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SHED RunIIa SMT Design
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NS SVXITe chip

@ 1.2 um CMOS
amplifier/analog delay/ADC
chip fabricated in the
UTMC rad hard process

@ Designed by LBL/FNAL
@ Some features:

128 channels

32 cell pipeline/channel
8-bit Wilkinson ADCs
Sparsification

53 MHz readout

106 MHz digitization
6.4 x 9.7 mm2

~ 85,000 transistors
noise: 490e + 50e/pF

DAQ training, 02/18/03

To Silicon Detector
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Digital section
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Frearnplifie: Analog Fipeline Cornparator

Q Ex‘rfer‘nally Programmed to P

achieve optimal performance 5

for 132 or 396ns beam -

crossings and detector chalnia

capacitances from 10 to e e s

35pF (preamp bandwidth g = R

adjus'l'men‘r) " Fipeline reset Z;
@ Chip noise o) LS ISl

490e + 50e/pF s | Ll

i.,e. ~1200e ENC for C=15pF T v ' Lot

1 MIP => ~4fC => ~25,000e i |

=> S/N ~ 20 CD]‘-‘[F‘_RIF:
@ Max delay in analog pipeline:

32 x 132ns = 4.2us

Camnien Rip
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SVXIIe chip
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High Density Interconnect

@ Kapton based flex circuits
with 0.2 mm pitch for chip ~ SVXIE chips
mounting

@ Laminated to Beryllium
substrate and glued to Silicon
sensor

@ Connects Sensor to SVXII
chips and SVXII chips to flex
circuit via wire bonds
(Al wedge bonding)

@ Connects to a Low Mass Cable |
which carries the signals out Be substrate Bus control and
of the interaction region power traces

DAQ training, 02/18/03 E. Kajfasz



fgj};; Production: ladder design

HDI SVX 1T wire bonds
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72 Single Sided

: - 50 (p)/153(n) u
50 um pitch b & 144 DDM | - 7 4 ..
— L9

Family of DOSMT | 5 p-side

Detector types
(all AC coupled)

Elma-Russia [T 144 DS +/- 15° stereo 50 (p)/62.5(n) um
DAQ training, 02/18/03 E. Kajfasz :




S RunIIa SMT Design

T T (. 5 - —
1/2—cﬁmder

North

B, 2 ;
i i
-l =Y =
4 .
. itV
: b \
qat §

4 H-Disks' ' ¥ | -

F-Disk 12 F-wedges

H-Disk 24 H-wedges Barrels F-Disks H-Disks
Channels | 387072 258048 147456

Barrel 8 layers AT TR Modules | 432 144 96
72 ladders Y\ s 5 5 2

12 cm long /7 A~ N Si Area 1.3 m 0.4 m 1.3m

Inner R 2.7 cm 2.6 cm 95cm
Outer R 94cm 105cm 26 cm

6192 R/0O chips = 792,576 channels

Layers 1,2,5,6: L3 orL > 1.5 million wire bonds

Layers 3,4,7,8: L9

DAQ training, 02/18/03 E. Kajfasz 9



——Positive bias —8— Negative bias
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Assembly: Barrel assembly

T
‘- T

@ Ladders placed on 1 |

barrels using an
insertion fixture

@ Internal
alignment done
using a CMM
(touch probe)

DAQ training, 02/18/03
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<D Assembly: Barrel-Fdisk mating

o, “ni‘ ! ' 11;_.'
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Assembly: End Fdisks mating
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Assembly: Hdisk

DAQ training, 02/18/03 E. Kajfasz



DAQ training, 02/18/03

Assembly: Radiation monitors
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Assembly: 1/2-cylinder
 South Half Cylinder

E. Kajfasz



<D Assembly: 1/2-cylinder

HDI connection to low-mass cable

DAQ training, 02/18/03 E. Kajfasz



Eﬁj—’%j}) Installation

Fiber Tracker

@ Cylinder installation was
completed on 12/20/00

@ A 1/2-cylinder of 3 barrels §
and 6 F disks was inserted
info each end of the CFT /
bore

@ H Disk installation was
completed on 2/6/01

@ The cabling (~15,000
connections) and electronics

installation was completed in @
May 2001

Interface Boards

DAQ training, 02/18/03 E. Kajfasz
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Muon wall

Muon wall
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=5£J)) Readout Electronics (Cathedrals)

