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ABSTRACT

Global Positioning System is widely used in many applications with high performance; such as
positioning , navigation , surveying , military , and ete. The GPS receiver is the most important part for
receiving the data stream from GPS satellites. Then, we can bring this data to process and calculate for
position , velocity and time to the user. This study concerns about operation of GPS receivers ,
construction analysis and making a demonstration GPS receiver for understanding and continuous

development.
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P(Y) code phase

1575.42 MHz = carrier {requency
<+—— 10.23 Mbps = clock rate

50 bps = data rale

90°©

C/A code phase

—> J2A

1.023 Mbps = clock rale

1575.42 MHz = carrier frequency
50 BPS = dala rale

P(Y) code signal = long secure code with 50 bps data
C/A code signal = 1023 chip Gold code with 50 bps dala
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Quadrature iU C/A Code @D Data ﬁ’d‘lj:u C/A Code @ Data modulation AU P(Y) Code @ Data
modulation 9A1aW AU 90 a3 Aduaalugl 2.8
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funsEIIUMINERATULLY BPSK #1u Sunzigaeniunaivessia C/A 20460 99Tu 1 9§29
munawm%’aya@Tufu{huauﬂ%@ﬁMﬂﬁWﬁﬂLﬂ?;ﬂuiwmusﬁa PRN 1iieainnisuegaaiy

9 "
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Tlo [t]loo[t]oo[T]o 00 P(Y) code

0 l 1 50 Hz data

w1 110—'1 1l2_l1 11 P(Y) code @ data

—1L 0 l—1— C/A code

0 l 1 50 Hz data

1 0
L— C/A code @ data
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90 89F1 (c) P(Y) Code @ Data (d) C/A Code @ Data (¢) P(Y) Code D Data uogiadiuiy BPSK
yunAunIE L1 a 0 a9ph psaanay 3 dB () C/A Code @ Data woguadunuy BPSK uunay

Wiz L1 (g) Adun Mg L1 fvegaasoudesuadn

51 2.10 uaaeg i wvesnAUA YR UABULATAINTTNERATULY P(Y) Code D Data uaz

C/A Code @ Data 11 L1 azfiwme 154 laufiade P(Y) - Code Chip 1a% 1,540 @i C/A - Code Chip
Y

aaiumsdeumalu L1 92 Relatively Infrequent

ARUWMEAIE L2 (1,227.60 MHz) aunsngnuegian lagie P(Y) Code D Data uaz C/A

A o o 14 9 o é’ @ A ' Y Y

Code D Data #5377 P(Y) 711311 Data 1@nASUAUAIMSIAONYBIATUAIUAY THA P(Y) uazIva
cr/a azliisngwionduiu L2 uag L1 Taeia ldaaunivauaziden P(Y) Code & Daia Tu L2 92
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A1319 2.1 Taseadwduanuifed

oo

Signal Priority Primary Secondary

Signal designation L1 L2

Carrier frequency (Hz) 1,575.42 x 10¢ 1,227.60 x 10¢

PRN codes (chips/sec) P(Y) = 10.23 x 10¢ and P(Y) = 10.23 x 10¢ or
C/A = 1.023 x 10¢ C/A =1.023 x 10¢

Navigation message
data modulation (bps) 50 50!

*The code usually selected by the control segment on L2 is P(Y)-code.

'The 50-Hz navigation data message is usually modulated on L2 P(Y)-code, but can be
turned off by the control segment to improve jamming performance. There are three
possibilities: P(Y)-code with data, P(Y)-code with no data, and C/A-code with data.

Tuariisuurnzaazlinnsgved Atomic 1AN 1 1ATFIY tHeTeUSDYsA LA
il uﬂ'ﬂxﬁgﬁEmmmgmxﬁﬂawhﬁyuﬁﬂzqmﬁaﬂmﬂ?humuquiﬁ’tﬂummﬁé’w@ﬂummﬁﬂu
Met1aary Tuarafien Block I uag IIA 93331015911 Cesium 2 81 LAYNIAT§IU Rubidium 2 DU

13w pps awdhiadyaolding L1 nag L2 il langndesedaduiinnifion &
Wiy pps axfiSanaitu fe figunsalfildfusie v fimudeusumal Suni1 Auilary Output
Chip- AOC ) 118 Key 1o )dSumsidraes e Y

M3 1% AS Y-code 921/jtasmsidia Tavnsaiy precision code Yeunieeu o vy SPS
«?aﬂzﬁﬂﬁ’aﬂmmm%zLﬂuﬁﬂwﬂ%’ﬁﬂﬂzﬁwﬁaﬁymllﬂ“l%"lé’ urnthalsAanrhoenfuildinse
Tuuvy SPS Aezgnifiers ludae

£y 1 3 ‘s a o Aq Yo Jq ¢
Tu L2 meg hith C/A-Code Mafiithummmanmsdfiasmsvawy 2 AR N UK 19

Y
=1

1 ' Y
wwu SPS - adquadugudsld AS e dafudomaiifiuy sps sxgnéfaldld L1 ¢/a-

Y

g Y . . : £
flupeediana 1onospheric delay YU

Code vN1¥R11LY SPS 19a110d IdiReanwRmy) Tedu
q’ o 1 L o a v Y v '
unumsianilasnse G lvdanwgadeatieeni
2.3.1.1.1m3safevpausHa Taons eyt PRN (Direct Sequence PRN Code Generation)
3 ) o o Aq 9Yq aa
31 2.11 uerasuden laeziunsuvesmsadwvuausialagasaueesia PRN #190u3Roa
A o 1 Vo a LY 1 A 9 Y o 3 1
o1l umatin CDMA 53 PRN udazuuuildunnldanumeseass 2 drlundazuuy
b4 dou A 1 = J A d‘ ~ v @ Qa’/ o
Tﬂﬁiﬂ@mmumima'smv}aawmgmazuwﬂzmm‘ﬂw‘mm delay  I@MNBUALAWTA INUUNUIE
[ . o % 9y { 4 o
39U 1AB 1995 Exclusive-Or $1UIU V84 delay wulsiu ldRguiieady PRN Number ¥84A1369103
a0 [ (=1 o ‘/J
Tunsdived P-Code Delay 9%iifnmilon PRN number d11 C/A Code Delay aeisuuondnuaivy

v
(K% 1 1 U Y
9N IATINLNAAZA A1 delay At ary 13 Tumrs1e 2.2
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1.023 Mchip per second rate
1023 chip period = 1 msec period

Gi(t
G1 Generator w ! JF\ > C/A Code
/ \‘/ Gi(t) = G1(t) ® G2(t + i Tg)
4
A
1.023 MHz X1 Epoch o
- Satellite i
G2 Generator Delay
G2(t) diTg
+10 ¢ X1 Epoch 10.23 Mchips per second rate
/ 15,345,000 chip period = 1.5 sec period
4
Clock X1 Generator X1 J\ p P Code
10.23 MHz V\AJ Pi(t) = X1(t) ©@ X2(t +i Tp)
10.23 MHz
X1 Epoch
Satellite i
A
X2 Generator | X2(t Delay
iTp

10.23 Mchips per second rate
15,345,037 chip period
37 chips longer than X1(t)

9 4
qU2.11 ealianuaines

El Aa v a . P=1
Wied C/A Code D Gold Code NIAMNBIIVRIVLILTHALLIY 1,023 T (chip) HA1UIAT
d 4 o
T 1 ms (11709910 chipping rate Y94 C/A-Code 9 1.023 MHz ) 71 2.12 iarasan1inonssuns
P ) o . A (daa < & v R
BONUULIIUIUBITNBINAST WIHE C/A 39Uzl 10-bit ¥WATIAAD3G1 1Ay G2 #eaF19 Pseudonoise
~ a & Aa aa [~ ~ 3| «25
eN) Tan lagegafinammenn 2'-1 = 1,023 Ta (anugnilshinssameday hidl fe Fusudia
a V=1 A A JdeY s Yy & a <
YUA) 1319205 UIEITMIRALUAIILT IAAuLBSnes Insldatyeanvumaadgduumiu 1 +
i 4 i 1 { . a (da : o =
x, iilo x' fledeyaluvesh i vosdunIdameiFerzgmirldiiuiudunnues modulo - 2 adder
3 1 o
(Exclusive-Or) 48 1 Menuemnnued adder szgnilouluseansn lu C/A-Code uiLBITIADS
9 9 a 1 daa o Y aa 4 dy
1224713 11 Feedback Tap Y04 G1 - 3T Taumasgnaanuaiag 3 uag 10 33maes amatiazgnsin
o ! A 9 . @ A ~Hq ¥ a o
MULAagAINIBUY AI83993 Exclusive-Or taziloundumiaas 1 wiuwildetueaniilnenssy
a (daa c’dyd 3 10 A g @ 3
YIITTIAADTUAD Gl = 1+x +x ~ WHUIMAZANIUITUAUT TN C/A-Codeltay P-Code 19U
I A (daa o Y & g Y o = '
wasnes ynIvames gnashen 1uaealuniing 2.3 C/A-Code Fuilulendnuaivesauiivaa
< o ' £
arAN TUNANIINMT Exclusive-Or AUTEHINYLILDIWHNFT delay Y09 G2 HAZVLIULIN
a & o A4
mﬂmm&‘uaq Gl Waued delay 11 G2 PN Code 9210auTaon15 Exclusive-Or mxmm‘wgmﬁaﬂ
% & J C% 1 q’/’ ¥ A [ Y] wa A 4
YOS tap 2 DU FAUBIMHNVBUTUZITUNTT G21 NeTTieanIn VLT HAPRN Hasauianiuiie i

o

v o v oo Aa a é} { v 4 {
nudyauvest e sa ) sziAamladumnlasidyas hinffeulas wihives tap 2
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LY a (daa a 4 [

ouU G2 Wi Taumes Tugy 2.12 AelddinmavesIfalu 62 iefvusiuimavesifaly G1 Tag
1 A (daa A a o r:xy 1 1 { 4

Tidoamsmis Saaesiiu@nlumsih delay 71 uAazA1989 C/A-Code PRN number 12iRuI1Ti0q

AUE MUY tap 2 BULU G2

1 t:'\ 9 Y 1 9 o @ P=1 o [ @ Y]
AT 2.2 ﬂHﬁllﬂu‘U@Gmﬂ’)uiﬁﬁlm%ﬂ'ﬂﬂﬂﬁ"’ﬁﬂigﬂ1ﬂ3ﬂ1’llﬂﬂllﬂ1ﬁ‘i UIva C/A LlaginaPp

" SV C/A-Code C/A-Code P-Code First 10 First 12
PRN Tap Delay Delay C/A-Chips P-Chips
Number Selection (Chips) (Chips) (Octal)* (Octal)
1 20 6 S 1 1440 4444
2 3e 7 6 2 1620 4000
3 40 8 7 3 1710 4222
4 S® 9 8 4 1744 4333
S 1& 9 17 S 1133 4377
6 2010 18 6 1455 435S
7 16 8 139 7 1131 4344
8 26 9 140 8 1454 4340
9 30 10 141 9 1626 ¢ 4342
10 26 3 251 10 1504 4343
11 30 4 252 11 1642 E
) 4 S5® 6 254 12 1750 A
13 6® 7 255 13 1764 i
14 76 8 256 14 1772 &
1% 8 9 257 15 1775 3
16 9@ 10 258 16 1776 b
17 1® 4 469 17 1156 i
18 2D 470 18 1467
19 3o 6 471 19 1633
20 a® 7 472 20 1715 “
21 5@ 8 473 21 1746 e
22 60 9 474 22 1763
23 16 3 509 23 1063
24 4@ 6 512 24 1706
PS5 AP ¥ 513 25 1743
26 6@ 8 514 26 1761 o
2% 7@ 9 515 27 1770 b
28 8® 10 516 28 1774
29 1@ 6 859 29 1127 ‘
30 2 ® 860 30 1453 “
31 J® 8 861 31 1625 f
32 4@ 9 862 32 1712 4
33+ S® 10 863 331 1745 f
34t 40 10 950% 34 1713t “
35t ] gl 947 35 1134 “
361 20 8 948 36 1456
37t 40 10 950% RYA 1713t 4343

*In the octal notation for the first 10 chips of the C/A-code as shown in this column, the first digit (1)
represents a 17 for the first chip and the last three digits are the conventional octal representation of
the remaining 9 chips. For example, the first 10 chips of the SV PRN number 1 C/A-code are 1100100000.

