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Noise matching circuit simulation (LTSpice)

Transistor for dc bias

- é‘“ / Input-output parameter measurement circuit

_i.... Result: 7, = 25.0w +8.2i Q
- Zout = 49.6 Q2 — 19.8: ()
LTB Rohm_Diode.lib §::l Lzh 821 = 2.9246.172
e ) 5 J% S12 = 0.027 + 0.047i
fm 50 Rl \ Transistor for hf amplification

(device under test)
spice model is provided by Rohm corp.

Transistor gijutsu 2015 No.1- No.3 A. Kawada



Noise matching circuit simulation (LTSpice)

QBFG425W noise data: - E,,;, [dB] = 2.3 (Noise figure)
(at 2.45 GHz) Lmag = 0.2 (reflection amplitude)
Fangie [°] = -153 (reflection angle)
L 7, [Q] = 0.21 (normalized to 50 Q)

Noise figure circles

Cyur = j\j:_|p_t1 (center), R, = \/ ( ;_'_ ; Topt|*) (radius) (1)
F— Fmin
where N = IRY, |1—|—7“0pt|2. (2)

R,,: noise equivalent resistance, Y,: characteristic admittance



Noise matching circuit simulation (LTSpice)

Constant gain also gives a circle on the Smith chart

VI —gs(1—1S11[%)

gssfl
3
1—(1—gs)S11)? G)

1—(1—gs)|511*
gs = Gs(1—|S11[?)

(center) Cs = (radius) R, =

Find smallest NF touching point



Impedance matching circuit simulation (LTSpice

R3

220 R2

Di 47
%/ D1SS355

Q25A1576A
[
Q3
@
c4
R4 i R1
330 100p 10
~
.LIB Rohm_Diode.lib R11 L2
.LTB Rohm_BIT.lib 1k 10n
.ac oct 1001 2G 3G c3
net I{RL) V1 —]
100n
Cc2
[l }/‘11 RL
Vi 4'|'3 QBFG425W 50
L3

Rser=30 {iLs}
AC1 -step

param Ls list 3.9n 4.3n 4.7n 5.1n
ac §11 find 511(v1) at 2.456

V2

3.3

Tuning of input matching circuit

The lowest nf condition gives
C,=4.06 pF, L; =451 nH

10
11
12
13
14
15
16
17

|S11][dB]

S11

181
19:

2.0

2.3

—<1511=-13.2d8)

26 29 32 35 38 4.1444750
C2[pF)



6.3 Modulation and Signal Transfer
Outline

6.3 Modulation and signal transfer
6.3.1 Modulation/demodulation
6.3.2 Amplitude modulation
6.3.3 Angle modulation
6.3.4 Demodulation of frequency
modulated signal

6.3.5 Modulation and noise

FM broadcast test



6.3 Signal transmission

Baseband communication

Electric communication . .
Carrier communication

Input

t
Carrier o RN MeeliEier 1R _ Demodulator
communication  f(t) MA (L), c(t)} eanemission L (2EEEC(00)
Carrier
c(t)

Amplitude modulation
Modulation Analog
Pulse

Frequency (Phase) modulation



6.3.2 Amplitude modulation
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c(t) A
s(t) Ap

s(t) = A[l + mf(t)] cosw.t (4)

t
m: Modulation index

O<m<1



6.3.2 Amplitude modulation

S(iw) = /OO s(t)e™“tdt = /OO A[l + mf(t)] cos(wt)e™ dt
= A{3(w — we) + 8w + wo)] + S [F(i(w — we)) + Fli(w +wo))] } «(6)
, A |F(io)]?
F(iw) = Z{f(1)}
£(t):Real Fliw) = F*(—iw) /\/\ /J\ .
. N2 1
- - 2

Upper side band (USB), Lower side band (LSB)



6.3.2 Amplitude modulation (circuit example

Collector modulation circuit

tran 100m C-class (non-linear) amplification region

Q1
V1 NPN
SINE(-0.02 0.3 50k)

Modulation voltage

¥~ Draftl.raw = |[= ][ =

V2

SINE(0.05 4.02 1k) |}

Current through the inductor

32
61.8ms 62.1ms 624ms 62.7Tms s 633ms 636ms 639ms 642ms  64.5ms 64.8ms  B5.1ms



6.3.2 Amplitude modulation (circuit example 2)
Idea: Modulation of oscillator circuit
Soft limiter circuit

VOUt
+ R2 ” R6 N
a= Rl Vout = —aVl’n + b
--=1 Vi
Vin V
out > V.
a = Rl
Vo F---
R
===
R4 .
7 ) Ven  : controllable with V.
3




6.3.2 Amplitude modulation (circuit example 2)

W - Delayed feedback — Oscillation

Vbias
Vinod Rf

The amplitude is softly limited with
the modulation voltage.
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6.3.2 Amplitude modulation (demodulation)
AD| a7 K

gl 7N

h(?)







