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Abstract

Phase noise is an important factor, which is used to estimate the
performance of phase locked loop),and‘the choice of the bandwidth
could also affect the phase noise directly. In an analog phase-locked loop,
the bandwidth depends on the current of charge pump, the passive
components in the loop filter and the gain of voltage control oscillator
(VCO). Unfortunately, they would differ from the designed values
because of the process, voltage and temperature (PVT) variation.
However, in an all-digital phase-locked loop, the bandwidth is composed
of some well-known parameters and the gain of digital control oscillator
(DCO), but only the gain of DCO is unpredictable because of the PVT

variation.



An all-digital fractional-N frequency synthesizer with background
calibration is presented. The background calibration method of the DCO
gain could relieve the PVT variation on the DCO gain without affecting
the operation of the communication system at the same time. Adding a
digital code at the input of the DCO, so that the output of loop filter
would generate an opposite signal,able to be recorded to formulate the
estimation of the DCO gain. The background calibration method of the
DCO gain could restore the loop bandwidth without changing other loop
parameters.

Besides, jitter performance is another important factor, which is
used to estimate the performance of phase-locked loop. But it is difficult
to measure the output clock jitter 'of the high-speed phase-locked loop
circuit directly. In addition, using external measuring equipment takes
the high cost. For the reasons, the on-chip jitter measurement method,
which dumps the frequency tuning word from the input of DCO, could
estimate the jitter performance by lower frequency. Since the measured
frequency changes from output frequency to reference frequency level,
the on-chip jitter measurement methodcould release the cost of
equipment.

Implemented in TSMC-40nm CMOS technology, the total area
included PAD is 1.330 x 1.195mm?. The measured output frequency of
proposed ADPLL is 8GHz, where the RMS jitter is 3.4251ps in integer-N

architecture and 13.019ps in fractional-N architecture.
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W Fa kPR GRIAR > VRENE L RD OREERE
BHEEE 37 R BB 2-8 977 o = F F AT RIS @
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On-Chip Jitter Measurement

Jitter T
Estimation |:~ *™
CHIP B R T
N -z ]
Real-Time .y
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FREADRBLAO SR BORAE o § 5 A0 0 (Prpp) <
F TR (Ppp) 4 FAAR FA (Pg) R 2 E T OPF = AR i
RIB BN 1o F 20§ 5340 1 (Prpp) | 502 4247 12 (Ppp) > # F2
F AP (2304 (Pg) ] 3T 0 FF > = gp i 1d i B?m@] Nh 1. RASHRUY
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3.2.1 = ~4p =1 ] B (Bang-Bang Phase Detector, BBPD)&w 4 -3

N

Bl3-1 5 4 LB 4Eml o 50 % s Aqp i R E o @
B A EE N AR PR 2 A ] o e o AR A ) R
S AR HRIET Y - B EPH & Kppas S0 [9] 73T G2 0 4o )
3-4 %75 o B P At =t, —tga 5% PR A G pE ()8 PR pEeR b

A PR () A (o RN AR R T A R B ) e
B Y BE[Pppp]#izaci 0 Bk Fla & R FIAULLE & = m#H T
Bh- B R N PP B € S I #co 1B
Wl Ap R B i F (Kppa) ™ €k 5 el TFIRT 0 E[@gpp] F1 5
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B R gD TR E BE R 4o(F 3-1)%77

0 . .
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fra—| BPD
PaN

A
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qDEL
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IR B ELHE > Kppg ¥ 7025 (54 3-2)
Kypa = 2£4:(0) (5% 3-2)
He f d m At F 2R SHch T Sk
B4l € 3 B ik F iy 1 (V)46 80 et - o TR

Fhe 0 F T LR (5 33)

Trer — NTpco,free — NKr¥P[k — D] =0 (3% 3-3)
27 Wn]d o @ Bk F o
PopE S R R odR F BRERE B 2R HE 0 &7 5 (5 3-4)
K,
Atk + 1] = At[k] + t; — —22 sgn(At[k]) (5% 3-4)

fREF
Hd tjdom o3 ik b cnpe 4 6

BKAL[0] =02 £ At g A %3 & & 4R f B PR & i

T LAY A*F £ 243N 3-5)ALERE A

Kpd
At =n=E2 ne7Z (3% 3-5)
N frEr
T E(F36)F T AL n BB S
Kpa
=P|At* = P ] X 3-6)
n [ NfREF !

