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B =BdMe 1.8~1.9 GHzdlH F&se MAFHELE B4 540018 A%z 7RG, JAHAE d8id
AR A 38 F4 % 4R &Y " £ #4e A9y, ¥z7l= PLL(Phase Locked Loop)®
VCO(Voltage Controlled Oscillator), @it $E71E ol 43t B 2E Ze FyF HZIE FAIREH,
AGE AGFE HEAFIEAM NEY J4FE FAAE ¢ UAERF o FL Fug B2V Bx Fu4E 110.592
MHzo|®, GFSK(Gaussian_filtered Frequency Shift Keying) A%d] 1% ¥z W48 quadrature detec-
tor& A&t FTEE Mz EAL oJ8FQ A2 BHA &8 dln, FEE $AVE o4 B3
A%t

ABSTRACT

In this paper, a wireless transceiver for personal communications in the frequency of 1.8~1.9 GHz is designed and implement-
ed. For the system integration, the techniques of direct up conversion for transmitter and single down conversion for receiver is
employed. The modulator of the system is composed of PLL, VCO and OP Amp and its requirement is to reduce signal distortion.
Intermediate frequency of the demodulator is 110.592 MHz and GFSK modulation technique is employed using quadrature
detector. The characteristics of the modulator are checked from the theoretical data and verified by the designed receiver.
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¥ =2dAe 1.8 GHzolM st &Y% dAg
4 #3719 &< DECT(Digital European
Cordless Telecommunications)® 4 &+A7&
AAsn FEPL. o] EFEYLL 10msec HHoE F
Ade & ZHYE A 24709 AL AR 5o
Haste A £ 9F F2 HA(TDMAYH A &8
ol WA (TDD), 10708 ¥4 AdE /IR Fos
o ¢ $4(FDMA)€ A48, DECT &9
a9 AEd £ A dF AFE (E Dol v
WAz, Fag Add A dd, dolg TAe #A
€ (2¥ Dol JdehiUAT. dolgt F4E wEoEH
DECT HEZcte] 2x 7134 4 Agrs, BA
PABX. Pager & & 7tAlo] &5 1d + st}
Alzdllel WAE Fol7) Sl3te $4471e HA Ly
& (" 2)oAM Bodxe AAFH FH HE 4, A3t
A FA e ALEHY A A8 AFe B
w2z Pae AW FZ (open loop) WE W& AL S
sed, of #HE F&Eo] &g A UAT, FHS
At Bote] M2 E #of d7] dEe slotd FE U
ol 57}*]%1 T+ e, °% HAzt A AW
FE Az e 93§ F ol Wzvle HA
#3& [Her HEgnt. 7]"1 4§ FSK 4417

E 1 2 AFY A
Table 1. Specification for physical layer

o ®o] o] 45 limiter-discriminator W2jo) A%
& tank 32 ¥ NG E3 €e A4 AP I A
A AEgict aeln, VAAA 23 Axg 2o

. FO grR el 4A o HE

DECT E&%e @A PLLE o14& F34 §47)
& AAE A5 o8 AdE ZJEEs Yt mde)
of & FAle] % 74 Uk, 53], (E DA Hxe
Fat YEAIo] 450 psecolWolr] w o] gl F
o FA4717F dREW, ol& FEE A4S spurious
29} Aol duslold Wizl A Mz 4% #
AE Mo UG, Fa¢ 4719 Fo5 S5A 20
FEgE FE A A3 HwrY o 5(Kp), FX HH
g E AgzFeAsY sensitivity(Kv), 218 F
gtpo] A7) Folgp®, d#elA Al4% PLL chipe
5VellA a8 dual modulus prescalers(64/65,
128/129)¢} charge pump7F WA® Fujitsurtel
MB1502¢]9, o] PLL chipel WA8 $14 blarle
Hag o)yl ffEd H4 wwrlel o5& K, =5
J4moltk® el m, Atz e F4 Fuosol A
2nz%E o|43l=d, DECTH 44719 24 fd ¢
27 9&d VE FHFE 864 kHzE AAPoen #

