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Object
                                                                                  ！
Calibration Procedure(s)

                                    Ca- ibrat ion Procedures  for  dipole  val idat ion ki t s
                                                                                                                                                                                                                       ∣
C a l i b r a t i o n  d a t e :         J u n e  2 5 ,  2 0 1 8         1

Th 一s ca l ibration Certificate documents the traceabil ity to nationa一 standards, which realize the physical units of
measurements(S I). The measurements and the uncertainties with confidence probability are g iven on the fo llowing
pages and are part of the certificate

All calibrations have been conducted in the closed laboratory faci-ity: environment temperature(22士3)'C and
humidity<70%.

Ca libration Equipment used (M&TE critical for ca libration)

Primary Standards        ID #        Cal  Date(Calibrated by,  Cert i f icate No.)     Scheduled Cal ibrat ion
P o w e r  M e t e r  N R V D

P o w e r  s e n s o r  N R V - Z 5

R e f e r e n c e  P r o b e  E X 3 D V 4

D A E 4

S e c o n d a r y  S t a n d a r d s

1 0 2 0 8 3       0 1 - N o v - 1 7  ( C T T L ,  N o . J 1 7 X 0 8 7 5 6 )         O c t - 1 8
1 0 0 5 4 2       0 1 - N o v - 1 7  ( C T T L ,  N o . J 1 7 X 0 8 7 5 6 )         O c t - 1 8
SN 7464     12-Sep-1 7(SPEAG,No.EX3-7464-Sep17)         Sep-18
SN 1524     13-Sep-17(SPEAG,No.DAE4?1524_Sep17)        Sep-18

ID #        Cal Date(Calibrated by, Certificate No.)      Scheduled Ca libration
S i g n a l  G e n e r a t o r  E 4 4 3 8 C

N e t w o r k  A n a l y z e r  E 5 0 7 1  C

MY 4 9 0 7 1 4 3 0   2 3 - J a n - 1 8  ( C T T L ,  N o . J 1 8 X 0 0 5 6 0 )         J a n - 1 9
MY 4 6 1 1 0 6 7 3   2 4 - J a n - 1 8  ( C T T L ,  N o . J 1 8 X 0 0 5 6 1 )         J a n - 1 9

                                                                          －
                           N a m e         F u n c t i o n         .         S i g n a t u r e

C a l i b r a t e d  b y :         Z h a o  J i n a         S A R  T e s t  E n g i n e e r
                                                                                 v＼   ＜4 乙． ‧－
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Approved by

                                                                                                                  Issued: June 27, 2018
This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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1 9 一。 s s a r y :
T S L         t i s s u e  s i m u l a t i n g  l  i q u i d
C o n v F         s e n s i t i v i t y  i n  T S L  /  N O R M x , y , z
N / A         n o t  a p p l i c a b l e  o r  n o t  m e a s u r e d

C a l i b r a t i o n  i s  P e r f o r m e d  A c c o r d i n g  t o  t h e  F o l l o w i n g  S t a n d a r d s :
a )  I E E E  S t d  1 5 2 8 旬2 0 1 3 ,  " I E E E  R e c o m m e n d e d  P r a c t i c e  f o r  D e t e r m  i n  一n g  t h e  P e a k
  S p a t i a 卜A v e r a g e d  S p e c i f i c  A b s o r p t i o n  R a t e  ( S A R )  i n  t h e  H u m a n  H e a d  f r o m  W i r e l e s s
  C o m m u n i c a t i o n s  D e v i c e s :  M e a s u r e m e n t  T e c h n  i q u e s " ,  J u n e  2 0 1 3
b )  I E C  6 2 2 0 9 - 1 ,  " M e a s u r e m e n t  p r o c e d u r e  f o r  a s s e s s m e n t  o f  s p e c i f i c  a b s o r p t i o n  r a t e  o f  h u m a n
  e x p o s u r e  t o  r a d  i o  f r e q u e n c y  f i e l d s  f r o m  h a n d - h e l d  a n d  b o d y - m o u n t e d  w i r e l e s s
  c o m m u n i c a t i o n  d e v i c e s -  P a r t  1 :  D e v i c e  u s e d  n e x t  t o  t h e  e a r  ( F r e q u e n c y  r a n g e  o f  3 0 0 M H z  t o
  6 G H z ) " ,  J u l y  2 0 1 6
c )  I E C  6 2 2 0 9 - 2 ,  " P r o c e d u r e  t o  m e a s u r e  t h e  S p e c i f i c  A b s o r p t i o n  R a t e  ( S A R )  F o r  w i r e l e s s
  c o m m u n i c a t i o n  d e v i c e s  u s e d  i n  c l o s e  p r o x i m  i t y  t o  t h e  h u m a n  b o d y  ( f r e q u e n c y  r a n g e  o f
  3 0 M H z  t o  6 G H z ) " ,  M a r c h  2 0 1 0
d )  K D B 8 6 5 6 6 4 ,  S A R  M e a s u r e m e n t  R e q u  i r e m e n t s  f o r  1 0 0  M H z  t o  6  G H z

