More efficiency with bPOL48 DC/DC for ePIC

G. Visser Indiana University 6/11/2026

Constraints:
* Use bPOL48 ASIC and GAN IC of some sort
* Another strategy is evaluate radiation tolerance of various COTS silicon IC’s, not discussed today

* bPOL48 is only a controller—need GAN chip with integrated driver (e.g. EPC2152 that bPOL48 was
designed to be paired with); there are not many options — and the options are notideal

* Nonmagnetic inductor (I mean, no core) due to ePIC B field
* Notrequired for LFHCAL, BHCAL, nHCAL? Iron powder will work, and more efficiently!
e Myfocusisonuptoa1-3Aloadcurrent,1.0-3.3V output
* Vinwill be chosen to optimize some combination of efficiency and cable size/mass
* Details will vary by subsystem, but in practice | think we would like 15-20 V input probably

 Upper end of this likely constrained by Wiener MPOD specifications, or we get a custom version



Principal losses — some rather crudely estimated the FET’s are too b|g_ but we have no choice here. ..

bPOL48 power Vg 6mMA 6mA*20V =120 mW 6mA*5V = 30 mW

GAN power (gate  V,,*IddGAN; 26mA*20V =520 mW 21TmA*5V =105 mW

drive, mostly) (20% proportional to f)

high FET I°R B*I 2*R B*(2 A)**10mQ =4 mW B*(2 A)**9mQ =3 mW

low FET I°R (1-B)*1>*R (1-B)*(2 A)?*10mQ = 36 mW (1-B)*(2 A)?*10mQ = 33 mW

inductor I?’RDC I, >*R (2 A)>*44mQ =176 mW (2 A)>*60mQ =240 mW

inductor I’RAC (Parseval’sthm.) 400 mW 153 mW

charge losses Q*f*VIN ~37nC*1.3MHz*20V =960 mW 22nC*750kHz*20V =330 mW
(~62 % efficiency calculated; (~79 % efficiency calculated;

consistent w/ Norbert’s meas.)  can we actually get that?)

Case A: bPOL48+EPC2152,20Vin, 1.8V 2 Aout, 1.3 MHz, foCAL PCB toroid
Case B: bPOL48+EPC23104, 20V in + 5 V auxiliary (ideal), 1.8 V 2 A out, 750 kHz, GV solenoids
duty factor f=1.8/20=0.09 (roughly!),

see backup slides here for inductor measurements case A except w/ iron powder inductor:
8 mW DC loss, 20 mW AC loss




Three lines of attack

* Lowerthe frequency
 Buttheinductorlosses will go up, for same dimensions of it

 Usethe EPC23104 which has substantially lower charge losses and which enables the third way:

 Powerthe converter circuits from 5V auxiliary
 Simplestway - a separate input to the board
 Bestway - steal this power from a DC/DC output somehow — even at 50% efficiency it helps
* Onlyfeasible fora 3V or higher output, | think

Or as a last resort

* Lowerthe inputvoltage
 Badidea though, since the whole point of using DC/DC was to raise it as much as
possible and hence reduce the wire size and mass

* Rearrange system to gang more loads together on each DC/DC
* More channels per DC/DC (more channels per FEB? More FEB per DC/DC?)
* |tsounds nice butin some cases it might conflict with system/mechanical constraints,
and might introduce new problems with voltage drops in connections
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Development plans

* Protoype board w/ solenoid inductor, bPOL48 + EPC23104, 5V auxiliary, and attempted
prototype of deriving the auxiliary from 3.3 V output. Test results in July.

* Need a set of specifications - mainly mechanical and thermal - for a generic ePIC DC/DC

module . A
e Like the foCALVv2.1.2
except

* with some provision for conduction cooling to the main board
* with an inputfilter!

* and maybe an output filter

* possibly a different connector

* “Final” design of this DC/DC either as a module, if there are other applications, or else
simply on the bwd and fwd ECAL FEB’s. (On the FEB’s certainly makes cooling easier, in
these cases... But the module, if it will be useful, is worth pursuing.
ifications!

C
Help define the modulé spe



BACKUP SLIDES - OLD PRESENTATION ON bPOL48 TESTING, slightly refreshed



Investigations on bPOL48 / EPC2152 with FOCAL v2.1.2 power board (hacked)

* Efficiency
* Noise
 Transientresponse

my work is aimed at 1.8V, 1-2 A loads (FEMC)

shown before output filter was added

G. Visser
Indiana University
9/25/2025 ePIC Electronics & DAQ meeting




1stpass 1.2 yH inductor (It’s immediately evident from bPOL48 / EPC2152 datasheets that for a 1 -2 Amp output, we want
to operate at a much lower frequency than “standard” bPOL48 applications... say 750 kHz )

&
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. Tigger © Acquision 20250910
A look at some key waveforms (1.2 uH, 1.8 V ~1.35 A out) B Edge 133A Aum»m-—ns; 10Gsa/s  Sample m_ @