1709 &4 ApdolA time frame

oE 3 1 TDMA & FDMA/TDD
S GFSK (82%=0.3~0.7)
dolg AE &% 1,152 Mb siot0 | slotl SS'S)()HISIOUZSlOlH SSJSIOUZALO{U
& & 1 ps - B
2345 Bol 288 kil T e T T e
0: 1897.344 MHz
24 A9 o s g
9: 1881.792 MHz e £3M FAEAE dole
g +4 1.728 MHz S
26<_7]. ES g}\_ 110.592 Mhz S (32 bits)] D (A+B) (388 bits) Guard (60 bits)
Fa4 FE4= 50 kHz | Tibusec 5
A e 250mW
FA 2= -83dBm~-86dBm
BER 0.001 @ -83dBm 3% 1. DECT &%l dole} 74
Fu 85 AL 450 psec Fig. 1. Data format for DECT
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Fig. 2. Direct up conversion Tx and single down conversion Rx
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A, X ¥FH] No| Zopurt, HE 22X d4F
Welld 28 4RSS 71TH87E+ 20l0g(N) dB
2 vehdr] g 26, Ngtol 2od 29 A4435Le F
olzitt B4, FZ UWIYEL HE 7E Fge 10%
oz MAHEE Fs ¥AVIE AATG =
2, 2 71F Fofe He T dY9Eg gE £ 4
o, ek, Fug FA419] FHe EATE FIMA
EARECES

Spurious A8 Foe HEADE FAl TFA
171 st (2¥ 3)eA BdAe RAAY ¥F RC
e & AHgdee, dREE YA sAA roll off &
Ae FA &7 AEo spurious EZE 423 AAA
2 4 gk AAe ALEY AG)E FA2E2 v
W g8 2ok A9 29 YEo AY §A4E Fs)

3 A,

_ K
)= ety GoRPRCs+ 1R Csrn
K, KpF(s)
GH(s)=—-—~*A—,s——~ (2)
__G
A9 = S +’(§% 3)

o714, K = opampd DC °l5 (1+R,/R,)

R,=1002, R,=0Q)

K, =3¢ 24 242719 sensitivity(MHz/V)

K, = 914 vi@r9 o 5(V/rad)

HAY ¥ele dAZL 16 kHz Fxoln, R o
AZ& 4 kHz B=o|t}, #Z He/l 589 A%, 9
4 vlmrl H¥eld 4o RRIA ALY F UX
g 94 vlazlzl dxXgeld 34 BAY Fodoo}
gk wEld, AN X7 RHfe] HEE &y {3}
o %% e 3L Jog wEC FUL,

2. Mixolel A % 7

2.1 PLLE 0|88 Fus B=EI|

DECT BE&U¢eAe ¥WE2x7 0.3 0.7012
B,T=0.5%90 GFSK ¥4% A9f=d, GFSK 43 &
TEo] YA 93t ROM 7 Look up table, DAC
7} WA¥ National SemiconductorAte] LMX2411
£ AR¥T 4 Hzxxd @& Alole Zointe &Y
(J,(A)& (E 2)o el

DECT E&tolAd Ade RAMY, & deoletg
Agsian sid 2983 £x7 wan, Azr & o] Fo
A7) A% Y AW Az A PHE (28 4l
dehidch. o] wae AgzA e Ao gl
R13} R29 @& =33tn 22X Ge o Adzy¢27)
o] Ao} 4 AlojE ArIHoz eI HAstad W
HE dolol @tk R1% R2e ¥z Aze HY F3
4 Heolgh AX, 2dx, ALF2PRNV71Y sensitivi-
tyol o3 Z2AEDY, WX AFe NEo] 1VY A%
B AGEF YA el R1:R2=30 50:1 =& A
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Fig. 3. Active low pass filter
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£2 A9 s Yodel dule @z A5
o Z34 Holo] W@ AYEAUAN sensitivity
o w7t 2w Fuidge] S, 1% %ow Yoz
u® ¥oh DECT EZdeld Alorg Wz Nzel o
W &34 Welr 576 kHzolm HYzAwase
sensitivitye 8 MHz/Vels, ¥x Azol g HY
ol 1Velmz AuMezs AGzF ez Fehe Yol
dolgtt. aeid, R1:R2-10 2012 A9 ®oh,

