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AN ASIC WITH A LOW POWER
MULTICHANNEL ADC FOR ENERGY
AND TIMING MEASUREMENTS
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OUTLINE PRI CYNICL CHIEICOTY

« The Company, its Specialization/Expertise

 Phase Il objective

« Multichannel ADC for energy and timing mesurements specifications
*  Motivation

« ADC core architecture and implemented calibrations

« Digital architecture

« ADC data output interface

« Event-driven backend

« ASIC layout / floorplan

« ADC power consumption and performance

* Project schedules, milestones, deliverables and conclusions
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COMPANY PACIICYIICOCHIEC O

« Pacific MicroCHIP Corp. is incorporated in 2006.
« Itis headquartered in Culver City, California
* Main focus — providing IC/ASIC design services and turnkey solutions.
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CORE EXPERTISE mm

« Analog (ADC/DAC, CTF, VGA, BG, LDO)

« Mixed Signal (PLL, CDR, SerDes, MDrv, TIA)

 RF (LNA, Mixer/Modulator, PA)

« Digital (RTL, Synthesis, P&R, Timing Closure, DFT, Verifications)
« Layout (SiGe/CMOS) down to 7nm
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PHASE Il OBJECTIVE mﬁmﬁm@m

« To design circuits and layout for the ADC ASIC.

« To fabricate the chip.

« To package the chips.

« To develop the test PCB and socket for the ASIC.
« To develop a GUI and a testbench.

« To test and characterize the ADC ASIC.

« To prepare a datasheet for marketing.

 To submit deliverables to the DoE.
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ASIC SPECIFICATION @mﬁmﬁm@m

FEATURES: 32Ch 12-bit 20(;|r\a/ImSe/s ADC Arra ASI3C2X
- 32 independent channels —
0 CPU I
- Programmable sampling rate of o]
200/100/50 MS/s N e e
¢ 1Vpp diﬁerential inpUt Signal 32)(';|\DC channel [0] v JESD204B output I
° _hi Up to inp_ «{ Clkgen | [ SER10:1 | CML
ENOB > 10 b|t . . ll()oo(lgﬂgif]:% A Ll CLK3.ZGHZ:; MUX HCMD [éi@fq
. Progra_mmable Input signal ok ad bﬁs:lmap ] it
bandwidth 0.1-0.3 GHz e
* Integrated event-driven digital
backend IS
« JESD204B output data ‘] g ap
interface oconal | bz Clock tree[3.2/0.2]GHz |<&lffete—p  200MHz
« Extended temperature range .
'4OC+125C 48b : FIFO : Shared DATA
. time | and Event FIFO N X 50 Mbit/s
* Low power consumption ctamn | | Dicita builder {|*| Event [} UART CLK
Trigger Memory 50MHz

5 mW / channel (w/o interface) 3
* 12C interface for ASIC control [Register map J¢—»{ 12C Interface J¢ "
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MOTIVATION (The Problem)

PacificiMicroCHIRCON

https://incomusa.com/lappd/

Available off-the-shelf solution

e N

Sampl&r

/ 32 Amplifie

https://www.ultralytics.com/store/lappd

Sampl&r

Amplifie

Large Area Picosecond \

3

12-bit
ADC

Sampl&r

Photodetector (LAPPD) 1 selis

Off-the-shelf

TILMH3401
\_ ) \PSI DRS4/

3

Off-the-
shelf

Off-the-shelf Off-the-shelf

Xilinx Artix-7

PERFORMANCE PARAMETERS

e Dual-sided, full waveform readout for all 28 LAPPD stnplines 41| o Nes
e 25cmx 24 em, form-factored to an Incom LAPPD gL s -
e 0.7-5GSPS digitizing based on PSI DRS4 chips .

e TILMI 1 amplifiers for full 250 MHz DRS4 bandwidih Ol 2 . ” l

. 2x

o Single 5V input for DC power
. Xilinx Artix-7 FPGA

PS| DRS4
- 950 MHZ BW
- 1024 Samples
-Upto5 GSPS
- 18-33 mW/Ch

\ ADC /

UPDATED July 1e*sg0

* Required minimum communication

data rate between ADCs and

FPGA for 32 channels is

32 x 12bit Xx 65MSps=24.96GDbit/s

» Using multiple ASICs

TI ADS52J90, 65 MSPS, 14 bIL 32 channel ADCS

. Paralle! digitization of all channels at < 40 ps per event o] i 5 E A 1 E

e Reconfigurable triggering using DRS4 Transparent Mode Rl : e E—
Optically isolated gigabit Ethernet readout through SFP+ P i

| o 3 W %
Lo IS I 3 F i LSRN
o | Joee ST > H LA

TI LMH3401

- 7 GHz Amplifiers

- Fully Differentiable
- 28 Amplifiers/Side
- 178-275 mW/Ch

,M\wf"’:'a
T1 ADS52J90 ADC

- 32 Channels
-65M3PS @ 14 bits
-5 Gb/s LVDS Interface

ACMm

Large amount of wiring increases:
* detector congestion,
* volume,
e power consumption,
* cost
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MOTIVATION (The Solution) mm

e~
ADC BIAS Calibration Event-dri\_/gn 32-channel
> l_' CPU data acquisition for LAPPD
Up to [ = JESD204B Core :