Additiona-Documentation:
e) DASY4/5 System Handbook

M e t h o d s  A p p l i e d  a n d   一n t e r p r e t a t i o n  o f  P a r a m e t e r s :
.    M e a s u r e m e n t  C o n d i t i o n s :  F u r t h e r  d e t a i  l s  a r e  a v a i l a b  l e  f r o m  t h e  V a l i d a t i o n  R e p o r t  a t  t h e  e n d
   o f  t h e  c e r t i f i c a t e  ?A l l  f i g u r e s  s t a t e d  i n  t h e  c e r t i f i c a t e  a r e  v a l i d  a t  t h e  f r e q u e n c y  i n d i c a t e d
.    A n t e n n a  P a r a m e t e r s  w i t h  T S L :  T h e  d i p o l e  i s  m o u n t e d  w i t h  t h e  s p a c e r  t o  p o s i t i o n  i t s  f e e d
   p o i n t  e x a c t l y  b e l o w  t h e  c e n t e r  m a r k i n g  o f  t h e  f l a t  p h a n t o m  s e c t i o n ,  w i t h  t h e  a r m s  o r i e n t e d
   p a r a  l l e l  t o  t h e  b o d y  a x i s
     F e e d  P o i n t  I m p e d a n c e  a n d  R e t u r n  L o s s :  T h e s e  p a r a m e t e r s  a r e  m e a s u r e d  w i t h  t h e  d  i p o l e
   p o s i t i o n e d  u n d e r  t h e  l  i q u  i d  f i l l e d  p h a n t o m .  T h e  i m p e d a n c e  s t a t e d  i s  t r a n s f o r m e d  f r o m  t h e
   m e a s u r e m e n t  a t  t h e  S M A  c o n n e c t o r  t o  t h e  f e e d  p o i n t .  T h e  R e t u r n  L o s s  e n s u r e s  l o w
   r e f l e c t e d  p o w e r .  N o  u n c e r t a i n t y  r e q u i r e d
.    E l e c t r i c a l  D e l a y :  O n e 一、 N a y  d e l a y  b e t w e e n  t h e  S M A  c o n n e c t o r  a n d  t h e  a n t e n n a  f e e d  p o i n t .
   N o  u n c e r t a i n t y  r e q u i r e d .
     S A R  m e a s u r e d :  S A R  m e a s u r e d  a t  t h e  s t a t e d  a n t e n n a  i n p u t  p o w e r?
   S A R  n o r m a l i z e d :  S A R  a s  m e a s u r e d ,  n o r m a l i z e d  t o  a n  i n p u t  p o w e r  o f  1  W  a t  t h e  a n t e n n a

             connector?
.    S A R  f o r  n o m i n a l  T S L  p a r a m e t e r s :  T h e  m e a s u r e d  T S L  p a r a m e t e r s  a r e  u s e d  t o  c a  l c u  l a t e  t h e

         nom inal  SAR resu l t .

