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KRB ARRE R, LR MM AW 4R EE . FAMEN
TRZ 6 R BON AR FT R R it AT E R B ZAKR )T ExTaiigE A
e HMAAEY o T HTEM . AR HEMEERA REREHARREE. BFEX B
EHARENERE, AMITOCEHEARERE THERBEMER, mEOoLHEA.
AR AR I A F R EMERFBRBRFENRE AR, L TIFEREM
W& M BREA, MBI FEERIEBHREEFMRBR HNILIRERER %K
RIS AR B FREIBF MRS T EGREHRNRE.

it (] #H 3¢ B Y6 T ¥ (time-correlated single photon counting, TCSPC) i A
HAEREFEHENREEMEDERYE PR, BRTRN KL E NG A
AT IOEEFERN RO, Y BOCH BN A BRI R K
KICHE BB GBI B EH R P RETEEMNRA. HEr, TCSPCHEAREZ
ERBA—FMEAREMELFESICRET NI EAR, HAXRX T EM HE DR
2, X0 T K& TCSPC HiAR KR RAEF A H, dL BT T 3 E 1EH 5 B A 40388 1 ot
. A, TCSPC HEARRHM AW MR E LW F R, EERTAALBRENEH
TAR T i, REX T2 EYER —ERAH. REZXFEEMNBRETRARBES
T BB AR WIS, B A8 5 8 B 1 B o e LS 2222 ) SR ) S IR &5
AR, T HLARXEWCEE T B 48 1 . RS SCHR R 8- A4 T A9 R BT 5T AR .

(R AR F i BERIRRIEFEFERM—A&F, M IEAE Wolfgang
Becker té+-f2 F FR%8144 4% 8] Becker & Hickl GmbH (8 [&) 81 57 A B & BB 5 A
B EHIME TCSPC SR MBS SH &, BUS TREWER. %A UHEAT TC-
SPC HyJR ALK, S+ 41 T TCSPC a5 2GR M R » th @it 7 SRR i8R 5 i
FREELBRPTFEEENFT OB AHEER . B ATERE XA A B R 3 245 BE
R AHEEBESELKPMNEEYE TR TE, FE5T TCSPC S AR M
ML AR BRI BRARE T ERE FENER. M 2006 F5&E, HRIIKFE
B F 22 B 98 BT B E Becker & Hickl Bk & F 0 ¥ 0 ik KB &, X4 % & TCSPC
FARBHIR A TCSPC B AR B BFNFAES TR WIEA . 8150 EERE 3
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A 8] #H 5 B2 5% F 11 $ (time-correlated single photon counting, TCSPC) # A&
R—MEAIEE RN R EE BB %R I [8) 4> % 3 DL AR A 1 8
AR, ETHFMRR I NE T HOCE BN U R85 FhEgE BRI T
R, BEXXTTEHKBEHMB M., REEERFEEZERNTRILEE
BB BB L SR Fa R IR TAEP AR MW RGN EEZ —. BR
R EHF LS TCSPC MKXMB22B 3 Hph A Z X TCSPC Wigk. HEBR
XHETEN . ZEN BAREHWEEDARET.

Wolfgang Becker 1§+ 2 H 52 4 £ Mk Becker & Hickl GmbH (£ E) ) 81] 4§
AFEEARAR, BirERK TCSPC £ K, KN F TCSPC AWK SH
& ,Becker & Hickl GmbH 24 &4 /2 B Br 414 B TCSPC % 45 K+ A 4L 57 7% .
ZEMARGSERE/MAEZTTERASFHER. 2 HERT TCSPC WHA R
HAAH KRB, X TCSPC W SR A W R 22N BT T RN R IR T IR £ 4
R AR ; Josh, A BEMN AT HAUH ENHSH X LS Y TCSPC W &
R LA R B e A8 BB S N A B AR T E @A TCSPC R4
B —S SRS  AEANETH SRS B ¥ RS AR5 e & . TCSPC R4
FAHXTE,FRER, AIA TR ER PR R A BB TR A F B G At
ANBHFER.