Hllog?foHOZQ 32xADC channel ﬁ -‘ JESD204B output

e Diff P, " 12b o

< [50/200/200] ||| 1]
inn MS/s 20x

[ ]
A
‘ sencen Vel s Tclk[31:0] 1.6GHz$ 4 0.64GHz clk[15:0]
Ny 0.6V Towol T T T T ey
2 " AIE
— > [Amplifier I—“J REFCLK
sasepLaTe TEMP 200 MHz
SENSOR
= - Clock tree < 3.2GHz
Large Area Picosecond \ Amplifios _/ 0.2GHz/3.2GHz < 100Q Diff
Photodetector (LAPPD) 1 [P 32X Dapay 3

12b 0.2GHz

» CML
» 6.4 Gbit/s

& Frame
assembly
JESD204B
N

2.7m 2.7mm

¥ 32x 32X Digital back-end

A
DATA
3 ~ EIFO Shared .
Off-the-shelf b - FIEO . T »| 50 Mbit/s
TILMH3401 Digital builder Event UART » CLK
Trigger Memory 50MHz

Register

[
48b time LY
stamp ¢

| 12C Interface |<—>

» 32 independent ADC channels with « Low power consumption

integrated digital back-end for event » « Simplified PCB design and wiring

detection and recording  Using less components increase
* Only 50Mbit/s output data rate reliability

« Raw data output trough JESD204B » Dual output data interface
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ADC CORE ARCHITECTURE

FEATURES:

* 12b SAR ADC architecture
« Segmented 3t-9b CDAC

« Optional

ADC
source

reference

external/internal

voltage

 Fractional reference voltage
* Dual comparator
 Asynchronous logic

* Built-in FSM for comparator
offset compensation
* Built-in FSM for CDAC non-

linearity calibration

External
Ref=0.6V
| _ 12-bit 200MS/s ADC
BANDGAP 0.15Vv — CDAC-Diff
R 6V »| vref_p[4:0] C pensaticn-
E »| vref_n[4:0 DAC
o REF buffer C-DAC
vi_Inp |— dac Pl
* " L c-pac N
j;MPm 1 n|
Bootstrap > data_p[12:0] data_out
sampling —»{ data_n[12:0] clkl cm [12:0]
switch Sl prs N g | IR ICEIE
e 2
Vi_inn C-DAC N
(o - [D cdac_n m_‘rI]?CMm 2 n
200MHz C-DAC J
20% duty cycle] _
200MHz »—: :a:afpﬁg:g} Cgf p:)e:zatlcn-
50% duty ata_n[12:
Clock ! .
Clock Tree cude generator CDAC-Diff 3212*23381
_ Ins 4ns .
Track/ .
. Conversion
sampling
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CDAC CALIBRATION DIAGRAM MM

Not calibrated Analog

CQ—[CQ[CT[CG—[CSTCZIT(B—[CZ ClTC

J H H H f Logic

Calibrated 15.6C..16.4C step 0.01C

nl
=
N

U1

j<6:0>
j<6:0>
j<6:0>
>

c9 ad

.c10 adj<6:0>

cl2 adj
cll adj<é6:
data<12:0

CDAC Calibration FSM

Subsequent CDAC non-linearity calibration for the 4 MSB capacitors:
C9=C8+C7+C6+C5+C4+C3+C2+C1+2*CO
C10=C9+C8+C7+C6+C5+C4+C3+C2+C1+2*CO
C11=C9+C8+C7+C6+C5+C4+C3+C2+C1+2*CO0
C12=C9+C8+C7+C6+C5+C4+C3+C2+C1+2*CO0
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CDAC CALIBRATION RESULTS mm

0.40 ~

Without CDAC calibration

0.35 -
0538 With CDAC calibration
0.25
0.20

0.10

0.05

9.5 10.0 10.5 11.0 11.5
ENOB, bit

» Precise CDAC calibration improves ENOB by approximately 1 bit
(x30 variation of CDAC capacitance considered, equal to £1.2% variation)
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DIGITAL ARCHITECTURE MM

