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Introduction

Fermilab 3D work started in 2006 - first major talk
at Ringberg, May 20061
Previous 3D work at Fermilab

- MITLL - 3D circuit design for ILC?

- IZM - wafer thinning studies

- RTT - chip bonding studies with CuSn pillars

- OKI - SOT detector/readout design

New activities in 2008 - (will focus more on industrial
vendors)
- OKI

- SOI detector design

» US-Japan program for Development of Advanced Pixel Sensors
in SOT Technology

- MITLL - new 3D design with on board ADCs
- Tezzaron - 3D circuit design
- Ziptronix - low mass bonding

This talk will focus on subjects in red

Vertical Integration Technologies
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MIT LL 3D Chip (VIP) for ILC Vertex

*  Pixel being read points to the x address and y address stored on the perimeter.
* At same time, fime stamp information and analog pulse height is read out.
+  During pixel readout, token scans ahead for the next hit pixel

Assume 1000 x 1000 array

X and Y addresses are 10 X Digital
bits each Y 'giTa Serial Data out
N Data Mux
Time X Y Time (30 bits/hit)
Y address bus A A
A o o
Analog
outputs[ X=1 | X=2 x=1000 [0 ]
Srart 44 sf M4 L 5P
Readout L ] 1 d ***
Token cell T cell T2 cell
10 ? 1:1 2:1 — 1000:1~‘
| | |
y=1 - I R I - _ . Token to row Y=2
L 12 i
! cell cell cell
= 1:2 2:2 1000:2
—{ v=2 ] ' ' '<j
= _”{{{777 777777777777 }}}f” 7777777 - - - Token to r'ow\/:i4
[ cen cell cell’
| 1:3 2:3 1000:3
= 1 | ]
Y=3 | I 1
\ I ! !

Note: All the Y address registers can be replaced by one counter that
is incremented by the last column token.

Vertical Integration Technologies 3
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Simplified Pixel Cell Block Diagram

—

Test inject

for HEP and Imaging

Discriminator Time TS.
Integrator out
\ 3 ] \ Write data ‘s’.ram|.:> —
| [ I circurt
/ ~ T / Hit latch 7y
Ll lTh D S Q> Pixel | g D FF Read
ol | & R : data
€IS skip
LAY Read all logic } To X,y
K Data clk address
Analog out >
> < >e——»
Analog front end Pixel sparsification circuitry Time stamp
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3 D Th ree lier o Sample 1 Tier 3
Arrangement -
rrangeme \ al
| < .
N ‘ ' | -~ 5 D
E 4
for' ILC Plxel Sample | |Sample T | _\ )
1 5 Vth I Delay|—|S. 'll'r'lg
Tier 3 —>_: \e— (< 3D
GHGIOQ _T ___ Toandlog output buses — -V vias
5 Digital time stamp bus Tier 2 /
L¢ L¢ L¢L*L¢ —kWr'i‘redaTa
Tier 2 = N R D /T
Ti b0 |bl | b2 b3 b4 Analog T.S.
Ime e T \ [Read data
STGmP Analog| ramp bus
Analog time output bus
: In Tier 1
Tier 1 == + Inject
Data Test l:pu‘r S'R'Ful se S
er. . Out
sparsification . e R pead
] all
v } Data clk
X address arac Token out Read data
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VIP Pixel Stacking with Vias

3D-Max Layout View using 3D Design Tool from Micro Magic 4

Vertical Integration Technologies
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VIP1 Test Results

« Chip is divided into test structures

and 64 x 64 array 6“3::; E}Z‘;')a"a"
»  Test structure results > T Ctot ks | s 1oans | Tier B test ckts
- Bottom ftier (tier 1) et

[

T
Tier A test ckis

- Middle tier (tier 2)

- Ramp circuit works buT.../

» Current mirror on different
chips gives very different
ramp currents

» Noise on ramp may be ¢
protection diodes causing
Jitter in ramp timing

- Top tier (tier3) analog ckts — | =~ l=
S

jitter (us)

Vertical Integration Technologies
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VIP1 Test Results

Full array results

- Digital Results

- Serial readout for address partially working on 3 of 6 chips and only for 0.9<V 1.3
V. Circuits do not work at nominal voltage.

