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ABSTRACT

In this paper, the 10bit 20MHz pipelined analog-to-digital converter that is able to apply to WLAN system
was modeled for ADC design. Each blocks in converter such as sample and hold amplifier(SHA), comparator,
multiplyng DAC(MDAC), and digital correction logic(DCL) was modeled. The pipelined ADC with these
modeled blocks takes 1/50 less time than the one of simulation using HSPICE.
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Table. 1 Verilog-A code of SHA

module SHA(vinp, vinn, voutp, voutn, vclk);

input vinp, vinn, vclk;
output voutp, voutn;
electrical vinp, vinn, voutp, voutn, vclk;
parameter real vtrans_clk =3.3;
parameter real vem = 1.65;
parameter real taperture = 0 from [O:inf);
parameter real trise = In from (0O:inf);
parameter real tfall = In from (0:inf);
real vout_val_p, vout_val_n;
analog begin

@ (cross(V(velk) - vtrans_clk, 1)) begin

vout_val_p = V(vinp);
vout_val_n = V(vinn); end

@ (cross(V(velk) - vtrans_clk, -1)) begin

vout_val_p = vem;

vout_val_n = vcm; end
V(voutp) <+ transition ( vout_val_p, aperture, trise,

tfall );
V(voutn) <+ transition ( vout_val_n, aperture, trise,
tfall ); end

endmodule
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Fig. 2 Simulation result and aperture error of behavioral SHA
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Table. 2 Verilog-A code of fully differential comparator
module COMPARATOR(pin, nin, pref, nref, pout, nout,
clk);

input pin, nin, pref, nref, clk;

output pout, nout;

electrical pin, nin, pref, nref, pout, nout, clk;
parameter real logic_high=5 from (0:inf);
parameter real logic_low=0 from [0:inf);
parameter real threshold=2.5 from (0O:inf);
parameter real offset=0 from [0:inf);
parameter real trise=1n from (0:inf);
parameter real tfall=1n from (O:inf);

real X, y;

analog begin

@ (cross(V(clk)-threshold, +1)) begin

x = ((V(pin)-V(nin)) >= (V(pref)-V (nref)));

end
V(pout) <+ transition(logic_high*x + V(clk)*!x, offset,
trise, tfall);
V(nout) <+ transition(logic_high*!x + V(clk)*x, offset,
trise, tfall);
end
endmodule
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Fig. 3 Simulation result of behavioral fully differential
comparator model
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Fig. 4 Operation of 4bit MDAC
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Table 3. Verilog-A code of MDAC
module IDEAL_MDAC4(INP, INN, vrefp, vrefn,
MOUTP, MOUTN, clk);
inout INP, INN, vrefp, vretn, MOUTP, MOUTN, clk;
electrical INP, INN, vrefp, vrefn, MOUTP, MOUTN,
clk;

parameter real logic_high=3.3, logic_low=0;
parameter real vtrans_clk=1.65;

parameter real vem=1.65;

parameter real tdel = O from [O:inf);
parameter real trise = In from (0:inf);
parameter real tfall = In from (0:inf);

real d;

analog begin

@(cross(V(clk) - vtrans_clk, 1)) begin

if (V(INP) > 2.0875) begin d=16;
end else if ((VUNP) < 2.0875) && (V(INP) > 2.025))
begin d=15;
end else if ((V(INP) < 2.025)
1.9625)) begin d=14;

&& (V(INP) >

end else if ((V(INP) < 1.4)
1.3375)) begin d=4;

end else if ((VAINP) < 1.3375) && (V(INP) > 1.275))
begin d=3;

end else if ((VANP) < 1.275)
1.2125)) begin d=2;

end else if (V(INP) < 1.2125) && (V(INP) > 1.15))
begin d=1; end

end

&& (V(INP) >

&& (V(INP) >

V(MOUTP) <+ 1.4+(8*(V(INP)-(1.15+(0.0625*(d-1)))));
V(MOUTN) <+ 1.9+(8*(V(INN)-(2.15-(0.0625*(d-1)))));
end

endmodule
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Fig. 5 Simulation result of unit stage
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Fig. 6 FFT simulation result
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Fig. 9 Photograph of the proposed 10-bit ADC.

FFTPLOT

Amplitude (dB)
s &8 &5 @

rmm:y ||n| X 105

a2 10. 249 A5 ~9Ed
Fig. 10 Measured signal spectrum

Ak AA WA olgsl Al 10WE AD
Wak)e) 3 AE e,

ZZ79h 309 4v)=

I3 102 99MHz 43 3¢, 20MHz A&
ol ZA3 -] AlE ~HAEFS ehd
tl. SFDR- 49dBc®| A#E Ak 19 112 &
A 4 Ass velith ¥ FuE IMHz
4] 10MHz 7F4] Z7}A7 W $-&H|E 2 SFDR
= vERd 740]4 AlR¥er W o2 AxkE A/D W
)] 34 A= £ 4°ﬂ Lot

IMHz9| 13 A5 20MHzY =2 AM3H
shols o, =gt Elf;«l o] A% A7} 89dBe
©] SFDR3} 10bit2] ENOBS vERHAR, =4 2
3} 57dBc] SFDR¥} 6.8bit2] ENOBE vlehliglch.