@ Interface Boards

@ 8 crates (144
boards) located
inside the
cathedrals

@ Regenerates
sighals

@ SVX monitoring
and power
management

@ Bias voltage
distribution

DAQ training, 02/18/03 E. Kajfasz

21



Eﬁj—’%j}j Readout Electronics (Platform)

@ SEQuencers

@ 6 crates (120
boards) located on
the detector
platform

@ Use SVX control
lines_to actuate
acquisition,
digitization and
readout

@ Convert SVX data
to optical signals

DAQ training, 02/18/03 E. Kajfasz 22



sEE)) Readout Electronics (MCH2)

@ VRBs (Readout Buffers)

@ 12 crates (120
boards) located in
CH2

@ Data buffer pending
L2 trigger decusuon

o Input @ 5-10 kHz e
acce T rate ~
b/s/channel

Qo Ou'r ut @ 1 kHz L2
acc%XT rate ~

DAQ training, 02/18/03 E. Kajfasz 23
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3/6/8/9 Chip HDI

LV
Bulk LV Fuse _Em -
Power Supplies Panel : :
[ : Interface :
1
CLKs : Crates :
~19°-30° High | (8x18) :
Mass Cable : :
8’ Low Mass (3M/80 conductor) I
:
1
1

HV

Cables

LV, T Monitoring

O ) | 3/6/8/9 Chip HDI
TR CLKs i - -
00 O s 25’ High Mass Cable
S (3M/50 conductor)
ensor .
Optical Link 17, twisted
1Gb/s : B = D _S" pair cables
Sensor ' ! [T1 1
SEQ Sequencer E !
Controlle Crates | ! 1V
Serial Command Link :» E (6x20) i
E' 25 twisted
VRB | pair cables
Crates |
azxi0: |\ Sl R4 - [TT1
fanout
Monitoring §f | i k&l :

SDAQ

DAQ training, 02/18/03

PDAQ (L3)

E. Kajfasz

PowerPCs and Single Board Computers are accessed thru Ethernet
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-13.0psig

Cooling system

——
: — 62¢C
@ DRY TANK > ||> 7 POWER KEYSWITCH J; a1
VACUUM NORTSHTATUS AMBIENT TEMPS s | o
PUMP NORMAL NORTH :
SOUTH MNORMAL UPPER 8.5 i+ NORTH N2 GAS
LOWER -2.1 Cc PURGE
iDET 0.0 psig
SOUTH o1
UPPER 5.0 C SOUTH @
162¢C LOWER -8 ¢ _
180¢ @ 185 C = s
I
46PSID @ @ T 49¢c gé]fy
I ] 1 ] 141C
| 1 | | =/ @ I
il
< 22.4mT .1?.9 "
1 [ ] [ 1
T [ 1 [ | 1
2040
—@ 77PSIG @ 126C s1¢c
174¢C @ 166 C s
- 89C v 186 ¢C @ L
3 ’ ; @ 184C @ M9 mT @
@? CORROSION 90¢C
- SPOOL FIECE
i ™ P, i _— /gg\ i ] i T |
J = I I \\QL/J GL L | | 1 g |
PARTICULATE 0.2usSIE 12.4 GPM ‘ |CLOSE H|Pv,5290,y ‘ WW_E203.Y
_FLTER s CLOSE [ PV-5251Y ‘ | = |
g : CLOSE |- PV-5202.V | VACUUM
PARTICULATE PUMP
b & - b & w e
4 CHILLER1 A{ 4 CHILLERZ & Silicon Interlocks | Purge Air System |
Lf:]: DEIONIZER KEYSWITCH STATUS Silicon AutoDialer | 88 RTD'S |
A CHILLER 1 CHILLER 2 "
\Dﬁ‘jr' PUMP COOLER PUMP COOLER Sil Computer Alarms Vacuum Jackets |
NORMAL NORMAL NORMAL NORMAL
| SPILL TANK ’_() Silicon Detector | Dewpoints |

@ 30% glycol + water at -10 °C (=> detectors between -5 and O °C)
@ The tracking volume is purged with dry air to prevent condensation

DAQ training, 02/18/03
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SHED HV channel GUI

File Niew Set HY Flot Mode

Help |
st | sz | s [ s | s | oo [ s | o | L —
cChannel  Y_Trip I_Max Y_Max W_Set Y_Read |_Read State | cChannel  Y_Trip I_Max Y_Max W_Set V_Read |_Read State
100F B1 100 50 I coo 43.3 SE 50 45 | 45.0 45,1 08|
10zp B0 50 50 co.o c0.2 o 50 B0 E0.0 E0.0 1.7 | |
104F B0 50 a oo oo 71 50 B0 E0D E0.2 2aE | 5
10EF 62 50 50 co.o c0.0 62 50 50 S0 50.2 or |

