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The ring oscillators

Functional group
(oscillating under irradiation)

Static group
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- In 2020, participation to the MLR1 run in
Towerdazz 65 nm through CERN’s EP-R&D
WP1.2, by designing a Ring Oscillator test
chip to characterize the standard cells of this

Size Min Size+ Size Min Size+ technology.

INVO_LVT INV4_LVT INV4_SLVT INV8_SLVT . . . .

NOR1 LVT A NOR4 LVT A NOR4 SLVT A NORS SLVT A - The chip contains 48 ring oscillators made of
1LVT. 4 LVI_ 4 = 8- = a chain of 101 standard cells.

NOR1_LVT_B NOR4_LVT_B NOR4_SLVT_B NORS8_SLVT_B

NANDO_LVT A
NANDO_LVT B
DFF1_LVT

NAND4 _LVT A
NAND4 _LVT B
DFF4_LVT

NAND4 _SLVT A
NAND4_SLVT_ B
DFF1_SLVT

NAND4 _SLVT A
NAND4_SLVT_B
DFF4 _SLVT

- 2 banks of 24 Rows each with the purpose of
testing two approaches while irradiating:

Functional: the oscillation 1s enabled
Static: the oscillation 1s disabled
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The ring oscillators
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The 24 ring oscillators, of each bank, differ from each other by
the type of cells they were made of (Inverter, NAND, NOR
and DFF), with variations in the transistor width (e.g: InvO0,
Inv4 and Inv8, the width being larger with increased number)
and threshold (Low VT and Super Low VT). A and B
correspond to 2 flavors to observe the effect of the proximity of
the power supply rail.

Table 3: Typical oscillation frequencies

SIMULATION

Channel Cell Name Schematic | Post-layout (F) | Post-layout (S)
number [MHz] [MHz] [MHz]
ch<0>, ch<24> InvO_LVT 298,9 195,5 196,8
ch<1>, ch<25> Inv4d_SLVT 392,9 286,6 288,8
ch<2>, ch<26> Invad_LVT 304,1 241,6 2444
ch<3>, ch<27> Inv8_SLVT 392,9 292 294,5
ch<4>, ch<28> NOR1_A_LVT 147,7 128 129,1
ch<5>, ch<29> NOR4_A_SIVT 184,7 148 148,8
ch<6>, ch<30> NOR1_B_LVT 185,1 139 140,7
ch<7>, ch<31> NOR_4_B_SLVT 229,5 183,1 185,9
ch<8>, ch<32> NOR4_A_LVT 152,1 122,3 123,6
ch<9>, ch<33> NOR8_A_SILVT 182,6 149,2 150,3
ch<10>, ch<34> | NOR4_B_LVT 190,1 152,6 153,9
ch<11>, ch<35> | NOR8_B_SLVT 226,1 169,5 170,7
ch<12>, ch<36> | NANDO_A_LVT 174,3 136,2 137,2
ch<13>, ch<37> | NAND4_A_SLVT 217,2 174,2 176,2
ch<14>, ch<38> | NANDO_B_LVT 200,2 134,2 135,1
ch<15>, ch<39> | NAND4_B_SLVT 246,6 198,7 200,5
ch<16>, ch<40> | NAND4_A_LVT 180,9 146,3 145,6
ch<17>, ch<41> | NAND8_A_SLVT 213,9 173,8 175
ch<18>, ch<42> | NAND4_B_LVT 206,6 167,7 169,4
ch<19>, ch<43> | NAND8_B_SLVT 242,1 182,4 183,8
ch<20>, ch<44> | DFF1_LVT 344,1 168,1 170,1
ch<21>, ch<45> | DFF1_SLVT 372,5 182,6 184,2
ch<22>, ch<46> | DFF4_LVT 352,3 187,4 188,8
ch<23>, ch<47> | DFF4_SLVT 383,1 200,8 194,9

Multi-input cells:

e.g. NAND2
Input A

Multi-input cells:

e.g. NAND2
Input B

101 NAND

A
Start/stop
Voo

101 NAND

Start/stop
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Temperature tests

The temperature tests were carried out with the
characterization set-up (DUT board, beaglebone + mezzanine,
interface boards) and an environmental chamber to regulate
the temperature.

