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An on-chip DC Signal Amplifier based on linear frequency

modulation and demodulation

MA Zhuo, PAN Guoteng, GUO Yang, XIE Lunguo
(College of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract; To amplify the DC signal is a discommodious issue, because of the on-chip DC signal has such properties as little swing, less

coherence and likeliness to be interfered. In light of this, a “voltage-frequency-voltage” mode DC signal amplifier is proposed, in which the

frequency is the carrier signal. This amplifier is highly linear, and is equipped with a high linearity “ voltage-frequency” modulator and a

“frequency-voltage” de-modulator. The simulation experimental results show that the DC signal amplifier amplifies the input voltage signal

efficiently while achieving stable high linearity, and the DC gain is 2. 4.

Key words: on-Chip DC signal amplifier; linearity; frequency modulation; demodulation

3% B AR T R B AR )
PUFE, P LU LR A5 5 O i S ) R —
R R A A RSO B SR A I
BB RO SE— o I =, B 1 s
BT — A AL Y A1) ] Gz 55k K #% ( Operational
Amplifier, OPA ) £ 47 L i H FE K 1) Ha 8, 1)
OPA % Asiiy ™ Mg % (imaginary short) " (4R , P 3
RERENSIIE A 5B E R CRAE S V., PR EE
— 5, U S RERAEE S V0 R R L
B ks T A B T 32 Y F B 9 v
H A IZ BRI, Foh VR R ORAE 5, Vo H
KSR EAE 5, Ry R,y Lo A7) 43 He v BHL
AR BELAEL o

R,
Vout_<l+R71) .Vin (1)

{HJ&, Lam Chen F57 13X Fh &b #4565 T4 AR
JEA5 SR sh S HRERE ST, H8 H T X Fh2E LDO(Low

«  YgFS HER2011 -06 — 17

EEWE : [{R A AREE SR BT (61076025 ,61070036)

Bl Tz e e il e iR v B 25
Fig.1 The typical prootional amplifier
for DC voltage signal

Dropout Regulator) J 2 HL R A5 (14 BR 5 RE 1
TA3A B . Mohaned I Xu iff — 454 i 1k
PO LR e O O ] A 1 D B S 1]
A SR I T — b B IS — R — LR BYTROR
B BT T A R R B R - AR
PE G AR — L A O HL B, SE B N ELR A
FeA55 WA ROBOR T o (RSO S FE o 8y
figk S Ve ] 45 g R PSR REA R S48 45

EE BN : Dl (1981—) , 55 WIHLSEMA, BYBRAIFSE 5, 1 - F5 42 , E-mail : ouhzam@ nudt. edu. en



3 ]

L SF T ARSI S R b LR AR R A - 137

B 232 T B A5 A 80 R AL, KR s A%
il N A (S =4 A S ) P NSO R )
PUHHLRE s “ 17 5 i i R B Rk
JE AR A AR LR o 1 B MO H B A 2K
PEALRRIE o

1 EFHMRFAHSHANBESSHA
=E

X LR LR AR S ORI &, Fres 3Ry H i
RO AF 5 3 LA — 7€ 19 ZR 5, I 9K Sl AH R
A, X AR AR AN (2) Prs, Hop b F il &
OO IR 51 DR 3 OGN N ER DA
feT o XRCIE T Ry a5, (1) FRiZ H ] R 5L
17 HLBHE Ry F1 R, AOREHAA A E

Vo.=k-V, (2)

RHBIRI k =k - ky - e ek, US(2) BT

5 A (3) B
Vouw =k = kyoky =V, (3)

FZE(3) T S B, SCan Al 2 /15 5
RO, B O Rk o3 o = L) 28, Hep
kysky ks BRI R =TT 5125 pR %L
4 (4) 8e(5) Frm o

w,=ky cu,=ky by cu, =ky ok, ok cu (4)
w,=ky o t,=ky < hy s u =ky < ky -k cu; (5)

