ESE370: Circuit-Level Modeling, Design,
and Optimization for Digital Systems

Lec 12: March 15, 2023
Design Space Exploration (con’t)

Pass Transistor Logic
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Pass Transistor Logic
&P
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Identify Function (Preclass 2)

o What function is this?

;
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[
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Today

a Pass Transistor Logic
a Pass Transistor Circuit
= Car>0
= Output levels
= Cascading

= Series pass transistors?
= Delay
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Pass Transistor Logic (Preclass 1)

.

o What does this do?
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A B
notB 0 0
- | 0
A o ITH NERE
ek
A

4

.

i Area

a Compare PT with CMOS circuit?

]

=,
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: Output
o Is this a regenerating/restoring gate?
A|B|Y
notB ool o
0|1 |1
A > I Tt o |1
Tt 1o
notA > 11
B —
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. notB
: Pass TR transfer (B=1) . =
* . Y
notA I
B

*** spice deck for cell test_passtr_xor2{sch} from library test

1

notA

Y
0.6

>
0.4
0.2
0
0 0.2 0.4 0.6 0.8 1

\

Sweep A
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Pass Transistor xor2 with inv restore
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Output

a What does output look like (DC transfer)?
= (B=1, notB=0, sweep A, notA=CMOS inv(A))

notB
#
b !
notA
m > BN
B> =
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: XOR Output
.
a Reasonable Input to CMOS Inverter?
=+ spice deck for cell test_passtr_xor2{sch from library test *** spice deck for cell test_passtr_xor2{sch} from library test
! NOA e Ut e
Y
0. os
06 08 \
04 o4 \
02 02
o
o 0 02 08 1 o 02 04 06 08
y y '
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*** spice deck for cell test_passtr_xor2{sch} from library test

09
08 =

0.7
0.6

0.4
0.3
0.2
0.1

0.8 1
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Required to use?

a What should we add to make suitable comparison
with CMOS?
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Restore Output

a What should we add to make suitable comparison
with CMOS?

1

I "
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Chain Together

1 1 L

e
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Restore Output

a Area? (compare to CMOS)
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Analyze Stage

15
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Impact of Capacitance

16

0 Cgs=CaestCaso
a Cep=CscptCopo
o Ces=Cascn

o Csg=Cuifr

o Cps=Cuifr
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Contact/Diffusion Capacitance

oe’e’e e e’

o G — diffusion depletion
0 Cjsw — sidewall capacitance
o Ls —length of diffusion

Cuy =C,LW +C, (2L +W)

Define: Cdiffo =~ yC, Ls

Chg =WC 5o =W -vC,

17
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First Order Model
D
Caifm
GC% RDI lln
o Switch 1 “

= Loads all terminals capacitively
= Draw no steady-state current for a CMOS gate
= Does not impact steady-state output voltage
= Impacts Settling time/Delay

= Has finite drive strength
= Could form voltage divider with resistive load
= Impacts Settling time/Delay
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: Inverter Delay

a Delay driving another (min size) inverter?

s Include Cyir=yC,=yWC,
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Delay A=1, B=0, Cg=7Co? (Preclass 3)

o What’s the equivalent RC circuit?

/B
W=1 W=1
A L=1 L=1
W=1
L=1
W=1 |:W=1
L=1 L=1 W=1
L=1
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First Order Delay

o Rop = Resistance of minimum size NMOS device

o Cp = gate capacitance of minimum size NMOS
device

a Cgio = diffusion capacitance on minimum size
NMOS
= Caino :ch

d Rdrivc = R(J/W
= Cg =WGCy
o Cairr = WCaifr0 = Y\X/YC()
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Delay A=1, B=0, Cgg=7Co? (Preclass 3)
mi

rs
n

n

—
rs
L

/B
A 1L

rs
no
— —
—
rs
no
—
rs
no
— ek

rs
]

Penn ESE 3700 Spring 2023 - Li

22

Delay A=1, B=0, Cgi=yCo? (Preclass 3)

o What’s the equivalent RC circuit?

23
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{ Delay A=1, B=0, Cio=yCo? (Preclass 3)

o What's the equivalent RC circuit?

Rp Rn

3Cairro 2Cair0+2GCo

J
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Delay A=1, B=0, Cgm=7C¢? (Preclass 3)

o What's the equivalent RC circuit?
= Delay from A to Y?

