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Prediction of the Intermodulation Interference
on the AMPS Receiver Exposed to Radiation from the Low
Power Radio Devices
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ABSTRACT

In this paper, we predicted the radiation field strength from the low power radio devices to force the radio
interference on the AMPS receiver. The predicted value of 79.13[dBuV/m]is the upper value of radiation against
the intermodulation interference emanated from the low power radio devices. To show the validity of the
suggested values theoretical analysis on intermodulation and modeling of the AMPS receiver are performed, and
also measurements on the AMPS receiver IC are carried out. The resultant numerals show the good match
between them within the allowable tolerances.
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Fig. 1. Intermodulation interference in a nonlinear system
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Table 1. Electrical specification of the TQS5135 AMPS
receiver IC

Parameter Typical
RF Frequency 881 MHz
Conversion Gain 25 dB
Noise Figure 1.9 dB
IIP3 (Input 3rd Order Intercepter) -5.5 dBm
DC Supply Current 20 mA

1244

Interferer Signal Sources |

a3 28 ABHE o] deld AEielA,
AMPS §317] Ediol|ld #EF ~dEF o)t} 4]
@l T2 A BT jlEAZelH, T ) /)Y
Falprte] Aols AMPS E419] & Ad 7HAql
30kHz o1l of7|x AWz ZMjL, ok F
he) ZH3 AlE Fbe 881.03MHz9} 881.06MHzE
Qlsle] AE 33 sizw} Ao Als Fulgal
85MHzo} FEFo=A At 10 FIee
966MHzo)3, HA1Ee} LO A5 Fu5E daa
sheetoll 4] AA3H= HAE Falg AHg3Ig)
FAZINA Azl wAAS gdsls 715 &
Hdoll o] Az ZHdv] 2 ¥t 4= glem, o]
A @2 28T 5 Yo’

A A2

S/ N=—>= Xf A, @D
(A121173 )'As

NG, @2

J714 4.9 4 = PR E9} EHAF] &L
ehile), 4 & EHxe] 7HdAlEe] AlZo
th 4 v IP3E F7] 9% 08 A5 AToln,
A fF ZH] AT o] 21Zo] Hrl,

As 7H41E gdsle A3 el F417)
oit} ti2ck AMPS 4717 Baz sk Alsd

—_—

881.06MHz
881.03MHz 4
—_— ‘!>— — I
$81.03MHz 881.06MH LNA (TQ 5135) Ll
z z 881MHz 881.09MHz
RF Frequency
84.97TMHz 881.03MHz 881.06MHz
" Desired
{ ;/ Signal LO Frequency
I e o o I I < —
T T ) Active Mixer (TQ 5135)
\ 966MHz 966MHz
84.94MHz 85.03MHz 881MHz 881.09MHz

3% 2. TQ5135 AMPS 17| &3xte] Falp ~sed]

Fig. 2. Frequency spectrum at the output of AMPS receiver IC TQ5135



=5 AaEY F471719 whabed 2E5"H AMPS A1 ATEE ] S

ZHivl= BAFR 2 SN (Sigmal to Noise) = /I
(Carrier to Interference) 24] Fo]zlch AMPS: A&
Al opdE a1 BAl uirle]n, A7) 3 29) A2
Fpstaal & w4 SXe AAse ARl 9
g 5709] CM(Circuit Merit)o] AH8Elch o] cM#HE
o= 1€ 5711 #de] gled o1 &4 57} 7}
A FE A3 Aldeln, ¥ oMY 4 oS
—3-:TL§1’E]' M 4 OVOLP’] ﬂ]“é]%, 18dB °Vo]'3] CNR
(Carrier to Noise Ratio) °fl #{w32ct = AMPS 41
A4 AR QIR 2L oA S sl
Az AFH] X2 18dB(S/N=7.943)F AHE-
37lell, & =M o] ghe Alsd 7wl 7)
X2 ARgsldef o,

Al @2)°lM 4,./4, ) AMPS®] 18dB k3l 7.943
< ddEisdE W FaRlE 4E AgHe] dolyt
= Y M Alse] #ZFe] Hrkh 4= E 19
PR3l si3el= —5.5(dBm] 9] AUzl 0.1187[v]e]
o, 4,5 A O ZH= FA7NY HaAs
(MDS : Minimum Detectable Signal) 12} P&¥ o] z)
F 2 disizted 8 4 9lrk wskd xEgre
0.096[xV] otk

P, [dBm] = —174[dBm] +10logB, (5-1)
+NF[dB]
Py [dBm] = — 174[dBm] 52)

+101og{30 % 10%) +1.9{dB]
= —127.33[dBm]

A GelA —174[dBm] & 1Hz 3 Ee] ma abe
B, FA718 A5t Felw, NFdB] = 417)
AAL AgA el A4 (526l AMPS &
Ale) & A HedZql souz oF E o) YER} 8l
< A7 ARSI $l9] AL S A
| Az 7] 18dB o) BgElE R HALE
=

