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Abstract

In this paper, a new charge pump is proposed to reduce the timing mismatch in the conventional current-steering
charge pumps. Conventional current-steering charge pumps used NMOS input stages both for UP and DOWN signals,
which resulted in different numbers of stage for UP and DOWN delay paths. The proposed charge pump has equalized the
numbers of stages for UP and DOWN signals by using a PMOS stage for the DOWN signal. The simulation results
show that the conventional current-steering charge pump has 14ns and 6ns for optimized timing mismatches between UP
and DOWN signals for turn-on and turn-off, respectively. On the other hand, the proposed charge pump has improved
timing mismatches of 6ns and 5ns for turn-on and turn-off, respectively. As a result, the reference spurs are reduced
from -26dBc to -39dBc for the proposed charge pump. The proposed charge pump was designed by using 0.18um CMOS
technology. The measurement results show that the maximum variation of the charging and discharging current over the
charge pump output voltage range of 0.3~1.5V is approximately 1.5%.

Keywords : PLL, Charge Pump, Timing Mismatch, Current Mismatch

I.M 2 o]l HJE v F= e ¥ A2 Wt ¢l

ook BAINE, sl Hae] wo]Al BEAEe o

Aah FZ o 1A FEE 9 T HE7), A =9 Mol WslstA Hrh At Pz HloltA 5

3t = 23 e At Ao] By BEIE AT AomAe A FAY, Adsk 74, 25 =2 A

o] ui™ o mA Rms} oA AS Ty} 3t & GOl itk olElg Hlol A 542 w7

o] Alo] Agtell 714 g &S WA 5] i

. - o . HAge AA 94 038 doAA gEs UM

BRI S d dEe 94 09 Fxol 39 Azl NE 298

(Chonbuk National University) HAAA Azl ERS oAt Y el A

* 2 AT II?EC CAD tool?} BK(Brain Korea)219] o] £ 918 UP, DOWNo| SAlo] AXS ), & A

AQom g s )

A 201233929, SR 201235239 el ol =S A ook A

(221)



38 ElolY 2B 248 A% B

0.
it

Tl

Rl
e
oX
Hu
i
EN}
rir
[l
_o'l_
il
[H
BE
M
ne
o

Transient Response
|

o
% sgu = TUAETarn=0On — 14ns

= 4 13 AR 2Eo]
Aot F2sh Ao, B =R AE 2% S s . \
o, A9 H8e) 9] 4 AF Avelg A A o] N
3k LA 7|E 255 FAAE ARE TE2E A -iou | ‘ ‘ | UPCurrent
0&5&]—/}[&8} 7% A¥= AR DAY EX 7HA 3 50u IT("AB/PLUS") Turn-Off - 6ns -
& ol woul, DR ABY s A 8 wa - [ |
Zaslth 71Ee AF 2Eoj8 UP, DOWNAE Y A I
A W7k Abolzk vh el R el WA g R o B
ol AL A3 Aol Wr7)e] Y Ao A
g Folq AR PP AR Al sl o T 2 JES TR SE0HE T HE AR HE
FEFE ol Aso EAE G3A7IA Hrh Fig. 2. Transient responses of conventional charge
B omRol s AF sEojd WY A5t HEE ) pump currents.
= Zo] B 50
Aol w71 4 Agfe] F7129 @ FG WA
ol DOWN B2 G5 =85S PMOS 9 251 2 wags naz 12 290 dgge
A& nHto] nigA 2 ¢l DOWN 2422 3zl A= ~ —u = .
R T f o ii% ?f}jﬂﬂ]f o ol me o
S AT spectred Sl A AT tlsh L e T el e B A S
of AEssla, A5 PEe DC AR RATS Zo] ‘jfj j‘_ﬂ i fo{;f, dol Hel e
slae] AEelolEs 25 Alalan, AF7IE Ol HEL AT wE BaE ool |
. o] W 71E] AF 2oy s BEES HA 55
o Algeoldd A% UP A5 DOWN Aol e
I & Blol 0 oF Lnse] AQE Aol mold, UP A7
DOWN 2] HQ 3 elo]i2 oF 6nse] AJ7HA }o]
2.1 7|1E9 ®3t HE 32 = wolg
a9 18 2% FAS 9d) AR Aol WAS AL
&3 7] HF 2Eoly et Hx 3Rolth 1d 2.2 Hotste Bt HEO 3|2 PX
12 UP, DOWN 215 ¢igde] NMOSE AF&-38}o] 18 38 7)|Z9] AR ~Eold A HIZo| Elo|y
JPorFE FY7A M2 U2 A £5 24 BT A Adst Wxolth s1E9 Y d
o vidg el A0S DOWN A=dl 7849 A5 71 \vos wke Abgs4 ek NMOS, PMOSE 2o] Ah
$9 A}gake] UP 458k DOWN 457 A2 the
A 5 2z H7] fiolct. ojefat Aol o] Ve
Y RARE dodA Ak Bl AT 94 i~ %

M ——[m.