- Serial Shift Register for charge injection works on 3 of 4 chips for 1.0 <V <1.2V.
* Feature needed for large arrays (read all cells in column 1) works as shown below

Column

binary cutput decoded output 2 4 6 48 50 52 54 56 58 60 62
000111000000111001000000 first random data S i B aa BE RR R PR ERRE T
000000000000111111000000 r0 0 ts:31 m64 :
000001000000111111000000 =1 &0 &:91 Sl :
000010000000111111000000 ’;g C;g ttz;g} m;gj ;
000011000000111111000000 C1 20 a1 moea s
000100000000111111000000 CE o0 31 mBd :
000101000000111111000000 [:> 6 o0 to31 m 64 :
000110000000111111000000 r7 o0 ts31 m6d :
000111000000111111000000 ré c0 ts:31 m64 : Row
001000000000111111000000 r9 c0 ts:29 m64 :
001001000000111011000000 r10 c:0 ts:31 m: 64 ;
001010000000111111000000 r1l c0 ts:31 m: 64 :
001011000000111111000000 r12 c0 ts:31 m64 :
001100000000111111000000 I }3 C;g "'t:;g} m;gj :
001101000000111111000000 e w0 &1 med :
001110000000111111000000 F16 &0 fe-31 M 64 E
01000000000111111000000 :
\/\/\/\/ |||.\\\|\||| [
v v v v # pixel

Row  Col Dig Mark
6bits  6bits T.S. 6bits

5bits Vertical Integration Technologies 8
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VIP1 Test Results

*  Analog test results
- Full data acquisition system used to measure analog pedestals on Sample 1 output
Results shown below for 64 rows and 64 columns on chip #C3R3

- The full 64 x 64 array has subarrays with different transistor sizes and input
capacitances to help evaluate noise performance.
Array noise tests not yet done

- Additional development of data acquisition system needed for further testing.

3685

Sample 1 ...
analog = T - T -

2048 e —— -

Output .. - - - / ” ~

g © Analog samples for column zero
221 Row 1 to row 64
Digital
1714
Ser‘ializer‘ i o1 2 2 4 5 6 7 2 9 10 11 12 12 14 15 16 17 12 10 20 21 22 23 24 25 26 I7 I8 20 30 21 233 32 34 235 230 37 22 20 40 41 42 42 44 45 46 47 42 49 S0 51 52 53 54 55 56 57 58 59 60 61 62 63
output
Vertical green lines represent 24 bit binary digital readout for each pixel cell being read
2625
Sample 1 3 _
anal 09 3194 e i H_‘_:_-_-___umx__."—“— s __:"‘m_,__"_""““_'—(_,__“"'-._. T weswmer U omefheal pheai o
Output == -
2202 Analog samples for row zero a
. Column 1 to column 64
2211
. . 1955
Digital |
Ser‘ializer‘ g 01z 3 4 5 6 F 8 9 101112131415 16 17 18 19 20 21 ZZ 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 35 390 40 41 42 43 44 45 46 47 45 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
output
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for HEP and Imaging



VIP Problems

Trapped charge between tiers 2 and 3 during
fabrication caused NMOS transistor thresholds to
shift from 500 mv to 200 mv.

- Attempts are being made by vendor to correct the problem
after the fact with UV radiation

- Backup lot being processed with different tier2-tier3
bonding conditions to remove threshold shift problem.

ESD protection diodes are very leaky causing serious

problems for circuits with analog inputs.

Current mirrors used for biasing are not working
pr'oE‘er'ly - problem thought to be due to leakage path
In the current mirror circuits.

