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48V-input-rated rad-hard POL converters for HEP experiments 2 R&D
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- Off-detector power supplies are far from front-end electronics
- Increase of bus voltage New family of 48V-input
\ Detector (high radiation) / - Reduct!on of wiring requirements (Iosges, weight and co§t) converters required

- Reduction of powering complexity (Point-of-Load regulation)
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bPOL48V Electrical characterization
Key features: Vin ripple 2MHz
Efficiency - 220nH Air Core Switching waveforms. 220nH inductor. 48Vin. 2MHz. _ 100 — Vin ripple 2MHz 1A
- BUCk Converter E —— Vin ripple 2MHz 5A
. 97.5 .6. 50 = Vin ripple 2MHz 10A
- GaN commercial ePower power stage %0 M g A
95.0 3
- CMOS CERN rad-hard controller 3 40 £ 5o
: T 925 =~
= . = % 30 0 250 500 750 1000 1250 1500 1750 2000
48V input, 12V regulated output = |
. 2. 90.0 _S t [ns]
- High efficiency Y e <10 = 2 e A
. . . : — = \/in ripple 2MHz 10A
- 49mm x 43mm x 25mm (with air core inductor) | . g o 4
82.5 —— fsw =2.0MHz, Vin = 24.0V, Eff@13A = 95.35% —— |out = 5A -}
fsw = 2.0MHz, Vin = 48.0V, Eff@13A = 92.02% —— lout=10A %;l 20 r
Viasv | | lllll 4 B3 | %00 2 4 6 8 10 12 ° 25 0 25 50 75 100 125 150 175 <
O] | PEE v - © e = B U lout [A] t [ns] 0 250 500 750 1000 1250 1500 1750 2000
i p | = i Sem=pi == s
Vout i Nl : e - | ‘ |
Contro! S\ < © o M]l l m Efficiency greater than 92% at trise = 2ns - fall = 1ns AVin <80mV (0.17% at 48V, 10A)
. e oEmEE B me . | ] “\ AT S Y : 29 2 i '_ » ) o . . .
= I LTI EE = nominal conditions No ringing above Vin AVout < 60mV (0.5% at 12V)
(low inupt loop parasitics)
Vout CERN CMOS C_SaN controller  GgN ePower
Block diagram layout and chip-on-board. stage
Final package is QFN32.
Radiation characterization
bPOL48V V2 220nH 300uF 2MHz
Output voltage T=10°C Output voltage T=-30°C Number of events per type and LET
TID EPC2152 [Mrad]. TIDmax = 432.1Mrad TID EPC2152 [Mrad]. TIDmax = 126.1Mrad . .
0 100 200 300 400 0o 20 40 60 80 100 120 LE = — . JPotns [Neurons
0 L 20 & % %ﬂ % o CERN CMOS - MC40 Birmingham, 25MeV beam . TRIGA reactor, Ljubljana
—— lout=8A. DoseRate = 2.39Mrad/h (Si) lout=8A. DoseRate = 1.0Mrad/h (Si) g 2 15 n & iié % E 12.0 e . Below 3.3e14 p/cm?2 . No effects at 4e14 n/cm2
12.50 —— lout=4A. DoseRate = 2.39Mrad/h (Si) ! —— lout=4A. DoseRate = 1.0Mrad/h (Si) b o N S 115 . Fully functional . Failed to start above or
12.90 '\ % € 10 l ‘ § % g controller . No effects observed equal
= < S @ 3 : 3 & 11.0 y . 3.3e14 p/cm2 and 5e14 p/cm2 7e14 n/cm2
1245 > 9.9 14.0 20 28.8 46.1 62.5 65.2 88.4 0 20 40 : Fun'Ctio'nal F i
S 12.40 S 12.85 o S8 N0t Noan e Noow® ok onr Time [us] e T
5 = LET / No. of events / Fluence
o 12.35 ~ 15.0 GaN ePower -+ IRRAD CERN . TRIGA reactor, Ljubljana
> = 1280 i . 13.4 . Tested up to 2.5¢15 p/cm2 . 7el4and 1e15
12.30 £ 45 R stage (1.45e15 n/cm2 1MeV eq.) . Okupto 12A
' > 3 ° 2 % B g 7 . No effects observed . -0.2% efficiency
o 2 10.0 }: S & § 2 130 . -0.25% efficiency . 2e15, 5e15, 7e15
12.25 12.75 E = > % % = . Derated to QSW
o g 73 i ° % ® E 128 operation (8A,
12.20 < = . ¥ P L=220nH, f=2MH2)
0 50 100 150 200 0 10 20 30 40 o0 60 70 99 140 204 288 461 625 652 884 12 0 20 40 o e iEEnEy
TID Controller [Mrad]. TIDmax = 228.6Mrad TID Controller [Mrad]. TIDmax = 66.7Mrad 100M 500 10.0M 100M 10.0M SOM- 10.0M '50M Time [us]
LET / No. of events / Fluence
TID tested using x-ray.
: EE tested with heavy ion to LET=88 MeV/(mg/cm? Displacement dam test rately for th
Temperature of bottom plate = 10°C (left) and -30°C (right) S ested _ eavy 1ons up to 88 MeV/(mg/cm?) splacement damage tested separately for the
Only fast transients (2-3us), no permanent damage or controller and the GaN power stage.
long-resets