RIAtES 5 % R Silion & Solicfp > 7 d GEfs SRR Solios 30 ek
Fopowk R IR R e F® 4o(58 3-7)#75F

n=+oo

fu@= ) aufy (=g ) ¥ 37

n=—oo

o i e ’ftj? AL SR B atzjév’ﬂr’é 27 4 % (Gaussian process) 4 (3%

3-8)#F 77
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fo() = —— 1<xf (+ 3.8)
(x) = exp|—=— N 3-

Hegli 2 PR B ik

J
B Ry P R, RS D AR N T - R
A% e A sk B (n+1) 20 £ (n-1) AR 3-9)& 7 ik ik m
% DR A n g 24
Pon = P[4t € n]At; € m] (3 3-9)

Bk oy i8] i B R 1 B BE— Kpa /N frer o #OR 6 n #45 TR &

In| = 268 57 goog o Flt ke BRI O 5 = B dd oo

02 (3N 3-10)4 it 2

At =n=P% hez (% 3-10)
NfREF !
P.1o Po.1
Po.-1 P10

Bl 3-5 = o Ap 1 P B ek b 4RAT I
F B EHFERq, =q1 2 Poy =Py =1/2 FRt® B3 B
BY Ao g AR ARG S AR T - B o Bl o
R oo et blP T - ERAT AR 1o T 35550 3-4)F R

Koy << Kpg/N frep > 7 #(5* 3-11)
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— 2 (3% 3-11)

SO BREREBSIEERS BB IO G qoF %7 5 (5 3-12)
qo = q-1P-1,0 + qoPoo + q1P10 = 2q1P10 + qoPo (3¢ 3-12)
date g kTR F A nFEF 355 5 F 2 (disjoint) 0 F)
PR R K pF - % 2 (normalization equation)
-1t qtq: =1 ¢ 3-13)
d (3% 3-11) > (5% 3-12)2 (5% 3-13)F¥ ¥q_1=qo=q, = 1/3 » & » (3¢
3-7)22 (3% 3-8)1H5(58 3-2)eh T AT T2 AP R B E 2K F 4o(R

3-14) %77

—1 pd
Kgpp = 1+e Z(NfREF”tf) (% 3-14)
BPD PG 7= b

JN e E AT el e (see) e AR T R E g S (rad)”

Kbpd
K s (5% 3-15)
bpd$ = 2T frEF
(5% 3-14) 1% ~ (5% 3-15)7 #
2
[, )
Kp,p = s |L+e AR (3 3-16)
Utj(ZTF)ZfREF

3.2.2  #cimiw gt B (Digital Loop Filter, DLF) % {# 454

Bl 3-6 % 7 Hc bt B AT P R 2 4D e erid PR RR AT 000
iﬂ] ° ttéﬁ,ﬁ;m#ﬁ ff‘;ﬁ_i?;%((pEL)‘i )\ﬁi’—— p/}f&/ﬂ;ﬂg7 oo e l[ﬁ;j
FPER AR (D) € AR B PR BR 0 & T 2 i &4 TE 4 (C/D)

H oo Bt R LA B &3 B (band-limited) s ® £oud R dp
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(aliasing)»c & > PP BB AR T AR Rk 1+ — 3 & (frpp) P~ o BLATF A
£V SRk B(IRfilter)? » - BH =B maz7l, 29

z=exp(2m f/frpr) © B 3-6 7 > Hix M ELE B a5 ML anE AR
Foor % AR FEHE(D/CO)E ~ o PR B ELR-¢ RFH B T
TPk Fl it § endiy 00 F 4 (zero-order-hold) £ 2 31
B AMEE P T LA T 2 sine Sifice B fS B imk B Al F e Ty

U BT Ao (5 3-17)

e_j fZRTEEj'EF nf x
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1 — o 7rer frEF
H o o nf ) _ sin (f/fREF)
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q)EL CDCO
—»| CcD —>>—> ﬁ DFF || DIC }—»
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®cL g2 rer sin(Twf/frer) Coco
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(b)i B g il B3 S BF A 2T 02 4507
3.2.3 % Ap g 4 BT A

P32 A Ap A T (Qpy)iE X AR A BT T o
B F PR AU (D) € AR S PR ER > AT i Ao
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PR U R Rk B(IRfilter)? » — B H a4 g 2zl
B z=exp(2rf/frer) ° B 3-7 7 > Fci=ELE 2 a0t B
WARA T HAT SR (D/C)E & o P R B gl g R
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¢EL - \*I
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E DCO Gain
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A T b(i) ’ | % () |

frer

\
M

High Speed Counter d

A
frer *

B 3-21 3= T FHEp A 3 Blers 1
Hipif BHF AN gt - Aol 3-21 71 o Ak
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four = FTW - KF'ZSEEC (5% 3-43)
(5 3-41) 87 (3% 3-43)F B AR F I A0AS KB b F]F
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L
Tt LN

