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Why	did	the	FO4	VDD	
current	look	so	strange?







What	are	process	corners?
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Varia<ons	are	due	to	manufacturing	process
!
!
As	a	designer	you	
have	to	verify	that	
your	design	fulfils	
the	specifica<ons	
for	all	possible	
cases.	
!
Note:	There	is	no	
way	to		design	for	a	
par<cular	corner.	
!
Common	ques<on:	
What	is	the	worst	
case?	
!
Binning	is	also	a	
possibility.	



Binning
11.3 Deterministic Offsets 377

Fig. 11.4 A wafer from a 90-nm CMOS production lot on which a free-running oscillator fre-
quency is measured. The frequency deviation (80–100 MHz) is largely an indication for the varia-
tion in gate length due to mask-plate dimensional errors, lithography and the processing steps that
determine the electrical gate length. Courtesy: B. Ljevar, NXP

11.3.2 Offset Caused by Lithography

During the lithography process the structures drawn in the lay-out are transferred to
a mask and in the resist. In the next step physical structures are etched into a wafer.
During this process there are many crucial details that will affect the quality of
the patterning. Figure 11.4 shows the frequencies of free-running ring oscillators of
circuits that are measured on a 300-mm wafer. Ring oscillators are most sensitive to
gate-length variation, so the frequency map indirectly represents a gate-length map.
Most prominent is the middle area, where a 20% higher frequency is measured with
respect to the rest. A potential cause is the heat non-uniformity during the high-
temperature dopant activation step. A second phenomena is visible as a pattern of
rectangular shapes. The wafer stepper uses a reticle containing 16 by 7 devices.
This ≈400 mm2 reticle is repeated to pattern the entire wafer. Random effects are
averaged over the nearly one hundred stages of the oscillator and are hardly visible.

These large distance effects do not have a direct impact on equality of transistor
pairs. Most of this effect is a global variation and becomes part of the tolerance
budget in the definition of the parameter corners of a process. In some digital design
environment a specific guard band is used to make sure that the potential loss of
current drive capability becomes visible to the designer. Yet the example makes
clear what the significance is of lithography variations on the overall performance.

Variability:	
The	exact	same	chip		
may	differ	in	speed	due	to		
variability	in	manufacturing		
process.	
!
Binning:	
Test	chips	and	sort	them		
according	to	speed.	
Charge	more	for	faster	ones.
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Does	it	compute?

• SS	currents	

• FF	currents
How	much	slower	is	SS?	-20	%	
How	much	faster	is	FF?	+	33%	

If	we	assume	the	capacitances	remain	the	same.







Rise/fall	<me	and	delay



Analysis	types
• Transient	analysis	

• In	<me,	nonlinear	and	with	capacitances	

• DC	analysis	

• No	<me,	no	capacitances	(but	s<ll	
nonlinear)		

• Changes	wrt	some	parameter,	for	
example	a	source	voltage





max	gain	is	only	around	-8.5	
Why?



Ideal	Ids	curves

Ideal	curves	are	flat	in	satura<on	=	
ideal	current	source,	that	is,	

the	current	does	not	depend	on	voltage	across	
=	infinite	output	resistance	



Realis<c	Ids	curves

In	prac<ce,	second-order	effects		
cause	the	curves	to	slope	in	satura<on	
The	higher	the	slope,	the	lower	the	
output	resistance	in	satura<on.	

Consequence,	limited	inverter	gain!