6.3.3 Angle modulation

s(t) = Acosbi(t), 6i(t) = wet + ¢, f(¢)] 6)
Differential angular frequency: w;(t) = dgiit) = we + dgb[t&{ ®)] (7)
dé[i’i{ D) _ 4, £(t)  (FrequencyModulation, FM),  (8) . e, depths of
Blt, ()] = kpf(t) (PhaseModulation, PM) 9) modulation)
sen(t) = A cos [wct Iy / t f(T)dT] o)
spm(t) = Acos[wet + kg f(t)] (11)

Frequency w component: only phase shift /2 :
No difference in signal outlook.



6.3.3 Angle modulation (frequency modulation)
f(t) = A, coswyt - Signal wave (12)

spm = A cos(wct + Bsinwyt) = ARe [exp(iwct) exp(if sin wpt)] (13)

(-4
Wy B fp

sin w,t : Periodic function with T = 27 /w,,, hence Fourier expansion is possible.

exp(if sinwyt) = Z Cp, exp(inwpt), (14)
1 [T/2 -
Cp = —f exp(if sinwyt') exp(—inw,t’)dt’
T J 12
= 21 / expli(Bsin @ — nddd= J,,(53) First kind Bessel function (15)
T — T



6.3.3 Angle modulation (frequency modulation)

sem(t) = A ) Jn(B) cos[(we + nwp)]
Fourier transform'

Srum(iw) =TA Z Jn(BH6[w — (we + nwp)]

n——oo

+0lw + (we + nwp)|}

Though the expansion series does not have clear cut-off, the actual band width falls
whw = 2(wr + &wyw) (1 <E<2)

Let us see the reasoning both for phase modulation (PM) and frequency
modulation (FM).



6.3.3 Angle modulation band width

remember: spm(t) = Acos [wct + kf/ f(T)dT] ,  spMm(t) = Acos|wct + krf()]

Maximum frequency or phase shift: .
Aw =k¢|f(t)|max| = kf fmax, Ad =ky I/ f(r)dr for FM,

max

Aw = kp|f' () |max, Ad = kp|f(t)|max for PM

f () band width: wy, gives width 2wy, whw1 = 2(kf fiax + 2ww) = 2(wr + 2wy )
(16)
98% of total power in the whole frequency region whw2 = 2(ws + wyw)  (17)

Actually, some value between (16) and (17) is taken for the band width.
Q(wf—l—fww) 1< f <2



6.3.3 Angle modulation (circuit example)

\oltage Controlled
Oscillator (VCO)

Modulation
input

\oltage controlled resonator



Phase Lock Loop (PLL)

Signal flow block diagram of a phase lock loop
(PLL) circuit

(1)

(2)

(1) Phase comparator:
creates error signal
(signal subtraction)

Phase comparator |—

Loop filter

(2) Loop filter: permits
frequency band to

©

Standard
Signal
f

N

Vv

transmit.
(3) VCO is an oscillator

3)

\oltage Controlled
Oscillator (VCO)

—P—> Nf

(4)

N-Frequency
Divider

(4) Frequency divider is
used for frequency
multiplication.

N




6.3.3 Angle modulation (circuit example)

Phase comparator |— Loop filter
& ,
T Modulation

Signal
Standard v J
Signal \oltage Controlled
f Oscillator (VCO)

N-Frequency
Divider

N




6.3.4 Angle modulation (frequency demodulation)
E—l ¢ % 1 Doubly tuned circuit

T Two transformers are connected in anti-phase
l direction.