” 15:51:29
£ Stop 6.8 ns 40 kpts Hist 1.54 k - =

L8k CT6711 probe 5A range

- : = . - i - i - - i - i - i i - i
E“ W . -‘I.l‘? Hs . . -‘I..? Hs . -SDP ng ) -4DP nsg . ) ¥ . 40? ns . 80? ns . ‘I.ZI; ps i ‘I.q‘ [TE} . 20068 |.l-_
Current Max Min Mean RMS o (5-dev) Event count Wave count
Meas Group 1 < |
Frequency 758.56 kHz 759.91 kHz 756.58 kHz 757.98 kHz 757.98 kHz 554.03 Hz 566 566
Pos. duty cycle 13473 % 13.605 %0 13.284 % 13424 % 13.424 % 0,054 % 566 566
Meas Group 2 <2 |
Peak to peak 1.9605 A 2.0079 A 10447 A 19653 A 1.9653 A 10.72 mA 566 566
Cycle mean 132394 13723 A 12714 A 13277 A 13278 A 16.174 mA 566 566
Cycle RMS 14318 A 14771 A 13834 A 14358 A 14359 A 14985 mA 566 566
Statistics: Reset

(2 ]
400 mA/

0A 500 MHz
DC-1 MO inv




. Trigger Horizontal Acquisition Info 20250911
A closer look at switch node waveform Bl Edge 3V Nom 40ns/  20GSa/s Sample RT gy 115650 @
JL' 0s 8 kpts Hist11.9k -
24N I ! I v I ! _I ! I ¥ Meas Results —_ x
bPQI48, 1.896V out 1.337A (DMM), 2x25turn ~1.2uH, 15V in, R7=374k
E T E E Current Max Min Mean RMS o (S5-dev) Event count Wave count
1 H H Meas Group 1 [
P2 e 'r --------------------------------------------------------------- -------------------------- Pos. pulse 176.93 ns 17961 ns 17423 ns 176.97 ns 17697 ns 728.8 ps 4483 83| - -
1 I Period — = = = = = 0 4483
prObe 6. 04k0hm 0402 + SMA : : m . . - . . - a e
I | : : Statistics: Reset
R e e ERERER e 5 e 8
1|
L klﬂmm """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 1
Il ’ : E E E
il : i i i
| : : : :
FA2 s e N :
very (too)’ fastrising edge| “far end” parasmc rmgmg on my dual- solen0|d inductor
(“ llmltless current) ~392 MHz | ; : : :
T T T T T T T L T T B L E e R R T PR R g
: harmless, but snubbable lf desired i i i i i
e e b N —— Nl - i—od e e |

PR S I E— A T Ny T I — a

slow falllhg edges .
{ ~constant current set by mductor worklng into capamtance)
“deadtime” “deadtime”

5y 40| ns 0s 40|ns 80|ns ’IZOI ns ’160I ns 200I ns 240I ns 280I ns 320 ns

EPC23104 (newer version of EPC2152) offers a “knob” to address this,
as well as other improvements... (but a bigger package, might not fit, e.g., in TOF application)




Trigger Horizontal Acquisition Info 20250911
Edge 3V Norm Sns/ 20 GSa/fs Sample RT ” 11:59:25 @

A closer look at switch node waveform, cont’d
0s 1 kpts Hist 247 k -

T4 ' ! ' ! ' ! ' ' ! ' ! ' ! ' ! ' !
bPQI48, 1.896V out 1.337A (DMM), 2x25turn ~1.2uH, 15V in, R7=37‘!k

> E

________________________________________________________________________________________________________________________

Cursor Result 1

-245ns Y1

X2 1.75ns Y2 190791V
AX 42ns AY 20,751V
1/6X  238.09523..MHz AY/AX 4.941 V/ns

deadtin;we seems to be é\bout 10 ns, |
although bPOL48 datasheet gives 6.5 ns,
but oh Well (negative deadtlme isvery problematlc margln is good)

.......................... ~worst case average extra V.drop (effectlvely) to atIerute to bottom swntch.......
| | | 2*20ns/1140ns*18V 31 mV

"it’s'conjrp'ara'b'letoa'ctu;\'t'on;'rE'sistan'ce§V"drcsp'l"'but"rt’sé'a'c:'c:'epta'bl'e """" A <TA]

~ GaN FET “body diode” forward voltage is ~1.8 V

_____________________________________________________________________________________________________________________________________________________________________________________________ .