In addition, inside the chamber a Peltier system was used to
accurately set the temperature at the level of the circuit.

Temperature regulated at 8 values: -40, -30, -20, -10, 0, 10, 20
and 30 °C

At each temperature: 5 different values of the Vddd: 0.9, 1.0,
1.1, 1.2 (nominal) and 1.3V

For each couple (Temperature, Vddd), 20 measurements were
taken for each ring oscillator.

Offline, the data were analyzed by computing the mean count
for each RO and then calculating the mean frequency.

Each RO exhibits a decrease of the frequency while the

temperature increases (5-10 % over 70°C) whatever the Vddd or

the bank.

Environmental chamber

LVDS - single handed
interface boards

' I\l Laptop running labview program [
i to monitor the temperatures
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DUT with cover Peltier with PT100
used for the

temperature regulation

Cables coming from
interface boards

Arduino + power board
(monitoring of Peltier +
fans + pump and Peltier
main power supply)

15V Peltier main
power supply




Separating RO: temperature effect saxs
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Tests: 1irradiation & annealing

Irradiation performed at ambient temperature with no regulation.

Xray tube at 1 cm above the DUT (dose rate: ~20 krad/mn).

Temperatures (pcb and ambient) monitored every minute.

24/04/2023

During irradiation bank F oscillating and bank S no oscillating.

Paused at specific TID
both banks oscillating and measurement of the 24 RO of each bank.

2 chips tested:

+ Chipl: 4 weeks irradiation (830MRad) followed by annealing at -18°C (21 days), 25°C (25 days) and 80°C (9 days). It is important to that the
functional bank of the chipl was incorrectly configured during the irradiation and therefore was also kept static.

+ Chip2: started irradiation 13/06/22. Chaotic because of Xray tube cooling system. Several technical stops correlated to the outside temperature.
20/06/22 : a mobile clim is installed and running (25°C regulation) in the room. Still we had interruptions (for some > 1 day). We stopped at 521 Mrad.

Both chips responded similarly to the irradiation and exhibited a decrease (up to
25%) of the frequencies. We observed differences between ring oscillators, depending on the
type, length, and threshold of the transistors of the base cells.

Annealing: For all the ring oscillators, we observed no recovery at cold
temperature (-20°C), a small recovery at room ( ) and what looks to be a
reverse annealing at warm temperature (80°C).
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Laptop running
labview monitoring
and c++ script

- NSy
-

SBmimemi®smIm I mimamiesn
5 )

" [\

2

NI module (t°C) |

\

—

e .

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

24/04/2023

TJ65nm Ring Oscillator



Inside
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Chipl and chip2 relative frequency vs dose
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Chip2 annealing with temperature correction &%
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O nC u S 10 n S Q Digital cells radiation hardness study of TPSCo (™" PP

CPPM 65nm CIS technology by designing a Ring Oscillator -
- The temperature has an impact (decrease of the frequencies with e R

—Introduction ————— e — Description
The CPPM group has long been designing and testing 24 ing osilators were designed and cuplicaed
M M * HV-CMOS blocks to. complete monolithic chips in T, form two banks: the Functional (F) bank which
various technologies (TI80, LF1S0, AMS) in the [N - - made to oscillate during irradiation and the Static
. ramenork of several collboratins. n 2020, e bank, under biss in s satic sate whie the hip 1
participated in the MLR1 run in Towerlazz 65 nm it being irradiated. Each ring oscillator is composed of

technology through CERN's EP-RED WPL2, by a chain of 101 cells, to count 3 realistic frequency,
lesigning 2 ring oscillator test chip. Its aim i to interrupted by an AND gate, that commands the -
characterize the standard cells of this technology and [t [* | | start/stop of the cell. They difer from each other by
evaluate their radiation hardness against TID as well as v mouteng | | he type of cells they are made of, with variations of ™™

- Irradiation shows a decrease of the frequencies for all types of RO with ‘il - Tomosuews
a level different depending on the cell (from 12 to 25% at 830 Mrad). Eaexr . -

|| A cimate chamber regulating the temperature from 40 to 80°C was used for the
script. Data recorded are ana- | temperature tests that were performed for different Vddd. Each RO exhibits a decrease
Figs. The 0UT ard DG bourdsused for the characterization of hechip V220 WITh PYThON programs. | | of the frequency while the temperature increases (5-10 % over 70°C).

