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Introduction

Power distribution system

AC - 110V 48V
380V

» Compatible with traditional power system

» Good reliability

> . . Front-end < 1.2/2.5V
Large area due to the air-core inductor Electronics

> Noise and EMI

Harsh working environment
» High magnetic field (Up to 3T in CEPC)

» High level of radiation will be reached inside the detectors (0.6 Mrad/y)




Design of DC/DC buck converter

Control circuit Power stage

Design specification of the DC/DC converter
AL AL
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Input voltage 12-10 V Sawooh (1.
generator J .
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Output current <10 A oguiaions
Output ripple voltage <10 mV Pmﬁms- S Error amplfier . =
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TID 06 Mrad/year Compensation network % | AR
ASIC
Magnetic field 3T

GaN power transistors are also considered to be used.
» fast switching speed

» low power loss

» high radiation tolerance
» low on-resistance

Switching frequency 1-3 MHz

High current




Design of DC/DC buck converter

. Vin
Diagram of the proposed DC/DC converter Ve
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—> Most of transistors are 0.18 um CMOS (OCP OTP IUV) l
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» Built-in LDOs for different voltage domains
Controlling loop: Voltage mode PWM




Design of DC/DC buck converter

Simulated ripple voltage of the proposed DC/DC converter @ lo=10A

Corner (\171]1?;‘5}) RT(Q) f_(Hz) Ripple(t I:;rrent Vo(V) Rippllset (V\(I);tage Rip[z):::ds('{)})tage Effico/i:)ncy
50k 3.72M 2.1 4.18m 425.6u 75.2
100k 2.008M 3.6 9.618m 1.385m 81.6
SS 920 200k 1.085M 6.15 1.517 26.76m 4.594m 83.7
400k 587.7K 11.2 92.3m 39.6m 84.3
floating 1.892M 3.7 13.15m 835.6u 79.8
50k 4.203M 1.75 3.785m 295.4u 72
100k 2.281M 32 8.157m 627.1u 79
TT 835 200k 1.237M 5.9 1.332 20.93m 2.233m 83
400k 672.4K 10.8 64.88m 17.87m 84.9 .
floating 2.43M 3 7.417m 555.4u 78.4
50k 4.762M 1.44 3.1lm 277.3u 69.4
100k 2.595M 2.63 6.427m 530.7u 77.3
FF 750 200k 1.415M 4.8 1.237 16.57m 2.433m 82.2
400k 773.3K 8.8 45.47m 8.803m 84.9
floating 3.164M 2.16 4.959m 435.7u 75.1

Ripple voltage can be decreased by increasing the switching frequency, while the power efficiency decreases.




Design of DC/DC buck converter

Start-up simulation @ VIN:14,12,10,8,6V

Transient Response 11
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500 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0
time (us)

Vin (V) 14 12 0 8 6
Efficiency (%) 7728 7893  80.73  82.1 /
Switching 2.283 MHz
Frequency
Vo (V) 1.331 /
Voriplst 8365 8.159  8.03  7.121 /
(mV)
Vorip2nd 686  705.1 840 314.5 /
(uVv)

The efficiency increases and

ripple voltage
decreases with input voltage decreasing, owing

to the increase of duty cycle.

The converter can work well, except at vin of 6V. €The under-voltage lockout (UVLO) works




Design of DC/DC buck converter

Transient response with load current step

Transient Response
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» The output voltage can recover after 22us.

> No oscillation is observed.




Primary measurement results

Micro-photo of chi@ gmd testing board

<

» 180nm BCD process

» 1.8V, 5V, 12V MOS devices

Two LDMOS, 2.76mm > Large area PADs = high current

PWM Controller > Fabricated at the end of October

1.5 mm

» Measurement is ongoing
3cm
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VBG(V)

Primary measurement results

Bandgap Voltage VS VIN
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More data are required.
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Bandgap reference core circuit

Schematic of the bandgap 10




Primary measurement results

Measurement results of the built-in regulators
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I Layout and measurement results

Measured frequency of oscillator 45-
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Works with external current source, when RT is 50kQ
» Frequency changes linearly with the value of RT(0.5-4MHz)

> Test results are consistent with simulation results 12




Summary and working plan

Conclusion

O A radiation tolerance 12V-1.2V DC/DC converter has been designed and fabricated.

O Simulation results demonstrate low ripple voltage can be achieved by higher switching frequency
and larger inductor.

O Measured results demonstrate the built-in bandgap, regulators and oscillator can work well.

Future work

O Continue to test the prototype chip (with GaN power transistors)
O The irradiation experiment will be completed.

13
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Design of DC/DC buck converter
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Load current(A) 10 5 3.3 2.5
Efficiency(%) 83.14 83.15 83.16 /
Frequency(Hz) 2.283M
Output voltage(V) 1.331
Ripple voltage
1st(V) 8594m 7.845m 7.504m 7.54m
Ripple voltage
2nd(V) 1.173m  705.1u  3542u 574.4u
15



Design of DC/DC buck converter
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Design of DC/DC buck converter

Simulation Results

Output voltage Ripple current Ripple voltage(V)

/ Corner f,(HZ) VBG(V) Efficiency(%)
s V) (A) (1st) (2nd) v
SS 2.008M 920 1.517 3.6 9.618m 1.385m 81.6
PRE-SIM TT 2.281M 835 1.332 3.2 8.157m 627.1u 79.4
FF 2.595M 750 1.237 2.63 6.427m 530.7u 77.4
SS 1.979M 761 1.179 3.19 8.397m 631.8u 79.0
POST-SIM TT 2.283M 765 1.127 2.83 6.895m 359.5u 80.1
FF 2.696 763 1.261 2.47 5.715m 306.2u 79.6
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