R W keRay
Cecoac CCDAC;
W mim [ | CPAC f ﬁ?ﬁ’:\,ﬁm S Ll p o B .
(FTW) our — 9 . (:H@—*
T- fFENRE G_>_>€1’>_> n+m c TANRR ?
2 > ZA K pHy Z 5| zA Kr.pmy
m m A
f B fRITR f Mza' = Msa X Ke
MZA Fspec

(a) (b)
1 3-24 %3 BH EF B SRR 2 F@RE T (o) 1
I TR REEFERF LA RE > TG LR R T R

17 & 0 4ol 3-24 (b)#1on o 1 EAE AR 1AE (FTW) 58 v &) 15 ehdg
s Fo FHRT B A A S KR T B3 E (Kpspre/2T) ©

L E LA LN # BBt R R BN R AR

(Mgp) 5 o 4ofe £33 % B 0f247 & (Mga) % + Kp/Kgsppc  40(5¢ 3-45)
F e
K
Mjs = Mgy X —— (5% 3-45)
KE spEC

1 K
PHY F,PHY .
four = Cepac Hn T Cep 7 on (3% 3-46)
A

H#(5N 3-45) 1% ~ (5% 3-46)F F (5N 3-47)

Kepuy 1  Kgpnuy
four = Cepac on + Czp - on
TA

P32 2Kpi % (N 3-40) B2 4R T ERME - i 25
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LR F BH E (Kppuy) 40§ #6350 FI 7 834 3-47)7 & 3 chfe iR if
EH E (Kpppy) 2 A # ehE 2 4R F BH F (Ke)dn i) > 7 @ (3
3-48) o vt (3¢ 3-44) 2 (5 3-48)F W AR F AR S B < fETR S

Mg e £ 30 8 B (5 75 B endk f B3 5 P 95 7 BH £ (K pay)
Pt 2 R RPIRT B E (Kpspee) » EIRFT EH &4 F R o
Y o
Kgpuy 1 Kgspec ‘
f — C +C . 4 ;N 3‘48
ouUT CDAC ~Hn T tEA’ Mg, on (3 )
Bk FHIRIT B F 2 PFiw ik 3dBAE B R (R o (5 3-49) 5 -

, VR s s v L - v oov 1
B FF aB BN H E R F S 1o3dBAE R 4 s & ﬁﬁza’

v 4218 3dBAE B & & (5% 3-49).¢

: _1
H(s) —m— H (wzap)ll = 5
3¢ 3-49)
W3gp = wnJ(l — 2E2)2 FUJ4EE 482 + 2
? (3% 3-33)7 @i R S (50 349 e Trdicis v IF flAp e

Bt 3dBAR BV £ 53R EBH F ehdific o do(5¢ 3-50)47% 0 H ¢
C1C2C3C4_:":71~ #ﬁio

PLL closed-loop 3dB bandwidth

(3% 3-50)

=, KD& \/(1 c2Kpéo) +\/ c3Kpéo — caKpéo + 2

fed (5% 3-50)iBAFfe > &2 E RO R IR BB RT BH 5 o
FAEB G P ERRIETEHE S AT - BRI R ERR
(100MHz < Kr < 1GHz) > §1* Matlab curve fitting 7 ic 7 #-(3% 3-50)

5 (4351 arUflFERN P xR TERTEHE S~ 505
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% R o

PLL closed-loop 3dB bandwidth=~ ¢ - |Kj o ( 351)

If 100MHz < Kr < 1GHz
%3—25%%3_#%4?3?&% NP AT RN G2
Pl BAR B R WOEER o FLRITER L3
BART B E G E(Kpsppe) F1 5 WAL RERZEH LT T REL

RS = A e i % (Kppay = 2.5 X Kgspr) 14 ﬁi%l 2 4R R Bt
4.98M

3MHz }%;Jg i i (peaking) A2 4 o JtpE BAE R 2 4

0%
2=
—
>
Q
—+
[
=
()
>
o,
(7]
D
N

3.15MHz -

.| = DCO Nature Noise ,_
i | — Before Calibration |:
r--1{ — After Calibration

Phase Noise (dBc/Hz)

Bl 3-254= 7 BH ZHF B RE 2 2SS
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¥4% TRERVERR

AT F D> HEci N4 4pie EL @ % TSMC 40nm 1PSMCMOS %
ARPITR T EF IR Bl 4-1 5 48 012 2E R 2 BN g AR B
NEHEB o H A RS ZA BAP A A BT i PRAP o A BT 2