_E State: shows current state of the HV pod
I_Read: bias current reading

V_Read: bias voltage reading

P V_Set: bias voltage set point

9 V_Max: bias voltage maximum

(i.e. bias voltage for full depletion)
¥ 1_Max: bias current trip point

¥ V_Trip: bias voltage hardware trip point
% Channel: HV pod name, last character gives polarity (P/N)

154F 34 100 a0 200 200 —34 100 -1& -15.0 —14.8
15EP 48 50 40 40.0 40,1 =20 50 il -15.0 -14E
Status: |Plotf0r SMT_HYC_125N started
Reconnect | offline | online Off | on Ramp Pause Resume Lock | Unlock | Resot |

Off: turn off pods J A A A
On: turn on pods
Ramp: start ramping
Pause: pause ramping

Resume: resume paused ramping
Lock: lock pods at current setting ——
Unlock: unlock locked pods —
Reset: reset tripped pods —

DAQ training, 02/18/03 E. Kajfasz 30



w7l
S

SMT _HVEC _100PAOLT
SMT_HRVC_101PAOLT
SMT_HVC_102PAOLT
SMT_HVC_103PAOLT
SMT_HVC_105PAOLT
SMT_HVC_106PAOLT
SMT_HVC_107PAOLT
SMT_HVC_110PAOLT
SMT_HVC_1T1PAOLT
SMT_HVC_112PAOLT
SMT_HVC_113NAOLT
SMT_HVC_114PAOLT
SMT_HVC_1T15NAOLT
SMT_HVC_116PAOLT
SMT_HVC_117NAYOLT

DAQ training, 02/18/03

HV Alarms

File VYiew Settings Help |
Group Name MA JOR | MINOR [ mwvaLD || DISaBLED || GOOD |
Hy C_ 397 D 890 | 0 | 0 | 0 |
Ly | | 2 | 0 | 596 |
I /o | | 0 | 0 | 0 |
Cccupancy / O | | O | O | O |
Dead 0 | | 0 | 0 | (0] |
all 307 | Q01 | 41 | 0 | 817 |
Status: |Connection to sarver opened
SMT_HWC_100PASOLT mrmmereees
Alarm cause: Lolo alarm
Alarm value: —0.305175
HiHi limit: 55000000
High limit: 53.000000
Lowe limit : 47.000000
Lolo limit: 45.000000
SHO |
Message contents:
WErsion: wid
utility: af(5,0)
DISAEBLE timastamp: Thu Oct 3 11:14:48 2002
message type: alarm
narmne: SMT_HWC_100PAOLT
priority: 4]
DISABLE ALL host: dOalctl0g
db entry: 4]
parent: none
childran: none
transition: bad
CLDSE saverity: major
alarm type: analog
parametars: ai 5 —-0.305175 55.000000 53000000 47 000000 45.000000
CLOSE DISAEBLE CONTROL GUIDANCE COMMAND

E. Kajfasz
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Calibrations

@ SMT pedestal, noise and gain
measurements are taken using
SDAQ.

@ Pedestal and noise
measurements are used to
calculate the threshold per chip
to be used in sparse read out

DAQ training, 02/18/03 E. Kajfasz

Pedestal HDI B3-3-5 (2869) Run 132664

Sigma HDI B3-3-5 (2869) Run 132664

—threshold

32



Eﬁj—’%j}j SMT Online Monitoring

@ within the SMT shifter's realm:
@ smt_event_display
@ displays strip level information
@ smt_examine
@ displays strip and cluster level information
@ online_monitoring
@ monitors and displays strip level information
@ not directly under SMT shifter's control:
@ vertex_examine
@ cft_examine
@ physics_examine ...

