VERIFICATION OF A 65NM CMOS IC FOR VARIOUS APPLICATIONS
(NEUTRINO DETECTION, HIGH ENERGY PHYSICS, ETC.)
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VULCAN CHIP OVERVIEW v =
DIGREG
BIST
. ‘ 0SC1 11
e The Vulcan Chip TRG | [osc |
Register —
- - - . - \“‘\\
e Highly linear, fully integrated circuit — Vulcan ITAG JT;G ADC > +<:I’IA< e o ]|
e \
e Sampling ADC with approx. 80 dB linearity A
: e wi - - BIAS < DAC Ne,
(3 signal chains with 3 different gains) HAL
e No external components required DATA<15:0> ‘ NC
_ _ " o TRG [ |0SC NC,
e On-chip clock generation from ref. clock X O| |PAMHS #- — /__
[ ' ' TRIGGER<1:0> - ~ ADC > kd—"TIA REN2 {
 Precise signal reconstruction c ~ ~J!
. 2 A —
 No aqalog .delay .Ilne_ Dsp BIAS —DAC| -
(reducing noise & distortion) = ’
e Control loop to suppress DC variations ADC_REF — osc o
e Optional overshoot compensation —
DIG_PLL ADC > ¢ _/-'ILIA RFIN3
e Further key parameters of Vulcan: e N
VDD
4
e ADC with 9.5 bit (3x 8 bit), 1 Gsample/s = | | STAwWP sias | | = Dpac| ADCTEST3
t |
. Trans!mpedance Amplifier (TIA) CEFCLKD cLOCK e | Jowresmac. .,
Input impedance of < 10 Ohm s (P '
e Power consumption ~ 1.2 Watt
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VULCAN SIGNAL MODES
e Signal Modes — Small & Medium Signals

VULCAN S

G
T= > . cu C
3 u
P
= small & medium signal mode
First two signal chains o gt AOCHghGan  ADCMedium Gain ADC Low Gain
+ Parallel TIA input .
* Programmable gains 16=0.06p.c. 1b-0.4p.c.
« Combined input resistance R = 5 Q) )
1 2 4 8 16 31 64 128 256 512 1024 2048 ;arge

[photo electron; p.e.]
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VULCAN SIGNAL MODES

e Signal Modes — Large Sig

Third signal chain

* Current> 20 mA

* TIAinput saturates, ESD diodes open
* Voltage over diodes measured

» Combined input resistance R = 5 ()
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LAB SETUP
OVERVIEW
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BOARD CONCEPT

Verification Board Socket Board

- Board for IC Verification - Socket can be populated on board PMT Board

- Every ADC can be measured - F_or_measurement of many samples - For direct usage with PMT
- Best RF/Impedance performance - L|m|te_d performance measurements - Protection circuit

- Optimized for verification measuremens - Functional checks - All 3 ADCs connected

System Board
- All 3 ADCs connected

- Protection circuit

- Reference design for system implementation

Main Board

- Logic analyser connection
- Power supply connection
- JTAG interface

- DC measurements

- Samtec board to board connectors

IJ JULICH
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VERIFICATION BOARD CONCEPT

Main Board

Verification Board or
Socket Board or
PMT Board or
System Board
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VERIFICATION BOARD

Vulcan

KL Analog Connectors
WS AL ;i /
4
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VERIFICATION BOARD

o ) Samtec LVDS Digital Connector

Samtec Supply Connector
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= VERIFICATION
BOARD SETUP

L_. ‘. A
’\J
-
‘ o ES2Z Main Board
+ on 1.0 W T310m
-, &
o
: 4
B3
.

