Reminder of some practical aspects of
the TARGETX ASIC
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* 0.5-1.2 GSa/s

* 10-12-bit digitizati.o.n. . 500kHz - 2MHz dark rate not a problem
* Samples stored, digitized in groups of 32 . o.e. threshold reduces rate to < 1kHz

* 16k samples per channel (16us at 1GSa/s) \hile maintaining > 99% MIP efficiency
* Integrated triggering capability

] S0 fog is00 2y 250 i‘f}{.‘ 1’ S0
-amp ot



The original application

SEXRNAEY DACQ board

Lid
Backplane 2,048 readout channels/
Telescope Cam e ra.
interface
Liguid-cooled TARGET Module
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'\ 4 x TARGET ASIC

4 x thick ribbon cable
{allows curvature, but stiff enough to
retain PCBs).

4 % 16 ch preamplifier boards

CHEC design for CTA



TARGET ASIC Overview
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Single Channel

e Sampling: 64 (2x 32)
Ll separate transfer lanes

Recording in one set 32,
transferring other (“ping-pong™)

Clock/Event Timing Distribution

Very similar to IRSx:

] e Sampling aligned to
SE=sss===—==== | SuperKEKB RF clock

« Storage: 64x 256 (256 =8 * 32) g ES=5== " . 2y more channels

ZiES e Sampling 3x slower

= * No precision timing

= requirement

« Wilkinson (32x1):
32 conv/channel
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Channel 1 input

Channel 16 input

TARGET ASIC
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TARGET Architecture
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Underlying Technology

e Track and Hold (T/H) |
i
T/H SNy
Sampled e 3
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Switched Capacitor Array Sampling

Write pointer is ~few
switches closed @ once
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TX Single Channel ’

e Sampling: 64 (2x 32) Recording in one set 32,
separate transfer lanes transferring other (“ping-pong”)

e “2-stage” transfer

e Storage: 32 x 512 (16k samples)

e Wilkinson (16 ch * 32x)
e 512 conv in parallel




TX Sample Cell

« Main element is buffer amp (OTA)

— Relatively low current (10’s uA) operation possible
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Competing Goals

Need small C for
Dense Storage

Frequency of current drain in LAB3 cells

600
) : = ,u__ E
E o S 5001
@ a | C
m [ o Bl
m £400—
=100 2100 § T
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L u|:300_—
- -200 C
-200: 200F-
-300f -300 ae
B - Po:du“sbﬁ";abi:“%&ﬁ‘ 600500 -400 300 200 100 0
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Sample channel-channel variation
~ fA leakage typically



Sample transfer — realistic capacitance

simIRSxfer

x1=11 20n x2 39.24n dx 28. 04n
2.5

Time (us)

e 200Q2 isolation resistor to reduce ringing




Timebase Generator
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time (ps)

186

184

182

180

178

176

174

172

170

Temperature Dependence

Sample aperature (172ps = 5.8GSa/s) ;ﬁ%ﬁ
0.2%/degree C /F.z‘ip
(can correct) ;pi"":ﬁ
f y = 0.4378x + 160.84
/_i?ﬂ’* R® = 0.9991
(4,;;*/ Matches SPICE simulation
25 30 35 40 45 50 55

temperature (degrees C)
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* Sampling: 128 Recording in one set 64,
(2x 64) separate transferring other
transferlanes (“ping-pong”)

e Storage: 64 x 512 (32k per ch.)
e Wilkinson ADC (64 at once)
e 64 conv/channel (512 in parallel)




Test protocols

e TargetX verification | et
* Noise test, pedestal test o
e All samples, windows operational _ ,nput o
 Timing calibration for best performance ¢ ~225mvrms
e 40MHz sine input @ 600mVpp ::
 Per chip scan of Delay Lock Loop feedback I e S
* Analog Front-end Celba
e MPPC bias test S S
e Preamplifier carrier temperature readout E %

e Trigger threshold scan R
e Waveform sampling triggered by MPPCs

Voltage Nermakzed
-
= in -
L - T

AFTER
optimization

aaaaa



Entries (per 25ps bin)