DAQ training, 02/18/03 E. Kajfasz 33
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féj’—%j}j smt examine

Q@ strip level information

@ per ladder/wedge:
@ average pulse height
@ sigma of pulse height
¥ occupancy vs event
@ number of fired strips
& fired strips
@ per chip:
@ pulse height vs event number
@ cluster level information
@ cluster charge
@ first strip in cluster
@ cluster width
@ cluster charge vs tick number

DAQ training, 02/18/03 E. Kajfasz
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Bar B-n all clusters charge

smt_examine

Bar B-n all clusters zize

Bar B-p all clusters charge

Bar B-p all clustersz size

Bar E-n all clusters che

500

0
0 &0 100 160 200

Bar B-n all clusters charge x

Bar 5-n all clusters =zize

Bar B-n all clusters =iz
2ed

led
S0

ot e s
0 &5 10 15 20 25 30

Bar 6-n all clusters size x

Bar B-p all clusters charge

Bar B-p all clusters che

1500
1000
500

0
0 50 100 1k0 200

Bar 6-p all clusters charge x

Bar B-p all clusters zize

Bar BE-p all clusters =i:

2ed

led

Al P s e e
0 5 10 15 20 25 20

Bar 6-p all clusters zize x

Bar 4-n all clusters charge

Bar 5-n all clusters =iz
Zed

led

=TT T T 1
05 1o 15 20 25 30

Bar 5-n all clusters size x

Bar 4-p all clusters charge

Bar 5-p all clusters che

1500
1000
500

I::IIIIIIIIIIIIIIIIIIIIII
0 G50 100 1k 200

Bar 5-p all clusters charge x

Bar 4-p all clusters zize

Bar 5-p all clusters =iz
Fed

2ed
led

= s ) e e
0510 15 20 25 20

Bar 5-p all clusters zize x

Bar 3-n all clusters charge

Bar d4-n all clusters che

1000

I::IIIIIIIIIIIIIIIIIIIIII
0o 50 100 1Rk0 200

Bar 4-n all clusters charge x

Bar 3-n all clusters zize

Bar 4-p all clusters che

1000

0
0 &0 100 160 200

Bar 4-p all clusters charge x

DAQ training, 02/18/03

ded Bar 4-p all clusters =iz

2ed

0T T T T 1
0 5 10 15 20 25 30

Bar d4-p all clusters zize x

Bar 3-n all clusters chs

2000

1000

0
0 50 100 1k0 200

Bar 3-n all clusters charge x

E. Kajfasz

Bar 3-n all clusters siz

2ed

Uf—T"T T T 1
0 5 10 15 20 25 30

Bar 3-n all clusters zize x
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smt_examine

Display

Occupancy by event Quit

BT 28 o |

5.7 {2 237825 5

o TSR o e 7)o |
occupancy_gui

DAQ training, 02/18/03 E. Kajfasz 39



=S o) SMT Online Monitoring

@ monitoring processes:
@ run in PPC in VRB crates

@ send data to server on dOol28 which makes histograms available
through web pages

@ can send significant events to the SES
@ what is monitored:

@ strip/chips signals

@ strip/chips hit counts

@ occupancies

@ raw data structure errors
@ what can trigger Alarms:

@ HDIs/chips never reading out

@ HDI occupancies

DAQ training, 02/18/03 E. Kajfasz
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a0
SE)

SMT Online Monitoring

File Yiew BSettings Help |
Group Mame | MA |[OR | MINOR Il INVALID || DISABLED || GOOD |
H 308 | 806 | 0 | o | 0 |
Ly 0 | 0 | 0 | 0 [ 58 |
IR 0 | o | 0 | 0 | 0 |
Cccupancy 2z | O | O | O | O |
Dead < 5 | 0 | 0 | 0 | 0 |
all 45 | 206 | 36 | 5 | 75 |

y 4
Status: |Connection to server stariéd
"""""""""" SMT_BDISK_B2—8—11/DEAD mrrrrrrmew
4 l Massage conte_nts:
x ELISE B varsion: wd

SMT_FDISK_F5-2—S/DEAD
SMT_FDISK_F6—1-3/DEAD
SMT_HDISK_H2—2-22 /DEAD

SHOW

DISABLE ALL

CLOSE

DAQ training, 02/18/03

Litility:

name:;

host:

db entry:
DISABLE parant:

children:

transition:

sevarity:

CLOSE

timestamp:
message type:

alarm type:
parameters:

Eff4,5)
Wad Oct 16 02:32:02 2002

| smT_eDisk_B2—8-11/DEAD |

dlol28.fnal.gov
0

none

none

bad

major
h

[-(-VRB_gm 3) Dead chips B2-8-11-5 B2-8-11-6 B2-8-11-7 B2-8-11-8 ]

DISABLE CONTROL GUIDANCE

COMMAND

E. Kajfasz
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File Edit ¥iew Go

SMT Online Monitoring

Communicatar

Help

1453 ol S8 @

/| @ what's Related

I| " Bookmarks & Location Ifz_http:f/www—dﬂol/sthonltoring/

'| o DZero - At Wark ¢ DO CRL Search ¢ Beams Division Notification ¢ WebCal - SMT ¢ Google 4 SMT Monitaring Page

