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Pulse Position Modulation Pulse Generator for

Ultra-Wideband communication

Student: Ying-Te Liu Advisor: Dr. Fu-Chiarng Chen

Department of Communication Engineering

National Chiao Tung University

Abstract

In this thesis, we propose a novel pulse generator for ultra-wideband communication.
To satisfy the higher speed of data rate in the short distance communication systems, we
propose to use a second-order: transient circuit to-generate the wideband pulse in this
thesis. At first, this pulse generator.was fabricated with microstrip line technology and
the measurement results worked well. In order.to integrate pulse generator, we have
applied this identical principle to tape out single chip of TSMC and UMC 0.18um
CMOS fabrication process both. A new poly-cycle pulse generator incorporating with a
pulse position modulator for use in an impulse radio ultra-wideband system is desinged.
The poly-cycle pulse is generated from at least third derivative of the Gaussian pulse.
The pulse generator is preceded by a pulse-position modulator and comprises two
NMOS and second-order transient circuit. The resulting PPM pulse generator is
designed using the TSMC 0.18um COMS technology. The pulse generator implemented
with microstrip circuit in advance will verify the system if it functions well. The output
waveform indeed fits in with FCC UWB transmit mask: having a pulse duration of
about 350 ps and frequency bandwidth from 3.1GHz to 10.6 GHz.
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Chapter 3 REHETRARETHIRRAEZLFE (An
Ultra-Wideband Monocycle Pulse Generator by Using

Second-Order Transient Circuit)

.14 &
PR RN - AR THERRAA L R TR AR FRE T HH
(Bipolar junction transistor g BJT)£ = 1 #f & T B 2 i DA gl 2
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g g0 4 RILIE AT fe R R EA c R RS N YR PR R
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B 3.2 ?ﬁ‘éﬁ?’] » B ok {058 2 Ap oSt
PRTBoHITELFIVE AERERERE T LHZEETR DT
Rl (0 B0 % FREETIES R SHER » )~ LR TS o

PRBEAEMN LR RS- B o BHATR -

3.2.3 RLC = F¢ ¥ i
2o PR TR ST A E(ER)

95 o @ g7 2 % 2 (Kichhoff’s rules) ¥ 7 : L

di(t)

) 1
Ri()+ j (Ot +V,(t=0)+ L= =Vec (1) 3.1

di(t) LRI i) _ dVe(® (3.2)
dt? L dt LC dt

R 1 -
Lo :I’az :E ¥ A (3.2)

d’i |, di®
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=f®=0 (3.3)
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d’i) ., di®

dt’ A V0 =0 (3.4)
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47 Xi(H)=Kie™" o Xa(t)=Koe™ $3 45 (3. 3) hj
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2

d (3.8)

d
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-43 -



oA=& Y 0 y=3.536 (overdamped response) ¢ B 3.3 & & B &k ik A
A
Criticall Underdamped
ritically
i damped Overdamped i® ot
-------------- /oo X
1
t -

@ 3.3 Overdamped ~ underdamped §= critically damped &

FI* e R DERAFRTIET F LR dE - T a R g RETR
EE fah A F ek E 2 = AR > Critically damped §= Overdamped 58 & -
AP A RERFE R REAG ;A BTBATEE 0 B FHAT A X
&I B H%E o § K3 Critically damped £ s > € 83— B E R 4L 0 T E
}s

.
-

(3

ATiE o g AR L YRR S RS IR {iﬁi“ffﬂﬁzfcyf_ﬁ_é@ij*?—%’fjﬁ' y
LEASCH ] LEXELIIFRERS ~CR IR AR5 - T H T

ER SPGB RS 5 S PN R N S S R

3R RGN 3102t E I R md AT RCL 2R > 7 EI R RGBS

Vz V3mm@/ﬁ»q » e F AT

Cdicyy 1. -
VZ_LT+EJ‘|(t)dt+vc(t_O) (3.12)
v, = d|(t)
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Chapter 4 £ EM =2 A%t A2 2 B (Ultra-Wideband Pulse

Position Modulation Pulse generator)