1o A B u»wawnﬁ@&ﬁ%w&iﬂﬁwﬁm’ﬁ»a%ﬁ

2

i % (loop filter) Pt £ 5% (Kip) s % 4 > -2 e i lAG o ~ %70 5
Rt gz g g B (DAC) » B i il 3 Hod 48 = 2 vt R R IUELE 4
=i E( DCO)””%} P (four) 2 B ¥ 3+ #ic % (high speed counter)

33 et 4R F B (DCOWNAUE S lfour) 0 = % - 87 117 40 5 et

\

—=

Fr 197 i B (DCO)sp i T3k SR R A B A 2 8 - B ey
MR R E (Kog) & | B F A 1AE (F) AR R 18 0 12 » B = f3 45 R 5 Mgem
e L 3 % F (delta-sigma modulator) # i I £ v b REHOIR 421 4
(N)» Z3okg 4 - mEd P Hens 3 R EHd e
A T%Jfﬁﬁdi%] > R4 BB L E R enfp R I o S ff A BT e
ﬁ?ﬂﬁ”wﬁﬁﬂﬁ’&i—ﬁ%%ﬁ$WMﬁiﬂ$ﬁwﬁéi
- ot g A T DR E N b~ S A A B
AR P A B FFd A AR A RS DT AT RE T4 A
Boche 3 AR B4 P 0 BB SR T T R

four = frerp X N.F > 2 ¥ N.F =N+ F/Mggm °

53



DCO

@fOUT:fREFXN-F
é i

fRI_E_F

High Speed
Counter

PACS
Bl 4-1 5 e > #3840 4P B % BLB)

AR B A LA BRFIET R T RN REE AR
42 (Cell-based design kit) » 3 {Efl 484y it 3% % verilog § 3 &
o SRR OE LRI e g RS R T e T L HETER
P & 2L ol o e & i (synthesis)dic 88 AT B8 hy it oF S ik
Al BIER 2 T F B SR, TR SRR F 2 P
SRR AR PR TR A B LR RN L 2 (design
constraint) & # — 4= e9pF ¥ 3 20 4% (standard delay format, SDF) o o+ F&
TR SRR RY RERUEET AL PELEE SR ALK
PR FAFEREFIERE MFEAFEFF KT ORGER

FEP R el it FRERRBFIHHEORNTEXpEGFHE S
A (auto placement and route, APR)# 3% o - BAER 2 & F Bp i
RApEAE = T IR R 0 AT R SRS a2 PEFF (setup
time)£? %35 PF ¥ (hold time)E_F % & 3% 3+ % & if 2 (design constraint) >
e %;%zﬁz;l IS /ﬁi%] AR (/0 pad) i B & R 2 4y T gkl B A

TR KEBF RS RAFR D (T ’/TLWD’?\' I RE R da
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$e
i
=3
I
\4
X
&
A
o3
4
¥
T

= 3N 2k 2+ Jn 42 (Full-custom design kit) &
AR IS PP O T R R N R

A FE AR E B EVERE AT 6 B 8§ HETwmp o
42 Lo R EE R

PREBP L & e b - %20 e i Bg sk BT R AR o
BB g ORI HR T BdR TR S o d 2 2 e
Breh o Rone N B EG B Tnar ] o = A 333
Vo o fr 4R I B3R #2230 (dithering noise)thA 11 R E 0 2 £
AN RBNETF oA DA T R SRR ARG 4P DB
sz FTERERADEARTS S RBEF A FETAENTIE
o B A i B A WR dete A e K- (82) AT e i
B @ik > L4 10~ Ju 43 ¥ F (Delta-SigmaModulator)
pAR D] B oA A R R o

BARF DN EHEGEEBREER F2INTIR G D e
(Binary Weighted) > ¥ sc € 35| B 1L & A48 % - > ¥ TR
# p¥(01_1111_1111->10_0000_0000) ¢ i = {% * enq inptds - £ AL
01_1111_1111 #5*~ # | 10_0000_0000 75 > ‘@& crpgsF 3 ¥ ac - B T
mEMERERE R FlLRIRE §FEA 0 R Y B
FEERE S BB ARG AN H U ARG E SR
we 72 5 21 1L (Monotonic Increasing) > iz ’,;K € B e T B DNL