SMT_VRBCR, 60
SMT_VRBCR. 61
BEMT_VRBCR 62
BVRB_6209
BVRB_6210
BVRB_6211{pk)
< B2-3-5(8)
< B3-3-5(8)
0 B2-4-509)
0 B3-4-5(9)
> B2-1-5(8)
> B3-1-5(8)

2 B3-2-5(6)
BVRB_5212
BVRB_5213
BVRE 6215
HVRB_ 6216
BVRB 6217
HVRB_ 6218

T _VYRBCR. 63
SMT_VEBCR. 64
SMT_VRBCR. 65
SMT_VRBCR. 66
SMT_VRBCR. 67
SMT_VRBCR._ 68
SMT_VRBCR. 69

SMT_VRBCR. 79

IOC DATA
UFDATE TIME

SMT_VRBCE_G0
SMT_VEBCR_61
SMT_VRBCE_62
SMT_VEBCR_63
SMT_VRBCE_64
SMT_VRBCE. 65
SMT_VRBCRE._66
SMT_VRBCE. 67
SMT_VRBCE._68
SMT_VRBCE. 69
SMT_VRBCR_64
SMT_VRBCR_EB
SMT_VEBCR_79

SES UFDATE

SMT MONITORING MENU

O B2-2-5(6)(disabled)
(5

(_12-24-2002_16:21:21)
(_12-24-2002_16:22:40)
(_12-24-2002_16:22:19)
(_12-24-2002_16:22:48)
(_12-24-2002_16:22:7)
(_12-24-2002_16:22:32)
(_12-24-2002_16:22:17)
(_12-24-2002_16:22:1)
(_12-24-2002_16:23:2)
(_12-24-2002_16:22:55)
(_12-24-2002_16:21:49)
(_12-24-2002_16:21:32)
(NONE)

DAQ training, 02/18/03

]

SMT MONITORING
Read before you start playing:@

Level What Information Data Set
=l ~| | FULL_SET |
CrateName i VYRBName HDIName
[sMT_VRBCR_62 |EVRB_6211 i}B2—4—5
LowerTreshold ; UpperTreshold
|§o |§9 99999
Datadction
SMT MONITORING GRAPHICS
Level Type What Information Data Set
= HBL TYEE = SIG_HIT GRAPH =ie FULL BET o
CrateName VRBName sl HITG - .
j SIGNAL GRAPH
{SMT VRBCR_62 |EVR1376 211 | HITCOUNT GRAPH
LowerTreshold UpperTreshold | DUCUPANCY GRAPH
. - ERRCR_GRAFPH
0 |i9 59999 BITPATTERN_GRATIH

E. Kajfasz

MISS_BITS_GRAPH

Da EyENT SIZE_GRAPH
EVENT_BUFF_GRAPH
BUNCH_SIG_HIT_GRAPH
BUNCH_SIG_HIT_127_GRAPH
BUNCH_SIG_GRAPH
BUNCH_S16_127_GRAPE
BUNCH_HIT_GRAFH
BUNCH_HIT_127_GRAPH
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MT Online Monitoring

File Edit Wiew Go Communicator Help
1ldew 3 Mol S&08 @

/| @7 what's Related

wf” Bookmarks A Location: [http  //wv-d0ol. fnal. gov/swtloni toring/jpgraph_cache/CR_6211_ B2-4-5_ 12-24-2002_ 16:32:48. htal

i 4P DZero- At Work ¢ DO CRL Search o Beams Division Notfication 2 WebCal - SMT ¢ Google 4% SMT Manitoring Page
SMT MONITORING DATA HISTOGRAMS

S
B2-4-5 Bz-4-3 B2-4-5-0
80 000G
1000000
& 100000
ey
] Booo
5 a0 5
o oo
=
20 100
10
0 A
o 1 2 3 4 5 (3] 7 8 () i€ 2 &l 4 5 ] 7 8
chip chip channel
B2-4-5-0 Bz-4-5-1 B2-4-5-1
1000000 1000000
100000 100000
19000 19000 |
= =
s s
Hooo & Hooo &
35
Z100 § E100 § |
10 & 10 &
it &
channel channel channel
B2-4-5-2 Bz-4-5-2 B2-4-5-3
1000000
L0000
Accrcy
s 2
=
dono |
5 2
E100
10 |
1
channel channel channel
B2-4-5-3 E2-4-5-4 Bi7-4-5-4
1000000 200 1000000
100000 g0 100000
19000 19000
o | |