ST 5 O 5 2 e B 0 SR AL 1 il R i
e, AN 2 28 g0 &, A% R F u, BB SCHI
YA 5 8UA TEX R T T, 2R HME i R 5
HE SR IIE RS . 55 —FhJr A
171 5 1) A o e v A P A 5 5 P BEOE 5C, dnf)
2 S TGk, BRI T e, BOE AL, IR —
ol PR — AR HOR AR A

u u t/u u
H kl [ kz & e k3 0

K2 AT B = HOF e R 5t

Fig.2 Triple stages transform system for propotional amplify
XFFER—MOr S, th TE S B e
1k R B R A R, DRI AR 3 5 v v
B R OIE SR, HREZRRAGE SR
(System-on-Chip,SoC) H1, ik Bt H /047 BRI H.
Gt ikAe b BEAAE R IR LRI (5 1
AR RS ORI R B Al i S e
SY/BLINI 7= T L i o T S P W SR

2 [EEMERIE

BT St 3 5 AR 5 2 00 £ 5
L /ST L T 3 7 A4 5 0 A 7

PRI R G a oK S B, &1 3 () J2 HL B A
JEFERIIR A, & 3 (b) & —Fh W 45 e
V%1% o5 ( Voltage Controlled Oscillator, VCO) Z5#4,
e ] e TRV 6 oA R IR 5 (5 52 . M
X T2 VCO T, B 3 X Fh B sm s A i
VCO Z5#4 1y faf o, I H B A T 5 0 ] Y L 4
DA SRR AT A B

u  Asin(w i+ @ )

u, VCO ——/\\N
o =Kot

= VCO!

Y

(a) Typical model of VCOs

Hz)

f out

0 T T T T T T T T T
1.0 11 12 13 14 15 16 1.7 1.8 19 20
v.(V)
(c) The K, curve of a typical VCO

&3 AR R TR R R G A%
BT Ko M2
Fig.3 A typical model, structure and Ky,
curve of voltage controlled oscillator
fHE, 18] 3 s LR VOO L5 EIANE & L
fE o M4, K (16) 25 T X R IR 4R G o o
BOTCIER Sl R A3 R AR (16) sl Il
W IIIRG IR o 5L a0 i A HL s Vg
ZIAAFTEAE R PR XS G FR , Horpr €, W IEIR R
Uik RSO WS S AR STEE SV )
FRIEIR BAICHREIR o[RS, F T4t v it 4
EMP & —FpAEL T, DR IR B 110 4R 5 A
H o 5 VCO MR v, RIE ISR
RNERRE SR B R AR & 3 (o) iR
LR G AR T2, Herfr VEO-1 ~ VCO-5 73531 o ]
3(b) HH) VCO KA fL B S R S AR

L =n e (=04-Cy A V405 -
w

Cloud
[n I/S )

(6)



- 138 -

(FE TR SR S AN S

534 &

X AR S T 5, AR e i 5T 5 ) 2
1M 5 WLET . VCO BRIk AP 3% 4 1 9 S A 8 38 B0
AR R 1Y R P AR A ] LS5 RCHL B 78
TR A PRIk T PR 140 7 2k RE A8 AL T AT 3t
XA AL ERIE a2 B 4 g T X
FAELAERI AR, AP ARV ~ Vi BRTEA A
Vi I RTIA 1 0 L e Bl [ 9 A8 A T 20 XoF ] 4
(a) HPITA 1 RO IR IR B B Vs 19 90% 1 548
FrHhZE Cur, R AL IR 5 T O Ik E— 203,
AT RAETE A 4.(b) FRiiR (1/0) S VR R

LR, AR A I ZR BAT AR AR R R G R o

VA

x: point @ 90% V 1

{

=
CETTeEeY

B4 SLTUPRYR A SR — o IR WA YOG

Fig.4 The relation curve between the frequency and voltage of the typical VCO

(b)

V"

FZ, MR R XA IR G, (T REE—
AR /IS4 il L 90 P PN S B ALY ™ 2

F b B 4(h) IR 2R AR AR
AT LA — R B IR AR e, LA 5
HRSERBE N 1], Dy ~ Dy 4180 T — 4~ Hi 10 9%
HHAE 3R BT J8C B0 SE 38 B, (7 I A% i ) 25 4 B A
SIS N N 71 D I s O | B S E I
AT B AETBHE 5o 1 C AR B 7
SEEIT LA I AL B BB AT, A5 1) 4
T SIEH R R T