AREERREHEENRREFFRT TCSPC-FLIM HAR W#F 5, I Wolf-
gang Becker Wi L& 1E, M 2006 i, FERII K ¥R G B AY HIEBEHIT &,
EATEDPT=E, FEHMREI TE#H TCSPC WEAMIR, 4 TCSPC £
A B BT 2 B DA B A BR 2 I L BURS T ARSF I RUR , o BIR A BT T TR RY
HA

Wolfgang Becker Xt A B 7T XK AXF, A AP XRETIFE.
APHHMEFAATRESAMAMPANXFSEE. PERIERK L . EFR2EE T
FER BINKREBFERRHAKFBEERARAEAICZPHEA T 2R/,.IFHR
ABERF. RBERKEEEHESFRTER., ANRBEXARBSREEZRSE
BRI SRR RATRBA N KN X R/, U RMEER I ALK EBREL
By B .
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i (8] A8 2 B8 5% F 1 %X (time-correlated single photon counting, TCSPC) AR
R—UMAARARBENRAR, EICREBENCFESH T LA EER W
B 4rHER, 3 H¥ERER . TCSPC R 2 20 fH 42 60 4E{RBR I B H B, B
BEBRTNEFEZEBRASHNE., ARK—BENEE, TCSPCERFEATIER
BRP AR EBML . R, £ LA THER, B FRENEREMES M
L, MEBFFRREREE, TCSPCHESREFTEMRKWEE., EEEH
R A& G TCSPC AR L& 4, sl £ 11, TCSPC R A8ic F A BIHeE
SREE.

TR, TCSPCHEARBTHRANER. ETHOEZMARAE, F5REHN
WO WFREE T 100 £f5, MH,%E# K TCSPC EARKFESUAN DT EK
KF4aAM,. XM BT LUE B RA B 280, 60 a0 45 Xt T 8 & Bk ob i B
5] 23 ] As pR K R PR BUE MW TR IT SR R BT R 4F . b TR XSSO DUFE
— AN BT A N ST LR T LA P TIE R AT .

SR, Se 9t B TCSPC AR B3 b 2 2 45 P 8 W 3 B ok, B 0 JHE 3 A 4 1
REABIF L. 2 HEEFHAEWMELEN TCSPC - Eifi 1 @ MATm 85
AL W ET R, AT IRAS BT BB BUR .

EH.REBRHRWHA —RINKRENBERABEABRFR P, B
BBEREYTHERTEWEEK MEH TCSPCHEARCHEZHF. FHiL, RufE
74 B B PR KR E .
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Preface to Chinese Edition

Time-correlated single photon counting (TCSPC) is an amazingly sensitive
technique for recording low-level light signals with picosecond resolution and ex-
tremely high precision. TCSPC originates from the measurement of excited nu-
clear states and has been used since the late 60s of the last century. For many
years TCSPC was used primarily to record fluorescence decay curves of organic
dyes in solution. Due to the low intensity and low repetition rate of the light
sources and the limited speed of the electronics of the 70s and 80s the acquisition
times were extremely long. More important, classic TCSPC was intrinsically
one-dimensional, i. e. limited to the recording of the waveform of a periodic light
signal.,

In the last 10 years TCSPC made an amazing development. Due to new con-
version principles the acquisition times have become more than 100 times shorter.
Moreover, advanced TCSPC techniques consider the signal as a multi-dimensional
photon distribution over several parameters, such as time after an excitation
pulse, spatial coordinates, wavelength, polarisation, or experiment time. The
parameters of the photons can be accumulated over a longer period of time, or re-
corded and analysed photon by photon.

The multidimensional features of advanced TCSPC are still not commonly
known, and, consequently, efficiently exploited. This book helps existing or po-
tential TCSPC users to better understand their instruments, devise new experi-
ments, and thus obtain novel scientific results,

I am indebted to my friend Prof. J. L. Qu of University Shenzhen who trans-
lated this book into Chinese. Prof. Qu is an expert in biomedical optical tech-
niques, and has been a TCSPC user for many years. [ am thus convinced that this

translation is of exceptional quality.

Woligang Becker
March 2008
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1984 4 ,Desmond O’ Connor il David Phillips & #& H i T« B ] 48 32 2.5 F
THH— 5, X7 B 8] A5 36 B % F it $ (time-correlated single photon counting, TC-
SPOFEARMTIHANNE. YN, TCSPCHEARFTEAFEFRE IR ARNY
WITEW ORI . MEEA I, TCSPC AR B A R 8UE M s v, B ot
SrEERARE . SR LAE 20 42 70 FERF 80 ERW Y, ZOBE EE FRMEMME T
H¥RGEEEE RS, TCSPC A M REN RAEK . o, TCSPC AR A 5
R—4 0, W & 3L, TCSPC HA R Fi R RAME L ES WK . R, BpER
FEX BRG], TCSPC S ARPFIH AT LAFRS LR — D s B A .