There are significant variation between chips
resulting in low yields - reasons unknown at this time.
- Testing will continue with parts from a different wafer
- Discussions are ongoing with other users

Vertical Integration Technologies 10
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MAPS Chip Using VIP Architecture

+  Chip developed by Valerio Re in ST 0.13 um
CMOS*

*  Received July 2007
- Chip only uses digital time stamp
- No analog output

+ Readout architecture is working

Readout CK
4
/4', 0 e
2 Serial data
output
| i I
rek  _ged 5 tme &4 X5 Tine L4 15 g
x=1 | Stamp X=2 Stamp X:lé] _ Stamp
o1 TP euffert 4 _{_m&_:f_f_e»-z b1 0 affer 16
o .__c_r.ll'(lw- 5 Lemiggs. |° LGB | ° oxpeget X bus
foFl:gitn ] o sl o 5 9Yb=get ¥_bus 16 % 16
. L . Tkin Tkout| - Ry Ty T — TS-=Time._ EJ:T k3 5i|'|g|l-_' pi:-l:l-_'| f—
e - i 190 19% | Tkin=token_in k= matri= structures
e Cmmmgm] |1 Thout=Token_out
TS TS —
v Thout Tkinl.| | Tkout Tkin -.
:4’- sl teiere )] * M
T \ ow | | B 16 x 16 array appears to work fine
p . I may be increased without * . .
: T Qi — changing the pixel logic TCSTS are ConTlnL“ng
_ el I& Tk xp!.| el b (just larger X- and Y- .
ostrokentng s | registers and seridizer  *256 X 256 array to be submitted
24" Thout Thinl—| | Thout THin el— {----- — | Tout Tkin| e oui .
I T = i later this year.
L INEg-— Y
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A Move to Commercial 3D Vendors

There are 3 vendors that have commercially available
(external) 3D processes. °

- Tezzaron - uses CuCu thermocompression for bonding

- Ziptronix- uses Direct Bond Interconnect (oxide bonding)

- Zycube - uses adhesive and In-Au bumps for bonding

Fermilab is working with Tezzaron to fabricate 3D
integrated circuits using CuCu bonding.
- Ofthers developing CuCu bonding include IBM, RPT, MIT

Fermilab is working with Ziptronix to do low mass
bonding with DBI to detectors. (FPIX chips to 50 um
thick sensors.)

Commercial 3D processes can be classified as either
“via first” or "via last”.

Vertical Integration Technologies 12
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Via First Approach

» Through silicon Via formation is done either before or
after CMOS devices (Front End of Line) processing ©

__Etch NN Fill _ FE0L+BE0L IBM. NEC

— == [ Elpida, OKT,
1) Before I | | — T 1 Tohoku, DALSA....
FEOL: 11 ‘

ETE Thinning

J

—
| |

Tezzaron, Ziptronix

anm rane - N
= = = — Chartered, TSMC
Eh- ' [
2) Adter I I I == e imec...
FEOL: ‘ \
Vertical Integration Technologies 13
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Via Last Approach

- Via last approach occurs after wafer fabrication and
either before or after wafer bonding ©

FEOL + BEOLI Etch [ Fil [ Thinning l§ Bonding

Zycube, IZM,

3) Before 1 IE'I P | Infineon, ASET..
bonding: ‘ \ [I%I] ‘ \

FEOL + BEOL N§ Bonding )}l Thinning B Etch I  Fill

— Samsung, IBM,
= — ror =N mtwoem
4) After D —=— == = =" RrL.

bonding:

N

Notes: Vias take space away from all metal layers. The assembly process
is streamlined if you don't use a carrier wafer.

Vertical Integration Technologies 14
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Tezzaron Background

Founded in 2000, located in Naperville, Illinois
Has fabricated a number of 3D chips for commercial customers
Tezzaron uses the "Via First"” process
Wafers with “vias first" are made at Char'Ter'ed Semlconduc’ror' in
Singapore. i
Wafers are bonded in Singapore
by Tezzaron.
- Facility can handle up 10
1000 wafers/month
Bonded wafers are finished
by Tezzaron
- Bond pads L KA
- Bump bond pads ® NTAL 'M:if;:fiump
Potential Advantages DI s TN SN
- Lower cost
- Faster turn around
- One stop shopping!!
Process is available to customers
from all countries

\JaLarta)(ﬁE)]ﬂLana

b \.MM St

AT g
q

Vertical Integration Technologies 15
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Chartered Semiconductor

One of the world's top dedicated semiconductor
foundries, located in Singapore, offering an
extensive line of CMOS and SOT processes from
0.5 um down to 45 nm.

