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1 Parameters in AC-LGAD:

N+ Layer & Size of Metal Pads

Eric Ryan & Hartmut F.-W. Sadrozinski

SCIPP – UC Santa Cruz 



LGAD Development: PIN -> LGAD -> AC-LGAD 
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PiN - > LGAD: Introduce gain layer, require precise isolation of pixels (JTE), pixel size ~ 1 mm 
LGAD -> AC-LGAD :Remove physical pixelation of LGAD 
• make n++-implant at the junction slightly resistive and extend it as a continuous sheet over the 

gain layer across the entire sensor-> resistive silicon detector RSD
• add di-electric layer for isolation and AC-coupling into readout pads

Result:
• Large pixel with sparse readout, precision position resolution from maximal pulse 

sharing: “software pixel size“  = position resolution < 10 um
• Simplification of design and production (no p-stop, JTE, inter-pad gap)
• 100% Fill-factor
• Lowered power/Area

US patent No.: 9,613,993 B2 “Segmented AC-coupled readout from continuous collection electrodes in semiconductor sensors”, H. 
Sadrozinski, A. Seiden (UC Santa Cruz) and N. Cartiglia (INFN Torino), granted on April 4, 2017 

H.F.-W. Sadrozinski, A. Seiden, N. Cartiglia, “4D tracking with ultra-fast silicon detectors”, 2018 Rep. Prog. Phys. 81 026101
M. Mandurrino et al., "Demonstration of 200-, 100-, and 50- micron Pitch Resistive AC-Coupled Silicon Detectors (RSD) with 100% Fill-
Factor for 4D Particle Tracking“, IEEE Electron Device Letters, vol. 40, no. 11, pp. 1780-1783, Nov. 2019.

PiN LGAD AC-LGAD



Layout Dependencies for AC-LGADs
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Criteria: Sensor Section:
I. Power: AC-Pads, Gain Layer
II. Time resolution : AC-Pads, Gain Layer, Bulk
III. Position resolution : AC-Pads, Gain Layer, Bulk
IV. Radiation hardness : Gain Layer, Dielectric
V. Operating Bias [V]: Gain Layer, Bulk
VI. Next neighbor pick-up: AC-Pads
VII. Non-Uniformity of response: AC-Pads
VIII. Bump Bondability: AC-Pads
IX. Delay of signal N+ layer

Bulk:
Thickness
Resistivity

Gain layer :
Doping Profile
Depth
Carbon

N+ layer :
Sheet Resistance
Termination
Uniformity

Dielectric:
Type
Thickness

AC-Pads:
Pitch, Size,
Shape

Beyond LGAD:
Investigated here



Sensors Selected from FBK RSD1

N+ Dose: 
A = ½*B, 
C = 2*B, 
B = 1/10 of usual N+

Compare Sensors with different N+ dose (A, B, C)  & same “low” thickness  of dielectric 

For charge sharing, compare different pad sizes for mainly large pitch
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500-200

Pixel Pitch = 500µm,  Pad Size = 
200µm

Pmax under next neighbor       
pad: ~ 10% of hit pad.
Pmax beyond next neighbor     
pad: less than 2%.

5

Laser irradiation, locations shown by 
red dots in figures.  Front-side, can’t 
irradiate location of metal pad, 
backside can explore full detector 
response. 

Pulses have very consistent rise 
and fall times.  10-90% rise-time 
about 530 psec.  Different 
amplitudes basis of position 
interpolation.
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Methodology: Analyze Pulse Shapes from IR laser

Front

Back



AC-LGAD Time Resolution : laser measures Jitter only
Both front (ToA) and back (RC) of the pulse are of interest!

(counting single pad only)

AC-LGAD Timing
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The sheet resistance of the common N+ has a major influence on the sensor properties.
Many results on the effect of the N+ value are well described by Mohammad’s TCAD 
simulations



Sensitivity to N+ Dose: High N+ preferred
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The Pulse-height (“Pmax”) scans are used to explore the charge sharing between 
neighboring pads by evaluating the Pmax Fraction of neighboring pads as a function of 
position. 
The Fraction is defined as the ratio of the pulse height of one pad divided by the sum of 
the two:  Fraction (i)= Pmax(i)/[Pmax(i)+Pmax(i+1)] -> Position Resolution

Fraction scans of the FNAL beam test of BNL strips / HPK pads (courtesy Ryan Heller (FNAL)):

BNL strips: 100 um pitch-80 um metal HPK pads: 500 um pitch- ~500 um metal

Completely linear relationship
Fraction vs. Position 

even under metal

Partial linear relationship
Fraction vs. Position 

only at the metal interfaces

Position Resolution depends on Charge Sharing
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• What determines if the pulse height underneath the metal is constant, 
linear, or whatever?

• Use focused IR laser scans from the back to explore the charge sharing 
between neighboring pads on FBK  RSD of different geometries:

Pitch – pad size : 200-150, 500-200, 500-300, 500-490

• Evaluation of the Fraction of the pulse height Pmax of neighboring pads 
as a function of position. 

• In the following we show the position distributions of Pmax(i), the sum 
and the Fractions (i), together with the width of the metal pads. 

• Since we read out only two neighbors the Fraction is evaluated for the 
positions between the centers of the two pads.

• Inverting the Fraction plot results in the “Position from Fraction” plot. 

• In the experiment where one would measure the Fraction, one will use 
“Position from Fraction” to determine the position.

Measure the Fraction with Laser Scans



W13 200 – 150: fairly linear

(Holes in metal)
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Width of metal pads

Sharing needed for
position resolution



W13 500 – 200: fairly linear
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W13 500 – 300: fairly linear
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W13 500 – 490: linear < 100um, otherwise constant!
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Both Pmax and 
shared signal
in neighbor
are constant
-> constant Fraction



• In all cases the fraction is fairly linear in the first 100 um under the metal.

For the 500-490 sensor, only about 60% of the pad can be used 
for position determination.

Fraction vs. Size of Metal Pads
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• This is true even for 500 um pads when they are very close. 
• But then further into the pad, the fraction becomes constant.



• For N+ fraction: use the larger dose, i.e. the lower sheet resistance

• For pad metal size, use small metal pads
1. Smaller capacitance
2. Better charge sharing: Linear Fraction vs Position relationship
3. Propose pads of 100 um dimension on 400 or 500um pitch 

Conclusions
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