20 ZELET B TFEMBAEHRARB TS ABENARE. 18104, 84
R PR REENEEENKY —F AT FBOS AN Mg
B ETHWES. SHFEE, AP CENEE RN RBANMEET EE
®'HE.

BIFAEASAR . ETE 204FEY P, TCSPCH AR LEE T, BELHFEM
M, MR BOCRE T2 RBHESIT TCSPC HARRNK & EAL X, HFBE TRK
Wit EELN—MEH. - EMNREEMUEBHRAR . KB I—FE . 24
MR ESIERER., BE,.HHHW TCSPC HEART B W T84 F 61 5%
JEAHE GRS B A S BEOL H R B MY BOL R B S 8. R, E 10 F3RY
TCSPC £ AR AH K H#E 2R A [l

Desmond O’Connor 1 David Phillips fE{ B} R A L B F i) —BHFES
PRSI MEERBITFESEE T AR ERIEE, S HXFHERNOEHP AL
R BE T 2 FRAR 3R B A BT LA B AR A AR B, DL R X R T4 BT TR Y i 2R
iR TCSPC HARWM S ML ERESKNRFEE FHEECHNAK R E,
W T F R RN AT B BT — b, E—FR&4SE—1EE
TRBIAE BIFBEBIASAWEMERWINELE R, R, wBEERE Y, MAEL
P TCSPCEANMU S BAHFHMEBLER, R HR—-HAMNE LN,
A 5 EH Bh AR IEAE F F fn 4T B 43 Fl TCSPC $ R B9 N S 4 b 78 /% F i fj TC-
SPC B AR B B 41k .

ABAEFESEREARATAR . HENATHEBENNEFITBRERHEBRET
TCSPC AR — BRI KRG , M BT L4 TCSPC HAR . ZHWBHEA . HF
WWREBEARFA ERECREHEXEHEEE . N F T HY% TCSPC HARK M
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BURLF S HHE T 5% SR M S A9 — se i R (A1 885 W 4h , R B IR B EAN B T 85N
# HRMURSE XL SHG TCSPC W8 1M LA K BTk B 28 M RE 5, | S
ARG THIHGEH TCSPC REM— ML AT . AE L THESRE BT
ARG BRI TCSPC RS BN UL R 25,

AP BAEHE TCSPC HEARWEBIES T HEHNE. £ TCSPC. ¥ #0k¢
JZ BT BRI G AR S T B S B B3R 43 47 O 8k FEAR KRR | 5 50 0 95 e 4R
SIMTITEEAN G, T HAR A 1 £ 40 0 [ R % R e . E#F 1A%, TCSPC HAR M
BN T LT UENS BB, X0 T/EE AT mMBREIES
AKFER, .

HEBU Heidrun Wabnitz R E XA B, HRW| T RKEFIURAE KW
k. REERBBYAEE HRE TCSPC HAR T W I/, RIbHE R
Helmut Hickl & & B ¥ 715 5 4L B 5 AR i fig i B9 58k » Stefan Smietana 7635 H-1%
T D7 AT K B AF , B Axel Bergmann £ 338 4347 77 1 9 T 16 A R At
$ TCSPC S AR M) B 5 EFT 5 A9 ML A ST 7 T MR AR

AL IR AR LI T 22 100 B R TCSPC £ AR B F B B U i 8 58 /b4 .
L HZ B Karsten Konig, i 8 REXEF S MBI T 3 TCSPC =%
B 5 R Dietrich Schweitzer, fBEENL T & & B 8] 5 R HR Bl S5 %6 8 ; Bt Her-
bert Rinneberg,Britton Chance i Rinaldo Cubeddu & H & 4E# , 14 TCSPC
BRI AT HIEEN AR & ; B Michael Prummer.Markus Sauer #1 Claus Sei-
del . i fiTHs TCSPC AR M) B 843 F 17 I 5 B i§F Hans-Erich Wagner ,Ronny
Brandenburg #1 Kirill Kozlov,ftfi]14#% £ 4k TCSPC # R W B S Kk B LK &,
A E T Christoph Biskup ¥ TCSPC # AR 57 i 235 41 g FRET i T
£ ; B 18t Ammasi Periasamy, Rory Duncan. Brian Bacskai, Enrico Gratton.John
White ,Dennis Fan,Damain Bird #l Peter So #£ TCSPC #J i # w B 77 | Fr f il 1T
fE. B8 3 F R Advanced Research Technologies(ART) Biorad, Leica Mi-
crosystems Fll Zeiss /A E) T S 1E.

