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Outline 

Front-End electronics optimization for fast timing with UFSD sensors 
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- 𝝈𝑳𝒂𝒏𝒅𝒂𝒖 𝑵𝒐𝒊𝒔𝒆 :  𝒅𝒆𝒑𝒆𝒏𝒅𝒔 𝒐𝒏 𝒕𝒉𝒆 𝒔𝒆𝒏𝒔𝒐𝒓 𝒕𝒉𝒊𝒄𝒌𝒏𝒆𝒔𝒔 . 𝑭𝒐𝒓 𝟓𝟓 𝒖𝒎 𝒔𝒆𝒏𝒔𝒐𝒓𝒔 𝒊𝒔~ 𝟑𝟎 𝒑𝒔

- 𝝈𝑫𝒊𝒔𝒕𝒐𝒓𝒕𝒊𝒐𝒏 : 
- 𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆𝒅 𝒃𝒚 𝒕𝒉𝒆 𝒏𝒐𝒏 − 𝒖𝒏𝒊𝒇𝒐𝒓𝒎 𝒘𝒆𝒊𝒈𝒉𝒕𝒊𝒏𝒈 𝒇𝒊𝒆𝒍𝒅.  
- 𝑫𝒆𝒑𝒆𝒏𝒅𝒔 𝒐𝒏 𝒕𝒉𝒆 𝒔𝒆𝒏𝒔𝒐𝒓 𝒅𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏

- 𝝈𝑱𝒊𝒕𝒕𝒆𝒓 :      𝑫𝒆𝒑𝒆𝒏𝒅𝒔 𝒐𝒏 𝒕𝒉𝒆 𝒗𝒆𝒓𝒚 𝒇𝒓𝒐𝒏𝒕 − 𝒆𝒏𝒅

- 𝝈𝑻𝑫𝑪 :   𝑫𝒆𝒑𝒆𝒏𝒅𝒔 𝒐𝒏 𝒕𝒉𝒆 𝑻𝑫𝑪 𝒊𝒏𝒕𝒆𝒓𝒏𝒂𝒍 𝒐𝒓 𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍

- 𝝈𝑻𝒊𝒎𝒆 𝑾𝒂𝒍𝒌:  𝑫𝒆𝒑𝒆𝒏𝒅𝒔 𝐨𝐧 𝐭𝐡𝐞 𝐬𝐢𝐠𝐧𝐚𝐥 𝐚𝐦𝐩𝐥𝐢𝐭𝐮𝐝𝐞 𝐯𝐚𝐫𝐢𝐚𝐭𝐢𝐨𝐧, 𝐯𝐭𝐡
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𝑴𝒐𝒓𝒆 𝒓𝒆𝒂𝒍𝒊𝒔𝒕𝒊𝒄 𝒔𝒊𝒎𝒖𝒍𝒂𝒕𝒊𝒐𝒏𝒔 𝒂𝒍𝒍𝒐𝒘 𝒕𝒐 𝒉𝒂𝒗𝒆 𝒂 𝒃𝒆𝒕𝒕𝒆𝒓 𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒊𝒐𝒏 𝒐𝒇  
𝒕𝒉𝒆 𝒑𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 𝒐𝒃𝒕𝒂𝒊𝒏𝒆𝒅 𝒘𝒊𝒕𝒉 𝒂 𝒔𝒚𝒔𝒕𝒆𝒎 𝒔𝒆𝒏𝒔𝒐𝒓 + 𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒏𝒊𝒄𝒔 
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𝜏1 =  𝐶𝑑 ∙  𝑅𝐼𝑁 
𝜏1 

𝑹𝒖𝒍𝒆:𝒎𝒊𝒏𝒊𝒎𝒊𝒛𝒊𝒏𝒈 τ𝟏 𝒂𝒔 𝒎𝒖𝒄𝒉 𝒂𝒔 𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆‼ 

 𝐈𝐟 𝑪𝒅 𝒊𝒔 𝒇𝒊𝒙𝒆𝒅, 𝒕𝒉𝒆 𝒐𝒑𝒕𝒊𝒎𝒊𝒛𝒂𝒕𝒊𝒐𝒏 𝒎𝒖𝒔𝒕 𝒃𝒆 𝒅𝒐𝒏𝒆 𝒘𝒊𝒕𝒉 𝑹𝒊𝒏 
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 𝑩𝒓𝒐𝒂𝒅𝒃𝒂𝒏𝒅: 
• 𝑹𝒊𝒏 𝒄𝒂𝒏 𝒃𝒆 𝒍𝒐𝒘 𝟓𝟎Ω  𝒂𝒏𝒅 𝒕𝒉𝒖𝒔 𝒊𝒕 𝒂𝒍𝒍𝒐𝒘𝒔 𝒕𝒐 𝒑𝒓𝒆𝒔𝒆𝒓𝒗𝒆 𝒕𝒉𝒆  𝒊𝒏𝒑𝒖𝒕  
      𝒔𝒊𝒈𝒏𝒂𝒍 𝒑𝒓𝒐𝒑𝒆𝒓𝒕𝒊𝒆𝒔 
• 𝑵𝒐𝒊𝒔𝒆 𝒊𝒔 𝒉𝒊𝒈𝒉𝒆𝒓 (𝒕𝒉𝒂𝒏 𝒕𝒉𝒆 𝑪𝑺𝑨 𝒄𝒐𝒏𝒇𝒊𝒈𝒖𝒓𝒂𝒕𝒊𝒐𝒏) 

