Technology®

RF IC A HAEE 225G RF 1!

oz

2A =8

HAEHA=ZX| | Vineet Pancholi =4, EH|AE 7|&El
BIAHIASZX[ZZ|0F | YA =4, TEST WY E, 2™ =4, TEST /Y E TET;
OIS 4= TEST JHEHE! EIR

o
UIHI=ZX|Z2|E | Venancio Kalaw, FMF It 81 MEMS, Test 7HE AX|L|O{&; Mon Lopez =M, 74 & EE

I'E

r

d= &4, TEST 7HEE HE<

{0

bt
=

74 FhRA) 78 245 NE HAE MO = =8 X HAE HSS SEE ot X

FE(0SAT) GH|Of 2 =EHIANE SAZLICE FOiT=t LHE[AO]E 7]7], GPS, Wi-Fi, E47I(Rx/Tx) S2
Qlet RF 250 thiot =22t 7|=0| #HSIHAM HEH 56 SO 3 Wi-Fi HE0 tiet =& &7 575t
UASLICE oD RF A AR M E, BIAE Ty ZX[(DUT)UAM AS7|-ZE F2e 282 58 =t
HtEdS SAIZLCH 2RO A =7|2F DUT ALO|2] A0l &, 8 224, EZ|0|L, A9(X| 8l 7|Et =2
90l HO|gHY B2 5 =7t Mot = AgLICH

A St o =
RF 7|=2| 2|07t 2rdetof et A0 s rads oM 18 ¢ =g

HLCH A" 0y, A olE g, 2o 7T EO|A A X 2= A 0F S 4= E2 0o dAys
NSt O|ASS AFe YHLz &&= PYS 1e{dt= A0 SeLICt
mmWave RF H|

P TTTTTTTTTTTTTTTT T H

I Tester 1

! i

1

1

i

: IF (Tx, Rx) mmWave RF (Tx, Rx)

1 Up/Down

: Converter RF (Tx, Rx) IR

1 Board

| W Load Board Converter

1 Signal e

1 Transceiver il

i RF (Tx' Rx’

1 Board

1 IF (Tx, Rx) mmWave RF (Tx, Rx)

1 Up/Down

: Converter

1

1

1

e ————————————

ZX: NI mmWave Transceiver Block Diagram

& 1. mmWave RF X EE HIAE A|AH 21 45

— O

© 2022 Amkor Technology, Inc. 1



HAE FH|, AH4E, O S AL 22 nF 7|leS HESH 28t 2 58& 83l 56 738 24
L= Ao 2X d5 ot Eote = UGt (A 1 #x) LE0|HI Fhes e FOoo| o
Fopst7|of BlAE 2N, A0S U AHUE MEof CfS MBS0 BLC Eot Hateh ZHE YIS E Al2H
2ol DYE WHE YLt

RF 178

W2 FY AL Zot 20t ME0H| flet B4 Y YLICH HAE A" A Z7|2F DUT AHO[ 2
BRIt O|YHe R foEX| B2 W 5 J=Hr7t BO{X|AHL FE: XL A2 4+ ASLICL e 28
22 20| §=EE HAE A2 Mo &4 8 E= YA DUT HIAE ZETX] 2 E[0{OF gL{C}
Yot RPE S ZWY| Yl HAE DHR, A0S, AZ B2 T SHS YO B +E

Ag Lt

56 7122 MElY SO, XIS A7 22, FYNT 28N BN S PH SN (hE YHAIZLICE 0|2 93 o
o Fup4, O WO S, M22 WA %4, (72 05 YSHMMO), 94 Y SHEILt ST 22 eyt

o[2igt 7|22 BX 95 B30 M=22 UM E AAFZLL. =2 5F & oL+l EVM(Error Vector
Magnitude)2 DUT 2 T& 8 =4lE= Bx M= & e A|lAE 22 MTYLICE CHEE2| B2 EVM @2
£ YAgk olst= /R |Ofof 5t Fetot HHE M= HAE A" XM Q] Ll =&, 5 EVM O

Sotof gLt

Reference Plane

Test System
Instrumentation
Source m ”

Measure

Connectors
Fixtures

1
1
i
1
]
! Cables
1
1
1
1
1
1

Test System
Instrumentation
Cables Power Meter, Correction File:
Source Connectors Signal or Freq. Response

Fixtures Network Analyzer
Measure

Test System
Instrumentation DUT plane

Source ]WM‘ Cfallzs
Connectors

Fixtures

Correction File:

Freq. Response
or S2P

Measure

2 © 2022 Amkor Technology, Inc.



