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About power distribution at sLHC

Presently long cables are used to bring the low voltages (2.5V and 1.5 V) to the
detectors. The voltages are remotely regulated with long sense wires.

The total current flows inside the long cables and a lot of power get dissipated there
(30%).

This will be worse at sLHC because of the expected higher number of detectors
channels ( total current higher ) and lower Vdd. We propose the introduction of “new”

techniques to limit the use of Cu cables with their power loss (cooling) and high cost.

The choice is mainly among common techniques but to be used in a not standard

environment: high magnetic field (B> 1T), high radiation, high density of electronics.

The DC-DC conversion from “high” voltages and low currents, to lower voltages and
higher currents, implies the reduction of cables material and related power loss. The
efficiency of the regulators is an important issue because the all “unconverted” power
will be dissipated close to the detector. Others issues are the services required by the

DC-DC regulators and their frequency of operation.
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The present DC-DC converter(s)

The present work is the experimental study of two prototypes of switched

capacitors converter : 1.25V, 2.5V both with current up to 1.5 A.

The two prototypes (same architecture) have been assembled on small PCBs with
commercial SMDs. The absence of commercial power Mosfet with floating body has
imposed to use diodes in place of few transistors with an additional loss of
efficiency (due to the Vy), especially at 1.25 V. This, however, does not limit the

understanding of the general behavior of the converter.

Our aim is fo investigate the dependance of the conversion efficiency with the
frequency. We strongly believe that the DC-DC regulators must be operated at
frequencies higher than the bandwidth of the signal electronics (few MHz) to

preserve the quality of the signals.
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"charge pump” regulator: general scheme
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phase 1:
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present prototypes :
n=4,Cst = 470 nF, Cload ® 220 uF (>> Cst)
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switches and capacitors network

N =(3xn)-1, N =11 forn=4

switches switches

Liu-‘u g ~ Vm/ 4
I out

phase |:series charge

Cst=470nF ( ceramic "Kemet”)

Cload=220uF ( tantalum “Kemet”)
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pPMOS

SI2303BDS Vds-max=30V
"Vishay”
Ron~0.2Q@Vgs=-5V

st

Cst=470nF
ceramic "KEMET"”

shottky..
(switching)
MBRO520L
“Fairchild”
nMOS Cload=220 uF
SI2304BDS Vds-max=20V tantalum “KEMET"”
"VWishay”  R,n~0.06Q@ Vgs=5V
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prototype schematic
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prototype schematic
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prototype schematic

switches drivers bank 1
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prototype schematic
Vstack=Vin-RonXIin

switches drivers
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Power efficiency : definition

PWRi, input power

PWRow: |output power

power to

out PWR,, PWR4-  |operate the

PWR_ PWR y
PWR. + PWR,, switches

" PWR_+PWD, PWR,

in

n

. _ PWRout
can be written as : n. PWR

n

%

n

nxlI.

nXVOI/tt IOI/tt
... Or even better n. = X[—"— = Nyorage X Meurrent

Nvoitage < 1 (1 is a limit case)

Neurrent < 1 ( 1 is the theoretical case)

n is the conversion factor : 4, in our regulator
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Nvoltage ZVOH'Gge eFﬁciency

From slide 5 the input voltage necessary for provide the Iot current
at the voltage Vout must be at Ieas’rl

!
‘/in = n X Vlett + =
fxC,

so a very "basic” expression for the voltage efficiency is:
nVv,__ 1

nvoltage = V = I 1 < 1

in 1] + o
% nxfxC,

1 is the ideal value to aim. out

Large values for n and f should be chosen but they have also
implications on the other terms of the global efficiency: hence the
best choice must be a compromise.

Also Cst should be taken large, but it foo has some implications in the

efficiency.
The actual dependence of Nyoitage Tequire a more complex model.
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Charge / Discharge of the capacitors

Nvoltage depends also on the fime evolution both of the charge and
discharge of the Cst capacitors.