 𝑪𝑺𝑨: 

• 𝑹𝒊𝒏 𝒊𝒔 ∽
𝟏

𝒈
𝒎
 
𝒂𝒏𝒅 𝒕𝒉𝒖𝒔 𝒊𝒕 𝒄𝒂𝒏 𝒏𝒐𝒕 𝒑𝒓𝒆𝒔𝒆𝒓𝒗𝒆 𝒕𝒉𝒆  𝒊𝒏𝒑𝒖𝒕 𝒔𝒊𝒈𝒏𝒂𝒍  

      𝒑𝒓𝒐𝒑𝒆𝒓𝒕𝒊𝒆𝒔. 𝑪𝒅𝒆𝒕 𝒑𝒍𝒂𝒚𝒔 𝒂 𝒇𝒖𝒏𝒅𝒂𝒎𝒆𝒏𝒕𝒂𝒍 𝒓𝒐𝒍𝒆 𝒊𝒏 𝒕𝒉𝒆 𝒇𝒊𝒏𝒂𝒍 𝒕𝒊𝒎𝒆  
     𝐫𝐞𝐬𝐨𝐥𝐮𝐭𝐢𝐨𝐧. 𝑻𝒉𝒊𝒔 𝒊𝒔 𝒕𝒉𝒆 𝒐𝒑𝒕𝒊𝒎𝒂𝒍 𝒄𝒉𝒐𝒊𝒔𝒆 𝒊𝒏 𝒄𝒂𝒔𝒆 𝒐𝒇 𝒉𝒂𝒗𝒊𝒏𝒈 𝒕𝒉𝒊𝒄𝒌  
     𝒔𝒆𝒏𝒔𝒐𝒓𝒔 𝒐𝒓 𝒔𝒎𝒂𝒍𝒍 𝒑𝒂𝒅𝒔 
• 𝑵𝒐𝒊𝒔𝒆 𝒊𝒔 𝒗𝒆𝒓𝒚 𝒍𝒐𝒘. 
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 𝑪𝑺𝑨: 

generated current 

injected current 

𝟏 𝐩𝐅 

𝟏𝟎 𝐩𝐅 
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∫
𝐐𝐢𝐧

𝐂𝐟
 

𝛕𝟏

𝛕𝟏− 𝛕𝟐
 𝐞

− 
𝐭

𝛕𝟏  − 𝐞
− 

𝐭

𝛕𝟐

𝜏1 = 
𝐶𝑑

𝑔𝑚1𝐴
 𝜏2 = 𝑅𝑋 𝐶𝑋 
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• 

• 

•   

• 

∝ 𝐼𝑏𝑖𝑎𝑠 
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• 

σ =  
𝑡𝑟

𝑉𝑜𝑢𝑡
𝑁 
 

δ𝐽𝑖𝑡𝑡𝑒𝑟~
𝑇𝐶
2 + 𝑇𝑟

2

𝑇𝑟
∙
𝐶𝑑  ∙  𝑇

𝑔𝑚
 

min δ𝐽𝑖𝑡𝑡𝑒𝑟 𝑇𝑐 = 𝑇𝑟  
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• 

• 

•   

• 

• 

o

o

o

o
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𝑔𝑚 =
𝜕𝑉𝐺𝑆
𝜕𝐼𝐷𝑆

|𝑉𝐷𝑆 = 𝑐𝑜𝑛𝑠𝑡 
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𝑔𝑚 =
𝜕𝑉𝐺𝑆
𝜕𝐼𝐷𝑆

|𝑉𝐷𝑆 = 𝑐𝑜𝑛𝑠𝑡 
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• 

• 

•   

• 

• 

•
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𝑔𝑚 =
𝜕𝑉𝐺𝑆
𝜕𝐼𝐷𝑆

|𝑉𝐷𝑆 = 𝑐𝑜𝑛𝑠𝑡 
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• 

• 

•   

• 

• 

•

• 
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Ibias = 1mA Ibias = 1.5mA Ibias = 6mA rmsNoise [uV]

Qin [fC]

3 41,8 36,4 24,4 335

4 31,3 27,2 18 347

6 20,8 18,1 11,7 285

8 15,5 13,5 8,6

10 12,4 10,7 6,7

J [ps]
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𝝈𝒋𝒊𝒕𝒕𝒆𝒓 𝝈𝑳𝒂𝒏𝒅𝒂𝒖 𝒏𝒐𝒊𝒔𝒆 
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𝜎𝑡
2 = 𝜎𝐿𝑎𝑛𝑑𝑎𝑢 𝑛𝑜𝑖𝑠𝑒

2+ 𝜎𝐽𝑖𝑡𝑡𝑒𝑟
2 
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•

•
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–

–
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Schön  

Schön  
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Schön  

Schön  
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BLOCK

3 8 3 8

Preamp 120 46 104 40

LAYOUT Discriminator 1 132 47 106 39

SCHEMATIC Discriminator 2 131 47 110 40

Delay line 131 47 111 40

LVDS 131 47 111 40

Preamp 42 16 42 11

LAYOUT Discriminator 1 52 17 53 12

SCHEMATIC Discriminator 2 46 16 43 12

Delay line 47 15 43 12

LVDS 47 16 43 13

12

JITTER [ps]

CURRENT [mA] 2

CHARGE [fC]
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