T h e  r e p o r t e d  u n c e r t a i n t y  o f  m e a s u r e m e n t  i s  s t a t e d  a s  t h e  s t a n d a r d  u n c e r t a i n t y  o f
M e a s u r e m e n t  m u l t i p  l i e d  b y  t h e  c o v e r a g e  f a c t o r  k = 2 ,  w h  i c h  f o r  a  n o r m a l  d  i s t r i b u t i o n
C o r r e s p o n d s  t o  a  c o v e r a g e  p r o b a b  i  l i t y  o f  a p p r o x i m a t e l y  9 5 % .
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M e a s u r e m e n t  C o n d i t i o n s
DASY system configurat ion,  as far  as not  g iven on page 1.                                               —一一——一一，
∣D A S Y  V e r s i o n                     ∣        D A S Y 5 2               ∣        5 2 . 1 0 . 1 . 1 4 7 6
」 — — 一 — — 一 一 — — 一 一 一 一 一 — —
∣E x t r a p o l a t i o n                    ∣        A d v a n c e d  E x t r a p o l a t i o n
l — — 一 ． 一 ～ 一 一 — — — — 一 一 一 一 一 一 — — 一 一 一 一 一 一 一 一 ∣ — —
∣P h a n t o m               ∣        T r i p  l e  F l a t  P h a n t o m  5 . 1 C       I
」 一 一 一 一 — — 一 一 一 — — — — 卜 一 一 — — 一 — —
∣D i s t a n c e  D i p o l e  C e n t e r ?T S L     ∣        1 0  m m          I         w i t h  S p a c e r
— — 一 — — 一 一 — — — —

∣Zoom Scan  Resol u t i on  」                    — — — — 一 — —

I  Frequency

H e a d  T S L  p a r a m e t e r s

華髯篆萍＃
SAR result with Head TSL

SAR averaged over 1 Cm3 (1 g) of Head TSL Co n d i t i o n

S A R  m e a s u r e d 250 mW input power 1 3 . 6 m W / g

SAR f o r  nom i na  l  He a d  TSL pa r a me t e r s normalized to 1W 54. 0mW/ g士18. 8  % ( k=2)

S A R  a v e r a g e d  o v e r  1 0  C m 3  ( 1 0  g )  o f  H e a d  T S L Cond ition

S A R  m e a s u r e d 2 5 0  m W i n p u t  p o w e r 6 . 1 4 m W / g

S A R  f o r  n o m i n a l  H e a d  T S L  p a r a m e t e r s norma l  i zed to 1W 2 4 . 5  m W  / g 士1 8 . 7  %  ( k = 2 )

Bo d y  T S L  p a r a me t e r s

震羹三惡
S A R  r e s u l t  w i t h  B o d y  T S L                                                — 一 「

  ∣ S A R  a v e r a g e d  o v e r  1  c m 3  ( 1  a )  o f  B o d y  T S L    ∣         C o n d  i t i o n
      — — — — ＝ 一 — — — — 一 — — ； ? — — ： — — — — — — — — — — — —

  ∣S A R  m e a s u r e d                                ∣        2 5 0  m W  i n p u t  p o w e r   I  1 3 . 4  m W  /  g
                             一                                                                                                        ————一一一————

  ∣S A R  f o r  n o m i n a l  B o d y  T S L  p a r a m e t e r s
      ∣                                                     — — — — — — — — 一 一 — —

           I  S A R  a v e r a g e d  o v e r  1 0  c m 3  ( 1 0  g )  o f  B o d y  T S L          — — 一 一 — — 一 — — — — ，

  ∣S A R  m e a s u r e d                                ∣        2 5 0  m W  i n p u t  p o w e r   I  6 . 0 2  m W  /  g
      訌             一 一 — — 一 一 — — 一 一 — — 一 一 — — 4 — — — — — — ， 一 一 一 一 一 一 — —

  ∣S A R  f o r  n o m  i n a  l  B o d y  T S L  p a r a m e t e r s
        一                                                                                                                                                                                                                   ——          ————一一——
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A p p e n d i x ( A d d i t i o n a l  a s s e s s m e n t s  o u t s i d e  t h e  s c o p e  o f  C N A S  L 0 5 7 0 )

A n t e n n a  P a r a m e t e r s  w i t h  H e a d  T S L

I mp e d a n c e ,  t r a n s f o r me d  t o  f e e d  p o i n t 48.452- 6.87j0
R e t u r n  L o s s -22 ?9dB

A n t e n n a  P a r a m e t e r s  w i t h  B o d y  T S L

I mp e d a n c e ,  t r a n s f o r me d  t o  f e e d  p o i n t 44.80-  5.70j0

R e t u r n  L o s s - 21 . 8dB

G e n e r a l  A n t e n n a  P a r a m e t e r s  a n d  D e s i g n

A f t e r  l o n g  t e r m  u s e  w i t h  1 0 0 W  r a d i a t e d  p o w e r ,  o n l y  a  s l i g h t  w a r m i n g  o f  t h e  d  i p o l e  n e a r  t h e  f e e d p o  i n t  c a n
b e  m e a s u r e d .