3.2 @ j>c'°°""E‘ffe’ 640MHz |~ T T T T Digital
GHz @— - 2 L‘/_'_L L t Z
/16 4
] CLK 12b ADC Serializer
Tree @200MHz 32x2000hz e JESD204B logic +
200 S mapper FIFO
mHz @ =y

FIFO

|

|

|

|

|

|

|

|

|

|

|

: Event-

| * width: 12 driven UART TX
SeL @ 200MHz | depth: 8 backend

|

|

|

Debug

| 12¢ h cPU

| -

|

|

|

|

|

|

|

|

|

|

|

« Raw ADC data output

controller
trough JESD204B output
Interface Registers
« Event-driven digital core iz L“
output trough UART N oy cbmer e

interface

* |12C interface for ASIC control registers programming
* Built-in calibration FSM / CPU for calibration purposes

Pacific MicroCHIP Corp. 12 US Patent Pending



RAW ADC DATA OUTPUT W@m

Lane data rate | ADC data rate

Full speed 16 2 6.4Gbps 200MS/s
Half speed 8 4 6.4Gbps 100MS/s
Quarter speed 4 8 6.4Gbps 50MS/s

* Programmable ADC sampling rate of 200/100/50 MS/s

« Constant JESD204B output data rate 6.4Gbit per second

« Shared JESD204B output data interface between 2/4/8 ADCs reduces the
number of interface lines, allowing high system integration density
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EVENT-DRIVEN BACKEND MM

« This ADC output is CHACIEL ETRL
monitored by a digital y v v
- ADC data DIGITAL PEAK EVENT CHANNEL To FIF
comparator with a azon — comparaTor [] petect [ suiber [ FFO [ convoler
programmable T T
threShOId Threshold Time Stamp
. config bits
« When the ADC input l
exceeds threshold, a
: . Ly Comwar je—s
tlme Stamp e : E_II_FR?L » SHARED FIFO > U?)?T — To off chip
assigned and the .
peak value of the AL

incoming ADC data iS Event-driven digital backend was built in collaboration with
recorded. LBNL. And we want to thank Dr. Carl Grace for his effort.

 When the event is completed, the relevant information is assembled into a
packet by the Event Builder block. When the shared FIFO is ready, events
stored in the channel FIFO are read out.

Pacific MicroCHIP Corp. 14 US Patent Pending



MULTICHANNEL ADC
ASIC LAYOUT RaciigicroCHIECOE

Bias & digital core
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ASIC FLOORPLAN mm

A

A

FEATURES: 2.79mm |
& €9/ ExD 8]0 @3B |@xD O

External clock input <5 8.0 &2 8 e
CH1 { apc apc ) CHO CH25 [ apc apc JCH24 | CH26 apc
@ IN_| N_P _P 6 e | IN_P I_N e e IN_N

———— <>

[V
P
e IN_| N_P IN_P N_N e IN_| IN_P. N_N e IN_N _P i IN_P _N @
C f 3 2GH CH3 12-bit 12-bit CH2 CH27 12-bit 12-bit CH28 CH30 12-bit 12-bit \CH29
an operate from 3.2GHz or N 2 o ) 2 Ao z_
[ P

0.2GHz reference clock ® e 0l\® €D 0)le b

N = | = ~
} WMLy (v

@®®

[ ]
N

@ e > Digital backend ol oML pak | o] cviL pa)
— 7 — -7

~ Digital PEAK EVENT | | CHANN

32xADC|_COMp. DETECT | | Builder FIFO

B | @ § / g 25t | @ 125
DD_IO|
JH4 | SHFngD 1. 200msssf” | Y 200ms/s”
CHZ32( Apc aoc JCH
= e IN_| IN_P IN_P N_N
g
e IN_I N_P Y IN_B NN e Clock buffer CLK_P , CLK_N
12-bit 12-bit
CH7200MSIS L | J200ms/s CH6
vbD_lo @ Apc P | @ ADC P @

Integrated ADC sampling clock EDE
duty cycle correction

®e:d ®® @

2.79mm

E:i
3,
<
1s\§..
>8K
82
=
=
<
=
1
L
Z

!
e IN_| ) _P IN_P h N @ || NS \ I N e e N ¢ | P 4
Integrated CPU CH13 CH15 CH12 e CHé CH16 bt \CH
ADC B _h

