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Abstract

With the increasing popularity of items containing radio frequency transmitting antennas such as
mobile phones, the specific absorption rate (SAR) must be considered in the design process. The
size of this indicator can measure that the RF transmitter will not cause harm to human body and
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ensure electromagnetic safety, so it is a very important factor when making the transmitter. In
order to ensure the accuracy of SAR measurement, when the measurement system software is
changed or upgraded, or the hardware equipment needs to be adjusted, SAR system verification
needs to be carried out in a timely manner. In this paper, SAR system verification is carried out in
six steps, and the measurement results are in line with the indicators specified in the test, which
can verify that the accuracy of the complete measurement system meets the requirements.
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1. 518

BE 15 B R ARFAHIE N AR, Tl (5 &R ETRN T KA H B AT, H QR e TR 26 (5 1 %
() R AR SR I R, st AR () R R 3 ol — S P 52, R0 75 B0 A Bt LS M R 55 A . SAR O HE
T 5 W AT LA B LIRS o S T LB TE 267 i 1) FEL R I8 g R U LA, L SRR SR i A PR 2L 4
WS T, BAALy Wikg. SAR I /& To 2k A L™ AR Bl 7E— A 70 il 2 23 8 R0 XA A il
&, AR AR SRR RAEINNARGE R, AT HAES E R R K SAR “FIME. @R
SAR REMSTFAITESN REAVE R R, AR = 2R B B kg3,  WITTREAT &P 418 15 e ot T Ak
Tk s 22 A B VPAl o H AT HL R R LA DX SUR S LB T B SAR IBRBIRUE , LA OR AAIE M H
B X LTRSS T A% AN 2 A= AR

H AT FHLEAENATH B A5G i &, R FHLRZE BT R SAR & SR FH P 5752 10
SAR MG TN T B TR FE AR, FE[L] [2]8F 709 23 B8 T LR S0 T A Sk s mm LA &
78 ) LB AN NAT AL SAR EE ¥ ELEL, R[] 7T i 18 1 FHLH AR ST High-Q RET SAR %
EREmE R N7 FFRICFHLR SAR A, /N NERTRE = AR50, TE[4]H & H T —3K MK SAR &
PIFHREL, MK SAR FHLRLM I IHEME T W 5. mH b T KIPEELTE)RHE, kit e
i LTE FHUN BN TRA EWMBIT I RLEER. 75 LTE ME/E, ZHAZHHMIMO) KL RF KR
PZBEEFHLLE, R FE[5] [6] [71815%F MIMO K4k SAR HIEBEAT T HF 74047, R3] T 4F% MIMO
R TR MM E T X, HXFARE MIMO K2k SAR Ml &4 Rty 7 i g, NESH

Table 1. Reference table for equivalent liquid dielectric constants of various test frequencies

= 1 HEMMRSEMNAAFTHRIENEERSER

Freq.(MHz) Liquid parameters Measured Target Delta (%) Tolerance (%) Verdit
& 43.871 43.5 0.85 *10 Pass
450
o [S/m] 0.887 0.87 1.91 +10 Pass
&r 40.760 41.9 -2.72 +10 Pass
750
o [S/m] 0.902 0.89 1.35 *10 Pass
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&r 42.904 415 3.38 +10 Pass

835
o [S/m] 0.884 0.9 -1.79 +10 Pass
& 40.969 415 -1.28 +10 Pass

900
o [S/m] 0.987 0.97 1.77 +10 Pass
& 41.938 405 3.55 +10 Pass

1450
o [S/m] 1.204 1.2 0.36 +10 Pass
& 41.942 40 4.85 +10 Pass

1800
o [S/m] 1.349 1.4 -3.62 +10 Pass
&r 38.545 40 -3.64 +10 Pass

2000
o [S/m] 1.338 1.4 —4.45 +10 Pass
& 37.644 39.2 -3.97 +10 Pass

2450
o [S/m] 1.741 1.8 -3.30 +10 Pass
& 36.12 36 0.33 +5 Pass

5200
o [S/m] 4,59 4.66 -1.57 5 Pass
&r 35.52 35.9 -1.05 5 Pass

5300
o [S/m] 4,94 4.76 3.81 5 Pass
& 36.95 355 4.09 5 Pass

5600
o [S/m] 5.22 5.07 3.01 5 Pass
&r 36.34 35.3 2.94 +5 Pass

5800
o [S/m] 5.32 5.27 0.99 5 Pass

SAR &M | —E PR K.