4.1 B3
.____% WE?HJ K!E TL:@ ﬁ gp’; % J'FL{:";LE-‘J{F'1§ %,; wu—L&[’&IF‘EF‘% = 3 1 GHz 2 106
GHz z_ #g3% > & B4o® B E 2 T500MHz 2- 47 & B~ b/ 48k B a4 > @ A =042 B4R 7%

S EE ATV R SR S S SRR L Y SRR S R E L

B AR TR A R E AR 3 1GHz I 10. 6HGz s %> f1* TSHC 2 UNC 0. 18um
COMS Az 4kiir » 2 3| L B2 { BAF ek o

2

o
=

UWB "% =8 A %% 2 4 BT a2 o > 242 4% e 42 (Microstrip line)
PR TR E R A S Bl (Bhded) » IS L0 W 0 XEP TRD
F Ao d 3 TSMC & UMC 2 % o 8 47 a0 4 Bk > 24 PR - F A R
e 7 HHWMBIT) 230~ £ 83 & ZEMFc7 5 4 (Metal oxide semiconductor

field effect transistor X MOSFET) * SR s safy b T B0 - R A = L o

Vee

11
|| BIT2

Bl 4.1 #ed YTt d 2 4 F

PPRRE AR Pab2 A4 B L 6% % 3 % (Pulse position
modulation X5 PPM) » ¥ it E R L R FHFHEFRHF o 5 - xRS PR N

0. 18um ®WAZ3K3+ % = = Al * TSMC 0. 18um ® A% > 12 T -1 W] 34t
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4.2 % /ﬂ,“'ﬁﬁ%”r/ﬁsé_'* ;“V UMC % 3+
4.2.1%2!&#1:#

PPM modulator
transmission | |  delay
gate element —|_>
A transmission D()'D()—DO'DO
->o{ >0+ v Data gate ™
transmission
gate

- switching N second order | pulse-shaping second-order

. : S . ; » Output
mechanism transient circuit network differentiator D

Pulse generator

Bl 4.2 AR e AR A 2 B F B

FB4.2 5t UMC TR AR g R A%k A 4 B (Ultra-Wideband Pulse
Position Modulation Pulse Generator ). » BB & 8. F P > R ag@ 4 5 @ % flieiz Va2 )L
Prde i 3% enghif (Radio frequency ‘S RE)¥ L A 2 B » & T2 Wl 42 B4
HEHIE T B AR 2K e PPM A R ER 0 TR~ 4 (Data
input) £ high & low #+#1 b’“rﬁ%l >t R Ed T g REAT BT ORBRS o PREEEA
W % data input &7 17 &7 07 > G- BEH2ZP 0 K F - BEL AT - & PPM
ARE OB NEIRR AL T T B 4R 2 L S A % (UWB pulses) - 45 »
» I0MHz > A RFE >+ AR ET R (rise time and fall time) %5 10 ns » &R
jﬁgmﬁﬂ B s Br e ® (inverters) » A B Fr o BAB M BB EFT B2 1

2 AR e T ER » d 0 UNC 0, 18um CMOS 17 e e » sit § eshfy = =

W

gt ZpERE g T O pERy ,jrasgmﬁi%] CHBERATEARE H P AR ELL

B3 ﬁa?l i (transmission gates) ¥ — i 2 & = i* (delay element) fe. = » JE 173 & ek o

~=\
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ARG AR RBOM NG L 2 A FRESTEENL D TR AT A PR A
THBES AR SR ERST FAR Y A AT RER e SRR - BIRRLA

SE I BE s E A ERC DB TR - o U AL A S B ih

— PV
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=

-—\\

DA e e A ke A fp et B PERT o

oA EM LR (B 4.2 switching mechanism) ¥ > i & &1 X ik 2 prAf fa=
P& &7 ik 7 B (second order transient circuit) > f X ¥ PFRE R - FETA T R S 4 Y PR