A # B 3R LA AT I 2 U Siegfried Dahne 1 Edgar Klose ##% ) ¥, LA Kt
1125 TCSPC £ A B & F& B 15 i = 30 LAERE

BJE, RE B Sarah Smith Jy 2 45 7 3 SCRAR J7 M B 0 BG# TAE .

Wolfgang Becker
2005 4 1 A Tk
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AOM

APD

Ar? laser

BNC

Boxcar

CCD

Cr¥D

CFP

CLSM

CMOS

counting loss

count rate

RIBERFSIFR

analog-to-digital converter, ¥ E M 25 .

acousto-optical modulator, 7 Y68 il 2§ .

avalanche photodiode, H it — R . 5 4 80 0L S BRI
TREHUKBNTERN ZHRE.

argon ion laser, E & THOLAR . — MW LR ZXEBEN X
SENMFERGEHEER. FH8EN, A8 FHEERHHER
RN 80~125MHz, Bk FE 9 100~300ps B JEHkahk.

— MR EES A TS RN FRED.
—METFHEIMARYUGBS HTFRENFESCREE,.E
X RBHREESEGT Y, ARETRPRERES.
charge-coupled device, BB A M. RN FHHKELBEA
Y FEMOS MM I, R 58S 7S PIRFH# 5.
EEA N FEGIF RS

constant-fraction discriminator, {8 tb 65185 . CFD #fi & 4ER —
55 % A Bk e ) % 08 G %

cyan fluorescent protein, H @K NEH. CFP E& A% %E A
GFP iYW . RAEHEEE N LR AWK FFHREBUE kK, 41
) DNA AN HAZL T EHT U EXEEH,
ERECREGEHEE.

confocal laser scanning microscope, 2L EB LA EME. AR
BBOCHRAMEE G WA SRS KCGEL e, st LB TS
e AR IR i L, B FL AT UM AR SO

complementary metal oxide semiconductor, B M4 & E itk 5
AR, ¥ NIEEM P EiE SRSy F 34355 0% (MOS-
FED AR —GR L. ZERERERREFIE . FHUR
bk 42N g 0P TN

TR, TR RN B8 — 6T 25 wFE et | N FE 4
(Hanse o8k .

THEUCER , BAL A B] N2 34 (NG O 8. BRI R
Ak 18] A B R T 4% 5% 06 F BR v 8. 0 ST SR - B 07 B[R] PO
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Cw

dB

dead time

dichroic

DOT

DNL

dynode

E

EB-CCD

ECL

ECFP
EMC

EYFP
EROS

FH AR IC R WL FEL

continuous wave, . FHERBIFREBE N ELEE S5
BREENFES. AAEDP  X—-RENFEAHAGE— . REHE
PR PEBOEER K 8RB F, B B iR R CW,

AR R OFE RN OAH X 30 R M & BB A, X R R R U dB =
20log (V,/V,) ; X B FE ki ,dB=10log (P,/P;) .

SEnt |, R A RN B ERW T —F GG, FEEZFR
B AFERIET R,

XA, 3 A (R 3 4K B 6 LA 8 B I 5 0 3B 0, X8 48 R Ok
AEBEEMAES I

diffuse optical tomography, ¥ 8t 2. DOT BT ERF
05 1 Y HOR B YE A S S OR A RS IR B Py SRS 4
differential nonlinearity, ff{4rqE2k ¥, BB B R B[P R EE
BE, O TR P EEE M A S,

ITER R AMAERE (PMT) 8K B R, T 7E 6 A5 4
BN R AT EAR W R TR G A T A .
TEAFPETXHFRATRRBEB IS . TR EROESN
G F ARy 22, AL IE REAR 5 LM IS R B ARBT
TEAETHRIE., O REERB(FRED M BHERT
IR AR B B T AR A A .

