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Dzero RunIIb SMT Meeting  
January 20, 2003

Mme. Mao, Ron Lipton, Marcel Demarteau

Fermilab

‘‘HamamatsuHamamatsu Outer Layer Sensors Outer Layer Sensors 
FermilabFermilab Probe ResultsProbe Results’’
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q Hamamatsu 6” wafer layout for outer layer sensors
Ø Two silicon sensors
Ø Four test structures; labeled with serial numbers of adjacent sensors

» Fermilab receives only two ‘half-moon’ structures  

HamamatsuHamamatsu Wafer Layout Wafer Layout 

Dicing Lines
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Sensor SpecificationsSensor Specifications

q Depletion voltage V < 300V
q Biasing scheme : polyresistors on both ends
q Poly resistor values: 0.8  ± 0.3 MΩ
q Implant strip width: 8 mm 
q Metal strips: Al, AC-coupled over the p-implant
q Al strip width: 2 - 3 mm metal overhang on each side
q Al strip thickness: > 1 mm
q Al strip resistivity: < 20 Ω/cm
q Coupling capacitance: > 12 pF/cm 
q Junction breakdown: > 350 V
q Micro-discharge breakdown: > 350 V
q Coupling capacitor breakdown: > 100 V
q Total detector current: < 100 nA/cm2 (at RT, full depletion

voltage+10%V)
q Total detector current at 350V: < 16 µA
q Interstrip resistance (DC): > 2 GΩ
q Total interstrip capacitance: < 1.2 pF/cm
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Test Structure Test Structure 

q Four discrete elements on test structure 

Ø baby sensors with and without polysilicon resistors
Ø strip implants and aluminum strips
Ø diodes with and without guard structure
Ø Three separate series of various elements on sensors
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Test Structure: Baby SensorsTest Structure: Baby Sensors

q Baby sensor with 8 strips and intermediate strips with poly-Si resistors

Near end

Far end
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Test Structure: Baby SensorsTest Structure: Baby Sensors

q Baby sensor with 8 strips and intermediate strips without poly-Si
resistors

Far and Near End 
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Test Structure: CTest Structure: Cc c Breakdown Breakdown 

q Test Structure 35/36
Ø Measure AC coupling capacitor breakdown on strips of test structure, between 

DC and AC pad

» Ch. 2: Vbd = 230 V;  Ch. 3: Vbd = 230 V;  
» Ch. 5: Vbd = 230 V;  Ch. 8: Vbd = 230 V;

Test Strc L2-35 Ch.2 Breakdown 240v 1/8/03
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Test Structure: CTest Structure: Cc c BreakdownBreakdown

q Test structure 65/66

» Ch. 1: Vbd = 200 V;  Ch. 2: Vbd = 200 V;  
» Ch. 3: Vbd = 200 V;  Ch. 6: Vbd = 200 V; Ch. 7: Vbd = 200 V;

Test Strc L2-65,66 Ch.1 Breakdown 200 V 1/10/03
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Test Structure: Implant Test Structure: Implant ResitanceResitance

q Measure of p-implant resistance and Al strip resistance 
Ø Separate pads for implant and Al 
Ø Wirebond two pads on TS 35/36
Ø Measure two sets of strips

Test strc. L2-35 Rimp Ch5-7 1/8/03
2050/(2*9.765)=103.7 kohm/cm
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» Rimp = 104 kΩ/cm 
» No spec. on sheet resistance 
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Test Structure: Al Strip ResistanceTest Structure: Al Strip Resistance

q Al strip resistance TS 35/36

Test strc L2-35 Ch.6-8 R-AL 1/8/03
 312/(2*9.765)=16 Ohm/cm

y = 312.03x + 3E-05
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Ø RAl = 16 Ω/cm  for the two sets of strips 
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Test Structure: CTest Structure: Ccc

q Measure Cc from test structure implant

Ø Length of implant is 9.76cm 
Ø Expected value should be ~120 pF

DC - AC Cc
Ch.1 - 2 ~92 pF
Ch.3 - 4 91-93 pF
Ch.5 - 6 ~93 pF
Ch.7 - 8 ~93 pF
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Test Structure: various elementsTest Structure: various elements

q Other structures
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Test Structure: various elementsTest Structure: various elements

