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( Four Channel Step Up DC-DC Converter for Capacitive SPAT RF
MEMS Switch Application )
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Abstract

This paper presents a step up four channel DC-DC converter using charge pump voltage doubler structure. Our goal is
to design and implement DC-DC converter for capacitive SPAT RF MEMS switch in front end module in wireless
transceiver system. Charge pump structure is small and consume low power. 3.3V input voltage is boosted by DC-DC
converter to 11.3+0.1V, 12401V, 141£0.2V output voltage with 10MHz switching frequency. By using voltage level
shifter structure, output of DC-DC converter is selected by 3.3V four channel selection signals and transferred to
capacitive MEMS devices. External passive devices are not used for driving DC-DC converter. The total chip area is 2.8
x 2.1mrf including pads and the power consumption is 7.52mW, 7.82mW, 8.61mW.
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Fig. 1. Schematic of charge pump type DC-DC
converter for SPAT RF MEMS switch operation.
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Fig. 2. Schematic of DC-DC converter output.
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Fig. 3. Basic circuit of charge pump DC-DC converter.
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Table 1. Post simulated output voltage of the DC-DC
converter varying load resistor, considering
process error of capacitor and resistor.

MIN(V) TYP(V) MAX(V)
0.6MQ 10.4~10.5 11.1~11.2 12.5~12.6
1.8MQ 11.3~114 12.3~12.5 13.4~13.6
IMQ 122~124 13~13.2 14~14.1

14 T
Output

12 '

10 Peak to peak ripple: 124mV/|

8

V)
6 / -
/ Channet Selection Signal
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ZIAE MEZo|M ZaAE M= MF 33V,
1.0us LE/ME AlZH

Fig. 6. Post simulated four channel output voltage of

the DC-DC converter with 1.8MQ load(channel
selection signal 3.3V, 1.0us riseffall time).
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Table 2. Measured output voltage and input current of
DC-DC converter varying load resistor.
Output Input COIIP;?lvl:li)l;ion
Voltage(V) Current(mA) (@mW)
0.6MQ 113 2.61 8.61
1.8MQ 124 2.37 7.82
IMQ 14.1 228 7.52
E 3 AMAHAN WE ZAE AZH0|M Holg
ot 3H dlo|gf Hlw
Table 3. Capacitance  comparison between post
simulation data and fabrication data.
Simulation Data(pF) Fabrication Data
MIN TYP MAX | Average(pF) 6(%)
1.7pF 1.37 1.76 2.40 1.64
1.3
13.8pF | 113 145 19.7 135
E 4 ANzl 2 ZAE AEE0|M HolEHet 2N
dio|e vluw
Table 4. Resistance comparison between post simulation
data and fabrication data.
Simulation Data(MQ) Fabrication Data
MIN TYP | MAX | AverageMQ) | o(%)
0.6MQ | 0.52 0.61 0.75 0.62
12MQ | 1.03 122 1.50 1.25 0.76
7IMQ | 6.20 7.30 9.00 7.49
E2E AlEH AN A3 AFAEHY FY 2

A8 2AW dolbs) T4 F dolES wLaklth

ARAR2S A% AE HTYP, typical data)®vh
13% EEWA2 743% gasgon) A A%

0.76% ZFHURZ 258% 75k th. DC-DC AV E 7}
33V 8 AHSE F83] 5L dAYeE sUAsER A
AR onz &8 AYE 3t Ay 23 AFGAH
9 A7|2 ARdd. ¥ 7 454]’\1519] #e HAasa
ot AR g Frisgenz &9 AYe ¥AE
A g ol Aol A it gk A9 vimste okt F7}
gt 23 AF gro] F4E Hshe AF gt A7)
7V Z7] W& 0.6MQY 1.8MQ2] 73-$-Bt} 9MQe] 7
ol 29 M FUEL o AHE 3 4.

%7} Al7Hrise time)S F 1 30psolth. o]
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Measured  output
converter with 1.8MQ load resistor.

voltage of the DC-DC

351 XMgo| w2 DC-DC HHE 2(& Al=E
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Comparison between post simuiation data and
measured data of DC-DC converter ripple
varying resistor.

Table 5.