2.2 54 228 T Fus Wxo|

(29 5 velhd ANE PLLE o83 2y 9
# dz71E FEI} A Ee J1E SNV,
A4 wiwr 4(V2), L FE H(V3), AgxAEn
71el Ao A (V4)ell B2 AFE UArtste ASelth
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Table 2. Level of the spectrum as modulation index

varies

n 0.3 0.4 0.5 0.6 0.7
0 0.978 |1 0.960 | 0.938 | 0.912 | 0.881
1 0.148 | 0.196 | 0.242 | 0.287 | 0.329
2 0.011 {0.020 | 0.031 | 0.044 | 0.059
3 0 0.011 { 0.002 | 0.004 | 0.007
Vi

NE

R

38 b PLLE o] &¢ ¥z7|
Fig. 5. Modulator using PLL
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K= AE79 olf, K=948m7]9 o5&

K; =K, K,/N°l® K(s)=K,7hect.

HE7)7F 2RHA YrF 25 H7HPoE DC W
27 7bEsid, a¥dY, K;+K, K,/N o|8, 2¥7
o MAY exte

KK,

Ei=Ki - IV_ (6)

ol gn, % g¥g e W2V Vi 4F F=EE A
zo )3ulg S§/D2 vekd o 4 (7)) 2o

$ean="5 S wy )

PLLel ¢8se N ¥F7I+ N=1089~10989] #<
70, A Ad oAl Ade] A& fFHE Fol7)
9&te] N=1094°14 K; gt& 23t 28ln, W37
2 ALY A% ALz a0 A 2 22 9E ol &3
7] Q2o A 1 mEue] HHM F el sensitivity
g 7He A3 27 9, K,=16 MHz/VZ ¥olof
gk wekr, N=109404 B4 ¥x718 7857 4
g K=36563°] Az, & € AddM e L3e
+0.4%3 = €. AEVE (38 6)4M oA A
AP AN FEIE o &M FEHAD. AEVAA
K7 1/RC7}517) o] R=2k2% 7% C=13.6nF]
go. ad, § 48 /e o dzrle 79
7 A AHE #AGEA B3 H2E Fu4 §4
71ell A718&, spurious A T AAAQ] ALV
FHE B F U 5, AN FENE ALY S
4 wleloa AFe ¥RV € FHs A7) R4
A o7z Zgo el € ¥ oy, HEVIY 2

%0

56kQ
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Fig. 6. Integrator for compensation

2 49 ¥ & k. wEA], wlelolx ARFEAE
HAsr] st REG HA & Ag&(R1=56kQ) A
e} HEd2 Adstn, 49 4dYel R} 2L #e
ZHe Age @3, a8xa, F4 A€ n8d]
A8 o& dd inverterd AJPTY. =T,
inverter?l 29 & FX gy Yo AZY B £
of $144 HAitol Bgew He AL du FX e
EA40] viHle A& B 3t E AY(56kL2)E A
7H .