(Differential Nonlinearity) °

ETTRS

TOE R P de B AT & DR S e # (Current Glitch) 0 ¥ -
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T 5 mg > 3% 5 R R 3 %8 (Thermometer Code) © #* — %#B = 54973 7
SRR E FRARF 0 b4 10 fif‘uff’ﬁ 2191024 B H =T inik 0 F =
HWAqvp - BEREBIREAYF - BE =Tk 3 2 KT IS
sk B (Current Glitch) ¥ B 88 T e e 58> & a0 R — < ¥ AL
(Monotoniclncreasing)s ie ¢t & 817 Z & — B 10 =~ 7§25 % (decoder)
Mo A AR T R A o dopt B R f2AE B 6 @ A B BuRA
RER B AesF 5o FIMIE R b 2N Bt Ak B A& endk Zhen gy
F A dk(n)E g LR BB R - R A

FENM o FEFH I L E B FF TP N S RR A s
382 kG > d 305 B F 2=~ (Most Significant Bit, MSB)I% 4 & it &
P o IR FAESEA N it E R %8 (thermometer
code) ; d & MG 3% i ~(lLeast Sighificant Bit, LSB)3R% 4~ = "1+ 7§ I &k
B T e ] o F i@ 2 e 4B gE (binary code) sy B o] T U4
T UH R s o A2 TR s R T B A 2 2 0 Aol 4-2 BT o
Beiziw Bk F 0 5 4R 5 824148 (Frequency Tuning Word, FTW) &
20 (=& 5 e 8 A (FTW[19:12])% i B - %iE = 3% 4 2 =~
(FTW[11:10]) B * = == 4e g ehdi® = 5% » & 41 7% 10 == (FTW[9:0])
BRAEH DA AR FIAIE]) T PR D L F A R
B o
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| Coarse Tune
8 | Thermometer CDAC

28
DCO
FTW Fine Tune four
20 5 R-2R CDAC 2 'j @“»

.| Fine Tune P~
107 22 [27 r-2r cDAC [TIRE

A Analog Filter
fatn = four/16

Bla42 2 i e S Bl AR BT B 2

A

Y

1/16 |-~

43.1 B R %45 (Thermometer Code) 7 it 3 ;N B i 30t 4 B

FH- B8RRI HBR g EHEE T2 - B8
AR R M A RBILER R - A Y S B4
T nfRRE 0 R 4 0y SRS R (row decoder) # By 41 5 2°=16

B2 F M #1847 iE 7 38 B (column decoder) # ﬁsa] | & 2°=16

BEFMFIFR(R)E TR ?%(C)ﬁih] » A 278 % (local decoder) 2] %1
B ECs B P 16x16=256 B H =7 /wik & ’%‘%’f#«&r’ﬁ%} 4-3(a)#15T 0

LSBs

FTW[19:12] ,

84¢

»| Column Decoder

MSBs

S / Local Decoder DFF

(@] ':

(&) fad + s

O SWitchn Ri+1 QF

a Viatri> R ;I 5 : 6 |

é Ci /l\
frer

Bl 4-3 ~ AR R S AS TR S o i R
BRI i E TS AR R g E
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TR A T fE Ar 4 4] ¢ & b Eg (Common-Centroid) i & 37 3%
#-256 B T A A w B gL LA* >R (Global Bias)if
%% ®n ¥ AP i & (Local Bias)» £ 1 * & ¥ i & (Local Bias)#-%-% T
A EEIE B R RUA S R PG BB R 4o B 44 PpoT o

BSR4~ 9 45 BB 16x16=256 BT oL a e B % 'L 5 G ok
#4c INL o DNL s 2> fe & 3 % P B4R & 30 A onf 48 255
o AR BB R U (TSR AR > B A INLEFME > P B
# 8 = 55k B4 s K Dummy Cell 5 1 i #enE =3 ik
| ¥l %k E - % 0 @ A Boundary Effect $# T B 4F 111 2 B 4o
4-5 #77n o

Global Blasmg = = : =

EEEEEEEE EEEEEEEm

EEEEEEEE EEEEEEEm

EEEEEEEE EEEEEEEm

lll:llllll:lll

EEN EEE EEE EEDE

EEEEEENENE EEEEEEED

Loca NENEEEEE EEEEEEE®

Biasing JINENEEE ENEEENEN

EEEEEEEE EEEEEEEDR

EEEEEEEN EEEEEEERE

lllallllllalll

EENE EEE EEN EEN

EEEENEEE EEEEEEEDR

EEEEEEEEN SEEEEEERE

EEEEEEEEN SEEEEEEE

B 4-4 i A 7 % B

EEEEEEEEEEEE
. aesees. BESSSSEEEEES
-0000000 HE
"CCoOcA0E mmO00C0OO00CEE
00000000 BERCOC000O000O00OENE
00000000 Y¥e00000000ENE
-000000o0 EROO0O00O0O00O0NE N
’DDDDDDDD ..DDDDDDDD..
.0000000g EE00000000EE
~-O0000000n Eetodooddons
EEEEEEEEEEEE

