1
1
(power meter)
(
GUNN MESFET HBT PHEMT) (
bared chips) IC (power
amplifier, PA) (low noise
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(RF probing)

amplifier, LNA)
(spectra) ( P Psa)
(reflection coefficient, T) (return loss)
(standing wave ratio, SWR) S

(noise figure, NF  F;) (harmonic
distortion) (intermodulation distortion,
IMD) (intercept point, 1P) (SNR

SIN)  ACPR (adjacent channel power rejection)

(logic analyzer) (curve tracer)



Power Meter

ooo ooo
ooo ooo

DDD<:>DDD O @QQooo

ooo

ooo
ooo
ooo

7

(cable) (waveguide)

GHz
(skin effect)

(noise floor)

1)

(frequency synthesizer)
(modulation signal generator) frequency sweeper

(scalar network analyzer, SNA)
(vector network analyzer,
VNA) (programmable)
(phase-locked loop,
PLL)
(gain controller)

AM FM
PM BPSK QPSK QAM
(frequency hopping)
(spread-spectrum)
(Blue Tooth)

(direct sequence)
GSM CDMA

(frequency sweeper)
(ramping up)

SNA 4

VNA
(port)
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Input Attenuator

Low-Pass Log IF Video
Filter Amplifier  Amplifier
+ +*
e o b >
chal Sjt IF Cathode
Oscillator Bandwidith Ray
Tube
r L Horizontal 1
Deflection
[ Amplifier
Set Set =
Center  Sweep 2.
Frequency Speed
sensor (thermistor) (P-I-N
(spectrum analyzer) diode) 3 power sensor
power meter @ multivibrator
2 5 kHz
(digital filter) (resolution power meter
bandwidfh, RBW) (video bandwidth, 50 MHz
VBW) (analog to digital converter, ADC)
power
GSM CDMA meter
(dynamic
HP ( Agilent) Rohde & range)
Schwarz Anritsu
power meter
(bit- CDMA power amplifier
eror rate, BER) power meter
(digital signal
processor, DSP) (fast Fourier (2
transform, FFT) modulation
domain (constellation diagram) GSM (air coaxia cable) (connector)
CDMA  ACPR (directional coupler) (isolator)
power sensor tuner  power combiner
power meter power
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(TEM)

7 mm 3.5 mm COUPLED
CIRCUIT PHYSICAL
2_4 mm 3_5 mm TERMINATION SPACING
26 GHz 2.4mm ’ ] ’ oS
40 GHz 65 -
GHZ (2-3) 50 GHZ POWER INPUT

S —
MAIN LINE CIRCUITS

7mm TypeK (3.5 mm) TypeN (2.4
mm) Type V (2.4 mm) Type V
65 GHz? (

4. Directiona coupler

4 tuner

4 intercept point

-10dB 20 2.
dB (coupling)

5kHz sz JLIL
MUL TIVIBRATOR
1k
BRIDGE
AMPLIFIER skiz | LT
F PULSE WIDIH
RFDRIVGL PROPORTIDMAL TO
G + -1 (Ve +Vi)
Vit Ve + Vi VOLTAGE-
RF THERMISTOR CJA?V-TEIQAFER
IMPUT
Vit
| 1k
~— cHorPING & [
|
THERMISTOR v, SUMMING ELESVT?(%\“C __,@
MOUNT g CIRCUITS _fm—m
| 1K 1 AMPLIFIER
v,
! BRIDGE ¢ rm —
AMPLIFIER /
COMPENSATION ~ Ve Vy O RANGE
BRIDGE CALIBRATION FACTOR
g } o ) ) FNezERO
L2 t AUTO-ZERO
CIRCUIT
THERMISTOR 1K
(TEMPERATURE
COMPENSATION) 3

power meter
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S, Smith chart

4, through S, S,
Smith chart
power meter
SOLT
50 Q
1 P through 12-term
power meter P, C (offset)
Lr (cdlibration file)
P, (dBm) = P, (dBm) + C (dB) — L (dB) 1) SNA
dBm (mW) (insertion loss) VNA
SNA
SNA
dBm =10x log,, P"""%&U“’V) @)
e () L 1
mw=10 3 0
2. 1
Power meter 0
3. 50 Q
0 0
“o 4, through 0
1
SNA
VNA 5
S
S SS S, S S, (power splitter) SNA
1 2 1
1 2 2 (impedance bridge) SNA
VNA S 6 SNA
SOLT
1 (calibration kit)
(short) S, S. Smith
chart
2. (Open) S S
S, Smith chart intercept
3. 50 Q (load) Sy point ~ ACPR
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Network Analyzer

Source Reference  Unknown
()

' 12-dB
Attenuator

|
] Impedance Device
| Bridge under Test

(on-wafer RF

probing)
1.
IMD
inter cept p0| nt ACPR (POUT/ PIN)
S 1
7
Network Analyzer
Source Reference  Unknown G,
1dB
1 dB-compression power
Pis
PSAT T’
( )
I:>OUT
\%

90.12 77



Signal
Generator

|

Power
Meter

PA |4{Bias Tee[?| Tuner |—»

DUT

Tuner [

Bias Tee| —| Atten.