T h e  d i p o l e  i s  m a d e  o f  s t a n d a r d  s e m i r i g i d  c o a x i a - c a b l e .  T h e  c e n t e r  c o n d u c t o r  o f  t h e  f e e d i n g  l i n e  i s  d i r e c t l y
c o n n e c t e d  t o  t h e  s e c o n d  a r m  o f  t h e  d i p o l e  ?T h e  a n t e n n a  i s  t h e r e f o r e  s h o r t - c i r c u i t e d  f o r  D C - s i g n a - s .  O n  s o m e
o f  t h e  d i p o l e s ,  s m a l l  e n d  c a p s  a r e  a d d e d  t o  t h e  d i p o l e  a r m s  i n  o r d e r  t o  i m p r o v e  m a t c h i n g  w h e n  l o a d e d
a c c o r d i n g  t o  t h e  p o s i t i o n  a s  e x p  一a i n e d  i n  t h e  " M e a s u r e m e n t  C o n d i t i o n s "  p a r a g r a p h .  T h e  S A R  d a t a  a r e  n o t
a f f e c t e d  b y  t h  i s  c h a n g e .  T h e  o v e r a  l l  d i p o l e  l e n g t h  i s  s t i l l  a c c o r d i n g  t o  t h e  S t a n d a r d .
N o  e x c e s s  i v e  f o r c e  m u s t  b e  a p p l i e d  t o  t h e  d i p o  l e  a r m s ,  b e c a u s e  t h e y  m i g h t  b e n d  o r  t h e  s o l d e r e d
c o n n e c t i o n s  n e a r  t h e  f e e d p o i n t  m a y  b e  d a m a g e d

Addi t iona l  EUT Data
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D A S Y 5  V a l i d a t i o n  R e p o r t  f o r  H e a d  T S L         D a t e :  0 6 . 2 5 . 2 0 1 8
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 ?SN: 1139
  Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1
  Medium parameters used: f = 2600 MHz; 6 = 2.017 S/m; Cr = 40.02; p = 1000 kg/m3

  Phantom section: Center Section
DASY5 Configuration:

Probe: EX3DV4 - SN7464; ConvF(7.76, 7 ?76, 7.76) @ 2600 MHz; Calibrated:
9八2/2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1524; Calibrated: 9/13/2017
Phantom: MFP-V5.I C ; Type: QD 000 P51 CA; Serial: 1062
Measurement SW: DASY52, Version 52.10 (1); SEMCAD X Version 14.6.1 1
(7439)

D i p o l e  C a l i b r a t i o n / Z o o m  S c a n  ( 7 x 7 x 7 )  ( 7 x 7 x 7 ) / C u b e  0 :  M e a s u r e m e n t  g r i d :  d x = 5 m m ,

d y = 5 m m ,  d z = 5 m m

R e f e r e n c e  V a l u e  =  1 0 0 . 3  V / m ;  P o w e r  D r i f t  =  0 . 0 2  d B

P e a k  S A R  ( e x t r a p o l a t e d )  =  2 8 . 6  W / k g

S A R ( 1  g )  =  1 3 . 6  W / k g ;  S A R ( 1 0  g )  =  6 . 1 4  W / k g

M a x i m u m  v a l u e  o f  S A R  ( m e a s u r e d )  =  2 2 . 9  W / k g

dB
0

-4.74

-9.47

-14.21

-18.94

-23.68

0 dB = 22.9 W/kg = 13.60 dBW/kg
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I m p e d a n c e  M e a s u r e m e n t  P 一。 t  f o r  H e a d  T S L

r_1_-Si '兀。 g Mag 10.00d日／ Ref 0.000dB [F1]
  ～ ． ～       1    > 1   2 . 6 0 0 0 0 0 0  G H Z  一 2 2 . 9 0 5  d B
   4 0 . 0 0

          ∣                                                                           ∣
  3。 ． 。 。   ∣                                                                                                                                               ∣
          ∣                                                                           ∣
  2。 ． 。 。   ∣                                                                                                                                               ∣
            ∣                                                                                                                           ∣
  1 。 ． 。 。 ∣                                                                                                                   ∣                         一                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               －