EEEEEENEEENEN
.—» Dummy Cell D—> Active Cell
B 4-5 % *T4£ £ & Dummy Cell
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432 P R-2R 7 PR AR R on o N Bo i g R R

BHPEHR2R TR T R s R B R AT

FlBo R BT I RS TR B BBEITRD2 2

o AR R RS A R 0 TR BB 46 4T

Sy

R
FTW[11] FTW[11]

|

- —I I_ |:TW[1OTI I_m

L _
lout_L lout_R
}%‘]4'61K ’}’%R 2R \ale._‘. ﬁ,/!l“ \ﬁﬂcx“@g n ﬁ%ﬁ;ﬁ

Fn«bjﬁ"R ZR q_‘F__ Eu/,,k} ﬁ,’t'ﬁ*\ﬁ ng#ﬁggm1 ‘F}‘—?Imz[_\’f

b BIA R B TR e 2 TR A AL L) T e 4B 46 5

244

Hnlw + —};7 PITILE S 2RRERE B)nle T g ehRfLiES 2 2R

\—"t—fﬁ /n #BP\?’ PE’IW ’ /ilf\no :é mq_‘ll,_lﬁ' & ZR(R bt? nl '—Fl; J
(O2R//2R 8 B) s e T g nTIEE L L 2R S BTIARR  F R

VA Y

Tt s lor B N0 F BT IEA - L gp/2 B lggp/2 v T 0 i Nl &
E RS .- 4 z
BER i = X /b e % S rpf/bd e T o
R R RNERAZE: AEBR IS ) § 0 lout_L & BRER

lout R & 2L RAMA FapRmT o PR E Jout_L £ lout_R ® 4%
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— 34 Z B O MOS AT iR drehH i 0 1345 MOS fte ok hE
'/‘7:1/‘}3\“ N &/"“(D)Bé’:ﬁ&%@(vgs Vds - "i ? AR oom ﬁb?@ﬁj
FR AR AR AR AP R e T o e T - 3F

Bk B % f o lout_L 2 lout R HE SRT R F TG 0 4o

7

SR PR T Y RS VR o

D

AR FRIFHE R LR AR EE o B

lout_L lout_R

¢ 0

Viet o
Bl 4-7 #r % 38 5 A E F w5 R
L B M * MOS T
FEEY 27 L% B Rs §RTFIRTL a0 b o jr R FPF > 2 R R
R B 3HiE < 3 MOS 7  BETIRA A B RE L AE
(dominate) -
#4312 432 TNV BHEEA L AT S e R A
% 2L 4 14 (Integral Non-Linearity » INL)¥2 X & 2t 4 |4 (Differential
Non-Linearity » DNL) » #-#t.% % 4- ] 4-8 #771 > ﬁa?l ~ X 1024 B s
DNL #+0.17 LSB j #INL -] **— 1 LSB> ¢z % ¢ 7 ifl /K45 (missing code)

2 2L H 23 Y£3% (non-monotonic)Ii % 3 4 o
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LSB

LSB

1 1 1
200 400 600 800 1000
Input _Q_igital'fﬁoqle (10-bit)
".-" = !'I AR

%48mﬁ\&ﬁ$ﬁ%%$ﬁﬁ@

_. |

43 fri B E *aQ_.ﬁW

i 7k 0 R ERZAE 2 )
7 b BeeniEr kO 4o iR
WA B B MASH-I e 43 IR 0 LR 27 10 % ficinin

GREFR LKA B R FE o G RITER 5 R 49 57
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A modulator

B 4-9 = F¥ MASH % 557 5.8
$E 3 S0 Bicho (5N 4-1)#7 o7
Y[z] = X[z] + (1-271)* - E[z] (3% 4-1)
Fo QELARRIFR DR MR R 4-10 T 0 T o7 A A B R 4
TP WD F G ﬁ%lﬂwtﬁ-ﬁ,: 31/16 0 A2 iF i 1 (Cow) © i 0

A (Cou) % 71 — T ¥a5 0 cFolics | 2% & chiE % 2(010)01(001)>0(000) »