Offers Common Chartered-IBM platform for
processes at 90 nm and below.

Chartered 0.13 um mixed signal CMOS process
was chosen by Tezzaron for 3D integration

- Chartered has made nearly 1,000,000 eight inch
wafers in the 0.13um process

Extension to 300mm wafers and 45nm TSVs
underway e
Chartered 0.13 um process is similar to the IBM B¥=%

0.13 um process but has different layer ~
arrangement and transistor thresholds.
Commercial tool support for Chartered

Semiconductor Chartered Campus
- DRC - Calibre, Hercules, Diva, Assura

- LVS - Calibre, Hercules, Diva, Assura
- Simulation - HSPICE. Spectre, ELDO, ADS
- Libraries - Synopys, ARM, Virage Logic

Vertical Integration Technologies 16
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Chartered 0.13 um roc

8 inch wafers N R
* Large reticule - 24 mm x 32 mm

Features Eight_

- Deep N-well

MiM capacitors - 1 fF/um?
Reticule size 24 x 32 mm

Single poly

8 levels of metal

Zero V1 (Native NMOS) available

A variety of transistor options with multiple threshold
voltages can be used simultaneously

* Nominal

- Low voltage

- High performance

* Low power

Vertical Integration Technologies 17
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Chartered Transistor Options

0.13pm Logic Transistors

Nominal (1.2V) Transistors LV (1.0V)/HP (1.2V) Transistors @ LP (1.5V) Transistors

Nominal Standard Vi LWHP Standard Vt LPE;andardlfL
Nerminal High Vit LV/HP High Vt LP Low Vi
Nominal Low Vi

1O Transistors

3.3V, 25V, 1.8V

Choose one of three processes and one of three I/0 transistors types

Vertical Integration Technologies
for HEP and Imaging

18



Tezzaron 3D Process’

+  Complete transistor fabrication on all wafers to be stacked

»  Form super via on all wafers to be stacked
- Fill super via at same time connections are made to transistors

“ LI LI L1 B LI1LI]

Silicon

Dielectric(SiO2/SiN)
[] Gate Poly
STI (Shallow Trench Isolation)
B W (Tungsten contact & via)
B cy (M1-M5)
‘ Cu (M6, Top Metal)

“Super-Contact”

Vertical Integration Technologies
for HEP and Imaging



Tezzaron 3D Process

»+ Complete back end of line (BEOL) processing by
adding Al metal layers and top Cu metal (0.8 um)

T TR R T
LTI

= LILIL
silicon —T

Dielectric(SiO2/SiN) «Super-Contact” 6 um
B Gate Poly
STI (Shallow Trench Isolation)
B W (Tungsten contact & via)
B Cy (M1-M5)

Cu (M6, Top Metal)

Vertical Integration Technologies
for HEP and Imaging
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Tezzaron 3D Process

° BO”d Second 2nd wafer
wafer to l
first wafer LLELEL B LLE'L
. ————— — — | s e ol ———
us|n9 CU"'CU m« Cu-Cu

compression — EEELEE
bond

1st wafer

thermo- === === ==
B Enfn k] ri T

Vertical Integration Technologies 21
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- Thin the second

Tezzaron 3D Process

Cu for wafer bond to 3rd layer \

wafer to about 12
um total thickness T 2nd wafer
teum "L 'L

To expose super L'LE 1
via. | —————==
. S\c:'ljd Cl]é to bagk oj — - ‘B = |
hd wafer to bon e e e e e e ——
2rd wafer to 31 B Anlnlht RAnR]
wafer
OR 1st wafer
add metallization
on back of 2nd
wafer for bump
bond or wire bond.
Vertical Integration Technologies 22
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Tezzaron 3D Process