Rp Rn

3Caifro 2Cair0+2Co

S
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! Delay A=1, B=1,

Caisn=yCo? (Preclass 3)

/B
W=1 Ww=1
L=1 L=1
A
W=1
L=1 Y
W=1 Ww=1
L=1 L=1
$ L=1 l °
T J
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Delay A=1, B=1, Cym=7Co? (Preclass 3)

o What's the equivalent RC circuit?
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Delay A=1, B=1, Cym=7Co? (Preclass 3)

o What’s the equivalent RC circuit?

Rn Rn

2Cim0+2Co

Ecdiffo"'zcig
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: Bonus

o What does this do?

A|B|Y
H o] o
o] o
B
o= 1|1
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Bonus

o What does this do?

A B Y
0 0 0
0 1 0
1 0 0
1 1 1

More examples in the text
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Cascading Pass Transistors
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: Chain without Inverters

o What if we did this?

/b lc /d

o
I_l_,

{E:J T

o—1 1 H T
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: Voltage of Chain (Preclass 4)
o What is voltage at output? Vaa=1V

Vinn=-Vinp=0.3V

Vdd

J— Out
Gnd — >o—f - L
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i Chain without Inverters
o Extract key path
/b e /d
]_Vdd ] vdd —]_vdd
Vdd /a — y e —
a |_l_I N |_l_, |_|—I
i 1 ‘1
T o T 6 _ T
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: Voltage of Chain (Preclass 4)
Vga=1V

o What is voltage at output?

Vdd Vdd

Vinn=-Vinp=0.3V

Vdd

| Out

Penn ESE 3700 Spring 2023 - Li

_| >O_| T LT -
Gnd W=L=1 for each

36




How compare (Preclass 4)

a Compare Vga=1V
Vthn='vthp=0-3v

Vdd vdd vdd

B I
Gndw

W=L=1 W=L=1

W=L=1
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Conclude

o Can chain any number of pass transistors and only
drop a single Vi,

Vdd Vdd vdd Vdd

Lol L L
ona— >0y dtiord -

** spice deck for cell demo_inv_passtré{schj from library test

a1
ater 2
afor 3 .
0s afors
afer s
afer 8
0s
>
04
0z
o LS
13 0z 04 06 [ 1
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: Transient: Zoomed Closeup
Transient Response for pass tr cascade
inv
1
1 2
3
4
0.8 5 gl
0.6
>
0.4 3
02 -
0 2e-10 4e-10 6e-10 8e-10 1e-09
S
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DC Analysis — chain of 3 vs length of 3

*** spice deck for cell demo_passtr_I3{sch} from library test
1 T

W=1L=8 =
chain 3 after 3rd
0.8
0.6
>
0.4
0.2
0
0 0.2 0.4 0.6 0.8 1
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Transient
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Transient Response for pass tr cascade

=]

[ RN

0.8

e
. 08 /”‘

0.4

0.2

i
0 2e-09 4e-09 6e-09 8e-09 1e-08 1.2e-08 1.4e-08
s
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: Capacitance
o What is output capacitance per stage?
= Le. What is the capacitance at output y?
) I /d
, Vdd Vdd Vdd
vdd 2 — y ey

: L

T T W _T
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Delay Setup

o What does RC circuit look like?

/b e
vdd v Vdd
— 1

vdd 2

=

(B EARE:
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Conclude

o Cannot cascade degraded inputs into gates.

<4 [va L [w L [v L v
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Admin

o Project 1 out now

= Design 8-bit ripple-carry adder
= You already know how to do this

= Refresh yourself on binary addition of 2 bits
= Work individually
« Full Report due F 3/24
= Can’t pass the class if you don’t turn in projects

= Can’t do project last minute
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Gate Cascade? (Preclass 5)

oee el e

a What are the voltages? Vag=1V
Vinn=-Vinp=0.3V

1 fva L [w L Jv L v
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Idea

ool el e

o There are other circuit disciplines
o Can use pass transistors for logic

= Even chains of pass transistors

= Mostly gives area win, sometimes gives delay win

= Will talk more about delay on Wednesday

o Do not cascade as easily as CMOS
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Logic Types

o CMOS Gates
= Dual pull-down and pull-up networks, only one enabled at a time
= Performance of gate is strong function of the fanin of gate
= Techniques to improve performance include sizing, input reordering, and
buffering (staging)
0 Ratioed Gates
= Have active pull-down (-up) network connected to load device
= Reduced gate complexity at expense of static power asymmetric transfer
function

« Techniques to improve performance include sizing to improve noise margins and reduce

static power
0 Pass Gates
= Implement logic gate as switch network for reduced area and load
capacitance
= Long cascades of switches result in quadratic increase in delay

= Also suffer from reduced noise margins (Vrdrop)

« Use level-restoring buffers to improve noise margins
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0 Dynamic logic ... coming up soon
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