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Supply and Manufacture

Technology, Process

Chip active area

Number of pins

IDEAS and AMS

350nm CMOS, C35B4M6 Planned Packaging Options:

16420 pm x 14030 pm Bare-die, chlp-o_n-boar_d, no plans yet,
QC-208398-WZ is feasible.
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Introduction Background and Roadmap

IDEAS has tested SiPMs since 2003, and has developed readout
ASICs for PMTs, MA-PMTs, APDs, and SiPMs

VA64MaPMT, VA64TAP3 used in POLAR

e VA32HDR14.2 and VA32HDR14.3 used in CALET
* VATAG64HDR16.2 used in RICH/SPIDER IDE-3381 APOCAT
* The IDE3380 and IDE3381 are for e ASO-
. ‘IDE338O SIPHRA ASO-5 by CAS
x-ray and y-ray spectroscopy with
scintillators and PMT/SiPMs, and can B MGG
. o AMEGO by NASA
easily be connected and 'VATA64HDR16 e Cube-sat
operated with micro- e RICH (SPIDER) by INFN e Other terrestrial

controllers or FPGA. Siena

.VA32HDR14.2
and .3

e CALET by JAXA

.VA64MaPMT

VA64TAP3

e POLAR by CAS
and Geneva/
Switzerland
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PMT AC-Coupled to one Input of APOCAT

2020-05-26 PMT AC coupling model APOCAT
o . Interconnect
X- ray or y-ray PMT Photomuitiplier tube AC-coupling capacitive load
scintillator Rl - e A |
[| (I (I Y),,
| Il : | : }
| PMT bias c2 PMT coupling | |
I Ry "eSIStOr 300 pF  capacitor : | |
| 100 kQ ;! |
| | ! |
| P |
ey I '
|
3n,0,233n,1,33pn,0) PMT supply : — ggpF :
10DuPWLREPEAT(0,0,09u,009u, . 0u0) | 7 : :
| — | |
| 1T | |
REP%AT(0.0,Qu.O,QuJ,9.1u,0,10u,0i| “ﬁ a : : :
I R2 . Vi |
LREPHAT(0,0:8u.08u1,8.1u,0,500m0) [] 39MQ 43nF W :
|
l : : |
____________ I R S S
A\

e Pulse heights
* Analog (Peak)
e Digital from ADC
* Counts

« Timed pulses (triggers)
5
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e o maesonos SIPM Array DC-Coupled ideas
o to Inputs of APOCAT

—p
TM\_H_
g 3
iR SiPM Array, APOCAT
_ 1Dbor2D

Output data
* Pulse heights
* Analog (Peak)
* Digital from ADC
Counts
Timed pulses (triggers)
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. 16 inputs for Each with programmable input bias voltage
B | O C k D | a g ra I I I readout of PMTs 1Mcps/channel asynchronous or synchronous
or SiPMs 16 analog outputs for amplitude spectroscopy
IDEAS-2019-05-27_APOCAT _Preliminary 1 Summing channel
I 17 Channels 30 programmable 5 max. charge at INA [pC]: -40, -100, -200, -400, -800
CALEXT_l +— Calibration gain settings 6 fine gain tunings [mV/pC]: 46, 48, 51, 53, 55, 265
DCALl . .
INB 1_17‘ | . Negative and positive charge at INB up to £40pC
[1:17] = __| PulseHeight __INS . Globally 50ns, 150ns, 300ns, 2000ns
CSA, BLH, INV, PZ, SK, SH, PD 9 AOUT[]‘ 17]
; programmable ENC 7fC@50ns, 15fC@150ns, 31fC@300ns
: 10 N 17 Trigger and Timin [5S . peaking time
INALL:16} Input sx.gogc. 4LC, 4THR, 10b.gMS > DOUT(1:17] Pulse height 16+1 channels, shaped pulse and peak detector
St
. 29 , oM spectroscopy Digital readout with on-chip ADC (12b/2Msps)
’JW Counting | [COMP1:4_O] Possibility for external ADC per channel
' SIS [STATUS1:2 0] |Sample&Hold Programmable sampling time, hold duration,
timing and reset time
17 OR _I TORO generation External sampling control (optional)
m - 5 ADC ' : TXD_O Counting with on- 4 x 18bit counters per channel
SHIFTIN ;
o SPI Readout L2RlZR P L CHiFToUT chip counters
o Controller | MUX SPI interface
| AMUX_0 Radiation TID: up to 340 krad(Si) without relevant change
H - - environment SEL: up to 137 MeV cm? / mg without latch-up
g(,' u:J' 23 é g ;: é‘ ;' § § z & E SEU/SET LET threshold 22 MeV cm? / mg or larger
2 32 30 E&@y €
sz v wIe gag > 2 Power 360 mW with CMIS and on-chip ADC
el n o 8 8 LO)
* < - <« < 20mW per channel with analog output buffer on
Q.
%) Flexible and programmable power-down options
2 Single supply voltage of 3.3V
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APOCAT Channel Block Diagram ideas