Metallization for bump

+ Stack 3 wafer e

» Thin 3rd wafer 3¢ wafer
(c_our5g and fine riviry By
fine gr'md to 20 U T T
um and finish with
CMP to expose W 20 wafer
filled vias) Il i1

* Add final S T T
passivation and e = =
 etal for bond Apinkk EARK]
pCldS 1st wafer

Vertical Integration Technologies 23
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Cross section of Tezzaron 3 layer Stack’

Vertical Integration Technologies 24
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Tezzaron vias

Via size

plClYS an Via diameter ~ 1.2 um
impor"ran’r Pad diameter ~ 1.7 um
role in high

density pixel

arrays

Tezzaron _)‘ 25 um ‘(_
can place

vias very

close

together

Vertical Integration Technologies
for HEP and Imaging
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Wafer Bonding

» Bonding performed at 40 PST and about
375 degrees C.

* Bonding done with improved EVG chuck
- 3 sigma alignment = 1 um
* Missing bond connections = 0.1 PPM

» Temp cycling of bonds from -65 to + 150 C
- 100 devices, 1500 cycles, 2 lots, no failures

Vertical Integration Technologies 26
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Circuit Performance

- Circuits tested with full substrate
thickness and then after bonding and

thinning to 12 um

- No change in performance between
thinned and bonded devices and
unthinned/unbonded devices.

- No change in performance between
thinned and bonded devices before and
after temperature cycling.

- Transistor measurements on same
devices before and after thinning and
bonding are shown on the next slide.

No noticeable difference in

characteristics except small increase in
PMOS speed due to strain in silicon as

expected

—Tnnd Fﬁ_r

Woafer before
thinning and
bonding

Metallization for bump
or wire bond

Thinned
wafer with
test circuits
bonded fo — "R
bottom wafer Y|

ﬁ"-rf-] fAra

Bottom wafer

Vertical Integration Technologies 27
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Transistor Performance for Thinned and
Bonded Wafers’

NMOS WL PMOS W/L NMOS PMOS W/L
2020 20003 200013 20/20 20003 200013 120120 20/03 20/0.13 20/20 20/0.3 20/0.13
Pre Ave  0.395 0.485 0.479 -0.355 -0.399 -0.398 122520 5152.000 9696.000  26.940 2061.800 5986200
Post Ave  0.393 0.484 0.465 -0.357 -0.396 -0.404, 121500 5094.333 9840.333 26.897 1997.333 4473.000
Breakdown Voltage Leakage Cwrent
BVDSS (V) (Ids=2uA) Ioff (pA) (V=1.4V)
NMOS W/L PMOS W/L NMOS W/L PMOS W/L
20020 20003 20/0.13 20020 20/0.3 20/0.13 20/20 20003 200013 20/20 20/0.3 20/0.13
Pre Ave | 3.380 3.220 3.220 4.100 4.000 2780/ 151.8200 638900 3655000 136.460 1285120/ 282050.000
Post Ave  3.377 3.230 3.217 4147 3.570 3113 140433 433667 3237667 211333  910.333 121680.000

Vertical Integration Technologies
for HEP and Imaging
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CPU and memory stack
80 MHz operation
220 MHz memory interface
Synthesized, placed and routed
in 3D with standard Cadence tools

CMOS sensor
5 different pixel fields

Main array 160 x 120 pixels, 5 x 5 um pixels |

2.4 um pitch interconnect
100% array efficiency
Back side illumination

FPGA
12 vertical interconnects/logic block
Shows tight 3D integration capability

Vertical Integration Technologies
for HEP and Imaging
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Advantages

No handle wafers needed

No extra space allotment in BEOL processing for vias
Vias are very small

Vias can be placed close together

Minimal material added with bond process
- 35% coverage with 1.6 um of Cu gives X0=0.0056%
- No material budget problem associated with wafer bonding.