N T AR ELAEAR IR L R EHLE SAR, K5 H il & FIME T 6 b, 7B R a4 mil
B IRORE FE ABEAT SEINUHERR 0 20 b . ESEBRINE PR, spmill &N R B ERE, B A TE A
YUERAR A H s B B AT 7 AR MR [8] . FEBRHNA(E 2 5 2 T AR FIBOAR S2 a6 5 45 H il & 2
3K SAR measurement 100 MHz to 6 GHz H 45 H T & 3 HARSKEE B B . 4 X I 2 2 P s 1 1 A 28 7
E

FRMEE SRR SAR RGUE TS E BT AURYE HAE RS AT IRUE, SRIGE 28I & R4 10K
FE, DA T A E—21 SAR W& (B AF R fil RV RS B o R ST X4 SAR RGUIGIERET T 04T
I, 2B LA R 7S5 58 R SEBR IR AT R G, AR5 ORI 58 B B R G (RS 1 O a3 A
SE BRI EE R

1) #4775 1g A1 10 g P SAR il & .

2) S5 FHL SAR VAL AR [F] (1700 ) A% A ] 2E U B S5 38 SAR fE

3) EEE— PRI, RIEAFHBAIIE FH SAR {H.

4) SOAIE JE A ik R A S RS R

5) RUEEARMANIIR KT T, SPEAG RAHFF & B K 136 il

DOI: 10.12677/ja.2023.122003 21 REGZE


https://doi.org/10.12677/ja.2023.122003

ot

i

C&g

6) B Skl 1 4% 1 [ 4 o
2. SAR ZGWIFHEES5IRZTER

N T RERSSELUHERA I RAIRNE, TERHT 51 SCHTIR /N0 SAR MIEHT, 75 ZHA TR IASE I #E 4 DL
Ve BB B PR B BT ARG IR E R A R, R S = TR I LA R A B RE LA
FRFEAFEER: NHFHEHANTET 3GHZ B L 2<e <5, fERT 3GHz I TR 3<e <4, 1
FeAIEY] <0.05; i TR I ERE RN A 2 mm, R ZEJEE N AE£0.2 mm PAPY . BERSER RN IR T
W H LSRR A &, OB RPN, HFORFEL0.2 mm A 2.

MIE IR, ARASETEIR IE BT 3, R E /N T T 3 GHz 1) SAR B, S80I ITRE N > 15.0
cm, RZEVEEIRAEX0.5 mm N o X EEVR T IR SAR BREFTE U AN R AR A A Il T I A R i
TERLI R, LEAR R A 0 TOGE AN LT A - 2RI 2 18 A2 1 50 1

XA SAR PREFRHE AR, TEAFMER T SH MR AR T, T 1GHz
F) 6 GHz Z (Mg, ZS[HFEE s Mok 10 mm, iRZETEEIEL0.2 mm UL, HEZ P47 Facml,
B FE AV N A H 8 R0 F R 52 2 2 (A 1 (0 PO Bl S5 9 P 2 TR PR IERA R S o A AT 7388 o i A 18 38
SRS [ A HE AT 2R A e, B I PR AR AR o 050 FH &S VR oA X SRR AT T . S5 AR
FEERAL, TENRE T ARG T-20 dB R HFE .

Table 2. Calibrate SAR values
2. BKHESARE

SAR measured Target
Freq. (MHz) (normalized to 1 W) (Ref. Value) Delta (%) Tolerance (%)

19 4.64 4.92 —5.69 *10
450

109 3.24 3.28 -1.22 +10

1g 8.56 8.49 0.82 +10
750

109 5.88 5.55 5.95 +10

1g 9.28 9.56 -2.93 +10
835

109 6.08 6.22 -2.25 +10
900 1g 10.44 10.9 —4.22 *10

109 6.76 6.99 -3.29 *10
1450 19 27.36 29.0 —5.66 *10

109 16.40 16.0 2.50 *10

1g 40.00 384 4.17 +10
1800

109 20.88 20.1 3.88 *10
2000 1g 42.56 41.1 3.55 +10

109 19.96 211 -5.40 +10
2450 1g 50.76 52.4 -3.13 +10

10g 25.44 24.0 6.00 *10
2600 1g 56.08 55.3 1.41 +10

109 26.12 24.6 6.18 +10
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1lg 65.70 67.1 -2.09 +10
3500

