Vouw =4V Vi =255V
PBsw=0.95V
Lgtagemax = 0-85 PA
Penn ESE 570 Spring 2017 — Khanna 57
¢ Example
min(r,,,) = At =—Cemn Ay - Comn v v
leakage-max leakage-max.
Coin=Co* C,r.min =C,, + c, V=V_..)
VDD =50V
Nt C, i =0.52fF +0.90 fF +2.42 fF + 4 21fF =8.05F
PB=0.88V
PBsw =095V
Lcakage.max = 0.85 pA

Penn ESE 570 Spring 2017 — Khanna 59
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min(z, )= Ar = Loy, )
leakage-max
=Coy #Cin =Cor +C,(V =V )
Penn ESE 570 Spring 2017 — Khanna 56
: Example
min(z,,,,) = At = Lo— )
leakage-max
=Coy #Cipin =Cor +C,(V =V, )
VDD =5.0V
VT0=1.0V
PB- 088 V Vi = 4V V. =2.55V
PBsw=0.95V
Ilmkngc.max =0.85pA - A CJC'
1+ M
V' 4
JASOE | SHOfF oo
4v]
1+—
0.88
Penn ESE 570 Spring 2017 — Khanna 58
¢ Example
. C.
min(z,,,) = Ar = (Ve ax = Vicmin)
leakage-max
=C +C;(V=V )
VDD=5.0V
VO 10v =0.52fF +0.90 fF +2.42 fF + 421 fF =8.05 fF
PB=0.88V
PBsw =0.95V
Lcakage.max = 0.85 pA

8OS/F 4y~ 2.55v)=13.73ms
85pA

60




Charge Sharing

Penn ESE 570 Spring 2017 — Khanna

& Penn

seseees

Shift Register

O Shift registers store and delay data

0 Simple design: cascade of latches

2 g

D I - _|_rL o — Out
T, TP ' h
Latch Latcl
o, | Lath ¢, | Late o,

Penn ESE 570 Spring 2017 — Khanna
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: Charge Sharing
9,
v, 75 %
Vy>>V, —Vr Cout l Cio

CHARGE
SHARING

0,200 Qg = CyVy and Q, = C,,V,

0, =1 Q= CouaVy + GV, and C = C g + G

The resulting voltage across C,,, is
V — Qlola.l — Ceullvb + CinZVa
? Cln!n.l Ccuﬂ + Cu\Z
65

Dynamic Circuit Techniques

oelsiese’s

>

2

A—_Hcoms L coms coms [Tl
LOGIC LOGIC LOGIC
B 1 c 2 D S -
| I I
[ 9, [} %

¢, &, NON-OVERLAPPING CLOCKS

14 phase 1

_ t
0, P —
=11 1T I1
t
phase 2

LOGIC LEVELS DURING INACTIVE CLOCK PHASE ARE
STORED ON INPUT CAPS

Penn ESE 570 Spring 2017 — Khanna
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Shift Register with Dynamic D Latches

seseees

charge
sharing
SN

L

RV TR N

MAX CLOCK FREQUENCY IS DETERMINED BY SIGNAL
PROPOGATION DELAY THROUGH ONE INVERTER STAGE.

out3

HIGH Portion of ¢,, ¢, CLOCK PHASES MUST BE LONG ENOUGH:
C,, to charge up or down and C_, to charge to new value.

When V =0V (or5V)and V. =5V (or 0V) fori=1,2 (stage)

out(i) in(i+1)

“Charge Sharing” is an issue when /¢, close.

Penn ESE 570 Spring 2017 — Khanna
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Charge Sharing

v 4 v
b

vb >> va —vr Coun I “ind

CHARGE
SHARING

0,=0: Q= CouVy and Q, = €5V,

0= 1t Qg = CougVy + CpV,and C = C oy + G
The resulting voltage across C,,,, is

V — Qle'z.l — CoullVl) + CinZVA
RO C Coit Coo

total outl

IfV,=Vyand V, <<V, => V, ~

CounVop
Cour * Cing

Vo= VppifC , >>C,,

Penn ESE 570 Spring 2017 — Khanna
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Charge Sharing