(0.1187)%-0.096 < 10” °®
A=
\/ 7.943 ©

= 554.28[pV] = 54.78[dBuV]

oltk. o] At e AALER W] sME
ehel} alxb k7 Desleh ok} QA g Al
NZE FoAAH, A @)l gstelir] AAZRE 7} A
AR,

K{dB/m] = 20log f[MHz] — G[dB] - 29.78 )

E[dBuV/m] =K[dB/m]+ V[dBuV] 8

A7l i e olSolel, Vi Mgt Flolck
A (T @& oledtel Y TMIAEe =718 A
ApEs we,

K [dB/m] = 20log(881)[MHz] —2[dB] — 29.78  (9)

=27.12[dB/m|
E[dByV/m] = 27.12[dB/m| 10
+54.78[dBrV /m]
=81.99[dByV /m]

7 "ok Al (102E2%E AT A=
81.99[dBuv/m] 7} "t Az ¢la] AMPS w27
o] et FAjERAol g glHlL 0] 52 2[dBi] &
7Pkl om, TQS1359] FAIFEE 8s81[MHz] =
ook A (106 B2 AAZE 25 AMPS A1
Z1AA At 7S oA aF FAU]e v

Aol

V. MAZT astxiel 29| AiM ¥ £F i}

Al (10l F1% 81.99[dBuv/m] 3|8 ebdE
Bolz] 913l TQ5135 ICo| =& oAk} &4
& 27 el TQS13590 ik 2o A4S ¢
3lod Agilent AF2] ADS(Advanced Design System) A
EolHE FAlVE BdE sigdch 19 32 2
3 dzreltt mdy ¥ 32 g A9 LNast
gk 702] active mixer & FAE ] glom, o7
29| Fxe} Fdalth 1¥ 45 29 AL A
22X, IR &2 7Y A3e| AATEe)w AR
& Az ZHduleldk o] a¥E& EH A
AAFE Y Z7Fel whebd Alsd) ZHdu)7)E 2R
He As £ e, ol A @24 «d5d
Axjolc}, A} aidox B 4 gl%e), Alsd 7Hd
H] 18dB & =Sk JHMIAAZEE 82.2[dBuv/m)
2 FoA gl o] A o]&HF 0.21[dB] Aol
off B3lsirl B Axle] =& Al okelA] A an=t
(125 AHgsksdch

Ay _ 1776[nV]
S/A B Z_ A()W (11)
P, =PFX +3, (Total) 12)

= (—127.33)[dBm] -+ 25[dB]

1245



2183 =F-%] 08-12 Vol. 33 No. 12

. Mber
ConvGain=dbpolar(9,0)

 PminLO=4
 NF=85d8
TO10

PonTone: ; I\ :

PORT1 V ‘

Num=1 pi
Z=500mm Amplifierd .
Freq[1=RF_freq+spacing AMP2 ‘ -
Freq2|=RF fraq+60 icHz. S21=dbpolar(160)
P[1]=dbmtow(RF_pwr) Neslodg =

P edbmtow(RF pwr} ©TOIE23

. i E o Lo GeinComp=1 dB

8 3. ADSE 7% AMPS 4] 2Ry B8

Fig. 3. Circuit model of the AMPS recciver using ADS simulator

0 [ ——"T0Q5135 AMPS Receiver Sizmiation
5
2 1504
£
o
-] 100
8
g
& 504 |18dB
b+
3
E o
e M
T -
E 822 dBuVim)]

-100-|

20 40 80 80 100 120 140

Interference Field Strength {dBuV/mj
33 4. 29 Aarg 4 AAZE ok A3 746
o] Wiz} 3
Fig. 4. Simulation result on signal to interference ratio in
terms of interference field strength

= —127.33[dBm]

Al anelAl Lrelpv] e A7) el Al
32| =vigA Al (12)9] -102.33[dBm]o] AHZE
Zgkgtom W Felw, A 129 25dBE=
TQ5135 F41712) AF o] 5ol

Al WA} 27 404 =58 o]l %] 9 19
Axl px19] elAdS ZE3taxl TQ5135 ICH] o
3 23S f3ldck 13 5= TQSI135 IC 2 L
3o PEdEE)ol a3 &H 2o 1wl
AR FEslR, aea 3AEE el gich A