B

il
=N |
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what we nee
I | |

SMT Online Mory"l'or'ing:

@ smt_examine:
@ include tick and turn checks
@ include histograms to better study L1busy

@ include global tracking and AA SMT stand alone tracking

(including disks)
@ phi and z track distributions

@ clusters associated to tracks (charge, position, width)

@ detector efficiencies

@ automatize distribution checks

@ migrate from histoscope to root
@ online_monitoring

@ get a Visa for Maciej

@ improve the categorization of R/O errors
@ other tools:

@ raw data dump and check examine based tool
@ at L3:

@ include tick and turn checks

DAQ training, 02/18/03 E. Kajfasz
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<HE)) Operations issues: Pedestal shifts
e

..b. 00 60-“ | 3

s

/ 551 '
3 superbunches st J ok
of 12 bunches % | I
450 | B2 L5 19 V1_C1 45? B2 L6 L10 V1 _C1 45'? B3 L6 L9 V1 C1

Nent =1300 [ | Nent = 1300 L | Nent =1300
40 10

@ pedestals seem o e ,
1.0 be differ.enT 35||||l|||||||||||||||||||||||||||||||||| 35:|||||||||||||||||||||||||1||||||||||||| 35_||||||J||||||||||||||||||||||||||||||||

H H 20 40 60 80 100120140160180200 20 40 60 80 100120140160180200 20 40 60 80 100120140160180200
at the beginning
of each
superbunch - m .
° e g RS b ‘...'" Tt ..-‘--,-' - 60_’“.. " ...‘. . E 60 Il... - '-‘.' e
@ Investigating ... & " | e e
60f 551 55
Ly 50l 50:—
af | |
45t 45
o |B2L6L9 Vi Ct [ [B3_15 19 V1_Ci - [ B3 L6 L10 V1_Ci
Nent = 1300 [ | Nent = 1300 [ | Nent =1300
40 aoF
40r [ ‘
RN ETE RETL PR ATl Pd Frws Few S P 3 AFPY A1 PR PP AT PR RETY I T PO 3 AT 1 PN P TTE DY NUVY POTY PRU PO
20 40 60 80 100120140160180200 20 40 60 80 100120140160180200 20 40 60 80 100120 140160180200
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Eﬁj—%‘)} Operations issues: F-Wedges noise (1)

@ seems to affect only the
p-side of a fraction of
the Micron sensors

@ does not seem to depend
on the biasing scheme

@ does not seem to depend
on temperature

@ still investigating ...

DAQ training, 02/18/03

m -
o -
‘090
2 F11-1-2
80—
70—
60—
50—
40—
30—
20
10
U: | | | I | 1 | I III ll ! t t i Jl'
0 200 400 600 800 1000
Channel #
E. Kajfasz
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SHES Operation issues: F-Wedges noise (2)

# of wedges
in disk

w/ > 10% noisy strips

w/ > 20% noisy strips

w/ > 30% noisy strips

P-side

threshold (ADC) 4 4 6

01 (Micron) 6 |4 1 3 2 2 1 1 1 1 0 0
02 (Micron) 4 1 0 1 2 0 0 1 1 0 0 1
03 (Eurysis) 0 |0 0 0 0 0 0 0 0 0 0 0
04 (Micron) 5 |4 2 2 4 |3 1 1 3 2 1 1
05 (Eurysis) 0 |0 0 1 0 0 0 1 0 0 0 0
06 (Micron) 7 |5 5 7 6 5 3 4 4 3 2 4
07 (Micron) 3 |2 2 1 2 2 1 0 1 1 0 0
08 (Eurysis) 0 |0 0 0 0 0 0 0 0 0 0 0
09 (Micron) 4 |4 3 2 4 |3 1 1 2 2 0 1
10 (Eurysis) 0 |0 0 0 0 0 0 0 0 0 0 0
11 (Micron) 5 (3 3 4 3 2 0 1 2 1 0 0
12 (Micron) 6 (3 2 2 2 2 2 0 2 2 0 0
TOTAL (144) 40 |26 |18 |23 25 |19 |9 10 16 (12 |3 7

DAQ training, 02/18/03
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Bias currents

wi(l)de range of behavior...
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most of this is not bulk current.
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