v _Ij)z \a “Rule of Thumb” make
e | Gl oG
Vy>>V, T Coun I Cuo
CHARGE
SHARING

0,=0:Q,,=C,,V,andQ_,=C_V,

oelsiese’s

Charge Sharing

i s
Vb << Va E Ccml I sz
CHARGE
SHARING

V,andQ,_,=C_V

0,200 Quuy=Cou 2 a

0,=1: Quu= C V+C V, and C, C ., +C

outl total ouﬂ in2
The resulting voltage across C,, is
V. = Qte(a.l - Cmtlvb + C V
RoC Coat Cio

total outl

Penn ESE 570 Spring 2017 — Khanna 68

seseees

Charge Sharing

[
4%y

Lo I
LT

CHARGE
SHARING

Vy<<V,

6= =0 Qoutl m.u b V, and sz - CmZVa

0,=1: Quu= CouaVy + C,,V, and C

outl total —

C.n*C

‘outl in2

The resulting voltage across C,, is

A% :ch(a.l :C (lVb+C V
RoC Coua * Cio

total outl

CWZV
If V,=0 andV, >V, > VR=%
outl in2

C.0%

ICo>> Ciy > V=<V,

Penn ESE 570 Spring 2017 — Khanna Con 70

0, =1 Quu= Ceunv +CpV,and Cpy = Cy +Cp
The resulting voltage across C,_, is
V.o - Qo _ CourVs + CiaV,
R
C.om Cuuﬂ + sz c V
- = ~ ‘outl
IfV,=Vyand V<<V, => V, —Cmn ic,
Vo=V if C  >>C,
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¢ Charge Sharing
— Va
Vb << Va l Cout $ Cia
CHARGE
SHARING
= =0 Qoull ouu b and sz - C V
0= 1 Q= CouaVy + CpV,and €y = €y + G
The resulting voltage across C,, is
V — Qﬁvhl — Cuu(lvb + C V
® C..,‘al Ceuﬂ + sz
CoVon
If V,=0andV >V, > V,=—22—
’ out + Ciy
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: Charge Sharing
v, _d) \a “Rule of Thumb” make
_[I_LT Cour = 106G,
Vy <<V, —Vr Cout l Cio
CHARGE
SHARING
0,200 Qg = CyVy and Q, = C,,V,
("7 1: Qleta.l - CeuHV + C V and Clolal Coutl CII\Z
The resulting voltage across C,,, is
V.- Qlolal _ Ceullvb +CwV,
? Clnln.l Ccuﬂ + C
C.'Vop
If V=0 andV,>>V, > V,~—_—2200_
b T GG
€.\
IfCyy >> Cipy > V= CZ 22 <<V
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Shift Register with Dynamic D Latches

charge
sharing

Q\T

Icm ECM IC,,Q —vl_\ Cou IC,.\;

MAX CLOCK FREQUENCY IS DETERMINED BY SIGNAL
PROPOGATION DELAY THROUGH ONE INVERTER STAGE.

Cous

HIGH Portion of ¢,, ¢, CLOCK PHASES MUST BE LONG ENOUGH:
C,, to charge up or down and C_, to charge to new value.

out

When V 0V (or 5V)and V

out(i)

5V (or OV) for i = 1,2 (stage)

in(i+1)

“Charge Sharing” is an issue when ¢, ¢, close.
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Shift Register with Dynamic D Latches
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Domino Logic Design Considerations

& Penn

Penn ESE 570 Spring 2017 — Khanna
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Requirements

0 Single transition
= Once transitioned, it is done = like domino falling
o All inputs at 0 during precharge
= ‘Outputs’ pre-charged to 1 then inverted to 0
= Le. Inputs are pre-charge to 0

0 Non-inverting gates
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Cascaded Domino CMOS Logic Gates

seseees

inputs—ip» |
Block 1 | precharged | Block 2 Block 3
J to 0 J
oK € i |
4cvaluate evaluate
CK
[
eval >t onagating gate
precharge propagating g
~ decisions
2~ "t Max # stages limited:
. \
o2 Vi total prop delay <t .
>t
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Pre-charge Leakage

weak pull-up (small k i.e. large L/W) pMOS transistor
used maintain a plechm ged high if the clock were to stop.
‘Weakened so that it does not interfere with pull-down

/

Vip /// ‘weak T~ Vm

H keeper” s b
1MOS Lc nMOS Lc

inputs Logic % inputs Logic %
Block Block
CK \ CK |
(W/L)Mmpu <(W/L), in Also helps prevent erroneous discharges

of C due to charge sharing with node
capacitors within the nMOS Logic Block.
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Charge Sharing within PDN
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VDD

— vf

| I
] 4 =+
_H:;:I Te R A o)
inputs__| T CH+C,

KEEP C, <<C,

CK**[ nMOS Logic Block
1. Assume initially that all inputs are OV and voltage across C, is at OV.
2. During pre-charge, ie. CK =0, C, is charged to V
3.If the input to N1 switches from O to 1 during the evaluation phase, i.e.