TPRN codes 33 through 37 are reserved for other uses (e.g., ground transmitters).

$C/A-codes 34 and 37 are identical.

A3 2.2 1DTVIWMTIINAUYD tap TULAAZAIYDS PRN Number aZaAde1 delay Y84 C/A Code
“ ! ) w 1 2
(chip) PRN Number 32 mmﬂﬂﬂ‘ffj?ﬁ‘ﬁiUﬁﬁu‘umﬂnlﬁfm(Space Segment) PRN 33 019 PRN 37 )
1%/5( MT ugﬁuéﬂu 191 Ground Transmitters (GTs) GTs %zqni%’adeMa I (concept demonstration
A d' A w o 9 1 ~ 1 p=1
phase) VoNINDH L‘W@EJ‘L!EJ‘L!fﬂ?‘V]NTLlLLagﬂ’ﬂlJﬂmﬂ@]i’]\i‘ﬂ@\iﬁgﬂﬂﬂ@u‘ﬂﬁ]zﬂﬂ@ﬂ@ﬂﬁ!ﬁﬂﬂu LLﬁ%’,QLUﬂﬁ

FWAUAYAIINENANATAA GT C/A-Code 34 11ag 37 aginilounu

32584
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1371922 BauaAg 10 chip 43NVBIIHE C/A 1Az 12 chip usnvaesHa P Tunuuavgiuia
Tausungasuvesdlad Medrary yuaua luui3dmsy 10 chip usnvessia C/A Wil PRN

MYAY 5 AB 1001011011 1agd MU 12 chip H3AYD93HA P 911 PRN Magiay 5 fim 100011111111

L G1 roglxt.r’ l Gt
1023 MHz T2 4 2 | 3| 4 5 ] 6 I 718 9 10{
‘clock 1 L 2
| 1
; :x;och Set to “all
| ones”
! : Xiepoch
¢ 1 :
[ Y 50 Hz
{ 1 R Data Clock
i C +20
1 I |
| 7% '
G2 reglster
| 1'2J3 s)s |7 8*91101
| 1.023 MHz clock T i 1

1023 decode

s | N

Gi(t)

G2(t+ di Tg)

712,12 /A Wanuesmes

a g Y= 9 4
ANTN23 ﬁﬂ"lll%L'iﬂJﬂHLLﬁ%WHuﬂJﬂlaﬂ ﬂWL@ﬁIﬂﬂL%uLu@ﬁL@@i

Register Polynomial Initial State
C/A-code G1 1+ X+ X" [RRERRSRAN!
ClA-code G2 T+ X2+ X'+ X0+ X% X2+ XY IRRBRGRR Y
P-code XTA 1T+ X0+ X +X" e X2 001001001000
P-code X1B P4 X+ X2+ X5+ X2 e X2 X4 XM X2 010101010100
P-code X2A P4 X'+ X' X X0+ X7+ XA X2+ X4 XM 4 XM 100100100101

P-code X288 L+ X2 X e X X0 e XY 4 X2 ' 010101010100
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23.1.2 SETAUNAU

v 1 k4
Tuaae 24 szagUissdundenudigai 18Yuvesdagaiieadie 3 uuy Tavldaw

9o

9) v @

oMU uaz Tun1319 2.5 wieraen e ifeadesiudyna L1 uas L2

MINeRAALILY BPSK 92nszdayaal RF Ty code bandwidth wafil@aenisnsyaed
aunasfuveddya useUAduNIME Ll tay L2 5Wa C/A wNIZTWANIVRITYIY L1 VU
Lmnmujf]%NﬂanJﬁ'(Bandwidth) 2.046 MHz ﬁg{us‘fﬂmaﬁ 157542 MHz %o P(Y) 92033910
ﬁWﬁlﬂilE]\iﬁltUuﬂﬁm%\i L1 tiag L2 vuinuanunianuf 2046 MHz Sgudnateii 1575 42 MHz wu

L1 uag 1227.6 MHz U L2

1 @ [ o {1 Yo @ 9 !
A1 2.4 a3UmszAuNaIIud e 183 vussdaanadfioa 3unulasldmeeinianien

18 L1 L2 P(Y)-Code

Puarameter C/IA-Code P(Y)-Code or C/A-Code
User minimum received power at 3-dB -160.0 -163.0 -166.0

gain linearly polarized antenna

(dBw)
Adjustment for unity gain antenna (dB) -3.0 -3.0 =3.c
Adjustment for typical RHCP antenna 34 3.4 3.8

vs. linearly polarized antenna (dB)
User minimum received power at unity -159.6 -162.6 -165.2

gain RHCP antenna (dBw)

k7 v

M3 2.5 A iNadesiudyyia L uaz L2

Parameter L1 P-Code L1 C/A-Code 1.2
User minimum received power -163.0 dBw -160.0 dBw -166.0 dBw
Users lincar antenna gain 3.0 dB 3.0 dB 3.0 dB
Free-space propagation loss 184.4 dB 184.4 dB 182.3 dB
Total atmospheric loss 2.0 dB 2.0 dB 2.0dB
Polarization mismatch loss 3.4dB 3.4 dB 4.4 dB
Required satellite EIRP +23.8 dBw +26.8 dBw +19.7 dBw
Satellite antenna gain @ 14.3° worst case 13.5 dB 13.4 dB 11.5 dB
BLK II off-axis angle
Required minimum satellite antenna +10.3 dBw +13.4 dBw +8.2 dBw

input power 10.72W 21.88W 6.61W
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i THE L SIGNAL‘]

PidBWi
2,046 MHz

C/A CQOUE
7

180 P CODE

163
{ iHzl

1575.42 MHz1

¢

———— 20.46 MHZ

PGB W

| THE L:SIGNAU

P CODE

166 pP—

- : - ' — f Ho

—~— 20,46 MHz

71/ 2.13 nansmlaniN(Spectrum)yasdry o L1 wag L2 dedsnganeneveuniesiui gain
0 dB VuiuinTan aefilsneusite C/A veadyane: L1 UA18a-160 dBW  3¥a P(Y) vudyno

L1 §ifda -163 dBW wazsvia P(Y) vudayayial L2 A -166 dBW

23.1.3 9178130151115 94 (Navigation Data Message)
' L wn o a a o o o a9 A g
YIAITATUITOINAND 50 Hz %waguummﬁ P(Y) uagind C/A uuazmay‘ﬁmﬂu
Y {1 o o a a ' 9/ '
nsnuaivssmieuidedyguuazdeyani lvesnaienynaas Foyafuss oy uteyaun
-] 1 S o dy
AITNITUITDINANY
19 = —
- NA1UBINTANUDYA (Time of transmission of the message)
o d ad o
- LFUA 191795 115A (HandOver Word (HOW) for the transition from C/A-code to P(Y)-code
tracking)

9 [ a P
foyamsud Ty (Clock Corection)
9 an a

YayasiNeTa

kY a (Y ey B P
VBYAGUNINUBIATINTUAN A YY1 (Health data for the transmitting satellite)
4

9 [ .
- YayABANUA (Almanac and health data for all satellite)
Vv
2 mimawf\?\h%aﬁm%”mmuﬁmaesi?umsmmﬂ‘laiaiumm{ (Coefficients for the

ionospheric delay model)

- InevlFuaitens fianaigind (Coefficients to calculate UTC)
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9 1 o 1 1 a 1
YeyainmImMaieszlssnoudan 25 suveadoya uanzimsudl 1500 Tn udazimsy
[} | 1 2 a 1 1 [ ! 9
zgnuiveantiu 5 lsudeu(subframe) il 300 nde 1 msutes UsnT1ee 50 Hz 3151901 6
Y ' 1 v
wilumsiy - Tyduvumileududie 25 msu uagldinm 125 infiiefiozsun 25 wlsy  wlsw

1 { 9 v @
douh 1, 2,3 Uyduuvvesdeyamiouniumia 25 msu

8T NO -
T T T T T T T
SUBFRANE TELEMETRY HANDOVER OCK CORRECTION
1 WORD WORD aocxc € seC
1 1 1 1 1 1 E
30 30 >0 &0
T T T T T 1 T
SUBFRIME TELEMETRY HANOOVER
WORD WORD EPEENERLS 12 s6C
: 1 1 ! ' 1 1 !
&0 &x e 0
1 1 T 1 T T T
SUBFRAWE TELEWETRY HAROOVER
B VORD wore ePrEvERIS 1eser
| 1 1 1 sl B! 1
%0 0 950 7
T T I3 T )3 1 T
SUBFRAME TELEMETRY HANOOVER
N WORD (MULTIPLEX) MESSACE (CHANGES THROUGH 25 FRAMES) HisEC
1 1 i 1 1 ] 1
1200 10 1260 150
1 T i} [ I T T
SUBFRAME TELBETRY HARDCVER SURERR CLEALTHSTA TUS:
5 WORD WORS (MUCTIPLEX) (CHANGET THROUGH 2= =2 w€ 5] wiEC
1 1 1 A 1 1 1

125 MINUTES BEFORE THE ENTIRE MESSAGE REPEATS

31/2.14 dnmsmstives

wsugeuiil ussydeynmandludyarannfindmivaifoniide. iaginsfinedd
oS Ui IIBIuS LAz quA IMvBada ol

wiudesiiz 3 U35 98NBT AM19 a0 (Ephemeris parameter)ifiofiog 19 1 am g ma
vosmuen  dwmsuldluaums vendumis

v oA & i = & g 9 o
sudeu 4 uay s ideyaderzfounasmaea 25 wisw dudeyadaiudeyaniiyves

=1 c?/l A @ 1o o 9 o 1 =7 1 qydl
ANINYUNNINUA LLﬂ$LﬂS'PNillulﬂJi]'lLﬂuﬂ@\ﬁ'iJ@EJ’Nﬁ’Jmi'J %ayammuﬂa
9 g % - a
- VORAANUIUA (Aimanac data and low-precision clock correction)

v ! . . .
- ﬁjayaqﬂjmwzmmmmzamuzimaa%’w (Simplified health and configuration status for

every satellite)
' A g v o
- a3 NuGI8nYT (User text message)
1 ar o o o o oﬂj =TS o .
- alaeviliisad mivuuuiaesdussonialeTe Tumilosiazmsdmnunagia

(Coefficient for the ionospheric model and UTC calculation)
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° ‘& v A
1.4 MIMOUVBUATBITVINEA
2.4.1 M31ADNAINYN(Satellite Selection)
. a 3 4 o ' = A g P
ATEUAUMSLNTA(Tracking) 9215 MU 1AY wdasdurgmmadienads lnuiiuld 18y
Yy A o v a < a Yo A o 3 A A
Msumsa SunsesduannsadaqumMINaaTiuAIRon lATUN Fuazideanoihrnome 9z
a‘ o/ o [~ = . e el v A 9
MIUNIALAYITUATZIIUMI S UF I MIveurUATINN(Satellite Visibility) 9zAATUIINTRYA
o . ' A . A v o '
SauUAGPS satellite almanac) 1AZAINITUTTNIVU(MTD user input)lTNAUVDIIAWATAWNUIVDN
Auéyéuqugv ldydlllalw & . a ycvsq 4 9
n50e3y dadunsoesy liiaumarify 3 duaziTuiinmsds1anesi(search the sky) FIIAUN
) s& daA o d P a A A 19 aou . . A
glausunenTiovdyenfe I C/A W EsnAdock) 183 nanfsualmieiaguIdedn view) e
anifougnunsaEvuiesndn iseedUIzaINInANEgIARTEYAN1IINTeY uaz"lé’%uﬁwﬂwﬁwm
foyasauuun wumanﬂu'dmuzaﬁumweuamnmﬂwma@mwmiuﬂau ﬂmaaﬂ@nmwuu
2
muamﬂuamﬂmﬂﬁmmmsaesu uumfoi]wmaﬂawwﬁﬂiuﬂnmwmmmu wSoldaufiond
uqmmwwmmmai‘mmammwmuwm aEs tazina1 wanamsAnasineziinugndes
' o a = Y1 o ) o Y A o
WAA NS 1 4R1doy 4 a9 S asms A NE U uveuAT R T LAE NI T ZIIANANIN
A1
d' [ 1 1 =1 1 s 1 a' a a o a,.// .
wsaeiudn Inajizimsaaaiennan. 4 @R natieen iy luIgenanua(all-in-
. & A I=1 1 o Y 9 d
v1ew) Sudsennms s fidszusnseniNaNuFUEeL ANYNABSE LATAIWLTLTI(Robustness)

ddd

[ zg (Y 9
Lﬂi T "U‘ﬂ:l‘]ﬂ‘ﬁlﬁBﬂﬂﬂll“ﬂﬂ‘wﬁﬂﬂ‘ﬂ%‘lfum gInNU Iﬂﬂﬁlu@gﬂﬂﬂ'\i ﬂixmmmmq 1GN

POWER

e

GPS CARRAIER

e st |

/ CARRIER + CODES -

W NOISE
JHHm »

(B! '
— dateifly '

NOISE
/ .