I. =5=o19f dA & 78

1. $=A712 dA

FANE AAE AL 79 AFE JeEhlle Re
2 A Axe A¥Yo] ded, ol &4 ¥Fd &
A48 o1&, IIP; (3rd order input intercept
point) 22HE dojxn WELE(BER)E AAE
£ E/Nge 4(8)7 22 #A4E 713,

Ey/N7F5-Fag-10log(r,kTy) (8)

Fp: Z&A4, S $4 d59 471(dBm)

ryt Hole AF&=(b/s), ki Boltzmann 4

, Ty 300°K

Algd ol Aol ostd FUYHAH -83dBmell
A 10”2} BERE& 971 913l E,/N,& ¢ 13.6 dB7}k
aF5elAH, o of #4717t /M £ e Hd F&
A4 16.8dB7F Bt #4l7le] ALgd® RE9 o5
#F FERAF 2 IIPE E(3)S 2ol Yehdd, F417)
o AH o5 FEA4 2 IIPe Z+ & 774B,
10.84dB, -27.65dBme°l®, 64dBY d#=& U

B 3. A7 ALRE AR 34
Table 3. The specification for devices at Rx

BPF1 | LNA | BPF1 |Mixer | BPF2 | Limiter | LPF

o5(dB) [-101] 10 [-1.0| 6 |40} 70.0 [-30

dB)| 1.0 { 47 [ 1.0 [ 17 [ 40 { 80 |30

]
IP(dBm) [ 100 | 7 | 100 | O | 100 55 100

32

www.dbpia.co.kr



160

HEEE S AR CEE 95-11 Vol. 20 No. 11

® o] 7F&El LNAS (Z2¥7)0 HodAe Alad o
S AR se AY 53 9y 2 £33 Fo5dd ¥z
wao] fzalz)e] AEel & 93 A

2. Quadrature Detector2| 73

DECT E&EdelM 5 F3g e 110.592 MHzol
W, GFSK ®#zwa g Argsty] & 33+ Fab
B2712 §7] A%, 2% Z %, limiter-discrimina-
tor (quadrature detector) %2 & Al%& 4 i},
A FeEe Ao ALHE WAL 2o B34S
Aoz 733t limiter-discriminator W&
APed, B =8dAaz o WAE Agy oy
110.592 MHzo| H#3 quadrature detector A
Asted £A4E FAGY. 110.592MHzel M 3=
g Tdded, AeEe % 429 EeHd 548
nHdor gt 53, RIY Col val L& o} F ¥& Q
W(RT 30 v g sixln 2ok, 9wbAQ RLC ¥
gzote 22 (Y 8)9 =} o] AAsrgen,
quadrature detector® discriminator® 4<% &
A Bzx718 FELT. A¥oME dHHE sPEA
A FZ2E B2HEAded 2 #& dF 150nH oAA
200nH =Xt}

DI |

Nter

— lPF
IF $le

fr

A I

O8 7. IF #41¢
Fig. 7. IF receiver

E 4 d9 53 "eo A9 B3 gele g ZHe} diF A&
(2 &= x 10

Table 4. Error rate for BW of BPF and LPF(error
rate=value x 10°)

B;(MHz)

B,(Mz) 0.806 | 0.921 | 1.037 | 1.:152
690 1.74 1.34 1.21 1.33
921 1.52 1.24 1.38 1.71
1152 1.36 1.26 1.55 2.21
1382 1.32 1.29 1.63 2.38
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3. LPF dA
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Fd ZAguled AGHgS A, =23, AY T3 Ye
ol g EE UR A MAstw, dolgst meaA ug
A5 AdR A% 135 549 £ gd. asee
doletE HH3A E2¥ & UEE FEFH ANFE ¥
Fate A g E L 2 tgojor gl A9 E3 Py
o d9E(B)3 dd YE(SAW filter)e Z(Byo]

2Hgd ale 9L (FE 4o ey, B =8
oA AE¥ o gElel Ze of 2 MHzAE He R
& AHEHT A8M ALER A9 B3 dHE dgF
o] 700 kHz3 =< RC ¥HZ F#ES o AT}

710 4l

AgzH 2719 Al 2 nz2%E AHEPAT, HAH

2 Fbg AL 8§ MHzelw, AAE Fos §47
9 Fag H5AE (28 99 et A WA
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Fig. 8. a Quadrature detector with R
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Fig. 8. b Quadrature detector without R
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Fig. 10. The characteristic of modulator for each input
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Fig. 17. Photograph of the implemented Rx
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