CK = 1, charge initially stored on C, will be shared with C; thus,
reducing the value of V.
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Charge Sharing within PDN

VDD
xK—E—od
1 [
! —Vou
. nMOS -=C
op uts_.» Logic \]7 !
Sub-Block| |v_
- %
T
inputs nMOS Jf c,
—»| Logic v
Sub-Block
T
% nMOS Logic Block

EFFECTIVELY REDUCES ALL CHARGE SHARING PROBLEMS
DURING EVALUATION
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Charge Sharing within PDN

oelsiese’s

MULTIPLE OUTPUT DOMINO LOGIC - ALLOWS SIMULTANEOUS
REALIZATION OF SEVERAL FUNCTIONS
V,

DD

K0

nMQS g c,
p1 Logic
Sub-Block| | v

inputs
Py

1 i {>)7Voul2
inputs nMOS TC,
—» Logic v
Sub-Block

nMOS Logic Block

T
%
EFFECTIVELY REDUCES ALL CHARGE SHARING PROBLEMS

DURING EVALUATION
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Charge Sharing within PDN

Since all nodes are pre-
charged there is no charge-
sharing.

Multiple Output Domino
CMOS Gate Realizing Four
Boolean Functions

Z1=G1+Pl1*P0
Z2=G2+P2*Gl +P2*Pl *P0O=G2+P2*ZIl
Z3=G3+P3*G2+P3*P2*Gl1+P3*P2*Pl *P0O=G3+P3*Z2

Z4=G4+P4*G3+P4*P3*G2+P4*P3*P2*Gl+P4*P3*P1*P0=G4+P4*Z3
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CMOS Logic

0 Best option in the majority of CMOS circuits
a Advantages:
= Noise-immunity not sensitive to k,/k,
= does not involve pre-charging of nodes
= dissipates no DC power
= layout can be automated
o Disadvantages:
= Large fan-in gates lead to complex circuit structures (2N transistors)
= larger parasitics
= slower and higher dynamic power dissipation than alternatives

= no clock and no synchronization.
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Pseudo-nMOS/Ratioed Logic

0 Finds widest utility in large fan-in gates
o Advantages:
= Requires only N+1 transistors for N fan-in
= smaller parasitics
= faster and lower dynamic power dissipation than full
CMOS
0 Disadvantages:
= Noise-immunity sensitive to k“/kp
= dissipates DC power when pulled down
= not well-suited for automated layout

= no clock and no synchronization.
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CMOS domino-logic

Used for low-power, high-speed applications.
Advantages:

= Requires N+k transistors for N fan-in (size advantages of pseudo-
aMOS)

= dissipates no DC power

= noise immunity not sensitive to k, /k

= use of clocks enables synchronous operation
o Disadvantages:

= Relies on storage on soft nodes

= will require thorough simulation at all the process corners to insure
pr()per oper;ltion

= some of the speed advantage over static gates is diminished by the
required pre-charge (pre-discharge) time
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Ideas

oelsiese’s

0 Leads to clocked circuit discipline
= Uses state holding element (eg. Latches and registers)

= Prevents timing assumptions and complex reasoning about all possible
timings

0 Dynamic/clocked logic
= Only build/drive one pulldown network
= Fast transition propagation
o Domino Logic allows for cascading
0 Charge Leakage
= Constrains maximum clock frequency
o Charge Sharing with pass gates
= Need to size carefully

o Different logic-types for different applications
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Admin
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o HW 7 out now
= Due 4/6 @ midnight
= EC due 4/9 @ midnight

o Start getting groups together for project
= Groups of 2
= Names due by 4/6

= Use piazza to find partners
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