é! Board Number o201

Vulcan ES2 Verification Board
Version 2.0 PW 7302
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SOCKET BOARD SETUP

e Yamaichi Socket for functional testing
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VERIFICATION SOFTWARE FRAMEWORK

Run Measurement P\

Devices are initialized, Chip programming environment is set up, all testcases that should be executed are started MATLAB
from this Matlab file and the parameters for the testcases (Temperatures, Voltages...) are defined here

Testcases

Each testcase is started with the parameters given, measurement equipment and the chip is  yfa11.aR
programmed and the measurement is executed

et

Measurement Results

Measurement results from all executed testcases are stored in
a new measurement data folder, the folder name is containing the execution Date

chip programming

device programming

A A
c c
S S
ke e
N N
] s
k= £
Chip
Control Control

)

Register
Table

Lab
Setup

Output Formats:

- Excel, including template, plots and raw data
- Plots .jpg
- Plots .fig &,

= RaW data .\IA’!}"\H
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VERIFICATION RESULTS OF VULCAN ES2
e LVDS Data Lines

:,. Eye Scan - Sample Position and Threshold Settings

o [ e | &2
% & l,t =59 mol EEEE E E [=:h] Snap markers to eye center, Click to move markers
Default Measurement
Busses/Signals Sampl, /Threshold
Thresheld = User =
= Wdata_low wThresh = -3.25 mY avg.
tSample = -245 ps  avg.
Threshold = User
| data_low(0] vThresh = -10 mV
tSample = -179 ps
Threshold = User
| data_low[1] wThresh = 0V
tSample = -272 ps
» . Threshold = User
dalll tSamole = -281 os N
|Run This Measurement‘ Legenc
e
E}:asc;r:r;.;\:\ilpg;allr’fgerrl']:;efduH(Edrﬂe and voltage scan, At the conclusion of the scan, the ideal sample pesition and threshold settings will | ‘ Current Sample Position (tSample) Suggested Sample Position |§| ‘ml
u cally selected. == [eanEe)

’- Current Threshold (vThresh) Suggested Threshold
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VCO AND PLL INVESTIGATIONS

® RBW 20 kHz Marker 1 [T1 ] ® RBW 1 MHz Marker 1 [T1 ]
VBW 50 kHz -5.98 dBm VBW 3 MHz -3.47 dBm

Ref 2 dBm Att 0 dB SWT 40 ms 999.998397436 MHz Ref 2 dBm Att 0 dB SWT 2.5 ms 999.998397436 MHz

-0 l o - —— e l
3 1 -41.36 as

41.091244154 MHz

L _1¢ --10
ave v

F-20 F-20

--30 F-30

=i [0
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—-50
SWE 100 off 100 b\\
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7 N

|
|
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|

S R
I
=

I —

P

--90 a t -g0

L™ AL i

Center 1 GHz 1 MHz/ Span 10 MHz Center 1 GHz 20 MHz/ Span 200 MHz
Date: 15.DEC.2003 07:15:24 Date: 15.DEC.2003 07:17:58

* VCO running @4GHz
» Reference clock for PLL @31.25MHz
 Measurement VCO/4 -> 1GHz
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CLOCK AND PLL INVESTIGATIONS

* VCO Tuning Range @ 25°C

040
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RF Output Frequency vs. VCO Tuning Voltage
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=o=Output Frequency for VDDWCO = 1.7V

o= Outpul Frequency for VDDVCO — 1.8V

—o-Omtput Frequency for VDDVCO = 1.9V
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Output Frequeney for VDDVCO = 2.1V
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Noise Power [dBc/H]
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 PLL Phase Noise @ 25°C

Phase Noise, 1.8 V; control voltage binary activation 16 with carrier reference power 13 dBm)

Jitter integration range

|—VDDVCO = 1.8 V; Jitter = 1.4 ps|

10°

SCIENCE

10*

10°

Frequency Offset [Hz]
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p—
L2

m: File Trace/Chan Response Marker/Analysis Stimulus Utility Help

> | Averaging Factor | 200 [ZI

B 511 Smith 1.000U/ 1.00U

=] x|

Print

10.000 MHz 9.03 Q :
17.38 nH 1.09 O Print...
100.000 MHz 1322 O
337 Q
8.80 Q Page
3390 Semp“.
Print
to File...
Print
Colors...
Ch1Avg= 200 Favorites
1 =Ch1: Start 10.0000 MHz — Stop 1.00000 GHz
Cont. CH1: 511 C Z2-Port Ayg=200 Delay Loss LCL

Mitglied der Helmholtz-Gemeinschaft 18th April 2018 Seite 17

TRANSIMPEDANCE
AMPLIFIER INPUT
IMPEDANCE

JULICH

Forschungszentrum

/.