JLICH.

(o]
=]

KO
r

El

LIC} DUT =3 ZEQAM HEXR

3

=gsor &

el IHES RF A2 37| Y4 EMS RS

WAL g E HES3

KO
r

il

<l

b LIEFLHT, O] = HE WFo|A s21 Fot A5 27| £

MO
O =

S RFZZ20 37| £

o=
L=

Al
—

Z 20N HHAZ

=2
[—

KIr

q

CHS TAOf 24 o2 Fmt==0f|Af O] 1t

=

o
o

Lot 53

|
=

M= Z20A

f

.
o

O ==0| ELCh J2{Lt A HE nFo b

M2 ol
o= 1 —

St DUT EEQF HAHE

o Al
= =

B (k7 O] &,

Ap7F X8 E @A #el et

H

u’g G olE

F7F @ X}

X

iiE
[l

W ny HoHE HELIL.

[e] e
A —

Cal. Data Loaded
& Production

Previous & latest

/ data compared

No issue

Inspection on the
connection & board

No issue
(Ex., External circuit added)

o
o3
wa
JD

Cal. Data
Saved

S/A Calibration

Issue
detected

PWR Meter &
S/G Calibration

Calibration option

» Per 24 hr
» Lot base

Select DUT
Board & Tester #

Issue
detected

» Low yield issue

\

H/W Repair or
Calibration of NI

for Resources

Cal. PGM

Loaded

& 3 A RF BE EA

© 2022 Amkor Technology, Inc.



| = BHAZ O| RO ZLILE O|F R nF 7|ELQ]

2 uHo

e

At X7 A LI

DUTRx 4= B&

=
—

1 EHA0IA

L|Ch B2 &

I

.
o
=

A & XI5 OF

10
il
ol

b

of O] &2t

FL|CF.

.
o
=

HOF

=)
1oF

gote{d, he{0[HE At

=
=

& E7j0|20] £

Al
—

J12{Oof DUT 2 7t=

HAE FIta0f| A ohof Mg

ol Mg ELITt

<d

=

NE

HEtX O,

i

=
[

2 A0 A

.1 EHAO A

3

Jod

AO|Q| RF Al E 0|

oo

IH

<

=N
1
IH
r
ol
{of

=d

|
3

%0
KIr

ju
<k

ol
<

<0

iof

=

R HAE FO0lN 23} 7| BORLE 0| 2 R

I.

SN
it

AELILE 02T

o -

M

=N
ﬂ
H
i

= ~
g 9Z5

DUT 7tX|o] Egjlo|A MK E 25| m7dste{ ™, PCB F DUT

AL
e

=13
=

2 RF w7 ZY A X<

UL LICE J2{Lt 56 NR 2 L2|0|E{T}

Lct 7|E 22

of siEet

a

=N

0

Of M2 7HE = A5t

= 05

=0 M

#0f = SOLT(short-open-load-through)@t TRL(through-reflect-line) & 7tX| 7| 0]

Fh Y 8=0f e §H0| ASLEL

At a7 12

AE

chei= ol A E

oK

e
=
K-

t

5G 702

HAE D™EEQ DUT EM0| ZSHE| 7|0 DUT 2 AK|

P21 H@7L 27tse =&

A ek
Yz o

SK|2 O|SAl

= 724 X
— =

DUT

ofn

"0

© 2022 Amkor Technology, Inc.



Source
BB, Upconvert

-— Source:
reference plane |

EVM uncontrolled
at DUT planes

Before
EQ

77

Cables,
Fixturing

Cables,
Fixturing

Measure

Downconvert, BB

[ Atter EQ \

apparently
flat

Measure —»
reference plane

WHEX] 2 HAE A2Z”2 DUT ZE(ST1) M= FEHES & 4 YELLE o) E3] 3t= dae FYMT)E 5%
S| = ZO[X|2h O]= DUT 0|2 0f &4t Sdate STt 7|7] 52 €85 MAHSH | = &L
Flat after cal. /\/\/\
/(No EQ) \ DUT only
| |
Source Cables, Cables, Measure
BB, Upconvert Fixturing Fixturing Downconvert, BB
I I
«— Source | 1 Measure —»
reference plane | | reference plane
after calibration | | after calibration
WHE HAE AL-OME AL DR SEO| MALE O, 20| &elE M7t puT(s)of HE LD 53
QA= MAY = ASLITHMI).
JE 4 wEF2 E2FDUT BH O/& HIAE