-

BT RSB o> BB RHE-Z 4 4725 7% 0k (spike-like pulse) » #* 4735 T R 2. TR B3 ik

3

#s (pico-second) % & - i & (T 5 BARPRL 5 5 0 B4 AR iT i 2 B AL 0 % -
W It B e v R BRI H AR 2 F FHEL 2R k2 Gimpulse) » 7%
Bk A53T 023 B AR A 0 B IEGIEER 2 A E A R dRAG B B B S m@?] T FE
B o Sopies B B s 0 25 8 bk 3 85 7%t (scholtz’s monocycle pulse &
BERGE - A 2% G L )[25) oB A 3 AR UWB Rk R AR A A Bin

TRAEH > T o AP RaE- 4k
4.2.1 |r 55+ &

d B 4.3 8T VAaREL s e FEd CMOS £ v BRI TR %5
Rl REO RRFE G RGEF v B B S e k) AR

BT g R 10ns "5 3] 150ps =+ iePE R € BB HE {8 B M K B (switching mechanism)

2tk aE R PERTAR S P e E R AP o
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Bl 4.3 AZEARA = E B %3 5 (transistor level)

4.2.2 "%k =% B % B (Pulse Position Modulator)

d Bl 4.3 7 PPM ARFENRLAL B2 w0 h- HOTEKF Y - PPM
FWAE LA S RS 0 AR P PPM e iRk A 4 Fenhod & R F a0 @
ETW NI PPM F B K A BN PPM RAF R AR EA 4 S E R RIS
o LA A FUBRERASBERAAL B A4 F TR 2L o
¥ DATA % high p¥> @85 T1{o T3 B pc T2 BB > = 1 3 BJZ 7 40 § DATA
Slow B > TI e T3 BB ~T2 B> = d T3 RE (T4 o & DATA - Bk 2
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N

/)9‘» fhadly %%

B A4 3R F D nd BRI
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By PRI M)A B REF R FEROF B E - TikE
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Bl 4.5 NMOS*% 4 + 2
4.2.4 BB %E (switching mechanism)
d@45?%%%%ﬁé—PmMS%ﬁ$’{é#Wﬁ#ﬁ»ﬁ%aﬁmﬁﬁ
Mo adRA D FIS B A GUELE 2k > iR NMOS H (T A8 E TR
B AR T R L -1V EF o NMOS 78 o fee* % (Vee>0.7) > M PF Vgs 5 208 >
0l Ips BLEE 0 AT InACT N 0 d AL pE R RAET R E 0 TR G RE

BAL A LEEmTme 7A@k #HoER TLTF L+ @B ETNERT 2

il

3§} e R N

Ip =Kpn (Vs _Vt)2 (4.1)

A RT RESIV 7D IV R NMOS g i » £ 00 % > i TR 2

SRR ks d Ry Crfe Ly e (4 B 4.6) °

-56-



Vee Vee

i(t)

R, R,

V, =0V \& Vv

3 X | 3

”: cutolfcl
—
mode
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FHciEL Ao 3tE Dahy Ee A (y=4. 17 Overdamped response) °

V, = m —jl(t)dt+v(t 0) (4.2)
V, = dl(t) (4.3)
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Bl 4.8 Apm Rk A4 B2 k) ) P fEL B RE R R HE RN
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4.2 F & TEAES R HR BN Y o HF F 9 & 20GHZ HiT 0 A # B
AL R 6P L AT AN F 5 3.1GHz 3 10.6GHz, #7132 & § e cn® £ 8% 5 H 4
ﬁia?lt':'ﬁr 2% o BA Il wdieden 2 AM22Z e BT T LM ARLS
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4.3.2 W#HEB%
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® UWB # & e#% & » & if & FCC transmit mask( %] 1. 1) hi g » L &7 & & “rcit b

% 78 gk o @?J k25 % B 350ps ~ 4R tF & 80mV(peak to peak) > I & ¥HAL o

® A7 e HCRLE L ] JpE s rRlE ek FRAF S 100ps 0 RAEE < 5 200 mV o
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4.5 FEIREE

T A s TOMC TARZARFA PR A S BH AP ZAZTHIR L S B

FRATEAR S TR SRt ¢ 74 T2 3.1GHz 2 10.6GHz -
2z REMRAAEZL FREA
Process Technology

TSMC 0.18 £z m CMOS
Power Supply

1V ~-1V
Modulation

Carrier Frequency

Pulse position modulation (200ps delay)

