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3D for (Micro)architects Tutorial
in conjunction with MICRO 2006
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Picture from synopsis.com

Thinned die thickness

Die-to-die via size

Die-to-die via pitch

Die-to-die via contact R

TSV size

TSV pitch

TSV keep-out region

TSV IR and di/dt drop

Die-to-die via thermal resistance

Die-to-die via capacitance

Die-to-die via IR and di/dt drop

TSV thermal resistance

TSV capacitance

TSV contact resistance

Bonding topology

Number of layers

Process technology per layer

Bonding layer thickness

Bonding layer thermal resistance
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1. we now have N layers

à we have up to N times the device density

2. Wires are shorter

mm’s of metalmm’s of metal

mm’s of metalmm’s of metal

< 1 FO4 !

Micrograph from  tezzaron.com
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getting larger

many ports
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b1 b1

Wordline1

b2 b2

Wordline2

Wordlines = 2 × ports
Bitlines = 4 × ports

Area = O(ports2)

b3 b3 b4
b4

Wordline3

Wordline4
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SA SA SA SASA

bit0bit1bit63 bit62 bit61

PReg0
bit 63

PReg127
bit 63

repeaters may be 
needed for long wires



� � �) � '�%, ��� �2 � � � ��� � �

SA d2d vias isolated
to array periphery

F2F layout
can tolerate 

larger d2d via 
sizes

Can add a 
little extra 

space for F2B 
TSVs

bit63

Cross-sectional view

F2B has similar 
tolerance
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SA

Cross-sectional view

Zoomed in overhead view

Zoomed-in
Section

If d2d via size is too 
large, then they 

may not fit

Top-level vias
offset to connect 

to alternating 
d2d vias
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one row per d2d via

two rows per d2d via

Four rows per d2d via:

The extra metal needed 
to “jog” over to the d2d 
via and back eats into 
the net wire reduction.

Not a win if required d2d 
bandwidth is very much 
larger than what actual 
d2d vias can provide.
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SA SA
Replication of last 

level of decoder tree 
halves d2d via 

requirement on y-axis

If last two layers 
replicated, then d2d vias
reduced to one quarter

Tradeoff between d2d bandwidth and logic duplication
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SA

SA SA

SA bit0

bit1bit63

bit62

No d2d vias along x-axis



( � � � "%, ��� � �� *

12 wordlines

Yellow/Pink/Red = Read Ports

Blues = Write Ports

LogicLogic

Cell area is 
dominated by 

word- and 
bitlines

12 bitline pairs

6 ports on 
one layer

6 ports on 
the other

b and b accessible  
through d2d vias

Per-layer port count
halved, but footprint

reduced by more
than 50%
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b b

bitlines
wordlines

devices

Port-splitting can work
if cell area >> d2d via size

(probably not good for D$/I$)
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b b

Two d2d vias

b b

b b

One d2d via

b b

This node 
recomputed at cost of 

one extra inverter

What if 2x d2d via 
size > cell size?

b b

b b

2x drive strength for 
faster reads, but also 

2x leakage

Read only!
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Many ways to skin a cat

http://www.kolesqueeste.nl/images/stack-of-cats.jpg

Many ways to stack a cat
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+
++x[0:63]

y[0:63]

operand-stacking
(X on Y)

+

++

y[0:31]

y[32:63]

x[0:31]

x[32:63]

operand-stacking
(MSB’s on LSB’s)

y[0:31]

x[0:31]

y[32:63]

x[32:63]

tangle of d2d vias!

PRF
[0:31]

PRF
[32:63]

PRF
[32:63]
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Exec Port 2

Exec Port 3

Exec Port 4

MOB DCU

LDA

STA

STD

Port-split PRF

Exec Port 0
IE

U
0

F
add

F
m
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Im
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D
iv

IE
U

1

JE
UExec Port 1

Bypass network may
need a tangle of d2d vias

!

P
icker P

ort 0

P
icker P

ort 1

P
icker P

ort 2

P
icker P

ort 3

P
icker P

ort 4

RS[0]

RS[0]

… ALU stacking favors certain
organizations for other modules

P
ayload R

A
M

(P
orts 0,1)

P
ayload R

A
M

(P
orts 2,3,4)

Execution port assignment from Pentium-Pro
(see Shen&Lipasti for example), but PRF

organization is more P4-like in this example

No natural split for MOB/DCU
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PRF [32:63]

Exec Port 0

Exec Port 1

Exec Port 2

Exec Port 3

Exec Port 4

MOB
[32:63]

DCU
[32:63]

Exec Port 0

Exec Port 1

Exec Port 2

Exec Port 3

Exec Port 4

MOB
[0:31]

DCU
[0:31]

PRF [0:31]

Bypassing never has 
to cross levels

(result bitk never 
bypasses to input bitm, 

for k m)

Control (bypass mux
signals) still has to be 

fanned out to each layer

but # control bits is typically
less than # data bits

RS/Payload-to-PRF routing
still needs to be taken care

of (may need d2d vias)

Natural split for MOB/DCU

output [32:63]

output [0:31]

Carry propagate à d2d via
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Don’t think what can’t
be done in 3D…

We need research
showing what

CAN be done in 3D!
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