WANTED
i ¢

RCYR

ARH
| CaRrAIER

/ SPRELAD NCISE
e~

- I

9 o k4 o A
51 2,15 nserd wenalsaanlansuuagMIas AR IUALIN
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242 MyTudy a1y (Satellite Signal Accquisition)
v Y 0 1
Sdsesdaauaiivuiiuii lanwfiadinissauveadessuniu flesnnmsueg
madyu Taritmlsaalnaiy anugevesaelaes uazidsasyssaraiion
A A o o o A o ) a 9/ ~ o P Y
efiahdyaunduin inveeiueylfimaiinldnnesiadi(code correlation) TABIZAII
o = o a o v o [ v v o Ay Yo A o A
wydsunudygairsudun uasninndaldasdiudyyanlaiy TaunTedveziten
o P 9/ v o =) A Yy a @ % =]
daanaudounuyliasimatch)fudyainua1ion e InaRaN AN (code match) HYYAIAINE
gnaBuMIa(compressed)nd uiunaudinmeAudiutia dwanaslugy 2.15
19 o A o A P a o '
AAIF(delay) lusriavaunsessy Ao namldlumsumevesdyyiuszninen
= Y A o ° I 9 1 L :f = ' o
Foudunsessy wli 1dszezneenin(zoznenna1AINa 191l 15un319 AT Ul (pseudorange)
sz iiudelilyssosmenuiase iflesnndehildaust ludavesdayaianini(clock bias)yad
n3ea5UBen 11)
4 [ a =Y =4 y a o ! Jd o o
iseeiulavtnAes 1main madengil(phase-locked-loop) 1He%en 1nT Tuddya
4 o kY é’ v o a o 9 g’ . 9
nsaatuatieiunelufudyaui ldsunnaaiion 1faumsanegu(Code tracking loop)asly
o Y Y = o =¥ < = 4 o
wysAdyINTRT C/A iagswe P vaiefiunSofimannegu(Carrier tracking loop) 9iiaimsnnud

v Y v ]
a e o ] o [ I=3 Yaor [
WIMg uNIANIQU(Tracking loop)TeaDtRs AU Moz 185 uazimsadyaaa oy

nanaaagy 2.16

ANTENNA

PSEUDO-
- DELTARANGE
CARRIER MEASUREMENT
—— TRACKING
CHANNEL
PREAMPUIFIER 50'Hz
,. NAVIGATION
‘ A : DATA
V DOPPLER
IF SIGNAL £33 ON-TIME
RF CONVERTER EST.
K Y
CODE
D TRACKING .. PSEUDO-RANGE
Rt
CHANNEL MEASUREMENTS
Lo If

FREQUENCY

SYNTHESIZER )

REFERENCE

OSCILLATOR

L? é o A A R
71 2.16 szUUMsUMSANARAnTReTURTB A 1Y)
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[

Ay Yo d ad 1 = ’ 1 g A Y a o
a1 RF m”lmm:qnmauﬂaunm WIUAIND TF 2 A1 awmﬂummﬂﬂﬂammﬂu

DY)

s & =3
WAL Bz aunsagnusiyaslag A/D Converter

14 t4 '
a a J a s % 9
Sulansuitlaazaioas usesuwuita(inphase and quadrature digital samples) wgnidiive
o 9 [ a Yo Qy o =} a d‘i ' = ad
Snndeyavelaudygunlasy waulladnezl 2 UniKeARRIMIGYIAU(loss) VRINBULIIA
k4
Sarmsusnlacdaddinnnnieasinmsdlvessia dmiusia NRZ fie A11ANI1 10.23 MHz
o o/ Y y 9 ] 1 [ 4 1Y v o 9 5 o’:
Swduswa peY) deliiniledn mlavesdaau145ezdesnun 1314 Local Oscillater Misnuaaz
1 v o Jd o {1 . 4 o
wvnnguuesdrdains iwidyanu i 1A Master Oscillater YBUATOITY
. =t a X " L& o 9
11 A/D Conversion N 1411 U final phase rotation circuit a1 1A WIDUNITA doppler Tu
Aoy lAvgraniud '
v
/) a .
243 Taaunsand (Code Tracking)
9 Qy 9 4 (Y] Jd 1 ~ o
T&aunsanegil(Code Tracking Loop)azliiitermuans Jaglaauisenineaimouin
patunsesy  lavtuzad ndyyadounuusia C/A ypsaiivihwing  alszanaaey
d o ) 3 N A% = ot o
1laas(Doppler)azgmitesn 1 Tavreasmalsindu(Phase Rotation Circui)N@UNIADIIIAIADS
(Correlater)
A A L. Ay Yo 9 o = A Y 3 o = o
reaz Sadag i 185 THas st Udyg R suIL LAY TYYIMIATULILLIZYN
a v o Ay Yo gl o a o o oy J
wifeufudyanahlasveiatusz iy aunlnAnaant vedneIsiAReI 9z over 1 to 10
9 1 o o A 3 ' . Y ' o
ms &1 hiamnsn sumsaetian 18 mavessiafiadwiuazgaasemily 1 chip S liawnsniums
a Y o @ g 9 2 J [ o : 1
avsian ldnsimnsifananuagndunmuds aetifaeazgnifuiazmsyssananaiznszingine
Tfasn sunseieTinisnesaadaie n1saslnsluwusiaazgnisuinll Tasezaeiion
o Ay Yo o o { A 3 < (] a 5 p o 7 z:y o
Fumi 1A Ui vsRamiAavuiF 1nnAwith chip early and codes) szuvilounauaienilazingn
svinIinse ndumishgndes
4 o 4 é o 1o o A QU o/
Tumshthaaunmesadenauegiansgiudeyan1ail eanauu prompt code YN
o A 9 VY oA A oy - Yo o = A Y
ponldandyyruingiun auamdafindeasudsunuIdfudyysudsunuuielvnis
a o o . Y o o o
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RF i | o9 4.6
INPUT 1 i !
07,28, b l REF2
30,31 GP2010 FRONT-END et 10MHz I/P
" 21 44 PIN | o
Cagc l & PLL LOOP
=0 1gu|= R1 FILTER
e | 3 :
22 C1=047uF
1Eopenida /1 i3 Mo B 9 8 18 gy
co C2= 10nF
- = Vce
Ra| | R5| | R6 R2
POWER-ON REF
R4, R5 = 470Q I R3
RE= 1Y 70 71 73 76 77 66 2
o=y DA E EBlE -
= (s > = > =
X, J V) 3N (& Z POWER-ON
a Q2 83 7% REF
=
NOTE: o LADDER
DIAGRAM IS REPRESENTATIVE 5] )
ONLY. REFER TO AN4364 R3=2.7
FOR ACTUAL CIRCUIT GP2021 CORRELATOR R2=2.7k (Vec = +3.0V)
=6.8k (Vcc = +5.0V)
80 PIN

31224 29esarumihiine Taeld5hanGr2000
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ﬂ@ijlalﬂaiiﬂjlcﬁﬁlmaﬁ ﬂzw’]ﬂu']mﬂllaﬂlaﬁﬁﬂgiqu ﬂWﬂﬂ']'JLWEJNV]QﬂﬁQN']LLﬂU’&TL‘leﬂ

o 2 o A Fiey 2 v 2 A q oy
ey MonszuIuMIumIAnedyy v Ao uasisounsansguuaz Taaunsanagy e 1w 1dde

1 o ! { 9 o ] 4 " o 1 . 5
yavnmsmaihsedilveyad wmusvasaisniog lugUiuudumiaa Iaes Satellite Orbit) 7

]
~
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oy . ot A o £y . A g
ﬂ'lﬁﬂ@i‘ilﬁmaiiJg‘VIWHNLLN‘Hﬂ’]iﬂE)S5Lﬁﬂ1’lﬂ1‘ﬁu@l13(SV selection strategy) v l.‘lJ'Llﬂ"Ii

= 1 I} ~ v o v 1 A = A Y o o 1
ANTTUINNATUNYNAINNTINITNT ‘Uﬂiyiy1iullﬂllidﬂ’ﬂ’ﬁ‘i’e]ﬂTJWIEJ‘JJﬂ’J\i‘V]iHJ@HaTIH?(‘JJEJNWﬂﬂ’N

Y ' o 1 1 1 o 1 a ) d 1
Joyadnarsmsthseauazain At szgadslifedmmendimduTiswmaesae 11

M5 2.8 YoyaaniweT avesaufionaash 15,27,31,7

Ephemeris Data Set Used in Pseudo-Range Navigation Example (GPS Time = 150000 seconds)

Fphemeris Data Parameter Value Value Value Value
SV 15 27 31 7
Issue of Data Fphemeris 196 200 125 125
Cosine Correction to Inclination -9313225746E-08 1.136213541E-07 2.793967724E-08 -1285225153E-07
Sirte Corxrection to Inclination -3.725290298E-09 | -1.061707735E07 | 9.126961231E-08 -1322478056E-07
Cosine Correction to Radius 14609375 148 84375 30628125 322
Sine Correction to Radius 699375 7909375 -130.71875 -1285
Cosine Correction to Latitude -3.630295396E-06 4.122033715E-06 -6.921580375E-06 -6.720423698E-06
Sine Correction to Latitude 1.228414476E-05 1.15185976E-05 3.74391675E-06 2983957529E-06
Mean Motion Difference 4.023024718E09 4513045129E-09 4 656622538E-09 4 650550857E-09
Eccentricity 0006778693292 001127019501 0005836840719 0.006999379606
Rate of Inclination Angle 1.817932867E-10 -5928818388E11 | -5418082828E-10 | -4207318109E-10
Orbital Inclination 09721164968 09459886628 09633626261 0963950905
Mean Anomaly at Reference Tine -0.8856059028 0.1225249 -0.6775731485 3.019737078
Argument of Perigee 1.738558535 2.601538834 06715504011 -2568758665
Rate of Right Ascension -7.783538501E-09 | -8.143553497E09 | -8411421798E-09 | -8.25355808E-09
Longitude of Ascending Node -28654714 02200327977 2320031302 2317137898
Square Root of Semi-Major Axds 5153.618444 5153653282 5153.789852 5153.644896
Reference Time Ephemeris 151200 151200 136800 151200
Carrier aidi
zc;z i"" to code bom:
s A
Integrate
i ——LP Carrier loop Carrier loop Numerical
i discriminator > ?/.\ controlled 1
oscillator
Integrate i T
& dump Qrs
Clock

cos
map

SIN
map

Prompt replica code

§ Carrier
NCO

Extemnal pias

velocity

aiding

fc

s 1 J 2
1) 2.25 vaen laezunsunszuIUMIUAS S BN AN
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replica

carrier

Integrate & les
dump

¢® .| Integrate & Ips
dump
Digital

l ) ) Integrate & | lis | L Numerical
IF ‘ET . g dump —>  Code loop |5 Codeloop | p/Mp/M controlled [

YY

discriminator fitter oscillator
> X p Integrate & ’__1
Q ie dump Qes
< dump Qs Clock

Carrier Code fc
cos aiding N(;O
replica bias
carrief
s —"
E P L Notes: 1. Ips and Qps used only for dot product
Code code loop discriminator. These are always
D
Generator used In the carrier loop discriminator.
3-Bit shift register 2. Replica code phase spacing between early (E)
C prompt (P) and late (L) outputs Is d chips
f [ whered < 1and Is typlcally 1/2.
co