Transmitter Signal Bandwi

No carrier
ath
& '-,:

3.1GHz-10.6GHz
Power Consumptior‘ii }l'

Architecture

12mW

Circuit size

Application

0.9756 mm?>

UWRB system (indoor)
Pulse Width and Pulse Amplitude(p-p)

350ps » 80mV
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CKT name
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Transistor/Gate Count
Power Dissipation
Max. Frequency

Testing Results
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CAD Tools

CKT name

Technology

Package

Chip Size
Transistor/Gate Count
Power Dissipation
Max. Frequency
Testing Results

Ps d AT &

<TSMC i# & = & BI>>

: ADS

D ARAEHRA T EARRAAE L TG AR

: TSMC 0. 18um (1P6M) CMOS (i * #42)

AR (¢ BEA

: 1.084 % 0.9=0.9756 mm2 (% % & #% 5 mm’)

: 30 MOS/3 RES/3 IND/ 3 MIMCAP (% f #8/:B4ER/ #c)
: 12mW (core) (# ZF i 4= 5 mW)

: 10.6 GHz(& % 1 ¥4 % > GHz)

: [Jfunction work [Jpartial work [] fail

G AL 1.6 pFr v ird 2 BTy T

M 4. 21 TSMC A EH7 % B A8 %A A2 B b % 5
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AR EY BB INARTHRR AL BL B H AR F TR ER

WTAE L AR AT AN A AT S F A P FER o AT AR
Pkl A 4 Bl N E B K AU IR G EL KR > T ELp RACTAR Y B A A h
e o Ram BALai gl A2 4 B 9 PRI - &8 (step recovery diode) iF 5 B
B enA 4 > ANEATOR LA S APHRY DA TROERE N A4 0
FAE T FMEA N E SLeprR gk o Tt o U CMOS AR M Foo M R R B AT

B (baseband circuit) en® B A S REL T HEIHEEFRE L L5 2 FIE -

N AL Rk TR AR R L R I R R R B RS F R
ﬁ%%“iéﬂ%&ﬂﬁiéﬁﬁﬁﬁﬁmﬁii A EE R B B Rk r g i
2R S A g g IR s M B R TR S G g AR R
VR A 2 B2 AR BRI R 3R R AR RIS BER R
B PR < (CIO) " T#H 2 474+ 5 %-émﬁiﬁ%l 03 e L B(HP 54120B Digitizing
oscilloscope)iE T &R » Bis AR B RIAVERIRA 2 L B MNE TR 72

BRF: @ o
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BWATEE A CEASBE G AE S B (S LRI FLRRFL P L o

PORAAS BERACEARTLL o LT RPE - AR

|
(22

SOREFRA AL B0t BT SR A~ PPURRER &
B

P ”»

Fote ~ = (Data input) shigh & low kil #tiiy » > A &g d 7 87 g7 &7

Befs o Bt R GERLE A B 4 data input 07 17 &7 07 o AR - BEH2ZP 0 B F -
BB (eds o B PP R EOdg R L A 4 F 0 7 B4 2 a1 S A TR
(UWBpulses) » 2 RIPF i » =4 5 S0MHz e AR FF > L AR &7 [ (rise tine

and fall time) %% 2 ns - @%f%mﬁi&l ARG ES BF e B (inverters) » B 7
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BFE RSN ARD R R e DEFETEER 0 d 2 (. 18un CMOS F

TP R RE- > i 3 2eehde 2 2 Aen b A F AT RER ) Ak n‘rﬁﬁﬁ%]ﬂ: Al R AR

PEBARE HPARERLIS =B T@ﬁiﬁlm(transmission gates)¥? — B af & ~ it (delay
element)ie = > hig ¥ A Rk o F A FRLE AR TN § 6 0 28 BRL

SEh A B gp Ao U P ABFETREERL AR 0 50 RS TR PR
Ap TR A SRE - BRAAL R AP e BF e E o KRS R
AT T - 4R o U AR A S ﬂ?m@?] VE R e A5 AT A e e EPERY o