- The size of the cells 1s an important parameter, the smaller cells (e.g "“f’.'i‘°“_°.av"”"a‘_ih"‘

24/04/2023

Inv0) being more affected than the bigger ones (e.g Inv8).

-
T o s O oS RSP 5 5,
It S Worth noticing that the functional bank of the chip1 was incorrectly configured during the
Two chips (1:3nd 2) have been irradisted, at ambient temperature with an X-  irradiation and therefore was also kept static. This resulted in measurements similar for the two
ray machine, up to 830 and 520 Mrad respectively (20% attenuation can banks of this chip. For chip2, the two banks were configured properly and differences (few %)

- The difference between the two banks is not clearly visible while T .

Figa. érequanecyfor sazh TID and each D e, bank )

diode + 150 um thick Al filter before each campaign). During the exposure
time, the ring oscillators from the functional bank were kept oscillating while — ein i

frequencies, with both banks put in oscillating mode, were performed along

. . . . i ~1 . ~ S
the irraciation periods.
During the first nenud( pring) the temperature was stable around 25°C in —= = Pl
. the chamber, while during the secand one (summer) we suffered from warm

emperature ot affected the Xay cube Coalng st and we hd 10 %05 el .
at a lower TID (520 Mrad). Nevertheless, both chips responded similarly to B .
‘e inciaton and exhibied  decease(up 1o 25%) o th freuencis We g i i
nding on the type, S = =
Figi0

\:mn andmveshommn: ans \s\wrsnlth: borecals

- Annealing seemed dependent of the temperature with a better impact e

After irradiation, the chips went for annealing periods 3t three different temperatures,

successively -20, 25 and 80 °C, following @ procedure described in a document from the
ESA (E. B. 5. No, 22800, "Total dose steady-state iradiation test method” Issue 3 (2007))

h (o] The duration of each period was adjusted from 1 week 0 several weeks i e
At-20°C, the DUT board was installed in freszer and the DAQ system on a table next to it = E i i E
. At 25°C, the DUT board was relocated next to the DAQ system in a regulated room. Finally e = S
at 80°C the DUT board was installed in the same dimate chamber used for the = T
temperature tests. i <M P

We applied a correction o take Into account the temperature difference of the three
annealing periods. For all the ring oscillators, we observed no recovery at cold

- A poster has been presented at TWEPP 2022 and associated i A

—Conclusions

The study of radiation hardness of TPSCo 65nm (TJ65) technology based on ring oscillators measurements showed relevant results. The frequencies decreased for all types of ring

M oStors NIt dferent impactof e TID (fom 12 0 25% ot 430 Mrad). i i egradaton opens perspecte o the Usge of gl cels o this echnology I igh
radiation environments. The temperature has an impact that can be quantified and corrected. Finally, the annealing period at high temperature (0°C) can be interpreted like a
. Fever annealing behavior ad st e corcres o the Future develapments i gy

- This limited degradation opens perspective for the usage of digital
cells of this technology in high radiation environments.
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Resubmission with new ER 2 to be tested summer 23.

This project has received funding from the European Union’s Horizon 2020 Research and Innovation programme under GA no 101004761.
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Environmental chamber

Climats

LVDS — single handed

interface boards '
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"\ Laptop running labview program
to monitor the temperatures

Main power
supply
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Beaglebone +
mezzanine
acquisition board

Ammeter




The set-up 1nside the chamber

Peltier with PT100
used for the
temperature regulation

Cables coming from
iterface boards
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Arduino + power board
(monitoring of Peltier +
fans + pump and Peltier
main power supply)

15V Peltier main
power supply
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