< v A
71 2.26 vAen laezunsunszuaums Tnauns gL

4. vonanduTilswaase s

newdnduTisismaed fmihiinensia Decodooyatnasmathioute 17 14deyad
eTa@umuaralasvesar o) uaazad w%’auﬁa%yadwqﬁ%uﬂu c?aﬁuﬁm‘l%’afﬂuﬁa
#023.13 mmiuasaifeyasTlivesmnavutier g liuuRsaECEFtosinisaFioui 4
a2 s fon N FURUS luR1579 2.6 1AzA1319 2.7 1dISemeufuIARAIRS ass uaide

M Yo ' 4 [ ao 4 o ] 4 9
2.6 92 1AG W UAIAT 05 VTS UUNAAECER(x y, 7,) 389 Wawnsn Igatula

SUBFRAME K — ONE SUBFRAME = 300 BITS, 6 SECONDS —
1 ]TLM | HOW | SV CLOCK CORRECTION DATA ] B
ONE
2 ’ TLM | HOW | SV EPHEMERIS DATA (1) ool
3 | ™ ' HOW l SV EPHEMERIS DATA (Il) ' FRAME
25 PAGES OF SUBFRAME 4 AND 5= 12.5 MINUTES
4 ITLM | HOW | OTHER DATA (IONO, UTC, ETC) ] 15 BlTS;
30 SECONDS
5 | LM ] HOW | ALMANAC DATA FOR ALL SVS ] L
. K—  ONE WORD = 30 BITS, 24 DATA, 6 PARITY —
Ny I 8-BIT PREAMBLE ] DATA , PARITY I
HOW
P — 17-BIT TIME OF WEEK ’ DATA ] PARITY]
GPS NAVIGATION DATA FORMAT

31227 dayadnarsmsise
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SV 8: SUBFRAME 1

WORD BITS #1-8 #9-16 #17-24 #26-30
1 1-30 10001011 11000000 00111111 101000
2 31-60 00110101 10110001 10000100 110000
3 61-90 00111010 01010011 00000000 011000
4 91-120 01011000 01001101 11111100 010101
9 121-180 11011010 10110101 10100010 000101
& 151-180 09001111 10001111 01101010 010100
7 181-210 00111010 00111000 11111101 001001
3 211-240 00101001 00101001 01001111 010100
9 241-270 00000000 00002001 10110000 011101
10 271-300 01010010 10100111 01110000 oo1100T

PREAMBLE: 10001011
TIME OF WEEK: 00110101 10110001 1 = 27491 subframes =164946 seconds=1 day, 21 hours 49

minutes, 06 seconds= SV time at end of bit 300 (T)

toc: 00101001 01001111 = 169200

af1: 00000001 10110000 = 4.91127138959 E-11
af0: 01010010 10100111 011100 = 6.30600377918E-04

{Atr = relativistic correction)
ATsy = af0 +af1 (t-toc) +af2(t-toc)2 + Aty = 630.392 microseconds +Atr

A @ EY
LATDNTUITAB

o [ 4 o a a o @ o/
duminnieedulugiazhye,aesdgarazanuge auauduius luiade 253

NINIIL

o
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YAyUAIAECEF N 1aHuinaWGS-84 donou e 1w ldafing

Y ]
wilidhdyvesdauil fle lulasTuswmaesaiusigemiearuiuas Tsunsild

o v 1 ° o 1 Awv o 1 9 Y
szunana ﬁTﬁi‘]Jﬁ’]@EJ'Nﬂ'lﬁﬂ“Iu’Jtlm’lltﬂuQllﬁ%ﬂ?ilkﬂﬁﬂWﬂﬂﬁWlLﬁU\i “lmmm"lﬂumﬂwmﬂ

Y Ao ' & a ) Jd A ! gy A =
ﬂl‘lTV]EJﬂE)EJNﬂu\WE]\‘]LLEJWﬁLﬂ‘b'ui‘l]'iL‘b’ﬁl“ﬁ@i ADAIUANTIUADITIANDT (WBNITIABALIAY

& q¥Y  ga s 2 ~ Ay
ﬁ\?iﬂﬂ@iﬂﬁm@ﬂlﬂiﬂﬂﬁﬂ13!1’]83Jﬂ’3\31’!ﬂ@\3ﬂ']§

MEMORY

MEMORY
_____________________ ., CONTROL
GP2021 |
|
| >
WREN ;
READ |
MICRO_CLK ~_|PERIPHERAL L
FUNCTIONS [CONTHD =
— ! paTA
ADDR

»
\ru ANTENNA :
[
SIGN |
MAG .
SAMPCLK ; 12
! CHANNEL
GP2010| CLK_T | | CORRELATOR
CLKT I
I
PLL_LOCK |
I
i 1
10MHz |
TCXO |
I
|
|
TX/RX

SERIAL COMMS PORT

ARM60

a a 1 1 a v LY 1 A A v
zﬂ 2.28 Uﬂ@ﬂllﬂ@mmil]ﬂﬁ@ﬂ@]@%@\iﬁ')uLLE]WaLﬂ‘]f‘L!IﬂiL“ﬁﬁL%@iﬂUﬁ'ﬂu‘mﬂUﬂ]‘U@ﬂ
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5. AIUUAAIHA
H o Y t:it:\ 0 1 9Yq Yo 1 a CL Jd 1 dy
FaunaaINan MU NAAA e TE 1IN lenuduewalntu Tsiwmyes  aiundaswall

° ' v o y o 3| '
ansai ldvagluuy feegsauiudunsesiuemioevesnuuuiunisuanariiulylag
a o 1 o & ¢ A4 ao oy
aowiunes lnslivevbnimahiealudnie Taonuuiunsatifeeiiawuinlylas T sea
] { 1 J () [ J
a3 saueyfaouazuyui Wi luTas Tdsiwmwessauegdeserdu Tsiwmassvos luTas
a Jd 1 o dyé} '
row R ¥ Tumsdssnana Metivusgiunisesniuy
1 1 ] @ 1 a ) d o 9 an 1
nddeyassnindnuanaasuduenaindu Tsmans i ldva1w3s

NMEA Mode ¥15® RTCM Differential Correction

NAVIGATION DATA

Lat N 51°34.7838° |Spd 8.19 [GboOP 1.4|SUs 11 |HE 2.5|Date ©4/82/97
Lon W 1°46.1167' |Hdg 348.3°|PDOP 1.3|3D Nav [UE -2.1|UTC 15:45:18
Hgt 161.97 |ROC —-8.61|upop 1.8(DGPS Do 149 .1 |0scErr -8.89
CHANNEL STATUS
CH SU ELU aZI  DOPP NCO UERE SF PRert PRRerr ICPerr DiffC LOCK SHR
1 1 25 226 -2928 -2788 32 3 8.1 6.8 6.6 29.6 GCBF 16.2
2 4 9 26 -2479 -2334 32 3 -3.9 8.2 8.8 -42.8 CCBF 11.1
3 25 48 295 2166 2254 32 3 -4.2 -84 6.8 -7.9 CCBF 17.1
4 6 64 187 1568 1714 32 3 -6.6 -0.1 8.8 63.6 CCBF 20.2
5 5 36 88 -2680 -2532 32 3 -8.4 0.9 8.0 5.4 CCBF 15.9
6 24 29 68 -385 -236 32 3 2.7 6.8 8.8 35.3 CCBF 16.8
7 29 14 324 1887 2035 32 3 -8.2 8.2 8.8 -21.3 CCBF 12._1
8 14 68 323 -1585 -1437 32 & 6.3 8.3 6.8 -16.8 CCBF 6.1
2 9 2 139 -3782 -3555 32 3 -3.6 6.1 6.8 -23.0 CCBF 7.8
18 16 2 3586 -317 -162 32 1 v 20— 1 4 6.8 -46.2 CCBF 6.5
11 38 78 77 -1105 -958 32 3 =85 8.8 6.8 -06.8 CCBF 18.7
12 22 8 272 3428 3576 8 8 8.0 8.8 6.8 6.0 3.6
SYSTEM STATUS
3-D NAVIGATION IN PROGRESS (11 PSEUDO-RANGES)

@ [l 7 o !
31229 dredievesweninainsises WINMON

o 13 P U i ! A LV p==1 9 Y 9 1
TUNIUMTIYBUADTIUA W UBDUATDITUINID T "lmmm‘la‘lumﬂwmmmmam
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3.1 HANNIINNUVR IV TAIUHTA(Front-end Module)l1nTesFudneassuneanoa

v
[ o ] LY =4 Y
HanMsTaIUYeINIs AUt e ldasufen laezunsy Al

AGC

Down
Converter

Antenna
L1
1575.42 MHz
N/
/
BPF&

Pre-amp
Reference
Oscillator

Frequency

"| Synthesizer

o (Y o 1 9
zll 3.1 LA Uan ﬂllﬂagklﬂﬁ'ﬂﬁﬂﬂﬂ']i'ﬂn TUUBIINWITAIUNUN

lunsessuiMpassvuaiod

A/D
Converter

vdenlavzunsuvensssdmmihlugy 3.1 dsznevline

TO CORRELATOR
MODULE

—

1299suuuamaiawmesiazwiuonya 1Wioes (Band Pass filter and Pre Amplifier)

2. 299311/asn21unad(Down Converter)

4 o 3 aa -
3. 29esasudygaeuasnidudtnea(Analog to Digital Converter)

4. 2993MUANBAT VYDA TuIA(Automatic Gain Control)

5. AT FUATIHAND (Frequency Synthesizer)

6. mmagNsﬁ(Refereme Oscillator)
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3.2. f'nﬁlfz)ﬂ18‘1]‘”’N%iﬁ'siﬁﬁ-‘!ﬂ‘l&!ﬂii’]ﬂiU%WL@@TiS’U‘ULE‘ﬁWLE’)a

3.2.1 To&@GP2010

A v A = 1 [ 9/ slll = d
ﬂ”lSBE)ﬂLL‘U‘ULﬂi’eNi‘1.]’ﬂwm’cﬁ$‘U‘UL?JﬁWL’?Ji’f1uﬁ’Ju‘U0\3’Ni]i’d’)‘u‘ﬂuW Iﬂtﬂ‘ﬁ DHLIUDI

v
@

GP2010 484 Mitel Semiconductor (fugUnsaindn  ufenlaezunsuledGP 2010 uensIddsdl

175.42MHz FILTER 35.42MHz FILTER AGC CAPACITOR
‘@33 3637) 7 (40.41) O(A:';A'Aj o : '(2i)$?'saéz) """
( FRONT 2nd 3rd )
(29) 4.3MHz IF Output
AF Input O] E =
e X MI)':EDH ST:G: AGC AG STNGE FILTER >0 (4.309MHz)
(1575 42MHz) MIXE! MIXER
: 1.400GHz 140MHz 13L11MH1
| —F TS
! I i == =B -- - ~
! | 1 |
| +5 +2 | | wvr \
l VOLTAGE ! AGC ' !
! | RecuuaToR | CONTROL : !
| | 1
5 |
@ 7 9 ! ! [
EXTERNAL O PLL B W AN T Ao D). i v
LooP ‘@l LoorP | 1 | |
FILTER  Odq FILTER —+ : 2w | | |
: | I > |
I
\ +4 : I | : I
) , ' POWER-ON ! : :
puock U9 PHASE | ; : RESET : | o |
Lo?dc[:))om S DETECTOR T A0 | Vi NEesitaade 3= - T TCI.
! PHASE- ! ; Ol —O 11 or
- LOCKED ) I LATCH i
o | |
el PLL Loorp POWER =3 |
PLL REF /P ! ; 12
‘oMz Rera O———+ REFERENCE : CONTROL ! MAG 02 G
BRERA OSCILLATOR orP L0 1Lop
: ! ) LATCH I
. l | 1
B (25)L ______ L U 2 B : A->D an- SAMPLE
1 o— CONVERTER L1 O CLOCKIP (CLK)
(FORUSEWTH I . Y o) S | (5.71MHz TTL)
CRYSTAL REF : = 5 -
oum ORI W, pois) RN feud {7 F AL - N /U
40MHz CLOCK O/P BITE  POWER-ON POWER POWER-ON
(FOR CORRELATOR (TEST) REFERENCE DOWN I/P RESETO/P
CHIP) I3 (PDn) (PRESET)
(OPCIK +-) (PREF)