POAmMBEMARPF > @ At LiFopFiz B T T B (second order

transient circuit) - f XFPFM P - PP AETE  J 3N A TR OB fT o B g

¢

A4 - Be A%k (spike-like pulse) ¢t 4725 T B % & 4% 3 icicdy (pico-second)
FERE IR P AL - R AR FARTRE Y ARFAPR G R NG

T fEEIRE o 7 R BT R E 0 80 ) SR R LR BT
(impulse) » &% flrdk 2537 388 B s AR EaPFE 2. > 7 A FIRAG B B

2L {8 mﬂi%] MFEE S # % - o Sl B Bk A 0 A5 = - scholtz' s monocycle
pulse (#* % B 28Rk = s P RG L) G B ATR A SEMA 218 0 R AR
R A o BB E 0 SRR FARTIE N A MIENR G T B H 8 g kT An

£ % 0 4o GPS 4T £ -

5.2.1 £RlR %

A B A AR L A 4 B > # % Agilent ADS HEE#cd 2 2 UMC 0. 18-um
Mixed Signal CMOS % 4z RF model § ¥ » & F B.3K T ”’ii%] =% H0MHZz = A 0 2 R IRAR
% 2V(peak to peak) > T #. P 2. F o Bk BRIV Pk & 4 B (F3 2~4V » ﬁl%lt",‘:‘%ﬂ'l
PREETAF > VT ERER  ERAT 2 ZRSET W52 4 20N RS
50MHz » #7141 % 20ns % — = A& H » TF 20ns "%k & 2 ﬁﬁé"—%ﬂ = iﬁ»iﬂ%@zi%n‘vﬁgj
M- BEEEF%L > B5.2a)~5. 200 B A A A PR R L TR R T2 %
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SR EREAH S AR 0. 2(0)7 T EE s A2 A RER YL 130ps 0 RFH &
190mV » #4247 2547 7 8 10GHz~24GHz (2 10dB #g %3+ 5 ) » & 14GHz -
B 5.3 % IHEHWRAE AR ﬁia?lﬂ:iﬁﬂ}ﬁ?i’ﬂ. » % data input 27 17 P>
Az EFS %A § datainput 27 07 BF o TE L F R > THRARR F

FIEH RS F R T SN T v LU R At BT A Hvsdp £ T0ps -

5.2.2 %% it

Fr BTN ERENRESZITOLIBNE RRESATR G A E %) 8
AR2ZHN e BEREF AR E o T REHFRIARZES G D
1. 2B b5.2(a)® » &ad A B A2 F > 5 - &) a8k (ripple or ringing) » ¢ 3
BeAJ1* > d low to highBed ikl Add BA 4 - BT edlg B4 2 A%
g d high to low pF » 2 A4 =B f EAg THAF %k > BT RR I PF > @ o gt §
RS TR 0 4 ER B Foad el o gt R R e 0 BT R
2y s HerL ] U 50 R TR

2. G 5.200)% Bk R KR L0 F A LR R kB L R

kS EI?J /ﬂ;q/ﬁil 45:1'%;_ & ‘Q o LbIﬁ_‘@\% }'\?r_]] 7|~_jz,ﬁ;€hm];"% ]E_/;!;_E_l_gﬁ;u
Bz FAsfg o d WP TR DFHETRERAS BHYTIRE ST 2 BKERT

B R LA A R BRI IR 0 AR R ARP AR o

3. ERD.3°¢ Fargd ERZ AR AR T0ps ¢ & § 4~ 2 50ps 7 20ps
2 AR o d A S RP 2 NERIEA R > 1S PP S% o ki g E A
0ps FRAFAR PR FIETRY »7 &7 RISFIWUAM GF 385237 0 @ EFA5

5 1t 2 20ps °
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Amplitude [V]
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Process Technology

Modulation

Waveform Width

Waveform Amplitude

Power Consumption

Waveform Bandwidth

Measurement

0.18 wm CMOS

Pulse Position

Modulation(70ps)

130 ps

190mV (peak to peak)

16mW

10GHz~24GHz
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