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W, Coy - Wiy Cox

* Parameters Kn=—;— T
ki W . kp W 3
Ky = 771? kn = UnCox Ky = A kp = tpCox

Un, Hp, Coyx fixed for a given semiconductor process =
K, , k', fixed for a given semiconductor process

Ip = Kn[2(Vgs = V) Vps — V5] Ip = Kp|2(Vsg — Vip)Vsp — Vi |
n 2 ’p w 2
Ip = TT [Z(VGS 1 th)VDS Il VDS] Ip = 77 [Z(VSG L th)VSD A VSD]
Vissat = Vas = Vin Vspsat = Vsp - Vin
Ip = K,(Vgs — Ven)? a2 (VSG . th)z
k', W k’ 2
Ip = =7 Vgs = Ven)? e = (Ve Ven)

k’ k’
Con =W X LX""/y Cop =W xLx P/
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e Switching speeds
* Midpoint in to midpoint out
* 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 upto the switching point

dv  k'y, W

dt = C

th = C
hl kan

Z
e TR el
dv k', W
G e =1 (Ve - )2
k d
v
k' W
znf (Vdd 12 Vt)z
1 vdd
2

) T (Vdd 1! Vt)z

tpa = th + tin

Vin —

\l




* Switching speeds 4 o

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

tin =C4
k'y w 2
5T Vag — V)?

tpa = th T tin

e Assuming N and P matched for switching point

C Vdd

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

CE 3101
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Increasing Vdd reduces gate delays
- higher operating frequency

Vout

‘T‘ Cioad
e
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CE 3101

* Gate level timing

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

* Load equivalent (LE)
* Technology / Process dependent
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CE 3101

* Gate level timing

e Each gate has internal delay
* Assumes a fixed external load — 1 LE
 Circuit dependent — but fixed
* Technology / Process dependent

—[>o— =D 1LE

tIOClinv
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CE 3101

* 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

* Circuit dependent

=il
T )

t
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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

e Circuit dependent
3 LE equivalent

r : ”—>1LE
Uiy s

\ } T
|

X (3 LE +1 LE)

tpdi
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CE 3101

* 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

D~
\ } Uit
f

t,q = 65ps + 8ps/LE*(0.8LE + 3.33LE) = 98ps™

** we are assuming interconnect capacitance is negligible
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* Gate level timing

tpd - tfixed_delay 5 rvariable_delay_factor

Gate

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

1>

3.0 load equivalent

-

t,4 = 65ps + 8ps/LE*(0.8LE + 3.33LE + 3.0LE) = 122ps
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* Driving a Large Capacitive Load
* Clk signals
* Long wires
e External circuitry

CIarge T CIarge
i 1
[>: [E “L [B:O [> i
T Clarge 1T Clarge
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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

CE 3101

CIoad

capacitance (Typically < 1)

t,o — base inverter delay

N\/ Cload /
Cinv

I
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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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* Power < ljmz

Vout

* DC power Vin —
 Junction leakage (S/D to Body) Gljvu 1

T Cload
* Becomes important for large designs i
* Power « Vdd - 3

* Switching Power
e Charging / Dis-charging the load

¥ *® dv Vaa 1
E =j L(E)Vpyedt =f C—=Vourdt =j CVoutdv = _CVc%d
0 0 dt 0 2
* Rising and falling
12
E=_CViqa Power is a sq function of Vdd
P =CViF
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* Power L

Vout

* Shoot-Through Vin — —_i
* Short period of time when both devices are on Gljm e,
e Current from Vdd to Gnd e I
e Can cause noise in Vdd and Gnd T 3

ty + tr
P = peakad( 5 )F

e Total power
 a — proportion of clock intervals actually switching
* B —leakage factor

P = Ppc + Psyy + Pshoot All terms a function of Vdd
1 ty + tr
P — BVDD + aCVddF + alpeakad ( 2 )F

CE 3101 17 © tj



* Power — Speed Tradeoff Gljw

Vout

Vin — —_‘
D
G'E]‘i/ll
S

T Cioad
+

tr + tf)F

P BVDD I CZCVC%dF A alpeakad( )

Cioaa Vaa

14
7 Vag = Vp)?

todl =
pd i
2

Power goes up as Vdd3 when optimizing for peak speed
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