IDEAS 2019-06-26

IDE3381 APOCAT Readout Channel

Input Stage and CSA Analog Processing VA Shaper High-Resolution Spectroscopy Channel
Select Bk Py ‘\ Analog Output
PD ol
to ADC

| F83 SH |-

b; {}—E] AOUT

| Bl Fast Spectroscopic Counting ] DOUT

TA Shaper

IN B [] U (Trigger for RO |
| X P1 PZ | | Inverter and/or Counting) a o] |
On/Off =/ On/Off THR1

xcz

from GCU |—

i

INA [— CMIS

BLH =
P

Offset

2 >— Counter2
Digital Logic
G Unit

\/

Counter3

c4 Counter4

z

1

DC
Compensation

LOCAL PD
HOLD RESET

Fast Current
Comparator
(&5
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Example: -10pC,

150-ns Shaped Pulse at

rigger at DOUT 1 and

AOUT 1

jdeas

Current Current Mirror CSA 14 SSAHA
AT . I Al
r Al r Al
AVDD
+$ o s w00 %
curran
NS N from OMIS / BLH /H’ AVSS
Sensor w/
. AVSS
neg ative Cl_vref b
charge AVSS  DC_COMP_vref
output . _vref_b
RTB2004; 1333.1005K04; 104294 (02.000 2017-11-21)
< m e 2 o N Norm 100 ns/ Run | ONE AOUT [V], INA, SSHA = 150ns, CCSCALE = 0000
Undo Delete Cursor FFT Annotation . 2.1V 1.25 GSa/S 499.2 ns Sample =
hd : 3.5
Y
3
[€8 {00 my
o 25
300 nv -
20—
o= 2
700 my s |_
)
500 2 Q 1.5
: <
Q
500 nv 1
400 mY : 0.5
- i 0 10 20 30 40 50 60 70
100 it -800 ps 99.2 ns 199.2 n? 299.2 ns 339.2 ns /%89.2 ns 539.2 ns 639.2 ns 799.2 ns 839.2 ns 939.2 ns aguT 1 NEgative lnpUt Cha rge [pC]
Bl t1:67.2ns 2: 250.4 ns At:183.2ns 1/8t: 5.46 MHz ‘ ®— CSA GAIN =1 ®—CSA GAIN=1.11
100mr. [0 2y R o7 | mg . —8—CSA_GAIN=1.25 CSA_GAIN =1.43
—8—CSA_GAIN =1.67 —8—CSA_GAIN=7.5
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SiPM DC-Coupled to APOCAT Input INA ~ LD/EaS

Vbias = Vr - Vin

Input circuit
APOCAT has 16 inputs [>{ input curent Qutput cumrent b . —
. < —» Current Mirrors +
(INA), each with a /J\"" A : HP Filter +
(1/16) scaling for
Current Mode Input

SiPM I win ? :
- summing channel
Stage (CMIS) \

AOUT [V], INA, SSHA = 150ns, CCSCALE = 0000

Vg (DAC)
—8—CSA_GAIN=1 —8—CSA_GAIN=1.11 :]
CSA_GAIN=1.25 CSA_GAIN =143

w
(]

=
= 2'2 AIN
= (o
25
v o l5
v < 1
=}
IR e o 0.5 @D-zau:«
0
SV VE—
0 10 20 30 40 50 60 70
o P o Negative Input Charge [pC]
CCSCALE
I 0001 | | ; ; ; ; > Programmable
0pC 25pC 50pC 75pC 100pC 125pC 150pC
0011 | i i i i i | >  Global CCSCALE
0OpC 50pC 100pC 150pC 200pC 250pC 300pC ..
: o111 | w w w w w w >  Individual CSA_GAIN
5 83 0pC 100pC 200pC 300pC 400pC 500pC 600pC
i & i i i i i ; ; >
g 1111 opc 200pC 400pC  600pC  800pC  1000pC  1400pC
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Peak Detector Output and Configuration Settings