Post Simulation(mV)

Measure(mV)

0.6MQ

91

94

1.8MQ

124

IMQ

172

DC-DC

lpump

Converter

R, I3, steadystate ,L
ar. 1

30.6M0

i, ml 'I'Cpam [*—‘VW—“
pa I ic. par2 l ICPE,, 2 2

Ropar, 2

> 1.2MQ
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a2 10, 7|4 MEg2 Dt DC-DC #AHEH & 7
2f
Fig. 10. Schematic of the DC-DC converter output

considering parasitic components.
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E 6 538 XNgol u2 DC-DC zibe & M
A
Table 6. Calculated output cument DC-DC converter
varying load resistor.
ir(ed) ic(1h) ic par(124) fpamp(A)
0.6MQ 18.8 13.9 0 327
1.8MQ 6.89 17.0 345 273
IMQ 1.57 17.5 7.08 26.2
tH2¥ 10).

718 AAE G A% JES 185t DC-DC A
B 29 AR RS T3 & ZTHE 6).

i = Yo 5)
R, steady state —
ystate Rout
iC'= A Vout * C;oad ¢ fC (6)
ipump = iR, steady state + iC+ iC’,par (7)

Vo ® A% AU 28 A3, insemsae™ A4
Aol X R Rug B9 52E A7, AV,
B AN 29 AR UE, fou AY PR
294 A%, G,k R Ade ARNEs 3
H, it B3 ANAEY 52E AR, ig,, = 714
SEREE SEREL]

(4 9F o83t 2 A7 FoT AWEY A
£2¢ AV E 73 2ok,

4NN 29 Agtel BF R 2e B

TEE A8

FE =

—_——

' 7

. 53 Mg wE DC-DC HMHE MY §8
Table 7.

Power efficiency of the DC-DC converter
varying load resistor.

0.6MQ
4.29

1.8MQ
4.33

MQ
4.90

Power Efficiency(%)

vim S T

38 11, 1.8MQ §3} xzhol| cfst DC-DC AHHE 4x'd
24 M 54 2o

11. Measured four channel output voltage of the
DC-DC converter with 1.8MQ load resistor.

Fig.

YN 8YY SPAT RF MEMS 29X 1E8 44'd 5% DC-DC ZHE

(214)

E 8 434 &H SH8MQ £31 Mg 4z Mg
AT 2 A <01)
Table 8. Four channel output characteristic(1.8MQ load
resistor, four channel selection signal on, A <
0.1).
Voutll | Voutl2 | Vout2l | Vout22 | Vout31 | Vout32 | Voutdl | Voutd2
") (\J] )] v) v) v) v) v)
12.3 12.5 12.3 12.5
A | VLA | Y ALY A
E 9 4Ad &9 SMH(1.8MQ 73t Mg 4xd M
AT 2E A < 01)
Table 9. Four channel output characteristic(1.8MQ load
resistor, four channel selection signal off, & <
0.1).
Voutll | Voutl2 | Vout2l | Vout22 | Vout31 | Vout32 | Voutdl | Voutd2
(\)] (\)] v) v) \J] V) v) )
12.3 12.5 12.3 12.5
O 1A | O [ A | O LA | 0 | 24

E 10. MEMS 7|7] #+&& DC-DC HHE &4 vl
Table 10. Performance comparison of the DC-DC
converters for MEMS appilication.
Parameter I3] [3] [4] | Units
Technology 0.8 0.8 0.7 Jli}
Input voltage 5.0 5.0 5 \
Output voltage 20.0 50.0 32 \
Number of stages 5 16 12 -
Voltage gain per stage 3 2.8 2.25 \4
Oscillator frequency 10 10 1875 |MHz
Output voltage ripples 400 400 - mV
Output current 25 50 - A
Area 30K | 330K | 11840K [ o
Parameter 0.6MQ | 1.83MQ | IMQ | Units
Technology 0.7 0.7 0.7 /m
Input voltage 33 33 33 \4
QOutput voltage 11.3 12.4 14.1 \
Number of stages 7 7 7 -
Voltage gain per stage 1.14 1.3 1.54 \
Oscillator frequency 10 10 10 MHz
Output voltage ripples 94 115 118 | mV
Output current 32.7 27.3 26.2 J7.)
Area 5880K(4 converters+pads) yaf

g dRey A Fo A A o JiY Ade] A
g A Aze] me} dgyos L9 He g &
AsATHIY 11, ¥ & E 9).

AZ3 DC-DC ABE S} 7]&9 MEMS 7171 7%
202 A" DC-DC AHE S EAE vudd &
o] i o} AdAAHoZ AFE FHE F J& FHE

g & 4 UATHE 10).
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