-10 ns Sns 0= 5ns 10 ns 15 ns 20 ns 25 ns 30 ns
L 1 1 1 1 L 1 L 1 L 1 L 1




. 5 Trigger Horizontal Acquisition Info 20250911
A closer look at switch node waveform, cont’d B Ede 10V Nom Sny/  20GSa/s  Sample T g 209 @)
:L 0s 1 kpts Hist 247 k -

244 ' ! ' ! ' ! ' ' ! ' ! ' ! ' ! ' !
bPQI48, 1.896V out 1.337A (DMM), 2x25turn ~1.2uH, 15V in, R7=37v4k

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cursor Result 1

The falling edge here (during dead time) gwes a measurement

vl 555ns Y2 367.6mV of the total capacltance on switch node. : @

AX 505ns AY 09.0119V

gy 1/4X 198.01980... MHz ~ AY/AX -1.784 Vfns
' ; (V slew rate)™C = mductor current (at turn-off of top switch)
—>C= 2-304f’\f§1-734‘”“5 = 1.29nF (That s 221 mW power blown @ Vin=15V)
i T RGREEEECETE s . -
(yes, that's a lot
T ---------------------------------------------------------------- T s
e e e e . b R e LR

-10 ns Sns Os 5ns 10 ns 15 ns 20 ns 25ns 30 ns
L 1 1 1 1 L 1 L 1 L 1 L 1

Also note from this correspondingly the 1.7 ns rising edge (previous slide)
implies a 11.4 A glitch (which is not welcome from noise perspective...)




FoCalDCDC v2.1.2 layout generally good
* widely spaced capacitors on input net might be ringing between them (I didn’t try to meaure it)
* switch net on PCB has too much parasitic capacitance to ground; entirely avoidable and this wastes
power and increases EMI
* butitis a nice module design with allI/0 on one end, far from switching current paths, probably very
good for reducing conducted EMI

For low load currents, bPOL48/EPC2152 efficiency suffers greatly from “background” losses (chip supply
currents, gate charge, switch node charge, ripple current losses)
* The FET’s are 4-5x too large! Operate at lowest reasonable frequency! (DCR of the larger inductor is not
a big deal at low current)
* Consider EPC23104 (half the charge losses, lower lgppy t0O)
 With EPC23104, only 5V supply is needed (bPOL48 can work from 5 V input), so we could maybe power
the converter from the output, after startup — significant power savings

EPC23104 likely has adequate radiation tolerance
* an all-GAN device (AFAIK) just like EPC2152
« CERN DC/DC team is already working on testing it, we may hear more about this soon



power, W

plots for the case of 15V and 19 V input, 1.8 V output

(Note: voltage drop in input and output filter inductors is excluded here.)

1 1
input power — .
out; 19Vin
put power —X—
losses 15Vin 0.9
| losses deducting 75 mOhm DCR term 1
0.8
I 1 1
T T T
0.7
0.6 15Vin
19Vin
S 05
c
Q
S
Y 04
0.3
0.2
0.1
1 1 1 1 1 1 0 1 1 1 1 1 1
0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3
load current, A load current, A

75 mQ DCR losses correspond to FET and inductor specifications.

Other losses are roughly independent of load current and are dominant here. (Not the way it should be.)
About 0.23 W [0.36 W @ 19 V] due to switch capacitance, about 0.45 W [0.57 W] chip supply power.
About 0.19 W [0.21 W] due to inductor AC ripple I°R losses.



Despite the PCB layout with large parasitic capacitance on switch node, noise seen at
FoCalDCDC v2.1.2 output is reasonably low, if an input filter is implemented.
| added a small output filter too (3 mV drop @ 1.5 A load, probably acceptable).

Switching ripple part of the output noise is good. (Spikes will be further reduced with a
better layout, certainly.)

Low frequency part of output noise is not very good. May be tolerable. Much better

performance is seen with some COTS DC/DC chips.

Sources of low frequency noise:

* Reference voltage into error amplifier —no control over this, fixed in bPOL48 design

* Resonance in buck “filter” — | think that’s ruled out, noise peak did not move much
upon adding a large tantalum capacitor

* Loop phase margin—yes some improvement possible (see below)

* Noise from large resistor values in feedback — that can’t be helped, it is constrained by
bPOLA48 design

| have not yet looked at “radiated” noise, only conducted noise, which is probably the
more significant (for FEMC application at least). Radiated noise measurement is rather
subjective anyway.



. Trigger Horizontal Acquisition Info 20250913
Noise (EMl) (Conducted) Bl  Edge 250mV Free 190ps/  10GSa/s  Sample RT g 17:54:57 @
£ Trg'd 0s 19 Mpts Hist 48
75 T I T I T I T Y T I T ! T I T !
i ext 5. 6 uF AC cou led ; : : : 1
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Peak: 2 i Peak: 1 Peak: 4 Peak: 3 : . Peak: 6 ' 1
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: i # Result Table: Meas 1 X
F i i i i i iPeaklist Frequency Value 1
| ChPower 5 5 5 i 5 5 1 22254KkHz  55.79dBm | .. ]
-50.74 dBm 5 ; ; ; : : 2 50.186 Hz -50.2 dBm
[\ 5 3| 15167MHz -82.01 dBm ]
: | : ; : : 4 75837kHz  8223dBm|[ .
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- : a a a a a a a a -
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[ : : : : : : : :
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c1 ..... R1 ..... T
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1.5mv/ 10d8/ 10 dBm/
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DCS0Q RBW: 5 kHz 40 dBm




. Trigger Horizontal Acquisition Info 20250913
Noise (EMI) (conducted) Bl Edge 5mV Auto Sps/  10GSafs  Sample R ey 181503 (@)
£ Stop 0s 500 kpts Hist 1 =

5 mv ' ! ' ! ' : ' : ' A 4 ' ] - ] - : - ! - T
' (800 MHzBW) | é | | |

ext 5.6 uF AC c:oupled

bPOL48 2x25turn 760kHZ 1.890V ~1.17 Ohm load, 2x47uF 1210 +
T491X 220uF, 4turn18AWG, 47uF 1210 !

