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I'm not working on TGC Electronics,
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First Integrated Circuit

Nobel Prize in Physics, Jack Kilby,

the invention of the integrated circuit.

A transistor and other components on a slice of germanium,
7/16-by-1/16-inches in size. (1958)
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First Microprocessor
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Design Rule[um]

CMOS Process Technology

|||||||||l|||||||||l|||||||||l|||||||||‘||||
100 =
- Commercial process .
. T™Cl004
'\TMC3O4TMCPHX1
: _— T
n AMTl Slave Board ASIC]
0.1 &= N O =
0.01 ||||I||||i||||I||||i||||I||||i|||||||||i||||

1970 1980 1990 2000 2010

Year



Gate Delay and 1o e

Interconnect Dela
Y Delay Gat/e Delay
1nsk Interconnect
Delay
0.1 ns ' : : '
Simple Shift Register 2 um 1.5um  1um 0.8um  0.5um 0.35um
Technology
D3
b1 D2 =
DATA IN b b Q
T1 [ T2 "C
N
cock ¥V - b1 | \ D1 |\
T1 \ T1
D2 D2 &
T2 T2
D3 R D3 %

Good Old Days Nowadays



Extract Blockage = |J|

Tools Library Cell Options Views Create Modify Select Query Design Setup Timing Setup Power Cancel | Default | Apply Help
PreRoute PrePlace Place PostPlace Clock Route Route Utility HPO PreRoute ECO Timing Verify Chrysalis

i
i
j Name |
g9 - TesToT T T oo T T T N [J Command History
i geCreateCell Route Common Options ... e |
i setFormField "Create Cell" "Cell Name" "radosc" = = geOpenLib A
i formOK "Create Cell" HPO Signal Route Options .... setFornField "Open Library® 'L Boundary | left _{right _{ bottom _ top
: : Crosstalk Route Options ... formoK "0 Lib o
il laxgBindnet1ist P e T Grid Offset 4 auto - specify [0.000
i setFormField "Bind Netlist" "Net Cell" "radoscexp.r setForaField "Create Cell” "Ce
formOK "Bind Netlist" Constraints " 5 odule cell @ macro W pad
i formOK "Create Cell
| ﬁ Define Var Route Rule ... axgBindNetlist
i = setFormField "Bind Netlist" "N Pin
; 31;% library successfully. Set Net Constraint ... formOK "Bind Netlist"
- axgPlanner t Connectivit;
i.. e I configureWindow 0 "25x24+17745 4
(14 Query Net Constraints ... configureWindow 1 "818x670+250 gh _{ polyCont W vial W via2 W via3 W viad W vias
i 11 rad ) configqureWindow 0 "25x24+152+7
gieate cell radosc OK Route Guide configureWindow 0 "25x24+182+5 W viab W via7 W viad W via9 W vial0 W viall
| Create Route Guide ... configureWindow 0 "25x24+2+8"
i #t 3 i configureWindow 1 "818x670+20+ sferpinonlayer _(m2 _fm3 _{md4 {m5 _| mb
(14 Query/Modify Route Guide ... iconifyWindow 1
{{[warning: No power/ground nets defined, please defir Delete All Route Guide! S m7 gms m3g w0 gmil _miz
il|Searching for any single pin nets...
; Netlist is now loaded in the top cell. Route Net Group faNthrnugh jdgublejfallithrough
#t
I [axgp1anmer Auto Route ... t I Metall Text
il|There are 1 pins in total
ill#e Quick Route ... )| s Metal3iText
i P4 1 p— = ext Metal5 Text
il [axgPtanner] Global Route
g _,| Global Route ... | B _|| l' = ext Metal Text
!
4 — e — Add Interactive Global Route ... . |1‘,,{$ Metalg Text Metald Text
Llmelesy 5 pens Display Congestion Map ... temp Metall0 Text Metalll Text
WARNING : License key ‘Apollo’ e Display Timing Map ... s  Views Create  Modif Sele| Metall2 Text I Fall Through Text
WARNING : License key ‘MDynLink’ Y
} B L i Lo L ADTImal o Track Assign ! ary  Wire Tracks CLF ECO Oul| _! ignore intemal macro pin access edges
_'l Floor Planner nditions. _1 expand small pin on blockage for contact connection
Detail Route
OK | Cancel I Default | Apply I Set | - = mands, format, syntax, and semantics) . . =
italiDesalliBoutel mats (collectively "Confidential Prop | Extract Via ' skip macro via region
i lectual ty. Confidential P = -
Control Param  aspectratio - width &hei oo o RePalr S Tl Coh e, B R - skip rotated vias
Optimize Routing ... 1 hibited. N
Core Utilization 07 Row/Core Ratio [0.9 o RS Contact Selection |
Route/Optimize By Area ... I .
Core Aspect Ratio(HAW) [1— Core Width [1— 1-1999 Avant! Corp. All rights reserv
P! ore e — ry and does not imply publication or | pytract Blockage _{ preserve all metal blockage
M Horizontal Row  _|( Double Back - Start Firs o 61576, 5483461, 5798936, and 5847965 W Treat All Blockage as Thin Wire
Delay Optimization Route ...
Core To Left 375 Core To t (c) 1996 Expert Interface Technolog| | Merge Blockage
- Router Verif t (c) 1998 Lucent Technologies Inc.,
Core To Bottom 87.5 CoreTo b Lam, Copyright (c) UC Regents, X Poly Threshold 0.000 Metall Threshold [0.000
1 i keep Macro Place _{ keep Std Cell Place _{ Min Pad | Load DRC Error Cell ! r partlzs. TCIilTK hl;razéky; mvok:tjl is
1crosystems, Inc. and other parties. Metalz Th hold |0.000 Metal3 Th hold 0.000
Check Opens ! ight (c) 1997 Avant! Corporation, ¢ sk ¢ freshek
wﬁgmmg f Hggﬂgg ES?’, ,ﬂgﬁ?;;ﬁke_ Check DRC Violations ! oftware Foundation, Inc. Metald Threshold [0.000 Metal5 Threshold  [0.000
J|WARNING : License key ’APCS’ exp |Install Path: fusr2/avanti/2000.2.3.4.0.2 Metalé Threshold [0.000 Metal7 Threshold [0.000
1 kzading fusrl/avanti/2000.2.3.4.0. 2/etc/scheme/. avntre Metald Threshold [0.000 Metal9 Threshold [0.000
~ |~ |~ ||~ | |fcommand can’t nest: current Command [Extract Blockage] Metal10 Threshold [0.000 Metall1 Threshold [0.000
command can’t nest: current Command [Extract Blockage]
= Metal12 Threshold |0.000 Poly Cont Threshold |0.000
: | [auExtractBlockagePinVia] 1 Vial Threshold 0.000 b