71 3.2 vAenTaezunsunivlyled Gr2010
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3.2.2 90aggaNITAIUNUN
D
_— RF I/P
13
6801
| e T
<3 AGC+
== 100n
1 12 —-]—47 l\‘l"‘l_lﬂp ] {Cage >
c26] c27] cu
2204 2204
= vee
1K
R2
c9”102
s ] | C8a
cd|s 10.000MHz
[ 3p 3p CRYSTAL NLED
L.. Y
c13 == =gof2 = —i| |
3p i 3p c7 cs c4
~ARY 5p - 22p 2p 2N2907A
W/ H
C4a c
1-20p ]i_‘
N — . il L
cza c23 =3 =
CAPVAR 10p _{
VCC Cc21 ll_n ) 3
__| = N
\\1 1_TEST >
cz ”'_‘ J B
47n LEDN 2~
10 T
R4 RS
e 5o 22 1K 1K |
2
2
5601 1 1
b’ —
" vee
4 Ls 39 17 {
40 GPZO]O 16
[ 41 15 ] '
I 42 4
43 13 c19 c20
1 2 44 % 12 47n 1n
34 9,10 5
l 5.6 11,12 l ~feofr] | =
— — B
- =" Ll 4
8 7
Dwo2s5 as | L oraxo
Dwss | | RAnA N LL—_l__
FILTER Ls & B)rs = vee
100 279 fﬂ
big| | | R7 L———{sie8
6.8K T
a1 1 e
47om Lq}““ &) LCLK
47n R8 On
___“_ 27K I {PRESET> =
o o
- oo L] -
A
Title N
GPS Receiver (SPS)
Size Number Revision
Al FRONT END MODULE
Date: 2-Apr-1999 | Sheet_of
[ File: AZFRONT_EN.SCH | Drawn By:
1 2 3 4

! %
51 3.3 29T AIUMIN
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SAW FILTER

v

DW 9255

fadTumu

R1
R24.,5
R8
R7
RY

o A g
AVUYIUN

L1,2.3
14,5
L6

L8

CRRITIEED)

[])

C1,29

(9,15

C3,18

C4,5
C19,22,26
C7,10,11,12
C8,8a
C4a,9,23,24,28
C16,20,21,25,27,31
C30

Cvary

Cl4

ATARAOA
LED
TR

35.42 MHz - 2MHz Passband

27002
1kQ)
2702
6k8C)
10Q)

220pH
560nH
2u2H

680nH

047LF
10nF
0.1pF
22pF
47nF
5pF
3pF
10pF
InF
100tF
1-20pF
100nF

10.000MHz
Yellow —-LED
2N2907A
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HaANMIMNU
MeMAvaunTess LI auUUeaien wsimihRTudyana L1 157542 MHz 91n
=) = <} 2 A o da o
Amunsuaveuny el Tnan lsdvesagemeniuuanaumyuyn (RECP) uuuAIATvodaY
9IMANA1 2.046 MHz ounsasva C/A  dyaaaaiiouizdesgnueeTaensueuiiuy low
. . ~ d' [ =1 A Yo 1 Y o’! o
noise amplifier (LNA) Nicngenmieniiesnindyayiaaaiieninsy laianissnn  simiudygiuan
~ 1 Y 1 1 Y A A J a o A £ A
MENITAIUIZINATAIUNUT (SuNNWIasWHDUANIadawes 1WenTod IMmwizauney
v v 1
1575.42 MHz iy mintiudygisdegndeae lfsesuainnuiag
4 P A d a4 o 4 . A do
vfasanufas Amihfudasnauias 3 a5e fe U 1 sgshmsiinddyaia L1
< o { A s = " @
ATWN157542 MHz A2eaW0 1400MHz 1inlaneaseddaames 214w IF usnviiiy
k4 v v [ 1 [
17542 MHz ~ 9u# 2 sgfimsiindaiun 175.42 MHz A28a21308 140 MHz a2 1da1108 IF Adeq
< & A o a = = = A
3542 MHz  9u#l 3 azsiimstindn0iud 35.42 MHz A0a2100 31.111 MHz 92 18a01@ IF 7
aWNY 4.309 MHz
{ [ { 3 (% an
9993 A/D converter @1agudannneundennini 4.309 Mz Wiudygiauaiaea Tay
Y v 1
mausnilasdyauemdentenguandon arwd 5714 MHz wldnd IF vesdyaiu
an v W d| e 1
AT AINIU1.405 MHz Tagie1vwniilu 2 bit Ain f1 SIGN Liag MAG
P - A qy ¢ 4 & 4 A
AGC FMNAILANSAIINTUYIY (W 1A 1M HNYe 19T LLasnunadiuh 3 fio
' ' ' Y '
2100 IF Ny UAnsiuaziiniain lsfaues MAG  asimify30%  Taeviinis doundumdt
d' n’/’ a 3 a 1 A 1 ~ n’;’ a [
wnvsulasnamasvud 3 lliduduwnianues AGC fiegsgnianssuasanuiiasiui 2 fu
b4 (]
UN 3
AY A @ o A o Y A % a A A 9
NITANNND WAL NITTUATIZHAIUD AT wnulumsnanaud e ldluns
A o 4 ! A4 &
ingaudvedsudasaauiiag aamdnad iy fe 1400 MHz, 140 MHz, 14ag 31.111 MHz

$ 9 = 1 1
ANNDB19BeN 1A 10.00 MHz
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N1INAaLaTHNaN1INAaeg

o . { o =4 EEY 2 1
A udyy i GPS Maaduassauyselfwanslugyd 4.1 Failudiuvesisss Font-

k% Y
End GPS Receiver MMIMINATaUAITNIOIUAINIUABUA1G) Aase 11

v o

71 4.1 yasudryayras GPS AlFlumsnaass

4.1 negeumsiauvesled GP2010
4.1.1 humpunisnaaes
Aounadnioliveo) +5 Taaddugesudyuin GPS iienageumsiamvesledin
annsavha18vse il TauSarafwnnaseuaede
1) LD - PLL Lock-Detect (41 19 ¥04 lo@ GP2010) a238iAm1nnd1 Vee - 0.5 Taad
2) PDN - Power-down control i/p (¥117 ¥84 lo% GP2010) msfiardszuns 0 Toad
3) TEST - PLL Unlock Control i/p (¥1 18 we4'led GP2010) aasiisnvszana 0 Toad
4)  Pref — Power-on Reset Referrence i/p (V18 ENIGE, GP2010) AFUAIMNINAI 121 Taaﬁ
5) Preset — Power-on Reset o/p (¥19 voqlod GP2010) A250AMINAT Vee - 0.5 Tyad
6) OPCLK- - 40 MHz clock o/p (v1 14 wa4 1o GP2010) dryanainaslianuaziiiu Square-
wave filuoulgmnnndt 100 mv p-p
7) OPCLK+ - 40 MHz dlock ofp (v1 15 w4 led GP2010) dyanainlsiianyazieaiy
dyqulude 5) uandumady
8) FnmusunadBeNaTaana (11 24 vedled GP2010) Aaz v JanuLSRAIIE

10 MHz tagNiouagnegsgning 0.1 09 1.2 V P-p
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4.1.2 #an1Inaang
o A 1 < @ dy
Wﬁﬂ'li'lﬂ‘ﬂfgﬂ'ﬂﬂﬁ@Uﬂ1\1”]k1]u@\3u

1) LD — PLL Lock-Detect {A11)szanas 4.897 Toad 31l 42 uaasieanniz “Gen” voq

1
Il

<} ) a { a a
wanadengl meluled GP2010 viufesz Taardis Teuuudasiiii 10 MHz 91naSaneas 1984

meuen aegl 4.3

Tek Run: 500kS/s Sample
{ T

L 1

] i
B o a6 a0 e T T T T T T T .i..=..‘.
VMWWM‘WM A:
- . : ' = ; - : . Ch1 Mean
e il O e e 4.897 V
e
.Emg 3V ST B 1T TV o 1) s T A7
e 2 Mar 1999
04:48:40

31 4.2 ardnan Tvithi LD sizegiuanizmladon

Tek I8 1GS/s 128 Acqgs
; F

Ch1 Freq
10MHz

I~ n . o\P o 1ovH
1?/\? : : : { ch1 Pk-Pk
\ 960mv

Ch | P E—— — R 30ms ChT 7 g0mv
1 Mar 1999
20:17:40

5143 dyaad1edeniousn 10 MHz 1Inas daoa
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2) PDN - Power-down Control i/p {f11szanal 37.14 Gaalaad feg)) 4.4 1iufelilalins

a1 lo “?f@gﬂuﬁ N13% Power-down

Tek SITE 500kS/s 634 Acqs
i I. T h |
i U v J
..................................................... hi Mean
37.14mV
: o -4
: & .
5 T T s e e
P11 A : AT T000s ChT 7 T6amv
3 Mar 1999
02:50:05
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—*— Pref

--®-- Preset
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31 4.8 nsmluaasanuduiusve e ina Wi Preset fivs Pref

o

6) ANYMYBITYYIW Clock 40 MHz 1 1o GP2010 tiaaanag 4.9
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@ MITEL

SEMICONDUCTOR

GP2010
GPS Receiver RF Front End

Supersedes edition in August 1996 Global Positioning Products Handbook, HB4305-1.0

The GP2010 is Mitel Semiconductor second generation
RF Front-end for Global Positioning System (GPS) receivers.
The GP2010 uses many innovative design techniques and a
leading-edge bipolar process to offer a low power, low cost
and high reliability RF Front End solution . The GP2010 is
designed to operate from either 3 or 5 Volt power supplies.

The input to the device is the L1 (1575.42MHz) Coarse-
Acquisition (C/A) code Global Positioning signal from an
antenna (via a low-noise pre-amplifier). The output is 2-bit
quantised for subsequent signal processing in the digital
domain. The GP2010 contains an on-chip synthesiser, mixers,
AGC and a quantiser which provides Sign and Magnitude
digital outputs. A minimum of external componentsiis required
to make a complete GPS front-end.

The device has been designed to operate with the GP2021
12-channel Global Positioning Correlator, and DW9255 SAW
filter, both also available from Mitel Semiconductor.

FEATURES

B Low Voltage Operation (3V - 5V)

H Low Power - 200mW typ. (3V supply)

W C/A Code Compatible

H On-chip PLL Including Complete VCO

B Triple Conversion Receiver

B 44-Lead Surface Mount Quad Flat-Pack Package
B Sign and Magnitude Digital Outputs

H Compatible with GP2021 CMOS Correlator

APPLICATIONS

H C/A Code Global Positioning by Satellite Receivers
B Time Standards

Bl Navigation

B Surveying

ORDERING INFORMATION
The GP2010is available in 44 pin Quad Flat pack (gullwing
formed leads) to Industrial (-40°C to +85°C) grade.