5 ] 20 ps S15 ps 10 ps S s 0= 5 s 10 ps 15 ps 20 ps 25 s
! | ! | ! | ! ! | ! | ! | !

Note: This plot is from before the low frequency noise improvement (slide 13)




. : .~ Tgger  [Horizontal = Acquision | nfo 30250913
Low frequency [unfilterable!] noise B Fige ey Ao 630G Sampie T o 13:4131®

£ Trg'd 0s 63.3 Mpts Hist 13 - 5
rpy . | . . . . . . . . . . ! . . . ! . :
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~22 kHz noise peak suppressed with FB capacitor B fdoe Smv Auo  63us/  10GSa/s  Sample T g 2?@3—3?5?@

£ Trg'd 0s 63.3 Mpts Hist 13 =

L ' ] ' ] ' ] ' ' ! ' ] ' ! ' ] ' =
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'—m _________________________ SRR T491X 220uF, 4turn18AWG, 47uF 1210 ]
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.  Horizontal 20250915
Transient response (1.5 Ato 2.5 A) Bl  Edge 159A Norm S00pus/  2GSa/s  Sample RT gy 122829
¥ 0s 10 Mpts Hist 44 = z

3A T ! T v T T T T T ! T T ! T
—284Toad current (60608) CT6711 Drobe """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 7
L R e CEEEEECEEEEEE ettt St et aleieletieieisteieiistetiek Sieteiel il eietieie el eie el el et el et ieipiek el ieieiete ettt ittt e B SREORECEEEE .
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T O S SR S FER _______________________________ 1 ISR e S 4
BlEA - - - e E  GGEEEEEEEEELTEPEEREE R R L T ECEEEEERE PR 1 ——————————————————————————————— I RGREEECELTELEEREE PR R GEGEEEEEEEE L TR PEERE PR [ nGEEEEEEEEEEEE TP EREREE E
B - - - - - - - - oo bR e
_15A """"""""""""" B o el J; """""""""""""""" B B %""&: """""""""" Lo R ] @
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1 3A e R e R R .
i 14 ) SD;EIus ) D“s ) 50? us ) 'Il;ns ) 1.5;ms ) 2I;'l‘|5 ) 2.5;ms ) 3|;ns ) 3.5;ms ) 4ms_

T ! | \ 4 | ! | ! | T | ! | ! | ! | ! |
A T O O . S S ]
- Vout (post fllter) external 5. 6 ‘uF AC coupled 1
o 12my o R e e A R B
. ______________________________________________________________________________________________ S FER _______________________________ R e S ]
—-12mv--—-—-—-—-—-—-—-—---—-—-i— ------------------------------ R e D T 4
L R RRRRREREREEEEEEEEEEEEEEES o e R R .
i - | ) D“s ) 50? us ) 'Il;ns ) 'ISIms ) 2I;'l‘|5 ) 2.5;ms ) 3|;ns ) 3.5;ms ) 4ms_
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bPOL48 works reasonably well for 15-18 Vinput, 1.8 V ~1.5 A output.

Maybe it can work a little better if EPC23104 can be used instead of EPC2152. Particularly if things
can be powered from the output (5 V).

Some optimization work remains for the inductor design, 1/0 filters, and feedback.

If COTS DC/DC parts* can be qualified for radiation, they might still be preferred
* Lower cost, wider availability

* Lower EMI (lower capacitances)

* Lower low frequency noise!

* Higher efficiency (lower capacitances)

But if they can’t— bPOL48 looks pretty reasonable, and we could make it the baseline choice.
FEMC quantities: Likely 2 bPOL48 per FEB (1.8 Vand 3.3V ormaybe 5V, w/ LDQO’s). 594 FEB

installed. Procurement quantity ~2*594*1.1(board spares)*1.15(parts excess) =~1500 bPOL48’s
[+ EEEMC ~250 bPOL48’s]

