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Outline

Motivation

Basics
— MOSFET - Transistor model
— Capacitive cross-talk noise

Blade/Razor

Combinatorial Model
— Inverter
— Transmission Gate
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o Sequential Model (CMQOS Latch)
— Transparent Mode
— Opaque Mode
— Complete Model

e Summary
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Motivation

o [Feature sizes getting smaller (layout geometries < 65 nm)
* Increasing packing density and frequency
* Increasing effect of analog effects

— Need for an accurate model to do timing analysis

— Current Source Model «—
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Capacitive Crosstalk Noise

* |Interconnection of logic cells

* Analog effects are regarded as noise (“capacitive crosstalk
noise”)

« Different input voltage waveforms influence the delay of the
cells

— The model has to be able to deal with any noisy input
voltage waveform and with any arbitrary load

Conductor 2
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Transistor Model

GATE

e Basis for all Current Source
Models

e Used to derive SOURCE DRAIN

Combinational/Sequential
Models

e Interconnection of
NMOS/PMOS Transistors
and simplification
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Blade/Razor /., lv_,

out

loa

e Blade = Current Source Model
 Razor = interconnect model " ik
(algorithm to calculate output waveform)

— First model that can deal with arbitrary Input/Output Voltage
and arbitrary loads

— Voltage Controlled Current Source, internal capacitance and
Input waveform timeshift

[2] As introduced in “Blade and Razor: Cell and Interconnect Delay Analysis
Using Current-Based Models” by John Croix and D.F.Wong

\‘
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Combinatorial Model

e For any CMOS logic cell

* No feedback loops (output only dependent on input)

o Calculate output to an arbitrary input voltage

combinatorial

e Result almost as accurate as SPICE
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sequential
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Inverter . /\m =
V. IR —O Vv

Main Difference to |
existing CSMs:

Capturing parasitic
effects between C(V.,V.) T C,(V.V,)
input and output 1,(Vi, Vo)
node!
A4 A4 A4

Equations for the current:

(ll) [io + Io(Vi 1Vo)]+KCo (Vi ’VO)}E:M (Vi ’Vo))_ CM (Vi ’Vo)%: 0

. o\V d
(12) 1 =(C1 V. Vo) + g (V Vo) |+ oy (Vo) 52 = 0
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Characterization of I4

« Connect dc-voltage source to V; and V, (swept from —A to

(D) +10% Vo) + VTP et V1| o - G o =0

 Measure i, to get value of I (V,V,)

Logic Cell
Voo

DC-
Voltage-
Source

DC-
Voltage-
Source

éO

S
.
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Characteristic Values of th_e‘ Current Source

iout

-4
x10

: \\‘““““‘
e w““‘ .

vout vin
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Characterization of C,,

« Connect dc-voltage source to V, (swept from —A to V,+A)
« Connect V, to a saturated ramp

(Il)io-l_lo(vhvo)"'(C ; ’—dvg

e Measure i, (I, already characterized) to calculate the value of
CM(Vi’Vo)

dv,
-C . V.)—-=0
M(Vl o) dt

Logic Cell
Voo

DC-
Voltage-
Source

Saturated
Ramp

éO

S
.
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Characteristic Values of the Miller Capacitance

x10
8
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Characterization of C,

« Connect dc-voltage source to V, (swept from —A to V,+A)
« Connect V, to a saturated ramp

(12) =G,V Vo) + Coy (Vo) o+ Gl =0

» Measure i (I, and C,, already characterized) to calculate the
value of C,(V,,V,)

Logic Cell
Voo
Saturated Y, Vv o
aturate . -
s % o L Voltage

Ramp Source

4‘

26.04.2011 Extended Applications of Current Source Modeling 14



'@ M I ET Technische Universitat Minchen Tl-m

Characteristic Values of the Input Capacitance
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Characterization of C,

e V, connected to dc-voltage, V, connected to a saturated
ramp)

(Il) io + Io(Vi 1Vo) + (Co (Vi ’Vo) +CM (Vi ’Vo))

Mo _ S
it

» Measure i, (I, and C,, already characterized) and solve
equation for C,(V,V,)

[
-

Logic Cell
Voo

DC-
Voltage-
Source

Saturated
Ramp

éO

S
.
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es of the Output Capacitance

MIET

.