ORDERING CODE
GP2010IG GPBR Industrial - Plastic 44-pin PQFP

DS4056 - 3.4 October 1996

n— >
o —r
T 1e
TTr— 0¢
T 62
T 82
T /2
11— 92
o —
T 2
I— g2

GP2010

JO0mIamD

Q)

il it
—muam;rﬂcowé. GP44
! Pin Name Pin Name
1 IF Output 23 | Vec (DIG)
2 | PLL Filter 1 24 | REF 2
3 | PLL Filter 2 25 | REF 1
4 | Vge (OSC) 26 | Vee (RF)
5 | Vge (OSC) 27 | Vee (RF)
| 6 | Vee (OSC) 28 | Vee (RF)
| 7 | Vee (REG) 29 | RF Input
8 | PRef 30 | Ve (RF)
9 | PReset 31 | Vge (RF)
10 | Ve (10) 32 | Ve (RF)
11 | CLK 33 | O/P 1-
12 | MAG 34 | O/P 1+
13 | SIGN 35 | Ve (2)
14 | OPCik- 36 | I/P 2-
15 | OPCik+ 37 | I/IP 2+
16 | Vpp (10) 38 | Vge (IF)
17 | PDn 39 | Vge (IF)
| 18 | TEST 40 | O/P 2-
| 19 | LD 41 | O/P 2+
120 | Ve (DIG) 42 | Ve (3)
% 21 | AGC - 43 | I/P 3-
22 " AGC + 44 1 1/P 3+
‘ . |
Fig. 1 Pin connections - fop view
RELATED PRODUCTS AND PUBLICATIONS
Part Description R ef?a?:; dp
DW9255 35.42MHz SAW Filter DS3861
GP2021 Twelve-Channel Correlator DS4057
GPSBuilder-2 | Twelve-Channel GPS receiver DS4004
development system
GP2010 Design with the GP2010 AN4364
GP2015 Small RF Format Front End DS4374
GP2015 Design with the GP2015 AN4533




GP2010

ELECTRICAL CHARACTERISTICS
The Electrical Characteristics are guaranteed over the following range of operating conditions (see Fig. 3 for test circuit):

Industrial (I) grade: T, = -40°C to +85°C
Supply voltage: Vg and Vpp = +2.7V to +5.5V
Test conditions (unless otherwise stated):
Supply voltages: Ve = +2.7V and +5.5V, Vpp = +2.7V and +5.5V
Test temperature: Industrial (1) grade product: +25°C
Value
Characteristic Min. Typ. | Max. Units Conditions
SUPPLY CURRENT
Normal mode - Analog interface 55 77 mA Pins 5, 23, 26, 32, 35, 42
- Digital interface 9 14.5 mA Pin 16
Power down mode - Analog interface 3 6 mA Pins 5, 283, 26, 32, 35, 42
- Digital interface 3 5 mA Pin 16
Power Supply Differential 100 mV Between any V¢co/Vpp pins (Note 7)
Power down Response time 3 us (Note 7)
IF STRIP
Front End/Mixer 1
Conversion Gain (G1) 11 18 25 dB Ro = 600<2 (Note 2)
Fin= 1575.42MHz
Noise Figure 9 dB Zs = 50Q (Note 7)
Input Compression (1dB) -22 -16 dBm
Input Impedance 15 Q Pin 29 (Notes 1 and 7)
3.6 nH (Notes 1 and 7)
Differential Output Impedance 700 Q Pins 33 & 34 (Note 8)
RF Input Image Rejection 8 dB Finy = 1224.58MHz (Note 7)
Stage 2/Mixer 2
Conversion Gain (G2) 22 27 33 dB Fiy = 175.42MHz
Input Compression (1dB) 5 14 mV rms
Differential Input Impedance 700 Q Pins 36 & 37 (Note 8)
Differential Output Impedance 500 Q Pins 40 & 41 (Note 8)
Stage 3
High Gain (In terms of total strip) 106-G1-G2 dB (Note 6)
High Gain (G3) 75 dB Fin = 35.42MHz
Gain Control Range 60 dB (Note 3)
Differential Input Impedance 1 kQ Pins 43 & 44 (Note 8)
IF Output amplitude 60 85 120 |mV rms| CW input (Note 3)
IF Output impedance 1 kQ Pin 1(Note 8)
4.3MHz Filter Response
Flatness 4.3 + 1MHz 1.5 +1.0 dB
Rejection @ 0.5MHz 14 dB (Note 7 and 9)
@ 50MHz 45 70 dB
2 BIT QUANTISER ’
Sign Duty Cycle 40 50 60 % ( q
Mag Duty Cycle 20 30 | 40 9 |, NOe0)
AGC Time Constant 2 ms Cagc = 100nF
ON-CHIP PLL SYNTHESISER
Phase Noise 15kHz Loop Bandwidth
+ 1kHz -68 dBc/Hz | -
+ 10kHz -75 dBc/Hz
+ 100kHz -88 dBc/Hz (Note 7)
+ 1MHz -110 dBc/Hz
+ 5MHZ -120 dBc/Hz
+ 50MHz -120 dBc/Hz
PLL Spurs -50 dBc (Note 7)




GP2010

Value

isti Units iti
Characteristic Min. Typ. | Max. Conditions

VCO Maximum Lock Frequency 1414 MHz

VCO Minimum Lock Frequency 1386 | MHz

VCO regulator output voltage 3 3.3 3.5 v (Note 4)

VCO Gain 50 150 | 240 | MHz/V

Phase Detector Gain 5:3 V/rad | (Note 7)

10MHz Reference Input 0.1 0.6 1.2 |V pk-pk| Pin 24

10MHz Reference Input Impedance 5 kQ (Note 11)

PLL Lockup Time 6 ms From Power up (Note 7)

PLL Loop Gain 150 dB (Note 7)

DIGITAL INTERFACES

Sample Clock, Power Down, Pins 11, 17, 18

Test Inputs.

Viu 2 Voo v

Vi 0 0.5 Y

Input Current High |y 10 HA Vi = Vpp

Input Current Low Iy, -300 pA Vi = Ve

Sign/Mag Outputs Pins 13, 12

VOH VDD"1 Vv ‘o = -0.5mA

VOL 0.5 V |0 = 0.5mA

Sample Clock to Sign/Mag Delay 20 ns CL = 15pF, RL = 15kQ (Note 7)

40MHz Clock Output

High Level (Vop) Vpo-1.25| Vpp-1 [Vop-0.8] V Pins 14 & 15

Low Level (Vo) Vou-0.1 \ (Note 5)

Output (differential) 220 mV p-p | CL = 15pF (GND) (Note 7)
CL = 5pF (Diff) (Note 7)

Duty Cycle 43 % (Note 7)

LD (PLL Lock)/PReset Outputs Pins 19 and 9

Low Level (Vo) 0.2 0.5 V lo = 0.5mA

ngh Level (VOH) VDD'1 VDD v {o = '10}1A

Power-on Reset comparator input Pin 8

Power Reset Reference Level 1.9 1.35 \Y

Power Reset Reference Input Current -10 10 pA

Notes On Electrical Characteristics:- All RF measurements are made with appropriate matching to the input or output
impedances, such as balun transformers, and levels refer to matched 50ohm ports (see figure 3 for test circuit)

1.

o e s

RF inputimpedance (series) without input matching components connected - expressed as Real impedance with reactive
inductor value. Measured at 1575.42MHz.

Input matched to 50ohm, output loaded with 600ohms differential

Maximum Stage 3 input signal amplitude for correct AGC operation = 20mV rms.

VCO regulator voltage measured with respect to Vec (OSC) - pin 5.

OPCLK outputs are differential and are referenced te Vg

Minimum gain requirement expressions:

-7dBm < -174dBm/Hz + 19dB + G1 + G2 + G3 - 21dB + 63dB
where -7dBm = typical IF Qutput level with AGC active (equivalent to 100mV rms)
-174dBm/Hz = background noise level at RF input

19dB = sum of LNA gain and noise figure
-21dB = total loss in 175MHz and 35MHz filters
63dB = summation of noise over a 2MHz bandwidth

Rearranging the above expression gives G1 + G2 + G3 > 106dB.

This parameter is not production tested.

This impedance is toleranced at +/-30% and is not production tested.

Roll off occurs in on-chip capacitive coupling IF Output to input of ADC circuit. Not measurable at IF Output.

. CW.input on pins 43 & 44 of 35.42MHz at 7mV rms.
. Thisinput impedance applies to the typical input level. The impedance is level dependent and is not tested or guaranteed.

5
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PIN DESCRIPTIONS
All Vge and V¢o/Vpp pins should be connected to ensure reliable operation

Pin No.

Signal Name

Input/Output

Description

1

IFOutput

Output

IF Test output.
Connected to output of Stage 3 prior to the A to D converter.
A series 1kQ resistor is incorporated for buffering purposes.

PLL Filt1

Qutput

PLL Filter 1.

Connected to the bias network within the on-chip VCO. An
external PLL loop filter network should be connected between
this pin and PLL Filt 2 (see below).

PLL Filt2

Output

PLL Filter 2.

Connected to the varactor diodes within the on-chip VCO. An
external PLL loop filter network should be connected between
this pin and PLL Filt 1 (see above).

4,6

Vee (OSC)

Input

Negative supply to the on-chip VCO. (See Note 1)

Ve (OSC)

Input

Positive supply to the on-chip VCO.

Vee (REG)

Input

Negative supply to the VCO regulator.
This must be connected to GND.

PRef

Input

Power-on Reset Reference input.
An on-chip comparator produces a logic HI when the PRef
input voltage exceeds +1.21V. (Nom) (See Page 3).

PReset

Output

Power-on Reset Output.

A TTL compatible output controlled by the Power-on reset
comparator (See above). This output remains active even
when the chip is powered down. (See pin 17 - PDn).

10

Vee (10)

Input

Negative supply to the Digital Interface. (See Note 2)

11

CLK

Input

Sample Clock input from the correlator chip.

A TTL compatible input (which operates at 5.714MHz if used
with GP2021 correlator device) used to clock the MAG & SIGN
output latches, on the rising edge of the CLK signal.

12

MAG

Output

Magnitude bit data output.

A TTL compatible signal, representing the magnitude of the
mixed down IF signal. Derived from the on-chip 2-bit A to D
converter, synchronised to the CLK input clock signal.

13

SIGN

Qutput

Sign bit data output.

ATTL compatible signal, representing the po/arity of the mixed
down IF signal. Derived from the on-chip 2-bit Ato D converter.
synchronised to the CLK input clock signal.

14

OPClk-

Qutput

40MHz Clock output - inverse phase.

One side of a balanced differential output clock, with opposite
polarity to Pin 15 - OPClk+. Used to drive a master-clock signal
within the correlator chip.

15

OPClk+

Output

40MHz Clock output - true phase.

Other side of a balanced differential output clock set, with
opposite polarity to Pin 14 - OPClk-. Used to drive a master-
clock signal within the correlator chip.

16

Vpp (10)

Input

Positive supply to the Digital Interface. (See Note 2)
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Pin No.

Signal Name

Input/Output

Description

17

PDn

Input

Power-Down control input.

A TTL compatible input, which when set to logic high, will
disable ALL of the GP2010 functions, except the power-on
reset block. Useful to reduce the total power consumption of
the GP2010. If this feature is not required, the pin should be
connected to 0V (Vgg/GND).

18

TEST

Input

Test control input - Disable PLL.

A TTL compatible input, which when set to logic high, will
disable the on-chip PLL, by disconnecting the divided-down
VCO signal to the phase-detector. The VCO will free run atits
upper range of frequency operation. If this feature is not
required, the pin should be connected to 0V (Vgg/GND).

19

LD

Output

PLL Lock Detect output.

A TTL compatible output, which indicates if the PLL is phase-
locked to the PLL reference oscillator. Will become logic high
only when phase-lock is achieved.

20

Vee (DIG)

Input

Negative supply to the PLL and A to D converter.

21

AGC-

Output

AGC Capacitor output - inverse phase.

One side of a balanced output from the AGC block within IF
Stage 3, to which an external capacitor is connected to setthe
AGC time-constant.

22

AGC+

Output

AGC Capacitor output - true phase.

One side of a balanced output from the AGC block within IF
Stage 3, to which an external capacitor is connected to setthe
AGC time-constant.

23

Ve (DIG)

Input

Positive supply to the PLL and A to D converter.

24

REF 2

Input

10.000MHz PLL Reference signal input .

Input to which an externally generated 10.000MHz PLL
reference signal should be ac coupled, if an external PLL
reference frequency source (e.g TCXQ) is used (see fig. 6).
If no external reference is used, this pin forms part of the on-
chip PLL reference oscillator, in conjunction with an external
10.000MHz crystal (see fig. 5).

25

REF 1

Input

PLL reference oscillator auxillary connection.

Used in conjunction with Pin 24 (REF 2) to allow a 10.000MHz
external crystal to provide the PLL reference signal if no
external PLL reference frequency source (e.g TCXO) is used.
This pin should NOT be connected if an external TCXO is
being used (see fig. 5).

26, 32

Vee (RF)

Input

Positive supply to the RF input and Stage 1 IF mixer.

Both pins 26 & 32 (V¢ (RF)) are connected internally, but
must both be connected to V¢ externally, to keep series
inductance to a minimum.

27, 28,
30, 31

Vee (RF)

Input

Negative supply to the RF input and Stage 1 IF mixer.

Pins 27,28, 30 & 31 are all connected internally, but must ALL
be connected to OV (Vgg/GND) externally, to keep series
inductance to a minimum.
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Pin No.

Signal Name

Input/Output

Description

29

RF Input

Input

RF input.

The GPS RF input signal @ 1575.42MHz from an external
antenna with LNA and filter is connected to this pin via an
input-matching network (see fig.4).

33

O/P 1-

Output

Stage 1 mixer output @ 175.42MHz - inverse phase.