* e.g. LTC3626



2/6/2026 supplement — measuring the PCB toroid inductor

FoCAL v2.1.2 PCB toroid inductor

&

03:15:36 PM 02/08/2026

Trcl Real 500n0/Ref0Q CalMath Im(Z)/ 2 pif "Ohm" really means Henry... 1v
2056 M1 |20.000000 kHz [145.721(nQ
‘15|'5 2750000000 kHz (2 z.j4; {19
e M3 | 2250000 ﬂﬂﬁ 256.509|nQ
] 20 kHz M4 | 3750000 MH 255.?9]2 nQ
e 145.721 nQ) /
| ¢ e V2 M3 M4
5E7 MH TT v v -
| ) S T
’bﬂ eI -
oy 1, ==
--5E-7
| 7
-1 |E-6 /
——'I.|5E-6 J
- 2E6
Sleee 10000 20000 30000 | 50000 100000 200000 400000 700000 2E+6 3E+64E+6 |6E+6) | 1E+7 26+7  3E+7AE+T |6E+7| | 1E+8 z(E—s
Ch1 Start 5kHz Pwr 0dBm Bw 1kHz Refl OSMP1 Stop 200 MHz
Trc2 WAIAN Real 100 mQ/Ref0Q Cal 2w
1 | M1 (20.000000 |kHz| | 41.284 m(
‘0-|9 W2 750000000 [kiiz| | 79.726 m(}
0.3 M3_| 2.250000 |MHz 12].749 mQ
| M4 | 3.760000 |MHz 168.915 mQ
0.7
|
—O.tls
_0'?
0.4 -
| 4-wire measured DCR 44.4 mOhm
0.3
l M2 M4 JJMM*HH
0.2 M3 _,,,.I N}
o) M1 %',_ A2 M
igo) 605 20%00.20000 50000 106800 “uu?ﬁﬁﬂﬂmupw”’"?lﬁ_oloolo 2E+6 3E+64E+6 |6E6| | 1E+7 2E+7 3E+7AEAN\ 66+7| | 1ES 2E+8
Ch1 Start 5kHz Pwr 0dBm Bw 1kHz Refl OSM P1 Stop 200 MHz
. _ Avg Chl 2026-02-09
- v Sweeping... Chl: o by s 15:15:35



2/6/2026 supplement — measuring the PCB toroid inductor — sanity check

Coilcraft 0805HP-271XGR (nominal 270 nH +/- 2%)

&

Trcl Real 500n0/Ref0Q CalMath Im(Z)/2pif

"Ohm" means Henry 1%

05:16:23 PM 02/08/2026

2056 M1 |20.000000 kHz [274.420 nQ
‘15|'5 * V2750000000 kHz [2B944T nQY
L see M3 | 2.250000 ﬂﬂﬁ 288.747 nQ
| 20 kHz M4 3.750000| MHg |288.176 nQ
F1E-6 27442
. 1 M2 M3 | M4
i " v Y V¥ ] T
Ho | > |
—-5|E.7
-1 lE-6
——'I.|5E-6
- 2E6
Sleee 10000 20000 30000 | 50000 100000 200000 400000 700000 2E+6 3E+64E+6 |6E+6) | 1E+7 26+7  3E+7AE+T |6E+7| | 1E+8 2E+8
Ch1 Start 5kHz Pwr 0dBm Bw 1kHz Refl OSMP1 Stop 200 MHz
Trc2 WAIAN Real 100 mQ/Ref0Q Cal 2w
1] /./ M1 20.0p00DO0 |kHz| 511.783 mQ
‘0-|9 Py W2 750000000 [kiiz| p2T.035 m}
0.3 A M3 | 2.250000 |MHz 645.535 mQ
M4 | 3.760000 MHz 664.305 mQ
-0.|7’ 1 Vi M3 Mih-f"""!r’ :
| i A
U.D
|
0.5
ok 4-wire measured DCR 634.5 mOhm
il
—0.|3
0.2
|
0.1
0a 10000 20000 30000 | 50000 100000 200000 400000/ 700000 2E+6 3E+64E+6 |6EF6| | 1E+7 2E+7  3E+74E37 |6E+7| | 1E+8 2E+8
Ch1 Start 5kHz Pwr 0dBm Bw 1kHz Refl OSM P1 Stop 200 MHz
. Avg Chl 2026-02-09
- v Sweeping... Chl: Novr?e P1 s 17:16:23




backup



. Trigger  Horizontal = Acquisiton | Info 20250910
Key waveforms (1 2uH, 1.8V 0A out) Bl Edge  OA  Auto 400ns/ 10GSafs  Sample RT gy 155226 @
£ Stop 6.8 ns 40 kpts Hist 5.27 k - -

L8k CT6711 probe 5A range

-1.‘? HE

| %Y RT-ZP10 probe long gnd wire

T A e RRERREEEE E

e bpol4s, 1,896V out 0 A , 2x25turn ~1.2uH, 15V in, R7=374k]

L A e RRERREEEE E

F o . 6 . . . -40P ns . is . 40? ns . . 1.;' s ) 1.q' s . 2.0068 w3l
Current Max Min Mean RMS o (5-dev) Event count Wave count

Meas Group 1 < |

Frequency 758.23 kHz 750.94 kHz 756.43 kHz 758.24 kHz 758.24 kHz 567.75 Hz 1578 1578