In the time available for the charges transfers (frequency period) the
involved charge is given by

Q’rmnsFer = Av/cs‘r
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Nvoltage : VOltage efficiency formula
Starting from the charge/discharge shapes we derive the final

expression for the Nyoltage 0f the regulator

1

Y o7 | L, 8U)
T x1,, h(T) 1-g(T)

Mhottage = ( 12xV x fxC,
e 1—

h(T) = (l—e_ ) ( exponential of the charging shape )

e—/3 =T, cos| w,(T-1,,)-6 | (discharging shape)

T is the time at disposition for the transfer: T= 1/f = 1/2xfvank.
Tme and Trs are dead times due to the project ( can be changed )

Ts is a suitable time scale (= 7.5us)

Vy 2 0.3V is due to the diodes
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Nvoltage VS frequency : formula versus experimental data

1.25V 2.5V

. Mod-vs-exp
Mod-vs-exp Vout=2.4V

Vout=1.25V B mod @lout=1.5A
mod @|0Ut—1 5A ® exp @|0Ut=1 5A

® exp @lout=1.5A mod @lout=1.0A
mod @lout=1A ® exp @lout=1.0A

® exp @Iout=1A mod @lout=0.75A
mod @lout=0.75A ® exp @lout=0.75A

® exp @lout=0.75A

D.75A
1.0A

maX. variation <2%
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predictions of the model for 1.25V prototype

Using the voltage efficiency formula we evaluate the behavior of

the present prototypes without diodes and for different values of

Csi' nvoltage

present prototype
no diodes diodes

efficiency

o mod @Iout 15A Ji Cst 047 uF

, ................. ................. ................. . ........ med--@I-Du-t—--’l---5A—Gs-t~*=-1-u-F ....................... .............. _

v mod @Iout 1. 5A Cst 0. 22pF

.................. Besssssssssssssnaadananssanannnnnnnadannnnnannnnnnnnnatonnnnnnnnatironnslesannnsnnsannnnnntonnannnnnnnnannnn .................;.................-.............._
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1.0

Neurrent €fficiency: well above the 90%
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leaking impedance:

Cst=470nF Cst=470nF Cst=470nF
Vout=2.4V Vout=2.4V Vout=2.4V
lout=0.75A lout=1.0A lout=1.5A

T T T T T | ! ! ! ! T T T T
y = 1/(m2*MO0) +1/(m3*(MO* 2)...
Value Error

m2 0.00025759 | 1.0801e-5
m3 0.00030174 | 1.5035e-5
Chisq 1.6227e+5 NA
R 0.9992 NA

y = 1/(m2*MO0) +1/(m3*(M0* 2)... y = 1/(m2*(M0))

Value Error Value Error
m2 | 0.00019954 | 1.1261e-5 0.00023356 | 1.0011e-5
m3 | 0.00044988 | 5.8072e-5 9.3022e+5 NA

Chisq 4.8989¢e+5 NA 0.95678 NA

0.99745 NA

Vin/llost /Ohm

Ilos’r = Iin - Iou’r /4
Vin/Ilosf = G/F + b/FZ
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Prototype efficiency ( all included )

W
3
MU/ Ip-U\Ad

Y
f/MHz

O.75A

Drivers power: 5 mW/ ( MHz x gate )
7%
-1IMHz ...frequency position of the maximum efficiency

Vout=2.4V
~__
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Prototype efficiency ( all included )

efficiency
M/ IPIMd

® PWRdr/W : ¢ ® PWRdr/W g : e PWRdr/W

® cfficienza totale E ® cefficienza totale . ® cfficienza totale

® efficienza . ® efficienza . ® efficienza
: A4 : e

6 8 4 6 8 6

f IMHz f IMHz f IMHz

O.75A 1.0A 1.5A

Vout=1.25V
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Conclusions:

Two prototypes of charge pump voltage regulator have been
realized with outputs of 2.5 V (<1.5A) and 1.25 V (<1.5A) with
the aim of defining an integrated circuit project to be deployed

in an hostile ( high B and high radiation ) environment .

The actual efficiency values obtained at operating frequencies
up to 4-5 MHz are (75-80)% @ 2.5V and (60-65)% @ 1.25V

The possibility of improving the 1.25 V efficiency of about 10%,
by replacing the diodes with floating body mosfets, has been
shown .

The optimization of the switches drivers is still an open
question.

Operation frequencies up to 5 MHz have been demonstrated and
improvements are possible by carefully optimizing the layout.
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