(HLFHD BT, BD 1. 602X 107" As,

electron-bombarded CCD, H,FE i CCD, —FH F e HRF
CCD e BB W E = BARE, b 7253 i J5 835 CCD i
FOBNASTHE FEEREN A RE R E -2 708, LR
B,

emitter-coupled logic, X R G588 . H T WK [IEHE X HZ
BFYELRFREE—E, ECLEBAT REENRAM,FAE
FEERSRETL XK. ECLHEIEFR,HEES. EEATE
& 1 AR B B,

enhanced cyan fluorescent protein, 3% & & A% 68 5, W, CFP,
eletromagnetic compatibility, B RIIE Y.

enhanced yellow fluorescent protein, 3438 BRI & 6,92 Y& . W YFP,
event related optical signal, HHFHXKXES. KHZHRES, R
W R S 2R A T A
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FCS

FET

FIDA

FILDA

FIFO

FLIM

f number
FPGA

FRET

FWHM

GaAs

GaAsP

GFP

PN 5 Ay BB o A 22 B LU A

fluorescence correlation spectroscopy, 3% Y635 Bt . FCS i & />
BX WA TRGBERS M X,

field-effect transistor, HRL W A %, %8 FET P R K 158 E
25 7 B B SRR AR IX 7 A 1 9 308 S B R AR T 19 748 4K, MOSFET #|
TNFE & R ALY 7k (MOS) 45 # b i 6, 5 3 3 ¥ S @ 8
B FHE.

fluorescence intensity distribution analysis, 5% Y638 B 4> %5 4347 .
MATEESEN B A THNBH LB FHEEBIFNSF. &
i, PCH.

fluorescence intensity and lifetime distribution analysis, 7% 5 38
BEFN 36 20 A0 5047 . ) P 7E 7% S0 9] B2 55 PO I 78 B A B4 F 1
IR EMRNHF R

first-in-first-out, fe it ol . REIWBErh B PR AWM IR, =
A FIFO Zni 2k A D 103§ L2 3088 52, 3% FR#E A B 30 03 78 18 O &b
Beih . FIFO 7E$0H8 B 3248 3 40 7 48 P AR I i S4B 8 v 8,
fluorescence lifetime imaging, %% H A Bl . | FH 9% 6 & i m
K&,

FELEXRERGENEREABE S ABERZ .
field-programmable gate array, B35 0] G2 TRES] . W4 T2 H 38
BE&. LSRR LRERZETT BB SR & TR
B—TERNMBFEERBEAL,.FPGA BH KRG HEBMATEE 5
EHFIEN.

fluorescence resonance energy transfer, % IR E BB, &
{orster resonance energy transfer, Forster LR RE & ¥ % . FRET
REFEHEFOCHAW R H IS STZERR AN RIS ESN RS
LR TRMAE . R ARG BATRLT . SRS F RN
#H. FRET {UAEBHARMZZ k5 FHBE LMK N A4 SR 4.
full width at half maximum, £ &£ % . F¥E LB MK H
RE.

gallium arsenide, L&, —Ffp2k Sk Hl, A TH L S48
R LT e v AR LA R TR I 4T A0 I B R R B G R B AR
gallium arsenide phosphide, M{LEZBE LY, SRAR PP BE. FIFal I
JEE B = BO6 s B AR A

green fluorescent protein, SR A% EH. GFP R 5 —Ff &% %



¢ Xiv *

LEGILE PSS Ry C2 S

GND
HEK cell

HV

1CG

IR

IRF

jitter

KDP

LED

LSM

M,

macro time

MCA

MCP

MCP-PMT

MCS

MCX

micro time

HIK £, B P ) DNA & B AN 2 0k kb 3 )5 #0T A=
4 GFP,

L. BFHEEPHSEEN.

human embryonic kidney cell, AR F M . I, ¥ HF
H MK ERAE LR,

high voltage, &JE .

RABRMAREHFS.

indocyanine green, WIBEEHF&. — MR IGEZN , BRI & 5
¥k TR L s B

infrared, £LAhJ6. XF R A B K4 750nm~1lmm,

instrument response function, {X 2% " i BB $. 7EE M R &5+,
IRF B3 — MR AR AK BB MR . R EENFR
i, IRF B M\ — N9 e 5 iy 0 35 S BB & ob 58 000 20 A9 Bk b g 7
YR L5 5 i B[R] S 4R 0 I AN e kBl gh .

potassium dihydrogen phosphate, BifR — &4 . KDP Sk HF =
AN KBEGES.

light-emitting diode, XYt 1R &.

laser scanning microscope, BIGTIH BIE.