Pos. duty cycle 12541 % 12.781% 12473 % 12,619 % 12.619 % 0.048 % 1578 1578

Meas Group 2 <2 |

Peak to peak 1.8408 A 1.8972 A 1.834A 1.8606 A 1.8606 A 0.0006 mA 1578 1578

Cycle mean -35.573 mA 3135 mA -52.093 mA -17.474 mA 22,146 mA 13.61 mA 1578 1578

Cycle RMS 523.72 mA 525.87 mA 521.28 mA 523.18 mA 523.18 mA 630.83 pA 1578 1578

Statistics: Reset

(2 ]
400 mA/

0A 500 MHz
DC-1 MO inv




Trigger Horizontal Acquisition Info | 20250012 Trigger Horizontal Acquisition Info | 20250912
Edge 3V Norm 10ns/  10GSa/s  Sample o Edge 114V Norm  10ns/  10GSa/s  Sample s o ==
Stop 0s 2kpts =

Hist 1 - 1 Stop 0s 2 kpts

Hist 1

bPOI48, 1.896V out 1.337A M), 2x25turn ~1.2uH, 15V in, R7=374k bPOI48, 1.896V out 1.337A 1M), 2x25turn ~1.2uH, 15V in, R7=374k

| probe: 6.04kOhm 0402 + SMA , || probe: 6.04kOhm 0402 + SMA

Ea

1v/

4GHz OV
DC1 MQ

Later | changed R8, RO to 18.2 kQ (was 47 kQ).
Still plenty of deadtime.
Didn’t make any significant efficiency improvement though (at 1.8 V~1.5 A).



FoCalDCDC stock 1 pH inductor (COTS, powder core, probably it is Kemet # MPX1D1264L1R0)

the (unknown P/N) powder core 1uH inductor that was on the board originally

&

Trcl Real 1pQ/Ref0Q Cal Math

1w
50 M1 {120.000000 kHz 9E5.128 nQ
‘*15|-5 2750000000 kHz [966. n
-3E-6 20 kHz M3/ || 2.250000| MHgz |957.962 nQ
ik M1 vi2 M3 | M4 7
|
-0 lﬂ e —d
i
| ;.:_6 Pl
--2E-6
| /
v
--AE-6 !
spg| | 10000 20000 30000 | 50000 100000 200000 | 400000| 700000 26+6 3E+64E+6 |6E+6| | 1E+7 26+7 3E+74E+7 |6E+7| | 1E¥8  2E+8
Ch1 Start 5kHz Pwr 0dBm Bw 1kHz Refl OSM P1 Stop 200 MHz
Trc2 WASSYAN Real 100 m/ Ref0(Q Cal 2w
1] L T T T ] ] [ M1 20000000 [kHz| | [4.671 mQ
0.9 i . 35.602 M
| Note: This is a small-signal measurement, but W2 PUAPUUIUTKIZ] | 32.0U02 M
08 . . ) . M3 | 2.250000 MHz 102.198 mQ
| core losses are certainly nonlinear. Naive reading M4 | 3.750000 MHa P02.470 mQ
—a.l‘f of this result is probably underestimating!
0.6 i
| A /
0.5 : !
|D DCR measured w/ Keithley 2010, 4-wire: 0.002 Ohm H/
0.4
| Vi
07 Mo
0.2
M3
—CI.!I AL .-wﬁ
0g | | 10000 2000 30000 | 50000 100000 200000 | 40000 mzlm@gﬂw""ﬁl—s 3E+64E+6 |6E+6| | 1E+7 26+7 3E+74E+7 |6E+7| | 1E¥8  2E+8
Ch1 Start 5kHz Pwr 0dBm Bw 1kHz Refl O5M P1 Stop 200 MHz
- + Sweeping... Chl: ::r?e c;: i mﬁ'g:'lg

02:30:50 PM 09/10/2025




Trigger Horizontal Acquisition Info 20250908
FoCalDCDC stock 1 pH inductor (COTS, powder core) B Edge 157A 200ns/ Sample R gg 15559
£ 6.8 ns Hist 2.06 k —
T T T T

284 CT6711 probe 5A range A4 ; i

| | |
F ' ' “thata Gecent air-core |mGUCt0r eaSHy SEOpS ' ']
T N Conducted EMI advantage clearly to air-core © """""""" S 5
800 mA- - CTT Ty i______________________'_____________________________________________'_____________ __________________T______'________________________T _______________________________ :' _______________________________ i ________________________________ I |
I 1.2 4 ) —SEIIP ns ) SDIP ns ) ) 20‘? ns 40‘? ns SDI? ns ) 80‘? ns ) 10058H
L%V RT-ZP10 probe long gnd wire | ' ' ' ' ' ' ' ' i
S e EEEEEEEE e R e B H
. T — — . . R el E I - e ;
e . bPOI48, 1.5V out 1.489A (DMM), stock 1uH, 15vin B 2 . A i
. e —— e — e it i A AL e —— S —— ]
P L T I I S S E N S T} I R
3 | g ! : | yr— | ! : — 4
e 0 T SRS S e AR At S ]
P S E— O S 0 S AN N A 1
A - i i S SRR E— - S —— g
' ; , i i ; ; ; ; r r
F o 800 ns B0 ns 400 ns -200 n: s 200 ns 400 ns BOD ns 80 ns . 1.0068 4