T B D, wl |

M,F Q
l L R T

StEl XddzE s MR AE02 Mt

_I_
[ =1
b=
g
2
1
E

T s

g

[}

b3
2

S
;E
1
o
wW
50X
0l

o, |

1 =
a3 1. 7|Ee MF Ag0™ Mst H= Fig. 3. A current steering charge pump with matched
Fig. 1. Conventional current steering charge pump. delay paths.

(222)



20121 538 MAtSstel =2X M 49 # SD EH H 5 = 39

Transient Respeonse DC Response
o ISARLEY)

rer Al e -
spu = TUAETYMOn — 6ns i

70 [ DN Current UP Current \

3gu L 2 \

T soau \
< So.0u \
~  @gu L[ '¥ o \
o \
UP Current ~1e.0u . - )

—18u L L 1 ) & vep
sgu v T("AB/PLUS™) Turn-Off — Fﬂi‘i (a) (b)
~ e [' a8 6. Heotste Mst HEo| AlgdolMd ZIt (a) M
S e | FE54M (b) UP MF2 DOWN ® &2l xtol
e b K‘J L .| oncurent Fig. 6. Simulation results of the proposed charge pump
1ou 21u R 25 274 (@) Current characteristics (b) Difference between
UP current and DOWN current.
I3 4. HEE XAERE = MF A2 HMst
Hzol nr SH =8 Ags 777 A BRieE dEdolHE
Fig. 4. Transient responses of the charge pump with )2

A= 328 As Bze) 29 Ko Agag
matched delay paths. N

T 62 J1F 9 AEs A% Aol W) F

%o AP AQY2E Asc. NEIF BFNE Fatel BEH A 9 ) A

a9 4% 9 25k e 24 Mm 4FE A4 ek del Bze) UP 1iel DOWN A7) DC
ARE 2 AR 2oy dd 4z A% w5

i UpP

w545 YERSI dev‘} ﬁmﬂ =zt “*%’4 03~
doltt. Algeol gt A% UP A7 DOWN #79] 15Vel A 04%9] A7 &
B2 Blo]W oF 6ns®] AIRHA Apo]E Holw, UP A 3=
F9 DOWN A7¢] Blox glo]®ge oF 5nso] AJ7H
Zpol & Kol

2.3 M|etot= Mot H=E 329 AA
Iy 5% Alotes At HE IEE B Aotk
UP, DOWN A&7} AF ASS T ALdEmz [t
9ol ZopA Hat F 2 FE HurF FAS X
2388 4 glow, AFE AAAHZ o3 Elol F
AgS  PgaAZHTE w3 Adst HEo| AbgHE
MOSFET2 g Zo] Wz gaol| o9& &8 Ado]
ufj - UP ﬁw% DOWN

19l T 4
Z7h 17401: .

a2 5 Hetste M HE =2
Fig. 5. Proposed charge pump.




40

m
=l
[oL=]
4
o2l
el
oN

DC Response

1Pu At IS("AV2/PLUS™) Model : tt
90.0u
70.0u
. Propose charge pump
< 50.0u
~ 3004
10.6u |
—10.0u b L
=1 IS("A12/PLUS™)
tigu 0 PUAVTIERET
90.0u
78.8u .
. Conventional charge pump
< 50.8u
30.0u
10.6u
—190.8u L .
0.6 60 1.2
vep
—
(@ 32 tt
DC Response
A 1S("ANV2/PLUS™) Model : ff
108u
80.4u
60.8u
= Propose chgrge pump
~ 48.0u : current mismatch =0.9%
20.8u
0.9
s IS(UAT1/PLUS™Y
Moy = 1S "/N12/PLUS")
90.8u
76.0u Conventional charge pump
—~ : current mismatch =1.4%
< 50.0u
3@.8u
10.0u
—14.0u Il
1

b 3=

M3
i
=%

DC Response

a3 I("V2/PLUS")
1ou

Model : ss

S0.0u

78.0u |

T 5ot

Propose charge pump
: current mismatch =2%

3800 L

10.0u |

—10.0u ¢

8

n IS(A )
1ou = IS{"A12/PLUSY)

96.0u =

70.0u |
T 50.4u b

30.0u |

10.0u

Conventional charge pump
: current mismatch =3%

—10.0u
0.6

a2 8 2=

o o=

1.2
vep

(c) 38324 ss

o

Lol w2 HE N

Ty
40
ol

Fig. 8. Current characteristics for process corners.

¥ 1. st gze SFo it HEE

Table 1. Process sensitivity of the charge pumps.
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