d8 5= A Fats 2 CHS2HOFDM)E @It RF B HAE Wl s 240t 218 E0FL o
28GHz Ol Af 900MHz CH A Z(BW) M= 0f S it S S5 HUHSLCH ¢t Ol0jX|= HAZF ST
20N ot 2Tt O|ROX|= TE SEE EO|ELICE ottt O|0[X|= ?ld SEE EO0|FH, 0] FA|
= Ao gt HE0| AS LTt
DY M FI4 SE 540 37|(7dR)9t A4 @5 D)0 2 BATH AAKIE, 1Y A FOi4 S 540
37|(0.2dB)2t A& =)0l Hot7h LRSS LIT

© 2022 Amkor Technology, Inc.




Before System Calibration
28 GHz with ~ 900 MHz Bandwidth

E:Ch1 Strm1 OFDM Eq Ch Freq Resp ~ - X
Ring 0 dBm

>
[>

HL
oz
I r|o n.fﬂ n+

oA M- mEBIR| &

'S0 LS

N rlo

|>

19| OFDM F Lt SE
28GHz 2| 900MHz

CHA =0l A T Z0[ 7dB 7+
LD, ?{H0] 45 =
# 0| | S L Ct

After System Tx and Rx Calibration
28 GHz with ~ 900 MHz Bandwidth

E: Chl Strm1 OFDM Eq Ch Freq Resp ~ - X

F: Chl Strml OFDM Eq Ch

Fing 0 dBrr

deg

12
o
T
N
=
19
J}tl
I>
=]
|m
o
mjo
= I

OfFLICh Y S

5 & 7tseh orElolH,

g Mz 2nE 20lELCHL &5 ¢ o[0|X|=
(®) O

g2 2|0[5HH,

StEhel OOjX| =

© 2022 Amkor Technology, Inc.



Emrr

Al = A5 L Of

El
bl
rlo 1O
g Oom
o
no
(o0]
a
T
N
2
x
m
<
<
o
©
<
X
a
r2
o
o
T
N
r>=
fo
il
0=
0x
mot
1
30

18 6 £ HS9 OFDM T+ SE

Qo

2t

RF 182 HHEX RFIC 44t HAENM 518 7hset M2|E, O & =25 Ttstr| fls 2 b8 LT
ergNo|n ghE 7tstt ng2 YaE 21E BEEot0 AMEF E= 24 2ME =20 A4 otepsty] JhE 3
Mz X AS x[2stetLCh BIO| RF RF2 DA BF it HAES dE8H22 sty 9o 2+

A YL T

A1 XR:

1. "Using Calibration to Optimize Performance in Crucial Measurements” (Keysight, 5992-0891)
“"Accelerate 5G Testing: 5G Manufacturing Test Considerations” (Keysight, 5992-3659)
“S-Parameters” Microwaves101.com, Link

"4 Hints for Better Millimeter-wave Signal Analysis” B8 A (Keysight, 5992-2970)

“A Novel BiST and Calibration Technique for CMOS Down-Converters” 2008 = | 4 2| IEEE

International Conference on Circuits and Systems for Communications (ICCSC 2008)
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10.

11.

12.

13.

"Self-calibration of input-match in RF front-end circuitry” K| 52 = IEEE Transactions, 2005 & 12 &
129 #

“Calibration techniques of active BICMOS mixers” X 37 = |EEE Solid-State Circuits A{'d, 2002 & 6 &
62 H

"Digital calibration of gain and linearity in a CMOS RF mixer” 2008 IEEE International Symposium on
Circuits and Systems (ISCAS)

"Verification of wafer-level calibration accuracy at high temperatures” 2008 & X 71 2| ARFTG
Microwave Measurement Conference

"A multiline method of network analyzer calibration" X| 39 = IEEE Transactions on Microwave Theory
and Techniques, 1991 | 7 & 7 & 22t

"On-wafer calibration techniques for giga-hertz CMOS measurements" Proceedings of 1999
International Conference on Microelectronic Test Structures

"Comparison of the "pad-open-short" and "open-short- load" deembedding techniques for accurate
on-wafer RF characterization of high-quality passives” X| 53 = IEEE Transactions, 2005 & 2 & 2 &
Sy

“Should | be worried about 5G calibration?” Keysight Community 2 £ -1
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