Current Max Min Mean RMS o (5-dev) Event count Wave count
Meas Group 1 < |
Frequency 1338 MHz 13414 MHz 1.3349 MHz 1338 MHz 1.338 MHz 1.0017 kHz 2063 2063
Pos. duty cycle 1039 % 10.538 %0 10213 % 10387 %o 10387 % 0.044 % 2063 2063
Meas Group 2 <2 |
Peak to peak 1.1383 A 117 A 11225 A 1.1403 A 17403 A 9.452 mA 2063 2063
Cycle mean 14588 A 1.5069 A 1.4299 A 1.4697 A 1.4608 A 13.064 mA 2063 2063
Cycle RMS 1.4891A 15363 A 1.4606 A 1.4997 A 1.4998 A 12.218 mA 2063 2063
Statistics: Reset

a —
4v/ 400 mA/
ov 500 MHz | 0A 500 MHz
DC-1 MQ 10:1 DC-1 M inv




FoCalDCDC, GV modifications

R1 and R3 not populated: the PGOOD signal is monitored by the DCB. ©On my prototype board, Vin has 10 uF 50 V X5R 1210 and then
R2 and R4 not populated: the ENABLE signal is controlled by the DCB. feeds through an inductor to the Vin connection pad at edge of the
FoCalDCDC board. Solencid ~0.16" diameter, 7 turns 24 AWG.

=11EVa bl =113 V for 13 V ingut. |ﬂmmm_xxmm-1 -
b L350V puifips. Mo puildonn 1o desabile, \rlelw max 45V I
the enable of Dossible St sov ;’\ VAR =2 A
[ifthe PGOOD sizmal i ] [°A voltage above 300 mV applied || 35 PldoTm celays the #l “P"‘“m - 275V S0V
b mositred i o e Bk En g o e el tﬂ-wm-lp-ﬂw m"’"" -
st be pulled up on ‘openation. At
A : UVLO at Vin=14V.

RlamdR3;sDNP! | | pulls the volmage of the Buck_En

D, 4 ™our_Feed is the feedback of Vour 1o supply VDD i

. . stendy ste (50 LinPOL4EV is only starmp). = = 5 | 1.4 remorne
5 ) For this to work. OuwtLin mwmst be s2t to 2 Jower value
- ‘tham Vout. Th e "removed” components do not exist in layopt
274KE| That confused me for a while...

2 (o) @0 @D

|ne no problem.

open 2 . -
i 1 E——=k - VI EME107CTIMEAHTE
2 EN LinRegdV' i
EN LinRegl2V 10mF
2 I"'l“" VDD
PGEOCD : . { ™
R7 stock was 200k (30D cod 1 ' o i
installed 383k for ﬁ":_uaayi,s o A i = HveooT  vNig
800kHz target, got 737kH. R_delayHS VIN_CTRL F=—VDD . 2l oo VIN L
then 374k, got T KkH A e our 3 PE Rl —re ¢ £ :_Eg swis =
en , gof z DIS_EXT DELAY FE_LIN b= =
e ENPRED - IeF = Him 3lume SW E o
leave it so Par o VEE] Dhodes }25. W SW Vo
e 10 PTAT Diodek [ ] Ism ] 8 Lu 4 -
o DLV ERC T sw = R s 1.2 uH air-core coil ol ool [ |
16k 165 Vidd D e [ o —rr— T T o the DCB!
Lk 199 ) = —_
00 251 5l enD PM_Hs 31 e I 3
E Y GND PAMLS (= =SB — 3 E ===
GND D o @D
GND || = & - =
EP Vo is below 3.3 V the voltaze | Output voltage settings table o On my prototype board, Vout connecid
8,R9 18 2k as above, but it didn't make a significant difference. SERIRISE et T | e ot voinzs 15V 275V S0V: - to 2x 47uF 10V X5R 1210
{ go slightly larger maybe 22_1k next time. L [ —— 1 Il 220uF 16V T491X,
- |\nfmm-mmin J - T T then through inductor
= ; - = OB fe ~0.23" dia 3.5 turns 18AWG,
Signals and supplies monitoring Vi Iogut voimee of the Eror V0 DN M6 5 then one more 47uF 1210 is the outpuf.
Amplifier. Vi is connected SOV 33k 33k Nk 501V
‘etrreen the 2 resistors (RIS and u
mnmnmnngmlz i
ﬁﬂ#‘ﬂﬂ The T491X was a later addition, to checl
ul _! if output was ringing. Made little/no
R | &o difference, it was not.
i 3 15 pF cap on R15 ) Probably good to have anyway though.
: ; (maybe 12 pF would be better)
o o
= J Idea to fry later: Since pin 12 provides higher frequency feedback,
o a maybe pin 11 feedback can come all or just in part from
® = load side of an output filter inductor, getting better regulation. Try.
F a
E] E]
E-d n
S E
*® E Y
E ] k)
e E]
= a
“ -
£ =
- M Mechanical Test points
& &
1
PR ¥
@ @ Hﬁ—
] £ 3
& &
PR g3
3 ]
] &
@-‘ +GND
= n TBI J
) ™
k]
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GAN chips compared