VA

K5 BAFRRTEES R S
Fig.5 The signal path in A single ring

cal ¥

PO
WININIFTN v

A >
st >
IM],1\1§/1P1i i

S

M‘NZMN I \\

B = >

(@)

> .‘ >
¢ fmz‘lidf’_g_/

()

Klo HmiCH V-t RAMEIELTR

Fig.6 Linearity on the V —¢ curve at the node C

P4, [ 6 JER T R At AR

6 (b)) Cy\ HHTET FAYSFRL AR, [ N
AR € TER AR . RIBAR, &S
FABLC RO EA —ERIUT K FR . AT A
5 PR EIEREE D, \D,---Dy i AEBEA 5 T
T LT A B C Y S HZ AR GE
BRI, RO R NIE 6 (a) Bron, Herp
WA 5T A BRI ZE N ¢, TR B 5 C

(©)

AIAADLZE N ¢, A1 R 35 SRR BL A S L/ TR HE
WG ., HBET MT
Ja, UnE 6 (b) Bz, 5 s A RIS B 2l ad
A FRHIE R T 10719 50 C AT LI, A5 95 45
C M AL F— M IR ROC R ETHAIRES, &1 6
()it TxAd e P, Al DU 7E B Al
IR AN FE A D0 719 e Fi e i A TAL 7 ()
fise 5K 4(a) H iy Cur fhZXTH, &7 (a)

F 1538



3 ]

L SF T ARSI S R b LR AR R A - 139

[ Cur HZRHAT BT T XU A2 i &
(LT 7Sl R S S B = A PP VAP S
IR IR A5 56 AR T R P 32 B HAAC

VA

x: point @ 90% V

HUR SRR o X T 5 C e B BE, do ]
LA ALt A i 72

NI;—.

¥

(b)

BT 9 R TR AR AR — W T R 56 2R

Fig.7 The relation curve between the frequency and voltage with feedforwarding

H T H e — BT A i AR R SR A
RS PRI % S TR A e 4% 4R 3 4 7T LA 5E
2wk, 3822 R ATR TS 5 SO RE , Y 45
R VCO M4 Koo

3 HEES#HE

RS T L SRR 1 il 1 e, 445 5 18
AR A — B ™ fifp 9 L 5 5 0 A R A A8 19
R, LA R AG S I 5 PR ROR o LAY, 5
T LAY LA AR 23 T 125 RIS B A B L T )
e Hung Z5H 1 —Ff R R 7 v iy 580 P J 2
I B — L T S L B, AP f0 P A TR
8 FR'™ o AWHRBLIFK S, 1S, TAETLF, FLA
AR IE IR S, M, Sk IR S, M
B W 55— U B i~ S B A, B2 G
I C, Fpisers, o5 BHEE b 00 F 20k, A
Co MR 2B T RLHL R 1, B — o0 OB
MRS S, B9 P S IS TRIAR 5C) | B (4 i IE
A B, R IR e A ST I R
Co T C, ik 2B ad 5 9 IF R Sy HEAT L Af S8 0
e, it ZUCGRANZ )G, A C) AR o i v A7
B ERRE

HE Hung 195387, W0 2R A 5E i i IR 1 5L
UL 1, HH5F, fE 20 R K A SE O 18102
Ja, &8 R A UV, R 2 aU(T) S it
R o N Ok AR e it Bl s . Bl
IR ARUCHI ) AN W 58 T i ) e R [ 5 S X (8)
25 AR AR AR X LR — PR RO I OC R

Io-1 o c '
y, = <. ( ! ) 7
¢ Cl LZT CI+CO ( )

I, -t

Vo =
1

(8)

4 BESHELER
P9 JEAR SCHR H Y B F TR A 5 R R B

I
I\\
1 \\
o v S v 0 o
"—-|V v, p— v
8, o 5 L G )
I
WEPSTFEWFT

@ ®) ©
B8 T LA FE L G R — FL T A

Fig.8 A “Frequency — Voltage” transformative model
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b:voltage—frequency modulate (IPL-VCO)

c: freuency—voltage demodulate (F2V)
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