SFDR and ENOB as a function of input frequency (@ Fs=20MHz)

O:SFDR
X: ENOB

SFDR (dBe)

10" 0
Input Frequency [MHz]

38 11. 4% F5beol w §3m] =9} SFDR
Fig. 11 Measured dynamic performance of ENOB and
SFDR versus Fin

E 4. A% ADCe] FAAs} 2of
Table 4. Summary of measurement performances of the
roposed ADC

nde A3 =7 Ay}
W3l & 20 MHz 20 MHz
T A 33V 33V
89 dBc 57 dBc
FDR
S (@Fin=1MHz) (@Fin=1MHz)
10 bit 6.8 bit
ENOB (@Fin=1MHz) (@Fin=1MHz)
Y An - 201 mW
-+ A CMOS n-well 0.35um
2 WA - | 625 mm’

T 7S] Y AT} AolE wolt olf, vl
95 sz olpdel Bl ol A 3 A
oA, E4ATHE 34, A A, 2w Wl
Jae ] wele,

V.2 E
£ =rddAe #HE L sle A 3 &
oF WLAN/WMAN A|~Hlo] AH&EE 100 E
20MS/s A/D HE7E malglste] whole- AAMF
A& Algkslsdel. Hspice®] =o] A3 A|zkel] vl
gled, iyl m=o] AR oy 7] A% Tt

olZzlel ADCe] mulglo] e A7lel| 7ls3it
th2 zdlg] olo]E Hr} Verilog-A7} ol#sl7] 4

& el Ho] 9v] Wil ADCE] TE A4 ®
= EAe) olalE KA se] mggome A

o] Fh5alel,
S®) 3 A ADCS] B=E AR glelx] 2t
1023

www.dbpia.co.kr



N
oh
2
)

lo
>
o~
=2
o
T
2
olt
,
)
N
oI
;‘.ﬂé
=
°

)
e
¢
M
=2
>
|
e
ol
it
)
g
>,
e
il
it
o
K

St
=
2
il
2,
o ot
it
N
©
[
Ach
o
2z
o
‘o
% it
off »

(1]

1024

e
2
o
i

d

k
VA

2 oox

& ot 30 o

Job

obell AA Aj=d) 7]

DAN FITZPATRICK
“Analog  Behavioral

and IRA MILLER,
Modeling with the

Verilog-A  Language”, Kluwer Academic
Publishers, 1998.
A. Brian and A. Antao, “Behavioral

Simulation for Analog
IEEE
large scale integration (VLSI) systems, vol.
3, no. 3, pp. 56-59, Sep. 1995.

L. Edward and S. V. Albert, “Verification
Data

Behavioral Simulation,” IEEE transactions on

System  Design

Verification,” transactions on very

of  Nyquist Converters ~ Using

computer- aided design of integrated circuits

and systems, vol. 14, no. 4, Apr. pp.
493-502, 1995.
Lewis, SH. and Gray, P.R., “A pipeline

SMsample/s 9bit analog-to-digital converter,”
IEEE JSSC, vol. SC-22, pp.954-61, Dec
1987.

C. R. Grace, P. J. Hurst and Stephen H.
“A 12-bit 80-MSample/s Pipelined
ADC With Bootstrapped Digital Calibration,”
IEEE J. Solid-State Circuits, vol. 40, no. 3,
May, pp. 1038-1046, 2005.

B. Song, S. Lee and M. F. Tompsett, “A
10-b 15-MHz CMOS Recycling Two-Step
A/D Converter,” IEEE J. Solid-State Circuits,
vol. 25, no. 6, pp. 1328-1338, Dec. 1990.

Lewis,

(7) B. Min, Y. Cho, H. Chae, H. Park and S.
Lee, “A 10b 100MS/s 1.4mm2 56mW
0.18um CMOS A/D Converter with 3-D
Fully Symmetrical Capacitors,” IEICE Trans.

on Electronics, vol. E89-C, no. 5, pp.
630-635, May 2006.
Ht Al = (Sang-wook Park) 23]

20041 394 <lsbehsta AA} F
st 24

200641 2 QlalEhw KAF &+
stk Aat 24

2006+ 24~& A A7} vbe
Al ZZ System LSI A}
O‘i:TL%_J.

0| X & (Jae-yong Lee) z39]
2006 2% <l&lthstw A= =
s 24
200611 39~&A) QlsifEa 3
skt A At

<A Bols opdw 7 VLSI A,
sto] el A/D W] A7

3

ofd e

&3} 2]

1983 24 Georgia Institute Inc,
Technology A8+ AL 24

1989 2% Georgia Institute Inc,
Technology Z1A}3-31 abAL &<

1984 34~1989'd 24 Georgia

s

Institute of Technology Research Assistant

19894 349~1992d 24 Silicon Systems Inc, Tustin
Calif. U.S.A Senior Design Engineer

19923 34~ Slapef e HAkgetat

<Al A4 s AR A3 2 A, AA Ass)
Y Al 3 2y A 2ElE S

www.dbpia.co.kr



	Verilog-A를 이용한 파이프라인 A/D변환기의 모델링
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 제안한 10비트 A/D변환기의 모델링
	Ⅲ. 실험 결과 및 고찰
	Ⅳ. 결론
	참고문헌