ADC

™

£ 1 [
vpp_lo @ _ADC_pp _ADC_P vop_io §_ADC_p vop_io 61

E 21

=)
Bias @
@ o] cML pab | g0 cML pa) @ @

» Synchronous clock/reset for 32 ep &3 ol

@ §0l cviL pa¥ CML pal gl cvii pap | §of cvic pal @% o] cviL pap | g0l cviL bl @
ADC Channels véolo @ 12bit |y fl @ 12 B 600 6 12-bit b | 6 12-bit b @ 6010 6f 12-bit § | 6 T2-bit @
CH9  apc Apc CH11 CH8 | apc apc JCH10 CH18 | apc Apc JCH19
e IN_| N_P IN_P N_N e @ IN_N I_P 4N I_N 6 e IN_N J)[}INJ) _N e
@09
17
et

7y fo[ oML ek | ol CML hai @ @
Nt r‘_‘ ‘-‘7 .

Integrated temperature sensor N

020 [0.15
mm

- -
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ADC POWER CONSUMPTION P@m

Analog Digital
suppl suppl /G supply Ground, mA
Block PPLY PPLY current, mA ’
current, mA | current, mA @ 1.2V
@ 0.9V @ 0.9V '
ADC
CHANNEL 1.65 7.82 14.88 25.03
ADC CORE
12b@200Ms 1.46 1.62 N/A 3.73
pPS
JESD204B
PHY N/A 4.58 14.88 19.48

Typical power consumption of ADC w/o DATA interface: 5mW / ch
Typical power consumption of ADC with DATA interface: 15.7mW /ch
(One JESD204B output data lane used per 2 ADCs operates at 200Msps)
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ADC OUTPUT SPECTRUM VS
INPUT FREQUENCY HauiiGUIGnCHIRG O

)" A0 0 O U O O O

~ M1: 1.5625MHz -6.67814dB_ 9

(dB)

-90.0 i | I ‘

-95.0 ! | | | ‘ |
] | | HinR
-100.0 | | I | ‘ ‘ [ [ s ;
: ‘ \ ‘ i ‘
-105.0 | | | | | | | | | B e Sy -
110.¢ \ ‘ ‘ i ’ ‘ ’ ‘ :
- | | | | | =B | |
) ‘ | | ‘ ’ ‘ | ‘
| | | I | |
0.0 5.0 0.C 20.0 25.0 30.0 35.0 40.0

) 60.0 65.0 70.0 75.0 80.0 85.0 90.0

S.0 50.0 o2
fieq (MHz)

Typical performance: SFDR > 74dB, ENOB > 10.4 for Fin<100MHz
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MILESTONES AND
DELIVERABLES

PacificiMictoCHIB(COt !

ACTUAL STATUS:

ASIC is designed and
being fabricated. ETA for
the chips 09/20.

Eval. PCB is being
developed.

GUI and ASIC test plan
are being developed.

FUTURE:
Chip packaging
PCB fabrication/assembly

ADC part testing

Task Name

-32Ch Event Building ADC ASIC, Phase |l Project Plan

“Year 1 - Design and Simulation
1. Circuit design, simulation verification
2. Digital block design: RTL, synthesis, timing
closure, P&R
3. Layout design of all cells and blocks
4. Accounting for layout parasitic impact

5. Circuit optimization

6. Layout integration

7. Layout verifications

8. Data organizing, submission for chip's fabrication
“Year 2 - Chip Fabrication, Packaging and Testing

9. Chip fabrication

10. Chip Packaging

11. Design and fabrication of the test PCB

12. Component assembly on the test PCB

13. Development of the GUI for testing process
automation

14. Test bench assembly and prototype chip
characterization

15. Testing data comparison with specifications and
concluding on meeting requirements

16. Preparation of the datasheets for the ADC
marketing

17. Data collecting/organizing into a report and and
providing the deliverables

~ | Qtr 2, 2018 Qtr 3, 2019 Qtr 4, 2019|Qtr 1, 2020 Qtr 2, 2020|Qtr 3, 2020|Qtr 4, 2020|Qtr 1, 2021|Qtr 2, 2021 Qtr
T

Year 1 - Design and Simulation

1

140 days

100%

65 days
12127

100%

2113

120 days
124
100% | |
F 0 days
2/21
100%| |
50 days
3/6
£ 0 I I —
50 days
417
100%
20 days
== 5/15
100%
10 days
= 5/29
100
Year 2 - Chip Fabrication, Packaging and Testing
........ a d'ay#' et
70%
0| Asu,:e
=918
95 days
10/9
55%
2§ days
1113
100 days
;- 10/16

5§

83 days

e 310
44 days
o 413

22 days
== 5113

22 days
o 5/31
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Thank You

Application Ideas for the ADC ASIC are appreciated!
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