A — B . JCTRER B AR K M, RoROEF R EAA A .
R (8], B (8] A SR BROE FHH B TR RE, X E—DRFLN
SEUG Y 4R BB E) , BP S B (A, FE S R B P A ), BB e ), R
#HId R T XK.

multichannel analyser, 238 B4 #7288 . 10 %50 A Bk v 55 2 P % 18
M ENTE.

microchannel plate, BUEER. H—E&FTH . EEHTRENME
HHRBEENEEE SEE, YHOEE RPN - ER, X
EEAHYTE TN, MCP Tt F e e gias b,
P OE T AR #E1T T AR 3 0 e B AR I (PMTD) .

multichannel scaler, Z@ETTHE . —FSFE, OEFHTFH
BLOHGFABRBFFESESBEEANNEE.
HTFERERNEERRS.

TRt B, I R SR B T IR IR RIE. B -1 F N
SCI I 46 B [B] , BRE BF R], F0 45 5 5 P i i Ja] , B Rt ], AR
#id & Tk,
RRMBERTHWEBLEROEANH e EERANETFEY
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NA

NDD

Nd: YAG

NIM
NIR
OPO

PCB
PCH

PIN diode

PDT

pile-up

PLL

PMT

QE

e,

numerical aperture, B{HFLIE. J¥ RN AL KBS HE
BB AREE AN ERESHBANITHEORR, SHET
J RGN GRS R BERE T .

nondescanned detection, JEFEHEM . £ FEEBIH B
B — MR X AR RN ESYEE  EEEALA K
R THT AR 0 8, T R 2253 H H38 B 84T AL

neodymium-doped yttrium-aluminium garnet, B4 4245 G ¥ 4 i
Mgk, KEPEKR 1064nm, DR A] R JL+ 5, B )S wT o4 &
SEHHFE N 50~100MHz i f #b ik obr .

nuclear instrumentation module, #{¥ #§# k

near infrared, L ZL5M %, K TEE K Y 750nm~3um,

optical parametric oscillator, Y2 S BIEHL. FIHREKIES
PEBICR » K5 JR 00 4 R PSR O K PRI A AR T SO BT R B
B % T A GG K RIS

printed circuit board, E[J | Ha B4R .

photon-counting histogram, 73+ ¥c B 7 E. ©F5 7 E (G
BAAWARK DR FHIRGRE S, PCH R %% 638 B 43 75 4
T (FIDA) By 2R,

HIEBHMPIR . EBXODOBRHMABERN ZEHBM —KE. AT
AT R RAE AR B RS,

photodynamic therapy, Y35 1978, '
R . FERS AR R B8 F 3 80 pile-up SR MBI FE — 4T
JaTER — 155 R 9 & e 5t oAl 6 F B 3R 3 pile-up £ 3 R
BB ) REMBEN FHEOBK . £5 B FHN P, pile-up #&
TE AR IR 5 30UE B BORES 19 i hy Hh X LS T B3R 3 pile-
up £ & A U 6B B 43 AR 1 2k B R ER I B B R F B ok .
phase-locked loop, BiA ¥ . — 1~ S A0 4%  BF B 0 B2 25 0 £ 95 B
Gras B R B, AR AR B A GBS S5 R%5 5 WARAL E
ERGH/EMAGS SREBESHEFRITHME.
photomultiplier tube, Y6ELfEHE . B G BAAR FIVF £ OG0 H F 151
WHBMEZE ., PMT K255 5] 10°~10°, 0] AR #8567,
quantum efficiency, B FHFE, KNXBAHEFREETTEHLT
BERBEOEFERMWE, i AR SOCRFEN BN E TR R
TEHREWE R F RS AH LTI,
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RET resonance energy transfer,L#FAEE %% . R FRET,

RG58, RG174 FEAERHHT N 500 B4 5] i v 48
RF radio frequency, JGZRH K,
RMS root mean square, ¥R . WFEIESHEE NG, iITEX®REN
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