One of a balanced output from first stage IF mixer, to which
one input of an external balanced 175MHz bandpass filter is
connected. External dc biasing is required via an inductor
connectedto V¢c(RF) - the value of which is dependent on the
filter used.

34

O/P 1+

Output

Stage 1 mixer output @ 175.42MHz - true phase.

Second of a balanced output from first stage IF mixer, to which
the second input of an external balanced 175MHz bandpass
filter is connected. External dc biasing is required via an
inductor connected to V¢ (RF) - the value of whichis dependent
on the filter used.

35

Vee (2)

Input

Positive supply to the Stage 2 IF mixer.

36

I/P 2-

Input

Stage 2 mixer input @ 175.42MHz - inverse phase.

One of a balanced input to the second stage IF mixer, to which
one of the balanced signal outputs from the external 175MHz
bandpass filter is connected.

37

/P 2+

Input

Stage 2 mixer input @ 175.42MHz - true phase.

Second of a balanced input to the second stage IF mixer, to
which the second of the balanced signal outputs from the
external 175MHz bandpass filter is connected.

38,39

Vee (IF)

Input

Negative supply to the Stage 2 IF mixer, and Stage 3 IF block.

40

O/P 2-

Output

Stage 2 mixer output @ 35.42MHz - inverse phase.

One of a balanced output from second stage IF mixer, to which
one input of an external balanced 35.42MHz bandpassfilter is
connected. External dc biasing is required via an Inductor
connected to Vee. (See Note 3)

41

O/P 2+

Output

Stage 2 mixer output @ 35.42MHz - true phase.

Second of a balanced output from second stage IF mixer, to
which the second input of an external balanced 35.42MHz
bandpass filter is connected. External dc biasing is required
via an Inductor connected to V. (See Note 3)

42

Vee (3)

Input

Positive supply to the Stage 3 IF mixer.

/P 3-

Input

Stage 3 mixer input € 35.42MHz - inverse phase.

One of a balanced input to the third stage IF mixer, to which
one of the balanced signal outputs from the external 35.42MHz
bandpass filter is connected. (See Note 3)

44

I/P 3+

Input

Stage 3 mixer input @ 35.42MHz - true phase.

Second of a balanced input to the third stage IF mixer, to which
the second of the balanced signal outputs from the external
35.42MHz bandpass filter is connected. (See Note 3)
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(—E MITEL

SEMICONDUCTOR

DW9255
35.42MHz SAW Filter for GPS Receivers

The DW9255 is a Surface Acoustic Wave (SAW) bandpass
filter for use with the GP2000 Global Positioning System
(GPS) receiver chip-set, available from Mitel Semiconductor.
It is pre-tuned to the exact 2nd IF filter requirements of the
GP2010 & GP2015 RF front-end devices, with a centre-
frequency of 35.42MHz. The response is tuned for a flat
passband, steep stopband and uniform passband group-delay
with 3 external inductors. The device is realised on a Lithium
Tantalate substrate and housed in a small leadless ceramic
Surface Mount package.

The DW9255 gives significant improvement in correlated
GPS Signal-to-Noise Ratio (SNR) performance compared to
conventional LC bandpass filter schemes. This aids satellite
signal acquisition and tracking capability from the GP2000
GPS chip-set. This device effectively filters out-of-band
(unwanted) noise in the GPS signal. The Automatic Gain
Control (AGC) within the GP2010 and GP2015 RF Front-end
devices will then operate only on in-band noise for optimum
gain and supcrior correlated GPS signal strength.

FEATURES

Centre Frequency of 35.42MHz

Insertion Loss of 17dB +1dB (typical)

1dB Bandwidth 1.9MHz (typical)

Passband Ripple 0.8dB (typical)

Low Profile Ceramic Surface Mount Package

Operating Temperature Range -40° to +85°C

APPLICATION

® Commercial Global Positioning

RELATED PRODUCTS AND PUBLICATIONS

e Data
Part Description Reference
GP2010 | GPS recciver RF Front end DS4C5E

GP2015 | Miniature GPS receiver

RF Front-end

DS3861 - 3.1

November 1997
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DW9255
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Fig.2 DW9255 used with GPS chipset

ELECTRICAL CHARACTERISTICS (Typ. @ 25°C)

Parameter Min Typ Max Units
Centre Frequency < 35.42 - MHz
1dB Bandwidth 1.6 449 c MHz
Insertion Loss 16 17 18 dB
Amplitude Ripple - 0.8 1.6 dB (pk to pk)
(34.62 to 36.22MHz)
Relative Attenuation <28MHz 35 40 : dB
(relative to insertion loss) <31MHz 30 35 » dB
<33.5MHz 21 261 - dB
>37.5MHz 21 25 - dB
>40MHz 25 30 - dB
>50MHz 30 40 3 dB
>63MHz 28 35 - dB
>73 - 110MHz 40 45 = dB
Group Delay Ripple - 190 300 ns
(34.62 to 36.22MH2z)
Maximum Group Delay 2 1.6 1.7 us
(34.62 to 36.22MH2z)
Operating Temperature Range -40 - +85 °C




DW9255 used as 2nd IF filter for GP2010/15

Centre Frequency 35.42MHz

Pass Band +1.0MHz (within £1.0dB)
Insertion loss 14-18dB

3rd IF Image frequency at 2nd IF  26.8MHz

Source Impedance 50092 typical

Load Impedance 10009 typical

The second external IF filter is connected between the output
of Stage 2 and input of Stage 3. It is required to define the
bandwidth of the RF section of the GPS receiver, hence it is
critical to the receiver performance. The filter should be flat
across the 2MHz bandwidth of the GPS Coarse-Acquisition

(C/A) code signal. It should also have high rejection (greater

DW9255

than 20dB) beyond this bandwidth, and so should have a brick-
wall type response at these extremes. The DW9255 SAW
filter provides a 1dB Bandwidth of typically 1.9MHz centred on
35.42MHz, with a typical pass band ripple of 0.8dB, when the
SAW input and output capacitance is resonantly matched with
inductors of optimum value. The out-of-band signal rejection is
better than 21dB at +2.0MHz, and better than 35dB at
+7.5MHz.

The frequency response of the DW9255 SAW filter with
matching components is shown in Fig. 3. The matching
components used with the GP2010/15 device are shown in
Fig. 4.
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-20 /
-25 /\

Insertion Loss (dB)

]

] |
\ |

n |

o\

-35 l il Y ‘r

40 | |
32 33 34 35 36 37 38

FREQUENCY (MHz)

Fig.3 Typical frequency response of DW9255 SAW filter used as 2nd IF filter



ARMG60-B RISC Processor

Overview

AemvITeEL

BEMICONTHICTOR

The ARM60-B is a low power, general purpose 32-bit RISC microprocessor. It is an implementation of the ARM6
macrocell, packaged in a compact 100 pin Metric Quad Flat Pack. Its simple, elegant and fully static design is particularly
suitable for cost and power sensitive applications.

32 bit RISC processor

32 bit data bus

g
=}
Address Register
d 32 bitaddress bus
1
(]

i

Big and Little Endian operating modes

Address
Incrementer

High performance RISC
27 Dhrystone MIPS @ 5V/30MHz

O Temperature range -40°C to +85°C

Instruction
Decoder
&
Logic
Control

Register Bank .
O Low power consumption

1.2mA/MHz @ 5V fabricated in 0.6um CMOS

[ Fully static operation
ideal for power sensitive applications

Booth’s
Multiplier

Barrel O Fast interrupt response
Shifter for real-time applications
O Virtual Memory System Support
32 bit ALU Motrucicd 'O Excellent high-level language support
Pipeline & O Simple but powerful instruction set
Read Data
Register 0 IEEE 1149.1 (JTAG) Boundary Scan

Write Data Register to ease testing

1 ual]

Applications:

The ARMB0-B is ideally suited to those applications requiring RISC performance from a compact, power efficient
processor These include:

Telecomms - eg GSM terminal controller

Datacomms - eg protocol conversion

Portable Computing - eg palmtop computer

Portable Instruments - eg handheld data acquisition unit
Automotive - eg engine management unit

Information Systems - eg smart cards

Consumer Multimedia - low cost controller

Ordering Code
P60ARM-B/IG/GPFR

For full details please contact your local Mitel Semiconductor Customer Sevice Centres
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1.2 ARM60 Functional Diagram
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GPS Architect

12 Channel GPS Development System

OVERVIEW

The GPS ARCHITECT (Figure 1) is a development system
intended for Global Positioning System (GPS) receiver
design where a GPS receiver function needs to be
embedded within OEM products at low cost.

GPS Architect operates as a 12 channel ‘All-in-View’ GPS
receiver. Purchase of the product entitles the developer to
use or modify the GPS code and to embed into host
systems without royalty or extra licence fees.

The product uses the Mitel Semiconductor GP2000 chipset
with the PBOARM-B processor (Figure 2). AllGPS software
(in ‘C’ source) is supplied for acquiring and tracking
satellites. The software may be modified by the developer
on a PC, and is compiled using the ARM Development
toolkit supplied with the system. Within the source code, all
routines have been extensively commented.

In addition to the software, the system contains a 12
channel receiver board with PC interface ports for receiver
control and monitoring, and is supplied with active antenna,
cables and user manual.

FEATURES
B Complete development system for GPS receiver
design using 12 channel architecture

B Optimised acquisition, tracking, and navigation
software available in ‘C’ source, with unrestrictive
licence for use

H Differential GPS capability through serial port, giving
higher accuracy

B Software and hardware debugging and monitoring
facilities

B Up to 50% spare processor capacity using the ARM
RISC chip

All soltware tor GPS operation 1s supphea for a Windows™
V3.1 or Windows™ 95-based PC. It is intended that the
developer can use the GPS code ‘as-is’, or enhance it to
make it application-specific. ~Software is written and
compiled on the host PC using the ARM Toolkit. Code
development is interactive, with GPS Architect providing a
hardware platform to host the compiled code to prove
operation.

DS4605 - 2.5 March 1997

Figure 1 GPS Architect

The full GPS Architect System contains:

Main board mounted in a plastic case

Active antenna with magnetic mount and cable

GPS software (on 3.5 inch floppy disk)

Software licence agreement

ARM Toolkit

User Guide Documentation

Power Supply

Two serial cables for connecting GPS Architecttoa PC

RELATED PRODUCTS

Part No Description Data Sheet
Reference
DW9255 35.42 MHz SAW Filter DS3861
GP2010 GPS RF Front End DS4056
GP2015 GPS RF Front End DS4374
GP2021 12 Channel Correlator DS4057
P60ARM-B 32-bit RISC Processor DS3553

Data is also available in Global Positioning Products
Handbook, HB4305 - 1.0 August 1996.

ORDERING CODES

Full GPS Architect: GPSARCHARM/01/SSTM
Basic GPS Architect: GPSARCH/01/SSTM
(without ARM Toolkit)

Hardware only: GPSARCH/01/HARD
ARM Toolkit only: GPSWT2PDLC/20/SOFT



GPS ARCHITECT

Full System (incl Toolkit) System Hardware only ARM Toolkit
Part number GPSARCHARM/01/SSTM | GPSARCH/01/SSTM | GPSARCH/01/HARD GPSWT2PDLC/20/SOFT
Main board Yes Yes Yes No
Antenna & Cable Yes Yes Yes No
2 PC cables Yes Yes Yes No
Power supply Yes Yes Yes No
Documents Yes Yes No No
GPS Software Yes Yes No No
ARM Toolkit Yes No No Yes
£
GPS Active Memory Control Bus rﬁ_

Antenna

J7 O r
\ / 32kHz [ Random Access - | Read only
Real Time | Memory | Memory
Clock Crystal L 4Mbit | aMoi :
RF Cable & o = & . i e

r{-

[ z GPEGOOCHIPSET |-
| RFFiter |——
S GP2015 Front End

DW8255 Filter
ARM RISC Processor
GP2021 Correlator

Logic Andlysty AcaigserPadess

5

5V Analog & Digital

Supplies i M
| |
]’ 3 TX/RX Pott A 7
‘ Power : Temperature | 2 x RS232 f. B 1 1 xg%Agg; 1
| Conditionint 3 C ted . :3 :
1 & empensated 1 1/Q Drivers U0 Diver |

Crystal
Oscillator

TX/RX Port B‘

8V to 13V DC Input _4
from AC Adapter E:]:] CgM =]
(supplied) Link to PC Serial Ports

Figure 2 Block diagram of GPS Architect
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Figure 3 Connection of GPS Architect to other components



INTERFACING TO THE PC
External interfacing to the GPS Architect is shown in
Figure 3.