Tek Run I I il ; | Trig’d
e -
® : o J——— = =262 Ons G} 262 OmYy ]
; ! O 416.0ns” (  1.164 Y
: | A684.0ns AT96.0mY
@ - ; dv/dt 1. 164MY /s
& E t\
Q] i : \
. ——_ ' .
e L 5 \ /!
B : : 400ns 2.50GS/s I ]
! ; v 1.204000ps 10k points 900mYy )
J—
& 200y ! 015400
€D 200my | 1.00 Y »[= Timing Resolution: 2.00ns
o ! Value ' Mean Min Max Std Dey ] .
6 Apr 2020
11:27:16
+Wwiat Lans JAn 0.4N el op
@D +Wwidth 117.3 117.7 116.4 119.5 507.6 )
SENSE Time | HOLD Time RESET Time

2021-05-27

jdeas

G_1SHOT 0x44 1 Trigger
duration
G_DOuUT 0x44 0 Mono C1 | Scope ch
1(Blue)
G_STAT2_RESET 0x45 1 Scope ch D9
G_STAT1_HOLD 0x45 1 Scope ch D8
G_RESET_TIME 0x46 12
G_HOLD_TIME 0x46 10
G_SENSE_TIME 0x46 10
COMP1_ENABLE chl 0x47 1
AOUT_TIRG_ENABLE chl Ox4d 1
IOFFSET ch 1 0x52 1
QC1_THR chl 0x63-64 15
G_FSHA TP 0x63 4 "150ns"
G_SSHA_TP 0x62-63 4 "150ns"
HYST 0Ox6¢ 0
CB_SEL ch1l 0x86 3

APOCAT - PMT/SiPM Readout IC by www.ideas.no

All other settings are zero.
Purple: Sync pulse from saw-tooth function generator, negative step generates only negative charge at INA via 100pF.
Green: Peak detector signal measured at channel buffer output AOUT channel 1.
Blue: COMP1 trigger pulse measured at DOUT channel 1.
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APOCAT Rate (HSPICE Simulation) ideas

LaBr3 on PMT, 100kOHm bias resistor, AC-Coupling,
-20pC at 3MHz, -50pC at 1MHz, -100pC at 100kHz, and -400pC at 20KHz

1.
linto =
cmis ‘é

T a

0.
cMmis =
output E
current — 1
Vout 3

fast shaper E
(sons) =
0.
1.
g
-
0.

I A
LA S AL RO

LR LR L mmm mmm |||m||| |||u T

TR E RV RELULL LT YT I

vy ovm vy v vy
wy o wy Wy Wy wo

2
]
"
v
s we
) ) ¥ ] < 9 E
°
LRV LU ACLOROODACPOOLY LAERLOREUOARCLIN  LLOCROOLLOLOORN LLLOROOARLIAEOLDS  CLUCOLUULDURILD AOLLOSPUPUEY LOLRCRLUPOIED LLLOUEIOAN LR
o
g 2y - . . e E R .
o | v
] i

CoMP4 o . . ) . . . I .
=
3.4 0 0 g
comps < ) | | ’II | ’ I H i | H I
€ = : | | i i z | I il
| | | i | | il i i | i il
2 1
5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 5 55.0 60.0 65.0 70.0 75.0 80.0 85.0 90.0 95.0 100
time
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APOCAT Rate (Measurement) ideas

10nF Tel:f“""'{ ] IT_ri?‘d
-10mV || INA 1 :
steps I =
P

Green: 100 pulses of -10pC at 1MHz | | : | : | :

injected at INA_1 SR I o :
. . I I Z . Z
~ 1

Blue: 100 trigger pulses at DOUT _1 .onUT . !