-1(111) -
Cout
FTW[9:0] —> >
10 1 2

-1

’—"—>10 1-Z
! 0
four/16 ~500|\/|H2l ,

B 4-10 = F¥ MASH T i ]
e F ) RN ERERZA T PRI Y
] 4-10 ® e A 33 % F i oy O (Cou 48 = R-2R L 0730 B o vt g4
F 45~ (DSM[L:0]) » # 345 B BARR 4] 4-11 777 » L B & 4ok 4-1

S o g PR LSS i B~ (DSMILO0))T #0320
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Cout[O] DSM[O0]

Could] DRSM[”

Bl 4-11 f345 B BAE R

Cout(signed) DSM(unsigned)
2 (010) 3(11)
1(001) 2 (10)

0 (000) 1(01)

-1(111) 0 (00)

% 417315 BE B4
d e L A % BB ® - B | 0 & JF 2 R-2R AT B e
B Al o F E'Jfﬁ‘a%—i PAE LB fEAT R ek o e A - B
432 SOR2R Tin S B R T B A0 R By B
7§ B {5 (DSM[L1:0])4 4 T on B 4o B] 4232 #7157 0 £ - 4.3.1 8 4.3.2

2R B SR BT I E T ARt AR E
e

R A
nl R
loon DSM[1] DSM[1]
2 —I l_ DSM[O]—I |_DSM[0] R
2R 2R 2R 2R

lout_L lout_R

Blad-R2 frAARELFT iz g E
Efrd ARFRY B2 RIRAPI DG LW IE A g REfrAL
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ARBEEDTARIFFERRGEDT AT FFI AL
(overlap) o - ® o ** 5 iE R 4-11 f2A5 B2 > frA A ¥ %é’%ﬁ;‘l A AE

CEPRLERE G - A (offset) A A o R F{r L AR B H T A L p

EE

EAEF 2 ¢ o P TR NI A § 43187 432 hg N B
HBAL T - FARHEEMFE oA AR A - AN A =
ARz nphd piEd ] B 5 oo
oK PETANREFRTFHE A o d T 342 %
S B RE G A AL AR FE L R R E TR
FIFHE xR oEio FRNRIFH LR S 2 B4
REfrZ AR FTH IORT EHE H 4318 432 0T N
PR R T PRI BN TR B AR R ILE D
¥ AR S 4 B2 R-2R i Fenw AME S T Ap £ 4p (overlap) &7 2
B oot — KA R FRE G & 431 2432 nF N B i
HER Sl IS L F AR AN A AR T IR R

4.4 iR B

rHT R EERR T e h A BRET R L F - AT AR

4-14 #1777 o B4 V4o R 4-13 #7on o

B 413w a LBk 3RT F
T B EA L2 R0 d AeRl 414 rr P T AR
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BB%&/I)\O%—EF} p;c —4-— &mﬁix}iﬂfﬁ&mp E; f%mﬁ‘fﬁg

TALE BASA o] T hE - RRIE A TR RAE

._.v‘

(latch) -

B 4-14 & = Yoiput A H A
%42 5oy AR BH R OE L BT o e g R
ofl TR A B AR - B A A (FTW[L2]) -
THE KA H 545 kHz 3 i P B S R N B e R, B

;%gﬁ@?] r = BB A (FTW[10]) » #5 J14F & 23 6 136.25 kHz 5 $ /4 2o

—=

REfrAARFEFAEPN L om R E BT RIRITRE R
A BBl U S (fourma) © & 22 0 ATF LR IRE B P S B i T S

(foutmin) © Fl2* > #ciz3= F %z’v’ﬂﬁ%}ﬂ: PouE & 5 8GHz o ﬂi%l:".;fgf;:gja[;g]
% 139.52MHz(28 X 545kHz) » }* pFenfeif B f £ 3230 % -84.35dBc/Hz

@1MHz > -4 Bl4- R 4-15 #ro7 o
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T )| O A i S
=
E _60 ...............................................
Q
(ni]
=
o 80
w
[e] Lo ! : '
= P i TN i
@ =100 proosbedebdeddetieeeooe
w - H P |
48]
E Do : oo o
120 -
qaol L LPHE L LPEEE fELEEE L
10" 10° 10° 10" 10°
Frequency (Hz)
Bl 4154 F B p & e
Bank Weighting Frequency Step
Coarse Tune
8-bit Unit 545 kHz
Thermometer CDAC
Fine Tune
2-bit Binary 136.25 kHz
R-2R CDAC
Delta-Sigma
10-bit 134 Hz
Modulator

%42 405 iR B AR L SRS A 1
4.5 #p 4% 4 (Phase Accumulator) ¥ &

- B R EEAR R A Bl e 3 oap g A LB L(PACT) AR AR A R
B 2(PAC2)#2 = # 4p =14 7] B (BBPD) > 4o 4-16 #7171 »  # - E3
B T (four) st = B 0 B B IR 5 (free) 2 5 R TR A1