Characteristic Valu

vin

vout
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Transmission Gate

3 Cases: :>—1 3—1

G G_bar
« OFF . B -
e Conducting (OUT = IN) Cs Ce_par
* Rising/Falling Transition
\4 v
G IN lr
1
IN —D— ouT S—
T CIN COUT
G_bar
\%4 \Y4
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CSM for the Transmission Gate

Components:

—>— _—

Vs VG bar Ces = CoVinVourVe)
e CG_bar: CG_bar(VIN'VOUT'VG_bar)

Co Co b Cn = Cno(VineVourVe) +
A\ V4 V CIN-G_bar(VIN1VOUT1VG_bar)
D, 1+ \ g 4 VO Cour = CoursVinVour:Ve) t
VIN ouT COUT-G_bar(VIN1VOUT1VG_bar)
—— — In = Ina(VineVoursVe) +
CIN | COUT IIN-G_bar(VIN1VOUT1VG_bar)
IN lout
I+ and I, analog
\vd \v4 A4
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Sequential Model

e Combination of combinatorial models

 Feedback loops
— noise can be magnified

 Example: Latch (3 possible modes)

— Transparent CLK 0
.
— Opaque D Q_bar
. TG1 l ~So0—
— Transition CLK bar
CLK_ibar & )
TG2 _°<7
\_ CLlK Yy
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Transparent Mode

e CLK=1
« TG1 conducts and TG2 is off
 No feedback loop

o Q:D

Q_bar
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Derivation of the CSM

_—¢ _o—

VG VG_bar
CG CG_bar
Vin
A\ \%4 N Q_bar=V,
— T * 7 — CM(Vivvo)" 0
Q=Vour=V,
Cal [Cour HEAA %
I|N IOUT IO(VUV()) O)
A4 A4 AV 4 A4 A4
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CSM for Latch in Transparent Mode

lote1 = lo-cik barlVo Vo Verk bar) + lo-cik(Vo: Vo, Verk)
Co-te1 = Co-cik barlVp: Vo Verk bar) * Co-ck(Vo: Vo Verk)

C M (VQ ’VQ_bar)

Q l I Q_bar
° T T
Corel] Co(V “TCq 1V
| e 1 Vo Qbart 0
Q-TG1 vV _ Vo bar
Q_bar) VQ_bar) Q_b )
A4 N4 V
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Opaque Mode

Q
e CLK=0 Q bar
e TG2 conducts and TG1 is off %

« Disconnected input data D

« Q and Q bar stabilize each other -oqf

CSM for Latch in Opaque Mode
| |

- ‘ | ] I ?bar
< Cu(VaVa bar) B

Co(Vo, C Vo,
VQ( Q) IQ(VQ, IQ_bar(VQ’ (\Q/_bar( )Q
Q_bar VQ_bar) VQ_bar) Q_bar
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Transition Mode

 CLK in Transition (rising or falling slope)
 Both TGs partially conducting
« All components influence output

— same CSM as complete model for the latch
CLK

Q
D___{1G1 ‘ {>o— Q_bar
b

ar

DA CLK
CLK  bar _}_
—]TG2 —OQ

T
CLK
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Complete Model

D CLK CLK bar
CD'T—GT_ CCLK _E;LK_bar
ID-TGl
<~ v v
C M (VQ ’VQ_bar) ;
IL-Q (6 | l - 6) IL-Q_bar
Q T A Q_bar
_1%o 1
c. T — —
Q-TG1 | 13 lo bar(Vo C(\g/_ par(Vo
Q-TG1 Vo par) Q_bar)
YV A4 N
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Summary

 New Current Source Model for Combinational Logic Cells
o Derivation of a model for Sequential Logic Cells
« Possibility of modeling noise effects

« Possibility of accurately calculating the output voltage to any
arbitrarily shaped input voltage
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BACKUP
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Output Calculation (Inverter)

(D) + 100V Vo) + (ColVh Vo) + Cuy (Vo)) 8 ~Cyy (v, Vo) L=

« All parameters determined as a function of V, and V,
« Arbitrary load connected to V

e |, Is a function of V, and the load

e Connect arbitrary input voltage to V,

— solve differential equation to determine V, (Euler)
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Characterization of the CSM for the latch

o Start by characterizing TG1
o Attach voltage sources to Q, Q bar, CLK and CLK_bar

» Step by step all capacitances and currents in the 3 modes
are characterized
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CLK

ID-TGl

Co-1a1]
Vv

. (L2)
IL-Q_bar -

Q

CQ-Ta o

lo-Te1
Vv

w4

= {

__—

CCLK

\v4

C M (VQ 1\"IQ_bar)
|— —H

CLK bar

CCLK_bar

v

_6) iL-Q_bar
Q_bar

IQ_bar(VQ’

VQ_bar)

CQ_bar(VQ J
VQ_bar)

AV 4
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Output Calculation (Complete Latch)

(L1)
Q b
- bart1q bal Vo Vo ba) =Cr (Vo Vo | bar) Q lCM (Vao: Vg bad +Cq palVa: Vo | bar)] ==0
| (L2) Ve
o *lotlg-761~Cp (VinQ_bar)T [CM (Vo:Va par) +Cq +Cqo TGl]

dVQ B
dt

* All parameters determined as a function of V, and Vg

« Arbitrary load connected to Q and/or Q_bar

* o par! I IS @ function of the two voltages and the load
 Connect arbitrary input voltage to D (effects I 1g; and Cq 161)

— solve differential equation to determine V, and Vg .. (Euler)
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