109 24.40 25.0 -2.40 +10

19 65.50 67.4 -2.82 +10
3700

109 24.30 24.2 0.41 +10

19 73.40 76.5 -4.05 +10
5200

10¢g 21.50 21.6 —-0.46 +10

1lg 82.70 83.3 -0.72 +10
5500

109 22.80 23.4 —2.56 +10

19 79.60 78.0 2.05 +10
5800

109 21.40 21.9 -2.28 +10

FERGVHAL AT, ] DAK KL ZSFRGR AR 10 i S Bz I I RS H AR 5% AN, S ISR 2%
AR SRR AN WHE RS EL 1, WELFER A TP EM S ST S . SE R T
MM, REUELSBHATIE, IR P I A K, SERRINSHA B B 1 s

Figure 1. SAR test environment diagram
B 1. SAR M I
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3.1. ¥ SAR M=

TELA IR, AT T 56800 1 g 50 10 g “F¥J SAR Ml . S MK A DI E N 250 mW (6 T 3
GHz DA L4y 200 mW). S TR, 25 5RIA—1 oy 1 W IEFHATE: FEX (9 x 14 x 1)
TEDLT , SAR (&) e KAE N 2.79 WIKg. TEZETEAFE(T x 7 x T)IESL T, UE{H SAR (SMIE(E) N 4.02 Wikg,
SAR (1 g)4 2.61 W/kg, SAR (10 g) 1.69 W/kg, SAR (Ml &) KAE AN 2.81 Wikg. & 45 K a1 2 fiw,
5352 (%5 3 5B 4 F)Fras iR HE SAR AEREAT L, W EE AN EUE B ARE 2 18] 1t 22 AN 10%.

3.2. /& SAR NE

ZA T, (S TFHL SAR VAl A [F AWK R b s 81 B, 22 A 15t s IE 5 1 LR &
A SAR M, 5l 3 WAL TR, REN R —FEEMELIZNE, 525500t SR
e 73 Al IEf 20 mm, g5 8% 3 i Bt TR . K% SAREAMERIBIRIR T, JE5% 2 5 6 St
S AUE EJ7 ) SAR 48%HE N 16.3 Wikg, 5 HFRMEAHZ-0.70%; ¥y flifFe 15 f s 20 mm 51 SAR
“axnt{E Ny 5.84 Wikg, 5 HFMEAMZ 8.00%, 547 & MHARE 12K
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Area Scan (9%14x1):

Zoom Scan (7x7x7):

Maximum value of SAR (measured) = 2.79 W/kg

Peak SAR (extrapolated) = 4.02 W/kg
SAR(1 g) =2.61 W/kg; SAR(10 g)=1.69 W/kg
Maximum value of SAR (measured) = 2.81 W/kg

Figure 2. SAR field strength distribution map and
average SAR measurement results at 250 mW in-

put power
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Figure 3. Local SAR measurement results

RS A [F] 3 N DD 28 K1 B A2 D IR A R DN, 1k T DU RS [RI S N T 267K 7 (1) SAR, L1 :
250 mW. 160 mW. 31 mW. 0.7 mW. Hr¥ ATh#Jy 250 mW (45 R CAE B IR A 2 illE, 160 mw.
31 mW. 0.7 mW &5 Bl 4 Fios. Bl SAR E I — AR TR 1 W IE AT,
HEDR 3.1 i 1 W IR—ERAT LL . EER S Rl 4 s, MRS mZE RN T 10%. 4
RN TR B R ENES, KIS SAR )H—1k2~: 10.44. 10.69. 10.71. 10.77 W/kg, HF5H