7000

6000

5000

4000

3000

2000

1000

Timing Improvement
TARGETX timing measurement

Core gaussian
o < 60ps

Could improve
with further
calibration

III|III|III|_|—|

20MHz sine
Entries 49999
Mean 0.01099
RMS 0.0855
12 /[ ndf 3550755
Constant 5601+ 39.6

Mean 0.008678 + 0.000307
Sigma 0.06597 + 0.00035

ADC Count

=200}

—400 |-

~600
3200

0 :
Samples

0.4 0.6 0.8 1

Calibration period residual [ns]

2

Window #100-104 for Event #1499 with WritePointer #373
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Trigger Thresheld
Whizs

Trigger Threshcla
Whizs

Trigger Threshcld
Whizs

Trigger Thresheld
Whizs

Trigger Threshcld
Whias

Trigger Threshcld
Whias

Trigger Threshcld
Whizs

Trigger Threshcld
Whias

Trigger Threshcld
Whias

Trigger Threshold
Whizs

Trigger Threshcla
Whizs

Trigger Threshcld
Whizs

Trigger Thresheld
Whizs

Trigger Thresheld
Whias

Trigger Thresheld
Whias

Trigger Threshcld
Whizs

unused (T7 legacy)
unused (T7 legacy)
unused [T7 legacy)
unused [T7 legacy)
unused [T7 legacy)
unused [T7 legary)
unused [T7 legacy)
unused [T7 legacy)
unused (17 legacy)
unused [T7 legacy)
unused [T7 legacy)
unused [T7 legacy)
unused [T7 legacy)
unused [T7 legacy)
uniked [T7 legary)
unused [T7 legacy)
Shbias

wdisch

Isel

Dbhins

Qkias

vakuff

ViimT

W isc Digital Reg
vadjP

YAPhuft

vadjN

YANbuf*

unused [T7 legacy)
Whias

TREGbias

Ibiay

S5PIn LF

SSPin TE
WR_ADDR_InCT1 LE
WHR_ADDE_Incrl 1k
WR STRBLLE

WR STRBELTE
WR_ADDR Incr2 LE
WR_ADDP_Incr2 TE
WR_3TRBZ LE
WR_STRRZ? TF

W onTiming SEL
S5ToutFB
ChPbias2

Pubi
ChPbias
TPGreg

th.14
th.14
ch.1-4
ch.1-4
ch5-8
ths-8
Ch5-8
chs-8
chag-12
th.g 12
th.e 12
Ch.9-12
Ch.12-16
Ch.12-16
ch.13-18
Ch.13-16
vramg
vramg
Vramg
Vramg
PLL

PLL

PLL

Tir ebase
Tir ebase
lim ebase
Timr chase
Trigger
Trigger
Trigger
Trigger
Tire ebase
Tirr ebase
Tirr ebase
lim ebase
Timr chasc
Timr chasc
Timr ehase
Tirr ebase
Tirr ebase
Tir ebase
Tir ebase
Tirr ebase
wilk

wilk

wilk

Chbias
Dhbias
Dbbias

vahuf*

vgbuf*
12 bit
vAPbuff

vANEutf

Ithias
Itbias
Itbias

Sbhias
bhias
Sbbias

8 blt time
8 bit time.
8 bit time.
8 bit time:
8 bit time
8 bit time
3 bit time
8 bit time
8 bit time
8 bt time
8 bit time
8 bit time

12 bit pattern

Hopefully, these
will start to make
sense in terms of

how these
settings map onto
operational
parameters of the
TARGETX

19



Timebase Control

=>» Use copies of the Sample Strobe signals (from voltage-
controlled delay line) to synthesize all critical internal timing
signals [difficult to fine-tune in firmware]

=>» All driven from 1 precision time clock (SSTin — which is

a copy of the system clock) [why this clock MUST be
clean/stable]