Good models available for Chartered transistors
Thinned transistors have been characterized
Process supported by commercial tools and vendors
Fast assembly

Lower cost

Vertical Integration Technologies 30
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Fermilab 3D Multi-Project Run

Fermilab will be submitting a 3D multi project run using Tezzaron.

There will be only 2 layers of electronics fabricated in the Chartered 0.13 um
process, using only one set of masks. (Useful reticule size 16 x 24 mm)

The wafers will be bonded

face to face.

Bond pads will be fabricated for bump bonding to be done later at Ziptronix

Typical frame

%

Fapwa
NN,
g

¥,

g
Q
L)
!B
Bottom Wafer

Note: top and bottom wafers are identical.

Face to Face Bonding

Flip
Horz.

Thin backside

of top wafer, use
circuit B only

| |
On bottom
wafer, use
circuit A only

Make contact to
backside of
metal on B circuits.

/top wafer
ﬂ\ Rotate

B
Top Wafer

o

Bottom Wafer

N

Thin back of

Cy

N

.

N

| |
On bottom
wafer, use
circuit A only

Add vias from top
wafer (circuit B)
to bottom

wafer (circuit A).

Back to Face Bonding

Vertical Integration Technologies
for HEP and Imaging
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Cost/Delivery

* We expect to receive 12 fully processed
3 D wafers (made from 25 eight inch
wafers).

+ We expect the total cost to be less
than $250K (~150K Euro)

+ We expect delivery to be approximately
12 weeks after delivery of the loaded
reticule fo Tezzaron.

Vertical Integration Technologies 32
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Ziptronix

Some parts received from Tezzaron will be bonded to sensors.
Fermilab sensors are being made at MIT LL.

Some 3D bond processes introduce significant material between
bonded layers.

- Conventional solder bumps or CuSn pose a problem for low mass fine
pitch assemblies

IC bonding to a detector will be done by Ziptronix using the
Direct Bond Interconnect (DBI) process.®

- X0+« 0.01%
Tezzaron and Ziptronix have formed an alliance.

- Good communication between companies for pad metallization for
sensor bonding, etc. now exists.

Ziptronix is located in North Carolina

Fermilab has current project with Ziptronix to bond BTEV FPIX
chips to 50 um thick sensors.

Orders accepted from international customers

Vertical Integration Technologies 33
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»+  Add Magic
metal for
electrical
connections

* Prepare
surface for
oXide

bonding

DBI Process
Wafer (Die) Preparation

CMOCS Back End of Line

CMOS Back End of Line

CMOS Back End of Line

CMOS Back End of Line

< ol e R

CMOS Back End ef Line

-5 = - - -

CMOS Back End of Line

1) Starting Wafer

Planar Surface
Exposed Filled Vias

2) Deposit Seed

3) Plate DBI (Magic) Metal

4) (Blanket) Etch Seed

5) Oxide Deposition

6) Planarization
Oxide Bonding Mechanical Spec < 0.5nm

Vertical Integration Technologies 34
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Oxide Bonding

Room Temperature Direct Oxide Bonding

- Surfaces bond o :
immedia’rely 1) Deposit Silicon Oxide
due to Van der

. . emo-yecnanical Folls
Bondmg occurs { < 0.5 nm RMS Specification
?1’ room ; _ < 25 um Bow and Warp

emperature 3) Inert RIE

. Bond STr'engTh Clean Surface

increase with “Activate” (Enhance SiO, Porosity)

4) Ammonia-based Dip
Terminate Surface with Amine Groups

Bond Energy vs. Time After Bond

5) Place Surfaces Together
m Spontaneous Chemical Reaction
‘ Si-NH, + Si-NH, = Si-N-N-Si + 2H,

H, Diffusion from Bond Fixes Reaction

[

--- ZBond - No Bake
-- ZiBond - 50C Bake
-~ ZBond - 100C Bake
-~ ZBond - 150C Bake