-

VGS VDS

Power Supply

| n
Vx|

_ Por (MW)

~ Vx| (mA)

bias tee

Tuner

added efficiency (PAE)

PAE — Pur (MW) - Ry (MW)

——

8

Vx| (mA)
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I:)OUT

(4)

tuner Bias tee

power-

n PAE

©)

Harmonic Distortion
Power
\ 1.
fo 3 3fo 4fo Frequency
9.
PAE
2.
intercept point
( )f
(2f) (3fo)
9 y(t) X(t)
y(t) = ax(t) + a,X(t) + a, X(t) + ... (6)
& & a8 a,
&
(voltage)®
ower = ~——"—
p Z, (7)
Z, (Characteristic impedance) X(t)
= Asin(2rf,t)
(2fo) (3fo) (4f,)
X(t)
A
y(t)
A X(t)



X(t) X(t)

IMD intercept point ACPR
X; = Asin(2rfit) X,

=Asin(2rf,t)
X=X + X% @)
X(t)
2f, +f, 2f —f, 2f,—f 2f,
+ f, 10
IMD IMD

(2 tone measurement)
X = Asin2r (f, + Af)t]

Intermodulation Distortion
Power
fo—3Af fo—Af fo+Af fo+3Af Frequency
10.
IMD
(spurious signal)

X, = Asin[2r ( f, — Af)t] combiner X, = Asin[2x (f, +
APY] % = Asn[2z(f, — Af)i]
11 f, + AT f, — f, + Af fo — Af fo
Af f,+3Af  f,—3Af IMD + 3Af f, — 3Af
12 f, +3Af f, — 3Af
fo + Af - f,— Af f, + 3Af f, — 3Af
f, + 3Af fo — 3Af
f, + 3Af
P W) + P, (MW
|MD(dB) — lologlo fo-af (m )+ fo+ f(m ) (8) f0 — 3Af
Pfo—SAf (mW) + Pfo+3Af (mW) (
Signal
Generator
PA [+ Bias Tee [*| Tuner DUT Tuner | Bias Tee
Spectrum
Vas Vos
Power Supply 11.
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I:’OUT

12.

PSAT
point

point

CDMA

80

(pseodo random) 1.2288
Intercept Point MHz 1S-95 CDMA | S-95A
,,'/" (forward ) 1S-95B (reverse
o )
QPSK  OQPSK CDMA
1.2288 MHz
( 900 KHz 1.98 MHz
) CDMA
fom3Af fo-Af  foraf  fo+3af b (adjacent channel power rejection,
ACPR) ACPR 13
1S-95B
intercept point 1 1S-95B
900 MHz PN code
3 dB ) intercept Walsh code
f, + 3Af f, — 3Af X(t) 28dBm
intercept 2. 900 MHz
IP3 1P3 IMD 1.25 MHz P, dBm
3.
900 Mhz + 900 kHz 900 MHz — 900
CDMA wideband kHz 900 MHz + 1.98 MHz 900 MHZ — 1.98
IS95 CDMA MHz 30 kHz Py,
(pseodo noise, PN) P. P, P, dBm
Noise
Source
Bias Tee Tuner DUT Tuner | 3] Bias Tee
Noise
Figure
Analyzer
-
VGS VDS
Power Supply
13.
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ACPRL(U) = P, —

ACPR2(U) = P,— Py,
ACPR IMD

ACPR

$=G,3
No =GN +N

G,

N)

c_SNR _S/N
NR, /N
NF =10log,, F

ACPR
P, ACPR1(L)=P,—P,
ACPR2(L) =P,— Py,

IMD
S No
€)
(10)
(associated gain)

(noise factor F

(1)

12)

G +&
NN _ Ny, N 13)
S/8 G, G.N,
(7-9)
(intrinsic parameters) S Y z
F (
F=F.) (admittance
Y) yop! = gopt + jbopt rN
tuner Y. =0+ b,
F I:min yopt r.N ys
F=F,,+2 :
= Fpin +— ys - yopt (14)
Os
F = I:min ys = yom
S Y
Z S yopt ys
I T
1-To,
= 15
Yopt 14T, 15)
1-T
= - 16
Y 1+T, (16)
4r T =T,
F=F,, N - G @
(1= T )L+ T
I.= 0 'y
|1+ l“c,pt|2
= (18)
N 4‘|l_,opt 2
N,
Fs - ropt ’ F - F i 2
= = ™ I1+T, 19
oS 4r, " 19
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Nf Fs
(constant noise
figure circle)

2 2 _ 2
T | NN e ) (20)
1+N,| (1+N,)
12
LO (loca oscillator)
(mixer)
(noise figure
analyzer) G,
tuner
tuner
Ga
4,
(MMIC) S
(extract)
S
( MESFET HEMT loss)
( HBT h. MESFET HEMT g,)
1
2.
(probe
station)

G-SG
(air co-planar, ACP)
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50
(co-planar waveguide, cpw)

MMIC
1. ACP bonding pads
bonding pads  wafer bumps
2. (probe card)
3. ACP
4, (membrane probe card)
5.
(de-embedding)
@]
socket
ACP
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