TIA Low Galn

25

TIA DC Output Volage vs. Ipc b=1

A DG Unbgon Ve v, foe el B s 1722 500

e TIA.CTRL 2 =1
e TIACTRL 2 =16

2. Low Gain setting -> 620mV / 10mA -> slope -62Q

e TTA_CTRL2 =91
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TIA High Gain

1

1

TTA DC Output Volage vs. Ipc b=0 :
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05
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ADC Value Distribution ADC Nr. 2 Sample 1Clock Divider by 2 ValueCount

* ADC Thermometer
Code Distribution
500Msample/s

ADC Bit

— 0.6

0.4

0.2

-4000 -3500 -3000 -2500 -2000 -1500 -1000 -500 0
Current [uA]

q
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Full Range ADC Characteristic (low Gain)

Vulcan 2.0 RX1 ADC Measurement 700M Samples/s

3
250 o | I I :
= ADC,
ADC)rtean = “==§ i
min {ADC;} 7
max;{ADC;} /
- - = - Polyfit function 1* order, Slope A = «1(1.5451‘,:7': //'
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Full Range ADC DNL (low Gain)

Vulcan 2.0 RX1 ADC + TIA DNL (

Differential nonlinearity) Measurement
I

(TIAIHI:U! to ADC()utput )

4000 7 I I I 2
6354 ADC,
~—Input Current vs. ADC)rean = T
- - - - Polyfit function 1*' order, Slope A = 40.5451%
x Linear Interpolated Values taken for DNL Calculation
2000 H DNL, = Yet2te g
0l

-2000 w’/"'
._1? |
g 1 i 3
5 -4000 — =
O Il

X =
g i ~
= =
= Q
o

-6000

-8000 il

-10000 —-15

-12000 1 ‘ | | ‘

0 100 150 200 250
ADC)\.qn Output Value
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Full Range ADC INL (low Gain)

Input Current [pA]

Vulcan 2.0 RX1 ADC + TIA INL

(Integral nonlinearity) Measurement (7' 1Ar,,.; to ADCouipu)
\ \

4000 ‘ i ‘ ‘ 3
16354
ADC;
Input Current vs. ADC)jeqn = Z[W
- - - - Polyfit function 1%* order, Slope A = 4(15451‘%
Linear Interpolated Values taken for INL Calculation
% Ideal Values taken for INL Calculation
2000 — —I—Absolutc INL Errorbar 5
INLisps = Uﬂ’[f,[u[mk .
0
—1
-2000
—0
~]
-4000 =4
—
K
-6000
—{-2
-8000
—{3
-10000 —
-12000 ‘ ‘ ‘ ‘ ‘ -4
0 50 100 150 200 250
ADCheqn Output Value
SCIENCE ’
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Sinewave Signal 1 MHz (700Msamples/s)

250

200 —

100 L 1

50 [—

3.3 3.35 3.4 3.45 3.5 3.55

x10°

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft 18th April 2018 Seite 24 Forschungszentrum




SNR Measurement (700Msamples/s)

Fundamental
Noise
40 — DC and Harmonics (excluded)

20—

Power (dB)

‘l W"I“"MMM

0 50 100 150 200 250 300 350
Frequency (MHz)
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SNR Measurement with Distortion (700MSamples/s)

SINAD: 32.00 dB

‘ Fundamental
Noise and Distortion
40 — DC (excluded)
[7]
20 [+ —
0 . 0 0 —
ENOB without Distortion = 6.25
ENOB with Distortion = 6.17
20 —
g SNR — 1.76 + 20 * log1o (5;‘;&55"6‘;1;)
g ENOB = 6.02
S aof
-60
-80
-100 [—
120 | | | \ \ |
0 50 100 150 200 250 300 350
Frequency (MHz)
‘ o0
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10ns Pulse ADC Output

23 Jan 2018 10:09 PM

File Control Setup Trigger Measure Analyze Utilities Help

~T——~—~] 13.6 GHz

Vulcan 2.0 ADC 10ns Pulse Output

220 T T

210 —
200 —
190 —
g 180 [—
g \ 10ns
= \ [
170 < P i H
o> 1.0:30 v
160 A | I —
150 /
140 [— —
| | | |
160 170 180 190 200 210

Time [ns]
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Vielen Dank!
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