No degradation of perfomance observed. Variables such as
efficiency, internal regulators, proportional-to-absolute temperature

(PTAT) and bandgap are also stable and close to pre-rad specifications. For CERN applications LET=46MeV/(mg/cm®), the

transients are smaller than 20% of Vout

rPOL48V Electrical characterization Towards a rad-hard rPOL438V
Steady-state waveforms
Key features: rPOL48V bPOL48V == \/out
- Resonant topology derived from YR e b —— - Resonant
switched capacitor converter (SCC) s iieel [CAAMESY | 2~ ESaN TN NS B Capacitor
- Standard off-the-shelf inductors ) voltages EPC2218 GaN (EPC) Radiation tests are ongoing
- Fixed conversion ratio (4-to-1) Switchin TID > 600Mrad
- 5OA maximum |Oad (6OOW) g linPOL48V On Semi I3T80 (up to 70V) In production, tolerant to
- 50mm x 50mm x 12mm v node voltages {g;zggOMM;;g;lz/mg
o — 2.23¢147/_,, 4eld"/
Vindgy = 1 1 1 Vout Efficiency "POL48V vs bPOLA48V Level shifter On Semi I3T80 (up to 70V) Taped out, prototypes will be tested
o Esm]:l VMIDDLE ESWSL?. o 975 in 2022
1l 1 1 95.0 /\ Efficiency GaN driver On Semi I13T25 (up to 20V) ;Ir']agggzout, prototypes will be tested
_Jk_ % 92.5 greater STC controller On Semi I3T25 (up to 20V) Schematic done
LA Sl I_“IQ‘SWZT L swald | | S’ 20.0 than 92% at
| | rPOL48V prototype with commercial S 875 maximum
VMIDDLE ol Loveshit | GateHx drivers and FPGA-based controller (left). W 85,0 load (50A)
SW1 — : :
sw3 P> Control —> D Gatelx bPOL48V (prOdUCt|On grade) (nght) 82.5 —e— rPOL48V. Vin = 48.0V, Eff@50A = 92.96%
Vout » —e— bPOL48V. Vin = 48.0V, Eff@13A = 92.02%
80.0 0 10 20 30 40 50
lout [A]

linPOL48V L - Summary

—— [inPOL48V sample 2. lout = 50mA

Two new Point-of-Load (POL) converters and a linear regulator, suitable for the High Luminosity —
Large Hadron Collider (HL-LHC) experiments and for space/avionic applications, were presented.
The two DCDC converters, called bPOL48V and rPOL48V, allow a significant improvement in the
power delivery requirements as they can provide higher power at an increased input voltage of 48V,
compared to existing solutions. The linear regulator, called linPOL48V, can supply up to 200mA with
programmable output voltage, from up to 48V input, for low current and noise-sensitive applications.

Key features:

- Linear regulator

- Up to 48V input

- 12V default output voltage (adjustable)

- Enable input and under-voltage lockup

- 200mA continous load (assuming junction 00 200 300 400 500 600

temperature is kept below 90°C) TID [Mrad]. TIDmax = 590.6Mrad
Developement status (Sep. 2022)

- DFN-8 2mm x 2mm package e TID tested up to 600 Mrad without labili
L« i) degradation of performance.
bPOL48V Fully tested Already produced

v linPOL48V ~ |Ks B8| SEE tested up to LET=88 MeV/(mg/cm?) . Radiation tolerance OK s ol
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Vin48V
o— Vin Vout -« Only fast transients (less than 3us)

Cin Amplitude of transients less than 10% iirst prototype
— ests ongoing

1uF = T | No permanent damage or long-resets. POLABV TR G
FPGA control

DD ok up to 4e14 n/cm? and gaE(gERard controller being designed at
2.23e14 p/cm? (25MeV beam, Birmingham).