q Sets of Poly-silicon Resistors
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Test Structure: Test Structure: RRpolypoly

q Measure TS 35/36 ‘ps20’: 
Rpoly = 0.8 MΩ

q Measure TS 35/36 baby sensor: 
Rpoly = 0.8 MΩ

Test Strc L2-35 Rpoly ps20 1/7/03 0.88 Mohm
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Test Strc L2-35 Baby Sensor Rpoly~0.8Mohm 1/7/03
Channel 1 back 0v

y = 800331x + 0.0177

-2.5

-2

-1.5

-1

-0.5

0

0.5

-3.0E-06 -2.5E-06 -2.0E-06 -1.5E-06 -1.0E-06 -5.0E-07 0.0E+00

Current (A)

V
o

lt
ag

e 
(v

)



Dzero RunIIb SMT, January 23, 2003  - Mao, Lipton, Demarteau Slide 15

Test Structure: DiodeTest Structure: Diode

q Measured C-V curve of diode on test structure

Test Strc L2-35 right diode 1/(c*c) 1/7/03
depletion ~ 82v
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Sensor MeasurementsSensor Measurements

q So far measured sensors: 28, 29, 33, 47, 48, 51, 19, 20, 21 
Ø Probe station was setup incorrectly for first three sensors 

» Voltage limited to 150V; So no correct I-V curve (yet) for those sensors

q Sensor has scratch pad for sensor serial number
Ø Question: what’s the serial number of this sensor? 

Ø Correct answer is 37 !
» HPK interprets each set of 4 scratch pads as 1 digit. Why ?? 

Ø Answer: 55   (0011 0111)       Wrong ! 
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CC--V ScanV Scan

q C-V scan #28 

L2-28 1/(c*c) Depletion voltage ~98V 12/23/02
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ACAC--Scan Scan 

q AC-scan #29 

L2-29 AC-scan 10kHz back 20V AC 80V 12/27/02 
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q Channels 285 and 286 shorted, as verified by visual scan 
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DCDC--ScanScan

q DC scan of sensor #33

L2-33 DC-Scan backside 100V  12/26/02
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II--V ScanV Scan

q Measurement of Ileak of detector before breakdown 

I-V Measurement
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II--V Scan Comparison HPKV Scan Comparison HPK
HPK Measurements
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II--V Scan V Scan 

Detector Leakage Current
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q Sensor 47 was measured more than once. Measurement shown is last
measurement.
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VVdepldepl and and IIleakleak at at VVbiasbias of 350 Vof 350 V

q Full depletion voltages of all 9 sensors measured so far from CV-scan

Full Depletion Voltage
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Sensor # 47Sensor # 47

q I-V curve of sensor 47 
q Regular DC scan of sensor 47

L2-47 Bias I-V 3 tests  0.14microA at 350 V 1/10/03 
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Sensor # 47Sensor # 47

q AC scan

Ø Channels 253 – 314 unusually high capacitance 
Ø Measurement done with backside bias at 20V  

L2-47 AC-scan Back 20V AC 80V 10kHz 1/13/03
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Sensor # 47Sensor # 47

q Measure Cc as function of backside voltage for strips in region of interest
(Vdepl for this sensor is  87 V)

Ø channels with slowest decrease are in the middle of the bad region

Capacitance for 10 channels 
L2-47 re-test manual 10kHz
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Sensor # 47Sensor # 47

q Measure Rpoly for affected channels at the DC-pad

q Measure Rpoly on on DC pad for the adjacent intermediate strip, which has 
Rpoly

L2-47 Rpoly 2ndDC back20v 
1/17/03
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Ø Note: there is no Rpoly at the end where the 
pad is probed 

Ø Measurement is the combined resistance of 
strip and Rpoly

L2-47 Intermediate Rpoly back 20v 
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Ø Measure directly Rpoly , plus possible higher 
order effects 

Ø Are intermediate strips shorted ?
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Sensor # 51Sensor # 51

q AC scan

L2-51 AC-scan back-20v 1/16/03
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CommentComment

q Official HPK drawing for sensor layout:

This is not the layout of 
the sensor
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ConclusionsConclusions

q Measurements indicate that sensor quality is very good 
q But, there are some puzzles … 