PREAZE RN 3.17%, 55 M IHLE K .
3.4. EHAMERKHRIEHIE S ARk M EIIE

YR 2.4 NIAE R IR 2.3 BORfEFAT . GO 0.1, BkrhEE ARy 10 Hz 1 AT bk i )
G E PR 3. I PR R T F DU AR B A G R S S 1 20 8 WTkg 1 1 g WA 23 [A)F- 1) SAR
(X RL T2 80 Wikg WEfE SAR). Kl &R SAR (HIH— N 1 W 5088 2.1 Ff) 1 W IH— (AT HER .
MR H A EE Rl 5 fron, IXEE{E 2 (Al Z(E N /T 10%0K R G AIEY B AT E
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dB
0 =
-34.22

160mW

Area Scan (9%x14x1):

Zoom Scan (7x7x7):

Maximum value of SAR (measured) = 2.25 W/kg

Peak SAR (extrapolated) = 2.64 W/kg
SAR(1 g)=1.71 W/kg SAR(10g)=1.11 W/kg
Maximum value of SAR (measured) = 2.32 W/kg

(0 dB =2.25 W/kg = 3.52 dBW/kg)

dB
0 =
-50

31mW

dB

Area Scan (9%14x1):
Maximum value of SAR (measured) = 0.348 W/kg

Zoom Scan (7x7x7):

Peak SAR (extrapolated) = 0.506 W/kg

SAR(1 g) =0.332 W/kg SAR(10 g) = 0.215 W/kg
Maximum value of SAR (measured) = 0.358 W/kg

(0 dB = 0.348 W/kg = -4.58 dBW/kg)

0.7mW

Area Scan (9%14x1):
Maximum value of SAR (measured) = 0.00714 W/kg

Zoom Scan (7x7x7):

Peak SAR (extrapolated) = 0.0110 W/kg

SAR(1 g) = 0.00644 W/kg SAR(10 g) = 0.0038 W/kg
Maximum value of SAR (measured) = 0.00707 W/kg

(0 dB = 0.00714 W/kg = -21.46 dBW/kg)

(b)

Figure 4. SAR field intensity distribution map and SAR measurement results under different input

power (a) 160 mW; (b) 31 mW; (c) 0.7 mW

4. SAR 1B HE R A EMANZET SAR MELER (2) 160 mW; (b) 31 mW; (c) 0.7 mW

CwW

Area Scan (9%14x1):
Maximum value of SAR (measured) = 2.26 W/kg

Zoom Scan (7x7x7):

Peak SAR (extrapolated) = 3.35 W/kg

SAR(1 g)=2.13 W/kg SAR(10 g)= 1.37 W/kg
Maximum value of SAR (measured) = 2.30 W/kg

@)

©

Pulse modulated signal

Area Scan (9x14x1):

Zoom Scan (7x7x7):

Maximum value of SAR (measured) = 2.52 W/kg

Peak SAR (extrapolated) = 3.64 W/kg
SAR(1 g) =2.37 W/kg; SAR(10 g) = 1.53 W/kg
Maximum value of SAR (measured) = 2.55 W/kg

(b)

Figure 5. SAR field intensity distribution and measurement data of CW input signal (a) and periodic pulse modulation signal (b)
5.CWHIANES(a) SAEAMRHESIES; (b) B SAR 175257 B RN E K

3.5. RBINAIIEKTET SPEAG #REHHTE M AILEIE

GBS IR 2.3 Mg A, BIEH 5 mW BRI AN TR K, P24 1) 1 g 8610 g “F-#4) SAR Z1°4 0.05
wikg. FHFTREISE BAESL, ARBMATIERKF(4.6 mW) R, H—MLHT 1 W SAR 1 5588 2.1 b,
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V) ) 25 S /N T B A5 T Bl ) 2% ) [R) PE 0 0T R AN E B, DABO/INE e . R4S & 7 Fos, $uE
L FEEIA+0.03dB, E RAMEEX0.2dB 2K, &R ER.,

4.6mW

Area Scan (9%14x1):
Maximum value of SAR (measured) = 0.0377 W/kg

Zoom Scan (7x7x7):

Peak SAR (extrapolated) = 0.0560 W/kg

SAR(1 g) =0.037 W/kg; SAR(10 g) = 0.024 W/kg
Maximum value of SAR (measured) = 0.0403 W/kg

Figure 6. SAR field intensity distribution and SAR measurement results of
low power (4.6 mW) input signal
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Figure 7. Axial isotropic measurement data of the probe
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