PR T (D) o b BF 0 PACL BB =0 S H4F 5 (free) + = 35 K T 1
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FAR T (D) 117 2 B #3140 L T (Do) © 4 4-16

"F!E‘ILE’?m#B' \zﬁ‘i}r‘.ﬁ\?m(@)

k:
=
S
N
kG
[3S
P
|
’ﬁ\
|
K
9 |
R

B~ 2 B 0 2 (b(0)) 0B Tde(5Y 4-2) 45

...................................................................................

four S High Speed
Counter

.........................................

ERREL R AFA TG RIS 2 s PACL &2 PAC2 4y !
W OE R R U HE B A 7 PACL 2 PAC2 Ui B HhIR %
[15] e - B F AU o R s B2 6l B85 BV &7 e B L4

BOF| 212/ £¥ B4

—

H

FlErA@ER-gALFT o FAR A
b B ehig i i (carry-out) & 0 Bl u- A R e BT 7 LR

27 5 - BIEAR 4 Bie— B H-UFY o 4oB 417 77 o B

TR AR ENT S B BT A7 5B 4-18 #1F o
¢@¢mﬂ’$%wiﬁ9?%ﬁﬁﬁwﬁﬁ9? AL R

PHERARP TR 20 L iR BT 5 Orero &
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Qrgo 7 # 5 A g e £ > 4o 4-19 “75F © Bl 4-19 7 > Qper 2 D
AR
@]4

o h bk iE s (2%-1) e o R F AL S S A Bk T
FRIER IO & F ARl d T PRI HFHA - Ap =R F e
(©e)7 %77 o B 3 [-207D, 200 — 1] > 5 v Ap i il ip] F ey 31 (D)

AL s — AAKRAZ ] > & & R Z -

u-hit Ideal

Input—=a s ccumulator [ Cutput ’:> Input—1 pccumulator [ MOX) [ Output

Clk Clk

Bl 4-17u-=~ % 4 BIT (7 5 3

CPACT

DFF fﬁt,

A T
b1 QH DFF |5 mod(2’) 1
| ol o

B 4-18 4p = 1§ ip] B Hdc > B )
IR = SRR A O R SR R Pk EA Y e

Ao ] 4-19 #1om o d AR BRI iy N F AR G

EDS
o
ol
>
s
K2
M
e

AR Coegp 3R A T 0 FIet A T Opepo 8 Qo A 7940 F3f £ % AR T

Fla 2000, 207D — 1] IR o B T o Ap R B
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¥ & 5 (3% 4-3)

@ = Prpro — Prpos

7 4-3)

when — Z(u_l) < ((pREFO — (pFBO) < Z(u_l) -1

F s ' (5

AR A A F 2 AR AR Al AR R R o IR e E R R
T (3% 4-3)ehiE U] PR SRR L B IR S 2 B e e
£ (N.F X frgp — four)° BRX 4~ 4B B384 5 7 2 &/ T 5.5%?]51 = four
BT S PR b kTR > PACL B2OPAC2 s ) (B -4 Bl 4 N
B four/frere & 7 BRI IR R E(FN 4-4) B P frapcer = NoF X frpp
& P ARAR S -

—2-1) < (N.F —fOUT> <20 D _q
REF

7 4-4)
= _Z(u_l) ) fREF < (fTARGET - fOUT) < (Z(u_l) - 1) ) fREF
e iR BB R 5 8GHz = 100MHz » F)et b sl
2 (3¢ 4-4)T UG R B RS Bl B fourmin = 8GHz —
100MHz > A Fe e3> Sty e i 2 (3¢ 4-4) ¢ "5 3R F i 1R 5 B
* P fourmax = 8GHz + 100MHz ¥ % jg % § 3= T B+ 3 = FlHE A2

WAL R R 8- A ehdp fh A T B PACL 2 PAC2 ¢
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Flpt B B A R cAPFRRIS A G € FOPFRR 45 (clock skew)IR A 24 FR
Blm g R B0 E R R ARAR A A PAC2 T AR B R
SR S (FourMR 7 Mg i A0 S anr A et B i eh
B Br g AR ANTFIEER -

FIt AT fRAPER% 45 (clock skew) e PE AL AR B E (TR M 4L
A~ B - BRh B E P EE T R AP i A T B PAC2[7] -
= B e BLEBl 4o @] 4-20 Aropge B ¥ Begidp i & 4 F (sampling phase
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