Specifically, can adjust with ns resolution:
e SSPIn (Sample strobe width)

« WR_STRB - phase and width of analog transfer to storage array
o All timing signals MUXed out for monitoring

20



Sample Timebase Generation

C:\CustomIC\IRS3B\Sins\simIRS3B  timingGen.spc

Tanner T-Spice 15.12

13:28:55 06/09/12

[= SSTinV

I

= SSToutV

P,

]

S N N U [ —

~

~| |

B SSPinV

SSPin from SSTin (clock

== SMT1.V

SSPin & ISSTin

== SMTe4V

=

64x delay stages later

I__ SMT65.V

65x delay stages later

—— SMT128V

AN

128x delay stages later

AN

\

1
0.000 20.00n

|
40.00n 60.00n

: : | : : F : : : | :
80.00n 100:0n 120.0n
Seconds x
dT ~ 0.25ns (4GSal/s)

|
140.0n 160.0n
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Tanner T-Spice 15.12

Sampling Active

C:\CustomIC\IRS3B\Sins\simIRS3B  timingGen.spc

13:28:55 06/09/12

[ SSTinV

I

= SSToutV

S W N E—

]

S N N U [ —

B SSPinV

== SMT1.V

Track

£.000 Sample # 1
$1.000 ﬂ i
0.000
== SMT64:V

Hold

I__ SMT65.V

—— SMT128V

1
0.000 20.00n

l
80.00n
Seconds

First 64

>

Second 64

|
120.0n

|
140.0n 160.0n
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Tanner T-Spice 15.12

2,000

SLoo

0.000

#2000
$1.000
0.000

2,000
<1000
0.000
2,000
<1000
0.000

2000

Transfer to Storage

C:\CustomIC\IRS3B\Sins\simlRS3B  timingGen.spc

13:28:55 06/09/12

ALY

Store

| — o

Al & A2

Vv

Bl & B2

Store L

Monitor PHAB to choose WR ADDR to Assert
(Just need once after reset/reprogram)

100.0n 120.0n

140.0n 160.0n
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Wilkinson ADC Analog 1{0) D|g|ta| Cconv

No missing codes

e Linearity as good as
can make ramp

e Can bracket range of

a

Win
ramp /

interest
Runcount
during ramp
Win
3 Wramp

/

Ramp Gehetator

Register
> Cg:11)

A L2

o Excellent linearity
« Basically as good as can make current source/comparator

e Comparator ~0.4 — 2.1V, ~700MHz GCC max

Output Code

3500

3000

2500

]
o
o
(=]

—
(6]
o
(=]

12-bit ADC

Labrador ADC Performance

y = 1606.8x + 105.26
R? = 0.9999

yd

—+— Average
—Linear (Average)

/

7

0

0.5

1

1.5 2 25
Voltage (v)

Clock Gtap Coxle Couhi;\ Modified! (Self'COunter)

[~0.7 GHZz]




Triggering

aim 1=0.13u




Triggering — Tunable over a wide range

Trigger 1-shot Width Adjust | ¢ T_1TRG
==Power (T_1_TRG)

100 ¢
»
2 1
<
=
< 10 ¢
= i
8 4
5
O \\
1 L L L L | L L L L | L L L L | L L L L | L L L L | L L L L

0 20 40 60 80 100 120
Discharge Current [uA]

e |IRS3B 1-size (Whbias) fits all (temp dependence
only important for wide pulses)
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For next Monday

=» Please come up with a set of your questions, to go over in
more detail

=>» Much more pedagogical information pulled together for
IRS familty, but want to do similar for TARGETX (responses
to questions raised)

Important items to be characterized:

 Analog bandwidth
* Noise/ADC performance
 Cross-talk and further timing stability

27
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Constraint 1: Analog Bandwidth