FM — AM — demodulation




6.3.4 Angle modulation (frequency demodulation by PLL)
\oltage control
signal

Loop filter

r(t) + /_\Xe(s)

~)
L

Y(s)

X k, H(s)
X(s) 2N
Phase of -
input
ko
S

Phase comparator :

g(t): Frequency modulation signal (original)

o0 =ky [ gndr. sX(s) = hyGls)

kfkeH(S)

L Y(s) = St kR H (5)

G(s) ~ Z—ia(s)




6.3.5 Modulation and noise

Transimission

Transmitter RO et Input » Detection —>»{ Output

noise

Received signal r(t) = A.[1 + mf(t)] coswct + n;(t)

Demodulated output  g(t) = A,mf(t) + no(t)

Averaged signal . A2 (Am)?, 2 202
o received: Sp, = 2T + > (f), output: Spo = Aim=(f°)
20 20
> | }??{%___ > 2(IDW
® N o
: flf’ f,f! = > i >
~®e  Received ®c Demodulated



6.3.5 Modulation and noise
wyy . Noise bandwidth (assumption: white)

Noise power: 2 x —% _ x 2 Nalw — Ta X 2w _ Nalw
i wW ) ; =
oie P 2 X 21 T 2T T
Received Demodulated
S| _ A+ AmpP(?) S| _nAmi(h) S
N | - 2N Wy " N -~ - N Wy - N |,
N = m{f7) : 1s called “power transmission efficiency”™
1 +m?2(f?)

1
O<m<1 %77<§

1 1
Input sinusoidal: (f?) = 5 7 N< 3



6.3.5 Modulation and noise

In the case of angle modulation

In phase Out of phase

r(t) = A, cos|wet + ¢(t)] + ny(t) cos wet — n,-(t) sin wet
Signal Noise
= A, cos|wct + ¢(t)] + An(t) cos|wet + ¢dn(t)]

=V, (t) coslwet + 0(t)] (6(t) = &(t) + Pno(t))
Phase noise

V() = /A2 + AZ(t) + 2A, An(t) cos[pn(t) — o(t)],

Ax (t) sin¢n (t) — ¢(1)]
A + An(2) cos|én(t) — ¢(t)]

Time-dependent part in V,.(t) can be cut with a limiter circuit.

tno(t) = arctan




6.3.5 Modulation and noise (amplitude limiter)

Input Output

7

V(t)




6.3.5 Modulation and noise

Ar > Ap(t) ¢no = arctan Az(t) sin[gn (¢) — &(8)] | = Aalt)

I . 2 Si 7TA2
Noise power: N; = n‘z‘wB Signal power: A - w"‘
T i a“B

Phase modulation = ¢[t, f(t)] = kpf(t)

Averaged signal power: k5(f?)

Averaged noise power: Nopym 2 %(An(t)2 sin?[oén (1) — o(1)])

¢,, (t): Uniform in [0, 2n] — ignored

A? T A2

r

1 . T Wy
Nopm =2 — (A, (t)? sin? ¢(t)) =



6.3.5 Modulation and noise

f(t) = Apcoswpt, B=k,Ap = S, = %2, w =2(B+ &§ww (1 <€ <2)

So 2 A2 2 wp mA? Si
e (T

N, 2 NgWw 2 Wy NgWB

Frequency modulation

N ~ [fdnne\ 1 [dny _i/wWRMde_naw%
NN dt /A2 N\ at ) A2 ), Y 2m  3mA2

So S;
Bbidyfon 2 =385+ O
So So So So
vl =¥l o ml =y
O |FM OlAM o [PM O |AM
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6.4.1 Sampling theorem

1928 H. Nyquist

1949 C. Shannon, B8 |,

0 Someya Claude Shannor

1915-2007

1916-2001

o-functions with the period t

X(w) A

<€
~
]
N’
>




6.4.1 Sampling theorem
- S ai= 5 [ o] (_m;ﬂt) _i oxp (~in221)

J=—00 n=-—00 —m/T n=-—o00
1 - —in(2w/T)t | iwt 2m
FLo-(t)} = —Ze et dt = Z exp w—n— | t|dt
MM — 21 27
_ = Slw—nZl) =255

Fla(t)} = X (W), F{&: ()} = X, (w)

X’T(w):iX( )*2;52”/7( ):lX(w)* Z 5(w—n2_7r)

- [Lxl 5

nN=——0oco

2m , ;1 = 2T
— — — :_ — —
(w nT w)}dw . E X(w nT)

n=—oo n=—oo



6.4.1 Sampling theorem

“Cutting out” the frequency spectrum

wy,: Highest frequency in X, (w)

27 s
— > 2wp, T< —
T Wh
1 :
— : Nyquist frequency
2T




6.4.1 Sampling theorem: reconstructing signal