EP(2152 - ePower™ Stage IC EPC23104-ePower™ Stage IC

Vin, 100V
lloap, 15A

Vin,80V
load, 15A V=12V

Ve =5V

Flecticl Characteistic
SYMBOL | PARAMETER TEST CONDITIONS MIN | TYP | MAX [ units | PYMBOL FARAMETER ST CONDITIONS MIN_|TYP | MAK | UNITS
Power Supply IPower Supply
oo Off state total quiescent current HS,y /LS = 0V, Vg = 12V, SW floating 14 21 DRV_Q [Off State Total Quiescent Current HS i/ LSin/SD = 0V, Vpry = Vop= 5 V, SW floating 10 TBD
[ Total operating current @1 MHz PWM = 1 MHz, 50% On-Time, includes bootstrap current 25 37 mA DRY_100kHz [Total Operating Current @100 kHz PWM = 100 kHz, 50% On-Time, includes bootstrap current 14 TBD mA
Iop_amsz Total operating current @3 MHz PWM -3 MHZz50% On-Time, includes bootstrap current 28 40 DRV_1MHz [Total Operating Current @1 MHz PWM = 1 MHz, 50% On-Time, includes bootstrap current 20 TBD
. - - ! !
High Side Internal Power FET High Side Internal Power FET
Rosion) Hs High side FET Rpgian lipan=+~10 A, H5 =5V, LSy =0V 10 145 mQ Rosten)_+s High Side FET Rosfon) lioap = +/-10 A, HSn =5V, LSn =0V 8.7 11 mQ
WVis_ps, Clamg High side 3" quadrant clamp lioap=-10 A, HS; & LSy =0V -2 -2.5 v MHs_Ds_Clamp High Side 3rd Quadrant Clamp lioap =- 10 A, H5y & LSy =0V -1.5 v
| Ear_vin-sw Leakage current (V) to SW) HSy =0V, SW=80V,5W=0V 100 210 pA LEAK_VIN-SW Leakage Current (VIN to SW) HSIN=0V,Viy=100V,SW =0V 300 A
Cosssrer | Output capacitance (Vi to SW) HS =0V, V=48V, SW=0V 339 pF Cwew HV-Well Capacitance (SW to PGND) HSp =0V, Viy =48V, SW =48V 32
Qoss_pseer Output charge (V;, to SW) HS=0V,SW=48V,5W=0V 26 nC ICoss_HsFeT Output Capacitance (VIN to SW) HSin =0V, Vin=48V,SW=0V 189 oF
Low Side Internal Power FET Qoss_usreT Output Charge (VIN to SW) HSn =0V, Vin=48V,SW=0V 15 nC
Rosion)_Ls Low side FET Rpsjor) lioap =+-10A, LSy =5V, HS5p =0V 10 14.5 mQ Eaoss_HsreT Output Capacitance Stored Energy HSw =0V, Vi =48V, SW=0V 0.27
Vs _ps_clamp | Low side 3 quadrant clamp lioap ==-10 A, HSy & LSy =0V -2 -5 v [Fon_ts_o HS Turn-On, SW =0V to 48 V, Rager =0 Q, l,gap = 10 A 15
lieak_sw-onup | Leakage current (SW to GND) LSu=0V,5W=80V 150 310 HA [Eon_ws_1 furn-On Switching Energy (H5_FET) HS Turn-On, SW =0V to 48V, Repor= 2.2 Q, liasn = 10 A 2.7 W
Cwewt HV well capacitance (SW to GND) HSw =0V, Vi =48V, SW =48V 57 oF Eorr ks Turn-Off Switching Energy (HS_FET) HS Turn-Off, SW = 48V to 0V, hoao = 10 A 0.09
Coss_isrer Output capacitance (SW to GND) LSu=0V,SW=48YV 396 Low Side Internal Power FET
Qoss ysrer | Output charge (SW to GND) LSw=0V, SW =48V 3 nC Rosten)_ts Low Side FET Roson liono = +/-10 A, LSy =5V, HSm =0 V 87 | 11 | ma
Nis_ps_clamp Low Side 3rd Quadrant Clamp lioap = - 10 A, HS & LSy =0V -1.5 v
LEAK_SW-PGND Leakage Current (SW to PGND) LSw=0V, Vin=100V, SW =100V 100 HA
ICoss_LsFeT Output Capacitance (SW to PGND) LS =0V, SW =48V 189 pF
Ioss_LSFET Output Charge (SW to PGND) LSu=0V,SW=48YV 15 nC
Ecoss_LsFer Output Capacitance Stored Energy LS=0V,5W=48V, 0.27
Eon_ts_o LS Turn-On, SW =48 Vto 0 V, Raggor =0 Q, ligap = 10A 15
[Turn-0On Switching Energy (LS_FET) w
Eon_ts_1 LS Turn-On, SW =48 VV to 0 V, Reoor = 2.2 0, lioao = 10A 2.7
EoFF_Ls [Turn-Off Switching Energy (LS_FET) LS Turn-Off, SW =0V to 48 V, loan =10 A 0.09
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