1246

PORT4
Num=3
Z=500bm
~ P=dbmtow({-4)
| Freq=966 MHz

% FEI 2= Rogers 4003 (e, =3.38,h=0.5mm)
ZRe AHgslgen, slEY WdlelBe] 225548,
V£ 28V, IP3E 7dBm %2 data sheetell %€
AR ExpzAe 2359 a3 s ¥
5-(b) B2 gt 2 FAEetl Twotone £ 7F
A AE Lo & AlE UAZ|EA AgilentA
E4432B¢} E8257CE 2472t AHgslgl e, IF 443
9] 23 A= AgilentAl®] Spectrum Analyzer<!
EAMSAE AHEsiTh 3R 13 204 AR
o Faleel U Falpd AMgsiled, 4Y
Azl 771 MD Al o] Spectrum Analyzer
dlx ZA=e ZHdeEds FdsA He -95dBm
oA zsptele] M —sdBm Alel7Ex|e] HSlelA
Wl on, Aold &A% mEslglch WA
Y A3 @2E AAE gz skl
IMD AE #HEe AFgos waksled A g
4,9 sl ke 54 29 aE e o
slom, olZlol I eolrh 2 6ol kR H2
9 Hela] 7l ZHIY) A Ry, AR &2

5 w92 Folal Alsc ZHdelelch Alae) 74
H) 18dB o] WgEHE £F3Y P4V AR
FHE g e Aok AAl 4L 4 A
7} 2lA1E ¢ Qe e UleiA SAsged, 2 9
= 28 69l4] “Real Measurement” 2 719 dlo]
€] Folt}. “Extrapolation Measurement” 2 X7)5 d]



EEIAEY A7)0 el 258 AMPS $AV) e AadE T «d4F

Rod
‘1)377
E
B
N

7o) defis HiAlze] oA AA

5]
E
GND
LNA Mxxlth

il
ft gi -
_p?; Ex OND >
. é o .
§
L
|
Signal to Interference Ratio [dB]
o

( —— TQ 5135 Extrapolation Mensuremenj

150 —8—T{) 5133 Real Measurement

100 4

504 118dB

aluE ;}'%ﬂl‘ 50 :
L 56 pF E
= S3dBuvin ] \
Fow -100 <
ke T Yy LA — Y
h 20 A5 80 80 140 120 140
(@) Interference Field Strength [dBuV/m]

O 6. AiRATt R W Aad ZMiel 9%
EECRE!

Fig. 6. Measurement result on the signal to interfere
nce ratio in terms of interference field strength

V. I A5 FMIPIQ MAZE JiEL
Hlm 24

i
ke
g
)
I
)
i)

O
)

v 5 3 AR}
25 3k 9u g =ostuAt gk E 2
B Alad) Zkdn] 1848 slellA] 2ozl AAIE 43
oln, of7]elliz o] & 42|, 2] Ak 3]
®) 7L 22013 ek o371 “Caleulation” & 4} (10)°]] 3
V ozl Abamx o|Re| ZAsle] AlEl Felw
“Simulation” < 2% 40 Bl golth I=lw
“Measurement™ 5 2% 691 2014 glrk ARz} 7he] 4=
A5 oF 24 o] Wfjelld M & A dX = gL
28 ok 4 glrkh F 29] Aubs AR o] Bl T
gk o] 23] Ak, 28]3 ADS AlE#He| oA AMS-
A A7) mdEle] AFslgivhe AL elvisia
ek
% 33} 13 72 St 4R, ae|a viee &
A

) =) x
.2 &

Signal Generator { I Sigral Generator 2

© F TA7719] AAZNE 718 SAE AR v
=7 ?.)T({S%S AMPSI Receiver IC 532 (a) 7-53] Ao|c)!518 zye] A= almel g Folatn]
2% (b) AHE FEHZ (o) AR : i e s s
Fig. 5. The driving circuit for TQ5135 AMPS Receiver IC Aol 3ule] Aejelld] SAT 28Y FAF

(a) Driving circuit (b) Fabricated driving circuit (c) Measur
ement diagram

B 2. Asuz st AR s

olEl: 2F A8 G Hole|E sutez zfat;ﬁeiﬁogﬁggg:s?;e;i r:scp;er value under the situation
slo] gtz Fell woje] weick &4 dielE

£ 7MY #HARRES) Zisbd Alsd kgt Calculation 81.99[dBuV /m]
sk e, 23 4ol 29l £ Al Simulation 82.2[dBuV /m]
ol At siulE Zhech ¥ 6ol WrR &R

A} 79.13[dBuV/m] 3= AlEH] 7HdH] 184dB Sl Measurement 79.13[dBuV/m|

1247



B85 =27 °08-12 Vol. 33 No. 12

E 3. 37, 4, "59] &Y TP A= v1E
Table 3. Technical regulation for the low power radio
devices in Korea, Japan and United States of America

Parameter Typical
RF Frequency 881 MHz
Conversion Gain 25 dB
Noise Figure 1.9 dB
IP3 (Input 3rd Order Intercepter) -5.5 dBm
DC Supply Current 20 mA
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Fig. 7. Technical regulation for the low power radio
devices in Korea, Japan and United States of America at
322MHz ~ 10GHz
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