  。 ． 。 。 。 叫                                                                                   H              I                                                                                                                                                                                                                                                                                                                                                                                                                                               l
- 1 。 ． 。 。 ∣ — — ～一 一 一 — — 一                              — — 血

  一20.00                                                  一——、 ‧、 一～w       —一                                                                                                         I

  一 3 0 . 0 0       I         \        /

  一 4 0 . 0 0 ∣         V

- 5 。 ． 。 。   — — 一 — — 一 一 一 — — — — — — 一 — — 一 」
卜1 =  s l l  s m i t h  ( R + j x )  S c a l e  1 . 0 0 0 U  [ F 1  D e l ]

> 1   2 . 6 0 0 0 0 0 0  G H Z   4 8 . 3 6 7 。  一6 . 8 6 6 2

1  I S t a r t  2 . 4 。 頻 — —         I F 日 w  1 0 0  m           — 呈 拈 狙         2 . 8 量 望     R I
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D A S Y 5  V a l i d a t i o n  R e p o r t  f o r  B o d y  T S L         D a t e :  0 6 . 2 5 . 2 0 1 8
Test Laboratory: CTTL, Beijing, China
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 ?SN: 1139
   Communication System: UID 0, CW; Frequency: 2600 MHz; Duty Cycle: 1:1

  Medium parameters used: f = 2600 MHz; 6 = 2.156 S/m; Cr = 53.84; p = 1000 kg/m3
  Phantom section: Right Section

DASY5 Configuration:

Probe: EX3DV4 - SN7464; ConvF(7.84, 7.84, 7.84) @ 2600 MHz; Calibrated:
9/12/2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)
Electronics: DAE4 Sn1524; Calibrated: 9/13/2017
Phantom: MFP-V5.1C ; Type: QD 000 P51CA; Serial: 1062
Measurement SW: DASY52, Version 52.10 (1); SEMCAD X Version 14.6.1 1
(7439)

Dipole Calibration/Zoom Scan (7x7x7) (7x7x7)/Cube 0: Measurement grid: dx=5mm,
dy=5mm, dz=5mm
Reference Value = 84.90 V/m; Power Drift = -0.01 dB
Peak SAR (extrapolated) = 28.7 W/kg
SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.02 W/kg
Maximum value of SAR (measured) = 22.9 W/kg

-4.68

-9.36

-14.04

-18.72

-23.40

0 dB = 22.9 W/kg = 13.60 dBW/kg

C e r t i f i c a t e  N o :  Z 1 8 - 6 0 1 9 9         P a g e  7  o f  8



I n  C o l l a b o r a t i o n  w i t h

  ∼     C A L I B R A T I O N  L A B O R A T O R Y

Add: No.5 1 Xueyuan Road, Haidian District, Beijing, 100191, China
Tel： 十86-10-62304633-2079    Fax: +86-10-62304633-2504
E-mail: cttl@chinattl.com http://www.chinattl.cn
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                         Annual validation for test lab. 

Appendix Annual validation for Test Lab. 

General calibration information 
Date 2019.10.18 
Test Laboratory ShenZhen Morlab Communications Technology Co., Ltd. 
Antenna serial No. D2600V2-SN:1139 
 
Antenna Parameters with Head TSL 
Impedance, transformed to feed point 46.11Ω-6.32jΩ 
Return Loss -22.27dB 
 
General Antenna Parameters and Design 
Electrical Delay (one direction) 1.276 ns 
 
After long term use with 100W radiated power，only a slight warming of the 

dipole near the feed point can be measured 
 
The dipole is made of standard semirigid coaxial cable. The center conductor of 

the feeding line is directly connected to the second arm of the dipole. The 

antenna is therefore short-circuited for DC-signals. On some of the dipoles, small 

end caps are added to the dipole arms in order to improve matching when loaded 

according to the position as explained in the "Measurement Conditions" paragraph. 

The SAR data are not affected by this change. The overall dipole length is still 

according to the Standard No excessive force must be applied to the dipole arm， 

because they might bend or the soldered connections near the feed point may be 

damaged . 
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Appendix Impedance Measurement Plot for Head TSL 
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