=

HH HH HH

[
h = M M
PR S R TR T T T |

Bond Energy (J/m2)

(=]

o
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DRI Electrical Connections

After oxide
bond is
strong
enough,
wafers are
heated to
form thermo
compression
bond
between
Magic Metal
implants.

eMO S Back End of Line
Bond | o s mme e
Interface | e e M

SNOS Back End of Line

Interface |

DBI™ Electrical Interconnections

1) Place DBI Surfaces into Contact

Conventional Pick-&-Place
Room Temperature, Direct Oxide Bonding

2) 300-350°C Bake (Batch)

Metal CTE > Oxide CTE
Metal Compression
Oxide Tension (Requires High Bond Strength)

3) DBI Interconnection

Vertical Integration Technologies 36
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Design Plans for Fermilab in 2008

Submit VIP2a design to 3¢ MPW run at MIT LL later
this year.

- Three tiers of circuits with new features

- Process upgraded to 0.15 um feature size (still in SOT)

» Submit Fermilab MPW run to Tezzaron later this year
- Two tiers of circuits
- Use Chartered Semiconductor 0.13 um CMOS process
- Process options chosen for pixel applications
- Reticule from Fermilab currently expected to include

- Moving from 0.25um technology to two tier 0.13um could increase
circuit density up to a factor of 7. Circuit density can be traded
for pixel size.

- Same test circuits as already submitted to OKI and MIT LL
- Test structures to further study bonding and via performance

Vertical Integration Technologies 37
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VIP2b designh at Tezzaron

- VIP2b design essentially the same as VIP2a.

- Because VIP2b is ina CMOS deep sub micron process,
the design should be inherently more radiation hard.

» Radiation tolerance of Chartered 0.13 um process is
currently being studied by another group.

* Going from 3 layers in 0.18 um technology to 2 layers
in 0.13 um technology should reduce pixel size below

20 um.

» Using the via first process at Chartered eliminates
the wasted area needed for vias in the MIT LL
process.

* Chartered provides fully characterized process and
models at commercial foundry along with standard
cell libraries.

» VIPZ2b requires significantly less 3D processing than
VIPZ2a

Vertical Integration Technologies 38
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VIPZ2a and VIP2b Comparison

| Test inject
Discriminator Ti T.S. N N
Tntegrator . T, o VIP pixel design
. Hit latch cnr'cu:':

Vth . Read

TR
VIP]./VIPZG Read all ’V logic * To x,y
3 1- M S Analog out Data clk addreis
- ier - — >

Analog front end

Pad to Sensor

Digital time stamp bus

 —/L Analog ramp bus
- k Write data

bo| b1|b2|b3|b4|  [Analog T

Read data
NENE S S— ,K<
- Analog time stamp bus
) I Tokenin . ¥
Tier 1
S
Inject Pulse Q R Read all
» D FF
Y address Data Token out
X addesss clock

Read data

Thru
silicon
vias

3 small
contacts

Y

>-e—>»
Pixel sparsification circuitry Time stamp

VIPZ2b - 2 tiers

Tier 2

—_ /L Analog ramp

-
-

bus
Write data >

Read data

Token in

In
—>

Test input S. R.

Inject Pulse }

address

X addesss

- >
Analog time stamp bus

Digital time stamp bus

Vertical Integration Technologies
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Summary

3D circuit design is gaining attention for HEP?

Fermilab is continuing to test the VIP1 chip from MIT LL
- One known processing problem has been identified

- Some other problems have been observed
- Yield on the VIP1 is poor, reasons not yet clear
- Fermilab expects to submit a VIP2a to MIT LL later this year

Fermilab is moving toward using commercial vendors for
its 3D processing

- Aiming to submit a MPW run with several designs o Tezzaron by
end of 2008 or early 2009.

- Expect to use Ziptronix to provide low mass connection to
sensors.

We are inviting other interested groups to join us in our
3D MPW run submission to Tezzaron.

Vertical Integration Technologies 40
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