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* Gate level timing

* Each gate input has an equivalent input load factor
* Models the input capacitance

* Load equivalent (LE)
* Technology / Process dependent




* Gate level timing

* Each gate has internal delay
e Assumes no external load (just parasitics)
e Circuit dependent — but fixed
* Technology / Process dependent
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* Gate level timing

e Each gate has a variable delay factor - r

* Function of the gate’s drive capability
* Modifies the circuit delay based on the amount of loading

e Circuit dependent

t + (r X # of LEs)

pd = tIOdgate
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* Gate level timing

* Long wires have enough capacitance to impact delays
* Model long wires in terms of load equivalents (LEs)
* Modifies the circuit delay based on the amount of loading

* Circuit dependent

3 LE equivalent
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od = Loge + (r X (3 LE +1 LE))
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ELE 3510

* Gate level timing

tpd - tfixed_delay tr

variable_delay factor

* Load Equivalents

Standard

2-NAND 2-NOR
Input load factor (LE) 0.8 1.0 2.0 1.66 3.33
Fixed delay factor 50ps 65ps 65ps 80ps 80ps
Variable delay factor 5ps/LE 8ps/LE 8ps/LE 12ps/LE 12ps/LE
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t,q = 65ps + 8ps/LE*(0.8LE + 3.33LE) = 98ps™

** we are assuming interconnect capacitance is negligible
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tpd - tfixed_delay

Gate

+r

* Gate level timing

variable_delay factor

Standard

2-NAND

2-NOR

* Load Equivalents

4-NAND

4-NOR

Input load factor (LE) 0.8 1.0 2.0 1.66 3.33
Fixed delay factor 50ps 65ps 65ps 80ps 80ps
Variable delay factor 5ps/LE 8ps/LE 8ps/LE 12ps/LE 12ps/LE

) 3.0 load equivalent 4’_>O_
i /] iD‘*

t,4 = 65ps + 8ps/LE*(0.8LE + 3.33LE + 3.0LE) = 122ps




* Driving a Large Capacitive Load
* Clk signals
* Long wires
e External circuitry

Moved the problem
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* Driving a Large Capacitive Load
N — number of stages _[>°_I>O—I>O_I>O_J_
s — scale factor from stage to stage
C..,— base inverter input capacitance
C,,.4 — load capacitance
y — Ratio of an inverters output capacitance to input

— ¥[Cioaa t.,=Nt.o\ 1+
2 \/ /Cinv A PO
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capacitance (Typically < 1)

t,o — base inverter delay

N\/ Cload /
Cinv
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* Driving a Large Capacitive Load

* How many stages? —[>o—[>o—[>o—[>o—

I CIoad

Sopt = €XD (1 + V/Sopt)

* Only has an analytic solution fory =0

C
Sopt —e = 2.718 Nopt — ln( lOad/Cinv)

* For the more realisticvalue of y =1
S ~ 3.6 N = Cload/
opt P opt 0936 Cinv
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e Switching speeds Y
* Midpoint in, to midpoint out Oe’(b\
* tphl, tplh
* Assume only one device active
* Charging/discharging the capacitor Vin —

Vout

e Devices start in saturation and transition
to non-saturation
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e Switching speeds
e Super simple estimation
e Assume in saturation up to the sw?ching point

dv k', W 2
Wil aogig 1 Vaor )
dv k', W
jiGE e 1 (Vg - 1)
dt = C : d
= %
k', W
ZnT(Vdd = Vt)z
£ 1 vdd
hl — kan 2

) T (Vdd 1! Vt)z

tpa = th + tin

.\\c,
o
o
Vout
Vin —
—“:S:Ml -T- Cload
: C 1 Vdd
lh — /
k', W 9
5T (Vag — V)?
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* Switching speeds .\6/‘\ I e
. c - V
e Super simple estimation é@\ Vin —| A
* Assume in saturation up to the sw?ching point GI:D:MI T:l o
dle foy Y
: c 1 vdd " . 1 vdd
hl — kl W 2 lh 3 kl 2
2T (Vaa = V0)? 2 W Vg — 1)?

e Assuming N and P matched for switching point

C Vaaq

tyg =75
prd T
2

w
7 Vag = Vp)?
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e Switching speeds

e Super simple estimation Vin —
e Assume in saturation upto the switching point

 Matched devices

s
G
thZ
D

Cioaid 38

t =
Pd " kW
— 7 Vag = Vp)?

e Reduce tpd
* Increase Vg
* Increase W/L
* Decrease C,,4
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Increasing Vdd reduces gate delays
- higher operating frequency

Vout
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