MDT Electronics Collaboration
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Parallel to Serial Converter
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Photograph of the AMT-1 chip



Development of ATLAS MDT TDC (AMT)

« ~370 k channels, 400 kHz input rate, 100 kHz trigger rate.
« Sub-ns timing resolution.

» Leading and trailing edge time measurement.

» Low-cost, Low-power & High-density (24 ch/chip).
» LVDS interface, JTAG control.

 Radiation Tolerant (~11 krad, 1.2x10%3 n/cm?).

= Design study in collaboration with CERN/EP -MIC group.
= Quick test chip (AMT-0) in a 0.7 um process.(10 kch)

=P Develop a test element group chip (AMT-TEG) in a
new 0.3 um process (Toshiba Gate-Array) which

will be used in a final chip.

=P Circuit performance test and radiation tolerance test
was done.



Voltage Controlled Ring Oscillator
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Channel Buffer Speed
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Data Transfer Rate to L1 Buffer
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Counts

AMT-TEG1 Timing Resolution
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Diff. Nonlinearity[ns]

Int. Nonlinearity[ns]

AMT-TEGL1 Differential Nonlinearity
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LVDS Serial Output
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Summary of Measurements

Measurements Requirements
PLL Freq. =40 ~ 120 MHz | 80 MHz
Vdd =2..8 ~ 3.8V 3.3V

Coarse Time Counter 120 MHz > 80 MHz
LVDS receiver: AV > 100 mV > 100 mV

vem 0.2~22V 0.2~2.2V
LVDS driver (6.5m cable) | > 100 MHz > 50MHz
Multiple edge resolution |<5ns <30 ns
L1B input speed (2 + N) clocks < (5 + N) clocks
Time Resolution 305 ps RMS < 500 ps RMS
Diff./Int. Non-linearity <70 ps RMS < 300 ps RMS
Radiation hardness fory | > 30 krad > 11 krad

Radiation hardness for n

> 1.6 x 1013 n/cm?

> 1.2 x 1013 n/cm?




Power Consumption

Simulation:
400 mW (Internal Circuit)

+ 480 mW (16mW x 30 LVDS receivers)
= ~900 mW/chip

Measurement:

3.3V x 148 mA = 488 mW/chip (20mW/chan)
(@400kHz hit, 100kHz Trigger)

LVDS receiver:

New Low Power design will be designed at Toshiba.
Thus more reduction in power is expected.



Summary

L ST technology will advance beyond year 2015.

-Design methodology is also changing rapidly.

‘We must keep up with this change.

Chanlenge to Cost, Complexity, Testability, Radiation damage...

*MDT electronics group are now making 10k channels for MDT test.
-Start system tests in many places.
*AMT-1 chip is working and any serious flaw is not found.

‘Final AMT chip (with Low Power LVDS receivers) will be completed
In next spring.



