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3. Sampling Switch
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3. Sampling Switch

-

V Range : : : <1.2v* <1l.2v* <1.2v*
Ifr‘:gﬂ 0.6GHz  3.4GHz  23GHz  1GHz 3.4GHz  <0.1GHz
Length 60N 280n 60N 60N 60N 60N
Tir':gﬂ** 68ns >10us 1.7ns 71ns 2.6ns 2us
*Higher impedance as the signal voltage reachegdd, noticeable at V>0.6vdd ****ff corner, 10% decay
**(Capacitor V Amplitude / Signal V Amplitude) reaches 0.7. ss corner, after sampling vdd.

0.1V amplitude , DC bias = 0.5vdd



Noise of capacitors at 300 K

Capacitance 1/ksT/C |/kgTC Electrons
4. Sampling Capacitor

10 fF 640 pVv 6.4 aC 40 e™
100 fF 200 pVv 20 aC 125 e™
1 pF 64 uVv 64 aC 400 e~
10 pF 20 pVv 200 aC | 1250 e~
100 pF 6.4 pVv 640 aC = 4000 e~
1 nF 2 uv 2 fC | 12500 e~
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5. Output Source Followe
A. Stage 1
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Stage 2 Follower
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6. Controlling Sampling Switch

ADual Edge Triggered Flip Flop
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AControl Logic
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A1.2V to 2.5V Voltage Level Shifter
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/. Clock Distribution

A10 GHz VCO (Fermilab)

Control Voltage is sourced from
he FPGA to create a feedback

oop.
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APower Gated Primary Clock Buffer
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A5GHz Clock Skew Generation
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Overview

Register Address | Read/Write Content Description
0 Reserved Will read out nothing
1 R/W Trigger Channel Mask 0: Disabled. 1: Enabled
2 R/W Instruction 1: Reset, 2: Readout, 3: Start
3 R/W NEdE 0: Use 1 Fast SCA bank to

capture an edge, 1: Use 2, 2: Use 4
last 6 bits of reg 10, 17,

=1 - Counter( Values | o4 21 35 45 52,59 are not data
11-17 R Counter 1 Values
18-24 R Counter 2 Values
25-31 R Counter 3 Values
32-38 R Counter 4 Values
39-45 R Counter 5 Values
46-52 R Counter 6 Values
53-59 R Counter 7 Values

Table 1: SPI Register Map. All registers are 8 bits long.

e Two clock domains: SPI clk (~40-50
MHz) & Internal (~40 MHz)

e Takes string of bytes: first sets
address, rest are data to write

e address increments every 8 SPI clk
cycles




Reading
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Layout

Total size:
60x60
um”2

Core size:
40x40
um”2

Mode
Instruction
Trigger Channel
Mask

Load Count Ser
Select Reg

e Rstn
e Internal
Clock

SPI clk
Serial
Out
Serial In




Verification

Data is cataloged by: Analog Channel, Channel Register
Load_cnt_ser [8 bit]: Addresses the analog channels

Select_reg [3 bit]: Addresses the register in a given analog channel
Increments through registers in a given channel, then increments the channel

M load_cn..r[74 00 L] o1 | 0z :

04 h 08 - 10 h 20 ! a0
8 [7]
o [B]
o [5]
& [4]
E)
o [2]
a (1]

4 0]

> M select_reg[2: 7

T r — f
l‘i"=3i-llqu:E|I|:|:-1:2;3:4||.5i6i|:|i1_=:2.-'|i'|1:5=r_7|;

: =

e Passed reading through all registers sequentially
e Passes reading and writing to special registers



Time Analysis

*WNS: Worst Negative Slack

Setup views included: *TNS: Total Negative Slack
default

e e R e e i e T e e -

| Setup mode | all | reg2reg |reg2cgate| default |

e i e S e e e -

| WNS (ns):| ©.000 | 24.587 | N/A | ©.000 |

| TNS (ns):| ©.000 | ©.000 | N/A | ©0.000 |

| Violating Paths: | 0] | 0 | N/A | 0 |

| All Paths: | 48 | 31 | N/A | 32 |

e e e e e e e -

25ns period sclk; 23ns input delay; 2ns output delay
Synthesized clock tree for SPI clk and internal clk



Q: How to reset the address”?
A: Wait for 7 iclk cycles without sending sclk. Then send another address.

Q: What if an invalid address is sent?

A:load_cnt_ser <= 00000000, select Reg <= 111. This means no data is read out.

Q: Is there any error correction?
alli JWI YUkqWéc2WdWe U! OWNSRY Wt 6Ye ol Uk qWHIWE WG Y



Pin Layout (54 pins)
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Executive Session

Analog
AClock Skew Generation: Is it reliable? Is there a better way to do it?

Alnevitable clock skew between channels (O(10ps)): Will it affect
the calibration?

ASignal Integrity: Is it reliable considering mismatch and process
variation?



Executive Session

Application

ALength of a fast SCA bank (1.6 ns): Is it good for LAPPDs? What about other
detectors?

ASCA banks can be used as 4* 1.6 ns, 2* 3.2 ns, or 1* 6.4 ns, where the
multiplier means the number of edges captured within 208.4 ns window. Is
this feature useful?

AReadout rate: Is 30kHZ event rate good enough? (w/ 40MHz readout clock)

ADo we need a feature which disables slow SCA bank readout? (156kHz) Do

we need a feature which supports pipelined readout (simultaneous
read/write) of four fast SCA banks? (625kHz)

AHow high a readout clock frequency shall we support? (Currently 40MHz max
due to RC, higher frequency bad for signal integrity.)



Executive Session

Digital
s What to do with the last 6 bits of the digital registers?
s Would the design benefit from running faster?

How often should internal reset occur If no data Is sent Iin?

O«

How to make sure a transaction is complete before starting the next
one (how does one count 4clk cycles from the FPGA)?

O«
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