Purple: 100 shaped pulses at analog :

output AOUT_1. (@ 200V & 100V ] 50.0MS/s o/ 22 Nov 2020
500mV W 14370005 10k points 1.50 v 14:11:13
(AFG  Arbitrary 3.3333kHz  2.0000 Vpp)
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ADC 12b/2 Msps

* SAR - Successive Approx. Register
* Internal or external references

* Offset cancellation

* Configurable sample duration

* Handshake interface

* Power-down

2021-05-27

ADC code vs. DNL

Eew ow [T

04+ DNL_max
032 AVDD DVDD  EXT. REF. (VREFN, VREFP)
024 ARRNRIAEINS l
WP WIC et e saes  DNL_MIn
2 X ;;‘ 33 0430
c
Int.
0,2+ INP
P e Aot nns aal s e NI DY | ||

ADC Code
ADC code vs. INL

i i i i T T T i i i T T i i i i ol
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4096

5-bit RES DAC

BEew [

1

0,5
Z o

0,5-]

M —
INL_max INM
085

INL_min

148

- I 1 | I |
0 250 500 750 1000 150 1500 1750 2000 2250 2500 2750 3000 350 300 350 40%

ADC Code

ISuccesive Approximation Regis
o

by ‘M L= acqSample clk reset samp_dur<0:3>
T INL_tot

O€¢——PWDN
O¢——ACK
O—>REQ

BUSY
DOUT<0:11>
EOC

ID NIR_ADC_SA12B2M

Process AMS 350nm

Resolution 12-bit

Sampling rate (max) 2.22 Msps

DNL <+0.43 LSB

INL <+ 0.85LSB

ENOB 11.5 @ fin=50kHz, 10.6 @ fin=800 kHz
Power 50 mW at 2.2Msps, RHBD
Temperature -196 °Cto +50°C

Size 3000 pm by 280 pum, RHBD

APOCAT - PMT/SiPM Readout IC by www.ideas.no
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—p| SV

IDE3381 Development System

Galao board

—» Ethernet = :

Board-to-board connector

ROIC test board

. s
8

| m——— - —‘ o
s— | E

et | =
S |," 5

Lol B

T S

L = .

Block diagram of the ASIC design validation and test system.

IDEAS Galao development kit to interface to ROIC test PCB. The Galao
development kit is based on the Xilinx Zyng-7000 with custom
firmware for the APOCAT ASIC readout and control. The system is
controlled via Ethernet from a computer. The ROIC is located on the
test board, which allows one to connect to the detector array.

2021-05-27
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Software
(Python Scripting, LabView API)
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IDEAS Radiation
Tolerant Standard
Cell Library

* 0.35um AMS CMOS
* Small Library (<50 cells)

* Synthesis and Implementation
with Cadence tools

* TID 340 krad(Si)
* SEE tests at UCL HIF
* SEU LETth 22 MeVem’/mg

* SELLETth > 137 MeVcm’/mg

APOCAT - PMT/SiPM Readout IC by www.ideas.no

Cross-section [cm? / DUT]

1.0E-03

!
5
!
:
:

1,0E-04

1.0E-05

1.0E-06

1.06-07

IDE3380 Memory Test (PCHECK per device)

Weibull Function Fit - Parameters

Sat, Cross Section: 2,10E-04 cm? / DUT
LET Threshold: 22,0 MeV cm? / mg
S-Parameter: 1,90

W-Parameter: 55.0 MeV cm? / mg

20 30 40 50 60 70 80 90 100 110 120 130 140
Effective LET [MeV ecm? / mg]

*®  S117 [em?/DUT]

S$118 [an?/DUT]

" 5119 [cm?/DUT]  ==seesl PCHECK_fit / DUT
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Next Steps

e Radiation (SEE, TID) qualification
e Testing by interested scientists and engineers

* Raise the TRL beyond 4

* Create instruments and applications

2021-05-27 APOCAT - PMT/SiPM Readout IC by www.ideas.no

Example: ROSSPAD
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jdeas
Next - APOCAT for Prototyping Applications =

High-Rate event counting of charge pulses O(pC) above Use in space with SiPM and PMT for
programmable thresholds x-ray and y-ray spectroscopy
2 Only power-up the channels needed; others are power- Portable y-ray spectrometer with Low-power. One single or summing channel
down. On-chip ADC digitizes only peak of pulses. scintillator might be sufficient. Histogramming off-chip.
3  Timed digital trigger output from all channels Time stamp requires external time-to-digital

converter (TDC), for example, in FPGA.

4  Time-over-threshold (TOT) from all channels

5 Analogue waveform output from every channels, either after  Continuous waveform sampling, Requires external fast sampling ADC for
integrator or shaper high-dynamic range spectroscopy every channel.

6 Digital trigger from all channels individually, programmable X-ray counting, energy resolved
threshold
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If (Curious) Then
{ Contact Me }

Contact
Dirk Meier, CTO at IDEAS
dirk.meier@ideas.no

Oslo, Norway
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