The GPS Architect uses one of the on-chip Dual UART
ports on the GP2021 correlator circuit for communications
with the WINMON (WINdows MONitor) program. The
other UART port is used for Differential GPS correction
data if required for higher navigation accuracy. A third port
is provided for software download and interactive debug
during code development. This port is accessed via an
independent UART (not on the GP2021 chip). All UART
ports are RS232 compliant. Only a single PC hosting
Windows™ 3.1 or Windows™ 95, with 2 spare COM ports, is
required for full interactive software development on the
GPS Architect platform.

GPS ARCHITECT

Figure 4 shows the main screen display under WINMON
operation with Differential GPS input enabled. Various
other windows may be invoked to show the current
navigation fix, satellite tracking information, debug status,
processor activity, receiver status etc. as shownin Table 1.

The WINMON interface allows user control of the receiver
operation. These commands allow the developer to set a
number of conditions, such as number of tracking channels,
cold startmode, reference position, initial position, elevation
and GDOP masks, toggle altitude aiding; track modes; and
commands for data logging etc. as shown in Table 2.

Display

Content

Navigation Data and Status

Latitude, Longitude, Geometric Dilution of Precision (GDOP), Date, Time, etc.

Channel Status

Elevation Indicator, SV (Satellite Vehicle) allocated, SV Elevation, Azimuth,
Doppler, Pseudorange Error, Integrated Carrier Phase Error, state of lock, Signal
to Noise Ratio (SNR) etc (for each of 12 channels)

Satellite Summary Data

Almanac Health, Almanac Status, SV Elevation, Azimuth & Dopplér etc

Processing Status

Accumulations, measurements and subframes pending/missed, PLL lock loss,
channels in use etc.

Operating Parameters

Receiver Configuration

Data Logging

Information concerning"t'he logging of receiver data to file

System Status

Navigation status of the receiver (no-fix, 2-D fix, 3-D fix)

Comms Link Status

Status of the PC/GPS Architect communications link

Debug String

ml‘:)_e_bug information as defined by the developer

Table 1 WINMON display screens

COM Port Display Command About Help
NAVIGATION DATA [
Lat N 51°34.7838° |Spd 0.19 |GDOP 1.4|SUs  11|HE 2.5|Date 04/82/97
Lon W 1°46.1167' |Hdg 3u8.3°(PDOP 1.3|3D Nav |UE -2.1|UTC 15:45:186
Hgt 161.97 |ROC -8.61|uporP 1.08|DGPS DO 149 .1|0scErr -0.869
CHANNEL STATUS
CH SU LU /21 DOPP HCO UERE SF PRerr PRRerr ICPerr DiffC LOCK
1 1 25226 -2928 -2780 32 3 0.1 0.0 0.0 29.6 CCBF 16.2
2 4 9 26 -2479 -2334 32 3 -3.9 0.2 8.0 -42.8 CCBF 11.1
3 25 48 295 21066 2254 32 3 -4.2  -8.1 0.0 -7.9 CCBF 17.1
4 6 64 187 1568 1714 32 3 -0.6 -0.1 0.0 63.6 CCBF 20.2
S 5 36 88 -26808 -2532 32 3 -8.4 0.0 8.0 5.4 CCBF 15.9
6 24 29 68 -385 -236 32 3 2.7 a.a 8.8 35.3 CCBF 16.8
7 29 14 324 1887 2035 32 3 -8.2 0.2 6.0 -21.3 CCBF 12.1
8 14 0 323 -1585 -1437 32 S 6.3 8.3 6.8 -10.8 CCBF 6.1
9 9 2 139 -3702 -3555 32 3 -3.6 a.1 8.8 -23.8 CCBF 7.8
10 16 2 350 -317 -162 32 1 -2.9 -1.1 0.0 -46.2 CCBF 6.5
11 38 70 77 -110S -958 32 3 -3.5 a.o0 8.0 -0.8 CCBF 18.7
12 22 8 272 3428 3576 0 @ 6.0 8.9 6.0 0.6 3.0
SYSTEM STATUS
3-D NAUIGATION IN PROGRESS (11 PSEUDO-RANGES)

Figure 4 GPS Architect WINMON: Default Display
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Command

Comment

Active channels

Altitude aiding
Cold start
De-select satellite
Don’'t move

Elevation Mask

Initial Position
Load almanacs

Log file

Oscillator Error
PDOP Mask

Reference position

Reference Position Update

Re-select Satellite

Satellite selection mode

Save Almanacs
Select satellites

Settime

Sets the number of channels (between 1 and 12) that will be used for satellite acquisition
and tracking

Enables automatic 2-D navigation when applicable

Initialises a receiver Cold Start (no initial information).

Manually de-select the use of specified satellite

Determines whether each navigation fix updates the GPS Architect position, or not

Sets the elevation mask (-90 to +90°) below which satellites are not used in the navigation
solution

Set the receiver initial position estimate
Load almanac and ephemeris data from a PC file

Enables saving of navigation fix data and receiver status information to a text file. The
data records can be written at an interval of between 1 and 60 seconds

Set the estimated receiver oscillator error (ppm)

Set the receiver PDOP mask above which navigation will not occur
Set the receiver reference position estimate

Set the receiver reference position to the current navigation fix position
Re-select satellites which have previously been disabled

Three options are available :

- highest elevation

- cold start

- manual selection

Save almanac and ephemeris data to a PC file

Allows satellites to be manually allocated to receiver channels

Set the receiver time estimate

Table 2 WINMON receiver commands




SPECIFICATION

GPS ARCHITECT

The specification below is based on the GPS Architect software as supplied and unmodified. It it expected that, during
development, developers will optimise the software to meet their specific requirements.

Value .
Parameters Units Conditions
Min. | Typ. | Max.

DC Power Supply +8 +16 \Y
Number of channels 12 See note 1
Accuracy 5 m See note 2, Zero base-line. Real-time differential.
Position Fix update rate 0.1 1.0 s
Time to First Fix

- cold start 150 s See note 3

- warm start 45 S See note 4

- hot start 15 S See note 5
Signal reacquisition 2 S See note 6
Velocity 300 km/hr
Height 5000 m

NOTES

1. Software selectable to reduce power and processor loading. The use of 12 channels allows for “all in view" tracking.
2. Without DGPS, Selective Availability (SA) reduces the accuracy to 72m 3D SEP.

3. Cold start: when the receiver is started without any accurate initialisation data. The satellite visibility list is considered
to be inaccurate, and the almanac is unreliable and cannot be used.

4. Warm start : when the receiver is started from user-supplied information (with exception of ephemerides) with an

accurate initial position.

5. Hot start : when the receiver is started from user-supplied information and where the receiver has been reliably tracking
previously so thataccurate satellite ephemerides are known. Generally this requires battery back-up RAM or some form
of non-volatile memory to store the critical data. GPS Architect does not have battery back-up.

6. Satellite reacquisition : when the satellite signal is lost through obstruction following a period of successful navigation.
The condition is entire sky blockage for a maximum of 30 seconds.

More information on TTFF (time to first fix) conditions is given below.

Cold start Warm start Hot start i
Reference 4 ppm Known to within + Known to within +
oscillator error Temperature, 0.1ppm 0.1ppm

voltage and ageing
Satellite almanacs Unknown 1 week old NA -
Satellite ephemerides Unknown Unknown <4 hours old -
Initial position estimate Unknown <100km <100km
Initial time estimate Unknown <5 minutes <5 minutes

Module Connections

Antenna input with 5V supply to antenna

Power Supply input
3 x RS232 connectors -
(see Figure 3) -

Port A - Differential correction input
Port B - Display information/WINMON
Debug Port - To download and debug programme code from the PC.




GPS ARCHITECT

ARM TOOLKIT

The GPS ARM Toolkit runs on PC platforms (386 and
above), and has been developed with special attention to
these requirements. It has a Graphical User Interface
(GUI) and a multi-window debug environment, which
together greatly enhance ease of use and productivity.
The GPS ARM Toolkitis easy to install, and is immediately
available to develop code for ARM6 and ARM7 based
processors. The ARMulator is an instruction set emulator,
rather than a logic simulator, and provides acceptably fast
execution of code in a PC environment. For example,
whereas typical CPU simulators may run thousands of
times slower than the target processor, the emulated ARM
runs on a 66MHz 486-based PC at 1/100th of the speed
achieved by a an actual ARM processor at 30MHz.

ARM TOOLKIT FEATURES

® Cross-development environment hosted on PC (386
and above)

R Full Windows support (Windows 3.1 and above)

M Project-based command shell

B Multiple windows - giving full visibility of source code

and system state

W Supports all ARM6 and ARM7 RISC-based products

from Mitel Semiconductor

B Built-in Emulator for early code development and
debug

B Disassembler available for Hewlett Packard Logic
Analysers

The Toolkit contains six key components:

B Windows-based Graphical User Interface (GUI) Shell
- see Figure 5

B Mature Core Programming Tools (Compiler,
Assembler, etc.)

B Full Software Emulation of ARM6 and ARM7 cores

W A powerful Windows-based Source Level Debugger

B A readily retargetable Debug Monitor

M Validated ANSI-compliant C libraries

includes.h
defines_h
corraddr_h
structs_h
protos_h
externs.h
duart.h

allocate.c
almanac.c
buffacc.c
clock.c
cmd.c
duart.c
globals.c
init.c

io.c
mathsubs.c
postime.c
procsbf.c
itexec.c
svcalc.c
takemeas.c
c:\gpsarmv2Z\libtarmlib. 321
sync.c
rtcm.c
display.c
nav.c
main.c

Other Files
gpsarchiudb re

Messages for gpsarch

Figure 5 GUI Shell, showing Menu Bar, Tool Bar and the main Project and Message Windows



GRAPHICAL USER INTERFACE (GUI)

The GPS ARM Shell is a full Windows GUI, so new users
who are already familiar with popular Windows applications
will become productive almostimmediately. Itallows users
to develop their ARM applications easily and efficiently,
grouping program elements in Projects to aid the
organisatlion and management of complex systems.

All elements of the Toolkit are invoked from the Shell,
generally aided by quick-access buttons, with their options
being set using convenient Dialog Boxes. Ease of use has
been a key consideration throughout the design of the
Shell; for example, double clicking on a file name opens
that file for editing, and different editors can be associated
with different file types to suit the user’s preferences. A
source code editor is not supplied with the Toolkit, but links
are set initially to Windows Notepad.

Breakpoints  Target

GPS ARCHITECT

The Shell also provides a MAKE utility, which checks for
files that have changed, checks inter-dependencies,
compiles, assembles and links the code as necessary, and
creates symbol tables (if required) for debugging. A single
click on the quick-access MAKE button generates a
guaranteed up-to-date executable of the whole project
under development.

THE UDB DEBUGGER

UDB is a universal source-code level debugger. It runs
under Windows, and supports most popular embedded
processors and cross compilers.

A typical screen is shown in Figure 6.

Task View Window Help
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Figure 6 UDB Screen

UMON is the Universal Monitor associated with UDB. It
runson the targethardware and allows UDB to communicate
with, and control, the ARM processor or microcontroller.

During a debugging session multiple windows can be
opened, providing views of source code, disassembled

code, memory contents, processor registers, variables etc.
The information in these windows can be displayed in a
variety of formats, selectable by the user. Most windows
allow interactive editing of the displayed data.



GPS ARCHITECT

GLOSSARY OF TERMS

ARM Advanced Risc Machines Ltd, UK

C/A code Coarse/Acquisition code

DGPS Differential GPS

GDOP Geometric Dilution of Precision

GPS Global Positioning System

L1 Band 1.57542 GHz

PDOP Position Dilution of Precision

RISC Reduced Instruction Set Computer

RTCM Radio Technical Commission for Maritime Services
SEP Spherical Error Probability: The radius of a sphere that would contain 50% of the error
SPS Standard Positioning Service

TTFF Time to first fix

VDOP Vertical Dilution of Precision

The ARM core is manufactured under Licence from Advanced RISC Machines Ltd
ARM and the ARM Powered Logo are trademarks of Advanced RISC MAchines Ltd
All trademarks and registered trademarks are the property of their respective companies
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