Difficult to couple in Large BW (C is deadly)
inside ASIC

Lg

f3dB - 1/27'CZC -------------------- I —

Input Coupling versus total input Capacitance

Input coupling versus frequency

0
= (Cin=300fF, Rs=500hm

-1

-2
g 4
3 4
2
o _
£ 5
a
¢ 6
s
T 7
c

-8

-9

40 ] 100 200 300 400 500 600
0.1 1 10 100 Total input Capacitance [1F] 29

Frequency [GHz]



Constraint

2. Storage Depth

18 wh
Fixed
0.30 - ~0 ?k‘(i :|i Cstore
x oh
= 10fF 4.70)
Rfeed /_"ﬂ\—‘\. Ri Ri - Ri
— - + L N
il o A - F R
Cpa.d Cdiah Cdtah . Cdtath Cdiaih
B T™ [oom] 1l . ™l
einie s ape . 0.020 | L} ~12fF L1 L f L i
__ i . \\ 280
i =
i pad I 50 ~130
50-13002 L R pd = 40k
L LABRADOR Resistance Esiimate Input (RF) Input (ref)
- bond wire
Lenglh 17000 & 0.0 0.1 pad
70 0.2 Ms-M4a
Metal 4{sheet) = 0.07 Ohm'sg 71.42857 5.0 typ length (=q.)
Metal 5(sheet) = 0.03 Ohm/sq  166.8667 5.0 typ length (=q.)
LABRADOR M5 Poly contact = 5.1 Chr 5 [ 0.9 0.9
1023 via 1= 2.7 Chm 3 3 0.5 e
| | .
wia 2= 5.35 Ohm [ 3 0.9 1.8
Mt e | Z-130 ias. 826 0hm 8 8 14 28
2381 via 4= 11.34 Ohm [ 1.9
10.5 11.5 Total per feed
28 Rterminator
Measured: Ohm 50.0 Grand Total

(LAB1 example)

fig = 1/2nZC

Would like smallest possible Cstore

For 1.2GHz, C <~ 2pF (NB input protection diode ~10pF)
Minimize C, (Cg.,, Not negligible x260)

30



Constraint 3: kTC Noise

Want small storage C, but...

Impact of Storage Cap size
25
For 1V useable input range
29| obits |

515
E
£
S 10bits

05

u
0

50 100

Storage Cap [iF]

150

200

——\'rms
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Similar Constraint 3b: Leakage Current

Increase C or reduce conversion time << 1mV

s C = ,u__
Eoo =
@ a o
g 100
F100- 3
- ]
-ZDI]_ -200
auu: -300fF
400L -400|
-500F -500
-Guu_|||||||||||||||||||||||||||||||||||||||||||| -Guu:|||||||||||||||||||||||||||||||||||||||||||
0 2 4 6 & 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Time (sec) Time (sec)

Sample channel-channel variation ~ fA
leakage typically (0.25um process)

Becomes much worse In faster (digital) processes "



Constraint 4: Sample Aperture Variance

DoPaea>e e e el e el e e

T ]

F

I e

1

A

A

V

At,

DO
— TD, a(

‘AL, AL, A, AL,

Inverter chain has transistor
variations

— At, between samples differ

— “Fixed pattern aperture jitter”

“Differential temporal nonlinearity”
TD,= At — At

nominal

“Integral temporal nonlinearity”
Tli — ZAti - I'Atnominal

“Random aperture jitter” = variation
of At; between measurements

— Tlg

33



dT Spread

2.6 GSa/s [LABRADORB] Entries Sinene 8720
250
200 ~34 ps RMS
190r 10-15% of dT
C typical
100(—
50—
_l | I 1 L1 1 1 I | I I | | L1 1 1 I Ll 1 I | |
200 250 300 350 400 450 500 550 600

Bin width in Calibration File [ps]
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Average aperture calibration

e Fixed aperature offsets are
constant over time, can be
measured and corrected

e Several methods are commonly
used (sine fit [left], zero-crossing)

e Most use sine wave with random
phase and correct for TD, on a
statistical basis

Great progress in improved
algorithms:

http://arxiv.org/abs/1405.4975
However still

computationally expensive
(e.g. resampling for FFTs)

35
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